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Sergey I. Kolesnikov

Member of RAS

EDITOR-IN-CHIEF’S PREFACE

Dear readers of the journal and its authors!

We are happy to present you the next issue of our journal. There are quite
a lot of interesting articles and reviews in it, but as leading articles | would name
three publication articles that carry new information on the still relevant problem
of COVID-19 and post-COVID syndrome.

The article of N.V. Semenova et al. (Irkutsk) revealed the persistence of chang-
es in thyroid status in women in the post-reproductive period for 12 months after
the moderate course of COVID-19, which requires special attention of clinicians.

Intheir article M.Yu. Shkurnikov and S.I. Kolesnikov (Moscow) showed for the first
time that in patients who recovered from a severe form of COVID-19, the level of hsa-
miR-19b-3p miRNA, which is able to bind to regions of SARS-CoV-2 encoding pro-
teins that suppress intracellular mechanisms of immunity (NSP3, NSP9). In addition,
this microRNA is able to stimulate the functional activity and proliferation of cyto-
toxic T-lymphocytes. The results can be used in the development of antiviral drugs
based on RNA interference, as well as in the development of predictive test systems.

The work of A.Yu. Karateev (Moscow) is devoted to mathematical modelling
of the effectiveness of anti-epidemic measures using original models of cellular
automata with intercellular boundaries. This simple model successfully describes
the course of the epidemic and allows you to predict the dynamics of those infect-
ed and the measures being introduced.

A large block is devoted to various technologies or epidemiological stud-
ies of surgical pathologies. Very important are works of M.B. Tatarinova et al.
from the Irkutsk Branch of S. Fyodorov Eye Microsurgery Federal State Institution
on preoperative management of ophthalmosurgical patients taking new anticoag-
ulants, as well as of Yu.V. Malysheva et al., who proved that surgical failure of op-
erations in glaucoma is accompanied by initially high concentrations of IL-6, IL-8,
TGF-B in the tear and suppression of MMP-9 and VEGF-A in the postoperative period.

In the work of L.V. Pendyurin et al. from Novosibirsk, the results of surgical treat-
ment of sacral schwannomas were analyzed and their connection with the surgical
approach was shown.

The study of A.N. Zharikov et al. from Barnaul proves the effectiveness of the use
of VAC-systems in the surgical treatment of unformed small intestinal fistulas in post-
operative peritonitis. V.S. Panteleev et al. from Ufa, evaluated the results of surgical
treatment of alveococcosis and developed an algorithm for diagnosis and treatment,
which reduces the time of surgery, blood loss and the number of complications.

Research by E.B. Topolnitskiy et al. from Tomsk in the experiment showed the fea-
sibility of using a two-layer metal knitwear made of titanium nickelide when replac-
ing a thoracoabdominal defect.

I would especially single out the work of N.V. Protopopova et al. from Irkutsk,
dedicated to a new technology - laser hatching in programs with thawed embryo
transfer in women with tubal-peritoneal infertility.

Two works are presented by scientists from Vladivostok. So, Atamas O.V.and An-
tonyuk M.V. once again proved that diabetes mellitus, long smoking history, low HDL
cholesterol levels are associated with severe atherosclerosis. A.V. Yurenko et al. re-
vealed the role of disturbances in fatty acid metabolism and plasmalogen synthe-
sis, an increase in inflammatory lipid mediators in the dysfunction of small airways
in bronchial asthma aggravated by obesity.

The therapeutic section is also represented by works from the institutions
of St. Petersburg. So, E.N. Zabroda et al. showed that individuals with high sleep re-
activity to stress are characterized by greater anxiety in combination with sleep dis-
turbance. Scientists-paediatricians A.N. Zavyalova et al. revealed that in advanced
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stages of chronic kidney disease in children with overweight, the proportion of fat
mass predominates, and the proportion of active cell mass is lower, which indicates
the depletion of protein reserves and possible insufficient intake from food.

In the joint work of authors from Omsk and St. Petersburg (Kostyukova L.V.
et al.), it has been shown that against the background of a decrease in the inci-
dence and mortality from tuberculosis, there is an alarming change in the structure
of bacterial excretion with a predominance of multiple and extensive drug resist-
ance, as well as a 10-fold increase in the incidence of tuberculosis with HIV infection.

Interesting data are presented in two experimental works. One of them, authors
from Tomsk and Tyumen, headed by the Member of the Russian Academy of Sci-
ences S.V. Popov, showed the involvement of PKC§, PI3-kinase and ERK1/2 kinase
in the infarct-limiting effect of the opioid peptide deltorphin Il. They deny the es-
sential role of superoxide and hydroxyl radicals in reperfusion injury of the heart af-
ter coronary occlusion.

The work of A.V. Akhova and A.G. Tkachenko from Perm showed a significant acti-
vation of soxRS-regulon system genes after osmotic stress caused by NaCl, which may
provide pre-adaptation of bacteria to harmful factors, including antibacterial drugs.

I have no doubt that the reader will be interested in reviews and meta-analyses
based on the databases of PubMed, Cochrane, E-Library, Scopus, Springer and foreign
recommendations.

First of all, this is a review by S.V. Kolomentsev et al. from St. Petersburg, which
outlines the provisions on perioperative ischemic stroke (definition, risk factors,
pathogenesis, predictive models), strategies for pre- and intraoperative prevention.

A group of Novosibirsk scientists led by V.G. Selyatitskaya (Sorokin M.Yu. et al.)
continues the tradition of research into the role of the circadian rhythm in regulat-
ing metabolism. This time, the protective factors in the circadian regulation of en-
ergy metabolism that prevent the development of diabetes mellitus and cardiovas-
cular diseases in individuals with the so-called “metabolically healthy” type of obe-
sity are discussed. This is important for determining evidence-based diet and exer-
cise regimens, approaches to therapy.

Close to the topic is the review by LE. Pleshchev et al. from Yaroslavl, lvanovo
and Moscow on the prevalence of sarcopenia in the elderly age group, the causes
of its occurrence and modern methods of prevention and physical rehabilitation
of elderly patients.

Quite informative is the review by Z.S. Saakyan et al. from Yakutsk and Irkutsk
about mathematical modelling of the degree of risk of rupture of various types of cer-
ebral arteries, on which preoperative planning and the choice of tactics for surgical
treatment of patients are based.

For the first time in the 30-year history of our journal, we publish a review in Eng-
lish by V.A.Vorobev et al. from Irkutsk on the effectiveness of the extended program
for the recovery of urological patients.

A number of articles (Karapetyan G.S. and Shuyskiy A.A. from Moscow; Zhdano-
vaL.V.and Laperdina M.L. from Ulan-Ude; Styazhkina S.N. et al. from Izhevsk) are de-
voted to interesting and important isolated cases from clinical practice or the use
of new drugs for treatment.

For citation: Kolesnikov S.I. Editor-in-Chief Preface to Issue 2, 2023. Acta biomedica sci-
entifica. 2023; 8(2): 5-8. doi: 10.29413/ABS.2023-8.2.1
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KonecHukos
Cepren ViIBaHOBINY

akagemuk PAH

YBaxaemble unTaTenu xKypHana v ero aBtopbi!

MNpepncraBnaem Bam ouepenHom Homep »KypHana. B HEm JOCTaTOYHO MHOIO UH-
TepecHbIX cTaTel 1 0630POB, HO B KaYeCTBe NepefoBbIX CTaTel A Ha3Ban Obl TPy CTa-
TbU, HeCyLmne HOBYIO MHPOPMaLMIO MO BCE elwé akTyanbHon npobneme COVID-19
1 NOCTKOBMIHOMO CMHAPOMA.

B ctatbe H.B. CeméHoBOI 1 coaBT. (VIpKYTCK) BbIABNEHO COXPAHEHME Y MeHLWNH
B NOCTPENPOAYKTVBHOM Nepuoge N3MeHeHUn TMPeONZHOro CTaTyca Ha NpoTsaxe-
HUK 12 mecaules nocne cpepHeTaxénoro TeyeHna COVID-19, uto Tpebyet ocoboro
BHUMaHWA KITMHULMCTOB.

B ctatbe MLIO. LkypHukoBa 1 C.U. KonecHrkoBa (MockBa) BnepBble NoKasaHo,
YTO Y NaLMEHTOB, BbI34OpOBeBLMX nocse Taxénon ¢opmbl COVID-19, B nnasme Kpo-
B CTaTUCTNYECKN 3HAaUMMO NMOBbILeH ypoBeHb MUKPOPHK hsa-miR-19b-3p, koTopas
CnocobHa cBA3bIBaTbCA € pernoHammn SARS-CoV-2, kogupytowmmim 6enku, nogasns-
loLMe BHYTPUKNETOYHbIe MexaHn3Mbl ummyHuTeTa (NSP3, NSP9). Kpome Toro, aaH-
Has MMKPOPHK cnocobHa cTumynmpoBaTb GyHKLMOHaNbHYO aKTUBHOCTb 1 MPOJN-
dbepaumio unToToKCMYeCKUX T-nMMdOUNTOB. Pe3ynbTaTbl MOTYT GbITb MCMONIb30BaHDI
npwu pa3paboTke NPOTUBOBUPYCHbBIX NpenapaToB Ha ocHoBe PHK-nHTepdepeHuny,
a TakXke npu pa3paboTke NPOrHOCTUYECKMX TeCT-CUCTEM.

Pabota A.l0. KapaTeeBa (MocKBa) NocBsLleHa MaTeMaTUYeCKOMY MOAENMPOBa-
HM0 5P HEKTUBHOCTY NPOTMBOINNAEMUNYECKAX MEP C MOMOLLbIO OPUTMHANBbHbBIX MO-
fenen KNeToYHbIX aBTOMATOB C MEXK/IETOUHbIMY FPaHNL@aMK. OTa NPOCTasa MOAENb
yCnelHO ONUCbIBaeT XOA SNUAeMnM 1 NO3BOJIAET NPOrHO3NPOBaTb ANHAMUKY UH-
buuMpoBaHHbIX 1 BBOAVIMbIE MEpPbI.

BosbLLON 6/10K MOCBALLEH Pa3vUHbIM TEXHOMNOVSIM IGO0 SMNAEMNONOTNYECKNM
NCCNIEAOBAHMAM XUPYPruyecknx naronoruii. OueHb BaxkHble paboTbl MIpKyTCcKkoro
dunmnana OrAY «tHMUL «MHTK «Mukpoxmpyprus rnasa» imeHun akagemvka C.H. Qé-
goposa» Munsgpasa Poccun M.B. TaTaprHOBOI 1 COABT. MO NpeAonepaLioHHOMY
BeAieHMI0 0dTaNbMOXMPYPrMYeCcKrX 601bHbIX, TPUHUMAIOLLMX HOBbIE aHTKOArynsH-
Tbl, a Takxe 10.B. ManbiweBon 1 coaBT., AOKa3aBLUUX, YTO XUPYPruyeckoMy Heycrne-
Xy onepauum npu rnaykome conyTCTBYIOT MCXOAHO BblCOKMe KOHUeHTpauun UJ1-6,
WN-8, TGF-B B cnese n nogasnexHve MMP-9 n VEGF-A B nocneonepaLoHHOM nepuoge.

B paboTte W.B. MeHpatlopriHa 1 coaBT. 3 HoBocmbrpcka npoaHanv3npoBaHbl pe-
3ynbTaTbl XMPYPrM4yecKkoro fievyeHns WBaHHOM KpecTLa 1 NokasaHa 1ux CBA3b C one-
paLMOHHbIM AOCTYMOM.

B nccneposaHnm A.H. XaprkoBa 1 coaBT. u3 bapHayna foka3sbiBaetca 3¢ dek-
TUBHOCTb NpuMeHeHunAa VAC-ccTem B XMpyprmyeckom fievyeHun HechopmumnpoBaH-
HbIX TOHKOKMLLUEYHbIX CBULLEN Npu nocieonepauoHHom neputoHuTe. B.C. MNaHTe-
neeBblM 1 COaBT. U3 Ydbl OLleHeHbl pe3yfbTaTbl XMPYPruyeckoro neyeHns anbBeo-
KOKKO3a 1 pa3paboTaH anropmutm AMArHOCTUKMN 1 fIeYeHUs, YTo NO3BOMAET COKpa-
TUTb BPemsA onepauun, KPOBOMOTEPIO N KOTMYECTBO OCIOMKHEHNI.

WcecneposaHume E.b. TononbHULKOro 1 coasT. U3 TOMCKa B 3KCNepuMeHTe MoKa-
3an0 LenecoobpasHoOCTb MCMOSb30BaHMUA ABYXCNOMHOMO METANINIOTPUKOTaMa 13 HY-
Kenup TuTaHa npu 3aMeLleHny TopakoabaoMmHanbHoro fedekra.

A1 661 0c060 BbIAENUIT BaXKHYIO AN1A NPaKTMKK paboTy H.B. MpoTtononosoli u co-
aBT. 13 VIpKyTCKa, NOCBALEHHYIO HOBOW TEXHOMNOIMMW — Nla3ePHOMY X3TUUHTY B MPO-
rpamMmmax c nepeHoCoM pPa3MOPOXKEHHOTO SMOPUOHA Y »KEHLLMH C TpybHO-NepurTOo-
HeanbHbIM 6ecrinoanem.

[Be paboTbl NpeacTaBneHbl yuyéHbiMn 13 BnagusocToka. Tak, O.B. ATamacb
1 M.B. AHTOHIOK B OUepeHOM pa3 AoKasann, UTo C TAXKENbIM aTepPOCKIepOo30M acco-
LiMMpPOBaHbl CaxapHbli AVabeT, ANUTENbHbIN CTaX KYPEHUA, MOHUMXEHHbIN YPOBeHb
xonectepuHa JIMBIM. A.B. lOpeHKO 1 COaBT. BbISIBUM POJib HAPYLIEHWIA MeTabonmn3-
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Ma >KMPHbIX KUCNOT U CMHTE3a Mia3MasioreHoB, yBennyeHne BOCnanmnTenbHbIX Jv-
NUAHbIX MeANaTopPOB B ANCOYHKLMM MasbIX AblXaTeNbHbIX MyTeln npy 6poHxmanb-
HOW acTMe, OTATOLEHHOW OXKUPEHUEM.

TepaneBTMYECKNI pa3fien NpefCcTaBneH Takxke paboTtamm 13 yupexaeHunin CaHKT-
MeTtepbypra. Tak, E.H. 3abpopaa v coaBT. NOKa3anu, YTo nLa C BbICOKOW PeakTUBHO-
CTbIO CHa K CTpeccy XxapaKkTepu3yioTca 6onbluell TPEBOXHOCTbIO B COYETaHNN C Ha-
pylweHvem cHa. YuéHble-negmatpbl A.H. 3aBbAnoBa 1 COaBT. BbIABUAN, YTO NP NPO-
LBVHYTbIX CTaAUAX XPOHMYECKOI 60M1e3HM NoyeK y AeTel C M36bITOYHOM MacCco Tena
3HaunTesIbHO NpeobnafaeT Ao XKMPOBOW MacCbl, a 0SIA AKTUBHOWN KNETOYHOWN Mac-
Cbl HIXKE, UTO CBMAETESNIbCTBYET 06 NCTOLLEHUY BEMKOBbIX 3aMacoB 1 BO3MOXKHOIO He-
[OCTaTOYHOrO NOCTYMNNEHUA C NULLEN.

B coBmecTHOI paboTe aBTOpoB U3 OMcKa 1 CaHkT-TNeTepbypra (KocTiokosa U.B.
1 COABT.) Ha GOHE CHMKEHMSA 3a60NeBAEMOCTN U CMEPTHOCTY OT TyOepKyé3sa Noka-
3aHO TPEBOXKHOE M3MEHEHWEe CTPYKTYpbl baKTeproBblaeneHnsa ¢ npeobnagaHnem
MHOeCTBEHHOW 1 LUIMPOKOW JIeKapCTBEHHON YCTOMUYMBOCTU, @ TakxkKe pocT B 10 pa3
3aboneBaemMocTn Ty6epKynésom ¢ BUY-nHpekumen.

WNHTepecHble faHHble NPYBOAATCA B ABYX dKCMEpPMMeHTanbHbIX paboTtax. OgHa
13 HMX, aBTOPOB 13 TomcKa 1 TiomeHn Bo rnase ¢ akagemrkom PAH C.B. lNMonoBbim,
nokasana sosneyexue MKCS, PI3-knHa3zbl n ERK1/2 KnHa3bl B nHGapKT-nMMuTHpYio-
Wi 3ddekT onmoungHoro nentuaa genbtopoduHa ll. OHM oTpULAIOT CyLLIECTBEHHYIO
POsb CynepoKCMAHOIO 1 F’MAPOKCUIIbHOIO pafnKanos B pernepdy3roHHOM NOBPeX-
[EeHNN cepALia nocse KOPOHaPOOKKIO3NN.

Pa6ota A.B. AxoBoi1 n A.l. TKaueHKo 13 MNepmMm NoKasana 3HauMmyto aKTUBaLMio
reHoB cucTeMbl SOXRS-perynoHa nocne ocMOTUYECKOro cTpecca, BbizBaHHoro NaCl,
UTO MOXeT obecneyurBaTb NpeaganTaLuio 6akTepuin K BpeawymM Gpakropam, B TOM
ymcne K aHTMbaKTepranbHbIM Npenapartam.

fl He COMHEBAIOCh, UTO 3aVHTEPECYIOT UnTaTeNs 0630Pbl Y MeTaaHann3bl, OCHO-
BaHHble Ha 6a3ax faHHbIX PubMed, Cochrane, E-Library, Scopus, Springer 1 3apy6ex-
HbIX peKOMeHAaLNAX.

Mpexpae Bcero 310 0630p C.B. KonomeHueBa 1 coaT. n3 CaHkT-MNeTepbypra,
B KOTOPOM U3M0eHbl MONIOXKeHNA O nepronepaLMioHHOM NLLEMNYECKOM UHCYNbTe
(onpepeneHve, pakTopbl pUCKa, NaToreHes, MoAeNny NPOrHo3nMpoBaHKA), CTpaTernm
npea- N NHTPaonepaLnoHHON NPOGUNAKTUKN.

MpogonxaeT TpagnLmio NCCIIef0BaHNI POV LIMPKAZHOTO pYTMa B PerynnpoBaHnm
MeTabonr3mMa rpynmna HOBOCMOMPCKIX YUYEHbIX Nof pykoBoacTeom B.I. Cenatuukoi (Co-
pokuH M.IO. 1 coaBT.). Ha 3TOT pa3 06cy»aeHbl 3almTHbIe GaKTopbl B LIMPKaLHOW pery-
NALMMN SHEPreTUYECKOro MeTabonnsma, NPenATCTBYoLLME Pa3BUTUIO CaxapHOro Anabe-
Ta v CepAeYHO-COCYANCTbIX 3a60N1eBaHNIA Y IUL C TaK Ha3blBaeMbIM «<MeTaboNMYeCKN 300-
POBbLIM» TUMOM OXKUPEHNA. ITO BaXKHO ANA ONpPeAeneHrsa HayYHO 060CHOBaHHbIX PEXN-
MOB NTaHNA 1 U3NYECKMX Harpy30K, MOAXOJO0B K Tepanuu.

Bbnunsok kK Teme 0630p W.E. Mnewwépa 1 coaBT. n3 Apocnaens, ViBaHOBO 1 MOCKBbI
Mo PacnpoOCTPaHEHHOCTN CAPKONEHUN B MOXKUION BO3PACTHOW rpynne, npuynHam
€€ BO3HMKHOBEHUA N COBPEMEHHbIM MeToAaM NPoPunakTukm n Grsnyeckon pea-
6UAUTALMN NOXUIbIX NALNEHTOB.

JoctaTouHo nHopmaTmeeH 1 063op 3.C. CaaksaHa 1 coaBT. U3 AKyTCKa 1 MpKyT-
CKa O MaTeMaTMyeCckoM MOAENVPOBaHMMN CTEMEHN PUCKa pa3pbiBa Pas3NYHbIX TW-
noB LepebpanbHbIX apTepUil, Ha YéM OCHOBaHbI NpefonepaLMoOHHOe NaHNPOoBa-
HVe 1 BbIOOP TaKTUKU XMPYPrMYeCcKoro feyeHrs naumneHToB.

BriepBble B 30-neTHE UCTOPMM HALLEro XypHana nybnukyetcsa 0630p Ha aH-
rnnuickom si3bike B.A. BopobbeBa 1 coaBT. u3 VpkyTcka 06 3ddeKTBHOCTM pacLum-
PEeHHO NPOorpamMbl BOCCTAaHOBIEHUNA YPOIOrMYeCKUX 60NbHBbIX.

Pap ctaten (KapanetaH I.C., Wynckuin A.A. n3 Mocksbl; XpaHoBa J1.B. n Jlanep-
aviHa MJ1. u3 Ynan-Yp3; CraxkuHa C.H. n coaBT. 13 xeBcka) nocBALeHbl MHTepec-
HbIM 1 Ba>KHbIM €AVHNYHBIM CJTYYaAM 13 KIMHUYECKOW NPaKTUKK WK MPUMEHEHWI0
HOBbIX NpenapaToB A4 leYeHUs.

Ana untnpoBanua: KonecHukos C.W. MNpegucnosue rnaBHoro pegaktopa K N2 2 (2023).
Acta biomedica scientifica. 2023; 8(2): 5-8. doi: 10.29413/ABS.2023-8.2.1
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ABSTRACT

Background. The ongoing COVID-19 pandemic, the human casualties caused by
it, and the possibility of new epidemical threats make the search for effective counter-
measures actual. One of the most effective tools, as the experience of the COVID-19
pandemic has shown, is restrictive measures of various types, which are especially sig-
nificant with medical countermeasures being unavailable or insufficient. At the same
time, the topic of restrictive measures and their mathematical modeling, especially
given its importance, is not sufficiently disclosed in the scientific literature.

The aim. To determine the possibility of assessing the effectiveness of restrictive
epidemic control measures using original models of cellular automata with intercel-
lular boundaries.

Methods. To determine the impact of restrictive measures on the dynamics
ofthe daily increase in infected people, an original cellular automaton with intercel-
lular boundaries was developed, which makes it possible to simulate epidemic control
measures of varying stringency. In the simulations carried out using the Monte Carlo
method with subsequent statistical processing, we studied the impact of restrictive
measures of varying stringency on the number of infected people, the duration
of the epidemic, and the quality of forecasting. The final series of experiments simu-
lated the spread of the COVID-19 virus in Germany in the first half of 2020.

The results show that even a simple cellular automaton model with boundaries
successfully describes the course of the epidemic and allows us to assess the ef-
fectiveness of restrictive measures. The dependence of the daily increase in infected
people on the stringency of measures is presented; it is shown what characteristics
of the population can influence this dependence. It was found that the measures
of medium severity (40-50 % according to the Stringency Index) have the least pre-
dictable effect; they can cause both rapid localization of the focus and the spread
of the epidemic to a large part of the population. Weak and strong measures give
a more predictable effect.

Conclusion. Cellular automaton models with intercellular boundaries have great
potential for modeling the impact of restrictive measures on the course of an epidem-
ic, making it possible to predict the dynamics of infected people based on the popula-
tion data and the restrictive measures being introduced.

Key words: COVID-19, epidemic, restrictive measures, mathematical modeling,
agent-based models, cellular automaton
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PE3IOME

O6ocHoeaHue. [lpodonmxarowasca naHoemus COVID-19, cgsa3aHHvle C Her
yesiogedeckue Xepmabl, B03MOXHOCMb 803HUKHOBEHUS HOBbIX SnUOeMUuYecKux
y2po3 akmyasnusupyrom nouck 3¢ggekmusHeix mep npomusodelicmgus. OOHUM
u3 Hauborsee 3¢hheKmusHbIX UHCMPYMEHMOo8 60pbbbl, KK NOKA3A ONbIM NAH-
demuu COVID-19, okazanuce oepaHudumeribHole Mepbl pasu4HO20 Xapakmepa,
0COBEHHO 3Ha4YUMble 8 YCI08USAX, KO20a MeOUYUHCKUe Mepbl npomugodelicmeus
omcymcmaeyrom usiu He0oCmMamoYHsl. Buecme ¢ mem mema o2paHudumesnbHoix
Mep U UX MameMamuy4ecKo20 MOOesIupOo8aHUs, 0COGEHHO C y4EMOM eé 8axHOCMU,
packpsima 8 HedocmamouyHoU cmeneHu.

Lenob uccnedoeanus. OnpedesieHue 803MOXHOCMU OUeHKU 3ghheKmusHocmu
npomueosnudeMuyecKux 02paHUuYUMesIbHbIX Mep C NOMOWbIO NPUMEHEHUS Opu-
2UHAsIbHBIX MOOesiell KTeMOYHbIX ABMOMAMO8 C MeXXK/1eMOYHbIMU 2pAHUYAaMU.
Memodel. /[]ns onpedesieHUs 8/IUAHUA 02PAHUYUMETbHbIX Mep HA OUHAMUKY
exxe0He8H020 NPUpPOCMaA UHGUUUPOBAHHbIX pa3pabomaH opu2UHasIbHbIU K1emoy-
HbIU asmomam ¢ MeXK/1emoYHbIMU 2pAHUUAMU, N0380AAWUL MOOeIupos8amse
npomusosnudemuyeckue Mepbl pazIuyHol cmpo2ocmu. B nposedéHHbix yucieH-
HbIX 3KchepuMeHmax no memoody MoHme-Kapo ¢ nocnedyroweli cmamucmuye-
cKol 06pabomkou u3y4anocs 8o30elicmaue 02paHuYUMesbHbIX Mep pazaudyHol
CMP0O20CMU HA KOJIUYeCMB0 UHGUUUPOBAHHbIX, NPOOO/IKUMETbHOCMb SNUdeMul,
Kayecmaeo npo2HO3Upo8aHus. B 3akntoyumensHol cepuu 3KkchepumeHmos Mooe-
Juposasnock pacnpocmpaHerue supyca COVID-19 e [epmaHuu 8 nepgoti nosio8uHe
2020 200a.

Pe3ynbmamel nokaswigarom, Ymo 0daxxe npocmas Mooesib K1emo4YHo20 dgmo-
Mama c 2paHuyamu ycnewHo onucbledem xo0 snudemuu U no38osisem oyeHumso
3hekmusHOCMb 02paHu4umesibHouix Mep. [lpedcmasieHa 3asucuMocmep exe-
OHEBHO20 NPUPOCMA UHPUYUPOBAHHBIX OM CMPO20CMU Mep; NOKA3dHO, Kakue
XapakmepucmuKu NONYsIAyuUU Mo2ym 8/1UssiMb HA 3My 3d8UCUMOCMb. BoisgeHo,
umo HaumeHee npedcKasyemsil 3ghghekm umerom mepsl cpedHel cmpozocmu (40—
50 %, coenacHo Stringency Index), npu kKomopbix Moxem Hacmynume Kak 6bicmpas
JloKanulayus o4yazd, mak u pacnpocmpaHeHue 3nudemuu Ha 601wy 4acmeo
nonynayuu. Ciabsle u cmpoaue o2paHudeHus oaom 6osiee npedckasyempil
aghpekm.

3akmoueHue. Modesu KiiemoyHbIX asmomMamos C MeXKaemoYHbIMU 2paHUYamu
umerom 60/16WOU NOMeHYUAs 071 MOOesIUPOBAHUS 8/IUSHUS 02pAHUYUMETTbHbIX
Mep Ha X00 3nudeMuu, N0380J15A NPO2HO3UPOBAMb OUHAMUKY UHGHULYUPOBAHHbIX
HA 0CHOBe OAHHbIX 0 NONYIAYUU U B800UMBbIX 02PAHUYUME IbHbIX Mepax.

Knioueesie cnoea: COVID-19, snudemus, oepaHudumersibHole Mepbl, MaAmema-
muyeckoe MOOesIUpOoBaHUe, A2eHMHO-0PUEeHMUPOBAHHbIE MOOeJIU, K/1emMOYHbIU
asmomam

Ona untupoBaHma: Kapatees A.lO. OueHka 3peKTVBHOCTU NPOTUBOSMMAEMNYECKNX
OrpaHNYMTENbHBIX MEP C MOMOLLbIO OPUTMHANbHbIX MOZEeNel KNeToYHbIX aBTOMaToB. Acta
biomedica scientifica. 2023; 8(2): 12-25. doi: 10.29413/ABS.2023-8.2.2
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The ongoing COVID-19 pandemic, the associated
deaths, economic and non-economic losses, and the pos-
sibility of new epidemic threats make the issue of finding
effective measures to counter such threats urgent. The ex-
perience of the COVID-19 pandemic has shown that restric-
tive measures of various kinds are one of the most effective
tools for control. These measures are particularly important
when new viruses emerge that have no medical counter-
measures or they are inadequate. It is therefore not surpris-
ing that countries that were leading in international rankings
of The Most Efficient Health Care (Bloomberg), The Global
Health Security Index (Nuclear Threat Initiative, Johns Hop-
kins University, The Economist Intelligence Unit) and count-
ing on their institutional capacity were not at their best dur-
ing the pandemic [1]. Restrictive measures have been much
more successful (especially in the initial phase before vac-
cines and treatment protocols were developed).

Restrictive measures have already been the subject
of a number of studies aimed both at identifying their
main types and assessing the degree of restrictions im-
posed (see, for example, the Oxford University project [2])
and at examining the correlation between restrictions and
the severity of the pandemic [3, 4, etc.]. However, it should
be noted that the topic of restrictive measures, especially
in view of its importance, has not yet been sufficiently ad-
dressed. A number of questions still need to be clarified:
what s the optimal degree of constraint? What types of con-
straints are most effective? Does the order in which differ-
ent types of restrictions are imposed matter? At the same
time, it is obvious that the answers to these questions can-
not be automatically transformed into solutions for specific
situations. Local specificities must be considered when mak-
ing decisions. This raises the following question: what coun-
try or regional characteristics influence the effectiveness
of restrictive measures?

This study explores the possibility of assessing the ef-
fectiveness of restrictive measures using original models
of cellular automata (CAs). Cellular automata are a type
of agent-based models used, in particular, in epidemiolog-
ical studies for simulating the spread of epidemics in a pop-
ulation consisting of individual agents (cells). The funda-
mental novelty of the CA discussed in this paper is the in-
tercellular boundaries by which the restrictive measures in-
troduced are modeled.

It is considered that the CA concept was introduced
into science in the late 1940s by J. von Neumann for mod-
eling complex, spatially extended systems [5], based
on the idea of S. Ulam [6]. It is also fair to say that “cellular
automata have been invented many times under differ-
ent names, and somewhat different concepts have been
used under the same name” [7]. A. Burks [8], J. Holland [9],
G. Hedlund [10], S. Wolfram [11, etc.] et al. have made sig-
nificant contributions to the development of the cellular
automaton theory and their use. CAs allow modeling mass
processes of different nature: dissemination of information,
opinions, protest activity (both in real life and in virtual so-
cial networks); group formation and the emergence of seg-
regation; urban growth; territorial expansion of states; mil-
itary conflicts, etc.
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Cellular automata are a popular tool for modeling ep-
idemics. N. Bailey [12, etc.] was one of the first to describe
the use of CAs for modeling epidemics. He was followed
by the papers of D. Mollison [13], S. Jakowitz et al. [14],
and a number of other researchers [15, 16, etc.]. Of note
are the papers of domestic authors: M.M. Bashabshekh
and B.I. Maslennikov [17], D.K. Gorkovenko [18], A.V. Shabun-
in [19] and others. The COVID-19 pandemic, which triggered
a wave of publications on epidemic modeling, contributed
to the growing interest in models using CAs [20, 21, etc.]
However, for all the abundance of publications, the poten-
tial of cellular automata for modeling restrictive measures
is not actually used.

The advantages of CAs are visibility, relative ease
of creating a model and conducting experiments with it.
An important argument in support of the use of CAs
is also the fact that simulation modeling with their con-
tribution does not require ultra-high computing pow-
er and can be performed on an ordinary personal com-
puter.

The basic element of a cellular automaton is a cell,
which, most often, has the form of a square and within
the framework of epidemic modeling can be interpreted
as an individual, a small group (family) or a territorial com-
munity (residents of a city block, village, etc.). A set of con-
tiguous cells form a “playing space”, or CA grid; most often
the grid has the form shown in Figure 1. In different mod-
els, a cellular grid can be interpreted as both a geographic
space and a conventionally depicted population. By using
cell geometry and grid shape, it is possible to increase or
decrease the number of neighbors a cell has and thus ac-
count for the density of connections between individuals
(or groups) in the simulated population, as well as the in-
fectivity of the pathogen.

A cell may be in one of several states; minimally,
there may be only two such states (e. g, a cell may be in-
fected or uninfected). The transition of a cell from one state
to another is determined by a set of rules that, in the sim-
plest case, take intoaccount 1) the current state of the cell
and 2) the current state of its neighboring cells. For exam-
ple, we can set the following rule: if a cell has two or more
infected neighbors, the cell itself also becomes infected (see
Fig. 1). This rule can be complicated by indicating that infec-
tion occurs in the presence of two or more infected neigh-
bors not always, but with some probability, taking into ac-
count, on the one hand, the infectiousness of the patho-
gen, and on the other hand, the innate or acquired resist-
ance of the individual. In more complex models, an indi-
vidual's liability to disease may additionally be a function
of age, gender, lifestyle, occupation, presence of chronic
diseases, etc.

Cellular automata allow us to consider that the de-
gree to which an infected cell is dangerous to its neighbors
may change over time. This may take into account not just
the average duration of the incubation period and the av-
erage duration of infectiousness, but the presence of differ-
ent forms of the disease course (e. g., mild, moderate, se-
vere), for each of which a different function of the change
in infectiousness over time is defined.



Thus, the state of a cell can be influenced by a large
number of factors related to both the properties of the cell
itself, the properties and state of the cell’s distant neigh-
bors, and random factors.

FIG. 1.
Two consecutive steps of the cellular automaton leading to the in-
fection of the central cell

Classical CAs are discrete dynamic systems — that is, time
in them is measured in steps, and the system life consists
as if of separate static frames.

Due to their simplicity and the possibility to almost in-
finitely increase the set of cell properties, the set of states
and the set of rules for changing states, epidemic models
constructed using CAs successfully compete with classical
models using systems of ordinary differential equations -
SIS, SIR, SIRS, SEIRD - and similar models, the development
of which began in the 1920s [22]. The use of CAs is also
supported by the fact that models using ordinary differen-
tial equations are so-called mean-field models, i. e., models
that assume a random and uniform distribution of healthy
and infected individuals in the population. This assump-
tion does not take into account that epidemics are most of-
ten focal, i.e. the distribution of infected and healthy peo-
ple is not even. CA models allow us to account for the un-
even distribution in the population of healthy and infect-
ed individuals.

THE AIM OF THE STUDY

To determine the possibility of assessing the effec-
tiveness of restrictive epidemic control measures based
on original models of cellular automata with intercellular
boundaries.

Achieving the objective required the following tasks
to be solved:

e searching for how restrictive measures can be imple-
mented within the CA model;

e creation of an original CA model simulating the intro-
duction of restrictive measures, in the R language;

e carrying out numerical experiments with the creat-
ed CA model;

e analyzing the results of numerical experiments.

The method proposed in this article can be used by both
epidemiologists and decision-makers when planning the in-
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troduction of restrictive measures to determine their nec-
essary level of severity, as well as when assessing the effec-
tiveness of measures already implemented.

MODELING OF RESTRICTIVE MEASURES

Restrictive measures introduced at the state, regional
and local levels (as the experience of countering COVID-19
has clearly shown) are primarily aimed at reducing physical
contacts of the population, during which the virus is trans-
mitted. That is, it is the introduction of barriers to the virus
by stopping contact or reducing its intensity. These meas-
ures include: transfer of employees to remote work; closing
catering facilities; transferring students to distance learning;
restrictions on visiting public places; restrictions on going
outdoors, etc. Moreover, there are targeted restrictive meas-
ures aimed at reducing (or even eliminating) the contacts
of an infected individual who poses a risk to others.

To model the restrictive measures, we used a special
type of cellular grid with boundaries not previously encoun-
tered by the authors in the scientific literature’. Thus, while
in the typical CA the grid consists only of cells, in the pro-
posed CA additional objects, i. e., boundaries between
neighboring cells, are introduced.

The introduction of restrictive measures can be inter-
preted as closing part of the boundaries between cells.
If the boundary is closed, it becomes impenetrable -
the pathogen cannot be transmitted through it. Closure
of the boundary between two cells in practice can be ex-
pressed as the transfer of two employees to remote work,
as a result of which their physical contacts are interrupt-
ed, as the cessation of face-to-face communication be-
tween two classmates when school classes are canceled,
etc. It is quite obvious that in practice not all imposed re-
strictions are “impenetrable”, just as the reverse is also true:
without the imposition of restrictive measures, the bounda-
ries between cells are not completely “transparent” either -
contact between an infected individual and an uninfected
one does not necessarily result in the latter becoming in-
fected as well. In this paper, we restrict ourselves to mod-
els with fully impermeable boundaries, showing that even
such simplified models allow us to describe well the effect
of restrictive measures. At the same time, in more complex
models it is justified to use partially permeable boundaries,
i.e. those that with the introduction of restrictive measures
reduce permeability, reducing the probability of virus pas-
sage from cell to cell, but not excluding it completely.

In the presented figure (Figure 2), the closed bound-
aries are shown as black rectangles. Assume that the vi-
rus can only transmit to the nearest cells in 4 directions
(up, down, left, right), but not diagonally - i. e., we will use
the so-called von Neumann'’s neighborhood of range r=1.
The center cell in the figure has two open (top and right)
and two closed (left and bottom) boundaries. Direct infec-

" The concept of boundary is found in some papers on CAs, but most often it is a matter of distinguishing
different zones of cells on the cellular space, so that the boundary in this case is not a significant element
of the model (see, for example, [23]). In our case, the boundaries are a crucial element of the model,
affecting the states of the cells and thus the dynamics of the whole system.



tion of the left and lower cells from the center cell is not pos-
sible in this case. The pathogen can only be transmit-
ted to the top and right cells. However, there is nothing
to prevent the use of other types of neighborhoods, such
as the Moore’s neighborhood (virus transmission also goes
diagonally) or the Margolus neighbourhood (the geometry
of which is not static, i.e. at one step the neighbors are some
cells, and at another step — others; this type of neighbor-
hood successfully describes periodic changes in the circle
of contacts, which is typical, for example, for a working in-
dividual, when on weekdays they actively interact with col-
leagues at work, and on weekends — with family and friends).

FIG. 2.
Cellular automaton with closed boundaries: the arrows show
the directions in which the virus can be transmitted

The severity degree of restrictive measures is described
in the model as the proportion of closed boundaries. It is ob-
vious thatanincrease in the proportion of closed boundaries
affects the virus spread rate and the possibility of epidem-
ic outbreaks localization. In applied research, the percent-
age of closed boundaries can be taken as equal to, for ex-
ample, the percentage of reduced activity, which is calcu-
lated for major world cities [24], or the self-isolation index
[25], or taken from sources such as the COVID-19 Govern-
ment Response Tracker [2].

An important question is which boundaries on the cel-
lular space should be closed. Figure 2 shows a cellular space
with 25 cells and 40 boundaries between them, 8 of which
(i. e., 20 %) are closed. In the simplest case, the location
of closed boundaries can be set randomly, based on the idea
that when restrictive measures are imposed, unless they
are targeted, it is impossible to predict exactly which indi-
viduals will break physical contact.
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The random location of closed boundaries (where
the only control parameter is the severity of restrictive
measures, i. e., the proportion of closed boundaries) cre-
ates certain difficulties in modeling the impact of meas-
ures on epidemic spread. Closed boundaries can be dis-
tributed unevenly over the space, form (or not) extended
structures, localize (or not) foci. All this makes it necessary
to conduct a series of experiments with the model using
the Monte Carlo method with further statistical process-
ing of the findings.

As the experience of COVID-19 and other epidemics
shows, restriction policies can be preventive, when restric-
tions are imposed before the emergence of infected peo-
pleina country or region, or reactive (situational, catch-up),
when restrictions are imposed after the emergence of infect-
ed people. Both of these scenarios can be realized in mod-
els using CAs. The first scenario models the spread of an ep-
idemic on a cellular space with already closed boundaries,
while the second scenario simulates the epidemic evolving
unconstrained until a certain point.

EXPERIMENTAL MODEL DESCRIPTION
OF A CELLULAR AUTOMATON

A cellular automaton with the following characteristics
was used in the experiments:

¢ the CA grid is made up of identical square cells;

¢ acell can be in two states, uninfected or infected;

¢ cell neighborhood is Neumann’s neighborhood
of range r = 1 (i. e, the virus from an infected cell can
be transmitted only to its four neighbors - top, bottom,
left, and right);

e there are 4 boundaries between a cell and the cells
that make up its neighborhood, and each boundary
can be in two states, open or closed;

e virus transmission from an infected cell to an unin-
fected cell occurs when there is an open boundary between
these cells. To simplify the model and to obtain a clearer de-
pendence of the epidemic on restrictive measures, we con-
sider the option of unconditional infection with an open
boundary;

¢ cell begins to pose a risk to its neighbors in the next
step after infection (incubation period is equal to one step),
the risk of transmission from an infected cell remains
for 5 steps;

e a cellular space has a square shape, its size
is 59 x 59 cells (total 3,481 cells and 6,844 cell bound-
aries);

o the spread of the virus starts from the center cell.

The given space size allows us to trace, first, the nature
of the epidemic spread in a closed population, and sec-
ond, the nature of the epidemicin an unclosed population,
since for at least 30 steps (or, interpreting 1 step as 1 day,
for 30 days) the spread of the epidemic is affected only
by the restrictive measures introduced and is not affected
by the edge effect (i. e., there is no edge effect on the cel-
lular space). An example of the described CA functioning
is shown in Figure 3.



DESCRIPTION OF EXPERIMENTS

3 series of experiments were conducted aimed at as-
sessing how restrictive measures affect the progression
of the epidemic and the severity of its consequences.

The first series of experiments examined what na-
ture, depending on the stringency of restrictive meas-
ures (i.e., the proportion of closed cell-to-cell bounda-
ries), the epidemic progression has in a closed population
of 59 x 59 cells. First of all, emphasis was placed on study-
ing the rate of virus spread, duration of the epidemic, daily
increase in infected persons and peak values.

9 variants of the restrictive measures stringency were
considered: the proportion of closed boundaries varied from
0 to 80 % in increments of 10 %. The distribution of closed
boundaries on the cellular space was set randomly in each
experiment. For each of the 9 variants, 100 experiments
were performed, the results of which were then subjected
to statistical processing.

The second series of experiments examined the ef-
fect of restrictions during the initial phase of the epidem-
ic (lasting for 30 steps) in an unclosed population. Fol-
lowing on from this time, the CA used allows us to mod-
el the spread of the virus without the influence of edge ef-
fects and to compare the epidemic development under dif-
ferent stringency of restrictions.

In this series, the emphasis was on examining the num-
ber of cells affected by the virus over a limited period of time
and on the accuracy of estimating the effect of restrictive
measures.

FIG. 3.

An example of the cellular automaton operation indicat-

ing the spread of an epidemic with 20 % of closed boundaries

at the step 14 (the central part of the cellular space is shown). Cells
infected at the same step have the same color. Cells surrounded
by closed boundaries from all sides remain uninfected throughout
the epidemic
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16 variants of the restrictive measures stringency were
considered: the proportion of closed boundaries varied
from 0t0 80 % in 5 % increments. The distribution of closed
boundaries on the cellular space was set randomly in each
experiment. For each of the 16 variants, 100 experiments
were performed, the results of which were then subjected
to statistical processing.

In a third series of 100 experiments, the proposed cel-
lular automaton with boundaries was used to simulate
the spread of COVID-19 virus in Germany in the first half
of 2020.

The R environment, version 3.4.3, was used to build
the model and perform numerical experiments with it. Data
statistical processing was performed using R environment
and MS Excel 2016 (Microsoft Corp., USA) using standard
methods of variation statistics. Hardware: PC with Intel Core
i5-1035G1 1.19 GHz processor, 8 GB RAM.

DATA ANALYSIS AND RESULTS

In the absence of restrictions, there is a steady increase
in the daily increment of infected from day 1 to day 30.
At the same time, visually the zone of infected cells rep-
resents a rhombus growing with each step. Starting
from day 31, the daily growth rate is reduced due to the edge
effect, and the zone of infected cells turns from a rhombus
into an octagon and gradually fills the entire cellular space.
This results in a population of 3,481 cells being complete-
ly infected in 59 days.

The imposition of weak restrictions (10-30 % of closed
boundaries) has almost no effect on this pattern, only slight-
ly pushing the peak forward in time. Imposing tighter re-
strictions (40-50 % of closed boundaries) reduces the peak,
lengthens the course of the epidemic, and protects some
part of the population (usually not very significant) from in-
fection. Strict restrictions (60 % or more closed boundaries)
allow in a large number of cases to localize the epidem-
ic focus, protecting an appreciable part of the population.

Figure 4 shows typical plots (graphs) of the number
of daily infections at different levels of restrictive meas-
ures stringency.

As can be seen from the graphs, the nature of the ep-
idemic progression does not change much at 10, 20, 30 %
restrictions, not very different from the situation of com-
plete absence of restrictions. The fact is that, while mak-
ing it more difficult for the virus to spread, weak restric-
tive measures do little to shield the population from the vi-
rus, but only slightly reduce the rate of spread. The propor-
tion of cells isolated from the virus is very small, amount-
ing to only 1.5 % at 30 % restriction (see Table 1). In other
words, the probability of avoiding infection under such re-
strictions is only 1.5 % for a cell.

However, even these weak measures have a clear pos-
itive effect: they shift the peak of the epidemic to the right,
and the end of the epidemic also comes later, reducing
the burden on the health system. For instance, a 30 % re-
striction reduces the burden in the first 30 days of the epi-
demic by an average of 28 % (see Table 1). Along with this,
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it is also worth noting the possible negative consequenc-
es of introducing weak restrictions: in some cases, the peak
value may be even higher than in the absence of restric-
tions (see Fig. 4). Although this excess is usually no more
than 10 %, this negative effect should be taken into ac-
count when imposing restrictions and forecasting the bur-
den on the health care system.

The imposition of more severe restrictions (40-50 %
of closed boundaries) fundamentally changes the picture
of the epidemic course: the proportion of isolated popula-
tion increases significantly (up to 75 %); on average, the pub-
lic health burden decreases by 83 % in the first 30 days
(with 50 % restrictions); the peak value is markedly reduced.
The epidemicitself can lengthen considerably. Thus, at 50 %
restrictions, the duration of the epidemic doubled or more
in 15 % of the experiments.

The most significant effect of more severe restric-
tions is to increase the likelihood of epidemic localization,
so that a significant proportion of the population is pro-
tected from infection by the measures. To some extent,
as shown above, isolated cells can also occur under weak
restrictions. Moreover, with weak restrictions, there is also
the possibility of focal suppression, but it is very low, so it is
not necessary to rely on such a scenario with weak restric-
tions. It is at moderate restrictions that a scenario of focal
suppression can be considered: at 40 % restrictions, local-
ization occurs in about 10 % of cases, and at 50 % restric-
tions, in about 30 % of cases’.

T In the context of the experiments, focal localization (suppression) was understood as a situation
in which the spread of the virus was stopped by the measures introduced in 25 days or less. This value
was chosen based on the fact that if the virus stops spreading during this period, more than 65 %
of the population will be protected from it. It is possible to choose a different number of days, which,
however, does not change the main conclusion about the marked increase in the cases of focal suppression
with increasing stringency of restrictions starting from 40 % restrictions.
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An important feature identified in numerical experi-
ments with the modelis a wide scatter of the results when in-
troducing moderate severity measures (see Table 1). In par-
ticular, while the standard deviation of the isolated cells pro-
portion at weak restrictions did not exceed 0.5 %, at mod-
erate restrictions the standard deviation reaches 25 %,
markedly reducing the ability to predict the performance
of the measures implemented. Thus, in 100 experiments
with 40 % closed boundaries, the minimum proportion
of isolated cells was 5.08 % and the maximum was 99.97 %.

Similar scatter is observed for other parameters. At 40 %
restrictions, both cases of focus localization within the first
week and an increase in the duration of the epidemic
up to 100 days are observed. At 50 % restrictions, the dif-
ference between the maximum and minimum duration in-
creases even further to almost 200 days.

Thus, one of the main disadvantages of moderate se-
verity measures is the poorly predictable effect of their in-
troduction. Analyzing the behavior of the constructed CA,
it can be observed that, as in real life, restrictive measures
perform two main functions: isolating a part of the pop-
ulation (1) and reducing the rate of virus spread (2). Both
of these functions have positive effects, one by protecting
part of the population from infection, the other by reduc-
ing the burden on the health system and helping to buy
time to mobilize additional resources, develop vaccines,
and so on. Under weak restrictions, a scenario is imple-
mented in which the effect of reducing the virus spread
rate is more important, since weak restrictions (i. e., a small
number of closed boundaries) are unable to protect an ap-
preciable part of the population from infection - single cells
are protected. As the number of closed boundaries increas-
es, another scenario is increasingly implemented, in which



the configuration of the closed boundariesis such that a sig-
nificant part of cells can be shielded from the virus (up to lo-
calization of the epidemic focus in the first few steps of CA
operation). The higher the number of closed boundaries,
the more likely this scenario is to occur.

The wide scatter of indicators and poor predictability
of the effect when introducing measures of moderate severi-
ty arerelated to the fact that both the first scenario discussed
above and the second one can be implemented with al-
most equal probability. Such unpredictability is well illus-
trated by the distribution histogram (Fig. 5). The percent-
age of isolated cells at 50 % restrictions is shown horizon-
tally, and the occurrence frequency of this result is shown
vertically. Focal localization (rightmost column) occurs
in one-third of cases, but in a large number of cases local-
ization does not occur and the epidemic affects a signifi-
cant number of cells. In 21 % of cases, the epidemic covers
more than half of the population (leftmost four columns).

Especially important to note is that in such a distribu-
tion, focusing on average values can lead to significant
errors in predicting the impact of restrictive measures.
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The average proportion of isolated cells at 50 % restric-
tions is 74.95 %, but as can be seen from the histogram,
the probability of obtaining such a result (let’s take the in-
terval from 70 % to 80 %) is only 7 %, which is much low-
er than the probability of focus localization or spreading
the epidemic to a large part of the population.

This finding appears to be one of the most important
in our work, allowing us to explain, in particular, the high
variability in the results from similar restrictions across coun-
tries when dealing with COVID-19.

Moderate restrictive measures make it much more diffi-
cult for the virus to spread in a population. Closed bounda-
ries create complex structures on the cellular space, similar
to a maze; rather large spaces emerge, partially or complete-
ly walled off from the epidemic focus. As aresult, the spread
of the virus often proceeds in leaps and bounds - sometimes
slowly, with small increments of infected people per step,
and sometimes rapidly. Wave-like graphs of the infected
are typical of moderate restrictions (see Figure 4).

Severe restrictions (60 % or more closed boundaries)
turn out to be, as one would expect, the most effective. Al-
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Distribution of results of numerical experiments under 50 % restrictions. Horizontal axis represents the proportion of cells (%) that turned
out to be isolated by the end of the spread of the epidemic in the population; vertical axis - frequency of occurrence (%)

TABLE 1
STATISTICS OF NUMERICAL EXPERIMENTS

Parameters

0 10
Average proportion of isolated cells (%) 0.00 0.02
Standard deviation (%) 0.00 0.03
Average change in epidemic duration 0.00 +0.2
(in days and %) 0.00 +0.34
Standard deviation (in days) 0.00 0.53
Average reduction in health system burden 0.00 3.60

in the first 30 days of the epidemic (%)

19

Stringency of restrictive measures (%)

20 30 40 50 60 70 80
0.27 1.50 1433 7495 99.07 99.78 99.92
0.09 0.31 2538 23.10 133 0.26 0.07

+0.95 +332 +9.19 +751 -48.15 -54.28 -56.71
+1.61 +563 +15.58 +12.73 -81.61 -92.00 -96.12
1.23 2.14 20.53 46.60 12.05 4.45 1.67
1254 28.18 5259 8342 9685 9889 99.54



ready at 60 % restrictions the proportion of virus-free cells
reaches 99 % on average, which makes further increases
in the stringency of measures virtually meaningless, espe-
cially if we take into account that increasing the stringen-
cy of measures in practice is associated with economic, po-
litical and other costs. With 60 % restrictions, the burden
on the health care system in the first 30 days of the epi-
demic is reduced by almost 97 %, and the average dura-
tion of the epidemic is strongly reduced due to the dom-
inance of cases of epidemic focus localization - such cas-
es were 87 %. While it is still possible that the duration
of the epidemic exceeds the duration of the epidemic with-
out restrictions, the range of values for this indicator is sub-
stantially reduced compared to the 50 % restrictions. Thus,
the results of more severe restrictions are not only more
efficient on average, but also more predictable; this is true
for both the expected duration of the epidemic and the iso-
lated population proportion.

The second series of experiments examined the effect
of restrictions during the initial phase of the epidemic (last-
ing for 30 steps). Following on from this time, the CA used
allows us to model the spread of the virus without the in-
fluence of edge effects (i. e., the attenuation of the epidem-
icin these experiments is not due to the fact that the pop-
ulation is limited, but only to the action of the restrictions)
and to compare the epidemic development under differ-
ent stringency of restrictions.

The results obtained agree with the results of the first
series of experiments. Figure 6 shows how the average num-
ber of infected individuals on day 30 of the epidemic de-
pends on the stringency of the restrictions (i. e., the propor-
tion of closed cell boundaries). As can be observed, weak re-
strictions (10-30 % of closed boundaries) lead, on average,
to a rather small reduction in the rate of virus spread. 30 %
restrictions reduce the number of infections by about 20 %.

The introduction of more severe restrictions (40-50 %
of closed boundaries) markedly reduces the rate of virus
spread. At day 30, at 50 % restrictions, the number of in-
fections is on average 10 times lower than at no restriction
and 8 times lower than at 30 % restrictions.
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FIG. 6.
Dependence of the proportion of infected cells (%) on the day 30
of the epidemic on the stringency of restrictions (%)
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Severe restrictions (60 % or more closed boundaries) al-
most completely stop the spread of the virus.

The effect of restrictions of varying stringency
can be clearly seen in Figure 7, which shows the average
number of infections by day as a function of the restric-
tions severity. Apparently, with 50 % of closed boundaries
(and thus weaker restrictions), the number of infections
tends to increase gradually. More severe restrictions (55 %)
are already able to reverse this trend — the number of new
cases is stable and the virus is spreading through the popu-
lation at the same rate. Even more severe restrictions (60 %)
can gradually reduce the rate of spread of the virus and bring
the epidemic to a halt.

The high efficiency of severe restrictions demonstrat-
ed in the experiments (i. e. when 60 % of the boundaries
are closed or more) is in some contradiction with real data,
in particular, on the course of the COVID-19 pandemicin var-
ious countries and regions, where, according to statistics,
the situation improved after the introduction of more severe
restrictions (80 % and higher). At a minimum, we can point
to three sources of these discrepancies:

1. An important assumption of the conducted exper-
iments with the CA model is that virus spreading occurs
in the model already in the presence of restrictive meas-
ures. The experience of coping with the COVID-19 pan-
demic and other epidemics shows that, in reality, a differ-
ent scenario is more often implemented: the main set of re-
strictive measures is introduced not preventively, but in re-
sponse to an increasingly complex epidemic situation,
i. e. when the virus has already spread over a large area
and/or in a significant proportion of the population.
In this situation, governments are forced to go for strict-
er measures.

2. In the model, the closure of the cell-cell boundary
completely precludes penetration of the virus. In reality,
imposing restrictions does not mean that they are perfect-
ly enforced. Under these circumstances, the introduction
of, forexample, 60 % restrictions may in practice lead to only
50 % or even 40 % restrictions. Thus, the lower the level of re-
striction compliance, the more severe the measures must
be to achieve the desired effect.

3. Contemporary researchers have pointed out
that the CA methodology is somewhat “outdated” for de-
scribing epidemics occurring today. Whereas in the past
the key factor in the spread of epidemics was precisely
“neighborhood” contacts, now, in conditions of high geo-
graphical mobility, a significant role is played by “long-dis-
tance” contacts, i. e. long-distance migrations of the popu-
lation associated with recreation, business trips, etc. As are-
sult, the transfer of a virus from one continent to another
can occur faster than the transfer from one area of a city
to a neighboring one. So, when building a full-fledged mod-
el of epidemic spread, it is necessary to consider distant con-
nections, as some modifications of CAs do (see, e. g., [19]).
On the other hand, as the practice of confronting epidem-
ics shows, restrictions on movement (especially long-dis-
tance travel) are among the first to be introduced, which
should significantly reduce the impact of “long-distance
travel” on the spread of the virus.
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Average number of infected cells per step (new cases) depending on the stringency of restrictions

TABLE 2

SIMPLIFIED SEQUENCE OF CHANGES IN THE STRINGENCY OF RESTRICTIONS IN GERMANY DURING THE FIRST WAVE

OF THE COVID-19 PANDEMIC

Percentage of closed Long-distance

Time period Time period duration Stringency Index intercellular boundaries connections
1.03 -9.03 9 days 25 25% 87.5%
10.03-17.03 8 days 32.87 32.87 % 87.5%
18.03 - 20.03 3 days 55.09 55.09 % 0%
21.03 - 04.05 45 days 76.85 76.85 % 0%
05.05-16.05 12 days 64.35 64.35 % 0%
17.05-15.06 30 days 59.72 59.72 % 125 %

The aim of the third series of experiments was to test
the model on real data: a cellular automaton with bounda-
ries was used to simulate the spread of the COVID-19 virus
in Germany during the first wave. The German data were cho-
sen because of their relative reliability and completeness’.

During the experiments, a larger (101 x 101) CA
was used to improve accuracy, which was based on the prin-
ciples discussed above and included a number of additional
rules to better account for the peculiarities of the epidem-
icin Germany.

1. The number of closed intercellular boundaries
changed dynamically, according to Stringency Index (Sl)
data, an aggregate parameter obtained by researchers
at the University of Oxford based on the COVID-19 Govern-
ment Response Tracker [2]. S| takes into account the strin-

T Germany is among the leading countries in real-time surveillance and reporting (Global Health Security
Index — 2019) and at the same time Germany had one of the highest specific population testing rates
during the first wave of the COVID-19 pandemic (see e. g. https://ourworldindata.org/grapher/full-list-
total-tests-for-covid-19).
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gency of the restrictive measures imposed and is calculat-
ed for each day on a scale from 0 to 100. Slightly simplify-
ing the real time variation of SI, the scheme shown in Ta-
ble 2 was used in the experiments.

2. The closed boundaries in the model were made par-
tially permeable, i.e. the fact that a part of the population
could neglect the restrictions and some restrictions could
work inefficiently was taken into account. The degree of per-
meability was found to be 25 %, i. e., with a 25 % probabil-
ity that the virus was transmitted through a closed bound-
ary (100 % permeability was assumed for open bounda-
ries, as in the previous series of experiments). The degree
of permeability of closed boundaries was chosen on the ba-
sis of the thesis that permeability is primarily influenced
by the behavior of the population and its attitude towards
restrictions, which in turn can be operationalized by the lev-
el of law-abidingness and the level of trust in the imposed
measures. However, as research on the topic of COVID-19
proliferation and confrontation shows, there is currently



no objective sociological or other data reflecting law-abid-
ingness [26], hence our study used proxy indicators from
World Value Survey (WVS) studies to understand the level of
non-compliance with restrictive measures [27]. In particular,
the responses of German residents to questions about their
trust in the World Health Organization (Q88), under whose
recommendations the restrictions were imposed, and their
attitudes towards tax evasion (Q180) were taken into ac-
count. For question Q88, 23.9 % of respondents stated that
they do not trust or do not trust WHO at all. For question
Q180, 75.7 % said that tax evasion can never be justified. As
we can see, both figures allow us to assume a level of non-
compliance with restrictive measures of about 25 %.

3. Inaddition to neighboring cell interactions, the mod-
el took into account “long-distance” connections, i. e., in-
teractions between two non-neighboring cells that mimic
long-distance travel by residents. The performance of long-
distance connections was controlled in the model by two
parameters: the average number of such connections per
German resident and the restrictions that were imposed
on long-distance travel in the relevant time period.

As per statistics, a German resident takes three long-dis-
tance trips per year [28]. Thus, it was calculated that per step
inthe model, (101 x 101 x 3) /365 = 84 “long-distance” con-
nections could occur. This quantity was adjusted for the re-
strictions that were imposed and whose numerical expres-
sions were derived from the data on the S| components that
describe restrictions on long-distance movements of res-
idents (C7 and C8 components). As a result, the number
of “long-distance” connections ranged from 73 in the ini-
tial period of the epidemic to 0 and then rose slightly to 10
(see Table 2). Cells involved in “long-distance” connections
were randomly selected.

The plots of infected cell growth obtained from the
experiments (Fig. 8) largely coincide with the actual plots
of daily infected cell growth (Fig. 9). Similarities can be seen
both in the pattern of exponential growth in the number

of infected persons during the first weeks of the pandemic
and in the shape of the peak apex and the shape of the rel-
atively mild decline in the curve. This indicates that the pro-
posed modeling method can accurately describe the dy-
namics of disease incidence based on population data
and the degree of restrictive measures stringency and, ac-
cordingly, can be used to assess the effectiveness of anti-
epidemic restrictive measures.

However, discrepancies in the plots related to the com-
parison of the curve scale are also noticeable. For instance,
the termination of exponential growth occurs in the model
about 10 days earlier than in reality (if we interpret one step
of CA operation as one day). To some extent, such discrep-
ancies can be explained by the fact that the model shows
how the number of infected people changes at the time they
are infected, while the statistics show the number of infect-
ed people at the time they are registered.
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Further research in this area could include the devel-
opment of a model that takes into account more popu-
lation characteristics, as well as specific types of restric-
tive measures, in order to understand the impact of these
measures on the epidemic situation and, possibly, to for-
mulate practical recommendations for their effective use,
taking into account the specific characteristics of a coun-
try or region. Another major issue is the study of the rela-
tionship between the length of incubation period, dura-
tion of infectiousness and other characteristics of the path-
ogen (on the one hand) and the effectiveness of restric-
tive measures and their types (on the other hand). Besides,
a number of “technical” issues related to the choice of the
optimal grid size of the cellular automaton, to the deter-
mination of the CA discrete time and real time ratio, etc.,
need to be clarified.

CONCLUSION

Study results show that even a rather simple cellular
automaton model with boundaries can successfully de-
scribe the evolution of an epidemic and evaluate the ef-
fectiveness of restrictive measures. The proposed metho-
dology (conducting a series of numerical experiments)
makes it possible to estimate the probability of realiza-
tion of one or another scenario when introducing restric-
tive measures. An important finding here is that with dif-
ferent levels of restrictions imposed, the quality of predic-
tionis also different. Moderate severity measures (40-50 %)
have the least predictable effect, with both rapid localiza-
tion of the outbreak and spread of the epidemic to a large
part of the population. Weak and strong measures give
a more predictable effect.

CA models with intercellular boundaries have great po-
tential for modeling epidemics and the impact of restric-
tive measures. Cellular automata as a kind of agent-based
models potentially allow to describe with maximum com-
pleteness the population characteristics, specifying age, so-
cial, cultural, medical characteristics of each agent, which
can influence both the spread of the epidemic and the ef-
fectiveness of restrictive measures. In addition, CA models
allow to modify and supplement the rules of cell transition
from one state to another, increase the number of these
states, change the “rules of operation” of intercellular
boundaries, taking into account their partial permeability.

All this makes it possible, firstly, to take into account
more fully in the model the specifics of the population
in a particular region or country and the specifics of its con-
tacts, and secondly, to describe more fully the introduc-
tion of restrictive measures and their impact on the be-
havior of the population and the spread of the epidem-
ic, which, in turn, makes it possible to choose the optimal
degree of restrictions stringency, taking into account local
characteristics.
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ABSTRACT

Background. MicroRNAs are short (20-22 nucleotides) non-coding RNAs
that can posttranscriptionally regulate gene expression and are considered
aregulator of the innate immunity system. Previously, many papers were published
on the prediction of the interaction of the single-stranded (+)RNA virus SARS-CoV-2
with human microRNAs, as well as on the profile of circulating microRNAs in patients
with COVID-19 of varying severity. However, no works are analyzing the possible
contribution of miRNAs circulating in blood plasma to the severity of COVID-19.
The aim. To study the features of the blood plasma microRNA profile of patients
with different severity of the new coronavirus infection COVID-19 and to evaluate
the possibility of microRNA interaction with the SARS-CoV-2 genome.

Materials and methods. The results of NGS sequencing of plasma miRNAs of 3 re-
covered and 8 deceased patients with a highly severe form of COVID-19 were studied.
Differentially presented microRNAs were determined using bioinformatics methods,
and their binding sites with the SARS-CoV-2 genome were predicted.

Results. This study demonstrates that in patients who have recovered from a highly
severe form of COVID-19, the level of hsa-miR-19b-3p in the blood plasma is signifi-
cantly increased. This microRNA makes up about 1.5 % of all circulating microRNAs
and can bind to SARS-CoV-2 regions encoding proteins that suppress intracellular
immunity mechanisms (NSP3, NSP9). In addition, this miRNA can stimulate the func-
tional activity and proliferation of cytotoxic T-lymphocytes, one of the critical com-
ponents of acquired cellular immunity against SARS-CoV-2.

Conclusion. The results of the study can be used in the development of antiviral
drugs based on RNA interference, as well as in the development of predictive test
systems to optimize the tactics of treating patients with COVID-19.

Key words: miRNA, COVID-19, SARS-CoV-2, miR-19b, disease severity
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PE3IOME

O6ocHosaHue. MukpoPHK-kopomkue (2022 Hykneomuda) Hekodupytoujue PHK,
obnadaroujue cnocobHOCMbIO NOCMPAHCKPUNYUOHHO pezy/iupo8amsp SKCnNpeccuto
2eH08, paccMampusaromcs 8 Kadecmae pezynamopa cucmemsl 8pOXOEHHO20
ummyHUmema. Paxee 6171 0ny61uko8aH pso pabom, NoC8AWEHHbIX NPeOCKAa3aHUIo
83aumodelicmaus o0Hoyeno4e4Hozo (+)PHK-supyca SARS-CoV-2 c mukpoPHK ueso-
8eKa, a makxe 0cobeHHOCMAM NPogua YupKyupyrowux MukpoPHK y nayueHmos
¢ COVID-19 paznuyHol cmeneHu msaxecmu. OOHAKO Npakmu4ecku omcymcmayrom
pabomel, aHanusupyowue 803MOXHbIl 8K1A0 hakmuyecku YUPKYaupyrowux
8 nnasme Kposu MukpoPHK e maxxecme meueHus COVID-19.

Lens. V3yuume ocobeHHocmu npogunia mukpoPHK nnasmel kposu nayueHmos
C pas/IUYHOU MAXECMbIo meyeHUs Ho8oU KOpoHasupycHoU uHgekyuu COVID-19
U OYeHUMb BO3MOXHOCMb 83aumooelicmaus MukpoPHK ¢ zeHomom SARS-CoV-2.

Mamepuanel u Mmemoodewl. V3ydeHsl pesyremamsi NGS-cekgeHUpog8aHusA
MukpoPHK nnasmel 3 8bi300posesLuux u 8 ymepuiux nayueHmos ¢ KpatiHe msaxeénol
¢opmoti COVID-19. C nomowibo 6UOUHGBOPMAUUOHHbIX Memooo8 onpedesieHbl
ougpepeHyuanbHo npedcmaseHHole MUKpoPHK, npedckasaHbl mecma ux ces-
3b18aHUA ¢ 2eHomoMm SARS-CoV-2.

Pe3synemamel. B 0aHHoU pabome npo0eMOHCMpupOo8AHO, YMO y NAYUeHMo8,
8bI300posesLUx nocsie kKpatiHe msaxénol ¢popmel COVID-19, 8 nnasme Kposu
cmamucmuyecku 3Ha4umo noswlleH ypogeHs hsa-miR-19b-3p. [laHHas mukpoPHK
cocmasnisem okoso 1,5 % om scex yupkynupyouwux mukpoPHK, cnocobHa
c8Aa3b18aMbCA € pecuoHamu SARS-CoV-2, kodupyrowumu besku, nodasnsaoujue
8HYMpUKemoyYHble MexaHudmsl ummyHumema (NSP3, NSP9). Kpome moeo,
O0aHHasa MukpoPHK cnocobHa cmumynupogame ¢pyHKYUOHAIbHYIO AKMUBHOCMb
U nposugepayuro yumomokcudeckux T-1um@oyumos — 00HO20 U3 K/Tl0HYEBbIX
KOMNOHEHMOo8 NpUOBPemMEHHO20 KIlemoyHo20 uMMyHUmMemanpomus SARS-CoV-2.
3akmoyeHue. Pe3ynbmamesi uccie0o08aHUA Mo2ym GbIMb UCNO6308AHbI NPU Pa3-
pabomke npomugo8UPYCHbIX npenapamos Ha ocHose PHK-uHmepgepeHyuu,
a makxe npu pazpabomke npo2HOCMUYECKUX mecm-cucmem 0719 onmumu3ayuu
makmuku e4yeHus nayueHmos ¢ COVID-19.

Knioueswie cnosa: miRNA, COVID-19, SARS-CoV-2, miR-19b, maxxecmos meyeHus
3a6oesaHus

Ona untuposanma: WkypHukos M.IO., KonecHnkos C.M. Ponb umpkynupyowein
MnKpoPHK miR-19b B nporHose ncxoga COVID-19. Acta biomedica scientifica. 2023; 8(2):
26-32.doi: 10.29413/ABS.2023-8.2.3
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OBJECTIVES

In 2019, a new disease called COVID-19, caused
by the SARS-CoV-2 coronavirus, was identified. This vi-
rus was characterised by rapid, difficult to control spread
due to its certain characteristics. The body’s first line of de-
fence against viruses, including SARS-CoV-2, is innate immu-
nity, which limits viral entry into cells, translation, replication
and virion assembly, and allows detection and destruction
of infected cells, coordinates and enhances acquired immuni-
ty [1]. Innate antiviral immunity has two components: cellular
and humoral immunity, which include macrophages, mono-
cytes, dendritic cells, neutrophils, NK cells, cytokines and in-
terferons, and intracellular immunity. Intracellularimmunity
includes various families of cytoplasmic receptors and en-
zymes that can recognise and destroy viruses within a cell [2].

Several studies consider microRNA molecules asa compo-
nent of the innate immunity system [3-5]. MicroRNAs are short
(about 22 nucleotides) non-coding RNAs that regulate gene
expression post-transcriptionally. The microRNA sequencein-
cludes the so-called seed region, which is located from the 2nd
to the 7th nucleotide from the 5’-end of the mature mole-
cule, and which is responsible for the specificity of its binding
to target RNAs. It has been shown that host cell microRNAs
can act as a component of intracellular immunity, regulating
the translation and replication of (+)RNA viruses and altering
the pathogenesis of viral infections [6, 7]. Two main effects
of the interaction between the viral RNA-genome and micro-
RNA are identified: inhibition of virus translation and slowing
down its replication, stabilisation of viral RNA and increasing
the rate of virus replication. Moreover, the slowdown of vi-
rus replication is primarily associated with the interaction
of microRNA with the 3"-untranslated region of the virus [8],
and the stabilisation of viral RNA is associated with the inter-
action with the 5’-untranslated region of the virus [9]. More-
over, microRNAs are able to modulate the activity of both in-
nate [10] and acquired immunity cells [11].

A number of papers have been published on predicting the
interaction of the single-stranded (+) RNA virus SARS-CoV-2 with
human microRNAs [12-14], as well as the profile of circulating
microRNAs among patients with different degrees of COVID-19
severity [15]. However, there are practically no works analysing
the possible contribution of microRNAs circulating in plasma
to SARS-CoV-2 biogenesis and COVID-19 pathogenesis.

THE AIM OF THE STUDY

To study the features of the blood plasma microRNA
profile of patients with different severity of the new coro-
navirus infection COVID-19 and to evaluate the possibili-
ty of microRNA interaction with the SARS-CoV-2 genome.

METHODS

Plasma microRNA profile of patients with COVID-19
Primary microRNA sequencing data (GSE195898) iso-
lated from blood plasma of 3 recovered (two men and one
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woman) and 8 deceased patients (five men and three wom-
en, comparison group) with extremely severe COVID-19,
comparable in sex and age, treated at the IRCCS Policlini-
co San Donato Intensive Care Unit (Milan, Italy) were used
for analysis [16]. For each patient, the plasma microRNA
profile was assessed at the time of hospital admission (T0)
and before discharge or death (T1).

The study was carried out in full compliance with
the World Medical Association Declaration of Helsinki.
The experimental protocol was approved by the local ethi-
cal committee at San Raffaele Hospital (Milan, Italy, Minutes
No. 75/INT/2020 dated April 20, 2020).

HTG EdgeSeq miRNA Whole Transcriptome targeted
sequencing kit (HTG WTA, HTG Molecular, USA) was used
for library preparation. Sequencing was performed on an -
lumina NextSeq 500 sequencer (lllumina Inc., USA) using
the NextSeq High Output v. 2 75 cycles kit (Illumina Inc.,
USA) [16].

Sequencing data analysis
The 3'-adapter sequence was removed using Cutadapt
v. 2.10. Sequencing read quality control was performed
using FastQC v. 0.11.9. After removal of the 3"-adapter se-
quence, sequencing results were processed using IsoMiR-
map [17].

Identification of microRNA binding motifs
to the SARS-CoV-2 genome

For each microRNA, SARS-CoV-2 RNA regions reverse-
complementary to the 2-7 nucleotide region of the 5’-end of
the mature microRNA were identified. Following a common
classification [18], such binding regions are labelled “6mer”.
Interaction of the corresponding microRNA with them leads
to suppression of translation and degradation of the target
RNA.To determine whether 6mer belongs to regions encod-
ing SARS-CoV-2 proteins, the binding positions were pair-
wise aligned against the reference sequence of the Wuhan-
Hu-1 strain using the stringr and spgs packages.

Statistical analysis
Differences in microRNA representation were analysed
using DESeq?2 [19]. Comparison of data on the number of mi-
croRNA binding motifs to the SARS-CoV-2 genome was per-
formed using the Wilcoxon test. Data processing and statisti-
cal analyses were performed in the R software environment.

RESULTS

Sequencing results showed that 932 types of microRNAs
and their 5’-isoforms were present in the patients’ plasma
at more than 150 rpm at the time of admission (T0). At T1,
990 types of molecules were identified. Moreover, 54 types
of molecules occurred only at TO and 112 occurred only
at T1. The following microRNAs are among the most high-
ly represented at TO and T1: hsa-miR-22-3p|0, hsa-miR-339-
3p|0, hsa-miR-451al0.

Analysis of differences in microRNA profile between re-
covered and non-recovered patients showed that the ex-



pression of 46 microRNAs was significantly altered. At TO,
subsequently recovered patients had higher expression
of hsa-miR-19b-3p|0 (4.5-fold, p =0.017), hsa-miR-25-3p|+1
(4.8-fold; p = 0.047). The representation of 291 microRNAs
differed significantly at T1. The largest differences in plas-
ma representation between the group of recovered patients
and the comparison group were observed for the follow-
ing microRNAs: hsa-miR-451a|0 (13-fold; p = 7.65E-07), hsa-
miR-22-3p|0 (4.3-fold; p = 7.67E-05), hsa-miR-19b-3p|0 (14-
fold; p = 1.23E-06).

Several studies have demonstrated the correlation
of hsa-miR-451a representation and the level of haemoly-
sisin blood samples [20, 21]. The hypothesis of significance
of differences in the representation of microRNAs associat-
ed with haemolysis between the comparison groups at TO
and T1 was tested (Table 1). At the time of hospital admis-
sion, the levels of microRNAs associated with haemolysis
and erythropoiesis did not differ between the comparison

TABLE 1

groups. Meanwhile, all microRNAs associated with haemol-
ysis and erythropoiesis were significantly elevated at T1
in the group of recovered patients.

Comparison of microRNA sets differing between recov-
ered patients and the comparison group showed that only
two microRNAs changed codirectionally at TO and T1 (Ta-
ble 2).

The possible binding sites of multiple microRNAs
differing between the convalescent patient group
and the comparison group at TO and T1 to the SARS-
CoV-2 genome were evaluated (Figure 1). A number
of microRNAs had no binding sites with the virus genome:
hsa-miR-1225-3p|+3, hsa-miR-4498|+1, hsa-miR-6787-5p|+2,
hsa-miR-1538|+1, hsa-miR-1307-5p|+1, hsa-miR-7111-5p|+2.
The number of microRNA binding sites of hsa-miR-19b-3p|0
and hsa-miR-25-3p|+1 were 12 and 9, respectively. At the same
time, the median of binding sites of the other microRNAs was 3.
It can be concluded that recovered patients had a significantly

DIFFERENCES IN THE REPRESENTATION OF MICRORNAS ASSOCIATED WITH HEMOLYSIS BETWEEN THE COMPARISON

GROUPSINTOAND T1

MicroRNA representation in plasma at TO, log2RPM MicroRNA representation in plasma at T1, log2RPM

MicroRNAs

recovered deceased
hsa-miR-451a|0 144+22 13.2+1.7
hsa-miR-16-5p|0 11615 11613
hsa-miR-486-5p|0 11.2+28 10315
hsa-miR-93-5p|0 10.7+1.9 10.1+1.2
hsa-miR-17-5p|0 93+14 9+1
hsa-miR-20a-5p|0 89+1 89+1
hsa-miR-107|0 88+1.2 88+0.7
hsa-miR-106a-5p|0 85+1.2 79+0.7
hsa-miR-20b-5p|0 78+04 76%03

TABLE 2

p value recovered deceased p value
0.0959 174+£1.8 139+1.6 1.0E-06
0.9370 13913 12.1+0.8 2.0E-04
0.1206 13718 105+13 1.0E-05
0.1771 128+1.3 10.1+£0.9 4.0E-07
0.4637 11+1.1 94 +0.7 4.0E-04
0.7719 111211 94+0.8 2.0E-04
0.7764 102+ 1.1 9.1+£04 1.4E-03
0.1640 102+1.3 8.2+0.7 2.0E-05
0.6410 9.1+0.7 7.7x05 2.0E-04

REPRESENTATION OF CONCOMITANTLY CHANGED MIRNAS IN COMPARISON GROUPS INTO AND T1

MicroRNA representation in plasma
at TO, log2RPM

MicroRNAs
recovered deceased p value
hsa-miR-19b-3p|0 11.7+£29 106 £1.5 0.017
hsa-miR-25-3p|+1 34+£1.2 19+0.8 0.047

MicroRNA representation in plasma at T1, log2RPM

p value adjusted
recovered deceased p value . .
for multiple comparisons
143+18 10614 1.23E-06 0.003
47+1.2 2+0.7 2.25E-05 0.046
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increased level of microRNAs with a significant number of bind-
ing sites to the SARS-CoV-2 genome (p = 0.048).
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The number of possible binding sites of miRNAs in the SARS-CoV-2
genome

The location of possible binding sites of microRNAs
to the virus genome was also analysed (Figure 2). The high-
est number of binding sites was located in the ORF1ab re-
gion encoding non-structural proteins. hsa-miR-19b-3p|0
had the highest number of binding sites in the short re-
gion (338 nucleotides) encoding the NSP9 protein. Both
microRNAs analysed had two possible binding sites
each with the extended region (5834 nucleotides) encod-
ing the NSP3 protein. None of the microRNAs had binding
sites in the 5°- and 3’-untranslated regions of the SARS-
CoV-2 genome.
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Location of possible miRNA binding sites in the SARS-CoV-2 ge-
nome

DISCUSSION

Study main result summary
The representation of hsa-miR-19b-3p|0 and hsa-miR-
25-3p|+1 microRNAs differed significantly in the plasma

of hospitalised patients with extremely severe COVID-19,
both at the time of hospital admission and at the time
of discharge or death. Both microRNAs have a high num-
ber of possible binding sites to the SARS-CoV-2 genome (12
and 9, respectively) compared to other plasma variable mi-
croRNAs. The majority of the binding sites are in the parts
of the virus genome encoding NSP3 and NSP9.

Study main result discussion

MicroRNAs are short non-coding single-stranded RNA
molecules of about 22 nucleotides in length that function
as post-transcriptional regulators of gene expression [22].
MicroRNA molecules are involved in many processes in-
cluding development, proliferation and apoptosis. In addi-
tion, microRNAs are associated with many pathological pro-
cesses [23]. Determination of microRNA expression profiles
can act as a method for classifying, diagnosing and predict-
ing disease course [24]. MicroRNAs are detected in various
biological fluids and have remarkable stability, emphasis-
ing their possible role as promising minimally invasive diag-
nostic and prognostic markers [25]. Moreover, several stud-
ies consider microRNA molecules as a component of the in-
nate immunity system [3-5].

In this study, we studied the profile of circulating mi-
croRNAs in the plasma of extremely severe COVID-19 pa-
tients. The representation of hsa-miR-19b-3p|0 and hsa-
miR-25-3p|+1 differed significantly in the plasma of pa-
tients with different COVID-19 outcomes, both at the time
of hospital admission and at the time of discharge or death.
MicroRNAs can act as a component of intracellular immu-
nity by regulating translation and replication of (+) RNA vi-
ruses and altering the pathogenesis of viral infections [6,
7]. Considering that the lung tissue area is 75 to 100 m?
and that it is abundantly blood supplied [26], it is conceiv-
able that circulating microRNAs could penetrate infect-
ed alveocytes and interact with SARS-CoV-2 [27]. hsa-miR-
19b-3p|0 significantly elevated in the group of recovered
patients is among the most highly represented in plasma.
It accounts for more than 1.5 % of all circulating microRNA
molecules. This work shows that this microRNA has a signif-
icant number of binding sites to the SARS-CoV-2 genome.
They are detected in its most stable part which is ORF1ab.

The largest number of hsa-miR-19b-3p|0 binding sites
is in the 338-nucleotide long region encoding the NSP9
protein. The NSP9 protein is able to bind to 7SL RNA, com-
ponent of signal recognition particles, thereby disrupting
protein transport into the endoplasmic reticulum and onto
the cell membrane [28]. The major histocompatibility com-
plex (MHC) class 1 molecules are produced in the endoplas-
mic reticulum. Disruption of their synthesis may contribute
to impaired antiviral activity of cytotoxic T lymphocytes.
In addition, hsa-miR-19b-3p|0 is able to bind to the region
encoding the NSP3 protein. NSP3 and NSP4 are responsible
for the formation of double-membrane vesicles in the infect-
ed cell that protect the virus from the mechanisms of intra-
cellularinnate immunity [29]. Thus, hsa-miR-19b-3p|0 highly
represented in the plasma of recovered COVID-19 patients
is able to bind to virus regions encoding proteins respon-
sible for suppressing intracellular immunity mechanisms.
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Moreover, hsa-miR-19b-3p|0 is able to potentiate
the activity of cytotoxic T lymphocytes. Levels of hsa-miR-
19b-3p|0 were found to be significantly elevated in periph-
eral blood mononuclear cells of patients in long-term HIV
remission. Overexpression of hsa-miR-19b-3p|0 promotes
CD8* T-cell proliferation as well as interferon-y and gran-
zyme B expression by inhibiting CD8* T-cell apoptosis in-
duced by anti-CD3/CD28 stimulation. The target of miR-19b
was found to be the PTEN gene [30].

CONCLUSION

Previously, many papers were published on the pre-
diction of the interaction of the single-stranded
(+) RNA virus SARS-CoV-2 with human microRNAs,
as well as on the profile of circulating microRNAs in pa-
tients with COVID-19 of varying severity. However, there
are practically no works analysing the possible contribu-
tion of microRNAs circulating in plasma to SARS-CoV-2 bi-
ogenesis and COVID-19 pathogenesis. This study demon-
strates that in patients who have recovered from a high-
ly severe form of COVID-19, the level of hsa-miR-19b-3p
in the blood plasma is statistically significantly increased.
This microRNA is present in plasma in significant amounts
and is able to bind to SARS-CoV-2 regions encoding pro-
teins that suppress intracellular immune mechanisms.
Morevover, it is able to stimulate the functional activity
and proliferation of cytotoxic T lymphocytes, a key com-
ponent of adaptive cellular SARS-CoV-2 immunity. The re-
sults of the study can be used in the development of anti-
viral drugs based on RNA interference, as well as in the de-
velopment of predictive test systems to optimize the tac-
tics of treating patients with COVID-19.
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ABSTRACT

Theaim. Toassess the thyroid status and its relationship with tumor necrosis factor
alpha (TNF-alpha) in post-reproductive women in the acute phase of the COVID-19
of moderate course and 12 months after the disease.

