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Journal of Siberian Medical Sciences siBiisieTcst mpeeMHUKOM 5KypHaia « Mezuipaa u oopazopanue B CHoupu» (roz u3maHus
2006). Pemrennem npesuzpyma BAK PO skypHas BKIIOUEH B IlepedeHb EPHOANYECKHUX U3/IaHNN, PEKOMEH/IOBAHHBIX JIJIst
myGrKkanuu paboT COMCKATEEN YUEHBIX CTEIEHE.

2Kypuau 3aperucrpupoBat B ®esiepanbHoi ciy»k0e 1o Hagzopy B cdepe CBA3H, HHPOPMAIMOHHBIX TEXHOJIOTHH 1 MACCOBBIX
koMMyHuKaui (PockomHai3op). PerucrparpionHoe csujereaberBo [T Ne @C 77-72398 ot 28 deBpast 2018 .

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

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

Cratby, Ipe/icTaB/IeHHbIE K IIyOJIUKAIIUY B JKypHaJle, IPOXOAAT He3aBUCHMOE PElleH3UPOBAHUE U IPOBEPAIOTCA HA OPUTH-
HasbHOCTG. [IpHu mepeneyaTke MatepuaioB u3 skypHaia Journal of Siberian Medical Sciences ccpiika Ha HCTOYHHK 06513a-
TeJIbHA.

2Kypran pacnpocrpansercs 6ecruiaTHo. Teppuropus pacnpocrpasHenus: PO, crpanst CHI, 3apyOeskHbIe CTpaHBIL. JJEK-
TpPOHHas Bepcusi (AHHOTHPOBAaHHOE COZIEPIKAHKE) TOCTYIIHA [0 afpecam: http://jsms.ngmu.ru, https://elibrary.ru

PEJAKIIMOHHBIN COBET

IIPEACEJATEJIb
Mapunxun H.0., 1-p Mea. Hayk, npod., 3aB. kKadeapoit akyiiepcrsa
U THHEeKoIorud, HOBOCHOUPCKU rOCy/1apCTBEHHBIH MeIUIIMHCKUN

yuausepcuret (HoBocubupck)

IJIABHBI PETAKTOP

IHocnenosa T.H., i-p Mefi. HayK, Ipod., 3aB. Kadeipoii Tepauu, reMa-
TOJIOTHH U TpaHCcdy3nosoruu HaxyibTera MOBBIIIEHN KBAIN(DUKAIIHI
1 mpoecCHOHaIBHOM Mepeo/IrOTOBKH Bpayel, IPOPEKTOP 110 HayYHOH
pab6ote, HoBocrOUpCKHii roCyAapCTBEHHBIN METUIIMHCKUN YHHBEPCUTET

(HoBocubupck)

3AMECTUTEJIb ITTABHOI'O PEJAKTOPA
Kysneyosa B.I'., i-p Mezi. HayK, pod. kKadenpbl THPEKITMOHHBIX 60J1e3-
Hell, HoBocubupcKkuil rocyiapcTBeHHBIN MeUITHHCKUAN YHIBEPCUTET

(HoBocubupck)

OTBETCTBEHHBII CEKPETAPDH

Baxaposa K.JI., pepakrop M3aarebcko-noaurpapuyecKoro 1eHTpa,
HoBocubupckuil rocyAapcTBeHHBIN MegunHCKul yHuBepeuret (Ho-
BOCHUOMPCK)

Boesoda M.H., n-p ven. Hayk, npod., qupexkrtop PenepaabHOro uc-
CJIeJIOBATEIbCKOTO IeHTpa QyHAAMEHTAJIbHON U TPAHCIAIUOHHON
meanunuasl (HoBocu6upCek)

I'pom6 C., i-p MeauIuHbL, Tpod., PyKOBOAUTEI JlellapTaMeHTa cy/1e6-
HO MeunuHbl yHuBepcuTera Cerasie (bopio, ®paHiiust)

Jlasudosuu H.M., n-p Men. Hayk, nupod. kabeapsl GakyIbTeTCKONH 1
MIOJIUKJIMHUYECKOH TePANuU ¢ KypCOM dHOKPUHOJIOTHH, [labHeBO-
CTOYHBIN IOCY/IaPCTBEHHBIN MeTUITMHCKUHN YHIBepcuTeT (XabapoBek)

2K0awnose B.B., 1-p MeJ. HayK, npod., aupekrop HUU dapmakosioruu
u pererepatuBHoi Meaunuusl uM. E.JI. Tonbabepra Tomckoro Haru-
OHAJIFHOTO UCCIIEZ0BATEIBCKOTO MeguIiHCKoro rienTpa PAH (Tomck)

JloxwuH B.H., n-p MeJi. HayK, npod., akagemuxk HAH PK, npesunent Ka-
3aXCTAHCKOU aCCONMAIINY PENPO/IyKTUBHOM MEUITIHBI, TeHePaTbHbIN
JIUpeKTOp Mex/lyHapOTHOTO KIIMHUYIECKOTO IEHTPA PEIPO/IYKTOIOTHH
PERSONA (KaszaxcraH, AiMaTbI)

IIysvipes B.I1., i-p MeA. Hayk, Ipod., akageMuk PAH, HayIHBIH pyKOBO-
nuress Tomckoro HarioHaibHOTO HCC/Ie10BaTETBCKOTO MEAUITTHCKOTO
nentpa PAH, HayuHbIi pykoBoauTesib HUW MeIUITMHCKON TeHeTHKH,
3aB. Kadeapoit MeUIMHCKON reHeTHKH CHOUPCKOTO rocyZIapCTBEHHOTO
MenuIuHCKOro yHIBepeuTeTa (ToMck)

Pyorcuuka T., 1-p MeAULIUHBL, TPOd., PYKOBOAUTEb JenapTaMeHTa
JIEpMAaTOJIOTUHU U AJJIEPToJIorny MIOHXEHCKOTO YHUBEPCUTETa UMEHH
JlionBura u Makcumminana (MiouxeH, ['epmanust)

Cemenos B.M., n-p MeJi. HayK, Ipod., 3aB. kadenpoli NHOEKIMOHHBIX
6oste3neit, ButebCckuii rocyJapCTBEHHbIH MEAUIUHCKUN YHUBEPCUTET
(Pecny6iuka Benapych, Bute6cek)

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

IlIxypynuit B.A., n-p MeJ. Hayk, npod., akajeMuk PAH, HayIHBIH
pykoBoautens ®TBHY «®efepabHbIH HCCIEA0BATENBCKUN EHTP
yHIaMeHTaNIBHOM U TPAHCAAIMOHHON MeuIuHbl» (HoBOCHOUPCK)

YUYPEAUTEJ/IDb

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

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

AJIPEC U3/JATEJIA Y PEJAKITUU

®I'BOY BO «HoBocrOHpCKUY rOCyAapCTBEHHBIA MEeAUIIUHCKHIHA
yHuBepcuTeT» Munspasa Poccrn, 630091, Poceust, r. HoBocubupck,
Kpacubliii op., 52. Ten./daxe: +7 (383) 229-10-82.

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



3.1. KIMHUYECKASI MEOULIMHA

Abpamoguu C.I'., o-p Mef. HayK, pod., 3aB. Ka-
enpoti pusnorepanuy u Kypoprosioruy, IpyT-
CKas TOCYZ]APCTBEHHAS METUIMHCKASA aKaJIeMUs
MIOCTAMIIOMHOTO o6pa3oBanusi — duuan Poc-
CHICKOH MEUITUHCKOH aKa/IeMUH HEITPEPHIBHOTO
npodeccroHabHOrO 06pazoBanus (MPKyTCK)

bummep H., 1-p MeAUIUHEL, IPod. AenapTa-
MeHTa ICUXUATPUHU U ICUXOTEPAINH, Y HUBED-
curet 3emMmerbBeiica (Benrpus, Bygamemnr)

Escmponos A.H., -p MeJl. HayK, npod., 3aB.
kadepoil MUKPOOHOJIOTUH, BUPYCOJIOTHHI
1 uMMyHoJsiorun, HoBocuGupCcKuii rocyap-
CTBEHHBIN MeqUUUHCKUN yHUBepcuter (Ho-
BOCHOUPCK)

Kapbvuuesa H.B., 1-p MeJi. HayK, npod., 3aB.
xadenpoit nHGEKIMOHHBIX 60IE3HEH € KypcoM
JIII0, AntalicKuii rocyapCTBEHHBIN Me/TUIIH-
ckuii yausepceureT (BapHaysr)

Kosanenxo A.B., n-p MeJ. Hayk, mpod., 3aB.
kadenpoil HEBPOJIOTUH, HEUPOXUPYPTUH,
MEJUIIMHCKON T€HETHKHU U MENIIMHCKOH pea-
6wminranuu, KeMepoBckuii rocyjapcTBeHHBIN
MenunuHcKuil yausepeutet (Kemeposo)
Kyaewos B.M., i-p MeJ1. HayK, Ipod. kadeapbl
aKyIlIepcTBa ¥ THHEKOJIOTHH, HoBocHOUpCKUit
TOCYZJAPCTBEHHBIN METUITUHCKUI YHUBEPCUTET
(HoBocubupck)

Kypywuna O.B., n-p MeJi. HayK, 1pod., 3aBe/ty-
o1 kaderpoii HeBposioruu, Bosirorpaickuii
rOCy/IapCTBEHHbBIN MEIUIIMHCKUN YHUBEPCUTET
(Bostrorpay)

Moauanosa E.E., 1-p Men. HayK, JOLIEHT Ka-
denpsl GakyIbTETCKON U MOTUKINHUYECKON
Tepanuu, AMypcKas rocy/lapcTBeHHas Me/y-
nuHCKas akagemus (BiarosereHck)

Momom A.IL., n-p Mez. HayK, npod. kadeaps
CECTPUHCKOTO JieJia, AJITaliCKHiA TOCy/IapCTBEH-
HBIA MeAUIUHCKHH yHUBepcuTeT (BapHayor)

Mopouvik A.B., n-p Men. HayK, npod., 3aB.
kadenpoit GpTU3HATPUU, IYJIBMOHOJIOTHU U
nHEKINOHHBIX Oosie3Hel, OMCKU rocygap-
CTBEHHBIH MeANIIMHCKUY yHUBepcuTeT (OMCK)
Huawvcon I1., ni-p MeUIHEL, Ipod. AenapTra-
MeHTa KJIMHIHYECKUX HayK, JIYH/ICKUI YHUBED-
curert (IIBenwus, JIynn)

Oxnonkos B.A., n-p MeJi. HayK, Ipod., PeKTop,
DesiepasibHBIA HAYYHO-KJIUHUYECKUM LIEHTP
PeaHrMaToIOTHH U peabunTosioruu (MockBa)

Caeumosa I'.P., i-p Men. HAyK, 1pod., 3aB.
Kadepoi TOCIUTAIBHOU IIeIUATPUH C KyPCOM
MTOCJIEANILUIOMHOTO 00pa30BaHus, AcTpaxaH-
CKHH ToCy/ZlapCTBEHHBIN MeIUIIMHCKUN YHU-
BepcureT (AcTpaxaHp)

Cawmoiinosa FO.I'., i-p Mex. HayK, npod., py-
KOBOZAUTENb LleHTpa KIMHUYECKUX HCCIIeNI0-
BaHUU, 3aB. kadeapol meIuaTpPUU C KypcoM
3HJIOKPUHOJIOTHH, NTPod. Kadeapsl Gakyib-
TETCKOU Tepamuu ¢ KypcoM KINHUYECKOU
dapmakosorun, CHOMPCKUH rocy/1apCTBEHHBIN
MenunuHcKui yauBepeutet (Tomck)

PEJAKIITMOHHAA KOJIVJIETUA

Ceasmuykas B.I., n-p 6uos. Hayk, nupod.,
[VIABHBIA HAYYHBIA COTPYAHHUK J1abOPATOPUU
9HJIOKpUHOIOTUHU, PelepasibHbIi ncce1oBa-
TEJIbCKUH 1eHTP QyH/IaAMEHTAIbHON U TPAaHC-
sAuoHHOM MeannnHbl (HoBOCHOUPCK)

Cenvkesuu O.A., 1-p MeJ. HaykK, npod., 3aB.
xadepoli neinaTpuK, HEOHATOJIOTUH U IEPU-
HATOJIOTHH C KyPCOM HEOTIOJKHOU MeJUIIMHBL,
J1aIbHEBOCTOYHBIHN TOCY/IaPCTBEHHBIM M-
IUHCKUY yHUBepcuTeT (XabapoBck)

Cmaeuna HU.B., 1-p Mej. HayK, npod., 3aB.
xadenpoll HEBPOJIOTUH U HEHPOXUPYPTHUU C
kypcoMm /IT1IO, Antaiickuil rocy/iapcTBeHHbIN
MeAUIMHCKIH yHuBepcuTeT (BapHayir)

Tpogpumenxo HU.H., n-p MeJ. HAyK, JIOIEHT,
3aB. Kae[poii KIIMHUIECKOH aJIJIEPTOJIOTUH U
IyJIbMOHOJIOTUH, VIPKyTCKasi rocyiapCTBEHHAS
MEIUIMHCKAS aKaZleMUsI TIOCIEUIIIOMHOTO
obpasoBanus — unuan Poccuiickoit meau-
IMHCKOU aKaJIeMUU HEMPEePBIBHOTO mpodec-
CHOHAJILHOTO 00pa3oBanus (MPKyTCK)

®edopos U.A., i-p MeJi. HayK, IOIEHT, 3aB. Kade-
npoit dakysprerckoit nexuarpun um. H.C. Tro-
puHoO#, FOKHO-YpasbCKUi TOCY/1apCTBEHHBIN
MeUIMHCKUH yHUBepenuTeT (YensiOnHCK)

Quaunrok O.B., 1-p MeA. HayK, npod., 3aB.
kadenpoil pTU3MATPUU U MYJIHBMOHOJIOTUH,
CubUpPCKHi TOCY/IapCTBEHHBIM MeUIIUHCKUI
yausepcureT (Tomck)

Xapouxosa C.A., 1-p Mel. HayK, npod., 3aB.
xadenpoi epMaTOBEHEPOJIOTHH U KOCMETO-
sorun, CUOUPCKUI rocy/lapCcTBEHHbIN Meu-
nuHCcKu yauBepeureT (Tomck)

Xoxnosa 3.A., i-p MefI. HayK, Ipod., 3aB. Kade-
Jipoii nHMEKIMOHHBIX 60s1e3Hel, HOBOKy3HeKuii
TOCyZapCTBEHHBIN HHCTUTYT YCOBEPIIEHCTBOBA-
HuA Bpauel — prman PTBOY JIT10 «Poccuiickas
MeJUIIMHCKAsA aKaJleMHs HEeIIPEPHIBHOTO IIPO-
eccronampHOTO 06pazoBanus» (HoBOKy3HEIK)

Xpsanun A.A., 1-p Mez. Hayk, npod. kadeaps
JIepMaToJIoOTHH U KocMeTosioruu, HoBocu-
OUPCKUU TOCylapCTBEHHBINH MeJIUIIUHCKUI
yausepcurer (HoBocubupck)

I[xait B.b., n-p Men. HayK, npod., 3aB. Ka-
denpoil mepuHATOJIOTHH, aKyIIEepCTBA U
ruHekosioruu, KpacHosipckuil rocyaapcTBeH-
HBIH MEJUIUHCKUN YHUBEPCUTET UM. IIPOD.
B.®. Boitno-fcenenxoro (KpacHosipck)

Illanownux H.H., 1-p MeJ. HayK, Ipod., 3aB.
kacde/[poii poIe/IeBTUKY BHYTPEHHUX 60J1e3-
HeH, 0xHO-YpanbcKuil TOCyAapCTBEHHBIN
MeAUIMHCKIH yHuBepcuTeT (YesaOuHCK)

Axonmos JI.A., -p Mep. HayK, 1pod. kadenpo
apmakosioruu, KIMHUYECKOH (papMaKoIoruu
1 JIOKa3aTesIbHON MeuuHbI, HoBocuOupCKuit
rOCyZJapCTBEHHBIN MEIUITMHCKUH YHHBEPCHUTET
(HoBocubupck)

3.3. MEANKO-BUOJIOTM4YECKUE HAYKU

Ansbves @.B., 1-p Me1. HayK, npod., 3aB. kKade-
JIpo#i cyneOHON MeuIrHbI, KpacHOApCKuit ro-
Cy/IapCTBEHHBIN METUIIMHCKAN YHIUBEPCUTET UM.
pod. B.®. Boitno-fcenerxoro (KpacHospck)

Kasaukoe E.JI., n-p mep. Hayk, npod., 3aB.
kadepoii TaTOJIOTHUECKU aHATOMUH U CY-
Jie6HOM MeaunuHbI uM. 1pod. B.JI. KoBaneHko,
HOxHO-YpasbCKUi rocyiapCTBEHHBIN Meu-
uHCKu yHuBepeuret (Yeasi0uHCK)

Jloeguros C.B., 1-p Mez. HayK, npod., 3aB.
kadeapod rUCTONOTHU, IMOPUOJIOTUU U
nuTosioruu, CHOUPCKHUI rocy/japCTBEHHbIN
MeaunuHCKui yHuBepcutet (ToMcek)

Haodees A.IlL., n-p vien. HayK, mpod., 3aB. Ka-
denpoit maronoruvyeckuii anaromuu, Hoso-
CUOUPCKUH TOCY/IapCTBEHHBIH MEIUITUHCKUI
yuusepcuret (HoBocH6UpCK)

ITempex M., n-p MeJUIMHBI, TIPOQd., PyKOBO/IH-
TeJIb lenapTaMeHTa aToJIOTIecKol (hru3noso-
v YHusepcurera [Tonarkoro (Yexvist, OsoMoy1r)

Casuenxo C.B., 1-p MeJl. HayK, npod. kade-
Zipbl cynebHol MenunuHbl, HoBocMOUpCKMit
TOCYZIAPCTBEHHBIN METUITUTHCKUH YHUBEPCUTET
(HoBocubupck)

Casonosa E.H., i-p Men. HayK, npod., 3aB.
kadespoil HOpMaJIbHOU U MATOJOTUYECKOU
dusnosoruu, MpopeKTOp MO HAyYHOU paboTe,
JlaIbHEBOCTOYHBIH IOCYyAapCTBEHHBIA Meu-
IUHCKUU yHUBepcuTeT (XabapoBck)

Illesena A.H., n-p Mef. HayK, Ipod., 3aMeCTU-
TeJIb AUPEKTOPA 10 HAy4yHOU paboTte, THCTUTYT
XUMUYeCKOi Guosoruut ¥ QyHAaMeHTATbHON
meaunabl CO PAH (HoBocrbupek)

3.4. DAPMALEEBTUYECKUE HAYKN

Benoycos M.B., n-p dapm. HayK, TOIEHT, 3aB.
kadenpoil papmaleBTUUECKOTO aHAIU3a,
CubupCKUil TOCYIapCTBEHHBIA MeUIIUHCKUI
yuausepcureT (Tomck)

2Kapuxos A.JO., 1-p 6uo. HayK, JIOLEHT, 3aB.
kadenpoit papmakosnornu um. mpod. B.M. Bpro-
XaHOBA, IPOPEKTOP [0 HAaydyHOU pabore u
WHHOBAUMAM, AJITAUCKUNA TOCYZapCTBEHHBIN
MeAUIUHCKIH yHUBepcuTeT (BapHayon)
Kapaxynosa E.B., n-p dapM. Hayk, npod. Ka-
(benpsl yrpapieHus U 9KOHOMUKH (papmanuu,
CubupCcKuil TOCy/IapCTBEHHBIM MeUIIUHCKUN
yausepcuret (Tomck)

Jlaspenmvwesa JI.1., n-p dapM. HayK, JOIEHT,
3aB. Kadepoil ynpaBjieHUsI U S9KOHOMUKHU
dapmanuu, fekan papmarneBTHYECKOro da-
KyJnbTeTa, fpociaaBckuil rocysapcTBeHHbIN
MeIUIMHCKUN yHuBepcuTeT (SIpociiasiib)

Madonos I1.I'., i-p Men. HayK, 1pod., 3aB.
xadenpoit papMaKoJIOTUH, KINHHIECKOU
apmakosoruu u J0Ka3aTeIbHON MEUIIHBL,
HoBocubupckuii rocy1apcTBEHHBIA METUIIUH-
ckuii yausepeureT (HoBocubupcek)

@omunvix C.I., i-p MeJl. HayK, JOLIEHT, 3aB.
kadenpoi GapmMakoJOTUN, KINHUIECKOU
dapmaxosorun, OMCKUH TOCYAapCTBEHHBIN
MeaunHCKH yHuBepcutet (OMCK)

Illepmaesa K./., n-p dapm. HayK, ipod., 3aB.
kadeIpoii OpraHu3aIuy U yrpasJieHus papma-
eBTHYecKoro seia, lOxxuo-KazaxcraHckas me-
munuHckas akagemus (IpivkenT, Kazaxcran)

TloamnucaHo B mevats 25.03.2026.

