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Journal of Siberian Medical Sciences siBsieTcst mpeeMHUKOM KypHaia « Meaununa u obpazoBanue B Cubupu» (roz usma-
HUs 2006). Perennem npesuguyma BAK PO jxypHas BKJIIOUEH B I€peYeHb [IEPUOIUIECKUX UBJaHUH, PEKOMEH/I0BAHHBIX
JUIS TyOsinKanuu paboT concKaTesiel yUeHbIX CTeleHeH.

JKypnau 3aperucrpupoBat B ®eziepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH U MACCOBBIX
koMMmyHuKaIui (PockomHai30p). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

Kypuain unnekcupyercs B PUHII, 3aperucrpuposas B CrossRef ¢ 2018 1., Bce cTaThy HHAEKCUPYIOTCS € TOMOIIBIO IIUMPO-
Boro naeHTuduxaropa DOL.

Pepakuus xxypHaia co6II0/1aeT IPUHITUIIBI MEK/YHAPOAHOU opranu3anuu « Komurer o uszmarenbekoit atuke» (Committee
On Publication Ethics — COPE).

Cratby, Ipe/iCTaB/IeHHbIE K IIyOJIUKAIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PelleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTH. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 065132~
TeJIbHA.

2Kypnan pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpaHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBI. JJIEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru

PEJAKIIMOHHBIN COBET

IITPEACEJATEJIb
Mapumkun U.0., 1-p Mea. HayK, npod., 3aB. KabeApoii akylepcTsa u
TUHEKOJIOTUH, peKTop, HOBOCMOUPCKUI TOCy/1apCTBEHHBIH MeIUIIH-

ckuii yauBepcutet (HoBocubupck)

IJIABHBI PETAKTOP

IHocnenosa T.H., i-p Mefi. HayK, Ipod., 3aB. Kadeipoii Tepanuu, reMa-
TOJIOTHH U TpaHcdy3nosoruu (HaxyibTera MOBBIIIEHN KBAIN(DUKAITA
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BepcuteT (HoBOCHOUPCK)

3AMECTUTEJIb ITTABHOI'O PEJAKTOPA
Kysneyosa B.I'., n-p MeJi. Hayk, 1pod. kadeapsl HHEKIHOHHBIX 60-
se3Helt, HoBocubupckuii rocyjapCcTBeHHBIH MeAUIIMHCKHH YHUBEPCH-

teT (HoBoCHOMPCK)

OTBETCTBEHHBII CEKPETAPDH

Baxaposa K.JI., pepakrop M3aarebcko-noaurpapuyecKoro 1eHTpa,
HoBocubupcKuil rocyAapcTBeHHBIN MeJuIIMHCKUH yHuBepeureT (Ho-
BOCHUOMPCK)

Boegoda M.H., n-p meq. HayK, mpod., aupekTop PemepasbHOro ueesie-
JI0BaTEeJIbCKOTO IeHTpa (QyH/IaMEHTIBHOU U TPAHCIISIIIUOHHOMN Me/1-
nusbl (HoBocub6upek)

I'pom6 C., i-p MeaUIHBL, TPod., PyKOBOAUTEI JlellapTaMeHTa cy/1e0-
HO¥t MeunuHbl yHuBepcurera Cerasen (bopmo, ®paniust)

Jlasudosuu U.M., n-p Men. Hayk, npod. kabeapsl GakyIbTeTCKON 1
MIOJIMKJIMHUYECKOH TEPANuU ¢ KypCOM dHOKPUHOJIOTHH, /lalbHeBO-
CTOYHBIN IOCY/IaPCTBEHHBIN METUITMHCKUN YHIBepcuTeT (XabapoBek)

2K0awnos B.B., i-p MeJ. HayK, npod., aupektop HUU dapmakosoruu
u pererepatuBHoi Meaunuusl uM. E.JI. Tonbabepra Tomckoro Haru-
OHAJIFHOTO UCCIIEZ0BATEIBCKOTO MeguIiHCKoro rientpa PAH (Tomck)

Jloxwun B.H., 1-p MeJ. HayK, npod., akagemuk HAH PK, npesunent
KaszaxcTaHCKOU accolManuy pernpoyKTUBHOW MeIUIIMHBI, TeHepaslb-
HBIU IUpeKTOP MeXKyHapO/THOTO KIIMHUYECKOTO IIEHTPA PENPOIYKTO-
snoruu PERSONA (KaszaxcraH, AiMatbr)

Ilysvipes B.11., n-p Mex. HayK, npod., akageMuk PAH, HayqHBIH pyko-
BozuTesth ToMckoro HanimoHaIbHOTO HCCIe/10BaTeIbCKOTO MeTUIIH-
ckoro nentpa PAH, HayuHbIil pykoBoauTesib HUU MeUIMHCKON Tre-
HETHKH, 3aB. Kadepoit MeuIIUHCKOU reHeTHKH CHOUPCKOTo rocy/iap-
CTBEHHOTO MeAUIIUHCKOTO yHuBepcuTera (ToMmcek)

Pyscuuxa T., A-p MEJUIUHBL, TPOd., PYKOBOIAMTEIIH IeIapTAMEHTa JIep-
MATOJIOTHMH U aJU1eprosiorny MIOHXEHCKOro yHuBepeuTeta uMeHu JIoz-
Bura u Makcumunuana (Mionxes, 'epmanust)

Cemenos B.M., n-p MeJi. HayK, Ipod., 3aB. kadenpoli NHGEKIMOHHBIX
6oste3neit, ButeGCckuii rocyJapCTBEHHbIH MEAUIUHCKAN YHUBEPCUTET
(Pecmy6iuka Benapych, Bute6cek)

®edepuko M., 1-p METUIMHBL, TPOd., PYKOBOJUTEIb Kadheaphl Meu-
IMHCKOM OHKOJIOTUH, OT/IEN JUATHOCTHYECKOU MEUITIHBI, KIMHUKY U
00IIIeCTBEHHOTO 3/IpaBOOXpaHeHus, YHuBepcuTeT MojieHs! U Pesko-
Avwnuu (Mranus, Mozena)

IIxypynuil B.A., i-p MeJ. HayK, npod., akazgeMuk PAH, HayqHBIN pyKO-
Bozxutestb ®TBHY «®eiepaibHbIN UCCIE0BATEIBCKUE IeHTD GyHIa-
MEHTaJIbHOM U TPaHCJIANMOHHON MeuIuHbl» (HOBOCHOUPCK)

YUYPEAUTEJ/IDb

®I'BOY BO «HoBOCHOUPCKHIA TOCY/IAPCTBEHHBI MeTUIIMHCKUAN
yHuBepcuteT» Munszapasa Poccuu: 630091, r. HoBocubupck,
KpacHsrii poctr., 52. Ten./dake: +7 (383) 222-32-04.

E-mail: rector@ngmu.ru, Web: www.ngmu.ru

AJIPEC U3/JATEJIA Y PEJAKITUU

OI'BOY BO «HoBocHOUPCKHUY rOCyAapCTBEHHBIM MEeAUIIMHCKHIHI
yHHBepcuTeT» Munsapasa Poccun, 630091, Poceust, r. HoBocubupck,
Kpacubiii op., 52. Ten./daxe: +7 (383) 229-10-82.

E-mail: mos@ngmu.ru, Web: http://jsms.ngmu.ru



3.1. KIMHUYECKASI MEOULIMHA

Abpamosuu C.I'., i-p Mefi. HayK, pod., 3aB. Ka-
denpoii pusnorepanvy v Kypoprosioruy, IpyT-
CKasi roCy/IapCTBEHHASA MEJUIIMHCKASA aKaIeMUs
MOCT/AUIUIOMHOTO 00pasoBanusi — dpuman Poc-
CHICKOM MEJTUITTHCKOM aKa/IeMUH HEIIPEPHIBHO-
ro rpoceccroHaibHOro 06pazoBans (IPKyTCK)
bummep H., 1-p MeUIUHEL, IPod. AenapTa-
MeHTa ICUXUATPHUH U ICUXOTEPAIINY, Y HUBED-
curtet 3emMmerbBelica (Benrpus, Bymamemr)

Escmponos A.H., i-p MeJl. HayK, npod., 3aB.
kadepoil MUKPOOHOJIOTUH, BUPYCOJIOTHHI
1 uMMyHoJsioruu, HoBocuGUpCKuii rocyaap-
CTBEHHBIN MeqUUUHCKUN yHUBepcuter (Ho-
BOCHOHUPCK)

Kapbvuuesa H.B., 1-p MeJi. HayK, npod., 3aB.
xadenpoit nHGEKIIMOHHBIX 60Ie3HEH ¢ KypcoM
JIIO, AntalicKuii rocyapCTBEHHBIN Me/TUIIH-
ckuii yausepceureT (BapHaysr)

Kosanenxo A.B., i-p MeJi. HayK, Ipo@., 3aB. Ka-
(enpoit HEBpOIOTHH, HEUPOXUPYPTHH, MEAH-
IIMHCKOU TeHETUKH U MEIMIIMHCKOH peabuin-
Taruu, KeMepoBCKU rocyiapcTBeHHBIN MeZIy-
nuHCckui yHusepeuret (Kemeposo)

Kynewos B.M., i-p MmeJ1. HayK, npod. kadenppl
aKyIIepcTBa U ruHeKkosoruu, HoBocubupekuit
TOCYyZIapCTBEHHBIA MEUIIUHCKUAN YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., i-p MeJi. HayK, 1pod., 3aBe-
nytouuii kadenpoii HeBposioruu, Bosrorpasi-
CKUM TOCY/IAPCTBEHHBIN MEUITUTHCKIH YHUBEP-
curet (Bosrorpay)

Moauanosa E.E., i-p MeJl. HayK, IOLEHT Kade-
JIpbI GaKyJIbTETCKOU U IOJTMKINHUIECKOH Te-
panuu, AMypcKas rocyZjapcTBeHHas MeAUIIUH-
ckas akagemus (biarosereHck)

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CEeCTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
HBII MeIMIIMHCKMH yHUBepcuTeT (BapHayo)

Mopovik A.B., 1-p Men. HayK, mpod., 3aB. Ka-
denpoit prusmaTpuu, MyJILMOHOJIOTHN U UH-
dexnnoHHbIX 6ose3HeN, OMCKHUI TOCyAap-
CTBEHHBIH MeANIIMHCKUY yHUBepcUTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
MeHTa KJIMHIHYECKUX HayK, JIYH/ICKU yHUBED-
curert (IIBenus, JIynn)

Oxnonkos B.A., n-p MeJi. HayK, Ipod., PEKTop,
DesiepasibHBIA HAYYHO-KJIUHUYECKUM LIEHTP
PeaHrMaTOIOTHH U peabunTosioruu (MocKBa)

Caeumosa I'.P., 1-p MeJl. HayK, Ipod., 3aB. Ka-
(enpoii rocnuTANTBHON IEAUATPHH C KypPCOM
MOCJIEAUIIOMHOTO 00pa3oBaHusA, ACTpaxaH-
CKHH ToCylapCTBEHHBIN MeIUIIMHCKUN YHU-
BepcureT (AcTpaxaHb)

Cawmoiinosa FO.I'., i-p MeJ. HayK, Ipod., pyKo-
BojuTesNb 1leHTpa KIMHUYECKUX HCCIIe/[0Ba-
HUH, 3aB. kKadeIpoH euaTpuu ¢ KypcoM dH-
JIOKPHHOJIOTHH, Ipod. Kadeapo! daxynabTeT-
CKOM Tepanuu ¢ KypcoM KJIMHHYeCKor papma-
kostoruu, CHOMPCKU rocy1apcTBEeHHbIH Me/iu-
nuHckuil yausepeuret (Tomcek)

PEJAKITMOHHAA KOJIVJIETUA

Censmuuyxas B.I'., n-p 6101, HayK, Ipod., I1aB-
HBII HAYYHBIH COTPY/HUK J1aG0PAaTOPUH SH/I0-
kpuHosioruu, OeziepaybHbII UCCIIEA0BATEb-
CKHH IeHTp PyHAaMEHTATbHOHN U TPAHCIIAIN-
onHOU MenuuHb! (HoBOCHOMPCK)

Cenviesguu O.A., i-p Mefi. HayK, Ipod., 3aB. Ka-
denpoii neguaTpuy, HEOHATOJIOTHH U [IEPUHA-
TOJIOTHH C KypCOM HEOTJIOXKHOH MEeAWIIMHBI,
J1aIbHEBOCTOYHBIN TOCY/IapCTBEHHBIM MeIu-
IIUHCKUU yHUBepcuTeT (XabapoBck)

Cmazuna H.B., 1-p MeJ. HayK, 1pod., 3aB. Ka-
(enpoii HeBpOIOrUY U HEHPOXUPYPTHHU C Kyp-
com JIT1IO, AstalicKuil rocy/JapCTBEHHBIN Me-
JMUIUHCKUN yHUBepcuteT (BapHayJt)

Tpogumenxo HU.H., n-p MeJ. HAyK, JIOIEHT,
3aB. KadeIpoil KIMHUYECKOH aJIJIEPTOJIOTUN
U IIyJIbMOHOJIOTUH, VIPKyTCKast TOCyZapCTBEH-
Hast MEZMIIUHCKAS AKaZIEMUSI TOCIIETUTLIOMHO-
ro obpasoBaHnust — Gunan Poccuiickoi meu-
IIMHCKOU aKa/IeMUU HEIIPEPBIBHOTO Ipodeccu-
OHaJIbHOTO 06pasoBanust (MPKyTCK)

®edopos U.A., i-p MeJi. HayK, IOIIEHT, 3aB. Kade-
nipou pakysprerckoi nexparpun um. H.C. Tropu-
HOH, KO>KHO-YPasIbCKUi rocyIapCTBEHHbIA Me/IH-
IIUHCKUH yHUBepcuTeT (Yesrs10uHCK)

Quauniox O.B., 1-p MeJl. HayK, Ipod., 3aB. Ka-
denpoit prusnaTpuu u nmysmpmonosoruu, Cu-
OUPCKUU TrOCylapCTBEHHBIH MeJUI[UHCKUI
yuausepcureT (Tomck)

Xapouxosa C.A., 1-p Mezl. HayK, npod., 3aB.
kxadenpoil epMaTOBEHEPOJIOTHH U KOCMETO-
sorun, CHOUPCKUI rocy/1lapCTBEHHbIN Meu-
nuHcKkud yauBepeureT (Tomck)

Xoxnosa 3.A., 1-p Meq. HayK, mpod., 3aB. kade-
Jipoii nHMEKIMOHHBIX 60s1e3Hel, HOBOKy3HeKuii
TOCY/JapCTBEHHBII MHCTUTYT YCOBEPIIIEHCTBOBA-
HuA Bpauel — prman TBOY JIT10 «Poccuiickas
MEIMIIMHCKAs aKa/IeMUsl HeIPEPHIBHOTO IIPO-
eccronampHOrO 06pazoBanus» (HOBOKy3HEIK)

Xpsanun A.A., 1-p Mez. Hayk, npod. kadeaps
JlepMaToJIOTUH U KocMeTostoruu, Hosocubup-
CKUH rocy/1apCTBEHHBIN METUIIUTHCKUN YHUBED-
cuter (HoBocubupck)

I[xait B.B., n-p Men. HayK, npod., 3aB. Ka-
enpoil mepuHATONOTUH, AKYIIEPCTBA U TH-
Hekosioruu, KpacHOSAPCKUI rocyfAapcTBeH-
HBIH MEJMIUHCKUN YHUBEPCUTET UM. IIPOd.
B.®. Boitno-fcenenxoro (KpacHosipck)

Illanownux H.H., 1-p MeJ,. HayK, Ipod., 3aB.
kacde/[poii pore/IeBTUKY BHYTPEHHUX 60J1e3-
Hel, FOxHO-YpasibeKuil TocyAapCcTBEHHBIH Me-
JMUIUHCKUY yHUBepcuTeT (YestsiOuHCK)

Axonmos JI.A., -p Mep. HayK, 1pod. kadenpol
apmakosioruu, KIMHUYIECKOH (papMaKoIoruu
1 JIOKa3aTesIbHON MeuuHbI, HoBocHOUpCKUit
rOCyZJapCTBEHHBIN MEIUITMHCKUH YHHBEPCHUTET
(HoBocubupck)

3.3. MEANKO-BUOJIOTM4YECKUE HAYKU

Ansbves @.B., 1-p Me1. HayK, npod., 3aB. kade-
JIpoii cyneOHON MeuIyHbI, KpacHOsApCKui ro-
Cy/IapCTBEHHBIN METUIIMHCKUN YHIUBEPCUTET UM.
pod. B.®. Boitno-fcenerixoro (KpacHosipck)

Kasaukos E.JI., i-p MeJ. HayK, Ipod., 3aB. Ka-
(enpoii maromornyecKkuil aHATOMHUH U CyAes-
HOU MenunuHbl UM. npod. B.JI. KoBaneHnko,
HOxHO-YpasbCKUi rocyiapCTBEHHBIN Meu-
uHCKu yHuBepeuret (YeasiOnHCK)

Jlozeunos C.B., 1-p MeJl. HayK, 1pod., 3aB. Ka-
dbeapoii rucTosIoruu, SMOPHUOJIOTHH U IIUTOJIO-
ruu, CHOUPCKUI TOCy/1apCTBEHHBIA MEIHIIH-
ckuil yausepcureT (Tomck)

Haodees A.I1., i-p vief1. HayK, pod., 3aB. Kade-
JIpO¥ ITaToJI0rn4ecKuii anatomun, HoBocubup-
CKUH rocy/1apCTBEHHBIN METUIITHCKUN YHUBED-
curet (HoBocubupcek)

ITempex M., i-p MeUIMHBI, IPOd., PyKOBOJIH-
TeJIb lelapTaMeHTa aToJIOTHIecKoH (hru3noso-
v Yausepcurera [Tonarkoro (Yexvist, OsoMoy1r)

Casuenxo C.B., 1-p MeJl. HayK, npod. kade-
Zipbl cynebHo MenunuHbl, HoBocMOUpCKUit
TOCY/IapPCTBEHHBIN MeIUIIMHCKUN YHUBEPCH-
tet (HoBocu6upCK)

Casonosa E.H., 1-p Me7. HayK, Ipod., 3aB. Ka-
dbeapoit HOpMaTIBPHON U ATOJIOTUYECKOH bu-
3MOJIOTHH, IIPOPEKTOP IO HAay4yHOH pabote,
JlaIbHEBOCTOYHBIH IOCYyAapCTBEHHBIA Meu-
IIUHCKUU yHUBepcuTeT (XabapoBck)

Illesena A.H., n-p Mef1. HayK, Ipod., 3aMeCTU-
TeJIb AUPEKTOPA [0 HAy4yHOU paboTte, THCTUTYT
XUMUYeCKO! Guosoruu 1 HyHAaMeHTaTbHOM
meaunuabl CO PAH (HoBocrbupek)

3.4. PAPMALEEBTUYECKUE HAYKN

Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
kadenpoil papmaleBTUUECKOTO aHAIU3a,
CubHupPCKUi TOCY/IapCTBEHHBIA MeTUIIUHCKUN
yuausepcureT (Tomck)

2Kapuxos A.FO., i-p GHOJI. HAyK, JIOIIEHT, 3aB. Ka-
denpoii papmakosoruu um. npod. B.M. Bpro-
XaHOBa, [IPOPEKTOP 10 HAyYHOI paboTe U UH-
HOBAIUAM, AJITAWCKAN TOCYAApCTBEHHBIN Me-
JMIUHCKAUH yHUBepcuTeT (BapHayon)
Kapaxynosa E.B., n-p dapm. Hayk, npod. Ka-
benpsl yrpapieHus U 9KOHOMUKH (papmanuu,
CubupCKUil TOCY/IapCTBEHHBIM MeUIIUHCKUN
yausepcuret (Tomck)

Jlaspenmvwesa JI.1., n-p dapM. HayK, JOIEHT,
3aB. Kaderpoii yIpaBieHus K 9KOHOMUKHU dap-
MaIMH, iekaH papMalieBTHIecKoro (akysbTe-
Ta, fIpoc/iaBcKuii rocy/JapCTBEHHBIN MeUIIH-
ckuil yauBepcureT (Spocsasib)

Madonos I1.I'., i-p mMef. HayK, npod., 3aB. Ka-
enpoii bapmakosroruu, KIMHIIECKOU hapma-
KOJIOTHH U JOKa3aTeJIbHON MeJuuHbI, HoBo-
CHUOUPCKUH TOCY/IapCTBEHHBIH MEIUITUHCKUI
yuusepcuret (HoBocH6HpPCK)

Domumnvix C.I'., i-p MeJl. HayK, JOLIEHT, 3aB.
kade/1poii hapMakoIOTHH, KIHHHYECKOH dap-
Makosioruu, OMCKUH ToCy/1IapCTBEHHBIN Me/IH-
IuHCKUU yHUBepcuTeT (OMCK)

Illepmaesa K./., n-p dapm. HayK, ipod., 3aB.
kade/Ipoii OpraHu3aIuy U yrpasiieHus papma-
eBTHYecKoro sesa, lOxxuo-KazaxcraHckas me-
nunuHckasn akagemus ([IIsivkent, Kazaxceran)

TloamnucaHo B mevats 20.03.2025.

JlaTa BBIXOZIa B CBET 21.03.2025.

@opmar 60x84/8. Bymara Color Copy. l'apauTypa
Georgia. Yot neu. J1. 18,24. Trpask 1000 9K3.
Uzg. N2 4c.

OrtrevaraHo B TUorpadun
W3parenbCcko-moaurpaduyeckoro neHTpa
HI'MY, r. HoBocu6upCK, yJ1. 3a1€CCKOTO, 4.
E-mail: sibmedizdat@mail.ru,

ten.: (383) 225-24-29

Koppexkrypa E.B. Ezopos
KommneiorepHas Beperka T.B. Cobonesa
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JKCCYAATUBHBIN U MPOAYKTUBHbBIU THUITHI BOCIIAIUTEIHbHOU
TKAaHEBOU peaKI[uU IPU BIIePBbI€ BHISIBJIEHHOM
MHUIBTPATUBHOM TyOEpKYyJie3e Jerkux 1 (pakTopsl,

X oNpeaeaauue

A.B. Mopzpix!, O.I'. UBanogsa!, K.1O. Camconos!, A.H. 3osotos?, /[.I'. HoBukos!, A.P. AposiH?®

1 @I'BOY BO «Omckuil 2ocydapcmeetHtbiilt meduyuHckuil yHusepcumem» Munadpaga Poccuu, Omck, Poccus

2 BY300 «0ObaacmHoil kauHuveckuil npomusomybepkyaeawbtil ducnancep», Omck, Poccus

AHHOTAIIMA

BBemeHHue. BycaoBusax cTabUILHOTO CHIDKEHHS 3a0601€BAEMOCTH ¥ CMEPTHOCTHU HACEJIEHUSI OT TyOepKyJse3a ocoboe
3HaUYeHHe MpHOoOpeTaeT HEOOXOAMMOCTh MOBBIIIEHUs 3()GEKTUBHOCTU JIEYEHUsT BIEPBBIE BBISABIEHHBIX OOJIBHBIX, UTO
obecrieynBaeTcs He TOJIBKO PAallOHAJIBHBIM BBIOOPOM CTAHZAPTHHIX PEXKHMMOB IPOTHBOTYOEPKYJIE3HOW XUMHUOTEPAIINH,
HO 1 000CHOBaHHBIM IIPUMEHEHHUEM JIEKaPCTBEHHBIX CPEZCTB-aIbIOBAHTOB.

Il e 1 b . OneHka ocobeHHOCTEN HETO30(POPMHUPYIOIIEH (YHKIUN HEUTPODUIOB y OOJIBHBIX C BIEPBbIE BBISBJIEHHBIM
MHQUIBTPATUBHBIM TyOEpKyJIe30M JIETKUX IPU SKCCYZATHBHOM M INPOJYKTUBHOM THIIAX BOCHAJIUTENBHOH TKaHEBOU
peakIum.

MaTepuanabs W METOJBbl. BpaHAOMU3UPOBAHHOE MPOCIEKTUBHOE UCCIIEZIOBAHNE BKIIOUEHBI 180 OOJIBHBIX
18-59 JIET ¢ BIIEPBbIE BBIBJIEHHBIM HHGWIBTPATUBHBIM TYOEPKYJIE30M JIETKUX, KOTOPBIX Pa3/eJIiId Ha J{Be TPYIIIbL: 1-5
rpymmna — 120 60JIbHBIX, XapaKTEPUCTUKY IATOJIOTHIECKOTO IIPOIECCa Y KOTOPBIX COOTBETCTBOBAIH SKCCYATUBHOMY THILY
BOCIIAJINTETPHON TKAHEBOH peaKIUy; 2-5 IPyIIa — 60 G0JIBHBIX € IPOIECCOM, XapaKTePU3YIOIINMCS IPENMYIIECTBEHHO
IIPOAYKTHUBHBIM THUIIOM BOCIAJIUTEIBHON TKaHeBOM peakuuy. HeTo30hopMUpYIOILIYIO CIOCOOHOCTh HEUTPO(DUIIOB OIleHH-
BaJIK 110 aBTOpPCKO# MeToauke /[.I'. HOBHKOBa ¢ KOJIsIeraMu, B 00pasiiax ChIBOPOTKU IeprudepruecKoi KpOBH ONPEIEIIsIIH
coZiepKaHue IUTPY/UTMHUPOBAHHOTO rucrona Hs.

Pe3ynbTaThl. Y NANUEHTOB C 9KCCYAATUBHBIM TUIIOM BOCIIAJIUTETHHON TKAHEBOH PEAKIIMK OTMeueHo O6osiee Mac-
cUBHOe OakTepHoBbIiesieHre (Ha 34,8 % BBIIIE), POCT KyJIBTYPHI ITaTOreHa — MHKOOAKTepHu TyOepKysesa ObL1 6osee
ObICTPBIM (MeHee 30 /IHel) U 60Jiee MAaCCUBHBIM (+++), UeM IIPU IPOAYKTUBHOM TKaHEBOU peakiuu. CiocOGHOCTb JIEHKO-
IUTOB Nepudepuyeckoil KpPoBHU K GOPMUPOBAHUIO 00IAKOBUAHBIX HEUTPOPUIBHBIX BHEKIETOUHBIX jioBylIeKk (HBJI) mpu
SKCCY/IATUBHOM THIIE BOCIIAJIUTEIFHOM TKAaHEBOU peakiiy ObIa B 8,5 pa3 BhIIlle, YeM IIPU POAYKTUBHOM THIIE; HUTEBU/I-
uble HBJI dopmupoBauch Ha 10 % Yaliie, YTO COIPOBOKIATIOCH BBICOKUM CO/IEPKAaHUEM [UTPYJUIMHUPOBAHHOTO TUCTOHA
H3 B CHIBOPOTKE KPOBU IAIIIEHTOB.

3akKkJT04YeHUe. BpiBieHHbIe 0COOEHHOCTH HETO30OPMUPOBAHUS IPH HKCCYATUBHOM THIIE BOCHAIUTEIBHON
TKaHEBOU PEaKINU UMEIOT CYLeCTBEHHOe 3HaUeHUe U MOTYT CJIY>KUTb JTONOJIHUTEIbHBIM JUATHOCTUUECKUM KPUTEPHEM
AKTUBHOCTHU BOCIIaJIeHUs IIPHU TyOepKyJsie3e JIeTKUX, UTO cJIeZlyeT YUUThIBATh IIPU CO3aHUY MO/ieslell IPOTHO3a — BapHaH-
TOB (61aTOIPUATHOTO, HEGIATOMIPUATHOTO) TEUEHHs TyOepKyJie3a JIETKUX U 0O0CHOBAaHUU TOKA3aHUH K IMPOBEIEHUIO U
BBIOOPY CXeM a/TbIOBAHTHOH TEPAIIHH.

Kaouessle cnroea: nHQWIHTPATUBHBIN TyOEPKYyIe3 JIETKIX, HEUTPOQUIbHbIE BHEKJIETOUHbIE JIOBYIIIKY, IIUTPYJLINHU-
poBaHHbBIN ructoH H3.
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Exudative and productive types of inflammatory tissue response
in newly diagnosed infiltrative pulmonary tuberculosis
and factors determining them

A.V. Mordyk?, O.G. Ivanova!, K.Yu. Samsonov’, A.N. Zolotov!, D.G. Novikov', A.R. Aroyan?

Omsk State Medical University, Omsk, Russia

2Regional Clinical Tuberculosis Dispensary, Omsk, Russia

ABSTRACT

Introduction. Inthecontextof asteady decline in the tuberculosis morbidity and mortality, the need to improve
the effectiveness of treatment of newly diagnosed patients is of particular importance, which is ensured not only by a ratio-
nal choice of standard anti-tuberculosis chemotherapy regimens, but also by the appropriate use of pharmaceutical adju-
vants.

Aim . Evaluation of the features of NET-forming (NETs — neutrophil extracellular traps) function of neutrophils in
patients with newly diagnosed infiltrative pulmonary tuberculosis in exudative and productive types of inflammatory tissue
response.

Materials and methods. Therandomized prospective study included 180 patients aged 18—59 years with
newly diagnosed infiltrative pulmonary tuberculosis divided into two groups: group 1 — 120 patients whose pathological
process characteristics corresponded to the exudative type of inflammatory tissue response; group 2 — 60 patients with a
process characterized predominantly by the productive type of inflammatory tissue response. The NET-forming ability of
neutrophils was evaluated according to the author’s method of D.G. Novikov and colleagues, therefore, the content of
citrullinated histone H3 was determined in peripheral blood serum samples.

Results. Patients with the exudative type of inflammatory tissue response had more active bacterial shedding (34.8%
higher), the growth of Mycobacterium tuberculosis culture was faster (less than 30 days) and more massive (+++) than in
productive tissue reaction. The ability of peripheral blood leukocytes to form cloud-like NETs in the exudative type of
inflammatory tissue response was 8.5 times higher than in the productive type; thread-like NETs formed 10% more often,
which was accompanied by a high content of citrullinated histone H3 in the blood serum of patients.

Conclusion. The revealed peculiarities of NET-formation in the exudative type of inflammatory tissue response
are essential, and can serve as an additional diagnostic criterion of activity and severity of inflammation in pulmonary
tuberculosis, which should be considered when developing prognosis models — variants (favorable, unfavorable) of the
course of pulmonary tuberculosis and substantiation of indications for adjuvant therapy and choice of its regimen(s).
Keywords: infiltrative pulmonary tuberculosis, neutrophil extracellular traps, citrullinated histone H3.
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BBEJAEHHNE

B yCc/I0BHUAX COBPEMEHHOM SITUIEMUUECKOU CUTY-
anuy 10 TyOepKyJie3y, XapaKTepU3yrollekncsa cra-
OWJIBHBIM CHIKEHUEM 3a00JIEBa€MOCTH M CMEPTHO-
CTH HaceJeHUs, ocoboe 3HaueHUe MpuobpeTaer
HEOOXOIMMOCTh MOBbINIeHHUs 3P (PEKTUBHOCTH JIede-
HUS BIIEPBBIE BBISIBJIEHHBIX 00JIbHBIX [1]. [TociieiHee
obecrieurBaeTcsi He TOJIBKO PaIMOHAJIbHBIM BHIOO-
POM CTaHJIAPTHBIX PEKUMOB MPOTUBOTYOEpKYyJIe3-
HOU XMMHUOTEPAIMN HA OCHOBE PEe3yJIbTATOB TECTOB
Ha JIEKapCTBEHHYI0 UYBCTBUTEJIBHOCTb BO30YaH-
TeJIsl, HO U IPHMeHEeHHEM JIEKaPCTBEHHBIX CPE/ICTB-
aTPIOBAaHTOB, Ha3HAUEHHWE KOTOPHIX MOKET OBITh
[IEPCOHAIM3UPOBAHHBIM C yYE€TOM OCOOEHHOCTEH

INTRODUCTION

In the current epidemic situation of tuberculosis,
characterized by a steady decrease in morbidity and
mortality, the need to improve the effectiveness of
treatment of newly diagnosed patients is of particu-
lar importance [1]. The latter is ensured not only by
rational choice of standard regimens of anti-tubercu-
losis chemotherapy based on the results of tests for
drug susceptibility of the pathogen, but also by the
use of pharmaceutical adjuvants, prescribing of
which can be personalized in dependence to the
peculiarities of inflammatory tissue responses inher-
ent in the nature of tuberculosis process of a particu-
lar patient. These features are determined by a num-

Journal homepage: http://jsms.ngmu.ru



Mordyk A.V. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

BOCITAJINTEILHBIX TKAHEBBIX PEAKIINN, CBOWCTBEH-
HBIX XapaKTepy TyOepKyJIe3HOTO MpoIiecca KOHKPET-
HOTO TamueHTa. OTH OCOOEHHOCTH OIPEEIISIOTCS
pAnoM (pakTOpoOB — CTENEHBIO HAPYIIEHUS KJIETOY-
HOTO U T'YMOP&JIbHOTO UMMYHUTETA, TOJIUMOPPU3-
MOM T€HOB IIPO- U IPOTUBOBOCIAIUTETBHBIX IIUTO-
KHWHOB B QYHKITUA HEUTPODUIBHBIX TPAHYJIOIUTOB,
KaK OJTHOH U3 HarboJiee OOIITUPHBIX TPYIII KMMYHO-
KOMIIETEHTHBIX KJIETOK, CTOSIIINX «HA IIEPBON JIMHUH
3alIUThIl OpraHW3Ma OT IATOTEHOB Pa3JINYHOTO
xapakrepa» [2].

OCHOBHBIMU 3aITUTHBIMU QYHKIIUAMU HEUTPO-
¢unoB sABIAOTCA (PAronuTo3, AETPaHyIANUA U
Hero3 [3]. Herosom (anrs. NETosis) Ha3bIBaroT
¢dopmMy mporpaMMHUpyeMON KJIETOUHOH THbOesH,
COIIPOBOKJIaeMYI0 JIeKOHZIeHcalel XpOMAaTHHa,
dbparmenTarueii u Aesarperamnuieil sIepHBIX MeM-
OpaH, cMeNINBaHUEM SIAEPHBIX CTPYKTYP C IIHTO-
IUTa3MOU U BBICBOOOK/IEHUEM X BMECTE C COJIEPIKH-
MBIM TPaHyJI BO BHEKJIETOYHOE MIPOCTPAHCTBO IIPHU
HapyUIEHUHN [EJIOCTHOCTH ITUTOILIA3MATUUIECKOH
memOpaHbl [4]. Ilybyiumkanuu, oTpaskalollue O0CO-
6eHHOCTH HETO30(OPMUPYIOIIEH (DYHKIUU JEHKO-
[IUTOB B 3aBUCHMOCTH OT THUIIA BOCIIAJINTEIPHON TKa-
HEBOU peakInu MpH TYOEPKYJIe3e, OTCYTCTBYIOT KaK
B OTE€UECTBEHHOM, TaK U B 3apyOEIKHOM JIUTEPATYPE.

IKCCYATUBHBIN THUIT BOCHAJINTEIHHON TKAHEBOU
peakiuu pu TyOepKyJie3e XapaKTepU3yeTcs BbIpa-
JKEHHBIM auCcOajlaHCOM B CHUCTEME KJIETOUYHOTO U
TYMOPJIPHOTO UMMYHHUTETA, CHIDKEHUEM KOJIUde-
ctBa CD4+, CD8+ numdonurToB, unaexkca CD4+/
CD8+, mnoBBIIIEHUEM COZEPIKAHUA MPOBOCHAIIU-
TeJIbHBIX IUTOKWMHOB W MEAHATOPOB BOCIIAJIEHMUS,
CHIDKEHUEM ypoBHsA MHTepdepoHa-ramma (MDPH-y)
[5]. JIsist IpOAYKTUBHOM BOCIATUTEIPHON TKAHEBOM
peakIuu CBOHCTBEHHB MUHUMAJIbHbIE N3MEHEHUS B
CUCTeMe KJIETOYHOTO U T'YMOPQJIBHOTO UMMYHUTETA,
OTCYTCTBHE BBIPA’KEHHOTO CHUKEHUsI/TIOBBIIIIEHNUS
copepxaunus WI-1p, NI-2, UJI-6, NJI-12, ®HO-q,
A®H-y [5].

IEJIb NCCJIEJOBAHUA

Onenka ocobeHHOCTEN HeT030(POpPMHUPYIOIIEH
pyHKIMKE HEUTPOPUIOB y OOJIBHBIX C BIIEPBBIE
BBIIBJIEHHBIM HHQWIBTPATHUBHBIM TyOEpKyJIe30M
JIETKUX C DKCCYATUBHBIM U IPOAYKTUBHBIM THIIAMU
BOCIIQJIUTETPHON TKAHEBOH pPeaKIUU KaK BO3MOXK-
HBIX IPEIUKTOPOB HEOJIATONPUATHOIO TEYEeHH
TyOepKyJie3a OPraHOB JbIXaHUS U OIpPeJeJIeHUs
IMOKa3aHUH K IPOBEJIEHUIO abIOBAHTHOW TEPATIHH.

MATEPUAJIBI 1 METO/bI

PaHILOMI/ISI/IpOBaHHoe IIPOCIIEKTHUBHOE HCCIEO0-
BaHHE€ BBIIIOJIHEHO B pPaMKaX HaAy4YHO-HCCJIeIOBa-

ber of factors — the degree of impairment of cellular
and humoral immunity, polymorphism of genes of
pro- and anti-inflammatory cytokines and functions
of neutrophil granulocytes as one of the most exten-
sive groups of immunocompetent cells which are
integrated into the first line of defense of the body
against pathogens of different types [2].

The main protective functions of neutrophils are
phagocytosis, degranulation, and NETosis (NETs —
neutrophil extracellular traps) [3]. NETosis is a form
of programmed cell death accompanied by decon-
densation of chromatin, fragmentation and disag-
gregation of nuclear membranes, mixing of nuclear
structures with the cytoplasm and their release along
with the contents of granules into the extracellular
space when the the cytoplasmic membrane is com-
promised [4]. There are no publications about the
peculiarities of the NET-forming function of leuko-
cytes depending on the type of inflammatory tissue
response in tuberculosis in both domestic and for-
eign literature.

The exudative type of inflammatory tissue
response in tuberculosis is characterized by a pro-
nounced imbalance in the system of cellular and
humoral immunity, a decrease in the number of
CD4+, CD8+ lymphocytes, the CD4+/CD8+ ratio, an
increase in the content of proinflammatory cytokines
and inflammatory mediators, a decrease in the level
of interferon-gamma (IFN-y) [5]. The inflammatory
reaction of productive type is characterized by mini-
mal changes in the system of cellular and humoral
immunity, the absence of a pronounced decrease/
increase in the content of IL-1B, IL-2, IL-6, IL-12,
TNF-q, IFN-y [5].

AIM OF THE RESEARCH

Evaluation of the features of the neutrophil NET-
forming function in patients with newly diagnosed
infiltrative pulmonary tuberculosis with exudative
and productive types of inflammatory tissue response
as possible predictors of the unfavorable course of
pulmonary tuberculosis and determination of indi-
cations for adjuvant therapy.

MATERIALS AND METHODS

The randomized prospective study was performed
as part of the research work “Technologies for
patient-oriented management of various age groups
of children and adults with latent tuberculosis infec-
tion, drug-sensitive and drug-resistant tuberculosis
with various comorbidity indices based on an
advanced assessment of the functional characte-
ristics of neutrophil leukocytes and the selection
of adjuvants for chemotherapy”, No. GR
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TeJIbCKOHN paboThl « TeXHOIOTHH MAITIEHTOOPUEHTH -
POBaHHOTO BeJleHUs OOJIPHBIX PA3JIMIHBIX BO3PACT-
HBIX TPYIIII JIeTEH 1 B3POCJIBIX C JIATEHTHOH TyOepKy-
JIe3HON uHeKIuel, JeKapCTBEHHO YyBCTBUTEIIb-
HBIM U JIEKAPCTBEHHO YCTOHYUBBIM TYOEPKYJIE30M
C PpasJMYHBIM HWHIEKCOM KOMOPOUHOCTH Ha
OCHOBe YIJIyOJIEHHOH OIIEHKH (QYHKIIMOHATHHBIX
XapaKTEPUCTUK HEUTPODUIBHBIX JIEHKOIIUTOB U
moybopa  aIbIOBAHTOB XMMHOTepanuu», NO TP
124021500060-1 OT 15.02.2024 , o ['ocymapcTBeH-
HOMY 3aiaHmnto Munspasa Poccuu N2 056-00066-
24-00 ot 28.12.2023 (CoraiieHue oT 24.01.2024) u
0I00pEHO  JIOKAJBHBIM JTHYECKUM KOMUTETOM
OMCKOTO TOCY/IapCTBEHHOTO MEIUIIMHCKOTO YHHU-
BepcureTa (mpoTokosn N9 16 ot 28.12.2023).

B uccinemoBanuu npunsaimu yuactue 180 60J1b-
HBIX C BIIEPBBIE BBIABJIEHHBIM WHQUIBTPATHBHBIM
TyOEepKyJIe30M JIETKUX B COOTBETCTBUU C KPUTEPHU-
SIMHM BKJIIOUEHUS: BIEPBbIE BBISBJIEHHBIA TyOEpKY-
Jie3 OPraHoB JBIXaHUs, BO3pACT 18—59 JIET, HATUUNe
“HGOPMHUPOBAHHOTO COTJIACUs MallieHTa Ha ydJa-
CTHE B UCCJIEZIOBAHUU, OTCYTCTBUE COILYTCTBYIOIIHX
nHDEeKIMOHHBIX 3ab6oseBanut  (BUY-undexus,
BUPYCHBIE TEMATUTHI U Jp.). Kputepusamu uckioye-
HUS SIBJISIJIUCH: TYOEPKYJIe3 JIETKUX, 3apPEeTruCTpUpO-
BaHHBIA O0JIee OTHOTO ro/ia Has3ajl, BO3PACT MOJIOKE
18 u crapiie 59 JIeT, OTCyTCTBHe MH(POPMHUPOBAH-
HOTO COTJIACHS MMAITNEHTA, OTKA3 OT YUaCTHUs B HCCIIe-
JloBaHuu, Haiauune BUY-uHdeknuu, BUPYCHBIX
renaTUToB. [lanueHThl OBLIM PAaHIOMU3UPOBAHBI B
JIBe TPYIIBI IO Pe3yJIbTaTaM CTaHZAAPTHOTO KOM-
IUIEKCHOTO (KJIMHUYECKOTO, JJaOOPaTOPHOTO, PEHT-
TeHOJIOTUUECKOro) obciiefjoBaHus. B 1-10 rpymnmy
OBUTH BKJIFOUEHBI 120 0oJibHBIX (98 (81,7 %) Myk-
guH, 22 (18,3 %) JKEHIIWHBI; CPEJIHUU BO3pACT
44,2 £ 12,7 TO/ia), KIMHUKO-Ia00paTOPHBIE XapaKTe-
PHUCTHUKN KOTOPBIX COOTBETCTBOBAIH SKCCYAATHB-
HOMY TUITy BOCIIQJIUTEJIPHON TKAHEBOU pPeaKI[UH
(pacmpocTpaHeHHBIH MPOIIECC ¢ TOPaKEHUEM, 3aHU-
MaromuM 0oJiee 2 CETMEHTOB JIETKOTO, IeCTPYKIIHEH
JIETOYHOH TKaHU (y 100% OGOJIbHBIX, BKIIOUYEHHBIX B
HCCJIeTOBaHKE), MACCUBHBIM OAKTEPHUOBBI/IEIEHIEM
U BBIDQKEHHBIMH WU3MEHEHUSMH KJIMHUYECKOTO U
OMOXMMUYECKOTO aHAJIN3a KPOBU BOCHAJIUTEIBHOTO
xapakrepa). Bo 2-10 rpynimy Bowiu 60 60JIbHBIX (42
(70 %) myxuunbl, 18 (30 %) xkeHuuH (X* = 3,150;
p = 0,076); CpemHUU BO3pacT 45,3 + 11,9 roaa
(t = —0,055; p = 0,956), y KOTOPBIX PEHTTEHO-
J1abopaTopHble MPOSIBJIEHUS TyOepKyse3a I03BO-
JISITIA TIPEATIOJIOKUTh HATIHMYHE IPOAYKTUBHOU BOC-
MaJINTEIPHON TKAHEBOH peaknuu (OrpaHHYeHHBIN
mporiecc, He 6oJiee 1-2 CErMEHTOB JIETKOTO, OTCYT-
CTBUE JIECTPYKIIUU JIETOYHON TKAaHU, MAaCCHBHOTO
OaKTEePUOBBIIEJIEHNS, YMEPEeHHble WIN He3HaUH-

124021500060-1 dated 15.02.2024, according to the
State Assignment of the Ministry of Health of the
Russian Federation No. 056-00066-24-00 dated
28.12.2023 (Agreement dated 24.01.2024) and
approved by the local Ethics Committee of Omsk
State Medical University (Protocol No. 16 dated
28.12.2023).

The study included 180 patients with newly diag-
nosed infiltrative pulmonary tuberculosis according
to the inclusion criteria: newly diagnosed pulmonary
tuberculosis, age 18—59 years, informed consent of
the patient to participate in the study, absence of
concomitant infectious diseases (HIV infection, viral
hepatitis, etc.). Exclusion criteria were: pulmonary
tuberculosis diagnosed more than one year ago, age
younger than 18 and older than 59 years, lack of
informed consent of the patient, refusal to partici-
pate in the study, HIV infection, viral hepatitis.
Patients were randomized into two groups according
to the results of standard comprehensive (clinical,
laboratory, radiological) examination. Group 1
included 120 patients (98 (81,7%) men, 22 (18,3%)
women; mean age 44,2 + 12,7 years) whose clinical
and laboratory characteristics corresponded to the
exudative type of inflammatory tissue response
(extensive pathological process with lesions in >2
lung segments, destruction of lung tissue (in 100% of
patients included in the study), active bacterial shed-
ding and marked inflammatory changes in complete
blood count and blood biochemistry). Group 2
included 60 patients (42 (70%) men, 18 (30%)
women (¥ = 3,150; p = 0,076); mean age 45,3 + 11,9
years (t = —0,055; p = 0,956) whose radiological
manifestations and laboratory findings of tuberculo-
sis suggested the presence of the productive type of
inflammatory tissue response (limited pathological
process, lesions not more than 1—2 lung segments,
absence of lung tissue destruction and active bacte-
rial shedding, moderate or insignificant inflamma-
tory changes in complete blood count and blood bio-
chemistry). The control group consisted of 30 healthy
volunteers (20 (70%) men, 10 (30%) women; mean
age 44,7 + 3,2 years).

The NET-forming function of neutrophils was
evaluated according to the method of D.G. Novikov
et al. (2021) [6]. An isolated sample of the neutrophil
fraction, with a concentration of 5000 cells/pl, that
was obtained from a sample of heparinized venous
blood no later than 30 min after sampling, was exam-
ined. A mixture of Lactobacillus (L.) reuteri, L. aci-
dophilus, L. rhamnosus and Bifidobacterium lon-
gum was used as a promoter of NETosis. The sample
of the neutrophil fraction was mixed at 37,0°C for
30 min with a culture of lactobacilli and bifidobacte-
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TeJIbHbIE BOCIIAJINTEJIbHbIE U3MEHEHHUs B KINHUYE-
CKOM W OHMOXMMHYECKOM aHayim3axX Kposu). Kon-
TPOJIBHYIO TPYIIITY COCTAaBUJIU 30 3/IOPOBBIX BOJIOH-
TepoB (20 (70 %) My»KuuH, 10 (30 %) *KEeHIIUH; CPEe/I-
HUH BO3PAcCT 44,7 + 3,2 rojia).

Heto3zodopmupyromyo GyHKIUIO HEUTpodu-
JoB omneHuBanu mo Mmeroauke /I.I. HoBukosa c
coaBT. (2021) [6]. HccemoBanu U30JIUPOBAHHBIA
obpaser; Gpakiuu HEUTPODUIOB, KOHIIEHTPAIIUS
KOTOPBIX COCTABJIsIA 5000 KIETOK/MKJI, IOJTydeH-
HBIA W3 TPOOBI TelMapUHU3UPOBAHHOU BEHO3HOU
KpPOBU He IMO37Hee 30 MHH C MOMEHTA B3sATHUSI
obpasna. B kauecTBe CTUMYIATOPA HETO3a HCIOJIb-
3oBasin cMmech Lactobacillus (L.) reuteri, L. aci-
dophilus, L. rhamnosus u Bifidobacterium longum.
Ob6pazern dpakuu HEUTPODUIOB CMENTUBAIIH IIPHU
Temmeparype 37,0 °C B TeueHHe 30 MUH C KyJIbTYy-
poii sakTo- u 6udumobaKTEPUA B COOTHOIIEHUHU
10:1. JI1s1 KOHTPOJISI 10 OOBEMHBIX €UHHUI] HeM-
TpoUIOB MHKYOUPOBAIN NIPU TeX K€ TeMIlepa-
TYPHBIX YCJIOBHUSX B T€UEHHE 30 MUH C 1 00beMOM
0,9% pactBopa xjopusa Hatpusa. [locie nHKyOa-
nuu o6pasibl Ppakmuil HEUTPOPUIOB OKpaIlu-
Basu pactBopoM JIHK-umHTepkasupymomero kpa-
CUTEeJIsI MO/ IPOTU/IUS Tocyie 00paboTKu mpe-
METHOTO CTEKJIAa MOHOKJIOHAJIBHBIMU QHTUTEJIaMU
k CD15+, meuenusiMu FITC. [Ipu groMuHecCHEHT-
HOU MUKDPOCKOIIMU B Ipelapare «pasfaBiaeHHAsS
Karwisi» IIOJ[CYNTHIBAJIM IPOIEHTHOE COOTHOIIIE-
HHUE pa3HBIX CTAAVU aKTHUBAIMU HEUTPODUIHHBIX
KJIETOK U Pa3Hble TUIIBI HEUTPODUIHHBIX BHEKIIE-
TouHBIX JIoByIIeK (HBJI), a Tak:ke MHTAKTHBIX HEH-
Tpo(UIJIOB, HE YUACTBYIOIUX B Ipoiecce GopMu-
posanusa HBJL.

B mpenapare ueHTUGUITTPOBAIIH:

1) UHTAKTHBIE HEUTPOUIIBI (KJIETKU C IPOKpa-
[IEHHOU ITUTOJIEMMOU 0e3 MMPOKpPAIIeHHOTO s/1pa);

2) TUIOAKTHBUPOBAHHBIE HEUTPODUIBI (I[UTO-
JleMMa IIpoKpallleHa, sipo ¢jabo MpoKpaIleHo);

3) aKTUBUPOBAaHHbIE HEUTPOPUIIBI (IIUTOTIEMMA
IIPOKpAIIEeHa, AP0 OOBIYHBIX Pa3MepPOB U (DOPMBI);

4) TUIEPaKTUBUPOBAHHbIE HEUTPODUIIBI (IUTO-
JleMMa MPOKpAIeHa, sIPO YBEeJIUUEHO B pa3Mepax,
KacaeTcs IIUTOJIEMMBL);

5) KJIETKH PAaHHEro HeTo3a — TUIIEPAKTHBUPO-
BaHHBIE, C HAYAJIBHBIMH IIPHU3HAKAMH HETO3a —
[IOBEPXHOCTHBIE CTPYKTYPHI SIPKO-3€JIEHOTO IIBETA U
YBeJIMYEHHbIE B pa3Mepe, KpaCHO-OPaHKeBOE sAIPO C
BU/IIMBIM BBIXOZIOM fI/IEPHOTO BEIeCTBA XOTSA OBI B
OJTHOU JIOKAIlUM, HO HEe OKPYKAIIIUM KJIETKY CO
BCEX CTOPOH;

6) obmaxoBuguble HBJI (HecTpyKTypHupOBaHHAS
JTHK pacrionaraercss BOKpYr HedTpodwmia B BHUE
o0s1aka);

ria in a ratio of 10:1. For control, 10 volume units of
neutrophils were incubated under the same temper-
ature conditions for 30 min with 1 volume of 0,9%
sodium chloride solution. After incubation, samples
of neutrophil fractions were stained with a solution
of DNA intercalating dye propidium iodide after the
glass slide treatment with FITC-labeled monoclonal
antibodies to CD15+. During luminescent micros-
copy the percentage of different stages of neutrophil
cell activation and different types of NETs, as well as
intact neutrophils not involved in the NET-forma-
tion, was calculated in the microscopic slide speci-
men.

In the preparation were identified:

1) intact neutrophils (cells with stained cyto-
lemma without stained nucleus);

2) hypoactivated neutrophils (stained cytolemma,
weakly stained nucleus);

3) activated neutrophils (stained cytolemma, the
nucleus of normal size and shape);

4) hyperactivated neutrophils (stained cyto-
lemma, enlarged nucleus, touches the cytolemma);

5) cells of early NETosis, hyperactivated, with ini-
tial signs of NET-formation — the surface structures
are bright green in color and enlarged, the red-
orange nucleus with a visible release of nuclear mat-
ter in at least one location, but not surrounding the
cell from all sides;

6) cloud-like NETs (unstructured DNA is located
around the neutrophil in the form of a cloud);

7) thread-like NETs (thread-like-reticulated
structure, in several times the size of the involved
neutrophil).

The NET capture coefficient was determined
using the ratio of the total number of trapped bacte-
ria that are a part of the NETosis promoter (probiotic
cultures) to the total number of NETs (both cloud-
like and thread-like) found in the preparation stud-
ied [6, 7].

The content of citrullinated histone H3 was deter-
mined in peripheral blood serum samples in accor-
dance with the instructions of the manufacturer of
the Citrullinated Histone H3 (Clone 11D3) ELISA Kit
(Cayman Chemical Company, USA).

Statistical processing of the study results was car-
ried out using STATISTICA 12.0. Variables of
descriptive statistics (M, m, 0, 95% confidence inter-
val, Me, st%’ Q75%) were calculated. The comparison
of the values of quantitative variables was preceded
by an assessment of the distribution of the trait using
the Shapiro-Wilk test. With non-normal distribu-
tion, the values of the quantitative variables are rep-
resented as Me and interquartile intervals (Q,,;
Q75%) ; with a normal distribution, as M + m. The dif-
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7) auteBuguble HBJI (HuTYaTO-CcETUATAS] CTPYK-
Typa, B HECKOJIBKO pa3 O0JIblIle pa3Mepa BOBJIEUEH-
HOTO HeHTpodmIa).

Onpenensnu koadduiuent 3axBata HBJI 1o
OTHOIIEHUIO O0IIero uncaa GUKCUPOBAHHBIX B
JIOBYIIIKe OaKTEPHUii, BXOAIINX B COCTAB CTHUMYJIs-
Topa HeTo3a (KyJIbTYPhl MPOOUOTHUKOB), K CyMMap-
HOMy KostmyecTBY HBJI (kak 00JIaKOBU/THBIX, TaK U
HUTEBUIHBIX), OOHAPYKEHHBIX B HCCIEIOBAHHOM
npemnapare [6, 7].

CozepkaHue ITUTPY/UIMHUPOBAHHOIO THCTOHA
H3 ompezensiiiu B mpobax CHIBOPOTKY nepudepuye-
CKOUM KPOBH B COOTBETCTBUU C HHCTPYKITUEHN ITPOMU3-
Bogurens tecr-cucreMbl Citrullinated Histone H3
(Clone 11D3) ELISA Kit (Cayman Chemical Company,
CIIA).

CraTuctuueckyio o6paboTKy pe3yJIbTaToB HCCIIe-
JIOBaHUSA IIPOBOJIMJIY C IIOMOIIBIO ITAKETa IIPOrpaMm
STATISTICA 12.0. PaccunThiBasiu IOKa3aTesan OMH-
catesbHOU cTaTuctuku (M, m, 0, 95% JIOBepUTETH-
HBIH MHTepBas, Me, st%’ Q75%). CpaBHeHUIO Besu-
YUH KOJUYECTBEHHBIX IT€PEMEHHBIX IIPEJIIIECTBO-
BaJIa OIlEHKAa XapakTepa paclpezieieHus Ipu3Haka
1o pesysnbrataMm Tecra lllanupo — Yunka. IIpu pac-
IpeJieJIeHNH, OTJIMYHOM OT HOPMAaJbHOIO, BeJIU-
YUHBl KOJMYECTBEHHBIX I1€PEMEHHBIX IIPE/ICTaB-
JieHbl B BUzie Me 1 MHTEPKBAPTUIbHBIX HHTEPBAJIOB
Q. Q,5); IPU HOPMAJIBHOM PACIpe/e/IeHUN — B
Busie M + m. Paznuumsa KOJIM4eCTBEeHHBIX IlepeMeH-
HBIX B JIBYX HE3aBUCHUMBIX T'PYIIIAX OMPEEIIN C
IIOMOIIbI0 HelapHoro t-kputepus CTbIOJIEHTA,
U-kpurtepust MaHHa — YUTHH, B TpeX rpynmnax (1-u,
2-11 ¥ KOHTPOJIBHOH) — KpuTepus Kpyckana — Yoi-
smmca. Pasmuuuns BeJIMUMH KauyeCTBEHHBIX ITepeMeH-
HBIX OIpENeIsAIN ¢ MOMOIIbI0 Kputepus x> Ilup-
COHA, MPH N < 5 UCHOJB30BAJIM TOYHBIA TECT
®umiepa. KoppeaAauoHHBIN aHaIN3 BKJIIOYAJl pac-
yer k03¢ dUIIMeHTa paHTOBOU Koppessinuu Crup-
MeHa (Rs). Paziuuus cuuTaau TOCTOBEPHBIMU IIPHU

p < 0,05.

PE3YJIBTATDBI 1 OBCYKAEHUWUE

Muxkobakrepuu Tybepkysnesa (MBT) B maske
MOKPOTBHI, BBISIBJIIEMbIE METOOM JIIOMUHECIIEHTHOM
MHKPOCKOITHH, Ha 64,1 % (p = 0,0001) YaIle BbIAB-
JISIJIACh y TIAMEHTOB 1-U Tpymmbl (Tabs. 1), Kak u
MacCUBHOe OaKTEPUOBBIJIeJIEHNE ¢ OOHAPYKEHHEM
6oJ1ee 10 KHCIIOTOYCOUUNBBIX MUKoOakTepui (KYM)
B OJTHOM T10J1€ 3peHusi (p = 0,00001).

AHanu3 CpPOKOB IOSIBJIGHHUS IPU3HAKOB POCTa
xostouuit MBT Ha cpejie JleBeHmuTeiina — MeHncena u
€ro MHTEHCUBHOCTH IIPe/ICTaBieH B TabJ1. 2. Yacrora
BBIABJIEHUA pocTa KyabTypbl MBT, BeiiesieHHOHU y
MAleHTOB B TPyHIaX CpPaBHEHUs B CPOKHU

ferences in the values of quantitative variables in two
independent groups were determined using the
unpaired Student’s t-test, the Mann-Whitney U-test,
and the Kruskal-Wallis test in three groups (1, 2, and
control). The differences in the values of qualitative
variables were determined using Pearson’s ¥ test; if
n < 5, Fisher’s exact test was used. The correlation
analysis included the calculation of Spearman’s rank
correlation coefficient (Rs). The differences were
considered significant at p < 0,05.

RESULTS AND DISCUSSION

Mycobacterium tuberculosis (MBT) in sputum
smear detected by luminescent microscopy was
64,1% (p = 0,0001) more likely to be found in patients
of group 1 (Table 1), as well as active bacterial shed-
ding with the detection of more than 10 acid-fast
mycobacteria (AFM) in one field of view
(p = 0,00001).

The analysis of the timing of the appearance of
signs of MBT colony growth on Lowenstein-Jensen
medium and its intensity is presented in Table 2.
The frequency of detection of MBT culture growth
isolated from patients in the studied groups for
31-60 days was similar (26,7% in groups 1 and 2,
p = 1,000). Strains showing culture growth in the
period of less than 30 days from the moment of
plating on the media were 24,2% more often
observed in patients of group1 (p = 0,0008). Mas-
sive growth (over 100 CFU) was recorded 28,1%
more often in group1 (p = 0,0001). MBT culture
growth earlier than 30 days after plating and CFU
>100 was more than 3 times common in group 1,
but the differences were not statistically significant
(p = 0,668).

The ability of isolated neutrophil fractions
obtained from patients of the compared groups to
form NETs is shown in Table 3. As seen from the
table, the noted ability of neutrophils to form NETs
in patients of groups 1 and 2 had significant differ-
ences. Neutrophils of patients in group 1 were statis-
tically significantly more likely (by 27,8%) than in
group 2 to form cloud-like NETs (p = 0,025); in addi-
tion, the proportion of early NETosis cells in the
preparations of patients in group 1 after the action of
the probiotic promoter was statistically significantly
lower (by 7,3%, p = 0,013), as well as the proportion
of activated neutrophils (by 10,2%; p = 0,002). There
was a tendency to a decrease in the proportion of
thread-like NETs in group 2 compared to group 1:
the median proportion of the thread-like NETs in
group 2 was 10% less than in group 1(p = 0,015).

Statistically significant (p = 0,005, Mann-Whit-
ney U-test) increase in the content of citrullinated
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Ta6smmua 1. BakTeproBbl/ie/IeHHE U er0 MaCCUBHOCTD 110 pe3yJibTaTaM aHa/Ii3a MOKPOTBI METO/[OM JIIOMHUHECLIEHTHON
MUKPOCKOIIUY Ha MOMEHT MO TBEPKEHUS AUarHo3a Tybepkysiesa, abe. (%)
Table 1. Bacterial shedding and its activity according to the results of sputum smear microscopy at the time of confirming the

tuberculosis diagnosis, abs. (%)

1-a rpynna 2-4 rpynmna
g}:;:{“ax Group 1 Group 2 x* )
n=120 n=60
BakTepuoBbl/ieJieHle HAa MOMEHT MO/ TBEPXK/eHus fuarHo3a 88 (73,3) 11(9,2) 48,89 0,0001
Bacterial shedding at the time of the diagnosis confirmation
MaccuBHOCTb GaKTePHUOBBI/IeI€HUSA:
Activity of bacterial shedding:
10-99 KYM B 100 1/3 (+) | 10-99 AFM in 100 f/v (+) 21(17,5) 5(8,3) 2,72 0,099
1-10 KYM B 1 11/3 (++) | 1-10 AFM in 1 f/v (++) 21 (17,5) 4(6,7) 3,07 0,003
Gosiee 10 KYM B 1 11/3 (+++) | more 10 AFM in 1 f/v (+++) 46 (38,3) 2 (3,3)* 23,30 0,00001

IpuMedaHnuda:
* TouHbl# TecT Puiepa.

N o t e : AFM - acid-fast mycobacteria; f/v - field of view.
* Fisher’s exact test.

31—60 aHell, Obl1a OAMHAKOBOU (26,7 % B 1-i U 2-H
rpymnnax, p = 1,000). IllTaMmmel, afomiye pocT KysIb-
TYpBI B UHTepBaJle MeHee 30 JHel ¢ MOMeHTa IIoceBa
Ha Cpezy, Ha 24,2 % Jaiie HaOII0AaIN Y al[ueHTOB
1-¥ rpymnmsl (p = 0.0008). MaccuBHBIN POCT (CBBIIIIE
100 KOE) perucrpupoBanu Ha 28,1 % yarie y JIuil
1-ti rpynnsl (p = 0,0001). Poct kyasTypsl MBT panee
30 AHeW ¢ MoMeHTa IoceBa ¢ kouuectBom KOE
>100 OoJiee yeM B 3 pasa vallle BCTpevascsd B 1-H
TpyIiIe, HO Pa3aIudus He ObLIN CTATUCTUUECKH 3Ha-
gyuMbIMH (p = 0,668).

KYM - kucioToycoiunBble MUKOGAKTEPUH; 11/3 — 110JIe 3PEHUS.

histone H3 was detected in the blood serum of
patients in group 1 compared with that in group 2. In
group 2, the median of this indicator was 1,4 pg/ml,
and the interquartile range was 0.8—1.7 pg/ml. In
group 1, the median content was 25.8 pg/ml, and the
interquartile range was from 2,6 to 34,2 pg/ml. The
correlation analysis revealed strong correlations
between the content of citrullinated histone H3 in
the blood and the percentage of thread-like NET in
the preparation after stimulation (Rs = 0,92;
p = 0,007); between the content of citrullinated his-

Ta6smna 2. CKopoCcTb U MHTEHCUBHOCTb POCTa KyJbTypbl MUKOOGaKTepUl TybepKyJsie3a Ha cpeie JleBeHluTelHa - eHceHa B

rpyImmnax uccjaefoBaHusi, ade. (%)

Table 2. Rate and intensity of Mycobacterium tuberculosis culture growth on Lowenstein-Jensen medium in the study groups,

abs. (%)
1-a rpynna 2-g rpynmna
g}:;:{“ak Groul;)yl GrougyZ xX* p
n=120 n=60
CkopocTtb pocta / Growth rate:
no 30 guew / up to 30 days 45 (37,5) 8 (13,3)* 11,24 0,0008
ot 31 0 60 gHelt / 31-60 days 32 (26,7) 16 (26,7) 0,001 1,000
6osiee 60 gHelt / >60 days 15 (12,5) 8 (13,3)* 0,02 0,874
WuTeHcuBHOCTB pocTa / Growth intensity:
1-20 KOE / CFU (+) 18 (14,9) 23 (38,3) 12,38 0,0009
21-100 KOE / CFU (++) 17 (14,1) 13 (21,7) 1,62 0,204
6osiee 100 KOE (+++) / >100 CFU (+++) 44 (36,4) 5(8,3)** 14,81 0,0001
CkopocTb pocta MeHee 30 JHEH, MHTEHCUBHOCTb POCTa 14 (11,7) 5 (8,3)** 0,18 0,668
6osiee 100 KOE (+++)
Growth rate <30 days, growth rate >100 CFU (+++)
OtcyTtcTBue pocta / No growth 14 (11,7) 17 (27,0) 7,79 0,052

[Ipumeuanus: KOE - kosoHneo6pasyiomas eMHALA.
* x2 [IupcoHa c monpasKoii MeiiTca.

** Tounsld TecT Puiepa.

N o t e : CFU - colony-forming unit.
* Pearson’s x* with Yates’ correction.

** Fisher’s exact test.
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Ta6mua 3. [los1sg HelTpodUIOB B Pa3HOU cTeneHH akTUBaLuy, B 0B HBJI B mpenapaTte U30/1MpOBaHHBIX HEHTPODHUIIOB,
ko3 dunuent saxsara HBJI nocse BoselcTBUs cTUMYIATOPA HETo3a in vitro [Me (Q,,; Q,, )] B rpynmax

Table 3. The proportion of neutrophils in various stages of activation, the types of NETs in the preparation of isolated
neutrophils, the NET capture coefficient after exposure to the NETosis promoter in vitro in the groups [Me (Q,,; Q,s,,)]

IMoka3zaTesn
Indices

1-g rpynna 2-4 rpynmna KoHTpoJsibHas rpynmna
Group 1 Group 2 Control group
n=120 n=60 n=30

WHTakTHBIE HEUTPOPUIIBI, Y%
Intact neutrophils, %
AxTUBHpOBaHHBIE HEUTPOPUIBI, Y%
Activated neutrophils, %

KsieTku paHHero HeTo3a, %
Cells of early NETosis, %

O6s1akoBuaHble HBJI, %
Cloud-like NETS, %
HurteBuusie HBJI, %
Thread-like NETs, %

Koadduuuent saxsara HBJI, unciio o6bexToB Ha oy HBJT
NET capture coefficient, number of objects per single NET

50,2 (46,5; 54,7)

56,9 (38,3; 59,2)

55,2 (42,3; 57,1)

0,9 (0,7; 6,0) 11,1(53;11,5) 6,2 (2,2;11,3)
p,,= 0,002

2,8 (1,6; 3,5) 10,1(8,2;10,6)  6,1(3,2;9,7)
p,,=0013

p,,= 0,005

32,2 (24,3;46,8) 4,4 (3,2;7,9) 43 (3,2;6,3)
p,,= 0,025 p,,=0,0006
27,8 (15,6;34,3) 17,8(9,1;21,9) 16,0 (15,8;19,2)
p,,=0015

0,72 (0,58;0,97)

0,71 (0,22; 1,04)

0,72 (0,58; 0,96)

[IpuMedaHu4da:

HBJI - HeliTpodU/IbHBIE BHEK/IETOUHbIE JIOBYIIKH.

P, , - CTaTHCTUYECKH 3HaYMMble Pas3/M4uA MoKasaTejJed B rpynne 1 W KoHTposbHOH rpynmne (U-kpuTepuit ManHa - YUTHM); p, , -
JI0CTOBEPHOCTD pa3nuuii B rpynnax 1 u 2 (U-kputepuit ManHa - YUTHH).

N o t e : NETs - neutrophil extracellular traps.

p,_,- statistically significant differences in indices between groups 1 and the control (Mann-Whitney U-test); p, , - the significance of differences

between groups 1 and 2 (Mann-Whitney U-test).

Croco6HOCTh W30JMPOBAHHBIX (DpaKIUi Hen-
TpodUIOB, MOJYIEHHBIX OT NAIeHTOB CpaBHUBAae-
MBIX Tpynn, K (OPMUPOBAHUIO HEUTPO(PUIHHBIX
BHEKJIETOUHBIX JIOBYIIIEK OTpakeHa B Tabi. 3. Kak
BHJIHO U3 TaOJIMIIbI, yKa3aHHAsA CIIOCOOHOCTh HEH-
TpoduoB K ob6pazopanuio HBJI y manueHToB 1-H 1
2-f Tpynn uMeJia 3HAYUTEJIbHbIE pasiauuus. Hew-
TpodWwIbl MalEeHTOB 1-H TPYHIBI CTATHCTUYECKU
3HauuMo yaine (Ha 27,8 %), ueM Bo 2-i rpyre, hop-
mupoBau obakosuiabie HBJI (p = 0,025); kpome
TOTO, B IIpeliapare MaIMeHTOB 1-U TPYIIBI IOCJIe
JIEWCTBUS CTUMYJIATOPA-IIPOOHUOTHKA JIOJIA KJIETOK
paHHero Hero3a ObLIa CTATUCTUYECKH 3HAYUMO
MeHble (Ha 7,3 %, p = 0,013), KaK U JI0Ji aKTUBUPO-
BaHHBIX HeHWTpodwmwioB (Ha 10,2 %; p = 0,002).
Hab6momanace TeHIEHIUMA K YMEHBIIEHUIO JOJIH
HUTeBUIHBIX HBJI BO 2-# rpyIIie Mo OTHOIIEHHIO K
1-#d TpymIe — MeAauaHa o HuTeBUAHBIX HBJI BO
2-# rpynme Obuta Ha 10 % MeHbINEe, 4eM B 1-U
(p = 0,015).

B cpIBOpOTKe KpOBU OOJIBHBIX 1-U TPYIIIIBI OIIpe-
JIeJISVIOCh CTAaTHCTUYeCKH 3Hayumoe (p = 0,005,
U-xkputepuii ManHa — YUTHU) MOBBIIIIEHUE COZEP-
JKaHUs IUTPY/UTMHUPOBAHHOTO rucToHa H3 B cpas-
HEHUU C II0Ka3aTeJIsIMU 2-U rpynisl. Bo 2-# rpymnme
MeZ[MaHa 3TOTO [TOKa3aTeJisd COCTaBUIIA 1,4 IT/MJI, a
WHTEPKBAPTUJIbHBIH WHTEpBAI — 0,8-1,7 mr/mi.
B 1-¢i rpymnme MenmaHa CcOZEPIKAHUS COCTABHIIA

tone in the blood and the proportion of early NETo-
sis cells in the preparation after stimulation (r = 0,75;
P = 0,042).

In patients of group 1 (exudative type of inflam-
matory tissue response), massive bacterial growth
of proliferous MBT strains was observed, which was
accompanied by an increase in the content of citrul-
linated histone H3 in the blood serum, a decrease in
the proportion of activated neutrophils and an
increase in all types of formed NETs. Studies by
several authors conducted earlier in the groups of
adult tuberculosis patients showed that a higher
concentration of citrullinated histone H3, forming
which is closely associated with NETosis [8-10],
correlates with the presence of cavities of lung
destruction and the low effectiveness of anti-tuber-
culosis therapy [11]. This is consistent with our
results, which showed a statistically significantly
higher content of citrullinated histone H3 in the
blood serum of patients with the exudative type of
inflammatory tissue response compared to patients
with the productive type of inflammation. The asso-
ciation of an increased content of citrullinated his-
tone H3 with the proportion of the formed thread-
like NETs is probably due to the fact that thread-
like NET structures contain DNA and antibodies to
myeloperoxidase and citrullinated histone H3 and
represent a type of vital NETosis [12].
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25,8 1r/mM, a UHTEPKBAPTUIBHBI UHTEPBAJ — OT
2,6 10 34,2 ur/miu. KoppeasanuoHHBIH aHaAIU3
BBISIBIUJI HAJIUUHME CUWIBHBIX KOPPEJAIUN MEXIY
coJlep;KaHUeM LUTPY/UIMHUPOBAaHHOrO rucroHa H3
B KpOBU U IpolleHTOM HuTeBuAHbIX HBJI B npena-
pare nocse crumyssinuu (Rs = 0,92; p = 0,007), a
TaKKe MeXKJy COZepKaHueM I[UTPYJUIMHUPOBAaH-
HOTO THCTOHA B KPOBH U JOJIeH KJIETOK PAHHETO
HeT03a B Ipenaparte mocjie ctuMyssainuu (r = 0,75;
p = 0,042).

Y manueHToB 1-U TPyNIbl (3KCCYZTATUBHBIA THUII
BOCIIQJTUTETbHOM TKAaHEBOH peakI[uu) HabII01aI0Ch
MaCCHUBHOe OaKTepUOBBIIeJIEHHE OBICTPOPA3MHOXKA-
omuxeda mraMmMmoB MBT, 4To conpoBoXanocs yBe-
JIMYEHUEM COAEPKAHUA IUTPYJUIMHUPOBAHHOTO
ructoHa H3 B ChIBOPOTKE KPOBH, yMeHbIIEHHEM
JIOJI aKTUBUPOBAHHBIX HEUTPOUIJIOB U yBeHUue-
HHUeM 4YucjIa BcexX TUIOB chopmupoBaHHBIX HBJIL.
B wuccienoBaHUsAX psAZla aBTOPOB, IIPOBEAEHHBIX
paHee B IpyIIIax B3POCIbIX OOJILHBIX TYOEPKYJIE30M,
OBLII0 YCTAHOBJIEHO, UTO HOJIEe BHICOKAsA KOHI[EHTPA-
ousA OUTPY/UIMHUPOBaHHOrO rucroHa H3, mpouecc
06pazoBaHUs KOTOPOTO TECHO CBA3BIBAIOT C HETO30M
[8—10], xoppenupyer ¢ HaJIUIHEM IOJIOCTEH pac-
1asia B JIETKUX U HUBKOU 3(PPEeKTUBHOCTHIO IPOTH-
BOTYOEPKYJIEBHOH Tepanuu [11]. ATO coryacyercs ¢
HAIlIUMH pe3yJIbTaTaMH, IMOKa3aBIIUMHU CTATHUCTH-
YeCcKH 3HAYUMO OOJIblllee COZepiKaHUe IUTPYJLIH-
HUPOBAaHHOTO r'ucTOHA H3 B CBIBOPOTKE KPOBH H60JIb-
HBIX C DKCCY/IATUBHBIM TUIIOM BOCIIJITUTEIBHOU TKa-
HEBOM peakIUU B CPaBHEHUU C TAKOBBIMH, BBIAB-
JIEHHBIMHU y TAaINEHTOB C IPOAYKTUBHBIM TUIIOM
BocriasieHUs. CBf3b IIOBBIIIEHHOTO COZEPKAHUA
IUTPY/UIMHUPOBaHHOTO rucToHa H3 ¢ noseit chop-
MHPOBaHHBIX HUTEBUAHBIX HBJI, Bo3MokHO, 00y-
CJIOBJIEHA TeM, YTO HUTeBHUJHBIe CTPYKTypbl HBJI
comep:xar JJTHK u anTUTENa K MUEJIOIEPOKCUIA3€e U
OUTPYJ/IMHUPOBAHHOMY THCTOHY H3 u mpescras-
JISIIOT PA3HOBU/THOCTh BUTAJIBHOTO HeTo3a [12].

3AK/IIOYEHUE

Pe3ynpTaThl MPOBEIEHHOTO UCC/IEIOBAHMUS ITOKA-
3aJTH, YTO y OOJIBbHBIX TyOEepKyJI1e30M HH(PUITTPATHB-
HBIE TPOIECCHI C TMPeobIalaHueM BKCCYAATHBHOTO
THIIA BOCIIAJINTETLHON TKAHEBOU PEAKITUH XapaKTe-
PHU3YIOTCA MaCCUBHBIM OAKTEPUOBBIZIEIEHUEM, yCTa-
HOBJIEHHBIM METO/0M JIIOMUHECI[EHTHOH MUKPOCKO-
MY, a TaKKe OBICTPHIM (MeHee 30 JTHEH) U MaCCHUB-
HBIM (+++) POCTOM BO30yAMTEJIS HA TJIOTHOHN ITUTa-
TEJTLHOU CpeJie.

CnocoOHOCTh  JIEUKOIIUTOB  IepudepuiecKou
KpoBH K opMupoBaHui0 061akoBUAHBIX HBJI mpu
DKCCY/IATUBHOM THIIE BOCHAJIUTEJHHON TKaHEBOU
peakruu B 8,5 pa3 BbIIE, UeM IIPU IIPOIYKTHBHOM

CONCLUSION

The results of the study showed that in tuberculo-
sis patients, infiltrative processes with a predomi-
nance of the exudative type of inflammatory tissue
response are characterized by active bacterial shed-
ding, determined by luminescent microscopy, as well
as rapid (less than 30 days) and massive (+++)
growth of the pathogen on a solid medium.

The ability of peripheral blood leukocytes to form
cloud-like NETs in the exudative type of inflamma-
tory tissue response is 8.5 times higher than in the
productive type. Thread-like NETs are also formed
more frequently in this group of patients.

The significant predominance of citrullinated
histone H3 in the blood serum of infiltrative pulmo-
nary tuberculosis patients with the mainly exuda-
tive type of inflammatory tissue response was
explained the abovementioned features of NETosis
and can serve as an additional criterion for diagnos-
ing tuberculosis with a tendency to progression,
which should be considered when developing mod-
els for predicting the course of tuberculosis, sub-
stantiation of indications for adjuvant therapy and
choice of its regimen(s).
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turie. HureBuzmasie HBJI Takke dopmupyrores
Yarie B 3TOH IrpyIie 60JIbHBIX.

3HaunTeNIbHOE  TpeoOsaflaHue — COMEepIKAHUA
OUTPYJUIMHUPOBAHHOTO THcTOHA H3 B ChIBOpOTKE
KpPOBH OOJIbBHBIX HHMDUIBTPATHBHBIM TyOEPKYIE30M
JIETKHX C IPEUMYIIECTBEHHO 3KCCY/IATUBHBIM TUIIOM
BOCITAJIMTEILHOW TKAHEBOM peaKIuu OOBSICHIET
BBIIIIEYKa3aHHbIE 0COOEHHOCTH HETO3000pa30BaHUs
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U MOXKET CJIYKUTh JIOTIOJIHUTEJIbHBIM KPUTEPHEM
JIMaTHOCTHUKHU TYOEpKyJie3a ¢ HAKJIOHHOCTBIO K IIPO-
rPECCUPYIONIEMY TEUEHUIO, UTO CIJIEZYEeT YIUTHIBATH
IPYU CO3JJaHUN MOJIeJIEd MPOTHO3a TeueHus Tyoep-
KyJ1e3a, 000CHOBaHHUS MMOKAa3aHUU K IPOBEIEHUIO U
BBIOOPY CXE€M COOTBETCTBYIOIIEH aJbIOBAaHTHOM
Teparnuu.

HUcrounuk ¢PpuHancupoBaHusa. lcciaenoBa-
HUe BBIIOJIHEHO B paMKax peajiu3aluy Tocyzap-
cTBeHHOro 3a7anusa Munsapasa Pocenn «TexHosio-
THU TAIeHTOOPUEHTUPOBAHHOTO BeleHUs 0OO0JIb-
HBIX PA3JIUYHBIX BO3PACTHBIX TPYII JIeTEN U B3pOC-
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JIBIX C JIATEHTHOU TyOepKyJIe3HOU WHGEKIen,
JIEKAPCTBEHHO YYBCTBUTEJIHHBIM H JIEKAPCTBEHHO
YCTOMYUBBIM TYOEpPKYJIe30M C Pa3IUYHBIM HH/IEK-
COM KOMOPOWZHOCTM Ha OCHOBE YIJIyOJIeHHOH
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ATHUOJIOTUA, TATOMOP(OJIOTHNIEeCKruEe U3MEHEHU
U nepuHaTajabHOe nopa:keHue ITHC npu BHyTpUyTPOOHOM
sHNIedaauTe y JI0J40B 1 HOBOPOKIAEHHBIX

0O.B. IlepoBa, A.Il. Haneen

@I'BOY BO «Hogocubupckuil 20cydapcmeertbiil meduyuHcekuil yHugepcumem» Muwnzdpasa Poccuu, Hogocubupck, Poccus

AHHOTAIIMA

BBepgenue. Cpenu nepuHaTaJbHBIX WH(QEKIUH 3HaUeHWE BHYTPUYTpoOHOTO sHIedanuTta (BYD) ompenensercs
BBICOKOH JIETAJIHOCTHIO Y IJIOJIOB ¥ HOBOPOK/IEHHBIX U PA3BUTHEM WHBAIMTHOCTH B MOCJIEYIONIHE TIEPUO/IbI JKIU3HH, B
TOM YFHCJIE — IETCKUX IlepebpabHbIX Mapaynyel, 30 PeHNIECKIX U AyTUCTHUECKUX paccTporicTB. Mopdosoruueckast
KapTrHA BYD xapakrepusyercs 3HAUYUTEIBHBIM TOJIUMOPGU3MOM, UYTO 0OYCIOBIEHO KaK ITOJIHMATHOJIOTMYHOCTBIO JHIlE-
anurtos, Tak u rerepoPOPMHBIM pearnpoBaHUEM HEUPOHOB B YCJIOBUAX [ATOJIOTHU.

Il e n . l3ydeHHe 3THOJIOIMH U MOP()OJIOTHUECKUX ocobeHHOcTel BYD 1 ero nucxozos.

MaTepuanb W MEeTO/ bl . VcwienoBaau rOJIOBHOH MO3T 37 IUIOJIOB M HOBOPOJK/IEHHBIX ITPH CPOKE TeCTAI[IH
24—27 HeJl, Y KOTOPhIX MOP(OJIOTUYECKH BBIBIISIA Tpu3Haku BYD. Vcrmosib30BaIl METOABI CBETOBOM MUKDPOCKOIIMH U
MMMYHOTHICTOXHMHYECKOTO HCCIIeT0BaHM. MeTO0M IMMYHOTUCTOXUMUYECKOTO THITMPOBAHUS OIIPE/IEIISIIIA MapKePhI CJie-
nyroiux Bo30yaureneii: Herpes simplex 1 1 2-ro Tumnos, nuromeraiosupyca, Toxoplasma gondii, Bupyca durreitna — bapp.
Pes3ynbTartsbl . BYD yaie Beero 6bL1 MPOSIBJIEHHEM I'eHEPATU30BAaHHON BHYTPUYTPOOHOU nHbpeKIuu — 86,48 %
cinydaeB. Mopdosiornueckas kapTuHa npu BYD xapakrepuzoBasach AByMs OCHOBHBIMU IIPOSIBJIEHUSMU: IPOLYKTUBHBIM
SHIle(DATUTOM, B TOM YHCJIE U TPAHYJIEMATO3HBIM, U SKCCY/JATUBHO-TIPOIYYKTUBHBIM SHIIE(DATUTOM, YTO OTPaAKAET, BEPO-
SITHO, €r0 ATHOJIOTHYECKHE 0COOeHHOCTH. ATHoIorHA BYJ: npeobiiaianu Bo30OyauTeiu BUpycHol (66,7 %) u 6akTepuaib-
HOH U TpUOKOBOH (33,3 %) mpUpobl. BYD 0cI0KHsIICA reMOpParnyecKiuM CHHIPOMOM C Pa3BUTHEM JIETAIBHBIX (OPM:
cy0sIeHINMaTBHBIM KPOBOU3IUSAHIEM — 21,68 % (8 Hab II01eHUIT), BHYTPIDKEIIYZ0IKOBBIMI KPOBOUBIHAHUAME — 16,2 %
(6 HabrOEHUH).

3axiuoueHHe. Passurue BYD y m10/10B 1 HOBOPDOXK/IEHHBIX fABJIAETCA TKeIOH GOPMOI reHepasTn30BaHHON
BHYTPUYTPOOHOHM HWHGEKINH, CBSI3aHHOW IpenmyliecTBeHHO ¢ Bo3OymautensmMu TORCH-koMmIUiekca, OCIOKHEHUSIMU
KOTOPOU BBICTYIAIOT JIeTaJIbHbIE CyOATIEH/TUMAIbHbBIE U BHYTPUYKEJIYT0UKOBbIE KDOBOUBJIUSIHUSA.

Knaouesvle croea: BHyTPUYTPOOHBIH dHIIEDATUT, TEPUHATAIbHAS HHOEKITIA, MOP)OIOTHS, STHOJIOTHS, TEPUHATAIb-
Hoe nopaxenue [THC.

Oo6pasen murtupoBaHus: Ilepoa O.B., Hameer A.Il. dTHOOTHA, TATOMOPGOJIOTHUECKHE U3MEHEHHS U
nepuHaTaabHOe nopakenue ITHC mpu BHyTpHUyTpOOHOM dHIIedATNTE Y IIOJIOB U HOBOPOXK/IeHHBIX // Journal of Sibe-
rian Medical Sciences. 2025;9(1):18-28. DOI: 10.31549/2542-1174-2025-9-1-18-28

Etiology, pathomorphologic changes and perinatal CNS lesions
in intrauterine encephalitis in fetuses and newborns

0O.V. Perova, A.P. Nadeev

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Among perinatal infections, the significance of intrauterine encephalitis (IUE) is determined by
the high mortality rate in fetuses and newborns and the development of disabilities in subsequent periods of life, including

TocTymuia B peJakiiuio 15.01.2025 Received 15.01.2025

IIpomia peneH3upoBaHue 06.02.2025 Revised 06.02.2025

IIpunATa K MyOIUKaIUH 14.02.2025 Accepted 14.02.2025

Aemop, omeemcmeeHHblll 3a nepenucky Corresponding author

Hanee Aznekcanap Ilerposuu: ®T'BOY BO «HoBocubGupckuii rocygap- Alexander P. Nadeev: Novosibirsk State Medical University, 52, Krasny
CTBEHHBI MeJUIIMHCKUIA yHuUBepcuTeT» MunszzpaBa Poccun. 630091, prosp., Novosibirsk, 630091, Russia.

r. HoBocubupck, KpacHsiii npocrr., 52. E-mail: nadeevngma@mail.ru

E-mail: nadeevngma@mail.ru

18 Journal homepage: http://jsms.ngmu.ru



Perova O.V., Nadeev A.P. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

cerebral palsy, schizophrenic, and autistic disorders. The morphological picture of IUE is characterized by significant poly-
morphism, which is due to both the multietiological nature of encephalitis and different types of neuron response under
pathological conditions.

Aim . Studying the etiology and morphological features of IUE and its outcomes.

Materials and methods. Thebrains of 37 fetuses and newborns at a gestation period of 24—27 were
examined, in which the signs of IUE were detected morphologically. Light microscopy and immunohistochemical examina-
tion were used. By immunohistochemical typing, the markers of the following pathogens were determined: herpes sim-
plex virus types 1 and 2, cytomegalovirus, Toxoplasma gondii, Epstein-Barr virus.

Results. IUEwas at most a manifestation of systemic intrauterine infection — 86,48% of cases. The morphological
picture in IUE was characterized by two main manifestations: productive encephalitis, including granulomatous one, and
exudative and productive encephalitis, which probably reflects its etiological features. Etiology of IUE: viral (66,7%), bacte-
rial and fungal (33,3%) pathogens predominated. IUE was complicated by hemorrhagic syndrome with the development of
fatal forms: in 21,68% (8 cases) — by subependymal hemorrhages, in 16,2% (6 cases) — by intraventricular hemorrhages.

Conclusion.

The IUE development in fetuses and newborns is a severe form of systemic intrauterine infection

associated primarily with the pathogens of the TORCH complex, the complications of which are fatal subependymal and

intraventricular hemorrhages.

Keywords: intrauterine encephalitis, perinatal infection, morphology, etiology, perinatal CNS lesions.
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BBEJIAEHUE

B cTpyKType mepuHaATaTBHON 3a6071€BAEMOCTU U
JIETAIbHOCTH, KakK B Poccuiickoni ®eneparuu, Tak u
B JIPYI'HX CTpaHaX, JOMHUHHUPYIOT BHYTPHUYTPOOHAs
THUIIOKCHUSA, CHUHAPOM JIbIXaTeJIbHBIX PaCCTPOMCTB,
BPOXK/IEHHBIE IOPOKH Pa3BUTHSA, OKAa3bIBas CyIIe-
CTBEHHOE BJIMSHHE Ha IOKa3aTeslb MepUHATAIbHON
U MJIaJIeHYecKOl cMepTHocTH [1—3]. Bmecre ¢ Tem
COXPaHSIOT CBOIO 3HAYUMOCTD U JINTUPYIOIIHE TT03HU-
MY B CTPYKTYPe IepruHATaIbHOM 3a6071€BA€MOCTH U
CMEpPTHOCTH BHYTPpUYTPOOHAs HHGMEKIIHSA U TTHEBMO-
HuM [4—6]. He oTMeuaeTcss CHUKEHUS JIETAJIbHOCTH
U TIPH CETICHce HOBOPOXK/IEHHBIX [5—7].