Materials and methods. 85 women aged 45 to 69 years were divided into groups:
women without COVID-19, not vaccinated, with no antibodies to COVID-19 (IgG) -
control group (n = 15); women in the acute phase of COVID-19 of a moderate course,
accompanied by pneumonia — main group (n = 57); patients from the main group
who agreed to be examined 12 months after having COVID-19 (n = 14); women
with IgGin blood who deny any symptoms of COVID-19in the last 12 months —asymp-
tomatic COVID-19 (n = 13). Using hormone replacement therapy and the presence
of thyroid disease in history were the exclusion criteria from the study.

Results. 75.4 % of patients with COVID-19 had euthyroidism, 12.3 % had sub-
clinical hyperthyroidism. An increase of free thyroxine (free T4) level in women
with COVID-19 as compared to the control group (p = 0.004) and the group
with asymptomatic COVID-19 (p = 0.054) was found. There was no statistically sig-
nificant difference in the level of thyroid stimulating hormone between the groups.
The level of C-reactive protein in women with COVID-19 was naturally higher
as compared to the control group (p = 0.009) and the group of asymptomatic
patients (p = 0.001). A lower TNF-alpha level was found in the group of patients
without clinical signs of COVID-19 as compared to the control group (p = 0.007)
and the group with COVID-19 (p = 0.00007). The analysis of correlation relationships
revealed a positive correlation between of free T4 and TNF-alpha levels in women
with COVID-19 (r = 0.38; p = 0.004).

Conclusions. The moderate course of COVID-19in the post-reproductive women is
associated with an increase of free T4 level, which positively correlates with TNF-alpha
level. Twelve months after COVID-19, thyroid status in women remains at the level
of the acute phase of the disease.

Key words: COVID-19, long-term consequences, thyroid status, tumor necrosis
factor alpha, post-reproductive period
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PE3IOME

Lens uccnedoeanus. OyeHka mupeoudHO20 CMamyca u e2o 83auMoces3s C Phak-
mopom Hekpo3sa onyxosu anbga (OHO-anegha) y xeHWwuH 8 NocmpenpodyKmusHOM
nepuode 8 ocmpyto pasy cpedHemsxénozo medeHus COVID-19 u yepe3 12 mecsayes
nocne 3a60/1e8aHus.

MemoOdel. 85 xeHwuH 8 8o3pacme om 45 0o 69 iem 6bisiu pazoenieHsl HA 2pyn-
nbl: XeHWUHol, He 6oneswue COVID-19, He npugumesle, c omcymcmeauem aHmu-
men k COVID-19 (IgG) — koHmposnb (n = 15); xeHwuHbl 8 ocmpot ¢paze COVID-19
CO CPEOHeMXENbIM medYeHUeM, CONPOBOXOAUUMCA NHe8MOHUell — OCHOBHAsA
2pynna (n=57); nayueHmku u3 ocHosHoU 2pynnel, coznacuguwuecs npolmu obcie-
dosaHue Yepes 12 mecayes nocsie COVID-19 (n = 14); xeHWUHbI C Haiu4uem 8 Kposu
IgG, ompuyatowyue kakue-nubo cumnmomsl COVID-19 3a nocnedHue 12 meca-
yes — beccumnmomHoe meyeHue COVID-19 (n = 13). eHWUHbl, npuHUMarowjue
3amecmumesibHyI0 20pMOHAJIbHYI0 Mepanuto, UMerowjue 8 aHaMmHese 3a60s1e8aHUA
WumosuoHoU xesie3bl, bbl/iu UCK/TIOYEHbI U3 UCC/1E008AHUS.

Pesynemamel. Y 75,4 % nayueHmok ¢ COVID-19 ommeyeH 3ymupeos, 8 12,3 %
csyqaes — cybknuHuYeckul 2unepmupeos. BoisgenieHo noselueHue yposHs c0600-
HO020 mupokcuHa (T4cs.) 8 2pynne xeHuwuH ¢ COVID-19 no cpagHeHuto ¢ KOHMPO-
nem (p = 0,004) u 2pynnoti nepeboneswux COVID-19 6eccumnmomHo (p = 0,054).
He sbisigrieHo cmamucmuyecku 3Ha4uMoU pasHUYbl NO ypOBHIO MUPeomponHo20
20pMOHA Mex0y uccaedyeMbiMu epynnamu. YposeHo C-peakmugHoz20 b6eska
8 2pynne xeHwuH ¢ COVID-19 6bl/1 3aKOHOMEPHO 8bilie NO CPABHEHUI0 C KOHMPO-
nem (p = 0,009) u c epynnoti nepeboneswiux beccumnmomto (p = 0,001). BoisigieH
6osee HU3Kul yposeHb OHO-anbha 8 epynne nepebonesuwiux 6e3 KIUHUYeCKux
nNpu3HAKkos no cpasHeHuto ¢ KoHmposnem (p = 0,007) u ¢ epynnot ¢ COVID-19
(p = 0,00007). lNMpu aHanuse KoppeaayuoHHbIX 83aumMocessell 8biA8/1eHA NOTOXKU-
mesnbHas Koppenayus mexoy yposHem T4ce. u OHO-anvga y xeHwuH ¢ COVID-19
(r=0,38;p =0,004).

3aknioyeHue. CpedHemsxénoe meyeHue COVID-19y xeHUUH 8 nocmpenpooykK-
MuBHOM nepuode dccoyuupoBAHO C NosblueHUeM T4ca., Komopbil NOIOXKUMETbHO
koppenupyem c yposHem OHO-anega. Yepes 12 mecsayes nocie COVID-19 mupeo-
UOHbIU cmamyc y XeHUWUH COXpaHaemcs Ha ypogHe ocmpol ¢haswl 3a60/1e8aHUA.

Knioyesbie cnosa: COVID-19,0moanéHHble noc1edcmaus, mupeouoHsllti cmamyc,
hakmop Hekpo3a onyxosu asabgha, NocmpenpoOyKmusHsil nepuod

Ona untuposanuna: CeméHosa H.B., KonecHukos C.W., Bbipynaesa E.B., Llonoxos J1.0.,
PbiukoBa J1.B., MetpoBa A.l., Axmea3zaHoBa M.P, lapeHckas M.A., KonecHukoBa J1./. Tupe-
oungHblin ctatyc u OHO-anbda y XeHLWrH B nocTpenpoayKTmHoM nepuoge ¢ COVID-19
1 yepes 12 mecsiueB nocne 3abonesaHua. Acta biomedica scientifica. 2023; 8(2): 33-42.
doi: 10.29413/ABS.2023-8.2.4
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OBJECTIVES

The COVID-19 pandemic caused by the SARS-CoV-2 vi-
rus has left its mark in history as a public health emergency
ofinternational concern. Although it is predominantly a res-
piratory disease, evidence suggests that it is characterized
by multi-organ system damage [1, 2]. With increasing age,
the vulnerability to moderate and severe COVID-19 and sub-
sequent complications is known to be higher [3], with men
having a more severe course of the disease [4], but in old
age, sex differences in the course of COVID-19 are leveled
off, which may be associated with a decrease in estrogen
levels in women in the post-reproductive period [5].

Age-related estrogen deficiency in women is consid-
ered to be one of the principal causes of the various organs
disorders development, including Thyroid disease [6-10].
Theincidence of most Thyroid disorders is known to be high
in postmenopausal and elderly women, which may lead
to increased cardiovascular risk, bone fractures, cognitive
impairment, depression and mortality [10].

Some studies have shown that the thyroid gland
may be a target organ for SARS-CoV-2 with the develop-
ment of its dysfunction during and after COVID-19 [11-
13]. Thyroid status evaluation after prolonged time from re-
covery after COVID-19 has been performed in few stud-
ies [14, 15], and there are no studies in the available liter-
ature evaluating thyroid status 12 months after COVID-19.
This may be due to the assumption of a duration of up to 6
months for the Post-COVID-19 syndrome, which is why most
studies are limited to this time frame [16-18]. In addition,
studies do not indicate the effect of age on changes in thy-
roid status in COVID-19, which may play a role in analyz-
ing the findings [19]. Equally, it is of interest to evaluate
the correlations of thyroid hormones with tumor necrosis
factor alpha (TNF-alpha) in COVID-19. This cytokine plays
a significant role in the pathogenesis of thyroid cancer [20],
and in COVID-19 there is a statistically significant increase
inits level,and TNF-alphais considered a risk factor for death
in patients with severe or critical COVID-19 [21].

THE AIM OF THE STUDY

Thyroid status evaluation in post-reproductive wom-
en with COVID-19 of a moderate course during the acute
phase and 12 months after the disease, as well as correla-
tions of thyroid hormones with tumor necrosis factor alpha
in the acute phase of COVID-19.

MATERIALS AND METHODS

A short-term longitudinal case-control study was con-
ducted.

The study included 94 women aged 45 to 69 years. In or-
der to be selected into the main cohort, 64 women hospi-
talized in the Irkutsk Regional Infectious Clinical Hospital
in the period from June 2020 to March 2021 with laborato-
ry-confirmed PCR test for the presence of SARS-CoV-2 virus
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and moderate course of COVID-19 accompanied by pneu-
monia were examined. Upon admission of the patients
to the hospital, questionnaires and analysis of medical re-
cords, general clinical examination, and computed tomog-
raphy were performed. After clinical and anamnestic exami-
nation, 7 women with a history of thyroid disorder (manifest
forms of the disease: autoimmune thyroiditis — 3; thyrotox-
icosis — 1; hypothyroidism - 1; Graves’ disease - 1; nontox-
ic goiter — 1) were excluded. Thus, the main cohort includ-
ed 57 women (mean age 58 * 6.33 years). Fourteen wom-
en who were called for a clinical and anamnestic examina-
tion agreed to be examined after 12 months from those
who had survived COVID-19.

Thirty women who denied any symptoms of COVID-19
and had not been vaccinated in the past 12 months were ex-
amined to form a control group. The presence of COVID-19
IgG antibodies in blood was determined in all women, af-
ter which two groups were formed: without IgG (n = 17)
and with IgG (n = 13). Two women with thyroid dysfunction
were excluded from the group without IgG; thus, 15 wom-
en (mean age, 56 + 6.52 years) formed the control group
for comparison with the main cohort and the group of wom-
en who agreed to be examined 12 months after COVID-19.
13 women with IgG in their blood formed a separate group
with asymptomatic COVID-19 (mean age, 54 + 7.59 years).

The use of hormone replacement therapy (HRT)
was a criterion for not including women in the study.

All study participants were examined by a general
practitioner-cardiologist with calculation of body mass
index (BMI), measurement of blood pressure, body tem-
perature, and electrocardiogram. To exclude the presence
of COVID-19 at the time of the study, an appropriate rap-
id test (RAPID BIO, Russia) was performed.

Venous blood was used for laboratory tests, which
was collected from 8.00 to 9.00 AM on an empty stomach
in accordance with generally accepted requirements. Blood
was centrifuged for 10 min at 1,500 rpm, serum was sepa-
rated and stored at —-40 °C until assayed.

Thyroid status indicators were determined: free thyrox-
ine (free T4), thyroid stimulating hormone (TSH)), IgG, C-re-
active protein (CRP) and TNF-alpha levels. IgG level was de-
termined on Multiscan Go analyzer (Thermo Scientific, Fin-
land) using Vector-Best commercial kits (Russia). The con-
centration of free T4 (pmol/l) and TSH (mmol/l) was de-
termined by enzyme immunoassay on Microplate reader
ELx808 analyzer (USA) using Alkor Bio commerecial kits (Rus-
sia); CRP (pg/ml) and TNF-alpha (pg/ml) — using Vector-Best
commercial kits (Russia).

Informed consent to participate in the study was signed
by each woman. The study protocol was reviewed and ap-
proved by the Biomedical Ethics Committee of Scientific
Centre for Family Health and Human Reproduction Prob-
lems (excerpt from the minutes of the meeting No. 6.1
of June 19, 2020).

Statistical analysis

No pre-calculation of sample size was made. The data
obtained were processed in Statistica 10 program (Stat-
Soft Inc., USA). The proximity to the normal law of dis-
tribution of quantitative signs was evaluated by visu-



al-graphical method, as well as Kolmogorov — Smirnov
(K-S) test (with Lilliefors correction) and Shapiro — Wilk (S-
W) test. Data for age and BMI are presented as arithmetic
mean * standard deviation (m + o); for laboratory parame-
ters, as median and interquartile range (Me [Q1; Q3]). Inter-
group differences forindependent samples were analyzed
using the Kruskal — Wallis test (ANOVA) and the median test
followed by post hoc comparisons using the Mann - Whit-
ney U test. Intragroup differences were analyzed using
the Wilcoxon test. Pearson correlation analysis with deter-
mination of correlation coefficient (r) was used to analyze
the relationships between the indicators. The significance
level was taken as 5 % (0.05).

RESULTS

In the first step, we analyzed the distribution of COV-
ID-19 patients according to specified free T4 and TSH inter-
vals. In most cases, euthyroidism was noted in the patients,
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and subclinical hyperthyroidism was registered in 12.3 %
of cases (Table 1).

TABLE 1

DISTRIBUTION OF PATIENTS WITH COVID-19 DEPENDING
ON THYROID STATUS

Free T4 TSH

Patients with

CoVvID-19

10.0-23.2 pmol/l  0.23-3.4 mmol/I

o © 43 (75.4 %)
© T 3(53%)
“ \2 7 (123 %)
T P 2(3.5%)
\2 “ 1(1.75 %)
l T 1(1.75 %)

Note. <> — within reference values; {. — below reference values; T — above reference values
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Levels of free thyroxine (a), thyroid-stimulating hormone (b), C-reactive protein (s) and tumor necrosis factor alpha (d) in women of post-re-
productive age in control group (1; n = 15), group with COVID-19 (2; n = 57) and group with asymptomatic course of the disease (3;n =13)



Then we performed an intergroup comparative analysis
of the levels of the hormones studied, the results of which in-
dicate an increased free T4 level in the group of women
with COVID-19(16.7 [14.2; 18.5] pmol/l) compared with con-
trols (14.1 [12.4; 15.2] pmol/l) and the group of COVID-19
asymptomatic survivors (14.3 [12.7; 17.1] pmol/l) (Fig. 1a).
No statistically significant difference in TSH level was found
between the studied groups (Fig. 1b).

Moreover, the level of CRP in the group of wom-
en with COVID-19 (11.7 [6.8; 13.1] pg/ml) was consistent-
ly higher compared with the control (3.4 [2.7; 9.7] pg/ml)
and the group with asymptomatic course of the disease
(2.2[1;6.31 pg/ml) (Fig. 1c).

We found lower TNF-alpha levels in the group of sur-
vivors without clinical signs (0.6 [0.01; 1] pg/ml) com-
pared with controls (2.11 [0.77; 3.08] pg/ml) and the group
with COVID-19 (1.7 [1.1; 2.5] pg/ml) (Fig. 1d). When analyz-
ing correlations, a significant positive correlation between
free T4 and TNF-alpha levels was revealed (Fig. 2).
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In the final phase of the study, we performed a com-
parative analysis of the investigated parameters in wom-
en in the acute phase of COVID-19 and in the same wom-
en 12 months after recovery. We did not find any differenc-
es in both thyroid hormone levels, CRP and TNF-alpha lev-
els (Fig. 3).

DISCUSSION

This study demonstrates for the first time the results
of thyroid status assessment in women of post-reproduc-
tive age in the long-term post-COVID-19 period. Previous
studies of patients with COVID-19 have found a correla-
tion of low free triiodothyronine (free T3), free T4, and TSH
concentrations with COVID-19 severity and mortality [22-
24]. However, the results of M. Chen et al. did not dem-
onstrate any changes in free T4 content with decreased
levels of free T3 and TSH; at the same time, thyroid hor-
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productive age in the acute phase of COVID-19
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productive age in groups with COVID-19 (1; n = 14) and 12 months after COVID-19 (2; n = 14)

mone levels in patients immediately after recovery cor-
responded to control values [25]. The results obtained
in our study suggest an increase in free T4 in the acute
phase of the disease, which is not consistent with the few
studies presented above. As it is known, the main func-
tion of free T4 is the activation of metabolic process-
es, which is accompanied by an increase in cellular ox-
ygen consumption [26]. This may be related to chang-
es in free-radical homeostasis in the acute phase of COV-
ID-19 [27-31], shown in a number of studies to be asso-
ciated, in particular, with changes in thyroid function.
Moreover, our study revealed a positive correlation be-
tween free T4 and one of the key mediators ofimmune re-
sponse, inflammation and apoptosis - TNF-alpha, the lev-
el of which is increased in autoimmune thyreopathies
[32]. When assessing TNF-alpha levels in hypo- and hyper-
thyroidism, an increase in its level was shown, while a de-
crease in the cytokine level was noted with normaliza-
tion of thyroid function only in patients with hyperthy-
roidism after adequate treatment [33].
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This study did not reveal a higher level of TNF-alpha
in patients in the acute phase of the disease compared
with controls, which may be related to the post-reproduc-
tive age of women in the compared groups, since it is known
about the increased level and important role of this cy-
tokine in aging processes [34]. In addition, the partici-
pants of this study were patients with moderately severe
COVID-19, and significant elevation of TNF-alpha was ob-
served in severe and critical disease [21]. It should be not-
ed that TNF-alpha levels are lower in asymptomatic women
of the same age, even compared to controls, which proba-
bly indicates better functioning of their organs and systems
and a more adapted immune system. The results of an earli-
er study demonstrated higher physical and emotional health
scores in this group [35].

When thyroid status was assessed 12 months after the dis-
ease, the persistence of elevated free T4 levels was found,
as well as control TSH levels in women. There are few studies
on thyroid status in the post-COVID-19 period. Thus, E. Ur-
ban et al. showed that its volume 2-7 months after COVID-19



is smaller than in healthy people, without a significant differ-
ence in the content of thyroid hormones [14], and B. Khoo
et al. found an increase in the level of TSH in COVID-19 sur-
vivors up to control values after 52-108 days from the mo-
ment of hospitalization [15].

In our opinion, the wide age range of the patient
sample in previous studies may be one of the reasons
for their inconsistency with the results of the present
study of thyroid hormone levels in COVID-19. Meanwhile,
there is increasing evidence that the reference range
of TSH increases with age, which may be related to the im-
paired feedback of the pituitary gland to the target organ
in the elderly [19]. The results of the study by N. Milinkovi¢
et al. in which 22,860 age-differentiated serum samples
were analyzed, showed an increase in TSH levels in men
over 70 years of age, while in women no differences be-
tween age groups were found. In addition, sex differenc-
es in free T4 levels have been found in the 31-40 and 41-
50 age groups, with lower values in women [36]. Based
on the above, it seems essential to take into account age
and gender aspects when assessing thyroid status.

Study limitations

Study limitations include the small number of pa-
tients who agreed to be evaluated 12 months after COV-
ID-19 and the small number of women who were assigned
to the control group due to the high prevalence of SARS-
CoV-2.

CONCLUSION

The results of the study indicate long-term changes
in thyroid status in women in the post-reproductive peri-
od who have survived COVID-19 and the need to monitor
it in the long-term post-COVID-19 period in order to timely
diagnose the development of pathologic conditions of the
thyroid gland.
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ABSTRACT

At present, the problem of increasing the effectiveness of programs of assisted re-
productive technologies and successful infertility treatment is still relevant. Assisted
hatching used in the devitrificated embryo transfer facilitates the exit of the embryo
from the pellucide zone. Yet the clinical efficacy of assisted hatching is relevant and de-
batable. There are no clear indications for the use of this technology, and no groups
of patients have been identified.

The aim of the study. To assess the effectiveness of laser hatching in the frozen-
thawed embryo transfer programs in patients with tuboperitoneal infertility.
Materials and methods. We examined 300 women with tuboperitoneal infertility
who had theirembryos frozen for transfer. Inclusion criteria: age from 18 to 35 years;
tuboperitoneal infertility; embryos cryopreserved for transfer. Exclusion criteria:
age more than 36 years; other infertility factors. Women were divided into 2 groups:
group 1—women who had a frozen-thawed embryo transfer with preliminary laser
hatching (n = 137); group 2 - control group (n = 163).

Results. There were no differences between the groups in the mean age, body
mass index and the age at menarche. According to the results of the embryological
stage, there were also no differences in the number and quality of frozen embryos.
The pregnancy rate in the group with preliminary laser hatching was 44.5 %, which is
significantly higher than in the control group (42.3 %; p < 0.001). We also found
statistically significant differences in pregnancy outcomes: in the frequency of spon-
taneous miscarriages — 13.1 % and 20.2 % respectively (p < 0.001), in the frequency
of term deliveries — 30.7 % and 22.1 % respectively (p < 0.001).

Conclusion. In our study, the using laser hatching in women with tuboperitoneal
infertility positively affected the embryos implantation in the cryopreservation pro-
tocols. Pregnancy and live birth rates are higher after using hatching technology,
and the frequency of miscarriages up to 12 weeks is lower. This provide an opportunity
to further study the effect of hatching on long-term outcomes, such as gestation
course and childbirth.
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PE3IOME

B Hacmosuwee 8pems npobriema 3¢hhekmusHo20 npeodosieHus 6ecnioous 8 npo-
2pamMmax 3KCMpakopnopaabHO20 onj000mMeopeHUs 0Cmaémcsa No-npexHemy
axkmyasbHoU. TexHO02UA 8CNOMO2amMesibHO20 XAMYUH2d, UCN0/b3yeMdas npu nepe-
Hoce 0esUumpuUUYUPOBAHHO20 3MOPUOHA, HANPAB/IeHA HA 0brie2ueHuUe 8bIC8o-
60x0eHuUsd a3MOpuUoHa u3 brecmsweli 060104KkU. OOHAKO BONPOC €20 KJTUHUYECKOU
3hchekmusHOCMU 0OCMAémcs KpaliHe akmyasibHbIM U NPOMUBOPeYUBbIM.

Lenwb uccnedoeaHnus. OueHka 3¢hepekmusHoCcMuU NpuMeHeHUs 1d3epHO20
X3MYUH2a 8 NPO2PAMMAX C NEPEHOCOM PA3MOPOXEHHO20 IMOPUOHA Y XeHUJUH
C mpy6HO-nepumMoHeasnsbHelM becnioouem.

Mamepuanei u memoOoel. bbisio 06ciedo8aHo 300 xeHWUH, cmpaoarowux mpyo6-
HO-nepumMoHeasbHbIM 6ecnioouem, Komopble UMeu KpUOKOHCep8UPOBAHHbIE
IMOpUOHBI. Kpumepuu 8K/r0YeHUA: 803pacm om 18 0o 35 nem ekouumMesibHo;
mpy6HO-nepumoHeasbHoe becnio0ue; Haauyue KPUOKOHCEPB8UPOBAHHbIX SMOPU-
0HOB 0715 nepeHoca. Kpumepuu uckodeHuUs: 803pacm 36 jiem u cmapule; Hasaudue
opyaux pakmopos becnnoous. Janee 611U chopMupos8aHsl 08e 2pynnsi: 2pynna 1 —
JKEHUWUHbI, Y KOMOPbIX NEPEHOC PA3MOPOXEeHHbIX SMOPUOHOB 8bINOJTHAICA C NPO-
sedeHuUeM Nnpeds8apumesibHo20 /1a3epHo20 xamyuHea (n = 137); epynna 2 - 2pynna
KoHmMpona (n=163).

Pesynemamel. [pynnel cpasHeHus He pasuyaaucb no cpedHemy 8o3pacmy,
UHOeKCy Maccol mesia, 803pacmy meHapxe. [1o pe3ysibmamam 3m6puosio2u4ecko20
3Mana makxxe He 8blA8/1eHbl PAs/IU4UsA NO KOJIUYeCmay U Ka4ecmay 3aMOpPOXEHHbIX
3MbpuoHos. Yacmoma HacmynieHus bepeMeHHOCMU 8 2pynne ucc1e008aHUA
C NposedeHUeM /1d3epHO20 XaMUUH2a cocmasuna 44,5 %, Ymo cmamucmuyecku
3HA4YuUMO 8bllle, YeM 8 2pynne KOHMposs (42,3 %; p < 0,001). Takxe Hamu bbiiu
8blA8JIeHbI CMAMUCMUYECKU 3HaYUMble pasziuyus 8 ucxodax bepemeHHocmel:
84dcmome camonpou380J1bHbIX 8bIKUObIWEU — 13,1 % u 20,2 % coomeemcmeeHHO
(p <0,001), cpoyHbIx podos — 30,7 % u 22,1 % coomseemcmeeHHo (p < 0,001).
3aknmoyenue. BHawem uccie008aHUU NpUMeHeHUe Ia3epHO20 XamMYuHaa 671a20-
NpuUAMHO NOBJIUAIO HA UMNIAHMAyuto 8 Kpuonpomokosax. OOHAKO C853b Mex0y
X3MYUH20M U 00J120CPOYHBIMU UCXO0AMU, MAKUMU KaK medyeHue bepeMeHHoCmu
U podsl, mpebyem OasnbHeliuiezo Uy4yeHus.

Knioueawlie cnoea: scnomozamesibHbie penpodyKmugHbie mexHo102uu, Kpuo-
NPOMOKOJI, PAa3MOPOXeHHbIU SMOPUOH, KPUOKOHCep8ayus, 8CnoMo2amestbHbili
XaMmyuHe

Ona untnposanus: Mpotononosa H.B., Kpbinosa K.B., ApyxunHuHa E.B., JlabbirnHa A.B.,
Jynakosa B.H. lMprmeHeHne BcioMoraTeibHOro X3TU/Hra B KPYOMNPOTOKOSIaX Y MaLeHToK
¢ Tpy6HO-NepuToHeanbHbIM becnnoauem. Acta biomedica scientifica. 2023; 8(2): 43-49.
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RELEVANCE

At present, the problem of increasing the efficiency
of programs of assisted reproductive technologies and
successful infertility treatment is still relevant. Data pub-
lished in the 26th annual report of the Register of Assisted
Reproductive Technologies (ART) of the Russian Associa-
tion of Human Reproduction (RAHR) show that the preg-
nancy rate in in vitro fertilisation (IVF) programs in 2020 was:
per cycle - 28.9 % (in 2019 -32.3 %), per puncture — 30.0 %
(in 2019 - 33.3 %), per embryo transfer — 34.8 % (in 2019 -
38.5 %) [1]. In programs with frozen-thawed embryo trans-
fer, the pregnancy rate per cycle was 41.3 % (41.8 % in 2019)
and per embryo transfer was 42.1 % (43.0 % in 2019) [1].
Despite significant progress in the field of assisted repro-
ductive technologies, it is impossible to improve the out-
come of ART programs without studying the mechanisms
of implantation.

The outcome of ART programs is influenced by many
factors. The main ones are endometrial condition, em-
bryo quality and delivery to the implantation site [2, 3].
However, during the preimplantation development stage,
the embryo is inside a glycoprotein shell, which is called
the zona pellucida (pellucid zone) [4, 5]. Failure of the em-
bryo to emerge from the zona pellucida often results
in failure in ART programs and spontaneous pregnancy
does not occur.

The human oocyte is surrounded by the zona pellu-
cida shell composed of specific glycoproteins. After fer-
tilization, blocking mechanisms are triggered in the zona
pellucida and plasma membrane of the oocyte to prevent
the penetration and fusion of additional spermatozoa
[6, 7]. After fertilization, the zona pellucida shell persists
and surrounds the developing human embryo for a few
more days. Then, the embryo emerges from the shell
and establishes cell contacts between the trophecto-
derm and the endometrial epithelium for subsequent
implantation [8]. In embryology, the term «hatching» re-
fers to the emergence of an embryo from the zona pel-
lucida shell: spontaneous hatching occurs at the blasto-
cyst stage, when the shell ruptures and the blastocysts
emerge through the resulting gap. The zona pellucida rup-
ture is caused by the following factors: release of proteo-
lytic enzyme - cathepsin — by the cells of trophectoderm,
which in turn dissolves the area of the shell; mechanical
rupture of the zona pellucida by a blastocyst due to anin-
crease in size [9, 10].

At the embryological stage, various factors may affect
a blastocyst, such as the composition of the culture me-
dium, intracellular zinc concentration in the oocyte, im-
paired synthesis of metalloproteinases and the use of cry-
opreservatives for the embryo freezing, leading to thicken-
ing of the zona pellucida, which necessitates preliminary as-
sisted hatching [11-13].

Assisted hatching is an embryological technique
that aims to increase the embryo implantation rate by elim-
inating the cause of incomplete hatching. Several types
of assisted hatching are used in embryological practice:
mechanical, laser-assisted, chemical or enzymatic. During
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mechanical hatching, the zona pellucida shell is pierced
with a micro-needle, but there is a risk of rupture or loss
of blastomeres and there may be an increased incidence
of multiple pregnancies [12-14]. During chemical hatch-
ing, an acid is applied to the shell, which if the tech-
nique of the procedure is not followed can be destructive
to the blastomeres adjacent to the hole made. The zona
pellucida shell dissolves on contact with acid, so the em-
bryo is immediately removed and washed several times
to remove any traces of acid [14].

The laser is ideal for microsurgical procedures be-
cause the energy is easily focused on the target area, cre-
ating a controlled and precise orifice that is coordinated
between operators. Using an optical lens, the laser beam
is directed tangentially to the embryo through the zona
pellucida in non-contact mode or touches the embryo
and performs hatching in contact mode [14]. Femtosec-
ond laser pulse technology is currently used in cell sur-
gery. According to the study of M.M. Rakityansky et al.,
the use of femtosecond laser pulses allows for preci-
sion perforation of the zona pellucida without affecting
its cells. A femtosecond laser scalpel-tweezers are used
to perform laser-assisted hatching. An optical mamma-
lian embryo biopsy technique has been developed. It al-
lows non-contact isolation of material from the embryo
for preimplantation diagnosis of its condition. The re-
sults of the study show that about 90 % of embryos sub-
jected to such operations retained the ability to devel-
op to the blastula stage [15].

A. Alteri et al. who compared mechanical, chemi-
cal and laser-assisted hatching reported the superiority
of the latter [16]. In the study by C. Liu et al. use of laser-as-
sisted hatching during transfer of a single frozen-thawed
blastocyst shows higher rates of implantation, pregnancy
and live birth [171].

Despite the large number of existing embryolog-
ical techniques, the issue of clinical efficiency of pro-
grams of cryopreserved embryo transfer remains high-
ly relevant and controversial. Considering the above ar-
guments, the aim of the study was to evaluate the effi-
ciency of laser hatching in programs with frozen-thawed
embryo transfer among female patients with tuboperi-
toneal infertility.

MATERIALS AND METHODS

The study was conducted at the ART department
of the Regional Perinatal Center of the State Budgetary
Healthcare Institution «Irkutsk Regional Clinical Hospi-
tal, winner of the “Mark of the Honor” award from 2018
to 2021. A total of 300 women receiving ART treatment
for tuboperitoneal infertility (ICD-10: N97.1) were exam-
ined. After the IVF program, the patients’ embryos were vit-
rified for further transfer. The inclusion criteria were: age
range from 18 to 35 years inclusive; tuboperitoneal infer-
tility; embryos vitrified for transfer. Exclusion criteria: age
36 years and older; other infertility factors; endometrio-
sis; uterine anomalies; absence of vitrified embryos; male



infertility; use of donor material (donor oocytes, sperm
and embryos).

Patients with cryopreserved embryos were divid-
ed into two groups depending on the use of laser-assist-
ed hatching: group 1 — women who had a frozen-thawed
embryo transfer with preliminary laser hatching (n = 137);
group 2 - control group which consisted of women
who had a frozen-thawed embryo transfer without hatch-
ing (n = 163). All patients gave a voluntary informed con-
sent to participate in the study. The work with the patients
was carried out in accordance with the ethical standards
of the World Medical Association Declaration of Helsinki
(ed. 1964, 2012). The conduct of this study was approved
by the local ethical committee of the Irkutsk State Medi-
cal Academy of Postgraduate Education — Branch Campus
of the Russian Medical Academy of Continuing Profession-
al Education of the Ministry of Health of Russia (Minutes
No. 12 dated 14.11.2017).

Clinical and medical history data, IVF program and em-
bryological stage, cryopreservation protocol and pregnan-
cy rate of the compared groups were studied after the per-
formed manipulations.

Controlled ovarian stimulation in IVF cycles was per-
formed according to a protocol with gonadotropin-releas-
ing hormone antagonists. The average doses of gonadotro-
pins used were not statistically different between groups.
The ovulation trigger is chorionic gonadotropin at a dos-
age of 6500 IU. The method of fertilization is IVF or intracy-
toplasmic sperm injection (ICSI).

At the cleavage stage, embryo quality was assessed
according to the classification of J. Lens et al,, at the blas-
tocyst stage - according to the classification of D. Gard-
ner et al. (1999). Embryos were vitrified (ultra-fast cryo-
preservation) using Kitazato reagent kit (Japan). Thawing
was carried out according to the manufacturers’ recom-
mendations. Preparation of the endometrium for thawed
embryo transfer was performed with step-by-step admin-
istration of estrogen and progesterone preparations ac-
cording to the days of embryo culturing. In all cases, trans-
fer of one or two embryos of excellent and good quali-
ty was performed when endometrial thickness of 8 mm
or more was achieved. The efficiency of this method was as-
sessed by pregnancy rate and long-term outcomes (spon-
taneous abortion and term birth).

Statistical processing was carried out with prelim-
inary assessment for compliance with the normal dis-
tribution (the Gaussian distribution), then by nonpara-
metric methods using the Statistica v. 10.0 basic pack-
age (StatSoft Inc., USA). The parametric Student’s test
(t-test) was used to test the statistical hypothesis of equal-
ity of two independent samples in the case of normal-
ly distributed continuous variables. The nonparamet-
ric Mann — Whitney test was used for pairwise compari-
son of groups in the case of distribution of values differ-
ent from the normal distribution. The ¥ test, the x? test
with Yates’s correction for continuity and the two-tailed
Fisher exact test were used in the analysis of 2 x 2 con-
tingency tables. Differences were considered statistical-
ly significant at p < 0.05.

46

RESULTS AND DISCUSSION

At the first stage, we analyzed the clinical and medical
history data. The comparison groups did not differ in the pa-
tients’ average age, body mass index and age at menarche.
The average duration of infertility in the studied patients also
had no statistical differences and was 5.1-5.9 years (p = 0.6).
A history of pelvic inflammatory diseases was found in more
than 95 % of cases (group 1-95 % of cases; group 2 - 96.6 %
of cases; p=0.9); reconstructive surgeries on fallopian tubes
were performed in more than 70 % of cases (group 1-77 %
of cases; group 2 — 77.5 % of cases; p = 0.5), but no statisti-
cally significant differences were found.

In the study groups, secondary infertility was more fre-
quent than primary infertility: in group 1, primary infertility
was registered in 47.7 % and secondary infertility in 52.3 %
of cases; in group 2, in 38 % and 62 % of cases, respective-
ly. One third of all women studied had a history of child-
birth (31.1 % and 32.7 %, respectively). Half of the wom-
en had medical abortions (50.9 % and 51.7 % respectively).
It is important to note that half of the subjects had a histo-
ry of ectopic pregnancies (55.2 % and 53.2 %, respectively;
p =0.4), which led to fallopian tube surgery, but the differ-
ences were not statistically significant.

Hormonal panel analysis (Table 1) showed that hormone
values were within reference values, but the control group
had statistically higher levels of follicle-stimulating hormone
(FSH) and progesterone than the assisted hatching group
(72 £ 1.9 and 6.3 £ 1.9 mlU/ml, respectively (p = 0.012);
31.2+22.1and 24.5 £ 16.3 nmol/L, respectively (p = 0.012)).
The control group also differed statistically significantly
in low Anti-Mullerian hormone (AMH) levels (3.2 + 1.5 ng/ml)
from the assisted hatching group (5.4 + 2.6 ng/ml; p <0.001)
and had a statistically significantly lower number of antral fol-
licles (6.1 + 2.4 and 8.6 + 3.9, respectively; p < 0.001), but all
women studied had adequate ovarian reserve and number
of embryos for cryopreservation.

Embryological stage and pregnancy outcomes were fur-
ther analyzed in our study and the data are presented be-
low (Table 2). Spontaneous abortions were defined as preg-
nancies that ended before 12 weeks. Term birth was defined
as birth from 37 weeks onwards.

According to the results of the embryological stage (Ta-
ble 2), the comparison groups did not differ in the number
of cryopreserved and thawed embryos and embryo qual-
ity. Optimal endometrial thickness at the time of embryo
transfer was also achieved in the study groups, but the dif-
ferences were not statistically significant.

The pregnancy rate and outcomes deserve special at-
tention: pregnancy occurred in 44.5 % of cases in the study
group with laser-assisted hatching, in the control group
- in 42.3 % of cases (p < 0.001); spontaneous abortion
rates were 13.1 % and 20.2 %, respectively (p < 0.001).
Ingroup 1,30.7 % of pregnancies ended in birth, in the con-
trol group - 22.1 %; the differences were statistically signif-
icant (p < 0.001). Therefore, preliminary assisted hatching
increased the pregnancy rate in the study group and fa-
vorably influenced the pregnancy outcome compared
to the control group.



TABLE 1

CLINICAL AND ANAMNESTIC CHARACTERISTICS IN THE STUDIED GROUPS

Indicators

Baseline FSH, mIU/ml

Baseline LH, mIU/ml

Baseline progesterone, nMol/L

Baseline AMH, ng/ml

Left ovary volume, cm?

Right ovary volume, cm?

Number of antral follicles

Note. LH - luteinizing hormone; * — p < 0.05.

TABLE 2

Group 1 (n=137)

Group 2 (n=163)

M £ SD; Me (25th; 75th percentiles)

6.3+1.9
6.3 (0.6;9.1)

6.7 £4.3;
6.1(0.9; 15.6)

245+ 16.3;
16.1 (0.1; 160)

54+2.6;
49(1.2;12.9)

83+7.3;
7.1(1.9;13.4)

11.1+7.7;
8.3(0.5; 14)

86+3.9
9.0 (5.5;12.0)

CRYOPRESERVATION PROTOCOL PARAMETERS IN THE STUDIED GROUPS

Indicators
Vitrification on the 3t day of cultivation, n (%)
Vitrification on the 4t day of cultivation, n (%)
Vitrification on the 5t day of cultivation, n (%)

Number of thawed embryos, M + SD;
Me (25th; 75t percentiles)

Thawing percentage, M + SD; Me (25t; 75t percentiles)

«Day-to-day» cryotransfer, n (%)

Completing of cryopreserved embryo growing, n (%)
Cryotransfer of 4-day old embryos (morula), n (%)
Cryotransfer of 5-day old embryos (blastocyst), n (%)
Good quality embryos (for transfer), n (%)

Fair quality embryos, n (%)

Poor quality embryos, n (%)

Endometrial thickness at the time of transfer, M + SD;
Me (25th; 75t percentiles)

Pregnancy rate, n (%)
Spontaneous abortions, n (%)

Term births, n (%)
Note. *—p<0.05.

Group 1 (n=137)
20 (14.6 %)
49 (35.8 %)
68 (49.6 %)

1.8+04;
2(1;2)

85.4+20.9;
100 (33.3; 100)

67 (48.9 %)
70 (51.1 %)
8 (5.8 %)
129 (94.2 %)
60 (43.8 %)
75 (54.7 %)
2(1.5%)

10.2+1.4;
10(8;12)

61 (44.5 %)
18 (13.1 %)

42 (30.7 %)
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72£19;
7(2.7;9.4)

59+28;
5.4(1.3;11.5)

31.2+22.7;
30.6 (0.2; 84)

3.2+15;
3.3(0.8;9.6)

74 +45;
6.7 (1.9; 16.6)

8.1t4.1;
7.6(0.7;13.8)

6.1+24
5.5(4.5;7.0)

Group 2 (n=163)
21 (129 %)
74 (45.4 %)
68 (41.7 %)

1.8+0.3;
2(1;2)

80.3 +23.1;
83.4(33.3;100)

61(37.4 %)
102 (62.6 %)
8 (4.9 %)
155 (95.1 %)
56 (34.4 %)
103 (63.2 %)
4 (2.5 %)

10.2+1.1;
10(8.3;12)

69 (42.3 %)
33(20.2 %)

36 (22.1 %)

p value

0.012*

0.4

0.012*

<0.0001*

0.1

0.1

<0.001

p value
0.7
0.2

0.4

0.4

0.5

0.2
0.2
0.7
0.9
0.2
0.4

0.5
0.3

<0.0001*
<0.0007*

<0.0001*



CONCLUSION

Despite the successful development of methods of as-
sisted reproductive technologies (ART), the issues of im-
proving the efficiency of infertility treatment remain rel-
evant. The search for new solutions leads to the introduc-
tion of new techniques into routine embryological prac-
tice. Currently, laser-assisted hatching is widely used in cry-
opreservation protocols, but the need and indications
for it are not fully studied.

In our study, preliminary laser-assisted hatching in-
creased implantation in cryopreservation protocols and fa-
vorably influenced the course of pregnancy and birthamong
patients with tuboperitoneal infertility. However, the cor-
relation between hatching and long-term outcomes such
as pregnancy course and birth requires further study.
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ABSTRACT

Background. Small airway involvementisimportant in determining the phenotypes
of bronchial asthma. Establishing the mechanisms of dysfunction of small airways
will make it possible to predict the course and control bronchial asthma.

The aim. To study the association between the modification of the composi-
tion of fatty acids, lipid inflammatory mediators (eicosanoids, plasmalogens)
and the functional state of small airways and to identify lipid biomarkers for the de-
velopment of small airway dysfunction in bronchial asthma associated with obesity.
Materials and methods. The study included 85 patients with mild, partially
controlled asthma. Of these, 39 patients with normal body weight (Group 1)
and 46 patients with grade I-Il obesity (Group 2). The control group consisted
of 30 healthy volunteers. The function of the small airways was assessed accord-
ing to spirometry and body plethysmography. The composition of fatty acids
and plasmalogens in blood plasma was assessed by gas chromatography-mass
spectrometry. In the blood serum, the content of thromboxane B2 and leukotriene
B4was determined. Statistical processing was performed using the Statistica 6.1
program (StatSoft Inc., USA). Interrelations between pairs of traits were examined
using the Spearman correlation test (r). Differences were considered statistically
significant at p < 0.05.

Results. In the combined course of asthma and obesity, dysfunction of the small
airways develops against the background of generalized bronchial obstruction.
A modification of lipid metabolism was revealed, manifested by an increase in the lev-
els of saturated, monoenoic, n-6 polyunsaturated fatty acids against the background
of adeficiency of n-3 polyunsaturated fatty acids and phospholipids with an alkeny!
bond-plasmalogens. It has been shown that bronchial asthma, aggravated by obe-
sity, occurs against the background of increased synthesis of inflammatory lipid
mediators — eicosanoids (thromboxane B, and leukotriene B P2 Evaluation of the cor-
relations between the studied lipids and the function of small airways revealed a high
degree of relationship between their elements.

Conclusion. An important pathogenetic link in the formation of small airway
dysfunction in bronchial asthma aggravated by obesity is a violation of fatty acid
metabolism and plasmalogen synthesis, an increase in the formation of inflamma-
tory lipid mediators.

Key words: bronchial asthma, small airways, fatty acids, plasmalogens

For citation: Yurenko A.V., Novgorodtseva T.P, Denisenko Yu.K., Antonyuk M.V., Minee-
va E.E.The role of fatty acids and lipid inflammatory mediators in the development of small
airway dysfunction in asthma complicated with obesity. Acta biomedica scientifica. 2023;
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PE3IOME

O6ocHoeaHue. [lopaxeHue masbix ObixamesnbHbix nymeli (MAI) umeem 6os1bwoe
3HaveHue 8 onpedesieHUU heHomunos bpoHxuanabHol acmmol (bA). YcmaHoseneHue
MexaHu3mos oucgyHkyuu M/ no38oum npozHo3uposame meyeHue U KOHMPO-
nuposame bA.

Lens uccnedosaHus. Vizyuume 83aumoceasb MOOUBUKAYUU cOCMABA XUPHbIX
Kucsom, IUNUOHbIX 80CNAJIUMEJIbHbIX MeOUamopo8 (3UKo3aHoUObl, N/1a3masoze-
Hbl) C hyHKYUOHAIbHBIM COCMOSHUEM MaJlbiX ObIXamesibHbIX nymel U 8bi0esiumeb
JlunudHsie 6uomapkepsl pazgumus oucgpyHkyuu MM npu bA, accoyuuposaHHou
C OXXUpeHUeM.

Mamepuansi u Memoobl. B ucciiedogaHue 8ko4YeHo 85 nayueHmos ¢ sézkoli
4acmuy4Ho KoHmposupyemou bA. M3 Hux 39 nayueHmos ¢ HopmasneHoU maccou
mena (1-4 epynna) u 46 nayueHmos c oxupeHuem 1-2-t cmeneHu (2-a epynna).
Ipynny koHmponsa cocmasusu 30 30o0possix 006pososnbyes. PyHkyuro MAI oye-
HUBAJIU NO OAHHbIM chupomempuu, 6oduniemusmozpaguu. Cocmas XuUpHblx
kucnom (KK) u nnasmanozeHos 8 nsiasme Kposu oUueHU8au Memooamu 2a3oeou
XpoMamo-macc-cnekmpomempuu. B ceisopomke kposu onpedesnianu cooepxxaHue
mpom6okcaHa B, (TXB,) unetikompueHa B, (JTTB,). Cmamucmuyeckyio 06pabomky
ocyujecmeJisiu C UCnosib308aHuem npozpammei Statistica 6.1 (StatSoft Inc., CLLA).
B3aumocssazu mexoy napamu npusHakoe uccsiedo8asu C UCNosib308aHUeM Kpume-
pua koppenayuu CnupmeHa (r). Pazauyusa cHumaau cmamucmuyecku 3Ha4umMoIMu
npu p < 0,05.

Pe3synemamel. [pu couemaHHom meyeHuu bA u oxupeHus pazgusaemcs ouc-
¢pyHkyua MM Ha hoHe 2eHepanu3os8aHHoU 6poHxuanbHoU o6cmpykyuu. BeiagneHo
HapyweHue Memabou3Ma unudos, NPoABAIWeEeCs No8bILEHUEM yposHell
HACbIUWeHHbIX, MOHOEHO8bIX, N-6 nosiuHeHAcbiweHHbix KK Ha poHe degpuyuma
n-3 nonuHeHaceiweHHbIx KK u ¢pochonnunudos ¢ ankeHusbHoU C8A3bto — NIA3Ma-
J02eHo8. [TokazaHo, ymo bA, oms20WéHHAA OXUpeHueM, npomekdem HA oHe
NoBbIWeHHO20 CUHMEe3d 80CNAIUMESIbHbIX IUNUOHbIX MeOUAamopos — 3UK03a-
Houodo8 UXBZ, JITB 4). OueHka KoppenayuoHHbIX 83auMocsazell u3ydaeMplx unu-
0os u ¢pyHKyuu MM 8ebigsuna 8bICOKYIO cmeneHb 83aUMOOMHOWEeHUU MeX0y
UX y4acmHuUKamu.

3aknioyeHue. BaxxHbIM namozeHemuyecKuM 38eHOM (POPMUPOBAHUA OUCYHKYUU
MM npu bA, omazowéHHOU oXupeHUeM, A8Aemcs HapyweHue Memaboauma
XKUPHBIX KUCJTOM U CUHME3d N/1a3Masio2eHos, ygesiudeHue 06pa3o8aHus 80cnasu-
meJibHbIX TUNUOHbLIX Meduamopoe.

Knroueeoie cnoea: 6poHxuadsbHas acmmad, Masele ObixamesibHsle Nymu, XupHsle
KUci0mel, NJ1a3masio2eHsl

Ona untnpoBaHua: tOpeHko A.B., Hosropoguesa T.I., eHuceHko F0.K., AHTOHIOK M.B.,
MuHeega E.E. Ponb XMpPHbIX KUCNOT U IUMULHbBIX BOCNANIUTENbHbIX MEAMATOPOB B Pa3BUTUM
ANCOYHKUMM MasbiX AbIXaTeNlbHbIX MyTel npy 6POHXMaNbHON acTMe, aCCOLUNPOBAHHOM
c oxumpeHuem. Acta biomedica scientifica. 2023; 8(2): 50-64. doi: 10.29413/ABS.2023-8.2.6
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OBJECTIVES

Bronchial asthma (BA) is still one of the topical prob-
lems in medicine. Chronic inflammation of the airways
leads to the development of reversible bronchial ob-
struction. Mechanisms study leading to functional dis-
orders of the respiratory system and the development
of various phenotypes of bronchial asthma, including
BA complicated with obesity abdominal obesity (AO),
remains relevant. A significant role in the develop-
ment of this phenotype of bronchial asthma is attrib-
uted not only to immune, but also to hormonal disor-
ders specific to obesity [1, 2]. In recent years, the role
of small airways in the pathogenesis of BA has paid much
attention [3, 4]. Small airway dysfunction has an unfa-
vorable effect on the clinical manifestations of the dis-
ease, predetermining uncontrolled course, and statis-
tically significantly increases the risks of BA acute con-
ditions [5]. In the vast majority of cases, small airway
dysfunction is present in any degree of asthma severity;
at the same time, the changes are diagnosed not only
against the background of mild generalized bronchi-
al obstruction, but also with normal pulmonary func-
tion [6]. The pathophysiologic mechanisms of small
airway dysfunction development in BA are under ac-
tive research, the results of which are contradictory
due to the heterogeneity of pathogenesis and clinical
manifestations of asthma [7].

Fatty acids (FAs) with their important structural, ener-
getic and signaling functions play a key role in the patho-
genesis of bronchopulmonary diseases, as well as in the
development of abdominal obesity. Lipids are extremely
diverse in terms of their chemical structure and the func-
tions they perform. For example, phospholipids (PLs)
and their constituent polyunsaturated fatty acids (PUFAs)
are the main components of pulmonary surfactant. Modifi-
cation of PUFA composition and alteration of surfactant PL
molecular species may influence the development of bron-
chial asthma [8]. Lipid metabolism disorder in AO plays
no less significant role [9].

PLs are subdivided into several subclasses of ether li-
pids — diacyl, alkyl (alkenyl)-acyl, or plasmalogens. The link
of disorders in plasmalogens biosynthesis with the de-
velopment of respiratory diseases and abdominal obe-
sity has been established. This has prompted interest
in them as promising therapeutic targets. The presence
of plasmalogens in cell membranes affects the properties
and functions of membranes and their receptors. Plasmalo-
gens of surfactant play a protective role due to antioxidant
activity [10]. The peculiarity of phospholipids and, above
all, plasmalogens of cell membranes is that they are carri-
ers of precursors of the most important secondary messen-
gers, such as leukotrienes, prostaglandins, platelet-activat-
ing factor (PAF) and some others [11]. Since plasmalogens
constitute a large fraction of total lipids in humans, changes
in their levels have been shown to affect membrane prop-
erties and therefore signaling pathways involved in the in-
flammatory cascade [12]. The available sporadic data onim-
paired synthesis of plasmalogens in obstructive lung dis-
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eases give grounds to consider these compounds as es-
sential participants in the pathogenesis of bronchopulmo-
nary diseases [13].

Lipid mediators, including derivatives of w-3 and w-6
PUFAs — eicosanoids (leukotrienes, thromboxanes), doc-
osanoids, and pro-resolving lipid mediators - play an ac-
tive role in the development of chronic airway inflamma-
tion [14]. Initiation of inflammation in BA is mainly due
to the participation of oxidized derivatives of arachidon-
ic acid (ARA); at the same time, oxidized derivatives of do-
cosahexaenoic acid (DHA), dominant in the 2nd position
of plasmalogous forms of phospholipids, are assigned
the role of a proinflammatory mediator [15]. Fatty acid me-
tabolism and plasmalogens synthesis disorder, increased
formation of proinflammatory derivatives is one of the rea-
sons for the aggravation of the course of BA, an impor-
tant factor in the formation of chronic inflammation in BA
and AO [16].

Thus, polyunsaturated fatty acid, plasmalogens
are important structural and signaling molecules involved
in both the regulation of chronic inflammation and bron-
choconstriction. Lipids polyfunctionality, the presence
of common etiologic and pathogenetic mechanisms
of bronchial asthma and obesity formation determine the
special significance of studying the participation of in-
dividual lipid classes in the development of systemic in-
flammation and small airway dysfunction in BA associat-
ed with obesity. Determining the role of lipid mediators
of inflammation in the formation of disorders of exter-
nal respiratory function in patients with bronchial asth-
ma will allow to identify therapeutic targets for improv-
ing disease control.

THE AIM OF THE STUDY

To study the interrelation of modification of fatty
acid composition, lipid inflammatory mediators (eicosa-
noids, plasmalogens) with the functional state of small air-
ways and to identify lipid biomarkers of the development
of small airway dysfunction in bronchial asthma associat-
ed with obesity.

MATERIALS AND METHODS

The study was conducted in accordance with the re-
quirements of the WMA Declaration of Helsinki (revision
2013), with the approval of the local ethical committee
of the Vladivostok branch of the Far Eastern Scientific Cent-
er of Physiology and Pathology of Respiration — Research
Institute of Medical Climatology and Rehabilitation Treat-
ment (minutes No. 8 of 28.06.2022) and under the condi-
tions of voluntary informed consent of all included patients
and volunteers.

Study design. The study was performed as a prospec-
tive single-center randomized study.

It included patients who were on examination
and treatment in the clinical department of the Vladivostok



branch of the Far Eastern Scientific Center of Physiology
and Pathology of Respiration — Research Institute of Med-
ical Climatology and Rehabilitation Treatment from 2019
to 2021.

Inclusion criteria: patients with mild, partially controlled
bronchial asthma, with normal body weight (NBW) and ab-
dominal obesity of grade I-1l, aged from 20 to 65 years.

Exclusion criteria: patients with moderate and severe
bronchial asthma of uncontrolled course, with chronic ob-
structive pulmonary disease, occupational diseases of bron-
chopulmonary system, abdominal obesity of grade llland IV,
endocrine diseases and other diseases of internal organs
in decompensation stage.

Eighty-five patients with mild, partially controlled
bronchial asthma, including 31 men and 64 women, aged
20-65 years (mean age 50.72 + 15.24 years) were inves-
tigated. Patients were divided into two groups based
on the Body Mass Index (BMI, Quetelet’s index). Group 1
included 39 patients with BA and normal body weight
(BMI=23.32+2.47 kg/m?),and Group 2 included 46 patients
with BA and AO of grade | and Il (BMI = 34.06 + 3.48 kg/m?).
The control group consisted of 30 conditionally healthy
volunteers. The groups were comparable in terms of sex
and age.

Clinical, laboratory and functional examination of pa-
tients was carried out in accordance with the standards
of examination of patients with BA and obesity. BA diag-
nosis was made according to the international consensus
criteria for the diagnosis and treatment of bronchial asth-
ma (GINA, 2021). BA history duration was up to 5 years
in 49 % of cases and more than 5 years in 51 % of cases.
All patients with bronchial asthma received baseline ther-
apy with a fixed combination of a low-dose inhaled gluco-
corticosteroid (budesonide - 200-400 pg/day) and a long-
acting 2-agonist (formoterol) (GINA, 2021; national asth-
ma guidelines). The ACQ-5 (Asthma Control Questionnaire)
test was used to assess the level of disease control. ACQ-5
test scores between 0.75 and 1.5 indicated partial control
of the disease [17]. To diagnose alimentary-constitutional
obesity, the World Health Organization recommendations
were followed [18].

Pulmonary function tests (PFTs) were performed us-
ing Master Screen Body apparatus (Germany). According
to spirometry data, the vital capacity (VC%), expiratory re-
serve volume (ERV), forced vital capacity (FVC%), forced ex-
piratory volumein 1 second (FEV,%), the ratio of FEV, toVC
(FEV,/VC%), the ratio of FEV, to FVC (FEV,/FVC%), peak ex-
piratory flow rate after exhalation of 25 % FVC (PEFR,; %),
maximal expiratory flow at 25 % of FVC (MEF,), maximal
expiratory flow at 50 % of FVC (MEF), maximal expirato-
ry flow at 75 % of FVC (MEF,), and maximal mid-expiratory
flow (MMEF,, ) were estimated in % of the target param-
eters. To investigate bronchodilator reversibility, a sample
with salbutamol (400 pg) was used [19].

Static lung volumes and capacities were assessed
by body plethysmography in % of target values: function-
al residual capacity (FRCplet); residual volume (RV); total
lung capacity (TLC); percentage ratio of RV/TLC; airway
resistance on inhalation (inhalation resistance) and ex-
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halation (exhalation resistance); total airway (bronchial)
resistance (Rtot).

Blood plasma lipids were extracted according
to the method of Bligh and Dyer (Bligh and Dyer, 1959).
The levels of fatty acids (FAs) and plasmalogens were
estimated by the content of FA methyl esters (FAME)
and plasmalogen derivatives, dimethyl acetals (DMA),
which were determined by gas chromatography-
mass spectrometry. The ratio of the plasmalogen lev-
el to the corresponding fatty acid methyl ester in terms
of the number of carbon atoms was calculated. Fatty acid
methyl esters and dimethylacetals were prepared accord-
ing to the method of Carreau and Duback (1978). FAME
peaks identification was done by retention times of in-
dividual fatty acid esters and by equivalent chain length
values (Christie, 1988). DMAs were identified by com-
paring their retention times with those of the 16:0DMA
and 18:0DMA standards.

The content of eicosanoids was determined
by the amount of their stable metabolites in serum -
thromboxane B, and leukotriene B, Minicolumns (Mini-
columns for Sample Preparation, USA) were used for sam-
ple preparation. Quantitative level of thromboxane B,
and leukotriene B, was determined by immunoenzyme
technique using ELISA kits of Enzo Life Sciences (USA).
Measurement was performed in flat-bottom 96-well plates
on a spectrophotometer (Biotek Power Wave, USA).

Statistical processing of data was performed us-
ing the standard statistical software package Statis-
tica 6.1 for Windows (StatSoft Inc., USA). Hypothesis
tests for the normal distribution of quantitative signs
in groups were performed using Kolmogorov - Smirnov,
Shapiro - Wilk and Pearson’s chi-squared tests (x?). De-
scriptive statistics are presented in the text as M = SD
(in case of normal distribution of the trait), where M is
the mean, SD is the standard deviation, and Me (Lq; Uq)
(in case of non-normal distribution of the trait), where Me
is the median, L_ is the lower quartile, and Uq is the up-
per quartile. Statistically significant difference between
alternative quantitative parameters with a distribution
corresponding to the normal distribution law was as-
sessed using Student’s t-test, otherwise using two-sam-
ples Wilcoxon test, Mann - Whitney U test, and Kolmogo-
rov - Smirnov test. The interrelation between pairs of traits
was investigated using the Spearman’s rank correlation
coefficient (r). Differences were considered statistically
significant at p < 0.05.

STUDY RESULTS

Clinical and functional characteristics of the examined
patients are presented in Table 1. Pulmonary function in-
dicators according to spirometry in patients with mild BA
and NBW (Group 1) were reduced than in control group: ex-
piratory reserve volume % - by 30 % (p =0.035); FEV,/VC% -
by 7 % (p =0.008); FEV,/FVC% - by 7% (p = 0.015); MEF. % -
by 26 % (p = 0.003); MEF,% - by 29 % (p = 0.003); MEF, % -

by 27 % (p = 0.003); MMEF,, ,.% — by 28 % (p = 0.009).



TABLE 1

CLINICAL AND FUNCTIONAL CHARACTERISTICS OF THE EXAMINED PATIENTS

Indicators Control group Group 1: BA + IBW Group 2: si nsi:iactalitclzallevel
(n=30) (n=39) BA + AO (n = 46) 9 o)
Age 35.88+8.23 45.86 + 16.95 59.83+11.6 -
Body mass index, kg/m? 23.51+2091 24.55 +3.27 34.06 +3.48 Pe < 0.001;
p,_,<0.001
ACQ test, scores - 0.9 (0.6; 1.2) 1(0.5; 1.6) -
VC, % 105.65 (98.28; 121.7) 107.15(103.18; 119.1) 107.4 (96; 126.45) -
IC, % 108.75 (86.18; 115.48) 112.4(103.7;127.2) 127.05(101.8; 146.98) -
p._,=0.035
ERV, % 124.64 (108.38; 139.35) 87.21(76.91;101.22) 58.71(50.23; 93.23) P, <0.001
p,,=0.013
FVC, % 105.51(99.73; 123) 107.25(103.91; 114.38) 107 (85.00; 114.51) -
FEV,, % of target 104.42 (95.68; 112.01) 94.85 (90.88; 105.55) 85.11 (76.65; 105.81) p._, = 0.004;
p._,<0.001
FEV,/VC, % 74.82(71.25; 82.85) 69.78 (64.79; 73.83) 64.91 (58.44; 70.99) pC 2- 0.008
1
p._,=0.015
FEV,/FVC, % 78.72 (73.89; 84.38) 73.45 (70.26; 77.06) 70.27 (62.21; 76.25) pc T 0.002:
-2 ’
p._,<0.001
MEF,, % 100.45 (84.08; 117.71) 74.51 (60.03; 84.89) 63.41 (37.55;87.91) 1
p.,=0.003
p._,=0.003
MEF,, % 82.85 (64.83;110.43) 59.20 (3.31; 70.05) 42.6 (8.55; 58.05) P, <0.001
p,_,=0.039
p._, =0.009
MEF,, % 49.15 (41.18;90.13) 35.65 (26.28; 48.45) 26.5(23.9;36.1) 1
p._, <0.001
p._,; = 0.001
MMEFR, ., % 73.75 (57.55; 97.05) 53.35(37.18; 59.45) 33(21.75;50.4) p,_3 <0.001
p,_;=0.042
. p._, =0.041
Rin, kPa x s/I 0.17(0.14;0.2) 0.26 (0.2;0.33) 0.32(0.26; 0.38) 23%? 1
p._,=0.007
p,_,=0.041
Rex, kPa x s/l 0.22(0.15; 0.3) 0.38(0.28;0.41) 0.4 (0.34; 0.66) p._, =0.003
p.,=0.017
p.,=0.017
Rtot, kPa x s/I 0.19(0.14 0.25) 0.31(0.2;0.35) 0.36 (0.28;0.51) P, <0.001
p,_,=0.025
FRC v % 100.4 (92.23;115.2) 106 (96.15; 122.03) 113.5(103.03; 125.4) -
RV, % 107.85(92.68; 118.53) 109.9 (93.15; 143.25) 114.05(105.1; 139.3) p._,=0.037
TLC, % 96.5 (92.6; 115.73) 106,45 (104,63; 111,65) 107.6 (96.75; 115.55) -
RV/TLC, % 98.15(91.13; 100.5) 105.4 (94.75; 122.05) 102.6 (93.42;127.32) -

Note. Descriptive statistics are presented as M + SD, where M — mean, SD — standard deviation (in case of normal distribution of the trait); in case of distribution not corresponding to normal distribution —as Me (L ; U ),
where Me —median, L —lower quartile, U —upper quartile; IC~ inspiratory capacity; ERV — expiratory reserve volume; p,_, — statistical significance of differences between the control group and group 1; p_, — statistical
significance of differences between the control group and group 2; p, , - statistical significance of differences between Groups 1and 2. Values are given for p < 0.05 only.
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The body plethysmography data revealed an increase in in-
halation resistance by 53 % (p = 0.041) and exhalation re-
sistance by 71 % (p = 0.017), total inhalation and exhalation
resistance by 63 % (p = 0.017), which is specific for bronchi-
al obstruction.

Patients with bronchial asthma and abdominal obesi-
ty (group 2) had more pronounced changes in PFT param-
eters than in the control group. A 53 % decrease in expira-
tory reserve volume % (p < 0.001), 18 % decrease in FEV, %
(p=0.004), 13 % decrease in FEV,/VC% % (p < 0.001), 11 %
decreasein FEV,/FVC% (p =0.002), 37 % decreasein MEF, %
(p <0.001), 48 % decrease in MEF,% (p < 0.001), 46 % de-
crease in MEF,.% (p<0.001),55% decreasein MMEF .. %
(p < 0.001) were noted. Body plethysmography revealed
an increase in inhalation resistance by 88 % (p = 0.007)
and exhalation resistance by 82 % (p = 0.003), total inhala-
tion and exhalation resistance by 89 % (p < 0.001), and RV
by 6 % (p = 0.037).

Comparative analysis of PFT parameters in patients
of Groups 1 and 2 revealed statistically significant differ-
ences. For example, patients with bronchial asthma com-
bined with obesity compared to patients with IBW showed
a 32 % decrease in expiratory reserve volume (p = 0.013),
a 28 % decrease in MEF,, (p = 0.039), a 38 % decrease
in MMEF,. .. (p = 0.041), and a 16 % increase in total in-
halation and exhalation resistance (p = 0.025).

The data obtained indicate the progression of gener-
alized bronchial obstruction, including at the level of small
bronchi in obesity-associated BA.

The result of composition of individual fatty acids and
plasmalogens are summarized in Table 2. Comparative anal-
ysis of FA plasma composition between patients with BA
and NBW (Group 1) and the control group showed a sta-
tistically significant increase in the proportion of myristic
acid (14:0) by 33 % (p = 0.044) and a decrease in digomo-y-
linolenic acid (20:3w-6) by 27 % (p = 0.036).

A statistically significant increase in the proportion
of myristic acid (14:0) more than 2-fold (p < 0.001) was ob-
served in patient Group 2 with BA in combination with AO
compared to controls. Along with the increase in satu-
rated fatty acids (SFAs), the content of some monoeno-
ic acids (MFAs) increased, in particular palmitoleic acid
(16:1w-7) by 28 % (p < 0.001), hexadecenoic acid (16:1w-9)
by 21 % (p < 0.001) and heptadecenoic acid (17:1) by 40 %
(p <0.001).

Modification of PUFA of blood plasmain patient Group 2
was characterized by statistically significant decrease of: ei-
cosapentaenoic acid (20:5w-3) — by 38 % (p =0.012), and do-
cosahexaenoic acid (22:6w-3) - by 34 % (p =0.012) in com-
parison with the control group. There was a trend of 16 %
decrease in docosapentaenoic (22:5w-3) acid. Against
this background, anincrease in the proportion of a-linolenic
(18:3w-3) acid by 37 % (p < 0.001) versus to the control
was observed.

Modification of w-6 PUFA composition was ob-
served: an increase in the levels of y-linolenic (18:3w-6)
acid by 33 % (p = 0.015) and digomo-y-linolenic (20:3w-6)
by 7 %, and a decrease in adrenic acid (22:4w-6) by 29 %
(p <0.001).
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When comparing the parameters of FA composition
between the Groups 1 and 2 in BA patients with obesi-
ty, an increase in the proportion of saturated fatty ac-
ids was found: myristic acid (14:0) - by 62 % (p = 0.035),
stearic acid (18:0) — by 10 %. The content of MFAs, pal-
mitoleic acid (16:1w-7) and hexadecenoic acid (16:1w-9),
also increased by 23 % (p = 0.004) and 34 % (p = 0.005),
respectively.

In the comparative analysis between Groups 1
and 2, statistically significant differences in the compo-
sition of PUFAs of the w-3 family were determined. So,
in patients of Group 2 the level of eicosapentaenoic FA
(20:5w-3) was lower by 34 % (p = 0.017), docosahexae-
noic FA (22:6w-3) — by 35 % (p = 0.035) relative to the in-
dicators in Group 1. In addition, the level of a-linolenic
(18:3w-3) acid in Group 2 patients was 36 % higher
(p =0.038) than in Group 1.

A modification in the composition of PUFAs of the w-6
family was identified, which was manifested by an increase
in the proportion of y-linolenic acid (18:3n6) and digomo-
y-linolenic acid (20:3w-6) by 43 % (p = 0.015) and 46 %
(p=0.042), respectively, and a decrease the level of adren-
ic acid (22:4w-6) by 33 % (p < 0.001). The content of ara-
chidonic acid (20:4w-6) in patients in both groups has no
statistically significantly differences. However, the de-
crease in the proportion of 20:5w-3 PUFA in Group 2 re-
sulted in an increase in the 20:4w-6/20:5w-3 ratio, the
value of which was 30 % higher compared to Group 1
(p =0.017) and 15 % higher versus to controls (p = 0.042).
A disbalance of w-3 and w-6 PUFAs with accumulation
of w-6 PUFAs leads to preferential synthesis of their pro-in-
flammatory metabolites.

In Group 1 (BA and NBW) no statistically significant
changes in plasma plasmalogens content were found
(Table 2). Group 2 (BA with obesity) showed a decrease
in plasmalogens DMA16:0 and DMA18:0. Indeed, DMA16:0
and DMA18:0 levels decreased by 31 % (p = 0.002) and 32 %
(p = 0.028) than in controls and by 41 % (p < 0.001)
and 34 % (p = 0.036) than in Group 1, respectively.
The ratio of all DMA16:0 to total palmitic acid in blood
(DMA16:0/FAME16:0) decreased by 30.9 % (p = 0.002) ver-
sus to control and by 85 % (p < 0.001) compared to Group 1.
The index level of the relative content of all DMA18:0 to to-
tal blood stearic acid (DMA18:0/FAME18:0) decreased
by 31.8 % (p =0.002) and 25 % (p < 0.001) versus to the con-
trol group and Group 1 respectively. There were no statis-
tically significant differences in DMA18:1 and DMA20:0 lev-
els between the healthy and BA patient groups.

Thus, the results of this study showed decreased levels
of alkenyl-linked phospholipids during the development
of AO-associated BA.

The content of pro-inflammatory eicosanoids — throm-
boxane B2 and leukotriene B4 — in BA patients was inves-
tigated (Table 3). Regardless of body weight, a statistical-
ly significant increase in blood levels of leukotriene B4
and thromboxane B2 was observed in BA patients compared
to the control group. In addition, comparison of indicators
between groups of BA patients showed a 43 % (p = 0.001)
increase in leukotriene B4 and a 15 % (p = 0.001) increase



TABLE 2

THE COMPOSITION OF FATTY ACIDS AND PLASMALOGENS IN BLOOD PLASMA OF THE EXAMINED PATIENTS

Indicators

14:0

15:0

16:0

17:0

16:1w-9

16:1w-7

17:1

18:0

18:1w-9

18:1w-7

18:2w-6

18:3w-6

18:3w-3

20:1w-7

20:1Tw-9

20:2w-6

20:3w-6

20:4w-6

20:5w-3

20:4w-6/20:5w-3

22:4w-6

Control group
(n=30)

0.48 (0.45; 0.57)

0.17(0.15;0.2)

20.3(19.38;21.52)

0.23(0.2;0.24)

0.39(0.37;0.42)

1.52(1.21; 1.75)

0.15(0.12;0.23)

6.39(5.93; 6.8)

16.89 (15.02; 17.79)

1.53(1.36; 1.61)

36.44 (35.23; 37.64)

0.3(0.23;0.38)

0.37(0.32;0.41)

0.13(0.11;0.14)

0.18(0.15;0.21)

0.23(0.2;0.29)

1.12(0.98; 1.37)

5.93 (5.08; 6.54)

0.88(0.63; 1.07)

6.88 (5.35;9.2)

0.17(0.15; 0.2)

Group 1: BA + IBW
(n=39)

0.64 (0.5;0.93)

0.18(0.16;0.2)

20.16 (19.41; 21.84)

0.25(0.22;0.26)

0.35(0.34; 0.35)

1.58(1.49; 2.36)

0.17(0.15;0.21)

6.59(6.38;7.13)

15.76 (15.01; 16.42)

1.56 (1.39; 1.67)

38.09 (37.5; 38.95)

0.28 (0.17;0.31)

0.36 (0.32; 0.47)

0.22(0.19; 0.24)

0.14(0.12;0.18)

0.22(0.1;0.2)

0.81(0.74;1.12)

5.44 (4.84;6.81)

0.83 (0.36; 2.65)

6.05 (2.57;9.42)

0.18(0.15; 0.22)
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Group 2: BA + AO
(n=46)

1.04 (0.97; 1.23)

0.18(0.17;0.22)

21.21(19.77; 22.49)

0.22(0.21;0.24)

0.47 (0.44;0.51)

1.95(1.7; 2.43)

0.21 (0.16;0.27)

7.03 (6.63; 7.45)

16.57 (15.79; 17.1)

1.58(1.48; 1.62)

35.58 (34.57; 38.21)

0.4 (0.32;0.43)

0.49 (0.4; 0.54)

0.21 (0.15;0.21)

0.19(0.15;0.21)

0.22(0.19; 0.25)

1.19(1.12;1.29)

5.35(4.94; 5.96)

0.54 (0.4;0.71)

7.88(3.91; 13.36)

0.12(0.1;0.14)

Statistical
significance level

(p)

p,_,<0.001
p, ,=0.035
p.,=0.044

p,_,<0.001
p,_,=0.005

p.,<0.001
p, ,=0.004

p, ,<0.001
p, ,<0.001

p,,=0015
p, ,=0.015

p,.,<0.001
p, ,=0.038

p, ,=0.036
p, ,=0.015

p,,=0.017
p.,=0.012

p, ,=0.037
p, ,=0.042

p.,<0.001
p, ,<0.001



TABLE 2 (continued)

Control group

Group 1: BA + IBW

Group 2: BA + AO

Statistical

Indicators (n=30) (n=39) (n = 46) significance level
(p)
22:5w-3 0.49 (0.4;0.54) 0.48 (0.3; 0.6) 0.41(0.29;0.51) -
. . . . p.,=0012
22:6w-3 2.3 (1.96; 2.54) 2.35(1.77;3.06) 1.52(1.32;1.65) p.=0035
: . . . p._,=0.002
16:0DMA 0.39(0.36; 0.5) 0.46 (0.41; 0.49) 0.27 (0.24;0.32) P <0.001
18:0DMA 0.28 (0.23;0.32) 0.29(0.22; 0.3) 0.19(0.17;0.23) P;,=0.036
p.,=0.028
18:1DMA 0.14(0.13;0.15) 0.12(0.1;0.16) 0.11(0.1;0.12) -
20:0DMA 0.18(0.15; 0.18) 0.13(0.08;0.19) 0.18(0.17;0.2) -
p._=0.002
DMA16:0/FAME16:0 1.91(1.64; 2.37) 2.21(1.93;2.4) 1.32(1.09; 1.54) -2
p,_,<0.001
p._,<0.001
DMA18:0/FAME18:0 4.03 (3.44;4.82) 3.68 (3.15; 5.06) 2.76 (2.45; 3.38) pf 2 0.013
-2~

Note. Descriptive statistics are presented as Me (L ; U,), where Me is median, L  is lower quartile, U_ is upper quartile; p__, is statistical significance of differences between control group and Group 1; p _,s statistical
significance of differences between control group and group 2; p, , is statistical significance of differences between Groups 1and 2. Values are given for p < 0.05 only.

TABLE 3

THE LEVEL OF EICOSANOIDS IN BLOOD PLASMA OF THE EXAMINED PATIENTS

Control group

Indicators (n=30)

Lukotriene B4, pg/ml

11.28 (10.43; 12.43)

Thromboxane B,, pg/ml 62.15 (56.3; 70.85)

Group 1: BA + IBW
(n=39)

17.87 (16.4; 18.65)

79.9(78.12;90.32)

Statistical
significance level (p)

Group 2: BA + AO
(n=46)

p,_, <0.001
p._, <0.001
p, ,=0.001;

25.61(23.03; 29.9)

p.,=0.003
p. ,<0.001
p, ,=0.001

90.24 (87.47;98.54)

Note. Descriptive statistics are presented as Me (Lq; Uq), where Me is median, L_is lower quartile, Uq is upper quartile; p,_, is statistical significance of differences between control group and Group 1; p_, is statistical
significance of differences between control group and Group 2; p,_, is statistical significance of differences between Groups 1and 2. Values are given for p < 0.05 only.

in thromboxane B2 if obesity was present. The findings sug-
gest a pronounced inflammatory response in BA associat-
ed with obesity.

The presence of the disbalance in the FA composi-
tion, formation disorder of their oxidized metabolites and
plasmalogen synthesis disorder can provoke the devel-
opment of chronic inflammation, oxidative stress, which
can lead to increased respiratory dysfunction.

In order to establish the role of individual lipids
in the development of small airway dysfunction in mild BA
with NBW and associated with alimentary-constitutional
obesity, a correlation analysis was performed (Tables 4,
5). Correlations were evaluated with regard to PFT pa-
rameters reflecting the functional state of small airways.
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According to body plethysmography, the criteria
for small airway dysfunction are considered to be an in-
crease in RV more than 140 % and RV/TLC more than 125 %
of the target values as signs of “air traps”, and an increase
in FRC more than 130 % of the target value - as an indi-
cator of hyperinflation [19]. Indirect signs of small air-
way dysfunction in BA also include changes in spirom-
etry Decreased FVC level is suggested by some authors
to be considered as an indicator of «air traps» presence,
and MMEF,. .. is suggested to be used as a marker of ear-
ly small airway dysfunction [20].

In the 1st group of patients with BA and NBW, associa-
tions were established between the levels of SFA and FWD
indicators reflecting the state of small airways (Table 4).
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TABLE 4

CORRELATIONS BETWEEN INDICATORS OF DYSFUNCTION OF SMALL AIRWAYS AND FATTY ACIDS, PLASMALOGENS
IN PATIENTS OF GROUP 1(SPEARMAN CORRELATION, r)

B B B 0.76 0.59 B B
p=0.011 p=0.023
_ B _ B 0.56 _ 0.58
p=0.035 p=0.027
B B _ _ 0.57 _ 0.6
p=0.047 p=0.021
B B B 0.53 _ _ _
p =0.046
_ _ B _ B 0.64
p=0.013
B B B B 0.57 0.53
p=0.019 p=0.046
_ N B -0.55 B B _
p=0.036
_ B B 0.83 B B B
p=0.011
0.73 0.81 _ B B B
p =0.003 p < 0.001
0.57 _ B _ B B B
p=0.031
B -0.69 -0.71 B _ _ B
p =0.006 p=0.011
B B B -0.65 B B
p=0.011
0.59 _ B B _ B
p=0.025
B B -0.6 _ B
p=0.013
-0.81 _ _ -0.59 _ _
p=0.042 p=0.025
_ B _ _ -0.62 B -0.58
p=0.022 p=0.028
B B B B -0.65 B -0.66
p=0.011 p=0.009
-0.55 -0.79 B 0.57 _ B
p=0.038 p=0.001 p=0.029
-0.88 B B B B
p <0.001
-0.66 -0.61 _ _ ~ B
p =0.009 p=0.019
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TABLE 4 (continued)

Note. Only statistically significant correlations between indicators at p < 0.05 are shown.

TABLE 5

CORRELATIONS BETWEEN INDICATORS OF DYSFUNCTION OF SMALL AIRWAYS AND FATTY ACIDS, PLASMALOGENS
IN PATIENTS OF GROUP 2 (SPEARMAN CORRELATION, r)

0.49 0.48 B _ _ _
p=0.019 p=0.022
-0.66 B B ~ B _ B
p <0.001
B _ B -0.59 B -0.54 B
p=0.019 p=0.036
-0.47 ~ ~ 032 ~ _ ~
p=0.024 p =0.041
-0.51 -0.43 -0.45 _ B -0.70 0.52
p =0.005 p=0.022 p=0.005 p <0.001 p =0.009
B _ B B B B 0.73
p=0.017
_ B B _ 0,39 0.47 _
p=0.034 p =0.009
B _ B B B _ 0.78
p=0.016
B _ 0.29 B 0.29 _
p=0.044 p =0.046
_ B B B B B -0.58
p=0.028
B _ B B _ B -0.66
p=0.009
B _ B _ _ B -0.41
p=0.029
B _ _ -0.47 -0.42 _
p=0.024 p=0.048
-0.89 _ B -0.65 B -0.86 _
p <0.001 p=0.011 p <0.001

Note. Only statistically significant correlations between indicators at p < 0.05 are shown.
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Positive correlations of myristic (14:0) and stearic (18:0)
acids with FRCpIet; myristic, pentadecylic (15:0), and pal-
mitic (16:0) acids with RV; and pentadecylic and palmitic
acids with RV/TLC were found.

Positive correlations of MFAs were determined,
specifically heptadecenoic (17:1) with TLC; hexade-
cenoic (16:1Tw-9) with RV and TLC; and octadecaenoic
(18:1w-7) with FRC ler- Negative correlations were deter-
mined between oleic acid (18:1w-9) and FRC, eicosenoic
acid (20:1w-9) and FEV,, MMEF, ..

Assotiations with PFT indicators were also revealed
for PUFAs. For w-3 PUFAs, positive correlations were ob-
served between a-linolenic acid (18:3w-3), FVC and FEV,
and negative correlations between docosapentaenoic
(22:5w-3) and docosahexaenoic (22:6w-3) acids and RV,
RV/TLC. Among w-6 PUFAs, positive correlations of y-linolenic
(18:3w-6) and digomo-y-linolenic (20:3w-6) PUFAs with FVC
were observed; negative correlations of eicosadiene
(20:2w-6) and arachidonic (20:4w-6) PUFAs with FRC
and adrenoic (22:4w-6) PUFA with FVC and FRCpIet'

Plasmalogens levels were also correlated with the exam-
ined PFT indicators. So, DMA16:0, DMA18:0, and DMA18:0/
FAME18:0 had negative correlations with FVC and FEV,;
DMA18:1 with FVC; and DMA16:0/FAME16:0 with FEV,. Di-
rect correlations were established between DMA16:0 and
RV, DMA20:0 and FVC.

In Group 2 (Table 5), assotiation between SFA and ex-
ternal respiratory function were determined. In particu-
lar, pentadecylic acid (15:0) had a positive correlation
with FVC and FEV,, while palmitic (16:0) and stearic (18:0)
acids had a negative correlation with FVC and a positive
correlation with FRCpIet‘ Of the MFAs, heptadecenoic acid
(17:1) had negative correlations with FRCplet and TLC, and
eicosenoic acid (20:1w-7) had negative correlations with
FVC, FEV1, MMEF,, .., and TLC. A positive correlation was
observed between 20:1w-7 and RV/TLC. Of the w-3 family
PUFAs, docosapentaenoic (22:5w-3) and docosahexaeno-
ic (22:6w-3) acids had negative correlations with RV/TLC.

Positive correlations were established between arachi-
donic acid (20:4w-6) and RV/TLC, adrenoic acid (22:4w-6)
and MMEF . ., and RV. Negative correlations were found be-
tween DMA20:0 and FRC et RV levels; DMA18:0/FAME18:0
and RV/TLC. We shouldpnote the negative correlations
of thromboxane B, level with such an indicator of PFT
as FVC, and indicators reflecting the state of small airways, -
FRCpl et and TLC.

The established features of the composition of fatty
acids, eicosanoids, plasmalogens, their link with PFT indi-
cators demonstrate their participation in the progression
of bronchobstruction, formation of air traps and hyperin-
flation in BA.

plet’

RESULTS DISCUSSION

The changes in PFT indicators according to spirome-
try and body plethysmography revealed in the study show
the presence of generalized bronchial obstruction in pa-
tients with different body weight and with mild partially
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controlled asthma. Furthermore, in patients with obesity-as-
sociated bronchial asthma, a decrease in the levels of FEV,,
MMEF,; .. and an increase in RV were observed, which in-
dicate the development of small airway dysfunction in pa-
tients of this group.

When studying the lipid composition of blood plas-
ma by the level of fatty acids, eicosanoids and plasmalo-
gens, the peculiarities of the lipidome in groups of patients
with BA were identified. Moreover, the dynamics of blood
plasma lipid changes indicates the presence of a systemic
chronic inflammatory process in patients with asthma, ag-
gravated by obesity. It has been previously shown that in-
flammation in BA associated with AO is mediated by hyper-
production of leptin, pro-inflammatory cytokines that lead
to systemic chronic low intensity inflammation [21].

In patients with bronchial asthma, only an increase
in the proportion of saturated myristic acid was noted.
At the same time, correlations with PFT indicators have been
established for the majority of SFAs, indicating theirinvolve-
ment in the development of bronchial obstruction and small
airway dysfunction. Saturated fatty acids (myristic, stear-
ic, palmitic), on the one hand, play a structural role affect-
ing the packing density of the cell membrane; on the oth-
er hand, an increase in their level in biological substrates
is always an unfavorable sign from the position of cell sign-
aling functions, since in this case the membrane becomes
less susceptible to receptor expression and synthesis of im-
mune mediators. In lung surfactant, saturated fatty acids es-
terified into complex lipids form a more structured pack-
ing of phospholipids, which increases the density of sur-
factant [22]. Therefore, the chemical composition of sur-
factant, its enrichment of SFAs can influence the proper-
ties and structure of small airways.

Increased levels of monoenoic palmitoleic acid and hex-
adecenoic acid were observed in patients with bronchial
asthma and obesity. MFAs are part of the structure of eve-
ry cell and play an essential role in the regulation of lipid
metabolism [23]. Palmitoleic acid is known to function
as a lipokine lipid with hormone-like biological activity.
Palmitoleic acid can directly participate in the regulation
of insulin resistance and metabolic disorders [24]. In a study
by D. Mozaffarian et al. it was shown that increased levels
of palmitoleic acid are associated with a better metabolic
profile and low development of diabetes [24]. The increased
level of palmitoleic acid in patients with bronchial asthma
and obesity detected in our study probably indicates a com-
pensatory response of the organism aimed at maintaining
lipid homeostasis in order to minimize metabolic disorders.