JlaTa BBIXO/Ia B CBET 26.03.2026.
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CnexTp MyTanuii mpu BIiepBbIe TUATHOCTUPOBAHHBIX
OCTPBIX MU EJIOU/THBIX Jielko3ax B I. HoBocuGupcke

E.H. Bopomaesa'3, 1.A. Ky3nenora*, A.M. Hecrepern*3, C.B. Munnux®3, I.H. Heuynaesa4,
B.H. Makcumos?3, T.U. ITocnenopa?

QI'BHY «®edepanvHulil uccredogsamenvckuil yenmp Huemumym yumoaoauu u eeHemuxu Cubupcxozo omoeneHus
Poccuiickoil akademuu Hayx», Hogocubupck, Poccus

2@I'6OY BO «Hogocubupckuil 2ocydapcmeeHtbiil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

SHHUHW mepanuu u npogunraxmuueckoil meduyuvt — puruar ®@I'HY «PedepanvHulil ucc1e008amenbCkuil yeHmp
Hremumym yumoanoauu u 2enemuxu Cubupckozo omadenenus Poccutickoil akademuu Hayk», Hosocubupck, Poccus

4I'BY3 HCO «I'opodckas kaunuveckas 6oavHuya NO 2», Hosocubupck, Poccus

AHHOTAIIUA

BBegeHUue. Pazimuyusd BYaCTOTE U CIIEKTPE MYTAI[UH ITPU OCTPBIX MUEJIOUTHBIX JIeliKo3ax (OMJI) MOTryT OBbITH CBSI-
3aHBI C PETHOHAJIBHBIMHU OCOOEHHOCTSIMH BO3/IEUCTBUS (PAKTOPOB OKPYKAIOIIEHN cpe/ibl (HOHU3UPYIOIEro U3JIydeHHs N
XUMHUYECKUX MyTareHOB) U TeHeTHYeCKOH NpeApaciosIoKeHHOCTIO HaceJIeH A, IIPYU 3TOM JIaHHBIE I10 POCCUHCKOH IIOITy-
JISIAY OTPAHUYEHbI U MPE/ICTABJIEHBI eJTUHUYHBIMU MyOJUKAIIUAME C «y3KOol» reorpadueir © HeOOJIBIIUM pa3MepoOM
06c1eI0BaHHBIX BBIOOPOK.

Il e 1 b . KoMIUIEKCHBIN aHATU3 MyTaIllUi B «TOPAYUX» TOUKax reHoB DNMT3A, NPM1, FLT3, IDH1 v IDH2 y 60JTbHBIX
OMUJI, nposkuBawmux B r. HoBocubupcke.

MaTtepuaabs W MeToOasbl . W3yganack renomuas JIHK, BbiesreHHast U3 KOCTHOTO MO3Ta 128 GOJIBHBIX ¢ de
novo OMJI. CkpunuHTr MyTaiiuu p.W288Cfs*12 renoB NPM1 u FLT3-1TD npoBoiu/Ii METOZOM ITOJTUMEPA3HOM I[eIMHOM
peaxknuu (I11IP) ¢ drankupyonumMu npaiiMmepamu; mytanuii p.R882 rena DNMT3A, p.D835 rena FLT3, p.R132 rena
IDH1 u p.R140 rera IDH2 — metoom ITL[P ¢ ananuzom noauMopdusMa JJIHH PeCTPUKIMOHHBIX (pparmenTos (ITL[P-
IIIP®). TouHyio BepudUKALINY MyTAI[UU BBIITOJIHSIN MIPSMBIM KalIWJIIPHBIM CEKBeHHpOBaHUEM 110 CoHTEDY.
PesynpTarTsl . Brpynne uccaenoBanus 42,2 % ManueHToOB UMeJIN Te WX UHblEe KIMHUYECKU, IPOTHOCTUYECKHU
U TepaleBTUYeCKU 3HaYKMMble HaxoAku. CyMMapHO y 22,6 % NalleHTOB I'PYIIIbl UCC/Ie/JOBAHUA BbIABJIEHDBl MyTalluu B
«TOPSTYUX» TOYKAX T€HOB AIIUTEHETHYECKOU perysisaiuu reHoma: IDH1, IDH2 u DNMT3A. I1pu 3TOM B ITOJIOBUHE CIyYaeB
(51,9 %) ¢ HaXOIKAMU UMEJIH MEeCTO MyTaIllH B IBYX U 60Jiee MpOaHaTM3UPOBAaHHBIX reHaX. JacToTa MyTallui B rpyIime
rcesenoBanusa cocrapuia 7y p.R882 rena DNMT3A — 9,3 %, p.W288Cfs*12 rena NPM1 — 14,8, FLT3-TKD u FLT3-1TD —
18,0, p.R132 rena IDH1 — 5,5 u p.R140 rena IDH2 — 10,2%, 4TO COOTBETCTBOBAJIO JJaHHBIM I1aTopmbl cBioPortal for
Cancer Genomics (p > 0,05). B usonupoBannom Bapuanre myranus p.W288Cfs*12 rera NPM1 GbLia BbISBIEHA Y 7 U3 19
(36,8 %) mamueHTOB ¢ 3TOUM MyTaIueN.

3aKJ0YeH U e. Brepsole nosiydeHa KOMIUIEKCHAS KapTHUHA CIIEKTPa MyTaIluii B aHAJTU3UPYEMBIX «TOPSUUX» TOU-
kax renoB DNMT3A, IDH1, IDH2, FLT3 u NPM1 upu de novo OMJI y nariueHTOB, MPOKUBAONUX B CHOMPCKOM PETHOHE.
BoJiee uem B TpeTu cirydaeB 3a00JIeBaHUs aHATIN3 «TOPSIYUX» TOUEK U3yUaeMbIX T€HOB ITO3BOJISIET IIPEIOCTaBUTh HHMOP-
MAITUIO, BAXKHYIO JIJIA IPUHATHSA KIIMHUYECKN 3HAUNMBIX PEIleHU .

Kaoueesle caoea: ocTpblii MUETIOUIHBIN Jietiko3, DNMT3A, IDH1, IDH2, FLT3, NPM1, MmyTanuu, CEKBEHUPOBaHUE,
IIPOTHO3, TAPreTHAs TePAINsA, MIHUMAIbHAA OCTATOYHAs 60JIE3Hb.

O6paszen murupoBauwusa: Bopomaesa E.H., Kysuerosa N.A., Hecrepenn A.M., Munuux C.B., HeuyHae-
Ba U.H., Makcumos B.H., [TocniesoBa T./. CriekTp MyTaiiuii Ipy BriepBble JUarHOCTUPOBAHHBIX OCTPBIX MUEIOU/THBIX
Jsieriko3ax B r. HoBocubupcke // Journal of Siberian Medical Sciences. 2026;10(1):7-20. DOI: 10.31549/2542-1174-
2026-10-1-7-20
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3Research Institute of Internal and Preventive Medicine — the Branch of the Institute of Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, Russia
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ABSTRACT

Introduction. Differencesin thefrequencyand spectrum of mutations in acute myeloid leukemia (AML) may
be related to regional environmental factors (ionizing radiation or chemical mutagens) and the genetic predisposition of
the population, while data on the Russian population are limited and presented in isolated publications with a “narrow”
geography and a small sample size.

A i m . Comprehensive analysis of mutations in the hot spots of the DNMT3A, NPM1, FLT3, IDH1 and IDH2 genes in
AML patients living in Novosibirsk.

Materials and methods. Genomic DNA isolated from the bone marrow of 128 patients with newly
diagnosed AML was studied. p.W288Cfs*12 mutations of the NPM1 and FLT3-ITD genes were screened by polymerase
chain reaction (PCR) with flanking primers; screening for the p.R882 mutation of the DNMT3A gene, p.D835 of the
FLT3 gene, p.R132 of the IDH1 gene, and p.R140 of the IDH2 gene was performed by PCR with analysis of restriction
fragment length polymorphism (PCR-RFLP). Exact verification of the mutation was carried out by direct capillary
sequencing according Sanger.

Results. Inthestudy group, in 42,2% of cases revealed some clinically, prognostically, and therapeutically sig-
nificant findings. In total, 22,6% of the patients in the study group had mutations in the hot spots of the genes of epigenetic
genome regulation: IDH1, IDH2 and DNMT3A. At the same time, mutations in two or more analyzed genes occurred in
half of the cases (51,9%) with findings. In the study group, the mutation rate was 9,3% for p.R882 of the DNMT3A gene,
14,8% for p.W288Cfs*12 in the NPM1 gene, 18,0% for FLT3-TKD and FLT3-ITD, 5,5% for p.R132 of the IDH1 gene, and
10,2% for p.R140 in the IDH2 gene, which corresponded to data from the cBioPortal for Cancer Genomics (p > 0,05). In
an isolated variant, the p.W288Cfs*12 mutation of the NPM1 gene was detected in 77 out of 19 (36,8%) patients with this
mutation.

Conclusion. Forthefirsttime, acomprehensive picture of the spectrum of mutations in the analyzed hot spots
of the DNMT3A, IDH1, IDH2, FLT3, and NPM1 genes was obtained in de novo AML in patients living in the Siberian
region. In more than a third of cases, the analysis of the hot spots of the studied genes provides information important for
making clinically significant decisions.

Keywords: acute myeloid leukemia, DNMT3A, IDH1, IDH2, FLT3, NPM1, mutations, sequencing, prognosis, targeted
therapy, minimal residual disease.
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BBEJAEHHNE

Octpble MuesouHbIe Jieiko3bl (OMJI) xapakTe-
PHU3YIOTCS KJIOHAJIPHOU DYKCIIAHCHEUW JIEWKO3HBIX
HeinddepeHIINPOBAHHBIX KPOBETBOPHBIX KJIETOK B
nepudepuyecKorl KPOBH, KOCTHOM MO3T€ U JIPYTHX
OpraHax U sIBJISIIOTCSI TeT€POTeHHBIMU 3a00JIeBAHU-
SIMU, CBSI3AHHBIMH PA3JIMIHBIMU IIUTO- U MOJIEKY-
JIIPHO-TEHETUYECKUMHU AaHOMAaIMAMU. Kpurude-
CKYIO POJIb B BOBHUKHOBEHUHU U MPOTPECCUPOBAHUN

INTRODUCTION

Acute myeloid leukemias (AML) are characterized
by clonal expansion of undifferentiated leukemic hema-
topoietic cells into the peripheral blood, bone marrow,
and other organs, and are heterogeneous diseases asso-
ciated with various cytogenetic and molecular genetic
abnormalities. Epigenetic alterations in the genome of
leukemic cells play a critical role in the initiation and
progression of these hematologic malignancies [1].
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JIAHHBIX TeM00JIaCTO30B UTPAIOT HAPYIIIEHUS SITUTe-
HETUYECKOH PeryssAinuu paboThl TeHOMA JIEHKO3HbIX
KJIETOK [1].

3a mocseiHUe IECATUIIETUS PA3BUTHE TEXHOJIO-
TUU TTO3BOJIMJIO TIPOBECTH ITOJTHOTEHOMHBIN aHAIN3
narrepHoB MetunupoBanusa JIHK B remomostnue-
CKUX KJIETKaX. Y CTAaHOBJIEHBI OIIPEEIISAIONIast POJib B
nporieccax AuddepeHInPOBKY KPOBETBOPHBIX 3Jie-
MEHTOB JIMHAMUKU METHJINPOBAHUA U 3HAUYUTEb-
Hble H3MEHEHUs] METHJIOMAa IIpU TpaHChOpMaIlu
37I0POBBIX KJIETOK B JieHiKO3HbIE [2]. AGeppaHTHOE
metunmpoBanue JTHK paccmaTpuBaercsa Kak OTIIH-
9uTebHbIM Tpu3Hak OMJI, KOTOpPBIA CUHTAETCS
MOII[HBIM 3TUTE€HETUYECKUM MapKePOM JIJIs paHHEH
JMIUAaTHOCTUKU U MPOTHO3WPOBAHUS HCXoza 3abote-
BaHUA. B oTinume OT reHEeTHYECKUX H3MEHEHUH,
obparuMas Ipupo/a SIUTeHETHIECKUX MOIUpUKa-
IR ABJIsAeTCA TepaleBTUYeCKH IPUBJIeKATeIbHOU
MUIIIEHbI0 11 tedenns OMJI [3].

MetunupoBanue JIHK — 3T0 suHaMuueckas smu-
reHeTuyeckas MoAudUKanuA, KOTopas peryjiupyer
sKcnpeccuro reHos. Merwiuposanue JIHK kartanu-
3upyercsd Tpems KoHcepBatuBHbIMHU JIHK-mern-
tpancdepazamu (DNMTS). DNMT1 moxkeT TOUHO
BOCIIDOM3BO/IUTH paHee CyIIeCTBOBABIINU IATTEPH
METHJIMPOBaHUA B poautTenabckodl nenu JJHK Ha
BHOBB CUHTE3UPOBAHHYIO JIOUEPHIOIO IIeIlh BO BpeMs
pemnukanuu JIHK, Torna kak DNMT3A u DNMT3B
OTBevaroT 3a de NOVO METWJINPOBAHME HEHM3MeHEeH-
Hou JIHK-marpuiner [2]. Myramuu B DNMT3A
HUMEIOT BBICOKYIO PACIIPOCTPAHEHHOCTD Y ITAI[UEHTOB
¢ JIEKO30M, COCTaBJIAA 20—25 % MPHU MEPBUYHOM
OMJI u 10 % UpuU MHUEJOIUCILJIACTHYECKOM CHH-
npome. I1pu aToM posb myTanuii B DNMT3B B neii-
KeMoreHe3e MeHee CyIllecTBeHHaA [4].

B Hacrosiiiee BpemsA H3BECTHBI JECATKH T'€HOB,
accouumupyeMbix ¢ pazputueM OMJL. OpHako cpenu
HUX BBIJEJIAIOT TPYIILy T€HOB, XapaKTEPUBYIOIIMXCS
HaJIMYeM PEKYPPEHTHBIX (TIOBTOPSIIOIINXCS) KITUHU-
YeCKH 3HAUMMBIX MyTallUi, KOTOPbIE BJIMIOT Ha IIPO-
THO3 3aboJieBaHUs, ONpPenessioT 3h(EeKTUBHOCTh
JIEUeHVs], SIBJISTIOTCS MUIIEHSMU /IS TEPAIHU U CIIy-
JKaT MapKepaMU Ul OTCJIEKUBAHUA MUHUMATIbHON
ocraroudoii 6osiesau (MOB) [5]. K TakoBBIM OTHO-
csres p.R882 rena DNMT3A (Mendelian Inheritancein
Man (OMIM), https://www.omim.org/entry/602769),
p-W288Cfs*12 rema NPMi1 (OMIM, https://www.
omim.org/entry/164040), p.D835 renos FLT3u FLT3-
ITD (OMIM, https://www.omim.org/entry/136351),
p-R132 rena IDH1 (OMIM, https://www.omim.org/
entry/147700), p.R140 rena IDH2 (OMIM, https://
www.omim.org/entry/147650).

Coo6111a710Ch, UTO KJIOHAJIBHBIN T€MOII033, KOTO-
Pblil ABJIETCA MOITHBIM (PAKTOPOM PHCKA Pa3BUTUA

Over the past decades, technological advance-
ments have enabled genome-wide analysis of DNA
methylation patterns in hematopoietic cells. The piv-
otal role of methylation dynamics in hematopoietic
cell differentiation and the significant changes in
DNA methylome during the transformation of
healthy cells into leukemic ones have been estab-
lished [2]. Aberrant DNA methylation is considered
as a hallmark of AML, which is a powerful epigenetic
marker for early diagnosis and prediction of the dis-
ease. Unlike genetic alterations, the reversible nature
of epigenetic modifications represents an attractive
target for AML treatment [3].

DNA methylation is a dynamic epigenetic modifi-
cation that regulates gene expression. DNA methyla-
tion is catalyzed by three conserved DNA methyl-
transferases (DNMTS). DNMT1 can faithfully propa-
gate the pre-existed methylation pattern in the
parental DNA strand to the newly synthesized
daughter strand during DNA replication, while
DNMT3A and DNMT3B are responsible for de novo
methylation at the unmodified DNA template [2].
Mutations in DNMT3A are highly prevalent in leuke-
mia patients, accounting for 20-25% in de novo
AML and 10% in myelodysplastic syndrome. At the
same time, the role of mutations in the DNMT3B in
leukemogenesis is less significant [4].

Currently, dozens of genes associated with the
development of AML are known. However, among
them, there is a group of genes characterized by the
presence of recurrent clinically significant mutations
that influence the disease prognosis, treatment effi-
cacy, and serve as targets for therapy and markers
for minimal residual disease (MRD) [5]. These
include p.R882 of the DNMT3A gene (Mendelian
Inheritance in Man (OMIM), https://www.omim.
org/entry/602769), p.W288Cfs*12 of the NPMi
gene (OMIM, https://www.omim.org/
entry/164040), p.D835 of the FLT3 and FLT3-ITD
genes (OM1M, https://www.omim.org/
entry/136351), p.R132 of the IDH1 gene (OMIM,
https://www.omim.org/entry/147700), p.R140 of
the IDH2 gene (OMIM, https://www.omim.org/
entry/147650).

It has been reported that clonal hematopoiesis,
which is a strong risk factor for development of AML
in the future, is often associated with somatic muta-
tions in DNMT3A. Hematopoietic stem cells with
mutations in this gene are in a preleukemic state and
are prone to malignant transformation by acquiring
additional genetic alterations, namely mutations in
FLT3, NPM1, and IDH1/2 [6, 7].

Although the mutational spectrum of AML has
been extensively studied, the mutation rate may vary
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B mocsemytoneM OMJI, wacTo cBsi3aH ¢ coMaTuye-
ckumu myrtanusamu 8 DNMT3A. CTBOJIOBbIE KPOBET-
BOPHBIE KJIETKU C MyTaI[UsIMH B JITAaHHOM reHe HaXo-
JIATCA B IPeAJIEHKO3HOM COCTOSHUU U JIETKO IIOJ-
BepraioTcs 3JI0OKQUeCTBEHHOU TpaHchopManum,
npuobperass ~ JIOTIOJIHUTEJIbHbIE  TeHETHUECKHe
u3MeHeHusd, a uMeHHO MyTtaruu B FLT3, NPM1 u
IDH1/2[6, 7].

HecmoTps Ha TO, UTO MyTalIMOHHBIH criekTp OMJI
IINPOKO H3y4yaeTcs, YacToTa MyTaluii B pPa3HBIX
pernoHax Mupa MOKeT OBbITh pasJyInJHa [3], a JaHHbIe
[0 POCCUUCKOW TOMYJIAIMU OTrpaHUYeHbl. B gocTyn-
HOHI JinTeparype HaWJleHbl HECKOJIBKO OTeYeCTBEH-
HBIX UCCIJIEJIOBAHUH MyTaIl[MOHHOTO criekTpa B NPM1,
FLT3, IDH1/2 u DNMT3A, BHIIIOJTHEHHBIX BO B3POC-
Jio# koropre marnuenToB ¢ OMJI. [TyGiukanuii, omu-
CBIBAIOIIIUX MYTAIIIOHHBIN CIIEKTP B AHAIN3UPYEMBIX
reHax npu OMJI y mamueHTOB, IPOKUBAIOIIUX 34
Ypanom, B AOCTYIIHOW JUTEpaType He HaUEeHO.
IToMmumo «y3koW» Teorpapuu IpPeACTABJIEHHBIX
pabot, obpaiaer Ha ce6s1 BHUMaHUE TeTePOreHHOCTD
1 HeOOJBIION pa3mep 06C/IeJOBAHHBIX BBHIOOPOK, a
TaKKe IMUPOKUH pas3dpoc IOJyYaeMbIX YaCTOT.
Hanpuwmep, yacrota BBIABIEHUS WHCEPIMH B 12-M
9K30He, 110 JAHHBIM OTEYEeCTBEHHBIX paboT, cocra-
BIJIA 10,7—33,3 % [8—11]. YacToTa MuCcCceHC-3aMEH B
«ropstyei» Touke reHa DNMT3A — kofone 882 — ot
7,1 10 12,2 % [9, 12, 13]. 3yuenue myranuii B FLT3
MIPOBOJTIJIOCH HanboJsiee aKTUBHO. YacToTa MyTaIui
tuna FLT-ITD, o jasHbIM aBTOPOB, BApbUPOBaja OT
13,8 10 25,0 % [9, 13, 14], TOTZIa KaK MyTaIlli THIIA
FLT-TKD - ot 5,5 10 13,6 % [11—15].