BuyTpuyTpo6Has TUIOKCHUSA U HHGPEKIINH TPHUBO-
JIST K BBICOKOH JIETAJIBHOCTH, OCOOEHHO B TepHHA-
TaJIbHOM TIepuoze [6, 8], a TakiKe ABIAIOTCA, B pAJie
CIy4yaeB, IPUUMHON TIyOOKOH WHBAJIUIHOCTH, 00Y-
CJIOBJIEHHOW BPOXKJIEHHBIMH IOPOKAMU Pa3BUTHS,
XPOHUYECKUMHU HeWH(EKIMOHHBIMU 3a00JIeBaHU-
MU W TICUXUYECKUMHU paccTpoiicTBamu [5, 6, 9].
IIpu »sTOM ycrnexu OOpbOBI C BHYTPHUYTPOOHOH
vHbeKIuel BHIVISAAAT MeHee BIEUYAT/IAIONUMHU B
CpaBHEHWHW C JAPYTUMH BHJAMH IATOJOTUM [10].
BHyTpuyTpoOHble HWHGEKIIMH XapaKTEPU3YIOTCs
3HAYUTEJIbHOH BapHaOeJbHOCTHI0 KJIUHUYECKHUX
MPOSIBJIEHUH, YTO 3aTPYAHAET JAHATHOCTUYECKUH
MOHUCK [10]. B 3TO¥ ¢BSI3M UCTHHHOE 3HAUEHHE BHY-
TPUYTPOOHBIX MH(MEKITUH B TIATOJIOTUH IIEPUHATAIIb-
HOTO TIepHoJila HeMOOIleHWBaerTcsa. B mocienHee

INTRODUCTION

The structure of perinatal morbidity and mortal-
ity, both in the Russian Federation and in other
countries, is dominated by intrauterine hypoxia,
respiratory distress syndrome, and congenital mal-
formations, having a significant impact on the peri-
natal and infant mortality rate [1—3]. At the same
time, intrauterine infections and pneumonia keep
their importance and leading positions in the struc-
ture of perinatal morbidity and mortality [4-6].
There is no a decrease in mortality in neonatal sepsis
too [5-7].

Intrauterine hypoxia and infections lead to high
mortality, especially in the perinatal period [6, 8],
and are, sometimes, the cause of severe disability
due to congenital malformations, chronic non-infec-
tious diseases and mental disorders [5, 6, 9]. At the
same time, the successes in fight against intrauterine
infection are less impressive in comparison with
other types of pathology [10]. Intrauterine infections
are characterized by significant variability in clinical
manifestations, which complicates the diagnostic
search [10]. In this regard, the true significance of
intrauterine infections in perinatal pathology is
underestimated. Recently, there has been an increas-
ing trend in cases of intrauterine infections and neo-
natal sepsis [11].

Among perinatal infections, the significance of
intrauterine encephalitis (IUE) is determined by the

Journal homepage: http://jsms.ngmu.ru

19



Ieposa O.B., Hadees A.Il. / Journal of Siberian Medical Sciences T. 9, N° 1 (2025)

BpeMs HAOJIOZaeTCs TEHZEHIUS K POCTY CIydaeB
BHYTpUYTPOOHOH MHGEKITUN U HEOHATAIHLHOTO Cell-
cuca [11].

Cpenu TepuHATAIBHBIX HWHQEKIUH 3HAYEHHE
BHyTpHyTpoOHOro sHIledanuTa (BYD) ompenens-
€TCsT BBICOKOH JIETAJIBHOCTBIO Y TIJIOZIOB 1 HOBOPOXK-
JIEHHBIX U Pa3BUTHEM HWHBAIUHOCTU B IOCJIENYIO-
II[H€e TIEPUOBI KU3HU, B TOM UHCJIE — IETCKUX Iepe-
OpaJIBHBIX Tapayinuel, HEBPOJIOTUYECKUX, IIHU30(]-
PEHUYECKUX U ayTUCTUUECKUX PACCTPOUCTB [9, 12].

Mopdonoruueckas kapTuHa BYD xapakrtepusy-
eTcsl 3HAYUTEIbHBIM mmosuMopdusmom [13], dTo
00yCJIOBJIEHO KaK IOJIMATHOJIOTUYHOCTHIO dHIeda-
JINTOB, TaK U TeTePO(POPMHBIM PearupoOBaHUEM HEM-
POHOB B YCJIOBHSIX IATOJIOTHH [12, 13].

Mopdomornueckue MposABIEHUsA OCTPHIX BOCIA-
JINTEJIbHBIX 3200JIeBaHUM TOJIOBHOTO MO3ra PasHO-
00pa3HbI U 3aBUCAT OT STHOJIOTUH U MAaTOTeHETHYe-
CKHX MEXaHU3MOB dHIleamnToB. B onHNX cirydasnx B
TKaHSAX [eHTpajabHOU HepBHOI cucrembl (ITHC)
MOXKHO OOHApYKUTh BCe KJIACCUYECKHE MPU3HAKHU
BOCIIaJIEHUsI, BKJIIOUAs BaCKYJIUTHI, TPOIHEpaLIHIO
[JINOLIUTOB, B JIPYTUX — W3MeHEHHUs OTpaHUYUBa-
IOTCs1 anpTeparnuedl (aucrpodreldr U HEKPOTHUUe-
CKUMU U3MEHEHHUSMH) CO CTOPOHBI KJIETOUHBIX BJIe-
MEHTOB, PacCTPOMCTBAMHU KPOOOpAIeHUsl, OTEKOM
[12]. Hepenxo BBIABIAIOTCA MOPGMOIOTHYECKHE
U3MeHeHUs, crienuduIHble /I KOHKPETHOTO BO3-
Oynutesnss. Hambosiee 3HAUYUMBIMM JJI Pa3BUTHS
BHyTpUyTpoOHOU nHbeKIuu u BYD, xapakrepusyio-
IIUXCA TSKEJIBIMU KJIMHUYECKUMHU ITPOSIBJIEHUSAMU
U TepUHATaJIbHBIMU JIETAJIbHBIMU UCXOJIAMH, SIBJISI-
torces Bo3oyautenu TORCH-komIuiekea [6, 14].

IIpu OGakTepuaJTbHBIX MEHHHTOMHIedaINTaX
HanboJsiee BBIpaKEHHbIE MOPGOJIOTHYECKHE H3Me-
HEHU BBISABJISIOTCS B MATKHUX MO3TOBBIX 000I0YKAX,
MEPUBACKYJIAPHO, TIOJT STIEHUMON OOKOBBIX KeJTy-
JTOUKOB, B XOPHOUTAJIbHBIX CIIeTeHUsX. [Ipu BUpycC-
HBIX [OPKEHUAX, KaK NPABUIO, OTMEYAIOTCS
HecrneruuuecKre reMo- 1 JUKBOPOJAMHAMUYECKIE
HapyIIeHusI HEUPOHOB — OTeK, T'HOesib HEeHpPOHOB,
HelipoHodarus, BaCKyJIUTbI, MeJIKOY3JI0BOH IJIHO03,
CIIYIITUBAHKE SH/IOTEJIUOIUTOB COCY/IOB [12, 13].

Cpenu (opM mepUHATATBHBIX HAPYIIEHUH MO3-
TOBOTO KpOBOOOpaIleHus1, 00yCIOBJIeHHBIX BYJ,
HauboJsiee TKEIBIMU 1A IUIOZOB U HOBODPOXK/EH-
HBIX, 3aKaHYHUBAIOIINMHUCS JIETAIBHBIMHU UCXO/IAMH,
SIBJISIIOTCSL CyOATIEHAUMATbHBIE U BHYTPIIKEIIYI0Y-
KOBBIE KPOBOUBJIUSHUA [15, 16].

ITEJIb NCCJIEJOBAHUA

V3yuenue 5THOI0TUN U MOPGHOJIOTHIECKUX OCO-
OeHHOCTEN BHYTPUYTPOOHOTrO B3HIledanuTa W €ero
HCXOJIOB.

high fetal and neonatal mortality and development
of disability in subsequent periods of life, including
cerebral palsy, neurological, schizophrenic, and
autistic disorders [9, 12].

The morphological picture of IUE is character-
ized by significant polymorphism [13], which is due
to both the multifactorial etiology of encephalitis
and different types of neuron response under patho-
logical conditions [12, 13].

Morphologic manifestations of acute cerebral
inflammatory diseases are diverse and depend on
the etiology and pathogenetic mechanisms of
encephalitis. In some cases, all classical signs of
inflammation, including vasculitis, glial cell prolif-
eration, can be found in the tissues of the central
nervous system (CNS), while in other cases, the
changes are limited to alteration (degeneration and
necrotic changes) of cellular elements, circulatory
disorders, and edema [12]. Often morphologic
changes specific for a particular pathogen are
detected. TORCH complex pathogens are the most
significant to develop intrauterine infection and
IUE characterized by severe clinical manifestations
and fatal perinatal outcomes [6, 14].

In bacterial meningoencephalitis, the most pro-
nounced morphological changes are revealed in the
pial membrane, perivascularly, under the ependyma
of the lateral ventricles and in the choroid plexuses.
Viral lesions usually cause non-specific hemody-
namic and cerebrospinal fluid disorders of neurons
such as edema, neuron death, neuronophagia, vascu-
litis, micronodular gliosis, and desquamation of vas-
cular endothelial cells [12, 13].

Among the perinatal disorders of cerebral circula-
tion, determined IUE, subependymal and intraven-
tricular hemorrhages are the most severe in fetuses
and newborns and resulting in fatal outcomes [15, 16].

AIM OF THE RESEARCH

Studying the etiology and morphological features
of intrauterine encephalitis and its outcomes.

MATERIALS AND METHODS

The brains of 37 fetuses and newborns at a gesta-
tion period of 24—27 weeks were examined, in which
morphological signs of IUE were detected. Termina-
tion of pregnancy was spontaneous in 54,05% of
cases, mainly at 26—27 weeks’ gestation — 59,45% of
cases. There were 23 boys (62,16%) and 14 girls
(37,84%). The mean weight of fetuses and newborns
was 910,4 + 25,1 g. The mean age of newborns was
2,3 + 0,8 days.
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MATEPUAJIBI 1 METO/IbI

HccnemoBati TOJI0BHOM MO3T 37 ILJIOZIOB M HOBO-
POXK/IEHHBIX ITPU CPOKE TreCTalluu 24—27 HeJl, Y KOTO-
PBIX BBIABIIN Mopdosornyeckrue npusHaku BYJ.
[IpeppiBaHue OepeMEHHOCTH HOCHJIO CaMOIIPOM3-
BOJIBHBIN XapakTep B 54,05 % ciiyyaeB, B OCHOBHOM
IIPU CPOKE TecTauu 26—27 Hell — 59,45 % CIIy4aes.
ManpuukoB Ob10 23 (62,16 %), HeBouek — 14
(37,84 %). Macca 1J10/10B 1 HOBOPOXK/IEHHBIX COCTa-
BWIA 910,4 + 25,1 T. Bo3pacT HOBODOXK/IEHHBIX —
2,3 + 0,8 cyT.

J11s cBETOBOM MHUKPOCKOITUYA U KMMYHOTHCTOXHU-
MHYECKOTO WCCIIeIOBaHUs 3abupanu (parMeHThbI
TOJIOBHOTO MO3T4, er0 TAJIAMUYECKYIO 001aCTh, PUK-
CUpOBaJIM B 10% pacTBope HeUTpasibHOTO (hopma-
JIMHA W TIPOBOAWIU II0 CTaHJIADTHOU METOJIHMKE.
T'oToBuiM cepuiiHble TapaUHOBBIE CPE3bI TOJIIIH-
HOU 5—7 MKM U OKpAIIUBaJI{d IeMaTOKCHJIUHOM H
s03uHOM 1o Huccimwo. Ha mapaduHOBBIX cpe3ax
METOZIOM UMMYHOTHCTOXHMUYECKOTO TUITUPOBAHUS
C WCIIOJIb30BAaHWEM IIEPOKCHIA3HONH METKH IIpH
TIOMOII MOHOKJIOHAJIBHBIX QHTHUTEJl OMPEEIIsiIIN
MapKepbl caeAyomux —Bos3Oyautenei: Herpes
simplex 1 u 2-ro TunOB, nuTOMeragopupyca (IIMB),
Toxoplasma gondii, Bupyca duinreiina — Bapp. Cek-
IMOHHBIA MaTepHasl HATIPABJISIHN JIJIST IPOBEIEHUs
MHUKPOOHOJIOTUYECKOTO HCCaeoBaHusa (Kaaccuue-
CKUU TI0OCEB HA Cpelbl W IOJIMMEepas3Has IelmHast
peaxmus (IT1IP)).

JIJ1s1 OIIEHKH JTOCTOBEPHOCTH PA3JITUUHNN CPETHUX
3HAYEHUH MPUMEHSUTH KpuTepuii MaHHa — YUTHH.
Pazimuus Mexy CpeITHUMU BEJTMYMHAMHE CUUTAIIA
JIOCTOBEPHBIMU IIPH P < 0,05.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

Bospact marepu coctaBui 26,7 + 1,4 roza. B Teue-
HUe OepeMEeHHOCTH y JKEeHIIWH OTMeYasid yrpo3y
CaMOIIPOU3BOJILHOTO BBRIKHU/IBIIIA BO 2-M TPUMECTPE,
060CTpeHNe TeCTaIlMOHHOrO IHeIoHedpUTa, HOCU-
tesbeTB0O TORCH-undekuii (TOKCOIIa3Mo3, rep-
nec, IIMB, cudwmuc, kpacHyxa u 7p.). B manenTe
BO BCEX CJIYyYasX OTMEYasIH MPU3HAKU XPOHUIECKOH
IUTAIEHTaAPHON HE0CTATOYHOCTH U OOHAPYKUBAIH
IIPOSIBJIEHUSI OCTPOTO WJIM XPOHUYECKOTO ILjIa-
LIEHTUTA.

BospmuHeTBO mTposiBiienuit BYD 6b110 cBsA3aHO ¢
reHepaTM30BaHHON BHYTPUYTPOOHOU NHpEKIen —
32 ciyuas (86,48 %) (tabi. 1) U cOYeTasoCh C
aJIbTePATUBHO-IIPOYKTUBHBIM MHOKaPAUTOM,
renaTUTOM, JHTEPOKOJIUTOM,  aKIUAEHTAIbHOMN
WHBOJIIOINEN TUMyca 3—4-H CTelleHN U HeCBOeBpe-
MEHHOH >KUpPOBOH TpaHchopmariuel Tumyca. I'ene-
paynn3oBaHHAA BHYTPUYTPOOHAS MHQEKITUA OCI0MK-
HSJIaCh TeMOPParuyecKuM CUHAPOMOM, IIPOSIBIISIB-

For light microscopy and immunohistochemi-
cal examination, fragments of the brain, its tha-
lamic region were taken, fixed in a 10% solution
of neutral formalin and processed according to
the standard technique. Paraffin sections with a
thickness of 5—7 um were made and stained with
hematoxylin and eosin according to Nissl. Herpes
simplex virus types 1 and 2, cytomegalovirus
(CMV), Toxoplasma gondii, Epstein-Barr virus
markers were determined on paraffin sections by
immunohistochemical typing, using a peroxidase
tag and monoclonal antibodies. The autopsy
material was sent for microbiological examina-
tion (routine postmortem culture and polymerase
chain reaction (PCR)).

The Mann-Whitney test was used to assess the
significance of differences in mean values. The differ-
ences between mean values were considered signifi-
cant at p < 0,05.

RESULTS AND DISCUSSION

The maternal age was 26,7 + 1,4 years. During
pregnancy, women had the threat of 2" trimester
spontaneous miscarriage, exacerbation of gesta-
tional pyelonephritis, as well as there were the
TORCH infection carriers (toxoplasmosis, her-
pes, CMV, syphilis, rubella, etc.). In all cases, in
the placentas, signs of chronic placental insuffi-
ciency and acute or chronic placental inflamma-
tion were found.

The majority of IUE manifestations were asso-
ciated with intrauterine infection — 32 cases
(86,48%) (Table 1), and were combined with
alterative and proliferative myocarditis, hepati-
tis, enterocolitis, grade 3—4 accidental thymus
involution and unscheduled fatty metamorpho-
sis. Systemic intrauterine infection was compli-
cated by hemorrhagic syndrome, manifested by
focal leptomeningeal and intraventricular hemor-
rhages (including subependymal hemorrhages
with blood breakthrough into the lateral ventri-
cles of the brain). Given the nature of morpho-
logical changes in the placenta (productive pla-
centitis, inflammation in chorionic villi, basal
decidualization) and lesions of internal organs,
intrauterine infection was probably hematoge-
nous and led to the development of intrauterine
infection, including IUE [17].

Morphological examination revealed microhem-
orrhages, perivascular and pericellular edema,
degenerative changes in neurons, and an inflamma-
tory process that differs in the infiltrate cellularity,
volume of necrosis, and localization. In 15 cases
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Ta6smmna 1. Hozosoruyeckasi CTpyKTypa BHYTPHYTPOGHOTO SHIepaNUTa Y JI0L0B U HOBOPOXK/EHHBIX
Table 1. The nosological structure of intrauterine encephalitis in fetuses and newborns

KosmmyecTBO J10A0B U HOBOPOXAEHHBIX

CrpykTypa Number of fetuses and newborns
Structure
a6cosoTHOe / absolute %

[eHepasM30BaHHasi BHYTPUYTPO6HAss HHPeKIUs

L o h 32 86,48
Systemic intrauterine infection
BHyTpuyTpoG6HBI# 3HLedanuT / Intrauterine encephalitis 5 13,52
Bcezo / Total 37 100

IIAMCsI OYaroBBIMM JIEITOMEHUHT€aIbHBIMHU U BHY-
TPUIKEIYJOUYKOBBIMH KPOBOUBIUAHUAMU (B TOM
yucse cyOaIeHIUMaIbHBIMU KPOBOUSIUAHUSAMH, C
IIPOPBIBOM KPOBH B OOKOBBIE 3KEJIyZJOUYKHU FOJIOBHOTO
MO3ra). YUWUThIBass XapakTep MOpP(OTOTUUECKIX
U3MeHeHU! B IUlaleHTe (IIPOAYKTUBHBIN ILIAIeH-
TUT, BUJLIy3UT, 6a3ajJbHBIA JEIUAYUT) U IHOpake-
HUS BHYTPEHHUX OPraHOB, BHYTPUYTPOOHOE HHDU-
[IUPOBaHKE, BEPOATHO, HOCKUJIO Te€MaTOT€HHBIH
XapakTep W MPUBOAMIJIO K PA3BUTHUIO BHYTPHUYTPOO-
HOU MH(EKINH, B TOM yucie u BY3 [17].

[Tpu MopdoIoruueckoM HCCIe0BaHUN B Bellle-
CTBE TOJIOBHOT'O MO3Ta O0HAPYKUBAJIM MUKPOKPOBO-
U3JIUSIHUS, [EPUBACKYJISAPHBIA U IMEPUIIEJUTIOJISAP-
HBII OTEK, MUCTPO(PUUECKre U3MEHEHUsT HEUPOHOB
U BOCIIAJIUTEILHBIA IIPOIIECC, PA3THYAIOIIUHCA 10
XapakTepy KJIETOYHOro HH(MpUIbTpaTa, Macirrabam
HeKpo3a U JioKajuzanuu. B 15 ciayuasax (40,5 %)
HaOJIIOAMIN KapTHHY OYaroBOIO IIPOYKTHBHOIO
sHuedannTa, IIPEUMYIIECTBEHHO JIOKAJIU3YIOIIe-
rocsi B Cy03MeHANMaIbHOM IIPOCTPAHCTBE TajaMyca
(puc. 1). Kiierounsiii ”HPUILTPAT COCTOS B OCHOB-

(40,5%), a pattern of focal productive encephalitis
was observed, mainly localized in the subependy-
mal space of the thalamus (Fig. 1). The infiltrate
consisted basically of lymphocytes and macro-
phages and was located around blood vessels and in
the brain matter. In one case, granulomatous
encephalitis was detected with macrophage granu-
lomas, in another case, a large number of plasma
cells were observed in the cellular infiltrate. In one
case, large hyperchromic nuclei in neurons were
found. In addition, proliferation of ependymocytes,
microglia with formation of small glial scars and
small calcification foci were often revealed. The
nature of morphological manifestations in the brain
was more consistent with the viral etiology of
encephalitis [5, 13, 14].

In 3 cases (8,1%), focal productive and necrotic
encephalitis was observed, in 7 cases (18,9%) —
purulent-productive, serous-productive and pro-
ductive-hemorrhagic encephalitis. The main local-
ization of inflammatory changes was the subepen-

Puc. 1. [TpofyKTUBHBIN SHIIE(PATUT Y HOBOPOKIEHHOTO: IEPUBACKYJISIPHAS BOCIIAIUTETbHASI MH(PUIBTPAIUA JIUMOO-
IUTaMH, MaKpodaramMu, THIEPIUIA3Us TJTHATBHBIX KIeTOK. OKpacka reMaTOKCHIMTHOM ¥ 303WHOM. YBETHUEHNE X100
Fig. 1. Neonatal productive encephalitis: perivascular inflammatory infiltration by lymphocytes, macrophages,
glial cell hyperplasia. Staining with hematoxylin and eosin. Magnification x100
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HOM U3 JTUMOIUTOB, MaKpoGaroB 1 pacrosiarajics
BOKDYT COCYZIOB M B BeIlleCTBE TOJIOBHOT'O MO3ra.
B omHOM ciyuae BBIABISUIM TPaHyJIe€MAaTO3HBIN
5HIIe(ATUT, TIPE/ICTABIEHHBIN MaKpogaraabHIMHU
rpaHyJeMaMH, B [PYTOM CJIydae — B COCTaBe KIETOU-
HOTO MHOWIbTPaTa HAOJIIONATN OOJIBIIOE KOJTHYe-
CTBO ILUIA3MOLIUTOB. B ofHOM ciryuae B HeHpoHAax
Ha0JII0aIN KPYITHBIEe TUIIEpXPOMHEIE sifpa. Kpome
TOTO, HEpPeIKO OOHAPY:KUBAIU NPOIUdEPAIUIO
SIIEHIUMOIIUTOB, MUKPOTJINU ¢ 00pa30BaHUEM IJIU-
JIbHBIX pyOYHUKOB, HAJTUYHUEM MEJTKHX 04aroB 00bI3-
BecTBJIEHUs. XapakTep MOPGOJIOTHYECKUX ITPOSIB-
JIEHUH B TOJIOBHOM MO3T€ B OOJIBIIIEN CTEIIEHH COOT-
BETCTBOBAJI BHUPYCHOU STUOJIOTHH 3HIedaInTa
[5,13, 14].

B 3 cayuasx (8,1 %) Habao0aJd O4YarOBBIH
[IPO/IyKTUBHO-HEKPOTHUECKUN HHIEDATHUT, B 7 CIIy-
vyasx (18,9 %) — rHOHHO-TIPOAYKTUBHBIN, CEPO3HO-
MPOAYKTUBHBIA U IPOJYKTUBHO-T€MOpPparuvecKuil
sHiledanutr. OCHOBHOW JIOKQJIU3AIUENd BOCIIATIH-
TeJIbHBIX HU3MEHEeHHH ObIa CyO3meHAuMaIbHAs
30HA TaJlaAMUYECKOH oOsacTu. Xapaktep MopdoJsio-
TUYECKUX ITPOSIBJIEHUH ObLIT 00YCIOBJIEH, BEPOSITHEE
Bcero, 6aKTepuaIbHOU MUKPOGIIOPOH WU MEKCT-
nHbeKIuel (BUPyCHO-0aKTepHUaIbHO). B aTHX Ci1y-
yasax BY3 couerasics ¢ ABYCTOPOHHEN ITHEBMOHHEH,
HepeZIKO THOMHOTO XapaKTepa, MacCUBHOU acIupa-
[IMeH OKOJIOIIO/THBIX BOZI. YUUThIBAs XapaKTep MOP-
(¢osiornueckux U3MeHEHUU B IUIalleHTe (THOWHBIN
MeMOpaHUT, THOWHBIM HHTEPCTUIHATHLHO-BACKY-
JIIPHBIA  (PYHUKYJIUT), HUHQPUIUPOBAHHE HOCHUJIIO,
BEPOSATHO, BOCXO/ISIIIIUE XxapakTep [6].

Bo Bcex cimyuasax BYD ObLT 0c102KHEH reMopparu-
YeCKUM CHH/IPOMOM, IPOSIBJISIBIIUMCS, B YacCTHO-
CTH, OYaroBBIMH JIEITOMEHNHTEATbHBIMU U BHYTPHU-
JKEJIyIOUKOBBIMU  KPOBOMBJIUSAHUAMU. PaszBuTHE
BOCIIQJTUTETFHOTO IIPOIIECCa B BEIIECTBE TOJIOBHOTO
mo3sra npu BYD u mocienyrwolnee mepuHaTaIbHOE
nopakeHue B (popmMe KpOBOUBJIHUAHUNU HOCUT B3aH-
MOOTSATOIIAIOIINI XapaKTep, MOCKOJIbKY B YCIIOBUAX
KPOBOUBJIUSHUSA B BEIIECTBO TOJIOBHOTO MO3ra C
asibTepaliiei TKaHel BOCIIaINTeIbHbIE TIPOSBIECHUS
ycunupatores [18].

i1 omupeneneHus STUOJOTUU OB U3YYeH
TOJIOBHOM MO3T 18 TIJI0/TOB M HOBOPO3K/IEHHBIX, YMeEP-
IIUX B MepUHATaIbHOM Iiepuone (48,6 %). Cpenu
IUIOA0B OBLJIO 9 MaJbUUKOB (50 %) M 9 JeBOYeK
(50 %). Hozosiornueckast CTpYKTypa BO Bcex HaOJIIO-
JIeHUsX ObLIA TpeNCTaBIeHa TeHepaIN30BAHHBIMU
¢dopmamu BHyTpUYyTPOOHO! MHGEKITHH.

B 5 ciayuasx (27,8 %) BYD umen xapakTepHble
cueruduyueckre MOPQOJIOTUYECKUE TPOSBIEHUS
UTOMETATIOBUPYCHOHN MHGeKIHH (3 HaOII01eHus —
16,7 %) c 06pa30BaHUEM XapAKTEPHBIX IIUTOMETAIIH-

dymal zone of the thalamic area. The nature of the
morphological manifestations was most likely due
to bacterial pathogens or mixed infection (viruses
and bacteria). In these cases, IUE was combined
with bilateral pneumonia, often purulent, massive
aspiration of amniotic fluid. Given the nature of
morphological changes in the placenta (purulent
chorioamnionitis, purulent interstitial and vascular
funiculitis), infection followed probably an ascend-
ing pattern [6].

In all cases, IUE was complicated by hemor-
rhagic syndrome, manifested, in particular, by focal
leptomeningeal and intraventricular hemorrhages.
The development of inflammation in the brain
matter in IUE and the subsequent perinatal lesion
in the form of hemorrhages are mutually aggravat-
ing, since, amid brain matter hemorrhage and tis-
sue alteration, inflammatory manifestations are
intensified [18].

To determine the etiology, the brains of 18 fetuses
and newborns who died in the perinatal period
(48,6%) were studied. Among the fetuses were
9 boys (50%) and 9 girls (50%). The nosological
structure in all observations was represented by sys-
temic forms of intrauterine infection.

In 5 cases (27,8%), IUE had specific morpho-
logical signs of cytomegalovirus infection
(3 cases — 16,7%) with the formation of character-
istic cytomegalic cells with intranuclear inclu-
sions (Fig. 2), toxoplasmic encephalitis with foci
of calcification and cyst formation was noted in
the other 2 cases — 11,1% (Fig. 3). However, in the
remaining 13 cases (72,7%), pathomorphological
changes in the brain and internal organs were
non-specific.

Bacteriological examination of cadaveric sam-
ple culture allowed to establish the etiology in
3 more cases (13,6%). The identified infectious
agents were represented by bacterial and fungal
pathogens: in the first case, the growth of Entero-
coccus faecalis was revealed, in the second and
third cases, fungi of the genus Candida and the
Escherichia coli, respectively, were found in the
organs.

Additionally, the use of PCR made it possible to
verify the etiology in 6 cases of intrauterine infec-
tious diseases. Thus, Mycoplasma hominis, cyto-
megalovirus infection, herpes simplex virus types 1
and 2 were identified among the infectious agents.

The use of immunohistochemical examination
allowed to establish in 3 cases the presence of CMV
(1 case), herpes simplex virus types 1 and 2 (2 cases,
respectively) in tissues and organs (Fig. 4).
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Puc. 2. [{utoMerajioBUpyCHasi THTAHTCKAsI KJIETKA ¢ BHYTPUAZEPHBIM BKJIIOUEHUEM 10 TUILY « COBUHOTO IJ1a3a»,
npostrdepariyisi IINK IPH BHYTPHYTPOOHOM repretudeckoM sHIedannre. OKpacka reMaTOKCIUIMHOM H H03HHOM.
YBennueHue x200
Fig. 2. The cytomegalovirus giant cell with the intranuclear inclusion of the “owl’s eye” type,
glial proliferation in intrauterine herpetic encephalitis. Staining with hematoxylin and eosin. Magnification x200

YEeCKUX KJIETOK C BHYTPHSJIEPHBIM BKJIIOUEHHEM
(puc. 2), TOKCOIIa3MEeHHbBIH SHIIEDATUT C ouaramu
00bI3BeCTBJIEHUSI U (HOPMHPOBAHUEM KHCT OTMe-
qaJicsl B ZIpyrux 2 HabiofeHusax — 11,1 % (puc. 3).
OpHAKO B OCTAJbHBIX 13 cayuasx (72,7 %) maromop-
(¢osiornueckue WU3MEHEHUS B TOJIOBHOM MO3re H
BHYTPEHHHUX OpraHax HOCUJIU «HecrenubuiecKui»
xXapakTep.

Hcronp3oBaHue 0aKTEPUOJIOTUUECKOTO METo/Aa
IpU TIOCEBaxX K3 TPYIHOT'O MaTepHasia IO3BOJIUIIO
YCTaHOBUTH STHOJIOTHIO ele B 3 caydasx (13,6 %).
BroisiBiieHHBIE HHGDEKITMOHHBIE areHThl OBLIN IIpe/-
CTaBJIEHbI OAaKTEPUAIBHBIMU U TPUOKOBBIMH BO30Y-

Thus, out of the 18 fatal cases studied, it was
possible to establish the etiology of intrauterine
infectious diseases in 17 cases (94,4%). At the same
time, viral infection accounted for 66,7%, bacterial
and fungal infection — 33,3%. The identified etio-
logical agents in the absolute majority belong to the
group of pathogens of the TORCH complex, and are
intracellular parasites with the transplacental
route of transmission affecting the CNS and its
analyzers. For this group of intrauterine infections,
high rates of perinatal mortality were noted, and in
cases of survival — the development of cerebral
palsy [19, 20].

Puc. 3. Ouaru o6IIUPHBIX HEKPO30B ¢ (GOPMUPOBAHUEM KHUCTHI U OOBI3BECTBIIEHHEM
[IPY BHYTPUYTPOOHOM TOKCOIUIa3MEHHOM sHIledamuTe. OKpacka reMaTOKCUIMHOM U 03UHOM. YBEJIMUEHHE X200
Fig. 3. Foci of extensive necrosis with cyst formation and calcification in intrauterine toxoplasmic encephalitis.
Staining with hematoxylin and eosin. Magnification x200
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Puc. 4. ITosoxuTesibHast PeaKIysi ¢ MOHOKJIOHAJIBHBIM aHTUTENIOM K Herpes simplex pu BHyTpUyTpOGHOM
repreTnueckoM sHnedaruTe. IMMyHOTHCTOXUMUYECKAS PEAKIIVS C JIOKPACKOU reMaTOKCHJIMHOM. YBeJIMUeHHE X200
Fig. 4. Positive monoclonal antibodies to herpes simplex virus in intrauterine herpetic encephalitis.
Immunohistochemistry with additional hematoxylin counterstaining. Magnification x200

JIUTEJIIMUA: B OJTHOM CJiydae OBbLI IOJy4YeH POCT
Enterococcus faecalis; 110 ogHOMY CJIydaro B OpraHax
O6butn  OoOHapykeHbl TpuObl poga Candida u
Escherichia coli.

Hcnonp3oBanue onoaHUTENIBHO Metoya IIIP-
JIMAaTHOCTUKU TO3BOJILJIO BEpUUIIMPOBATH 3THOJIO-
THIO B 6 CJIy4asX BHYTPHUYTPOOHBIX WH(PEKITMOHHBIX
3a0oneBanuid. Tak, cpeayt WH(MEKIIMOHHBIX areHTOB
6bUTH BBIsABIIEHBI Mycoplasma hominis, iuTomerao-
BupycHas undekws, Herpes simplex 1 1 2-1o TUIIOB.

ITpuMeHeHE UMMHOTHCTOXUMHYECKOTO METOZA
MIO3BOJIFJIO YCTAHOBUTD B 3 CIIyYasaX HAJTUYHE B TKa-
HAx u opra"Hax I[MB (1 wuaGsonmenue), Herpes
simplex 1 1 2-ro Tuma (2 HaOJIOAEHUS COOTBET-
CTBEHHO) (puc. 4).

Taxkum ob6paszom, u3 18 HCCIeTOBAHHBIX JIETAIb-
HBIX CJIy4aeB YAaJI0Ch YCTAHOBUTH STHOJIOTHIO BHY-
TPUYTPOOHBIX HMHGEKINOHHBIX 3a00JIeBAaHUN B
17 cayvanx (94,4 %). [Ipu aToMm BUpycHass UHPEKITUS
cocrapwia 66,7 %, OakTepuaJbHO-TpUOKOBas —
33,3 %. BoiaBieHHBbIE 3THONIOTHYECKHE (DAKTOPHI B
abCOTIOTHOM OOJIBIIIMHCTBE OTHOCSTCS K TPYIIIe
Bo30yaurenerr TORCH-uHbeKINY, SBIISIOMIMUCI
MIPENMYIIIECTBEHHO BHYTPHUKJIETOYHBIMH I1apa3u-
TaMHU, KOTOpPbIE TIEPEIAI0TCS TeMaTOTeHHbIM (TpaHc-
IUTanleHTapHbIM) IyTeM U nopaxarot LIHC u ee ana-
Jn3aTopel. J{JiA 3TOM Tpynmbl BHYTPHYTPOOHBIX
UHQEKIUI OTMeUeHbl BBICOKHME II0Ka3aTesu IepHu-
HATaJbHOM CMEPTHOCTH, a B CJIyYasiX BHIKUBAHUS —
pa3BUTHA IepedpaIbHbIX Mapaandei [19, 20].

BY3 ocnoxuANCA reMOpparunyecKuM CHHAPO-
MOM C pa3BUTHEM CyOATIEHIUMATBHBIX KPOBOU3JIHUSI-
HUH — 21,62 % (8 HabsoeHuit) (puc. 5, 6), BHyTpH-

IUE was complicated by hemorrhagic syndrome
with the development of subependymal hemor-
rhages — 21,62% (8 cases) (Fig. 5, 6), intraventric-
ular hemorrhages — 16,2% (6 cases) as well as lep-
tomeningeal hemorrhages — 67,57% (25 cases) and
hemorrhages into the choroidal plexuses — 8,11%
(3 cases). Among perinatal disorders of cerebral
circulation, the most severe, including fatal, for
fetuses and newborns are subependymal and
intraventricular hemorrhages occurring in 11,3
and 12,7% of cases, respectively [15]. In our study,
the incidence of subependymal and intraventricu-
lar hemorrhages was significantly higher, by 2 and
1,3 times, respectively, which is undoubtedly due
to the development of IUE in fetuses and new-
borns.

CONCLUSION

The research conducted allows to draw the fol-
lowing conclusions:

1. Intrauterine encephalitis was in most cases a
manifestation of systemic intrauterine infection —
86,48%. The morphological picture of intrauterine
encephalitis was characterized by two main mani-
festations: productive encephalitis, including
granulomatous one, and exudative and productive
encephalitis, which probably reflects its etiological
features.

2. Etiology of intrauterine encephalitis: viral
(66,7%), bacterial and fungal (33.3%) pathogens
predominated.

3. Intrauterine encephalitis was complicated by
hemorrhagic syndrome with the development of
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KPOBOU3IIHAHUS KPOBOU3IIUAHUSA
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JIENTOMEHUHICAIIbHBIC ~ XOPHAIIbHBIC CIUICTCHHS
KPOBOM3IIUSAHUA Hemorrhages into
Focal leptomeningeal  the choroidal plexuses

hemorrhages

Puc. 5. YacroTa pa3BUTHs U CTPYKTYPA MEPUHATAIHEHOTO TOPAYKEHUS [IEHTPATIBHOU HEPBHOM CUCTEMBI
TIpU BHYTPUYTpOOHOM sH1IeDanuTe (%)
Fig. 5. The incidence and structure of perinatal damage to the central nervous system in intrauterine encephalitis (%)

JKEJTYIOUKOBBIX KPOBOUBIUSHUH — 16,2 % (6 HabII0-
JIEHUI), a TaKKe JIEITOMEHUHTeaTbHBIMU KPOBOU3-
JIMSHUAME — 67,57 % (25 HAOII0IeHU) U KPOBOU3-
JIMAHUSAMH B XOPHWAJbHBIE cIuleTeHus — 8,11 %
(3 nabmonenus). Cpenu (opM IepHUHATAIBHBIX
HapyIIeHUH MO3TOBOr0 KpOBoOOpaIlieHus: Haubosiee
TSIKEIBIMH, B TOM YHCJIE JIETAIbHBIMH, JJISI IJIOIOB
¥ HOBOPOJKIEHHBIX SIBJISIOTCS CyOaIIeHAUMAaTbHBIE 1

fatal forms of perinatal CNS lesions: in 21,62%
(8 cases) — by subependymal hemorrhages, in
16,2% (6 cases) — by intraventricular hemor-
rhages.

Conflict of interest. The authors declare no
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Puc. 6. Cyb6aneHiuManbHOe KPOBOU3JIUSHUE Y IUIO/IA C BHYTPUYTPOOHBIM SHIEDATUTOM.
OKpacKa reMaTOKCHJIMHOM U 903UHOM. YBeJIHU€eHHe X200
Fig. 6. Subependymal hemorrhage in the fetus with intrauterine encephalitis.
Staining with hematoxylin and eosin. Magnification x200

26

Journal homepage: http://jsms.ngmu.ru



Perova O.V., Nadeev A.P. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

BHYTPHIKEJIYIOUYKOBbIE KPOBOUBIUSHUS, BCTPEUato-
muecs B 11,3 ¥ 12,7 % cyiygaeB COOTBETCTBEHHO [15].
B Haiem ucciieloBaHUM YacTOTa CyOARIIEHINMAJThb-
HBIX W BHYTPMIKEJIYAOUKOBBIX KPOBOUBJIUSHUH
ObLIa CYIIIECTBEHHO OOJIBINEN — B 2 U 1,3 pasa COOT-
BETCTBEHHO, YTO 00YCJIOBJIEHO, HECOMHEHHO, Pa3BU-
THeM BY3 y 11010B ¥ HOBOPOXK/I€HHBIX.

3AK/IIOYEHUE

ITpoBezieHHOE HCCIIE/IOBAHIE [TO3BOJISAET C/I€JIATh
CJIeMTyTOIIHE BHIBO/IBI:

1. BHyTpuyTpOOHBIH 5HIIE]ATUT Yalle BCETO ObLI
[IPOSBJIEHNEM I'eHepaIn30BaHHON BHYTPUYTPOOHOMH
nHpeknuu — 86,48 %. Mopdosornueckass KapTuHa
[IPU BHYTPUYTPOOHOM 3HIedATNTE XapaKTEPU30Ba-
Jlach JIByMs OCHOBHBIMH IPOSIBJIEHUSIMH: IIPOJYK-
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Pa3zpaboTka MeTOAUK CTAHAAPTHU3AIUH BOJOPACTBOPHUMOTO
cepocojiep:kallero aHTunokcuaanra 3-(3'-rper-oyrui-4'-
ruapokcudenmwt)nponuaTuocyab@onar Harpus (TC-13)

B.T. Myxkynzsu?, C.B. TepentbeBa® 2, A.B. Jlurocraes’, E.A. iBanoBckas', H.B. Kanyjanunnea?,
A.C. OseriHUK?

'@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hogocubupck, Poccus

2@I'6EOY BO «Hogocubupckuil 2ocydapcmeeniblil nedazozuveckuil yHusepcumem» Munnpoceewerus Poccuu,
Hosgocubupck, Poccus

AHHOTAIIUA

BBegenue. OKACIUTETHHBIA CTPECC UTPAET KJIIOUEBYIO POJIb B MTATOTEHE3€ PA3TUUHBIX 3a00I€BaHUI UeTOBEKA,
BKJIIOUAsi CEpPIEYHO-COCYIUCThIe DOJIE3HU, PAaK, HEBPOJIOTMUECKUE PacCcTpoiicTBa, 6oie3Hb [lapKuHCOHA, 60I€3Hb AJb-
nrefiMepa, BOCIAJINTEIbHbIE 3a00I€BaHUs, MBIIIIEUHYIO AUCTPOGUI0, 3a00I€EBAHUSA TTEUEHH, a TAKJKEe B CTAPEHUU Opra-
HH3Ma YesIoBeKa. PacrpocTpaHeHHOCTh 3THX 3a00JI€BAaHUN NPEACTaBisAeT cOO0M Cephe3HBIN BHI30B JJISI COBPEMEHHOU
MeuIuHbl. OTHUM U3 BO3MOKHBIX PEIIEHUH SABJISETCS pa3paboTKa HOBBIX (hapMaleBTUYECKUX CPECTB /IS PO UIIaK-
THKU U KOMILJIEKCHOTO JIEUeHHs 3TUX 3a00seBaHui. K TaKUM cpe/icTBaM OTHOCSTCS, B YaCTHOCTH, aHTHOKCUIAHTHI.

Il e 1 b . Pa3zpaboTka METOZMK CTAHAAPTU3AINU CEPOCOEPIKAIIETO aHTHOKCHUAAHTa 3-(3'-TpeT-0yTuia-4' -rumpoxcude-
Hu)nponuituocyiabbonar Hatpus (TC-13).

Matepuaab u MeTo bl . O6FbeKTOM HCCIEA0BaHUs OblIa CyOCTAHITHSI BOJIOPACTBOPHUMOTO aHTHOKCHAHTA
TC-13. IIpuMeHSITH METO/BI CIIEKTPO(POTOMETPHUH, BOJIBTAMIIEPOMETPUH, TUTPOBAHUS ¥ TOHKOCJIOHHOHN XpoMarorpaduu.
PesynbTarsbl . Pa3paboraHHble METOAUKH KOJIHYECTBEHHOTro ompejesieHus TC-13 BaJUAUPOBAHbI B COOTBET-
crBuu ¢ ODC.1.1.0012 «Banmupanusa aHATUTHYECKUX METOIUK» . KO UIIHEHT KOPPEAINU KaXK/0M METOTUKH HE MEHEE
0,997, OTHOCHUTEJILHOE CTaHZAAPTHOE OTKJIOHEHHe He 6osee 2 %.

3akiam0ueHUe. Pe3yabrarbl MPOBEIEHHOTO HCC/IEIOBAHUS CBUETEIHCTBYIOT O BO3MOKHOCTU HCITOJIBb30BAHUS
Ipe/iyIaraeMbIX METOAUK B KOHTPOJIE Ka4ecTBa HOBOTO BOJIOPACTBOPUMOTO aHTHOKcuaanTa TC-13.

Kaoueenble cao8a: aHTUOKCUIAHTHI CEPOCOJIEPIKAIME, CIEKTPOPOTOMETPHsI, BOJIbTAMIIEDOMETPUS, TUTPUMETPHSI,
TOHKOCJIOWHAsA XpoMaTorpadusi, KOHTPOJIb KauecTBa.

O6pasen mutTupoBaHusna: Mykyuasu B.T., TepeatbeBa C.B., Jlurocraes A.B., BanoBckas E.A., KanganuHie-
Ba H.B., Onetinuk A.C. PazpaboTka METOMK CTaHJAPTHU3AINH BOJOPACTBOPHMOIO CEPOCO/IEPIKAIIEr0 AaHTHOKCU/IAHTA
3-(3'-Tper-6yTni-4'-ruapoxcudenun)nponuatrocyiabdonart Hatpus (TC-13) // Journal of Siberian Medical Sciences.
2025;9(1):29-40. DOI: 10.31549/2542-1174-2025-9-1-29-40

Development of methods for standardization of a water-soluble
sulfur-containing antioxidant sodium 3-(3'-tret-butyl-4'-
hydroxyphenyl)propylthiosulfonate (TS-13)

W.T. Mukundwi?, S.V. Terentyeva®2, A.V. Ligostaev, E.A. Ivanovskaya’, N.V. Kandalintseva?, A.S. Oleynik?

‘Novosibirsk State Medical University, Novosibirsk, Russia
2Novostbirsk State Pedagogical University, Novosibirsk, Russia

ABSTRACT
Introduction. Oxidative stress plays a key role in the pathogenesis of various human pathologies, including
cardiovascular disease, cancer, neurological disorders, Parkinson’s disease, Alzheimer’s disease, inflammatory diseases,
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muscular dystrophy, liver diseases, and even human aging. The prevalence of the above diseases is a significant challenge
for modern medicine. One of the possible solutions is the development of novel pharmaceutical agents for the prevention
and comprehensive treatment of these conditions. Such agents include, in particular, antioxidants.

A i m . Development of standardization methods for a sulfur-containing antioxidant sodium 3-(3’-tret-butyl-4’-hydroxy-
phenyl)propylthiosulfonate (TS-13).

Materials and methods. The object of the study was a substance of the water-soluble antioxidant
TS-13. The methods of spectrophotometry, voltammetry, titration and thin-layer chromatography were used.
Results. The developed methods for the quantitative determination of TS-13 have been validated in accordance
with the General Pharmacopeial Monograph 1.1.0012 “Validation of analytical methods”. The correlation coefficient of
each method is not less than 0,997, the relative standard deviation is not more than 2%.

Conclusion. Theresults of this study demonstrate the potential for utilizing the proposed techniques in the qual-
ity control of a novel water-soluble antioxidant TS-13.
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BBEJAEHUNE

OKUCIIUTENTbHBIN CTPeCC UTPaeT KIYEBYIO POJIb
B IaTOTeHe3e Pa3/IMYHBIX 3a00JIEBAHUI UeJIOBEKa,
BKJIIOUAs CEPJIeYHO-COCYAUCThIe OO0JIe3HU, paK,
HEBPOJIOTHYECKHE PACCTPOUCTBA, 60J1e3Hb [1apKuH-
coHa, 0o0Je3Hb AJTBITEiMeEpa, BOCHATUTEIbHEIE
3a00J1€BaHNs, MBIIIEYHYIO AUCTpOodHIo, 3ab0seBa-
HUS [IeYeHU U JpyTHe, a TAK)Ke B CTAPEHUU YeJIoBe-
Yyeckoro opranusma [1]. PacmpocTpaHeHHOCTb 3TUX
3a00JIeBAHUI TIPEJICTABJISIET CEPhE3HBINA BBI3OB JIJIsl
COBpeMeHHOH MeAuIuHbl. OJTHUM U3 BO3MOXKHBIX
pellleHni sIBJsieTcs: pa3paboTKa HOBBIX (apMarieB-
TUYECKUX CPEJICTB /ISl MPOMIIAKTUKY U KOMILJIEKC-
HOTO JIeUeHUs 3TUX 3a0osieBanuii [2]. K Takum cpe-
CTBaM OTHOCSTCS, B YaCTHOCTH, aHTUOKCH/IAHTHI.

AHTHOKCH/IQHTBI TIOMOTAIOT KJIETKAM CIIpPaB-
JIATBCA C OKUCJIUTEJIBHBIM CTpeccoM, 3(pPeKTUBHO
ycTpaHssa ¢cBOOOIHBIE PAJUKAIbI U, TAKUM 00pa3oM,
UMEIOT MOTEHITNA JIJIsI MPOMIIAKTUKY YKa3aHHBIX
BbIlle 3ab0sieBanui [3]. Ha 6aze kadenapbl Xumuu
®I'bOY BO «HoBocuOUpCKHUEI TrocyZapCTBEHHBIH
negarorundeckuil yausepcurer» (HI'TIY) coBmectHO
¢ HUU xuMuy aHTHOKCUIAHTOB (CTPYKTYPHOE IO/I-
pasnenenue HITIY) cuHTe3UpOBAaHBI HOBBIE BOO-
pacTBOpUMBIE cepocojiepKarie HeHOIbHbIE aHTH-
OKCUZAHTBHI. /[yl WX IpPUMEHEeHHS B MeJULINHE
JIOJKHBI OBITh pa3paboTaHbl U CTAHAAPTU3UPOBAHBI
METOIMKY KOHTPOJIS X KauecTBa.

IIEJIb UCCJIEIOBAHUA

PaspaboTka METOAUK CTaHAAPTU3AINU CyOCTaH-
¥ BOZOPACTBOPHUMOIO CEPOCOIEPIKAIIETO AaHTHOK-

INTRODUCTION

Oxidative stress plays a key role in the pathogen-
esis of various human pathologies, including cardio-
vascular diseases, cancer, neurological disorders,
Parkinson’s disease, Alzheimer’s disease, inflamma-
tory diseases, muscular dystrophy, liver diseases and
others, as well as human aging [1]. The prevalence of
these diseases is a significant challenge for modern
medicine. One of the possible solutions is developing
novel pharmaceutical agents for the prevention and
comprehensive treatment of these conditions [2].
Such agents include, in particular, antioxidants.

Antioxidants help cells cope with oxidative stress,
effectively eliminating free radicals, and thus, have the
potential to prevent the aforementioned diseases [3].
Novel water-soluble sulfur-containing phenolic anti-
oxidants have been synthesized at the Department of
Chemistry of the Novosibirsk State Pedagogical Uni-
versity (NSPU) in cooperation with the Research
Institute of Antioxidant Chemistry (a structural unit
of NSPU). For their use in medicine, quality control
methods should be developed and standardized.

AIM OF THE RESEARCH

Development of standardization methods for the
substance of a water-soluble sulfur-containing anti-
oxidant sodium 3-(3’-tret-butyl-4’-hydroxyphenyl)
propylthiosulfonate (TS-13).

MATERIALS AND METHODS

The object of the study was the substance of the
water-soluble antioxidant TS-13 synthesized at the
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Puc. 1. Xumnueckas ¢popmysna TC-13
Fig. 1. Chemical formula of TS-13

cuganta 3-(3'-TpeT-6yTHia-4'-ruapoKcudeHIT)IPo-
mwrtnocyabdoHat HaTpus (TC-13).

MATEPUWAJIBI 1 METO/1bI

O6bexTOM ucceoBaHuA Obia  cybcraHIUA
BOIOPACTBOPUMOro aHTUokcuganta TC-13, cuHTe-
3upoBaHHasa Ha Kadeape xumuu HI'TIY coBmecTHO ¢
HWU xuMuu aHTUOKCU/IAHTOB (pHUC. 1).

CrextpanbHble xapakTtepuctuku TC-13 omnpene-
JieHbl Ha criektpodoromerpe CP-56 (Poccus). Usy-
YeHUe JJIEKTPOXUMUYECKUX CBOUCTB CyOCTaHIIUH
MIPOBO/IWJIM HA IOJIyaBTOMATHUUECKOM aHAJIN3aTOpe
TA-4 (OOO «HIIIT «TombaHamut», TOMCK) ¢ Ipo-
rpaMMHbIM obecrieuenueM VALabTx B koMILIeKTe.

Bce npuMensemble peakTHUBBI UMeIN KBaIU(DU-
KallUI0 «XUMHUYECKU YUCTble» WJIM «YUCThle JJIsd
aHanu3a». AHaJIUTHYECKHE METOJUKHU BaJIUJUPO-
BaHBI corslacHo O®C.1.1.0012 «Banupanua a”Haiu-
THYECKUX METOIUK» II0 CJIEIYIOIINM XapaKTepUCTH-
KaM: cnenudUIHOCTh, JUHEHHOCTD, IPeJie]l 00Hapy-
JKEeHUsA, TpefieJl KOJIMYEeCTBEHHOTO OIpesiesIeHus,
NIPaBUJIBHOCTD, IIPEIU3UOHHOCTh. CTaTUCTUYECKYIO
06paboTKy MOJIy4EHHBIX Pe3YJIbTaTOB IIPOBO/YIIM B
cootBeTcTBUU ¢ O®C.1.1.0013 «CraTucrtuyeckas
00paboTka pesyabTaToB (U3HUYECKHX, (PUBUKO-
XUMHYECKHUX U XUMUYECKUX UCIBITAHUN» [4].

PE3YJ/IBTATDBI 1 OBCY KAEHUE

JIJ1s1 KauecTBEHHOW U KOJIHMYECTBEHHOH OIl€HKH
CyOCTaHITUH WU JIEKAPCTBEHHOU (POPMBI UCIIOIb3Y-
oTcsd  QUBUKO-XMMUUECKUE METOZbl, TaKhe Kak
crekTpodoTOMETpUsA, XpoMaTorpadus, BojabTaMIle-
poMetpus u Jip. OHU MO3BOJIAIOT OIIEHUTH KAYE€CTBO
U KOJIMUECTBO JIEKAPCTBEHHBIX CPEJICTB, BCIIOMOTa-
TEJIPHBIX BEIECTB, UCIOJIb3yeMbIX B (hapMaleBTH-
YeCKOU MPaKTUKe, IPU TOM UCIbITYyeMble 00pas3Iibl
MOTYT HAXOAUTHCA B KUJIKOM, TBEPAOM WJIH Ta30-
00pa3HOM COCTOSTHUH [5].

B s1aHHOM WHcC/IeJOBAHUM HCIIOJIb30BAJIM METO/I
crieKTpoOTOMETPUU B BUAUMOM 0O0OJIACTH CIIEKTPa
MIOTJIOIIEHUS.

Department of Chemistry of NSPU in collaboration
with the Research Institute of Antioxidant Chemis-
try (Fig. 1).

The spectral characteristics of TS-13 were deter-
mined using an SPH-56 spectrophotometer (Rus-
sia). The electrochemical properties of the substance
were studied using a TA-4 semi-automatic analyzer
(Tomanalyt LLC, Tomsk) with VALabTx software.

All reagents used were qualified as “chemically
pure” or “pure for analysis”. Analytical methods are
validated according to the General Pharmacopeial
Monograph (GPM) 1.1.0012 “Validation of analytical
methods” according to the following characteristics:
specificity, linearity, limit of detection, limit of quan-
tification, accuracy, precision. Statistical processing
of the obtained results was carried out in accordance
with the GPM.1.1.0013 “Statistical processing of the
results of physical, physico-chemical and chemical
tests” [4].

RESULTS AND DISCUSSION

Physico-chemical methods such as spectropho-
tometry, chromatography, voltammetry, etc. are
used for qualitative and quantitative assessment of a
substance or dosage form. They make it possible to
assess the quality and quantity of medicines and
excipients used in pharmaceutical practice, while the
test samples can be in a liquid, solid or gaseous
state [5].

In this study, the method of spectrophotometry in
the visible light range was used.

Technique: 0.1 g (accurately weighed quantity) of
TS-13 was placed in a 100 ml graduated flask and
dissolved in 10 ml of purified water, then diluted to
the volume with the same solvent (solution A).
A similar procedure was performed for dissolving
TS-13 in hydrochloric acid (0,1 M HCl) and sodium
hydroxide (0,1 M NaOH) — solutions B and C, respec-
tively. Solutions of TS-13 with a concentration of
0,005% or higher were prepared by dilution for fur-
ther investigation.
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Puc. 2. Cuekrpodoromerpusi TC-13 B 3 pacTBOPUTEIISIX: KpaCHBIH 1iBeT — 0,1 M NaOH
(A = 296 um); 3enenbii 1Ber — 0,1 M HCI (A = 276 uM); cunuii niBeT — Boza ounleHHas (A = 276 Hm)
Fig. 2. Spectrophotometry of TS-13 in 3 solvents: red — 0,1 M NaOH (A = 296 nm);
green — 0,1 M HCI (A = 276 nm); blue — purified water (A = 276 nm)

Metoauka: 0,1 T (Tounass HaBecka) TC-13 mome-
[aJIM B MEPHYIO K010y 00HEMOM 100 MJI U PACTBO-
PsUTH B 10 MJT BOZ[bI OUHUIIIEHHOM, 3aTEM JIOBOIITH /IO
METKH TEM K€ pacTBopuresieM (pactsop A). AHajo-
TUYHO ITPOBOIWIIN IIPOIlelypy pactBopenus TC-13 B
xJ10poBoiopoaHON kuciore (0,1 M HCI) u rugapok-
cuye Hatpus (0,1 M NaOH) — pactBops! b u B coot-
BETCTBeHHO. IlyreM pasBe/ileHUs] TOTOBHWJIM pac-
TBOPBI TC-13 C KOHIIEeHTpanue 0,005 % ¥ BBIIIIE 7151
JAJIbHEHIIIEro UCCaeIOBAHUA.

Ha puc. 2 npeacrasnen crektp TC-13 Bo Bcex
3 pacrBopuTtesax. Cuexkrpodoromerpudeckuii aHa-
au3 mokazas, uro TC-13 B BOjAe OYHINEHHOH B
V®-ciektpe uMes CTaOWIBHBIM MaKCUMyM IIpU
JUTHHE BOJIHBI 276,0 HM. [ToaTOMY /U151 TaTbHENTIIETO
HCCIIEZI0OBAHUSA UCIIOJIb30BAJIN B KAUECTBE PACTBOPH-
TeJIsT BOYy OYHINEHHYIO, TaK Kak cyocranius TC-13
JIETKO PaCcTBOPSLJIACH B BOJIE.

PesysbTaThl BaIHAANNU CIIEKTPOGOTOMETPUYE-
CKOM METOJVKU KOJIMYECTBEHHOTO OIIpe/IeIeHHs
TC-13 nipesictaByieHbl B Ta0JI. 1.

Kak BuyiHO 13 Tabs1. 1, KO3(PPUIHEHT JTUHEHHO-
CTHU COCTaBJISIET 0,9979, UTO CBUJIETEICTBYET O IIPO-
TMIOPIIMOHAIPHON  3aBUCHUMOCTA  AQHAJTUTHIECKOTO
curHayia oT KoHneHtpanuu TC-13 B HCIBITYyeMOM
obpasrie, a Tak:Ke 0 CrenuPpUIHOCTH TPUMEHSIeMOH
metonuku B 1esioMm. Koaddumuent CrwiozeHTa,
MOJTyYeHHBbI pPACUETHBIM ITyT€M, HE IIPEBBIIIAET

Fig. 2 shows the spectrum of TS-13 in all 3 sol-
vents. Spectrophotometric analysis showed that
TS-13 in purified water in the UV spectrum had a
stable maximum at a wavelength of 276,0 nm. There-
fore, for further study, purified water was used as a
solvent, since the TS-13 substance is freely soluble in
water.

The results of validation of the spectrophotomet-
ric method for the quantitative determination of
TS-13 are presented in Table 1.

As can be seen from Table 1, the linearity coeffi-
cient is 0,9979, which indicates the proportional
dependence of the analytical signal on the concentra-
tion of TS-13 in the test sample, as well as the speci-
ficity of the applied technique in general. The calcu-
lated value of t in Student’s t-test does not exceed the
reference value; therefore, the proposed method is
not burdened with a systematic error and corre-
sponds to the validation parameter of precision.

Simultaneously, to compare and confirm the
accuracy of the spectrophotometric method, a
voltammetric method for quantitative determination
of the TS-13 substance was used, based on determin-
ing the relationship between the current strength
and externally applied voltage in an electric cell com-
prising a polarizable (working electrode) and non-
polarizable (reference electrode) electrodes [6]. The
high sensitivity and specificity of the method make it
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Ta6smmua 1. Pe3ysibTaThl BaauAaL U1 CIEKTPOPOTOMETPUYECKON METOAMKH KOJHYECTBEHHOT0 onpeesenus TC-13
Table 1. The results of validation of the spectrophotometric method for the quantitative determination of TS-13

XapakTepucTuka PaccuuraHHoe/dakTHUecKoe 3HauYeHMe onpe/esisieMbIX IapaMeTPOoB
Parameter Calculated/virtual value of the parameters to be determined
CnenuduyHOCTD H3Mepsiiv HyJIEBOH pacTBOP: MaKCUMYM NPU YKa3aHHOU AJIMHE BOJIHBI 276 HM OTCYTCTBOBAJI
Specificity Blank solution was measured: the maximum at the afore-referenced wavelength of 276 nm was
absent
JIMHEeHHOCTb y=0,9614x +0,0001; r=0,9979
Linearity R
= 0,012
o
5=
< .
E5 0010
z g
2 é 0,008 *
=
g3
2 0,006
K=
E‘ § ¥
23
2= 0,004
g
P
S5 0002
[0}
=&
o'm
C% O T T T T T T T T T T T
0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,010 0,011
Konnenrpanus, % / Concentration, %
[Ipenen o6HApYKEHUS 0,001 %

Limit of detection

[Ipenen konnvyectBeHHoro 0,0023 %
onpe/ie/ieHHs
Limit of quantification

[IpaBU/IBHOCTH t =0,94; bsnjret = 231 (p=95%,f=8)
Accuracy b <t nseer

BHyTpuiabopaTtopHas s =0,0000896; RSD =1,79 %
MPeU3UOHHOCTh bsenjeale = 1,12; batnjret = 2,23 (p=95%, f=10)
Intermediate precision t <t

a Tats/ref

TabJIMYHOTO 3HAUEHU, CJIEI0BATENIBHO, IIPe/JIarae-
Mas HaMH METO/IUKA He OTATOIIeHAa CHCTeMaTude-
CKOU OIMMOKOH W COOTBETCTBYET BaJIMIAITMOHHOU
XapaKTEePUCTHKE MPEIU3UOHHOCTH.

JlJ1s1 cpaBHEHWUS U TOATBEPIKAEHUS PABUIBHO-
CTH CeKTPODOTOMETPUUECKON METOAUKHU Hapasi-
JIeJIbHO OBLJIa MCIOJIB30BaHA BOJIBTAMIIEDOMETPH-
YecKas MEeTOJUKA KOJIMYECTBEHHOTO OIpe/IeIeHUs
cy6craniuu TC-13, oOCHOBaHHAs Ha OINpeJIeJIEHUN
3aBUCUMOCTH MEX/Iy CUJIOW TOKAa U I107aBa€MbIM
U3BHE HAIpsKEHUEM B JJIEKTPUUECKOHN fAdelkKe,
COCTOSIINEN W3 TOJISIpU3yeMoro (paboduil sJiek-
TPOJ) ¥ HEMOJIIPU3YEMOTO (3JIEKTPO/T CPABHEHUSI)
2JIEKTPOZ0B [6]. BBICOKAass UyBCTBUTEIBHOCTh H
cuenudUIHOCTh METO/Ia MO3BOJISIOT OIPENEJISTh
HUYTOXKHBIE KOJINYECTBa AHATU3UPYEMBIX
BellecTB B Ouosiormyeckux obpasmax. Iloatomy

possible to determine negligible amounts of analytes
in biological samples. Therefore, we developed the
voltammetric method for analyzing TS-13 not only to
confirm the spectrophotometric method, but also
with the prospect of studying this substance in bio-
logical samples, which is necessary for performing
pharmacokinetic studies [7, 8].

Voltammetry parameters: working electrode is
glass-carbon; reference electrodes are silver-chloride
(Ag/AgCl, 3 M KCl); background electrolyte is a mix-
ture of sodium hydroxide (2 M NaOH) and potas-
sium chloride (3 M KCl); voltammogram recording
mode: start of sweep —1,0 V, end of sweep 0,5 V;
speed of sweep 50 mV/s; the measuring range of the
signal is 0,3 £ 0,1 V.

Technique: 0.1 g (accurately weighed quantity) of
TS-13 was placed in a 100 ml graduated flask and

Journal homepage: http://jsms.ngmu.ru
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MBI pas3pabaThIBajii BOJBTAMIIEPOMETPUUECKYIO
MeTouKy aHanuza TC-13 He TOJBKO AJs IOA-
TBEPIKIEHUs CIHEKTPODOTOMETPUUECKOH METO-
MUKW, HO U C IEPCIEKTUBON HCCIENOBAHUS JIaH-
HOU cybcTaHIIUM B OMOJIOTHYECKHX 0Opasiax, 4To
HeoOX0UMO ISl TpPOBeleHUs (papMaKOKWMHETH-
JecKHX uccaenoBanuii [7, 8].

[TapameTpbl  BOJIPTAMIIEDOMETPHUU: pabOUUH
BJIEKTPOJl — CTEKJIOYTJIEPOAHBIH; DJIEKTPOBI CPaB-
HeHHs1 — xyopcepebpsuble (Ag/AgCl, 3 M KCD);
(pOHOBBIH BIJIEKTPOJIUT — CMeCh HATPHUs TUIPOKCUA
(2 M NaOH) u xanusa xiopuza (3 M KCl); pexum
3alliCH BOJIBTAMIIEPOTPAMMBI: HAYaJIO Pa3BEPTKU
—1,0 B, xoner pa3BepTku 0,5B; CKOpOCTh pa3BepTKHU
50 MB/c; obJ1acTh n3MepeHus curuasia 0,3 + 0,1 B.

Meroauka: 0,1 r (Tounas HaBecka) TC-13 mome-
[AJIM B MEPHYIO K010y 00beMOM 100 MJI B PACTBO-
psin B OMIUCTUIMPOBAHHON BOJIE, 3aTEM J[OBO-
JITH 10 METKU OWIUCTUUIMPOBAHHOW BOJOU —
pabounii pactBop. O6BeM IPOOHI B sTUekiKe ¢ (HOHO-
BBIM 3JIEKTPOJIUTOM U MPOOOH COCTABJISLI 10 MKJIL.

Ha pwuc. 3 mpencraBieHa BoOJIbTaMIIEpOrpaMma
cyocranuu TC-13.

Pe3ysbTaThl BaJIUAAIUNA BOJIBTAMIIEPOMETPUYE-
CKOH METOJIMKU KOJINUECTBEHHOTO OIIpefeIeHuUs
TC-13 ipejicTaByieHbI B Ta0JI. 2.

JlaHHbIe, IpUBEIEHHBIE B Ta0OJI. 2, TIOKA3bIBAIOT,
YTO  IpeAsiaraeMas  BOJIBTAMIIEPOMETpUYECKas
MEeTO/IMKA MOKeT OBITh HCIIOJIb30BaHA JJI KOJIUde-
CTBEHHOU OIIEHKH B MOJIEJIbHBIX PACTBOPAX U OMOJIO-
rHYecKux o0pasnax mHpu Ipezesie OOHAPYKEHUS
0,104 Mr/JI1.

Taxoke Hamu ObLT pa3paboTaH METOM TUTPOBAHUS
Kak HauboJiee MPOCTOH W JOCTYIHBIM METOJ JIJist
KOJIMUECTBEHHOH OIEHKH (apMareBTUIeCKuX cyo-
cTaHnuil. M3BeCTHO, YTO OpraHUYECKHe CYIb(MUIIbI
(IpUCYTCTBYIOT B CTPYKTYPHOU (OpMYyJIe U3ydaeMou
cyOCTaHIIMM), IPEJITOJIOKUTENIHHO 3a CUET JJOHOPHO-
aKIENTOPHOTO B3aWMOJZIEHCTBUs, 00pa3yloT KOM-
IJIEKCHBIE COEUHEHUSI C COJISIMU TSXKEJTBIX METAJLIOB
[9, 10]. Ha cocraB u CTpyKTypy 006pa3yoIerocs KoM-
IJIEKCA BJIMSIOT YCJIOBUS €0 MOJIyYeHUs] U XUMUJe-
CKasl CTPYKTYpa BellecTBa. [[J1a TaHHOH BOZIOPACTBO-
pumoii cybcrannuu (TC-13) MCHOJIB30BAIA METO]
MEpPKypOMETPUHU, OCHOBAaHHBIH Ha CIIOCOOHOCTH
JIEKapCTBEHHOTO ITpenapara 06pa30BhIBATH MAJIOVC-
conpupytorye coenuHenus prytu (11).

Meroauka: 0,1 r (Tounas HaBecka) TC-13 mome-
a1 B MEpPHyI0 KoJIOy 00beMoM 100 MJI, m00aB-
JISITIA 10 MJT BOZBI OUUIIIEHHOHN U IIEPEMEITNBAIIU [0
MIOJTHOTO PACTBOPEHUs CYOCTaHIIMU, 3aTeM J0BO-
JIJTH BOJZIOM OYMINEHHOH 710 MeTKHU (pacTBop A). B
KOJIOY JIJISI TATPOBAHUSA 00bEMOM 150 MJI IOMEIAJIH
5 MJI pacTBopa A, 3aTeM /100aBJIAIN 3 KaIIu Aude-

dissolved with bidistilled water, then diluted to the
volume with bidistilled water (working solution).
The volume of the sample in the cell with the back-
ground electrolyte and the sample was 10 pl.

Fig. 3 shows the voltammogram of the TS-13 sub-
stance.

The results of validation of the voltammetric
technique for quantitative determination of TS-13
are presented in Table 2.

The data in Table 2 show that the proposed
voltammetric technique can be used for quantitation
in standard solutions and biological samples at a
detection limit of 0,104 mg/1.

We also developed a titration method as the sim-
plest and most accessible method for quantifying
pharmaceutical substances. It is known that organic
sulfides (present in the structural formula of the
study substance), presumably because of donor-
acceptor interaction, form coordination complexes
with heavy metal salts [9, 10]. The composition and
structure of the forming complex are influenced by
the conditions of interaction and the chemical struc-
ture of a substance. For the studied water-soluble
compound (TS-13), mercurimetry was used, based
on the ability of the substance to form weakly disso-
ciated mercury complexes( IT).

Technique: 0.1 g (accurately weighed quantity) of
TS-13 was placed in a 100 ml graduated flask, 10 ml
of purified water was added and stirred until dissolu-
tion of the substance was complete, then diluted with
water to the volume (solution A). 5 ml of solution A
was placed in a 150 ml titration flask, then 3 drops of
diphenylcarbazone and 1 ml of diluted nitric acid
were added and mixed well, titrated with a solution
of mercury nitrate (0,02 M Hg(NO 3)2) until the pur-
ple color appears.

The results of validation of the titration method
for the quantitative determination of TS-13 are pre-
sented in Table 3.

This technique can be used for the most concen-
trated solutions.

Presence of impurities in pharmaceutical sub-
stances formed during preparation or storage has a
significant effect on pharmacological activity and the
results of quantitative determination. Thin-layer
chromatography is the simplest and most widely
available method for determining impurities with
the appropriate level of sensitivity and selectivity.

That method based on the difference in the rate of
movement of the components of a mixture in a thin
layer of sorbent as they move in the flow of mobile
phase [11]. The separation occurs by adsorption, dis-
tribution or ion-exchange mechanism or some com-
bination of them.
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Fig. 3. The voltammogram of TS-13 (background — a mixture of 2 M NaOH and 3 M KCI; test — 10 pl; addition — 10 pl)

HUIKapba3oHa M 1 MJI Pa3BeleHHOU a30THOH KHC-
JIOTBI ¥ XOPOIIIO TIepEMEIIHBAIIN, TUTPOBAJIA PACTBO-
pom Hutpara pryru (0,02 M Hg(NO,),) o mosisie-
HUA (PHOJIETOBOTO LIBETA.

Pe3ynbTaThl  BaJUZAIUNA  TUTPOMETPUUECKOH
METOJIUKH KOJIMUECTBeHHOro ormpezesneHus TC-13
IIpeZICTaBJIeHBI B TA0JI. 3.

JlaHHAs METOAMKA MOKET HCIOJIb30BATHCS IS
HanboJIee KOHIEHTPUPOBAHHBIX PACTBOPOB.

IMpucyrcTBue B apMareBTHUECKUX cyOCcTaH-
OUAX IpUMecel, 00pas3yIoIuXcs B IPOIeCCe MOJIy-
YeHHsA WJIM XPAaHEHUs, OKa3bIBaeT 3HAUUTEJIHbHOE
BJIMsHUE Ha (HapMaKOJIOTHYECKYH) aKTUBHOCTh U
pe3yJIbTaThl  KOJIMYECTBEHHOTO  OIpe/IeJIEHUs.

Sorbfil plates (PTSH-AF-A-UV) (IMID LLC, Kras-
nodar) were used; mobile phase was represented by
ethanol : acetone (8:2, 7:3, 4:6, 3:7, 2:8), ethanol :
chloroform (9:1); test solution (TS-13): 0,25 g of the
substance was dissolved in 5 ml of 40% ethyl alcohol.
An iodine chamber was used as a detector.

Technique: 10 pl of the test sample solution
was applied to the plate start line. The plate with
applied samples was air-dried, placed in a cham-
ber with mobile phase and chromatographed by
the ascending method. When the mobile phase
front passed about 80—90% of the plate length
from the start line, the plate was removed from the
chamber, dried to remove traces of solvents, placed

Journal homepage: http://jsms.ngmu.ru
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Ta6.1una 2. Pe3ybTaThl BaaUAaL UK BOJbTaMIIEPOMETPHUYECKON METOAUKY KOJIMYeCTBEHHOro onpejesenus TC-13
Table 2. The results of validation of the voltammetric method for the quantitative determination of TS-13

XapakTepHcTHKa PaccuuTaHHoe/paKTHYecKoe 3HaYeHHe ONpe e isAeMbIX IapaMeTPOB
Parameter Calculated/virtual value of the parameters to be determined
CrnenudpUIHOCTD CurHaz B OHOBOM 3JIEKTPOJIUTE B 06JIaCTU NTOTEHI|MaJIa 3JIEKTPOOKUCIeH s/
Specificity BOCCTAHOBJIEHUS OTCYTCTBYeT
No signal in the background electrolyte in the area of the redox potential
JIuHEeHHOCTh y=0,0081x+1,0258; r=0,9975
Linearity
2.4
22 ..
5= 20
=)
z g y=10,0081x + 1,0258
gr g e /
S =
o
=2 16
o O
= Q
E g
o @
<20 14
1,2
1,0 T T T
0 50 100 150
O6bem npoOsl, Mk / Sample volume, pl
[Ipenen o6HaApyKEHUS 0,104 mMr/n
Limit of detection
[Ipesies1 KOJIMYECTBEHHOTO 0,317 mr/n
onpe/iesIeHUs
Limit of quantification
[IpaBUIBHOCTD =094t ., =318 (P=95%,f=3)
Accuracy by < tsnret
BHyTpuabopaTopHas s=0,001915; RSD = 1,94 %
NpeU3UOHHOCTh t,=182;t =223 (p=95%,f=10)
Intermediate precision t <t

a Tats/ref

Haub6osiee MpOCTHIM U OOIIEAOCTYITHBIM METOJI0M
ompeziesieHUsI MpuMeced, o6sazaimuM HeoOXo-
JUMBIM YPOBHEM UYBCTBUTEJIBHOCTU U CEJIEKTUB-
HOCTH, SIBJIAETCSA XpoMmarorpadus B TOHKOM CJI0€
copbOeHTa.

ToukocsoiHast xpomatorpadus — BU XpPOMaTo-
rpaduy, OCHOBAHHBIM Ha Pa3JUYUU B CKOPOCTH
repeMeIeHns KOMIIOHEHTOB CMECH B IIJIOCKOM TOH-
KOM CJI0e COPOEHTA ITPU UX ABUKEHUH B ITOTOKE IO/ -
BIoKHOUM ¢asbl [11]. PaszgeneHue mpoMCXOAUT IO
aJ1IcOpOIIMOHHOMY, PACIIPEIeTUTETLHOMY UIIA HOHO-
0OMEHHOMY MEXaHU3MY HJIH KaKOH-TH00 UX KOMOH-
HAI[UH.

Hcronp30Bayii  aHAJIUTUYECKUE — ILJIACTUHKH
Sorbfil (IITCX-A®-A-Y®) (OO0 «UMU/T», KpacHo-
Zap); mojBIoKHas daza — 3TAHOJ : aleToH (8:2, 7:3,
4:6, 3:7, 2:8), aTaHOJ : XJI0podopM (9:1); UCIIBITYE-
MbId pactBop (TC-13): 0,25 T cybCTaHIIUA PacTBO-

in an iodine chamber, and then viewed in visible
light. The chromatography conditions were deter-
mined in such a way that the study substance was
localized either at the start or at the finish, while
possible impurities could be distributed along the
solvent flow line. The study was performed in two
replicates.

The results of chromatographic analysis of TS-13
are presented on Fig. 4 and Table 4.

Based on the results obtained and taking into
account the location of adsorption zones of the
TS-13 test sample, it was found that in the predomi-
nance of acetone in the solvent system, TS-13 was
localized at the finish line, whereas the predomi-
nance of ethanol resulted in slowdown of the test
sample at the start line. It was also found that there
were no extraneous adsorption zones on the chro-
matograms.
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Ta6siuna 3. Pe3y/bTaThl BaaUAALUH THTPOMETPHUYECKON METOAUKY KOJIMYeCTBEHHOro onpejesenus TC-13
Table 3.The results of validation of the titration method for the quantitative determination of TS-13

XapakTepucTuka PaccuuraHHoe/dakTHUecKoe 3HaYeHNe onpe/esisieMbIX IapaMeTPoB
Parameter Calculated/virtual value of the parameters to be determined
CnenuduyHOCTD [Ipy npoBeIeHNH KOHTPOJILHOT'O OMbITA OKPacKa MHAUKATOPA MOSIBJISETCS PU A06aBIeHUU
Specificity 1 Kkam/iu TUTpaHTa
JIMHEHHOCTh y=0,997x-0,0005; r=0,9987
Linearity . 0.25
s
m
S o
[
£ » 020
SR=
g3
8 &
g3
ET 0,15
28
55
g
o= 0,110
Z S
2
& E
5
S 2 0,05
s X
% H /
=
2
Q) 0 T T T T T
0 0,05 0,10 0,15 0,20 0,25
TouHast HaBecKa HCIBITYeMOro obpasua, r
Accurately weighed quantity of the test sample, g
[Ipenen o6HaApYxKEHUS 0,027 r
Limit of detection
[Ipenen konnyectBenHoro 0,083 r
onpe/iesIeHUs
Limit of quantification
[IpaBUILHOCTD t =0,15; Csnres = 2131 (P=95%,f=8)
Accuracy by < et
BHyTpuiabopaTopHas 5=0,001523; RSD=1,53 %
MPEeU3UOHHOCTh t =046t =223 (p=95%,f=10)

pacu/calc

Intermediate precision

<
a Tabs/ref

psiin B 5 MJI 40% STHJIOBOTO ciupTa. B KauecTBe
JIETEKTOPA HUCII0JI30BAJIN HOHYIO KaMepy.
MeTtonyka: Ha JIMHUIO CTAPTA IUIACTHHKY HAHOCIUIH
IO 10 MKJI pacTBOPA UCIIBITyeMOT0 06pasiia. [iacTuHKY
C HaHECEHHBIMU ITPOGAMU CYIIVJIN Ha BO3ZYXE, ITOMe-
AT B KAMePY ¢ IOABIKHOU (pa3oii 1 xpomarorpadu-
poBasu Bocxozisimm criocobom. Korza GpoHT moiBrk-
HOU aspl mpoxoAw1 oKoo 80—90 % JUIMHBI ILIa-
CTUHKU OT JIMHHUM CTapTa, ee BBIHUMAIN U3 KaMephl,
CYIIWIN JI0 YJaJIeHUsl CJIEIOB PACTBOPUTEJIEH, IToMe-
i B HOAHYI0 KaMepy, a 3aTeM MPOCMaTPUBAIA B
BUZVIMOM CBeTe. Y(IOBUS XpOMaTorpadbHpOBAHUS
OTIpeeTISITA TAaKUM 00pa3oM, YTOOBI U3ydaeMoe COeJTH-
HeHre OBUIO JIOKQJIM30BAHO WM Ha CTapTe, WIH Ha
(uHMIIIE, TPH STOM BO3MOKHBIE IPUMECH MOIJIH OBITh
pacmpe/ieJieHbl 10 JIMHUHU JIBU)KEHHUS PACTBOPUTEJIS.
VcctemoBaHyie BBITIOTHSLTN B ZIBYX MTOBTOPHOCTSIX.

CONCLUSION

Optimal conditions for spectrophotometric, voltam-
metric and titrimetric quantification of a novel substance
of water-soluble antioxidant sodium 3-(3-tret-butyl-4’-
hydroxyphenyl)propylthiosulfonate for reference solu-
tions were determined. The presented methods are vali-
dated according to the characteristics of specificity, pre-
cision, linearity, limit of detection and limit of
quantification. A method for the detection of impurities
using thin-layer chromatography was developed.

The results of this study showed the possibility of
using the proposed techniques in quality control of a
novel water-soluble antioxidant sodium 3-(3’-tret-
butyl-4’-hydroxyphenyl) propylthiosulfonate.

Conflict of interest. The authors declare no
conflict of interest.
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JIunus dunuma / Finish line

9:1

ATaHOI : XJIOpohopm
ethanol : chloroform

4:6 3.7 2:8
3TAHOJ : alleTOH 9TAHOJ : AlECTOH JTAHOJI : alleTOH
ethanol : acetone ethanol : acetone ethanol : acetone

Puc. 4. Toukocsoitnas xpomarorpadus cyocranmuu TC-13:
A — Ha JIMHUU cTapTa; B — B pa3/jIM4HBIX IO/IBIKHBIX (pazax
Fig. 4. Thin-layer chromatography of the TS-13 substance:
A — at the start line; B — in different mobile phases

Ta6smmna 4. [logsmwxHocTb cybcTaHuu TC-13 B moABMKHBIX pazax
Table 4. Mobility of the TS-13 substance in different mobile phases

IogBwxHas ¢a3a / Mobile phase R,

Jrtanou : xnopodopm 9:1 / Ethanol : chloroform 9:1 0,85
JrtaHou : anietoH 7:3 / Ethanol : acetone 7:3 0,89
Jranou : anetoH 4:6 / Ethanol : acetone 4:6 0,93
Jrtanou : aneToH 3:7 / Ethanol : acetone 3:7 0,95
JdtaHou : anieToH 2:8 / Ethanol : acetone 2:8 0,96

PesysnbTaThl  XpoMaTOTpaUUECKOTO aHaIu3a
TC-13 mipe/icTaB/IeHbI HA PUC. 4 U B Ta0JI1. 4.

Ha ocHoBe noJsly4eHHBIX Pe3yIbTaTOB, UCXO/IA U3
MTOJIO’KEHUS 30H a/ICOPOIIUK UCIIBITyeMOro obpasia
TC-13, ycTaHOBWJIM, UTO B CJIydae IpeobsafjaHus
aleToHa B CHCTEME pPAaCTBOPUTEJIEH CyOCTaHIUS
TC-13 siokanM30BaHa HA JUHUU (PUHUIIA, TOT/IA KAK
npeobJaZilaHie B CHCTEME STaHOJA IPUBOAMWIO K
TOPMOKEHHIO HCIBITYEMOTO 00paslia Ha JIMHUU
crapra. Takike YCTaHOBJIEHO, YTO IIOCTOPOHHHE
30HBI AJICOPOIIMM HA XpOMAaTOTrpaMMaX OTCYTCT-
BOBAJIH.

3AK/IOYEHUE

OHpeZleJIeHbI OIITUMAJIbHBIE YC/JIOBUSA CIIEKTPO-
q)OTOMETpI/I‘-IeCKOI‘O, BOJIbTAMIIEDOMETPHUYECKOTO U
TUTPUMETPHUYECKOTO KOJIMYECTBEHHOI'O OIIpejesie-

HUS HOBOH CyOCTaHIINU BOZOPACTBOPUMOTO AaHTHOK-
cuganTta 3-(3'-TpeT-0yTHi-4'-rugpoKcudeHIT)Ipo-
MIWITHOCYIGOHAT HATPUS /ISl MOZEIbHBIX PACTBO-
pos. IlpencraBieHHbIE METOAUKY BIHANPOBAHBI B
COOTBETCTBUH C XaPAKTEPUCTHKAMU CIEeIUPUIHO-
CTH, IPEIIU3UOHHOCTH, IMHEHHOCTH, IIpe/iesia 0OHa-
PYXKeHHs U Tpefieyia KOJIUYECTBEHHOTO OIpeiesie-
Hus. Pazpaborana meTofuKa /IS BBISABJIEHUS IIPU-
MeCeH ¢ MCII0JIb30BAaHWEM TOHKOCJIOMHOU XpOMATO-
rpaduu.

PesynpTaThl MPOBEEHHOTO UCC/IEIOBAHUS ITOKA-
3aJI1 BO3MOXKHOCTh MCIIOJIb30BAHUSA IIpeJylaraeMbIX
METOIMK B KOHTPOJIE KaueCcTBA HOBOTO BOJIOPACTBO-
pHUMOro aHTHOKCH/IaHTa 3-(3'-TpeT-OyTui-4'-rugpo-
KCU(EHWT) IPOIHITHOCY Ib(DOHAT HATPHUA.

KoH@uIuKT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUH KOH(DJINKTA HHTEPECOB.
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CpaBHUTE/JIBbHOE UCCIE0OBAHNE HEHPOTOKCHUYECKOTO €U CTBUS
TOPHKOH aJIKOTOJIbBHOM HacTOUKHU Action Bitters u uncroro
AJIKOTO0JIA HA MPePPOHTAIPHYIO KOPY TOJIOBHOTO MO3Ta KPbIC

Y.A. Oiinn60', A.M. droi?, I'. Mopyma'

'Ynueepcumem deavmut Hueepa, Koanedxc meduyurckux Hayk, gaxyabmem 6a3060il meduyuHbst, kagedpa aHamomuu
yenogexa, wmam bailaaca, Hueepus

2Meduyumckuil ynusepcumem Batisacwt, wmam Baiisaca, Huzepus

AHHOTAIIUA

BBenenue. Action Bitters (AB) — roppkast aJIKOTOJIbHAsI HACTOWKA HAa TPaBax, aKTUBHO ynoTtpebiisiemasi B Hurepun
13-3a CBOErO BBIPAKEHHOTO 00IeToHU3Upyloero saddexra. HecMoTps Ha ee mHpoKoe ynoTpebieHNe, B JIUTEPAType
KpaifHe MaJIo CBeZIEeHUH O ee BJIMAHUU Ha IPedPOHTAIILHYIO KOPY F'OJIOBHOTO MO3Tra ¥ KOTHUTHBHBIE (DYHKIIUH.

Il enb. W3yuuts Brusiuue AB u yncroro ankorosis (YA) Ha npedpontanbuyio kopy ([I®K) roioBHOro Mo3ra MoJio-
JIBIX KPBIC-CAMIIOB Ha MOJIEJIN 4-/THEBHOTO BBEJIEHUS JIKOTOJIA B BBICOKHX /103aX.

MaTtTepuanans U METO/] bl. IKCIEPUMEHT IPOBOAWIN Ha 15 KPbICAX, KOTOPBIE CIIyYalHBIM 00pa3oM ObLIH
pasziesieHbl Ha TPU TPYIIIHI TO MATHh KPBIC B KXK0W. KOHTposIbHASA rpynma mojydasa 5 /KT pa3BeIeHHOTO TUEeTHIECKH
nostHOTIeHHOTO KopMa (IIIK) (50 06. %), Bropas rpymmna — 5 1/kr AB B ITIK u TpeThs rpymnmna — 5 r/kr YA B ITIK. [{ns
oneHku BausHUA AB 11 YA Ha KOTHUTHUBHBIE (PYHKIIMY ObLTH UCIOJIb30BAHBI TECT PACTIO3HABAHUS HOBBIX OOHEKTOB U TECT
JUISI OLIEHKH CIIOHTAHHOTO UepeioBaHus (B ycTaHOBKe T-00pa3HbIi JaOUPUHT /I KpbIc). Takke OBLIO IIPOBEIEHO THCTO-
JIOTUYECKOe HCCIe/JOBaHUE CPE30B, IOIYIeHHBIX U3 TKaHeH NpedpOHTAIBHON KOPBI FTOJIOBHOTO MO3Ta KPbIC.
PesynbTartsbl . Brpynmax KUBOTHBIX, HoaydaBmiux AB u YA, 6buH BBISBIEHBI 60JIee HU3KHE [TOKA3aTeId Bpe-
MEHHU PACIIO3HABAHUS HOBBIX O0BEKTOB, IIPOIEHTA YePEJOBAHUI M MH/EKCA JUCKPUMUHALNY B TECTE€ PACIIO3HABAHUSA
HOBBIX 00BEKTOB. ['MCTOIOTHYECKOE UCCIIeZIOBAaHNE TTIOKA3aJI0 HATMYHE JIeTeHEPATUBHBIX U3MEHEHUH B TKaHAX IpedpoH-
TaJIbHOW KOPBI Y KPBIC YKA3aHHBIX IPYIIIL.

3axknaoueHHue. O6ecybCTaHINH BBI3BIBAJIN CYIECTBEHHOE HAPYIIEHE KOTHUTUBHBIX (DYHKITHI U HeHpo/iereHe-
patuBHble u3MeHenus B IIOK, 6osiee BopaskeHHbIE TPY BBeieHUH YA. T1oIyueHHbIE Pe3YIIbTaThl CBU/IETETBCTBYIOT O TOM,
YTO Ype3MepHOe yIoTpebieHue aIKOroIbHBIX HAIIUTKOB Ha TPaBax TAKXKe MOKeT HAHOCHUTh CEPhE3HBIN BpeJ, OPraHU3MY.
Karouegwle caoa: aKOroJIbHbIe HAIIUTKY, HellpoiereHepaTUBHbIE U3MeHeHus, IpepoHTaIbHAA KOpa.

