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Journal of Siberian Medical Sciences siBisieTcst mpeeMHUKOM KypHaia « Meaununa u obpasoBanue B Cubupu» (roz usma-
HUA 2006). PemenneMm npesuguyma BAK PO xypHasl BKJIIOUEH B II€peYeHb IEPUOANIECKUX U3/JaHUN, PEKOMEHIOBAHHBIX
JUIS TyOsinKanuu paboT concKaTesiel yUeHbIX CTereHeH.

JKypuau 3aperucrprupoBas B ®PesiepanbHOi cry:k6e 10 Ha/130py B cdepe cBsA3U, UHPOPMAIMOHHBIX TEXHOJIOTUN 1 MACCOBBIX
koMMmyHuKaui (PockomHan3op). PerucrparponHoe ceuyereaberBo [T Ne @C 77-72398 ot 28 deBpass 2018 .

Kypuaun ungexcupyercs 8 PUHLI, saperucrpuposan B CrossRef ¢ 2018 1., Bce craTbu HHIEKCUPYIOTCS € TOMOIIBIO IUdPO-
Boro naeHTudukaropa DOL.

Pepakuus :xypHaia co6II0/1aeT IPUHITUIIBL MEK/YHAPOAHOU opranu3anuu « Komurer o uszarenbekoit atuke» (Committee
On Publication Ethics — COPE).

CraThby, IpeCTaBIeHHbIE K MyOIMKAIMY B )KypHAaJIe, IIPOXO/SAT HE3aBUCHMOE PEleH3UPOBAHUE U IIPOBEPSIOTCS HA OPUTH-
HanbHOCTh. [Ipy nepeneuaTtke MatepuanoB u3 skypHasa Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 06513a-
TeJIbHA.

Kypnai pacmpocrpansiercst 6ecruiatHo. Teppuropust pacripocrpanenus: PO, crpansl CHI, 3apyGexHble cTpaHbl. DJeK-
TPOHHAas Bepcust (AHHOTUPOBAHHOE COZIEPIKAHKE) IOCTYIIHA 110 azpecam: http://jsms.ngmu.ru, https://elibrary.ru

PEJTAKIIMOHHBIN COBET

BrIxouT 4 pasa B oy
Wspaercsi ¢ 2017 1.

IIPEACEIOATEJID

Mapunxun H.O., 1-p Men. HayK, Ipod., 3aB. Kadeapoi aKymep-
CTBa ¥ THHEKOJIOTHH, peKkTop, HoBOCHOUpPCKUii rocy/1apCcTBEeHHBIH
MenuiuHcknit yausepcureT (HoBocubupcek)

IJIABHBIN PEJTAKTOP

ITocnenosa T.H., n-p Men. HayK, pod., 3aB. Kaderpoli Tepamnumy,
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pexTop 1o HaydHO# pabore, HoBoCHOUPCKUIA TOCY1apCTBEHHBIN
MenuiuHckni yausepcureT (HoBocubupcek)

3AMECTUTEJIb IVTABHOI'O PEJAKTOPA

Kysmeyosa B.I'., i-p Men. HayK, npod. kadenpsl HHGEKIHOHHBIX
60s1e3Heill, HoBocubUpCKuii rocyAapCTBEeHHBIN MeIUIIMHCKUH YHU-
Bepcuter (HoBocubupek)

OTBETCTBEHHBII CEKPETAPH

Baxaposa K.JI., pegaktop 3arenbcko-noaurpaguueckoro neH-
Tpa, HoBOCHOUPCKUI rocyJapCTBEHHBIH MEAUIIMHCKUM YHUBED-
curet (HoBocHGHPCK)

Boesoda M.H., i-p Mefl. HayK, 1pod., rupektop PeepaybHOro uc-
CJIe[I0BATEILCKOTO IieHTpa GyHaMeHTaIbHON U TPAHCIISIITUOHHON
menuiuabl (HoBocubupcek)

I'pom6 C., 1-p MenuIuHBL, Ipod., PyKOBOAUTEND JlellapTaMeHTa
cynebHol MenunuHbl yHUBepcuTera Cerases (Bopmo, @paHmus)
Jasudosuu H.M., n-p Men. HayK, npod. kadenps! dakyapTeT-
CKOW ¥ TOJIMKJIMHUYECKOH Tepaluy ¢ KypcoM SHIOKPHHOJIOTHHY,

JlabHEBOCTOYHBIN TOCYZJaDCTBEHHBIN MEIUIMHCKIN YHUBEPCH-
TeT (XabapoBck)

2Koanoe B.B., n-p mez. Hayk, npod., aupexkrop HUU dpapmaxo-
JIOTUH U pereHepaTuBHOU Menunuubl uM. E.JI. Tonpnbepra Tom-
ckoro HarroHaibHOTO UCCJIeI0BATEIBCKOTO METUIIMHCKOTO IEH-
tpa PAH (Tomck)

Jloxwun B.H., n-p mepn. Hayk, mpod., akagemuk HAH PK, npesu-
neHT KazaxcTaHckoll acconuanuu penpoJyKTUBHOW MeUIUHBI,
reHepaJIbHBIN IUPeKTOp MesKyHapOoHOTO KJIMHIUYECKOT0 IIeHTPa
penpoaykronoruu PERSONA (KazaxcraH, AiMaThI)

Iy3swvipes B.I1., i-p viep. HayK, ipod., akajemuk PAH, HaygHbIi py-
KoBoAUTeN b ToMcKOro HaruoHaabHOTO UCCIe/I0BaTEIBCKOTO Me-
JIUIUHCKOTO nleHTpa PAH, Hayunslil pykoBogutesnp HUUW menu-
[IIMHCKON reHeTHUKH, 3aB. Kadeapor MeAuIMHCKON reHeTukn Cu-
GHPCKOTO roCyapCTBEHHOTO MEANIIMHCKOTO yHUBepcuTerta (ToMck)

Pyoscuuxa T., i-p MegUITUHEL, TPO(., PyKOBOAUTEJH JlellapTaMeHTa
JIepMaToJIOTHH U aJljieprosoru MIOHXeHCKOTO yHUBEPCUTeTa nMe-
uu JIrojura u Makcumminana (MouxeH, lepmaHus)

Cemenos B.M., n-p Mez. HayK, 1pod., 3aB. kKadenpoit HHPEKITNOH-
HBIX 60J1e3HeH, BuTeOcKuii rocyiapcTBEHHBIN MeIUITMHCKUH YHU-
Bepcurert (Pecy6inka Benapycs, Bute6ek)

®@edepuro M., i-p MeAUIUHEL, TPO(., PYKOBOAUTEIH Kadephl Me-
JIUITTHCKOM OHKOJIOTUH, OT/IeJI AMarHOCTHYECKOH MeIUIIUHBI, KJIH-
HUKH 1 001I[eCTBEHHOT0 3/IpaBOOXpaHeHus1, YHuBepcuTeT MozieHb
u Pemxo-Ovimnun (Mranus, Mojena)

Ixypynuit B.A., n-p Men. Hayk, npod., akaseMuk PAH, nayd-
HbIH pykoBoautesb PI'BHY «DenepaynbHbIi nccae10BaTeIbCKUH
1eHTp QyH/IaMeHTaTbHOW U TPAHCISIIUOHHON Menuiuub» (Ho-
BOCHOUPCK)

YYPE/IUTEJIb

®I'BOY BO «HoBocHOUPCKU rOCYyAaPCTBEHHBIN MEAUIIUHCKHH
yHuBepcuteT» Munszapasa Poccuu: 630091, r. HoBocubupck,
KpacHsiii mpoctt., 52. Ten./dake: +7 (383) 222-32-04.

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

AJIPEC U3JATEJIA Y PEJAKITUU

OI'bBOY BO «HoBocuOGHpCKHUY rOCyAapCTBEHHBIM MeAUIIUHCKIH
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3.1. KIMHUYECKAA MEJUIITTHA

Abpamosuu C.I'., i-p Mez. HayK, mpod., 3aB.
kadepoit puszmorepanuu U KypopTOJIOTUH,
HpKyTCKast TOCyJapCTBEHHAS MEIUIIMHCKAS
aKa/ieMus NOCTAUIUIOMHOTO 06pa3oBaHuA —
dmmman PoccuiicKol MeIUITMHCKON aKaze-
MUU HEIPEPBIBHOTO PO eCCHOHATBHOTO 00-
pazoBanus (MpkyTck)

Aumos K.A., 1-p Me. Hayk, npod. kadeapsl
nHbEKIMOHHBIX 6ose3nelt, UpKyTckuii ro-
CYZApCTBEHHBIH MeJUIIMHCKUN YHUBEPCHU-
teT (UpKyTCK)

Bummep H., i-p MeguIUHEL, Ipod. AernapTa-
MeHTa IICUXUATPHHU U IICUXOTEPAIINH, Y HUBED-
cutet 3eMmMmerbBetica (Benrpus, Bynamenrr)

Heanosa JI.A., -p Mel. HayK, 1pod., 3aB. Ka-
dempoii suokpunoNOrUn, KybaHckuii rocy-
JIapCTBEHHBIM MEAUIIUHCKUN YHHUBEPCHTET
(Kpacuozmap)

Kynewos B.M., n-p MeJ. HayK, npod. kade-
ZIpBI aKyIIepcTBa U ruHekosoruu, Hosocu-
OUPCKUH rocyZapCTBEHHBIH MeTUIIUHCKUN
yausepcureT (HoBocubupck)

Kypywuna O.B., n-p MeJi. HayK, 11pod., 3aBe-
Jyroiuii kadepoit HeBposioruy, Bosrorpaz-
CKUH rocy/lapCTBeHHBIH MeJUIIUHCKUN YHU-
Bepcurer (Bosrorpan)

Jlykawosa JI.B., 1-p Mejl. HayK, OIIEHT, 3aB.
kadeapoit nHbEKIUOHHBIX 601e3HeH, CHOHp-
CKUU TOCy/lapCTBEHHBIH MEJUIIUHCKUN YHU-
BepcureT (Tomck)

Moiticax I'.H., kaHj. MeJi. HayK, Bpau-HEBPO-
sior, PefepabHBIN IIEHTP HEHPOXUPYPTHHU
(HoBocubupck)

Moauanosa E.E., i-p Mefi. HayK, /IOLIEHT Ka-
denpsr! hakyIbTETCKON U TOJTUKINHUYECKON
Tepanuu, AMypcKas TOCyZlapCTBEeHHAsT Me/IH-
nuHcKas akagemus (biarosemeHck)

Momom A.Il., ni-p Men. HayK, npod. kade-
JIPBI CECTPUHCKOTO Jiesa, AJITalCKUi Tocy-
JIapCTBEHHBIN MEJIUINHCKUN YHUBEPCUTET
(Bapuayn)

Mopovik A.B., 1-p MeJ. HayK, Ipod., 3aB.
xadengpoil GpTUHATPUH, IIYIBMOHOIOTHU
1 WHOEKINOHHBIX 6ose3Hel, OMCKHUI ro-
Cy/lapCTBEHHBIH MEJUIMHCKUH yHHBEPCH-
Tet (OMcK)

Hunvcon I1., 1-p MeAUIUHBL, IPO®. AenapTa-
MeHTa KJIMHUYECKUX HayK, JIyHICKU YHUBED-
curer (IBenwst, JIynn)

Oxnonkos B.A., 0-p MeJ. HayK, Ipod., pek-
TOp, Pe/lepanbHBIN HAYYHO-KJIMHUYECKUN
[EHTP PEAHUMATOJIOTHH U PEabHINTOIOTHI
(MockBa)

Cazumosa I'.P., n-p MeJ. HayK, Ipod., 3aB. Ka-
dempoii rocnUTAIEHON IEUATPUH € KyPCOM
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BepcuteT (AcTpaxaHb)

PEJAKIITMOHHAA KOJIVJIETHA
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CemxeA.B., i-p Me[l. HAyK, IPOd., 3aM. TUPEK-
TOpa 0 Hay4YHOU U JieueOHOU paborte, HUU
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uHCKU yHuBepeuret (XabapoBck)

Tpogumenxo H.H., 1-p MeA. HAYK, JOLEHT,
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CKOM MEZTUITMHCKON aKaJZIeMUH HEIIPEPHIBHOTO
npodeccroHanbHOro 06pazoBanus (VpKyTck)

®@edopos H.A., 1-p MeA. HAYK, [OLEHT, 3aB.
xadenpoi GaKkysIbTETCKON IeAUATPUU UM.
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JIA6UHCK)

Quauniox O.B., n-p Mef1. HayK, pod., 3aB. Ka-
denpoii drusnarpun u myspMoHosoruu, Cu-
OUPCKUI TOCYAAaPCTBEHHBIN MEIUIIUHCKUT
yausepcuret (Tomck)

Xapouxosa C.A., n-p Mef. HayK, Ipod., 3aB.
KadeIpoii IepMaTOBEHEPOJIOTUH U KOCMETO-
soruu, CHOUPCKUH TOCYapCTBEHHBIA MeI-
nuHckui yausepeuret (Tomck)

XpaHun A.A., I-p MeJ1. HayK, Ipod. kadeapsl
JIepMaToJIOTHH U KocMeTosioruy, HoBocubup-
CKUU TrOCy/lapCTBEHHBIA MEJUIIUHCKUN YHU-
Bepcutet (HoBocubupcek)

I[xaii B.b., i-p Men. Hayk, npod., 3aB. Ka-
denpoii mepuHaTONOTNH, aKyIIepcTBa U I'H-
Hekostoruu, KpacHOAPCKUI rocyapcTBeH-
HBIH MeNIMHCKUH YHHUBEPCUTET UM. IPOd.
B.®. Boitno-fcenenxoro (KpacHospck)

IllanowHux HU.H., i-p MeA. HayK, Ipod., 3aB.
xadepoil MpomeZeBTUKN BHYTPEHHUX 00-
ne3Hel, FOkHO-YpaIbCKUil ToCyapCTBEH-
HBIH MeAunUHCKUU yHuBepcuter (Yess-
OUHCK)

Axoumos /[.A., I-p MeJ. Hayk, mpod. kade-
ZIpbl (HapMaKOJIOTHH, KJINHUYEeCKOH dapma-
KOJIOTHH U JI0Ka3aTeJbHOU MeaunuHsl, Ho-
BOCHOUPCKUN TOCY/TAPCTBEHHBIA MEIUI[AH-
ckuil yausepcutet (HoBocubupcek)

3.3. MEIUKO-BOJIOTHYECKUE HAYKI

Ansnbves @.B., 1-p Me[. HAYK, pod., 3aB. Ka-
denpoii cynebuoit mexunuusl, KpacHosp-
CKUU TOCy/IapCTBEHHBIA MEJUIIUHCKUN YHU-
BepcuteT UM. Ipod. B.®. BoitHo-fAcenenkoro
(KpacHosipck)

Kasauxos E.JI., i-p MeJi. HayK, Ipo@., 3aB. Ka-
dempoii marosoruuecKkuil aHATOMUH U Cy1e0-
HOU MemuuuHbI UM. 1pod. B.JI. KoBasieHko,
HO>xHO-YpasbcKUil rocy/JapCTBEHHBIN MeZH-
uHCKu# yHuBepeuret (YesiOnHek)

Jlozeunos C.B., n-p Me. HayK, Ipod., 3aB. Ka-
dbenpoii rucrosornu, 3M6PUOTIOTUU U ITUTO-
snorun, CHOUPCKUH rocyJapcTBEHHBIN Meu-
nuHckuil yausepeureT (Tomck)

Hadees A.IN., n-p vien. HAyK, Ipod., 3aB. Ka-
dempoii marosorndeckuit anatomuu, HoBo-
CUOUPCKUH TOCYZIapCTBEHHBIN MEUIIUHCKUI
yuusepcuret (HoBocubupck)

ITempex M., ii-p MeAULIUHBI, IPO®., PYKOBO-
JIATEJTb JieTlapTaMeHTa [aToJI0THIecKor (u-
3uosorun Yuusepcurera [lomarkoro (Ye-
xus1, OJI0MOyI)

Casonosa E.H., i-p Mefl. HayK, Ipod., 3aB. Ka-
enpoit HoOpMaJIIbHOH U TATOJIOTUYECKOH u-
3MOJIOTHH, IIPOPEKTOP 110 HAYYHOH pabore,
JlaIbHEeBOCTOYHBIH TOCY/JapCTBEHHBIN Me/in-
nuHCKUN yHuBepcuteT (XabapoBck)

Illegena A.H., 1-p MeJ. HayK, npod., 3ame-
CTUTEJIh IUPEKTOPA [0 Hay4HOU pabote, H-
CTHUTYT XUMUYECKON OMOJIorHy 1 byHIaMeH-
tanpHOi MeguiuHel CO PAH (HoBocubupcek)

3.4. PAPMAITEBTUYECKHUE HAYKH

benoycos M.B., ni-p dapM. HayK, JIOLIEHT, 3aB.
xadepoii papmaneBTHYECKOTo aHaIn3a, Cu-
OUPCKUI rOCyZapCTBEHHBIN MEAUIIUHCKUT
yausepcuret (Tomck)

JKapuxos A.FO., n-p 6U0J. HayK, JOIEHT,
3aB. kadeapoil papmakosoruu uM. mpod.
B.M. BprooxaHoBa, IPOPEKTOP IO HAYYHOU
paboTe ¥ WHHOBAIUAM, AJITAalCKUI TOCy-
JIapCTBEHHBIN MEJIUIMHCKUN YHUBEPCUTET
(Bapuayur)

Kapaxynosa E.B., 1-p dapMm. HayK, 1pod. Ka-
(enpsr yrpasieHnA 1 9KOHOMHKH (papMaIiyi,
CubupCcKuii rocyJapCcTBEeHHBIH MEeAUIIMHCKUN
yuausepcuret (Tomck)

Jlagpeumvesa JI.U., n-p dapMm. HAYK, J10-
LIEHT, 3aB. Kadeapoil ynpaBieHuss U 9KOHO-
MHUKH papManuy, 1ekaH papManeBTHIeCKO-
ro akysbreTa, IpocIaBCKUI rOCyAapCTBEH-
HBIH MeJTUIIMHCKUH yHUBepcuTeT (SIpocsiaBiib)

Maodownos I1.I'., i-p Mef. HayK, Ipod., 3aB. Ka-
denpoit papmakosioruu, KINHIIECKOU dap-
MAaKOJIOTHH U ZIOKa3aTeIbHOM MeaUIHbI, Ho-
BOCHOUPCKUN TOCY/IapPCTBEHHBIA MEIUI[AH-
ckuii yuusepcuret (HoBocubupck)

Qomunsvix C.I., n-p Mea. HAYK, TOIEHT, 3aB.
xadenpoii papMakosoOruu, KINHUYECKON
dapmaxosoruu, OMCKUI TOCYAApCTBEHHBIN
MeAuIUHCKUH yHUBepcuTeT (OMCK)
Illepmaesa K. /1., n-p dapm. Hayk, mpod., 3aB.
KadeIpoit OpraHu3aIuy u yrpasiaeHus dap-
MaIeBTHUECKOTO /1e1a, KOskHo-Kazaxcranckast
menunuuckas akagemus (IIsimkent, Ka-
3axCTaH)

IToanucaHo B mevyars 15.12.2022.
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Tes.: (383) 225-24-29

Koppexkrypa E.B. E2opos
KoMmmbioTepHas BepCTKa U AU3aNHH
T.B. Cobonesa
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DJ/IEMEHTHBIH COCTaB ILIOI0B Hanbo0JIee pacIpoCTPaHEeHHBIX
pacreHui cemerictBa Vacciniaceae

J.C. Kpyriios, B.B. Besinuko

@OI'bOY BO «Hosgocubupckuil 2ocydapcmeeHHbiil meduyuHckull yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAIIUA

Brenenwue. HapymeHnsa MHKPO3JIEMEHTHOIO rOMeOCTa3a fABJIAIOTCA IPUUYMHAMHE MHUKPO3JIEMEHTO30B, KOTOPBIE
YacTo IPUBOJAT K Pa3BUTHUIO TAKHX COI[MAIbHO-3HAYUMBIX [IATOJIOTHH, KaK kese3zofedurnurHan anemusa (JKJA) u caxap-
HbBII 1ualer.

IT e 1 b . VccrenoBaHre MEKPO3JIEMEHTHOTO COCTaBA IJIOJIOB PACTEHHH ceMelicTBa Vacciniaceae U onpesiesieHUE UX Iep-
CIEKTUBHOCTH JIJI51 UCIIOIb30BAHUS B IPOMUIAKTHKE MIUKPOIJIEMEHTO30B.

Matepuans u MerTobl. ComepKanue 37 3JIEMEHTOB, B TOM UHcJie acceHnanbHbIX (Mn, Fe, Cu, Cr, Co, Zn)
U 31eMeHTOB-ToKcuKaHToB (Pb, Hg, As u Cd), onmpeziesisajin METO/IOM Macc-CIIEKTPOCKOIINH C WHAYKTUBHO-CBA3AHHOMN
IJIA3MOU.

PesyabTarTsl . ComepikaHue 3JIeMEHTOB-TOKCHKAHTOB BO BCEX MCCIIEAYEMBIX 00pa3Iax HUXKe JOMYCTUMBIX HOPM.
CozeprraHue 3CCEHITUATBHBIX MUKPO3JIEMEHTOB PA3JIMYHO, YTO HEOOXOAUMO YIUTHIBATh B MPOQUIAKTUKE KOHKPETHOTO
MHKPO3JIEMEHTO3A.

3axknwueHue. CoOpaHHOE CHIPbE BKOJIOTHUECKH 0OE30IIACHO U MOMKET OBITh WCIIOJI30BAHO B JIEYEOHBIX IIEJISAX.
Kom6uHanus 10708 KJIIOKBBI U YEPHUKHU SBJISETCSA ONTHMAJIbHOU C TOUKU 3PEHUs COZep:KaHUsA MapraHlia ¥ IIUHKA U
MOJKeT IPUMeHATHCA I NPoPUIaKTUKH caxapHoro auabeta. C Touku 3peHus npodmiakTuku K/JA npeanoyTuTenbHO
HCII0JIb30BATh IJIOZBI TOYOUKH, KOTOPble UMEIOT S9KBUMOJISIPHBIE KOHIIEHTPAINH JKeJle3a U MapraHila i MaKCUMaJIbHOe
cojieprKaHue KobasbTa.

Kaoueensle c108a: MUKDPOIJIEMEHTEHI, JKeJe30/ieUIUTHAs aHEMHUs, CaXapHbBIN AuabeT, 3J1eMeHThI-TOKCUKAHTBI, Opyc-
HUYHbIE, YePHUKA, OPYyCHUKA, TOJIyOUKa, KITIOKBA, KPACHUKA.

Oo0paszen mutupoBaHui: Kpyrios/I.C., Betnuko B.B. yieMeHTHBIH cocTaB IJI0I0B HAUO0JIEE PACIIPOCTPAHEH-
HBIX pacTeHui cemerictBa Vacciniaceae // Journal of Siberian Medical Sciences. 2022;6(4):7-14. DOIL: 10.31549/2542-
1174-2022-6-4-7-14

Elemental composition of fruits of the most plants
of the Vacciniaceae family

D.S. Kruglov, V.V. Velichko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Disturbancesof trace element hemostasis are the causes of trace element imbalance, which often
lead to the development of such major human diseases as iron deficiency anemia (IDA) and diabetes mellitus.

Aim . Study of the trace element composition of fruits of the Vacciniaceae family plants and determination of their pros-
pects for use in the prevention of trace element imbalance.

Materials and methods. Thecontent of 37 elements, including essential (Mn, Fe, Cu, Cr, Co, Zn) and toxic
elements (Pb, Hg, As, and Cd), was determined by inductively coupled plasma mass spectroscopy.
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Results. The content of toxic elements in all the studied samples is below the reference values. The content of essen-
tial microelements differs, which must be taken into account in the prevention of specific imbalance of trace elements.
Conclusion. The collected raw materials are environmentally safe and can be used for medicinal purposes. The
combination of cranberry and blueberry is optimal in terms of manganese and zinc content and can be used to prevent
diabetes. From the point of view of the IDA prevention, it is preferable to use blueberry fruits, which have equimolar con-
centrations of iron and manganese and the maximum content of cobalt.

Keywords: trace elements, iron deficiency anemia, diabetes mellitus, toxic elements, Vacciniaceae family, bilberry,

lingonberry, blueberry, cranberry, Kamchatka bilberry.
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BBEJAEHUE

BuoreHHble Makpo- W MHKPO3JIEMEHTHI yua-
CTBYIOT IIPAKTHYECKHU BO BCEX OMOXUMHYECKUX IIPO-
reccax — OKHUCJIUTETbHO-BOCCTAHOBUTEIBHBIX PEaK-
[USX, CBOOOTHO-PAUKAILHOM OKHUC/IEHUH, CHHTE3€
6eska, muddepeHITIPoBKe U pocTe TKaHel u 1ip. [1].
KoHuneHTpaius 5JIeMEHTOB B TKaHSAX OpraHU3Ma
CTporo cOaJlaHCUPOBaHA U IOJEPKUBAETCS CHCTe-
MOU ToMeocTaza. JlJiT HOPMAaJbHOTO IPOTEKAHUs
Bcex (QUBUOIOTUYECKUX ITPOIIECCOB B OPTaHU3ME €T0
3JIEMEHTHBIA COCTAB JOJKEH UMETh OIPeIeIEHHBIN
OajlaHC, M B TOM CMBIC/IE MOKHO TOBOPHUTH 00 3J1e-
MEHTHOM I'OMEOCTAa3e.

HapyiieHust 5J€MEHTHOTO TroMeocTasa Kak
COCTABHOM 4YacTH TIOMEOCTAaTUYECKOH CHCTEMBI
OopraHu3Ma MPHUBOJAT K BO3HUKHOBEHUIO IATOJIO-
TUYECKUX COCTOSSHUH — MHKPO3JIEMEHTO30B [2].
Tak, HapyIneHnre 6asaHca MUKPOIJIEMEHTOB «KpPO-
BETBOpPHOTro KomIiekca» — Mn, Fe, Cu, Cr [3] —
MPUBOAUT K PA3BUTHIO KJIMHUYECKOTO CHHAPOMA
skenesonedunutaon anemuu (PK/IA), a pazBuBaro-
masics B IOCJIEAYIONEM TKaHeBasg U reMHYecKast
TUIOKCUSL CTAHOBUTCS TMPUYMHON PpPACCTPOUCTB
CEPAEYHO-COCYAUCTOM, HEPBHOU U JAPYTHX CHCTEM
opranusaMa. B KOHeUHOM HuTOre JAeDUIUT Kejiesza
BBI3bIBAET CHIKEHHE PE3UCTEHTHOCTH OpPraHU3Ma,
XPOHUBAIUIO Pa3JIUYHbIX 3a00JIeBaHUNA ©, Kak
CJIe/ICTBHE, CHUKEHHE PaboTOCIIOCOOHOCTH, JEeTO-
poaHO#N (QYHKIHMU JKEHIUH, YXY/IIIEHNEe KauyecTBa
JKHU3HH, a TaKKe Pa3BUTHE OCJIOKHEHUH BO BpeMs
OepeMEeHHOCTH U POJZIOB U 3aJI€P3KKy Pa3BUTUSI U
pocta gerel [4, 5]. ITo cBoeit 3HaumMocTtu KJIA,
pacipocTpaHeHHOCTh KOTOPOH JOCTUTAET /10 20 % B
MOMyAAIUN  (IPEUMYIIeCTBEHHO CpPEIH *KEeHIUH
JIETOPOZIHOTO BO3pacra), a C y4eTOM JIATEHTHOTO
neduinTa xKeyeza — 30—40 % (B HEKOTOPBIX PETH-
OHax 10 50—60 %), MosKeT ObITh OTHECEHA K COI[H-
aJIbHO 3HAYUMBIM 3a0osieBaHusAM [6]. K Mukpoaste-
MEHTaM «KPOBETBOPHOTO KOMILIEKCA» CJIEYET
OTHECTH M KOOAJIbT, KOTOPBIH, OYAydIN BJIEMEHTOM
MIPOCTETUYECKOU TPYHIIBl ITMAHOKOOAJIaMHUHA, HE

INTRODUCTION

Biogenic macro- and microelements are involved
in almost all biochemical processes: redox reactions,
free radical-mediated oxidation, protein synthesis,
tissue differentiation and growth, etc. [1]. The con-
centration of elements in body tissues is strictly bal-
anced and maintained by the homeostasis system.
For the normal course of all physiological processes
in the body, its elemental composition must have a
certain balance, and in this sense we can talk about
elemental homeostasis.

Disturbances of elemental homeostasis as an
integral part of the bodily homeostasis system lead to
the development of pathology — trace element imbal-
ance [2]. Thus, an imbalance in microelements of the
hematopoietic complex — Mn, Fe, Cu, Cr [3] — leads
to iron deficiency anemia (IDA), and subsequent tis-
sue and hemic hypoxia causes disorders of the car-
diovascular, nervous and other body systems. Ulti-
mately, iron deficiency causes a decrease in the
body’s resistance, chronicity of various diseases and,
as a result, a decrease in performance, female infer-
tility, quality of life worsening, as well as the increased
risk of complications during pregnancy and child-
birth, and delay in the development and growth of
children [4, 5]. In terms of its importance, IDA, the
prevalence of which reaches up to 20% in the popula-
tion (mainly among women of childbearing age), and
taking into account the latent iron deficiency being
up to 30—40% (in some regions up to 50—60%), can
be attributed to socially significant diseases [6].
Microelements of the hematopoietic complex should
also include cobalt, which, as an element of the pros-
thetic group of cyanocobalamin, not only actively
participates in enzymatic processes and the produc-
tion of thyroid hormones, but also increases the
absorption of iron and hemoglobin synthesis, being a
stimulant of erythropoiesis [1].

Another major disease is diabetes mellitus (up to
7% of the world’s population suffers from it) [7], the
pathogenesis of which also depends on the balance of
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TOJIBKO aKTUBHO Y4acTByeT B (hepMeHTAaTUBHBIX
mporieccax U BbIPabOTKE TOPMOHOB IIUTOBUIHOM
JKeJie3bl, HO U TOBBIIIAET YCBOEHHUE JKeyie3a U CHH-
Te3 reMorI00uHa, SIBJISASICh CTUMYJIATOPOM 3PUTPO-
mos3a [1].

Jpyrum pacrpocTpaHeHHbIM COIIMAJIBHO-
3HAYMMBIM 3a00JIEBAHUEM SIBJISETCS CaXapHBIN JTHa-
Ger (UM cTpazaetr A0 7 % Hacenenus 3emu) [7],
rmaToreHe3 KOTOPOTO TaKKe B3aBHCHT OT OayiaHca
MUKPO3JIEMEHTOB. B 4acTHOCTH, IMHK CTUMYJIUPYET
CHUHTE3 WHCYJINHA; TPEXBAJTIEHTHBIN XPOM YCUIUBAET
JIECTBUE WHCYJIMHA W BBICTYIIAeT B KauecTBe (ak-
TOpA TOJIEPAHTHOCTH K IJIFOKO3€, a MapraHel] aKTH-
BUBHPYET MUIIIEHU — JIUTAH/Ibl, Y4ACTBYIOIIUE B CHH-
Te3e nHCysuHa [8].

XapakTepHOH 0COOEHHOCTHIO MHOTHX MUKPO3JIe-
MEHTO30B SIBJISIETCS HAJIMYHUE JIATEHTHOTO MEPUoaa
JeUITITa MUKPOIJIEMEHTOB, C TEUEHUEM BpEMEHU
MEPEXOJIAIIETO B CTaUI0 OoJie3HH. B 3TOH CBA3HM
BKHBIM  AaCIIEKTOM  SIBJsAETCS  HpodHIaKTHKA
MHKPO3JIEMEHTO30B, B KOTOPOH 0COOYH pOJIb
UTPAIOT JIEKAPCTBEHHbIE PACTUTEIbHBIE IIPEapaThl.
B pacTuTesibHOM OpPTaHU3MeE COIEPIKATCS TPAKTHYe-
CKH BCe BJIEMEHTHI 36MHOH KOPbI, MHOTHE U3 KOTO-
PbIX HaxXOJATCA B TEPAEBTUYECKUX [V OPraHU3Ma
YeJIOBEKa KOHI[EHTPAITUSX.

N3BecTHO, 4YTO MaKCUMAaJbHOE COJEPIKAHUE
3JIEMEHTOB OOHAPY’KUBAETCsI B BEreTATUBHBIX Opra-
HaX pacTeHusi, OCOOEHHO B TeX, IJie MPOTEKAeT
dotocuHTes [9]. BMmecTe ¢ TeM BX GUOIOCTYITHOCTH
3aTpy/lHeHa BBHUY TOrO, YTO OHH HAXOAATCS B
dopMe MaIoOpacTBOPUMBIX COJIEH U TEPEXOJAT B
CyMMapHble  U3BJIEUEHHS  HKCTEMIIOPATbHBIX
JIeKapCTBEHHBIX (OPM B 3HAUUTEIBHO MEHBIIUX
KOJIMYECTBAX, YEM COJIEPIKATCS B HATUBHOM ChIPhE
[10]. B mwiosmax Makpo- U MUKpPO3JIEMEHThI Haxo-
nsites B Oosiee octynHOU dopMe, U, KpOME TOTO,
IUIOZIBI TOCTYIAIOT B HATUBHOM COCTOSIHUU B
JKEJTYyJIOYHO-KHUIIIEYHBIN TPAKT, T/[€ BKIIOUAETCS He
TOJIBKO  JU(PPY3HOHHBIH IyTh IMOCTYIJIEHUS
MHUKPOBJIEMEHTOB B KPOBb, HO U JINTAH/THBIN 0OMEH,
obecreuynBaIONN EPEHOC B KPOBb KAaTHUOHOB M3
MaJIOpACTBOPUMBIX coeAuHeHUU [11]. B a3Tom
CMbICJIE BEChMa WHTEPECHBI TIJIObI IUKOPACTYIIUX
pacreHuii cemericTBa 6PYCHUYHBIX: YEPHUKA, TOITY-
OMKa, KIIOKBA, OPyCHHUKA, KPACHUKA — HUX Pecypc-
Hast 6aza BecbMa CyIeCTBEHHA, U OHHU TPaJUIIH-
OHHO HCIIOJIB3YIOTCSI KaK IHINEBOH MPOJYKT, a
TaK)Ke B HAPOJHOM MeauilnHe. BaxkHo U TO, UTO, B
OTJINYHE OT KYJIbTUBUPYEMBIX PACTEHUH, B IEPUO/
pocTa JaHHbIE IMKOPACTYII[HEe pacTeHus He oOpa-
6aThIBAIOT PA3JIMYHBIMU XUMUKATAMHU, YTO JEJIAET
STH BHUJIBI CHIPbsI 6€30MMacHBIMU JJIs UCIOJIb30Ba-
HUA B IIUAIEBOH IIEIIN.

microelements. In particular, zinc stimulates insulin
synthesis; trivalent chromium enhances the action of
insulin and acts as a factor of glucose tolerance, and
manganese activates the targets — ligands involved in
insulin synthesis [8].

A characteristic feature of many types of trace ele-
ment imbalance is the presence of a latency period of
trace element deficiency, which eventually turns into
a disease stage. In this regard, an important aspect is
the prevention of imbalance of trace elements, in
which herbal medicines play a special role. The plant
body contains almost all elements of the Earth’s
crust, and many of them are in human therapeutic
concentrations.

It is known that the maximum content of ele-
ments is found in the vegetative organs of a plant,
especially in those where photosynthesis proceeds
[o]. At the same time, their bioavailability is hin-
dered due to the fact that they are in the form of spar-
ingly soluble salts, and pass into the crude extracts of
extemporaneous dosage forms in much smaller
amounts than the native raw materials contain [10].
In fruits, the macro- and microelements are in a
more accessible form, and, in addition, the fruits
enter the gastrointestinal tract in a native state,
where not only the diffusion pathway for the entry of
microelements into the blood is switched on, but also
the ligand exchange, which ensures the transfer of
cations from sparingly soluble compound into the
blood [11]. In this sense, the fruits of wild plants of
the Vacciniaceae family are of great interest, namely,
bilberry, blueberry, cranberry, lingonberry, and
Kamchatka bilberry. Their resource base is very sub-
stantial, and they are traditionally used as a food
product and in folk medicine. It is also important
that, unlike cultivated plants, these wild herbs are
not treated with various chemicals during the growth
period, which makes these types of raw materials
safe for use in the food chain.

AIM OF THE RESEARCH

The study of the trace element composition of the
fruits of Vacciniaceae family plants and determina-
tion of their prospects for use in the prevention of
trace element imbalance.

MATERIALS AND METHODS

The objects of the study were the fruits of bilberry
(Vaccinium myrtillus L.), lingoberry (Vaccinium
vitis-idaea L.), blueberry (Vaccinium uligino-
sum L.), cranberry (Oxycoccus quadripetalus Gilib.),
and Kamchatka bilberry (Vaccinium praestans
Lamb.) collected in the flowering phase in endemic
areas of Siberia and the Far East (Table 1).
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ITEJIb UCCJIE/IOBAHUSA

VccenoBaHre MUKPO3JIEMEHTHOTO COCTaBa ILJI0-
JIOB pacTeHUH cemerictBa Vacciniaceae u orpesiesie-
HU€ WX IEPCIEeKTUBHOCTH [JI WCIOJIb30BAHUSA B
podUIaKTHKE MUKPO3JIEMEHTO30B.

MATEPUAJIBI 1 METO/bI

O6beKTaMU UCCIe0BAHUSA CITYKIJIH TLJIO/TBI Yep-
uukun  (Vaccinium myrtillus L.), OpycHUKH
(Vaccinium vitis-idaea L.), ronyouku (Vaccinium
uliginosum L.), xmiokBbl (Oxycoccus quadripetalus
Gilib.) u kpacuuku (Vaccinium praestans Lamb.),
cobpanuble B (paze IUIOJOHOIIEHWS B TUITHYHBIX
MecTax Mpou3pacTaHusa Ha teppuropun Cubupu u
Hanpuero Bocroka (TabJr. 1).

ITocste cbopa ChHIpbE JOBOLAWIN B BO3IYIIHO-
TEIUIOBOM CYIIMJIKE TPH TeMmiepaTtype 40 °C mo
BO3IYIITHO-CyXOT'0 COCTOSIHUSA (BJIQXKHOCTb ~10 %) U
usMesbuain. Jlajee TOYHYI0 HaBECKY HU3MeJIbYeH-
HOT'O CBIPbA (0.1—0.2 T') IOMeIaIH Bo GTOPOILIACTO-
BBIIl BKJIAZIBIII B aBTOKJIABE U A00ABJIAIN 5 MJI KOH-
[IEHTPUPOBAaHHOU a30THOM KUCJIOTHI [12]. ABTOKJIaB
FepPMETHYHO 3aKPBIBAIA U [TOMEMATH B MHUKPOBOJI-
HOBYIO IIeub. PasjioxkeHue mpoObl IPOBOAWIHN B CJIe-
JIYIOIIEM peXKUMe HarpeBa: MOoAbeM TEMIIEPATYPHI [0
200 °C B TeueHHUe 5 MUH, BbIIEP;KUBAHIE B TEUEHHE
5 MuH npu 200 °C, oxnaxaenue 10 45 °C. Oxmax-

Ta6auna 1. OObeKTHI UCCIEL0BAHNUA
Table 1. Objects of study

After collection, the raw material was brought to
the air-dry state (humidity ~10%) in a hot-air drier
at a temperature of 40°C, and crushed. Next, an
accurate weight of the crushed raw material (0.1—
0.2 g) was placed in a teflon liner in an autoclave,
and 5 ml of concentrated nitric acid was added [12].
The autoclave was sealed and placed in a microwave
oven. Sample decomposition was carried out in the
following heating mode: temperature rise to 200°C
for 5 min, incubation for 5 min at 200°C, cooling to
45°C. The cooled autoclave was shaken to mix the
contents, and the dissolved sample was transferred
quantitatively into a 15 ml tube by shaking the
capped liner three times with 1 ml of deionized
water and transferring each wash into the tube,
then diluted to 10 ml with deionized water, closed,
and mixed. Afterwards a 1 ml aliquot was taken
with an automatic dispenser having replaceable tip,
and made up to 10 ml with 0.5% nitric acid; then
the sample solution was analyzed on an ELAN 9000
mass spectrometer (PerkinElmer Inc., USA). The
content of trace elements was determined by induc-
tively coupled plasma mass spectroscopy [13]. To
control the correctness of the determination, a
spike test was used. All measurements were carried
out with 5 samples, and the obtained values were
averaged.

T'eorpadpuueckue
KOOPAWHATHI
ﬁi‘:;fﬂne Mecro npouspacranus / Place of growth Geographical coordinates
IIHPOTA JXOJITOTA
latitude longitude
Vaccinium Tomckast o6s1acth, KosmmaieBCckuil paiioH, 3 KM Ha CEBEPO-BOCTOK oT  58°20.88' 82°59.64'
vitis-idaea r. KosmaiieBo, cMeIaHHbIH J1ec
Tomsk Region, Kolpashevsky District, 3 km north-east from the town
of Kolpashevo, mixed forest
Vaccinium Pecniy6sinka Bypsitusi, CeBepo-balikaabckuil paiioH, 6 KM Ha ceBep oT  55°56.51' 111°09.70'
myrtillus urt Kymopa, 6es1oMmorirHast taiira
Republic of Buryatia, Severo-Baikalsky District, 6 km to the north
from the Kumora village, white moss taiga
Vaccinium Owmckast 06s1acTh, YeTh-MIIIMMCKUH paiioH, 7 KM Ha CEBEPO-BOCTOK OT  57°46.04' 75°03.30'
uliginosum 1. Eyanka, 6010TO B XBOHHOM Jiecy
Omsk Region, Ust-Ishimsky District, 7 km north-east of the village of
Elanka, a swamp in conifers forest
Vaccinium CaxanuHckas 006s1acTh, [TopoHAMCKUY TOPOJICKON OKPYT, 5 KM Ha 49°11.68' 142°57.65'
praestans BOCTOK OT ¢. TUXMeHEeBO, MOXOBOE 60JI0TO
Sakhalin Region, Poronaysky urban District, 5 km to the east from the
Tikhmenevo village, a moss swamp
Oxycoccus Hosocubupckas obs1actb, JI0BOJIEHCKUH PaloH, 5 KM Ha IOTO-BOCTOK ~ 54°29.64' 79°49.92'
quadripetalus ot c. Baras, cdarzoBoe 60710TO
Novosibirsk Region, Dovolensky District, 5 km south-east from the
Bagan village, a sphagnum bog
10 Journal homepage: http://jsms.ngmu.ru
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JIGHHBIN aBTOKJIAB BCTPSXUBAIH JJIA II€PEMEIINBA-
HHUSA COAEPIKUMOTO U PACTBOPEHHYIO TPO0y KOJImye-
CTBEHHO MEPEHOCUJIN B MPOOUPKY 00BEMOM 15 MII,
TPOEKPATHO BCTPSIXUBAS BKJIAJBIII C KPBIIIKOH C 1
MJI JIEMOHU30BAHHOW BOJIBI M IIEPEHOCST KasKIbIA
CMBIB B IPOOUPKY, TOBOAWIN 00BEM /10 10 MJI JIEUO-
HU30BAaHHOU BOJIOU, 3aKPHIBAIA U IE€PEMEIINBAIIN.
ABTOMaTHYECKUM JI03aTOPOM CO CMEHHBIM HAaKOHEY-
HUKOM OTOWpad aTUKBOTHYIO YacThb 1 MJI U JIOBO-
JIMJIA 710 10 MJI 0.5% a30THOM KHUCJIOTOMH, IIOCJIE YEro
aHaIM3UpoBau Ha Macc-cuekrpomerpe ELAN 9000
(PerkinElmer Inc., CIITA). Comep:kaHre MUKPO3Jie-
MEHTOB OIPEIEJISTH METO/IOM MacC-CIEKTPOCKOITUH
¢ WHIYKTUBHO-CBSI3aHHOU Iw1a3zmou [13]. /s koH-
TPOJIA TMPAaBUJIBHOCTH OMpPEAeeHUs] HUCIOTb30BaTH
MeTo7; 7n00aBoK. Bce m3MepeHHs IPOBOAMJIN Ha
5 pobax, U MOoJIyYeHHbIE 3HAUEHUS YCPETHSIIH.

PE3YJ/IBTATBI 1 OBCYKAEHUE

[MosrydeHHbIe pe3yIbTATHI OIIPEIEIEHNS MIKPO3-
JIEMEHTHOT'O COCTaBa PaCTEeHUU IPUBEJIEHHI B TA0JI. 2.

J171s1 masibHeIIero anain3a ObUTU BbIZIEJIEHBI JIBE
TPYIIIBI 37IEMEHTOB (Tabt. 3):

1) BCCEeHIHAJTbHbIE MUKDPOAJIEMEHTHI (KeJies0,
MapraHel, XpoM, Me/ib, KOOQIbT, IUHK), AeUIUT
KOTOPBIX UaCTO ABJIAETCA IPUINHON Hanbosiee pac-
IIPOCTPaHEHHBIX MUKPO3JIEMEHTO30B;

2) BJIEMEHTBHI-TOKCUKAHTBI (MBIIIbSAK, KaJAMUHU,
PTYTh U CBUHEIL), CO/IEPKAHIE KOTOPBIX OIIPE/EIAeT
0e30macHOCTh IIPUMEHEHUsI PACTUTEIbHBIX IIpema-
PAaToB U CTPOrO0 HOPMUPYETCS B JIEKAPCTBEHHOM pac-
TUTEJIBHOM chbIpbe 'ocymapcTBeHHOU dapmakoneeit
XIV uspanus [13].

Kak nokasbpIBaeT aHAIN3 MTOJTyYeHHBIX IAHHBIX, TI0
COZIEp?KAHUIO XPOMa BCe UCCIIETyeMbIe ILI0OABI OJTU3KH,
B TO K€ BpeM II0 COZIEP:KAHUIO MeZN MaKCHMAaIbHOE
3HAUYeHHe HAOJII0/IaeTcss B IUIOAAX KJIIOKBBI. YUHUTbHI-
Basi, YTO Me/[b IOBBINIAET aKTUBHOCTh MHCYJIMHA [1],
IUTOABI KJIIOKBBI MOTYT OBITh PEKOMEH/IOBAHBI IS
NpOMWIAKTAKA WINA B COUYETAHHON Tepamuu caxap-
HOTO 1abeTa, OTHAKO B CBA3HU C TEM, UTO COZIEPIKAHUE
[IMHKA B IUVIOAX YePHUKY MAKCUMAaIBHO — OIITUMAJTb-
HBIM CPEJICTBOM IMPOMIIAKTUKA JAHHOU MATOJIOTHH
OyZIeT cMech IJIOI0B KJTIOKBBI U UEPHUKU.

C nmozunuit mpodunaktuku JK/JA BaxkHO He abco-
JIIOTHOE 3HAUEHE COZIEPKAHMUS JKeJIe3a, & COOTHOIIIe-
HUe KeJie30-Mapranell. [Ipu SKBUMOJIIPHOM COOTHO-
IIEHUH JKeJIe30-MapraHel] MOHBI Kejle3a HaXO/ATCA
[14] B TpexBasieHTHOM BH/IE, UTO SIBJISIETCS ONTHMAJIb-
HbIM Ji1a TpodutakTtuky 2KJIA, Tak Kak B 3TOM CIIy-
yae ymaercs u30eratb IUTOTOKCHUUYECKOTO JIEUCTBHUA
JIByXBaJIEHTHOTO 3kejie3a [15]. C yueToM JaHHOTO
obcTosTeNbeTBA HANb0JIee ONITUMAJTBHBI JJIS UCIIOJTb-
30BaHusA B npodrtaktuke YK/IA 1wiogsl roryouKu.

RESULTS AND DISCUSSION

The results of determining the trace element
composition of plants are given in Table 2.

Two groups of elements were distinguished for
further analysis (Table 3):

1) essential trace elements (iron, manganese,
chromium, copper, cobalt, zinc), the deficiency of
which is often the cause of the most common types of
trace elements imbalance;

2) toxic elements (arsenic, cadmium, mercury
and lead), the content of which determines the safety
of the use of herbal preparations and is strictly stan-
dardized in medicinal herbal raw materials by the
State Pharmacopoeia XV edition [13].

As the analysis of the obtained data shows, all
the studied fruits are similar in the chromium con-
tent; at the same time, the maximum value of cop-
per is observed in cranberry fruits. Considering
that copper increases insulin activity [1], cranberry
fruits can be recommended for prevention or in
combined therapy of diabetes mellitus, however,
due to the fact that the zinc content in bilberry is
the maximum, the mixture of cranberry and bil-
berry fruits will be the best way to prevent this
pathology.

From the standpoint of IDA prevention, it is not
the absolute value of the iron content that is impor-
tant, but the iron-manganese ratio. At an equimolar
iron-manganese ratio, iron ions are [14] in a triva-
lent form, which is optimal for the prevention of
IDA, since in this case it is possible to avoid the cyto-
toxic effect of ferrous iron [15]. Taking this into
account, the bluelberry fruits are the most optimal
for use in the prevention of IDA. In addition, the
fruits of blueberry have the maximum content of
cobalt, which increases the absorption of iron and,
being a stimulant of erythropoiesis, is necessary for
the prevention of IDA.

The content of toxic elements in all the studied
samples is below the reference range: lead — no more
than 6.0 pg/g; cadmium — no more than 1.0 ug/g;
mercury — no more than 0.1 ug/g; arsenic — no more
than 0.5 pg/g [13].

CONCLUSION

The comparison of the content of lead, cadmium,
mercury and arsenic in the studied fruit samples
with their maximum content for herbal preparations
showed that the collected raw materials are environ-
mentally safe and can be used for medicinal pur-
poses. The ratio of essential trace elements is differ-
ent, which must be taken into account in the preven-
tion of a specific trace element imbalance. It was
found that the combination of cranberry and bilberry
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Ta6ouna 2. Cozep:kaHue 3JIEMEHTOB B IIJI0/IaX PACTEHUH ceMelcTBa OPYCHUYHBIE, MKT/T
Table 2. The content of elements in the fruits of plants of the Vacciniaceae family, pug/g

dJIeMeHT Oxycoccus Vaccinium Vaccinium Vaccinium Vaccinium
Element quadripetalus vitis-idaea myrtillus praestans uliginosum
Jlutuii / Lithium 0.071 0.021 0.075 0.021 0.115
Bepuinuii / Beryllium 0.013 0.008 0.008 0.013 0.0033
Harpwuii / Sodium 227.9 16.4 19.1 18.4 88.0
Marnuti / Magnesium 721.4 539.4 878.9 647 477.0
Anromunnii / Aluminum — 33.6 34.0 82.0 55.9 50.0
Kpemuuii / Silicon 420.7 440.6 352.6 327.4 448.0
®ocdop / Phosphorus 788.1 829.3 1151.6 1096.5 987.0
Kasuii / Potassium 6380.1 4605.5 5358.3 6007.8 4400.0
Kaspriuii / Calcium 1160.3 1131.7 835.3 1369.3 930.0
Turan / Titanium 3.01 2.29 2,72 4.09 3.23
Bauajuii / Vanadium 0.19 0.04 0.082 0.11 0.69
Xpowm / Chromium 3.52 2.57 3.83 2.92 3.76
Mapraser; / Manganese  104.4 282.5 48.6 278.1 92.0
Keneso / Iron 42.0 22.3 20.5 49.3 70.0
Kobasst / Cobalt 0.035 0.028 0.022 0.043 0.074
Huxkesb / Nickel 0.61 0.41 2.28 0.36 0.65
Mens / Copper 6.49 4.19 3.71 3.95 3.19
unk / Zinc 9.1 12.0 18.3 8.45 15.1
Taytuii / Gallium 0.02 0.034 0.022 0.033 0.032
T'epmannii / Germanium  0.005 0.0051 0.0085 0.0074 0.003
Mpiibsik / Arsenic 0.4 0.32 0.24 0.4 0.25
Cenen / Selenium 2.00 2.00 2.38 2.00 0.12
Py6uzuii / Rubidium 3.14 13.4 4.44 18.0 12.3
Crponnuii / Strontium 5.37 2.35 1.39 1.51 5.4
Wttpuii / Yttrium 0.011 0.0055 0.003 0.011 0.016
upkonuii / Zirconium 0.052 0.012 0.013 0.035 0.14
Huo6wuii / Niobium 0.0051 0.0014 0.00047 0.0026 0.0066
Monub6sen / Molybdenum 0.030 0.037 0.202 0.12 1.45
Kammuii / Cadmium 0.037 0.01 0.066 0.025 0.093
OsoBo / Tin 20.0 10.1 12.9 18.5 19.7
CypbMma / Antimony 0.030 0.040 0.030 0.030 0.013
Tesutyp / Tellurium 0.007 0.070 0.070 0.070 0.01
Ie3unii / Cesium 0.015 0.060 0.011 0.12 0.073
Bapwuii / Barium 7.57 11.6 8.44 11.1 9.95
Pryts / Mercury 0.023 0.031 0.015 0.02 0.013
Csunern / Lead 0.066 0.095 0.049 0.28 0.75
Bucwmyt / Bismuth 0.01 0.01 0.01 0.01 0.0025
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Ta6auna 3. CojieprkaHue 3CCEHIIMATBHBIX M TOKCUYHBIX MUKPO3JIEMEHTOB B HCCIIE/[YEMBIX ILJIO/IaX, MKT/T
Table 3. The content of essential and toxic trace elements in the studied fruits, ug/g

DJIeMeHT Oxycoccus Vaccinium Vaccinium Vaccinium Vaccinium
Element quadripetalus vitis-idaea myrtillus praestans uliginosum
Maprasren / Manganese  104.4 282.5 48.6 278.1 92.0
Kemneso / Iron 42.0 22.3 20.5 49.3 70.0

Menn / Copper 6.49 4.19 3.71 3.95 3.19

Iunk / Zinc 9.1 12.0 18.3 8.45 15.1
Kobasnst / Cobalt 0.035 0.028 0.022 0.043 0.074

Xpowm / Chromium 3.52 2.57 3.83 2.02 3.76
Mpribsik / Arsenic 0.4 0.32 0.24 0.4 0.25
Kagmuii / Cadmium 0.037 0.01 0.066 0.025 0.093
Csunern / Lead 0.066 0.095 0.049 0.28 0.75

Pryts / Mercury 0.023 0.031 0.015 0.02 0.013

Kpowme Toro, 17107161 TOTyOUKHY COJIEP?KAT MAKCUMAITh-
HOE KOJIMYECTBO K0OAJIbTa, KOTOPHIH ITOBBIIIAET YCBO-
eHHe JKejie3a v, OyIydu CTUMYJISITOPOM BPUTPOII033a,
HeoOxouM 17151 TpodrtakTuky KA.

ConiepskaHue 3J€MEHTOB-TOKCHKAHTOB BO BCEX
HCCIIeyeMbIX 00pasiiax HUXKe JOIMYCTHMBIX HOPM:
CBUHIA — He OoJsiee 6.0 MKT/T; KagMus — He OoJiee
1.0 MKT/T; PTyTH — He 6oJiee 0.1 MKT/T U MBIIIbsIKA —
He OoJiee 0.5 MKT/T [13].

SAK/IIOUEHWE

CpaBHeHUE cofiep:KaHUs CBUHIA, KaIMU, PTYTH
U MBIIIbSIKA B UCCIJIElyeMbIX 00pasiiax IJI0/I0B € UX
[IPEIEJIPHO JIOMYCTUMBIMU KOHIIEHTPALMAMU  JIJIsI
IpernapaToB Ha PACTUTELHOH OCHOBE IIOKA3aJI0, YTO
coOpaHHOE ChIPhE HKOJIOTUUECKH 6€30I1aCHO U MOKET
OBITh HMCIIOJIb30BAHO B JieueOHBIX 1e1saX. COOoTHOIIIEe-
HUE 3CCEHITMAJIbHBIX MHUKPO3JIEMEHTOB Pa3JIMYHO,
YTO HEOOXOIMMO YUMTHIBATH B MPOMIIAKTUKE KOH-
KPETHOTO MHUKpO3eMeHnTo3a. OOHapy:KeHO, dYTO
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is optimal in terms of manganese and zinc content,
and can be used in combined therapy, as well as for
the prevention of diabetes mellitus. As for the pre-
vention of IDA, it is preferable to use the fruits of
blueberry.
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AHHOTAIIUA

BBegeHue. IopbmeHnne 3¢hPEeKTUBHOCTA XUMUOTEPAIINY PAaKa SHYHUKOB SIBJISIETCS BAXKHOU 3a/1auell COBpeMeHHOU
OoHKOTUHeKosioruu. Cepbe3HbIM HeZI0OCTATKOM XUMHUOTEpPaleBTUUeCKUX IIPenapaToB, IPUMeHAeMbIX IIPU JIeYeHUH 3I0Ka-
YeCTBEHHBIX HOBOOOPA30BAaHUI AUYHUKOB, ABJISETCA HU3KasA CEJIEKTUBHOCTh U CBSI3aHHAS C 3THM BBICOKAs 00Ias TOK-
CUYHOCTD, TPOSIBJIAIONIASCSA B BU/IE COBOKYITHOCTH HEXKeJIATeIbHBIX TOOOUHBIX 3 deKToB XuMuoTepanuu (pyHKIIMOHATb-
Hble HapyIIIeHUs KeJIyA0UHO-KHUIIIEYHOTO TPAKTa, TOKCHYECKOEe BO3/IEHCTBIE HA PAa3/INUHbIE OPTaHbl U CUCTEMY KPOBH). B
TIOCJIE/THYE TOZBI U3YYAETCs POJIb TUcOaKTEPHO3a KakK (pakTopa, BIUSIONIEr0 Ha IIEPEHOCHMOCTb XUMHOTEPATIAH.

IT e 1 b . CpaBHUTP BHIPAYKEHHOCTH PA3BUTHS HEKEJIATEIHHBIX SIBJIEHU y MTAIIUEHTOK CO 3JI0KAYECTBEHHBIMU HOBOOOPA30-
BAHUSMH SUYHIKOB, IOJIYJAIOIINX XUMHUOTEPAIIHIO, HA (hOHE TPUMEHEHHUSI IPOOHOTUKOB U 6€3 IpUMeEHEHUS TPOOUOTHKOB.
MaTepuans WU MeTOJB . BucciesoBaHuy IpUHSIN yYacTUe 25 MAIMEHTOK C JUATHO30M «Pak ANYHUKOB
II-1V craguu». [laiueHTKaM TPYIIIBI HCCIeOBAaHUA (10 Uesl.) MPOBOIMIOCH KOMOMHUPOBAHHOE JieueHne (IUTOpeIyK-
THBHAasI OTepaIs + 6 KypcoB XMMUOTeparnuu). [TalfueHTKH 5TOH IPYIIIbI Ha MPOTSKEHUH 3 KYPCOB XUMUOTEPATIUHU T10JTY-
YaJii MYJIbTUCUHOUOTHK «BemabuoOTHK» — WHHOBAIMOHHBINA OTEUECTBEHHBIM Ipenapar, COAepsKallui 11 IITaMMOB-
MIPOOUOTHUKOB, TPEOUOTHK, BUTaMUH C 1 IPUPOAHBIN cOpOeHT. ['pyIIly cpaBHEHUS COCTABUIIU 15 TAIIUEHTOK C IHarHO30M
«pak suyHUKOB [1-IV crajiun», KOTOPHIM OBLIIO ITPOBEIEHO TO JKe JIEYUEHUE, YTO U AIIMEHTKAM T'PYIIITbI KCCIIEI0BAHUS, HO
6e3 mprema MpoOUOTUYECKUX ITpenapaToB. [ usydenus 3¢pGeKTUBHOCTH IIpHeMa MPOOUOTHUKOB OIEHUBAJINCE: 001Iee
COCTOsIHHE TIAIMEHTOK I0 Iikayse KapHoBckoro (mokasareab — uHIeKC KapHOBCKOTO); KaYecTBO KU3HU MAI[UEHTOK IO
omnpocHuky EORTC QLQ-C30 (version 3.0); pe3y/IbTaThl OOIIEKTIMHAYECKOTO U OHOXMMUYECKOTO aHATN3a KPOBH.
PesynabTartsl. OneHka o0IIero COCTOSHUs MAaMEHTOK M0 mikajae KapHOBCKOTO MoKa3ajia JOCTOBEPHOE YIydIlleHHe
CaMOYYBCTBUS MAIUEHTOK B TPYIIIIE MCC/IEIOBAHUA. Y MAllMEeHTOK, IPUHUMABIIUX «BenabuoTuk», J0CTOBEpHO MeHee
BBIPAKEHBI TAKHE CyOhEKTHBHBIE 3KaI00bI, KaK OJIbIIIKA, 60JIb, HAPYIIIEHHUE CHA, CJIa00CTh, CHUKEHIE alllIeTUTA, TOIITHOTA,
pBoTa, muapes. COryIacHO JAHHBIM OMOXUMHYECKOTO aHAJIN3a KPOBU, B IPYIIIE UCCJIET0BAHUSA JOCTOBEPHO HIKE YPOBEHD
IeYeHOYHBIX (PEPMEHTOB.

3aknioueHue. [IpuBeaeHHbIE JaHHBIE MOTYT YKa3bIBATh HA BO3MOXKHOCTh XUMHUOIIPOTEKTOPHOTO 3(pdekTa co cTo-
POHBI MUKPOOUOTHI TOJICTOTO KHUIIEYHHKA. [I0 MHEHHIO aBTOPOB, MYyJIbTUCHHOUOTHUK «BemabuoTuk» MOKeT OBITh peKo-
MEHZI0OBaH [/ BKJIIOUEHUS B JMEeTy OHKOJIOTMYECKUM MalHeHTaM, [OJIYYaloIIiM IIPOTHUBOOIYXOJIEBYIO TEPAIUIO, JJIA
3(HeKTUBHOTO BOCCTAHOBJIEHNSI MUKPOOHOTHI TOJICTOTO KUIIIEYHUKA.

Knaoueesle cn106a: pak AMYHUKOB, XUMUOTEPAIHS, TPOOMOTUKY, CHHOMOTHKY, BegrabroTuk.
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aun C.H., ITanosa A.C., Bakynun K.A., MosiokeeB A.B. Pojib IpOOGHOTHKOB B KOPPEKITUN HEKEJIATEIbHBIX SBJIEHUN
Ha (HOHe XMMUOTEPANNHY Y NAIFEHTOK CO 3JI0KaYeCTBEHHBIMH HOBOOOpa3oBaHUsAMHU ssndHUKOB // Journal of Siberian
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ABSTRACT

Introduction. Increasing the effectiveness of chemotherapy for ovarian cancer is an important task of modern
oncogynecology. A serious disadvantage of chemotherapeutic drugs used in the treatment of malignant ovarian neoplasms
is a low selectivity and the associated high systemic toxicity which manifests itself as a combination of undesirable side
effects of chemotherapy (functional disorders of the gastrointestinal tract, toxic effects on various organs and the blood
system). In recent years, the role of dysbiosis as a factor affecting the tolerability of chemotherapy has been studied.
Aim . Tocompare the severity of the developing adverse events in patients with malignant ovarian neoplasms receiving
chemotherapy with the use of probiotics and without them.

Materials and methods. The study involved 25 patients diagnosed with stage II-IV ovarian cancer. The
patients of the study group (10 women) underwent combined treatment (cytoreductive surgery + 6 courses of chemother-
apy). During 3 cycles of chemotherapy, the patients of this group received VedaBiotic, an innovative domestic multisynbi-
otic drug containing 11 strains of probiotics a prebiotic, vitamin C, and a natural sorbent. The comparison group consisted
of 15 patients diagnosed with stage II-IV ovarian cancer, who received the same treatment as the patients in the study
group but without taking probiotic preparations. To study the effectiveness of taking probiotics, the following were assessed:
condition of patients according to the Karnofsky Performance Scale (indicator — Karnofsky performance score); quality of
life of patients according to the EORTC QLQ-C30 questionnaire (version 3.0); results of full blood count and blood chem-
istry.

Results. Theassessmentof patients’ general status on the Karnofsky Performance Scale showed a significant improve-
ment in the well-being of patients in the study group. Patients who took VedaBiotic had significantly less pronounced
subjective complaints such as dyspnea, pain, sleep disturbance, asthenia, loss of appetite, nausea, vomiting, diarrhea.
According to the results of blood chemistry, the level of liver enzymes was significantly lower in the study group.
Conclusion. Thesedata may indicate the possibility of a chemoprotective effect on the part of the microbiota of the
large intestine. In the authors’ opinion, VedaBiotic can be recommended for the inclusion into the diet of oncological
patients receiving anticancer therapy to effectively restore the microbiota of the large intenstine.

Keywords: ovarian cancer, chemotherapy, probiotics, synbiotics, VedaBiotic.
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BBEJAEHUE

IToBbimienue 3(PEOEKTUBHOCTH XUMUOTEPANIUNU
paka AUYHUKOB SIBJISIETCS BaXKHOU 3a/lauedl coBpe-
MEHHOU oOHKoruHekosioruu. COTJIacHO JTaHHBIM
2019 T., paKk SIUYHUKOB 3aHUMAEeT JEBATOE MECTO
B CTPYKTYpE OO0IIel OHKOJIOTHUYECKOH 3a060J1eBaeMO-
ctu HacesieHus Poccun. Ha /10110 mariueHToB ¢ Aua-
THO30M «paK SIMYHUKOB» IPUXOAUTCA 4.1 % KeH-
CKOTO HACEJIeHHs, IIPU 3TOM Yalle BCero HaTOJIOTHA
BBISBJISIETCA B Bo3pacre 50—69 et [1]. ITokasarensb
3a00J1€BAaEMOCTH 3JI0KQUECTBEHHBIMU HOBOOODPA30-

INTRODUCTION

Increasing the effectiveness of chemotherapy for
ovarian cancer is an important task of modern onco-
gynecology. According to 2019 data, the ovarian can-
cer ranks ninth in the structure of the total cancer
incidence of the Russian population. The proportion
of patients diagnosed with ovarian cancer accounts
for 4.1% of the female population, with the pathology
most often detected at the age of 50-69 years [1].
The incidence rate of malignant neoplasms of the
ovaries in the Russian Federation in 2019 was 18.06
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BaHUSAMHU SUIHUKOB B Poccuiickoit ®eneparun
B 2019 T. coctaBus 18.06 Ha 100 ThIC. KEHCKOT'O
HacesieHusi, B Cubupckom ®DejiepayibHOM OKpyTe —
20.23 Ha 100 ThIC. KEHCKOTO Hacesenusa, B HoBocu-
Oupckoi 061aCTH — 19.07 HA 100 ThIC. KEHCKOTO
HacesjeHus [1].

CorlacHO  KJIMHUYECKMM  PEKOMEH/alHsaM
MuHucTepcTBa  3/paBooxpaHeHuss — Poccuiickoi
Qenepaniuy 2020 T. MO JICYEHHUIO PACIIPOCTPAHEH-
HBIX (OpPM BJIOKAUECTBEHHBIX HOBOOOpPa30BaHUU
SIMYHUKOB, PEKOMEH/IYETCSI TIPOBE/IEHNE OIepaTHB-
HOTO JIeYeHHUs B 00beMe IIOJTHOU MJIN OIITHUMAaIbHOH
IUTOPEAYKIIUA HA IEPBOM BTalle C IMOCIEAYIOIINM
MPOBEJIECHUEM abIOBAHTOU MOJUXUMHOTEPATIUHI
npernapaTtamMy IUIATUHBI B KOMOWHAITMUA C TaKca-
Hamu. IIpy HEBO3MOKHOCTU BBIMTOJTHEHUS OIITH-
MaJbHOU IUTOPEAYKTUBHOM OIlepaliiyd Ha MEPBOM
JTame peKOMeHyeTcs HayWHaTh JIeYeHHe ¢ Heo-
aJIPIOBAHTHOM TaKCaH- H IUIATHHOCOJEPIKAIIEH
MOJTUXUMHUOTEPATINH [2].

Cepbe3HBIM HEJIOCTATKOM XHMHUOTEpaIeBTHYe-
CKHX IIPENIapaToB, IPUMEHIEMbIX TP JIEUEHUH 3J10-
KauyeCTBEHHBIX HOBOOOPa30BaHUHN SIMUHUKOB, SIBJISI-
eTcsl HU3Kas CEeJIeKTUBHOCTh W CBA3AHHAS C 3THUM
BBICOKAsA O0OINasi TOKCHYHOCTh. HexxesaTenrbHbIE
SIBJIEHUS, BO3HUKAIOIIME TIPYU MPOBEAEHUN XHMHO-
Tepalyy, BKJIIOYAIOT KaK TeMO- U UMMYHOJIEIpec-
CHUIO, TaK U CTPYKTYPHBIE MOPAKEHUs BHYTPEHHUX
OopraHos [3, 4].

HesxenaTeIbHBIMU SIBJIEHUSIMU XUMHUOTEPATTUH
SIBJISIIOTCSI TOIITHOTA, PBOTA, HEKPOTHYECKAs SHTEPO-
maTus, CBA3aHHAA C MOpPa’KEHUEM CJIM3UCTOU 000-
JIOYKU KHUIIIEUHUKA, TernaToOMIuapHble PacCTpOM-
cTBa [5, 6]. C XuMHUOTEpaIIHEeN TaKKe CBSI3aHO Pa3BU-
THe AucOM03a KUIIEYHUKA, a UMEHHO M30bITOYHBIN
poct u axruBusaius Clostridium difficile u pexe
Klebsiella oxytoca, 4To sABJAETCA OAHON U3 IPUUUH
YCTOMYUBOU inapeu Ha (DOHE MOJTUXUMHUOTEPAITUU U
JIOJITO€e BpeMsI TIocyIe ee 3apepinenus [7, 8].

MukpobroTa B COBOKYIIHOCTA CO MHOTUMH JPY-
ruMH haKTOpaMHU PHCKa MPUBOAUT K KOJIJIEKTHBHOM
OTBETCTBEHHOCTH 3a TPOIlecC KaHI[epOTreHes3a.
K HacrosiemMy BpeMeHH IPOBEIEHO AOCTATOYHO
HCCIIEI0OBAHUI, TTOCBAIIEHHBIX CBA3U MEXKY KUIIEU-
HOH MUKPOOHMOTOH U Pa3BUTHEM 3JI0KAYECTBEHHBIX
HOBOOOpPA30BaHUU JIBIXaTEJIbHOTO, MOYEIIOJIOBOTO,
JKEeJTYIOUYHO-KUIIIEYHOTO ~ TPAaKTOB.  Pe3ysbTaThbl
HCCJIEZIOBAHUH MMOKA3bIBAIOT, UTO MUKPOOHBIN JHC-
0103 CrocoOCTBYeT BOCIPHUUMYHBOCTH K Paky
MOCPEICTBOM MHOKECTBEHHBIX MEXaHU3MOB [9].

[ToBbireHue copepskanus 6udumobakrepuii obe-
CIIeUYMBAeT CO3/[aHUE OJIarONpHUATHOU Cpeabl I
KHUIIIEYHBIX TTPUCTEHOYHBIX CHUMOHUOHTOB 34 CUET yBe-
JINYEHUs COZIEP’KAHUSI B KUIIEYHUKE KOPOTKOIIEIIO-

per 100 thousand female population, in the Siberian
Federal District — 20.23 per 100 thousand, and in the
Novosibirsk Region — 19.07 per 100 thousand female
population [1].

According to the 2020 Clinical Guidelines of the
Ministry of Health of the Russian Federation on the
treatment of advanced ovarian cancer, at the first
stage, the surgical treatment in the volume of com-
plete or optimal cytoreduction (debulking surgery)
followed by an adjuvant polychemotherapy with
platinum drugs in combination with taxanes, is rec-
ommended. If, at the first stage, it is impossible to
perform optimal cytoreductive surgery, it is recom-
mended to start treatment with neoadjuvant taxane-
and platinum-based polychemotherapy [2].

A serious disadvantage of chemotherapeutic
drugs used in the treatment of ovarian malignancies
is the low selectivity and associated high systemic
toxicity. Adverse events that occur during chemo-
therapy include both hemo- and immunosuppres-
sion, and structural damage to internal organs [3, 4].

Adverse effects of chemotherapy are nausea,
vomiting, necrotizing enteropathy associated with
damage to the intestinal mucosa, and hepatobiliary
disorders [5, 6]. Chemotherapy is also associated
with the development of intestinal dysbiosis, namely,
overgrowth and activation of Clostridium difficile
and, less commonly, Klebsiella oxytoca, which is
one of the reasons of persistent diarrhea during
polychemotherapy, and for a long time after its com-
pletion [7, 8].

The microbiota, together with many other risk
factors, leads to a collective responsibility for the
process of carcinogenesis. To date, enough studies
have been carried out focusing on the relationship
between the intestinal microbiota and the develop-
ment of malignant neoplasms of the respiratory,
genitourinary, and gastrointestinal tracts. The
results of these studies indicate that microbial dys-
biosis contributes to cancer susceptibility through
multiple mechanisms [9].

An increase in the content of bifidobacteria pro-
vides a favorable environment for the mucosa-asso-
ciated bacteria by increasing the content of short-
chain fatty acids in the intestine, a high level of coli-
cins, inhibition of growth of putrefactive bacteria,
and enhancing the enzymatic digestion of the intesti-
nal contents. Under such conditions, the aggressive
action of cytostatic and hormonal drugs on the intes-
tinal mucosa is significantly less traumatic for both
intestinal villi and symbiont microcolonies [10].

A meta-analysis conducted using the Cochrane
Central Register of Controlled Trials showed that the
use of probiotics before and during chemotherapy
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YEUHBIX KUPHBIX KUCJIOT, BBICOKOTO YPOBHS KOJIHIIH-
HOB, TIOJ[aBJIEHUSI POCTa THIJIOCTHOH MHUKPOQJIOPHI,
ycuienust bepMeHTaTUBHOM 06pabOTKY COIEPIKUMOTO
KHUIIKA. B TakuxX yCJIOBHSIX arpeccHBHOE JIEHICTBHE
[IUTOCTATHYECKUX M TOPMOHAJIBHBIX IPENapaToB Ha
CJIM3UCTYIO 000I0UKY KHIIIEYHHKA CYIIIECTBEHHO MeHee
TPaBMATUYHO KaK /IS BOPCUHOK KHUINEUYHUKA, TaK U
JUIS. MUKPOKOJIOHUH CHMOMOHTOB [10].

MeTaaHanuns, MpOBEeIEHHBIN ¢ UCIOJIb30BAHUEM
KokxpelHOBCKOTO LIEHTPAIIBHOTO PETHCTPA KOHTPO-
JIUPYEMBIX UCCIEN0BAHUM, ITOKA3aJI, YTO IIPUMEHE-
HUe MPOOWOTUKOB /10 U BO BPeMs XHMMHUOTEPATIUH
5¢hdEKTUBHO MIPEIOTBPAIIAET BOSHUKHOBEHUE A~
P€eu CpeJlll OHKOJIOTHYECKUX MarueHToB. CorjiacHo
pe3yJibTaTaM HCCIeI0BAHUM, IPUEM MPOOUOTUKOB
CIIOCOOEH YJIYUIIUTh TepamneBTUYECKUN 3dderT
IpU JIEYEHUW JUaped, BBI3BBAHHOU XHMHOTEpa-
e, ¢ MEHBIIUM KOJUYECTBOM HeXKeJIaTeJIbHBIX
sABJIeHuN [11].

s coxpaneHus 3(pPEKTUBHON WHTEHCUBHOCTU
JTO30BOTO PpeXrMa HeOoOXOAMMO HCIIOJIb30BaHUe
BCETO apCeHasIa CPEJICTB COIPOBOAUTETHHON Tepa-
iy [12]. B ¢BA3Y ¢ 3TUM OUCK B pa3pabOTKa HOBBIX
IpernapaToB COIPOBOIUTETHLHOTO JIEUeHU s IIPU IIPO-
BeJIEHUH XUMHUOTEPATIUH SIBJISIETCSA aKTyUITBHOU IIPO-
061eMO¥ 1 00YCJIOBJIMBAET I1€JIb HACTOSAIIETO HCCIe-
JIOBaHUA.

IIEJIb NCCJIEAOBAHUA

CpaBHUTH BBIPAKEHHOCTb PpA3BUTUA HeXKesa-
TEJIPHBIX SIBJIEHUU y MAIUEHTOK CO 3JI0KAYECTBEH-
HBIM HOBOOOPA30BaHUAMU SIUUYHUKOB, ITOJIYIAIOIIIX
XUMUOTepanuio, Ha ¢oHe IPUMeHEeHHs MPOOUOTH-
KOB 1 6€3 mpuMeHeHUsI TPOOUOTHUKOB.

MATEPUAJIbI 1 METO/IbI

B pabore ucnosb3oBascs JTUODUIU3UPOBAHHBIA
KaICyJIMPOBAHHBI IPOOMOTHYECKHH Ipemapar
«BemabuoTuk» (CBUIETENIHCTBO O PETHCTPAIH
RU.77.99.88.003.R.000658.03.20 oT 06.03.2020).
B cocraB mpemapaTa BXOAUT 11 INTaMMOB-
MPOOHOTHUKOB B OTHOU M3 CAaMbIX BBICOKUAX KOHIIEH-
Tpaliii Ha pHIHKE: 6 MTaMMOB OuduIob6aKTepUin
(Bifidobacterium (B.) bifidum (2 wmramMma),
B. longum (2 mrramma), B. breve, B. adolescentis),
4 mramma Jjakrobakrepuii (Lactobacillus (L.)
acidophilus, L. caset, L. plantarum, L. rhamnosus),
Streptococcus thermophilus, KOTopble YCHIHUBAIOT U
JIOTIOJTHSIIOT JIEHCTBUE APYT Apyra; IPeOUOTHK JIaK-
Tys03a; BuTaMuH C; MIPUPOHBIH COPOEHT — MUKPO-
KPUCTAJINYECKAS IeJUTI0I03a.

JlnopwiusupoBanHass ¢opMa ITPOOUOTHUKOB, B
OTJINYUE OT JKUJAKOW (OPMBI, ITO3BOJIAET CO3/1aTh
YCTOMYMBBIN KOHCOPITUYM U3 JIAKTO- U 6udunobak-

was effective in preventing diarrhea among cancer
patients. According to the studies, probiotics can
improve the chemotherapy-related diarrhea treat-
ment outcomes, which results in fewer adverse
events [11].

To maintain the effective intensity of the dose
regimen, it is necessary to use the entire arsenal of
supportive care [12]. In this regard, the search and
development of new drugs for supportive care during
chemotherapy is an urgent problem and determines
the purpose of this study.

AIM OF THE RESEARCH

To compare the severity of developing adverse
events in patients with ovarian malignancies receiv-
ing chemotherapy along with probiotics and without
their use.

MATERIALS AND METHODS

We used a lyophilized encapsulated probiotic
preparation VedaBiotic (registration certificate
RU.77.99.88.003.R.000658.03.20 dated March 6,
2020). The composition of the drug includes 11 pro-
biotic strains in one of the highest concentrations on
the market: 6 strains of bifidobacteria (Bifidobacte-
rium (B.) bifidum (2 strains), B. longum (2 strains),
B. breve, B. adolescentis), 4 strains of lactobacilli
(Lactobacillus (L.) acidophilus, L. casei, L. planta-
rum, L. rhamnosus), Streptococcus thermophilus,
which enhance and complement each other’s action;
lactulose as a prebiotic; vitamin C; natural sorbent —
microcrystalline cellulose.

The lyophilized form of probiotics, unlike the lig-
uid form, allows you to create a stable consortium of
lactobacilli and bifidobacteria. A balanced and mutu-
ally reinforcing formula of bifidobacteria and lacto-
bacilli creates the necessary diversity of bacteria in
the intestine.

The complex effect of the drug lies in the high
antagonistic activity of bifidobacteria and lactobacilli
toward a wide range of pathogenic and opportunistic
microorganisms, as well as the production of various
substances and factors by these beneficial bacteria
necessary for the body to maintain an optimal func-
tional state and well-being, to increase systemic
immunity and regulate the body processes of fat and
carbohydrate metabolism [13]. VedaBiotic has a
modulating effect on the cytokine production, caus-
ing a decrease in the pro-inflammatory cytokines
IL-1B and IFNy, and an increase in the anti-inflam-
matory cytokine IL-10 [14]. Prebiotic factors (lactu-
lose and microcrystalline cellulose) contribute to the
effective restoration, growth and development of
beneficial intestinal microflora.
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Tepuii. COasaHCUPOBAaHHAS U B3aUMHO YCHJIMBAIO-
masi ¢popmysa u3 6udUI0- U JAKTOOAKTEPUI CO3-
JlaeT HeoOXomMMOe paszHooOpasue OakTepuii B
KHUIIIEUHUKE.

KoMmIutekcHOe JielicTBHE IIpernapaTa 3aKJIrda-
eTcsA B BBICOKOH AaHTATOHHUCTHYECKOH AaKTUBHOCTH
6udumo- 1 TaKTobaKTEPUH IPOTUB IITUPOKOTO CIIEK-
Tpa MAaTOTeHHBIX U YCIOBHO-TIATOTEHHBIX MUKPOOP-
TaHU3MOB, a TaKKe MPOAYKIIUU STUMHU ITOJE3HBIMHU
OaKkTepUsMU PAa3JIUYHBIX BeIIeCTB U (HAKTOPOB,
HEOOXOTMMBIX OPTaHU3MY JJIS MOJJIEPKAHUS OITH-
MaJbHOTO (PYHKIIMOHAJIBHOTO COCTOSIHUSI U XOPO-
IIIer0 YPOBHsI 37I0POBbsl, B IIOBBIIIIEHHH OOIIETO
HMMYHUTETa WU HOPMAJIU3AI[AH IIPOILECCOB KUPO-
BOTO U YIJIEBOAHOTO OOMeHa B opranuame [13].
«BemabuoTnk» OKa3bIBa€T MOJIYJIMPYIOIIEE BIIHS-
HHE Ha MPOAYKIIWIO ITUTOKUHOB, BBI3BIBAsA CHIDKE-
HUE TPOBOCIATUTENBHBIX IUTOKUHOB WJI-1f u
VN®HY u noBbllleHHE IPOTHUBOBOCIAIUTEIBHOTO
nuTokuHa NJI-10 [14]. [Ipebuotnyeckue GakToOphI —
JIAKTYJI03a 1 MUKPOKPHUCTAJTNYECKast eJITI0JI03a —
CrtocoOCTBYIOT 3((GEKTUBHOMY BOCCTaHOBJIEHHIO,
POCTY ¥ Pa3BUTHIO IIOJIE3HOH MHUKPODIIOPHI
KUIIIeYHUKA.

B xo7e uiccsienoBaHus ONEHUBAIN BIUSHUE TIpe-
mapata «BegaBHOTHK» Ha KauecTBO JKU3HH, TOKa3a-
TeJIM TOKCUYHOCTH IPOBOIMMOTO JIEUEHUsI Y TTaI[ieH-
TOB, TTOJIYJAIOITUX XUMHUOTEPATIUIO. ICII0JIb30BaTUCh
CJIEYIONINE KPUTEPUHU BKJIFOUEHUS B UCCIIE/IOBAHUE:

1. JIoOpOBOJIBHOE COTJIacHe Ha yJacTHhe B HCCe-
JIOBAHUM IIyTEM TIPEAOCTAaBJIEHUS] MHCbMEHHOTO
UH(POPMUPOBAHHOTO COTJIACHUS.

2. Jluma »KeHCKOTO IoJia B Bo3pacre OT 18 10
80 sner.

3. /lmarsos u IpeJIIiecTBYOIIee CIEHATU3HPO-
BaHHOE JIeUeHUe:

a) HaJW4YWe 3JI0KaYeCTBEHHOTO HOBOOOpa3oBa-
HUs aunuHukoB I1-1V craguu;

0) mmaIueHTKe BBITIOJTHEHO OIIEPATUBHOE JIEUeHHe
U ecTh HeOOXOJUMOCTh B IIPOBEJEHHU CHCTEMHOM
IIPOTHUBOOITYX0JIEBOU TE€PAITHH.

4. Craryc maruenTta no mkaite ECOG (Eastern
Cooperative Oncology Group) He 06osee 2 win
uHjlekc KapHoBcKoTo He MeHee 50 %.

Kpurepusamu uckIoueHnss ObIM: OTKA3 OT yda-
CTUS B WCCIIEIOBAHUU; OepeMeHHOCThb/KOpMJIEHHE
TPY/AbIO, HEIIEPEHOCHMOCTh KaKOT0-JTHO0 U3 KOMIIO-
HeHTOB «Bemabuoruk»; 000e 3a0osieBaHMe KN
COCTOSTHHE, KOTOpOE Jiesiajio Obl WHTEPIPETAIIHIO
IIOJIyYeHHBIX IAHHBIX HEBO3MOKHOM.

B rpynmy ucciemoBaHust ObLTM BKIIOUEHBI TTAITH-
€HTKU C JUArHO30M «pak AnYHukKoB II-1V craguu,
THUCTOJIOTHYECKH — CEPO3HBIN PaK IMYHUKOB». B maH-
HOU TPYIIIIe MPECTaBIEHbI TAITHEHTKH C COIIYyTCTBY-

In the course of the study, the effect of VedaBiotic
on the quality of life and the toxicity in patients
receiving chemotherapy was evaluated. The follow-
ing inclusion criteria were used:

1. Voluntary consent to participate in the study by
providing written informed consent.

2. Women aged 18 to 80 years.

3. Diagnosis and previous treatment:

a) presence of the ovarian malignant neoplasm,
stage II-1V;

b) already performed surgical treatment, and the
necessity of the systemic anticancer therapy.

4. The ECOG (Eastern Cooperative Oncology
Group) performance score is no more than 2, or Kar-
nofsky performance score is minimum 50%.

The exclusion criteria were: refusal to participate
in the study; pregnancy/lactation, intolerance to any
of the VedaBiotic components; any disease or condi-
tion that would make impossible the interpretation
of the data obtained.

The study group included patients with a diagno-
sis of stage II-IV ovarian cancer, histologically veri-
fied serous ovarian cancer. This group included
patients with comorbidities (diabetes mellitus, arte-
rial hypertension, obesity, coronary artery disease
(CAD)). All patients in this group underwent com-
bined treatment (cytoreductive surgery + 6 cycles of
chemotherapy). The volume of performed cytore-
duction was radical hysterectomy, resection of the
greater omentum in optimal or suboptimal volume.
Before the treatment, all patients in this group
underwent diagnostic (staging) laparoscopy to assess
the spread of cancer. Chemotherapy was carried out
according to the regimen paclitaxel 175 mg/m? on
day 1 + carboplatin AUC 6 on day 1 of a 21-day cycle.
Patients in this group received VedaBiotic for 3
courses of polychemotherapy without interruption at
the rate of 1 capsule per 30 kg of body weight.

The condition of the patients was assessed accord-
ing to the data obtained during three visits of patients
to the oncologist. The visits took place the day before
the start of the next course of chemotherapy. There
were 21 days between visits.

The control group included patients also diag-
nosed with stage II-IV serous ovarian cancer. This
group also includes patients with comorbidities
(arterial hypertension, CAD, arrhythmia, diabetes
mellitus). All patients in this group received the
treatment in full (cytoreductive surgery + 6 courses
of chemotherapy with platinum and taxanes).
Patients in the control group did not receive probiot-
ics during chemotherapy.

To study the effectiveness of the treatment in
groups, we evaluated:
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IOIIEeN MaToyIoTHed (caxapHbIU fuabeT, apTepuab-
Has TUNEpPTeH3UdA, OKUPeHHe, WIIeMUYecKas
6ose3np cepama (MBC)). Beem mareHTKaM B 3TOM
IpyIIle MIPOBOAUIOCH KOMOWMHUPOBAHHOE JIEUEHHE
(mmuTopenykTHUBHAA omepanua + 6 KypCOB XHMHUO-
tTepanun). OOBbEM BBINOJTHEHHON ITUTOPEAYKIIUN —
SKCTUPIAINS MATKU C IPUJIATKAMU, PE3EKIUs 00ITb-
IIIOTO CAJIPHUKA — ONTUMAJIBHBIH W CyOOITHMAITb-
HbI 00beM. Ilepes; mpoBe/leHUEM CIIEIIHMATH3UPO-
BAHHOTO JIEYEHN S BCEM MTAIIHEHTKAM JAHHOH TPYIIITbI
IIPOBOAMIIACH TUATHOCTHYECKAsS JIAIIAPOCKOIIUS /IS
OIIEHKH PaCIPOCTPAaHEHHOCTH MpoIecca. XUMHUOTE-
pamus TpOBOAWJIACH IO CXEeMe IaKJIUTaKCesl
175 mr/m? B 1-U JieHb + KapborutatuH AUC 6 B
1-# JIeHb 21-AHEBHOro IuKia. [lanueHTKH TaHHOU
TPYIIIBI TOJTydauIu npenapar « Begabunotuk» Ha ipo-
TSOKEHUU 3 KypCOB MOJIMXUMHOTEpANUU 0e3 mepe-
phIBa U3 pacueTa 1 Karcysia Ha 30 KT MacChl TeJia.

CocTosiHUE TTAITEHTOB OIIEHUBAJIOCH HA OCHOBA-
HUH JIJAHHBIX, TIOJIyYeHHBIX BO BpeMs TpeX BU3UTOB
MAIUEeHTOB K OHKOJIOTY. BU3WUTHI MPOBOJUIINCEH 3a
JIeHb JI0 HAayajia 04epeTHOTO Kypca XUMUOTEPATHH.
Mesx/ty BU3UTAMU IIPOXOJIUII 21 JIeHb.

B KOHTpPOJIbHYIO TPYIIITY OBUIH BKJIIOUYEHBI TaI[H-
€HTKH TaKXKe C TMAaTHO30M «CEPO3HBIN PaK AMYHU-
koB II-1IV crajium». B manHOM TpyIe Takxke mpes-
CTaBJIEHbI TAIIMEHTKU C COIYTCTBYIOIIEH IAaToJIO-
ruelt (aprepuanpHas runeprensusd, UBC, apurmus,
caxapHbIi guabet). Bee manueHTKY JTAHHOM TPYIIIIBI
MIOJTyYaJTH CIIeIUAIN3UPOBAHHOE JIEUeHUE B IIOJTHOM
obpeMe (IIUTOPENYKTHUBHAS omeparnus + 6 KypcoB
XUMHUOTEpANN IIpernapaTaMy IUIAaTUHBI U TaKca-
HaMmu). [TallMeHTK KOHTPOJIBHOU TPYIINBI HE MOJIy-
Yayii MPOOUOTHKY B TEUEHIE XUMHUOTEPAIIHH.

Joia usydyeHuss 3p@eKTUBHOCTU HPOBOAUMOTO
JIeUeHUs B TPYIIIAX OIIeHUBAJIUCD:

— ob1ee COCTOSTHIE OHKOJIOTHYECKOTO OOJIBHOTO
o mrkasie KaproBckoro (onpezensics uHeke Kap-
HOBCKOTO, B ITPOIIEHTHOM COOTHOIIIEHUN);

— KayeCcTBO KMU3HH 10 ompocHuUKy European
Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30 (EORTC QLQ-
C30) (version 3.0);

— Pe3yJIbTaThl OOIIEKJIMHUYECKOTO U OHMOXUMHU-
YeCKOro aHaIu3a KPOBH.

Crarucruueckasi o6paboTka MPOBOAWIIACH IIPU
IIOMOIIM TaKeTa mporpamm Statistica 10 (StatSoft,
CIIIA).

PE3YJ/IBTATDBI 1 OBCY KAEHUWUE

B nccieroBanue 661710 BKIIIOUEHO 25 MTAITUEHTOK:
10 MaIMEeHTOK BOIUIM B TPYIIILY UCCIENOBAHHUA U
15 IAaIMEHTOK — B KOHTPOJIbHYIO Ipynmy. CpenHuit
BO3pacT MallUeHTOK B I'PYIIle UCCIe0BaHUA COCTa-

— performance status of an oncological patient
according to the Karnofsky Performance Scale (Kar-
nofsky performance score was determined, as a per-
centage);

— quality of life according to the European Orga-
nization for Research and Treatment of Cancer Qual-
ity of Life Questionnaire Core 30 (EORTC QLQ-C30)
(version 3.0);

— results of full blood count and blood chemistry.

Statistical processing was carried out using the
Statistica 10 software package (StatSoft, USA).

RESULTS AND DISCUSSION

The study included 25 female patients: 10 patients
were enrolled in the study group and 15 patients in
the control group. The mean age of patients in the
study group was 58.2 (42—72) years, in the control
group it was 58.6 (41—73) years.

When analyzing the performance status of
patients according to the Karnofsky Performance
Scale, a positive dynamics was noted in the form of a
significant increase in Karnofsky performance score
in the study group (at p < 0.05) compared with the
control. After the 3rd course of chemotherapy in the
control group, Karnofsky performance score was 56%
(the patient often needs help and medical care), while
in the study group it was 65% (the patient sometimes
needs help, but mostly takes care of himself).

Quality of life, functional capacity of the body,
adverse events of antitumoral chemotherapy were
studied according to the EORTC QLQ-C30. The
results of filling out the EORTC QLQ-C30 question-
naire were evaluated in points. Significant data on
the results of the completion of the questionnaire
after the 3rd course of chemotherapy are given in
Table 1.

According to the results of the survey, in female
patients who took VedaBiotic, such subjective com-
plaints as dyspnea, pain, sleep disturbance, asthenia,
loss of appetite, nausea, vomiting and diarrhea were
significantly less pronounced. Loss of appetite, nau-
sea, vomiting, diarrhea in cancer patients may indi-
cate a decrease in the level of functional reserves of
the gastrointestinal tract (GIT) due to chemotherapy.
The administration of probiotics can reduce the
severity of these undesirable effects. Asthenia is also
less pronounced in the study group, which we assess
as a positive effect of the use of probiotics. Dyspnea is
an indirect sign of hypoxia. A significant decrease in
this symptom intensity in the study group may indi-
cate an increase in hypoxic resistance of patients
who took VedaBiotic. The manifestations of pain
syndrome in cancer patients are the result of changes
in the sensitivity of the nociceptive system with a yet
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BuI 58.2 (42—72) roya, B KOHTPOJIBHOU TpyIIIEe —
58.6 (41—73) roza.

IIpu aHaM3e OOIETO COCTOSHUS MAIUEHTOK 10
mKaje KapHOBCKOTO OTMeuYeHa IOJIOKUTETbHAs
JUHAMUKa B BHJE JOCTOBEDHOTO YBEJIMYEHUS
uH/ekca KapHOBCKOTO B rpyIIiie uccyienoBanus (mpu
p < 0.05) B cCpaBHEHUH C KOHTposieM. I[locie 3-To
Kypca XHMHOTEPAIIMA B KOHTPOJBHOU TPYIIIE
uHAexkc KapHoBckoro cocraBwa 56 % (60spHOMY
YacTo TpeOyeTCs IOMOIIb U MEAUIIIMHCKOE O0CITY K-
BaHUeE), TOTZA KaK B TPYIITIE UCC/IeIOBaHUs — 65 %
(6os1bHOM MHOTIA HYKAAETCs B TIOMOIIH, HO B OCHOB-
HOM OOCITy>KUBaeT cebs1 cam).

B xome HabmromeHust ObLIO HM3YyUYEHO KAaUeCcTBO
JKU3HH, QYHKIMOHAIbHAS aKTUBHOCTh OPTaHU3Ma,
He)KeJlaTeJbHbIE  SIBJIGHHsI  MPOTUBOOITYXOJIEBOH
XUMUOTepanuu 1o pesyabraram ompoca EORTC
QLQ-C30. PesynbraTel 3amosHEHWUS OMPOCHUKA
EORTC QLQ-C30 onenuBaiuch B basax. Jlocro-
BEpPHBIE JIAHHBIE TI0 Pe3yJIbTaTaM OIpoca IoCJIe 3-TO
Kypca XUMHOTEPAIUK MPUBE/IEHBI B TA0I. 1.

CorslacHO pesyJsibTaTaM OIPOCa, y MAaIlHEHTOK,
NpUHUMaBIMUX «BemabuoTuk», JOCTOBEDHO MeHee
BBIPOKEHBI TaKue CYOBEKTUBHBIE IKAJIOOBI, Kak
OJIBINIIKA, 6O0JIh, HADYIIIEHUE CHA, cJ1a00CTh, CHIKE-
HUE alllleTUTa, TOITHOTA, PBOTA, Auapes. CHIKeHHe
anmneTuTa, TOITHOTA, PBOTA, JUapes Y OHKOJIOTHYe-
CKUX TAIMeHTOB MOTYT yKa3bIBaTh Ha CHIKEHHE
VPOBHA (YHKIIMOHAIBHBIX PE3EPBOB KEITYOTHO-
kumrevnoro Tpakra (KKT) BeiencTBre XuMuoTepa-
nuu. [IpreM TPOOUOTUKOB CIIOCOOEH yMEHBIIUTH
CTENleHb TIPOSIBJIEHUS JAHHBIX HEXKeJIaTeIbHBIX
addexToB. CrabocTh U aCTeHU3ANMA TaK:Ke MeHee
BBIPQJKEHBI B TPYIIIIE UCCIIEOBAHUSA, UTO OIlEHUBA-
eTcs HaMU KaK IIOJIOKHUTENbHBIN 3 dekT Ha doHe
puMeHeHus TPOOUOTHKOB. OIBIIITKA SBJISETCSI KOC-
BEHHBIM NPHU3HAKOM TUIOKCHYECKOTO CHHAPOMA.

unknown mechanism. The sleep improvement in the
probiotic group may be due to a decrease in the
severity of other chemotherapy side effects.
According to the results of general clinical blood
analysis and blood chemistry, in the study group, the
activity of liver markers was significantly lower and
within the reference values (Table 2); while assessing
other blood parameters, no significant differences
were obtained. In the control group, the level of mark-
ers exceeded the reference range or approached it. A
decrease in the activity of aminotransferases in patients
taking VedaBiotik may indicate a hepatoprotective
effect of the intestinal microbiota during its normal
functioning due to an additional intake of probiotics.

CONCLUSION

Assessment of quality of life, performance status
and adverse events of anticancer therapy accompa-
nied by the use of probiotics showed the following:

1. Female patients who took probiotics improved
their performance status, as assessed by the Karnof-
sky Performance Scale.

2. Patients who took VedaBiotic had significantly
less pronounced subjective complaints, such as dys-
pnea, pain, sleep disturbance, asthenia, loss of appe-
tite, nausea, vomiting, and diarrhea.

3. According to the results of biochemical analysis
of blood, in the probiotic group, the level of liver
enzymes was significantly lower.

4. VedaBiotic can be recommended for inclusion
into the diet of oncological patients receiving anti-
cancer therapy, in order to improve its tolerability
and restore the colon microbiota.
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Ta6mmna 1. OLeHKa HeKelaTeIbHbIX SBJIEHUI Ha (OHE XUMHUOTEPAIIUH B TPYIINAX HCCIIEOBAHMS U KOHTPOJISL, GaJIbL
Table 1. Evaluation of adverse events during chemotherapy in the study and control groups, points

IToxa3arennb I'pynmna ucciaegoBaHusd KouTposabHas rpynna
Symptom Study group Control group
Oppimika / Dyspnea 1.80 £ 0.24%* 3.13 £ 0.26

Bosib / Pain 2.00 + 0.24*** 3.47 £ 0.13

Hapyenue cua / Sleep disturbance 2.20 + 0.24% 3.00 + 0.20

Cnabocts / Asthenia 2.50 £ 0.14%** 3.47 + 0.13

Cumkenue anmerurta / Loss of appetite 1.90 + 0.23%** 3.33 £ 0.23

TomuoTa / Nausea 1.60 + 0.18%** 3.40 + 0.16

PBota / Vomiting 1.30 £ 0.17%%% 2.87 + 0.19

Juapes / Diarrhea 1.50 + 0.18% 2.40 £+ 0.24

* JlocToBepHO IIpHU p < 0.05.
Significant at p < 0.05.

** JlTocToBepHO IIpHU p < 0.01.
Significant at p < 0.01.

##** JI0OCTOBEPHO IPU P < 0.001 B CPABHEHUU C KOHTPOJIbHOU I'PYIIION.

Significant at p < 0.001 compared with the control group.
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Ta6auna 2. [Tokazaresn amuHOTpaHchepas Mocse 3-ro Kypea XUMUOTEPATHH
Table 2. Aminotransferases parameters after the 3rd course of chemotherapy

T na ucciaeaoBanusa KoHTposbHasa na L LT
IToxazaresb / Parameter sguy(ril ou a COII:IE) 1 erou rpyn 3HAYEHUA
y group group Reference values

AnannnamuHoTpaHcdepasa, Ei/n 16.50 + 1.31%% 37.00 + 3.86 0-35
Alanine aminotransferase, U/1
Acmapraramunorpancdepasa, Ex/n  21.50 + 2.63*% 38.67 £ 3.71 0—45
Aspartate aminotransferase, U/1
* locToBepHO IIpHU p < 0.01.

Significant at p < 0.01.
** JIoCTOBEPHO IIPH P < 0.001 B CPAaBHEHUU C KOHTPOJIBHOH I'PYIIIOH.

Significant at p < 0.001 compared with the control group.
JocToBepHOE CHHKEHHE [JAaHHOrO IIOKa3aTessd B SAK/IIOYEHUE

TPYIIE HCC/IeIOBAHUS MOXKET CBUETEIHCTBOBATH
00 yBeJIMYEHUU TUIOKCHUYECKOU YCTOHYHUBOCTH
HanueHToB, IpuHuUMaBmuxX «Begabuotuk». IIpoas-
JleHusA 0O0JIEBOTO CHUH/APOMA Y OHKOJIOTHYECKUX
MAI[UEHTOB SABJIAIOTCS CJIEJICTBUEM U3MEHEHUS UyB-
CTBUTEJIBHOCTU HOIIULIENTUBHOM CHCTEMBI € IIOKA
HEU3BECTHBIM MEXaHH3MOM. YJIydllleHHe CHa B
rpyIe, MPUHUMABIIEH MTPOOUOTHKH, MOXKET ObITh
00yCJIOBJIEHO CHIDKEHHEM BBIPAXKEHHOCTH ITPOYUMX
MOOOYHBIX 3 HEKTOB XUMHOTEPATIHH.

CoryiacHO JJaHHBIM OOIIEKTMHUYECKOTO 1 OHOXHU-
MHYeCKOro aHAIN3a KPOBH, B IpyIIIle UCCIIe/IOBAHUA
IIOKa3aTeJu AaKTUBHOCTH II€UeHOYHBIX MapKepoB
JIOCTOBEPHO HIDKE W HAXOJATCA B mpeneiax pede-
PEHTHBIX 3HaueHHU# (Tabii. 2), IPU OIEHKe JPYTUX
IOKa3aTejiel KPOBH JIOCTOBEPHBIX OTJIMYHWHA He
MOJIy4eHO. B KOHTPOJIBHOU TpyIllie YPOBEHb Ieve-
HOYHBIX MapKepOB IIPeBBIIIaeT I'PaHUIly pedepeHT-
HOTO Jiiarna3oHa Wid MpuobsmkaeTcs K Hell. CHIbKe-
HHUE aKTUBHOCTU aMHUHOTpaHcdepas y MaIueHTOK,
NpuHUMaBmMuX «BemabuoTuk», MOKeT CBUZETeIb-
CTBOBATh O relaTONPOTEKTOPHOM 3(ddekTe MUKPO-
OMOTBHI KUIIEYHUKA [IPU €€ HOPMAJIHbHOM (QYHKITHO-
HUPOBaHUN Ha (oHe JOIOJHUTEJIBHOTO IpHeMa
MMPOOUOTUKOB.

CIITMCOK JINTEPATYPBI

1. 3JI0KauecTBeHHbIE HOBOOOpa3zoBaHus B Poccuu B
2019 roay (3aboseBaeMOCTh U CMEPTHOCTH) / TOJ
pexn. AJI. Kanpuna, B.B. Crapunckoro, A.O. Illax-
3azoBoit. M.: MHUOU um. I1.A. Tepuena — duinan
OI'bY «HMWUIl paguonoruu» Munsapasa Poc-
cun, 2020. 252 ¢. URL: https://glavonco.ru/cancer_
register/3a6osi_2019_9nextp.pdf (maTa obparenwis:
19.09.2022).