ITEJIb NCCJIEJOBAHUA

IIpoBecT KOMILJIEKCHBIN aHAIW3 MyTallliil B
«TopstTynx» TO4YkKax reHoB DNMT3A, NPM1i, FLT3,
IDH1 u IDH2 y 6onbabix OMJI, pOKHUBAIOIIKX B
KPYITHOM CHOMPCKOM METaIloJIHCe.

MATEPUAJIBI 1 METO/bI

O6pa3siibl KOCTHOTO MO3ra ObLIM IIOJyYEHBI OT
128 MaIeHTOB TOPOJCKOTO TeMaTOJIOTHYECKOTO
nenrtpa r. HoBocubupcka ¢ BIiepBbI€ JHATHOCTHPO-
BaHupIMu OMJI. JTuarao3 OMJI GbLI HOCTaBJIEH B
COOTBETCTBHH C TEKYIIUMU KpuTepusmu Kinaccudu-
Karuu BceMUPHOM OpraHu3amuu 3[paBOOXPaAHEHHUsI
[16, 17]. UccnemoBanue 6bLI0 0/J06PEHO KOMUTETOM
mo 6mosTHKe HOBOCMOWUPCKOTO TrOCYZIapCTBEHHOTO
MEUIMHCKOTO YHUBepcuTeTa. PaboTa mpoBOAIOCH
B COOTBETCTBUM C XeJTbCHHKCKOU JleKapaiuei Bee-
MUPHOI MeaunuHcko# accoruanuu (World Medical
Association) 2000 r. u IIporokosom KoHBeHIUH 0O
mpaBax uesioBeka u 6uomenunune (Protocol to the
Convention on Human Rights and Biomedicine)

across different regions of the world [3], and data on
the Russian population remain limited. Several
domestic studies on the mutation spectrum in NPM1,
FLT3, IDH1/2, and DNMT3A in adult patients with
AML have been found in the available literature.
There are no publications in the available literature
describing the mutation spectrum in the analyzed
genes in AML patients living beyond the Urals. In
addition to the “narrow” geography of these studies,
attention is drawn to the heterogeneity and a small
size of the cohorts, as well as the wide range in fre-
quencies reported. For example, the incidence of
insertions in exon 12, according to domestic studies,
ranged from 10,7% to 33,3% [8—11]. The incidence of
missense substitutions in codon 882, the hot spot of
the DNMT3A gene, ranged from 7,1% to 12,2%
[9, 12, 13]. Mutations in FLT3 were studied most
actively. The incidence of FLT-ITD mutations,
according to the authors, varied from 13,8% to 25,0%
[9, 13, 14], while the incidence of FLT-TKD muta-
tions ranged from 5,5 to 13,6% [11—15].

AIM OF THE RESEARCH

To perform a comprehensive analysis of muta-
tions in the hot spots of the DNMT3A, NPM1, FLT3,
IDH1, and IDH2 genes in AML patients residing in a
major Siberian metropolis.

MATERIALS AND METHODS

Bone marrow samples were taken from 128
patients of City Hematological Center (Novosibirsk)
with newly diagnosed AML. The diagnosis of AML
was made in accordance with the current classifica-
tion criteria of the World Health Organization [16, 17].
The study was approved by the Bioethics Committee
of Novosibirsk State Medical University. The study
was carried out in accordance with the World Medical
Association’s Helsinki Declaration of 2000 and the
Protocol to the Convention on Human Rights and Bio-
medicine of 1999. All patients signed a voluntary
informed consent to participate in the study.

Genomic DNA was isolated using a magnetic par-
ticle kit (Biolabmix, Russia), according to the manu-
facturer’s protocol, and then quantified using an
Epoch spectrophotometer (BioTek, USA). Then, the
DNA obtained was used as a template for amplifica-
tion of the fragment of interest in genes studied.

Primers specially selected using Vector NTI soft-
ware (Thermo Fisher, USA) for detecting mutations
p-R882 of the DNMT3A gene, p.W288Cfs*12 of the
NPM1 gene, p.D835 of the FLT3 and FLT3-1TD
genes, p.R132 of the IDH1 gene, and p.R140 of the
IDH2 genes (their sequences are given in Table 1)
were synthesized by Biosynthesis LLC (Russia).
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Ta6una 1. [TocseoBaTeIbHOCTH TPAHMEPOB, TEMIIEPATYPbl OTXKHUTA U IJINHBI TPOAYKTOB peaKIun
Table 1. Primer sequences, annealing temperatures, and product lengths

e P —— Jnuna I[P JH/OHYKJIea3a

Tvpe g'f'r 1 Iloc/iej0BaTeIbHOCTD PaliMepPOB Tm NpoAyKTa (ILH.)*  pecTpuKnuu

mylftation Primer sequences (°Q) PCR product Restriction

length (b.p.)* endonuclease

p.R882 DNMT3A 5’-ggcagaactaagcaggcgt-3° 66 232 Hinfl
5'-gcagtctctgcctegegaat-3°

p-W288Cfs*12 5°-ttttttccaggctattcaag-3° 52 107 u 6os1ee -

NPM1 5'-ctgttacagaaatgaaataagacgg-3° 107 and more

FLT3-TKD 5'-ctatattcactttgtttgttgcacatcatcatgg-3" 56 293 Hinfl
5°-tgcccctgacaacatagttggaatcactcatggaat-3°

FLT3-ITD 5°-cctctatctgcagaactgee-3° 66 375 u 6oJiee -
5'-cattttgacggcaacctg-3° 375 and more

p.R132 IDH1 5'-caaatgtgccactatcactc-3° 59 202 Taql
5°-ttgatccccataagcatgt-3°

p-R140 IDHZ2 5°-aattctggttgaaagatggc-3° 64 289 Hpall

5'-agagacaagaggatggctag-3°

* IL.H. - 1ap HyKJIEOTH/IOB.
*b.p. - base pairs.

1999 1. Bce marueHThl, BKJIIOUEHHbBIE B HCCJIE/I0BA-
HUe, MOJIHICATN J00POBOIFHOE HH(POPMUPOBAHHOE
corJIacve Ha yJacTHe B UCCJIEOBAHUM.

T'eromuas JIHK BbIzessach ¢ moMoIpo Habopa
Ha MarHuTHbIX dactunax (Biolabmix, Poccus),
COTJIACHO TIPOTOKOJIy IIPOU3BOAUTENSI, U 3aTeM
KOJIMYECTBEHHO ONPEEIACh C ITOMOIIBIO CIIEK-
tpodoromerpa Epoch (BioTek). B mambHeliem
noaydyeHHyro JIHK wucnosip3oBasim B KauyecTBe
MAaTPHUITHI JIJIs1 aMITUDUKAITAN HY»KHOTO (pparMeHTa
HCCJIETyEMbBIX T€HOB.

CrenmasibHO Mo/I00paHHbIe B IpoTrpaMmMe Vector
NTI (Thermo Fisher, CIIIA) mpaiimMepsl A1 IeTEK-
nuu mytanui p.R882 rena DNMT3A, p.W288Cfs*12
rena NPM1,p.D835 renoB FLT3 v FLT3-1TD, p.R132
re"a IDH1 u p.R140 rena IDH?2, niocjie0BaTeIbHO-
CTH KOTOPBIX IPUBEJEHBI B Ta0JI. 1, CHHTE3UPOBAHBI
00O «buocunted» (Poccus). AMIutuduKauio
poBoAWIN Ha TepMonukiepe «Tepruk» («JHK-
TexHosorusa», Poccus).

Hanuune myranuit p.W288Cfs*12 renos NPM1
u FLT3-1TD, xoTOpble OTINYaOTCA 3HAYUTEIbHbIM
paszHooOpa3reM Kak I10 CBOEH JIOKATU3AIUH, TaK U
10 BEJWYWHE BCTABOK HYKJIEOTHJIOB, BBISABJISIIIN
IIpU TIOMOINY IIOJINMEPA3HOU IENHOU peaKIuu
(ITOP) c dumankupyoUMu npaiimepamu [18].
Herexnusa p.R882 rena DNMT3A, p.D835 renon
FLT3u FLT3-ITD, p.R132 rena IDH1 u p.R140 rena
IDH2 npoBoaunack Metozom IIIP ¢ anaauzom
nosuMop@usMa JJINH PeCTPUKINOHHBIX parMmeH-
toB (ITIP-TI/IP®). [lsgs TOUYHOU BepudUKAIAU
MyTamuu 00pasIlbl CEKBEHHPOBAHbI HAa aBTOMATH-
yeckoM cekBeHatope Applied Biosystems 3500

Amplification was performed using a thermocycler
Thercyc (DNA Technology, Russia).

The presence of p.W288Cfs*12 mutations of the
NPM1 and FLT3-ITD genes, which are characterized
by significant diversity both in their localization and
in the size of nucleotide insertions, was detected
using polymerase chain reaction (PCR) with flanking
primers [18]. Such mutations as p.R882 in the
DNMT3A gene, p.D835 in the FLT3 and FLT3-ITD
genes, p.R132 in the IDH1 gene, and p.R140 in the
IDH2 gene were detected using PCR with restriction
fragment length polymorphism analysis (PCR-
RFLP). For exact verification of mutations, the sam-
ples were sequenced on an Applied Biosystems 3500
automated sequencer (USA) according to the manu-
facturer’s protocol, using the same primers as for the
stage of screening.

A visualization of the spectrum of mutations in
the hot spots of the FLT3, NPM1, IDH1, IDH2, and
DNMT3A genes for each AML case was achieved
using the Oncoprinter tool [19].

RESULTS

A set of oligodeoxyribonucleotide primers
designed for rapid screening and subsequent exact
identification of the recurrent mutations
p-W288Cfs*12 of the NPM1 gene, p.D835 in the
FLT3 and FLT3-ITD genes, p.R132 in the IDH1 gene,
and p.R140 in the IDH2 gene in AML demonstrated
high specificity and diagnostic accuracy (Fig. 1).

In 9,3% of all patients from our cohort, single
nucleotide substitutions in p.R882 of the DNMT3A
gene were detected, including p.R882H in 8 cases
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(CIIA) mo mpoTOoKONy (GUPMBI-U3TOTOBUTEINSI C
[IpUMEHeHNEM TeX Ke IpalMepoB, UYTO U HA dTare
CKpPUHUHTA.

BusyaspHOe mpejicTaBiieHHe CIIeKTpa MyTaluil B
AHAIU3UPYEMBIX «TOpAYUX» TOUKax reHoB FLT3,
NPMai, IDH1, IDH2 u DNMT3A B KaXXJ0M U3 CJIy-
yaes OMJI mosyuyeHO C TpUMEHEHHWEM CepBHCA
Oncoprinter [19].

PE3YJ/IBTATDBI

PazpaboTaHHbIlI HAbOp OJIUTO/IE30KCUPUOOHY-
KJIEOTHTHBIX ITPAUMEPOB JIJIs1 OBICTPOrO CKPUHUHTA
U TIOCJIEIYIONIEN TOYHON HAEHTUDUKAIUU PEKYP-
peHTHBIX wMyTanuii p.W288Cfs*12 rema NPMi,
p-D835 renos FLT3 u FLT3-ITD, p.R132 rena IDH1,
p-R140 rena IDH2 npu OMJI mokasays BBICOKYIO
CrenuGUIHOCTh ¥ TOUHOCTD JUATHOCTUKH (pHC. 1).

¥ 9,3 % J1u11 rPYIIIbI KCCIIEIOBAHUS OBLIIA BBISB-
JIEHBI OJTHOHYKJIEOTH/IHbIE 3aMeHbI B P.R882 rena
DNMT3A, B tom uucie p.R882H B BochMu wu
p-R882P B ogHOM citydae, a TakKe TP CHHOHUMUY-
HbIE 3aMEHBI.

Y 14,8 % OOJBHBIX BBISIBJIEHA MyTallMs
p-W288Cfs*12 rena NPM1, u3 HUX 16 YeJIOBEK C
WHCEpIMed Thma A, OJIMH 4YeJIOBEK C HHCEPIUeH
Tuma B v Ba uesioBeKa ¢ HOBBIMU paHee He OMHCaH-
HBIMH BCTaBKaMH.

Cymmapho vacrota mytanuid FLT3-TKD u FLT3-
ITD cocrasuia 18,0 %. Y 3,9 % nanueHToB 0OHApY-
s)keHa mytanus p.D835 rena FLT3, u3 HUX IO JiBa
ciayyas p.D835H u p.D835Y, a Takke ofluH caydai
p-D835N. Eme 14,1% 6osbubix umenu FLT3-ITD
Pa3JIMYHON TPOTSKEHHOCTH U JIOKAJIM3AIUH, a
MMeEHHO: €.563_564ins18b.p., ¢.574_575ins56b.p.fs11X,
€.594ins36b.p., ¢.597_598ins48b.p., c.600ins12b.p.,
€.601ins18b.p., ¢.601_602ins36b.p., c.602_603ins18b.p.,
¢.605_606ins18b.p., ¢.606_607ins137b.p.,
c.612+1ins48b.p., c.612ins70b.p., ¢.613ins63b.p.,
€.613_614ins45b.p., ¢.612-613ins60b.p., ¢.613_614ins63b.p.,
€.612-613ins84b.p., c.613_614ins167b.p.

¥ 5,5 % nainueHToB o6Hapy:keHa MyTanus p.R132
re"a IDH1, u3 Hux Tpu 4esioBeka ¢ p.R132H, aBa — ¢
p-R132C u o ogaomy — ¢ p.R132S u p.R132L coot-
BETCTBEHHO.

¥ 10,2 % GoypHBIX BBIABJIEHA MyTanusa p.Ri140
reHa IDH2, u3 HUX OIMHHAIIATh ciaydaeB p.R140Q
U 0/1uH cirydait p.R140W.

B menom B 00ciie/ToBaHHOU TPYIIIE MMAIUEHTOB
YaCcTOTHI MyTaIlMi COOTBETCTBOBAJIU JAHHBIM ILJIaT-
dopwmnl cBioPortal for Cancer Genomics /1s1 manu-
eHtoB ¢ OMJI (tabs. 2): ana myranun DNMT3A
p-R882 — 11,0 %, NPM1 p.W288Cfs*12 — 18,1, FLT3-
ITD — 16,1, FLT3-TKD - 5,8, IDH1 p.R132 — 7,8 u
IDH2 — 9,8 % manueHToB [20].

and p.R882P in one case, as well as three synony-
mous substitutions.

In 14,8% of patients, the p.W288Cfs*12 mutation
of the NPM1 gene was detected; among them, 16 indi-
viduals had insertion type A, one individual had
insertion type B, and two individuals had novel, pre-
viously undescribed insertions.

The overall rate of mutations of FLT3-TKD and
FLT3-ITD genes was 18,0%. In 3,9% of patients, the
p-D835 mutation of the FLT3 gene was found (among
them by two cases of p.D835H and p.D835Y), as well
as one case of p.D835N. Also, 14,1% of patients had
FLT3-ITD of varying lengths and localization,
namely: ¢.563_564ins18b.p., ¢.574_575ins56b.p.fs11X,
€.594ins36b.p., ¢.597_598ins48b.p., c.600ins12b.p.,
€.601ins18b.p., c.601_602ins36b.p., c.602_603ins18b.p.,
¢.605_606ins18b.p., ¢.606_607ins137b.p.,
¢.612+1ins48b.p., c.612ins70b.p., c¢.613ins63b.p.,
¢.613_614ins45b.p., ¢.612-613ins60b.p., ¢.613_614ins63b.p.,
¢.612-613ins84b.p., ¢.613_614ins167b.p.

In 5,5% of patients, the p.R132 mutation of the
IDH1 gene was detected. Among them, three indi-
viduals had p.R132H, two had p.R132C, and one each
had p.R132S and p.R132L, respectively.

In 10,2% of patients, the p.R140 mutation of the
IDH2 gene was found. Among them, 11 cases of
p-R140Q and one case of p.R140W were registered.

In general, in the cohort examined, the mutation
rate corresponded to data from the cBioPortal for
Cancer Genomics for AML patients (Table 2): for the
DNMT3A p.R882 mutation - 11,0%, NPMi1
p-W288Cfs*12 — 18,1%, FLT3-ITD — 16,1%, FLT3-
TKD - 5,8%, IDH1 p.R132 — 7,8%, and IDH2 — 9,8%
of patients [20].

Fig. 2 presents a co-mutation pattern in the hot spots
of the genes analyzed. As can be seen from the figure,
42,2% (54/128) of patients had various clinically, prog-
nostically, and therapeutically significant findings.

DISCUSSION

It has been established that without a study of the
molecular genetic characteristics of AML, performed
in a short time frame at the onset of the disease, the
modern adequate and effective treatment of this dis-
ease is not possible.

This study has, for the first time, provided a com-
prehensive pattern of the spectrum of mutations in
the hot spots of the DNMT3A, IDH1, IDH2, FLT3, and
NPM1 genes analyzed in patients with newly diag-
nosed AML residing in Novosibirsk, which is of sig-
nificant practical importance. A total of 29/128
(22,6%) patients from the cohort studied have muta-
tions in the hot spots of the genes that are responsible
for epigenetic regulation of genome: IDH1, IDH2, and
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Puc. 1. ®parMeHThI XpOMaTOrpaMM CHKBeHCOB 00pasioB THK, comepskaux MyTaium:
A — p.R882H (ciiea) u p.R882P (cripaBa) rena DNMT3A; B — p.W288Cfs*12 rena NPM1 (BcraBka tumna A (csieBa) u Tuna B (cipasa));
C — p.D835H (cneBa) u p.D835Y (cupasa) rena FLT3; D — ¢.597_598ins48b.p. (cieBa), ¢.613_614ins167b.p. (110 1ieHTpy)
u ¢.612+1ins48b.p. (cupasa) rena FLT3; E — p.R132H (cieBa), p.R132C (o uentpy) u p.R132L (cupasa) rena IDH1;
F - p.R140Q (cieBa) u p.R140W (cripaBa) rena IDH2
Fig. 1. The fragments of DNA sequence chromatograms of the samples with following mutations:

A — p.R882H (left) and p.R882P (right) of the DNMT3A gene; B — p.W288Cfs*12 of the NPM1 gene (insertion type A (left) and insertion
type B (right)); C — p.D835H (left) and p.D835Y (right) of the FLT3 gene; D — ¢.597_598ins48b.p. (left), c.613_614ins167b.p. (center)
and c.612+1ins48b.p. (right) of the FLT3 gene; E — p.R132H (left), p.R132C (center) and p.R132L (right) of the IDH1 gene;

F — p.R140Q (left) and p.R140W (right) of the IDH2 gene
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Ta6smua 2. CpaBHEeHMe YaCcTOT MyTalMH B «TOPSYHUX» TOYKAX aHAJIM3UPYEeMbIX '€HOB B COOGCTBEHHOM IpyIIe UCCIe0BaHUs

1 BbIGOpKe 6a3bl JaHHBIX cBioPortal for Cancer Genomics

Table 2. Comparison of mutation rate in hot spots of genes analyzed between our study group and the sample

from the cBioPortal for Cancer Genomics

Co6cTBeHHas BbIGOpKAa BriGopka cBioPortal for Cancer Genomics

ﬂﬁ:ﬁ:& Our study cBioPortal for Cancer Genomics’ Sample P
(n=128) (n=1567)

DNMT3A p.R882 12 173 0,393
NPM1 p.W288Cfs*12 19 283 0,316
FLT3-1TD 5 253 0,537
FLT3-TKD 18 91 0,371
IDH1 p.R132 7 122 0,343
IDHZ2 p.R140 12 154 0,905

Ha puc. 2 npejcraBieHa KapTUHa COYETAHHOCTH
MyTallUll B aHAJIU3UPYEMBIX «TOPAUYUX» TOUKAX
reHoB. Kak BUJIHO W3 PHCYHKA, 42,2 % (54/128)
IIallUE€HTOB TI'DYIIIIbI HUCCI€JOBAaHUA HMMEJIU TE€ WU
HWHbIE€ KJIMHUYECKH, IDOTHOCTUYECKHN U TE€paIll€eBTU-
YeCKU 3HAYUMbI€ HAXOOKH.

OBCYK/IEHUE

VYcraHosiieHo, uTO 6€3 HCCIIEOBAHUA MOJIEKY-
JIApHO-TeHeTHu4ecKux Xxapakrepuctuk OMJI, BoImos-
HEHHOTO B CKaTble CPOKHU B JieOroTe 3ab0seBaHUs,
COBpeMeHHOe a/ieKBaTHOe U 3(pPeKTUBHOE JieueHue
JIAaHHOTO 3a00JI€BaHUS HE TIPEZCTABIISIETCS BO3ZMOMK-
HBIM.