O6pasen mutupoBaHusn: Oiurbo Y.A., Aroit A.M., Mopyma I'. CpaBHUTEIbHOE HCCIETOBAaHHE HEHPOTOKCH-
YECKOTO JIEHCTBHUA TOPHKOY aJIKOTOJIBHON HAcTOHKHU Action Bitters u uncroro ankorosia Ha IpedPOHTATIBHYIO KOPY Io-
JIOBHOTO Mo3ra Kpbic // Journal of Siberian Medical Sciences. 2025;9(1):41-51. DOI: 10.31549/2542-1174-2025-9-1-41-51

A comparative study of the neurotoxic effects of Action Bitters
(an alcoholic beverage) and neutral-flavoured alcohol
on the rat prefrontal cortex
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ABSTRACT

Introduction. Action Bitters (AB) is an alcoholic polyherbal preparation widely consumed in Nigeria because
of the belief that it purportedly boosts energy and overall well-being. Despite its usage, there is little information on its
effect on the prefrontal cortex (PFC) and cognitive functions.
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A i m . Toexamine the effects of AB and neutral-flavoured alcohol (NFA) on the PFC young adult male rats in a four-day
binge alcohol exposure model.

Materials and methods. Inthisstudy, 15rats were randomly divided into three groups of five rats each.
The 1% group, control rats, were administered 5 g/kg of a diluted nutritionally complete meal (NCM, 50% v/v); the 2™ group
of rats received 5 g/kg of AB in NCM, and the last, 3¢ group — 5 g/kg of NFA in NCM. The novel object recognition and
T-maze tests were employed to investigate the effect of both substances on cognitive functions. To assess potential neuro-
degenerative alterations, histological examinations were performed on PFC samples.

Results. Alower exploration time for novel objects, percentage alternation, novel object discrimination indexes
were revealed. The histological findings showed neurodegeneration in the PFC of AB and NFA feed rats.
Conclusion. Ourstudy indicated that both substances induced substantial cognitive impairment and neurode-
generation, with alcohol exhibiting a more pronounced effect. However, the findings suggested that the dangers of binge
drinking may be also present in this herbal alcoholic product consumption.

Keywords: alcoholic beverages, neurodegeneration, prefrontal cortex.
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BBEJIEHUE

UpesMepHoe MOTpebIeHNEe aTKOTOJs SIBJISIETCS
YpEe3BbIYANHO CEPHE3HOU IPOOJIEMON MHPOBOTO
3IpaBOOXPAHUs, MOCKOJIBKY WM CTPAJAIOT JIKIA
Jr060ro Bo3pacra u mnosia [1]. I3BecTHO, 4TO HEyMe-
peHHOe TTOTpebJIeHNEe ATKOTOJISI BBI3BIBAET HEBPOJIO-
THYeCcKUe U MCUXHYECKUEe PACCTPOHCTBA, TAKUE KaK
OpTraHUYecKoe MopaskeHre TOJ0BHOTO MO3Ta, aMHe-
3Us, PACCTPOICTBA CHA, IICUXO03bI (C CYZOPOKHBIMU
npumnaakaMmu u 6e3 Hux) [2]. Heratupubie 9bdeKTHI,
BBI3bIBAEMbIE YIIOTPEOJIEHHEM aJIKOTOJIsl, MHOTO-
YHCJIEHHBI, [I03TOMY TOHUMAaHUe IIPUPO/IbI HapyIlie-
HHI MO3TOBOM JI€ATEIbHOCTH, BHI3IBAEMBIX AJTKOTO-
JIeM, U KOHIIEHTPAIUH, MPU KOTOPBIX 3TH HapyIie-
HUSI BO3HHUKAIOT, IIPECTABIISIETCS KpalHe BaXKHOM
3a7aueil.

B Hurepuu ajKoroJibHbIe HACTOWKHU Ha TpaBax,
M3BECTHBIE Kak bitters, uian OUTTEPHI, JOCTATOYHO
MOIYJISIPHBI, IOCKOJIBKY CYUTAETCS, YTO OHU 0bJia-
Ja0T JedeOHBIMHU cBolicTBaMu [3]. TO HAIUTKU
OOBIYHO TEMHOTO I[BETA C TOPHKUM, KHUCJIOBATHIM
WJIM TOPBKO-CJIaIKUM BKycoM [3]. Yarie Bcero oHu
yIoTpeOISIIOTCS B KauecTBe OOIEeTOHU3UPYIOIIETO
Cpe/ICTBA WJIU allePUTHBA JI0 WU TOCJIE €/Ibl; CUU-
TaeTcs, YTO OHU CTUMYJIUPYIOT MHINeBapeHue,
MOBBIIIAIOT AaNMEeTUT U YCTPAHSIOT TSKECTh B
JKeJIyZKe. AJIKOTOJIbHBIE HACTOMKHA Ha TpaBax
Tak:ke 00J1aflaloT CBOMCTBAMHU JAE€TOKCHKAHTOB H
WHOT/Ia MCIIOJIb3YIOTCS /Jis1 00JIeTYeHUs MOXMeJThb-
HOro cuHapoma [4]. B Hurepwu mupejicTaBiieHbI
HECKOJIbKO IONYJISAPHBIX MapOK aJIKOTOJIbHBIX
HACTOEK Ha TpaBax, HampuMep: Action Bitters (AB),
Alomo Bitters, Orijin Bitters u Yoyo Bitters [3]. 9tu

INTRODUCTION

Chronic alcohol consumption has been reported
to be a serious public health concern, as it impacts
the health of individuals of varying age and sex [1].
Chronic use of alcohol and alcoholic beverages has
been widely acknowledged to cause neurological and
mental disorders, such as organic brain damage,
memory loss, somnipathy, and psychosis, with or
without seizures [2]. The deleterious effects of alco-
hol are numerous, thus, understanding the struc-
tural damages caused by alcohol on the brain and the
concentrations at which alcohol induces such dam-
ages are very important.

In Nigeria, alcoholic polyherbal preparations
known as bitters are commonly consumed due to
the common belief in their purported multiple
medicinal properties [3]. They are usually charac-
terized by a dark colour as well as bitter, sour, or
bittersweet taste [3]. Bitters are used as tonics or
aperitifs before or after meals; and are believed to
stimulate digestion, improve appetite, and relieve
stomach discomfort. Bitters are also thought to
have detoxifying properties, and are sometimes
used as a remedy for hangover [4]. There are several
popular brands of bitters in Nigeria, such as Action
Bitters (AB), Alomo Bitters, Orijin Bitters, and Yoyo
Bitters, among others [3]. These brands often mar-
ket their products as herbal supplements that can
boost energy, enhance vitality, and improve overall
well-being. These brands contain varying quantity
of alcohol, hence, their excessive consumption may
have negative health effects [3]. These bitters con-
tain 30 to 45% alcohol — large enough for progres-
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MapKH 3a9aCTyI0 NO3UIIMOHUPYIOTCA Kak QUTO0-
6aBKU, MOBBINIAIOIINE SHEPTUIO, J)KU3HEHHBIH TOHYC
U B I[€JIOM CIOCOOCTBYIOIIUE YJIYUIIIEHUIO COCTOSI-
HUA 3/10pOBbs. IlepeunciieHHbIe HACTOUKHU HA Tpa-
BaX HUMEIOT [IOCTaTOYHO BBICOKOE COJEepIKaHUe
ankoroisa (30—45 %), MOITOMY HUX UYpe3MepHOe
ynoTrpebJjieHe MOXKeT BBI3BIBATh HETATHBHBIE
3pdexTsl U TPUBOAUTH MPHU CHCTEMATUUYECKOM
HeyMEPEHHOM YIOTPeOJIEeHUN K PA3BUTHIO AJIKO-
TOJIBHOM 3aBUCUMOCTH [3, 4].

AB BhIllyckaeTcss kommanueld Intercontinental
Distillers Limited (mmrat Oryn, Hurepus). 9to Tpa-
BSHON 3KCTPAKT C BBICOKHM CO/IEPKAaHUEM aJIKO-
roJis, HACBIIIEHHO TEMHOTO I[BETa, C TOPbKOBATO-
CJIAIKUM BKYCOM U MPUATHBIM apoMaroM. OOBIYHO
ynoTpebJisieTcsi B KadecTBe OOINEeTOHU3UPYIOIIETO
cpezcTBa wiu adpoausnaka [3, 4]. B cocras AB Bxo-
nar:  Symphonia globulifera, Garcinia kola,
Tetrapleura tetraptera, Lannea welwitschii, remu-
HepaJIn30BaHHASA BOZA, STWJIOBBIA CIIUPT U apoMa-
THU3aTOP CO BKYCOM OPIH/H, a TAKIKE TAKUE COEUHE-
HUS PACTUTETBHOTO IPOUCXOK/IEHUS, KaK aJIKayIo-
uabl, (GJIaBOHOUABI, TAaHUHBI, (EHOJBI, KapAeHO-
b1, (po106aTaHUHBI U XHHOHHI [5].

ITEJIb UCCJIEJIOBAHUSA

N3yuuts Biusuue AB u uncroro aynkorosis (HA)
Ha npedpponTanbHy0 Kopy ([IPK) rosioBHOTO MO3Ta
U KOTHUTUBHBIE (PYHKIIMU MOJIOJIBIX KPBIC-CAMIIOB
cToka Sprague Dawley.

MATEPUAJIBI 1 METO/IbI

2Kusommnwie. llaTHaAnath MOJIOJBIX KpPBIC-
camioB croka Sprague Dawley maccoit 150—180 r
OBLTH JI0CTABJIEHBI U COJIEPKATUCH B KJIETKaX B J1ab0-
paropuu kadepbl aHATOMUU YesioBeKa (paKysbTeTa
6azoBbix MemuruHCKNX Hayk (®BMH) Yuuepcu-
Tera nenbThl Hurepa (Y/IH). KpbIchl ITPOXOAMIH
AKKJIMMATH3AIAI0 B TEYEHUE 2 HeJ| IIPU HEeOTPaHU-
YeHHOM /IoCTylle K CyXOMYy TpaHYJIMPOBAHHOMY
KOpMy, KpOMe TIepuo/ia HEeIOCPEICTBEHHOTO DKCITe-
pUMeHTa, KOTrjja >KUBOTHBIM BBOJWJIM AJIKOTOJIb (B
COOTBETCTBUU C MOJEJIBIO 3aIIOHHOT0 aJTKOTOJIN3MA).
Cyxoii KOpM yOUpasu Ha 4 JIHS BBEJEHUS aJIKOTOJIsI
B BBICOKHX /[03aX, HO BOJIa OCTaBaJiaCch B JIOCTYyIIE.
JKuBoTHBIE cOoflepKauCh B NIOMEIEHUH C KOMHAT-
HOUW TeMrepaTypod Ipu 12-4acOBOM ITUKJIE JTHA U
HOuW. Bce MaHUITyIAIUN TPOBOJAMIINCH B COOTBET-
CTBUM ¢ TpeOOBaHUAMU PyKOBOJZICTBA IO COZEeprKa-
HUIO U UCITOJIb30BAHUIO JTAOOPATOPHBIX 3 KUBOTHBIX U
O0pUTH O7006peHsl 3THUeckuM KomuTerom OBMH
Y]IH [6].

JTuzaitn uccaedosanusn. IlarHaanaTh KpbIC
OpUIH  CyJalHBIM 00pa3soM pacrpefeseHbl B

sion into alcohol use disorder (AUD) in habitual or
chronic users [4].

AB is a product of Intercontinental Distillers Lim-
ited, Ogun State, Nigeria. It is a wine-coloured herbal
extract, a full-bodied spirit with a slight bittersweet
and appetising aroma. It is consumed mainly for its
restorative and aphrodisiac effect [3, 4]. The ingredi-
ents in AB are: Symphonia globulifera, Garcinia
kola, Tetrapleura tetraptera, Lannea welwitschii,
demineralised water, ethyl alcohol, and brandy fla-
vour. Documented phytochemical constituents of AB
are alkaloids, flavonoids, tannins, phenols, cardeno-
lides, phlobatannins and quinones [5].

AIM OF THE RESEARCH

To examine the effects of AB and neutral-fla-
voured alcohol (NFA) on histology and cognition in
young adult male Sprague Dawley rats.

MATERIALS AND METHODS

Animals. Fifteen young adult male Sprague
Dawley (SD) rats weighing 150—180 g were procured
and housed in cages at the Department of Human
Anatomy Research Lab, Faculty of Basic Medical Sci-
ences (FBMS), Niger Delta University (NDU). They
were acclimated for two weeks and allowed unlim-
ited access to pelleted chow and water, except during
ethanol exposure (to induce the binge-alcohol expo-
sure model of AUD). Food was withheld during the
four-day exposure to alcohol, but water remained
readily available. They were maintained at ambient
temperature of 12-hour light/dark cycle. All tech-
niques utilised in this investigation were consistent
with the Guide for the Care and Use of Laboratory
Animals and approved by the FBMS Research Ethics
Committee, NDU [6].

Experimental design. In this study, 15 rats
were randomly divided into three groups of five rats
each. The control group received a nutritionally
complete meal (NCM) consisting of 5 g/kg of Vita
Milk (Ghana), diluted to 50% v/v. This diet was
administered via an oro-gastric gavage tube, follow-
ing a known protocol [7]. In contrast, the rats in AB
and NFA groups received a modified NCM, supple-
mented with either AB (25% w/v) or neutral-fla-
voured ethanol (25% w/v), respectively. The treat-
ments were administered at a dose of 5 g/kg,
diluted to 50% v/v in the NCM [7]. Treatment
administration was standardised across all groups.
Each rat received three treatments per day, spaced
evenly apart at 6 am, 2 pm, and 10 pm. This treat-
ment regimen was maintained for four days. Cogni-
tive assessments of the rats were conducted on the
fourth day.
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3 TPYIIIBI 10 5 JKUBOTHBIX B KaXKI0H. KoHTpoIpHAS
TPYIIIA [oJIy4yasa 5 I'/KT JUETHUECKU TOJTHOIEHHOTO
kopMma (JITK) (Vita Milk (Ghana)), pa3BenerHoro 10
VPOBHsI 50 00. %, KOTOPBIH BBOJIMJIN Yepe3 JKeJry-
JIOYHBIA 30HJ MO IMPOTOKOJIy, ONMUCAHHOMY B [7].
JKuBOTHBIE IPYTHX ABYX TPYII MOJIydaId MOAUGDU-
nupoBauubiii JIITK — ¢ mobasienuem AB (cooTHO-
meHue mMacca/00beM 25 %) win YA (cooTHOIIEHHE
macca/o0beM 25 %) COOTBETCTBEHHO B /I03€ 5 T/KT,
pas3BeZleHHOTO /10 YpOBHA 50 00. % [7]. BBemenue
JIIK u mojuduiupoBanHoro JITK 66110 cTaHmapT-
HBIM BO BCEX TPyIIax: KaKIOMY >KHBOTHOMY BBO-
Y CyOCTaHITUY €XXKeTHEBHO B 6:00, 14:00 U 22:00
B TeueHHE 4 cyT. OIleHKa KOTHUTUBHBIX (QYHKITUH
MIPOBO/IMJIACH HA 4-€ CYTKH.

Tecm pacno3HasaHus HOBbIX 006EKIMO0E6
(TPHO). TPHO tipoBOAWIU 110 METOTUKE, OITICAH-
HOH B [1, 8], B ycTaHOBKe M3 IOJUBUHWIXJIOPHUAA
pasmepamu 60x60x45 cM. Ilociie TpexaHEBHOTO
MEPHO/ia a/IalTAl[UN KPbICAM MPEIbIABIIAIN 2 OJIU-
HaKOBBIX O0bEKTa B TeUeHUEe 5 MUH (TPEHUPOBKA).
Yepes 24 4 (TecT) 1 00BEKT 3aMEHSJIN HOBBIM, OTJIN-
YaIOIIIMCS OT paHee NPeAbIBIEHHOT0 00BEKTA pa3-
MepoM, popMoii u 1iBeToM. Bpems pazinuuenus (BP)
IUTA KOK/I0TO 00'beKTa PETUCTPUPOBAJIOCH B TEUEHHE
3 MuH. JIJIs1 OIeHKH OIO3HAIEN MaMATH PACCUU-
TeiBasIM nHeKc auckpumuHanuu (M/1) [(BP HOBOTO
obpexkta — BP u3BectHOTO 06BEKTa / ObIIEE BpEMs
pasimuenusi]. ITosoKuTebHbIE 3HAYEHHUS HH/IEKCA
CBUJIETEIHCTBOBAJIA O BO3MOXKHOCTH Pa3IUUYEHUs
HOBBIX OO'BEKTOB. YCTAaHOBKY JJII TECTUPOBAHUS U
MpeJTbsBIIsiEMbIe OOBEKTHI 00pabaThIBAIN 70% ITH-
JIOBBIM CITUPTOM B XOJI€ SKCIIEPUMEHTA.

Tecm «T-aabupunm». IloBeseHre CIIOHTaH-
HOTO Yepe/IOBaHHUS OIEHUBAJIU B YCTAaHOBKE
«T-00pa3Hblii  J1aOUpPUHT»  (CTApPTOBBIA  pyKaB
60x10 cM, 60KOBBIE pyKaBa 40%x10 cM) [9]. Kaxkmayto
KpbICY TPYIKZBI IOMeINasau B jabupuut. [lepBble
JIBa 3aX0/1a CYUUTAJIN OJTHUM, YCTAHOBOYHBIM. B Kazk-
IbI 3aX0/ B JIAOMPUHT >KUBOTHOE IOMEIIUTH Y
BXO/Ia B CTAapTOBBII PYKaB U IMO3BOJISIIU HCCIIEO-
BaTh B TeUeHHeE 3 MUH OOKOBBIE pykaBa. Kak TobKO
KpbIca 3aX0/1J1a B O0KOBOH pyKaB (BCEMU 4 JIalTamMu),
BXOJI B IIPOTHUBOIIOJIOKHBI OOKOBOHW PyKaB 3aKphI-
BaJIcsl B TeueHHe 30 C. 3aTeM KpPBICY BHOBH ITOMe-
I[AJTA B UCXOZHOE IOJIOXKEHNE — y BXO/a B CTapTO-
BBIA pyKaB. [IpaBUJIbHBIM CUHTAJICA BHIOOD aIbTEP-
HAaTUBHOTO OOKOBOTO PYKaBa IIPU MOBTOPHOM ITOMe-
IEHUH KPBICHI B JIAOUPUHT. 3aTEM pPaCCUUTHIBAIHI
uHAeKC (IIPOIEHT YepesOBaHUI), XapaKTepU3yIio-
IANA MPOCTPAHCTBEHHYIO pabOuyl0 MaMsiTh, Kak
YHCJI0O MPABUJIBHBIX YepeOBAaHUM, MOJEIeHHOe Ha
KOJIMYECTBO 3aXO0/I0B B JIAOMPUHT, YMHOKEHHOE Ha
100 %. YCTaHOBKY /I TeCTHPOBaHUA 0OpabaThI-

Novel object recognition (NOR) test. The
NOR test was conducted as previously described
[1, 8]. Briefly, testing was conducted using a
60x60x45 cm open-field polyvinyl chloride vessel.
After a 3-day habituation period, rats were exposed
to two identical objects for 5 min (training). Twenty-
four hours later (testing), an object known to the rats
was replaced with an unfamiliar object, differing in
size, shape, and colour. Exploration time for each
object was recorded over 3 min. A discrimination
index [(novel object exploration time — familiar
object exploration time)/total exploration time] was
calculated to assess recognition memory; positive
values indicating predilection for the novel object.
The vessel and all objects were cleaned with 70%
ethanol between trials.

T-maze (TM) test. Spontaneous alternation
(SA) behaviour was assessed using a T-maze
(60x10 cm start arm, 40x10 cm goal arms) [9].
Each rat completed three runs; the first two runs
constituted a single trial (set). In each run, the rat
was introduced at the start arm and allowed three
minutes to explore the goal arms. Once the rat
entered a goal arm (all four paws inside), the oppo-
site goal arm was blocked for 30 seconds before
the rat was re-introduced to the start arm for the
next run within that set. A correct response was
scored if the rat selected a different goal arm on
the second run. The alternation percentage, an
index of spatial working memory, was estimated as
the number of correct alternations divided by the
total number of sets, multiplied by 100%. The
maze was cleaned with 70% ethanol before the
rats entered the maze.

Animal sacrifice and brain collection.
After the experimental period of 4 days, the rats were
sacrificed humanely by cervical dislocation [10].
Afterwards, their brains were dissected out and fixed
with 10% phosphate-buffered formalin for 2 days,
thereafter processed for histopathological exami-
nation.

Histopathological study. Randomly selected
tissue sections from each group were stained with
hematoxylin-eosin and evaluated. The representa-
tive sections (n = 5 per group) were examined, and
degenerating neurons (DN) were identified in the
manner previously described [11]. DNs were counted,
and histopathologic changes in the grey matter (GM)
of the prefrontal cortex (PFC) were scored on a six-
point semiquantitative scale. No lesion in the
GM = o0, 1-5 DN = 1, 5-10 DN = 2, more than
10 DN = 3; modest vacuolation plus 5—-10 DN = 4;
mild vacuolation plus 5—-10 = 5, and significant vacu-
olation plus more than 10 DN = 6. The final score,
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BaJIu 70% 3TUJIOBBIM CIIIPTOM IIepe] KaKI0M HOBOU
ceprel SKCIEepUMEHTA.

BuieedeHue JHCUBOMHBIX U3 JKcnepu-
MeHIma u noayveHue Mamepuanda 04 2ucmo-
namo.aoz2uueckoz2o uccaedosanua. Ilocie
4 CyT, B Te4eHUE KOTOPBIX TPOBOUIIACH OTTUCAHHAS-
CTaiNsl WCCJIEZIOBAHUS, JKUBOTHBIX BBIBOAIIN U3
SKCIEPHUMEHTA MYyTEM I[EPBUKAIBHON JUCIIOKAIIUH
[10]. 3aTem mccekasmu MO3T U IIOMEIAJIH €r0 B 10%
HEATpaJIbHBIN OydepHbIN pacTBOp GopMaInHA HA 2
CYT JUISI JAJIbHEUIIIETO TPOBEIEHUS TUCTOIIATOJIOTH-
YeCKOT0 MCCIIeIOBAHUA.

TI'ucmonamoao2uueckoe uccaedosaHue.
B cayuaiiHOM mOpsiike BBIOPAaHHBIE U3 KaKIOU
TPYNIbI CPe3bl TKAHW TOJIOBHOTO MO3TA OKpAIllu-
BIN TEMATOKCUJIMHOM W D03WHOM U HU3YYaJIU.
B BBIOpaHHBIX cpe3ax (5 U3 KaXKJIOU TPYIIIBI) OIpe-
JIeJISUTH HAJIMUKe HEHPOHOB, TIOJ[BEPTIIIUXCS JleTeHe-
patuBHbIM u3dMeHeHusM (JIH), mo onucanHoi B [11]
metoauke. IlopcunthiBanu komudectBo JIH u one-
HUBAJIU TUCTOIIATOJIOTHYECKHE U3MEHEHUS B CEPOM
BemectBe [I®K mo 6-6a/U1bHOM MOJTYKOJIUMUECTBEH-
HOU IIKasie: O 0a/JIOB — OTCYTCTBHE W3MEHEHHH B
cepoM BemectBe; 1 6awt — 1-5 JIH; 2 6awia —
5-10 JIH; 3 6amna — Gosbiie 10 IH; 4 Gamta —
He3HauYuTeJIbHas Bakyosusanus u 5—10 JIH; 5 6an-
JIOB — BaKyoJIu3anus cpefHel crerenu u 5—10 JIH;
6 Oa/IoB — BBIpa)KEHHAs BaKyoJiM3alusa U OoJiee
10 JIH. 3atem 1 KaXKJ0H TPyNIIIbI PACCUUTHIBAIIA
uHzekc HedpogereHeparuu (M/Ir) kak cpemHIO0
OIIEHKY 10 rpymre. VccieoBaHre TPOBOAMIN IPU
VBEJIMYEHUH X400.

Cmamucmuueckuit anaaus. IlosyueHHbIE
pe3yIbTaThl ObLIN MTPOAHATU3UPOBAHBI C TOMOIIHIO
0THO(DAKTOPHOTO JILCIIEPCHOHHOTO aHaIN3a
(ANOVA) u post-hoc Tecta TrroKu JIJIsI MHOKECTBEH-
HBIX CPaBHEHUH. Pe3ysIbTaThl Ipe/ICTaBIEHbI B BUE
CpeHETO + CTaHJAPTHOE OTKJIOHEeHHWe. Paszyimaus
CUUTATUCH 3HAUMMBIMU TIPHU P < 0,05. [ aHammu3a
ncrob3oBasn mporpammy GraphPad Prism.

PE3YJ/IBTATDBI

IIosedeHue cnoHmMaHHoz20 uepedosaHusl.
Pe3ypTaThI OlIEHKH MTOBEIEHUS CIOHTAHHOTO Yepe-
JIOBAHUS JJIs1 KOHTPOJIBHOU Tpynmbl u rpynn AB u
YA mnpexcraBieHsl Ha puc. 1. Haubosee BbICOKHE
3HAUEHUs STOT0 IOKaszaTesis OTMEeYaJlnCh B KOH-
TPOJIBHOU TpyIIIe, 3aTeM B rpymnme AB, cambie HuU3-
Kue 3HaueHus — B rpymnne YA. ITponeHT clioHTaH-
HBIX YepezioBanuii B rpymmnax AB u YA (p < 0,05 u
P < 0,01 COOTBETCTBEHHO) ObLI 3HAUMMO HIDKE B
CpPaBHEHMH ¢ KOHTPOJIBHOH IpynIoi.

HHoexce OJuckpumuHauyuu HOBbIX 006EK-
mose. Ha puc. 2 npezicraBieHa fuarpaMma pacmpe-

the neurodegenerative index (NDI) for each group
were calculated by averaging the scores of all parts in
that group. The evaluation was performed at magni-
fication x400.

Statistical analysis. The data were analysed
using one-way ANOVA, with Tukey’s post-hoc test
for multiple comparisons. The results were expressed
as mean + SD. A p value < 0,05 was deemed signifi-
cant. GraphPad Prism 5 was utilised for the analysis.

RESULTS

Spontaneous alternation. SA evaluation
showed the mean alternation score for control, AB
and NFA groups (Fig. 1). The control group had the
highest mean SA percentage, followed by the AB
group, and finally the NFA group. SA percentage in
AB and NFA groups was significantly lower (at
P < 0,05 and p < 0,01, respectively) as compared to
the control group.

Novel object discrimination index (NODI).
The boxplot represents the distribution of NODI val-
ues for rats in control, AB, and NFA groups during
the NOR test (Fig. 2). The discrimination index
values were lower for AB group and NFA group when
compared with control rats (p < 0,05 and p < 0,01,
respectively). Results showed that both control and
AB animals exhibited a positive discrimination index
(i.e. index above zero line), however, rats, treated
with AB, spent lesser time with the novel objects and
had a lower discrimination index (p < 0,05) than
control animals. There was also a significant differ-
ence in discrimination indexes between AB and NFA
groups (p < 0,05).

Qualitative behavioural findings. Rats,
treated with AB, showed reduced motor activity and
anxiety compared to the NFA group (Table 1). The
rats, treated with NFA, however, were agitated,
hence displayed both increased anxiety and locomo-
tor activity compared to AB rats. This may be attrib-
uted to the phytochemicals in AB.

Histopathological findings. Histopathologi-
cal findings in the PFC of rats of the control, AB, and
NFA groups are shown in Fig. 3. Sections of the con-
trol group (panel A) revealed normal architecture
with numerous apparently healthy cells. The sections
of rats, exposed to AB (panel B), however, showed
many DN with nuclear condensation (white arrows)
and necrotic neurons (black arrows). Cortex of the
NFA feed rats (panel C) showed numerous DN, like
those seen in the AB animals. Statistically significant
differences for NDI (p < 0,05) between the control
group and the AB and NFA groups were revealed
(panel D). However, AB vs NFA showed no statisti-
cally significant differences.
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Puc. 1. [Tpo1eHT CIIOHTAHHOTO YepeIOBaHUA B TecTe « T-JIaOUPUHT» B IPYIIIIAX UCCIEJOBAHMS.
B rpynmax AB u YA 3HaUMMO€ OTJINYHE OT KOHTPOJIBHOH IPyIIBI — P < 0,05 (¥) u p < 0,01 (**) COOTBETCTBEHHO
(AB — Action Bitters; YA — 4KCTBIN aJIKOTOJIb)
Fig. 1. Percentage of spontaneous alternation in the T-maze test for control, AN and NFA groups.
AB was significantly different from control at p < 0,05 (*), while NFA was significant at p < 0,01 (**)
(AB — Action Bitters; NFA — neutral-flavoured alcohol)

neseHus 3HaueHuH VJ1 111 KOHTPOJIbHOU I'PYTIIIBI U
rpym AB u YA, 3nauenus 1/] 6pLTH HIDKE B TPYIIIAX
AB u YA (p < 0,05 U p < 0,01 COOTBETCTBEHHO).
PesyspTaThl IOKA3bIBAIOT, YTO >KUBOTHBIE KaK KOH-
TPOJILHOM, TaK U rpynmsl AB ©MesTy moIoKuTeIbHbIe
s3HaueHus1 V]I (BbIlle HyJIEBOTO YPOBHSI), OJTHAKO
JKUBOTHBIE, IToJTy4yaBinye AB, MeHbIIle BpeMeHH Tpa-
T Ha UCCIIEOBAaHNE HOBBIX 00BEKTOB, a 1]] B ux
rpyte ObUT HIKE B CPABHEHHH C TPYIIIION KOHTPOJIS
(p < 0,05). 3HaunMble pazyinyusa ]I ObLIN BBIAB-
JieHbl Mexxay rpymmnamu AB u YA (p < 0,05).
ITogedenue cusomuvix. Kpbichl, MOIydaB-
mue AB, IeMOHCTPUPOBAJIM MEHBIIYIO JBHUTATesb-
HYIO aKTUBHOCTbD ¥ TPEBOKHOCTD B CPAaBHEHUU C TPYII-
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DISCUSSION

The present study investigated the behavioural
and neurodegenerative effects of AB and NFA on SD
rats using a four-day binge substance exposure model.
Our findings provided insights on the influence of
these substances on cognitive function, behavioural
performance, and brain tissue. The NOR and T-maze
analyses demonstrated significant cognitive impair-
ment in rats, exposed to both AB and NFA. Both NOR
and T-maze test revealed significant decrease in the
exploration time of the novel object in both substance-
exposed groups versus control rats. Our study also
revealed that the decrease was more remarkable in the
NFA-treated group compared with AB-exposed rats
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[] YA /NFA
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Puc. 2. CpaBHuTebHBIN aHaMN3 /] HOBBIX OOBEKTOB B IPYIIIIAX UCCIIEJOBAHUS 110 PE3YJIbTATAM TECTA PACIIO3HABAHIS
HOBBIX 00beKTOB. /1 B rpynmax AB i YA 3HAYMMO OTJIMYAETCA OT KOHTPOJIBHOM: *p < 0,05 U **p < 0,01 COOTBETCTBEHHO.
3HaYNMble pasInyusa Mexkay rpynnamvu AB u YA (* p < 0,05)

(N[ — unpexc quckpuMmuHanuu; AB — Action Bitters; YA — 9uCTBIN aJTKOTOJIh)

Fig. 2. Comparative analysis of the novel object discrimination index (NODI) in groups during the novel object
recognition test. AB and NFA animals showed significant differences from control ones:

*p < 0,05 and ** p < 0,01, respectively. And also, there was a significant difference between AB and NFA (*p < 0,05)
(AB — Action Bitters; NFA — neutral-flavoured alcohol)

46

Journal homepage: http://jsms.ngmu.ru



Oyinbo C.A. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

Ta6una 1. [ToBegeHue )XUBOTHBIX rpynn AB u YA

Table 1. Qualitative behavioural parameters observed in AB- and NFA-exposed rats

Iloka3saTesb / Parameter AB

YA / NFA

JlBuraTesbHasi akTUBHOCTB / Locomotor activity
Hactpoenue / Mood

CHmxena / Decreased
CnokoiiHoe / Calmed

[loBeilieHa / Increased
Bo36yxeHHoe / Agitated

[Ipumeuyanue. AB- Action Bitters; YA — YUCTBII aJIKOTOJIb.
Note. AB - Action Bitters; NFA - neutral-flavoured alcohol.

moii YA (tabs. 1). Kpeicel rpymmbel YA 6putu 6ostee
BO30YK/IEHHBIMH, YTO CBU/IETEIHCTBYET O MOBBIIIIEH-
HOM YPOBHE TPEBOKHOCTH U JIBUTATEIHHON AKTUBHO-
CTU B CPaBHEHWH C Tpymmoil AB — 310 MOoXxeT GbITh
CBsI3aHO ¢ HayTnYreM B AB GHOJIOrMYeCKH aKTHBHBIX
BEIIECTB PACTUTETLHOTO TPOUCXOK/IEHHSI.

(Fig. 1 and 2). Studies have shown, that a decrease in
exploration time in both tests indicated impaired rec-
ognition memory, since normal rats have a natural
tendency for exploration [9, 12].

Our study also revealed that a decreased explora-
tion time in both AB and NFA groups was also asso-
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Puc. 3. O6pasisl KOHTPOJIbHOU rpymisl (A), rpynmsl AB (B) u rpynmsr YA (C). KieTku ¢ mpu3HaKaMH JlerTeHepaTHBHBIX
M3MEHEeHHUH 1 HeKpo3a (YepHbIe CTPEJIKU ), KOH/IeHcaluu sijiep (6esible CTpeJiKi), BEPOSTHBIMH IPU3HAKAMU HEHPOHAIb-
HOTO aIoITo3a U HeKpo3a (UepHbIe CTPEIKHU) U pparMeHTaruu AApa (YepHble HAKOHEYHHUKH). 3HaUNMble pasnuyus 11
MeK/Ty KOHTPOJIbHOM Tpynnoi u rpynnamMu AB i YA (p < 0,05), HO He Mexxay AB u YA
(U r — uanekc nereneparun; AB — Action Bitters; YA — 4rCTBIH aIKOTOJIb)

Fig. 3. Representative sections of control (A), AB (B), and NFA (C) groups, showing degenerating and necrotising cells
(black arrows), nuclear condensation (white arrows), probably apoptotic neurons, necrotised neurons (black arrows),
and nuclear fragmentation (black arrowheads). NDI (D) for the NFA group was significant (*p < 0.05) compared
to control. But there was no significant difference between the NDIs of AB and NFA groups (AB — Action Bitters;

NFA — neutral-flavoured alcohol; NDI — neurodegenerative index). Magnification x400. Stained with hematoxilin and eosin
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TI'ucmonamoaoz2uueckoe uccaedogaHue.
Pe3yspTaThl rHCTONATOJIOTHYECKOTO HCCIEOBAHUA
00pasIoB KOHTPOJIbHOH Tpymmbl u rpymn AB u UA
npejicTaBjieHbl Ha puc. 3. Kak BugHO u3 puc. 3, A,
KJIETOYHasl CTPYKTypa o00pasloB KOHTPOJIBHOMN
rpynnsl 6e3 U3MeHeHUU, HaOII0/1aeTcss 3HAYNTE Tb-
HOe YHCJIO HeW3MeHEeHHBIX KJIeTOK. B obpasmax
rpymnbt AB (puc. 3, B ), HAaIpoTuB, BHIABISETCS 3HA-
quTesbHOEe KosndecTBO JJH ¢ mpusHakamMu KOH/IeH-
canuu s7ep (6esble CTPENIKH) U HEKPO3 HEHPOHOB
(uepubie crpesnku). Kopa kpsic rpymnmer YA
(puc. 3, C) BKIOUAET 3HAYUTEJIPHOE KOJIHMYECTBO
JH, uto xapakTepHo u Jiis Tpynibl AB. BeisgBieHbl
CTaTUCTUYUECKU 3HaUuMble paziauuus U/Ir (p < 0,05)
MeXZy KOHTPOJIBHOM rpynmoil u rpynmnamu AB u
YA, Torza kak mexay rpynmnamvu AB u YA cratuctu-
YeCKU 3HAYHNMBbIX PA3JIUUUi He ObLIO.

OBCYXKIAEHUNE

IIpoBesieHHOE HCCIeJOBaHNE BBIABUIIO BIUAHUE
AB 1 YA Ha KOorTHUTUBHBIe QYHKIUU U TpedpOH-
TJIBHYIO KOPY KpbIC cToka Sprague Dawley mpu
4-7THEBHOM MOJIEJTUPOBAHUH 3aIllOMHOTO HOTpebie-
HuA ankorosid. IloslydeHHBle pe3yJsbTaThl JOIOJI-
HAIOT IIPE/ICTaBJIEHU 0 XapaKTepe BIAUAHUSA U3ydae-
MBIX CyOCTAaHITUA HA KOTHUTUBHBIE (QYHKITUH, TIOBE-
JleHue U Kopy rosoBHoro mozra. TPHO u Tect
«T-71a0UPUHT» TPOEMOHCTPUPOBAIA 3HAUUTEh-
HOe KOTHUTUBHOE CHIKeHMe y KpbIc rpyrd AB u HA.
B xozme 000MX TeCcTOB BBISABJIEHO 3HAYUTETHHOE
yMeHBIIIEHNEe BpeMeHH pa3InyeHus] HOBOTO 00BEKTa
B rpynnax AB u HA. Hairre rccsie/ioBanme okasasio,
YTO CHMJKEHHE JIAaHHOTO IIOKasaTesss ObLIO OoJiee
BBIPa’KEHHBIM B rpynne YA 1o CpaBHEHHUIO C TpyI-
ot AB (cm. puc. 1 u 2). I3BeCTHO, UTO yMEHBIIIEHHE
BpEMEHU pa3IHYEeHHs HOBOTO OOBEKTA, BBIABIIsAE-
moe B TPHO wu Tecre «T-mabupuT», CBHUAETEIDb-
CTBYET O HADYUIEHUAX OIO3HAIOIEH MaMITH,
IIOCKOJIBKY MCCJIeJIOBATeIbCKOE IIOBEJIeHUE sBJIA-
eTcs MHCTUHKTHUBHBIM /1151 KpbIc [9, 12].

Hame uccienoBaHue IoKasaao, YTO YMeHBIIle-
HUe BPEMEHH Pa3JInYeHus HOBOTO OOBEKTA B IPYII-
nax AB u YA Takke aCCOIMHUPOBAHO CO CHUKEHUEM
MIPOIIEHTA CIIOHTAHHOTO YepenoBaHuA (CM. pHC. 1
u 2). CHIJKeHHe 3TOTO IOKasaresd, HabIrojaeMoe
Kak B rpymnne AB, Tak u YA, MO:XKHO paccMaTpuBaTh
KaK HapyllIleHue B IIOBeZeHNU BBIOOpA PYKAaBOB, UTO
CBHJIETEJIbCTBYET O HapylleHHU MeXaHH3MOB IIpO-
cTpaHcTBeHHOH namsatu [13]. IlosiyueHHbIE Pe3yb-
TaTbhl COIJIACYIOTCA C JAHHBIMU, CBUETEIBCTBYIO-
IIUMHU O TOM, YTO BBICOKHE 3HAaUYeHUs CIIOHTAHHOTO
JepeJloBaHUSA FOBOPAT O HOPMaJIbHOM (PYHKIIMOHU-
pOBaHUE MEXaHU3MOB IIPOCTPAHCTBEHHOU IaMATH
[9, 14—16]. Haine ucciemosanue moxasaso, uto HM]JI

ciated with a lower percentage of SA (Fig. 1 and 2).
The reduced SA percentage observed in both rat
groups could be interpreted as a decrease in ten-
dency of rat to alternate between arms, which is
indicative of spatial memory impairment [13]. The
result is in line with the previous studies which
showed that high percentage of SA was indicative of
good spatial memory [9, 14—16]. Our study showed
that the NODI was significantly lower for both sub-
stance-exposed rats compared to the control ani-
mals. Although the NODI was lower for both groups,
AB-induced rats exhibited a higher NODI compared
with NFA-treated rats. Higher indexes for AB rats
meant that these rats spent significantly more time
with the novel objects compared to NFA-treated ani-
mals. This is indicative of lesser cognitive impair-
ment in the AB group compared to the NFA group.
These findings are consistent with earlier researches
that found cognitive deficits after alcohol intake [17—
19]. The cognitive deficits observed in the present
study may be attributed to the neurotoxic effects of
AB and NFA on brain regions, involved in memory
and cognition, such as the hippocampus and pre-
frontal cortex [17, 20]. Furthermore, histological
examination of brain tissues revealed significant
neuronal damage in the PFCs (Fig. 3) of rats, exposed
to both substances. The PFC is a crucial region for
executive function, decision-making, and cognitive
control [21]. The detected alteration or damage
(Fig. 3) in this region may explain the cognitive
impairments seen in the behavioural tests.

The present study found that the severity of cog-
nitive impairments and neurodegeneration was
more pronounced in the NFA-feed rats compared to
the AB-feed ones. This suggests that, although AB
may have some negative effects, it may be less neuro-
toxic than NFA, presumably due to it herbal constit-
uents [3, 4]. Our result is in line with other research
that documented the neuroprotective benefits of
some botanical remedies [22, 23]. The present study
also observed significant changes in behavour of ani-
mals in both experimental groups. The locomotor
activity was decreased in the AB group, while it was
increased in the NFA group (Table 1). This suggests
that AB may have a calming or euphorising effect,
while NFA retained its stimulatory effect. However,
both substances modified the behavioural patterns
which indicates, perhaps arguably, a serious impact
on emotional well-being, supported indirectly by the
significant neurodegeneration caused by both sub-
stances (Fig. 3). The findings of this study have sig-
nificant implications for human brain health and
substance use disorders. Alcohol is a widely used
substance that can have detrimental effects on brain
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OBLI CTATUCTUYECKH 3HAUYNMO HITKe B Tpymmax AB u
YA B cpaBHEHUH C KOHTPOJIBHOHW TPYIIIIOH, HO B
rpyurne AB o 6bU1 Bhillle, ueM B rpyrine YA. Bosee
BBICOKHE 3HadeHuA Ml B rpyniie AB nokassIBaoT,
YTO KUBOTHBIE ATOU TPYNIIbI OOJIbIIIE BPEMEHH Tpa-
TAT Ha UCCJIeZI0OBaHUE HOBBIX OOBEKTOB IO CpaBHE-
HUIO C >KUBOTHBIMU Ipymnnbel YA. 9To cBUAeTelIb-
CTBYET O MEHbIIIeM HapYIIeHNU KOTHUTHUBHBIX QYHK-
IUH y ’)KUBOTHBIX TPyIIbl AB 110 cpaBHEHHIO € TPyII-
ot YA u corviacyercs ¢ MOJIydeHHBIMU paHee JaH-
HBIMH O Pa3BUTHH KOTHUTUBHOTO JeDUIUTA IIOCTIE
ynotpebsieHnuss ankorosis [17—-19]. KOrHUTUBHBIN
JleUuT, BBIABJIEHHBIN V KPBIC B HAIIEM SKCIEPU-
MEHTE, MOKET OBITh aCCOIMUPOBAH C HEHPOTOKCH-
yeckuM BiuAHuUeM AB u YA Ha peruoHbsl Mo3ra,
OTBETCTBEHHBIE 32 IaMATh U PaCllO3HABaHUE, TAKUe
KaK TUIIIOKaMII U npedpoHTaATIbHAs Kopa [17-19].
Bosee Toro, rucToIOTUYECKOE HCCIeIOBaHE 0Opa3-
[I0B TKAaHU MO3Ta BBIABUJIO 3HAUUTEIbHOE IIOBPEXK-
JIeHue HEUPOHOB B NpedpoHTaIbHOU Kope (cM.
puc. 3) kpbic, nosryyaBmux AB i YA. ITpedponTans-
Had Kopa fBjfdeTcs KpaliHe 3HAaUUMBIM DErHOHOM,
OTBETCTBEHHBIM 3a IeJIEHANIPABJIEHHYIO JeATesb-
HOCTb, IPUHSATHE PEIIeHUN U yIpaBjieHHe KOTHH-
TUBHBIMU TIporieccamu [21]. BbIsiBJIeHHBIE B XOi€e
THUCTOJIOTHYECKOTO HCCJIEZIOBAHUS U3MEHEHHSA B
5TOM PEruoHe MOTYT OOBSACHATh KOTHUTHUBHBIE HAPY-
IIeHUsI, KOTOpble HAOJIOAATHUCh B IOBEIEHUECKHIX
TeCcTax.

Hacrosiee ruccienoBaHue oKasaso, YTo KOTHA-
TUBHBIE U HEUPO/IeTeHepaTUBHbIE HAPYIIIEHUs ObLITH
OoJiee BeIpasKeHHI B Tpymie YA 1o cpaBHeHHIO ¢ AB.
ITO CBUIETEIBCTBYET O TOM, uTO AB OKasbIBaeT
HeraTUBHOE BJIMAHUE HAa OPraHu3M KpbIC, HO 3TO
BJIUSIHUE MeHee BBIPQIKEHO, BEPOATHO, U3-3a HAIU-
yusi psaa GUTOKOMIIOHEHTOB [3, 4]. Hamiu pesyiib-
TaThl COIVIACYIOTCA C JAHHBIMU JIPYTUX HCCIIEZ0Ba-
HUH O HEHPONPOTEKTUBHOM 3¢ deKTe psa JeKap-
CTBEHHBIX IIpeNapaToB PpAaCTUTEJIHHOTO IPOUCXO-
s)keHusd. IIpoBereHHOE HAMU HCCJIe/IOBAHNE TaKkKe
[I0KA3aJI0 3HAUUTETbHbIE U3MEHEHUs B IIOBEJIEHUH
KpbIc, nony4yaBimnx AB u YA. /IBuraresbHast akTUB-
HOCTB ObLIa CHIKEHA B rpyIie AB u, HarpoTus, yBe-
smdeHa B rpyrie YA (cm. TabJ1. 1), UTO MOKET CBH/IE-
TeJBCTBOBaTh 0 Hanmuum y AB penakcupyroiiero
win srdopusupytomero agpdekra, a y HA — ctumy-
supymoinero. OgHako 06e cyOCTaHIMU W3MEHSIOT
MOJIeJIA TIOBEJIEHUS, YTO TaK WU WHAYE YKA3BIBAET
Ha UX HETaTUBHOE BO3/IeHCTBIE Ha HMOIIOHAIBHYIO
chepy U KOCBEHHO IIOJTBEPIKAAETCA HAIUUYNEM
3HAYMMBIX HEHPOJEereHepaTUBHBIX H3MEHEHUH,
BeI3BaHHBIX AB u YA (cM. puc. 3). IlomyueHHBIE
HaMU JIaHHBIE JIOTOJIHAIOT HAIIY MPEJCTABIEHUS O
HOPMaJIbHOM (DYHKITHOHHUPOBAHUU MO3Ta YeJ0BEKA

health, particularly in cases of chronic and excessive
consumption [17].

CONCLUSION

The present study suggests that binge consump-
tion of AB, an herbal alcoholic beverage, may have
some negative effects on cognitive function and brain
tissue, although it may be less neurotoxic than NFA
of the same strength.
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U PacCTPOMCTBAX, BRI3BAHHBIX YIIOTPEOJIEHUEM TICU-
XOAaKTUBHBIX BEIECTB, IPEXE BCETO AIKOTOJIA
(BcoiencTBYE €r0 IIMPOKON PacIpOCTPAHEHHOCTH),
KOTOPBIN OKa3bIBAa€T KpaiiHe HeraTUBHOE BJIUAHUE
Ha paboTy Mo3ra, 0cO6eHHO IIPU HEYMEPEHHOM YTIO-
Tpebennu [17].

3AK/IOYEHUE

Hacrosmee wucciiezioBaHue IOITBEPIKIAET, UTO
HeyMepeHHOe notpedeHune AB, TOPbKOH aJIKOTOJIb-
HOHM HACTOMKHU Ha TpaBaX, MOXKET OKa3bIBaTh Hera-
THUBHOE BJIUSHUE HAa KOTHUTUTHBHBIE (QYHKIUA U
TOJIOBHOHM MO3T, XOTsI 3TO BJIUSHUE W MeHee BbIpa-
JKEHO I10 CPaBHEHU C aJIKOTOJIEM TOH JKe KPEIOCTH,
HO 6€3 PaCTUTEIbHBIX KOMIIOHEHTOB.
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AHaIN3 CyIeOHO-MEeTUITNHCKUX KCIIEPTU3
II0 «BpaveOHBIM>» JIeJIaM B TPaKJIaHCKOM IIpoIecce

O.M. Kopmunmna!, C.I'. [llamosckas?, C.b. Jlopodeen?, C.B. CaBueHko3

I'bBY3 HCO «Hogocubupckuii 06aacmHoll KAuHu4eckuil Hapkoaoauveckuil ducnavcep», Hogocubupck, Poccus
2I'bY3 HCO «I'opodckas kaunuueckan noauxauruxa N° 1», Hogocubupck, Poccus

3@I'bOY BO «Hogocubupckuil 2cocydapcmeeHHblilt meduyuHckuil yHusepcumem», Hosocubupck, Poccus

AHHOTAIINA

BBemgeunwue. BHacrosmee Bpems B Poccru 0TMeUaeTes €3KETOIHOE YBETNUEHHE KOJTNIECTBA BO30YKIEHHBIX YTO-
JIOBHBIX U 0COOEHHO TPAYKIAHCKUX JIeJI B CBSI3H € MPOGECCHOHATBHON JIEATETFHOCTHI0 MEAUIIMHCKUX PAOOTHHUKOB, UTO
CBSI3aHO C POCTOM YHCJIA a/IBOKATOB, TIOSBJIEHNEM « HHCTUTYTa HE3aBUCHMBIX DKCIIEPTU3» U CTPAXOBBIX KOMIIAHUM, TbITA-
FOIIUXCsI BO3JIOKUTh BBITLJIATY KOMITEHCAIIMI Ha Bpauel miu Je4ebHO-TTPOPUIaKTHUECKUE YIPEK/IEHH.

Il ennb. AHaMU3 MaTepHAJIOB CyeOHO-MEIUIIMHCKUX SKCIIEPTUS IO TPAKIAHCKHIM JIeJIaM C I[€JIbI0 BBIABJIEHUS HEI0-
CTATKOB OKA3aHHUs MEAUIIMHCKOHN IIOMOIIIH.

MaTepuasnabl U METO/ bl . Bl IPOBEZIEH aHAIN3 MATEPUAJIOB 23 CyeOHO-MEIUIMHCKUX HKCIEPTU3,
BBITIOJIHEHHBIX B CBS3U C TPAYKIAHCKUMHU JIeJIAMH 110 UCKOBBIM 3asBJIEHUAM 00 OKa3aHWUU MEIUIIMHCKOUN TmoMolnu. Bee
cy/1IeOHO-MeTUIIMHCKIE DKCIEPTU3bl ObUTH KOMHCCHOHHBIMU, JIJISI UX IIPOU3BOJICTBA, HAPSAY C BpauaMu — CyAeOHO-
MEIUITUHCKUMU SKCIEPTAMU, ObLTH MPUBJIEYEHBI KBATU(UIIMPOBAHHbIE BpauX B COOTBETCTBUH CO CIIEMATH3AIlUeH pas-
OupaeMOU KJIMHUYECKOU cuTyaruu (aKyIiepbl-ruHeKOJIOTH, XUPYPrH, TPABMATOJIOTH H JIp.). IIPOU3BOCTBO KOMHCCHOH-
HBIX Cy/IeOHO-MeIUIIMHCKIX SKCIEPTU3 OBLIO OCYIECTBIEHO SKCIEPTHON OpraHu3anue, yupexxieHHoi HoBocubupckoi
obJiacTHOM acconpanuell Bpaueid U UMEIOIIENH COOTBETCTBYIOIIYIO IOKYMEHTAI[UI0 Ha OCYIIECTBJIEHHE JIESTETbHOCTH 10
OIIEHKE KaueCcTBa OKA3aHUA MEJUIIMHCKON IOMOIIH (JINIIEH3USA U JIp.).

Pe3ynbTarTbl. BGOJBIINHCTBE IPOAHATU3UPOBAHHBIX CIyUaeB IPOBEIEHNE HKCIIEPTH3 00YCIOBIEHO IPETEH3 -
SIMH HCTIIOB I10 IOBO/Iy HECBOEBPEMEHHOM MJIN HEHA/IJIeKalllel IUarHOCTUKY U JIEUeHUsI, a TAaK:Ke OTCYTCTBHs IOCTOBEP-
HOU WH(OPMAINH, IPEIOCTABISAEMONA POJACTBEHHUKAM O COCTOSHUU TaIieHTa. Bo Bcex 23 ciaydasx cy/ ObUT B MTOJTHOM
Mepe YI0BJIETBOPEH TPAKTOBKON 1 HAYYHOH 000CHOBAHHOCTHIO IKCIIEPTHBIX BBIBOZOB, YTO ITOCIIYKUJIO OCHOBOM JIJIsI IIPH-
HATHS Cy/IeOHBIX pertennii. [Ipr paccMOTPEHNHN BBIITOJTHEHHBIX SKCIIEPTU3 Y CY/I0B HE BOSHUKJIO HEITOHUMAHUSI WJIH HECO-
IJIaCHs C CO/IEPIKAHMEM BBIBO/IOB, HHM OJIH IyHKT He OBLT IIOCTABJIEH I10/] COMHEHHUE. B 96 % paccMOTpEHHBIX /I pelie-
HUEM Cy/la UCKOBbIe TPEOOBAHUs HCTI[OB y/IOBJIETBOPEHDI YACTHYHO, B 4 % (OHOM Jiejie) CTOPOHBI MPHUIIUIH K 3aKJTI0Ue-
HUIO MUPOBOTO corviaiieHus. B 18 % Ha BbIHeceHHbIE Cy/IeOHbIE PEIleH s ObLIN TI0/JaHbI alleJUISIMOHHbIE KaT00bl Kak
HCTIAMH, TaK U OTBETYNKAMH, OJTHAKO JIUIIb B OZHOM CJIy4Yae M3 YEThIPEX PeIlleHHE Cy/ia MepPBOi HHCTAaHIINH ObLIO H3Me-
HEHO B YaCTU B3BICKAHUS B II0JIb3Yy HCTIA. B OTHOM CJiydae pellleHHe Cy/ia TIEPBOM UHCTAHIIUK OBLJIO OTMEHEHO B YaCTH
Ha3HAYEHUs MEUITMHCKON opranu3anuu mrpados. OHO HCKOBOE 3asABJIEHNE PACCMATPUBAIOCH KACCAIIMOHHBIM CY/IOM,
pellieHne cy/ia IEPBOM MHCTAHITUU OBLJIO OCTAaBJIEHO O€3 U3MEeHEHUH.

3axkaoueHH e .HaocHOBaHUU IPOBEIEHHOTO aHAIN3a MATEPUAJIOB CY/IEOHO-METUIIMHCKUX SKCIIEPTH3 O TParK-
JIAHCKUM JleJIaM U JIUTEPATYPHBIX KCTOUHHUKOB MOYKHO C/IeJIaTh BBIBOZ] 00 OTCYTCTBHU €IHUHOTO MO/IX0/Ia B PEIIEHUH Psi/ia
BOIIPOCOB Ha CThIKE MEUIIMHBI U FOPUCTIPYAEHIUU. [[JIs pellleHUs 3TUX BOIPOCOB HeoOXoarMa pa3paboTKa HOBBIX METO-
JIOJIOTHYECKUX TI0/IX0/I0B. PellleHre BOIpoca O MPUYMHEHUHU BpeJia 3/[0POBbI0 B pesysbTaTe /edeKTOB IPU OKA3aHUHU
MEJIUITUHCKON ITOMOIIM MOKeT OBITh OCYIIECTBJIEHO TOJBKO NMPU HAJTHUYUU MPSIMON NPUYUHHO-CJIEJICTBEHHON CBS3H
MEXK/Iy IeHCTBHUAME Bpadya v HeBJIarOMPUATHBIM UCXOZIOM Y MTAIlUEHTA.

Knaouessle caoea: sKcnepTrsa, MIpaBoOHAPYIIIEHUS METUIIMHCKIX PAaGOTHIKOB, TPAXKIaHCKUH MPOIIECC.
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cases
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ABSTRACT

Introduction. Currently,in Russia there is an annual increase in the number of criminal and especially civil
cases brought in connection with the professional activities of healthcare workers, which is associated with the growth in
the number of lawyers, the emergence of the institution of independent examination and insurance companies trying to lay
the compensation payments on physicians or healthcare facilities.

Aim . An analysis of forensic examinations in civil medical “malpractice” cases in order to identify defects in medical
care providing.

Materials and meth ods.Ananalysis of the materials of 23 forensic examinations in civil medical “mal-
practice” cases was performed. All forensic examinations were carried out by expert panels; for their performing, along
with forensic medicine experts, qualified physicians were involved in accordance with the specialization of the clinical situ-
ation being examined (obstetricians-gynecologists, surgeons, traumatologists, etc.). The forensic examinations were car-
ried out by an expert organization established by the Novosibirsk Regional Association of Physicians and having the appro-
priate authorization for the implementation of activities to evaluate the quality of medical care (license, etc.).
Results. Inmost of the cases analyzed, the examinations were performed due to the plaintiffs’ claims regarding
untimely or inadequate diagnostics and treatment, as well as the lack of reliable information provided to relatives about the
patient’s condition. In all 23 cases, the court was satisfied with the interpretation and scientific validity of the expert opin-
ions, which served as the basis for making judicial decisions. When considering the performed examinations, the courts did
not have any misunderstandings or disagreements with the content of the conclusions; not a single point was called into
question. In 96% of the cases considered, the plaintiffs’ claims were partially satisfied by the court; in 4% (one case), the
parties came to a voluntary settlement. In 18% of cases, appeals were filed against the court decisions by both the plaintiffs
and the defendants; however, only in one case out of four was the decision of the first-instance court changed in terms of
recovery in favor of the plaintiff. In one case, the decision of the first-instance court was overturned in terms of imposing
fines on a healthcare facility. One claim was considered by the cassation court, the decision of the first-instance court was
left unchanged.

Conclusion.Based on the analysis of materials of civil forensic examinations and the literature, it can be con-
cluded that there is no unified approach to working out a number of problems at the intersection of medicine and jurispru-
dence. To settle these problems, it is necessary to develop new methodological approaches. The issue of personal injury due
to defects in the provision of medical care can only be resolved if there is a direct cause-and-effect relationship between the
physician’s actions and adverse outcome for a patient.

Keywords: examination, law violations of healthcare workers, civil proceeding.
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BBEJAEHHNE INTRODUCTION

Ha coBpeMeHHOM 3Tarie pa3BUTH:A 3/PaBOOXpa-
HeHUs B Poccuu oTMedaeTcsi €KErofHOe yBeaude-
HU€ KOJIMYECTBA BO30YK/IEHHBIX YTOJIOBHBIX U B 0CO-
GEHHOCTU TPaK/TAHCKUX JIeJI B CBA3H € MPOdeCccuo-
HQJIBHOU JesITeIbHOCTBI0 MEIUIIMHCKUX DPabOTHU-
KOB [1—3]. DTO cBfA3aHO CO MHOTUMH (HAKTOPaAMHU,
TAKUMHU KaK yBeJIMUEHUE KOJMYeCTBa a/IBOKATOB,
CHEIUATM3UPYIOMINXCS HA BEAEHUU «BPaueOHBIX»

Currently, the healthcare of the Russian Federa-
tion experiences an annual increase in the number of
criminal and especially civil cases initiated in con-
nection with the professional activities of healthcare
workers [1—3]. This is due to many factors, such as
an increase in the number of lawyers specializing in
performing medical “malpractice” cases, the emer-
gence of the institution of independent examination,

Journal homepage: http://jsms.ngmu.ru

53



Kopmuauna O.M. u dp. / Journal of Siberian Medical Sciences T. 9, N9 1 (2025)

JIeJ1, TIOSIBJIEHNE «MHCTUTYTA HE3aBUCUMBIX DKCIIED-
TU3», a TAK)KE CTPAXOBBIX KOMITAHUH, MBITAIOIIUXCS
BO3JIOXKUTD BBIIIATY KOMIIEHCAIIUM Ha Bpaued MiIu
JieueOHO-TIpoPIIaKTHIECKUE yapexaeHus. Kpome
TOro, OTMEUEHa aKTUBU3AIlMsA YaCTH HACeJIeHUs, He
UHOOPMHUPOBAHHOTO B BO3MOKHOCTAX COBpPEMEH-
HOH MEeIUIINHBI [4, 5].

B ciayuae Bo3Oy»KeHHsA TaK Ha3bIBAEMBIX Bpa-
yeOHBIX JIeJT HeJIb3S MEPEOIIEHUTh 3HaYeHUEe TPOBO-
JIUMBIX Cy/1IeOHO-MEUIINHCKUX SKCIIEPTU3, OT BHIBO-
JIOB KOTOPBIX YaCTO 3aBHUCUT IpodeccroHaTbHAS
cyapba BpaueHd, OKas3bIBABIIUX METUIIMHCKYIO
IIOMOIIb, W penyTanus JedeOHO-mpopUIaKTHIe-
CKOTO YUpeKeHus [6].

[Tpu mpou3BOACTBe CyAeOHO-MEAUITUHCKON JKC-
MEPTHU3BI B CBA3U € MPODECCHOHATHHOH JEeATETHHO-
CTBI0 MEIUITMHCKUX PAOOTHUKOB B PACIOPSIKEHHE
cyne6HO-MeTUITMHCKON SKCIIEPTHOM KOMUCCUH TIpe-
JIOCTABJISAIOTCS BCE HEOOXOJAMMBIE MaTEpPHUAJIBI —
rpaKJaHCKUE JIeJ1a, OPUTHHAIBI MEIUITMHCKUX
JTIOKYMEHTOB, B KOTOPBIX OTPa’KEHO COCTOSTHHE 3]10-
POBbsl TALIEHTA, B OTHOIIEHUH KOTOPOTO IIPOBO-
JIUTCS BKcIepTus3a. B Marepuanax o06si3aTeIbHO
JIOJIKHBI COJIEPIKaThCsl BCe JAaHHBIE O MPOBEINEHUH
JIMAaTHOCTUYECKUX U JIeYeOHBIX MAHUITYJIANUN, a B
cIyJae JeTaJbHOTO UCX0/a — JaHHbIe [TaTOJI0T0aHa-
TOMHYECKOTO KCCIIEJIOBAHUS WJIH CyAeOHO-Meau-
[IHCKOU 3KcepTu3bl. OCHOBHOU 33/1auell IpoBe/Ie-
HUSA KOMUCCHOHHOU CyAeOHO-MEIUIIMHCKON DKC-
MepTU3bl B CJydae «BpadyeOHBIX» el SIBJISETCS
00'bEKTHUBHASI OIEHKA MTPOBEJIEHHBIX JIeueOHO-/THar-
HOCTHYECKUX MEPOIIPUATUH B COOTBETCTBUU C JI€H-
CTBYIOIIUMHM HOPMATHBHBIMU JIOKYMEHTaMH O
MOPSA/IKE OKA3aHUSA METUITMHCKON ITOMOIIH, KIUHHU-
YeCKHMH PEKOMEHIAIUAME U cTaHaapTamu [7, 8].

[IpousBoacTBO TpPOdecCHOHATPHO 000CHOBAH-
HOU cy/1Ie0HO-MEeTUITUHCKON SKCIEPTU3HI T10 JIeJiaM,
CBA3AHHBIM C OKa3aHHEM MEIUIIMHCKOM ITOMOIIH,
BO3MOKHO IIPM Yy4YaCTHH BpadeH-KIMHUIUCTOB,
KOTOpbIE OO'BEKTHUBHO MOTYT IIPOBECTH OIIEHKY BCEX
STAMOB AWATHOCTMKH IIaTOJIOTUU U ITPOBOJUMOTO
neuyenus [8].

ITEJIb UCCJIE/IOBAHU A

AHanu3 MarepuayioB  CyAeOHO-MeIUITUHCKIX
SKCIEPTU3 10 TPAKAAHCKUM JI€JIaM C [eJIbI0 BBISB-
JIEHHSI HEeJOCTAaTKOB OKAa3aHWsA  METUIIMHCKOK
IIOMOIIIH.

MATEPUAJIBI 1 METO/IbI

[IpoBesileH aHaM3 MaTEpPUAJIIOB 23 Cy/eOHO-
MEUIMHCKUX SKCIIEPTU3, BBHIITOJHEHHBIX B CBSA3H C
rPaXKJAHCKUMU JIeJIaMH II0 UCKOBBIM 3asBJIECHUSIM
00 OKa3aHWU MEIUIIMHCKOHN ITOMOIIH.

as well as insurance companies trying to lay the pay-
ment of compensation on physicians or healthcare
facilities. In addition, there is an increase in the
activity of a part of the population that is not informed
about the possibilities of modern medicine [4, 5].

In the event of so-called medical “malpractice”
cases, the importance of forensic examinations can-
not be overestimated, the conclusions of which often
determine the professional fate of the physicians
who provided medical care and the reputation of a
healthcare facility [6].

When proceeding a forensic medical examination
in relation to the professional activities of healthcare
workers, all necessary materials are provided to an
expert panel — civil cases, original medical records
that represent the health status of the patient under
medical expert examination. The materials must
necessarily contain all data on the diagnostics and
treatment, and in the case of fatal outcome — data
from post-mortem examination or forensic examina-
tion. The main task of forensic examination per-
formed in an expert panel format in medical “mal-
practice” cases is an objective assessment of the
therapeutic and diagnostic measures carried out in
accordance with the current regulatory documents
on the procedure for providing medical care, clinical
recommendations and standards [7, 8].

The production of a professionally reasonable
forensic examination in cases related to the provid-
ing medical care is possible with the participation of
clinicians who can objectively assess all stages of the
pathology diagnosis and treatment [8].

AIM OF THE RESEARCH

An analysis of forensic examinations in civil
medical “malpractice” cases in order to identify dis-
advantages in providing medical care.

MATERIALS AND METHODS

An analysis of the materials of 23 forensic exami-
nations carried out in connection with civil cases on
medical “malpractice” claims was performed.

All forensic examinations were performed by
expert panels. For their production, along with
forensic medicine experts, qualified physicians were
involved in accordance with the profile of the clinical
situation under examination (obstetricians-gynecol-
ogists, surgeons, traumatologists, etc.). The produc-
tion of forensic examinations in an expert panel for-
mat was carried out by an expert organization estab-
lished by the Novosibirsk Regional Association of
Physicians and having the appropriate allowance for
the implementation of activities to evaluate the qual-
ity of medical care (license, etc.).
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Bce cyneOHO-MeIUITMHCKHAE DKCIIEPTU3BI OBLITH
KOMHUCCHOHHBIMU. JIJ1s UX IIPOU3BOJICTBA, HAPSY C
BpauaMu — CyZeOHO-MeTUIMHCKUMU SKCIIEPTaMH,
OBbLIN TIpUBJIEUEHbI KBATU(UIIMPOBAHHBIE BpAYH B
COOTBETCTBHU ¢ TMpoduaeM pa3doUpaeMor KIIH-
HUYECKOH  cuTyanuu  (aKyniepbl-THHEKOJIOTH,
XUPYpPTH, TPaBMAaTOJOTH U Jp.). [Ipou3BOACTBO
KOMHUCCHOHHBIX Cy/IEOHO-MEIUITUHCKUX SKCIEPTH3
OBLIO OCYIIECTBJIEHO 3KCIIEPTHON OpraHHU3allheH,
yupexxaeHHol HoBocubupckoii 06J1acTHON accoIu-
ariedl Bpaued W HWMEIINEH COOTBETCTBYIOIILYIO
JIOKYMEHTAI[UI0 Ha OCYIIECTBJIEHUE [eSITeIbHOCTH
II0 OIlEHKE KaudecTBa OKa3aHWUSA MEIUIIMHCKOH
oMoty (JIMIEH3UA U JIp. ).

Ha npenBaputesbHOM 3Talie MPOBOJUIIOCH U3Y-
YeHHe 3aKOHOJIATEeJIbHBIX JOKYMEHTOB, perjiaMeH-
THPYIOIUX IIPABOBbIE OTHOIIEHHS Bpaua W IaId-
eHta. [Ipy H3YUYeHHUU WHCCIEIOBATEIBCKON YacTH
CyZeOHO-MeTUIIMHCKUX DKCIIEPTU3 oOpaIaiu BHU-
MaHWe Ha IOJIHOTY H3JI0KEHUs MEPBUYHOU Memu-
OMHCKOM  JIOKYMEHTaI[iW, BKJIIOUas JaHHBIE
KJIMHUKO-J1ab0pPaTOPHBIX UCCIEOBAHUI, HA OCHOBE
KOTOPBIX IPOBOJIWJIACH JUATHOCTUKA K OIpezese-
HHE OCHOBHOM HOB0JIOTUYECKON €IUHUIIBI, MTOCIY-
JKUBIIIEW TPUIUHON rocnuTasm3anuu. [Ipu jeransb-
HBIX HCXOJaX IPOBOAWIIACH ONEHKa OGOPMIIEHUS
3aKJII0YNTEILHOTO KJIMHUYECKOIO JUAarHo3a U HaJIi-
yusi ero pyOpUK, a TaKKe BHECEHUs 3HAYNMBIX
MEITUITMHCKUX MAaHUITYJISIIUNA U OTIEPATUBHBIX BMe-
[1aTeJIbCTB, BBITTOJIHEHHBIX MAIIUEHTY. B 3THUX CiIy-
Jasx TakKe MOJIpOOHO U3yJasIu JJAaHHbIE, KacaroIi-
ecss MOP(MOJIOTHYECKNX M3MEHEHUU, BBISBJIEHHBIX
Ha ayTOIICUH U IIPU MUKPOCKOITMYECKOM HCCIIE/IOBA-
HUU OPTaHOB U TKaHEH, B IPOTOKOJIAX IMaTOJIOTOaHAa-
TOMMHYECKOTO HCCIENOBAHUS WM 3aKII0UEeHNH DKC-
nepra. OlleHUBAIM TPABUJIBHOCTh TMPOBEIEHUS
COIIOCTABJIEHUI 3aKIIOUNUTEILHOIO KINHUIECKOTO 1
MOp@OJIOTHUECKOro JIHarHo3oB. Kpome Toro, ore-
HUBAJINCh CBEAEHUs, KacaroIuecs CIy:KeOHBIX U
MHUHHCTEPCKUX IIPOBEPOK Ha MIPEJIBAPUTETbHBIX ATa-
Iax PacCMOTPEHUST «BpaueGHbIX» e 10 pe3ysIbTa-
TaM Kayob pOJCTBEHHUKOB.

[Ipu BBIIOJTHEHWH PaOOTHI HCIOJIH30BAIUCH
AHAIUTUYECKUH U CTAaTUCTHYECKHE METOAbI MCCIe-
JIOBaHUs. YUUTBIBAsA, UTO pacIpesesieHre 0osbIei
YacTH TOJIYYEHHBIX JAHHBIX OBLIO OTJIMYHBIM OT
HOPMAaJIbHOTO, IPUMEHSJIU METO/IbI HelapaMeTpH-
YeCKOU CTaTUCTUKH.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

[Ipu aHanu3e MaTepUAIOB CyAeOHO-MeTUITHH-
CKHX 9KCIEPTH3 OBbLIO BBISBJIEHO, UTO YAllle UX IIPO-
BeJieHHe ObLIIO CBSI3aHO C TPAXKIAHCKUMU JIeJIaMHU B
CIy4yasiX OKa3aHWs METUIMHCKOU ITOMOIIU OIEepH-

At the preliminary stage, the legislative docu-
ments regulating the legal relations between a physi-
cian and a patient were studied. When studying the
investigatory part of forensic examinations, atten-
tion was paid to the completeness of the presentation
of the primary care medical records, including the
data on clinical investigation and laboratory tests, on
the basis of which the diagnosis was made and the
main nosology determined, that caused hospitaliza-
tion. In cases of fatal outcomes, an assessment of the
presentation of the final clinical diagnosis and the
presence of its headings, as well as the input of the
data on significant medical manipulations and surgi-
cal interventions undergone by a patient, were made.
In these cases, the data on morphological changes,
revealed during autopsy and microscopic examina-
tion of organs and tissues, in the pathological exami-
nation reports or the Expert Witness Testimony,
were also studied in detail. The correctness of the
comparison of the final clinical and morphological
diagnoses was assessed. In addition, the data on offi-
cial and ministerial inspections at the preliminary
stages of medical “malpractice” cases based on the
results of relatives’ complaints were assessed.

Analytical and statistical methods were used.
Taking into account that the distribution of most of
the obtained data was different from normal, meth-
ods of non-parametric statistics were used.

RESULTS AND DISCUSSION

When analyzing the materials of forensic medical
examinations, it was found that they were most often
performed in connection with civil claims on provid-
ing medical care by operating medical specialists —
surgeons  (30.5%),  obstetricians-gynecologists
(21.7%) and traumatologists-orthopedists (17.5%).
In addition, examinations were carried out regarding
the provision of medical care by general practitio-
ners (13.0%), neurologists (13.0%), pediatricians,
dentists, psychiatrists, infectious disease specialists
and emergency physicians (4.3%).

The main reasons for considering medical “mal-
practice” cases in civil proceedings according to the
data on statements of claim, were various cases of
providing medical care, when there was a need, in
the opinion of the plaintiffs, for compensation for
non-pecuniary damage.

During the analysis of the case materials, the
main plaintiff claims were identified, which served as
the reason for initiating civil proceedings and assign-
ing forensic examinations. In most cases, in plain-
tiffs’ opinion, inadequate diagnostics of the disease
(injury) (59,6% of cases) was conducted and, accord-
ingly, the clinical diagnosis was made untimely
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PYIOIIUMH  MEIUIIUHCKUMHU  CIIEIUAIUCTAMUA  —
xupypramu (30,5 %), akyliepaMu-rHHEKOJI0TaMHu
(21,7 %) u TpaBMarosioramu-oproneaamu (17,5 %).
Kpome TOrO, 3KCIEpTH3BI OBUIM IIPOBEAEHBI IIO
[TOBOJIy OKa3aHUs MEIUIIMHCKOHN ITOMOIIK Tepares-
tamu (13,0 %), HeBposioramu (13,0 %), meAuaTpamu,
CTOMATOJIOTaMHU, IICUXHATPaMH, HH(GEKITMOHUCTAMH
U aHECTE3HNOJIOTaMU-peaHuMaTosoramMmu (4,3 %).

OCHOBHBIMH TPUYMHAMHU PACCMOTPEHUS TaK
Ha3bIBa€MbIX BpaueOHBIX JieJI B TPAKTAHCKOM IIPO-
recce IO JJAHHBIM HCKOBBIX 3asBJIEHUN ObLIU pas-
JIMYHBIE CIyYad OKa3aHHUsA METUIIMHCKON TOMOIIH,
KOT7]a BO3HHKAasIa HE0OXOIMMOCTb, 10 MHEHUIO HUCT-
0B, MaTepUaJIbHOM KOMIIEHCAIIUH TIOJIyYEHHOTO
(ucTamu) MOpaJIbHOTO Bpea.

[Ipu TIpOBeJIEHHU aHANIM3a MaTEPHUAJIOB e
ObLIM BBIABJIEHbI OCHOBHBIE IIPETEH3WH WKCTIIOB,
MIOCJTY?KUBIITHE TPUUYWHOM BO3OYKIEHUS TparkaaH-
CKUX J1eJ1 U Ha3HAYeHUs CyZe0HO-MeUIMHCKUX DKC-
mepTus. B GOJIBIINHCTBE CIy4aeB, 110 MHEHHIO HUCT-
1I0B, ObLyIa MPOBeZieHa HeHAIeKaIas JUarHoCTHKA
3abosieBanus (moBpexaenus) (59,6 % ciydaes) H,
COOTBETCTBEHHO, HMeJia MeCTO HEeCBOeBpeMeHHast
IMOCTAaHOBKA KJIMHUYECKOro auarHosa (27,4 % ciy-
yaeB). B 21,7 % cirydaeB UCTIIBI yKa3bIBAJI HA HECBO-
€BPEMEHHO IPOBEJeHHOE W HeHajIeKallee Jieye-
HUe; B 17,4 % — Ha OTCYTCTBUE JOCTOBEPHOU UHOP-
MAaIlU¥ O COCTOSTHWUU TAaIlueHTa, IPeI0CTaBIsIeMOK
poracrBenHrKaM. Kpome TOro, moBOZOM /Jisi BO3-
Oy:KZIeHUsT TPaXKIAHCKOTO Jiejla B eIMHUYHBIX CIIy-
yasx ABJISUIACH: HEHajJIeskallee, 0 MHEHUI0 POJI-
CTBEHHUKOB, IIPOBEJIEHHME OIEPATUBHOTO BMeIIa-
TeJIbCTBA; HECBOEBPEMEHHbIE TIEPEBOJ] U3 PeaHrMa-
[IMY WU BBIITUCKA MTAIEeHTa; OTCYTCTBUE JOJIKHOTO
BHHUMAaHHSA K TAI[UEHTY; OTKa3 B BHI30BE OPUTajbI
CKOPOU TIOMOIITU U TIepeBO/ie B MPOGUIbHYIO MeIH-
[IMHCKYI0 OpraHW3aIlhi0, a TaKKe HeJ00leHKa
PUCKOB Pa3BUTHS OCIOKHEHUH.

Hapsiny c BblllleyKa3aHHBIMHU NPUYUHAMU, TPU
oOpallleHUW B CyJbl HCTI[AMU YKa3bIBAJIUCh TaKHe
MPETEeH3UN K MEAUIINHCKUM pabOTHUKAM, KaK HECO-
OTBETCTBUE JIEHCTBUTEILHOCTH JAHHBIX, IIPEJCTAB-
JIEHHBIX B MEUIMHCKOU JOKYMEHTAIUN; Heco0JI0-
JeHre Mep 6e30MacHOCTH IIPU OKa3aHUN MeIUITHH-
CKOI TIOMOIITY; pasrJjallieHre BpaueOHOH TalHBbI.

IKCHepTUu3bl ObLIU MMPOBEIEHBI B CBA3H C IPaXK-
JIAHCKUMU JleJlaMU, pacCMaTpUBAaeMbIMU B 56,5 %
cIyuaeB B paloOHHBIX cyAax T. HoBocubupcka, B
34,3 % — B cymax HoBocubupckoi obstactd, B 10 % —
B Bepackom ropozckom cyze.

[Tpu aHaIM3e JAHHBIX UCCIE0BATETbCKON YaCTH
cyne6GHO-MeIUITMHCKIX JKCIIEPTU3 B 70 % CJIydaeB
ObLIM BBISIBJIEHBI HEMOCTATKU IPU O(DOPMIIEHUH
MEPBUYHON MEUIIMHCKON JIOKYMEHTAIluM Bpa-

(27,4% of cases). In 21,7% of cases, the plaintiffs
pointed to untimely and inadequate treatment; in
17,4% — to the lack of reliable information about the
patient’s condition provided to relatives. In addition,
the grounds for initiating a civil case in particular
cases were: inadequate, in relatives’ opinion, surgical
intervention; untimely transfer from the intensive
care unit or patient discharge; lack of due attention
to the patient; refusal to call an ambulance team and
transfer to a specialized healthcare facility, as well as
underestimation of the risks of complications.

Along with the above mentioned reasons, when
recoursing to the courts, the plaintiffs indicated such
claims against healthcare workers as the discrepancy
between the data from the medical records and the
true facts; failure to ensure safety measures when
providing medical care; disclosure of confidential
information.

The examinations were performed in connection
with civil proceedings, considered in 56,5% of cases
in district courts of Novosibirsk, in 34,3% — in courts
of the Novosibirsk region, and in 10% — in Berdsk
City Court.

When analyzing the data from the investigatory
part of forensic examinations, in 70% of cases, short-
comings were identified in filling out primary medi-
cal records by physicians — for example, the lack of
appropriate completeness in presenting information
about the patient, or headings of the final clinical
diagnosis, or illegible handwriting, etc.

In 35% of cases, independent medical examina-
tion revealed defects in clinical investigation and
laboratory testing, inadequate diagnostics and
untimely prescription of treatment, incorrectly for-
mulated diagnosis, underestimation of the severity
of the patient’s condition, untimely surgical treat-
ment, untimely transfer of the patient to another
department (or hospital), unreasonable performance
of surgery, lack of ensuring patient safety (claim due
to fatal outcome).

If the decision on the professional competence in
the providing medical and diagnostic measures is
made by clinicians who are members of an expert
panel, then the establishment of a causal relation-
ship is determined by a forensic medical expert. The
establishment of a causal relationship in the pres-
ence of such a question in the Decision of the Court is
very important for the court to make a decision on a
specific medical “malpractice” case [8].

In one of the medical experts’ opinions, the
untimely diagnosis of the disease was explained by
the peculiarities of the disease, which is character-
ized by the difficulty of making a diagnosis at the
early stages of its development. Since a defect in pro-
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YyaMH — HalpUMeP, OTCYTCTBUE JIOJKHOU ITOJTHOTHI
WU3JIOKEHUsI CBEJIEHHH O TMalueHTe WIH PyOpUK
3aKII0YUTEIFHOTO  KJIMHUYECKOTO  IMarHo3a,
«HEYUTAEMBbIN ITOYEPK» U JP.

B 35 % cyiyuaeB B XO7ie HE3aBUCUMOHN MEUIUH-
CKOI DKCIIEPTHU3bI BISBJIEHBI HEJIOCTATKU B KJIMHU-
KO-J1abopaTOpPHOU paboTe, HEHAJIeKalllee IIPoBee-
HU€ JUaTHOCTUKU U HECBOEBPEMEHHOE Ha3HAUEHUe
JIeUueHUs], HEKOPPEKTHO cHOPMYIUPOBAHHBIA HA-
THO3, HEJOOIeHKA TSKECTH COCTOSTHUS ITaINEeHTa,
HECBOEBPEMEHHOE ITPOBe/IEHUE ONIEPATHBHOTO JieUe-
HUs, HECBOEBPEMEHHBIN MEePEBO/I MAI[UEHTa B JIPY-
roe otjeneHue (WM cTalfioOHAp), HEOOOCHOBAHHOE
BBITIOJIHEHUE OIEPAINH, OTCYTCTBHE O0eCIeYeHus
Oe3omacHOCTH TanueHTa (MCKOBOE 3asBJIeHHE B
CBSI3HU C JIETAJIbHBIM HUCXOZIOM).

Ecsu perieHue o mpodecCHOHATBHOM rPaMOTHO-
CTH TIPOBENIEHUS JIeueOHO-TUATHOCTUYECKUX MEPO-
NpUATHUH TPUHUMAETCS BpPavYaMU KJIMHUYECKOTO
poduIIs, BXOAANUMU B COCTAaB KOMUCCHH, TO YCTa-
HOBJIEHUE TIPUYUHHO-CJIEJICTBEHHOU CBSA3H OIIpe/ie-
JISIETCST BPAUOM — Cy/Ie0OHO-MEeIUIITHCKUM DKCIep-
TOM. YCTaHOBJIEHHE TPUUYMHHO-CJIEZICTBEHHOH CBSA3H
[IpY HAJIMYUM TTOA00HOTO Bompoca B OmpenesieHnu
CyZa ABJISETCS OYEHDb BAXKHBIM 71 HPUHATHS CYyZIOM
PpellieHus 10 KOHKPEeTHOMY «BpaueGHOMYy» 7y [8].

HecBoeBpeMeHHasi TUaTHOCTUKA 3a00JI€BaHUS B
OTHOM U3 3aKJIIOUEHUH MEeIUIIMHCKUX DKCIIEPTOB
00'bsICHSAIaCh 0COOEHHOCTAMU 3a00JIEBaHUSA, XapaK-
TEPUBYIOIIETOCS CJIOKHOCTHIO ITOCTAHOBKHU JiUa-
rHO3a HA PAHHUX CTAJUAX PA3BUTHS PaCCMaTpHUBae-
Mo marosiorun. ITocKOIBKY TO7 /1eheKTOM OKaza-
HUSI MEJUIIMHCKOHN IOMOIIY MOHUMAETCs COBOKYII-
HOCTh JIEWCTBUHA MEAUITUHCKUX PAaOOTHUKOB, IIPHU
KOTOPBIX He OBLJIU MIPUHSATHI BCE BO3MOXKHBIE MEPBI,
HamnpaBJieHHble Ha MpeJOoTBpallleHre HeOJIarompu-
SITHBIX TIOCJIEZICTBUIN TIPU IPOSIBJIEHUU MeEIUIINH-
CKUMH pabOTHUKaMU HEOOXOUMOU 3a00THI U OCMO-
TPUTEILHOCTU, KOTOPBIE TPEOYIOTCS OT HUX, DKCIIEP-
TaM OBLT ITOCTaBJIEH BOIIPOC O TOM, BCE JI HEOOXO/TH-
Mble Mepbl ObLIM IPUHATH MEAUIIUHCKUMU PabOT-
HUKAMH B LEJIAX OKA3aHUsA MEIUIIMHCKON TOMOIIIH
HaJUIeKaIero KadectBa. [IpuBeieHHOe BBIIIE
3aKJII0YEHHUE CTAJI0 APTYMEHTOM B II0JIb3Y MEJIULIH-
CKOH OpraHmsanuu — IpsAMasg OPUYUHHO-
CJIE[ICTBEHHASI CBA3h MeEXAY AedeKTOM OKa3aHUs
MEIUI[UHCKOM TIOMOIIM U YXY/AIIEHUEM COCTOSHUS
37I0POBBS TAlMEHTa MPU3HAHA DKCIIEPTAMH OTCYT-
CTBYIOIIIEH, a HENPUHATHE MepP, OYEBHUJIHBIX IIPHU
JIOJI’KHOM CTENeHU OCMOTPHUTEIBHOCTH, HE MOJijIe-
JKHUT PAaCCMOTPEHHUIO.

Hecmotps Ha TO, UTO B BBIBOAX DKCIEPTHI YKa-
3pIBAIOT Ha (AKThl HAPYIIEHUS MEIUIMHCKUMU
paboOTHUKAMU YCTaHOBJIEHHBIX HOPM HAJIJIEXKAIIETO

viding medical care is understood as a set of actions
by healthcare workers in which all possible measures
were not taken to prevent adverse consequences
when healthcare workers exercised the necessary
care and diligence required of them, the experts were
asked whether all necessary appropriate measures
were taken by healthcare workers to provide medical
care of the adequate quality. The above mentioned
opinion became an argument in favor of the health-
care facility — a direct cause-and-effect relationship
between the defect in providing medical care and the
deterioration of the patient’s condition was set by the
experts as absent, and the failure to take measures
that would be obvious with the due diligence is not
subject to consideration.

Despite the fact that in their conclusions, experts
point to instances of violations of established stan-
dards for adequate providing medical care by health-
care workers, in the answers to key questions that
are of decisive importance in determining a direct
cause-and-effect relationship between the actions of
a healthcare worker and the adverse consequences
that have occurred, such facts are given extremely
rarely.

Unfortunately, many judges are not aware that,
when assessing defects in the activities of healthcare
workers, there is no indirect or mediated cause-and-
effect relationship between the actions of physicians
and an unfavorable outcome. A cause-and-effect
relationship is set only in cases where it is direct.
These are extremely rare clinical cases, when a physi-
cian, for example, damages a large vessel, which
causes massive blood loss.

In one of the cases, the experts gave a negative
answer to the question put to the experts by the court
at the request of the lawyers regarding the possibility
of the influence of the drugs, administered by health-
care workers when providing medical care to the
patient, on his health (at the same time, in accor-
dance with the civil legislation, drugs are classified as
a source of increased danger as objects that poten-
tially have harmful properties).

In response to the question put to experts in the
context of the consideration of a claim for compensa-
tion for non-pecuniary damage related to death of
the child, the term “underestimation” was set by
experts as non-medical and related to the psycho-
logical sphere of healthcare worker activity. As an
argument, it was stated that “medical records does
not reflect thinking processes and determined acts in
the work of a physician.” However, returning to the
definition of a defect in medical care, repeatedly cited
in other analyzed expert opinions, it is difficult to
ignore the condition of the due diligence of a health-
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OKa3aHWsA MEIUIIMHCKOW IOMOINM, B OTBETaX Ha
KJIIOUEBBIE BOIPOCHI, IMEOIIIHE PeNIalolee 3HaJe-
HHe TIPU YCTAHOBJIEHUU NPSMOU HPUIUHHO-
CJIEJICTBEHHOU CBSI3U MEXK/AY JIEMCTBUAMU MEUITTH-
CKOro pabOTHUKA W HACTYITUBIITUMU HEeOJIarOmpHUsT-
HBIMH TIOCJIEICTBUAMU, TaKue (HAKTHI IPUBOJSATCS
KpaiiHe peJIKo.

K coxanenuto, MHOTHE CyIbU He HH(POPMHUPO-
BaHBI O TOM, YTO IIPH OIleHKe HEeIOCTaTKOB B Jies-
TEJIbHOCTH MEAUIMHCKUX pPAabOTHUKOB He CyIile-
CTBYeT KOCBEHHOH (HENpsMOH WJIM OIOCPEI0OBaH-
HOH) MPUYHHHO-CJIEZICTBEHHOU CBA3H MEXKIYy Iel-
CTBUAMHU Bpadeldl W HeOJIarONPUATHBIM HCXO/IOM.
I[IpuyrHHO-CJIE/ICTBEHHAs CBSI3b yCTAHABJIMBAETCS
JIMIIb B TeX CJIy4dasX, KOTJA OHa SIBJISIETCS UMEHHO
npAMOU. ATO KpailHe pefikue KINHUYECKUe CIIyvaH,
KOT7]a BpayoM, HalpuMep, MOBPEK/IAeTCsl KPYITHBIA
COCY/I, UTO BBI3bIBAET OOMIBHYIO0 KPOBOIIOTEPIO.