2. Pak AMYHUKOB / paK MAaTOYHOU TPYOBI / IIEPBUYHBII
paxk GpromuHel: KinnHmueckue pekomenaannu MuHU-
cTepcTBa 3apaBooxpanenus PO, 2020. URL: https://
cr.minzdrav.gov.ru/schema/547_2 (;ata obpaieHus:
19.09.2022).

OneHKa KauvecTBa >KU3HH, (YHKIHTOHATHHOTO
COCTOSTHUSI OpPTaHM3MAa U HEJKeJIaTeJIbHBIX SBJIEHUHN
MMPOTHUBOOIIYX0JIEBOM Tepanmuu Ha (oHe mprema
MMPOOMOTHKOB ITOKa3aJIa CeAyIoIee:

1. Y manueHTOK, MPUHUMABIINUX MPOOUOTHKH,
VIIy4IllaeTcss CaMOYYBCTBHE W OOIlee COCTOSHHE,
COTJIACHO OIleHKe TI0 IrKasie KapHoBcKoro.

2. Y nanueHToK, IpuHUMaBIux «BegabuoTuk»,
JIOCTOBEPHO MeHee BhIpasKeHbI TAKHUE CYOhEeKTUBHbIE
3kas100bl, KaK OJIBIIIKA, 60JIb, HAPYIIIEHUE CHA, CJIa-
0oCTb, CHHUJKEHHE allleTUTa, TOIIHOTa, PBOTA,
Japes.

3. CorytacHO JJaHHBIM OMOXMMUUYECKOTO aHAIHU3a
KpPOBH, B TpyIlIle, NPUHUMABIIEH TPOOHOTUKH,
JIOCTOBEPHO HUKE YPOBEHb IEUeHOUHBIX (PEPMEHTOB.

4. Ilpobmormueckuii mpenapat «BegabuoTuk»
MOKeT OBITh PEKOMEH/IOBAH J1JIsl BKIIOUEHUS B TUETY
OHKOJIOTUYECKUM IalleHTaM, IOJIyJalol[uM IIpo-
THBOOITYXOJIEBYIO TEpAIHIio, JJIs YJIydIlleHUs ee
IIEPEHOCHMOCTH U BOCCTAHOBJIEHUS MHUKPOOHOTHI
TOJICTOI'O KUIIIEUHHKA.

KoH@uaukT mHTEpECOB. ABTOPHI 3aABJISIOT 00
OTCYTCTBUHU KOH(JINKTA UHTEPECOB.

REFERENCES

1. Kaprina A.D., Starinsky V.V., Shakhzadova A.O.
(eds.) (2020). Malignant neoplasms in Russia in 2019
(morbidity and mortality). Moscow: National Medi-
cal Research Radiological Centre of the Ministry of
Health of the Russian Federation. 252 p. URL: https://
glavonco.ru/cancer_register/3a6os_2019_39ieKTp.
pdf (accessed 19.09.2022).

2. Ovarian cancer / fallopian tube cancer / primary peritoneal
cancer: Clinical guidelines of the Ministry of Health of the
Russian Federation. (2020). URL: https://cr.minzdrav.
gov.ru/schema/547_2 (accessed 19.09.2022).

3. Martin L., Birdsell L., Macdonald N. et al. Cancer
cachexia in the age of obesity: skeletal muscle depletion

22

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



Mansurova A.S. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 4 (2022)

10.

11.

12.

13.

14.

Martin L., Birdsell L., Macdonald N. et al. Cancer
cachexia in the age of obesity: skeletal muscle depletion
is a powerful prognostic factor, independent of body
mass index // J. Clin. Oncol. 2013;31(12):1539—1547.
DOI: 10.1200/JC0.2012.45.2722.

O6yxoBa O.A., KypmykoB N.A., Kammusa III.P. ITuta-
TeJIbHAS MOAJIEPIKKA B OHKOJIOTHY // OHKOTHHEKOJIO-
TUs. 2014;1:34—45.

CeitoB  A.B., Jleiinepman W.H., Jlomugze C.B.,
Hexaer U.B., XoreeB A.JK. [IpakTuueckue peKOMeH-
JIAIUHU TI0 JIEYEeHUIO0 CHH/APOMAa aHOPEKCHUU-KaXeKCHHU
Y OHKOJIOTHYECKUX OOJBHBIX // 3JI0KauecTBEHHbIE
OIlyXOJIN: TpakTudeckue pexomenaanuu RUSSCO.
2019;9(3s2):648—651. DOI: 10.18027/2224-5057-
2019-9-352-648-651.

CueroBoii A.B., Jleiinepman U.H., Canrano A.I.,
Crpenbuyk B.}O. OcHOBHBIE IPUHIUIIBI U TEXHOJIOTHUU
KJIMHUYECKOTO TUTAHUSA B OHKOJIOTUU: METO/IUYECKOE
PYKOBOJICTBO JiJ1s1 Bpauei. M., 2006.

Unsal D., Mentes B., Akmansu M. et al. Evalua-
tion of nutritional status in cancer patients receiv-
ing radiotherapy: a prospective study // Am. J.
Clin. Oncol. 2006;29(2):183—188. DOI: 10.1097/01.
€0c.0000198745.94757.€e.

. Jlypr B.M., Jlybr A.B. HyrpunuonHasa mnopjep:ka

OHKOJIOTUYECKUX OOJIbHBIX: BO3MOYKHOCTH U TPOTHBO-
peuns // BeCTHUK MHTEHCUBHOH Tepanuu. 2008;2:43—
50.

Bbaruposa H.C,, [TeryxoBa U.H., [Imutpuena H.B., I'pu-
ropbeBckas 3.B. MUKpOOHUOM U pak: ecTh JIU CBA3b?
O630p suTepaTypbl // 3JI0KayecTBEHHBIE OITYXOJIU.
2018;8(3s1):56—69. DOI: 10.18027/2224-5057-2018-
8-351-56-69.

Botinuiikuii B.E., Jle6emeBa B.A. ITpo6GuoTmueckoe
MUTaHUE C [EeJIbI0 NPOMIIAKTHKUA U JIEYeHUS DHTe-
POKOJINTA, ACCOLMHPOBAHHOIO € IIPOTHBOOILyXOJe-
BOU JIy4EBOH M XUMHOTEPAIIUEN: METOAUYECKHE PEKO-
MeHJanuu s Bpauedi. HoBocubupcek: AkameMusaar,
2018. 36 c.

Lu D., Yan J., Liu F. et al. Probiotics in preventing
and treating chemotherapy-induced diarrhea: a meta-
analysis // Asia Pac. J. Clin. Nutr. 2019;28(4):701—710.
DOI: 10.6133/apjcn.201912_28(4).0005.
CompoBouTeIbHASA Tepamnus B OHKoJOruu. IIpakTu-
yeckoe pykoBojsictBo / mop pex. C.10. Moopkpadra,
HJLIO. Jlu, I. KanHuHraMa; mep. ¢ aHIJl., IOJ pes.
A.JI. Kaipuna. M.: T90OTAP-Menuna, 2019. 432 c.
MInaruna JI.A., Tepacumenko O.H., TopobGeii A.M.
u Ap. Pojyib My/IbTUCHHONOTHKA B KOMIIJIEKCHOM Jiede-
HUH TEPOHTOJIOTUYECKHX maiueHtoB // Cub. mep.
BECTH. 2020;3:50—54-.

Mapxosa E.B., Copoxun O.B., T'onpnuna U.A. u ap.
VIMMyHOMOZY/IHpYIOLUe CBOMCTBA IPOOHMOTUIECKOTO
npemnapara «Begabuotuk» mpu crapenunu // Journal
of Siberian Medical Sciences. 2021;1:41-54. DOI:
10.31549/2542-1174-2021-1-41-54.

CBEAEHHA Ob ABTOPAX
MancypoBa Asnbdusa CamaToBHA — HAYIHBIH COTPY/I-

HUK HAyIHO-UCCJIEOBATEIBCKOTO OT/IeJIa OHKOJIOTHU
U pasuoTepanuu MHCTUTYTa OHKOJIOTUU U HEHPOXHU-
pypruu ®I'BY «HarmoHaIbHbIA MEAUITUHCKUN UCCITE-
JIOBaTeILCKUU IeHTp uMeHu akanemuka E.H. Memran-

10.

11.

12.

13.

14.

is a powerful prognostic factor, independent of body
mass index. J. Clin. Oncol. 2013;31(12):1539-1547.
DOI: 10.1200/JC0.2012.45.2722.

Obukhova O.A., Kurmukov I.A., Kasiya Sh.R. Nutri-
tional support in oncology. Gynecologic Oncology.
2014;1:34—45. (In Russ.)

Sytov A.V., Leyderman I.N., Lomidze S.V., Nekhaev
I.V., Khoteev A.Zh. Practical guidelines for the treat-
ment of anorexia-cachexia syndrome in cancer patients.
Malignant Tumuors: Practical Recommendations
RUSSCO. 2019;9(3s2):648—651. DOI: 10.18027/2224-
5057-2019-9-352-648-651. (In Russ.)

Snegovoy A.V., Leyderman L.N., Saltanov A.L., Strel-
chuk V.Yu. (2006). Basic Principles and Technologies
of Clinical Nutrition in Oncology: A Guidance for Phy-
sicians. Moscow. (In Russ.)

Unsal D., Mentes B., Akmansu M. et al. Evalua-
tion of nutritional status in cancer patients receiv-
ing radiotherapy: a prospective study. Am. J. Clin.
Oncol. 2006;29(2):183-188. DOI: 10.1097/01.
€0C.0000198745.94757.€e.

Luft V.M., Luft A.V. Nutritional support for cancer
patients: opportunities and contradictions. Annals of
Critical Care. 2008;2:43-50. (In Russ.)

Bagirova N.S., Petukhova I.N., Dmitrieva N.V., Grig-
orievskaya Z.V. Microbiome and cancer: is there
a connection? (Review). Malignant Tumours.
2018;8(3s1):56—69. DOI: 10.18027/2224-5057-2018-
8-3s1-56-69. (In Russ.)

Voytsitskiy V.E., Lebedeva V.A. (2018). Probiotic
Nutrition for the Prevention and Treatment of Entero-
colitis Associated with Antitumor Radiotherapy and
Chemotherapy: Guidelines for Physicians. Novosi-
birsk: Akademizdat. 36 p. (In Russ.)

Lu D., Yan J., Liu F. et al. Probiotics in preventing and
treating chemotherapy-induced diarrhea: a meta-anal-
ysis. Asia Pac. J. Clin. Nutr. 2019;28(4):701—710. DOI:
10.6133/apjcn.201912_28(4).0005.

Moorcraft S.Yu., Lee D., Cuningham D.D. (eds.) (2019).
Clinical Problems in Oncology. A Practical Guide to
Management (A.D. Kaprin, Trans. from Engl.). Mos-
cow: GEOTAR-Media. 432 p.

Shpagina L.A., Gerasimenko O.N., Gorobey A.M. et al.
Role of multisynbiotics in the comprehensive treat-
ment of gerontological patients. Sibirskij Medicinskij
Vestnik. 2020;3:50-54. (In Russ.)

Markova E.V., Sorokin O.V., Goldina I.A. et al. Immu-
nomodulating properties of the probiotic preparation,
VedaBiotic in aging. Journal of Siberian Medical Sci-
ences. 2021;1:41-54. DOI: 10.31549/2542-1174-2021-1-
41-54.

ABOUT THE AUTHORS
Alfiya S. Mansurova — Researcher, Research Depart-

ment of Oncology and Radiotherapy, Institute of
Oncology and Neurosurgery, Meshalkin National Med-
ical Research Center, Novosibirsk, Russia. ORCID:
0000-0002-4754-0384.

Vladimir E. Voytsitsky — Dr. Sci. (Med.), Professor,

Head, Department of Oncology, Novosibirsk State
Medical University; Deputy Chief Physician for Science,
Novosibirsk Regional Clinical Oncology Center; Lead-
ing Researcher, Research Department of Oncology and

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

23



Matncyposa A.C. u dp. / Journal of Siberian Medical Sciences T. 6, N° 4 (2022)

kuHa» MunsnpaBa Poccun, HoBocubupck, Poccus.
ORCID: 0000-0002-4754-0384.

Boumunkuii Baaguvup EBreHbeBuu — 1-p Mej.
HayK, npodeccop, 3aBeAyonuil Kadegpoil OHKOJIO-
run ®T'BOY BO «HoBOCMOMPCKUN TOCyZapCTBEH-
HBIA MEJUIMHCKUU yHUBepcuteT» MwuHazapasa Poc-
CHU; 3aMeCTUTeJIb TJIABHOTO Bpaya 110 HAyYHOH 4acTu
T'BY3 HCO «HoBocubupckuii 00JaCTHOU KJIMHUYE-
CKHI OHKOJIOTMUECKHUH JHCIIAHCEDP»; BEAYIIUN Hayd-
HBIA COTPYJHUK HAYyYHO-HCCIIEIOBATEIBCKOTO OT/eIa
OHKOJIOTUM W pajinoTepanuu MHCTUTYyTa OHKOJIOTUU
u Heupoxupypruu PI'BY «HanuoHasbHBIH Memu-
LIUHCKUH HCCle[oBaTeIbCKUN IeHTP HMEHM aKajie-
muka E.H. Memankuna» Munszgpasa Poccuu, Hoso-
cubupck, Poccusi. ORCID: 0000-0003-0554-2581.

KpacuapaukoB Cepreii dmayapaoBu4d — I-p Meq.
Hayk, Ipodeccop, IupeKkTop MHCTUTYTa OHKOJIOTHU
u Herpoxupypruu ®I'BY «HaruoHabHbIA MeUITIH-
CKUU HCCJIEZIOBATEIbCKUN I[EHTP MMEHU aKaJIeMUKa
E.H. Memankuna» MunsapaBa Poccun; mpodec-
cop kadempnr oukosoruu ®I'BOY BO «HoBocubup-
CKHI roCyZJapCTBEHHBIN MEIUITUHCKUN YHUBEPCUTET»
Munsgpasa Poccun, HoBocubupck, Poccusa. ORCID:
0000-0003-0687-0894.

CopoxuH Ojier BUKTOPOBUY — KaH/I. MeJl. HAayK, T'eHe-
pasbaBIA tupekTop OO0 «Bemal'eneruka», HoBocu-
6upck, Poccus.

3unaryans Cepreit HakudoBudy — Bpau-KOHCYIBTaHT
000 «Bepnal'eneruka», HoBocubupck, Poccus.

ITanoBa Amnacracua CepreeBHa — MeHemxkep 00O
«Benalenernka», HoBocubupck, Poccus.

bakynun KoHcTaHTHH AJIeKCaHAPOBUY — KaH/I. MeJl.
HayK, IPOPEKTOP 0 BocmuTareibHou pabore ®PT'BOY
BO «HOBOCHOWPCKHI TOCyZapCTBEHHBIH MeIUIIMH-
ckuil yHuBepcuter» Munszpasa Poccun, Hosocu-
OUpCK.

MouiokeeB AJsiekceii BaagummupoBuu — 1-p OGHOIL.
HayK, aupekTtop 1o Hayke AO «Bexrop-bBuAsasram»,
p-1. KosbrioBo, HoBocubGupckas obiactb, Poccust.

Radiotherapy, Institute of Oncology and Neurosurgery,
Meshalkin National Medical Research Center, Novosi-
birsk, Russia. ORCID: 0000-0003-0554-2581.

Sergey E. Krasilnikov — Dr. Sci. (Med.), Profes-
sor, Head, Institute of Oncology and Neurosurgery,
Meshalkin National Medical Research Center; Profes-
sor, Department of Oncology, Novosibirsk State Medi-
cal University, Novosibirsk, Russia. ORCID: 0000-
0003-0687-0894.

Oleg V. Sorokin — Cand. Sci. (Med.), Director General,
VedaGenetika, LLC, Novosibirsk, Russia.

Sergey N. Zinatulin — Consulting Physician, VedaGene-
tika, LLC, Novosibirsk, Russia.

Anastasia S. Panova — Manager, VedaGenetika LLC,
Novosibirsk, Russia.

Konstantin A. Bakulin — Cand. Sci. (Med.), Vice-Rector
for Tutorial Work, Novosibirsk State Medical Univer-
sity, Novosibirsk, Russia.

Alexey V. Molokeev — Dr. Sci. (Biol.), Director of Sci-
ence, Vector-BiAlgam, JSC, Koltsovo, Novosibirsk,
Russia

24



YK 618.14-006.5-071.1 DOI: 10.31549/2542-1174-2022-6-4-25-36

Meauko-conuaJIbHbIN IMOPTPET M KINHUYECKHE 0COOEHHOCTH
MAIMEHTOK C 9HAOMETPHUAJIbHBIMHU IMOJIUIIAMHA

O.B. Cadponos, d.A. Kazaukosa, E.JI. Kazaukos, 11.B. Cadponosa, I'"H. Mmak-Manykax

@OI'BOY BO «IOxcHo-Ypaabckuil 20cydapecmeeHHblil MeduyuHckuil yrusepcumem» Muxzodpasa Poccuu, Yeasbumck, Poccus

AHHOTAIIUA

BBemenue. BHracrosmee BpemMs eIbIN P D9KOJTOTHUYECKUX, COIUATBHBIX, IOBEIEHYECKUX U METUIMHCKUX (PaKTO-
POB BJIUSET HA COMATUYECKOE U PEMPOJIYKTUBHOE 3/I0POBbE KEHIIUH, YTO IPUBOAUT K (DOPMUPOBAHUIO OCOOEHHOCTEN
TEUEHUS PA3JIMIHBIX THHEKOJIOTUUECKHUX 3a00JIeBaHUH, T.€. TaTOMOP(}O3Y B KITUHUUECKOM (Y3KOM) CMBICIIE.

ITenw. IIpeacraBieHne MeIUKO-COI[UAJIBHOTO IMOPTPETA U KJIWMHHUKO-aHAMHECTHUYECKHUX OCOOEHHOCTEN TAIUeHTOK C
SHZIOMeTpHaTbHbIMU TIoTUaMu (D11) pa3auaHbIX MOPDOJIOTHUECKUX TUIIOB B CBETE YUEHUS O TaToMopdo3e.
MaTtepuanbs u MeToOAbl. [lina usydyeHusa naromopdosa III mpoBeseHO PETPOCHEKTUBHOE UCCJIe/I0BAHUE
393 manueHToK ¢ DII: 207 manueHTOK MPOXOAUIIU JedeHrne B 2016—2018 rr. (1-1 rpymnma), 186 manueHToK — B 2006—
2008 1T. (2-5 rpymma).

Pes3ynbTaThl. YHallUEeHTOK 1-U IPYIIHI BBISBJIEHBI H3MEHEHUS MEIUKO-COITUAILHOTO IOPTPETa U KIIMHUUECKOTO Teue-
Hus 3ab0steBaHust: GoJiee O3AHUEN Bo3pacT MaHudecTauu aTporuecKux u 6ojiee paHHUH — QYHKIMOHAIBHBIX U THIIEP-
macradeckux I11; y skeHIwH ¢ arpodrdeckumu I yaiie HabIIIOA€TCSA THIIEPTOHIYECKAs 00JIe3Hb, ¢ QYHKIIMOHAIBHBIMU
III — GoJie3HN OPraHOB MHUINEBAPEHUA U aHEMUS; MAIUEHTKH ¢ (PYyHKIMOHAIBHBIMY U THIepIriactTudeckumu II1 nveror
MeHblIIlee KOJIMUeCTBO OepeMeHHOCTEl, POIOB U METUIITUHCKUX aDOPTOB, a ¢ arpoduyueckumu 1T — Gosibiiiee uncsio bepeMeH-
HOCTEH, MEIUIIMHCKUX a00OPTOB M CAMOIIPOU3BOJIBHBIX BBIKH/IBIIIEH; B aHAMHE3€e TAIUEHTOK ¢ arpoduyeckumu Il vaie
HaOJTI0/TAI0TCS TIOJTUIIBI IIIEMKU MaTKH, THIEPIIa3us 9HIOMETPHS, EPBUIUT, ¢ THIepIriacTudeckumu I — rurepruiasust
SHZIOMETPHS ¥ KUCTHI SUYHUKOB, ¢ PyHKIIMOHATBHBIMU II1 — 1iepBUIUT U OGecruioare. CTaTUCTUYECKH 3HAYUMO YMEHbIITH-
J1ach 4YacTOTAa AHOMAJIbHBIX MAaTOUHBIX KpoBoTeueHHH (AMK), yBesTnuriach BCTpe4aeMoCTh OECCHMITTOMHOTO TeUeHHs 3a60-
JieBaHUs IpH atpoduyeckux D11, B To BpeMs Kak MpHU rumnepruiacTudeckux 1 cTaTHCTHYECKH 3HAYUMO BO3POCJIa YacTOTa
AMEK B BHUIe MEXKMEHCTPYJIBHBIX KPOBOTEUEHUH 1 GECCHMIITOMHOTO TeYeHU, TPU PyHKIMOHATBHBIX DI — Gecrtonus.
3axknoueHnue. ChopmupoBaBirecs Ha TPOTSHKEHUH 10 JIET U3MeHeHUs Bo3pacta Manudecranuu JI1, comatuue-
CKOT'O ¥ PEMTPOJIYKTUBHOTO 3/I0POBb *KeHIIUH ¢ D11, KIIMHUYeCKUX MpossBiaeHuH 11 pa3indHbIX MOP(OTIOTUYECKHIX THIIOB
MOKHO TPAKTOBAaTh Kak MaToMopd03 B KIIMHUUECKOM (Y3KOM) CMbIC/IE. DTH U3MEHEHU HEOOXO0IMMO YUUTHIBATh IIPH pas-
paboTKe TUaTHOCTUYECKHUX U JIe4eOHO-BOCCTAHOBUTEJIBHBIX TEXHOJIOTHH IIPY JJAHHOW TTATOJIOTHH.
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Medical and social profile and clinical features of patients
with endometrial polyps
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ABSTRACT

Introduction. Nowadays, a wide range of environmental, social, behavioral and medical factors influence somatic
and reproductive health of women, which leads to the development of specific characteristics of the course of various gyne-
cological diseases, i.e. pathomorphosis in the clinical (narrow) sense.
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Aim . Analysis of the medical and social profile, and clinical and anamnestic specific characteristics of patients with endo-
metrial polyps (EPs) of different morphological types in the light of the doctrine of pathomorphosis.

Materials and methods. Toinvestigate the pathomorphosis of EPs, a retrospective study of 393 patients with
EPs was performed: 207 women were treated in 2016—2018 (1st group), and 186 women — in 2006—2008 (2nd group).
Results. In patients of the 1st group, changes of the medical and social profile and clinical course of the disease were
revealed: a later age of manifestation of atrophic and earlier age of functional and hyperplastic EPs; in women with atro-
phic EPs, hypertension is more often observed, with functional EPs — disorders of the digestive system and anemia; patients
with functional and hyperplastic EPs have a lower number of pregnancies, childbirths and surgical abortions, and with
atrophic EPs have a greater number of pregnancies, therapeutic abortions and miscarriages; in the past medical history of
patients with atrophic EPs, cervical polyps, endometrial hyperplasia, cervicitis are more often observed, with hyperplastic
EPs — endometrial hyperplasia and ovarian cysts, with functional EPs — cervicitis and infertility. The incidence of abnormal
uterine bleeding (AUB) decreased significantly, the incidence of asymptomatic course of the disease increased in atrophic
EPs, while the incidence of AUB in the form of intermenstrual bleeding and asymptomatic course increased statistically
significantly in hyperplastic EPs, and infertility — in functional EPs.

Conclusion. Formed over a period of 10 years, the changes in the age of EPs manifestation, somatic and reproduc-
tive health of women with EPs, clinical manifestations of EPs of various morphological types can be interpreted as patho-
morphosis in the clinical (narrow) sense. These changes must be taken into account when developing diagnostic, therapeu-
tic and reconstructive treatment of this pathology.

Keywords: endometrial polyp, intrauterine pathology, pathomorphosis.
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BBEJIEHUE

dHoMeTpuaabHble Toumnbl (DII) 3aHUMAIOT
JIMAMPYIOIIKE TO3UI[UY B CTPYKType BHYTPHUMATOU-
HOM MaTOJIOTHH, cocTasiisgs or 7.8 mo 58.8 % [1—3].
BaxkHoe 3HaueHHe HMMEIOT HE TOJIbKO BBICOKAs
YacToTa HUX BCTPEUYaeMOCTH, HO U Te HapylIIeHUs
PENpPOAYKTUBHOTO 3/I0POBbsI, K KOTOPHIM OHU IIPHU-
BOJAT: AHOMAaJIbHBIE MaTOYHBIE KPOBOTEUEHUs
(AMK), Gecruiosine, XpoHHYECKash Ta3oBas 00Jb, a
TaK:Ke HeoOXOIMMOCTh ITPOBEJIEHUS BHYTPHUMATOY-
HBIX MAaHWIYJISIUH, IOBBIIIAIOIIAX TpPaBMaTH3a-
nuio sHAOMeTpus. Kpome TOro, BBICOKA YacTOTa
peuuguBupoBanusa A1 — 13.3—21.2 %. BoazamoxkHO,
9TO CBA3AHO C TEM, YTO TOJILKO IIOJIMIIDKTOMUS HE
MOKET YCTPAHUTH (PAKTOPHI, CITOCOOCTBYIOIIHE BO3-
nuxHosenwuio III [4, 5].

Il — ob6pa3oBaHus, BO3BBIIIAIOIINECT HAaL
IMOBEPXHOCTHIO CJIM3UCTON 000JI0UKH MaTKHU, UMEIO-
A€ COCYAUCTYI0 HOXKKY U XapaKTEePU3YIOIHecs
JIOKJIM30BAHHON MOHOKJIOHAJIbHOU TMposudepa-
[reHd CTPOMAJIbHBIX 3JIEMEHTOB SHIAOMETPUS C HEO-
MTyXO0JIEBBIM JKE€JI€3UCTHIM KOMIIOHEHTOM [6]. B Mesk-
JIYHAPOJTHOU KJIacCCH(DUKALIMU OIYXOJIeH >KEHCKHUX
mosioBbIx opraHoB (BO3, 2020) Il orHocsTeA K
OIyXO0JIEMOIOOHBIM obOpasoBanusM [6]. B coBpe-
MEHHBIX PYKOBOJICTBAX BBIIEJIIIOT 5 OCHOBHBIX
mopdostorndeckux TtumnoB III: dyHKIMOHATBHBIE,
aTpoduueckre, TUMEPIIaCTUYECKUE, aIeHOMUOMA-
TO3HbIE U CMeIaHHble (PHAOMETPUATbHO-IIEPBU-

INTRODUCTION

Endometrial polyps (EPs) occupy a leading posi-
tion in the structure of intrauterine pathology, rang-
ing from 7.8 to 58.8% [1—3]. Not only the high inci-
dence of EPs, but also the reproductive health disor-
ders that they lead to: abnormal uterine bleeding
(AUB), infertility, chronic pelvic pain, and the need
for intrauterine manipulations that increase endo-
metrial injury. In addition, the recurrence rate of EPs
is high — 13.3—21.2%. Perhaps this is due to the fact
that polypectomy alone cannot eliminate the factors
contributing to the onset of EPs [4, 5].

EPs are formations that rise above the surface of
the uterine mucosa, have the vascular pedicle and
are characterized by localized monoclonal prolifera-
tion of endometrial stromal elements with a non-
tumor glandular component [6]. In the WHO Clas-
sification of Female Genital Tumors (2020), EPs are
classified as tumor-like lesions [6]. Modern guide-
lines distinguish 5 main morphological types of EPs:
functional, atrophic, hyperplastic, adenomyoma-
tous, and combined (endometrial and cervical), with
atrophic, functional, and hyperplastic EP being the
most common [7, 8].

The somatic and reproductive health of modern
women is changing under the influence of a number
of environmental, social, behavioral and medical fac-
tors [9]. This leads to a change in the clinical and
morphological manifestations of gynecological dis-
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KaJIbHbIE), TP 9TOM HanboJiee YacTo BCTPEUArOTCs
arpoduueckue, PyHKIIMOHAJIbHBIE U TUIIEPILJIACTH-
yeckue III [7, 8].

ComaTnueckoe ¥ PENpOAYKTHUBHOE 3I0POBbE
COBPEMEHHBIX JKEHINUH MEHSETCs IO BIUSHUEM
LIEJIOTO PAZIa YKOJIOTHYECKUX, COIIMATBHBIX, ITOBE-
JIEHYECKUX U METUIMHCKHUX (HaKTOPOB [9]. DTO mpu-
BOJAUT K WM3MEHEHHUIO KJINHUKO-MOP(OJOTHUECKUX
MPOsIBJIEHU T'MHEKOJIOTUYECKUX 3a00JIeBaHUH, T.€.
K maToMop¢o3y B KJIUHHUYECKOM (Y3KOM) CMBICTIE
[10]. B coBpemMeHHOI JHTepaType MpeACTABIEHBI
JIaHHBbIe 0 IMaToMopd03€e BOCIAIUTENbHBIX 3a00J1e-
BaHUU MAaTKA U TMPUJATKOB, CAMOIIPOU3BOJILHOTO
abopTa, TIOPOKOB ceparia y OepeMeHHBIX [11-15].
Hcenenopanuii II1 ¢ mo3uIUil y4eHUs: 0 IaTOMOP-
¢o03e He ITPOBOJIUIOCE.

HOEJIb UCCJIEJOBAHUA

[IpencTaBUTh MEAMKO-COIUMAJIBHBIN HOPTPET U
KJIMHUKO-aHAMHeCTHUYeCKe 0COOEHHOCTH TaIeH-
ToK ¢ III pa3auuHBIX MOP(HOTOTUUECKUX THUIIOB B
CBeTe yJ4eHus 0 maTtoMopdo3se.

MATEPUAJIBI 1 METO/bI

ITpoBesieHO peTpPOCIEeKTHBHOE HCC/IeZJOBAHUE, B
KOTOpOe BOILIN 393 manueHTKu ¢ III: 1-10 rpymnmy
COCTaBWJIN 207 >KEHIUH, IOJIyYaBIINX JEUYeHHE B
2016—2018 rT., 2-10 TpynIty — 186 *KeHIIUH, JIeUUB-
muxcss B 2006—2008 rr. V3ydeHbl maHHBIE MEIH-
OMHCKUX KapT MaIMeHTOK, ITOJIYJIaBIIUX MeJIUIIIH-
CKYIO ITOMOIIb B aMOYJIaTOPHBIX yCJIOBUAX (dopma
NO 025/y), U MEIUIUHCKUX KapT CTAIlHOHAPHOTO
6osibHOTO (hopma NO 003/y), a TakKe IMPOTOKOJIbI
IPUKU3HEHHBIX I1aTOJIOTOAHATOMUYECKUX UCCIIeI0-
BaHUM OHOIICHMHOTO (OIEpaIMoOHHOI0) MaTepuaia
(dbopma N2 014—1/y). McciejoBaHre TPOBOAWIN HA
KJIMHUYECKHUX 6a3ax kadenpsl akylepcTBa U IHHe-
KOJIOTWY M Ha Kadeape maToJI0THIeCKONH aHATOMUN
u cynebHou MenuiuHbl UM. TTpod. B.JI. KoBasieHko
OI'BOY BO «HOKHO-YpaJmbCKUU TOCYAapCTBEHHBIN
MeIUIUHCKUN yHUBepcureT» Munszapasa Poccun
(FOYTMY). Hayunasa paborta omobpeHa 3THUECKUM
komuteroM FOYI'MY (mipotokos NO 4 ot 18.05.2019).

Cratuctudeckyro 06pabOTKy [aHHBIX BBIIIOJ-
HAJMW C WCIOJIb30BAHUEM 3JIEKTPOHHBIX TaOJIHI]
Microsoft Excel, Bepcust 16.49. JI11 HOMUHATBHBIX
JIAHHBIX PACCUYUTHIBAJIU YACTOTY M OTHOCUTEIHHYIO
gactoty (%). IIpu cpaBHEHUHU TPYIII KCIIOJIH30BATU
kputepuii 2 IIupcoHa u TOUHBIN KpuTepui Ourrepa.
JlaHHbIE TIPEICTABJIEHBI B BUZIE MENAHbI, BEPXHETO
¥ HUPKHETO KBapTwied. KpuTuueckuil ypoBeHb 3Ha-
YHUMOCTH p OBLTI IPUHAT PaBHBIM 0.05. Ecu paccun-
TAaHHBI KPUTEpUH B3HAUYMMOCTH OBLI MeEHbIIIe
0.0001, YKa3bIBaJIHU P < 0.001.

eases, i.e. to pathomorphosis in a clinical (narrow)
sense [10]. The modern literature presents data on
the pathomorphosis of inflammatory diseases of the
uterus and adnexa, spontaneous abortion, and heart
defects in pregnant women [11—15]. Studies of EPs
from the standpoint of the doctrine of pathomorpho-
sis have not been conducted.

AIM OF THE RESEARCH

To present a medical and social profile, and clini-
cal and anamnestic characteristics of patients with
EPs of various morphological types according to the
doctrine of pathomorphosis.

MATERIALS AND METHODS

A retrospective study was performed which
included 393 patients with EPs: the 1st group con-
sisted of 207 women who received treatment in
2016—2018, the 2nd group — 186 women who were
treated in 2006—2008. The data of medical records
of patients who received medical care in the out-
patient setting (Form No. 025/u), and medical in-
patient records (Form No. 003/y), as well as reports
of intravital microscopy of biopsy or surgical sam-
ples (form No. 014-1/u) were investigated. The
study was carried out at the clinical facilities of the
Department of Obstetrics and Gynecology, and at
the V.L. Kovalenko Department of Pathological
Anatomy and Forensic Medicine of the South Ural
State Medical University. The scientific work was
approved by the Ethics Committee of the South Ural
State Medical University (protocol No. 4 dated May
18, 2019).

Statistical data processing was performed using
Microsoft Excel spreadsheets, version 16.49. For
nominal data, frequency and relative frequency (%)
were calculated. When comparing groups, Pearson’s
¥2 test and Fisher’s exact test were used. The data are
presented as the median, upper and lower quartiles.
The significance level p was taken equal to 0.05. If
the calculated significance criterion was less than
0.0001, p < 0.001 was indicated.

RESULTS

Atrophic EPs were registered in 54 patients of the
1st group and 51 women of the 2nd group. The age of
manifestation of atrophic EP increased statistically
significantly over 10 years from 51.00 (47.06; 54.94)
to 55.35 (55.01; 55.69) years (p = 0.031).

The level of education, nature of occupational
activities, marital status of patients with atrophic
EPs did not change significantly over 10 years
(p = 0.336, p = 0.371, p = 0883, respectively).
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PE3YJIBTATBI

Atpoduueckue OII  3aperucTpupoBaHbl Y
54 TanueHTOK 1-U Tpynmbl U 51 JKEHIUHBI 2-U
rpynnbl. Bospact manHumdecranmuu aTpoduyuecKux
Il 3a 10 JIET CTATUCTUYECKHU 3HAYNMO YBEJTUUUIICH C
51.00 (47.06; 54.94) 10 55.35 (55.01; 55.69) roxa
(p = 0.031).

YpoBeHb 06pazoBaHus, XapaKTep TPYIOBOH Jiesi-
TEJIbHOCTH, CEeMEHHOEe IIOJIOKEHWE IAlUEHTOK C
arpoduueckumu III B TeueHHe 10 JieT CTaTUCTHYe-
CKH 3HAQUMMO He U3MeHWIUCh (p = 0.336, p = 0.371,
p = 0883 COOTBETCTBEHHO).

AHaAJIU3 CTPYKTYpbhl M YaCTOThI BCTPEUYAEMOCTHU
COMaTUYECKON MaTOJIOTHH IOKa3as, YTO y MalueH-
TOK 1-i rpynnsl ¢ atpoduyeckumu 11 cratucruye-
CKH 3HAYMMO Yallle, 10 CPABHEHHUIO C MMAI[UEHTKAaMU
2-ii TpymIIbl, HAOJIOAIOTCI THUIEPTOHUYECKas
6oste3Hb — 21 (38.9 %) 1 10 ciydaes (19.6 %) cooTBeT-
cTBEHHO (p = 0.030), BADUKO3HOE paCIIUpEHHE BEH
HIDKHUX KOHEUHOCTeH — 9 (16.7 %) u 1 cyyaii (1.9 %)
COOTBETCTBEHHO (p = 0.010), 3a00J1€BaHUsI OPTaHOB
nuieBapenus — 17 (31.8 %) u 6 (11.1 %) ciydaeB
COOTBETCTBEHHO (p = 0.015), CTATUCTUYECKU 3Ha-
YUMO peske — BOCIIATUTEIbHbIE 3a007IEBABHUS BEPX-
HUX U HIDKHUX JIbIXaTeJIbHBIX IyTed — 5 (9.3 %) u 13
(25.9 %) HAOJIIO/IEHNI COOTBETCTBEHHO (P = 0.027).

VY coBpeMeHHBIX (371eCh U Jiajiee 9TO KEHIUHBI
1-¥ Tpynmsel, 2016—2018 IT.) TAIUEHTOK ¢ aTpodu-
yeckumu DIl Habaozaercsa 0Oosiee TMO37HEE, YEM
10 JIeT Hazaj, MeHapxe — 13.63 (13.29; 13.97) 1 12.82
(12.44; 13.20) TOZA COOTBETCTBEHHO (P = 0.002).
Cpennuii Bo3pacT Hayasia MoJI0BOH KU3HU 32 10 JIET
CYIIIECTBEHHO He W3MEHWJICA M COCTaBWI 20.31
(19.56; 21.06) 1 20.98 (19.46; 22.50) rojia COOTBET-
CTBEHHO (P = 0.440), a YacTOTa PAHHETO CEKCyasIb-
HOTO /1e0I0Ta CTATUCTUYECKH 3HAYMMO He pasjinda-
nack — 3 (5.6 %) u 5 (9.8 %) HAOJMIOAEHUI COOTBET-
CTBEHHO (p = 0.412).

CoBpeMeHHbBIE MAIMEHTKH € aTPpOPUUECKUMHU
OII wmMmeroT O6oJiblllee KOJUYECTBO OepeMeHHO-
cTeil — B cpeqiHeM 3.46 (2.80; 4.12) y 1 KeHIUHBI
MPOTHUB 2.37 + 0.67 (1.70; 3.04) B UpeAbIAyITHH
nepuoy (p = 0.02). IIpu 3TOM OHU CTATHUCTUYECKH
3HAYHUMO Yalle, YeM 10 JIeT Hazal, MpuberamT K
Xupypruueckomy abopty — 35 (64.8 %) u 21
(41.2 %) ciayuaii coorBercTBeHHO (p = 0.015),
UMEIT B aHaMHe3e CaMOIPOU3BOJIbHBIE BBIKH-
abimu — 7 (12.9 %) u 1 (1.9 %) ciaydaill COOTBET-
CTBEHHO (p = 0.034) U CTAaTUCTHUYECKH 3HAYUMO
Yare MCIOJIb3YIT BHYTPUMATOUHYIO KOHTpAIlel-
o — 20 (37.0 %) npotus 8 (15.7 %) HabOMIOAeHUH
COOTBETCTBEHHO (p = 0.013).

B cTpyKType r'MHEKOJIOTUUeCKHX 3a00JIeBaHUuM y
MMaIyeHToK ¢ arpoduueckumu A1, obcae0BaHHBIX

Analysis of the structure and incidence of somatic
pathology showed that in patients of the 1st group
with atrophic EPs, hypertension was significantly
more common than in the 2nd group — 21 (38.9%)
and 10 (19.6%), respectively (p = 0.030); varicose
veins of the lower extremities — 9 (16.7%) and 1 case
(1.9%), respectively (p = 0.010); diseases of the
digestive system — 17 (31.8%) and 6 (11.1%) cases,
respectively (p = 0.015 ); significantly less often the
inflammatory diseases of the upper and lower respi-
ratory tract — 5 (9.3%) and 13 (25.9%) observations,
respectively (p = 0.027).

In modern (hereinafter, these are women of the
1st group, 2016—2018) patients with atrophic EPs,
the menarche is observed later than 10 years ago —
13.63 (13.29; 13.97) and 12.82 (12.44; 13.20) years,
respectively (p = 0.002). The mean age at first sex
over 10 years did not change significantly and
amounted to 20.31 (19.56; 21.06) and 20.98 (19.46;
22.50) years, respectively (p = 0.440), and the rate of
early sexual debut did not differ significantly — 3
(5.6%) and 5 (9.8%) observations, respectively
(p = 0.412).

Modern patients with atrophic EP have a higher
number of pregnancies — an average of 3.46 (2.80;
4.12) per 1 woman versus 2.37 + 0.67 (1.70; 3.04) in
the previous period (p = 0.02). At the same time,
they are significantly more likely than 10 years ago to
resort to a surgical abortion — 35 (64.8%) and 21
(41.2%) cases, respectively (p = 0.015); have a his-
tory of spontaneous miscarriages — 7 (12.9%) and 1
(1.9 %) case, respectively (p = 0.034), and signifi-
cantly more often use intrauterine contraception —
20 (37.0 %) versus 8 (15.7 %) observations, respec-
tively (p = 0.013).

In the structure of gynecological diseases in
patients with atrophic EPs examined in 2016—2018,
the non-inflammatory diseases of the genital organs
(cervical polyps, endometrial hyperplasia, mild cer-
vical dysplasia) are significantly more common than
10 years ago — 24 (44.4 % ) and 8 (15.7%) cases,
respectively (p = 0.001); inflammatory diseases of
the cervix (cervicitis) — 28 (51.8%) and 13 (25.5%)
cases, respectively (p = 0.006).

Attention is drawn to the multiple recurrence of
atrophic EPs in modern women — 16 (29.6%) cases
versus 6 (11.1%) 10 years ago (p = 0.014).

An analysis of clinical manifestations showed that
in modern patients with atrophic EPs, AUB is
observed significantly less frequently than 10 years
ago — 2 (3.7%) and 13 (25.5%) cases, respectively
(p = 0.001). In addition, there is a trend towards a
1.6-fold decrease in the number of women with post-
menopausal bleeding due to atrophic EPs — from 11
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B 2016—2018 IT., CTATUCTUYECKH 3HAUYHMO Yallle,
yeM 10 JIeT Hasaz, HaOJI0JAI0TCA HEBOCIAIUTE b~
Hble 3a00JIeBaHUS IOJIOBBIX OpraHoB (IOJIMIIBI
IIeHKN MAaTKW, TUIEPIUIA3us DHAOMETPHs, cyiabo-
BBIDOKEHHAA JUCIUIA3Us IIEHKH MaTKu) — 24
(44.4 %) u 8 (15.7 %) ciayyaeB COOTBETCTBEHHO
(p = 0.001), BociasuTeNIbHBIE 3a00JIEBAHUS IEUKU
maTkd (nepBunur) — 28 (51.8 %) u 13 (25.5 %) cay-
YaeB COOTBETCTBEHHO (P = 0.006).

Obpamjaer Ha cebs BHHUMAaHHE MHOTOKPATHOE
penuauBupoBaHue atpoduueckux I y coBpemeH-
HBIX JKeHIMUH — 16 (29.6 %) ciyyaeB mpoTuB 6
(11.1 %) 10 neT Ha3az (p = 0.014).

AHau3 KIMHUYECKUX IPOsBIEHNH II0KA3aJI, UYTO
yV COBpPEMEHHBIX MAIUEeHTOK ¢ aTpoduueckumu II1
AMK HaOII071a10TCSA CTATHCTHYECKH 3HAUUMO PEIKe,
JeM 10 JieT Ha3azx — 2 (3.7 %) u 13 (25.5 %) cirydaen
cooTBeTcTBEHHO (p = 0.001). Kpome Toro, umeercst
TEH/IEHIIUSA K YMEHBIIEHHUIO B 1.6 pa3a KOJIHYECTBA
JKEHINMH C MOCTMEHONAy3aJIbHBIMUA KPOBOTEUYEHU-
sIMH, 00ycJIoBIeHHBIMEU aTpoduueckumu III — ¢ 11
(21.6 %) ciyuaeB Bo 2-# rpymme jio 7 (12.9 %) ciy-
JaeB B 1-U rpymie (p = 0.242), CTATUCTHYECKH 3HA-
YHMO BO3POCJIO YUCJIO KEHIIUH, HE UMEIOIIUX KI1-
HUYECKUX MPOsIBJIeHUH 3a601eBaHus — ¢ 27 (52.9 %)
CJIy4aeB BO 2-U rpyrre Jio 44 (81.5 %) HabM0aeHUH
B 1-1i rpymie (p = 0.002).

l'unepnactuueckue Il Habmomamucy y
51 TAIUEHTKH 1-U TPYIIIIBI U 49 KEHIIUH 2-1 TPYTIIIHL.
IIpoBe/ieHHBIN aHATNU3 TTOKA3aJ, UYTO BO3PACT MAHU-
decranmu 11 sToro TUMA B 1-H TPYIIIIE CTATHCTHYE-
CKHM 3HAYMMO YMEHBIIUIICA — C 44.39 (42.05; 46.72)
rojia Bo 2-# rpymie 10 36.10 (34.01; 38.18) roxa B
1-1i rpynre (p < 0.001). Y GOJBIINHCTBA COBPEMEH-
HBIX JKEHIIUH rumnepiuiactuyeckre III guarHocTu-
PYIOTCSI B BO3pAcTe JI0 45 JieT — 45 (88.2 %) ciyuaes,
B TO BpeMsI KaK 10 JIET Ha3aJ] — TOJIBKO y 22 (44.9 %)
(p < 0.001).

CoBpeMeHHbIE MAIMEHTKU C TUIMEPIIacTaYe-
ckumu JII craTHCTUYECKH 3HAYKMMO dYallle MMEIOT
BbIcilee oOpasoBaHue — 41 (80.4 %) mpotuB 23
(46.9 %) B ipeapIAyIITE TOABI (P < 0.001), COCTOST B
3apeTUCTPUPOBAHHOM Opake — 40 (78.4 %) mpotus
25 (51.0 %) ciryuaeB COOTBETCTBEHHO (P = 0.004).

CTpyKTypa 1 4acToTa BCTPEUYaeMOCTH COMaTHUe-
CKOUM IMATOJIOTUU y MAI[MeHTOK C THUIlepIIacTHye-
cxkumu I B rpyImnax CyecTBeHHO He Pa3IndaeTcs,
O/THAKO Y COBPEMEHHBIX KEHIIMH HAOTI0AeTCs TEH-
JIEHITUSI K YMEHBIIEHUI0 YacTOThI BCTPEYAaEMOCTHU
TUIIEPTOHUYECKON 0O0JIE3HH U XPOHUUYECKOTO TOH-
3UJINTA, K YBEJTUUEHHUIO — O0JI€3HEH OpraHoB MUIIEe-
BapeHUs, IIUTOBUJHON KeJIe3bl, XPOHHYECKHUX
0oJIe3HEN HUKHUX JIBIXaTEIbHBIX ITyTeH, MOYEBBIIE-
JINTEJIbHOU cucTeMbl 1 anemuu (tabi. 1).

(21.6%) cases in the 2nd group to 7 (12.9%) cases in
the 1st group (p = 0.242); the number of women
without clinical manifestations of the disease
increased significantly — from 27 (52.9%) cases in
ond group to 44 (81.5%) cases in the 1st group
(p = 0.002).

Hyperplastic EP was observed in 51 patients of
the 1st group and 49 women of the 2nd group. The
analysis showed that the age of manifestation of EPs
of this type in the 1st group decreased significantly,
from 44.39 (42.05; 46.72) years in the 2nd group to
36.10 (34.01; 38.18) yearsin the 1st group (p < 0.001).
In the majority of modern women, hyperplastic EPs
are diagnosed before the age of 45 years — 45 (88.2%)
cases, while 10 years ago they made up only 22
(44.9%) (p < 0.001).

Modern female patients with hyperplastic EP are
significantly more likely to have a higher education —
41 (80.4%) versus 23 (46.9%) in previous years
(p < 0.001), and are in a legal marriage — 40 (78.4%)
versus 25 (51.0%) cases, respectively (p = 0.004).

The structure and incidence of somatic pathology
in patients with hyperplastic EPs in groups does not
differ significantly, however, in modern women there
is a tendency to a reduced incidence of hypertension
and chronic tonsillitis, and to an increased rate of
diseases of the digestive system, thyroid gland,
chronic diseases of the lower respiratory tract, uri-
nary system, and anemia (Table 1).

The average age of menarche in patients with
hyperplastic EPs did not change significantly over
10 years — 13.20 (12.86; 13.54) and 13.16 (12.76;
13.56) years in the 1st and 2nd groups, respectively,
and the age of first sex decreased significantly — from
21.80 (20.75; 22.85) years to 16 (15.79; 17.47) years
(p = 0.002).

Modern patients with hyperplastic EPs have a
past history of a significantly lower number of preg-
nancies — 1.62 (1.00; 2.24) per 1 patient versus 4.26
(3.45; 5.07) in the previous period (p < 0.001),
while almost every second woman notes the absence
of pregnancies and childbirth in general (p < 0.001),
and 68.6% do not have surgical abortions
(p < 0.001).

As a method of contraception, most modern
patients with hyperplastic EP use the barrier method.
Over 10 years, the number of women using condoms
increased significantly from 18 (36.7%) to 30 (58.8%)
(p = 0.027). In addition, there was a significant
increase in the frequency of using combined hor-
monal contraceptives — 12 (23.5%) versus 2 (4.1%)
(p = 0.005).

In modern patients with hyperplastic EPs, a his-
tory of endometrial hyperplasia is significantly more
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Ta6ouna 1. Komop6uiHas coMaTrieckas MaToJIOTHs Y MAIUEeHTOK C THIepIIacTuaeckumMu 11
Table 1. Comorbid pathology in patients with hyperplastic EPs

1-A rpymnma 2-71 Tpynma
1st group 2nd group
(2016—2018) (2006—2008)
Bupg narosaoruu (kox MKbB-10) n=51 n =49
Pathology (ICD-10 code) p
abc. a0c.
yucao % yucao %
abs. abs.
T'unepronnyeckas 6ose3ub (110-115) 1 1.9 5 10.2 0.083
Hypertensive heart disease (I10-115)
T'punm u naeBMouuA (J18), XpoHUUECKHH TOH3ULIUT (J35.0) 1 1.9 5 10.2 0.083
Flu and pneumonia (J18), chronic tonsillitis (J35.0)
XpoHuueckue 60JIE3HN HIKHUX JIBIXaTeJIbHBIX TyTel (J41, J44, J45) 3 5.9 1 2.0 0.327
Chronic diseases of the lower respiratory tract (J41, J44, J45)
Bosesnu opranos nunieBapenus (K25, K26, K29, K52.2) 9 17.6 5 10.2 0.283
Diseases of the digestive system (K25, K26, K29, K52.2)
Bosie3Hu KeTUHOTO My3bIPs, JKeTIYEBBIBOAAIINX ITyTEH U MOIKETyJOUYHON 6 11.8 3 6.1 0.324
sxenessl (K81.1, K85, K80.0)
Disorders of the gallbladder, biliary tract and pancreas (K81.1, K85, K80.0)
XpoHUUECKHUH TYOYIOMHTEPCTUIINATBHBIN HedpuT (N11) 3 5.9 1 2.0 0.327
Chronic tubule-interstitial nephritis (N11)
MouekamenHas 60se3ub (N20.0) 0 0.0 1 2.0 0.305
Calculus of kidney (N20.0)
JIpyrue 60J1e3HU MOYEBBIIEJIUTENIBHOM crcteMbl (N30.0) 4 7.8 1 2.0 0.183
Other disorders of the urinary system (N30.0)
Ozxupenue (E66.0) 1 1.9 o) 0.00 0.325
Obesity (E66.0)
Caxapubiii fuaber 11 tumna (E11) 1 1.9 0 0.00 0.325
Type 2 diabetes mellitus (E11)
Boaesnu murosuaHou xenesbl (E04.0, E06.3, E04.2, E02) 4 7.8 2 4.1 0.428
Disorders of the thyroid gland (E04.0, E06.3, E04.2, E02)
Bosie3Hu KpOoBH, KPOBETBOPHBIX OPTAHOB U OT/IE/IbHBIE HAPYIIIEHHUSI, 6 11.8 1 2.0 0.057

BOBJIEKAIOIIe UMMYHHBIN MexanusM (D50—D53)

Diseases of the blood, blood-forming organs and certain disorders involving

the immune mechanism (D50—D53)

CpenHui BO3pacT MeHapXxe y MarfueHTOK ¢ THIIep-
mwiactuyeckumu III 3a 10 JIeT CyIEeCTBEHHO He
usMenwiIcsa — 13.20 (12.86; 13.54) u 13.16 (12.76;
13.56) To/1a B 1-d U 2-H rpyImax COOTBETCTBEHHO, a
BO3pacT Hayaja IIOJIOBOM JKU3HH CTATHCTUYECKH
3HAYMMO YMEHbINUICA — ¢ 21.80 (20.75; 22.85) roga
710 16 (15.79; 17.47) neT (p = 0.002).

CoBpeMeHHBbIE TAIMEHTKA C THUIEPIIacTHYe-
ckuMu III UMEIOT B aHaMHEe3€e CTaTUCTHYECKH 3Ha-
YHMO MeHbIIIee KOJIMYECTBO OepeMeHHOocTel — 1.62
(1.00; 2.24) y 1 HaUEHTKU IPOTHUB 4.26 (3.45; 5.07)
B IIPEABIAYINHII Iepuoy (p < 0.001), IPH 3TOM IIpaK-
THUYECKU KaXK7[asi BTOpasi OTMeUaeT OTCYTCTBHE Oepe-
MEHHOCTEH U POJIOB BooO1IIE (p < 0.001), 2 68.6 % He
HMMeIOT XUPYPrHUecKuX abopToBs (p < 0.001).

B kauectBe MeTola KOHTpAIENIIUU OOJIBITHH-
CTBO COBPEMEHHBIX IAI[MEHTOK C TUIlepILIacThYe-
ckumu DIl ucmoab3yoT GapbepHBIH MeToA. 3a 10
JIeT KOJIMUECTBO JKEHIIUH, IPUMEHSIOIIUX ITpe3ep-

common — 25 (49.0%) versus 13 (26.5%) in the pre-
vious period (p = 0.020); ovarian cysts — 7 (13.7%)
versus 0 (0.00%), respectively (p = 0.007). There is a
moderate (1.5 times) increase in the incidence of
intrauterine manipulations, including due to the
recurrence of hyperplastic EPs, although the rate of
relapses of these EPs has not changed significantly
over 10 years: 10 (19.6%) in modern women and 7
(14.2%) in the previous period (p = 0.451).

An analysis of the clinical manifestations of
hyperplastic EPs showed that in the cohort of mod-
ern patients, the AUB proceeding as an intermen-
strual bleeding (IMB) is significantly more com-
mon — 11 (40.7%) versus 5 (16.1%) observations in
the previous period (p = 0.036), as well as the sig-
nificantly increased number of asymptomatic
patients — from 8 (16.3%) cases to 18 (35.3%) cases
(p = 0.031). EPs in these women were detected dur-
ing ultrasound of the pelvic organs.
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BaTUBBI, CTATUCTUYECKHU 3HAYNMO YBEJTUYMIIOCH C 18
(36.7 %) no 30 (58.8 %) (p = 0.027). Kpome ToTO,
OTMEUEHO CTATHCTUYECKH B3HAUYHNMOE YBEJTHUYEHHE
YaCTOThI HCIIOJIb30BAHUS KOMOWHHPOBAHHBIX TOP-
MOHAJIbHBIX KOHTPAIENTUBOB — 12 (23.5 %) MpOTUB
2 (4.1 %) (p = 0.005).

VY CcoBpeMeHHBIX MAIUEeHTOK C THIEePIIaCThYe-
ckumd III craTUCTHYECKH 3HAYMMO Yallle BCTpeda-
J0TCsS B aHAMHe3e TUIEPIIa3usl SHAOMETPUS — 25
(49.0 %) mpotuB 13 (26.5 %) B IPeABIIYIINH IEPUOT
(p = 0.020), KUCTHI AMIHUKOB — 7 (13.7 %) MPOTUB O
(0.00 %) cooTBercTBeHHO (P = 0.007). OTMeUaeTcs
HekoTopoe (B 1.5 pasa) yBeJWUYeHHE YacTOThI BHY-
TPUMATOYHBIX MAHUIYJIAIAHA, B TOM YHUCJIE 32 CUET
peuuAUBUPOBaHUs Tumepiuiactuueckux III, xoTs
YacToTa penuauBoB aTux D11 3a 10 JIET CyIeCTBEHHO
He U3MEHWJIach: 10 (19.6 %) y COBpEMEHHBIX >KeH-
mud U 7 (14.2 %) — B NOPeAbIAyIIHH IEPUOJ
(p = 0.451).

AHaNIM3 KJIWHUYECKUX IPOSBJIEHUN THIEPILIA-
ctuueckux Il mokasas, 4TO B KOTOPTE COBpeMeEH-
HBIX MAIMEHTOK CTAaTHCTUYECKH B3HAUMMO dYallle
Habsromaroress AMK 1o THIy MeXMeHCTPYaJIbHBIX
kpoBoreuenuit (MMK) — 11 (40.7 %) mpoTtuB 5
(16.1 %) HaOMIOAEHUH B TPEABIIYIINNA TEPUO
(p = 0.036), a Tak:Ke CTATUCTUYECKU 3HAYUMO yBe-
JIMYUIIOCH KOJIMYECTBO MAIMEHTOK ¢ OECCHMIITOM-
HBIM TedyeHueM 3abosieBanusa — ¢ 8 (16.3 %) mo 18
(35.3 %) ciyuaeB (p = 0.031). DI y 3TUX KEHITUH
OBLTM BBISIBJIEHBI MPU TMPOBEIEHHUU YIBTPA3BYKO-
BOTO HCCJIEIOBAHUS OPTAaHOB MAJIOTO Ta3a.

dOyaknmoHabHbIe D11 HAGIIOIATUCH Y 102 TTAIU-
€HTOK 1-U rpynmsl U 86 KeHIUH 2-1 rpymnmnbl. Bos-
pact manudecranuu I GyHKIMOHAIBHOTO THUIIA B
1-# rpyIIe CTaTUCTUYECKH 3HAYMMO YMEHBIITHIICA U
coctaBus 36.03 (34.57; 37.49) rojia, IPOTUB 47.92
(45.88; 49.96) roza Bo 2-1 rpymie (p < 0.001).

YpoBeHb 00pa3oBaHHUA KEHIIUH € (YHKIHO-
HasbHBIMU JII 3a 10 JeT CylllecTBEHHO He H3Me-
HUWICS ¥ XapaKTEPHU30BAJICA MPeodIalaHueM Talu-
€HTOK C BbIcIiuM obpa3oBanueM — 83 (81.4 %) mpo-
B 65 (75.6 %) (p = 0.334). BOJBIINHCTBO MAIUEH-
TOK Kak B 2016—2018 IT., TaKk ¥ B 2006—2008 TIT.
3aHATHl YMCTBEHHBIM TpyZoM — 80 (78.4 %) u 57
(66.3 %) cooTBeTcTBEHHO (p = 0.062). CTaTrcTHYE-
CKU 3HAYUMO OOJIbIIIEE UKCJIO COBPEMEHHBIX KEH-
IUH COCTOSIT B 3apPETHCTPUPOBAHHOM Opake — 77
(75.5 %) mpotuB 51 (59.3 %) COOTBETCTBEHHO
(p = 0.018).

Y coBpeMeHHBIX MAIUEHTOK € (QYHKIIUOHAIb-
HeiMu II1 HaGI0maeTCsa CTATUCTUYECKH 3HAYKMMOE
YMEHbIIIEHHE YaCTOThl BCTPEYAEMOCTU THUITEPTOHU-
yeckou 60s1e3HH — ¢ 25 (29.1 %) Bo 2-1 TpymIe 70 3
(2.9 %) cnyuaeB B 1-ii rpymre (p < 0.001) COOTBET-

Functional EPs were found in 102 patients of the
1st group and 86 women of the 2nd group. The age of
manifestation of the functional type EPs in the 1st
group significantly decreased and averaged 36.03
(34.57; 37.49) years versus 47.92 (45.88; 49.96)
years in the 2nd group (p < 0.001).

The level of education in women with functional
EP did not change significantly over 10 years, and
was characterized by the predominance of patients
with a higher education — 83 (81.4%) versus 65
(75.6%) (p = 0.334). Most of the patients, both in
2016—2018 and in 2006—2008, were engaged in
knowledge work — 80 (78.4%) and 57 (66.3%),
respectively (p = 0.062). A significantly greater num-
ber of modern women are in a legal marriage — 77
(75.5%) versus 51 (59.3%), respectively (p = 0.018).

In modern patients with functional EPs, there is a
significant decrease in the incidence of hyperten-
sion — from 25 (29.1%) cases in the 2nd group to 3
(2.9%) cases in the 1st group (p < 0.001), respec-
tively; chronic tonsillitis — from 23 (26.7%) to 8
(7.8%) observations (p < 0.001), respectively; an
increase in the incidence of diseases of the digestive
system — from 10 (11.6%) to 23 (22.6%) (p = 0.049)
cases, respectively; anemia — from 5 (5.8%) to 15
(14.7%) cases, respectively (p = 0.049).

For 10 years, the age of menarche in patients with
functional EPs did not change significantly and
amounted to 13.35 (13.05; 13.65) and 13.41 (12.98;
13.84) years in the 1st and 2nd groups, respectively
(p = 1.185). The age of first sex increased significantly
from 17.48 (16.52; 18.44) to 18.90 (18.36; 19.44)
years (p = 0.011), while extramarital sexual debut
before the age of 18 is significantly more often
observed in modern women: 29 (28.4%) versus 10
(11.6%) observations (p = 0.005).

At the same time, patients with functional EP of
the 1st group have a significantly lower number of
pregnancies in comparison with the previous
period — 1.67 (1.22; 2.12) per 1 woman versus 3.81
(3.10; 4.52), respectively (p < 0.001); no pregnancy
in their personal history — 37 (36.3%) versus 4
(4.57%), respectively (p < 0.001), as well as child-
birth — 50 (49.0) and 9 (10.5%) (p < 0.001), and sur-
gical abortions — 71 (69.6%) versus 22 (25.6%),
respectively (p < 0.001).

Modern women with functional EPs are signifi-
cantly more likely to use combined hormonal contra-
ceptives — 35 (34.3%) versus 4 (4.7%) in previous
years (p < 0.001), barrier contraception — 60 (58.8%)
and 37 (43.0%) (p = 0.031), respectively.

In the structure of gynecological diseases in
patients with functional EPs in the 1st group, the
inflammatory diseases of the cervix are observed sig-
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CTBEHHO, XPOHUYECKOTO TOH3UJLIIATA — ¢ 23 (26.7 %)
mo 8 (7.8 %) mabmiomenuii (p < 0.001) COOTBET-
CTBEHHO; YBEJWYEHHE 4YaCTOThI BCTPEYAEMOCTU
0oJIe3HEl opraHoB muIeBapeHus — ¢ 10 (11.6 %) 1o
23 (22.6 %) (p = 0.049) ciydaeB COOTBETCTBEHHO,
aHemud — ¢ 5 (5.8 %) 1o 15 (14.7 %) ciy4aeB COOTBET-
CTBEHHO (p = 0.049).

3a 10 JIeT BOo3pacT MeHapxe y NalueHTOK ¢ PyHK-
muoHasbHBIMU III CyIeCTBEHHO He W3MEHWICS U
cocrtaBua 13.35 (13.05; 13.65) u 13.41 (12.98; 13.84)
rojia B 1-i 1 2-1 rpyImax cOoTBeTcTBeHHO (p = 1.185).
CTaTUCTUYECKH 3HAYUMO YBEJWYWJICS BO3PaCT
HauaJjia IM0JIOBOH KU3HU — ¢ 17.48 (16.52; 18.44) mo
18.90 (18.36; 19.44) roaa (p = 0.011), IPU 3TOM CEK-
CyaJIbHBIN 71e0I0T BHE Opaka B Bo3dpacTe 70 18 JjeT
CTaTHCTUYECKH B3HAYMMO dalle HabJogaercs y
COBPEMEHHBIX JKEeHIIUH: 29 (28.4 %) npotus 10 (11.6
%) HabsoneHui (p = 0.005).

B TO ke BpeMs y HAIllMEHTOK ¢ (GYHKIIMOHAIb-
HbIMU III 1-U TpPyIIBl OTMEYAETCS CTATHCTHYECKU
3HAYMMO MEHbIIIEe KOJIMYECTBO OepeMeHHOCTEH B
CPaBHEHUH C MPEABIAYIIUM IeprogoM — 1.67 (1.22;
2.12) Ha 1 )KeHIIUHY TpotuB 3.81 (3.10; 4.52) cOOT-
BETCTBEHHO (p < 0.001); He HMeWT OepeMeHHO-
creit — 37 (36.3 %) mpotuB 4 (4.57 %) cooTBeT-
cTBeHHO (p < 0.001), a TaK¥Ke PoJioB — 50 (49.0) U 9
(10.5 %) (p < 0.001), METUITUHCKUX abOPTOB — 71
(69.6 %) mportuB 22 (25.6 %) COOTBETCTBEHHO
(p < 0.001).

CoBpeMeHHbIE JKEHITUHBI ¢ QYHKIIMOHATbHBIMHU
AIl craTvCTUYECKW B3HAYHMMO 4Yallle HCIOJIb3YIOT
KOMOWHUPOBAaHHBIE TOPMOHAJIbHBIE KOHTpAIIEM-
TUBBI — 35 (34.3 %) npotuB 4 (4.7 %) B MpOIILIbIE
rosipl (p < 0.001), GapbepHBI METO/, KOHTpAIEI-
H — 60 (58.8 %) 1 37 (43.0 %) (p = 0.031) COOTBET-
CTBEHHO.

B cTpyKType THHEKOJIOTHYECKUX 3a00JIeBaHUH Y
MaIieHToK ¢ (pyHKIHOHAIBHBIMU DI 1-H Tpymms!
CTAaTUCTUYECKU 3HAYMMO Yallle, YeM BO 2-U TPyTIIIE,
HaOJII0JAI0TCA BOCHAIUTEJbHBIE OOJIE3HU INIEHKH
MaTKH — 41 (40.2 %) u 13 (15.1 %) cIyuaeB COOTBET-
cTBeHHO (p < 0.001), a Takke OecIUIO/Ue B aHAM-
Hese — 32 (31.4 %) u 4 (4.7 %) HAOIIOAEHUS COOTBET-
CTBEHHO (p < 0.001).

HawuboJiee yacTo BCTPEYAONUMCS KIIMHUYECKUM
nposiBieHneM GyHKIUOHAIBHBIX Il  sABasAoTCA
AMK. OHu HaGII0Ial0TCS ¥ KaXKI0M BTOPOH MaIly-
€HTKH U B 1-U U BO 2-# rpymme. Y MalueHTOK 1-H
CPYIIIBI CTATUCTUYECKH 3HAUNMO Yalle OTMEYAI0TCS
AMK 1o Tty MMK — 31 (57.4 %) cy4aii IpoTUB 14
(34.2 %) BO 2-11 rpynme (p = 0.025). 3aperucTpupo-
BaHO CTATUCTUYECKU 3HAYHMOE yBeJIHMYEeHUe
YacTOThl OECIIONUSA y COBPEMEHHBIX JKEHIIUH C
dyuxnmonansabiMu II1: 15 (14.7 %) ciaydaer mpo-

nificantly more often as compaired to the 2nd
group — 41 (40.2%) and 13 (15.1%) cases, respectively
(p < 0.001), as well as the history of infertility — 32
(31.4%) and 4 (4.7%) observations, respectively
(p < 0.001).

The most common clinical manifestation of func-
tional EPs is AUB. They are observed in every second
patient in both the 1st and 2nd groups. In patients of
the 1st group, the AUB of the IMB type is significantly
more common — 31 (57.4%) cases versus 14 (34.2%)
in the 2nd group (p = 0.025). A significant increase
in the incidence of infertility in modern women with
functional EP was registered: 15 (14.7%) cases versus
3 (3.5%) in the previous period (p = 0.009). The
number of patients with asymptomatic course of the
disease did not differ significantly — 32 (31.4%) and
36 (41.9%) (p = 0.136).

DISCUSSION

Our study revealed statistically significant diffe-
rences in the medical and social profile and charac-
teristics of the clinical course of the disease in
patients with EPs in the 2016—2018 and 2006—2008
cohorts which are often multidirectional depending
on the morphological type of EPs. Thus, over 10 years
there was a statistically significant increase in the age
of manifestation of atrophic type of EPs and a
decrease in the age of manifestation of hyperplastic
and functional types of EPs. Most patients (90.7%)
with atrophic EPs are in the period of menopausal
transition and postmenopause, and 88.2% of women
with hyperplastic EPs and 60.9% with functional EPs
are of reproductive age, which does not contradict
the literature data [2, 16].

Modern patients with EPs have a significantly
higher level of education and more often are married
legally.

The somatic health of patients with atrophic and
functional EPs has changed significantly. Among
modern women with atrophic EPs, the number of
patients with hypertension, varicose veins of the
lower extremities, disorders of the digestive system
has significantly increased; as for functional EPs,
we observe a statistically significant increase in the
incidence of disorders of the digestive system and
anemia. The results of our study are consistent with
the literature data on the high incidence of somatic
comorbidity in patients with EPs [2, 16]. The
change in the incidence of a number of somatic dis-
eases can be explained by the change in the age of
EP manifestation over the past 10 years. There were
no significant changes in the structure and inci-
dence of somatic diseases in patients with hyper-
plastic EPs.
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TiB 3 (3.5 %) B mpeapiaAymuii mepuoj (p = 0.009).
Yucsio MamueHTOK ¢ OeCCMMIITOMHBIM TEUYEHHEM
3a00JIEBAHUS CYIIECTBEHHO HE pas3jInyaercs — 32

(31.4 %) n 36 (41.9 %) (p = 0.136).

OBCYXKJIEHUNE

ITpoBeieHHOE HAMU HCCIIEZIOBAHE BBISBIIIO CTa-
TUCTUYECKH 3HAYUMBbIE OTJIHYUA MeEIUKO-COIU-
JIBHOTO TIOPTpPeTa M OCOOEHHOCTEH KIMHUYECKOTO
TeueHUs 3a00sieBaHUA y manueHToK ¢ I KoropTsl
2016—2018 IT. ¥ 2006—2008 IT., KOTOpble HOCAT
3a4acTyi0 pa3HOHAIPaBJIeHHBIN XapaKTep B 3aBUCH-
moctu ot Mmopdosiornueckoro tumna 1. Tak, 3a 10
JIET TIPOM30IIUIO CTATUCTHYECKU 3HAUMMOE yBeIUUe-
HHue Bo3zpacta MaHudecranuu III aTpoduueckoro
THIIA U CHIXeHUe Bo3pacta MaHupecranuu 911
TUIEPIUIACTUYECKOTO U (PYHKIIMOHAJIBHOTO THIIOB.
Bospirast wacts (90.7 %) manueHTOK ¢ aTpoduye-
cxkumu JI1 HaxoAUTCA B IIEPHO/ie MEHOIAY3aIbHOTO
rnepexo/ia U IocTMeHomnayse, a 88.2 % »KeHIUH C
runepruiactryeckumu I u 60.9 % ¢ GyHKIIHOHATB-
HeIMH DIl — B PENpOAYKTHUBHOM BO3pacTe, YTO HE
MIPOTUBOPEYUT JJAHHBIM JIUTEPATYPHI [2, 16].

CoBpemenHble nmanueHTku ¢ Il umeror cratu-
CTUYECKU 3HAYMMO 0oJiee BBICOKHHM YPOBEHH 00Opa-
30BaHUA U Yallle COCTOSIT B 3apPETHCTPUPOBAHHOM
Opake.

Cy1ecTBEHHO M3MEHUJIOCh COMATHYECKOe 3710-
POBbE TNAIIMEHTOK C aTPOUUECKUMHU U (PYHKIIHO-
HasbHBIMU OJII. Cpenu cOBpeMEHHBIX >KEHIIUH C
arpoduyeckumu I11 craTUCTUUYECKU 3HAYUMO YBe-
JIMYUJIOCH KOJIMYECTBO MAIUEHTOK C THIIEPTOHUYE-
CKOIl 0O0JIe3HBIO, BAPUKO3HBIM PACIIUPEHHEM BeH
HIDKHUX KOHEYHOCTeH, 3a00JIeBAaHUAMU OPTraHOB
nUIeBapeHus; Npu GYHKIUOHIBHBIX III MBI
HAO0JII0ZIaeM CTAaTUCTUYECKU 3HAUMMOE YBEJIMUeHHe
YaCTOThI BCTPEYAEMOCTH OOJIE3HEH OPraHOB IIUIIE-
BapeHUs U aHeMUU. Pe3yibTaThl HAIIIETO UCCIEA0BA-
HHSA COTJIACYIOTCH C JAHHBIMU JIUTEPATYPHI O BBICO-
KOH JacToTe KOMOPOUIHBIX COMaTHYECKUX 3ab0Jie-
BaHui y marueHTok c¢ III [2, 16]. M3meHeHue
YaCTOTHI BCTPEUAEMOCTH PsJIa COMATUIECKUX 001e3-
HEHd MOXKHO OOBSCHUTh H3MEHEHHWEM BoO3pacTa
mauudecranuu D11 3a mpomenmue 10 jet. Cyre-
CTBEHHBIX U3MEHEHHUH B CTPYKTYpe U 4acTOTe COMa-
THYECKHUX 3200JIEBAaHUH y MAIMEHTOK C TUIEPILIa-
cruueckuMu II1 He npousomtio.

V3MeHeHNsA penpoJlyKTUBHOTO aHaMHe3a Halu-
eHTOK ¢ JII XxapakTepu3yIoTcs CTATUCTHYECKU 3HA-
yuMo 0oJiee TO3JHUM MeHapXe Yy COBPEMEHHBIX
JKeHIUH ¢ atrpoduyeckumu II1, MeHbIINM Bo3pac-
TOM KOWUTapXe Yy COBPEMEHHBIX MAaIlEeHTOK C TUIIep-
wiactuyeckuMu III u GOJBIIUM — y JKEHIIUH C
¢yuknmonanbapiMu III. CoBpeMeHHbIe JKEHITUHBI

The changes in the reproductive history of
patients with EPs are characterized by a significantly
later menarche in modern women with atrophic EPs,
an earlier age of coitarche in modern patients with
hyperplastic EPs and a later age in women with func-
tional EPs. Modern women with functional and
hyperplastic EPs have a history of a significantly
lower number of pregnancies, childbirth and thera-
peutic abortions, and patients with atrophic EPs
have a greater number of pregnancies, therapeutic
abortions and spontaneous miscarriages.

The contraceptive preferences of patients with
EPs have changed. Modern women with atrophic
EPs are significantly more likely to use intrauterine
contraception, and those with hyperplastic and
functional EPs use combined hormonal contra-
ceptives.

The incidence of comorbid gynecological diseases
has changed: in the cohort of modern patients with
atrophic EPs, cervical polyps, endometrial hyperpla-
sia, cervicitis, and mild cervical dysplasia are signifi-
cantly more common; in women with hyperplastic
EPs — endometrial hyperplasia and ovarian cysts,
and in patients with functional EPs — cervicitis and
infertility. In a history of modern women with atro-
phic EPs, the intrauterine interventions are signifi-
cantly more common due to intrauterine pathology,
including the recurrence of EPs. It should be noted
that repeated recurrence of atrophic EPs is observed
in the 1st group (2016—2018) statistically signifi-
cantly more often than 10 years ago.

Data on the clinical picture of EPs of various
morphological types presented in the literature are
scarce. A number of authors note that atrophic,
hyperplastic and functional polyps manifest by such
types of AUB as heavy menstrual bleeding, inter-
menstrual bleeding and postmenopausal bleeding
in 42.3, 51.6 and 19.5% of cases, respectively. The
asymptomatic course of the disease is observed in
7.7% of women with atrophic and in 30.9% of
women with functional EPs, while the infertility is
observed in 7.7% of patients with atrophic, in 19.4%
of patients with hyperplastic, and in 46.0% — with
functional EPs [2, 16]. According to our data, AUB
in patients with atrophic EPs of the 1st group
(2016—2018) is observed significantly less fre-
quently (3.7%) than 10 years ago, and in a signifi-
cantly larger number of women with hyperplastic
and functional EPs, the disease manifests itself as
an AUB of IMB type — in 40.7 and 57.4% of cases,
respectively. Over 10 years, the number of women
with postmenopausal bleeding caused by all types
of EPs has decreased, while in the cohort of modern
patients with atrophic and hyperplastic EPs, the
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¢ GYyHKIIMOHAIBHBIMU U THUIEpIIacTuIecKkuMu 11
UMEIOT B aHAMHE3€ CTaTUCTUYECKH 3HAUYUMO MEHb-
Iee KOJIMYECTBO OepeMeHHOCTeH, POOB U MeIu-
OMHCKUX abOPTOB, a MAIUEHTKU C aTPO(PUIECKUMU
AII — GoJpiiiee 4ncyio GepeMeHHOCTENW, MeTUITHH-
CKHX a6OPTOB U CAMOTIPOU3BOIBHBIX BBIKUBIIIEH.

V3MeHMINCh KOHTPAIENTHBHBIE IMPEATIOYTEHI
narueHTok ¢ JII. CoBpeMeHHble KeHIUHBI ¢ III
aTpo(HUUECKOro THUIA CTATUCTHYECKH 3HAYNMO Yalle
HCIOJIb3YIOT BHYTPUMATOYHYIO KOHTPAIEMIINIO, a C
TUTIEePIJIACTUYeCKUMHU U (QyHKIMOHaIbHbIMU III —
KOMOWHHPOBAHHbIE TOPMOHAIbHbIE KOHTPAIIENITUBHL.

W3MmeHnsach 4YacToTa BCTPEYaeMOCTH KOMOP-
OUIHBIX THUHEKOJIOTHYEeCKnX 3abosieBaHUI: B
KOTOpPTE COBPEMEHHBIX IMAIUEeHTOK C aTpoduye-
cxkumu I craTucTHYecKn 3HAYNMO Yarie HabJToaa-
FOTCS TIOJTUIIBI IIIERKW MATKH, TUIIEPIUIA3U SH0Me-
TpUs, IEPBUIUT U CIa0OBBIPA’KEHHAS IUCILIA3UI
IIEHKU MATKH; y JKEHIIWH C TUIEePIUIACTHIECKUMI
Il — rumnepiuta3us SHAOMETPUA U KUCTHI SUYHH-
KOB, a y TAIUEHTOK ¢ pyHKITMOoHAMbHBIMU 11 — 11ep-
BunuT u Oecmiogue. B aHaMHe3e COBpeMeEHHBIX
JKeHIUH ¢ arpodudeckumu I11 craTucTuuecku 3Ha-
YUMO yYalle HabJII0/Ial0TCs BHYTPUMATOUYHbBIE BMe-
IIATEJTBCTBA B CBA3H C BHYTPHUMATOYHOU IIATOJIO-
TUel, B TOM UYHCJIE 110 IPUYUHE PEIUUBUPOBAHUS
II1. Cienyer OTMETUTh, YTO HEOJHOKPATHOE PeIy-
nuBupoBaHue arpoduueckux I ormeuvaercs B 1-i
rpymnme (2016—2018 TIT.) CTaTUCTUYECKH 3HAYHMO
yaie, yeM 10 JIeT Ha3a/l.

Jauuple 0 xwimHUYeckol kaptuHe III paszmmy-
HBIX MOP()OJIOTHYECKHUX THUIIOB, IPEJ/ICTABJIEHHBIE B
JIUTepaType, HEMHOTOUNC/IEHHBI. P51 aBTOpPOB 0TMe-
YaeT, 4TO arpoduyvecKue, TUIEPIIACTHYECKHE U
(pyHKIMOHAJIPHbIE TOJUNBI MaHUQECTUPYIOT KakK
AMK 110 THITy OOMJIBHBIX MEHCTPYaJIbHBIX KPOBOTE-
YeHUH, MEXXMEHCTPYIHbHBIX KPOBOTEUEHUN U KPO-
BOTE€UEHHH B IIOCTMEHOIAy3€e B 42.3, 51.6 1 19.5 %
cJIyyaeB COOTBETCTBEHHO. beccumMnToMHOe TeueHHe
3aboJieBaHUsI HAOTIOMAETCA Y 7.7 % JKEHIIUH C aTpo-
puyeckuMu 1y 30.9 % — ¢ dyHknuoHanbHbiMu I11,
a 6ecrutoziue — y 7.7 % mMaIiieHToK ¢ aTpoGUUECKUM,
y 19.4 % — C TUNepIIacTUYeCKUMU Uy 46.0 % — ¢
dyaxnmonanpabivu I11 [2, 16]. I1o HAIIM TaHHBIM
AMK y mnanmentok c¢ arpodbuyeckumu III 1-i
rpymibl (2016—2018 IT.) HAOIIOAAIOTCS CTATUCTHYE-
CKHM 3HAUMMO pexe (3.7 %), ueMm 10 JieT Has3aj, a y

CIIMCOK J/IUTEPATYPBI

1. Yepnyxa I'.E., AcatypoBa A.B., lIsanos U.A., [lyma-
HOBckasi M.P. CTpykTypa IaTOJIOTMH 3HIOMETPHUS B
pa3IMYHbIE BO3PACTHBIE MEPUOABI // AKyIIEPCTBO
U TuHeKosiorusA. 2018;8:129-135. DOI: 10.18565/
2ig.2018.8.129-134.

number of women with asymptomatic course of the
disease has significantly increased, and in patients
with functional EPs, the incidence of infertility has
significantly increased.

CONCLUSION

Formed over 10 years, the changes in the age of
manifestation of EPs, somatic and reproductive
health of women with EPs, clinical manifestations of
EPs of various morphological types can be inter-
preted as pathomorphosis in the clinical (narrow)
sense. These changes must be taken into account
when developing diagnostic, therapeutic and recon-
structive treatment of this pathology.

Conflict of interest. The authors declare no
conflict of interest.

CTAaTUCTHYECKH B3HAYUMO OOJIBIIETO KOJIMYECTBA
JKEHIUH C TUIEPIUIACTUYECKUMU U (PYHKIIMOHAIIb-
weiMu JII 3aboseBanne npossistercsa kak AMK mo
tunty MMK — B 40.7 u 57.4 % ciy4yaeB COOTBeT-
CTBEHHO. 32 10 JIET yMEHbBIINJIOCh YHUCJIO JKEHIITUH ¢
IIOCTMEHOIIAy3JIbBHBIMI ~ KPOBOTEUEHUAMH, 00y-
CJI0BJIEHHBIMHU BceMu Buzgamu IlI, B To xxe BpeMs B
KOTOPTE COBPEMEHHBIX MTAIIMEHTOK ¢ aTPOUUECKUM
U runepiuiactudeckumu OIl craTHcTHYecKU 3Ha-
YUMO YBEJINYWIOCH KOJIMYECTBO JKEeHIIUH ¢ OeccuM-
IITOMHBIM TeUeHueM 3a00JIeBaHNA, a Y TAIUEHTOK C
¢yukumonanbHpiMu Il craTucTUYecKU 3HAYUMO
BBIPOCJIA YACTOTA OeCIlyIONUS.

3AK/IIOYEHUE

CdhopmupoBasiivecsi Ha TPOTSKEHUH 10 JIET
n3MeHeHUs Bo3pacta MaHudecranuu I, comaTu-
YEeCKOTO U PEeNpOAYKTHBHOTO 37I0POBbS JKEHIIUH C
I, xinmHUYeckux mnpospiaeHuid DIl pasaUIHbIX
MOPG)OJIOTHYECKUX THIOB MOKHO TPaKTOBAaTh Kak
maroMop¢03 B KJIMHUUECKOM (Y3KOM) CMBICIIE. DTH
U3MeHeHUsT HeoOXOAUMO YYHUTHIBATH IIPU paspa-
0OTKe AMAarHOCTHYECKUX M JIe4eOHO-BOCCTAHOBU-
TeJIBHBIX TEXHOJIOTUH IIPH JIAHHON NIaTOJIOTUH.

KoHQuKT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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HNiremuueckas 60J1€3Hb cepAlia ¢ IOrPaHUYHBIMU CTEHO3aMU
KOPOHAPHBIX aprepuil. KimHnuyeckne oco6eHHOCTH.
CooTHoOLIeHue NAacCIOPTHOTO U OMOJIOTUYECKOT0 BO3pacTa

J.A. fAAxonToB!, FO.0. Ocranuna!, A.I1. JIpIkoB?

@I'BOY BO «Hosocubupckuii 2ocyoapcmeeHtbliil meduyuHckuil ynusepcumem» Munsopasa Poccuu, Hosocubupck, Poccus
2@I'BY «Hogocubupckuil Hay1Ho-uccaedosamensckuil uHcmumym mybepkyaesa» Munzdpasa Poccuu, Hosocubupck, Poccus

AHHOTAIINA

BBenenue. Umemnueckas 6osesns cepana (MBC) ocraeTcss OCHOBHON NPUYHHON MHBAJIUIU3AINN U CMEPTHOCTH
JIMI] TPYZIOCITIOCOOHOTO BO3pacTa. SHAUUTEIHHYIO YacTh MAI[UEHTOB CO CTAaOMILHOM CTEHOKAP/UEN COCTABIISIOT AIUEHThI
¢ MOrpaHUYHBIMU (40—70 %) CTEHO3aMK KOPOHAPHBIX apTEPUH.

IMenp. UWsyunth (QakTOphl KapAMOBACKYJISPHOTO PHCKAa ¥ IPOBECTH CPABHUTEJBHYI OIEHKY KJIUHHUKO-
aHruorpaduIecKor KapTUHBI U JKECTKOCTHU COCY/ITUCTOH CTEHKH y 60JIbHBIX cTabribHON VIBC ¢ MOrpaHUYHBIMU CTEHO3aMHU
KOPOHAPHBIX apTEPUH B 3aBUCUMOCTH OT COOTHOIIIEHUS] GMOJIOTHYECKOTO U MACIOPTHOTO BO3PACTa, a TAKXKE OMPEETUTh
YPOBEHb CTOMKHX MeTabouToB okcu/a azora (NO) — nurpuros (NO,).

MaTtepuanb u MeToObl. OOcieoBaHO 40 OOJIBHBIX CTAOUIBHON CTEHOKapAuel 1—3-T0 (PyHKIMOHATIBHOTO
K1acca (36 — My>KYMHBI) B Bo3pacrte 33—68 JIeT ¢ TOrpaHUYHBIMU CTEHO3aMH KOPOHAPHBIX apTepuii. VIcXo/isl n3 3HaUeHUH
k03¢ PUIMEeHTa «ITaCIIOPTHBIN Bo3pacT/6uosiorudeckuii Bozpacr» (K), 60pHbIe ObLIN pa3/iesieHbl Ha IBe TPYIIIbI. B 1-10
TPYIIILY BOIILIX MAITUEHTHI ¢ OUOJIOTUYECKUM BO3PACTOM, IpeBhIIatoiuM nacnoptasii (K < 1.0 [0.53; 0.98]), Bo 2-10 — ¢
OGHOJIOTMYECKHUM BO3PACTOM, PaBHBIM MK yeTymnaroium nacnoptaomy (K = 1.0 [1.1; 1.5], p < 0.01).

PesyanbTaTsl. BoabHbIE CTAOMIBLHOU CTEHOKAP/AMEN € MOTPAHUYHBIMU CTEHO3aMK KOPOHAPHBIX apTEPHH MPEICTaB-
JISIFOT cOOOM /I0OCTATOYHO CEPhE3HYI0 TPYIIILY JIUIL B IJIAHE IIPOTHO3a. I1aIeHThI C TIOBBIIIEHHBIM COCY/IUCTBIM BO3PACTOM
OTJINYAOTCS HEOJIArOIPUSITHBIM TeEYEHHEM 3a00JIeBaHsI U MeHee 6IaronpusiTHbIM KapAHOMeTa00THnIeCKUM TPOGMUIIEM 110
CPaBHEHUIO C MAIMEHTAMH, Y KOTOPBIX OHMOJIOTHYECKHI BO3PACT COOTBETCTBOBAJI IACIIOPTHOMY. B TO ke BpeMs ypOBEHb
cToikux MeTabouToB oKcrza azora (NO) — autpuTos (NO,) B r1a3Me He 3aBHCeJT OT OHOJIOTHYECKOro BO3PACTA HAIEHTOB.
3aknouyeHHe. V3ydeHHe COCYMCTOTO BO3pACTa U YPOBHS CTOMKUX MeTaboMTOB okcr/ia azota (NO) — HUTPUTOB
(NO,) y 6onpHBIX cTabuabHoi MBC ¢ morpaHuYHBIMY CTEHO3aMK KOPOHAPHBIX apTepHii TPe/ICTaBIAeT OOJIBbLION HHTEpeC
u TpebyeT /TaJIbHEHIIIero UCcyIe/J0BaHuUs.

Kmuioueenle caoea: viiieMmuueckast 001€3Hb Cep/iia, MOrPaHUYHbIE CTEHO3bI KOPOHAPHBIX apTepHil, MacIIOPTHBIA BO3-
pact, 6MOJIOTHYECKUI BO3PACT, OKCHUJ a30Ta.

Oo0paszen murupoBaHua: fAxonros /I.A., Ocranuna 0.0., JIeikoB A.I1. Mmemuueckas 6071e3Hb cepAIa C IMo-
TPAaHUYHBIMU CTEHO3aMU KOPOHAPHBIX apTepuil. KinHuueckre ocobeHHocTr. COOTHOIIIEHUE TTACTOPTHOTO ¥ OHOJIOTH-
yeckoro Bo3pacrta // Journal of Siberian Medical Sciences. 2022;6(4):37-47. DOI: 10.31549/2542-1174-2022-6-4-37-47

Coronary artery disease with intermediate coronary artery
stenosis. Clinical peculiarities. The chronological age
and biological age ratio
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ABSTRACT
Introduction. Coronary artery disease (CAD) remains the main cause of disability and mortality among working-
age people. A significant part of stable angina patients are patients with intermediate (40—70%) coronary artery stenosis.
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Aim. To study cardiovascular risk factors and make a comparative assessment of the clinical angiographic picture and
vascular stiffness in stable angina patients with intermediate coronary artery stenosis, depending on the chronological
age / biological age ratio, as well as to determine the level of long-term metabolites of nitric oxide (NO) — nitrites (NO,) .
Materials and methods. 40 stable angina class I-III patients (36 men) aged 33—68 years with intermediate
coronary artery stenosis were examined. Depending on the values of the chronological age / biological age coefficient (K),
the patients were divided into two groups. The 1st group included patients with a biological age exceeding the passport age
(K < 1.0 [0.53; 0.98]), the 2nd group included patients with a biological age equal or inferior to the chronological age
(K=1.0[1.1; 1.5], p < 0.01).

Results. Stable angina patients with intermediate coronary artery stenosis represent a rather challenging group of
people in terms of prognosis. Patients with increased biological age are characterized by an unfavorable course of the dis-
ease and a less favorable cardiometabolic profile compared to patients whose biological age corresponded to the chrono-
logical one. At the same time, the level of long-term metabolites of nitric oxide (NO) — nitrites (NO,) in plasma did not
depend on the biological age of patients.

Conclusion. The study of the biological age and level of long-term metabolites of nitric oxide (NO) — nitrites (NO,)
in stable CAD patients with intermediate coronary artery stenosis is of great interest and requires further research.
Keywords: coronary artery disease, intermediate coronary artery stenosis, chronological age, biological age, nitric oxide.
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BBEJIEHUE

Nmemuueckas 6osne3ub cepana (MBC), mecmo-
TPA Ha AKTHUBHOE Da3BUTHE MEANKAMEHTO3HBIX U
XUPYPTUYECKUX METOJIOB JIEYEHHS, OCTAETCS OCHOB-
HOH MPUYMHON WHBAJIUAU3AIUA U CMEPTHOCTH JIHI]
TpynocnocobHoro Bo3pacra [1]. Hecmotps Ha TO, UTO
TsKecTh TeueHuss VIBC, Kak NmpaBmIIO, acCOLMHUPO-
BaHa C TeMOJAMHAMHWYECKH 3HAYNMBIM IOPaKEHUEM
KopoHapHbIX apTepuid (KA), ¢ JocTaTogHO 6OIBIION
YaCTOTOH NpPHU aHTHOrpPAGUIECKOM 00CIIE0BAHUU
JIUaTHOCTUPYETCS MOTPaHWYHOe TmopaskeHue KA
(40-70 %). BepmeHue mamUeHTOB C IIOLOOHBIMH
aHTHOrpapUIECKUMU XapaKTEPUCTUKAMU IIPOJIOJI-
JKaeT OCTaBaThCsS AWJIEMMOH JJisI KapAHOJIOTOB B
IUIaHE IPEIIOYTEHUA MEAUKAMEHTO3HOTO JIEUEHUS
60 B OTHENIBHBIX CIyYasX XUPYPrHUECKOH peBa-
CKyJIsipu3anuu [2].

Yacroe HECOBIAJIEHHE TSXKEJIOH KINHUYECKOUN
kaptuabl MBC, BIWIIOTH 710 pa3BuTusA WHGAPKTa
MHOKap/ia ¢ MOTPAHUYHBIM MTOPaKEHHEM KOpOHap-
HBIX apTePUH, yxKe 60Jiee IMOIyBeKa ABIAETCA IIPes-
METOM IOBBIIIEHHOTO WHTEpeca KapHO0JIoTOB [3].
BesyciioBHO, 60s1bHBIE UBC ¢ mOrpaHUYHBIME CTe-
Hozamu KA mpexcraBisioT co60d HEOTHOPOIHYIO
rpymmy. TsokecTs TedeHUs 3a00J1eBaHUSA OIIPe/IEs-
€TCs1 KOJINYECTBOM KapIMOBACKYJISPHBIX (PAaKTOPOB
pucka (Bo3pacT, o, apTepHaJbHAS TUIEPTOHUSI
(AD), mucmuniunemus (JIJIII), oxxupeHue, KypeHHe,
HapyIIeHUs YIJIEBOJHOTO 0OMeHa), a TAKKe BO3pac-
tom MaHupecranuu WBC, HanmuuueMm wuH@apkra
MHOKap/la WJIA OCTPOTO KOPOHAPHOTO CHUHIpPOMA
(OKC) B aHaMHe3e, XapaKTEPOM ITOPa’KeHHUsI KOPO-

INTRODUCTION

Coronary artery disease (CAD), despite the
active development of medical and surgical meth-
ods of treatment, remains the main cause of disabil-
ity and death in working-age people [1]. Despite the
severity of CAD is usually associated with a hemo-
dynamically significant lesion of the coronary arter-
ies (CA), an intermediate lesion of the CA (40—-70%)
is diagnosed with a fairly high frequency during
angiography. The management of patients with
such angiographic characteristics continues to be a
dilemma for cardiologists in terms of preference for
medical treatment or, in some cases, surgical revas-
cularization [2].

The frequent discrepancy between the severe
clinical picture of CAD, up to the development of
myocardial infarction with intermediate coronary
artery disease, has been the subject of an intense
interest of cardiologists for more than half a century
[3]. Undoubtedly, CAD patients with intermediate
coronary artery stenosis represent a heterogeneous
group. The severity of the disease is determined by
the number of cardiovascular risk factors (age, gen-
der, arterial hypertension (AH), dyslipidemia (DLP),
obesity, smoking, disorders of carbohydrate metabo-
lism), as well as the age of CAD onset, presence of
myocardial infarction or acute coronary syndrome
(ACS) in a history, the nature of the coronary lesion
according to coronary angiography [4—6].

It is known that atherosclerosis affects the elastic
properties of arteries, which is accompanied by an
increase in their stiffness and the pulse wave velocity
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HapHOTO PycJIa 110 TAHHBIM KOPOHApOaHTUOrpaduu
[4-6].

V3BecTHO, YTO TPU aTEPOCKIIEPO3€ CTPAIAIOT
BJIaCTHUYECKUe CBOMCTBA apTEPUH, UYTO COIIPOBOXKA-
IOTCS TIOBBIIIIEHUEM UX JKECTKOCTH U YBEJIMYEHHEM
CKOPOCTH DPACHPOCTPAHEHUs IIyJICOBOH BOJIHBI
(CPIIB), uTO MOKET BBI3bIBATh MOBBIIIIEHUE IIPEJI- U
IIOCTHATPY3KH HA JIEBBIA JKEJIYZOYeK, apTepHasIb-
Horo mamieHus (A/l) m yBenndeHume HOTPEOHOCTH
MuoKap/ia B kucsiopoyie. Cerogus nuzmepenue CPIIB,
corsacHo mosiokeHusM European Best Practice
Guidelines, stBiisieTcst OOIIENIPUHATHIM U JJOCTATOYHO
IIPOCTBIM HEMHBA3UBHBIM METOZIOM OIIpeZieJIeHU
JKECTKOCTH apTEPUAIBHOW CTEHKH M KOCBEHHBIM
METO/IOM BBISIBJIEHUS KATbITU(DUKAIIUY apTepuit [1].
Kpowme storo, usmepenue CPIIB paciienuBaeTrcs Kak
ONIMH W3 TPOCTBIX U JIENIEBBIX METOJOB OIIEHKHU
CEPJIEYHO-COCYIUCTON KATbITU(PUKAIIUY, & YBeTUYe-
uue CPIIB npensnaraercs paccMaTpuBarh Kak MpU-
3HAK CYOKJIMHUYECKOTO KOPOHAPHOTO aTepOCKJIe-
po3sa [7]. B pamkax PoTTepiamMcKkoro muccyieoBaHus
y 2835 IpakTUUYeCKu 30POBBIX JIOJIEH OBLIO ycTa-
HOBJIEHO, UTO PUCK CEPAEYHO-COCY/IUCTBIX 3aboJie-
Banuii (CC3) yBenmuumnBasics ¢ Bo3dpacranuem CPIIB,
B TO ke Bpems CPIIB sBiisieTcss He3aBUCUMBIM IIpe-
quktopoM VBC 1 HHCYJIBTOB y MPaKTUYECKH 3/10PO-
BBIX Jioziell. [Ioka3zaHo, UTO JKEeCTKOCTh COCYAMCTOM
CTEeHKU 3aBHCHUT OT Bo3pacTa, ypoBH:A A/l, KypeHus,
MacChI TeJIa, TUIIEPX0JIECTEPUHEMUH U APYTUX MO~
¢unupyembix U HemoauduuUpyeMbx (aKTOPOB
pucka [7]. ITo mepe yBenumuenuss CPIIB suHEHHO
BO3pacTraeT KapAnoBacKyasapHbIii puck (KBP), B oco-
6ennocru npu yposHe CPIIB BbImme 12 M/c, 4TO CUU-
TaeTcs MIOPOTOBBIM 3HaUeHHEeM COIVIacHO EBporeii-
ckuM pexkoMenaaruam mo Al 2018 1. [8]. YBenuue-
uue CPIIB Gosiee 12 M/c accormuupoBaHO C 50%
IIOBBIIIIEHUEM PHCKA CepPZIETHO-COCYAUCTHIX COOBI-
T, a 6osee 13 M/c — ¢ 10-JIeTHEH CMEPTHOCTBHIO
6ospHBIX AT [9]. IToBeimenue CPIIB TecHo B3au-
MOCBSI3aHO C IIPOIIECCOM CTapeHUs U SBJIAETCS
OTHUM U3 MapKepoB TaK Ha3bIBAEMOTO CHUHJIpOMA
pauuero cocyaucroro crapenusi (Early Vascular
Ageing — EVA-syndrome). ITpu 3TOM XapaKTepHBIM
KJIUHUYECKUM TPOSIBJIEHUEM JAHHOTO COCTOSHUS
spasercs panHssa manudecranusa Al u UBC [10, 11].
OnHAKO, YYUTBHIBAs TO, YTO METOJ OIpeZeeHUs
CPIIB saBucut ot ypoBHA A/l, 9TO OrpaHUYUBAET
€ro KJIWHHUYECKOEe WCIIOJIb30BAHUE, B IIOCJIETHUE
TOZBI CTAJI IIMPOKO HCIIOJIB30BATHCSA TAKOU IOKa3a-
Tesb, kak Cardio-Ankle Vascular Index (CAVI) —
CEPAEYHO-JIO/IBI?KEUHBIH COCY/THUCTBIN HHJIEKC
(CJICN), He uMmeromuil Mo00HBIX OTPAHUYEHUH U
IIO3BOJISIONINI OIIEHUBATh A0PTY HAa BCEM €€ IPOTsI-
sxeHun [8]. Ilokaszano, uro mnosbimenue CJICU

(PWYV), which can cause an elevation of pre- and
afterload on the left ventricle, blood pressure (BP)
and an increase in myocardial oxygen demand.
Today, the measuring of PWV, according to the
European Best Practice Guidelines, is a commonly
accepted and simple non-invasive method for deter-
mining arterial stiffness and an indirect method for
detecting arterial calcification [1]. In addition, the
measuring of PWV is regarded as one of the simplest
and most inexpensive methods for assessing cardio-
vascular calcification; while an increase in PWV is
proposed to be considered as a sign of subclinical
coronary atherosclerosis [7]. The Rotterdam Study
of 2835 apparently healthy people found that the risk
of cardiovascular disease (CVD) increased with the
PWYV rise, with the PWV being an independent pre-
dictor of CAD and stroke in apparently healthy peo-
ple. It has been shown that the stiffness of the vascu-
lar wall depends on age, BP level, smoking, body
weight, hypercholesterolemia, and other modifiable
and non-modifiable risk factors [7]. As PWV
increases, cardiovascular risk (CVR) increases lin-
early, especially when the PWV level is above 12 m/s,
which is considered the threshold value according to
the 2018 ESC/ESH Guidelines for the management
of AH [8]. A PWV increase of more than 12 m/s is
associated with a 50% increase in the risk of cardio-
vascular events, and above 13 m/s is associated with
a 10-year mortality in hypertensive patients [9]. An
increase in PWYV is closely related to the aging pro-
cess and is one of the markers of the so-called early
vascular aging syndrome (EVA-syndrome). At the
same time, the characteristic clinical aspects of this
condition is the early manifestation of AH and CAD
[10, 11].

However, taking into account that the method for
PWYV measuring depends on a BP level, which limits
its clinical use, in recent years such an indicator as
the cardio-ankle vascular index (CAVI) has become
widely used — it is free from similar limitations, and
allows to assess the aorta throughout its total length
[8]. It has been shown that the increase in CAVI is
directly associated with the age, BP, history of diabe-
tes mellitus (DM), hereditary taint, obesity, DLP.
There is convincing evidence that CAVI is a marker
of the systemic atherosclerotic process and a crite-
rion for its progression. There are works indicating
the association between an increase in CAVI and cor-
onary artery lesions in CAD patients, but without a
clear dependence on the hemodynamic significance
of the involved arteries [8, 12].

One of the most important factors of human
aging is the biological age of blood vessels, since in
aging there is an increase in the stiffness of the arte-
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HAIpsAMYI CBSI3aHO € Bo3pacrtoMm, AJl, HajImuuem
caxapHoro nuabera (C/]), OTATOIEHHOW Haces-
cTBeHHOCTHIO, oxkupenueMm, JIJII1. Ects yoemuTennb-
HbIEe JaHHbIE 0 ToM, uT0 CJICU sBAseTcs MapKepoM
CHCTEMHOTO aTEPOCKJIEPOTHYECKOTO IIporiecca H
KpPUTEPUEM €ro IporpeccupoBanusa. ImerwoTres
paboThI, CBUJIETEJICTBYIOIIIE O B3aUMOCBSI3U yBe-
smuenns CJICU ¢ nmopaxkenunem KA y 6ospHbIX UBC,
omHAKO 0e3 YeTKOW 3aBUCUMOCTH OT T€MOJMHAMU-
YeCcKO! 3HAUMMOCTU OPA’KEHHBIX apTepuil [8, 12].