B xoze maHHOTO HCCIeOBAaHUSA BIEPBBIE IIOJIY-
JyeHa KOMIUJIEKCHAs KapTHHA CIIeKTpa MyTallui B
QHAJIUBUPYEMBIX  «TOPAYHX»  TOYKAX  TEHOB
DNMT3A, IDH1, IDH2, FLT3 u NPM1 upu de novo
OMJI y manueHTOB, MpOoKUBapImMuX B T. HoBocubup-
CKe, YTO UMeeT OOJIbIIIOe MPAKTUUeCKOe 3HAUEHUeE.
CymmapHo 29/128 (22,6 %) MaIlMeHTOB T'PYIIIIBI
HCCIeZJOBAaHUA UMEIOT MyTallud B «TOPAYUX» TOY-
KaX TeHOB JIUTEHETHYECKOH pEeryJAluy TeHOMa:
IDH1, IDH2 u DNMT3A. 3Tu JjaHHblEe NOJTBEPK-
JIaIOT BaXXHOCTD HapylIeHusa Metwinposanusa JJHK B
matoreneze OMJI. Ilpu stom y 28/54 (51,85 %)
00CJIeZIOBAaHHBIX BBIABJIAIOTCA MyTalllH B 2 U Gosiee
MIPOAHAJIU3UPOBAHHBIX I'€HAX, YTO OTpPa’KaeT Ipo-
Iecchl HAKOIUIEHHWS TeHEeTHYeCKHX HapyIIeHHH B
XO7Ie 9BOJIIOIUU OILyXO0JIEBOTO KJIOHA OT 3Tara KJo-
HAJIBHOTO KPOBETBOPEHHUA B KJIMHUYECKH MaHU-
dectapii OMJI [21].

VYcraHoBiieHo, uTO G0jIee YeM B TPETHU CJIyYaeB
3abosieBaHus (42,2 %) aHAMIU3 «TOPSAYUX» TOUEK
HU3y4JaeMbIX TeHOB II03BOJISIET IPEZOCTaBUTh HH(MOP-
MAaIUio, BAXKHYI0 JUIS IPHUHATUA KIUHUYECKUX
pemtennii. [lepcoHUMUITUPOBAHHBIN MOJIX0J], OCHO-
BaHHBIM HAa 3HAHWHM MYyTallHOHHOTO CIIEKTpa JIeH-
K032 Y KOHKPETHOT'O IaI[HeHTa, II03BoJIsAeT B O0JIb-

DNMT?3A. These data confirm the significance of DNA
methylation abnormalities in the pathogenesis of
AML. At the same time, mutations in 2 or more genes
were detected in 28/54 (51,85%) patients, which
reflects accumulation of genetic mutations during the
evolution of the tumor clone from the stage of clonal
hematopoiesis to clinically manifest AML [21].

It was found that in more than a third of cases
(42,2%), the analysis of the hot spots of the genes stud-
ied allows to provide important information for making
clinical decisions. A tailored approach, based on knowl-
edge of the spectrum of mutations in a specific AML
patient, allows for achieving remission in a higher per-
centage of cases, increasing its duration, and enabling
early pre-clinical diagnosis of disease relapse.

Thus, the presence of the mutations analyzed sig-
nificantly influences the management tactics, prog-
nosis, and choice of a therapy regimen. For example,
isolated p.W288Cfs*12 of the NPMi1 gene was
detected in 7/19 (36,8%) patients from our cohort,
which is prognostically favorable regardless of the
patient’s age, and shows the absence of indications
for allogeneic hematopoietic stem cell transplanta-
tion during the first complete remission. At the same
time, co-mutations in other genes (FLT3, IDH1, and
IDH2) occurring in the rest 12/19 (63,2%) patients
offset the favorable prognostic value of p.W288Cfs*12
of the NPM1 gene.

No less important is the fact that, provided the
mutation type is accurately identified, mutations can
be used for minimal residual disease (MRD) moni-
toring in AML patients. Thus, in every seventh
patient from the studied group, the p.W288Cfs*12
mutation of the NPM1 gene can serve as an indepen-
dent target for the molecular assessment of MRD,
whereas mutations in the FLT3, IDH1, and IDH2
genes are only complementary to other markers [18].

All patients with mutations in the FLT3 gene —
which, as it was shown in the study, accounts for
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IIIeM IIPOIIEHTE CIy4aeB JOOUThCS PEMUCCUH, YBEJIH-
YHUTH €€ IPOJIOJIKUTEIbHOCTD, a8 TaK}Ke MPOBOJTUTH
PaHHIOID JOKJIMHUYECKYIO JIMaTHOCTUKY PeIyiBa
3a00J1eBaHUS.

Tak, HaJIMUYUE AaHATU3UPYEMBIX HAMH MyTaIui
CYIIIECTBEHHO BJIMSIET HA TAKTHUKY BEAEHUS Mallu-
€HTa, ero IMPOTHO3 U BHIOOP Tepanmuu 3ab0JIeBaHMUS.
Hampumep, B M30JIMPOBAaHHOM BapUaHTE MYyTaIlUs
p-W288Cfs*12 rena NPM1 Oblia BbIsABIEHA V 7/19
(36,8 %) manMeHTOB TPYMIIBI HCCIEAOBAHUS, UTO
uMeeT 0JIArONPHUATHOE MPOTHOCTHYECKOE 3HAUEHHE
BHE 3aBHCHMOCTU OT Bo3pacTa OOJILHOTO M CBHjE-
TEJIbCTBYeT 00 OTCYTCTBHH IOKAa3aHUU K BBIIIOJIHE-
HUIO aJ/UJIOTEHHOHW TPAHCIUIAHTAIIUUA TeMOIIO3THYE-
CKHUX CTBOJIOBBIX KJIETOK B TE€UEHHE MEPBOM MOJTHOU
pemuccuu. B To Ke BpeMs coueTaHHbIE MyTallUHU B
npyrux reHax (FLT3, IDH1 wn IDH2), umemoliue
MecTo OBbITh ¥ ocTaBIIMXCA 12/19 (63,2 %) marueH-
TOB, HUBEJIUPYIOT OJIaTOMPUATHOE ITPOTHOCTHYECKOE
snauenue p.W288Cfs*12 rena NPM1.

He mMeHee BaykeH TOT (pakT, YTO IPU YCJIOBHUU TOU-
HOU uieHTU(PUKAINY TATIA MyTallid MOTYT UCIIOJIb-
30BaThCA JIJIA OTCJEKHBAHUSA MUHMMAaJILHOM OCTa-
touHo¥ 60se3uHu (MOB) y manuentos ¢ OMJI. Tak, y
KaK/IOTO CEJbMOTO TallMeHTa U3 TPYIIIbI UCCIIE0-
Banus myranus p.W288Cfs*12 rena NPM1 MoKeT
CJIY’KUTh CAMOCTOSATEIbHON MUIIIEHBIO JJIsI MOJIEKY-
nspHou onteHku MOB, Torga kak MyTaniii B TeHax
FLT3, IDH1 u IDH2 — TOJIBKO B JOIIOJIHEHUE K JPy-
ruM Mapkepam [18].

Bce nmamuenTs! ¢ Mmytauuamu B rese FLT3, a aTo,
Kak IIOKa3aJi0 JaHHOE WCCIeNOBaHue, KaKIbId
nAThid nanueHT ¢ OMJI Hamel BBIOOPKU, MOTYYaloT
Tepanui0 TapreTHBIMH IIpelapaTaMu — WHTUOUTO-
pamu FLT3. [Iyia HUX B IlepedyeHb OL€HUBAEMBIX
muieHed MOB 0643aTeIbHO O/DKHBI OBITH BKJIIO-
vensl FLT3-1TD u/wnu p.D835 rena FLT3 B 3aBUCH-
MOCTH OT THIIA BBISIBJIEHHON MyTamuu [20].

B HacTosIIIee BpeMs HHTHOUTOPHI H30IUTPAT/IE-
THUPOTeHAa3, TAKKWE KaK MBOCUIEHUO U SH3AIyTaMu/l,
He BXOJIAT B IPOTOKOJIBI Tepanuu nanueHTos c OMJI,
corjacHO PoccHMCKMM KJIMHUYECKUM pPeKOMEeH/ia-
nusaM  [22]. OmHako pekoMmeHzaanuu European
LeukemiaNet cBUIETEBCTBYIOT O HEOOXOIUMOCTH
BKJIIOUEHUs] B IE€pPEUeHb OIEHMBAEMbIX MHUIIIEHEH
MOB wmyrarmuii B renax IDH1 u IDH2 y GOJIbHBIX,
MTOJTyYAOIIIUX TEPATIUIO IAHHBIMH TAPTeTHBIMH IIpe-
maparamu [5, 23].

3AK/IOYEHUE

Cpenu JecAATKOB T€HOB, MyTallUH B KOTOPBIX
IpUBOAAT K paszButuio OMJI, yacTh XxapakTepusy-
eTcsd HaJIMYUeM PeKyppPEeHTHBIX KJIMHUYEeCKU 3Ha-
YUMBIX MYyTaIlU#, KOTOpBIE BJIUAIOT HA IIPOTHO3

every fifth AML patient from our cohort — receive
targeted FLT3 inhibitor therapy. For these patients,
FLT3-ITD and/or p.D835 of the FLT3 gene must
necessarily be included in the panel of evaluated
MRD targets, depending on the type of mutation
identified [20].

Currently, isocitrate dehydrogenase inhibitors,
such as ivosidenib and enzalutamide, are not
included in the treatment regimens for AML patients
according to the Russian Clinical Guidelines [22].
However, the European LeukemiaNet Guidelines
indicate the necessity of including mutations in the
IDH1 and IDH2 genes into the panel of MRD action-
able targets for patients receiving therapy with these
targeted drugs [5, 23].

CONCLUSION

Among dozens of genes whose mutations lead to
developing AML, some are characterized by the pres-
ence of recurrent clinically significant mutations.
These mutations influence the disease prognosis,
determine treatment efficacy, and serve as therapeutic
targets and as markers for MRD monitoring. As part
of this study, a set of oligodeoxyribonucleotide prim-
ers was developed for rapid screening and subsequent
exact identification of a number of several mutations
by direct capillary sequencing: p.R882 of the DNMT3A
gene, p.W288Cfs*12 of the NPM1 gene, p.D835 of the
FLT3 and FLT3-ITD genes, p.R132 of the IDH1 gene,
and p.Ri140 of the IDH2 gene. The mutation rate
obtained during the study corresponded to data on
studies of AML patients using next-generation
sequencing from the cBioPortal for Cancer Genomics.
A comprehensive analysis of tumor tissue DNA from
128 AML patients showed that in the examined group,
42,2% of patients had some clinically, prognostically,
and therapeutically significant findings. Thus, the
study of the proposed panel of gene mutations during
the diagnosis carrying out in specialized medical insti-
tutions may enable a tailored approach to manage-
ment of AML patients, based on knowledge of the
spectrum of mutations of leukemia, leading to achiev-
ing remission in a higher percentage of cases, increas-
ing its duration, and facilitating early pre-clinical
diagnosis of disease relapse.
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3abosieBaHusl, ONPENENAIOT 3(PPEKTUBHOCTD Jieue-
HUsA, ABJIAIOTCA MUIIEHAMU JJ1s1 TEPAIUH U CIYKaT
Mmapkepamu uisi orcaexkuBanusi MOB. B pamkax
JITAHHOTO HCCJIeIOBaHUs pa3paboTaH HabOp OJIUTO-
JIe30KCUPUOOHYKJIEOTUAHBIX ~ MpPAlMEpPOB  JJIs
OBICTPOTO CKPUHHHTA W IOCIEAYIOIIed TOYHOH
UeHTUUKAIUYI DPAZla TAKUX MyTalluid MeTOZ0M
MIPAMOTO KalWJIAPHOTO ceKBeHUupoBaHus: p.R882
rena DNMT3A, p.W288Cfs*12 rena NPM1, p.D835
resa FLT3 u FLT3-ITD, p.R132 rena IDH1 u p.R140
rerna IDH2. TlosydeHHBbIE YaCTOThI MyTaI[uil COOT-
BETCTBOBAJIN JJAHHBIM HCCJIEOBAHUA MAIUEHTOB C
OMJI meTo/1aMU CEKBEHUPOBAHUs HOBOTO MOKOJIE-
HUsA, TpeacTaBieHHbBIM B cBioportal for Cancer
Genomics. Kommiekcusiii ananus JTHK omyxose-
BOM TKaHu 128 OGosibHBIX OMJI mokasaj, 4YTO B
obcrieZloBaHHOM TpyIIe 42,2 % MalueHTOB UMeJTH
Te WJIN WHble KJINHWUYECKU, IPOTHOCTHYECKU U
TepaneBTUYECKU 3HAUNMble HaxoKku. Takum obpa-
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YcraHOBJ/IEeHUE MIPUKU3HEHHOCTH MMOBPEKAEHUN
KOKHBIX IOKPOBOB UMMYHOTHCTOXUMHUYECKUM METOAOM
c ucnnoab3oBanueM mapkepa TNF-a

B.H. Metp', E.M. Kunpatomonr?, C.H. JIluxauesa3, A.}O. KpsLios*

YO «I'omenvckuil 2ocydapcmeeHHblil MeOuyuHeKuil ynusepcumem», I'omeas, Pecnybauxa Beaapycw

2@I'AOY BO «Poccuiickuil HQUUOHAAbHDLIL Uccredosamenvekuil meduyuHekuil yHusepcumem um. H.H1. ITupozosa»
Munsdpasa Poccuu, Mockea, Poccus

sYnpaeaeHue cydebHO-2UCMO0A02UHECKUX IKCNEePMU3 21A68H020 YNPAaBAeHUS CY0eOHO-MeIUYUHCKUX dKenepmu3
yenmpaavHozo annapama I'ocydapcmeerHozo komumema cydebHvix axcnepmu3s Pecnybauxu Beaapycwy, MuHck,
Pecnybauxa Beaapyco

I'YO « MHcmumym nosvluteHus keaaugurayuu u nepenodzomosku kadpos I'ocydapcmeeHHo20 Komumema cyoedHbLx
axcnepmu3a Pecnybauxu beaapycwv», Munck, Pecnybauxa Beaapycy

AHHOTAIIUA

BBegeHUe. YCTaHOBJIEHHE IPUKU3HEHHOCTH ITOBPEKIAEHUN IPeCTaBIIsAeT cOO0H OHY U3 HanboJsIee CI0MKHBIX U
aKTyaJIbHBIX 33/1a4 CyZeOHOU MeJUIIMHBI, UMEIOIIyI0 HEOCIIOPUMYI0 3HAYMMOCTb. TpPaJUIMOHHBIE THCTOJIOTHYECKIE
METOZbI, OCHOBAaHHBIE HA OIl€HKE 3JIEMEHTOB BOCIIJINTEIbHOU PEaKIINH, YacTO HEAOCTaTOUHO YyBCTBUTEIBHBI JJI AHa-
THOCTUKU IIOBPEX/IEeHUH, BOSHUKIINX HE3aJ0JII0 10 HACTYIUIEHUs cMepTu. Pa3paboTka U BHe/peHHe BBICOKOUYBCTBH-
TEJIBHBIX MOJIEKYJIIPHO-MOP(OJIOTHYECKUX METO/IOB SABJIAETCA BAXKHBIM HAIIPaBJIEHUEM PA3BUTHUSA SKCIIEPTHON IIPAKTUKU.
Il e 1 b . OueHKa AUATHOCTUYECKOH IIEHHOCTH TAKOTO UMMYHOTHCTOXMMHYECKOTO MapKepa, Kak (akTop HEKPO3a OILy-
xou anbda (TNF-a), 1 MeTosia KoJIM4ecTBEHHOTO IHGPOBOT0 aHAIN3A /I OOBEKTHBHOTO YCTAHOBJIEHUS IPKU3HEH-
HOTO IIPOUCXOK/IEHUS IOBPEXKIEHUN KOKH, IPHYNHEHHBIX TYIIBIMU IIPEAMETaMH.

MaTtepuans u MeToOJBbl . [IpoBereHo ucciaenoBanre o0pasoB KOXKHU OT 14 TPYIIOB C JOKYMEHTATIBHO
IIO/ATBEPKAEHHBIMY NIPHKU3HEHHBIMU [TOBPEXKIEHUAMU (Bcero 28 cpe3oB, 140 MoJiell 3peHus). 113bATre 06pa3nos ocy-
IECTBJISIIOCH U3 06JIaCTH HAPYKHOTO MOBPEXKIEHUS, TAK)Ke U3BIMAJICSI KOHTPOJIbHBIA 00pa3el] TKaHel U3 HEeMOBPeXK-
JeHHOH obsacTtu. [TapaduHOBBIE Cpe3bI OKPAIIMBAINCH MOHOKIOHAIbHBIME aHTuTeaMu K TNF-a. [TudpoBbie nzobpa-
JKeHUS aHAJTU3UPOBAIHCH C TIOMOIIIBIO TPOrpaMMHOTO obecnieuenus Fiji ¢ mpuMeHeHreM I[BETOBOM JIEKOHBOJIIOIUH JIJISI
BbIZlesieHusaA DAB-okpacku U mocseyIoliero ompeseseHus IUIOIA/IN SKCIPECCUU MapKepa B dIIMJIepMUCE U JlepMe
OT/IeJIBHO.

PesyunbrTartsl . OOHapy:KeHO CTATUCTUUECKH 3HAYNMOe yBeJInueHue IIoIaau skcnpeccun TNF-o B 30He IoBpesx-
JIEHHS 110 CPAaBHEHHIO C MHTAKTHOHM KOYKeH KOHTPOJIbHBIX 00pasIoB. B samuaepmuce pasHHIa 0 MeJUaHAM COCTaBUJIA
—16,66 % (p = 0,0002), B iepme —7,93 % (p = 0,0072).

3axkno4yeHHue.lMMmyHorucroxumudeckoe BoeisiBjieHHe TNF-a B couyeTaHUU ¢ KOJMYECTBEHHBIM aHAJIN30M
nudpPOBBIX N300paKeHNH ABJIAETCS BHICOKOMH(GOPMATUBHBIM U OOBEKTHBHBIM METO/IOM JIJISl YCTAHOBJIEHUS IIPH-
JKU3HEHHOCTH IOBPEXKTEHNH KOKHBIX IOKPOBOB, KOTOPBIN II03BOJISAET BBIABJIATH PAHHIE MOJIEKYJIAPHbIE IPU3HAKHI
ajJpTepaluy, IpefuIecTByIe MOP(OJIOridecKUM U3MeHEHUAM, H MUHUMU3UDPYET cyObeKTUBHBIN (aKToOp IpU
WHTEPIPETAIUN PEe3yJIbTaTOB, UTO IOBBIIIAET JIOKA3aTEJhCTBEHHYIO LIEHHOCTHh CyAeOHO-MEIUIIMHCKOTO 3aKJIIO-
JeHus.

Knaouessble cao8a: NpIKIU3HEHHOCTh 00pa30BaHS TIOBPEXK/IEHUNA, HMMYHOTHCTOXIMHUSI.

O6paszen nuruposanusAa: Merp B.H., Kimuipmiomos E.M., Jluxauesa C.H., Kpsiiios A.1O. YeranosieHue npu-
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ABSTRACT

Introduction. Estimation of wound vitality is one of the most challenging and urgent tasks in forensic medi-
cine, having undeniable significance. Conventional histological methods, based on the assessment of inflammatory
response elements, are often insufficiently sensitive for diagnosing injuries inflicted shortly before death. The development
and implementation of highly sensitive molecular morphological methods is an important direction for advancing expert
practice.

A im . To evaluate the diagnostic value of such immunohistochemical marker as tumor necrosis factor-alpha (TNF-a)
and the method of quantitative digital analysis for the objective determination of the vitality of skin blunt force injuries.
Materials and methods. Skin samples from 14 cadavers with documented antemortem injuries
(28 sections, 140 fields of view) were analyzed. Samples were taken from the area of external injury, and a control tissue
sample was also taken from an undamaged area. Paraffin-embedded sections were stained with monoclonal antibodies to
TNF-a. Digital images were analyzed using Fiji software using color deconvolution to isolate DAB staining and subse-
quently determine the area of marker expression in the epidermis and dermis separately.

Results. A statistically significant increase in the area of TNF-a expression was found in the damaged area com-
pared to intact skin in control samples. In the epidermis, the difference in medians was —16,66% (p = 0,0002), and in the
dermis —7,93% (p = 0,0072).

Conclusion.Immunohistochemical detection of TNF-a in combination with quantitative analysis of digital image
is highly informative and objective method for ascertaining the skin wound vitality. This approach allows for the identifica-
tion of early molecular signs of alteration preceding morphological changes and minimizes the subjective factor during the
interpretation of results, which increases the evidentiary value of the forensic medical report.
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BBEJAEHHNE

JluarHocTHiKa  TIPMJKM3HEHHOCTH — 00pa30BaHUS
TIOBPEKIEHUH SIBJIIETCS] OHUM U3 BAXKHEHIIINX BOIIPO-
COB CyZIeOHOU MEIUITMHBI, KOTOPHIH HMEET IPsSMOe
IOpPUIUUECKOe 3HAYEHNUE, TIOCKOJIbKY HEITOCPEICTBEHHO
TIPeIOTIPe/eIsieT YacTh ITPABOBOM OIIEHKH COOBITHS.