In the 15t group of patients against the background
of normal level of MFA, as well as in the 2" group MFA as-
sociative relations of w-9 and w-7 families with PFT indi-
cators characterizing the state of small airways were es-
tablished, which allows to conclude about the MFA influ-
ence of w-9 and w-7 families on the formation of small air-
way dysfunction.

Differences in PUFA composition in groups of BA pa-
tients with NBW (Group 1) and BA associated with obesity
(Group 2) were identified. In group 2, a change in the PUFA
levels of the w-3 and w-6 families was observed. Against



the background of decreased levels of eicosapentaenoic
(20:5w-3), docosahexaenoic (22:6w-3) acids, there was an in-
crease in y-linolenic (18:3w-6) acid, digomo-y-linolenic
(20:3w-6) LC compared to control and Group 1.

Polyunsaturated fatty acids are responsible for increas-
ing the fluidity and viscosity of the cell membrane. PUFAs
of the w-6 family are the main substrates for the synthesis
of pro-inflammatory, bronchoconstrictor, vasoconstrictor
mediators and precursors of endocannabinoids, lipoxins,
while PUFAs of the w-3 family are considered as precursors
of anti-inflammatory, pro-resolving, vasodilatory media-
tors. w-3 PUFAs are known to influence inflammatory mark-
ers, reducing their levels (C-reactive protein, IL-6, tumor ne-
crosis factor a). Eicosapentaenoic acid (20:5w-3) is a sub-
strate for oxylipins synthesis (maresins, resolvins, protec-
tins), which are anti-inflammatory, pro-resolving and an-
ti-proliferative mediators providing the most important
competing cascade in inflammation towards its resolution
[25]. Balance shift between arachidonic (20:4w-6) and ei-
cosopentaenoic (20:5w-3) FAs shows disorders in the ei-
cosanoid cycle and, consequently, a high risk of inflamma-
tion, which is a prognostically unfavorable sign of increased
pro-inflammatory reactions that may lead to the develop-
ment of small airway dysfunction in the combined course
of BA [26].

Interesting correlations were established between
the PFT indicators reflecting the state of airways and the com-
position of PUFAs of the w-3 and w-6 families in the groups.
For example, for patients with BA and NBW, the great-
est number of relations with FVC and FEV, were noted.
These indicators are known to reflect the presence or ab-
sence of bronchial obstruction at different levels and can
act as indicators of airway remodeling [27].

In Group 2, in patients with BA and obesity, the high-
est number of direct relations with PUFAs of the w-6 fam-
ily and negative relations with PUFAs of the w-3 family
were determined for indicators reflecting the state of small
airways (FRCpIet’ RV, TLC, RV/TLQ). In contrast to Group 1,
in the combined course of BA, correlations of eicosopen-
taenoic acid levels, 20:4w-6/20:5w-3 ratio with RV, RV/TLC
indicators were established.

The results demonstrate the involvement of PUFAs
in the development and progression of small airway inflam-
mation and in the formation of air traps and hyperinflation.

Notably, thromboxane B, and leukotriene B, were in-
creased in the blood of BA patients regardless of body
weight compared to the control group. Eicosanoids as de-
rivatives of arachidonic acid contribute to the develop-
ment of a marked inflammatory response [26]. In patients
with BA and AO, the level of leukotriene B, was higher rel-
ative to the patients of Group 1. The established inverse
correlation between thromboxane B, levels and FVC,
FRCpIet’ and TLC in obesity-associated BA indicates the in-
volvement of thromboxane in the development of small
airway dysfunction in this group of patients.

The level of plasmalogens in Group 1 did not differ
from that of controls. Despite this, negative correlations
were found between plasmalogens 16:0DMA, 18:0DMA,
18:1DMA, and 20:0DMA with PFT indicators (FVC, FEV,).

61

Meanwhile, in Group 2 (bronchial asthma with obesi-
ty), the decrease in the levels of plasmalogens contain-
ing 16:0 and 18:0 aldehydes and 18:0DMA/18:0FAME ra-
tio was combined with the presence of negative correla-
tions between the indicators reflecting the state of small
airways (FRCpIet’ RV, RV/TLC) and the levels of 20:0DMA
and 18:0DMA/18:0FAME. The established correlations indi-
cate the involvement of plasmalogens in the development
and progression of small airway inflammation and in the for-
mation of air traps and hyperinflation. Plasmalogens are
known to increase the viscosity and tension of lung sur-
factant. Since the lungs are a direct target of reactive ox-
ygen species, plasmalogens, which are part of surfactant,
protect the lungs from their aggressive effects and other
environmental factors [28-30]. In the studies of J.E. Sordil-
lo et al. plasmalogens are identified as possible mediators
of changes in lung function in people with asthma, includ-
ing age-related, and can also serve as a potential pharma-
cological target toimprove PFT in people with asthma [13].

Thus, the presence of a large number of positive
and negative correlations between lipid mediators and PFT
parameters in patients with BA and NBW can be regarded
as a more active systemic response to the development
of the disease, aimed at preserving internal homeosta-
sis. The association of BA with obesity causes a decrease
in the body defenses and disease progression, which is re-
flected in clinical, laboratory and functional parameters.
The assotiations between the indicators of small airway
dysfunction and blood plasma lipidome indicate the im-
portance of fatty acids, plasmalogens and eicosanoids
in the regulation of the functional state of small airway in BA.

CONCLUSION

Small airway dysfunction develops in patients with mild
bronchial asthma associated with abdominal obesity against
the background of generalized bronchial obstruction. Anim-
portant pathogenetic link in the formation of small airway
dysfunction is impaired fatty acid metabolism and plasm-
alogens synthesis, increased formation of inflammatory lipid
mediators such as thromboxane and leukotriene. The com-
bined course of BA and alimentary-constitutional obesity
is characterized by increased levels of SFAs, MFAs, PUFAs
of the w-6 family and decreased levels of PUFAs of the w-3
family in plasma. Disorder in the synthesis of lipid media-
tors (plasmalogens and eicosanoids) in obesity-associated
BA determines changes in the molecular mechanisms ofim-
mune signaling and antioxidant processes, which underlies
the development of chronic systemic and local inflamma-
tion in obesity-associated BA. The presence of high correla-
tion of blood lipidome components with functional indices
of respiratory organs indicates the pathogenetic role of fat-
ty acids and inflammatory lipid mediators in the formation
and progression of small airway dysfunction in BA in com-
bination with obesity, and, consequently, in the aggrava-
tion of BA course. Eicosopentaenoic acid, the ratio of PUFAs
of w-6 and w-3 families (20:4w-6/20:5w-3) and thrombox-
aneB,, which have correlations with markers of small airway



dysfunction characteristic for BA in combination with obe-
sity, may be biomarkers of the formation and progression
of airway dysfunction and, consequently, of the aggrava-
tion of the course of bronchial asthma. Further studies of li-
pid triggers of small airway dysfunction will allow the de-
velopment of technologies to predict the course and con-
trol of bronchial asthma.
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ABSTRACT

Asystematic review and meta-analysis of data on the problem of enhanced recovery
in urology was performed. Inclusion criteria - clinical trials of the enhanced recovery
program in urology.

The aim of the study was to assess the significance of the enhanced recovery pro-
gram (ERP) in the provision of surgical care in the “urology” profile.

Materials and methods. The systematic review was performed according to the guide-
lines for the presentation of systematic reviews and meta-analyses by PRISMA. The reg-
istration number in the international system Prospero was received (CRD42022358982).
The review included 364 studies. Studies in urologic oncology were excluded from the me-
ta-analysis. The meta-analysis included 15 studies involving 2293 subjects. Acomparison
was made between the application of ERP and the standard treatment protocol.
Results. The use of ERP leads to an expected two-fold reduction in the dura-
tion of postoperative length of hospitalization (OR = -1.96; 95% Cl: —2.56+-1.36;
p < 0.00001). The reduction in the duration of hospitalization with the use of ERP
inurology does not lead to the increased risk of readmission or re-operation (p = 0.35).
The risks of developing postoperative complications > Class 2 by Clavien — Dindo
classification were comparable in both groups (p = 0.13). The use of ERP increases
the expected success of the treatment by 1.74 times (OR = 1.74; 95% ClI: 1.08-2.79;
p = 0.02). With the use of ERP in reconstructive urology, a significantly lower risk
of complications was established (p = 0.02).

Conclusion. The ERP program allows you to reduce the time and cost of treatment,
reduce the likelihood of re-hospitalization and achieve better treatment results.
The use of ERP is not accompanied by increased risk of complications > Class 2.

Key words: enhanced recovery after surgery, rapid recovery after surgery programs,
fast track surgery, FTS, ERAS, enhanced recovery, ERP

For citation: Vorobev V.A, Beloborodov V.A., Tukhiev A.R. The enhanced recovery pro-
gram in urology. Systematic review and meta-analysis. Acta biomedica scientifica. 2023;
8(2): 65-79. doi: 10.29413/ABS.2023-8.2.7
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PE3IOME

BeinonHeH cucmemamudyeckuli 0630p U MemaaHanu3 0aHHbIX No npobeme
YCKOPEHHO020 8bI300p08JIeHUS 8 yposioeuu. Kpumepuu 8K/moHYeHUs — KTUHUYecKue
ucc1e008aHUA NPUMEHEHUs NPOo2PaMMbl YCKOPEHHO20 8b1300p08J1eHUs 8 yposio2uu.
Ljens uccnedosaHus — oyeHKA 3HA4YUMOCMU NPO2PAMMbl YCKOPEHHO20 8b1300pO8-
JIeHUA NpU OKA3aHUU Xupypaudeckolti NOMoWwU NO NPOUJTIO «ypOJIo2Us».
Mamepuanei umemoodoel. Cucmemamuyeckuli 0630p 8bINOJIHEH CO2/1IACHO Memo-
OuYeCcKUM peKoMeHOauusam no nNpedcmdasseHur cucmemamuydeckux 063opos
umemaaxanuzos PRISMA. [TonyyeH pecucmpayuoHHsIl HoMep 8 MeX0yHApOOHOU
cucmeme Prospero (CRD42022358982). B cucmemamuyeckuli 0630p 8K/1H04eHbI
364 uccnedosarus. OHKOyposio2udecKue ucc1e008aHus U3 MemaaHaau3a bsiiu
uckmoyersl. [lpoaHanuzuposaro 15 uccnedosaruli c ysacmuem 2293 cybvekmos.
BbinosiHeHO cpasHeHuUe npuMeHeHUs NPOo2PamMMbl YCKOPEHHO20 8bI300POBJIEHUS
(MYB) u cmaHOapMHoO20 NPOMOKOJ1A /IeYeHUS.

Pesynemamel. [lpumeHeHue [1YB npusodum k oxudaemomy 08yxkpam-
HOMY COKpaujeHuro CpoKa nocseonepayuoHHoz0 npebsisaHus (OL = —1,96;
95% [N: -2,56+-1,36; p < 0,00001). CokpauwjeHue cpoOKo8 2ocnumanusayuu
npu npumeHeHuu [1YB 8 yposio2uu He npusooum K ygesudeHuro pucka NOBMOPHO20
obpaweHus unu peonepayuu (p = 0,35). Pucku pazsumus nocseonepayuoHHbIX
ocsoxHeHUl > 2-20 K1acca no yHusepcaneHol knaccugukayuu Clavien — Dindo
0Ka3asaucs conocmasgumel 8 0beux epynnax (p = 0,13). [ipumeHeHue 1YB nogwvituaem
npednosiazaemyro ycnewHoOCmMbs NposoouMo20 fiedeHus 8 1,74 paza (O = 1,74;
95%/U: 1,08-2,79; p = 0,02). [pu npumeHeHuu 1YB 8 pekoHCmMpykmugHoU yposo-
2UuU ycmaHossieH 00CMo8epHO MeHbWUU pucK passumus ocoxHeHud (p = 0,02).
3aknioyeHue. [Ipoepamma yckopeHHO20 8b1300pOBJIEHUS NO380JIAem COKpd-
mume CpOKU U CMOUMOCMb J1IeHeHUsd, yMeHbWUMb 8epOAMHOCMb NOBMOPHOU
20cnumanu3ayuu u 006uMbCA yqwux pesysbmamos sedeHus. [lpumeHerue [1YB
He conpogox0daemcs ygesiudyeHUeM pucka pa3sumus 0C/I0OXHeHUU > 2-20 Ki1acca
no Clavien - Dindo.

Knroueasble cnoea: npomokos ycKOpeHHO20 8bI300p08JIeHUs, NPO2PaMMAa YCKO-
peHHO20 8bi300posieHus, [1YB, yckopeHHoe 8bI300po8sieHuUe

Ona yntupoBaHua: Bopobbes B.A., Beno6oponos B.A., Tyxues A.P. [pumeHeHre npo-
rpPaMmbl YCKOPEHHOTO BbI3J0pOB/ieHMs B yponoruu. Cuctematudecknin 063op v meTaa-
Hanus. Acta biomedica scientifica. 2023; 8(2): 65-79. doi: 10.29413/ABS.2023-8.2.7
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The Enhanced Recovery Program (ERP) is aimed at re-
ducing the duration of treatment from the moment of di-
agnosis to recovery of working capacity [1].

The aim of the study was to assess the significance
of the enhanced recovery program in the provision of sur-
gical care in the “urology” profile.

A systematic review and meta-analysis of data
on the problem of ERP in urology were performed. Search
for sources was performed in the following databases: Pub-
Med, Google Scholar, Cochrane Library, RSCI, Scopus, Web
of Science. Scientific publications in Russian and English
were selected, available for obtaining directly or through
third-party services, as well as the library and subscription
of the Irkutsk State Medical University.

When performing the study, the following questions
were formulated: How does the use of enhanced recovery
protocols affect the outcomes of surgical treatment of uro-
logical diseases? Is there any convincing evidence of the su-
periority of enhanced recovery protocols over the stand-
ard approach? Is there an increased risk of complications,
re-operation, readmission or death when using enhanced
recovery protocols?

OBTAINING EVIDENCE

A systematic search was conducted in accordance with
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analysis (PRISMA) statement [2, 3].

A systematic review was registered in PROSPERO (iden-
tification number CRD42022358982).

In the databases PubMed, Google Scholar, Cochrane
Library, RSCI, Scopus, Web of Science, a search was made
for studies on the use of enhanced recovery protocols
in urology and reviews on the problem in the period
from January 1, 1995 to April 1, 2023 (Fig. 1).

The following keywords were used in the search
(by continuous OR search): “fast track surgery” , “FTS”,
“ERAS”, “enhanced recovery”, “enhanced recovery urolo-
gy”, “enhanced recovery” (in Russian), “ERP” (in Russian).

Theresults of interest were: 1) reviews of the use of en-
hanced recovery protocols in urology; 2) cases of appli-

4,396 results

1995
FIG. 1.

cation and development of protocols in urology; 3) clini-
cal studies of the results of the use of protocols in urology;
4) systematic reviews and meta-analyses of data on the use
of ERP in urology.

This systematic review was aimed at evaluating the de-
veloped protocols of enhanced recovery used in urology,
as well as at performing a meta-analysis of the results of clini-
cal studies on this problem.

Thus, this review included the following:

1. Publications devoted to the development of proto-
cols for enhanced recovery in urology;

2. Literature reviews, systematic reviews and meta-
analyses of enhanced recovery in urology;

3. Publications devoted to the results of clinical tri-
als (randomized and non-randomized) of the effectiveness
of enhanced recovery protocols in urology;

4. Publications in English and Russian.

The following was excluded from the review:

1. Publications devoted to application of enhanced re-
covery protocols in oncology, including urologic oncology;

2. Publications devoted to case-control studies;

3. Publication with no access to the full texts of the ar-
ticle.

Observational studies (cross-sectional and case-control)
were excluded from the study due to their low significance
when performing meta-analysis. The search revealed two
available case-control studies. Duplicate studies, reprints,
studies in languages other than the declared ones (Eng-
lish and Russian), animal studies, letters and short messag-
es were excluded.

A tool developed by the National Institutes of Health
(NIH) was used to assess the risk of systematic error
and the methodological quality of research (to assess the fea-
sibility of integrating the results into the study). The results
of the review and analysis were independently verified be-
fore the work was completed by the Vice-Rector for Science
and the Vice-Rector for Medical Work of Irkutsk State Medi-
cal University. The revealed discrepancies in the evaluation
of the results were eliminated after discussion by the team
of authors.

The database on clinical trials was formed accord-
ing to the developed form: date of publication; number

of440 » »

Page 1

O____________----..IIIIIIIIIO

2023

Chronometric diagram of search results for “enhanced recovery”, “human”, “01.01.1995 — 01.04.2023" in the English-language text database

of medical and biological publications in PubMed database
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of participants; study design; comparison groups; scope
of the protocol, the results obtained (nominal, ordinal
and predictive).

Meta-analyses that meet the criteria of the study were
not revealed during a systematic search. All identified sys-
tematic studies of ERP in urology directly relate to the on-
courological direction.

The evaluation of the results during the meta-anal-
ysis was carried out according to the following parame-
ters: 1) the comparative effectiveness of the treatment;
2) the comparative probability of the occurrence of ad-
verse events (complications or readmissions); 3) compara-
tive duration of hospitalization; 4) comparison of predic-
tors of the success of the treatment; 5) differencesin mean
values, odds ratio (OR), relative risk (RR), chi-squared (x?)
occurrence of the event or outcome.

EVIDENCE AND STATISTICAL TECHNIQUES

The data obtained were compared in the Micro-
soft 365 software package (Microsoft Corporation, USA),
and the analysis was performed using Stata v. 16 (College
Station, TX, USA). Meta-analyses were performed to analyze
the combined data on the impact of the use of enhanced
recovery protocols on various treatment outcomes, predict-
ing the occurrence of various events.

The systematic review was carried out according
to the methodological recommendations for the submis-
sion of systematic reviews and meta-analyses of PRISMA
[3]. The survey was registered, and a registration number
was obtained in the Prospero international system for reg-
istration of systematic reviews (CRD42022358982).

Meta-analysis of proportions was performed using
the metaprop command in Statav. 16 and verified in the Rev-
Man ver. 5.4.1 application. The random effects model was ap-
plied using the DerSimonian and Laird method. The pro-
portions were transformed using the double inverse Free-
man - Tukey arcsine transform, and confidence intervals (Cl)
were calculated using the Score method. The use of this me-
thod makes it possible to include studies with zero or sin-
gle parameter values in the meta-analysis [4]. Heterogenei-
ty within and between subgroups was estimated by I? or x2
statistics [5]. The significance was set at 0.05. If neither the x2
analysis nor the I test indicated significant heterogenei-
ty between studies, a fixed-effects model was used. In cas-
es of high statistical heterogeneity, a random effects mod-
el was used.

A graphic portrait of the results of the meta-analysis
is presented in the form of diagrams consisting of a series
of horizontal segments showing the RR and 95% Cl
of individual studies at the point being compared. 12 levels
equal to 25 %, 50 % and 75 % are defined as weak, medi-
um strength and pronounced heterogeneity, respective-
ly. The data pool was analyzed by the method of inverse
fixed-effect model in cases of low-moderate heterogenei-
ty (? < 50 %), and random-effect model in cases of moder-
ate-high heterogeneity (/> > 50 %).

68

The results were measured using a risk ratio (RR) rep-
resenting a confidence interval (95% Cl) and a p-value [6].
For studies without a control group, a comparison mode-
ling method was used [7].

The publication bias was assessed using the Begg
and Mazumdar test, the Egger regression asymmetry test,
as well as funnel graphs with an improved contour. Sensi-
tivity analysis was performed to determine the effect of un-
certainty on the effect of exposure; the analysis was repeat-
ed when performing direct and indirect comparisons. Sen-
sitivity analysis was carried out by excluding studies on one
of the analyses. This allowed us to assess whether one study
had a significant impact on the results.

The assessment of the risks of blindness for non-ran-
domized clinical trials (NCI) was carried out according
to the RoBANS [8] and MINORS [9] criteria.

The evaluation of the quality of research was deter-
mined according to the Oxford Recommendations of 2011
by levels of evidence from 1 to 5. Level 1 - data obtained
from systematic reviews and/or meta-analyses; Level 2 —ran-
domized clinical trials; Level 3 — non-randomized controlled
cohort studies with sufficient follow-up period; Level 4 — se-
ries of clinical observations; Level 5 — expert opinion.

The subgroup analysis was performed by testing inter-
actions between subgroups (presented as an unadapted
p-level). A subgroup analysis was performed to identify pos-
sible causes of heterogeneity when comparing the results
of direct and indirect comparisons.

SYSTEMATIC REVIEW

The search algorithm on PubMed. Filters: 01.01.95
to 01.04.23; “Human”; “Russian” or “English”. Search: “en-
hanced recovery” or “ERAS” or “fast track” and “urology”. Found:
353 publications. A similar algorithm is used for other scien-
tific databases.

A total of 364 studies are included in this systemat-
ic review: 45 are devoted to the review of the problem, 4 -
to the development of protocols for enhanced recovery,
21 - to clinical studies, 2 - to observational and case-con-
trol studies.

Seventeen studies met the criteria for inclusion in this sys-
tematic review. The meta-analysis included 15 studies involv-
ing 2,293 subjects (Table 1). The research Design flowchart
(PRISMA) is shown in Figure 2.

The methodology was evaluated for each study includ-
ed in the meta-analysis (Table 1). The bias characteristic
of the included studies is shown in Figure 3. Most of the in-
cluded studies had a good or satisfactory level.

A survey among practicing urologists regarding the
introduction of ERP elements into their practical activi-
ties, was carried out in 2021 [25]. Of the 714 completed
questionnaires, 113 (16 %) were found to be reliable. 58 %
of the respondents were employees of the university clinic.
61 % of urologists were unfamiliar with or knew little about
the enhanced recovery program. Only 20 % of respondents
used ERP systematically, guided by the developed proto-
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col. Of the 24 elements recommended by ERAS, 15 were im-
plemented on average. About half of them face administra-
tive or collective problems with the implementation of ERP.

Random sequence generation (selection bias)

. . Blinding of participants and personnel (performance bias)

@ | @ | Allocation concealment (selection bias)
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£

5
Chan 2021 +
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. . . Blinding of outcome assessment (detection bias)

Firoozfard 2003

‘ . . . Incomplete outcome data (attrition bias)

Gao 2022

Girgiss 2022

Gridley 2020

Haid 2018

Han 2021

Li 2020

Mansour 2017

. . . . . . . . . . Selective reporting (reporting bias)

Mazurenko 2017

Rove 2018

Satvaldieva 2022

Shu 2022

Wong 2018

FIG. 3.
Characteristics of the bias of the included studies

Also of scientificinterest is the description of the meth-
odology and the process of developing a protocol for en-
hanced recovery in pediatric reconstructive urology (PUR-
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SUIT), presented in 2020 [26]. The paper provides clear cri-
teria and design of the study, a template for the planned
protocol, a roadmap, data and statistical analyses.

There are no completely original protocols of enhanced
recovery among the included works. All the presented stud-
ies are based on the general concept of the ERAS strate-
gy, consisting of 22 elements. The level of involvement
in the protocol is described in some separate papers.

META-ANALYSIS OF LITERATURE DATA

The results of treatment were compared according
to the principles of meta-analysis of data between groups
of patients treated according to the standard protocol
and according to the enhanced recovery program.

Among 15 clinical trials and 2,293 patients included
in the meta-analysis, there were no significant differences
in age (p = 0.77) or gender (p = 0.63) between the groups.

One of the basic advantages of enhanced recovery
is a shorter hospital period, and the main disadvantage
is the risk of readmission or re-operation, that is, re-hospi-
talization and repeated surgical intervention.

According to the results of the analysis (Fig. 4), a sig-
nificant statistical difference in the duration of hospitali-
zation was established: patients under the enhanced re-
covery protocol stay in the hospital less long (p < 0.00001).
There is a very high heterogeneity of the results obtained
(1=97 %) due to a significant difference in the timing of hos-
pitalization in the included studies. When using the same
treatment protocol and type of surgical intervention, the pa-
tient can stay in the hospital from one [12] to five days
[17]. The mean difference in the length of stay is 2 days
(95% Cl: —2.56+-1.36; p < 00.00001).

The reduction in the duration of hospitalization does
not lead to an increase in the risk of re-treatment or re-ope-
ration when using ERP in urology (p = 0.35), which is shown
in Fig. 5. The heterogeneity value for this test is considered
insignificant (> = 0 %), which indicates the general homo-
geneity of the data of different authors.

The risks of developing postoperative complications
> Class 2 according to the universal Clavien — Dindo clas-
sification were comparable in both groups (p = 0.13),
which is shown in Figure 6. The heterogeneity of the com-
bined results corresponds to an intermediate between mod-
erate and high (% = 73 %), since in several studies the pre-
dominance of complications in the ERP group was not-
ed, however, most studies show that ERP is accompanied
by a lower risk of complications. We should note the re-
sults of group analysis in reconstructive urology: a signifi-
cantly lower risk of complications (p = 0.02) was established
in the ERP group. In the subgroup of endourological oper-
ations — percutaneous puncture nephrolithotripsy and ret-
rograde intrarenal surgery (“YIMH" and “PUPX" in Fig. 7,
respectively) — low heterogeneity was revealed, which in-
creases the significance of the data obtained.

The use of ERP increases the expected success
of the treatment by 1.74 times (OR = 1.74; 95% Cl: 1.08-
2.79; p = 0.02), which is shown in Figure 7. The results ob-



ERP Standart Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
1.1.1 YMHN n PUPX
Mazurenko 2017 1 02 29 2 03 38 9,2% -1,00[-1,12, -0,88] 2017 "
Li 2020 4,6 1 117 62 11 118 9,0% -1,60[-1,87, -1,33] 2020 -
Gridley 2020 0 0 52 0 0 30 Not estimable 2020
Gao 2022 449 24 104 664 31 237 8,4% -2,15[-2,76, -1,54] 2022 -
Girgiss 2022 1,22 1 55 1,31 1,95 66 8,6% -0,09 [-0,63, 0,45] 2022 T
Shu 2022 2 1 216 3 1 219 9,1% -1,00 [-1,19, -0,81] 2022 N
Subtotal (95% CI) 521 678 44,3% -1,15[-1,52, -0,79] ¢
Heterogeneity: Tau? = 0,14; Chi? = 41,61, df = 4 (P < 0.00001); I2 = 90%
Test for overall effect: Z = 6,13 (P < 0.00001)
1.1.2 HecppakTomus
Firoozfard 2003 4 1 25 8 1 50 8,7% -4,00 [-4,48, -3,52] 2003 -
Mansour 2017 2,8 1 113 39 1,7 111 8,9% -1,10[-1,47,-0,73] 2017 -
Subtotal (95% Cl) 138 161 17,6% -2,55 [-5,39, 0,30] -
Heterogeneity: Tau? = 4,16; Chi? = 88,63, df = 1 (P < 0.00001); I = 99%
Test for overall effect: Z=1,76 (P = 0,08)
1.1.3 PeKOHCTPYKTUMBHas ypororus
Wong 2018 10,7 28 126 102 29 176 8,3% 0,50 [-0,15, 1,15] 2018 ™
Rove 2018 5 1 13 6 1 26 8,3% -1,00[-1,67, -0,33] 2018 -
Haid 2018 11,93 0,64 15 19,87 2,04 15 7.1% -7,94 [-9,02, -6,86] 2018 -
Chan 2021 4 1 20 9 3 20 6,2% -5,00 [-6,39, -3,61] 2021 -
Han 2021 5 1 13 6 1 26 8,3% -1,00 [-1,67, -0,33] 2021 -
Satvaldieva 2022 0 0 42 0 0 50 Not estimable 2022
Dutta 2022 0 0 91 0 0 82 Not estimable 2022
Subtotal (95% Cl) 320 395 381% -2,85[-5,40, -0,29] B
Heterogeneity: Tau? = 8,25; Chi? = 201,23, df = 4 (P < 0.00001); 1> = 98%
Test for overall effect: Z = 2,19 (P = 0,03)
Total (95% CI) 979 1234 100,0%  -1,96 [-2,56, -1,36] ¢
Heterogeneity: Tau? = 1,03; Chi? = 385,03, df = 11 (P < 0.00001); I = 97% _1=0 5 0 5 1=0

Test for overall effect: Z = 6,37 (P < 0.00001)
Test for subaroup differences: Chi? = 2,52, df = 2 (P = 0,28), I? = 20,5%

FIG. 4.

ERP Standart

Forest diagram comparing the duration of hospitalization with the use of ERP and the Standard Treatment Protocol

ERP Standart Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Firoozfard 2003 1 25 1 50 2,3% 2,00[0,13, 30,66] 2003
Rove 2018 1 13 7 26 16,0% 0,29 [0,04, 2,08] 2018 e
Chan 2021 6 20 4 20 13,7% 1,50 [0,50, 4,52] 2021 N B
Dutta 2022 7 91 12 82 43.2% 0,53 10,22, 1,27] 2022 —
Girgiss 2022 7 55 8 66 24,9% 1,05[0,41, 2,71] 2022
Total (95% CI) 204 244 100,0% 0,78 [0,47, 1,31] T
Total events 22 32

. 2 — — .12 = 0o t t } |
Heterogeneity: Chi? = 3,92, df = 4 (P = 0,42); I? = 0% 0.01 01 ] 10 100

Test for overall effect: Z = 0,93 (P = 0,35)

FIG. 5.

ERP Standart

Forest diagram comparing the risk of readmission with the use of ERP and the Standard Treatment Protocol

tained have satisfactory heterogeneity of significance
and (x> = 10.82; > = 54 %). The group analysis in the sub-
groups reconstructive urology and andrology (“Y4MHMA"
and “PUPX") obtained homogeneous data (I = 0 %),
which significantly increases the value of the results
and confirms the positive prognostic effect of ERP. Thus,
when using ERP in reconstructive urology, the success rate
of treatment increases by 3 times with high statistical reli-
ability (OR =3.21; 95% Cl: 2.02-5.09; p < 0.00001; 2 = 0 %).

Evaluation of the scientific validity and quality of me-
ta-analysis

Figure 8 shows the analysis of the bias of the data pre-
sented by the authors in the included studies according
to the RoBANS criteria. The results of the analysis of all 15
included papers indicate a low risk of bias.

The evaluation of the statistical heterogeneity of the re-
sults, presented in each forest diagram through the value
of 2, showed a general moderate heterogeneity of the data
obtained by the authors, which is justified by the peculi-
arities of clinical practice and methodology of the work
performed, as well as by different types of surgical tech-
niques included in the meta-analysis (from endourological
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Study or Subgroup

ERP
Events Total

Standart
Events Total Weight

Risk Ratio
M-H, Random, 95% CI Year

Risk Ratio
M-H, Random, 95% CI

3.1.1 YMHN n PUPX
Mazurenko 2017

Li 2020

Gao 2022

Girgiss 2022

Shu 2022

Subtotal (95% CI)
Total events

Heterogeneity: Tau? = 0,10; Chi? = 6,55, df = 4 (P = 0,16); I = 39%

5 29
15 117
16 104
10 55

6 216

521
52

Test for overall effect: Z = 0,04 (P = 0,97)

3.1.2 HedppakTtomusa
Firoozfard 2003

Mansour 2017
Subtotal (95% CI)

Total events

11 25
15 113

138
26

Heterogeneity: Tau? = 1,70; Chi? = 16,80, df = 1 (P < 0.0001); I> = 94%
Test for overall effect: Z = 0,07 (P = 0,94)

3.1.3 PeKOHCTPYKTUBHasA yponorus

Rove 2018

Haid 2018

Wong 2018

Chan 2021

Dutta 2022
Subtotal (95% CI)

Total events

10 13
0 15
29 126
9 20
4 91
265

52

Heterogeneity: Tau? = 0,18; Chi? = 13,36, df =4 (P = 0,010); 1> = 70%
Test for overall effect: Z = 2,33 (P = 0,02)

Total (95% CI)
Total events

924
130

9 38 67% 0,73[0,27, 1,94] 2017
22 118 97% 0,69[0,38, 1,26] 2020
20 237 96% 1,82[0,98, 3,37] 2022
9 66 7.8% 1,33[0,58, 3,05] 2022
9 219  64% 0,68 [0,24, 1,87] 2022
678  40,1% 1,01 [0,65, 1,57]
69
9 50 85% 2,44[1,17,5,12] 2003
40 111 10,3% 0,37 [0,22, 0,63] 2017
161 18,8% 0,93 [0,14, 6,02]
49
22 26 11,9% 0,91[0,65, 1,28] 2018
3 15 14% 0,14[0,01, 2,55] 2018
89 176 11,8% 0,46 [0,32, 0,65] 2018
15 20 10,2% 0,60 [0,35, 1,04] 2021
1 82 59% 0,33[0,11,0,99] 2022
319 41,1% 0,56 [0,34, 0,91]
140
1158  100,0% 0,76 [0,53, 1,08]
258

Heterogeneity: Tau? = 0,25; Chi? = 40,18, df = 11 (P < 0.0001); I = 73%
Test for overall effect: Z=1,52 (P =0,13)
Test for subaroup differences: Chiz = 3,12, df =2 (P = 0,21), 12 = 35,8%
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FIG. 6.
Forest diagram comparing the risk of developing complications of Clavien — Dindo > Class 2 for the use of ERP and the Standard Treatment
Protocol
nyB CTaHOapTHLIN Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
6.1.1 YMHN n PUPX
Mazurenko 2017 26 29 34 38 7.1% 1,02 0,21, 4,96] 2017 -1
Li 2020 109 117 106 118  14,9% 1,54 [0,61, 3,92] 2020 1T
Gao 2022 95 104 207 237  18,0% 1,53 10,70, 3,35] 2022 T
Shu 2022 169 216 166 219  26,9% 1,151[0,73, 1,80] 2022 ‘K
Subtotal (95% CI) 466 612 66,8% 1,26 [0,89, 1,79]
Total events 399 513
Heterogeneity: Tau? = 0,00; Chi? = 0,65, df = 3 (P = 0,88); 1= 0%
Test for overall effect: Z = 1,29 (P = 0,20)
6.1.2 PeKOHCTPYKTUBHas
Wong 2018 87 126 71 176  25,8% 3,30 [2,04, 5,35] 2018 —&
Chan 2021 17 20 14 20 7,3% 2,43[0,51, 11,511 2021 -
Subtotal (95% CI) 146 196 33,2% 3,21 [2,02, 5,09] <o
Total events 104 85
Heterogeneity: Tau? = 0,00; Chi? = 0,14, df =1 (P =0,71); I?= 0%
Test for overall effect: Z = 4,96 (P < 0.00001)
Total (95% CI) 612 808 100,0% 1,74 [1,08, 2,79] <o

Total events

Heterogeneity: Tau? = 0,17; Chi? = 10,82, df = 5 (P = 0,05); I = 54%

503

598

Test for overall effect: Z = 2,29 (P = 0,02)
Test for subaroup differences: Chi2 = 10,04, df = 1 (P = 0,002), 12 = 90,0%
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Forest diagram comparing the success of the treatment with the use of ERP and the Standard Protocol
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FIG. 8.
Analysis of publication bias

to reconstructive). When performing a subgroup analysis
in therapeutic areas, the results are homogenized, which in-
dicates the high significance of the data obtained. An unam-
biguous conclusion was obtained when analyzing the risk
of re-hospitalization. The homogeneity of the initial data in-
creases the reliability of the results obtained due to the ab-
sence of the influence of variation in values.

The stability of the final summary test to changes
in the generalized sample and to the applied methods of ana-
lysis is analyzed. The value of the total value confirms the re-
liability of the results obtained and the absence of evidence
of bias of the publications included in the meta-analysis.

DISCUSSION

The Enhanced Recovery Program (ERP) is an actual mul-
timodal perioperative strategy aimed at improving the re-
sults and quality of treatment. Regardless of the surgical dis-
cipline, it is possible to develop and optimize the program
for specific nosology. The application of ERP in coloproc-
tology, thoracic and cardiac surgery, oncology, and neu-
rosurgery is most studied. In the Russian Federation, there
are a lot of monographs and several approved clinical rec-
ommendations on ERP in coloproctology. However, in a few
disciplines, the scientific representation of ERP remains frag-
mented, both in Russia and in the world.

Several scientific papers devoted to the analysis
of the use of enhanced recovery programs in urology dem-
onstrate a relatively small involvement of the new multi-
modal strategy in the treatment of pathology of the uro-
genital tract. The authors agree that the use of even indi-
vidual elements is promising, it will reduce the likelihood
and significance of postoperative complications [27, 28].
At the same time, until May 2015, only 15 scientific papers
published in English were directly devoted to ERP in urolo-
gy [29]. By 2020, the number of publications has increased
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to 55, most of them are devoted to the ERP during radical
cystectomy according to ERAS recommendations [30], in-
cluding ones published in Russian [31-34]. The unequivo-
cal conclusion is that there are no obstacles to expanding
the use of ERP to other surgical procedures within the frame-
work of the profile “urology”.

The use of the Enhanced Recovery Program when per-
forming endourological, reconstructive or organ removing
interventions in urology with comparable risks of compli-
cations allows to achieve better treatment results, reduce
the time of hospitalization, reduce the likelihood of re-
peated treatment and, as a result, reduce the total cost
of treatment.

In general, a small number of clinical studies are pre-
sented on the subject of ERP as part of the search and in-
clusion strategy, in comparison with oncological urology,
abdominal surgery and other disciplines. In total, PubMed
presents 295 meta-analyses and systematic reviews on ERP,
9 of them - on oncological urology (the study of ERP dur-
ing radical prostatectomy and cystectomy). Systematic re-
views and meta-analyses on ERP in non-oncological urolo-
gy have not been revealed.

The main conclusions of the meta-analysis obtained
based on scientific evidence:

¢ Urological patients who are scheduled for surgical
treatment should be included in the Enhanced Recovery
Program according to an adapted protocol, which reduces
the time and cost of treatment, reduces the likelihood of re-
admission and achieves better treatment results (evidence
level - 1; recommendation level - A);

¢ The use of the Enhanced Recovery Program for uro-
logical patients when planning surgical treatmentis not ac-
companied by increased risk of complications > Class 2 ac-
cording to Clavien — Dindo (evidence level - 1; recommen-
dation level - A).

Given the heterogeneity of surgical techniques and no-
sologies, technical bias should be considered when plan-
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ning randomized clinical trials and subsequent meta-anal-
yses.

The presented meta-analysis showed a statistically sig-
nificant difference between ERP and the Standard Treat-
ment Protocol (p < 0.02). The overall result of the performed
analysis indicates the positive role of the Enhanced Reco-
very Program, regardless of the field of application in uro-
logy, which is consistent with the data of meta-analyses
on the oncological urological profile [35, 36] and interdis-
ciplinary analyses of ERAS programs [37].

Limitations of meta-analysis

A detailed systematic review and meta-analysis
of the literature data was performed using standardized
and recommended tools for evaluating the research metho-
dology. When assessing the risk of systematic error, most
of the included studies were of satisfactory or good quali-
ty, however, some were of poor quality.

Of the 15 clinical trials included in the meta-analysis,
12 (80 %) are non-randomized studies, which negative-
ly affects the significance of the data obtained from these
studies.

Most of the included studies clearly stated the objectives
of the study, and although the selection of patients was gen-
erally acceptable, several studies did not clearly indicate
the inclusion criteria, or a few statistics required when per-
forming a meta-analysis. In addition, most studies do not pro-
vide a detailed description of the study design, the use of pla-
cebo control, types of randomizations, etc. There was a large
methodological variability between the studies (for example,
different protocols of enhanced recovery for similar urologi-
cal pathology), as well as significant deviations from the ERAS
recommendations for the implementation of the program (in-
clusion of <50 % of the program elements), which may ex-
plain the differences in the results obtained.

Since the purpose of this systematic review was to study
the effectiveness of the use of enhanced recovery protocols
in the treatment of urological diseases, a possible limitation
is the excluding works on urological oncological diseas-
es from the analysis. A meta-analysis of various outcomes
was carried out with moderate heterogeneity of the re-
sults obtained. Therefore, the results should be evaluat-
ed and used as corresponding to a high level of evidence.

CONCLUSION

Based on a meta-analysis of data, with a high level
of evidence and significance of recommendations (1-A),
it was found that the use of the Enhanced Recovery Pro-
gram allows better treatment results with comparable risks
of complications.

Practical recommendations

In urological patients, when planning surgical treat-
ment, the adapted Enhanced Recovery Program should be
used, regardless of the nosological characteristics and type
of intervention.
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ABSTRACT

The aim of the review is to analyze the prevalence of sarcopenia in the elderly age
group, the causes of its occurrence, and to present modern methods of prevention
and physical rehabilitation.

The study focuses on the relationship between exercise, training effects and physi-
ological mechanisms, as well as the safety of various types of strength, anaerobic
and multimodal training, which have a positive impact during the prevention and re-
habilitation treatment of sarcopenia. Literature reviews, meta-analyses, and origi-
nal studies are included that focus on older people in all settings, using validated
assessment tools and methods. A literature search was conducted in four electronic
databases — PubMed, Cochrane Library, Scopus, Springer, for the period from 2012
toJune 30, 2022. There were no restrictions on the language bias of the publication.
Search strategy. The keywords used to define the terms of participation in the re-
view are “older/advanced age’; “sarcopenia” and “sarcopenic obesity’.

Articles were included if they met the following criteria — cohorts with mean or median
age = 60 years and any of the following definitions of sarcopenia: European Working
Group on Sarcopenia in the Elderly (EWGSOP), Asian Working Group on Sarcopenia
(AWGS), International Working Group on Sarcopenia (IWGS). To ensure comparability
ofinterventions, the review included studies that were conducted for at least 8 weeks,
and the distribution of patients by study design was randomized. Also, articles involv-
ing hospitalized patients are excluded.

Key words: sarcopenia, physical activity, rehabilitation, sarcopenic obesity, older
adult, resistance training, aerobic exercise, exercise therapy, systematic review
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PE3IOME

Ljens 0630pa - npoaHanuzuposams pacnpocmpaHEHHOCMb CApKONeHUU 8 NOXU-
J10U 803pacmHoti 2pynne, NpuYUHsI € 803HUKHOBEHUS, Npedcmasums CO8peMeH-
Hble MemoObl NPOUIAKMUKU U ¢husuyeckoli peabunumayuul.

WccnedosaHue cocpedomoyeHo Ha 83aumMocea3u mexoy gusudeckol Hazpy3skod,
MPeHUPOBOYHbIMU 3hgheKmamu U ¢u3uo02u4ecKUMU MexaHUu3Mamu, d makxe
Ha 6e30nacHoOCMU pasiuyHbIX 8UOO8 CUJI08bIX, AHA3POOHBLIX U My/IbMUMOOA/1b-
HbIX MPEHUPOBOK, KOMOpble OKA3bI8AIOM NOJIOXUMEsbHOE 8/IUAHUE 80 8peMs
npoguIaKMUKU U 80CCMAHOBUME/IbHOZ0 JledeHUs npu capKoneHuu. BkiouyeHel
0630pbl TUMepamypbl, MeMAaaHaau3bl U OpUUHAsIbHbIE UCCI1e008aHUS, KOMOopble
aKUeHMUpOBAHbI HA JIOAX NOXUJI020 803pACMA 8 /I06bIX YCI08UAX NPOXKUBAHUS,
C NpuMeHeHUeM NpoBepeHHbIX UHCMPYMeHMOo8 U Memooo8 oUueHKU. bblsn npogedéH
nouck iumepamypel 8 Hemvlpéx 371ekmpoHHbIX 6aszax daHHsix (PubMed, Cochrane
Library, Scopus, Springer) 3a nepuod ¢ 2012 2. no 30 utoHs 2022 2. O2paHuyeHuli
Ha A3bIKOBOU YKJIOH Nyb/IUKAYUU 88e0eHO He bbls1o.

Cmpameausanoucka. Knwodesbie /1084, Ucnoss3yembie 0/15 onpedesieHus ycao8uli
ydyacmus 8 0630pe: «noxus0U/npeKkIoHHbIU 803pacmsy, «<CapKoneHuUsA» U capKone-
HUYecKoe OXupeHue».

Cmamesu 8K/IOHAIUCS, €C/TU OHU COOMBemcmao8asu C1edyrouum Kpumepusam —
KO020pMbl CO CPeOHUM UJTU MeOUdHHbIM 803pacmom = 60 iem u J106biM U3 c/1edy-
rouwjux onpedeneHuti capkoneHuu: Egponelickas paboyas apynnd no capkoneHuu y
noxusnelx nodel (EWGSOP), Asuamckas pabouas 2pynna no capkoneHuu (AWGS),
MexdyHapoOHas paboyas epynna no capkonerHuu (IWGS). [lna obecneueHus
conocmasumocmu eMewiamesibCma 8 0630p BK/IH0YEHbI UCC/IE008AHUSA, KOMopble
ocyujecmesisaiuch He MeHee 8 Hedeslb, a pacnpeoesieHue NayueHmMos No Ou3adHy
uccne0osaHus bbls10 paHOOMU3UPOBAHHbLIM. Takxe, UCK/IIYeHbl CMmameu C y4d-
cmuem 20cnumasnu3upoBaHHbIX NAYUEHMOB.

Knroueeslie cnoea: capkoneHus, pusudeckas akmugHoOCMb, peabunumauus,
capkoneHuyecKoe oXupeHue, NOXu1ol 803pacm, MpeHUpPOBKU C OMA20UeHUEM,
aspobHble mpeHUpo8KuU, le4yebHas usKyabmypd, 0630p 1umepamypsi

Ona uyntuposanus: Mnewés W.E., Aukacos E.E., Hukonenko B.H., LLkpe6ko A.H., BaHo-
Ba W.B. Ponb 1 cneyudrika ¢pusnueckmx Harpy3oK npu capKkoneHnm y noXusbix niogen.
Acta biomedica scientifica. 2023; 8(2): 80-92. doi: 10.29413/ABS.2023-8.2.8
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Significant increases in life expectancy and declining
birth rates are increasing the number of older and senile
people worldwide. Due to declining functional capacity,
health and well-being of older adults is a major focus of ag-
ing-related studies [1].

Sarcopenia is a geriatric disease with progressive loss
of skeletal muscle mass and function [2], first described
by Rosenberg [3]. In September 2016, sarcopenia entered
the International Classification of Diseases, 10t Revision
(ICD-10), under the code M62.84. This term has not yet been
added to the 2019 ICD-11. Sarcopenia is one of the major
health problems among older people and increases the risk
of disability, falls, and injuries associated with falls, hospi-
talization, limitation of independence and mortality. Risk
factors for sarcopenia include age, gender, physical activi-
ty level and chronic diseases [4]. Currently, there are sever-
al definitions of sarcopenia with no consensus, so its prev-
alence can vary greatly depending on the population sur-
veyed (differences in gender, age, ethnicity), living condi-
tions (hospitalization, senior centers), methods and assess-
ment tools [5]. Although there are controversial opinions
about sarcopenia, muscle strength, mass and physical func-
tioning are its main diagnostic indicators [6, 7]. In particular,
Japanese doctors estimate that the number of people aged
65 years and older has increased to 28.4 % in 2019, the high-
est in the world [1]. The number of people with sarcope-
nia in Izmir (Turkey) aged over 65 years is 5.2 % [8], in Bra-
zil it is 4.5 % [9]. In China (PRC), it is 12.3 % among males
and 7.6 % among females. In South Korea, the rate was 6.3-
21.8 % among males and 4.10-22.1 % among females [10].
In Russia, the prevalence of sarcopenia reaches 22.1 % [11].

Research on sarcopenia has made little progress over
a long period of time. Only in 2010 a clinical definition
of sarcopenia was proposed for the first time by the Eu-
ropean Working Group on Sarcopenia in Older People
(EWGSOP) [2]. The diagnosis of sarcopenia required a de-
crease in both mass and function of human skeletal mus-
cle (muscle strength and/or performance). In 2011 [12],
the International Working Group for Sarcopenia (IWGS)
presented a similar definition of sarcopenia, focusing
on the assessment of physical function, including the abil-
ity to get up from a chair or a pace test. In 2014 [10], Asian
Working Group for Sarcopenia (AWGS) and Foundation
for the National Institutes of Health (FNIH) also present-
ed their expert opinion on sarcopenia. In 2018, EWGSOP,
based on the results of fundamental and clinical stud-
ies of sarcopenia in recent years, held a second meeting
and updated its consensus [13]. The categories of sarco-
penia have remained unchanged: “primary” (or age-re-
lated) when no other specific cause is apparent, and “sec-
ondary” when causative factors other than aging (or in ad-
dition to aging) are evident. ENGSOP2 defines sarcope-
nia as a muscle disease (muscle failure) with low muscle
strength supplanting the role of low muscle mass as the pri-
mary factor. Moreover, EWGSOP2 has recently defined sub-
categories of sarcopenia: acute and chronic. Acute sarcope-
nia lasts less than 6 months, and chronic sarcopenia lasts
more than six months. AWGS also updated its consensus
on sarcopenia in 2019 [14]. The definition of sarcopenia
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given by EWGSOP2 is now more widely used in both prac-
tical clinical work and research area.

Currently, there is still a debate among scientists
due to the lack of an unambiguous decision about primary
(age-related) sarcopenia; whether it is a disease or a variant
of the norm that goes alongside the aging process [4, 6, 10].

Sarcopeniais a multifactorial disease [13], with the main
factors identified being low physical activity level, sedentary
lifestyle, nutritional disorders and comorbidities that often
accompany aging and act as preconditions for sarcopenia,
senile asthenia, obesity and chronic diseases [15], contribut-
ing to decreased muscle mass, reduced calorie and protein
intake, altered muscle metabolism, oxidative stress and de-
generation of neuromuscular junctions [16].

Sarcopenia is one of the leading causes of disability
among older people. Approximately 50 % of skeletal mus-
cle mass (1-2 % of muscle mass per year) is lost between
the ages of 50 and 80 [10, 13]. In other words, sarcopenia
is one of the most important factors reducing the quality
of life of the older adults and is associated with morbidity
and mortality.

RESISTANCE TRAINING

Current clinical guidelines include resistance training
(RT) as a primary treatment strategy for sarcopenia [17]. Dur-
ing RT, patients exercise with gradually increasing resistance
using weight-bearing training, free weights and bodyweight
exercises [18]. RT programs improve muscle strength, mass
and physical performance of older people [19]. It is proved
that resistance training as a recognized treatment for mus-
cle atrophy has been shown to reduce hospital stay by in-
creasing indicators of hand grip strength test and muscle
cross-sectional area among older adults [20]. Although ex-
ercise cannot completely prevent neuromuscular aging, re-
sistance training has great potential to mitigate age-related
changes [21]. But despite this, RT programs are not usual-
ly used in clinical practice for the rehabilitation of patients
with sarcopenia [22].

Exercise programs that have attracted the attention
of specialists as a measure to combat sarcopenia are com-
mon (Table 1). Their safety and positive results for the treat-
ment of this condition among older people have been stud-
ied.

It is clear that high-load resistance training (H-RT)
induces muscle hypertrophy among older adults [23],
but, due to comorbidities such as musculoskeletal disor-
ders, coronary artery disease and diabetes, it should be per-
formed with caution and under constant medical super-
vision [24]. Moreover, H-RT is known to cause joint pain
due to high loads, in which case low- and moderate-load
resistance training is recommended to the patient [1].

Therefore, although this type of resistance training
is an effective method of sarcopenia prevention, the number
of older people who will be able to perform is very limited.

M-RT (moderate-load resistance training) is usually dis-
tinguished from H-RT by a lighter weight (up to 75 % of 1RM)
and identical frequency of exercise [25]. For example, Wake



TABLE 1

CHARACTERISTICS OF EACH TYPE OF STRENTH TRAINING FOR INCREASING SKELETAL MUSCLE MASS IN THE ELDERLY

Training features

Resistance
training
Resistance, % of TRM Exercises per week

H-RT 70-85 % of 1 RM 2-3

L-BFR 10-50 % of 1 RM 2-3

L-ST 30-50 % of 1 RM 2-7
L-FAIL 20 % of 1 RM 3

M-RT 50-75 % of 1 RM 2-4

Sets and repetitions Author, publication year

1-3x8-15 Fragala M.S. et al. (2019)
Thiebaud R.S. et al. (2013)
Yasuda T. et al. (2017)

Cook S.B. et al. (2017)

Centner C. et al. (2019)
Rodrigo-Mallorca D. et al. (2021)

1-4 x 15-30

Watanabe Y. et al. (2014)
Kanda K. et al. (2018)
Takenami E. et al. (2019)

1-3x5-15

1 x 80-100 Van Roie E. et al. (2013)

Michel J.M. et al. (2022)

3x8-12 Vasconcelos K.S. et al. (2016)

Note. TRM — one-repetition maximum; H-RT — high-load resistance training; L-BFR — low-load resistance training with blood flow restriction by an elastic designed cuff belt; L-FAIL — low-load resistance exercise
to volitional fatigue; L-ST — low- or moderate-load resistance training without blood flow restriction; RT-ML — moderate-load resistance training.

Forest University conducted a 10week experiment on par-
ticipants aged > 60 years with alternating exercise intensi-
ty ranging from 50-75 % of 1RM for 10 weeks and found
consistent increases in muscle volume, strength and en-
durance among most participants regardless of gender
[26]. A study conducted by K.S. Vasconcelos et al. (Brazil),
involving 31 women aged 65 to 80 with sarcopenic obe-
sity (bidirectional pathogenic interaction between viscer-
al fat accumulation in the body and loss of skeletal muscle
mass, strength and function), proved a statistically signifi-
cantincrease in knee extensor muscle strength and quadri-
ceps femoris muscle strength after a 10-week resistance
training programme with 60-minute sessions twice a week,
but, according to the authors, the effectiveness of the train-
ing for muscle mass gain was insignificant [27].

As a practical application, it is suggested that resistance
training among older and frailer individuals should be start-
ed by performing 8-10 repetitions in a series with a weight
with which they could perform at least 20 maximal rep-
etitions, and no more than 4-6 repetitions in a series
with a weight that would allow them to perform 15 repe-
titions [21]. Since sarcopenia affects muscles throughout
the body [13], it is recommended to perform comprehen-
sive exercises involving all muscle groups [18].

There is currently much scientific evidence that low-
load resistance training with blood flow restriction
by an elastic designed cuff belt (L-BFR), also known as Kaat-
su training [28, 29], is used as a countermeasure against
sarcopenia among older adults [28, 29]. Reviews focusing
on older adults have reported that L-BFR can induce simi-
lar muscle mass gains compared to H-RT, but has less effect
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on muscle strength [30]. A study on L-BFR safety was con-
ducted at Seirei Christopher University (Japan), and symp-
toms of subcutaneous bleeding, numbness and dizziness
among subjects were decribed, but no serious abnor-
malities were detected [28]. Despite the favorable effects
of the training on skeletal muscle, there are some serious
concerns about performing L-BFR for treating individuals
with cardiovascular and endocrine diseases [31]. It is rec-
ommended to use L-BFR according to current guidelines
and under regular medical supervision [32, 33].

This method may be quite effective in preventing sarco-
penia among older adults who can only perform low-load
strength training due to health-related reasons.

Low- or moderate-load resistance training without
blood flow restriction (L-ST) is a popular exercise technique.
It is characterized by a relatively slow movement that re-
stricts muscle blood flow and creates a tonic force (3 sec-
onds in a downward or upward movement without relax-
ation or pause). During the training, intramuscular pres-
sure of upper and lower limb muscles increases, inhibiting
both blood flow and outflow from the muscle [34]. A sus-
tained increase in strength at a maximal load of 40-50 %
of 1RM has been proven [35, 36]. Moreover, L-ST (knee ex-
tension, 30 % of 1RM, twice a week for 12 weeks) resulted
in increased quadriceps muscle strength and hypertrophy
among older people, increasing muscle strength and mus-
cle size not only among young but also among older peo-
ple [35]. Also, S. Usui et al. found that L-ST inreased mus-
cular strength and skeletal muscle mass, but had very lit-
tle effect on energy production during dynamic explosive
exercise [371].



Thus, L-ST is an accessible alternative as well as an ef-
fective way for older people to increase muscle size
and strength.

Low-load resistance exercise to volitional fatigue
(L-FAIL) is very similar to L-ST in terms of technique and max-
imum weight capacity. In case of L-FAIL, the training ap-
proach is completed only after the person cannot technically
correctly lift a weight that is 20-30 % of 1RM [38]. This tech-
nique is also called “training to failure”.

Similar to the observations of L-BFR, stimulation of mus-
cle protein synthesis by L-FAIL will occur independently
of exercise, as long as resistance exercise was performed
before volitional fatigue [39]. R. Ogasawara et al. report-
ed in their study that L-FAIL induces muscle gain compara-
ble to that induced by normal H-RT among healthy young
adults [40].

Most studies on L-FAIL involved young and middle-
aged people. Studies involving older people are very lim-
ited. In their study, E. Van Roie et al. conducted training
with older adults and found that L-FAIL (20 % of 1RM,
80-100 repetitions, one set) causes muscle hypertro-
phy comparable to H-RT (80 % of 1RM, 10-15 repeti-
tions, two sets) [41]. A more recent study involving 56 old-
er adults (68.0 £ 5.0 years) assigned to leg press exercis-
es with different loads (80 %, 40 % and 20 % of 1RM) con-
ducted by E. Van Roie et al. proved that muscle volume re-
turns to baseline after 24 weeks of detraining regardless
of the loads in the exercise [42].

No results of studies on the effects of L-ST and L-FAIL
on therisk of falls or osteoarthritis exacerbation among old-
er adults were found. Safety and side effects of these exer-
cise methods are poorly understood.

L-FAIL-based training methods involve a higher num-
ber of repetitions and require a high level of motivation
over a longer period of time than other training programs.

TABLE 2
THE EFFECT OF AEROBIC EXERCISE ON THE ELDERLY

Gender Age Training protocol
e el 6575 2D—a?? (C:Iea’yzoar\?vigék, 8 weeks
Male/female  69.9+5 ordicwalking, 60 min,

twice a week, 12 weeks

AEROBIC TRAINING

Aerobic (cardio) training increases aerobic endurance,
reduces systolic and pulse blood pressure and blood li-
pid levels [43], resulting in increased cardiovascular endur-
ance [44] and is another important form of physical activ-
ity (Table 2).

M.P. Harber et al. found in their study that aerobic train-
ing during 12 weeks of bicycle ergometer induced skeletal
muscle hypertrophy and age-related adaptation of myofi-
bril function among older men (mean age 74.3 years). Post-
exercise aerobic capacity was 13.3 % higher and quadriceps
muscle volume determined by MRI has increased by 6.1 %
(p < 0.05) [45]. Also, at the University of Thessaly (Greece)
Z. Bori et al. concluded that 12 weeks of aerobic exercise
have an effect on the enhancement of mitochondrial bio-
genesis, i.e. the number of mitochondrial copies in skele-
tal muscle cells increases to ensure the production of more
ATP against the background of increased tissue energy de-
mand during exercise among older people [46].

L.F. Ferreira et al. in their study (115 women aged
60 years and older) concluded that aerobic training does
not have any statistically significant effect, unlike weight
training [47]. On the other hand, a study by N.T. Chen
et al. conducted at Taipei Medical University (Taiwan)
proved an increase in muscle mass and a decrease in to-
tal fat mass among patients with sarcopenia aged 65-
75 years after a course of aerobic training, but it was also
confirmed that the effect of the training in the group en-
gaged in a strength protocol was statistically significant-
ly higher [48].

T.Morat et al. studied the effect of Nordic walking on old-
ermen and women. As a result, cholesterol levels decreased
by 12 %, endurance and speed of overcoming distance in-
creased (week 1 - 5.45 km/h, week 12 - 6.51 km/h) [49].

Author,

Result publication year

T muscle size
T endurance
T MB

Harber M.P. et al. (2012)
Bori Z. et al. (2012)

T muscle size

T spinal extensor muscle strength Chen H.T.etal. (2017)

! body fat mass
T pp
= strength

Villareal D.T. et al. (2017)

T endurance

1 body fat mass Morat T. et al. (2017)

Note. T —increase; | — decrease; «=» —no changes; PP — physical performance; MB — mitochondrial biogenesis.



When properly approached, aerobic exercises improve
muscle hypertrophy and strength among older people.

MULTIMODAL TRAINING

Currently, preference is given to complex, multimod-
al (combined) forms of exercise. This is because standard
forms of physical therapy do not meet the criteria for ther-
apeutic exercise for age-related sarcopenia treatment [50].
Multimodal exercise includes a combination of resistance
training, cycling, aerobic training, balance training and oth-
er activities (Table 3). Furthermore, in addition to this effect,
the combination of aerobic and resistance training can also
promote fat mass loss, which is of great importance for sar-
copenic obesity treatment [51].

There is no general opinion yet on the duration and fre-
quency of multimodal exercises for older adults. If LY. Zhu
et al. [52] used protocols of 40-50 minutes 3 times a week,
L.Z.Wang et al. believe that 20 minutes 2 times a week is suf-
ficient to obtain a positive effect [53].

D.T.Villareal et al. compared strength, aerobic and com-
bined training in their study (160 participants, < 65 years)
and concluded that maximal strength increased statisti-
cally significantly in the resistance and combined groups
(19and 18 %, respectively; aerobic — 4 %). The time required
to complete the obstacle course decreased more in the com-

TABLE 3
VARIETIES OF MULTIMODAL SETS OF EXERCISES

Training Duration and frequency
method of training per week
AE +RT 20-50 min, 3-7 times a week, 3-6 months
RT + BCE 50-60 min, twice a week, 12 weeks
Tai chi + PE 20 min, 5 times a week, 8 weeks
HIIT 5-10 min, 3 times a week, 2-4 months

bined group than in the aerobic group (13 and 7 %, respec-
tively). Gait speed increased more in the combined group
(by 14 %) than in the aerobic group (by 9 %) [45].

Y.Q.Zhu et al. in their parallel study [54] used tai chi ex-
ercises and HIIT, proving the benefits of this method for old-
er people with sarcopenia (2.4 £ 0.43 % increase in hand
grip strength, 15.0 + 3.2 % increase in quadriceps muscle
strength). M.Y. Lee et al. reported that 12 weeks of combined
training (resistance training and active recovery) improved
walking and balance skills as well as isokinetic muscle con-
traction [55]. Many experts found important effects of multi-
modal programs on all indicators of sarcopeniaamong old-
er people [56], focusing on sustained increases in muscle
strength and physical performance [57-59].

There are many studies on high levels of performance
following sessions of high-intensity interval training (HIIT),
which provides intense cycles alternating with periods
of low intensity for rehabilitation, providing physiological
effects in less time, in contrast to normal training [60]. Ac-
cording to studies, HIIT showed similar or even higher ef-
fects compared to aerobic exercise in improving muscle
strength, enhancing physical performance and increasing
muscle mass among older adults [61].

The results of studies related to the benefits of HIIT
for patients with sarcopenia are relatively recent. For ex-
ample, at Shiraz University (Iran), Z. Hooshmandi et al. con-
ducted a study on older women with sarcopenia using a HIIT

Author,

Result publication year

T lean body mass Gudlaugsson J. et al. (2013)

1 body mass Jung W.S. et al. (2019)
1 SPPB Zhu LY. etal. (2019)
T SPPB

1 endurance Li et al. (2020)

T sppB
T gait speed
T lean body mass

LiuCK.etal.(2014)

T muscle mass
T gait speed
T strength

Kim H. et al. (2013)

T muscle mass

1 hand grip strength Zhu Y.Q.etal. (2019)

T strength

T endurance Hooshmandi Z. et al. (2021)

Note. T —increase; J. — decrease; AE — aerobic exercise; RT — resistance training; AR — active recovery; FT —flexibility training; BCE — balance and coordination exercises; PE — passive exercises; SPPB — series of physical

performance tests; HIIT — high-intensity interval training.



protocol. The study showed a significant decrease in body
fat percentage, increase in hand grip strength and appen-
dicular skeletal muscle mass (p < 0.001) in the experimen-
tal group compared to the control group [62]. In their pub-
lications, G. Panayiotou et al. reported that after two ses-
sions of HIIT older people can perform various physical
and even high-intensity exercises without prolonged adap-
tation and negative effects on muscle function [63]. The re-
sult is of great importance because these exercises may in-
duce health-promoting effects that can improve quality
of life of older adults.

Therefore, HIIT might become a promising method
in combating age-related loss of muscle mass and function.
However, it is worth noting that the benefit of HIIT for pa-
tients with sarcopenia is not yet fully studied, due to high-
intensity exercises and questionable safety.

Multimodal training is an effective method of treatment
for age-related sarcopenia. It combines different types of ex-
ercises and allows the individual characteristics of a particu-
lar person to be taken into account.

PASSIVE EXERCISES

The use of passive exercise is justified when patients
with sarcopenia are unable to exercise. Whole-body vibra-
tion (WBV) for older adults has been shown to significant-
ly improve various physical indicators including isomet-
ric leg strength, dynamic knee strength, number of repeti-
tionsin a squat and jump height [64]. Improvement in isoki-
netic testing performance among older adults during knee
extension is achieved at an average frequency of 40 Hz
for 360 seconds [65]. In addition, a 12-week course of WBV
for older adults with sarcopenia aged > 65 years (3 times
aweek for 60 seconds, 10 repetitions) can improve skeletal
muscle mass, physical fitness and quality of life [66].

WBV may be a promising treatment to improve muscle
strength, physical performance and skeletal muscle massin-
dexamong older people with sarcopenia [66]. However, af-
ter conducting a meta-analysis (7 studies, 223 participants)
S. Wu et al. (China) believe that long-term course of WBV
is not recommended because side effects such as premature
wear-and-tear degeneration of tissues that form the ver-
tebral articulations may occur, and the fact that the in-
crease in serum testosterone and growth hormone levels
does not have a firm evidence. The authors insist that more
thorough studies with a larger sample size are needed to fur-
ther investigate and confirm the benefits of WBV for older
and senile people [67].

The results of literature reviews can also be contradicto-
ry. For example, L. Vlietstra et al. [68] found that older peo-
ple with sarcopenia can significantly improve muscle mass
with exercise, while W. Bao et al. [69] did not reach this con-
clusion in their study.

Sarcopenia is a disease that affects almost exclusively
the older population and does not discriminate on the basis
of gender, as men and women are equally affected. The ob-
tained data suggest that exercise is significant for treatment
and prevention of sarcopenia, effectively improving mus-
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cle function and physical performance of older adults [4,
14]. It is strongly recommended to exercise in groups, un-
der the constant supervision of a specialist and/or health
care professional. This is especially important during high-
load and high-intensity resistance training and intensity,
due to frequent chronic diseases and comorbid conditions
among older and senile people [13, 70].

CONCLUSION

An increasing number of scientists realize the clini-
cal importance of sarcopenia. Despite impressive advanc-
es in science and technology, effective treatments for sar-
copenia are still unavailable, and the pathophysiological
specificity of age-related loss of muscle mass is still be-
ing studied.

Nowadays, given the results of many studies and the fact
that with proper medical supervision and self-monitoring,
physical activity can be practiced throughout life. Lo/mod-
erate-intensity resistance training and multimodal (com-
plex) training are seen as a particularly effective counter-
measure against sarcopenia.

Based on the results of the studies presented, it is im-
portant to determine the training method that is appro-
priate for the individual and prevent sarcopenia as early
as possible.
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ABSTRACT

Background. The study ofthe association of risk factors and atherosclerotic burden
assessed by coronary angiography is promising in terms of both understanding
the pathogenesis of the disease and predicting its development.

The aim of the study was to investigate the relationship between traditional risk
factors and the severity of coronary atherosclerosis in patients with stable CHD.
Materials and methods. Risk factors were studied in 100 patients who underwent
angiography. Based on the Gensini (GS) score, participants were divided into groups:
patients with moderate lesion of coronary arteries (GS = 8-39), with severe lesion
(GS =40), and control group (GS = 0). To verify the association between the variables,
Pearson’s chi-square test was used. The results were presented as relative risk (RR)
and the confidence interval (95% Cl).

Results. It was found that in patients with GS score less than 40 points, statistically
significant factors were hypertension (RR=2.6;95% ClI: 1.023-10.09; p = 0.018), fam-
ily history (RR=2.94;95% Cl: 1.501-5.762; p < 0.001), depression (RR = 1.81; 95% Cl:
1.202-2.738; p = 0.028), In patients with GS > 40, the most important factors were dia-
betes (RR=1.72;95% Cl: 1.187-2.511; p = 0,017), family history (RR = 2.02; 95% CI:
1.233-3.315;p=10.002), inactivity (RR=1.85;95% Cl: 1.219-2.824; p = 0.005). The GS
scores were significantly higher in smokers compared non-smokers (44.0 vs. 32.0;
p=0.043).

Conclusion. The most significantinfluence on the development of coronary athero-
sclerosis is exerted by a family history and physical inactivity. Arterial hypertension
and depression are associated with moderate coronary artery disease. Severe
atherosclerosis is associated with diabetes mellitus, long smoking history, low levels
of high-density lipoprotein cholesterol.

Key words: coronary heart disease, coronarography, Gensini score, risk factors
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PE3IOME

O6ocHoBaHue. VI3yyeHue 83auMOC8A3U (haKMOpPO8 pUCKA CO CmeneHbio nopa-
JKeHUs KOpOHAPHO20 pycsid N0 OAHHbIM WKAsbl Gensini Aengemcs ewjé 0OHUM
Nnooxo00M 8 NOHUMAHUU KK NamozeHe3d amepocK/1epo3d KOPpOHApHbIX apmepudi
(KA), mak u npoeHo3uposaHus 3a60/1e8aHUA.

Leno uccnedoeanus. [poaHanusuposamso cesdb (hakmopos puckac maxecmsoto
nopaxeHus KA y 6onbHeix UBC u onpedenume gedywjue pakmopel, 8ausgoujue
Ha 8blpaxeHHOCMb amepockieposa. Mamepuasivl u Memoobl. MI3y4eHsi pakmopel
puckay 100 6071bHbIX, KOMOpbIM 6bl1d 8bINOSTHEHA NJIAHOBAA KOPOHAPOAH2U0Pa-
¢us. KonuyecmeeHHAs oyeHKAa amepocksiepo3a nposedeHd ¢ UCNosb308dHUEM
wkasnel Gensini (GS). O6cnedyemoie paszdeneHsl Ha 2pynnsl no meouaHe GS = 40
6annos: ymepeHHo20 nopaxeHus KA (GS = 8-39), maxénozo nopaxeHus (GS > 40),
UHMakmele cocyoel (GS = 0, n = 30). CpasHeHue Ka4ecmeaeHHbIX NPU3HAKO8 NPO-
800UsI0Cb € NOMOWbIO Kpumepus X [upcoHa. [ns oyeHKU 81UaHUS pakmopos
Ha UHOUBUOYA/IbHBIU PUCK pACCHUMbIBAIUCL NOKA3AMEb OMHOCUMesIbHO20
pucka (OP) u 95%-( 0osepumenbHbili uHmMepaasn (95% AN).

Pe3synemamel. YcmaHossieHo, ymo y nuy, ¢ GS meHee 40 6asinos cmamucmu-
YecKU 3HAYUMbIMU hakmopamu 6wbliau apmepudbHasa 2unepmensus (OP = 2,6;
95% [N: 1,023-10,09; p = 0,018), cemeliHblti aHamHe3 (OP = 2,94; 95% [N: 1,501-
5,762; p < 0,001), 0enpeccusa (OP =1,81;95% [lN: 1,202-2,738; p = 0,028), a y nayu-
eHmos ¢ GS 6onee 40 6annos - caxapHwiti ouabem (OP=1,72;95%/U:1,187-2,511;
p = 0,017), cemeliHbiti aHamHe3 (OP = 2,02; 95% [N: 1,233-3,315; p = 0,002),
2unoduHamus (OP = 1,85; 95% [N: 1,219-2,824; p = 0,005). [Tokazamenu GS 6bisu
sbllle y JIUl, UMeswWUX 0/lumesibHbIl CMax KypeHus, No CPABHeHUI0 C HUK020a
He Kypuswiumu (Me 44,0 npomus 32,0; p = 0,043).

3aknioyeHue. Haubonee 3Ha4umoe 8/1USHUE HA pd3sumue KOPOHAPHO20 ame-
pOCK/1ep03a oKasbiearom cemeliHbili dHAMHe3 U 2unoouHAmus. ApmepuanbHas
2unepmeH3us u denpeccus 83aUMOC8A3dHbI C yMepeHHbIM NopaxxeHUemM KOpoHap-
Hblx apmeputl. C msaxénbiM amepocK/1epo30M dcCOUUUPOBAHbI CaxapHsili duabem,
0/1uMesibHbIU CMAX KypeHUs, NOHUXXeHHbIU ypOo8eHb XoiecmepuHa iunonpomeu-
008 8bICOKOU NJTOMHOCMU.

Knioyeenle cnoea: uwemudeckas 60s1e3Hb cepoud, KOpoHapodaHauozpagus,
wkana Gensini, pakmopel pucka

OnauntnposBanna: Atamacb O.B., AHTOHIOK M.B. ®akTopbl prcKa 1 cTeneHb NopakeHns
KOPOHApPHbIX apTepurin Yy 6OJbHBIX C MleMUyeckoin 6onesHblo cepaua. Acta biomedica
scientifica. 2023; 8(2): 93-102. doi: 10.29413/ABS.2023-8.2.9

94



INTRODUCTION

Cardiovascular diseases (CVDs) are the leading cause
of death worldwide, the most common of which is coro-
nary heart disease (CHD). As reported by the World Health
Organization (WHO), mortality from CHD has increased
4-fold since 2000, reaching 8.9 million cases in 2019. [1].
In Russia, mortality from CVDs keeps its leading position
despite improvements in therapeutic and surgical treat-
ment.

The morphologic basis of CHD is atherosclerotic nar-
rowing of the coronary arteries (CA). Stenosis degree, lo-
calization, extent of atherosclerotic plaque and the num-
ber of affected arteries influence the severity of angi-
na pectoris. Nevertheless, according to the literature,
no significant CA lesions were found in 20 % of patients
with typical angina, indicating a microvascular form
of angina [2].

In order to prevent the development and progres-
sion of CHD, risk factors (RF) continue to be actively stud-
ied. Lifestyle, environmental exposures and genetic fac-
tors are known to influence the onset and development
of CHD. The association of such factors as smoking, ar-
terial hypertension (AH), diabetes mellitus (DM), obesity
and hypercholesterolemia with the development of CHD
was established as early as the 1960s in the Framingham
Heart Study. Currently, there are more than 200 cardi-
ovascular RFs, among which modifiable and non-mod-
ifiable RFs are distinguished. The main modifiable fac-
tors are dyslipidemia, smoking, AH, obesity, psychosocial
stress and DM. Non-modifiable factors include male gen-
der, age, and family history of CVD. High prevalence of RFs
is registered in Russia, and often one person has several
of them, with varying degrees of severity. According to na-
tional studies, the incidence of AH in working-age people
is 47.3 %, obesity — 26.9 % [3]. Smoking, despite decreasing
rates in recent decades, remains at a high level and is, ac-
cording to some data, 39 % in men and 13.6 % in wom-
en [4]. Low physical activity leading to increased CVDs
is found in 38.8 % of the population [5]. Such RF as dys-
lipidemia occurs in half of the population [6], DM in 5.4 %,
and carbohydrate tolerance disorders in 19.3 % of the pop-
ulation [7]. In recent decades, the psychological status in-
fluence problem on the course of CVD has attracted much
attention. A significant number of patients with CHD have
symptoms of anxiety and depression, which negatively
affects the course and prognosis of the disease. Accord-
ing to the Russian KOMETA (Comet) study, in patients
with CHD and/or AH, clinically significant anxiety is di-
agnosed in 25.5 %, pronounced depressive symptoms —
in 16.3 % [8]. At the same time, there are studies in the lit-
erature that indicate that 20 % of cardiovascular events
occur in the absence of traditional RFs [9].

Despite widespread preventive work among the popu-
lation and the use of drug therapy, including statins, in pa-
tients with CHD, morbidity and mortality from CVD remain
atahighlevel. In this regard, the study of independent pre-
dictors of obstructive lesion development in epicardial ar-
teries remains relevant [10, 11].
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THE AIM OF THE STUDY

To analyze the relationship between cardiovascular risk
factors and obstructive coronary artery disease in CHD pa-
tients and to determine the leading factors affecting the se-
verity of coronary atherosclerosis.

MATERIALS AND METHODS

The study was performed at the Medical Center
of the Far Eastern Federal University (Vladivostok) in the
design of a prospective comparative study in the period
from January to November 2021. The study included 100 pa-
tients with CHD who underwent routine coronary angiog-
raphy (CAG) to confirm the diagnosis and decide on surgi-
cal methods of myocardial revascularization. The study pop-
ulation included 61 males and 39 females and the mean
age was 60.88 + 7.59 years. According to the CAG results,
the main group consisted of 70 patients with CA lesions,
the comparison group — 30 patients without atherosclerotic
vascular changes. The main and control groups did not dif-
ferin age and gender.

Inclusion criteria: patients diagnosed with stable CHD,
with indications for diagnostic CAG, who signed informed
consent.

Patients with acute coronary syndrome in the last
6 months, severe valvular heart disease, patients with chron-
ic heart failure, low left ventricular ejection fraction accord-
ing to echocardiography (< 35 % as per Simpson), with signs
of severe hepatic and renal failure, oncological and inflam-
matory diseases were not included in the study.

All patients underwent clinical, laboratory and in-
strumental examinations in accordance with the stand-
ards of CHD diagnostics [12]. Cardiovascular risks were as-
sessed according to the criteria of the national recommen-
dations of the Society of Cardiology of Russian Federation
[13]. The following factors were taken into account: gender,
age, obesity (BMI > 30 kg/m?), family history of CVD (myo-
cardial infarction or unstable anginain men aged < 55 years,
in women < 60 years), smoking, presence of arterial hyper-
tension (blood pressure > 140/90 mm Hg or constant in-
take of antihypertensives), diabetes mellitus (fasting glu-
cose > 6.1 and 7.0 mmol/l in capillary and venous blood,
respectively), physical activity < 3.5 hours/week, psycho-
social factors (anxiety-depressive symptoms), hypercho-
lesterolemia (total cholesterol (TC) > 5 mmol/I or taking
statins). The Hospital Anxiety and Depression Scale (HADS)
questionnaire was used to identify anxiety and depressive
symptomatology. The degree of symptom severity was ex-
pressed in scores: a total score within 8-10 points indicated
subclinical anxiety/depression, more than 10 points - clini-
cally pronounced anxiety/depression.

Coronary angiographic study was performed using ra-
dial access according to the Judkins technique and a Philips
Allura Xper FD 20 machine (Philips Healthcare, USA). An-
giograms were analyzed by two independent physician (X-
ray surgeons) visually and automatically using Xcelera soft-
ware (Philips Healthcare, USA). Hemodynamically signifi-



cant stenoses were considered to be narrowing of > 50 %
of the lumen diameter of the basilar arteries and/or the left
main artery.

The Gensini score (GS) was used to quantify coronary
atherosclerosis. The GS score was calculated according
to the degree and localization of stenosis. Vessel diameter
stenosis of 25 %, 50 %, 75 %, 90 %, 99 %, and complete oc-
clusion were graded as 1, 2, 4, 8, 16, and 32 points, respec-
tively. Further, the scores were multiplied by a coefficient
calculated depending on the stenosis localization: the left
main artery — 5; proximal segment of the left anterior de-
scending artery (LAD) and proximal segment of the circum-
flex artery (Cx) - 2.5; middle segment of the left anterior de-
scending artery — 1.5; right coronary artery, distal segment
of the left anterior descending artery, posterior descending
artery (PDA) and obtuse marginal artery — 1.0; other seg-
ments - 0.5. The GS index was calculated as the sum of sever-
ity productions of each stenosis expressed in points multi-
plied by the coefficient calculated for each CA segment [14].

Laboratory studies included determination of lipid spec-
trum parameters and glucose level in blood serum using
Randox enzyme kits (Ireland) and Sapphire-500 biochem-
ical analyzer.

The study was conducted in accordance with the re-
quirements of the WMA Declaration of Helsinki (revi-
sion 2013), approved by the local ethical committee (min-
utes No. 10 of 28.12.2020). All subjects signed a voluntary
informed consent.

Statistical processing of materials was performed us-
ing IBM SPSS Statistics 26.0 software (StatSoft Inc., USA).
Quantitative variables are presented in the text as: M £ o,
where M is the mean, o is the standard deviation (in case
of normal data distribution), and Me (Q1; Q3), where Me
is the median, Q1 is the lower quartile, Q3 is the upper
quartile (in case of non-normal distribution). Normality
of distribution of quantitative signs was assessed using
Kolmogorov — Smirnov, Shapiro — Wilk tests and graph-
ical representation of histograms. Nominal (qualitative)
values are given in absolute numbers (n) and percentag-

TABLE 1

es (%). The Kruskal — Wallis test was used for comparison
of three independent samples of quantitative indicators,
and the Bonferroni-corrected Mann - Whitney test was
used for pairwise post hoc groups comparisons. Differenc-
es between the qualitative attributes of the two groups
were determined using Pearson’s chi-square test (x?). As-
sessment of the studied factors influence on the individ-
ual risk of coronary lesions was calculated as relative risk
score (RR) and 95 % confidence interval (95% Cl). Informa-
tive features with a Cl value greater than 1.0 were consid-
ered to be the most statistically significant factors. Differ-
ences were considered statistically significant at p < 0.05.

RESULTS

In the study cohort, coronary atherosclerosis was as-
sessed using the GS score and the number of affected ves-
sels was considered. Hemodynamically significant sten-
oses were diagnosed in 70 patients. The nature of CA le-
sions in the subjects is shown in Table 1.

The lesion in one artery system was detected
in 23 (32.9 %) patients, two arteries —in 21 (30.0 %) and three
arteries —in 26 (37.1 %) patients. The GS index ranged from
8 to 160 points, the median was 40.0 (20.0; 62.5) points,
the value obtained was taken as a cut-off point to divide
patients into moderate and severe coronary atherosclerosis
groups. According to the obtained angiographic data, three
study groups were formed: Group 1 (comparison group) —
GS = 0 points (n = 30), Group 2 (group of moderate CA le-
sions) — GS = 8-39 points (n = 33), group 3 (group of severe
CA changes) — GS = 40 points (n = 37).

The moderate CA lesion group (GS = 8-39) was main-
ly represented by patients with single- and double-vessel
changes, having stenoses of 50-90 %. The group with se-
vere lesions (GS > 40) included patients with two- and three-
vessel lesions, with > 91 % stenoses.

The incidence of cardiovascular factors in the subjects
is presented in Table 2. Comparative analysis showed a high

CORRELATION BETWEEN THE DEGREE OF CORONARY ARTERY STENOSIS, THE SEVERITY OF CORONARY
ATHEROSCLEROSIS ACCORDING TO THE GENSINI SCORE, AND THE NUMBER OF AFFECTED ARTERIES

Gensini index, Me (Q1; Q3)

Coronary artery
stenosis degree,
%

40.0 (20.0; 62.5)

16.0 (12.0; 24.0)

35.5(24.5; 42.5) 63.0 (47.5; 84.5)

Main cohort Single-vessel disease Double vessel disease Three-vessel disease
(n=70) (n=23) (n=21) (n=26)
50-75 1(1.4 %) 1(4.3 %) - -
76-90 51 (74.3 %) 21(91.3 %) 14 (66.7 %) 16 (61.5 %)
>91 18 (24.3 %) 1(4.3 %) 7 (33.3 %) 10 (38.5 %)
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TABLE 2

THE PREVALENCE OF RISK FACTORS IN PATIENTS WITH CORONARY ARTERY DISEASE DEPENDING ON
THE SEVERITY OF CORONARY ARTERIES LESION

Risk factors

Male gender, n (%)

Age, Mo

Obesity, n (%)

Family history of CVD, n (%)

Smoking, n (%)

Previously smoking, n (%)

Low physical activity, n (%)

AH, n (%)

DM, n (%)

Anxiety, n (%)

Depression, n (%)

RF number, Me (Q1; Q3)

Group 1: GS=0

(n=30)

18 (60 %)

60.5+9.78

9 (30.0 %)

9 (30 %)

6 (20.0 %)

8(26.7 %)

6 (20 %)

20 (66.7 %)

3 (10 %)

6 (20 %)

2 (6.7 %)

4.0 (3.0; 4.25)

GS index, points

Group 2: GS = 8-39

(n=33)

18 (54.5 %)

61.48 +5.63

11(33.3 %)

25 (75.8 %)

8(24.2 %)

7(21.2 %)

15 (45.9 %)

30(90.9 %)

5(15.2 %)

8 (24.2 %)

9(27.3 %)

6.0 (5.0; 6.5)

Group 3: GS = 40

(n=37)

26 (70.3 %)

60.32+7.78

15 (40.5 %)

25 (67.6 %)

6(16.2 %)

18 (48.6 %)

20 (54.1 %)

32(86.5 %)

13 (35.1 %)

9 (24.3 %)

5(13.5 %)

6.0 (4.5;7.0)

Statistical
significance level, p

p,_,=0.490
p, ,=0.945
p, ,=0.177

p,_,=0.490
p, ,=0.945
p, ;=0319

p,,=0.111
p,_;=0.371
p,;=0.536

pP,.,<0.001
p,_3=0.003
p, 5=0.452

p,_,=0.796
p,_5= 0690
p, ,=0.405

p, ,=0615
p, 5= 0.068
P, = 0.022

p,_,=0.026
P,_;=0.005
p, ,=0.474

p,,=0.018
p,_3=0.055
p,;=0.564

p,_,=0.543
p,3=0.017
p, ;=0.058

p,_,=0.688
p, ,=0675
p, 5= 0.994

p,,=0.028
p, 5= 0366
p, ,=0.153

P,_,<0.001
P,_;<0.001
p, ,=0.772

Note. Statistical significance of differences between groups was performed by Mann — Whitney and Pearson’s chi-square test (x3); p,_,, P;_y P,._y statistical significance of differences between groups.
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prevalence of factors in patients with obstructive vascular le-
sions. In Group 2 (GS = 8-39), the occurrence of CVD family
history was 2.5 times (p < 0.001), hypodynamia - 1.5 times
(p=0.026), AH-1.4times (p =0.018), and depressive disor-
ders - 4.1 times (p = 0.028) higher than in the experimental
(comparison) group. In Group 3 (GS > 40), there was a 2.25-
fold (p = 0.003) increase in the prevalence of family history,
2.7-fold (p = 0.005) increase in hypodynamia, and 3.5-fold
(p=0.017) increase in DM relative to the comparison group.
The number of RFs per patient in the groups with CA lesions
(Groups 2 and 3) was 1.5 times higher than in the experi-
mental group (p < 0.001).