OaHuM ©3 BakHEUIHX (PAKTOPOB CTapeHUs
YeJIOBEKA SIBJISIETCS OMOJIOTHYECKHIH BO3PACT COCY-
JIOB, TIOCKOJIBKY C BO3PACTOM ITPOUCXO/IUT TTOBBIIIIE-
HHUE «KECTKOCTH» apTepPUaIbHON CTEHKH W3-3a
W3MEHEHUN COOTHOIIEHUS 3JaCTHHA U KOJLJIaTeHa,
YMEHBIIIAETCS 3JIACTUYHOCTD COCY/IOB U HAPYIIIaeTCs
dyuarnmsa sugotenus [8, 13]. [loaToMmy cooTBeTCTBHE
BO3pacTa IMal[ieHTa U COCTOSTHUs apTepuil mpocie-
JKHUBaeTCsl He BCEryia, U (paKTOpOM PHCKA CEpJIeUHO-
COCY/TUCTOY TIATOJIOTHUH ABJISETCS HE CTOJIBKO PeaTh-
HBIH BO3pacT MaIMeHTa, CKOJIBKO «BO3PAacT» €ero
cocy/luCcTON cucreMbl. Ha cocyaucTsiii BO3pacr,
IIOMHMO BO3pPacTa XPOHOJIOTHYECKOTO, MOTYT BJIH-
SITh TIOKa3aTeIu apTepHaIbHOTO IAaBJIEHUs, TJIMKe-
MHHU, OKHUDEHHE, TUIEPJUMUAEMUHN, HapyIIeHUs
MHUKPOIUPKYIAIUU. COCYyTUCTBIH (CEpAeUaHbIN, OO0~
JIOTUYECKUH) BO3PACT SIBJISIETCS S9KBUBAJIEHTOM XPO-
HOJIOTMYECKOTO BO3pACTa «H€aJIbHOTO» IallieHTa
C TAKUM K€ YPOBHEM PHCKA Pa3BUTHUA CEPIEYHO-
cocyucthix ocnoxkHennit (CCO), kak u y obeaenye-
MOTO, HO B OTCYTCTBHE y HEro MOAU(PUIIUPYEMBIX
¢axropoB pucka (®P) [14]. [TorsATHE «COCYAUCTHIH
Bo3pacT» Oosiee yA00HO B OOIIEHUH C MaIlieHTaMH,
KOTOpbIE TIPHUAAIOT €My OoJiblllee 3HAUeHUEe, YeM
pucky 1o mkasie SCORE. Bosiee Bbicokue nudpsl
COCY/IUCTOTO BO3pacTa I0 CPAaBHEHWIO C IACIIOPT-
HBIM IIO3BOJISIIOT TIPEAIIOJIOKUTh HaJIUYUE CHH-
JIpOMa paHHEr0 COCYAUCTOTO CTAPEHUs, O KOTOPOM
VIIOMUHAJIOCh BbIle. BhICOKass 3HAUMMOCTD OI€HKU
COCY/IUCTOTO BO3pacTa CBsi3aHa ¢ HEOOXOIMOCTHIO
0oJiee TOYHOU OIEHKH CTPYKTYPHBIX M (YHKIIHO-
HaIbHBIX U3BMEHEHUH COCYZI0B, BHYTPEHHUX OPTaHOB
¥ OpraHusMa B mesiom [8, 13].

Cocymuctbii (OMOJIOTUYECKUH) BO3PACT MOMKET
OBITH BBIIIE MACIIOPTHOTO WM PaBHBIM €My, a B
OT/IEJIBHBIX CIIydasx Aaske Hrke ((peHoMeH 370po-
Boro crapeHus). COCyIMCTBIA BO3PACT OIpEEIIsi-
ercs 1o oniedke 3HaueHui CAVI [8]. [Ipeobiaganue
OHOJIOTUYECKOTO BO3pAacTa COCYZOB HAaJ IMAaCIOpT-
HBIM, O€3YCJIOBHO, SIBJISETCS MapKEPOM COCYHCTOTO
crapennsa. OJHAKO 70 HACTOSIIIETO BPEMEHU He
ompezie/IeHbl KPUTEPHUH OIEHKH B3aHMMOOTHOIIIEHUS
MMACIIOPTHOTO U COCY/ITUCTOTO Bo3pacra. Tak, OTae -
HbIE aBTOPHI MPEJIATAIOT CUUTATh COCYAUCTHIN BO3-

rial wall due to changes in the elastin and collagen
ratio, the elasticity of blood vessels decreases, and
endothelial function is impaired [8, 13]. Therefore,
the equivalency of the patient’s age and state of his
arteries is not always traced, and the risk factor for
cardiovascular pathology is not so much the
patient’s chronological age as the age of his vascular
system. Vascular age, in addition to the chronologi-
cal age, can be affected by blood pressure, glycemia,
obesity, hyperlipidemia, and microcirculation dis-
orders. Vascular (cardiac, biological) age is the
equivalent of the chronological age of a model
patient with the same risk level of cardiovascular
complications (CVC) as in the subject, but in the
absence of the modifiable risk factors (RFs) [14].
The concept of vascular age is more convenient in
communication with patients who highlight it more
than the risk on the SCORE risk chart. Higher num-
bers of the vascular age compared to the chrono-
logical age suggest the presence of the early vascu-
lar aging syndrome which was mentioned above.
The high significance of the vascular age assess-
ment is associated with the need for a more accu-
rate data on the structural and functional changes
in blood vessels, internal organs and the body as a
whole [8, 13].

The vascular (biological) age may be higher than
the chronological one or equal to it, and in some
cases even lower (the phenomenon of healthy aging).
Vascular age is determined by assessing CAVI values
[8]. The predominance of the biological age of ves-
sels over the chronological one, of course, is a marker
of vascular aging. However, the criteria for assessing
the chronological age and vascular age association
have not yet been determined. Thus, some authors
suggest that vascular age be considered elevated if it
exceeds the chronological age by more than 4 years
[15]. To assess the chronological and vascular age
ratio, we proposed the estimation of the chronologi-
cal age / vascular age coefficient. Values of the coef-
ficient < 1 indicate the predominance of the vascular
age over the chronological age, and can serve as a
marker of vascular aging.

Endothelial dysfunction, including disorders of
nitric oxide (NO) metabolism, is an important patho-
genetic component of AH, CAD, atherosclerosis, and
many other diseases. The main pathway of NO
metabolism is carried out by reactions with hemo-
protein, as a result NO is converted into its final
metabolites — nitrite (NO,") and nitrate (NOS‘) ions.
Nitrite anions quantification in biological fluids is
widely used in biological and clinical studies, includ-
ing cardiological ones [16]. The results of studies
regarding the determination of the level and correla-
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pacT MOBBIIIEHHBIM B TOM CJIyYae, €CJIM OH IIPEBBI-
IIIaeT MacropTHBIN OoJiee ueM Ha 4 rojia [15]. Hamu
JUIsL OIIeHKHM B3aMMOOTHOIIEHHS IACIOPTHOTO U
COCYAMCTOTO BO3pACTa IPEMJIOKEHO OIpEeIeHIe
K03(hGHUIIEHTA «ITACIIOPTHHIA BO3PACT/COCYTUCTBIN
BO3pPAacT», 3HAUEHU KOTOPOTO MeHee eIUHUITBI CBU-
JIETETBCTBYIOT O IPeOoOJIaIaHuU COCYIUCTOTO BO3-
pacra HaJi TaCIOPTHBIM B MOTYT CJIYKUTh MapPKEPOM
COCYZMICTOTO CTapeHus.

JvchyHKINA S3HAOTEIUS COCYAOB, B TOM UHCIIE U
HapylleHue cekpenuu okcuza azora (NO), spiasercs
BOKHBIM [IaTOT€HETUYECKUM KOMIOHeHTOM AT,
UBC, aTepockiiepo3a U MHOTHX Jpyrux 3abosieBa-
Huii. OcHOBHOU myTh MeTabosimama NO ocymmect-
BJISIETCS C MIOMOIIIBIO PEAKITUI C TeMOIPOTEUMHOM, B
pe3ynbraTe KOoTOphix NO mpeBpamaercsi B CBOHU
KOHEYHbIe MeTabouThl — HoHBl HUuTpHTa (NO,”) 1
HUTpaTa (NOB‘). KosinuecTBeHHOE OIpezesieHne
HUTPUT-aHUOHOB B OHOJIOTUYECKHUX JKHUIKOCTIX
MOJIYYHJIO IIIMPOKOE PaCIpOCTpaHEHHE B OHOJIOTH-
YeCKUX U KIMHUYECKUX paboTaX, B TOM YHCJIEe Kap-
JuoJioruyeckoro mpodmwisas [16]. HeomHo3HAUYHBI
pe3yJIbTaThl HCCIIENOBAHUN, KACAIOIIUXCS OIpeJie-
JIEHUsI YPOBHS U KOPPEJISIUHA MPOAYKTOB MeTabo-
smzma NO nipu crabwibHoi UBC. Tak, moBbileHne
ypoBHsA MeTabosmuToB NO IIpu THIIEPXOJIeCTEPUHE-
MHU CBSI3BIBAIOT C UHTUOUPYIOMUM eiictBueM NO
IIpU OKHCJIEHWH JIUMONPOTEUZIOB HU3KOHN ILJIOTHO-
ctu (JITTHIT). IMostomy koHueHTparuss NO mMoxkeT
VBEJIUYUBATHCS COOTBETCTBEHHO HHTEHCUBHOCTHU
cBobomHOpaaukanbHoro okucienus JITTHIL. ITpu
AT ycunenue cucrtemHoro cuHreza NO cBsI3aHO C
MIOBBIIIIEHNEM aKTHUBHOCTU He BBIpAabAThIBAIOIIIEHCS
B HopMe INOS B KIeTKaxX TJIafKOH MYCKYJIATypbl
COCyJIOB B MakKpodaroB IOJi JIEUCTBUEM ITUTOKH-
HOB [17].

IOEJb NCCJIEAJOBAHUA

W3yunuTh GakTOphl KapUOBACKYJISIPHOTO PHUCKA
U TIPOBECTH CPABHUTEIBHYIO OILEHKY KJINHUKO-
a"ruorpadruyueckod KapTUHBI U KECTKOCTU COCYAH-
CTOU cTeHKHU y 60ybHBIX cTabmibHOl VIBC ¢ morpa-
HUYHBIMU CTEHO3aMHU KOPOHAPHBIX apTEPU B 3aBU-
CUMOCTH OT COOTHOIIEHUsI OHOJIOTHYECKOTO U
[IaCIIOPTHOTO BO3pACTa, a TaKyKe OIPEeNEIUTh YPO-
BEHb CTOMKHMX MeTabosuToB okcuzaa aszora (NO) —
uutputos (NO,).

MATEPHWAJIBI 1 METO/IbI

O6cnenoBaHo 40 OOJBHBIX CTAOWJIBHON CTEHO-
kapauel dyHknuoHanpHOro Kiacca (PK) 1-3 (36 —
MY>KYHHbBI, CDEJTHIN BO3pacT OOJIBHBIX — 53.1 [44.7;
57.1]) roga ¢ MOrpaHUYHBIMU (40—70 %) CTEHO3aMHU
KOPOHAPHBIX apTepuil U cpefHel JaBHOCTHIO HIIle-

tions of NO metabolites in stable CAD are ambigu-
ous. Thus, an increase in the level of NO metabolites
in hypercholesterolemia is associated with the inhib-
itory effect of NO on the oxidation of low-density
lipoproteins (LDL). Therefore, the concentration of
NO can increase according to the intensity of LDL
free radical oxidation. In AH, an increase in systemic
synthesis of NO is associated with an increase in the
activity of iNOS that is not normally produced in vas-
cular smooth muscle cells and macrophages under
cytokines [17].

AIM OF THE RESEARCH

To study cardiovascular risk factors and carry out
a comparative assessment of the clinical and angio-
graphic picture and vascular stiffness in stable CAD
patients with intermediate coronary artery stenosis,
depending on the biological age and chronological
age ratio, as well as to determine the level of long-
term metabolities of nitric oxide (NO) — nitrites
(NO,).

MATERIALS AND METHODS

We examined 40 patients with class I-III stable
angina (36 men, the mean age of patients is 53.1
[44.7; 57.1] years) with intermediate (40—70%) ste-
noses of coronary arteries and the mean ischemic
history duration of 24 [7; 47] months. Criteria for
inclusion into the study: grade 1—2 AH, follow-up by
a cardiologist or therapist for at least 6 months, drug
therapy for CAD, AH and, if necessary, diabetes mel-
litus. Exclusion criteria: ACS less than 6 months ago,
CA stenosis more than 70% according to coronary
angiography (CAG), coronary artery surgery, onco-
logical, autoimmune and chronic somatic diseases in
the acute stage, highly infectious diseases and men-
tal illness, familial hypercholesterolemia. Coronary
angiography was performed on an INNOVA 3100
(USA) angiography system. Cardio-ankle vascular
index and the biological age were assessed using a
VaSera VS-1500N sphygmomanometer (FUKUDA
DENSHI, Japan). Next, the chronological age / bio-
logical age coefficient was calculated, based on the
values of which the patients were divided into two
groups. Group 1 included patients with a biological
age exceeding the chronological one (K < 1.0 [0.53;
0.98]); group 2 included patients with a biological
age equal or inferior to the chronological one (K >
1.0; [1.1; 1.5]).

The level of long-term metabolites of nitric oxide
(NO) — nitrites (NO,) in plasma of patients was mea-
sured spectrophotometrically (A = 540 nm) using the
Griess reagent. To determine the levels of NO,, a cal-
ibration curve was built using 1 mM sodium nitrite

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

41



Axonmos /[.A. udp. / Journal of Siberian Medical Sciences T. 6, N? 4 (2022)

MHYECKOTO aHaMHe3a 24 [7; 47] mec. Kpurepum
BKJIIOUEHUA B ucciaenopanue: Al cremneHu 1-2,
HaOJIIOZIeHNe KapAMOoJIOTOM WM TeparneBTOM He
MeHee 6 Mec, MeIMKaMeHTO3Hasl TEPATIUS 10 TTOBOLY
UBC, AT u mpu HeOOXOAMMOCTH CaxapHOTo uabeTa.
Kpurepun wuckimwouenuss: OKC paBHOCTBIO MeHee
6 mec, crenHo3 KA Gostee 70 % 1o JaHHBIM KOpOHAap-
Hoii amruorpadpuu (KAT), omepatuBHOe BMella-
TEJIbCTBO HAa KOPOHAPHBIX apTEPUIX, OHKOJIOTHYE-
CKHe ayTOMMMYHHbBIE U XPOHUUECKHE COMATHUECKHe
3a00JIEBAaHUSIMU B CTQUU OOOCTPEHHs, OCTphIE
UHGEKIMOHHbIE W IICUXHYeckue 3abosieBaHUs,
cemeliHas runepxosiectepuHemMusi. Koponapoanruo-
rpadus TPOBOAUIACH HA aHTHOTPadUIECKOM arma-
pare INNOVA 3100 (CIIIA). ITokazarteu cepaeaHo-
JIOIBIKEYHOTO COCY/IMCTOTO MHJIeKca U OuoJiornye-
CKOTO BO3pacTa OIEHUBAJINUCH C HUCIOJIb30BAaHUEM
churmomanomerpa VaSera VS-1500N (FUKUDA
DENSHI, Anonus). /lanee Beraucasicsa Koadhuim-
€HT «IIaCIOPTHBIA BO3PACT/COCYAUCTHI BO3PaCT»,
HCXO/A U3 3HAUEHUU KOTOPOTO OOJIbHBIE OBLIN pa3-
JleJIeHbl Ha JiBe TPYIIIHL. B 1-10 rpymiLy BoILIu namu-
€HThl ¢ OMOJIOTMYECKHM BO3PACTOM, IIPEBHIIIAIO-
muM nactnopTtHbId (K < 1.0 [0.53; 0.98]); Bo 2-10 — ¢
OMOJIOTYECKIM BO3PACTOM, PABHBIM WJIN YCTYIIAIO-
muM nactnoptaomy (K = 1.0; [1.1; 1.5]).

YpoBeHb CTOMKHX METAa0OJIUTOB OKCH/IA a30Ta
(NO) — nurpuTtos (NO,) B m1azme 60JIbHBIX OIpesie-
st cuektpodoromerpudecku (A = 540 HM) C
HCIOJIb30BaHMEM peakTuBa I'pucca. [l onpenese-
uusA ypoBHe# NO, CTpOM/IN KaTHOPOBOYHYIO KPUBYIO
¢ ucnons3oBanueM 1 MM Hutpurta Hatpus (Merck,
CIIA), pesysbraThl BeIpaxkanu B MKM/mi. B kaue-
CTBe KOHTPOJIS IPOBOJIMJIOCH OIpeZieJIeHe YPOBHS
CTOUKHX MeTabouTOB oKkcyuia azora (NO) — HUTpH-
T0B (NO,) ¥ 14 3/10pOBBIX JIUII B BO3pacTe 30—50 JIET.

Bce craTuctuueckue pacyersl IMPOBOAMINCH B
nporpamme RStudio (version 0.99.879 — ©2009-—
2016 RStudio, Inc., USA, 250 Northern Ave, Boston,
MA 02210) Ha s3biKe R (R Development Core Team
(2015). R: A language and environment for statistical
computing. R: Foundation for Statistical Computing,
Vienna, Austria. URL: https://www.R-project.org/).
Jns cpaBHEHHS IIOKasarejied Mexay TIpyniaMu
HCIIOJIb30BaJICA HemapameTrpudeckuit U-kputepuil
Manna — YutHU. JleCKpUIITUBHBIE XapaKTEPUCTUKU
IIpeZicTaBJIeHbl B BU/le Me/IUAaHBI [ 1epBBIY KBAaPTHUIIb;
TpeTuil KBapTUJIb] /IJIsI YUCJIOBBIX TAHHBIX, IIPOIE€H-
TOB [HIKHAA TpaHUNa — 95% OBEPUTEIbHBIN
uaTepBas (JIM1); BepxHas rpanuna — 95% W] nusa
KaTerOPUAIbHBIX JJAHHBIX C BBHIUMCIEHUEM TPaHMUI]
I no dopmyse Bunbcona. /lyiss craTHCTHYECKON
IIPOBEPKHU TUIIOTE3 O PABEHCTBE YHCIOBBIX XapaKTe-
PUCTHK BRIOOPOUHBIX pacIipesie/IeHH B CpDAaBHUBae-

(Merck, USA), the results were expressed in uM/ml.
As a control, the level of long-term metabolites of
nitric oxide (NO) — nitrites (NO,) was determined in
14 healthy individuals aged 30—50 years.

All statistical calculations were carried out in the
RStudio software (version 0.99.879 — ©2009—2016
RStudio, Inc., USA, 250 Northern Ave, Boston, MA
02210) in the R language (R Development Core
Team (2015). R: A language and environment for
statistical computing, R: Foundation for Statistical
Computing, Vienna, Austria, URL: https://www.R-
project.org/). The nonparametric Mann-Whitney
U-test was used to compare values between groups.
Descriptive characteristics are presented as a median
[first quartile; third quartile] for numerical data,
percent [lower limit 95% confidence interval (CI);
upper limit 95% CI] for categorical data with calcu-
lation of CI limits using the Wilson formula. For sta-
tistical checking of hypotheses of equality of the
numerical characteristics of sampling distributions
in the compared groups, the unpaired Mann-Whit-
ney U-test was used, the distribution bias was calcu-
lated with the construction of a 95% confidence
interval for the bias. The two-sided Fisher’s exact
test was used to compare binary and categorical
indicators. Statistical hypotheses were tested at the
critical significance level p = 0.05, i.e. the difference
was considered statistically significant if p < 0.05.
The lower limit of evidentiary power was taken equal
to 80%.

RESULTS

According to the majority of clinical and anam-
nestic parameters, patients of both groups did not
differ significantly, except for a higher frequency of
the early onset (before 45 years of age) of AH and
CAD in the group of patients with increased biologi-
cal age (Table 1).

Comparison of lipid metabolism parameters with
CAVI values also revealed a more unfavorable pic-
ture in patients of the 1st group, which were charac-
terized by higher triglyceride levels, slightly higher
frequency of DLP, and higher CAVI values (Table 2).

The level of long-term metabolites of nitric oxide
in plasma in both groups of patients was 26.8 [21.57;
32.83] uM/ml, not differing in individuals with high
and normal biological age, but significantly exceed-
ing that in the control group (12.5 [9.34; 15.21]
uM/ml). Finally, there were no significant differ-
ences between the groups in the nature of angio-
graphic changes: the number of patients with single,
two- and multivessel coronary artery disease did not
differ significantly (Fig. 1).

42

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



Yakhontov D.A. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 4 (2022)

MBIX TPYIIAaX HUCIIOIb30BAJICA HemapHbIN U-kpure-
puit ManHa — YUTHH, IPOU3BOUJICA PACUET CMeIle-
HHA paclipeieJieHUui ¢ IOCTpOeHUeM 95% JI0BEpH-
TeJIbHOTO WHTEpBaJA /Ui cMelneHus. s cpaBHe-
HUA OWHAPHBIX U KaTeropHaJbHBIX IOKa3aTesiel
MpUMEHSJICA TOYHBIA JIBYyCTOPDOHHUU KPUTEPUH
Qumepa. IIpoBepKy CTaTUCTHYECKUX THIIOTE3 IIPO-
BOAWIN IPH KPUTHYECKOM YDOBHE 3HAYUMOCTH
p = 0.05, T.e. pazjuyue CUUTAIN CTATUCTUUECKHU
3HAYUMBIM, €CJIU P < 0.05. HMKHIOI0 rpaHully JoKa-
3aTeJIbHOU MOIIHOCTU Opasii paBHOU 80 %.

PE3YJ/IBTATBI

ITo GOJIBIINHCTBY KJIMHHUKO-aHAMHECTHYECKUX
rmokasaresyiel 0oJibHble 00eHMX TPy 3HAYMMO HeE
pasInyaanch 3a UCKIIOUEHHEM OOJIBIIEN YaCTOThHI
ne6ioTa B MostoioM (710 45 jset) Bozpacte AI'u UBC B
IpyIIe MalieHTOB C IOBBIIMIEHHBIM COCYIHCTBIM
Bo3pacrtom (TabJr. 1).

DISCUSSION

Stable angina patients with intermediate coronary
artery stenosis represent a fairly challenging group of
people in terms of prognosis. Despite the absence of
obstructive lesion of coronary vessels, the risk of car-
diovascular complications is due to almost 100%
presence of hypertension with a predominance of the
hypertensive history duration over the duration of the
ischemic one, as well as such cardiometabolic signs as
a high BMI, high frequency of DLP and obesity.

The predominance of the vascular age over the
chronological age reflects more pronounced, and
possibly earlier, aging processes, accompanied by a
loss of vascular elasticity and increase in stiffness of
vessels. In this regard, the proposed chronological
age and vascular age ratio at < 1.0 may indicate an
increase in a vascular (biological) age, and be the
basis for identifying the corresponding phenotype of
patients.

Ta6ouna 1. KiimHuKo-aHaMHeCcTUYeCKHe oKasaresiu y 60sbHbIX TBC B 3aBUCHMOCTH OT COOTHOIIIEHHS TTACTIOPTHOTO U

GHOJIOTHYECKOTO BO3pacra

Table 1. Clinical and anamnestic parameters in CAD patients depending on the chronological and biological age ratio

1-1 rpynna (mpeooJsaganue
COCYAHCTOrO BO3pacTa HaJ
nacnoptHbIiM; K < 1.0)
Group 1 (predominance of
the biological age over the
chronological age; K < 1.0)

IToxazaresb
Parameter

2-g rpynmna (cocyaucThIii
BO3pacT paBeH Ju00 yCcTynaer
nacnoptHomy; K 2 1.0)

Group 2 (biological age P
is equal or inferior to the
chronological age; K = 1.0)

KoaddunmeHT «mmacrnopTHbIi
BO3PACT/COCYUCTBIA BO3PACT»
Chronological age / biological age
coefficient

My:xuunbl / Male patients
Boapacr, et / Age, years

JIaBHOCTH UIIIEMUIECKOTO aHAMHE3a, JIET
Duration of CAD, years

JIaBHOCTB TMIIEPTOHIYECKOTO
aHAMHe3a, JIeT
Duration of AH, years

Cemerinbpii anamues UBC
Family history of CAD

Jle6tot AT 110 45 JieT
AH onset under 45 years

Jebrot UBC o 45 et
CAD onset under 45 years

Kypenue / Smoking

WHeke Macchl Tena, Kr/m?
Body mass index, kg/m?

MudapkTr Muokapza B aHaMHe3e
Myocardial infarction history

Osxupenue / Obesity

CaxapHbIii raber
Diabetes mellitus

n=21 n=19
0.82[0.53; 0.98] 1.40 [1.02; 1.61] <0.01
19 (90.5 % [78.3 %; 96.3 %]) 17 (89.5 % [75.4 %; 94.3 %1) >0.05
53.0 [46.5; 55.0] 51.2 [44.3; 56.2] >0.05
1.9 [1.5; 2.3] 1.8 [1.4; 2.4] >0.05
5.1[4.7; 6.1] 4.9 [4.1; 6.8] >0.05
19 (90.5 % [78.1 %; 95.3 %]) 18 (94.7 % [82.4 %; 97.3 %]) >0.05
9 (42.9 % [34.3 %; 56.2 %]) 1(5.3 % [4.1%; 5.9 %]) <0.01
7(33.3 % [28.4 %; 44.1 %]) 1(5.3% [4.1%; 6.2 %]) <0.01
16 (76.2 % [64.3 %; 82.4 %]) 15 (78.9 % [64.3 %; 88.2 %]) >0.05
31.6 [29.5 %; 39.6 %] 31.0 [30.2 %; 37.4 %] >0.05
4 (21.1 % [18.2 %; 26.1 %]) 2 (10.5 % [4.3 %; 16.1 %]) >0.05
10 (47.6 % [34.5 %; 58.2 %]) 9 (47-4 % [34-2 %; 57.4 %1) >0.05
4 (21.1 % [16.3 %; 26.3 %]) 1(5.3 % [3.2%; 7.1 %]) >0.05

IIpumeuanue. UBC — umemunueckas 6one3ub cepana; Al' — apreprasibHas THIIEPTOHHUS.
Note. CAD - coronary artery disease; AH — arterial hypertension.
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TaGauma 2. [Tokazarenu sunumaoro oomena u CJICU y 06¢cieZloBaHHBIX 6OJTBHBIX
Table 2. Parameters of lipid metabolism and CAVI in the examined patients

IToxazaresnsp / Parameter

1-a rpynna / Group 1 2-a rpynmna / Group 2 P

XC JITTHII, mmoass/n | LDL cholesterol, mmol/1 3.5[2.8; 5.1] 3.2[2.4; 4.8] >0.05
XC JITIBII, mmosb/n | HDL cholesterol, mmol/1 1.47[0.84; 1.9] 1.40 [0.82; 1.9] >0.05
TT, mmosib/a | TG, mmol/1 2.3[0.9; 3.2] 1.4 [0.53; 2.4] 0.01
Yucso 6o0pHbIX ¢ JIJIIT | Number of patients with DLP 21 (100.0 %) 17 (89.5 % [78.3 %; 94.3 %]) >0.05
CJICH / CAVI 8.6 [8.1;9.8] 7.2 [6.4; 8.7] 0.01

IMIpumeuanue. XC JIIIHIT u JIIIBII — XoJyieCTepUH JUIONPOTEU/IOB HU3KOH U BBICOKOH IUIOTHOCTH COOTBETCTBeHHO; TT —
Tpurnunepuzst; JJIIT — pucnunugemust; CJICU — cepaedHO-JI0/IbKEUHBIN COCYAUCTBIA UHIEKC.
Note. LDL and HDL — low and high density lipoprotein, respectively; TG — triglycerides; DLP — dyslipidemia; CAVI — cardio-ankle

vascular index.

ComnocrasyieHue ToKas3aTesien JIUTTATHOTO
obmena ¢ mokazarenamu CJICH Takike BBISIBIJIO
60J1ee HEOIATONPUATHYIO KaPTHUHY Y TAIIUEHTOB 1-i
TPYIIIBI, OTJIMYABIIUXCS 00JIee BBICOKUMU 3HAUEHH-
MU TPHUIJIUIIEPUIOB, HECKOJIBKO OOJIBIIIEH YacTo-
Toin IJIIT u Gosiee BhicokuMHU 3HadeHusmu CJICU
(Tabs. 2).

YpoBeHb CTOMKHX META0OJIUTOB OKCH/IA a30TA B
wIa3Me B o0eux TpyNIax MardeHTOB COCTABHJI
26.8 [21.57; 32.83] MKM /MJ1, He pa3Iudasich y JIUII
C BBICOKMM ¥ HOPMAaJIbHBIM OHOJIOTUYECKUM BO3-
pacToMm, HO 3HAUYMMO IIPEBHINIAA TAKOBYIO B KOH-
TposibHOU Tpymmne (12.5 [9.34; 15.21] MxM/mu).
Hakonern|, He ObLJIO BBIABJIEHO 3HAYUMBIX Pa3JIU-
yMii MeXAy TPyHIlaMu B XapakTepe aHruorpadu-
YEeCKUX WM3MEHEHUH: MPaKTUYEeCKU He pazinda-
JIOCh KOJIMYECTBO OOJIBHBIX C OJTHO-, /IByX- U MHO-
TOCOCY/IMCTBIM IIOpa’KEHHUEM KOPOHApHOTO pyciia

(puc. 1).

% 80 -+
71.4

68.4

70 A
60 -
50 ~
40 -
30

19.1
20 -

9.6
10 -

1-s Tpymma / 1st group

Stable angina patients with increased vascular
age are characterized by an unfavorable course of the
disease and a less favorable cardiometabolic profile
compared to patients whose biological age corre-
sponded correlated with the passport one. Thus, an
increased vascular age, more often goes hand in hand
with the history of myocardial infarction, CAD and
AH onset at an early age (before 45 years), more
common diabetes mellitus, significantly higher val-
ues of triglycerides and higher stiffness of the vascu-
lar wall, determined by the CAVI index.

Increased levels of long-term nitric oxide metab-
olites in plasma were determined in the majority of
patients with intermediate coronary artery stenosis
and did not depend on the biological age, which may
indicate early endothelial dysfunction. The influence
of other, including social and behavioral factors, as
well as comorbidity, on a vascular age requires fur-
ther study.

[l Oxuococyaucroe mopakeHue
Single-vessel coronary artery disease

[ JBycocyaucroe mopakeHue
Two-vessel coronary artery disease
MHOTr0COCY/JUCTOE TIOPAKEHUE
Multivessel coronary artery disease

2-s1 rpynna / 2nd group

Puc. 1. XapakTep opakeHus KOPOHAPHOTO PycJIa ¥ 06CIe0BAaHHBIX GOTBHBIX
Fig. 1. The nature of coronary artery disease in the examined patients
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OBCYXKJIEHUE

BosibHBIE CTAOWJIBHON CTEHOKApJIMEN C Iorpa-
HUYHBIMHU CTEHO3aMH KOPOHAPHBIX apTEPUH Ipes-
CTaBJISAIOT COOOM JIOCTATOYHO CEPHE3HYTO TPYIIILY JIUI]
B IUIaHe TIporHos3a. HecMoTpss Ha OTCyTCTBHE
0OCTPYKTHBHOTO ITOPa’KEeHUsA KOPOHAPHBIX COCYOB,
PHUCK KapAMOBACKYJIAPHBIX OCJIOKHEHUU O00YyCIJIOB-
JIeH IpaKTUUecKu 100% HammuueM Al ¢ mpeobsiasia-
HHUEM JJIUTEJIBHOCTHA THIIEPTOHUUYECKOTO aHaMHe3a
HaJ JUIMTEJIBHOCTHIO HIIEMHUYECKOTO, a TaKKe
TaKUMHU KapAHOMETa00THUECKUMU TTPOSBIECHUAMU,
Kak BbIcOKMe 3Hauenus KMMT, Oosiplasg yacrora
JJIII u oxxupeHus:.

IIpeobsafanrie COCyICTOTO BO3pacra Haj
MMACIIOPTHBIM OTpaXkaeT 6oJjiee BHIpAIKEHHBIE, a BO3-
MOKHO, W 0OoJjiee paHHUE IIPOIECCHl CTapeHus,
COTIPOBOKJIAIONIMECA TIOTEPEN HJIACTUYHOCTH H
HapacTaHUEM KECTKOCTH COCYJIOB. B 3ToM oTHOIIIE-
HUU NIPeJIJI0KEeHHBIN HaMU K03 DUITUEHT /111 OIpe-
JleJIEHU s OTHOIIIEHU TaCIIOPTHOTO BO3pACTa K COCy-
JILCTOMY TP €ro 3HAaUeHHSIX MeHee 1.0 MOJKET CBU-
JIETEJIbCTBOBATH O TOBBIIIIEHUH COCYIUCTOTO (610JI0-
TUYECKOTr0) Bo3pacTa U ObITh OCHOBOU JIJIST BBIZIETIE-
HUSA COOTBETCTBYIOIIEro (heHOTUIIA TAIEHTOB.

[TamueHTHI CO CTAOMJIBHOM CTEHOKapJueH ¢
MTOBBIIIEHHBIM COCY/IUCTHIM BO3PACTOM OTJIMYAIOTCS
HebJIarOmpUSTHBIM TeueHeM 3a00JIeBaHUS U MeHee
0JIaTONPUATHBIM KapIUOMETab0TUUECKUM TTPODU-
JIEM TI0 CPAaBHEHHUIO C MAIIUEHTAMU, Y KOTOPHIX OHO-
JIOTHYECKUI BO3PACT COOTBETCTBOBAJI TIACIIOPTHOMY.
Tak, IpHy MOBBIIIEHHOM COCY/IHCTOM BO3pacTe Jalle
O0bpLT UHGAPKT MHOKap/ia B aHaMHe3e, Jaiine UBC u
AT ne6roTHpoBaIu B MOJIOZIOM (/10 45 JIET) BO3pacTe,
Yailie BCTpevasics cCaXapHbId quabet, ObLUTH 3HAYUMO
OoJiee BBICOKHE 3HAUEHHS TPUTIUIIEPUIOB U Oojiee
BBICOKAsA KECTKOCTh COCY/IICTOU CTEHKHU, OIpezie-
nsBiIascs mo nokasaresio CJICHU.

IToBBIIIIEHHOE COMIEp;KAHNUE CTOMKHX MeTaboJIun-
TOB OKCHJIa a30Ta B IUIa3Me OMIPEAESIIOCh Y 60JIb-
IIMHCTBA TAIEHTOB C MOTPAaHUYHBIMH CTEHO3aMH
KOpPOHAPHBIX apTEPHUI U HE 3aBUCEJIO OT OHOJIOTHYE-
CKOTO BO3pPacTa, YTO MOJKET CBUJIETEJIHCTBOBATH O
paHHUX HapylieHUusAX GYHKIUU SHAOTEIus. Bius-
HUE JIPYTUX, B TOM YHCJIE COIMATbHBIX U IIOBEIeHYE-
cKkuX (aKTOPOB, a TaKKe KOMOPOUIHON MAaTOJIOTUH
Ha ypOBEHBb COCYAUCTOTO BO3pacTa TpebyeT aaib-
HEUIEero u3y4eHus.

3AK/IIOYEHUWE

IIpoBesieHHOE HCCIEOBaHUE TI03BOJIAET ClleIaTh
cJ1e/IyIoliye BbIBOJIBI:

1. BospabIe cTrabmwibHOM UBC ¢ MOrpaHUYHBIMU
(40—70 %) creHO3aMU KOPOHAPHBIX apTEPUU IIPeEJ-

CONCLUSION

The study allows us to draw the following conclu-
sions:

1. Stable CAD patients with intermediate (40—
70%) coronary artery stenosis represent a challeng-
ing cohort in terms of prognosis, due to a long his-
tory of hypertension and pronounced cardiometa-
bolic associations.

2. The use of the chronological age / vascular age
coefficient proposed by us to assess the relationship
between chronological and vascular age, based on
the ratio of right and left CAVI, can simplify the
selection of a subgroup of individuals with increased
biological (vascular) age.

3. Stable angina patients with increased vascular
age (K < 1.0) are characterized by more unfavorable
course of the disease and more unfavorable cardio-
metabolic profile compared with patients whose vas-
cular age correlates with the chronological one. Com-
pared with patients whose biological age was in
accord with the chronological one, they more often
had a history of myocardial infarction, CAD and AH
onset at an early age, more common diabetes melli-
tus, significantly higher values of triglycerides and
higher vascular stiffness, determined by CAVI.

4. An increase in the level of long-term nitric
oxide metabolites in plasma, which is an early marker
of endothelial dysfunction, does not depend on bio-
logical age of stable CAD patients with intermediate
coronary artery stenosis.
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CTaBJIAIOT COOOH CEPHE3HBIH B IPOTHOCTUYECKOM
IJIaHE KOHTHHTEHT BCJIEJICTBHE JIJTUTEJILHOTO TUIIED-
TOHHYECKOTO aHAMHe3a U BBIPaKEHHBIX Kap/uoMe-
TabOJIMYECKUX ACCOIIMAIIUH.

2. Vcriosib30BaHUE sl OIIEHKU B3aMMOOTHOIIIE-
HUS [ACIOPTHOTO U COCY/IUCTOTO BO3pAacTa IIPe/iJIo-
JKEHHOTO HaMu K03 dUIUeHTa «IIacIIOPTHHIA BO3-
pacT/cocyaucThlii BO3pacT», OCHOBAHHOIO Ha COOT-
HomeHun mpasoro u JesBoro CJICU, moxker yrmpo-
CTUTH BbIZIeJIEHUE ITOATPYIIIIHI JIUI] C MTOBBIIIIEHHBIM
OmoIOTHYECKUM (COCYTUCTHIM) BO3PACTOM.

3. BosibHBIE CTAOMIIBPHON CTEHOKAPUEN C MTOBBI-
IIEHHBIM cocyiucThIM Bo3pactoM (K < 1.0) xapaxkre-
pusyiorcsi 6osiee  HeOJATONPHUATHBIM —TeYeHHUEM
3abosieBaHusA U OoJiee HEOJIATONMPUATHBIM Kaparo-
MeTaboIMUYeCKUM IPOdUIEM 110 CPAaBHEHHIO € O0JTb-
HBIMHU, Y KOTOPBIX COCYZHCTBIH BO3PAaCT COOTBET-
cTByeT macnopTHoMy. IIo CpaBHEHHMIO C IalMeH-
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TaMH, y KOTOPBIX OMOJIOTUYECKUHA BO3PACT COOTBET-
CTBOBaJI MACIIOPTHOMY, y HUX valle ObLT HHDAPKT
MuoKapzaa B anamHese, yamie VUBC u AT" re6rotupo-
BaJIM B MOJIOZIOM BO3PAcTe, Yallle BCTpevasics caxap-
HbBII AuabeT, ObLIM 3HAYUMO 00Jiee BHICOKHE 3Haue-
HUS TPUIJIUIEPUIOB U 00Jiee BBICOKAS YKECTKOCTh
COCYAWICTON CTEHKH, OIpe/ieABIIascAa M0 IOoKasa-
testto CJICH.
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MapKeTI/IHI‘OBbIe HCcdIeJ0BaHUA HAIMOHAJIBHOI'O PbIHKA
IMPOTHUBOIIWICIITHYIECCKUX IIpeImaparoB

A.C. Pomanos, E.®. [ITapaxoBa

@I'bOY BO «Aamaiickuil 2ocydapcmeeHtblil MeduyuHekuil ynugepcumem» Muxzdpasa Poccuu, Bapuaya, Poccus

AHHOTAIIUA

BBenenue. PacmmpeHue acCOpPTUMEHTA JIEKAPCTBEHHBIX penapaToB (JIII) TpOTHBOCYIOPOXKHON TepAuH, U3Me-
HEHHe JieueOHbIX CTPATETWH U MHVBU/Iy JIN3UPOBAHHBIN IOJIX0/ K BEIOOPY ONITUMAJIBHOTO IIperapara JUKTyeT Heo0X0-
JIUMOCTbD IIPOBeJIeHNe MapPKETHHTOBBIX UCCIIETOBAHUN /IJIsI OOHOBJIEHHS M CUCTEMATU3AIUH JIAHHBIX O COCTOSTHIH HAIIHO-
HaJIBHOTO (hapMaIieBTUYECKOTO PhIHKA aHTUKOHBYJ/ILCAHTOB. [IpOBe/ieHe MapKETUHTOBOTO aHAJIN3a PHIHKA IPOTHBO3IHU-
Jentryeckux npemnapatos (I1911), BKIOYAONIETO OIpeieieHre KOHBIOHKTYPBL ¥ YCTAHOBJIEHNE KaueCTBEHHBIX XapaKTe-
PUCTHK JAHHOU TPYIIIBI IPENIApaTOB, HEOOXOAMMO I HA3HAYEHUs ONTHMAIbHBIX H PAIIIOHATIBHBIX cXeM apMaKoTepa-
v GOJIPHBIM SITHJIETICHEH, a TAKIKe Y/I0OBJIETBOPEHUS CIIPOCca U MOTPeGHOCTEH TOTpeOUTENEH.

Il e 1 5. IIpoBecTH MapKETHHTOBBIN aHAJIN3 HAIIMOHAJIBHOTO PhIHKA MPOTUBO3MIIenTHYecKuX JIIT 1 ompeiesiuth ero
OCHOBHBIE IIapaMeTphl U TEH/IEHI[UU Pa3BUTHUA.

MaTepuanbs U MeTO /bl . MeTo/0JIOrusA IPOBEZEHN MAaPKETHHIOBOT'O HcciefoBanusA pbiHKa 1911 Brrouasna
MeToZpl KOHTeHT- 1 DDD-aHanusa, CTpYyKTYpHO-JIOTHYeCKHUH, rpadoaHaTnTHIECKHH, CTATUCTIYECKUH MeTObl aHAIN3A.
OOBeKTaMU KOHTEHT-aHAIN3a ABJISUINCH: ['0Cy/IapCTBEHHBIN PEeecTp JIeKapCTBEHHBIX CPEJICTB; eUHBIN CTPYKTYPUPOBAH-
HBIH CIIPABOYHUK-KATAJIOT JIEKAPCTBEHHBIX MPENapaToB; MHTEPHET-CANTHI; MPAHC-TUCTI OCHOBHBIX JAHUCTPHUOBIOTOPOB
JIeKapCTBEHHBIX TpenaparoB. O6bekramu DDD-ananuza auiuch ganubie npoaask [1911 B PO 32 2020 1. aHAIUTHYECKOTO
arenrcra IQVIA (IMS Health).

PesynbTarTs . Aranus accoprumenta [I9I1 Ha peiake PO mokasasn A0CTaTOYHYIO acCOPTUMEHTHYIO HACBIIEH-
HocTb [I91I] 1 1 2-TO MOKOJIEHUI U HEOCTATOUHOE KOJuuecTBO HoBerux 1911, YeraHoBIeHO, YTO HAMOO0IbIAA 101
(50 %) accoprumenTa I19I1 Ha poccuiickoM dhapMareBTUUeCKOM PhIHKE IIPe/ICTaBIeHA POCCUHCKUMHY IPEeAIPHUATHIMHU-
MPOU3BOAUTENSAMHU. [IPpU 3TOM B CTPYKTYPYy MMIIOPTAa MaKCHUMaJbHBINA BKIaA BHOCUT WHaus (11 %). Jlugupyromiue
MO3UIUU B IOTPeOJIEHUH B 2020 T. IPOJIOJIKIIIN YAEPIKUBATh BaJIbIIpoaThl (36 %) u kapbamasenuH (27 %), OAHAKO
cTpyKTypa norpebienus 11911 B mocyieiHIE TOABI MEHSETCS, 10/ HOBEHIITNX aHTUKOHBYJILCAHTOB COCTaBUIIA 13 % B
HATYPaJIbHOM U 23 % B JIEHE’KHOM BBIPA’KEHUU COOTBETCTBEHHO, POCT 3aTPAT HA HOBEUIIINEe aHTUKOHBYJIBCAHTHI COCTA-
BUJI 19 %.

3axuioveHue. [paiiBep pocra peiHKa II9I] — JIBrOTHBIN cerMeHT. POCT Tocy/1apCTBEHHBIX PACXOJ0B HA IPOTHU-
BOSIMWIENITHYECKYIO TEPAITHIO, HECMOTPS Ha BBIXOJ HA PHIHOK Bce 60Jiee JieleBbIX FreHePUUeCKHUX IIpernapaToB, obecre-
YMBaJIU IIperapaTsl HOBOTO U HOBEHINEro IOKOJIEHHWH, IleHa KOTOPHIX OTJIMYAeTCs 0 COTHU Pa3 OT TPaJUIIOHHBIX
6asoBbix [1311. BeiABieHHas auHaMuKa npogax 11911, conuanbHas HANPABIEHHOCTH ITOJUTUKU POCCHHCKOTO TOCY-
JlapCcTBa U MPABOBBIE HOPMBI JILTOTHOTO JIEKAPCTBEHHOTO OOecreueHust OOJIbHBIX AIUJIENICUEeH BCEMH JIEKapCTBEH-
HBIMU IIpeapaTaMy IMO3BOJISAIOT IPEIIOIOKUTH JaJTbHENUIIINH POCT TOCY/IAPCTBEHHBIX pacxo/1oB Ha [IDII B Gimkaii-
LIYe TO/bl.

Kmoueenle cnroea: snuierncys, IPOTHBOIMUIENTHYECKYE TPENapaThl, aHAJIN3 ACCOPTUMEHTA, AaHAIU3 IIPOIAK.
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Marketing research on the national antiepileptic drug market
in Russia

A.S. Romanov, E.F. Sharakhova

Altai State Medical University, Barnaul, Russia

ABSTRACT

Introduction. Theanticonvulsant drug range expansion, the change in the treatment strategies, and person-ori-
ented approach to choosing the optimal drug dictates the need for marketing research to update and systematize data on
the state of the national pharmaceutical market of anticonvulsants. Carrying out a marketing analysis of the antiepileptic
drugs (AEDs) market, including determining the market situation and the qualitative characteristics of this group of drugs,
is necessary to prescribe optimal and rational pharmacotherapy regimens for patients with epilepsy, as well as to meet the
demand and needs of consumers.

Aim. To perform an analysis of the national market of AEDs and determine its main parameters and development
trends.

Materials and methods. The methodology for research of the AEDs market included methods of content-
analysis and ATC/DDD methodology, structural-logical, graphic-analytical, and statistical methods of analysis. The objects
of content analysis were: the State Register of Medicines; the unified structured directory-catalog of medicines; Internet
sites; price-lists of the main distributors of medicines. The objects of the study were the sales data on AEDs in the Russian
Federation for 2020 provided by the IQVIA agency (IMS Health).

Results. Ananalysis of the AED range in the Russian market showed sufficient assortment saturation of AEDs of the
1st and 2nd generations, and an insufficient number of the latest AEDs. It has been established that the largest share (50%)
of the AEDs in the home pharmaceutical market is represented by Russian manufacturers. At the same time, India makes
the maximum contribution to the structure of imports (11%). In 2020, the leading positions in consumption continued to
be held by valproates (36%) and carbamazepine (27%), however, the AEDs’ consumption structure has been changing in
recent years, the share of the newest anticonvulsants was 13% in physical terms (in volume) and 23% in monetary terms (in
values), respectively, an increase in the cost of the newest anticonvulsants amounted to 19%.

Conclusion. The growth driver of the AED market is the subsidized segment. The growth of public antiepileptic
therapy spending, despite the entry of ever cheaper generic drugs, was provided by medicines of the new and newest gen-
erations, the price of which differs up to a hundred times from traditional AEDs. The revealed dynamics of sales of AEDs,
the social orientation of the policy of the Russian state, and the legal norms for subsidized drug provision of patients with
epilepsy with all drugs, suggest a further increase in government expenditures on AEDs in the coming years.

Keywords: epilepsy, antiepileptic drugs, assortment analysis, sales analysis.
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BBEJAEHUE

dnuiierncuss — XPOHUYECKOE COCTOSTHHE MO3ra,
KOTOPO€E XapaKTepPU3YeTCs YCTOMIMBOU IIPEIPaCIIo-
JIO?KEHHOCTHIO K BOBHHUKHOBEHHIO DITHJIENTHYECKUX
IIPUCTYIIOB W HEHUPOOWOJIOTUYECKUMU, KOTHHUTHB-
HBIMH, IICUXOJIOTUUECKHUMH ¥  COIMAJIbHBIMU
MIOCJIEZICTBUAMU 3TOTO cocrosiHusA [1]. Eskeromuo
PacCTyILIyl0 pacIpOCTPaHEHHOCTh SIUJIEINCUH 00y-
CJIOBJIMBAIOT CTApEHVE HACEJIEHUS U COBEPIIIEHCTBO-
BaHUE METOZOB AuarHocTtuku [2]. IIpu aTom smu-
JIeTiCHs — OJTHO U3 HEMHOTUX XpPOHUYECKUX 3ab0J1e-
BaHWH, IPU KOTOPOM JIOCTHKEHUE PEMUCCHH BO3-
MOXKHO B 60—75 % CJIy4aeB pallOHAJIBHOTO Jiede-
Hus. HecMoTps Ha HayIM4ure K HACTOSIIIEMY BpEMEHH
CBBIIIIE 2 JIECATKOB IPOTUBOSIUJIENITHUECKUX IIpe-
[aparoB, y 30 % MaIueHTOB C BIIEPBbIE JUATHOCTHU-

INTRODUCTION

Epilepsy is a chronic brain condition, which is char-
acterized by a persistent predisposition to the occur-
rence of epileptic seizures, and neurobiological, cogni-
tive, psychological and social consequences of this con-
dition [1]. Annually, the growing prevalence of epilepsy
is caused by aging of the population and the improve-
ment of diagnostic methods [2]. At the same time, epi-
lepsy is one of the few chronic diseases in which remis-
sion is possible in 60—75% of cases of rational treat-
ment. Despite the presence of over 2 dozen
antiepileptic drugs to date, 30% of patients with newly
diagnosed epilepsy develop pharmacoresistance to
ongoing drug therapy, which determines the search,
development and implementation of new antiepileptic
drugs (AEDs) and treatment strategies [3].
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POBaHHOM SITHJIENICUEN pa3BUBaeTCsA (papMaKkope3u-
CTEHTHOCTH K IIPOBOIMIMOM MeNKaMEHTO3HOU Tepa-
MU, YTO 00YCIOBJIUBAET ITOUCK, pa3pabOTKy U BHe-
JIpEHIE HOBBIX IPOTHBOAMUJIENTHUYECKUX IIpenapa-
ToB (IT3I1) 1 euebHBIX cTpaTerui [3].

Texunueckuil mporpece, 06yCJI0BJIEHHBIN CO37a-
HUEM COBPEMEHHBIX TEXHOJIOTUW, OTKPHLI IPUHIIH-
MMHAIFHO HOBbIE BOBMOKHOCTH B JJUATHOCTHUKE, pac-
KPBITUH [TATOT€HETUYECKUX MEXaHU3MOB U TePAITHH
snuiencun. dapMakoTepanus SHUIENCHH 100U-
Jlach 3a IOCJIEAHUE 50 JIET 3HAUUTEJIHHBIX YCIIEXOB, B
YaCTHOCTH, y/IAJIOCh MHAUBHUIYTU3UPOBATH ITOI00D
JlekapcTBeHHbBIX IpernapaTtoB (JIIT) Ha oCHOBe KOH-
KPETHBIX XapaKTEPUCTHK MAI[UEHTa, TAKUX KaK BO3-
pacr, moJ, CHHAPOM SIWJIENCHU, TUIl IMPUIIAIKA,
COIYTCTBYIOIIHE 3a00JIeBaHUA U JIPYTUX (DAKTOPOB,
BJIMSIONIUX HA KJIMHUYECKYI0O KAPTUHY U TSKECTh
3a00J1eBaHUsA, YIIYIIIUTh OTBET HA TEPAIHIO IIyTEM
TIATEJIbHOTO TUTPOBAHUA U KOPPEKTUPOBKU J103bI,
a TaKKe U3MepPeHUs YPOBHEH CHIBOPOTOUHBIX KOH-
IIEeHTPAIUH IPenaparos [4, 5]. 3HAUUTETbHBIN ITPO-
rpecc JOCTUTHYT B IIOHUMAHHWH JIEKAPCTBEHHOTO
B3aMMOJIEICTBUSI W TPU3HAHUKU OTHOCUTETHHBIX
JTOCTOVIHCTB U ITOKAa3aHUN MOHOTEPANIUU U IIOJIUTE-
panuu [6, 7]. Kpome TOrO, yriyOuauch 3HAHHUA O
€CTeCTBEHHOU NPUYHHE CHUHPOMOB JSIUJIENICUU U
OTIpe/ieJIeHbl TPOTHOCTUYECKHE (PAKTOPHI PEIIUINBA
IIPUCTYIIOB JJIs MMAIIMEHTOB, Y KOTOPBIX IIpeKpaliie-
HUE TPOTUBOCY/IOPOKHON Tepanmuyd MOXKET OBbITh
paccMOTpEHO MOCJIe aZIEKBATHOTO ITePHO/Ia CBOOOIBI
OT mpuctynos [8].

Pacmiupenue accopTuMeHTa JieKapCTBEHHBIX
IIpernapaToB IIPOTUBOCY/IOPOKHON TepaINU, U3Me-
HeHHe JIedeOHBIX CTPATErni U HHIUBUIY TU3UPO-
BaHHBIM MOJIXOJT K BHIOOPY ONTHMAJILHOTO Iperna-
para IuKTyeT He0OXOAUMOCTb IIPOBEIEHUS MapKe-
TUHTOBBIX HCCJIEIOBAHUHU [Ji1 OOHOBJIEHUA WU
CHUCTEMATU3AIlUU JAHHBIX O COCTOSHUM HAIAO-
HAJIBHOTO (papMareBTHYECKOTO PHIHKA AHTUKOH-
BYJIBCAHTOB.

[TpoBeneHre MapKEeTUHTOBOTO aHAIM3a PBIHKA
IIPOTUBOSMIJIENTHYECKUX ITPENAPATOB, BKJIIOYAIO-
IIIETO OIpe/ieJieHHe KOHBIOHKTYPhI U YCTAaHOBJIEHUE
KayeCTBEHHBIX XapaKTePUCTUK TAHHOU TPYIIIIHI ITpe-
[1apaToB, HEOOXOAMMO 11 HA3HAUEHUS ONTUMAJIb-
HBIX U PAIUOHAJIBHBIX cXeM (hapMaKoTePAINH H0JIb-
HBIM DIIMJIETICHEN, a TAKXKE YIOBJIETBOPEHUS CIIpoca
1 moTpeOHOCTEN ToTpebuTeex.

IOEJIb NCCJIEAOBAHUA

IIpoBecT MapKETHHTOBBIN aHAINU3 HAIUOHATb-
HOTO pBIHKa nporuBosnmientudeckux JIII u omnpe-
JleJINTb €r0 OCHOBHBbIE IIapaMeTpbl U TeHJAEeHLUU
pas3BUTHA.

Technological progress due to the creation of
modern technologies has opened up fundamentally
new possibilities in the diagnosis, disclosure of
pathogenetic mechanisms, and therapy of epilepsy.
Pharmacotherapy of epilepsy has achieved signifi-
cant success over the past 50 years, in particular, it
has become possible to individualize the selection of
drugs based on specific characteristics of a patient,
such as age, gender, epilepsy syndrome, type of sei-
zure, concomitant diseases and other factors affect-
ing the clinical picture, and severity of the disease; as
well as to improve the response to therapy by careful
titration and dose adjustments, along with measure-
ments of serum drug concentrations [4, 5]. Signifi-
cant progress has been made in understanding drug
interactions and recognizing the relative advances
and indications of monotherapy and polytherapy
[6, 7]. In addition, knowledge about the natural
cause of epilepsy syndromes has deepened, and
prognostic factors of recurrent seizures have been
determined for patients in whom withdrawal of anti-
convulsant therapy can be considered after an ade-
quate seizure-free period [8].

Expanding the range of anticonvulsant drugs,
changing of treatment strategies and a person-ori-
ented approach to choosing the optimal drug, dic-
tates the need for marketing research to update and
systematize data on the state of the national pharma-
ceutical market of anticonvulsants.

An analysis of the AED market, including deter-
mining the market conditions and the qualitative
characteristics of this group of drugs, is necessary to
prescribe optimal and rational pharmacotherapy
regimens for patients with epilepsy, as well as meet-
ing the demand and needs of consumers.

AIM OF THE RESEARCH

To perform an analysis of the national market of
AEDs and determine its main parameters and devel-
opment trends.

MATERIALS AND METHODS

When conducting a research of the AED market,
content analysis and ATC/DDD methodology, struc-
tural-logical, graphic-analytical, and statistical
methods of analysis were used. The processing of
data and results was carried out using Microsoft
Word and Excel programs. The objects of content
analysis were: State Register of Medicines; the uni-
fied structured directory-catalog of medicines; Inter-
net sites; price-lists of the main distributors of medi-
cines. The objects of the study were sales data of anti-
convulsants in the Russian Federation for 2020
provided by the IQVIA agency (IMS Health).
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MATEPUAJIBI 1 METO/IbI

[Ipu mpoBeleHUN MAPKETHHTOBOTO HCCJIEIOBA-
Hus peiaka [1911 ucnosp30Banuch METO/IbI KOHTEHT-
u DDD-aHanmza, CTPyKTYPHO-JIOTHYECKHUH, Tpado-
AHUINTUYECKUH, CTaTHCTUYEeCKUN MeTonpl. Obpa-
0oTka MHGOPMAIIUKU U PE3yJIbTATOB KCCIETOBAHUS
BBITIOJTHEHBI C TIOMOIIBIO CTAHIAPTHBIX MPUKJIATHBIX
nporpamm Microsoft Word, Excel. O6bexkramu
KOHTEHT-aHaJIu3a SABJISUIMCH:  ['OCy/lapCTBEHHBIN
p€eecTp JIEKAPCTBEHHBIX CPEJCTB; €UHBIA CTPYKTY-
PUPOBAaHHBIA CIIPABOYHUK-KATAJIOT JIEKAPCTBEHHBIX
MpernapaToB; HHTEPHET-CAUTHI; TPaC-JIUCThI OCHOB-
HBIX JUCTPUOBIOTOPOB JIEKAPCTBEHHBIX IIPENAPATOB.
O6bekTamMmu DDD-aHamm3a ssBUINCH TaHHbIE TPOIAK
MMPOTUBOCY/IOPOXKHBIX IpenapaTtoB B P 3a 2020 T.
anaynTuyeckoro arenrcrsa IQVIA (IMS Health).

PE3YJIBTATBI 1 OBCY KAEHUE

OlleHKa HAIMOHAJIPHOTO PBbIHKA ITPOTUBO3IIHU-
JIEITHYECKUX MIPENapaToB, B IEPBYIO OUEPE/Ib, IPE/I-
[oJlaraeT MCCIeJOBAHHE U KOMIUIEKCHYIO OIIEHKY
PBIHOYHOTO MPEJIOKEHUS U CITPOCA 3aPETHUCTPUPO-
BaHHBIX B PD jiekapCTBEHHBIX IIPEMIAPATOB UCCIIEMY-
€MOU T'PYIIIIBL.

[IpoTHBOAIUIIENITUYECKHE TIPETIAPATHI B COOTBET-
CTBUH C AaHATOMO-TEPAIIEBTUYECKOU XUMHUUECKOH
(ATX) xnaccudukanmeii CoCTaBasg0T Tpymnny NO3A
(Tabi. 1).

Kak nokasas nmpoBeJieHHbIN aHain3, B Poccuu B
HCCIEZlyeMOM CETMEHTe PBIHKA 3aperrucTPUPOBAHO
21 OCHOBHOE MEXKAYHAPOJHOE HEMATEHTOBAaHHOE
HauMmeHoBanue (MHH), 133 TOproBbIx HaMeHOBa-
uus (TH) IIDII B paMkax 500 JeHCTBYIOIIUX PEru-
CTpallMOHHBIX ynocroBepeHut (PY). CpaBHHUTE -
Has OIleHKa BKJIa/ia Kaxkyioro MHH B o61yto cTpyk-
Typy acCOpTHUMEHTa yKa3bIBaeT Ha TOT (akT, UTO
JIOMHUHUPYIOIIee TOJIOKeHNEe 3aHUMAOT ITPenapaThl
BasbIipoeBoit kucaotsl (BIIK) (15 TH, 73 PY), sieBe-
tuparierama (JIEB) (17 TH, 72 PY) u Tomupamarta
(TOII) (21 TH, 67 PY).

[Iporeniee croseTre 03HAMEHOBAJIOCH BBIIY-
CKOM B 1912 T. TIEPBOTO IIperapara ¢ rejieHamnpaBieH-
HOW MPOTHUBOAIWJIENITUYECKOH AaKTHUBHOCTBIO H
MTOCJIENTYIOIIEH CTPEMUTEILHON Pa3pabOTKON HOBBIX
1311, BILIOTH 710 X JIABHHOOOPA3HOTO MOSBIEHU Ha
pbiHKe [9]. TToceioBaTeIbHOE BhIBEIEHTE HA PHIHOK
I1911, ocHOBaHHOE Ha pe3yJbTaTax (QyHAaMeHTaIb-
HBIX U KJIHHUYECKUX HCCIIEIOBAHUH, YCIOBHO paszie-
smsto apeenas 1911 Ha 3 TOKOJIEHUSA: TIEPBOE, BTOPOE
u TpeTbe [10]. AHanm3 accoprumenTa [1911 Ha phIHKe
P® nokasai, uro paBHy1o ot mo MHH 3anumaror
II3I1 1 ¥ 2-TO TOKOJEHWUW: UX CyMMAapHas 0
cocrasiaseTr 73.6 % Bcex MHH II9I1 u 96.2 % TH
1311, 3apeructpupoBaHHbIX B PO (Tab. 2).

RESULTS AND DISCUSSION

The analysis of the national market of antiepilep-
tic drugs involves, first of all, the study and compre-
hensive assessment of the market demand and sup-
ply of drugs of the study group, registered in the Rus-
sian Federation.

Antiepileptic drugs in accordance with the Ana-
tomical and Therapeutic Chemical (ATC) classifica-
tion make up group No3A (Table 1).

The findings suggest that in Russia in the studied
market segment 21 major international non-proprie-
tary names (INN), 133 trade names (TN) of AEDs are
registered within 500 valid marketing authorization
(MA). A comparative assessment of the contribution
of each INN to the overall structure of the assort-
ment indicates that the dominant position is occu-
pied by valproic acid (VPA) (15 TN, 73 MA), leveti-
racetam (17 TN, 72MA) and topiramate (TOP)
(21 TN, 67 MA).

The past century was marked by the release of the
first drug with targeted antiepileptic activity in 1912,
and the subsequent rapid development of new AEDs,
up to their avalanche-like appearance on the market
[9]. The consistent introduction of AEDs to the mar-
ket, based on the results of fundamental and clinical
research, conditionally divided the range of AEDs
into 3 generations: the first, second and third [10].
The analysis of the AEDs range in the Russian mar-
ket showed that an equal share of INN is occupied by
AEDs of the 1st and 2nd generations: their total share
is 73.6% of all AEDs INN and 96.2% of AEDs TN reg-
istered in the Russian Federation (Table 2).

Five new AEDs have been introduced to the world
market over the past 5 years: brivaracetam, cannabi-
diol, cenobamate, everolimus and fenfluramine, of
which only brivaracetam (drug) and cannabidiol
(dietary supplement) are represented in Russia.

In Russia in 2020, a synthetic antioxidant with
vasodilating and antiarrhythmic action [11], phe-
nosanic acid (Dibuphelon (PIQ-Pharma, Russia))
was registered as a drug stimulating the antiepi-
leptic protection system, thus preventing epilepto-
genesis.

An update index of the Russian AEDs range,
defined as the share of new drugs registered on the
Russian market over a five-year period, was 0.3,
which indicates a moderate rate of registration of
new drugs for the studied INN. It is important to
emphasize that none of them is characterized by neg-
ative items values of the index, which shows the sta-
bility of the number of commodity items in recent
years.

Antiepileptic drugs on the Russian pharmaceu-
tical market are represented by five dosage forms
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Tab6suna 1. HoMeHK/IaTypa aHTUKOHBYJIBCAHTOB B COOTBETCTBHH ¢ ATX Kiaccuukamuein
Table 1. Nomenclature of anticonvulsants according to the ATC classification

Ipynma mo ATX IIporuBoO3NIMIENTHYECKHE

Me:xayHaApOZHOE HENIATEHTOBAHHOE

ATC srou npenaparsl HauMeHOBaHUe
group Antiepileptic drugs International non-proprietary name
No3AA Bap6uTypatsl 1 X IIPOU3BOJIHbBIE Benszobapburan / Benzobarbital
Barbiturates and derivatives ®enobapburain / Phenobarbital
No3AB IIpousBo/iHBIE TH/IAHTONHA ®enutouH / Phenytoin
Hydantoin derivatives
No3AD [IpousBosiHBIE CYKITMHUMUZIA Atocykcumuz / Ethosuximide
Succinimide derivatives
No3AE IIpousBo/iHbIE GEH30/IMA3ETNHA Knonazenawm / Clonazepam
Benzodiazepine derivatives ®pusuym / Frisium
NO3AF IIpousBoHbIE KapOOKCAMU/IA Kapb6amazenun / Carbamazepine
Carboxamide derivatives Oxckap6asenus / Oxcarbazepine
Acnukapbazenud / Eslicarbazepine
Pydunamuy / Rufinamide
No3AG IIpou3Bo/IHBIE JKUPHBIX KUCJIOT BasibripoeBas kucsiota / Valproic acid
Fatty acid derivatives
No3AX JIpyrue mpoTUBO3NIIJIENTHYECKIE Bpusapanerawm / Brivaracetam

[peraparsl
Other antiepileptic drugs

Jlakocamuy / Lacosamide
JleBetuparieram / Levetiracetam
ITepamnanen / Perampanel

ITperabasius / Pregabalin

Tomupamat / Topiramate

Tabanentusn / Gabapentin
JlamotpuikuH / Lamotrigine
3onucamus / Zonisamide

denozaHoBas kucyiota / Phenosanic acid

IIpumeuanue. ATX — aHaTOMO-TepaneBTHYECKAs XUMHUYECKasd KIacCUDHUKAIINA.

N ote. ATC — Anatomical and Therapeutic Chemical classification.

Ha MupoBoli pHIHOK 3a HOCTIEAHUE 5 JIeT ObLIO
BBIBE/IEHO IIATh HOBBIX [IDI1: 6puBapaneram, KaHHA-
O6uros, eHobamar, 3peposimmyc U ¢peHpIIypaMuH,
U3 KOTOPBIX B Poccuu mpesicTaBiieHbl JIMIh OpUBa-
panieram (JIIT) u kaauabuavos (BA).

B Poccun B 2020 TI. CUHTETHYECKHH AHTHOKCH-
JIQaHT C COCY/IOPACHIMPAIIMM U aHTHApUTMHUYe-
CKUM JefictBHeM [11] ¢eHO3aHOBasg KHCIOTa
(phenosanic acid) (JIubydenon (ITMK-®apma, PD))
3apETUCTPUPOBAH B KAa4ecTBe IIpernapara, CTUMYJIU-
pytoiiero CUCTEMY MIPOTUBOAITNJIENTUYECKON
3aIUTHI — MIPETSATCTBYIOIETO SIUJIENITOTEHESY.

WHmekc OOHOBJIEHHWS POCCHUHCKOTO AacCOPTHU-
menTa [13T1, onpexnessiemblt kKak moJist HOBbIX JITI,
3apEervCTPUPOBAHHBIX HA POCCHHCKOM PBIHKE 3a
MIATWIETHUN IEPUOJT, COCTABIII 0.3, YTO CBU/IETETh-
cTByeT 00 YMEpEHHBIX TEMITaX PETHCTPAIIUA HOBBIX
JIIT B pamkax ucciaenyembix MHH. Baxkno noguep-
KHYTb, 4TO HU 01H0 MHH He xapakTepusyercsa oTpu-
[aTeJIbHBIMY 3HAUEHUSIMU WHJIEKCA, UTO YKA3hIBAET
Ha CTaOWJIBHOCTh YHCJIA TOBAPHBIX ITO3WUIUNA 3a
MoCJIeHUE TOIbI.

(DF): tablets (79 TN), capsules (18 TN), injectable
DF (5 TN), oral solutions (13 TN), granules (1 TN).
Structuring the range of AEDs by dosage forms
showed that 69% of the drugs are presented in
tablet dosage form (Fig. 1). The share of drugs for
parenteral administration is 1%, DF for infants
(solution, drops, syrup, suspension) is only 11%,
which is due to the relatively small number of
drugs approved for use in early pediatric practice.
At the same time, a number of drugs (phenobarbi-
tal and ethosuximide), despite the presence of
indications, are not used in early pediatric practice
due to the impossibility of dose accuracy regis-
tered DF.

The List of Vital and Essential Drugs (LVED) in
2020 had included 15 INNs of AEDs (66%); 4 INNs
of AEDs (19%) were on the List of narcotic drugs,
psychotropic substances and their precursors, sub-
ject to control in the Russian Federation.

In 2020, more than 500 commodity items (CI)
of anticonvulsants produced by 88 companies
were presented on the Russian market. Analysis of
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Ta6uuna 2. Ctpykrypa accoprumenTa [1311 1o moKoJIeHUsM
Table 2. Structure of the AEDs range by generation

IToxosenue / Generation

MHH / INN

HMousa, % / Share, %

1-e / 1st
(1912~-1990)

®enobapbutai / Phenobarbital 36.8
®enutoun / Phenytoin

Knonazenawm / Clonazepam

Kap6amasenun / Carbamazepine

Basnempoeas kucsiora / Valproic acid
Arocykcumuy / Ethosuximide

®pusuym / Frisium

2-e / 2nd
(1990-1999)

JlamotpupxuH / Lamotrigine 36.8
T'abanentus / Gabapentin

Tonmpamar / Topiramate

Oxckapbasenus / Oxcarbazepine

JleBetuparieram / Levetiracetam

IIperabanun / Pregabalin

3onucamuy / Zonisamide

3-e/3rd

(c 2000 1o HacTosIIIEe BpeMsT)

(from 2000 to the present)

Jlakocamuy / Lacosamide 26.4
Acnukapbazenud / Eslicarbazepine
Pydunamuz / Rufinamide

ITepamnanesn / Perampanel
Bpusapaneram / Brivaracetam

IIpumeuanue. II9II — npoTuBosnUIenTuyeckue npemnaparsl; MHH — mexayHapo/iHOe HelaTeHTOBAaHHOE HaMeHOBaHUe.
N ot e. AEDs — antiepileptic drugs; INN — international nonproprietary name.

[TpoTuBOSMIIENTHYECKUE IIPErnapaTrsl Ha Ppoc-
cufickoM (apManeBTUUeCKOM pBIHKE IIpeJICTaB-
JIEHBI TSATHIO JieKapcTBeHHbIMU (dopmamu (JID):
tabserku (79 TH), kancysnsr (18 TH), uHBEKITHOH-
uble JI® (5 TH), pacTBOPHI /IS IEPOPATIBHOTO IPHU-
menenus (13 TH), rpauysner (1 TH). Crpykrypusa-
nusa accoprumenTa II9I1 no siexkaperBeHHBIM GoOp-
MaM IoKasasa, 4To 69 % IpenapaToB UcCIeAyeMOoH
TPYIIIBI IPEICTABIIEHBI B TaOJIETUPOBAHHOU hopMe
(puc. 1). ons mpemapaToB I MapeHTEPAIBHOTO

69%

the range of AEDs by geography of manufacturers
showed that the absolute leaders in the structure
of the range are national pharmaceutical compa-
nies — marketing authorization holders, which
provide almost 50% of the range (Fig. 2). If we
consider the production of AEDs by individual
countries, it becomes obvious that the maximum
contribution to the structure of imports is made by
India (54 MA), Israel (26 MA), France (22 MA),
Belgium (21 MA).

Ta6nerku / Tablets
Karcyster / Capsules

PacTBOpBI 17151 IEPOPAIBHOTO TPUMEHEH U
Oral solutions

0O B O

VHBEKIOHHBIE JIEKAPCTBEHHBIE (DOPMBI
Injectable drugs

Ipanysnsl / Granules

Puc. 1. CTpyKTypa MPOTHBOIMUIENTHUECKIX IIPENapaToB Mo ¢GopMaM BBIILYCKA
Fig. 1. The structure of antiepileptic drugs by dosage forms
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IIpUMeHeHUs cocTasiasgeT 1 %, JI®, npuMeHUMBbIE
JUIs JleTedl paHHero BoapacTa (pacTBop, Karlid,
CHPOII, CYCIIEH3US), — BCETO 11 %, YTO 00YCIOBIEHO
OTHOCUTEIFHO HEOOJIBIITUM KOJTMYECTBOM ITpenapa-
TOB, Pa3pelIeHHbIX K IPIMEHEeHUIO B DaHHEe! Ie/1-
aTpUYecKOl MpakTuke. B To *ke BpeMs psj mpemnapa-
ToB (peHoOGapOUTAT U STOCYKCUMHU/T), HECMOTPS Ha
HaJIMYMe TIOKA3aHWUM, He NMPUMEHSIOTCS B paHHEH
MeINaTPUUeCKO MPAKTUKe U3-32 HEBO3MOXKHOCTH
TOYHOTO JIO3UPOBAHUA 3aPETUCTPUPOBAHHBIX JID.

B IlepeueHb >KU3HEHHO HEOOXOAMMBIX U BaXK-
HEHINNX JieKapcTBeHHbIX mpemnapaTtoB (JKHBJIIT) B
2020 1. BKIoueHsl 15 MHH IIDII (66 %), 4 MHH
[I311 (19 %) Haxoxasarcsa B [lepeuHe HAPKOTUUECKUX
CPE/CTB, ICUXOTPOIHBIX BEIIECTB U UX IPEKYPCO-
POB, moIeKaIUX KOHTPoIo B Poccuiickoit @ene-
panumn.

B 2020 r. Ha poccHIICKOM PBIHKE OBLIO ITPE/ICTaB-
J1eHo 6osiee 500 ToBapHbIX mo3unui (TII) mporuso-
CYZIOPO’KHBIX MPeIapaToB, IPOU3BOAUMBIX 88 KOM-
naHuaMu. AHanus accoptumenta [I9I1 mo reorpa-
¢uu mponsBoAUTENEH TTOKA3AJI, UTO AOCOTIOTHBIMU
JUiepaMu B CTPYKTYPE acCOPTUMEHTA SBJIAIOTCA
HaIlMOHAJIbHBIE (dapMaleBTUYeCKHe KOMIAHUU —
JIepKATeJT  PETUCTPAIIMOHHBIX  y/IOCTOBEPEHUM,
KOTOpbIe 00eCIIeunBaoT IIOYTH 50 % acCOPTUMEHTA
(puc. 2). Ecoiu pacematpuBaTh npou3Boactso 11911
10 OT/IeJIbHBIM CTPaHaM, CTAHOBUTCA OUYEBUIHO, UTO
B CTPYKTYPY UMIIOPTa MaKCUMAaJIbHBIYA BKJIQJT BHOCUT
Nunus (54 PY), Uspawns (26 PY), Opannus (22 PY),
Benbrus (21 PY).

Ha ocHOBe MaccuBa IepBUYHBIX JAHHBIX, IPe/-
CTABJIEHHBIX AHAJIUTHUUYECKUM areHTCTBOM IQVIA,
paccuutad o6beM pbiHKa IIDI1 B CTOMMOCTHOM U
HaTypaJIbHOM II0Ka3aTessAX B 2017—2020 IT., Ollpe-
JleJIEHBbI TapaMeTphl ero udMeHeHus. OIeHKa KOJIU-
YeCTBEHHBIX JAHHBIX O CTPYKTYPE HCIOJIb30BAHMUSI
JIEKapCTBEHHBIX CPEJICTB IIPOBEJIEHA C UCIIOJIb30Ba-
uuem metoposoruu ATC/DDD, pekoMeH0BaHHOMH
BO3 B kauecTBe MeEX/TyHAPO/ITHOTO CTAaH/IapTa JIEKap-
CTBeHHOU craTtucTtuku [12]. Tak, pocT phIHKa 3a
4 rozna (2017—2020 IT.) COCTaBWI 13 % B J€HEXKHOM
BBIPAXKEHUM U 12.5 % — B HATYPIHHOM (KOJIITIECTBO
YCTAHOBJIEHHBIX CyTOUYHBIX /103 — N Defined Daily
Dose (nDDD)). ITo uroram 2020 r. (Tabma. 3, 4),
00beM peay3anyy MPEBHICII 3HAUEHUE 2019 T. Ha
3 % B HATYpaJIbHOM BBIDQJKEHUH, B JIEHEXKHOM BBIpa-
JKEHUU POCT PHIHKA 3a TOJl COCTaBUII 2.6 %, 00BeM
peanuzanuu AocTUT 5.7 MIpA pyo. Cpemusas meHa
Kypca Tepamuy SIIIENCHH B 2020 T. COCTaBHja
29 605 py0. B roj.

Jlunupyomue mo3unuu mo obwvemy mnortpebie-
HUA B 2020 T. IPOJOJIKIJIH YAEPKUBATh ITperapaThl
BaJIBIIPOEBOM KUCJIOTHI, COCTABJIAIONINE 36 % PBIHKA

Based on the primary dataset provided by the
IQVIA agency, the volume of the AEDs market in
physical and monetary terms in 2017-2020 is cal-
culated, the parameters of its change are deter-
mined. The evaluation of quantitative data on the
structure of pharmaceutical use was carried out
using the ATC/DDD methodology recommended
by WHO as an international standard for pharma-
ceutical statistics [12]. Thus, the market growth in
the span of 4 years (2017—2020) amounted to 13%
in monetary terms and 12.5% in physical (the num-
ber of defined daily dose (nDDD)). According to
the results of 2020 (Tables 3, 4), the sales volume
exceeded the value of 2019 by 3% in physical
terms, in monetary terms, the market growth over
the year amounted to 2.6%, the sales volume
reached 5.7 billion rubles. The average price of a
course of therapy for epilepsy in 2020 was 29 605
rubles per year.

Valproates continued to hold the leading posi-
tions in terms of consumption in 2020, accounting
for 36% of the market in physical terms and 28% in
monetary terms. Carbamazepine (CBZ) took a
market share of 27% in physical terms and 7% in
monetary terms. Barbiturates (BRBs) — phenobar-
bital and benzobarbital — continued to lose a mar-
ket share and amounted to only 3% in physical
terms. Thus, CBZ, VPA and BRBs, representing a
group of basic drugs, accounted for a market share
in physical terms (nDDDs) that is equal to 66%.
The relatively new levetiracetam (LEV) in 2020
showed negative dynamics — 7% in monetary terms
and an increase of 16% in physical terms, and took
a market share of 9% and 25% in physical and
monetary terms, respectively. The revealed dynam-
ics is explained by a decrease in the price of the
original drug (Keppra, UCB Pharma, Belgium) due
to the coming into force of reference (comparative)
pricing [13], and the launch of the next generic
drugs on the market. So, the update index in the
LEV group was 0.38. Topiramate (TOP) demon-
strated similar dynamics in 2020: a 4% drop in
monetary terms was reflected by a 4% increase in
physical terms. Lamotrigine became the leader of
the market share growth. The share went up 32%
in monetary terms (in values), and 21% — in phys-
ical terms (in volume). The difference of 11 points
indicates an increase in the price because lamotrig-
ine, unlike the above-mentioned INN, is not on the
LVED, therefore, the trade margin for drugs of this
group is not regulated. Lamotrigine’s market
shares were 6 and 10% in physical and monetary
terms, respectively. The increase in the cost of
AEDS of other groups, including the most expen-
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Puc. 2. PeliTUHT CTpaH-IIPOU3BOAUTEIIEN IPOTUBOITUIENITHIECKIX IIPEIapaToOB
10 KOJIMYECTBY PETUCTPAIMOHHBIX YZIOCTOBEPEHUH Ha (hapMaIleBTHUEeCKOM PhIHKe PO
Fig. 2. The rating of countries producing antiepileptic drugs by the number of marketing authorizations
in the pharmaceutical market of the Russian Federation

B HATypaJIbHOM BBIpa)KEHUU U 28 % — B JIEHEKHOM.
Kap6amazenun (Kb3) 3aHs1 10110 PHIHKA B 27 % B
HATypaJbHOM BBIDQXKEHUH U 7 % — B J€HEKHOM.
Bapoutypatsl (BAPB) — denobapburan u 6eHzo6ap-
O6UTaT — IPOJOJIKUIN TEPATD JI0JII0 PHIHKA U COCTa-
BIJIM BCETO 3 % B HATYpPaJIbHOM BBIpaXKeHUH. Takum
obpaszom, KB3, BIIK u BAPB, mpepacrasistomue
rpynmy 6a30BbIX IPENapaToB, COCTABUJIU JIOJIIO
pBIHKAa B HaTypaysbHOM BbIpackeHuu (nDDD), pas-
HyI0 66 %. OTHOCUTEJIPHO HOBBIM JIEBETUpAIETaM
(JIEB) B 2020 r. mOKasayjl OTPHUIATEIBHYIO JTUHA-
MHKY — 7 % B JIEHE?KHOM U POCT 16 % B HATypaJIbHOM
BBIPAKEHUHY U 3aHSJI IOJTI0 PhIHKA B Q U 25 % B HATY-
PaJIBHOM ¥ [IEHEKHOM BBIPOKEHHUAX COOTBET-
CTBEHHO. BpIsiBjIeHHas [UHAMUKA OOBSCHUMA CHHU-
JKEHUEeM IIeHbl Ha OpUTHHaIbHOU mpemapat (Kem-
npa, UCB Pharma, Benbrus) BcjieZiIcTBHE BCTYILIE-
HUS B CIILY pepepeHTHOrO (CpaBHUTEIHHOTO) IEHO-
obpazoBaHus [13] ¥ BBIBOJIa HA PHIHOK OUYEPETHBIX

sive new anticonvulsants, in monetary terms
amounted to 19%. The market share of this group
was 13 and 23% in physical and monetary terms,
respectively.

The volume of costs by segments demonstrated
an almost equivalent contribution of the state and
commercial segments to total sales.

In 2020, the expenses of the population of the
Russian Federation on AEDs amounted to
2873 million rubles, the growth of the commercial
segment was 1% in monetary terms and 2% in
physical terms. More than a quarter (27%) of the
costs were for LEV, which in physical terms occu-
pied only 9% of the market. Despite the increase in
the number of daily doses by 19%, in monetary
terms, LEV showed a negative trend of 2%.
Lamotrigine became the leader of sales growth by
33% in monetary terms and took market shares of
8 and 18% in physical and monetary terms, respec-
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Ta6suna 3. CTpyKTypa peain3aiii IPOTHBOAIUIENITUYECKUX ITpernapaToB B PO (Teic. py6.) B 2020 T.
Table 3. The sales structure of antiepileptic drugs in the Russian Federation (thousand rubles) in 2020

OO0HiT 00bEM PHIHKA

JIbrOTHBIM CErMEeHT

Total volume of the market Subsidized segment

KoMMmepueckuii CEerMeHT
Commercial segment

IIpenapaThl pocr JXOJISA pocr JXOJISA pocr JOJISA
Drugs 3aros  PpbIHKA 3aroJ PBIHKA 3aroJi PBIHKA
nDDD annual market nDDD annual market nDDD annual market

growth, share, growth, share, growth, share,
% % % % % %

BasnbpnpoaTsr 1611 332 (o} 28 996 498 -2 34 614 834 3 21

Valproates

Kapbamazenud 378 553 -7 7 90 815 —-12 3 287738 -5 10

Carbamazepine

Bapburyparst 25 770 -10 1 7 670 -60 0,2 18 101 -8 1

Barbiturates

JleBeTupauietaMm 1422914 -7 25 644 321 9 22 778 682 -2 27

Levetiracetam

JlamoTpumkuH 601 837 32 10 95 317 26 3 506 520 33 18

Lamotrigine

Tonupamar 346 223 -4 6 186 211 -10 6 160 022 5 6

Topiramate

Hpyrue / Others 1320058 19 23 870 505 24 31,8 507 453 11 18

Hmoeo / Total 5706 687 2.6 100 2891337 7 100 2873350 1 100

Taoauna 4. CTpyKTypa peayin3aluy IPOTUBOIIIIENITHIECKUX TpenapaTtoB B PO B nDDD (K0JIMYeCcTBO YCTaHOBIEHHBIX
CYTOYHBIX /103 X 1000) B 2020 T.
Table 4. The sales structure of antiepileptic drugs implementation in the Russian Federation in nDDD
(number of defined daily doses x 1000) in 2020

061Ut 06beM PhIHKA

JIBbrOTHBINA CErMEHT

KoMMepuecKHii cCerMeHT

Total volume of the market Subsidized segment Commercial segment
gpenapa'rm poct JXOJIA poct JOJIA poct JOJIA
rugs aDDD 3ATOA  PBIHKA 0 3aroi  PBIHKA o0 3aT0A  PhIHKA
annual market annual market annual market
growth, % share, % growth, % share, % growth, % share, %

BasnbnpoaTsl 68559 4 36 35976 3 40 31088 5 30
Valproates

Kapb6amaszenvu 51907 -7 27 16 661 —11 19 35246 -5 35
Carbamazepine

Bapburyparsl 4 886 —11 3 1460 -7 2 3425 -12 3
Barbiturates

JleBeTuparneram 18183 16 9 8 637 13 10 9546 19 9
Levetiracetam

JlaMOTpU/I>KUH 12 300 21 6 4 371 25 5 7 929 19 8
Lamotrigine

Tomupamar 11168 4 6 7608 8 9 3560 -3 3
Topiramate

Ipyrue / Others 25 756 10 13 14 575 13 15 11181 6 12
Hmoeo / Total 192759 3 100 89288 3,7 100 101975 2 100
56 Journal homepage: http://jsms.ngmu.ru
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reHepHYeCcKUX IpernapaToB. Tak, uHAeKc 0OHOBIIE-
Huda B rpynne JIEB cocraBun 0.38. Cxoxyro nuHa-
MHKY B 2020 I. IPO/IEMOHCTPHPOBAJI TOIHpaMmaT
(TOII): nazieHue B JIEHEXKHOM BBIPA*KEHUU HA 4 %
OTPa3UJIOCh POCTOM Ha 4 % B HATypaJIbHOM BbIpasKe-
HUU. JIugepoM pocra JoJIM pbIHKA CTajl JIaMOTPU/-
sxkuH (JIT?K). Poct B eHeXHOM IIOKa3aTesie COCTa-
BUJI 32 % 1 21 % — B HaTypasibHOM. PazHuna B 11 myH-
KTOB CBHUJIETEJIBCTBYET 00 YBEJIWYEHUH I[E€HBI,
noromy kak JITK, B oT/inune OT BBIIIEYTIOMSHYTHIX
MHH, orcyrcrByer B crnucke KHBJIII, ciemosa-
TeJIbHO, TOPrOBasl HalleHKA Ha IpernapaTthl JaHHOU
rpynnsl He persiamenTtupyetcs. Joau peiaka JIT/K
cocTaBWIA 6 U 10 % B HATYpaJIbHOM U JI€HEKHOM
BBIPKEHUAX COOTBETCTBEHHO. PocT 3aTpaT Ha [1911
JIPYTUX TPYII, B TOM Yucje Ha Haubosee JOporue
HOBeHIIe aHTUKOHBYJIBCAHTHI, B JIEHEXKHOM 5KBH-
BJIEHTE COCTABWI 19 %. J[0J1 PBIHKA 3TOU T'PYIIIIBI
cocraBuia 13 U 23 % B HaTYpaJbHOM U JI€HEKHOM
BBIPQKEHUH COOTBETCTBEHHO.

O6beM 3aTpaT IO CETMEHTaM JIEMOHCTPHUPOBAII
[IpaKTUYECKH PABHO3HAUHBIN BKJIJ TOCY/IAPCTBEH-
HOTO U KOMMEDPYECKOTO CETMEHTOB B OOIIUN 00heM
MIPOJAXK.

B 2020 1. pacxojipl Hacesienust P® na I1311 cocra-
BwIH 2873 MJIH Py0., POCT KOMMEPYECKOTO CerMeHTa
COCTaBWJI 1 % B JIEHEKHOM BBIDaKEHUU U 2 % — B
HaTypaJibHOM. Bosiee uerBepTu (27 %) 3aTpar mpu-
1IJIOCH Ha IipenapaTel JIEB, koTOpble B HATYypaJbHOM
BBIDQYKEHUU 3aHsIN Bcero 9 % pblHKa. HecmoTrps Ha
pOCT ynciIa CyTOUYHBIX /103 Ha 19 %, B JIeHesKHOM BbIpa-
sxkeHuu JIEB mokazas oTpunmaTesbHYI0 JUHAMUKY B
2 %. Jlmgepom pocra poiak Ha 33 % B IEHEKHOM
BeIpackeHuu cran JITXK u 3aHsan oM peIHKA B 8 U
18 % B HATypaJIbBHOM U JIEHEKHOM BBIPaKEHUU COOT-
BerctBeHHO. JITXK He oTHeceH k criucky XKHBJIII u
OTpaHUYEeH K 3aKYILy B JIBTOTHOM CEeIrMeHTe, UTO 00b-
SICHAET MATUKPATHYIO Pa3HUILy B IEHEKHOM HKBHUBa-
JIEHTe MeXJy KOMMePUYeCKUM U JIbFOTHBIM CerMeH-
tamu. B crpykrype npogax 1311 nonu Kb3 u BAPB
CHIKAJIUCh Ha 5 U 8 % cooTBeTcTBeHHO. [IpemnapaTel
rpymrsl BITK ¢ goseit pelHKa 30 U 21 % B HATypaJib-
HOM U JIeHeKHOM BBbIPa’KeHUU COOTBETCTBEHHO I10Ka-
3aJId POCT Ha 3 %, HECMOTPS Ha CYIIIECTBEHHOE Orpa-
HHUYEHUE C 2019 T. IOKa3aHUH K IPUMEHEHUIO Y JIHI]
>KEHCKOTI0 I10J1a IeTOPOJHOTO BO3pacTa.

ITpaBoBass 6a3a rocyZapCTBEHHBIX TapAaHTHH B
obJtactu JiekapceTBeHHOTO obecnieuenus (JIO), comu-
ayibHasA OpHEeHTanMs BEKTOpAa Pa3sBUTUSA OOIIeCTBa,
HAIIMOHAIbHBIE TTPOEKTHI B 00JIACTH 3/IpaBOOXpaHe-
HUS, aMOUIMO3HbBIE BEIOMCTBEHHbIE 3a5aul [14] u,
0e3yC/IOBHO, B MEPBYIO O4Yepeb OOpalleHrue Malu-
€HTOB B MEJIUIIMHCKIE OPTaHU3aIUN 32 TApaHTHUPO-
BaHHBIM rocyzapctsoM [15] JIO cTumynupyioT poct

tively. Lamotrigine is not included in the LVED and
is restricted to purchase in the subsidized segment,
which explains the five-fold difference in monetary
terms between the commercial and subsidized seg-
ments. In the structure of AEDs sales, the shares of
CBZ and BRBs decreased by 5 and 8%, respectively.
Valproates with a market share of 30 and 21% in
physical and monetary terms, respectively, showed
an increase of 3%, despite the significant restric-
tion from 2019 of indications for use in women of
childbearing age.

The legal framework of state guarantees in drug
provision, social orientation of the vector of society
development, national projects in the field of health-
care, ambitious departmental tasks [14] and, of
course, in first place, the seeking of patients for med-
ical facilities for state-guaranteed drug provision [15]
stimulate the growth of government expenditures on
drugs of the studied group.

In 2020, the volume of the subsidized segment of
the AEDs market in the Russian Federation
amounted to 2.9 billion rubles, the growth for the
year amounted to 7 and 3.7% in monetary and phys-
ical terms, respectively. The latest generation of
AEDs accounted for 30% of the segment in mone-
tary terms and 16% in physical terms, which indi-
cates a small cohort of patients in relative terms,
whose therapy accounts for one third (30%) of all
costs for pharmaceutical benefits. Valproates
accounted for 34 and 40% of the subsidized segment
in monetary and physical terms, respectively. The
negative dynamics of valproates in monetary terms
and positive in physical terms indicates an orienta-
tion towards the purchase of ever cheaper generic
drugs. The growth of expenses on LEV amounted to
9%, the share of LEV was 10 and 22% in absolute
and relative terms.

The analysis of AEDs that occupy more than 84%
of the AED market in monetary terms by the contri-
bution of original drugs to the sales structure
(Table 5) showed that the commercial segment
remains the predominant sales segment of original
medicines, except for CBZ (Tegretol, Novartis, Swit-
zerland), which is sold mainly in the subsidized seg-
ment. Thus, the share of original drugs in the sales
structure of the commercial segment varies from 41
to 76% in monetary terms and from 64 to 76% in
physical terms. In the monetary terms in the total
volume the maximum market share (52%) in its
own group was occupied by the original drug VPA
(Depakine, Sanofi, France). In general, the share of
the studied original drugs in the sales structure
amounted to 26% in physical terms and 41% in
monetary terms.
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Ta6uuna 5. /[0J11 OpUTHHAIBHBIX [IPENIapaToB B CETMEHTE MIPOAXK, %

Table 5. The share of original drugs in the sales segment, %

B ACHEKHOM BbIPDAKCHHUHU

In monetary terms

B HaTtypaspbHOM BhIpa:keHuu (nDDD)
In natural terms (nDDD)

IIpenapatbi 0o0IIUii 00b- JIBTOTHBIH KOMMeEP- 0o0IIUii 00b- JIBTOTHBIA KOMMeEP-
Drugs €M pbIHKA  CEerMeHT YeCKU €M pbIHKAa  CerMeHT YeCKUH
total subsidized cermenr total subsidized cermenr
volume of segment commercial volume of segment commercial
the market segment the market segment
Basnbmpoars! (JlenakuH) 70 66 76 53 35 76
Valproates (Depakine)
Kap6amasenus (Terperoun) 4 13 4 0,2 3 0,5
Carbamazepine (Tegretol)
Jlepetupareram (Kermpa) 47 18 72 36 11 61
Levetiracetam (Keppra)
Jlamorpukue (JlTamukran) 57 21 64 28 5 41
Lamotrigine (Lamictal)
Tonupamar (Tomramakc) 52 42 64 27 17 48
Topiramate (Topamax)
TOCYZAPCTBEHHBIX PacXoJ0B Ha IpenapaTrbl UCCe- CONCLUSION

JlyeMOMU T'pYIIIIBL.

B 2020 r. 00BEM JIBTOTHOTO CerMEHTa PBIHKA
[I3I1 B PO cocraBui 2.9 mipy pyd., pocT 3a roj
COCTaBWI 7 U 3.7 % B JIEHEXKHOM U HATyPaJIbHOM
BBIpaXKeHUM cooTBeTcTBeHHO. Ha II9I1 HoBelimero
IIOKOJIEHUS MIPUILIOCh 30 % CerMeHTa B JeHEXKHOM
SKBUBAJIEHTE U 16 % — B HATypaJIbHOM, UTO CBU/IE-
TEJIbCTBYET O HeOOJIBIIION B OTHOCHUTEJIHHBIX ITOKA3a-
TeJIAX KOTOpTe IAIMEHTOB, Ha Tepanuio KOTOPBIX
MPUXOAUTCS TPeTh (30 %) Bcex 3aTpaT Ha JIbTOTHOE
JleKapcTBeHHOe obecreuenue. IIpemapatrsr BITK
COCTaBWIH 34 U 40 % JIBTOTHOTO CETMEHTA B JIEHEXK-
HOM WM HATypaJbHOM BBIPQ)KEHHHU COOTBETCTBEHHO.
OrpunarensHas qauHamuka BITK B jeHe:xkHOM BbIpa-
JKEHUU U TIOJIOKUTEJIbHASI B HATYPAJIHHOM CBU/IE-
TEJIbCTBYeT 00 OpHWeHTAaIllud Ha 3aKyn Bce OoJiee
JleIleBbIX TeHepUUYecKnX mpemapaToB. Poct pacxo-
noB Ha JIEB cocrasmi 9 %, noisa JIEB — 10 u 22 % B
abCOTIOTHBIX U OTHOCUTETHHBIX BEJIMUMHAX.

Anasnus 1311, 3anumarnmux 6osee 84 % pbIHKA
[1I911 B /ieHE)KHOM 5KBUBAJIEHTE 10 BKJIAJy OPUTU-
HQIBHBIX TPENapaToB B CTPYKTYPy peaTu3arunu
(Tabus1. 5), MOKa3aJ, YTO IMPEBATUPYIONIUM CEerMeH-
TOM TIPO/IA’K OPUTHHAIBHBIX IIPENIAPATOB OCTAETCS
KoMMepueckuii cermeHT, Kpome KB3 (Terpero,
Novartis, IlIBefiniapus), KOTOPBIA peayu3yeTcsi B
OCHOBHOM B JIBTOTHOM cerMeHTe. Tak, 10J11 OpUru-
HQIBHBIX TPENApaTOB B CTPYKTYpe peaTu3anunu
KOMMEPUYECKOT'O CETMEHTa BaPhUPYET OT 41 710 76 % B
JIEeHEe’>KHOM BBIPaKeHUM U OT 64 710 76 % — B HaTy-
pasibHOM. MakcuMabHYIO ZOJI0 phIHKA (52 %) B
CBOEH rpyIine B 0011eM 00’beMe B IEHE?KHOM SKBHBa-

An analysis of the range of antiepileptic drugs on
the Russian market showed a sufficient assortment
of AEDs of the 1st and 2nd generations and an insuf-
ficient number of the latest AEDs. It has been estab-
lished that the largest share (50%) of the range of
anticonvulsants in the Russian pharmaceutical mar-
ket is represented by Russian manufacturers, while
India makes the maximum contribution to the struc-
ture of imports (11%).

Valproates (36%) and carbamazepine (27%) con-
tinued to hold the leading positions in consumption
in 2020, though the structure of AED consumption
has been changing in recent years. The share of the
newest anticonvulsants was 13% in physical and 23%
in monetary terms, respectively, and the cost of the
newest anticonvulsants increased by 19%.

The growth driver of the AED market is the subsi-
dized segment. The growth of public spending on
antiepileptic therapy, despite the entry into the mar-
ket of ever cheaper generic drugs, was provided by
drugs of new and latest generations, the price of
which differs up to a hundred times from traditional
basic AEDs.

The revealed dynamics of AED sales, the social
orientation of the policy of the Russian state, and the
legal norms for pharmaceutical benefits for patients
with epilepsy with all drugs suggest a further increase
in government expenditures on AEDs in the coming
years.
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JIEHTE 3aHsJ1 OpUTrHHAIBHBIN niperapaT BIIK ([lema-
kuH, Sanofi, ®paunus). B mesgom 0151 vcereyeMbIx
OPUTHHAJIBHBIX IIPENapaToB B CTPYKTYype peayn3a-
IIUU COCTaBMJIa 26 % B HATYPAJILHOM U 41 % B IeHEXK-
HOM BBIPpayKEHWH.

3AK/IIOYEHUWE

AHaJI3 acCOPTUMEHTA IPOTHUBOSIHJIENITHYIE-
CKHX IperaparoB Ha peiHke PO mokaszasn gocraTou-
HYIO aCCOPTUMEHTHYIO HachImeHHocTh [1911 1 1 2-ro
MOKOJIEHUH U HEAOCTAaTOYHOE KOJIMYECTBO HOBEM-
mux II9II. YeraHoBsieHO, YTO HauOOJbINAS JIOJIA
(50 %) accopTuMeHTa IPOTUBOCYAOPOKHBIX IIpera-
paToB Ha POCCUUCKOM (papMaIeBTHYECKOM PBIHKE
MpeJicTaBJieHa  POCCUHCKUMM  IPEAIPUATUIMU-
MIPOU3BOJIUTENISIMH, IIPU 3TOM B CTPYKTYPY UMITOPTa
MaKCHMaJIbHBIN BKJIa BHocuT MHana (11 %).

JIuaupyoiye MO3UINH B TOTPEOJIEHNH B 2020 T.
IIPOZIOJDKUIIN YAEPKUBATh BaJIbIpPoaTsl (36 %) u
kapbamMaszenuH (27 %), 0OTHAKO CTPYKTypa notpeode-
Husa [1911 B mocieHre ToibI MeHsAeTcA. [0 HoBel-
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leptic drugs, and between antiepileptic drugs and other
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7. Schmidt D. Drug treatment strategies for epilepsy
revisited: starting early or late? One drug or several
drugs? // Epileptic Disord. 2016;18(4):356-566. DOI:
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8. Lamberink H.J., Otte W.M., Geerts A.T. et al. Indi-
vidualised prediction model of seizure recurrence and
long-term outcomes after withdrawal of antiepilep-
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IIUX aHTUKOHBYJIBCAHTOB COCTaBWJIA 13 % B HaTy-
PaIbHOM H 23 % JIeHEKHOM BBIDQYKEHUU COOTBET-
CTBEHHO, POCT 3aTpaT Ha HOBEWIINEe aHTHKOHBYJIb-
CaHTHI cOCTaBUII 19 %.

JpatiBep pocra pwiHka II9I1 — JbroTHBIN cer-
MeHT. POCT rocyZ1lapCTBEHHBIX PACXO/I0B HA IIPOTUBO-
SNMWJIENTUYECKYIO TepaIlnio, HECMOTPs Ha BBIXOJ| Ha
PBIHOK Bce 0oJiee JIEIeBhIX TeHEPUUECKUX ITpernapa-
TOB, OOecIieurBaJIM IIperapaThl HOBOTO M HOBEU-
IIEr0 TIOKOJIEHWH, IeHa KOTOPBIX OTJIMYAETCSA JI0
COTHH pa3 OT TPaAUIMOHHBIX 6a30BbIxX [1II1.

BeiaBnennas quHamuka npogax [1911, conmass-
Has HAIPABJIEHHOCTh MIOJIUTUKUA POCCUUCKOTO TOCY-
JlapCTBAa U IIPaBOBbIE HOPMBI JIBTOTHOTO JIEKAPCTBEH-
HOro obOecmeueHus: OOJIBHBIX SIIMJIEIICHEN BCEMH
JIeKapCTBEHHBIMHU ITpernapaTraMu I103BOJISAIOT Ipe/l-
TIOJIOXKUTh JIAJIBHEUIHNA POCT TOCY/IapCTBEHHBIX
pacxozoB Ha 1911 B GJirKaUIIIME TOMIBI.

KoH@QIUKT HHTEpEeCOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.

REFERENCES

1. Mukhin K.Yu. Definition and classification of epi-
lepsy. Classification of epileptic seizures 2016. Russian
Journal of Child Neurology. 2017;12(1):8-20. DOI:
10.17650/2073-8803-2017-12-1-08-20. (In Russ.)

2. Karlov V.A. Epileptology — XX century. Epilepsy and
Paroxysmal Conditions. 2014;6(2):72-79. (In Russ.)

3. Avakyan G.N. (2015). Domestic epileptology: problems
and possible ways of development. Epileptology in the
System of Neurosciences: collection of materials conf.;
ed. N.G. Neznanova, V.A. Mikhailov. St. Petersburg,
pp- 4-5. (In Russ.)

4. Perucca E., Tomson T. The pharmacological treatment
of epilepsy in adults. Lancet Neurol. 2011;10(5):446-
456. DOI: 10.1016/S1474-4422(11)70047-3.

5. Patsalos P.N., Berry D.J., Bourgeois B.F. et al. Antiepi-
leptic drugs — best practice guidelines for therapeutic
drug monitoring: a position paper by the subcommis-
sion on therapeutic drug monitoring, ILAE Commission
on Therapeutic Strategies. Epilepsia. 2008;49(7):1239-
1276. DOI: 10.1111/j.1528-1167.2008.01561.X.

6. Zaccara G., Perucca E. Interactions between antiepi-
leptic drugs, and between antiepileptic drugs and other
drugs. Epileptic Disord. 2014;16(4):409-431. DOI:
10.1684/epd.2014.0714.

7. Schmidt D. Drug treatment strategies for epilepsy
revisited: starting early or late? One drug or several
drugs? Epileptic Disord. 2016;18(4):356-566. DOI:
10.1684/epd.2016.0882.

8. Lamberink H.J., Otte W.M., Geerts A.T. et al. Indi-
vidualised prediction model of seizure recurrence and
long-term outcomes after withdrawal of antiepilep-
tic drugs in seizure-free patients: a systematic review
and individual participant data meta-analysis. Lancet
Neurol. 2017;16(7):523-531. DOI: 10.1016/S1474-
4422(17)30114-X.

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

59



Pomanos A.C., Illapaxosa E.®@. / Journal of Siberian Medical Sciences T. 6, N° 4 (2022)

cet Neurol. 2017;16(7):523-531. DOI: 10.1016/S1474-
4422(17)30114-X.

9. Loscher W., Klein P. The feast and famine: Epilepsy
treatment and treatment gaps in early 21st century //
Neuropharmacology. 2020;170(15):108055. DOI:
10.1016/j.neuropharm.2020.108055.