OmnpenesieHre TPIKU3HEHHOCTH ITPOUCXOXK/IE-
HUS TOBPEXK/EHUN — BOXKHEUIIIUI aCIEKT Cy/1e0HO-
MEIUIIHCKOTO WCCJIEIOBAHUS TPyIa, OT HAYIHOM
000CHOBAaHHOCTH KOTOPOTO 3aBUCAT HE TOJBKO
BBIBO/IBI 3aKJIIOUEHHS DKCIIEPTA, HO U HEPEKO JajIhb-
HEUIINH X071 cyZe0HOTO pa3bupaTebCTRa.

CoBepIIIEHCTBOBAaHUE METO/OB  OIPE/EJIEHUS
MPUKU3HEHHOTO IIPOUCXOXKIEHUA IOBPEKIEHUI

INTRODUCTION

Estimation of the wound vitality is one of the
most important issues in forensic medicine that is
legally valid, as it directly determines part of the legal
evaluation of the event. Determination of wound
vitality is a crucial aspect of forensic postmortem
examination. On the medical scientific validity of this
determination not only the conclusions of the
expert’s report, but also the subsequent course of
legal proceedings often depend.

Improving methods for determining the ante-
mortem origin of injuries remains a forensic medi-
cine key area of development[1—3]. Current meth-
ods of forensic diagnostics of wound vitality, based
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MIPO/IOJKAET OCTAaBATHCS KJIFOUEBBIM HAIIPaBJIEHUEM
pasButusa cynebHoii memunuubl [1—-3]. CoBpemeH-
HBIE METOZBI CyAeOHO-MEAUITUHCKON AUATHOCTUKH
MPYKU3HEHHOCTH TIOBPEXKEHUH, Oas3upyloIyuecs
Ha aHAJIN3€ CTAJUN BOCIIAIUTEIHHO-PEapaTHBHOTO
mporiecca, 06J1ajal0T CYIIeCTBEHHBIMU OTPAHIYEHU-
siMH. VX TJIaBHBIA HEJIOCTATOK — HUBKAsA 3(PPeKTHB-
HOCTb TIPU OIleHKE IOBPEXKIEHUH, IOJyYeHHbIX B
arOHAIPHOM IIEPHO/JIE, HEIIOCPEICTBEHHO IIpeJIIe-
CTBYIOIIIEM HACTYIUIEHHUIO CMEPTH. JTO CBSA3aHO C
HEBO3MOXKHOCTBIO JIOCTOBEPDHO TIIOATBEP/UTD WJIH
ONPOBEPTHYTh IPIKU3HEHHOE ITPOUCXOXK/IEHHE
TpaBM W3-3a HEJAOCTATOYHON YYBCTBUTEIbHOCTHU
METOMK. B YacTHOCTH, OHH He IO3BOJISIOT BbISIB-
JISITh MOJIEKYJISIPHBIE MapKEPHI, BKJIIOUAs KIIOUEBBIE
MeaTOPhI BOCTIAJIEHUS [4, 5].

MaxpockonuyecKre NpU3HAKKU MPUKU3HEHHOTO
IIPOUCXOXKEHUS TOBPEXKIEHNH HAXOIAT CBOE IO~
TBEPKIEHUE Ha MUKPOCKOIIYECKOM YpOBHe. Takue
MOPGOIOTHYECKHE MapKePhl, KaK KPOBOUBJIUSIHUS
U AWHAMHKA BOCHAJIUTEIbHO-PEIIapATUBHBIX IIPO-
[IECCOB, COCTABJISIOT OCHOBY TPIUITUOHHOU JUATHO-
CTUKH MPKU3HEHHBIX TPABM.

CoBpeMeHHBIE HAy4YHBIE JOCTIDKEHHS IIPEJO-
CTaBJISIIOT HKCIIEPTAaM KOMILUIEKCHBIA JUArHOCTHYE-
CKHUH MHCTPYMEHTAPUH /11 YCTAHOBJIEHUS ITPUKU3-
HEHHOTO XapakKTepa MOBPEXKAEHUN, BKIIIOYAIOITUHN
MOpP(QOJIOTHUECKU  aHAJIU3,  [HTOJIOTHYECKHE
HCC/IeTOBAHUS U METOZBI MOJIEKY/IIPHON OMOJIOTHH
[6, 7]. UMMyHOTHCTOXUMUYECKHE METOJIBI UCCIIE0-
BaHUSA OO0ECIEYHUBAIOT JIOCTOBEPHYIO JUATHOCTUKY
MPKU3HEHHOCTH TOBPEXAEHUN B TeX CIIydasx,
KOT/Ia TPAJUIIMOHHAS CBETOBAS MUKPOCKOIIHS COCY-
JIUCTO-CTPOMAJIBHBIX PEAKIIMH OKa3bIBaeTCS HENO-
CTaTOYHO WH(MOPMATUBHOM — B YACTHOCTH, IIPHU
CMepTH, HACTYIUBIIEH 7O pa3BUTUA BBIPAKEHHOU
BOCIIAJINTEILHON peakud [8].

TpaauiuoHHasi BU3yaJabHasi OIfeHKAa HUMMYHOTH-
CTOXUMUYECKUX PEAKINi, OCHOBAaHHAS Ha CyObeK-
THBHOW WHTEPIIPETAIUHN CTENEHH SKCIPECCHU
(orcyreTByet/cnabast/ymepeHHast/CUIbHAS), BHOCUT
9JIEMEHT CYOBEKTHBHOCTU B JUATHOCTUKY IPHUKU3-
HEHHBIX TOBpexieHnid. CoBpeMeHHbIe MU(POBBIE
MEeTO/Ibl aHAJIN3A, UCIIOJIb3YIOIHE KOJIMUECTBEHHbIE
mapaMerpsl (IUIOMAAh OKPAIIMBAHUS, ONTHYECKAs
IUIOTHOCTH), TIO3BOJISIIOT MUHHUMH3UPOBATH 3TOT
daxrop, obecrieurBasi 00HLEKTUBHYIO BepU(DUKAIIUIO
pesyJsibTaToB [9].

JlaHHOE HCccie/JoBaHHE OCHOBAHO HA OIEHKE DKC-
npeccun Mapkepa TNF-a (tumor necrosis factor) —
BOCIIQJIUTETFHOTO ITUTOKWHA, BBIPAOATHIBAEMOTO
MakpodaraMu/MOHOITUTAMUA B IEPUOJIE OCTPOTO
BOCTIaJIEHUsI, KOTOPBIL OTBEUAET 32 IIIMPOKUH CIIEKTP
CUTHAJIBHBIX COOBITHI BHYTPU KJIETOK, IIPUBOISIIIIX

on the analysis of the phases of the inflammatory-
reparative response, have significant limitations.
Their main drawback is their low effectiveness in
assessing wounds inflicted during the agonal
period immediately before death, which is associ-
ated with the inability to reliably confirm or refute
the antemortem origin of injuries due to the insuf-
ficient sensitivity of these methods. In particular,
they do not allow the identification of molecular
markers, including key inflammatory media-
tors [4, 5].

Signs of wound vitality revealed during gross
examination are confirmed by microscopy. Mor-
phological markers such as hemorrhages and the
dynamics of inflammatory-reparative response
form the basis of traditional diagnosis of antemor-
tem injuries.

Modern scientific advances provide experts
with a comprehensive range of tools for estimating
the antemortem origin of injury, including mor-
phological analysis, cytological studies, and molec-
ular biology methods [6, 7]. Immunohistochemical
methods provide reliable diagnosis of wound vital-
ity in cases when conventional light microscopy of
vascular and stromal response is less informative,
particularly in cases of death occurring before the
development of a pronounced inflammatory
response [8].

Traditional visual assessment of immunohisto-
chemical reactions, based on subjective interpreta-
tion of the grade of expression (absent/weak/moder-
ate/strong), introduces an element of subjectivity
into the diagnosis of antemortem injuries. Modern
digital methods using quantitative parameters
(staining area, optical density) minimize this factor,
ensuring objective verification of results [9].

This study is based on the assessment of the
expression of TNF-a (tumor necrosis factor alpha),
an inflammatory cytokine produced by macro-
phages/monocytes during acute inflammation,
which is responsible for a wide range of signaling
events within cells leading to necrosis or apoptosis
[10]. Activated macrophages are the main, but not
the only source of TNF-qa, since many other cell
types, such as helper T cells, natural killer cells, neu-
trophils, mast cells, eosinophils, and neurons, can
also produce it [11, 12].

AIM OF THE RESEARCH

To determine the diagnostic value of such marker
as TNF-a in estimation of vitality of skin blunt force
injuries (abrasions, wounds), using software for ana-
lyzing digital images.
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K HEKpO3y WIH amonTo3y [10]. AKTUBUPOBAHHBIE
Makpodaru sIBJISI0TCS OCHOBHBIM, HO HE €/JUHCTBEH-
HBIM ucTOuHUKOM TNF-a, MOCKOIBbKY MHOTHE APY-
rue TUIIBI KJIeTOK, TaKue Kak T-XeJrepsl, ecTecTBeH-
Hble KJIETKU-KWJIEPBI, HEATPOPUIbI, TyJIHBIE
KJIETKH, 503MHOMUIBI U HEUPOHBI, TAKKE MOTYT €T0
MIPOAYIIUPOBATH [11, 12].

IIEJIb UCCJIE/IOBAHUSA

OmnpenesuTh UATHOCTUYECKYIO II€HHOCTb Map-
kepa TNF-a npu ycTaHOBIE€HUH NPUXU3HEHHOCTU
00pa3oBaHUs TOBPEKIEHUN KOKU (ccasvH, paH),
BO3HUKIIINX OT /AeHCTBUA TYNBIX IPEIMETOB, C
HCIIOJIb30BAHHEM MPOTPAMMHOTO 00€eCIIeUeHUs [T
aHaIM3a NUMPOBBIX H300PaKEHUH.

MATEPUAJIBI 1 METO/bI

B uccnenoBaHuu OBLIM HCIIOJIH30BAHBI PE3YJIb-
TaThl HMMMYHOTHICTOXUMHYECKUX HCCIEAOBAHUU,
IIPOBE/IEHHBIX B 2023 T. OTAEJIOM CyZeOHO-TUCTOJIO-
THYECKUX HKCIIEPTU3 IIEHTPAIBHOTO ammapara ['ocy-
JIApCTBEHHOTO KOMHTETa Cy[eOHBIX OKCIIEPTU3
Pecmy6siniku Besapyce.

Marepuasn 11 uccyieJoBaHusl OTOUpAIU OT TPY-
OB, COOTBETCTBYIOIINX CJIEAYIOIIUM KPUTEPUIM:
JIaBHOCTH CMEPTH He IPEBBIIIAIA 24 4 — TPYI HAX0-
JIWICA TPU KOMHATHOU TeMIlepaType WIH 72 U —
TPy  HAXOAWICA B  XOJIOAWIBHOH  Kamepe
(+4...+10 °C). Bce noBpexieHUA UMETN TOKYMEH-
TQJIBHO TIOATBEPIKIEHHOE MPHKU3HEHHOE ITPOUC-
xoxkzaeHue. Kpurepuil mCKiIOUeHUs: JTI00ble BU3Y-
aJIbHble NIPU3HAKU THWIOCTHBIX U3MeHeHUH, He3a-
BUCHUMO OT [IaBHOCTH HACTYIUIEHUS CMEPTH
(THWIOCTHAsA BEHO3HAs CETh, TPYIHAA 3MbU3EMa,
THIJIOCTHBIE ITy3BIPH).

Marepuan 6bUT MOJIYYeEH OT 14 yMmMepiux. Bcero
HCCIIEJIOBAHO 28 Cpe30B B 140 MOJAX 3peHus. 13b1-
THe 06pa3IoB OCYIIECTBIIAJIOCHh U3 00JIACTH HAPYK-
HOTO TIOBPEXKEHUs, TaKXKe H3BIMAJICS KOHTPOJIb-
HBIU 00paser] TKaHel U3 HENOBPEeXKIeHHON 00J1aCTH
Ha pacCTOSIHUU He MeHee 15 CM OT IIOBPEXKZEHUS
WJIH ¢ KOHTPAJIaTePAJIbHON CTOPOHBI TeJia. Pazmephl
(parMeHTOB KOXXM He IpeBHIMIANN 1,5—2,0 CM B
JUIMHY, 1,0—1,5 CM B HIUPUHY U 0,5—0,8 CM B TOJI-
IUHY, MaTePUAJ U3bIMAJICA O epudepUU MOBPEXK-
JIEHWsI C 3aXBaTOM HEIMOBPEXKIEHHOU TKAaHU.
Marepuas 3a6upau B 10% pacTBOp HEHUTPAILHOTO
3a0ydepeHHOT0 (GOpMaIrHa, IMpernapaTtbl MapKH-
poBasuck. B eMKOCTh ¢ QUKCUPYIOIIEH JKUIKOCTHIO
momeniancss o0beM Marepuasa He 0ojiee dyeM Ha
1/3 obbema xukoctu. ITomyueHHble 00pasIbl TKA-
Hell HeMeAJIeHHO (MJIH He I034Hee 15—20 MHUH II0CJIe
3abopa) momemnaau B GUKCUPYIONTUHA pacTBOp. Puk-
carys MaTepuasia IPOBOJIMJIACH B TeUueHUe 24—48 .

MATERIALS AND METHODS

In our study, the results of immunohistochem-
ical examinations performed in 2023 by the
Department of Forensic Histological Examina-
tions of the Central Office of the State Forensic
Examination Committee of the Republic of
Belarus were used.

Samples for the study were taken from cadavers
that met the following criteria: death within 24 h (the
cadavers were kept at room temperature) or 72 h
(the cadavers were kept in a refrigerated chamber
(+4...+10°C)). All injuries were evidenced ante-mor-
tem. Exclusion criteria: any visual signs of putrefac-
tive changes, regardless of the time of death (putre-
factive venous network, cadaveric emphysema,
putrefactive blisters).

Skin tissue samples were taken from 14 cadavers.
A total of 28 sections in 140 fields of view were exam-
ined. Samples were taken from the area of external
skin lesion; also, a control sample was taken from an
intact area at least 15 cm away from the lesion or
from the contralateral side of the body. Skin samples
did not exceed 1,5-2,0 cm in length, 1,0—1,5 cm in
width, and 0,5-0,8 cm in thickness, and were taken
on the periphery of the lesion including intact tissue.
Samples were placed into 10% neutral buffered for-
malin and then labeled. A volume of the material no
more than 1/3 of the volume of the liquid was placed
in a container with fixative. The skin tissue samples
obtained were immediately (or no later than
15—20 min after taking) placed in a fixative solution.
The samples were fixed for 24—48 h. For subsequent
histological examination, paraffin blocks were pre-
pared at a paraffin temperature not exceeding 60°C.
Then, 5-pum-thick serial sections were obtained from
each paraffin block, which were used for immunohis-
tochemical analysis.

The analysis was performed using specific anti-
bodies to TNF-a, which allowed for the detection
and localization of the biomarkers of interest in the
studied tissues. When the histological sections have
been prepared, sequential specimen processing was
performed. First, specimens were washed twice in
phosphate buffer (pH 7,3) at an exposure of 5 min
for each step. Then, primary antibodies to TNF-a
(Abcam, UK) were applied at a dilution of 1:50, fol-
lowed by incubation in a controlled-humidity cham-
ber for 60 min at room temperature. After repeated
two-fold washes in phosphate buffer (5 min each),
secondary antibodies from a Mouse and Rabbit
Specific HRP/DAB IHC Detection Kit (Micro-poly-
mer) with a 30-min incubation in controlled-
humidity chamber were applied. The final step
included last two washes in buffer solution and
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J1J151 TIOCIIEYIOIIETO TUCTOJIOTHYECKOTO HCCIIEI0BA-
HUS U3TOTaBIUBAIU apapuHOBBIE OJIOKH IIPU TEM-
nepaType nnapacduHa, He npessimawmeit +60 °C. 13
KaXI0ro mapaduHOBOrO 6JIOKA TMOJIyJayIN CEpHi-
Hble Cpe3bl TOJIIUHON 5 MKM, KOTOpbIE 3aTeM
KCIIOJIb30BAIA JJI TPOBEAEHUs MMMYHOTHCTOXHU-
MHYECKOTO UCCIIeZOBAHUS.

AHanu3 mpoBOJIUIN € TIPUMeEHeHUeM crenudu-
yecknx aHTUTe K TNF-a, UTO II03BOJISAIIO BBIABUTD U
JIOKQJIN30BaTh WHTepecylolue OHOMapKepsl B
HCCIIelyeMbIX TKaHsAX. I1ocsie Mo/ITOTOBKHU THCTOJIO-
THYECKHUX CPe30B IPOBOIUIN IOCJIEOBATEIHHYIO
00paboTky mpemnaparoB. CHauasia BBITIOJHSIN JIBY-
KpaTHOe TIIpoMbIBaHHe B dochaTHOM Oydepe
(pH 7,3) c aKcHo3unuen 5 MUH JIs KQKIOTO Taria.
3aTeM HAHOCWUJIM IlepBUYHBle aHTUTena K TNF-a
(Abcam, BenmukobpuTaHusi) B pasBeleHHU 1:50 C
MIOCJIEYIOIEN MHKyOaIel BO BJIAKHOM KaMepe B
TeueHre 60 MUHYT IIPHU KOMHATHOH TeMIIepaType.
[Tocsie TOBTOPHOTO JBYKPATHOTO IIPOMBIBAHUSA B
docdharHoM Gydepe (o 5 MUH) TpoBOAMIH 06pa-
OOTKY BTOPUYHBIMY aHTUTEJIAMHU CHCTEMBI BU3YaTU-
sanuu Mouse and Rabbit Specific HRP/DAB THC
Detection Kit (Micro-polymer) c¢ 30-MuUHYTHOM
WHKyOaIel BO BJIAKHON Kamepe. 3aBepIIarolui
ATal BKJIOYAI (PUHAIBHOE JIBYKPaTHOE IPOMbBIBA-
Hue B 6ydhepHOM pacTBOpe U MOHTHPOBAHUE IIpemna-
paToB 1O/ MOKPOBHBIE CTEKJIA C HCIOJIH30BAHHEM
MOHTa)XHOH cpeibl Biomount (BioOptica, MTanus).
[TpoBoMICS HETATUBHBIM KOHTPOJIb HMMYHOTHCTO-
XHMUYECKOI0 MccIemoBaHus [13].

V3roToBJIEHHBIE CPE3bI IPEABAPUTETHHO UCCIIE-
JTOBAJIH T10] CBETOBBIM MHUKPOCKOIIOM, IIOCJIE YETO C
ucrnoib3oBanueM cucteMbl Motic EasyScan (Motic
China Group Co., Ltd., KHP) genanu 1mudposbie
CKaHBI IIOJIyYeHHBIX CPEe30B, KOTOPHIE 3aTeM H3yda-
JIUCH C IPUMEHeHNEeM IIPOTPaMMHOTO0 0becIieueHus
Motic VM 3.0 — Motic Digital Slide Assistant (Motic
China Group Co., Ltd., KHP) npu yBenuyeHUu
x400. B KaX710M OTCKAHMPOBAHHOM Cpe3e HcCie-
JIOBAJIOCh HE MeHee IATH I0JIel 3peHUs], C TOCIIEy-
omuM ux pororpaduposanuem. Ilocse cranmapT-
HOU MOATOTOBKH THCTOJIOTHYECKUX CPE30B IIPO-
BOAWIN WX T[PEJABAPUTEJIbHYI0  OLEHKY C
KCIIOJIb30BAHUEM CBETOBOTO MHUKpPOCKOma. B pam-
KaX WCCIEJOBAHUSA KaXKJIOTO CKAaHUPOBAHHOTO
obpasia aHaJIU3UPOBAIH MUHHUMYM MATHh PeIpe-
3€HTATUBHBIX IOJIeH 3peHUs ¢ 00513aTeJIbHOU HX
nudposoii JokymeHTamnued (puc. 1). [losydueHHbIE
nudpoBble  U300paKEHUS OTKPHIBAINCH IPU
IIOMOIIA TporpaMMHoOro obecrneuenus Fiji [14].
JlaHHOe mporpaMMHOe obecredyeHHne pacIpocTpa-
HSETCSI C OTKPBITBIM HUCXOJAHBIM KOJIOM (CBOOOJTHAS
nunensusa GNU General Public License).

mounting the specimens under coverslips using a
Biomount mounting medium (BioOptica, Italy).
During immunohistochemical study negative cont-
rol was used [13].