B o/tHOM M3 /1e71 9KCIIEPTHI JIaId OTPULIATETHHBIA
OTBET Ha BOIIPOC, ITIOCTABJIEHHBIN EpeJT SKCIEPTaMU
CYyZIOM IO MPOCchbe aJIBOKATOB, IO TIOBOAY BO3MOXK-
HOCTU BJIMSTHUS JIEKAPCTBEHHBIX IIPENapaToB, IPH-
MeHSEMBIX METUIMHCKUMH PaOOTHHKAMU B XO/€
OKa3aHWsA TMAIeHTy MeIUIIMHCKON IOMOINH, Ha
COCTOSTHUIE €T0 3/I0POBbsI (IIpU 3TOM, B COOTBETCTBUH
¢ TPaXJAHCKUM 3aKOHOJIaTeJIbCTBOM, JIEKAPCTBEH-
HbI€ TIPEeapaThl OTHECEHBI K UCTOYHUKY IOBBIIIEH-
HOH OIIaCHOCTH KaK OOBEKTHI, IIOTEHI[NAIFHO 00JIa-
JIaroIIve BPEJOHOCHBIMU CBOMCTBAMHU).

B oTBeTe Ha BOIIPOC, IOCTaBJIEHHBIHN dKCIIEPTAM
B paMKax PacCMOTPEHUs HCKOBOTO 3afBJIEHUSI O
BO3MEIIEHUU MOPAJIHLHOTO Bpe/a, CBA3AHHOTO CO
cMepThIo pebeHKa, UCI0Ib3yeMbIH TEPMUH «HEJ0-
OIleHKa» MPU3HAH JKCIEePTAaMU HEMeIUIIMHCKUM
U OTHOCAIIUMCS K IICHXOJIOTUYECKOU cdepe nes-
TEJIbHOCTU MeIUIMHCKOTO paboTHUKA. B KauecTBe
apryMeHTa yKa3aHo, YTO « MeJIUIMHCKas JOKYMEeH-
TalMs HEe OTPAKAET MBICJUTEIbHBIX TPOIECCOB U
CO3HATEJIbHO-BOJIEBBIX aKTOB B paboTe Bpauar.
OpnHako, BO3BpaIasch K OMpeAesIeHUu0 gedeKTa
MEUIUHCKON TTOMOIIN, HEOJHOKPATHO ITPUBOJH-
MOMY B JAPYTHX IPOAHAJTU3UPOBAHHBIX DKCIEPT-
HBIX 3aKJIIOUYEHUSX, CJIO?KHO UTHOPUPOBATH YCJIO-
BUE JIOJDKHOU OCMOTPUTETBHOCTH MEJIHUITUHCKOTO
paboTHHKA, KOTOPOE BKJIIOUAET B ce0s1 B TOM UHUCTIE
U a/IEKBATHYIO OI[€HKY CYIIECTBYIOIIUX PUCKOB, U
HEYKOCHUTEJIbHOE COOJII0JIEHUE YCTaHOBJIEHHBIX
HOPMAaTUBOB.

Bo Bcex 23 cityuasx cyz ObUT B TOJTHOU Mepe y7I0-
BJIETBOPEH MOTHBHPOBAHHOCTHIO W HAyYHOH 000-
CHOBAHHOCTBIO DKCIIEPTHBIX BBIBOJOB, UTO IIOCIIY-
JKIJIO OCHOBOH JJIs IPUHATUA Cy/Ie0OHBIX PEIIeHUH.
IIpu paccMOTpeHUH BBIIOJIHEHHBIX 3KCIEPTH3 Y
CyZla He BO3HUKJIO HEIIOHUMAaHUS U HECOTJIaCHs C

care worker, which includes, among other things, an
adequate assessment of existing risks and strict com-
pliance with established standards.

In all 23 cases, the court was fully satisfied with
the motivation and scientific validity of the expert
opinions which served as the basis for making
judicial decisions. When reviewing the performed
examinations, the court did not show any misun-
derstanding or disagreement with the content of
the conclusions; not a single point was called into
question.

In 96% of the cases examined, the plaintiffs’
claims were partially satisfied by the court, in 4%
(one case) the parties came to a voluntary settlement.
In 18% of cases, appeals were filed against the court
decisions by both plaintiffs and defendants, but only
in one case out of four, the decision of the court of
first instance was changed in terms of recovery in
favor of the plaintiff. In one case, the decision of the
first-instance court was overturned in terms of the
appointment of fines to the healthcare facility. One
claim was considered by the cassation court, and the
decision of the first-instance court was left
unchanged.

The analysis of the materials of forensic medical
examinations in civil proceedings and the literature
indicates the absence of a unified approach to solving
many issues at the intersection of medicine and
jurisprudence. At the present stage, in order to
resolve existing medical and legal dispositions when
performing forensic medical examinations in medi-
cal “malpractice” cases, according to Shmarov (2023)
[8], it is necessary to develop new methodological
approaches.

CONCLUSION

In most cases, forensic medical examinations in
civil proceedings are due to claims by plaintiffs
regarding untimely or inadequate diagnostics and
treatment, as well as the lack of reliable information
about the patient’s condition provided to relatives.
The issue of personal injury caused by defects in pro-
viding medical care can only be resolved if there is a
direct cause-and-effect relationship between the
physician’s actions and the adverse outcome for the
patient. The evaluation of a cause-and-effect rela-
tionship and the harm to person’s health is not within
the competence of clinicians, participating in exami-
nation conducted by an expert panel, and should be
carried out by a forensic medical expert.
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COJlep;KaHUeM BBIBOJZIOB, HU OJIMH IIYHKT HE OBLI
IOCTaBJIEH 110/ COMHEHUE.

B 96 % paccMOTpeHHBIX el pellleHHeM CyAa
HCKOBBIE TpeOOBAHUS UCTIIOB OBLIH YIOBJIETBOPEHBI
YACTUYHO, B 4 % (0JTHOM Jiejie) CTOPOHBI MPUIILIH K
3aKJIIOYEHUI0 MUPOBOTO coryamieHus. B 18 % ciy-
yaeB HA BBIHECEHHBIE Cy/le0OHBIE DeIIeHus ObLIH
MOJAHBI aleJUIAIMOHHbBIE KajIo0bl KaK MCTIIAMHU,
TaK U OTBETYUKAMU, OHAKO JIUIIIh B OJTHOM CJIydae
W3 YEThIPEX PellleHUe Cy/ia IEPBOM HHCTAHITUU OBLIIO
W3MEHEHO B YaCTH B3BICKAHUA B IOJIb3Y HCTIA. B
OTHOM CJIyyae peIlleHUe Cy/la MepBOU HWHCTAHI[UH
OBLIO OTMEHEHO B YaCTH Ha3HAYEHUA MEAUIITHCKOH
opranuzanuu mrpadon. OAHO UCKOBOEe 3asiBJIEHUE
paccMaTpUBaIOCh KAaCCAI[UOHHBIM CY/IOM, PeIlleHne
cyZla IEPBOI MHCTAHITUK OBLIO OCTaBJIEHO Oe3 u3Me-
HEHHUH.

[TpoBeneHHBIN aHATU3 MAaTEPUATIOB Cy/Ie0HO-
MEIUITMHCKHX DKCIIEPTU3 10 TPAKIAHCKUM JIeJIaM |
JIUTEPATYPHBIX HCTOYHUKOB CBHJIETEHCTBYET 00
OTCYTCTBUHU €IMHOTO IOJIXO/Ia B PEIIeHUU MHOTHX
BOIIPOCOB Ha CTHIKE MEIUIIMHBI U IOPUCIIPYAECHIIAH.
Ha coBpemMeHHOM 3Tarie s pelleHrs] HMEeIXCs
MEeJTUKO-IOPUTUYECKUX JUCIO3UITUIN TIPHU BBIOJIHE-
HUU Cy/IeOHO-MEeIUITUHCKUX SKCIIEPTUS 110 «Bpaued-
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Pa3padoTka METOUIECKOTO MOX0/4a
K MHUKPOCETrMEHTAIIUH JIbTOTHBIX KaTEerOpUM rpaskJaaH
(rma npumepe HoBocuoupckoi od1actm)

A.C. Ixxynapos, A.A. T'epbep, 1.A. JIxymapoBa

@OI'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, Hogocubupck,
Poccua

AHHOTAITUA

BBegenue. [nsoueHku 3OGEeKTUBHOCTU EATETHHOCTH UCIIOJIHUTEILHBIX OPTAaHOB cyOBeKTOB Poccutickoit ®eze-
pauuu (P®) mo peanusanuu nepeaHHbIX TOJTHOMOYNH 0 OpraHU3anuy obecrieueHus TpakaH, BKIOUYEHHbIX B Pejie-
PaJIbHBIN PETUCTP JIUII, UMEIOIIUX [IPABO Ha MOJIyUYeHHe roCyapCTBeHHOM COIMaIbHOMN ITOMOIIHU, JIEKAPCTBEHHBIMH IIpe-
IapaTamu Jjisi MEJUIIHCKOTO TPUMeHEHU ], MEUIIMHCKUMHE U3/IEJTUAMU, 2 TAKIKE CIIEIIUaTN3UPOBAHHBIMU IIPOTYKTAMU
J1e4eGHOTO MMUTAHUS JIJIs IeTel-UHBAJIU/I0B HEOOXO/IUM HE TOJIbKO MOHUTOPUHT 00BEMOB (DMTHAHCHUPOBAHUS, BBITIOJIHEH-
HBIX KOHTPAKTOB, MMPOU3BEZIEHHBIX MOCTABOK JIEKAPCTBEHHBIX CPEJICTB, HO M aHAJIU3 JIbTOTHBIX KATETOPHH IpakKAaH C
HCI0JIb30BAHUEM UHCTPYMEHTOB (hapMaIneBTUYECKOTO MAapKETUHTA, B YaCTHOCTH CETMEHTAIIHH.

Il e 1 5. Pa3paboTka METOJUYECKOTO TOJX0/a K MHUKPOCETMEHTAI[UU JIbTOTHBIX KaTeropui rpaskaaH (Ha mpumepe
Hosocubupckoii obnactu (HCO)).

Martepuanans U MeTO/HBbl . Vcrounukamu uHpopManuu cry:kunu PeepasbHbIA PETUCTP JIUII, UMEFOIIIIX
IIPaBO Ha MOJIyYeHHE FOCY/IapCTBEHHOW COIMATIBHOM ITIOMOIIIH B BH/Ie Habopa conuanbHbIX yeayr (mo HCO); BetoMmcTBEH-
Hble MaTepuassl Munucrepersa 3npasooxpanenns HCO, I'KY HCO «Hosocubo6sidapm», 6aza nanapix 'KY HCO «Hoso-
cu60651hapM» MO0 CTOMMOCTHU U KOJIMYECTBY 00ECTIEYeHHBIX PEIIEIITOB 32 MIEPHOJ] 2019—2023 IT. 10 MyHHUIUIIATLHBIM paii-
onam (MP) u ropoackum okpyram (I'O) perrona.

MeTozbpl UCCIEIOBAHUS — KOHTEHT-aHAJN3, JIOTHYECKUH, CTATUCTUUECKUH, PETPOCIIEKTUBHBIM, MapPKETHUHIOBBIM aHa-
u3bL. PazpaboTaHHbBIN METOAUYECKUH TTO/IX0/] BKII0YAJI CETMEHTAITUIO JIBTOTOIIOIyYaTe el 110 reorpapuuecKoMy KpuTe-
puIo, YpoBHIO oOecrieuenus ((pUHAHCHPOBaHUs) JIbroTonosyuaresieid. [IpoBoguiack cermeHTanus deiepaabHbIX U PETH-
OHAJIBHBIX JIBTOTOTIOIyUATE e, PEATU3YIONUX TPABO HA MEPHI COIUATILHOM MOZEPIKKH, 10 TI0JI0BO3PACTHOMY COCTABY,
a Tak)Ke TaKUM KPUTEPHUSIM, KaK KaTerOpUH Tpask/jaH, KaTeropuu 3ab0sieBaHUM, TPYIIIbI HACeJeHUsI B COOTBETCTBUU C
3aKoHOZaTeTLCTBOM P®. TIpOBO/IMIIM CPAaBHUTEIbHBIA aHAIN3 BhIZIeJIEHHBIX CETMEHTOB 32 TIEPUO/] 2019—2023 IT.
PesyanbTarsbl. IloreorpapuueckoMmy KpUTEPHUIO BbIZIEJIEHBI J[BA CETMEHTA JIBTOTOIIOIyUaTe el : TPOKUBAIOIITE B
T'O u npoxkuatoniue B MP. CermeHT Jibrotonosydaresnei, mpoxupasinux B 'O, B 3,02 pas3a IpeBbIIIal CETMEHT JIbIOTO-
nosryvatesied, npoxkuBapmux B MP HCO. [IpoBeseHnEe cerMeHTaIUH 110 KPUTEPHUIO «yPOBEHD obecreueHus (MCTOYHUK
(puHAHCHPOBAHUA)» TTO3BOJIMIIO BBIZIEJIUTD IBA CETMEHTA JIbTOTOMOJIyYaTesel: dheepasbHbIi (011 B 2023 T. — 26,17 %)
U PETUOHAJIBHBIN (107151 B 2023 T. — 73,83 %). 3a aHAIU3UPyEeMbIH [TEPUO/L, ITPOUBOIIIEN IPUPOCT 0 deiepaTbHOTO Cer-
MeHTA Ha 19,12 %, IPU COKPAIIeHNH JI0JIU PerHOHAIFHOTO cerMeHTa Ha 8,29 %. B mpoliecce cerMeHTaIUH 110 KATETOPHUAM
3a00J1eBaHU OBLIIO BBIJIEJIEHO Q CETMEHTOB JIbIOTOIIOIyYaTeIeH, YCTAHOBJIEH IPUPOCT B CETMEHTAaX: PEBMaTU3M U PeBMa-
TOUIHBIN apTPUT (HAa 22,93 %); caxapHbIi quabeT (Ha 36,75 %); OpoHxuaibHas actMa (Ha 29,73 %); 601e3Hb [IlapKUHCOHA
(Ha 0,96 %); TyOepkysne3 (Ha 3,29 %); mm3obpenus u snwiencus (Ha 31,60 %); apyrue (cudwmruc, CIIN/, BUY) (aa
3,72 %); B IByX CErMeHTax: OHKOJIOTUYECKHe 3a00IeBaHuUs U IJIayKOMa, KaTapaKkTa — IIPUPOCT UMeJT OTPHUIATeIbHOE 3Ha-
yeHue: —0,65 1 —11,8 % COOTBETCTBEHHO.

3akKJ/JO4YeHUWe. MOHUTOPHUHT JILIOTOMIOJIyYaTeIel Ha OCHOBE MUKPOCEIMEHTAIMH TO3BOJIUT ONTHMU3UPOBATDH
JIesITeJIbHOCTh OPTaHOB HMCIIOJIHUTEJIPHON BJIACTH, OTBEYAIOIUX 32 PEaTU3alliio JIbTOTHOTO JIEKAPCTBEHHOTO obecreue-
HUS, COBEPIIIEHCTBOBATh CUCTEMY PETHMOHAJIBHOTO YIIPABJIEHUs JIEKAPCTBEHHBIM OOECIIeUeHHeM, YTO, B CBOIO OUepe/b,
ITO3BOJINT PEATTU30BATH TOCY/IAPCTBEHHBIE TAPAHTUH I10 IIPEIOCTABIEHUIO COIUAIBHOU TO/IZIEPIKKH HACEJIEHUIO B IIOJTHOM
o0beMe, CO3/IaCT YCIOBUS U MEXAaHU3MBI JIJTs1 3(PGEKTUBHOTO HCIIOIb30BaHUA (PUHAHCOBBIX, MaTEPUATbHBIX U HH(MOPMa-
IIMOHHBIX PECYPCOB, 00ECIIEUUT CTAOMIBHOCTD OKA3aHUS OCTYITHON KBATN(DUITUPOBAHHON METUIMHCKOHN ITOMOIITH.
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Development of a methodological approach
to micro-segmentation of beneficiary categories of citizens
(on example of the Novosibirsk region)

A.S. Dzhuparov, A.A. Gerber, I.A. Dzhuparova

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Toassess the effectiveness of the executive bodies of the constituent entities of the Russian Fed-
eration (RF) in implementing the delegated powers to provide citizens, included in the Federal Register of Individuals
Entitled to receive state social assistance with medicines for medical use, medical devices, as well as special medical foods
for children with disabilities, monitoring the amount of funding, completed contracts, made supplies of medicines, and
also the analysis of beneficiary categories of citizens using pharmaceutical marketing tools and segmentation, in particular,
are needed.

A im . Development of a methodological approach to micro-segmentation of beneficiary categories of citizens (on the
example of the Novosibirsk region (NR)).

Materials and methods. Thesourcesofinformation were the Federal Register of Individuals Entitled
to receive state social assistance as a set of social services (for the NR); departmental materials of the Ministry of Health of
the NR, Novosiboblfarm, the database of Novosiboblfarm on the cost and number of provided prescriptions over the period
of 2019—2023 by municipal districts (MD) and urban districts (UD) of the region.

Research methods were: content analysis, logical, statistical, retrospective, and marketing methods of analysis. The devel-
oped methodological approach included segmentation of beneficiaries according to a geographical criterion, the level of
provision (financing) of beneficiaries. Federal and regional beneficiaries exercising the right to social support measures
were segmented by gender and age, as well as criteria such as categories of citizens, categories of diseases, and population
groups under the legislation of the RF. A comparative analysis of the identified segments over the period of 2019—2023 was
carried out.

Results. Accordingto the geographical criterion, two segments of beneficiaries are distinguished: those living in UD
and those living in MD. The segment of beneficiaries who lived in the UD was 3,92 times higher than the segment of ben-
eficiaries who lived in the MD of the NR. Segmentation according to the criterion “level of provision (source of financing)”
allowed to identify two segments of beneficiaries: federal (proportion in 2023, 26,17%) and regional (proportion in 2023,
73,83%). During the period analyzed, the proportion of the federal segment increased by 19,12%, while the proportion of
the regional segment decreased by 8,29%. During segmentation by disease category, 9 segments of beneficiaries were iden-
tified, with an increase in the following segments: rheumatism and rheumatoid arthritis (by 22,93%); diabetes mellitus (by
36,75%); bronchial asthma (by 29,73%); Parkinson’s disease (by 0,96%); tuberculosis (by 3,29%); schizophrenia and epi-
lepsy (by 31,60%); others (syphilis, AIDS, HIV) (by 3,72%); in two segments (cancers and glaucoma, cataract) the increase
had a negative value: —0,65 and —11,8%, respectively.

Conclusion. Micro-segmentation-based monitoring of beneficiaries will optimize the activities of executive
authorities responsible for implementing beneficiary provision of medicines, improve the system of regional drug manage-
ment, which, in turn, will allow the implementation of state guarantees for the social support to the population on a full
scale, create conditions and mechanisms for the effective use of financial, material and information resources, ensure the
stability of providing the accessible qualified medical care.

Keywords: micro-segmentation, segment, population groups, certain categories of citizens, beneficiaries, Novosibirsk
region.

Citation example: Dzhuparov A.S., Gerber A.A., Dzhuparova I.A. Development of a methodological approach
to micro-segmentation of beneficiary categories of citizens (on example of the Novosibirsk region). Journal of Siberian
Medical Sciences. 2025;9(1):61-75. DOI: 10.31549/2542-1174-2025-9-1-61-75

62 Journal homepage: http://jsms.ngmu.ru



Dzhuparov A.S. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

BBEJIEHUE

B pesysprare mocienoBaTesbHON peayn3aIuu
rOCy/IJapCTBEHHBIX IIPOTrpaMM B 00JIACTH 37[paBOOX-
paHEHUSA U CONHAJIBHO-3KOHOMUUYECKOTO Pa3BUTHUSA
HauMHasg C 2005 T. JIeKapCTBEHHOe obecreueHune
cTasio 6oJiee IOCTYITHBIM JIJIs OT/IETbHBIX KaTETOPUH
TpaKJaH, COIMAIbHBIX TPYII HAaCeJEHUsI, JIUI], UMe-
IONUX OIpeJleJIEHHble KaTeropuu 3aboJIeBaHUH,
Ipy aMOyJIaTOPHOM JIEYEHUH KOTOPBIX JIEKAPCTBEH-
HbIE CPEJICTBA U METUITUHCKIE U3/, CIIEI[ATI-
3UPOBAHHbBIE TPOAYKTHI JIeUeOHOTO MUTAHUS JJIst
JleTei-UHBAJIU/IOB OTITyCKAIOTCSA II0 pelenTaM Bpa-
yeli 6ecruiaTHO WK ¢ 50% ckuaKoi. ITpousonuiu u
JIpyTe WU3MEHEHHs: IOBBICHJICA YPOBEHb KU3HHU
MMaIeHTOB, CHHU3WJIACch 00mas u crernuduueckas
3a00J1€BaeMOCTh, Ha YPOBHe oTpaciu chopMHupo-
BaJICS TOCY/IAPCTBEHHBIN CETMEHT 3/IPAaBOOXPAHEHUS
U (papMaIreBTHYECKOTO PhIHKA, MHTEHCUBHO Pa3BU-
BaeTCsl OTeuecTBeHHas ¢apmalneBTuyecKas Ipo-
MBIIIIEHHOCTb.

s 6osee 3¢ PeKTUBHOTO YIIPABIEHUS U ITOBHI-
IIIEHUS] OTBETCTBEHHOCTH ObLIIN MepelaHbl UCIIOTHU-
TeJIbHBIM OpraHaM cyobrekToB Poccuiickoit ®enepa-
nuu (P®) mostTHOMOYMS IO OpTaHU3aIuU obecreye-
HUS TParKJaH JieKapCTBeHHbIMU penapatamu (JIIT)
JUIST MEIUITMHCKOTO TTPUMEHEHUs, MeIUITHHCKUMHU
U3JIEJIUSIMU, a TAaKXKe CIIEIUATN3UPOBAHHBIMH IPO-
JIykTamu JjieuebHoro nutanud. [looraomouus PO mo
opranuszanuu obecmeuenus JIII, MeaUIMHCKUMH
U3JIEJIUSIMY, CIEIAATU3UPOBAHHBIME IIPOJYKTaMH
J1e9eOHOTO MUTAHUSA TPAK/IaH, BKIIIOUeHHBIX B Oejie-
PaJIbHBIA PETUCTP JIKI], UMEIOIUX IIPABO HAa MOJIyue-
HUE TOCYZaPCTBEHHOU COIMAIbHOU IIOMOIIH B BUJIE
Habopa conuansHbix yeryr (HCY), nepeganst MuHu-
cTepcTBY 3apaBooxpaHeHust HoBocubupckoit oba-
cru (HCO). B ob6s3aaHOCTH MUHHCTEPCTBA 3/IpaBO-
oxpaneHus HCO BXOJIUT Tak:Ke OpraHU3aIus JIbIOT-
HOTO JieKapcTBeHHOro obecnieuenus (JIJIO) — rapan-
THPOBAHHOTO B COOTBETCTBHU C 3aKOHO/IATETLCTBOM
¥ HOPMaTHUBHBIMH ITPABOBBIMHU aKTaMHU Poccuiickoi
deneparu 1 HCO obecrieueHust Ha aMOyIaTOPHOM
JTare JieYeHHUsI OTPAHUYEHHOIO KOJIMYECTBA TPak-
JIaH TI0 COIMAIBHBIM TPYIIIaM U KaTeropusm 3a6o-
JIeBaHUU JIEKAPCTBEHHBIMU IIperapaTaMy, MeJU-
IUHCKUMH HU3JeIUAMH OeciuiaTHO (100% jbrora)
WIN CO CKHUJIKOH B 50 % OT CTOMMOCTH JIEKapCTBEH-
Horo mpemnapara (50% Jsiprora) [1—4].

HOna ouenxku 3(QGEKTUBHOCTH IeATeIbHOCTU
HCITOJTHUTETLHBIX OPTaHOB CyOBheKTOB PO 110 peau-
3aIlUY IIepeIAHHBIX IIOJTHOMOYHH He0OX0TMM MOHU-
TOPHHI HE TOJIBKO 00beMOB (UHAHCHUPOBAHUS,
BBIINIOJIHEHHBIX KOHTPAKTOB, IIPOU3BEIEHHBIX ITOCTA-
BOK JIEKAPCTBEHHBIX CPEJICTB, HO W JIbTOTHBIX KaTe-
ropuii rpaxjgadH. HaneXHbIM WHCTPYMEHTOM B

INTRODUCTION

As a result of the consistent implementation of
state programs in the field of healthcare and socio-
economic development since 2005, provision of
medicines has become more accessible to certain cat-
egories of citizens, social groups, and people with
certain categories of diseases, for whom outpatient
treatment medicines and medical devices, and spe-
cial medical foods for children with disabilities are
available on prescription of physicians for free or
with a 50% discount. Other changes have also
occurred: the standard of living of patients has
increased, general and specific morbidity has
decreased, the state segment of healthcare and the
pharmaceutical market has been formed at the
industry level, and the domestic pharmaceutical
industry is developing intensively.

For more effective management and increased
responsibility, the executive bodies of the constituent
entities of the Russian Federation (RF) were given the
authority to provide citizens with medicines, medical
devices, and special medical foods. The authorirties of
the RF to organize the provision of medicines, medical
devices, and special medical foods to citizens included
in the Federal Register of Individuals Entitled to
receive state social assistance as a set of social services
package were delegated to the Ministry of Health of
the Novosibirsk region (NR). The responsibilities of
the Ministry of Health of the NR also include the orga-
nization of subsidized provision of medicines (SPM),
which is guaranteed in accordance with the legislation
and regulatory legal acts of the RF and the NR to pro-
vide outpatient treatment for a limited number of citi-
zens by social groups and categories of diseases with
medicines, medical products for free (100% discount)
or with a 50% discount [1—4].

To evaluate the effectiveness of the executive bod-
ies of the constituent entities of the RF in implement-
ing the devolved authorities, monitoring of both the
funding amount, completed contracts, delivered
medicines and the analysis of beneficiary categories
of citizens is necessary. A reliable tool in monitoring
of the latter is the marketing technique of segmenta-
tion [5].

ATIM OF THE RESEARCH

Development of a methodological approach to
micro-segmentation of beneficiary categories of citi-
zens (using the example of the NR).

MATERIALS AND METHODS

The sources of information were the Federal Reg-
ister of Individuals Entitled to receive state social
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MOHUTOPHHTE TOCIETHUX SBJAETCS MapKETHHTO-
BBIH IPUEM CETMeHTanuu [5].

ITEJIb NCCJIEAJOBAHUA

PaspaboTka MEeTOUUYECKOTO MOAX0Aa K MUKPO-
CErMEHTAIIUU JIbTOTHBIX KaTeropwi rpakymaH (Ha
npumepe HCO).

MATEPUAJIBI 1 METO/IbI

Hcrounukamu uHbopmanum ciayxuiun Depe-
PIBHBIN PETUCTP JIUI], UMEIOITHX IIPAaBO Ha MOJIy4e-
HUe TOoCyZapCTBEHHOU COITMAJIbHOHN MTOMOIIH B BUZE
Habopa coruanbHbIX yoiyT (mo HCO); BemoMcTBeH-
Hble MaTepuaabl MUHHCTEPCTBA 3PaBOOXPAaHEHUS
HCO, I'KY HCO «HoBocu6o6s1¢apm», 6a3a JaHHBIX
I'KY HCO «HoBocu6obyigapm» 10 CTOUMOCTH H
KOJINYECTBY 00eCIleUYeHHbIX PEIENTOB 3a IepPHUOof
2019—2023 IT. 10 MyHUIIUTTATbHBIM patioHaMm (MP)
u ropogckum okpyram (I'O) peruona.

MeTozibl  HCCIEOBAaHUA — KOHTEHT-aHAJIU3,
JIOTUYECKUH, CTATUCTHYECKUH, PETPOCIEKTHUBHBIM,
MapKETHUHTOBBIA aHAJIU3HI.

O6paboTKy pe3y/abTaTOB WCCJIEOBAHUS OCY-
IIECTBJISIIA C TOMOIIBIO MporpaMM «CTaTHUCTHKA+
3.5.0» u STATISTICA 6.0.

CermeHTanus IpejcTaBisieT coOOM cHUcTeMaTH-
YeCKHUH IPOIecc, KOTOPHIHA 3aKII0YAETCS B IeJICHUU
MAaFIeHTOB HA CEIMEHTHI (TPYIIIIBI), PA3/IHMIAIOIIH-
ecs IO CBOUM IlapameTrpaM (I10JIy, BO3pacTy, COLH-
QJIBHOMY CTaTyCy U JIp.) WIU 110 PEaKIINU HA Te WJIN
WHBIE BUZBI AEATEIbHOCTH (peayn3anuy mpaBa Ha
obecneuenre HeoOxoxumbiMu JIIT (OHJIIT)/JIJIO).
Hcmonb30BaHEe MUKPOCETMEHTAIIUU  IIO3BOJISET
BBIZIEJTUTh CETMEHTHI JIBFOTOIOJIyYaTeJIed OHOTO
cyopekta PO. CerMeHT — 5TO BbIJIEJIEHHAs YacTh
PBIHKA, T.e. JIbTOTOIIOJIyJYaTes e, KOTOpasi XapaKTe-
pusyercsi yCTOWUYMBBIMHU IapaMmerpaMmu. MOHHUTO-
PUHT CETMEHTOB T03BOJIsAET OoJiee 3(pHEKTHUBHO O11e-
HUBaTh (IUIAHUPOBATh) JI€HEXKHbIE CPENCTBA IS
obocHOBaHUA 00BEMOB (UHAHCUPOBAHUA HA
OHJITI/JIJIO, obecrieunBaTh paBHbIE BO3MOKHOCTH
MOJIyYeHUs1 JIbTOTHOH JIEKAPCTBEHHOW ITOMOIIIH
rpakJjaHaM.

B pesysipTaTe KOHTEHT-aHAIN3a HAYYHON MapKe-
THHTOBOU U (papMareBTHUeCKOH JINTEPATYPHI, Pese-
PaJIBHBIX 3aKOHOB, HOPMATUBHBIX JOKYMEHTOB
MunsnpaBa PO u HCO 6b11 pazpaboTad MeToiude-
CKHH MOAX0/T K MUKPOCETMEHTAIUU JIBTOTHBIX KaTe-
ropuii HaceseHus, npoxupatomux B8 HCO (pwuc. 1).
JlaHHBIT 0JIX07] BKJIIOUAJI Ha IEPBOM 3Talle CerMeH-
TalMIo JILIOTOIMOJIyYaTesiel M0 TeorpadpuuecKomMy
KPHUTEPUIO — MECTY IIPOKUBAHUSA B COOTBETCTBUHU C
3aKOHOM « 00 a/IMIHUCTPATUBHO-TEPPUTOPUATIBHOM
ycrpotictBe HoBoCcMOUPCKOI 0061aCTH» — MPOKUBA-

assistance as a package of social services (according
to the NR); departmental materials of the Ministry of
Health of the NR, Novosiboblfarm, the database of
Novosiboblfarm on the cost and number of prescrip-
tions provided over the period of 2019—-2023 by
municipal districts (MD) and urban districts (UD) of
the region.

Research methods were: content analysis, logical,
statistical, retrospective, and marketing methods of
analysis.

The results of the study were processed using Sta-
tistica+ 3.5.0 and STATISTICA 6.0.

Segmentation is a systematic process that con-
sists in dividing patients into segments (groups) that
differ in their parameters (gender, age, social status,
etc.) orin response to certain types of activities (exer-
cising the right to provision of essential medicines
(PEM)/SPM). Micro-segmentation allows to identify
segments of beneficiaries of one constituent entity of
the RF. A segment is a selected part of the market,
i.e. beneficiaries, which is characterized by stable
parameters. Segment monitoring makes it possible
to more effectively evaluate (plan) funds to justify
the amount of funding for PEM/SPM, and ensure
equal opportunities for citizens to receive beneficiary
pharmaceutical care.

As a result of a content analysis of scientific mar-
keting and pharmaceutical literature, federal laws,
and regulatory documents of the Ministry of Health
of the RF and the NR, a methodological approach to
micro-segmentation of beneficiary categories of the
population living in the NR was developed (Fig. 1). At
the first stage, this approach included the segmenta-
tion of beneficiaries by geographical criterion: place
of residence in accordance with the law “On the
administrative-territorial structure of the Novosi-
birsk region” — living in the MD or UD of the region,
the detection and description of segments of benefi-
ciaries.

At the second stage, the beneficiary categories of
citizens were segmented by socio-demographic
parameters: the level of provision (funding) of bene-
ficiaries: from the federal (the RF) or regional (the
NR) budgets, i.e. federal or regional beneficiaries.
Federal beneficiaries include citizens who receive a
package of social services in terms of medicines at
the expense of the federal budget. Regional benefi-
ciaries include those who receive medicines for free
(100% benetit) or at a 50% discount (50% benefit) at
the expense of the constituent entity of the Russian
Federation — the NR.

Behavioral segmentation was carried out using
the criterion of exercising the right to PEM or SPM,
included a description of the selected segments, the
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CermeHTalys JIbroTONOMyYaTenei
Segmentation of beneficiaries

v

Teorpagmueckas cermeHTanust (10 MECTY MTPOKUBAHHST)
Geographical segmentation (by place of residence)

v
v '

JIbroronosyuaresnu, npoxusarouiye B 'O JIbroronomyuarenu, npokusaromiie B MP
Beneficiaries residing in UD Beneficiaries residing in MD

| |
Y

ConuanbHo-geMorpaguyeckasi cerMeHTAIHUS
Kputepuii: ypoBeHs obecriedenus (MCTOUHUK (prHAHCHpOoBaHus) — 6romket PO, 6romker HCO
Socio-demographic segmentation
Criterion: level of provision (funding) — the RF budget, the NR budget

Y
Y v

®enepanbheiii / Federal Peruonanbusiii / Regional

| |
v

IToBeneHueckast cerMeHTaALUsA
Kpurepuii: peanmmzanus npasa xa OHJIIT (JIJIO)
Behavioral segmentation
Criterion: exercising the right to PEM (SPM)

Y Y

CerMeHT rpaxaaH, HMEIOLINX
npaso va OHJIIT (JIJIO)
Segment of citizens entitled
the right to PEM (SPM)

CermeHT rpax/aH, peanu3ytomux npaso za OHJIII (JIJIO)
Segment of citizens exercising the right to PEM (SPM)

CerMeHTAIMsI 1O MOJIY M BO3PACTHOMY COCTABY
Segmentation by gender and age

Y Y

\
A

CerMeHT JIMI] MJIaJIine CerMeHT JIIL CerMeHT JIUII cTapuie
TPYOCIIOCOOHOTO BO3pacTa TPYIOCIIOCOOHOTO BO3pacTa TPYZOCIIOCOOHOTO BO3pacTa
Segment of people Segment of people Segment of people
under working age of working age over working age
| |
Y v Y
CerMeHT: OT/eNbHBIC KaTeTOPUU CerMeHT: KaTeropuu
_ rpaxaat (Ne 178-03) CerMeHT: IpyIIlbl HaCCICHUs 3abonesanuii (ITI1 Ne 890)
o Segment: certain categories Segment: population groups Segment: categories
of citizens (No. 178-FZ) of diseases (DG No. 890)

Puc. 1. Cxema, oTpakaromas METOAUIECKUHN TIOX0/T K MUKPOCErMEHTAIIUH JIbIOTOIIOTyYaTesein
(T'O — ropoxckoii okpyr; MP — MmyHununanbHbi paiion; OHJIII — ob6ecnieueHne HEOOXOAMMBIMH JIEKAPCTBEHHBIMU
npenapaTtamu; JIJIO — sibrotHoe iekapcrBeHHOe obecrieuenue; O3 — deiepasbHbIN 3aKOH;
IIIT — mocranoBseHue [IpaButenscrea PO)
Fig. 1. A diagram of a methodological approach to micro-segmentation of beneficiaries
(UD — urban district; MD — municipal district; PEM — provision of essential medicines; SPM — subsidized provision
of medicines; FZ — Federal Law; DG — Decree of the Government of the Russian Federation)
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romve B MP i 'O pernona, BeIZieJIEHUE U OIHCA-
HHE CerMEeHTOB-JIbTOTOIOJTyYaTeIeH.

Ha BTOpOM »3Tame NpOBOJMIACH CETrMEHTAIIHS
JITOTHBIX KaTErOpUi TpaskJaH II0 COIUAJIBHO-
JleMorpauuecKuM IOKa3aTesIsAM: YPOBHIO obecrie-
yenus ((PpUHAHCUPOBAHUSA) JIBTOTOIOJyUATENIEH —
u3 denepanbHoro (P®) mwin pernonansaoro (HCO)
O10/KETOB, T.e. (pefiepasibHbIe WU PETHOHAJIbHBIE
gproronosydatenu. K demepasbHbIM JIBTOTOIOITY-
YaTeyIsIM OTHOCSITCS Tpask/iaHe, MoJIydarolie Habop
COIMAJIPHBIX YCIIYT B YACTH JIEKAPCTBEHHOTO O0ecte-
yeHud 32 cueT ¢enepaspbHoro Orokera. K peruo-
HaJbHBIM JIBFOTOIIOJIyYaTeIsIM OTHOCSTCS JIWIIA,
nosyqarorrue JIIT 6ecriatHo (100% JIbroTa) MU Co
CKHJIKOH B 50 % OT CTOMMOCTH JIEKAPCTBEHHOTO ITpe-
mapata (50% Jyibrora) 3a cuet cyobexkra PO — HCO.

[ToBe/leHUeCKasi CerMeHTalsl IPOBOAWIIACH C
HCIIOJIb30BAHHEM KPUTEPUS peajn3anuu mpaBa Ha
OHUJIIT mnm JIJIO, BKJIOUasia ONKCAHHE BBIAEJIEH-
HBIX CETMEHTOB, PAcUeT OTHOCUTEJIbHBIX ITOKa3aTe-
Jiel yCTOMYUBOCTU CETMEHTOB — JI0JIA U TEMIIOB IIPHU-
pocra 3a mepuoj; 2019—2023 IT. JJis BBISABJIEHUS
TEH/IEHITUH 32 UCCIIeyeMbBIH ITEPHUO]T.

Ha tperhem aTame GbUT BBIOPAH CETMEHT JIBIOTO-
roJrygaTesiel, peanusyomux mpaso Ha OHJIIT win
JIJIO, v mpuMeHsIJICS TPUEM CETMEHTAITHH «BIITyOb»
110 ieMorpaduyecKuM MOKa3aTeJIsIM: 10 ITOJIy U BO3-
pactHoMy cocTaBy. B pesysibTaTe OBLIU BBIJEIEHbI
OT/IEJIHO CETMEHTHI (De/IepaTbHBIX U PETHOHAIBHBIX
JIBTOTOIIOJIyYUaTesel: 1) MJIAIIIE TPYIOCIOCOOHOTO
Bo3pacra (JIeTu /10 15 JIET); 2) TPYI0CIOCOOHOTO BO3-
pacra (B 2019 T. TPYAOCIOCOOHBIM CUUTAJICS BO3-
pact: mis MyXYuH 16-59 JIeT, IS SKEHITUH
16—54 rozia; B 2020 T. i1 My»K4YHH 16—60 JeT, Aad
JKEHIIUH 16—55 JIET; B 2021—2023 TIT. JUIsI MYKUHH
16—61 roj, A1 KeHIIIUH 16—56 JIeT); 3) crapiie Tpy-
JTOCIIOCOOHOTO Bo3pacTa (B 2019 T. 3KEHIIIUHBI B BO3-
pacte 56 JeT u cTaplile, My>KUYUHbBI 60 JIET U cTapIile,
B 2020 T. KEHII[UHBI B BO3pacre 56 JIET U CTapIIle,
MY;KYHUHBI 61 TO/Ia U CTapIlle U ¢ 2021 T. COOTBET-
CTBEHHO JKEHIIIUHBI B BO3pacTe 56 JIET U CTapIlle,
MY>KUYHMHBI 62 TO/Ia U CTapIIIE).

3ateM denepasibHble U PETHOHAIBHBIE JIBIOTO-
MOJTy4YaTesIH, PeaTu3yoIlie MpaBo0 HA MEPHI COIH-
aJIPHOU TOJIJIEPKKU, OBUIM pas/iesieHbl Ha 3 cer-
MeHTa: KaTeropuu TpaskAaH, KaTeropuu 3abosieBa-
HUH, TPYIIIbI HACEJIEHUs B COOTBETCTBUH C 3aKOHO-
naresnbcTBoM P®. IIpoBeneH CpaBHUTEIbHBIA aHa-
JIU3 BTUX CETMEHTOB 3a IepHoJ] 2019—2023 IT.
K denepasbHbIM JIBrOTOMOIYYATENIIM OTHOCHJIA
nostyuartesieir HCY B yacTu JiekapcTBEHHOTO obecte-
YeHHs B cOOTBeTCcTBUU ¢ PeepaibHBIM 3aKOHOM OT
17.07.1999 N2 178-03 «O rocyapcTBeHHOU COIH-
aJIbHON ToMOIu». K pernoHaJbHbIM JIBIOTOIIOJIY-

calculation of relative indicators of segment sta-
bility — the proportion and growth rates over the
period of 2019—2023 to identify trends for the period
under study.

At the third stage, a segment of beneficiaries exer-
cising the right to PEM or SPM was selected, and the
method of segmentation in depth by demographic
indices was applied: by gender and age. As a result,
the segments of federal and regional beneficiaries
were singled out separately: 1) under working age
(children under 15 years old); 2) working age (in
2019, working age was defined as follows: for men
16—59 years old, for women 16—54 years old; in
2020, for men 16—60 years old, for women
16—55 years old; in 2021—2023, for men 16—61 years
old, for women 16—56 years old); 3) over working age
(in 2019, women aged 56 and over, men 60 and over;
in 2020, women aged 56 and over, men 61 and over,
and from 2021 respectively, women aged 56 years
and over, men 62 years and over).

Then, federal and regional beneficiaries exercis-
ing the right to social support measures were divided
into 3 segments: categories of citizens, categories of
diseases, and the population group in accordance
with the legislation of the RF. A comparative analysis
of these segments over the period of 2019—2023 was
carried out. Federal beneficiaries included beneficia-
ries entitled to provision of medicines in accordance
with Federal Law No. 178-FZ dated 07.17.1999 “On
State Social Assistance”. Regional beneficiaries
included individuals with diseases or belonging to
the population groups entitled to SPM in accordance
with the Decree of the Government of the RF No. 890

of 30.07.1994.

RESULTS AND DISCUSSION

As aresult of geographical segmentation (place of
residence), it was found that the segment of benefi-
ciaries who lived in five UD was 3,92 times larger
than the segment of beneficiaries who lived in 30 MD
in the NR. This trend has been maintained through-
out the analyzed period, and it requires further in-
depth research to ensure equal opportunities for citi-
zens to beneficiary pharmaceutical care.

Segmentation according to the criterion “level of
provision (source of financing)” made it possible to
identify the federal segment of beneficiaries, the pro-
portion of which in 2023 was 26,17%, and the
regional segment, with 73,83%. During the period
analyzed, the proportion of the federal segment
increased by 19,12%, while the proportion of the
regional segment decreased by 8,29%.

It is important to determine the proportions of ben-
eficiaries of the federal and regional segments of the
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YaTessiM OTHOCWJIM JIMI, UMEIOIUX 3a00J1eBaHUs
WIW OTHOCAIIMXCS K TPYyIIIaM HacesJeHUs, UMero-
muM 1paso Ha JIJIO B cOOTBETCTBUM C IIOCTAHOBJIE-
aueMm IIpaBurennscTBa Poccuiickoit ®@enepanuu OT
30.07.1994 N2 89o0.

PE3YJ/IBTATBI 1 OBCYKAEHUE

B pesynbpraTe cermeHTanmuu 1o Treorpaduye-
CKOMY IIpU3HaKy (MecTy MpOKUBaHUA) OBLIO yCTa-
HOBJIEHO, YTO CEIMEHT JIbIOTOIIOJIyyaTesel, IpoKu-
BaBmuX B I1ATu 'O, B 3,02 pa3a npesblial CerMeHT
JIBTOTOIOJIyYaTesIed, MpokuBaBmux B 30 MP HCO.
JlaHHas TeHJIEHIIUA COXpaHseTCsA Ha IPOTSKeHUU
AHAIN3UPYEMOTO TepHoia U TpedyeT JaJbHEeHIIIX
yIUIyOJIEHHBIX CCIIEJIOBAHUH /711 0OecrieueH s paB-
HBIX BO3MOXKHOCTeH IIOJIydeHUs JIbFOTHOH JieKap-
CTBEHHOU MOMOIIY TPak/IaHaM.

[TpoBeneHue cerMeHTANNU 110 KPUTEPUIO «yPO-
BeHb obecrnedyeHUus (UCTOYHUK (QUHAHCHUPOBA-
HHsI)» I03BOJIMJIO BBIEIUTH (deaepaabHbIA cer-
MEHT JIBTOTOIOJIyYaTesel, J0Js KOTOPOTO B
2023 T. cocTaBiana 26,17 %, 1 peTrHOHAJIBHBIN ceT-
MeHT (73,83 %). 3a aHAIU3UPYEMBbIN IEPUOJ, TIPO-
W30IIeJI IPUPOCT AOIU delepaTbHOTO CEerMeHTa
Ha 19,12 %, IpU COKpAIleHHUU JO0JU PErnoHaIb-
HOTO cerMeHTa Ha 8,29 %.

BaskHBIM SBIISIETCA OIpeEnesieHHe JOJIU JIbIOTO-
nostydatesiei ¢e/iepalIbHOTO U PETHOHATIBHOTO Cer-
MEHTOB OT uucjaeHHoctu Hacenenuss HCO (puc. 2).
Pe3ysbTaThl pacyeToB MTOKA3aJIH, YTO IIPUPOCT JIOJIH
JIBrOoTOIONy4YaTe el eiepaIbHOTO cerMeHTa COCTa-
B 18,85 %, /107151 pETHOHAIBHOTO CETMEHTa, HAIIpO-
THB, CHU3WJIACh Ha 18,47 % OT YUCI€eHHOCTH HaceJe-
aug HCO.

population of the NR (Fig. 2). The calculation results
showed that an increase in the proportion of beneficia-
ries of the federal segment amounted to 18,85%, the
proportion of the regional segment, on the contrary,
decreased by 18,47% of the population of the NR.

Then, the federal and regional segments of bene-
ficiaries were studied in the context of the implemen-
tation of the right to PEM/SPM.

The results of segmentation of federal beneficia-
ries by the criterion of exercising the right to PEM
are shown in Fig. 3. The proportion of the segment of
federal beneficiaries exercising the right to state
social assistance (SSA) decreased from 60,8% in
2019 to 53,5% in 2023 during the analyzed period.
The segment growth is characterized by negative val-
ues: —12%. The proportion of the segment of federal
beneficiaries who chose monetization of benefits
during the analyzed period increased from 39,2% in
2019 to 46,5% in 2023 and is characterized by the
positive increase of 18,62%.

The results of segmentation of regional beneficia-
ries according to the criterion of exercising the right
to SPM are shown in Fig. 4. It was found that the pro-
portion of the segment of regional beneficiaries exer-
cising the right to SPM during the analyzed period
increased from 28,5% in 2019 to 33,9% in 2023. An
increase in this segment amounted to 18,9%. The
proportion of the segment of regional beneficiaries
who do not exercise the right to SPM has significantly
decreased over the analyzed period by 75,52 %.

In accordance with the developed methodological
approach (Fig. 1), the segments of federal and
regional beneficiaries who exercise the right to PEM/
SPM were selected for further research, and socio-

% 12,00 ~ 10.72
10,00 — 9,17 8,74
8,17 8,02
8,00 —
6,00 —
4,00
2,60 2,58 2,48 2,46 3.0
2300 _j
0
2019 2020 2021 2022 2023

B ®enepanbHbIil cerMeHT

Federal segment

[ PermonansHbINA CErMEHT
Regional segment

Puc. 2. Jlosiu sibrorormosyJaresieil ¢hefepaybHOro ¥ PerioHaIBHOTO CETMEHTOB OT YrcieHHocTH HaceneHus HCO
3a EePHUOZ 2019—2023 IT.
Fig. 2. The proportions of beneficiaries of the federal and regional segments of the population of the NR
over the period of 2019—2023
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53,5
2023 —465

51,9
2022 —481

2021 _461 53,9
2020 —423 57,7
2019 # 60,8

[
0 10 20 30 40

T
50 60 70 80 90 100 %

B Peanusyror npaBo Ha obecredeHrne HeoOXOMUMbIMHU JIEKapCTBEHHBIMHU IIperapaTamMu
Exercise the right to be provided with essential medicines

0 He peanmsyior mpaBo Ha obecrederne HeoOXOIMMBIMH JIEKapCTBEHHBIMH MpeTapaTaMn
Do not exercise the right to be provided with essential medicines

Puc. 3. PegysibraThl cermeHTanmu (pefiepayibHbIX JIbIOTOIIOTyYaTe el 110 KPUTEPHIO peasu3anuu rmpasa Ha OHJIIT
32 2019—2023 IT.
Fig. 3. The results of segmentation of federal beneficiaries by the criterion of exercising the right to PEM
over the period of 2019—2023

3ateM (desepasbHble U peTHOHAIbHBIE CETMEHTBI
JIBTOTOTOJIyYaTe el N3yJaInuch B KOHTEKCTE peasu-
3anuu rpasa Ha OHJITI/JIJIO.

PesysnpraThl cermenTanuu efiepasabHbIX JIBIOTO-
rosiydaresiell o KPUTEPUIO pean3aliiy IIpaBa Ha
OHJIIT mpexcraBiieHbl Ha puc. 3. oA cermeHTa
(esrepasIbHBIX JIBIOTONOJIyYaTeNeH, PeaTH3YIONTIX
[IpaBO Ha TOCYJAPCTBEHHYIO COIIMAJIbHYIO IIOMOIIb
(I'CII), 3a amanm3WpyeMbIl IEpUON CHUBIIACH C
60,8 % B 2019 T. 10 53,5 % B 2023 T. [Ipupoct cer-
MEeHTa XapaKTepusyercs OTpULIaTeIbHBIMU 3HAUeHH-
AMu: —12 %. [lona cermenTa defiepaibHBIX JIBIOTOIIO-
JIyJyareyiel, KOTOpble BbIODAJIN MOHETH3AIUIO JIBIOT
32 AaHAJIU3UPYEMBIH [IePUOJI, YBEJTUIHIACh € 39,2 % B
2019 T. 0 46,5 % B 2023 T. 1 XapaKTepU3yeTcs MOJI0-
JKUTEIbHBIM ITpupocToM: 18,62 %.

PesysipTaThl CErMeHTAllUM PETMOHAIBHBIX JIBIO-
TOIIOJTyYaTesIed 110 KPUTEPUIO PeaTn3allyy IIpaBa Ha
JUUIO mpepcraBieHbl Ha PHUC. 4. YCTAaHOBJIEHO, YTO
JIOJIS1 CerMeHTa PEerMOHAIBHBIX JIBIOTOIIOJIyJaTesel,
peanmsytomux npaBo Ha JUJIO, 3a aHAIM3UPyeMBbIiH
Tepuoy, yBestmumiach ¢ 28,5 % B 2019 T. 710 33,9 % B
2023 r. [Ipupoct cermenTa cocrassier 18,95 %. Jlons
CerMeHTa PETMOHAJIBHBIX JIBIOTOIOJIyIaTes e, KOTO-
pble He 1osb3yoTesa npasoM Ha JIJIO, 3a anamsupye-
MBbIH TTEPUO/] CYIIIECTBEHHO COKPATHIach — Ha 75,52 %.

B cooTrBeTcTBUM € pa3pabOTAaHHBIM METO/MYe-
CKHM IT0JIX0/IOM (CM. pHC. 1) 11 JJATTbHEUIIINX HCCITe-
JIOBAaHUH ObLITA BRIOPAHBI CETMEHTHI (heIepTHHBIX U
PerHOHATBHBIX JIBIOTOIOJIYJIaTEIeH, KOTOPhIE pea-
gusyior mpaBo Ha OHJIII/JIJIO, npoBoawiach
conuasibHO-JieMorpaduueckass CerMeHTalus IO
MIPU3HAKAM «II0JI», «BO3pACTHAsI IPYIIIIa».

demographic segmentation was carried out accord-
ing to the “gender” and “age group” criteria.

The calculations showed that in the segment of
federal beneficiaries, the proportion of women was
57,3% in 2023, with an increase of 12,3%; in the
segment of regional beneficiaries, the proportion of
women was even higher — 78,2%, with an increase
of 5,1%.

Three segments of federal beneficiaries exercis-
ing the right to PEM/SPM were identified by age
(Fig. 5), with the segment of beneficiaries over
working age was the largest: 67,0% in 2019 and
67,0% in 2023; the growth in this age group was
negative: —1.33%. The proportion of the segment of
working age beneficiaries was 26,0% in 2019 and
25,8% in 2023; the growth was also negative:
—0,77%. The proportion of the segment of under
working age beneficiaries was 6,1% in 2019 and
7,2% in 2023; the increase was 18,0%.

The results of segmentation of regional beneficia-
ries exercising the right to SPM by age over the
period of 2019—2023 are presented in Fig. 6. It
should be noted that the segment of individuals over
working age, which increased in the studied period
by 7,20%, was predominant; also, the increase in the
segment of working age individuals by 1,25% with a
significant decrease in the proportion of individuals
working age by 25,42% were recorded.

Then, the dynamics of the age group propor-
tions of federal beneficiaries exercising the right to
PEM in the total number of beneficiaries was ana-
lyzed (Fig. 7). The study showed that the propor-
tion of beneficiaries of over working age who exer-
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2023
2022 68,3
2021 69,5
2020
2019 71,5
0 10 20 30 40 50 60 70 8|0 9IO 1(;0 %

B Peanusyror npaBo Ha JBIOTHOE JIEKAPCTBEHHOE 00ECIICYCHUE
Exercise the right to subsidized provision of medicines

[ He peanusyror npaBo Ha JIbIOTHOE JEKAPCTBEHHOE 00ECIICUeHHE
Do not exercise the right to subsidized provision of medicines

Puc. 4. Pe3ysibTaThl CErMEHTAINH PETHOHATIBHBIX JITOTOIOJIyYaTeIIeN [0 KPUTEPUIO PEATU3Aal[IIH [TPAaBa
Ha JIBTOTHOE TOCYZaPCTBEHHOE 00eCIieueH e
Fig. 4. The results of segmentation of regional beneficiaries according to the criterion of exercising the right
to subsidized provision of medicines

Kak mokaszanu pacueTsl, B cerMeHTe deiepaib-
HBIX JIbIOTOIIOJIyYaTeJIeH JOJIs JKEHIITUH COCTABJISIA
57,3 % B 2023 T., IpUPOCT 12,3 %; B CeTMEHTE PErno-
HaJIbHBIX JIbBTOTHUKOB JI0JIs 3KEHIIUH elle 00JIblie —
78,2 %, mpupocrT 5,1 %.

Brutn BBIZIETIEHBI TPU cerMeHTa QefeparTbHbIX
JIBTOTOTIONIyYaTesel, peaJu3yolnux IMpaBo Ha
OHJIII/JIJIO, mo Bo3pacTHOMY cocTaBy (puc. 5),
npuyeM HaubOJBIINM OBbLI CETMEHT JIbIOTHUKOB
cTapiie TpyA0CIocoOHOro Bo3pacra: 67,9 % B 2019 T.

2023

2022

2021

2020

2019

cise the right to PEM, decreased from 72,3% in
2019 to 68,6% in 2023, thus indicating that
patients with chronic diseases remain in the pro-
gram. The proportion of the segment of working
age beneficiaries also decreased from 45,5% in
2019 to 37% in 2023, and the proportion of the
under-working-age beneficiaries — from 45,1% to
36,4%, respectively. Patients monetize the benefit,
choose a monetary equivalent, and transfer into
the regional segment.

67

66

67

68

67,9

0 10 20 30 40

B Muazmre TpygocnocoOHOro Bo3pacta

Under working age Working age

50 60 70 80 90

B Tpymocmocobuoro Bo3pacra

T
100 %

B Crapure TpygocnocoOGHOTo Bo3pacra
Over working age

Puc. 5. PesysbraTel cermenTanuu heiepaabHbIX JIbrOTONOIyYaTeIeH, PEaTU3yOIIUX IPABO
Ha JIbFOTHOE JIEKAPCTBEHHOE 00ecIieueHue, 10 BO3PACTHOMY COCTaBy 3a IIEPHO/| 2019—2023 IT.
Fig. 5. The results of segmentation of federal beneficiaries exercising the right to subsidized provision of medicines
by age over the period of 2019—2023
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2023 62.5

2022
61,5

2021
61,3

2020
60,7

2019

T
0 10 20 30 40 50 60 70 80 90 100 %

B Crapuie Tpynocnoco6Horo Bo3pacra
Over working age

B TpynocnocoGHoro Bospacra
Working age

B Miamue TpygocnocoGHOro Bo3pacra
Under working age

Puc. 6. Pe3ysibraThl CErMEHTAINN PETHOHAIBHBIX JIbIOTOOIyYaTe e, PeaTU3yOIUX IPABO
HAa JIbFOTHOE JIEKAPCTBEHHOE 00ECIIeUeH e, 10 BO3PACTHOMY COCTaBy 3a EPHOJL 2019—2023 IT.
Fig. 6. The results of segmentation of regional beneficiaries exercising the right to subsidized provision
of medicines by age over the period of 2019—2023

u 67,0 % B 2023 T., IPUPOCT B IAHHON BO3PACTHOU
rpymne O0bLI OTpULATeNbHBIM: —1,33 %. Jlomsa cer-
MEeHTa JIBTOTHHKOB TPYZOCIOCOOHOTO BO3pacra
cocrasiisiia 26,0 % B 2019 T. 1 25,8 % B 2023 T., IpU-
poCT Takske ObLI OTPUIATEIBHBIN: —0,77 %. JloJis
CerMeHTa JIBTOTHHUKOB MJIQJIIIE TPY/IOCIIOCOGHOTO
BO3pacra paBHAIACH 6,1 % B2019T. U 7,2 % B2023T.,
npupoct 18,0 %.

PesyspTaThl cerMeHTallU PeTHOHAIBHBIX JIBIO-
TOIoJIy4yaresel, peaqusyoiux npaso Ha JIJIO, o
BO3PACTHOMY COCTaBy 3a IEPUOJ 2019—2023 IT.
IIpeJicTaBjeHbl HAa puUC. 6. 3/1ech caefyeT OTMETUTh
npeobyaflaHue CerMeHTa JIUI| CTaplle TPYAOCIO-
cOoOHOTO BO3pacTa, KOTOPHIHA YBEJIUYHUJICA B AaHAIIH-
3UpyeMOM IePUOo/ie HA 7,20 %; TaKKe OTMedaeTcs
MPUPOCT U B CETMEHTE JIUI TPYAOCIOCOOHOTO BO3-
pacra Ha 1,25 % IpPU CYIIECTBEHHOM COKDAIeHUU
JIOJIY JIUL MJIAZIIIE TPY/IOCIIOCOOHOTO BO3pacTa Ha
25,42 %.

3aTeM NpPOBOAWICA AHAIN3 JAUHAMUKHU JIOJIEH
BO3PACTHBIX TPYIII delepasbHbIX JIBIOTOIOIyYaTe-
JieH, mosp3yromuxcsa npasom Ha OHJITI, B obmem
KOJIMYEeCTBE JIbroTomoryuaresnei (puc. 7). Mceneno-
BaHUe [T0KA3aJI0, YTO JIOJISI ceTMeHTA JIbIOTONOIyYa-
TeJiel, nosp3ylomuxcsa npasom Ha OHJIII, crapiie
TPYAOCIOCOOHOTO BO3pacTa CHU3WIACH C 72,3 % B
2019 T. 10 68,6 % B 2023 T., 3TO CBUJIETEIbCTBYET O
TOM, YTO B IIPOTPaMMe OCTAIOTCA MaIueHThl, UMelo-
mye xpoHuuyeckue 3abosieBaHus. [ons cermeHta
JIBTOTOIIOJIyYaTesIed  TPYZLOCIIOCOOHOTO  BO3pacTa
TaKXKe COKpaTWIach ¢ 45,5 % B 2019 T. 710 37 % B

The proportion of regional beneficiaries exercis-
ing the right to SPM by age group in the total number
of beneficiaries over the period of 2019—2023 is
shown in Fig. 8.

Regional beneficiaries have not the right to mon-
etize SPM, so the situation in the age groups is differ-
ent. In the age group of the segment of regional ben-
eficiaries, the proportion of the over-working-age
individuals increased from 27,9% in 2019 to 38% in
2023; the proportion of working-age individuals
remained unchanged at the level of 30,1%, and the
proportion of under-working-age individuals
increased from 28,5% in 2019 to 37,2% in 2023.

Subsequently, federal and regional beneficiaries
exercising the right to PEM/SPM in accordance with
the legislation of the RF and the developed method-
ological approach, were divided into segments by
individual categories, population groups and catego-
ries of diseases.

The results of segmentation of federal beneficiaries,
exercising the right to PEM by individual categories
over the period of 2019—2023 are shown in Fig. 9. Five
segments of beneficiaries were identified, the increase
of 8,22% was recorded in the segments of children with
disabilities, grade 1 disabled people — by 22,30%, in the
segments of grade 2 and 3 disabled people, the growth
had negative values: —23,10% and 7,83%, respectively,
which is explained by their reduction and transition
into the segment of regional beneficiaries. Because of
paucity, veterans of the Great Patriotic War (GPW),
disabled war veterans, individuals awarded with the
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Puc. 7. [lonu dbeiepasbHbIX JIbIOTONOTyYaTe eH, HOIb3YOIUXCS IPABOM Ha obecieueHre He0OX0[UMbIMHU JIEKAPCTBEH-
HBIMH IIPerapaTaMu, 10 BO3PACTHBIM IPYIIIaM B 00I[eM KOJIMYECTBE JIbIOTOOIyYaTe el 3a IePHoJL 2019—2023 IT.
Fig. 7. The proportions of federal beneficiaries exercising the right to provision of essential medicines by age group
in the total number of beneficiaries over the period of 2019—2023

2023 T., MJa/JlIe TPYOCIOCOOHOTO BO3pacTa — ¢
45,1 110 36,4 % cooTBeTCTBeHHO. [lalieHThl MOHETH-
3UPYIOT JIbTOTY, BBIOUPAIOT IEHEKHBIN SKBUBAJIEHT,
[IepeXO/IAT B PETHOHAJIBHBIM CETMEHT.

oyl pernoHayJIbHBIX JIBIOTOIOIyYaTesiel, pea-
Jusyomux npaso Ha JIJIO, Mo BO3pacTHBIM TI'pyII-
maMm B OOIlleM KOJIMYECTBE JIbTOTOIIOJIydaTesel 3a
IepuoJi 2019—2023 IT. Ipe/icTaBeHa Ha puc. 8.

PeruoHaspHbIe JIBIOTOIIOyYaTeIU HEe Ha/leJIeHbl
npaBoM MoHetuzanuu JIJIO, mostoMy cutyanus B
BO3pACTHBIX TPyHIIax OT/IW4Yaercsa. B BospacTtHOU
rpyllle cerMeHTa PeruOHAJIbHBIX JIBIOTOIOJIydaTe-
JIel JIOJIS JIMI] CTaplle TPY0CIOCOOHOTO BO3pacTa
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B Muanure TpyaoCcnocoGHOro Bo3pacTa
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B Tpynocrnoco6Horo Bo3pacra
Working age

“Resident of Blockaded Leningrad” badge, family
members of deceased disabled GPW veterans and GPW
veterans, and combat veterans were grouped into the
“other categories” segment, which was characterized by
the growth of 9,35% only due to an increase of the seg-
ment of combat veterans.

The results of segmentation of regional beneficia-
ries exercising the right to SPM by population group
over the period of 2019—2023 are shown in Fig. 10. Five
segments of beneficiaries were also identified, and the
positive increase was found in only one segment: child-
ren from large families — by 9,13%, in the rest segments,
the increase had negative values: in the segment of peo-

37,8 37,4 37,2 38,0

2021 2022 2023

B Crapure TpygocnocoGHOro Bo3pacra
Over working age

Puc. 8. /1011 pernoHaIbHBIX JIbTOTOIIOIyYaTe e, pean3yIOIINX IIPABo Ha JIBIOTHOE JIEKaPCTBEHHOE ObecrieueHue,
I10 BO3PACTHBIM IPYIIIIaM B 00IIEM KOJIUUECTBE JIbIOTOIOIydaTe el 3a EPUo] 2019—2023 IT.
Fig. 8. The proportion of regional beneficiaries exercising the right to provision of essential medicines by age groups
in the total number of beneficiaries over the period of 2019—2023
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Other categories of citizens, including veterans of the GPW, disabled veterans of the GPW, individuals awarded
the “Resident of Blockaded Leningrad” badge, family members of deceased disabled GPW veterans and GPW veterans,

combat veterans

Puc. 9. CermenTanus (eiepabHbBIX JILIOTOTIOIyUaTe e, peaTM3yIOIIIX [IPaBo Ha o0ecreueHne
HEOOXOTUMBIMU JIEKAPCTBEHHBIMHU TIPEapaTaMu, [0 OTAETHHBIM KaTETOPHAM 3a IEpHo] 2019—2023 IT.
Fig. 9. Segmentation of federal beneficiaries exercising the right to provision of essential medicines
by individual categories over the period of 2019—2023 (GPW — Great Patriotic War)

yBeJIMUYUIach ¢ 27,9 % B 2019 T. 10 38 % B 2023 T.,
JIOJIA JIUI[ TPYAOCIIOCOOHOTO BO3pacTa OCTaaach
HEU3MEHHOH — 30,1 %, a JI0JIs JIUI] MJIaJIIe TPY/I0-
CIIOCOOHOTO Bo3pacra yBeauumwaach ¢ 28,5 % B
2019T. 710 37,2 % B 2023 T.

B nanbHeleM ¢eiepayibHblE U PETHOHAIbHBIE
JIBTOTOIIOJIyYaTeNN, YYacTBYIOIINie B  CHUCTEMeE
OHUJIII/JIJIO, B COOTBETCTBUHU € 3aKOHO/IATETHCTBOM
P® u paspaboTaHHBIM METOJIUUYECKHUM IIOJIXO7I0M,
OBLTN pasJieJIeHbl Ha CETMEHTHI 110 OT/IEIbHBIM KaTe-
TOpUSIM, TPYyTIIIaM HaceJIeHHUsI U KaTeropusm 3abosie-
BaHUM.

PesysnibraThl cermeHTanu pefiepabHbIX JIBTOTO-
roJiygaresieii, peanusyomux npaso va OHJIII, o
OT/EJIbHBIM KATETOPUAM 32 MEPHUo 2019—2023 TIT.
MIpe/icTaBJIEHBI HA PUC. 9. BBIIO BBI/IEJIEHO NATH Cer-
MEHTOB JIBTOTOTIOJIyYaTes e, YCTAaHOBJIEH IIPUPOCT B
CeTMEHTaXx «JeTU-UHBAJIUABI» Ha 8,22 %, MHBAJIHIbI
1-# cTeleHUu — Ha 22,30 %, B cerMeHTaxX WHBAJIU/IOB
2-f1 ¥ 3-U CTEeNeHH NMPUPOCT UMeJI OTPUIATETbHbIE
3HaueHus: —23,10 U —7,83 % COOTBETCTBEHHO, UTO
00BsICHAETCSA UX COKpAllleHHEeM, IEPEXO/IOM B Cer-

ple recognized as victims of political repressions, —
10,17%; in the segment of victims of political repres-
sions: —11,06 %; in the segment of children in the first
three years of life: —71,33%, which is explained, in our
opinion, by a sharp decrease in the birth rate in the NR.

The results of segmentation of regional beneficia-
ries exercising the right to SPM by categories of dis-
eases over the period of 2019—2023 are presented in
Fig. 11. Nine segments of beneficiaries were identi-
fied. The increase was found in the following seg-
ments: rheumatism and rheumatoid arthritis by
22,03%; diabetes mellitus by 36,75 %; bronchial
asthma by 29,73 %; Parkinson’s disease by 0,96%;
tuberculosis by 3,29 %; schizophrenia and epilepsy
by 31,60 %; glaucoma by 8,49 %, other diseases
(syphilis, AIDS, HIV) by 3,72 %; in two segments
(cancers and glaucoma, cataract) the growth had
negative values: —0,65 and 11,8 %, respectively.

The growth in the segments of beneficiaries by
disease categories is explained by increased funding
from the regional budget and prompt supply of the
medicines.
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Puc. 10. CermMeHTanusi periOHAIbHBIX JITOTOHOJIyYaTeIIeN, PEaTU3YOIIHX [IPABO
Ha JITOTHOE JIEKapCTBEHHOE 00eCIIeueH e, [0 TPYIIaM HaceJIeHus 3a [IePHoJ] 2019—2023 IT.
Fig. 10. Segmentation of regional beneficiaries exercising the right to subsidized provision
of medicines by population groups over the period of 2019—2023

MEHT PEervOHaJIBHBIX JIBTOTONOJIyuaTesel. B cer-
MEHT «JpyTue KaTeropuu» ObUIH OOBEeAMHEHbI
BCJIEJICTBHE MAJIOUMCIEHHOCTH YYaCTHUKU Besmkon
OreuecrBenHoli BouHbl (BOB), MHBaIMALI BOMHEIL,
JIMIa, HarpaxkaeHHble 3HaKoM «Kuremio Giokan-
HOro JIEeHUHTPaJ1a», WIeHbl CEMel MOTUOIITNX NHBA-
aua0B U yyacTHUKOB BOB, BeTepaHbl 6OEBBIX JIEii-
CTBUU, KOTOPBIH XapaKTEPU30BAICA IPUPOCTOM B
9,35 % HCKJIIOUUTEIBHO 32 CUET YBEJIMUEHUS B CET-
MEHTE BETEPAHOB O0EBBIX JIEHCTBUI.

PesynpTaThl cerMeHTalluy PETHOHAJIBHBIX JIBTOTO-
rmoJiyJyaTesied, peanusyomux mnpaso Ha JIJIO, mo
rpynmnaMm HaceJeHHUs 3a IepUos; 2019—2023 IT. Ipes-
CTaBJIeHBI Ha pHUC. 10. Taxke OBLIO BBIAEJIEHO IISTh
CETMEHTOB JIbI'OTOIIOJIyJaTesIeH, YCTaHOBJIEH II0JIO-
JKUTEJIBHBIM MPUPOCT TOJIBKO B OJHOM CErMEHTE:
JIETH 13 MHOTOZIETHBIX CEMEeH: Ha 9,13 %, B OCTIBHBIX
CEerMeHTaxX IPUPOCT HMeJ OTPUIaTebHbIE 3Have-
HUSA: B CETMEHTe JIUII, IPU3HAHHBIX IOCTPAIABIITUMU
OT TOJINTUYECKUX PEIpeccuil: —10,17 %; B CETMEHTe
JIAI, TIOABEPTIIUXCA IOJUTHYECKUM PEMPECCUAM:
—11,06 %; B cerMeHTe JieTel epBbIX TPEX JIET JKU3HU:
—71,33 %, 9TO OOBSCHSETCSA, HA HAII B3IJIAZ, PESKUM
cokpamernuem poxzaemoctu B HCO.

Pe3ysnpTaThl cCErMEHTAIMN PETHOHAIBHBIX JIBIO-
TOMOJIyyaTesed, petnayomux nmpaso Ha JIJIO, mo
KaTeropusaM 3a00JIeBaHUH 3a ITEPUOJ] 2019—2023 IT.
MIpeJICTaBJIEHbI HA pUC. 11. BBUJIO BBIZIESIEHO IEBATH
CETMEHTOB JIBTOTOIOJIyYaTesIeld. YCTAaHOBJIEH IPU-
POCT B CerMeHTax: PEeBMAaTH3M U PEBMAaTOUIHBIN

CONCLUSION

As a result of implementation of the developed
methodological approach to micro-segmentation of
beneficiaries on the example of the NR, two segments
were identified by the geographical criterion, besides,
the segment of beneficiaries residing in the UD was
3,92 times larger than the segment of beneficiaries
residing in the MD of the NR. Segmentation according
to the criterion “level of provision (source of funding)”
allowed to identify two segments of beneficiaries: the
federal segment with the proportion of 26,17% in
2023 and the regional segment with the proportion of
73,83%. During the period analyzed, the proportion of
the federal segment increased by 19,12%, while that of
the regional segment decreased by 8,29%.

Micro-segmentation-based monitoring of benefi-
ciaries will optimize feedback from executive author-
ities responsible for operation of the system of SPM,
improve work with them, improve the system of
management of regional provision of medicines,
which, in turn, will allow the implementation of state
guarantees for the provision of social support to the
population in full, create conditions and mechanisms
for the effective use of financial, material and infor-
mation resources, will ensure the stability of the pro-
vision of accessible qualified medical care.
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Puc. 11. CermMeHTaIys PErHOHAIBHBIX JIBIOTOIIOIyYaTe e, PeIU3YIOIIUX IPABO
HAa JIbFOTHOE JIEKAPCTBEHHOE 00eCIIeYeHue, [0 KaTeropusaM 3ab0JieBaHmi 3a IEPHOJ] 2019—2023 IT.
Fig. 11. Segmentation of regional beneficiaries exercising the right to subsidized provision of medicines
by disease categories over the period of 2019—2023

apTpuT — Ha 22,93 %; caxapHbIi auaber — Ha
36,75 %; 6poHXUAaIbHASI aCTMa — Ha 29,73 %; 60JIe3Hb
ITapkuHCcoHa — Ha 0,96 %; TyOepKyse3 — Ha 3,29 %;
muzoppeHnus U dIWIeNncus — Ha 31,60 %; ryiay-
KoMma — Ha 8,49 %, npyrue 3abosepanus (cuduiuc,
CIIN/, BUY) — Ha 3,72 %; B ABYX CETMEHTAX: OHKO-
JIorHYeckue 3a601eBaHUs U TJIAyKOMa, KaTapakTa —
MIPUPOCT UMeEJI OTPUIATEJIbHOE 3HaUeHue: —0,65 u
—11,8 % COOTBETCTBEHHO.

IIpupocT B cerMeHTax JIBIOTONOJIydaTeJeH II0
KaTeropusiM 3a00sieBaHUE OOBSACHSETCS YBeIUde-
HHEM O00BHEMOB (DUHAHCUPOBAHHUSA W3 PETHOHATb-
HOTO OIO/IPKeTa, OIEPATHBHOCTHIO TIOCTABOK JIEKap-
CTBEHHBIX CPEJICTB.

3AK/IIOYEHUE

B pesynbrare peasnzanuu pa3paboOTaHHOTO
METO/IMYECKOTO IMOAXO0Za K MHUKpPOCEerMeHTaIuu
sgproromnosydaresieii Ha npuMmepe HCO BbimesneHsl
JiBa cerMeHTa I10 reorpauyeckoMy NIpU3HaKY, IIpU-
YeM CerMeHT JIbIOTOIoJIyvaTesel, IPOKUBABIINX B
I'O, B 3,92 pa3a npeBbIlIaJ CETMEHT JIbIOTOIOIyda-
tesied, mpoxkuBasiiux B MP HCO. IIpoBenienue cer-
MEHTAIlUN 0 KPUTEPHIO «YPOBEHb OOeCreYeHuUs

CIIMCOK JIUTEPATYPBI

1. O rocynapcTBeHHOHM coIMajbHON mnomoinu: dezep.
3aKOH OT 17.07.1999 N 178-03 (mocseusist Bepcust) //
KoncynprautIlaoc. URL: http://www.consultant.ru/

(ucToyHUK (PUHAHCUPOBAHUA)» IO3BOJIUJIO BbIZlE-
JIUTH IBA CETMEHTA JILIOTOIIOJIydaTesiel: dheepaib-
HBIH CETMEHT C JI0JIEH B 2023 T. 26,17 % U peruo-
HaJIBHBIA CeTMEHT — 73,83 %. 3a aHaIM3UpyeMbIi
TIEPUO/], ITPOU30IIesT TPUPOCT A0U (herepasbHOTO
CcermMeHTa Ha 19,12 %, IpU COKPAIIEHUH JJOJTH PETHO-
HaJIbHOTO cerMeHTa Ha 8,29 %.

MOHUTOPUHT JIBTOTOIIOJyUaTe e HAa OCHOBE
MHUKPOCETMEHTAIIUH IO3BOJIUT OINTUMHU3UPOBATH
00OpaTHYIO CBA3b ¢ OpraHaMU HCIIOJTHUTEILHOH BJIa-
CTH, OTBevaIumu 3a peanusanuio JIJIO, ymayg-
IUTHh PabOTy C HUMH, COBEPIIEHCTBOBATh CHCTEMY
PErHOHAILHOTO YIIPABJIEHUs JIEKaPCTBEHHBIM 00e-
CIIEUEHUEM, UTO, B CBOIO OUEPE/Ib, TIO3BOJIUT PeaJIu-
30BaTh T'OCY/IaPCTBEHHbBIE TAPAHTHUH IO IIPEOCTAB-
JIEHUIO COIMAJIbHOU MO/IJIEP>KKU HACEJIEHHUIO B TI0JI-
HOM 00'beMe, CO3/IaCT YCIIOBUS U MeXaHU3MbI 3 dek-
THBHOTO HCIIOJIb30BAHUS (PUHAHCOBBIX, MaTEPHAIIb-
HBIX U HH(GOPMAIIMOHHBIX PECYPCOB, 00ECIIEUUT CTa-
OMIIBHOCTD OKA3aHUSA TOCTYITHON KBUTH(UITIPOBAH-
HOU MeJUIINHCKOH ITOMOIIH.

KoH@uuKT HHTEPECOB. ABTOPHI 3agBJIAIOT 00
OTCYTCTBUY KOH(JINKTA UHTEPECOB.
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BupycHbIli renaTut Ay :kurtesed HoBocuoupcka:
KJIMHUKO-3MUIEeMHUOJIOTUUECKAaA U JJa0opaTOpHas XapaKTepPUCTUKA

E.H. Yconkuna!, E.W. Kpacaosa!, B.I'. Kyzuenosa', 10.B. Kazakosa!, B.B. [IpoBoposa’,
N.B. KpacunwraukoBa2, M.B. beanocukosa?, JI.B. [TogayoHas!

@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHblil meouyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2I'bY3 HCO «I'opodckas uH@exyuoHHan kaunuyeckas 6oaviuya N° 1», Hosocubupck, Poccus

AHHOTAIIMA

BBegeHue. Bupycusii renatur A (BI'A) ocraeTcs akTyayJbHON NPOGJIEMON B CBA3H C IMIMPOKUM PaclIpoCTpaHe-
HUEM B MHUpe, B TOM 4Hcje B Poccruu, perucTpupyeMoii BICOKOH 3a601eBaeMOCTBIO CPEZIN B3POCJIbIX, HAJIMUUEM XapaK-
TEPHBIX AIUIEMHYECKUX BCIIBIIIEK, TOJTUMOPOU3MOM KINHUYECKUX (GOpM. B MUpe yCIIOBHO IPOBOJAT pasziesieHre Ha
CTPaHBI ¢ BBICOKOH, CpeIHEN, HUBKOU U OUY€Hb HU3KOH 9H/IEMUYHOCTHI0. POCCHS OTHOCUTCS K CTPAHAM CO CPETHUM yPOB-
HeM 3HJIEMUYHOCTH, U OTMeYaeTcsl HEPABHOMEPHOCTh BOSHUKHOBEHHA CIIydaeB 3a00JIeBaHUA IO OTAEIbHBIM TEPPUTO-
pusm crpassl. B HoBocubupcekoii obactu 3abosieBaemocts BI'A B 2015—-2023 IT. HMeJsla HEpaBHOMEDPHBIH, 4acTO B3PbhIB-
HOH XapakTep, a ee II0Ka3aTeIl BapbUPOBAJIU B IIPe/iesIax OT 28 710 239 CJIyYaeB, YTO MPOUCXO/IUIIO B IPUMEPHO PaBHBIX
CAaHUTAPHO-3MH/IEMUOJIOTHUECKUX YCIOBHUIX B pernoHe. MakcHMasIbHBIN MobeM 3aboseBaeMocTi BI'A 3apeructpupo-
BaH B 2017, 2019 u 2023 rT. [IokazaTesb 3a0071€BaEMOCTH B 2023 T. (3,04 Ha 100 ThIC. HACEJIEHUs) TIPEBBICUIT HA 20,4 %
rokasareJsib 3aboseBaemoct BI'A 1o Poccuiickoit Peneparuu.

IT e 1 b . OLEHUTh KIIMHUKO-3NIHIEMHUOJIOTHUECKHE U JJabopaTOpHbIe IIoKa3aTeau y 60bHBIX BI'A, rocuTaIN3UpPOBAH-
HBIX B TOPO/ICKYI0 HH(EKIINOHHYIO KJINHUYecKyIo 60pHUIYy NO 1 1. HoBOocuOupcKa ¢ ¢eBpass 1o anpesib 2024 T.
MaTepuasnab U MeToOb5bl . [IpoaHAIM3UPOBAHBI KIMHUKO-3IIH/IEMUIOJIOTUYECKHE U JTaDOpaTOPHBIE TOKa3a-
TeJIn y 56 TOCIUTATU3UPOBAHHBIX C (peBpasis Mo anpesb 2024 T. 60ybpHBIX BI'A. Pacnpe/iesienre 60JIbHBIX 110 Oy OBLIO
CIIEIYIOIIUM: MYKYUH — 22 (41,4 %), xeHiuH — 34 (58,6 %). Cpeauii Bo3pact — 30,3 (15; 62) roga. Jluarao3 BT'A Bepu-
dunuposaics mMerooM UMMYHOMEPMEHTHOTO aHAMW3a. 11 MCKIIOUeHUs] BUPYCHBIX renaTUTOB B u C B CHIBOPOTKe
KPOBU OIIpeJIesIsITINCh CyMMAapHbIe aHTHTeIa K BUpycy renatuta C, aHTUTeHBI ¥ aHTUTeJIa K BUPYCy rernaturta B. Ananuzu-
POBaJIHCH ITOKA3aTeIN FeMOTPaMMBbI U OMOXUMHIYECKOT0 HCCIel0BaHUsA KPOBH. /171 TUarHoCTUKY 3a001eBaHUN BHYTPEH-
HUX OPTaHOB OPIOIIHOH MOJIOCTH TPUMEHSIIOCH YITPAa3BYKOBOE HcciezioBanue. [Ipu onieHKe cTeneHu Tskectd BI'A pyko-
BO/ICTBOBAJIMCh KPUTEPUAMHU KJIMHUYECKUX peKoMeH1anuid MuHucTepeTBa 3/ipaBooxpaHenus PO.

Pes3ynbTarsbl . JOMUHUPYIOIAs BO3PACTHAS TPYIIIA IPEJCTAaBIeHA JIUIAMHU OT 15 A0 20 JIeT (25 %), 60JIbHBIE B
BO3pacTe OT 30 /10 62 JIET COCTABHIH 46 %, Ipeobiaiaiu KeHIIUHBL. Y 19,2 % G0JIbHBIX YCTAHOBJIEH KOHTAKTHO-OBITOBOM
yTh UHGUIPOBaHUs, Y 80,8 % — muieBoi. 3aperucTpUpPOBAHO 4 ouara BCIBIIIEYHOH 3aboaeBaemoctr BI'A. XKestyri-
Has popma BT'A npeBanuposana (87,5 %), Tsxkesas CTENEHb TAKECTU JUATHOCTHPOBAJIACH B 37 % cirydaeB. OTMeUYeHa CBA3b
IIyTH TIepeIayuH U CTEIIEHH TSKECTH — IIPU MHINEBOM ITIYTH MEepeIavyu yallle HabJIio/1aach TsKeIas CTeleHb TsokecTH. Kmu-
HUvecKkas KapTuHa BI'A xapakTepr30Baiach THIUYHON IIMKJINYHOCTHIO T€UEHUS C HAUIMYLEM TPHUIIION0I00HOTO, ACTEHO-
BEreTaTUBHOTO U JIUCIEIICHYECKOTO CHHIPOMOB B IIPEJXKEJITYIIIHOM ITepHoZE. Y 9 % GOIBHBIX B IPE/KEIITYIIIHOM IEPHOJIE
OTMeYaIuCh OOJIN B JKUBOTE, YTO SABJIAIOCH OBOOM I AubdepeHInaNTbHON JUATHOCTUKY ¢ XUPYPTUYECKOU I1aTOJIO-
rueil. BoisiByieHa BapuabesibHOCTD TTOKa3aTesiel CHH/IpOMa IUTOJIN3a U Xosiectasda. [Ipu TsKenon creneHu Tsikectu BIA
HMeJIUCh IIPOSIBIEHHUA CHHIPOMA IIe4eHOUHO-KJIEeTOUHON HeJJOCTATOYHOCTH (TUIOAIbOYMUHEMUSA 10 24 T'/J, CHIDKEHUe
MIPOTPOMOUHOBOTO UHEKCA 710 33 % ).

3akKkJy0UeHUe . AKTUBU3ANMSI SIUJEMUIECKOTO IIpollecca HAOII01aach B He TUIMYHBIN 7711 BI'A ce30H (des-
pasist — anipesib). [Ipeobiazian IUIEBOH MyTh mepefaadn. 46 % GOJbHBIX OBUTH cTapiie 30 JieT. Y TOCIUTATH3UPOBAHHbIX
npeobsagana xentyurHas dopma (87,5 %), TsoKesas CTeleHb TKeCTH — v 37 %. OTMedeHa 3HAUNUTEIbHAA Baprabesb-
HOCTb [TOKa3aTeJslel CHHAPOMa IIUTOJIN3a U XoslecTaza. CHHAPOM [1e4eHOUHO-KJIETOYHOHM HeI0CTaTOYHOCTH Hab IoAaIcA y
OOJIPHBIX C TAXKEJIOH CTEIeHBIO TAMKECTH.
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Viral hepatitis A in residents of Novosibirsk:
clinical, epidemiological and laboratory characteristics

E.N. Usolkina!, E.I. Krasnova', V.G. Kuznetsova!, Yu.V. Kazakova', V.V. Provoroval,
L.V. Krasilnikova?, M.V. Beznosikova?, L.V. Poddubnaya*

'Novosibirsk State Medical University, Novosibirsk, Russia

2City Infectious Clinical Hospital No. 1, Novosibirsk, Russia

ABSTRACT

Introduction. Viral hepatitis A(VHA) remains an urgent problem due to its widespread prevalence in the world,
including Russia, high incidence among adults, characteristic epidemic outbreaks, and polymorphism of clinical forms. The
world is conventionally divided into countries with high, medium, low, and very low endemicity. Russia is classified as a
medium-endemicity country, and there is uneven distribution of cases of the disease across individual territories of the
country. In the Novosibirsk region, the incidence of hepatitis A virus (HAV) infection in 2015—2023 was uneven, often
explosive, and its rates varied from 28 to 239 cases, which occurred under approximately equal sanitary and epidemiological
conditions in the region. The maximum rise in the incidence of HAV infection was recorded in 2017, 2019, and 2023. The
incidence rate in 2023 (3,04 per 100 000) exceeded the hepatitis A incidence rate in the Russian Federation by 20,4%.

A im . To evaluate clinical, epidemiological and laboratory parameters in VHA patients hospitalized in the City Infec-
tious Clinical Hospital No. 1 in Novosibirsk from February to April 2024.

Materials and methods. Clinical, epidemiological and laboratory parameters were analyzed in 56
patients with VHA hospitalized from February to April 2024. The distribution of patients by gender was as follows: 22 men
(41,4%), 34 women (58,6%). The median age was 30.3 (15; 62) years. The diagnosis of HAV infection was verified by
enzyme immunoassay. To exclude viral hepatitis B and C, hepatitis C total antibodies, hepatitis B antigens and antibodies
were determined in the blood serum. Hemogram and blood biochemistry indices were analyzed. Ultrasound examination
was used to diagnose pathology of the abdominal cavity organs. When assessing the severity of HAV infection, we followed
the criteria of the Clinical Recommendations of the Ministry of Health of the Russian Federation.

Results. Thedominant age group was represented by individuals aged 15 to 20 years (25%), patients aged 30 to 62
years accounted for 46%, and women predominated. In 19,2% of patients, the contact route of transmission was identified,
in 80,8% — the food-borne transmission route. Four outbreaks of VHA were registered. The icteric form of hepatitis A
prevailed (87.5%); the severe form was diagnosed in 37% of cases. A relationship between the route of transmission and
severity of the disease was found — the severe form was more often observed in food-borne transmission. The clinical pic-
ture of VHA was characterized by a typical cyclical course with the presence of influenza-like syndrome, asthenia and dys-
peptic syndrome during the pre-icteric phase. In 9% of patients during the pre-icteric phase, abdominal pain was noted,
which was a reason for differential diagnosis with surgical pathology. Variability of cytolysis and cholestasis parameters
was revealed. In severe cases of VHA, there were manifestations of hepatocellular insufficiency syndrome (hypoalbumin-
emia down to 24 g/1, a decrease in the prothrombin index down to 33%).

Conclusion. Activation of the epidemic process was observed in a season that was not typical for hepatitis A
(February — April). The food-borne transmission route was predominant; 46% of patients were over 30 years old. The
icteric form prevailed in hospitalized patients (87,5%), and the severe form was observed in 37%. Significant variability in
cytolysis and cholestasis syndromes parameters was noted. Hepatocellular insufficiency syndrome was observed in patients
with the severe form of hepatitis A.