10. JIunarosa JI.B. KiinHuueckoe 3HaueHue HapMaKoOKu-
Hetuueckoro npodwwiss ADII Tperbero moxosyeHus //
BectH. Poc. BoeH.-Mez. akagemun. 2018;20 3(63):143-
144.

11. Vasilets L.A., Mokh V.P., Plekhanova L.G. Antiarrhyth-
mic and vasodilator actions of the antioxidant phe-
nozan during acute ischemia and reperfusion // Bull.
Exper. Biol. Med. 1988;106:1558-1561.

12. WHO Pharmaceuticals NEWSLETTER. 2015. URL:
https://www.who.int/publications/i/item/who-phar-
maceuticals-newsletter---n-5-2015 (mara obparieHus:
16.09.2022).

13. Pacnopsizkenue IlpasurenscrBa PO oT 1 utoisg 2019 T.
N¢ 1415-p. URL: http://static.government.ru/media/
files/QlAdYj4f7eMArD3cAuFFez3b58eNVnSU.pdf
(mara obparenus: 16.09.2022).

14. O HaIMOHAJIBHBIX MEJAX M CTPATETHUYECKHUX 33Ja-
vax paszButusa Poccutickoit Oemepanuu Ha TEPUOA 0
2024 royia: Yka3s IIpesusienra Poccutickoit ezeparuu
oT 07.05.2018 N2 204. URL: www.kremlin.ru/acts/
bank/43027 (naTta obpamienus: 16.09.2022).

15. O ToCyAapCcTBEHHOU MOJIZIEPIKKe PA3BUTHUSA MEUIUH-
CKOU TIPOMBIIIJIEHHOCTH U YJIydIlIeHUH ObOecriedeHust
HaceJIeHUs U YUpeKJeHUH 3/paBOOXpaHeHus JieKap-
CTBEHHBIMHU CPEJICTBAMHU U U3JETUAMU MEAUITTHCKOTO
Ha3HaueHUs:A: NocraHosieHue IIpaBurtenbcrBa PP ot
30.07.1994 N2 890. URL: http://government.ru/docs/
all/11699/ (maTa obpamenus: 16.09.2022).

CBEJAEHUNA Ob ABTOPAX

PomanoB AHTOH CepreeBuu — acnupaHT Kadepbl
dapmanuu ®T'BOY BO «AnTaiicKuil TocyJapCTBeH-
HBI MeIUIMHCKUN yHHBepcuTeT» Munszapasa Poc-
cuu, bapnys, Poccus.

ITapaxoBa Enena ®uaunmnoBHa — J-p dapMaresrT.
HayK, mpodeccop, 3aBeyonui kadgeapoi dapmanumn
®I'BOY BO «AstalicKuii Tocy/1apCTBEHHBIA MEUIIITH-
cKkuil yHuBepcurTeT» Munszapasa Poccun, Baprayi,
Poccus.

9. Loscher W., Klein P. The feast and famine: Epilepsy
treatment and treatment gaps in early 21st century.
Neuropharmacology. 2020;170(15):108055. DOI:
10.1016/j.neuropharm.2020.108055.

10. Lipatova L.V. Clinical significance of the pharmaco-
kinetic profile of third-generation AEDs. Vestn. Rus.
Military-Med. Academy. 2018;20 3(63):143-144. (In
Russ.)

11. Vasilets L.A., Mokh V.P., Plekhanova L.G. Antiar-
rhythmic and vasodilator actions of the antioxidant
phenozan during acute ischemia and reperfusion. Bull.
Exper. Biol. Med. 1988;106:1558-1561.

12. WHO Pharmaceuticals NEWSLETTER. 2015. URL:
https://www.who.int/publications/i/item/who-
pharmaceuticals-newsletter---n-5-2015 (accessed
16.09.2022).

13. Decree of the Government of the Russian Federation
of July 1, 2019 No. 1415-r. URL: http://static.govern-
ment.ru/media/files/QlAdYj4f7eMArD3cAuFFez-
3b58eNVnSU.pdf (accessed 16.09.2022).

14. On the national goals and strategic objectives of the
development of the Russian Federation for the period
up to 2024: Decree of the President of the Russian Fed-
eration dated May 7, 2018 No. 204. URL: www.krem-
lin.ru/acts/bank/43027 (accessed 16.09.2022).

15. On State support for the development of the medical
industry and improving the provision of medicines and
medical products to the population and medical facili-
ties: Decree of the Government of the Russian Federa-
tion No. 890 of 30.07.1994. URL: http://government.
ru/docs/all/11699/ (accessed 16.09.2022).

ABOUT THE AUTHORS

Anton S. Romanov — Post-graduate Student, Depart-
ment of Pharmacy, Altai State Medical University, Bar-
naul, Russia.

Elena F. Sharakhova — Dr. Sci. (Pharmaceut.), Profes-
sor, Head, Department of Pharmacy, Altai State Medi-
cal University, Barnaul, Russia.

60



YK 616.124.2-008.6+616.379-008.64]:543.645.6 DOI: 10.31549/2542-1174-2022-6-4-61-76

3HaueHue N-KOHI€BOT0 MPOINEeNnTH/a HATPUNYPETHUIECKOTO
ropmMoHa B-tuna B pa3BuUTHH AUACTOIUYECKOU JUCHYHKITNU
JIEBOT0 KeJIyAOUYKa IIPM caXxapHOM auadeTe TUIa 2

H.B. I'paxxpaukunal, A.A. lemun', 1.A. bouaaps!, C.B. lIBaHoB?

@I'OY BO «Hogocubupckuil 2ocydapcmeeHHblit meduyuHckuil ynusepcumem» Munaopasa Poccuu, Hosocubupck,
Poccus

2I'bY3 HCO «I'ocydapcmegenHnas Hogocubupckas obaacmuasn kauHudeckas boavruya», Hogocubupck, Poccus

AHHOTAIINA

BBenenue. [luacronuueckas qucyHKIus jgeBoro xkemymaouka (/1 JIXK) acconumpoBaHa ¢ pa3BUTHEM XPOHUYECKOU
cepaeunoii Hezjocrarounocty (XCH) ¢ coxpanenHo# ¢ppaxiiueii Biopoca. Jlanusiii benorun XCH Haubosee pacmpocrpa-
HeH y O0JIbHBIX caxapHbIM aAuaberom Tuna 2 (C/12). AktyansHo usydenue Bzaumocssasu 1] JK y 6oapHbIX C/I2 € ypOB-
HeM N-KOHIIEBOTO IIPOIENTH/Ia HAaTpuitypeTrnueckoro ropmona B-tumna (NT-proBNP) — 6uomapkepa XCH, a Takske /ipy-
TUMHU KJIHHUKO-1A00pAaTOPHBIMU U 3XOKapAHOrpadUUecKUMHU ITapaMeTpaMHu.

I e 1 5. Onpenenuts 3HaueHue NT-proBNP u gpyrux dakropos B pazsutuu /] JIXK npu C/I2 B oTAasmeHHOM Ilepuo/ie
HabJII0IeHUA.

MaTepuaJbl U MeTOJbl. BuccienoBanue BKIOUEHO 94 60bHBIX C/I2 B Bo3pacte OT 40 710 65 JieT (65 % KeH-
H). Bee 60J1bHBIE NMETH apTepHaIbHY0 TunepTeH3uto (AlY), oKupeHre Win n30bITOK MacChl TeJla U He UMEJTH IIPU3Ha-
xoB XCH III-1V dyHKIHOHAIBEHOTO KiIacca, dpakuuu Beiopoca (OB) JIK < 50 %. Y 37 60bHBIX ObLIa cTabUIbHAS UIIIe-
mudeckas 6ose3ub cepana (CYBC). BoabHBIM IPOBOAMIIN KINHUKO-1ab00paTOpHOE 06cIeioBaHue, 3X0KapAuorpaduio,
onpeznessiu KoHIeHTpanuio NT-proBNP. Uepes 8.8 + 0.72 roga 41 6oanpHOT0 C/I2 06CI€10BIM TIOBTOPHO C OLIEHKOH
KJIMHUYECKUX, bnoxumMuyeckux napamerpoB 1 IXoKT. [lina nuarnocruku [/ JIXK BCX0AHO UCIIOIb30BAIN HAITMOHAIbHbIE
pexkoMeHAanu Beepoccriickoro HayqHOTO 001ecTBa KapAnosaoroB u ObIecTBa CHIeraIrcToB 10 CepeuHON HeocTa-
TOYHOCTH 10 InarHocTuKe 1 Jeuennio XCH 2009 r., uepe3 8.8 + 0.72 roja — KIMHUYECKUEe peKoMeHanuu Poccuiickoro
kapauosiornueckoro obmiectsa (PKO) mo XCH 2020 1. ITouck ¢axkTopos, onpezensomux Haauuue 1] JIXK B oTnasieHHOM
IIepUO/ie, OCYIIECTBIISIIIA METO/IOM JIOTUCTUYECKOH perpeccuu 1 ROC-ananu3a.

PesyawsTartsl. Ucxomuo y 6onpubix C/2 JI/1 JIXK BoisiBiieHa B 81.9 % ciy4yaeB u Oblla B3AaUMOCBsI3aHA C HAJIMUUEM
CUBC u purensHocThio AT. Bosibabie C/12 ¢ 11 JIXK o cpaBHenwuto ¢ 6oapHbiMu C/I2 6e3 I/T JIJK He oTimyaiuch 1o
ypoBHIi0 NT-proBNP (30.6 rir/mit [20; 83.4] vs 36.7 ir/mu [20; 71.1]), p = 0.7). Uepes 8.8 + 0.72 roxa /1] JIK BeisiBIIeHA
vy 51.2 % GosibHbIX C/12 110 kpuTtepussm PKO 2020 1. Bosbubix C/12 pazaenwid Ha 2 tpymisl: ¢ /T JIK (1-a rpynmna) u 6e3
JJT JIK (2-s rpymina). BosbHbIE 1-1 1 2-1 TPYTIIBI pa3IMYaIiCh 110 JJIUTEIHbHOCTH Auabera (20 jet [16; 25] vs 17.5 roga
[14.5; 20.5], p = 0.04), unngekcy maccol Tesia (UMT) (33.9 kr/m? [31.2; 37.4] Vs 32.2 kr/M? [27.4; 34.7], p = 0.03), UHIEKCY
maccel muokapaa JDK (MMMJDK) (94.8 r/m? [82.5; 107] vs 73.9 r/m? [71; 82.7], p < 0.01) 1 O6bLJIU COITOCTABUMBI I10 TIOKa-
3aTeJIAM YIJIEBOJIHOTO, JIUIIUIHOTO 00MeHa, GYHKIUY MOYeK. [Io cpaBHEHUIO CO 2-H IPyNIOH, B 1-i rpyImiie ObLT BbIIIE
ncxoHbli ypoBeHb NT-proBNP (47.3 nr/mi [23.4; 111] vs 20 nr/mi [20; 20.3], p < 0.01), ucxomusiit UMT (34.6 xr/m?
[30; 38] vs 31.2 kr/m? [29.6; 33.7], p = 0.04) u UMMJIXK (101.1 + 1 /M2 vs 86.3 + 14.1 /M2, p = 0.02). MeT0/10M JIOTHUCTHU-
YeCKOU perpeccuu BbisABIeHO, uTo Haymure /1T JIDK y 601pHBIX C/I2 B OTZQIEHHOM IIEPUOJIE ACCOIUMPOBAHO C UCXOHBIM
ypoBHeM NT-proBNP (p = 0.03), UMT (p = 0.04) u UMMJIX (p = 0.01). Vicxonusiit ypoBeHb NT-proBNP > 31.2 nir/mut
IIOKa3aJ1 YyBCTBUTEIBHOCTD 66.7 % U creruduyHOCTh 100 % B otHOIIeHun Hanuuus I/ JIXK y 6osbHbIX C/12 yepes 8.8 +
0.72 rojia HabJII/IeHH .

3axknwueHue. Hamuuue JJ/1 JIK B oTnaseHHoM mepuojie Habaoaenus y 60apabix C/[2 B3aMMOCBA3aHO C UCXO-
JMHBIM yBenudeHneM ypoBHs NT-proBNP, oco6eHHO B coueTaHHU ¢ UCXOAHBIM yBenundeHueM UMMJDK u UMT, npu
sTtoM ypoBeHb NT-proBNP 6osiee 31.2 ir/MJj1 MOXKET PaCCMATPUBATHCA KaK IPOTHOCTHYECKUN MapKep INACTOIHMYECKOH
nuchynknun JOK y 6ompabIx C/12 yepes 8.8 + 0.72 rozja HaGJIIOAEHUS ¢ YyBCTBUTEIBHOCTEIO 66.7 % U crienudUIHO-
CTBIO 100 %.
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Knaroueewte caoea: caxapHbIi iuabeT THIA 2, AuacToIndecKas AUCHYHKINA JIEBOTO XKelyiouka, N-KOHIIeBOH Iporer-
TUJ, HaTpUiypeTuueckoro ropmona B-tuma (NT-proBNP), sxokapanorpadus.
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Significance of N-terminal pro-B-type natriuretic peptide
in the development of left ventricular diastolic dysfunction
in type 2 diabetes mellitus

D.V. Grazhdankina!, A.A. Demin?, I.A. Bondar?, S.V. Ivanov>

‘Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk Regional Clinical Hospital, Novosibirsk, Russia

ABSTRACT

Introduction. Left ventricular diastolic dysfunction (LV DD) is associated with the development of chronic heart
failure (CHF) with preserved ejection fraction. This CHF phenotype is most common in patients with type 2 diabetes mellitus
(T2DM). It is relevant to study the relationship between LV DD in patients with T2DM and the level of N-terminal pro-B-type
natriuretic peptide (NT-proBNP), as a CHF biomarker, and other clinical, laboratory and echocardiographic parameters.
Aim. To determine the significance of NT-proBNP and other factors in the development of LV DD in T2DM in the long-
term follow-up period.

Materials and methods. The study included 94 patients with T2DM aged 40 to 65 years (65% women). All
patients had arterial hypertension (AH), obese or overweight and had no signs of NYHA class III-IV CHF, LV ejection frac-
tion (EF) < 50%. 37 patients had stable coronary artery disease (SCAD). Patients underwent clinical and laboratory exam-
ination, echocardiography. The concentration of NT-proBNP was determined. After 8.8 + 0.72 years, 41 patients with
T2DM were examined again with an assessment of clinical, biochemical and echocardiographic parameters. At baseline the
2009 National Guidelines of the Society of Cardiology of the Russian Federation and the Society of Heart Failure Special-
ists for the diagnosis and treatment of CHF were used for the diagnosis of LV DD. After 8.8 + 0.72 years, the 2020 Clinical
Guidelines of the Russian Society of Cardiology (RSC) for CHF were used for the diagnosis of LV DD. The search for factors
that determine the presence of LV DD in the long-term period was carried out using logistic regression and ROC analysis.
Results. Atbaseline LV DD was detected in 81.9% of cases in patients with T2DM and correlated with the presence of
SCAD and the duration of AH. T2DM patients with LV DD compared with patients without LV DD did not differ in the level
of NT-proBNP (30.6 pg/ml [20; 83.4] vs 36.7 pg/ml [20; 71.1]), p = 0.7). After 8.8 + 0.72 years, LV DD was detected in
51.2% of patients with T2DM according to the 2020 Clinical Guidelines of the RSC. Patients with T2DM were divided into
2 groups: with LV DD (group 1) and without LV DD (group 2). Patients of the first and second groups differed in duration
of diabetes (20 years [16; 25] vs 17.5 years [14.5; 20.5], p = 0.04), body mass index (BMI) (33.9 kg/m? [31.2; 37.4] vs 32.2
kg/m?[27.4; 34.7], p = 0.03), left ventricular mass index (LVMI) (94.8 g/m? [82.5; 107] vs 73.9 g/m? [771; 82.7], p < 0.01)
and were comparable in terms of carbohydrate, lipid metabolism, and kidney function. Compared to the second group, the
first group had the higher baseline level of NT-proBNP (47.3 pg/ml [23.4; 111] vs 20 pg/ml [20; 20.3], p < 0.01), higher
baseline BMI (34.6 kg/m? [30; 38] vs 31.2 kg/m? [29.6; 33.7], p = 0.04) and higher baseline LVMI (101.1 + 1 g/m? vs
86.3 + 14.1 g/m?, p = 0.02). The logistic regression revealed that in patients with T2DM the presence of LV DD in the long-
term period is associated with the level of NT-proBNP (p = 0.03), baseline BMI (p = 0.04), baseline LVMI (p = 0.01). The
baseline level of NT-proBNP > 31.2 pg/ml showed a sensitivity of 66.7% and a specificity of 100% for the presence of LV DD
in patients with T2DM after 8.8 + 0.72 years of follow-up.

Conclusion. In the long-term follow-up period the presence of LV DD in patients with type 2 diabetes mellitus is
associated with the increased baseline level of NT-proBNP, especially in combination with the increased baseline LVMI
and BMI values, while the level of NT-proBNP > 31.2 pg/ml can be considered as a prognostic marker of LV DD in patients
with T2DM after 8.8 + 0.72 years of follow-up with a sensitivity of 66.7% and a specificity of 100%.

Keywords: type 2 diabetes mellitus, left ventricular diastolic dysfunction, N-terminal pro-B-type natriuretic peptide
(NT-proBNP), echocardiography.
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BBEJAEHUNE

ITo manabIM PefepabHOTO perucTpa OOJIBHBIX
caxapHbIM auaberom B Poccuiickoit ®exneparuw,
XpOHHYecKas cepjevyHas HemocraToyHocTh (XCH)
SIBJISIETCSI TJIABHOM WPUYHHON CMepTU OOJIbHBIX
caxapHbIM auaberom tuna 2 (C/12) [1]. B mociennee
necatuinetue XCH ¢ coxpaHeHHOW ¢pakuuen
BeIOpoca (XCHce®B) cranoButcs Bce 60jiee pacripo-
CTPaHEHHOU U COCTaBJISIET 56 % Cpesy BCeX CIIyyaeB
cep/leyHOl HemocTaTouHOCTH. Jlmacrosmdeckas
nuchyHKIus JeBoro xkeayaouka (J171 JIXK) asasercs
oxHuM u3 ¢paktopos pazsutus XCHe®B [2]. 11 JI2K
pas3BuBaeTcs BCJIEACTBUE HApylleHUs pacciabie-
HUSI MHUOKap/a, MOBBIIIEHUS €ro KECTKOCTHU, YTO
IIPUBOAUT K YBEJINUYEHHUIO KOHEYHOTO JUACTOINYe-
cKoro gasyienus B mosioctu JIK [3, 4].

Tpagunonno J1/1 JIDK ycraHaBiIuBaeTcs ¢ IIOMO-
b0 axokapauorpadun (AxoKI') c orieHKOU HECKOJTb-
kux IxoKI" mapameTpoB, Tak Kak HU OJMH U3 HUX He
SIBJISIETCA JOCTATOYHO TOUHBIM U BOCIIPOU3BOIUMBIM
[5]. Beccummromuas /11 JIXK cBsa3aHa co 3HAUYUTE b~
HBIM puckoM pasBuTusg XCH, uro ykasbIBaeT Ha
He0oOXOIMMOCTh Pa3pabOTKU paHHEro 3P EKTUB-
HOT'O TEpPAIeBTUYECKOTO BMeIIaTebcTBa [6]. Kpome
TOTO, OOHApy’KeHa ycTolunBas cBsa3b Mexay /1 JDK
U YBEJIMUEHHEM BEPOATHOCTU HEOJIATONPUATHBIX
CEPIEYHO-COCYTUCTHIX COOBITUH B IOITYJISAIUH C Pa3-
JIMYHBIMU (aKTOpaMHU PHCKA U PacCIpOCTPaHEHHO-
CTBIO CEPJIEYHO-COCYIUCTHIX 3aboseBanuii [7]. Tloa-
TOMY aKTYaJIbHBIM fIBJISETCA ITOUCK (DAKTOPOB, B3aU-
mocBszauHbIX ¢ [IJ] JDK y 60sbHBIX C/]2 U COIyTCTBY-
0IUMH 3200JIEBAHISMHY, TAKUMU KaK apTepUasb-
Has rutiepreHsus (Al'), oKupeHue, cTabrIbHas Ullie-
muueckas 6ose3ub cepamna (CUBC). Ipencrasiser
uHTepec usydenue Bzaumocsasu /1 JIK mpu C2 ¢
ypoBHeM N-KOHIIEBOTO ITPOIIENTHA HATPUUYPETH-
yeckoro ropmona B-tuna (NT-proBNP) — 6uomap-
kepa XCHc®B. B o01menonyisiiiuoHHOM HCCIEI0BA-
Huu NT-proBNP B KOMOWHAIIMY ¢ BBICOKOUYBCTBH-
TeJIbHBIM TPOIIOHMHOM T moKasas CBOIO AUArHOCTHU-
YeCKyI0 IeHHOCTb 1A BeigBaenud J1J1 JIK B gomos-
HeHUe K KJIMHnJecKuM (akTopam pucka [8].

HOEJIb NCCJIEAOBAHUA

Omnpegenuts posib NT-proBNP u npyrux dakro-
poB B pazsutuu /JI/] JIXK nmpu C/[2 B oTmasieHHOM
[IePHO/ie HAOIIO/IEHUA.

MATEPUAJIBI 1 METO/IbI

IIpoBeneHO  NIPOCHEKTHUBHOE
CPaBHUTEJIBHOE UCCIIeIOBAHHE.

Kpurtepuu BKJIIOYEHUs] B HCCIeAOBaHUE: 6OJIb-
Hble C/12 c pakTopaMu prucKa cepAedHO-COCYAUCTBIX

OIHOLIEHTPOBOE

INTRODUCTION

According to the Federal Diabetes Register of the
Russian Federation, chronic heart failure (CHF) is
the main cause of death in patients with type 2 diabe-
tes mellitus (T2DM) [1]. In the last decade, CHF with
preserved ejection fraction (CHFpEF) has become
increasingly common and accounts for 56% of all
cases of heart failure. Left ventricular diastolic dys-
function (LV DD) is one of the factors in the develop-
ment of CHFpEF [2]. LV DD develops due to an
impairment of relaxation of myocardium, an increase
in its stiffness, which leads to an elevation of left ven-
tricular diastolic pressure [3, 4].

Traditionally, LV DD is established using echo-
cardiography with the assessment of several echo-
cardiographic parameters, since none of them is suf-
ficiently accurate and reproducible [5]. Asymptom-
atic LV DD is associated with a significant risk of
CHF, which indicates the need to develop an early
effective therapeutic intervention [6]. In addition, a
stable relationship was found between LV DD and an
increase in the likelihood of adverse cardiovascular
events in a population with various risk factors and
the prevalence of cardiovascular diseases [77]. There-
fore, it is relevant to search for factors related to LV
DD in patients with T2DM and concomitant dis-
eases, such as arterial hypertension (AH), obesity,
stable coronary artery disease (SCAD). It is of inter-
est to study the relationship of LV DD in T2DM with
the level of N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP), a biomarker of CHFpEF. In a
population-based study, NT-proBNP in combination
with high sensitivity cardiac troponin T showed its
diagnostic value for detecting LV DD in addition to
clinical risk factors [8].

AIM OF THE RESEARCH

To determine the role of NT-proBNP and other
factors in the development of LV DD in T2DM over
the long-term follow-up period.

MATERIALS AND METHODS

A prospective single-center comparative study
was carried out.

Inclusionary criteria: T2DM patients with risk
factors for cardiovascular diseases (CVD) (AH, dys-
lipidemia, obesity), the presence or absence of SCAD,
lower extremities peripheral arterial disease (PAD),
acute cerebrovascular accident (ACA) in a history.

Exclusionary criteria: NYHA class III-IV CHF,
chronic or persistent atrial fibrillation, lung diseases
with respiratory failure, stages 3—5 chronic kidney
disease (CKD), severe concomitant diseases, and a
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3abosieBanuii (CC3) (AT, muciunueMusi, OKUpe-
Hue), Hatnuue wiu orcyrcrBue CUBC, 3aboieBanus
aprepuii HwkHHUX KoHeuHOcTel (3AHK), ocrporo
HapyueHus: Mo3roBoro kpoBoobparmienus (OHMK)
B aHAMHe3e.

Kpurepuu uckiroueHus U3 UCCIeOBaHUs: HAJIU-
yue XCH ITI-IV ¢pyHKIMOHAIBHOTO Kjacca, IOCTO-
sSIHHasi WIN Tlepcuctupyoomias ¢opma GubpuIisa-
MY TIPeCepAnii, 3a00IeBaHUSI JIETKUX C JIBIXaTeTb-
HOH HEJOCTAaTOYHOCTHIO, XpOHHUUYecKas O0Je3Hb
nouek (XBII) cragum 3—5, TAKEIbIE COIYTCTBYIO-
1ye 3a060JIeBaHNs, CHUKEHHAS UM YMEPEHHO CHU-
JKeHHas Gpakius BeIOpoca JeBoro xexynouka (OB
JIDK) o manusiM DxoKT'.

B 2009-2011 rr. Ha 6a3e HAOKPUHOJIOTHYE-
CKOTO U KapauoJsioruueckoro otaenenui 'bY3 HCO
«TocymapcrBernass HoBocubupckas obsactHas
KJIUHUYecKas O0JIbHUIA» 00CIeI0BAHO 94 OOJTBHBIX
CJ12 (65 % xenmuH). AT" ucxomaHo ObLIa y BeeX 60Ib-
veix C/12, OHMK B anamHese — y 6 uein., BAHK -y
9 uen., CUBC — y 37 uen. (18 u3 HUX IIepeHec/n
UHGAPKT MUOKAPAA).

BospubiM C/12 TpoBOAMIIN NTOJTHOE KIMHUYECKOE
u jabopaTopHoe obcenoBanve. K HauaabHBIM IIpO-
aBneHussM XCH OTHOCHIN IIOSIBJIEHHE OJIBIIIKH,
YCTaJIOCTH, YYAIleHHOTO cepAlebueHns Ipu IpU-
BBIYHOU (pUBUUECKOHN HATPY3Ke.

ITnasmennyro koHneHTpanuio NT-proBNP ompe-
JIeJIsUTH MeToZoM (epMEeHTHOTO HUMMYHOXEMUJTIO-
MHWHECIIEHTHOTO aHa/In3a Ha aHaiausatope Immulite
2000 (Siemens) ¢ UCIIOJIb30BaHHEM HaOOPOB TOH K€
(pUpPMBI B KIIMHUKO-IUarHOCTHYECKOU JTaDOpaTOpUH
OI'BY «HoBocuOUpPCKUE HAyYHO-HUCCIIET0BATETb-
CKUH HHCTUTYT TybOepkyie3a» Munsapasa Poccun.

IxoKI' BrimosTHsIM Ha ammapaTe Sonoline G50
(Siemens). O1eHKY TPAaHCMUTPAJIBHOTO KPOBOTOKA
IIPOBOJIMJIA B PEXKHMME HMITYJIBCHOTO JOIIIIepa U3
BEPXYIIIEYHOH YeThIpeXKaMepHOU Mo3unuu. Jlma-
cronuyeckoe HanoaHeHue JIK onpeensiv mo Mak-
CUMaJIBHOU CKOPOCTH KPOBOTOKAa PAaHHETO JUACTO-
smyeckoro HanosHeHu (E), MakcUMaTbHOU CKOPO-
CTH KPOBOTOKA BO BPEMsI CHCTOJIBI Ipezicepauii (A),
otHommeHuo E/A, BpeMeHU M30BOJIIOMETPUYECKOTO
paccnabnenus (IVRT), BpemeHU 3amesyieHUsA KpPO-
BOTOKA PaHHETO JUACTOJIN4YecKoro HanorHeHus JIK
(DT). HapymieHvue AmacTOINYECKOTO HATIOJTHEHUS
o I Tumy ycraHaBIMBAIM MPHU YMEHBIIEHUU COOT-
vomenus E/A < 0.8, ypenmuenuu IVRT > 88 mc u
DT > 220 mc; nmo II Tunmy — Ipu OTHOIIEHUU
E/A =0.8-2, DT = 160—240 mc [9]. CucTormyeckyro
dyuxnuio JIK onennBanu mno nokasaresio OB JIK ¢
ucrosb3oBanueM wmerona CumiicoHa (Simpson).
T'unieprpoduto JIXK onpezesisaiu 1o UHAEKCY Macchl
muokapaa JOK (MMMJIK) 6osee 95 T/M?y 3KeHIITH

reduced or mildly reduced left ventricular ejection
fraction (LVEF) according to echocardiography.

In 2009-2011, 94 patients with T2eDM (65%
women) were examined on the basis of the Endocri-
nological and Cardiological Departments of the
Novosibirsk Regional Clinical Hospital. At baseline,
hypertension was present in all T2DM patients, ACA
in a history in 6 people, lower extremities PAD in
9 people, and SCAD in 37 people (18 of whom had a
myocardial infarction).

Patients with T2DM underwent a general clinical
and laboratory examination. The baseline signs of
CHF included the appearance of shortness of breath,
fatigue, and tachyarrhythmia on habitual exertion.

The plasma concentration of NT-proBNP was
determined by chemiluminescence enzyme immu-
noassay on an Immulite 2000 analyzer (Siemens)
using reagents of the same company in the clinical
diagnostic laboratory of the Novosibirsk Tuberculo-
sis Research Institute.

Echocardiography was performed on a Sonoline
G50 (Siemens) apparatus. The transmitral flow was
evaluated in the pulsed Doppler mode from the api-
cal four-chamber view. LV diastolic filling was deter-
mined by the maximum early filling velocity (E), the
maximum atrial filling (A), the E/A ratio, isovolu-
metric relaxation time (IVRT), and shortened time of
early filling (DT). Type I impaired diastolic filling
was established at the E/A ratio < 0.8, at IVRT > 88
ms and DT > 220 ms; type II impaired diastolic fill-
ing was established at the E/A ratio = 0.8-2,
DT = 160-240 ms [9]. LV systolic function was
assessed by LV ejection fraction (LV EF) using the
Simpson’s method. LV hypertrophy was determined
by the LV mass index (LVMI) of more than 95 g/m?
in women and more than 115 g/m? in men. The LV
relative wall thickness (LV WT) was calculated using
the formula (2 x LVPW) / LV EDD, where LVPW is
the LV posterior wall thickness; EDD is the LV end-
diastolic dimension. In the absence of LV hypertro-
phy, LV WT < 0.42 cm was considered as normal LV
geometry, LV WT > 0.42 cm — as LV concentric
remodeling. In the presence of LV hypertrophy,
LV WT > 0.42 cm was interpreted as concentric LV
hypertrophy, LV WT < 0.42 ¢cm — as eccentric LV
hypertrophy [10].

After 8.8 + 0.72 years, again, 41 patients with
T2DM underwent clinical and laboratory examina-
tion and echocardiography on a GE Vivid 9 (General
Electric) ultrasound machine. In addition to the
echocardiography parameters described above, left
atrium volume was determined by the biplane Simp-
son’s method and indexed by the surface area of the
patient’s body. The septal and lateral mitral annulus
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u Oostee 115 T/M?y My>kurH. OTHOCHUTEJIBHYIO TOJI-
muHy creHok JIXK (OTC JIXK) paccyuThiBaIM 110
dopmyite (2 x 3CJIXK) / KJAP JIXK, roe 3CJIK — Tos-
muHa 3aguei crenku JIDK; KJIIP — KoHeUHbIH Aua-
croyimyeckuii pasmep. [Ipu OTCYyTCTBUU THIIEPTPO-
¢un JIK, OTC JIXK < 0.42 cM cunTasach HOpMaib-
Hou reometpuelt JIXK, OTC JIK = 0.42 ¢cM — KOHIIeH-
Tpudyeckum pemozenuposanuem JIK. [Ipu Hanmuun
runieprpoduu JIZK OTC JIXK = 0.42 cm TpakToBasn
Kak KoHIleHTpuueckylo rumneprpoduto JIK, OTC
JOK < 0.42 ¢cM — KaK 3KCIIEHTPUUECKYIO THIIEPTPO-
duro JIXK [10].

Yepes 8.8 + 0.72 rozna 41 6ospHOMY CJ]2 IpoBe-
JIEHO TIOBTOPHOE KJIMHUKO-71a00paTopHOe 00cIen0-
Banue u IxoKI' ma ammapate GE Vivid 9 (General
Electric). B qononuenue k onucanabsiM OxoKI mapa-
MeTpaM OIpeessin 00beM JIEBOTO IIPEJICEPAS
METO/IOM JHUCKOB W WHAEKCUPOBAIU Ha IUIOMIAIb
IIOBEPXHOCTU Tesia OoybHOTO. V3Mepsuin cemTasb-
HYIO ¥ JIATEPAJIBHYIO CKOPOCTh JIBUKEHUS MUTPATh-
HOTO KOJIbIIA B AHACTOJIy (€’), OTHOIIIEHHE MTHKOBOM
paHHEN CKOPOCTH TPAHCMUTPAJIIBHOTO KPOBOTOKA K
cpeHEMY 3HAUEHUIO CKOPOCTH JIBUKEHUSA MUTPATh-
HOTO KoJIbI1a B Auacroy (E/e”), MakcuMaabHYIO CKO-
pocthb Tpukycnunanbaou peryprutanuu (TP). Tua-
cronuueckyto suchyHknuoo JIK ycranaBiauBaiu
COTJIACHO KPUTEPUSAM, YKA3aHHBIM B KJIUHHUUECKHUX
pexkoMeHmanuAX PoCCHIICKOTO KapAMOJIOTHIECKOTO
obmecrBa (PKO) mo XCH 2020 . [2].

[TpoBenenue ucciezoBanus 6bLJI0 OAOOPEHO ITU-
yeckuMm komurerom ®I'BOY BO «HoBocubupckuit
rOCy/JapCTBEHHBI MEIHUIIUHCKUH  YHUBEPCUTET»
Munszapasa Poccuu ¥ COOTBETCTBOBAJIO STUYECKUM
HOpMaM XeJbCUHKCKOU Jleknapanuu (2013). Bcee
OoJIbHBIE TIOANHCAIN UH(OOPMHUPOBAHHOE COTJIACHE
Ha y4YacCTHe B UCCJIEZIOBAaHUM.

CratucTuuecKuil aHAIN3 JAHHBIX BBHIMIOJIHEH B
neHTpe «buocraTucTrka» ¢ IOMOIIBIO TTAKETOB SAS
9.4, STATISTICA 13 u SPSS-26. HyneByto runoresy
OTBEpTrajy nmpu p < 0.05. [IpoBepKy HOPMAIBHOCTH
pacrpesiesieHs] KOJTUYECTBEHHBIX IMPU3HAKOB ITPO-
BOAWIN C UCHOJIb30BaHMeM Kpurtepus [llamupo —
VYunka. KosnndecTBeHHbBIE TaHHBIE NIPECTABIEHBI B
BHJIE CPEIHUX 3HAYEHUH U CTAaHJAPTHOTO OTKJIOHE-
HUS TIPU HOPMAJIBHOM paCIpe/ieJIeHHU MPU3HAKOB
(M + sd), B Buze MemuaHbl U 25—75% KBapTUJIeH
(Me [Q1; Q3]) — Ipu OTJIMYHOM OT HOPMAaJIBHOTO
pacrpesieieHU TPU3HAKOB, KauyeCTBEHHBbIE JIaH-
HBIE — B IIPOIEHTaX. ['umoTe3y 0 paBeHCTBE TPYIIINO-
BBIX CPEJHHUX U JUCIEPCUU BCEX KOJIHMYECTBEHHBIX
IIPU3HAKOB IPOBEPSUTH C MOMOIIBI0 JAUCIEPCUOH-
HOro aHanmusa, kpurepuesB Kpackena — Yosnuca u
Ban pep Bappena. B3auMocBaA3b Mexay INapaMu
JIUCKPETHHIX KAUYEeCTBEHHBIX INPU3HAKOB HCCIIEIO-

diastolic velocity (e’), the ratio of the peak early
velocity of transmitral flow to the mean value of dia-
stolic mitral annulus velocity (E/e’), the maximum
velocity of tricuspid regurgitation (TR) were mea-
sured. LV diastolic dysfunction was determined
according to the 2020 Clinical Guidelines of the Rus-
sian Society of Cardiology (RSC) for CHF [2].

The study was approved by the Ethics Committee
of the Novosibirsk State Medical University and cor-
responded to the ethical standards of the Declaration
of Helsinki (2013). All patients signed an informed
consent to participate in the study.

Statistical data analysis was performed at the Bio-
statistics Centre using the SAS 9.4, STATISTICA 13
and SPSS-26 software packages. The null hypothesis
was rejected at p < 0.05. Checking of the normality of
the distribution of quantitative variables was carried
out using the Shapiro-Wilk test. Quantitative data
are presented as the mean values and standard devi-
ation with a normal distribution of variables
(M + sd), as the median and 25-75% quartiles (Me
[Q1; Q3]) with a non-normal distribution of vari-
ables, qualitative data are given as a percentage. The
hypothesis of equality of group means and variances
of all quantitative traits was tested using analysis of
variance, the Kruskal-Wallis and Van der Waerden
test. The relationship between pairs of discrete qual-
itative traits was studied using the analysis of contin-
gency tables. In the long-term follow-up period, by
the method of logistic regression with a step-by-step
algorithm of inclusion and exclusion of predictors,
the factors related to the presence of LV DD in
patients with T2DM were identified. The threshold
level of factors associated with the presence of LV
DD was determined using ROC analysis.

RESULTS

At baseline, LV DD was detected in 77 patients
with T2DM (81.9%), of which 72 people had type I,
and 5 people — type II LV DD. T2DM patients with
LV DD were more likely to have SCAD than T2DM
patients without LV DD (46.7% vs 5.9%, p < 0.01), as
well as a longer duration of AH (9 [5; 12] years vs
6 [4; 12] years, p = 0.04). T2DM patients with LV DD
and without LV DD did not differ in the duration of
T2DM (15 [10; 20] years vs 10 [4; 15] years, p = 0.6),
compensation of carbohydrate metabolism by the
level of glycated hemoglobin (HbA ) (10.3 [8.6;
11.6]% vs 9.5 [7.9; 10.4]%, p = 0.07), estimated glo-
merular filtration rate (eGFR) (77.6 + 11.3 ml/
min/1.73 m? vs 74.2 + 13.5 ml/min/1.73 m?, p = 0.3).
LV EF was lower in T2DM patients with LV DD than
in T2DM patients without LV DD (68 [63; 73]1% Vs 73
[70; 751%, p < 0.01). T2DM patients with LV DD and
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BaJI TIPU KCIIOJIb30BAHUM aHAJIM3a TAOJIHI] COps-
JKEHHOCTH. MEeTO/I0M JIOTHCTHYECKOW PETPECCHU C
MOIIAaTOBBIM aJITOPUTMOM BKJIIOUEHUS U WUCKIIOUe-
HUS TPEUKTOPOB BBIABIISIN (DAKTOPHI, B3AUMOCBSI-
3anHble ¢ HamuueMm /1 /] JIXK y 6ospabIX C/12 B 0T/HA-
JIeHHOM mepuoje HabiozeHnusa. IIoporoBwli ypo-
BeHb (DAKTOPOB, B3ANMOCBSI3aHHBIX ¢ HastmuneMm J1/1
JIOK, onpepensanu ¢ nomoinbio ROC-ananu3za.

PE3YJ/IBTATDBI

Ha mepBonauasbHOM 3Tame obciemoBanust JIJT
JIK BoisiBsieHa y 77 601bHBIX C/12 (81.9 %), 13 HUX Y
72 yesi. — 1o 1 Tuny, y 5 yesioek — no II tumny. bosib-
ueie CI2 ¢ A1 JIK gamie umenn CUBC, uem 60J1b-
uvble C/12 6e3 1] JIK (46.7 % vs 5.9 %, p < 0.01), a
Takske 60sbIIyI0 AymuTeabHocTh Al (9 [5; 12] 1eT vs 6
[4; 12] neT, p = 0.04). Bosbubie CI12 ¢ /1 JIXK u 6e3
A JIK He oT/IMYaivcCh II0 MPOAOJLKUTEIbHOCTU
CJl2 (15 [10; 20] set vs 10 [4; 15] s1eT, p = 0.6), KOM-
TeHCAI[UH YTJIEBOJHOTO OOMEHa 10 YPOBHIO TJIMKH-
posanHoro remorsio6una (HbA ) (10.3 [8.6; 11.6] %
vs 9.5 [7.9; 10.4] %, p = 0.07), pacueTHOH CKOPOCTHU
kiyooukoBo#t punbrpanuu (pCK®) (77.6 + 11.3 it/
MHH/1.73 M2 VS 74.2 £ 13.5 MJI/MUH/1.73 M2, p = 0.3).
@B JIXK 6p11a Hizke y 60abubIX C2 ¢ 1] JIK, uem y
6ospHBIX CJI2 6e3 I/ JIXK (68 [63; 73] % vs 73
[70; 75] %, p < 0.01). BonbabIe C/12 ¢ /1T JI2K u 6e3
JIJ1 JI2K He oTJIMYa/IMCh 110 YACTOTE HAJTMY U Hauyalb-
HbIX cumntoMoB XCH (46.8 % vs 23.5 %, p = 0.08),
ypoBHIO NT-proBNP (30.6 [20; 83.4] ur/mi vs 36.7
[20; 71.1] ir/mu1, p = 0.7), pazMepy JIEBOTO IPECEP-
nust (JII) (4.3 [3.9; 4.9] cm vs 4.3 [3.9; 4.4] cm,
p = 0.8), yacrore runeprpobuu JIK (40.2 % vs
29.4 %, p = 0.4).

Yepes 8.8 + 0.72 royia HabJIIO/IEHUs] KJIUHUKO-
snaboparopHoe u IxoKI' mcciie/foBaHuEe BHIIIOJTHEHO
41 6onpHOMy CJI2. ITokazaTenud JUACTOIUYECKOTO
HATIIOJTHEHHU S, OI[EHUBAaEeMbIe 10 TPAHCMHUTPAJIBHOMY
KPOBOTOKY, HE WU3MEHWIHNCh Y 30 OoiybHBIX ClI2.
VYV 6 GosbHBIX HAOIIOAATOCH YXYAIIEHUE THACTOJIN-
YeCKOTro HATIOJIHEHUS, y 5 — yuaydineHue. He o6Hapy-
JKEHO 3HAYMMOTO W3MEHEHHs JUaCTOJINYECKOTO
nanostHenusa JIOK 3a ATuTeIbHBIN ITepHo;T HaOI01e-
Hus (TOUHBIN KpuTepuii Ouirepa — 0.6, p > 0.05).

IIpu omnenke auacronnueckou ¢pynkmuu JIK mo
kputepusm PKO (2020 r.) [2] /1T JI)K 6bl1a omipezie-
JIeHa y MeHbIIIero komuectBa 60bHbIX CI12 (n = 21;
51.2 %). Y 13 dei. BbiABIeH U I 1y 8 — Tum 11
1 JIDK. boapabix C/[2 pa3zaennin Ha 2 TPYIIIBI — C
Hanuuuem JIJI JOK (1-s rpymma) @ OTCYTCTBHEM
JJ1 JDK (2-1 rpymma).

Hcxopuble KITUHUKO-Tab00paTOPHbBIE MIOKA3aTeTH
6ospHBIX CJ/I2 B 3aBHCHMMOCTH OT HaJIMUMUA WJIU
orcyrerBus J1/] JIDK B oTnaieHHOM nieproie HabJIio-

without LV DD did not differ in the frequency of ini-
tial symptoms of CHF (46.8% vs 23.5%, p = 0.08), in
the level of NT-proBNP (30.6 [20; 83.4] pg/ml vs
36.7[20; 71.1] pg/ml, p = 0.7), in the left atrium (LA)
size (4.3 [3.9; 4.9] cm vs 4.3 [3.9; 4.4] cm, p = 0.8),
in the frequency of LV hypertrophy (40.2% vs 29.4%,
D =0.4).

After 8.8 + 0.72 years of follow-up, a clinical and
laboratory examination and echocardiography were
performed in 41 patients with T2DM. Indicators of
diastolic filling, estimated by transmitral flow, did
not change in 30 patients with T2DM. In 6 patients,
there was a deterioration of diastolic filling, in 5 — an
improvement. There was no significant change in LV
diastolic filling over the long-term follow-up period
(Fisher’s exact test was 0.6, p > 0.05).

When assessing LV diastolic function according
to the clinical guidelines of the RSC (2020) [2],
LV DD was determined in a smaller number of
patients with T2DM (n = 21; 51.2 %). 13 patients
were diagnosed with type I, and 8 patients — with
type II LV DD. Patients with T2DM were divided into
2 groups — with LV DD (group 1) and without LV DD
(group 2).

The baseline clinical and laboratory parameters
of patients with T2DM, depending on the presence
or absence of LV DD in the long-term follow-up
period, are presented in Table 1. Statistically signifi-
cant differences were found between groups 1 and 2
in BMI and 24-hour albuminuria, the level of NT-
proBNP. There were no differences between the
groups in terms of HbA , eGFR, LV EF, and LV dia-
stolic function parameters. The baseline LVMI was
higher in group 1 patients.

Table 2 presents a comparison of clinical and
laboratory parameters of patients with T2DM of the
1st and 2nd groups at the time of re-examination
after 8.8 + 0.72 years. The patients of group 1 were
more likely to have the initial symptoms of CHF than
the patients of group 2. But almost half of the patients
ingroup 1 (52.4%) had no symptoms of CHF. Patients
with T2DM of the 1st group had a longer duration of
diabetes than patients with T2DM of the 2nd group.
The frequency of macroangiopathies (SCAD, ACA
history, lower extremities PAD was comparable
between the groups. The body mass index was higher
in the 1st group of patients with LV DD than in the
2nd group. Groups of T2DM patients with and with-
out LV DD were comparable in terms of carbohy-
drate and lipid metabolism. It was found that the
majority of patients with T2DM did not achieve the
target values of carbohydrate and lipid metabolism
(73.2% and 82.9% of patients, respectively). Deterio-
ration of kidney function in the long-term follow-up
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Taosuna 1. lcxoiHble KIIMHUKO-1a00paTOPHbIE U 9X0KapauorpaduyecKye MoKa3aTe I y 00JIbHBIX CAXapHBIM
JiabeToM THUIIA 2 B 3aBUCUMOCTH OT HAJIMUUA WM OTCYTCTBUA TUACTOINYECKOH JUChYHKITUY JIEBOTO JKeJIyZJouKa B

OTAAJIEHHOM II€Epuoje Ha6mo/1e}m;1

Table 1. The baseline clinical, laboratory, and echocardiographic parameters in patients with type 2 diabetes mellitus
depending on the presence or absence of left ventricular diastolic dysfunction over the long-term follow-up period

1-1 rpynmna — 60JIbHbIE

2-71 rpynna — 6oJIbHbIE

E;;;ﬁz::f]’ gilju(;)zizy’}‘)zlf)M patients gl!‘l(fuﬁpez Z—[ﬂTéllgllffl patients p

with LV DD without LV DD

(n=21) (n = 20)
UMT, kr/m? | BMI, kg/m? 34.6 [30; 38] 31.2 [29.6; 33.7] 0.04
AnsObymuHypus, Mr/cyt | Albuminuria, mg/day 43.2 [16.4; 117.5] 14 [5.5; 30] 0.02
pCK®, mu1/mun/m? | eGFR, ml/min/m? 75 [68; 83] 76 [72.5; 83] 0.49
HbA /HbA , % 9.7[9; 11.1] 9.3 [7.7; 10.3] 0.21
NT-proBNP, nr/mi (pg/ml) 47.3 [23.4; 111] 20 [20; 20.3] <0.0001
Paswmep JIII, cm / Size of the LA, cm 4.3+0.6 4+0.4 0.09
®BJIK /LVEF, % 69.2 + 6.9 70.4 + 6.3 0.54
IVRT, mc (ms) 88 [74; 961 92 [84; 96] 0.55
DT, mc (ms) 196.5 + 48 198.4 + 39.5 0.91
E/A 0.9 + 0.3 0.8 £ 0.2 0.71
NUMMJDXK, r/m? | LVMI, g/m? 101.1+1 86.3 £ 14.1 0.02
Tuneprpodus JIK, / LV hypertrophian (%) 12 (57.1 %) 5 (25 %) 0.04
OTC JIXK, cm / LV WT, cm 0.39 [0.36; 0.41] 0.39 [0.35; 0.44] 0.1

IIpumeuanue. UMT — unnekc Maccel Tesa; pPCK® — pacuerHas ckopocTsb Ki1y6oukoBoit ¢unsrpanun; HbA & — rimkupoBaHHbIH
remoryiobuH; NT-proBNP — N-koHIeBOH mpomenTu;; HaTpuiypeTHdeckoro ropmona B-tuma; JIII — seBoe mpesncepaue; OB JDK —
¢dpakuus BeiOpoca seBoro xenyznouka; IVRT — BpeMsi M30BOIIOMETpUYECKOTO paccyiabienusi; DT — BpeMs 3aMe/yieHHsI KPOBOTOKA
PaHHETO TUACTOJINYECKOTO HaToHeHus; E/A — OTHOIIEHNe MHKOB PAHHETO U IO3AHETO JUACTOINYECKOro HamosHeHus; TMMIDK —
WHJZIEKC MacChl MHOKap/a J1eBoro kerynouka; OTC — oTHOCHUTEIbHAS TOJIIMHA CTEHOK.

N o t e . BMI - body mass index; eGFR — estimated glomerular filtration rate; HbA - glycosylated hemoglobin; NT-proBNP — N-terminal
pro-B-type natriuretic peptide; LA — left atrium; LV EF — left ventricular ejection fraction; IVRT — isovolumetric relaxation time; DT —
shortened time of early diastolic filling; E/A — the maximum early filling velocity / maximum atrial filling velocity ratio; LVMI — left

ventricular mass index; LV WT — LV relative wall thickness.

JleHus IpesicTaBaeHbl B Tab. 1. OOHapyKeHbI cTa-
TUCTUYECKU 3HAUMMBbIE Pa3Iuuusa Mexay 1-U u 2-i
rpynmamu 1o UMT u cyroyHOU anbOyMUHYpUH,
ypoBHI0 NT-proBNP. He BbIABIEHO OTIIMIUN MEKTY
rpynnamu 1o yposHio HbA , pCK®, ®B JIXK, napa-
MeTpam auacrormdeckor pyaknmu JIK. McexomHbri
NMMJTXK 6511 BbIlle y 60JIBHBIX 1-H TPYIIIIBL.

B Tabsy. 2 mpencraBiieHO CpaBHEHUE KJIMHUYE-
CKUX U J1abOpaTOpPHBIX MmapaMeTpoB OosibHBIX CJI2
1-# ¥ 2-1 rpynnel Ha MOMEHT IIOBTOPHOTO OCMOTPA
yepes 8.8 + 0.72 roga. Y 60JBHBIX 1-H TPYIIHI Yalie
Habmofanucy HadanbHble cuMnToMbl XCH, uem y
60JIbHBIX 2-1 Tpynbl. Ho IpakTHYeCcKH y IOJIOBUHBI
6ospHBIX 1-H rpynnsl (52.4 %) cummrombl XCH
orcyrcrBoBasn. Bosbable C/I2 1-# Ipymmbl UMeTH
6OJIBIIYI0 JUIMTENBHOCTh Auabera, 4yeM OOJIbHBIE
Cd2 2-ti rpynmbl. YacroTa MaKpOAHTHUOIIATHHN
(CUBC, OHMK B anamuese, 3AHK) 6bL1a comocra-
BUMa Mexay rpynmnamu. MHzexke maccsl Tesa ObLI
BBIIIIE B 1-# rpyme 6oabHbIX ¢ /1 JIK, yem BO 2-H
rpymire. I'pynmbl 60bHBIX C/2 ¢ HAIMYHUEM U OTCYT-
creueM JIJI JIXK GbLIM COIOCTAaBUMBI II0 IIOKa3aTe-

period was noted in 14 patients with T2DM (34.1%):
11 of them had stage 3a CKD, 3 of them had stage 3b
CKD. LV DD was diagnosed in 8 patients, while it
was absent in 6 patients with stage 3 CKD (x*= 0.3,
p = 0.585). T2DM patients with LV DD were less
likely to receive metformin (52.4 vs 90 %, p = 0.008).
Otherwise, the treatment of patients did not differ
between the groups.

When comparing the echocardiographic param-
eters of T2DM patients with and without LV DD
(Table 3), a high incidence of pulmonary hyperten-
sion was detected in group 1, which was absent at
the baseline examination. Also, LV hypertrophy was
more common in group 1 compared to group 2.
There were no significant differences in the types of
LV geometry between the groups, but eccentric LV
hypertrophy was found only in patients of group 1.
LV EF was lower in the 1st group of patients with
T2DM. The ascending aorta size was larger in group
1 of T2DM patients compared to group 2, which may
be due to pressure overload in hypertension and
obesity.
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Ta6muia 2. CpaBHUTEIbHASA XapaKTEPUCTHKA OOJIBHBIX CAaXapHBIM JUabeTOM THUIIA 2 B 3aBUCUMOCTH OT HAJTUYUMsT UK
OTCYTCTBUSA IUACTOJINIECKOM AUCHYHKIIUU JIEBOTO XKEJIYIOUKA B OTJAJIEHHOM IIEpUOJIe HAbII0eHIS

Table 2. The comparative characteristics of patients with type 2 diabetes mellitus depending on the presence or absence
of left ventricular diastolic dysfunction over the long-term follow-up period

1-1 rpynna — 6oJIbHbIE  2-f TpPymIa — GOJIbHbIE

Hoxasares Group 1 T2DM Growp2 DM p
patients with LV DD patients without LV DD
(n=21) (n = 20)
Bospacr, net / Age, years 64 [61; 80] 64 [60.5; 67] 0.7
My:kckoit most / Male patients, n (%) 6 (28.6) 3 (15) 0.29
Imutenbuocts CII2, et / Duration of T2DM, years 20 [16; 25] 17.5[14.5; 20.5] 0.04
JnurensHoctb AT, et / Duration AH, years 20 [14; 27] 20.5[13; 30.5] 0.9
CUBC/SCAD, n (%) 10 (47.6) 5(25) 0.13
OHMEK B anamuese / ACA in a hystory, n (%) 3(14.3) 4 (20) 0.63
3AHK/PAD of lower extremities, n (%) 6 (28.6) 1(5) 0.09
Kinnuunueckue cumnromsl XCH 10 (47.6) 3 (15) 0.02
Clinical manifestations of CHF, n (%)
WUMT, kr/m? | BMI, kg/m? 33.9 [31.2; 37.4] 32.2 [27.4; 34.7] 0.03
Jlabopamopvie noxaszameau / Laboratory parameters
HbA , % 8.8 [7.7; 10.1] 8.7[6.6; 10.2] 0.6
T'J1r0K03a HATOIAK, MMOJIb/JT 10 [9.2; 12.6] 10.2 [8.2; 16.2] 0.5
Fasting glucose, mmol/1
OO61uii X0IeCTepUH, MMOJIb/JT 4.7 [5.1; 4.1] 5.1[3.9; 6] 0.3
Total cholesterol, mmol/1
Tpuraunepuspl, Mmosib/a | Triglycerids, mmol/1 1.8 [1; 2.5] 1.6 [1.2; 2.2] 0.7
XC JITIBII, mmons/n | HDL-C, mmol/1 1.2 [1.1; 1.4] 1.2 [1.1; 1.3] 0.6
XC JITTHII, mmosns/i | LDL-C, mmol/1 2.8 [2.6; 3.4] 2.4 [2; 3.1] 0.2
Kpeatunus, MkmoJib/ i | Creatinine, mmol/1 87.3 [77; 108.8] 79.5 [73.5; 90.7] 0.08
pCK®, mu1/mun/1.73 M? | eGFR, ml/min/1.73 m? 64.4 [55; 761 67.5[57.7; 82.9] 0.4
MoueBas kucaorta, Mkmosb/i | Uric acid, mmol/l 324 [260; 367] 326.4 [299; 384] 0.4
CPB, mr/n | CRP, mg/1 3.4 [2.3; 6.2] 3.2[2; 6.3] 0.9

Jleuenue / Treatment

IIpenaparet CM / SU drugs, n (%) 3 (14.3) 8 (40) 0.06
Metdopmun / Metformin, n (%) 11 (52.4) 18 (90) 0.008
Wucymun / Insulin, n (%) 19 (90.5) 15/20 (75) 0.2
CyrouHas /103a nucysunaa, EJI/kr macce! Tena 0.5[0.3; 0,8] 0.6 [0.1; 0.8] 0.9
Daily insulin dose, U/kg of body weight

HATI®/APA II | ACEI/ARBII, n (%) 17 (80.9) 19 (95) 0.2
[-60xaTopsl / B-blocker, n (%) 18 (85.7) 16 (80) 0.6
Anrtaronucts! Kasbius / Calcium antagonists, n (%) 11 (52.4) 10 (50) 0.9
Juyperuku / Diuretic, n (%) 15 (71.4) 10 (50) 0.2
Cratuns / Statins, n (%) 18 (85.7) 13 (65) 0.12

IIpumeuanue. C/2 — caxapubiii guaber tuma 2; AI' — aprepuanbHas runeprensus; CUBC — crabwibHas HIleMHUecKast
6ome3upb cepana; OHMK — ocrpoe HapyiieHne Mo3roBoro kposoobparrenus; SAHK — 3a6osieBaHusi apTepuil HIZKHUX KOHEYHOCTEH;
XCH - xpoHHueckas cepjiedyHas HeflocTaTouHOCTh; IMT — unziexc macchl Tesa; HbAIC — IMKUPOBaHHBIN remorsiobun; XC JITIBIT —
XO0JIECTEPHH JIUIONPOTEUI0B BhIcOKOH 1toTHOocTH; XC JIITHIT — xostecTepuH snnonpoTen1oB HU3KoH miotHoctH; pCK® — pacuernas
ckopocth KiayboukoBoil ¢uiabrpanuu; CPB — C-peaktuBHbiil 6ermok; CM — cynbbonmimoueBuHa; HAIIO/APA II — uHruGUTOpHI
aQHTMOTEH3UHIIPEBPAIIAOIIEro (pepMeHTa / aHTATOHUCTHI PELENTOPOB aHTHoTeH3uHa I1.

Note. T2DM - type 2 diabetes mellitus; AH — arterial hypertension; SCAD — stable coronary artery disease; ACA — acute cerebrovascular
accident; PAD — peripheral artery disease; CHF — chronic heart failure; BMI — body mass index; HbA  — glycated hemoglobin; HDL-C —

high-density lipoprotein cholesterol; LDL-C — low density lipoprotein cholesterol; eGFR — estimated glomerular filtration rate; CRP —
C-reactive protein; SU — sulphonylurea; ACEI/ARB II — angiotensin-converting enzyme inhibitors / angiotensin II receptor blocker.
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JIIM YTJIEBOJHOTO W JIUIHIHOTO OOMeEHA. YCTaHOB-
JIEHO, 4TO OOJIBIIUHCTBO 00bHBIX CI2, BKIIOUEH-
HBIX B HCCJIEJOBaHNE, HE NMEJTH IIeJIeBhIX IT0Ka3aTe-
JIEWl YIJIEBOJIHOTO W JIUIHAHOTO oOMeHa (73.2 u
82.9 % maIeHTOB COOTBETCTBEHHO). YXV/IIEHUE
(GYHKIIMU TTOYEK B OT/TAJIEHHOM II€pUOie HabIe-
HUA OTMeYEHO V 14 60oispHBIX C/12 (34.1 %): y 11 u3
Hux auaraHoctupoBana XBII 3a craguu (cT.),y 3 —
XBII 36 craguu. /1T JIXK 6p11a y 8 G0JIBHBIX U OTCYT-
ctBoBwIa y 6 GosbHBIX ¢ XBII 3 cr. (2 = 0.3,
p = 0.585). Boabubie C/12 ¢ 11 JIK peske mosydanu
Tepanuo MeThopMuHOM (52.4 Vs 90 %, p = 0.008).
B ocrasbHOM JleueHUe NIAIIEHTOB HE OTIMYAJIOCh
MEsK/Iy TPYIIIIaMH.

ITpu cpaBHenun mapameTpoB Ix0KI' GoJbHBIX
C/l2 ¢ samuumem u otcyrcrBueM I/ JIK (tabu. 3)
BBISIBJIEHA BBICOKAS YACTOTA JIETOYHOU TUTIIEPTEH3UHN
B 1-U rpyIine, KOTopasi OTCYyTCTBOBaJIa IIPU ITEpBOHA-
JabHOM 00ciie/ioBaHuu. Takke B 1-U TPYIINE Yalle
Berpeuasiach runeprpodus JIK no cpaBHeHUIO cO
2-i1 rpynnoii. He o6HapyKeHO CTAaTUCTHYECKH 3HA-

Identification of factors related to LV DD in
patients with T2DM over the long-term follow-up
period was carried out using logistic regression.
The dependent variable was the absence or pres-
ence of LV DD in patients with T2DM (0/1); the
independent variables were the baseline and cur-
rent clinical, biochemical, and echocardiographic
parameters.

The logistic regression equation, made by the
step-by-step inclusion of predictors, is represented
by a combination of initial signs interrelated with LV
DD in the long-term period in patients with T2DM:
the level of NT-proBNP, BMI and LVMI (Table 4).
The higher the values of these indicators, the higher
the probability of LV DD in patients with T2DM in
the long-term follow-up period. The standardized
regression coefficient has the highest value in NT-
proBNP, which indicates its greatest predictive value.
The percentage of correct prediction was 95.7, the
Somers’ delta — 0.914, which indicates a high predic-
tive value of the logistic regression equation. Hos-

Tab6smmna 3. Ixokapanorpadbudeckre mokazaresnu 60apHbIX C/12 B 3aBUCHMOCTH OT HAJIMYUS WIH OTCYTCTBHUA
JINACTOJINYECKOH TUCHYHKIIUHU JIEBOTO XKeJIyA0UKa B OTJAJIEHHOM IIeprojie HabII0ieHIA
Table 3. Echocardiographic parameters of patients with T2DM depending on the presence or absence of left ventricular

diastolic dysfunction in the long-term follow-up period

1-1 Tpynmna — 60JIbHbIE

2-51 Tpynna — GoJIbHbIE

Clz2c JIZK C/I2 6e3 JIK
g;’;ﬁ:{:fb Gi'loupzil£ T2DM patients Gf'lqup 2 I—[%’II‘2DM p

with LV DD patients without LV DD

(n=21) (n = 20)
Jlerounas runepteHsust, n (%) 10 (47.6) 1(5) 0.002
Pulmonary hypertension, n (%)
Aopra, cm / Aorta, cm 3.7[3.4; 3.9] 3.3[3.1; 3.7] 0.005
NOJIII, ms1/m? | LAVI, ml/m? 36 [31.5; 38.9] 26.1[23.7; 30] <0.0001
®BJIXK / LV EF, % 65 [59; 70] 70 [65.5; 75.5] 0.01
E/A 0.9 [0.7; 1.2] 0.8 [0.6; 0.9] 0.06
IVRT, mc / IVRT, ms 78 [61; 96] 94.5 [81.5; 105] 0.04
DT, mc (ms) 225 [190; 269] 248.5 [211; 295] 0.4
E/e 14.1[12.6; 16.7] 9.2[8.5; 10] <0.0001
MaxkcumasnbHas ckopoctb TP, ecm/c 2.7[2.5; 2.9] 2.3 [2.1; 2.4] 0.0015
Maximum velocity TR, cm/s
NUMMJIXK, r/m? | LVMI, g/m? 94.8 [82.5; 107] 73.9 [71; 82.7] 0.0003
T'unieptpodus JIK / LV hypertrophy, n (%) 7(33.3) 1(5) 0.02
OTCJIK, cm / LV WT, cm 0.34[0.3; 0.38] 0,35 [0,33;0,38] 0.26
Teomerpus JIK (mopma/KP/KI'/3T), n (%) 13/1/1/6 (61.9; 4.7; 4.7; 28.7) 18/1/1/0 (90; 5; 5; 0) 0.08

LV geometry (normal/CR/CH/EH), n (%)

IMMpumeuyanue. CI2 - caxapubiii auaber Tuna 2; MOJIII — unmekce o6bema jgeBoro npezcepaust; @B JIK — dbpaxius BeIGpoca JIeBOro
Jkesmynouka; E/A — OTHOIIeHHEe IUKOB PAaHHETO M IO3JHEro Auacrosndeckoro HamosHeHus; [VRT — BpeMs H30BOJIIOMETPHUYECKOTO
pacciabienus; E/e’ — oTHOIIeHNe TMKOBOM paHHEH CKOPOCTH TPAHCMUTPAIBHOTO KPOBOTOKA K CpeJHEMY 3HAUEHUIO CKOPOCTH ABAKEHUA
MUTPAJIBHOTO KOJIBbIA B uactony; TP — TpukycnunanpHasa peryprutanust; UMMJIK — nHekc Macchl MHOKap/a JIEBOTO KeIyA0UKa;
OTC — orHOocuTesnbHAsA ToMmMHA cTeHOK; KP — KoHIeHTpUdeckoe pemozenupoBanue; KI' — koHeHTpuueckas runeprpodus; I —
9KCI[eHTPHYEeCKas TUIepTpodus.

N o te.T2DM - type 2 diabetes mellitus; LAVI — left atrial volume index; LV EF — left ventricular ejection fraction; E/A — the maximum
early filling velocity / maximum atrial filling velocity ratio; IVRT — isovolumetric relaxation time; E/e’ — the ratio of peak early velocity of
transmitral flow to the mean value of mitral annulus diastolic velocity; TR — tricuspid regurgitation; LVMI — left ventricular mass index;
LV WT — LV relative wall thickness; CR — concentric remodeling; CH — concentric hypertrophy; EH — eccentric hypertrophy.
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YUMBIX pasyiuuuil mo tunam reomerpun JIK mexny
rpyIIamMuy, HO dKCIeHTpuueckas runeprpodusa JIZK
BCTPEYaIach TOIBKO Y 60JIbHBIX 1-1 rpymnel. @B JIK
Obuta HIKe B 1-U rpynme 6osbHBIX C/12. Pazmep
a0pTHI B BOCXOZSAIIEM OT/iesie ObLI OOJIbIlE ¥ 6OTh-
HbIX C/I2 1-¥ rpynmel IO CPaBHEHUIO CO 2-U TPyI-
IOH, YTO, BO3MO?KHO, CBSI3aHO C IIEPETPY3KOH JlaByie-
HueM Ha Qone AT’ 1 OKUpEHU.

BrisiBieHue ¢GaxToOpoB, B3aUMOCBA3aHHBIX ¢ JIJ1
JIK 'y 60pHBIX C/12 B 0TI/ IEHHOM TIEpHO/ie HABJTIO-
JIeHUs, TPOBOAWJIN C IIOMOIIBIO JIOTUCTUYECKOU
perpeccuu. B kauecTBe 3aBUCUMOU II€pEMEHHOU
BBICTYIIaJI0 OTcyTcTBUe winu Hanmuue /1 JIOK y
6ospHBIX C/12 (0/1); HE3aBUCUMBIMU IIEPEMEHHBIMH
SIBJISLTIACH UCXOAHBIE U TEKYIIHEe KIIMHIYECKUe, 610-
xumuueckue u IxoKI' nokaszaresnu.

YpaBHeHUE JIOTUCTHYECKON pPErpeccuu, COCTaB-
JIEHHOe MeTO/IOM IIOIIAaroBOTO BKJIIOUEHU:A Ipeu-
KTOpPOB, IIPEJICTABJIEHO KOMOWHAITMENW MCXOIHBIX
MIPU3HAKOB, B3auMocBa3aHHbIX ¢ [J/] JIXK B oTnanen-
HOM nepuoze y 6osbHbIX C/12: ypoBeHb NT-proBNP,
UMT u UMMJIXK (tab. 4). Yem 6oJibllle 3HAUEHUS
JIAHHBIX IIOKa3aTeyiel, TeM BbIle BEPOATHOCTH /]
JDKy 60opHBIX C/12 B 0TI/ IEHHOM TIEpHO/ie HabJII0-
nenus. CTaHZapTU3UPOBAHHBIA KO3 PUIHEHT
perpeccuu uMeer HaubOOJbIllee 3HAUEHUE Y
NT-proBNP, uro roBoput o ero HaubOJIbIIEH TIPe/-
CKasaTeJIbHON IleHHOcTU. IIpoueHT BepHOTO Ipen-
CKazaHUsA COCTaBWI 95.7 %, Ko3dpdumueHT
Somers’ D — 0.914, 4TO CBUIETETBCTBYET O BHICOKOU
IIpe/iCKa3aTeJIbHON IEHHOCTH YPaBHEHUS JIOTHCTHU-
yeckoi perpeccun. Tect cortacus Xocmepa — Jleme-
moBa (y2 = 8.5, p = 0.87) oTpaskaeT XOPOIIYI0 K-
OPOBKY IIpEJICTABJIEHHON MOJIENH.

YpaBHeHUE JIOTHCTUYECKOU perpeccuui, OIeHU-
Barolree BeposiTHOCTh Hasmuus J1J] JIDK y 60s1bHBIX
C/l2 B oTajJileHHOM IIepHojie HaOJIIOfEeHUA, MIpes-

mer-Lemeshow test (x> = 8.5, p = 0.87) reflects a
good calibration of the presented model.

The logistic regression equation estimating the
probability of LV DD in patients with T2DM in the
long-term follow-up period is presented as
P =e?/(1 + €?), where e — the base of the natural loga-
rithm (e = 2.7183); Z = o + P1 x X1 + B2 x X2 +
+ B3 x X3, where X1 — the baseline level of NT-
proBNP (pg/ml), B1 = (-0.17); X2 — the baseline
BMI (kg/m 2), B2 = (—0.29); X3 — the baseline LVMI
(g/m?), B3 = (—0.08). The closer the P value is to
zero, the higher the probability of LV DD in patients
with T2DM in the long-term follow-up period.

The threshold baseline level of NT-proBNP, reflect-
ing the difference between the groups with the absence
and presence of LV DD, was determined using ROC
analysis. The area under the curve was 0.89 (with
deviations within the 95% confidence interval —
0.753—0.996, p < 0.01). The baseline level of NT-
proBNP > 31.2 pg/ml showed sensitivity 66.7% and
100% specificity for the presence of LV DD in patients
with T2DM after 8.8 + 0.72 years of follow-up (Fig. 1).

DISCUSSION

The present study shows a high baseline fre-
quency (80.4%) of LV diastolic filling disorders in
middle-aged T2DM patients, which is consistent
with previous data, that also showed the correlation
of LV DD with cardiovascular autonomic neuropathy
[11]. The baseline examination revealed the relation-
ship of the impaired LV diastolic filling in T2DM
patients with the presence of SCAD, which can be
explained by non-uniformity of relaxation in myo-
cardial ischemia [3]. In a study of Sumin et al.
patients with confirmed SCAD had a high incidence
of LV DD, which was associated with age and the
presence of multivessel coronary artery disease [12].

Taoauna 4. Vicxogusle GaKkTOPbI, aCCOIUUPOBAHHBIE € UACTOJIMYECKOH AUCHYHKINEH ¥ O0JIBHBIX CAXapHBIM

JnrabeToM TUIIA 2 B OTJJaJIEHHOM IIEPUO/Ie HAaOJII0IeHH S

Table 4. Baseline factors associated with diastolic dysfunction in patients with type 2 diabetes mellitus in the long-term

follow-up period

Koaddumuenr

CTaHHapTH3I/Ip0BaHHI>Ie

Crarucruka
ITapameTtp perpeccuu B - K03( GUnuEeHTHI perpeccumn
. ambaa y p . A
Parameter Regression - Standardized regression
2 Wald test 3
coefficient coefficients
CBOOO/IHBIN WIeH ypaBHEHUS 21.3 8.32 0.004 —
Absolute term of the equation
NT-proBNP —-0.17 4.97 0.03 -3.9
NMT / BMI -0.29 4.2 0.04 -0.75
NMMJIXK / LVMMI -0.08 5.9 0.01 -0.77

IIpumeuanue. NT-proBNP — N-koHIIEBOH HpOMENTH/ HATpHUIypeTHdyeckoro ropmoHa B-tuma; UMT — uHIeKc Macchl Tena;

HMMMJDK — nHzekc Macchl MHOKap/a JIEBOTO JKeIyl0uKa.

Note. NT-proBNP — N-terminal pro-B-type natriuretic peptide; BMI — body mass index; LVMI — left ventricular mass index.
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Puc. 1. ROC-kpuBas, oTpakamoluias B3auMocBA3b Mexxay Hamuuem /1 JDK
B OTJAJIEHHOM I1epuo/ie Habutro/ieHus ¥ UcXoHbIM ypoBHeM NT-proBNP y 6osbHbIX C/12
Fig. 1. ROC curve reflecting the ratio between the presence of LV DD in the long-term follow-up period
and the baseline level of NT-proBNP in patients with T2DM

ctaByieHO B Buzie P = €?/(1 + €%), r7ie € — OCHOBaHHEe
HaTypasibHOrO Jorapudma (e = 2.7183); Z = Bo +
+ P1 x X1 + B2 x X2 + B3 x X3, rae X1 — UCXOIHBIH
ypoBeHb NT-proBNP (mir/mi), f1 = (-0.17); X2 —
ucxonusiii UMT (kr/m2), B2 = (—0,29); X3 — ucxo-
nubit UMMJIXK (r/m2), B3 = (—0,08). Uem Osmxke K
HyJII0 3HaYeHue P, TeM BbIIIe BEPOSITHOCTD HAJTUUHS
IO JOK y 6osbHbIX C/I2 B OTAAJIEHHOM IIEPHO/IE
HaOJIIOMEeHUS.

IToporosei#i ucxonusli ypoBeHb NT-proBNP,
OTPaKAIOIIUN PA3JINUKE MEXK/Ty IPYIIIIaMU C OTCYT-
crueM u HanuuyueMm [[J JIK, onpenesen ¢ momo-
mbio ROC-ananusa. [Tnomaas moa KpUBOU cocra-
BWJIa 0.89 (C OTKJIOHEHUSIMU B paMKax 95% JioBe-
pUTEIFHOTO UHTEPBaJA — 0.753—0.996, p < 0.01).
Ucxomubiii ypoBeHb NT-proBNP > 31.2 nor/mn
IoKasajl 4yBCTBUTEJbHOCTh 66.7 % u crnenudud-
HOCTh 100 % B orHoumleHuu Hanuuusa /1 JIK y
6ospHbIX C/12 uepes 8.8 + 0.72 roja HaOIIOAEHUS
(puc. 1).

OBCYXKAEHUE

B HacrosieM uccaen0BaHIY MMOKa3aHa BbICOKAS
ucxoaHasa yactora (80.4 %) HapyIeHUs TUACTOJIH-
veckoro HatnosHeHus JIXK y 6opHbIX C/12 cpemHero
BO3pPAcTa, UTO COIJIACyeTcs ¢ paHee OIyOJIMKOBaH-
HBIMH JIAaHHBIMU, T7le TaK:Ke ObLIa IOKa3aHa B3au-
mocBsa3b [/ JIXK ¢ kapsuoBackyJIsipHOU (opMon
aBTOHOMHOU HetiponaTtuu [11]. IIpu mepBoHaYab-
HOM oOciefoBaHUN OOHApyKeHa B3aMMOCBI3b

In the long-term follow-up period, no significant
correlation was found between the current and base-
line impairment of diastolic filling in patients with
T2DM. The parameters used to assess LV diastolic
filling (E/A, IVRT, DT) are widely available in rou-
tine clinical practice, but are insufficiently associated
with end-diastolic pressure, and also depend on age,
which makes it difficult to interpret them correctly
[5]. LV DD was determined in a smaller number of
patients (in 51.2% of cases) using the 2020 Clinical
Guidelines of the RSC. The data obtained confirm an
increase in the specificity of changes in these echo-
cardiographic parameters for the diagnosis of LV DD
and the association with the presence of CHFpEF,
which is consistent with the literature data. In a pop-
ulation-based study of 1000 individuals older than
45 years without known CVD, a significant decrease
in the prevalence of LV DD, diagnosed according to
the American Society Echocardiography (ASE)/
European Association of Cardiovascular Imaging
(EACVI) recommendations, compared with the 2009
ASE/EACVI guidelines, was found [13]. Similar
results were obtained by Wan et al. in the study of the
cohort of T2DM Hispanic patients without symp-
toms of CHF [14].

In the present study, pulmonary hypertension
was detected in half of T2DM patients with LV DD in
the long-term follow-up period. Deterioration of dia-
stolic function leads to an increase in pressure of the
left compartments of the heart and, subsequently, to
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HapYIIEHU JINACTOJIMUYEeCKOro HamostHeHusa JIK y
6ospubIX C/I2 ¢ Hammuuem CUBC, yTo MOKHO 00b-
SCHUTb HEPAaBHOMEPHOCTBIO peJaKcalliU, MPUCYT-
CTBYIOIIIEH IpH uieMun Muokapya [3]. B ucciemo-
Banuu A.H. CymuHa u coaBT. 6OJIBHBIE C TIOJITBEPIK-
nenHoit CUBC umenu Bbicokyrw uacroty /I JDK,
KoTOopas ObLIa acCOMUPOBAaHA C BO3PACTOM U HAJIH-
YreM MHOTOCOCY/IMICTOTO MOPa*KeHUs KOPOHAPHBIX
aprepuii [12].

B otnasenHoM nepuojie Hab0AeHuA HE OOHA-
PY’K€HO 3HAYMMOU B3aMMOCBSA3U MEXAY TEKYIUM
U UCXOJHBIM HapyLIeHHeM JIHaCTOJIMYeCKOro
HatosTHeHUs y 6osibHBIX C/12. [TapamMeTphl, HCIIOJIb-
3yI0IIuecs A1 OIeHKH JUACTOJIUUYECKOTO HAIIOJIHE-
wus JDK (E/A, IVRT, DT), mupoko AOCTYIIHBI B
PYTHHHOH KJIMHUYECKOW IPAKTHKE, HO HEJIOCTa-
TOYHO aCCOIIMUPOBAHBI C KOHEUHO-/TUACTOJINUECKUM
JasieHueM HanosHeHusa JIXK, a Takke 3aBUCAT OT
BO3pacCTa, UTO 3aTPYAHSIET UX IPAaBUJIBHYIO UHTEP-
nperarnuio [5]. /I JDK ompeneneHa y MeHbIIETO
KOJINYECTBA MAalUeHTOB (B 51.2 % ciydyaeB) IpH
ucnosb3oBanum kpurepueB PKO 2020 r. [Tosnyuen-
Hble JaHHBIE MOJITBEPIKIAIOT yBEeJIUUYEHUE CIEelH-
(puyHOCTH WM3MEHEeHUs YKAa3aHHBIX ITOKa3aTeyei
Ix0oKI' B orHomenuu guarmoctuxu /1 JIDK u B3au-
MocBa3b ¢ HanunuueM XCHc®B, uto coryacyeres ¢
JIaHHBIMU JINTEPATyphl. B momyaanuoHHOM Hccie-
JIOBAaHUM 1000 YeJI. cTaplie 45 JeT 6e3 U3BECTHBIX
CC3 obHapy:keHO 3HAUYUTEbHOE CHIKEHHWE pac-
npoctpanenHoctu JIJI JIOK, amarHOCTHpOBaHHOM
corsiacHo airoputMaMm IOxoKI' mo olieHke auacTo-
JIMYecKol PyHKITUU cepAalia 2016 T. 110 CPaBHEHUIO C
aJIroOpuUTMaMu 2009 T. [13]. AHAJIOTUYHBIE PE3YIIb-
tatbl 6bLTH moIyueHbl S.H. Wan et al. nmpu usyue-
HUY UCIIAHCKOH MOy sty 60s1bHBIX C/12 6e3 cum-
nromoB XCH [14].

B mpejncraBienHON HaMu paboTe Y ITOJIOBUHBI
6ospabIX C/I2 ¢ A/ JIDK B oTmasieHHOM NEpHOje
HabofeHus ObUIA BBISBJIEHA JIETOYHAs TUIIEPTEH-
3Usl. YXy/IIIEHUE TUACTOINIECKON DYHKITUH IIPUBO-
JIUT K TOBBIIIEHUIO JIaBJIEHUS HAIMOJIHEHUS JIEBBIX
OTJIEJIOB CEPALA U, B JAJIbHEUIEeM, K IAaCCHBHOMY
3aCTOI0 ¥ XPOHHYECKUM HW3MEHEHHUAM JIETOUHBIX
cocyzioB. Takas jierouyHas TUIEPTEH3USA SBJIAETCA
MIOCTKANIWUIAPHOHA. VMeloTcsl JaHHBIE O TOM, YTO
IIOTpaHUYHAs JIETOYHAsA THIEPTEH3USA IIOBBIIIAET
PHCK CMEPTH U TOCIIUTATU3ANNH [15].

Juarnoctuka XCHc®B ocHoBaHAa Ha HaJIUYUHU
CHMIITOMOB, XapaKTEPHBIX VIS CEP/IEYHON HEJIOCTa-
TOouHOCTH, u3MepeHuu ypoBHsA BNP unu NT-proBNP
u BoraBiienun [J1 JIXK u/unmu runeprpoduun JIXK mo
IxoKT [2]. Ho mpoBegenne dxoKI' Ha amOysarop-
HOM dTare y 60JbHbIX 6€3 TPU3HAKOB YMEPEHHOH U
msoxesnor XCH manonoctynHo. OkoJ10 1/3 GOJIbHBIX

passive congestion and chronic changes in the pul-
monary vessels. Such pulmonary hypertension is
postcapillary. There is evidence that borderline pul-
monary hypertension increases the risk of death and
hospitalization [15].

Diagnosis of CHFpEF is based on the presence of
symptoms characteristic of heart failure, measure-
ment of BNP or NT-proBNP levels, and detection of
LV DD and/or LV hypertrophy by echocardiography
[2]. But echocardiography at the outpatient treat-
ment stage in patients without signs of moderate and
severe CHFpEF is not readily available. About 1/3 of
patients with CHpEF have a level of NT-proBNP
lower than diagnostic, which may be associated with
a high incidence of obesity, leading to a decrease in
this biomarker level [16, 17]. At the same time, the
level of NT-proBNP may increase in T2DM, which is
probably due to the high prevalence of subclinical
cardiovascular pathology [18]. Impaired renal func-
tion leads to an increase in BNP and NT-proBNP
[19].

In a study by Mocan et al. the association of NT-
BNP, inflammatory biomarkers, components of met-
abolic syndrome, systolic and diastolic blood pres-
sure with LV DD in middle-aged patients with meta-
bolic syndrome has been shown [20]. In another
study, the association of abdominal obesity in combi-
nation with hypertriglyceridemia was determined in
apparently healthy young and middle-aged individu-
als with LV DD after 20 years of follow-up. The
development of DD and LV remodeling in obesity is
associated with an increase in blood volume, low-
grade inflammation, insulin resistance, activation of
the sympathoadrenal and the renin-angiotensin-
aldosterone systems [21].

At the initial examination, we did not find an
association between the level of NT-proBNP and the
LV diastolic filling parameters, in patients with
T2DM, which is consistent with the literature data
[22]. But the baseline level of NT-proBNP was cor-
related with LV DD in the long-term follow-up
period. An increase in NT-proBNP > 31.2 pg/ml
predicted the presence of LV DD in patients with
T2DM after 8.8 + 0.72 years of follow-up with a
sensitivity of 66.7% and a specificity of 100%. The
higher specificity compared to sensitivity shows the
advantage of the negative predictive value of the
biomarker, which was also shown in a meta-analy-
sis of 51 studies on the role of NT-proBNP in the
diagnosis of LV DD or CHFpEF [23]. The logistic
regression analysis revealed a high prognostic sig-
nificance of an increase in the baseline level of NT-
proBNP in combination with an increase in the
baseline BMI and LVMI.
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XCHc®B umernT ypoBeHb NT-proBNP Huke numa-
THOCTHYECKOTO, YTO MOKET OBITH CB32HO C BBICOKOH
YaCTOTOU OKHPEHUs, KOTOPOe MPUBOAUT K CHUKE-
HUIO TIOKasareyiedl JaHHOTO Omomapkepa [16, 17].
Bmecre ¢ Tem nipu CZI2 ypoBeHb NT-proBNP moxker
MOBBIIIATHCS, UTO, BEPOATHO, CBA3AHO C BBICOKOU
pacIpoCcTpaHEeHHOCTHIO CYOKINHUYECKOH CepAeTHO-
cocyucrolt natosioruu [18]. Hapymenue dyHkiun
IoYeKk MPUBOAUT K ImoBbIIeHHI0 BNP u
NT-proBNP [19].

B uccnegosanuu M. Mocan et al. mokasana acco-
muanusa NT-BNP, BocnmaauTebHBIX OHOMAapKEPOB,
KOMIIOHEHTOB MeTab0JIMIECKOTO CUHIPOMA, YPOBHS
cucrosnyeckoro u auacroaudeckoro A/l ¢ 11 JIZK y
MMAIIUEHTOB C MeTa0O0JIMUYEeCKUM CHUHJIPOMOM Cpel-
Hero Bospacta [20]. B apyroit pabore orpejiesieHa
B3aMMOCBA3b a6/IOMUHAIBHOTO 0KUPEHN B COUETA-
HUU C TUNEPTPUIVIMIIEpUIEMUEN y HpaKTHYeCKH
37I0POBBIX JIIOZIEH MOJIOZIOTO U CPETHETO BO3pACTa C
JJ1 JI2K uepes 20 jiet Habioerus. Pazsutue /11 u
pemopenupoBanue JIJK mpu OKUpeHUU CBA3AHO C
yBeJIU4YeHNeM O0beMa KpPOBU, BOCHAJIEHUEM HU3-
KOTO YPOBH#, NHCYJIMHOPE3UCTEHTHOCTDIO, aKTHUBa-
nHel CUMIIaTOaIPeHAIOBOU U PpEHUH-aHTHOTEH3H-
aJIBIOCTEPOHOBOM cucTeM [21].

[Ipu nepBoHavYaIbHOM 06CIENOBAHUN OOJIHHBIX
Cll2 MBIl He OOHAPYKHWJIU B3aUMOCBSI3b YPOBHS
NT-proBNP ¢ napamerpamu, XapakTepU3yIOIIUMHI
Juacronudeckoe HamnosiHeHue JI2K, 4To coriacy-
eTcs ¢ IAaHHBIMU JuUTepaTypsl [22]. Ho uCX0mHBII
ypoBeHb NT-proBNP 6s11 B3aumocssizas ¢ 1/ JIXK
B OTZQJIEHHOM IIepuojie HabOIIOZleHUuA. YBenude-
uue NT-proBNP > 31.2 nr/msi mpenckasbiBajio
nanmuue JIJ1 JIOK y 6ompHBIX C/12 uepes 8.8 + 0.72
roja HaOJIIOIEHUs C YYBCTBUTEIHLHOCTHIO 66.7 % 1
crienquUIHOCTBI0O 100 %. Bosee BbIcOKas creru-
(pUYHOCTh MO CPAaBHEHHUIO C YYBCTBUTEJIBHOCTHIO
IIOKa3blBaeT IIPEUMMYIeCcTBO OTPHULIATEJIBLHOrO
Ipe/icKa3aTeJIbHOTO 3HAUeHUs OuoMapkepa, UTo
Takke OBLIO TOKA3aHO B MeTaaHAIN3€ 51 HCCIIEI0-
BaHuA N0 usydyeHuw poau NT-proBNP B puarso-
cruke JIJ JIXK wiu XCHce®B [23]. IIpu npoBene-
HUU JIOTUCTUYECKOTO PErpeccroHHOro aHaansa
BBIABJIEHA BBICOKAA IPOrHOCTUYECKAsA 3HAUUMOCTD
MOBBIIIEHUA HCXOAHOTO ypoBHA NT-proBNP B
KOMOWHAIMU ¢ yBeJudeHHeM ucxojauoro IMT u
NMMJIK.

OIr'PAHNYEHUA NCCJIEJOBAHUA

Hebosp11oit 065eM BHIOOPKY YMEHBIIIAET CTATH-
CTUYECKYI0 3HAaUMMOCTh IIOJIy4eHHBIX Pe3yJIbTaTOB.
IxoKI' mapaMeTpbl OLIEHKH JUACTOINYECKON DYHK-
muu JDK y 6ospHBIX CII2 OT/IMYAINCh UCXOAHO U
yepe3 10 Jier Habiwo/eHusA. YpoBeHb NT-proBNP

STUDY LIMITATIONS

A small sample size reduces statistical signifi-
cance of the results obtained. The echocardiographic
parameters for assessing LV diastolic function in
patients with T2DM differed at baseline and after
10 years of the follow-up. The level of NT-proBNP
was measured once — during the initial examination
of patients with T2DM, so its variability over time is
unknown, as well as the association of the current
biomarker level with LV DD. Therefore, further
research in this direction is needed.

CONCLUSION

The presence of left ventricular diastolic dysfunc-
tion in the long-term follow-up period in patients
with type 2 diabetes mellitus is associated with the
increased level of NT-proBNP at baseline, especially
in combination with the baseline increase in left ven-
tricular mass index and body mass index; meanwhile
the level of NT-proBNP over 31.2 pg/ml can be con-
sidered as a prognostic marker of left ventricular dia-
stolic dysfunction in patients with type 2 diabetes
mellitus after 8.8 + 0.72 years of follow-up, with a
sensitivity of 66.7% and specificity of 100%.
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OILIEHUBAJICA OJHOKPAaTHO IIpU II€PBOHAYAJIbHOM
obcitenoBannu 60ybHBIX C/12, TO3TOMY HEM3BECTHA
€ro U3MeHYHUBOCTb C TeUeHHeM BpeMeHH, a TaKKe
accoluanus TEKYIIEro ypoBHsA Omomapkepa c /1
JDK. ITosToMy HEOOXOAMMBI TaJIbHEUIIINE HUCCIIEN0-
BaHUsA B IAaHHOM HallpaBJIeHUU.

SAKJIIOYEHUWE

Hanuune guacronnyeckoi [ucyHKIUN JEBOTO
JKeJIyJIOUKa B OTAAJIEHHOM IIepuozie HaOJIIoAeHus y
OOJBPHBIX CaXapHBIM [uabeToM THIA 2 B3aHMOCBS-
3aHO C UCXO/JHBIM yBesindyeHueM ypoBHA NT-proBNP,
0COOEHHO B COYETAHUU C MCXOIAHBIM YBEJIMUYEHHEM
WH7lEKCa Macchl MHUOKap/ia JIEBOTO >KeIylouka Hu
HWH/IEKCa MaCChl TeJia, IIpu 3TOM ypoBeHb NT-proBNP
60J1ee 31.2 IIT/MJI MOKET pacCMaTPUBATHCA KaK IIPO-
THOCTHYECKHI MapKep JUACTOJIHYECKOU JUCPYHK-
I[UU JIEBOTO JKeJIyZI0UKa y OOJIBHBIX CaXapHBIM JIHa-
6erom Tuma 2 yepes 8.8 + 0.72 rona HAGJIIO/IEHU C
YyBCTBUTEJIBHOCTBIO 66.7 % 1 crnenu@UuHOCTHIO
100 %.
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AHHOTAIIUA

BBenmenue. Ot outokHeHul (HanboJsiee YacTble U3 HUX — TPOMOO3bI MO3TOBBIX, KODOHAPHBIX 1 TIEPHU(DEPHUECKHIX COCY-
JIOB), BEI3BAHHBIX 3a00JIEBAHISIMU CEPIIEUHO-COCY/IUCTOM CHCTEMBI, E3KETOIHO yMUpaeT 0oJiee 18 MJTH 4est. J{Jist ONTHMaIbHON
PO IIAKTHKH TPOMOO30B B PAMKaX a/IeKBATHOH aHTUTPOMOOTHYECKOH Tepaliy PalliOHAIBHO IIPUMEHATH JIEKAPCTBEHHBIE
cpezcTBa, criocoOHbIe 3G (PEKTUBHO TTPeIyIIpesKIaTh 0Opa3oBaHue TPOMOOB 6e3 OIIacCHOCTH pa3BUTHsI KpoBoTeueHui. HoBoe
pou3BoiHOe HHIOIHHOHA (1udp — GRS) oka3bIBaeT BEIPAXKEHHOE AaHTUATPETAHTHOE JIECTBHE U 00J1a7]aeT HU3KOU TOKCHY-
HOCTBIO (LD50 JULS1 KPBIC > 5000 Mr/kr). [ToHnMaHue ocobeHHOCTeH papMaKOKUHETHKH coenHeHusa GRS npy BHyTpUBEH-
HOM U BHYTPIKEJIYI0YHOM BBEZEHUH HEOOXOAMMO /I onpezesieHus 5 (EeKTUBHBIX 103 U PeXXKIMa Ha3HAYEHHUs.

Il e 1 5. OmpenenuTh 0CO6eHHOCTH (PapMaKOKMHETUKH HOBOTO aHTHATPeraHTa — pou3BoiHOTO nHAoMnHOHA (GRS) pu
€ro O/THOKPATHOM BHYTPUBEHHOM U BHYTPIKEJIyZJOYHOM BBEZIEHUU KPBICAM.

MaTtepuansl u MeTo bl . Coenunenrie GRS BBOAWIN B XBOCTOBYIO BeHY B 103€ 1 MI/KI' B BOZHOM PACTBOPE WJIHM BHYTPH-
JKEJIYZIOUHO B JI03€ 10 MI/KT B BUJIE CYCIIEH3HH B BOTHOM PAaCTBOpe KapOOKCHMETHJIIIEJUTIONO3bL. Ilociie BBeeHus 3a0upain
00pasIibl KPOBU UePES 5, 10, 20, 40 MUH, 1, 2, 4 U 8 4 ¥ MOYH Uepes 2, 4, 8, 12 u 24 4. Coneprkanue coenunenust GRS B 6Guosoruye-
CKHX 00pasIax M3MepsUTH METOIOM BICOKOA(DHEKTHBHOH KHIKOCTHOM XpoMaTorpaduu ¢ yabTpadroIeToBbIM I€TEKTUPOBAHNEM.
Pe3ynbpTaTsl. YCTAHOBJIEHO, YTO BHE 3aBUCHMOCTH OT crioco0a BBeZieHns GRS ero antuarperanTHbIN 9GdEKT IIposBILs-
eTcs B TeUeHHe He MeHee 8 U, [TpY 3TOM JINIODIIBHOE COeANHEHNUE TacCUBHOM i dy3reii 6pICTPO PaCIIpeiesIeTcs B OpraHax
U TKaHAX, IOo/IBepraeTcss 6HOTpaHCHOPMAIMH M BBIBOJUTCSA ¢ MOYOH IIPEUMYIIIECTBEHHO B BHJIE METAbOJIUTOB, JOKA3aTe b
CTBOM Y€ro sIBJISIETCS BHIBEIEHUE C MOYOU B HEMBMEHEHHOM BHjIe He OoJiee 2.5 %. buopocrynHocts GRS He mipeBbiiaer 12 %.
3aknwowueHnue. CoenmHennue GRS mpu BBeZIeHHU B BEHY H JKeJIY/JOK KPbICAM BBIBOJUTCS C MOUYOU IIPEUMYIIIECTBEHHO
B BH/JIe METabOJIUTOB, METa0OJIMUECKUH KJIUpeHC OoJiee BhIpaKeH MPU BHYTPIIKETYI0UYHOM BBeieHUU GRS.

Knaoueesle c106a: IpOU3BOIHOE HH/IOJIUHOHA, 9KCKPEIUA ¢ MOYOH.

Oo0pasen murupoBaHusa: beikos B.B., beikoBa A.B., Jleonos K.A., Berreposckuii A.1., Yayr B.B. ®apmako-
KHHETHKA HOBOTO aHTHATPeraHTa — MPOU3BOAHOTO WHAOJIHWHOHA B aKcnepumenTe // Journal of Siberian Medical Sci-
ences. 2022;6(4):77-86. DOI: 10.31549/2542-1174-2022-6-4-77-86

Pharmacokinetics of a new antiplatelet agent, an indolinone
derivative in the experiment

V.V. Bykov*2, A.V. Bykova!, K.A. Leonov', A.I. Vengerovskiiz, V.V. Udut3

Innovative Pharmacological Research, LLC, Tomsk, Russia
2Siberian State Medical University, Tomsk, Russia
3Goldberg Research Institute of Pharmacology and Regenerative Medicine, Tomsk, Russia

ABSTRACT
Introduction. More than 18 million people die every year from complications (the most common of them are
thrombosis of the cerebral, coronary and peripheral vessels) caused by diseases of the cardiovascular system. Optimal
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prevention of thrombosis (antiplatelet therapy) requires the use of drugs that would be able to effectively prevent throm-
bus formation without increasing the risk of bleeding. A new indolinone derivative (codenamed GRS) has potent antiag-
gregant action and low toxicity (LD50 for rats > 5000 mg/kg). However, selecting the effective dose and dosage regimen for
GRS requires data on its pharmacokinetics in oral and intravenous administration.

Aim. To determine the pharmacokinetics of a new antiplatelet agent, an indolinone derivative (GRS) after a single intra-
venous and oral administration to rats.

Materials and methods. The GRS compound was administered as a 1 mg/kg aqueous solution into the tail
vein or as a 10 mg/kg suspension in carboxymethyl cellulose aqueous solution for oral (intragastrical) administration.
Blood samples were taken at 5, 10, 20, 40 min, 1, 2, 4, and 8 h, and urine samples were collected at 2, 4, 8, 12, and 24 h after
administration. GRS was detected in biological samples using high-performance liquid chromatography with ultraviolet
detection.

Results. Thestudy has demonstrated that with both routes of administration, the antiaggregant effect of GRS lasts for
at least 8 hours, being lipohpilic, GRS is rapidly distributed in organs and tissues by passive diffusion, undergoes biotrans-
formation and is excreted in the urine mostly as metabolites, since at most 2.5% of the initial compound is excreted in the
urine. Bioavailability of GRS does not exceed 12%.

Conclusion. Afterintravenous and oral administration to rats, the GRS compound is excreted in the urine mostly as
metabolites; metabolic clearance is more prominent after GRS oral administration.

Keywords: indolinone derivative, urinary excretion.

Citation example: Bykov V.V,, Bykova A.V., Leonov K.A., Vengerovskii A.I., Udut V.V. Pharmacokinetics of a
new antiplatelet agent, an indolinone derivative in the experiment. Journal of Siberian Medical Sciences. 2022;6(4):77-

86. DOLI: 10.31549/2542-1174-2022-6-4-77-86

BBEJAEHHNE

3aboseBaHUs  CEPAEIHO-COCY/IUCTOH  CHCTEMBI
SIBJISIOTCS TVIABHOM MPUYUHON CMEPTHOCTH BO BCEM
MUpE, OT UX OCJIOXKHEHUU €KEerOAHO YMUPaeT Oosiee
18 miH uyesn. Haubosiee gacThl Takue OCIOKHEHUS,
Kak TpoM003 MO3TOBBIX, KODOHAPHBIX U mepudepu-
yecKux cocyZioB [1]. /I onTUMaibHOW mpoduIak-
THKH TPOMOO30B B paMKax aJIeKBaTHOU aHTUTPOMOO-
TUYECKOH Tepanuu parioHaIbHO IPUMEHSATD JIeKap-
CTBEHHbIE CPEJICTBA, CIIOCOOHBIE 3P (PEKTUBHO TTpEy-
MpexJiaTh 0Opa3oBaHUWE TPOMOOB 0€3 OIacCHOCTH
pasButus KpoBoreueHui. Cpel aHTUTPOMOOTHUE-
CKHX CPEJICTB 3TOMY TPEOOBAHUIO B HANOOJIBIIIEH CTe-
[IEHU yJIOBJIETBOPAIOT AaHTHATPETAHTHI [2—6].

HoBoe mnpouszBomHoe uHpoiMuMHOHA (mudp —
GRS) oxaspIBaeT BBIpAKEHHOE AaHTHUATPETAaHTHOE
JercTBre U 001a7aeT HU3KOM TOKCHYHOCTBIO (LD50
IUIA KPBIC > 5000 Mr/Kr). B TpoMboruTtax coenune-
Hue GRS cTuMyupyeT MUTO30JIbHYI0 PACTBOPUMYIO
TyaHWUJIATIIUKIIA3y U YBEJINUUBAET CUHTE3 IUKINYe-
CKOro TryaHo3uHMoHOdocdaTa. IDTOT BTOPUUYHBIN
MECCEeH/I’)Kep BBI3bIBAeT JENOHHUPOBAHUE WOHOB
KaJbpI[s B TpaHysjaXx TPOMOOIIUTOB U YCTpaHSET
akTuBupymoiiee BiausHue Ca** Ha CBA3BIBAHHE
(ubpuHOTEHA C TJIMKONPOTEMHOBBIMU PEIENTO-
pamu ITb/IITa. B pe3ysibTaTe TOpPMO3UTCS arperamus
TpoMGOITUTOB [7].

[Monnmanme ocobeHHOCTEH (papMaKOKUHETUKU
coenuHeHuss GRS npu BHyTpUBEHHOM U BHYTPUIKe-
JIyIOYHOM BBEJIEHHH HEOOXOAMMO JJIsl OIpeziese-
HUA 3P PEeKTUBHBIX /103 U PeKUMa Ha3HAUEHU.

INTRODUCTION

Diseases of the cardiovascular system are the
main cause of death worldwide, more than 18 million
people die every year from their complications. The
most common complications are thrombosis of cere-
bral, coronary and peripheral vessels [1]. For optimal
prevention of thrombosis (antiplatelet therapy), it is
rational to use drugs that can effectively prevent
thrombus formation without the risk of bleeding.
Among antithrombotic agents, antiaggregants meet
this requirement to the greatest extent [2—6].

A new indolinone derivative (codenamed GRS)
has a pronounced antiplatelet effect and low toxicity
(LD, for rats > 5000 mg/kg). In platelets, the GRS
compound stimulates cytosolic soluble guanylate
cyclase and increases the synthesis of cyclic guano-
sine monophosphate. This second messenger causes
the deposition of calcium ions in platelet granules
and eliminates the activating effect of Ca** on fibrin-
ogen binding to glycoprotein IIb/IIIa receptors. As a
result, platelet aggregation is inhibited [7].

Understanding the pharmacokinetics of the GRS
compound in intravenous and oral administration is
necessary to determine the effective dose and dosage
regimen.

AIM OF THE RESEARCH

To determine the pharmacokinetics of a new
indolinone derivative with antiplatelet action (GRS)
after a single intravenous and oral administration to
rats.
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HOEJIb NCCJIEJOBAHUA

Onpenenuth 0COOEHHOCTH (PaPMAKOKUHETHKU
HOBOTO IIPOM3BOJIHOTO HHOJWHOHA C aHTHArpe-
ra"THbIM seiictBueM (GRS) npu oHOKpaTHOM BHY-
TPUBEHHOM UM BHYTPIIKEJIYJOUHOM BBEJIEHUHU KPBI-
cam.

MATEPUAJIBI 1 METO/AbI

IIpousBoguoe unzmonnHoHa GRS mpexacrasiser
cobort  (2-[2-[(5RS)-5-(TuipOKCHUMETILIT)-3-METHII-
1,3-0KCa30JIUUH-2-WIHJ€H | -2-I[HaHOITUIU/IEH | -
1H-unmon-3(2H)-on) (puc. 1).

IKCIEPUMEHTHI TPOBOJAUINA B HCIBITATETHHOM
neHtpe OOO «VHHOBanuoHHBIE dapMaKoJoruyde-
ckue paspaborku» (MI) Ha 90 KpbIcax-camIiiax
nauaun Sprague Dawley maccoit Tesma 250 + 10 T.
JKUBOTHBIX TTOJIyYaIN U3 OTZeIeHUs TaO0PaTOPHBIX
skuBOTHBIX W11, cosiepskaiu B CTaHAAPTHBIX ILJIACTH-
KOBBIX KJIETKAaX II0 5 KpbIC IIPU TeMIIEpaType
18—26 °C, OTHOCHUTEJbHOW BJIAJKHOCTH BO3JyXa
45—65 %, BO3Iyx000MeHe 15 00BEMOB/Y U PETYJIU-
pyeMoM cBeTOBOM pexxuMe (12:12 u). MccenoBanue
onobpeHo stnueckumMu komutetamu OO0 «MHHO-
BaIllMOHHBIE (apPMaKOJIOTUUECKHE Ppa3spabOTKH»
(mpotokost ot 21.03.2019 N2 06/2019) u Cubup-
CKOTO TOCY/IapCTBEHHOT'O MEAUIMHCKOTO YHUBEPCH-
Tera (MMPOTOKOJI OT 24.10.2016 NQ 5378), IpoBe/IeHO
B COOTBETCTBUH C IOJIOXKEHUAMU EBpomelickoi KOH-
BEHIIMM [0 3alfuTe Ja0OpaTOPHBIX IKUBOTHBIX
(Ctpacbypr, 1986) ¢ cobirofieHrHeM MPUHIIUIIOB U
IIpaBWJI HajJIeXxarnell J1abopaTOPHON IPaKTHUKU
(Pemenue CoBera EBpasuiickoli 5KOHOMHYECKOH
KOMUCCUHU OT 3 HOsIOPs1 2016 T. N© 81 1 I'OCT 33044~
2014).