RF analysis of Groups 2 and 3 revealed statistical dif-
ferences in the number of patients who quit smoking.
Thus, the group with a GS score of > 40 had 2.3 times
more individuals who quit smoking relative to the group
with GS =8-39 points (p = 0.022). In addition, patients with
a history of smoking had statistically significantly higher GS
index scores than never smokers (median GS score — 44.0
vs. 32.0; p = 0.043).

In the study, there were no statistically significant dif-
ferences between groups in the prevalence of a factor
such as obesity. Nevertheless, the incidence of this factor
was high, in the groups with CA lesions (Groups 2 and 3)

TABLE 3

it was 33.3 % and 40.5 %, respectively, and in the compari-
son group it was 30 %.

Evaluation of blood biochemical parameters in the sub-
jects revealed differences in blood glucose and high-densi-
ty lipoprotein (HDL) cholesterol levels. Glucose levels were
higher in Group 3 relative to the comparison group (p < 0.001)
and Group 2 (p=0.008). HDL cholesterol values were statisti-
cally significantly lower in Group 3 than in Group 2 (p =0.025)
and the comparison group (p = 0.003). Lipid profile and car-
bohydrate metabolism data of patients are given in Table 3.

To identify the most statistically significant factors
in CHD patients influencing the development of coronary
atherosclerosis, the relative risk (RR) was calculated. Table 4
shows only the RRs with lower and upper confidence inter-
val values greater than 1.

In patients with CHD the risk of moderate atheroscle-
rosis increases 2.9 times in the presence of family history
of CVD, 2.6 times in the presence of AH, 1.7 times in the pres-
ence of low physical activity, 1.8 times in the presence
of depression in relation to individuals without these fac-
tors. In addition to family history and hypodynamia, DM in-
creases the risk of severe CA lesions by 1.7 times. In addition,
the combination of > 5 RFs in one patient indicates a high
probability of obstructive coronary lesions.

LIPID PROFILE AND BLOOD GLUCOSE LEVEL IN PATIENTS WITH CORONARY ARTERY DISEASE DEPENDING ON CORONARY

ARTERIES LESION, ME (Q1; Q3)

GS index, points

Blood values

Group 1: GS=0
(n=30)
Glucose, mmol/L 5.2(4.9;5.8)
TC, mmol/L 49 (44;5.72)
TG, mmol/L 1.35(1.05; 2.43)

HDL cholesterol, mmol/L 1.26 (1.11; 1.53)

LDL cholesterol, mmol/L

2.9(2.26;3.57)

The Atherogenic Index (Al), c.u. 3.90(3.4;,4.72)

Group 2: GS =8-39

5.9 (5.25; 6.65)

4.59 (3.77;5.07)

1.3 (0.94; 1.85)

1.36 (1.02; 1.46)

2.64(2.12;3.1)

3.59(2.77;4.07)

Statistical
significance level, p
Group 3: GS = 40

(n=33) (n=37)

p,,=0.018
P,_5 <0.001
P, ,=0.008

6.7 (5.65;9.05)

p, ,=0.205
p, 5 =0.064
p, ,=0.533

4.23 (3.47;5.27)

p, ,=0.397
p, ,=0.228
p, ,=0.737

1.26 (0.89; 1.87)

p,_,=0.804
p,_=0.003
P, ;=0.025

1.09 (1.0; 1.25)

p, ,=0.259
p, 5=0.177
p, 5=0.707

2.58(1.93;3.28)

p,,=0.173
p,3=0.034
p, 3=0437

3.23(2.47;4.19)



TABLE 4

INFLUENCE OF RISK FACTORS ON VARYING DEGREES OF CORONARY ARTERY DISEASE

Risk factors GS index, points Statistical significance level, p RR 95% Cl

8-39 < 0.001 2.94 1.501-5.762
Family history of CVD

>40 0.002 2.02 1.233-3.315

8-39 0.026 1.72 1.095-2.711
Low physical activity

> 40 0.005 1.85 1.219-2.824
Arterial hypertension 8-39 0.018 2.6 1.023-10.09
Depression 8-39 0.028 1.81 1.202-2.738
Diabetes mellitus =40 0.017 1.72 1.187-2.511

8-39 < 0.001 3.28 1.50-7.14
Number of risk factors

>40 < 0.001 347 1.55-7.78

Note. Only statistically significant associations between factors and outcome are presented (confidence interval of at least 1).

DISCUSSION

To study the relationship between CVD factors
and the severity of coronary atherosclerosis lesions, CAG
data were analyzed using GS score and determination of cut-
off point by the median of the study sample, which allows
more accurately distinguishing patients with different de-
grees of coronary lesions. This approach of dividing groups
by median is widely used in clinical trials [15].

According to the data obtained, independent predic-
tors of hemodynamically significant CA stenoses were de-
termined in CHD patients. One of the main factors is fam-
ily history of CVD, which increases the probability of cor-
onary atherosclerosis in CHD patients more than 2 times.
According to various sources, the contribution of genetic
factor to the development of CVD is from 30 to 80 % [16].
However, its role is not fully clear. A number of research-
ers have pointed out the need to use genetic risk scales
to predict the development of CHD. Researchers’ opinions
on this issue are contradictory. For example, it is known
that in individuals with increased genetic risk of CVD de-
velopment prophylactic correction of traditional modifia-
ble RFs (smoking, AH, dyslipidemia) reduces the total risk
of CHD. The study of hereditary factors is of practical inter-
est in terms of individualized prevention.
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One of the most common risk factors in the world is AH,
which is associated with a high risk of cardiovascular compli-
cations: myocardial infarction and cerebral stroke. Accord-
ing to the study, it was found that patients with AH have
a 2.5-fold increased risk of developing CA lesions. Persis-
tently elevated BP is known to contribute to the develop-
ment of atherosclerosis through autonomic dysregulation
of vascular endothelial function. The presence of common
pathogenetic mechanisms has a mutual influence and leads
to the progression of CHD and the development of cardi-
ovascular complications. For instance, myocardial hyper-
trophy and elevated BP cause coronary insufficiency even
in moderate atherosclerotic lesions of CA.

The study found that individuals with low physical ac-
tivity have more than a 1.5-fold increased risk of developing
CHD. In modern living conditions, physical activity is drasti-
cally reduced, especially in the developed countries. Hypo-
dynamia is associated with obesity, impaired carbohydrate
and lipid metabolism. The issue of considering the inclu-
sion of low physical activity as a significant RF in prognos-
tic scores for risk stratification is relevant.

Among the investigated factors with moderate ather-
osclerotic lesions of CA, statistically and clinically signifi-
cant were found to be an aggravated family history of CVD,
AH and hypodynamia. DM and hyperglycemia are asso-



ciated with severe coronary lesions. As is known, against
the background of chronic hyperglycemia there is a vio-
lation of oxidation process in cells, accumulation of free
radicals leading to endothelial dysfunction, which leads
to a more severe course of CHD. Numerous studies sup-
port the association between chronic hyperglycemia
and the development of adverse cardiovascular outcomes.
According to the results of this study, patients with DM
are 1.7 times more likely to develop severe vascular dam-
age to the heart.

Smoking is one of the key RFs influencing the devel-
opment of multivessel coronary artery disease. Nicotine
is known to negatively affect the sympathoadrenal sys-
tem, increases platelet aggregation, and raises blood lipids.
Smoking cessation is the most effective secondary preven-
tion intervention that leads to reduced risk of CVD progres-
sion and mortality. According to M.S. Duncan et al., 5 years
after quitting smoking, the risk is significantly reduced com-
pared to those who continue to smoke, but approaches the
level of never smokers only after 10-15 years. [17]. Accord-
ing to the results of this study, the GS index scores of past
smokers were statistically significantly higher than those
of never smokers. Despite smoking cessation, a long histo-
ry of the habit was associated with multivessel severe arte-
rial heart disease.

Dyslipidemia plays a key role in CA atherosclero-
sis development. When analyzing the blood lipid spec-
trum in the study in patients with severe CA lesions, HDL
cholesterol indices were statistically significantly lower
than in the group with moderate lesions. Low HDL lev-
els are known to contribute to accelerated development
of atherosclerosis and are associated with high cardiovas-
cular risk. Their favorable role in protecting the endotheli-
um from damage has been shown. However, the influence
of such factors as smoking, AH, DM, age, and hypercholes-
terolemia leads to reduction of their protective properties
[18]. The further investigation of factors leading to HDL bi-
ological function changes shall help in the field of prognos-
tic evaluation of cardiovascular risks.

Ahigh prevalence of anxiety-depressive symptomatolo-
gy in CHD patients was determined. However, only depres-
sion has an impact on the development of moderate sever-
ity coronary atherosclerosis. In this study, depressive dis-
orders were more common in women over 65 years of age
and were associated with low physical activity and obesi-
ty. The results can be compared with the Russian KOMETA
(Comet) study data, in which a high prevalence of depres-
sion, mostly in women, has been shown. Unfavorable psy-
chological background was associated with such RF as hy-
podynamia and higher BMI values.

One important finding of the study is the associa-
tion between the presence of coronary atherosclerosis
and the number of combined RFs. The presence of five
or more RFs in one patient has the greatest impact on coro-
nary lesions. RF combination should be considered as a cu-
mulative effect that has an unfavorable impact on the CHD
course and prognosis. Various scores for calculation total risk
are used nowadays, with different prognostic value for risk
stratification in patients with CHD.
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CONCLUSION

Thus, the cardiovascular risk factors analysis in CHD
patients showed that family history of CVD and low physi-
cal activity are independent predictors of obstructive cor-
onary atherosclerosis development. AH and depression
are correlated with moderate coronary lesions. The main
factors that have the strongest influence on the develop-
ment of diffuse severe coronary atherosclerosis are DM,
hyperglycemia, a long history of smoking, and a reduced
HDL cholesterol level. The cumulative effect of sever-
al cardiovascular risk factors increases 3-fold the likeli-
hood of developing obstructive coronary atherosclero-
sis. The obtained data indicate that the risk of CHD should
be reduced both with the use of drug therapy and preven-
tive measures taking into account cardiovascular and psy-
chosocial factors.
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ABSTRACT

Perioperative ischemic stroke is a potentially fatal complication that greatly increases
the risk of poor outcome in surgical patients. Despite the relatively low prevalence
among patients undergoing non-cardiosurgical and non-neurosurgical interven-
tions (about 0.1-1.0 %), the total number of annually developing perioperative
ischemic strokes in patients of this profile is high due to the large number of opera-
tions performed in the world. Since the publication in 2014 of the last fundamental
work on the prevention of perioperative stroke, approaches to primary and sec-
ondary prevention, diagnosis, conservative and reperfusion treatment of ischemic
stroke have been seriously modified. The numerous changes that have taken place
have created the prerequisites for revising existing approaches to providing care
for perioperative ischemic stroke. In 2021, updated documents of foreign researchers/
associations on the problem of perioperative ischemic stroke in non-cardiac and non-
neurosurgical patients were published. This review, which consists of two parts,
presents current data that summarizes the most relevant information on this topic.
The first part of the review outlines the general provisions on perioperative ischemic
stroke (definition, risk factors, pathogenesis, predictive models), strategies for pre-
and intraoperative prevention.

Key words: perioperative stroke, non-cardiac and non-neurological surgery, perio-
perative complications, preoperative preparation, asymptomatic cerebral infarcts,
intraoperative prevention
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PE3IOME

[MepuonepayuoHHsIl uwemuyeckuli UHCY/IbMm A8/19emca NOMeHYUaabHO cMep-
MmeJsibHbIM OC/TOXHEeHUEM, MHO2OKPAMHO y8enuqusarujum puck Hebaazonpu-
AMHO020 UCX00d y hayueHMos Xupypauyeckozo npoguns. Hecmomps Ha omHo-
CUMesIbHo HU3KYI0 pacnpoCcmpaHéHHOCMb cpedu NayueHmos, N008ep2arujuxcs
Hekapouoxupypeuyeckum u HeHelipoxupypauyeckum eMewamesibCmaam (OKos10
0,71-1,0 %), obujee YUC/IO exe200HO pa38UBAIOUUXCA NEpUONEePAaYUOHHbIX Ulle-
MUYecKUX UHCY/Ibmo8 y NayueHmo8 0aHHO20 NPOGUJIA A8/19eMCs 8bICOKUM 88UQY
60716020 HUC/IA 8bINOJTHAEMbIX 8 MUpe onepayuli. C MoMmeHmMa ony6uKkosaHus
82014 2. nocnedHel pyHOameHmaneHol pabomsl Ha memMy NPOGUIAKMUKU nepu-
0NnepayuoHHO20 UHCY/IbMa N0OX00bl K Nep8UYHOU U 8MOpUYHOU NPOGUIAKMUKE,
O0udzHOCMUKe, KOHCepP8AaMUBHOMY U penepgy3UOHHOMY JIeYeHUIO UWEMUYECKO20
UHCY1bma 6blu cepbé3Ho Moouguyupo8aHsl. [lpousowedwiue MHO204HUC/IeHHble
u3sMeHeHUs €030a/1u NPednoCbIZIKU K hepecMompy cyuecmasyoujux nooxo0o8
K OKA3dHuro NOMowu npu nepuonepayuoHHOM UteMuyeckom uHcysibme. B2021 a.
8 c8eM 8bllLIU 0OHOB/IEHHbIE DOKYMEHMbI 3apybexxHbix ucciiedosamerseli/accoyu-
ayud, noceawéHHble npobrieme nepuonepayuoOHHO20 UEMUYECKO20 UHCY1bma
y NayueHmos Hekapouoxupypau4yeckozo u HeHelpoxupypaudecko2o npoguis.
BHacmosawem o63ope, cocmoswem u3 08yx 4acmeu, npedcmassieHvl Co8peMeHHble
0aHHble, 0bobwarouue Haubosee akmyasabHyo UHPOPMAyuo no 0aHHoU meme.
B nepeoli yacmu o0630pa u3nioxeHsl obwUe NOI0XKeHUs 0 nepuonNepayuoHHOM
uwemMu4yeckom UHcysbme (onpedesieHue, hakmopsl puckd, NnamozeHes, Mooesu
Npo2HO3UPOBAHUSA), CMpamezuu peod- U UHMpPAonepayuoHHoU NPoguUIAaKMuUKuU.

Knroueesbie cnoea: nepuonepdayuoHHbil UHCY1bm, HeKapouoxupypauyeckoe
U HeHelipoxupypauyeckoe onepamugHoe 8MewamesibCmeo, nepuonepayuoHHble
OCJI0XKHEeHUS, hpedonepayUuoHHAs no020MmoeKd, dCUMNMOMHbIU yepebpasbHbil
UHGApKmM, UHMpaonepayuoHHaAs nNpopuIakmuka
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INTRODUCTION

Perioperative ischemic stroke (PS) is a potential-
ly fatal complication in patients undergoing any surgi-
cal intervention, multiplying the risk of unfavorable out-
come many times over. For example, after non-cardiac
and non-neurosurgical surgery, the 30-day risk of mortal-
ity increases 8-10-fold with absolute mortality rates of 21
to 26 % [1-3]. Despite the fact that historically the prob-
lem of PS became the most obvious in cardiovascular sur-
gery due to the relatively high prevalence of this com-
plication in cardiac surgery patients (2-10 % depend-
ing on the type of surgery [4]), at present the task of PS
prevention and treatment is extremely relevant for pa-
tients of any surgical profile. Although the proportion
of PSs in patients undergoing non-cardiac and non-neu-
rological interventions is relatively low (0.1 % to 1.0 %
depending on the type of surgery; see Table 1), the to-
tal number of PSs developing annually in this category
of patients is high due to the large number of operations
performed worldwide and represents a significant pub-
lic health burden. More than 250 million surgical proce-
dures are performed annually worldwide [3]; major sur-
geries are performed annually in 4 % of the world’s to-
tal population [5]. Given a total European population
of more than 500 million, the annual number of ma-
jor interventions is estimated at 19 million, with 5.7 mil-
lion surgeries (30 %) performed in patients at increased
risk of cardiac complications. In the United States, more
than 5 million patients over 45 years of age undergo
non-cardiac surgery each year, with an estimated num-
ber of PSs of more than 25,000 cases per year [3]. In Rus-
sia, there has also been a steady increase in the num-
ber of surgeries performed annually over the last few
years: in 2005 - 8,735 thousand, in 2010 - 9,277 thou-
sand, in 2015 -9,882 thousand, in 2016 — 9,974 thousand,
in 2017 = 9,943 thousand, in 2018 — 10,020 thousand [6];
and the estimated number of PSs in Russia may be as high
as 15,000-20,000 per year. PSsincrease the length of stay
and the probability of discharge to a long-term care fa-
cility [2, 7, 8].

PS prognosis, prevention, and treatment are currently
receiving considerable attention. The greatest focus has tra-
ditionally been on investigating the issues and reducing
the risks of PS in cardiac surgical patients. As of publishing
the article, the main document on PS prevention among pa-
tients in this category is Scientific Statement from the Amer-
ican Heart Association 2020: Considerations for Reduction
of Risk of Perioperative Stroke in Adult Patients Undergo-
ing Cardiac and Thoracic Aortic Operations [9]. The ba-
sic document covering the problem of PS in non-cardiac
and non-neurological patients for a long time was Periop-
erative Care of Patients at High Risk for Stroke during or af-
ter Non-Cardiac, Non-Neurologic Surgery: Consensus State-
ment from the Society for Neuroscience in Anesthesiology
and Critical Care edited by G.A. Mashour et al.[10]. In 2021,
anew American Heart Association/American Stroke Associ-
ation (AHA/ASA) scientific statement, «Perioperative Neu-
rological Evaluation and Management to Lower the Risk

of Acute Stroke in Patients Undergoing Noncardiac, Non-
neurological Surgery» was published summarizing current
thinking about the problem of PS in patients after non-car-
diac and non-neurological surgeries. Furthermore, new
AHA/ASA Guidelines for the Secondary Prevention of Is-
chemic Stroke and Transient Ischemic Attack [11] were
published in 2021, complementing the AHA/ASA Scientific
Statement 2021 in terms of PS prevention issues. The mul-
ti-part review presents data summarizing information from
these two documents. The first part of the review outlines
the general background of PS (definition, risk factors, patho-
genesis, prediction models, preoperative and intraopera-
tive prevention strategies). The following parts of the re-
view will outline the current principles of antithrombotic
therapy in the perioperative period, diagnosis and treat-
ment of PS.

Definition and risks of perioperative ischem-
ic stroke. Perioperative stroke can be defined as any
embolic, thrombotic, or hemorrhagic cerebrovascular
event with motor, sensory, or cognitive dysfunction last-
ing at least 24 hours, occurring during surgery or with-
in 30 days of surgery. As with non-perioperative cerebro-
vascular events, most PSs are ischemic rather than hem-
orrhagic. The incidence of PS in patients undergoing non-
cardiac, non-neurosurgical surgeries ranges from 0.1 %
to 1.0 %, according to the following retrospective stud-
ies [10] (Table 1).

Using the US National (Nationwide) Inpatient Sam-
ple (NIS) from 2004 to 2013, N.R. Smilowitz et al. reported
that despite an overall decrease in the composite of ma-
jor adverse cardiovascular and cerebrovascular events
in non-cardiac surgery, the incidence of PS increased dur-
ing this period from 0.52 % in 2004 to 0.77 % in 2013.
Atrend toward increased PS risk was evident for both men
and women and among different races and ethnic groups.
Of note, all of these studies did not independently clinical-
ly evaluate patients with PS, nor did they always use mag-
netic resonance imaging (MRI) to accurately temporally
assess the ischemic event, so the true number of PSs may
be higher or lower than in the data reported by the inves-
tigators [12].

Common risk factors for perioperative stroke. Nu-
merous studies have consistently identified elderly age,
kidney disease, and prior transient ischemic attack/stroke
as key risk factors for PS. Risk factors such as myocardial
infarction within the previous 6 months, atrial fibrillation,
arterial hypertension, chronic obstructive pulmonary dis-
ease, current smoking, female gender, and diabetes mel-
litus were also identified as independent, further increas-
ing the risk of PS. There is evidence that patients who un-
derwent emergency surgery or certain types of surgery
(head and neck, thoracic, intra-abdominal, vascular, trans-
plant, orthopedic surgeries) were at higher risk of devel-
oping PS [12].

Asymptomatic cerebral infarct. Asymptomatic cere-
bral infarcts, sometimes referred to in the English-language
literature as covert or silent strokes, are acute cerebral is-
chemic events without clinical manifestations. Cerebral in-
farctions are usually detected by neuroimaging techniques
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TABLE 1
THE INCIDENCE OF PERIOPERATIVE ISCHEMIC STROKE AFTER NON-CARDIAC AND NON-NEUROSURGICAL OPERATIONS

0.4 (6) 0.5(5)

0.3(5) 0.7 (5)

0.7 (100)

0.4 (130)

0.2 (23)

0.1(36)

0.0 (16) 0.1(11)
0.1(28) 0.3 (21)
0.1(17) 0.1(10)
0.0 (6) 0.2 (4)
0.0 (5) 0.0(0)
0.0(7) 0.1(3)
0.0(2) 0.1(1)
0.5(27) 0.6 (14)
03(17) 0.7 (14)
0.5 (26) 0.9(18)
0.3(15) 0.5(10)
0.8(37) 1.1(29)
0.3(16) 0.7 (12)
0.0(1) 0.1(1)
0.1(3) 02(2)
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TABLE 1 (continued)

Types of surgeries

Arthroscopy (n = 4,255)

Spinal surgeries (n = 3,480)

Abdominoperineal resection (n = 3,169)

Knee surgeries (n = 2,970)

Anorectal abscess (n = 2,508)

Simple skin and soft tissue surgeries (n = 2,383)

Coloanal anastomosis (n = 2,293)

Liver surgeries (n = 2,144)

Anorectal resection (n = 2,103)

Surgeries for bone fractures (n = 2,065)

Skin and soft tissue biopsies (n = 2014)

and are catamnestically associated with the development
of cognitive impairment, dementia, increased risk of recur-
rent stroke, and increased mortality. The incidence of peri-
operative asymptomatic cerebral infarcts varies according
to the type of surgery and is probably higher in patients
undergoing vascular or cardiac surgery. The detection rate
of asymptomatic cerebral infarcts after carotid endarter-
ectomy (CEA) can be as high as 17 %, and 30-50 % after
internal carotid artery (ICA) stenting or cardiac surgery.
The development of asymptomatic cerebral infarcts after
ICA stenting was also associated with an increased risk
of recurrent cerebral ischemic events, with this risk increas-
ing with the number of areas of silent infarctions. Accord-
ing to a prospective multicenter pilot study by M. Mrkob-
rada et al. (2016), in 100 patients over 65 years of age af-
ter non-cardiac surgery, the incidence of asymptomatic
cerebral infarcts based on postoperative MRI was 10 %.
In the larger multicenter prospective Neurovision study,
asymptomatic cerebral infarct was diagnosed in 7 % of pa-
tients based on routine MRI scans of 1,114 patients per-
formed on days 2-9 after elective non-cardiac surgery.
Among these patients, the risk of cognitive decline dur-
ing 1-year follow-up was almost 2-fold higher compared

PS, all patients, PS, patients of or over

% (n) 65 years of age, % (n)
0.0 (0) 0.0 (0)
0.1(4) 03(3)
0.0 (0) 0.5 (5)
0.1(4) 0.2(4)
0.0 (0) 0.0 (0)
0.3(6) 0.6 (4)
0.2 (4) 0.2(2)
0.3 (6) 0.8 (6)
0.0(1) 0.0(0)
0.1 (3) 0.3(3)
0.1(2) 0.2(1)

with patients without evidence of asymptomatic cerebral
damage. The incidence of perioperative delirium was also
higher in the perioperative asymptomatic cerebral infarct
group [12].

Pathogenesis of perioperative ischemic stroke.
In patients undergoing cardiac surgery, nearly 2/3 of is-
chemic strokes are the result of emboli from proximal sourc-
es: either as a result of direct manipulation of the heart/ma-
jor arteries or intraoperative performance of the bypass
pump, or as a result of the development of delayed com-
plications such as atrial fibrillation or myocardial infarc-
tion (MI). In patients who have undergone non-cardiac sur-
gery or intervention on great vessels, the cause of PSiis less
clear. Stroke subtypes were not established in most stud-
ies because many of the earlier studies did not include ad-
vanced diagnostic tests such as MRI or vascular imaging.
PS mechanisms suggested for patients undergoing non-
cardiac and non-neurosurgical operations may include hy-
potension/low blood flow states, previously undetected
large artery stenosis, tissue hypoxia associated with ane-
mia, thromboembolism (including cardiac and transcardi-
ac), fat embolism, and increased coagulation/thrombosis
in the setting of systemic inflammation, endothelial dys-
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function, and discontinuation of antithrombotic drugs pre-
operatively [12].

Perioperative stroke risk stratification. Numerous
cardiovascular risk stratification tools have been used to pre-
dict perioperative complications, including the Revised Car-
diac Risk Index (RCRI), the MI or Cardiac Arrest Calculator,
and the American College of Surgeons Surgical Risk Calcu-
lator (ACS-SRCQ), but all of these tools have not been devel-
oped specifically for PS risk prediction. Two other risk as-
sessment scales, CHADS2 and CHA2DS2-VASc, were orig-
inally developed and validated to predict the annual risk
of stroke in patients with nonvalvular atrial fibrillation; how-
ever, it has been shown that they predict the perioperative
risk of stroke in cardiac surgery patients even in the absence
of atrial fibrillation.

The effectiveness of these tools in PS risk stratifica-
tion was retrospectively evaluated by ACS investigators
in alarge cohort of patients (n =540,717) undergoing non-
cardiac surgery using the US National Surgical Quality Im-
provement Program registry. The proportion of patients
with PS in the studied sample was 0.27 %, and the high-
est frequency was observed in patients undergoing vas-
cular surgery or neurosurgery. The ACS surgical risk cal-
culators and the Ml/cardiac arrest risk calculator demon-
strated greater high predictive accuracy than other risk
prediction models, even though they were not designed
to predict stroke risk. The AHA/ASA 2021 Scientific State-
ment recommends a uniform approach for identifying
patients at increased risk of PS using the ACS web-based
surgical risk calculator [13]. It would be advisable to dis-
cuss the results of the prognosis with patients to inform
them about the risks and to make joint decisions about
surgery, with the caveat that this calculator, although

TABLE 2

not directly predicting the risk of stroke, can identify pa-
tients at high risk of serious complications in general, in-
cluding those with a high probability of stroke in the peri-
operative period [12].

Timing of surgical interventions after previous
stroke. Patients with previous ischemic stroke are at in-
creased risk of PS. In this case, the risk of PS depends
on the length of time between the history of stroke
and the surgery performed. In 2014, M. Jorgensen et al.
analyzed the data of the Danish National Patient Registry
and reported an increased risk of ischemic stroke and oth-
er serious adverse cardiovascular events (Ml and death
due to other cardiovascular causes) in patients who un-
derwent non-cardiac surgery after a previous stroke (Ta-
ble 2) [12].

Patients who underwent elective non-cardiac surgery
within 3 months of stroke had the highest risk of ischem-
ic stroke. Although the risk of serious adverse cardiovas-
cular and cerebrovascular events, 30-day mortality, and is-
chemic stroke was higher in patients undergoing non-car-
diac surgery within 12 months of a previous stroke overall,
the increased odds ratio for each of these end points lev-
eled off by about month 9. Using the same data, these au-
thors also showed that patients who underwent emergen-
cy non-cardiac surgery within 3 months of a previous stroke
were more than 20 times more likely to develop PS. Similar
temporal trends in PS risk have been observed after stroke
in patients who did not undergo surgery, but the absolute
event rates in these studies of perioperative patients were
higher than in observational studies or clinical trials among
unoperated patients with recent transient ischemic attack
or nondisabling stroke. Although evidence of an associa-
tion between timing of surgery and stroke risk is limited

ADJUSTED ODDS RATIO OF PERIOPERATIVE ISCHEMIC STROKE STRATIFIED BY TIME BETWEEN HISTORY

OF ISCHEMIC STROKE AND SURGERY

Indicators Number c,:f strokes,
No history of ischemic stroke 368
Ischemic stroke (age undetermined) 210
Ischemic stroke < 3 months ago 103
Ischemic stroke from 3 to 6 months ago 21
Ischemic stroke from 6 to 12 months ago 16
Ischemic stroke > 12 months ago 70

Note. 95 % (I —95 % confidence interval.

Number of follow-ups, ¢\ e rate, %  Odds ratio (95 % CI)

n
474,046 0.078 1
7137 2.94 16.24 (13.23-19.94)
862 11.95 67.60 (52.27-87.42)
469 448 24.02 (15.03-38.39)
898 1.78 10.39 (6.18-17.44)
4,908 142 8.17 (6.19-10.80)
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to only these two studies, the AHA/ASA, to reduce the risk
of perioperative stroke in patients undergoing non-cardi-
ac surgery, suggests delaying elective non-cardiac surgery
for at least 6 months and, if possible, even 9 months after
a previous stroke [12].

Extracranial carotid artery stenosis. The AHA/ASA
Guidelines for the Secondary Prevention of Ischemic Stroke
and Transient Ischemic Attack recommend that patients
with a high degree of extracranial stenosis (> 70 %) and ip-
silateral symptoms of ischemic stroke or transient ischemic
attack within the past 6 months undergo CEA or ISA stent-
ing. Patients with moderate symptomatic stenosis (50—
69 %) are also considered for revascularization surgery
if the surgical risk is < 6 %. It is important to consider that
performing carotid artery stenting and CEA is itself associ-
ated with cardiovascular risks. For example, carotid artery
stenting is associated with a slightly higher risk of stroke
and CEA with a slightly higher risk of MI. Recommenda-
tions for patients with known asymptomatic high-grade
ISA stenosis who are to undergo non-cardiac and non-
neurosurgical interventions are ambiguous. However, pa-
tients with known asymptomatic high-grade ISA stenosis
(> 70 % by ultrasound or > 60 % by selective angiography)
should be considered candidates for CEA and ISA stenting
if the perioperative risks of stroke, MI, and death are < 3 %,
according to the 2021 AHA/ASA guidelines. Planned sur-
gical procedures may be delayed if carotid revasculariza-
tion treatment is planned (for symptomatic or asympto-
matic high-grade carotid stenosis), but the optimal dura-
tion of this delay is unknown and may be determined pre-
dominantly by the timing of the most recent cerebrovas-
cular event (no earlier than 6-9 months after a previous
stroke) [12].

The European Stroke Organization (ESO) guidelines
published in the European Stroke Journal in 2021 regard-
ing stroke prevention in patients with carotid atheroscle-
rosis, in accordance with meta-analyses of randomized
controlled trials on primary stroke prevention, recom-
mend surgical intervention on the ISA when asympto-
matic stenosis is 60-99 % [14]. CEA is favored as the sur-
gical intervention. The relative risk (RR) of stroke ipsi-
lateral stenosis after CEA compared with optimal med-
ical therapy is 0.79 (95 % confidence interval (95% Cl):
0.59-0.90), equivalent to a reduction of 19 cases per
1,000 patients. There was also evidence that post-CEA
reduced the risk of stroke in any cerebral blood supply
basin (RR = 0.74; 95% Cl: 0.59-0.92). Perioperative safe-
ty of surgical interventions is currently of special con-
cern, and European guidelines define the borderline rate
of perioperative stroke or death for patients with asymp-
tomatic stenosis as 2 % [15]. For secondary stroke pre-
vention, there is strong evidence regarding the need
for surgery at 70-99 % ISA stenosis (RR = 0.37; 95% Cl:
0.27-0.50, corresponding to a reduction of 169 cases
per 1,000 patients) and moderate strength evidence re-
garding the efficacy and safety of interventions at 50-
69 % stenosis (RR=0.82; 95% Cl: 0.58-1.15, correspond-
ing to a reduction of 29 cases per 1,000 patients). CEA
is recommended as surgery for all patients having

50-99 % stenosis. For the group of patients younger
than 70 years of age, stenting with angioplasty is rec-
ommended as an alternative. Patients with ISA sten-
oses < 50 % are not currently recommended to under-
go surgery in routine practice. The timing of interven-
tions is determined by the following decisions: the min-
imum is within the next 2 weeks after stroke (i. e., at the
first medical center where the stroke patient is located);
the maximum is up to 6 months, and the patient’s disa-
bility should not exceed a mRS score of 3 [14].

Intracranial stenosis. Asymptomatic intracranial
stenosis (50-99 % as measured by selective angiography)
carries a 15 % risk of recurrent stroke within the first year
after the event, but the overall risk of PS in this patient
population remains unknown. Stroke prevention in a pa-
tient with intracranial stenosis is non-surgically managed
with antithrombotic therapy and careful modification
of risk factors. Intracranial stenosis stenting is accompa-
nied by an increased risk of hemorrhagic complications,
and the experience of using these operations among pa-
tients who did not receive conservative medical treat-
ment is limited by a small number of follow-ups. A small
retrospective study by D. Blacker et al. (2003) of patients
with severe intracranial stenosis of vertebral or basilar ar-
teries who underwent surgical intervention (vascular, car-
diac or general) showed that the PS rate in the studied
group was 6 % [12].

Patent foramen ovale. Patent foramen ovale (PFO)
is present in 25 % of the population and is not associated
with any morbidity among most people. However, data
from three recent clinical trials (Sendergaard L. et al., 2017;
Mas J. et al., 2016; Saver J. et al., 2017) support the poten-
tial association between PFOs and cryptogenic stroke in pa-
tients aged < 60 years and the benefit of PFO closure in se-
lected patient groups. In a retrospective study of more
than 150,000 patients undergoing non-cardiac surgery
under general anesthesia, Ng et al. (2018) found that a di-
agnosis of PFO established preoperatively significantly in-
creased the likelihood of PS. These patients had more se-
vere PSs and were more often accompanied by involve-
ment of large vascular territories with the formation of ex-
tensive zones of ischemic damage. In a large study of pa-
tients undergoing a total hip replacement; from the US
National (Nationwide) Inpatient Sample, the risk of PS
was 29 times higher (7.14 % vs. 0.26 %; p < 0.001) among
patients with atrial septal defect/PFO compared with con-
trols. Thus, there is a need for further research to develop
optimal approaches for PS prevention in the population
of individuals with PFO. If there is evidence of the need
for surgery to close the PFO, it should be considered be-
fore elective surgery is performed; and urgent and emer-
gent surgical interventions should not be delayed to ad-
dress the PFO [12].

B-blockers. In 2008, a large randomized controlled
trial regarding the use of 3-blockers in POISE periopera-
tive conditions (Effects of extended-release metoprolol
succinate in patients undergoing non-cardiac surgery) re-
vealed a tendency to increase the number of PSs, possi-
bly associated with arterial hypotension against the back-



ground of metoprolol administration, while no such de-
pendence was shown for other B-blockers. However,
in 2017, M. Jargensen et al. based on a large cohort study
found no difference in the risk of overall mortality or se-
rious adverse cardiac events when using different sub-
types of B-blockers.

The AHA/ASA 2021 Scientific Statement on Periopera-
tive Ischemic Stroke Prevention in Patients after non-Car-
diac and non-Neurosurgical Operations, citing the 2014
ACC/AHA Guideline on Perioperative Cardiovascular Evalu-
ation And Management Of Patients Undergoing Noncardi-
ac Surgery: A Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guide-
lines) supports the continuation of B-blockers in patients
who have already been taking 3-blockers for an extended
period of time prior to surgery. These guidelines also sug-
gest that 3-blockers should be offered to patients with es-
tablished high cardiac risk based on preoperative evalua-
tion or in the presence of > 3 risk factors according to RCRI,
but even in these cases B-blockers should not be started
on the day of surgery [12].

Statins. Toreduce therisk of cardiovascular events, pa-
tients already taking statins are advised to continue peri-
operative therapy prior to non-cardiac surgery. Multiple
cohort studies (Berwanger O. et al,, 2016; London J. et al.,
2017; Ma B. et al., 2018) and the results of a recent meta-
analysis of patients undergoing non-cardiac surgery (study
groups included vascular surgery and neurosurgery) show
that the use of statins in the perioperative period leads
to significant reductions in postoperative MI, death from car-
diac causes, de novo atrial fibrillation, and all-cause mortal-
ity, including myocardial injury and stroke. However, none
of these studies showed a significant reduction in the risk
of PS[12].

Arterial blood pressure. Maintaining appropri-
ate perfusion of the heart, brain, and other vital organs
is the cornerstone of anesthesia management. A signifi-
cant number of anesthesiologists commonly use a mean
arterial pressure (MAP)! of 60 mmHg and a systolic BP
of 100 mmHg as the threshold, assuming that in healthy in-
dividuals without cerebrovascular disease, cerebral blood
flow is maintained within a range of 60 to 150 mmHg. In-
traoperative drop in BP is a very common event, with ep-
isodes of drop in MAP below 20 % of baseline occur-
ring in 90 % of surgical procedures. There are currently
about 140 different definitions of intraoperative hypoten-
sion, but the most common are: a decrease in systolic BP
< 80 mmHg and a decrease in systolic BP more than 20 %
below baseline.

Hypotension can be considered a modifiable risk factor
for PS. However, most studies that have examined the causal
relationship between intraoperative hypotension and peri-
operative strokes have inconclusive evidence, with the ex-
ception of the results of the POISE study (2008).

Currently, there is insufficient evidence defining tar-
get values of intraoperative BP levels that reliably prevent

1 Calculation formula is s follows:
MAP = 1/3 X systolic BP + 2/3 x diastolic BP
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the development of cerebral ischemia. At the same time,
there is evidence of BP thresholds associated with target
organ damage and mortality. A 2018 systematic review re-
ported a modest increase in the risk of target organ dam-
age and mortality (RR = 1.4-2.0) with a decrease in MAP
< 65 mmHg lasting > 10 min, but no statistically signifi-
cantassociations between MAP thresholds and stroke were
found.In 2017, the multicenter randomized controlled trial
(INPRESS) (Effect of individualized vs standard blood pres-
sure management strategies on postoperative organ dys-
function among high-risk patients undergoing major sur-
gery: A randomized clinical trial) found that maintaining
systolic BP fluctuations within 10 % of baseline was asso-
ciated with a 30 % reduction in postoperative internal or-
gan dysfunction. However, this study has been criticized
because the BP targets in the control group were much
lower than those used by most anesthesiologists. Nowa-
days, the Perioperative Quality Initiative Consensus State-
ment on Intraoperative Blood Pressure, Risk and Outcomes
for Elective Surgery 2019 guidelines (concerning that sys-
tolic BP values < 100 mmHg and MAP < 60-70 mmHg
may be associated with myocardial and renal damage)
are the most convincing.

Recognizing the current lack of data to establish accu-
rate intraoperative BP targets to reduce the risk of periop-
erative strokes, the AHA/ASA 2021 Scientific Statement sug-
gests considering maintaining intraoperative MAP above
70 mm Hg. Although, there are no data on upper thresh-
olds for intraoperative MAP in non-cardiac surgery, it is rec-
ommended to avoid excessive hypertension, which may
cause myocardial ischemia, cerebral edema, or damage
to other target organs. Also, the AHA/ASA 2021 Scientific
Statement supports the recommendations of G.A. Mashour
et al. (2014) that the BP difference between the brachial ar-
tery and the brain should be taken into account when per-
forming surgery in the sitting position (e. g., shoulder, cer-
vical spine surgery) [12].

Perioperative targeted (directed) therapy. Thirty
years ago, W.C. Shoemaker et al. first outlined the prin-
ciples of targeted therapy aimed at maintaining opti-
mal target organ perfusion among high-risk surgical pa-
tients. Despite the controversy over its benefits, targeted
therapy continues to be widely used in clinical practice.
A 2013 Cochrane meta-analysis based on 31 randomized
trials involving 5,092 participants found that adminis-
tration of fluids and vasoactive agents aimed at increas-
ing total blood flow did not significantly reduce mortali-
ty, but did reduce overall complication rates by 32 %, in-
cluding 29 % reduction in the rate of renal failure and 49 %
reduction in the rate of respiratory distress/acute respir-
atory distress syndrome. In 2014, the multicenter, rand-
omized, controlled OPTIMISE (Effect of a perioperative,
cardiac output-guided hemodynamic therapy algorithm
on outcomes following major gastrointestinal surgery) tri-
al reported a 6.8 % reduction in the postoperative abso-
lute risk of complications and 30-day mortality (95% Cl:
0.38-13.9 %; p = 0.07) in 734 high-risk patients undergo-
ing major gastrointestinal surgery who received targeted
therapy aimed at maintaining cardiac output. Although



the results of this study were not statistically significant
on their own, their inclusion in the updated meta-anal-
ysis established the overall benefit of targeted periop-
erative hemodynamic support techniques (hazard ratio,
0.77 [95% Cl: 0.71-0.83]). So far, no study of periopera-
tive targeted therapy has demonstrated its effectiveness
in preventing the development of perioperative stroke,
which may be explained by the relatively low incidence
of PS and insufficient sample size [12].

Transfusion of blood and its components
in the perioperative period. Anemia is known to in-
crease therisk of stroke in non-surgical patients and is as-
sociated with a higher risk of poor functional outcomes
and mortality in patients with acute stroke. However, two
large observational studies of patients undergoing non-
cardiac surgery have not shown an increased incidence
of adverse central nervous system outcomes among pa-
tients with preoperative anemia. Using data from more
than 227,000 patients, K.M. Musallam et al. (2011) found
that patients with moderate to severe anemia were 44 %
more likely to experience mortality, 52 % more like-
ly to experience cardiac complications, and 41 % more
likely to experience respiratory complications compared
to patients without anemia. However, no differences
in central nervous system complications, including PS,
were found. L. Saager et al. (2013) also reported simi-
lar findings using data on nearly 575,000 patients. Col-
lectively, these studies form a somewhat confusing pic-
ture of anemia being a risk factor for stroke in the gen-
eral population but not in patients undergoing non-car-
diac surgery.

Although anemia is associated with higher rates
of mortality and morbidity among patients undergoing
non-cardiac surgery, observational studies have consistent-
ly demonstrated that patients who received blood trans-
fusion in the perioperative period have worse outcomes
compared to the group without hemotransfusion (Ber-
nard A. et al., 2009; Glance L. et al., 2011; Ferraris A. et al.,
2012; KarkoutiK. etal., 2012; Aquina C. et al.,, 2017). Howev-
er, the pooled results of randomized trials did not support
this information, revealing an overestimation of the risks
associated with performing hemotransfusion. A 2018 me-
ta-analysis based on 37 randomized controlled trials in-
volving > 19,000 patients showed that the risk of stroke, M,
congestive heart failure, renal failure, and 30-day mortali-
ty were not significantly influenced by hemoglobin thresh-
olds before starting transfusion. The authors of the study
believe that a major limitation of this meta-analysis
is that it did not include enough information on patients
with traumatic brain injury, acute coronary syndrome,
or congestive heart failure to extend these recommenda-
tions to very high-risk patient populations. Patients with in-
creased risk of PS are considered appropriate to be added
to this same group by the AHA/ASA.

The AHA/ASA 2021 Scientific Statement, citing rec-
ommendations from the American Association of Blood
Banks, suggests that a hemoglobin threshold of 80 g/L
should be used to decide whether to initiate blood transfu-
sions in patients with recent stroke or existing cerebrovas-
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cular disease. In light of the current uncertainty in guide-
line documents regarding the treatment and prevention
of perioperative ischemic stroke, the AHA/ASA 2021 Scien-
tific Statement suggests considering a transfusion thresh-
old of 80 g/L for most patients with increased risk of stroke
and a threshold of 90 g/L for patients with acute PS or a his-
tory of a cerebrovascular event due to severe carotid ste-
nosis or occlusion. When considering initiating hemo-
transfusion in patients at high risk of stroke with higher
hemoglobin values, the risks of noninfectious complica-
tions such as transfusion-associated circulatory overload
(may occurin up to 5 % of transfusions) should be weighed
against the unproven benefit of using a higher transfu-
sion threshold [12].

Choice of anesthetic technique. The neuroprotec-
tive effects of anesthetics have been studied intensively
over the past 50 years, but there is currently no evidence
that anesthetics are neuroprotective, even though an-
esthetics have been found to reduce cerebral metabolic
rate and mimic the effects of ischemic preconditioning.
In 2018, representatives of the Perioperative Neurotoxicity
Working Group, based on work sponsored by the Ameri-
can Society of Anesthesiology Brain Health Initiative, pub-
lished a set of recommendations and stated that there
is a lack of evidence for an increased risk of periopera-
tive neurocognitive disorders with anesthetic gases. Cur-
rent evidence suggests that anesthetics are neither neu-
roprotective nor neurotoxic, and that the choice of anes-
thetic is unlikely to affect the risk of stroke in the periop-
erative period [12].

A 2016 Cochrane meta-analysis of 31 randomized
controlled trials (3,231 patients) compared neuraxi-
al (spinal or epidural) versus general anesthesia in pa-
tients undergoing surgery for hip fractures. This meta-
analysis did not report differences in 30-day mortality,
heart attack or stroke rates, but concluded that the quali-
ty of evidence was too low and the sample size too small
to draw any definitive conclusions. With an estimated
stroke rate < 1 %, it may not be possible to design ran-
domized controlled trials to reach conclusions about
the superiority of local anesthesia over general anes-
thesia. Two large (528,495 and 182,307 patients) retro-
spective studies (Chu C. et al., 2015; Memtsoudis S. et al.,
2013) did not demonstrate an advantage of neuraxial an-
esthesia over general anesthesia in the prevention of PS
among patients undergoing hip surgery.In a 2017 meta-
analysis, L.M. Smith et al. found no differences in 30-day
mortality between groups of patients in whom neuraxial,
combined (neuraxial and general), and general anesthe-
sia were used for major surgery and limb surgery (appr.
1.1 million follow-ups). Neuraxial anesthesia was associ-
ated with a 60 % reduction in pulmonary complications,
but no difference in cardiac complication rates com-
pared with general anesthesia alone. Combined (neu-
raxial and general) and general anesthesia did not differ
in the incidence of pulmonary or cardiac complications.
However, this meta-analysis did not examine the associ-
ation between local anesthesia and stroke. Thus, at pre-
sent, the advantages of local anesthesia over general an-



esthesia in reducing the perioperative risk of ischemic
stroke have not been proven [12].

Strategies for artificial lung ventilation (ALV).
Given that hypocapnia can exacerbate cerebral ischemia,
the injured brain may be particularly susceptible to its ef-
fects. These data suggest that it is prudent to avoid hy-
pocapnia in patients at high risk of PS, and that hypocapnia
may be exceptionally harmful for patients with PS. Artificial
lung ventilation (ALV) using lower tidal volumes reduces
mortality among patients with acute lung injury and acute
respiratory distress syndrome. The use of ventilation protec-
tive modes has become a best practice for the care of crit-
ically ill patients. The use of ALV protective modes results
in a lower incidence of serious pulmonary complications,
sepsis, and death among patients undergoing non-cardi-
ac surgery. Although the preventive effect of protective
ALV regimens on the risk of PS has not been studied sep-
arately, it is believed that prevention of pulmonary com-
plications may lead to fewer episodes of hypoxemia in the
perioperative period and reduce the risk of stroke among
high-risk surgical patients. In this regard, it is reasonable
to apply protective ALV modes as part of the implemen-
tation of a general strategy to improve perioperative out-
comes [12].

CONCLUSION

Thus, to reduce the risk of perioperative ischemic
stroke, key risk factors (such as age, renal disease, histo-
ry of transient ischemic attack/stroke), overall cardiovas-
cular risk, and the type of elective surgery should be as-
sessed before surgical intervention. It is possible to estab-
lish individual PS risk using the ACS-SRC online surgical
risk calculator. In this case, a web interface should be used
[13]. In patients who have had a recent ischemic stroke,
elective surgery should be delayed for at least 6 months
(preferably 9 months) from the date of the stroke. ISA re-
vascularization (type of intervention is determined indi-
vidually) should be performed in patients with sympto-
matic (stroke or transient ischemic attack within the last
6 months) carotid stenosis (>70 %) before elective surgery.
Should evidence of the need for a PFO closing operation
be obtained, consideration should be given to conduct-
ing it before the elective surgery is performed. It is nec-
essary to continue previously prescribed therapy with an-
tihypertensive drugs, statins in order to reduce the inci-
dence of cardiovascular complications and overall mor-
tality. One should refrain from prescribing B-blockers
on the day of surgical intervention, provided that the pa-
tient has not taken them before.

When performing surgical intervention to reduce
therisk of PS, itis necessary to: maintain intraoperative mean
BP > 70 mmHg (especially in patients at moderate or high
risk of PS); perform hemotransfusion at a threshold hemo-
globin level of 80 g/L in patients with recent stroke or signifi-
cant cerebrovascular disease (e. g., carotid or intracranial ste-
nosis > 70 %); avoid hypocapnia during ALV and use protec-
tive ALV modes with lower tidal volumes (as part of an over-

all strategy to reduce postoperative complications); taking
into account the lack of evidence on the benefits of differ-
ent types of anesthesia for the prevention of PS, the choice
of anesthesia should be based on the type of surgical in-
tervention, the skills of anesthesiologists and the individu-
al characteristics of the patient.
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ABSTRACT

Background. Some stress responses contribute to the formation of bacterial anti-
biotic resistance, including the soxRS oxidative defense regulon. Elevation of reactive
oxygen species production and oxidative stress was detected in bacterial cells exposed
to various environmental stresses. It can be supposed that a stress-mediated increase
in the level of reactive oxygen species will activate the expression of the soxRS regulon
genes, which may provide pre-adaptation to antibiotics.

The aim. To study changes in the expression of soxRS regulon genes in Escherichia
coli cells exposed to NaCl, acetic acid, and heating.

Materials and methods. Gene expression was measured in cells bearing reporter
gene fusions (soxS:lacZ, nfo:lacZ). An overnight broth culture was diluted in fresh
LB broth to OD600 = 0.1 and cultivated at 37 °C without stirring until OD600 = 0.3,
then the stressors were applied.

Results. Exposureto NaCl and acetic acid activated the expression of soxRS regulon
genes, while heating caused a decrease in gene expression. An increase in the ex-
pression level was observed in cells subjected to stresses of low intensity (which
did not cause a decrease in the number of colony-forming units (CFU) by the 4" hour
ofexposure compared to the beginning of the stress exposure) and medium intensity
(which caused a 10-fold decrease in the number of CFU), whereas high-intensity
stresses (which caused a decrease in the number of CFU by more than 10 times),
regardless of their nature, were accompanied by a decrease in the expression
of the soxRS regulon genes.

Conclusion. Underthe conditions studied, only the osmotic stress caused by the ad-
dition of NaCl was accompanied by a significant activation of the soxRS regulon
genes. Sublethal exposure to NaCl, causing an increase in the expression of soxRS
regulon genes by 2-2.5 times, may provide pre-adaptation of bacteria to the factors
that this regulon is aimed at counteracting, including antibacterial drugs.

Key words: osmotic shock, acid stress, heat shock, oxidative stress, antibiotics, soxS

For citation: Akhova A.V, Tkachenko A.G. Expression of the soxRS regulon in bacterial
cells exposed to various stress factors. Acta biomedica scientifica. 2023; 8(2): 117-123.
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PE3IOME

AkmyanbHocmes. B ¢popmuposaHue ycmotivusocmu 6akmepuli K aHmubuo-
MUKam 8HOCAM 8KJ1a0 Pa3/iuyHble A0aNMuBHble MexaHU3Mbl, 8 MOM YUC/1e 2eHbl
3aWUMHO020 omeema Ha oKucuUMesbHolli cmpecc, 06veduHEHHble 8 SOXRS-
pezysioH. Bcmpeccosbix ycrosusx 8 kiiemkax 6akmeputi npoucxooum nosbiweHue
NpoOyKYUU aKmuBHbIX (hOpM KUC/I0p0Od U pa3gumue OKUC/IUMesibHO20 cmpeccd.
MoXxHO npednoI0XuUMb, YMo NOBLILWEHHBIU YPOBEeHb AKMUBHbLIX YOPM KUC/IOpoda
6y0em akmusuposame 3Kcnpeccuto 2eHo8 SoxRS-pezyioHa, Ymo moxem obecne-
Yums npeadanmayuro 6akmepudi kK 8030elicmeuro aHMUOGUOMUKOS.

Lens. Viccnedosame uameHeHUE IKCNPeCcUU 2eHO8, 8X00AWUX 8 SOXRS-pe2ysioH,
8 knemkax Escherichia coli, nodsepaHymeix delicmeuto NaCl, nogbiwieHHbIx mem-
nepamyp u yKcycHoU KUuciomel.

Mamepuanel u MemoObl. YposeHb 3KCnpeccuu 2eHO8 onpeoesiauU ¢ UChos1b30-
saHuem wmammos E. coli, Hecyujux penopmepHsle 2eHHble CIUAHUA NPOMOMOopa
ucciedyemoezo 2eHa (soxS, nfo) co cmpykmypHoU Yacmeto 2eHa lacZ, 8 ycrnosusix
nepuoouYecKo2o KysibmuguposaHus 8 bysiboHe LB 6e3 nepemewiusaHus.
Pesynemamel. AKmugayuro 3Kcnpeccuu 2eHo8 SOXRS-pe2yioHa 8bi3618a/10 8030eUi-
cmeue NaCl u ykcycHou kucsiomel, a mensio8ol WOK CONPOBOXOAJICA CHUXEHUEM
2eHHoU 3Kcnpeccuu. YsenudyeHue yposHs 3Kcnpeccuu Habmoo0aaoch 8 Kemkax,
noosepzHymMebIx cmpeccam HU3KoU (He 8bi3bI8ABWIUM CHUXeHUA Kosludecmeaa
KOJIOHUeobpasyowux eQUHUY 8 Ky/lbmype K 4emaépmomy 4acy go3delicmeus
No CpaBHeHUIo C Ha4as0M CMpeccoso2o 8030elicmaus) u cpedHeli UHMeHCUBHOCMU
(8bI3bIBABLIUM CHUXKEHUe KOJIUYecmaa KOJIOHUeobpasyouwjux eOUHUY Ha NOPAOOK),
a cmpeccosble 8030elicmaus 8bICOKOU UHMEeHCUBHOCMU (8bI3bl8asLUUE CHUXEHUE
Ko/1u4ecmaa KosoHueobpasyrujux eouHuy 6osee yem Ha NOPAOOK) 8HE 3a8UCU-
MOCMU 0M UX (hU3UKO-XUMUYECKOU npupoObl CONPOBOXOAIUCHL CHUXEHUeM 3KC-
npeccuu 2eHos soxRS-pe2ynoHa.

3aknoyeHue. B uccie0o8aHHbIX yC08UAX MOLKO OCMOMuUYecKull cmpecc,
sbi38aHHbIl sHeceHuem NaCl, conpogoxoasncs 3Hadyumol akmusayueli 2eHo8,
8xo0aujux 8 soxRS-pezynoH. CybnemansHoe 8o3delicmaue NaCl, 8bi3bi8as nogwi-
weHue 3Kkcnpeccuu 2eHo8 soxRS-pezynoHa 8 2-2,5 pasa, Mmoxem obecne4yusams
npeadanmauyur 6akmepull Kk pakmopam, Ha hpomusooelicmaue KOmopbiM
HanpasJsieH 0aHHbIU pe2ysioH, 8 MOM YuC/1e KaHmMubakmepuanbHbIM npenapaman.

Knioueewie cnoea: ocmomuyeckuli WOK, KUCIOMHbIU cmpecc, HazpesdHue, OKUC-
JiumesibHbIli cmpecc, aHmubuomuku, SoxS

OnauntnposaHua: Axosa A.B., TkaueHko A.l. Dkcnpeccra reHoB SOXRS-perynoHa B KneT-
Kax 6akTepuii, NoABeprHyTbiX AENCTBUIO Pa3NNyHbIX CTpecc-dakTopoB. Acta biomedica
scientifica. 2023; 8(2): 117-123. doi: 10.29413/ABS.2023-8.2.11
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The formation of resistant forms of microorganisms
is the reason for the reduced effectiveness of antibiotic
therapy. The mechanisms underpinning drug resistance in-
clude target alteration or protection, modification and in-
activation of the antimicrobial compound, rearrangement
of metabolic pathways, or restriction of antibiotic accu-
mulation in the microbial cell (by reducing the transport
of the drug into the cell and increasing its active release
from the cell) [1-3].

Various mechanisms of defense responses to natural
stress factors may be involved in the adaptation of bacte-
ria to antibiotic drugs [4, 5. In particular, in response to an-
tibiotic exposure, the expression of soxRS regulon genes
that protect bacteria from oxidative stress is activated.
The increased baseline level of expression of this regulon
in some cases results in clinically relevant antibiotic resis-
tance in bacteria [6-9].

SoxRS regulon is a two-stage control system. The SoxR
protein enters the active form and triggers the expres-
sion of the soxS gene; the newly synthesised SoxS pro-
tein then activates the expression of other genes within
this regulon. The SoxR protein is activated by one-elec-
tron oxidation of its [2Fe-2S] clusters or their nitrosylation
by reactive nitrogen species [10-13]. The soxRS regulon
includes genes encoding superoxide dismutase that neu-
tralizes superoxide anions (sodA), endonuclease involved
in DNA repair (nfo), isoforms of enzymes resistant to oxi-
dative damage (fumC, acnA), iron transport regulator (fur),
proteins limiting the accumulation of hydrophilic xenobi-
otics in the cell (tolC, micF, acrAB), proteins presumably in-
volved in the maintenance of the reduced form of iron-sul-
fur sites of enzymes (fIdAB, fpr), and other proteins with un-
known functions [14].

It is known that exposure to antibacterial drugs and nat-
ural stress factors of different nature causes increased pro-
duction of free radicals and development of oxidative stress
in bacterial cells. While the role of reactive oxygen species
and their contribution to the death of cells exposed to var-
jous stress factors remains a debatable issue, the accumu-
lation of free radicals caused by stress factors not direct-
ly related to their production has been confirmed by nu-
merous publications [15-20]. Many of these stressors, e. g.
high osmolarity of the medium, heating, exposure to eth-
anol and short-chain fatty acids, are used as antimicrobial
treatments or preservatives. If these stressors cause induc-
tion of soxRS regulon, their sublethal effects may contrib-
ute to the pre-adaptation of bacteria to antibiotic exposure.

In this study, the expression of the soxRS regulon genes
was studied in Escherichia coli cells exposed to sodium chlo-
ride, elevated temperatures and acetic acid (CH3COOH) us-
ing the gene fusion method.

MATERIALS AND METHODS

Objects of the study and cultivation conditions. Es-
cherichia coli strains carrying transcriptional gene fusions
were used as study objects. E. coli EH40 strain (GC4468, but
soxS:lacZ) was kindly provided by B. Demple [21], E. coli

N9213 strain (GC4468, but nfo::lacZ Amar rob::kan) was kind-
ly provided by R.G. Martin [22].

Bacteria maintained on LB slant agar were transferred
to 5 ml of LB broth and cultured without agitation at 37 °C
for 5-6 h. The grown cells were transferred into 50 ml of LB
broth and cultured at 37 °C for 14-16 h. The bacterial cul-
ture was then diluted in fresh nutrient medium to an optical
density measured at a wavelength of 600 nm (OD600) of 0.1
and cultured under the conditions described above. Once
the bacterial culture reached OD600 = 0.3, it was exposed
to stressors. Sodium chloride and acetic acid were added
to the bacterial culture and the culture was placed on a wa-
ter bath with appropriate temperature to reproduce heat
shock.

The gene expression level was determined us-
ing reporter gene fusions of the promoter of the studied
gene and the structural part of the lacZ gene encoding
[-galactosidase. It is assumed that the amount (activity)
of the reporter protein is directly proportional to the ex-
pression level of the studied gene. B-galactosidase activity
was measured in cells pretreated with a mixture of sodium
dodecyl sulfate and chloroform using o-nitrophenyl-3-D-
galactopyranoside as a substrate. $-galactosidase activity
was determined and calculated (in Miller units) according
to the standard protocol proposed by J. Miller [23].

Bacterial culture density was estimated by measuring
its OD600 using a UV1280 spectrophotometer (Shimadzu,
Japan) and a cuvette with 10 mm optical path.

The number of colony-forming units (CFUs) was de-
termined by plating on the surface of LB agar in Petri dish-
es. The number of colonies formed was counted after incu-
bation at 37 °Cfor 16-18 h.

Statistical data processing was performed using Sta-
tistica 6.0 software package (StatSoft Inc., USA). Data are pre-
sented as mean and standard error of the mean calculated
from at least three independent experiments. The statisti-
cal significance of the differences between the mean values
of the compared groups was determined using unpaired
t-test at p < 0.050.

RESULTS AND DISCUSSION

Osmotic stress was caused by addition of sodium
chloride, acid shock was induced by addition of acetic
acid, and heat stress was induced by heating from 37
to 42-55 °C. The effect of these stresses of different in-
tensities on the expression of the soxS gene, which en-
codes a transcriptional regulator responsible for the ac-
tivation of genes of the regulon, and its target gene nfo,
which encodes a DNA repair enzyme, was studied. The in-
tensity of stress was assessed by the change in the num-
ber of colony-forming units by the fourth hour of stress
exposure relative to the moment of the onset of stress ex-
posure (Table 1). Several levels of stress strength were dis-
tinguished: subinhibitory exposure (the number of CFUs
in the stressed culture increased during the cultivation
time); mild stress (inhibitory exposure, the number of CFUs
in the culture remained at the same level as at the time
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of stressor application); moderate stress (the number
of CFUs decreased by about one order of magnitude)
and severe stress (the number of CFU decreased by more
than one order of magnitude).

TABLE 1

THE NUMBER OF COLONY-FORMING UNITS IN E. COLI
CULTURE AFTER FOUR-HOUR EXPOSURE TO STRESSORS

Conditions IgCFU/ml
Control, unstressed 8.3+£0.4*
30 mg/ml of NaCl 8.1£0.3*
50 mg/ml of NaCl 7.6+0.1
70 mg/ml of NaCl 6.9+0.6
100 mg/ml of NaCl 6.1 +0.4*
200 mg/ml of NaCl 28+ 1.9*%
0.125 mg/ml of CH3COOH 84 +0.5%
0.25 mg/ml of CH3COOH 7504
0.5 mg/ml of CH3;COOH 7.3+0.1
2 mg/ml of CH;COOH 57+1.2%
42 °C 8.2+0.3*
45 °C 8.1 £0.2*%
55°C 0

Note. The number of CFU/ml at the time of stressor application was 7.4 % 0.3; * — statistically significant
difference from that at the time of stressor application (N > 3; T-test; p < 0.050).

Subinhibitory exposure had no effect on the expression
level of the soxRS regulon genes (data not shown). In re-
sponse to exposure of 50-100 mg/ml sodium chloride (mild
and moderate stress), the level of soxS gene expression in-
creased in E. coli cells in a dose-response manner; more in-
tense osmotic stress did not induce changes in gene ex-
pression (Fig. 1b).

Under mild osmotic stress, the change in expression oc-
curred in two stages: the gene expression level decreased
afteranincrease in theinitial stage of sodium chloride expo-
sure and then began to increase again after the third hour
of cultivation. Anincrease in soxS gene expression after ad-
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dition of acetic acid to the concentrations that did not re-
duce the number of CFUs in the culture (0.25-0.5 mg/ml)
was observed in the first 15 min from the onset of expo-
sure; more intense acid stress was accompanied by a de-
crease in gene expression (Fig. 1g). The expression of soxS
was lower in cells subjected to heating compared to cells
grown under optimal conditions (37 °C) regardless of the se-
verity of heat stress (Fig. Te).

Changes in nfo gene expression under stress factors
were similar to changes in soxS gene expression: mild
and moderate osmotic shock caused an increase in gene
expression, acid shock, which did not decrease the num-
ber of CFUs, slightly increased gene expression (Fig. 2),
and more severe acid stress and heat exposure led to a de-
crease in gene expression (data not shown).

Therefore, under the conditions studied, activation
of soxRS regulon gene expression was induced by expo-
sure to sodium chloride and, to a lesser extent, acetic acid,
while heat shock was accompanied by a decrease in gene
expression. Anincrease in the expression level was observed
in cells subjected to mild and moderate stresses, while se-
vere stresses, which caused the death of a significant num-
ber of bacterial culture cells regardless of their physicochem-
ical nature, were accompanied by a decrease in soxRS regu-
lon gene expression. A decrease in gene fusion expression
does not appear to be a specific response, but rather a con-
sequence of a general metabolic suppression and inhibition
of protein synthesis, including the reporter 3-galactosidase.

The data obtained are consistent with the results
of transcriptome analysis, which demonstrated an increase
in the expression of the soxRS regulon genes (soxS, fumC,
for, acnA) in E. coli cells when exposed to 0.3 M (17.5 mg/ml)
sodium chloride [24]. Activation of soxS gene expression
was also observed in E. coli cells subjected to osmotic shock
induced by exposure to 0.4 and 0.9 M sucrose [25].

An increase in sodA mRNA synthesis in Bacillus cereus
cells grown in media with pH =5.4-4.5 and an increase in su-
peroxide dismutase activity in Staphylococcus aureus cells
grown in medium with pH = 4.0 and pH = 2.0, compared
to cultivation in medium with neutral pH, have been previ-
ously shown [26, 27], suggesting activation of the soxRS reg-
ulon under conditions of acid stress. In this study, we dem-
onstrated a slight increase in soxRS regulon gene expres-
sion during the initial stages of development of acid stress
induced by acetic acid exposure.

Our results showed a decrease in the level of gene ex-
pression in cells grown at temperatures higher than opti-
mal (37 °C). Earlier studies showed an increased level of soxS
gene expression in cells grown at 43 °C compared to cells
grown at 30 °C, which is regarded as an activation of expres-
sion in response to heat [24]. On the other hand, decreas-
ing the cultivation temperature relative to the optimal lev-
el could cause a decrease in gene expression, which could
also explain the observed differences in soxS expression
level.

Thus, only osmotic stress induced by sodium chloride
application, out of the three stress conditions investigat-
ed (exposure to acetic acid, sodium chloride, or heating),
was accompanied by a significant activation of soxRS-regu-
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lon genes of antioxidant defence. Sublethal exposure to so-
dium chloride, causing a 2-2.5-fold increase in the expres-
sion of soxRS regulon genes, may provide pre-adaptation
of bacteria to the factors that this requlon is aimed at coun-
teracting, including antibacterial drugs.
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ABSTRACT

The article presents a review of the main circadian mechanisms regulating car-
bohydrate metabolism and their role in maintenance of energy homeostasis;
the molecular genetic structure of the circadian system is also discussed. The role
of adipose tissue and other organs and systems in the maintenance of circadian
rhythm of carbohydrate metabolism, both in health and in obesity and diabetes,
is highlighted. Particular attention is paid to diurnal rhythms of endocrine factors
responsible for metabolic patterns of hormones such as cortisol, growth hormone
and melatonin. Gender differences in the circadian regulation of energy and car-
bohydrate metabolism are also discussed, as well as their changes in different age
periods. Article provides detailed review of the mechanisms of glucose utilization,
reactivity of the pancreatic islets and peripheral insulin sensitivity shifts at different
time periods of the day in people with normal body weight, android and gynoid types
of obesity, both in women and men. Protective factors of energy metabolism circadian
regulation structure preventing the development of diabetes mellitus and cardio-
vascular disease in individuals with so-called “metabolically healthy” obesity type
are discussed. Article provides a review of various pathways of circadian rhythm
disturbances, mechanisms of their development, as well as exogenous and endog-
enous factors leading to carbohydrate metabolic circadian rhythm misalignment,
such as shift work, untiming of natural and artificial lighting, jet lags, sleep disorders.
Represented data contribute to a new look at the pathogenesis of obesity and car-
bohydrate metabolism disorders in various types of obesity in men and women,
that provides basis for searching for new effective methods of prevention and treat-
ment of these conditions, elaboration of evidence-based diets and physical activity
recommendations, as well as approaches to their medical treatment.

Key words: carbohydrate metabolism, circadian rhythms, insulin, glucose, diabetes
mellitus, obesity, adipose tissue
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PE3IOME

B cmameoe npedcmassieH 0630p ceedeHuli 06 0OCHOBHbIX MEXAHU3MAx UUPKAoHoU
pezynayuu y2n1e800H020 06MeHd, a MAakxe eé€ posiu 8 NO0OePXAHUU dHepeemuye-
CK020 20Me0Cmasa, pacCMompeHa MoJIeKy/IApHO-2eHemuYeckas cmpyKkmypa yup-
KaodHoU cucmemsl. OcgeweHa posib XuposoU MKAHU U Opy2ux op2aHos u cucmem
8 YUPKAoOHOM pumme y2/1ie800H020 0OMeHa, Kak 8 HOpMe, Mak U Npu OXXupeHuu
u caxapHom duabeme 2-20 muna. Ocoboe BHUMAHUE yoe1ieHo CymoYyHOU pummuke
3HOOKPUHHbIX hakmopos, onpedesigouux Memaboaudeckue nammepHol MAxKux
20pMOHO8, KaK KOpmu30J/1, COMamomponHseIli 20pMOH, MeIAMOHUH. B cmamee
omoesibHO 06Cyx0aromcs 2eHOepHble pa3nudus YUpKaoHoU pezynayuu 3Hepae-
muyecko20 U y211e800H020 Memabou3Ma, a makxe ux U3MeHeHUs 8 pa3/iuyHble
803pacmHvle nepuoobl. [Ipo8edéH NoOpobHbIL 0630p MEXAHU3MO8 U3MeHeHUs
ymusiu3ayuu 2/1l0K03bl, peakmu8HOCMU UHCY/IApHO20 anndpama nooXes1y004HoU
XKesne3bl U 4y8cmaumesibHoCmu nepugepudeckux maHel K UHCY/IUHY 8 pasHoe
8pems Cymok y /iUy, C HOpMasabHoU Maccol mesd, AHOPOUOHbIM U 2UHOUOHbIM
muNnamu OXUpeHUSA, KaK y XeHWUH, Mak u 'y myxduH. O6Cyx0eHbl 3aujumHsle
hakmopel 8 cmpykmype YupkaoHOU pezyniayuu S3Hep2emu4ecKko20 Memabosu3md,
npensmcmaytowjue pazsumuro caxapHoz2o ouabema u cepoeyHo-cocyouCmolx
3abonesarull y Uy ¢ MAak HA3bIBAeMbIM «Memaboauyecku 300po8biM» MUNOM
oXUpeHUs. PaccmompeHbl pasaudHele 8apuaHmMbl HapyweHUl YUPKAoHsIX pum-
MO8, MexaHu3Mbl UX B03HUKHOBEHUS, d MAKxXe 3K302eHHble U 3HO02eHHble hakK-
mopebl, NpugodsawUEe K HApYUWeHUAM YUPKAOHO20 pumma y21e800H020 0bMeHd,
makue Kak CMeHHAs paboma, HapyweHue ecmecmaeHH020 U UCKYCCMBEeHHO020
oceeuwjeHuUs, CMeHa 4acosblx NosAcos, paccmpolicmea cHa. lpusedéHHble cgede-
HUs cnocobcmayom opMUpPOBAHUID HOB020 8327100 HA NAmMozeHemu4vecKue
MexaHUu3Mbl pa3sumus HapyuweHul y21e800H020 06MeHad nNpu pas/IuYyHbIX MUNax
OXUPEHUS y MyXYUH U XeHWUH, 4mo 0dém 0CHOBAHUSA 071 NOUCKA 3(hcheKmUBHbIX
Memo0o8 NpopuIaKMuUKU U JiedeHus Smux 3abosesaHuli, onpedesieHUs Hay4yHo-
000CHOBAHHbBIX PEXUMO8 NUMAHUSA U (hU3UHecKUX Ha2py30K, d Makxe nooxo008
K UX MeOUKameHmMo3HoU mepanuu.

Knroueaoie cnoesa: y21e800HbIl 06MeH, YUPKAOHbIE pUMMbI, UHCYJ/IUH, 2J1H0K03d,
caxapHeili ouabem, oXxupeHue, XUposds MKaHb

Ona yntupoBanua: CopokunH M.IO., MuHxacos b.b., Cenatuukan B.I. UnpkagHbiin pyutm
yrneBofHOro o6mMeHa B Hopme 1 npu natonoruu. Acta biomedica scientifica. 2023; 8(2):
124-137.doi: 10.29413/ABS.2023-8.2.12
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INTRODUCTION

There is more and more information concerning the es-
sential role of not only central but also peripheral oscilla-
tors acting in metabolically active organs in the regulation
of glucose homeostasis to ensure circadian coordination
of key metabolic processes. Integral work of central and pe-
ripheral oscillators allows the organism to predict the de-
velopment of events related to the day-night cycle, includ-
ing processes related to the periodization of sleep-wakeful-
ness, hunger-satiety cycles of the organism. In this regard,
obtaining new knowledge related to blood glucose home-
ostasis as a key energy substrate is one of the fundamen-
tal tasks for understanding the mechanisms of metabolism
regulation in the human body in health, as well as for deter-
mining pathogenetic approaches to the treatment of such
diseases as obesity, dyslipidemia, atherosclerosis, type 2 di-
abetes mellitus and others.

Circadian rhythms are periodically repeating patterns
of physiologic processes every 24 hours. Cyclic processes
occurring in the human body determine the equilibrium
both within the organism and its equilibrium with the en-
vironment, which provides adaptation to the environmen-
tal conditions. Circadian rhythm is generated endogenous-
ly by a genetically encoded molecular clock with a perio-
dicity of about a day [1].

Currently, more than 300 physiological functions
and processes are known to have circadian rhythm, in-
cluding: body temperature, motor performance, sensitivi-
ty of the organism to environmental factors; different lev-
els of biologically active substances in body tissues and or-
gans, as well as in biological fluids; intensity of metabol-
ic processes, as well as providing cells, tissues and organs
with energy and plastic resources [2, 3]. A circadian clock,
influencing the expression of synthesis and hormone se-
cretion involved in the metabolism regulation, contributes
to the maintenance of body weight adequate to external
conditions [4, 5].

One of the most striking examples of circadian
rhythms are the stable circadian and ultradian rhythms
of blood glucose level dynamics, which have developed
in the course of evolutionary development under the influ-
ence of organism’s peculiarities of functioning in the envi-
ronment. Glucose homeostasis represents a model of en-
ergy metabolism circadian control, enhancing the efficien-
cy of this substrate usage. So, while during activity, blood
glucose is predominantly of dietary origin, during rest,
glucose is gradually recruited from glycogen in the liv-
er and maintains the required level in the blood within
a relatively narrow range of concentrations [6]. During
this process, liver glycogen content undergoes large dai-
ly fluctuations necessary to maintain blood glucose lev-
els, as glycogen synthesis and breakdown change dur-
ing periods of wakefulness/feeding and rest/starvation,
respectively [7, 8].

The circadian model of carbohydrate metabolism neu-
rohumoral regulation formed during phylo- and ontogen-
esis is highly reliable because it is a multilevel and self-reg-
ulating system [3]. This system regulating glucose homeo-

stasis is represented by both a central biological clock lo-
cated in the hypothalamus and a peripheral circadian clock
in organs and tissues such as muscle, adipose tissue, liver,
and pancreas.

Discordance in the circadian clock can lead to signifi-
cantdisorders in the endocrine glands rhythms, which play
aleading role in the realization of most physiological func-
tions. The resulting hormonal disorders affect a range
of metabolic responses, and the effects on glucose and li-
pid homeostasis lead to the development of such disor-
ders as metabolic syndrome, obesity and type 2 diabe-
tes [4, 6]. Adipose tissue accumulation leads to chang-
es in daily fluctuations in body temperature, heart rate,
blood pressure, fasting glycemia. Further disorders of car-
bohydrate metabolism in the form of type 2 DM develop-
ment contribute to the aggravation of metabolic disorders,
which leads to even greater changes in the structure of cir-
cadian rhythms in the body [9].

CIRCADIAN CONTROL OF ENERGY METABOLISM

Endogenous circadian rhythms of metabolism are re-
produced by a multi-oscillatory system consisting of a cen-
tral clock located in the suprachiasmatic nucleus (SCN)
of the hypothalamus, as well as the peripheral clocks repre-
sented in virtually all organs, tissues, and cells of the human
body [10]. SCN functioning is triggered primarily by light
signals via the retinohypothalamic tract. Further, through
nerve and/or hormonal pathways, the SCN transmits tempo-
ral signals to other brain regions, particularly the epiphysis,
as well as to peripheral organs such as the adrenal glands,
muscles, adipose tissue, pancreas, liver, and gastrointesti-
nal tract [10]. The central clock uses hormones such as cor-
tisol, melatonin, STH, leptin, and synaptic projections, par-
ticularly the autonomic nervous system, as signals that reg-
ulate metabolism [11, 12].

Peripheral tissues, by integrating SCN signals with en-
vironmental factors and behavior (including nutrition,
light, sleep, and physical activity), as well as with their own
autonomous rhythms, maintain the circadian rhythm
of the body’s energy metabolism [13]. It has been shown
in experimental models that (almost) all cells in the body
express the molecular mechanism of the circadian clock,
and the hunger-satiety cycle is one of the main synchroniza-
tion timers for the peripheral clocks [14]. Thus, the rhythm
of food intake largely controls the circadian expression
of liver genes [15].

Molecular regulation of energy metabolism circadian
rhythms is provided by a set of genes that trigger and main-
tain the clock mechanism of the organism as a whole. Auton-
omous intracellular rhythms are maintained at the molec-
ular level by circadian genes and proteins that form a tran-
scriptional-translational feedback loop (TTFL). The main
negative transcriptional-translational feedback loop in-
cludes core clock genes such as CLOCK, BMALT (also known
as ARNTL), PER and CRY [16]. TTFL operates in a ~ 24-hour
cycle, activating a rhythmic cascade of transcriptional
and post-transcriptional events involving thousands of tar-
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get genes [17]. In total, about 10 % of gene transcripts
show circadian periodicity and, moreover, even more
proteins undergo oscillations due to circadian rhythms
at the post-transcriptional and post-translational levels
[17].Thus, circadian rhythms are generated endogenously
in the body and persist for quite along time even in the ab-
sence of external time cues [1]. Since different stimuli de-
termine the rhythm of the central and peripheral clocks,
both systems can be desynchronized whenever their re-
spective timers are out of sync. In this regard, synchroni-
zation of photic (light) and non-photic (non-light) stimuli
is necessary for the circadian system to work more accu-
rately and coherently.

CIRCADIAN RHYTHMS
OF CARBOHYDRATE METABOLISM IN NORMAL

The circadian rhythms of carbohydrate metabolism
are fairly well studied in healthy individuals. Numerous
studies have found diurnal variation in glucose tolerance
with a maximum in the morning hours and reduced glu-
cose tolerance in the evening [18-21]. The above diurnal
variations are independent of the route of glucose entry
into the body and are characteristic of both oral and intra-
venous glucose orinsulin tolerance tests [22, 23] and mixed-
feeding conditions [24]. Daily fluctuations in glucose tol-
erance are largely determined by the diurnal rhythm
of B-cell reactivity, insulin secretion and its clearance.
It has been shown that 3-cell reactivity is higher in the morn-
ing than at other times of the day [18, 22], while secretion
rate and insulin levels in response to glucose or food intake
are most significant in the afternoon and evening [25]. In-
sulin clearance also varies by day: its extraction by the liv-
er has been shown to be lower in the morning, relative
to the evening [25].

The diurnal rhythm of carbohydrate metabolismis also
determined by the peripheral sensitivity of tissues to in-
sulin, primarily muscle [26, 27], liver [28], and adipose [24,
29]. Regarding the latter, only subcutaneous adipose tissue
has been shown to undergo a circadian rhythm of insulin
sensitivity with the highest amplitude of insulin sensitivi-
ty, 54 % higher at midday relative to midnight [29]. The re-
sults of our own studies with the oral glucose tolerance test
(OGTT) at different times of the day indicate that in both
men and women with normal body weight, evening time
is characterized by a physiological increase in insulin resist-
ance, manifested by a decrease in the rate of glucose uti-
lization compared to the morning hours. Gender features
of the carbohydrate metabolism circadian rhythm consist-
ed in lower glucose tolerance in the morning in men rela-
tive to women. The explanation for this may be the prefer-
ential accumulation of visceral adipose tissue in men com-
pared to the proportion of subcutaneous adipose tissue,
as determined by the ratio of waist circumference to hip
circumference [30]. It is visceral adipose tissue that largely
determines the level of free fatty acids (FFAs) in the blood.
The predominant alternate use of carbohydrates and fats
in energy metabolism is confirmed by the fact that FFA
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levels are also subject to diurnal fluctuations and are con-
sistent with the diurnal rhythms of glucose homeostasis
(18, 24].

As mentioned above, effective regulation of carbohy-
drate-fat metabolism is supported by a number of coun-
terinsulatory hormones, such as somatotropic hormone,
the level of which isin a pronounced relationship with gly-
cemic levels during nighttime sleep (10:00 PM - 2:00 AM)
[31]. Cortisol is also responsible for circadian fluctuations
in glycemia and insulinemia. Hydrocortisone infusion
is known to dramatically suppress insulin secretion and in-
crease peripheral insulin resistance in about 4-6 hours,
and maintains these effects up to 12-16 hours after ad-
ministration [32]. The effects of melatonin are also re-
flected in the circadian balance of regulators in the form
of increased secretion of counterinsulatory hormones,
predetermining increased insulin resistance and glucose
tolerance in the evening and at night [33]. Conversely,
increased daytime insulin sensitivity and increased pan-
creatic glucose sensitivity coincide with an anabolic ori-
entation of energy metabolism. It has also been sug-
gested that melatonin may directly affect the expression
of clock genes [34]. For example, one of the melatonin ef-
fects is not only the regulation of the expression of circa-
dian genes of the transcription-translation feedback loop
in cells of the central nervous system and (3-cells of the pan-
creas, but also an increase in their sensitivity to the action
of Glucagon-like peptide-1 (GLP-1), which in turn stimu-
lates insulin secretion [35].

Analyzing the changes in glucose tolerance and in-
sulin sensitivity in the circadian rhythm, it can be as-
sumed that the physiological significance of the phenom-
enon of insulin resistance lies in the activation of lipid
oxidation in peripheral tissues in the evening and night
hours, which is necessary for the functioning of muscle
and fat cells and is also aimed at reducing lipotoxicity
[36]. Thus, the increase in lipid utilization and the switch
of energy metabolism to fat oxidation in the evening
is the presumed cause of hyperglycemia and determines
the daily rhythm of glucose levels. The biological mean-
ing of switching to fat metabolism in the late phase
of the circadian cycle lies in the expediency of restoring
the structure, reserves and cell function of peripheral tis-
sues, as well as in getting rid of unspent excess fat stores
to avoid fat degeneration and lipotoxicosis. The oxida-
tion products accumulated during the day inhibit glyc-
olysis and the delivery of glucose into the cells. Perhaps
one of the key roles in this process is played by leptin,
the secretion of which is characterized by a cosine curve
with a peak in the middle of the night [37]. It is known
that leptin is able to induce in somatic cells the synthe-
sis of enzymes involved in the non-oxidative metabolism
of FFAs. In turn, leptin deficiency or developing resistance
to it leads to a switch of FFA metabolism to the pathway
of synthesis of long-chain fatty acids and their esterifica-
tion into triglycerides. The resulting increased lipid con-
tent in peripheral tissues can lead to adipose degenera-
tion, lipotoxicosis, and cellular apoptosis [38]. We believe
thatitis this protective function of leptin against excessive



fat accumulation that defines its basic biological mean-
ing. Based on the above, it can be assumed that it is leptin
that plays a key role in regulating the switch from carbo-
hydrate to fat metabolism during the transition from light
to dark time. Thus, the accumulation of adipose tissue
and insulin resistance are elements of the system of en-
ergy metabolism regulation, formed in the course of evo-
lution and contributing to the survival and reproduction
of offspring in extreme conditions.