The sections were preliminarily examined
under a light microscope; thereafter, digital scans
of the sections were made using a Motic EasyScan
scanner (Motic China Group Co., Ltd., PRC); then
the sections were studied using the Motic VM 3.0 —
Motic Digital Slide Assistant software (Motic
China Group Co., Ltd., PRC) at a magnification of
400. In each section scanned, at least five fields of
view were examined and their photographs were
taken. After standard processing of histological
sections, they were preliminarily assessed using
light microscope. As part of the study of each
scanned specimen, at least five representative
fields of view were analyzed under mandatory dig-
ital documentation (Fig. 1). The digital images
obtained were opened using Fiji software [14].
This software is distributed as open source (free
license GNU General Public License).

Modern digital devices use RGB technology to
render color, in which any hue is created by com-
bining three essential colors — red, green, and blue.
This combination determines the color of an indi-
vidual pixel, which is the smallest element of a digi-
tal image. Consequently, the combination of all
these pixels forms the complete image we see on the
screen.

The color of immunohistochemical staining was
extracted from the general color set of digital photo-
graphs using the Color Deconvolution function,
which allows separating the colors present in the
image with known RGB parameters of the pixels, one
of which (Colour [2]) determines the color of the
marker (chromogen - 3,3’-diaminobenzidine
(DAB)): Colour [2]: R2: 0,268 G2: 0,57 B2: 0,776. As
a result of applying the color deconvolution function,
an “isolated” color was obtained from the original
digital photograph, corresponding to the DAB chro-
mogen (Fig. 2).

The images obtained during color deconvolution
had clear negative staining, which was leveled out by
adjusting the maximum and minimum threshold
values for DAB staining before calculations were per-
formed (Fig. 3).

Next, the analyzed area of the image was manu-
ally selected, avoiding obvious artifacts (section
folds, dye grains, etc.), the stratum corneum, and, if
possible, skin appendages and large vessels. For each
digital photograph, two separate areas were ana-
lyzed: one for the epidermis and one for the dermis,
respectively. The border of the epidermis area was
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Puc. 1. [Tudpossie pororpaduu 06pasiios (A — KOHTPOIBHBIN; B — 13 ob61actu moBpexzenus) ¢ sxkcupeccueis TNF-a.
OxpamrBaHue — reMaTOKCIIMH Matiepa. YBeaudeHue x400
Fig. 1. Digital photographs of samples (A — from the control area; B — from the area of lesion) with TNF-a expression.
Stained with Mayer’s hematoxylin. Magnification x400

CoBpeMeHHbIe ITU(GPOBBIE YCTPOMCTBA HCIIOJIb-
3yloT TexHoJoruio RGB i mepepmaum 1iBeTa, B
KOTOPOH JII000U OTTEHOK CO3/IaeTcs IyTeM KOMOU-
HAITNHU TPEX OCHOBHBIX IIBETOB — KPACHOTO, 3€JIEHOTO
U cuHero. FIMEeHHO UX COYEeTaHUEe OIpeessAeT BET
OT/IEJIBHOTO TIHUKCEJIA, KOTODPBIA ABJISIETCA MUHH-
MaJIBHBIM 3JIEMEHTOM HH(bPOBOro n3obpaxkeHus. B
pesyJibTaTe COBOKYITHOCTD BCEX ATUX ITUKceen hop-
MHPYET IeJ0CTHYI0 KaPTUHKY, KOTOPYIO Mbl BUJUM
Ha DKpaHe.

IIBET MMMYHOTHCTOXMUUYECKOH OKPACKU BBIJIEe-
JISITICST U3 ODIIEero IyJia MBETOB Ha IudpoBoii ¢oro-
rpaduu npu momoriu ¢yukiuu Color Deconvolution
(1BeTOBast JIEKOHBOJIIOIUSA), KOTOpPAsS ITO3BOJISET
pas3zesnsaTh MMeMINHecs I[BeTa Ha M300paKeHUU C
n3BectHbIMU RGB mapamerpamMu mukcenedl u ofiuH
u3 uHux (Colour [2]) ompenessseTr 1BeT Mapkepa
(xpomoren — 3,3’-muamunobensunuH (DAB)):
Colour [2]: R2: 0,268 G2: 0,57 B2: 0,776. B pe3yib-
TaTe NpUMeHEeHUs (PYHKIMHU IIBETOBOU /IEKOHBOJIIO-
MU TIOJIyYaJIl «U30JUPOBAHHBIN» IIBET U3 HUCXO-
HOU mudpoBo ¢oTorpaduu, COOTBETCTBYIOIUH
DAB xpomoreny (puc. 2).

IlosydyeHHBIE B pe3yJsbTaTe IIBETOBOU JIEKOHBO-
JIIOIIUY U300pasKeHUs] UMeTN OYeBUAHOE (HOHOBOE
OKpallliBaHUE, KOTOPOE Iepe/] POBEJIEHNEM pacye-
TOB HUBEJIUPOBAJIOCH IyTEM PEryJIUPOBKU MaKCHU-
MaJIBPHOTO ¥ MUHHMAJIBHOTO ITOPOTOBBIX 3HAUEHUH
Juts okparmuBanus DAB (puc. 3).

Jlajiee B py4HOM pEKUME OCYIIECTBIIAIOCH BBIJIE-
JieHue 00JIaCTH aHAJIN3a N300pasKEeHNsA, IIPU 3TOM He
JIOITyCKaJIOCh IOIQ/IaHUS B Hee SIBHBIX apTedhaKTOB

the basement membrane and the stratum lucidum.
The dermis was examined from the basement mem-
brane down to the subcutaneous fat, if present. Each
area was analyzed separately using Fiji software. The
expression area was detected, which represents
objective data obtained by calculating the DAB (anti-
gen expression area) staining area as a percentage of
the selected area.

Similar measurements were done for each digital
photograph (field of view), and the data obtained
were then transferred in a Microsoft Excel spread-
sheet. The spreadsheet included the number of anal-
ysis, number of image, as well as parameters for both
the epidermis and dermis — both in the injured area
and in the control area.

Statistical analysis of the data obtained was per-
formed using GraphPad Prism 10 software. For nor-
mal distributed data, the Shapiro-Wilk test was used
separately for values of the epidermis and dermis in
both the damaged and control areas. The analysis
revealed non-normally distributed data, which
prompted the use of the non-parametric Mann-
Whitney test (Mann-Whitney U-test or Wilcoxon
signed-rank test).

RESULTS AND DISCUSSION

When evaluating the data obtained, it was found
that the formation of abrasions and contused wounds
due to blunt force trauma is accompanied by the
expression of TNF-a in the damaged area both in the
epidermis and in the dermis in comparison with
intact skin from the control area.
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A

Puc. 2. [Tudpossie poTorpaduu 06pasiioB u3 KOHTPOJIbHOH 061acTH (A) u obracTu moBpexaerus (B).
MMMyHOTHCTOXHUMHYECKOE OKpallinBaHue ¢ aHTuTes1aMu K TNF-a mocsie 1BETOBOM IEKOHBOJTIOIAH
¢ mapametpamu R2: 0,268; G2: 0,57; B2: 0,776. YBenuueHue x400
Fig. 2. Digital photographs of samples from the control (A) and the lesion (B) areas. Immunohistochemical staining
with antibodies to TNF-a after color deconvolution (R2: 0,268; G2: 0,57; B2: 0,776). Magnification x400

(cxuraziku cpesa, 3epHa KpacuTeJssl U T.J.), POTOBOTO
CJI0sI KOKH, a TaK’Ke, 10 BO3MOXKHOCTH, TIPUIATKOB
KOYKU, KPYIHBIX COCYZIOB. JIJis Kak/oH mugpoBOMi
dotorpadpuu OBUIO OIpENESEHO JBE OT/EIbHBIX
obJlacTu aHaM3a: IS SIHUAEPMECA U IS EPMBbI
COOTBETCTBEHHO. I'paHuIleii 061aCTH HCCIeIOBAHUS
snuiepMuca ABJsIach 6azanpHas MeMbpaHa u 6iie-
CTAUN cTo#. [lepMa rccie[oBazach oT 6a3aabHOM
MeMOpaHbl M JI0 ITOJAKOKHO-’KUPOBOU KJIETUATKH
[IpY HUTHYIUH TakoBoU. Kaxknas u3 obacreli anaau-
3UPOBAJIACh OT/EIHHO MIPU MTOMOIIM IIPOIPAMMHOTO
obecneuenus Fiji — perucrpupoBasach IUIOMAIH

According to the Shapiro-Wilk test results for
both the epidermis and dermis, both data sets did
not show a normal distribution at a significance level
of a = 0,05. For further analysis (sample compari-
son), the nonparametric Mann-Whitney test was
used. The obtained results of comparing the TNF-a
expression area for the epidermis from the area of
lesion and from the control area (Fig. 4) indicate the
presence of statistically significant differences:
p < 0,05 (0,0002), the difference between medians:
—16,66, the rank sum for sample A (1189) is signifi-
cantly higher than for sample B (351).

30um
ety

PtV

Puc. 3. YcraHOBJIEHHBIE IOPOTOBbBIE 3HAUEHUS /1A OKparuBanusa DAB (3,3 -nrnaMuH0OeH3U/IUH). YBeJTUUeHUEe X400:
A — obpa3erl U3 KOHTPOJIbHOU 06s1acTu; B — o6pasers 13 30HbI TOBPEK/IEHUS
Fig. 3. Threshold values for DAB (3,3’-diaminobenzidine) staining. Magnification x400:
A — sample from the control area; B — sample from the area of lesion
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SKCIPECCUH, KOTOpas IpeCTaBasier coboll 0Obek-
TUBHBIE IaHHBIE, I0JIyUeHHBIE B PE3yJIbTaTe pacueTa
IporpaMMoO IuIomanu okpamwuBanus DAB (mwro-
[a7b SKCIPECCUN AHTUTEHA) B IPOLEHTAX OTHOCHU-
TEJILHO BBIJIEJIEHHON 00/1aCTH.

s kaskowt 1udpoBoit pororpaduu (1osis 3pe-
HUS) BBIIOJHAJINCh AHAJIOTHYHBIE W3MepeHus,
IocJIe YEeTo MOIyYeHHbIE JJaHHbIE (PUKCUPOBAJIIUCH B
tabaune Microsoft Excel. B Tabiune ykaspiBaiuch
MapKHUpPOBKA WCCJIEZIOBAHUSA, HOMED CHHMKa, a
TaK)Ke COOTBETCTBYIOIIHE ITapaMeTpPhl KaK JIJIs SIHU-
JlepMuca, TaK U JJ1 IepMbI — KaK B 30He IIOBpexK/ie-
HHsA, TaK U B KOHTPOJIbHOU 00J1aCTH.

CraTucTUuecKuil aHaIU3 TOJIYIEHHBIX JAHHBIX
MIPOBOJIWJIM C TIOMOIIBIO IIPOTPAMMHOTO obecrieue-
uust GraphPad Prism 10. /I OIleHKH HOPMaJIbHO-
CTH pacIipe/ieJIeHus JaHHBIX TPUMEH SN KPUTEPUI
[Tanupo — Yuiaka OT/eIbHO /IS IoKa3aresel snu-
JlepMuca U JIEPMBI KaK B 30He [TOBPEXK/IEHNUA, TaK U B
KOHTDOJIbHOM 006J1acTH. AHAJIN3 BBISABUJI OTKJIOHE-
HHUA OT HOPMAaJIBHOTO paclipefiejieHus, YTO IMOCIy-
JKIJIO OCHOBAHUEM JIJIS1 MCIIOJIb30BAHUS HellapaMe-
Tpuueckoro kpurepus Manna — Yuruau (U-kpurtepuit
ManHa — YWUTHM WM PAaHTOBBIM KpuTepuil Yui-
KOKCOHA).

PE3YJ/IBTATBI 1 OBCYKAEHUE

IIpu omeHKe MOJyYEeHHBIX JAHHBIX OBLIO yCTa-
HOBJIEHO, YTO 00pa30BaHUeE CCAJUH U YITUOIEHHBIX
paH Ipu TpaBMe TYIIBIMU IIPeJIMeTaMU COITPOBOXKA-
ercs skcrpeccrueil TNF-a B 30He TOBPEXK/IEHH KaK B
SIHJIEPMUCE, TAK U B JIepMe B CPABHEHUH C UHTAKT-
HOU KOKeH M3 KOHTPOJIbHOHN 00J1aCTH.

ITo pesynpraTam Tecta lllanupo — Yuiaka kak ajad
SIUIEPMUCA, TAK U JIJIs IepMbl 00a Habopa JaHHBIX
He IIOKA3aJIM HOPMAaJBHOTO paclpejieJieHus IIpU
YPOBHE 3HAYUMOCTH O = 0,05. 11 majbHeHIero
aHanu3a (cpaBHEHHS BBIOOPOK) UCIOJIH30BAIIA
HenapaMmeTpuyeckuil Tect Manna — Yurtau. [Tomy-
YeHHbIE Pe3yJIbTaThl CPABHEHUS ILIOIIAIH KCIIPEC-
cun TNF-a it smuziepmuca u3 001acTy OBPEXKIE-
HUS U U3 KOHTPOJIBHOH 30HBI (PUC. 4) YKa3bIBAIOT HA
HQUINYHE CTATUCTHYECKU 3HAYUMBIX Pa3JIMUM:
p < 0,05 (0,0002), pa3HUIIA MEXAYy MeIHaHaAMU:
—16,66, cymma paHroB JiJist BbIOOpKHU A (1189) 3HauH-
TEJILHO BBIIIIE, YeM JIJIs1 BIOOpKHU B (351).

ITonmyueHHBIE PE3YIBTATHI CPABHEHUS ILJIOMIANU
skcrpeccnu TNF-a iyt epMbl 13 06J1aCTH TOBPEXK-
JIeHUs U U3 KOHTPOJIBHOU obJiactu (cM. puc. 4) yka-
3pIBAIOT HA HAJIMYUE CTATUCTUYECKH 3HAYNMBIX
pasnuuuii: p < 0,05 (0,0072), pa3sHUIA MEXKIY
MenWaHamMu: —7,032, CyMMa pPaHrOB  JUIA
BBIOODKU A (1132) 3HAUUTEJHHO BBIIIE, YEM JJIs
BBIGOpPKHU B (408).

The obtained results of comparison of the area of
TNF-a expression for the dermis from the lesion and
control areas (Fig. 4) indicate the presence of statis-
tically significant differences: p < 0,05 (0,0072), the
difference between medians: —7,932, the sum of
ranks for sample A (1132) is significantly higher than
for sample B (408).

Our study confirms the reasonability of using
specialized software for image analysis to evaluate
the chromogenic staining (DAB) results. This
approach offers the following advantages: exclusion
of artifacts during the area-of-interest selection
stage; quantitative presentation of results of immu-
nohistochemical (IHC) study as objective numerical
parameters (area in percentage of the selected
region); elimination of the subjective factor in data
interpretation; and intuitively comprehensible
visualization of results that is intelligible for non-
specialists.

The study demonstrated that modern IHC
methods open up new perspectives in forensic
medicine, offering fundamentally new possibilities
for molecular diagnostics. Innovative approaches
allow forensic histologists and thanatologists to
substantiate their conclusions at a new level
totally, detecting molecular markers and subcellu-
lar changes that precede visible morphological
transformations. The integrated use of these tech-
niques with modern computer technologies of
image analysis is particularly informative. This
enables objectively to solve diagnostic issues that
previously were interpreted with much difficulties.
At the current stage of forensic medicine’s devel-
opment, the synthesis of advanced laboratory
methods and digital technologies significantly
expands the scope of forensic examination capa-
bilities.

CONCLUSION

Using objective and statistically significant data
obtained through automated digital image pro-
cessing, we confirmed the informative value of
TNF-a for diagnosing the vitality of injuries by its
expression in both the epidermis and dermis com-
pared to a control area. Automated image analysis
allows for standardization of the assessment of
THC results, increasing their accuracy and repro-
ducibility.

Conflict of interest. The authors declare no
conflict of interest.
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Puc. 4. I'paduyeckoe mpe/icTaBIeHNE pacpeeIeH s JaHHbIX AJIs TPy anuaepmuca (A) u gepmsr (B)
13 00J1acTH MOBpeXkKAeHUs (1) U KOHTPOJIbHOH 06J1acTH (2)
Fig. 4. Graphical representation of the data distribution for the epidermis (A) and dermis (B) groups
from the area of lesion (1) and the control area (2)

[IpoBeneHHOE WCCIIEIOBAaHHUE TIOATBEPIKIAET
11e1eco00Pa3HOCTh HCIIOJIb30BAHUS CIIEIHaTN3H-
POBaHHOTO MIPOTPAaMMHOTO OOecIieueHus JIJIsi aHa-
JIM3a U300pa’keHUH MPHU OIIEHKE Pe3yJIbTaTOB XPO-
morenHoro okpamuBauus (DAB). JITaHHBIH TOAXO/
obecrieuynBaeT CIeAYI0IIe IPENMYIIecTBa: UCKITIO-
JeHUe apTedaKTOB Ha 3TAlle BbIJIEJEHUS UCCIIEye-
MOHM 00/aCTH; KOJUYECTBEHHOE IpPeJCTaBIeHNe
pe3yabTaTOB UMMYHOTHCTOXUMHUYeckoro (MI'X)
WCCJIEIOBAaHUs B BUJIE OOBEKTUBHBIX ITU(PPOBBIX
rmokasaTesiel (IJIomaab B MPOIEHTaX OT BhIZETeH-
HOTO y4YacTKa); yCTpaHeHUe CyOBEKTUBHOTO (ak-
TOpAa IIPU UHTEPIIPETANNHU JAaHHBIX; BU3YaTHU3AIH
pe3yabTaTOB B WHTYMTHBHO MOHATHOH dopwme,
JIOCTYITHOH JIJ11 BOCIIPUSATHUS HECIIEIMATUCTaAMH.

[IpoBesileHHOE WCC/IEIOBAHUE TIOKA3aJI0, YTO
coBpeMenHbie I'X MeTO/IbI OTKPHIBAIOT HOBBIE TIEP-
CIIEKTHUBBI B Cy/Ie0HO-MEIUITUHCKOUN ITPAKTHKE, TIpe-
JIOCTaBJIAA MPUHIIUIIHAIBHO HOBBIE BO3MOKHOCTHU
MOJIEKYJISIPHO-OMOJIOTHYECKOH JIMAaTHOCTUKU.
M HHOBAIIMOHHBIE TIOJIXO/bI IO3BOJISIOT SKCIIEPTaM-
THCTOJIOTaM M TaHATOJIOTaM OOOCHOBBIBAaTH CBOM
3aKJIIOUYEHHs] Ha KadyecTBEHHO HOBOM YPOBHE —
BBISIBJISISI MOJIEKYJISIDHBIE MAPKEPBI U CyOKJIETOUHBIE
W3MEHEHUs, TPEAIIECTBYIONUE BUIUMBIM MOpPGO-
JIoTrYecKkuM mpeobpazopanusam. Ocobyio nadopma-
THUBHOCTH KMeeT KOMIJIEKCHOE HUCITOJIb30BAHUE 3THX
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METOJIUK C COBPEMEHHBIMU KOMIIBIOTEPHBIMH TeX-
HOJIOTHAMHU aHan3a U300paskeHui. DTO JaeT BO3-
MOKHOCTh OO'BEKTUBHO PeIlaTh JUArHOCTHUYECKHE
3aJlaud, KOTOpPbIE paHee MOIJIM He IIO/IaBaThCs
JIOCTOBEpPHOU wWHTepIiperanuu. Ha coBpeMeHHOM
JTare pa3BUTHA Cy/IeOHON MEIUITUHBI CHHTE3 TIepe-
JIOBBIX J1AOOPATOPHBIX METOJIOB U ITU(PPOBHIX TEXHO-
JIOTUY CyIIECTBEHHO PaCHIUPsET TPAHUIBI BO3MOXK-
HOCTEH BBITIOJTHEHUS DKCIIEPTUSHL.

SAK/IIOYEHWE

Cratuctryecky JOCTOBEPHO, HA OCHOBAaHUU 00'b-
eKTHBHBIX JIAHHBIX, I0JIyYeHHBIX B pe3yJIbTaTe aBTO-
MaTHU3UPOBAHHOU 00PabOTKHU UM POBBIX U300paske-
HUH, NOATBEp:K/IeHa UHOOPMATHBHOCTh IPUMeEHe-
Hua  Mapkepa TNF-a 11 JHMarHocTUKHA
MIPKU3HEHHOCTU MTOBPEXK/IEHUH IIyTEM OLIEHKHU €T0
SKCIIPECCUU KaK B 3MUEPMUCE, TaK U B JiepMe IIPHU
CpaBHEHHH C KOHTPOJIHHOH 006J1aCThI0. ABTOMATU3HU-
POBaHHBIN aHAIU3 M300paKEHUH MO3BOJIAET CTaH-
JapTusupoBaTh Ipolecc oneHku MWI'X peakuuy,
MOBBIIIAS JIOCTOBEPHOCTh U BOCHPOU3BOAUMOCTH
P€e3yIbTAaTOB UCCIEA0BAHUM.