IIpousBogHoe nHAOMIUHOHA GRS BBOAMIIU KPBI-
caM OJTHOKPATHO: B XBOCTOBYIO BEHY B BOJTHOM pac-
TBOpe (0.5 MJI) B I03€ 1 MI/KI WU BHYTPUIKEIIy-
JIOYHO B BHUJIE CYCIIEH3UH B 0.5% BOJIHOM pacTBOpe
KapOOKCHUMETHJIIEJTFOJIO3bI (1 MJT) B 7103€ 10 MT/KT.
Jo3bl coequnenusa GRS asiaiorcesa apdekTuBHBIMU
Tepanesruyeckumu (ED_ ) npy pasHbIX HyTsX BBe-
JIeHUsI, OOoJIbIIIas J103a JIJIs IpreMa BHyTPb 00yCJIOB-
JleHa HU3KOW OHOJOCTYITHOCTBIO BelecTBa [7].

0
=z CN

TZ

MATERIALS AND METHODS

The indolinone derivative GRS is (2-[2-[(5RS)-5-
(hydroxymethyl)-3-methyl-1,3-oxazolidin-2-
ylidene]-2-cyanoethylidene]-1H-indole-3(2H)-on)
(Fig. 1).

The experiments were carried out at the
Research & Development Center of the Innovative
Pharmacological Research, LLC (IPHAR, LLC) on
90 male Sprague Dawley rats weighing 250 + 10 g.
The rats were obtained from the Animal Facilities of
the IPHAR, kept in plastic cages of 5 rats at a tem-
perature of 18—26°C, environmental relative humid-
ity of 45-65%, air exchange rate of 15 vol./h and
adjustable light mode (12:12 h). The study was
approved by the local ethic committees of IPHAR,
LLC (No. 06/2019 dated 21.03.2019), and the Sibe-
rian State Medical University (Protocol No. 5378
dated 24.10.2016); it was conducted in accordance
with the provisions of the European Convention for
the Protection of Vertebrate Animals used for Exper-
imental and Other Scientific Purposes (Strasbourg,
1986), and in compliance with the principles and
rules of Good Laboratory Practice (Decision of the
Council of the Eurasian Economic Commission
No. 81 of November 3, 2016, and GOST 33044-2014).

The indolinone derivative GRS was administered
to rats once: into the tail vein as a 1 mg/kg aqueous
solution (0.5 ml) or orally (intragastrically) as a
10 mg/kg suspension in a 0.5% carboxymethyl cel-
lulose aqueous solution (1 ml). Doses of the GRS
compound are effective therapeutic (ED, ) for differ-
ent routes of administration; the high dose for oral
administration is due to the low bioavailability of the
substance [7]. The animals were divided into
4 groups: in the 1st and 2nd groups (40 animals
each), after intravenous or oral administration,
under light anesthesia with sevoflurane, blood sam-
ples were taken from the cardiac cavity after 5, 10,
20, 40 min, 1, 2, 4 and 8 h (from 5 animals at one
time point). In the 3rd and 4th groups (5 animals in
each), urine was collected after 2, 4, 8, 12 and 24 h.
The blood was stabilized with heparin sodium
(50 U/ml), plasma was obtained by centrifugation at

Puc. 1. CrpyxrypHas dopmysnia GRS
Fig. 1. The structural formula of GRS
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JKuBoTHBIE OBLTN paszieIeHbl HA 4 TPYNIBL: B 1-H U
2-11 rpy1e (40 XKUBOTHBIX B KaXK/IOW) IIOCJIE BHY-
TPUBEHHOTO WM BHYTPUIKEIYAOYHOTO BBEIEHUS,
IO/ JIETKUM HApKO30M CeBOQUIypaHOM, 3abumpain
KPOBb U3 IIOJIOCTH CepAIia uepes 5, 10, 20, 40 MUH, 1,
2, 4 u 8 u (y 5 ocobeii B OZ{HOI BPEMEHHOI TOYKE).
B 3-11 u 4-1 rpynmne (5 KUBOTHBIX B KaK7[0i) cobu-
past; MO4y 4Uepes 2, 4, 8, 12 u 24 4. KpoBb crabuiu-
3upoBasu remapuHom Hatpus (50 EJI/wi), miazmy
MIOJTyJ Tl TIeHTPUGYTUPOBAaHUEM IIpU 1500 g. [
[IOJIy9eHHUsA JOCTATOYHOTO KOJIMYECTBA MOYH 32 2 U
110 ee cO0pa JKUBOTHBIM BHYTPHUKEJTYZOYHO BBOIAWIU
5 MJI TUCTUIMPOBAHHOHU BoAbl. Mouy cobupainu ¢
noMoIpo Metabosmyecknx kamep (OpenScience,
Poccus).

OO6pa3sIipl IIa3Mbl ¥ MOYU XPAHUIA B MOPO3WITh-
HoU kamepe nipu —70 °C. KoHIleHTpauo coeuHe-
uua GRS omnpesnesnsanu MeTooM BbICOKOI(DHEKTUB-
HOU JKUJKOCTHOU XxpoMmartorpaduu (BIXKX) Ha Xpo-
marorpade «Mwuauxpom A-02» ¢ ynbTpadUoJIeTo-
BbIM (Y®) crieKTpopOoTOMETPUUECKUM JETEKTOPOM
(OO0 MX «3xoHoma», Poccus). AHamIu3 IPOBO-
JITA Ha KOJIOHKE Pa3MePOM 75 X 2 MM, 3aIl0JIHEH-
Hol copbentom ProntoSil-120-5-C18 AQ (OO0 UX
«dxoHoBa», Poccusi) ¢ AuaMeTpoM YacTHIL 5 MKM.
Buosioruueckrue o6pasnpl B Ipoliecce SKCTPAKIUU
IepeMelIuBaIl Ha J1abOpPaTOPHOM METUIIMHCKOM
merikepe Vortex V-3 (ELMI Ltd, JlatBus). BogHo-
opraHuyeckyio (aszy 06pasIioB 0CaK/IIN B IIEHTPU-
dyre Biofuge pico (Heraeus Group GmbH, I'epma-
HUS), OPraHUYECKUH PACTBOPHUTENHh YIAPUBAIH B
BakyyMHOM KoHIleHTpatope UniEquip 100 ECH
(UniEquip, I'epmanus). [[yis1 u3BJIeUeHUs] COEqUHE-
uust GRS npumensutn merox, QUEChERS, ocHoBaH-
HBIA Ha JKUKOCTHOHN SKCTPAKIINH alleTOHUTPHUJIOM.

BOXX-ananu3 nDpPOBOAWIN IIPU  CJIEAYIOIMINX
YCIIOBUSAX:

— noaBwkHaA daza A — 0.01 M pacTBop amMmo-
nus anerata (pH 4.0);

— noaBukHaA daza b — merano;

— CKOPOCTH [TOTOKA 3JII0eHTa — 0.15 MJI/MUH;

— TeMIlepaTypa KoJoHKH — 35 °C;

— 00’beM BBOJTUMOU TTPOOBI — 20 MKJT;

— JUUINHA BOJIHBI Y®-71eTekTopa — 360 HM;

— PEXKUM 3JTIOUPOBAHUS — IPAIMEHTHBIH.

XpomarorpaMMbl 006pabaThIBAId € IIOMOIIBIO
porpaMMHOTO0 obecrieuenus « MympTuXpom» (3AO
«Ammnepcenn», Poccus). PazpaboTaHHble METOIUKH
BaJIUIUPOBAIN  COIVIacCHO TpeboBaHusaM [8, 9].
Mertposioraueckue XapaKTePHUCTUKH PAaCCUUTHIBAIHI
coryiacHo [10].

Ha ocHOBaHWM TIOJlyYeHHBIX KOHIIEHTPAIUH
crpomn hpapMakOKMHETHUeCcKUe TPODUIN coe/lu-
Henusa GRS B miazme u omnpefeisad 3aBUCUMOCTD

1500 g. To obtain a sufficient amount of urine, 5 ml
of distilled water was administer intragastrically 2 h
before sampling. Urine was collected using meta-
bolic cage (OpenScience, Russia).

Plasma and urine samples were stored in a freezer
at —70°C. The concentration of the GRS compound
was determined by high-performance liquid chro-
matography (HPLC) on a MiLiChrome A-02 chro-
matograph with an ultraviolet (UV) spectrophoto-
metric detector (Institute of Chromatography, Eco-
Nova, LLC, Russia). The analysis was performed
using a 75x2 mm column filled with a ProntoSil-120-
5-C18 AQ sorbent with a particle diameter of 5 um
(Institute of Chromatography, EcoNova, LLC, Rus-
sia). In the process of extraction, biological samples
were mixed on a Vortex V-3 laboratory medical
shaker (ELMI Ltd., Latvia). The aqueous organic
phase of the samples was precipitated in a Biofuge
pico centrifuge (Heraeus Group GmbH, Germany),
the organic solvent was evaporated in a UniEquip
100 ECH vacuum concentrator (UniEquip GmbH,
Germany). To extract the GRS compound, the
QuEChERS technique was used, based on liquid
extraction with acetonitrile.

HPLC was performed under the following condi-
tions:

— mobile phase A — 0.01 M ammonium acetate
solution (pH 4.0);

— mobile phase B — methanol;

— eluent flow rate — 0.15 ml/min;

— column temperature — 35°C;

— volume of a sample — 20 pl;

— UV detector wavelength — 360 nm;

— elution mode — gradient.

Chromatograms were processed using the Multi-
Chrom software (Ampersand Ltd., Russia). The
developed technique was validated according to the
requirements [8, 9]. Metrological characteristics
were calculated according to [10].

Based on the concentration values obtained,
pharmacokinetic profiles of the GRS compound in
plasma were made, and the dependence of the
amount of GRS excreted in the urine on the admin-
istered dose was determined. The pharmacokinetic
parameters were calculated and the results were
processed using the Microsoft Excel and Statistica
8.0 software package. The normality of data distri-
bution was assessed by the Shapiro-Wilk test. The
normal distribution was revealed; therefore, the
significance of differences (p < 0.05) in the groups
of animals was determined using Student’s t-test.
For all pharmacokinetic parameters, the mean
value and standard error of the mean were calcu-
lated [11].
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BBIBEZIEHHOTO ¢ MO4YoH kosmuyectBa GRS ot BBesieH-
HOH m703bl. JIyisi pacuera (papMaKOKMHETUUECKHUX
mapaMeTpoB U CTaTUCTUYECKOH 00pabOTKU Pesysib-
TaTOB MIPUMEHsUIH maKeT mporpamMmm Microsoft Excel
u Statistica 8.0. HopmanbHOCTH pacrpejiesieHus
JIAHHBIX OIleHWBaIM MO KpuTepuio [llammpo -—
Yunka. BpiABJI€HO HOpPMaJbHOE pacHpejiesieHue,
IIO3TOMY JIOCTOBEPHOCTH Pa3INIui (p < 0.05) IOKa-
3aTesiell B TPYIIAX JKUBOTHBIX YCTAHABJIUBAJIU II0
t-xpureputo CrbrofieHTa. /[y Bcex (papMakokuHe-
TUYECKHUX ITapaMeTPOB PACCUUTHIBAIN CPeHEE 3HA-
YeHHe U CTaHAapPTHYI0 OIIUOKY cpeaHero [11].

PE3YJIBTATBI 1 OBCY KAEHUE

[Ipu BHyTpuBeHHOM BBefieHnu coeuHenre GRS
umMeeT OOJIBINION 00beM pacmupeaenenus (0.67 J1) 3a
CYET MOCTYILJIEHUS B OPTaHbl U TKAHU M HAKOTLJIEHUSI
B (OpPMEHHBIX 3JIEMEeHTaX KpoBH (KO3(pdunmeHT
pacrmpeiesieHus eibHas KpOBb/IIazMa COCTaBJISIET
1.6). IIpu BeICOKOM 00111eM KupeHce (1.33 J1/49) coe-
nuHeHus1 GRS o151 noueyHOTr0 KJIMpEeHca He MPeBbI-
maer 2.5 %. JleWCTBUTENbHO, JJIA IMPOU3BOHBIX
WH/IOJIMHOHA MTOYEYHBIA MYTh 9KCKPEIUH SIBJISETCS
MUHOPHBIM [12]. [Ipu aToM coenmHenne GRS mroxo
MPOHUKAET B TKAHb IIOYEK, I7ie Kod(pUIueHT ero
TKaHeBOM JocTynmHoctd f  cocraBiser  Bcero
0.43 £ 0.06 [13]. [lepuo/t MOTY3IMMUHALIN COEJTH-
Henust GRS kopotkuii — 0.35 u (tabsu. 1). Tak, ero
HayaJbHAas KOHIIEHTpAIMsl B IUIa3ME€ — OKOJIO
962 HT/MJI B IEPBBIE 20 MUH yMEHBIIIAIACh IIOYTH B
10 pas, 10 99.17 HT/MJI, a uepe3 4 4 BerecTBo GRS B
IUTa3Me He ONPeIeIIsIOCh (HUXKHUH TTpeiesT KoJTnde-

RESULTS AND DISCUSSION

With intravenous administration, the GRS com-
pound has a large volume of distribution (0.671) due
to its entry into organs and tissues, and accumula-
tion in blood cells (whole blood/plasma distribution
coefficient is 1.6). With a high total clearance
(1.33 1I/h) of the GRS compound, the proportion of
renal clearance does not exceed 2.5%. Indeed, for
indolinone derivatives, the renal route of excretion is
minor [12]. At the same time, the GRS compound
poorly penetrates into renal tissue, so its tissue avail-
ability f is only 0.43 + 0.06 [13]. The half-life of the
GRS compound is short, 0.35 h (Table 1). Thus, its
initial plasma concentration is about 962 ng/ml, in
the first 20 min decreased by almost 10 times, to
99.17 ng/ml, and after 4 h the GRS substance was not
detected in plasma (the lower limit of quantification
of the analytical method was 10 ng/ml). The mean
retention time (MRT) of the GRS compound in
plasma was 0.94 h (Fig. 2).

Bioavailability of the indolinone derivative with
oral administration to rats is only 11—-12% due to
presystemic elimination during the first passing
through the small intestine and the liver. Its maxi-
mum plasma concentration (150.2 ng/ml) was
reached after 30 min; after 8 h, the compound was
sensibly undetectable in plasma (see Fig. 2). With
oral administration, the GRS compound has a sig-
nificantly larger volume of distribution (26.531) and
total clearance (11.93 1/h) than with intravenous
administration (see Table 1). In addition, the vol-
ume of GRS distribution significantly exceeds the

Ta6auma 1. PapMaKOKHHETHYECKHE TI0KA3aTeIH IPOU3BOJHOTO HHAOMNHOHA GRS py 0AHOKpaTHOM BHYTPHUBEHHOM U

BHYTPUKEITYAOYHOM BBEICHUU KPbICaM

Table 1. The pharmacokinetic parameters of the indolinone derivative GRS after a single intravenous and oral

administration to rats

BayTpuBeHHOE BayTpHm:KkesrynouHoe
ITapamerp / Parameter ?::; I:uev};?lfms Boiifﬂne
administration administration
Io3a, mr/xr | Dose, mg/kg 1 10
O6beMm pacmpenenenus, j / Volume of distribution, 1 0.67 £ 0.29 26.53 £ 9.47*
ITepuox nosyamumvunanuu (T, /2), u / Half-life (T, /2), h 0.35 + 0.07 1.45 + 0.44*
O6muii kaupeHc, /4 | Total clearance, 1/h 1.33 £ 0.89 11.93 + 5.66*
IToueunslil KIUpeHC, j1/4 | Renal clearance, 1/h 0.03 + 0.02 0.08 + 0.06
IToueunslii kTupeHc, % / Renal clearance, % 2.49 + 0.51 0.68 + 0.22*
CpenHee BpeMs yZiep>KaHUA B IJIa3Me, 4 0.94 + 0.05 1.34 £ 0.11%
Mean retention time in plasma, h
AGcostroTHast GUOZIOCTYITHOCTD, % / Absolute bioavailability, % 100 11.1+ 2.6
Cas3b ¢ 6esikamu T1a3mbl, % / Plasma proteins bindings, % 55.1 + 1.0 55.1 + 1.0

* CTaTHCTHUYECKU 3HAYMMbIe OTJIMYUA OT [I0Ka3aTesis IPU BHYTPUBEHHOM BBezieHHH coenuHeHus GRS (p < 0.05).
Significant differences from intravenous administration of the GRS compound (p < 0.05).
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CTBEHHOTO OTpe/IeJIeHUs aHAJUTUYECKOU MEeTO-
JuKH — 10 Hr/mr). CpesiHee BpeMs yiepKaHus coe-
nuHennst GRS B mwrazme (MRT) — 0.94 u (puc. 2).

BuogocTynHOCTh MPOU3BOHOTO WH/IOJHHOHA
P BHYTPMIKEJIYJOYHOM BBEJEHUHM KpbICaM
COCTaBJISIET BCETO 11—12 % BCJIEJCTBUE IPECUCTEM-
HOU 3JIMMHWHAIINY IIPU IIEPBOM ITaccake 4yepe3 TOH-
KUU KUIIEYHUK U TIeYeHb. Ero MakcuMabHas KOH-
neHTpanus B miasMe (150.2 HI/MJI) JIOCTUTAIACh
yepe3 30 MUH, CIYCTS 8 U COe/IMHEHUE B IJIa3Me
MIpaKTUYECKU He ompesessioch (M. puc. 2). [Ipu
BHYTPHIKEJIyJOYHOM BBefleHUU coefuHeHne GRS
“MeeT 3HAYUTEJIbHO OOJIbIINE, YeM IMPU BHYTPH-
BEHHOM BBeJIeHUH, 00'beM pacrpeesneHus (26.53 1)
u obIuH kaupeHc (11.93 ji/4) (cM. Taba. 1). Kpome
Toro, oobeM pacmnpeseneHuss GRS 3HauuTebHO
MpeBHIAeT 00bEM BCEX JKUJIKUX CpeJ] OpraHu3Ma
KPBICHI, a €T0 OOIIHH KIUPEHC B 5.6 pas3a BbIIIIE CKO-
POCTH MIEYEHOUYHOTO KPOBOTOKA [14]. TO 0OBSICHSI-
eTcs 3HAUYUTEJIbHBIM pacnpesieJieHueM U JIETIOHH-
poBanuem GRS B opramax u TKaHsx [13], u,
BEPOATHO, WHTEHCUBHOHN (PepMEHTATHBHON HHAaK-
THBaIUeN B medyeHH. [[JINTEIbHBIA MEPUOJ, TOJY-
sIUMUHAIUYA (1.45 9) U TPOAOJIKUTEHHOE VAEP-
JKaHUe B I1a3Me (1.34 9) IPU BHYTPUIKETYTOUYHOM
BBEJIEHUU SABJIAIOTCSA CJEJCTBHEM MEIJIEHHOTO
noctymieHus coeimHeHusa GRS B KpoBb B mpoliecce
BCACBhIBAHUS U3 KUIIIEUHUKA U IIEpepacIpeieeHus
U3 TKaHEH.

o moyeuHoro kiupeHca coexuHeHust GRS
MY BHYTPIOKETYZIOYHOM BBEJIEHUH B 3.7 pas3a HUIKE,
YyeM IIpU BHYTPUBEHHOM BBeneHUH. OYeEBUJIHO,
0oJIbIllee KOJIUUECTBO MOJIEKYJT BBIBOJIUTCS ¢ MOYOM

1000 g
900 -

800
700 -

600

500
400 -

300 -

GRS, ur/mi (ng/ml)

200

100 +

(0] 1 2

Bpewms, u / Time, h

volume of all liquid media of the rat body, and its
total clearance is 5.6 times higher than the liver
blood flow rate [14]. This is due to the significant
distribution and accumulation of GRS in organs and
tissues [13], and probably, due to an intensive enzy-
matic inactivation in the liver. A long half-life
(1.45 h) and prolonged retention in plasma (1.34 h)
with oral administration are a consequence of the
slow entering of the GRS compound into the blood-
stream upon absorption from the intestine and
redistribution from tissues.

The proportion of renal clearance of the GRS
compound in oral administration is 3.7 times lower
than with intravenous administration. Obviously,
more molecules are excreted in the urine unchanged
when administered intravenously than when admin-
istered orally.

The GRS compound is completely eliminated
from the body in 8 and 12 h with intravenous and
oral administration, respectively (see Table 2),
cumulative excretion of GRS with oral administra-
tion is insignificant, and does not exceed 1%. Previ-
ously, an experiment in vitro showed that the GRS
compound after 10-min incubation with platelets of
rats reduced their ability to aggregate by 40% [7],
such systemic exposure of GRS in plasma is sufficient
for a persistent antiplatelet effect without the risk of
bleeding. The antiplatelet effect after a single oral
administration of the GRS compound lasts for 8 h.

Log (C/C,) (C, and C_ are concentrations of a
substance in the n-octanol and water phases, respec-
tively) of the GRS indolinone derivative in the n-octa-
nol-water system is 0.9, which indicates its lipophilic

—@— BHyTpUBEHHOE BBe/IeHHE
Intravenous administration

—0— BHyTPHKEJIyI0YHOE BBEZICHHE
Oral administration

Puc. 2. ®apmakoknHetnyeckuil mpoduib coeuaernsa GRS B miazme Kpeic
II0CJIE OJTHOKPATHOTO BHYTPUBEHHOTO BBEZIEHUSI B ZI03€ 1 MI'/KT ¥ BHYTPILKETYZOYHOTO BBEAEHNUS B 103€ 10 MI/KT
Fig. 2. The pharmacokinetic profile of the GRS compound in rat plasma
after a single intravenous administration at a dose of 1 mg/kg and oral administration at a dose of 10 mg/kg
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B HEU3MEHEHHOM BHJIe TIPU BHYTPUBEHHOM BBejle-
HUH, YEM IIPU BHYTPIDKETYIOYHOM BBEJIEHUH.

CoennHenue GRS 1OJTHOCTBIO AIUMUHUPYETCA U3
opraHusMa 3a 8 ¥ 12 4 Ipu BHYTPUBEHHOM U BHYTPH-
JKEJIyZIOYHOM BBEJIEHUH COOTBETCTBEHHO (Tabs. 2),
KymyaAaTuBHaA 9Kckperusa GRS mpu BHyTpuxkemy-
JIOUHOM BBEJIEHUY HE3HAYUTEJIbHAsI, HE TIPEBBIIIAET
1 %. PaHee B ombITe in vitro OBLIO IIOKAa3aHO, UYTO COe-
nuHenre GRS mocie 10-MUHYTHOH WHKyOamuu c
TPOMOOIIUTAMH KPBIC CHHIKAJIO MX CIIOCOOHOCTH K
arperarnuu Ha 40 % [7], TaKO! CHCTEMHOU 3KCIIO3HU-
muu GRS B 11a3Me J0CTaTOYHO JIJIA CTOMKOIO aHTHA-
rperauTHOrO 3(pdekTa 6€3 OIACHOCTH PA3BUTH KPO-
BOTEUYEHUsI. AHTHATPETAHTHOE JIEWCTBHE ITOCJIE OJTHO-
KPaTHOTO BHYTPMIKEIYZIOYHOTO BBEJIEHUSI COEUHE-
HuA GRS coxpansercsa Ha IPOTAKeHUU 8 4.

ITokasaresn Log (C /C) (C u C, — paBHOBeCHBIE
KOHIIEHTDPAIMM BeIecTBa B H-OKTAHOJIBHOU H
BOJTHOM (ha3e COOTBETCTBEHHO) ITPOUBBOTHOTO UHJI0-
smHoHa GRS B cucremMe H-OKTAHOJI — BOJIA COCTaB-
JISIET 0.9, YTO YKa3bIBaeT Ha ero JUIODUIHHYIO ITPHU-
pony. Huskue KyMmyJasATUBHas SKCKPEIUSA U IMOYeu-
HBIH KJIWUPEHC CBS3aHBI C aKTUBHOW KaHAJIbIIEBOU
peabcopbriueii, xapakKTepHOU st JUTO(MUIHHBIX
coennuennii [15]. Coequnenue GRS sBisiercst cy6-
CTpaTOM IJIMKOIpoTenHa P u cBA3bIBaeTcs ¢ Oen-
KaMH IUTa3Mbl Ha 55.1 % [13], 4TO yMeHbIIIaeT MoCTy-
IUIEHUE B MOYY.

[TosyueHHBIE TaHHBIE CBUIETETBCTBYIOT O HE3HA-
YHUTEJIbHOM BBIBEJEHUN HEU3MEHEHHOTO COequHe-
Husa GRS noukamu. Panee 66110 IOKa3aHO, YTO €I0O
KOHITEHTpAIMs B IIEYEHU B 4 pa3a MpeBbIIaeT KOH-
meHTpanuio B IwiasmMe (KO3 UIUMEHT TKaHEBOH
nocrynHoctu f, 3.87 + 1.30) [13]. BosmoxkHBIMM IpH-
YHHAMH HU3KOTO IIOYEYHOTO KJIMPEHCA COETUHEHUS
GRS saBnsAioTCS TpenMyIeCTBEHHOE BBIBEJIEHUE C
JKEJTIBIO WJIU SKCKPENHS B BUJIE METAOOIUTOB.

Ha xpomarorpaMMax MOYM >KHBOTHBIX, ITOJTy4aB-
mux GRS, BBIABIISUICA TOTOJTHUTETLHBIN MUK, KPOME
mmka GRS. Ckopee Bcero, AOTOJHUTENIBHBIN MUK 00y-

nature. Low cumulative excretion and renal clear-
ance are associated with active tubular reabsorption
characteristic of lipophilic compounds [15]. The GRS
compound is a substrate of P-glycoprotein and binds
to plasma proteins by 55.1% [13], which reduces uri-
nary excretion.

The data obtained indicate a mild renal excretion
of the unchanged GRS compound. Previously,
it was shown that its concentration in the liver is
4 times higher than the concentration in plasma
(f, 3.87 + 1.30) [13]. Possible reasons for the low
renal clearance of the GRS compound are predomi-
nant biliary excretion or excretion as metabolites.

On the urine chromatograms of animals receiving
GRS, an additional peak was detected, except for the
GRS peak. Most likely, the additional peak is due to
the presence of a metabolite. Judging by the shorter
retention time in plasma, the possible metabolite
(tR 10.5 min) has more hydrophilic properties than
the GRS compound (R 13.1 min).

Thus, the indolinone derivative GRS after a single
intravenous and oral administration, being a lipo-
philic compound, is rapidly distributed by passive
diffusion in organs and tissues, undergoes biotrans-
formation in the liver, and is reabsorbed in the renal
tubules. With both routes of administration, the GRS
compound is excreted in the urine primarily as
metabolites.

The GRS compound is an antithrombotic agent
capable of reducing platelet aggregation [16]. Its use
is planned for the secondary prevention of cardiovas-
cular events in patients who have had myocardial
infarction or ischemic stroke. In such patients, renal
excretory function is often impaired due to renal fail-
ure, congestive heart failure, and increased secretion
of antidiuretic hormone [17]. The GRS compound is
excreted unchanged in the urine in small amounts,
therefore, in cardiovascular diseases, the likelihood
of a change in its pharmacokinetics is small, which
will not require dose adjustment.

TaGauna 2. J[0J1s1 moYeyHOH SKeKpenuu coeuHenns GRS B 3aBUCHMOCTH OT BpEMEHH II0CJIE BBEJICHUS
Table 2. The proportion of renal excretion of the GRS compound as a function of time after administration

BHyTpuBEeHHOE BBeieHUEe
Intravenous administration

Bpewms, u / Time, h

BHyTpHaKeIyfOUYHOE BBEACHUE
Oral administration

HT / ng % HT / ng %
0-2 5475 + 685 88 2325 + 225 14
2-4 500 + 160 8 7795 + 880 48
4-8 249 £ 40 4 4951 + 540 30
8-12 — — 1256 + 191 8
12-24 — — — —
KymynsaTuBHAs S9KCKpenus, HT 6225 16327

Cumulative excretion, ng
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CJIOBJIEH TIPUCYTCTBHEM Merabosura. Cyasd 10 MEHb-
IIEMY BpPEMEHHU V/IEP:KaHUS B IIa3Me, BO3MOIKHBIN
Metabosut (tR 10.5 MuH) o6sagaer 6osiee THPODIITb-
HBIMU CBOMcTBaMH, ueM coequaerre GRS (iR 13.1 mun).

TakuMm 00pa3oM, IPOU3BOAHOE WHIAOJIHMHOHA
GRS 1nocsie 0A4HOKpaTHOrO BHYTPUBEHHOT'O U BHY-
TPUIKETYZIOUHOTO BBEJIEHHS KaK JIUIO(GUIBHOE coe-
JMHEHHe maccuBHOU nuddysueii ObICTPO pacmpese-
JIIeTCs B OpraHax W TKaHSAX, IOJ[Bepraercs Owo-
TpaHchopMaIliu B MedeHu U peabcopbupyercs B
MMOYEYHBbIX KaHaIbIaX. IIpyu 000UX IMyTsX BBEIECHU
coequHenrie GRS BBIBOAUTCS ¢ MOYOU IpenMyIIe-
CTBEHHO B BU/Ie METa0O0JINTOB.

Coemunenrie GRS sBisieTcsi aHTUTPOMOOTHYE-
CKUM CPEJICTBOM, CITOCOOHBIM CHHUIKATh arperaruro
TpomMbonuToB [16]. Ero mpuMeHeHue IUIaHUpyeTCs
JUIT  BTOPUYHOH  TPODHUIAKTUKHA  CEPEUHO-
COCYIMICTBIX COOBITUN Yy OOJIBHBIX, IEPEHECIINX
nH@apKT MUOKap/la WIN UIEMUYEeCKUA HHCYIIBT. Y
TaKUX MAIUEHTOB YacTO HapyIlleHa BbIJEIUTeIbHAs
(pyHKIIHSA TTOYEK BCIIE/CTBUE TOYETHON HEOCTATOU-
HOCTH, 3aCTOMHON CEPAEYHON HEe0CTaTOYHOCTH,
TTOBBINIIEHHOW CEKpENUu aHTUAUYPETUUECKOTO TOP-
moHa [17]. Coepunenrne GRS B He3HAUYMTEJIbHOM
KOJIMYECTBE BBIBOJIUTCS B HEU3MEHEHHOM BHJIE C
MOYOH, ITOATOMY IIPU CEPIEYHO-COCYUCTHIX 3a001e-
BaHUSAX BEPOSITHOCTh U3MEHEHUsI ero (apMaKOKHu-
HETHKHU MaJIa, YTO He NOTPebyeT KOPPEKITUH JIO3BI.

JlmuTesnbHAsT CUCTEMHAs SKCIIO3UIUSI TIPU BHY-
TPUBEHHOM BBEJICHUM YKAa3bIBA€T HAa BO3MOIKHOCTH
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Long-term systemic exposure with intravenous
administration indicates the possibility of using the
indolinone derivative GRS for the relief of acute con-
ditions.

CONCLUSION

The GRS compound, regardless of the route of
administration, is excreted in the urine mainly as
metabolites; no more than 2.5% of the administered
dose is excreted unchanged. Metabolic clearance is
more prominent with oral administration of GRS.
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NIpUMeHeHUs1 TPOonu3BoAHOrO uHAoaAnHOHA GRS n1sa
KYITUPOBAHUS OCTPBIX COCTOSTHHUH.

3AK/IIOYEHUWE

Coennnenvie GRS BHe 3aBUCHMOCTH OT IIyTU BBe-
JIEHUsI BBIBOJIUTCS C MOYOH IPEUMYIIECTBEHHO B
BHJIe MeTabOJINTOB, B HEM3MEHEHHOM BHE BBIBO-
JUTCS He bosiee 2.5 % OT BBeIEHHOMN 1035I. MeTabo-
JIMYECKUH KJIMpeHC 6oiee BhIPAXKEH IIPU BHYTPHIKE-
aynouaHoM BBezeHun GRS.
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AHa/n3 ob6ecneveHus JIeKAPpCTBEHHBIMHY CPEeJICTBAMU JIbTOTHBIX
KaTeropum rpa;kjaaH Ha reppuropuu HoBocubupckou od61actu

A.C. xxynapos?, I'.fI. U6parumoBaz, 1.A. JI>xynaposa!

'@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHtblii meduyuHckuil yHugepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2@I'bOY BO «Bawkupckuil 2ocyoapcmaerHbvlil meduyuxckull yHugepcumem» Munsopasa Poccuu, Ygpa, Poccus

AHHOTAIIUA

BBenenue. Hecmorps Ha 3HAUNTETbHBIE (GUHAHCOBBIE PECYPCHI, BBIZIEJIsIEMbIE Ha JIEKAPCTBEHHYIO IIOMOIIH B CYOB-
extax Poccuiickoit Penepanuu, COXpAHIIOTCS PA3IUIHA B 00eCIIeYeHIH TaPAHTHH IOCTYITHOCTH JIEKAPCTBEHHBIX ITpera-
paToOB HACEeJIEHUIO, UMEIOIeMy ITPAaBO HAa MePHI COIUAIbHOM ITOAZIEPIKKHU. B CBA3M ¢ 3TUM pa3paboTKa OpraHu3arioHHO-
apmarneBTHUECKUX MEPONIPUATUH 110 ONTUMUBAIUN CUCTEMBI JILTOTHOT'O JIEKAPCTBEHHOTO o0ecIieyeHusA HacesleHus (Ha
npumepe HoBocubupckoii obnactu (HCO)) mpexacTasisieT cob0ii akTyaibHOE HAlPaBJIeHNE COBPEMEHHOM (hapMaIeBTH-
YEeCKOU HayKU.

Il e 1 » . AHanu3 obecrieyeHUs JIEKAPCTBEHHBIMU CPE/ICTBAMU JIBIOTHBIX KaTeroOpuii rpakaaH Ha Tepputopuu HCO.
MaTepuanb U MeToO/[bl. Mcrounnkamu nHGOPMALIUH CIIY>KUIN BeZJOMCTBEHHBIE MaTEPUAJIbI TOCYAAPCTBEH-
Horo kazeHHoro yupexzaeHus (I'KY) HCO «HoBocubo6sdapm», 6aza I'KY «HoBocr606s1hapmM» 110 CTOUMOCTH U KOJTAYE-
CTBY 00ecIleUeHHBIX U OTJIOXKEHHBIX PELIeNITOB 3a IIePHoJ, 2019—2021 IT. 10 35 MyHHUIUIAIbHEIM o6pazoBaHuaM (MO)
HCO. Hcnosnb30Baauch KOHTEHT-aHAIN3, METOJ], SKCIIEPTHBIX OIIEHOK, JIOTHUECKUH, HeapaMeTpuyecKuil (paHroBBIi),
SKOHOMHKO-CTATUCTUIECKUH, KJIACTEPHBIN aHAJIN3S.

Pe3ynbTaTsbl . MOHUTOPUHT KOJIMUECTBA FPAK/IaH, UMEIOIINX IIPABO HA IOJIyYeHUe JeKapCTBEeHHBIX Ipera-
PaTOB HA JIBTOTHBIX YCJIOBUAX, 32 aHAJIM3UPYEMBIH 1epuo/ B dbelepaIbHOM CETMEHTE IO3BOJINII YCTAHOBUTH IIPHU-
pocT JbroTonosyuaTesiell Ha 13.96 %, a B perHOHaJIbHOM CETMEHTE COKpallleHHe Ha 5.19 %, aHaJIN3 KOJIHUYECTBA U
CTOMMOCTH 0OecIedeHHBIX PELleNITOB U IOCTaBJIEeHHBIX JIEKaPCTBEHHBIX CPEJICTB 32 STOT IIePUOJ, T0Ka3aJl, 4TO JieKap-
CTBEHHAs TIOMOIIb PETHOHATIBHBIM JIbIOTOMOJIYYATEISAM YIYUIINIACh, a GelepaybHbIM JbIOTOMOIYYATEAM YXY/I-
IIMJIACh IO BCEM IOKas3aTessAM. B pe3ysbTaTe OIEHKH CTPYKTYPHOH CXOKECTU CHCTEMBI OOecreueHuss HeoOX0 H-
MBIMU JIeKapcTBeHHbIMH cpenctBaMu (OHJIC) OGbLIM BBIZI€JIEHBI TEPPUTOPHUATIBHBIE CHUCTEMBI JIBIOTHOTO JIEKap-
ctBeHHOTO obecneuenuss MO HCO otzenpHO 10 derepalbHOMY U PETHOHAJIBHOMY CErMEHTaM 3a 2019—2021 IT.
YcraHOBJIEHO, UTO B e/iepaibHOM cerMeHTe TOJIbKO 18 (51.4 %) MO B 2019 1., 20 (57.14 %) MO B 2021 1. u3 35 MO
HoBocubupckoil 06s1acTH UMEIOT PAallMOHAJIBHYIO CTPYKTYPY JIBTOTHOT'O JIEKAPCTBEHHOI'O o0ecIieueHusl, IPUPOCT
cocTtaBuwa 11.16 %. B permoHaibHOM cermMeHTe TOJIHKO 21 (60.0 %) MO B 2019 1., 22 (62.80 %) MO B 2021 T. U3
35 MO HoBocu6upCKOii 06J1aCTH UMEIOT PAIlHOHAJIBHYIO CTPYKTYPY JIbTOTHOTO JIEKAPCTBEHHOTO 00ecIeYeH s, pHu-
pocT cocTaBui 4.76 %.

3aKJJII04YeHUe. BpsBieHa HEPAIIMOHAIBHASA CTPYKTYPA JIBFOTHOTO JIEKAPCTBEHHOTO 00eCIeueH s, 3aK/II0Yalomia-
SIS B ee CyIeCTBEHHOU CTPYKTYPHON CXOXKECTH B KJIacTepax, aCHMMeTPUH 10 deiepabHOMY U PETHOHAIIBHOMY CEeTMeH-
TaM, 4To TpebyeT yIayOIeHHOro HCCIeOBAHNSA U IlepecMoTpa HH(PPACTPYKTYPhI JIbIOTHOTO JIeKapCTBEHHOTO obecreue-
HUs1, 000CHOBAHVS HOBBIX HAIPABJIEHUI TIEPCIIEKTUBHOTO pa3Butus cucreMbl OHJIC.

Kmoueessle crosa: obecrieueHre HeOOXOAMMBIMY JIEKAPCTBEHHBIME cpeicTBamu, HoBocubupckas 0671acTb, MOHUTO-
pUHT.

O6pasen murtupoBaHua: /Pxkymapos A.C., U6parumosa I'.f1., JlxkynapoBa U.A. AHau3 obecrieueHus ieKap-
CTBEHHBIMH CPE/ICTBAMH JIBTOTHBIX KaTETOPHH IpakAaH Ha Tepputopuu HoBocubupckoii obsiacru // Journal of Sibe-
rian Medical Sciences. 2022;6(4):87-98. DOI: 10.31549/2542-1174-2022-6-4-87-98
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ABSTRACT

Introduction. Despite the significant financial resources for pharmaceutical care in the constituent entities of the
Russian Federation, differences remain in ensuring the availability of drugs to the citizens eligible for social support. In this
regard, the development of organizational and pharmaceutical measures to optimize the system of subsidized provision of
medicines for the population (in the example of the Novosibirsk Region (NR)) is an important area of modern pharmaceu-
tical science.

A im . Analysis of the provision of medicines to beneficiaries in the Novosibirsk Region.

Materials and methods.The sources of information were materials of the Novosiboblpharm, State Public
Institution of Novosibirsk Region, the database of the Novosibirskoblpharm on the cost and number of provided and def-
ferred prescriptions during 2019—2021 for 35 municipal entities (MEs) of the NR. Content analysis, expert assessment
method, logical, non-parametric (rank), economic and statistical, and cluster analysis were used.

Results. Monitoring of the number of citizens, eligible to receive medicines on preferential terms for the analyzed
period in the federal segment revealed an increase in beneficiaries by 13.96%, and in the regional segment — a decrease by
5.19%. Analysis of the number and cost of provided prescriptions and medicines supplied during this period showed that
pharmaceutical care to regional beneficiaries has improved, while to federal beneficiaries — worsened in all indices. As a
result of an assessment of structural similarity of the Provision of Essential Medicines (PEM), during 2019—2021, the ter-
ritorial systems of subsidized provision of medicines of MEs of the NR were separated into the federal and the regional
segments. It was found that in the federal segment, only 18 (51.4%) MEs in 2019, 20 (57.14%) MEs in 2021 of 35 MEs of the
NR have a rational structure of subsidized provision of medicines, and the increase was 11.16%. In the regional segment,
only 21 (60.0%) MEs in 2019, 22 (62.80%) MEs in 2021 of 35 MEs in the NR had a rational structure of subsidized provi-
sion of medicines, the increase was 4.76%.

Conclusion. Anirrational structure of subsidized provision of medicines has been identified, which consists in its
substantial structural similarity in clusters, and asymmetry in the federal and regional segments, that requires an in-depth
research and revision of the subsidized provision of medicines structure, substantiation of new directions for the future
development of the PEM system.
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BBEJEHUE

T'ocymapcTBeHHAs MOJUTHKA IO PETYTUPOBAHUIO
JIEKapCTBEHHOT'O 00ecIeueH s HaCeJIEHUI0 Peain3y-
eTcsi B JIBTOTHOM JIEKAPCTBEHHOM O0ecredeHun
OT/IEJIbHBIX KaTErOpUii HACEJEeHUs, MOJIyJaIONIINX
JekapcrBeHHbIe cpencTBa (JIC) mpu ambysiaTtopHOM
JeueHrn OecIIaTHO MJIU CO CKUAKOM [1—5].

JlekapcTBeHHOE ObOecrieueHre OT/IETbHBIX KaTero-
pUil TpasKZaH 3a CUET CpeAcTB deepayibHOro Oro-
JKeTa OCYIIECTBJIIETCS B COOTBETCTBUU C (efepasib-
HBIM 3aKOHOM OT 17.07.1999 N2 178-03 «O rocyzap-
CTBEHHOU COITUAJILHOU rmoMotnu» [6]. JIekapcTBeHHOe
ke obecrieueHre rpak/IaH 3a CUeT CPeZICTB OI0/IKETOB
cyonekToB Poccutickoii Peepalinu OCyIIEeCTBISAETCS
Ha OCHOBaHUM IOcTaHOBJIeHUA IIpasuresberBa Poc-

INTRODUCTION

The state policy for the regulation of provision of
medicines to the population is implemented in the
form of subsidized provision of medicines to certain
groups of population receiving them for the outpa-
tient treatment free of charge or at a discount [1-5].

The provision of medicines to certain categories of
citizens at the expense of the federal budget is imple-
mented in accordance with the Federal Law of July
17, 1999 No. 178-FZ On State Social Assistance [6].
While the preferential provision of medicines to citi-
zens at the expense of the budgets of the Russian Fed-
eration’s constituent entities is carried out based on
the Decree of the Government of the Russian Federa-
tion dated July 30, 1994 No. 890 “On state support
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cutickoil Peneparuu ot 30.07.1994 N2 890 «O rocy-
JTAPCTBEHHOH TMOJ/IEPIKKE DPA3BUTUSA MEIUITUHCKOMN
IIPOMBIIIEHHOCTY U YJIyUIIIEHUH 0OeCcIieueHrs Hace-
JIEHUS U YUPEXK/IEHUH 37[paBOOXPAHEHUs JIEKAPCTBEH-
HBIMH CpPEACTBAMHU U U3AETUAMU METUIITHCKOTO
Ha3HAUYeHUs1» [7], KOTOPBIM YTBEPKAEH IIepeueHb
TPYIII HaceJeHUs W KaTeropuid 3abosieBaHUN, P
aMOyJIaTOPHOM JIEUEHUU KOTOPBIX JIEKapPCTBEHHbIE
CpeACTBA W W3ZAENUA MEIUIMHCKOTO Ha3HAYEeHUs
OTITyCKAIOTCA IO PEENTaM Bpauel OecIIaTHO, U Iepe-
YeHb IPYII HACeJIeHUsI, TPH aMOyIaTOPHOM JIEUeHUH
KOTOPBIX JIEKAPCTBEHHBIE CPEJICTBA OTILYCKAIOTCS I10
perierntamM Bpauel ¢ 50-IIPOIEHTHOU CKUIKOM.
Hauwunas ¢ 2005 r. u3 ¢eaepaybHOro OI0/IKeTa
ObUIM  BBIZIEJIEHBl 3HAYUTEIbHbIE (DUHAHCOBBIE
pecypchl Ha JIeKapCTBEHHOE O0eclieYeHHe OT/IeNIb-
HBIX Kareropuil rpaxkzaaH. JKU3HEHHO BaKHbIE
JIEKApCTBEHHBIE CPECTBA JJISI MHOTHX IalFIEHTOB
cramu OoJiee JIOCTYIHBI, a O pAAYy 3ab0JeBaHUU
CYIIIECTBEHHO YJIYUIIIUIOCh KAUeCTBO YKU3HU TaIlu-
eHTOB. [IporpamMmma obecrieueHusI HEOOXOIMMBIMH
nexkapcrBeHHbIMU cpenictBamu  (OHJIC) oxazana
cephe3HOe BJIMSIHHME Ha pa3BUTHe (dapMaleBTuye-
ckoro peiaKa HoBocubupckoii obsactu. Pabora mo
COBEPIIIEHCTBOBAHUIO JIEKAPCTBEHHOTO oObeciede-
HUSI HaceJeHUsl MPOIOJIKAETCS B PAMKAax YTBEPIK-
JeHHoN CTpareruu JIEKAapCTBEHHOTO o0ecredeHust
HacesieHUs1 Poccuiickoit @eepariuu 10 2025 T.
OnHako, HECMOTPs Ha 3HAYUTEIbHbIE (PUHAHCO-
BBIE PECYpPChI, BBIZIEJIIEMblE HA JIEKAPCTBEHHYIO
moMomip B cyObekTax Poccuiickont ®enepanuw,
COXPAHSIOTCS Pa3jIudus B 0OeCIeueHHuU TapaHTHI
JIOCTYITHOCTH JIEKAPCTBEHHBIX IIPEIIapaToB HaceJie-
HUI0, UMEIOIIEMY [IPABO HA MEPHI COIUAJILHOM I1O/I-
Jep’KKH. B cBsA3u ¢ 9TUM paspaboTka OpraHu3alu-
OHHO-(papMaIEeBTHIECKUX MEPOIPUATHH IO ONTHU-
MH3ALUH CUCTEMBI JIBFTOTHOTO JIEKAPCTBEHHOTO 00€e-
cnieueHus HaceseHus (Ha mpuMepe HoBocubupckoit
obsacti) mpezcTaBisieT co00H aKTyaIbHOE HAIIPaB-
JIEHUE COBPEMEHHOH (hapMaIieBTHUECKOH HayKHU.

HOEJIb NCCJIEJOBAHUA

Ananu3 obecrieueHUs JIEKAPCTBEHHBIMU CpeZ-
CTBaMH JIBTOTHBIX KaTETOPUH I'PAK/IAH HA TEPPUTO-
puu HoBocubupckoii obsiactu. J[yis peanusaiuu
IIOCTaBJIEHHOU IiesIH ObLIa OIIpesiesieHa 3aia4a: pas-
paboTaTh B arpoOHUPOBATH METOAUKY MOHUTOPHHTA
U OIIEHKHU CTPYKTYPHOU cxoxkectu cucteMbl OHJIC B
Hosocubupckoit obacru.

MATEPHWAJIBI 1 METO/IbI

VicrounnkamMu WHGOPMAIMH CIIYKUIU BEIOM-
CTBEHHBIE MAaTepHaJbl TOCYJAPCTBEHHOTO Ka3eH-
Horo yupesxnenus (I'KY) HoBocubupckoir obsiactu

for the development of the medical industry and
improvement of the provision of the population and
healthcare institutions with medicines and medical
products” [7], which has approved a list of population
groups and disease entities, for the outpatient treat-
ment of these groups and nosologies, the medicines
and medical products are dispensed by prescription
free of charge; and a list of groups of citizens, in the
outpatient treatment of which the medicines are dis-
pensed by prescription with a 50% discount.

Since 2005, significant financial resources have
been allocated from the federal budget for the provi-
sion of medicines of certain groups of citizens. The
essential medicines have become more accessible for
many patients, and the quality of life of patients with
certain diseases has significantly improved. The pro-
gram of Provision of Essential Medicines (PEM) has
significantly improved the pharmaceutical market in
the Novosibirsk Region. The work on improving the
provision of medicines to the population continues
within the approved Strategy for Provision of Medi-
cines to the Population of the Russian Federation
until 2025.

However, despite the significant financial
resources allocated for pharmaceutical care in the
constituent entities of the Russian Federation, differ-
ences remain in ensuring the availability of drugs to
the population entitled to these social benefits. In
this regard, organizational and pharmaceutical mea-
sures to optimize the system of subsidized provision
of medicines for the population (in the example of
the Novosibirsk Region) are an important direction
of modern pharmaceutical science.

AIM OF THE RESEARCH

To analyze the provision of medicines to benefi-
ciaries in the Novosibirsk Region. To achieve this
goal, we developed and tested a methodology for
monitoring and evaluating the structural similarity
of the PEM system in the Novosibirsk Region.

MATERIALS AND METHODS

The sources of information were the departmen-
tal materials of the Novosiboblpharm, State Public
Institution (SPI) of the Novosibirsk Region; the data-
base of the Novosibirskoblpharm on the cost and
number of provided and deferred prescriptions for
2019—2021 of 35 municipal entities (MEs) of the
Novosibirsk Region.

Research methods: content analysis, method of
expert assessments, logical, non-parametric (rank),
economic and statistical, cluster and retrospective
analyses. The study results were processed using the
Statistics + 3.5.0 and STATISTICA 6.0 software.
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«HoBocubobndapm», 6aza I'KY «Hoocub6o0-
JdapM» MO CTOUMOCTH M KOJIMYECTBY obecrieueH-
HBIX M OTJIOKEHHBIX PEIENTOB 3a MEPUOJ 2019—
2021 IT. IO 35 MYHHIUIAIBHBIM 00pa30BaHUSIM
(MO) HoBocubupckoii o61acTu.

MeTo/ibl MCCTEOBAHUA — KOHTEHT-aHAJIU3,
METOJ] SKCIIEPTHBIX OIIEHOK, JIOTHUYECKHH, Hermapa-
MeTpUYeCKUH (PAHTOBBIN), SKOHOMUKO-CTAaTUCTHYE-
CKHUH, KJIACTEPHBIN U PETPOCIEKTUBHBIA aHAIU3HI.
O0OpaboTKy pe3yJIbTaTOB HCCJIEIOBAHUS OCYIIECT-
BJISLIM C ITOMOIIbIO TTporpaMm «CTaThcTUKa+ 3.5.0»
u STATISTICA 6.0.

B pesynbraTe KOHTEHT-aHAJIW3a HAaydHOU dap-
MAaIeBTHYECKON JIUTEPATYPhl, HOPMATHUBHBIX JIOKY-
MeHTOB Munszapasa P® u HoBocubupckoii ob61acTu
Obla paszpaboTaHa METOJIMKA MOHHTODHWHIA |
OIIEHKU CTPYKTypHOU cxoxkecTu cucrembl OHJIC B
HoBocubupckoii obactu (prc. 1). MeToinKa BKITIO-
Yajla Ha TepBOM BdTame cOOp W aHAIU3 OpraHu-
3aIMOHHO-(apMaIleBTUUYECKHX IT0OKa3aTesIed pean-
sanuu cucreMmbl OHJIC o cermenTam B HoBocubup-
CKOM 00J1aCTH 32 2019—2021 IT., pacyeT OTHOCHUTETb-
HBIX TIOKa3aTesield nmpupocra. Ha BTopoMm sTarie sKc-
MIEPTHBIM IyTeM OBLI OIpe/ie/ieH IepeYeHb Kaue-
CTBEHHBIX IMokazaresel cucreMbl OHJIC 151 orieHKH
CTPYKTYPHOH CXOXKECTH. B CO3MaHHYIO TPYIITy KC-
MEPTOB B KOJIMYECTBE 35 UeJI. BOIILIN PYKOBOIUTETH
aNnTeuYHBbIX CeTeH, 3aBeJyI0IHe alnTeKaMU, Hadalb-
HUKH WIA 3aMECTHTEI, CIENHaTUCThl OT/esa
JIeKapCTBEHHOTO obecmeueHuss HacejeHuss MuH-
3napaBa HoBocubupckout obsactu, I'KY «HoBocu6-
obspapm». OreHKa YPOBHS KOMIIETEHTHOCTH BHKC-
MePTOB MPOBOAWIACH IO HATUYUIO KBaTH(PUKAIIU-
OHHOU KaTerOpuy, yYeHOH CTereHH, KO3 OUIueHTy
aprymeHTanuu [4]. CorslacoBaHHOCTh MHEHUU DKC-
MePTOB B OTHOIIIEHU Y 3HAUYNMOCTHU YKa3aHHBIX Kaue-
CTBEHHBIX ITOKazaTesed Ompeessiach IMyTeM pac-
yera Ko3(dduimeHTa KOHKOPAAINY, UTO O3HAYaeT
BBICOKYIO CTEleHb COTJIACOBAHHOCTH  MHEHWH.
B pesysibTaTe aHOHUMHOTO aHKETUPOBAHUS HKCIIEP-
TamMu ObLTA 0TOOpPAHBI 3 KAUECTBEHHBIX ITOKA3aTesIs
cuctembl OHJIC: KOJIMUECTBO pelEeNnToOB HAa OTCPO-
YEeHHOM OOC/TY?KUBaHHUU Ha 1 pesepasbHOro (peruo-
HaJILHOTO) JIBFOTOIIOJIyYaTesIsl; CPETHAS CTOMMOCTh
penenTa 775 demepasbHbIX (PETHOHATBHBIX) JBIO-
TOIOJIyYaTesIed; KOJTUYECTBO TOPTOBBIX HAUMEHOBA-
wuii (TH) JIIT Ha 1 penepanbHOro (PErnOHaAIBHOTO)
Jproromnosyuaresis. beuia chbopmupoBana 6asa 1aH-
HBIX 10 35 MyHUIIUTIAILHBIM oOpa3oBaHusasM Hoso-
cuOUpCKOU 06JIacTH 32 2019—2021 IT.

[Tpu pamxkupoBannu MO HoBocubupckoii o6.1a-
CTH TIO Ka’KJIOMy W3 aHAJTU3UPYEMBIX IMOKa3aTesied
HCIIOJIH30BAJICS IIPUHITUIT TPUCBOEHUS HAUBBICIIIETO
paura — 1 aiaa MO, y KOTOpOro mokasaTeyib UMeJ

As a result of the content analysis of scientific
pharmaceutical literature, regulatory documents of
the Ministry of Health of the Russian Federation and
the Novosibirsk Region, a methodology for monitor-
ing and evaluating the structural similarity of the
PEM system in the Novosibirsk Region was devel-
oped (Fig. 1). The methodology included, at the first
stage, the collection and analysis of organizational
and pharmaceutical indicators of the implementation
of the PEM system by segments in the Novosibirsk
Region for 2019—2021, the calculation of relative
growth rates. In the second stage, an expert group
determined a list of quality indicators of the PEM sys-
tem to assess structural similarity. The expert group
consisted of 35 people and included heads of phar-
macy chains, directors of pharmacies, chiefs or depu-
ties of the Department of Provision of Medicines of
the Ministry of Health of the Novosibirsk Region, the
Novosibirskoblpharm. The assessment of the level of
experts’ competence was carried out by a professional
grade, academic degree, and knowledge coefficient
[4]. The agreement of experts’ opinions regarding the
significance of these qualitative indicators was deter-
mined by calculating the concordance coefficient,
which means a high degree of agreement of opinions.
As a result of an anonymous survey, the experts
selected 3 qualitative indicators of the PEM system:
the number of deferred prescriptions per 1 federal
(regional) beneficiary; the mean cost of a prescription
for federal (regional) beneficiaries; the number of
trade names (TNs) of drugs per 1 federal (regional)
beneficiary. A database was made for 35 MEs of the
Novosibirsk Region for 2019—2021.

We ranked the MEs of the Novosibirsk Region
according to each of the analyzed indicators. The
highest rank (1) was assigned to the MEs, in which
the indicator had the greatest value, and the lowest
rank (35) was for the MEs, which has the lowest
value of the indicator. Following the methodology,
we calculated the total ranks, and the squared devia-
tions of the total ranks from the mean value to deter-
mine the measure of structural similarity of the PEM
system of federal and regional beneficiaries in the
Novosibirsk Region.

To assess the structural similarity of the territo-
rial systems of subsidized provision of medicines in
the Novosibirsk region, the concordance coefficient
was calculated using the formula

W=12x8/(M2x (N3 —-N)),

where W is the concordance coefficient;

S is the sum of squared deviations of the total
ranks of MEs of the Novosibirsk Region from the
mean total rank;
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MOHUTOPHUHT OpraHU3auOHHO-(hapMalleBTHYeCKUX (KOJIMUYEeCTBEHHBIX) MMOKa3aresiel ¢heepaabHOro
U peruoHasibHoro cermeHTOB cucreMbl OHJIC B HoBocubupcko# 06s1acTH 3a mepuoj; 2019—2021 IT.
Monitoring of organizational and pharmaceutical (quantitative) indicators of the federal and regional segments
of the PEM system in the Novosibirsk Region for 2019—2021

{

Br160p KauecTBeHHBIX IToKazaresel cucrembl OHJIC B HoBocnbupckoi obiactu
Ha OCHOBE KCIIEPTHOH OIEHKH CIIEIUAINCTOB (N = 35)
The choice of qualitative indicators of the PEM system in the Novosibirsk Region based
on the assessment of the experts (n = 35)

{

®dopmupoBaHue 6a3bl JAHHBIX 110 KAUECTBEHHBIM II0KA3aTeJISIM CUCTEMBI
OHJIC mo MO HoBocubupckoi obactu 3a 2019—2021 IT.
Formation of a database on the quality indicators of the EDC system for MEs of the Novosibirsk Region
for 2019—2021

Y Y

DerepasIbHBIN CETMEHT PervoHayIbHBIN CETMEHT
Federal segment Regional segment
— KosmdecTBo perienToB Ha OTCPOUYEHHOM O00C/TY’KUBaHUU KoJ1ruecTBO penenToB Ha OTCPOUEHHOM O0CIIy:KUBAaHIN —
Ha 1 GesepaIbHOrO JIBrOTOIOJIYYaTe st HAa 1 PErMOHAIBHOTO JIBIOTOIOIyYaTe s
The number of diferred prescriptions The number of diferred prescriptions
per 1 federal beneficiary the per 1 regional beneficiary
— CpezHsis CTOMMOCTD PeriernTa CpezHsst CTOMMOCTD PELenTa Vi~
714 deniepayIbHbIX JIBTOTONOJTyYaTe el PErHOHATBHBIX JIbIOTONOTyYaTes el
The mean cost of a prescription for federal beneficiaries The mean cost of a prescription for regional beneficiaries
— Kosugecrso TH JIII Ha 1 perepaIbHOTO JIBFOTONOJTydaTeIsA Konunuaecrso TH JIIT —
The number of TNs of drugs per 1 federal beneficiary Ha 1 pETHOHAJIBHOTO JIBIOTOIOJIyIaTe s

The number of TNs of drugs per 1 regional beneficiary

PamxupoBanne MO HCO no 3 mokasarensm OHJIC. OnpeziesieHre CTPYKTYPHOU CXOKECTH
¢dapmaneBTHYECKOH TOMOIIY JIBIOTONOJIYYIATEsAM 10 K03(QHUIMEHTY KOHKOP/IALUK
Ranking of MEs of the NR according to 3 indicators of PEM. Determination of the structural similarity
of pharmaceutical care for beneficiaries by the concordance coefficient

'

OproronasnbHoe panxkupoBanue MO HCO no nokasarensam OHJIC. Knacrepusauus u onpeseneHne
CTPYKTYPHBIX PA3JINUHI MeXK/Iy KJIacTepaMu 1o K03 PUIHeHTY KOHKOPJAIUH.
BriziesieHue K1acTepoB ¢ PalHOHAIBHOM CTPYKTYPO# (papMareBTUYeCcKOi IOMOIIH
Ranking orthogonally of MEs of the NR according to PEM indicators.

Clustering and determination of structural differences between clusters by the concordance coefficient.
Identification of clusters with a rational structure of pharmaceutical care

Y Y ] ] Y Y

Kiacrep 1 Kiacrep 2 Knacrep 3 Kinacrep 4 Kiacrep 5 Knacrep 6
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Puc. 1. MeToyKka MOHUTOPIHTA U OLIEHKU CTPYKTYPHOU CX0KECTU CHCTEMbI 00€eCIIeYeH s
HeoOXOIMMBIMH JIEKapCTBEHHBIMU cpesicTBaMu B HoBocubupcekoii obiactu
(OHJIC — obecmieueHre HEOOXOUMBIMH JIEKAPCTBEHHBIMY CPEICTBAMU;
MO — mynununaiabHoe o0pazoBanue; TH — ToproBoe HauMmeHoBaHue; JIIT — jiekapcTBEHHBIN TTpernapar)
Fig. 1. Methodology for monitoring and evaluating the structural similarity of the Provision of Essential Medicines (PEM)
system in the Novosibirsk Region (PEM — Provision of Essential Medicines; MEs — municipal entities; TNs — trade names)
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HauboJIbIllee 3HAUEHNE, U HANMEHBIITUN PaHT — 35
11 MO, nMmerolero HauMeHblllee 3HaUeHNe MTOKa-
3areyisi. B COOTBETCTBHU € METOAMKOHM OCYIIECT-
BJISUTM PpacyeT CYMMAapHBIX PAHIOB, KBaJIpaTOB
OTKJIOHEHU CYMMAapHBIX PAHTOB OT CPeZHEro 3Ha-
YeHWUsI JJIA1 OIpeZieIeHUs MEPHI CTPYKTYPHOH CX0Ke-
ctu cucreMbl OHJIC desiepasibHBIX U PETHOHAIBHBIX
sproronosrydatesneir B MO HoBocubupckoi obactu.
JIJ1s1 OLEHKU CTPYKTYPHOM CXOXKECTU TEPPUTOPHU-
aJIbHBIX CHCTEM JIBTOTHOTO JIEKAPCTBEHHOTO obecrre-
vennst B MO HoBocubupckoii 0671aCTH TPOU3BOAUICS
pacuet ko3 PuireHTa KOHKOPAAIUH 10 (popMyIie

W=12xS /(M2 x (N3 —-N)),

rae W — koadunimeHT KOHKOP/AAInY;

S — cymMMa KBaJipaTOB OTKJIOHEHUH CyMMAapHBIX
pauroB MO HoBocubupckoii 06y1acTi OT CpeHero
CYMMapHOI'O PaHra;

M — yncsio kauecTBeHHBIX okazaresieit OHJIC (3);

N — yucno cpapauBaembix MO HoBocubupckoit
obsnacru (35).

Cremyroluii sTan uccjieZloBaHusA BKIIOUaT $op-
mupoBanue kinacrepoB MO Hosocubupckoii o61a-
CTH CO CXOKUMHU CTPYKTypaMHu. [[j1s 3Toro 661710 IIpo-
BeJIeHO OPTOTOHAJIBHOE PaHKUPOBaHUe, T.e. PaHKHU-
poBaHue KaueCcTBEHHBIX ITOKa3aTesel 110 3BHAYeHUAM
panros kaxzaoro MO HoBocubupckoit ob6sactu
OTZIeJIBHO 1O deZiepasIbHOMYy U perHOHaJIbHOMY Cer-
MeHTaM 3a 2019—2021 1T. [Ipu 3TOM HauMeHbIIeEMY
3HAYEHUIO PAaHTa IIPHUCBAUBAJIN BBICIIUY PAHT — 1, a
HauOOJIbIIIEMY — HUBIINY PaHT — 3. 3aTeM IIPOU3BO-
qutack rpynnupoBka MO HoBocubupckoii obactu,
Y KOTOPBIX IIOPAJIOK cJIeZIOBaHUA PAHIOB II0 paccMa-
TpUBaeMbIM IIOKa3aTesIAM COBIIQJIaeT, U BblleJIeHue
KJIACTEPOB € PAIMOHAIBHON CTPYKTYPOU JIbTOTHOTO
JIEKaPCTBEHHOTO 00ecreueHus1, BbISABIISIINCH PA3JIH-
yusg B JIEKAPCTBEHHOM O00ecleueHUU HaceJIeHus,
HUMEIOIEro ITPAaBO HA MEPHI COIUAIBHOM IO/IIEPIKKU.

PE3YJIBTATDBI 1 OBCY KAEHUWUE

Kak mokaszasm MOHUTOPHHT, KOJIMYECTBO TParK-
JlaH, UMEIOIINX IPaBo Ha JIBTOTHBIM OTIIYCK JIeKap-
CTBEHHBIX IMPENapaToB, 3a MEPHoJ; 2019—2021 TIT.
cokparmioch (tabi. 1). Tak, ¢ 2019 T. KOJIUYECTBO
rpakfiaH, UMeIOIUX MMPaBO Ha OECIIaTHYI Meau-
IMHCKYIO ITOMOIIb B YaCTHU 00ecriedeHus1 HEOOXOIu-
mbiMu JIC, B HoBocHOHpPCKOU 001aCTH COKPATHIIOCH
Ha 1.48 %, ¢ 335 969 ueJI. B 2019 T. /10 330 984 ueJl.
B 2021 I., IPUYEM 3a AHAIMBUPYEMbBIH IEPHO]T B
deneparbHOM cerMeHTe HAOJIOAAETCA IPUPOCT
JIBrOTOIIOJy4YaTesiel Ha 13.96 %, a B peTMOHAJIbHOM
cerMeHTe, Ha0b60pOT, COKpaIleHHe Ha 5.19 %.

PesysibTaThl MOHHUTOPHHTA OPraHU3aI[MOHHO-
dapmarnieBTHUECKUX (KOJTUUYECTBEHHBIX) ITOKa3aTeIeH

M is the number of quality indicators of the PEM (3);

N is the number of compared MEs in the Novosi-
birsk Region (35).

The next stage of the study included the forma-
tion of clusters of MEs of the Novosibirsk Region
with similar structures. For this, the ranking of qual-
itative indicators according to the rank values of each
ME of the Novosibirsk Region separately for federal
and regional segments for 2019—2021 was carried
out. At the same time, the lowest rank value was
assigned the highest rank (1), and the highest value —
the lowest rank (3). Then, the Novosibirsk Region
MEs were grouped, in which the order of ranks for
the studied indicators coincides. Then we defined the
clusters with a rational structure of subsidized phar-
maceutical provision and revealed differences in
drug provision for beneficiaries.

RESULTS AND DISCUSSION

As monitoring showed, the number of beneficia-
ries for 2019—2021 decreased (Table 1). So, since
2019, the number of citizens eligible for free pharma-
ceutical care in the Novosibirsk Region has decreased
by 1.48%, from 335 969 people in 2019 to 330 984
people in 2021, and for the analyzed period in the
federal segment there is an increase in beneficiaries
by 13.96%, and in the regional segment, on the con-
trary, a decrease by 5.19%.

The results of monitoring the organizational and
pharmaceutical (quantitative) indicators of the
implementation of the PEM system in the Novosi-
birsk Region for 2019—2021 are presented in Table 2.

Monitoring of organizational and pharmaceutical
(quantitative) indicators of the implementation of
the PEM system in the Novosibirsk Region for 2019—
2021 showed that provision of medicines to regional
beneficiaries has generally improved, as evidenced
by the cost of provided prescriptions (13.8%) and
supplied drugs (14.39%) (see Table 2). The provision
of medicines of federal beneficiaries deteriorated in
all indices over the analyzed period, which is
explained by a reduction in funding for the federal
part of the PEM. The most important indicator of
subsidized pharmaceutical provision, which charac-
terizes its timeliness, is the number of deferred pre-
scriptions during the initial presentation of a pre-
scription to a pharmacy. The results of the study
showed that the number of deferred prescriptions
increased by 33 times in the federal and 48 times in
the regional segments during the analyzed period,
due to the shortage of medicines caused by the pan-
demic. Table 3 shows the results of monitoring the
organizational and pharmaceutical (qualitative)
indicators of the implementation of the PEM system
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Taﬁﬂnua 1. Z[I/IHaMI/IKa YUCJIEHHOCTHU I'paXXJaaH HOBOCI/I6I/IpCKOﬁ 06.7'IaCTI/I, COXpaHHBUINX IIPABO Ha JIbI'OTHOE

JIEKapCTBEHHOe obecrieyeHre B 2019—2021 IT.

Table 1. The dynamics of the number of beneficiaries of the Novosibirsk Region in 2019—2021

ITorxasareanb I g i I ipapa

Indicator 2019 2020 Growth 2021 Growth
(%) (%)

KostmuecTBo JIbroTomoyuaresiei (dest.) 335969 331786 -1.25 330 984 —0.24

Number of beneficiaries (persons)

B Tom uncie B penepasbHOM cerMeHTe 65 064 72 444 11.34 74 147 2.35

Including the federal segment

B TOM umcIle B pErHOHAILHOM CETMEHTE 270 905 259 342 —4.27 256 837 -0.97

Including the regional segment

peanmuzanuu cuctembl OHJIC B HoBocubupckoii o61a-
CTH 32 2019—2021 IT. IPEJICTABJIEHHI B TA0JL. 2.

MOHUTOPHUHT OpraHU3aNMOHHO-hApMaIeBTHYIE-
CKMX (KOJIMUECTBEHHBIX) IOKazaTesied pean3aruu
cucrembl OHJIC B HoBocnubupckoii obiactu 32 2019—
2021 IT. TOKa3aj, 4YTO JIEKAPCTBEHHAas IIOMOIIb
PEerHOHATBHBIM JIbTOTOIIOIYYATEIISIM B I[€JIOM YJIyU-
IIHJIACh, 00 3TOM CBH/IETEJIHCTBYIOT IIOKA3aTEJIH CTO-
UMOCTH 0OecrieueHHBIX perenToB (13.8 %) u mocTtas-
JIEHHBIX JIEKAPCTBEHHBIX cpeAcTB (14.39 %) (cm.
Tabi. 2). JlekapcTBeHHOE ObecrieueHue (eaepab-
HBIX JIBTOTOIIOJIyYaTeJed YXyAUIMIOCh II0 BCEM
[I0KA3aTeJIsIM 32 aHAJIU3UPYEMBIN MTEPUO/, YTO 00B-
sICHSIETCS COKpallleHneM (duHaHacupoBaHus deje-
pasnsHOU mporpamMmmbl OHJIC. BaxkHeHIuM WHAW-
KaTOPOM JIBTOTHOTO JIEKAPCTBEHHOTO O0ecIieueHus,
XapaKTEPUYIOIIUM €T0 CBOEBPEMEHHOCTbH, SIBJIS-
eTcs KOJIMYECTBO PEIENTOB, MPUHATHIX HA OTCPO-
YeHHOe OOCJy>KMBaHWE IPHU IEPBUYHOM obOpaiie-
HUY TMMalMeHTa B alTEYHYI0 OpPraHU3aIUi0. Pe3ysib-
TaThl HCCAEAOBAHUA IIOKA3aJId, YTO KOJIMUECTBO
PELIeNTOB, 3aperuCTPUPOBAHHBIX HA OTJIOXKEHHOM
CIIpOCE B AITEYHOU OpTaHW3allNH, YBEJIUUYHUIOCH B
33 pasa 1o ¢eziepaJbHOMY U B 48 pas Mo peruoHaIb-
Homy cermeHTaMm OHJIC 3a aHamu3upyemMbli IEPUOT,
BCJIEJICTBHE CJIOKHUBIIIETOCS U3-32 NAHJIEMUH Jedu-
IUTA JIEKAPCTBEHHBIX CPE/ICTB. B TabJ1. 3. mpecTas-
JIEHBl Pe3yJIbTaThl MOHUTOPUHTA OPraHU3AIOHHO-
¢apmaneBTHUecKUX (KayecTBEHHBIX) ITOKa3aTesIel
peanuzanuu cuctembl OHJIC B HoBocubupckoii o61a-
CTH 32 2019—2021 IT. 3a aHAJTU3UPYEMBIH IEPUOJ
OTMeYaeTcsi IPUPOCT CPEHEN CTOMMOCTH pellenTa B
peruoHasbHOM cerMeHTe ¢ 845 7m0 1171 pyb. Ha
16.37 % u dheiepaIbHOM CETMEHTE C 904 10 1052 pyoO.,
npupoct cocraBuii 38.58 %. TenzeHua pocra cpef-
Hel CTOMMOCTH pPellernTa, 0CO6eHHO B PETHOHAILHOM
CerMeHTe, 00bSICHSAETCS POCTOM II€H Ha JIEKAPCTBEH-
HBIE CPEJICTBA.

Konnuectso MHH u TH Ha ofHOr0 JIBrOTOIOITY-
yaresisi CBUETEJIbCTBYET O peajin3aluu TapaHTHH
JIOCTYITHOCTH, BO3MOXXHOCTH BBIOOpA JIEKAPCTBEH-

in the Novosibirsk Region for 2019—2021. During
the analyzed period, there was an increase in the
mean cost of a prescription in the regional segment
by 16.37% from 845 to 1171 rubles and in the federal
segment by 38.58% from 904 to 1052 rubles. The
upward trend in the mean cost of a prescription,
especially in the regional segment, is explained by
rising of medicine prices.

The number of INNs and TNs per 1 beneficiary
indicates the availability and possibility of choosing
medicines in the PEM system of the Novosibirsk
Region. It should be noted that the number of INNs
per 1 beneficiary in the federal segment remained
virtually unchanged (20), while in the regional seg-
ment it increased by 18% from 11 to 13, although pre-
scribing drugs by physicians is based on the List of
Vital and Essential Medicines, approved by the order
of the Government of the Russian Federation. An
analysis of the number of TNs per 1 beneficiary
revealed an increase by 40% in the federal segment
and a decrease by 11.1% in the regional segments.

On assessing the structural similarity of the PEM
system during 2019—2021, the territorial systems of
subsidized provision of medicines in the MEs of the
Novosibirsk Region were divided into the federal and
regional segments. The results of the calculations
showed that all clusters have significant (closer to 1
than to 0) values of the concordance coefficient,
which indicates the presence of a significant struc-
tural similarity of the PEM in MEs assigned to these
clusters. In the federal segment, only 18 (51.4%) MEs
in 2019, 20 (57.14%) MEs in 2021 of 35 MEs of the
Novosibirsk Region have a rational structure of sub-
sidized provision of medicines, the increase was
11.16%. In the regional segment, only 21 (60.0%)
MEs in 2019, 22 (62.80%) MEs in 2021 of 35 MEs of
the Novosibirsk Region have a rational structure of
subsidized provision of medicines, the increase was
4.76%. In cluster I, the treatment is given with
cheaper medicines, and in cluster VI — with more
expensive. As a result of the analysis, a summary
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Tao6usuna 2. Pe3ysbTaThl MOHUTOPUHTA OPTaHU3AIMOHHO-(apMalleBTUYeCKUX (KOJIMUeCTBEHHBIX) II0Ka3aTesen
peanmmzanuu cucrembl OHJIC B HoBocubupcekoi o61acté 3a 2019—2021 IT.
Table 2. Results of monitoring the organizational and pharmaceutical (quantitative) indicators of the implementation

of the PEM system in the Novosibirsk Region in 2019—2021

IMoxazaTes IIpupocr IIpupoct

Indicator 2019 2020 Growth 2021 Growth
(%) (%)

Croumocts nocransieHHbIX JIC mo 942 231 051.96 1066 532 564.81 13.19 060 698 281.25 —9.92

denepanpHOl 1BTOTE (PYO.)
The cost of drugs supplied under
the federal benefit (rubles)

CroumocTs nocrtasaeHHbIx JIC mo
peruoHanpHOMU jbrOTE (PYO.)

The cost of drugs supplied under
the regional benefit (rubles)

CrouMocTh 00€CIIEYEeHHBIX Peller-
TOB 110 esiepayIbHO JIbroTe (pyo.)
The cost of provided prescriptions
under the federal benefit (rubles)

CroumMocTh 00€CIIEYEHHBIX Peller-
TOB TI0 PETUOHAJIBHOM JIbrOTE (Pyo.)
Cost of provided prescriptions
under the regional benefit (rubles)

KostmuectBo 06eciiedyeHHbIX penen- 966 191
TOB 10 (e/iepaIbHOM JIbroTe (IIT.)

The number of provided

prescriptions under the federal

benefit (pieces)

KosnuecTBO 06eCIIEUEeHHBIX Pelen- 942 262
TOB TI0 PETUOHAJIBHOU JIbrOTE (IIIT.)

The number of provided

prescriptions under the regional

benefit (pieces)

919 862 319.93

873 588 258.98

796 475 295.39

KonnuecTBO perentos Ha OTCPO- 399 558

YEHHOM OOCIIYKHBAHUHY 10
denepasnbHO JBrOTE (IIIT.)

The number of deferred prescrip-
tions by the federal benefit (pieces)

KosimuecTBO perenToB Ha OTCPO- 66 130

YeHHOM O00C/Ty?KUBAHUU T10
PeruoHaIbHOM Jibrore (IIT.)

The number of deferred prescrip-
tions by the regional benefit (pieces)

1051413 146.86 14.3

965 992 954.20  10.6

956 185 386.70

948 571

910 494

1052 222 765.06 0.07

895129 310.09  -7.34

20.05 969 691 994.73 1.41

-1.82 851 040 —10.28

-3.37 828 281 -9.03

13158 2258

39,84

97 3200 2366

HBIX cpenctB B cucreme OHJIC HoBocubupckoit
obiactu. Ciaenyer OTMETHTB, UuTO Kosimuectso MHH
Ha OJHOTO JIBTOTONOJIydaTes s B (efiepabHOM cer-
MEHTE OCTaJI0Ch IIPAaKTUYECKH HEU3MEHHBIM (20), a
B PErMOHAJIBHOM CeTMeHTe YBeJIM4YUJIOoCh ¢ 11 7o 13,
mpupocT coctaBui 18.0 %, xorda HazHaueHue JIII
MEeIUIIMHCKUMYU PAOOTHUKAMHU IIPOUCXOJIUT U3 €I~
HOTO IIePEYHs KU3HEHHO HeOOXOIUMBIX U BayKHEM-
mux JIII, yTBep:kaeHHOTO pacnopspkeHueM [IpaBu-
TesbcTBAa PO. AHaN3 KoimyecTBa TOProBbIX HAUMe-
HOBaHUH, TPUXOIAIINXCSA Ha OJTHOTO JIBIOTOIIOIyYa-
TeJis, TO3BOJINJI yCTAHOBUTD YBeJIMUeHHe Ha 40 % B
(denepanbHOM U cokpalleHue Ha 11.1 % B peruo-
HaJIbHOM CerMeHTax.

matrix of the results of the typology of the Novosi-
birsk Region’s MEs was compiled according to the
structural similarity of subsidized pharmaceutical
care to the population (Table 4).

MEs from cluster IV have the most rational and
available structure of subsidized pharmaceutical
care. In this cluster, the mean cost of a prescription
corresponds to a higher priority than the number
of deferred prescriptions in the federal and
regional segments. These are the Zdvinsky, Kar-
gatsky, Bagansky, Bolotninsky, and Kochenevsky
districts, the cities of Iskitim, Berdsk, and the dis-
trict settlement of Koltsovo. The least rational is
subsidized pharmaceutical care in MEs, where the
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TaGauna 3. Pe3ybraTthl MOHUTOPHHTA OPraHU3aHOHHO-(GapMaIieBTHUECKUX (KaUueCTBEHHBIX) IOKa3aTeiell pean3aun
cucrembsl OHJIC B HoBocubGupCKoii 06J1acTH 32 2019—2021 IT.

Table 3. Results of monitoring the organizational and pharmaceutical (qualitative) indicators of the implementation of
the PEM system in the Novosibirsk Region for 2019—2021

IToxasarTeinb BERESCE 0D

Indicator 2019 2020 Growth 2021 Growth
(%) (%)

CpeznHss CTOUMOCTS perienTa 1o denepanpHoi abrote (pyd.) 904 1018 12.6 1052 3.33

The mean cost of a prescription for the federal benefit (rubles)

Cpe/iHssI CTOUMOCTH PEIEeNTa 0 PETHOHAJIBHOM JIbroTe (py6.) 845 1050 24.2 1171 11.52

The mean cost of a prescription for the regional benefit (rubles)

KosmuecrBo MHH JIIT Ha ogHOTO dhe/iepabHOTO 20 21 5 20 —4.76

JIBTOTOTIOJTyYaTEIS

Number of INNs of drugs per 1 federal beneficiary

Konnuecrso MHH JIIT Ha 0AHOTO pernoHaIbHOTO 11 12 9.1 13 8.33

JIBTOTOITOJTYJaTe st

Number of INNs of drugs per 1 regional beneficiary

Konuuectro TH JITI Ha ogHOTO herepaibHOTO 5 6 20 7 16.7

JIbTOTOTIOTyYATEST

Number of TNs of drugs per 1 federal beneficiary

Kosnmuectrso TH JIII Ha 0JHOTO pETHOHAIIBHOTO 9 10 11.1 8 —20

JIBIOTOOJTYYaTEIst
Number of TNs of drugs per 1 regional beneficiary

IIpumeuanue. OHJIC — obecieueHre HEOOXOAMMBIMHU JIEKAPCTBEeHHBIMHU cpezicTBamu; MHH — mexx/iyHapo/iHOe HemaTeHTOBaH-
Hoe HanMeHoBaHue; JIIT — siekapcTBeHHbIi npenapat; TH — TOproBoe HANMEHOBaHUE.
N o te: PEM — Provision of Essential Medicines; INNs — international non-proprietary names; TNs — trade names.

B pesysbraTe OIEHKH CTPYKTYPHOU CXOXKECTH
cucrembl OHJIC ObUTH BBIIEJIEHBI TEPPUTOPHUAIIB-
HbIE CHUCTEMBI JIbITOTHOTO JIEKAPCTBEHHOTO obecre-
yenuss MO HoBocubupckoii 06s1acTé OTAENBHO TI0
denepalbHOMY W PErvuoHAJIbHOMY CETMEHTaM 3a
2019—2021 rT. Pe3ysibTaThl pacueToB MOKa3aJiu, YTO
BCe BBIJIEJIEHHBIE KJIACTEPHI UMEIOT CYI|ECTBEHHBIE
(6stmke K 1, 4eM K 0) 3HaueHus KoadpUIueHTa KOH-
KOpJIaIliH, UTO CBUETEIBCTBYET O HAJIUUHUU CYIIle-
CTBEHHOUN CTPYKTYPHOU CXOKECTU CHCTEMBI JIBTOT-
HOTO JIeKapcTBEHHOTO obecrieueHusi B MO, oTHeceH-
HBIX K OTUM KJIacTepaM. YCTaHOBJIEHO, UTO B (ese-
paJIbHOM cerMeHTe TOJIBKO 18 (51.4 %) MO B 2019 T.,
20 (57.14 %) MO B 2021 1. u3 35 MO HoBocubup-
CKOU 00J1IaCTH WMEKT PaIlUOHAIBHYIO CTPYKTYPY
JIBTOTHOTO JIEKAPCTBEHHOrO 0becrieueHusi, IPUPOCT
cocTaBwi 11.16 %. B pernoHasibHOM CETMEHTE TOJIBKO
21 (60.0 %) MO B 2019 T., 22 (62.80 %) MO B 2021T.
u3 35 MO HoBocubupckoii 061acTi UMEIOT paIiuo-
HAJIPHYI0 CTPYKTYpPY JIBTOTHOTO JIEKQPCTBEHHOTO
obecrieueHusi, TPUPOCT COCTABWI 4.76 %. B wiia-
cTepe 1 jleueHune OCyIIeCTBIAIOT GoJjiee eleBbIMU
npenaparamu, a B kaactepe VI — 60j1iee 10porocTosi-
mumu JIII. B pesybprare anann3a ObUia cOCTaBIeHA
CBOJIHASI MATPHUIIA Pe3yJIbTATOB THUIIOJIOTHU3anuK MO
HoBocubupckoil 06J1acTH MO CTPYKTYPHOHM CXO3Ke-
CTH JIbTOTHOU (hbapMaIieBTHIECKOH ITOMOIIIN Hacese-
Huo (Tab. 4).

number of deferred prescriptions corresponds to a
higher priority, and the number of TNs and the
mean cost of a subsidized prescription have
medium and low priorities (cluster I) (the Ust-Tar-
sky, Krasnozersky, Chanovsky districts). Based on
this, to ensure the level of accessibility of subsi-
dized pharmaceutical care, the following decisions
were proposed:

— for MEs of clusters I, III, and V, management
decisions should be aimed at reducing the number of
deferred prescriptions in the PEM system;

— for MEs of clusters II, IV and VI, management
decisions should be aimed at maintaining the cur-
rent trends in qualitative terms.

CONCLUSION

The study identified the irrational structure of
subsidized pharmaceutical provision, that implies its
substantial structural similarity in clusters, and
asymmetry in the federal and regional segments,
which requires an in-depth research and revision of
the structure for subsidized provision of medicines,
justification of new directions for the future develop-
ment of the PEM system.
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Hawunbosiee panimOHJIPHOU U JIOCTYITHOU CTPYKTY-
poO¥i JIbTOTHOM JIEKAPCTBEHHOW ITOMOIIM 00J1a/1at0T
MO, Bomeamue B kiactep IV, B KOTOpPBIX cpemHe
CTOMMOCTH PeIeNTa COOTBETCTBYET OOJiee BBICOKHH
IIPUOPUTET, YeM KOJTUIECTBO PELIENITOB HA OTCPOUEH-
HOM O0CJTy?KUBAaHUY 10 PeIepaTbHOMY U PETHOHAIIb-
HOMY cerMeHTaM. 9T0 — 3JBHHCKUH, Kaprarckui,
Baranckuii, bosorHuHCKMH, KOUKOBCKUIT paliOHBI,
ropoza Vckurum, bepack, paiioHHbIH mocenok Koib-
noBo. HaummeHnee parmoHasbHA JIBrOTHAas JieKap-
CTBeHHas oMol B MO, r/ie KOJIMUeCTBY PeIenToB
Ha OTCPOYEHHOM OOCJIy?KUBAHUU COOTBETCTBYET
0oJtee BRICOKUU IPUOPUTET, a KostmdectBo TH u cpen-
HSSI CTOMMOCTD JIBTOTHOTO PEIeTa UMEIOT CPeTHII
u Huskui npuoputeTsl (kiacrep I) (Yers-Tapckui,
Kpacnosepckuii, YaHOBckuil paiionbl). Mcxonsa us
3TOTO, J1s1 0Oecrieue st YPOBHS OCTYITHOCTH JIBTOT-
HOU JIEKAPCTBEHHOUW ITOMOINM OBLIA IIPEJJIOKEHBI
CJIeyIOIIHe YIIpaBIeHUeCKUe PelleHus:

— st MO, Bxoasamux B kinactep I, II1, V, yrnpas-
JIEHUEeCKVe PEIIeHNUs JOJKHBI ObITh HAIIPABJIEHBI HA
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COKpallleHe KOJIUYEeCTBA PeIleNTOB Ha OTCPOUeH-
HOM ob6ciykuBanuu B cucreme OHJIC;

— st MO, Bxoasamux B knacrepst 11, IV u VI,
yIIpaBJIEeHYECKHE PEIIeHUs JOJLKHBI ObITh HAIpaB-
JIEHBI Ha COXPAaHEHUE CJIOKUBIIIUXCS TEHJIEHIINU B
KauyeCTBEHHBIX ITOKA3ATENISAX.

3AK/IIOYEHUNE

ITpoBesieHHOE WHCC/IEZIOBAHVIE TIO3BOJIMJIO BBIA-
BUTH HEPAITMOHAIBHYIO CTPYKTYPY JIBTOTHOTO JIEKAp-
CTBEHHOTO oO0eclieyeHus, 3aKJIIOYAIOIIyIOCs B ee
CYIIIECTBEHHOU CTPYKTYPHOU CXOXKECTH B KJIacTepax,
acuMMerpuu 1o defepaTbHOMY U PETHOHATBHOMY
cerMeHTaMm, 4To TpebyeT yriryOJeHHOTO UCCIe0Ba-
HUS U TIepecMOTpa HHQPACTPYKTYPhl JIBTOTHOTO
JIEKapCTBEHHOTO oOecrieueHusi, 000CHOBAHUS HOBBIX
HAIpaBJIEHUN MEPCIEKTUBHOTO PA3BUTHS CHCTEMBI
OHJIC.

Kokt nHTEPECOB. ABTODHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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CpaBHHUTe/IbHAA OIIEHKA JIOTHCTHYECKOM perpeccuu

U iepeBa pellieHu B IPOrHO3UPOBAHUU peENUAUBa

y OOJIbHBIX TYOEPKYJI€30M OPraHOB JAbIXaHUS

C MHO3KE€CTBEHHOU JIEKAPCTBEHHOU YCTOMUYNBOCTHIO BO30YyIUTE A

A.C. Annmunyes?!, O.B. ®unnnaok?, C.B. Akcenos> 3, E.E. [[Tnaiiaep’, 1.E. PuimHIOKS,
IO.A. JlorunoBa?

10OT'AY3 «Tomckuil fmusuonyabMoHo02uHeckuil meduyuHekuil uenmp», Tomck, Poccus
2@I'6OY BO «Cubupckuil 2ocydapcmeetHblil MeduyuHckuil yHusepcumem» Munsdpasa Poccuu, Tomck, Poccus
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AHHOTAIIUA

BBeeHue. Yacrora penuuBos Tyoepkysiesa (TH) opraHoB IbIXaHUS SIBJISIETCS OJTHUM U3 IIOKa3aTesel, XapaKTe-
pusynux 3pEeKTUBHOCTH MPOBOAUMBIX IPOTUBOTYOEPKYJI€3HBIX MeponpusiTuii. CBoOeBpeMeHHO€E BhIsIBIEHUE 0OJIb-
HBIX C PENIUIUBAMU SIBJISIETCA OJTHUM U3 IIPUOPHUTETHHIX IMOJXO/A0B B PEIIEHUH 3TOM pobiieMbl. B HacrosIee Bpems ¢
BHeJIpEHUEM TEXHOJIOTHI 06paboTKH OOJIBIINX MAaCCUBOB IAHHBIX, 8 UMEHHO HCKYCCTBEHHOTO MHTEJJIEKTA, TPUMEHSIOT
pasIu4yHble KIacCHU(MUKATOPHI, YIUTHIBAIOIINE COBOKYITHOCTb BBIABJIAEMBIX y HAIlMEHTOB IPU3HAKOB. AJITOPUTM
«JIEPEBO PEIIeHU» JOCTATOYHO XOPOIIIO 3apEKOMEH/I0Ba cebsi B MEUITUHCKOHN aHanuTrke. C ero moMoIIbio MOKHO
KJIacCU(PUIIUPOBATh COCTOSTHHE 3/I0POBbsI 00CJIE/lyeMbIX U BBISBJIATH MEPBble NMPU3HAKUA PEIUINBA TYyOEPKYJIE3HOTO
mporiecca.

IHenp muccanepmoBaHusda. Pa3zpaborarh U MPOBECTH CPABHUTEIHHYIO OIIEHKY MOJZEIEN TPOTHO3UPOBAHUSA PEIIH-
JIUBA y OOJIBHBIX TyOEepKYyJIe30M JIETKUX C MHOKECTBEHHOH JIEKAPCTBEHHOH yCTOWUYMBOCTHIO Bo30ymuTesst (MJIY-TB) ¢
IIpUMeHEeHNeM MaTeMaTHIECKUX TEXHOJIOTHH — JIOTUCTUYECKON PETPECCUH U /IepeBa pelleHNH.

MaTtepuasab U METOJBbl. BuccienoBanre BKIIOUEHB! KINHUKO-3IUEMHIOJIOTHYECKHE, BO3PACTHO-II0JIOBHIE,
colnpaabHbIe, MEIMKO-OM0IOTHYECKUE aHHbIE 346 manuenToB MJIY-TB, koTopble 3G ()EeKTUBHO 3aBEPIIMIA KYPC XUMHU-
orepanuu. bputi chOPMHUPOBAHBI /B TPYIIbI HAOIIOEHUs B 3aBUCHMOCTU OT HACTYIUIEHUS y MAIUEHTOB PEIU/IUBA
3a00/1eBaHUsA B TEUEHNE KAK MUHUMYM IIATUIETHETO CPOKA HAGJIIO/IeH s — OCHOBHAs (35 yet., peruans TH) U KOHTPOJIb-
Had (311 ueJt., 6e3 peruanuBa) COOTBETCTBEHHO. CTaTrucTryUecKast 06paboTKa JAaHHBIX JJIsT MOJIEJIH JIOTHCTUYECKO perpec-
cuu IpoBozuiack B mporpamme IBM SPSS Statistics 23.0; 1t kaccrudukaTopa Ha OCHOBE JIeEpeBa pelieHui — B 6ubJ11o-
Teke Scikit-learn 0.24.2 B uHTepakTHBHON 00J1aYHOM cpezie ¢ mporpaMMHBIM KozioM Google Colaboratory ¢ ncnosabszoBa-
HreM K-07104HOU cTpatudUIIUPOBAaHHON NMpoBepKu. KonuecTBeHHAs] HHTEPIIPETAIUs PE3yIbTaTOB IPOTHO3UPOBAHUS
npoBosimiiach o ROC-kpuBbIM ¢ onieHKOH mmokasaresiss AUC U CTaTUCTUUECKUX MTOKA3aTesIel IMarHOCTUYECKOTO TECTa —
YyBCTBUTEJIBHOCTH U CHEIU(PUIHOCTH.

PesdynanbpTartsl. UyBCTBUTEIBHOCTh U CHENUGUIHOCTh MOJIENIN JIOTUCTUYECKON PErpeccuu U KiaccudukraTtopa Ha
OCHOBeE JiepeBa peIleHHH /IJIsi IPOTHO3UPOBAHUS PelUINBa TyOepKyse3a coctaBuiau 98.7, 88.6 u 74.0, 97.0 % COOTBET-
CTBEHHO.

3axkiuioueHue. Co3maHHble MOJIETU MOTYT CTaTh HHCTPYMEHTOM IIPOTHO3UPOBAHUS PEIU/IUBA Y U3JI€YEeHHBIX O0JTb-
Heix MJIY-TB.

Kaoueesle caosa: TyOepKyJie3, MHOXKECTBEHHAs JIEKAPCTBEHHAS YCTOMYUBOCTD, UCXOJl, PEIIUINB, MAITUHHOE 00yJe-
HUE, IEPEBO PELIEeHUH, JIOTUCTUYECKAS PErpPeccus.

Oo0paszen mutupoBaHuna: Awmuiayes A.C., ®Pununiok O.B., Akcenos C.B., [lTxatigep E.E., ®uwiuniok J1.E., Jlo-
ruHoBa FO.A. CpaBHUTEIbHAS OI[€HKA JIOTHCTUYECKON PETPECCUN U JIEPEBa PEIIEHUH B TPOTHO3UPOBAHUU PEIUNBA Y
60JIbHBIX TYDEPKYJIE30M OPTAHOB [BIXaHUS C MHOKECTBEHHOM JIEKAPCTBEHHOH YCTOMYMBOCTHIO BO30yquTes // Journal
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Comparative evaluation of logistic regression and decision tree
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ABSTRACT

Introduction. Therate of recurrence of respiratory tuberculosis is one of the indicators characterizing the effec-
tiveness of anti-tuberculosis measures. Timely detection of patients with relapses is one of the priority approaches in solv-
ing the problem. Currently, with the introduction of big data processing technologies, namely artificial intelligence, various
classifiers are used that take into account the totality of signs identified in patients. The decision tree algorithm has proven
itself widely in medical analytics. By analyzing these data, it is possible to classify the state of health and identify the first
signs of tuberculosis recurrence.

Aim. To develop and evaluate models for predicting a recurrence in patients with pulmonary tuberculosis caused by
multidrug-resistant pathogen (MDR-TB), using logistic regression and decision tree.

Materials and methods. The study included clinical and epidemiological, age, sex, social, medical and
biological data of 346 patients with MDR-TB who successfully completed chemotherapy. Two observation groups were
formed depending on the onset of recurrence of the disease in patients at least in the five-year follow-up period. The first
group consisted of 35 patients with relapse, and the second one had 311 patients with no relapse. Statistical data processing
for logistic regression was performed by IBM SPSS Statistics 23.0, the decision tree classifier was designed in the Scikit-
learn 0.24.2 library in an interactive cloud environment with the Google Colaboratory code, using K-fold stratified valida-
tion. The quantitative interpretation of the prediction results was carried out according to the ROC-curves (receiver operat-
ing characteristic) with the assessment of the AUC indicator (the area under the ROC-curve).

Results. The sensitivity and specificity of the logistic regression model and the decision tree classifier for predicting
tuberculosis recurrence were 98.7%, 88.6% and 74.0%, 97.0%, respectively.

Conclusion. Thecreated models can become a tool for predicting the recurrence of MDR-TB in cured patients
Keywords: tuberculosis, multidrug resistance, outcome, relapse, machine learning, decision tree, logistic regression.
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BBEJAEHUE

MupoBo# KpU3HUC 3/[paBOOXPAHEHNS, CBA3AHHBINA
¢ manzemueit COVID-19, BHec N3MeHEHUs B cTpare-
THIO 10 JIMKBUJAIUU TyOepKyse3a. B 2020 r. Bmep-
BbIe O0JIee YeM 3a JIeCATh MOCIIEHUX JeT BceMupHOU
opraHusaruei 37JpaBooXpaHeHUs1 ObUT OTMeUYEH POCT
Ypcsa CIydaeB CMEPTH OT TyOepkysesa [1]. Camas
akTyasibHas npobsieMa GTU3UATPUHN — 9TO PE3UCTEHT-
HBIN TyOepkyse3. B PO nposiokaeT yBeImanBaThCS
perucTpanysa cyrydaeB TyOepKyse3a ¢ MHOXKECTBEH-
HOM JIekapcTBeHHOH yerorunBocThio (MJIY-TB), mpu
KOTOPOM BO30Y/IUTENb PE3UCTEHTEH KAK MUHUMYM K
pudaMIuIuHy ¥ U30HUA3UY, a TAKXKe CIIyJaeB
penmauBa 3abosieBanus. Tak, 1o qaHHbIM [[eHTpasb-
Horo HMU opranuzanuu u nuadopMaTHU3auu 3apa-
BooxpaHeHUss MwunzznpaBa Poccuu cpenu BrepBble
BBISIBJICHHBIX OAKTEpUOBBIIETIUTENIEH C TyOepKyJre-
3oMm opraHoB geixanus (TOJI) perucrpupyemas

INTRODUCTION

The global health crisis related to the COVID-19
pandemic has made changes to the strategy for
elimination of tuberculosis. In 2020, for the first
time in more than ten years, the World Health
Organization has noted an increase in the number
of deaths from tuberculosis [1]. The most urgent
problem of phthisiology is resistant tuberculosis.
In the Russian Federation, the registration of cases
of multidrug-resistant tuberculosis (MDR-TB)
continues to increase, in which the pathogen is
resistant to at least rifampicin and isoniazid, as
well as cases of recurrence of the disease. Thus,
according to the Russian Research Institute of
Health, among subjects with new onset respiratory
tuberculosis (RT), the recorded frequency of MDR-
TB in 2019 and 2020 was 30.1% and 31.6%, among
the contingents — 56.7% and 61.0%, respectively.
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yactota MJIY-TB B 2019 1 2020 rT. cocTaBwia 30.1 1
31.6 %, cpeiyt KOHTUHTEHTOB — 56.7 11 61.0 % COOTBeT-
ctBeHHO. [Ipu aToM B Poccum B 2020 T. 10151 5 dek-
THUBHOTO JiedeHus OonbHbIX MJIY-TB cocraBuia
TOJIBKO 55 %, a B IeJIOM JI0JIsI PEIUAHUBOB Ha 100
BIIEPBBIE BBISIBJIEHHBIX OOJIBHBIX — 23 % [2]. YacTtoTa
PELHINBOB TYOEPKYyJIe3a OPTaHOB JIBIXaHHUS SBJISAETCS
OTHUM M3 TIOKa3aTesiel, XapaKTepusyrmux 3¢ dek-
TUBHOCTb  IMPOBOJIMMBIX  IPOTHBOTYOEPKYJIE3HBIX
MepOnpHUATHH [3—5]. YUUThIBasi BBICOKUHA YPOBEHD
3a00J1€BaEMOCTH ¥ HU3KHUA YpPOBEHb U3JIEUEHUS,
aJIeKBaTHOCTb Be/leHus O0osbHBIX ¢ MJIY BO3Oymu-
TeJis TpeOyeT BCECTOPOHHETO U3YUYeHHUs, TAK KaK CIIy-
vyau peruaua TOJ/] HOMOJHAIOT pe3epByap pe3u-
CTeHTHOH TyOepkyse3Hodl wuHbekuu. JleueHue
marueHToB ¢ peruauBamu TO/] okasbiBaercs 6osee
JUTUTEJIBHBIM U JIOPOTOCTOSIIIIUM, TAaKyKe BBICOK YPO-
BEHb TSKEJIBIX PACIPOCTPAHEHHBIX KIMHUUYECKHX
¢opm, ropaszzio pexxe HACTYIAET IIOJTHOE U3JIEUeHHE
OOJIBHBIX OT TyOepKyJie3a 6e3 OCTaTOUHBIX H3MeEHe-
HUH, Jallle — WHBUIHJTHOCTh M3-32 Pa3BUBAIOIIUXCS
MopdosoTUUEeCKUX W (PYHKIMOHAJIBHBIX  pac-
crpotictB. CBOEBpEMEHHOE BBISIBJIEHHE OOJBHBIX C
petyauBamu TO/] siBasieTcss OMHUM U3 TIPUOPUTET-
HBIX IIOJTXO/IOB B PEIIEHUH JIAHHOU ITPOOJIEMBI.