FACTORS LEADING TO DISORDERS
OF CIRCADIAN RHYTHM
OF CARBOHYDRATE METABOLISM

Shiftwork

There is increasing evidence that shifts in circadian
rhythms caused by an inappropriate combination of key
external factors, such as shift work, exposure to bright
light at night, sleeping during the day, disordered eating,
low motor performance during the day, lead to metabol-
ic disorders and the formation of pathological conditions
in the form of increased levels of glucose, insulin, triglycer-
ides, the development of obesity and type 2 diabetes mel-
litus (DM), and accelerated aging [39-41].

A meta-analysis of observational studies showed
that people who work shifts have a 9 % increased risk of de-
veloping type 2 DM compared with those without a histo-
ry of shift work [42]. In a longitudinal study using cohorts
of nurses, this risk also depended on the length of shift
work, increasing by 5 % for every 5 years of shift work [43].
It has also been shown that workers with rotation shifts
were even more likely to develop type 2 DM than workers
with a fixed night schedule [42].

Natural and artificial light disturbance
and change of time zones

Another risk factor for circadian rhythm disor-
der is irregularities in lighting, both natural and artifi-
cial. Epidemiologic evidence suggests that exposure
to bright lightin the evening or at night increases the risk
of metabolic disease. In a cross-sectional study of more
than 100,000 women, bright room lighting during sleep
was strongly associated with higher BMI, waist circum-
ference, and waist to hip circumference ratio [44]. In ad-
dition, in a prospective cohort study, older adults ex-
posed to light at night (= 3 lux) demonstrated a 10 % in-
crease in body mass index (BMI) over 10 years [45]. In an-
other study, increased exposure to light in the even-
ing (18-38 lux) was associated with a 51 % increased
risk of developing type 2 DM [46], while a phase de-
lay of every hour in light above 500 lux was associated
with a 1.3 kg/m? increase in BMI [47]. In a cohort study
involving 43,722 women, artificial light at night during
sleep significantly influenced the risk of weight gain
and the development of obesity, especially in women
who had a light or TV on in the room during sleep [48].
Insolation disorder is associated with impaired melatonin
production. Exposure to bright light during the daytime

has been shown to increase melatonin secretion at night
[49]; therefore, lack of bright light during the daytime
may weaken the central clock rhythm and, hence, lead
to metabolic disorders. In contrast, evening or night-
time exposure to bright light suppresses melatonin
production, resulting in significant changes in hormo-
nal balance [12]. Decreased melatonin levels can lead
to the development of food addiction, manifested by in-
creased appetite, episodes of compulsive eating behav-
ior, and elements of night eating syndrome. In mod-
ern society, the influence of social factors on the tim-
ing of meals and the maintenance of circadian rhythms
of sleep and wakefulness is great. Clear examples include
nighttime eating with shift work schedules and postpon-
ing meals when time zones change. An increase in ca-
loric intake in the evening and night hours is often ac-
companied by an increase in total daily caloric intake,
as well as a shift in preference toward foods rich in rap-
idly digestible carbohydrates. For example, one study
showed a prevalence of refined carbohydrates and high-
calorie meals in the diet of individuals working the night
shift [39]. Another study (n = 98) showed decreased levels
of melatonin and serotonin and an inverse relationship
of their levels with all types of eating disorders in indi-
viduals with metabolic syndrome [50]. The results of an-
other study including 100 patients with metabolic syn-
drome demonstrated a shift in the nocturnal peak of me-
latonin without a confirmed decrease in its levels [51].

Another common type of circadian rhythm dis-
orders is jet lag, quantified as a discrepancy between
sleep and wakefulness times on weekdays and week-
ends with discrepancies in social and biological time [52].
It has been found that people experiencing jet lag (approx-
imately 69 % of the population [52]) have a 1.75-fold higher
incidence of type 2 DM and prediabetes compared to indi-
viduals who do not change time zones [53]. Moreover, in-
dividuals with an evening chronotype were at a 2-2.5-fold
higher risk of developing type 2 DM compared to those
with a morning chronotype [54].

Sleep disorders

Another of the mechanisms explaining metabolic
changes in circadian misalignment are sleep disorders.
According to a number of studies, excess body fat is as-
sociated with a number of circadian sleep rhythm disor-
ders [55]. It has been shown that episodes of late falling
asleep can lead to circadian misalignment and exacerbate
insulin resistance [56]. Phase shifts in sleep timing, even
when sleep duration is kept constant, also cause circadian
shifts leading to metabolic dysfunction. Sleep deprivation
worsens glycemic outcomes in patients with and without
DM [57]. Not only shorter (< 6 h) but also longer (> 9 h)
sleep duration has been shown to be unfavorably asso-
ciated with insulin resistance. Although the association
between insufficient sleep and DM is more or less un-
derstood, little is known about how excessive time spent
sleeping or hypersomnia (10-12 hours) increases the risk
of developing diabetes [58]. The link between sleep dis-
turbances and diabetes is two-way: chronic sleep dis-
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turbances increase the risk of developing insulin resist-
ance, and diabetes worsens sleep quality. When the di-
urnal rhythm of going to sleep is shifted, melatonin peak
shifts to the beginning of awakening, the total dura-
tion of sleep decreases, and due to insulin resistance
in the morning hours, there is an increase in postpran-
dial glycemia at lunchtime. This is because the circadi-
an system influences phase | insulin secretion through
the SCN and melatonin receptors (MT1 and MT2). Conse-
quently, the increase in fasting and postprandial hyper-
glycemia on the background of circadian misalignment
is mainly due to the increase in insulin resistance, rather
than due to a decrease in [3-cell function [59].

Diet violation

An important factor that meaningfully affects circadi-
an rhythm is food intake. There is now no doubt that meal
timing plays one of the key roles in maintaining daily ho-
meostasis of glycemic levels [60]. Several studies have re-
ported that delaying the meal phase has adverse metabolic
consequences, even when food intake is limited to daytime
hours. Changing lunch time from 01:00 PM to 04:30 PM in-
creased glucose increment by 46 %, and decreased carbo-
hydrate oxidation in the fasting state [61]. Late dinner in-
duces nocturnal glucose intolerance and reduces fatty acid
oxidation and mobilization, especially in those who fall
asleep early [62]. Another study showed that an abrupt
shift in dinner time from 07:00 PM to 10:30 PM increased
post-breakfast glucose levels the next morning by 7-8 %
and increased 24-h glucose levels by 4 mg/dL, although
it had no effect on 24-h energy expenditure [63]. A night-
time meal, even if it consists of low glycemic index foods,
is associated with a more significant increase in glyce-
mia and insulinemia compared with an equivalent meal
in the morning hours [61].

In arandomized cross-over study, it was shown that late
dinner time led to increased nighttime melatonin concen-
trations and decreased glucose tolerance in MTNR1B me-
latonin receptor gene carriers [64]. The melatonin role
in this process is supported by the observation that sig-
nificant impairment of glucose tolerance at late dinner
was observed only in carriers of the rs10830963 SNP allele
variant of the MTNR1B gene of the melatonin receptor [64],
associated with a high risk of developing type 2 DM [65].
This conclusion is further supported by placebo-controlled
trials demonstrating that administration of exogenous me-
latonin in the morning and evening reduces glucose toler-
ance [66], and that this effect is six times more pronounced
in carriers of the rs10830963 SNP allele of the MTNR1B gene
than in non-carriers [64, 67].

Improper timing of meals can negatively affect
the course of type 2 DM. Patients with type 2 DM who con-
sumed more than 25 % of their daily energy in the even-
ing hours had worse glycemic control, higher levels of gly-
cosylated hemoglobin, and more complications of diabe-
tes [68]. Late meal timing may impair glucose tolerance
for a number of reasons: (1) eating during an unfavorable
circadian phase; (2) eating concurrently with increased me-
latonin concentrations; and (3) late meal timing causes in-

ternal misalignment (main working hypothesis). Accord-
ing to the latter hypothesis, misalignment of food intake
may lead to dissociation of central and peripheral clocks
in metabolically active tissues [69], which has been con-
firmed experimentally [70]. However, to date, there is no di-
rect evidence that internal desynchrony per se negatively
affects glucose control [71], suggesting that the first two
mechanisms may also be important. Anyway, late meal time
can be considered as arisk factor for carbohydrate metabo-
lism disorders [10]. These data may serve as a basis for rec-
ommending that patients with carbohydrate metabolism
disorders eat earlier in the day and refrain from eating lat-
er in the day.

Changing the distribution of calories between meals
(even if meal times have not changed) also affects meta-
bolicrisk factors. According to various authors, increased
consumption of caloric food at lunchtime and evening
contributes to the accumulation of visceral adipose tis-
sue, the development of liver steatosis, abdominal obe-
sity and disorders of carbohydrate metabolism [71].
G.K.W. Leung et al. suggested that daily glycemia fluctu-
ations also depend on the distribution of consumed car-
bohydrates with different glycemic index during the day.
Indeed, diurnal fluctuations in blood glucose concentra-
tions were maximized when a higher carbohydrate meal
followed a lower carbohydrate meal [71]. This fact is im-
portant to take into account in the training and organi-
zation of nutrition of persons with carbohydrate metab-
olism disorders.

Thus, the most significant risk factors for the develop-
ment of carbohydrate metabolism disorders associated
with circadian dysfunction include irrational distribution
of caloric intake during the day, late breakfast and dinner,
shift in bedtime, shortened sleep duration, exposure to ar-
tificial light in the evening, as well as too short and long in-
tervals between meals.

CIRCADIAN RHYTHMS
OF CARBOHYDRATE METABOLISM
IN PATHOLOGY

Obesity

Most studies that have focused on carbohydrate metab-
olism rhythms have not considered obesity types and gen-
der differences [5, 9]. At the same time, these factors
are among the key determinants that determine the patho-
genesis of metabolic syndrome and carbohydrate metabo-
lism disorders. It is well known that when it comes to obe-
sity, it is largely gender that determines the regional distri-
bution of adipose tissue, in turn influencing cardiometa-
bolic risk factors [72].

The accumulation and distribution of adipose tis-
sue in different depots differs significantly between men
and women, which is reflected in the development timing
of metabolic and associated disorders. A comparative anal-
ysis of gender differences in fat accumulation in ontogene-
sis has allowed us to establish that in all age periods, subcu-
taneous distribution of fatty tissue predominates in wom-
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en, while in men, in most cases, its accumulation in the ab-
dominal region is greater [73, 74]. However, the dynam-
ics of adipose tissue accumulation still has a dependence
on age. In the case of overweight and obesity at a young-
er age, for example, the gynoid type dominates in males.
In older age groups (by the end of the first period of adult-
hood) in males, active accumulation of fatin the abdominal
region leads to an equal incidence of gynoid and android
types of obesity, after which the android type of obesity be-
gins to predominate [73].

In women, the gynoid type predominates in the pres-
ence of overweight and obesity until the end of the sec-
ond period of adulthood, and thereafter, as age increas-
es (including in old age), there is an increase in the occur-
rence of the android type of obesity [74]. What is inter-
esting is that the age at which the android type of obesi-
ty begins to predominate occurs about two decades later
in women than in men. This largely determines the fact
that obese men are characterized by an earlier onset of car-
bohydrate metabolism disorders and cardiovascular diseas-
es, while in women these disorders begin to occur much
more frequently at the end of the reproductive period.
This ultimately has an overall impact on longer life expec-
tancy in women [73].

Recently, more and more attention has been paid
to the study of so-called “metabolically healthy obesity”,
in which individuals with a characteristic phenotype lack
metabolic abnormalities [75, 76]. The properties of “met-
abolically healthy” were found to be more characteristic
of gynoid obesity with a high ratio of subcutaneous to ab-
dominal fat. These individuals with a lower type of fat dis-
tribution are less characterized by hyperglycemia, hypoad-
iponectinemia, and insulin resistance, which are precursors
to the development of diabetes mellitus and cardiovascu-
lar disease [21].

Women with different types of obesity were found
to have different diurnal rhythms of glycemia and insu-
linemia. For example, women with gynoid type of obesity
are more characterized by functional hyperinsulinemia pro-
voking postprandial hypoglycemia. The latter, as we have
shown earlier, occurs due to increased glucose utilization
in peripheral tissues, which suggests that in this pheno-
type glucose is the main source of energy and substrate
of lipogenesis in adipose tissue during light and dark hours
of the day [21].

In women with android type obesity, the pattern
of the glycemic curve during OGTT is similar to that of wom-
en with normal body weight, both in the morning
and in the evening. However, comparable glucose lev-
els in this type of obesity are achieved at the cost of sig-
nificant postprandial hyperinsulinemia. During OGTT, an-
droid-type obese women had 4-fold higher levels of im-
munoreactive insulin (IRl) at the 60th minute of the test
in the morning compared with normal-weight women,
and 2-fold higher levels in the evening. This significant dif-
ference is the result of insulin resistance due to the high
metabolic activity of visceral adipose tissue. An interest-
ing fact is that in the group of women with android type
of obesity, a more pronounced increase in blood glucose
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levels at the 60th minute of the test in the evening occurred
in the setting of lower insulin levels than when a similar
OGTT was performed in the morning. Apparently, this phe-
nomenon is indicative of the developing functional ex-
haustion of the insular apparatus in the afternoon [77],
which is a precursor to type 2 DM.

Thus, in both types of obesity there are disorders
in the diurnal rhythms of carbohydrate metabolism,
but they are mediated by different mechanisms. In gy-
noid obesity carbohydrate load provokes hyperinsuline-
mia and hypoglycemia, and in android obesity — insulin re-
sistance, hyperglycemia and compensatory hyperinsuline-
mia, which determines the peculiarities of the pathogene-
sis of the obesity different types and carbohydrate metab-
olism disorders development.

Type 2 diabetes mellitus

Alarge number of studies have found that the rhythms
of glucose tolerance, insulin levels, and insulin sensitivity
characteristic of healthy individuals may be impaired, in-
verted, or absent in individuals with type 2 DM [23, 29];
these patterns may also change in older age [25]. Studies
with hyperglycemic clamp in individuals with type 2 DM
have demonstrated an inverted glucose tolerance pro-
file, with glucose tolerance improving throughout the day
while awake [25].

In a study with 24-hour glucose infusion to adult pa-
tients with type 2 DM and obese non-diabetic individuals
with comparable BMI, glucose levels were found to be high-
est in the morning and lowest in the evening [78]. Moreo-
ver, the amplitude of glycemic fluctuations was approxi-
mately 2-fold higher in individuals with type 2 DM com-
pared with those with obesity. While increased glycemia
at night correlated with increased cortisol levels, increased
insulin secretion at night corresponded to increased glucose
levels only in obese subjects but not in those with type 2
DM. In fact, no temporal rhythms of insulin secretion rate
were detected in subjects with type 2 DM. These differenc-
es in the rhythms of glycemia and insulinemia fluctuations
may be due in part to differences in the timing and ampli-
tude of the cortisol rhythm in individuals with diabetes com-
pared to healthy ones [28].

Two other studies of patients with type 2 DM have
shown a lack of rhythmicity in muscle glycogen stores [25]
and peripheral insulin sensitivity [79]. Nevertheless, adults
with type 2 DM show distinct rhythms of hepatic glycogen
accumulation and hepatic insulin sensitivity [78]. As a re-
sult, overall insulin sensitivity in individuals with type 2
DM reaches a maximum at about 7:00 PM. And a minimum
in the morning. This rhythm of liver sensitivity to insulin
may explain the well-known “dawn phenomenon” (fasting
hyperglycemia). Increased endogenous glucose production
during the night hours also contributes to the fasting/morn-
ing hyperglycemia observed in type 2 DM [79].

Thus, circadian rhythm disorders are also accompa-
nied by carbohydrate metabolism disorders, playing a role
in the pathogenesis of metabolic diseases. The present data
demonstrate that shifts in circadian rhythms caused by un-
timely exposure to light, sleep, and meals impair glycemic



control and increase the risks of obesity and type 2 DM.
Whether interventions that restore normal circadian rhythm
can actually prevent or have a favorable effect on the course
of metabolic diseases remains completely unclear.

Perhaps the differences between glucose metabo-
lism in individuals with type 2 DM and without carbo-
hydrate metabolism disorders may be related to im-
paired functioning of the central biological clock of the
SCN in type 2 DM. In particular, the number of arginine-
vasopressin-immunoreactive neurons (AVIN), VIP neu-
rons (VIPN) and glial fibrillary acidic protein immuno-
reactive (GFAP-ir) astroglial cells are significantly re-
duced in the SCN among type 2 DM patients compared
to healthy individuals [80].

CONCLUSION

Thus, circadian rhythms of carbohydrate metabolism
are determined by diurnal variations in a large number
of metabolic processes, including 3-cell sensitivity, periph-
eral insulin sensitivity, insulin clearance, and the amount
of fat and its ratio in various depots. Circadian rhythms
of carbohydrate metabolism were formed in phylogenesis
under the influence of natural factors of the human envi-
ronment, which determine physiological needs and func-
tional energy expenditure necessary for the realization
of life activity processes. The circadian rhythm of carbohy-
drate metabolism, first of all, predetermines the phasicity
of glucose usage as an energy substrate. So, in the morn-
ing and afternoon, its usage is determined by: light, awak-
ening, hunger, hormonal regulators (cortisol, insulin), mo-
tor performance, food intake and other regulatory factors.
In the evening and at night, physiologic insulin resistance
promotes a switch to fat metabolism to rid somatic cells
of excess lipids and prevent lipotoxicity.

In current conditions, when a person is character-
ized by hypodynamia; excessive and extended practical-
ly for the whole time of day consumption of nutrients,
and, above all, refined carbohydrates; light stress; psycho-
emotional stress associated with the release of glucocorti-
coids, both central and molecular mechanisms of circadian
rhythms maintenance are disturbed, which, in turn, increas-
es the negative impact of exogenous factors on human me-
tabolism parameters, forming a vicious circle of the patho-
logical process risk factor formation. In this regard, the ques-
tion arises, what is primary: disorders of circadian rhythms,
which contribute to the development of metabolic pathol-
ogy, or they are secondary and only strengthen the meta-
bolic disorders formed under the influence of exogenous
factors? The answer to this question will largely help to find
pathogenetic approaches to dietary and drug correction
of carbohydrate metabolism in the treatment of diseases
and conditions such as obesity, DM, dyslipidemia, athero-
sclerosis and other endocrine-exchange disorders.
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ABSTRACT

According to various researchers, the prevalence of unruptured cerebral aneurysms
(CAs) in the general population varies from 2 to 5 %. In the vast majority of cases,
CAs do not have clinical and neurological manifestations and are discovered inciden-
tally during routine neuroimaging studies. CAs can cause intracranial hemorrhage.
Asarule, hemorrhages of this type occur in patients aged 40-60 years. It has been es-
tablished that about 10-15 % of patients die from an aneurysmal hemorrhage before
they receive specialized medical care. Recurrent aneurysmal intracranial hemor-
rhage is the main cause of high mortality and disability in this group of patients.
The search for literature sources in the scientific databases PubMed/Medline, EMBASE,
Cochrane Library and eLibrary demonstrated the existence of numerous studies de-
voted to the study of molecular biology and biophysical mechanisms of formation,
growth and rupture of CAs. Combining the results of these studies was the motivation
for writing this literature review. The paper reflects in detail the role of inflammation
and molecular genetic factors in the growth and rupture of the CAs, and presents
the biophysical factors of the rupture of the CAs. The authors pay special attention
to the shape, size and coefficient of the CAs as the most important geometric risk
factors for the formation and rupture of the CAs. This review presents current data
on mathematical modeling of various types of CAs with an assessment of the risk
of rupture of the latter, which has found its application in wide clinical practice.
The authors also attempted to describe the hemodynamic features in various types
of CAs. In turn, the type of blood flow in the CAs cavity largely depends on the size
and shape of the latter and the geometry of the carrier artery, which is the basis
for preoperative planning and the choice of tactics for surgical treatment of patients
with unruptured CAs.

Key words: cerebral aneurysms, formation, growth, rupture, inflammation, biology,
biophysics, mathematical model
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PE3IOME

Mo daHHbIM pasnu4Heix uccedosamernel, pacnpoCcMpaHEHHOCMb Hepa3opeas-
wuxcs yepebpansHsix aHespusm (LJA) 8 obwieli nonynayuu eapbupyem om2 00 5 %.
Bnooasnsatowem 6osnbluuHcmae criy4aes LJA He uvetom KIUHUKO-He8pOoI102U4ecKUX
nposeneHul u 06HAapyxusarmMcs cjiy4aliHo NPU 8bINOHEHUU NJIAHOBbIX Helipo-
8U3Ya/IU3AYUOHHbIX UCC/Ie008aHUl. LJA Moxem A8umbcsa npu4yuHOU 8Hympuye-
penHoz20 KposousnusaHusA. Kak npasusio, KpogousiugHUS mako20 muna ecmpeya-
romcsa y nayueHmos 8 sospacme 40-60 siem. YcmaroesieHo, ymo okosio 10-15 %
nayueHmMos ymupairom om aHespu3mMamuyecko20 KpOo8oU3/IUAHUS 00 OKA3AaHUsA
UM Cheyuanau3uposaHHol meduyuHckol nomowu. [loemopHoe aHespusmamuye-
CKOe 8Hympuy4epenHoe Kpo8ou3/1usHUe 8bICMyndem 0CHOBHOU NPUYUHOU 8bICOKOU
Jlema’snbHOCMU U UHBAIUOU3ayuU yKasaHHoU epynnel nayueHmos. [IpogedéHHbiIU
NouckK IUMepamypHsIx UCMOYHUKO8 8 Hay4HbIx 6a3ax 0aHHbIx PubMed/Medline,
EMBASE, Cochrane Library u eLibrary npodemoHcmpuposan Hasau4due MHO204UC-
JIeHHbIX UCC1e008aHUU, NOCBAWEHHbIX U3yHeHUI0 MOJIeKyIapHOU buono2uu u 6uo-
hu3UYeCKUX MeXaHU3MOo8 (hopMUpOB8AHUS, pocma u paspeiea LIA. ObveduHeHue
pe3ysibmamos yKazaHHbIX UCC/1e008aHuUl U A8U0CL NOOyOUMesibHbIM MOMEHMOM
K HaNUCAaHur 0aHHO20 IUMepamypHo20 063opa. B pabome demanbHo ompaxeHa
pOJIb 8OCNAsIEHUSA U MOJIeKYIAPHO-2eHemuyeckux (hakmopos 8 pocme U paspulee
LA, npedcmasneHsl buoghusuyeckue pakmopsi paspwiga LJA. Ocoboe 3HaueHue
asmopamu yoeseHo popme, pazmepam u KosgpuyueHmy LIA kak saxxHeluwum
2eoMempuyeckUM hakmopam puckd popMmuposaHrus u paspelea LJA. BHacmoswem
0630pe npedcmassieHbl COBpeMeHHble OdHHbIe 0 MAMeMamu4eckom MooesIupo-
8AHUU pasuy4Hbix munos LJA ¢ oyeHKol cmeneHU pucka paspsi8a nocieoHux,
4Umo Hawis1o c80é npumeHeHuUe 8 WUpPOKoU KiTuHUYeckol npakmuke. Takxe asmopa-
MU NpedNPpUHAMA NONbLIMKA ONUCAHUS 2eMOOUHAMUYECKUX 0cobeHHocmel 8 pas-
JIu4HbIx munax LJA. B ceoro ouepedb mun Kpo8omoka 8 nosocmu LIA 80 MHO20M
3asucum om pazmepa, hopMel NoCe0Hel U 2eomempuu Hecyujel apmepuu, Ha Yém
OCHOBAHO NPedoNepayUOHHOE NJIAHUPOBAHUE U 8b160p MAKMUKU XUPYpP2U4ecKo20
Jle4eHuUA nayueHmos ¢ Hepasopsaswumucs LA.

Knroueeavie cnosa: yepebpasibHole aHespu3msl, (popMUpO8AHUE, pOCM, paspbls,
socnaseHue, buosoaus, buogusuka, Mamemamuyeckas Mooesib

Ona untupoBaHusa: CaakaH 3.C., bopucosa H.B., AxoHtoB WN.C., Maknescknn M.10.,
CrenaHoB W.A. Brionorunueckre n bruodpusmnyeckme mexaHnsmbl GopmMnpoBaHus, pocta
1 paspbiBa LepebpanbHbix aHeBpu3M. Acta biomedica scientifica. 2023; 8(2): 138-149.
doi: 10.29413/ABS.2023-8.2.13
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INTRODUCTION

According to autopsy data, the prevalence of cere-
bral aneurysms (CAs) is 1-5 % of all deaths [1]. Morpholog-
ically, CAs are characterized by fragmentation of the inter-
nal elastic lamina with damage to the endothelial lining
of the vessel, which eventually leads to changes in all lay-
ers of the vascular wall in the form of aneurysmal bulge
formation, which can be considered as a pathological for-
mation and, at the same time, a compensatory mechanism
to reduce the local hemodynamic load on the vascular wall
[2, 3]. In the vast majority of cases, CAs do not have clinical
and neurological manifestations and are discovered inci-
dentally during routine neuroimaging studies. However, CA
can be a cause of intracranial hemorrhage. As a rule, hem-
orrhages of this type occur in patients aged 40-60 years
[4]. The incidence of CA rupture has been shown to in-
crease from 3 per 100,000 population in the group under
30 to 30 per 100,000 population among people over 60 [5].
It has also been established that about 10-15 % of patients
die from an aneurysmal hemorrhage before they receive
specialized medical care. The mortality rate during the first
3 weeks after CA rupture is 20-30 %, within 30 days it reach-
es 46 %, and more than 30 % of the population is deeply dis-
abled [6, 7]. It is important to emphasis that recurrent an-
eurysmal intracranial hemorrhage is the main cause of high
mortality and disability in this group of patients [7, 8].

The search for literature sources in the scientific data-
bases PubMed/Medline, EMBASE, Cochrane Library and eLi-
brary demonstrated the existence of numerous studies de-
voted to the study of molecular biology and biophysical
mechanisms of formation, growth and rupture of CAs. Un-
doubtedly, knowledge of these mechanisms will allow opti-
mizing existing and developing new methods of treatment
for patients with CA in the near future.

THE AIM OF THE STUDY

Analysis of current literature data devoted on the study
of biological and biophysical mechanisms of formation,
growth and rupture of cerebral aneurysms.

MOLECULAR BIOLOGY OF CA

Role of inflammation

Some studies have shown that vascular wall inflam-
mation plays a crucial role in the formation and growth
of CA [9]. Thus, N. Chalouhi et al. [10] noted in their study
that constant pronounced hemodynamicimpact on the vas-
cular wall leads to the activation of inflammatory process
in the latter with the participation of matrix metalloprotein-
ases (MMPs), smooth myocytes, macrophages and the de-
velopment of oxidative stress. Endothelial dysfunction re-
sulting from a number of modifiable and non-modifiable
risk factors (smoking, arterial hypertension, local blood flow
disturbance in cerebral vessels, genetic factors) represents
the initial stage of CA formation. Oxidative stress initiates

the process of vascular wall destruction due to the accumu-
lation of free radicals and destruction of structural elements
of the endothelial lining [10, 11].

The next stage of vascular wall destruction is activa-
tion of the inflammatory process that involves macrophag-
es, mast cells, T-lymphocytes and a number of proinflam-
matory mediators and cytokines [12]. A long-lasting in-
flammation process leads to changes in the phenotype
of smooth muscle cells and remodeling of the vascular wall
towards the synthesis of extracellular matrix components
in the middle coat of the vessel [13]. Changes in the phe-
notype of smooth muscle cells contribute to the degrada-
tion of the internal elastic lamina, impaired collagen syn-
thesis and dysregulation of the synthesis of extracellular
matrix components [13]. Vascular wall remodeling is di-
rectly related to the degree of nitric oxide (NO) produc-
tion [13, 14]. It is well known that NO is the most impor-
tant angioprotector, but only if it is synthesized in ade-
quate amounts. Inadequate NO content in the vascular en-
dothelium may determine the development of endothe-
lial dysfunction and a number of pathological conditions
[14]. Thus, NO hyperproduction may result from excessive
activation of endothelial NO synthase (eNOS). NO, formed
as a result of this process, when interacting with super-
oxide anion radical can be converted into very toxic sub-
stances (peroxynitrite, nitrotyrosine), which have a number
of pathogenic effects on the vascular wall (increased oxida-
tion of proteins and lipids, inactivation of enzymes, includ-
ing mitochondrial enzymes, increased permeability of cy-
toplasmic membranes, damage to nucleic acids and acti-
vation of apoptosis). According to modern concepts, im-
paired NO bioavailability is the main cause of endothelial
dysfunction in the presence of risk factors (arterial hyper-
tension, coronary heart disease, diabetes mellitus, meta-
bolic syndrome) [15].

The final stage of CA formation is apoptosis of smooth
muscle cells, which leads to thinning of middle coat
of the vessel and increased risk of vessel rupture [16]. In ad-
dition, macrophages, attracted by proinflammatory medi-
ators and cytokines into the vascular wall thickness, begin
to produce large amounts of MMPs, which break down col-
lagen and other components of the extracellular matrix [17].
All this inevitably leads to additional thinning of the vascu-
lar wall, potential formation of CA with its subsequent rup-
ture and development of intracranial hemorrhage. A sche-
matic representation of the role of inflammatory factor in CA
growth and rupture is shown in Figure 1.

Role of genetic factors

The genetic disposition to CA formation is well stud-
ied. The association of CA with various hereditary no-
sological forms has been proved, genes responsible
for the synthesis of structural components of the vascu-
lar wall have been identified, and mutations in the latter
among patients with CA have been analyzed in detail [18].
There is a high incidence of CA in some families in the ab-
sence of evidence of any systemic pathological conditions
[18, 19]. Thus, the presence of the following chromosome
loci is statistically significantly associated with familial CA:

140



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N2

Proinflammatory
mediators i
and cytokines release
Synthesis of enzymes

—
that degrade
extracellular
Smooth myocyte Elastin vascular matrix )
and collagen fibers and myocyte apoptosis

External elastic lamina Inflammation process activation and attraction of macrophages
and lymphocytes to the focus of inflammation

Macrophage Lymphocyte

FIG. 1.
Schematic representation of the role of the inflammatory process in CAs growth and rupture

1p34.3-p36.14, 19q13.3, Xp22 and 7q11[20]. The 7q11 lo-  veloping CA is statistically significantly higher in families
cus contains the COL1A2 gene, the product of whichis colla-  with a history of CA, especially in Japan and Finland. Glob-
gen type |, as well as an adjacent gene responsible for elas-  ally, about 3 % of the population suffers from CA, but the in-
tin synthesis. In turn, collagen type | and elastin represent  cidence of aneurysms in Finland is twice as high. Three
the structural basis of the vascular wall [21]. C.B.Theodotou  new loci on 18q11.2 and 10g24.32 chromosomes associat-
et al. [22] showed in their systematic review that the loci  ed with CA were identified among the Finnish population.
of 9p21/CDKN2 chromosomes are responsible for the pro-  Three loci were associated with CA (2923.3;5q31.3;6q24.2)
cess of the vascular wall remodeling and are statistical- and one with the number of CA (7p22.1). The 7p22.1 locus
ly significantly associated with CA rupture. The study wasmorefrequentin Finland (4.6 %) thanin the Netherlands
of K. Bilguvar et al. [23], involving more than 2000 patients (0.3 %). Five loci account for 2.1 % of inherited CA in Finland
with CA and 8000 control group respondents, demon-  [25]. The previously mentioned COLTA2 gene has been as-
strated that the presence of single-nucleotide polymor-  sociated with aneurysms among patients from Japan, Chi-
phisms in the loci of 2g33.1, 8q11.23 and 9p21.3 chro-  na, and South Korea. Nevertheless, this does not fully ex-
mosomes is statistically significantly associated with cas-  plain the formation of most CA [25].
es of sporadic and familial CA. Other potential genetic tar- Currently, a number of inherited diseases are known
gets for study on CA formation and growth are MMPs, angi-  to be associated with CA formation, growth and rupture.
otensin-converting enzyme (ACE), phospholipase C,eNOS  They include Ehlers-Danlos syndromes (types | and V),
and other genes [23]. At the same time, the authors  Fabry disease, Osler - Weber - Rendu disease, Pompe dis-
of these studies do not exclude the role of external factors  ease and autosomal dominant polycystic kidney disease
in the formation and rupture of CA. (ADPKD) [1, 25]. Hereditary diseases associated with CA
The International Study of Unruptured Intracranial An-  aresummarizedinTable 1. ADPKDisassociated with mutation
eurysms (ISUIA) analyzed unruptured CAs taking into ac-  of PKDTand PKD2 genes |1, 25]. The frequency of occurrence
count patient demographics and the localization of multiple ~ of CA among patients with ADPKD is 10-13 %, and at least
CAs. It was found that more often multiple CAs are localized 25 % of this number have a positive family history of CA
in the region of the middle cerebral artery (28.6 %) and pos-  with/without the development of intracranial hemor-
terior communicating arteries (13.7 %) [24]. The risk of de-  rhage [25].
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TABLE 1
HEREDITARY DISEASES ASSOCIATED WITH CEREBRAL ANEURYSMS [1]

Autosomal recessive 392 AKU

- 9q, 3p8, 1p -
Autosomal dominant 12212?3 g((DDé
Autosomal dominant 4p16.3 FGFR3
Autosomal dominant 9‘;‘32’:'1 Zzg
Autosomal recessive 17923 GAA

Autosomal recessive, X-linked Xq22.1 GLA

Autosomal dominant 177qq2222.'11 ggt ;2 ;
Autosomal dominant 17q11.2 NF1
Autosomal dominant ligl13 MENT
Autosomal recessive 9 0
Autosomal recessive 8q21 CHSI
Autosomal dominant 15g21.1 FBNI
Autosomal dominant 1222 9
Autosomal recessive 9 9

- 7911 -
Autosomal dominant 9q COL5AT
Autosomal dominant 2931 COL3A1
Autosomal dominant 19 g:é; gg

B 19p13.3 B

14932

Autosomal dominant 9 9

Autosomal recessive
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Analysis of the significance of biochemical markers
of connective tissue protein breakdown is a promising
area of the study of the pathophysiology of CA formation
and growth. Currently, some amino acids and their various
forms (oxyproline, hydroxyproline), as well as glycosami-
noglycans are the main markers of connective tissue dis-
order [26-29]. Thus, the study by M.A. Nokhsorova et al.
[26] showed that the parameters of the content of some
amino acids and their various forms can act as markers
of early diagnosis of connective tissue dysplasia (CTD).
Similar results were obtained by T.A. Siraeva et al. [27]
in their study on pediatric patients with glomerulone-
phritis. The study by L. Wang et al. [28] and Y. Guo et al.
[29] demonstrated the dependence of the level of some
amino acids in plasma and urine of patients with aortic
dissection and aortic aneurysm. B. Sokoét et al. [30] point
to a statistically significant correlation between the lev-
el of certain amino acids in the cerebrospinal fluid (CSF)
and the risk of CA rupture.

BIOPHYSICS OF CEREBRAL ANEURYSMS

Geometric factors

Sizes of cerebral aneurysms

The maximum size of CA is generally considered
to be the main risk factor for CA rupture. According
to J. Beck et al. [31] and M. Korja et al. [32], in 70-80 %
of cases the maximum diameter of unruptured aneurysms
is 10 mm. Large (16 to 25 mm) and giant (more than 25 mm)
CAs are less common. The clinical and experimental obser-
vation of J. Suzuki and H. Ohara [33] showed that the wall
of CA, the size of which is not more than 3 mm, is formed
by endothelial lining and fibrous tissue, and at the size
of CA 4 mm and more, a large number of coarse collagen
fibers appear in the wall of the latter. Such morphological
changes in the vascular wall significantly reduce its elas-
tic properties with the formation of thinning areas [33].
The changes reduce the degree of resistance of the vascu-
lar wall to hemodynamic loads. On the other hand, some
authors claim that the difference between the diameters
of ruptured and unruptured CA is no more than 1.5 mm
and has no statistically significant effect on the risk of CA
rupture [34].

A detailed study of the dependence of large CA rup-
ture without taking into account other factors is an ex-
tremely difficult problem due to the fact that the anal-
ysis of the influence of hemodynamic risk factors gives
ambiguous and, in some cases, contradictory results.
According to the study of P.B. Canham and G.G. Fergu-
son [35], CAs with a size of 5 to 9 mm have the high-
est risk of rupture. However, it is known that the blood
flow velocity in the CA is inversely proportional
to its dome diameter squared, i. e., as the CA size in-
creases, the blood flow velocity in the cavity of the latter
will decrease. A decrease in blood flow velocity will lead
to adecrease in the hemodynamic load on the vascular
wall. Similar data were obtained by S. Tateshima et al.
in their study [36].
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Shapes of cerebral aneurysms

It has been proven by numerous studies that the shape
of CA has a greater impact on the risk of CA rupture
as opposed to its size. Oval, oblong or lobulated CAs
have been shown to have a high risk of rupture [36]. Ac-
cording to S. Tateshima et al. [36], in the CA dome region
the greatest wall shear stress is noted. The prevalence
of ruptured multicameral CAs is statistically significantly
higher by 2-7 times [37]. The irregularity of CA contours ac-
cording to the data of digital subtraction angiography (DFA)
is an important risk factor of CA rupture, which confirms
thinning of the CA wall, disturbance of its elastic properties
and presence of thrombotic masses [38]. C. Sadasivan et al.
[39] in their clinical observation noted that CA of the indi-
cated type is statistically significantly associated with rap-
id growth and a high risk of rupture.

The average CA wall thickness is 16-400 um [40].
It is known that the CA wall has less pronounced elas-
tic properties in contrast to the arterial wall. At the same
time, the stretchability of the CA wall differs in its differ-
ent parts [40]. The study by J.G. Isaksen et al. [41] clearly
showed that in hemodynamic systole the maximum degree
of stretching of the CA wall occurs in the region of its lo-
cus minoris resistentia — the dome wall. The lobular struc-
ture of the CA wall confirms the heterogeneity of elastic-
ity of its different sections and correspondingly lower re-
sistance to hemodynamic shocks in comparison with CA
of the correct spherical shape [42].

Ratio of cerebral aneurysms

The CA ratio is the ratio of the CA dome height
to the width of its neck. Comparison of the values of the ra-
tios of ruptured and unruptured CA indicates a statistical-
ly significant predominance of this parameter in the group
of ruptured CA (2.4 vs 1.6, respectively) [43]. The clinical
case series by H. Ujiie et al. [44], including 129 respondents
with ruptured CA and 72 respondents with unruptured CA,
showed that the value of the ratio of ruptured CA exceeds
1.6. The unruptured CA ratio, in turn, does not exceed 1.6
[44]. The authors of this study conclude that if the ratio val-
ue s less than 1.4, it is safe to say that the risk of CA rupture
is low; if the ratio is more than 3, the risk of CA rupture in-
creases significantly [44].

Ratio of CA dome height to the diameter

of the parent artery

The ratio of CA dome height to the diameter of the par-
ent artery as a risk factor for its rupture was proposed
for the first time by M. Tremmel et al. [45]. The authors sta-
tistically significantly found that in 77 % of cases of rup-
tured CA the ratio of CA dome height to the diameter of the
parent artery exceeded 2.05, in contrast to unruptured
CA - less than 2.05 [45]. The authors also clearly showed
that a 5 mm CA located on the anterior communicating
artery with a diameter of 2 mm has a ratio of 2.5, which
indicates a very high risk of its rupture, while a CA of simi-
lar size but located on the internal carotid artery with a di-
ameter of 4 mm has a ratio of 1.25 and a much lower risk
of rupture (about 10 times) [45]. The prospective clinical
study by M. Rahman et al. [46] noted that the ratio of CA
dome height to the diameter of the parent artery is a sta-



tistically significant risk factor for CA rupture (OR = 2.12;
95% Cl: 1.09-4.13).

Mathematical models of cerebral aneurysms

Currently, there are a number of studies on the predic-
tive value of mathematical models of CA growth and rup-
ture risk and its formation. Thus, A.L. Rogozin [47] pre-
sented and studied in detail the prognostic value of a ma-
thematical model of the risk of rupture of the internal ca-
rotid artery CA. The authors have developed the follow-
ing formula:

P= ! ,
1+e7?

where P is the probability of CA rupture, z=b, x X, + b,
XXy+ ...+ bn XX +a,X- values of independent variables,
b - regression ratios, a — constant, e - base of natural log-
arithm. A more extended mathematical model with sev-
eral parameters was developed and studied in detail
by H. Meng et al. [48]. The researchers presented the final
formula as follows:

N, )= MQﬂim)X (H;z ) ,

where p is the ratio of CA neck to the parent artery radi-
us, A is the CA ratio, n is the value of the CA stress factor,
which is a function of the ratio of CA neck to the parent ar-
tery radius and the CA ratio. In contrast to previous math-
ematical models, R. Berguer et al. [49] presented a trigo-
nometric model of CA formation, where special attention
is paid to the angle between daughter arterial branches
forming a bifurcation CA:

cosO= i ,
\ 2B

where {3 is the ratio of the CA neck area to the diameter
of the parent artery, 6 is the angle between the daughter
arterial branches forming the bifurcation CA.

Itis clear that the presented mathematical models can-
not fully characterize all the processes occurring in the CA
cavity and statistically significantly assess the risk of its rup-
ture. Nevertheless, some neurosurgical clinics in the world
actively use mathematical models as a rationale for select-
ing surgical treatment tactics for CA patients in a particu-
lar clinical situation.

Hemodynamics of cerebral aneurysms

Blood flows in the CA cavity into simple steady and com-
plex unsteady, or turbulent blood flows [1]. Simple steady
blood flow in the CA cavity has a unidirectional constant
motion during a single cardiac cycle and may rarely have
a single vortex with a constant or changing localization.
The turbulent flow is usually unsteady and has a multidi-
rectional motion with many swirls of different localizations
in the CA cavity [1, 3].

The type of blood flow in the CA cavity depends
largely on the size, shape of the CA and the geome-
try of the parent artery [1, 16]. In some cases, the blood
flow directed into the CA cavity has a high velocity, small

width and has a significant hemodynamic effect on cer-
tain regions of the CA wall. In other cases, the blood flow
is wider and slower, and exerts less hemodynamic shock
on the CA wall [1, 16].

Particular attention should be paid to hemodynamic
features in bifurcation CAs. Thus, the blood flow velocity
in a narrow-neck CA is significantly lower than in the par-
ent artery. The blood flow velocity is higher in a wide-neck
CA than in a narrow-neck CA. In a wide-neck CA, blood ex-
change with the cavity of the parent arterial trunk occurs
in greater volume than in a narrow-neck CA [1, 50]. More-
over, the risk of thrombosis is much higher in narrow-neck
CA [50].

CAs, which are located at asymmetric arterial bifur-
cations, have individual hemodynamic characteristics.
The part of the CA neck that is adjacent to the larger-di-
ameter daughter artery is subjected to the highest blood
pressure, while the part of the neck belonging to the small-
er daughter arterial trunk experiences a large degree
of stretching under the pulsatile blood flow [51]. The blood
volume in the smaller daughter arterial branch comes
from the CA cavity, while the larger daughter branch is filled
from the parent artery [51].

As for the hemodynamic features of lateral CAs, the fill-
ing of the CA cavity with blood is carried out in the distal part
of the CA neck. The process of constant change of the blood
flow direction occurs in the CA cavity, and the blood exit
is verified in the proximal part of the CA neck [52]. The hemo-
dynamic pressure on the distal part of the CA neck s higher
than on the proximal part and on the CA dome [53, 54]. Ac-
cording to C.M. Strother et al. [55], lateral CA grows in the di-
rection of blood flow due to the stretching of the CA wall
in the distal part of the neck.

Thereport by D.D. Dolotova et al. [56] showed that a ves-
sel branching from the neck or dome of CA causes their clas-
sification as “complex” not only because of the difficulties
of surgical intervention, but also because an additional
vascular branch and its disconnection from the blood flow
can have a significant effect on the change in the parameters
of local hemodynamics. The nature of these changes may
be determined by such factors as the diameter of the ves-
sel arising from the CA and the location of the CA relative
to the parent vessel [56]. The authors of the study also not-
ed that the hemodynamic parameters of bifurcation CAs
were much less susceptible to changes: virtual “removal”
of the vessel had an insignificant effect on the neck wall
and the CA dome located on the flow path from the par-
ent vessel. In lateral CAs, the behavior of the velocity pro-
file and wall shear stress was more diverse, which can be ex-
plained by taking into account the totality of local and sys-
temic factors [56].

CONCLUSION

Currently, a great number of studies on the biologi-
cal and biophysical mechanisms of CA formation, growth,
and rupture has been conducted. The role of the inflamma-
tory process, molecular genetics and hemodynamic factors
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has been confirmed by numerous experimental and clinical
studies. The analysis of risk factors for CA growth and sub-
sequent rupture allows to predict the course of this dis-
ease, to choose optimal methods of surgical treatment
of this group of patients or to monitor patients with un-
ruptured CA. Undoubtedly, further study of the indi-
cated mechanisms of CA growth and rupture will allow
to study in depth the peculiarities of this nosological form
from the positions of both fundamental and applied sci-
ence. This kind of multidisciplinary approach opens up new
opportunities in terms of development and introduc-
tion of the latest methods of diagnosis and surgical treat-
ment of patients with CA into widespread clinical practice
in the near future.
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ABSTRACT

The aim. To analyze the results of surgical treatment of sacral schwannomas
with their extension into lower pelvis.

Materials and methods. We analyzed the clinical results of surgical treatment
of 25 patients with sacral schwannomas, including those with ventral extension
and growth into pelvic cavity. All patients were operated at the Clinic of Neurosurgery
ofthe Novosibirsk Research Institute of Traumatology and Orthopedics named after
Ya.L. Tsivyan for a 10-year period. The analysis of literature describing prevalence,
classification, diagnosis and surgical treatment of sacral tumors and schwannomas
in particular was carried out. The features of the course, diagnosis and surgical treat-
ment of sacral schwannomas and accepted surgical methods for their treatment
are described.

Results. Theaverage follow-up period ofthe patientsin our studywas 61.6 + 2 months.
Compared with the initial indicators of patients in the postoperative period (1 year
after the surgery), a good clinical result with the regression of symptoms was reg-
istered in 17 (68 %) out of 25 patients, and 10 (40 %) of them had a significant
regression of neurological disorders. 3 (12 %) operated patients had a deteriora-
tion of neurological disorders in the form of aggravation of sensitive disorders; one
patient had an aggravation of pelvic organ dysfunction. Radical removal of the tu-
mor was achieved in 24 (96 %) out of 25 cases; subtotal resection was performed
in 1 (4 %) patient. The number of relapses and continued growth of tumors in our
series was 12 % (3 out of 25 patients). The mortality rate was 0 %. The complications
were registered in 3 (12 %) cases and manifested as wound liquorrhea in cases of us-
ing posterior approach.

Conclusion. The degree of radicality of tumor resection and clinical outcomes
is directly related to the selected surgical approach.

Key words: sacral schwannomas, retroperitoneal space neurinoma, tumors
of the retroperitoneal space of the pelvis and the anterior wall of the sacrum
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PE3IOME

Llens uccnedosaHus. AHaU3 pe3ysibmamos Xupypaudecko2o jiedeHus WedaHHOM
Kpecmuya c pacnpocmpaHeHuem 8 Masbili mas.

Mamepuasnel umemoosl. [1posedéH aHanu3 KTUHUYECKUX Pe3y/ibmamos xupyp-
2UuYecKo20 sedeHUs 25 nayueHmMos ¢ WeAHHOMAamMu Kpecmuyosou JIoKkaausayuu,
8 MOM YucJie C 8eHMPAsIbHbIM PACNPOCMpPAHeHUeM U pOCMoMm 8 NOSI0CMb MAJ10-
20 Masa, onepupo8aHHbIX 8 KIIUHUKe Helipoxupypauu Hosocubupckozo HUATO
um. A.J1. JuebsaHa MuH30pasa Poccuu 3a 10 1em. [lpogedéH aHanu3 aumepamypHbix
OaHHbIX, ONUCHIBAWUX pACNPOCMPAHEHHOCMb, KIAccugpukayuu, OudzHOCMUKY
U Xupypauyeckoe sie4eHue onyxoseli Kpecmya u weaHHoOM 8 yacmHocmu. Onuca-
Hbl 0CO6EHHOCMU MeYeHUs, OUd2HOCMUKU U XUpypeUu4ecKo20 JieueHus onyxoseu
O0aHHOU Jl0Kanu3ayuu, NpUHAMsle xupypaudeckue No0Xo0bl.

Pesynemamel. [lepuod Hab00eHUA 3a nayueHmamu 8 Haulem uccs1e0o8aHuu
cocmasusn 8 cpedHem 61,6 £ 2 mec. 1o cpasHeHUI0 ¢ UCXOOHbIMU NOKA3amensamu
60/1bHbIX 8 NOC/IE0NEPAUUOHHOM nNepuode (Ha cpoke 1 200) xopowuli KIUHUYeCcKul
pe3ysibmam ¢ pezpeccom CuMNMoMamuKku ommedeH y 17 (68 %) us 25 nayueHmos,
npu4ém y 10 (40 %) u3 HUX uMesICa 3HaA4YUMEIbHbIU pe2pecc He8po102u4ecKux
HapyweHrud. Y 3 (12 %) onepuposaHHbIx ommeyeHo ycy2ybrieHue He8poo2UuYecKux
HapyweHuu 8 8ude ycyzybneHus 4y8cmaumesbHbIx HapyueHud, y 00H020 NayueH-
maommeydeHo ycy2ybneHue HapyuweHul hyHKYUU Ma3o8bix op2aHos. PadukasnsHoe
yoasnieHue HO8006paAzo8aHus 0ocmuzHymo 8 24 (96 %) us 25 ciyuaes; cybmomarie-
Has pezekyus npogedeHay 1 (4 %) nayueHma. Yucsio peyudusos u NpoooIKeHHO020
pocma HosoobpasosaHuli cocmasusio 8 Haweu cepuu 12 % (3 u3 25 nayueHmos).
JlemansHocms cocmasuna 0 %. Oc/ioxHeHus, scmpedaemMole 8 Haweul 2pynne,
6b11u ommeyeHsbl 8 3 (12 %) caydasx u nposAssAAuUCy 8 8ude paHesoU sluKeopeu
8 C/1y4asnx 3a0HUX 00CmMynos.

3aknioyeHue. CmeneHb paoukasbHOCMU pe3eKyuu ONyXosau U KIUHUYeCKUx
UuCxo0008 HANPAMYIO C8A3AHA C 8bI6GPAHHBIM ONEPAYUOHHbIM 00CMYNOM.

Knioyeable cnoea: weaHHOMbI Kpecmud, He8puUHOMa 3a6powWUHHO20 NPo-
CMpaHcmeda, onyxosiu 3a6proWUHHO20 NPOCMPAHCMBd MAi020 MA3a u nepedHeli
CMeHKU Kpecmuya

Onauntuposanua: MengopuH U.B., Bacunbes U.A., Konbinos W.C. PesynbTtaTtbl xnpypru-
YeCKOro fieyeHys WBAHHOM KpecTLa C pacnpocTpaHeHreM B MOSIOCTb Manoro Tasa. Acta
biomedica scientifica. 2023; 8(2): 150-162. doi: 10.29413/ABS.2023-8.2.14
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INTRODUCTION

Primary spinal cord tumors account for 5 % to 10 %
of all spinal neoplasmsin adults and 4.5 % of all central nerv-
ous system (CNS) tumors [1, 2]. Their incidence is 1.3 cas-
es per 100,000 populations per year [2]. Extramedullary
neoplasms occur in 70-80 % of all primary spinal cord tu-
mors and in 53-68.5 % of all spinal cord neoplasms [2-
4]. The most common histologic variants of extramed-
ullary tumors are meningiomas (24.4 %), ependymomas
(23.7 %), and neurinomas (21.2 %) [5-7]. Tumors of the sa-
crum account for 1-7 % among spinal tumors [1, 2, 4, 8].
Schwannomas account for about 25-29 % of all primary
spinal tumors [8]. Retroperitoneal localization of schwanno-
mas is quite rare and accounts for approximately 1 to 5 %
of all retroperitoneal localization masses[1, 2,4-6, 9]. Inves-
tigating the problem of sacral tumor treatment, especially
in the case of ventral extension and their retroperitoneal lo-
calization, it should be noted the late detection of this pa-
thology and sometimes asymptomatic course [2,6, 10, 11].
There are many factors contributing to this, mainly the pres-
ence of sufficient reserve spaces in this area, atypical symp-
tomatology indicated by patients, and difficulties in inter-
preting diagnostic results [11].

It is believed that the earliest symptom is local pain
in the sacral region, and later, with the progression of tu-
mor growth, radicular symptoms appear, and, as a conse-
quence, sciatic manifestations, pelvic disorders, and radic-
ular pain syndrome appear [4, 12, 13].

Currently, thereis no single universally accepted classi-
fication of sacral tumors due to their great diversity and ge-
netic origin. The two most common classifications described
in the current literature are Enneking classification, based
on tumor grade, and Weinstein — Boriani — Biagini (WBB)
classification [8]. These classifications help to evaluate treat-
ment tactics, also from the oncologic side [8]. K. Sridhar de-
veloped a classification of tumors based on magnetic reso-
nance imaging (MRI) [14].1n 2003, P. Klimo proposed a clas-
sification scheme of cauda equina tumors at the sacral lev-
el depending on the direction of growth and distinguished
three types: first - limited to the sacrum (in this case, the tu-
mor can be excised from the posterior approach); second -
tumors adhering to/destroying the posterior and anterior
walls of the sacrum (in this case, a combined approach is re-
quired for tumor excision - anterior and posterior); third —
tumors within the presacral space on the anterior wall
of the sacrum (in this case, anterior approach is required
for excision) [14].

Due to the available topographic-anatomical fea-
tures of the small pelvis, in some cases surgical treat-
ment can be performed in one or several stages — remov-
al of the intracanalicular portion first, and then the por-
tion from the pelvic cavity. The main problem of tumors
extending from the sacral canal into the pelvic cavity,
and in our case schwannomas, is the need to make ap-
proach to the pelvis.

Despite the improvement of diagnostic methods,
the development of new surgical approaches using micro-
surgical and endoscopic techniques, and the improvement
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of anesthesia, it has become possible to perform one-stage
operations or surgical approaches — both posterior and an-
terior — to excise tumors of sacral localization [10]. However,
even today, the problem of sparing surgical approach to ne-
oplasms of this type, one-stage excise of the entire tumor
and minimizing the number of relapses has not been com-
pletely solved [4, 15, 16].

The choice of adequate approach in order to obtain
a good clinical effect and a high degree of radicality of tu-
mor excision will depend on proper, careful preoperative
planning based on imaging the interaction of the tumor
with adjacent organs and great vessels [12, 15]. In the case
of schwannomas, it is common to adhere to surgical tac-
tics of treatment with maximum radical excision of the tu-
mor substrate in order to obtain a favorable prognosis due
to the fact that these tumors are not sensitive to chemo-
and X-ray therapy [2, 3,12, 16, 17].

THE AIM OF THE STUDY

Retrospective analysis of clinical outcomes of sacral
schwannoma surgical treatment, including those with ex-
tension into lower pelvis.

MATERIALS AND METHODS

An open (non-blind), uncontrolled, non-randomized,
single-center, retrospective study of clinical results of surgi-
cal treatment of patients with schwannomas in the sacrum,
including those with ventral extension and retroperitoneal
localization in the pelvis, operated at the Clinic of Neuro-
surgery of the Novosibirsk Research Institute of Trauma-
tology and Orthopedics named after Ya.L. Tsivyan for a 10-
year period was conducted. Inclusion criteria: the pres-
ence of schwannomas localized at the level of the sacrum
with a confirmed pathomorphologic diagnosis; surgical in-
tervention in accordance with the standard protocol. Exclu-
sion criterion: severe concomitant somatic pathology in de-
compensation stage.

During this period, the Clinic of Neurosurgery
has gathered the experience of surgical treatment
of 69 patients with tumors of sacral localization having
different histological structure. Among them 25 (36.2 %)
were diagnosed with schwannomas of the sacrum; and
according to the histopathological classification adopt-
ed by the World Health Organization, the neoplasms
of all patients were of the | degree of malignancy.
There were 16 (64 %) females and 9 (36 %) males; mean
age was 49.6 + 3 years.

The diagnosis of sacral neoplasms, the degree
of schwannoma resection, and confirmation of the pres-
ence of relapses or continued tumor growth, adhering
to the adopted standards, were performed using MRI
studies of the spine and spinal cord on ExcelartVantage
MR tomographs (Toshiba, Japan) with intravenous injec-
tion of contrast agent. Magnetic field strength was 1.5 T,
slice thickness — up to 3 mm in T1, T2, FLAIR, DWI modes



(in three projections). If clinical signs that could be ac-
companied by structural changes of the spine were de-
tected, the patients underwent additional computed to-
mography (CT) of the spine on Aquilion 64 multislice spi-
ral computed tomography scanner (Toshiba, Japan); slice
thickness was 1 mm. Ultrasound diagnostics was also used
when necessary [3, 15].

According to P. Klimo's classification, schwannomas
were divided into three groups depending on the local-
ization and direction of growth according to MRl and CT
data: 16 (64 %) subjects had tumors limited to the sacrum;
6 (24 %) - intracanalicular, with destruction of the anteri-
or wall of the sacrum and with extension into the pelvic
cavity; 3 (12 %) patients had tumors that were localized
presacral, directly in the retroperitoneal space in the area
of the anterior wall of the sacrum, in the pelvic cavity, with-
out extending into the sacral canal (Table 1).

TABLE 1

DISTRIBUTION OF TUMORS BY THE DIRECTION
OF GROWTH

Number
of patients
Characteristics of growth direction

abs. %

Tumor limited to the sacrum 16 64
Tumor with extension into the pelvic cavity 6 24
Tumor directly in the retroperitoneal space 3 12
Total 25 100

Intradural tumor growth was noted in 12 (48 %) cas-
es, intra-/extradural — in 8 (32 %), and extradural -
in 5 (20 %) cases.

The mean tumor volume was 32.6 + 0.9 cm3. In this case,
the smallest tumor size was 1.2 cm?® and the largest
was 100.6 cm3. The follow-up of patients in our study se-
ries averaged 61.6 + 2 months.

The clinical picture of the disease in 21 (84 %) pa-
tients consisted of pain syndrome, neurological symp-
toms and pelvic organ dysfunction. In 4 (16 %) patients,
the tumor was diagnosed by MRI as an incidental find-
ing. The distribution of clinical manifestations is summa-
rized in Table 2.

Pain syndrome of varying severity in the sacral re-
gion occurred in 16 (64 %) cases. Absence of pain symp-
toms was noted in 9 (36 %) patients. Mild pain degree
according to Visual Analogue Scales (VAS) was noted
in 12 (75 %) patients, moderate pain —in 3 (18.7 %) cases,

in one case (6.3 %) the pain was severe. Irritation of the pel-
vicorgans, in particular the rectum, expressed in frequent
urges to defecate, was noted in 2 (8 %) patients with tu-
mors localized directly in the retroperitoneum of the pel-
vis. Irritative symptoms along the sacral roots were not-
ed in 20 (80 %) cases. Sensitive disorders were noted
in 12 (48 %) cases.

TABLE 2
DISTRIBUTION OF CLINICAL SYMPTOMS

Number of patients

Symptoms

abs. %
Pain syndrome in the sacrum 16 64
Pelvic irritation 2 8
Irritation of the sacral roots 20 80
Sensitive disorders 12 48
POD 3 12
No manifestations 4 16

Note. POD - pelvic organ dysfunction.

Pelvic organ dysfunction (POD) was noted in 3 (12 %) ca-
ses, with one patient having dysuric disorders associated
with mechanical impact of a large-sized tumor located
in the retroperitoneum on the pelvic organs.

All patients were operated using microsurgical in-
struments, OPMI Vario/NC33 microscope of Carl Zeiss
company (Germany). Magnification from 10 to 20 times
was used. High-speed drills supplied by Aesculap (USA)
and Synthes (USA) were used for approach. A Sonoca 300
ultrasonic dissector/aspirator (S6ring, Germany) was used
at the stages of excision, allowing, if necessary, to perform
internal decompression of the tumor for its further mo-
bilization and minimize the impact on the adjacent neu-
ral structures.

Two types of approaches were used in the patient
group. The first one was a posterior approach with re-
section of the posterior wall of the sacrum; performed
in 22 patients. Posterior approach allows a fairly clear
identification of the nerve structures that are locat-
ed directly in the sacral canal. In case of tumor locali-
zation within the sacral canal, it is limited to trepana-
tion of its posterior wall and skeletonization of the an-
terior wall of the canal and intervertebral foramen
zones. All posterior approaches done were performed
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with the patient in the abdominal position on the oper-
ating table. In this type of approach, opening and resec-
tion of the anterior wall of the sacrum from behind (or en-
largement of the already existing enlarged intervertebral
foramen) was performed if necessary in order to remove
the fragment extending ventrally, which was performed
in 6 cases. In 2 of these 6 cases, the posterior and ante-
rior walls of the sacrum were resected and a large ven-
tral component located in the pelvis was removed. Pos-
terior approaches are quite typical, they are widely de-
scribed in the literature, so there is no point in dwelling
on them in more detail.

The second approach was an anterior retroperitoneal
approach to excise tumors mainly localized on the an-
terior wall of the sacrum in the pelvis. It was performed
in 3 cases in the supine position of the patient on the op-
erating table. Retroperitoneal approach consists of mak-
ing an oblique paramedian incision of the anterior abdom-
inal wall. The peritoneum is peeled off the pelvic surface
along with the intestine and displaced from the iliac ves-
sels and ureters; the peritoneum is pushed medially. Dur-
ing the tumor approach phases, it is important to assess
therisk of injury to the great vessel and ureter. On the lat-
eral side, the iliac neurovascular bundle was mobilized
and withdrawn. Bipolar coagulation is used retroperito-
neally to enter the pelvis and approach the tumor mass.
Subsequently, tumor mobilization with internal decom-
pression using an ultrasonic disintegrator was performed.
As the volume of the tumor node decreased after its in-
ternal decompression, we separated the schwannoma
capsule from the anterior wall of the sacrum and impor-
tant anatomical formations (peritoneum, vessels, nerves,
ureters). After its intracapsular removal and its separa-
tion from the pelvic organs, the sacral intervertebral fora-
men was examined, the site of tumor growth (spinal root)
was identified, and after preliminary coagulation it was
cut off from the root. The operation ended with hemo-
stasis, layer-by-layer sutures on the wound with drainage
in the retroperitoneal space for 1-2 days.

In all 3 cases of purely anteriorly localized tumors ex-
cised from anterior approach, the surgical team included
a vascular surgeon, but we did not experience any compli-
cations or difficulties during excision. The tumors were local-
ized retroperitoneally and were not intimate with the great
vessels.

In order to assess the results of surgical treat-
ment and quality of life, we used the McCormick Scale,
and to assess the pain syndrome and its dynamics — VAS.
It should be noted that microsurgical interventions most-
ly did not cause a marked worsening of the patients’ con-
dition and deepening of the existing focal symptoms
in the group of our patients, as well as any significant
change in the patients’ quality of life index in the post-
operative period and transfer of patients from one group
to another.

The conducted studies comply with the ethical stand-
ards developed on the basis of the Declaration of Helsin-
ki of the World Medical Association (WMA) “Ethical Prin-
ciples for Medical Research Involving Human Subjects”,

as amended in 2000, and the Rules for Good Clinical
Practice approved by the Order No. 200n dated April 01,
2016 of the Ministry of Health of the Russian Federation.
The study was approved by the Biomedical Ethics Com-
mittee of Novosibirsk Research Institute of Traumatology
and Orthopedics named after Ya.L. Tsivyan of the Russian
Ministry of Health. All data were depersonalized.

RESULTS

Compared to the initial parameters of patients
in the postoperative period at 1 year, a good clinical
result with regression of symptoms was noted in 17
out of 25 patients, which amounted to 68 % (p < 0.01) -
this corresponded to class | according to the McCor-
mick Scale (1999), — and 10 (5,8 %) of them had signif-
icant regression of neurology, expressed in a clear re-
duction of pain syndrome (from 64 % to 24 %), irritative
symptoms on sacral roots, irritation of pelvic organs,
restoration of sensitive disorders. In 6 (24 %) individuals
the symptoms corresponded to grade Il as per the Mc-
Cormick Scale (p = 0.291), in 2 (8 %) cases - to grade lll
(p=0.027). There were no patients with gross neurologi-
cal disorders of persistent nature (grade 1V) in the group.
Positive symptoms noted at 1 year were not significant
at later dates.

Regarding POD, we can say that of the three pa-
tients with POD in the preoperative period, regression
of the disorders was noted in 2 (8 %) patients; 1 (4 %) pa-
tient retained POD with gradual incomplete regression
during the following 1.5 years. In addition, in one patient
who did not have POD preoperatively, this type of disorder
appeared in the postoperative period.

Operation radically was achieved in 24 out of 25 cas-
es (96 %), subtotal resection was performed in 1 (4 %) pa-
tient.

The number of relapses and continued growth of ne-
oplasms amounted to 12 % in our series (3 out of 25 pa-
tients, which was confirmed by clinical and tomograph-
ic data). Analysis of neoplasm recurrences revealed
that they recurred at 18 and 26 months, after primary
surgery and total tumor excision, and in one case con-
tinued growth was noted 11 months after subtotal tu-
mor excision. Patients were reoperated without worsen-
ing neurologic deficits or relapse during the remaining
follow-up period.

Long-term (more than 5 years) treatment results
were traced in 10 (40 %) of our operated patients.
In 3 (12 %) patients, long-term results could not be fol-
lowed up due to loss of contact with them. There were no fa-
tal long-term outcomes in the group of patients available
for catamnesis collection during the postoperative follow-
up period.

Complications observed in our group were noted
in 3 (12 %) cases and manifested as wound liquorrhea.
All of them are noted in cases of posterior approaches.
In all three cases, the liquorrhea was controlled by second-
ary suturing with placement of lumbar drainage. In cases
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of anterior, retroperitoneal approach, there were no com-
plications. Infections of the surgical area as well as inflam-
matory changes from the subarachnoid space did not oc-
cur among the patients.

CLINICAL CASE STUDY

Patient R., born in 1957, complains of weakness
in the left foot and fingers. Intermittent moderate pain
in the lumbosacral region, in recent months - fecal ur-
gency. Dx: Giant-sized volumetric mass (schwanno-
ma?) of intraforaminal localization at the level of S3
on the right with ventral extension into the pelvic cav-
ity. The diagnosis was confirmed by contrast-enhanced

a b
FIG. 1.

MRI of the lumbosacral spine, which revealed a gi-
ant presacral, contrast-enhanced mass at the S3 level
on the right with an intraforaminal component totaling
51 x 52.6 X 65.3 mm, with the intraforaminal component
measuring 10 X 11 x 12 mm (Fig. 1).

Surgical treatment was performed routinely: trepa-
nation of the posterior and anterior walls of the sacrum
in the projection of tumor growth at the level of S3-54
segments on the right, microsurgical excision of the tu-
mor.

Among the surgical peculiarities, we would like to em-
phasize the fact that the tumor was completely excised
from the posterior approach without damaging the per-
itoneum; the resulting postoperative cavity of the pos-
terior wall of the sacrum was filled with autogyre; con-

c d

Patient R., MRI of the lumbosacral spine in 2 projections with contrast enhancement, before the surgery. Giant presacral tumor of retroperi-
toneal localization at the S3 level on the right, with intraforaminal component. a, b - sagittal sections; ¢ — axial section; d — scheme of topo-

graphic and anatomical features of the tumor localization.

FIG. 2.

Patient R., 3D reconstruction of the MSCT image of the sacrum, after the surgery. Defect of lateral sacral masses in the area of surgical inter-

vention
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FIG. 3.

Patient R, MSCT images of the sacral spine and the pelvis with contrast enhancement, 1 day after the surgery. No signs of the tumor tissue

a b

FIG. 4.

Patient R., MRI of the lumbosacral spine with contrast enhancement, 34 months after the surgery. No signs of recurrence of tumor in the sa-

crum. a, b - sagittal sections; ¢ — axial section.

sidering adequate hemostasis, no drainage systems
were placed in the wound. The resection volume of the sa-
crum (in the area of the enlarged intervertebral foramen)
is represented by a small defect (35.0 x 25.0 mm) that
does not compromise the orthopedic integrity of the pel-
vicring (Fig. 2).

Intraoperative blood loss amounted to 320 ml.
The volume of the excised tumor was 100.6 cm3. Histo-
logic and immunohistochemical diagnosis: Schwannoma,
stage 1 (ICD-0O: 9560/0). Based on the results of Multislice
Computed Tomography (MSCT) 24 hours after surgery,
there were no signs of tumorigenesis (Fig. 3).
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The postoperative period was uneventful. Wound
healing is primary. In neurologic status — without ag-
gravation of neurologic symptoms, and the urgencies
regressed. The patient was discharged from the clinic
on the day 12 in stable, satisfactory condition. The pa-
tient is on outpatient follow-up at the clinic. The re-
sults of control MRI after 34 months showed no signs
of recurrence of the mass at the operated level (S3-
S4) (Fig. 4)

Patient N., born in 1946. Complaints of periodic
moderate painful sensations (“feeling of discomfort”)
in the pelvic area. The results of ultrasound (U/S) re-



a b

FIG. 5.

Patient N., MRI of the lumbosacral spine in 2 projections with contrast enhancement, before the surgery: a - sagittal section; b, ¢ - axial sec-

tions.

a
FIG. 6.

b

Patient N., MSCT images of the lumbosacral spine, spinal cord and the pelvis with contrast enhancement, 1 day after the surgery: no signs

of tumor. a - sagittal section; b — axial section.

vealed a mass in the pelvic area, and the patient was re-
ferred to an oncologist. In neurologic status at exami-
nation: without focal neurologic deficit; no pelvic organ
dysfunction. The diagnosis was clarified by contrast-en-
hanced MRI, which revealed a volumetric contrast-en-
hanced mass measuring 60.3 X 38.7 X 72 mm in the pre-
sacral region, on the ventral surface of the S3-S5 verte-
brae (Fig. 5).

The patient underwent a planned surgical inter-
vention: microsurgical removal of a volumetric mass
at the level of S3-S5 segments of the sacrum in the pelvic
area by left-sided retroperitoneal approach. The tumor

157

was excised total, and a small tumor fragment extending
into the intervertebral foramen of the sacrum was also re-
moved. Intraoperative blood loss amounted to 150 ml.
The volume of tumor excised was 96.5 cm3. Histolog-
ic and immunohistochemical diagnosis: Schwannoma,
stage | (ICD-0: 9560/0). Based on the results of postop-
erative MSCT control 1 day after surgery, no signs of re-
sidual tumor tissue were detected (Fig. 6).

The postoperative period was satisfactory, wound
healing was by primary intention. The sutures were
removed on the day 10. The patient was activated
on the day 2. She was discharged from the clinic in satis-



a
FIG. 7.

b

Patient N., MRI of the lumbosacral spine in 2 projections with contrast enhancement, 62 months after the surgery. No signs of relapse of tu-

mor. a - sagittal section; b — axial section.

factory condition with improvement on the day 10 after
surgery. In neurologic status — without focal symptoms
and increasing neurologic deficit. POD in normal state.
Based on the results of the most recent contrast-en-
hanced MRI of the pelvis and sacrum 62 months after sur-
gery, there was no evidence of tumor relapse (Fig. 7).

DISCUSSION

The necessary set of diagnostic measures for surgi-
cal treatment, in addition to clinical and neurological
data, should include the results of MRl and MSCT with
contrast enhancement, and if necessary, MSCT with an-
gioprogram and ultrasound examination of the pel-
vic region.

The priority in the treatment of schwannomas
of sacral localization should be surgical treatment
with complete excision of the tumor process. This en-
sures minimized and recurrence-free, continued good
quality of life for patients, sparing them from reoper-
ations and other treatments to target residual tumor
tissue. However, we should not forget that in the pur-
suit of radical surgery, it is necessary to clearly plan
the surgical approach, its features and volume, tak-
ing into account the topographic-anatomical fea-
tures of the area. Despite the fact that the most ap-
plicable in neurosurgical practice is the posterior ap-
proach, which allows the most radical removal of vo-
luminous masses, mainly intracanalicular localization,
in cases of ventral extension, it is also possible to use
the posterior approach to remove a ventrally extend-
ing tumor node (as presented in the clinical case study),
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and in this case it is possible to do with minimal, clini-
cally insignificant blood loss, a small resection of bone
structures of the sacrum and achieve radicality of re-
moval. Currently, there is no clear algorithm regulat-
ing the choice of surgical approach [11]. Some authors
are of the opinion that posterior approaches should
be chosen when excising giant neurogenic tumors
of the sacrum [16, 18]. The anterior retroperitoneal ap-
proach we used in several cases also allowed us to ex-
cise tumors of ventral localization in the pelvis radical-
ly and minimally traumatically.

However, based on our own experience, it is clear
that excision of anterior sacral wall tumors at lower sacral
levels from anterior retroperitoneal approach will be very
difficult due to the formation of a longer operative ap-
proach to the tumor, which will reduce the view and angle
of surgical attack. Taking this into account, as well as an-
alyzing the peculiarities of the extension of some tu-
mors in our group, the presence of a sufficiently deep sur-
gical approach in the ventral direction at posterior ap-
proaches, we would like to note the possibility and ex-
pediency of using endovideo-assistance during excision,
which, in our opinion, will allow to visualize more fully
the removed tumor bed and contact with anatomical for-
mations in the depth of the wound.

We would like to note that in the group of operated
patients we did not have to use two-stage (ventral, dorsal)
surgical intervention, as well as transperitoneal approach.
At the same time it was possible to excise tumors radical-
ly enough in almost all cases when correctly chosen pos-
terior or anterior approach was performed. The orthope-
dic integrity of the spine and pelvic ring was not compro-
mised in all 25 cases and, accordingly, no stabilizing systems
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were required. Good clinical results with analysis of the dy-
namics of neurological status, pain syndrome and pelvic
organ function confirm the correct choice of surgical ap-
proach in each case.

In case of significant ventral extension of the tumor
and its large volume, anterior approach or two-stage in-
tervention is preferred. However, our experience and lit-
erature data show that sufficiently large sacral schwan-
nomas extending predominantly into the retroperitone-
um can be removed from the posterior approach, mini-
mally traumatically and with a good clinical outcome [15,
18]. In this case, it is necessary to carry out an individual
approach to the patient, focusing on the localization, ex-
tension of the tumor, as well as on the constitutional fea-
tures of the patient.

The paradigm used in our clinic in treatment and diag-
nostic approachesin sacral schwannoma surgery is detailed
in the flowchart (Fig. 8).

When analyzing complications, taking into account
schwannoma localization area at the level of the sacral
canal and interaction with the roots of the cauda equi-
na, perhaps the most significant postoperative disor-
ders, significantly worsening the quality of life of pa-
tients, are pelvic organ dysfunctions. Therefore, in our
opinion, starting from preoperative planning, it is neces-
sary to assess possible risks of postoperative disorders,
including POD, together with urologists or neurourol-
ogists, and, if such complications are present, to devel-
op and apply a rehabilitation program for them, start-
ing from the early postoperative period. Complications
in the form of wound liquorrhea are associated with the
particular structure of the terminal portions of the dural
sac in the form of thinning of the dura mater, therefore,
in order to control this complication, as our experience
shows, it is optimal to use biological glue and fat auto-
graft for additional sealing of the dura mater.

CONCLUSIONS

As our experience shows and literature data confirm,
the overwhelming number of tumors of sacral localiza-
tion were schwannomas with gender distribution towards
the female sex.

Radical surgical excision of schwannomas, including
those with extracanalicular (ventral) extension, is an effec-
tive way to treat them, with a favorable prognosis, includ-
ing using a single approach, even in large-sized schwan-
nomas.

The choice of adequate approach is directly related
to the degree of radicality of tumor excision. An individual-
ized approach and planning are required for each case. Fur-
thermore, it is necessary to clearly understand the possibil-
ities of all existing surgical approaches, and the main goal
should be, of course, the patient’s quality of life.
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OPHTALMOLOGY

ABSTRACT

Surgical treatment is often accompanied by such complication as bleeding, and oph-
thalmic surgery is not an exception. The bleeding risk depends on many factors,
the most significant are age, arterial hypertension, hepatic and renal impairment,
prior stroke or treatment with oral anticoagulants.

The aim. To evaluate the structure of patients taking novel oral anticoagulants
(NOACs) with an assessment of activated partial thromboplastin time before oph-
thalmosurgical treatment.

Materials and methods. 54 patients taking oral anticoagulants were included
in the study. A retrospective analysis of medical histories of patients who had surgery
for ocular pathology was carried out. The patients were divided into two groups:
group 1-28patients whose activated partial thromboplastin time (APTT) did not ex-
ceed 45 seconds; group 2 - 26 patients with APTT more than 45 seconds. The criterion
for the numerical expression of APTT is the safety of performing regional anesthesia
against the background of taking anticoagulant drugs. Statistical processing was per-
formed using the Mann — Whitney test (p < 0.05).

Results. Acomparative analysis of the results showed that the patients of the group 2
had higher rates of APTT. At the same time, they were less likely to have acute cer-
ebrovascular accident (11.5 % compared to 21 % of patients in the group 1) and prior
acute myocardial infarction (19 % and 28 %, respectively). Among all the patients,
women and slightly older patients prevailed.

Conclusion. Patients with atrial fibrillation make up the majority of patients under-
going ophthalmosurgical treatment and taking NOACs. Surgical treatment method
was phacoemulsification with intraocular lens implantation. Studying APTT before
the surgery allowed us to identify a category of patients with high APTT, to prescribe
the withdrawal of the drug before the surgery in order to create optimal conditions
for surgical treatment.

Key words: vitrectomy, posterior segment eye disease, novel oral anticoagulants,
activated partial thromboplastin time, hemorrhagic complications, hypocoagula-
tion effect

For citation: Tatarinova M.B., Aleksandrova J.V., Kursakova J.V., Popova D.A. Preoperative
management of ophthalmic patients taking oral anticoagulants. Acta biomedica scientifica.
2023; 8(2): 163-169. doi: 10.29413/ABS.2023-8.2.15
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PE3IOME

Xupypeuyeckas nomowb nayueHmMam 3a4acmyio conposoxoaemcs Mmakum 0C/10X-
HeHueM, KaK KposomeyeHuUe; He A8/19emcs UCK/IIoYeHUeM U 0hmasibMosio2uyeckas
Xupypaus. BeposmHocmes KpogomeyeHuli 3asucum om MHO2UX (hakmopos, Hau-
60s1e€ 3HAYUMBIMU U3 KOMOPbIX AB/IAI0MCA HA/IUYUEe dpmepuasbHol 2unepmoHuU,
HapyweHue (yHKYUU neYyeHu U NoYeK, NepeHecéHHbIlU UHCY1bm, fiedeHue nepo-
PasIbHLIMU AHMUKOA2Y/IAHMAMU.

Lene pabomesi. OyeHUMb CMpYKMypy nayueHmos, NpUHUMAaKWux Hogble
opanbHele aHmukoazynaHmel (HOAK), c oyeHKoU akmugupo8aHHO20 HaCMu4HO20
mpombonacmuHo8020 8peMeHU Neped 0(hManbLMOXUpypeUYecKUM edeHuem.
Mamepuanel u Memoodsl. B uccnedosaHue 6bi/1u 8KOYeHbI 54 nayueHma,
npuHUMaiowue nepopasbHule AaHMuUKoaz2ynsHMel. buln nposedéH pempocnex-
musHbIlU aHaau3 ucmopud 60/1e3HU NAayueHMmMos, NPOoNepPUPOBAHHbLIX NO NOBOJY
2nasHol namonoeauu. lMayueHmesl bbisiu pazoeneHvl Ha 08e 2pynnesi: 1-a 2pynna —
28 nayueHmos, y Komopblx dKmusupo8aHHoOe 4acmu4yHoe mpombonIacmuHo-
soe apemsa (AYTB) He npesbiwano 45 ¢; 2-a epynna — 26 nayueHmos, y Komopawix
AYTB 66110 60516LIE 45 C, CO2/IACHO peKoMeHOAayuaM 6e30NnacHOCMU 8bINO/THEHUS
pe2uoHapHoU aHecme3uu Ha (hoHe NPUEMA aHMUKOAzYIAHMHbBIX NPENapamos.
Cmamucmuyeckas o6pabomka 8bINOJIHANIACHL C UCNOJIb308AHUEM Kpumepus
MaHHa - YumHu (p < 0,05).

Pesynemamel. CpasHumesibHbIl aHA/IU3 NOJIyYeHHbIX pe3ysibmamos npode-
MOHCMpUPOBAs, Ymo y nayueHmos 8mopoli 2pynnel pexxe 8blA8/AIUCL OCMpoe
HapyweHue M03208020 KposoobpauweHus (11,5 % no cpasHeHuo ¢ 21 % 60/1bHbIX
nepesou 2pynnel) u ocmpsili UHGpapkm muokapoa 8 aHamHese (19 % u 28 % coom-
semcmeeHHo). [peobiadanu nuya XeHCko2o Nosd U He3Ha4umesibHo 60sbwul
803pacm 60J1bHBbIX.

3aknioueHue. OCHOBHYIO 00JII0 NAYUEHMO8, HaXO0AWUXCA HA 0pPMAarbMOXU-
pypauydeckom neyeHuu u npuHumarowux HOAK, cocmasusnu 6onbHble ¢ pubpuri-
nayuel npedcepoud, 8 kKauecmae Memooa Xupypau4yeckozo siedeHus 8blbpaHa
akoamynbcugpukayua Kamapakmsi c umnaaHmayueti URMpaokyaapHoOU JIUH3bI.
WccnedosaHue AYTB neped onepayueli N0380/1UJ10 8bIS8UMb KAMe20puto Nayu-
eHmoa8 ¢ sbicokum AYTB, Ha3HaYuMe ommeHy npenapama nepeo onepayueti 015
€030aHUA ONMUMAJIbHbIX YC/108Ul 0718 XUPYP2UYeCKOo20 JIeYeHUsl.

Knroyesvie cnoea: sumpsKkmomus, 3a6071e8aHuUsi 3a0He20 0Mpe3Ka 2/1a3d, Ho8ble
0pasibHble GHMUKOA2YIAHMbI, AKMUBUPOBAHHOE 4aCMU4YHOE MpoM60oNIacmuHo-
80e€ 8peMs, 2eMOPPA2UYECKUE OC/TOXHEHUS, 2UNOKOAyIAUUOHHbIU 3¢hghekm

Ona uyntnposaHua: TatapuHoBa M.B., AnekcaHgposa 0.B., Kypcakosa 0.B., Mono-
Ba [.A. OnbIT NpegonepaLoHHOro BefeHus obTanbMONIOrMyeckrx 60sbHbIX, MPUHA-
MaloLLMX NepopanbHble aHTUKoarynaHTbl. Acta biomedica scientifica. 2023; 8(2): 163-169.
doi: 10.29413/ABS.2023-8.2.15
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RELEVANCE

The majority of patients in ophthalmology clinics
who undergo surgery for cataracts, glaucoma, and oth-
er eye diseases are elderly and senile. As it is known,
with age the specific weight of patients having concom-
itant cardiovascular pathology increases, which is repre-
sented mostly by arterial hypertension (AH) and coronary
heart disease (CHD). One of the clinical manifestations
of CHD is atrial fibrillation (AF). AF in turn determines
a certain risk of cardioembolic complications. This risk
is assessed using the CHA,DS,-VASc score, which takes
into account such indicators as gender, age of the patient,
presence of comorbidities (AH, diabetes mellitus (DM),
vascular disease, history of acute cerebrovascular acci-
dents (ACVA), signs of heart failure) [1]. Each of the above
signs corresponds to a certain score, and the summa-
tion of these figures reflects the risk of thromboembol-
ic complications (events). If the total score is 1 or more,
the prescription of direct oral anticoagulants (DOACs)
should be considered. However, taking anticoagulants
is accompanied by the risk of hemorrhagic complica-
tions [2]. Bleeding probability depends on many factors,
the most significant of which (age, presence of AH, he-
patic and renal dysfunction, prior stroke or bleeding)
are taken into account in the HAS-BLED score [1]. All these
points should be taken into account when providing sur-
gical care to patients, including those with ophthalmo-
logic pathology.