KoHduKkT HHTEpECcoB. ABTODHI 3asABJIAIOT 00
OTCYTCTBUU KOH(PINKTA UHTEPECOB.
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NHabeknuu MOYEBBIBOIAININX IIyTEH MMPU IIUPPO3€ MEeUEeHU
E.I'. Manaesa, 11.0. Ctoma

YO «I'omenvckuil 2ocydapecmeerHblil meduyuHckuil yHusepcumem», l'omenw, Pecnybauxka beaapyco

AHHOTAIIUA

BBegenue. Bakrepuanpuble HHODEKIUN — YacTas MATOJIOTH Y AIIHEHTOB ¢ uppo3om mevyeru (11I1). Haubosee
pacipocTpaHeHHBIMH CPEN HUX SIBJISIOTCS HH(PEKITMH MoueBbIBOAAIUX myTeii (MMBII).

IT e 1 b . WBy4nTh 4acToTy, 0COGEHHOCTH TeueHus, hakTopbl pucka IMBII y rocnuTaun3upoBaHHBIX manueHTos ¢ LT,
IIPOTHO3 3a00JIeBaHUsI B 3aBUCUMOCTH OT Hasmuust IMBII.

Martepuaab U MeTO/bl. [IpoBeeHO IPOCIEKTUBHOE 0OCEPBAIMOHHOE UCCIIEZ0OBaHNE 338 TOCITUTAIN3H-
poBanHbIX narueHToB ¢ L[I1 B Bo3pacre ot 30 710 84 et (Meguana 55,00 (45,00; 63,00) rona), mykuuH — 189 (55,92 %),
JKEHITUH — 149 (44,08 %). 1111 knacca A 6611 y 78 (23,08 %) maiuenToB, kiaacca B — y 118 (34,91 %), kinacca C — y 142
(42,01 %). BakrepruanbHble UHPEKITUN THATHOCTUPOBAHBI ¥ 172 (50,89 %) maruenTtos c¢ III1. I[TanpeHTaM MpOBEEHO KITH-
HHUYECKoe 00CIIeZIoBaHte, CTaHAaPTHOE HHCTPYMEHTAIbHOE U JTabopaTOPHOE UCC/Ie/IOBaHKe, UCCIIeZIOBAaHEe MOUH B IMHA-
MUKe Ha MUKPOQJIOPY ¥ YyBCTBUTETHHOCTh K aHTUOMOTHKAM C HCIIOJIb30BAaHUEM TPAJAUIMOHHBIX METO/IUK MUKPOOHOJIO-
TUYECKOTO HCCIIEOBAHMUS.

PesyxnbTarsl . Ynanuerros c LT yacrora UMBII cocrasuina 37,87 %, 6ecciMITOMHON GaKTEPUYPUU — 23,96 %.
VMBI vare AuarHocTUPOBaHbI y skeHInuH ¢ [T (CooTHOIIEeHNE JKEeHIITUHBI U MY>KUUHBI 57,81 % 1 42,19 %, p < 0,001),y
MMaIueHToB ¢ AekommnencupoauubiM LI1 (p < 0,001), ¢ gnurensHocThio IIT MeHee 5 Jtet (p = 0,016). UMBII nporekaniu
¢ tHGEKIMAMHU JPYTUX JOKUIN3ANUH B 45,31 % cayuaes. [Ipu IIIT npeobaagasmu MMBII ¢ cCTEeMHBIMU MTPOSBIEHUSIMHU
(79,69 %); aHATOMHUYECKUMH U CTPYKTYPHBIMU U3MEHEHUSMHU OPTaHOB MOYEBBIIETUTEIHHON CUCTEMBI 10 JAHHBIM BHU3Y-
AJIM3AIUOHHBIX HCCIEA0BAHUN (79 %); MH(]EKINH, CBsI3aHHBIE C OKA3aHUEM MEUIIMHCKOHN ToMoIu (44,53 %); karerep-
acconuupoBaHHble nHbeKIUH (56,25 %); nHbeknun ¢ pakropamu pucka (PP) (94,5 %), B Tom unciie 601ee ogHoro OGP —
75 %.Y 70 % nanuentos ¢ IIIT u UMBII HaCTyIuI CMepTeTbHBIN UCXO/ 3a00IeBaHMs B TEUEHUE 45 MeC HAOII0IEHUS, UTO
3HAYUTEJIBHO BBIIIIE TI0 CpaBHEHUIO ¢ manuenTamu 6e3 UMBII — 34 % (p < 0,001).

3axknmwueHue. Boicokas gacrora UMBII y rociurasmusupoBaHHbIx manueHToB ¢ 111, ocsokHEHHOE TeueHHe ¢
HasimureM OP, CHCTEMHOr0 BOCIIAJTUTEILHOTO OTBETa, MH(EKITUI APYTUX JIOKATU3aIH, aCCONUAIUs ¢ HeOIaronpusT-
HBIM IIPOTHO30M 3a00JIEBaHUS CBUETEJIHCTBYIOT O HEOOXOIUMOCTH UX CBOEBPEMEHHOU JUATHOCTUKH U METUIMHCKOMN
NpOPHIAKTUKH.

Kmouesnle cnroea: nuppos NeYeHu, HHQPEKINN MOUEBBIBOAIINX ITyTEN.

O6paszen nurtupoBaHua: Manaesa E.I'., Croma 1.0. H}eKIuu MOUEBBIBOANNX IIyTE€H IIPU IUPPO3eE IIe-
uenu // Journal of Siberian Medical Sciences. 2026;10(1):32-44. DOI: 10.31549/2542-1174-2026-10-1-32-44

Urinary tract infections in liver cirrhosis
E.G. Malaeva, 1.0. Stoma

Gomel State Medical University, Gomel, Republic of Belarus

ABSTRACT

Introduction. Bacterial infections are a common pathology in patients with liver cirrhosis (LC) among which
urinary tract infections (UTIs) are widely spread.

A i m . Tostudy the incidence, features of the course, risk factors of UTIs in hospitalized patients with LC, and the disease
prognosis depending on the presence of UTIs.
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Materials and methods. Aprospectiveobservational study involving 338 hospitalized patients with LC
aged 30 to 84 years (median, 55,00 (45,00; 63,00) years), 189 (55,92%) men and 149 (44,08%) women was conducted.
Child-Pugh class A liver cirrhosis was diagnosed in 78 (23,08%) patients, class B — in 118 (34,91%), class C — in 142
(42,01%). Bacterial infections were detected in 172 (50,89%) patients with LC. Clinical examination, clinical investigations
and laboratory tests, urine culture with antimicrobial susceptibility testing using conventional microbiological methods
were performed in all the patients.

Results. Inpatients with LC, the incidence of UTIs was 37,87%, and the incidence of asymptomatic bacteriuria —
23,96%. UTIs were more common in women with LC (female to male ratio was 57,81% vs. 42,19%, p < 0,001), in patients
with decompensated LC (p < 0,001), and in those with LC duration of less than 5 years (p = 0,016). UTIs co-existed with
other infections in 45,31% of cases. In patients with LC, UTIs with systemic manifestations (79,69%), with anatomical and
structural changes of the urinary tract according to imaging studies (79%), healthcare-associated infections (44,53%),
catheter-associated infections (56,25%), and infections with risk factors (RFs) (94,5%), including more than one RF in 75%
of cases, predominated. Among the patients with LC and UTIs 70% died within 45 months of follow-up, which was signifi-
cantly higher compared to patients without UTIs — 34% (p < 0,001).

Conclusion. Thehighincidence of UTIs in hospitalized patients with LC, the complicated course with the pres-
ence of RFs, systemic inflammatory response, co-infections, and the association with an unfavorable prognosis of the dis-

ease indicate the need for their timely diagnosis and medical prevention.

Keywords: liver cirrhosis, urinary tract infections.
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BBEJAEHHUE

TepMuHOM «HHODEKITHUS MOYEBBIBOJIAIINX ITyTEH»
(MMBII) o603Ha4yalOT BOCHATUTEIbHBIA IPOIIECE,
JIOKQIU3YIOITUICS B PA3JINYHBIX OT/I€JIaX MOYEBBIZE-
JIUTEJTBHOU CHUCTEMHI [1, 2]. KiTMHUYeCKH yCTaHOBUTD
VPOBEHb, Ha KOTOPOM IIPOTEKAET BOCIIAJIUTETHHBIN
mmporiecc, ObIBAeT CJI0KHO, B CBA3U ¢ ueM B MexxayHa-
ponHOU KiaccuduUKanuu 0oJie3HeH 10-TO MEPECMO-
Tpa BBIIEIAIOT pyopuKky N39.0 — MHbeKIusa Moue-
BBIBOJISAININX ITyTel 0e3 YCTAaHOBJIEHHOHN JIOKAJIN3a-
nuu. Bo MHOrmMX crpaHax IpefIIOYUTAIOT H30eraTh
TONHMYECKOH JMArHOCTUKH, TOBOPSI O HEOCJIOJKHEH-
HOH, OCJIOXKHEHHOU U penpauBupytomei MBI [3].

ITo BO3BHUKHOBEHUIO BBIIEJIAIOT HH(EKIINY, CBS-
3aHHBIE C OKAa3aHUEM MEIUIIMHCKOW IMOMOIIU, H
WHO)EKIUY, He CBA3aHHbIE C OKA3aHUEM MeIUIIIH-
ckoit momomu (MCMII / wue-MICMII cootrBet-
CTBEHHO). YYaCTBYIOIIHE B SIUJIEMUYECKOM IIPO-
necce VICMII Bo36yauTeNu CymIeCTBEHHO OTIMYa-
IOTCSI TI0O OCHOBHOMY 3KOJIOTHYECKOMY pe3epByapy.
Bosoyaurensimu VMICMII ABASOTCS KaK BBICOKO
[aTOTeHHbIe BO3OYAUTEN, TAK 1 MUKPOOPTAaHU3MbI
C HU3KOU IaTOT€HHOCTHIO (YCJIOBHO-IIATOTEHHBIE
MHKPOOPTraHu3Mbl). [Ipu aTOM, ecytu i pa3BUTHUS
MHOGEKIIMOHHOTO IIPOIlecca, BBI3BAHHOTO IIATOTEH-
HBIMH MUKPOOPTaHH3MaMHM, KaK IIPaBUJIO, TPeby-
€TCsT HEBBICOKAs 032 (V KaKJ0ro maToreHa — CBOsI),
TO PUCK Pa3BUTUS MH(EKINOHHOTO THOHHO-CEIITH-
YeCcKOTo IIpoIiecca, BHI3bIBAEMOTI'0 YCIIOBHO-IATOTEH-
HOH MUKPOOHUOTOH, OTIPe/IesisieTCs He CTOJIBKO IaTo-
TE€HHOCTBIO BO30OYIUTEJISA, CKOJIBKO HH(PUITUPYIOIIEH

INTRODUCTION

The term “urinary tract infection” (UTI) refers to
an inflammatory process localized in various parts of
the urinary tract [1, 2]. To clinically determine the
localization of inflammation can be an intricate chal-
lenge, whereupon, the International Classification of
Diseases, 10" revision, has a separate category,
N39.0: Urinary tract infection, site not specified. In
many countries, it is preferred to avoid topical diag-
nosis of UTI, instead referring to uncomplicated,
complicated, and recurrent UTI [3].

Based on origin, infections are classified as
healthcare-associated infections and non-health-
care-associated infections (HAIs / non-HAIs,
respectively). The causative agents of HAIs differ
significantly in the main natural reservoir. The
causative agents of HAIs include both highly patho-
genic and opportunistic microorganisms. However,
in infection caused by highly pathogenic microor-
ganisms requires as a rule a low infective dose (spe-
cific to each pathogen), the risk of opportunistic-
driven pyogenic and septic infections is determined
not so much by the agent’s pathogenicity, but by the
infective dose, the site of inoculation, the patient’s
immune status, or the possibility of translocation
from an organ rich in microbiota, such as the intes-
tine. Among the vast diversity of species and genera
of microorganisms causing HAIs and forming hos-
pital strains, the so-called group of ESKAPE
(Enterococcus faecium, Staphylococcus aureus,
Kilebsiella pneumoniae, Acinetobacter baumannii,
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JTI030H, MECTOM WHOKYJIAIINY, COCTOSTHUEM HMMYH-
HOH cHCTEeMBl TalueHTa JIM60 BO3MOXKHOCTHIO
TPAHCJIOKAIIMM U3 COZEpPIKAIIero MHKPOOHOTY
opraHa, Hanpumep, kuieuHuka. Cpexu Bcero pas-
HOOOpa3usi BUJIOB U POJOB MHKDPOOPTaHU3MOB,
BoI3bIBatonux MICMII u ciocoOHBIX (OPMUPOBATH
TOCIUTAIbHBIE IITAMMBI, BBIIEJISIOT TaK Ha3bIBae-
myto rpymny ESKAPE-naToreHoB kak Haubosiee 3Ha-
yuMyl, BKJIoOuawInyio Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannti, Pseudomonas
aeruginosa u Enterobacter spp.). DTH ke MHKPOOD-
TaHU3MBI BXOJIAT B paspaboranHeii BO3 B 2017 T.
CIIHUCOK YCTOUYMBBIX K QHTUOMOTHKAM OaKTepui,
MIPEACTABJISIONIUX TJI00aIbHBIN IPUOPUTET B IUIAHE
HEOOXOIMMOCTH pa3pabOTKH HOBBIX aHTUMHKPOO-
HBIX IIpernapaToB. bosibllioe 3HaUeHUE B 3THOJIOTUH
N CMII umeroT MeTUIIMINHOPE3UCTeHTHBIe cTadu-
sokokku (MRSA, MRSE), BAHKOMUIIMHDPE3UCTEHT-
Hble B5HTepOKOKKU (VRE), MynbTHpe3ucTeHTHBIE
MUKPOOPTaHU3MbI — IPOAYIEHTHI J-IakTamas pac-
muperHoro cnekrpa (ESBLS) cemeiictBa Entero-
bacteriaceae, Pseudomonas aeruginosa, pe3uc-
TEHTHble K KapbameHemaM, (PTOPXWHOJIOHAM U
aMHUHOIVIMKO3ujaM, Acinetobacter baumannii,
daroxonazon-pesucrentusie Candida spp. [4].

VIMBII MOryT IpOSsIBJIATHCA CUMITOMAaMHU (OZHUM
WIN HECKOJbKUMH): KINHUYECKHUMHU (IIOBBILIEHIE
WIN CHUJKEHUE TeMIIepaTypbl, TaXUKaAPAHUsI, 03HOD,
ZleTUpUi, 60N B TMTOSICHUYHON 00JIaCTH M KOCTOBEP-
TeOpaJIbHOM YIUIy, 60U MPU MOYEUCITYCKAHHH, yJa-
IIIEHHOE, YPreHTHOEe MOYeHCITycKaHue), jabopaTop-
HBIMU (JIEHKOIINTO3, TOBBIIIIEHNE CKOPOCTH OCEAHUS
sputponuToB (COJ), NOBBIIIEHNE B KPOBU KOHIIEH-
tpanuu C-peaktuBHoro 6enka (CPB), mpoKajbIUTO-
HUHA, (PeppUTHHA, JIEHKOUUTYpHUs, MPOTEUHYPUS).
ITuypus 10 JTEHKOUUTOB U O0JIee B IOJIE 3pEHUS IIPHU
VBEJIMYEHUHN X400 B OCa/IKe IEeHTPUQYTHPOBAHHOU
MOYY OTHOCUTCS K KPUTEPUAM 3HAUNMOCTH OAaKTEPH-
VPHH y B3POCJIBIX IMAITUEHTOB [1, 2].

ITo xapakrepy Teuenuss UMBII nenarcsa Ha Heoc-
JIO’KHEHHBIE U OCJIOXKHeHHble. HeocsoxkHeHHAs
MMBII pasBuBaercs, Kak MpaBWIO, y JIOJed 0e3
OOCTPYKTHUBHBIX YPOIIATUH U CTPYKTYPHBIX U3MeHe-
HUUA B TOYKAX U MOUYEBBIBOAAIMMNX MyTaX. OCa0xK-
HeHHble WHGEKIUU BO3HUKAIOT y IaIlEHTOB C
OOCTPYKTUBHBIMH  YPOIATUSAMU, MOYEKAMEHHOH
00J1e3HBI0, TIOJIMKUCTO30M IIOYEK, T0OPOKAYECTBEH-
HOU THIEPIUIA3WeN IpeICTaTeIbHOU KeJie3bl, Ha
(oHe kaTeTepU3alUU MOUEBBIX IyTEH W/WIH TIPHU
WHCTPYMEHTAJIbHBIX (MHBA3UBHBIX) METOAX HCCIIE-
JIOBAHUsI, a TAKXKE Y HAIIEHTOB C COILYTCTBYIOIINMU
3a00JIeBAaHUSIMHU, TAaKUMH KaK CaXapHBbIH auaber,
mojarpa, Apyrue MeTaboJiMuecKre HapylIeHuUs.

Pseudomonas aeruginosa, and Enterobacter spp.)
pathogens is identified as the most significant.
These same microorganisms are included in the list
of antibiotic-resistant bacteria developed by the
WHO in 2017, representing a global priority for the
development of new antimicrobial drugs. Of great
importance in the etiology of HAIs are methicillin-
resistant staphylococci (MRSA, MRSE), vancomy-
cin-resistant enterococci (VRE), multidrug-resis-
tant microorganisms — producers of extended-spec-
trum beta-lactamases (ESBLS) from the family
Enterobacteriaceae, carbapenem/fluoroquino-
lone/aminoglycoside-resistant Pseudomonas aeru-
ginosa, Acinetobacter baumannii, and fluconazole-
resistant Candida spp. [4].

UTIs can manifest with symptoms (one or more):
clinical ones (fever or hypothermia, tachycardia,
chills, delirium, lumbar and costovertebral angle
pain, pain during micturition, frequent or urgent uri-
nation) and laboratory findings (leukocytosis,
increased erythrocyte sedimentation rate (ESR),
increased blood concentrations of C-reactive protein
(CRP), procalcitonin, ferritin, leukocyturia, protein-
uria). Pyuria of more than 10 leukocytes per high-
power field at 400 magnification in centrifuged urine
sediment is considered a criterion for the significance
of bacteriuria in adult patients [1, 2].

According to the nature of their course, UTIs are
divided into uncomplicated and complicated. An
uncomplicated UTI typically develops in individuals
without obstructive uropathies and structural
changes in the kidneys and urinary tract. Compli-
cated infections occur in patients with obstructive
uropathies, urolithiasis, polycystic kidney disease,
benign prostatic hyperplasia, associated with the uri-
nary catheterization and/or invasive diagnostic pro-
cedures, as well as in patients with such comorbidi-
ties as diabetes mellitus, gout, and other metabolic
disorders. In men, any UTIs are classified as compli-
cated [1].

According to the new definition of the European
Association of Urology (2025), a UTI can manifest as
either localized (e.g., cystitis) or systemic (e.g., pyelo-
nephritis, prostatitis, etc.) [2]. Localized infections
are characterized by dysuria (pain, burning, sting-
ing), urgency, frequency, incontinence, urethral
purulence, pressure or cramping in the lower abdo-
men. Signs of systemic UTIs include fever or hypo-
thermia, rigors and shaking chills, delirium, hypo-
tension, tachycardia, and costovertebral angle pain.
There are comments: (1) recent onset of these local-
ized and/or systemic signs and symptoms; (2) these
signs and symptoms are possibly caused by a sys-
temic UTI, but there may be also alternative explana-

34
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Y myxunn sm06sie UMBII oTHOCATCA K OCIOKHEH-
HBIM [1].

CorslacHO HOBOMY ompezieseHuio EBporeiickoi
accoruanuu yposoros (2025), UMBII moxker mpo-
SIBJIITBCS KaK JIOKAJTM30BaHHAA (HAIIPUMED, ITUCTHUT)
WK CUCTeMHasl (Hampumep, nueoHepuT, mpocra-
TUT U T.1.) [2].