Keywords: hepatitis A virus, incidence, outbreak, clinical picture, severity, diagnostics.
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BBEJIEHUE

B Hacrosiee BpeMsi BUpyCHBIH remaTuT A (BI'A)
OCTaeTCsl aKTyaJIbHOU ITPOOJIEMOH B CBSA3H C IIHPO-
KHM paclipocTpaHeHHeM B MUpe, B TOM 4uciie B Poc-
CUU, PETUCTPUPYEMOU BBICOKOU 3a00JI€BAEMOCTHIO
Cpenu B3POCJIBIX, HAJIMUYWEM XapaKTEePHBIX JMUfe-
MMYECKHX BCIBIIIEK, IOJIUMOP(PUIMOM KINHUYeE-
ckux ¢opm [1]. Exxeronno B mupe BI'A 3a6osieBaioT
OoJiee ueM 1,4 MJTH YeJl., U3 HUX 0,5 % ymuparor [2].
Bnaromapss IIMPOKOMY BHEIPEHUIO BaKIIMHAIIUMH
3ab0s1eBaeMocTh BI'A B psijie pernOHOB MUpA CHU3H-
sack [3]. BI'A pacmpocrpaHsiercs B MUpe HEOAUHA-
KOBO, UTO 00yCJIOBJIEHO HECKOJIbKUMHU MPHUYMHAMHU:
JOMUHUPOBAHHEM  (PEKaTbHO-OPAJIBHOTO  MeXa-
HHU3Ma Ilepeiavyul, BHEIPEHUEM IIPOTPAaMM BaKIIMHA-
UM, OTCYTCTBUEM HCTHUHHBIX Iudp 3aboseBaeMo-
ctH, Tak kKak BI'A MoxkeT mporekaTh 6e3 KIMHUYe-
CKHX IIPOSIBJIEHWH, a JUarHOCTHUPYIOTCS TOJIBKO
maHudectHble popMbl bosie3Hu [2, 4]. PacripocTpa-
HEHUIO HH(EKINHU CIIOCOOCTBYET JJTUTETbHAS BUPY-
ceMus IIPU ITapeHTepaJbHOU nepezayue Bupyca BI'A
Yy HapKO3aBUCHUMBIX, KOTOPbI€ UCIIOJIb3YIOT BHYTPHU-
BEHHBIN crtoco0 BBezeHus [5]. Kpome Toro, orme-
YeHa Ype3BBIYAHO BBICOKAs BOCIIPUUMYHUBOCTH K
Bupycy BI'A [6]. B Mupe ycji0BHO TIpOBOAAT pasje-
JIeHWe Ha CTPAaHbl C BBICOKOW, Cpe/IHEN, HU3KOU U
OYeHb HU3KOH 9HJIEMUYHOCTHIO. VIHGUIIpoBaHue B
paHHEM BO3pacTe ¢ AaJabHeHIINM (popMUPOBAHHEM
MMMYHUTeTa HaOJIOaeTcs B CTpaHAX C BBICOKOM
SHZIEMHUYHOCTBIO, 4 JUI CTPAH C HUBKHM YHCIIOM
MECTHBIX CJIyJaeB XapaKTepHO 3apa’keHHe BO BpeMs
M0e3/I0K, IPU IPOKUBAHUM B SHJEMUYHBIX panio-
HaxX, TOMOCEKCYaJIbHBIX KOHTAKTaX, YIOTpebJIeHnu
HapKOTUKOB [2]. Poccuss oTHOCHTCA K CTpaHaM co
cpefHUM ypoBHeM sHAeMuuHocTu BI'A (ypoBeHb
3a00J1eBaeMOCTH KOJIE0IETCSA OT 9 /10 210 Ha 100 ThIC.
HaceJleHUs), U OTMedaeTcss HEPAaBHOMEPHOCTh BO3-
HUKHOBEHHUS CJIydaeB 3a00JIeBaHUS IO OTAETHHBIM
TeppuTopusaM crpassl [7]. Tak, Haubosee BbICOKAS
3aboseBaeMocTh BI'A B 2023 T. 3aperucTpupoBaHa B
Yamyprckoit Pecriybuke (6,92 Ha 100 ThIC. Haceste-
Hus), ApociaBckoit obs1actTu (6,42 Ha 100 ThIC. Hace-
nenusn) U Yenabunckoi obsiactu (5,15 Ha 100 ThIC.
HaceseHUs). B To ke BpeMs B HEKOTOPBIX PETUO-
Hax — B pecnyOsmkax Kanmbikus, Asraui, ToiBa,
Kabapauno-Bankapckoii Pecrmybiuke, Henerkom
aBTOHOMHOM OKpyTe, EBpelickoi aBTOHOMHO# 06J1a-
CTH He 3aperucrpuposassbl ciaydyau BI'A. B Henen-
KOM aBTOHOMHOM OKpyTe, peciiybyinkax KajaMmbIkus,
TriBa, KabapmuHo-Bankapckoit Pecybiinke moo0-
Hasl TEHJEHIUsA COXPAHAETCS HA MPOTKEHUHN
MIOCJIEHUX IIATH JIeT. 3apUKCHPOBAHO 4 o4ara rpyi-
moBo#l 3aboseBaemoctu (B Benropozckoii, Pszan-
ckoii, CmosieHckon, YensOuHCKOH 00JacTsIX) C

INTRODUCTION

Currently, hepatitis A virus (HAV) infection
remains an urgent problem due to its widespread
distribution worldwide, including in Russia, high
incidence among adults, characteristic epidemic
outbreaks and polymorphism of clinical forms [1].
Annually, more than 1,4 mln new cases of viral hep-
atitis A (VHA) were recorded, of which 0,5% cases
were fatal [2]. Due to the widespread vaccination,
the incidence of hepaitis A has decreased in a num-
ber of regions of the world [3]. VHA spreads
unevenly around the world, which is due to several
reasons: the dominance of the feco-oral transmis-
sion route, the implementation of vaccination pro-
grams, and the lack of true incidence figures, since
VHA can occur without clinical manifestation, and
only symptomatic forms of the disease are diag-
nosed [2, 4]. The spread of the infection is facili-
tated by long-term viremia in parenteral HAV
transmission in intravenous drug abusers [5]. In
addition, an extremely high susceptibility to HAV
has been noted [6]. The world is conventionally
divided into countries with high, medium, low, and
very low endemicity. Infection at an early age with
the following immunity is observed in countries
with high endemicity, while countries with a low
number of local cases are characterized by an infec-
tion during travel, while living in endemic areas,
due to homosexual contacts, and drug abuse [2].
Russia is a country with a medium level of hepati-
tis A endemicity (the incidence rate ranges from 9
to 210 per 100 000), and unevenness in the occur-
rence of the disease cases is observed in individual
territories of the country [7]. Thus, the highest inci-
dence of VHA in 2023 was registered in the Udmurt
Republic (6,92 per 100 000), the Yaroslavl region
(6,42 per 100 000) and Chelyabinsk region (5,15
per 100 000). At the same time, in some regions —
the Republics of Kalmykia, Altai, Tyva, Kabardino-
Balkarian Republic, Nenets Autonomous Okrug,
Jewish Autonomous Region, no cases of VHA were
reported. In the Nenets Autonomous Okrug, the
Republics of Kalmykia, Tyva, Kabardino-Balkarian
Republic, a similar trend has been maintained over
the past five years. Four sites of cluster HAV infec-
tion were recorded (in the Belgorod, Ryazan, Smo-
lensk, Chelyabinsk regions) with the total number
of 128 people affected [8]. During hepatitis A out-
breaks, doctors are increasingly vigilant in order to
identify cases of the disease through targeted exam-
ination of contact persons [9].

In the Novosibirsk Region, the incidence of VHA
over the period 2015—2023 was uneven, sometimes
explosive, and its rates varied from 28 to 239 cases,

78

Journal homepage: http://jsms.ngmu.ru



Usolkina E.N. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

300

239

250

200 -

150

100 A

50

28

O T T T T

2015 2016 2017 2018 2019 2020 2021 2022 2023

Puc. 1. [lunamuka 3a6oeBaeMocT (a6COTIOTHOE YHCIIO0 3a00JIEBIIINX) BUPYCHBIM TellaTUTOM A
B HoBocubupckoii ob61actu 3a mepuoj; 2015—2023 IT.
Fig. 1. Dynamics of the incidence (absolute number of cases) of hepatitis A virus infection in the Novosibirsk region
for the period 2015—-2023

o0ImuM umcsioM mocrpazaBiux 128 uesn. [8]. Bo
BpeMs Bcmbliiek BI'A ycuianBaeTcss HacTOpPOXKeH-
HOCTb Bpauded B IEJIAX BBISBJIEHUs CJTydaeB OOJIE3HH
IpU lIeJIEHANPABJIEHHOM O0CJIeZJOBAHUM KOHTAKT-
HBIX J1uI] [9].

B HoBocubupckoii obsiactu 3abosieBaemocts BI'A
3a Mepuoj; 2015—2023 IT. UMeJla HepaBHOMEPHBIH,
TIOPOY B3PHIBHOM XapaKTep, a ee IOKa3aTeJIn BapbU-
poBan OT 28 10 239 CJIyYaeB, UTO MPOUCXOIUIIO B
MPUMEPHO PaBHBIX CAHUTAPHO-3IIHAEMUOJIOTHYE-
CKHUX YCJIOBUSIX B peruoHe (puc. 1). MakcHMaIbHBIH
noabeM 3abosieBaemoctu BI'A 3apeructpupoBaH B
2017 r. (239 cIyuyaeB B CpaBHEHUH C 2016 T. —
152 ciy4asi), 3a KOTODBIM CJIEIOBAJI €e CIaj 0
114 cy4aeB B 2018 r. BTopoii, MeHee cyIiecTBeHHBIN
moabeM 3ab0J1eBaeMOCTH HAOJOAaIcs B 2019 T.
(173 ciyuast). B 2020 u 2021 IT. 0OTMeYaI0Ch CHUKE-
Hue 3abosieBaeMocTu BI'A (777 1 28 ciyuasi cooTBeT-
CTBEHHO), CBA3aHHOE, BEPOSITHO, C BBEIEHUEM OTpa-
HUYHUTEJBHBIX U TPOGUIAKTHUECKUX MEP BO BpeMs
MMaHJEMIU HOBOH KOPOHABUPYCHOU MH(}eKIUH [10].
HoBbIll mocreneHHbIN pocT 3aboseBaemoctu BIA
3apUKCUPOBaH B 2022 U 2023 IT. (76 u 85 ciayuaeB
cooTBeTcTBEeHHO). Ilokasarenb 3a00JIeBaeMOCTH B
2023 T. (3,04 Ha 100 ThIC. HACEJEHUs) IPEBBICIII
MOKa3aTesib 2022 T. (2,73 Ha 100 ThICAY HACEICHHS)
Ha 10,2 % ¥ Ha 20,4 % — mOKasaTeJb 3a001eBaeMO-
ctu BI'A o P® (2,42 Ha 100 ThIC. HaceaeHus) [11].

HOEJb NCCJIEJOBAHUA

OLEeHUTh KJIUHUKO-3IIHAEMHUOJIOTHYECKHEe U
sabopaTopHble ToKazaTesu y 601pHBIX BI'A, rocnu-
TAIU3UPOBAHHBIX B TOPOCKYI HHMPEKIMOHHYIO
kInHIYecKyto 6oapHuIy NO 1 (TMKB N2 1) r. HoBo-
cubupcka ¢ GheBpasis 1Mo anpesib 2024 T.

which occurred under approximately equal sanitary
and epidemiological conditions in the region (Fig. 1).
The maximum increase in the incidence of hepati-
tis A was recorded in 2017 (239 cases compared to
2016 — 152 cases), followed by a decline to 114 cases
in 2018. The second, a less significant increase in the
incidence was observed in 2019 (173 cases). In 2020
and 2021, there was a decrease in the VHA incidence
(77 and 28 cases, respectively), probably associated
with the implementation of restrictive and preven-
tive measures during the pandemic of a novel coro-
navirus infection [10]. A new gradual increase in the
incidence of the infection was recorded in 2022 and
2023 (76 and 85 cases, respectively). The incidence
rate in 2023 (3,04 per 100 000) exceeded the 2022
rate (2,73 per 100 000) by 10,2% and the incidence
rate of VHA in the Russian Federation — by 20,4%
(2.42 per 100 000) [11].

AIM OF THE RESEARCH

To evaluate clinical, epidemiological and labora-
tory parameters in patients with VHA hospitalized in
the Novosibirsk City Infectious Clinical Hospital
No. 1 (CICH No. 1) from February to April 2024.

MATERIALS AND METHODS

We have retrospectively analyzed clinical, epide-
miological and laboratory parameters in 56 adult
patients with HAV hospitalized in the CICH No. 1
from February to April 2024. All patients provided
written informed consent to participate in the study,
observing the voluntary nature of the examination in
accordance with the Federal Law “On the Funda-
mentals of Health Protection of Citizens in the Rus-
sian Federation”.
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MATEPUAJIBI 1 METO/bI

PeTpoCIeKTUBHO MPOAHATU3UPOBAHBI KITMHUKO-
SIHUIEMUOJIOTHYECKHE U JIabopaTOpHBIE ITOKa3a-
Ten y 56 B3pOCIbIX 60bHBIX BI'A, TOCIUTATU3UPO-
BaHHBIX B [IKB N¢ 1 r. HoBocubupcka ¢ dheBpass
T10 anpesib 2024 T. OT BcexX 60IBHBIX OBLIO TTOJIYIEHO
nrchbMeHHOe MHGOPMUPOBAHHOE COTJIaCHe Ha yda-
CTHE B UCCJIEJOBAaHUU C COOJIOIEHHEM J0OPOBOJIb-
HOCTHU 00CJIEJTOBAHUS B COOTBETCTBUU C (eJlepaib-
HBIM 3aKOHOM « 06 OCHOBaX OXPaHbI 37I0POBBSI IPaK-
na" B Poccutickont Oeneparum».

PacrnipeniesieHre 60IBHBIX TI0 TTOJIY OBLIO CJIEIYIO-
IIIAM: MYKYUH — 22 (41,4 %), KeHIIUH — 34 (58,6 %).
CpenHuil Bo3pact OOJIBHBIX cOocTaBWI 30,3 (15; 62)
rojia.

Hduarno3 BI'A BepudunupoBasca MeTOI0M
UMMYyHO(MEPMEHTHOTO aHAIN3a: y BCeX OOJIBHBIX
BBIABJICHBI aHTHUTesNA Kiacca Ig M k Bupycy rema-
tuta A (auTu-HAV Ig M), a y 48 uen. (85 %) — Taxxe
anTurena xiacca Ig G (autu-HAV Ig G).

JIJ1s1 MCKJTIOUeHUsT BUPYCHBIX renatutoB B u C B
CBIBOPOTKE KPOBH UCCJIEIOBAIUCH CyMMAapHbIE aHTH-
tesia k Bupycy renaruta C (autu-HCV), aHTUTEHBI U
aHTUTENa K BUpycy renatuta B (HBsAg, HBeAg,
antu-HB cor Ig M, autu-HB cor Ig G).

AHAJIM3UPOBAJINCH IIOKA3aTeJI TeMOTPaMMBlI,
OMOXMMUYECKOTO UCCIIEZIOBAaHUS KpPOBU (YPOBEHH
amannHaMuHOTpaHcdepassl (AJIT), acmapraTamu-
HoTpaHcdepassl (ACT), ramma-riayraMuiITpaHC-
nentuaasel (CTTID), menounort docdarassr (111D),
obmero 6enka, aap0yMuUHa, 00Iero OWINpyOruHa U
ero ¢paknuii, nporpom6uHoBsIi uHIEKc (ITTN)),
KOTOpPOE BBIIOJTHEHO KOJIOPUMETPUUYECKUM METO-
oM Ha anmapate XL-640 ¢ HOHOCETEKTUBHBIM 0J10-
koM (Erba Lachema s.r.o., Uexus) ¢ MCIOJIB30Ba-
HHUEM TECT-CUCTEM ITPOU3BOUTEIIS.

IIpu omenke crenenu Tsxkectu BI'A pykoBoj-
CTBOBAJINCH KPUTEPUIMU KIMHUYECKUX PEKOMEH Ia-
o MuHucTepeTBa 3apaBooxpanenus PO [12].

Jlns muarHOCTUKU 3a00JieBaHUN BHYTPEHHUX
OpraHoOB OPIONIHOW ITOJIOCTH IMPUMEHSJIOCH YJIbTPa-
3BYKOBOE HCCIIEZIOBAHIE

Cratuctuueckyro 06pabOTKy JIAHHBIX TPOBOIHIIN
¢ ucnosb3oBaHueM ImporpamMmbl JASP 0.18.3 u
Microsoft Office Excel (Windows 10). Onpezessiiu
JIOJIY, CPe/THUE BEJIMUMHBI HCCIIEYEMBIX TIapaMeTpH-
Jeckux rokasaresieit (M) u cpeiHIo0 OIIHOKyY (m).

PE3YJ/IBTATDBI 1 OBCY KAEHUE

Cpenu TroCIUTAIM3UPOBAHHBIX € (eBpayisi IO
ampestb 2024 1. B 'KB N 1 1. HoBocubupcka 601b-
HbIx BI'A mpeobnajanu >KEHIMUHBI — 34 4ell.
(58,6 %). HomuHupymwoias BO3pacTHas TPYIIIA

The distribution of patients by gender was as fol-
lows: men 22 (41,4%), women 34 (58,6%). The mean
age of patients was 30,3 (15; 62) years.

The diagnosis of hepatitis A was verified by
enzyme immunoassay: all patients had Ig M antibod-
ies to HAV (anti-HAV Ig M), and 48 people (85%)
also had Ig G antibodies (anti-HAV Ig G).

To exclude viral hepatitis B and C, total antibod-
ies to hepatitis C virus (anti-HCV), antigens and
antibodies to hepatitis B virus (HBsAg, HBeAg, anti-
HB cor Ig M, anti-HB cor Ig G) were studied in the
blood serum.

The parameters of the hemogram, blood bio-
chemistry (the level of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), alkaline phospha-
tase (ALP), total protein, albumin, total bilirubin and
its fractions, the prothrombin index (PTI)) were
studied by the colorimetric method using a XL-640
biochemical analyzer with an ion-selective module
(Erba Lachema s.r.o., Czech Republic) and the man-
ufacture’s test kits.

When assessing the severity of HAV infection, we
were guided by the criteria of the Clinical Recom-
mendations of the Ministry of Health of the Russian
Federation [12].

Ultrasound examination was used to diagnose
diseases of organs of the abdominal cavity.

Statistical data processing was performed using
JASP 0.18.3 and Microsoft Office Excel (Win-
dows 10). The proportions, mean values of the stud-
ied parametric indicators (M) and the error of mean
(m) were determined.

RESULTS AND DISCUSSION

Among the patients with VHA hospitalized from
February to April 2024 in the CICH No. 1, women
predominated — 34 (58,6%). The dominant age
group was represented by subjects from 15 to
20 years old (25%), but the age group over 30 years
accounted for 46% (Fig. 2). Thus, our findings are
consistent with the conclusions of a number of
authors about “maturation” of VHA [6, 8].

Taking into account the epidemiological signifi-
cance of infection sources in VHA, it is important to
assess the isolation period of patients [6]. It was
found that patients were admitted to hospital on the
1—17" day from the onset of the disease (8 + 3,4
days). During the first week of the disease which
coincides with the pre-icteric phase, most patients
(73,2%) were hospitalized, during the second week
(from the 8 to the 14™ day) — 16%, and during the
third week (from the 15" to the 21 day) — 10.7% of
patients. When studying the epidemiological history
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W 15-20 nert / years
[021-25 net / years
[026-30 net / years
M 31-35 net / years
[036-45 net / years
I 46-62 roga / years

Puc. 2. BozpactHas cTpyKTypa 60JIbHBIX BUPYCHBIM rernaTutoM A (n = 56)
Fig. 2. The age structure of patients with hepatitis A virus infection (n = 56)

IpeJicTaBJIeHa JIUIIAMH OT 15 710 20 JjeT (25 %),
O/THAKO Ha JIOJII0 BO3PACTHOM IPYIIIIBI CTAPIIIE 30 JIET
npunwiock 46 % (puc. 2). Takum o6pasom, Harm
JIAaHHBIE COTJIACYIOTCS C BBIBOJAMH Psi/ia aBTOPOB O
«moB3pocyienuu» BrA [6, 8].

YuuThiBas STUIEMUOJIOTHYECKYI0 3HAYUMOCTD
UCTOUYHUKOB mHbeKknuu npu BI'A, BaKHBIM sBJISA-
€TCsI OIIeHKa CPOKOB MU30JIAIUY MaIueHToB [6]. Yera-
HOBJIEHO, UTO OOJIbHBIE MOCTYIIATIH B OOJBHUIYY Ha
1-17-# 7ieHb OT Havasia 3aboeBanus (8 + 3,4 mHs).
Ha mepBoii Heziesie 3aboJieBaHUs, KOTOpas COBIIA-
JlaeT 0 BPEMEHH C TPEIKENTYIIHBIM IEPHOJIOM,
TOCITUTATU3UPOBAHO OOJIBLIMHCTBO OOJIbHBIX
(73,2 %), Ha BTOpO# Hexete (¢ 8-r0 1O 14-# JIeHDb) —
16 % u Ha TpeTbel Hejeste (¢ 15-To MO 21-1 JIeHb) —
10,7 % 60abHBIX. [IpU U3YYEHUH SITHUIEMUOIOTHYE-
CKOTr'0 aHaMHe3a y MTAI[UeHTOB B 19,2 % CJIy4JaeB ycTa-
HOBJIEH KOHTAKTHO-OBITOBOH IIyTh WHMUIIMPOBA-
Hud, B 80,8 % — numeBodl. 3a aHAIM3UPYEMBIH
nepuon (deBpanb — ampesb) 3aperHCTPUPOBAHO
4 ouara BCIBIIIIeYHOH 3ab0eBaemoctu BI'A: pecro-
paH «Ilepuunu» B T1l «9nem», 'actpokopt Ha [leH-
TpaJbHOM DpBIHKe, pectopaH «BWMA Maprapura»,
kade «Yamka kode» B aspomopry Tosmadeso.
B naHHBIA SMUAEMUOJIOTHYECKHI IPOIECC BOBJIE-
YeHO 16 UeJl., BCE OCTAJIbHBIE CITyUau SBJISUIUCH CIIO-
PaInYECKUMU.

B pasziuuyHBIX UCTOYHUKAX OTMEUYEHO, YTO IIPH
BI'A Ge3skenTyiHas v crepTas GOpPMbI BCTPEYAIOTCA
yaiie, 4eM JKeJaTymHas [9]. Y HabsogaBIInxcs ke
HaMU OOJIBHBIX JKeTyIHasA ¢popma BI'A 6p11a joMu-
uupywoiei (87,5 %); monsa yui ¢ 6e33KeNITYITHON
dopwmoii cocraBmia 12,5 %. [logobHas ke KapTUHA
oTMeuasiach B HoBocHOUpCKe U B 2023 T.: JKEITYII-
Hast ¢popma BT'A perucrpupoBasiach y 89,4 % 6071b-
HBIX, Oe33KeNTyIIHaAs — ¥ 10,6 % [11].

JI.A. ImanbOaeBa 1 COaBT. OTMEYAIOT, YTO B HACTO-
samee BpeMa BI'A Hepeako IpOTEKAaeT B TsKEIOU

of patients, the contact route of transmission was
revealed in 19,2% of cases, and food-borne transmis-
sion — in 80,8%. During the analyzed period (Feb-
ruary — April), 4 outbreaks of hepatitis A were regis-
tered: the Perchini restaurant in the Eden shopping
and entertainment center, Gastrocourt at the Central
Market, the VIA Margarita restaurant, and the Cup
of Coffee cafe at the Tolmachevo Airport. This epide-
miological process involved 16 people, all other cases
were sporadic.

It was noted in various sources that in VHA, the
non-icteric and subclinical forms are more common
than the icteric form [9]. In the patients we observed,
the icteric form of hepatitis A was dominant (87,5%);
the proportion of patients with the non-icteric form
was 12,5%. A similar picture was observed in Novosi-
birsk in 2023: the icteric form of HAV infection was
recorded in 89,4% of patients, the non-icteric form —
in 10.6% [11].

Imanbaeva et al. note that currently, hepatitis A
often takes a severe course [13]. In the patients we
examined, the severe form of the diseases was
recorded in 37% of cases, of medium severity — in
59%, and the subclinical form was found in only 4%
of cases (Fig. 3). It is interesting to note, that 12 sub-
jects who came from outbreak sites, had moderate
VHA, while visitors to cafes and restaurants
(4 patients) had severe VHA. It is likely that the
route of transmission (food-borne in the case of
visitors to the catering industry, and contact in the
case of occupational infection) determined the dis-
ease severity.

The clinical picture of VHA in the patients was
characterized by a cyclical course typical for this
infectious form. The duration of the pre-icteric phase
varied from 2 to 7 days (4,4 + 1,5 days), and it pro-
ceeded with characteristic classical syndromes.
Influenza-like syndrome was in the majority of
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[l CpenHAs cTeneHb TAXKECTU
Medium severity

[ Taxenan cTeneHb TAXKECTU
Severe form

[] Cy6knnHmueckoe TeyeHne
Subclinical form

Puc. 3. Pactipeziesienue GOJIbHBIX BUPYCHBIM F€AaTUTOM A 0 CTENEHU TSKECTU
Fig. 3. The distribution of patients with hepatitis A virus infection by severity

dopme [13]. ¥V o00OciiefioBaHHBIX HaMM IAI[UEHTOB
TsDKeJIas CTelleHb TSYKEeCTH PETUCTPUPOBAIIACH B 37 %
CJTy4yaes, CpefHss CTENeHb — B 59 %, a CyOKInHUYe-
ckasg Qopma BcTpeyasach TOJBKO B 4 % cyIydaeB
(puc. 3). VHTepecHbIM sBJsIETCA TOT (QAKT, YTO
12 YeJl., MOCTYIUBIINX W3 OYAarOB BCIIBIIIEK, Iepe-
Hecu BT'A cpejiHeli CTETIEHU TSKECTH, a TIOCETUTETH
kKade U pecropaHOB (4 Ues.) — TKEJIOU CTEleHH
TSOKECTH. BeposATHO, MMEHHO IyTh 3apaskeHus (y
IoceTUTesIEH OOIenuTa — IUIIEBOH, a Y OOJbHBIX,
MHOUIIMPOBABIINXCSA HA paboueM MecTe — KOHTaKTHO-
OBITOBOIT) OITPE/IETIII CTETIEHD TSKECTh 3a00IeBaHUA.

Knunanueckas xaprtuna BI'A y mabGiromaBmmxcs
OOJIPHBIX XapaKTepHU30Bajach TUIIMYHOU JJIA JlaH-
HOU MHQEKITMOHHON (POPMBI ITUKJINIHOCTHIO TeUe-
Hus. [IpofoKUTETIBHOCTD MIPEXKEITYIIIHOTO IEPH-
ojia KoJiebasiach OT 2 10 7 fHel (4,4 + 1,5 IHA), U OH
MIPOTEKAJI C XapaKTEPHBIMU «KJIACCUYECKUMU» CHH-
apoMamu. I'punmnonogo6HbIH CHHAPOM OTMEYaJICS Y
OosibIrHCTBA OOJIBHBIX (82,1 %); B 42,8 % ciyuaeB
3abosieBaHIE HAUMHAJIOCH ¢ (peOPUIbHON TeMIepa-
TYpBI Tena, v 39,3 % oTMmedasncs cydogeOpuinTer.
Tospko y 17,9 % MaIueHTOB PETUCTPIPOBAIACH HOP-
MaJIbHasA TeMIlepaTtypa Tejya. [Ipo/Io/KUTENBHOCTD
JINXOPAJIOYHOTO IEepUoZia BapbUPOBAJIIA OT 4 IO
12 gHel (5,4 + 3,5 AHs). ACTEHO-BEreTaTUBHbBIN CHH-
ZIpOM peructpupoBaiica y 46 (82,1 %) OOJbHBIX.
Jlucrieniciyeckuii CUHZPOM (TONIHOTA, CHUMKEHHBIN
aIrmeTuT, AUCKOMGMOPT B KUBOTE) HaOIOAaICA Y
JIOMUHUPYIOIEro unciaa 60abpHbIX (89,3 %), pBoTa B
[IpeJKeJITYIIHOM nepuoje —y 28,5 %.

HeobOxomumMo OTMETUTD, YTO ¥ 9 % OOJBHBIX B
MIPEKENITYIIIHOM TIEPUO/IE OTMEYAJIOCh MOSBJIEHHE
JTOBOJIbHO MHTEHCUBHBIX 60JIEH B JKHBOTE, UTO SBJIS-
JIOCH TIOBOJIOM JIJIS1 MX TOCHUTAIN3AINHN B XUPYPIU-
YecKoe OT/IeJIEHNe, U TOJIBKO MPU IOSIBJIEHUH KeJI-
TyXW UM cTaBuics aguarno3 BI'A. Ha amOynatopHOM

patients (82,1%); in 42,8% of cases, the disease
began with fever; in 39,3%, subfebrile temperature
was observed. Only 17,9% of patients had normal
body temperature. The duration of fever varied from
4 to 12 days (5,4 + 3,5 days). Asthenia was recorded
in 46 (82,1%) patients. Dyspeptic syndrome (nausea,
decreased appetite, abdominal discomfort) was
observed in the majority of patients (89,3%), vomit-
ing during the pre-icteric phase — in 28,5%.

It should be noted that during the pre-icteric
phase, 9% of patients experienced intense abdominal
pain, which was the reason for their hospitalization
in the surgical department, and only when jaundice
appeared they were diagnosed with VHA. On an out-
patient basis, during the initial period of the disease,
the erroneous diagnosis of acute respiratory infec-
tion was made in 23% of patients.

Jaundice developed on days 3—8 of the disease
(5,09 + 1,4 days) which was the reason for hospital-
ization of patients with hepatitis A. Improvement of
health following the appearance of jaundice, typical
for HAV infection, was observed in 40 patients.
Jaundice was moderate in most cases (46%), and
severe in 11% of cases. In half of the patients, it was
accompanied with acholic stool, and in 12.5% with
skin itching.

The duration of the icteric phase averaged 14 + 1,1
days. Hepatomegaly was recorded in 42,8% of
patients, splenomegaly — in 23%.

When analyzing biochemical parameters, it was
revealed that cytolysis was observed in most cases,
but the values of ALT and AST activity on admission
varied significantly (from the reference range for
ALT (0—40 units/1) and AST (0—38 units/1) to 6262
and 6622 units/1) (Table 1).

The bilirubin level was increased in all hospital-
ized patients (Fig. 4).
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Ta6una 1. [Tokazatesnu aaHnHaMUHOTpaHcdepassl (AJIT) u acnapratamuHoTpaHcdepassl (ACT) y 60JIbHBIX BUPYCHBIM

remaTuTom A

Table 1. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) values in patients with hepatitis A virus

infection

AJIT (ep./n) / ALT (units/1) BoubHbIX, % / Patients, %

ACT (ea./n) / AST (units/1) BoubHbIX, % / Patients, %

18-999 26
1000-1999 27
2000-2999 18
3000-3999 4
4000-4999 14
5000-6262 11

0-999 45
1000-1999 24
2000-2999 13
3000-3999 14
4000-4999 2
5000-6622 2

JTare B HaYaJIbHOM Ileprojie 60JIe3HH OUTHOOUHBIN
JINaTHO3 OCTPOU pecrIupaTOpHON NH(EKIINH IT0CTaB-
JieH 23 % OOJIbHBIM.

Kerntyxa pazBuBasach Ha 3—8-i JieHb 060JIE3HU
(5,09 + 1,4 AHS1), YTO U SIBJISIOCH IPUUMHOHN TOCITH-
Taymzanuu 3aboseBmux BI'A. Tunuunoe aiast BTA
yJIydllleHNe CAMOYYBCTBUSA C IOSIBJIEHUEM >KeJITYXU
OTMeYayioch y 40 OosbHbIX. JKenTyxa B OOIBIIIH-
CTBe cJIy4yaeB Obly1a yMepeHHOH (46 %) u B 11 % ciy-
YyaeB — BBIPAYKEHHOU. Y TOJIOBHUHBI OOJIbHBIX OHA
COTIPOBOK/IAJIACH AXOJINEH KaJia, y 12,5 % — KOKHBIM
3YZIOM.

ITpo/IOKUTENBPHOCTD  JKEJITYIITHOTO — IIepHojia
COCTaBWJIA B CPeHEM 14 + 1,1 AHsA. ['emaToMeranus
perucrpupoBasack y 42,8 % O0JIBHBIX, CIIJIEHOMETA-
ausa —y 23 %.

IMIpu awmaymuze OUOXUMHUYECKUX ITOKa3aresei
BBISIBJIEHO, YTO CUHAPOM LHUTOJN3a OTMEYaICS B
GOJIBIIMHCTBE CJIyYaeB, OHAKO [TOKA3aTesd aKTHB-
Hoctu AJIT m ACT mipu nocTynjieHUH 3HAa4YUTEeJIbHO
BapbUPOBaIH (OT JOIIyCTUMOTrO AuamnaszoHa s AJIT
(0—40 en./n) u ACT (0-38 enm./n) mo 6262 u
6622 en./i) (Tabu. 1).

YpoBeHb OwupyOwHA OBLT IOBBINIEH Y BCEX
TOCIUTAIN3UPOBAHHBIX (PHC. 4).

46%

GGTP values were increased in all patients. A sig-
nificant increase in GGTP activity (over 500 units/1)
was observed in 4 patients. ALP activity increased in
69% of individuals to over 700 units/l and in 17% —
over 1200 units/1.

In severe VHA, manifestations of hepatocellular
insufficiency were recorded in 2 patients as hypoal-
buminemia (33 and 24 g/1) and a decrease in the PTI
(33 and 40%).

When analyzing the hemogram, we found that
33,9% of patients had leukopenia, 16% — lymphope-
nia, 5% — lymphocytosis, 5% — monocytopenia, signs
of mild anemia were observed in 12.5%, and 37.5% of
patients had thrombocytopenia (down to 66x10°
cells).

During ultrasound examination of abdominal
organs, 78.2% of patients with hepatitis A showed dif-
fuse changes in the liver, reactive changes in the gall-
bladder wall, congestion of gallbladder, gallbladder
deformity, splenomegaly and regional lymphadenop-
athy, of which 30% of patients had severe VHA.

CONCLUSION

The performed study allows to draw the following
conclusions:

Il Ao 100 / Below 100
[ 100-200
[] Bonee 200 / Above 200

Puc. 4. YpoBeHb 6mwinpybuHa (MKMOJIb/1) Y 60JIbHBIX BUPYCHBIM T€IIaTUTOM A
Fig. 4. The bilirubin level (umol/1) in patients with hepatitis A virus infection
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IToxaszarenu I'TTII okasanuch NOBBINIEHHBIMH Y
BcexX OOJIPHBIX. 3HAUUTENIBHOE IOBBINIEHNE aKTHUB-
woctu I'TTII (Gosiee 500 ez./n) HaAGMIOAATIOCH Y 4
manueHToB. AKTUBHOCTG 1I[® yBestmunBaniach y 69 %
JIUIL 710 YPOBHA Oosiee 700 en./m u 'y 17 % — Oojiee
1200 ef. /7.

[Ipu Taxenoi crenenu Tsaxectu BI'A mpossie-
HUS IeYeHOTHO-KJIETOUYHOH HeZI0CTATOYHOCTH Peru-
CTPUPOBAIUCH Y 2 GOJIBHBIX B BUIE TUIIOATHOYMITHE-
muu (33 u 24 /1) u camkenus [ITU (33 u 40 %).

[Tpu uccenoBaHUM TeMOrPaMMBI YCTaHOBJIEHO,
4TO y 33,9 % GOJIbHBIX OTMevasach JIEUKOIEHUs, Y
16 % — nmumdornenusd, y 5 % — 1uM@ponuTos, y 5 % —
MOHOITUTOIIEHNS, MPU3HAKN AaHEMHU JIETKOH cTe-
MeHU TSKECTH ObUTH v 12,5 %, V 37,5 % OOJIbHBIX
HabJro1as1ack TpoMbouToneHus (10 66x109 Kie-
TOK).

[Tpu mpoBeeHUN YIBTPA3BYKOBOTO HCCJIEIOBA-
HUSI OPTaHOB OPIOIIHOM MOJIOCTH Y 78,2 % GOIBHBIX
BI'A HaOoanuch iudy3Hble HI3MEHEHUs ITeYeHH,
peaKTUBHbIE U3BMEHEHUS CTEHKH JKEJTYHOTO My3bIPs,
3aCTOMHBIN KEJTYHBIN My3bIPb, AedopMaIus Kead-
HOTO ITy3bIPS, CIVIEHOMETaJINSA U PETHOHAPHAS JINM-
doamenonaTus, U3 HUX 30 % GOJIBHBIX MEPEHECTH
TsKeIyIo popmy BI'A.

3AKJIIOYEHUE

ITpoBeneHHOE HCCIIeZIOBAHNE TI03BOJIAET C/IeIaTh
cJ1eIyIolye BBIBOJIBI:

1. BeIpaskeHHas aKTUBHU3AIUA SIIUIEMUYECKOTO
mporecca Habsozanach ¢ ¢deBpand IO amlpesib
2024 1., ¢ POPMHUPOBAHUEM 4 0UYArOB BCITHIIIIEYHON
3a00J1€eBa€MOCTH, UYTO HE COOTBETCTBYET XapaKTep-
Hou 11 BT'A ce30HHOCTH.

2. [Ipeo6Jiasias nuIeBou MyTH epeiadn nHPeK-
o (80,8 %), uyto TpebyeT MpPOBEJEHUS HeECIEen-
(uueckoit mpodunaktuku BI'A: yiayuiienune caHu-
TapHBIX YCJIOBUU B MeCTaX OOIEeCTBEHHOTO ITHTa-
HUS, YCUJIEHNE KOHTPOJISI 0€30IacHOCTH IHUIEBBIX
IIPOJIyKTOB, MTOBBIIIIEHNE OCBEJJOMJIEHHOCTH HaceJe-
HUS 0 COOJTIIOZIEHNUH TTPABIII JIMYHON TUTHEHBI.

3. OTMeuaercss U3MeHEHHe THIIHNYHOU yisi BI'A
BO3DACTHON CTPYKTYpHl — JIMIA cTapiie 30 JieT
cocTaBuIu 46 %.

4. Y G0onbITUHCTBA OOJIPHBIX KJIMHHYECKAS Kap-
THHA 3a00JIeBaHUsA XapaKTepPH30BaJIach KJaccuye-
CKUM TeueHHeM, OJTHAKO B PsAJle cIydyaeB JUArHO-
ctuka BT'A Oputa 3aTpyzHeHa. Tak, B mpemKeaTyI-
HOM Tlepuosie Yy 9 % OOJIBHBIX PETUCTPUPOBAIKCH
WHTEHCHUBHBIE OOJIHU B JKUBOTE, y 23 % — MPOSBIEHUS
OCTpOH pecnupartopHodl MHeKnuu. Takum obOpa-
30M, MOJIUMOPGU3M KIMHUYECKUX IPOABIEHUH
BI'A TpebyeT HACTOPOKEHHOCTH Bpaueii, 0COOEHHO B
[IepHO/ie OBBIIIEHNS 320071€BAEMOCTH.

1. A significant activation of the epidemic process
was observed from February to April 2024, with the
emergence of 4 outbreaks, which does not corre-
spond to the seasonality characteristic of VHA.

2. The food-borne route of transmission was pre-
dominant (80.8%), which requires non-specific pre-
vention of hepatitis A: improving sanitary conditions
in public catering establishments, strengthening
food safety control, raising public awareness of per-
sonal hygiene rules.

3. A change in the age structure typical for hepati-
tis A is noted: subjects over 30 years of age accounted
for 46%.

4. In most patients, the clinical picture of the dis-
ease was characterized by a classic course, but in
some cases, the diagnosis of VHA was difficult. Thus,
during the pre-icteric phase, 9% of patients had
intense abdominal pain, and 23% had manifesta-
tions of acute respiratory infection. Thus, the poly-
morphism of clinical manifestations of VHA requires
physicians to be alert, especially during periods of
increased morbidity.

5. Among the hospitalized patients, the icteric
form was predominant (87.5%), and severe form of
the disease was diagnosed in a significant number of
patients (37%).

6. Variability of cytolysis and cholestasis indices
was revealed; biochemical manifestations of hepato-
cellular insufficiency were in 2 patients with the
severe form of the disease, namely, hypoalbumin-
emia (down to 24 g/l) and a decrease in the PTI
(down to 33%).

7. In 30% of patients with severe hepatitis A,
changes in the biliary system were found during
abdominal ultrasound examination, which could be
one of the factors contributing to the severe course of
the disease.
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5. ¥ rocnuTaJu3upoOBaHHBIX ITpeobiiaana KeJji-
TymrHas ¢popma (87,5 %), TsKenas CTeleHb TAKECTH
JIMaTHOCTUPOBAHA Y BHAYNUTEILHOTO YHCIa O0JIbHBIX

(37 %).

6. BoisiBIeHa BapuabeTbHOCTD IIOKa3aTes el CHH-
JpoMa IUTOJIN3A U X0JIeCTa3a, OHOXUMUUECKUE ITPO-
SIBJIEHUSI CUHAPOMA I€UYeHOYHO-KJIETOUHOH HeZ0-
CTATOYHOCTU OTMEUYEHBI Y 2 OOJIbHBIX C TSKEIIOHN CTe-
MEHBI0 TSKECTH B BHAE THIOATLOyMHHEMHUHU (710
24 r/n) u cumwkenus ITTU (o 33 %).

7.V 30 % 60abHBIX BI'A Ts2K€/101 CTEIEHH TsXKe-
CTH IpU IpoBeJieHnU Y3V opraHoB GPIOIIHOH 10JI0-
CTH OTMEUYAJIUCh U3MEHEHHUS CO CTOPOHBI JKeTUeBbI-
BOJISIIIIEN CHCTEMBI, YTO MOIJIO SIBUTHCS OJHUM W3
(akTOpOB, CIOCOOCTBYIOIIUX PA3BUTHUIO TSIKEJIOTO
TeueHHUsI 3a001eBaHUS.
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OHpe,Z[eJIeHI/Ie MHUKPOJJICEMEHTOB-IIOJIJIOTAHTOB 1 TOKCUYHOCTHU
N3BJIE€UYECHUHN U3 PaA3/INYHbBIX OPraHoOB MCAYHHIIbI MATKOMN

J.C. Kpyriios, B.B. Besinuko, K.U. Epmios

@I'BOY BO «Hoegocubupckuil 2ocydapcmeeHHblil mMeduyuHckuil ynugepcumem» Muxadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIINA

BBengenwue. Meayuuna markas (Pulmonaria mollis) — MHOTOJIETHEE KOPHEBHUIITHOE TEMUKPUNITOGUTHOE pacre-
HUe, Me30bUTHBIN 3deMepons], UMEIOIUH TUIUKINIECKOe PA3BUTHE. B CBA3H ¢ 5TUM BBIAEJIAIOT TPH BUJA CHIPBS: KOP-
HeBHUIA U KopHU — Pulmonariae rhizomata et radices, TpaBy (reHepaTtuBHbIl nober) — Pulmonariae herba n auctbs
(BereratuBHbIe) — Pulmonariae folia. ®uTomnpemnaparsl, oJydYeHHbIE U3 HUX, UMEIOT Pa3/INYHOE JIEHCTBUE, ITO3BOJISIOIIEE
paccMaTpuBaTh UX KaK IIEPCIEKTHBHOE ChIPbe VI UCIIOIb30BaHuA B hurorepanuu. OJTHAKO pacTeHHe MOMKET COZEPKATh
HE TOJIPKO 3JIEMEHTHI-TOKCUKAHTBI, HO ¥ F€lIATOTOKCHYHbIE IIIPPOIH3UUHOBbIE AJIKAIOU/IBL.

Il e 1 b . OmupejesieHre OCTPOU TOKCUYHOCTH M3BJIEYEHUN U3 PA3HBIX OPraHOB MEAYHHIbI MATKON Ha JIabOpaTOPHBIX
SKMBOTHBIX 1N VIVO.

MaTepuasnb U MeTOJ/Jbl. BKkadecTBe 00bEKTOB UCCIETOBAHMUs OB HCIIOJIH30BAHBI OPTAaHbl MeTYHUIIbI
MATKOMU, TMpom3pacramoieli B cocHoBoM 6opy B KosbiBaHckoMm patione HoBocubupckoin obisactu. CojepikaHre
MUKPO3JIEMEHTOB-TOKCUKAHTOB (As, Cd, Pb, Hg, Be, Sr, Sb, Tl u U) B chIpbe OIpeeIsiii METO/IOM Macc-CIEKTPOCKOIINH C
WHYKTUBHO-CBA3aHHOU IJIa3MOH. VI3ydeHne OCTPOH TOKCHYHOCTY ITPOBOAYUIN Ha 60 I0JI0BO3PENBIX OesIbIX HEMHOPEs -
HBIX MbIIIax ctoka CD-1 u 20 kpsicax Bucrap.

PesyanbTartsl . ComepikaHre MUKPO3JIEMEHTOB-TOKCUKAHTOB B ChIPhE 0KA3aJI0Ch HIKE JIOMYCTUMBIX HOPM. Mak-
CHUMAaJIbHO BO3MOJKHbIE JO3UPOBKHU CYXUX IKCTPAKTOB FeHEPATUBHBIX MOOETOB, BET€TATUBHBIX JINCThEB U KOPHEH, BBEZIEH-
HBIX MBIIIIAM U KPbICAM BHYTPUIKEJIYIOUHO, HE OKA3bIBAIM TOKCUYECKOTO JIEHCTBUS HA OPTAHU3M »KUBOTHBIX IIPU HAOJTIO-
JIEHUU 32 HUMU B T€UeHUeE 14 JHEH.

BoiBOBI. B pazmuuHbIXx MOP(OJIOTHUECKUX BU/IaX JIEKAPCTBEHHOTO PACTUTEJIBHOTO ChIpbsi Pulmonaria mollis ankano-
U7l IIPUCYTCTBYIOT B CJIEZIOBBIX KOJIMYECTBAX, & CO/IEPIKAHUE BJIEMEHTOB-TOKCUKAHTOB HE BBIXOWT 32 IIPE/EIbl HOPM.
OTcyTCTBHE TOKCUYHOCTH ¥ CyMMAapHOTO U3BJIEYEHUs U3 F€HEPATUBHBIX IIOOETOB B COUETAHUH C PAHEE YCTAHOBJIEHHOMN
AHTHAHEMUYECKOW AKTHMBHOCTHIO MO3BOJIIET PACCMATPUBATh Chipbe Pulmonariae herba B xadyecTBe MEPCHIEKTHBHOTO
HMCTOYHHUKA JIJIA CO3/IaHMsA GUTONPENAPATOB /IS TEPATTUY AHEMHUYECKHUX COCTOSTHUH.

Kaoueswte caosa: Pulmonaria mollis, muppoIu3uAMHOBbIE aJTKAIOU/IbI, MUKPO3JIEMEHThI-TOKCUKAHTBI, TOKCUIHOCTb.

O0pasen murtupoBanuna: Kpyrinos /[.C., Beauuko B.B., EpmoB K.U. OmnpenesieHre MHUKPO3JIEMEHTOB-
TOJUTIOTAHTOB ¥ TOKCUYHOCTH U3BJIEUEHUH U3 PA3IMYHBIX OPTaHOB MeAyHHITBI MATKOH // Journal of Siberian Medical
Sciences. 2025;9(1):87-97. DOI: 10.31549/2542-1174-2025-9-1-87-97

Determination of toxic trace elements and toxicity of extracts
from different organs of Pulmonaria mollis

D.S. Kruglov, V.V. Velichko, K.I. Ershov

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT
Introduction. Pulmonaria mollis is a perennial rhizomatous hemicryptophytic plant, a mesophytic ephem-
eroid with a dicyclic development. In this regard, three types of raw materials are distinguished: rhizomes and roots — Pul-
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monariae rhizomata et radices, grass (reproductive shoot) — Pulmonariae herba, and leaves (vegetative) — Pulmonariae
folia. Phytopreparations from different organs of Pulmonaria mollis have different effects, allowing to consider them as
promising raw materials for use in phytotherapy. However, the plant may contain not only toxic elements, but also hepa-
totoxic pyrrolizidine alkaloids.

A i m . Determination of acute toxicity of extracts from different organs of Pulmonaria mollis in laboratory animals in
vivo.

Materials and meth ods. Theorgansof Pulmonaria mollis, which grows in a pine forest in the Kolyvan-
sky district of the Novosibirsk region, were used as objects of research. The content of toxic trace elements (As, Cd, Pb, Hg,
Be, Sr, Sb, Tl, and U) in the raw materials was determined by inductively coupled plasma mass spectroscopy. Acute toxicity
was studied on 60 mature outbred albino mice (CD-1) and 20 Wistar rats.

R e sults. Thecontent of trace toxic elements in the raw materials turned out to be below acceptable standards. The
maximal dosages of dry extracts of reproductive shoots, vegetative leaves and roots administered intragastrically to mice
and rats did not have toxic effect on the animals during a 14-day follow-up.

Conclusion. Indifferent morphological types of medicinal raw materials of Pulmonaria mollis, alkaloids are
present in trace amounts, and the content of trace toxic elements does not exceed the reference range. The absence of tox-
icity in the total extract from reproductive shoots, combined with the previously revealed anti-anemic activity, makes it
possible to consider Pulmonariae herba raw materials as a promising source for development of preparations for the phy-
totherapy of anemic conditions.

Keywords: Pulmonaria mollis, pyrrolizidine alkaloids, toxic trace elements, toxicity.

Citation example: Kruglov D.S., Velichko V.V., Ershov K.I. Determination of toxic trace elements and toxicity
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BBEJIEHUE

Menayuuna msarkasi (Pulmonaria (P.) mollis Wulf.
ex Hornem.) — MHOroJsIeTHee KOPHEBUIITHOE T'eMHU-
KpUNTOPUTHOE pacTeHrue, Me30(pUTHBIA 3deme-
pOH/, UMeEIIUH JUINKINYecCKoe pasButue [1].
B mepBEIii TO/T BHEITOYEUHOTO pa3BUTHA Tober o6pa-
3yeT TIoJI3ydyee KODHEBUILE C TEMHO-3eJIeHBIMU
KPYIIHBIMHU JIUCThSMHU, KOTOpPbIE COXPAHSIOTCA 10
IybOKOH oceHU. JIeToM pOCT KOPHEBHINA ITPeKpa-
maetcs, GopMHUpYyeTCs MOYKA BO30OHOBJIEHUS U K
oceHH oOpasyercs B3a4aTOYHBIH, HO IOJHOCTHIO
CTPYKTYPUPOBAHHBIN Te€HEpPAaTUBHBIN ImOOer Oyxy-
IIETO To/la. DTU TeHepaTUBHBIE ITOOeru MeayHUIIHI,
UMeIIre K Hauyaly 3UMHEro IOKOs crebesib ¢
JINCTBSIMU W I[BETOYHBIMH IIOYKAMH, TPOTAIOTCS B
POCT BECHOH /10 CX0/1a CHETa, IPOXO/IAT KOPOTKUE 110
BPEMEHH CTAJUU I[BETEHUS W IUIOJOHOIIEHUS U
oTMuparoT. Ilocie ux OTMHUpPAHUA TPOTAIOTCA B POCT
U DPa3BEPTHIBAIOT JIUCTHhSI — IOOETH CJIEAYIOIIETO
MIOKOJIEHUsI — BereTaTuBHbIe. TakuM o6pa3oM, Kax-
JIBIN TIO0ET B IIEPBBIH I'OZ| CBOETO Pa3BUTHUsSA obectie-
YUBAET JIJINTEJIbHYIO BETeTaINIo, 4 BO BTOPOH — paHo
o0OpasyeT IIBETKH U OTMHPAET, YTO MIO3BOJISET CIe-
JIaTh BBIBOZ, O TOM, YTO 3(eMEPOUTHBIM PUTMOM Yy
pacreHus 00J1a/Ial0T JIMIIb T€HEPATUBHBIE ITOOETH.
B 9T0¥1 CBSA3U 151 MEYHHUIIBI MOKHO BBIJIEJTUTD TPHU
opraHa W, COOTBETCTBEHHO, TPU MOP(OIJIOTUUECKIX
BU/Ia JIEKAPCTBEHHOT'O PACTUTEJIBHOTO CHIPBSA: IOJ-

INTRODUCTION

Pulmonaria (P.) mollis Wulf. ex Hornem. is a
perennial rhizomatous hemicryptophytic plant, a
mesophytic ephemeroid with a dicyclic development
[1]. In the first year of the out-of-bud development, a
shoot forms a creeping rhizome with large dark green
leaves that remain until late autumn. In summer, the
growth of the rhizome stops, a renewal bud is formed,
and by autumn, a generative but fully structured
reproductive shoot of the next year appears. These
reproductive shoots of P. mollis, which have a stem
with leaves and flower buds at the beginning of win-
ter dormancy, begin to grow in spring before the
snow melting, go through short phases of flowering
and fruiting and die off. After their dying-off, the
shoots of the next generation, vegetative, start to
grow and put forth leaves. Thus, each shoot provides
long vegetation in the first year of its development,
and in the second, it forms flowers early and dies off,
which leads to the conclusion that in this plant, only
the reproductive shoots have are an ephemeroid
rhythm. In this regard, three organs can be distin-
guished for Pulmonaria and, accordingly, three mor-
phological types of medicinal raw materials: under-
ground rhizomes and roots (Pulmonariae rhizomata
et radices), grass (reproductive shoot) — Pulmona-
riae herba, and leaves (vegetative) — Pulmonariae
folia.
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3eMHbIe KOpHeBHINa u kopuu (Pulmonariae rhizom-
ata et radices), TpaBy (reHepaTuBHbBIH nober) — Pul-
monariae herba v nmuctbs (BereratuBHbie) — Pulmo-
nariae folia.

CrnezyeT 3aMeTUTbh, UTO XOTS MEAYHUIIA U SIBJIS-
eTCs HEMODPJIbHBIM PEJIUKTOM TPETHYHOTO IepH-
0/1a, OHA UMeEET IMUPOKUH apeasl pacpocTpaHEeHUs
ot Ypana o YutuHcko# obsactu Poccuu u o6a-
JlaeT pecypcaMd TPOU3BOJICTBEHHBIX  MAaCIITa-
608 [2].

dapmakosiornyeckue CBONCTBa GUTONPEenapaToB
MeIyHUIIbI PA3JTUYHBI B 3ABUCUMOCTH OT UCIIOJIb3Ye-
MOTO BHJ]a CBHIPbS. B YacTHOCTH, W3BJIEUEHUA W3
MOZI3EMHBIX OPraHOB 00Ja7jal0T KOHTPAIEIITUB-
HBIMH CBOMCTBaMH [3], u3BJIeUeHUs U3 HA3€MHbBIX
OpPraHOB — AHTHUOKCHIAHTHBIMH, AaHTHaHEMHYe-
CKHUMH, J10303aBUCUMBIMU (DHUOPUHOTUTUIECKUMH 1
reMOCTATHYECKUMHU, a TaKKe JUYPETUUYECKUMH H
JKEJTYETOHHBIMH CBOMCTBAMU, UTO CBSI3aHO C HAJIH-
yreM B HMX cocTaBe (HEeHOJIOKUCIOT, KyMapWHOB,
OKCHUKOPHUYHBIX KUCJIOT, (PJIABOHOU/IOB U ITOJIMCAXa-
puioB [4]. BaskHO OTMETHTBH, UYTO BCE ATU HCCIIE0BA-
HUsA TPOBOJIMJINCH MJIM HA 00BbEKTAX, IPEICTaBIISIO-
mux cobof Hepas/leJIeHHYI0 CMeCh ITBETOHOCHBIX
moOeroB ¥ BEreTaTUBHBIX JIUCTHEB [5], MM TOJIBKO
Ha PO3ETOYHBIX JIUCThsIX [6]. B X0/ MpOBEAEHHBIX
HaMU UCCIeI0OBaHUH ObLIa TIOKa3aHa pa3HUIlA KaK B
XUMHYECKOM COCTaBe JBYX BHJIOB HAaJI3€eMHOTO
CBHIPBA [7], Tak U B UX crierupUIeCcKON aKTUBHOCTH —
B YaCTHOCTH, OBLJIO yCTAHOBJIEHO HAJIUNYKE aHTHAaHe-
MHYECKOTO JIEHUCTBUSA y U3BJIEUEHUH U3 TPABHI MEY-
HUI[BI U OTCYTCTBHE TAaKOBOTO y U3BJIEUEHUH U3
aucTheB [8], 4To, BeposiTHEE BCETrO, CBSA3aHO C pas-
JIMYHBIM MHUKPO3JIEMEHTHBIM CTaTyCOM 3THX JIBYX
BUJIOB CHIPBSI MeAYHUIIBI [9].

BmecTe ¢ TeM HajluuuWe B PACTEHHSAX CEMEHCTBa
Boraginaceae THPPOJM3UAUHOBBIX aATKAJIOHUJIOB,
SIBJIAIOIIUXCS TMPAKTHYECKH MapKepoM JaHHOTO
ceMeHcTBa [10], CTaBUT BOIPOC O TOKCHYHOCTH
¢uTompenapaToB U3 MEIYHHIIBI B CBA3U C U3BECT-
HOU TeMmaTOTOKCHUYHOCTBIO BTOr0 KJlacca aaKaaou-
noB. Kpome Toro, aHTMaHEMUUECKOE JIeHCTBHE
¢uTompenapaToB MeIYHHIIBI CBA3aHO C MUKPO3JIe-
MEHTAMH KPOBETBOPHOTO KOMILJIEKCA, KOTOPBIX
JIOJI’KHO OBITH B PACTEHUH BIIOJIHE OIpe/eIeHHOe
KostmyecTBO. OTHAKO MPHU 3TOM BAXKHO U COJIEpIKa-
HUE BJEMEHTOB-TOKCUKAHTOB, ITOCKOJIBKY HMEHHO
COOTHOIIIEHHEM OTUX TPYIIl MUKDPO3JIEMEHTOB H
OyZeT OompeesAThCA WHTEPBAJl MEXK/Y TepalleBTH-
YeCKOU M TOKCUYECKOU so3amu ¢uTonpernapara. Ha
HacTosmu MmomeHT ®apmakones XV u3ganus HOP-
MHPYET COJIep>KaHU€e B JIEKAPCTBEHHOM PACTHTEh-
HOM CBIPbE TOJIBKO TAKUX 3JIEMEHTOB-TOKCHUKAHTOB,
KaK CBUHEIl, KaJ]IMHH, MBIIIbSIK U PTyTh. BMecTe ¢

It should be noted that although Pulmonaria is a
nemoral relict of the Tertiary period, it has a wide
distribution range in Russia — from the Urals to the
Chita region, and has production-scale resources [2].

Pharmacological properties of Pulmonaria phy-
topreparations are different depending on the type of
raw material used. In particular, extracts from
underground organs have contraceptive properties
[3], extracts from aboveground organs have antioxi-
dant, anti-anemic, dose-dependent fibrinolytic and
hemostatic, as well as diuretic and choleretic proper-
ties, due to the presence of phenolic acids, couma-
rins, hydroxycinnamic acids, flavonoids and polysac-
charides [4]. It is important to note that all these
studies were conducted either on objects represent-
ing an undivided mixture of flowering shoots and
vegetative leaves [5], or only on rosette leaves [6].
Our studies showed the difference both in the chemi-
cal composition of the two types of aboveground raw
materials [7], and in their specific activity, in particu-
lar, the presence of anti-anemic effect in extracts
from Pulmonaria herb and the absence of it in
extracts from leaves [8], which is most likely due to
the different trace element composition of these two
types of Pulmonaria raw materials [9].

At the same time, the presence of pyrrolizidine alka-
loids in plants of the Boraginaceae family, which are
virtually a marker of this family [10], raises the ques-
tion of the toxicity of phytopreparations from Pulmo-
naria due to the hepatotoxicity of this class of alkaloids.
In addition, the anti-anemic effect of Pulmonaria phy-
topreparations is associated with microelements
involved in hematopoiesis, of which there should be a
well-defined amount in the plant. However, the content
of toxic trace elements is also important, since it is the
ratio of these groups of trace elements that will deter-
mine the range between therapeutic and toxic doses of
a phytopreparation. At the moment, the Pharmaco-
poeia XV regulates the content of medicinal plant raw
materials only of such toxic elements as lead, cadmium,
arsenic and mercury. At the same time, the UNESCO
Institute for Microelements lists Be, Sr, Sb, Tl and U as
toxic elements, which have genotoxic, teratogenic, neu-
rotoxic and carcinogenic effects, as well as delay in bone
formation (strontium) [11].

AIM OF THE RESEARCH

Determination of the toxic element content and
acute toxicity of extracts from different organs of P.
mollis in laboratory animals in vivo.

MATERIALS AND METHODS

The organs of P. mollis growing in a pine forest in
the Kolyvansky district of the Novosibirsk region

Journal homepage: http://jsms.ngmu.ru
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teMm HCcTHTYT MUKpO3sieMeHTOB IOHECKO otHOCUT
K TOKCHYHBIM 3jIeMeHTaM Takke Be, Sr, Sb, Tl u U,
KOTOpbIE MMEIOT T€HOTOKCHYECKOE, TEPATOT€HHOE,
HeUpOTOKCUYeCKoe U KaHIepOTeHHOoe JelcTBUe, a

TakKe 3a7ep:KuBalT  (GOpPMHUPOBAHHE  KOCTEH
(ctpounruii) [11].
HOEJIb UCCJIEAOBAHUA

OmnpenesieHne COIEpPKAHUSA TOKCUYECKHUX 3JIe-
MEHTOB U OCTPOH TOKCUYHOCTU U3BJIEUeHUH U3 pas-
HBIX OPTAHOB PACTEHUH MeAYHHUIIBI MATKOHN Ha J1a60-
PaTOPHBIX KUBOTHBIX 11 VIVO.

MATEPUAJIBI 1 METO/bI

B kauecrBe OOBEKTOB WCCJIEAOBAHUS OBLIA
KCIT0JIb30BAaHbI OPraHbl MEAYHUIIBI MATKOMH, IPOU3-
pacratomieii B cocHoBoM G6opy B KosibIBaHCKOM
paiione HoBocubupckoit ob6actu (8 KM Ha ceBepo-
3amazi oT 1moc. KarkoBckuii, 55°12" cC.IiI. #
82°42' B.11.).

I'enepaTuBHBIE MOOETH cobupanu B dasy 1Bere-
HUS, JIUCThS — B (Da3y IMOJIHOTO Pa3BUTHUs JIUCTOBOM
IJIACTUHKY, KOPHEBUIINA ¢ KOPHAMHU — B a3y 3aBep-
[eHusi Bereranuu. HajseMHble YacTH cpe3aid Ha
BBICOTE 5—7 CM OT YPOBHsI 3€MJIM, OUMINAIHN OT IPU-
Mecel U JOBOIUIIN JI0 BO3AYIIHO-CYXOTO COCTOSHUS
B €CTEeCTBEHHBIX YyCJIOBHUAX. Iloa3eMHBbIE OpraHbl
[10CJIE U3BJIEUEHUS IIPOMBIBAJIM B T€YEHHE 10—20 C B
MPOTOYHOM XOJIOTHOH BOJle, 3aTeM OT/EJIsIH
OCTaTKH HaJ[3€MHBIX YaCTeH BhIIIE KOPHEBOH IIIEHKHI
Y TIO/IBSUIMBAJIN HA BO3/yXE B TEUEHHE CYTOK, IOCTIE
Yero pazpesayii Ha KYyCKH JI0 20 MM JIJIMHOU (TOJI-
CThle KODHM M KOPHEBHINA JOIIOJHHUTEIHHO paspe-
3aJI1 BJI0JIb), 3aTEM ChIPbE TOBOUJIN 0 BO3IYIIHO-
CYXOTO COCTOSTHUSI.

CopeprkaHre MAUKPO3JIEMEHTOB B ChIPhE OIpe/ie-
JISLJTA METO/IOM MACC-CIIEKTPOCKOIIMH C HHAYKTHUBHO-
CBSI3aHHOM I1a3MOM. JIJIs1 KOHTPOJIS IIPABUJIBHOCTH
OTIpeZIe/IEHNsT UCIIOIb30BAIN METOM, 100aBoOK [12].
Bce nsmepeHus MPOBOAYIIN Ha 12 IIpobax, U B JajIb-
HelmeM ObLJIa TPOBEAEHA CTAaTHCTHYECKas o0Opa-
0OTKa PEe3yJIbTaTOB C OIpEeJeJeHUeM OCHOBHBIX
IapaMeTpoB BEIOOPKH — CpefHee 3HaYeHHe X , CTaH-
JlapTHOE OTKJIOHEHUE CPEIHEro Mo BHIOOPKE O U
JIOBEPUTEJILHBIN HHTEpBaI A 110 hopmyaam [13]

rae t = 2,2 — kputepuii CTbIOJIEHTa IIPU YHCJIE CTe-
meHel cBoOOBI f=n — 1 =11.

Jl;ss  TpoBeleHWsA KAadeCTBEHHOIO aHaIn3a
COCTaBa AJIKAJIOW/IOB B ChIPhe OBLIH IIOJIyYEHbI CyM-
MapHbIE U3BJIEUEHUsI U3 CHIPHS C HCIIOJIb30BAHUEM B
KadyecTBe HKCTpareHTa 2% BOJHOIO pacTBOpa KHC-

(8 km northwest of the Katkovsky settlement,
55°12’ N and 82°42’ E) were used as study objects.

Reproductive shoots were harvested in the flow-
ering phase, leaves — in the phase of full develop-
ment of the lamina, rhizomes with roots — in the
phase of completion of vegetation. The aboveground
parts were cut off at a height of 5—7 ¢cm from ground
level, cleaned of impurities and brought to an air-dry
state in natural conditions. After extraction, the
underground organs were washed for 10-20 s in
running cold water, then the remains of the aboveg-
round parts above the root neck were separated and
dried in air for a day, after which they were cut into
pieces up to 20 mm long (thick roots and rhizomes
were additionally cut lengthwise), then the raw mate-
rials were brought to an air-dry state.

The content of trace elements in the raw materi-
als was determined by inductively coupled plasma
mass spectroscopy. The spike-recovery test was used
to control the correctness of the determination [12].
All measurements were performed on 12 samples,
and further statistical processing of the results was
carried out with determination of the main parame-
ters of the sample — the mean value X, standard devi-
ation of the mean o, and confidence interval A
according to the formulas [13]

where t = 2,2 in Student’s test for the number of
degrees of freedom f=n —1=11.

For a qualitative analysis of the alkaloid composi-
tion in the raw materials, total extracts from the raw
materials were obtained using 2% aqueous solution
of hydrochloric acid as an extractant. The presence of
alkaloids was determined by conducting a series of
extraction reactions from the the raw materials with
sedimentation reagents: Wagner-Bouchard, Dragen-
dorff, Meyer, Marquis, Scheibler, Bertrand, Sonnen-
schein, tannin solution and picric acid solution [14].

The objects of the study in determining acute tox-
icity were samples of dry extract from three types of
the raw materials. To obtain a dry extract, the raw
materials were crushed and placed in a flask, filled
with 20% ethyl alcohol at a ratio of 1:30. The flask was
heated under reflux for 30 min on a boiling water
bath, cooled with continuous stirring for 60 min. After
cooling, the extract was centrifuged at 8000 rpm for
15 min to remove fine impurities. The supernatant
was drained and the extractant was removed by con-
vective extraction drying at a temperature of 30—40°C.

Acute toxicity was studied on 60 mature non-
inbred albino mice (CD-1) of both sexes with a body
weight of 28—35 g and 20 Wistar rats weighing 260—
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JIOTBI XJIOPOBOIOPOAHOU. [IpHCyTCTBIE ATKATION/IOB
OTIpEJIENISUTN IIPOBEIEHUEM CEPUU PEaKI[Ui U3BJIe-
YeHUS U3 CHIPhA C OOIIEe0CaUTETbHBIMA PEeaKTH-
Bamu: Baruepa — Bymapza, JI[parengopda, Matiepa,
Mapku, Illelibnepa, beprpana, 3oHHeHIIEWHA, pac-
TBOPOM TaHWHA U PAcTBOPOM HIHUKPUHOBOHM KHC-
JIOTHI [14].

OObeKTaMU HCCJIEIOBAHUS TIPH  OIpeeIeHHU
OCTPOM TOKCHYHOCTH CJIYKUJIU 006pa3Ibl CyXOTO HKC-
TpaKkTa W3 TPEX BUJIOB HCCJIEAYEMOTO ChIpbsA. [Ijist
TIOJIyYEHHsI CYyXOTO SKCTPAKTA ChIphE U3MEJIbUAIH 1
IIOMEIIAIN B KOJIOY, 3a/IMBAIN 20% CITUPTOM 3THJIO-
BBIM B COOTHOIIIEHHH 1:30. Kosiby ¢ mpucoeauHeH-
HBIM OOpPaTHBIM XOJIOAWJIBHUKOM BBIJIEPKHUBATH HA
KUIIANEH BOAAHON OaHe 30 MUH, OXJIQXKJIQJIN MIPHU
HETIPEPHIBHOM IT€pPEMENINBAHUY B TeUeHE 60 MUH.
[Toce oxaKJeHUsA SKCTPAKT HEHTPHU@yTHpoBaiu
CO CKOPOCTHIO 8000 006./MUH B TeUeHHE 15 MUH JIJIsI
yAaJieHus1 MeJIKOAWCIIEPCHBIX mpumecei. Hamoca-
JIOYHYIO KHUJIKOCTh CJIUBAIA U YAAJSIN SKCTPAreHT
KOHBEKTHBHOU CYIIKOW H3BJIEUEHHUA IIPU TEMIIEPa-
Type 30—40 °C.

N3ydeHre OCTpOH TOKCUYHOCTH IPOBOAWIIA HA
60 TOJIOBO3pEJIbIX OeJIbIX HEMHOPETHBIX MBIIIax
crtoka CD-1 ob6oero mosa ¢ maccoit Tena 28—35 T u
20 KpbIcax Bucrap maccoil 260—310 T U3 BUBapHs
NuctutyTa iuroaoruu u redetuku CO PAH (Hoso-
cubupck). CozeprkaHue JKUBOTHBIX OCYIIECTBIISIIN B
COOTBETCTBHU C YCTAaHOBJIEHHBIMH IpaBWiIaMH [15].
JlabopaTopHbIe KUBOTHBIE, COOTBETCTBYIOIIIHE TPE-
OOBaHMSAM JIJIST BKJIIIOUEHHUsI B DKCIIEDUMEHT, pasie-
JISUTHICh Ha TPYTIIBI C YUETOM I10J1a, BO3PAaCTa, MacChl
Y IPUHIUIA PAaHIOMHU3AINHN. DKCIIEPUMEHTATbHYIO
paboTy IPOBOAMIN B COOTBETCTBHU ¢ IIpaBuiaMu
EBporeiickoii KOHBEHITUH O 3all[UTE MTO3BOHOUHBIX
JKUBOTHBIX, HCIIOJIb3YEMBIX /I SKCIEPUMEHTOB
WIN B WHBIX Hay4yHbIX meysax, N 123 (CrpacOypr,
18 mapra 1986 1.). MccemoBanue 0100peH0 JIOKATb-
HBIM 3THueckuM komuteroM HI'MY (mpoTokos
N@ 147 ot 17.10.2022).

B skciepuMeHTE MMPOBOVIIH OIIPeieJIEHUE TIEpe-
HOCHMBIX, TOKCHYECKHUX U JIETAJIBHBIX /103 CyXUX DKC-
TPAKTOB IPU BHYTPHIKEJYZIOUHOM BBEJEHUHU, IIPU-
YMH HACTYIUIEHUS THOEJH >KUBOTHBIX B TEUEeHHE
14 AHel HAOJIOZEHUS, U3ydeHUe BIUAHUS CYXUX
SKCTPAKTOB Ha 00IIlee COCTOSTHUE, HEKOTOPbIe DYHK-
OFOHAJIbHbIE ¥ MOPGOJIOTUYECKHE TTOKA3aTEeJIH.
Bpems HeTpepBIBHOTO HAOJIIO/IEHHS COCTABIIAIO 8 U
Tocjie BBeZIeHHA. 3aTeM HaOJIIo/ieHue 3a SKCIIEpU-
MEHTAJIbHBIMU KUBOTHBIMU ITPOJI0JIKAIIU B TE€YEHHE
14 nHel. B kauecTBe mapamMeTpoOB OCTPOH TOKCUIHO-
CTU paccMaTpUBAIN U3MEHEHHE MACChI TeJia Ha 14-€
CYTKH IIOCJIE BBEJIEHHUA CyXUX SKCTPAKTOB, YHCIIO
MaBIINUX U BBIKUBIINX KUBOTHBIX.

310 g from the vivarium of the Institute of Cytology
and Genetics (Novosibirsk). The animals were kept
in accordance with the established rules [15]. Labo-
ratory animals that met the inclusion criteria were
divided into groups based on gender, age, weight,
and the principle of randomization. Experiments
were carried out in accordance with the Rules of the
European Convention for the Protection of Verte-
brate Animals used for Experimental or Other Scien-
tific Purposes No. 123 (Strasbourg, March 18, 1986).
The study was approved by the local Ethics Commit-
tee of the Novosibirsk State Medical University (Pro-
tocol No. 147 of 10/17/2022).

During the experiment, the tolerated, toxic and
lethal doses of dry extracts under intragastric admin-
istration, the causes of death of animals during a
14-day follow-up were determined. The effect of dry
extracts on the general condition, some functional
and morphological parameters was studied. The
time of continuous observation was 8 h after admin-
istration. The experimental animals were then fol-
lowed up for 14 days. The change in body weight on
the 14™ day after the administration of dry extracts,
the numbers of dead and surviving animals were
considered as parameters of acute toxicity.

The dosage of the dry extract was carried out in
milligrams per kilogram of body weight. The dry
extract was administered twice intragastrically at the
maximal total dose of 5,000 mg/kg to mice and
5,500 mg/kg to rats. The dry extract was dissolved in
distilled water to the required volume of 1 ml for
mice (20 g) and 6 ml for rats (300 g) with a 3-hour
interval between administrations.

Statistical processing was performed according to
the standard methods using the Student’s test and
the non-parametric Mann-Whitney test [13].

RESULTS AND DISCUSSION

Table 1 shows the results of determining the con-
tent of toxic trace elements.

Currently, there are no standards for the content of
Be, Sr, Sb, Tl and U in the medicinal plant raw materi-
als, so it is possible to assess the safe level based on the
maximum permissible concentration of these ele-
ments in drinking water [16]. Taking into account the
physiological range of maximal water consumption
(2,5 1 per day) [17], Table 2 shows the levels of the
maximal safe intake of trace elements per day. To cal-
culate the daily doses of the phytopreparation, we
took into account that the usual daily dose of herbal
medicinal product (HMP) is 10 g of raw materials.

The analysis of data on toxic trace elements shows
that the content of toxic elements in the raw materials
is lower than reference ranges. Therefore, phytoprepa-
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Jlo3upoBaHHE CyXOTO SKCTPaKTa IPOBOJIUJIOCH B
MIJUIMTpaMMaXxX Ha KUJIOTpaMM Macchl Tesia. Beeze-
HHUE CyXOTO 3JKCTPaKTa OCYIIECTBJILIA JBYKPATHO
BHYTPHIKEJIYIOYHO B MAaKCHUMAaJIbHO BO3MOKHOH
0011eH 103e 5000 MT/KT MBIIIIAM U 5500 MT/KT KPbI-
cam. CyxOli SKCTPaKT PACTBOPSUIA B AUCTUJLIHPO-
BaHHOU BOZIe /10 HeOOXOAMMOro obvemMa — 1 MJI/
MbIIIb (20 T), 6 MJI/Kpbica (300 T') ¢ HHTEPBAIOM
MeK/y BBEIEHUSAMU 3 4.

Crarucrtuueckyio 00pabOTKy MPOBOAUIU IIO
CTaHJAPTHON METOAMKE C HCIIOJIb30BAaHUEM KPHUTe-
pusi CThIOIeHTa U PAHTOBOTO HEMapaMeTPUUECKOTO
kputepus Manna — Yurtau [13].

PE3YJIBTATDBI 1 OBCY KAEHUWUE

B Tab1. 1 mpuBe/IEHBI PE3YIIBTATHI ONPE/IEIEHU
coZiepIKaHUs MUKPO3JIEMEHTOB-TOKCUKAHTOB.

Hopwmsr mo comepxkanuio Be, Sr, Sb, Tl u U B
JIEKapCTBEHHOM PpACTUTEJIBbHOM CBhIpbe Ha HACTO:A-
U MOMEHT OTCYTCTBYIOT, IIOSTOMY MOKHO ITPOBe-
CTH OILIEHKY 0e30I1acHOTO YPOBHS HCXOJs U3 IIpe-
JIeJIBHO JIOTyCTUMON KOHIIEHTPAIlUM YKa3aHHBIX
BJIEMEHTOB, NPUBENIEHHBIX B JIEUCTBYIOIIEM CTaH-
JlapTe Ha MUTheBYIO Bozy [16]. C yueToMm dusnosmoru-
YECKUX HOPM MaKCUMAaJbHOTO HOTPeGIeHHA BOJBI
(2,5 1 B cyTku) [17] B Tabs. 2 MpuUBe/IeHbI YPOBHU
MaKCUMaJIBHOTO BO3MOKHOTO 6e30I1acHOTO IOTpe-
6JIeHUs MUKDPO3JIEMEHTOB B CyTKH. JIJIsl pacyeToB
CYTOYHBIX 7103 (pUTONpEnapaTa Mbl YUUTHIBAIH, UTO
0oObIYHAS CYyTOYHAsA /1032 JIEKAPCTBEHHOIO PAaCTH-
TesbHOTO npemnapara (JIPII) cocTaBiisier 10 T ChIPbs.

AHanmu3  JAHHBIX 10  MHKPO3JIeMeHTaM-
TOKCHKAHTaM II0Ka3bIBAET, UTO B CHIPBE COZIEPIKAHIE
5JIEMEHTOB-TOKCUKAHTOB HUKe JIOIyCTHMBIX HOPM.
CnenmoBaTesbHO, (QUTONpPENapaTsl, MTPUTOTOBJIEH-
HBIE€ U3 BCEX BHUJ/IOB CHIPbS MEAYHUIIBI MATKOU, HE
JIOJDKHBl  OKa3bIBaTh TOKCHYECKOTO JeHCTBUA Ha
JKMBON OpraHu3M.

rations produced from all types of P. mollis raw materi-
als should not have toxic effect on a living organism.

The qualitative analysis of the raw materials for
the presence of alkaloids did not give a positive ana-
Iytical signal with any of 9 sedimentation reagents,
which indicates the absence of alkaloids or their
insignificant content — below the sensitivity of reac-
tions threshold. At the same time, it can be noted
that, in general, the contamination of underground
organs and vegetative leaves with toxic elements is
higher than that of reproductive shoots, which is
explained by two factors — the exogenous nature of
raw material contamination and the short life span
of reproductive shoots.

To determine the acute toxicity of dry extracts of
rhizomes and roots, reproductive shoots, and vegeta-
tive leaves of P. mollis, the general condition of the
animals was assessed (behavior, appearance, motor
activity, food and water intake, response to external
stimuli, and the total weight); as well as took into
consideration the nature of clinical manifestations of
intoxication, possible fatal outcome, and morpho-
logical changes in internal organs.

The choice of the highest dose was explained by
the limit for intragastric administration to mice.
According to Russian recommendations [18], it is
allowed single drug administration in a volume of up
to 1 ml per mouse (20 g), which in our case was
50 ml/kg, or 2500 mg/kg; in double administration —
5000 mg/kg. For two weeks, no deaths of animals
were observed and no changes in appearance, behav-
ior, or motor activity were detected. When weighing
the mice at the end of the experiment (after 14 days),
all the animals gained weight evenly (Table 3).

According to the Student’s test, a significant, 7,5%
(at a significance level of 95%) increase in body weight
was observed only in mice receiving extract from
reproductive shoots. Mice that received extracts from

Ta6ymmua 1. ComeprkaHrie MUKPO3JIEMEHTOB-TOKCUKAHTOB 110 OpraHaM pacTeHust (MKr/r)
Table 1. The content of toxic trace elements in plant organs (ug/g)

KopHeBuIa ¢ KOpHAMU Jluctea TpaBa
JyieMeHT Rhizomes with roots Leaves Grass
Element — — —

X o A X [ A X [ A
Bepusiuii / Beryllium (Be) 0,018 0,09 0,0057 0,013 0,006 0,004 0,003 0,0027 0,0017
Kagmuit / Cadmium (Cd) 0,47 0,15 0,095 0,08 0,03 0,019 0,12 0,035 0,022
Mbibsik / Arsenic (As) 0,147 0,035 0,022 0,27 0,04 0,025 0,2 0,05 0,032
CeuHern / Lead (Pb) 0,53 0,15 0,095 0,61 0,2 0,13 0,36 0,1 0,06
CtpoHuuii / Strontium (Sr) 84,8 8,4 5,3 53,5 51 3,2 33,7 4,8 3,1
CypbMa / Antimony (Sb) 0,015 0,002 0,0013 0,011 0,0016 0,001 0,01 0,001 0,0006
PtyTb / Mercury (Hg) 0,005 0,0026 0,0017 0,013 0,006 0,0038 0,004 0,002 0,001
Tannuii / Thallium (TI) 0,015 0,004 0,0025 0,025 0,0015 0,001 0,005 0,0014 0,001
Ypau / Uranium (U) 0,005 0,0012 0,0008 0,009 0,002 0,0013 0,01 0,003 0,0016
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Ta6smmua 2. YpoBHM MaKCUMa/IbHO BO3MOXKHOTO 6€301aCHOT0 MTOTPEBJIEHUSI MUKPO3JIEMEHTOB B CYTKH
Table 2. Levels of the maximal safe daily intake of trace elements

MakcumasibHOe coAepiKaHue
B CbIpb€ C yY€TOM
AOBEPUTE/IBHOTO UHTEPBAJIA,

Hopma

MakcumMa/sibHOe
no I'd,

Ko/inyecTBO B CyTOYHOM A03€e

JIPII, MKT KOJIN4eCTBO B

MKT/T MKr/T i . JHEBHOW HOpMe
. . [14] Content in a daily dose of Dt

Maximal content in the raw HMP BO/bI MUThEBOH,

3/1emMeHT materials, taking into account ST e MKr [16, 17]

Element the confidence interval, pg/g ;Zflec-e Maximallcontent
KOpHEBHIIAa value, KOpHeBHIIa of drinking water
CKOPHAMHM JIACTbSl TPaBa pg/g CKOPHAMM JIMCTbs TpaBa for daily intake,
rhizomes leaves grass [14] rhizomes leaves grass M8 [16,17]
with roots with roots

Bepuuii / Beryllium (Be) 0,024 0,017  0,0047 - 0,24 017 0,047 05

Kagmuit / Cadmium (Cd) 0,565 0,099 0,142 1,0 - - - -

Mpibsik / Arsenic (As) 0,169 0,295 0,232 05 - - - -

Ceunen / Lead (Pb) 0,625 0,74 0,42 6,0 - - - -

CtpoHuuit / Strontium (Sr) 90,1 56,7 36,8 - 901,0 567,0 368,0 17500,0

CypbMa / Antimony (Sb)  0,0163 0,012 00106 - 0,163 012 011 12,5

PtyTb / Mercury (Hg) 0,0067 0,0168 0,005 0,1 - - - -

Tasuiuii / Thallium (T1) 0,0175 0,024 0,006 - 0,175 0,24 0,06 0,25

Ypan / Uranium (U) 0,0058 0,0103 0,0116 - 0,058 0,1 0,12 37,5

I'® - locynapcrBennas ®apmakones; JIPII - 1ekapcTBeHHBIA pacTUTENbHbBIN Tpenapar.

ST - State Pharmacopoeia; HMP - herbal medicinal product.

KauecTBeHHBIH aHAIN3 CHIPpbA HA NPUCYTCTBUE
aJIKAJIOUIOB He JlaJl MOJIOKUTEIbHOTO aHAJIUTHYe-
CKOTO CUT'HAJIa HU C OJJHUM U3 Q 00II€0CaIUTETHHBIX
PEaKTUBOB, YTO CBUJETEJILCTBYET 00 OTCYTCTBUH
JIKAJION/IOB WM WX HE3HAUUTEJIbHOM COJEepIKa-
HUM — HIJKE [OPOTa UyBCTBUTEJIBHOCTU PEAKI[UM.
B To Ke BpeMs MOXKHO OTMETHTh, YTO B II€JIOM
3arpsiI3HEHHOCTh TOKCUYECKUMU DJIEMEHTaMH IIOJ-
3€eMHBIX OPTaHOB U BET€TATHUBHBIX JINCTHEB BHIIIIE,
YyeM TeHEPATHBHBIX II0OEroB, YTO OOBACHIETCA
IByMs (HaKTOpaMu — 3DK30TE€HHBIM XapaKTepoM
3arps3HEHUS ChIPhS U HEOOJIBIION ITPOIOJIKUTETh-
HOCTBIO *KU3HU reHEPATUBHOTO Mobera.

Jna ompeziesieHUsA OCTPON TOKCUYHOCTH CyXHUX
SKCTPAKTOB KOPHEBUI U KOPHEH, TeHEePaTUBHBIX
1100OET0B, BEreTaTUBHBIX JIUCTHEB METYHUIIBI OLIEHU-
BaJIM OOIllee COCTOSIHME >KUBOTHBIX (Ciequand 3a
[OBEJIEHNEM, BHEIIHUM BHJIOM, JIBHTATEJIbHON
aKTHBHOCTBIO, TOTPebIEHNEM ITHINY U BOJBI, peaK-
nyel Ha BHEITHUE Pa3ApaKUTeNH, o0Ield Maccon);
MPUHUMAJIM BO BHUMAaHUE XapaKTep KJIMHUUYECKUX
MIPOSBJIEHUH WHTOKCUKAIIMH, BO3MOXKHBIH JIETAIb-
HBIM HcxoJl U Mopdosiornyeckue M3MeHEeHUs BHY-
TPEHHUX OPraHOB.

Br160p HauBHICHIEH /103bI OOBACHSIICS IIPEAEIOM
JUIs. BHYTPHKEJIYZIOUHOTO IIyTU BBEJEHUs MBIIIAM.
CorsiacHO POCCUMCKUM peKoMeHAanusam [18], gormy-
CKaeTcs BBeJIEHHE Ipemnapara B o0beMe 710 1 MiI/
MBIIIb (20 T) OAHOKPATHO, YTO B HAIIIEM CJIydae

other raw materials did not show a significant increase
in body weight. A similar result was obtained using
the non-parametric Mann-Whitney rank test [13].

Due to the fact that the anti-anemic effect of
extracts from reproductive shoots of P. mollis was
revealed during experiments in rats, the acute toxic-
ity of this dry extract in rats was additionally deter-
mined. The doses were calculated similarly to the
doses for mice, based on the permissible volume of
up to 6 ml per rat (300 g) for single intragastric
administration of the preparation, which in our case
was 20 ml/kg, or 2750 mg/kg; for double adminis-
tration — 5500 mg/kg. During a 14-day follow-up,
there were also no changes in the appearance, behav-
ior, or motor activity of the animals.

Thus, the analysis of the results of the acute toxic-
ity study allowed to establish that the maximal dos-
ages for intragastric administration of dry extracts
from reproductive shoots, vegetative leaves and roots
of P. mollis to mice and rats in the maximal volume for
this route of administration does not have a toxic
effect on the animal body during the 14-day follow-up.

The results of the experiment revealed the
absence of mortality in animals that received dry
extracts of reproductive shoots, vegetative leaves and
roots of P. mollis (Table. 3), which made it impossi-
ble to determine the parameters of acute toxicity
using probit analysis (LD, , LD, LD (LD — lethal
dose)). Due to the absence of deaths during the
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Ta6smmua 3. Macca TeJa *KUBOTHBIX (') OC/Ie ABYKPATHOTO BHY TPHIKEYJOYHOI'0 BBEZIEHHUS CYXOr'0 SKCTPAKTa MeIYHHULbI

MATKOH, X £ m

Table 3. Animal body weight (g) after double intragastric administration of P. mollis dry extract, X + m

Cyxo¥ 3KCTpaKT

Cyxoii 3KCTpaKT

Iloka3aTesb reHepaTHUBHBIX I0GETOB BereTaTUBHBIX JIUCTbeB CyX0M 3KCTPAKT KOpHeil
Indicator Dry extract of Dry extract of vegetative Dry extract of roots
reproductive shoots leaves
CpeziHsa Macca TeJla [i0 BBeJleHUs, T 34,3+1,3 358+1,7 363+1,5

Average body weight before

administration, g

CpenHasa Macca Tesa Ha 14-e cyTKH, T 36,9 +0,8 38,3+2,8 37,6 1,6
Average body weight on the 14" day, g

[IpupocT maccel Tesa, T 2,6 - -

Body weight increase, g

[IpupocT Maccel Tena, % 7,5 - -

Body weight increase , %

[IpumMevyaHnue.
Note

COCTaBUJIO 50 MJI/KT, WJIM 2500 MT/KT; IIpU JIBYKPaT-
HOM BBeJIEHUH — 5000 Mr/Kr. B TeuenHme naByx
HeZlesib He HaOJofaIu TUOeNUu JKUBOTHBIX U HE
BBISIBIJIN HUKAKUX W3MEHEHUH BHEIIHEro BUJA,
MOBEJIEHUs U IBUTATEIbHOM akTUBHOCTHU. [1pH B3Be-
IIMBAaHUU MBIIIEH B KOHIlE dKcIepuMeHTa (uepe3
14 HEl) OTMEYEHO, UTO BCE YKUBOTHBIE PABHOMEPHO
npubaBmwIH B Macce (Tabi. 3).