It should be kept in mind that any surgical interven-
tion itself carries the risk of complications, both cardi-
ovascular and localized. Surgical risk assessment (i.e.,
the incidence rate of cardiovascular complications dur-
ing and after surgical intervention) depends primarily
on the possible volume of the upcoming surgery. Accord-
ing to the National Guidelines [3], ophthalmic surgery
is categorized as low-risk surgery, that is, the risk of myo-
cardial infarction (MI) or death from cardiac causes within
30 days after surgery is less than 1 %. That is, large-scale
cardiac risk assessment is of no practical use in small-
volume surgeries [4]. However, the possibility of non-

TABLE 1

systemic hemorrhagic complications should not be ne-
glected, especially in patients taking new oral antico-
agulants (NOACs), including when performing region-
al anesthesia [5, 6]. In ophthalmology, this is especial-
ly relevant in surgeries requiring regional anesthesia in
the form of retrobulbar and pterygopalatine blockades,
which can be accompanied by major complications,
even though ultrasound navigation levels out techni-
cal difficulties and the possibility of damage to anatom-
ical structures [7].

THE AIM OF THE WORK

To evaluate the structure of patients taking novel
oral anticoagulants with an assessment of activated par-
tial thromboplastin time before ophthalmosurgical treat-
ment.

MATERIALS AND METHODS

A retrospective analysis of medical histories included
data from 54 patients receiving NOACs operated for ocu-
lar pathology (Table 1). Patients receiving dual antithrom-
botic therapy (i. e. NOACs and antiaggregants together),
as well as those with severe liver disease, hematologic
pathology, and end stage renal disease were excluded
from the study.

Based on clinical guidelines on the perioperative
management of patients receiving long-term antithrom-
botic therapy [8, 9], the patients were divided into two
groups. Group 1 included patients whose activated par-
tial thromboplastin time (APTT) did not exceed 45 s;
group 2 was made up of those who's APTT was great-
er than 45 s (Table 2). The criterion for the numerical
expression of APTT is the safety of performing region-
al anesthesia against the background of taking antico-
agulant drugs.

Statistical analysis was performed using the Mann - Whit-
ney test. Statistical significance level < 0.05.

TYPES OF SURGICAL INTERVENTION PERFORMED IN PATIENTS TAKING ORAL ANTICOAGULANTS

Intraocular surgical procedures (n = 39)

Vitreoretinal Administration

Phaco + I0L AGO . of angiogenesis
surgeries -
inhibitors
22 5 7 5

Laser surgeries (n = 15)

PCdiscission . . 125" Retinal laser SLP
iridectomy  photocoagulation
7 4 1 3

Note. Phaco + IOL — phacoemulsification with intraocular lens implantation; AGS — antiglaucomatous surgery; PC discission — posterior capsule discission (performed for secondary cataract); SLP — scatter laser

photocoagulation (performed in the proliferative stage of diabetic retinopathy).
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RESULTS AND DISCUSSION

The patientsincluded in the study underwent both in-
traocular surgical interventions and laser surgeries of dif-
ferent types, as presented in Table 1.

Patients were taking oral anticoagulants such as rivar-
oxaban, apixaban, and dabigatran.

Rivaroxaban was prescribed in 43 % of cases (23 pa-
tients), of which 11 patients took the drug at a dose
of 20 mg/day, 7 patients at 15 mg/day, 4 patients
at 10 mg/day, and one patient at 5 mg/day. Apixaban
was given to two patients (4 % of cases) at a dose of 5 mg
twice daily. Dabigatran was prescribed in 54 % of cas-
es (29 patients), of which 16 patients received the drug
at a dose of 110 mg twice a day, 13 patients - 150 mg
twice a day. All patients were analyzed on admission and
the APTT was analyzed (laboratory normal value - 25—
35 s). Distribution of the patients is summarized in Ta-
ble 2.

TABLE 2

DISTRIBUTION OF THE PATIENTS DEPENDING
ON THE APTT VALUES AND THE ORAL ANTICOAGULANT
USED

Parameter, APTT <45s APTT>45s

n (%) (n=28) (n=26)
Male, n (%) 20 (72 %) 11 (42 %)
Female, n (%) 8 (28 %) 15 (58 %)
Age, years 74 (56-93) 77 (63-87)
AF, n (%) 26 (92 %) 25 (96 %)
AH, n (%) 26 (92 %) 26 (100 %)
DM, n (%) 7 (25 %) 10 (38 %)
PICS, n (%) 8 (28 %) 5(19 %)
ACVA, n (%) 6 (21 %) 3(11.5%)
Dabigatran, n (%) 12 (43 %) 17 (65 %)
Apixaban, n (%) 1(3 %) 1 (4 %)
Rivaroxaban, n (%) 15 (54 %) 8(31 %)

Note. PICS — postinfarction cardiosclerosis.

Group 1 included 28 patients. Of these, there were
20 (72 %) males and 8 (28 %) females; mean age,
73 = 0.1 years (56-93 years). Cataract surgery was per-
formed in 39 % of cases (11 patients), vitreoretinal surgery
in 21 % of cases (6 patients), antiglaucomatous surgery
in 1 patient, and intravitreal injection of drugs in 1 patient.
Laser surgical intervention was performed in 29 % of cas-
es (8 patients): laser iridectomy - in 12 %, laser photoco-
agulation of the retina for its rupture — in 12 %, discission
of the posterior capsule (performed for secondary cata-
ract) —in 38 %, laser photocoagulation of the retina in dia-
betic retinopathy - in 38 %.

Evaluation of somatic status showed that in the ma-
jority of cases (93 % - 26 patients) DOACs were prescribed
for AF. The remaining patients showed no signs of AF;
the indication for NOAC prescription was previously per-
formed prosthesis of the iliac/femoral segments for oblit-
erating atherosclerosis of the lower limb arteries and pul-
monary embolism.

8 patients had a history of acute myocardial infarc-
tion (AMI), 3 patients underwent coronary artery stenting,
1 patient underwent coronary artery bypass graft surgery,
and 4 patients underwent pacemaker implantation. 6 pa-
tients had a history of acute cerebrovascular accidents.
1 patient with AF underwent thrombectomy of the left ra-
dial artery.

Arterial hypertension was detected in 25 of 28 patients
in this group, diabetes mellitus - in 6 patients.

The APTT had a variation from 32 to 46.8 seconds;
the mean was 39.6 £ 0.05 seconds. When rivaroxaban
was administered, the average APTT was 39.9 + 0.19 s,
when apixaban was administered, it was 41 £ 0 s,
and when dabigatran was administered, it was 39.1 + 0.29s.

Group 2 included 26 patients, of whom 11 (42 %)
were males, 15 (58 %) were females. The age of the pa-
tients ranged from 63 to 87 years, with a mean
of 76 + 0.11 years. Intraocular surgery was performed
for cataract in 42 % of cases (11 patients), antiglauco-
matous surgery — in 12 % of cases (3 patients), intravit-
real injection of angiogenesis inhibitors was performed
in 15 % of cases (4 patients), vitreoretinal intervention -
in 4 % of cases (1 patient). Laser intervention was required
in 27 % of cases (7 patients).

Oral anticoagulants were prescribed for AF
in the majority of patients (96 % of cases — 25 patients),
as well as in the group 1. One patient without signs of AF
had a history of deep vein thrombosis of the lower leg,
post-thrombotic syndrome.

Arterial hypertension was detected in all patients. Five
patients had a history of AMI, 1 patient underwent coro-
nary artery bypass graft (CABG) surgery, 2 patients under-
went coronary artery stenting, and 1 patient was implanted
with an artificial pacemaker. A history of ACVA was revealed
in 7 patients, and 1 patient had recurrent ACVA. Type 2 dia-
betes mellitus was recorded in 10 patients, of whom 1 pa-
tient was receiving insulin.

The range of the APTT values was from 47 to 114 s,
with an average of 65.9 + 0.1 s. When receiving rivaroxa-
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TABLE 3
DISTRIBUTION OF APTT VALUES DEPENDING ON THE ORAL

Groups of patients depending APTT mean value, s

on the APTT duration
APTT <455 36.9+0.19
APTT >45s 65.96 £ 0.1
p (Mann — Whitney) 0.01

ban, the average APTT was 60 + 1.07 s, apixaban -47 £ 0's,
and dabigatran - 69.7 £ 0.8 s (Table 3).

Comparative analysis of the obtained results demon-
strated that the patients of the group 2 had higher APTT
values. At the same time, they had less frequent ACVA
(11.5 % compared to 21 % of patients in the group 1)
and a history of AMI (19 % and 28 %, respectively). The pre-
dominance of female patients and slightly higher age
of patients can be noted. It is possible that better hemor-
heologic control, reflected by the elevated APTT values,
contributed to the rarer occurrence of vascular accidents
among these patients.

In addition, the medical histories of 20 patients who re-
ceived oral anticoagulants and who had baseline APTT val-
ues greater than 60 s (62.25 + 0.16 s) were analyzed sepa-
rately. Patients received dabigatran in 60 % of cases (12 pa-
tients), rivaroxaban in 35 % of cases (7 patients), and apixa-
ban was administered in 5 % of cases (1 patient). Taking
into account the initial high values of APTT, anticoagu-
lant withdrawal was carried out for a period of 2 to 5 days,
on average for 3 days. On reexamination, the APTT values
decreased to 37 + 0.097 s.

DISCUSSION

Current oral anticoagulants include rivaroxaban,
apixaban, and dabigatran. Rivaroxaban and apixaban
are direct inhibitors of blood clotting factor Xa. Both
drugs have a dose-dependent effect on prothrombin
time, as well as dose-dependently increase in APTT. Dab-
igatranis a direct reversible thrombin inhibitor. The most
informative parameters reflecting the anticoagulant ac-
tivity are APTT (for apixaban and rivaroxaban) and throm-
bin time (for dabigatran).

The use of anticoagulant therapy has increased in pa-
tients seeking ophthalmic surgery over the past decade.
The decision to discontinue anticoagulants prior to oph-

ANTICOAGULANT USED

Rivaroxaban Apixaban Dabigatrian
39.6+0.19 41 39.1+0.29
60 £1.07 47 69.7+0.8
0.001 0.001

thalmic surgery is nuanced and ultimately depends
on multiple factors, including the type of surgery, comor-
bidities, and the patient’s risk profile. According to clin-
ical guidelines [3, 9], NOAC therapy should not be inter-
rupted for minor surgeries, which include, for example,
cataract treatment. At the same time, at the stage of plan-
ning patients for surgery in order to prevent intraoper-
ative hemorrhagic complications, it is necessary to take
into account the initial state of the blood coagulation
system [10]. To a greater extent, this applies to surger-
ies where retrobulbar anesthesia and pterygopalatine
blockade are performed for the purpose of anesthesia,
the most serious complications of which are retrobulbar
hematoma and irreversible loss of vision [11]. Most oph-
thalmologic surgeries can be safely performed when an-
ticoagulant therapy is within the therapeutic range. Cer-
tain difficulties may also arise during surgical interven-
tions on the uvea in the treatment of glaucoma, vitreo-
retinal intervention performance. This is especially true
for diabetic patients, as the newly formed vessels have
imperfect angioarchitecture and are prone to rupture.
The high risk of these complications dictates the neces-
sity of short-term withdrawal of NOACs in case of high
values of APTT with subsequent rechecking before sur-
gical treatment.

The greatest hypocoagulant effect, according
to our data, was found for dabigatran, which is consist-
ent with the work of L. Ong-Tone et al. [12], where stud-
ied the risks of intraocular bleeding in patients taking
anticoagulants.

CONCLUSIONS

The main share of patients undergoing ophthalmo-
surgical treatment and receiving NOACs were patients
with atrial fibrillation, and phacoemulsification of cataract
with intraocular lens implantation was used as a method
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of surgical treatment. Studying APTT before the surgery
allowed us to identify a category of patients with high
APTT, to prescribe the withdrawal of the drug before
the surgery in order to create optimal conditions for sur-
gical treatment.
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ABSTRACT

The aim. To assess the dynamics of cytokine content in tear fluid of primary open-
angle glaucoma (POAG) patients at various terms after non-penetrating deep scle-
rectomy (NPDS) in relation to the functional state of the outflow tracts.

Material and methods. We carried out prospective examination of 65 patients
with advanced stage of primary open-angle glaucoma after NPDS. Depending
on the course of the postoperative period and the conditions for achieving the hy-
potensive effect of NPDS, all patients were divided into three groups: group 1 -
with the optimal hypotensive effect; group 2 — with the conditional hypotensive
effect; group 3 — with no hypotensive effect after NPDS. The intraocular pressure
and the concentration of TGF-3, MMP-9, IL-6, IL-8, VEGF-A (121 and 165) in the tear
fluid were studied using ELISA method in pre- and postoperative period. We studied
the outflow tracts using optical coherence tomography and carried out ultrastructural
analysis of filtering blebs tissue.

Results. In group 1, the minimum initial concentrations of IL-6, IL-8 and TGF-[3
in the tear fluid and their moderate increase in the postoperative period; high
concentrations of MMP-9 at all stages and an increase in VEGF-A by 2 months after
NPDS were registered. In group 2, there was a high level of VEGF-A in the tear fluid
before and 2 months after NPDS, an increase in TGF-£3, IL-6 and IL-8 in the tear fluid
in the early period with their suppression in the late period, as well as an increase
in MMP-9 in the early postoperative period. Group 3 had maximum concentrations
of TGF-B and IL-8 in the tear fluid initially and in the early postoperative period, sup-
pression of MMP-9 in the tear fluid 2 weeks after and of VEGF-A 2 months after NPDS.
Conclusion. Initially high concentrations of IL-6, IL-8, and TGF-f in the tear fluid
and the suppression of MMP-9 and VEGF-A in the postoperative period contribute
to the surgical failure of the NPDS.

Keywords: non-penetrating deep sclerectomy, transforming growth factor 3, TGF-,
matrix metalloproteinase 9, MMP-9, interleukin 6, IL-6, interleukin 8, IL-8, VEGF-A (121
and 165), cytokines in the tear fluid, extracellular matrix
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Prospective assessment of cytokines and regulatory proteins concentration in the tear
fluid of POAG patients with various hypotensive effects after non-penetrating deep scle-
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PE3IOME

Lene pabomesl. OyeHumb OUHAMUKY COOePXAHUsA YUMOKUHO8 8 cj1e3e y nayu-
eHMos8 ¢ nep8uYHoOU omkpeimoyzosbHol enaykomod (MOYl) e paznuyHele cpoKu
nocse HenpoHukatoueli 271y60kou cknepakmomuu (HIC3) 8o 83aumocsasu ¢ yHk-
YUOHA/IbHbIM COCMOAHUEM nymeli Ommoka.

Mamepuansi u memoosbl. [pogedeHo npocnekmusHoe obciedosaHue 65 nayu-
eHmoe ¢ paszsumot cmaoueu NOYI nocne HIC3. B 3asucumocmu om meyeHus
nocsieonepayuoHHO20 Nepuodd u yco8uli 00CMUXeHUs 2uNOMeH3UBHO20 3¢gek-
ma HI'C3 ece nayueHmesl pazoesieHsl HA Mpu 2pynnei: 2pynna 1 — c onmumasnbHbIM
2unomeH3usHeIM 3¢pcpekmom HIC3; epynna 2 — ¢ yC/108HbIM 2UNOMEH3UBHbLIM
3¢pgpekmom HIC3; 2pynna 3 — c omcymcmauem 2unomeH3u8Ho20 3¢hghekma nocsie
HIC3. Mposodusocsk ucciedosaHue 8BHymMpuzaasHo20 0assieHus U KOHyeHmpayud
TGF-B, MMP-9, WJ1-6, WNJ1-8, VEGF-A (121 u 165) 8 cie3e Memodom umMmyHogep-
MeHMHO020 aHAs1u3a 8 00- U NOC/IE0NePAayUOHHOM nepuode, d MAakxe onmuyeckas
Ko2epeHMHas momozpacgusa nymeti Ommoka u yabmpacmpykmypHsil aHaau3
MKaHU pubMpayuoHHbIX NOOYWIEK.

Pesynemamel. Bezpynne 1 onpedesieHsbl MUHUMAsTbHbIE UCXOOHbIE KOHUEHMpayuu
WJ1-6, NJ1-8 u TGF-3 cnesbl u ux ymepeHHOe nosbiueHue 8 NOC/1eonepayuoOHHOM
nepuode; sbicokue KoHyeHmpayuu MMP-9 Ha ecex smanax u Hapacmarue VEGF-A
Ko 2-my mecayy nocse HIC3. B 2pynne2 ommeyeH 8bicokull yposeHb VEGF-A crie3ol
neped u yepes 2 mecaya nocne HIC3; HapacmaHue TGF-3, UJ1-6 u UJ1-8 cne3wi
8 paHHeM nepuode ¢ nooassieHuUeM 8 N030HeM, d makxe nosbiweHue MMP-9 8 par-
Hem nocseonepayuoHHOM nepuode. [1ns 2pynnel 3 xapakmepHbl MAKCUMAslbHble
KoHUyeHmpauuu TGF-3 u WJ1-8 ciie3bl UCXOOHO U 8 pAHHEM NOC/1eoNepayuoHHOM
nepuode, nooasneHue MMP-9 cne3wl yepes 2 Hedenu u VEGF-A yepes 2 mecaua
nocne HICA.

Bb1800bI. VIcx00HO 8bicoKUe KoHueHmpayuu WJi-6, NJ1-8, TGF-[3 8 ciiese u noda-
sneHue MMP-9 u VEGF-A 8 nocieonepayuoHHOM nepuode cnocobcmayrom xupyp-
2uqeckomy Heycnexy HIC3.

Knioyeeole criosa: HenpoHUKaowds 2iy60Kas CKiepakmomus, mpaHcghopmupy-
towuti pakmop pocma B, TGF-B, mampukcHas memasnnonpomeuxasa 9, MMP-9,
uHmepnelKkuH 6, NJ1-6, uimepnelikuH 8, UJ1-8, VEGF-A (121 u 165), yumoKuHsbl
8 C/IE3HOU XUOKOCMU, BHEK/IeMOYHbIU MAMPUKC

Ona yntuposanma: Manbiwesa 0.B., IOpbeBa T.H., Bonkosa H.B., Kypcakosa 10.B.,
KonecHukos C.W. NMpocneKkTrBHasA oLeHKa KOHLEHTPALUN LLMTOKUHOB 1 PEerynaTOpPHbIX
6enKoB B CNE3HON XKNOKOCTU NaLMEHTOB C OTKPbITOYrONbHON rayKOMOW C Pa3finyHbIM
rMNoTeH3nBHbIM 3pPeKToM nocne HempoHMKawlLen rnybokon cknepakTomun. Acta
biomedica scientifica. 2023; 8(2): 170-178. doi: 10.29413/ABS.2023-8.2.16

171



RELEVANCE

In the step-by-step algorithm of primary open-an-
gle glaucoma (POAG) treatment, glaucoma surgery per-
formed to normalize intraocular pressure (IOP) is consid-
ered as a step following hypotensive drug therapy in case
of its ineffectiveness.

At the same time, the main disadvantage of filtering
and fistulizing surgeries is excessive scarring in the area
of surgical site, which disrupts the outflow of intraocu-
lar fluid (IOF) through the newly created pathways. This
process is stimulated by pro-fibrogenic and pro-inflam-
matory regulatory proteins [1]. Abnormalities in the com-
position of the anterior chamber aqueous humor of glau-
coma patients, in particular an increase in active forms
of transforming growth factor 3 (TGF-B), as well as tumor
necrosis factor a (TNF-a), interleukins (ILs) 6 and 8, con-
tribute to fibrogenesis [2, 3]. It is known that a decrease
in the activity of matrix metalloproteinases (MMPs) leads
to impaired degradation of extracellular matrix (ECM)
components [4].

In addition to factors in the anterior chamber aqueous
humor, wound processes in the glaucoma surgery region
are influenced by regulatory proteins (RPs) and cytokines
expressed by conjunctival tissue cells in response to surgi-
cal trauma [5]. In addition, subclinical conjunctival inflam-
mation, which is often due to long-term use of some an-
tiglaucoma drugs, is also accompanied by monocyte/mac-
rophage tissue infiltration and expression of growth fac-
tors and pro-inflammatory cytokines, predisposing to ear-
ly filtering bleb (FB) scarring [6, 71.

A number of studies, including the data we obtained
and published earlier [8], revealed a correlation between
effective IOP reduction after trabeculectomy and non-
penetrating deep sclerectomy (NPDS) and the state
of the conjunctival lymphatic system. It is assumed,
given the data presented, that the negative impact
on the outcome of antiglaucoma interventions is caused
not only by the initial imbalance of regulatory proteins,
but also by the use of antimetabolites during surgery
and in the postoperative period that inhibit the growth
of both connective tissue and conjunctival lymphatic ves-
sels involved in the outflow of intraocular fluid from FB.
Thus, the study by R.A. Bouhenni et al. showed that af-
ter intraoperative application of mitomycin Cin filtering
blebs, a decrease in the density of lymphatic and blood
vessels was indicated [9].

Thus, it is relevant in the study of the formation of in-
traocular fluid outflow pathways after glaucoma surgeries
to determine the role of cytokines and regulatory proteins
in the structural transformation of the extracellular matrix
of filtering blebs and the formation of conjunctival lym-
phatic vessels.

THE AIM OF THE WORK

To assess the dynamics of cytokines and regulatory pro-
teins content in tear fluid of patients with primary open-
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angle glaucoma after non-penetrating deep sclerectomy
at different stages of the postoperative period in correla-
tion with the functional state of the newly created outflow
pathways.

MATERIALS AND METHODS

A prospective examination of 65 patients aged
50to 70 years (mean age 63.6 + 4.8 years) with advanced
stage POAG and decompensated intraocular pressure
(IOP) who underwent NPDS and laser descemetopunc-
ture 14-18 days after the surgery. All operations were per-
formed by the same surgeon and were comparable
in terms of intervention volume. Depending on the course
of the postoperative period and conditions for achiev-
ing hypotensive effect of NPDS, all patients 12 months
after surgery were divided into three groups: with opti-
mal hypotensive effect of NPDS (group 1), with condition-
al hypotensive effect of NPDS (group 2), and with no hy-
potensive effect of NPDS (group 3).

Group Tincluded 21 POAG patients (age - 65.4
(53.1; 67.3) years) with IOPg < 16 mmHg; according
to optical coherence tomography (OCT) the outflow
pathways are functional; FBs are diffuse, according
to OCT their content is represented by sparse, hypor-
reflective extracellular matrix [10]. Based on the results
of ultrastructural immunohistochemical examination
of tissue samples of functional FPs (n = 4), 5 to 7 lym-
phatic vessels with steady podoplanin expression
were indicated [8]. The postoperative period among
group 1 patients was areactive. The patients received
standard instillation antibacterial and anti-inflamma-
tory therapy (levofloxacin 0.5 %, dexamethasone 0.1 %
and nepafenac 0.1 % in a decreasing order).

Group 2 included 23 patients (age - 63.7 (55.2; 66.8)
years) with IOPg < 16 mmHg; according to OCT data,
in the early postoperative period the substrate of FBs
was sparse ECM with loci of rigid matrix, which in some
cases was accompanied by transient IOP elevation. In-
creased inflammatory reaction of the conjunctiva 2 weeks
after surgery was an indication for additional anti-inflam-
matory and antifibrotic therapy, the detailed description
of which is presented below. In the late and delayed post-
operative periods in this group a qualified hypotensive
effect was achieved. Functional postoperative IOF out-
flow pathways were formed. According to OCT data, fil-
tration blebs were visualized as widespread hyporeflec-
tive subconjunctival structures with sparse ECM.

Group 3 included 21 patients (age - 64.3 (52.2; 67.1)
years) with IOPg > 16 mmHg; according to OCT data,
changes in the newly created outflow tracts already
in the early postoperative period were characterized
by the presence of predominantly hyperreflective, rigid
ECM. The results of ultrastructural immunohistochemical
examination of the tissue of non-functional filtering blebs
(n = 8) established the absence of fully developed lym-
phatic vessels among the studied samples [8]. The post-
operative period was characterized by a severe inflam-



matory reaction of the conjunctiva and subconjunctival
structures. Despite additional treatment, the hypotensive
effect of NPDS was not achieved in this group.

Patients of groups 2 and 3 received a comparable
amount of additional anti-inflammatory and cytostatic
therapy during the postoperative period, which includ-
ed subconjunctival injections of corticosteroids and anti-
metabolites (No. 5), as well as microinvasive needling re-
visions of the filtering bleb (No. 3) within 2 to 6 weeks af-
ter NPDS [11-13].

All studies and manipulations were conducted in com-
pliance with the principles of the World Medical Associa-
tion Declaration of Helsinki on Ethical Principles for Med-
ical Research Involving Human Subjects.

Patients with POAG were examined before surgi-
cal treatment and 2 weeks (early postoperative period),
2 months (late postoperative period), and 12 months
(delayed postoperative period) after surgery. The IOP
level was determined (ORA, ORA Reichert, USA), the de-
gree of ocular inflammatory reaction was assessed by bi-
omicroscopy, and the state of newly created IOF outflow
pathways and reflectivity of extracellular matrix of filtra-
tion blebs were determined by OCT (Anterior Segment
OCT CASIA2, Tomey, Germany). Patients were divided
into 3 groups based on these data. The group with op-
timal hypotensive effect of NPDS included patients
with IOPg < 16 mmHg during the delayed postopera-
tive period without local hypotensive therapy, with func-
tional postoperative I0P outflow pathways according
to biomicroscopy and OCT/ultrasound biomicroscopy
(UBM), as well as with areactive early postoperative pe-
riod and no indications for additional anti-inflammatory
and antifibrotic therapy.

The criteria of conditional hypotensive effect of NPDS
were achievement of IOPg < 16 mmHg in 12 months with-
out local hypotensive therapy with functional outflow
pathways according to biomicroscopy and OCT/UBM data,
but the hypotensive effect of NPDS was obtained after ad-
ditional anti-inflammatory and antifibrotic therapy during
the early postoperative period.

The criteria for the absence of hypotensive effect
of NPDS were as follows: IOPg > 16 mmHg; non-func-
tional or partially functional newly created outflow
pathways according to biomicroscopy and OCT/UBM
data, despite additional anti-inflammatory and antifi-
brotic therapy.

Moreover, ultrastructural examination of filtering
bleb tissue samples that were obtained during repeat-
ed surgical interventions was performed in 12 cases 12—
18 months after NPDS. In 8 cases samples of non-func-
tional scar-altered blebs were examined: in 4 cases frag-
ments of functional, leaking filtering blebs were excised
due to their significant displacement on the cornea
and visual discomfort of the patients. Immunohisto-
chemical staining for DNA expression of cell nuclei (DAPI)
and podoplanin, a marker of lymphatic vessel endotheli-
um, was performed with ultrastructural study of the ob-
tained drugs using laser confocal microscope LSM 710
(Carl Zeiss AG, Germany).

173

The concentration of TGF-3, MMP-9, IL-6, IL-8 and vas-
cular endothelial growth factor A (VEGF-A) (121 and 165)
was determined in the tear fluid by ELISA using Human
TGF-B, Human MMP-9 ELISA, IL-6-ELISA-Best, IL-8-ELISA-
Best and VEGF-ELISA-Best kits (Vector-Best, Novosibirsk).
Tear fluid from patients with POAG in the amount of 100 pl
was collected capillary method from the lower conjunctival
arch 4-6 hours before glaucoma surgery, as well as 2 weeks
later (before laser descemetopuncture) and 2 months af-
ter NPDS.

Patients were included in the study on a voluntary ba-
sis, in accordance with the provisions of the World Med-
ical Association Declaration of Helsinki (1964, rev. 2013).
The study was approved by the decision of the Biomed-
ical Ethics Committee of the Scientific Centre for Family
Health and Human Reproduction Problems.

Statistical processing of the results of the clinical
study was carried out using non-parametric statistics
methods with calculation of the Mann-Whitney test.
The obtained indicators were considered statistically sig-
nificant with a significance level of p < 0.05. The medi-
an (Me) and interquartile range (25th-75th percentiles)
were calculated to characterize the scattering in the sam-
ple. Taking into account significant deviation in the con-
centration of the investigated regulatory proteins and cy-
tokines, line graphs of several variables were constructed
in Statistica (StatSoft Inc., USA), which allowed us to vis-
ualize the dynamics of their content in the tear fluid
in the pre- and postoperative period.

RESULTS

Group 1 patients were characterized by minimal
(among the comparison groups) initial concentrations
of TGF-B in tears and moderate values of this factor
2 weeks and 2 months (in 62 % of cases) after NPDS. How-
ever, in 38 % of the cases after 2 months there was a com-
plete suppression of TGF-f3 tear, probably due to the res-
olution of postoperative inflammation (Table 1, Fig. 1).
Moreover, high concentrations of MMP-9, increase
of VEGF-A by the 2nd month after HPDS, as well as min-
imal (among the comparison groups) concentrations
of proinflammatory IL-6 and IL-8 in the early postopera-
tive period and their suppression in the late postoperative
period were revealed in group 1 at all stages of the pre-
and postoperative period.

Group 2 patients were characterized by extreme-
ly high baseline tear VEGF-A level and its peak increase
by the 2nd month of the postoperative period. The in-
itial concentrations of TGF-3, IL-6 and IL-8 in tears ex-
ceeded the values of group 1, and in the early postoper-
ative period they increased by 1.5-2 times; this was ac-
companied by anincrease in the inflammatory reaction
of the conjunctiva 2 weeks after NPDS and was an in-
dication for additional anti-inflammatory and antifi-
brotic therapy. After 2 months, there was suppression
of these factors. Also, patients with conditional hypo-
tensive effect of NPDS were characterized by a signifi-



TABLE 1

REGULATORY PROTEINS CONCENTRATION IN THE TEAR FLUID OF POAG PATIENTS AT VARIOUS STAGES
OF THE PERIOPERATIVE PERIOD

Indicators

MMP-9 (baseline), ng/ml

MMP-9 (2 weeks), ng/ ml

MMP-9 (2 months), ng/ ml

TGF-B (baseline), pg/ml

TGF-B (2 weeks), pg/ml

TGF-( (2 months), pg/ml

VEGF-A (baseline), pg/ml

VEGF-A (2 weeks), pg/ml

VEGF-A (2 months), pg/ml

IL-6 (baseline), pg/ml

IL-6 (2 weeks), pg/ml

IL-6 (2 months), pg/ml

IL-8 (baseline), pg/ml

IL-8 (2 weeks), pg/ml

IL-8 (2 months), pg/ml

Group 1, Me (IQR)

16.1 (6.3-36.3)

112.0 (96.5-142.1)

25.1(11.1-57.4)

9.1 (0.0-22.0)

294.6 (189-324.8)

153 (0-256.0)

504.0 (452.0-572.0)

703.0 (370.0-847.0)

709.0 (622.0-1180.0)

23.10(21.3-25.0)

55.4 (50.4-72.3)

16.2 (11.0-20.6)

182.0 (158.3-225.1)

607.2 (537.0-690.0)

112.0 (82.0-171.0)

Group 1, Me (IQR)

15.2(0.4-28.2)

63.0 (18.5-102.4)

4.2 (2.04-6.1)

36.7 (0.0-96.0)

150.4 (104.6-177.6)

34.4 (0-130.2)

1018.0 (856.0-1409.0)

604.0 (452.0-705.0)

1015.0 (826.0-1137.0)

32.7 (29.3-34.9)

41.6 (39.6-44.2)

17.8 (15.9-19.0)

211.6 (181.4-253.4)

710.4 (607.0-822.6)

84.5 (49.5-118.3)
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Group 1, Me (IQR)

14.4 (3.18-25.8)

1.7 (0.16-2.2)

3.6 (0.9-5.9)

107.7 (15.7-142.4)

590.6 (311.2-669.0)

11.7 (0-47.7)

617.0 (503.0-709.0)

780.0 (624.0-815.0)

439.0 (390.0-437.0)

32.3(30.0-34.4)

36.8 (22.1-40.1)

25.2(19.3-64.4)

461.0 (337.2-649.2)

919.2 (747.8-1131.0)

164.2 (110.9-224.6)

p
(Mann - Whitney test)

p,_,>0.05
p,_>0.05
p, > 0.05

p, ,=0.001
p, 5= 0.001
p, 5 =0.001

p;_,=0.001
p;_3=0.001
p,.5>0.05

p,_,>0.05
p,_;=0.003
p,_;=0.02

p, ,=0.001
p, ,=0.004
p, ,=0.001

p,_,>0.05
p, ,=003
p,.,>0.05

p,_,=0.001
p,_>0.05
p, 5=0.001

p,_,>0.05
p,_5>0.05
p,_; =0.001

p,_,=0.04
p,_3=0.001
p,_;=0.001

p, ,=0.001
p, 5 =0.001
p,_s>0.05

p,_,=0.001
p, 5 =0.001
p, ,=0.003

p,_,>0.05
p,_,=0.001
p, 5 =0.001

p,_,>0.05
p,_5=0.001
p, 5=0.001

p,_,>0.05
p,_; =0.001
p,_; =0.006

p,,=0.02
p,_5=0.04
p,_;=0.001
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Linear graphs of changes in the cytokines and regulatory proteins concentration in the tear fluid at different follow-up periods in POAG pa-
tients of three clinical groups
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cant increase in tear MMP-9 concentration in the early
postoperative period (see Table 1, Fig. 1).

In group 3, tear TGF-B and IL-8 concentra-
tions were maximal both before surgical treatment
and in the early postoperative period. The principal dif-
ference between groups 1 and 2 was the decrease in tear
MMP-9 2 weeks after NPDS. In addition, these patients
maintained high IL-6 concentrations and had signifi-
cant suppression of VEGF-A tears during the late post-
operative period.

DISCUSSION

Wound healing is a complex dynamic process
that is under constant biochemical control of regula-
tory molecules that provide specific interactions be-
tween cells and components of the extracellular ma-
trix, leading to the restoration of the structural integrity
of the tissue. As it was shown earlier [10, 14], function-
al FB after NPDS is a hypocellular subconjunctival struc-
ture in the form of a sparse ECM with fully developed
lymphatic vessels, which allows effective outflow of in-
traocular fluid through the postoperative outflow path-
ways and determines the persistent hypotensive effect
of glaucoma surgery.

The factors predisposing to the formation of op-
timal hypotensive effect of NPDS are: low initial con-
centrations of proinflammatory cytokines and regula-
tory proteins, in particular IL-6, IL-8, TGF-f3, which de-
termines minimal inflammatory reaction of the con-
junctiva in the early postoperative period; high lev-
els of MMP-9, responsible for timely degradation
of the components of the temporary ECM at all stag-
es of the postoperative period, as well as an increase
in VEGF-A by the 2nd month after NPDS, which ensures
conjunctival lymphangiogenesis.

The significant increase of MMP-9 during the ear-
ly postoperative period and the peak increase of tear
VEGF-A level in the late postoperative period in group 2
may have also contributed to the formation of func-
tional pathways of intraocular fluid outflow, despite
the significant inflammatory reaction from the con-
junctiva 2 weeks after NPDS. Moreover, the obtained
data allowed to establish biological markers of the ef-
fectiveness of additional therapeutic measures aimed
at controlling the inflammatory reaction and excessive
scarring processes in the area of surgical intervention.
These are IL-6 and IL-8, as well as TGF-3, suppression
of which by the 2nd month of the postoperative peri-
od determined the formation of a sufficient (condition-
al) hypotensive effect of NPDS.

The failure of surgery in group 3 was due to the high-
estinitial level of factors with proinflammatory and profi-
brogenic activity, increased expression of IL-6, IL-8
and TGF-B in tears in the early postoperative period
against the background of a significant decrease in MMP-
9, as well as the persistence of high concentrations of IL-6
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and suppression of VEGF-A 2 months after NPDS. This de-
termined a severe ocular inflammatory reaction to surgi-
cal trauma and its chronization during the delayed post-
operative period, active fibrogenesis, impaired degrada-
tion of components of the temporary ECM and absence
of conjunctival lymphangiogenesis.

CONCLUSIONS

Thus, in the course of this study it was proved
that the important conditions for the formation of func-
tional pathways of IOF outflow after NPDS are the preser-
vation of the balance between cytokines and regulatory
proteins with proinflammatory and profibrogenic proper-
ties, and the factors that ensure timely degradation of tem-
porary ECM components and activation of conjunctival
lymphangiogenesis.

Initially high concentrations of IL-6, IL-8 and TGF-f3
in tear, suppression of MMP-9 and VEGF-A as a result of ac-
tive and most likely excessive anti-inflammatory and cyto-
static therapy in some cases contribute to the surgical fail-
ure of glaucoma surgery, as they lead to impaired structur-
al reorganization of the temporary ECM and conjunctival
lymphangiogenesis designed to ensure steady intraocular
fluid outflow from the filtering blebs.
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ABSTRACT

Thearticle presents a case of a fatal outcome of a 15-year-old teenager with cerebral
vascular thrombosis, which developed in the post COVID-19 period. The young
man came in with complaints of headache, vomiting, photophobia, hyperacusis.
It was known that at an early age he had been operated on for the Arnold - Chiari
anomaly, had a subdural-peritoneal shunt. Two weeks before hospitalization, he suf-
fered a new coronavirus infection of mild severity, which was confirmed by a positive
analysis of a smear from the oropharynx by polymerase chain reaction.

Cephalgia was acute, stopped for a short time after the use of analgesics. During
the examination, the patient laid with his eyes closed, asked for silence and blackout
in the ward. Any movement of the head was accompanied by dizziness, headache,
vomiting. During an objective examination, no pathological changes were found
on the part of the internal organs.

The neurological status was determined by photophobia, double vision, asymmet-
ric face, asymmetry of the eye slits S > D, drooping of the left corner of the mouth,
nystagmus, hyperacusis. There was no rigidity of the occipital muscles. Meningeal
signs were negative. There were no pelvic disorders.

According to the laboratory examination, lymphocytopenia, thrombocytosis, ac-
celeration of ESR, moderate increase in ferritin, D-dimers were detected. Conducted
neuroimaging methods (MSCT of the brain with intravenous contrast, brain MRI,
ultrasound diagnostics of cerebral vessels) did not find any blood clots in intracra-
nial and extracranial vessels. Low-positive values of IgM antibodies to cardiolipin
were revealed. According to the results of polymerase chain reaction, polymorphism
G20210A was detected in the prothrombin gene. The patient received high-dose
glucocorticoids and heparin for treatment.

Despite the therapy, a month and a half after hospitalization, the teenager died from
thrombosis of the central venous sinuses (cavernous sinus on the left, transverse
sinuses, jugular veins), which were confirmed on autopsy.

This clinical case of venous sinus thrombosis in a teenager in the post COVID-19
period presented diagnostic difficulties, since accurate imaging methods did not
detect the presence of a blood clot in the cerebral vessels.

Key words: post COVID-19 syndrome, thrombosis, children, prothrombin gene
mutation, antiphospholipid antibodies
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PE3IOME

Bcmamee npedcmassneH ciiyyati iemasibHo20 ucxodd nodpocmka 15 1em c mpom-
6030M UepebpasibHbIX COCY008, pa38UBLUUMCH 8 NOCMKOBUOHOM nepuode. lOHowa
nocmynus ¢ Xaao06amu Ha 207108Hy0 60716, pBOMY, c6emMob0A3Hb, 2UNEPAKy3UIo.
V3eecmHo, umo 8 paHHem 803pacme oH bbls1 NPooNepuUpPo8aH N0 NOBOOY AHOMAsIUU
ApHoneoa — Kuapu, umen cy60ypanbHO-nepumoHeasbHbil wyHm. 3a 08e Hedeslu
00 20CNUMANU3ayuU NepeHEC HoBYIO KOPOHABUPYCHYIO UH(eKYUIo 8 1é2KoU cmene-
HU msxecmu, Komopas 6b11a N00MaBepX0eHa NOJIOXUMesTbHbIM AHASIU30M MA3Ka
U3 pomoas10mKu Memo0oM nNosIUMepasHoU yenHol peakyuu.

Uecpanzuu Hocunu ocmpelli xapakmep, Kynupogasnaucb KpdmkogpeMeHHO nocsie
npuMeHeHUs aHanbeemuKos. [lpu ocMompe iexas ¢ 3aKpbimelMU 21a3amu, NPOCUs1
MUWUHbI U 3ameMHeHUs 8 nasame. Jliob6oe 0s8uxeHUe 20710800 CONPOBOKOAIACh
20J1080KpyXXeHUeM, 207108HOU 60s1bt0, pgomol. [Ipu 06vekmusHoM ocmompe
namosno2u4ecKux usmeHeHUl CoO CMOpPOHbI BHYMPEHHUX OP2aHO8 He 06HAPYXKeHO.
B Hesponozuvyeckom cmamyce onpedesnsaaucy ceemobosA3Hb, 080eHuUe 8 2/1a3aX,
acummempuyHoe 1UYo, acummempus 2/1a3Heix wesel S > D, onyweHue 1e8020
yena pma, Hucmaeam, 2unepaky3us. PuzudHOCmu 3amsiyioqHbIX Mbluy Hem. MeHUH-
2easibHble 3HaKu ompuyamesibHele. Ta308bIx HAPYyWweHUU Hem.

Mo 0aHHbIM 1abopamopHo20 06¢/1e008aHUA OOHAPYKeHbI TUMPOYUMONeHUs,
mpomb6oyumo3, yckopeHue CKopocmu oce0dHuUsA 3pumpoyumos, ymepeHHoe
nosviweHue peppumuHa, D-dumepos. [posedéHHble MemoObl Helipo8u3yasu-
3ayuu (MynemucnupanbHas KOMNblomepHas momozpagus 20108H020 Mo32d
C BHYMPUBEHHbIM KOHMPACMUPOBAHUEM, MAZHUMHO-PE30HAHCHASA MomMo2pagus
207108H020 MO032d, yIbMmpa3syKkosas OUAa2HOCMUKA COCYy008 20/108HO20 MO32a)
mpom608 8 UHMPAKPAHUAIbHbIX U SKCMPAKPAHUAJIbHbIX COCYy0ax He 0O6Hapy-
XKUJIU. BblsigieHbl HU3KONO3UMUBHbIE 3HaYeHUs aHmumern IgM k kapouonunuHy.
Mo pesynemamam nonumepasHol yenHol peakyuu obHApyxeH NOAUMOPHU3IM
G20210A 8 2eHe npompombUHa. B kauecmeae sieuyeHUA NoJIy4asn 8bICOKOOO3HbIE
2JII0KOKOPMUKOUOWbI, 2eNAPUH.

Hecmompsa Ha nposodumyro mepanuto 4epe3 nosmopa Mecaya om momeHma
20cNUManu3ayuu NOOPOCMOK yMep om mpomo603a YeHMPasbHbIX 8eHO3HbIX CUHY-
co8 (KasepHO3HO20 CUHYCA C/1e84, NONepeYHbIX CUHYCOB, APEMHbIX 8€H), KoOmopble
noomeepxoeHbl Ha dymoncuu.

JaHHeil knuHuYeckul criydali mpom603a 8eHO3HO20 CUHYCA y NOOPOCMKA 8 NOCM-
KOBUOHOM nepuode npedcmassifa duazHocmuyeckue mpyoHOCMu, Mak Kak Memo-
Obl MoYHOU 8U3yanu3ayuu He 06HAPYXUIU Hanu4yue mpomba 8 yepebpasnbHbix
cocyoax.

Knrouesble cnosa: nocmkoguoHbili CUHOpOM, Mpom603, Oemu, Mymauyus 2eHa
npompom6uHa, aHmucgocgonunudHsle aHmumerna

Ona untupoBaHuA: XpaaHosa J1.B., JlaneparHa MJ1. KnuHnyecknin cnyvain Tpombo3a
y NoApocTKa B NOCTKOBUAHBIN nepuopg. Acta biomedica scientifica. 2023; 8(2): 179-183.
doi: 10.29413/ABS.2023-8.2.17
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RELEVANCE

For the past two years, the entire world has been fo-
cused on the infection caused by SARS-CoV-2. To date,
the pathogenetic mechanisms that determine the sever-
ity of the course of this infection have been studied. Un-
derstanding of the main pathogenesis links led to the revi-
sion of therapeutic treatment, which is aimed at suppress-
ing the synthesis of proinflammatory cytokines that cause
the hyperinflammation syndrome, to stop hypercoagula-
bility, which also affects the severity of the course of SARS-
CoV-2 infection.

To a lesser extent, the mechanisms of the development
of the so-called post COVID-19 syndrome have been stud-
ied. Post COVID-19 syndrome is characterized by various
clinical manifestations that occur after SARS-CoV-2 infec-
tion and can last up to 6 months. Hyperproduction of cy-
tokines, fibrosis, autoantibody production, and direct tissue
damage by the virus are considered as the main pathoge-
netic links of this pathological condition. No less frequent
manifestation of post COVID-19 syndrome is thrombosis
in vessels of various caliber and localizations, which are due
to vasculopathy and impaired hemostasis.

This article presents a death case of a teenager
with venous sinus thrombosis that developed in the post
COVID-19 period.

INTRODUCTION

Thrombosis in pediatric practice is quite rare. There
are recognized risk factors for thrombosis: surgical treat-
ment; presence of a central venous catheter; nephrotic syn-
drome; oncopathology; carrying mutations and polymor-
phisms of genes associated with a high risk of thrombosis;
antibodies to phospholipids; and infections. The patho-
genesis of SARS-CoV-2 infection includes hemostasis disor-
ders that affect all its links: activation of vascular hemosta-
sis, suppression of fibrinolysis, increased thrombin forma-
tion, which determines the risk of thrombosis [1-3]. To date,
there are insufficient data on the incidence of thrombosis
in children with SARS-CoV-2 infection, and there are no rec-
ommendations for the prevention of thrombosis in the post
COVID-19 period. Nevertheless, hemostasis studies in chil-
dren with SARS-CoV-2 infection show the presence of hy-
percoagulability [4]. In a systematic review of the literature
[5], the authors presented data on 19 children with clini-
cal thrombosis. The most frequent localization of throm-
bosis was pulmonary vessels (21 %); thromboses of vari-
ous localizations (cerebral, intestinal, renal, and deep veins
of the extremities) were also described. A more recent pub-
lication on the results of a multicenter retrospective study
[6] determined that thrombosis is more likely to occur
in children older than 12 years of age, and risk factors in-
clude the presence of multisystem inflammatory syndrome
and a central venous catheter. These findings are support-
ed by a literature review of 16 publications on the high in-
cidence of thrombosis in children with multisystem inflam-
matory disease [7]. The authors showed that the incidence
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of thromboembolism in multisystem inflammatory syn-
drome is 1.4-6.5 %. One third of thrombosis cases are lo-
calized in cerebral vessels, which is accompanied by a high
mortality rate. So of the three children with cerebral infarc-
tions, all of them died. All publications on the presence
of thrombosis in children refer to the acute period of SARS-
CoV infection.

A search for publications in the scientific electronic li-
braries PubMed, e-Library yielded no data on the develop-
ment of thrombosis in children in the post COVID-19 period.

THE AIM OF THE PUBLICATION

To present a case of venous sinus thrombosis in a post
COVID-19 teenager.

CASE HISTORY

A 15-year-old boy was hospitalized at the Children’s
Republican Clinical Hospital in Ulan-Ude with com-
plaints of headache, vomiting, photophobia, hyperacusis.
From the patient'’s life history it is known that he was born
from the first normal pregnancy. The delivery was physio-
logical, on time, birth weight 3,076 g, height 52 cm. In phys-
ical and neuro-psychological development did not lag
behind. No chronic illnesses. At the age of 11 months
of life, he was operated for Arnold - Chiari malformation
and had a subdural-peritoneal shunt. Monitored by a neu-
rologist and neurosurgeon on an irregular basis.

Two weeks prior to hospitalization, he had a new mild
form of coronavirus infection after family contact. In clinic
there was subfebrile temperature for 2 days, weakness, sore
throat, runny nose. SARS-CoV-2 infection was confirmed
by positive analysis of an oropharyngeal swab by polymer-
ase chain reaction.

As treatment he received Grippferon, throat gargle
with antiseptics, decongestants. Recovery was recorded
one week after the onset of the disease by a negative na-
sopharyngeal swab by polymerase chain reaction.

From the history of the disease it is known that 2 weeks
after recovery from SARS-CoV-2 infection he began to com-
plain of headaches with predominant localization in the oc-
cipital region. Cephalgia was acute, stopped for a short
time after the use of analgesics. When seeking medical help
at the place of residence, no focal neurological symptoms
were detected. Continued symptomatic treatment was rec-
ommended. Subsequently, the headaches became contin-
uous, accompanied by vomiting. Started noting that bright
lights and loud noises increased the intensity of the cephal-
gias. In 5 days from the onset of the disease he was hospi-
talized at the Children’s Republican Clinical Hospital in Ul-
an-Ude. On admission, the patient’s condition was con-
sidered moderately severe. On examination: forced posi-
tion due to intense cephalgias. The patient tried to lie still,
as any movement of the head caused dizziness, headache,
vomiting. Preferred to lie with his eyes closed, asked for si-
lence and blackout in the room. On physical examination:



the skin is clean, pink, no pathologic changes in the phar-
ynx. Lungs are vesicular. Heart tones are rhythmic, audible.
The abdomen is soft, painless, liver and spleen are not en-
larged.

Neurological status on admission

Cranial nerves: 15t pair - olfaction is not affected,;
2" pair - follows objects for a short time, photophobia;
3'd pair, 4" pair, 6t pair — pupils D = S, photoreaction is alive,
eye movements in full volume, convergence, accommo-
dation are normal, the patient noted double vision in ex-
treme leads; 5t pair - sensitivity on the face is preserved,
pain at palpation of the 15t branch on both sides; 7t pair -
face asymmetrical, eye slits S > D, left corner of the mouth
was lowered; 8t pair — nystagmus at the extremes of gaze,
hearing preserved, hyperacusis; 9™ pair, 10t pair, 12t pair -
no bulbar disorders, tongue along the midline; 11t pair -
movements in the cervical spine preserved, not limited.
There are no sensory disturbances, active and passive move-
ments in the limbs are not limited. Muscle tone in all mus-
cle groups is satisfactory. Symmetrical and brisk tendon
reflexes from the arms and legs. Doesn't walk, doesn't sit
up, rolls over in bed. There was no rigidity of the occipital
muscles. Meningeal signs were negative. There were no pel-
vic disorders.

Additional health examination results

A complete blood count (CBC) on admission: hemo-
globin-166 g/L, erythrocytes — 5.97 million/L, leukocytes -
16.6 thousand/pL, neutrophils — 80 %, lymphocytes — 7 %,
monocytes — 12 %, platelets — 482 thousand/uL, an erythro-
cyte sedimentation rate (ESR) — 23 mm/h. There are no path-
ologic changes in the biochemical blood analysis. Coagu-
logram results: decreased thrombin time — 15.5 sec, a high
d-dimer test - 2 mg/mL (norm - 0.5 mg/mL). Highly pos-
itive IgG values to SARS-CoV-2 were detected with a KP
of up to 10.3. According to electroencephalogram: diffuse
changes in electrobiological activity. No pathologic chang-
es were found in the cerebrospinal fluid (CSF). Doppler ul-
trasound revealed decreased blood flow in the left verte-
bral artery, poor visualization of the left internal carotid ar-
tery. According to the data of duplex scanning of extracrani-
al sections of brachiocephalic arteries, the conclusion about
the increased level of peripheral resistance in the left inter-
nal carotid artery was given. Blood flow through the verte-
bral arteries without signs of extravascular compression,
reduced velocity indices at the level of V1-, V2-segments.

Multispiral computed tomography of the brain was per-
formed, and data were obtained on the presence of signs
of the condition after subdural-peritoneal shunt, excision
of a cyst of the left frontal and temporal region, Arnold - Chi-
ari malformation, borderline ventriculomegaly, and arach-
noid cyst of the left temporal region. Contrast-enhanced
magnetic resonance imaging of the brain showed signs
of Arnold - Chiari malformation, tonsillar herniation, asym-
metric ventriculomegaly, deformation of the lateral ventri-
cles, periventricular leukoareosis, and temporal lobe pole
cyst on the left side. No pathologic selective accumulation
of contrast agent was noted. No abnormalities in the cere-
bral vascular bed were found according to the results of neu-
roimaging methods.
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Differential diagnostics was carried out with liquorody-
namic disorders on the background of Arnold - Chiari mal-
formation, hemorrhagic stroke, brain neoplasms.

The severity of the patient’s condition was presumed
to be due to post COVID-19 encephalitis. Pulse therapy
with methylprednisolone at a dose of 10 mg/kg/injection,
for a total dose of 2,500 mg followed by oral prednisolone
35mg/day for 2 weeks was performed. During the whole pe-
riod of hospitalization, the patient received anticoagulants —
enoxiparin 40 mg/day, then heparin 20 units/kg/hour.

The patient’s condition progressively deteriorated.
The cerebral syndrome in the form of dizziness, headache
persisted, and focal symptoms — complete ophthalmoplegia
onthe left, flaccid tetraparesis, facial nerve paresis on the left,
bulbar paresis — were added. According to the data of blood
tests, thrombocytosis remained within 400 thousand/pL,
acceleration of ESR - 30-50 mm/h. A moderate increase
in ferritin — 268.8 pg/L (reference values - 140 pg/L), IL-6
level - 4.1 pg/mL, which is not out of the norm, progressive
increase in D-dimers up to 9 mg/L were revealed. The re-
sults of repeated magnetic resonance imaging of the brain
with visualization of arterial vessels and venogram showed
the absence of focal and diffuse changes in the brain sub-
stance, asymmetry of blood flow along the P1 segments
of the posterior cerebral artery (D > S). Minimal asymme-
try of blood flow along the intracranial section of vertebral
arteries (D > S).

The search for prothrombogenic risk factors continued.
There was a decrease in antithrombin Il = 79.46 % (norm -
96-126 %), low level of homocysteine - 7.61 um/I. To ex-
clude antiphospholipid syndrome, antibodies to phospho-
lipids were investigated; positive values of IgM antibodies to
cardiolipin - 27 units/mL and negative IgG values were de-
termined. No antibodies to 3-2 glycoprotein-1, lupus anti-
coagulant were detected. A genetic study was performed
to determine polymorphisms of genes responsible for he-
reditary thrombophilias. Polymerase chain reaction results
revealed a G20210A mutation in the prothrombin gene.

Despite anticoagulant therapy, a month and a half after
hospitalization, the teenager died of thrombosis of intrac-
ranial central venous sinuses (cavernous sinus on the left,
transverse sinuses, jugular veins), which was confirmed
on autopsy.

CONCLUSION

Venous sinus thrombosis in children is rare, with an ave-
rage of 0.5 per 100,000 pediatric population [8]. Thereisa mul-
tifactorial nature of thrombogenic risks in its etiology,
and 32 % of cases are hereditary thrombophilias [9]. This case
once again confirms that thrombosis in pediatric practice
occurs against the background of combined prothrombot-
ic factors. Thus, the following risks of increased thrombosis
were found in the teenager: the presence of subdural-perito-
neal shunt, G20210A mutation in the prothrombin gene, hy-
pohomocysteinemia, low level of antithrombin Ill. Low-posi-
tive antibodies to cardiolipin class IgM could not be an inde-
pendent cause of thrombosis. They were more likely to be



produced by SARS-CoV-2 infection, which is also an inde-
pendent risk for increased thrombosis.

The presented clinical case demonstrates the diffi-
culty in the diagnostic search for cerebral venous throm-
bosis in a post COVID-19 teenager. The examinations
performed with the inclusion of highly sensitive neuro-
imaging methods did not reveal thrombi in intracranial
and extracranial vessels. But the presence of signs of hy-
percoagulability in a patient with neurologic focal symp-
toms allowed us to think about the possibility of cerebral
vascular thrombosis. And despite the results of magnet-
ic resonance imaging and multispiral computed tomog-
raphy of the brain, the search for prothrombogenic fac-
tors continued.

Thus, we want to draw attention to the possibili-
ty of the development of hemostasis disorders in chil-
dren not only during the acute course of SARS-CoV-2 in-
fection, but also in the post COVID-19 period. Diagnosis
of the thrombosis causes should include investigation of in-
herited thrombophilias as the most significant risk factor
for increased thrombosis.
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ABSTRACT

Body composition reflects the dynamic processes in a child’s development. The rec-
ommended restrictive diets for patients with advanced chronic kidney disease (CKD)
contribute to a high risk of sarcopenic muscle wasting as diagnosed by bioimped-
ancemetry.

The aim of the study. To assess BMI and body composition in children with CKD,
to identify features of body composition in patients with different BMI Z-score values.
Materials and methods. The physical development of 110 children with CKD of differ-
ent stages was assessed. Patients were divided into two clusters: Group 1 (92 children)
with BMIfrom 10.95 to 21.5 kg/m?, BMI Z-score did not exceed +2.0 (without obesity);
Group 2 (18 children) - BMI from 24.11 to 37.2 kg/m?, Z-score BMI - more than +2.0
(obese). Allunderwent bioimpedancemetry, the proportion of fat and active cell mass
was assessed. The comparison was carried out by nonparametric statistics methods.
Results. Changes in body composition were revealed: children without obesity
had severe protein-energy deficiency in 7 cases (7.6 %). The difference in the pro-
portion of fat mass in children of different groups, Me [Q1; Q3]: Group 1 - 18.00 %
[14.00; 22.00], Group 2 - 35.00 % [21.98; 41.00], (Mann — Whitney U-test: U = 279.5,
p=0.00001).In Group 1, the active cell mass was 53.50 % [51.00; 56.00], in Group 2 -
41.50% [39.00;47.00] (U= 174.5, p=0.000001), there were no significant differences
in other parameters of bioimpedancemetry.

Conclusions. The proportion of active cell mass is lower in overweight children,
with a significant predominance of the proportion of fat mass, which indicates
the depletion of protein reserves due to their redistribution and possible insufficient
alimentary intake in advanced stages of CKD.

Key words: children, chronic kidney disease, nutritional status, physical develop-
ment, bioimpedance measurement, sarcopenia
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PE3IOME

AkmyanbHocme. KomnoHeHMHbIlU cocmas mena ompaxaem OUHamudeckue
npoueccol 8 pazsumuu pebéHka. PekoMeHO0B8AHHbIe 02paHuUYUMesibHble ouemol
0718 NayueHMo8 C NPOOBUHYMbIMU CMAOUAMU XpoHuYeckol 6one3HuU novek (XbI1)
cnocobcmayrom 8bICOKOMY pUCKY CaPKONeHUYeCcKo20 UCMOUWeHUSA MbluL, 4mo oud-
2Hocmupyemcsa buoumnedaHcomempued.

Lenwb uccnedoesanusa. OuyeHums UMT u KoMnoHeHmMHsIl cocmas mena oemel
¢ Xb[1, sbissums ocobeHHOCMU cocmasa meJsia y NnayueHmos ¢ pasHsiMuU 3Haye-
Huamu Z-score IMT.

Mamepuanel u memooobl. OyeHeHo pusuyeckoe pazeumue 110 demeti ¢ XbI1
pasHwix cmaoud. layueHmel pasdesneHsl Ha 08a knacmepa: epynna 1 (92 pe6éH-
Ka) — ¢ UMT om 10,95 do 21,5 k2/m?, Z-score UMT He npesbiwian +2,0 (6e3 oxupe-
Hus); epynna 2 (18 demeli) — UMT om 24,11 do 37,2 ke/m?, Z-score UMT — 6ornee
+2,0 (c oxxupeHuem). Bcem npogedeHa buoumneddaHcomempus, O4eHUBanack 00/
XKUpoeoU U akmugHoU KiemoyHoU maccel. CpagHeHUe nposoous10Cb MemMooamu
Henapamempuyeckol cmamucmuku.

Pe3ynemamel. BuisgrieHbl u3MeHeHUs KOMNOHeHMHOo20 cocmasa mea:y 0Oemel
6e3 oXxUpeHUs UMesiacb Maxénas 6esIko8o-3Hepeemu4eckas HE00CMamo4YHOCMb
8 7 cnyyasx (7,6 %). [JokasaHo paznudue co0epxaHus 001U Xuposol Maccel
y 0emeli pa3sHebix 2pynn (Me [Q1; Q3]): 8 epynne 1 — 18,00 [14,00; 22,00] %, 8 2pyn-
ne2-35,00[21,98;41,00] %, (U-kpumeput MaHHa - Yumnu: U=279,5; p=0,00001).
Bepynne 1 akmusHas knemoy4Hasa macca cocmasuna 53,50 [51,00; 56,00] %, & 2pyn-
ne2-41,50[39,00;47,00] % (U= 174,5;p=0,000001), no ocmasbHbIM NOKAazamessam
buoumMnedaHcoMempuu CMamucmu4ecKu 3Ha4uMbIX pazauduli He Nos1y4eHo.
3aknwoyeHue. [Jona akmusHoU KnemoyHoU mMaccel HUxe y demeti ¢ u3bbimoy-
HoU mdccoli mend, npu 3HAYUMeEIbHOM npPeob1adaHuu 00J1U Xuposoli MAccel,
umo csudemenibcmayem o6 ucmoujeHuUU 6e/IK08bIX 3aNAaco8 3a CYEM ux nepepac-
npedesieHUs U 803MOXHO20 HEOOCMAMOYHO20 AJIUMEHMAPHO20 NOCMYNJ1eHUs
npu npodsuHymsix cmaousix Xb[1.

Knioueevle cnioea: demu, xpoHuydeckas 60/1e3Hb NoYek, HympumueHslli cmamyc,
¢husuyeckoe pazsumue, 6UOUMNEOAHCOMEMPUS, CAPKONEHUS

Ona untuposaHua: 3aebanosa A.H., Jlebepes [.A., HoBukosa B.MN., CmupHoBa H.H.,
®upcosa J1.A. KOMMOHEHTHBIN COCTaB Tena feTell C XPOHUYECKOW 6ONe3Hbo Novyek
no pesynbratam 6uormMnegaHcometpun. Acta biomedica scientifica. 2023; 8(2): 184-194.
doi: 10.29413/ABS.2023-8.2.18
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INTRODUCTION

Pathology of the urinary system in the pediatric pop-
ulation ranks second in prevalence after respiratory dis-
eases. Chronic kidney disease (CKD), a concept accept-
ed in internal medicine, has entered pediatric nephrolo-
gy as well. CKD in pediatrics has some peculiarities. Cri-
teria for diagnosing and staging CKD in children adapt-
ed in the 2012 KDIGO (Kidney Disease Improving Global
Outcomes). Congenital kidney disease is the main cause
of chronic kidney disease in children. Congenital anoma-
lies of the kidney and urinary tract (CAKUT) are the most
common causes, accounting for 60 % of cases of CKD
in children [1]. Genetically determined pathologies (cys-
tinosis, oxalosis, hereditary nephritis, interstitial nephri-
tis) account for 20-30 %. Glomerular lesions (mainly fo-
cal segmental glomerulosclerosis and lupus nephritis) ac-
count for 10 to 20 %. Diabetic nephropathy and hyperten-
sion are rare causes of chronic kidney disease in children
compared with adults [2]. Obesity-related nephropathy
is a condition recognised in both therapeutic and pedi-
atric nephrology. The risk of accelerated development
of chronic kidney disease is associated with low birth
weight, often accompanied by a low number of nephrons
in the kidneys [3].

Chronic kidney disease in children is accompanied
by changes in metabolic processes, intoxication and co-
morbid diseases of the gastrointestinal, cardiovascular
and endocrine systems [4-6]. Irreversible changes en-
tail disorders of physical development and nutrition-
al status, requiring thorough diagnosis and proper tac-
tics for their correction [7, 8]. Nutritional status is a com-
plex of clinical, anthropometric and laboratory indica-
tors that characterise the quantitative ratio of muscle
and fat mass of the patient’s body. Nutritional status
disorders are associated with protein-energy malnutri-
tion, developmental delay, and mineral and bone disor-
ders [9]. Anaemia is a frequent complication in children
with chronic kidney disease, the prevalence of which in-
creases as the disease progresses [1]. There are stand-
ards for the diagnosis and correction of protein-ener-
gy malnutrition, but there is no acceptable definition
of this condition for children with chronic kidney dis-
ease and therefore no accurate diagnostic criteria [10].
Assessment of nutritional status in children is also com-
plicated by the absence of a gold standard, specific ab-
normalities in body composition and a slowly progres-
sive disease [11]. The causes of protein-energy malnutri-
tion in children with progression of chronic kidney dis-
ease are diverse and are associated with impaired intake
and assimilation of essential nutrients [9]. This is caused
by poor appetite; dysgeusia may occur against the back-
ground of taking a large number of drugs and intoxica-
tion. Increasing chronic kidney disease is often accompa-
nied by digestive disorders: vomiting associated with gas-
troesophageal reflux, delayed bowel voiding due to mo-
tility disorder. Numerous studies have proven the close
association between nephropathy and impaired gut mi-
crobiota already in the onset of CKD. Impared microbi-
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ome and toxic endothelial damage interfere with the hy-
drolysis and nutrient absorption [12]. Any inflammation,
infectious orimmunopathological, causes metabolic ac-
idosis and oxidative stress, increasing as kidney func-
tion declines. This entails aggravation of endothelial
dysfunction, impaired permeability of cell membranes,
and also changes the ratio of components in the intra-
and extracellular space. Assessment of nutritional status
and its correction at early stages of chronic kidney dis-
ease is the most important task of the pediatric nephrolo-
gist. Anthropometry (measurement of height, body mass
and calculation of BMI) is the main method of detecting
such abnormalities. However, body composition of chil-
dren with chronic kidney disease, at least from stage 3
onwards, is peculiar; anthropometry is unable to identify
the real degree of protein-energy malnutrition. Patients
with chronic kidney disease are at high risk of sarcopen-
ic muscle wasting and thus at increased risk of mortality
[13, 14]. Most of the existing studies evaluating the cor-
relation between chronic kidney disease and sarcopenia
have been conducted in adult dialysis patients [15-19].
There are few current studies that suggest the use of bio-
impedanceometry as a component of diagnosis of im-
paired physical development and nutritional status. Bio-
impedanceometry in children with chronic kidney dis-
ease is of particular interest and in the future may be-
come an indispensable component of diagnostics of nu-
tritional status of a child [20, 21].

THE AIM OF THE STUDY

To assess the deviation of BMI Z-score and biocompo-
nent body composition of children with chronic kidney dis-
ease, to identify the features of body composition in pa-
tients with different values of BMI Z-score.

MATERIALS AND METHODS

A continuous prospective single-center study describ-
ing a series of hospital cases (patients with chronic kidney
disease) was conducted in the pediatric urology and neph-
rology departments of St. Petersburg State Pediatric Medi-
cal University of the Ministry of Health of Russia.

Study period: January 2016 - December 2021,
with no unplanned shifts in the time intervals of the
study. There were no additional specific factors whose ef-
fect during the study period could have influenced the
conclusions. The main indicator of the study: distribu-
tion of patients according to body fat mass, clarification
of the percentage of children with active cell mass defi-
ciency in groups of children with normal and increased
body mass index.

Inclusion criteria: 2 to 18 years of age and a con-
firmed diagnosis of chronic kidney disease. Exclusion cri-
teria: chronic kidney disease before the age of 2 years;
patients who failed to perform bioimpedance study
due to psycho-emotional agitation and children old-



er than 2 years with height less than 95 cm were not in-
cluded in the study.

The diagnostic inclusion criteria for chronic kidney
disease, were reduced results of glomerular filtration rate,
which was determined by the Rehberg test or the Schwartz
equation. Chronic kidney disease was divided into 5 sta-
ges. Stage 1 CKD is characterised by the glomerular filtra-
tion rate more than 90 ml per minute, the absence of man-
ifestations of nephropathy. At Stage 2 CKD, the glomer-
ular filtration rate was 60-89 ml per minute, and there
were initial signs of nephropathy. Stages 3A and 3B CKD
are characterised by a reduced glomerular filtration rate
of 59 to 30 ml per minute and signs of severe nephropa-
thy, shriveling and scarring of renal tissue. Stage 4, severe,
of CKD was identified when the glomerular filtration rate
ranged from 29 to 15 ml per minute. Stage 5 CKD, kidney
failure, is diagnosed when the glomerular filtration rate
is less than 15 ml per minute.

Each patient underwent anthropometry (height, body
weight and BMI assessment) and bioimpedanceometry
using the DIAMANT-AIST apparatus. Physical develop-
ment data were assessed using WHO Anthro and WHO An-
throPlus, free-access programmes from the official web-
site of the World Health Organisation (WHO). The Z-score
of body mass index (BMI), nondimensional statistic indi-
cator used to compare values of different dimensionali-
ty, was evaluated. We studied the distribution of patients
by body fat percentage, specifying the percentage of chil-
dren with active cell mass deficiency in the groups of chil-
dren with normal and increased BMI. We also studied pos-
sible differences in the percentage of fat, active cell mass,
BMI and Z-score of BMI in different stages of chronic kid-
ney disease, BMI and Z-score of BMI in children of different
sexes. When the amount of extracellular/intracellular flu-
id was assessed, it was noted that none of the patients has
oedema syndrome.

We studied the distribution of patients by body fat per-
centage, specifying the percentage of children with active
cell mass deficiency in the groups of children with normal
and increased BMI. We also studied possible differences
in the percentage of fat, active cell mass, BMIl and Z-score
of BMI in different stages of chronic kidney disease, BMI
and Z-score of BMI in children of different sexes.

The study was conducted in compliance with the World
Medical Association Declaration of Helsinki. Parents
(guardians) or the patient himself or herself over the age
of 15 years signed a written consent to allow diagnostic
and anthropometric procedures to be carried out for the
study.

Methods of statistical processing

The sample size was not pre-calculated. The data were
described and statistically analysed using Statistica v. 10.0
statistical software package (StatSoft Inc., USA). The data
distribution was assessed by calculating Pearson’s x? test
(Pearson’s chi-squared test). Descriptive statistics (medi-
an (Me), 25 % and 75 % percentiles [Q1; Q3]) were used
for data without normal distribution.

The Mann - Whitney U-criterion (U) was used to iden-
tify and evaluate the differences of quantitative param-
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eters in two independent samples without normal dis-
tribution, and the Kruskal — Wallis test was used in three
or more independent samples. The fairness of the tested
hypothesis was assessed by the “p value”, p < 0.05 was tak-
en as the critical value.

RESULTS

A group of 130 children was evaluated: 20 cases
had criteria for non-inclusion (less than 95 cm, younger
than 2 years, psychoemotional reactions in bioimpedan-
ceometry). Thus, the group was represented by 110 pa-
tients (65 boys and 45 girls). The sample size was limited
to the number of patients staying in the specialised de-
partments of the clinic during the period of anthropomet-
ric and bioimpedance studies.

The children included in the study had the following
causes of chronic kidney disease: surgical disorders of uro-
dynamics (high-grade vesicoureteral reflux, primary ob-
structive megaureter, hydronephrosis, multiple malforma-
tions of the urinary system, spinal disorders of urination),
or manifestations of nephrotic syndrome, glomerulone-
phritis, systemic lupus erythematosus, systemic vasculitis.
All patients suffered from chronic kidney disease, and chil-
dren with urodynamic disorders were treated in the urolo-
gy department, where they underwent surgical interven-
tions aimed at correcting the disorders; nephrological pa-
tients were treated for the underlying disease in a special-
ized nephrology department.

Stage 1 CKD was found in 50 (45.45 %) children.
Stage 1 CKD was diagnosed in 13 (11.81 %) patients.
Stage 3B CKD was detected in 20 (18.18 %) patients,
Stage 4 CKD, severe, was found in 13 (11.81 %) pa-
tients. This group had residual kidney function. Children
had significant somatic and biochemical abnormalities
and were registered in a dialysis centre. Stage 5 CKD, kid-
ney failure, was presentin 14 (12.72 %) children, in some
cases already receiving renal replacement therapy (RRT)
or preparing to switch to hemodialysis, with significant
somatic, biochemical and anthropometric deviations
from age norms.

The data set of 110 patients who were included
in the study was clustered and two clusters were formed
according to BMI. Group 1 (1st cluster) included 92 pa-
tients with BMI between 10.95 and 21.5 kg/m?, BMI
Z-score not exceeding +1.0. 50 patients had BMI Z-score
less than —1. Group 2 (2" cluster) included 18 patients
with excessive BMI by Z-score and a BMI score between
24.11 and 37.2 kg/m?2. BMI Z-score was more than +2.0.
This gave reason, according to WHO criteria, for the diag-
nosis of obesity in 18 patients (16.36 % of the total num-
ber of children) [22].

Further comparison of the two groups was carried
out by such bioimpedancemetry indicators as the per-
centage of fat mass and the percentage of active cell mass,
which allows to assess the reserves and saturation of muscle
tissue and tissues of internal organs with protein, and to di-
agnose fat protein replacement in some cases.



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N2

TABLE 1

DISTRIBUTION OF CHILDREN OF THE FIRST CLUSTER ACCORDING TO Z-SCORE OF BODY MASS INDEX

" Body mass
Malnutrition Standard excess (BME)
Age group Total
Z-score < -3 Z-score Z-score Z-score Z-score

from -3 to -2 from -2to -1 from -1to +1 from +1 to +2
Early childhood* 2 4 10 17 3 36
Middle childhood** 2 7 8 11 2 30
Adolescence*** 3 4 9 7 3 26
Total 7 15 27 35 7 92

Note. * — children 3—7 years old of both sexes; ** — children 7-11 years old (girls) and 7-12 years old (boys); *** — children 1118 years old (girls) and 12-18 years old (boys).

52 children out of 92 in the first cluster had stage 1-2
CKD and 40 had stage 3-5 CKD. Overweight was found
in 4 children with stage 1-2 CKD. Among patients
with stage 3-5 CKD, overweight was found in 9 pa-
tients. There were no children with obesity among them
(Table 1).

92 (83.63 %) had normal or low BMI (Group 1)
and 18 (16.36 %) had obesity according to WHO cri-
teria (Group 2). There was a statistically significant
difference between the groups: the age of Group 1
was 8.63 [2.64; 17.69] years and the age of Group 2
was 15.27 [7.27; 18.97] years (U = 377.5; p = 0.0002). Chil-
dren with low or normal index values showed half the me-
dian age at clustering (Fig. 1).

20
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o N A OO

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Body mass index

FIG. 1.
Distribution of body mass index in Groups 1 and 2 depending
on age, with the formation of two clusters

According to bioimpedanceometry data, the per-
centage of fat mass in Group 1 was 18.00 [14.00; 22.00] %,
which corresponded to 9.6 % deficiency, 85.1 % normal
and 5.3 % excess fat mass; in Group 2 the percentage of fat
mass was 35.00 [21.98; 41.00] %, which corresponded
to 25 % normal and 75 % excess. Thus, the increase in fat
mass deviation was more significant in Group 2 (U= 279.5;
p =0.00001) (Fig. 2).
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fat mass
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Fat mass, %
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(=)
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0 25%-75%

T Non-Outlier Range
O Outliers

Fat mass
deficiency

Group 1 Group 2
FIG. 2.
Compatrison of deviations in the content of fat mass in Groups 1

and 2 (%)

In Group 1, active cell mass was 53.50 [51.00; 56.00] %,
deficiency of active cell mass was noted in 19.1 %, excess
in 7.4 %. In Group 2, active cell mass was 41.50 [39.00;
47.00] %, deficiency of active cell mass was noted in 81.0 %,
excess was not found in any case. When analysed, there
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was a statistically significant difference in the proportion
of active cell mass in patients of Groups 1and 2 (U= 174.5;
p =0.000001), with the development of a significant defi-
ciency of active cell mass in Group 2 (Fig. 3). These patients
have a significantly reduced amount of deposited muscle
protein, due to redistribution and possibly insufficient ali-
mentary intake, due to protein restriction in the diet of chil-
dren with advanced chronic kidney disease.

When assessing the proportion of fat and active
cell mass in subgroups of children with different stag-
es of chronic kidney disease (stage 1-5), no statisti-
cally significant differences were obtained, according
to the Kruskal — Wallis test (Table 2).

When anthropometric indicators were assessed in sub-
groups of children with different stages of chronic kidney
disease by BMI Z-score, no statistically significant differ-
ences were obtained (Kruskal — Wallis test: H = 2.123676;
p=0.7130). Also, subgroup differences in BMI (H=2.776229;
p = 0.5959) were not proven (Table 3).

65
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active
cell
mass

Deficiency
of active
cell

mass

FIG. 3.

Comparison of the actual content of active cell mass in Groups 1

Group 1

and 2 (%)

Group 2

TABLE 2
THE PROPORTION OF ACTIVE CELL AND FAT MASS IN CHILDREN, DEPENDING ON THE STAGE OF KIDNEY DISEASE,
Me [Q1; Q3]
Stage (n) Age Fat mass percentage, % Active cell mass percentage, % (p = 0.36)

Stage 1 (n=50)

Stage 2 (n=13)

Stage 3 (n = 20)

Stage 4 (n=13)

Stage 5 (n=14)

8.51[6.39;11.68]

10.74 [6.26; 15.99]

9.92[7.12;15.88]

11.18 [10.30; 13.90]

12.96 [6.35; 14.53]

18.00 [14.00; 24.00]

26.00[18.00; 30.00]

18.50 [16.00; 22.50]

19.00 [18.00; 23.00]

20.00 [15.00; 24.00]

53.50 [49.00; 56.00]

49.00 [46.00; 53.00]

52.50 [49.00; 55.00]

54.00 [52.00; 55.00]

52.00 [50.00; 54.00]

TABLE 3

MEDIAN DATA OF BODY MASS INDEX AND Z-SCORE OF BODY MASS INDEX IN CHILDREN DEPENDING ON THE STAGE

OF KIDNEY DISEASE, Me [Q1; Q3]

Stage (n) Body mass index (p = 0.59)

Z-score of body mass index (p = 0.71)

Stage 1 (n=50) 15.26 [13.70; 18.11]

Stage 2 (n=13) 14.40[13.58; 21.37]
Stage 3 (n = 20) 15.90 [14.43; 23.20]
Stage 4 (n=13) 16.71[15.23; 17.36]

Stage 5 (n=14) 15.65[13.79; 17.84]

-0.97 [-1.94; 1.16]

-0.74 [-2.83;0.82]

-0.83 [-1.46; 1.97]

-0.42[-1.47;0.15]

-1.14[-2.08; -0.38]
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TABLE 4

INDICATORS OF BODY MASS INDEX AND Z-SCORE OF BODY MASS INDEX IN CHILDREN DEPENDING ON GENDER,

ME [Q1; Q3]
Stage Sex n Body mass index (p = 0.63)
boys n=30 14.75[13.70; 16.90]
Stage 1
girls n=20 16.15[13.70; 20.37]
boys n=4 17.35[12.20; 27.74]
Stage 2
girls n=9 14.40 [14.20; 19.10]
boys n=12 15.81[14.44; 22.16]
Stage 3
girls n=8 15.90 [14.43; 24.18]
boys n=10 16.85[16.17; 17.36]
Stage 4
girls n=3 15.23[14.48; 19.50]
boys n=9 14.40 [13.65; 18.42]
Stage 5
girls n=>5 15.70[15.61; 17.83]

Z-score of body mass index (p = 0.39)

-1.28 [-2.44;0.32]

-0.56 [-1.47; 2.05]

-0.16 [-5.74; 1.41]

-0.74 [-2.83; 0.63]

-0.89 [-1.46; 0.41]

1.00 [-1.67; 2.14]

-0.27 [-1.47;0.23]

-0.49 [-1.62; -0.09]

-0.79 [-2.08; -0.38]

-1.50[-1.87;-0.61]

No subgroup differences by sex were found in BMI
(U =1383.5; p = 0.6331) and Z-score BMI (U = 1323.0;
p =0.3980) (Table 4).

DISCUSSION

The determination of active cell mass, the content
of which characterises the percentage of metabolically
active cells, is of great practical importance. Active cell
mass includes mass of skeletal muscle, internal organs
and nervous tissue. The percentage of active cell mass
reflects muscle functional activity and indirectly allows
us to estimate the physical strength reserve of an indi-
vidual [20, 23]. There was a decrease in active cell mass
percentage in Group 2 by more than a quarter compared
to Group 1:53.50[51.00; 56.00] and 41.50 [39.00; 47.00] %.
In Group 1, deficiency of active cell mass was detected
in 19.1 % of cases, in Group 2 - in 81 % of cases. Percent-
age of fat mass in Group 1 was almost half that of Group 2
children (18.00 [14.00; 22.00] and 35.00 [21.98; 41.00] %).

Excess fat mass in Group 1 was diagnosed in 5.3 % of chil-
dren, in Group 2 excess fat mass was found in 75 % of cas-
es. Adolescent obese patients are characterised by ex-
cess fat mass and its prevalence over active cell mass
in the body component composition [24, 25]. Accord-
ing to a number of authors, excess fat mass and its prev-
alence over active cell mass progresses with age and be-
comes one of the predictors of early development of sar-
copenia among adults [20].

The study of nutritional status of patients with CKD
often reveals anthropometric abnormalities [26, 27], as-
sociated with the peculiarity of nutrition of children
in this group (significant limitation of alimentary pro-
tein intake) [28], existing fluid and electrolyte disorders
that progress with increasing course of CKD and a glo-
merular filtration rate decline. The percentage of active
cell mass of a child with a normal or low BMI of 73.5 %
corresponds to the norm, while in Group 2, thereis a drop
in the percentage of active cell mass and its replace-
ment by fat cells due to muscle protein resorption,
which leads to an increase in the percentage of fat
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mass. According to bioimpedanceometry data, chil-
dren with a high body mass index (Group 2) suffering
from chronic kidney disease have in most cases active
cell mass deficiency (mass of muscles and internal or-
gans), which against the background of the body’s load
of fat replacement tissue significantly reduces physical
abilities to move and vital activity. Children with chron-
ic kidney disease may have both average anthropomet-
ric indicators and body mass deficiency or obesity [26].
Patients with chronic kidney disease face serious chal-
lenges in maintaining adequate nutrition and growth
[28]. Our study showed a higher content of adipose tis-
sue in children with excessive body weight on the back-
ground of chronic kidney disease, due to the replace-
ment of active cell mass, which can be interpreted, in fact,
as steatosis (adipose degeneration) of the macroorgan-
ism. The study allowed for the first time in Russia to as-
sess the state of fat and active cellular components of pa-
tients with renal pathology, with the formation of evi-
dence-based conclusions about significant differences
in the groups of children with low/normal and excessive
body weight, which contributes to the understanding
of the formation of nutritional status of these patients.
The results obtained in the prospective study have a high
level of statistical significance and allowed us to make val-
id conclusions [29]. To develop precise recommendations
for daily protein supplementation for children with defi-
ciency of active cell mass on the background of chronic
kidney disease and steatosis (adipose degeneration), fur-
ther studies are needed to assess the influence of factors
of alimentary and renal metabolism, the state of the mac-
roorganism, family and social factors.

Study limitations

There was no objective possibility to fully take into ac-
count the peculiarities and quality of nutrition of pa-
tients, social status, duration of the disease and effective-
ness of the treatment for the study. Thus, it is possible
that the actual values of fat and active cell mass in sub-
groups of children with chronic kidney disease and dif-
ferent social status may slightly differ. A larger sample
size could allow for in-depth exploratory analyses in sub-
groups, assessing possible correlations and other influ-
encing factors.

CONCLUSION

Our study revealed that all children with chron-
ic kidney disease can be divided into two groups based
on obesity, according to BMI values and WHO criteria.
The biocomponent composition of the patients’ body
was proved to differ in the percentages of fat and active
cell mass. Almost 85 % of children in Group 1 have nor-
mal fat mass, while in Group 2 the percentage of such pa-
tients is almost 4.5 times lower, and most children have ex-
cess body fat mass. In the group of children without obe-
sity, there was severe protein-energy deficiency in 7 cas-
es (7.6 %). Children with pathologically high values of BMI
Z-score (more than +2) have a significant deficiency of ac-
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tive cell mass against the background of excess adipose
tissue due to resorptive-replacement processes and insuf-
ficient nutritional intake, which corresponds to the criteria
of sarcopenia [21]. The results of the study demonstrate the
necessity of using bioimpedanceometry for complex diag-
nostics of nutritional status disorders for each particular
child with chronic kidney disease, regardless of the stage
of the disease.

The work was carried out as a part of the research work
(state registration number of NIOKTR (Research, Develop-
ment and Technological Work) AAA-A18-118113090077-0
dated 30.11.18) “Screening of nutritional status in children
with somatic, surgical and neurological pathology, correc-
tion possibilities”. The study was not sponsored.
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ABSTRACT

Background. The model of sleep reactivity to stress considers sleep reactivity
to stress as alink in the pathogenesis ofinsomnia disorder - the degree to which stress
disturbs sleep, which manifests as difficulty in initiating and maintaining sleep.
Theaim. Tostudy clinical and psychological features as well as subjective and objec-
tive sleep indexes of subjects with high level of sleep reactivity to stress.

Materials and methods. The psychological status, subjective indexes of sleep
and sleep reactivity to stress according to Ford Insomnia Response to Stress Test
were studied among 18-75 year-old subjects without significant sleep disturbances
and patients with chronic insomnia. Polysomnography was performed for objective
evaluation of sleep parameters.