Jlo HeZlTaBHETO BpEMEHH B METUITAHE JIJIs1 KJIaCCH-
¢ukanuu 06 bEKTOB UCCIEA0BAHUS IIPU ITOCTPOEHUH
JIMaTHOCTUYECKUX W IPOTHOCTHYECKHX MOJeIeN
HCIIOJIb30BAIUCh JUCKPUMHHAHTHBIA U pPErpeccu-
OHHBIH aHau3 [6]. B HacToAIMI MOMEHT ¢ BHE[pe-
HUEM TEXHOJIOTHH WCKYyCCTBEHHOTO WHTEJIEKTA
MPUMEHSIOT pPa3JInyHble KJIacCU(PUKATOPHI, OFHO-
BPEMEHHO YUHUTHIBAIOIINE HE OJIUH, 4 COBOKYITHOCTH
U3yJ4aeMbIX y TAI[UEHTOB NPHU3HAKOB. OJHUM H3
aJITOPUTMOB ~ MAIITUHHOTO  OOyYeHUsI  SIBJISETCS
JIEpEBO pEIeHHH, KOTOPBIH JIOCTATOUYHO XOPOIIIO
3apEeKOMEHJIOBT ce0s1 B MEJIUITUHCKON aHAINTHUKE,
KaK MEeTOJl, MOJIEJIUPYIOIUH JIOTUKY TIPUHSTHS
peleHui. AJITOPUTM IOCTPOEHUS JiepeBa PEIIeHui
co3ylaer OWHApDHYI0 CHCTEMY KJIacCH(pHUKAI[UHU
MTOCPEICTBOM PEKYPCUBHOTO pa30UeHus TPU3HAKOB
Ha OJTHOPOJIHBbIE MOJArpymIIbl. Ha KaxkaoMm srtarme
paboTel KiaccupUKATOP BHIOHUpAET 0O0BACHSAIONIYIO
repeMeHHYI0 (IIPeIUKTOP) U 3HAUEHUE Pa3/eIeHUs
B 00J1aCTH POCTPAHCTBA IIPU3HAKOB, KOTOPhIE 00e-
CIIEYUBAIOT HAMOOJIBIIUN MPUPOCT UHQPOPMAITTOH-
HOTO KPUTEPHSI, UTO BEJET K HAWIYUIIIEMY pa3inye-
HUIO MEX/TY IByMs KJIacCaMH Pe3yJIbTaToB [7]. Ayro-
pUTM J106ABJISAET YCIOBUS paCIIeIUIEHUs IIPOCTPaH-
CTBa IMPU3HAKOB JI0 TeX IIOpP, ITOKA IOJIyYeHHBIE
PErHOHBl HE CTaHYT OJHOPOJHBIMH WJIH He OyIyT
coJiepkaTh MUHUMYM Habuo/iennit (>5). B HacTos-
11[ee BpeMsI C IIOMOIIBIO TAHHOU TEXHOJIOTHH MOYKHO
KJ1acCU(PUIIPOBATD ¥ 00CIETyEMBIX COCTOSTHHUE 3]10-

At the same time, in Russia in 2020, the propor-
tion of effective treatment of MDR-TB patients was
only 55%, and in general, the proportion of recur-
rences per 100 newly diagnosed patients was 23%
[2]. The rate of respiratory tuberculosis recurrence
is one of the indicators characterizing the effective-
ness of anti-tuberculosis measures [3—5]. Given
the high incidence and low level of cure, the ade-
quacy of the management of patients with MDR-
TB requires a comprehensive study, since cases of
RT recurrence replenish the reservoir of resistant
tuberculosis infection. Treatment of patients with
RT recurrence turns out to be longer and more
expensive, also the level of severe general clinical
forms is high, complete recovery in patients with
tuberculosis without residual changes occurs much
less often, disability due to developing morpholog-
ical and functional disorders is more common.
Timely identification of patients with RT recur-
rence is one of the priority approaches in solving
this problem.

Until recently, discriminant and regression
analysis were used in medicine to classify research
objects when constructing diagnostic and prognos-
tic models [6]. At the moment, with the introduc-
tion of artificial intelligence technologies, various
classifiers are used, simultaneously taking into
account not one, but a set of signs studied in
patients. One of the machine learning algorithms is
a decision tree, which has proven itself quite well in
medical analytics as a method that models the logic
of decision-making. The decision tree algorithm
creates a binary classification system by recursively
dividing features into homogeneous subgroups. At
each stage of the work, the classifier selects an
explanatory variable (predictor) and the separation
value in the area of the feature space that provide
the greatest increase in the information criterion,
which leads to the best distinction between the two
classes of results [7]. The algorithm adds conditions
for splitting the feature space until the resulting
regions become homogeneous or contain a mini-
mum of observations (=5). Currently, using this
technology, it is possible to classify a health status
and identify the first signs of tuberculosis (screen-
ing), risk factors and determine significant clinical,
radiological, laboratory predictors of the disease
[8—12].

AIM OF THE RESEARCH

To develop and conduct a comparative assess-
ment of models for predicting recurrence in patients
with respiratory multidrug-resistant tuberculosis
using logistic regression and decision tree.

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

101



Annunyes A.C. u dp. / Journal of Siberian Medical Sciences T. 6, N? 4 (2022)

POBBSI U BBIABJIATH IEPBblE IPU3HAKU TyOEpKYJIe3-
HOro mporecca (CKPUHHUHT), YCTaHABJIWUBAThH (Pak-
TOPBl pUCKA U ONPENEJATh 3HAYUMBbIE KJIMHUKO-
peHTreHoJIOTUYECKHEe, J1ab0paTOpPHbIE, NHCTPYMEH-
TaJIbHBIE IIPEAUKTOPHI 3a00J1eBaHusA [8—12].

HEJIb NCCJIEJOBAHUA

PazpaboTaTh 1 TPOBECTU CPABHUTEIHHYIO OLIEHKY
MOJIeJIed MPOTHO3UPOBAHUS PEIUUBA Y OOJIBHBIX
TyOEepKyJIe30M JIETKUX C MHOKECTBEHHOU JieKap-
CTBEHHOU yCTOMYMBOCTHIO Bo30OyauTesnss (MJIY-TB) ¢
IPUMEHEHUEM MAaTEMAaTHUECKUX TEXHOJIOTHH —
JIOTUCTUYECKOHN PErpeccuu U JiepeBa PeleHu .

MATEPUAJIbI 1 METO/IbI

B nccstegoBaHue ObLIN BKJIIOYEHBI JaHHbIE (COIr-
aJibHble, KJIWHUYECKHe, BIHJEeMUOJIOTHYeCKUe,
PEHTTEeHOJIOTUYECKHe, MHKPOOHOJIOTHYECKHE) 346
6ospHBIX MJIY-TB, kKoTOpble 3(hGEKTUBHO 3aBEp-
IIWJTH Kypc xuMmuoTtepanuu B TomckoM GTU3UOIYIb-
MOHOJIOTHYECKOM MEJUIIMHCKOM IIEHTPE B IIEPUOJ, C
01.01.2009 1o 31.12.2011. Kputepusmu uckiode-
HUSA ABUJIKCH: BO3pACT MAIlMEeHTOB Miajle 18 JieT,
BHeJIerOYHble (HOPMBI TyOepKysie3a, HedDheKTHB-
HBIU KypC XUMHOTEPAIINH, IPEPhIBAaHUE Kypca XUMU-
OTepanui, BEIOBITHE ¢ AMUHUCTPATUBHON TEPPUTO-
pUH 10 3aBEpIIEeHUs AUCIAHCEPHOTO HAOJIIONEHU,
CMEPTH OT TyOepKyJsiesa U OT APYTUX HPUIHH. J[is
BBISABJIEHUs (PAKTOPOB pUCKA Pa3BUTHUSA pelUIUBa
TO/l perpocreKTUBHO ObLIN CHPOPMUPOBAHBI IBE
rpyuibl HaOmoaeHus. [lepBas (OcHOBHAS) — JTULA,
KOTOPBIX HACTYIWJI peluAuB 3a00JieBaHUs IOCse
apdexTuBHol xumuorepanuu MJIY-TB (n = 35),
BTOpasi (KOHTPOJIbHAS) — JuIa 0e3 peruauBa 3a60-
JieBanus (n = 311), cpOK HaOJIIOAEHUA — 5 JIeT. Peru-
JIUBOM TyOepKyJie3a CUMTAJICSA MMOBTOPHBIA CIIydai
BO3HUKHOBEHUSA 3a00JI€BAHUA [1OC/IE KIIMHUIECKOTO
n3JleueHus anyueHTa.

baza mannbix nanuentoB ¢ TO/] ¢popmupoBanach
B Microsoft Office Excel. /Isis mosiyueHusi ypaBHEHU
U OLIeHKU BKJIa/1a (paKTOPOB PUCKA B Pa3BUTHE peIU-
nuBa MJIY-TB wucnosb3oBajici MHOTO(AKTOPHBIN
aHaIM3 B MOJIyJie OMHAPHOU JIOTHCTUYECKOU perpec-
cuu niporpammbl IBM SPSS Statistics 23.0. B perpec-
CHOHHOM aHQJIN3€ PaCCMAaTPUBAJIUCH IapaMeTpHhI,
[IPEIUKTOPHAS POJIb KOTOPBIX B BO3HUKHOBEHHH
pennanBa y u3jaedeHHbIX namnueHTos ¢ MJIY-TB 6p11a
JIOKazaHa C IOMOIIBI0 OAHO(MAKTOPHOTO aHAIN3a
IIPX YPOBHE 3HAYNMOCTHU P < 0.05. C LeJIbI0 UCKITIO-
YeHHs MyJIBTUKOJIMHEAPHOCTH IpHU IOCTPOEHUHU
OMHAPHOU JIOTUCTUYECKON PErpeccuyl W3 IepeMeH-
HBIX, XapaKTepU3YIOIINX CXOXKHe ITapaMeTpsl, ObLIH
otobpaHbl (GakTopel ¢ 6oJjiee BBICOKUM 3HAYEHHUEM
otHomrenus 1aucos (OIII) u ypoBHEM 3HAYMMOCTH,

MATERIALS AND METHODS

The study included data (social, clinical, epide-
miological, radiological, microbiological) of 346
MDR-TB patients who effectively completed a
course of chemotherapy at the Tomsk Tuberculo-
sis Medical Center from 01.01.2009 to 31.12.2011.
The exclusion criteria: age under 18 years, extra-
pulmonary tuberculosis, ineffective chemother-
apy, chemotherapy interruption, departure from
the administrative territory before the follow-up
completion, death from tuberculosis and other
causes. Two observation groups were formed ret-
rospectively to identify risk factors for the devel-
opment of RT recurrence. The first (main) included
individuals with a recurrence after effective MDR-
TB chemotherapy (n = 35), the second (control)
included individuals without a recurrence of the
disease (n = 311), the follow-up period was 5 years.
Tuberculosis recurrence was considered to be a
repeated case of the disease after the clinical cure
of a patient.

The database of patients with RT was formed
in Microsoft Office Excel. To obtain an equation
and assess the contribution of risk factors to the
development of MDR-TB recurrence, multivariate
analysis was used in the binary logistic regression
module of the IBM SPSS Statistics 23.0 software.
The regression analysis considered parameters
that were proven to be predictive of TB recurrence
in cured MDR-TB patients using univariate regres-
sion analysis at a significance level of p < 0.05. In
order to exclude multicollinearity in the construc-
tion of binary logistic regression from variables
characterizing similar parameters, factors with a
higher odds ratio (OR) and a significance level
tending to zero were selected. Such variables in
the study were: smoking, retirement age, disabi-
lity, HIV infection, mental illness, destruction
cavity in lung tissue at the beginning of treatment,
residual changes, the number of courses of anti-
tuberculosis therapy (ATT), development of drug
resistance amplification during treatment, drug
sensitivity of Mycobacterium tuberculosis (MBT)
in the last sputum culture test before cure, as well
as the type of tuberculosis process (first diag-
nosed, recurrence, chronic course), the total dura-
tion of treatment of the patient and time (in
months) when cultural conversion associated with
chemotherapy did not occur. To make the model,
a stepwise selection of the inclusion of variables in
the equation of a straight line was used. The
dependent variable was the relapse occurrence
and relapse-free cure.

102

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



Alliluev A.S. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 4 (2022)

CTpeMAIIUMCS K HyM0. TakuMu nepeMeHHbIMU B
HCC/IEIOBAHUY CTATN: TaDaKOKypEHUeE, [IEHCHOHHBIA
BO3pacCT, HAIMYHE UHBATHAHOCTH, BITY-uHbeKknmnu,
MICUXUYECKUX 3a00JieBaHUM, ITOJIOCTH paclaja Ha
HAYaJIO Kypca JIEUYEeHHs, OCTATOYHBIX H3MEHEHHH,
KOJIMYECTBO KYPCOB IPOTHUBOTYOEPKYJIE3HOH Tepa-
uu (IITT), Bo3HUKHOBEHNE aMILTU(DUKAINH K [TPU-
HUMaeMbIM IperapaTaM, JIEKAPCTBEHHAs] YyBCTBHU-
TeJIbHOCTh MUKoOakTepuu Tybepkyneza (MBT) k mpe-
raparam B ITOCJIEJTHEM TIOCEBE JI0 U3JIEUEHHS, a TAKIKE
THII TYOEpKyJIE3HOTO Iporiecca (BIEPBBbIE BBISABIIEH,
PenUaANB, XPOHUUECKOE TeUEHUE), OOIIHH CPOK Jieue-
HUS TAIMEeHTa U BpeMs (B MecsIax), B Te4eHHue KOTO-
PpOTo HE IPOUCXOMUT IpPeKpaIeHrs: 6aKTEPHUOBBIJIE-
JieHus Ha (oHe XUMUOTepanuu. J[JIs MOCTpoeHus
MOJIET! IIPUMEHSIJICS TIOMIATOBBIH OTOOP BKIIOUEHU S
IIepeMEHHBIX B YpaBHEHHE IIPAMOH. 3aBHCHMOU
TepeMEeHHOH SABJIAIOCh BOBHUKHOBEHUE PEUANBA U
Oe3penuIuBHOE U3JIEUEeHHE.

BeposTHOCTh BOBHUKHOBEHUS COOBITHS PaCcCUH-
THIBAETCsI 110 (hOpMyJie

1
P l+e”’

[ToyueHHOE 3HAUEHKE BEPOSATHOCTH CPABHUBA-
JIOCH C TIOPOT'OM OTCEUEHUs], PABHBIM 0.5: €CJIA IIPH
pacyeTe BePOATHOCTh BO3HUKHOBEHUS COOBITHS
cocraBiisiia 6ojiee 0.5, CUUTATIOCh, UTO COOBITHE —
«penuanB TyOepKyje3a» — HaCTYIIUT. AJIEKBaTHOCTD
IIOJTyYeHHOM MOJIETN OLIEHUBAJIN C IIOMOIIBIO KPHU-
Tepusa XocMepa — Jlememosa. Pemenune o Bkiroye-
HUM TPEIUKTOPa B MOJENb IPUHUMAJIOCh IIpU
IIOMOIIM cTaTuCTHKH Banbaa. KauecTBo mpubimske-
HUSI PErPEeCCOHHOU MOZEIN OIEHUBAJIIOCH IIPHU
oMoIu GYHKIUH Tpapgononobusd. s OIeHKH
KayecTBa MOJIEJIA MCIIOJIB30BAIUCH: KAUeCTBO IIOJ-
roHku mozenu (¥2), Mepa omnpezaeneHHocTH Halim-
JKeJIKepKa, 3HaueHus K03 UIMEHTa KOHKOp/a-
[IMH, YyBCTBUTEJIbHOCTH (Se) U crenuduIHOCTH
(Sp), pesynpraTer ROC-ananusa.

B kauectBe KiaccudukaTopa B MalIMHHOM 00y-
YeHWH MPUMEHSICS MeTO/| JiepeBa pemreHuil. [Ipu
IIOCTPOEHUU MOJEH IPOTHO3UPOBAHUS HCIIOIH30-
BaJINCh HWHCTPyMeHThI Oubnauoreku Scikit-learn
version 0.24.2 B UHTEPAKTUBHOU 00JIAYHOU CpeJie C
nporpaMmMHbiM  KozoM  Google Colaboratory c
rcnosb3oBanreM K-6J104HOH cTpatuduIupoBaH-
HOH IIpOBepKU. Peasmzarius mpoxo/iuiia Ha BEICOKO-
ypoBHeBoM si3bike Python 3.8.6. st yuera HecGa-
JIAHCHPOBAHHOCTH Pa3MePOB BBIOOPKHU HCIIOJIH30-
BaJICs TIOZXO/] C pa30MeHneM UCXOTHON 00yJaroIeit
BBIOOPKH HA 5 CIyIalHBIX IOABBHIOOPOK C COXpaHe-
HUeM ponopiiui kiaccos (pyukmnus StratifiedKFold
makera Sklearn). Omius 3amaHuss GajsaHCUPOBOY-

The probability of occurrence of an event is calcu-
lated by the formula

1
P l+e™”’

The probability value obtained was compared
with a cut-off threshold equal to 0.5: if the probabil-
ity of an event occurrence was more than 0.5, it was
assumed that the event, a tuberculosis relapse, would
occur. The adequacy of the model was evaluated
using the Hosmer-Lemeshow test. The decision to
include a predictor in the model was made using
Wald statistics. The quality of the regression model
approximation was evaluated using a likelihood
function. To assess the quality of the model, the fol-
lowing were used: the quality of model fit (), the
Nagelkerke’s R2, the concordance coefficient values,
sensitivity (Se) and specificity (Sp), and the results of
ROC analysis.

The decision tree method was used as a classifier
in machine learning. When making the prediction
model, the tools of the Scikit-learn version 0.24.2
library were used in an interactive cloud environ-
ment with the Google Colaboratory code, using
K-fold stratified validation. The implementation took
place in the high-grade Python 3.8.6 language. To
account for the imbalance of sample size, an approach
was used with splitting the initial training set into 5
random subsets while preserving the proportions of
classes (the StratifiedKFold function of the Sklearn
software). The option to set balancing coefficients for
data from each class (class_weight="balanced”
parameter for the classifier) was used during train-
ing. The obtained estimates of accuracy, Sp, Se and
the area under the ROC curve (AUC) were averaged
over all 5 sets. The informative value of the variables
was also estimated as the mean for all 5 sets.

RESULTS AND DISCUSSION

Binary logistic regression

Using the stepwise inclusion in the regression
model, the equation of a straight line with six predic-
tors that have a greater contribution to the develop-
ment of MDR-TB recurrence was obtained:

Y =2.257 X +5.370 - X, + 3.172 - X, + 2.057 - X, +
+2.882- X+ 1.528 - x, — 46.940.

Regression parameters:

« quality of the model fit: ¥*= 181.134, p < 0.001;

 Nagelkerke’s R2= 0.848;

« Hosmer-Lemeshow criterion: ¥* = 0.575, p =
=1.000;

« reduction of the logarithmic likelihood coeffi-
cient to 45.576.
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HBIX KO3G@UIMEHTOB JI JAHHBIX W3 KaXKI0TO
kiacca (mapamerp class_weight=»balanced» s
KJ1accuuKaTopa) UCIOIb30BATACH IPU OOYUEHUH.
[TosrygeHHBIE OLIEHKU TOYHOCTHU, SP, Se U IJI0IaIn
o7, ROC-kpuBoOH yCpemHSUIHCH 110 BCEM 5 BBIOOP-
kaM. HDOpMaATHBHOCTh TPU3HAKOB TaK:Ke OIleHU-
BaJIach KaK CpeJIHee 10 BCEM 5 BHIOOPKAM.

PE3YJIBTATBI 1 OBCYXKJIEHHNE

BuHapHas JIoTUCTHUYeCKas perpeccus

C moMomIpl0 MEeTOZia MOIIAroBOTO BKJIIOUEHUSA B
perpeccruoHHYI0 MOJIeTh OBLIIO ITOJIyUeHO ypaBHEHNE
NpsMOU C IIECTHI0 MPEJUKTOPAMH, HMEIOIIUMH
OosypmInii BKJIaA B (OPMUPOBAHHE PEIUAUBA Y
nanueHTos ¢ MJIY-Th:

Y =2.257-X,+5.370 - X, + 3.172 - X, + 2.057 - X, +
+2.882 - x, + 1.528 - x, — 46.940.

ITapameTpsl perpeccun:

» KauecTBO IIOJITOHKU Mozenu: X2 = 181.134, p <
< 0.001;

» R2(Halmxenkepka) = 0.848;

» kputrepuii Xocmepa — Jlemermosa: x> = 0.575,
p = 1.000;

» CHI>KeHMe KoadduiienTa J0rapupMuIecKoro
MpaBAOTIOI00us 10 45.576.

Hcxops n3 paccUuTaHHBIX 3HAYEHUH KOappuim-
eHTOB perpeccuu (b) ¥ SKCIOHUPOBaHHBIX 3HAYEHU T
marcoB (exp (b)), paxkTopbl prcka MOKHO PacIoJio-
JKUTD B TIOPSI/IKE YMEHBIIIEHUS BIIUSHUS HA BEPOST-
HOCTb Pa3BUTHUS PEIU/IUBA: HAJIMYUE Y IaIleHTa
BUWY, guciio npefplayliuX KypcoB XMMHUOTEPANNH,
JIECTPYKITHS B JIETOYHON TKAaHU HA HAYAJIO JIEUEHUS,
TIEHCUOHHBIA BO3PacCT, HapacTaHUe CIIEKTpa JieKap-
cTBeHHOH ycroitumBoctu MBT K mpoTHBOTYOEpKy-
nesnbplM mpemnaparam (ITTII) B mepumon seveHus
(ammmuduranms), obIui cpox jgedeHus (Tabir. 1).

HecmoTps Ha TO, UTO 110 KpuTepuo Baspia mpe-
JINKTOP «JI€CTPYKIIVS B JIETKUX HA HAYAJIO JIEYEHUSI»
ceayeT HUCKJIIOYUTh U3 MOJEIH, ObLUIO IPHUHATO
obpaTHoe pelieHne, 000CHOBAaHUEM KOTOPOTO SIBJISI-
JIOCh 3HAUUTEJIPHOE CHUKEHIE TIOKa3aTesIel, Xapak-
TEPUBYIONHUX KAYECTBO MOJIEJIU: MEPHI OIpeesIeH-
HocTu Hbalimkenkepka (k0abGUIUEHT AeTepMUHA-
nuu, R?) u xoukopaanuu, W. ToroBble 3HaYeHUs
R? — 84.8 %, W — 97.7 %. Se mpOorao3upoBaHUsI
cocraBusia 88.6 %, Sp — 98.7 %.

ROC-kpuBasi, mocTpoeHHasi Ha PACCUUTAHHBIX
3HaUeHUAX Se U Sp, MO3BOJIAET HATJISAHO OLIEHUTh
KauvecTBO MOJIeJIN. 3HaUeHHe TIOIIA U 10/ KPUBOHU
(AUC - area under curve), CTpeMsIIeECH K €IUHUILIE
(«umeasbHBIN TECT»), TOBOPUT O BHICOKOM KaueCTBe
mozenu (puc. 1).

Based on the calculated values of regression coef-
ficients (b) and exposed odds values (exp (b)), the
risk factors can be arranged in order of decreasing
influence on the likelihood of the disease recurrence:
HIV infection, the number of previous chemotherapy
courses, destruction of lung tissue at the beginning
of treatment, retirement age, an increase of MBT
drug resistance to AT-agents during treatment
(amplification), the total duration of treatment
(Table 1).

Despite the fact that according to the Wald test,
the predictor “destruction of lung tissue at the begin-
ning of treatment” should be excluded from the
model, the opposite decision was made caused by a
significant decrease in indicators characterizing the
quality of the model: the Nagelkerke’s R? and concor-
dance, W. The resulting values of R* — 84.8%, W —
97.7 %. The predictive model measures were: Se —
88.6%, Sp — 98.7%.

ROC curve, based on the calculated values of Se
and Sp, allows you to visually assess the quality of the
model. The value of the area under the curve tending
to unity (“ideal test”) indicates the high quality of the
model (Fig. 1).

AUC 0.992 allows us to conclude that the regres-
sion equation obtained can be used in clinical prac-
tice to assess the likelihood of recurrence in cured
MDR-TB patients.

The decision tree algorithm

In order to train the algorithm, the sample of
patients was divided in the ratio of 70% and 30%,
while maintaining the balance of classes for the
training and test set. The data from the test set
was not used for training. This was necessary to
validate the obtained models and exclude the case
of overfitting, when the model describes the data
from the training set well, but is poorly applicable
for the test set. Hyperparameters for the algo-
rithm were selected using a grid search on a set of
values.

To calculate the importance of the model, an
analysis based on the objective function of the infor-
mation gain at each splitting was used:

m N
IG(D,./)=1(D,)~ ¥, - H(D)),

D u D; — the dataset of the parent and j child
node, respectively;

f— feature used to split the space of features;

I(D,) — measure of heterogeneity in node p;

N, uN - the number of samples in the parent and
Jj child node, respectively;
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Ta6uura 1. [TapamMeTpbl perpecCHOHHON MO/IETH

Table 1. Parameters of the regression model

Koaddumu- CpennexsBan-
€HT perpec- paru4deckas o Kpurepuii
g::;;z:fgfﬂb cun b omuoKa OIII/OR exp (b) ?65X/0 ﬁg{ CI Baabaa
Regression Root-mean- p Wald test
coefficientb square error
KoncranTa B, —46.940 11.687 - - - 16.131
Constant p < 0.001
IlencuoHHBIM BO3pacT X, 2.257 0.906 2.86 [1.14—7.20] 9.550 1.617-56.402 6.202
Retirement age P =0.045 p=0.013
Hannune BUY- X, 5.370 1.779 19.19 [5.20—69.56] 214.775 6.567— 9.106
nHbeKkuun P < 0.001 7024.022 p =0.003
HIV infection
Kosinmuecrso x, 3.172 0.682 - 23.857 6.273—90.726 21.664
peabIAyIIUX KypCcOB p <0.001 P < 0.001
JleueHus TyOepKyiesa
Number of previous
chemotherapy courses
Hanuune amnaudu- x, 2.057 0.924 12.22[5.60—26.24] 7.824  1.279-47.847 4.958
kanuu MBT p <0.001 p =0.026
Increase of MBT drug
resistance
Jlectpykuus B JIeTkux  x_ 2.882 1.560 7.48 [1.76—-31.80] 17.854 0.839— 3.412
Ha HAYaJIo JeueHus p < 0.001 380.047 p =0.065
Destruction of lung
tissue at the beginning
of treatment
O6muii cpok ledeHns  x, 1.528 0.465 - 4.607  7.853-11.459 10.801

Total duration of
treatment

6

p < 0.001 p =0.001

IIpumeuyanue. exp (b) — sxkcnoHupoBaHHOe 3Ha4YeHue mancos; Ol — oTHomIeHUe maHcoB; IV — noBepurenbHbIH nHTEpBa; MBT —

MHKOOaKTepus TybepKyiesa.

Note. exp (b) — exposed odds value; OR — odds ratio; CI — confidence interval; MBT — Mycobacterium tuberculosis.

YyscrBUTENBHOCTD / Sensitivity

ROC-kpussie / ROC-curves

o

0.8
0.6

0.4

0.0
0.0

T
0.2

T T T
0.4 0.6 0.8 1.0

Crnenuduunocts / Specificity

Puc. 1. ROC-kpuBas, IOCTPOEHHAs Ha NIPe/ICKa3aHHbIX 3HAUEHUAX BEPOATHOCTH Pa3BUTUSA PEUINBA
y 60sibHBIX MJTY-TB Ha OCHOBE PErPeCCHOHHOTO aHATH3a
Fig. 1. ROC-curve based on predicted values of recurrence probability in MDR-TB patients using on regression analysis
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3uauenue AUC, paBHOe 0.992, TIO3BOJISIET C/ie-
JaTh BBIBOJ, O TOM, UTO IOJyUYeHHOE YypaBHEHUE
perpeccuu MOKeT OBITh MCIIOJIb30BAHO B ITPAKTUKE
JUIL OIIeHKM BEPOSITHOCTH PAa3BUTHUS peluinBa y
Hn3JIedeHHBIX nanuenTos ¢ MJIY-TB.

AJITOPUTM «JIepPeBO PelIeHnui»

C 11e71p10 0OyUEeHHsA aJTOPUTMA «JE€PEBO pelle-
HUM» BRIOOPKA MAIMEeHTOB ObLIa MO/IeJIeHa B OTHO-
IIIEHUH 70 U 30 % ¢ coxpaHeHHeM OajiaHca KIaccoB
JUIsT 00yJaroIero u TeCToBOro Habopa. /laHHble U3
TECTOBOU BBIOOPKH HE UCIIOJIb30BAIUCH B IIPOIIECce
obyJeHusA. DTO HeOOXOAUMO OBLIO IS BATHAIUN
MMOJIyYeHHBIX MOJleJIell U HCKIOUEeHUs ciydas
nmepeoOyJYeHus, T.e. CHTyalldH, KOTJa MOJIeNThb
XOpOIIIO OIHCBHIBAET JaHHblE U3 ObOydJamoIen
BBIOOPKH, HO IIJIOXO HPUMEHHMAa /Jis TECTOBBIX
JIaHHBIX. ['UneprnapaMeTpsl JJIs aJirOpUTMa ObLIU
OTOOpaHbI C IIOMOIIBI0 CETOYHOIO IIOMCKAa Ha
Habope 3HAUEHUH.

I pacuera BaKHOCTHU MOJETU MPUMEHSIICSA
aHaJIN3 HAa OCHOBE IeJIeBOM (QYHKIUU IIPUPOCTA
UHOOPMAIIUY IPU KaXKIOM pacIelIeHUN:

m N,
IG(D,. /) =1(D,) =3 ~H (D)),

rae D, u D, — Habop JAHHBIX POJUTENIBCKOTO U j-TO
JIOUEPHETO y3JIa COOTBETCTBEHHO;

f — mpu3HaK, UCIIOJIB3YIOIIMICS I pacIierie-
HUSI IPU3HAKOBOTO MPOCTPAHCTBA;

I(D,) — mepa HEOZHOPOAHOCTH B y3JI€ P;

N, u N — 4nciio 06pasIioB B POIUTETBCKOM H j-M
JIOUEpPHEM y3JIe COOTBETCTBEHHO;

m = 2 — YUCJIO PETUOHOB, IMOJIYIEHHBIX IIPU Pac-
HIETUIEHNH.

Jls pacueTa cTenieH! HEOTHOPOTHOCTH METOZIOM
CETOYHOTO IIOMCKAa BbIOpaHa Mepa HEOZHOPOZIHO-
CTU — SHTPOIUSA, UCIIOJIb3yeMasi JIJI OLEHKH BaXKHO-
CTH IPU3HAKOB:

I, ==Y p@i|OpGl),

rae p(i | t) — mosiss 06pasIoB, KOTOPast IPUHAJIEKUT
KJIaccy 1 11 y3ia t;

C = 2 — KOJIMYECTBO KJIACCOB («PEIUIUB», «HET
peIuuBa»).

Ha puc. 2 mpexcraBjieHa MOJeIb aJITOPUTMA
«JIEPEBO peEIIeHU», KOTOpas IO3BOJIMJIA yCTAHO-
BHUTH 5 OCHOBHBIX (PaKTOPOB PUCKA PAa3BUTHUS PeEIH-
auBa y 6osmbpHbIXx MJIY-TB: Haiuuue y mamueHTOB
IOBTOPHBIX KYPCOB XUMHOTEPAIINH, CTaK 3a00JIeBa-
HHsA, HUITMYWE B JIETOYHON TKAHU MOJIOCTH pacrmaja
OoJjiee 2.0 ¢cM B AWaMeTpPe, XUMHUOTEPAIIUS MeHee
6 IITII, cpok JeueHUs1 MeHee 23 MeC.

m = 2 — the number of regions obtained by split-
ting.

To calculate the degree of heterogeneity by grid
search, a measure of heterogeneity is chosen —
entropy, used to assess the importance of features:

Ly==y p(i|Op(l1),

p(i| t) — the proportion of samples that belongs to
class i for node t;

¢ = 2 — the number of classes (“recurrence,” “no
recurrence”).

Fig. 2 shows a decision tree model, which
allowed us to establish 5 main risk factors for
recurrence MDR-TB patients: the presence of
repeated courses of chemotherapy, duration of the
disease, the presence of destruction sites in lung
tissue more than 2.0 cm, chemotherapy by less
than 6 antituberculosis drugs, duration of the
treatment less than 23 months.

According to the results of the first stage of the
analysis, the following values of the model quality
were obtained: Se — 74%, Sp — 97%.

At the second stage, stratified K-fold cross-valida-
tion was used to demonstrate the reliability of the
identified predictive models. In total, the dataset was
divided into 5 blocks used in the construction of the
classifier set. Fig. 3 shows a histogram of the distri-
bution of the significance of features averaged over
5 blocks of cross-validation for the decision tree algo-
rithm.

Thus, the analysis again revealed a factor indicat-
ing the presence in patients of repeated courses of
chemotherapy associated with a long duration of the
disease, and with multidrug resistance of MBT for
more than three years. The factor “presence of HIV
infection in patients” was added to the five above-
defined features. Illustration and numerical inter-
pretations of the AUC (Fig. 4, Table. 2) indicate the
high quality of predictive models; therefore, both
methods can be used in clinical practice to assess the
likelihood of the recurrence in cured MDR-TB
patients.

CONCLUSION

The effectiveness of multivariate models deve-
loped using binary logistic regression and decision
tree methods turned out to be equivalent in pre-
dicting the recurrence in most patients. A graphi-
cal representation of probabilities as a decision
tree allows you to visually identify a group of
patients who need preemptive measures to prevent
their recurrence of MDR-TB in the future. In the
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KoJ1-BO IIpebIIyIuX KypCoB < 2
Number of previous courses

Autponus / Entropy = 0.466

Kos-Bo 06pastioB / Samples = 242
Pacnpenenenre / Value = [24; 218]

Kinacce / Class = HeT penuuBa / no recurrence

Y \

Aurtponwus / Entropy = 0.05 Crak TyOepKysesa < 1.17

Kout-Bo o6pasmos / Samples = 180 Duration of tuberculosis < 1.17
Pacnpenenenue / Value = [1; 179]

Knacc / Class = Her penmuBa / no recurrence

Autponus / Entropy = 0.951

KoJi-Bo 06pasmos / Samples = 62
Pacnipenenenue / Value = [23; 39]

Knacce / Class = HeT penmiiBa / no recurrence

Autponus / Entropy = 0.0 / Cpok sieueHus (Mec) < 22.3
KoJi-Bo 06pasmos / Samples = 10 Duration of treatment (months) < 22.3
Pacipenenenue / Value = [10; 0]
Kiace / Class = penuus / recurrence

dutponus / Entropy = 0.811

Kos1-Bo 06pasioB / Samples = 52
Pacnipenenenue / Value = [13; 39]

Kiacce / Class = HeT penpiuBa / no recurrence

i .

ITTII B cxeme jiedeHus (KOJI-BO) < 5 Autponus / Entropy = 0.0
ATDs <5 KoJsi-Bo o6pasmos / Samples = 6
SuTponud / Entropy = 0.615 E?Icnpez(g.lueﬂn_e / Value = 16; o]
Koi-Bo 06pasios / Samples = 46 acc / Class = peruaus / recurrence

Pacmpeznenenue / Value = [7; 39]
Knacc / Class = Her penuauBa / no recurrence

pd AN

Hanmuue ¢assl pacnaza

Autponwus / Entropy = 0.191
Presence of destruction of lung tissue

KoJi-Bo 06pasios / Samples = 34
Pacmpeznenenue / Value = [1; 33]

duTponus / Entropy = 1.0 _

oo st | Sl = 08 Knacc / Class = Her penuuBa / no recurrence

Pacnpenenenue / Value = [6; 6]

Knacc / Class = peniuaus / recurrence

e N

durponus / Entropy = 0.0 Aurponus / Entropy = 0.592

Koui-Bo 00pasios / Samples = 5 Kos-Bo 06pasmos / Samples = 7
Pacopenenenue / Value = [0; 5] Pacmpenenenre / Value = [6; 1]
Knacce / Class = Her penuuBa / no recurrence Knacc / Class = penugus / recurrence

Puc. 2. JlepeBo pemieHuii 1A IpOrHo3uposanus peruausa MJIY-TB.
JIia KaXK/10T0 y3JIa yKa3aHbl 3HAUEHHA SHTPOIINHU U pacipeziesieHre 00pasIoB B y3Je
[mepBoe 4ncsIo B CrivcKe — KOJTMYECTBO MAIIMEHTOB C PEIUIMBOM, BTOPOE YHCJIO — Oe3 pernuinBa].
JA TEpMUHAIBHBIX Y3JI0B yKa3aH Hanbosee BepoATHbIH kiaace (IITII — npoTuBoTy6epKyse3HbIE Tpernapars)

Fig. 2. The decision tree model for predicting MDR-TB recurrence.
For each node, the entropy values and the distribution of samples in the node are indicated
[first number in the list is the number of patients with recurrence, the second number is without recurrence].
For terminal nodes, the most probable class is indicated (ATDs — anti-tuberculosis drugs)
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B pesyspTaTe 110 UTOraM IEPBOTO 3TAIA AHATIN3A
OBLTM TIOJIyYeHBI CJIEYIONINe 3HAUeHHsA KayecTBa
mopenu: Se — 74 %, Sp — 97 %.

Ha BTOpOM sTame 711 1eMOHCTPAIU HaEeKHO-
CTH BBISABJIEHHBIX TPOTHOCTUYECKUX MOJieJiel Oblia
HCIIOJIb30BaHa cTpartudunupoBanHas K-6ouHas
IepekpecTHass TIPOBepKa. Bcero wuceaemyemsbrit
Habop JaHHBIX OBUI IO/IeJIEH HA 5 GJIOKOB, HCIIOJIb-
3YIOIIHUXCA IIPU IIOCTPOEHMH Habopa Kiaccruduka-
Topa. Ha puc. 3 mokaszana rucrorpaMMa pacupese-
JIeHUs 3HAUUMOCTH IIPHU3HAKOB, YCPETHEHHOHU IO
5 6710KaM ITepeKpPECTHON IPOBEPKHU /I aJITOPUTMa
«JIepeBO peIIeHU».

TakuMm 06pa3oM, MPOBEJEHHBIN aHAJIU3 BHOBb
BBIABIII (DAKTOP, YKA3BIBAIOIIUN HA HaJIU4YUE Y

future, in order to test the quality of the model for
predicting the disease recurrence in patients with
MDR respiratory tuberculosis, it is necessary to
continue research with the involvement of other
artificial intelligence methods for comparison (in
parallel with the presented one).
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luev — development of the concept and design of the
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the manuscript. Ekaterina E. Shnayder — statistical
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Puc. 3. YcpeaHeHHasr 3HAYNMOCTD IPU3HAKOB aJITOPUTMA Kilaccu(UKAIIY TAI[HEHTOB, IOCTPOEHHOTO METOZIOM /lepeBa
pemenuii (MJIY-TB — TyOGepKysie3 ¢ MHOKECTBEHHOH JIEKAPCTBEHHOW YCTOMYHBOCTHIO BO30YIUTEIS)
Fig. 3. The average significance of the features of the classification algorithm constructed
by the decision tree method (MDR-TB — multidrug-resistant tuberculosis)
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Fig. 4. ROC-analysis: K-fold stratified cross-validation of the decision tree algorithm

Ta6auna 2. ITporuocruyeckas 3¢(eKTHBHOCTS MHOTOMEPHBIX MO/IeJIeN

Table 2. Predictive effectiveness of multivariate models

AaropurmMm

YyBCTBUTEIBHOCTD, %

CnenuduaHoCTb, %

Algorithm Sensitivity, % Specificity, % L
JlepeBo pereHui 74 97 0.9 + 0.1
Decision tree

BunapHas orucTHYECKas PeErpeccust 88.6 98.7 0.992

Binary logistic regression

MAaI[MEeHTOB IOBTOPHBIX KYPCOB XHUMHOTEpAIUH,
COTIPSI?KEHHBIX C JIOCTATOYHO MPOJOJIKUTETHHBIM
crtakeM 3abosieBaHus, nmpuueM ¢ MJIY Bo3Oyau-
Tesist 6osiee Tpex JieT. K msaTH BhIIEOIpe/ieIEHHBIM
Mpu3HaKaM J00aBuycs GakToOp «HAJTUYHE Y MMalu-
eaToB BUY-undexnun». MumocTpanus U 4YUCao-
BbIe TpakToBKU mokasaresns AUC (puc. 4, Tabi. 2)
CBUJIETEJIBCTBYIOT O BHICOKOM KauyeCTBE ITPOTHO3H-
pYIOIIUX MOJIeJIel, cjie/loBaTeIbHO, 00a MeToza
MOTYT OBITh HCIIOJIb30BAHBI B ITPAKTHUKE JIJIs OTEHKHU
BEPOSITHOCTH PAa3BUTHs PENUIUBA y H3JIEUEHHBIX
namuenTos ¢ MJIY-Th.
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SAK/IIOYEHUE

A PeKTUBHOCTP MHOTOMEDPHBIX  MOJEJEH,
MMOCTPOEHHBIX C IPUMEHEHUEM METOI0B OMHAPHOM
JIOTUCTHYECKON PErpECCHH W JiepeBa peIleHHH,
0Ka3ajach SKBUBAJIEHTHOU B MPOTHO3€ Pa3BUTHA
penuauBa 3a6osieBaHusl y OOJIBITUHCTBA OOJBHBIX.
I'papuueckoe mpencraBjieHUE BEpPOSITHOCTEU B
BUJI€ /iepeBa pelleHu i T03BOJIAET HATJIATHO OIIpe-
JIEJTUTH TPYIIy OOJIBHBIX, HYKJAIONIUXCSI B IPO-
pUIaKTUYECKUX MEepPONPUITHAX II0 IpPeoTBpa-
IEHUI0 y HUX B Oyaymiem peruauBa MJIY-TB. B
MepCIeKTUBe [JiA IPOBEPKU KadecTBa MOJIENU
[IPOTHO3UPOBaHUA penuauBa y O6ospHbIX TO/ ¢
MJIY HeoOXOJMMO TMPOJIOJIKUTDH HCCIIEIOBAHUA C
MIPUBJIEUEHUEM [IJIs1 CPABHEHUA JIPYTUX METOJIOB
HCKYCCTBEHHOTO WHTeJUIEKTa (IapajuieIbHO ¢
MIpe/ICTaBJIEHHBIM).

Bruazg aBTOopoB: AyutmiyeB A.C. — pazpaboTka
KOHIIENITUHY U in3aiiHa uccsieioBanus, cbop, aHaaus
U UHTepnperanusa faHHbIX. PuimHIOK O.B. — paspa-
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0OTKa KOHIENIMKM YW Ju3aliHa KCC/IeJ0BaHUs, aHa-
JIN3 ¥ UHTEPIPETaNNs JaHHBIX, 000CHOBAHUE PYKO-
IIICH U IPOBEPKA MHTEJUIEKTYAIBHOTO COIEPIKAHUS,
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MeIuIMHCKUN yHUBepcurer» MuH3apaBa Poccun
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KoHdKkT HHTEPECOB. ABTOPHI 3aABJISIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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AHHOTAITUA

BBepnenue. CoBpeMeHHBIE ITIOXO/BI, UCIOIb3yeMble JJIsI IPOTHO3UPOBAHUA peruausa nquddysHon B-kireTouHon
kpynHokiieTounou simm@omsl (JIBKKJI) ¢ mopakeHneM nieHTpasibHOU HepBHOU cuctembl (ITHC), Hy)matoTcs B ycoBep-
ImeHcTBOBaHUU. CBeZleHUs OTeUeCTBeHHBIX HCC/IeZJOBAHNE O 4acTOTe U KJIMHHUKO-IAa00PATOPHBIX XapaKTePUCTUKAX Iep-
BuuHOH JIBKKJI ITHC u BropuuHnoro nopaskenus IIHC npu cucremuoit IBKKJI dparmMeHTapHBI U He II03BOJISIOT OIIeHUTH
0OIIyI0 KapTUHY.

IT e 15 . OreHKa HAa TEPPUTOPUH CHOMPCKOTO MeTaIoIrca JAHHBIX 110 YaCTOTe ¥ KJIMHUKO-71ab0PaTOPHOH XapaKTEPUCTHKE
nanuenToB ¢ IBKKJI, nmeromux nepsuynyto aumbomy [THC (IIVILTHC) u BTOPHYHOE BOBJIEYEHUE B OIyXOJIEBBIH ITPOIECC
ITHC, a Tax:xe BayujaIus Ha JIAHHON BBIOOPKE MEK/IYHAPO/IHOTO IIporHoctuyeckoro uHaekca — ITHC (MITU-ITHC).
MaTepuans u MeToJbl. ['pynny ucciaenoBanus coctaBuiu 47 uei. ¢ IUIITHC u 35 ¢ BTODUYHBIM BOBJIeue-
HueM B omyxoJsieBbiii nponecc ITHC npu cucremuoit JIBKKJI, rpymniy cpaBHeHust — 202 nanuesTa ¢ JIBKKJI 6e3 Bosieue-
aus [THC.

PesynabTarts . Bee manuents! ¢ BropuuasiM BoiaedeHueM ITHC mpu JIBKKJI oTHOCHIINCH K TPYIIIIAM CPEJIHETO |
BBICOKOTO pucKa (p = 0.007) no MITV-ITHC, 4TO NOATBEPKAAET €r0 IPOrHOCTUYECKYIO IIeHHOCTh. K dpakTopam prcka BTo-
puusoro Boiyiedenus [THC npu JIBKKJI B ananusupyemoii Beibopke otHOcHIuch craryc ECOG 2 u 6osiee, ”HQUIUPOBaH-
HocTh BIY, Bo3pact crapiie 60 JjieT, XpoHUUYecKue 00JIe3HH IIoYeK B aHAMHe3e, HAJIN4Ke 2 U 06osiee SKCTPAHOJAIbHBIX
ouaroB JIUMQOMBI, a TaKKe BbICOKas skcipeccus Ki-67 6osiee ueM B 75 % OIIyXOJIEBBIX KJIETOK, UMMYHOTHMCTOXHMHYECKUI
noaTun omyxosu nonGCB u Hammyre anemuu. ITpu orjeHKe XapaKTEPUCTHK KJINHUYIECKOTO TeueHusA 3a00sieBaHuA OBLI
BBISIBJIEH PsAJT 0COGEHHOCTEH mepBUYHOrO U BTopuuHOro BoBiedenus ITHC mpu /IBKKJI. B yacTHOCTH, B OTHOIIIEHUH
o01m1e BboKIBaeMoCTH rpyia nanueHToB ¢ IIITHC nmesa 6osee 61aronpusTHBIN IPOTHO3 (p = 0.051).
3aknoueHUe. Pe3ynprarhl uccjaeqoBanus moATBepkaa0T 3Haunmocts MIIV-ITHC B kauecTBe MHCTPYMEHTA B
paboTe Bpaua-reMaroJsiora /i1 OIlpe/ieJieHus I'PYIIbI IallueHToB, Hy>KJaoluxces B npodmwiakTuke penuausa JIBKKII B
ITHC. HoBble naHHbIe 0 60J1e€ BBICOKOH YacTOTe XPOHUYECKUX 3a00I€BAaHUH [TOYEK, apTEPUAIBHON THIIEPTEH3UH U 11aTO-
JIOTUY IIUTOBHUIHOM KeJie3bl B Tpyiiie nanueHToB ¢ [IJIITHC TpebyioT AaabHeNRIero uaydeHus.

Kmuoueensle caoga: neHTpasbHas HepBHaA cucreMma, nuddysHas B-kineToyHas KpynmHOKIETOYHas JuM@oMa, pHUCK,
penuius.
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ABSTRACT

Introduction. Currentapproaches used to predict the recurrence of diffuse large B-cell lymphoma (DLBCL) with
involvement of the central nervous system (CNS) need to be improved. Data from national studies on the incidence and
clinical and laboratory characteristics of primary CNS DLBCL and secondary CNS involvement in systemic DLBCL are
fragmentary and do not allow us to assess the overall picture.

Aim. An assessment on the territory of the Siberian metropolis of data on the incidence and clinical and laboratory
characteristics of DLBCL patients with primary CNS lymphoma (PCNSL) and secondary CNS involvement, as well as vali-
dation of the CNS-International Prognostic Index (CNS-IPI) on this sample.

Materials and methods. Thestudy group consisted of 47 patients with PCNSL and 35 with secondary CNS
involvement in systemic DLBCL, the comparison group consisted of 202 patients with DLBCL without CNS involvement.
Results. All patients with secondary CNS involvement in DLBCL belonged to the medium and high risk groups
(p = 0.007) according to the CNS-IPI, which confirms its prognostic value. The risk factors for secondary CNS involvement
in DLBCL were ECOG performance status > 2, HIV infection, age over 60 years, a history of chronic kidney disease, > 2
extranodal sites, and high expression of Ki-67 (>75% positive tumor cells), non-GCB subtype of lymphoma, and presence
of anemia. When assessing the characteristics of the clinical course of the disease, a number of peculiarities of the primary
and secondary CNS involvement in DLBCL were identified. In particular, in terms of overall survival, the PCNSL group had
a more favorable prognosis (p = 0.051).

Conclusion. Theresults of the study confirm the importance of the CNS-IPI as a tool of a hematologist to determine
the group of patients needing prevention of recurrence of DLBCL in the CNS. New data on a higher incidence of chronic
kidney disease, arterial hypertension and thyroid disorders in the group of patients with PCNSL require further study.
Keywords: central nervous system, diffuse large B-cell lymphoma, risk, relapse.
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BBEJAEHHNE

JlumpoMBl TEHTPAJIbHOW HEPBHOU CHUCTEMBI
(ITHC) mpejncraByieHbl 2 OCHOBHBIMH TDYIIIAMHU:
BropuyHoe nopakenne [[THC npu cucreMHOU M-
dowme u nepsuunsbie tumdombr ITHC (TIVILTHC) [1].

Yacrora BropuuHoro nopaxenus [ITHC y namu-
eHTOB ¢ JuMdOoMaMH 3HAUYUTEJIBHO BapbUPYyeT B
3aBUCHMOCTH OT THUCTOJIOTHYECKOTO IIOATHIIA:
obmuit pruck penuausa B IITHC mpu arpeccuBHBIX
HEXOJ/DKKUHCKUX JINM@OoMax cocTaBisger 2—27 %,
TOTZ]A KaK HalUeHTsl ¢ InMboMOoH XOMKKUHA MO/I-
BeprKeHbI 0UeHb HU3KOMY pUcKy (0.5 %) [2].

INTRODUCTION

Central nervous system (CNS) lymphomas are
represented by 2 main groups: secondary CNS
involvement in systemic lymphoma and primary
CNS lymphoma (PCNSL) [1].

The incidence of secondary CNS involvement in
patients with lymphomas varies significantly
depending on the histological subtype: the overall
risk of relapse of CNS involvement in aggressive
non-Hodgkin’s lymphomas is 2—27%, while patients
with Hodgkin’s lymphoma are at a very low risk
(0.5%) [2].
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HubdysHasa B-kieTtouHas KpYyIHOKJIETOUHAS
aumboma (JIBKKJI) sBistercss Hanbosiee pacmpo-
CTpaHeHHOH (POPMOI HEXOKKIMHCKUX JTUM@OM, Ha
JIOJII0 KOTOPOW BO BCEM MUpE IMPUXOJUTCA OKOJIO
49 % ciydaeB HeOIUIa3UM B-KJIETOYHOTO MPOHCXO-
kaeHus [3]. YoydilleHHMe TOJXOJI0B CHCTEMHOM
tepanuu JIBKKJI, mocTurayToe B mocjiefHUe TOJBI,
obecrieuriBaeT 0oJiee BBICOKYIO BBIKHBAEMOCTh H
«/IOKUTHE» manueHToB a0 penuauBa B IIHC.
B smioxy nmpumeHeHnus purykcumabda penpaus B [[THC
pas3BHUBaeTcA y 4—5 % NarueHToB ¢ JIMMMOMOH, UTO
SIBJISIETCSL KpailHe HeOJIarOIpPHUATHBIM COOBITHEM B
TeueHUU 3ab0eBaHus. U ecoiu paHee mpeobsiaato-
IIUMU SIBJISINCh MEHHHTeabHble BapUaHThI, TO B
MTOCJIETHUE TOJIbI OOJIBITMHCTBO peruinBoB JIBKKJI
B IJTHC BOBJIEKAIOT MAPEHXUMY TOJIOBHOT'O MO3ra [4].
CryudaroTes Kak u3oiupoBaHHble peruinBbl [ BKKJT
B IIHC, tak u peuugussl B [IIHC, npeamecTBytomue
CHCTEMHOMY BO300OHOBJIEHHIO OMyXosu. BoJjee Toro,
W3BECTHO, YTO B MOJIABJIAIOIIEM OOJIBIIIMHCTBE CIIy-
yaeB nopaxkenue IIHC npu JIBKKJI pa3BuBaercsa B
IEPBBIE MOJITO/IA C MOMEHTA TUAaTHOCTHKH OITyXOJIH,
B TOM umnciie Ha ¢hOHEe TPOBOUMOTO JIeueHus [4, 5].

ITpu IIVIITHC omyxosib JIOKaau3yeTcsd B MapeH-
XUMe CITUHHOTO HFJIY TOJIOBHOTO MO3Ta, MATKUX MO3-
TOBBIX 000JI0UKAX UJIM TKAHAX IyIa3a 0e3 MIPU3HAKOB
ee pacmpocrtpanenus 3a npezaens [THC. droT mox-
THII COCTaBJIsIET MPUOJIU3UTENIFHO 1 % BCEX HEXOJI-
JKKMHCKUX JUM@OM, 3a007€BaeMOCTh WM BBIIIIE
cpey UMMYHOJIOTUYECKH CKOMIIPOMETHPOBAHHBIX
manyeHToB. VIHTEpECHO, UTO B IOJIABJIAIONIEM YHCTIE
ciayuaes [TJIITHC npezicraBieHa Mopgd0OI0TUUECKUM
BapuanTom JIBKKJT [1].

CBeJleHHUsA O YaCTOTe U KJIMHUKO-1a00PaTOPHBIX
xapakrepucrukax nepsuanonr JIBKKJI IJHC u BTO-
puunoro mopaxkenus IITHC npu cucremuoii JIBKKJI
IIOJTy4Y€eHbI IPENMYIIECTBEHHO B 3aI1a/{HBIX CTPAHAX,
TOT/Ia KaK JJaHHbIEe U3 Pa3BUBAIOIINXCs CTPAH Orpa-
HuueHsl [6]. OreuectBennble ceegenuss o JIBKKII ¢
BoBseueHreM [IHC dparmeHTapHbBI 1 He TO3BOJISAIOT
OIEHUTH 00IIyI0 KapTuHy. OHU MIPE/ICTABIEHBI eI~
HUYHBIMH COOOIIEHUSIMU, OOJIBIITUHCTBO M3 KOTO-
poix nocBsAnieHsl [IJIITHC u mpencraBiasiT cobou
OTMCAaHUs KIMHUYECKUX CIyJaesB [1, 7—10].

B mozassistoniemM 60IbIIMHCTBE paboT MO TIEPKU-
BaeTcs HEOOXOIMMOCTD ITOUCKA 3 (HEKTUBHBIX METO-
JI0B TpopMIAKTUKYN BTOpUUYHOTrO mopakeHus 1THC
npu JIBKKJIL. HepemeHHOT 3a1auei sIBJISIETCA TAKKE
WH/IUBU/Ty TU3UPOBAHHBIN BhIOOp Tepammu JIBKKJI
KaK B MOMEHT KJIMHUYECKOH MaHupecTaruu pemnu-
JIUBa C BOBJIEUEHHEM HEPBHOU CHUCTEMBI, TAK U IPHU
cananuu [THC Ha ;O0CHMOTOMHBIX STanax [11].

Kpome ToOro, Omyb/JMKOBaHHBIE B TOCTIETHHE
roJibl pabOThI CBUJIETEJIHCTBYIOT O TOM, UTO COBpE-

Diffuse large B-cell lymphoma (DLBCL) is the
most common form of non-Hodgkin’s lymphomas,
accounting for about 49% of B-cell neoplasia world-
wide [3]. Improvement in the approaches to the sys-
temic therapy for DLBCL achieved in recent years
provides a higher survival rate and survival time to
the relapse of lymphoma in the CNS. In the ritux-
imab era, relapse to the CNS develops in 4-5% of
patients with lymphoma, which is a dramatically
unfavorable event in the course of the disease. And if
earlier meningeal variants were predominant, then
in recent years, most DLBCL recurrences in the CNS
involve the brain parenchyma [4]. There occur both
isolated relapses of DLBCL in the CNS, and relapses
in the CNS that precede the systemic tumor recur-
rence. Moreover, it is known that in the majority of
cases, CNS involvement in DLBCL develops in the
first six months after the diagnosis of the tumor,
including in the midst of the ongoing treatment
[4, 5].

In PCNSL, the tumor is localized in the spinal
cord or brain parenchyma, the pia mater or eye tis-
sues with no signs of extension beyond the CNS. This
subtype accounts for approximately 1% of all non-
Hodgkin’s lymphomas and is more common in
immunocompromised patients. Interestingly, in the
majority of cases, PCNSL is represented by a mor-
phological variant of DLBCL [1].

Information on the incidence and clinical and
laboratory characteristics of primary CNS DLBCL
and secondary CNS involvement in systemic DLBCL
has been obtained mainly from Western countries,
while data from developing countries are limited [6].
Domestic data on the CNS involvement in DLBCL
are fragmentary and do not allow us to assess the
overall picture. They are represented by single
reports, most of which are devoted to PCNSL and are
descriptions of clinical cases [1, 7—10].

The vast majority of works emphasize the need to
find effective methods for preventing secondary CNS
involvement in DLBCL. An unresolved problem is
also a person-oriented choice of DLBCL therapy both
during the clinical manifestation of relapse with
involvement of the central nervous system, and
during sanitation of the CNS at presymptomatic
stages [11].

In addition, studies published in recent years
indicate that current approaches used to predict
relapse of DLBCL with CNS involvement need to be
refined. To date, there has not been a clearly defined
high-risk patient population requiring CNS relapse
prevention, despite the additional toxicity of therapy.

The use of the CNS-International Prognostic
Index (CNS-IPI), based on the use of a number of

114

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



Pospelova T.I. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 4 (2022)

MEHHBIE O/IX0/TbI, UCIIOJIb3YEMbIE JJIsI TPOTHO3UPO-
Banus penugusa [IBKKJI ¢ mopaxxkenuem [THC, HyX-
JlaloTcss B yTouHeHWU. Jl0 HACTOSAIEro BpeMeHU
YETKO He OIpe/iesieHa Oy IS MalueHTOB BhICO-
KOTO PpHICKa, TpeOylomas IpoBeAeHUs] MpOopUIaK-
TUKU penuzuBa mnopaxkenusa I[HC, necmorpsa Ha
JIOTIOJTHUTETHHYIO TOKCUIHOCTD TEPATTUH.

[IpumMeHeHVE MEXIYHAPOJIHOTO ITPOTHOCTHYE-
ckoro uHzAexkca — ITHC (MITH-ITHC), ocHOBaHHOTO
Ha WCIIOJIb30BAHUU PsAJia KIUHUKO-1a00PaTOPHBIX
¢akropoB pucka (Bo3pact crapiie 60 Jjet, III u
IV craguu 3a60s1eBaHus, 00IIIECOMATHYECKH CTATYC
ECOG 2 u 60see, IOBBIIIIEHNE YPOBHS JIAKTATIETH-
nporeHassl (JIZII') B cCBIBOPOTKE KPOBH, HAJTUUHE 2 U
0oJiee BKCTPAHOJATBHBIX OYArOB ITOPa’KeHHUs, a
Tak>Ke BOBJIEUEHME IIOYEK ¥ HAAIIOYEUHHUKOB), JAET
BO3MOXKHOCTD cTpaTUGUITUPOBaTh 60JIbHBIX [ BKKJI
Ha TPYIIbI HU3KOTO, CPETHETO U BBICOKOT'O PHICKA
BossieueHusi IIHC [12]. IIpu 5TOM MPOTHOCTHYECKOE
sHauenne MIIU-ITHC, mpumeHsieMOro OOJIBIIMH-
CTBOM MCCJIEJTIOBATEJIEH C 1IeJIbI0 OTOOpa MaIeHTOB
JUIT  TPODMIAKTUYECKOTO JIEUEHUS PENUIUBOB
JBKKJI B ITHC, He Bcerma BocumpousBOAWTCA [13,
14], 9TO TOBOPHUT O HEOOXOIMMOCTH €TI0 JaIbHEH e
BaJIM/IAIIUY HA PA3JIMYHBIX BEIOOPKAX.

IIEJIb ICCJIEJIOBAHUSA

O1eHKa HAa TEPPUTOPUM CUOUPCKOTO METaIoJIuca
JIAHHBIX II0 YacTOTe M KJIWHUKO-JTabOpaTOpHOU
xapakrepuctuke nanueHTos ¢ JIBKKJI, umeromux
nepsuunyio JuMmdomy IITHC u BropuyHOEe BoBjIeUe-
HUE B omyxosieBbld nporecc ITHC, a Takke Banuma-
¥ Ha JAHHOHW BBIOOPKE MEXKAYHAPOHOTO IIPOTHO-
cruueckoro uHaekca — ITHC.

MATEPUWAJIBI 1 METO/IbI

I'pynry mcciaejoBaHUA COCTABWIIN 82 TMAIUeHTa
crapie 18 JjieT, KOTOpble ¢ 2011 IO 2022 T. TPOXO0-
nutu yeuenne B OI'BY «HoBocubupckuii HayIHO-
HCCJIEZIOBATENIbCKUA HHCTUTYT TPaBMaTOJIOTHH €
oproneiuu umenu f.JI. Husbana», ®I'BY «Dene-
PaIBHBIA IIeHTp Helpoxupypruu» u l'opoackom
reMaToJIOTHYEeCKOM TieHTpe r. HoBocuOupcka. M3
HUX MY>KUMHBI U KEHIIINHBI COCTaBUIIU 36 U 46 yerl.
cooTBeTcTBeHHO. CpemHuii  BoO3pacT  OGOJIBHBIX
TPYIIBI HCCIEIoBAaHUA — 55.97 + 13.13 roja.
VY 474en. (57.32 %) 6p11a BeisaBaena IIJIITHC, rucro-
soruyeckuii BapuanT JIBKKJI u y 35 (42.68 %) —
BTOPUYHOE BOBJIEUEHHE B OIYXOJIEBBIA IPOIIECC
HC nopu ABKKJIL.

B xauecTBe rpyImbl cpaBHEHUS ObLIN B3SITHI 202
namuenTa ¢ cucremuor JIBKKJI 6e3 BoBjieueHUs
ITHC, 13 HUX 77 MY>KYUH U 125 KEHIUH, CPeTHUN
BO3pacT — 53.2 + 18.5 roja.

clinical and laboratory risk factors (age over 60
years, stages III and IV of the disease, ECOG per-
formance status = 2, increased levels of serum
lactate dehydrogenase (LDH), =2 extranodal
sites, as well as the kidneys and adrenal glands
involvement), makes it possible to stratify patients
with DLBCL into groups of low, medium and high
risk of CNS involvement [12]. At the same time,
the predictive value of the CNS-IPI, which is used
by most researchers to select patients for the pro-
phylactic treatment of DLBCL recurrence in the
CNS, is not always reproduced [13, 14], which
indicates the need for its further validation on
various samples.

AIM OF THE RESEARCH

An evaluation on the territory of the Siberian
metropolis of data on the incidence and clinical and
laboratory characteristics of DLBCL patients with
primary CNS lymphoma and secondary CNS involve-
ment, as well as validation of the CNS-International
Prognostic Index (CNS-IPI) on this sample.

MATERIALS AND METHODS

The study group consisted of 82 patients over
18 years of age who were treated in the Ya.L. Tsivyan
Novosibirsk Research Institute of Traumatology and
Orthopedics, Federal Center of Neurosurgery and
City Hematology Center of Novosibirsk. Among
them there were 36 men and 46 women, respectively.
The mean age of patients in the study group was
55.97 + 13.13 years. In 47 patients (57.32%) the
PCNSL was diagnosed, a histological variant of
DLBCL, and in 35 (42.68%) — the secondary CNS
involvement in DLBCL.

The comparison group included 202 patients
with systemic DLBCL without CNS involvement, 77
of them were men and 125 were women, the mean
age of 53.2 + 18.5 years.

All patients were diagnosed in accordance with
the 2017 World Health Organization classification of
tumors of hematopoietic and lymphoid tissues based
on histological examination and immunohistochem-
ical staining of tumor biopsy samples [15]. At the
stage of verification of the diagnosis, all patients
underwent general clinical examinations, the stages
of the disease were established using ultrasound,
computed tomography (CT), X-ray examination,
bone biopsy from the iliac wing, diagnostic lumbar
puncture, and also in some patients (if there were
indications and the ability to perform) positron
emission tomography — computed tomography
(PET/CT), according to the Russian clinical guide-
lines.
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BceM 60IbHBIM MArHO3 ObLI IIOCTABJIEH B COOTBET-
CTBUU C JIEUCTBYIOIIMMHU KpUTEpUAMU BceMUpHOU
OpraHu3aIiy 3/[PaBOOXPAaHEHHsI 2017 T. HA OCHOBa-
HUH THCTOJIOTHYECKOTO ¥ UMMYHOTHICTOXHUMHYECKOTO
HCCIIeZI0BaHMA OronTara ommyxosu [15]. Ha aTame Bepu-
¢dukaruu uMboOMbl BceM OOJIBHBIM TPOBOIUAINCH
OOIEKJTMHUYECKUE HCCIIEI0OBAHMUS, YCTAHABIUBAIICH
crayiuu 3a00JIEBaHUA C IIPUMEHEHUEM YJIbTPa3BYKO-
BOTO MeTof[a, KOMIbioTepHOH Tomorpaduu (KT),
PEHTTeHOJIOTHYECKOTO HCCIIE/IOBAHUSA, TPETaHOOHOTI-
CUU KpbUIa IOJ[B3/IONTHOU KOCTH, JAATHOCTHUECKOHU
JTIOMOATBHOHN TyHKIIMH, a TAaK)Ke Y YacTH IAI[HEeHTOB
(Ipy HaTMYMM TIOKa3aHWH W BO3MOXKHOCTH BBINIOJI-
HHUTH) IO3UTPOHHO-3MHCCHOHHOH  ToMorpadum,
coBMmerenHoi ¢ KT (IT9T/KT), cornmacHo Poccutickum
KJIMHUYECKUM PEKOMEHIAIHSIM.

HcenenoBanue MPOBOAUIOCH B COOTBETCTBHU C
XeJIbCMHKCKOHN Jexyiaparueli BcemupHOU Memu-
nuHckon accoruanun (World Medical Association)
2000 1. u IIporokosom k KoHBeHIUM O mpaBax
yesiopeka u omomenuinue (Protocol to the Conven-
tion on Human Rights and Biomedicine) 1999 r.
UccnenoBanne 6buto 0m06peHo KomureTrom 10
atuke ®T'BOY BO «HoBocubupckuii rocy1apcTBeH-
HBI MEeUITMHCKUH yHUBepcuTeT» MuH3apasa. Bee
OoJIbHBIE JIAJIM MHUCHMEHHOE WH(POPMHUPOBAHHOE
corjiacue Ha yJacTUe B UCCIeI0BAHUH.

Crarucrtuueckass 06paboTKa IOJyJYeHHBIX JIaH-
HBIX BBIMOJHAJACh € TPHUMEHEHHEM IPOrpaMM
STATISTICA v.10.0 u Excel 2016. Beraucsiu abeo-
JIIOTHBIE W OTHOCHUTEJIbHBIE YaCTOTHI IPHU3HAKOB.
[Ipu cpaBHEHUHM YACTOT HCIIOJIb30BAJICS CTAHIAPT-
HBIH kpuTepuil ¥2 [IupcoHa, a Tak»Ke TOYHBIM KPUTe-
puii @urmepa mpu abCOTIOTHBIX 3HAUEHUSIX YACTOT
MIPU3HAKOB B TpyIIle MeHee 5. J[JIsl OIeHKH KoJTmye-
CTBEHHBIX MIOKA3aTeJIed NCI0Ib30BaTN BHIUHCIEHHE
cpenHelr apudmernueckoit (M) u ee cTaHAAPTHOTO
OTKJIOHEHUS. [[J1s OIIeHKH M3y9aeMbIX IIPU3HAKOB B
KauvectBe (akTopoB pucka BowieueHus 1[HC mpu
cucremHo#t JIBKKJI 6pU10 paccunTaHO OTHOIIEHHE
mancoB (OII) ¢ 95% noBepPUTETHHBIM HHTEPBATIOM
(JI). B pacuerax oO1ieli BBIKUBAEMOCTH HAYAIOM
MOHHUTOPHHTA CYUTAJICSI MOMEHT BepuUpHUKAIUN
JIMaTHO3a, COOBITUEM — CMEPTH OT JIFOOOU TPUYUHBI.

PE3YJ/IBTATDBI

Cpasaenue IVIITHC u JIBKKJI

¢ BTOPMYHBIM BoBJIieuenueMm ITHC

ITo maHHBIM aHAIN3a KIUHUYECKOU XapaKTepH-
CTUKU IALIEHTOB B Ipymie JuM@OM ¢ BTOPUYHBIM
BoBieuenuem [IHC B cpaBHenum c IIJIITHC Ha
MOMEHT JIUaTHOCTUKU 3a00JIeBaHUS CTATUCTUUECKH
3HAUMMO 4Yallle BCTpPedauch IalMeHThl CcTaplie
60 Jiet (85.7 IpOTUB 55.3 %, p = 0.004) 1 OOJILHBIE C

The study was performed in accordance with the
2000 Declaration of Helsinki of the World Medical
Association and the 1999 Protocol to the Convention
on Human Rights and Biomedicine. The study was
approved by the Ethics Committee of the Novosi-
birsk State Medical University. All patients gave
written informed consent to participate in the study.

Statistical processing of the obtained data was
carried out using STATISTICA v.10.0 and Micro-
soft Excel 2016. The absolute and relative frequen-
cies of characteristics were calculated. When com-
paring frequencies, the Pearson’s x* test was used,
as well as the Fisher’s exact test with absolute val-
ues of the frequencies of characteristics in the
group less than 5. To assess quantitative indica-
tors, the calculation of the arithmetic mean (M)
and its standard deviation was used. To assess the
studied characteristics as risk factors for CNS
involvement in systemic DLBCL, the odds ratio
(OR) was calculated with a 95% confidence interval
(CI). In the calculation of overall survival, the start
of monitoring was considered the moment of veri-
fication of the diagnosis, the event was death from
any cause.

RESULTS

Comparison of PCNSL and DLBCL

with secondary CNS involvement

According to the analysis of the clinical character-
istics of patients in the group of lymphomas with sec-
ondary CNS involvement, in comparison with the
PCNSL group, at the time to diagnosis of the disease,
patients over 60 years (85.7% vs. 55.3%, p = 0.004)
and patients with ECOG performance status > 2
(91.4% vs. 72.3%, p = 0.031) statistically significant
predominated. Also, in this group, symptoms of
tumor intoxication were more often observed (54.5%
vs. 19.0%, p < 0.001). High and intermediate-high
risk according to the IPI (3—5) were 85.7% of patients
with secondary CNS involvement in DLBCL, while
only 57.4% (p = 0.006) in the PCNSL group
(p = 0.006) (Table 1). Of note, all patients with sec-
ondary CNS involvement in DLBCL were at moder-
ate or high risk of relapsed CNS lymphoma accord-
ing to the CNS-IPI.

Among the comorbidities in patients from the
PCNSL group, arterial hypertension was detected
2.2 times more often than in the DLBCL group with
secondary CNS involvement (74.5% vs. 34.3%,
(p < 0.001)), and there was also a trend towards dif-
ferences in the incidence of detection of diffuse and
nodular goiter and chronic kidney disease (14.9% vs.
2.9%, p = 0.070 and 40.4% vs. 2.9%, p = 0.095,
respectively) (see Table 1).
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00IIlECOMAaTHYECKUM CTATyCOM 2 U BBIIIE IO IITKaje
ECOG (91.4 mpotus 72.3 %, p = 0.031). Takke B 1aH-
HOU TPYIITIE Yallle OTMEYATUCh CUMIITOMBI OIyXO0JIe-
BOU MHTOKCHUKAIUH (54.5 MPOTUB 19.0 %, p < 0.001).
BbICOKMI W TPOMEKYTOYHBIH/BBHICOKUA PHUCK TIO
MIIU (3—5 6anoB) umenu 85.7 % MaleHTOB C BTO-
puunbiM BoBieueHneM ITHC nipu JIBKKJI, Torza kak
B rpynne mnanueHtoB ¢ [IJIINHC — aumse 57.4 %
(p = 0.006) (Tabsn. 1). Cireayer OTMETUTD, UTO BCE
MManyeHTsl ¢ BTOpUYHBIM IopakeHueM ITHC npu
JBKKJI umenn cpelHUH WX BHICOKUH PUCK PeIy-
nuBa juMmbomsl B ITHC corracHO mporHoctuue-
cxkomy unzexkey MITM-ITHC.

Cpenu COmyTCTBYIOIMUX 3a007I€BAHUN Y TAIHEH-
toB u3 rpynmnsl I[IJIITHC B 2.2 pasa uyaiie, ueM B
rpyumie JIBKKJI ¢ BropuusbsiM nopaxkeHuem ITHC,
BBISBJISJIACH apTEPUAIbHAS TUIIEPTEH3Us (74.5 IIPO-
TUB 34.3 %, (p < 0.001)), a TaK)Ke OTMeUaTach TEH-
JIEHITHS K Pa3JINYUsAM 10 YacTOTE BBISBJIEHUS qud-
¢y3HOTO y3JI0BOTO 30062 M XPOHHUYECKUX 3a00JIeBa-
HUl mouek (14.9 TpoTuB 2.9 %, p = 0.070 U 40.4
MPOTUB 2.9 %, p = 0.095 COOTBETCTBEHHO) (CM.
TabJI. 1).

HeppoJstornueckasi CHMIITOMATAKA TIPU TTEPBUY-
HOM U BropudHOM BoBjeuennu [JHC B omyxoseBsrit
nporiecc mpu JIBKKJI B iesiom 6p171a cxoxkasi. Hanbo-
Jlee YacTo OTMeYasach OOIEMO3roBas CHUMIITOMA-
ThKa (roJIOBHBIE OOJIM, TOIIHOTA, PBOTA), PEKEe —
HEBPOJIOTHYECKUE JIe(PUIIUTHI, COOTBETCTBYIOIIHE
JIOKAJIU3alluy 04arop mopakenus (tabi. 2). Bmecre
¢ teM B rpynne ITJIITHC orMmeuasnach BbIpakeHHas
TEeHJIEHIA K OOJIbIIIEH YacTOTe PEruCTPaIlUy reHe-
PaTM30BaHHOTO CYZAOPOKHOTO cCUHApoMa (p = 0.061),
mape3oB KOHEYHOCTeH (p = 0.052), a TaKKe rOJIOBO-
KpyxkeHus (p = 0.089), HapyieHusA peud (p = 0.064),
SMOIMOHATBHO-BOJIEBBIX (P = 0.095) U KOTHUTHUB-
HBIX HapymeHui (p = 0.063).

AHanm3 1a00paTOPHO-UHCTPYMEHTATBHBIX II0-
kaszaresieil (tabji. 3) CBUIETEIHBCTBOBAI O TOM, UTO
noBbIeHue ypoBHs C-peaktuBHOro 6eska (CPB) u
mesioyHoir ¢docdaraspr  (IIIP) 3HAUMMO yare
(p < 0.001) perucTpUpoBaIOCh B TPYIIe GOJIBHBIX
JBKKJI ¢ Bropuunbim nopaxkeununem 1[ITHC — 71.4 u
37.0 % OpOTUB 25.0 U O % COOTBETCTBEHHO. Tak:ke B
rpynne BropuuHoro nopaxkenusa [ITHC npu JIBKKJI
y MalMeHTOB OTMedasach TeHJIeHIUs K OoJiee
YacToMy pa3BUTHIO aHeMUH (p = 0.083) u TpombO-
nuToneHuu (p = 0.059) B CPaBHEHUH C OOJIbHBIMH
TJIITHC.

ITo JaHHBIM TUCTOJIOTHYECKOTO U KMMYHOTHCTO-
XHMHWYECKOTO HCCIEOBAHUM Kak JJIsT MEPBUYHON
JBKKJI ITHC, Tak 11 1mMbOMBI ¢ BTOPDUIHBIM BOBJIE-
vyerueM [THC 6putH XapakTepHBI BhIPAKEHHAS ITPO-
mudepaTHBHAS aKTUBHOCTD 3JI0KAUECTBEHHBIX KJTe-

Neurological symptoms in primary and second-
ary CNS involvement in DLBCL were generally simi-
lar. Brain manifestations (headaches, nausea, vomit-
ing) were the most common, and neurological defi-
cits corresponding to the sites of involvement were
less common (Table 2). At the same time, in the
PCNSL group, there was an expressed trend towards
a higher frequency of generalized seizures (p =
= 0.061), limb paresis (p = 0.052), as well as dizzi-
ness (p = 0.089), speech disorders (p = 0.064), emo-
tional and volitional disorders (p = 0.095), and cog-
nitive impairments (p = 0.063).

Analysis of laboratory and clinical data (Table 3)
indicated that an increase in the level of C-reactive
protein (CRP) and alkaline phosphatase (AP) was
significantly more frequent (p < 0.001) in DLBCL
patients with secondary CNS involvement — 71.4%
and 37.0% vs. 25.0% and 0%, respectively. Also, in
the group of secondary CNS involvement in DLBCL,
patients showed a tendency to more frequent devel-
opment of anemia (p = 0.083) and thrombocytope-
nia (p = 0.059), in comparison with PCNSL
patients.

According to histological examination and immu-
nohistochemical staining, both primary DLBCL of
the CNS and lymphoma with secondary CNS involve-
ment were characterized by expressed tumor cell
proliferation (high expression of Ki-67 (>75% posi-
tive tumor cells), as well as the predominance of non-
GCB subtype of ymphoma (Table 3) according to the
protocol of Hans et al. [16].

According to neuroimaging data (Table 2), a soli-
tary tumor site was detected in PCNSL in more than
half of the cases (57.4%), while in secondary CNS
involvement in DLBCL, it was detected only in a
third of patients (31.4%, p = 0.020).

When analyzing the nature of the CNS involve-
ment, the following features were revealed: accor-
ding to magnetic resonance imaging patients with
lesions of brain matter in PCNSL, more than half of
the cases had perifocal edema (61.7%) and midline
shift (59.6%), in DLBCL patients with secondary
CNS involvement, these indicators were only 17.4%
(p < 0.001) and 21.7% (p = 0.003), respectively. The
mean tumor volume in PCNSL was 59.3 + 72.6 cm3
vs. 15.9 + 19.3 cm3 (p < 0.004) for secondary CNS
involvement in DLBCL.

Leptomeningeal forms were diagnosed mainly in
the group of patients with secondary CNS involve-
ment meninges (51.4% vs. 6.4%, p < 0.001in PCNSL),
and in most cases they were isolated (p = 0.031),
while in single cases lesion of the meninges in PCNSL
were always combined with lesion of brain matter
(see Table 2).
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Ta6auna 1. Kimnauko-zgeMorpaduueckas xapakreprucruka namnuentos ¢ JJBKKJL, a6e. (%)
Table 1. Clinical and demographic characteristics of patients with DLBCL, abs. (%)

BropuuHoe
CucremMHast Hopa:KeHue oIl
JABKKJI ILIITHC ITHC 1-3
IapameTp Systemic PCNSL Secondary (95% /1)
Parameter DLBCL (n=47) CNS P.. P, Py gp .
(n = 202) 2 involvement o
% CI
@ (n = 35) LoD
3)
Iloxn / Sex: 0.273 0.833 0.539 -—
MY?KCKOH / male 77/202 (38.1) 22/47(46.8) 14/35 (40.0)
skeHckuit / female 125/202 (61.9) 25/47(532) 21/35(60.0)
Bospacr crapie 60 set 75/202 (37.1) 26/47(55.3) 30/35(85.7) 0.023 <0.001 0.004 10.2(3.8;27.3)
Age over 60 years
B-cumnromsl / B symptoms 139/202 (68.8) 9/47(19) 18/35 (54.5) <0.001 0.107 <0.001 —
Cragust mo Ann Arbor 0.005 0.013 1 -
Ann Arbor stage:
I-11 31/202 (15.3) 0o [}
I-1v 171/202 (84.7)  47/47(100)  35/35 (100)
ECOG-cratyc 2 u 6osiee 82/202 (40.6) 34/47(72.3) 32/35(91.4) <0.001 <0.001 0.031 15.6(4.6;52.7)
ECOG performance status > 2
IKCTpaHOATbHBIE TIOPAYKEHUS > 2 39/202 (19.3) - 18/35 (51.4) - <0.001 — 4.4 (2.1;9.4)
> 2 extranodal sites
MIIU, 6aswter / IPI, points: 0.575 0.007 0.006 3.7(1.4;9.9)
0-2 77/202(38.1)  20/47(42.6) 5/35(14.3)
375 125/202(61.9)  27/47(57.4)  30/35(85.7)
IMopaxeHue NOYeK/HAIIIOYETHIKOB 6/202 (2.9) - 3/35(8.5) - 0.143 - -
Kidney/adrenal gland involvement
ITopaskeHHe KOCTHOTO MO3Ta 65/202 (32.2) - 7/35 (20.0) - 0.149 - -
Bone marrow involvement
MIIN-ITHC, 6astst
CNS-IPI, points:
0-1 25/202 (12.4) - 0/35 (0) - 0.028 - 2.7(1.3; 5.6)
2-3 105/202 (52.0) — 14/35 (40.0) - 0.191 -
4-6 72/202 (35.6) - 21/35 (60.0) - 0.007 —
Wudexnuu / Infections:
BUY / HIV 2/202 (1.0) 2/47(4.3) 4/35 (11.4) 0.109 <0.001 0.218 12.9(2.3;73.4)
BI'C/BI'B | VHC/HBV 12/202 (5.9) 3/47(6.4) 1/35 (2.9) 0.909 0.406 0.464 -
ComyrcrBylonue 3a601eBaHUs
Concomitant conditions:
3HO / MNs 11/202 (5.4) 9/47(19.1) 2/35 (5.7) 0.002 0.949 0.078 -
OHMK / ACVA 4/202 (2.0) 2/47 (4.2) 0/35 (0) 0.360 0.402 0.217 -
AU3 / AIDs 3/202 (1.5) 1/47 (2.1) 0/35 (0) 0.753 0.469 0.386 —
J1¥3 / DNG 6/202 (2.9) 7/47 (14.9) 1/35 (2.9) <0.001 0.971 0.070 -
CH /DM 20/202(9.9) 8/47(17.0)  4/35(11.4) 0.165 0.783 0.479 -
I'b /HD 70/202 (34.6) 35/47 (74.5) 12/35(34.3) <0.001 0.191 <0.001 —
UBC/ICD 23/202 (11.4) 9/47(19.1)  4/35(11.4) 0.153 0.995 0.344 -
XBII / CKD 12/202 (5.9) 19/47(40.4) 8/35(22.9) <0.001 <0.001 0.095 4.7(1.8;12.5)

Mpumewanue. JBKK/I - nuddysnaa B-knerounas kpymHoksserouHas sumdoma; ITJIITHC — mepsuunble JIMMQPOMBI IIeHTPAIBHOH HEpBHOH
cucrembl; OIII — otHomrenue mancos; ECOG — Eastern Cooperative Oncology Group; MITU — MekAyHApOAHBIH MPOrHOCTHYECKUit nHzAeke; BUY — Bupyc
nmMmyHozedurura yesnoseka; BI'C/BI'B — Bupycuble renarutsl C u B coorsercrBenno; 3HO — 3yokadectBenHble HOBooOpazosanusa; OHMK — ocrpoe
HapyllleHre MO3TOBOTO KpoBooOpaineHusi; A3 — ayroummyHHbIe 3a6oseBanus; V3 — nauddysHbsiil ya3moBoit 306; C/I — caxapusiii auaber; I['b —
runepronnyeckas 6ose3np; IBC — umemuyeckas 60s1e3Hb cepana; XBII — xpoHuveckue 60J1€3HU TTOYEK.

N ote. DLBCL - diffuse large B-cell lymphoma; PCNSL — primary CNS lymphoma; OR — odds ratio; ECOG — Eastern Cooperative Oncology Group;
IPI — International Prognostic Index; HIV — human immunodeficiency virus; VHC/HBYV — viral hepatitis C and B, respectively; MNs — malignant neoplasms;
ACVA - acute cerebrovascular accident; AID — autoimmune diseases; DNG — diffuse and nodular goiter; DM — diabetes mellitus; HD — hypertensive disease;
ICD - ischemic coronary disease; CKD — chronic kidney disease.
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Ta6usuma 2. Xapakrep nopaxenus ITHC npu JIBKKJI B rpymie uccienoBanus, abe. (%)
Table 2. The nature of CNS involvement in DLBCL in the study group, abs. (%)

Bropu4unoe
Bea rpynna  ITIJIITHC BoBJedyeHnue ITHC
Iapamerp / Parameter ‘Whole PCNSL .Secondary CNS
group (n=47) involvement 1-2
(n=82) 6V} (n =35)
&)}
Xapakrep nopaxkenus ITHC / The nature of CNS involvement:
coTUTapHbIH / solitary 38/82(46.3) 27/47(57.4) 11/35(31.4) 0.020
MHOKeCTBeHHBIH / multiple 22/82(26.8) 20/47(42.6) 12/35(34.3) 0.448
TlopakeHre 060s10uek Mo3ra, u3 Hux / Lesions to the meninges, of which: 21/82 (25.6) 3/47(6.4) 18/35 (51.4) <0.001
JIeTITOMEHUHIeIbHBIN Tl / leptomeningeal type 12/21(57.1) 0/3(0) 12/18 (66.7)
cMemaHHbId T / mixed type 9/21(42.9) 3/3(100.0) 6/18(33.3) 0.031
Jlokanuzaius mopaxkenuii / Localization:
oy I'M, u3 Hux / brain lobes, of which:
s06nas / frontal 33/82(40.2) 23/47(48.9) 10/35(28.6) 0.063
TemeHHasi / parietal 27/82(32.9) 21/47(44.7) 6/35(17.1) 0.009
BrucouHasi / temporal 16/82(19.5) 11/47(23.4) 5/35(14.3) 0.303
3aThUTOYHast / occipital 12/82(14.6) 7/47(14.9) 5/35(14.3) 0.939
skeynouku I'M / brain ventricles 10/82 (12.1) 7/47(14.9) 3/35(8.6) 0.387
MO30JIkCTOE TeJIo / corpus callosum 8/82(9.8) 5/47(10.6) 3/35(8.6) 0.756
nuHeasbHast/runodusapHas obyacts | pineal/pituitary region 2/82(2.4) 1/47 (2.1) 1/35 (2.9) 0.833
MO33KE€Y0K,/MOCTO-MO33KEUKOBasi 06J1aCTh 18/82 (21.9) 10/47(28.6) 8/35(22.9) 0.865
cerebellum/pontocerebellar region
moct / pons cerebelli 5/82 (6.1) 4/47 (8.5) 1/35 (2.9) 0.290
cpeanuii Mo3r / midbrain 6/82(7.3) 4/47 (8.5) 2/35 (5.7) 0.631
tasamyc / thalamus 9/82(10.9) 8/47(17.0) 1/35(2.9) 0.043
UMH / cranial nerves 4/82 (4.9) 0/47 (0) 4/35 (11.4) 0.018
CIMHHO# Mo3T / spinal cord 5/82 (6.1) 0/47 (0) 5/35 (14.3) 0.008
MPT-npusnaku omyxosu / MRT signs of tumor:
nepudokanbHbIi oTek / perifocal edema 33/70 (47.1) 29/47(61.7) 4/23(17.4) <0.001
JIUCJIOKAINS cpeInHHbBIX cTPYKTYp / midline shift 33/70 (47.1) 28/47(59.6) 5/23 (21.7) 0.003
ruzapouedanus / hydrocephalus 7/70 (10.0)  5/47(10.6) 2/23(6.1) 0.476
Kaunuueckue nposienenus ITHC / Clinical manifestations of the CNS
Hapyienue co3nanust / Impairment of consciousness 9/80 (11.3) 7/47 (14.9)  2/33(6.1) 0.219
TosnoBHbie 6osin / Headache 46/80 (57.5) 26/47(55.3) 20/33(60.6) 0.638
Tomrsora/pBota | Nausea/vomiting 17/80(21.3) 9/47(19.1) 8/33(24.2) 0.584
Taumonuaaruy / Hallucinations 4/80 (5.0) 2/47(4.3) 2/33 (6.1) 0.716
BuyrpuuepenHas runeprensus / Intracranial hypertension - - - -
IMOIMOHAIBHO-BOJIEBbIe Hapytienust / Emotional and volitional disorders  11/80 (13.8) 9/47(19.1)  2/33(6.1) 0.095
TosioBokpyskeHue / Dizziness 43/80(53.8) 29/47(61.7) 14/33(42.4) 0.089
KoruutusHusle Hapymenus / Cognitive impairments 18/80 (22.5) 14/47(29.8) 4/33 (12.1) 0.063
Hapymuienue peun / Speech disorder 15/80 (18.8) 12/47(25.5) 3/33(9.1) 0.064
ITapessi/napanuuu | Paresis/palsy of:
KOHEYHOCTel / extremities 32/80(40.0) 23/47(48.9) 9/33(27.3) 0.052
MUMUYECKOM MyCKyJ1aTypsl / mimic muscles 12/80 (15) 5/47(10.6)  7/33(21.2) 0.193
Hapyenue uyBcrBuresibHocTH / Sensory disturbance 12/80 (15.0) 7/47(14.9) 5/33(15.2) 0.975
Moa:xeukoBblie cumitomsl / Cerebellar disorders 16/80 (20.0) 12/47(25.5) 4/33 (12.1) 0.140
Hapyuienne pa6otst YMH / Cranial nerve disorders:
1a3o/iBUraTesbHble Hapyienus / oculomotor disorders 10/80 (12.5) 4/47(8.5) 6/33 (18.2) 0.198
HapyuieHue 3penus / visual impairment 21/80 (26.3) 12/47(25.5) 9/33(27.3) 0.862
cHmkeHue ciyxa / hearing loss 3/80 (3.8) 1/47 (2.1) 2/33(6.1) 0.363
Hapyuenue obonsuus / smell disorder 1/80 (1.3) 1/47 (2.1) 0/33 (0) 0.400
Hapyenue ¢yHku# Ta30BbIx opranos / Dysfunction of the pelvic organs  4/80 (5.0) 2/47 (4.2) 2/33 (6.1) 0.716
Cyznoporu B KoHeUHOCTsX / Seizures in the limbs 3/80 (3.8) 2/47 (4.2) 1/33(3.0) 0.777
Cynoporu rerepain3oBanHbie / Seizures generalized 12/80 (15.0) 10/47(28.6) 2/33(6.1) 0.061

Mpumewanue. JBKKI — nmubdysnas B-kinerounasa kpymnHoknerouHas jgumdoma; IIIITHC — nepBuuHbie TUM(OMBI IIEHTPAIBHOW HEPBHOH
cucrembl; I'M — rosioBHo# Mo3r; YMH — yepenHo-mMo3roBbie HepBbl, MPT — MarHUTHO-pe30HaHCHAsE TOMOTpadus.

N o t e . DLBCL — diffuse large B-cell lymphoma; PCNSL — primary CNS lymphoma; MRT — magnetic resonance tomography.
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Ta6uia 3. Pe3ybraThl 1a00paTOPHO-UHCTPYMEHTAIBHBIX HUCc/Ie/oBaHus y nmanuenTos ¢ JIBKKJI, abe. (%)
Table 3. Results of laboratory and clinical studies in patients with DLBCL, abs. (%)

CucremHasn BropuuHoe OIIL
JABKKJI IIITHC BoBJeuenue ITHC 1-3
Hapamerp / Parameter Systemic PCNSL Secondary CNS P, (95% /IN)
IPELLEE DLBCL n=47) involvement P, OR,
g;l)= 202) (2) §131)= 35) o (95% CI)
Anewmus / Anemia: 63/202 (31.2) 14/47(29.8)  17/35(48.6) 0.852 2.1
0.045 (1.0; 4.3)
0.083
Jlerkad creness / mild 52/63 (82.5) 14/14 (100)  15/17(53.6) 0.092 -
cpenHssA cTeneHb / moderate 7/63 (11.1) 0/14 (0) 2/17 (7.1) 0.573
0.185
TsJKeJiasi CTEeTeHb / severe 4/63 (6.3) 0/14 o/17
Tpomboruronenus MeHee 150x10°/J1 39/202 (19.3) 3/46 (6.5) 5/28 (17.9) 0.037 -
Thrombocytopenia < 150x10%/1 0.855
0.059
CO3 BrimIe 7a60paTOPHOI HOPMEI 146/202 (72.3) 17/42 (40.5) 14/24 (58.3) <0.001 -
Accelerated ESR 0.156
0.163
T'unepdubpuHOreHEMUA 102/202 (50.5)  9/39 (23.1) 12/29 (41.4) 0.002 -
Hyperfibrinogenemia 0.359
0.107
Vposens CPB Brlite 1ab0paTopHO HOPMBL  91/202 (45.0) 8/32(25.0)  15/21(71.4) 0.033 -
Increased CRP 0.022
<0.001
Yposens JI/IT Boiiiie 1abopaTOpHOM HOPMBI  123/202 (60.9) 9/30(30.0) 12/28 (42.9) 0.002 -
Increased LDH 0.070
0.309
Yposens [ Beiiiie 1a60paTOpHO HOPMBI  60/202 (29.7) 0/40 (0) 10/27(37.0) <0.001 -
Increased AP 0.438
<0.001
Akcnpeccus Ki-67 B 6osiee uem 75 % kiaetok 27/202 (13.4) 23/35(65.7) 12/25(48.0) <0.001 6.0
High expression of Ki-67 (>75% positive <0.001 (2.5; 14.5)
tumor cells) 0.171
IToxrun o Hans et al.
Subtype according to Hans et al.:
GCB 32/202 (15.9) 2/47(4.3) 6/35 (17.2) 0.038 -
0.847
0.052
non-GCB 38/202 (18.8) 15/47(31.9)  15/35(42.8) 0.049 3.2
0.002 (1.5; 6.9)
0.309
Hecrienuduueckuii / nonspecific 132/202 (65.3) 30/47(63.8) 14/35 (40.0) - -
0.131

Mpumewanue. JBKKI — nuddysnas B-kinerounasa kpynHoknerouHas jumdoma; IIJIIMHC — nepBuunbie TMMQOMBI IIEHTPATBHOW HEPBHOH
cucrembl; OIIl — orHoIeHue 1mancoB; IW — noBeputenbHblid HHTEpBas; COD — cKOpocTh ocesanus spurporutoB; CPB — C-peakruBHslil 6eok; JIAT —
JnakTaraeruaporenasa; IO — memounas pocdaraza; GCB — germinal center B cells (ksreTku 3apozpiiiieBoro neHTpa 1umdboysa).

Note.

DLBCL - diffuse large B-cell lymphoma; PCNSL — primary CNS lymphoma; OR — odds ratio; CI — confidence interval; ESR — erythrocyte

sedimentation rate; CRP — C-reactive protein; LDH — lactate dehydrogenase; AP — alkaline phosphatase; GCB — germinal center cells of the lymph node.

TOK (BbICOKasA aKcrpeccus Ki-67 B 6osee yem 75 %
KJIETOK), a Tak:ke mpeobiaganue nonGCB moaruma
omyxoau (cMm. Tabi. 3), ONpe/IeJIEeHHOTO 0 IPOTO-
kosty Hans et al. [16].

ITo maHHBIM HelipoBu3yanusanuu (cM. Tabj. 2)
COJIUTAPHBIN OITyXOJIEBBIH OYar BBIABJIIICA IIPHU
[IJIITHC 6osiee yeM B moJioBHHE ciaydaeB (57.4 %),
TorAa Kak Ipu BropuuHOM mnopaxkeHuu IITHC npu
JIBKKJI — mumb y Tpets 6051bHBIX (31.4 %, p = 0.020).

All cases of lesions of the spinal cord and cranial
nerves were in the group of patients with secondary
CNS involvement in DLBCL — 14.3% (p = 0.008) and
11.4% (p = 0.018), respectively, while in PCNSL there
was a higher incidence of lesions of the parietal and
frontal lobes of the brain (44.7% vs. 17.1%, p = 0.009
and 48.9% vs. 28.6%, p = 0.063, respectively), as
well as the thalamus (17.0% vs. 2.9%, p = 0.043)
(Table 2, Fig. 1).
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[Ipu ananuse xapakrepa nmopaxkenus [IHC 6pu1
BBISIBJIEHBI CJIEAYIOIIHE OCOOEHHOCTH: TI0 JaHHBIM
MPT-uccneqoBanusa NarueHTOB ¢ OYarOBBIMU OPa-
JkeHUsIMH BerectBa Mosra npu [IJIITHC 6osiee uem
B IIOJIOBHHE CJIy4aeB UMeJIN MecTo IepudOKaIbHBIN
orek (61.7 %) M AUCIOKAIUSA CPEAUHHBIX CTPYKTYD
(59.6 %), nsa IBKKJI ¢ BTOpUYHBIM BOBJIEUEHHEM
IIHC nmanHbIEe TTOKa3aTeJd COCTAaBWJIN Bcero 17.4 %
(p < 0.001) u 21.7 % (p = 0.003) COOTBETCTBEHHO.
Cpennuii 06beMm omyxonu npu IIJIITHC cocraBma
59.3 + 72.6 cM3 POTUB 15.9 + 19.3 cM3 (p < 0.004)
nipu BTopuuHoM nopaxkenuu ITHC npu JIBKKJL.

JlenToMeHUHTeaIbHBIE (POPMBI OBUIH JTHATHO-
CTUPOBaHBI B OCHOBHOM B T'PYIIIE MAI[HEHTOB C BTO-
PHUYHBIM BOBJIEUEHHEM B OITyX0Js1eBbIH mporece [THC
(51.4 mpotuB 6.4 %, p < 0.001 npu IJIITHC), u B
OOJIBIIIMHCTBE CIy4aeB OHU HOCHJIN W30JIUPOBaH-
HBIH XapakTep (p = 0.031), TOT/Ia KaK B €IMHUYHBIX
HAOJIIOIEHUAX TMOpa)keHHus 000JI0UeK Mo3sra Ipu
IIVIITHC Bcerma coueTavuch C IMOpaKEeHUEM Bellle-
CTBa roJIOBHOro Mo3ra (cM. Tabir. 2).

Bce ciyuan mnopaskeHHsA CIHUHHOTO MO3Ta U
YeperHO-MO3TOBBIX HEPBOB ITPUXO/IUJIUCH HA TPYIIILY
00JIbHBIX ¢ BTOPUYHBIM BoByiedeHneM I[HC mpu
JOBKKJI — 14.3 % (p = 0.008) u 11.4 % (p = 0.018)
cooTBeTcTBeHHO, TorAa kak mpu IIJIITHC ormeua-
Jjach OOJIbIIasl YacTOTa TMOPAKEHUS TEMEHHOW u
JIOOHOW JIOJIEd TOJIOBHOTO Mo3ra (44.7 TPOTHUB
17.1 %, p = 0.009 u 48.9 npotus 28.6 %, p = 0.063
COOTBETCTBEHHO), a TakKe Tajamyca (17.0 MPOTUB
2.9 %, p = 0.043) (cM. Tab. 2, puc. 1).

CpaBHenue /IBKKJI ¢ BTOpMYHBIM

BonJeuyenneM ITHC u cucremuoi /IBKKJI

0e3 BoBaeuenus ITHC

Brrasieno, uro npu JIBKKJI ¢ BTOopr4HBIM BOBJIE-
yeHreMm ITHC 6ospiiasg yacTb OOJIBHBIX HA MOMEHT
JIMAaTHOCTUKU 3abosieBaHUs ObLIN cTapiie 60 JieT
(85.7 %), a Takke umenu craryc ECOG 2 u 6osee
(91.4 %), Torma kak B rpymme JIBKKJI 6e3 nmopasxke-
Hus [THC Takue mamueHTbl COCTaBUIIN JIUIIH OKOJIO
TpeTu caydaes (37.1 %, p < 0.001 1 40.6 %, p < 0001
COOTBETCTBEHHO). Bce mammeHTHl MEPBOU TPYIIIIBI
umenn III m IV cragum 3abosieBaHUs HA Jrarax
BepudUKaAIMU JUATHO3a, TOT/IA KAK IIPU CUCTEMHOU
mumdome 0e3 BopiedueHus [JHC gactora BbIsiBIie-
HUus JokanusoBaHHbIX craguii (I-II) cocraBumiia
15.3 %, p = 0.013. Ciexyer OTMETUTHh TAKXKe, UTO
nanueHTsl ¢ JIBKKJI ¢ BTOpUYHBIM BOBJIEYEHHEM
ITHC B 2 paza yariie (p < 0.001) ©UMeJI1 XpPOHUYECKHE
6osie3Hu mouek (cMm. TabJI. 1).

CTaTUCTUYECKU B3HAYMMBbIE Pa3JIuuusAd MEXKIY
rpynnamu JIBKKJI ¢ BTOpUYHBIM BOBJIEYEHHEM
IHC u cucremuoii [IBKKJI 6e3 Bopiaeuenus:t ITHC

Comparison of DLBCL with secondary
CNS involvement and systemic DLBCL
without CNS involvement

It was found that in DLBCL with secondary CNS
involvement, most of the patients at the time of diag-
nosis of the disease were older than 60 years (85.7%),
and also had ECOG performance status > 2 (91.4%),
while in the DLBCL group without CNS involvement,
such patients were only about a third of cases (37.1%,
p < 0.001 and 40.6%, p < 0001, respectively). All
patients of the first group had stages III and IV of the
disease at the moment of the diagnosis verification,
while in systemic lymphoma without CNS involve-
ment, the frequency of detection of limited-stage (I-
II) disease was 15.3%, p = 0.013. It should also be
noted that DLBCL patients with secondary CNS
involvement were twice as likely (p < 0.001) to have
chronic kidney disease (see Table 1).

Statistically significant differences between the
groups of DLBCL with secondary CNS involvement
and systemic DLBCL without CNS involvement were
also observed in the frequency of detection of 2 or
more extranodal sites of tumor growth (51.4% vs.
19.3%, p < 0.001), HIV infection (11.4% vs. 1.0%,
p < 0.001), high risk groups according to the IPI
(3—5) (85.7% vs. 61.9%, p = 0.007), anemia (48.6%
vs. 31.2%, p = 0.045), increased CRP level (71.4% vs.
45.0%, p = 0.022 ) (see Tables 1 and 3).

Immunohistochemistry of the substrate of DLBCL
with secondary CNS involvement revealed high pro-
liferative activity 3.9 times more often (p < 0.001),
and 2.3 times more often the tumor (p = 0.002)
belonged to the non-GCB subtype compared to sys-
temic DLBCL (see Table 3).

Thus, in the analyzed cohort, the following clini-
cal characteristics can be attributed to potential risk
factors for the development of CNS involvement in
systemic DLBCL (see Tables 1 and 3): age over
60 years (OR = 10.2, 95% CI (3.8; 27.3)), ECOG per-
formance status = 2 (OR = 15.6, 95% CI (34.6; 52.7)),
>2 extranodal sites (OR = 4.4, 95% CI (2.1; 9.4)),
high and intermediate/high risk groups according
to the IPI (OR = 3.7, 95% CI (1.4; 9.9)), presence of
chronic kidney disease (OR = 4.7, 95% CI (1.8;
12.5)). Among the laboratory parameters, these
include HIV infection (OR = 12.9, 95% CI (2.3;
73.4)), the presence of anemia (OR = 2.1, 95% CI
(1.0; 4.3)), high expression of Ki-67 (>75% positive
tumor cells) (OR = 6.0, 95% CI (2.5; 14.5)), as well
as the of non-GCB subtype of DLBCL (OR = 3.2,
95% CI (1.5; 6.9)).

The analysis of the distribution of patients into
risk groups, according to the CNS-IPI, showed that
in the group with secondary CNS involvement in
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HAOJIFOTAIACh TAKXKe 110 YacTOTE BBISABJIEHUS 2 U
boJiee HKCTPAHOIATbHBIX 0YATOB OIMYX0JIEBOTO POCTA
(51.4 mpotuB 19.3 %, p < 0.001), BUY-undexuu
(11.4 mpotuB 1.0 %, p < 0.001), HEOIATONIPUATHBIX
rpymnn nporuosa o MIIU (3—5 6asmoB) (85.7 mpo-
TUB 61.9 %, p = 0.007), AaHEMHUYECKOTO CHHIPOMA
(48.6 mpotuB 31.2 %, p = 0.045), NOBBHIIIEHUA
ypoBHst CPB (71.4 mpotus 45.0 %, p = 0.022) (cMm.
Taba. 14 3).

[Ipy UMMYHOTHCTOXUMHYECKOM WCCJIEIOBAHUH
cyoctpara JIBKKJI ¢ BropuunbiM BoBeuenuem [THC
B 3.9 pasa varie (p < 0.001) OIpeAeIAIach BBICOKAs
nposudepaTHBHAsA aKTUBHOCTh U B 2.3 pasa Jarie
omyxosb (p = 0.002) OTHOCWIACh K TIOATHILY
nonGCB, B cpaBHeHuwu ¢ cucreMabivMu JIBKKJI (cm.
TabJI. 3).