ITo kputepuio CrbloZieHTa 3HAYUMBIH (IpH
YPOBHE 3HAUUMOCTHU 95 %) MPHUPOCT MAaCChI Teaa —
7,5 % HaOJII0AJICS TOJIBKO y MbIIIEH, TOJTyJIaBIINX
SKCTPAKT M3 FeHePaTUBHBIX I00eroB. MBI, MOJTy-
YaBIIIFe SKCTPAKTHI U3 IPYTUX BUIOB CHIPbsI, 3HAUHU-
MOTO IPHUPOCTA MACCHl TeJa HE IMOKa3ayiu. AHAJIO-
TUYHBIH Pe3ysIbTaT ObUI MOJIyYeH U IPH HCIIOJIb30-
BaHUU PAHTOBOTO HEMAPAMETPUUYECKOTO KPUTEPHUS
Manna — Yurau [13].

B cBs3U ¢ TeM, YTO aHTHAHEMHUECKOE JIeHCTBUE
W3BJIEUEHUH U3 TeHEPATUBHBIX MO0ETOB MeIyHUITbI
MSATKOU OBLJIO YCTAHOBJIEHO B XO/I€ SKCIIEPUMEHTOB
Ha J1ab0paTOPHBIX JKUBOTHBIX — KPbICAX, JOIOJIHU-
TEJIbHO MPOBEPWIN OCTPYI0 TOKCHYHOCTH 3TOTO
CYXOTO 3KCTPAKTa Ha KpbIcax. J[03bl ObUIH paccuu-
TaHbl AHAJIOTUYHO J03aM /I MBIIIEH, UCXO/sd W3
JIOTyCTUMOTO 00'beMa 710 6 MJI Ha KphICy (300 T) mpu
BHYTPHJ)KEJIyZIOUHOM BBEJIGHUM IIperapaTta OJ[HO-
KpaTHO, UTO B HAIIIEM CJIydae COCTABUJIO 20 MJI/KT,
WJIH 2750 MT/KT; IPYU ABYKPATHOM BBEZIEHUU — 5500
MTI/Kr. B TeueHUe 14 jqHel HAOJIOJIEHUs TaKkKe HE
OBL7IO BBIABIEHO HUKAKUX H3MEHEHHH BHEIIHETrO
BHU/Ia, TIOBEJIEHWS M JIBUTATEJIbHOH AaKTUBHOCTH
JKUBOTHBIX.

Takum 06pa3oM, aHAIN3 ITOJyUYEeHHBIX Pe3yyIbTa-
TOB U3YYEHUsI OCTPOH TOKCHYHOCTH IIO3BOJIHJI YCTa-
HOBUTb, UTO MAKCUMAJIbHO BO3MOKHbBIE JI03UPOBKHU
JUI BBEJIEHUSA CYXUX SKCTPAKTOB Te€HEPATUBHBIX

[Ipouepk 03HaYaeT, YTO 3HAYEHHE CTATUCTUYECKU He 3HAYMMO.
. A dash means that the value is not statistically significant.

experiment, there was no need for autopsy to collect
morphological material. This indicates the safety of
the preparation. Further study of subchronic toxicity
will reveal functional disorders that may occur in
intragastric administration of the extract.

Owing to the absence of fatal outcomes in the
maximal dosage, LD, for dry extracts from repro-
ductive shoots, vegetative leaves and roots of P. mol-
lis in intragastric administration should be equal
5000 mg/kg for mice and 5500 mg/kg for rats, which
allows to attribute the preparations to class 4 (low
toxic substances) according to the current regulatory
documentation [19].

CONCLUSION

The study has showed the following:

1) in different morphological types of medicinal
plant raw materials of P. mollis, alkaloids, if present,
are found in trace amounts, and the content of toxic
trace elements does not exceed the reference range;

2) in terms of acute toxicity, the extracts from all
types of P. mollis raw materials belong to the hazard
class 4 (low-toxic substances);

3) when the total extract from reproductive shoots
was administered in the maximal dosage, the experi-
mental animals showed an increase in body weight
by 7,4%;

4) the absence of toxicity in the total extract from
reproductive shoots in combination with the anti-ane-
mic activity previously found allows to consider this
medicinal plant raw materials as a promising prepara-
tion for the phytotherapy of anemic conditions.

Conflict of interest. The authors declare no
conflict of interest.
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M00eroB, BETeTATUBHBIX JINCThEB W KODHEH Meay-
HUITBI MATKOH MBIIIIaM ¥ KPbICAM BHYTPHUIKEIIYI0YHO
B MaKCHMAaJIbHO BO3MOKHOM JIJISI TAHHOTO ITyTH BBE-
JIeHusi o0beMe He OKa3bIBaeT TOKCHYECKOTO Jel-
CTBUsI Ha OPTaHU3M KUBOTHBIX IIPYU HAOJIIOZIEeHNY 32
HUMH B TE€UEHUE 14 THEM.

Pe3ysibTaThl 3KCIIEPUMEHTA BBISBUIIN OTCYTCTBHE
JIETAJIbHOCTH Y KUBOTHBIX, [TOJIYUABIIIUX CyXUE DKC-
TPaKThl TeHEPATHUBHBIX IOOErOB, BereTaTUBHBIX
JIUCTHEB U KOPHEW MeAyHUIIbI MATKOU (cM. TabJI. 3),
YTO He MO3BOJIAJIO YCTAHOBUTH IIapaMeTPhl OCTPOI
TOKCUYHOCTH MeTOZIoM mpobut-anamusa (JI,,
I, I, (JII — neranmpHas mo3a)). M3-3a orcyr-
CTBUsI CMEPTEIbHBIX UCXOJ0B Ha MPOTSKEHUU DKC-
IepUMeHTa OTCYTCTBOBaJIa HEOOXOIUMOCTH BCKPBI-
THS JKUBOTHBIX U 3a60pa MOP(OJIOTHIECKOTO MaTe-
puasia. 9TO TOBOPUT O 6E30MaCHOCTH Iperapara.
JlanpHelilee n3yueHrne cyOXpOHUYECKOH TOKCHYHO-
CTH MO3BOJIUT BBIABUTH (DYHKIIMOHAIbHBIE HAPYIIIE-
HUS, KOTOPbIE MOTYT BOBHUKHYTD IIPU BHYTPHUIKEITY-
JTOYHOM BBEJIEHUH SKCTPAKTA.

N3-3a OTCYTCTBUSA JIETATBHBIX CIy4aeB P MaK-
CHMAaJIbHO BO3MOKHOU JIO3MPOBKE JIJT,, noist cyxux
SKCTPAKTOB TeHEPATUBHBIX MTOOErOB, BETeTaTUBHBIX
JINCTBEB U KOPHEN MeAyHUIIbI MATKOW IIPU BHYTPU-
JKEJIyIOUHOM BBEJEHUU MBIIIaM [OJIKHA COCTaB-
JISITB 5000 MT/KT, a IPYU BHYTPUKEJIYZIOUHOM BBeJIe-
HUH KpbICAM — 5500 MT/KT, YTO HO3BOJISIET OTHECTH
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U3yJaeMbIi Ipernapar K 4-My Kiaccy (MaJoTOKCHY-
HbIE BEIECTBA) COTJIACHO JIEUCTBYIONEH HOPMATHUB-
HOU JJOKyMeHTanuu [19].

3AK/IIOUEHUWE

ITpoBenenHOE HCCIIEIOBAHIE TIOKA3ATIO:

1) B pa3JIMYHBIX MOP(HOIOTUYECKUX BUIAX JIEKAP-
CTBEHHOTO PACTUTEIBHOTO CHIPhS MEIYyHHIbI M-
KOU aJIKaJIOUJIbl €CJTH U IPUCYTCTBYIOT, TO B CJIEO0-
BBIX KOJINUECTBAX, a CoJiep:KaHHe BJIEMEHTOB-
TOKCHKAHTOB He BBIXOJIUT 3a IIPEJEIbI HOPM;

2) IO OCTPOU TOKCHUYHOCTH WU3BJIEYEHUS U3 BCEX
BU/IOB CHIPBSI MEAYHUIIBI MATKOH OTHOCATCS K 4-My
KJIACCY OITACHOCTH — MAJIOTOKCHYHBIM BEIIleCTBAM;

3) IpHU BBEJEHUU CYMMAapHOTO H3BJIEUYEHUS W3
reHepaTUBHBIX IO0EroB B MaKCUMAaJIbHO BO3MOXK-
HBIX J]03aX IOZOTBITHHIE )KUBOTHBIE IOKA3ATU IIPU-
POCT Macchl Tesia Ha 7,4 %;

4) OTCYTCTBHE TOKCHYHOCTH Yy CYMMapHOIO
U3BJIEUEHHSI U3 TeHEPATUBHBIX MOOEroB B COYETa-
HUU C paHee YCTAaHOBJIEHHOW AaHTHAHEMUUYECKOU
AKTHUBHOCTBIO II03BOJIAeT pacCMaTpUBATh JTaHHOE
JIEKapCTBEHHOE PACTUTEJILHOE CHIPbe B KadecTBe
IIepCIEKTUBHOTO IIpenapaTa 1 GUTOTEPAIuy aHe-
MUYECKUX COCTOSTHUH.

KoH@uaukT mHTEpECOB. ABTOPHI 3aABJISIOT 00
OTCYTCTBUHU KOH(INKTA HHTEPECOB.
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B03MOKHOCTH NPOTHO3UPOBAHUA PYHKIIMOHAJIBbHBIX HCX0/{0B
UIEeMUYECKOI'0 UHCYJ/JIbTa

T.A. IllycroBa, M.II. Tomy30Ba, A.A. CbikbiKkOBa, I1.A. I'puropseBa, T.M. AnekceeBa

OI'BY «HauyuoHanvHblil meduyuHckuil uceaedosamensekuil uenmp umeru B.A. Aamaszosa» Munsdpasa Poccuu,
Canxm-ITemepbype, Poccus

AHHOTAIIUA

WHCcynpT 3aHUMAaET JIUAUPYIOIIYe IO3UIUN Cpeiv IPUYNH UHBAJINUJHOCTA U CMepTHOCTU. [IporHosupoBanue GyHKIIHO-
HaJIBHBIX UCXOJI0B UHCYJIbTA IOTEHIIHATIBHO CIIOCOOHO IOBBICUTD 3¢ ()EKTUBHOCTD BeZIeHH MAllieHTOB, OITUMHU3UPOBATh
CTpaTeruy OKa3aHUuA MEAUIMHCKON TOMOIIU U peabUINTAIIMOHHBIX MEPOIIPUATUH C yU€TOM PAI[OHATIN3AINH UCII0JIH30-
BaHMS pecypcoB. Ha cerofHAIHUNA IeHb OTCYTCTBYIOT HMHCTPYMEHTHI OBICTPON M KOMILJIEKCHOU OIIEHKU MPOTHO3a JJIs
MIPUHATHS BPAYOM CBOEBPEMEHHOTO PeIIeHHs 0 BhIOope HanboJsIee MOAXOAAIIEH U MEPCIIEKTUBHOMN ISl KaXK/IOTO IallH-
€HTa TAKTUKU BeJIEHUs, YTO TpeOyeT CUCTeMATU3alUH U3BECTHHIX IAHHBIX 110 IIPOrHO3UPOBAHUIO UCXO/I0B HHCYJIBTA JJIS
BO3MOXKHOCTH JIaJIbHENIIIEN ONITHMU3aIUK 3TOTO Iporiecca. Hamu 6b11H H3YdeHb! CYIeCTBYONHEe BO3MOXKHOCTH IIPOTHO-
3UpOBaHUSA (DYHKIMOHATBHBIX HCXOZOB HIMEMHUYECKOro HHCysabTa Ha Iwiatrdopmax PubMed, Scopus, eLIBRARY,
Cyberleninka, mpoanamu3upoBaHbl UX JOCTOMHCTBA U HEZOCTATKH.

Kmoueenle cao8a: uieMudecKuil HCYJIBT, IIPOTHO3, UCXO/bI HHCYJIbTA, IPOTHO3UPOBAHUE UCXO/I0B UHCYJIBTA, (PYHK-
[IMOHAJIBHBIA UCXO/T, OMOMapKePHI HIIEMUH MO3Tra, OOMapKephl IPOTHO3A.

Oo6pasen murupoBaHu: Ilycrosa T.A., Tomy3oBa M.II., CeikbikoBa A.A., IpuropneBa I1.A., AmexceeBa T.M.
B03MOKHOCTH IPOTHOBUPOBAHUA (PYHKIIMOHAIBHBIX HCXOA0B HIlleMudeckoro nHeysbTa // Journal of Siberian Medical
Sciences. 2025;9(1):98-123. DOI: 10.31549/2542-1174-2025-9-1-98-123

Possibilities of predicting functional outcomes of ischemic stroke
T.A. Shustova, M.P. Topuzova, A.A. Sykykova, P.A. Grigorieva, T.M. Alekseeva

Almazov National Medical Research Centre, St. Petersburg, Russia

ABSTRACT

Stroke occupies leading positions among the causes of disability and mortality. Prediction of functional outcomes of stroke
has the potential to improve the efficiency of patient management, optimize strategies for providing medical care and reha-
bilitation measures, taking into account the rationalization of resource use. To date, there are no tools for rapid and com-
prehensive assessment of the prognosis for a physician to make a timely decision on choosing the most appropriate and
promising management tactics for each patient, which requires systematization of known data on predicting stroke out-
comes for the possibility of further optimization of this process. We have studied the existing possibilities for predicting the
functional outcomes of ischemic stroke via PubMed, Scopus, eLIBRARY, Cyberleninka platforms, analyzed their advan-
tages and disadvantages.
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W HCy1bT 3aHIMAET BTOPOE MECTO B MUPE B IJIO-
0aJIPHOM CITHCKe BceX IMPUYUH cMepTu. ExkeromHo
WHCYJIBT CJIy4aeTcs y 13,8 MJIH Yesl. 110 BCeMy MUPY,
B 5,8 MUTH cityuaeB mpuBoas k cmeptu [1]. C 1990 o
2019 T. BKJIIOUHUTEJHHO PACIPOCTPAHEHHOCTH
WHCYJIbTA YBeJIUumusaach Ha 85 %, a CMepTHOCTh — Ha
43 %. Ha nostto ummemudeckoro uHceyabta (M) mpu-
XouTes 62,4 % OT Yuciia BceX HHCYIIBTOB [2]; 61,5 %
MalUeHTOB, MEPEHECIINX WHCYJIbT, YMEPJIH WJIH
CTaJId 3aBUCUMBIMU OT IIOMOIIN TPEThETO Jintia [3].

B Poccutickoit ®eniepariuu 3a 2019 T. ObLUIO 3ape-
TUCTPUPOBAHO 435,2 THIC. CJIy4aeB HHCYJIbTa, U3
KOTOPBIX 30 % 3aKOHUIJINCH JIETAJTBHBIM HCXOJIOM.
Jna rocymapcTBa S5KOHOMUYECKOe OpeMsi JTaHHOTO
3a00JI€EBAaHUS COCTABUJIO 490 MJIPJ PyOJiel, Wiu
0,3 % BHYTpPEHHET0 BaJIOBOTO MPOyKTa. Ha KarkapIi
cayuait U TpaThl IpUOIMIKAIOTCA K 1,2 MJTH PYyOJIei.
WHCY/IBTH  CO3AI0T 3HAUUTEJIBHYIO COI[HAJIBHO-
SKOHOMUUECKYIO Opelns B 610/:KeTe rocyzapcrsa [4].

[TpornosupoBanue GYHKIMOHAIBHBIX HCXO/IOB
NU MoxkeT croco6CTBOBATh MOBBIMIEHUIO 3(Pdek-
TUBHOCTU BeJleHUs MANVNEeHTOB, NMPUHATHIO OoJiee
000CHOBAaHHBIX PEIIEHUH, ONITUMHU3AIUNA CTPATETUH
OKa3aHUsA MEAUITMHCKOU TTOMOIIY TTAI[eHTaM B CTa-
[MOHApe, YJIYUIIEHUIO [IAHUPOBAHUA peabuanuTa-
[IUOHHBIX MEPONPUATHA U  PaIrMOHATU3ALINHI
HCITOJIb30BAHUS PECYPCOB.

[esipto HacTOAIIETO 0630pa OBLIIO U3YUUTH CYIIE-
CTBYIOIIMIE BO3MOXKHOCTU ITPOTHO3UPOBAHUSA (YHK-
IUOHAJIBHBIX KcX0moB VU, mpoaHaIu3upoBaTh UX
JTOCTOMTHCTBA U HEJIOCTATKH. [[J1s1 3TOro 6hLIH Ipoa-
HQJIN3UPOBAHBI JIOCTYIIHblE MaTepHUaIbl Ha ILIAT-
dopmax Medline (uepes PubMed) u Scopus,
Cochrane Library, The Lancet Public Health Journal,
eLIBRARY, Cyberleninka.

ITo BpemenHOMy napameTpy ucxozanl M1 moxHO
pa3zennTh Ha KPATKOCPOUHBIE U JIOJITOCPOYHBIE.
K 6raronpusiTHbIM (PYHKITHOHAJIBHBIM Hcxoaam Y
OTHOCAIT TIOJIHOE WJIM YaCTHYHOE BOCCTAHOBJIEHHE
HApYIIEHHBIX (PYHKIUH (IBUTATEJIBHBIX, UYBCTBU-
TEJIbHbIX, KOTHUTHUBHBIX W JIp.) U CIOCOOHOCTH K
camoobcTykrBaHui0. Heb1aronpusaTHBIMY Ke IIPU-
3HAIOT COIMMATBHYIO 1€33/IalITAIIII0, CTOMKYIO MHBA-
JIUIU3a0MI0 U CMepTh B TeueHHue 5 JieT nociae VU
[5, 6]. HebiarompusTHBIM WCXOMA SBJISETCA He
TOJIPKO C TOYKH 3PEHHs MAalNeHTa, 3HAUYUTEIHHO
CHIDKAs KQ4ecTBO €ro JKU3HU, HO U ¢ TOUKU 3PEHUS
TPETHUX JIWII, HA IUIEYX KOTOPHIX B IAHHOM CHUTya-
MY JIOXKUTCA OpeMs yxoja 3a MmamueHToM. B mac-
mrrabax ske CTpaHbl TPAKIAHUH, TEPSIONTANA paboTo-
CII0COOHOCTD, HE TOJIBKO CHIKAET CBOU BKJIAJ] B 9KO-
HOMUYECKYI0O COCTAaBJISIONIYI0 TOCYZIapCTBa, HO U
TpebyeT TOIOJHUTEIHHBIX (DMHAHCOBBIX 3aTpaT Ha
obecrieueHne CBOEH KU3HEAEATETbHOCTU. VcXomist

Stroke is the second leading cause of death world-
wide. Every year, stroke affects 13,8 miln people
worldwide, resulting in 5,8 mln deaths [1]. From
1990 through 2019, the prevalence of stroke
increased by 85%, and mortality — by 43%. Ischemic
stroke (IS) accounts for 62,4% of all strokes [2];
61.5% of stroke patients died or became dependent
on third-party care [3].

In the Russian Federation, 435,2 thousand cases
of stroke were registered in 2019, 30% of which were
fatal. For the state, the economic burden of this dis-
ease amounted to 490 bln rubles, or 0,3% of the
gross domestic product. For each case of stroke, the
costs are close to 1,2 mln rubles. Strokes create a sig-
nificant socio-economic breach in the state budget
[4].

Predicting functional outcomes of IS can help to
improve patient management, make more reason-
able decisions, optimize hospital care strategies,
update rehabilitation planning, and rationalize the
use of resources.

The aim of this review was to study the existing
possibilities for predicting the functional outcomes
of IS, to analyze their advantages and disadvantages.
For this purpose, the available data were analyzed on
Medline (via PubMed) and Scopus, Cochrane
Library, The Lancet Public Health Journal,
eLIBRARY, Cyberleninka.

Based on the parameter of time, IS outcomes can
be divided into short-term and long-term. Favorable
functional outcomes of IS include complete or partial
recovery of impaired functions (motor, sensory, cog-
nitive, etc.) and self-care abilities. Unfavorable out-
comes include social maladjustment, persistent dis-
ability, and death within 5 years after IS [5, 6]. An
outcome is unfavorable not only from the patient’s
point of view, significantly reducing his or her quality
of life, but also from the point of view of third parties,
who bear the burden of caring for the patient in this
situation. On a national scale, a citizen who loses his
or her ability to work not only reduces his or her con-
tribution to state economics, but also requires addi-
tional financial costs to ensure his or her life. Based
on this, it is necessary to understand the importance
of the ability of doctors to predict both short-term
and long-term outcomes of stroke at the hospital
stage in order to develop individual rehabilitation
programs as early as possible, and manage recovery
processes in a timely manner.

In routine clinical practice, anamnestic data,
results of patient’s condition assessment using clini-
cal scales in the acute period of IS and during
dynamic follow-up, neuroimaging and laboratory
parameters, both at admission and later, to assess
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M3 BTOro, He0OXOMMO MOHHUMATh 3HAUNMOCThH BO3-
MOKHOCTH IIPOTHO3UPOBAHUs BpauyaMH Kak KpaT-
KOCPOYHBIX, TAK 1 JIOJITOCPOYHBIX KCXO/IOB UHCYJIbTA
Ha FOCITUTAJILHOM 3TAll€ C I[eJIbI0 HanboJiee paHHETO
ITOCTPOEHUsI MHANBUAYAJIbHBIX IPOrPaAMM peabuIn-
TaAI[M¥ U CBOEBPEMEHHOTO YIIPABJIEHUS BOCCTAHOBU-
TeJIbHBIMH IIPOIIeCCaAMH.

B pyTMHHOHW KJIMHUYECKOU IIpAKTHUKe JJIs IPO-
THO3UPOBAHUS MCXO0B UCIIOJIb3YIOTCS aHAMHECTH-
YecKHe JIJaHHbIE, Pe3yJIbTaThl OIEHKU COCTOSHUS
MaryeHTa 0 KJIMHUYECKHUM IIIKaJaM B OCTPOM ITepH-
one U u nipu uHAMUYECKOM HAOJIIOZIEHUH; HEH-
pOBH3yaTU3aIlMOHHbIE U JIAOOpaTOpPHBIE ITOKa3a-
TeJIH, OmpeziesisieMble KaK IMPU MOCTYIUIEHUH, TaK U
MMO3JHEE, JIJI OLIEHKH JUHAMUKH BOCCTAHOBJIEHHUS 1
omnpezeneHuss (HaKTOpOB HEOJJIATONPHUATHOTO IIPO-
rHo3a. OTHAKO Ha CETOJIHANIHUU IeHb OTCYTCTBYIOT
WHCTPYMEHTHI, KOTOPBbIE MOIJIM OBl IOMOYb Bpady
KOMILJIEKCHO U OBICTPO OIEHUTH IIPOTHO3 U MIPUHATH
peliieHre 0 BbIOOpe HanboJIee MOAXOAAIIEH U Tep-
CIIEKTUBHOM /I KKJOTO KOHKPETHOTO IMaIleHTa
TaKTUKU BEJEHUs, 4TO JejlaeT HeOOXOUMOM CHCTe-
MaTHU3aINI0 U3BECTHBIX JIAHHBIX 110 IIPOTHO3UPOBaA-
HUIO UCXO7I0B MHCYJIHTA JIJIST BO3MOKHOCTH JATbHEH -
el ONTUMHU3AINY 3TOTO MpoIlecca.

AHAMHECTNYECKUE JAHHDBIE

B wucciemoBaHUSX HEOJHOKPATHO OBLIO ITOKA-
3aHO, YTO HAJIMYUE Yy IAIMeHTa HECKOJIbKUX (2 u
6oJiee) XpOHHMUECKUX 3a00JIeBaHUH Ipeapaciosia-
raetT K xyzaumemy QyHKIMOHAIbHOMY ucxoxy. Ha
CETOHANIHUM JIeHb 3aTPyAHEHO OIpe/esieHHe U
y/IeJIBHOTO Beca KaKJIOTO U3 XpPOHUUYecKUX 3abosie-
BaHUU C yUeTOM UX TAKECTU U CUHEPTUYHOCTH JIeii-
CTBUSA Ha 001ee QYHKIIMOHATBHOE COCTOSTHIE Opra-
Hu3Ma [7], 4ro TpebyeT mpoBeneHUs OOJIBIIOTO
YHca JTAbHEHIINX TOMYJIAIUOHHBIX HCCIeI0Ba-
HUH, a TaK)Ke aHATN3a HAKOIJIEHHBIX JAHHBIX.

B KpynHOM NpOCIEKTHBHOM KOTOPTHOM HCCJIe-
moBanuu KOSCO (2016), y4uThIBAIOIIEM BCe BO3-
MOXKHbIE BapHUAaHTHl B3aNMOJENCTBUA (HAKTOPOB,
CIOCOOHBIX HCKaXKaTh PpE3YJIbTAT, ABTOHOMHBIMU
MpeIuKTOpaMu (YHKIIMOHAJIBHON! HE3aBUCUMOCTU
U YJIydileHus CyObeKTUBHOW OIEHKH KadecTBa
JKU3HU 4epe3 6 Mec mocyie MU cranu: BO3pacrt,
onenka mno I[llkane wHcynpra HarnuoHasbHOTO
uHCTUTyTa 310poBhs (NIHSS) mpu mocrymieHuw,
IIPOJIOJIKUTETBHOCTD TOCIUTANTN3AINY U (PYHKITHO-
HaJIBHBIA YPOBEHb IIPU BhIMHCKe. Kpome TorO, yI10-
TpebJieHNe aJKOToJisl B aHAMHe3e OBLIO JOIIOJTHU-
TeJIbHBIM IIPEIUKTOPOM XyAlIero (YHKIIHOHAIIb-
HOTO BOCCTAHOBJIEHUSI, & YJIyUIIEHHE OIeHKHU Kade-
CTBa KU3HU uepe3 6 Mmec nociae VU 3aBucesno ot
I10J1a ¥ yPOBH: 0Opa3oBaHus manvenTa [8].

the dynamics of recovery and determine factors of an
unfavorable prognosis, are used to predict the out-
comes. However, to date, there are no tools that
could help a physician to comprehensively and
quickly assess the prognosis and decide on the choice
of the most appropriate and promising management
tactics for each specific patient, which makes it nec-
essary to systematize the known data on predicting
stroke outcomes to enable further optimization of
this process.

ANAMNESTIC DATA

It has been repeatedly shown in studies that the
presence of several (2 or more) chronic diseases in a
patient predisposes to a worse functional outcome.
To date, it is difficult to determine the impact of each
chronic disease, taking into account their severity
and synergistic effect on the overall functional state
of the body [7], which requires a large number of fur-
ther population studies, as well as analysis of data
accumulated.

In a large prospective cohort study, the KOSCO
(2016), taking into account all possible interactions
of factors that could distort the result, the autono-
mous predictors of functional independence and
improvement in subjective assessment of quality of
life at 6 months after IS were: age, National Insti-
tutes of Health Stroke Scale (NIHSS) score at admis-
sion, duration of hospitalization and functional level
at discharge. In addition, a history of alcohol con-
sumption was an additional predictor of worse func-
tional recovery, and the improvement in the assess-
ment of quality of life at 6 months after IS depended
on the patient’s gender and level of education [8].

Kulesh et al. (2011) found patterns of 5-year sur-
vival after IS. The study revealed a dependence of
adverse effects on age, arterial hypertension (AH),
diabetes mellitus (DM), tachyarrhythmia, atrial
fibrillation (AF), and the presence of an acute vascu-
lar event in the past medical history [9].

The most significant anamnestic data influencing
the prognosis of the functional outcome of IS are
presented in Table 1.

CLINICAL SCALES

Clinical scales are usable in assessing the patient’s
condition; they save time for the patient and the spe-
cialist, allowing the results as in terms of numbers to
be obtained as soon as possible, which represents the
patient’s condition according to the parameter being
assessed. Based on the data obtained, the physician
has the opportunity to preliminarily assess the out-
come of stroke.
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Kysemr C./I. u coaBT. (2011) yCTaHOBUJIM 3aKOHO-
MEPHOCTH 5-JIETHEN BbDKHUBaeMocTu nocie MU. ITo
pe3yibTaTaM ucciIe/JoBaHUs Obljla BhIABJIEHA 3aBU-
CUMOCTb HeOJIarONPUATHBIX IIOCJIEJICTBUH OT BO3-
pacra, aprepuayibHOU rurieprensuu (Al'), caxapHOTo
nuabera (CJI), MepriaTesIbHOM apuUTMUU, GUOPUILIA-
nun npeacepanit (OI1) u HATUYUSI OCTPOTO COCYAU-
CTOro cOOBITHA B aHaMHe3e [9].

Haubosiee 3HaunMble aHAMHECTHUYECKHE TaH-
Hble, BJIMAIOIINE Ha MPOTHO3 (GYHKIIHOHAIHHOTO
ucxoga N, npesicrapyieHsl B Ta0II. 1.

The National Institutes of Health Stroke
Scale (NIHSS) allows to assess the severity of
stroke based on the totality of the patient’s symp-
toms. Due to its simplicity and versatility, it has
become a tool for assessing the condition of patients
during the initial examination by a neurologist in the
emergency department, as well as during follow-up.
This scale allows to quickly obtain a view of the seve-
rity of stroke in points: 0—6 points — mild,
7—15 points — moderate, above 15 points — severe.
The NTHSS is used not only at admission and the ini-

Ta6suna 1. [laHHbIe HCCIej0BaHUH 10 HanGoiee 3HAYMMbIM TPeAUKTOPaM He6IaronpUsaTHBIX HcxofoB UU
Table 1. The data on the most significant predictors of adverse outcomes of IS

IIpeagukTop OmnucaHue

Predictor

Description

HcToOYHUKHN
References

AT / AH

O6parHas acconuanusa Mexxay Al M 5-JIeTHUM PUCKOM CMepTH NOCJ/Ie HHCY/IbTA
Negative correlation between AH and 5-year risk of death after stroke

Kynew C.JI. u ip., 2011 [9]
Kulesh S.D. etal,, 2011 [9]

[MoBeiienue A/l B nepBbie 24-48 4 npu UU kaparoaM6011yecKoi 3THOI0TUU
KOppeJIupyeT € IMJIOXUM UCXOZ,0M

Increased BP in the first 24-48 h of cardioembolic stroke correlates with
unfavorable outcome

Ntaios G. et al.,, 2012 [10]

[ToBeimenue A/l B nepBble 24 yaca - NpeJUKTOP HeGIaronpUsATHOTO UCX0AaA
yepe3 1 mec
Increased BP in the first 24 h is a predictor of adverse outcome after 1 month

Robinson T. et al,, 1997 [11]

YBesinueHue 3HaueHU# A/l B TedeHHe 24 4 MOBBIIIAET IIaHChl BO3HUKHOBEHHUS
MOBTOPHOTO MHCYJ/IbTA B GJIVDKAUIINKT rOJ
Increased BP for 24 h increases the chances of one year recurrent stroke

Tsivgoulis G. et al., 2005 [12]

Bbicokasi BapHabesIbHOCTb CUCTOJIMYECKOT0 U AacToindeckoro A/l cBsi3aHa ¢
MOBBILIEHHBIM PUCKOM CMEPTH M MHBA/IN/IM3alMY TAllUEHTOB

High variability of systolic and diastolic BP is associated with an increased risk
of death and disability in patients

Chen Y. etal, 2024 [13]

cll/ DM

Jlronu ¢ C/l umesnu 60Jiee BHICOKYIO YaCTOTY CMEPTHOCTHU U PEL[U/IUBOB
HHCY/IbTa Yyepe3 3 U 6 Mec B CpaBHEHHUH € manueHTamMu 6e3 C/l

Patients with DM had higher rate of mortality and stroke recurrence after 3 and
6 months compared with patients without DM

JiaQ.etal., 2011 [14]

C/l u nperabeT CBA3aHbI C HEGJIArONPUATHBIMH KPAaTKOCPOYHBIMHU
30-7HEeBHBIMH HCXOJAMU
Diabetes and prediabetes are associated with adverse short-term 30-day outcomes

Tanaka R. etal,, 2013 [15]

CMepTHOCTB B TedyeHHUe roga nocie MU 6bi1a Ha 25 % Bblle CpeJjy MAaLUEeHTOB
¢ C/l B cpaBHeHUU ¢ nanueHTamu 6e3 C/]

One-year mortality after IS was 25% higher among DM patients compared
patients without DM

Tuttolomondo A. et al., 2008
[16]

Penuaus MU B 1,5 pasa valie BcTpevyaeTcs cpeiv manueHToB ¢ C/J
IS recurrence is 1,5 times more common among patients with DM

Zhang L. etal., 2021 [17]

Puck cmepTu B Teuenue roga nocsae UM g naguenTos ¢ C/l B 1,13 pasa Bbllle,
4yeM y nanueHToB 6e3 C/l

One-year mortality risk after IS for DM patients is 1,13 times higher than for
patients without DM

Olaiya M.T. et al,, 2021 [18]

B Teuenue 3 jsiet nocie MUY cMepTesibHBIN UCX0/, B rpyne nauueHToB ¢ C/L
BO3HMKaJI Yallle, 4eM y nanueHToB 6e3 CJl

Within 3 years after IS, death occurred more frequently in the group of patients
with DM than in patients without DM

Echouffo-Tcheugui J.B. et al.,
2018 [19]

Bospacrt
Age

Y nauuenToB crapiue 80 JieT 60J1ee BbICOKHE NI0Ka3aTeNld BHYTPUOOJIbHUYHON
CMEPTHOCTH
Patients over 80 years old have higher rates of in-hospital mortality

Fonarow G.C. etal., 2010
[20]

30-aHeBHAs1 CMEPTHOCTb NALMEHTOB B Bo3pacte 65-80 sieT coctassieT 9,7 %,
a cpeau nayueHToB crapuie 80 sieT - 194 %

The 30-day mortality rate for patients aged 65-80 years is 9.7%, and for
patients over 80 years old - 194%

Palnum K.D. et al.,, 2008 [21]
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OkoHuaHue Tab6s1. 1 / End of Table 1

IlpeaukTop OnucaHue
Predictor Description

HcTOYHUKHN
References

y NMalUeHTOB 10 70 JieT BOCCTaHOBJIEHHE MOTOPHBIX (byHKLU/II/I AJINJIOCh B

Yoo J.W.etal,, 2020 [22]

TeyeHHe 6 Mec U coxpaHsochk A0 30 mec. Y sitozel crapiue 70 jeT nocie
1 Mec perpecca CUMOTOMATUKH HAGJII0/]a/I0Ch CHIDKEHHE QYHKIMOHATbHBIX

cnoco6HocTe# 10 30 Mec HabGIIOAEHUST

In patients under 70 years old, motor function recovery lasted for 6 months
and was maintained for up to 30 months. In patients over 70 years old,
after 1 month of symptom reversion, a decrease in functional abilities was

for up to 30 months of follow-up

OTHoOIIeHHe IAaHCOB MJ10X0r0 GYHKIMOHAJBHOI0 UCX0/1a IUHEHHO

Ohya Y. etal,, 2023 [23]

YyBeJIMYHBaJIOCh COOTBETCTBEHHO BO3PAaCTy C MAKCUMaJIbHBIM 3HAY€HUEM [JIA

nanueHTos >85 siet

The odds ratio for poor functional outcome increased linearly with age, with a

maximum value for patients >85 years old

B Teuenue roaa HaGII}O,C[eHI/IH nocine TpOM63KCTpaKLU/II/I NMalKeHThbl B BO3pacTe

Beuker C. etal.,, 2023 [24]

280 JieT Mo cpaBHeHHIO ¢ <80 JieT UMeJH GoJsiee BBICOKYIO cMepTHOCTD (55,4 %
npoTuB 28,5 %), yale HMeJId YMepEeHHY0 WU TSKETY0 HHBAJIUAHOCTD
During the one-year follow-up after thrombectomy, patients aged =80 versus
<80 years had higher mortality (55,4% versus 28,5%), were more likely to have

moderate or severe disability

oIl CMepTHOCTB B TeueHue 28 AHell nocse nepeHeceHHoro WU Bhllle B rpymnmne

Kimura K. et al,, 2005 [25]

nanueHToB ¢ ®I1 - 11,3 %, B rpynmne 6e3 ®II - 3,4 %
Mortality within 28 days after IS is higher in the group of patients with AF -

11,3%, in the group without AF - 3,4%

B rpymne nanuenToB ¢ ®I1 setanbHOCTh B TeyeHue 30 auel coctaBuia 23 %, B Sandercock P. et al,, 1992

rpynme c CP -8 %

[26]

In the group of patients with AF, mortality within 30 days was 23%, in the SR

group - 8%

CmepTHOCTB nocsie UM cpeau naunenTtos ¢ OI1 B Teuenue 30 fHelt paBHa 25 %, Lin H.J.etal, 1996 [27]

nagueHToB ¢ CP - 14 %

Mortality after IS among patients with AF within 30 days is 25%, in patients

with SR - 14%

B rpynne nauuenTos ¢ @Il nporHo3 BocCTaHOBJIEHHUS XY2Ke, UeM B TpymIe

Tracz ]. etal., 2023 [28]

nauueHToB ¢ CP. CMepTHOCTB cpesiu nanueHToB ¢ OII 3HaUMTEIBHO BhILLIE B
nepBbid rog nocse UK, no3aHee — aHasiornyHa TakoBoU cpeiu nayueHToB ¢ CP
In the group of patients with AF, the prognosis for recovery is worse than in
the group of patients with SR. Mortality among patients with AF is significantly
higher in the first year after IS, later it is similar to that among patients with SR

B Teuenue 3 Mec HaG/t0AeHNA ¥ alieHTOB ¢ Pl QyHKIMOHANIBHBIA UCXO[

Tu H.T. etal, 2015 [29]

ObLJI Xy?Ke, a CMEPTHOCTD — Bblllle B CPABHEHHUH ¢ nanueHTamu 6e3 OI1
During 3 months of follow-up, patients with AF had worse functional outcome
and higher mortality compared to patients without AF

[Ilpumeuvanue. UU - nmemMuyeckuid uHCy/IbT; Al' - apTepuanbHas runeptensus; A/l - aprepuanbHoe AaBienue; C/l — caxapHbId [uabeT;

OII - pubpunsauus npegcepauit; CP - CHHyCOBbIM PUTM.

Note. IS -ischemic stroke; AH - arterial hypertension; BP - blood pressure; DM - diabetes mellitus; AF - atrial fibrillation; SR - sinus rhythm.

KINHNYECKHWE NIKAJIBI

[IpakTUYHBIMU B OIl€HKE COCTOSHUSA IaI[ieHTa
ABJAIOTCA KJIWHUYECKHe IIKaJbl, OHU HKOHOMAT
BpeMsA IallMeHTa U CIelUalNCcTa, II03BOJAA II0JIy-
YUTH B KpaTUalIlie CPOKH PE3YIbTAThl B YUCIOBOM
¢opmare, oTpakamlye COCTOSHUE IalleHTa II0
olleHnBaeMoMy apaMeTpy. Ha ocHOBe IToJIy4eHHBIX
JIAHHBIX TIepeJl BpauoM OTKPBIBAETCSA BO3MOXKHOCTD
IIpeJIBapUTEeJIbHO OLIEHUTh UCXO/bI UHCYJIbTA.

IIIkana unHcyavma HauyuoHaabHO20 uMc-
mumyma 30opoeva (National Institutes of

tial examination, but also during treatment and
rehabilitation (after 14 days, on the day of discharge
and after 3, 6, 12 and 24 months). A dynamic decrease
in NIHSS score is an objective indicator of the
patient’s ongoing recovery after IS.

In 1999, Adams Jr. et al. showed that NITHSS
scores >15 in acute IM predict a high probability of
death and disability, while scores <7 predict a favor-
able stroke outcome [30], and later in other studies
the significance of NIHSS scores as predictors of long-
term functional outcome was confirmed [31, 32].
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Health Stroke Scale, NIHSS) 1103B0JISIET OII€HUTD
TSDKECTh MHCYJIbTA II0 COBOKYITHOCTH UMeIOIIecs y
mareHTa CMMITOMATUKY. Biiarozapst cBoeii mpocTore
U YHUBEPCAJIBHOCTH, OHA CTAJIa HHCTPYMEHTOM OIIEHKH
COCTOSIHHMSI TIAIMEHTOB IIPU IIEPBUYHOM OCMOTpPE
HEBPOJIOTOM B IIPUEMHOM OT/IeJIEHUH, 2 TAKIKE B IUHA-
Muke. JlaHHAs IIKasa MO3BOJIET OBICTPO IOJIYUUTH
IIpeJICTaBJIeHre O TsDKECTH WHCYJIbTa B OayUiax:
0—6 GayIoB — Jlerkasi, 7—15 OaJJIOB — yMepeHHasd,
BbIle 15 Oa/UTOB — TsDKeasd. [IpUMEHSIOT KAty
NIHSS He TOJBKO MpU HOCTYIJIEHUU U TIEPBOM OCMO-
Tpe MaIleHTa, HO U B IIPOIIECCE JIEUeHUs 1 peabuinuTa-
nuu (4epes 14 JHEH, B IeHb BBIICKY U Uyepe3 3, 6, 12 1
24 wmec). JIMHAMHYECKOE CHIDKEeHHe O0aslJIoB II0
NIHSS — 00beKTUBHBIN [TOKA3aTeNlb MIPOA0JIKAIOIIE-
rocs BOCCTaHOBJIEHU MaryenTa nocse M.

B 1999 1. H.P. Adams Jr. et al. ompeaesnwiu, 4To
OIIEHKH B OCTPOM TIEPHO/IE, IIPEBBIIIAIONITE 15 6a/UIOB
no mkase NIHSS, mpeackaspIBaoT BBICOKYIO BEPOST-
HOCTh CMEPTHU U WHBATU/IN3AINY, a 0aJUIbl MEHBIIIE 7
IIPOTHO3UPYIOT 61arONPUATHBIN UCXOJ] HHCYJIBTA [30],
a To3/1Hee JIpyTHe WCCIIEZOBAHUSA ITOATBEPAIUIN 3HA-
gumMocTb O0asutoB NIHSS B kauecTBe IIpeIHKTOPOB J10JI-
TOCPOYHOTO (PYHKIIMOHAIBHOTO Hcxoza [31, 32].

ITH 3aKOHOMEPHOCTH OBbLIN IPOCTEKEHBI U B
uccnemoBanuu J. Du et al. (2023): 4025 yuacTHUKOB
OBLIN TTO/IeJIEHBI HAa 3 TPYIIIIBI 110 TSXKECTU IIPOSIBIIE-
HUH: TPyTIIa ¢ HOCTOSHHO TSAKEJIbIM (CTOHKOE OTCYT-
CTBUE CHIDKEHUs B TeUeHUEe 3 MecCsAIEB BBICOKHUX
6astoB NTHSS), yMepeHHO BBIpa’KEHHBIM (HavYaIb-
Hble oneHKH 110 NIHSS ot 2 70 5 ¢ mocrerneHHbIM
CHIDKEHHEM) U JIETKUM HEBPOJIOTHYECKUM JeDUITI-
ToMm (6assr NIHSS Bcerna Huzke 2). Y manueHTOB C
BBICOKUMH 3HAYEHUSIMHU IIPU 24-MECSIIHOM HAOJTIO-
JIeHUY ObLI OTMEUYEH CaMbIi OOJIBITION PHCK CMEPTH,
CEeP/IEYHO-COCYTUCTBIX COOBITHH U  IMOBTOPHOTO
WHCYJIbTA, TOT/IA KaK y JIUI] C YMEPEHHBIMU 3HAYEHU-
MU HAOJTIOZATUCh PUCKU IIPOMEKYTOUYHOTO YPOBHS,
a cpeju JII] C OIfeHKaMHU HIKe 2 ObLIN 3aPETUCTPU-
pOBaHBI caMble HU3KHE PUCKH [33].

I IpaBUIBHOTO U KaYEeCTBEHHOTO IpUMeEHe-
Hust NTHSS S.E. Kasner (2006) pekoMeHyeT TOHU-
MaTh, YTO 3TA IIKAJA HE B IOJHOU Mepe OTpaXKaeT
(pyHKIIMOHATBPHBIE CIIOCOOHOCTH IAIlMeHTa U He
TIOAXOAUT /IS TUIAHUPOBAHUS PeabMINTAIIMOHHBIX
cTpaTeruii [34].

Hecmotpss Ha psax npeumyinectB, NIHSS He
JIUIIeHa U OTPAaHUYEHUU /IS IPUMEHEHUs B CLITY
oTcyTreTBUA AuddepeHnInanuy HEeBPOJIOTUUECKOTO
JneUIUTa Ha «HOBBIM» W TPEJCYIIECTBYIOMUNA U
HecOaJIaHCUPOBAHHOTO OTOOpaKEHUsA HEBPOJIOTH-
Yeckoro Aedurura, 00ycJI0BIEHHOTO HAPYIIEHHEM
KPOBOOOPAIEHHSI B PA3JIMYHBIX COCYJIUCTBIX Oac-
cerinax [35—37]. 13 aroro ciemyer, YTO OIIEHKY

These patterns were also observed in a study by
Du et al. (2023): 4025 participants were divided
into 3 groups according to the severity of manifesta-
tions: a group with persistently severe (persistent
lack of a decrease in high NIHSS scores over
3 months), moderate (initial NIHSS scores from 2
to 5 with a gradual decrease) and mild neurological
deficit (NTHSS score always below 2). Patients with
high values at the 24-month follow-up had the high-
est risk of death, cardiovascular events and recur-
rent stroke, while those with moderate values had
intermediate risks, and those with scores below 2
had the lowest risks [33].

For the correct and high-quality use of the NTHSS,
Kasner (2006) recommends understanding that this
scale does not fully reflect the patient’s functional
abilities and is not suitable for planning rehabilita-
tion strategies [34].

Despite many advantages, the NTHSS has limi-
tations in its application due to the lack of differ-
entiation of neurological deficit into “new” and
pre-existing, and the unbalanced display of neuro-
logical deficit caused by circulatory disorders in
various vascular territories [35—37]. This implies,
that the assessment of the patient’s condition and
prediction of outcomes should be carried out based
on a combination of comprehensive diagnostic
data [38, 39].

The Barthel index (BI) is one of the most
commonly used tools for assessing stroke outcome
[40]. The BI is a scale of activities of daily living
that assesses 10 areas reflecting the patient’s self-
care and mobility: bowel and bladder control, per-
sonal hygiene (brushing teeth, doing hair, shaving,
washing), toilet use (moving at the toilet, undress-
ing, cleansing the skin, dressing, leaving the toi-
let), feeding, transfers (bed to chair and back),
mobility (about house or ward, need for assistive
devices), climbing stairs, dressing, and taking a
bath. More often, patients’ activities of daily living
are simply observed, and during a conversation
with the patient or caregiver, an information on
bladder and bowel control is collected. Scores from
0 to 20 correspond to full dependence of a patient
on a third part, from 21 to 60 — severe, from 61 to
90 — moderate, from 91 to 99 — mild, and a patient
is considered independent with a BI equal to
100 points [41].

In a study by Granger et al. (1988), out of
117 people who scored <40 according to the BI,
70% of patients remained in a critical condition or
died after 6 months, while out of 206 patients with
scores from 81 to 100, 94% were able to return to
their normal life in society after 6 months. A fol-
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COCTOSTHUS MaIleHTa U IIPOTHO3UPOBAHUE UCXO0B
CJIeyEeT MPOBOIUTH IO COBOKYITHOCTH JJAHHBIX KOM-
IUIEKCHOU AuarHocTuku [38, 39].

Hnoexc Bapmeaa (Barthel index, BI) -
OJIFH U3 HauboJIee 4acTo UCIO0JIb3yeMbIX HHCTPYMeH-
TOB JIJIs1 OIEHKH HcXo/ja MHCY bTa [40]. BI mpezcras-
JisteT cobOM IIKay IOBCETHEBHOH AaKTUBHOCTH, B
KOTOPOU OIIEHHMBAIOTCS 10 ACHEKTOB, OTPAKAIOIIHX
caMOooOCTy;KMBaHMe U MOOMIPHOCTh TAI[EeHTa: KOH-
TPOJIb Jlepekanuyu U MOYEHUCITYyCKAaHUS, TIEPCOHAIb-
Has TUTHeHa (YrcTKa 3y00OB, IpUYeChIBaHUE, OPUTHE,
YMBIBaHHUE), TOCEIleHne Tyasiera (IepeMelleHre B
TyaJieTe, pasjieBaHHe, OUUIIEHHE KOKHBIX IIOKPOBOB,
OJleBaHUeE, BBIXO/T U3 TyaJieTa), IPUEeM ITHIIH, TIepeMe-
II[eHre ¢ KPOBaTU Ha CTYJI U 0O0paTHO, MOOMIIbHOCTh
(mepemertieHue B IIpenesiax JoMa/mMajaTel WM BHE
JIoMa; HeOoOXOZMMOCTh HCIIOJIb30BAHUS BCIIOMOTA-
TEJIbHBIX CPEJICTB), TIOZ'HEM IIO0 JIECTHHUIIE, O/IEBAaHHUE U
IpueM BaHHBI. Yalle 3a J1eATeIbHOCThIO MMaIlTHEHTOR
IMPOCTO HAOJIFO/IAIOT, & B X07le Oecebl ¢ MAIIEHTOM
WIN YXOKUBAIOIINM YeJIOBEKOM Y3HAIOT O KOHTPOJIE
MOUeHCIycKaHusl u Aedekaruu. basel or 0 70 20
COOTBETCTBYIOT TIOJIHOW 3aBUCHMOCTH OOJIBHOTO OT
TPETHETO JINIA, OT 21 /10 60 — BBIPAXKEHHOH, OT 61 /10
90 — YMEPEHHOM, OT 91 10 Q9 — JIETKOH, a TIOJTHOCTHIO
(PyHKITMOHAJIPHO HE3aBUCUMBIM IMAIIUEHT IPHU3HA-
etcst ipu BI, paBHOM 100 6as10B [41].

B uccinemosanuu C.V. Granger et al. (1988) us
117 4es., HaOpaBmIUX 40 U MeHee OayuioB 1o BI,
yepe3 6 Mec OCTaBaJIUCh B TAKEJIOM COCTOSTHUU WU
yMepsi 70 % TaIllUeHTOB, B TO BpeMs KaK W3
206 manueHToB ¢ bayutamu ot 81 710 100 Uepes 6 Mec
94 % MOTJI BEPHYTHCSA K TPUBBIYHOH )KU3HU B COITH-
yMe. BbLia BhIABIEHA 3aKOHOMEPHOCTH, IIPHA KOTO-
poli marueHTHl, Habpapiue 60 Ga/oB U OoJee,
yaie OCTUTAIU YCIEXOB B peabMIUTAINU, YeM
Habpagie MeHee 60 6awioB [42]. BI u ero moau-
(pUKamu MOXKHO HCIIOJIB30BATh HA IPOTSKEHUH
BCETO0 MTEPHO0/Ia BOCCTAHOBJIEHUS JIJIsI OLIEHKH yCIIell-
HOCTH IIPOBOJIMMBIX MEPOIIPUATHH U CBOEBPEMEH-
HOU KOPPEKIHH PeabUIUTAIMOHHBIX ITPOTPaAMM.
JIaHHBIM UHCTPYMEHT MIPOCT B IPUMEHEHUHU U UMeeT
BBICOKYIO HA/IEXKHOCTh [43]. YIOOHBIM IIpescTaBIsi-
eTcs JeJjieHHe IIallieHTOB Ha Kkiacckl mo Bl s
OBICTPOTO  OIpeZieIeHUsT MYJIBTUIUCIIUILTHHAPOH
Opuraziou 1eu peabIuTaIlii B TOM, YTOOBI TaIH-
€HTOB C 0oJIee TSKEIbIM COCTOSTHUEM NIEPEBOIUTD B
KJIACChI C MEHee TKeIbIM [44]. BI oxBaThIBaeT MHO-
sKECTBO aCIIEKTOB JJIA OLEHKH CIIOCOOHOCTH K CaMO-
00CITy>KMBAaHUIO U HE3aBUCUMOCTH OT TPETHUX JIHII.
OpHako, HampuMep, JIIOJU C TsDKeJIou adasueit
MOTYT HaOpaTh BHICOKHE OAJLIIBI II0 IIKaJIe, CAMOCTO-
SATEJIPHO OJIETHCS W JIOWTH JI0 MarasuHa, Oyaydu
JINIIIEHHBIMHA BO3MOKHOCTH ITOCTPOUTH JUAJIOT C

lowing pattern was revealed: patients with BI
scores =60 often achieved success in rehabilitation
than those who scored <60 [42]. BI and its modifi-
cations can be used throughout recovery to assess
the success of the measures and timely correction
of rehabilitation programs. This tool is easy to use
and has high reliability [43]. It seems convenient
to divide patients into BI classes for a multidisci-
plinary team to quickly determine the rehabilita-
tion goal in order to transfer patients with a more
severe condition to classes with a less severe con-
dition [44]. BI covers many aspects for assessing
the ability to self-care and functional indepen-
dence. However, for example, patients with severe
aphasia can have high BI scores, dress themselves
and go to the store, cannot communicate with peo-
ple around without any help. This also applies to
visual, cognitive and emotional disorders. It turns
out that the Bl is not sensitive to a certain group of
patients who, even having scores >80, remain dis-
abled people, which is called the ceiling effect.
Also, assessing a patient using the BI is not with-
out the floor effect, when scores wil be consistently
low in the first few hours after IS, since patients
spend this time in the intensive care unit, which is
accompanied by rigid restrictions of their mobil-
ity. The BI is a convenient tool for distributing
patients according to their ability to self-care and
independence, but it has a number of aspects that
limit the usefulness of the scale.

The Functional Independence Measure
(FIM) consists of 18 items assessing activities of
daily living, of which 13 relate to motor activity
and 5 — to cognition. Each item is assessed by a
7-point Likert-type scale (1 — total assistance, 7 —
total independence), resulting in a score from 18 to
126 points. The FIM originated from the BI; it is
considered more complex and is devoid of the dis-
advantages of its predecessor — the ceiling effect
and floor effect in the assessment of patients with
stroke [45]. The cognitive items of the FIM includes
such areas as comprehension, expression, social
interaction, problem solving, and memory. Accord-
ing to Koyama et al. (2006), the scale has proven
itself to be a useful tool for predicting patient dis-
ability [46]. In 2003, Dromerick et al. performed a
comparison of 95 patients by 4 scales used to the
assessment of stroke. According to BI, 25 patients
scored 95—100, however, the same patients did not
achieve high FIM scores, which proves a higher
sensitivity of the FIM to changes in comparison
with the BI [47]. Earlier, Wallace et al. (2002)
compared the scores by the motor subscale of the
FIM (M-FIM) and BI for patients during 3 months
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OKPY’KaIOIUMU JIIOJIbMU 6€3 IIOMOIIY TPETHUX JIHII.
ATO KacaeTcs TaKyKe 3PUTEIbHBIX, KOTHUTUBHBIX U
5MOLIMOHAJIBHBIX HapyuieHui. Beixoaut, uro Bl He
JyBCTBUTEJIEH K OIPE/IeJIEHHON IPYIINE MAllUEeHTOB,
KOTOpBIe, fake HabpaB 80 6asiyIoB U BBIIIE, OCTA-
FOTCSI JIIOJIbMU C OTPAHUYEHHBIMU BO3MOKHOCTSIMH,
4TO Ha3bIBaeTcs «3ddekTom moToska». Takxke o1e-
HUBaHMe TarueHTa no Bl He suieHo u «adderra
mojsia», KOTJlJa pe3yJIbTaThl OIEHKH B IepBbIe
HECKOJIbKO YacoB rocsie nepeHeceHHoro MU OyayT
CTaOUIBHO UMETh HU3KKE 3HAUEHM, TaK KaK Mallk-
€HTBI ATO BpeMsI NIPOBOJAT B OT/JEJIEHUH peaHuMa-
MY ¥ UHTEHCUBHOU TEPAITHH, YTO COITPOBOIKAETCS
CTPOTHUM OTpaHUYEHHEM IepeaBuKeHus. Bl aBs-
eTcsl yIOOHBIM WHCTPYMEHTOM JIJIST PacIpe/ieIeHus
OOJIPHBIX IO CIIOCOOHOCTU K CaMOOOCITYy:KUBAHUIO U
HE3aBHUCUMOCTUA OT TPEThEro JINIa, HO MMeEeEeT Psij
aCIIeKTOB, OTPAHUYHMBAOIIUX ITOJIE3HOCTb IITKAJIbI.
IIIkara GYHKYUOHAABHOIL He3a8UCUMO-
cmu (Functional Independence Measure,
FIM) cocrour w3 18 IIyHKTOB, OIIEHHUBAIOIIUX
IOBCE/THEBHYIO KU3Hb, U3 KOTOPBIX 13 OTHOCATCS K
(puBHUIECKOMY COCTOSIHUIO U 5 — K MHTEJUIEKTyaTh-
HOMY. KaKIIbIil IIyHKT OIeHUBAETCs MO 7-0aJTbHOM
mkasne Jlaiikepra (1 6ayu1 — IMOJHAsE 3aBUCHUMOCTD,
7 6aJIJIOB — ITOJTHASI HE3aBHUCHUMOCTD), B UTOTE MOKHO
Habpath oT 18 10 126 6asIOB, IPU STOM MaKCHMAaJIb-
HOe 3HaueHWe YyKa3bIlBaeT Ha IIOJIHYI0 HE3aBUCH-
MocTh naruenta. FIM npousonuia ot Bl, ona cuurta-
etTcst 6oJiee CJI0KHOUM W JINIIIEHA HEIOCTAaTKOB IIPE/-
IIECTBEHHUKA B BHAEe «3pdeKTa IOTOJKa» U
«3ddekTa 1mosia» Mpu OIeHKe MAIUEHTOB ¢ UHCYJIb-
ToM [45]. KorautusHble myHkThl FIM 3atparuBaior
TaKHe aCIIeKThI, KaK OOIeHre, IOHNMAaHHE PEYU HIIH
MIChMa, CIIOCOOHOCTh HBJI0KEHUSI COOCTBEHHBIX
JKeJIaHUH, NMaMATh, IPUHATHE PelIeHUH U coluaib-
Hylo mHTerpanuo. [lo pesysbTaTaM HccaeI0BaHUS
T. Koyama et al. (2006), mkana moxasana cebst B
KayecTBe II0JIE3HOTO WHCTPYMEHTA JJI IIPOTHO3a
MHBaJIAAU3A0MY HanueHTos [46]. AAW. Dromerick et
al. B 2003 I. IpPOBeJIN CpaBHEHUE 4 IITKAJI, TPUMEHSI-
€MBIX JIJIsI UCCIIEZIOBAaHUS WHCYJIbTA, HA Q5 TaIlUeH-
tax. [To BI 25 nanpenToB Habpamu 95—100 6aJIOB,
OJTHAKO Te K€ TAIMEeHThI He JOCTUIJIM MaKCHMaJlb-
HBIX 3HaueHHH 1o mkane FIM, uyTo mokasbIBaeT
OoJiee BBICOKYIO UyBCTBHUTENbHOCTh FIM K u3MeHe-
HUSAM, B cpaBHeHuu ¢ Bl [47]. Panee D. Wallace et al.
(2002) cpaBHHBaJIM 3HAYEHHS MOTOPHOTO KOMIIO-
HenTa FIM (M-FIM) u BI 14 nanueHTOB Ha IIPOTSI-
JKEHUU 3 MeC M OIPEAEININ, YTO MEXK/IY JaHHBIMU
IIIKaJIaMH CyIIIECTBYeT TOJIbKO MUHUMAJIbHOE KOJIH-
YeCTBO OTKJIOHEHUH, He BIIUSIONIKUX Ha 00IIee oTpa-
JKeHUe COCTOsTHMSA maruenTa [48]. K aHaoruaHbIM
BbiBoZiaM mipuntu u 1.P. Hsueh et al. (2002), koro-

and determined that between these scales there is
only a minimal number of deviations that do not
affect the overall assessment of the patient’s con-
dition [48]. Similar conclusions were reached by
Hsueh et al. (2002), who compared the FIM, the
10-item BI, the 5-item BI in hospitalized patients
with stroke [49]. Thus, the FIM represents an
expanded assessment scale that covers both physi-
cal and cognitive functions, which allows for a
more accurate reflection of the patient’s functional
capabilities and a high-quality prediction of out-
comes [50].

The Rankin Scale was developed in 1957 and
modified in 1988. The modified Rankin Scale
(mRS) has since been widely used to assess a
patient’s activities of daily living and predict stroke
outcomes. It consists of 7 grades: 0 — no symptoms;
1 — no significant disabilities, able to carry out all
usual activities, despite some symptoms; 2 — slight
disability, able to look after own affairs without
assistance, but unable to carry out all previous
activities; 3 — moderate disability, requires some
help, but able to walk unassisted; 4 — moderately
severe disability, unable to attend to own bodily
needs without assistance, and unable to walk unas-
sisted; 5 — severe disability, requires constant nurs-
ing care and attention, bedridden, incontinent; 6 —
dead. Due to the large scale of the grades, a change
of even 1 point is considered clinically significant.
To improve accuracy and reduce discrepancies in
assessment by different specialists, a structured
interview was proposed, with the use of which over-
all agreement between the 2 raters was 78% versus
57% without an interview [51]. Wilson et al. (2005)
in a similar study of 113 patients also confirmed the
reliability of the structured interview, after which
the level of interrater agreement increased from 43
to 81% [52].

Demchuk et al. (2001) in their study came to the
conclusion that patients with mild stroke with
NIHSS score from 1 to 5, as compared to patients
with moderate and severe stroke, had more favor-
able outcomes, while the mRS score of these same
patients was from o to 1 [53]. A high degree of cor-
relation of the BI, M-FIM and mRS scales was
revealed by Kwon et al., having established that the
BI distinguishes 4 levels of disability on the mRS,
while the M-FIM differentiates 3 levels. It was
impossible to find a correspondence for all 7 mRS
levels due to the limitations of the M-FIM and the
ceiling effect in the BI, but the admissibility of
translation and using the levels in other scales is
undeniable [54]. Thus, the mRS scale provides an
opportunity for a very simple and rapid assessment
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pele cpasHuBaau FIM, BI, cocrosAmyo u3 10 IyH-
KTOB, U KpaTkyoo ¢popmy Bl U3 5 myHKTOB y craryo-
HApHBIX MAIUEHTOB ¢ UHCYIbTOM [49]. Takum obpa-
3oMm, FIM npezcrapiisieT co60i pacIInpeHHYIO KAy
OIIEHKH, OXBATBHIBAIOIIYI0 U (U3NUeCKHe, U KOTHU-
TUBHBbIE (YHKIUM, YTO II03BOJIAET 0oJiee TOUHO
0Tpa3uTh (YHKIUOHATbHbIE BO3MOXKHOCTH IAITU-
€HTa U Ka4eCTBEHHO ITPOTHO3UPOBATh UCXO/IBI [50].
Illkana PsukuHa 6bl1a pa3paboTraHa B 1957 T. U
Moaudunuposana B 1988 r. Moduguyupoeau-
Haa wxkaaa Pankuna (modified Rankin Scale,
mRS) ¢ Tex Op MIUPOKO UCIIOIH3YETCS AJIs OIEHKU
MIOBCETHEBHOTO (DYHKIITMOHUPOBAHUS TMAIUEHTA U
[IPOTHO3a UCXOZ0B UHCYIbTa. OHA COCTOUT U3 7 KaTe-
ropuii: O — HET CUMIITOMOB; 1 — OTCYTCTBHE CYIIIe-
CTBEHHBIX HAPYIIIEHUN KU3HEEATEIBHOCTH: CIIOCO-
OeH BBINIOJHATL BCE IOBCETHEBHBIE O0SI3aHHOCTH;
2 — JIerKOe HapyIlleHHE KU3HENeATeIHHOCTH: HECIIO-
co0eH BBINOJIHATH HEKOTOPBIE MPeKHIE 00s13aHHO-
CTH caM; 3 — YMePEeHHOe HapyIlIeHNe JKU3HeesTeNb-
HOCTHU: TpeOyeTcs IIOMOIIIb, OTHAKO CITIOCOOEH XOAUTh
CaMOCTOATEJIBHO; 4 — BBIPAXKEHHOE HapylleHue
JKU3HEIeATEPHOCTH: HECIIOCOOEH XOIUTh CAMOCTO-
SITEJILHO, He CIOCOOEH CIPaBIATHCA 6€3 MOCTOPOH-
Hell TIOMOIIY; 5 — TsKEJI0e HapyIleHue KUu3HeIes-
TeJIbHOCTU: IIPUKOBAaH K TIIOCTENH, HeJep:KaHue
MOYM W KaJyia, TpeOyeTcs IMOCTOSHHAs MOMOINb U
IIPUCMOTpA IepcoHaa; 6 — cMepTs. 3-3a macmrab-
HOCTH KaTeropui n3MeHeHue Jlaske Ha 1 6aJ1 cuuTa-
eTcsl KJIWHWYECKH 3HAUUMBIM. J[JIsl TOBBIIIEHUS
TOYHOCTH W YMEHBIIEHUs PACXOXKIEHUH B OIIEHKE
Pa3JIMYHBIMU CIIENUATNCTAMU OBLIO NIPEJIOKEHO
CTPYKTYPUPOBAHHOE HHTEPBBIO, MPU MPUMEHEHUH
KOTOPOTO COIJIACOBAHHOCTH MEXJY JABYMS DKCIEp-
TaMU COCTaBMJIa 78 TPOTUB 57 % COTJIACOBAaHHOCTH
6e3 unTepBbio [51]. J.T. Wilson et al. (2005) B ana-
JIOTHYHOM WCCJIEJOBAHUM 113 TAIMEHTOB TaKXKe
MIOATBEPAWIN HANIEKHOCTh CTPYKTYPHUPOBAHHOTO
WHTEPBBIO, ITIOCJIE KOTOPOTO YPOBEHb COIJIACHUSA
MEsK/Iy SKCIIEpTaMU HOJTHSIICA ¢ 43 10 81 % [52].
A.M. Demchuk et al. (2001) B xoz€e cBO€Ero uccJe-
JTOBaHUS MPHUIILTU K BEIBOTY, UTO HAI[UEHTHI C JIETKUM
HUHCYJIBTOM ¢ 6astom o NITHSS or 1 710 5, o cpaBHe-
HUIO C TAI[IEHTaMU CO CPEHUM U TSIKEJIBIM HHCYJITb-
TOM, UMeu 0osiee OJIaTONPHUATHBIE HCXOABI, MPHU
9TOM 110 mKase mRS 3TH ke manueHTsl UMeIU OT O
0 1 6ayuia [53]. BBICOKYIO CTeleHb KOPPEIAIIU
mkan BI, M-FIM u mRS BeisBuu S. Kwon et al.,
ycTaHoBUB, uTo Bl niuddepenniupyer 4 ypoBHA HETPY-
nocriocooHocTy 1o MRS, B To Bpems kak M-FIM pas-
Jnuaer 3 ypoBHs. HeBO3MOXKHO OBLIO HAUTHU COOT-
BETCTBUE /I BceX 7 ypoBHed mRS B cuiy orpasnu-
yegHoctu M-FIM u «addexra noronka» y BI, HO
JIOIyCTUMOCTh TIpeoOpa30oBaHusl U WCIOJIb30BAHUI

of the impact of stroke on the patient’s vital func-
tions and ability to self-care [55]. It should not be
forgotten that the scale does not take into account
the presence of cognitive, emotional disorders and
pain. With a significant decline to the point of lack
of criticism of one’s condition, a person may receive
low scores, while at the same time being unable to
cope with activities of daily living without assis-
tance. The floor effect is also possible for the first
few hours after stroke due to the patient’s involun-
tary bedriddenness [45]. Today, technologies allow
for an accuracy of 78% to predict mRS score on the
9o day after stroke based on the results of acute
period assessments [56].

In addition to the above scales, there are oth-
ers, such as the Glasgow Outcome Scale, the Scan-
dinavian Stroke Scale, the Orgogozo Scale, the
Canadian Neurological Scale, the Nottingham
Extended Activities of Daily Living Scale, and oth-
ers that are less well known and less commonly
used in practice. The diversity of existing scales is
explained by the features of the sets of characteris-
tics that each of them covers and those aspects of
the multiple consequences of stroke that a particu-
lar scale focuses on. Clinical scales are easy to
understand, convenient to use, they are structured,
and do not require much time. However, given
that scales may contain “blind spots” as ceiling and
floor effects or selective avoiding the functional
disorders, it should be understood that there is no
the single comprehensive ideal scale. In this
regard, today it seems appropriate to use a set of
scales for more accurate dynamic monitoring of
the patient’s condition, as well as for a reliable
assessment of the effectiveness of treatment and
rehabilitation.

CLINICAL INVESTIGATIONS

Modern neuroimaging methods play an impor-
tant role in the rapid assessment of the state of the
brain and vessels in IS, providing the opportunity to
exclude intracerebral hemorrhage, visualize the
ischemic core and the penumbral area which can be
salvaged by reperfusion, the volume and localiza-
tion of ischemia, and establish the occluded vessel
and thrombus size. The combination of these fac-
tors directly determines the patient’s treatment tac-
tics and can provide information to predict disease
outcomes [57]. Thanks to imaging methods, it is
possible to identify the exact localization and vol-
ume of the lesion and, based on the data obtained,
to predict putative outcomes. To date, several stud-
ies have been published describing the possible role
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YPOBHEH B JIPYTUX IIKAJIAX SBJISIETCS HEOCTIOPUMOU
[54]. Takum obGpaszom, mkama mRS mpenocrapiser
BO3MOJKHOCTh OYeHb IPOCTOH U OBICTPOH OIEHKH
BJIUSHUSA WHCYJIbTA HA JKU3HEAESITeIbHOCTh MaIu-
€HTa U CIIOCOOHOCTh K caMoo0ciykuBaHumo [55]. He
cllenyer 3abbIBaTh, YTO IIKAJa HE YYUTHIBAET HAJIU-
Yre KOTHUTHBHBIX, SMOIIMOHAIBHBIX HAPYIIEHUNH U
6onu. IIpym 3HAUNUTESTHPHOM CHIDKEHHH BIUIOTH JI0
OTCYTCTBUsI KPUTHKHA K CBOEMY COCTOSIHUIO UEJIOBEK
MOJKET IOJIYyJUTh HU3KHE OaJUIbl, OJHOBPEMEHHO C
STHUM HE CIIPABJIAACH C IIOBCEHEBHOM JeATETHHO-
cThi0 6e3 mocTopoHHeH momornu. Takke BO3MOXKEH
«3ddextT mosa» JUIST TEPBBIX HECKOJIBKUX YaCOB
IIocjle MHCYJIbTA M3-32 BBIHYKJEHHOU IIPUKOBAHHO-
¢t O0JIBHOTO K TTocTeNu [45]. Ha cerogusimiiamii 1eHb
TEXHOJIOTUU MO3BOJIAIOT ¢ TOYHOCTHIO 78 % IPOTrHO-
3upoBatb MRS Ha 9-f JeHP IOCIE WHCYJIBTA II0
pesyJsibTaTaM OIeHOK OCTPOTo mepuoza [56].

[ToMuMO BBINIENIEPEYNCIEHHBIX IIKAJI, CyIIIe-
CTBYIOT U JIpyTHe, HAIPUMeED, IIIKaJIa Ucxo10B I'1asro,
CKaHIMHABCKAs IIIKajIa UHCYJIbTA, HEBPOJIOTHUECKAast
mkama Orgogozo, KaHA/ICKass HEBPOJIOTHYECKast
IIKaJIa, HOTTUHTEMCKUN HH/IEKC aKTUBHOCTH ITOBCEI-
HEBHOH JKU3HU U JIPyTHUE, MEHee U3BECTHBIE U PexKe
IIpUMeHsAEeMBIE B IPAKTUYECKOH JieATeIbHOCTU. MHO-
roobpasue CyIeCTBYIOIINX KA OOBICHIETCS 0CO-
OeHHOCTAAMU HAOOpPOB XapaKTEPHUCTHUK, KOTOPbIE
OXBATBIBAET KAXKAAA U3 HUX, U TeX CTOPOH MHOTO-
TrPaHHBIX IMOCJIEJICTBUHA WHCYJIbTa, HA KOTOPhIE 0Opa-
IaeTCss BHUMAaHKE OT/IEJIbHO B3SITOM MIKaTbl. KinHu-
YeCKUe IITKAJTbI TPOCTHI 111 HOHUMAaHUsA, YA0OHBI JJ1s
MIPUMEHEHUs], CTPYKTYPUPOBAaHbI, He TPeOYIOT 60JIb-
IUX BpeMeHHBIX 3arpar. OJHAKO, YUUTBHIBAsA, UTO
IIKQJIBI MOTYT COZIEPIKATh «CJIEMbIe 30HBI» B BUIE
paccMOTPEHHBIX 9(PGEKTOB «IIOTOIKA» U «I10JIa» WK
“30UPaTETHHOTO UTHOPUPOBAHUS (PYHKIIMOHAIBHBIX
HapYIIIeHUH, CIeyeT MOHUMATh, UTO eJUHOH BCEOOb-
eMJTIOIIIEN W7IeaTbHOM IIKaJbl HE CyIlecTByeT. B
CBSI3U C OTHM Ha CETOJHAIIHUM JIeHb Ie1ecoo0pas-
HBIM BBITJIA/IUT IIPUMEHEHNE KOMIUIEKCA IIKAJ /I
00J1ee TOYHOTO IMHAMUYECKOTO KOHTPOJIA 3 COCTOSI-
HUEM MaIlUeHTa, a TaKXKe JIJIA JOCTOBEPHOU OIEHKH
3 deKTUBHOCTH JIeueHH U peabuTUTAIIH.

NMHCTPYMEHTAJIbBHBIE NCCJIEAOBAHUA

CoBpeMeHHBbIE  MeTOAbl  HeHPOBU3yaIN3aIlUU
WUTPAIOT BAXKHYIO POJIb B OBICTPOU OI[EHKE COCTOSTHUS
TKAHU U COCYZ0OB roJIOBHOrO Mo3ra npu VU, npeno-
CTaBJIAsA BO3MOKHOCTb MCKJIIOYUTh BHYTPHUMO3IOBOE
KpPOBOTE€UeHNe, BHU3YaJIU3UPOBATh HUIIEMUYECKOe
«AAPO» U 30HY «IIOJIYTEHH», KOTOPYIO MO>KHO CIIaCTHU
myteM penepdysuu, o0beM U JIOKATH3ALUIO HUIIe-
MHH, a TAKXKe OIPEIEIUTh OKKII03UPOBAHHBIN COCY/
u pazmep Tpomba. COBOKYITHOCTh HA3BAHHBIX (DAKTO-

of neuroimaging in predetermining patient’s reha-
bilitation, but their prognostic value has not been
able to surpass the data not related to visualization
[58—62].

Computed tomography (CT). Johnston
et al. (2002), comparing the effectiveness of out-
come prognostic models, did not achieve significant
improvements in the quality of prognosis based on
NIHSS values obtained within 7—10 days after IS by
adding CT data on lesion size [63]. However, a
larger study by Vogt et al. (2012) showed that lesion
size is an independent predictor of functional status
and mortality within 9o days after stroke [64]. Yoo
et al. (2012) also found that infarct volume is a crit-
ical determinant of functional outcomes after
3 months in patients who underwent thrombolytic
therapy [65].

The Alberta Stroke Program Early CT score
(ASPECTS) was created to assess early CT changes
in IS, it is used to make a decision on the start of
thrombolytic therapy, and can also help predict
long-term outcomes [66]. With scores from 6 to
10, the chances of recovering independence are
high, while a score from 0 to 3 is a predictor of
adverse outcome. Despite the convenience and
simplicity of the ASPECTS, it is necessary to
remember the possibility of obtaining false-posi-
tive results when assessing mild strokes [67]. Phan
et al. (2013) used ASPECTS to examine patients
with middle cerebral artery (MCA) occlusion, in
whom poor outcome was associated with certain
ASPECTS regions, namely, ischemia of the pri-
mary motor cortex, parietal lobe, lentiform nucleus
in combination with old age and high blood glu-
cose levels [68]. Rangaraju et al. (2015) used the
simplified ASPECTS (sASPECTS) to predict a
3-month outcome and, based on the data obtained,
concluded that ischemia of the right parieto-occip-
ital and left superior-frontal regions has a signifi-
cant impact on clinical outcome [69]. Goto et al.
(2009) in a study involving 247 patients with MCA
occlusion and hemiparesis found that in infarction
of the perforating and cortical arteries, as recovery
progresses, there is no significant difference in
locomotion outcome, while a right hemisphere
lesion is accompanied by significantly worse recov-
ery results, compared to patients with a left hemi-
sphere lesion [70].

The undoubted advantage of CT is the speed of
the examination, its safety and sufficient information
value of the data allowing to judge the size and local-
ization of lesion, which is of particular value for fur-
ther outcome prediction. The examination may be
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POB JUPEKTUBHO OIpEEsieT TAaKTUKY JIeYEeHUs
MaryeHTa U crocobHa JjaTh HHGOPMAIUIO JJIs OIpe-
JleJIeHHs TIPOTHO3a UCXO/I0B 3abosieBanus [57]. bia-
rozjapss MeTOoJaM BU3yaJN3allid MOKHO BBISIBUTH
TOYHYIO JIOKAJIU3AIMUIO U 00beM Ouara mopaskeHus u
Ha OCHOBaHUH TOJIyYeHHBIX JJAHHBIX MIPEINOI0KUTh
BepOSITHBIE UCX0/1bl. Ha ceroTHAITHUM IeHb Y7Ke OILy-
OJIMKOBAaHO HECKOJIBKO paboT, OMUCHIBAIOIIHUX BO3-
MOJKHYIO POJIb JAHHBIX HEHPOBU3YAIM3ALUH B TIpe-
JTOTIpe/ieJIeHNH peabINTaIluY TaleHTa, OJHAKO UX
IMPOTHOCTHYECKASI I[EHHOCTh HE CMOIJIA ITPEB3OUTH
JIAaHHBIE, HE OTHOCAIIMECS K BU3yaIu3auu [58—62].
Komnvromepnasn momozpagusa (KT).
K.C. Johnston et al. (2002), comocraBiisisi 3ddek-
TUBHOCTh IIPOTHOCTUYECKUX MOJIeJIeH HMCXOZOB, He
MOJIyYMJIM 3HAYMMBIX YJIYUIIEHUH KadecTBa IIpO-
THO33a, OCHOBaHHOTO Ha 3HaueHusx NIHSS, mosy-
YeHHBIX B TeueHue 7—10 AHed mocie WU, myrem
nmobapiienns naHHbX KT o pasmepe ouara mopaxe-
Husa [63]. OgHako Gojlee KPyITHOE HCCIE0OBaHHE
G. Vogt et al. (2012) nokasaso, 4To pa3Mep IMOBPEK-
JIeHUs SIBJISIETCS HE3aBUCUMBIM IIPETUKTOPOM (PYHK-
[IMOHAJIBHOTO COCTOSIHUS M CMEPTHOCTH B TE€UYEHHE
90 aHel nocste uHeyabTa [64]. A.J. Yoo et al. (2012)
Tak:ke OOHApYXWIH, 4To 00beM WH(apKTa Ipes-
CTaBJIsieT COOOW KPUTHYECKUH JIETEDMUHAHT (QYHK-
IIMOHAJIBHBIX HCXOJIOB Yepe3 3 MeC y TAI[UeHTOB,
MIOJIYYHBIIUX TPOMOOJIUTUUECKYTO Tepanuio [65].
ITporpamma ASPECTS (Alberta Stroke Program
Early CT score), co3manHas i OIIEHKH PaHHHUX
uzmeHenuii KT npu WU, ucnosnp3yeres A1 NpUHSA-
THS pEIIeHUsl O MPOBEIEHUH TPOMOOIUTHUECKON
Teparuy, a TaK}Ke MOKET ITIOMOYb B IIPOTHO3UPOBA-
HUH JIOJITOCPOYHBIX HcX0oA0B [66]. [Ipu 6amiax ot 6
JI0 10 IIAHCHI HA BOCCTAHOBJIEHHE HE3aBUCHUMOCTHU
BBICOKH, a OAJUIBI OT O JIO 3 SBJISIOTCS IPEJUKTOPOM
HeOJIaronpUATHOTO ucxona. HecMoTps Ha yno6cTBO
u ipoctoty ASPECTS, ciienyeT MOMHUTH O BO3MOXK-
HOCTU TIOJIyYEHHUS JIOJKHOIIOJIOXKUTETHHBIX Pe3yJIb-
TaTOB IPH OILlEHKe JIETKUX UHCYJIbTOB [67]. B uccie-
mosauuu T.G. Phan et al. (2013) ¢ moOMOILIBIO
ASPECTS 6bu1H UcceeqoBaHbl NAllUEHTHI ¢ OKKIIIO-
3ueli cpegHel Mo3roBoi aprepuu (CMA), y KOTOPBIX
IUIOXOH MCXOJ] aCCOIUUPOBAJICS C OIPEJIeIEHHBIMU
peruonamu ASPECTS, a umeHHO: umeMuei mnep-
BUYHOI MOTOPHOU KOpBI, TEMEHHOU /101U, YeUeBU-
1eo0Pa3HOTO s/Ipa B COYETAHUH C ITOKUJIBIM BO3pac-
TOM M BBICOKUM YPOBHEM IJIIOKO3bI B KpoBu [68].
S. Rangaraju et al. (2015) ucmnosp30BaIu JJIsI MPO-
THO3UPOBAHUA 3-MECIYHOTO HCXOJIa YIIPOIIEHHYIO
mikamy ASPECTS (SASPECTS), u Ha OCHOBe IIOJIy-
YEeHHBIX IAHHBIX IPUIILTH K 3aKJII0UEHHUIO O TOM, UTO
WIIIEMUs] TPAaBOU 3aTHUIOYHON W JIEBOH BEpPXHEH
JI06HOI 0071aCTH OKa3bIBAET 3HAUNMOE BJIMAHIE Ha

limited to native scanning due to the impossibility of
administering a contrast agent to patients with aller-
gic reactions or reduced renal function, but even in
this case the data obtained are important for the cli-
nician. Using the ASPECTS by assessing the volume
and region of ischemia allows not only to determine
the patient’s treatment tactics as soon as possible,
but also to preliminarily suggest long-term out-
comes.

Magnetic resonance imaging (MRI).
Johnston et al. (2007), having studied the signifi-
cance of diffusion-weighted imaging (DWI) in pre-
dicting functional recovery, disability and mortal-
ity, came to the conclusion that taking into account
lesion volume does not improve the quality of
prognosis [71]. Later, Puig et al. (2011) also did not
find a correlation between lesion volume and out-
come of the disease. However, when studying the
damage of the corticospinal tract at different levels
using diffusion tensor tractography (DTT), a rela-
tionship was found between an unfavorable motor
outcome within 9o days after IS and the damage to
the posterior limb of the internal capsule, deter-
mined using DTT, while the prognosis based on
DTT turned out to be more accurate than the clini-
cal one [72]. Lansberg et al. (2001), observing
changes in the infarct volume in IS over time using
DWI, noted that up to the first 3 days of IS, the
infarction area can increase to 121% of the initial
volume, after which it begins to decrease [73]. It
should be assumed that for more effective use of
this method in predicting the outcomes of IS, it is
worth conducting MRI in this mode 3 days after
the onset of IS.

In 2020, Lu et al., using the ASPECTS for evalua-
tion of posterior circulation (posterior circulation-
ASPECTS — PC-ASPECTS) with a maximum score of
10 points, consisting of the sum of points assigned to
each circulatory region, found that the use of MRI
(rather than CT) is more effective in predicting the
outcomes of IS of this localization [74]. To predict a
favorable functional outcome, in 2018, Lin et al.
determined the threshold value of PC-ASPECTS (>7)
when performing brain MRI in the first 36 hours
after IS onset [75].

MRI, having a number of advantages over CT,
such as the absence of radiation exposure and bet-
ter contrast of soft tissue structures, has greater
diagnostic value compared to CT, but is less acces-
sible for use, is limited to people with a body
weight of more than 150 kg and implanted mag-
netic metal devices, and requires significantly
higher time costs.
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KJIMHUYEeCKun ucxon [69]. A. Goto et al. (2009) B
HCCJIeIOBAHUH C YIACTHEM 247 MAIIUEHTOB C OKKJIIO-
3ueii CMA u remuriape3oM OOHAPY:KIJIH, YTO IIPU
uHdapkre 1epdOpaHTHBIX U KOPKOBBIX apTEPUi, II0
Mepe BOCCTAaHOBJIEHU S, HET 3HAUUTEIHPHOU PA3HUITbI
B OTHOIIIEHUU BO3MOXKHOCTH TIEPE/IBIKEHUs TaIu-
€HTOB, IIPU 5TOM IIOpa)KeHUe IPaBOro MOJIyIIapus
COTIPOBOJK/IA€TCS JIOCTOBEPHO XYAIIUMHU Pe3yJIbTa-
TaMH BOCCTAaHOBJIEHUsI, B CDABHEHUU C TAIlMEeHTaMHU
¢ JIEBOTIOJTyIIIAPHBIM Oouarom [70].

Hecomuennoe nocrouHcrso KT — B ckopoctu
MIPOBEIEHUsI UCCJIEZIOBAHUs, €ro 0e30MacHOCTH H
JlocTaTOYHOU NH(MOPMATUBHOCTHU IAHHBIX, II03BOJIA-
IOIUX CYIUTH O Pa3Mepe U JIOKATHU3aLNH 09ara, 4To
mpezicTaBisieT co60H 0coOYI0 IEHHOCTh I Jajlb-
HelIero Mporuo3upoBaHusa ucxofoB. IIpoBesenue
HCCIIeIOBAHUSA MOXKET OBITh OTPAHUYEHO HATHBHBIM
CKAaHUPOBAHUEM B CHUJIy HEBO3MOKHOCTH BBEZIEHUS
KOHTPACTHOTO BelllecTBa NalMeHTaM ¢ ajulepruye-
CKUMH PeaKIUsAMU WIN CHIDKEHHOU (QYHKIUEH
IOYeK, OJJHAKO Jla’Ke B HTOM CJIydae IOJydyeHHBIE
JIAHHBbIE SIBJIAIOTCA BAXKHBIMU JUIT KJIMHUIIVICTA.
Ucnonws3oBanue nporpammbl ASPECTS ¢ nomoripio
OIleHKU 00BheMAa M pEerduoHa HINEMHU IO3BOJIAET B
KpaTJaiIIme CPOKU He TOJIBKO OMPENEJISITh TAKTUKY
JIedeHUs MaIueHTa, HO U IPeIBAPUTETBHO IIPEIIO-
JaraTh BO3MOKHBIE JIOJITOCPOYHBIE UCXOBI.

MazHumHo-pe3oHaHcHat  momozpadus
(MPT). K.C. Johnston et al. (2007), usyuns 3Ha4H-
MocTh G Py3MOHHO-B3BEIIIEHHOTO H300paKEHUS
(IBI) MPT B mporHo3upoBaHuH HYHKITHOHAIBHOTO
BOCCTAHOBJIEHUsI, WHBAINIHOCTH U JIETAIHHOTO
HCXO0/1a, IPUIIUIA K BBIBOZY O TOM, YTO YUET pa3Mepa
ouara He yJIy4IllaeT KauecTBO TAKOTO IPorHo3a [71].
IMToszauee J. Puig et al. (2011) Takke He OOHAPYKUIN
KOPPEJIAIIU MeXIy 00beMOM 0Yara 1 UCX0J[0M 3a00-
geBaHusA. OAHAKO NPH U3YYEHHU C IIOMOIIBIO
nuddysnoHHO-TeH30pHOU  TpakTorpaduu  (TT)
MTOPKEHUSI KOPTUKOCITMHAJIBHOTO TPAKTA Ha Pa3HbIX
VPOBHsX ObLTa HaliZIeHa CBSA3b MEXK/IY HeOIarOImpHsIT-
HBIM JIBUTAQTeJIbHBIM HCXOZIOM B TeueHue 9O JHeH
nocie W u ouarom nopakeHUs Ha ypOBHE 3aJHETO
Oezrpa BHyTpEeHHE! KaTICyJTbI, OIIPEJEIEHHOTO C TOMO-
wpio TT, npu atom nporHo3 Ha ocHoBe ITT oka-
3aj1csl TouHee KiInHUYecKoro [72]. M.G. Lansberg et
al. (2001), HaOI01a5 32 U3MEHEHUSAMHU 00beMa oJara
uHdapkra npu I Bo BpemeHu c nomoripio JIBU,
3aMEeTHJIM, YTO JI0 3 mepBbix aHelr WU obsiacth
nHAPKTa MOKeT YBeJIMYNUBATHCA 710 121 % OT UCXO/-
HOTO 00beMa, Iocjle Yero HAUMHAeT YMEHBIIAThCS
[73]. Cnenyer nomaratp, uto ayis 6osee 3pdeKkTrB-
HOT'O HCII0JIb30BAaHUA JIAHHOTO METO/a B IIPOTHO3U-
posanuu ucxozos MU crout nposoguts MPT B naH-
HOM peXuMe CIyCTs 3 cyT OT Havasa .

LABORATORY BLOOD TESTS

Many substances released into the blood during
IS are potential biomarkers reflecting the state of
brain tissue both in the first 24 hours after IS onset
and over time. The data obtained may provide an
opportunity to predict complications, outcomes, and
recurrent strokes.