Results. It was found that individuals with high levels of sleep reactivity to stress
were characterized by high levels of anxiety, restlessness, and neuroticism. According
to results of Pittsburg questionnaire, a lower quality of sleep was revealed. These find-
ings were correlated with objective indexes of sleep according to polysomnographic
studies: less deep sleep and its lower efficiency due to sleep disturbances.
Conclusions. Individuals with high sleep reactivity to stress are characterized
by greater anxiety combined with subjective and objective sleep disturbance like
insomnia type.

Key words: insomnia, sleep reactivity, anxiety, polysomnography, sleep efficiency
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PE3IOME

O6ocHosaHue. Modesb peakmugHOCMU CHA K CMpeccy paccMampusdem 8 Kade-
cmee 38eHa NAMo2eHe3a UHCOMHUYECK020 paccmpolicmsed peakmugHOCMb CHA
K cmpeccy — cmeneHb, 8 KOmopol cmpecc Hapywaem COH, Ymo nposssigemcs
8 8UOe mpyOHoCcMeUl UHUYUAyuu U NOOOEePXXaHUA CHA.

Lene pabomel. VI3yuums KIUHUKO-NCUXO02UYeCKUE 0COBEHHOCMU, d MakKxe
cybvekmusHble U 065eKMUBHbIe NOKA3amesiu CHA UCNbIMyeMblX C 8bICOKUM ypO8-
HeM pedKkmugHOCMU CHA K cmpeccy.

Memodel. Cpedu pecnoHOeHMo8 18-75 iem 6e33Ha4UMbIX Xaa06 Ha HapyweHUs
CHA U cpedu NAayueHMos ¢ XpoHu4eckol UHCOMHuUel oyeHEH ncuxosioaudeckul
cmamyc, cybvekmusHble NoKkazameJsiu CHA U peakmugHOCMb CHA K cmpeccy
no onpocHuky @opda no enusaHuU cmpecca Ha coH (Ford Insomnia Response
to Stress Test), a makxe nposedeHa NoIUCOMHO2PpAhus 0715 06BbeKMUBHOU OUeHKU
nokazamersneu CHa.

Pe3ynemamel. YcmaHoeieHo, Ymo 015 71Ul C 8bICOKUM YPOBHEM peakmugHOCmu
CHA K CMpeccy XapakmepHsl 8bICOKUE yPOBHU MPEBOXHOCMU, Mpegoau, He8pomu-
3ayuu. o pesynemamam [Tummc6ypecko2o0 0NPOCHUKA 8blsi81eHO 60J1ee HU3Koe
Kayecmaeo cHA. Smu OdHHbIe CO21aCyomcs C 065eKMUBHbIMU NOKA3aMeAMU CHA
no pesysibmamam NoIUCOMHO2PAPUHECcK020 UCC1e008aHUs: MeHee 2/1y60KUM
CHOM U €20 MeHbluel 3(hheKmUBHOCMbIO 3a CHEM HapyweHUs N000epPXaHUsA CHA.
3aknoyeHue. Jluya c 8bICOKOU peakmu8HOCMbIO CHA K cmpeccy xapakmepu3y-
tomcs 6os1bwWeli MpesoXHOCMbIO 8 COYeMAHUU € Cy6BEKMUBHBIM U 00BEKMUBHbLIM
HapyweHuem cHa N0 MuNy UHCOMHUU.

Knioueeble cnoea: UHCOMHUS, peakmu8HOCMb CHA K CMpeccy, mpesoad, Nosu-
CoMHozpaghus, 3¢phekmusHoCMb CHA

Ana yutuposaHua: 3abpoga E.H., loppees A.[l., AmenvHa B.B., boukapes M.B., OcuneH-
ko C.N., KopocToBuesa J1.C., Ceupses t0.B. KnuHnko-ncrmxonornyeckme 1 nosiMCOMHorpa-
duueckme 0cobeHHOCTU NKL, C BbICOKOW PeakTMBHOCTBIO CHa K cTpeccy. Acta biomedica
scientifica. 2023; 8(2): 195-202. doi: 10.29413/ABS.2023-8.2.19
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OBJECTIVES

Insomnia is a condition that characterized by sub-
jectively unsatisfactory quality or duration of sleep as-
sociated with difficulties of falling asleep, sleep main-
tenance disorders, and/or early (unintentional) awak-
enings 3 times a week with impaired daytime function-
ing or more when there are opportunities for comforta-
ble sleep [1]. Along with the most commonly used models
of the aetiopathogenesis of insomnia, the “three P’s” model
and the hyperactivation model, a new concept - sleep reac-
tivity to stress — is currently being used [2]. Sleep reactivity
to stress is regarded as a complex feature determined both
genetically and by environmental influences, which man-
ifests itself in a propensity to produce sleep disturbances
in response to exposure to various stressors [2, 3]. Research
is needed in order to determine whether the sleep reactivi-
ty to stress factor may be a risk marker for the development
of insomnia, as reliable premorbid predictors for the devel-
opment of this variant of insomnia have not been deter-
mined to date.

THE AIM OF THE STUDY

To evaluate the clinical-psychological and polysom-
nographic features of individuals with high sleep reactiv-
ity to stress.

METHODS

Study design. Inclusion in the study was conducted
among patients 18-75 years old who applied to the con-
sulting and diagnostic department of the Almazov Nation-
al Medical Research Centre of the Ministry of Health of Rus-
sia with complaints of sleep disorders, in whom the In-
somnia Severity Index [4] exceeded 15 points. In addition,
volunteers without relevant complaints were included
in the study as a comparison group. All study participants
completed a questionnaire including:

e The Ford Insomnia Response to Stress Test (FIRST)
was used to assess sleep reactivity to stress [2];

¢ subjective assessment of the main sleep parameters
over the last month, which was performed using the Pitts-
burg questionnaire [5] with a total score;

¢ assessment of insomnia severity using the Insomnia
Severity Index [4];

¢ assessment of clinical and psychological features us-
ing the Integrative Anxiety Test [6]. The questionnaire con-
sists of 30 questions with answers on the incidence rate
of emotional states recently (“never”, “rarely”, “often”, “al-
most all the time”) with calculation of the sum of scores
and division of the questionnaire into subscales of state
and trait anxiety. The obtained “raw” scores are converted
into standard ten (sten) (from 1 to 9): a score on the gen-
eral anxiety scale below 4 stens corresponds to a low lev-
el of anxiety, 4-6 — to norm, 7 stens and above - to a high
level of anxiety;

¢ assessment of neurotization according to the Scale
for psychological express diagnostics of the neuroticism
level (NL) [7].

Further, objective sleep assessment by polysomnogra-
phy (PSG) was performed on the Embla N7000 device (Natus,
USA) without medical supervision during one night with as-
sessment of the main sleep characteristics as per the AASM
2.5 rules [8]. Patients with significant acute and chron-
ic comorbidities, including those taking medications
that could significantly affect the estimated sleep parame-
ters, were not included in the study. The exclusion criterion
was concomitant sleep disorders detected by PSG results
(sleep apnea-hypopnea index > 15/h, periodic limb move-
ment index (PLMI) > 15/h). Based on the results of Ford’s
questionnaire, the subjects were divided into groups
with low (< 18 points) and high reactivity (= 18 points) [2].

The study was performed in the Almazov National Medi-
cal Research Centre of the Ministry of Health of Russia (St. Pe-
tersburg) from February 2020 to May 2022. The research re-
port was approved at the meeting of the local ethical com-
mittee of the Almazov National Medical Research Centre
of the Ministry of Health of Russia No. 02-20 dated Febru-
ary 17, 2020. All subjects signed informed consent to par-
ticipate in the study prior to the report procedures.

Statistical analysis

The following software was used to analyze statistical
data: Statistica v. 8 (StatSoft Inc., USA). The following sta-
tistical procedures for analyzing empirical data were used:
descriptive statistics (auxiliary indicators for describing
the results of other procedures — mean and median), Sha-
piro — Wilk test (for assessing the normality of distribution
and choosing the methodology of intergroup compari-
son), Student’s t-test (applied to parameters having nor-
mal distribution and presented in a metric or interval scale)
and Mann - Whitney U test (for cases when normal distri-
bution was not observed or the scale was ranked) for com-
paring quantitative variables, Fisher's exact test for quali-
tative parameters. The statistical significance level was tak-
enasp <0.05.

STUDY RESULTS

A total of 34 subjects were examined. According
to Ford’s questionnaire, a high level of sleep reactivity
to stress was found in 27 people (76.5 %), of which 8 (23.5 %)
were men, with all men having a high level of reactivity.
The mean age (Table 1) (35.1 £ 15.5 and 34.9 + 15.6 years)
and other sociodemographic parameters did not differ
between the studied groups. The median reactivity level
was 24 points, with 26 (10-33) points among those with in-
somnia, and 22 (13-29) points among those without signif-
icant complaints (p = 0.009).

When assessing psychological status (Table 2), higher
levels of trait anxiety (p =0.001) and state anxiety (p = 0.002)
were found in the highly reactive group of respondents.
In addition, the results of the ITT scales were analyzed. Sub-
jectsin the high reactivity group demonstrated higher levels
on the following subcomponents of trait anxiety: “emotion-
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TABLE 1
SOCIAL AND DEMOGRAPHIC CHARACTERISTICS OF SURVEY GROUPS

Parameters Total Low reactivity group (n=7)  High reactivity group (n = 27) p
Age 3496 +15.34 35.14+15.53 3492 +15.62 0.739
Gender:
male 8(23.5 %) 0 (0 %) 8(29.6 %) 0.160
female 26 (76.5) 7 (100 %) 19 (70.4 %)
Education:
higher 17 (50 %) 2 (28.6 %) 15 (55.6 %)
0.157
secondary 11 (32.35 %) 2 (28.6 %) 9(33.3 %)
vocational secondary 6 (17.65 %) 3(42.8 %) 3(11.1 %)
Job:
employed 24 (70.6 %) 5(71.4 %) 19 (70.4 %) 1.000
unemployed 10 (29.4 %) 2(28.6 %) 8(29.6 %)
Smoking:
smokers 8(23.5 %) 2 (28.6 %) 6(22.2 %) 1.000
non-smokers 26 (76.5 %) 5(71.4 %) 21(77.8 %)

Comorbidities:

hypertension 1(3 %) 1 (4 %)
0.405
diabetes mellitus 1(3 %) 1(14 %)
others 16 (47 %) 2 (28 %) 14 (52 %)
Alcohol:
no 9 (26.5 %) 3(43%) 6 (22 %)
0.634
1-2 times a month 17 (50 %) 3(43 %) 14 (52 %)
on a regular basis 8(23.5 %) 1(14 %) 7 (26 %)
Physical activity:
No 2 (6 %) 1(14 %) 1 (4 %)
0.292
occasionally 11 (32 %) 3(43%) 8 (30 %)
on a regular basis 21 (62 %) 3 (43 %) 18 (66 %)
BMI 24.79 +9.85 23.16 + 5.64 25.21+10.72 0.496
Insomnia severity index > 5 points 15 (44.1 %) 1(14.3 %) 14 (51.8 %) 0.104
Insomnia severity index, points 12 (2-25) 7 (2-17) 16 (3-25) 0.127

al discomfort” (p =0.047), “asthenic component of anxiety”  ing to its individual components: “emotional discomfort”
(p =0.009), “phobic component” (p = 0.033), and “anxious  (p = 0.029), “asthenic component” (p = 0.049).

evaluation of perspective” (p = 0.002). Levels of state anx- When assessing neuroticism level (NL), a predominance
iety were also higher in the high reactivity group accord-  of higher values was found in subjects with high reactivity
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TABLE 2

PSYCHOLOGICAL INDICATORS IN THE LOW AND HIGH REACTIVITY OF SLEEP TO STRESS GROUPS

Parameters Low reactivity group, Me (Q1; Q3) High reactivity group, Me (Q1; Q3) p
ITT_T_st, sten 5(5;6) 8(7;9) 0.001
ITT_T_ED_st, sten 6(5;8) 7(7;9) 0.047
ITT_T_AST _st, sten 6 (4;8) 8(6;9) 0.009
ITT_T_PHOB_st, sten 5(3;6) 7 (5.75; 8) 0.033
ITT_T_EP_st, sten 5(4;6) 7.5(6;9) 0.002
ITT_T_SP_st, sten 4(1;7) 5(2.75;7.25) 0.252
ITT_S_st, sten 1(1;2) 5(2.5;6) 0.002
ITT_S_ED_st, sten (51 3(1;6) 0.029
ITT_S_AST _st, sten 5(1;6) 7 (6; 8.5) 0.049
ITT_S_PHOB_st, sten 1(1;3) 4(1;6) 0.110
ITT_S_EP_st, sten 1(1;5) 4(2.5;5.5) 0.121
ITT_S_SP_st, sten 1(1;5) 4(1;5) 0.425
Insomnia severity index, points 7(4;7) 16 (8;18) 0.058
PSQI_quality of sleep, points 1(1;2) 2(1;3) 0.048
PSQI_total score, points 6(4;8) 10(9; 15) 0.008

Note. Structure components of trait anxiety: ITT_T_st — trait anxiety; [TT_T_ED_st — emotional discomfort; ITT_T_AST_st — asthenic; [TT_T_PHOB_st — phobic; [TT_T_EP_st — anxious evaluation of perspective;
ITT_T_SP_st — social protection. Structure components of state anxiety: ITT_S_st — state anxiety; [TT_S_ED_st — emotional discomfort; ITT_S_AST_st — asthenic; ITT_S_PHOB_st — phobic; ITT_S_EP_st — anxious

evaluation of perspective; ITT_S_SP_st — social protection. PSQI — Pittsburgh Sleep Quality Index.

TABLE 3

SLEEP PARAMETERS BY PSG IN THE GROUPS OF HIGH AND LOW REACTIVITY OF SLEEP TO STRESS

Parameters

Duration of sleep, min

Sleep efficacy, %

Wake time after sleep onset, min
Sleep latency, min

NREM-sleep stage 1 representation, %
NREM-sleep stage 2 representation, %
NREM-sleep stage 3 representation, %

REM-sleep representation, %

Note. NREM — non-rapid eye movement; REM — rapid eye movement.

Low reactivity, Me (Q1; Q3) High reactivity, Me (Q1; Q3) p
450.5 (441.6; 474) 383.5(344; 453) 0.086
93 (78.5; 94) 77.9 (65; 85.4) 0.004
22(13.2; 24) 85.8 (34.8; 159.8) 0.013
13.9 (6; 43) 28.3(9.8; 65) 0.273
3.5(2.8;8) 5(4.4;14) 0.036
53.5(49.8; 56) 46.7 (36.5; 53.8) 0.141
23.5(15;28.4) 16.6 (13; 21) 0.026
15.8 (8; 23) 14.7 (10.4; 20.5) 0.961

(47.86 £ 24.96;8.11 £ 38.16; p = 0.014). Individuals with low
sleep reactivity to stress had a very low NL, indicating a low
probability of neuroticism (ranging from 6 % in mento 13 %
in women), whereas the group with high sleep reactivity
to stress had an indeterminate NL, with a 49-50 % prob-
ability of neuroticism. Both subjective sleep quality score
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(p =0.048) and total score (p = 0.008) as per the Pittsburgh
Sleep Quality Index were higher in the low sleep reactivi-
ty to stress group, but no statistically significant differenc-
es were found on the Insomnia Severity Index. The results
obtained in the questionnaire are consistent with objective
sleep indicators in this group (Table 3): lower sleep efficien-



cy (p = 0.004) mainly due to impaired sleep maintenance
(longer wakefulness after sleep onset, p = 0.013) and less
deep sleep (1.5 % greater representation of the 1st stage
of non-rapid eye movement (p = 0.036) and less represen-
tation (as a percentage) of the 3rd stage of non-rapid eye
movement (p = 0.026)).

DISCUSSION

In this work, we evaluated the clinical and psychologi-
cal characteristics of 34 volunteers and patients with com-
plaints of sleep disorders, dividing them into groups
with low and high sleep reactivity to stress, which was found
in 4/5 of the respondents. Screening techniques for assess-
ing anxiety and neuroticism were chosen to assess psycho-
logical status, since individuals with high anxiety are more
likely to suffer from sleep disorders, and anxiety is one
of the factors in the structure of the Ford scale, with the like-
lihood of developing sleep disorders before an important
event (questions 1, 8, 9) [2]. The findings of high levels
of trait anxiety as per the ITT assessing perspective taking,
hyperactivation, and phobias in highly reactive individu-
als are consistent with the notion of predisposing factors
for the development of insomnia [9]. And questions assess-
ing the asthenic component of trait anxiety describe typi-
cal complaints of persons with insomnia. In contrast to trait
anxiety, there were no differences for the “anxious evalu-
ation of perspective” and “phobic component” when as-
sessing state anxiety. The “social protection” component
is optional in the anxiety assessment and was not signifi-
cant for either trait or state anxiety. The level of state anx-
iety was below normal in the low reactivity group, and av-
erage in the high reactivity group, with statistically signifi-
cant differences on the components of emotional discom-
fort and asthenia. Thus, the results obtained at this stage
of the study are consistent with the data of works describ-
ing the association of a high level of sleep reactivity to stress
and the severity of anxiety [10, 11], as well as symptoms
of insomnia [12, 13]. Current standards for the diagno-
sis of insomnia do not require instrumental confirmation
of sleep disturbance by PSG; it is used to exclude comor-
bid sleep disturbances [9]. Our data from a previous analy-
sis of objective sleep characteristics of individuals with in-
somnia symptoms showed no statistically significant differ-
ences in PSG scores [14] when compared to healthy volun-
teers. The changesin PSG detected in our study may be are-
sponse to polysomnographic examination, as it is known
about the «first night effect», when some people sleep
worse on the first night of PSG and better on the second
and subsequent nights [15]. At the same time, impaired
sleep quality in highly reactive individuals may indicate
a more severe sleep disturbance than insomnia. Drake C.
data from a prospective 1-year follow-up cohort of individ-
uals without symptoms of insomnia or depression suggest
a 3-fold increased risk of developing insomnia among in-
dividuals with high Ford Insomnia Response to Stress Test,
even after adjusting for stress exposure and sociodemo-
graphic factors. Increased sleep latency was also found
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among those who developed insomnia [16]. A limitation
of the study is the small sample size and lack of prospec-
tive follow-up. At the same time, a comprehensive assess-
ment of anxiety components and objective sleep assess-
ment by PSG allows us to evaluate the characteristics of in-
dividuals with high sleep reactivity to stress.

CONCLUSION

Within the framework of the conducted work the fol-
lowing features of the subjects of the group of high sleep
reactivity to stress were revealed: higher levels of anxiety
as anindividual-typological property, anxiety as a state, neu-
roticism, as well as worse subjective and objective sleep in-
dices. Assessment of sleep reactivity to stress using the Ford
Insomnia Response to Stress Test may be a practical tool
for predicting objective sleep disturbances characteristic
of insomnia. Prospective follow-up is required to assess
the prognostic value of the development of insomnia in in-
dividuals with different sleep reactivity to stress.
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TRAUMATOLOGY

OUR FIRST EXPERIENCE WITH THE USE OF HYDROXYAPATITE PASTE
TO IMPROVE THE INTEGRATION OF THE GLENOID COMPONENT OF A REVERSE
PROSTHESIS WITH A BONE DEFECT OF THE SCAPULA (CASE REPORT)

ABSTRACT
Karapetyan G.S., The problem of reverse shoulder arthroplasty with various deformities of the glenoid
Shuyskiy A.A. is relevant for modern traumatology and orthopedics. In addition to various defects,

the methods of solving which can be eccentric reaming of the glenoid by milling
cutters, bone autoplasty, augmentation, the use of individual implants, orthopedic

National Medical Research Center traumatologists have to deal with a decrease in the mineral density of the bone tis-
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named after N.N. Priorov (Priorova str. 10, The aim of this study is to demonstrate the possibility of using hydroxyapatite
127299 Moscow, Russian Federation) paste together with bone autoplasty in revision shoulder arthroplasty in conditions

of a massive defect and reduced glenoid bone density.

Discussion. The article presents a case of surgical treatment of a patient
with the consequences of a fracture of the proximal metaepiphysis of the humerus
and local osteoporosis of the glenoid by the method of reverse shoulder arthroplasty
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PE3IOME

[Mpobnema pegepcusHO20 3HOONPOMeE3UPOBAHUA NJ1eYe8020 Cycmasa npu pas-
JIUYHbIX Oehopmayusax 2ieHouoa A8gemcsa akmyaabHoU 0718 cogpeMeHHOoU
mpasmamosioauu u opmoneduu. Kpome passiudHelix 0echekmos, memooamu
pewieHUs Komopbix Mo2ym bbimb SKCUeHMpUYHAs paspabomka 2neHouoa ¢pe-
3aMu, KOCMHAA aymoniacmukd, ayeMeHmayus, npuMeHeHue UHOUBUOYATbHbIX
KOHCMpyKyul, mpagmamosioeam-opmonedam npuxooumcsa cmaakugamscs
CO CHUXeHUeM MUHepasbHoU NIOMHOCMU KOCMHOU MKAHU J1I0namku.

Lenvto Hacmosawezo ucciedo8aHus A8/1emcs 0eMOHCMPAayus 803MOXHOCMU
npuMeHeHUs Nacmel ¢ 2u0poKCUANAMUMOM COBMeCMHO C KOCMHOU aymonia-
CMuKoU npu pegu3uoHHOM SHOONPOMe3UupPOBAHUU Njie4Yes020 CYCMAesd 8 yCri08UsX
MaccusHo20 0ehekma u CHUXeHHOU NJIOMHOCMU KOCMHOU MKAHU 2/1eHOUOQ.
O6c¢cyxodeHue. B cmamoee npedcmassieH c/iyuyali onepamusHo20 jiedeHus nayu-
eHMKU C N0C/1Ie0CMBUAMU nepesioMa NPOKCUMAIbHO20 Memasnugu3a nieyegoli
KOCMU U JIOKA/IbHbIM 0CIMeonopo30M 2/1eHoudd MemoooM pesepcl8HO20 SHOO-
npome3uposaHus 8 co4emaHuu ¢ NpumMeHeHUeM 2udpokcuanamumsHol nacmei.
JaHo noOpobHoe onucaHue mexHUKU onepayuu.

3akmoyeHue. Onucbigaembili KiuHUYeckull ciyyati 0eMoHcmpupyem sghghekmus-
HOCMb MemoOUKU NpUMEHeHUs hpenapamoas 2uopoKcuanamuma npu 3HOoNpo-
me3upos8aHuU nyie4yeso20 Cycmaad.

Knioueasole cioea: nieuesol cycmas, oMapmpos, pesepcugHoe 3HOonpomesu-
posatue, 21eHOUd, 2udPOKCUANAMUM, 0CMEONOPO3

Ona untuposanna: KapanetaH I.C,, LWyiickmin A.A. Haw nepBbIi ONbIT MCNONb30BaHWA
rMOPOKCMANaTUTHOW NacTbl ANA YNyYLIEHUA MHTErpaLun rneHonganbHOro KOMMoHeHTa
peBepCUBHOro NpoTesa Npu KOCTHOM fedekTe nonaTky (cnyyan U3 npakTukm). Acta
biomedica scientifica. 2023; 8(2): 203-213. doi: 10.29413/ABS.2023-8.2.20
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The problem of reverse shoulder arthroplasty with vari-
ous deformities of the glenoid is relevant for modern trau-
matology and orthopedics [1-7]. In addition to various de-
fects, the methods of solving which can be eccentric ream-
ing of the glenoid by milling cutters, bone autoplasty, aug-
mentation, the use of individual implants, orthopedic trau-
matologists have to deal with a decrease in the mineral
density of the bone tissue of the scapula [8-10]. Local osteo-
porosis of the glenoid surface of the scapula is at least a risk
of asepticinstability of theimplanted metaglene; alsoin case
of a pronounced decrease in mineral density of the bone tis-
sue of the scapula, stable metaglene placement is not pos-
sible at all. In addition to systemic therapy of osteoporosis,
the surgical solution of the problem is the use of grafts, spe-
cial components for more stable fixation (primary-revision
metaglene with revision stem, extended screws, etc.), prep-
arations with osteostimulating effect in the form of gran-
ules, plates, pastes based on hydroxyapatite [1-7, 11-13].

Synthetic hydroxyapatite with the formula
Ca,,(RO,)(OH), is identical in its chemical properties
to the mineral composition of bone tissue — biological hy-
droxyapatite. Modern science has revealed that blood and in-
tercellular matrix proteins (fibronectin, vitronectin, fibrino-
gen, osteocalcin, bone sialoproteins,immunoglobulins, albu-
min, etc.) are absorbed on the surface of bioactive material im-
mediately after its implantation into the tissue environment
[14]. In turn, the surface of any implant almost never comes
into direct contact with body tissues [14]. The layer of proteins
absorbed on the surface of the biomaterial initiates cell adhe-
sion and also provides information transport to cells through
cell adhesion receptors - integrins [14]. Fibronectin and vit-
ronectin, which belong to the family of integrins, are involved
in the adhesion processes of osteoblasts and their progenitor
cells to the surface of calcium-phosphate biomaterials [14].
The morphology, amount and distribution of absorbed sub-
stances depend on the physicochemical properties of the bi-
omaterial surface such as electrical charge, chemical com-
position, roughness, etc. [14]. Hydroxyapatite preparations
serve as a gradually resorbable matrix with osteoconduc-
tive and osteoinductive properties to which osteoblast pre-
cursors attach with subsequent bone growth and formation
[14]. Literature data show positive experience of using ce-
ment and pastes with hydroxyapatite together with ortho-
pedic implants in order to increase their stability, especially
in case of unsatisfactory bone quality [15, 16].

THE AIM OF THE STUDY

To demonstrate the possibility of using hydroxyapa-
tite paste together with bone autoplasty in revision shoul-
der arthroplasty in conditions of a massive defect and re-
duced glenoid bone density.

CLINICAL CASE STUDY

Patient K., bornin 1949, starting from January 31, 2022
was treated in the adult orthopedics department of the Na-
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tional Medical Research Center for Traumatology and Or-
thopedics named after N.N. Priorov of the Ministry of Health
of Russia with pain and restricted movement of the right
shoulder joint. According to the patient and documenta-
tion, the injury occurred on December 19, 2017 as a result
of a fall on her right shoulder at home. On emergency in-
dications on December 19, 2017 osteosynthesis of a frac-
ture of the neck of the humerus with a plate was per-
formed, in dynamics - lack of fracture union. Anamnestical-
ly, pain syndrome was up to 6 points as per the visual ana-
logue scale (VAS); limb function was assessed with a score
of 61.7 as per the DASH (Disability of the Arm, Shoulder
and Hand) questionnaire. Due to impaired limb function
and pain syndrome, the plate was removed 8 months af-
ter surgery (Fig. 1).

Due to the formation of pseudoarthrosis defect
of the proximal humerus and pronounced impairment
of the upper limb function, shoulder hemiarthroplasty
was performed on September 23, 2019 (Fig. 2).

Taking into account the initial hypotrophy of the del-
toid muscle from inactivity, tendon failure of the supras-
pinous muscle, the joint was not functional after arthro-
plasty of the humeral head (impaired function of the upper
limb - 53.3 DASH points). In this regard, repeated shoulder
arthroplasty with a reverse shoulder system was performed
on June 10, 2021 (Fig. 3).

The early postoperative period proceeded without
complications, the patient underwent rehabilitation cours-
es and noted improvement of joint function. In the dynam-
ics, the patient noted a feeling of instability in the joint,
worsening of the limb function (change in the DASH ques-
tionnaire scores from 35.8 to 65.8 points), consulted a doc-
torand on January 31,2022 was hospitalized in the Nation-
al Medical Research Center for Traumatology and Ortho-
pedics named after N.N. Priorov of the Ministry of Health
of Russia (Fig. 4).

The patient was further examined at the National Med-
ical Research Center for Traumatology and Orthopedics
named after N.N. Priorov of the Ministry of Health of Rus-
sia: radiological and computed tomography (CT) data re-
vealed aseptic instability, migration of the entire glenoid
component of the endoprosthesis (metaglene with gle-
nosphere), glenoid bone resorption with the formation
of a pronounced medializing bone defect. Glenoid bone
density was also markedly reduced (with areas with a mean
value of about 50 HU), despite the fact that the patient
had been previously treated for osteoporosis with antire-
sorptive therapy (Figure 5).

With regard to the migration of the glenoid component,
the volume and type of the medializing defect, and unsatis-
factory bone quality parameters in the implantation zone,
adecision was made to perform revision reverse arthroplas-
ty using revision metaglene, bone autoplasty, and bioactive
paste based on hydroxyapatite to improve osseointegra-
tion of metaglene and screws. In order to reduce surgical
aggression and prevent an increase in the number of sur-
gical interventions, the surgery for removal of the migrat-
ed component and revision arthroplasty were performed
in a single stage.
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c d e
FIG. 1.

Patient K., X-ray picture of the resulting fracture of the humerus, postoperative radiographs of the patient: a - X-ray of the fracture
ofthe humerus; b - X-ray of the patient after osteosynthesis; c-e — X-ray picture after removal of the plate: the formation of a defect-pseu-
doarthrosis of the proximal humerus
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FIG. 2.
Patient K., X-ray after shoulder hemiarthroplasty

a
FIG. 3.
Patient K., X-ray picture straight after (a) and 3 months after (b) revision reverse shoulder arthroplasty
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FIG. 4.
Patient K., clinical picture at the time of contacting the National Medical Research Center for Traumatology and Orthopedics named
after N.N. Priorov

FIG. 5.

Patient K., X-ray picture of instability, migration of the scapular component of the endoprosthesis, destruction of the glenoid: a - X-ray
of the shoulder joint, the outline of the scapular component is circled in white; b — CT is an axial section of the glenoid, a bone defect

is visualized; ¢ - three-dimensional modeling of the scapula with visualization of the glenoid according to CT
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Surgery technique

The first stage of the operation after surgical approach
was the removal of the glenoid complex of the endopros-
thesis components, and the polyethylene insert with signs
of wear was removed (Fig. 6a). Intraoperatively, materi-
al was collected for microbiologic examination. Removal
of scar-altered tissues and glenoid skeletonization was per-
formed. E3 glenoid deformation according to the Gup-
ta, Thussbas, Koch, Seebauer classification was character-
ized by a significant loss of bone volume and medialization
of the glenoid articular pad (Fig. 6b, Fig. 7).

a b
FIG. 6.
Patient K., intraoperative photographs: a - wear mainly on the up-
per edge of the endoprosthesis liner; b — type E3 predominant-
ly on the medial surface of glenoid according to the classification
of Gupta, Thussbas, Koch, Seebauer

FIG. 7.
Scheme showing E3 glenoid deformity (30-60 % of the articular
surface of the scapula) [5]

The next step, taking into account the unsatisfacto-
ry bone quality, was the eccentric processing of the gle-
nosphere with a milling cutter until the site for graft
and metaglene placement was formed. A surgical approach
to the iliac crest was performed, an osteotome was used
to take an autograft of the necessary shape and size for ad-
equate lateralization of the glenosphere. The lateralizing
graft was placed on the prepared glenoid site and fixed
with a wire (Fig. 8).

FIG. 8.
Patient K., bone autoplasty of the glenoid: the bone graft
was placed along the guide wire

The canal of the extended metaglene stem was rea-
med through the graft. To improve osseointegration
of metaglenes and osteoreparation, syringe injection
of hydroxyapatite paste into the formed canal was per-
formed; metaglenes with an extended stem were implant-
ed through the graft.

FIG. 9.
Patient K., application of osteoplastic material to the screws
to be installed
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Based on the preoperative planning, the screw chan-
nels were reamed through the areas with the maximum
compact content of dense bone tissue, hydroxyapatite
paste was injected into the channels with a syringe ac-
cording to the method described above, and the prepa-
ration was additionally applied to the screws themselves
(Fig. 9). The screws, glenosphere and liner were inserted,
the endoprosthesis was repositioned, and the wounds
were sutured.

Postoperative period

Postoperative X-ray control was performed. X-rays
performed in two projections visualize a correctly, stably
placed reverse shoulder arthroplasty with the offset en-
larged at the expense of the bone graft (Fig. 10).

The postoperative period proceeded without com-
plications. The patient received antibacterial prophy-
laxis for purulent inflammatory complications, antico-
agulant prophylaxis, symptomatic and gastroprotective

FIG. 10.
Patient K., postoperative X-ray
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therapy. According to the microbiological study of intra-
operative material, no microflora growth was detected.
Electrical stimulation of the deltoid muscle and mech-
anotherapy was started in the early postoperative peri-
od in the hospital. After discharge, the patient contin-
ued rehabilitation actions, physiotherapy treatment un-
der the supervision of an orthopedist and rehabilitolo-
gist. The patient was consulted by osteoporosis treat-
ment specialists at the National Medical Research Center
for Traumatology and Orthopedics named after N.N. Pri-
orov of the Ministry of Health of Russia, received osteo-
tropic drug therapy. There were no purulent inflamma-
tory complications.

Computed tomography was performed 3 months af-
ter the intervention to evaluate metaglene osseointegra-
tion and graft remodeling. Tomographic sections showed
rearrangement and autograft union, stable placement
of the prosthesis components without signs of peri-implant
bone tissue reaction (Fig. 11, 12, 13).



FIG. 11.
Patient K., X-ray control in the long term after surgery

FIG. 12.
Patient K., CT control in the long term after surgery

FIG. 13.

The medium-term clinical results were evaluated after
5 months; considering the complexity of the case, improve-
mentin movement amplitude was achieved, the patient was
free of pain, and limb function was evaluated with a DASH
score of 25.8 (Fig. 14).

DISCUSSION

National Medical Research Center for Traumatology
and Orthopedics named after N.N. Priorov of the Ministry
of Health of Russia has accumulated extensive experience
in the use of bioactive materials based on hydroxyapatite
and collagen for the replacement of bone defects, plasty
of osteochondral injuries, stimulation of reparative osteo-
and chondrogenesis, treatment of osteomyelitis, and use
in onco-orthopedics. Positive osteoinductive and osteo-
conductive properties of these materials were revealed.
The paste used clinically is a non-hardening hydroxyapa-
tite mass that completely fills the bone defect. The ma-
terial attracts biomolecules necessary for the regenera-
tive process and, along with a localized increase in ion
levels, contributes to its osteostimulatory effect. Osteo-
blast colonization and vascularization occur throughout
the paste implant. Cell-mediated resorption of the mate-
rial occurs over several months concurrently with the for-
mation of mature bone.

Patient K., CT control in the long term after surgery: 3D model of the scapula with the installed glenosphere
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FIG. 14.
Patient K., medium-term functional outcome

CONCLUSION

This clinical case illustrates the possibilities of effective
application of bioengineering achievements in the form
of hydroxyapatite osteoactive material in the form of a paste
in complex revision shoulder arthroplasty. This technique
makes it possible to level out the undesirable consequenc-
es of reduced glenoid bone mineral density, which is asep-
tic instability of the glenoid component of the endopros-
thesis. The use of cement with hydroxyapatite and the com-
bined use of hydroxyapatite in the form of gels, granules,
pastes to improve screw fixation has already proven effec-
tive in the practice of vertebroplasty and neurosurgery.
The positive experience of using this assistive technique
in spinal surgery and the present clinical case may justify
the need for further development of this problem and in-
troduction of the technology into the practice of shoulder
arthroplasty.
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SURGERY

ABSTRACT

Rationale. Alveococcosis is a rare disease, its diagnosis and treatment depend
on surgical techniques, equipment and clinical experience.

The aim. To develop a diagnostic algorithm and compare the results of surgical
treatment of patients with liver alveococcosis in different periods of time.
Materials and methods. At the first stage, we carried out a retrospective analysis
(1995-2007) of 33 patients with alveococcosis (a comparison group). At the sec-
ond stage, a prospective clinical study (2008-2021) was performed on 39 patients
(the main group). The number of patients was determined in accordance with the in-
clusion and exclusion criteria, and the study groups were comparable in age, sex,
parasite localization (p > 0.05). For the names of operations, the WHO classification
of alveococcosis was used.

Results. In the main group, there is an increase in the applicability of: enzyme
immunoassay; ultrasound and computed tomography; biopsy. Complications
decreased by 2.7 times from 54.6 % in the comparison group to 20.6 % in the main
group (x* = 8.97; df = 1; p = 0.003). The average duration of operations, as well
as the average volume of blood loss in the comparison group and the main group
were, respectively: with atypical resection — 220.4 and 180.2 min (p = 0.003), 640.1
and 480.0 ml (p =0.005); with anatomical resection — 296.2 and 247.2 min (p =0.002),
1450.2 and 1150.3 ml (p =0.018); with cytoreductive resection — 230.2 and 200.1 min
(p = 0.004), 860.3 and 670.4 ml (p = 0.001). There were 13 (39 %) cytoreductive re-
sections in the comparison group, and 3 (8 %) in the main group (x? = 4.74; df = 1;
p=0.029).

Conclusion. Timely diagnosis of alveococcosis leads to an increase in the number
of radical resections, and modern surgical technologies and equipment can reduce
the time of surgery, blood loss and the number of complications.

Key words: liver alveococcosis, algorithm for diagnosing liver alveococcosis, mini-
mally invasive surgical interventions, radical liver resections, multi-stage approach
to surgical treatment

For citation: Panteleev V.S., Nartaylakov M.A., Salimgareev |.Z., Petrov A.S. Diagnosis
and comparative analysis of surgical treatment of patients with liver alveococcosis. Acta
biomedica scientifica. 2023; 8(2): 214-224. doi: 10.29413/ABS.2023-8.2.21
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PE3IOME

O6ocHosaHue. A/b8eOKOKKO3 A8/15emcs peOKUM 3abosiesaHuem, OUazHOCMUKa
U JleyeHuUe Komopozo 3asucaim om Xupypaudyeckux mexHoso2udl, 06opy0osaHus
U KJIUHUYeCK020 onbima.

Lenwb uccnedoeanus. Pazpabomame aneopumm 0Ud2HOCMUKU U CPABHUMb
Dpe3ysibmamel Xupypau4ecko20 Jie4eHUsA NayUeHmMo8 d/1b8€0KOKKO30M 8 pa3/iudHblie
nepuoOobl 8pemeHuU.

Mamepuansel u memoodbl. Ha nepgom smane npo8edéH pempocneKmugHsili
aHanus (1995-2007 22.) 33 nayueHmMos ¢ a1b8e0KOKKO30M — 2pynna CpasHeHUs.
Ha emopom smane 8bINOJIHEHO NPOCNEeKMUBHOE K/TUHUYeCKoe Uccie008adHUe
(2008-2021 22.) 39 nayueHmo8 — ocHogHasA epynna. Konuyecmao nayueHmos
onpeodesifanocy 8 COOMBEMCMBUU C Kpumepusmu 8K/TI0YEHUS U UCKJTIOYeHUS,
a uccnedyemeple 2pynnel 6bl1U CONOCMABUMbI NO 803PACMy, NOJIy, IOKAU3AYUU
napasuma (p > 0,05). [nsa HazgaHuli onepayuli UcnoJ1b308a/1ACkb KIACCUGBUKAYUS
a/1bBEOKOKKO3a BcemupHoU opeaHu3ayuu 30pasooxpaHeHus.

Pe3ynomamel uccnedoeanus. B ocHo8HOU 2pynne ommedaemcsa ygesudeHue
npuMeHaeMocmu UMMYHOpepMeHMHO20 aHA/1u3d, Y/ibmpa3gyKo80o20 Ucc/1e00-
8aHUSA U KOMnblomepHoU momozpaduu, buoncuu. B 2,7 paza cHU3UIOCb Kosluye-
€cmeo ocsioxHeHUl — ¢ 54,6 % 8 2pynne cpasHeHus 0o 20,6 % 8 0OCHO8HOU 2pynne
(x° =8,97; df = 1; p = 0,003). CpedHsAa dnumenbHOCMb onepayud, a Makxe cpeo-
Hul 06BéM Kposonomepu 8 2pynne CpasHeHUs U OCHOBHOU 2pynne cocmasusu
coomeemcmeeHHOo: npu amunu4yHou pesekyuu — 220,4 u 180,2 muH (p = 0,003),
640,1 u 480,0 mn (p = 0,005); npu aHamomuuyeckoU pesekyuu — 296,2 u 247,2 MuH
(p=0,002), 1450,2u 1150,3 ms1 (p =0,018); npu yumopedykmusHoUi pe3ekyuu —230,2
u 200,1 muH (p = 0,004), 860,3 u 670,4 mn (p = 0,001). B 2pynne cpasHeHus 66110
nposedeHo 13 (39 %) yumopedykmusHbix pe3ekyuli, a 8 0CHogHou 2pynne — 3 (8 %)
(x> =4,74;df=1;p = 0,029).

3aknioyeHue. CgoespemeHHAA OUA2ZHOCMUKA a/lbBEOKOKKO3a 8e0ém K ygesuye-
HUI0 Ko/lu4ecmaad paouKarsibHbix pe3ekyut, a cospeMeHHble XUpypaudeckue mexHo-
J102uU U 060py00BaAHUE NO3BOJIAM COKPAMUMb 8pEMA Onepayuu, Kpo8onomepio
U KO/lu4ecmao oC/10KHeHUu.

Knioyeeble cioga: anb8e0KOKKO3 nedeHu, 0UazHOCMUKA alb8EOKOKKO3d NeyeHu
U €20 0C/I0XHeHUU, MAJIOUHBA3UBHbIE XUpypaudyecKue sMewamesnscmad, paou-
KaslbHble pe3eKyuu nedeHu, MHO203manHeilt NOOX00 K 0NepamugHOMy JieHeHUo

Ona untnpoBaHua: NaHtenees B.C,, Haptannakos M.A., Canumrapees W.3., MNetpos A.C.
[JuarHocTrKa 1 CpaBHUTENbHDBIN aHASIN3 XMPYPTMUYECKOro JieueHUs 60/bHbIX arlbBEOKOKKO-
30M neyveHun. Acta biomedica scientifica. 2023; 8(2): 214-224. doi: 10.29413/ABS.2023-8.2.21
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OBJECTIVES

Alveococcosis is characterized by a parasitic lesion
of the liver with slow growth, possible spreading and me-
tastasis to other organs and tissues, making it similar to ma-
lignant tumor [1-9]. Late detection of the disease reduces
the chances of performing radical or conditionally radical
liver resections, as well as organ transplantation and pa-
tient recovery [10-13]. Moreover, long-term ongoing dis-
ease leads to various complications that significantly worsen
the patient’s condition and reduce the percentage of pos-
itive outcome of surgical intervention [14, 15]. The de-
velopment of both laboratory and imaging diagnostics,
as well as surgical technologies, including minimally inva-
sive ones, makes it possible to detect the disease at ear-
ly stages and increase the possibility of performing radical
surgical interventions [16-18]. Minimally invasive surgeries
in such cases become very significant, as they allow to man-
age various complications of parasitic lesions at the early
stage(s) with subsequent safe radical surgical interventions,
and when this is not possible, they remain the final surgical
aids, allowing to alleviate the patient’s condition and im-
prove the quality of life. Modern equipment and various he-
mostatic agents (e. g. coverings) used for liver resection al-
low to perform surgical intervention faster, with less blood
loss, reliable bile stasis and hemostasis, which leads to a de-
crease in postoperative complications [19-21].

TABLE 1
DISTRIBUTION OF PATIENTS BY GROUPS

MATERIALS AND METHODS

An open-label prospective retrospective non-rand-
omized controlled single-center study was performed
in two stages. At the first stage, a retrospective analy-
sis of 33 medical records of patients with liver alveococ-
cosis for 1995-2007 was performed, who further made
up the comparison group. Methods of operative treatment
of alveococcosis were developed and improved based
on the obtained data. At the second stage of the study,
a prospective clinical study involving 39 patients
for 2008-2021 included in the main group was performed
to evaluate the effectiveness of the proposed methods.
The number of patients was determined in accordance
with the inclusion and exclusion criteria, and the study
groups were comparable in age, sex, parasite localization
(p > 0.05). The data on patients in both groups are pre-
sented in Table 1. The diagnostic methods used in both
groups are summarised in Table 2. When performing
resection operations in the main group, carbon diox-
ide laser and spray coagulator were used, as well as he-
mostatic agents such as wound resorbable coverings.
In case of complications and large spread of alveococ-
cosis in the main group a multi-stage approach of sur-
gical treatment was used, aimed at: biliary drainage us-
ing X-ray in case of obstructive jaundice; balloon dilata-
tion and bile duct stenting; puncture and necrotic cavity

Parameters L] Ll L p value Total
group group
Observation period (years) 2008-2021 1995-2007 - 1995-2021
Number of patients, abs. (%) 39 (54.2 %) 33 (45.8 %) - 72 (100.0 %)
Average age (years), Me [25th; 75th percentiles] 46.1 [38.8; 53.6] 443 [37;51.1] p=0.692 45,5 [37.8;53.2]
Sex, abs. (%)
male 21 (53.8 %) 19 (57.6 %) 40 (55.6 %)
x>=0.10;df = 1;
p=0.751
female 18 (46.3 %) 14 (42.4 %) 32 (44.4 %)
Parasite localization in the liver, abs. (%)
right lobe 22 (56.4 %) 20 (60.6 %) 42 (58.3 %)
x>=0.15;df = 2;
0 0, o)
left lobe 10 (25.6 %) 8(24.2 %) p=0927 18 (25 %)
bilobed 7 (18.0 %) 5(15.2 %) 12 (16.7 %)

Note. p — level of statistical significance.
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TABLE 2
DIAGNOSTIC METHODS IN THE COMPARED GROUPS

Diagnostic method

Enzyme immunoassay

Ultrasound investigation

Native computer tomography
Contrast-enhanced computer tomography
Positron-emission tomography

Duplex ultrasound scanning of liver vessels
Needle biopsy

Diagnostic laparoscopy

drainage with ultrasound guidance; portal vein emboli-
zation in order to increase the volume of liver parenchy-
ma. We used the 1996 WHO classification of alveococcosis
(P,_4,N,_ M, ;) toname the surgical options, where: P - pri-
mary lesion; N — extrahepatic involvement of adjacent or-
gans or tissues; M - distant metastases, as well as the re-
sectability criterion Ros (o~ radical;1 - conditionally radical;
) cytoreductive) [22].

The obtained data was processed using statistical
software packages Microsoft Excel (Microsoft Corp.,
USA) and Statistica 12 (StatSoft Inc., USA). Qualita-
tive variables were described by absolute numbers
and relative frequencies (%). Conformity to normal
distribution of quantitative data was assessed using
the Shapiro — Wilk test. Group variables were present-
ed as median and interquartile range, Me [25%; 75%].
The Mann - Whitney U test was used for intergroup com-
parison. The x? test was determined to compare cate-
gorical variables; the Yates correction was used in cas-
es where tables contained small frequencies (n < 5).
The Fisher angular transformation (¢-transformation)
was used to compare the percentages. Differences
were considered statistically significant at p < 0.05.
The conjugate table method was used to express the re-
sults and efficacy of the intervention.

The study was based on the principles established
by the International Committee of Medical Journal Editors
(ICMJE) and the Universal Declaration on Bioethics and Hu-
man Rights.
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Main group (n = 39) Comparison group (n = 33)

abs. % abs. %
31 79.5 10 30.3
31 79.5 27 81.8
29 744 8 242
25 64.1 4 12.1
4 10.3 0 0.0
9 23.1 2 6.1
12 30.8 3 9.1
1 2.6 3 9.1

RESULTS AND DISCUSSION

Table 2 shows that there is a higher number of proce-
dures performed in the main group, except for laparosco-
py, which is due to the progressive development and in-
troduction of diagnostic equipment in different periods
of time. In addition to quantitative differences, we also
noted a qualitative difference associated with more sen-
sitive expert-class diagnostic equipment. Based on all
studies, we developed and implemented an algorithm
for differential diagnosis of liver alveococcosis, present-
edin Figure 1.

As a result of analyzing the quantitative ratio of the liv-
er surgeries performed, we did not obtain a statistically sig-
nificant difference in the compared groups when perform-
ing atypical and anatomical resections, although significant
differences in absolute numbers are visible: 9 (main group)
versus 4 (comparison group) —right lobe, 4 versus 1 respec-
tively — left lobe. Examples of atypical and anatomical re-
sections are shown in Figures 2-5. Extended resections,
as shown in Figures 6-8, were performed only in the main
group, and therefore the comparison was not possible.
However, we obtained a statistically significant difference
by evaluating the number of cytoreductive resections per-
formed, of which there were significantly more in the com-
parison group: 3 (main group) versus 10 (comparison group)
- right lobe, 0 versus 3 respectively - left lobe (x> = 4.74;
df = 1; p = 0.029%). The surgical interventions are summa-
rized in Table 3.
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FIG. 2.

Atypical liver resection: gross specimen of “alveolar echinococcus

tumor”

TABLE 3

VARIANTS OF SURGICAL INTERVENTIONS IN GROUPS

Surgical intervention

P1 NoMo(R0—1) -

atypical resection

P.,Ny 1My(R,_;) — anatomic
resection

P, 5N, 1My (R,_;) — extended
resection

PNy ;Mg ,(R,_,) - cytore-

ductive resection

Total

P, ,N

3-aNo_;M, — liver transplant

P, Ny ,M,_, — palliative

Main group (n = 39)
100%

right lobe left lobe

6 (15 %) 5(13 %)
9 (23 %) 4(10 %)
4 (10 %) 1(3 %)
3 (8 %) 0(0%)
22 (56 %) 10 (26 %)

3 (8 %)

4 (10 %)

FIG. 3.

Atypical liver resection: alveococcus gross specimen with necrotic

cavity and suppuration

Comparison group (n = 33)
100%

right lobe left lobe

6 (18 %) 4 (13 %)
4 (12 %) 1(3 %)
0 (0 %) 0(0%)
10 (30 %) 3(9%)
20 (60 %) 8 (25 %)

0 (0 %)

5(15 %)

p value
right lobe left lobe
x>=0.1;df=1; x?*=0.07;df=1;
p=0.751 p = 0.789%
x2=0.8;df=1; x>=0.54;df=1;
p=0.370*% p=0461*
X2 =4.74;df=1; ~
p =0.029*
x2=013;df=1; ¥2=0.02;df=1;
p=0.719 p=0.891

2 =0.39; df = 1; p = 0.532*

Note. *—the Yates' correction was used in the comparison between groups; p values corresponding to statistically significant differences between groups are marked in bold.
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FIG.7.

Right extended hemihepatectomy: gross specimen of a resected or-
FIG. 4. gan with gallbladder and alveococcus
Right anatomic liver resection: gross specimen of resected organ
with gallbladder and alveococcus

FIG. 5.

Right anatomic liver resection: gross specimen of “alveolar echino- FIG. 8.

coccus tumor” with necrotic cavity Formed hepaticojejunal anastomosis after extended hemihepatec-
tomy (fragment of the surgery)

FIG. 6. FIG. 9.

Computed tomography of the liver: the area of alveococcus lesion Alveococcosis of the liver: 1 — daughter vesicles in the center

is marked in green of the parent bladder; 2 — parent cuticular membrane; 3 - fibrous

membrane (productive inflammation)
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TABLE 4
AVERAGE DURATION AND AVERAGE VOLUME BLOOD LOSS IN RESECTABLE SURGERIES, ME [25 %; 75 %]

Parameters Main group (n = 39) Comparison group (n = 33) p

Average surgery duration (min)

Atypical resection 180.2 (132.5; 227.7) 220.4 (156.8; 284.0) p=0.003
Anatomic resection 247.2 (183.9; 385.8) 296.2 (233.9; 359.3) p=0.002
Extended resection 310.3 (273.7; 346.9) 0 -

Cytoreductive resection 200.1 (158.0; 242.3) 230.2 (187.8; 274.1) p =0.004

Average blood loss volume (ml)

Atypical resection 480.0 (240.2; 720.5) 640.1 (409.8; 870.4) p =0.005

Anatomic resection 1150.3 (640.1; 1660.2) 1450.2 (909.8; 1990.5) p=0.018

Extended resection 1930.3 (1109.8; 2750.5) 0 -

Cytoreductive resection 670.4 (480.0; 860.8) 860.3 (590.1; 1130.6) p <0.001
TABLE 5

COMPLICATIONS, RECURRENT SURGERIES, MORTALITY IN IMMEDIATE POSTOPERATIVE PERIOD

s Main group (n = 39) Comparison group (n=33) Total (n=72)
Complications 100 % 100 % 100 %
2(51%)/1(2.6 %) 4(12.1 %) / 2(6 %)
Liver stump bleeding / 6(8.3%)/
relaparotomy X?=041;df=1;p, =0.521* 3 (4.2 %)
X2 =0.02; df = 1; p, = 0.882*
[0) [0) 0, 0, o)
Liver stump bile leakage / 2(5.1%)/0/1(2.6%) 5(15.2%)/2(6%)/0 ;8; 02;;
relaparotomy / ultrasound-qguided puncture ¥2=1.10;df = 1; p, = 0.302* 1(1.4%)
| bd lab )/ 1(26%)/0/1(2.6 %) 2(6%)/1(3%)/1(3%) 3(4.2%)/
ntra-abdominal abscess(s e
relaparotomy / US-guided puncture X>=0.02;df =1;p, =0.882* 11(11'44/0(;) /
X2 =0.36; df = 1; p, = 0.549* (1.4 %)
1(2.6 %) 0
Portal vein thrombosis 1(1.4%)
126%)/1(26%)/0 13%)/1(3%)/1(3%) 0
2(2.8%)/
Pneumothorax / puncture / puncture + 2(2.8%)/
pleural drainage x> =0.36; df = 1; p, = 0.549* 10 4(;
X2 =0.36; df = 1; p, = 0.549* (1.4 %)
1(2.6 %) 5(15.2 %)
Liver failure 6 (8.3 %)
X2 =2.24;df =1;p=0.134%
0 1(3%)
Mortality 1(1.4%)
8(20.6 %) 18 (546 %)
Total 26 (36.1 %)

X2 =8.97;df = 1; p = 0.003

Note. US - ultrasound; * — the Yates’ correction was used in the comparison between groups; p values corresponding to statistically significant differences between groups are marked in bold.
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During histological examination of the material,
there were occasional difficulties in differential diagnosis
with malignant tumor of the liver. A typical picture of liver
alveococcus and its growth are shown in Figure 9.

When comparing the surgery duration and blood loss
during resectable surgical interventions, we obtained a sta-
tistically significant difference in all variants of liver resec-
tions, which is presented in Table 4.

We analyzed and compared all complications
encountered in the immediate postoperative peri-
od and the surgical interventions performed to man-
age them. The complications identified and present-
ed in terms of their characteristics when comparing
the study groups had no statistically significant differ-
ence when compared individually. However, when com-
bined, we obtained a significant difference between
the groups in terms of the number of all complications
and surgical interventions performed for their manage-
ment: 8 (20.6 %) in the main group versus 18 (54.6 %)
in the comparison group (x? = 8.97; df = 1; p = 0.003),
as presented in Table 5.

CONCLUSION

Our long-term clinical experience of surgical treat-
ment allowed us to develop and introduce into practice
an algorithm of differential diagnostics in case of sus-
pected liver alveococcosis, the application of which al-
lows early detection of the disease, as well as its vari-
ous complications. Comparative analysis showed dif-
ferences in comparable groups, which in some indi-
cators have a significant difference, which is primari-
ly due to modern diagnostic capabilities and technical
surgery support. Early detection of the disease allows to
perform radical or conditionally radical surgery aimed
at removing the «parasitic tumor», which leads to re-
covery or to a significant reduction in the subsequent
possible manifestations of liver alveococcosis. Minimal-
ly invasive surgical interventions have a twofold signifi-
cance: firstly, as a preparatory stage for radical surgery;
secondly, as a definitive surgical intervention when re-
section surgery is not possible, which significantly im-
proves the quality of life.
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ABSTRACT

Background. Enteroatmospheric fistulas (EAF) that occur during the use of the “open
abdomen” surgical tactics are a complex surgical pathology with a high mortality
rate.

The aim. To assess the effectiveness of treatment of various forms of enteroatmos-
pheric fistulas in patients with postoperative peritonitis using vacuum aspiration
technology.

Methods. We assessed the results of the surgical treatment of 46 patients with EAF
in the late course of postoperative peritonitis (PP). Three clinical and morphological
groups were distinguished: group 1 (n = 24) — EAF in small wounds of the anterior
abdominal wall; group 2 (n = 15) — EAF opening into limited cavities; group 3 (n=7) -
EAF opening into laparostoma wounds. In group 1, a fistula was formed using con-
tinuous aspiration devices or VAC systems. In group 2, we used continuous aspiration
of intestinal contents from the cavity. In group 3, laparostoma was treated using
vacuum devices with isolation of the intestinal fistula and simulation of a floating
enterostoma.

Results. Group 3 of patients with EAF was characterized by a high flow rate
(1224.2 £ 210.3 ml), duration of treatment (87.3 + 12.5 day), extensive laparostoma
(335.4+ 14.3cm?), high mortality rate (57.1 %). The best results of treatment were ob-
tained in groups 1 and 2. The flow rate was 675.8 + 154.3 and 541.3 + 114.1 m,
the duration of treatment was 2 or 3 times less (37.7 £ 6.1 and 26.4 + 5.2 days),
the mortality rate was 8.3 % and 6.7 % respectively.

Conclusion. EAF that occur when using the “open abdomen” surgical tactics due
to the impossibility of their isolation in extensive wounds of the anterior abdominal
wall are complicated clinical and morphological forms. For their treatment, it is ad-
visable to use VAC systems, aimed at the treatment of both the anterior abdominal
wall wound itself and the intestinal fistula opening into it for its gradual extra-
territorialization by modeling a floating enterostoma in a vacuum device.

Keywords: postoperative peritonitis, enteroatmospheric fistula, aspiration, vacuum
therapy, enterostoma

For citation: Zharikov A.N., LubyanskiyV.G., Aliev A.R., SeroshtanovV.V., Vlasov K.E. Experi-
encein surgical treatment of enteroatmospheric fistulas in the late period of postoperative
peritonitis. Acta biomedica scientifica. 2023; 8(2): 225-236. doi: 10.29413/ABS.2023-8.2.22
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PE3IOME

O6ocHoBaHue. HechopmuposaHHble moHKoKuweYHsie cauyu (HTKC), 8o3HUKaro-
wjue 8 xo0e UCNOoJIb308AHUS MAKMUKU «OMKPbIMbIU XXUBOMY, AB/ISIOMCS C/IOXKHOU
Xupypeudeckou namosoaueli € 8bICOKOU J1emaabHOCMbIO.

Lenob uccnedoeanus. OyeHUmMb 3¢pgheKmusHOCMb sledeHUs pasiuydHbIX popm
HechopMupo8aHHbIX MOHKOKUWEYHbIX cauujeli y 60/1bHbIX NOC/IE0NEPayUOHHbIM
nepuMoHUMOM Npu UCNOJIb308AHUU MeXHO/I02UU 8aKyyMHOU acnupayuu.
MemoOdel. [pogedeHa oUueHKa pe3yibmamos xupyp2u4eckozo aedeHus 46 60s1b-
Hbix ¢ HTKC 8 nepuode no30He20 meyeHUs noc1eonepayuoHHO20 NepumoHuma
(T11). BeideneHol mpu KnUuHUKO-mMopgoiozudeckue epynnei: 1-a epynna (n = 24) -
HTKC 8 Hebonbiux paHax nepedHeli prowHol cmeHku; 2-a 2pynna (n=15) - HTKC,
OMKpbigarouwjuecs 8 02paHuyeHHble nonocmu; 3-a2pynna (n = 7) - HTKC, omkpeliea-
roujuecs 8 1anapocmMomHele parel. B 1-U epynne popmuposanu cauwj c noMowbio
annapamos HenpepelgHol acnupayuu unu VAC-cucmem. Bo 2-t epynne ucnose-
308a/1ACb HENPEPbLIBHAA ACNUPAYUA KUWEYHO20 CO0ePXXUMO20 U3 nosiocmu. B 3-G
2pynne c NOMOW|bI0 8aKyyMHbIX ycmpolicme Npo8oousI0Ck JiedeHuUe Ianapocmomel
c u3osAyuel KuWe4yHo20 cauwd u Moodes1upogaHuem niasarouwjeli SHmepocmomsi.
Pesynemamel. 3-1 2pynna 60sbHbix ¢ HTKC omaudyanace seicokum 0ebumom
(1224,2 + 210,3 mn1), OnumenibHoCMoblo edeHus (87,3 + 12,5 koliko-0Hel), obwiup-
Hocmeblo nanapocmomel (335,4 + 14,3 cm?), sbicokoli nemansHocmbio (57,1 %).
Jlyywue pe3ynbmamel iedeHus nosy4deHsl 8 1-U u 2-U epynnax. [Jlebum cocmasus
675,8+154,3u541,3+114,1 M1, cpok ieyeHus bbii 8 2-3 paza meHbuwie (37,7 £ 6,1
u 26,4+ 5,2 0Hs), nemasneHocme — 8,3 % u 6,7 % coomaemcmeeHHO.
3aknoyeHue. HTKC, sBo3HUKaroWUe Npu UCNOIb308aHUU MAKMUKU «OMKpPbIMblt
XKUBOM» 8C/1Ie0CMBUEe HeBO3MOXHOCMU UX U30/194UU 8 06WIUPHbIX paHax nepedHeli
b6ptowHOU CMeHKU, 98J1910MCA C/TIOXKHbIMU KITUHUKO-MOpPo102udeckumu ¢hopma-
mu. [nsa ux nedeHus yenecoobpasHel VAC-cucmembl, HanpasseHHbie HA le4eHuUe
kak camol paHsl nepedHell 6poWHOU CMeHKU, Mak U OMKpbl8aoWe20¢s 8 Heé
KUWeYHo20 c8uwd 0/18 €20 hocmeneHHoU 3Kcmeppumopu3ayuu nymeém mooesu-
pO8aHuUs 8 8aKyyMHOM ycmpolicmae niagatoujeli 3SHmepocmomel.

Knio4eesle cio8a: nocseonepayuoHHbili NepumoHum, Hec(hopMmupo8aHHole
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OBJECTIVES

To date, the problem of postoperative peritoni-
tis (PP) continues to be one of the most important is-
sues of practical surgery, because, despite all the re-
cent achievements, it is the direct cause of death
in 50-86 % of patients after abdominal surgery [1, 21.
The main strategy for surgical treatment of PP is cur-
rently semi-open (semi-closed) techniques, including
“scheduled” and “open abdomen” (laparostomy) re-
laparotomies [3-7]. Along with the positive aspects,
the use of open abdominal management undoubted-
ly leads to the development of various kinds of compli-
cations such as eventration, decreased protein, elec-
trolytes, loss of integrity and structure of the anteri-
or abdominal wall and the development of enteroat-
mospheric fistulas (EAFs), which constitute the main
problem of postoperative peritonitis. The generalized
EAF incidence using open abdominal tactics ranges
from 1.5 % to 7 5% [8, 9]. Incidence of high EAF, includ-
ing against the background of widespread peritonitis,
is characterized by high mortality - from 19 % to 67 %.
Lethal causes are attributed to fluid loss and electro-
lyte imbalance, protein loss, nutrient deficiencies, infec-
tion and sepsis [10]. There are two directions of surgi-
cal tactics in modern surgery of intestinal fistulas: radi-
cal surgical intervention in the acute period of the dis-
ease [11] and purely conservative treatment aimed
at the fistula formation and its conversion into a chron-
ic one [12]. However, the main and problematic issues
in EAF treatment remain tactical approaches in cases
of their late occurrence, especially at the time of their
discovery in the laparostoma wounds — when active in-
flammation in the abdominal cavity has already end-
ed. Such localization of fistula in the world literature
is usually designated by the term “enteroatmospheric
fistula”, which implies an opening in the gastrointesti-
nal tract of the open abdominal cavity without block-
ing it with tissues of the anterior abdominal wall [13].
The frequency rate of these fistulas increases with the
duration of treatment of the patient with open abdo-
men and directly correlates with the number of repeat-
ed abdominal sanations, as well as with anastomotic de-
hiscence, intestinal ischemia, degree of distal intestinal
obstruction, and adhesions [14-16].

In this regard, one of the most important components
of the complex treatment of unformed intestinal fistulas
are measures aimed at minimizing intestinal chyme loss
[17-19]. Itis difficult and sometimes impossible to relia-
bly obturate an unformed intestinal fistula. As a rule, ob-
turation of unformed intestinal fistulas with localizations
on eventrated, protruding into the wound and covered
with granulation loops does not lead to permanent suc-
cess, but on the contrary, only increases the size of the fis-
tula [20]. The best results in the treatment of patients
with EAFs have been obtained using the active-aspiration
system, but even here there are a number of difficulties
associated with difficult to correct loss of chyme and se-
vere destruction of abdominal wall tissue in the area
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of the fistula [21, 22]. The recently proposed method
of vacuum therapy opens new perspectives in the treat-
ment of patients with EAFs, first of all, allowing rapid sa-
nation of the purulent-destructive process in the wound
around the intestinal fistula, as well as promoting its rap-
id localization and formation [23-25].

Thus, methods of unformed intestinal fistula treat-
ment continue to be developed and improved, includ-
ing negative pressure therapy of fistula wounds, fis-
tula obturation, use of surgical stents, etc. However,
there is still no single universal method that can be ap-
plied to the treatment of certain unformed intestinal fis-
tulas due to the peculiarities of their course. Therefore,
there should be an individualized approach for each pa-
tient, depending on the clinical and morphologic form
of EAFs, the level of fistula, features of development, na-
ture and number of losses.

MATERIALS AND METHODS

Over the last 30 years, more than 350 patients
with postoperative peritonitis have been treated
in the clinic of hospital surgery on the basis of the puru-
lent surgery department of the Barnaul Regional Clinical
Hospital, in the treatment of which active surgical tac-
tics of programmed abdominal cavity sanation, includ-
ing the use of “open abdomen” technologies with tem-
porary and final closure of the laparostoma wound
were used. Bogota bags, negative pressure vacuum de-
vices, and early dermal-aponeurotic sutures were used
for this purpose. A total of 46 cases of unformed intes-
tinal fistulas of the middle parts of the small intestine
and ileum, opening in 3 different positions and arising
after the use of the “open abdomen” technique were in-
cluded in this study: on the eventrated loops of intes-
tine in the midline wound; EAFs opening into the wound
of the anterior abdominal wall; EAFs opening into the lo-
calized cavities (Table 1) (Atamanov V.V., 1985).
In groups 1 and 2, patients with single incomplete in-
testinal fistulas prevailed, with a moderate flow rate
of intestinal losses (from 200 to 400 ml per day), where-
as in group 3, 4 out of 7 patients had multiple and com-
plete enteric fistulas, and their flow rate always remained
high — more than 800 ml per day [26]. The exclusion cri-
teria included patients with unformed duodenal fistulas
and colonic fistulas.

Among the patients with EAFs, 32 (69.6 %) were pre-
dominantly male. The mean age was 57.3 £ 2.6 years.
All patients underwent from 2 to 5 scheduled abdomi-
nal cavity sanations for severe postoperative peritonitis.
The time to fistula opening from the last surgical inter-
vention was 12.4 + 3.5 days. The major surgical diseas-
es after treatment of which EAFs opened are summa-
rized in Table 2.

In groups 1 and 2, patients with a moderate de-
gree of protein-energy malnutrition dominated,
and in group 3, the severity of these disorders was se-
vere. Nutrition was carried out in a combined method.



TABLE 1

CLINICAL AND MORPHOLOGICAL FORMS OF ENTEROATMOSPHERIC FISTULAS

Groups Clinical and morphological form of EAFs n %
Group 1 Fistula opening into anterior abdominal wall wounds 24 52.2
Group 2 Fistula opening into a localized purulent cavity 15 326
Group 3 Fistula on eventrated loops of bowel in a laparostoma wound 7 15.2
Total 46 100

There were no significant manifestations of organ dys-
function in the groups of patients with EAFs. Surgical
treatment of unformed enteroatmospheric fistulas in all
three groups involved the use of different variants of vac-
uum aspiration.

TABLE 2

PRIMARY DISEASES CAUSED THE DEVELOPMENT
OF POSTOPERATIVE PERITONITIS AND UNFORMED
ENTEROATMOSPHERIC FISTULAS

Diagnosis n %

Acute adhesive intestinal obstruction 27 587
Pancreonecrosis 8 17.4
Closed abdominal trauma 5 109
with damage to the small intestine

Colon cancer 3 6.5
Incarcerated hernia 2 43
Acute mesenteric ischemia 1 2.2
Total 46 100
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The opening of EAF into the wounds of the anteri-
or abdominal wall (n = 24) occurred late in the course
of peritonitis due to arrosion of the intestinal loop
in a small laparostoma wound of the anterior ab-
dominal wall in the presence of its purulent-necrot-
ic changes with subsequent skin dermatitis due to ir-
ritation by intestinal enzymes. Continuous aspiration
was used at local localization of the inflammatory
process within the wound of the anterior abdominal
wall and in the presence of enteroatmospheric fistu-
las, which was determined by the preservation of in-
testinal passage, small amount of small intestinal se-
cretion, as well as the study data of barium passage
through the small intestine and colon. The treatment
algorithm consisted in clearing and reducing the pu-
rulent cavity where the intestinal fistula had opened,
draining its contents outside the wound and reduc-
ing the phenomena of contact enzymatic dermatitis.
The first stage of surgical treatment was necrecto-
my with secondary surgical treatment of the wound
and skin suturing of its edges. This helped to reduce
the size of the wound around the fistula and seal
the single-lumen drainage (Fig. 1a). The continuous
aspiration apparatus OP-01, creating negative pres-
sure with a discharge range of 0.01-0.05 kgf/cm?,
was connected to it (Fig. 1b). In some cases, a modern
vacuum system was simply applied to a laparostoma
wound with a fistula. Aspiration devices were changed
once every 3 days. All efforts were made to minimize
the fistula wound by aspiration, additional second-
ary sutures and adapting it to the subsequent fixa-
tion of the colostomy bag.

Clinical EAF manifestations in the group 2 with fistu-
las opening into purulent cavities (n = 15), as a rule, oc-
curred against the background of perforation of the in-
testinal loop in a localized purulent cavity, most often



a b
FIG. 1.
EAF opening into localized wounds of the anterior abdominal wall: a - drainage in the postoperative wound and adaptation of the colosto-
my bag; b - device for continuous aspiration from a wound with a fistula

a b
FIG. 2.
EAF opening into a localized cavity: a - intestinal contents leakage into the drainage wound of the right iliac region; b - fistulography (con-
trast of the distal loops of the small intestine, no contrast streaks)
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a
FIG. 3.

b

Open abdomen: a - view of the abdominal cavity (“frozen abdomen”) 30 days after using the “open abdomen” technique (1 - EAF
of the transverse colon; 2 - functioning complete fistula of the small intestine; 3 — ileostomy); b — formation of a VAC system for the heal-
ing of a laparostoma with isolation of the EAF at the left edge of the laparostoma in a hole cut over the fistula in a polyurethane sponge

for subsequent fixation of a two-piece colostomy bag on it [22]

in the pelvic cavity; they were characterized by the flow
of intestinal contents into the drainage wound (Fig. 2a)
with no signs of widespread peritonitis and insignificant
inflammatory changes. Preserved intestinal passage was
recorded clinically and by enterography; in addition, no
contrast streaks on fistulography implied the presence
of a localized intestinal fistula (Fig. 2b). This facilitated
conservative treatment using also continuous aspiration
aimed at forming a tubular fistula.

When the patient was admitted after ultrasound ex-
amination of the abdominal cavity and fistulography
in the surgical dressing room, the purulent cavity was re-
vised, its size was determined, and the depth of intestinal
fistula opening was investigated. Subsequently, a dou-
ble-lumen drainage up to 1.5 cm in diameter was placed
along the course of the wound channel towards the intes-
tinal fistula. Formation of a impermeable cavity around
the drain was achieved by applying secondary skin su-
tures. Aspiration was performed using a negative pres-
sure apparatus (OP-01). When the flow rate of intestinal
contents decreased, the drain was gradually replaced
with a smaller diameter and removed. Daily instillations
of Betadine solution were performed in the formed tu-
bular drainage passage and gauze strips with Levomekol

ointment were placed. According to the fistula localiza-
tion, high enteric fistulas were noted in 3 patients, low
enteric fistulas — in 12 patients.

The most problematic group of patients (n = 7) were pa-
tients with EAF opening on eventrated bowel loops. The oc-
currence of these intestinal fistulas also occurred late
in the course of PP, when the “open abdomen” technique
was used, and was due to perforation of intestinal loops
that were in a rough infiltrative-adhesive process - “frozen
abdomen” (Fig. 3a, b).

As already mentioned, according to the classifica-
tion of M. Bjorck et al. [13], these EAFs belong to enter-
oatmospheric fistulas arising in the middle of the lap-
arostoma. Usually such an intestinal fistula occurs
in the presence of tight adhesions in the “frozen” ab-
dominal cavity, it lacks a formed fistulous passage,
and there is lateralization and retraction of the edges
of the anterior abdominal wall, which makes it impos-
sible to spontaneously close or seal it. Drying of intes-
tinal loops and microtraumatization during abdomi-
nal sanations were the most important causes of these
fistulas. The intestinal contents coming out of such
a fistula were difficult to control, especially if the fis-
tula was high (proximal), with a high flow rate, lead-
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ing to multiple local complications (irritation, macera-
tion, erosion, abdominal streaks, infection). In this sit-
uation, it was of high importance to clarify the level
and anatomic location of the fistula in order to prop-
erly quantify fluid and electrolyte losses, and to use
enterography to determine the total length of the re-
maining intestine and the maximum length of proximal
intestine available for absorption. A hole was formed
in the polyurethane sponge that was used for vacu-
um therapy of the laparostoma over the intestinal fis-
tula (Fig. 3b), through which a soft round plastic pad
with a diameter of 4-5 cm was placed on the fistula.
Fixation of the sponge was performed with a patch.
The two-piece colostomy bag was placed over a mouth
of a fistula in the sponge. From above, the wound
was sealed with adhesive films and an aspiration de-
vice was placed in the center. Small negative pres-
sure (-80 mmHg) was created in the wound using
the RENASYS GO device (Smith & Nephew, UK). Vacuum
devices were changed once every 3-5 days. As a result,
a directed collection of intestinal contents into the co-
lostomy bag was gradually performed, and as the lap-
arostoma was reduced, an enterostoma was formed.

STUDY RESULTS

In group 1 patients with EAF opening into puru-
lent wounds of the anterior abdominal wall, the flow
rate of intestinal contents ranged from 300 to 600 mL
and averaged 675 + 154.3 mL. The wound size reached
64.2 + 9.8 cm?. Continuous aspiration of intestinal con-
tents in most cases contributed to intestinal passage
improvement, reduction of flow rate from the fistula
to 100-120 mL per day and motor adaptation of patients.
Gradual wound reduction with secondary-delayed su-
tures allowed the intestinal fistula to continue to be man-
aged conservatively. Reducing the size of the wound with
intestinal fistula to 25 cm? in diameter made it possi-
ble to fit a colostomy bag with the widest opening (80-
100 mm), which could be replaced by the patients them-
selves in the future.

The duration of aspiration was 25.7 + 4.6 days
and the mean hospital bed-day was 37.7 + 6.1 days.
Among the complications, 1 patient had arterial bleeding
in the area of the fistula hole, 2 patients had abscess for-
mation under the anterior abdominal wall, and 3 patients
had transition of incomplete intestinal fistula to a complete
one. In general, the process of further formation of such
EAFsamounted to 2.5-3 months with subsequent planned
surgical treatment of the formed enterostoma (resection
of the fistula-bearing intestinal loop).

The main direction of surgical treatment in the group 2
of patients with EAFs was also the gradual formation
of a tubular intestinal fistula due to continuous aspiration
of intestinal contents, wound exudate (contents of the ab-
scess cavity) from the sealed cavity formed from the wound
edges above the fistula opening. Intestinal secretions as-
pirated from the cavity did not interfere with the healing

+
+
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processes. Against the background of vacuum-collabo-
ration of the cavity, the defect in the intestinal wall de-
creased due to filling of the purulent cavity with granu-
lation tissue, and the drainage tube served as a skeleton
for the formation of a connective tissue fistulous passage,
followed by a tubular fistula over the defect in the intes-
tinal wall (Fig. 4).

FIG. 4.

Formation of a tubular incomplete enteric fistula in the drainage
wound of the left iliac region 3 weeks after continuous aspiration
(the area of the wound has small manifestations of enzymatic der-
matitis)

The duration of continuous aspiration was 19.4 + 2.37
days, and the intestinal loss rate was 541.3 + 114.1 mL.
Due to the treatment 11 (73.3 %) out of 15 patients
had a tubular enteric fistula with minimal flow rate
(up to 20-30 mL), and in 3 (30 %) there was an inde-
pendent closure of intestinal fistulas on the day 30-40.
The mean bed day was 26.4 + 5.2 days. Lethality was 6.7 %
(1 patient); the cause of death was decompensation
of cardiac activity.

In the group 3, treatment of extensive medial wound
with negative pressure technique based on modern VAC
systems was used. Considering that the laparostoma it-
self with intestinal fistula is also a wound, using vacuum
aspiration, we also tried to reduce it. But the main chal-
lenge was to get the intestinal chyme outside the lap-
arostoma wound. Generally, extra-territorialization
of an intestinal fistula in this setting has been difficult,



but a floating stoma [27, 28] has been used in the con-
struction, with the primary goal of forming a managea-
ble fistula with collection of intestinal secretions separate-
ly into a colostomy bag in the laparostoma wound (Fig. 5).
The mean size of the laparostoma wound where fistulas
were opened was 335.4 + 14.3 cm? The intestinal contents
rate in group 3 EAF was 1224.2 + 210.3 mL. Fistula forma-
tion time was 87.3 + 12.5 days.

FIG. 5.

EAF opening into a vast laparostoma wound: extra-territorial-
ization of the EAF at the left edge of the laparostoma wound

with the installation of a colostomy bag on an enterostoma mod-
eled in the VAC device (floating stoma) and on an ileostomy. Test
of vacuum aspiration from a laparostoma (negative pressure —
120 mm Hg with its subsequent decrease to — 80 mm Hg)

Among the complications of the treatment period,
arterial bleeding was noted in 2 patients, and in 2 obser-
vations - the appearance of additional intestinal fistu-
las in the laparostoma wound. In this group of patients,
nutritional support was the most difficult task given
the most commonly reported proximal location of the fis-
tula and the large intestinal loss rate. Almost always the
unformed intestinal fistula in the laparostoma was com-
plete. It has been found that enteral nutrition can some-
times increase the flow rate of intestinal contents from
EAF. Difficulties in enteral nutrition were noted when
the driving small intestine was observed to be shorter
than 75 cm according to enterography. However, com-
bined nutrition with correction of the secretory func-
tion of the upper gastrointestinal tract was performed
in these patients.

DISCUSSION

Given that the most important causes of un-
formed enteroatmospheric fistula formation in group 3
seem to be drying of the intestinal loops in contact
with the external environment and microtrauma [29],
all possible actions that could prevent them should
be taken during treatment: 1) minimizing any rough
or direct contact between the intestinal loops
and the devices used for temporary abdominal clo-
sure (tissues, sponges, films); 2) avoiding prosthetic
meshes, as they may cause perforation of the intesti-
nal wall, leading to the formation of intestinal fistulas;
3) preventing drying of the intestinal loops; 4) ear-
ly definitive closure of the abdomen; and 5) plan-
ning and performing dressing changes in the oper-
ating room. In addition, we should take into account
the alteration of blood flow in the intestinal wall not-
ed by us in earlier publications, leading to full blood
flow in the mucous membrane of the small intestine
[30]. It is caused not only by fixation and compres-
sion of intestinal loops in the wound of the anterior
abdominal wall, but also by dysmetabolism associat-
ed with translocation of microflora into the intestinal
wall. Therefore, we believe that the most important el-
ement in improving prognosis is the preservation of in-
testinal passage by enteral administration of nutrient
mixtures and fractional enteral nutrition.

Treatment of the most difficult clinical and mor-
phologic forms of unformed enteroatmospheric fistulas
opening into extensive wounds of the anterior abdomi-
nal wall should be aimed at complete isolation of the fis-
tula from the remaining open laparostoma wound; maxi-
mum atraumaticity of the materials used both for the fis-
tulaitself and for the underlying intestinal loops to avoid
the occurrence of additional holes in the intestinal wall;
ensuring the possibility of collection and quantifica-
tion of intestinal losses, speed and ease of structures
used change; protection of the surrounding tissues from
the aggressive action of chyme; infection treatment and
prevention.

CONCLUSION

Despite treatment, 7 (15.2 %) patients with EAFs died.
The highest mortality was recorded in the group with EAFs
opening into extensive laparostoma wounds - 4 (57.1 %) pa-
tients. Overall, the treatment results of patients with EAFs
are summarized in Table 3.

The cause of a large number of fatal outcomes
in group 3 was significant poorly managed intestinal losses
in the presence of informed enteroatmospheric fistulas; re-
peated perforations of intestinal loops in the laparostoma.
This group of patients with EAFs also differed in the dura-
tion of treatment, which was 2-3 months, resulting in the
need not just to localize the intestinal fistula, but also to
reduce the extensive laparostoma wound. In group 1,
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TABLE 3
RESULTS OF TREATMENT OF PATIENTS WITH EAF

Parameters ?r:():uzp 4;
Intestinal losses (ml) 675.8+154.3
Wound size with intestinal fistula (cm?) 64.2 £ 9.8 cm?
Duration of aspiration (days) 25.7+4.6
Bed day (days) 37.7+6.1
Patients died, n (%) 2(8.3)

Note. p — statistical significance of differences between groups.

2 (8.3 %) patients died and in group 2, 1 (6.7 %) patient
died. Death occurred as a result of the development of pu-
rulent-septic complications, formation of complete intes-
tinal fistulas with the development of severe protein-en-
ergy malnutrition.

CONCLUSIONS

The use of “open abdomen” surgical tactics in pa-
tients with postoperative peritonitis is often accompa-
nied by the opening of unformed enteroatmospheric
fistulas. The most challenging clinical and morphologic
forms among them are complete EAFs occurring in exten-
sive laparostoma wounds, which are difficult to isolate in
the stiff granulation tissue of vast wounds of the anteri-
or abdominal wall, resulting in new perforations and to-
tal skin dermatitis. EAFs that open into small anterior ab-
dominal wall wounds and localized purulent cavities while
maintaining passage downstream of the fistula can be ef-
fectively treated conservatively with a variety of contin-
uous aspiration options. In case of EAF in large laparos-
toma wounds, it is advisable to use VAC-systems aimed

Group 2 Group 3
(n=15) (n=7) P

p,_,>0.05

5413 £ 1141 1224.2 £ 210.3 p,_;<0.05

p,_3<0.01

p,_,<0.01

125+6.7 3354+143 p,_3<0.01
p,_3<0.0001

p,_,>0.05

194+23 673+75 p;_; <0.001
p,_; < 0.001

p,_,>0.05

264+52 8731125 p,_;<0.01
p,_; < 0.001

p,_,>0.05

1(6.7) 4 (57.1) p,_5<0.05
p,_; <0.05

at treating both the wound of the anterior abdominal
wall and the intestinal fistula opening into it with the aim
of its gradual exteriorization by simulating a floating en-
terostoma in the device.
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ABSTRACT

Treatment of patients with iatrogenic injuries of the biliary tract is the most dif-
ficult and important section in hepatobiliary surgery. When analyzing the causes,
it was found that in 70-94 % of cases this type of injury is observed during cholecys-
tectomy. We present a rare clinical case of the development of secondary biliary
cirrhosis due to iatrogenic trauma of the biliary tract. This injury caused long-term
suffering for the patient due to the further development of complications of cirrho-
sis, specifically of portal hypertension. The latter caused repeated recurrent profuse
bleeding from varicose veins of the esophagus. The use of a minimally invasive
transjugular intrahepatic portosystemic shunt procedure for the first time in the Ud-
murt Republic was of particular relevance in solving this problem. This procedure
has become a key one in solving the abovementioned problems and will become the
preventive measure for the cirrhosis progression in the future. It is also important to
focus on prophylactic measures aimed at preventing iatrogenic injuries of the bil-
iary tract, as this problem can cause irreversible complications. Prevention should
include adequate examination and visualization of the bile ducts and gallbladder
before surgery, their careful mobilization, compliance with the rules of operation
with electrosurgical instruments, as well as the use of additional minimally invasive
techniques such as choledoscopy, cholangiography and intraoperative ultrasound.
Besides that, all manipulations should be carried out under strict control and clear
visualization of instruments and anatomical structures of organs. The article provides
a detailed description of the technique of transjugular intrahepatic portosystemic
shunt surgery, as well as presents X-ray images obtained during this operation.