Taxkum 00pazoM, B aHATU3UPYEMOH BBIOOpPKE K
MMOTEHITUAJIPHBIM (haKTOpPaM PHUCKA PA3BUTHUS BOBJIE-
venusa [IHC npu cucremuoit JIBKKJI (cm. Tabi. 1
U 3) MOXKHO OTHECTH CJIEAYIOIHE KINHUYECKHE
XapaKTEPUCTUKU: BO3pacT crapiie 60  Jier
(OHI = 10.2, 95% JIU (3.8; 27.3)), cratyc ECOG 2 u
6osiee (Ol = 15.6, 95% AU (34.6; 52.7)), HaIH4YKE
2 u 06oJjiee SKCTPAHOAATBHBIX OYaroB OIIYXOJIU
(OUI = 4.4, 95% AU (2.1; 9.4)), TPYIIIbI BBICOKOTO U
MIPOMEKYTOUYHOTO/BBICOKOTO prcKa corsiacao MITU
(OUI = 3.7, 95% U (1.4; 9.9)), HATUUYKEe XpPOHUYE-
ckor marosioruu mouek (OII = 4.7, 95% U (1.8;
12.5)). Cpenu 1a60paTOPHBIX MAapaMeTPOB K TaKO-
BBIM  OTHOcATcsa — uMHGUIUpOBaHHOCTL  BUY
(OIII = 12.9, 95% U (2.3; 73.4)), HaIU4KEe aHEMUH
(OHI = 2.1, 95% AU (1.0; 4.3)), axcupeccus Ki-67 B
bosiee ueMm 75 % omyxoseBbix kiaeTok (OIIl = 6.0,
95% 11 (2.5; 14.5)), a TaK»Ke UMMYHOTHCTOXUMHUYE-
ckuit moarun JIBKKJI nonGCB (OIII = 3.2, 95% A1
(1.55 6.9)).

AnHanu3s pacupeziesieHds] TalMeHTOB Ha TPYIIIThI
nporuHosda coriacio MIIN-ITHC mnoxkazan, 4Tto B
rpymurne OOJIBHBIX ¢ BTOPUYHBIM nopaxkeHuem 1THC
npu JIBKKJI Hu o/iuH 13 TAIlUEHTOB HA MOMEHT Jiha-
THOCTUKHY 3a00J1€eBaHUS HE OTHOCUJICS K TPYIIIe HU3-
KOTO PHICKA, TOTJAa KaK 40 % WMeIu CpegHUud Hu
60.0 % BBICOKHH PHCK, UTO 3HAUYUMO OTJIMYIAJIOCH OT
JlagHbIX rpynmnbl cucreMHoi JIBKKJI, a umeHHO: K
TrpyIIle HU3KOTO pUCKAa OTHOCWIUCHh 12.4 %
(p = 0.028) 6oBHBIX, cpesiHero — 52.0 % (p = 0.191)
U BBICOKOTO 35.6 % (p = 0.007) 60/1bHBIX (cM. Ta0II. 1).

CpaBuureabubiii aHaans IVIITHC u

cucremHoi /IBKKJI 6e3 BoBaeuenus ITHC

CpaBHUTENIBHBIN aHAIW3 TOKa3asl, 4YTO, KakK U
npu JIBKKJI co BropuuHsiM BoBieueHuem I[THC,
cpenu maruenToB ¢ IIJIITHC Ha MOMeEHT guarHo-
CTUKU 3a00JIeBaHUsA B CpPaBHEHHU C OOJIbHBIMH

DLBCL, none of the patients at the time of diagno-
sis of the disease belonged to the low risk group,
while 40% had an intermediate and 60.0% — high
risk, which significantly differed from the data of
the systemic DLBCL group, namely: 12.4% (p =
= 0.028) of patients belonged to the low risk group,
52.0% (p = 0.191) to the intermediate risk group,
and 35.6% (p = 0.007) to the high risk group (see
Table 1).

Comparative analysis of PCNSL

and systemic DLBCL without CNS

involvement

Comparative analysis showed that, as in DLBCL
with secondary CNS involvement, among patients
with PCNSL at the time of diagnosis of the disease,
compared with patients with systemic DLBCL, there
were significantly more subjects over 60 years (55.3%
vs. 37.1%, p = 0.023), with III and IV stages of the
disease (100% vs. 84.7%, p = 0.005), as well as ECOG
performance status = 2 (72.3% vs. 40.6%, p < 0.001).

In addition, attention was drawn to the fact, that
in patients of this group, there was a more frequent
history, along with chronic kidney disease (6.8 times,
P < 0.001), of the following concomitant conditions:
non-hematological malignant neoplasms (3.5 times,
p = 0.002), diffuse and nodular goiter (by 5.1 times,
P < 0.001), hypertension (by 2.2 times, p < 0.001)
(see Table 1).

At the same time, in the systemic DLBCL group,
along with a tendency to develop more severe ane-
mia (p = 0.092), symptoms of tumor intoxication
(68.8% vs. 19.0%, p < 0.001), thrombocytopenia
(19.3% vs. 6.5%, p = 0.037), high biochemical activ-
ity of the process: acute phase reactions, such as an
increase in erythrocyte sedimentation rate (ESR)
(72.3 vs. 40.5%, p < 0.001) and CRP (45.0% vs.
25.0%, p = 0.033), hyperfibrinogenemia (50.5% vs.
23.1%, p = 0.002), as well as an increase in the refer-
ence values of such serological markers as lactate
dehydrogenase (LDH) (60.9% vs. 30.0%, p = 0.002)
and ALP (29.7% vs. 0%, p < 0.001 ) (see Table 3).

According to immunohistochemistry data, the
PCNSL group showed a significant predominance of
the non-GCB subtype of lymphoma (31.9%) and high
expression of Ki-67 (65.7%) compared with systemic
DLBCL (18.8%, p = 0.049 and 13.4%, respectively,
P < 0.001).

Analysis of the effectiveness of therapy

in DLBCL patients with CNS involvement

We analyzed data on the treatment and its effec-
tiveness in 63 patients of the study group. It should
be noted that the therapy was heterogeneous.
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cuctemHor JIBKKJI 3HaumMo wdalle BCTpEUYaIHCh
JIUIIA B Bo3pacrTe cTapiie 60 Jiet (55.3 MpoTus 37.1 %,
p = 0.023), ¢ III u IV cragusamu 3abosmeBanus (100
npotuB 84.7 %, p = 0.005), a Takke cratycom ECOG
2 u OoJtee (72.3 IpOTUB 40.6 %, p < 0.001).

Kpowme Toro, o6parasno Ha cebs1 BHUMaHue Gosiee
yacToe HaJU4Yue B aHaAMHe3e Yy OOJIbHBIX JAaHHOU
TPYIIIBI, IOMHUMO XPOHUUYECKUX 00JIe3HEH mouek (B
6.8 paza, p < 0.001), CJIEYOIIEH COMyTCTBYIOIIEH
MaTOJIOTHH: 3JI0KaUYeCTBEHHbIEe HOBOOOpa30BaHUs
HEe TeMaTOJIOTHYECKOH Tmpupoasl (B 3.5 pasa,
p = 0.002), nuddysHbIii y310BOH 3006 (B 5.1 pasa,
P < 0.001), runepToHnueckas 60e3Hb (B 2.2 pasa,
p < 0.001) (cm. Tab. 1).

Bmecre ¢ Ttem B rpymnme cucremuou JBKKII,
HapsAAy ¢ TEHAEHIMEel K Pa3BUTHIO aHEMUU Oosiee
TSKEJION creneHu (p = 0.092), CTAaTUCTUYECKU 3HA-
yumMo yaiie B cpaBHeHuu ¢ ITJIITHC umenu mecto
CHMIITOMBI OIyX0JIEBOM WHTOKCcHKaIuu (68.8 mpo-
THB 19.0 %, p < 0.001), TpombonuTOoneHus (19.3
mpoTuB 6.5 %, p = 0.037), BbICOKasA GOXUMUYECKast
aKTUBHOCTh IIporiecca: ocTpoda3oBble peakIuu B
BH/IE YBEJTMUEHUA CKOPOCTH OCEJIAHUS SPUTPOIIUTOB
(CO93) (72.3 mpotus 40.5 %, p < 0.001) u CPB (45.0
MPOTHUB 25.0 %, p = 0.033), runepbuOpPUHOTEHEMUH
(50.5 IpoTUB 23.1 %, p = 0.002), a TAK}KE yBEJINUE-
HUA BbIIIIe HOPMBI YPOBHSI B CBIBOPOTKE KPOBH OOJIh-
HBIX TAaKUX MapKepPOB OIyXOJIEBOTO IIpoIlecca, Kak
nakrataeruaporenasa (JIJA) (60.9 nmporus 30.0 %,
p = 0.002) u [II® (29.7 mpotus 0 %, p < 0.001) (cMm.
TabI1. 3).

[To maHHBIM MMMYHOTHMCTOXUMHYECKOTO HCCIIE-
noBanuda npu IIJIINTHC oTmeuanock 3HaUUTEIBHOE
yBeJINUEeHUE YaCTOThI BBISABJIEHUS ITOTHUIIA OIYXOJIU
nonGCB (31.9 %) u BwIcOKOH 3Kcmpeccnu Ki-67
(65.7 %) B cpaBHenuu c cuctemuon JIBKKJI (18.8 %,
P = 0.049 1 13.4 % COOTBETCTBEHHO, P < 0.001).

Anamm3 3¢ PeKTUBHOCTH TEPAITHHU B
BbIOOpKe nmanueHToB ¢ [IBKKJI ¢ mopazke-
mueMm ITHC

Hamu 66111 TpoaHaTU3UPOBAHBI IAHHBIE O JIeue-
HUU U ero 5¢@PeKTUBHOCTH y 63 NalleHTOB I'PYIIIIbI
ucciaenoBanusa. CiielyeT OTMETHTb, YTO TepaIrus
ObLIa TeTepOTeHHasl.

Tak, B BbeIOOpKe IIJIITHC mo cxeme R-MPV
(putykcumab, MeToTpekcar, JakapOaswH, BHH-
KpHUCTHUH) OBLIIO MPOJIeUYeHO 14 OOJBHBIX, B TIOCTIE-
JIYIOIIEM 7 YeJI. TIOJIYYMJIU TUCTAHITUOHHYIO JIyde-
BYIO Tepamui0 Ha TOJOBHOW MO3T, 1 MAIHEHTY
BBITIOJTHEHA AyTOJIOTUYHAS TPAHCILIAHTAI[USA CTBO-
JIOBBIX KpOBETBOPHBIX KjIeTOK (ayToTCKK), eme 1
nmosryans aytoTCKK c mocienyromei JucTaHIIuOH-
HOU JIyuyeBOM Tepamueil. Bcero y 9 marueHTOB

Thus, in the PCNSL group, 14 patients were
treated with the R-MPV regimen (rituximab, metho-
trexate, dacarbazine, vincristine), followed by
7 patients received external beam radiation therapy
of the brain, 1 patient underwent autologous hema-
topoietic stem cell transplantation (AHSCT), another
1 patient received AHSCT followed by external beam
radiation therapy. A total of 9 patients achieved clin-
ical and hematological remission, however, in the
future, 2 patients (1 did not receive the subsequent
radiation therapy, and 1 had a dose reduction of
methotrexate due to severe mucositis) had relapse
that caused death, while the rest 7, including subjects
who underwent transplantation, remain alive at the
time of the analysis.

Of 8 patients who were treated with lomustine, 4
achieved remission. However, 3 patients subse-
quently died, 2 of them as a result of PCNSL relapse,
and 1 due to prostate cancer.

Four patients who were treated with the R-MAT
regimen (rituximab, high doses of methotrexate), as
well as rituximab with temozolomide due to the pres-
ence of contraindications to polychemotherapy, died
from the progression of the underlying disease.

Three more patients with PCNSL died from lym-
phoma progression due to the withdrawal of chemo-
therapy intolerance of its implementation.

In the DLBCL group with secondary CNS involve-
ment, 5 patients received treatment with the R-MPV
regimen (rituximab, methotrexate, dacarbazine, vin-
cristine), and only 3 patients achieved short-term
remission. All patients died.

Another 15 patients received treatment with the
R-CHOP or R-CHOEP regimens (rituximab, cyclo-
phosphamide, doxorubicin, vincristine, predniso-
lone without or with etoposide, respectively) in com-
bination with triple intrathecal therapy (dexametha-
sone, methotrexate, cytarabine). Five patients
achieved remission, 2 of which are alive.

Four patients were treated with lomustine, remis-
sion was achieved in 2, but only 1 patient was alive by
the time of the analysis. One patient treated with
temozolomide died from progression of the underly-
ing disease. Six people received high-dose metho-
trexate therapy, only 2 achieved sustained remission.

Three patients who received metronomic therapy
died due to intolerance to therapy.

Thus, in the PCNSL group, remission was
achieved in 13/29 (44.8%) patients, and the overall
2-year survival at the time of the analysis was 8/29
(27.6%). Treatment success rates in the DLBCL
group with secondary CNS involvement were lower:
the remission rate was 12/34 (35.3%, p = 0.441), and
overall survival was 3/34 (8.8%, p = 0.051).
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ObLIa JOCTUTHYTA KJIWHUKO-T€MAaTOJIOTHYeCKas
peMuccus, OJIHAKO B JaJibHeHIeM y 2 yes. (1 He
IoJIydas B IMOCJIEYIONIEM JIYIEBYIO TEPANUIO, Y 1
ObLIa PeAYKIUA 103 METOTPEKCATA U3-3a TAKETBIX
MYKO3UTOB) pa3BWJICS PEIUIUB, NPHUBEANINN K
JIETaJIbHOMY HCXOZy, TOTZa KaK OCTaJIbHbBIE 7,
BKJIIOUAss OOJIPHBIX, IEPEHECIINX TPaHCILIAHTa-
[MI0, OCTAIOTCS JKUBBI HA MOMEHT IIPOBEI€HUSA
aHaIM3a.

U3 8 yes., mOydUBIINX KYPCHI C JIOMYCTHHOM, Y
4 pocturHyTa pemuccusa. OZHAKO B HOCIIEAYIOIIEM
3 desi. orubJIM, 2 U3 HUX B pe3ysIbTaTe PelUIUBa
IIJIITHC, a 1 — BejieZicTBUE paka IpOCTaThl.

YeTBepo IMAaNMEHTOB, IIOJIYYABIINX TePAIHIO
R-MAT (purykcumab, BBICOKHE 03Bl METOTpEK-
caTa), a TaKK€ PUTYKCUMabOM € TeMO30JaMH0M
13-32 HAJIWYUSA [IPOTUBONOKA3AHUN K IOJIMXUMHUO-
Tepamnuu, MOTUOJIN OT MPOTPECCUPOBAHUSI OCHOB-
HOTO 3a00JIeBaHUA.

Eme 3 uges. ¢ [IJVIITHC morubsm ot mporpeccun
JuMOOMBI BCJIEACTBHE OTKAa3a OT XUMHIOTEPATIEBTH-
YeCKOTO JIEUeHUs FJTH HETOJIEPAHTHOCTH K €T0 IIPO-
BeJIEHUIO.

B Be160opke JIBKKJI ¢ BTOpUYHBIM BOBJIEUEHUEM
IMHC Ttepanuio mo cxeme R-MPV (putykcumao,
MEeTOTpeKcaT, JlakapOa3uH, BUHKPUCTHH) TTOJTYIHIIN
5 UeJl., HENPOAOJDKUTEJIbHAs peMUCCUsA ObLia
JIOCTUTHYTA JIUIIb y 3 TalHUeHTOB. Bce GosibHBIE
TOTu0JIH.

Eme 15 uen. momyvyanu kypcbkl R-CHOP wau
R-CHOEP (putykcumab, nuxiodocdas, JOKCOPY-
OWIIMH, BAHKPHCTHH, IIPETHU30JI0H O€3 WUJIH C BKJIIO-
YeHHEM JTOIMO3HU/Ia COOTBETCTBEHHO) B COUETAHUH C
TPOMHON HWHTpaTEeKAJbHOU Tepamuen (mexcamera-
30H, METOTpeKcar, nurapabuH). Y 5 MalueHTOB
JTOCTUTHYTA PEMUCCHS, U3 KOTOPBIX 2 JKHUBBI.

KypchI ¢ 10MyCTHHOM ITOTYUMITH 4 YeJT., PEMUCCHS
JIOCTUTHYTA y 2, O/THAKO >KUB HA MOMEHT IIPOBE/IEHU
aHaIM3a JIUIIG 1 manuenTt. OAUH MaIueHT, T0TyInB-
IIUH TEPAIUIO C TEMOAAJIOM, YMEDP OT IPOTPECCUPO-
BaHHUA OCHOBHOTO 3aboseBanusa. Illects uesoBex
TIOJIyYMJTA TEPATUIO BBHICOKMMHU JI03aMHU METOTPEK-
caTa, JINIIb y 2 TOCTUTHYTA CTOUKAS PEMHUCCHUA.

YMepsu 3 manueHTa, MOJydaBIINe METPOHOM-
HYIO TEPAIUIO B CUJTY HETOJIEPAHTHOCTU K TEPATTHH.

Taxkum obpazom, B rpymme 6ospHbIX ILJIITHC
pemuccus ObLIa JoCTUTHYTA y 13/29 (44.8 %) maru-
€HTOB, a 00111as1 2-JIETHSS BBIXKUBAEMOCTb HA MOMEHT
MPOBEJIEHUsI aHa/M3a cocTaBwia 8/29 (27.6 %).
ITokaszaTtenu 3¢@eKTUBHOCTU JieUeHUs B TPYIIIE
JIBKKJI ¢ BropuunbiM BoByieueHneMm IIHC 6buiu
HUKE: 4acTOTa PEMUCCUH cocTaBuia 12/34 (35.3 %,
P = 0.441), a MOKa3aTeb OOIIEN BBI?KHBAEMOCTH —
3/34 (8.8 %, p = 0.051).

DISCUSSION

This work performed is the first systematic
domestic study of the frequency and clinical and lab-
oratory characteristics of DLBCL patients with CNS
involvement.

In the rituximab era, 4—5% of patients with sys-
temic DLBCL have relapses in the CNS, and predict-
ing the risk of CNS with DLBCL and selecting patients
for aggressive prophylactic treatment remains chal-
lenging. The CNS-IPI can identify a high risk group
with a recurrence rate of 10 to 12%. Despite the half
of the events occur among patients with intermedi-
ate and even low risk according to the CNS-IPI [14],
our study confirms the predictive value of this index.
Thus, all patients with secondary CNS involvement
in DLBCL belonged to the intermediate and high risk
groups (p = 0.007).

In general, in the analyzed cohort, among the
clinical characteristics of patients with systemic
DLBCL at the time of diagnosis of the disease, the
risk factors for secondary CNS involvement include
the following parameters in descending order: ECOG
performance status > 2 (OR = 15.6, 95% CI (4.6;
52.7)), HIV infection (OR = 12.9, 95% CI (2.3; 73.4)),
age over 60 years (OR = 10.2, 95% CI (3.8; 27.3)),
history of chronic kidney disease (CKD) (OR = 4.7,
95% CI (1.8; 12.5)), as well as > 2 extranodal sites
(OR = 4.4, 95% CI (2.1; 9.4)).

In the studied cohort of patients, the develop-
ment of secondary CNS involvement in DLBCL was
observed only in patients with stages III-IV of the
disease (p = 0.013), who in more than half of the
cases had > 2 extranodal sites (p < 0.001). All this
indicates that tumor cells of lymphoma in case of
secondary CNS involvement already at the time of
lymphoma diagnosis have a great potential both for
spreading by the lymphatic system and for dissemi-
nation to other tissues and organs.

Laboratory risk factors for secondary CNS
involvement in DLBCL in the analyzed cohort
included high Ki-67 expression (>75% positive tumor
cells) (OR = 6.0, 95% CI (2.5; 14.5)), non-GCB sub-
type of lymphoma (OR = 3.2, 95% CI (1.5; 6.9)), as
well as the presence of anemia (OR = 2.1, 95% CI
(1.0; 4.3)). The latter indicates a greater proliferative
potential of the tumor in comparison with cases of
systemic DLBCL without CNS involvement.

In DLBCL and PCNSL with secondary CNS
involvement, the manifestations of the disease had
their own characteristics, which are summarized
below.

In PCNSL, there were no cases with lesions of the
spinal cord (p = 0.008) or cranial nerves (CN)
(p = 0.018), and only a few patients had involvement
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OBCYXJIEHUNE

IIpoBesienHast paboTa SIBJISIETCS IEPBBIM CHCTEM-
HBIM OTEUECTBEHHBIM HCCJIEIOBAHUEM YaCTOThI W
KJIMHUKO-/1a00paTOPHOU XapaKTEPUCTUKHU IMalieH-
ToB ¢ JIBKKJI, uMeromnux BoBJIeUeHUE B OITyX0JIE€BBIN
nporecc [THC.

B smoxy npuMeHeHusA puTyKcumaba 4—5 % maiu-
eaToB c¢ cucremHou JIBKKJI mmeroT penuamBbl B
I[MHC, mpu 3TOM IPOTHO3UPOBAHUE PHCKA PELUUBA
JBKKJI B ITHC u oT60p manueHTOB /I arpPecCUB-
HOTO MPOUIIAKTUUECKOTO JIEUEHUS OCTAETCSI CJIOK-
Hou 3amaveit. C momonisro MITU-ITHC moskHO ompe-
JIeJINTh TPYHIy IOBBIINIEHHOTO PHUCKA C YacTOTOHU
peuuzmBa oT 10 10 12 %. HecMmoTpsa Ha TO, UTO, MO
JIAaHHBIM PsIJIa aBTOPOB, ITOJIOBUHA COOBITHI ITPOUC-
XOJIUT CPEJIU MAIlMEHTOB CO CPEHUM M Ja)Ke HU3-
kuM puckom o [THC-MIIU [14], B HallIeM HcCIIe10-
BaHUU IIOATBEPIKJIAETCSI IIPOTHOCTHYECKAS IIeH-
HOCTh JJAaHHOTO WHeKca. Tak, Bce mamueHThl ¢ BTO-
puuabiM BoBisiedeHueM ITHC npu JIBKKJI otHOCH-
JIMCh K TPyHIlaM CpPEIHEr0 M BBICOKOTO PHCKa
(p = 0.007).

B 1esioM B aHATMBUPYEMOU BBIOOPKE CPEIU KITH-
HUYECKHUX XapAKTEPUCTHUK MMAI[UEHTOB C CHCTEMHOU
JBKKJI Ha MOMEHT AUArHOCTUKU 3a00JIeBaHUSA K
¢axropam pucka BropuuHoro mnopaxkenus ITHC
MOKHO OTHECTH CJIEAYIONIHE [IapaMeTPhI B TIOPSIIKE
yobiBanusa 3Hauumoctu: cratyc ECOG 2 u Gosee
(Ol = 15.6, 95% AU (4.6; 52.7)), uHPUITUPOBAH-
Hoctb BUY (OIII = 12.9, 95% AU (2.3; 73.4)), BO3-
pact crapuie 60 jer (OI = 10.2, 95% AU (3.8;
27.3)), XxpoHuueckasi 60se3Hpb nouek (XBII) B anHam-
Heze (OIII = 4.7, 95% I (1.8; 12.5)), a Tak:Ke HAJIH-
yue 2 u 60siee SKCTPAHOAATBHBIX 0UaroB JIMM(OMBbI
(OII = 4.4, 95% JI11 (2.1; 9.4)).

B usyuyaemoii KoropTe OOJILHBIX Pa3BUTHE BTO-
puunoro Bosseuenus: [THC npu JIBKKJI Habsroma-
JIOCh UMb y anueHToB ¢ [I1-IV craauamu 3abosie-
BaHUA (p = 0.013), KOTOpBIE OOJIee YeM B ITOJIOBUHE
CJIydaeB UMesH 2 U 60jiee SKCTPaHOJAIBHBIX Oouyara
pocta (p < 0.001). Bce 3TO CBUIETEIBCTBYET O TOM,
YTO OITyXOJIEBBIE KJIETKU JIUMGPOMBI B CJIyJasx BTO-
puuHoro BossedeHus [JHC yxe Ha MOMEHT JUATHO-
CcTUKU JUMGOMBI 00J1a/Taf0T OOJIBIIIUM ITOTEHITHA-
JIOM KaK K TeHepaJu3alud 10 JUMQPATHIECKOU
cucTEMeE, TaK U K JINCCEMHUHAIUHU T10 IPYTUM TKaHAM
¥ OpraHaM.

K sraboparopHbIM (hakTOpamM pHCKa BTOPUYHOTO
Bosieuenus 1IHC mpu JIBKKJI B anamusupyemoit
BBIOOPKE OTHOCUJTHCH dKcrpeccus Ki-67 B 6os1ee uem
75 % ormyxoseBbix kietok (OI = 6.0, 95% /U (2.5;
14.5)), UMMYHOTHCTOXUMHUYECKUH IOATHII OIyXOJIU
nonGCB (OIll = 3.2, 95% AU (1.5; 6.9)), a Takxke
Hanuune anemuu (OII = 2.1, 95% AU (1.0; 4.3)).

of the meninges (p < 0.001), and always in combina-
tion with lesions of brain tissue, among which soli-
tary sites predominated (p = 0.020).

In the analyzed cohort with DLBCL in PCNSL,
predominantly fronto-parietal localization of tumor
sites was found (93.6%, p < 0.001), which is consis-
tent with the literature data [17]. Also, in this sub-
group in comparison with secondary CNS involve-
ment in DLBCL, data were obtained on a higher fre-
quency of thalamic lesions (5.7 times, p = 0.043),
which may be associated with a more strong blood
supply to this region [17, 18].

In patients with secondary CNS involvement,
14.3% of patients had spinal cord lesions, and 11.4%
of patients had cranial nerves lesions, solitary and
multiple tumor sites in brain tissue occurred with
almost the same frequency (31.4% and 34.3%,
respectively), and in half of the cases there was
involvement of the meninges, often as the isolated
leptomeningeal forms (34.3%). According to the lit-
erature, since the inclusion of rituximab in the treat-
ment regimens for systemic DLBCL, there has been a
decrease in the incidence of meningeal involvement
in secondary CNS lymphoma [4].

In the literature, there are indications of a lower
incidence of compression of brain tissue in CNS lym-
phomas in comparison with non-hematopoietic CNS
tumors [19]. According to the results of an MRI of
the brain in PCNSL, more often than in a secondary
involvement, the midline shift and perifocal edema
of brain matter are described. This fact, along with a
tendency towards a higher incidence of development
in PCNSL, in comparison with the secondary CNS
involvement in DLBCL, generalized seizures, dizzi-
ness, emotional and volitional and cognitive disor-
ders, as well as paresis and palsy of extremities, along
with speech disorders, may indicate a higher rate of
tumor growth in PCNSL. This assumption is sup-
ported by the observation that, while in PCNSL, the
two-thirds of patients (65.7%) had high expression of
the cell proliferation marker, Ki-67 (>75% positive
tumor cells), in secondary involvement, less than the
half of patients (48.0%); and the average tumor vol-
ume in PCNSL 3.7 times exceeded that in secondary
involvement (p < 0.004).

The lower frequency of verification of anemia,
thrombocytopenia, increased levels of alkaline phos-
phatase, LDH, as well as acute phase reactions (hyper-
fibrinogenemia, elevated CRP and ESR) in PCNSL, in
comparison with systemic DLBCL and DLBCL with
secondary CNS involvement, can be explained by the
location of tumor beyond the barrier.
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ITocnenHee cBUAETENBCTBYET O OOJIBIIIEM IIPOJIH(de-
paTUBHOM TIIOTEHIIHAJe OIYXOJW B CPAaBHEHUH CO
cayuyasmu cuctemuo JIBKKJI 6e3 Boeieuenust ITHC.

ITposiBienuss 3abosieBaHUA IIpU  BTOPUYHOM
BoBsieueHuu ITHC mpu JABKKJI u IVIITHC umenu
CBOU 0COOEHHOCTH, KOTOPBIE CyMMHUPOBAHBI HITKE.

[Tpu IIJILTHC He 6bLI0 BBIABJIEHO CIIydaeB Iopa-
JKEHUsI CIIMHHOTO Mo3Ta (p = 0.008) MK Y4eperHo-
Mo3roBbix HepBoB (UMH) (p = 0.018), a BoBIeUeHHE
000J109€eK MO3Ta HMEJIH JIUIITh eJITHHUYHbIE OOJIPHBIE
(p < 0.001) 1 Bcerga B COYETAHUU C MOPAKEHUEM
TKaHU MO3Ta, CPeIN KOTOPBIX IPe0o0JIalaii COJIU-
TapHbIe o4yaru (p = 0.020).

B ananusupyemoii Beibopke naireHTos ¢ JIBKKJT
rpu [IJIITHC 6pu1a 0O6HApy?KeHA TPENMYIIECTBEHHO
JI0OOHO-TEeMeHHAs JIOKATN3aHA OIyX0JIEBBIX 0YaroBs
(93.6 %, p < 0.001), 4TO coTJiacyeTcsl B JaHHBIMU
sutepatypel [17]. Takke NOJy4eHBI CBENEHUS O
0oJIBIIIEN YACTOTE B JAHHOU IO/ITPYIIIIE B CPABHEHUH
¢ sropuuHbIM nopakenrem [ITHC npu JIBKKJI mopa-
JKeHHsA TajaMyca (B 5.7 pas3a, p = 0.043), YTO MOKeT
OBITH CBsI3aHO C O0JIee MHTEHCUBHBIM KPOBOCHAOXKeE-
HHUEM JaHHOU obJjactu [17, 18].

Y 6ospHBIX ¢ BTOpUYHBIM BoBieuenuem [[HC
TopakeHue CIIMHHOTo Mo3ra uMmenu 14.3 %,a YMH —
11.4 % TAIUEHTOB, COJIUTAPHbIE U MHOKECTBEHHBIE
OYary OIyXOJIU B TKAHU MO3Ta BCTPEUYAIIUCH C IIOYTH
OAMHAKOBOM dYacToTou (31.4 W 34.3 % COOTBeT-
CTBEHHO), & TAK)Ke B IIOJIOBUHE CJIyYaeB UMeJIO MECTO
BOBJIeUeHHE 000JIOUEK, 3a4ACTYIO0 B BHUJIE U30JIHPO-
BaHHBIX JIENITOMEHHUHTeaTbHbIX (opMm (34.3 %).
CorylacHO JIUTEpPATypHBIM JIAHHBIM, C MOMEHTA
BKJIIOUEHUs PUTYKcrMaba B IPOTPAMMBI TepaITHH
cucremuorn JIBKKJI wabGiromaercss  CHIDKEHIE
YacTOThl BOBJIEUEHUsI 00OJIOUEK MO3Tra B CJIydasix
BropuuHoro nopaxkeunu I[THC npu tumdome [4].

B nurepaType mMeroTcs yKa3aHHA O MeHbIIEH
JacToTe KoMmIipeccuu mo3sra npu sumdomax [THC B
CPaBHEHHH C HE TEeMOIOSTHYECKUMH OITYyXOJISIMU
IHC [19]. Ilo pesyapratam MPT-uccienoBanus
rosoBHoro mo3ra npu [IJITTHC vamnie, uem opu BTO-
PHUYHOM IMOPAKEHUU, OMKCAHBI CMEIEHNEe CPeUH-
HBIX CTPYKTYP U NHepUGOKATBHBIN OTEK BeIecTBa
TOJIOBHOTO MO3ra. ATOT (PaKT HAPsAY C TeHIeHIuer
K Oosbiielt yacrore paspurtus mpu [IJIITHC, B cpas-
HEHUU ¢ BTOpUYHBIM BojeueHuem I[[HC npu
JBKKJI, reHepain30BaHHBIX CYZOPOT, T'OJIOBOKDPY-
JKeHHsA, DMOIMOHAIBHO-BOJIEBBIX U KOTHUTHBHBIX
HapYIIEHUH, a TAaKKe MTape30B U Napainyell KoHeY-
HOCTEeH, HapsAy ¢ HAPYIIEHUsAMU PeYr, MOXKET CBU-
JIeTETBCTBOBATh O OOJIBIIEH CKOPOCTH pPOCTA OITy-
xosiu nipu ITJITTHC. /lanHOe mpejnosioKeHue IOo/I-
KperuisieTcs: HabumoienneM, uto eciau mpu [IJIITHC
BBICOKYIO 9KCIIPECCUI0 MapKepa KJIETOYHOH IpOJIu-

Patients with PCNSL, compared with both
patients with systemic DLBCL and with secondary
involvement, were more likely to have a history of
other malignant neoplasms (3.5 times), diffuse
and nodular goiter (5.1 times), hypertension (2.2
times) and chronic kidney disease (6.8 times),
which is difficult to explain by the age factor. Thus,
patients older than 60 years were the most numer-
ous in the DLBCL group with secondary CNS
involvement in comparison with the groups of
patients with systemic DLBCL (p < 0.001) and
PCNSL (p = 0.004). At the same time, there were
no differences in the frequency of detection of
comorbidities in the DLBCL group with secondary
CNS involvement, and systemic DLBCL or PCNSL,
with the exception of CKD.

The data obtained are explained by the fact that
blood-brain barrier (BBB) permeability increases
in various pathological processes (autoimmune,
infectious, and paraneoplastic) [20]. And, first of
all, this takes place in tumors [21]. Thus, with sys-
temic DLBCL, all patients should have an increase
in BBB permeability. Following processes of dis-
semination and growth of lymphoma in the CNS,
apparently, are due to the peculiarities of biology,
the properties of the malignant lymphocytes them-
selves.

For the development of PCNSL, apparently, a
certain provocative factor is needed that temporar-
ily or long-term disrupts the BBB, which may be
the previous comorbidities. In addition to malig-
nant neoplasms [21], the BBB permeability increas-
ing is associated with arterial hypertension. One of
the most important factors in this process is vascu-
lar remodeling and inflammatory reactions in
hypertensive patients [22]. The development of
BBB dysfunction was also shown in patients with
CKD. Even at an early stage of CKD, oxidative
stress and inflammation lead to vulnerability of the
cerebral endothelium, which, in turn, compro-
mises the BBB integrity and facilitates the entry of
leukocytes and uremic toxins into the CNS [23]. It
is also known that thyroid hormones are trans-
ported across the blood-brain barrier by means of
special carrier proteins. They are vital for the
development and normal functioning of the CNS
[24], and patients with hypothyroidism have BBB
dysfunction [25].

Due to the rarity of both PCNSL in the population
(about 5% of all CNS tumors and 1-2% of lympho-
mas) and secondary CNS involvement in DLBCL,
there are currently virtually no randomized trials for
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depannu Ki-67 B 60J1ee uem 75 % KIIETOK UMEJTH JIBE
TpeTHu nanueHTos (65.7 %), TO IpyU BTOPUIHOM IIOpa-
JKEHUH — MeHee II0JIOBUHBI 00JbHBIX (48.0 %), a
cpenuil 06bem omyxosu nipu [IJIITHC B 3.7 pasa
MIPEBOCXOUJI TAKOBOH MIPHU BTOPUYHOM TTOPAKEHUH
(p < 0.004).

MesbI1as 9acToTa BepuUKAIIN aHEMIIECKOTO
CUHZIPOMa, TPOMOOIIUTOIIEHUH, TIOBBIIIIEHUS YPOBHSI
@, JIAT, a Takske ocTpoda30BBIX peaKnui (rumep-
¢pubpuHOreHeMuH, oBbieHus yposHs CPb u COJ)
npu IIJIITHC B cpaBHenuu ¢ cucremuou JIBKKJI u
JBKKJI ¢ BropuuyubiM BoBjieueHnuem [[THC mosker
OBITh OOBsACHEHA 3a0apbePHBIM PaCIOJIOKEHUEM
OILYXOJIU.

[TanuenTs! ¢ IIJIINHC B cpaBHEHUH KaK € 00JIb-
veiMu cucteMHOU JIBKKJI, Tak ¥ ¢ BTOPHUYHBIM
MOpa’kKeHUEeM Yallle UMeJIN B aHaMHe3e JpyTue 3J10-
KayecTBEHHbIe HOBOOOpaszomBaHus (B 3.5 pasa),
nuddy3HbIN y3710BOH 300 (B 5.1 pasa), THIIEPTOHU-
yeckylo 0osie3Hb (B 2.2 pasa) U XpOHUYECKUE
6oJs1e3HU TTOYeEK (6.8 pasza), UTO CJI0KHO OOBACHUTH
BO3pacTHBIM (akTopoM. Tak, MmarueHTHl cTapIIe
60 JieT ObLTM HanboJIee MHOTOUUCIEHHBI B TPYIIIIE
6osmpabIx JIBKKJI ¢ BTOPHYHBIM BOBJIEUEHUEM
IHHC B cpaBHeHUM c rpylmnaMu IaIUEeHTOB C
cucremuou JIBKKJI (p < 0.001) u IIJIITHC (p =
0.004). IIpu 3TOM pa3JIUYUU IO YACTOTE BBHIABIIE-
HHS CONYTCTBYIOIEN nmatosoruu B rpymme JIBKKJI
¢ BropuuyHbIM BoBjieueHueM IIHC m cucremHo#
JOBKKJI wnau IIJIITHC BhIssBIE€HO He OBLIO, 3a
uckirouyenueMm XbBII.

[TonyueHnHble JaHHBIE OOBACHAIOTCA TEM, UTO
IIPOHUIIAEMOCTb FreMaTosHIIe(daTnIecKoTo bapbepa
(I'9B) mpu pasyJIMYHBIX MMATOJOTHYECKUX IPOIEC-
cax (ayTOMMMyHHBIX, HHGEKIIUOHHBIX U MTapaHeo-
IUTACTUYECKUX) THoBbImaercsa [20]. M, B mepByio
oyepeJib, MPOUCXOJAUT 3TO IPHU OMyXoJyax [21].
Takum obpazom, mpu cucremuoi JIBKKJI mosbimie-
HUe mnpoHurnaemMoctu ['9B O/KHBI HUMETh Bce
manueHTsl. JlaspHelIe ke Mpolecchl JUCCeMU-
HaIluM W OmyxoJieBoro pocra yiuMmdomsl B I[HC,
[I0-BUIUMOMY, 00y CIJIOBJIEHBI 0COOEHHOCTAMHU OHO-
JIOTHH, CBOMCTBAMU CAMUX 3JI0KAYeCTBEHHBIX JIUM-
¢onuTos.

s passutus ke IIVILTHC, mo-BuuMomy, HeOO-
XOJIUM HEKHUU <«IIPOBOIUPYOINNN (akTop», Bpe-
MEHHO WJIM JIOJITOCPOYHO JAe30praHu3yninui ['9b,
KOTOPBIM U MOTYT CTaTh IPEJIIECTBYIOIIE KOMOP-
O6upHBIEe CcOCTOAHUA. IIOMHUMO 3J7I0KaUeCTBEHHBIX
HOBOOOpazoBaHui [21], mpoHumaeMocTs ' OBHI-
maercsi Ha (OHe apTepUaANbHOU THUIIEPTEH3UU.
OpHuM U3 HauboJsiee BAXKHBIX (DAKTOPOB B 3TOM IIPO-
mecce ABJIAIOTCA PEMOJIEJINPOBAHUE COCYAUCTOU
CTEHKH U BOCIIAINTEJIPHBIE PEAKIIUY Y TAIEHTOB C

the treatment of these pathologies [1]. The conse-
quence of this is the lack of standards of treatment.
The analysis of therapy in the study group showed a
low remission rate in both groups: 44.8% in PCNSL
and 35.3% in secondary CNS involvement in DLBCL.
At the same time, in terms of the overall survival
rate, PCNSL seems to be a more favorable pathology
(p = 0.051) compared to DLBCL with secondary CNS
involvement, which is consistent with the literature
data[1, 4].

CONCLUSION

We analyzed data on the incidence and clinical
and laboratory characteristics of DLBCL patients
with PCNSL and secondary CNS involvement.

The results obtained confirm the importance of
the CNS-IPI as a tool in the work of a hematologist
to determine the group of patients who need pre-
vention of CNS relapse in DLBCL. The new data
on a higher incidence of arterial hypertension,
kidney and thyroid pathology in the group of
patients with PCNSL compared with the groups of
patients with systemic DLBCL can be explained by
BBB dysfunction in these diseases, but require
further study.

The results of treatment of patients with second-
ary CNS involvement currently remain extremely
unsatisfactory, often due to the impossibility of
intensifying therapy due to pretreatment, concomi-
tant diseases and chemoresistance. The problem of
seeking for new, less toxic and more effective treat-
ment regimens for PCNSL remains relevant, espe-
cially for patients of older age groups.
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TUIIEPTOHUYECKON Oosie3Hblo [22]. [TokazaHo pas-
putre auchyukiuu I'9b m y mamuentos ¢ XBII.
Hake Ha panHei craauu XbI1 okcuIaTUBHBINA CTpece
U BOCHAJIEHUE TMPUBOJAT K ySI3BUMOCTH 3HJIOTEJIHS
KPOBEHOCHBIX COCY/IOB MO3Ta, UTO, B CBOIO OUEPEb,
CTaBUT IOJ] YIpo3y LesIocTHOCTh I'9B u obieryaer
MPOHUKHOBEHUE JIEUKOIUTOB U YPEMUUYECKUX TOK-
cunoB B [THC [23]. VI3BeCTHO Tak»e, YTO TOPMOHBI
IMUTOBUTHON JKeJIe3bl TPAHCIIOPTUPYIOTCS Yepe3
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reMaTosHIedaTnIecKul 6apbep IOCPEJICTBOM CIie-
[HAJIBHBIX OEJIKOB-TIEPEHOCYUKOB. OHHU JKU3HEHHO
HEOOXOAMMBI JIJIS1 PA3BUTHS U HOPMAJIBHOU pPabOThI
ITHC [24], a nme3opranusamnuo ['9b uMeroT namu-
€HTBI C TUTIOTUPEO30M [25].

ITo mpuumnne penkoctu kak [IJINHC B nomysnsa-
nuu (oxosio 5 % ot Beex omyxosiedr [ITHC u 1—2 % ot
grics1a TUMGOM), TaK U CJIy9aeB BTOPUIHOTO BOBJIE-
yenus [THC npu IBKKJI B HacTosAIIlee BpeMsI IIPakK-
TUYECKH He IIPOBeIeHO PaHJOMU3UPOBAHHOIO
HceIeIoBaHUA 110 JIEUEHUIO JaHHBIX ITaTOJOTHH [1].
CrieicTBHEM BTOTO SIBJISIETCSI OTCYTCTBHE OOIIEIPHU-
HATBIX CTAHAAPTOB JleueHUs. AHaJIN3 Tepanuu B
TpylIle HCCJIe0BAHUA IOKa3aJl HUBKYI YaCTOTY
JIOCTHKEHUsI PEMHUCCUH B 00enx rpymmnax: 44.8 %
npu IIVIITHC u 35.3 % npu HaIUYNU BTOPUYIHOTO
nopakeHuss 1JHC npu /IBKKJI. Bmecre c Tem B
oTHOIIIeHUH 001el BbikuBaemoctu IIJIITHC mpex-
CTaBJIAIOT cO00H, mo-BUAMMOMY, Oosiee Girarompu-
SITHYI0 TATOJIOTHIO (P = 0.051) 10 CPAaBHEHUIO C
JBKKJI ¢ BTOpUYHBIM BOBJIEUEHUEM B OIYXOJIEBBIN
mporiecc ITHC, uTo corsacyercs ¢ JaHHBIMY JINTEPA-

TypHl [1, 4].

3AK/IOYEHUE

Hamu mpoanan3mupoBaHbl JAHHBIE TI0 YACTOTE U
KJIMHUKO-JIAD0OPAaTOPHOU XapaKTEPUCTHUKE IMaIlhueH-
ToB ¢ JIBKKJI, umeromux ITJIITHC u BTOpHUUYHOE
BOBJIEUEHUE B OITyXx0s1eBbIH mporiecc ITHC.
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Ho3zoJsiornueckuii 1 MeJUKO-3KCIIEPTHBIN aHAJIU3
MaTepHHCKON cMepTHOCTU B TypkecTaHCKOM 00J1aCTH
Pecniyosinku Kazaxcran

H.A. Kymanazapos?, A.Il. Hazees?, E.H. [lapmeHnos?

MexcOyHapoOHblil kazaxcko-mypeuxuil ynugepcumem um. Xooxcu Axmeda fAcasu, 2. Typkecman,
Pecnybauxa Kazaxcma

2@I'OY BO «Hosocubupckuil 2ocydapcmeeHHbiil meduuuHckuil yHusepcumem» Munsopasa PO,
Hosocubupck, Poccus

SHAO «Meduyunckuil yHugepcumem Kapaeanovt», 2. Kapazanda, Pecnybauxa Kazaxcmaw

AHHOTAIIUA

BBegenue. YpoBenb marepuHckoil cmeprHOcTH (MC) fIBjIsIeTCS HENOCPEICTBEHHBIM WHIUKATOPOM KadyecTBa
paboThI CHCTEMBI 3/TPABOOXPAHEHUS], IPEK/E BCETO aKyIIEPCKO-THHEKOJIOTUYECKOH CIIyKOBI, U B TO K€ BpEMsI TI03BOJISET
CYZIUTH O COI[UATHLHO-3KOHOMUYECKOM Pa3BUTHU CTPAHbI WU PETUOHOB.

Ifenp mccaenqO0BaHUSA: aHAIU3 OCHOBHBIX NpuurH MC U CTPYKTYpHI /1eDEKTOB B KaUeCTBE OKa3aHUs Me/IH-
IIMHCKOH MOMOIIU HacesieHuIo TypkecTaHCKol obsiactu Pecnybsiviku KazaxcraH.

MaTepuaabl U MeTO/bl. VceienoBanue ObLIO BBITOJHEHO B 2020 T. HA MaTepuasie 16 IaToIoroaHaTOMUuYe-
CKHUX BCKPBITHUHU, NPOBeAeHHBIX HA 6a3e TypkecTaHCKOro 00JIACTHOTO IATOJIOTOAHATOMUYECKOTO OI0pO M JabopaTopuu
maromopdosioruu  KIIMHUKO-ZITUarHOCTUYECKOTO IleHTpa MeK/[yHapOAHOTO Ka3aXCKO-TYPEIKOIO YHHBEPCHTETA HM.
Xomxu Axmena fIcasu (Pecny6srika Kazaxcran). VICosib30Basicsi KOMILUIEKC COBPEMEHHBIX METO/IOB HCC/IeIOBAHUS: TIATO-
JIOTOAHATOMHYECKUN, MEUKO-CTATUCTUYECKHE U PETPOCIIEKTHBHBIH.

PesynabTarts . OCHOBHBIMU ITlepBOHaYaIbHbIMU TpuunHamu MC B Pecniy6iinike KazaxcraH B mepruos 2015—2020 IT.
SBUJIUCh DKCTPAareHUTaIbHbIE 3a00JIeBaHUs, aKyIIEPCKHE KPOBOTEUEHHUS, IPEIKIAMIICHS U SKJIAMIICUs, CENTHUYECKUE
nHOPEKIUN U OCIOKHEHUsT abopToB. B CTPyKType medeKToB MeTUIMHCKON MOMOIIHN mpeobiafan AedeKThl JedeHus
(47.2 %). B 31.5 % ciiyuaeB ©MeIU MECTO Jie(PeKThI IUATHOCTUKY, B 23.6 % HaOJII0/IEHUI OTMEeYasioch HEITOJTHOE 00CIIe/0-
BaHUe OOJIBHBIX, B 7.9 % — HEMIPAaBUJILHOE WJIM HECBOEBPEMEHHOE YCTAHOBJIEHHE AquarHo3a. Opranu3auoHHble e(eKTh
IIPU OKa3aHUU MEIUIIMHCKOMN IIOMOIIY HAOJII0AINCh B 6.3 % ciiydaeB. B 15.0 % ciiyuaeB /1eeKThl KauecTBa OKa3aHUs
MeJTUITUTHCKOHN TIOMOIIH OTCYTCTBOBAJIU.

3aKJI0OUYeHUe. AHaIU3 BBISBJIEHHBIX /IePEKTOB KauecTBa OKa3aHUSA MEIUIIMHCKON MOMOIIU MTO3BOJIUT OpraHaM
371paBooxpaHeHus KazaxcraHna yayqinTh KaUecTBO OKa3aHus JIe4eOHO-TTPOPUITaAKTHIECKOH ITOMOIIH GEPEMEHHBIM KEH-
IIMHAM.

Karoueenble cao8a: MaTepruHCKasi CMEPTHOCTD, TIEPBOHAYAIbHbIE IPUYHHBI CMEPTH, JAedEKThl OKa3aHUs MEIUITTHCKON
nomoIiy, r. TypkecraH.
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Nosological and medical analysis of maternal mortality
in the Turkestan Region of the Republic of Kazakhstan

N.A. Zhumanazarov', A.P. Nadeev?, E.N. Darmenov3

‘Akhmet Yassawi International Kazakh-Turkish University, Turkestan, Republic of Kazakhstan
2Novosibirsk State Medical University, Novosibirsk, Russia

sKaraganda Medical University, Karaganda, Republic of Kazakhstan

ABSTRACT

Introduction. The maternal mortality (MM) rate is a direct indicator of the quality of the healthcare system,
primarily the obstetric and gynecological services, and at the same time makes it possible to judge the socio-economic
development of a country or regions.

Aim. An analysis of the main causes of MM and the structure of defects in the quality of medical care to the population
of the Turkestan Region of the Republic of Kazakhstan.

Materials and methods. The study was carried out in 2020 based on the material of 16 autopsies per-
formed at the Turkestan Regional Anatomic Pathology Bureau and the Laboratory of Pathomorphology of the Clinical
Diagnostic Center of the Akhmet Yassawi International Kazakh-Turkish University (Republic of Kazakhstan). A complex of
modern research methods was used: pathoanatomic, medical-statistical and retrospective.

Results. The main primary causes of MM in the Republic of Kazakhstan in 2015—-2020 were extragenital pathology,
obstetric hemorrhage, preeclampsia and eclampsia, septic infections and complications of abortions. In the structure of
medical care defects, those of treatment prevailed (47.2%). In 31.5% of cases, there were diagnostic defects, in 23.6%
incomplete examination of patients was noted, in 7.9% — incorrect or untimely diagnosis. Organizational defects in the
provision of medical care were observed in 6.3% of cases. In 15.0% of cases, there were no defects in the quality of medical
care.

Conclusion. Theanalysis of the identified defects in the quality of medical care will allow the healthcare authorities
of Kazakhstan to improve the quality of medical and preventive care for pregnant women.

Keywords: maternal mortality, primary causes of death, defects in the provision of medical care, city of Turkestan.

Citation example: Zhumanazarov N.A., Nadeev A.P., Darmenov E.N. Nosological and medical analysis of
maternal mortality in the Turkestan Region of the Republic of Kazakhstan. Journal of Siberian Medical Sciences.
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BBEJAEHUE

OO61ue mokazaTenu pokaaemMoctu B Kazaxcrane
3HAYUTEIBHO CHUBWIHNCH B 19Q0-€ IT., JOCTUTHYB
MHUHUMyMa B 1999 T., KOTJa YHCJIO POIUBIITHXCS
cokpaTwioch Ha 38.4 % 1Mo cpaBHEHUIO C 1991 T., a
obmui KoadUIUeHT porkaaeMocTu (Ha 1000 Ye.
HaceJleHUs]) — Ha 32.1 %. B mocienayroriye Tozb
YHCJIO POJUBIIUXCS IOYTH €3KETOJHO YBEJTUUHMBA-
JIOCh, U B 2016 T. B CTPAHE POJITUIIOCH CBHIIIIE 400 ThIC.
yes1. (Ha 84.2 % Gosiblile, ueM B 1999 1.). B 2018 1.,
OTHAKO, POXKIAEMOCTh, YBEJIWYUBIIUCH, TEM He
MeHee He JIOCTUIJIA YPOBHA 2014—2016 rr. Benn-
yuHa ob0miero koaddUIHeHTa  POXKIAEMOCTH
JIOCTHITJIA MaKCUMyMa B 2014 T. (23.1 %o). B mocJie-
JIyIOIlIe To/Abl OHA OblIa HECKOJIBKO MEHBIIE, B
2017-2018 IT. — caMOU HU3KOH 3a Iepuoy, c 2008 T.
[1]. B aTO¥# cBSI3U aKTyaJIbHBIM SIBJISIETCS HE TOJIBKO
TIOBBIIIIEHNE POXKAEMOCTH, HO U CHIKEHHE TTOKa3a-
TeJiel MaTEPUHCKOHN U MJIa/IEHUECKOU CMEPTHOCTH.

INTRODUCTION

Total fertility rates in Kazakhstan declined sig-
nificantly in the 1990s, reaching a minimum in 1999,
when the number of births decreased by 38.4% com-
pared to 1991, and the total fertility rate (per mille) —
by 32.1%. In subsequent years, the number of births
increased almost annually, and in 2016 more than
400 thousand people were born in the country
(84.2% more than in 1999). However, in 2018 the
birth rate having increased, nevertheless did not
reach the level of 2014—2016. The value of the total
fertility rate gained its maximum in 2014 (23.1%). In
subsequent years it was slightly less, in 2017-2018 —
the lowest since 2008 [1]. In this regard, it is relevant
not only to increase birth rate, but also to reduce
maternal and infant mortality rates.

Maternal mortality (MM) is the tip of the iceberg
of maternal morbidity, and for every woman who
dies, there are many other women who survive, but
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Marepunckas cmeptHOcTh (MC) sBIsieTcss Bep-
XYIIIKOU aiicbepra MaTepUHCKOM 3a00J1eBa€MOCTH, U
Ha OJ[HY JKEHIIUHY, KOTOpas yMUPAET, IPUXOIUTCS
MHOKECTBO JPYTUX KEHIUH, KOTOPblE BHIKHBAIOT,
HO YaCTO OCTalOTCsI OOJIbHBIMH Ha BCIO OCTaBIIIYIOCS
JKU3Hb [2]. YpoBeHb MC sIBJIsieTCS HEMOCPECTBEH-
HBIM HWHAKATOPOM KauecTBa pabOThl CHUCTEMBI
HAIMOHAJIBHOTO 3/[DABOOXPAHEHUSI U IO3BOJISIET
CYyZIUTh O COIHMAJbHO-3KOHOMUYECKOM pa3BUTUH
CTpaHbI WU PETUOHOB [3, 4].

Onenka MC saBiisieTcsd CIO0KHOU 3ajlaued U3-3a
OTpAaHUYEHHOHW JIOCTYITHOCTUA JIAHHBIX, U JIaKe
CTpPaHbl C XOpONIO (PYHKIIMOHUPYIOIIEH CHCTEMOU
perucTpanuy akTOB TPa’KJAHCKOTO COCTOSTHUS U
CTAaTUCTUKKA E€CTECTBEHHOI'O [BMKEHUs HaceJIeHUs
HCIBITBIBAIOT TPYAHOCTH M3-3a OIIMOOK B JMATHO-
CTHUKE W KOAUPOBAHUM MPUUYUH CMEPTH B COOTBET-
cTBUM C Kiaccudukaiue, npexe scero MKb-10, B
BBISICHEHU U IPUYUH MAaTEPUHCKON CMEPTHOCTH.

CyIIiecTByIOIIas CUCTEMA CTATHCTHYECKOTO yUeTa
¥ aHaJIN3a NEePBOHAYAIBHBIX NMPpUYUH MC mpuHH-
MaeT BO BHUMAaHUE JIUIIb OJHY OCHOBHYIO IIPUYNHY
cmeptu (OCHOBHOE 3a00JIeBaHME), asKe TIPU HaTHU-
UYMW OYEBHJIHBIX MHOXKECTBEHHBIX (KOHKYPHUPYIO-
IUX WIA COYETAHHBIX) KOMOPOUJIHBIX COCTOSHUM,
HEPEIKO OKA3bIBAIOIIUX CYIIIECTBEHHOE BIMSHUE HA
WCXOJ| JIUIS SKeHIIUHBI [5]. BbizeneHue mepBoHa-
YaJIbHOU MpuunHbl cMeptu npu MC mpejicTaBiser
0CcOo0yI0 TPYZHOCTh B CJIydasix OCJIOKHEHHBIX Gepe-
MEHHOCTH U POJIOB, COITPOBOKAIOIIHIXCS CJIOKHBIM
KOMILIEKCOM B3aHMOCBS3aHHBIX I1aTOJIOTHYECKHUX
COCTOSTHUM, KaK70e U3 KOTOPBIX BIMUSET Ha Mexa-
HU3M TaHaToreHe3a. AHaimu3 crpykKrypel MC 1o
€TMHCTBEHHOU yUYUTHIBAEMOU IpHUUYrHE (OCHOBHOMY
3a00JIeBAHHIO) CMEPTU HEOCTATOUEH /I PEleHUs
KJIMHUYECKUX MEIUIMHCKUX 33/1a4, ITOCKOJIbKY
JOMUHUDYIOIIKE  CHUHAPOMBI,  OIpEAeIAIoNre
JieueOHYI0 TAKTUKY U UCXO/ OEpEMEHHOCTU U POJIOB,
He Bcerga oOyCJIOBJIEHBI OJHUM IT€PBOHAYAIbHBIM
3a00JIeBaHNEM, KOTOPOE, B CBOIO OYE€pe/b, MOIKET
OBITH HE BCEI/Ia JOCTOBEPHBIM, MPEK/IE BCETO, U3-3a
BO3MOKHOM HEBEPHON KOJUPOBKU K TPAKTOBKHU
OCHOBHOH TPHUYMHBI CMEPTH, YTO HabJIrO/1aeTcs B
35—60 % ciayuaeB cmepTu [6].

Kiunnueckuii ananus ciydaeB MC u ciydaes,
€/IBa He 3aBePIINBIINXCS JIETATBHBIM HCX0/I0M (near
miss), J0oJKeH OBITH OCHOBAaH HA CHCTEMHOM aHa-
Jin3e, BKJIIOYAIOIIEM IOPOOHOE H3YYEHHE Meu-
[IMHCKOH JIOKYMEHTAaIlu|, NHTEPBbIOUPOBAHUE TIall-
WEeHTOK. Ba’KHBIM B 5TOM aHAJUTHYECKOM IIPOIlecce
SIBJISIETCS yYacTHe IMMaTOJIOT0AHATOMA, TaK KaK KBa-
JupUITUPOBAHHOE MMaTOMOP(OIOTUYecKoe ucce-
JIOBaHUE TI0C/IeJla W OIePaTUBHOTO MaTrepuasa
MMO3BOJIUT YTOYHHUTH WJIM YCTAHOBUTH OCHOBHOH

often remain ill for the rest of their lives [2]. The level
of MM is a direct indicator of the quality of the
national healthcare system and allows us to judge the
socio-economic development of a country or regions
[3, 4].

MM estimation is challenging due to limited data
availability. Countries with a well-functioning sys-
tem of civil registration and statistics of natural
migration are experiencing difficulties due to errors
in the diagnosis and coding of causes of death in
accordance with a classification, primarily ICD-10,
for determining the causes of maternal mortality.

The existing statistics and analysis of primary
causes of MM takes into account only one main cause
of death (underlying disease), even in the presence of
obvious multiple (concurrent or combined) comor-
bidities, which often have a significant impact on the
outcome for a woman [5]. The identification of the
primary cause of death in MM is particularly difficult
in complicated pregnancy and childbirth, accompa-
nied by a complex of interrelated pathologies, each of
which affects the mechanism of thanatogenesis. The
analysis of the structure of MM for the only consid-
ered cause (underlying disease) of death is insuffi-
cient to solve clinical medical problems. Since the
dominant syndromes that determine the tactics of
treatment and of pregnancy and childbirth outcome
are not always due to one underlying disease, which
may not always be reliable, primarily due to possible
incorrect ICD coding and interpretation of the main
cause of death, which is observed in 35-60% of
deaths [6].

The clinical analysis of MM cases and near miss
cases should be based on the systematic analysis,
including a detailed study of medical records, inter-
viewing patients. The participation of a pathologist is
important in this analytical process, since a qualified
pathomorphological study of the afterbirth and bio-
logical samples will allow to clarify or establish the
principal diagnosis, to identify mistakes made [6, 7].

Recognizing the problem of coding errors in
accordance with the ICD-10 system, Kazakhstan
remains one of the countries that implement special-
ized surveillance systems and conduct confidential
surveys for maternal deaths [7]. Such confidential
surveys are designed to improve maternal health and
the healthcare system as a whole and are conducted
by collecting data, identifying deficiencies in the
medical care and guidelines recommendations for its
improvement. This approach involves identifying
and investigating all cases of MM in women of repro-
ductive age using a variety of data sources, including
interviews with family members and health workers
at thelocal level, as well as analysis of data on natural
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HO30JIOTUYECKUI JUAarHO3, BBIABUTH JIOIMYIIIEHHBIE
omubku [6, 7].

[TpusnaBas nmpobyieMy OIMIMOOK B KOJUPOBAHUU B
coorBercTBuM ¢ Kiaccupukanuein MKB-10, Kazax-
CTaH SIBJISIETCA OJHOU M3 CTPaH, KOTOPHIE BHEAPSIOT
CTHEeNMATN3UPOBAHHbIE CHCTEMBI SITUHAA30PA U [IPO-
BOJIAT «KOH(UAEHIINAIbHBIE PACCIIEIOBAHUS» B OTHO-
[IEHUHN CITyYaeB MaTePUHCKOHN cMeptH [7]. Takue KoH-
(uneHIIMATEHBIE OMIPOCHI TTPeIHABHAUEHBI IS YITyd-
IIEHNS OXPAHbBI 37I0POBbsI MaTePEN U CUCTEMBI 3/1pa-
BOOXPAaHEHHS B IIEJIOM U IPOBOJIATCA IyTeM cOopa
JTAHHBIX, BBIIBJIEHUS HENTOCTATKOB B IIPEIOCTABJIsIE-
MOU MEJIUITMHCKOMN ITOMOIIU U pa3paboTKH pEKOMEH-
JIAIMHA TI0 ee YJIyYIIeHHUI0. JTOT IOAXOJ BKJIIOUAET
BBISIBJIEHUE U PACC/IeZIOBAHUE MIPUYMH BCEX CITyYaeB
MC :KeHIIUH PENPOIyKTUBHOTO BO3PACTA C FICIIOJIb30-
BaHHEM MHOXKECTBA HMCTOYHUKOB JIJAHHBIX, BKJIIOUAs
HMHTEPBbIO C WIEHAMU CEMbU U PAOOTHUKAMU 3/IPaBO-
OXpaHEeHUs Ha MECTHOM YPOBHE, a TAK)Ke aHAJIN3 JIaH-
HBIX ECTECTBEHHOT'O JIBIDKEHUS HACEJIeHHs, 00CIIeno-
BaHUM JIOMAIITHUX XO3SWCTB, 3alUCEd METUITMHCKUX
VUpPEXKIEHUN ¥ 3amucedl O 3aXOpoHeHHsaAx [8-10].
Kpowme Toro, pe3ysibTaThl KOH(PUEHIINATBHBIX OIIPO-
COB MOTYT OBITh HCITOJIb30BAHBI /Ul TIEPECMOTpa U
VIIyUIIeHUs] KJIMHUYECKUX PYKOBOJZCTB, a TAKXKe JUIA
TIO/JIEP’KKA MEPOIPUATHN, HAIPABJIEHHBIX HA IIpe-
JIOTBpAllleHe MaTEPUHCKUX cMepTei [2, 11].

BoswmuaeTBO cimyuyaeB MC ABASAIOTCA MPEAOT-
BpPaTUMBIMH, IIOCKOJIbKY HEOOXOJVMbIE METUITHMH-
CKHMe BMeEIIaTeJIbCTBA U pEeaHUMAIIOHHBIE MepOo-
pUATUA TPU KPUTUUYECKUX COCTOSHUSIX XOPOIIO
u3BecTHbI. [l03TOMY KpallHE Ba)KHO YBEJIUUYHUTH
JIOCTYITHOCTh CJIY>KO PENpOAYKTUBHOTO 3/I0POBbS
JULS 2KEHIIUH IPU 6epeMeHHOCTH, BO BPeMS POZOB U
B IIOCJIEPOJIOBBIA Tlepuoy, [4, 10, 12], mMOHUMATh
CTPYKTYPY edeKTOB KauecTBa OKa3aHUS MeIUITIH-
CKOH TIOMOIIT! B CIyYasX MAaTEPUHCKOH CMEPTH.

Crpykrypa 71leeKTOB OKa3aHHS MEJIUITTHCKON
IIOMOIIIM BKJIIOYAET iepeKThl aMOyIaTOPHOTO 3BeHa
U CTAI[OHApA, B KAXKJAOM W3 KOTOPBIX BBIABJISIOT
JlebeKThl OpraHU3aINH CITY>KObI, TUATHOCTHKH, TIpe-
eMCTBEHHOCTH U JieueHus. CTpykTypa /edekToB B
CTalMoOHApe TIpeZicTaBieHa Jedekramu  cbopa
nHOpMAaIMH; IOCTAHOBKU JIMArHO3a, JIEUYEHUs,
Mapuipytusanuy, oQGOpMJIEHUs JOKYMEHTAIlUH.
Hedextsr amOysaTopHOro srama (KEHCKOH KOH-
CyJIbTAalliK) TpeJCTaBiIeHbl JaedertamMu  cbopa
nHbopMaluu (HeKauyeCTBeHHBIM cOOPOM aHaMHe3a,
HEJIOOIIEHKOH K00 U (HaKTOPOB PHUCKA); JUATHO-
CTUKHU (HEIOJIHOW WJIM HECBOEBPEMEHHOH JIMAarHo-
CTUKOU DKCTPATeHUTATbHOU U aKyIIePCKOU MaToJI0-
TUU; HEZOOIEHKOU TSAKECTU COCTOSHUSA IMAIIEHTOK
1 o0beMa KpPOBOIIOTEPH, HEAJIEKBATHBIM BBISBJIE-
HUEM aKyIIepCKUX OCJIOKHEHUH); JeueHus (Ha3zHa-

migration, household surveys, medical and burial
records [8—10]. In addition, the results of confiden-
tial surveys can be used to revise and improve clini-
cal guidelines, as well as to support measures aimed
at preventing maternal deaths [2, 11].

Most MM cases are preventable, since the neces-
sary medical interventions and resuscitative mea-
sures for critical conditions are well known. There-
fore, it is extremely important to increase the avail-
ability of reproductive health services for women
during pregnancy, childbirth and in the postpartum
[4, 10, 12], to understand the structure of defects in
the quality of medical care in cases of maternal death.

The structure of defects in the provision of medi-
cal care includes defects of the outpatient unit and
inpatient department, in each of them defects in the
organization of the service, diagnosis, transitions of
care and treatment are identified. The structure of
defects at the hospital level is represented by defects
in the collection of information, diagnosis, treat-
ment, routing and documentation. Defects of the
outpatient stage (Women’s Health Clinics) are rep-
resented by defects in the collection of information
(deficiencies in history taking, underestimation of
complaints and risk factors); diagnosis (incomplete
or untimely diagnosis of extragenital and obstetric
pathology; underestimation of severity of a patient’s
state and the volume of blood loss, inadequate detec-
tion of obstetric complications); treatment (with
prescribing not indicated medicines or in the absence
of treatment), transition of care (lack of patients’
referral for hospitalization, documentation mainte-
nance) [6].

AIM OF THE RESEARCH

An analysis of the main causes of maternal mor-
tality and the structure of defects in the quality of
medical care for women of the Turkestan Region,
Republic of Kazakhstan.

MATERIALS AND METHODS

The study was carried out in 2020 based on the
material of 16 autopsies performed at the Turkestan
Regional Anatomic Pathology Bureau and the Labo-
ratory of Pathomorphology of the Clinical Diagnostic
Center of the Akhmet Yassawi International Kazakh-
Turkish University, the city of Turkestan. A complex
of modern methods was used for the study: patho-
anatomic, medical-statistical and retrospective. The
analysis included general clinical information (age,
basic vital signs, comorbidities), clinical, radiological
and laboratory data, as well as patient data from
electronic medical records. Samples of organ tissues
were fixed in 10% neutral buffered formalin, under-
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YeHHeM HENOKA3aHHBIX IIPeraparoB JIUOO OTCYT-
CTBUEM JIEUEHUs), TPEEMCTBEHHOCTH (OTCYTCTBHEM
HamIpaBJIeHUs] TMAIllMeHTOK Ha TOCIUTAIIN3AINIO,
odopmIeHUs TOKyMeHTaIun) [6].

HOEJIb NCCJIEJOBAHUA

AHaJIN3 OCHOBHBIX TPUYUH MAaTEPUHCKON CMEPT-
HOCTH U CTPYKTYPHI Ie(DEKTOB B KAUECTBE OKa3aHUs
MEIUITTHCKOU TTOMOIIHY JKeHITMHAM TypKeCTaHCKON
obstactu, Pecrrybsinku KazaxcraH.

MATEPUAJIBI 1 METO/AbI

UccnemoBanue OBLUIO BBIIOJTHEHO B 2020 T. HA
MaTepuasie 16 IaToJI0T0aHATOMUYECKUX BCKPBITUH,
IIpOBeIEHHBIX HA 6aze TypKecTaHCKOTO 00JIaCTHOTO
[MaTOJIOTOAHATOMUYECKOr0 OIOpo M Jabopatopuu
1aToMOop¢OJIOTHHI KImHUKO-THaTHOCTHYECKOTO
neHTpa  MeXIyHapoJHOTO  Ka3aXCKO-TYPEILKOTO
yHUBepcuTeTa uM. Xomku Axmeza fcasu (1. Typke-
cTtaH). /[ya ncesieoBaHUS HCIOIB30BAH KOMILIEKC
COBPEMEHHBIX METOJIOB: I1aTOJIOTOAHATOMUYECKIUH,
MEJIUKO-CTATUCTUYECKHE U  PETPOCHEKTUBHBIN.
B ananu3 BKJIIOYAIN OOIIYI0 KIMHUYECKYI0 HHDOP-
Maruio (Bo3pacTt, OCHOBHBIE ITOKA3aTe ! KU3He/Ies-
TEJIbHOCTH, KOMOPOUWIHbIE COCTOSIHHS), KJIMHUYE-
CKHe, PEHTTeHOJIOTUYECKHe U JIabopaTOpHbIE JaH-
HbIE, a TAKXKE JIJAHHBIE MAI[UEHTOB U3 3JIEKTPOHHBIX
MeIUITUHCKUX KapT. OOpasipl opraHoB (UKCHUPO-
B B 10% pacTBOpe HEUTPAIHHOrO (POpMAasIMHA,
MO/[BEpTrajik CTAHIAPTHOU 06paboTKe, 3aK/II0YaIA B
mapaduH. I['mcrosoruyeckre cpes3bl TOJIMUHOU
5—6 MKM HM3TOTOBJISATIN HA MUKpOTOMe Leica u oxpa-
IIMBAIN TeMATOKCIJIMHOM W Y03WHOM. ['mcrosoru-
YecKoe HCCJIeIOBaHUE IIPOBOJIMJIM HAa CBETOBOM
mukpockorne Leica DM 1000 (I'epmanust).

PE3YJ/IBTATBI 1 OBCY KAEHUE

ITokazarerb MC B PecnmyOsnmke Kazaxcran B
2016 T. COCTaBWJI 13.7 HA 100 THIC. JKUBOPOKJAEHHBIX,
B 2018 T. TPOU3O0ILIO 47 CIy4YaeB MaTEPUHCKOU
cMeprH, TokazaTteb MC — 13.3 Ha 100 THIC. JKHUBO-
POKIEHHBIX, 32 2019 T. 3apPETUCTPUPOBAHO 49 CIIy-
JaeB MaTepuHCKON cMepTy. OJIHAKO B 2020 T. IIOKa-
3aresib MC coctaBu 36.5 Ha 100 ThIC. }KUBOPOXK/IEH-
HBIX, YTO IPEBBINIAET IOKA3aTeJh AHAJIOTHIHOTO
repuojia 2019 r. B 2.6 pasa. I1o 3HaueHuo koadpdu-
nuenta MC Pecry6inka KasaxcraH HaxoguTcs Ha
42-M mMecte B Mupe. [Ipu 5TOM UMEIOTCsI peTHOHATb-
Hble ocobeHHOCTH TToKa3aresiss MC: B AKTIOOMHCKOM
obstactu okasaresib MC B 2020 T. BBIPOC HOUYTH B
13 pas, B KpI3bUIOPAUHCKON 06Js1acTH — B Q pas, 1o
CpaBHEHUIO ¢ MpeabAymuM rogom [1]. ITokazaTens
MC B Typkecranckoii objractu 3a IEpHOJ| 2015—
2020 IT. YMEHBIIUIICA B 4.5 pasa (puc. 1).

went standard processing, and were embedded in
paraffin. Then 5—-6 um histological sections were
made on a Leica microtome and stained with hema-
toxylin and eosin. Histological examination was per-
formed on a Leica DM 1000 light microscope (Ger-
many).

RESULTS AND DISCUSSION

The MM rate in the Republic of Kazakhstan in
2016 was 13.7 per 100 000 live births, 47 maternal
deaths occurred in 2018, the MM rate was 13.3 per
100 000 live births, 49 maternal deaths were regis-
tered in 2019. However, in 2020, the MM rate was
36.5 per 100 000 live births, which exceeds the indi-
cator of the same period in 2019 by 2.6 times. Accord-
ing to the value of the MM rate, the Republic of
Kazakhstan is on the 42nd place in the world. At the
same time, there are regional features of the MM
rate: in the Aktobe Region, the MM rate in 2020
increased almost 13 times, in the Kyzylorda Region —
9 times, compared to the previous year [1]. The MM
rate in the Turkestan Region decreased 4.5 times
over the period 2015—2020 (Fig. 1).

In comparison with the data for the Republic of
Kazakhstan, the MM rate in the Russian Federation
has also been steadily decreasing over the past
decade. In 1996, this MM index was 57.7 per 100 000
live births, in 2001 — 36.5, 2006 — 23.8, 2009 — 22.6,
2016 — 10.0; 2017 — 8.8, 2018 — 9.1, 2019 — 7.9 [13],
which corresponds to and is even slightly lower than
those in Europe and the USA [14, 15]. In the Novosi-
birsk Region, in the last decade, there has also been a
distinct downward trend in the number and MM
rate: the MM rate in 2012 was 4.99 per 100 000 live
births, in 2015 — 3.3, 2016 — 15.6, 2017 — 4.27, 2018 —
12.2, 2019 — 6.6, in 2020 — 12.48 [16].

The nosological structure of MM has also under-
gone changes in the last decade, both in Russia and
in the world. If earlier obstetric hemorrhage was in
the first place among nosological causes of MM in
Russia (24—25%), preeclampsia was in the second
(20—25%), extragenital pathology (EGP) in the third
(16—18%), septic complications were in the fourth
(14—15%), but recently, the number of EGP has
increased (52.7%) and become the primary cause of
death; obstetric hemorrhage is in the second place
(14.6%), while preeclampsia and eclampsia — in the
third (8.5%) [4]. Thus, in 2012, in 97 (37.7%) of
252 deceased mothers, in 2013 in 87 (34.8%) of 244,
in 2014 in 87 (37.5%) of 232, the extragenital pathol-
ogy was diagnosed [3, 14, 17].

The main primary causes of maternal deaths in
the Republic of Kazakhstan in 2015-2020 were
EGP, obstetric hemorrhage, preeclampsia and
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Puc. 1. lunamuka nokasaresisi MaTepuHckou cmepTHOCcTH (MC) 1 aBCOTIOTHOTO YHCIIa YMEPIIIHX KEHIIUH
B TypkecTaHCKOH 06J1aCTH B 2015—2020 TT.
Fig. 1. The dynamics of the maternal mortality (MM) rate and the absolute number of women died
in Turkestan Region in 2015—2020

B cpaBHeHnnu ¢ manHbIMU 110 Pecriy6inke Kazax-
crad nokazatesib MC B Poccuiickoit ®enepanuu B
TocjieIHee IECATUIETHE TaK}Ke HEYKJIOHHO CHUIKA-
ercs. Tak, B 1996 T. 3TOT IIOKa3aTejb COCTABUII 57.7
Ha 100 THIC. YKUBOPOXKJEHHBIX, B 2001 T. — 36.5,
2006 1. — 23.8, 2009 1. — 22.6, 2016 T. — 10.0,
2017T1. — 8.8,2018 1. — 9.1, B 2019 T. — 7.9 [13], uTO
COOTBETCTBYET U J]a’Ke HECKOJIbKO HIKE aHaJIOTHY-
HOTO nokasaresisi B crpanax Esponsr u CIIA [14, 15].
B HoBocuOupckoi 061acTH B TIOCJIETHEE JECATUIIE-
THE TaKKe OTMEUaeTcs OTYeT/IMBasA TEHAEHITUs
YMeHbIIIEHUs Kon4yecTBa U nokasaresns MC: koad-
¢uruent MC B 2012 T. cocTaBUI 4.99 Ha 100 ThIC.
JKUBOPOXKAEHHBIX, B 2015 T. — 3.3, 2016 T. — 15.6,
2017 I. — 4.27, 2018 1. — 12.2, 2019 T. — 6.6, B
2020T. — 12.48 [16].

Hozosnoruueckasa crpykrypa MC B mocienHee
JIeCATUIIETHE TaK)Ke MpeTepIiesia nU3MeHEeHUs, KaK B
Poccun, Tak u B mupe. Eciiu paHee cpesi HO30JI0TH-
YecKUX MpUYMH B Poccuu Ha mepBOM MecTe ObLTH
aKylrepckue KpoBoreueHus (24—25 %), Ha BTOPOM —
npeskiamiicus (20—25 %), Ha TPEThbeM — DKCTpare-
HUTajbHbIe 3a00eBannsa (II'3) (16—18 %), Ha yer-
BEPTOM — CEIITUYECKHE OCIIOKHEHUs (14—15 %), TO B
rmocjaegHee BpeMs BBIPOCJIO KojudectBo II'3
(52.7 %) kak mepBOHAYAJIPHOM MTPUYUHBI CMEPTH, Ha
BTOPOM MeCTe — aKyIIepCKUe KPOBOTEUEHUs

eclampsia, septic infections and complications of
abortions (Fig. 2). During the coronavirus pandemic
(2020), some of the “excess” deaths from EGP are
not only associated with an infectious disease, but
also caused by quarantine measures and their con-
sequences. This has led to the overload of healthcare
facilities and late seeking medical care in pregnant
women, which is probably responsible for the
increase in the MM rate in the Republic of Kazakh-
stan in 2020.

According to the conducted expert investigation
of maternal deaths in 2020, 95% of women were reg-
istered for pregnancy, of which 85% were registered
for pregnancy up to 12 weeks. Of all cases with a fatal
outcome, 8 women (50%) had severe EGPs, which
are absolute contraindications to pregnancy.

The structure of defects in medical care was dom-
inated by defects in treatment, which accounted for
almost half (47.2%) of the total number of expert
investigations conducted. In a third of cases (31.5%)
there were diagnostic defects, while in 23.6% of
them, there was an incomplete examination of
patients, in 7.9% — incorrect or untimely diagnosis.
Organizational defects in the provision of medical
care were observed in 6.3% of cases. It should be
noted that in 15.0% of cases, there were no defects in
the provided medical care.
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(14.6 %), Ha TpETHEM — IIPEIKIAMIICHS U SKJIAMIICHS
(8.5 %) [4]. Tak, B 2012 r. U3 252 yMepIINX MaTepen
y 97 (37.7 %), B 2013 . — u3 244y 87 (34.8 %), B
2014 1. — u3 232 y 87 (37.5 %) AUarHOCTUPOBAHBI
I3 [3, 14, 17].

OCHOBHBIMH TI€PBOHAYATBHBIMU TPUUHMHAMHU
MarepuHCKuxX cMepreil B Pecnybiuke Kazaxcran B
IepHoJT 2015—2020 IT. ObutH AI'3, aKyIIepcKre Kpo-
BOTEUEHMUS, TIPEIKIAMIICUS U HKJIAMIICHS, CENTHYE-
ckre WHGEKIUU U OCJIOKHEeHHs abopToB (puc. 2).
B nepuon maHjeMuu KOpOHABHUPYCHOU WHOEKITUU
(2020 1.) yacTh «U36GBITOUHBIX» cMepTed oT IAI'3
CBsI3aHA HE TOJIPKO C WH(EKIMOHHBIM 3a00JieBa-
HHEM, HO U BbI3BaHA KaPAaHTHHHBIMU MEPOIIPHUATH-
SIMU U UX TIOCTEACTBUSIMH, UTO IIPUBEJIO K TIEPETPY-
JKEHHOCTH YUPEXKIEHUHN 3IpaBOOXPAaHEHUs U I03/I-
HUM oOpaineHusaM OepeMeHHBIX JKEHIUH 32 MeIH-
[IUHCKOHM TOMOIIBIO, YeM, BEPOSITHO, O0YCIOBIEHO
yBenmueHue mokasaresss MC B Pecriy6imke Kazax-
cTaH B 2020 T.

CorslacHO TPOBEEHHOUW BKCIEPTH3E CIIydaeB
MaTEPUHCKOUN CMEPTH B 2020 T. 95 % 3KEHIITUH COCTO-
SIJTA Ha yJeTe 110 6epeMeHHOCTH, U3 HUX 85 % BcTamu
Ha ydeT 1o 6epeMeHHOCTH /10 12 Hea. U3 Beex ciy-
yaeB C JIETAJbHBIM HCXOAOM 8 »keHIIuH (50 %)

9% 100 —

75 —

Despite the structuring of defects, in most cases
they occurred in combination: the incompleteness of
the examination led to incorrect or untimely diagno-
sis and, consequently, to an inadequate or delayed
treatment. Among the treatment defects, we have
noted, for example, such iatrogenies as injuries to
the urinary tract and the retaining of a gauze swab
during surgery, the ileum wall injury during supra-
pubic cystostomy, delayed craniotomy for subdural
hematoma removal, prescribing of inadequate doses
of drugs, lack of insulin therapy in patients with dia-
betes mellitus, etc.

Here is a clinical example of a fatal outcome in a
32-year-old woman with a strong premorbidity.

Clinical data. Complaints at admission: accord-
ing to the woman, she suffers from pressing, stitch-
ing pains in the heart, lasting for more than 1 h,
appearing at rest, accompanied by cold sweat, air
hunger, palpitations; besides, she complains of
fatigue, headaches, dizziness, fever up to 40°C, nau-
sea, repeated vomiting. According to the patient, she
is ill for 5 days, the disease started with nausea, vom-
iting several times a day. The patient was under reg-
ular local medical check-up for the 9th pregnancy of
15—16 weeks, gravidity/parity being 9/16. She was

77

2015 2017

2016

Axy1miepckue KpOBOTEUEHUA
Obstetric hemorrhage

PaspsiB maTku
Rupture of the pregnant uterus

—¥— IKcTpareHuTaJIbHbIE 3a00IeBaHUS
Extragenital pathology

2018 2020

—4&— T'ecTo35I (IIPE3KIAMIICHS, DKITAMIICHA)
Gestosis (preeclampsia, eclampsia)

—A— Cencuc / Sepsis
—@— A6oprtsl / Abortions
—#— TIpouwne npuuunsl / Other reasons
Buemarounas 6epemenHocts / Ectopic pregnancy

Puc. 2. HoBozosiornueckas CTpyKTypa MaTEPUHCKOU CMEPTHOCTH TI0 TEPBOHAYAIBHBIM IIPUYHMHAM CMEPTH
B Pecniybiuke Kazaxcran (%)
Fig. 2. The nosological structure of maternal mortality by the primary causes of death in the Republic of Kazakhstan (%)
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uMeIu Tsoxesble 91'3, KOTopble ABJIAITCS abCOIOT-
HBIMU [POTHBOIOKA3aHUAMU K BBIHAIIMBAHUIO
OGepeMeHHOCTH.

B crpykType nedexToB MeAUITUHCKON OMOIIHN
npeobsaianu fedeKThl JIeueHns, KOTOPbIe COCTa-
BUWJIM ITIOYUTH ITOJIOBUHY (47.2 %) cjlyuaes OT O0IIEro
YucJia MPOBEIEHHBIX DKCIIepTU3. B TpeTu ciyuaen
(31.5 %) umenu Mmecto ebEeKThI JUATHOCTUKH, TIPU
3TOM B 23.6 % HaOJ0eHUIl OTMEYasoch HEIOoJI-
Hoe oOciiefoBaHue OOJIBHBIX, B 7.9 % — Hempa-
BUJIPHOE WU HECBOEBDEMEHHOE YCTAaHOBJIEHHE
nuarHosa. OpraHusanuoHHbIe eeKThl TPU OKa-
3aHUU MEeJUIIMHCKON IOMOIIM Habaromanu B 6.3 %
ciy4daeB. CienyeT OTMETUTD, UTO B 15.0 % ciiy4daeB
JledeKTHl OKa3aHUA MeUIIMHCKON ITOMOIIY OTCYT-
CTBOBQJIU.

HecmoTpss Ha cTpyKTypupoBaHUe /1edeKTOB, B
OOJIPIIIMHCTBE CJIyYaeB OHU BCTPEUYAJINCH COYe-
TAHHO: HEIOJIHOTa 00cjeZloBaHUs Besja K Hempa-
BIWJIBHOMY HJIU HECBOEBPEMEHHOMY YCTAaHOBJIEHUIO
JINarHO3a U, CJIeZI0OBATEIbHO, K HEa/IeKBATHOMY WJIN
3aro37aJIoMy JieueHHI0. B uucie nedekToB Jeue-
HHUSA MOKHO OTMETUTbh, HAIIPUMep, TaKhe ATPOTeH-
HBIE COCTOSIHUsI, KaK ITOBPEXK/EeHNe OPTaHOB MOYe-
BOU CHCTEMBI U OCTaBJIEHHE MapJIeBOI0 TAMIIOHA BO
BpeMs OIlepaliuy, IOBPEXAeHUEe CTeHKH IIOJ-
B3JIOITHOM KUIIKU IIPY STUIMCTOCTOMUM, 3211037~
Jioe TIPOBe/ieHUe TpelaHaIuy 4yeperna JJisd yjajie-
HUsA  CyOAypaJlbHOM  TeMaToMbl, Ha3HA4YeHHE
HeaJIeKBAaTHBIX JI03 JIEKAPCTBEHHBIX ITPENAaparoBs,
OTCYTCTBHE Tepaluu HWHCYJIUHOM Vy OOJBHBIX C
caxapHbBIM AuabeToOM U .

[TpuBoguM KJIMHUYECKUH IPHUMEpP JIETAIHHOTO
WCXO0JIa Y KEHIUHBI 32 JIET C OTATOIIEHHBIM IIpe-
MOpOHUTHBIM (POHOM.

Kimunueckuit manusie. Kamobsl mpu mocTy-
IUIEHUH: CO CJIOB JKeHITUHBI — Ha JIaBAIINe, KOJIIO-
mue O6osu B 00JIACTH CEPAIA, MPOJOJIKUTEIb-
HOCTB O60J11 O0Jiee 1 4, BOSHHUKAIOT B IIOKOE, COITPO-
BOXK/JIAIOTCA ~ XOJIOAHBIM  IIOTOM,  YYBCTBOM
HeXBAaTKU BO3JlyXa, cepiliebueHneM, a TakKe Ha
0011y10 ¢71a60CTh, TOJIOBHBIE OOJIU, TOJIOBOKPYKe-
HUe, MOBBINIIEHUE TeMmepaTypsl 0 40 °C, Tomi-
HOTY, HEOJHOKpaTHyI0 pBoTy. Co CJ0B mmamu-
€HTKH — OoJieeT B TeueHHe 5 JIHEeM, Korja craja
OTMEeYaTh TOIIHOTY, PBOTY HECKOJIBKO Pa3 B JI€Hb.
Ha nucniancepHOM y4eTe CTOUT IO MeCTY KUTeJIb-
CTBA IO MOBOAY 9-11 ObepeMeHHOCTU 15—16 HeJ, U3
9 GepemeHHOCTEH — 6 POAOB. Jleuniach caMOCTO-
STeJIPHO: NPUHUMAJA IHapareraMos. Bri3Basa
BEYEpPOM CKOPYIO MEIUIMHCKYIO IIOMOIIb, TOCIIH-
TQJIU3UPOBAHA B TOCY/IAPCTBEHHYI0 WHMEKIMOH-
HyI0 OoJypHUIly. B CBA3H ¢ COXpaHAMIIUMUCI

self-medicating with paracetamol. In the evening,
she called an ambulance, was taken to the State
Infectious Hospital. Due to persistent headaches,
nausea, vomiting twice a day, facial numbness, she
was transferred to the Intensive Care Unit. Accord-
ing to echocardiography: anteroseptal ST-segment
elevation. A cardiologist has been called. After an
emergency consultation, the diagnosis was made:
acute coronary syndrome with ST-segment eleva-
tion, after which the patient was transferred to the
Cardiosurgical Clinic, LLP. Considering the severity
of the state, she was admitted to the Intensive Care
Unit.

Based on the patient’s complaints, medical
records, as well as physical examination, a clinical
diagnosis was made. The principal diagnosis was:
Coronary artery disease. Acute myocardial infarc-
tion. Type 2. Complications: Acute left heart failure.
Cardiogenic shock. Killip class IV.

Then, based on clinical data, the results of labora-
tory and clinical examination, as well as autopsy, the
pathoanatomic diagnosis was made. Principal diag-
nosis: B33.8 Systemic enterovirus infection (chro-
matographic immunoassay by CerTest Biotec, S.L. —
positive result): interstitial lympho-histiocytic hepa-
titis (liver weight — 2224 g (normal — 1600 g)) with
proliferation of bile duct cells; myocarditis; giant cell
pneumonia with 15 weeks gestation. Complications:
Intrauterine fetal death. Pulmonary edema. Hemor-
rhage syndrome: petechial and diapedetic hemor-
rhages in the epicardium, kidneys, stomach, myocar-
dium, lungs, liver, pleura, adrenal glands. Pro-
nounced hyperplasia of the spleen follicles.
Concomitant diseases: Chronic pyelonephritis.
Chronic bronchitis. Small-focal pneumosclerosis.
Small-focal perivascular nephrosclerosis. Pancreatic
sclerosis. Sclerotic changes in the ovaries and fallo-
pian tubes.

The immediate cause of death of the pregnant
woman was acute hepatorenal failure due to the
underlying disease with manifestations of hemor-
rhagic syndrome, in association with imperfect his-
togenesis of several internal organs and obesity.

Thus, the analysis of the fatal case showed that an
incorrect assessment of clinical data, the results of
laboratory and clinical examination led to the wrong
clinical diagnosis, which entailed an incorrectly pre-
scribed treatment. In that way, in the cited clinical
observation, we find a discrepancy between the clini-
cal and pathoanatomic diagnosis.

The results of our study demonstrate that the
major defects in the quality of medical care in cases
of maternal death are treatment defects (47.2%), fol-
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TOJIOBHBIMHU 0OOJISIMH, TOIITHOTOH, PBOTOM 2 pasa B
CYTKU, OHEMEeHHeM JINIA IlepeBeJleHa B OT/leJIeHHe
peaHUManuu M UHTEHCUBHOH Tepanuu. [lo mau-
HBIM 3X0Kapauorpaduu: noabem cermenta ST 1o
IepeaHe-IIePEeropoIOUHON CTEHKE JIEBOTO JKEJIy-
Jouka. BeizBaH kapauosor. Ilocie 3KCTpeHHOTO
KOHCHIMyMa cHOOPMYJIUPOBAH AUATHO3: «OCTPBIHI
KODOHApHBI# CHHAPOM C IOABEMOM CerMeHTa
ST», mocsyie 4yero manueHTKa ObLIa IEpeHanpaB-
sneHa B TOO «Kapauoxupypruueckas KJINHUKA».
YuuTeiBasg TAXKECTb COCTOSIHUSA, TOCITHUTAIU3UPO-
BaHA B OT/leJIeHUe aHEeCTe3U0JIOTHH, peaHUuMaIuu
U UHTEHCUBHOU TepaIuu.

Ha ocHoBaHUM 2106 60JTbHOM, TAHHBIX aHAM-
He3a, a TaKkXKe 00'bEeKTUBHOTO OCMOTPA ITOCTABJIEH
KIuHUYecKui nuarnos: OcHOBHOe 3abosieBaHuUe:
Nmemuueckasas 0Oose3Hsb cepana. I[lepBuuHbIi
LUPKYJIAPHBIN nMHpapKT MHOKap/a, ocTpas CTa-
nus. Tun 2. Ocnoxuenusi: OcTpas JIEBOXKETY109-
KOBasg HENOCTATOYHOCTh. KapauoreHHBIH MIOK.
Killip IV.

Ha ocHOBaHUM KJIMHUYECKUX JIAHHBIX, Pe3yJIbTa-
TOB JIaDOPATOPHBIX ¥ MHCTPYMEHTAJIBHBIX, a TAKIKE
MaKpoO- ¥ MHKPOCKOIIMYECKUX HCCIeIOBAHUN BHY-
TPEHHUX OPTaHOB cPOPMYJIMPOBAH MATOJIOTOAHATO-
Muueckuil aquaruo3. OcHoBHOe 3abosieBanue: B33.8
T'enepanu3oBaHHass SHTEpPOBUpYycHass UHeKIUA
(CER-test (umMmyHOXpoMaTorpaduuecKuii  aHa-
JIn3) — MOJIOXKUTEJIbHAS PEeaKIUs Ha SHTEPOBHUPYC
(KpOBB)): HHTEPCTUIUAIBHBIN JTUMGO-THCTHOIIH-
TapHBIN remnatuT (Macca mevueHu — 2224 1 (B HOpMe —
1600 1)) ¢ nposudepanyied KIeTOK JKeTIHBIX MPO-
TOKOB; IPOAYKTHUBHBIA MHUOKApPJUT; ITHEBMOHHUSI C
TUTAaHTOKJIETOUHBIM MeTamMop(o30M IIPU CPOKe
b6epemeHHOCTH 15 HeJl. OCTOKHEHUS: AHTEHATAb-
Has rubess mwioaa. Otek serkux. 'emopparnueckuit
CUHIPOM: MEJIKOTOUEUYHbIE U AHAale/ie3Hble KPOBO-
U3JIUAHUA B BIHKap/e, IMOYKax, >KeJIyJKe, MUO-
Kapje, JIETKUX, IE€YeHU, IUIEBpe, HAAMOYETHUKAX.
Belpa’keHHas rumepmiasus (OJUITHKYJIOB ceJle-
3eHku. ComyTcTByromue 3a60JieBaHUs: XpOHUYE-
ckuii nuesoHedput. XpoHUYecKuii 6poHxuT. Mei-
KO(DOKYCHBI ITHEBMOCKJIEPO3. MeaKoo4aroBbId
IIepUBaCKyJIAPHBIM Hedpockiepos. Meskoouyaro-
BBIU TaHKpeocKyepo3. CKIepOTHYEeCKIe N3MEHEHUS
SAWYHUKOB U MAaTOUHBIX TPYO.

HemnocpencrBenHo#l mpuynHOil cMepTu Gepe-
MEeHHOU >KeHIIUHBI SBUJIACh OCTpas Me4eHOUHO-
IIoYeyHass HEeJOCTATOYHOCTH BCJIEJCTBHE OCHOB-
HOro 3a00JIeBaHUA C IPOSABJIEHUAMH I'eMOpparu-
YEeCKOTO CHHApPOMa Ha (GOHE HECOBEPIIEHHOTO
TUCTOTeHe3a HeCKOJIBKUX BHYTPEHHUX OPTaHOB U
0KUPEHUsI.

lowed by diagnostic defects (31.5%) and organiza-
tional defects (15.0%). According to the literature,
more than 70% of maternal deaths are preventable,
and are associated with diagnostic defects; in partic-
ular, with the lack of unified protocols for the man-
agement of patients with obstetric and extragenital
pathology; the lack of specialized centers, a shortage
of hospital beds; insufficient awareness of physicians
of other specialties, especially general practitioners
and emergency physicians, about the peculiarities of
pregnancy failure [18].

In the study by V.F. Bezhenar et al. (2018), it was
shown that most of the defects were committed in a
hospital where treatment defects prevailed, as in our
study. Based on the analysis of 50 forensic medical
examinations, the structure of defects in the provi-
sion of medical care is analyzed. Thus, the structure
of defects at the hospital level is represented by
defects in data collection (31.5%), diagnosis (8.5%),
treatment (47.8%), transition of care (7.7%), docu-
mentation maintenance (4.5%). The defects of the
outpatient stage were mainly associated with data
collection (49.2%): poor history taking, underesti-
mation of complaints and risk factors; incomplete or
untimely diagnosis of extragenital and obstetric
pathology; lack of thrombophilia testing, consulta-
tion with a hematologist; underestimation of the
severity of the patients’ state and the volume of blood
loss. The diagnostic defects consisted of inadequate
detection of obstetric complications — 16.4%. The
treatment defects (12.0%) included the prescription
of non-indicated drugs or absence of treatment;
defects of transition of care (12.0%) — in the lack of
referral of patients to hospitals [6].

The analysis of MM cases provides information to
identify the main problems, the solution of which
will help to avoid maternal deaths; to determine
what can be done from a practical point of view, to
identify key areas requiring intervention by health
authorities; and to develop guidelines necessary to
improve clinical outcomes.

CONCLUSION

The performed research allows us to draw the fol-
lowing conclusions:

1. The main primary causes of maternal deaths in
the Republic of Kazakhstan in 2015-2020 were
extragenital pathology, obstetric hemorrhage, pre-
eclampsia and eclampsia, septic infections and com-
plications of abortions.

2. The structure of defects in medical care was
dominated by treatment defects (47.2%), diagnostic
defects (31.5%), of which 23.6% of cases showed
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TakuMm 00pa3oM, aHAIU3 JIETAJIBHOTO CJIydas
IOKa3aJl, YTO HEBEPHAas OI€HKA KJIWHUYECKUX JIaH-
HBIX, PE3YJIBTATOBIa00PATOPHO-UHCTPYMEHTAJIBHBIX
HCCIIE/IOBAaHUH IIPUBeEJIa K HEIPABUJIBHO ITOCTABJIEH-
HOMY KJIMHHYECKOMY JHArHO3y, YTO IOBJIEKJIO 3a
co00¥l HEMpPaBWIBHO Ha3HAUEHHOE jieueHne. Takum
obpa3oM, B [aHHOM KJIUHHUYECKOM HaOJIIO/IEHUH
UMeET MECTO PACXOKAeHHEe KINHUYECKOTO W I1aTo-
JIOTOAHATOMMYECKOTO IHAaTHO03a.

PesynbTaThl HAIIETO MCCAEAOBAHUS JIEMOH-
CTPUPYIOT, YTO BEAYIIUMU JedeKTaMHU B KauecTBe
OKa3aHUS MEAUITUHCKON TOMOIIH B CIy4Yasix MaTe-
PUHCKOU CMEPTU SIBJIAIOTCA JedeKThl JeUeHUs
(47.2 %), 3aTem nedeKThl JUATHOCTUKY (31.5 %) U
opraHusaruoHHbIe JedekTsI (15.0 %). [To JaHHBIM
JUTEpaTyphl Oosiee 70 % MAaTEPUHCKUX CMepTen
SIBJIAIOTCS TIPEJIOTBPATUMBIMU U CBA3AHBI C Jleek-
TaMH JUATHOCTUKH; B YACTHOCTH, C OTCYTCTBHUEM
e/IMHBIX IPOTOKOJIOB BeJIeHUs MAIHEHTOK C aKy-
IIEPCKO U SKCTPareHUTAJIbHOW I1aTOJIOTHUEN;
OTCYTCTBHEM  CIIEIIUAIU3UPOBAHHBIX  IIEHTPOB,
neUIUTOM KOEK; HeJZOCTaTOYHOU WHH(POPMUPO-
BAaHHOCTBIO Bpauel JAPYrux CHEHaTbHOCTEH, 0CO-
OEHHO YYaCTKOBBIX TEPAIEBTOB W Bpadyell CKOPOM
MMOMOIIH, 00 0COOEHHOCTSAX IMAaTOJOTHU OGepeMeH-
HoctH [18].

B uccnenopanum B.®. Bexkenapp u gp. (2018)
IMOKa3aHO, YTO OOJIBITMHCTBO JIE(EKTOB OBLIO JOIY-
IEHO B CTalpoHape, TJie mpeobsazanu JiedheKThI
JIeYeHus, KaK U B HallleM uccyieoBaHuu. Ha ocHoBa-
HUM aHadu3a 50 KOMHCCHOHHBIX CyZeOHO-
MEAUIMHCKUX  OKCIEPTH3  IPOaHAJIM3HPOBaHA
CTpyKTypa JedeKTOB OKazaHWsA MEeIUITUHCKOH
momoru. Tak, cTpykTypa JedeKToB B cTallOHape
mpezcrabieHa gedexkramu cbopa uHGOOPMALINH
(31.5 %), nmocraHoBku auarHosa (8.5 %), jedeHus
(47.8 %), mapmpyrusanuu (7.7 %), opopmiaeHus
nokymeHtanuu (4.5 %). dedbekTsl amOys1aTOpHOTO
srarma ObLIH CBA3aHBI B OCHOBHOM cO cOopoM HHGOP-
maruu (49.2 %): HEKAYeCTBEHHBIM COOPOM aHaM-
He3a, HEJIOOIEHKOH kanob W (aKTOpOB PHCKA,;
HENOJIHOW WJIM HECBOEBPEMEHHOUW JHUAarHOCTUKOU
SKCTPATeHUTAJIPHON U aKyIIEPCKOW IaTOJIOTHH;
OTCyTCTBHEM 00CJIe/TOBAHMS HAa TPOMOODUINI0, KOH-
CyZIbTAIlUA TE€MAaTOJIOTOM; HEJIOOIEHKON TAKECTH
COCTOSTHUSI TIAIlUEHTOK U 00BbeMa KpPOBOIIOTEPH.
JledeKThl TUAaTHOCTUKY 3aKI0YAINCh B HEAZ[€KBAT-
HOM BBISIBJIEHUH aKyIIEPCKUX OCJIOKHEHUU — 16.4 %.
HedexTtsl teuenus (12.0 %) cOCTOSIN B HA3HAYEHUH
HENOKAa3aHHBIX IMIPEenapaToB JHOO B OTCYTCTBUH
JedeHusi, 1ePEeKThl IIpeeMCTBEHHOCTH (12.0 %) — B
OTCYTCTBHH HAIIPaBJIEHUs NAIlHEHTOK HA TOCIIHTA-
Jausanuio [6].

incomplete examination of patients, incorrect or
untimely diagnosis —in 7.9% of cases. Organizational
defects in the provision of medical care were observed
in 6.3% of cases. In 15.0% of cases no defects in the
provision of medical care were found.

3. The analysis of the identified defects in the
quality of medical care will allow the health authori-
ties of Kazakhstan to improve the quality of medical
and preventive care for pregnant women.
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Ananus ciayuaee MC paetr wuHdopmamnuio,
MMO3BOJISIIONIYI0 BBIABUTH OCHOBHBIE HPOOJIEMBI,
pellleHre KOTOPBIX IOMOXKET H30eXaTh CiIydaen
MaTepUHCKOH CMEPTH; OIpPeeUTh, UYTO MOKHO
CeJIaTh C MPAaKTUYECKON TOYKU 3PEHUs, BHISIBUTH
KJII0UeBble 00J1acTH, TpeOyIolnre BMEIIATebCTB
CO CTOPOHBI PYKOBOZSAIIHUX OPTaHOB 37[paBOOXpa-
HEeHUs, a TaKKe pa3paboTaTh PyKOBOJCTBA, HEOO-
XOJIMBIE JIJISI YIYUYIIeHUs KJINHUYECKUX Pe3ysIb-
TaTOB.

3AK/IIOYEHUE

[TpoBeneHHOE HCCIIEIOBAHUE TTO3BOJISIET C/IEJIATD
CJIE/TYIOIIAE BBIBOJIBL:

1. OCHOBHBIMHU TEPBOHAYATBHBIMU MPUYHHAMU
MaTepuHCKUX cMeprell B Pecnybiuke Kazaxcran B
MepuoJT 2015—2020 TIT. SBUJIHUCHh 3KCTPAr€HUTAIb-
Hble 3a00JieBaHUs, aKylIepCKHe KpPOBOTEUEHUS,
MIPESKJIAMIICUS U DKJIAMIICHS, CEITHUYECKHEe HHDEK-
IIUU ¥ OCJIOKHEHUs abOPTOB.