Markers of IS complications. During the
reperfusion period after IS, there is a risk of devel-
oping a complication, hemorrhagic transformation
(HT). Matrix metalloproteinase-9 (MMP-9) is a
promising marker for predicting HT. High plasma
concentrations of MMP-9 in the acute period of
stroke are an independent predictor of HT in all
stroke subtypes [76].

Calcium-binding protein beta (S100B) is a marker
of increased risk of malignant edema. Elevated
S100B levels at 12, 16, 20 and 24 h after stroke pre-
dict increased risk of malignant edema, although the
results have not been independently confirmed in a
larger cohort [77].

Markers of early neurological deteriora-
tion. Early neurological deterioration (END) is
defined as an increase in neurological deficit or
recurrence of previously regressed symptoms
within 72 h after IS [78]. The occurrence of END in
a patient is strongly associated with poor functional
outcome 3 months after IS [79]. Castellanos et al.
(2008) studied glutamate, a marker of cell lysis, as
a predictor of END. The authors found that an
increase in glutamate >200 umol/l1 in the first 72 h
of IS was associated with an increase in infarct vol-
ume and END [80]. Increased plasma ferritin (an
inflammation marker) also predicts END [81]. In
lacunar stroke, high levels of tumor necrosis factor-
alpha (TNF-a) and intercellular adhesion mole-
cule-1 (ICAM-1) in the first day correlate with the
occurrence of END [82].

Markers of unfavorable functional out-
comes. Particular attention should be paid to
laboratory biomarkers that can predict the proba-
bility of stroke recurrence. High values of the fol-
lowing markers can predict such an event: C-reac-
tive protein (CRP), lipoprotein-associated phos-
pholipase A2 (LpPLA2) and copeptin. Woodward
(2005) et al. defined CRP as a predictor of recur-
rent IS [83]. Elkind et al. (2014) identified the
validity of CRP as a marker of IS recurrence for
patients with lacunar stroke [84]. Welsh et al.
(2008), based on data from a 591-stroke cohort,
found a relationship between recurrent IS and
high values of IL-6, TNF-a, CRP and fibrinogen
[85]. Colleagues from Columbia University deter-
mined a correlation between high levels of LpPLA2
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B 2020 r. W.Z. Lu et al., ucrioss3yst mporpaMmmy
ASPECTS g ucciefjoBaHUsl UUPKYJIAINUU B
BepTeOpabHO-0a3mwIsipHOM  Oaccefine  (posterior
circulation-ASPECTS — PC-ASPECTS) ¢ makcuMaib-
HOH OIIEHKOU B 10 6aJLIOB, COCTOSIIIEN U3 CyMMBI OaJI-
JIOB, IPUCBOEHHBIX KAXKIOW 06J1acTu KpoBooOpartiie-
HUS, YCTAaHOBWIH, YTO uctob3oBanue MPT (a He KT)
Oostee 3¢d(PEKTUBHO B IPOTHO3UPOBAHUU HCXOJIOB
WU nauno# jokanu3anud [74]. s IporHo3uposa-
HUS 6JIArOTIPUATHOTO (PYHKIIMOHAIBHOTO PE3YJIbTaTa
B 2018 1. S.F. Lin et al. onpeaeuin moporosoe 3Ha-
yenne PC-ASPECTS (>7 6ayioB) mpu NpoOBeZieHUH
MPT rosioBHOTO Mo3ra B iepBsie 36 1 ocsie MU [75].

MPT, umes pan npeumyinects nepen KT B Buze
OTCYTCTBHUS JIyYEBOUM HATPY3KH U JIyUIllel KOHTPACT-
HOCTH W300pOKEHUH MIATKOTKAHHBIX CTPYKTYP,
obOJs1aztaet OOJIBIIEH JUATHOCTUYECKOH IIEHHOCTBIO B
cpaBuennu ¢ KT, olHaKO MeHee OCTyIHA JIJIs TIPU-
MeHeHU, OrpaHUYeHa JIJIs KaTerOpUi JIUI] C Maccou
Testa 6osiee 150 KI' 1 UMIUIAHTUPOBAaHHBIMH MarHUT-
HBIMH METAJUIMYECKUMH YCTPOMCTBAMHU U TpebyeT
3HAYNMO OOJIBIINX BpeMEHHBIX 3aTparT.

JIABOPATOPHBIE NCCJIEIOBAHUA KPOBUA

MHOKECTBO BEIIECTB, KOTOPbIE BBIAEIAIOTCA B
KpOBb BO Bpemsa WU, n3y4yarmTcsa Kak NOTEHIINAIb-
Hble OMOMAapKepbl, OTPAKAIIINE COCTOSTHUE TKAHH
TOJIOBHOTO MO3Ta Kak B IepBble CyTKU mociie U,
Tak U B AuHaMuKe. [losryueHHbIE TaHHBIE MOTYT IIpe-
JIOCTaBUTh BO3MOXKHOCTb JJII IIPOTHO3UPOBAHUS
OCJIO>KHEHUH, UCXO/I0B ¥ IIOBTOPHBIX HHCYJIBTOB.

Mapxepwvt ocaodxcuenuit HH. B nepuop
penepdysuu nocyie U1 ecTh BEPOATHOCTH BO3HUK-
HOBEHHUs OCJIOKHEHUs B BHJIE TeMOpparuyecKou
tpancdopmanuu (I'T). MaTpukCcHas METa/LIONPOTE-
nHaza-9 (matrix metalloproteinase 9, MMP-9) —
MHOTOOOEIAIOIUN BapuaHT nporuno3uposanus I'T.
Bricokas konnerTpanua MMP-9 B ry1azme B oCTpOM
IEpHO/Ie MHCYJIbTA SBJISETCS HE3aBUCUMBIM ITPE/IH-
ktopoM I'T mipu Beex moATHIIAX HHCYIbTA [76].

KanpimiicesaspiBaonuii ~ 6esiok-0era  (S100B)
SIBJISIETCSI MAPKEPOM IIOBBIIIIEHHOTO PUCKA BO3SHUKHO-
BEHUsI 3JIOKAYECTBEHHOTO OTeKa. [TOBBIIIEHHBIN YpO-
BeHb S100B uepe3s 12, 16, 20 U 24 4 NOCJIe UHCYIbTA
IIPOTHO3UPYET YBEJTMUEHHE PHUCKA PA3BUTHSA 3JI0KAYe-
CTBEHHOTO OTEKa, XOTsI PE3YJIbTAThI 1 He ObLTH He3aBU-
CHMO TIO/ITBEPSK/IEHBI B O0JIee KPYIMHOI KoropTe [77].

Mapxepst paHHUX  He8pPOa02UUECKUX
yxyoweHuil. PAHHUM HEBPOJIOTHUECKUM YXY/IIIe-
uuem (PHY) mpusHaioT HapacTaHHe HEBPOJIOTHYe-
ckoro eduIruTa Wiv BO30OHOBJIEHHE PaHee perpec-
CHPOBABIIEN CUMIITOMATUKH B TEUEHHUE 72 U TOCTIE
WU [78]. BosuukHoBeHue y maruenta PHY mgocro-
BEPHO aCCOIUUPYETCs € XYAIIUM (PYHKITHOHATbHBIM

activity and IS recurrence [86]. In a case-cohort
study involving 2176 patients, 1614 of whom had
no history of stroke, the validity of the association
of 13 biomarkers with stroke outcomes had been
checked. Three serum markers (osteopontin,
neopterin, and myeloperoxidase) were identified
as independent predictors of recurrent stroke,
increasing the risk prediction ability by 29,1%
[87]. The high serum mannose-binding lectin
(MBL) concentration was found to be a prognostic
marker of a poor 9o-day functional outcome and
death [88]. The low vitamin D3 (25-(OH)D) level
was also found to predict poor short-term func-
tional outcome and death within 9o days [89].
Copeptin, being a surrogate marker of vasopressin
levels in the blood and a more sensitive endoge-
nous marker of acute stress compared to cortisol,
has already demonstrated its effectiveness in diag-
nosing myocardial infarction and determining an
unfavorable prognosis in patients with lower
respiratory tract infections, sepsis, stroke and
acute pancreatitis [90]. A study by colleagues from
Switzerland, which involved 326 patients, showed
that the use of the NIHSS score in combination
with a high copeptin level provides the greatest
prognostic effectiveness in relation to death and
functional outcome within 9o days [91]. In a mul-
ticenter prospective study, De Marchis et al.
(2013) demonstrated that determining the
copeptin level in combination with the NIHSS
score and age led to an improvement in the sensi-
tivity of predicting outcomes by 11,8% for func-
tional recovery and by 37,2% for mortality [92].

Other biomarkers associated with poor out-
come or mortality within 9o days include high
concentrations of progranulin (PGRN) and multi-
potent growth factor [93], high retinol-binding
protein-4 (RBP4) levels [94], and high glycated
hemoglobin (HbA1c) =6,5% [95]. The high serum
neurofilament light chain (NfL) level at day 7 was
found to be an independent predictor of poor out-
come 3 months after IS [96]. The high neuron-spe-
cific enolase (NSE) level at 24 h and day 7 was cor-
related with stroke volume and the worst func-
tional outcome [97].

In addition to the prognostic ability of individual
biomarkers, there are ratios that help predict IS
outcomes. Thus, the neutrophil-lymphocyte ratio
(NLR) as an indicator of systemic inflammation at
admission is an independent predictor of adverse
short- and long-term outcomes. At a value of >8,5,
there is a high probability of intracranial hemor-
rhage, while maintaining NLR >5.4 predicts a fatal
outcome within 3 months [98, 99]. The triglycer-
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ucxozom uepes 3 mec rmocse MU [79]. M. Castellanos
et al. (2008) B kauecTBe npegukTopa PHY 66T U3y-
YeH TJIyTaMart, sIBJISIONIUICA MapKEPOM KJIETOUHOTO
JI3uca. ABTOPHI BBISIBIJIH, YTO MOBBIIIEHHE TJIyTa-
MaTa >200 MKMOJIb/J1 B IepBbIe 72 yaca I accomu-
HMPOBAHO C yBeJTMUeHneM oObeMa ouara nHMapKTa u
PHY [80]. IloBbIllleHHOE COEp:KaHUE B IJIa3Me
deppuTrHa (MapKepa BOCIIAJIEHU) TAKXKe IIPeJICKa-
apiBaet PHY [81]. [Ipu JakyHApHOM HHCYJIBTE BBICO-
KU ypoBeHb (akTOpa HEKpo3a OIyXoJau-ayibda
(tumor necrosis factor-alpha, TNF-a) u MoJIeKyJIbl
MEXKJIeTOUHOM azaresuu 1-ro tuma (intercellular
adhesion molecule-1, ICAM-1) B mepBble CYyTKH KOpP-
penupyet ¢ BosHUKHOBeHueM PHY [82].
Mapxepust HebAazONPUAMHBLIX HYHKUUO-
HAAbHLIX UCX0008. Ocoboe BHUMAHHE CIIEAYeT
VIEJIUTH JIAOOPATOPHBIM OHOMapKepaM, CIIOCOOHBIM
MIPOTHO3UPOBATh BEPOATHOCTH PEIUIMBA WHCYJIBTA.
[TporHo3mpoBaTh TaKyI0 BO3MOXKHOCTh MOTYT BBICO-
KHe 3HAUeHMUI CJIeIyIoIX oKasaTesei: C-peakTuB-
ubiii 6eok (CPB), munonporenH-acconuupoBaHHAs
docdhonumaza A2 (LpPLA2) u konenTuH. B uccieno-
Banuu M. Woodward et al. (2005) CPB omnpeiessiercst
Kak npenukrop nosropHoro M [83]. M.S. Elkind
et al. (2014) BeIABMIHN cocTosTeIbHOCTE CPB B Kaue-
cTBe Mapkepa peuuausa MU g nepeHecix jgaKy-
HapHBIH UHCYILT [84]. B uccienoBanuu P. Welsh
et al. (2008) Ha OCHOBaHWU JMAHHBIX 591 HUHCYJIbTA
ObUIa yCTAHOBJIEHA CBSA3H MEXKAY MOBTOPHBIM VI
BbIcOKUMU 3HaYeHusAMU 1L-6, TNF-a, CPb u ¢pubpu-
HoreHa [85]. Kosuneru u3 KosymOuiickoro yHuBepCcHu-
TeTa OIPEAENTIN KOPPEIANUI0 MEXKAY BBICOKUM
ypoBHeM akTuBHOcTH LpPLA2 u pemupusom MU
[86]. B rpymmoBOM UCCJIEIOBAHUH C ydacTHEM
2176 mnanUeHTOB, 1614 W3 KOTOPBIX HE UMeJUN
WHCYJIbTa B aHAMHe3e, IIPOBEPSIIaCh BAJIMTHOCTD B3a-
MMOCBSI3U 13 OGMOMapKepoB € MCXOAAMHU WHCYJIBTA.
B pesysbrare ObLI0 BBIJIETIEHO 3 CBIBOPOTOUHBIX Map-
Kepa (OCTEOTIOHTHH, HEONTEPUH U MHUEIONEPOKCHU-
Jla3a), OKa3aBIINXCS He3aBUCHMBIMU MTPETUKTOPAMU
IIOBTOPHOT'O MHCYJIBTA, YTO MOBBICHJIO BO3MOKHOCTD
MpeficKa3aHus prucka Ha 29,1 % [87]. Beicokas KoH-
LIEHTPAIIs MAaHHO30CBI3BIBAIONIETO JIEKTHHA (man-
nose binding lectin, MBL) B chIBOPOTKE KPOBH CTaJia
MIPOTHOCTHYECKUM MapKEPOM XYZIIIEero 9O-THEBHOTO
dyukumnonanpHoro mcxoma u cmeprtu [88]. Taxxke
MPE/ICKa3aTh KPATKOCPOUHBIA HeOJIaronpUsATHBIA
(DYHKIIMOHATFHBIM KCXOJ, U CMEPTh B TEUEHHE 9O
JTHEH CMOT HU3KUU ypoBeHb BuTaMuHa D3 (25-OHD)
[89]. KomenTuH, ABIASACH CyppOTaTHBIM MapKeEpPOM
VPOBHsI Ba30NPECCHHA B KPOBU U 60JIe€ TOHKUM Map-
KEepOM OCTPOTO SHOTEHHOTO CTPecca IO CPABHEHHUIO €
KOPTHU30JI0M, y3Ke ITPO/IEMOHCTPUPOBAJI CBOIO 3 dek-
TUBHOCTb B JIMArHOCTHKe WH(pApPKTa MHUOKapaa u

ide-glucose index (TyG) above 4.49 is not only an
indicator of insulin resistance, but also a predictor
of death and poor functional outcomes 3 months
after IS in patients who underwent reperfusion
therapy [100, 101]. Also, high values of the index of
blood leukocyte shift (IBLS) and the ratio of blood
leukocytes and erythrocyte sedimentation rate
(ESR) (RBLESR) are harbingers of an adverse out-
come [102].

Table 2 lists biomarkers that may improve the
predictive power of adverse functional outcomes of
IS when used in conjunction with the NTHSS.

Certainly, those laboratory parameters that
can be classified as routine (BLSI, RBLESR,
HbA1c, CRP, TyG and NLR) are more accessible
for use in real life clinical practice, which is their
undeniable advantage. At the same time, these
parameters are low-specificity, which forces sci-
entists to look for new prognostic markers. Today,
literature data on potential biomarkers, which
are discussed in the paper, are in the process of
accumulation. Often, conclusions about their
effectiveness are contradictory, and their use is
available only in large scientific laboratories,
which significantly slows down the study of their
potential. It should be noted that no ideal bio-
marker for predicting IS outcomes with high sen-
sitivity and specificity has yet been identified.
Further multiple large studies are needed to con-
firm the validity of the results and clarify the clin-
ical significance.

MODELS FOR PROGNOSIS OF IS

In order to expand the possibilities of predict-
ing outcomes and improve their accuracy, progno-
sis models are being actively developed worldwide,
which, in turn, consist of individual indicators. For
example, there is the Totaled Health Risks in Vas-
cular Events (THRIVE) scoring system. The
THRIVE (0-9 points) includes age (<59 years — 0,
60—79 years — 1, >80 years — 2), NIHSS score
(<10 — 0, 11—20 — 2, 221 — 4), and the presence of
chronic diseases (arterial hypertension, diabetes
mellitus, or atrial fibrillation). THRIVE scores
from o to 9 correlate with mRS scores from o to 6
and predict an unfavorable outcome or mortality
within 9o days after stroke. The THRIVE score can
be calculated using a special calculator (http://
www.thrivescore.org/). It is important to pay
attention to the broad age interval: people aged 82
and 96 can be assigned the same score, due to the
threshold of 80 years for a 2-point assessment
[103].
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ompe/ieJIeHNH HeOJIarOIPUSATHOTO IIPOTHO3a Y Mallu-
€HTOB C HH(MEKIUAMHI HIDKHUX JbIXaTeTbHBIX IIyTeH,
CErCHCOM, MHCY/IBTOM U OCTPBIM ITAHKPEATHTOM [9O].
B uccnenoBanum kosuter u3 llIBeniapuu, BKIIOYAB-
meM 326 ManueHToB, ObLIO IOKa3aHO, UTO UCII0JIH30-
BaHue mikasgbl NIHSS coBMecTHO ¢ BBICOKMM YPOB-
HEM KOIIeIITWUHA JaeT HauOOJIBIIYI0 ITPOrHOCTHYE-
cKy10 3 EKTUBHOCTD B OTHOIIIEHUY CMEPTU U (PYHK-
[MOHAJIPHOTO MCXO7ia B TeUeHue 90 AHel [91]. B mHO-
TOIIEHTPOBOM  IIPOCIEKTHUBHOM  HCCJIEZIOBAaHUH
G.M. De Marchis et al. (2013) npomeMOHCTHPOBAHO,
YTO OIIpe/ie/IeHHe YPOBHsI KOIIENITHHA B COYETAHUH CO
mkayiorr NTHSS n ygeTom Bo3pacTa mpuBeJIO K yIyd-
[IEHUI0 YyBCTBUTEJIBHOCTU ITPOTHO3UPOBAHUS UCXO-
JI0B Ha 11,8 % 1Mo (PyHKIIMOHATIBHOMY BOCCTAHOBJIE-
HUIO U Ha 37,2 % 10 JIETAJIbHOMY UCXOAY [92].

Jlpyrue GuoMapKephbl, CBSA3aHHbIE ¢ HEOJIaroNnpHu-
SITHBIM HCXOIOM WJIH CMEPTHOCTHIO B TeEUeHHE
Q0 JTHEH, BKJTIOYAIOT BBICOKHE YPOBHU KOHIIEHTPAIIUH
nporpanysrHa (PGRN) u MyJIbTUIIOTEHTHOTO (haK-
Topa pocra [93]; BBICOKMI YpOBEHb PETHHOJI-
cBsi3bIBatoIero 6enka-4 (RBP4) [94]; BbicOKuii ypo-
BeHb ITTHKUPOBaHHOTO remorsiobuna (HbA1c) 26,5 %
[95]. Bpicokast KOHIIEHTpAITUS JIETKUX IIeTell HeHpo-
¢dunamenToB ceiBopotku (NfL) Ha 7-i1 geHp crana
HE3aBUCHUMBIM IIPEJIMKTOPOM  HEOJIarompHUsATHOTO
rcxozia uepes 3 Mec [96]. Bbicokuii ypoBeHb HEHPOH-
cnernuduueckoii enosassl (NSE) B iepBbie 24 9 1 Ha
7-U JIEHb KOPPEJIUPOBaJ C 00'beMOM OYara HHCYJIbTA |
XyIUIUM QYHKIIMOHAIBHBIM UCX0/I0M [97].

[Tomumo MIPOTHOCTUYECKOU criocobHOCTH
OT/IEJIbHBIX OHMOMapKEPOB, CYIIECTBYIOT WHJIEKCHI,
IOMoTrarole IMporso3uposarsh ucxonasl WUU. Tak,
cooTHoIIeHne HelTpodmios/muMdoruroB (NLR)
KaK UH/IMKATOP CUCTEMHOTO BOCIIAJIEHUS IIPH ITOCTY-
IUIEHUU SBJISAETCS HE3aBUCHUMBIM IIPEJUKTOPOM
HeOJIarOMPHUATHBIX KPATKOCPOYHBIX M JI0JITOCPOY-
HBIX UcXo/0B. [Ipu 3HaueHUHU >8,5 BHICOKA BEPOAT-
HOCTb BHYTPUUEPEITHOTO KPOBOU3JIUSIHUS, COXpaHe-
aue NLR >5,4 mpe/icka3pIBaeT JieTaIbHBIA UCXO/T B
TeueHue 3 MecsneB [98, 99]. IHieKe TpUTTUIIEPU-
noB-1110K03bI (TyG) BbIIIE 4,49 HE TOJBKO ITOKa3a-
TeJIb MHCYJIUHOPE3UCTEHTHOCTH, HO U IPETUKTOP
CMEepTH U IUIOXUX (QYHKIIMOHAIBHBIX PE3yJIbTaTOB
yepes 3 Mec nocsie MY y maieHToB mocsie TpoMOo-
JINTAYECKOH Tepanuu [100, 101]. Takke BBICOKHUE
3HAUEHUs WHJEKCA CJIBUTA JIEUKOIIUTOB KPOBH
(MUCJZIK) um wuHAeKca COOTHOILIEHHUS JIEHKOLUTOB
kpoBu u CO3 (UJICOI) ABIAIOTCS MTPEIBECTHUKAMHE
HebJIaronpUsATHOTO Hcxo/ia [102].

B Tabs. 2 mpuBemeHbl OHOMAapKephl, KOTOPBIE
MOTYT IOBBICUTD d(PHEKTUBHOCTH IIPOTHO3UPOBAHUSA
HeOJIaTONPUATHBIX (PYHKITMOHAIBHBIX HCX070B VN
IIPHU UCIIOJIB30BAHUU COBMECTHO co Irkasoi NTHSS.

Myint et al. (2014) described an 8-point scale
that includes Stroke subtype, Oxford Community
Stroke Project classification (OCSP), Age, and pre-
stroke modified Rankin (SOAR) score. The SOAR
system predicts in-hospital and seven-day mortality
after stroke. SOAR score distribution: age (<65
years — 0, 66—85 years — 1, >85 years — 2), stroke
type (ischemic stroke — 0, hemorrhagic stroke — 1),
stroke according to the OCSP (lacunar stroke and
partial anterior stroke — o0, posterior stroke —
1 point, total anterior stroke — 2), mRs score (<2 —
0, 3—4 — 1, and 5 — 2). In-hospital mortality corre-
sponds to 4.02% for 1 point, 10.65% for 2 points,
21.41% for 3 points, etc. [104]. Colleagues from
China have developed a machine learning-based
prognostic model that allows predicting IS out-
comes based on a set of contrast perfusion-weighted
imaging data without accessing basic patient infor-
mation [105]. Attempts are being made to create
other prognostic models based on various indica-
tors (clinical scales, blood tests, neuroimaging char-
acteristics). Data on their effectiveness are limited
to small samples on which new models are tested.
Such prognostic models are difficult to reproduce,
and they require large financial costs, which intro-
duces significant restrictions on the spread of their
use. An ideal prognostic method should be widely
available, understandable to clinicians and easy to
use. To date, such a method has not yet been devel-
oped, which makes this area of research and devel-
opment very promising.

CONCLUSION

This review examined various approaches to
predicting IS outcomes based on anamnestic data,
clinical and neuroimaging data, and laboratory
indices. Despite the abundance of individual param-
eters that can provide data for predicting patient
recovery, currently, there is no optimal and conve-
nient prediction method for the use in real life clini-
cal practice. Having analyzed the literature, we
came to the conclusion that none of the currently
available prediction methods has absolute accuracy
with the simultaneous absence of disadvantages
that significantly limit its widespread use. The most
promising direction seems to be the development of
prognostic mathematical models based on the study
of the most informative markers with their subse-
quent combination to improve the accuracy of the
rehabilitation prediction and ease of use in clinical
practice.
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Ta6mmua 2. BuoMmapKkepbl KpOBH, H3y4YEHHbIE C MO3UIIMH BO3MOKHOCTH YJIYYIIUTb IPOTHO3WPOBAaHUE OCI0KHEHHUH,
KPAaTKOCPOYHBIX U JIOJITOCPOYHBIX MCXO/I0B HUIIEMHYECKOI0 HHCY/IbTA
Table 2. Blood biomarkers studied for their potential to improve prediction of complications, short-term and long-term
outcomes in ischemic stroke

C6op oGpasna

(mocs1ie nosiB/IeHUA
IIporHo3upoBaHue bBuomapkep CUMIITOMOB) KoHneHnTpanusa HcToyHuk
Prognosis Biomarker Sample collection Concentration Reference

(after symptom
onset)

Penuaus uHcynbta KomnenTuH 0-3,3-12, >19,4 nMoJb/ 1 Katan M. et al., 2009 [91]
Recurrent stroke Copeptin 12-24 u (and) (pmol/1)
24-724 (h)
CPB / CRP >3 Hep >4,86 mr/a (mg/1) Elkind M.S. et al.,, 2014 [84]
>3 weeks
LpPLA2 <724y83,7%u >120,4 umosnb/mMus/mn - Elkind M.S. et al.,, 2009 [86]
<6 nHeri y 90,0 % >120,4 nmol/min/ml
<72 hin 83,7% and
<6 days in 90,0%
OcTeonoHTHH 1-6 mec 22,6 Hr/ma (ng/ml) Ganz P.etal, 2017 [87]
Osteopontin 1-6 months
Heonrtepun 1-6 mec 2,1 ur/ma (ng/ml) Ganz P.etal, 2017 [87]
Neopterin 1-6 months
Muenonepokcuzasa 1-6 mec 8619 nr/ma (pg/ml) Ganz P.etal, 2017 [87]
Myeloperoxidase 1-6 months
lemopparuyeckass MMP-9 <84 (h) >140 ur/ma (ng/ml) Castellanos M. et al., 2003 [76]
TpaHcpopMaLus
Hemorrhagic
transformation
3nokadyectBeHHbIH S100B 244 (h) >1,03 mxkr/a (ug /1) Foerch C. et al., 2004 [77]
OTeK MOo3ra
Malignant cerebral
edema
PaHnHue [nytamat / Glutamate <24 4 (h), 72 4 (h) >200 mkmoJib /1 (umol/l)  Castellanos M. et al., 2008 [80]
HEBPOJIOTUMECKHE  @eppuTun / Ferritin - 24 4 (h) >275 ur/mi (ng/ml) Dévalos A. et al., 2000 [81]
YXyAIEHHs
Early neurological TNF-a 244 (h) >14 nr/ma (pg/ml) Castellanos M. et al., 2002 [82]
deterioration ICAM-1 244 (h) >208 nr/m (pg/ml) Castellanos M. et al., 2002 [82]
He6aaronpustaeii 25-OHD 244 (h) <20 Hr/ma (ng/ml) Tu WJ. etal, 2014 [89]
YHKUMOHANLHBIA  pGRN 24y (h) 64,2 ur/mn (ng/ml) Xie S.etal.,, 2016 [93]
HCXOJ1 UJIU CMEPTh
Unfavorable RBP4 484 (h) 37,4 mkr/mu (pg/ml) Zhu Y.Y. etal., 2018 [94]
functional outcome HbAlc 244 (h) 26,5 % Wang H. etal.,, 2019 [95]
or death NSE 244u7cyr >13 ur/p (ng/dl) Oh S.H. etal, 2003 [97]
24 h and 7 days
NfL 7-1 feHb 211,2 nr/ma (pg/ml) TiedtS. etal., 2018 [96]
7t day
HCJIK / IBLS 244 (h) 7,73 £2,72 EBsesnbmaH M.A. u coaBT,, 2018
[102]
Evzelman M.A. etal,, 2018 [102]
WJICO3 / RBLESR 244 (h) 3,39+1,54 EB3esbmaH M.A. u coaBr, 2018
[102]
Evzelman M.A. etal.,, 2018 [102]
NLR 244 (h) >5,4 Goyal N. etal.,, 2018 [98]
TyG 244 (h) >4,49 Lee M. etal,, 2021 [100]

CPB - C-peaxTuBHbIN 6es10K, LpPLA2 - smnonporenH-acconuupoBaHHas dpocdosmnasa A2; MMP-9 - MaTpuKcHasi MeTa/UIONpoTernHasa-9;
S100B - kanbuuii-cBsi3piBatoIUi 6eyok-6eta; TNF-a - dpakTop Hekposa onyxosnu-anbda; ICAM-1 - MosieKy/ia MeXKJIETOYHOH afre3uu 1-ro
Tuna; 25-OHD - Butamun D3; PGRN - nporpanynus; RBP4 - peTuHo1-cBsi3biBaoLiuii 6esok 4; HbAlc - rkupoBaHHbId reMmorio6uH; NSE -
HelpoH-cnenuuyeckas eHosasa; NfL - nerkue nenu HelipodusameHTOB cbiBopoTKH; UCJIK - nnAekc caBura JelkonuTos kposy; UJICO3 -
HH/IEKC COOTHOIIEeHUs JeHKonuToB KpoBu U COJ; NLR - cooTHomeHne HelTpoduioB/muMdponutos; TyG - HHEKC TPUIVIMLIEPU/OB-TJIIOKO3bI.
CRP - C-reactive protein, LpPLA2 - lipoprotein-associated phospholipase A2; MMP-9 - matrix metalloproteinase-9; S100B - calcium-binding
protein beta; TNF-a - tumor necrosis factor-alpha; ICAM-1 - intercellular adhesion molecule type 1; 25-(OH)D - vitamin D3; PGRN - progranulin;
RBP4 - retinol-binding protein 4; HbA1c - glycated hemoglobin; NSE - neuron-specific enolase; NfL - serum neurofilament light chains; IBLS -
index of blood leukocyte shift; RBLESR - ratio of blood leukocytes and ESR; NLR - neutrophil-lymphocyte ratio; TyG - triglyceride-glucose
index.
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Koneuno, Te j1abopaTopHbIe IMOKa3aTeIH, KOTO-
pble MoxkHO oTHecTH K pyruHHbIM (VCJIK, MJICO3,
HbA1c, CPB, TyG u NLR), 60Jiee [OCTYIIHBI JJIs IIPHU-
MEHEHUS B peaJbHON KJIWHWYECKOU MPaKTHKeE, B
YeM HUX HeOCHOPUMOE JJOCTOMHCTBO; OJHOBPEMEHHO
C 3TUM JIaHHBIe [I0Ka3aTeJIu ABJIAI0TCA HU3KOCIe -
(pruHBIMU, YTO 3acTaBiiAeT Y4YeHBIX MCKaTb HOBBIE
IIPOTHOCTUYECKHE MapKephl. B mporecce Hakome-
HUA CeroJlHs HaXOoJATCA JAaHHBbIE JIUTEpPATyphl IO
MIOTEHITUAJIBHBIM OMOMapKepaM, KOTOpPBIE PaccMo-
TPEHBI B CTaThe. 3a4acTyi0 BBIBOZBI 00 uX 3ddek-
TUBHOCTH ABJIAIOTCA IPOTHBOPEUUBBIMH, a WHX
HCIIOJIb30BaHUE JIOCTYIIHO JIUIIb B KPYIIHBIX Hay4-
HBIX JIA00PaTOPHUSIX, YTO 3HAUNMO TOPMO3UT U3yde-
HUe uX noTeHnuasna. Hy>KHO OTMeTUTB, UTO IO CUX
IIOp He OTIpe/iesieH HU OJIUH U/eaIbHbIN OHOMapKep
MIPOTHO3WPOBAHUS NcX00B MU ¢ BBICOKOH UyBCTBU-
TeJbHOCThI0O U cuenuduuHocThio. HeobxoauMmel
JlaJIbHeUIIIie MHOKECTBEHHbBIE KPYITHbBIE HCCIe/I0Ba-
HUA IS TOJITBEPK/IEHUS BaJIUIHOCTU PE3YJIbTAaTOB
U YTOUHEHUA KJIMHUYECKOTO 3HAaUeHUA.

MOJEJIN ITPOT'HO3NPOBAHUNA N

YT0OBI pacmUpUTh BO3MOXKHOCTH ITpeZCKa3aHUs
KICXOZIOB U TOBBICUTh UX TOYHOCTh, B MHPE AKTUBHO
BefieTCsl pa3paboTKa MoOfeiell MPOTHO3UPOBAHYI,
KOTOpPbIE, B CBOIO OYEpeNb, COCTOST U3 OT/EIBHBIX
mokazaresieil. Hampumep, cymnecTByeT  MoOjesb
«OOBIIUH PUCK TSI 30POBBS MPU COCYTUCTBIX COOBI-
tusix» (Totaled Health Risks in Vascular Events,
THRIVE). THRIVE (0—9 6a/u10B) BKJIIOYAET B cebst
Bo3pacT (<59 Jjier — 0 6aUoB, 60—79 JieT — 1 6ay,
>80 Js1er — 2 6asa), onenku 1o 1mkane NIHSS (<10 —
0 6asuIoB, 11-20 — 2 baylia, =21 — 4 6ajia), HaIndre
XpOHMYECKHNX 3abosieBaHUi (apTepuaibHAs THUIED-
TEH3UsA, CaXapHbIN auabeT win PUOPWLIALNA TIPeJI-
cepawuii). Basuiet THRIVE 0T O 10 9 KOPPETUPYIOT CO
3HAYEHUAMU MKaIbl MRS 0T 0 /10 6 1 TPOTHO3UPYIOT
HeOJIaTOIPUATHBIN FICXOZ, WUIM CMEPTHOCTD B TEUEHUE
90 aHel nowte uHCyIbTa. Paccaurats THRIVE MoxkHO
Ha  CHOEIUAJIbHOM  KaJIbKyJATOpe  http://www.
thrivescore.org/. BakHO oOpaiath BHHMAaHHE Ha
LIMPOKOEe pasfiesieHre BO3pacTa, JIIogu 82 u 96 jier
MOTYT TIOJIyIUTh OIMHAKOBBIE OaJLIBI, M3-3a IIOpOTa B
80 Jsier 151 2-6aJUIBHOTO OLIeHUBaHUA [103].

P.K. Myint et al. (2014) omucanu 8-6a/UTHHYIO
IIKAJIy, B KOTOPYIO BXOJAT ITOATHII UHCYJIBTA, KJIACCHU-
dukarusa OxedopIcKoro 00IIECTBEHHOTO ITPOEKTA IO
uncysnbty  (Oxford Community Stroke Project
classification, OCSP), Bospacrt, 6ay1 mo mikane PoH-
KuHa /10 nHcysbTa (Stroke subtype, Oxford Community
Stroke Project classification, Age, prestroke modified
Rankin, SOAR). Moziesnb IpOrHO3UPYET BHYTPUTOCITH-
TaJIHHYI0 ¥ CEMUTHEBHYTO CMEPTHOCTD ITOCJIE MHCYJTBTA.
Pacnipenenenvie 6ayioB SOAR: Bo3pact (<65 Jyer —
0 6asLnoB, 66—85 jieT — 1 6asut, >85 JieT — 2 6asuia), TUIT
HHCYJIbTa (MIIIEMIYeCKUH HHCYIIBT — O 6aJLTOB, TeMOp-

paruyecKuil MHCYJIBT — 1 6aJuI), HHCYJIBT 10 KJIACCH-
¢ukarmu OCSP (JlakyHapHBIA HHCYJIBT U YaCTUIHBIA
WHCYJIBT TTepeHeH MUPKYIINUN — O OJIJIOB, HHCYJIBT
3aIHEH ITUPKYJIAIN — 1 611, OOIIME HHCYJIBT IIEPE/T-
Hel IUPKYJIAIUU — 2 6ajia), 3HaYeHHe IO IIKaje
mRs (<2 — 0 6ay10B, 3—4 — 1 6asU1 ¥ 5 — 2 6ay1a). BHy-
TPUTOCHUTAIIBHASA CMEPTHOCTh COOTBETCTBYET 4,02 %
Jutst 1 6asuta, 10,65 % — U1 2 6a/IoB, 21,41% — 11 3
u 1.71. [104]. Kosuieramu usz Kurast pazpaborana mpo-
THOCTHYECKasl MOJIeJIb Ha OCHOBE MAIlIMHHOTO O0yue-
HUA, TI03BOJIAIONIAA IIPOTHO3UPOBaTh ucxoasl M Ha
OCHOBe KOMILJIEKCA JIaHHBIX KOHTpAaCTHO-Iepdy3u-
OHHO-B3BEIIIEHHOHN BU3yau3anuu 6e3 obpalieHus K
6azoBoi mHMOpMaIu o nanuenTax [105]. ITpeampu-
HUMAIOTCSI TIOTIBITKU CO3/IaTh U JIPYTHE MOJIETH IIPO-
THO3UPOBAHMSI, OCHOBBIBAIOIIMECS HA JAHHBIX Pas3-
JIMYHBIX TIOKa3aTesel (KIMHIYECKUX IITKaJI, aHATU30B
KPOBHU, HEHPOBU3YATU3AIMOHHBIX XapaKTEPUCTHK).
Janrnsle 00 ux 3 PEKTUBHOCTH OTPAHNYEHBI MAJIBIMU
BBHIOOpKAMH, HA KOTOPBIX ampoOUPYIOTCS HOBBIE
Moziesu. ITomoOHbIe TPOTHOCTHYECKIIE MOZIENTU TPYIHO
BOCITPOMBBOANMBI U TPeOYIOT OOJBINX (PHUHAHCOBBIX
3aTpaT, YTO CYIIECTBEHHO OPAHUYNBAET UX IIIIPOKOE
npuMeHeHUe. iealbHBIN MeTO7 TPOrHO3UPOBAHUSA
JKe JIOJDKEH OBITh JIOCTYIIHBIM JUIS1 BCEX, ITOHSITHBIM
JULSl KJIMHUITICTOB M IIPOCTBIM B HCITOIb30BaHMU. Ha
CETOTHSIIHUH JIeHb TI0KA TAaKOTO MeTo/ia He pa3pabo-
TaHO, UTO JIeJIaeT 3Ty 00JIaCTh UCCIIEZIOBAHIH U pa3pa-
OOTKH BeChMa IEePCIIEKTUBHOM.

3AK/IIOYEHWE

B manHOM 0630pe ObUTH pacCMOTPEHBI PA3JIMYHBIE
IIOJTXOZTBI K TIPOTHO3UPOBAHUIO Hcxo71oB 11, ocHOBaH-
Hble Ha IAHHBIX aHAMHEe3a, KIINHUYIECKOH 1 HeHPOBU-
3yaJIN3AlMOHHON KapTHHBI, a TaK)Xe JIAOG0paTOPHBIX
mokazaresieil. HecMoTpss Ha M300WIve OT/IETBHBIX
[oKa3aTesiell, KOTOpble CIOCOOHBI IIPEIOCTABIIATD
MHQOPMAITIIO TSI TIPOTHO3a BOCCTAHOBJIEHUS TAIU-
€HTa, Ha JIAHHBII MOMEHT He CYILECTBYET ONTHMAJIb-
HOTO W yIOGHOTO /ISl WCIIOJIb30BAHUSI B PEATHHOM
KJIMHUYECKON ITPaKTHKE METOAA IPOTHO3UPOBAHI.
ITpoaHaIM3UpPOBAB JIUTEPATYPHBIE HCTOUHUKU, MBI
MIPUIIUTH K BBIBOJLY O TOM, UTO HU OJTUH U3 MMEIOIIUXCS
Ha CEroJ(HAIIHUHI JIEHb CIIOCOOOB MPOTHO3UPOBAHUSA
He 00s1a/1a€T a6COTIOTHON TOYHOCTBIO C OTHOBPEMEH-
HBIM OTCYTCTBHEM HEZIOCTATKOB, 3HAUMMO OTPAHUYH-
BaIOIIUX €ro IOBceMecTHOoe mpuMeHeHue. HaubGostee
IIEPCIEKTUBHBIM HAIPABJIEHUEM BUAUTCS pa3paboTKa
[IPOTHOCTUYECKUX MaTeMaTUYeCKHUX Moyjeeld Ha
OCHOBe U3y4YeHMs Harbosiee HMOPMATUBHBIX MapKe-
POB ¢ TIOCITIEAYIOIENd UX KOMOWHAIIMEH JIJIsI TTOBBIIIIe-
HUs TOYHOCTH IPOTHO3a PeabIInTaiuu u ymobeTBa
IIPUMEHEHN B KJIMHIYECKON ITPAKTUKE.

KoH}uKT nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUHU KOH(JIMKTA HHTEPECOB.
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CoBpeMeHHBbIE IOXX0/bI K JIEUEHHUIO JIETOYHOM apTepUaAJIbHOM
TUINEPTEH3UN: TIEPCIEKTUBBI MOAUPUKATINHT 3a00/1€eBaAaHUSA
¥ TepalleBTHUYECKHE CTPaTeruu

JI.A. Xunuposa', B.H. Tronuna*

'O@I'6EOY BO «Hogocubupckuil 20cydapcmeetHblil MeduyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2I'Y3 HCO «Hosocubupckuil o6.aacmHotl kauHuveckuil kapouoao2uveckuil ducnavcep, Hogocubupck, Poccus

AHHOTAIIA

Jlerounas aprepuasibHas runeprensus (JIAD) sByseTcss IPOrpeccUpyonuM 3ab01eBaHUEM, COITPOBOKIAIOIIUMCS TIPO-
rudepaTHBHBIM PEMOJIETUPOBAHNUEM JIETOYHBIX apTepuid. HecMOTps Ha OYeBU/IHBIE YCIIEXH B €€ JIEUEeHUH, OTMEYAEMBIE B
mocsieiHee BpeMsi, cMepTHOCTb OT JIAT ocraetcst BbICOKOH. [Tpe/icTaBiisieM 0630p COBpEMEHHOM POCCUICKOM U 3apybesk-
HOH JINTEPATYPHI, IOCBAIIEHHOH Tpobsieme JIAT ¥ IOMCKY METO/IOB ee pellieHus. VICIoIb30BaHbl MaTepUAIIbI CIETYIOIIIX
6a3 nauubix: PUHII, Best Evidence, Scopus, Elsevier, PubMed, Clinical Evidence, Cochrane Library. ITpeacraBiieHs cTpa-
TEruH, O3BOJISIOIINE MOAUDUITUPOBATh 3a00s1eBaHue. Cpeii HOBBIX IIPEapaToB J[Ba SIBJISIOTCS 0COOEHHO MHOT000ea-
IOIUMH, TIOCKOJBKY 00JIaZIal0T TOTEHIHAJIOM Uil MOAN(DUKAINN 3a00JIeBaHUS: COTATEPLIENT, JAEHCTBYIOIINN Kak
JIOBYIIIKA JIJIs JTUTAH/0B cynepcemetictBa TGF-f, u cepanyrunub, nnranasiunonusii uarubutop PDGFR. Hecmotps Ha ToO,
YTO COTATEPIIENT POIEMOHCTPUPOBAJ OOJIBIIYI0 3 (HEKTHBHOCTD, CEPATTYTUHUO UMeEET IOTEHIHA JJIsT UCIIOJIb30BAHMUSI
B KOMOMHHPOBAHHOM TEPATIUH.

Kmuouessle caoea: jierouHasi apTepuajbHasi TUIIEPTEH3HUs, CreluduyecKkas Tepanus JerouHol apTepruasibHON THIIEp-
TEH3WH, BU3yaTU3aI1s IPABBIX OT/IEJIOB CEP/IIA, CEPATYTHHUO, COTATEPIIEIT.

Oo60pasen murupoBaHusna: Xuguposa JI.JI., Tronuna B.H. CoBpeMeHHbIe TOAXOAbI K JIEYEHHUIO JIETOYHOH ap-
TEPUAJILHOU TUIIEPTEH3UH: IIEPCIEKTHUBBI MOoAn(UKauu 3a00IeBaHUs U TepaneBTuyeckue crpareruu // Journal of
Siberian Medical Sciences. 2025;9(1):124-135. DOI: 10.31549/2542-1174-2025-9-1-124-135

Current approaches to the treatment of pulmonary arterial
hypertension: prospects for disease modification
and therapeutic strategies

L.D. Khidirova® 2, V.N. Tyupina2?

‘Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk Regional Clinical Cardiological Dispensary, Novosibirsk, Russia

ABSTRACT

Pulmonary arterial hypertension (PAH) is a progressive disease accompanied by proliferative remodeling of the pulmonary
arteries. Despite the obvious advances in its treatment that have occurred recently, the mortality associated with PAH
remains high. We present a review of modern Russian and foreign literature devoted to the problem of PAH and the search
for methods to solve it. The following resources were used in our review: Russian Science Citation Index, Best Evidence,
Scopus, Elsevier, PubMed, Clinical Evidence, Cochrane Library. Therapeutic strategies that have a potency for modifica-
tion of the disease are presented. Among the novel drugs, two seem to be particularly promising since they have potent
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disease-modifying properties: sotatercept, which targets the TGF-f superfamily pathway, and seralutinib, an inhaled
PDGFR inhibitor. Although sotatercept has demonstrated great efficacy, seralutinib has a potential for the combined the-

rapy use.

Keywords: pulmonary arterial hypertension, specific therapy of pulmonary arterial hypertension, visualization of the

right heart, seralutinib, sotatercept.
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Jlerounas runieprensus (JII')) — rpynmna 3aboste-
BaHUU C pa3HOU 3THOJIOTHEN, XapAKTEPUIYIOIITUXCS
MIOBBIIIIEHNEM COIPOTUBJIEHUSA COCYZOB JIETKUX U
JIaBJICHUsI B JIETOYHOHM apTepWH, BCJIEICTBUE UYEro
Hapymaercsi paboTa mpaBoro kKeiaymodka [1]. Oto
TsDKesasl TAaToJIOTUs CepAEe’HO-COCYAUCTON  cuc-
TE€MbI, YacTO CBA3aHHAasg C JIDyTUMH CEpJEedHO-
COCYZAVICTHIMU U PECITUPATOPHBIMU 3a00I€EBAHUAMHU.
PacnipocTtpaneHHOCTh pasinyHbIX BapuanToB JII
IpejicTaBJIeHa Ha PUC 1.

AIIMNIAEMHNOJIOTrNA

JlaHHBIE TI0 3TUJIEMUOJIOTHH JIETOYHON apTepu-
aympHOU runepTeH3uu (JIAI') BapbUpPYIOT B 3aBUCHU-
MOCTH OT reorpa)uueckoro peruoHa W AUArHOCTH-
YecKMX BO3MOKHOCTeH. 3aboseBaemocth JIAT
COCTaBJISIET TIPUMEPHO 15—50 C/Iy4yaeB Ha MUJLJIFOH,
a pacIpoCTPaHEHHOCTh — OKOJIO 50—100 CJIyYaeB HA
MUJJIAOH [2].

CorytacHo poccuiickomy HarnmoHasbHOMY peru-
ctpy JIT', KOTOPBIN OXBATHIBAET JAHHBIE IT0 MHOTUM
pervoHam CTpaHbl, CPEAHUIN BO3PACT MAIMEHTOB Ha
MOMEHT IOCTAHOBKH JHArHo3a COCTABJISIET OKOJIO
45 JIET, ¥ )KEHIIMHBI CTPAIAIOT 3TUM 3a00JIeBaHUEM
yaiie MyK4uH (mpumepHo 3:1) [3]. Ato cortacyercs
¢ MEX/TyHaPOHBIMHU JAHHBIMU, COTJIACHO KOTOPBIM
JIAT' yamie BcTpedaeTcs y >KEHIIUH B MOJIOZIOM U
cpeqHeM Bo3pacre. CpefHAA MPOJOIKUTEIHBHOCTh
JKU3HU narnueHToB ¢ JIAT pu OTCyTCTBUU JieUeHUs

Pulmonary hypertension (PH) is a cluster of dis-
eases with different etiologies and characterized by
an increase in pulmonary vascular resistance and
pulmonary arterial pressure, leading to an impaired
function of the right ventricle. PH is a severe cardio-
vascular disorder often associated with other cardio-
vascular and respiratory diseases [1]. The prevalence
of different variants of PH is shown in Fig. 1.

EPIDEMIOLOGY

Epidemiology of pulmonary arterial hypertension
(PAH) varies by geographical region and diagnostic
capabilities. The PAH incidence is approximately
15—50 cases per million, and the prevalence is about
50—100 cases per million [2].

According to the Russian Registry of PH, which
covers data from many regions of the country, the
average age of patients at diagnosis is about 45 years,
and women suffer from this disease more often than
men (approximately 3:1) [3]. This is consistent with
the international data according to which the PAH is
more common in young and middle-aged women.
The average life expectancy of PAH patients in the
absence of treatment varies within 2—3 years after
the diagnosis. However, with the advent of the tar-
geted therapy aimed at correcting vascular changes,
this indicator improved significantly. The patients
receiving modern pharmacological treatment,
including endothelin inhibitors, prostanoids and

I JlerouHas rMIEPTEH3MS IPH TTATOJIOTUH JICBBIX KaMep
Pulmonary hypertension in left-heart chamber pathology

[ JlerouHas runepTeH3us NpH NaTOJIOTUHU JIETKUX
Pulmonary hypertension in lung pathology

[ Jlerounas aprepHanbHas TUIIEPTEH3US
Pulmonary arterial hypertension

[] Xpouudeckas TpoMO603MOOIMYecKast JErouHas THIEPTECH3US
Chronic thromboembolic pulmonary hypertension

Puc. 1. PacipocTpaHeHHOCTb PA3JIMUHBIX BADUAHTOB JIETOYHOU TurepreH3uu (1o [2])
Fig. 1. The prevalence of different variants of pulmonal hypertension (according to [2])
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29 2%

o B 0O O

Jlerounast apTepuanbHasi THIEPTEH3US

Pulmonary arterial hypertension

W nuonarnyeckas JIeroyHast aprepuaibHas THIICPTCH3Hs

Idiopathic pulmonary arterial hypertension

Jlerounast apTeprasibHasi THIIEPTEH3HS C BPOKICHHBIM IIOPOKOM Cep/ia
Pulmonary arterial hypertension with congenital heart disease
Jlerounas aprepualibHasi THIIEPTEH3HUS C CHCTEMHBIMH 3a00JIeBaHUAMI
COCIUHUTEIbHON TKaHU

Pulmonary arterial hypertension with systemic connective tissue diseases

B Jlerouynas aprepualibHasi THIIEPTEH3HSI, ACCOIMHPOBAHHAS
¢ BUY-undexuneit
Pulmonary arterial hypertension associated with HI'V infection

Puc. 2. dnuneMuosiorus JeroyHol aprepuaabHoi runeprensuu B HoBocubupcekoii obsactu
(o marHBIM perrictpa HOBOCHOUPCKOTO KITMHUYECKOTO Kap/IHOJIOTHUECKOT0 IUCIIaHcepa, 2023 T.)
Fig. 2. The epidemiology of pulmonary arterial hypertension in the Novosibirsk region
(according to the Registry of the Novosibirsk Regional Clinical Cardiological Dispensary, 2023)

BapbUpyeT B Mpejiesiax 2-3 JIeT MOoCie MOCTAHOBKH
JIMAaTHO32, OJTHAKO C TIOSBJIEHUEM I1€JIEBOU TEPAITHH,
HaIpaBJIEHHON HA KOPPEKITHUIO COCYIUCTHIX U3MEHE-
HUH, 5TOT IOKa3aTeJlb 3HAYUTENHHO YJIYyUIIHIC.
ITarueHThI, MOJyYaKOIINEe COBPEMEHHYH MeInKa-
MEHTO3HYIO0 Tepaluio, B TOM YHCJI€ UHTUOUTOPHI
SH/IOTEJINHA, MMPOCTAHOU/IBI 1 UHTUOUTOPHI hocdo-
JIU3CTEPA3bl 5-TO THUIIA, MOTYT >KUTh 3HAYUTEILHO
JIOJIBIIIE, YTO ITOITBEPIK/IAIOT TaHHBIE MEKYHAPO/I-
HBIX perucTpoB, Takux kak REVEAL (CIIA) wu
COMPERA (Epoma). Tem He MeHee, HECMOTPSI Ha
Iporpecc B AMArHOCTHKE U JieueHuH, JIAT' ocraercs
Cepbe3HOH MATOJIOTHEN CO 3BHAYUTETLHBIMHU ITOKA3a-
TeJISIMU 3a00JIEBAEMOCTH U CMEPTHOCTH, UTO IIOJI-
YepKUBaeT HeOoOXOAUMOCTh pa3pabOTKU HOBBIX
TepareBTUUECKUX CTPATETHH.

B OT'BY «HanuoHaIbHBIA MEIUIMHCKAN HCCIIe-
JIOBATEJIbCKUHM TEHTDP KapAWOJOTUH UMEHU aKaje-
muka E.W. YazoBa» ¢ 2012 I. MpOBOAUTCA paboTa Mo
cosmanuo HanwmonanbHoro peructpa JIT' [3].
B HoBocubupckoit obactu peructp 6obHbIX JIAT
BezleTess ¢ 2013 T. B Hacrosiiiiee BpeMsi, COTJIaCHO
JIaHHBIM peructpa HoBOCHOHUPCKOTO KIMHHYECKOTO
Kap/IM0JIOTUYECKOTO JIUCIIaHCepa, 21,5 % BcexX Halu-
entoB ¢ JIT' crpagator JIAT (uamonatuueckast JIAT
(nJIAT); ieroyHasi TUIIEPTEH3 s, BHI3BaHHASA JIEKap-
CTBEHHBIMHU IIperiapaTaMd W TOKCHHAMMH; HaCJe-
ctBenHas JIAT; JIAT, acconmupoBaHHAsA C BPOXK/IEH-
HBIM TIopokoM cepzna (JIAT-BIIC); JIAT, acconuu-
pOBaHHAsA C CHCTEMHBIM 3a00JIEBAaHHEM COEIUHU-
tesbHOU TKaHU (JIAT-C3CT); JIAT, accoruupoBaH-
Has ¢ BUIY-undexnuenr (JIAI-BMY); nmopranspHas
JIero4yHasi rurnepTeHsus). JlaHHble 3a 2023 T. IEMOH-
CTPUPYIOT HAMOOJIbIIIEE KOJUYECTBO IAIIUEHTOB C
nJIAT u JIAT-BIIC, B MeHbIIel cremieru ¢ JIAI-BITY
u JIAT-C3CT (puc. 2.)

phosphodiesterase type 5 inhibitors, can live signifi-
cantly longer, which is confirmed by data from inter-
national registries, such as REVEAL (USA) and
COMPERA (Europe). Nevertheless, despite the
advances in diagnosis and treatment, PAH remains a
serious pathology with substantial morbidity and
mortality rates, hifhlighting the need to develop new
therapeutic strategies.

Since 2012, the E.I. Chazov National Medical
Research Center of Cardiology has been working on
the creation of the National Registry of PH [3]. In the
Novosibirsk region, the Registry of PAH patients has
been kept since 2013. To date, according to the Reg-
istry of the Novosibirsk Regional Clinical Cardiologi-
cal Dispensary, 21,5% of all patients with PH suffer
from PAH (idiopathic PAH (IPAH); drug- and toxin-
induced PAH; heritable PAH associated with con-
genital heart disease (PAH-CHD); PAH associated
with systemic connective tissue diseases (PAH-
SCTD); PAH associated with HIV infection (PAH-
HIV); portal PH). The data for 2023 demonstrate the
highest number of patients with IPAH and PAH-
CHD, and to a lesser extent — with PAH-HIV and
PAH-SCTD (Fig. 2).

DIAGNOSTICS

To diagnose PH, it is necessary to carry out a set
of diagnostic measures. The diagnostic algorithm
shown in Fig. 3 can be used as a starting point in any
case of suspected PH.

TREATMENT

Over the past decade, methods of PAH treatment
improved significantly and became more compre-
hensive and scientifically valid [4, 5]. The therapy of
PAH patients currently is not limited to medication
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JUATHOCTUKA alone, but is a complex of measures that includes an
initial assessment of the severity of the disease and
subsequent response to treatment. The treatment
strategy for PAH patients can be divided into 3 main
stages [6]. The first stage includes general measures
(physical activity correction, rehabilitation, preg-

s BoiaBieHus JII' HeoOXOAMMO IPOBENEHHE
KOMILUJIEKCA IMarHOCTUYECKUX Meponpuatuil. Ilpes-
CTaBJIEHHBIN HA pUC. 3 JUATHOCTUYECKUH AJITOPUTM
MOXKeT OBITh II0JIeE3eH B KauecTBe OTIIPABHOM TOUKHU
pu JTI060M cirydae BeposTHou JIT.

JTAI I. Mopo3speHue Ha Hanuyme JIT
CumnTombl, Npu3Haky, aHamHe3, AaHHble AKT, Rg
STAGE I. Suspected PH
Symptoms, signs, ECG and Rg data

v

T NPUYNHBI
_ CpedHss/Bbicokast Oxokapavorpacus. OueHka BeposTHocTi JIT Huskas VJI]any Ha6np|op,eHme
- Echocardiography. Assessment of PH probability >
Moderate/High Low Other causes or follow-up

JleyeHne 0CHOBHOrO

n La 3abonesaHus
PU3HAKY MOPaXEHMSs! - Treatment of an
neBbIx 0TAenoB cepaua (rpynna Il) gl o
Y Signs of left heart damage Yes | underlying disease
TANM II. UcknioyeHune Hanbonee > (groupll) e - ) o Tsxenas
yacTbIx npuynH JIM ¢ ancdyHKumein MK
STAGE II. Exclusion of the commonnest He /No Severe PH with right ventricle
etiologies of PH » 000000 eememememccaaaa- > dysfunction
MpW3HaK1 NopaxeHus nerkux
niinu runokcemuu (rpynna 1ll) lla [T —
Da/ Yes Signs of pulmonary damage > 2a6oreBaHNS
and hypoxemia (group Ill) Yes Treatment of an fla/Yes

underlying disease

Het/No
! ! I |

BeHTUnsLMoHHo-nepdy3anoHHas cumHTurpadms nerkux / Lung ventilation/perfusion scan
ATAMIII.
lla/ Yes Lecexkmbi nepepysuu / Perfusion defects Het / No JKCNepTHBIN LIeHTp
Y STAGE IIl.
06cTpykuna JTA (rpynna IV). XTOM? STAM . Reference center
PA obstruction (group IV). CTPH? OKCNepTHbIN LEHTP
STAGE lIl. Reference center

y

Y Y

TAN lIl. SkcnepTHbIH .0 "
erieKmueHas aHauoNybMoHozpaghust
LIeHTp (AnarHocTnka + Selective pulmonan{ angiogral;)hy KaTeTepusauys npaBbix 0TAENOB cepala
peAkvx npuumH Jr) > Right heart catheterization
STAGE llIl. Reference center Onpedenerue onepabessHocmu
(diagnosis of infrequent Assessment of resectability
etiologies of PH) v
CpJ1A (MPAP) = 25 mm pr. cT. (mm Hg) Het /No -
NBOBIMKIA | wnn | JIAT (rpynna ) (<& 3MA (PAWP) < 15w pr. cr. (mm Hg) » flpyive T
PVOD/PCH or | PAH (group ) falYes NICC (PVR) > 3 E/l. Byaa (Wood units) * i
+ pynna V
+ OOl (Hacnegyemas Wil unu JIAT, Group V
WHOyLMpOBaHHas NekapcTBaMU/TOKCMHaMK)
+APVT (heritable PH or drug- or toxin-induced PAH)

Puc. 3. AITOPpUTM JUATHOCTUKH JierouHOH rurneprensuu (1o [4]) (JIT — serounas runeprersust; IKI — ayiekTpokapau-
orpadus; IDK — npassriii xkenygouek; JIA — serounas aprepust; XTDJIT — xpoHndeckass TpoM603MO0TMYecKast JIErOYHast
runieprensus; JIBOB — sierounas BeHO-OKKII03UOHHAS 60s1e3Hb; JIKT'A — j1erouHbIi KanWIIPHBIN reMaHTHOMATO3;
JIAT — nerounas aprepuanbpHada runieprensus; Cp/IJIA — cpesHee faBjieHNe B JIETOYHOU apTEPUH;

J3JIA — naBneHue 3aKIMHUBaHUA JIerouHOM apTepun; JICC — JIerouHOe COCYAMCTOE COTPOTUBIIEHHE;

O®II - ocrpas ¢papmakosoruyeckas npoba; uJil' — uaronaTudeckas JeroyHasi TUepTeH3us)

Fig. 3. The algorithm of pulmonary hypertension diagnosis (according to [4]) (PH — pulmonary hypertension;

ECG - electrocardiography; RV — right ventricle; PA — pulmonary artery; CTPH — chronic thromboembolic pulmonary
hypertension; PVOD — pulmonary veno-occlusive disease; PCH — pulmonary capillary hemangiomatosis; PAH — pulmonary
arterial hypertension; MPAP — mean pulmonary artery pressure; PAWP — pulmonary artery wedge pressure; PVR —
pulmonary vascular resistance; APVT — acute pulmonary vasoreactivity test; IPH — idiopathic pulmonary hypertension)
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JIEYEHHWE

3a mocsesHee MeCATUIETHE METOABl JIeUeHUs
JIAT' 3HAUUTENBHO YCOBEPIIEHCTBOBAJIUCH U CTAIU
00Jlee KOMILJIEKCHBIMHU W HAYYHO O00OCHOBAaHHBIMU
[4, 5]. Tepanus mamuentoB ¢ JIAT' B Hacrosiee
BpeMs He CBOJUTCSA JIUIIb K Ha3HAUYeHUIO JeKap-
CTBEHHBIX IIPENIAPATOB, a MPEJICTABIIAET COO0OU KOM-
IIJIEKC MEPONIPUATUH, BKIIOYAIONINN ITepBOHAYAIIb-
HYI0 OILIEHKy TSXKeCTH 3a00JIeBaHUs U IOCIIEAYIO-
mero orBeTa Ha JiedyeHue. CTpaTeTwio JIeUeHUs
nanueHToB ¢ JIAT' MOKHO pasziesIuTh Ha TPU OCHOB-
HbIX 9Tama [6]. IlepBBIil 3Tam BKJIIOYAET MepPhI
ob1ero xapakrepa (koppeknusa GU3nIecKod aKTHB-
HOCTHU, peabunuTanus, 6epeMeHHOCTh, KOHTpAIlen-
M4, IOCTMEeHOoIay3aJIbHasA TOPMOHA/IbHAS 3aMECTH-
TeJIbHAs TepaIs, IJIAHOBbIE OIIePAINH, TPODIIIAK-
TUKa WHOEeKIUH, Icuxosiornueckas IOAJEPIKKa,
cOOJTIOIeHNe PEKOMEH AU Bpada, TeHeTUYecKoe
KOHCYJIPTUPOBAHUE), MOZAEPKUBAIOIIYI0 TEPAIIHIo
(mepopanbHble aHTUKOATYJIAHTHI, TUYPETUKHU, KHC-
JIOPOJTHASI TEPATIUs, AUTOKCHH ), HAIIPABJIEHE B CIIe-
OUTN3UPOBAHHBIE MEIUIMHCKUAE YIPEKIEHUSI U
IIPOBE/IEHHE OCTPOTO Ba30PEAKTHBHOTO TecTa JUIs
ompesiesieHrs HeoOXOIMMOCTH Havasa J0JITOCPOY-
HOHU Tepanuu 6J0KAaTOpaMH KaJIbIIMEBBIX KAaHAJIOB
(BKK). Bropoii sTan npejmnosiaraeT Ha4yajo Tepanuu
BbICOKHMH Ao3amMu BKK 17151 mareHToB ¢ IIOJIOXKH-
TeJIbHBIM Ppe3yJIbTaTOM OCTPOTO Ba30PEaKTHUBHOTO
TecTa WA NPUMEHEeHHe OJ00pEHHBIX IIPErapaToB
1 nedennud JIAT y maliieHTOB ¢ OTPUIlATEIFHBIM
pe3yspTaTOM TecTa COIJIACHO IIPOTHO3UPYEMOMY
PHUCKY ¥ YPOBHIO PEKOMeH AU H U JI0Ka3aTeTbHOCTH
JUTS K&XKJTOTO OT/IEJIBHOTO ITpeliapaTa Wik UX KOMOHU-
Hanui. TpeTuil sTam cBsA3aH C OTBETOM Ha HAYAJIb-
HOe MeJIlMKaMeHTO3Hoe JieueHue. Eciiu oTBeT Heno-
CTAaTOYHBIN, paccMaTPHUBAETCA BO3MOXKHOCTb KOM-
OMHUPOBAHHON TPEXKOMIIOHEHTHOU (MaKCHMaJIb-
HOW) Tepamuyd OJOOPEHHBIMHU IIpernapaTaMu WA
TpaHCIIAHTAIIUY JIETKUX (PHC. 4).

Jleuenne JIAI' HampaBiieHO Ha paclIupeHue
JIETOYHBIX COCY/IOB, CHIKEHUE JIaBIeHUs U YIIydllle-
HHe KPOBOTOKA. K OCHOBHBIM TPYIIIIaM IIPENapaToB
otHOcsaTCA [7]:

1. AHTaroHHCTHI PEIEeNTOPOB SH/OTeNNHA: 0JI0-
KUPYIOT JIeWCTBHE HHOTEINHA, CY?KAIOIIETO COCYbI
U TOBBIMIAIONIETO JABJIEHUE B JIETOYHOM apTepuu
(bo3enTaH, aMOpU3€eHTaH, MAIIUTEHTAH).

2. Wuruburopsr dochoamscrepasbl 5-ro THIIA:
VBEJIMYUBAIOT YPOBEHb OKCHJIA a30Ta B JIETOYHBIX
apTepusax, YTO CIOCOOCTBYET WX PACIIMPEHUI0 U
CHIDKEHHUIO JIaBJIEHUs B JIETOUHOH aprepuu (cuiize-
Habw u Tamanadu).

3. CuHTeTHYecKHe aHaJOTH IPOCTAIUKINHA
(pocTaHOUIBI): AKTHUBUPYIOT PELENTOPHI IIPOCTa-

nancy, contraception, postmenopausal hormone,
replacement therapy, elective surgeries, infection
prevention, psychological support, complience,
genetic counseling); maintenance therapy (oral anti-
coagulants, diuretics, oxygen therapy, digoxin);
referral to specialized hospital and for acute pulmo-
nary vasoreactivity testing to determine the need for
long-term therapy with calcium channel blockers
(CCBs). The second stage involves initiating high-
dose CCB therapy for patients with positive acute
vasoreactivity test, or the use of approved drugs for
patients with negative acute vasoreactivity test
according to the risk stratification, and the level of
recommendation and evidence for each individual
drug or their combinations. The third stage relates to
the response to the initial medication. If the response
is insufficient, the possibility of the triple combina-
tion (maximal) therapy with approved drugs or lung
transplantation is considered (Fig. 4).

The treatment of PAH is aimed at dilating pulmo-
nary vessels, decreasing pressure and blood flow
improvement. The main groups of drugs include:

1. Endothelin receptor antagonists: block the
action of endothelin that constricts vessels and
increases pulmonary artery pressure (bosentan,
ambrisentan, macitentan).

2. Phosphodiesterase 5 inhibitors: increase the
level of nitric oxide in the pulmonary arteries, which
contributes to their dilatation, and reduce the pres-
sure in the pulmonary artery (sildenafil, tadalafil).

3. Synthetic analogues of prostacyclin (pros-
tanoids): activate the prostacyclin receptors by vir-
tue of an increase production of cyclic adenosine
monophosphate (epoprostenol (intravenously);
treprostinil (inhalation delivery, peroral dosage
forms); iloprost, the one stable analog of prostacy-
clin (aerosol) registered in the Russian Federation;
selexipag, the first peroral non-prostanoid IP recep-
tor agonist: stimulation by the active substance and
his metabolite of IP receptors leads to vasodilata-
tion as well as antiproliferative and antifibrotic
effects).

4. Soluble guanylate cyclase stimulator: sensitizes
the guanylate cyclase receptor to endogenous NO by
means of stabilization their bond as well as directly
stimulates that enzyme independent of NO (rio-
ciguat).

5. CCBs can be used for treatment of a small group
of patients with positive vasoreactivity test.

6. Mineralocorticoid receptor antagonists: a use-
ful additional class of drugs for the treatment of
PAH, especially in combination therapy, but their
use should be based on individual indications under
supervision of a doctor.
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Puc. 4. AIropuT™ JIeUeHuUs JIETOYHOU apTepraibHoi runeprersuu (mo [6]) (JIAT — sierounast aprepuaibHasi THIIEPTEH-
3usi; BKK — 610KaTOpBI KaIbI[ueBbIX KaHAIOB; WIAT — unnonaruueckas JIAT; HIIAT — nacnencrBennast JIAT
JIJIAT — JIAT, acconmpoBaHHasA C IPUEMOM JIEKAPCTB)

Fig. 4. The algorithm of treatment of pulmonary arterial hypertension (according to [6])

(PAH - pulmonary arterial hypertension; CCBs — calcium channel blockers; IPAH — idiopathic pulmonary arterial
hypertension; HPAH — heritable 6o;tee PAH; DiPAH — drug-induced PAH)

[OHMKJIMHA 32 CUET YBEJIMUEHUS IPOAYKIINH [TUKINYe-
CKOTO a/1eH03nHMOHOdocdara (3monpocTeHo (BHY-
TPUBEHHO); TPENPOCTUHI (MHTAJIAINH, TEPOPAITH-
HbIe (OPMBI); UIOMPOCT — €IMHCTBEHHBIHN CTAOMIIb-
HBIN aHAJIOT IIPOCTAIMKINHA B a3P030JIbHOH opMe,
3apeTuCTPUPOBaHHBIN B Poccuiickont ®enepanuu;
CEJIEKCUIIAT — MEPBBIN IePOPATHHBIN CETEKTUBHBIHN
aronuct IP-pernenTopoB HENPOCTAHOUIHON CTPYK-
TYPbI, CTUMYJINPOBAHUE JIEHCTBYIOIIUM BEIIECTBOM
U €0 aKTUBHBIM MeTabosutoM IP-penentopoB mpu-
BOUT K Ba3o/AWIaTaIlNM, a TaKKe aHTUIposndepa-
TUBHOMY U aHTUPUOPOTHUIECKOMY 3¢ deKrTam).

4. CTUMyATOP TyaHWIATIIUKIA3BI: CEHCUOMIIN-
3UpyeT PelenTophbl T'YaHWIATIIUKIA3bhl K SHJOTEH-

7. Anticoagulants: prescribes in thromboembolic
PAH.

According to the European Society of Cardiology
and European Respiratory Society 2022 guidelines,
low- and intermediate-risk patients are recom-
mended to start treatment with combination therapy
of endothelin receptor antagonists and phosphodies-
terase 5 inhibitors, while high-risk patients should
also be added an intravenous or subcutaneous pros-
tacyclin analogue — this regimen is known as triple
therapy [7, 8].

The concept of disease modification in PAH was
reviewed at the Congress of the European Respira-
tory Society in 2023 [9]. Disease modification is

Journal homepage: http://jsms.ngmu.ru

129



Xuduposa JI./]., Tronuna B.H. / Journal of Siberian Medical Sciences T. 9, N9 1 (2025)

HOoMy NO myTeM cTabMIM3aIUU UX CBSA3H, & TAKXKeE
HanpsMyl0 CTUMYJIUPYeT 3TOT (epMeHT He3aBH-
cumo ot NO (puonuryar).

5. BKK: MoryT G6BITh HCIIOJIb30BaHbI Y HEOOIBIITOH
IPYIIIBI NAIUEHTOB C MO3UTHUBHBIMH COCYZOPACIIIH-
PSIOIIUMU TECTAMH.

6. AHTarOHUCTBI MUHEPAJTOKOPTUKOUIHBIX
PpelenTopoB: IOJIE3HBIH JIOTIOJTHUTEIHHBIN KJIace
mpernaparos Jiis jieuenusi JIAT, ocoGeHHO IPU KOM-
OMHUPOBAHHOU TepaIluy, OAHAKO WX HCIIOJIb30Ba-
HUe JIOJDKHO OBITh OCHOBAHO HA WH/UBUAYATbHBIX
MMOKA3aHUAX U MPOXOAUTH IO KOHTPOJIEM CIIelHa-
JIUCTA.

7. AHTHUKOATYJIAHTBI: HA3HAYAIOTCS TP HATTUINU
TpoM6boamboamdeckoit JIT.

CortacHo pekoMeHzanusam EBponetickoro o61e-
CTBa KapJUOJIOroB M EBpOIENCKOro pecrnupaTop-
HOTO O0IecTBa 2022 T., HAI[UEHTaM C HU3KUM H
CPEeIHIM PHUCKOM pPEKOMEH/yeTCsl HAauyWHATh Jiede-
HHE ¢ KOMOMHUPOBAHHOHN Teparuy aHTarOHUCTaMU
PellenTOpoB AHAOTEIUHA U UHruOuTOpaMu (hocdo-
ZI3CTEPA3BI 5-TO TUIA, B TO BpeMs KaK IMaIleHTaM C
BBICOKUM PHCKOM TaK’Ke cJIe/lyeT 100aBUTh BHYTPH-
BEHHBIH MU TIOJIKOKHBIN aHAJIOT MPOCTAIMKINHA —
9Ta cXeMa MU3BEeCTHa KaK TpOouHas Tepamus [7, 8].

Kounenmusa monuduxkanuu 3aboseBaHUs IPU
JIAT 6pu1a paccmorpeHa Ha Konrpecce EBpomeii-
CKOTO PECIIUPATOPHOTO 00IIecTBa B 2023 T. [9]. ITox
MoauduKaued 3a601eBaHUs IOHUMAETCs ITPHUMe-
HEHUe JIeUeHNs], KOTOpoe HaleJIeHO Ha maTohu3U0-
JIOTHYECKYIO OCHOBY 3a00JieBaHUS U MPUBOAUT K
YCTOUUHMBOMY KJIMHHYECKOMY 3ddekTy, ompese-
JIEHHO OTJIMYAIOIIEMYCA OT pe3yjbTaTa CUMIITOMA-
Trueckoll Tepamnuu. Ciie/IoBaTeIbHO, HEOOXOaUMa
yeTKasd KOPPEIANUSA MeXAY KJIMHUYECKUMH HCXO-
JaMu U OumoMapKepoM, crenubUUYHBIM JIsI KOH-
KpeTHOTO 3a00J1eBaHusA. BoieseTcs maTh ypoBHEH
Mogudukanuu 3abonepanus npu JIAL, mpu sTom
Teparnus 1-ro YpOBHs 3aMeIJIsieT KIMHUYECKOE YXY/I-
IIIeHe, a TEPATUS 5-TO YPOBHS IPUBOAUT K U3JI€Ue-
HUIO [10].

CpeZli HOBBIX IIPENAPATOB /IBA MPEICTABIISIOTCS
0COOEHHO MHOT000EIAOIINMU, TOCKOJIBKY UMEIOT
IIaToreHeTu4YecKoe JeficTBre U 00J1aal0T HOTEHI-
aJIoM iyt MoAudUKaIuy 3a001eBaHUS:

1. Corareprent. JIAI' TecHO cBA3aHa C JUCPeETy-
asanued npeacraButesielt cynepcemetictsa TGF-f —
pelienitopoM akTuBMHA THHA Il W ero JIMTraHI0OB
aKTHUBUHA A U akTUBHHA B. ATOT CUTHAJIBHBIN MIyTh
peryimpyer KJIETOYHBIH poOCT, Ipoiaudepanuo u
peMoieTMPOBaHUE COCY/IUCTOU CTEHKH, YTO UTPAET
KJII0UeByl0 posb B pasButuu JIAI. CoraTepient
JIEUCTBYET KaK JIOBYIIIKA JIJIS JIUTAH/IOB CyTiepceMen-
crBa TGF-B, uro mo3BoJisieT CHU3UTH Iposudepa-

thought of as the use of treatments that targeted the
pathophysiological basis of the disease, and result in
the sustained clinical effect, definitely different from
the result of symptomatic therapy. Thus, a clear cor-
relation between clinical outcomes and a disease-
specific biomarker is needed. Five levels of disease
modification are distinguished — with level 1 therapy
slowing clinical deterioration, and level 5 therapy
leading to cure [10].

Among the novel drugs, two appear particularly
promising because of their pathogenetic action and
disease modifying potential:

1. Sotatercept. PAH is closely associated with dys-
regulation of the TGF-B superfamily members —
activin receptor type II and its ligands, activin A and
activin B. This signaling pathway regulates cell
growth, proliferation and vascular wall remodeling,
which plays a key role in the development of PAH.
Sotatercept acts as a trap for TGF-f superfamily
ligands, which reduces cell proliferation and reverses
vascular remodeling, decreasing elevated pulmonary
artery pressure. This drug may slow and stop the
progression of PAH [11].

2. Seralutinib is an inhaled inhibitor of the plate-
let-derived growth factor receptor (PDGFR). PDGFR
plays an important role in the smooth muscle cell
proliferation and vascular wall remodeling, which
contributes to the narrowing of the pulmonary arter-
ies in PAH. Thus, the effect of the drug is achieved
through PDGFR blocking and is manifested by a
decrease in smooth muscle cell proliferation and dis-
continuation of vascular remodeling, which, in turn,
helps to reduce pressure in the pulmonary arteries.
The inhalation form allows the drug to be delivered
directly to the lungs, which increases its effectiveness
and reduces systemic side effects [12, 13].

The presented drugs, as indicated above, are
aimed not only at controlling symptoms, but also at
changing the pathological or pathogenetic processes
associated with the disease. Currently, clinical trials
of drugs, acting on key signaling pathways of PAH
pathogenesis are ongoing, which gives some hope for
more effective methods of treating the disease.

Seralutinib, a selective tyrosine kinase inhibitor,
administered via an inhaler, in addition to its pri-
mary effect, increases an expression of bone mor-
phogenetic protein receptor 2 (BMPR2), thereby
promoting antiproliferative action. The phase 2
study TORREY met its primary endpoint, demon-
strating a significant reduction in pulmonary vascu-
lar resistance (PVR) in patients with PAH, treated
with inhaled seralutinib with the background dou-
ble- and triple-combination therapy [12]. Within the
phase 2 TORREY, a sub-study, assessing seralutinib-

130

Journal homepage: http://jsms.ngmu.ru



Khidirova L.D., Tyupina V.N. / Journal of Siberian Medical Sciences Vol. 9, No. 1 (2025)

I[UI0 KJIETOK U WHBEPTUPOBATh PEMOJIEIMPOBAHNE
COCYZIOB, yMeEHbIIIasA IIOBBIIIEHHOE JIaBJI€HUE B
JIETOYHBIX apTepuAX. DTOT IIpenapar MOKeT 3aMe/l-
JINTh U IPEKPATUTH porpeccupoBanue JIAT [11].

2. CepayyTuHUO — WUHTAJISIMOHHBIA UHTUOUTOP
pereritopa  TpoMOonMTapHOTO (aKTOpa pocTa
(PDGFR). PDGFR urpaet BasKHYI0 POJIb B IIpoJIHe-
panyy KJIETOK IJIAAKOW MYCKYJaTyphl COCY/IOB H
PEMOIETUPOBAHIY COCYAUCTON CTEHKH, UTO CII0CO0-
CTBYeT Cy:KEHUIO JIETOUHBbIX apTepuii mpu JIAT.
Takum o6pazoM, 3 deKT mpemnapara JAOCTUTAETCS
yepes3 OsokupoBanue PDGFR u mposiBisieTcst cHU-
>KeHHeM IIPoIndepauy Iy1aIKOMBIIIEYHBIX KJIETOK
U OCTAHOBKON pPEMOJIEJIMPOBAHUA COCY/OB, YTO, B
CBOIO OYepe/ib, CIIOCOOCTBYET YMEHbBIIIEHUIO TaBJe-
HUSA B JIETOYHBIX apTepusx. HransanuonHas gopma
MO3BOJISET JIOCTABJIATH Mpenapar mpsAMoO B JIETKHE,
4TO NOBBIIIAeT ero 3(P@EeKTUBHOCTh U CHHXKAET
cUCTEMHBbIE T060YHBIE 3(PDeKTHI [12, 13].

[IpencTaByieHHbIE JIEKAPCTBEHHBIE IIpenaparsl,
KaK yKa3bIBAJIOCH BbIIIIE, HAIIPABJIEHbl HE TOJIBKO Ha
KOHTPOJIb CUMIITOMOB, HO ¥ Ha U3MEHEHHe IaTore-
HETUYECKUX IIPOIECCOB, CBA3AHHBIX C 3aboJieBa-
HHueM. B HacrosAIee BpemMs NMPOJOJLKAIOTCA KIUHU-
JecKHe HCIBITAHUS IIPENapaToB, JEHCTBYIOIINX Ha
KJIIOUeBble CUTHaJIbHBIE IyTU naroreHesa JIAT, uto
JlaeT oIpeieJIEHHYI0 HaJiesk1y Ha 6osee 3 dekTus-
HbIE CITOCOOBI JIeUeHU s 3a00IEBaHUS.

CepastyTuHuO, CEJIEKTHUBHBIH HHTHOUTOP THPO-
3UHKWHA3bl, BBOJUMBIA Yepe3 HHTAIATOP, Kpome
OCHOBHOTO 3(ddeKTa CIOCOOCTBYET YBEJIMUYEHUIO
9KCIPECCUH PerenTopa KOCTHOTO MOp¢OoTreHeTnye-
ckoro 6esika tuna 2 (BMPR2), mposiB/isist TeM caMbIM
a"tunposudepaTuBHoe nelictBue. lcciaenoBanue
2-i1 ¢aszpr TORREY nocTuryiio cBoedl mnepBUYHOU
KOHEYHOH! TOYKH, IPOJIEMOHCTPUPOBAB 3HAUUTEIb-
HOE CHIKEHUE JIETOYHOTO COCY/IUCTOTO COIIPOTUBIIE-
HUA y narueHToB ¢ JIAT, mosydaBIIuX UHTAIAIUOH-
HBIA cepaTyTHHUO HAa (QOHE ABYX- WJIH TPEXKOMIIO-
HEHTHOH KOMOWHUPOBaHHOU Tepamuu [12]. B pam-
kax uccinenoBauusa TORREY npoBesneHo mojbiceie-
JIOBaHME, B KOTOPOM C IIOMOIIbIO TOHKOCJIOMHOM!
00beMHON HEKOHTPACTHOU KOMITBIOTEPHOH TOMO-
rpaduu IpyTHOU KJIETKHU C TIOCJIEIYIOIIEN cerMeHTa-
[1el JIETOYHBIX COCYZIOB OI€HUBAJIOCh HMHJYIUPO-
BaHHOE CEPayTHHHOOM 00paTHOE peMOJIeJIpOoBa-
HUe COCyZIOB JierkuX. O6beM COCYZIOB JIETKUX OIpe-
JleJIAIIN JJ1A TPpeX 3HaueHUH IJIOIIAU IT0IIepeYHOro
ceyeHus cocyZoB (>10 MM?2, 5-10 U >5 MM?) y
19 MaIUeHTOB, MOJIYYaBIINX JBYX- MU TPEXKOMIIO-
HEeHTHYI0 (OHOBYIO cruenudmyeckyo Tepanuio JIAT,
JI0 HavasIa jledeHus U uepes 24 Hesl. OTMeueHo 3Ha-
YUTEJIbHOE YJIyUIlleHUEe COOTHOIIEHUs 00beMa Kpo-
BEHOCHBIX COCYJIOB B JIUCTJIBHBIX COCY/aX IO CPaB-

induced reverse remodelling of pulmonary vessels by
thin-section volumetric non-contrast chest com-
puted tomography with automated pulmonary vas-
cular segmentation, was carried out. The volume of
vessels for three values of cross-sectional area
(>10 mm?, 5-10 1 >5 mm?) in 19 patients on double-
or triple-combination PAH — specific background
therapy at baseline and after 24 weeks of the treat-
ment. A significant improvement in the ratio of blood
vessel volume in distal vessels relative to larger ves-
sels was found, which indicates a reverse remodeling
effect. The change in the ratio of blood vessel volume
from baseline to week 24 correlated with the change
in hemodynamic parameters such as pulmonary
artery compliance and stroke volume [13]. The
phase 3 PROSERA trial had 2 aims: 1) to determine,
whether seralutinib is able to increase an exercise
tolerance in patients with PAH group 1, defined as
WHO functional class II or III; 2) to establish the
time to clinical deterioration.

In the phase 2 PULSAR trial and the phase 3
STELLAR trial with participation of PAH patients
WHO class II or III, who received background
double- or triple-combination therapy, sotatercept
significantly improved pulmonary vascular resis-
tance and exercise tolerance assessed by the 6-min-
ute walk distance (6MWD) [14, 15]. In the STEL-
LAR trial, changes in hemodynamic parameters
and right ventricular function according to data
from right heart catheterisation and echocardiogra-
phy were assessed at 24 weeks. Compared to the
placebo group, sotatercept led to a significant
improvement in hemodynamic parameters, includ-
ing right atrial pressure, mean pulmonary arterial
pressure, mixed venous oxygen saturation, pulmo-
nary artery (PA) elastance and PA compliance, as
well as the ratio of tricuspid annular plane systolic
excursion (TAPSE) to systolic PA pressure. Along-
side with clinical advances observed in the sotater-
cept administration in the STELLAR trial, the
results that post hoc analysis highlighted a clinical
significance of the improvement in cardiac and pul-
monary parameters, right heart function and the
RV-PA coupling between the PA and the right ven-
tricle in these patients [15].

In the multicenter randomized PULSAR trial with
106 adult patients with PAH, who received sotater-
cept at a dose of 0.3 mg/kg every 3 weeks, or 0.7 mg/
kg every 3 weeks, or placebo, and with the primary
end point being the change in pulmonary vascular
resistance from baseline to week 24, the treatment
with sotatercept was found to be associated with a
reduction in pulmonary vascular resistance in PAH
patients [14]. However, there is considerable uncer-
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HeHUIO ¢ 0oJiee KPYIMHBIMH COCYZAaMH, UTO CBUZE-
TEJIbCTBYET 00 OOpAaTHOM pPEMOJIESTUPOBAHUU COCY-
JTOB JIETKUX MIPU TEPATINU CepTyTUHUOOM. V3MeHe-
HUE COOTHOIIEeHUsI 00BbeMa KPOBEHOCHBIX COCYZIOB
HCXO/THO U TIOC/IEe 24-U HeJeau KOPPEJIUPOBAIO C
U3MEeHEeHHEeM TeMOJMHAMUYECKUX I[1apaMeTpOB,
TaKUX KaK I0/IaTJINBOCTh JIETOUHOH apTEPUH U y/Iap-
HBIH 00beM [13]. 3-1 daza uccienoBanuss PROSERA
VIMeeT JIBe LIeJIU: 1) ONPEETUTh BIUAHUE CEPATTYTH-
HuOAa Ha MTOBBIIIIEHUE TOJIEPAHTHOCTH K (PU3UIECKOM
Harpyske y manueHToB c JIAT 1-¥ rpymisl, 1o Kjac-
cuduranuu BceMupHO# opraHuzanuu 31paBooxpa-
Henus (BO3) ¢ynknuonanpHoro kiacca I1 wiu 111,
2) YCTAHOBUTD BPEMSI /10 KJIMHUYECKOTO YXy/IIIEHUS.

B uccienoBanusax 2-i ¢passt PULSAR u 3-11 passl
STELLAR, B KOTOpPBIX y4YaCTBOBJIN IAIlMEHTHI C
JIAT 1T nnu 111 pyHKIIMOHAIBHOTO Kjlacca o Kjac-
cuduranuu BO3, corarepruent Ha ¢GoHE JBOWHOU
WA TPOHHON KOMOWHUPOBAHHOHN TEpamuu 3HATH-
TeJIbHO YJIyYIlIaJl JIETOUHOE COCYIUCTOE COIIPOTUBIIE-
HHE U TOJIEPAHTHOCTH K (U3NIECKON HArpy3Ke, o1le-
HEHHbIE B TecTe 6-MUHYTHOH X0ab60b1 (6MWD) [14,
15]. B uccnegosanuu STELLAR orieHuBajinch u3Me-
HEHUS TeMOJMHAMHUYECKUX IIapaMeTPOB U GYHKITMH
IIPaBOTO KeJIylIoYKa IO JAaHHBIM KaTeTepusaliuu
IIPaBBIX OT/EJIOB Cep/lia U 3XoKapAuorpadun yepes
24 uen. Ilo cpaBHeHUIO ¢ rpymnmnoi miaanebo, coTa-
TEPIENT MPUBOANI K 3HAUUTEILHOMY YIIYUIIIEHUIO
reMOJUHAMUYECKUX [TapaMeTpPOB, BKJIIOYAsA JaBJe-
HHUE B MPAaBOM IIPE/CEpP/IUH, CpeAHee /aBJIEHHE B
serounoii aprepuu (mPAP), HachlllleHHEe CMeIlaH-
HOU BEHO3HOH KPOBH KHCJIOPOJOM, SJIACTHIHOCTD U
MOJATIUBOCTD JIETOUHOU apTEPUH, a TAKXKe COOTHO-
[IIEHUEe CUCTOJTMYECKOTO CMEIEHUs TPUKYCIUAATb-
Horo kosbia (TAPSE) k cucrosnueckoMy J1aBJeHUIO
JIETOYHOU apTepUH IO JJAHHBIM 3XOKapAuorpaduu.
Tem He MeHee He OBLIO BBISIBJIEHO CYIIECTBEHHBIX
U3MEHEHUU YaCTOThI CEPJIEUHBIX COKpAIleHUH, cep-
JIEYHOTO BHIOpOCA, CEPIEUHOTO WHJEKCa, YAapHOTO
obvema u TAPSE. Hapsagy ¢ KJIMHUYECKUMU IIpe-
HUMyIIecTBaMU, Ha0OII0AaeMbIMU IPU IPUMEHEHUH
cotatepuenta B uccaenoanuu STELLAR, pesynb-
TaThl 9TOTO IMOCTHAKTYM aHaAINW3a IOUEePKUBAIOT
KJIMHUYECKYI0 3HAUUMOCTD YJIyYIIEeHUS CEP/eYHO-
JIETOYHBIX TTOKa3aresiell TeMOAUHAMUKH, (PyHKIUU
MIPaBBIX OTJIEJIOB CEPAIA U CBA3U MEXK/y JIETOUHOU
apTepuell U IPaBBIM KeJYZOYKOM y STHUX IaIu-
eHToB [15].