Key words: biliary tract, iatrogenic trauma, cholecystectomy, biliary cirrhosis,
transjagular intrahepatic shunting, TIPS
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in a young patient with secondary biliary cirrhosis. Acta biomedica scientifica. 2023; 8(2):
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PE3IOME

JleyeHue Uy, NOYYUBWUX AMPO2EHHbIE MPABMbI Xe14e8bl800AUUX nymed,
A8/19emcsa Haubosiee C/I0XKHbIM U 8AXXHbIM pazoesiom 8 2enamobusuapHol xupyp-
euu. lpu aHanuze npuduH ycmaHosseHo, Ymo 8 70-94 % ciyuyaes 0aHHbIU 8u0
mpasmsl Hab100aemMca npu xoaeyucmakmomuu. Ha npumepe KiauHUYecKo2o
C/1y4as Hamu npedcmassieHo peokKo 8cmpeyaroujeecs 8 KIUHUYeCKoU npakmuke
passumue 8mopu4HO20 bUIUAPHO20 YUppO3d hedeHU 8csiedcmeaue Ampo2eHHoU
mpasmel xenyegbi8o0auux nymed. [JaHHas mpasma cmasa Hayasaom onumeris-
HbIx cmpadaHuli 018 nayueHmMku 88Udy pazgumus 8 0dsibHelweM OC/IOXHEHUS
yuppo3sa, a UMeHHo hopmassHoU 2unepmeH3uu. llociedHee cmano npuduHoU
MHO20KPAmMHO peyuousupyrouux 06usbHbIX KpogomeydeHul U3 8apUKO3HbIX pAc-
WupeHHbIX 8eH nuweso0d. B pewieHuu 0aHHOU npobieMbl 0COOY0 aKmyanbHOCMb
umesio npuMeHeHUe MAasIoUHBA3UBHOU MemoOUKU MPAHCBIO2YIAPHO20 UHMpPA-
2enamuyecko20 NOPMOCUCMEMHO20 WYHMUPOBAHUSA, KOMOPYIO UCNO/1b30841U
8 YomypmckoUi Pecny6nuke snepavble. [JaHHas onepayus cmasna ko4esol 8 peuue-
HUU 8bllWeU3/10XXeHHbIX Npobiem U 8 OasibHeliem cmaHem npoguiakmuyeckou
Npu npo2peccuposaruu Yuppo3a nedeHu. Takxxe HEMAa08aXHO cOeIaMb aKyeHm
Ha npoghunakmuyeckue Meponpusmus, HanpasJsieHHvle Ha npedynpexxoeHue Ampo-
2EeHHbIX MPABM Xes4edbli8o0AuUX nymed, 8e0b UMEHHO 0aHHAs npobiema cmasna
npuduHoU Heobpamumbix ocoxHeHUU. K npogunakmuke ciedyem omHecmu
aoekgamHoe 06c1e008aHUe U 8U3YAsIU3AYUIO Xe/TYHbIX NPOMOKO8 U Xe/TYHO20
ny3sipa 00 0NepamMuBHO20 8MelWamesibCmad, MwamesibHyo Ux Mobuau3ayuro,
cobnodeHue npasus pabomel 31eKMpoxupypeUHecKUMU UHCMpPYMeHmamu,
a make ucnosib308aHue 00NOIHUME IbHbIX MAJIOUHBA3UBHbIX MEMOOUK, MAKUX
KaK x071e00CKONUSA, X0/1aHeuo2pagpus, UHMpPaonepayuoHHoe yabmpa3eykogoe
uccnedosarue. Kpome mozo, 8ce MaHunyiayuu 00/IKHbl NPoU3800UMbCA NOO Yém-
KUM KOHMPpoJsieM U hpu ACHOU 8U3yaiu3ayuu UHCMpPyMeHmos U aHamomu4ecKux
cmpykmyp opzaHos. B cmamee npugedeHo nodpobHoe onucaHue mexHuKku
MPAaHCovI02YIAPHO20 UHMPazenamuyeckozo NOPMoCUCMeMHO20 WYHMUPOBAHUS,
a makxe 0eMOHCMPUPYIOMCs peHM2eHOB8CKUe U306paxeHus, NOJTy4YeHHble 8 X00e
0aHHoU onepayuu.

Kniouyeenle cnoea: xenyegbigo0Awue nymu, AMpo2eHHAs mpasma, xonaeyu-
cm3kmomus, 6unuapHelli Yuppos, MpaHcova2yaapHoe UuHmMpazenamuyeckoe
wyHmuposaHue, TIPS

OnauutnpoBanna: CraxkmHa C.H. 3anues [1.B., baraytanHos AJl, WapadytanHos M.P,
AHTponosa 3.A., 3apunos V.M., Kamanos M.W. MNepBas onepauuns TIPS, npoBenéHHan
B YamypTckon Pecny6nvike, No crnaceHuo MOIoAo NauueHTKU ¢ BTOPUYHbIM Gununap-
HbIM LMppo3om neyveHn. Acta biomedica scientifica. 2023; 8(2): 237-243. doi: 10.29413/
ABS.2023-8.2.23
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INTRODUCTION

The factors that significantly increase the risk of iat-
rogenic trauma of extrahepatic bile ducts during lapa-
roscopic cholecystectomy include congenital local ana-
tomical features; variety of topographic-anatomical cor-
relations; inflammatory and sclerotic changes in the area
of the bladder neck, hepatoduodenal ligament; lack of ade-
quate technological support; excessive increase in the num-
ber of electrocoagulation procedures; insufficient qualifi-
cation and experience of the surgeon; incorrect traction
and exposure; misidentification of anatomical structures
of the hepatoduodenal zone; coagulation, clipping or cross-
ing of structures without proper visual control of the instru-
ment working part [1].

According to some reports, in 50 % of cases iatrogen-
ic trauma is caused by the anomalies of biliary duct struc-
ture [2].

Secondary biliary cirrhosis of the liver is a diffuse prolif-
eration of connective tissue of the hepatic parenchyma, fol-
lowed by the organ architectonics disorder due to a long-
term impairment in bile outflow and stagnation in the in-
trahepatic bile ducts system. The main etiological factor
is the initial extrahepatic cholestasis that develops mainly
due to biliary pathology, tumours and cholelithiasis (gall-
stones) [3]. However, this process can develop due to iat-
rogenic trauma of the choledochous duct, which is much
less common than the above causes.

Among the life-threatening complications of cirrho-
sis is a portal hypertension syndrome, which can lead
to the formation of a serious complication manifested
as bleeding from varicose veins of the esophagus and up-
per third of the stomach. This complication takes 10-15 %
in the structure of mortality of patients with cirrhosis [4].
In the present-day surgery, searching for effective meth-
ods of treatment of complications associated with a por-
tal hypertension syndrome remains highly relevant. Min-
imally invasive techniques, namely X-ray endovascular
interventions, are of great importance to solve this prob-
lem. This technique is transjagular intrahepatic portosys-
temic shunting (TIPS).

TIPS is a percutaneous minimally invasive technique
through whichitis possible to create a calibrated intrahepat-
ic portosystemic shunt necessary for the treatment of portal
hypertension. Self-expanding nitinol stent or coated stent
is most commonly used as a shunt [5]. This shunt in mod-
ern practice is quite often used in the treatment of portal
hypertension and represents a new way to connect the por-
tal vein with hepatic veins. The operation provides good
decompression of the portal system and is also character-
ized by its low invasiveness [6]. But this type of intervention
has a number of potential complications, which include ste-
nosis or shunt obturation. Balloon dilatation and placement
of an additional stent are necessary to correct the compli-
cation. Another life-threatening complication of this tech-
nique is the development of hepatic encephalopathy. TIPS
is commonly used as a short-term intermediate step be-
fore liver transplantation (LT), as this intervention preserves
the anatomy of the liver and its gates [7].

CASE STUDY

Patient E., 31 years old, in 2009, she complained of re-
peated attacks of pain in the right subcostal area, period-
ic bloating after eating, nausea, weakness. On October 29,
2010 in the surgical department of one of the central dis-
trict hospitals, the following operation was performed:
laparotomy, cholecystectomy, drainage of the abdominal
cavity. In the postoperative period bile secretion by drain-
age — up to 1 L per day. During this operation, iatrogen-
ic trauma of the choledochous duct occurred. On No-
vember 05, 2010, relaparotomy, sanation, and drain-
age of the abdominal cavity were performed in the sur-
gical department of the First Republican Clinical Hos-
pital of the Ministry of Health of the Udmurt Republic.
In May 2011, reconstructive surgery was performed
in the First Republican Clinical Hospital of the Ministry
of Health of the Udmurt Republic: transhepatic drainage
of the left and right hepatic ducts on the small intestine
loop switched off by Roux (hepaticojejunostomy).In 2013,
drainage removal was performed with subsequent for-
mation of a small enteroatmospheric fistula of the ante-
rior abdominal wall, which closed after 1 month. Since
June 2014, she noted worsening of her condition, jaun-
dice, hepatic insufficiency; she was diagnosed with liver
cirrhosis. On January 25, 2015 there was repeated bleed-
ing from varicose veins of the esophagus; on January 30,
2015 - X-ray endovascular occlusion of the branches
of the superior mesenteric artery (SMA). In 2015, 2017,
the patient was treated in the gastroenterology de-
partment with the diagnosis: secondary biliary cirrhosis
of the liver. Last hospitalization was in 2018 in the gas-
tro department of the First Republican Clinical Hospital
of the Ministry of Health of the Udmurt Repubilic for treat-
ment of liver cirrhosis. After a while there appeared weak-
ness, jaundice lasting about two months. She was both-
ered by skin itching, bleeding from varicose veins became
more frequent, and in December 2021 there was an acute
bleeding from the esophageal veins: the esophageal veins
were dilated on fibrogastroscopy (FGS). On April 07,2022,
after a sharp deterioration of her condition, she was trans-
ported from the Republican Clinical Hospital by air ambu-
lance to the First Republican Clinical Hospital of the Minis-
try of Health of the Udmurt Republic with bleeding for di-
agnosis and treatment.

According to the objective examination: the condi-
tion is severe. The patient is of an asthenic type. The posi-
tion is active within the bed, paresis and paralysis are ab-
sent. The skin is pale, warm. Scleral icterus. Respiration
is spontaneous, HR = 18/min. By auscultation: vesicular
respiration, no rales. Percussion sound is pulmonary. Heart
tones are rhythmic, clear. Blood pressure — 110/60 mmHg,
pulse = 100 BPM. Tongue is dry, covered with gray plaque.
The abdomen is soft, painless. Hepatic dullness is pre-
served. The gallbladder is not palpated. Rebound tender-
ness (Shchetkin — Blumberg's sign) is negative. Bowel peri-
stalsis is audible. Tumor-like masses in the abdominal cavi-
ty are not palpated. Lumbar concussion symptom is nega-
tive on both sides. No edema.
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According to clinical and biochemical blood tests, leu-
kocytopenia (2.0 x 10'%/L), thrombocytopenia (64 x 10'%/L),
anemia (3.09 x 10'%/L; HGB = 69), bilirubinemia (64 umol/L)
due to direct (25 umol/L) and indirect (39 umol/L) fractions,
acid-base disorder (pH =7.431) were noted. Transaminases
(ALT, AST) are slightly elevated (250 u/l), total protein is with-
in normal limits, as active infusion therapy was carried out.

Coagulogram from April 07, 2022: prothrombin time —
13.0; fibrinogen - 2.4; INR - 1.27; activated partial throm-
boplastin time (aPTT) - 37.2.

According to spiral computed tomography of abdomi-
nal cavity organs with intravenous bolus contrast enhance-
ment: CT picture of liver cirrhosis with marked portal hyper-
tension, splenomegaly, small peritoneal effusion. Postchol-
ecystectomy condition, embolization of periapical porto-
caval anastomoses. Cholangiectasia.

As per FGS: erosive esophagitis, chronic gastritis with fo-
cal atrophy.

For technical and medical reasons, a liver biopsy
was not performed.

Conservative treatment included hemostatic, infusion,
gastroprotective and symptomatic therapy. Improvement
of the condition was not observed, and repeated bleed-
ing accompanied by decompensation could end in death.

This event occurred during the Plenum of hepatobiliary
surgeons on portal hypertension, dedicated to the 110th an-
niversary of M.D. Patsiora’s birth (Moscow, April 7-8, 2022),
where the question of TIPS surgery was raised concerning
this patient. After the critical deterioration of the patient’s
health condition, it was decided to invite postgraduate stu-
dents of the Department of Intermediate-Level Surgery, Iz-
hevsk State Medical Academy, an X-ray endovascular sur-
geon from the emergency hospital, and a general surgeon.
The patient was prepared to undergo surgical treatment
(TIPS). The surgery was performed under the supervision
of the chief surgeon and professor of the Department of In-
termediate-Level Surgery, Izhevsk State Medical Academy.

OP REPORT

Radiation exposure: absorbed dose - 15.2 mSv, max-
imum absorbed dose in the skin — 320 mGy, fluorosco-
py time — 27.5 min. Under local anesthesia with 0.5 % li-
docaine solution of 10.0 ml, and using ultrasound naviga-
tion equipment, puncture of the right internal jugular vein
was performed. Afterwards, catheterization of the right in-
trinsic hepatic vein was performed with a Destination 7Fr
Guiding Sheath (introducer) (Terumo Corporation, Japan)
(Fig. 1). Under intravenous anesthesia with a Merit nee-
dle with a 30° angle for TIPS, puncture of the right branch
of the portal vein was performed (Fig. 2). Next, a 0.035
guidewire was guided into the portal vein, and the nee-
dle was removed. In the area of the formed venous porto-
systemic shunt (PSS) in the liver parenchyma, predilation
was performed with a balloon catheter of 5.5 mm diameter
and 80 mm length to 10 atm. After balloon catheter remov-
al, a delivery system with a mounted S.M.A.R.T. stent was in-
stalled in the shunt area. Flex Vascular Stent System (Cordis,

USA) 10 x 60 mm (Fig. 3), which was deployed by inflating
to 10 atm a balloon catheter with a diameter of 10.0 mm
and a length of 40 mm (Fig. 4). The delivery system was re-
moved, and phlebography was performed from a sheath
(introducer) placed through the formed shunt into the por-
tal vein (Fig. 5). The formed TIPS is functional, the stent
is deployed. Further, phlebography of portal vein was per-
formed, where an efferent dilated up to 10 mm venous net-
work is visualized, coming from the loop of small intestine
switched off by Roux, previously, before the operation, vis-
ualized on CT of abdominal cavity organs with intravenous
bolus contrast enhancement. The system of guidewires
and catheters was removed, aseptic dressing was applied
to the area of puncture of the right internal jugular vein.

FIG. 1.
Patient E. Intraoperative X-ray image. Catheterization by an intro-
ducer and right hepatic vein angiography

FIG. 2.
Patient E. Intraoperative X-ray image. The puncture stage, the nee-
dle is passed through the liver parenchyma into the portal vein
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FIG. 3.
Patient E. Intraoperative X-ray image. Installation of the S.M.A.R.T.
Flex Vascular Stent System

FIG. 4.
Patient E. Intraoperative X-ray image. Inflating the stent with a bal-
loon
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FIG. 5.
Patient E. Intraoperative X-ray image. Control angiography. TIPS
visualization

As of April 12, 2022, the patient’s condition has sig-
nificantly improved, positive dynamics is observed.
There was no evidence of recurrence and continued
bleeding in the gastrointestinal tract. On April 15, 2022,
the patient was successfully discharged. The patient
was also prepared for the planned liver transplantation
in Kazan under the supervision of the transplantology de-
partment head.

CONCLUSION

Thus, by the example of a clinical case, we present-
ed a rarely encountered in clinical practice development
of secondary biliary cirrhosis of the liver due to iatrogen-
ic trauma of the biliary tract. This trauma caused long-
term suffering for the patient due to the further devel-
opment of complications of cirrhosis, specifically of por-
tal hypertension. The latter was the cause of repeated
heavy bleeding in the gastrointestinal tract, which could
no longer be stopped by traditional methods of treatment.
In this case, practitioners resorted to the use of minimally
invasive techniques, namely, they successfully performed
the first in the Udmurt Republic X-ray endovascular surgery
on transjugular intrahepatic shunt. This procedure has be-
come a key one in solving the above-mentioned problems
and will become the preventive measure for the cirrho-
sis progression in the future. In modern surgical practice
concerning portal hypertension syndrome, TIPS is a rather



effective method of decompression of the portal vein, al-
lowing to achieve a decrease in the recurrence of bleeding
from dilated veins of the esophagus and stomach.

It is also important to emphasize preventive meas-
ures aimed at prevention of iatrogenic traumas of bil-
iary tract, because this very problem caused irreversible
complications. Prevention should include adequate ex-
amination and visualization of bile ducts and gallblad-
der before surgical intervention, their careful mobiliza-
tion, compliance with the rules of electrosurgical instru-
ments, as well as the use of additional minimally invasive
techniques, such as choledoscopy, cholangiography, in-
traoperative ultrasound. In addition, all manipulations
should be performed under clear control and with clear
visualization of the instruments and anatomical struc-
tures of the organs [8].
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ABSTRACT

The aim of investigation was to study experimentally the morphological features
of tissue integration of two-layer titanium nickelide (TiNi) knitwear when replacing
thoracoabdominal defects.

Materials and methods. The experiments were carried out on 40 Wistar rats. The ex-
perimental animals were divided into two comparison groups: in Group A (n = 20)
the defect was replaced using a two-layer knitted tape made of TiNi, in Group B
(n = 20) a polypropylene mesh implant was used. The technique of the operation
and the peculiarities of keeping the animals did not differ. Animals were taken
out after 14, 30, 60 and 90 days of experiment. The macroscopic structural features
at the site of implant fixation to tissues and at the sites of contact with underlying
organs were studied, and the inflammatory process was assessed. The histological
and electron microscopic study was carried out with an assessment of the features
of tissue integration through the mesh structure of knitwear.

Results. Thirty days after the surgery in four cases of Group B the appearance
of the chest wall deformation at the site of implant fixation was noted, in one case
the deformation site was located along the lateral edge of the abdominal wall.
Among the animals of Group A no such changes were recorded. The histological
and electron microscopy examination revealed that the porous structure of the TiNi
wire, as well as the biomechanical and biochemical properties of the two-layer
metal knitwear, ensure optimal integration of the endoprosthesis in the body tissues,
forming an elastic frame close to natural. In Group B, on the contrary, the reaction
of the body caused by the implanted polypropylene prosthesis was characterized
by more pronounced fibrosis, and tissue integration through the mesh structure
of the implant was not observed.

Conclusion. Two-layer TiNi knitwear in the replacement of complex structures
ofthe thoracoabdominal zone showed promising results, which opens up prospects
for further clinical research.

Key words: two-layer knitwear, titanium nickelide, mesh implant, replacement
of post-resection defects, tissue integration, biocomparability

For citation: Topolnitskiy E.B., Shefer N.A., Marchenko E.S., Fomina T.I., Mikhed R.A.,
Tsydenova A.N., Garin A.S. Features of the integration of two-layer metal knitwear made
of titanium nickelide during the replacement of a thoracoabdominal defect in the experi-
ment. Acta biomedica scientifica. 2023; 8(2): 244-253. doi: 10.29413/ABS.2023-8.2.24
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PE3IOME

Ljens uccnedoeanus. Vizyuume 8 3xchepumeHme mMopghosioeuyeckue ocobeHHo-
cmu mkaHesoU UHMezpayuu 08yxc/IoUHO20 MEMAIIOMPUKOMAXA U3 HUKeuod
mumata (TiNi) npu 3ameweHuUU MopakoabooMUHAbHbIX 0egheKmos.
Mamepuanbi umemoosl. [IposedeHa cepus SKCnepuMeHmos Ha 40 KpbiCaxuHUU
Wistar. SkcnepumeHmarnbHble XUgomHsole 6bliu pazoesieHsl Ha 08e 2pynnel Cpas-
HeHus: 8 2pynne A (n = 20) 3amewjeHue 0echekma ocywecmsianu ¢ npumMmeHeHUem
osyxcoliHot mpukomaxHot neHmel u3 TiNi; 8 2pynne B (n = 20) ucnone3osascs
cemyamelli UMNJIGHM U3 NoJsIUNponusieHd. TexHuKka onepayuu u ocobeHHocmu
COO0EPXAHUSA Y XUBOMHbBIX 8 2pynnax He omaudanucs. KUsomHsix 8b1800UIU
u3 akcnepumeHma yepes 14, 30, 60 u 90 cymok nocsie onepayuu. Msyyanu makpo-
cKonuyeckue cmpykmypHele 0CO6eHHOCMU 8 Mecme ukcayuu umnaaHmama
K MKAHAM U HA y4dcmkax KOHMakma ¢ noosexaujumu opeaHamu, oyeHusasiu
socnasumersnsbHeilt npoyecc. [[po8oousIu 2uCcMosIo2UYeCcKoe U 371eKMpPOHHO-MUKPO-
cKonuyeckoe ucciedosaHue ¢ oueHkol ocobeHHoCcmMel uHMezpayuu meaHel
CK803b CEMYamyro Cmpykmypy Memasaaompukomaxa.

Pesynemamel. B xo0e pocma XugomHeix U Habopa geca 4epe3 30 cymok
8 YemebIpéx c/y4asx 8 epynne B ommeueHo noseneHue de¢popmayuu 8 mecme
¢hukcayuu umnaaHma K 2pyoHol cmeHke, 8 0OHOM CJ1y4ae y4acmok 0egpopmayuu
6b1J1 pacnosIoxKeH NO IamMepaabHOMY Kparo 6powHolU cmeHKU. Cpedu XUBOMHbIX
8 epynne A nodobHbIx usMeHeHUl He 3agukcuposaHo. [Ipu 2ucmosio2uyecKkom
uccnedo8aHuUU U 31eKMPOHHOU MUKPOCKONUU OmMMeYeHo, Ymo wepoxosamas
MuKponopucmasa cmpykmypa npogosoku u3 TiNi, a makxe 6uomexaHuyeckoe
nogedeHue 08yXC/I0UHO20 MeMALZIOMpPUKOMaxa obecne4usarom onmumaris-
HYI0 UHMe2payuro 3H00Npome3a 8 MKAHAX Op2aHu3mMd, hopMupys 37aCMUYHbIU
kapkac, bnuskuti K ecmecmgeHHoMY. B 2pynne B, Hanpomus, peakyus op2aHu3ma,
8bI38AHHAA UMNJIGHMUPOBAHHbLIM NOJIUNPONUIEHO8bIM NPOME3OM, Xapakmepu3o-
sasnace 6osiee 8bipaxxeHHsIM (hubPO30M, d UHMe2payus MKAaHU CKBO3b cemyamyio
CMpyKmypy umMniaHma He npoc/iexxusasnacs.

3aknio4deHnue. [lgyxciaoliHeil memannompukomax u3 TiNi, ucnons3zyemeit
0/1 3aMeWjeHUs CJI0XKHbIX CMPYKmMyp mopakoabo0oMUuHaabHOU 30Hbl, NOKA3aJ1
MHO2006ewarowjue pesybmamsl, Ymo Omkpwsieaem nepcnekmuesi 0/1s 0asbHeUl-
WUX KJIUHUYeCKUX Ucc/1e008aHudl.

Knioyeaolie cnoea: 08yxc/0lHbIU MeMAIOMPUKOMAX, HUKeIUO MUMadd,
cemyuamoliti UMNIAHM, 3amellieHue NOCMpe3eKYUOHHbIX 0egheKmos, UHmezpayus
8 MKaHsX, 6UOCOBMECMUMOCMb

Ona yntupoBaHua: TononbHuukuin E.B., Wedep H.A., MapueHko E.C., DomuHa T.WN.,
Mwxeg PA., UbineHosa A.H., TapuH A.C. OcO6eHHOCTM MHTerpauum ABYXC/IOMHOrO MeTassio-
TPUKOTaXKa 13 HKenuaa TUTaHa Npu 3aMeLLeH TopakoabaoMrHanbHoro gedekTra B 3KC-
nepumenTe. Acta biomedica scientifica. 2023; 8(2): 244-253. doi: 10.29413/ABS.2023-8.2.24
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RELEVANCE

Improvement and progress of surgical technolo-
gies have significantly expanded not only operability but
also resectability in various diseases of thoracic and ab-
dominal cavity organs. Removal of a whole organ or part
of it in some cases implies a reconstructive-restorative
stage, where the use of implantation technologies is vi-
tal. Considering the variants of combined surgical inter-
ventions, the most common anatomical structures that re-
quire restoration or replacement are the abdominal wall,
diaphragm, pericardium, and chest wall [1]. Vast experi-
ence of such operations shows that it is not always possi-
ble to replace extensive soft tissue defects with own tissues
alone. Under conditions of significant tension, the intrinsic
tissues do not meet the requirements of elasticity and re-
silience, which leads to tension at suturing, compartment
effects and the risk of primary suture failure with the de-
velopment of eventration [2, 3]. The disadvantages de-
scribed have necessitated the development and imple-
mentation of alternative, mesh materials with the neces-
sary biocompatibility.

A large number of different materials and tissues
have been proposed as allografts during the long history
of this field development. Materials such as mersilene (Da-
cron), polypropylene, lavsan (Marlex), Teflon, and titanium
nickelide (TiNi) have been most widely used in the fabrica-
tion of mesh implants [4-6]. The core problems of known
implanted devices are due to the biomedical properties
of the material [7, 8]. The material introduced into the tis-
sues for a long period of time should have the necessary
implantation characteristics, such as biocompatibility, non-
toxicity, resistance to the biological environment and in-
fection, which determines the behavior of the material
in the body. In an attempt to create a universal, areactive
implant, the authors modified already known materials
by changing their compositions and applying various ele-
ments to the surface, but the developments have not yet
found wide application [9, 10]. Most studies focus on the ad-
aptation of the implant in the body at the cellular level,
while attention is paid to physical and mechanical prop-
erties only when it comes to bone replacement. However,
when plasticizing mobile structures, the material must also
possess a number of properties to ensure elasticity, hydro-
philicity, and strength [11]. The vast range of presented im-
plants is due to the lack of a universal material, which forc-
es to continue the search for improving the results of re-
placement and prosthetics of various structures of the tho-
racic and abdominal cavities.

Currently, TiNi-based implants have shown optimal
results, as evidenced by their widespread use in the clin-
ic. The advantages include bioinertness, allowing the sur-
rounding tissues to integrate through the implant
to form a single biomechanical structure with the or-
gan. It has also been found that a passive layer of tita-
nium oxide group is formed on the surface of TiNi alloy,
which functions as a physical barrier to the oxidation
of nickel, making it harmless to the human body and pro-
tecting it from corrosion [12]. And while the material it-

self is well researched and favored and trusted among
today’s practicing surgeons, progress is moving forward,
and more and more new forms of weave and tissue struc-
tures made of TiNi are emerging. One such form is a two-
layer knitted tape made of superelastic TiNi-wires, whose
behavior in tissues and features of its integration require
further study.

THE AIM OF THE STUDY

To study experimentally the morphological features
of tissue integration of two-layer metal knitted TiNi mesh
when replacing thoracoabdominal defects.

MATERIAL AND METHODS

Prototype implants manufactured in the laboratory
of superelastic biointerfaces of National Research Tomsk
State University were used as a material for the study.
The implant is a two-layer tape of low-modulus supere-
lastic TiNi-wires with a diameter of 60 um, woven by knit-
ting technology (Jesi knitting). The study was conduct-
ed on 40 sexually mature male Wistar rats weighing 300-
350 g and aged 2.5-3.0 months. The animals were kept
in the conditions of the Central Scientific Laboratory of Si-
berian State Medical University of the Ministry of Health
of Russia. The study was conducted under the approval
and supervision of the local ethics committee of Siberian
State Medical University of the Ministry of Health of Russia
(minutes No. 732 dd. 10/06/2020), in compliance with in-
ternational and native norms of humane treatment of lab-
oratory animals (Directive 2010/63/EU of the Europe-
an Parliament and of the Council of September 22, 2010
“On the protection of animals used for scientific purposes”;
Order of the Ministry of Health No. 199n dd. April 1,2016
“On approval of rules of good laboratory practice”; Order
of the Ministry of Health of the USSR No. 755 dd. August 12,
1977 “On measures to further improve the organization
of work using experimental animals”) [13, 14]. The experi-
mental animals were divided into two comparison groups:
in Group A (n =20) the defect was replaced using a two-lay-
er metal knitted TiNi tape, in Group B (n = 20) a polypropyl-
ene mesh implant was used. The choice of polypropylene
mesh implant as a comparison group is due to the most fre-
quent use of the material in the clinic for prosthetic de-
fects localized in the thoracoabdominal areas. Preoperative
preparation, surgery, anesthetic management, and postop-
erative management were similar in all animals. All surgical
interventions were performed using zoletil-xylanite anes-
thesia according to the following scheme: zoletil 3 mg/kg
intramuscularly (i. m.), xylanite 8 mg/kg i. m., atropine sul-
fate 0.1 % solution — 0.1 ml/kg subcutaneously. After an-
esthesia, the animals were placed and fixed on the op-
erating table in supine position with tissue ties. The skin
was treated with antiseptic solution and dried with a ster-
ile gauze pad. The surgical site was delineated with a ster-
ile disposable sheet.
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The surgery technique. Surgical intervention
was started with a midline incision on the anterior abdom-
inal wall with a transition to the chest wall (incision length
was 3-4 cm), skin flaps and subcutaneous tissue were mobi-
lized, the musculofascial and aponeurotic flap of the anteri-
or abdominal wall was dissected, and the processus xiphoi-
deus and cartilaginous fragments of the arcus costalis were
resected extrapleurally. As a result, a 2 X 3 cm postresec-
tion defect was formed. The endoprosthesis was cut indi-
vidually according to the shape of the defect with an allow-
ance for its edge. Fixation was performed around the pe-
rimeter using a continuous suture with 4/0 polypropylene
monofilament. When the needle was passed, the animal
tissue along the defect line and the edge of the endopros-
thesis were captured in the suture. The implant was fixed
directly to the chest wall at the level of the resected pro-
cessus xiphoideus and arches of the ribs. The surgical ac-
cess was sutured layer by layer, tightly with polyglycolide
(PGA) 4/0 thread on an atraumatic needle. In the postop-
erative period, prophylaxis of wound infection by antibac-
terial therapy with ceftriaxone 25 mg/kg per day was per-
formed for 7 days.

Animals were excluded from the experiment
at days 14, 30, 60 and 90 after surgery by overdose
of drugs used for anesthesia. After euthanasia, the abdo-
men and thorax of the animal were opened with a linear
incision, and revision was performed. The implanted met-
al knitted mesh was dissected with the surrounding tis-
sues, macroscopic structural features at the place of im-
plant fixation to the tissues and at the areas of contact
with the underlying organs were studied; the inflammato-
ry process was evaluated. The obtained material was fixed
in 10 % neutral formalin, embedded in paraffin, 5 um thick
sections were made and the preparations were stained
with hematoxylin and eosin and Van-Gieson for connec-
tive tissue. Examination and microphotography were per-
formed on an AxioLab.A1 microscope (Carl Zeiss Micros-
copy GmbH, Germany) with an AxioCamERc 5s video cam-
era (Carl Zeiss Microscopy GmbH, Germany) and AxioVi-
sion Rel. 4.8 software (Carl Zeiss Microscopy GmbH, Ger-
many). The features of tissue integration through the metal
knitted mesh were evaluated by analytical scanning elec-
tron microscope. For this purpose, after preliminary fixa-
tion in 10 % neutral formalin solution, tissue fragments
with implanted samples of the investigated materials
were dissected. After freeze drying, the indicated sam-
ples were placed on conductive carbon tape in the elec-
tron scanning microscope chamber of Teskan Mira (Tes-
can Orsay Holding, Czech Republic).

RESULTS

The mean duration of surgery in Group A was 20.4 + 3.2
min and in Group B was 21.2 + 2.9 min. There were no sta-
tistically significant differences in terms of operation time
in the groups. The animals were monitored throughout
the experiment until the time of elimination. Decreased ap-
petite and activity were clinically noted on the first day af-

ter surgery. On the day 2 after surgery, all animals had nor-
malized motor performance and increased appetite. No in-
traoperative complications were noted; in both groups the
surgical wound healed with primary tension, without signs
of inflammation. During the growth of the animals at the
standard weight gain after 30 days in four cases in Group B
the occurrence of deformation at the place of implant fix-
ation to the thoracic wall was noted; in one case the defor-
mation area was located along the lateral edge of the ab-
dominal wall. Among the animals of Group A no such chang-
es were recorded.

Results of macroscopic examination. During
macroscopic evaluation of the changes after the ani-
mals were eliminated from the experiment, it was noted
that the deformation of the endoprosthetic zone record-
ed in the animals of Group B was due to hernia defects.
The ligatures providing fixation of the implant to the car-
tilaginous parts of the ribs and in one case to the abdom-
inal wall tissues were observed. A hernia sac containing
omentum and loops of intestine was formed in the ani-
mals, in which one of the walls was represented by an im-
plant.In addition, a significant adhesion between the walls
of the sac and its contents drew attention. Among all ani-
mals in Group B, adhesions were recorded in 12 (60 %) cas-
es and occurred after 14 days of experiment. The most
frequent adhesions were located between the omentum
and the implant fixation line, interintestinal adhesions
were less frequent. The endoprosthetic area was character-
ized by stiffness, unevenness of the surface; there was a no-
ticeable roll of scar tissue of various maturity levels along
the implant fixation line, crawling along the edges on the
inner surface of the mesh. In Group A, no hernia defects
were detected in the endoprosthetic zone, adhesions
were recorded in 3 (15 %) cases. Loose single adhesions
were located between the omentum and the site of fix-
ation of the mesh to the thoracic wall; no interintestinal
adhesions were found. The endoprosthetic area was char-
acterized by elasticity and was easy to deform. Starting
from the day 74 of the experiment, the occurrence of a thin
tissue film on the inner surface of the mesh was noted,
evenly filling the pores of the mesh material, which hard-
ly allowed to separate the implant from the tissue graft.

Results of histological examination. Atthe histolog-
ical examination on the day 74 at the operation site in both
groups there were still signs of acute inflammatory reac-
tion manifested by infiltration with neutrophilic leukocytes,
lymphocytes and macrophages; at that, in Group B the in-
filtration phenomena were more pronounced, the cells
were concentrated not only around the mesh elements,
but also diffusely. In Group A, the inflammatory infiltration
was predominantly lympho- and macrophagal, and sin-
gle neutrophils were found only near the mesh elements.
A granulation tissue consisting of thin collagen fibers, small
blood vessels and cellular elements, mainly fibroblasts, lym-
phocytes and macrophages, was formed between the mesh
and the adjacent layers of the anterior abdominal wall mus-
cles (Fig. 1). In both groups, edema was observed in the en-
domysium of the skeletal muscles in contact with the im-
plants located in separate visual fields.

247



a b
FIG. 1.
a - granulation tissue around muscle fibers 14 days after implantation of the titanium nickelide metal knitted mesh. b — vessels and cellular
elements (lymphocytes, macrophages, fibroblasts) of granulation tissue after implantation of titanium nickelide metal knitted mesh. Hae-
matoxylin and eosin staining. Magnification x400 (a), X600 (b)

FIG. 2.
Tissue graft 30 days after implantation of the polypropylene mesh. Haematoxylin and eosin staining. Magnification x400

FIG. 3.
The tissue graft 30 days after implantation of titanium nickelide metal knitted mesh. Haematoxylin and eosin staining. Magnification x400
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By the day 30 in both groups, the number of leukocytes
in the infiltrate decreased and the number of fibroblasts in-
creased, while the granulation tissue on the implant sur-
face differed only in the degree of maturity. In Group B, ar-
eas of neutrophil aggregation persisted and collagen fib-
ers were located along the mesh elements, the orientation
was indistinct (Fig. 2).

In Group A, the number and thickness of collagen fib-
ers increased, as a result of which they acquired a charac-
teristic orientation along the TiNi strands and formed bun-
dles, repeating the structure of the implant (Fig. 3). Growth
of fibrocartilaginous tissue was observed along the edge
of the resected cartilages.

On the day 60 in Group B there were still signs of ede-
ma and body response to foreign tissue, manifested by ar-

a
FIG. 4.

eas of lymphocyte and macrophage accumulation (Fig. 4a).
In Group A, a graft of mature connective tissue formed
around the implant (Fig. 4b).

In Group A, fibroblast growth was observed through
the mesh knitted structure of the nickelide-titanium implant
with tissue graft filling the thread pores (Fig. 5).

By the end of the study, a capsule of mature connec-
tive tissue was formed around the implants in both groups,
which in Group B was characterized by the presence of are-
as of granulation tissue at the place of contact with the im-
plant. In Group A the connective tissue capsule had a less
pronounced thickness with the phenomena of filling with fi-
broblasts and collagen fibers of the implant mesh structure.
The organ-specific differentiation of the tissues of the newly
formed graft was observed along the implant fixation line.

b

a - loose connective tissue between muscle fibers of the abdominal wall 60 days after the implantation of polypropylene mesh. b — mature
connective tissue around the muscle fibers of the graft 60 days after the implantation of titanium nickelide metal knitted mesh. Haematox-

ylin and eosin staining. Magnification x400

FIG. 5.

Fibroblasts filling the mesh structure of the nickelide-titanium implant on day 60 of the experiment. Haematoxylin and eosin staining. Mag-

nification X600
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Mature connective tissue is visible between the muscle fib-
ers. Muscle buds were observed at the site of muscle fiber
incision as a manifestation of elements of skeletal muscle
fiber regeneration.

Electron microscopy results. The study of prepa-
rations using electron microscopy in Group B indicated
the absence of strong bonds between the connective tis-
sue graft and the polypropylene mesh. The cells, as well
as intercellular elements, were accommodated in the form
of adense roll around the perimeter of the implant with ar-
eas of crawling on the implant along the smooth filaments,
ending with the intertwining of fibers to form a roll (Fig. 6).
The integration of tissue elements through the mesh struc-
ture of the implant was not observed.

FIG. 6.

Group A showed a different microscopic pattern from
day 14 onwards. The formation of connective tissue regen-
erate began at the areas of intersection and contact of TiNi-
filaments as clusters of fibroblasts and bundles of collagen
fibers forming plexuses of various types (Fig. 7). The surface
of the tissue graft acquired a reticulated shape, repeating
the contour of the implant. By the day 30 collagen fibers
and fibroblasts in some areas completely filled the pores
of the two-layer implant.

By the day 90 after surgery in Group A, the strength
of the implant connection with the thoracic wall tis-
sues increased significantly. At the level of the remaining
ends of the resected cartilages, a roll was formed consist-
ing of the formed fibrocartilaginous tissue, the embryo

The formation of a cell roll along the polypropylene filaments in Group B on day 14. Scanning electron microscope. Magnification X350

FIG. 7.

Formation of connective tissue graft in Group A on day 14. Scanning electron microscope. Magnification X350
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of which is the remaining supracartilage of the arcus cos-
talis. It is observed that the cartilaginous tissue intimately
adjoins and as if “crawls” as a part of the connective tissue
graft on the implant surface, and the special form of fusion
in this area due to the intertwining and sprouting of the di-
rected connective tissue bundles through the mesh struc-
ture provides the stability and strength of the connection.
In Group B no such effect was observed: fibrous cartilagi-
nous tissue formed a regenerative roll and fixed the implant
by means of a connective tissue bridge.

DISCUSSION

Choosing an endoprosthesis to replace complex body
areas, especially those such as thoracoabdominal junc-
tions, is challenging. For the replacement of small pro-
lapses it is possible to use any type of endoprosthesis
or enough own tissues, it is much more difficult to find
an effective material for the elimination of extensive de-
fects in which the edges are represented by different ana-
tomical structures and tissues [15-17]. Advanced technol-
ogies in the development of medical-grade materials have
increased the level of demands being imposed on the bi-
omechanical properties of the material, namely the ability
to withstand the varying load applied to the implant. Such
a capability determines its functionality and affects imme-
diate and long-term results. The difference in the stress-
strain state between the implant and the body tissues
causes complications manifested as hernia defects. In our
study, no such complications were observed in Group A,
which is determined by the extensibility of the tissue
- implant complex. Such an effect, with its high tensile
strength, plays an important role when the body area in-
creases, as for example, when the patient gains excess
weight or grows the body. However, despite all the physi-
cal and mechanical advantages, biocompatibility is the de-
cisive factor when selecting a material as a bioprosthesis
for defect replacement in humans.

The main task of any mesh implant is to become
the basis for connective tissue graft, and in the absence
of biocompatibility properties, its physical and mechan-
ical qualities will not allow it to unfold. If the quanti-
ty and quality of collagen fibers depend on the bio-
compatibility properties during the formation of tissue
graft, such parameters as the structure and thickness
of the thread as well as the size of the weave mesh play
a key role in the fixation of the implant and determine
the risk of hernia defects. The results of our study convinc-
ingly prove that smooth surface architecture is not a fa-
vorable condition for the formation of a tissue graft unit-
ed with the implant, preventing cell adhesion and reduc-
ing the overall biocompatibility. Such conditions cause
the body to react to the implant as a foreign body, result-
ing in the formation of keloids, chronic pain syndrome
and hernia defects. Similar behavior was demonstrated
in the polypropylene mesh group in the form of long-
lasting inflammation around the implant, stimulating
the growth of excess connective tissue, isolating the im-
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plant in the body. At the same time, in Group A, the po-
rous structure of the filament and the two-layer nature
of the TiNi implant favored cell proliferation. This mani-
fests itself as a cellular response to surface topography
and is a primary feature of the formation of many tis-
sues. In addition, the rough structure allows fibroblasts
from the implant surface to be integrated into the bilay-
er structure, forming a single tissue graft that has elastic
properties with an optimal safety margin.

CONCLUSION

Experimental administration of an endoprosthesis
made of two-layer TiNi knitted mesh has shown promis-
ing results. In the group that used the polypropylene im-
plant, more hernia defects were observed and adhesions
were more frequently observed. In addition, the body re-
sponse induced by the implanted polypropylene prosthe-
sis was characterized by more pronounced fibrosis, and tis-
sue integration through the mesh structure of the im-
plant was not observed. The porous structure of the TiNi-
wire and the biomechanical and biochemical properties
of the two-layer knitted mesh provide optimal integra-
tion of the endoprosthesis in the body tissues and contrib-
ute to the formation of an elastic framework close to the
natural one. two-layer TiNi knitted mesh in the replace-
ment of complex structures of the thoracoabdominal area
has shown promising preliminary results, which opens pros-
pects for further clinical studies, including the use of meth-
ods of evaluative morphometry.
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ABSTRACT

Background. Mortality from acute myocardial infarction with ST-segment eleva-
tion in cardiac hospitals ranges from 4.5 to 7 %, and these data has not decreased
in recent years. The most common cause of death in patients is cardiogenic shock,
the likelihood of which directly depends on infarct size. It is quite clear that there
is an urgent need to create drugs to limit the size of infarction and prevent the oc-
currence of cardiogenic shock.

The aim. To evaluate the role of reactive oxygen species and redox-sensitive pro-
tein kinases in the infarct-limiting effect of opioid peptide deltorphin Il in cardiac
reperfusion in rats.

Materials and methods. Coronary occlusion (45 min) and reperfusion (120 min)
were performed in rats anesthetized with a-chloralose. The selective &,-opioid recep-
tor agonist deltorphin Il, a hydroxyl radical scavenger 2-mercaptoprpionyl glycine
(2-MPG), a superoxide radical scavenger tempol, the protein kinase CS (PKCS) inhibitor
rottlerin, the PI3-kinase inhibitor wortmannin, the inhibitor of ERK1/2 kinase PD98059
were injected before of reperfusion of the heart.

Results. Deltorphin Il contributed to a two-fold decrease in infarction size. Injection
of 2-MPG, tempol, rottlerin, wortmannin, PD98059 alone had no effect on infarction
sizein rats. 2-MPG and tempol did not affect the infarction-reducing effect of deltor-
phin Il. Rottlerin, wortmannin, and PD98059 eliminated the cardioprotective effect
of deltorphin Il.

Conclusion. The infarction-reducing effect of deltorphin Il does not depend
on the production of superoxide radical and hydroxyl radical. Superoxide radical
and hydroxyl radical do not play a significant role in reperfusion injury of the heart
after coronary occlusion (45 min). PKCS, PI3-kinase, and ERK1/2 kinase are involved
in the infarct-limiting effect of deltorphin Il in myocardial reperfusion.

Key words: heart, ischemia, reperfusion, opioid receptors, reactive oxygen species,
kinases

For citation: Popov S.V.,, Mukhomedzyanov A.V,, Sirotina M., Kurbatov B.K,, Azev V.N.,
Sufianova G.Z., Khlestkina M.S., Maslov L.N. The role of reactive oxygen species and
redox-sensitive protein kinases in the infarct-limiting effect of opioid peptide deltorphin I
in cardiac reperfusion in rats. Acta biomedica scientifica. 2023; 8(2): 254-262. doi: 10.29413/
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PE3IOME

O6ocHosaHue. CMepmHOCMb 0OM 0CMPO20 UH(APKMa Muokapoa ¢ No0vEMom
ceameHma ST 8 Kapouosio2u4yeCcKUX cmayuoHapax cocmassasem om 4,5 0o 7 %,
U 8 nocsie0HuUe 2006l 5Mom nNoKasameJib He CHUXdemcs. Haubosnee yacmou npu-
yuHoU eubenu nayueHmMos A8/19emcs Kapouo2eHHbIU WOK, 8epOSAMHOCMb 803-
HUKHOBEHUA KOMOp020 HANpAMYIO 3agucum om pasmepa UHgapkma. BnosiHe
04YesUOHO, YMO HA3pesid HacmosamesibHas Heobxo0UMOCMb 8 CO30aHUU npena-
pamos, 02paHuHuBaWUX pazmep UHapKkma u npedomaspaujarolyux nosgeHue
Kapouo2eHHO020 WOKQ.

Lenob uccnedoeaHusa. OueHUMb posib AKMUBHbIX (hOpM KUCI0p00d U pedoKcC-
uygcmeumesibHbIX NPOMEUHKUHA3 8 UHGapKm-1uMumupyouem 3¢gpgpekme onu-
oudH020 nenmuda deslemopgpuHa ll npu penepgysuu cepoya y Kpewic.
Mamepuansi umemoosbl. KopoHapookkmo3uio (45 muH) u penepgpysuto (120 MuH)
80CNPOU3BOOUSIU Y KPbIC, HAPKOMU3UPOBAHHbIX a-xs10pasio3ol. [leped penepgy-
3ueli XUBOMHbIM 8800UJU: CeIEKMUBHBIU d20HUCM 6.,-0NUOUOHbIX peyenmopos
OestbmopdpuH I, «/108yWKY» 2UOPOKCUbHBIX PAOUKAI08 2-MepKanmonpnuoHUJI
2NIUYUH (2-MITr), «08ywKy» cynepoKCUOHbIX padukasos memnos, uHaubumop
npomeuHkuHasel C6 (IMKCS) pommanepuH, uHaubumop PI3-KUuHA36l BOPMMAHHUH,
uHeubumop ERK1/2 kuHazwel PD98059.

Pesynemamel. [JenomopguH Il cnocobcmeosasn 08ykpamHoMy yMeHbUeHUo
pasmepa uHgapkma. iHsekyus kpsicam o0Ho20 2-MI1I, memnosna, pommyiiepuHa,
80pMMAaHHUHa, PD98059 He snusna Ha pasmep uHgapkma. 2-MI1I u memnon
He 8/1UA/IU HA UHapkm-numumupytowul 3¢pgekm densmopguHa Il. Pomm-
JiIepuH, BOpMMAHHUH u PD98059 ycmpaHsanu kapouonpomekmopHbil 3¢h¢ekm
deslemopgpuHalll.

3akmoyeHue. VHpapkm-numumupyoujuli 3hpekm denemopguHa ll He 3asucum
oM nNpoOyKYUU CynepoKCUOHO20 paduKasa u 2u0poKCcUIbHO20 padukand. Cynepok-
CUOHbIU padukasn u 2uOPOKCUSbHbIU padukas He ueparm cyujecmseHHoOU posu
8 penepy3UOHHOM nospex0eHuUU cepoyd Nocsie KOPOHAPOOKKIO3UU (45 MUH).
[KC6, PI3-kuHa3a u ERK1/2 kuHaza sossiedeHsl 8 UH(hapkm-numumupyoujuli
3¢hghekm denomopepuHa Il npu penepghy3uu muokapoa.

Kniouesnle cnoea: cepoye, uwemus, penepgy3us, onuouOHble peyenmopei,
akmueHble (hopMbl KUCJI0p00d, KUHA3bI

Ona yntnposaHua: MNonos C.B., MyxomeasaHos A.B., CupoTtuHa M., Kypb6aTos B.K.,
Azes B.H., CydumaHosa I'3., XnéctkmHa M.C., Macnos J1.H. Ponb akTuBHbIx $popm Kucno-
pofa v pefoKCc-4yBCTBUTENbHBIX NMPOTEUHKMHA3 B MHbapKT-nuMuTHpyowem 3ddekte
onvougHoro nentuga genstopouHa Il npu penepdysun cepaua y Kpbic. Acta biomedica
scientifica. 2023; 8(2): 254-262. doi: 10.29413/ABS.2023-8.2.25
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INTRODUCTION

Mortality caused by acute myocardial infarction
with ST-segment elevation in cardiological hospitals rang-
es from 4.5 % to 7 %, and in recent years this indicator
has not decreased [1-3]. The most common cause of patient
death is cardiogenic shock [4], the likelihood of which is di-
rectly related to the size of the infarct [5, 6]. Primary percu-
taneous coronary intervention provides almost 95 % reca-
nalization of the infarct-related coronary artery [7], however,
this still results in patients dying. One of the leading causes
of death is reperfusion injury to the heart. It is quite obvious
that there is an urgent need to develop drugs that can limit
the size of the infarction and prevent the occurrence of car-
diogenic shock.

According to our data, opioids have the ability to im-
prove myocardial pumping function during cardiac reper-
fusion [8]. The opioid peptide deltorphin Il is able to reduce
the size of myocardial infarction when administered intra-
venously before reperfusion [9]. The infarct-limiting effect
of this peptide has been found to be related to the activa-
tion of peripheral 62—opioid receptors (ORs) [9]. The intra-
cellular signaling mechanism of the cardioprotective ef-
fect of deltorphin Il has not yet been studied. It is general-
ly accepted that mitochondrial K+channels (mitochondri-
al K*channels (mitoKATP-channeIs) are the ultimate effector
of the infarct-limiting effects of pre- and postconditioning
[10, 11]. We have observed that the cardioprotective ef-
fect of deltorphin Il is independent of the mitoK,, chan-
nel, but is mediated by activation of the sarcolemmal Karp
channel (sarcK,pp channel) [12]. In what way is the intracel-
lular signal transmitted from 6,-OR to the sarcK,, chan-
nel? We hypothesized that the role of intracellular messen-
gers providing increased cardiac tolerance to reperfusion
may be claimed by reactive oxygen intermediates (ROIs).
What was this hypothesis based on?

In the 80s of the twentieth century, the prevailing as-
sumption was that free radicals and ROlIs play an exclu-
sively negative role in cardiac reperfusion injury [13, 14].
Now a similar perspective is being held by some of the re-
searchers [15-17]. The findings that free radical produc-
tion in the myocardium increases manifold at the time
of reperfusion compared to the preceding ischemic pe-
riod were in favor of this view [18-20]. This perspec-
tive was supported by evidence of the infarct-limiting
effect of antioxidants [21-23]. However, in these stud-
ies, antioxidants were generally used at high dosages
that allow them to interact not only with free radicals
but also with other molecules. As an example, the hy-
droxyl radical (OH) "scavenger" 2-mercaptopropyl-glycine
(2-MPG; 20 mg/kg) [24, 25] at a dose of 70 mg/kg inject-
ed intravenously can interact with peroxynitrite [26],
and at a dose of 100 mg/kg limits the size of myocardial
infarction by 2-MPG [27]. Consequently, the cardiopro-
tective effect of 2-MPG may not be dependent on a de-
crease in "OH levels in myocardial tissue.

In the 90s of the XX century, the perception that free
radicals and ROIs can not only be damaging but also pro-
tect the myocardium from the pathogenic effects of is-
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chaemia and reperfusion was gradually formed. 2-MPG
was found to eliminate the infarct-limiting effect of is-
chaemic preconditioning [11]. We have obtained evidence
that ROIs play a key role in the cardioprotective effect of hy-
poxic preconditioning [28]. Free radicals and ROIs play
the role of signaling molecules that activate redox-sen-
sitive enzymes, primarily kinases [29]. For example, ROIs
increase the activity of: protein kinase C (PKCS and PKCeg),
PI3-kinase, and ERK1/2-kinase [29]. These kinases provide
cardiac resistance to ischaemia and reperfusion [10]. There
are reasons to believe that the role of such activators of ki-
nases is claimed by: *OH, superoxide radical (O ) and hy-
drogen peroxide [29].

THE AIM OF THE STUDY

To evaluate the role of reactive oxygen intermediates
(ROlIs) and redox-sensitive protein kinases in the infarct-lim-
iting effect of the opioid peptide deltorphine Il during car-
diac reperfusion in rats.

MATERIALS AND METHODS

The study was performed on 144 male Wistar rats
weighing 250-300 g. All procedures related to the hous-
ing and use of animals were undertaken in compliance
with the European Parliament and Council of the European
Union directives (2010/63/EU) governing the use of animals
for scientific purposes. The study was approved by the Ethi-
cal Committee of the Cardiology Research Institute — branch
of the Tomsk National Research Medical Center of the Rus-
sian Academy of Sciences (protocol No. 207 of 23.12.2020).

The animals were anesthetized with intraperitoneal
administration of a-chloralose (60 mg/kg, intraperitoneal;
Sigma) and connected to a SAR-830 Series artificial lung
ventilation apparatus (CWE Inc., USA). Coronary occlu-
sion (45 min) and reperfusion (120 min) were performed
according to the method of J.E. Schultz et al. [30]. This
procedure was performed by thoracotomy at the level
of 2-3rd ribs and a ligature was applied to the left coro-
nary artery a few millimeters below its exit from the aor-
ta. After 45 minutes of ischemia, the ligature was removed
to resume coronary blood flow. BP was recorded using
a SS13L pressure-sensing means (Biopac System Inc., Go-
leta, USA) paired with an MP35 electrophysiological study
device (Biopac System Inc., Goleta, USA). Blood pressure
was measured by cannulation of the right carotid ar-
tery using a SS13L pressure-sensing means (Biopac Sys-
tem Inc., Goleta, USA) paired with an MP35 electrophys-
iological study device (Biopac System Inc., Goleta, USA)
and a personal computer. This device was also used to reg-
ister an electrocardiogram. After reperfusion, the heart
was then removed from the thorax (chest) and flushed
retrogradely through the aorta with physiological saline.
To determine the area at risk (AAR), the ligature was re-
tightened and the myocardium was stained by jet staining
through the aorta with 5 % potassium permanganate. My-



ocardium subjected to ischemia-reperfusion is common-
ly referred to as the AAR. After being washed with phys-
iological saline, 1 mm thick heart slices were made per-
pendicular to the longitudinal axis using an HSRA001-1
slicer (Zivic Instruments, USA). Visualisation of the necro-
sis zone from the area at risk was performed by staining
with 1 % solution of 2,3,5-triphenyl tetrazolium chloride
over a period of 30 minutes at 37 °C. The method is based
on the ability of 2,3,5-triphenyl tetrazolium chloride to ac-
quire a persistent colour when changing from the oxi-
dized state to the reduced state under the action of de-
hydrogenases. Since no dehydrogenases were observed
in the dead cardiomyocytes, the necrotic myocardium
was not stained. After staining was completed, the slic-
es were placed in 10% formaldehyde solution for 1 day.
Slices were scanned on both sides using an HP Scanjet

TABLE 1

G4050 scanner. The size of the AAR and infarct size (IS)
were determined by computerised planimetric method.
The size of the infarct size was expressed as a percent-
age of the size of the hypoperfusion zone (area at risk)
as the IS/AAR ratio.

Blockers were administered intravenously 10 min be-
fore reperfusion, and deltorphin Il was administered 5 min
before reperfusion. Each experimental group consisted
of 12 specimens. Animals injected with physiological solu-
tion were included in the control group.

The following pharmacological agents were used
in the experiment: 6,-OR selective agonist deltorphin Il -
at a dose of 0.12 mg/kg [9]; hydroxyl radical "scavenger"
2-MPG - at a dose of 20 mg/kg [24]; superoxide radical "scav-
enger" tempol —at a dose of 30 mg/kg [31]; protein kinase C6
(PKCS) inhibitor rottlerin — at a dose of 0.3 mg/kg [32]; PI3-ki-

HEART RATE (BEATS/MIN) AND SYSTOLIC BLOOD PRESSURE (MMHG) IN RATS WITH CORONARY OCCLUSION (45 MIN)

AND REPERFUSION (120 MIN), Me [25%; 75%]

Before reperfusion

After 2 hours
of reperfusion

After 30 minutes
of reperfusion

Group Before ischemia
Monitoring 367 [363; 371]
Deltorphine Il 364 [358; 369]
2-MPG 361 [358; 366]
Tempol 356 [351; 362]
Rottlerin 370 [364; 374]
Vortmannin 360 [356; 365]
PD98059 363 [359; 368]
Monitoring 124 [121;127]
Deltorphine Il 121[117;125]
2-MPG 125[122;129]
Tempol 120[116; 124]
Rottlerin 125[123;129]
Vortmannin 126 [122; 130]
PD98059 128[124; 132]

Heart rate

360 [358; 369]

358 [353; 364]

357 [352;361]

351[347;355]

365 [360; 369]

354 [349; 360]

356 [352; 359]

Systolic blood pressure

121[117;125]

120[118;122]

122[119; 126]

116 [113;121]

122[119; 124]

121[119; 126]

124 [120; 128]
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354 [347; 360]

352[348; 355]

353 [349; 358]

347 [344; 352]

358 [352; 363]

350 [345; 354]

352 [346; 358]

118[113;121]

116 [111;119]

119[114; 123]

113[110; 117]

117 [113;120]

117 [114;122]

120 [116; 125]

346 [340; 351]

343 [338; 348]

342 [337; 346]

339 [334; 343]

350 [343; 356]

340 [334; 345]

345 [341; 351]

114 [109; 118]

112[107;116]

115[111;119]

107 [105; 112]

111[108; 115]

113[110; 117]

114 [109; 118]



nase inhibitor wortmannin - at a dose of 0.025 mg/kg [33];
ERK1/2 kinase inhibitor PD98059 - at a dose of 0.5 mg/kg [34].

Deltorphin I, 2-MPG, and tempol were dissolved in 0.9%
NaCl, and the other inhibitors were dissolved in a mixture of
DMS0/20% B-hydroxypropyl-cyclodextrin (1:9). As our pre-
liminary experiments have demonstrated, a similar mixture
that was infused at a dose of 1 ml/kg had no effect on in-
farction size.

Deltorphin Il has been purchased from PolyPeptide Lab-
oratories (USA), 2-MPG and rottlerin from Sigma-Aldrich
(USA), tempol from Tocris (UK), wortmannin and PD98059
from LCLabs Company (USA).

Statistical data processing was performed with the use
of “Statistica 13.0” software packages (StatSoft Inc., USA).
The obtained data were verified for normality of distribu-
tion using the Shapiro-Wilk criterion; distributions that dif-
fered from normal were analyzed using the nonparamet-
ric Mann — Whitney criterion. Differences were considered
statistically significant at p < 0.05. The results of all exper-
iments are presented in the form of median and quartiles
(Me [25 %; 75 %]).

RESULTS AND DISCUSSION

We have revealed that coronary occlusion and reperfu-
sion as well as the selective 8,-OR peptide agonist deltor-
phine Il do not affect hemodynamic parameters (Table 1),
which corresponds to our published data [9].

Rottlerin, wortmannin, PD98059, tempol, and 2-MPG
also had no effect on hemodynamic parameters among rats
with coronary occlusion and reperfusion (Table 1). The 62-OR
agonist deltorphinell caused a two-fold reduction in the in-
farct size (Fig. 1).

ISIAAR, %
60 : 2

55} # #
50}
45}
40t *
35}
30t
25}
20t
15}
10

FIG. 1.

The role of reactive oxygen species, the protein kinase C9, the PI3-ki-
nase, and the ERK1/2 kinase in the mechanism of the cardioprotec-
tive effect of deltorphin Il (Me [25%; 75%]). Groups: 1 - control;

2 —deltorphin II; 3 - deltorphin Il + 2-MPG; 4 - deltorphin Il + tem-
pol; 5 - deltorphin Il + rottlerin; 6 — deltorphin Il + wortmannin;

7 — deltorphin Il + PD098059. * - p < 0.05 vs control; * — p < 0.05 vs
deltorphin Il

Injection of the PKCS inhibitor rottlerin alone, the PI3-
kinase inhibitor, or the ERK1/2-kinase inhibitor PD98059
had no effect on infarct size (Fig. 2).

ISIAAR, %
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FIG. 2.

The effect of reactive oxygen species, inhibitors the protein kinase
C6, the PI3-kinase, and the ERK1/2 kinase on infarct size as percent-
age of the area at risk after a 45-min ischemia and a 120-min reper-
fusion (Me [25%; 75%]). Groups: 1 - control; 2 — 2-MPG;

3 —tempol; 4 - rottlerin; 5 — wortmannin; 6 - PD098059

Consequently, these kinases are not involved in the for-
mation of myocardial infarction in rats. An administration
of the "scavenger" "OH 2-mercaptopropionyl glycine or in-
jection of the "scavenger" O ,-* tempol also did not affect
necrosis focus formation during cardiac reperfusion (Fig. 2).
These data indicate that ‘OH and O ,-" are not involved
in the pathogenesis of cardiac reperfusion injury.

We hypothesized that ‘OH and O ,-* do not damage
the heart, but may increase cardiac resistance through ac-
tivation of one of the isoforms of protein kinase C. PI3-ki-
nase and ERK1/2-kinase may be involved in the cardiopro-
tective effect of 6,-OR agonist. Actually, we have previously
observed that the infarct-limiting effect of deltorphin Il is as-
sociated with the activation of protein kinases from group
G the inhibitor of all PKCisoforms chelerythrine eliminated
the cardioprotective effect of the named peptide [12]. PKCs
are known to be activated by ROIs [29], so it was reasonable
toassume that ROIs are involved in the infarct-limiting effect
of deltorphine Il. However, it turned out that the "scavenger"”
"OH 2-mercaptopropionyl glycine or the "scavenger" O ,-*
tempol did not affect the deltorphin-induced increase
in cardiac reperfusion tolerance (Fig. 1). Consequent-
ly, O ,- and ‘OH are not involved in the signaling mecha-
nism of the protective effect of deltorphin Il. It is possible
that the activator of PKC and other redox-sensitive kinas-
es is hydrogen peroxide, which is involved in intracellular
and intercellular signaling [29].

Protein kinase C, PI3-kinase and ERK1/2-kinase are in-
volved in the infarct-limiting effect of ischemic pre-
and post-conditioning [10, 11]. These findings led us to sug-
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gest that the above kinases are involved in the cardiopro-
tective effect of deltorphin Il. Indeed, the selective PKC&
inhibitor rottlerin was found to completely abolish the in-
farct-limiting effect of the named peptide (Fig. 1). After inhi-
bition of PI3-kinase by wortmannin, we were unable to ob-
serve an infarct-limiting effect of deltorphine Il (Fig. 1). After
the blockade of ERK1/2 kinase with PD98059, we did not re-
cord the cardioprotective effect of the 5,-OR agonist
(Fig. 1). The presented data are consistent with the wide-
spread viewpoint about the important role of protein ki-
nase C, PI3-kinase and ERK1/2-kinase in ensuring the tol-
erance of the heart to the effects of ischemia and reperfu-
sion [10, 11].

CONCLUSION

The presented data evidence that O ,--and "OH are not
involved in the pathogenesis of cardiac reperfusion injury af-
ter 45-minute coronary occlusion. These free radicals are not
intracellular messengers mediating the cardioprotective ef-
fect of deltorphin Il. PKC§, PI3-kinase, and ERK1/2-kinase ap-
pear to play an important role in the formation of deltor-
phine-induced increase in cardiac tolerance to the patho-
genic effects of reperfusion. Activation of the above kinas-
es by deltorphin Il occurs without the involvement of O ,*
and "OH.
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EPIDEMIOLOGY

ABSTRACT

Background. Tuberculosis (TB) infection remains relevant as one of the leading
public health problems in Russia.

The aim. To characterize the dynamics and trends of epidemiological manifesta-
tions of TB infection in the Omsk region.

Materials and methods. An observational descriptive-evaluative epidemiologi-
cal study was carried out in the Omsk region from 2009 to 2021. The data available
in the Federal statistical observation forms NN 7, 8, and 33, and results of the bacte-
riological study of patients with respiratory TB were analyzed.

Results. In the Omsk region, an improvement in the epidemiological situation
was observed from 2009 to 2021. It was associated with a decrease in TB prevalence
by 3.7 times (from 325.6 to 86.7), mortality — by 5.8 times (from 21.1 to 3.6), incidence —
by 2.7 times (from 130.7 to 48.4 per 100,000). At the same time, proportion of mi-
croscopy/culture-positive patients infected with multidrug-resistant Mycobacterium
tuberculosis strains increased from 9.2 to 29.8 % among all patients, and from 15.5
to 30.6 % among newly diagnosed patients. There was a trend towards an increase
in the number of cases with primary extensive drug resistance of M. tuberculosis.
The incidence of tuberculosis associated with HIV infection has increased 10 times
and reached 15.6 per 100,000 population.

Conclusions. Inthe Omsk region, there is a change in the structure of M. tubercu-
losis strains with a predominance of multiple and extensive drug resistance along
with decrease in TBincidence and mortality. New approaches are needed to organize
the system of epidemiological surveillance and control of TB infection.

Key words: tuberculosis, incidence, prevalence, drug resistance, M. tuberculosis,
HIV infection
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PE3IOME

O6ocHosaHue. TybepkynésHas UHpeKyusa CoOXpaHaem C80l0 AKmMyaabHOCMb
KAk 00Ha u3 sedyujux npobsiem obwecmseHHo20 30pasooxpaHeHus Poccuu.
Lenob uccnedosaHusa: xapakmepucmuka OUHAMUKU U meHOeHUyul 3nudemuo-
Jio2uyeckux nposssieHuli mybepkynésHol uHgekyuu Ha meppumopuu Omckou
obnacmu.

Memooel. posedeHo HaboOamesibHoe onUCamesibHO-oUeHOYHoe SNUOeMUo-
Jloeuyeckoe ucciedosaHue Ha meppumopuu Omckol obracmu 3a nepuoo ¢ 2009
no 2021 . iccnedosaHsl 0aHHble cmamucmuy4eckux omyémHoeix gpopm NO 7, Ne 8
u Ne 33, pesynemamesi 6akmepuozpamm 60s16HbIX MybepKy1E3oM.
Pesynemamel. Habno0anoce ynydweHue 3nudemuosioeudeckol cumyayuu,
CB8A3AHHOE C COKpaujeHuem pacnpocmpaHéHHocmu mybepkynésHol uHpekyuu
8 3,7 pasa (c 325,6 8 2009 2 do 86,7 8 2021 2.), cMepmHocmu om my6epkynésa —
8 5,8 paza (c 21,1 0o 3,6 Ha 100 meic. HaceneHus), 3abonegaemocmu — 8 2,7 pasa
(c 130,7 0o 48,4 cnyyas Ha 100 meic. HaceneHus). Bmecme ¢ mem ommeyeHo
usmMeHeHUe CmpyKmypebl CJlyuydes UHpeKkyuU — 8 KOHMuUHzeHme 60s1bHbIX mybep-
Kynésom 0osia bakmepuossidesiumesnet wmammos Mycobacterium tuberculosis
C MHOXecmeeHHoU siekapcmeaeHHoU ycmoudusocmesio (MJ1Y) eo3pocnia 6osee uem
8 3 paza (c 9,2 00 29,8 %), 0o/ 8nepsvble 8bis8IeHHbIX 6bakmMepuosbioeumernel
wmammos c MJ1Y so3pocnac 15,5 0o 30,6 %. OmmeyeHa meHOHUYUS K y8esludeHUo
Ko/iu4decmaa csy4aes ¢ nep8uyHol WUpoKoU 1ekapcmaeHHoU ycmou4yusoCcmoio
M. tuberculosis. 3abonesaemocme mybepkyné3om, couemarHsim ¢ BUY-uHpekyued,
so3pocsna g 10 pas (0o 15,6 ciydas Ha 100 meic. HaceneHusl).

3aknouyeHue. B Omckol obnacmu Habswodaemcsa usMmeHeHUe CMpyKmypel
b6akmepuosbiOesieHUs ¢ npeobnadaHuem MHOXecmeeHHOU U WUpoKoU fiekap-
cmeeHHoU ycmoliyugocmu Ha (hoHe MeHOeHYUU K CHUXeHUo 3abosesaemocmu
U cMepmHocmu HaceneHus om mybepkynésa. Tpebyemca cosepwieHcmeosaHue
OpeaHU3ayuu cucmemsl 3NUOEMUOII02UYeCK020 HA030pa U KOHMPOJIA 3a mybep-
KynésHol uHgpekyued.

Kniouyesnle cnosa: mybepkynés, 3a60/1eeaemocms, pacnpocmpaHEHHOCMS,
nekapcmeeHHas ycmoutyugocme, M.tuberculosis, BUY-uHpexkyus

Ona umtnposBaHma: Koctiokoa W.B., MaceuHuk O.A., Mokpoycos /.B. Snngemmonoru-
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OBJECTIVES

Tuberculosis (TB) infection remains relevant as one
of the leading public health problems. Worldwide, about
10 million new cases of tuberculosis have been reported
annually in recent years, which were 127 (114-140) cases
per 100,000 population in 2020 [1].

The World Health Organization has set a global
goal of eliminating tuberculosis by 2035 [2], and efforts
to improve the system of tuberculosis care and increase
the coverage of the population with measures intended
for preventing care and avoiding the spread of tubercu-
losis have allowed the world community to save an esti-
mated 63 million lives by 2020 [3].

The estimated number of tuberculosis cases in the Eu-
ropean Region of the World Health Organization has been
consistently decreasing since 2000. The average annual
decrease in TB incidence was 5.2 % in the period between
2011 and 2020 and 6.4 % in 2019-2020, which is much high-
er than the global rate of decrease in TB incidence (1.9 %)
and is an example of the fastest rate of decrease worldwide
compared to other regions [4].

The epidemiological situation in the Russian Feder-
ation has improved significantly, with a significant de-
crease in the incidence of tuberculosis among the popu-
lation, which characterises the epidemic situation. How-
ever, the increasing number of patients with multidrug-
resistant and extensively drug-resistant tuberculosis
(MDR/XDR) and HIV infection has an extremely negative
impact [5].

Molecular epidemiological studies conducted in Rus-
sia during the past 20 years emphasize the special role
of the dominant strains of Mycobacterium tuberculo-
sis of the Beijing genetic family, which is characterized
by a generally strong association with multidrug resist-
ance [6, 7]. The results of a study conducted in the Omsk
region made it possible to characterize the genetic di-
versity of M. tuberculosis strains circulating in the region
and also to establish the leading role of the Beijing genetic
family (65.6 %) [8]. In the population structure of the Bei-
jing M. tuberculosis genetic family in the Omsk region,
strains of modern sublineage (86.3 %), in particular clus-
ters 94-32 (60.7 %) and BO/W148 (25.0 %) prevailed [7].
Cluster 94-32 strains were characterized by a high lev-
el of multidrug resistance (53.8 %). The proportion of an-
cient sublineage strains was higher than in other regions
of Russia and amounted to 13.7 %. Particular clinical rel-
evance has been shown for ancient sublineage strains
of genotype Beijing, 52.5 % of which were character-
ized by pre-extensive and extensive drug resistance [7].
Among the dominant strains of modern Beijing sublin-
eage, the BO/W148 and 94-32 clusters can be observed,
in which 33 and 12.4 % of the strains had pre-extensive
and extensive drug resistance [8].

Considering the relevance of the co-epidemic
processes of tuberculosis and HIV infection, criteria
were previously proposed to assess the impact of HIV
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infection on the development of the tuberculosis epi-
demic process. Simultaneous development of epidem-
ic processes of tuberculosis and HIV infection, high ac-
tivity of epidemic processes of both infections with in-
volvement of the general population, as well as pos-
itive statistically significant correlations of incidence
and prevalence rates indicate the integration of the ep-
idemic processes of HIV infection and tuberculosis and
require additional assessment of the quality of preven-
tive and diagnostic measures [9]. Among TB patients
combined with HIV infection, the primary MDR rate
reached 31.3 % in Russian regions with high HIV prev-
alence [10, 11]. Among the deceased patients with co-
morbidities, multidrug resistance represented 40 %,
and the efficacy of treatment of such patients was low
and did not exceed 7.3 % of patients [10].

The aim of this study aimed to describe the dynamics
and trends of epidemiological manifestations of TB infec-
tion in the territory of the Omsk region over a multi-year
period (2009-2021).

MATERIALS AND METHODS

The study is based on the observation of the epidem-
ic process of TB infection in the Omsk region. Retrospec-
tive epidemiological analysis of incidence of tubercu-
losis among the population has been carried out using
data from statistical reporting forms No. 7-TB “Informa-
tion about newly diagnosed patients and relapses of tu-
berculosis disease”, No. 8 “Information about incidence
of active tuberculosis”, No. 33 “Information about tuber-
culosis patients» over the period 2009-2021. Disease in-
cidence and disease prevalence, as well as extensive in-
dicators characterizing the structure of incidence have
been evaluated.

Trends in the development of the epidemic pro-
cess were determined by straight-line equalization
of the dynamic series of indicators using the least
squares method and calculation of the coefficient of de-
termination (R2).

Bacteriological examination of patients, determination
of the sensitivity spectrum of isolated Mycobacterium tu-
berculosis strains to the anti-tuberculosis drugs was car-
ried outin accordance with the standard procedure of mi-
crobiological examination [12].

To compare demographic and clinical and ep-
idemiological characteristics of two cohorts of pa-
tients newly diagnosed in 2009 (n = 2638) and in 2021
(n=922),the PR prevalence ratio and its confidence in-
tervals (Cl) were calculated. Among the factors evaluat-
ed were gender, age, place of residence, clinical form
of the disease, HIV status, massiveness of bacteriuria,
and drug resistance pattern observed in patients dis-
charging bacteria.

Data analysis was performed using Microsoft Of-
fice 2010 application (Microsoft Corp., USA).



RESULTS

The dynamics of TB infection prevalence in the Omsk
region was characterized by a pronounced trend to-
wards a decrease in the number of cases. The TB prev-
alence rate decreased by 3.7 times (from 325.6 in 2009
to 86.7 in 2021), and the patient cohort under follow-up
medical care included 1,651 patients at the beginning of
2022 (Fig. 1). It should be noted that in the last two years
the number of TB patients has not significantly changed,
in 2020 the prevalence rate decreased by 24.3 % as com-
pared to 2019 and amounted to 84.3 per 100 thousand
population, and in 2021 it increased by 2.8 %.

The multi-year dynamics of tuberculosis incidence
in population have had a similar trend, in 2021 the low-
est incidence rate was observed (48.4 per 100,000 popu-
lation), which is 2.7 times lower than in 2009 (2,638 cases),
and 1.7 times lower than the average annual rate (83.9 cas-
es per 100,000 population).

The mortality rate of the population caused by tubercu-
losis decreased 5.8 times, from 21.1 cases per 100,000 popu-
lation (n =289) to 3.6 (n =68) cases per 100,000 population.

The incidence of bacteriologically proven tubercu-
losis decreased less intensively; thus, during the ana-
lysed period, the incidence of bacillary forms of tubercu-
losis decreased from 47.4 to 26.3 cases per 100,000 popu-
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lation, while the average annual rate was 38.7 cases
per 100,000 population (Fig. 2).

The epidemic process of tuberculosis in the Omsk re-
gion was characterized by a number of qualitative changes.
Thus, since 2009, the proportion of MDR bacterial excretion
in the structure of bacteriological excretion among new-
ly diagnosed TB cases has doubled from 13.1 % to 26.4 %
(Fig. 3). Between 2016 and 2020, the proportion of MDR cas-
es among newly diagnosed TB patients discharging bacte-
ria averaged 30.5 %.

During the analyzed period, the average annual in-
cidence of MDR-TB was 8.2 diagnosed in the population
was 8.2 cases per 100,000 population. In the period be-
tween 2009 and 2014, the dynamics of MDR-TB incidence

was stable (annual average — 7.2 cases per 100,000 popula-
tion);in 2015-2016, the incidence increased to an average
of 10.5 cases per 100,000 population. Incidence has been
declining since 2017, with a yearly average of 8.6 cases
per 100,000 population, reaching a rate of 6.5 TB cases
per 100,000 population in 2021.

In the Omsk region, the prevalence of MDR-TB tend-
ed to decrease (Fig. 4). At the same time, the proportion
of MDR strains of M. tuberculosis among patients with active
tuberculosis under follow-up medical care more than tri-
pled from 9.2 % (606/6565) to 29.8 % (478/1651), although
atthe end of 2021, only 66.2 % (478/721) of bacterial excre-
tors under follow-up care were isolating MDR strains, twice
as many as in 2009 (32.6 %).
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Changes in the incidence pattern of TB infection
were evaluated by comparing two patient cohorts
who were first diagnosed with active TB in 2009 and 2021,
i. e. at the beginning and end of the study period.

The evaluation revealed statistically significant dif-
ferences in the groups of newly diagnosed patients.
By the end of the study period, there was a statistically sig-
nificant increase in the proportion of males among TB cas-
es, rising from 67.1 % in 2009 to 71.9 % in 2021 (PR =0.79;
95% Cl: 0.67-0.94).

The age structure of TB patients has changed, the pro-
portion of young population decreased: adolescents
from 1.9 % to 1.0 % (PR = 0.56; 95% Cl: 0.27-1.16), 18-
24-year age group individuals from 28.6 % to 16.8 %
(PR =0.11; 95% Cl: 0.07-0.18), 25-34-year age group
from 15.6 % to 2.0 % (PR = 0.5; 95% Cl: 0.41-0.61). Howev-
er, there was a 2-fold increase in the proportion of the 35—
44 years age group, from 17.9 % to 35.1 % (PR =2.48; 95% Cl:
2.1-2.9).

Newly diagnosed patients were represented predom-
inantly by urban residents, with a statistically significant
increase in their proportion over the period under study,
from 68.5 % to 74.2 % (684/922) (PR = 0.46; 95% Cl: 0.39-
0.54).

Clinical forms of tuberculosis were characterized
by an increase in the proportion of respiratory tubercu-
losis increasing from 97.6 % to 99.1 % (PR = 0.37; 95% Cl:
0.17-0.77), with a decrease in the proportion of tuberculosis
of extrapulmonary localizations to 0.9 %in 2021 from 2.4 %
in 2009. The proportion of destructive forms of TB decreased
from 42.2 % (840/1989) to 37.8 % (288/761) (PR=1.2;95% Cl:
1.01-1.42). The proportion of fibrous cavernous tubercu-
losis in the structure of respiratory tuberculosis decreased
by a factor of 8.6 t0 0.5 % (4/761) compared to 4.3 % in 2009
(PR =0.12;95% Cl: 0.04-0.35).

It should be noted that by the end of the follow-
up period, the proportion of HIV-infected patients
in the group of newly diagnosed patients significantly
increased, which largely determined the clinical forms
of tuberculosis and the characteristics of bacterial ex-
cretion. Among TB patients who underwent screening
for human immunodeficiency virus antibodies, the pro-
portion infected with HIV was 37.0 % (298/804) compared
to 1.5%in 2009 (34/2160) (PR =36.8; 95% Cl: 25.4-53.19).
The incidence of tuberculosis combined with HIV infec-
tion has increased almost 10-fold since 2009, reaching
15.6 cases per 100,000 population in 2021 against 1.6 cas-
es per 100,000 population.

The proportion of bacteria-excreting patients among
newly diagnosed patients increased from 43.6 % to 54.5 %
(PR=0.64; 95% Cl: 0.55-0.750), with bacterial excretion be-
ing diagnosed by simple bacterioscopy in 36.2 % of cases
(334/922) at the commencement of treatment compared
with 34.2 %in 2009 (904/2638) (PR=1.09; 95% CI: 0.93-1.27).

The proportion of bacteriologically proven MDR M. tu-
berculosis strains doubled from 15.5 % to 30.6 % (PR=0.42;
95% Cl: 0.31-0.55).
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In 2021, the pattern of drug resistance among newly di-
agnosed patients excreting bacteria who have been exam-
ined for drug susceptibility in 2021 is represented by 13.9%
mono-resistant strains (33/237), 18.1 % poly-resistant strains
(43/237), 54.8 % MDR strains (130/237), and 13.0 % XDR
M. tuberculosis strains (31/237). The incidence of tuberculo-
sis with XDR increased 4-fold in follow-up control for the pe-
riod 2011-2021 and amounted to 1.6 cases per 100,000 pop-
ulation, while the average annual level was 1.1 cases per
100,000 population.

In the contingent of patients discharging bacteria ex-
amined for drug sensitivity, the proportion of bacteriologi-
cally proven strains with MDR was 15.7 % (152/966), pre-ex-
tensive drug resistance — 30.4 % (294/966), extensive drug
resistance — 27.3 % (264/966).

DISCUSSION

The complex of measures to control TB infection ac-
tively implemented in our country over the past two
decades has contributed to a decrease in the intensity
of the epidemic process, which manifests itself in a de-
crease in the number of patients annually diagnosed,
as well as in the patient cohort as a whole. In our study,
the dynamics of population incidence of active forms
of tuberculosis decreased by more than 3 times. By 2020,
the target indicators of the first stage of implementation
of the Strategy for TB elimination in relation to the baseline
level of 2015 [2], which is the starting point for analyzing
the effectiveness of the WHO global strategy implementa-
tion, were achieved in the Omsk region and reached 36.9 %
(target indicator — decrease of TB incidence by 20.0 %
by 2020), 85.8 % (target indicator — decrease of deaths
by 35 % by 2020).

Although the worldwide incidence of tuberculosis
has generally declined, the incidence of multidrug-re-
sistant tuberculosis has increased by almost 10 % annu-
ally [3, 13].

The current trend of increasing incidence of multiple
or rifampicin-resistant tuberculosis remains a hot public
health problem. In 2020, the global rate of effective treat-
ment of drug-resistant TB remained only 59 % of cases,
which is a heavy economic burden on health systems, pa-
tients and their families, and reduces the effectiveness
of TB control measures in different regions and countries
worldwide [3, 14].

Russia has experienced a significant portion
of the worldwide burden of drug-resistant tuberculo-
sis [4, 5, 15]. Our study revealed a change in the nature
of bacteriological excretion among newly diagnosed
patients; despite the decrease in the number of de-
tected cases in the structure of drug resistance, a more
than 2-fold increase in the proportion of multidrug-re-
sistant bacteriological excretion (up to 26.4 %) was ob-
served, while the dynamics of the incidence of multid-
rug-resistant tuberculosis in the population remains sta-



ble with along-term average of 8.1 cases per 100,000 pop-
ulation (R? = 0.161). In addition, at the end of the study
period in the Omsk region, 66.2 % of culture-positive pa-
tients had MDR strains.

The results of the study showed that during the
period of observation in the Omsk region the age
group at risk has changed, the highest incidence rate
was among persons between 35 and 44 years of age,
the proportion of which was 35.1 %, and the incidence
rate was 109.0 per 100,000 population of this age. In ad-
dition, those aged 35-44 years in the Omsk region
are a group at risk of HIV infection; in 2021, the propor-
tion of this age group in the age structure of HIV-infect-
ed people was 42.9 % [16]. The increasing burden of co-
infection of tuberculosis and HIV infection is confirmed
by a 10-fold increase in the incidence of comorbidity
over the study period.

It should be noted that the epidemiological man-
ifestations of TB infection were significantly influ-
enced by the epidemic process of the new coronavi-
rus infection COVID-19. A study of the clinical struc-
ture of newly diagnosed TB patients in the country dur-
ing the COVID-19 pandemic revealed a worsening of
the clinical forms of TB and an increase in their epidem-
ic risk [17]. In our study, there was a statistically sig-
nificant increase in the proportion of newly diagnosed
patients discharging bacteria from 43.6 % to 54.5 %
(PR =0.64), including those detected by simple bacte-
rioscopy to 36.2 % (PR = 1.09). At the end of the study,
despite a statistically significant increase in the pro-
portion of respiratory tuberculosis cases, no worsen-
ing of the clinical structure of the patients was ob-
served, the proportion of destructive forms of respir-
atory tuberculosis and fibrous cavernous tuberculosis
decreased significantly.

CONCLUSION

Despite the observed favourable trends in the devel-
opment of the tuberculosis epidemic process, decrease
in thetuberculosis incidence, prevalence and mortality,
there is a change in the structure of bacterial excretion
with the prevalence of multiple and extensive drug re-
sistance, as well as active involvement of HIV-infected
patients in the epidemic process. For further timely as-
sessment and prognosis of the manifestations of the ep-
idemic process of TB infection, as well as to character-
ize the quality and effectiveness of preventive and an-
ti-epidemic measures under conditions of drug-resist-
ant TB extension, it is necessary to improve the organ-
ization of the system of epidemiological surveillance
and control of TB spread.
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