2. B ctpykType 1eeKTOB MEeAUITMHCKOM ITOMOIIH
npeobaaganu aedekTsl eueHus (47.2 %), nedeKTb
JIHATHOCTUKH (31.5 %), U3 KOTOPBIX B 23.6 % HaOJII0-
JIEHUH OTMeYasioch HelosHoe obOcieoBanme 60Jib-
HBIX, HEIPABIJIbHOE FJIM HECBOEBPEMEHHOE YyCTa-
HOBJIEHUE JUarHo3a — B 7.9 % ciyuyaeB. Opranusa-
UOHHBIE JeEeKThl MPU OKA3aHUM METUITHHCKOMN
IIOMOIIA HaOI07amuch B 6.3 % ciaydaes. B 15.0 %
cydaeB JeeKThl OKa3aHUs METUITUHCKON ITOMOIIHN
OTCYTCTBOBAJIH.

3. AHa/TU3 BBISBJIEHHBIX /Ie(PEKTOB KauecTBa OKa-
3aHUA MEIUITMHCKON ITOMOIIY ITO3BOJIUT OpraHam
3apaBooxpaHeHus KaszaxcTaHa TIOBBICUTh Kaue-
CTBEHHBIE IOKA3aTe! JIeueOHO-TTPODUTAKTUIECKOH
IIOMOIIA OEpEMEHHBIM JKEHIIITHAM.

KoH@uaukT nHTEpECOB. ABTOPHI 3agBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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CoBpemenHnbie acniekTbl COVID-19 y BUY-uHpUIIIpOBaAaHHBIX
(0630p JuTEPaATYPHI)
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AHHOTAIIUA

[IpencraBieHHas cTaThs MOCBAIIEHA TVI00ATBHBIM MTPOOIEMaM COBpEMEHHON MeAuIuHbl — BUY-uHdekuu u nasgeMmun
COVID-19. B 0630pe JsiuTepaTypbl OCBENIAIOTCS COBPEMEHHbBIE IPE/ICTABJIEHHS O IMMaToreHe3e U 0COOEHHOCTSX TEUeHUsI
COVID-19 Ha ¢hone BUY-uHbeKINY, a TAKIKE 3aTPATUBAIOTCS TPOOJIEMBI COIYTCTBYIOIIEH COMATHUECKOH ATOJIOTHN U MEH-
TQJIHHOTO 3710pOBbs nanueHToB ¢ BUY Ha doune manpemuu COVID-19. [Tokazano, yto BUY-uHbUIIIPOBaHHbIE MTAITEHTHI
SIBJIAIIOTCS TPYIIIION PHCKA 1O TsKesoMy Tedernio COVID-19, B 4acTHOCTH, K 0000 YA3BIMOKN KaTerOPUU OTHOCSTCS JIUIA C
TskestbiM uMMyHostepuuToM (CD4+ T-mumM@onutsl < 200 KJI/MKJI) 32 CYeT pa3BUTHUS KOMOMHUPOBAHHOTO ITOPAXKEHHS
aerkux SARS-CoV-2 u BropuuHbIMU HH(MEKITUOHHBIMH areHTaMU, TAKUMU KaK [IUTOMETAJIOBUPYC U Pneumocystis carinii.
JlokaszaHo, yto omxHoU u3 mutneHel Bupyca SARS-CoV-2 spisttorest CD4+ T-numornutst, uro mpu COVID-19 mpuBoguT K
6oJ1ee GBICTPOMY IPOTPECCHPOBAHUI0 UMMYHOAeuIuTa ¥ 6071bHBIX ¢ BUU-uHDeKIued 1, TakuM 06pa3oM, CyIeCTBEHHO
IIOBBIIIAET PHUCK IPHUCOEINHEHUS BTOPUYHBIX 3a00JIEBAaHUN U JIeTAIBHOro ucxoza. Ocoboe BHUMAaHUE CIIEAYeT YAEATh
JIOZAM, 2KUBYIIUM ¢ BUY, cpeHero u nokujioro BO3pacra, y KOTOPbIX, 110 cpaBHeHUI0 ¢ BUU-HeraTuBHbIMU allUEHTAMU,
yalle perucTpupyeTcs COIyTCTBYIOIIAasA coMaTuyecKas IaToJI0THA — apTepualbHasd THIepTeH31sA, KapAMOMUONIaTHA U caxap-
HBIU a0beT, OTHOCAIIAACA K hakTopaM pucka Tskesioro treuenrss COVID-19. Pe3ybrarhl HCcIe/JOBAaHUH 11O BIUSHUIO aHTH-
PpeTpoBUpYCHBIX ITpenapaToB Ha Teuerne COVID-19 nokaszanu, yro BUY-nHpuIIMpoBaHHbBIE TAIIEHTHI, IOIYJAIOIIe TEHO-
¢oBup + sMTpULIUTAONH, UMEIOT O0JIee HU3KUI pUCK Tszkesioro TeueHuss COVID-19 u CBA3aHHOH € HUM TOCITATAIU3AIIH,
4eM MAaIueHTHl, [ToJIyJarolye Apyrue cxeMmsl edeHusa BIY-undexuu. KinHudeckre u JOKJIMHUYECKUE JJAaHHbIE CBU/Ie-
TEJIBCTBYIOT O BO3MOKHOCTH IIOTEHIIHAIBHOTO HCII0Ib30BAHIA TeHOMOBHPA B JIEUeHUH HOBOH KOPOHABUPYCHOHN HHMEKIINH.
Kmoueeste caosa: BUU-undeknus, CITN], nndexnunonusie 601e3u1, COVID-19, pecipaToOpHbIN AUCTPECC-CUHPOM.

Oo0paszen nmurupoBaHun: Kanycrus /I.B., Kpacaosa E.U., Xoximosa H.N., Kysuerosa B.T., Teipbiinkud A. 1.,
IMosausakosa JI.JI. CoBpemennbie acmektbi COVID-19 y BUU-uHbunupoBauubix (0630p smrepatypsl) // Journal of
Siberian Medical Sciences. 2022;6(4):145—160. DOI: 10.31549/2542-1174-2022-6-4-145-160

Modern aspects of COVID-19 in HIV-positive patients
(literature review)

D.V. Kapustin?, E.I. Krasnova!, N.I. Khokhlova!, V.G. Kuznetsova!, A.I. Tyryshkin,
L.L. Pozdnyakova?

‘Novostibirsk State Medical University, Novosibirsk, Russia

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

ABSTRACT

The article is devoted to the global problems of modern medicine — HIV infection and the COVID-19 pandemic. The review
of the literature highlights current ideas about the pathogenesis and course of COVID-19 in patients with HIV infection,
and also touches upon the problems of concomitant pathology and mental health of patients with HIV in the setting of the
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COVID-19 pandemic. It has been shown that HIV-positive patients are a risk group for the severe course of COVID-19, in
particular, individuals with severe immunodeficiency (CD4+ T lymphocytes < 200 cells/ul) due to the development of
synergetic lung damage by SARS-CoV-2 and secondary infectious agents such as cytomegalovirus and Pneumocystis cari-
nii. It has been proven that one of the targets of the SARS-CoV-2 virus is CD4+ T cells, which in COVID-19 leads to a more
rapid progression of immunodeficiency in patients with HIV infection and, thus, significantly increases the risk of second-
ary diseases and death. Particular attention should be paid to middle-aged and elderly people living with HIV, who, com-
pared with HIV-negative patients, are more likely to have concomitant pathology — arterial hypertension, cardiomyopathy
and diabetes mellitus, which are the risk factors for severe COVID-19. The results of studies on the effect of antiretroviral
drugs on the course of COVID-19 showed that HIV-infected patients receiving tenofovir + emtricitabine have a lower risk
of severe COVID-19 and associated hospitalization than patients receiving other HIV treatment regimens. Clinical and
preclinical data support the potential use of tenofovir in the treatment of novel coronavirus infection.

Keywords: HIV infection, AIDS, infectious diseases, COVID-19, respiratory distress syndrome.

Citation example: Kapustin D.V., Krasnova E.I., Khokhlova N.I., Kuznetsova V.G., Tyryshkin A.I., Pozdnyakova
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BBEJAEHUE

BUY-uHpeKnusA sBJISETCA OTHOU M3 TJI00aTbh-
HBIX IIpo0JieM OOIIECTBEHHOTO 3/1PaBOOXPAHEHMUS.
ITo cocTosAHUIO HA 20 HOSIOPS 2020 T. 3a BCe BPeMsI
snugeMun oT BUY-uHbpeKInu U ee OCJIOKHEHUH B
MUpe CKOHYAJIOCh OKOJIO 33 MJIH 4esl. [1]. Becero B
Mupe uHpuiuporano BUY 37.7 muH uves. (o gaH-
ueiM FOHAI/IC Ha 2020 T.), K Hauboslee MOpaskeH-
HBIM peruoHaM OTHOcATCA CTpaHbl  Adpuku
(25.7 MutH yes.) [2]. Ha 30 uioHs 2021 T. cpeiv Tpask-
Jad PO szaperucrpupoBaHo 1 528 356 yes. ¢ HOJ-
TBEPIK/IEHHBIM METOJIOM UMMYHHOTO 6JI0Ta JIUarHO-
30M «BNY-undeknusa», u3 HUX 1 122 879 poccuss,
)kuBymux ¢ BUY, u 405 477 ymepmux. 1o npezaBa-
pUTeNbHBIM JAaHHBIM 3a IIEepBble 6 Mec 2021 T.
ymepJio 14 865 uHpunmpoBanusx BUY, uyto Ha 3 %
0oJIbIIle, UeM 32 TOT JKe IepUoy, 2020 T. YMUPAIOT
6osbHbIe BUY-nHbeEKIIEel B MOJIOJIOM BO3pacTe —
110 JAaHHBIM 2020 T. B CPeJIHEM B 42 roja. Bemyieit
IIPUYNHOU JIETAJIBHBIX UCXOZ0B CPeIU MAI[EeHTOB C
BUY-undeknyeil ABISOTCI BTOPUYHbBIE 3a60€Ba-
HUSA, B YACTHOCTH TYyOEPKYJIes.

3a 6 Mec 2021 T. cOO0IIEHO 0 36 759 HOBBIX CJIy-
yaax BblaBaeHus BUY-undexuuu B PP. BUU-
nHEKIUA BBINUIA 32 Ipeesbl YA3BUMBIX TDYIII
HaceJIeHUs U aKTHUBHO PACIIPOCTPAHSETCA B OOIIel
MOIyJIANUU. BoJbIIMHCTBO OOJIBHBIX, BIIEPBBIE
BBISIBJIEHHBIX B IIEPBOM IOJIYTO/IUHN 2021 T., 3apa3u-
JINICh TIPU TETEPOCEKCYATbHbIX KOHTAKTaxX (67.3 %),
nona wHpumupoBaHHbix BUY mipu ynotpebieHuun
HApKOTUKOB cHuU3wiach A0 28.9 %. KosmuecTBo
3apa)KEHHBIX IIPU IIOJIOBBIX KOHTAKTax eKerofHo
yBesmuuBaetcs (1o JaHHbIM PestepaibHOTO HAyIHO-
METOZIUYECKOTO IeHTPa Mo MPoGUIAKTHKE U 6OPhOe
co CITN ). Ha done BUY-uHdeknmy, B CBA3U C 0CO-
GEHHOCTSAMU [1aTOTEHE3a U IOPaKEeHNEeM UMMYHHON

INTRODUCTION

HIV infection is one of the global public health
problems. According to the data of November 20,
2020, about 33 million people have died worldwide
from HIV infection and its complications throughout
the entire epidemic [1]. In total, 37.7 million people
are infected with HIV in the world (according to the
UNAIDS data for 2020); African countries (25.7 mil-
lion people) are among the most affected regions [2].
As of June 30, 2021, 1 528 356 people were regis-
tered among the citizens of the Russian Federation
with a diagnosis of HIV infection confirmed by wes-
tern blotting, of which 1 122 879 Russians are living
with HIV and 405 477 have died. According to pre-
liminary data, 14 865 HIV-infected people died in
the first 6 months of 2021, which is 3% more than in
the same period in 2020. HIV patients die at a young
age — according to 2020, an average of 42 years. The
leading cause of death among patients with HIV
infection is secondary diseases, in particular tuber-
culosis.

For 6 months of 2021, 36 759 new cases of HIV
infection were reported in the Russian Federation.
HIV infection has moved beyond vulnerable popu-
lations and is actively spreading in the general pop-
ulation. Most of the patients first identified in the
first half of 2021 became infected through hetero-
sexual contacts (67.3%), the proportion of people
infected with HIV through drug use decreased to
28.9%. The number of people infected through sex-
ual contact is increasing every year (according to
the Federal Scientific and Methodological Center
for the Prevention and Control of AIDS). In the set-
ting of HIV infection, due to the peculiarities of
pathogenesis and damage to the immune system,
the clinical picture and pathogenesis of many infec-
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CUCTEMBI, U3MeHseTCs KIWHWYecKas KapTHuHa U
IaToreHe3 MHOTUX HWH(QEKIMOHHBIX 3a060JeBaHUI
[3], B yacTHOCTH OCOOBIN HAYUHBIN U MPAKTUUECKUU
UHTepec IpejicrasisgeT ko-uHbeknusa BUY + SARS-
CoV-2. Bemplllika HOBOM KOPOHABUPYCHOU HHGpEK-
nuu B Kutae, BeisBanHoi SARS-CoV-2, 30 ssHBaps
2020 T. IpU3HAHA YPE3BBIYAHHOU CHTyallled B
obstacTy 00IIIECTBEHHOTO 3/[paBOOXPaHEHMs], UMEI0-
el MeKyHapo/THOe 3HaueHue [2]. B mapTe 2020 T.
Bcemupnas opranusarnus 3/ipaBooxpanenusa (BO3)
o6psBuia o magaemun COVID-19. JIa KOpoHABU-
pycHbIXx wH(peKIui, BbI3BaHHBIX SARS, MERS wu
SARS-CoV-2, xapakTepHBIM OCJIOKHEHUEM SIBJIs-
eTcs pa3BUTHE OCTPOTO PECHUPATOPHOTO JHCTpPecc-
cunrzipoma (OPJIC) ¢ ObICTPBIM HapacTaHUEM JIbIXa-
TeJIbHON HEeIOCTAaTOYHOCTH, B YAaCTHOCTH, 32 CUeT
TUIEPKOATYJISIIIUE U TPOMOO30B B COCYZaX JIETKUX
[4]. zBecTHO, UTO HOBask KOPOHABUpPYCHAasA NHGEK-
U IMeeT 0COOeHHOCTH TeueHUsI Ha (POHEe HMMYHO-
Jedbunura, B TOM 4UYHCJe BbI3BaHHOrTO BUY-
nadeknueii. [IporpeccupoBanue BUY-mubexrnmm
co cHmkeHueM ypoBHs CD4+ smmdonurtos cyte-
CTBEHHO YBEJIMUYMBAET PUCK PAa3BUTUA BTOPUUYHBIX
WHQEKITUOHHBIX OCJIOKHEeHuU [5]. /laHHBIE 3apy-
0exHbIX uccaemoBareseii n3 CIIIA, Mcemanum u
Kuras B otHOmeHnu teuenust COVID-19 y 60JIbHBIX
¢ BUY-un(peknneil MpOTHBOPEYNBHI U YKA3BIBAIOT
Ha TO, YTO Ha (poHe UMMYyHO/e(PUITUTA PUCK Pa3BU-
T OP/IC HuKe, 4eM Yy UMMYHOHEKOMIIPOMETHPO-
BAHHBIX NAIMEHTOB, HO NPUCOEINHEHUE OAKTEPHU-
QJIbHBIX W TPHUOKOBBIX OCJIOXKHEHUH Ha (QoHe
COVID-19 mpUBOAUT K BBICOKOH JIETaJIbHOCTH [6].
B cBsA3u c BbIeCKa3aHHBIM TPeOYeTCs JIOTOJIHU-
TeJIbHOE U3y4YeHre 0COOEHHOCTEH ITaTOTeHe3a U KJIU-
Huyeckoir kaptuHbel COVID-19 Ha ¢done BUU-
uHQEKIUU JJI1 COBEPIIEHCTBOBAHUSA JIHUArHOCTUKU
U JIeueHUs 3TUX OOTbHBIX.

KOMOPBHUJIHOCTD

B uncie rraBHbIX GaKTOpPOB pucKa Gosee TKe-
JIOTO Te4YeHUsT KOPOHABUPYCHOU HH(MEKINH yKa-
3aHbI: HUINYHE COMYTCTBYIOIINX XPOHUUECKUX 32060~
JIeBaHUH, My?>KCKOM I10J1, IIO3KUJI0H BO3pacT. ABTOPHI
PEKOMEHIAIUA CUHTAIOT HamOoJiee YsA3BUMBIMU
MAIIUEHTOB ¢ OPOHXUATHLHON aCTMOH, XPOHUYECKOH
obcrpykTuBHOU 60s1e3HBI0 sterkux (XOBJI) u mpy-
TUMU XPOHHYECKUMHU 3a00JI€BAaHUSIMH JIETKIUX,
caXapHbIM JUa0eTOM, CEepbEe3HBIMH CEPAEUHO-
COCYAUCTBHIMHU 3200JIeBAHUSAMHU, TAKUMHU KaK XPOHU-
yeckas cepjieuHas HeyjoctaTouHocTh (XCH), xpoHU-
YeCKUMU 3a00JIEBAaHUAMU MTOYEK, OKUPEHHEM, XPO-
HUYeCKUMU 3200IeBaHUSIMHU [T€YEHU U JIUIL C 0CJIa-
OJIEHHBIM UMMYHHUTETOM, B TOM YHCJIE JTIIOEH, KUBY-
mux ¢ BUY (JIDKB) [7, 8]. HeogHOPOAHOCTH Oy JIsI-

tious diseases change [3], in particular, HIV +
SARS-CoV-2 co-infection is of special scientific and
practical interest. The outbreak of a novel coronavi-
rus infection in China caused by SARS-CoV-2 was
declared a public health emergency of international
concern on January 30, 2020 [2]. In March 2020,
the World Health Organization (WHO) declared a
COVID-19 pandemic. For coronavirus infections
caused by SARS, MERS, and SARS-CoV-2, a charac-
teristic complication is the development of acute
respiratory distress syndrome (ARDS) with a rapid
increase in respiratory failure, in particular, due to
hypercoagulability and thrombosis of the vessels of
the lungs [4]. It is known that in immunodeficien-
cies, including those caused by HIV infection, a
novel coronavirus infection has some features of the
course. The progression of HIV infection with a
decrease in the level of CD4+ lymphocytes signifi-
cantly increases the risk of developing secondary
infectious complications [5]. The data of foreign
researchers from the USA, Spain and China regard-
ing the course of COVID-19 in patients with HIV
infection are contradictory and indicate that in
immunodeficiency, the risk of developing of ARDS
is lower than in immunocompetent patients, but the
addition of bacterial and fungal complications in
COVID-19 leads to high mortality [6]. In connection
with the foregoing, an additional study of the patho-
genesis and clinical picture of COVID-19 in HIV
infection is required to improve the diagnosis and
treatment of these patients.

COMORBIDITY

Among the main risk factors for a more severe
course of coronavirus infection are the presence of
concomitant chronic diseases, male sex, and elderly
age. The authors of the recommendations consider
as the most vulnerable group the patients with bron-
chial asthma, chronic obstructive pulmonary disease
(COPD) and other chronic lung diseases, diabetes
mellitus, serious cardiovascular diseases such as
chronic heart failure (CHF), chronic kidney disease,
obesity, chronic liver disease, and immunocompro-
mised individuals, including people living with HIV
(PLHIV) [7, 8]. The heterogeneity of the PLHIV
population challenges researchers and clinicians to
identify the higher-risk subgroups within this group:
PLHIV with low CD4 cell counts (severe immunode-
ficiency), high viral load, and antiretroviral therapy
(ART)-naive patients.

Mirzaei et al. have analyzed 252 cases of HIV-
COVID-19 co-infection in 2021. The majority of
patients (80.9%) were men. Comorbidities included
hypertension (39.3%), obesity and hyperlipidemia
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nun JIZKB craBuT nepep ucciaesoBaTeAMU U KJIU-
HUIUCTAMU HeOOXOJMMOCTh BBIJIEJIEHUS BHYTPH
JIAHHOU TPYIIIbI MMOATPYII G0jiee BHICOKOTO pUCKA:
JIKB ¢ Huskum uncioM CD4-kaerok (TsKesbli
UMMYHOJIe(UITUT), BBICOKOW BUPYCHOW HArpy3KOH,
a TaKkJKe TeX, KTO He IPOXOIUT AaHTHUPETPOBUPYCHYIO
tepanui (APT).

H. Mirzaei et al. B 2021 r. mpoaHaIu3upOBATIU
252 ciayvad ko-uadeknuu BUY u COVID-19. Bosb-
Y10 YacTh manueHToB (80.9 %) cOCTaBIsIN MYK-
quHbl. COIYTCTBYIOIIKE COMATHYECKHUE 3aboJieBa-
HUS U COCTOSTHUS BKJIIOUAJIN apTEPUAIbHYIO THUIIEP-
TeH3HuI0 (39.3 %), OKUpEHHE U THIIEPJIUIUEMHIO
(19.3 %), XOBJI (18 %) u caxapubii quaber (17.2 %).
B nenom 53.7 % mamuentoB ¢ BUY u COVID-19
HMMeJIN COIYTCTBYIOIME CcOMaTHU4ecKue 3aboseBa-
HusA. [lokasaresib JIETATLHOCTH B pacCMaTPUBAEMOU
TpyTIIe ManueHTOB ObLT BBICOKUM — 14.3 %. I1o MHe-
HUIO aBTOPOB, MMEHHO KOMOPOHIHOCTb SIBUJIACH
HauOoJiee BOXKHBIM (DAKTOPOM TSKEJIOTO TEUEeHUs
COVID-19, B TO Bpems Kak nporpeccupoBanue BITY-
uHEeKnUU U UMMyHOAeUIIUTA UTPAIN He3HAUU-
TEJIBHYIO POJIb [9].

¥ 6onpHBIX ¢ BUY-uHbeEKIMENH pErucTpupyeTcs
Oojlee  BBICOKMHM PHUCK Pa3BUTHUS  CEPAEYHO-
COCY/IUCTOH TIIaTOJIOTHH, 4YeM y JHl 0e3 BUY-
nHbekuu [10]. [IpreM HEKOTOPHIX AHTHUPETPOBU-
pycHbIx mpernapaToB (APII) MOKeT CIIy:KHTh CaMO-
CTOSITEJIBHBIM (PaKTOPOM PHCKA B TEYEHHU KOPOHA-
BupycHol nHdeknuu. Y. Xu et al. ycraHOBWIN B3au-
MoOCBA3b Mexay npuemoM APII u passutuem apre-
puanbHOU rutnieprensun y JIKB [11].

B uccnemosanuu K. Sigel et al. mokazano, uTo
JTOCTOBEPHOU PA3HUIIBI B TEUEHUN KOPOHABUPYCHOM
nHbekuy y nanpeaToB ¢ BUY u 6e3 Hero He oOHa-
pykeHo. OpHako mnamueHTam ¢ BUY-mHbekueit
yare TpeboBasach MOMOIIb B OTAEIEHUH HHTEHCHB-
HOU Tepamuy, B YaCTHOCTH, HCIIOJIb30BaHHE Oosiee
IIUPOKOTO CIEKTPa AHTUOAKTEPUAIBHBIX IIperapa-
TOB IIPY PUCOEIMHEHUH BTOPUYHOM UH(pEKIH [12].

CorslacHO  JJaHHBIM  CHCTEMATHU3UPOBAHHOTO
0030pa CBOAHBINA MOKA3aTeNb PACIPOCTPAHEHHOCTH
BUY cpenm 144 795 naieHTOB, TOCIUTAIU3UPOBAH-
vbIX ¢ COVID-19 B CeBepHOil Amepuke, EBpone u
Asum, coctaBUI 1.22 %, UTO BIBOE BBIIIE COOTBET-
CTBYIOIIIETO CBOTHOTO IIOKA3AaTeJIS PACIIPOCTPAHEHHO-
ctu BUY B 0011ie# OMyJIANIMY MECTHOTO HaceJIeHUs
(0.65 %), maHHbIi (HAKT yKa3bIBaeT HA MOTEHIIUATb-
Hy10 ysa3BuMocTb JIDKB B otHomernu COVID-19 [13].

R. Johnston et al. moaratot, uto BUU-undexus
MOKeT OBITh NPEIUKTOPOM OoJiee HeOJIarompHsiT-
HOTO IIPOTHO3a TeUeHWs HOBOH KOPOHABUPYCHOM
uH@eKIUu. ABTOPHI OTMEYAIOT, YTO COIYTCTBYIOIIE
3a00JIeBaHUsA, TaKUe KaK apTepuayibHas TUIEPTEH-

(19.3%), COPD (18%) and diabetes mellitus (17.2%).
Overall, 53.7% of patients with HIV and COVID-19
had medical comorbidities. The mortality rate in
the considered group of patients was high — 14.3%.
According to the authors, it was comorbidity that
was the most important factor in the severe course
of COVID-19, while the progression of HIV infec-
tion and immunodeficiency played an insignificant
role [9].

Patients with HIV infection have a higher risk of
cardiovascular pathology than those without HIV
infection [10]. Taking certain antiretroviral drugs
(ARDs) can serve as an independent risk factor for
coronavirus infection. Xu et al. established the rela-
tionship between the ARD medication and develop-
ment of arterial hypertension in PLHIV [11].

In a study by Sigel et al., it was shown that there
was no significant difference in the course of corona-
virus infection in patients with and without HIV.
However, patients with HIV infection more often
required an intensive care unit assistance, in particu-
lar, the use of a wider range of antibacterial drugs for
a secondary infection [12].

Based on a systematic review, the pooled HIV
prevalence among 144 795 patients hospitalized with
COVID-19 in North America, Europe and Asia was
1.22%, twice the corresponding pooled HIV preva-
lence in the general population (0.65%), this fact
indicates the potential vulnerability of PLHIV to
COVID-19 [13].

Johnston et al. suppose that HIV infection may be
a predictor of a more unfavorable prognosis for the
course of a novel coronavirus infection. The authors
note that concomitant diseases, such as arterial
hypertension, dyslipidemia, obesity, bronchial
asthma, COPD, etc., significantly complicate the
course of COVID-19. They found that ART does not
protect against infection, its progression, or death in
a novel coronavirus infection, which will be dis-
cussed below [14].

PATHOGENESIS AND IMMUNOLOGY
OF COVID-19 IN HIV INFECTION

The entry site for SARS-CoV-2 are the epithelium
of the upper respiratory tract and the epithelial cells
of the stomach and intestine. At the initial stage of
infection, the virus enters target cells that have
angiotensin-converting enzyme 2 (ACE2) receptors.
Type II transmembrane serine protease (TSP2) pro-
motes the binding of the virus to ACE2, activating its
S-protein, which is necessary for the penetration of
SARS-CoV-2 into a cell. The nucleocapsid proteins of
the virus were found in the cytoplasm of epithelial
cells of the salivary glands, stomach, duodenum and
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3Usl, JUCIIUIUJIEMUsI, OXKUPEHHe, OpOHXUabHas
actma, XOBJI u ip., cylIecTBEHHO OCJIOKHSAIOT Teue-
"ue COVID-19. Onu ycranoBuwiu, yto APT He 3amu-
IAaeT OT B3apaKeHWs, MTPOTPECCUPOBAHUS WJIHA
JIETAJIbHBIX HCXOJIOB IPU HOBOW KOPOHABHUPYCHOU
UHOEKITNH, 0 YeM TIOH/IET Peub HIKeE [14)].

ITATOI'EHE3 1 UTMMYHOJIOTUA
COVID-19 ITPU BUU-UHOEKIINUN

BxopupiMu BopoTamu yia SARS-CoV-2 gBis-
IOTCSI DIUTENNN BEPXHUX [IbIXaTEJIbHBIX ITyTeH U
SIIUTEJIUOIUTHI XKeJIyKa U KullleuyHrka. Ha Hauass-
HOM 3Talle 3apaKeHUs BUPYC IPOHUKAET B KJIETKHU-
MUIIIEHU, UMeIOINe PelelITOPbl aHTMOTeH3UHIIPEB-
pamasoiero depmenta Il tumna (AII®2). Kietounas
TpaHcMeMOpaHHAs CEpUHOBAs IIpOTea3a THIA 2
(TCII2) cnocobeTByeT cBA3BIBAHMIO Bupyca ¢ ATID2,
aKTUBHUPYS €ro S-IPOTEeUH, He0OXOAUMBIH JIJIsA IIPO-
"HukHoBeHNs SARS-CoV-2 B kietky. Hykieoxar-
cugHble OeJIKU BUpyca OOHAPY:KEHBI B IUTOILIA3ME
SIIUTETNAJIBPHBIX KJIETOK CIIOHHBIX JKeJles, JKeyly/Ka,
JIBEHA/IIATUIIEPCTHON M MPSAMOM KUIIKHA, MOYEBbI-
BOJAIIUX IIyTEH, a TaKKe B CJIE3HOH >KHUIKOCTH.
OpHako riasHoun multieHbo SARS-CoV-2 gasisgoresa
anbpBeosIsspHble KaeTku II tuma (AT2) jerkux, 4ro
obycsoBiuBaeT pa3puTHe AUGP@Y3HOTO aTbBEOJIIP-
Horo nospexjenus. [lonaratoT, yro npu COVID-19
MOKeT Pa3BUBAThCA KaTapaJIbHBIN IraCcTPOIHTEPOKO-
JIUT, TaK KAaK BUPYC IOPAXKaeT KJIETKHU SIIUTEJIHS
JKeJlyZika, TOHKON M TOJICTOM KWINIKH, HMeoIre
penerrropsl AII®2. EcTh laHHbBIE O CITEU(pUIECKOM
MMOPa’KEHUU COCY/IOB (SHJIOTENHUSI), a TaKIKe MHUO-
Kap/a, MoYeK U JPYTUX OpPraHoB. BaKHBIM 3BEHOM
rmaToreHe3a TakKKe MOXKHO Ha3BaTh U3MEHEHHUA B
cucTeMe reMocTasa, uTo onpesessaer pazsurue JBC-
CUHZIpOMA.

OTiesIbHO paccMaTpUBaeTCs MpobieMa HHPUIIH-
poBanusa CD4+ numdonutoB SARS-CoV-2. Vera-
HOBJIEHO, UTO Be/IyIIyI0 POJIb B CHIKEHUU YPOBHSA
CD4+ rnerok npu COVID-19 urpaiot ciaemyioiiye
(akTOppl: TPAMOA BUPYCHBI NHTOMATHYECKHI
sddexrT, runepaktuBanusa CD4+ KIeTok U ux nepe-
pacnpenenenue [15]. BodaMokHOCT HHPUITUPOBA-
HUA UMMYHHBIX K1eToKk SARS-CoV-2 u npsamoro ux
IIOpa)KeHUsI OCHOBBIBAETCS HA JAHHBIX, COIJVIACHO
KOTOPBHIM HEOOXOAUMBIE ISl TPOHUKHOBEHUS B
KkeTKy penentopsl All®2, a Takxke KiIeTOYHas
TCII2 akKTUBHO 3KCIPECCUPYIOTCA STUMU KJIeTKaAMU.
Taxxe B MOJIb3Y MPEINOIOKEHUA O BO3MOXKHOCTU
MIPSAMOTr0 IIOPaKeHUA FOBOPAT UCCIIeJOBAHNSA, ITI0Ka-
3asiine, 4yTo SARS-CoV-2 moker mHOUIMPOBATH
0KO0JI0 50 % MuMQONIHUTOB B KPOBOTOKE [16]. B HeKo-
TOPBIX HCCJIEIOBAHUAX [17] IPOIEMOHCTPUPOBAHBI
MeXaHU3MBbI THOeJIM UMMYHHBIX KJIETOK Ipu SARS-

rectum, urinary tract, and also in lacrimal fluid.
However, the main target of SARS-CoV-2 is alveolar
type II cells (ATII) of the lungs, which causes the
development of diffuse alveolar damage. It is believed
that catarrhal gastroenterocolitis can develop with
COVID-19, since the virus infects the cells of the epi-
thelium of the stomach, small and large intestine,
which have ATII receptors. There is an evidence of
specific damage to blood vessels (endothelium), as
well as the myocardium, kidneys and other organs.
Changes in the hemostasic system which determine
the development of disseminated intravascular coa-
gulation, can also be called an important part of the
pathogenesis.

The problem of SARS-CoV-2 infection of CD4+
lymphocytes is considered separately. It has been
established that the following factors play a leading
role in reducing the level of CD4+ cells in COVID-
19: direct viral cytopathic effect, hyperactivation of
CD4+ cells and their redistribution [15]. The pos-
sibility of infection of immune cells by SARS-CoV-2
and their direct damage is based on the data accor-
ding to which the ACE2 receptors necessary for
penetration into a cell, as well as TSP2, are actively
expressed by these cells. Also in favor of the
assumption of the possibility of direct damage are
studies showing that SARS-CoV-2 can infect about
50% of lymphocytes in the bloodstream [16]. Some
studies [17] have demonstrated the mechanisms of
immune cell death in SARS-CoV-2 via apoptosis,
necrosis, or pyroptosis. It has been established that
SARS 3a protein interacts with receptor interacting
protein 3 (Rip3), which enhances SARS 3a oligo-
merization, promoting necrotic cell death. In addi-
tion, penetration into the lysosomal membranes of
SARS 3a causes damage and dysfunction of lyso-
somes. As a consequence, transcription factor EB
(TFEB) moves into a nucleus, enhancing the tran-
scription of genes associated with autophagy and
lysosomes. Finally, SARS 3a activates caspase-1
either directly or via increased potassium efflux,
which triggers assembly of NLRP3 inflammasome.
Thus, Rip3-mediated oligomerization of SARS 3a
induces necrotic cell death, lysosomal damage, and
caspase-1 activation, which likely contributes to the
clinical manifestations of SARS-CoV-2 infection. In
addition, a number of researchers indicate that
under the influence of SARS-CoV-2, a regression of
the germinal centers was observed and the pool of
both T and B lymphocytes was depleted [18]. How-
ever, there is still no direct evidence that SARS-
CoV-2infects T cells.

Lymphopenia is a hallmark of patients with
severe COVID-19 and is associated with adverse clin-
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CoV-2 nocpezicTBOM aIonTo3a, HeKpo3a Uix MUPOoI-
TO3a. YCTaHOBJIEHO, UTO Oes1ok SARS 3a B3auMoieri-
ctByeT ¢ Receptor Interacting Protein 3 (Rip3), koto-
PpbIii yemuBaet osuromepusanuio SARS 3a, crrocob-
CTBYsl HEKPOTHUYECKOU Trubesn KieTok. Kpome Toro,
MPOHUKHOBEHUE B JIU30COMAaJIbHbIE MeMOpaHbI
SARS 3a BbI3BIBAET MOBPEXK/IEHUE U TUCHYHKITAIO
sm3ocoM. Kak ciieficTBre, TPAHCKPHUITITUOHHBIA (Dak-
top EB (TFEB) mepemeraercsi B si[po, YCHUIHUBAs
TPAHCKPUIIUIO T€HOB, CBA3AHHBIX ¢ ayrodaruei u
nau3zocomamu. Hakonen, SARS 3a axtuBupyer
Kacrasy-1 JIM00 HampsIMyIo, JTH0O Yepes YCUIEHHBIH
OTTOK KaJIusi, KOTOPBIU 3ammycKaeT cO0pKy mHbIam-
macombl NLRP3. Takum  obGpaszom, Rip3-
ormocpenoBanHasa onuromepusanusa SARS 3a BbI3bI-
BaeT HEKPOTUYECKYIO THOEIh KJIETOK, JIN30COMHOE
MOBPEXK/IEHNE U aKTUBAIMIO Kacrnasbl-1, YTO, BEPO-
SITHO, CHOCOOCTBYET KJIUHUYECKUM IPOSIBJIEHUSIM
nHpeknuu SARS-CoV-2. Kpome Toro, psj ucciaeno-
BaTesJiell YKa3bIBAIOT, UTO MOJA BausHueM SARS-
CoV-2 Habuto1a7ICst PErpece 3apOIbIIIEBIX IIEHTPOB
u myJ1 Kak T-, Tak u B-mumdonuTos ucromasncs [18].
OpHako MPAMOrO OTBeTa Ha BOIPOC, UHPUITUPYET
au SARS-CoV-2 T-kJieTKH, BCe ellle HeT.

JlumborieHns ABIAETCA OTIMIUTETFHON YepTOH
MMaIeHToB ¢ Tsikeion ¢popmoit COVID-19 u cBsizaHa
¢ HebJIaroNpUsATHBIMUA KJIUHUYECKUMHU HCXOJIAMHU
[19]. TlokazaHo, UTO TOBBIIIEHUE YPOBHS SARS-
CoV-2-cnenupuueckux CD4+ u CD8+ T-nmumdo-
IIUTOB CBSI3aHO C JIETKUM TeueHueM 0oJie3Hu [20], B
TO BpeMs KaK CHUIKeHHe KOJIMYecTBa 3TUX BUPYC-
crienuPUIECKUX KJIETOK MIPUBOIUT K IUCKOOPIMHA-
MU aHTUTEH-CIIeNNUIEeCKOro IMMYHHOTO OTBETA
U HECHOCOOHOCTH OpraHu3Ma KOHTPOJIHUPOBATH
COVID-19, mpenMyIIeCTBEHHO Y TTOKUJIBIX JIIOJEN ¢
HU3KUM ypoBHeM HauBHBIX CD4+ T-mumdonuTos.
W3sBectHo, yto CD8+ T-nuMdonuTsl 0TBEUaOT 3a
ycTpaHeHre HHPUIHPOBAHHBIX KJIETOK, B OCHOBHOM
3a CYEeT IPOYyKINH epdOpHHA U TPAaH3UMa, U ABJIA-
I0TCA KJIIOUEBBIMHM UI'DOKaMHU B KOHTpPOJIE HaJ, pas-
JIMYHBIMU TUIIAMH BUPYCOB IIOCPEJICTBOM CEKPEIUU
nutokuHoB. KomuuectBo CD4+ u CD8+ T-mumdo-
[UTOB CHIDKaeTcs mpu TsKesmoil dpopme COVID-19
[21]. CHmkeHME KOTMYecTBA B-TumM@oIuToB Takke
HabsromaeTcs npu Tsekeaor popme COVID-19 [22].
Bonee Toro, B moarpynne CD4+ T-numdonuros
OTMEYeHO CHUKeHUe KoJsimdecTBa 3(PPeKTOPHBIX
T-xjIeTok nNaMATH U PEryJIATOPHBIX T-KJIeTok
(CD25+, CD127low+), B TO BpeMs Kak JOJIS1 Hawu-
BHBIX T-KJIETOK yBeJTMUmMIach [23].

B ortnuuue or BUY, ucciaenoBanusa mpoaeMOH-
CTPUPOBAJIN YBEJIMUEHUE KOJIn4decTBa KaeTok Th1y B
nepudepuyeckor kKposu y manueHTo ¢ COVID-19.
Y rocuuTaJu3MpOBAHHBIX JIAI MO CPAaBHEHUIO C

ical outcomes [19]. It has been shown that an increase
in the level of SARS-CoV-2-specific CD4+ and CD8+
T lymphocytes is associated with a mild course of the
disease [20], while a decrease in the number of these
virus-specific cells leads to discoordination of the
antigen-specific immune response and the inability
of the body to control COVID-19, predominantly in
older adults with low levels of naive CD4+ T lympho-
cytes. It is known that CD8+ T lymphocytes are
responsible for the elimination of infected cells,
mainly through the production of perforin and gran-
zyme, and are key players in the control of various
types of viruses via the secretion of cytokines. The
number of CD4+ and CD8+ T lymphocytes decreases
in severe COVID-19 [21]. A decrease in the number
of B lymphocytes is also observed in severe
COVID-19 [22]. Moreover, in the subgroup of CD4+
T lymphocytes, there was a decrease in the number
of effector memory T cells and regulatory T cells
(CD25+, CD127low+), while the proportion of naive
T cells increased [23].

Unlike HIV, studies have shown an increase in
peripheral blood Thi17 cells in patients with
COVID-19. In hospitalized versus non-hospitalized
individuals, Mathew et al. (2020) found an increased
proportion of cytotoxic follicular helper cells and
cytotoxic T helper cells responding to SARS-CoV-2,
and a decrease in the proportion of SARS-CoV-2-re-
active regulatory T cells [24]. The number of regula-
tory T cells, which are responsible for the immune
homeostasis by suppressing pro-inflammatory func-
tions, was determined at a low level in severe cases,
which may be an important part of cytokine storm
pathogenesis in a novel coronavirus infection.

Much of the research on HIV-SARS-CoV-2 co-
infection revolves around concerns about the more
severe course of a novel coronavirus infection in peo-
ple with HIV. The cytokine storm phenomenon as
one of the main points in the pathogenesis of severe
forms of COVID-19 in virus-mediated immunosup-
pression in PLHIV has some peculiarities. It has
been suggested that HIV-associated immunosup-
pression contributes to a less pronounced manifesta-
tion of a novel coronavirus infection [25].

A study of plasma cytokines from patients with
acute HIV infection showed that interferon alpha
was the first cytokine whose level increased within
days of detection of viremia, followed by tumor
necrosis factor alpha (TNF-a), IFN-y, and interleu-
kin-12 [26]. Patients with COVID-19 also showed an
increase in inflammatory cytokines. In severe cases,
an increase in TNF-a, IFN-y, IL-2R, IL-6, IL-8 and
IL-12 was found [27]. However, an impaired type I
interferon response was observed, characterized by
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Herocnutain3dupoBanupiMu  D. Mathew et al.
(2020 1.) 00HAPYKWJIN TOBBIIIEHHYIO JIOJIIO ITUTO-
TOKCUYECKUX (POJUIUKYJISIPHBIX XEJITEPHBIX KJIETOK
U OUTOTOKCHYECKNX T-XeJmepHbIX KJIETOK, OTBEYa-
omux Ha SARS-CoV-2, u cHmkenue jgoau SARS-
CoV-2-peakTHUBHBIX PEryJISATOPHBIX T-KIeTok [24].
KosmgecTBO perynaTopHbIX T-KJI€TOK, KOTOpPBIE
OTBEYAIOT 32 MOAJIePKaHNe UMMYHHOTO TOMEOCTa3a
3a CYeT MOJABJIEHUS IPOBOCIAJIUTENBHBIX (DYHK-
LU, B TSOKEIBIX CIYYasAX OMPEAeIIsiioch HA HU3KOM
YPOBHE, YTO MOKET SIBJIATHCSA BAXKHBIM 3B€HOM I1aTO-
reHe3a IUTOKWMHOBOTO IITOPMA IIPX HOBOI KOpOHA-
BHUPYCHOU MH(EKINH.

Bosnpmas wacTe wuccemOBaHUM, KaCAIOIIMIXCS
ko-uH@ekuu BUY u SARS-CoV-2, ctpoutes BOKpyT
omaceHui o 6oJiee TSIKEJIOM T€YEHHU HOBOH KOpO-
HaBUPYCHOU MHbeKIuU y yozei ¢ BUY. ®enomen
OUTOKHMHOBOTO IIITOPMA KaK OJTHO U3 IJIaBHBIX 3Be-
HbeB IaTtoreHesa Tsoxesbix gopm COVID-19 B cuty-
anyu BUPYC-ONOCPENOBAHHON NUMMYHOCYIIPECCHU Y
JI?KB umeeT HEKOTOpBIE 0COOEHHOCTH. BrickaspiBa-
eTcs MbICJIb, 4To BMIY-accomuupoBanHass UMMYyHO-
cympeccus CIocOOCTBYeT MeHee BhIPaKEHHON MaHU-
(ecranyt HOBOM KOPOHABUPYCHOU MHQpEKINH [25].

UccnemoBaHre MUTOKWHOB I1JIa3MbI TAIUEHTOB C
ocrpoit BUYU-undekuel mokasano, 4to uHTEpde-
PpOH-A OBLII TEPBHIM IUTOKUHOM, Y€l YPOBEHb IIOBBI-
CUJICS B T€UEHUE HECKOJIbKHUX JHEH mocse oOHapy-
JKeHHUS BUPEMUU, 32 KOTOPBIM CJIEZOBTH (HAKTOP
Hekposa omyxosmu o (TNF-a), IFN-y u mHTepiei-
knH-12 [26]. ¥V manmenTtoB ¢ COVID-19 Takxe
Ha0JTI071a7I0Ch TTOBBIIIEHNE BOCIIAJIUTENBHBIX IIHTO-
KUHOB. B TsKesnpIxX caydyanx oOHApYy>KEeHO IOBBIIIe-
aue TNF-a, IFN-y, IL-2R, IL-6, IL-8 u IL-12 [27].
Opnnako HabIII0ZaJICS HAPYIIIEHHBIN OTBET HHTepde-
poHa Tuma I, XapakTepHU3YIOIIUICSI OTCYTCTBHEM
IFN-f u HU3KOH MPOAYKIMENH U aKTUBHOCTHIO
IFN-a. Hekoropble HcCCiefOBaHUA ITOKa3aId, YTO
PAA IPOAYIUPYEMBIX BO BpPeMsA HOBOH KOPOHABU-
pycHO# nHGEKIUH ITUTOKUHOB 00J1a/1aeT HHTHOUpY-
IOIeN aKTHUBHOCTBIO II0 OTHOIIEHHIO K JUMQOIU-
TaM. OTH OUTOKUHBI BRIPA0ATHIBAIOTCA NHPULIIPYe-
MBIMH MaKpodaramu JIETKUX U BKJIIOUAIOT B cebs
TNF-a u IL-10. TNF-a BeI3pIBaeT anonrtos T-Ki1eTok
[28], a IL-10 mnpemorBpammaer mposudepanuo
T-xi1eTok [29]. ATO MO3BOJISAET MPE/ITOIOKUTD, YTO
B IaTOTeHE3€e CHIDKEHUs KOan4yecTBa T-KJIeTok mpu
HOBOH KOPOHABUPYCHOH MHGEKITNN UTPAIOT POJIb HE
TOJIBKO IIPSIMO€E BUPYCHOE ITOPasKeHNE, HO U OIIOCpe-
JIOBAaHHbIE IMMYHOJIOTUYECKIE PEAKITUU.

Takum 006pasoM, MO HUMEIOIIUMCS JTAHHBIM, U
BUY, u COVID-19 nNpuBOJSAT K CHUXKEHUIO KOJTUYe-
ctBa CD4+ T-numdouutos. [IpsMoe mnopaxeHue
CD4+ T-wieTok, THUIIEpAKTUBANNSA WMMYHHOU

the absence of IFN-f3 and low production and activity
of IFN-a. Some studies have shown that a number of
cytokines produced during a novel coronavirus infec-
tion have inhibitory activity against lymphocytes.
These cytokines are produced by infected lung mac-
rophages and include TNF-a and IL-10. TNF-a
induces T cell apoptosis [28], while IL-10 prevents
T cell proliferation [29]. This suggests that not only
direct viral damage, but also mediated immunologi-
cal reactions play a role in the pathogenesis of a
decrease in the number of T cells in a novel coronavi-
rus infection.

Thus, both HIV and COVID-19 are reported to
lead to a decrease in the number of CD4+ T lympho-
cytes. Direct damage to CD4+ T cells, hyperactiva-
tion of the immune system, and redistribution of
CD4+ T cells in very different proportions contribute
to the reduction in CD4+ T lymphocyte levels in both
diseases. The authors emphasize that no increased
morbidity and mortality among PLHIV with symp-
tomatic COVID-19 has been reported [29]. This issue
remains complex and needs further development.

CHARACTERISTICS OF THE CLINICAL
PICTURE OF COVID-19 IN PATIENTS WITH
HIV INFECTION

According to a systematic review [30], the most
common symptoms in co-infected patients are fever
(74% of cases), cough (58.3%), and dyspnea (30.5%).
Less common symptoms are headache (19.7%),
arthralgia/myalgia (14.8%), and itchy throat (8.1%).
The authors found no significant differences in the
clinical manifestations of a novel coronavirus infec-
tion in PLHIV and people without HIV.

A study by D’Souza et al. [31] using a telephone
survey for patients from different parts of the United
States (3411 patients, including 2078 (61%) PLHIV
and 1333 HIV-seronegative (SN)), showed that most
of the symptoms reported since January 2020, were
similar in PLHIV and SN. They included headache
(23% vs 24%), myalgias (19% vs 18%), shortness of
breath (14% vs 13%), chills (12% vs 10%), fever (6%
vs 6%), and loss of taste or smell (6% vs. 7%). Thus,
the study authors conclude that the prevalence and
pattern of COVID-19 symptoms were similar in
PLHIV and SN.

ART AND SEVERITY OF COVID-19

Since the beginning of the pandemic of a novel
coronavirus infection, the possible use of antiretrovi-
ral drugs in the treatment of COVID-19 has been dis-
cussed, but the data obtained by different authors
are contradictory.
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cucreMbl U nepepacnpeziesienne CD4+ T-kieTok B
O4YeHb Pa3HbIX IIPOIIOPIUAX BHOCAT BKJIAJ B CHUKe-
Hue ypoBHs CD4+ T-mumdonuTos npu o6oux 3a60-
JIeBaHUAX. ABTOpaMHU IOTYEPKUBAETCS, UYTO He c000-
II[AeTCS O TOBBIMIEHHON 3a00JIeBAEMOCTH U CMEPT-
Hoctu cpenu JIXKB ¢ cumnromatuueckum COVID-19
[29]. /TlaHHBIT BOIIPOC OCTAETCS CJIOKHBIM M HYK/[a-
IOIUMCS B JaJbHeNIel pa3paboTke.

OCOBEHHOCTU KJIMHUYECKOM KAP-
THUHBI COVID-19 ¥ ITAIITMEHTOB C BUY-
NHOEKIIUEN

CorytacHO cucTeMaTuyeckoMy 0630py [30], Hau-
0oJjiee YaCTBIMU CHUMITOMAaMH y TIAI[UEHTOB C
KO-uHGEKIUenl SABJIAITCA: Juxopaaka (74 % ciy-
yaeB), kamreysb (58.3 %) u oxgpika (30.5 %). MeHee
yacTble CHUMITOMBI — TOJIOBHass 6osib (19.7 %),
aprpasrus/muanrus (14.8 %) u mepieHue B ropye
(8.1 %). ABTOpBI HE BBISIBHUJIN 3HAUYUTETbHBIX OTJIH-
YUi B KJIMHUYECKHUX IPOSBJIEHUAX HOBOU KOpPOHA-
BupycHoi nHdexnnu y JIZKB u nrozeii 6e3 BITY.

Uccnenosanue G. D’Souza et al. [31] ¢ ucmosbzo-
BaHHEM METOJIMKH TeJIe(pOHHOTO OIlpoca y malueH-
TOB u3 pa3HbiX yacrteid CIIIA (3411 manueHToB, B UX
yuciie 2078 (61 %) JDKB w1333 BUY-
ceporeratuBHbIX (CH)), mokasaso, 94To OGOJIBIITHH-
CTBO CUMIITOMOB, O KOTOPBIX COOOIAIOCH ¢ STHBAPS
2020 1., 6611u cxoxkumu y JOKB u CH. OHu BKIIIO-
YajIy TOJIOBHYIO 00JIb (23 MPOTUB 24 %), MHAITHU
(19 mpoTuB 18 %), oABIIKY (14 IPOTUB 13 %), 03HOO
(12 mporuB 10 %), auxopaaky (6 mpotuB 6 %) u
IoTepIo BKyca miu 3amaxa (6 mpotus 7 %). Takum
o0pa3oM, aBTOpPBI HCCIAEAOBAHUSA TPUXOAAT K
BBIBOJIY, YTO PACIIPOCTPAHEHHOCTh M XapaKTep CHUM-
nromoB COVID-19 6putu cxoxxu y JI2KB u CH.

APBT 1 TAKECTb TEHEHUA COVID-19

C Hayajia TaHJAEMHUH HOBOW KOPOHABHPYCHOU
nHGEKIUU 00CYK/IaeTCsI BO3MOXKHOE HCIIOJIb30Ba-
HUe aHTUPETPOBUPYCHBIX IPENApPaTOB B JIEUEHUU
COVID-19, ojiHaKO JlaHHbIe, TIOJIyUYeHHbIe PAa3HBIMU
aBTOPaMU, IPOTUBOPEYUHBEI.

B orHomenun COVID-19 moTeHIUaa HECKOJIb-
KUX CYIIECTBYIOIINX JIEKAPCTB (BKJIIOYAS peM/IecH-
BUD, JIONUHABUDP,/ PUTOHABUD, THAPOKCUXIIOPOXUH U
TOIUIN3YMa0) MPEeCTABIISTT HHTEPEC Ha OCHOBAHUH
MPeABIAYIIUX HCCIIEAOBAHUN W3BECTHHIX UJIEHOB
ceMelicTBa KODOHABUPYCOB: BUpYyCA TAXKEJIOTO
octporo pecrniuparopHoro cuuzapoma (SARS-CoV) u
BHUpyca OJIMKHEBOCTOUHOTO PECIUPATOPHOTO CHH-
npoma (MERS-CoV). Ha ocHOBe pe3ys1bTaToOB BUPTY-
QJIPHOTO CKPUHUHTA U UCC/IEIOBAHUM 1n Vitro 1
seuenus COVID-19 nmepBoHauajJbHO paccMaTpuUBa-

For COVID-19, the potential of several existing
drugs (including remdesivir, lopinavir/ritonavir,
hydroxychloroquine, and tocilizumab) has been of
interest based on previous studies of known mem-
bers of the coronavirus family: severe acute respira-
tory syndrome virus (SARS-CoV) and Middle East
respiratory syndrome virus (MERS-CoV). Based on
the results of virtual screening and in vitro studies,
antiretrovirals were initially considered for the treat-
ment of COVID-19: most commonly lopinavir and
ritonavir (LPV/r) or less commonly darunavir and
ritonavir (DRV/r). Protease inhibitors have been
considered as candidates for therapy, since they
inhibit enzymes that activate envelope glycoproteins
and ensure the penetration of the virus into a cell
[32-34].

A randomized, controlled trial was performed
between March 19, 2020 and June 29, 2020 [35], in
which 1616 patients were randomly assigned to treat-
ment with lopinavir-ritonavir, and 3424 patients
received usual care. In patients hospitalized with
COVID-19, the use of lopinavir-ritonavir has not
been found to be associated with a reduction in
28-day mortality, length of hospital stay, or risk of
progressing to mechanical invasive ventilation or
death. The results of this study do not support the
use of lopinavir-ritonavir for the treatment of
patients hospitalized with COVID-19.

Another trial examining the prospects for the
use of lopinavir in the treatment of patients with
severe forms of COVID-19 shows similar results
[36]. 199 patients with confirmed SARS-CoV-2
infection were examined: 99 patients were treated
with lopinavir/ritonavir and 100 received standard
care. Therapy with lopinavir/ritonavir showed no
difference in time to clinical improvement com-
pared with standard care. Mortality at 28 days was
similar in the lopinavir/ritonavir group and stan-
dard care group. The percentage of patients with
detectable viral RNA at different time points was
similar.

The results of the WHO Solidarity trial also indi-
cate that LPV/r has little or no effect on the manage-
ment of patients hospitalized with COVID-19 in
terms of overall mortality, initiation of mechanical
ventilation, and duration of hospital stay [37]. Thus,
the use of LPV/r does not improve clinical outcomes
in hospitalized patients with COVID-19.

The use of other antiretroviral drugs in the treat-
ment of a novel coronavirus infection is discussed in
the literature. Thus, a study by Del Amo et al. [38]
showed that out of 77 590 HIV-infected people
receiving ART, 236 were diagnosed with COVID-19,
151 patients were hospitalized, 15 were admitted to
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JINCh AHTUPETPOBUPYCHBIE IIPENapaThl: Yalle BCEero
sonuHaBup u putoHasup (LPV/r) wnu pexe nmapy-
HaBup u putoHasup (DRV/r). UHru6butops! mpore-
a3bl pacCCMATPUBAINCH KaK KAaHAUJATHI HA HCIIOJIb-
30BaHUE B TepaIuy, IIOCKOJBKY OHU UHTUOUPYIOT
(epMeHTBI, aKTUBUPYIOIINE T[JIMKOIMPOTEUHBI 000-
JIOUKH 1 00eCcIeYnBaroIre MPOHUKHOBEHNE BUpyca
B KJIETKY [32—-34].

B mepuox ¢ 19.03.2020 1mo 29.06.2020 HpoBe-
JIeHO paHIOMU3UPOBaHHOE KOHTPOJIMPYyeMOe HUccie-
nloBaHue [35], B KOTOpoM 1616 ManMeHTOB CJIyJau-
HBIM 00pa3oM pacrpejiesieHbl I JIeUeHUsl JIOIHU-
HaBUPOM-PUTOHABUPOM, a 3424 TaIMeHTa IOJy-
Yayi CTAaH/JAPTHYIO TEPAIUIO. YCTAHOBJIEHO, UTO Y
MalMeHTOB, TOCIUTAIU3UPOBaHHBIX ¢ COVID-19,
IIpUMeHeHNe JIOMMMHABUPA-PUTOHABUPA HE CBSI3aHO
CO CHIDKEHHeM 28-7HeBHOW CMEPTHOCTH, IIPO/OJI-
JKUTEJIBHOCTH IPeObIBAHMUSA B GOJILHUIIE WU PUCKOM
epexonia k waBazuBHou MBJI wiu cmeptu. Pesysb-
TaThl JIAHHOTO WCCJIEIOBAHUA HE IIOATBEDPKIAIOT
0060CHOBAaHHOCTDH HCIIOJIb30BAHUS JIOMMHABHUPA-PU-
TOHABUPA JJIS JIEUeHUS MAIUEeHTOB, TOCIUTAIN3U-
poBauHbIx ¢ COVID-19.

Jpyroe ucciiejoBaHye 10 U3yUYEeHUIO IEPCIEKTUB
HCITOJTb30BAHUSA JIONTMHABUPA B TEPAIIUY ITAI[UEHTOB
¢ tsxkenpiMu popmamu COVID-19 nemoHCTpUpYyeT
aHaAJIOTUYHBIE pe3yabTaThl [36]. O6GciemoBaHo 199
MaIeHTOB C MO/ITBEP:KAeHHON HHpeKiedn SARS-
CoV-2: 99 manueHTOB JIEUJIH JIOMTUHABUPOM/ PUTO-
HABUPOM U 100 MPOXOAUIIN CTAHJIAPTHOE JI€UYEHHE.
Tepanus JonMHABIPOM/PUTOHABUPOM He IIOKa3aja
pasiuuuil M0 BpeMeHH /0 KJIMHUYECKOTO YJIydIille-
HHUA TI0 CPaBHEHUIO CO CTAHJAAPTHBIM JI€YeHUEM.
CMepTHOCTD uepe3 28 nHel ObLIa aHAJIOTUYHOU B
IpyIIe JONMMHABUDPA/pPUTOHABUPA U TPYyIIle CTaH-
JapTHOH Tepamnuu. [IpoIeHT manueHToB ¢ 0OHApy-
>kuBaeMoli BupycHoil PHK B pasimyHble MOMEHTHI
BpeMeHH ObLI aHAJIOTUYHBIM.

Pesynbrater uccienoanus Solidarity, mpoBou-
moro no nHuImatuse BO3, Takke CBUIETETBCTBYIOT
o ToM, uTo LPV/r oka3pIBaeT HE3HAUUTEIHHOE BJIUS-
HHE WIN BOBCE HE OKA3bIBAET BJIMAHUA HA JIEUEHHE
TOCIUTATN3UPOBaHHBIX nanueHToB ¢ COVID-19 ¢
TOYKH B3peHus OOIUX IIOKa3aTejiel CMEPTHOCTH,
nepeoaa Ha VIBJI u npoAo/IKUTETbHOCTU TOCIIUTA-
smszannu [37]. Takum o6pasom, npumenenue LPV/r
He CII0COOCTBYeT YIIYUIIeHII0 KIIMHUYECKUX HCX0/I0B
Yy TOCIUTAIN3UPOBAHHBIX MarueHToB ¢ COVID-19.

B snureparype o6cy:kmaercsi WCIIOIb30BAHUE U
JIPYTUX aHTUPETPOBUPYCHBIX IIPENapaToB B TEPATNHU
HOBOU KOpOHaBUpPYCHOU mHpekun. Tak, uccieno-
Banue J. Del Amo et al. [38] mokasasio, 4To U3 77 590
BUY-undbunupoBanuslx, nosy4atomnumx APBT, y
236 6611 auaraoctupoBan COVID-19, 151 marueHT

the intensive care unit, and 20 died. The risk of hos-
pitalization was 20.3 (95% confidence interval (CI)
15.2 to 26.7) among patients treated with tenofovir
disoproxil fumarate + emtricitabine, 10.5 (CI 5.6 to
17.9) among those treated with tenofovir alafen-
amide + emtricitabine, 23.4 (CI 17.2 to 31.1) among
patients receiving abacavir + lamivudine, and 20.0
(CI 14.2 to 27.3) for those receiving other regimens.
No patient treated with tenofovir disoproxil fuma-
rate + emtricitabine was hospitalized or died. These
results indicate that HIV-infected patients receiving
tenofovir + emtricitabine have a lower risk of severe
COVID-19 and associated hospitalization than
patients receiving other regimens.

Information about the effectiveness of tenofovir
appears in other studies. So, Zanella et al. (May
2021) [39] indicate that clinical and preclinical data
suggest the potential use of tenofovir in the treat-
ment of a novel coronavirus infection. The authors
consider important the aspect previously described
for hydroxychloroquine and lopinavir/ritonavir,
according to which the widespread use of this drug
for the treatment of COVID-19 as a new indication
may lead to a decrease in its supply to patients with
previous indications. The authors also suggest that
its use may induce HIV resistance in patients with
unknown HIV infection. Data on the effectiveness of
tenofovir against coronavirus infections other than
COVID-19 are not currently available, but informa-
tion regarding SARS-CoV-2 infection is beginning to
emerge.

However, it is important to note that in the latest
interim guidelines of the Ministry of Health of the
Russian Federation on the prevention, diagnosis and
treatment of a novel coronavirus infection, the anti-
retroviral drugs are not recommended for use.

PSYCHO-EMOTIONAL DISORDERS
AND ORGANIZATION OF CARE

FOR HIV PATIENTS IN THE CONTEXT
OF THE COVID-19 PANDEMIC

The researchers consider the organization of
adequate psychological counseling for PLHIV in
the context of the pandemic and the restrictions
associated with it to be important issues. In a situ-
ation where personal contact, including between a
doctor and a patient, is undesirable of the spread of
coronavirus infection, telemedicine becomes a
good alternative to the existing mode of work with
PLHIV [40].

According to a study carried out among patients
of the Missouri HIV clinic (USA), more than 90% of
patients who received counsultation remotely
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OBLI TOCIUTATU3UPOBAH, 15 TOCITUTATIU3UPOBAHbI B
OTJleJIeHNe WHTEHCUBHOM Tepanmuu U 20 YMEepJH.
Puck rocmutasusamuy cocTaBisl 20.3 (95% mose-
putenbHbId uHTEpBaI (JI1) OT 15.2 10 26.7) cpeau
[IaIleHTOB, IOJIyYaBIINX TeHO(OBUPA JU30IMPOK-
cun pymapar + smrpunurabus, 10.5 (AU ot 5.6 1o
17.9) cpeau Tex, KTO MoIyvasa TeHo(oBup anadeHa-
My + sMrpururabul, 23.4 (1 ot 17.2 g0 31.1)
CpeJiu MAIUEHTOB, IMOJIYYAIOIUX abakaBup + JIaMU-
ByAuH, U 20.0 (JIV or 14.2 10 27.3) 1A TeX, KTO
[IoJTyJasl ApyTHe cxeMbl JiedeHusA. Hu oxwH maru-
€HT, TIOJTyYaBIINY TeHO(GOBUPA TU30TPOKCHIT pyMa-
par + 3MTpUIUTAOWH, He ObLI TOCIHUTATU3UPOBAH
WX yMep. DTU pe3yIbTaThl IOKA3bIBAIOT, uTOo BITY-
UHUIMPOBAaHHbBIE MAIUEHTHI, TOJIYJAIOlUe TEHO-
¢oBuUp + SMTpPUNHUTAOWH, UMEIOT 0Oojiee HUBKUH
puck Tsoxesnoro TedeHuss COVID-19 u cBA3aHHOU ¢
HUM TOCHUTIM3ALNN, YeM HalHUEHTHI, MMOJIydaro-
[Ye Jpyrue CXeMbl JieueHu .

Nuadopmarus 06 saddekTuBHOCTH TEeHODOBHPA
MoABJIAETCS U B JPYIHX HCCIeOBaHUAX. Tak,
1. Zanella et al. (maii 2021) [39] yka3bIBaIOT, YTO KJIH-
HUYeCKHe U JOKJIWHUYeCKUe /aHHBbIe CBU/ETEesIb-
CTBYIOT O BO3MOKHOCTU ITOTEHITUATBLHOTO UCIIOJIH30-
BaHUA TEHO(POBHUPA B JIEUEHIN HOBOI KOPOHABUPYC-
HOU mHOeKInu. Ba)KHBIM aBTOPBI CUUTAIOT ACIEKT,
ONIMCAHHBIN paHee JUIs THAPOKCUXIIOPOXUHA U JIOTIH-
HaBUPa,/PUTOHABUPA, COTJIACHO KOTOPOMY IIIHPOKOE
HCIIOJIP30BAaHME JIAHHOTO IIpeliapaTta I JIeYeHUs
COVID-19 B kauecTBe HOBOI'O TOKa3aHUS MOKET
MIPUBECTU K CHIKEHUIO ero Ipe/jIoKeHus HalueH-
TaM CO CTapbIMH ITOKa3aHUAMH. Takke aBTOPHI
MIPEJIIIOJIaraloT, YTO €ro HCIO0JIb30BAaHUE MOXKET
BBI3BATh YCTOMYUBOCTh K BIY y manmeHToOB ¢ HEN3-
BectHoU BMY-unpekueit. /lanHbIX 00 3pderTun-
HOCTH TeHO(OBUPA B OTHOIIIEHUH JIPYTUX KOPOHABH-
pycubix nadeknuii, kpome COVID-19, B HacTosee
BpeMs HeT, OfHakKo WHOPMAIUsA, Kacarlascs
nadexnu SARS-CoV-2, HaunHaeT HOABIATHCA.

TeMm He MeHee BaXKHO OTMETHUTD, UTO B IIOCJIEJTHUX
BpeEMeHHbBIX pekoMmeHjanusax Munzapasa PO mo
Mpo(UIaKTUKE, AUATHOCTHKE W JIEYEHUIO HOBOU
KOPOHABUPYCHON WHGEKIUU aHTUPETPOBUPYCHBIE
IperapaTthl He peKOMeHyeTCs K IPUMEHEHUIO.

IICNXOIIMOIINOHAJIBHBIE
HAPYINIEHUA 1 OPTAHU3AIINA
IMOMOIINV BUY-UHOUIINPOBAHHDBIM
B YCJIOBUAX ITAHAEMHWU COVID-19

BaxHBIMH BOIIpOCAaMH HCCJI€OBATe]H CUUTAIOT
OPTraHU3AINIO JIeKBATHOTO IICUXOJIOTUYECKOTO KOH-
cysnprupoBanusa JIKB B yc/0BUAX MaHAEMUU U CBs-
3aHHBIX C Hel orpaHnuyeHuWd. B cutyamuu, xorga

reported that the quality of counseling was the same
as in a traditional clinic visit, or even better than
usual. However, the number of patients who failed to
receive a consultation remotely is not indicated. At
the Chicago clinic, from late March to mid-April,
2020, only 21% of scheduled visits were virtual; 31%
were rescheduled, 2% attended in-person visits, and
46% did not take place [41]. The study argues that
the COVID-19 pandemic could seriously disrupt the
HIV treatment outcomes among PLHIV. As the
world faces unprecedented financial stress and nec-
essary changes to healthcare delivery systems,
healthcare facilities must adapt the mode of care and
medical service to avoid adverse outcomes for more
vulnerable patients. Additional and timely resources
are needed to ensure rapid access to ART. Medical
service must be creatively adapted to support physi-
cal and mental health remotely, taking into account
individual and community needs. While there is cur-
rently no disproportionate spread of COVID-19
among PLHIV, this data needs to continue to be
monitored to assess the long-term health impacts of
the pandemic on people living with HIV.

For a variety of socioeconomic reasons, many
HIV patients are in a more disadvantaged environ-
ment for infection of SARS-CoV-2. The same reasons
do not allow many PLHIV to get access to telemedi-
cine, as some authors mention [42], the following
problem is also highlighted: remote counseling of
patients with HIV does not always allow observing
such an important aspect of working with PLHIV as
privacy and medical secrecy. Thus, when organizing
remote counseling, which patients with HIV need, it
is necessary to ensure the wherewithal for these
patients to gain access to high-quality telemedicine
services.

Other researchers emphasize the multifactorial
nature of this trend [43]. The authors attribute the
deterioration of the mental health situation to social
isolation, an increase in the consumption of alcohol
and drugs, the development of fear of the pandemic
among people, and other reasons. In this regard,
special alertness regarding the possibility of develop-
ing such reactions among PLHIV. This group is vul-
nerable for many reasons: among PLHIV, the level of
alcohol and drug use is higher, in this group there are
more people with unsatisfactory social and living sta-
tus, in addition, PLHIV, obviously, tend to experi-
ence the fear of the pandemic more deeply [44].
Therefore, the issues of adequate continuation of
counseling and therapy, possible risks and safe
behavior should be carefully considered by a consult-
ing physician in order to minimize the risks of devel-
oping adverse mental reactions.
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JINYHBIA KOHTAKT, B TOM YFHCJIE MEXIY BpauyoM U
MTAlFIEHTOM, SBJIIETCS HEXKEJIATETHbHBIM C TOUKHU 3pe-
HUS PACIPOCTPAHEHUs] KODOHABUPYCHON WH(EKIIHH,
TeJIEMEUIINHA CTAHOBUTCS XOPOIIEU aJbTepHATU-
BOH cyIIiecTByIoeMyY pexxumy pabotsl ¢ JIXKB [40].

CorsiacHO HuccJle/I0BaHNUIO, IPOBEJIEHHOMY Cpeiu
nanuenTos Missouri HIV clinic (CIIIA), 6osiee 90 %
MMAIIEHTOB, MOJYYaBIINX KOHCYJIBTHPOBAHUE YZIa-
JIEHHO, COOOINMJIM, YTO Ka4ecTBO KOHCYJIBTHPOBA-
HUA OBUIO TAKUM JKe, KaK U IPHU TPAAUIIOHHOM
BUBHUTE B KJIMHUKY, JTU0O Jja’ke O0Jiee BBICOKUM, UeEM
006b19HO0. OTHAKO HE YKAa3aHO KOJIMYECTBO ITAIHEH-
TOB, KOTOPBIM HE yJIaJIOCh NPOUTU KOHCYJIBTAIUIO
yznaneHHo. B kimHUKe r. YUKAro ¢ KOHIIA MapTa J0
CepeINHBI arpeJis 2020 T. TOJIBKO 21 % 3aIlJIaHuPO-
BAHHBIX IOCEIIEHUN IIPOBOAWINCH BUPTYAJIbHO;
31 % OBUIH ITepEHECEHBI, 2 % MIPOBOAIIINCH JJUIHO, a
46 % He cocrosoch [41]. B uccaenoBanuu yrBepxK-
naercsa, uro nagaemus COVID-19 moxeTr cephe3HO
HapyUIUTh pe3yJbTaThl JiedeHus BUY-unbuiupo-
BaHHBIX cpegu JIXKB. IT0CKOIBKY MUD CTJIKUBAETCS
¢ GecrperieIeHTHBIMY (PUHAHCOBBIMU CTPECCAMH U
HEeOOXOAMMBIMU W3MEHEHUsSIMHU B CHCTEMAax OKasa-
HUS MEIUIUHCKON IIOMOIIY, MEUIIITHCKYE OPTaHU-
3al0U¥ JIOJKHBI aZaliTUPOBaTh (GOpPMaT OKa3aHUSA
IIOMOIIA M MEJUIIMHCKUX YCJIYT, 4TOOBI M30eKaTh
He6JIaTOIPUATHBIX PE3YJIBTATOB Cpeau Ooiee ysa3BU-
MBIX MAIFEHTOB. J[ONOJIHUTEIbHBIE U CBOEBPEMEH-
HBle pecypchl HeoOXOAWMBI sl obecredeHus
osicTporo mocryna k APT. MenuruHckue yCiIyru
JIOJKHBI OBITH TBOPYECKHU aANTHPOBAHBI IS y/ia-
JIECHHOU TOJZIEPKKHU (PU3UUECKOTO U IICUXUIECKOTO
37I0POBBS C YIETOM HHANBU/IYAIBHBIX U OOIIIECTBEH-
HBIX NOTpeOHOCTel. XOTs B HACTOSIIEE BPEMs HE
Ha0JII0ZIaeTCs HEPOIOPIIMOHAIBHOTO PaCIIPOCTPa-
Henuss COVID-19 cpenu JIDKB, HeoOxomumo mpo-
JIOJKATh OTCJIEXKUBATH 3TH JJAHHBIE, UTOOBI OIEHUTD
JIOJITOCPOYHBIE TIOCJIEJICTBUS IAHAEMUH /IS 310PO-
BbSI JIIOJIEN, KUBYIIUX ¢ BITY.

B cuty psia conpaabHO-9KOHOMIYECKUX TPUINH
MHorue nanueHTbl ¢ BUUY HaxopdaTcAd B yCJIOBHUAX
OoJiee HEOJIATOMIOIYYHBIX B OTHOIIIEHUH HHMUITHPO-
BaHuA SARS-CoV-2. 91 ke IPUYNUHBI He II03BOJIAI0T
MHoruM JI?KB nosyduTs AOCTYI K TeIeMeqUIlnHe, O
YeM TOBOPAT HEKOTOPBIE aBTOPHI [42], TakKe BbIzie-
JIseTes CIleyromas mpodyeMa: yaaJeHHOe KOHCYJTb-
THpOBaHMe nanueHToB ¢ BIY He Bcerpa no3BosisgeT
COOJIIOCTH TaKOHM BaXKHBIM acrekT pabotel ¢ JIKB,
KaK NPUBATHOCTh M MeNUIIMHCKAsA TanhHa. Takum
006pazoM, ITpU OpraHU3aIuy YIaJIEHHOTO KOHCYJIBTH-
pOBaHUA, B KOTOPOM HY»KJAI0TCA NanueHTs ¢ BUY,
He0oOX0IMMO 00ecIeYnTh MATepUAIbHYI0 BO3MOXK-
HOCTh JIJAHHBIX IIAIIEHTOB IIOJIYYEeHHSA JIOCTyIa K
Ka4eCTBEHHBIM TeJIEMETUITTHCKUM YCIIyTaM.

COVID-19 VACCINATION IN HIV-PATIENTS

An important issue regarding the spread of a
novel coronavirus infection is the use of vaccines in
a group of PLHIV. The position of the Ministry of
Health of the Russian Federation on this issue is
unequivocal: vaccination against a novel coronavi-
rus infection is also indicated for people living with
HIV. Representatives of the Ministry of Health of
the Russian Federation emphasize that vaccination
is the best method of specific prevention of infec-
tious diseases, as well as the most important mea-
sure to ensure the safety of both this category of
people and society as a whole. It is also noted that
the decision to administer the vaccine to PLHIV
should be based on indicators such as viral load and
CD4+ lymphocyte count. If their number is less than
200 cells/pl, the use of live vaccines is not recom-
mended. However, it must be understood that doc-
tors have effective vaccines at their disposal, that do
not contain live virus particles, such as Sputnik V
(Gam-COVID-Vak). Moreover, if the patient’s
immune status is less than 50 cells/ul, the Ministry
of Health of the Russian Federation recommends
classifying him as a high-risk patient for a severe
course of a novel coronavirus infection and consid-
ering vaccination a priority for this patient. It is also
important to note that in the patient information
leaflet for medical use of Sputnik V (version dated
01/20/2021) and Sputnik Light (version dated
05/06/2021), secondary immunodeficiencies (HIV
infection) are not included in the contraindications
or restrictions for vaccination [45].

CONCLUSION

In the context of the pandemic of a novel corona-
virus infection, the features of its course in immuno-
deficiency, including those caused by HIV infection,
are being studied. It has been shown that HIV-
infected patients are a risk group for the severe
course of COVID-19, in particular, persons with
severe immunodeficiency (CD4+ T lymphocytes
< 200 cells/pl) due to the development of synergistic
lung damage by SARS-CoV-2 and secondary infec-
tious agents such as cytomegalovirus and Pneumo-
cystis carinii. It has been proven that one of the tar-
gets of the SARS-CoV-2 is CD4+ T lymphocytes,
which in COVID-19 leads to a more rapid progres-
sion of immunodeficiency in patients with HIV infec-
tion and, thus, significantly increases the risk of sec-
ondary diseases and death. Particular attention
should be paid to middle-aged and elderly PLHIV,
who, compared with HIV-negative patients, are more
likely to have concomitant somatic pathologies —
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JlpyTue ucciefioBaTesu MOAUYEPKUBAIOT MYJIbTH-
(axTopHaIbLHOCTD JAHHOH TEH/IEHITH [43]. ABTOPBI
CBSA3BIBAIOT YXy/IIIEHUE CHUTyallid, CBS3aHHOU C
MEHTQIBHBIM 3/0POBBEM, C COIMIBHOU W30JISI-
e, YBeJIMYEHUEM TTOTPeOJIEHUS aJTKOTOJISA U Hap-
KOTUYECKUX BEIeCTB, Pa3BUTHEM Y JIIOJIEH cTpaxa
mepes MaHAeMUued U APYTUMHU NpUuduHaMu. B aToit
CBsI3W HEOOX0oMa 0cobast HACTOPOKEHHOCTh OTHO-
CUTETHFHO BO3MOXKHOCTH Pa3BUTHS MTOTOOHBIX peaK-
nuii cpeau JIDKB. Jlannas rpymnma ysa3BUMa 110 MHO-
rum npuunHam: cpeau JIZKB Breilite ypoBeHb ynioTpe-
OJIeHUsT AJIKOTOJISI W HAPKOTUUECKUX BEIIECTB, B
STOU IPyTIIe Yalle BCTPEYAIOTCS JIIOAU C HEYIOBJIET-
BOPDUTEJBHBIM  COLMAIBHO-OBITOBBIM  CTaTyCOM,
nomumo storo, JIZKB, oueBUIHO, CKJIOHHBI OoJiee
IyOOKO IEepeKUBATh CTPax Mepes manaemMuei [44].
ITosTOMY BOIIPOCHI a7IEKBATHOTO IIPOIOJI?KEHUS KOH-
CYJIbTUPOBAHUS U TEPAIUM, BO3MOXKHBIX PUCKOB U
6e30macHOTO TOBEIEHUS TOIKHBI OBITh TIATEJIHHO
popaboTaHbl KOHCYJIbTUPYIOIIUM BPayoM, YTOOBI
MUHUMH3UPOBATh PUCKU PA3BUTUS HENKEJATeb-
HBIX IICUXUYECKUX PEAKITHH.

BAKIITUHAIINA ITPOTUB COVID-19
Y BUI-UHOUIINPOBAHHDBIX

BaxHBIM BOIIPOCOM, KacamoIluMcs paclipocTpa-
HeHHUS HOBOH KOPOHABUPYCHON WHOEKIIUU, SBJIA-
eTCsI MpUMeHeHNe pa3paboTaHHBIX BAKI[UH B TPYIIIIE
JIKB. Ilosunua MunsgpaBa PO no pganaomy
BOIIPOCY OFTHO3HAYHA: BAKIIMHAIMA IPOTHUB HOBOH
KOPOHABUPYCHOU HMH(MEKIUU IOKa3aHa U JIOAAM,
xkuBymuM ¢ BIIY. [Ipexacrasutenu Munsapasa PO
IIOAYEPKUBAIOT, YTO BaKIJUHAIIUA ABJIAETCA JIydIIUM
MeTOoZoM crnelnduIecKoi NMpoPUIaKTUKU HHOpEK-
[MOHHBIX 3a00JIEBAHNH, 4 TAK)KE BAYKHEUIIIEH MepOi
obecrieyeHus1 6e30II1aCHOCTH KaK JJaHHOHM KaTeropuu
JIIOZIed, Tak U obIecTBa B IejioM. Takke oTMeva-
eTCs, YTO NIPUHATHE PelleHUs OTHOCUTEJIbHO BBeie-
HuA BaknuHbel JIXKB 10/KHO OCHOBBIBaTbcA Ha
TaKUX [TOKA3aTeNAX, KAaK BUPYCHAas Harpy3Ka U KOJIU-
yectBO CD4+ mumdonutos. B cirydae eciy UX 4ucjio
MeHee 200 KJI/MKJI, He peKOMeH/IyeTCsI IPUMeHeHe
JKUBBIX BakIuH. OJTHAKO HEOOXOJUMO IOHUMATb,
YTO B PACHOpsDKEHUU Bpauel MMeroTcs d(pdeKTus-
HBIe BaKIUHBI, He co/ieprKalire B cebe »KUBBIX BUPYC-
HBIX YaCTHUII, Takue Kak «CroyTHuk V» («I'aM-KoBH/I-
Bak»). Bosnee Toro, ecyim MMMyHHBIH CTaTyC Mamy-
eHTa MeHee 50 K1/ Mk, Munaapas PO pekomeHnsyet
OTHECTH €ro B IPYyIILy MaI[eHTOB BBICOKOTO PHUCKa
[0 TSDKEJIOMY TEYeHUI0 HOBOH KOPOHABUPYCHOM
MHOQEKIUNU U CIYUTATh BAaKIIMHAIMIO IIPUOPUTETHOH
JUIA JQAHHOTO OOJIBHOTO. BaKHO Tak)ke 3aMETUTb,
YTO B UHCTPYKIUHU 10 MEeJUIIMHCKOMY IIPMMEHEHUIO
JIeKapCTBeHHOTO mpenapaTta «CrnyTHUK V» (Bepcus

arterial hypertension, cardiomyopathy and diabetes
mellitus, which are risk factors for severe COVID-19.
The results of studies on the effect of antiretroviral
drugs on the course of COVID-19 showed that HIV-
infected patients receiving tenofovir + emtricitabine
have a lower risk of severe COVID-19 and associated
hospitalization than patients receiving other HIV
treatment regimens. Clinical and preclinical data
support the potential use of tenofovir in the treat-
ment of a novel coronavirus infection. According to
the Ministry of Health of the Russian Federation,
vaccination against a novel coronavirus infection is
indicated for people living with HIV, and a group of
patients with a CD4 count of less than 50 cells/ul is
recommended to be considered a priority in the issue
of vaccination. An important issue is the mental
health of patients with HIV infection in the context
of the COVID-19 pandemic. Social problems and iso-
lation can lead to the development of depression,
which significantly increases the risk of relapse into
drug and alcohol use. In order to minimize the risks
of adverse mental reactions, remote psychological
support for PLHIV is recommended.
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oT 20.01.2021) u «Cnyrauk JlaiT» (Bepcus OT
06.05.2021) Bropu4yHble UMMyHOIeburuThl (BITY-
uHQEKIMS) He BKJIIYEHbI B IMPOTHBOIOKA3AHUS
WU OTPaHUYEHUs K IPOBEJEHUIO BaKITUHAIIHY [45].

3AK/IOYEHUE

B ycnoBusix maHzeMun HOBOM KOPOHABUPYCHOMH
nHOEKINHN U3YJal0TCA OCOOEHHOCTH ee TeUeHHUsA Ha
¢oHe nMMyHO/IeUINTA, B TOM YHCJIE BRI3BAHHOTO
BUY-undeknmeir. ITokazano, yro BUY-unpum-
pPOBaHHbBIE MAI[UEHTHI ABJIAIOTCA IPYIIION pucKa 1o
Tskesiomy TeueHuito COVID-19, B yacTHOCTH, K
0c0060 yA3BHUMOH KaTeropuH OTHOCATCA JIAIA C
TAXKEJIBIM UMMYHO/AeDHUITUTOM (CDg+
T-mumM@onuTe < 200 KJI/MKJI) 3a CUET Pa3BUTHA
KOMOWHUPOBAHHOTO MOpa)keHus: Jierkux SARS-
CoV-2 u BTOpUUHBIMU UH(PEKIIMOHHBIMY areHTaMU,
TaKUMHU KakK I[UTOMETUIOBHPYC U Pneumocystis
carinii. JlokazaHo, UTO OJTHOU U3 MUIIIEHEH BHpPyca
SARS-CoV-2 apnsatoress CD4+ T-1uMOIUTHI, 4TO
npu COVID-19 puBoauT K 60Jiee OBICTPOMY IIPO-
IrPECCHPOBAHUI0 MUMMYHOZedUIUTa y OOJBHBIX C
BUY-undekiueit 1, TakuM 00pa3om, CyIeCTBEHHO
TIOBBIIIAET PUCK TPUCOEIMHEHUST BTOPUYHBIX 3260~
JIeBaHWH U JieTalIbHOTO Hcxona. Ocoboe BHUMAaHUE
cienyet ynenars JIZKB cpegHero m mo:kuaoro Bo3-
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pacra, y KOTOpBIX, IIO cpaBHeHHIO ¢ BHY-
HEraTUBHBIMU MAI[eHTaMH, Yallle PeTUCTPUPYETCs
COIYTCTBYIOIIAsA cOMaTH4yecKas MaTOJOTUS — apTe-
puasibHad runepTeHsus, KapIUOMUOIIATUA U caxap-
HBIH JabeT, OTHOcAMAsACAd K (dakTopam pucKa
TsoKesoro TeueHuss COVID-19. PesyabraTsl uccie-
JIOBAHUH 0 BIMSHUIO aHTUPETPOBUPYCHBIX ITperia-
patoB Ha Teuenue COVID-19 nokazasnu, yto BIY-
UHPUIPOBAHHBIE MAITUEHTHI, NOJIYJYAOIINe TEHO-
doBup + SMTPULIHTAOWH, UMEIT 00jee HU3KUH
puck Tsoxesoro Tedenuss COVID-19 u cBA3aHHOU ¢
HUM TOCHUTQIM3AIUU, YeM MAlMEHTHI, MOJIyJaio-
mue Apyrue cxemsol sieuenusa BUY-undexnun. Knu-
HHUYeCKHe U JIOKJIMHUYeCKHe JJaHHBIe CBUJIETENIb-
CTBYIOT O BO3MOKHOCTH IOTEHIIUAJIBHOTO HCIOJIb-
30BaHUS TeHO(MOBUPA B JIEUEHUN HOBOU KOPOHABU-
pycHo#l uHObekuu. [To mHeHno Mwun3apasa PO,
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BaKIMHAIWA TIPOTHB HOBOH KOPOHABUPYCHOU
nH@EKIUN TToKa3aHa JIoJsIM, KuByIuM ¢ BUY, u
rpymIy manueHnTos ¢ ynciom CD4 meHee 50 KJ1/ MK
PEKOMEH/IOBAaHO CYUTATh IPUOPUTETHON B BOIIPOCE
BAaKIIMHAIIMU. Ba)KHBIM BOIIPOCOM SBJISETCSA MEH-
TaJbHOE 3/I0pPOBbe MalnueHToB ¢ BUY-uHdeknuen
Ha ¢one nmangemuu COVID-19. ComuanbHble IPO-
6JIeMBbl U U30JISAIKSA MOTYT IPUBECTU K Pa3BUTUIO
JIeTIPECCUBHBIX COCTOSHUM, UTO CYIIECTBEHHO IOBBI-
IIaeT PUCK BO30OHOBJIEHUA MOTPEOIeHNs HADKOTH-
YeCKHUX BellecTB U ayKkorosis. C 1e1bl0 MUHUMU3a-
UM PUCKOB HeXKeJIaTeJIbHBIX IICUXWYeCKUX peak-
U PEKOMEH/IOBAHO JHUCTAHIIMOHHOE IICHUXOJIOTH-
yeckoe conpoBoxkaenue JIZKB.

Kokt nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUHU KOH(JINKTA UHTEPECOB.
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CBEJEHUA /14 ABTOPOB

TPEBOBAHUWA K ITPETOCTAB/IEHUIO
MATEPUVAJIOB JJIA ITYBJINKAIITNN
B JOURNAL OF SIBERTAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) nmy6iuKyrTCs HayYHbIE 0030PbI 1 CTATHH 10
MEIUIIMHCKUM HayKaM, IOJTOTOBJIEHHBIE TI0 MaTe-
pyUazaM OpUTHHAJIBHBIX HAYYHBIX HCCIIEAOBAHUMI.
JSMS BBIXOJIUT 4 pasa B TOJ.

TpeboBaHUs, MPeABABIAEMbIE K ITyOIUKAIH-
aMm B JSMS, chopmympoBaHbI ¢ yueToM TpeboBa-
HUH, IPEIbSIBIISIEMBIX K PEIEH3UPYEMBIM HAYUHBIM
U3JJaHUSM, B KOTOPBIX JOJIKHBI OBITH OITyOJIMKOBA-
HBl OCHOBHBbIE HAay4HBbIE Pe3yJIBTAThl JIUCCEPTAIIUI
Ha COWCKAHUE YUYEHOU CTeIleHW KaHJAWAATa U JIOK-
TOpa HayK.

CraTbu, OTIIpaBJIeHHbIE aBTOPAMU B JPyTHe U3-
JIaHUSA U/WJIA HalleYaTaHHbIE paHee B HUX, K OIy0-
JINKOBAHUIO HE TPUHIUMAIOTCS.

I[Ipu omucaHwu HAYYHO-UCCJIEIOBATETIBCKUX
KJIMHUYECKUX PaboT C TMPUBJIEUEHHEM YesOBeKa
B KauecTBe OOBEKTA HCCJIEZIOBAHUSA aBTOPBI JOJIK-
HBl YKa3aTh, COOTBETCTBOBAJIA JII OHH MEXKyHa-
POIHBIM M POCCHHCKUM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUAUYECKUX U ITUUYECKUX MPUHITUTIAX MEINKO-
OMOJIOTUUECKHUX HCCJIeIOBAHUH Takoro poja. He s1o-
IIYCKAETCS WCIIOJIb30BaHUE (PaMUJIUH, WHUINAJIOB
OOJIBHBIX U HOMEPOB HCTOpUi Oose3nu. IIpu omu-
CAaHUU DKCIEPUMEHTOB Ha >KHUBOTHBIX HEOOXOIH-
MO yYKa3aTh, COOTBETCTBOBAJIO JIU COZIEPKAHUE U UC-
II0JTb30BAHUE JIAOOPATOPHBIX JKUBOTHBIX IIPABUIIAM,
IIPUHATHIM B YUPEXKIASHUN, PEKOMEHJAIUAM HAIU-
OHAJIBHOTO COBETA IO UCCJIEZ0BAHUIM, HAITUOHATIb-
HBIM 3aKOHaM.

ABTOpCKUE ITpaBa coOJII0JAaI0TCS B COOTBETCTBUH
¢ 'paxkpanckum xkogekcom Poccuiickoit @enepanun
(4. 4) v IpyrUMU AeHCTBYIOIUMHU HOPMATUBHBIMU
JIOKyMeHTaMH. ABTOPHI HECYT IOJIHYIO0 OTBETCTBEH-
HOCTb 32 COZIep KaHUe CTaTel.

B pepakuuio JSMS aBTOpPHI IOIKHBI IIPEAOCTA-
BUTH:

1) 2/€KMPOHHYI0 8epculd Ccmambvll, MOATOTOB-
JIECHHYIO B COOTBETCTBUHU C TPEOOBAHUSIMHU K 0DOPM-
JIEHWIO CTaTel, U3JI0KEHHBIMHU HUIKE;

2) opueuHaa cmamsu B IEYaTHOM BHJIE C YKa3a-
HHeM TOpOJa, aThl, GAaMUINN € TOAIIUCHI0 KaXK/10-
ro aBTopa (Ha IMocJie/THEH CTpaHuUIle), BU3ou «B me-
YaTh» U MOZIKCHIO (Ha TIEPBOH CTpaHUIIE) 3aBEy-
o1ero Kadeapo MIM MHOTO JOJIKHOCTHOTO JIUIIA
opraHusaIuy, Ha 6a3e KOTOPOU BBIIIOJIHEHO HCCJIe-

JIOBaHUE. ABTOPBI IIPE/IOCTABJISIOT CTAThU B PEJlaK-
U0 JIMYHO WJIH TI0 TTOYTE;

3) coenacue Ha TyOJMKamuoO craTtbd B JSMS
1 00pabOTKy MepCOHAJIBHBIX JAHHBIX aBTOPOB (3a-
MTOJTHSIETCS KaK/AbIM aBTOpoM) (cM. Ha catite HTMY:
WWww.ngmu.ru/cozo/mos);

4) nna corpyaaukos ®I'6OY BO HI'MY Mus-
3apaBa Poccuu (mamee — HIMY) — axcnepmuoe
3axarueHue OTAea KOOpAWHAIMU (eaepaibHbIX
MIporpaMM, KOHKYPCHBIX ITPOEKTOB ¥ MHHOBAI[UOH-
HOTO Pa3BUTHs YIPaBJeHUS MO HAyKe, MHHOBAITH-
aM 1 nHGopmaruzanuu HI'MY (cm. www.ngmu.ru);
JUIS CTOPOHHUX aBTOPOB — HANpas./eHue Ha onyo-
AuKoeaHue Ha (GpUPMEHHOM OJIaHKEe OpraHHU3AIlUH,
Ha 6a3e KOTOPOU BBIIIOJIHEHO OPUTHHAJIPHOE HAYY-
HOE HCCJIeJIOBaHUE, 32 IMOAIKCHI0 OTBETCTBEHHOTO
JTIOJIXKHOCTHOTO JIUIIA.

IIPABUJIA O®OPMJIEHU A PYKOITUCEM

1. Tekcr cratbu HaOMpPaeTCs B TEKCTOBOM Pe/laK-
tope Microsoft Word, Open Office u zp., Bce mos
2 cM, mpudt Times New Roman, kersip 12, mex-
CTPOYHBIN HHTEPBAJ 1,5. TEKCT cTaTh HEOOXOAMMO
HaAmpaBuTh B pefaknuio JSMS B Bujie OT/IeJIbHOTO
¢daiina ¢ ykazanuem OO nepsoro aBropa — MBa-
HoB WM.U. Tekcr.doc. Jlomyckaercst otnpaBka daii-
Jj10B B popmartax doc, docx.

2. ®110 aBTOpPOB HAOUPAETCS CTPOUYHBIMH OYK-
BaMU KYPCHUBOM Ha PYyCCKOM s3bIKe. VIHHUITMAIIBI
moMeraTes nepexn damuauei aBropa. [lopsamoxk,
B KOTOPOM OYAYT YKa3aHbI aBTOPHI, OIIPe/IeJIsIeTCs
KX COBMECTHBIM PeIlIeHUEM.

3. Topon m mHazBanme MecT pPabOTH aBTOPOB
0hOPMIISIIOTCSI CTPOYHBIMU OyKBaMU KypPCHBOM
Ha PYCCKOM SI3BIKE.

4. CraTbs [OJ/DKHA Cco/ep:KaTh aHHOTAIUIo
Ha PYCCKOM sI3bIKE. B aHHOTAIIUM JIOJKHBI OBITH U3-
JIOKEHBI IIeJIM HCCJIeZIOBAaHWs, OCHOBHBIE IIpOIIe-
IIypbl, pe3yJIbTaThl OPUTHHAJIBHBIX HCCJIETOBAHUI
u BBIBOABL. IloJ1 aHHOTAI[MeN TToMelaeTcs mo/A3aro-
J10BOK «KiIroueBnle c10Ba», MOCJIE HEro 0 10 KO-
YeBBIX CJIOB WJIN KOPOTKHUX (pas, KOTOpble OyayT
CIIOCOOCTBOBATh MPABUJIBHOMY WHJIEKCHPOBAHHIO
CTaThH B ITOMCKOBBIX CHCTEMAX U CHCTEMAaX IIUTHPO-
BaHUA. AHHOTAIIMIO HEOOXOAUMO HAIPABUTh B pe-
gaknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BHJIE OT-
JesibHOTO (haitia ¢ ykazanuem @O mepBoro aBTo-
pa — HWBanos WN.U. auHorarus.doc. Takske mpemo-
CTaBJIAIOTCA CBEJIEHUSA O KAXK/I0M U3 aBTOPOB: hamMu-
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JIWsI, UMs$1, OTUECTBO (ITOJTHOCTHIO Ha PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIIUN), YIEHbIE 3BAaHUS U YUEHAs CTe-
MeHb, IOJI’KHOCTh, MeCTO PaboThl, pabounii TeaedoH
U aJIpec 3JIEKTPOHHOM mouThI (e-mail). CBemenust He-
00X0TUMBI JIJIs1 0O0pabOTKH IMyOIUKAIUK B Oase JTaH-
HBIX POCCHICKOTO MH/EKCA HAYYHOTO IIUTHPOBAHUS
U JIDYTUX CHUCTeMaX IUTUPOBAHUA. AHHOTAIUS, KJTIO-
JeBble CJIOBa, mHGopMarus o6 aBTOpax U Ha3BaHUE
VUPEXKIEHUH TOJKHBI OBITh TaK:Ke MPEI0CTaBIEHbI
Ha aHIJIMHACKOM SI3bIKE.

5. TabuIpl MOMENIAI0TCS B TEKCT cTaTbu. Ta-
OIUIBI TOJIKHBI OBITH IIPOHYMEPOBAHBI MOCENO0-
BaTEJIbHO B COOTBETCTBHUH C IMOPSIKOM, B KOTOPOM
OHH YVIIOMHHAIOTCA B TeKcTe (Hampumep, Tabu. 1,
TabJ. 2 U T. 71.).

6. PUCyHKU BCTaBJIAIOTCA B TEKCT CTAThbU, A TaK-
JKe TIPEJIOCTABIISIIOTCS. B BUJIE OT/EJIBHBIX IIPOHyMe-
poBaHHBIX (daiiysioB ¢opmata .jpg uau .gif ¢ paspe-
1ieHreM He MeHee 300 dpi. PucyHKu 10KHBL GBITH
KOHTPACTHBIMH M YETKUMH, OYKBbI, ITUGPBI U CHM-
BOJIBI Ha HUX JIOJIKHBI OBITH Pa3JIMYUMBbI. PrUcyHKa-
MU CYUTAIOTCA I'padUuKy, peHTreHorpaMMmbl, GoTo-
rpaduu wau Jro0ble Jpyrue rpaduueckue 0ObeK-
Thl. ®oTOrpadu Il He TOJIKHBI ObITH Y3HaBae-
MBIMU, JINOO K HUM JIOJI>KHO OBITH ITPUJIOKEHO THUCH-
MEHHO€e pa3pellleHre Ha UX MyOJIuKamuo. PucyHkn
JTIOJI’KHBI OBITh IIPOHYMEPOBAHBI IOCJIEIOBATETHHO
B COOTBETCTBUH C IOPSIKOM, B KOTOPOM OHH BIIEP-
Bbl€ YIIOMHUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. .
[Moamucu pasMernalTcs B TEKCTE IOJT PUCYHKAMU.
B nmoamucax k mukpodororpaduaM ykKasblBaeTcsA
CTeIleHb YBEJIMUEHHU S U CII0OCOO OKPACKH.

7. B TEKCTe CTaThU UCIIOJIB3YIOTCS CIIEAYIONIHE 3a-
TOJIOBKU: BBEJIEHUE, I1eJIb UCCIIEZIOBAHUS, MaTepHa-
JIBI ¥ METOJIBI, PE3YJIBTATHI U 00CYKIEHNE, 3aKJTIOUe-
HUe, CIIUCOK JINTEPATYPHI.

8. Hcnonp3yoTes TOJIBKO CTaHZAPTHBIE OOIIe-
MpUHATHIE coKpaleHusa (abbpeBuarypsl). He mpu-
MEHSIOTCSA COKpAllleHWsI B Ha3BaHWHU cTaThu. [loj-
HBIH TEPMUH, BMECTO KOTOPOT'O BBOJIUTCSI COKpAIIe-
HUeE, JIOJKEH IIPEIIIECTBOBATh IEPBOMY HCIIOIB30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O6s3aTeIbHO HAJIMYKE CIIMCKA JINTEPATYPBHIL.
bubsnmorpaduyeckre CChIJIKU B TEKCTE CTAThH Jla-
oTcs apabckuMu nudpaMu B KBaApPaTHBIX CKOO-
Kax, B IIOJTHOM COOTBETCTBHU C HyMepalhel CIucKa
sutepatypbl. CCHUJIKA B TEKCTE CTATHH JOJIKHBI J1a-
BaThCSA MOCIIEA0BATEIBHO 110 BO3pacTauuio: [1]...[2]...
[3]... u T.1. Pa3BepHyTOE OMMCcaHUE UCTOUHUKA B CITH-
cke smutepaTypsl npegoctapiasoTcesa no 'OCT 7.0.5-
2008. Cucok JUTEPATyPhl AOJIKEH COAEPKATD IIy-
OJIMKAIY 3a TIOCJIETHHE 5 JIeT. B crivcke iuTepary-
pbl Bce HH(POPMAITMOHHBIE UCTOYHHUKHU TTEPEUHCIISA-
IOTCS B TTOPSI/IKE UX [TUTUPOBAHUSA.

10. Pepaknusa JSMS Geper Ha ceGsi IpUCBOEHUE
KaXk/Iol mybsinkyeMoil cratbe HoMepa Y/IK u ocy-
IECTBJIEHUE TIOJTHOTO TIepeBO/ia CTaThU HA aHIVIMH-
CKUU fA3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpeboBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IMOPAJOK PEITIEH3MMPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
AJIA ITYBJINKAIINN

1. Pykomnucu craTell, HOCTYNUBIINX B PeJJaKIIHIO,
HAIIpaBJIAIOTCA JJIs peLleH3UPOBaHUA 4YjeHaM pe-
JIAKITMOHHOT'O COBETA C IIEJIBI0 UX HKCIEPTHOH OlleH-
KU Ha IpeAMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bricimeii arTecTallMOHHOM KoMuccuu Ipu MuHU-
crepcTBe oOpa3oBaHus U HayKu PO.

PerieH3eHTH! yBeJOMJIAIOTCA O TOM, YTO B LIEJIAX
obecrieueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX [IPaB IPUCJIAHHbIE PYKOIIMCH He TOJIJIeKaT pas-
IalleHUI0, KOIIMPOBAHUIO, paclipocTpaHeHuIo. Pe-
LIeH3UPOBaHUe IIPOBOIUTCA AaHOHUMHO.

IIpu oTKa3e B HAIpaBJIEHUH HA PelleH3UPOBAHNE
IIpeICTaBJIEHHOM aBTOPOM PYKOIMCH PeJlaKIiusA Ha-
IIpaBJIsieT aBTOPY MOTHUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHUJIE.

Pepaknusa >kypHasia 10 NHCBMEHHOMY 3aIlpocCy
HaIlpaBJisieT aBTOpPAM peLleH3UN Ha IOCTyIHBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00SI3aHbI
y4ecTb 3aMedaHus PelieH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIE UCIIPABJIEHUS UJIH IIPEJIOCTABUTD
MOTHUBHPOBAaHHBIA OTBET O HECOIVIACUU C 3aMeYaHU-
sIMU pelLleH3€eHTa.

Pepaknnonnas Kosijlerus IpUHUMAET pellleHue
0 BO3MOXKHOCTHU MyOJIMKAIIUU CTAThU UJIM OTKJIOHS-
eT ee I10 pe3yJIbTaTaM pelleH3UPOBaHUA.

Pertensun xpaHATcA B peflaKLiU JKypHaJa B Te-
YJeHUe 5 JIET C MOMEHTa Iy INKaIIIH.

2. Peflakiiuieii He IOMyCKAIOTCA K ITyOJIMKAI[AN:

— CTaTbH, TeMaTHKa KOTOPBIX HE COOTBETCTBYET
HAy4YHOMY HaIlpaBJIeHUIO KypPHaJIa,;

— CTaTb{, aBTOPbI KOTOPBIX OTKa3bIBAIOTCA OT
TEXHUYECKOU I0pabOTKHU CTaTel;

— CTaThH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
THUBHble 3aMeYaHHUs pelleH3eHTa B TeKCT CTaTbu
U He IPeJI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IVIaCUU C 3aMeYaHUAMU pelleH3eHTa.

B cityyae OTKJIOHEHU S CTaThU PEJAKIINSA HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIH OTKa3. Pemakius
JSMS He XpaHUT pyKOIIMCH, He IPUHATHIE K IeYa-
TH. PyKonucu, mpuHATHIE K ITyOJINKaniy, He BO3Bpa-
MIAI0TCA.
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