B xozme MyJBTHIIEHTPOBOTO PAHIOMU3UPOBAH-
Horo uccienoBanuss PULSAR, B KOTOpOM NIPUHSIN
ydacTue 106 B3pocybIX marueHToB ¢ JIATL', koTopble
MIOJIyYaJId TOAKOXKHBIE WHBEKIIMH COTATEpIIENTa B
Jlo3e 0,3 MI/KI Kaxkzable 3 HeJl, 0,7 MI/KI KaKble
3 HeJ Wwin 11a1ebo, a B KauecTBe IEPBUYHON KOHEY-

tainty regarding the long-term benefits of sota-
tercept.

Currently, additional studies to evaluate compar-
ative clinical efficacy and safety of sotatercept, a
novel experimental drug for the treatment of PAH,
are underway [16]. It was shown that sotatercept
blocks abnormal signaling in pulmonary blood ves-
sels that causes the imbalance between growth inhib-
itors and fibrosis-promoting mediators. Thus,
sotatercept acts on the mechanism that causes small
blood vessels in the lungs to narrow, which, in turn,
restricts the blood flow from the right heart. The
Institute for Clinic and Economic Review (ICER)
stated that the project would assess the medical and
economic aspects of the use of sotatercept and its
value structure “includes quantitative and qualita-
tive comparisons between therapeutic methods in
order to ensure the assessment of the whole risk-
benefit spectrum, including aspects which, as a rule,
are not recorded in clinical evidences, such as nov-
elty and public health care impact” [17]. The ICER
was planning to compare sotatercept and the stan-
dard therapy in placebo-controlled clinical trials, as
well as to investigate whether a there is a large group
of patients that can being treated with sotatercept or
an alternative active agent as an add-on therapy.
Inter alia, the further study would evaluate such
parameters as mortality, improvement of physical
activity, health-related quality of life, risk of clinical
worsening, fitness for work, need for lung transplan-
tation or heart-lung transplantation, etc. In the case
of approval by the U.S. Food and Drug Administra-
tion, sotatercept will become the first drug which
acts directly on the basis of disease.

CONCLUSION

PH is becoming increasingly common, and it is
important to consider the variety of its possible
causes. Despite the fact that PAH is a rare disease, it
has a high mortality rate, therefore, the careful diag-
nosis is so necessary. According to the data of the
National Registry of PH and Registry of PH of Novo-
sibirsk region, the number of patients with PAH
increases, which indicates the need for improvement
of the PAH diagnosis. Currently, clinical trials of
novel drugs having pathogenetic effect and a poten-
tial to modify the disease are underway. Thus, next-
generation PAH-specific drugs, such as sotatercept
and seralutinib, are being introduced into clinical
practice. Although sotatercept has demonstrated
greater efficacy, seralutinib has potential for combi-
nation therapy. In the future, new studies are planned
to evaluate adjunctive therapy with sotatercept or an
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HOM TOYKH pacCMaTpUBAJIM W3MEHEHWE K 24-U
HeJieJie JIETOYHOH COCYIUCTON PE3UCTEHTHOCTH, yCTa-
HOBJIEHO, YTO TepaIds COTATEPIENITOM aCCOIHMUPO-
BaHa CO CHHIKEHUEM JIETOYHOTO COCYAUCTOTO COMPO-
TuBJeHUs y nanueHToB ¢ JIAT [14]. OgHako cye-
CTBYeT 3HAUUTEJIbHASI HEOIPE/IeJIEHHOCTh B OTHOIIIE-
HHH JTOJITOCPOYHBIX IPEUMYIIIECTB COTATEPIIEIITA.

B Hacrosiee BpeMs ITPOBOATCSA TOIIOJTHUTETb-
HbI€ UCCJIEIOBAHUA 0 OIIeHKE CPABHUTEIHLHOM KITU-
HUYeckol 3h¢eKTHBHOCTU U 06€30MMaCHOCTH COTa-
TepIIeNnTa, HOBOTO SKCIIEPUMEHTAIIHLHOTO IIpernapaTa
nist medenus JIAT [16]. IlokazaHo, YTO COTaTEPIENT
OJIOKUpYyeT aHOMAJIBHYIO IIepeflady CUTHAJIOB B
JIETOYHBIX KPOBEHOCHBIX COCY/IaX, KOTOpas BBI3BI-
BaeT aucOaylaHC MeXKAy HHTHOUTOpaMU pocTa |
MeuaTOPaMH, CriocoOCTBYIOIUMH (prubpo3y. Takum
00pa3oM, OH JEeHCTBYyeT Ha MEXaHH3M, KOTOPBIH
BBI3bIBAET CY:KEHUE MEJIKUX KPOBEHOCHBIX COCYZIOB B
JIETKUX, YTO, B CBOIO OU€pe/lb, OTPAHUUYUBAET KPOBO-
TOK U3 mpaBoro otjiena cepana. B ICER 3asasuim,
YTO B paMKaX NpoeKTa Oy/leT mpoBefleHa OIeHKa
MEIUIMHCKUX U S3KOHOMHUYECKHUX aCIIEKTOB IIpUMe-
HEHUs COTATEPIENTa U UTO €ro MeHHOCTHAs CTPYK-
Typa «BKJIIOUAeT B ce0s1 KaK KOJTUYECTBEHHBIE, TaK U
KauyeCTBEHHBIE TapaMeTphl CPABHEHUS MEK/Ty METO-
JlaMU JIedeHUs, 4TOObl TapaHTUPOBaTh, YTO BeCh
CIEKTp MPEUMYIIECTB U Bpena, BKIOUYAs Te, KOTO-
pble 0OBIYHO He GUKCHPYIOTCS B KJIMHUYECKUX JI0KA-
3aTeJIbCTBAX, TaKWe KaK WHHOBAIIUU, BO3JIEHCTBHE
Ha oOuiecTBeHHOE 3apaBooxpaHeHue» [17]. ICER
IUIAHUPYET IPOBECTH CPaBHEHHE COTATEPIEINTAa CO
CTaHJIAPTHBIM JIEYEHUEM B TpymIle I1anebo B KJIu-
HUYECKNX HCCAEOBAHUAX, a TaKKe BBISCHUTH,
CYIIIECTBYET JIM 3HAUYUTEJIbHAS TPYyIIa MalleHTOB,
JUTSI KOTOPBIX MOYKET OBITh MCII0JIb30BAHA JOTIOJTHH-
TeJIbHAs Tepamlus COTATEepPLENTOM WU aJIbTepHa-
TUBHBIM aKTHUBHBIM areHTOM. ByayT olleHuBaThC,
cpeau IMPOYUX, TAKHE MOKA3aTeJl, KAK CMEPTHOCTD,
yiayuiiienre (GU3NYEeCKOH aKTHUBHOCTH, KaduecTBO
JKU3HU, CBSI3aHHOE CO 3/I0POBBEM, PUCK KJIMHUYE-
CKOTO VXYJAIIEHHS, CIIOCOOHOCTh IIPOJOJIKATH
paborty, TOTPEOHOCTH B ITepecaike JETKUX U KOM-
IUIEKCa cep/ilie-Jierkue u Jp. B ciayuae o100peHust
YupassieHuEeM IO KOHTPOJIIO 32 Ka4eCcTBOM ITUIIIE-
BBIX ITPOaIyKTOB 1 MegukaMeHnToB CIIIA (FDA) cora-
TepIENT CTaHeT IEPBbIM JIEKAPCTBEHHBIM IIperapa-
TOM, KOTOPBIH JIEHCTBYET HEITOCPEICTBEHHO HA IIPH-
YuHy 3a00J1€EBAHUA.
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3AK/IOYEHUE

JIT' ctanoBuTCS Bee OOJIee pacCIpPOCTPAHEHHOH, U
BOKHO YUMUTHIBATh Pa3HOOOpasve ee BO3MOXKHBIX
npuunH. HecmoTpsa Ha TO, uto JIAT' Berpeuaercs
JIOBOJIBHO PpEJIKO, OHAa HMeeT BBICOKUN YPOBEHB
CMEPTHOCTH, II03TOMY TaK Heo0X0iuMa TIaTeIbHas
nuarHoctuka. CoOrJlacHO J@aHHBIM — POCCHHCKOTO
HanmnonanwsHOrO perucrpa JII' u perucrpa JII' Hoso-
cuOUpCKOU 00s1acTH, YucyIo marueHToB ¢ JIAT yBe-
JINYMBAETCS, UYTO YKa3blBaeT Ha HEOOXOAMMOCTb
VJIyYIIEHUs ee TUAaTHOCTUKU.

B nacrosmee BpeMs MPOBOAATCA KINHIYECKUE
HUCCIEJOBAaHUA HOBBIX IIPENapaToB, WMEIIIUX
IMAaTOTEHETUUECKOe JleficTBHe U  00JIafalomux
MIOTEeHITUAIOM Il Moaudukanum 3abojieBaHus.
Takum 06pa3oM, B KJIMHUYECKYIO MPAKTUKY BBO-
nsarcesa JIAT-cienuduyueckrue mpernapaTsl HOBOTO
IIOKOJIEHUA, TaKue KaK COTATEPLENT, CepayTH-
uub6. HecMoTpst Ha TO, YTO cOTATEPIENT IpOe-
MOHCTPHUPOBaI 60JbIIyI0 3G GEKTUBHOCTD, Cepa-
JIyTUHHO MMeeT MOTeHIHAJ JJisi KOMOMHUPOBAH-
HOWU Tepanuu. B OyayieM miaHUpyeTcs MpoBeze-
HU€e HOBBIX UCC/IEJOBAHUU IIO OIleHKE JIOIIOJIHU-
TeJIbPHOU Tepalyy COTAaTepPIENTOM WJIN aJbTepHa-
TUBHBIM JIeHCTBYIOIIUM BelllecTBoM. IIpesmosara-
eTcsl pacCMOTpeTh TaKue IoKasaTesd, Kak cCMepT-
HOCTb, YJIyUIIIeHHEe TOJIEPAHTHOCTU K PU3NIECKOHN
Harpyske, Ka4ecTBO *KM3HU, CBA3aHHOE CO 37]0PO-
BbEM, BEPOSATHOCTh KJIMHUYECKOI'O YyXyJIIEHUs,
coxpaHeHHe paboTOCIMOCOOHOCTH, MOTPEOHOCTh B
rmepecajke JIETKUX UJIU KOMILJIEKCA CePlle-JIETKHIe

" 1Ip.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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HenHBasuBaHasa JUATHOCTHKA BHYTPHMAaTOYHOM MEPETrOPOIKH.
Cucremarnueckuii 0030p
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AO «I'pynna xomnanuil «ME/ICH », Kaunuko-ouazHocmuueckuit yenmp Ha Kpachoti ITpecte, Mockea, Poccus

AHHOTAITUA

AHOMAaNUU Pa3BUTHA MATKH SBJISAIOTCA HanboJiee CI0KHBIMY M KOMIIEKCHBIMH IIpo0OJIeMaMu B COBPEMEHHOH I'MHe-
koJsioruu. Hanmpumep, 4acToTa BCTPEIa€MOCTH BHYTPUMATOUYHOU IEPETOPOIKY KOJleOIeTes OT 1—2 Ha 1000 | 0 15 Ha
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coHorpaduu — 95,6 %, 9XOTUCTEPOCATIBIIMHIOCKOIINY — 96,2 %, IByXMepHOU coHOorpaduu — 61,3 %, THCTEPOCATBIINH-
rorpaduu — 56,1 %.
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BBEJAEHHNE

[IepBble ymoMuHaHUA 00 aHOMAJUAX Pa3BUTUSA
MAaTKH TOSIBUIKUCHh B 1800-€ Tobl B paborax Kana
Kprosenve u Kapna ¢on Poxurancku [1]. Yerano-
BUTH TOYHYIO PACIIPOCTPAHEHHOCTD JAHHOU MaTOJIO-
THU JIOBOJIBHO CJIOKHO, TaK KakK MHOTHE Jie(heKThI
pa3BUTHS MATKH NPOTEKAIT OECCHMIITOMHO.
YacroTa BCTpEUAeMOCTH BHYTPUMATOYHOU IE€PEro-
poaxu kosiebsercs OT 1—2 Ha 1000 W 70 15 Ha
1000 >KEHIWH, B 3aBHCHUMOCTH OT peruoHa [2].
B HacTosi1ee BpeMs 9Ta mpobieMa BbI3bIBAET IIIHPO-
KU WHTepec y HAyYHOTO COOOIIEeCTBa: CYIIECTBYET
MHOKECTBO CHCTEM KJIacCU(PUKAIIUN aHOMATIH pas-
BUTHUSA MaTKHU B COUETAHUH C aHOMATUAMU Pa3BUTHUSA
IIeWKHU MaTKU 1 Biaaranuina [3—8]. B murepatypHbix
WCTOYHHKAX TaKHE aHOMAa/IUM TaK:Ke Ha3bIBAIOTCS
AHOMAJIMSMY MIOJUIEPOBA MPOTOKA BBUAY OCOOEH-
HOCTel maroreHe3a. CuuTaeTcs, 4TO BHyTPHUMATOY-
Hasl IePeropojika pa3BUBAETCs B Pe3yJIbTaTe HEJ0-
CTATOYHOT'O paccachblBaHUA TKAaHU, COEAUHSIIONIEH
JIBA MIOJLIEPOBBIX (mMapaMe3oHedpaTbHbIX) IIPO-
TOKa. ATO IMPOUCXOIUT 0 20-U HeJeau 3MOpHO-
reHesa.

T'oBOps 0 AMATHOCTHKE BHYTPUMATOUYHOU Iepe-
TOPOJIKH, HEOOXOITUMO OIPE/IEJTUTHCS ¢ KPUTEPHUSIMHE
JIAHHOW MaTOJIOTUU. BHYyTpUMATOUYHBIE IIE€PETO-
POAKH UMEIOT CIIEKTP KOH(UTypanuil OT HEMOJTHON
WJIH YaCTUYHOMU /10 TTOJTHOU ITEPErOpOKH MaTKH [9].
Ileperopojika MaTK{ BCET/Ia OTXOJUT U3 JTHA MATKHU
(ocHOBaHUE MEPETOPOJIKK) U HaIlpaBjeHa K IIeHKe
MaTKHu (BeplinHa Iieperopoaku) [10]. Pazmep u
¢dopma TIeperopoAKM MOTYT pas3jUdaThCsA IO
HMIUPUHE, IVTMHE U BaCKYJIAPU3AIINH, HO B OOJIBIITIH-
CTBE HCCJIEOBAHUN OTCYTCTBYET CHCTeMaTHUYecKast
KIaccuuKanusa, a JUAarHOCTUUECKNEe KPUTEPHUH HE
cTaHfapTu3upoBanbl. Hampumep, EBpormeiickoe
0OIIECTBO PENPOAYKINH YeJIOBEKA U SMOPHOJIOTHH
(ESHRE) u EBporeiickoe 06II1eCTBO THHEKOJIOTHYE-
ckoii sHmockonuu (ESGE) xinaccudunupyior BHY-
TPUMATOYHYI0 IIEPETOPOJIKY KaK BHYyTPEHHee yTJIy-
6JieHHEe MUOMETPUs IPOTAKEHHOCTHIO 6osiee 50 %
OT TOJIIITUHBI CTEHKH MUoMeTpus [8].

Ha puc. 1 mokazaHa yacTU4YHAsI U MOJIHAs BHY-
TpuMatouyHas mneperopogka, U2a u U2b cootBet-
cTBeHHO, 10 kinaccudukanuu ESHRE/ESGE [8].

Jns nuddepeHnaIbHON AUATHOCTUKY BHYTPHU-
MaTOYHOU IIE€PErOpOJAKH HE MeHee BaKHO HMETh
MpeJicTaBeHne O JIByporod martke [10]. CorsiacHo
ESHRE/ESGE aByporoii cuutaercsi TOT THI MAaTKH,
Py KOTOPOM WHBarvHaIlMs HApY:KHOTO KOHTypa
cocrapyser 6Gosee 50 % TOJIIUHBI MHOMETPUS.
Takske BO3MOKEH 1 KOMOMHUPOBAHHBIA THII: cOUe-
TaHWE IIPU3HAKOB JIBYPOTrOH MaTK! U BHYTPUMATOU-
HOU IIeperopojiKu MpH JJIMHE IIePEeropoaku bosee

INTRODUCTION

Congenital uterine anomalies were first described
in the works of Jean Cruveilhier and Carl von Roki-
tansky in 1800’s [1]. The true prevalence of uterine
septum is difficult to ascertain, as many uterine
anomalies are asymptomatic. The incidence of sep-
tate uterus ranges from 1—2 per 1000 and up to 15
per 1000 women, depending on the region [2]. Cur-
rently, this topic is widely covered by the interest of
the scientific community. There are many classifica-
tion systems for anomalies of the uterus in combina-
tion with anomalies of the cervix and vagina [3—8].
In scientific publications, these anomalies are often
referred to Miillerian duct anomalies due to their
pathogenesis. It is generally considered that septate
uterus develops as a result of insufficient resorption
of the Miillerian (paramesonephric) duct tissue tak-
ing place prior to the 20th week of embryonic devel-
opment.

When discussing septate uterus, it is important to
determine the criteria of this pathology. Septate
uterus varies from incomplete, or partial, to com-
plete [9]. Uterine septum always runs from the bot-
tom of the uterus (septum base) and extends to the
cervix (septum top) [10]. The size and the form of the
septum may range in width, length and vasculariza-
tion; however, most studies lack systematic classifi-
cation, and diagnostic criteria are not standardized.
For example, the European Society of Human Repro-
duction and Embryology (ESHRE) and European
Society for Gynaecological Endoscopy (ESGE) clas-
sify septate uterus as midline indentation of 50% of
the uterine wall thickness [8].

Fig. 1 shows partial and complete septate uterus,
U2a and U2b respectively, as per the ESHRE/ESGE
classification [8].

Differential diagnosis of septate uterus requires a
definition of the bicornuate uterus [10]. According to
ESHRE/ESGE, the type of uterus is considered
bicornuate when the intussusception of the external
contour is more than 50% of the myometrium thick-
ness. A combination of both bicornuate and septate
uterus with a septum length of more than 150% of
the myometrial thickness is also possible. Fig. 2 rep-
resents different types of bicornuate uterus — U3a,
U3sb and U3gc, respectively [8].

American Society for Reproductive Medicine
(ASRM), on the other hand, doesn’t offer such strict
criteria for defining possible configurations [3, 4, 9].
American Fertility Society (AFS) has suggested alter-
native morphological criteria in order to better char-
acterize and differentiate between septate and bicor-
nuate uterus. The authors of the classification do not
distinguish between partial and complete septate
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Puc. 1. Yactuunas (U2a — cirea) u nosaast (U2b — cipaBa) BHyTpUMAaTOYHAS IEPETOPO/IKA
o kinaccudukanuu ESHRE/ESGE
Fig. 1. Partial (U2a, left) and complete (U2b, right) septate uterus: the ESHRE/ESGE classification

150 % TommuHB MuoMeTpus. Ha puc. 2 mpezcras-
JIeHBI Pa3IMYHBble THUIIBI JIByporoii matku — U3a,
U3b u U3c coorBercTBeHHO [8].

B cBowo ouepenp, xiaccudukranysa AMepHKaH-
CKOTO O00IecTBa PENpPOAYKTUBHOU  MEIUIIITHBI
(ASRM) He mpejmaraeT TaKUX CTPOTHX KPHUTEPHUEB
JUI ONIpEeJieIeHHUs] Pa3IMYHbIX KoHpurypanmui [3,
4, 9]. AmepuKaHCKOe O0O0IIecTBO (EePTHIbHOCTH
(AFS), 4To0bI Jiydllie oxapakTepu3oBaTh u audde-
PEHIIMPOBAaTh BHYTPUMATOUHYIO IIEPETOPOAKY U
IyrooOpasHyl0 MAaTKy, MPEAJIOKUIO aJbTePHATUB-
HbIEe MOP(doIoTUYecKe KPUTepUU. ABTOPHI KJIaCCU-
dukanuu He pPa3NENAIOT YACTUYHYIO U IIOJIHYIO
MAaTOYHYIO IIepErOpoJIKY; OCHOBHBIM KpPHUTEpHEM
SIBJISIETCS YTOJI BEPIINHBI IIEPETOPO/IKU U ee JJIIMHA
BHE 3aBUCHMOCTH OT TOJIIITUHBI MUOMeTpus. Kpure-
pYeM BHYTPUMATOYHOH TIEPETOPOJAKU  SIBJISIETCS
OCTPBIH YTOJI B COUETAHUH C JUTHHHOU IIEPETOPOIKH
6oJtee 1,5 cM; [Tl [yTOOOpa3HON MaTKU XapaKTepeH
TYTIOU yTOJI, JINHA BHYTPEHHEH I1IeperopoJiKu MeHee
1—1,5 CM ¥ UHBarvHAIus GYHJATBHON YaCTH MATKU
o BHeITHeMYy KOHTYypy. IlocyieiHue KIMHUYECKHe
pexomenyarun ASRM 10 7JaHHOW TeMaTWKe OT
2016 T. ocHOBaHHbI Ha Kiaccudukauu AFS [11, 12].

A

A\/AY4

uterus. The main definition criteria are an angle of
the septum apex and its length, regardless of the
thickness of the myometrium. The criterion for an
intrauterine septum is an acute angle in combination
with septum length of more than 1,5 cm. An arcuate
uterus is characterized by an obtuse angle, septum
length less than 1—1,5 cm and intussusception of the
fundic part of the uterus along the external contour.
The latest ASRM clinical guidelines on this topic of
2016 are based on the AFS classification [11, 12].

Fig. 3 represents:

« A — normal/ arcuate uterus. Depth from the
intersection line to the top of the indentation
<1 cm and an indentation angle >90°.

« B — septate uterus. Depth from the intersec-
tion line to the top of the indentation >1,5 cm
and an indentation angle <90°.

e C — bicornuate uterus. External indentation
at the bottom >1 cm; the uterine cavity is
divided.

In the latest 2021 revision of the abovementioned
classification (ASRM MAC2021), septate uterus is diag-
nosed when the depth from the intersection line to the
top of the indentation is more than 1 cm (previously,

Puc. 2. Tunsl apyporoit matku 1o ESHRE/ESGE: U3a (ciieBa), U3b (mmocepennne) u Usc (cripaBa)
Fig. 2. ESHRE/ESGE types of bicornuate uterus: U3a (left), U3b (middle) and U3c (right)
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A B

€

Puc. 3. HopmanbHas/ayroobpasnas matka (A), BHyTpuMarouHas neperoposka (B) u aByporas matka (C)
Fig. 3. Normal/arcuate uterus (A), septate uterus (B) and bicornuate uterus (C)

Ha puc. 3 nsobpakeHsr:

« A - HOpMmasbHas1/myroobpasHas MmaTka. [y-
OuHa OT JIMHUH IE€PECEUeHUs /0 BEPIINHBI
VIJIyOJIeHUs <1 CM U yTOJI yIIyOsieHus >90°;

« B - BHyTpuMarounas neperopoka. [imybuna
OT JINHUM TIepeceveHust 10 BEPIIUHBI YIIIy-
61eHus >1,5 CM U yTOJI yIayOaeHuss <90°;

« C - mByporas matka. HapyxHoe yriyOsienue
Ha JIHE >1 CM, TI0JIOCTh MaTKH Pas3/iesIeHa.

B nocienHem mepecMoTpe JaHHOU KiaccupuKa-
nuu oT 2021 . (ASRM MAC2021) BHyTprMaTOUHAasI
[IEPEropo/iKa JIMaTHOCTUPYETCsl INpU IJIyOuHE OT
JIMHUU TIEPECeYeHUsi JI0 BEpIIUHBI YTIyOJIeHus
bostee 1 cMm (paHee — 6osiee 1,5 ¢cM). Takke B Kaccu-
(¢uranmuo BKIOYEHA KOMOWHHUpOBaHHAsA dopma
AHOMAJIMHM TIPU COYETAHWM MPU3HAKOB JBYPOTOM
MAaTK{ ¥ BHYTPUMATOUYHOU IIEPETOPOAKU Oe3 m3me-
HEHUU KpuTepues [13].

[Tpu cpaBHeHUU ABYX KJacCU(MUKAIUNA B OTHO-
[IeHUU BHYTPUMATOYHOH IIE€PETOPOJIKU U JIBYPOTOH
MAaTKU MOKHO C/IeJIaTh CJIE/TYIOIIIE BHIBO/IBL:

1) KIaccuUKAIITH MUPOBBIX METUITUHCKUX CO00-
IIECTB BBIJIEJISIOT aHATOMUYECKH HOPMAJIBHYIO MATKY,
ZyrooOpa3HyIo WJIN CEIJIOBUIHYI0 MAaTKy, MAaTKY C BHY-
TPUMATOUYHOM TIePETOPOJKOM M COYETAHUE JBYPOTOH
MATKU ¢ BHYTPUMATOYHOU IIEPETOPOAKOL;

2) wiaccuduKaUs €eBPOIEHCKUX COOOIIECTB
(ESHRE/ESGE, 2013) ocHOBaHa Ha XapaKTEPUCTUKE
BHYTPEHHETO U BHEITHETO KOHTYpa MAaTKH, a TAKXKe
BBIDAKEHHOCTH HU3MEHEHUH OTHOCUTEJIBHO TOJI-
IIUHBI MUOMETPUS;

3) wiaccudpukanuss ASRM ocHoBaHa Ha abco-
JIFOTHBIX XapaKTEPUCTUKAX M3MEHEHUH, TAKUX KaK
YTOJI BHYTPUMATOUYHOU ITEPETOPOJIKU U abCOTIOTHAS
quinHa. CorstacHo ASRM s1yroo6pas3HbIl WIH CEeIJI0-
BUJTHBIN TUI MATKH SIBJISIETCS HOPMAJIbHBIM aHATO-
MHYECKUM CTPOEHHUEM.

Ha ocHOBaHUU BBIIIEONMCAHHBIX KaccuDUKAIII
JUIA TIPOBeJIEHUs] TOYHOU JuddepeHIuaIbHou Tua-
THOCTUKU HeOOXO[MMa BU3yan3aius GopMbl HOJI0-

more than 1,5 cm). Additionally, a combined form of
the anomaly with signs of arcuate and septate uterus
was included without changing the criteria [13].

When comparing the two classifications of sep-
tate and arcuate uterus, the following conclusions
can be drawn:

1) world medical societies distinguish between an
anatomically normal uterus, an arcuate or heart-
shaped uterus, septate uterus and a combination of
arcuate and septate uterus;

2) the classification of European societies
(ESHRE/ESGE, 2013) is based on the characteristics
of the internal and external contour of the uterus,
and the intensity of changes in myometrial thick-
ness;

3) the ASRM classification is based on the abso-
lute characteristics of the changes, such as an intra-
uterine septum angle and absolute length. Also,
ASRM classifies an arcuate or heart-shaped uterus as
normal.

According the abovementioned classifications,
accurate differential diagnosis requires direct visual-
ization of the shape of the uterine cavity and the exter-
nal contour of the uterus. The most obvious choice
would be the use the method of invasive endoscopic
examination with direct visualization of the structure
of the organ — hysteroscopy and laparoscopy. These
diagnostic techniques have certain advantages and
are considered the gold standard of congenital uterine
anomaly diagnosis. However, like any other invasive
procedure, they have significant disadvantages. Surgi-
cal injury, anaesthetic risks, high standards for diag-
nosis procedure and costs are the reasons to look for
alternative diagnostic methods.

AIM OF THE RESEARCH

To review the data concerning non-invasive diag-
nostic methods allowing to differentiate between
congenital anomalies of the uterus. To study the sen-
sitivity and specificity of ultrasound, magnetic reso-
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CTH MaTK{ W ee BHEITHero KoHTypa. Haubosee oue-
BUJHBIM ABJIAETCA IIPUMEHEHHE MEeToaa WHBAa3UBHOU
SHHOCKOHH‘ICCKOfI JAUATrHOCTUKU C HpﬂMOﬁ BU3YyaJ/Iu-
3aIpel CTPYKTYPhI OpraHa — MMCTEPOCKONUHY U Jiara-
pockomuu. JlaHHas METOAUKA UMEET CBOH [IPEUMYILE-
CTBaA U ABJIAETCA O6H1€HpI/ISHaHHI)IM «30JI0ThIM CTaH-
JapToM» JUAarHOCTHKHN aHOMAaJIUH Ppa3BUTHA, HO, KAK U
JII000€ OIIEpaTUBHOE BMEIIIATEILCTBO, IMEET CBOU 3Ha-
YqUTEJIbHbIE HEAOCTAaTKU. TpaBMaTI/ILIHOCTb, Ha/yInyue
aHECTE3WOJIOTHUECKUX PUCKOB, BHICOKHE TPEOOBAHUS
K OpraHM3alllH JHATHOCTUYECKHX MEPOIPUATAA K
BBICOKAasA CTOUMMOCTb HABJIAIOTCA IIPpUYUHAMWU JIA
IIOMCKa aJIbTEPHATHBHBIX METOA0B TUATHOCTUKH.

IIEJIb UCCJIE/IOBAHUSA

V3yueHre [MaHHBIX O HEWHBA3UBHBIX MeETOJaX
JIMaTHOCTHKY, II03BOJIAIUX AuPdepeHnnpoBaTh
aHOMaJINM DPa3BUTHA MaTKu. lcciemoBaHue dyB-
CTBUTEJIBHOCTH U CIEeIIM(PUUHOCTH YIBTPA3BYKOBBIX
METOJUK JUAarHOCTUKH, MarHUTHO-Pe30HAHCHOU
ToMOrpaduu U PEHTTEHOJIOTHIECKUX UCCIET0BAHII
B CPaBHEHUH C BHIOCKONIMYECKIMU MeTO/IUKAMU.

MATEPUAJIBI 1 METO/IbI

B mae 2023 r. 6bUT IPOBE/IEH DJIEKTPOHHBIN IIOUCK
B PubMed, Embase u Cochrane ¢ ucmosb3oBaHueM
TEPMUHOB MEIUIMHCKUX IPEIMETHBIX PyOpUK
(Medical Subject Headings — MeSH) u no6asyienuem
cBOOOTHOTO TEKCTOBOTO ITOMCKA HA AHTJIMHCKOM M
PYCCKOM  sI3bIKaX. AHAJOTUYHBIH TEeMaTUUECKHH
MOUCK OBLI ITPOBEJIEH B OTEUECTBEHHBIX 6azax JaH-
HbIX DocMe u PUUHII. [1/151 ucmioib30BaHuA B 0030pe
paccMaTpHUBaJIMCh UCCIE0BAHMS BCEX THUIIOB, YUUTHI-
Bas 00IIee KOJIMYECTBO ITyOIMKANUA. YPOBEHb JIOKa-
3aTEJILHOCTH OIEHUBAJICSI B COOTBETCTBHH C CHCTE-
MOM, TIpe;i10KeHHON OKC(OP/ICKUM IIEHTPOM JIOKa-
saresibHOM  MemunuHbl  (Oxford  Centre  for
Evidence-Based Medicine, OCEBM) B 2011 1. [14].
PaccmaTpuBasiich HCCIIEZIOBAHUS BCEX THUIIOB 0e3
OTpPaHUYEHUH 110 BpEMEHU ITyOIiKanuy paboThl.

Ot6op mybGaUKAIUA MPOXOIUII 0 CJIEAYIOIUM
JTamam:

1. Hpentuduxanus mnybaukanui. Kpureprem
uaeHTuduKauu 6bUIa TEMaTHKA IyOIuKauu. ieH-
TrdHUKAIIA TPOBOAIIIACH HA YPOBHE HA3BaHUS Ty 0JIH-
KaIlW¥, ONMCAHUA U KJIIOYEBBIX JIOB (muddepeHIu-
aJIbHas JTUATHOCTHKA AaHOMAJIMHA Pa3BUTHS MATKH, B
YaCTHOCTU JBYPOTOH MAaTKH, CEIJIOBUIHOM MAaTKH,
BHYTPUMATOYHOU IEPETOPOJIKH), C IIOCIIEMYIOIIIM
HICKJTIOUEHUEM [TOBTOPSIONITUXCS IO IUKAIIHH.

2. CKpUHUHT TyOINKAaIii, OCHOBAaHHBIN Ha KPU-
TEpUSAX HCKJIIOUEeHHUs. ABTOpaMHu OBLIO KCIIOJIB30-
BaHO TPU KPUTEPUSI HCKIIOUEHUS: HCKIIOYEHbI
myOJIUKAaIH, HCCTIEYIONHE XUPYpPrUYecKue

nance imaging and radiological diagnostic methods
in comparison with endoscopic methods.

MATERIALS AND METHODS

An electronic database search in PubMed,
Embase and Cochrane using Medical Subject Head-
ings (MeSH) in combination with free text search in
English and Russian was undertaken in May 2023.
Similar thematic search was undertaken in Russian
databases DocMe and Russian Science Citation
Index (RSCI). All types of studies were considered
for this review taking into account the total number
of publications. The level of evidence was assessed
according to the Oxford Centre for Evidence-Based
Medicine (OCEBM) classification system of 2011
[14]. The studies were considered without limita-
tions on the date of publication.

The selection of publications consisted of the fol-
lowing stages:

1. Identifying publications. The identification cri-
terion was the topic of a publication. The identifica-
tion was performed by examining the titles, abstracts
and key words (differential diagnosis of congenital
uterine anomalies, in particular bicornuate uterus,
heart-shaped and septate uterus) with subsequent
exclusion of duplicate records.

2. Screening of publications based on exclusion
criteria. The authors excluded the following types of
publications: investigating surgical diagnostic meth-
ods, dedicated to treatment and describing different
types of anomalies in pregnant women. Screening
was done by examining the description of the publi-
cations. The full text analysis was performed after
the publication had been selected. The main crite-
rion for eligibility was performing the surgical diag-
nostics (a combination of laparoscopy and hysteros-
copy) in order to assess the diagnostic value.

Only the publications that had passed all stages of
the identification and screening were included in this
review.

Numerical characteristics of the selection are
shown in PRISMA 2020 flow diagram in Fig. 4 [15].

RESULTS

In the process of selecting the publications,
14 studies that fully met selection criteria were consid-
ered eligible for this review. All the publications had a
level of evidence of at least III according to the OCEBM
classification. All selected studies have assessed the
diagnostic accuracy of various non-invasive methods
compared with surgical ones. The main non-invasive
diagnostic methods were: hysterosalpingography, dif-
ferent types of sonography (2D, 3D, saline infusion
sonography) and magnetic resonance imaging. Refer-
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HNnenTuduxanus uccaegoBanuii yepe3 0a3bl JAHHBIX H PErHCTPbI
Identification of studies via databases and registers

3anucu, naeHTUPHINPOBAHHBIE:
* 13 0a3 naHHbIX (7 = 283)

* U3 peructpoB (n =53)
Records identified from:

* Databases (n = 283)

* Registers (n = 53)

3arcH, yaaaeHHbIe 10 TPOBEPKH:

* yAaJeHbl AyONuKaThl 3anucei (n = 6)

* 3aIUCH, IOMEUCHHBIE CPEICTBaMU aBToMaTH3au (7 = 0)
* 3QITHCH, YAAJICHHBIE 110 IPYTUM mpuyrHam (n = 0)
Records removed before screening:

* Duplicate records removed (z = 6)

* Records marked as ineligible by automation tools (» = 0)
* Records removed for other reasons (z = 0)

TIpoBepeHHbIE 3aKcH
Records screened
(n=1336)

Y

Ot4eThl, 3ampoIICHHbIC IS IIOUCKa
Reports sought for retrieval
(n=272)

W cKiroueHHbIe 3aIuch
Records excluded
(n=064)

OTueThl HE MOJIYYeHBI
> Reports not retrieved

Y

OT4eTsl, COOTBETCTBYOIINE TPEOOBAHUAM
Reports assessed for eligibility
(n=215)

——| * npuumnHa/reason 1 (n = 25)

(n=157)

HUcktoyennsie ot4yeth / Reports excluded:

* mpuynHa/reason 2 (n = 35)
* npuyrHa/reason 3 (n = 10)
* npuynHa/reason 4 (n =131)

Brmouenue / Included

HccnenoBanusi, BKIIIOUCHHBIC B 0030D
Studies included in the review
(n=14)

Puc. 4. Iunarpamma PRISMA 2020 77151 HOBBIX CHCTEMATUYECKUX 0030POB,
BKJTIOUAIOIINX TOJIBKO MOUCK B 6a3aX JAHHBIX U PETUCTPaX
Fig. 4. The PRISMA 2020 flow diagram for new systematic reviews which included searches
of databases and registers only

METO/IbI JUATHOCTUKH; IyOJTUKAIINHU, TTOCBSIIIEHHbIE
JIEUEHUIO, & TaKXKe IIyOJIMKAINHU, OIHMCHIBAIOIIINE
pasjiuyHble AaHOMAJIUM PA3BUTUA y OepeMeHHBIX
skeHIUH. CKDUHUHT IIPOBOUJICA HA YPOBHE OIHCA-
Hus nybsukanuil. [locjie cKpuHUHTA TPOU3BOAU-
Jlach OIleHKA IOJTHOTEKCTOBBIX PaboT, B X0/ie KOTO-

ence diagnostic tests were carried out surgically, with
a mandatory combination of laparoscopy and hyster-
oscopy. Summary results and characteristics of the
studies are provided in Table 1.

Comparison of non-invasive and surgical diag-
nostic methods in this review is dated 1992. Pellerito
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poll TIJIaBHBIM KpUTEepUeM IPUEMJIEMOCTH OBbLIO
MPOBEJIEHNE XUPYPTHUUYECKON JUATHOCTUKY (coueTa-
HUe JIATAPOCKOIIUU W TUCTEPOCKOIHUU) C IIETHI0
OIIEHKU JUATHOCTUYECKOHN IIEHHOCTH.

B 00630p ObUIM BKJIFOUEHBI TOJIBKO ITyOJIHIKAIUH,
TIPOIIIE/IIITNE BCE STAIBI HIEHTU(DUKAIIMY 1 CKPIUHHUHTA.

UncneHHbIE XapaKTEPUCTHKU OTOOpa oTobpa-
>keHbl B uarpammMe PRISMA 2020 Ha puc. 4 [15].

PE3YJ/IBTATDBI

B mporiecce ot6opa myOIuKaInii Ast 0630pa ObUI0
[TOJIy4eHO 14 WCC/IENOBAHUN, KOTOPBIE MOJTHOCTHIO
COOTBETCTBOBAJIU BCEM KpUTepHUsiM otoopa. Bee my6tu-
Kalld UMeJIN yPOBEHbD JIoKa3aTeabHOCTU He Hinke 11
o kiaccudukanuu OxcdOpACKOro IeHTpa JI0Kasa-
TeJIbHOM MeTUITUHBI. Bo Bcex 0TOOpaHHBIX MCCIIEI0BA-
HUsX ObUTA IPOBEIEHA OlleHKA TUATHOCTHYECKON TOY-
HOCTH Pas/IMYHBIX HEMHBA3UBHBIX METOJ[OB II0 CPaB-
HEHUIO ¢ XUpypruyeckumMu. OCHOBHBIMU METOZAMH
HEWHBA3UBHOU JUATHOCTUKY OBLIN: THCTEPOCATBITHH-
rorpacdus, pasJMYHbIE BUIBI YJIBTPA3BYKOBOH [IHa-
rHoctuku (2D, 3D, 5XOrHCTepOCaTbIIMHTOCKOINA) U
MarHUTHO-pe30HaHCHas1 ToMorpadusa. KoHTposbHas
JIUATHOCTHKA IIPOBOZIIIACH XUPYPTUYECKHU, IpU 00s1-
3aTeJIbHOM COYETAHUU JIATIADOCKOIIMK U TUCTEPOCKO-
nuu. Kpatkue pesysibTaThl U XapaKTEPUCTUKU HCCITe-
JIOBAaHUU MPEJICTaBJIEHBI B TAO. 1.

CpaBHeHNe HEMHBA3UBHBIX METO/IOB HCCIIEA0BA-
HUSI U XUPYPrUYECKOH JIMATHOCTHUKUA B JTaHHOM
0630pe gmatupyercsi 1992 1. B mybsmkanun
J.S. Pellerito et al. 6b1710 omrcaHo 26 MAIMEHTOK C
HJINYVEM aHOMAJINHA Pa3BUTHS MAaTKH; MAaKCUMAaJIb-
Hasi JUArHOCTUYECKasi [[EHHOCTh ObLIa OTMEYeHa y
MarHUTHO-PE30HAHCHOH ToMorpaduu U JoCTUTasIa
100 % [16]. UccnenoBaHue JOCTOBEPHOCTH MarHUT-
HO-PE30HAHCHOHN TOMOrpaduu TaKKe IIPOBOAMIOCH
G.C. Mueller et al. B 2007 1., 0/fHaKO OBLIU MOJIY-
YeHbl MeHee ONTUMUCTUYHbBIE Pe3yJIbTAThI: JIUIIb B
80,58 % ciyuaeB 6puIa BepupUIIMPOBAHA IATOJIO-
rus y 103 manueHTok [22]. M3 14 0TOOpaHHBIX
IMyOITMKAIUN TOTBKO B BBIIIIEOIIMICAHHBIX UCCIIEI0BA-
HUSAX U3y4YaJach JUArHOCTHYECKas IEHHOCTh
MarHUTHO-PE30HAHCHON TOMOTpaduu.

JlaHHBIT 0630 BKJIIOUAET U UCCIIeZ0BaHUs 60siee
PaHHHUX METOJIUK AMATHOCTHKU, TAKUX KaK THCTEPO-
canpruHrorpadusa. o MOSBIEHUs DHIOCKOTHU H
00J1ee COBpEMEHHBIX METOJUK 3TO ObLI €IUHCTBEH-
HBIA CII0CO0 OIpeiesieHrs] KOHPUTYPaIUH IMOJIOCTH
MaTku. ['ucrepocanbnuHrorpadus mpoaeMOHCTPH-
poBayia HEOJHO3HAUYHBIH YPOBEHb JIOCTOBEPHOCTH.
Hamnpuwmep, B uccienoBanuu S.S. Sheth et al. 2000 .
COBIIQJIECHHE C DH/IOCKOMHMYECKOH TMarHOCTUKOM
COCTaBUJIO JIUIIG 5,5 % [26]. J.S. Pellerito et al. Taksxe
OBLI JOCTUTHYT HUBKHUU pe3ysnbrar — 15,38 % [16].

et al. describe 26 patients with congenital uterus
anomalies; magnetic resonance imaging showed
maximum diagnostic value reaching up to 100% [16].
Mueller et al. have also conducted research on the
accuracy of magnetic resonance imaging in 2007.
However, they have received less optimistic results:
anomaly was verified only in 80,58% of cases in
103 patients [22]. Amongst 14 publications selected
for this review, only above listed studies assessed
diagnostic value of magnetic resonance imaging.

This review also includes studies on earlier diag-
nostic methods, such as hysterosalpingography. This
was the only available method of assessing the shape
of the uterine cavity before endoscopy and other
modern diagnostic methods became available. Hys-
terosalpingography demonstrated an inconsistent
level of accuracy. For example, in a Sheth et al.
research of 2010, the results matched with endos-
copy only in 5,5% [26]. Pellerito et al. have also
achieved low results — up to 15,38% [16]. However,
in a 2011 publication by Polish scientists led by
A. Ludwin, the accuracy of hysterosalpingography
reached 80,7%, and in a study by Momtaz et al. of
2007, it was 95% [21, 27]. It should be noted that
Momtaz et al. also studied the combined use of hys-
terosalpingography and 2D sonography, but could
not achieve more accurate diagnostic results [21].
With regards to hysterosalpingography, a publica-
tion of Saravelos et al. of 2009 deserves special atten-
tion. The publication investigates such a significant
parameter as possibility to classify a congenital
anomaly based on the results of hysterosalpingogra-
phy: diagnostic accuracy of detecting anomalies was
84%; whereas it was possible to classify them only in
56% of cases [23].

The majority of selected publications are dedi-
cated to various methods of ultrasound diagnostics.
It would be reasonable to divide ultrasound imaging
techniques of the pelvic organs into 3 groups:

1) 2D sonography;

2) 3D sonography;

3) 2D and 3D saline infusion sonography.

The accuracy of two-dimensional sonography
varies from 27% up to 100%. In studies by Jurkovic
et al. of 1995 and Saravelos of 2009, the diagnostic
accuracy of two-dimensional sonography was 27%,
and it was possible to classify the anomaly only in
15% of cases [17, 23]. In the Momtaz et al. study, the
use of exclusively two-dimensional ultrasound diag-
nostic methods had up to 55% reliable results [21]. In
a large study of 2013 evaluating various ultrasound
diagnostic techniques, Ludwin et al. obtained the fol-
lowing results: 2D transvaginal sonography — 77,8%,
the same diagnostic technique performed on an
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Ta6smmua 1. Pe3ysibTaThl ¥ XapaKTEPUCTUKH UCC/I€J0BAHUH
Table 1. Results and characteristics of the studies

YpoBeHb K
. 0J1M-

W CTOYHUK, Iog, LR AOKA3A  yocTBO

Reference, year “cC/1€A0" MeToz / Method Tk magu-  Pesynwrar / Results

of publication gal-ma . HocTH €HTOK

tudy design Level of Subi
. ubjects
evidence

Pellerito J.S. PazHoHampaB- CpaBHeHHe JUAarHOCTHYECKOH 11 26 MPT - 100 %

etal, 1992 [16] neHHoe TouyHOocTU MPT, TpaHCcBaruHa/b- Y3U-92%
kJaMHu4eckoe  Horo Y3U, I'CT; kouTposs: JIC + I'C I'Cl' - 15,38 %
uccaenoBanre Comparison of diagnostic accuracy MRI - 100%

Multidirec- of MRI, endovaginal sonography Sonography - 92%
tional study and HSG; reference LS + HS HSG - 15,38%

Jurkovic D. et al., TIpocmek- CpaBHeHME UAarHOCTUYECKOHN 111 61 3DY3HN-100%

1995 [17] TUBHOE touHoctu 3D Y3U, 2D Y3U; 2DY3U-27/15%
KJMHUYeckoe  KoHTpoJb: JIC + ['C + I'CT (o6HapyxeHue/
ucciaepoanre Comparison of diagnostic accuracy K1accupUKanus aHOMaIMH)
Prospective of hysterosalpingography with 2D 3D sonography - 100%
study sonography; reference LS + HS + 2D sonography - 27%/15%

HSG (anomaly identification/
classification)

Raga F. etal, KonTtposnu- UccnepoBanue auarHoctudeckoit 11 12 3DY3N-91,6%

1996 [18] pyeMoe cienoe TouHocTd 3D Y3U; KOHTpOIIB: 3D sonography - 91,6%
kauHudeckoe JIC+TC+ICl
uccaenoBanue Research on diagnostic accuracy
Blind of 3D ultrasound; reference
controlled LS + HS + HSG
study

Wu M.H. etal, [Ipocnek- UccnemoBanue nuardHoctudeckon 11 40 3DY3U-92%

1997 [19] THUBHOE To4yHOCTH 3D Y3U; KOHTPOJIB: 3D sonography - 92%
kauHudeckoe JIC+TC
uccienoBanre Research on diagnostic accuracy of
Prospective 3D ultrasound; reference LS + HS
study

Alborzi S.etal, IIpocnek- WUccnenoBanue auarHoctudeckoi Il 20 Ixol'C/SIS - 100 %

2002 [20] THUBHOE TOoYHOCTH IXOI'C; KOHTPOJIB:
knuHndeckoe JIC+TC
uccaenoBanue Research on diagnostic accuracy
Prospective of sonohysterography; reference
study LS + HS

Momtaz M. etal,, Ilpocnek- CpaBHeHMe JUarHOCTUYECKON I1I 123 3DY3U-97%

2007 [21] THUBHOE ToyHoctH 3D Y3H, 2D YV3U, I'CT; 2DY3U-55%
KIMHUYecKoe  KoHTpoub: JIC + T'C I['Cr'-95%
ucciaenoBanre Comparison of diagnostic accuracy 2DY3U +TCr-95%
Prospective of 3D sonography, 2D sonography 3D sonography - 97%
study and HSG; reference LS + HS 2D sonography - 55%

HSG -95%
2D sonography + HSG - 95%

Mueller G.C. PeTpocnek- WccnenoBanue aguarnocrudeckoit 111 103 MPT/MRI - 80,58 %

etal, 2007 [22] TuBHOe ToyHOocTU MPT; koHTpoJb: JIC + I'C
uccienoBanre Research of diagnostic accuracy of
Retrospective ~ MRI; reference LS + HS
study

Saravelos S.H. [Ipocnek- CpaBHeHMe JUarHOCTHYeCKON I1I 107 2DY3U -27/15%

etal, 2010 [23] TuBHOe TOYHOCTH TPaHCBaruHaJabHOTO 2D ['CT'-84/56 %
kanHudeckoe  Y3U, I'CT; koHTposb: JIC + I'C (o6HapyxeHue/
uccienoande Comparison of diagnostic accuracy Ks1accupUKanus aHOMaJIMK)
Prospective of endovaginal 2D sonography, 2D sonography - 27%/15%
study HSG; reference LS + HS HSG - 84%/56%

(detecting/classifying the
anomaly)

Journal homepage: http://jsms.ngmu.ru

143



Jlpobsasxo I1.A., ®upcmosa C.B. / Journal of Siberian Medical Sciences T. 9, N° 1 (2025)

OxonyaHue ma6a. 1 / End of Table 1

5 YpoBenn Kou1u-

HcTO4YHUK, TOA, Auzaiin AOKA3A"  yo RO

! Huccae0- TeJIb-
Referel_lce, year s MeTtopg, / Method HOCTH namnu- PesyiabTrar / Results
of publication Study desi Level of EHTOK
y design eVe" Ol Subjects
evidence )

Apamsan JI.B. [Ipocnek- CpaBHeHMe UArHOCTUYECKOHN I 384 Y3U-89,2%

U ip. 2009 [24] TuBHOe ToyHocTtu MPT, Y3U; KoHTpOJIb: Sonography - 89,2%

Adamyan L.V. kauHu4eckoe JIC+TC

etal. 2009 [24] wuccaemoBaHue Comparison of diagnostic accuracy
Prospective of MRI and ultrasound; reference
study LS + HS

Ghi T. etal., 2009 TIlpocmek- HccnepoBanue auarHoctudeckor 11 284 3DY3U-9%

[25] THBHOE ToyHocTH 3D Y3U, KoHTpO/Ib 3D sonography - 96%
kjauHu4eckoe JIC+TC
uccienoBanre Research on diagnostic accuracy of
Prospective 3D ultrasound; reference LS + HS
study

Sheth S.S.etal, Ilpocnek- UccnenoBanue auarHoctudeckon 11 36 I'Cr'-5,5%

2000 [26] THUBHOE ToyHocTH ['CI'; koHTpOUJIB: JIC + T'C HSG - 5,5%
kauHU4Yeckoe  Research on diagnostic accuracy of
uccaemoBanue HSG; reference LS + HS
Prospective
study

Ludwin A. etal., Ilpocmek- CpaBHeHHe AUAarHOCTUYECKOHN I 83 Ixol'C - 95,2 % Bce

2011 [11] THUBHOE TouHocTH Ixol'C, I'CT, a"HoMasiuu 1 100 %
KJIMHUYEeCKoe  JuarHocTuyeckod HS; KOHTpoJb: BHYTPHUMAaTOYHAsI
uccnenoBanue JIC+TC neperopojika
Prospective Research on diagnostic accuracy of Juarnoctnyeckas I'C - 80,7 %
study SIS, HSG, diagnostic HS; reference I'Cl"' - 80,7 %

LS + HS SIS -95,2% of all
anomalies/100% of septate
uterus
Diagnostic HS - 80,7%
HSG - 80,7%

Ludwin A. etal,, Ilpocnek- CpaBHHTe/IbHAsA IMarHOCTHKA I11 117 2DY3U-77,8%

2013 [27] THBHOE To4HOCTU 2D Y3U, skcnepTHOro 2D Y3H skcnepTtHOoe - 90,6 %
kanHudeckoe 2D Y3H, 3D Y3U, 2D 3xoI'C, 3D 3DY3U-97,4%
ruccnenoBanue Ixol'C; koHTpoib: JIC + I'C 2D 3xol'C-94,0 %
Prospective Comparison of diagnostic accuracy 3D 3xol'C - 100 %
study of 2D and 3D sonography, expert 2D sonography - 77,8%

2D sonography, 2D and 3D SIS; 2D expert sonography -

reference LS + HS 90,6%
3D sonography - 97,4%
2D SIS - 94,0%
3D SIS-100%

EcunoBa U.A. [Ipocnek- HccnenoBanue auarHoctudyeckor  IlI 450 3D 3xol'C-92 %

u ap., 2020 [28] TuHBHOe To4yHOCTU 3D 3x0I'C; KOHTPOJIB: 3D SIS-92%

Esipova [.A. etal. knunHunuyeckoe JIC+TC+ MPT

2020 [28] uccaenoBanre Research on diagnostic accuracy of
Prospective 3D SIS; reference LS + HS + MRI
study

[Ipu™Meduanue. MPT-MaruuTHO-pesoHaHCHass ToMorpadus;Y3U -yapTpasBykoBoeuccaegoBanue; ['Cl'-rucrepocansnuurorpadus;
JIC - nanapockonus; I'C - rucrepockonus; Ixol'C - aXorucTepocaablIUHIOCKOIHS.
Note. MRI - magnetic resonance imaging; HSG - hysterosalpingography; LS - laparoscopy; HS - hysteroscopy; SIS - saline infusion sonography.
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OnHaKo B IMyOJIMKAITNHU MOJIbCKUX YIEHBIX IO/ PYKO-
BozicTBOM A. Ludwin 2011 r. TOYHOCTh TUCTEPOCATIH-
nuHrorpaduu gocrurana 80,7 %, a B UCcIeJ0BAaHUI
M. Momtaz et al. 2007 1. — 95 % [21, 27]. Crout oT™Me-
TUTb, 4TO B HccaemoBanuy M. Momtaz et al. Taxxxe
OBLIO U3YUEHO UCIIOIH30BAHNE COUETAHUS TUCTEPO-
caspimHrorpadguu U 2D yapTpa3ByKOBOHM JuarHo-
CTHKH, HO 0oJiee JIOCTOBEPHBIX JMATHOCTUYECKUX
pe3yapTaToB AOOUTHCS He yAaaochk [21]. B oTHomIe-
HUH TUCTEPOCATHIUHTOrpadUr 0c060T0 BHUMAHUS
3aciykuBaer myosukarus S.H. Saravelos et al. 2009
r. B Hell uccyenyeTcs Takoil BaXKHBIHM mapaMmerp, Kak
BO3MOKHOCTH KJIACCU(DUKAIINY AHOMAJIMH Pa3BUTHUS
[0 pe3yJbTaTaM THCTEPOCATBIIUHTOrpaduu: ama-
THOCTUYECKass TOYHOCTb OOHAPYKEHHSI AHOMAJIMH
cocraBuia 84 %, a BO3MOKHOCTh KJIacCH(DUKAITUHN
aHOMAaJIMH — JIMIIG 56 % [23].

BoJIbIIMHCTBO  OTOOpPAHHBIX ITyOJIMKAIIAN TIOCBSI-
IIEHO PA3JIMYHBIM METOJAM YJIBTPA3BYKOBOM JTMATHO-
CTUKU. YJIBTPa3BYKOBBIE HCCJIEJIOBAHUS OPraHOB
MaJIOTO Ta3a I1eJ1ec000pa3HO PaszieUTh Ha TPH TPYIIIIbL:

1) 2D ysnpTpa3ByKOBOE CKAHUPOBAHUE;

2) 3D y/npTpa3ByKOBOE CKAHIMPOBAHUE;

3) aXOrHcTepocaIbIIMHTOCKONusA (saline infusion
sonography B aHIJIOA3BIYHOU JUTeparype) B 2D
pexuMe, a TAKXKe ¢ TpuMeHeHneM 3D Busyanusanuu.

JloCTOBEPHOCTD JBYXMepPHOU coHOTrpaduu Bapbu-
pyeT B Ipejiesiax oT 27 10 100 %. B ucciemoBanmsax
D. Jurkovic et al. 1995 r. u S.H. Saravelos et al. 2009 .
JINarHOCTUYECKasi TOYHOCTh JIByXMEPHOH MOHOTpa-
¢umn cocraBmia 27 %, a ¢ BO3MOKHOCTBIO Kytaccuu-
KaIuy aHOMaJInu — He 6osiee 15 % [17, 23]. B uccie-
moBanuu M. Momtaz et al. ncnosib30BaHMe UCKTIOUN-
TeJIPHO JIByXMEPHOH YJIbTPa3BYKOBON JMArHOCTUKU
UMeJI0 70 55 % JOCTOBEPHBIX pe3ysabTaToB [21].
B KpymmHOM HCC/IeZIOBaHUH, MOCBSIIEHHOM pPa3jiny-
HBIM METOZaM VJIBTPa3BYKOBOM JUATHOCTUKH,
A. Ludwin et al. B 2013 TI. TOJYYWIU CIIEAYIOIIME
pesysbrathl: 2D TpaHCBarMHAIBHOE YJIBTPA3BYKOBOE
uccaenoBanue — 77,8 %, a aHAJIOTUYHBIN THUT UCCTIe-
JIOBaHUSA, BBIIIOJIHEHHBIN Ha arapaTe SKCIIEPTHOTO
VPOBHS U CIENUATNCTOM BBICOKOH KBaTM(UKAIIUN —
90,6 % [27]. B paHee yIOMSHYTOM HCCJIEJJOBAHUH
J.S. Pellerito et al. Tak:ke MOIy4HIN BEICOKUE PE3YJIb-
TaThI: JIOCTOBEPHOCTH YJIBTPA3BYKOBOTO KCCJIEZOBA-
HUSI OPTaHOB MAJIOTO Ta3a JOXOAMIA 10 92 % [16].

OT[ieJIbHO CTOUT YIIOMSIHYTH HCCJIEIOBAHUE OTe-
4JecTBeHHBIX aBTOPOB JI.B. AzjamsaH u zip. 2009 1. ITo
[IOJTy9eHHBIM JAHHBIM JIOCTOBEPHOCTH YIIBTPA3BYKO-
BOT'O HCCJIEZIOBAHUS OPTAaHOB MaJIOTO Ta3a B OTHOIIIE-
HUHY aHOMAJINH pa3BUTUA MATKU cocTaBmiia 89,2 % B
384 ciyuasx. JTo mccyenoBaHUE ABJsAETCS Oosee
KPYITHBIM 110 00'beMY, YEM BBIIIEYIIOMSIHYTHIE [24].
OnnHako B mMyOJIMKAIlMU OTCYTCTBOBasa 6GoJiee TOJ-

expert-level equipment by a highly qualified special-
ist — 90,6% [27]. In the abovementioned study, Pel-
lerito et al. have also achieved high performance:
diagnostic accuracy of transvaginal ultrasound of the
pelvic organs reached 92% [16].

Separately, it’s worth mentioning studies con-
ducted by Russian authors. According to data
received by Adamyan et al. in a study of 2009, the
accuracy of ultrasound examination of the pelvic
organs for congenital anomalies of the uterus reached
89,2% out of 384 cases. This study is relatively larger
than the abovementioned ones [24]. However, the
publication lacked detailed information on the types
of diagnostic techniques (2D, 3D).

In our review, the first mention of three-dimen-
sional sonography dates back to 1995; this ultra-
sound diagnostic method has a very high level of
accuracy. In a study by Raga et al. of 1996, the mini-
mum diagnostic accuracy was 91,5% [18]. In a study
by Wu et al. of 1997, the accuracy level reached 92%,
and in a study by Ghi et al. of 2009 — 96%. The data
received in these studies may indicate that an
increase in accuracy is related to technical improve-
ments in ultrasound scanners [19, 25]. In studies by
Ludwin et al. of 2013 and Momtaz et al. [21, 27],
three-dimensional ultrasound diagnostics also dem-
onstrated high results — 97% and 97,4%, respectively.
Jurkovic et al. in his study of 1995 has reached full
compliance between 3D sonography and surgical
methods of diagnostics — 100% in 61 cases of con-
genital uterine anomalies [17].

Saline infusion sonography is generally considered
a separate type of ultrasound examination. Our review
includes 4 publications describing this technique. The
minimum level of diagnostic accuracy of this technique
was received in a prospective clinical study conducted
by Russian authors Esipova et al. in 2020. Using three-
dimensional saline infusion sonography, the anomaly
was confirmed in 92% of cases [28]. 450 women with
congenital uterine anomalies took part in this research.
An earlier study by Alborzi et al. of 2002 demonstrated
full compliance between invasive diagnostic methods
and saline infusion sonography in 100% of cases with-
out specifying imaging type (2D, 3D) [20]. Previously
mentioned studies by Ludwin et al. of 2011 and 2013
have also achieved high results. In the first study, the
accuracy of saline infusion sonography reached 95,2%
in diagnosing all types of congenital uterine anomalies,
and 100% in diagnosing septate uterus [11]. In their
subsequent study of 2013, the authors conducted
deeper research and received more accurate results. In
particular, the accuracy of two-dimensional saline infu-
sion sonography was up to 94%, whereas the accuracy
of three-dimensional examination reached the maxi-
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pobHass wHOpMANMA O THIAX HCCAEAOBAaHUH
(2D, 3D).

B nmanHOM 00630pe mepBble YIOMUHAHUA O TPEX-
MepHOH coHOTrpaduu JaTUPYIOTCA 1995 T., U JAHHBIN
METOJI, YJIBTPA3ByKOBOU JHATHOCTHUKH WMEET OYEHb
BBICOKHE IIOKa3aTeJIn JIOCTOBEPHOCTH. MUHUMAIb-
Has IMArHOCTHYECKas TOYHOCTh 91,6 % ObLIa BbIAB-
JieHa B uccienoanuu F. Raga et al. 1996 1. [18]. B
uccienosanu M.H. Wu et al. 1997 1. 1ocToBepHOCTh
nmocruraina 92 %, T. Ghi et al. 2009 1. — 96 %. CpaBHe-
HUE TAaHHBIX UCCIIEJIOBAHUH MOYKET TOBOPHTD O ITOBBI-
[IEHUH TOYHOCTH B 3aBUCUMOCTH OT TEXHHUYECKOTO
COBEPIIIEHCTBOBAHUS CKAaHEPOB YJIBTPa3ByKa [19, 25].
B pa6orax A. Ludwin et al. u M. Momtaz et al. [21, 27]
TpexMepHas YJIbTPa3BYKOBas [IMAaTHOCTHKA TOXKe
MMeJia BBICOKHE Pe3yJIbTaThl — 97 U 97,4 % COOTBET-
crBenno. D. Jurkovic et al. B 1995 I. BBISBUIN IIOJTHOE
cooTBeTcTBUE Mexxy 3D coHorpadueli u xupyprude-
CKHUMU METO/IaMHU IMaTHOCTUKH — 100 % U3 61 cirydas
AHOMAJIMY pa3BUTHS MATKH [17].

OT/iesIbHBIM BUJIOM HUCCJIEIOBAHUSA B YJIBTPA3BY-
KOBOU JTMAaTHOCTHKE MPHUHSITO CUUTATH HXOTUCTEPO-
CaJIBITMHTOCKONHIO. B HacTOSAIIUI 0630p BKITFOUEHBI
4 myOJIUKAIUY C IPUMEHEeHUEM JTAHHOW METOIUKHU.
MuHUMAaIbHBIM YPOBEHb AUATHOCTHYECKON TOYHO-
CTU OBUI TTOJIyYeH B MPOCHEKTHBHOM KJIMHHUYECKOM
HCCJIeIOBAHNU OTeUeCTBEHHBIX aBTOpoB — M. A. Ecu-
IOBOM U JIp. 2020 T.: IIPU UCIIOJIb30BAHUU TPEXMEP-
HOU 5XOTHCTEPOCATIBITMHTOCKOIIMH MATOJIOTHS ObLIa
MIOATBePKeHA B 92 % ciyuaeB [28]. B uccienosa-
HUU IPUHUMAJIA YIaCTHE 450 JKEHIUH C aHOMAJIH-
SMU pa3BUTHS MaTKU. B GoJiee paHHEM HCCITe/I0Ba-
HUH 2002 T., mpoBesieHHOM S. Alborzi et al., oTmeua-
€TCsI TI0JTHOE COOTBETCTBUE MEK/Ty MHBAa3UBHOU /Tia-
THOCTUKOA W BOXOTHCTEPOCAJIBIIMHIOCKOTIEH B
100 % ciaydaeB, 6e3 yrouHeHust popmMara BU3yaIH-
3anuu (2D, 3D) [20]. B panee ynoMmsaHyThIX paboTax
A. Ludwin et al. 2011 1 2013 IT. Take cOOOIIAETCA O
BBICOKHUX pe3yJibTaTaxX. B pabore 2011 I. 3XOTUCTEPO-
CAJIBIIMHTOCKOIIHS ObLIa IOCTOBEPHA B 95,2 % CIIy-
Yasgx IpU JUATHOCTHUKE BCEX AaHOMAJIMU pPa3BUTHU
MaTK{, a B OTHOIIEHUH BHYTPUMATOUHOU IEPEro-
POJKH JIOCTOBEPHOCTh JocTuTrasa 100 % [11, 27].
B uccienoBanuu 2013 r., mpu 6oJiee TIIyOOKOM H3Y-
YeHUH, ObLIIU TI0JTyU€eHbI 00Jiee TOUHbIE PE3YIbTATHI.
B wacTtHOCTH, TIpW JIBYXMEPHOH 35XOTHCTEPOCATH-
MMIHTOCKOITMU JIOCTOBEPHOCTh He JlocTUTasIa OoJiee
94 %, a IPU TPEXMEPHOM HCCJIEIOBAaHUU YiKe ObLIT
MOJIy4eH MaKCUMaJIbHBIY IIOKa3aTesb — 100 %. [Ipu-
MedJaTebHO, UTO MyOJIUKAIlUH, IOCBSIEHHBIE VIIb-
TPa3BYKOBOU JUATHOCTUKE, JATUPYIOTCS MEPUOIOM
OT 1992 JI0 2020 T., UTO CBUIETETBCTBYET O BHICOKHUX
TeMIIaX Pa3BUTHA JJAHHOW METOAWUKU U MeEIUIIHH-
CKOTO 0060PY/IOBAHUA.

mum level of 100% [27]. Notably, publications dedi-
cated to ultrasound diagnostics date from 1992 to 2020,
which indicates fast development of this technique and
medical equipment.

DISCUSSION

To summarize, it would be appropriate to distin-
guish the minimum, maximum and average level of
accuracy of each technique (Table 2).

3D imaging techniques demonstrate higher diag-
nostic accuracy in comparison. However, routine
practical use requires to consider other factors, such
as cost and organization of this type of diagnostic
examinations. According to the results of the review,
magnetic resonance imaging is rarely used to iden-
tify congenital anomalies of the uterus. This may be
related to high requirements for conducting this
examination and the cost of the equipment. Modern
techniques of ultrasound examination, such as three-
dimensional reconstruction (static and dynamic),
ultrasound tomography and real-time spatial com-
pound imaging (sonoCT), in turn, allow to achieve
the maximum diagnostic value and optimize diag-
nostic procedures, taking into account the resource
component. High accuracy level of saline infusion
sonography should also be noted, provided it’s the
main advantage of this diagnostic technique. How-
ever, the need to inject saline into the uterine cavity
may complicate the procedure performance and
increase its cost.

CONCLUSION

Based on the abovementioned, three-dimensional
sonography can be recommended for practical use to
identify congenital anomalies of the uterus in all cat-
egories of patients. Three-dimensional saline infu-
sion sonography, in turn, is advisable for use in
patients with confirmed uterine anomalies and/or
when classifying combinations of different types of
anomalies. The use of magnetic resonance imaging
requires more in-depth investigation due to signifi-
cantly lower experience in practical use. Neverthe-
less, this technique has high diagnostic potential due
to its physical characteristics.

Hysterosalpingography and two-dimensional
ultrasound examinations are not recommended for
detecting abnormalities of the uterus because of the
low level of diagnostic accuracy of the techniques.
The use of these techniques may result in choosing
the wrong clinical management plan.
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Ta6una 2. MUHUMaIbHbIA, MAKCUMaJIbHBIN U CPeJJHUH YPOBEHb JOCTOBEPHOCTH KaX,01 METOAUKH, %
Table 2. The minimum, maximum and average accuracy level of each technique

MuHuMaJIbHAA AUar-

MakcuMaJsibHasl Juar- CpeJHssA AUATHOCTH-

MeTop, HOCTHYeCKasd TOYHOCTh HOCTHYeCKasa TOYHOCTh 4YecKasd TOYHOCThb

Technique Minimum diagnostic Maximum diagnostic Average diagnostic
accuracy accuracy accuracy

MarHuTHoO-pe3oHaHCcHas ToMorpadus 80,5 100 90,2

Magnetic resonance imaging

['ncrepocanbnuHrorpadus 55 95 56,1

Hysterosalpingography

2D ynbTpa3ByKOBbIE UCCIEI0BAHUSA 27 92 61,3

2D sonography

3D ynbTpa3ByKOBbIE UCCJI€L0BAHUSA 91,5 100 95,6

3D sonography

IXOTUCTEPOCATBIIMHIOCKONUA 92 100 96,2

Saline infusion sonography

OBCYXXKJIEHHNE

IMomBogss wTOTH, IiesIecOOOpa3HO OTMETHUTH
MHUHUMAJIbHBIN, MaKCUMaJIBHBIA M CpeJHUH ypo-
BEHbB JIOCTOBEPHOCTH KaKJI0H MeTOMUKH (TabJI. 2).

Mertoapl, 061a1aI0IIHI€ BOBMOKHOCTBIO TPEXMEP-
HOU BU3yaJH3aIlid, B CPABHEHHUHU JIEMOHCTPUPYIOT
OOJIBIIYIO AMATHOCTHYECKYIO TOUHOCTh. OHAKO [1JIst
PYTUHHOTO IPAKTUYECKOTO NpPUMeEHEHUs HeoOXo-
JIIMO YYUTBIBATh U APYTHE (PAKTOPHI, TAKKUE KaK CTO-
WMOCTh U OCOOEHHOCTHU OpTaHU3alu{ JaHHBIX
uccenoBanuii. ITo pesyapraTam 0630pa 0OTMeYaeTCs
JIOBOJIBHO PEJIKOE IPAKTUUECKOE HCIIOJIb30BaHHE
MarHUTHO-PE30HAHCHOU TOMOTpaUu B BHISIBJIEHUH
aHOMAaJIUM pa3BUTHUA MaTKH. MOXKHO IIPeIosio-
JKUTh, YTO 3TO CBSI3aHO C BRICOKUMH TPEOOBAHUSIMU
K OpTraHHW3alliU WCCIEIOBAHUSA U CTOUMOCTHIO 000-
pyZioBaHus. B cBOI0 0uepesib, COBpeMEHHBIE PEIKIMBI
VJBTPa3BYKOBBIX HCCIEIOBAHUN, TaKHWe KaK Tpex-
MepHasi peKOHCTPYKIIUs (CTaTHYeCcKue U IMHAMUJe-
ckrie 3D pexxuMmbl), yIbTpa3ByKoBass Tomorpadus,
HCCIEZIOBAHUE B PEXXHUME MHOTOJIyYeBOTO COCTaB-
Horo ckanupoBaHusi (sonoCT), MO3BOJIAIOT JOOUTHCS
MaKCHUMaJIbHOH IMaTHOCTUUECKOI TOUHOCTU 1 OIITH-
MHU3HUPOBATh JUATHOCTUYECKUE MEPOIPUITHS, YUU-
THIBasI PECYPCHYIO COCTABJISIONIY0. CTOUT OTMETUTD
U MaKCUMaJIbHBIA YPOBEHB JIOCTOBEPHOCTU SXOTH-
CTEPOCAIBITUHTOCKOIIUY, UTO SIBJISIETCS OCHOBHBIM
JIOCTOMHCTBOM JIaHHOTO MeTojzia. OJiHaKO 1pu
BBITIOJIHEHUM KCCJIEJIOBAaHUA TpebyeTcs BBeJEHHE
(pUBHOJIOTHUECKOTO PACTBOPA B ITOJIOCTh MATKH, UTO

CIINCOK JINTEPATYPbDI

1. Jean Cruveilhier, Carl v. Rokitansky, Rudolf Virchow.
Fundaments of pathology, thoughts on the 100th
anniversary of Rokitansky’s death // Virchows Arch.
A Pathol. Anat. Histol. 1978;378(1):1-16. DOI: 10.1007/
BFo00427181.

MOZKET BbI3bIBATH OIIPpE€AEC/IEHHbIE TEXHUYECKHE
TPYAHOCTH IIPpU €ro IPpUMEHEHNU U IMIOBBICUTH CTOU-
MOCTbD ITponeayphbl.

3AK/IIOYEHUWE

Ha ocHOBaHUU BBINIENU3JI0KEHHOTO TPEXMEPHYIO
coHOrpadUiI0 MOKHO PEKOMEH/IOBATh JJIs1 PYTHH-
HOTO IIPUMEHEHUS C IIeJTbI0 BBISBJIEHUS aHOMAJIHH
Pa3BUTHSA MATKHU y BCEX KATETOPUI HAI[UEHTOK. IXO-
TUCTEPOCAJIBIIMHTOCKOIIHUIO ¢ TPEXMEPHOH BU3YaIU-
3aIiel, B CBOIO OUEpEib, 11€J1eCO00Pa3ZHO UCIIOJIH30-
BaTh y MAIMEHTOK C IIOJITBEPK/IEHHBIM HAIMYUEM
QHOMAJIUH Pa3BUTUS MATKU U/ WU C [EJIBI0 KJIACCH-
pUKAIUU CJIOKHBIX KOMOWHAIUN. VCmosb30BaHuE
MarHUTHO-PE30HAHCHOW  Tomorpaduu  TpebyeT
JlaJibHelIIero, 60jee TIyOOKOTO U3Y4YeHUs] BBUIY
3HAYNUTEJIbHO MEHBIIEr0 OIbITA IPAKTUYECKOTO
npuMeHeHusi. OpHako, Osarozaps (pU3UYECKUM
0COOEHHOCTSIM, TAHHBIM METO]T UMEET BRICOKHH Jra-
THOCTUYECKUH IOTEHIAAI.

[TpumeHeHUe rucTepOcATbIIMHTOrPAdUY U JIBYX-
MEpHBIX YJIBTPA3BYKOBBIX HCCJIEIOBAHUM C IEJTHIO
BBISIBJIEHUS] AaHOMAJIMHM Pa3BUTHUS MATKH He PEKO-
MEH/IOBaHbl K IPAKTHYECKOMY HCIIOJIb30BAHUIO
BBU/IY HU3KOH JUATHOCTUYECKOH ToOUHOCTH. [Iprme-
HEHHE JTUX METOZO0B MOXKET IPUBECTH K BBIOOPY
HEBEPHOU KJIMHUYECKON TAaKTHKH.

KoH@uaukT nHTEpECOB. ABTOPHI 3aSBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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TPEBOBAHUNA K ITPEJOCTABJIEHUIO MATEPUAJIOB
JJIA ITYBJINKAIITMU B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyIOTCs HayYHbIe 0630pbI U CTaThH IO
MEJUIMHCKUM HayKaM, IMOATOTOBJIEHHbBIE TI0 MaTe-
puajiaM OpWTHHAJIBHBIX HAYYHBIX HCCJIEJOBAaHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeAbABIsIeMble K MTyOIUKaIU-
aMm B JSMS, copmynupoBaHbI ¢ yuyeToM TpeboBa-
HUU, TPEbSIBISIEMBIX K PEIleH3UPyEeMbIM HAyYHBIM
U3JTAaHUAM, B KOTOPBIX JIOJI?KHBI OBITH OIyOJTUKOBA-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl JIUCCEPTAITUI
Ha COWICKAaHWE YYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTbH, OTIIpaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JlaHUs U/UI1 HalleYaTaHHbIE paHee B HUX, K OIy0-
JINKOBAaHUIO HE MTPUHUMAIOTCS.

Ilpy onucaHWM HAYYHO-UCCIIENOBATEIHCKUX
KJIMHUYECKUX paboT ¢ IpHUBJIEYEHHEM UYeJIOBEKa
B KauecTBe OOBEKTa HMCCJIEZIOBAHUS aBTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEXKIyHa-
POAHBIM M POCCUHCKUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUIUYECKUX U DTUUECKUX MMPUHITUIIAX METUKO-
OUOJIOTUUECKUX UCCJIeTOBAaHUH Takoro poga. He mo-
IYCKAeTCs HCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX W HOMEPOB HcTopuil Oose3nu. IIpu omu-
CaHUM SKCIEPUMEHTOB Ha 3KHUBOTHBIX HEOOXOmu-
MO YKa3aTh, COOTBETCTBOBAJIO JIU COZIEPIKAHUE U UC-
IT0JIb30BaHUE JIAOOPATOPHBIX JKUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEXKJIEHUH, PEKOMEHTAlUAM HaIlu-
OHAJILHOTO COBETA II0 MCCJIEI0BAHUAM, HAITHOHAb-
HBIM 3aKOHAaM.

ABTOpCKUE ITpaBa cOOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckuM kojiekcoM Poccutickou ®enmepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIONUMUA HOPMATUBHBIMU
JIOKyMeHTaMH. ABTOPHI HECYT TOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUe CTaTeH.

B penmaknuo JSMS aBTOpBI IOJIKHBI TIPEAOCTA-
BUTbD:

1) 2/1eKMPOHHYIO 8epculd CMambvl, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMH K 0(pOpM-
JIEHUIO CTaTeU, U3JI0KEHHBIMU HUKE;

2) opu2uHa.n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HHEM TOpPOJia, IaThl, GaAMUIUU C TOJIUCHIO0 KaXKI0-
ro aBTopa (Ha MmocJieJlHeH cTpaHuIle), BU3ou «B me-
YyaTh» U MOAIUCHIO (HA IIEpBOI CTPAHHUIIE) 3aBELy-
o1ero kagepol MM WHOTO JOJI?KHOCTHOTO JIMIIA
opraHusaiuu, Ha 6a3e KOTOPOU BBHITIOJTHEHO HCCIIE-
JIOBaHUE. ABTOPBI IIPEIOCTABJISAIOT CTAThU B PelaK-
U0 JIMYHO WJIH TI0 TTOYTE;

3) coenacue Ha TyOJHKANUIO cTaTtbu B JSMS
u 00paboTKy TepCOHAJIBHBIX TaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_ jsms.doc);

4) nns cotpyauukos ®I'BOY BO HI'MY Mus-
3napaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpPAWUHAIMHU (eaepaTbHbIX
IporpaMM, KOHKYPCHBIX IPOEKTOB I MHHOBAI[HUOH-
HOTO Pa3BUTHs YIIPaBJEHUS IO HayKe, MHHOBAIIU-
saM u uapopmatuzanuu HI'MY (cM. www.ngmu.ru);
JUIsT CTOPOHHUX aBTOPOB — HanpaeaeHue Ha onyo-
AuxosaHue Ha GUPMEHHOM OJIaHKE OpraHU3aIluH,
Ha 6ase KOTOPOU BBITIOJTHEHO OPUTHHAJIPHOE HAy4-
HOe HCCJIeIOBaHHE, 3a IOJANKUCHI0O OTBETCTBEHHOIO
JOJIPKHOCTHOI'O JIMIIA.

IIPABUJIA O®OPMJIEHHU A PYKOITUCEN

1. TekcT cTaTbu HAOUPAETCS B TEKCTOBOM peJlaK-
Tope Microsoft Word, Open Office u ap., Bce moss
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TeKeT cTaThul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BHUJie OTAEJIBHOTO
daitna ¢ ykazanuem ®11O nepBoro apropa — MBa-
voB U.U. tekcr.doc. JlomyckaeTcst oTmpaBka dbaii-
Ji0B B popmartax doc, docx.

2. ®VIO aBTOpOB HabWpaeTcs CTPOUYHBIMH OYK-
BaMHU KypCHBOM Ha PYCCKOM s3bIKe. VHUIMabI
noMeraoTcs nepex dbamuaneir apropa. [lopanok,
B KOTOpPOM OyJIyT YKa3aHbI aBTOPBI, OIIPEEIETCs
UX COBMECTHBIM pellleHUeM.

3. Topon u HazBaHume MecT pabOTHI aBTOPOB
opOopMIIAIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COJEp:KaTh AaHHOTAIHIO
Ha PYCCKOM $I3bIKe. B aHHOTAIUY JTOJI?KHBI OBITH U3-
JIO’KEHBI IeJIM HCCJIe[JOBaHUA, OCHOBHBIE IIpOlle-
Jlypbl, pe3yJIbTaThl OPUTHHAJIBHBIX HCCIETOBAHUUN
¥ BBIBOABL. [1oJ1 aHHOTAIIMEN TTOMEIaeTcs Mo/I3aro-
J0BOK «KittoueBbie c10Ba», IOcjae HEro A0 10 KO-
YEeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CITIOCOOCTBOBATh IPABUJIBHOMY HHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CUCTEMax U CUCTeMax [UTHUPO-
BaHUs. AHHOTAIIUIO HEOOXOJUMO HAIPaBUTh B pe-
gaxmnuio JSMS BMecTe ¢ TEKCTOM CTaThbU B BHJIE OT-
nIenbHOTO datia ¢ ykazanuem ®1O mepBoro aBTo-
pa — MBanos U.U. anuorarus.doc. Takke mpeno-
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CTaBJIAIOTCS CBEJIEHUS O KaYKI0M M3 aBTOPOB: dhaMu-
JINA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM fI3BIKE
Y B TPAHCJIUTEPAIINH), yUEeHbIE 3BAHUSA U YUeHas CTe-
MIeHb, JOJIKHOCTh, MeCTO paboThl, pabounii TeaedoH
U aJIpec 3JIEKTPOHHOI mouThI (e-mail). CBenenus He-
ob6xonuMbI 711 06paboTky mybiukaiuii B 6a3e naH-
HbIX PoccHiicKoro nHeKca HAYIHOTO ITUTUPOBAHUS
U IPYTUX CUCTEMAaX IUTUPOBAHUA. AHHOTAIUSA, KIIIO-
yeBble CJI0Ba, nHGoOpManus 06 aBTopax U Ha3BaHUeE
VUpEXIEHUH JAOJKHBI OBITh TAKXKe ITPEIOCTABIEHBI
Ha aHIJIMHACKOM SI3bIKE.

5. TabiuIbl MOMENAIOTCA B TEKCT cTaThu. Tabu-
IIbI IOJKHBI OBITH TPOHYMEPOBAHBI IIOCTIEIOBATETHHO
B COOTBETCTBHUU C IOPSAJKOM, B KOTOPOM OHU YIIOMU-
HAIOTCSA B TeKcTe (Harmpumep, Tabi1. 1, Tabst. 2 U T. 11.).

6. PucyHKHU BCTaBIAIOTCA B TEKCT CTAThU, a TaK-
JKe TIPeJIOCTABJIAIOTCS B BUJIE OT/IE/IBHBIX ITPOHYMe-
poBaHHBIX ¢ailioB ¢dopmara .jpg win .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHku moyKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBbI, IUGPHL U CUM-
BOJIBI HA HUX JIOJI’KHBI OBITH pa3JIMUUMBbI. PucyHKa-
MH CYHTAIOTCA I'padUKy, peHTreHOrpaMMbl, GOTo-
rpaduu wu JiroOble Apyrue rpaduyeckue 00bek-
Th1. ®oTOrpaduu el He TOJKHbI ObITH Y3HABae-
MBIMH, JTUOO K HUM JIOJKHO OBITH MTPUJIOZKEHO MTHCH-
MEeHHOe pa3pellleHre Ha UX IMyOauKamuo. Pucyaku
JIOJKHBI OBITH MPOHYMEPOBAHBI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIEP-
BbI€ YIIOMUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
[Moamucu pa3MeInalTcs B TEKCTE IOJ] PUCYHKAMMU.
B mopmucax k mMukpodoTtorpaduaM yKasbIBaeTCsS
CTETeHb YBEeJIMYEHU U CII0CO0 OKPACKHU.

7. B TEKCTe CTaThU UCIIOJIB3YIOTCS CIIEAYIONINE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIb FCCIIEOBAHISA, MaTepHa-
JIBL U METOJBI, PE3YJIBTATHI U 00CYK/IeHNe, 3aKII0Ue-
HUe, CIIUCOK JINTEPATYPHI.

8. Hcmonp3yoTes TOJIBKO CTaHAAPTHBIE OOIIe-
MpUHATHIE coKpaleHus (abbpesuarypsel). He mpu-
MEHSIOTCS COKpAIlleHUsI B Ha3BaHUU cTaThu. I10J-
HBIU TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpAIIe-
HUe, JI0JKEH IIPEIIEeCTBOBATh IIEPBOMY HCIOJIB30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CIFICKA JIUTEPATYPBL.
Bubnnorpaduueckue CChIKM B TeKCTe CTAThU Jia-
I0TCsA apabckuMu mudpaMu B KBAJPaTHBIX CKOO-
KaX, B IIOJTHOM COOTBETCTBUU C HyMepaIueH crimcka
suTeparypsl. CCBUIKU B TEKCTE CTATHU JOJIKHBI /1a-
BaThCs MOCJIEIOBATEIBHO IO Bo3pacTanuio: [1]...[2]...
[3]... u T.;1. PazBepHyTOE OMMCcaHUe UCTOYHUKA B CITH-
cKe yiuTepaTyphsl npegoctapisaiTes no 'OCT 7.0.5-
2008. Crucok JUTepaTyphl AOJIKEH COJlepKaTh IIy-
OGImKaIuu 3a MmocJieHueE 5 JIeT. B crrcke suteparty-
pbI Bce MHPOPMAIIMOHHBIE UCTOYHUKU TT€PETNCIIA-
IOTCS B TIOPSIZIKE X IUTUPOBAHUS.

10. Pegaxmus JSMS Gepet Ha cebs mpucBOeHUE
KaXK/Iol mybsnKyeMo# crathbe HoMepa Y/IK u ocy-
IIECTBJIEHUE [IOJTHOTO IIepeBO/ia CTAThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThu, HE COOTBETCTBYIOIHE YKa3aHHBIM pe-
JlakIend TpebOBaHUAM, K OIyOJIMKOBAHUIO HE TIPHU-
HUMAIOTCA.

IMOPAJOK PEITEH3MTPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
JJIA ITYBJINKAIINN

1. Pykomnmcu craTeil, HIOCTYIIUBIINX B PEJAKIIHIO,
HAIPABJISAIOTCA JUJISI PENEH3UPOBAHUSA WIEHAM pe-
JIAKIIOHHOTO COBETA C IEJIBI0 UX DKCIIEPTHOMU OIleH-
KU Ha IpeaMeT COOTBeTCTBHUsA TpeboBaHuAM JSMS
u BrIcmieii arTecTallMOHHOM KoMuccuU Ipu MuHU-
crepcTBe oOpasoBaHus u HayKu PO.

PerieH3eHTBI YBEIOMJIAIOTCA O TOM, YTO B LIEJISX
obecrieueHNsT aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IIPUCJIAHHbIE PYKOIIUCH He MOJIJIEKAT pas-
IAINEHUI0, KOTMPOBAHUI, PACIIPOCTPpAaHEHUIO. Pe-
[IEH3UPOBAHUE IIPOBOJIUTCS AHOHUMHO.

ITpu oTKa3e B HATIpAaBJIEHNHU Ha PelleH3UPOBAHLE
MIpeJICTaBJIEHHON aBTOPOM PYKOITHCH PEJIaKIvs Ha-
IIpaBJIsieT aBTOPY MOTUBUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHJIE.

Pepaknus »KypHasia 10 MHCHMEHHOMY 3aIlpOCy
HAIpaBJIsIeT aBTOPAM PEIEH3UN HA IOCTYIIHBIINE
MaTepHuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4ecTh 3aMeYaHUs PENEH3EHTOB 1 BHECTH B CTaThIO
COOTBETCTBYIOIIHE UCIIPABJIEHUS MU IIPEJIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pEelleH3€eHTa.

PemakmuoHHas KoOJIJIETHs MPUHUMAET PelleHue
0 BO3MOXKHOCTH IYyOJIMKAIIUY CTAaThU UJIM OTKJIOHS-
€T ee IO pe3yJIbTaTaM PelleH3UPOBAHHUA.

Penensun XpaHATCs B peIaKIINU JKypHAJIA B Te-
YyeHUe 5 JIET C MOMEHTa Iy OInKaiu.

2. Pepaknipiell He IOMyCKAIOTCA K Iy OJIMKAT[AH:

— CTaThU, TEMATHKA KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HAIIpaBJIEHHUIO Ky PHAJIa;

— CTaThH, aBTOPHI KOTOPBIX OTKA3BIBAIOTCS OT
TEXHUYECKOH JJOpaOOTKH CTaTew;

— CTaThbU, aBTOPBI KOTOPHIX HE BHECITIU KOHCTPYK-
TUBHbIE 3aMEUaHUs PEIEeH3eHTa B TEKCT CTaTbU
U He IPEeJI0CTaBUIIN MOTHBHUPOBAHHBIN OTBET O HECO-
[JIACUU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThH PEJAKIINA HATIPpaB-
JISIET aBTOPY MOTHBHPOBAHHBIH OTKa3. Pemakius
JSMS He XpaHUT PyKOIIHUCU, HE MPUHATHIE K IeYa-
TH. PyKkonucu, mpuHATHIE K ITyOINKany, He BO3Bpa-
IAI0TCA.
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