Jloxkann3oBaHHbIEe MHQPEKIINN XapaKTEPUBYIOTCS
nusypueii (60J1bi0, JKKEHHEM, TOKAJIbIBAHUEM IPU
MOYEHNCITYyCKAaHUH), UMIIEPATUBHBIMU TO3bIBAMH K
MOYEHCITyCKAHUIO, yUal[eHHBIM MOYENCIYCKAHUEM,
HeZlepyKaHWeM MOYH, HAJIMYMeM THOMHBIX BBIJIEJIe-
HUH U3 ypeTpsl, UyBCTBOM JABJIEHUS WJIH PaCIUpa-
HU B HIDKHeN JyacTu »kuBoTa. K mprusHakam cucrem-
Hbe1x UMBII oTHOCATCSA BhICOKAasA WU HU3KasA TEMIIE-
parypa, 03H00, IeJTUpUi, TUIIOTEH3UA, TAXUKAPAHI,
0oJib B KOCTOBEpPTEOpaIbHOM yrIiIy. CyIlecTBYIOT
KOMMEHTAPHUU: BO-TIEPBBIX, CHMIITOMBI, KaK JIOKAJIb-
HblE, TAK U CHCTEMHBIE, JIOJKHBI HPOSBIATHCA C
HeJJaBHETO BPEMEHH; BO-BTODBIX, JOJDKHBI IPUHU-
MaThCs BO BHUMAaHUE [Jpyrue aJlbTepHATHUBHBIE
cocTostHUA U 3a00s1eBaHUs, KOTOPbIE MOTYT COIIPO-
BOXKIATHCA AHAJIOTMYHBIMU CUCTEMHBIMU CHMIITO-
mamu. Oba COCTOAHMSA MOTYT COIIPOBOXK/IAThCA aK-
TOpaMH puCKa (MOKHWIble WIH OcIabJIeHHbIE
[alMeHThl, HaJIU4Yie AHATOMHYECKUX WU (YHK-
[IMOHAJIBHBIX HAPYIIIEHWH MOYEBBIX IIyTel, Kare-
Tepa, KaMHeH, WMMYHOKOMIIPOMETHUPOBAHHOTO
COCTOSIHUSA, TIpUMEHEHHe aHTHOAKTepHATbHbIX
JIEKAPCTBEHHBIX CPEICTB B HEJAaBHEM BpEMEHH,
HaJINYNe Pe3UCTEHTHBIX BO30OyauTeNedl mHpeKny,
OOCTPYKITUHM, MYKCKOH II0JI, OEpeMEHHOCTH, IPO-
JIATIC Ta30BbIX OPraHOB Y JKEHIIWH, HeJIaBHUE
WHCTPYMEHTAJIbHBIe ~ BMEIIATebCTBA), KOTOpbIE
MIOBBIIIAIOT BEPOATHOCTH THKEJIOTO KIMHUYECKOTO
Te€UYEHUs U CTaBAT IOJ] yTPO3y yciex Jjieuenus. K-
HUITUCTHI I0JKHBI 3HATh 00 9THUX (paKTOpaxX pucKa U
MIPUHUMATh COOTBETCTBYIOIIHE MEPHI [2].

[Tpu3HaKK U CHCTEMHBIE CHMIITOMBI, XapaKTep-
HBIe JJI1 KateTep-acconuupoBanHbix UMBII, Brutio-
YaT IOSBJIEHHE WIN HapacTaHue TeMIEepaTyphl,
03HO0, UBMEHEHNEe TICUXUYECKOTO CTaTyca, HeZOMO-
TaHWe WIH BsJIOCTh 0e3 KaKOH-Ju00 APYroi ycra-
HOBJIEHHOH NPUYHHBI, 60JIb B OOKY, 00JIE3HEHHOCTH
B obJyacTu pebepHO-TIO3BOHOYHOTO YIJIA, OCTPYIO
reMaTypHIo, IUCKOMGOPT B 006J1aCTH Ta3a, a y TeX, Y
KOTO OBLIIN yAaJIeHbl KaTeTephl, — IU3YPUI0, YPTeHT-
HOE WJIM YacTOe MOYEHUCIyCKaHWe U HaIJI00KOBYIO
60sp win G6ose3HeHHOCTh. CitenyeT muddepenu-
poBaTh KaTeTep-acCOIMHUPOBAHHYI0 OECCHMIITOM-
Hyto 6akTepuypuio (BBY) u UMBII o psay npusHa-
KOB, TaK KaK HaJIMYNEe MyTHON WJIH C BBIPAYKEHHBIM
HENPUATHBIM 3aIlaxOM MOYH, & TaKXKe OTCYTCTBHE,
HaJINY¥e U CTEleHb NMUYPUU He SABJISETCS OCHOBA-

tions. Both conditions can be accompanied by risk
factors (geriatric or frail patients, anatomic or func-
tional abnormalities of the urinary tract, indwelling
urinary catheters, stones, immunocompromised
state, recent antibiotic use, presence of resistant
organisms, obstruction, male sex, pregnancy, pelvic
organ prolapse in women, recent instrumentation),
which increase the likelihood of a severe clinical
course and jeopardize treatment success. Clinicians
must be aware of these risk factors and take appro-
priate measures [2].

Signs and systemic symptoms characteristic of
catheter-associated UTIs include new onset or
worsening of fever, rigors, altered mental state,
malaise or lethargy with no other identified cause,
flank pain, costovertebral angle tenderness, acute
hematuria, pelvic discomfort, and in those who
have had their catheters removed, dysuria, urgent
or frequent urination, and suprapubic pain or ten-
derness. Catheter-associated asymptomatic bacte-
riuria (ABU) and UTIs should be differentiated
based on a number of signs, since the presence of
cloudy or odorous urine, as well as the absence,
presence, or degree of pyuria, is not a basis for dif-
ferentiation between them. The absence of pyuria in
a patient with symptoms of UTIs suggests a diagno-
sis other than a catheter-associated UTI. Microbio-
logically, catheter-associated UTI is defined by
microbial growth of >10% CFU/ml of one or more
bacterial species in a single catheter urine specimen
or in a mid-stream voided urine specimen from a
patient whose urethral, suprapubic, or condom
catheter was removed within the previous 48 h [2].

The incidence of bacterial infections in patients
with liver cirrhosis (LC) is traditionally high due to
compromised immune systems, reaching up to
54,6% [5—7]. The most common infections in LC are
UTIs [5, 6, 8], and their presence is associated with
an unfavorable prognosis of the disease [8, 9]. The
mortality rate reaches 30% after one month and
increases to 63% during one-year follow-up [5].

A comprehensive approach must be used for
diagnosis of UTIs in patients with LC, as systemic
signs of UTIs such as hypotension, delirium, and in
some cases, fever, may not be related to UTIs but
rather to splanchnic vasodilation, which is accompa-
nied by a decrease in blood pressure, development of
alcohol withdrawal delirium or liver failure with
reduced metabolism of pyrogens, which in some
patients with LC can lead to low-grade fever without
an obvious source of infection.

In the Republic of Belarus, there are no data on
the prevalence, clinical course, or peculiarities of
UTIs in patients with LC, nor on the survival of LC
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HUEeM JJTs uX pasrpanuueHus1. OTCyTCTBUE MIYPUHU Y
nanuenTa ¢ cumanromamu IMBII ykasbsiBaet Ha jua-
THO3, OTJIWYHBIA OT KaTeTep-acCOIMUPOBAHHOMU
UMBII. C MUKpPOOMOJIOTHYECKOU TOYKH 3PEHUS
Karerep-accouunpoBanHad HMMBII onpexensercsa
mo pocty MukpoboB =103 KOE/min omHOrOo win
HECKOJIbKUX BHUJIOB OakTepuii B OJHOM 0Opasiie
MOYH, B3SITOM C ITOMOIIBIO KaTeTepa, WU B 00pasie
MOYHU, B3ATOM H3 CPeJHEH MOpUUU MOYHU y HalH-
€HTa, Yy KOTOPOTO YPeTPaJIbHbIN, Ha/[JTOOKOBBIN KaTe-
Tep WIH KaTeTep-Ipe3epBaThB ObLIU yAaJeHbl B
TeueHUe IpeabIAyInuX 48 u [2].

Yacrota 6akTepraibHBIX WHGMEKIUN Y TManyeH-
TOB ¢ 1uppo3oM meueru (I1I1) TpaJUITMOHHO BBICO-
Kasg B CBA3M C UMMYHOCYIIPDECCHBHBIM CTATyCOM H
COCTaBJISAET /10 54,6 % [5—7]. Haubosee pacrpoctpa-
HeHHbIMU nHpeknuamu npu LI aeasaiorcas NUMBII
[5, 6, 81, a ux Ha;TMYME CBA3AHO ¢ HEOIATOTIPUATHHIM
MIPOTHO30M 3aboJsieBaHus [8, 9]. YpoBeHb CMEPTHO-
CTHU JIOCTUTAET 30 % Yepe3 OJUH MECHI] ¢ MOMEHTa
BKJIIOUEHUA B UCCJIEJOBAHNE U BO3pacTaeT 710 63 % B
TeueHue roga Habogenus [5].

B otHOomenuu nanuesToB ¢ LI goJKeH UCITOJIb-
30BaThCsA KOMILJIEKCHBIM TOJIXOJT JJIsl JINAaTHOCTUKH
MMBII, MOCKOJBKY TaKue CHUCTEMHBIE NPOSABIEHUA
MMBII, KaK TUIOTEH3USA, JEJIUPUH, B pAJie CIy4aeB
MIOBBIIIIEHUE TEMIIEPATYPbI, MOTYT ObITH CBSI3aHbI HE
¢ UMBII, a co ciulaHXHHUYECKOH Ba3ojuaTarueH,
KOTOpasi COIPOBOK/IAETCSI CHUKEHHEM apTepHaTh-
HOTO JIaBJIEHU:, pa3BUTHEM JAeaupusi Ha QoHe
OTMEHBI AJIKOTOJISI, IEYEHOYHOUN HEJIOCTaTOYHOCTHIO
CO CHHJKEHHEM MeTaboJIn3Ma ITHPOTEHOB, UTO Y
HEKOTOpHIX NamueHToB ¢ I[II MOXeT MpPUBOJUTH K
pasButuio cy6deOpuabHOI  TeMmiepaTypsl  6e3
SIBHOTO ICTOYHHKA HHQEKITAH.

B Pecnybsiike Benapych OTCYTCTBYIOT JaHHBIE O
PpacIpocTpaHEHHOCTH, XapaKTepe TeUeHuUsI, 0COOEHHO-
crax UMBII y naniuenTos ¢ II11, BBKMBaeMOCTH HaIy-
entoB ¢ III1 ¢ uadexknusaMu, B CBA3U ¢ YeM MIPOBE/Ie-
HUE JJAHHOTO UCCJIEI0BAHNS ABJISETCS aKTyJTbHBIM.

IIEJIb UCCJIE/IOBAHUSA

N3ydnTh 4acTOTy, OCOOEHHOCTH TedyeHUusd, (pak-
Topsbl prucka UMBII y rocnuTansnpoBaHHbIX Hallu-
eHtoB ¢ 1[I, mporHo3 3a00JieBaHUS B 3aBUCHMOCTH
ot Hasmnuusa UMBII.

MATEPUAJIBI 1 METO/IbI

[IpoBe/IeHO TPOCHEKTUBHOE OOCEpPBAIIIOHHOE
rcceaefoBaHre 338 MaueHToB, TOCTUTATN3UPOBaH-
HeIX 10 mnoBoxy IIII B racTposHTEpPOJIOTUYECKOE
oTnesieHre ['OMeJIbCKOH TOPOCKON KIMHUYECKOH
60bHUIBI NO 3, BO3pacT KOTOPHIX COCTABUJI OT 30
7o 84 net. HII xnacca TakecTu A IMaTHOCTUPOBAH y

patients with infections, which makes the study
relevant.

AIM OF THE RESEARCH

To study the incidence, features of the course, and
risk factors of UTIs in hospitalized patients with LC,
and the disease prognosis depending on the UTIs
presence.

MATERIALS AND METHODS

A prospective observational study of 338 patients
hospitalized for LC in the Gastroenterology Depart-
ment of Gomel City Clinical Hospital No. 3, aged
from 30 to 84 years, was carried out. Class A LC was
diagnosed in 78 (23,08%) patients, class B — in 118
(34,91%), and class C — in 142 (42,01%). The median
age was 55,00 (45,00; 63,00) years. There were 189
(55,92%) men and 149 (44,08%) women. Bacterial
infections were detected in 172 (50,89%) patients
with LC. A UTIs were diagnosed in 128 (37,87%)
patients, and no UTIs were in 210 (62,13%) (of these,
81 (23,96%) patients had ABU).

Inclusion criteria: presence of informed consent,
diagnosis of liver cirrhosis.

Exclusion criteria: presence of autoimmune dis-
eases, oncological diseases, HIV infection.

Clinical examination, clinical investigations and
laboratory tests, urine culture with antimicrobial
susceptibility testing using conventional microbio-
logical methods during 48 h from the time of hospi-
tal admission and 48 h after hospitalization were
performed in all the patients.

Criteria for decompensated LC: Child-Pugh class
B or C, or the presence of one or more of the follow-
ing signs: jaundice, ascites, psychoneurological
symptoms, acute gastrointestinal bleeding, hepa-
torenal syndrome, hepatic hydrothorax, spontane-
ous bacterial peritonitis, fever, nutritional status dis-
orders.

Diagnosis of UTIs was based on the presence of
symptoms (local or systemic) and bacterial growth of
>10° CFU/ml (or >10% CFU/ml on catheterization in
urine samples. Catheter-associated infections were
diagnosed if a catheter was present in the bladder at
the moment of urine sample collection or if catheter-
ization was performed within 48 h prior to collection
of biological material.

Criteria of HAIs were [4]:

(1) HAIs are clinically recognized, i.a. the results
of laboratory tests;

(2) HAIs occurred in the patient as a result of his
admission to a medical facility or seeking medical
care, regardless of the time of symptom onset;

(3) HAISs related to the provision of medical care;
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78 (23,08 %) uwen., knacca B — y 118 (34,91 %),
knacca C —y 142 (42,01 %) uesr. MenuaHa Bo3pacra
cocraBuia 55,00 (45,00; 63,00) rojga. MyxuuH
66110 189 (55,92 %), skeHInuH — 149 (44,08 %). bak-
TepHuabHble HHQPEKITUH BBISBJIEHBI ¥ 172 (50,89 %)
nanueHToB ¢ IIII. UMBII nuarHoctupoBana y 128
(37,87 %) wuen., UMBII otcyrctBoBasia y 210
(62,13 %) (13 Hux BBY —y 81 (23,96 %) nanuenTa).

Kputepuu BrIIOUEHMS: Haiuure UHGOPMHUPO-
BaHHOTO COTJIACHS, TUATHO3 «I[UPPO3 IMEUEHU».

Kpurepuu WCKIIOUEHUsS: HaJIUYHE AayTOUM-
MYHHBIX, OHKOJIOTMYECKHX 3aboseBaHuii, BUY-
nH}pEKIuU.

[TarmeHTaM TIPOBEZIEHO KJIMHUYECKOE 00CIIENI0-
BaHUE, CTAaHAAPTHOE UHCTPYMEHTAJIBHOE U Jabopa-
TOPHOE HCCJIe/IOBAHNE, UCCIIE/IOBAHNE MOYH B JIMHA-
MHKe Ha MUKPOGJIOPY U UyBCTBUTEIPHOCTD K aHTH-
OMOTUKAM C WCIOJb30BAaHUEM TPAAUITUOHHBIX
METOJUK MHUKPOOHOJIOTUUECKOTO HCCIEOBAHUSI B
TeueHue 48 4 OT MOMEHTa IOCTYIUIEHUS B CTAIlHO-
Hap U MOCJIe 48 U TOCIUTATU3AIUH.

Kpurepun nexomneHncuposanHoro LIII: kiacc B
win C mo Yanay-I1pto iub0 HaIu4due OHOTO WJIH
60J1ee U3 CIeAYIOIINX IPOSIBJIEHUH: JKEJITyXa, aCIUT,
IICUXOHEBPOJIOTUUECKHE CHUMIITOMBI, OCTPOE TacTpO-
WHTECTHHAJIIbHOE KPOBOTEUEHHE, TeaTOPEeHATbHBIN
CUHIPOM, TT€YEHOUHBIH TUAPOTOPAKC, CIIOHTAHHBIHI
OaKkTepUaNIbHBIN MEPUTOHUT, JIUXOPAJIKa, HapyIle-
HUE CTaTyca MUTAHUS.

Juarnocruka MIMBII 6a3upoBasiach Ha HaJIMYIAU
CHUMIITOMOB (JIOKQJIPHBIX MJIH CUCTEMHBIX) U poCTe OaK-
Tepui =105 KOE/mut (mpu katerepusaruu >103 KOE/
M) B obpasmax Mmoud. Karerep-acconmuupoBaHHbBIE
UHQEKITUN JUATHOCTUPOBAINCh B CJIydae HaJIMUMS
KareTepa B MOUEBOM ITy3bIpe HA MOMEHT HCCIIEZIOBAHUS
00pasIioB MOYH WK KaTeTEPU3AIIUH B IIOCTIEHIE 48 U
J10 3a00pa GHOJIOTHUECKOTr0 MaTeprasia.

Kpurepuu UCMII [4]:

1) ABJSAETCA KJIMHUYECKH PAcllO3HAaBaeMOM, B
TOM YHCJIE€ C YYETOM Pe3yJIbTaTOB JIaGOPATOPHBIX
HCC/IEeIOBAHUI;

2) BO3HUKJIA Y TTAIIEHTa B Pe3yJIbTaTe €ro IMOCTY-
IUIEHUS] B MEIUITMHCKYI0 OPTraHU3alHI0 WU o0pa-
IIEeHUA 3a OKa3aHUEeM MEeIHUIIMHCKON ITOMOIIU BHE
3aBUCHUMOCTH OT BPEMEHH IIOSIBJIEHHSI CUMIITOMOB
3a00J1€eBaHUS;

3) cBsI3aHa C OKa3aHHUEM MEIUIIMHCKOHN ITOMOIIH;

4) OTCyTCTBOBaJIA Y TAIIMEHTA IIPU TOCIIUTAIN3A-
MU WIK OOpaIlieHNH 3a OKa3aHWEeM MeIUITUHCKOHN
IIOMOIIA B MEIUIMHCKYI0 OPTaHU3aIHI0, B TOM
Yyuce B WHKYOAI[MOHHOM Iepuojie 3aboJieBaHUA,
KpoMe ciaydyaeB nHbeKui (MHMEKIMOHHbBIX 60J1e3-
Hel), CBABaHHBIX C IIPEJIIIECTBYIOIIEN TOCITUTAIN3a-
[MeH Wi IPeAIIecTBYIONUM o0pallleHHeM 3a OKa-

(4) no HAIs in the patient at the time of hospital-
ization or seeking medical care at a healthcare facil-
ity was present, including during the incubation
period of the disease, except for infections (infec-
tious diseases) associated with previous hospitaliza-
tion or previous seeking medical care at a healthcare
facility;

(5) HAIs are not a natural course of pathological
process in the patient at the time of hospitalization
or seeking medical care;

(6) HAIs are not an exacerbation of a chronic
infectious disease in the patient at the time of hospi-
talization or seeking medical care.

For opportunistic infections, the minimum incu-
bation period was considered to be 48 h (on the third
day after hospitalization or seeking medical care; the
day of hospitalization or seeking medical care is con-
sidered the first day).

Statistical data processing was performed using
the R software environment. The Shapiro-Wilk
test was used for normally distributed data. For
non-normally distributed data, the median
(1% quartile; 3™ quartile) (Me (Q1; Q3)) was used.
The Mann-Whitney test was used to compare
quantitative variables under normal distribution
of data (p < 0,05 in the Shapiro-Wilk test). A com-
parison of the proportions of categorical variables
in independent groups and an analysis of the asso-
ciation between categorical variables were per-
formed using Pearson’s x? criterion. For the 2x2
contingency tables, the Yates’s correction for con-
tinuity was applied. The strength of correlations
was estimated using the Cramér’s V coefficient.
The significance level is assumed to be 0,05.

The study protocol was approved by the Ethics
Committee of Gomel State Medical University. The
study is registered in Clinicaltrials.gov (NCT05335213).

RESULTS

The median age of hospitalized patients with LC
and UTIs was 53 (46; 62) years and did not differ sig-
nificantly compared to the same indicator in individu-
als without UTIs — 56 (44; 65) years (p = 0,28) (Fig. 1).

UTTIs were diagnosed more often in women with
LC (in74 (57,81%)) compared to men (in 54 (42,19%))
(¢ (Yates’s correction) = 14,87; p (Yates’s correc-
tion) < 0,001; Cramér’s V = 0,21), which is explained
by the higher incidence of UTTIs, especially cystitis, in
women in the general population.

UTIs were diagnosed predominantly in patients
with decompensated LC (patients with Child-Pugh
class A numbered 5 (3,91%), with class B — 26 (20,31%),
with class C — 97 (75,78%)). The distribution of patients
by severity class showed significant differences between
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3aHHEM MEIUIIMHCKON IOMOIIM B MEIHUIIUHCKYIO
OpraHU3aINIo;

5) He SIBJISETCS 3aKOHOMEPHBIM MPOIOIKEHUEM
[aTOJIOTHYECKOTO IIPOIecca, MMEBIIErocs y TaIfu-
€HTa IIPU TOCIIUTAIN3AIUN WU 00paIeHn!y 3a OKa-
3aHHEM MeJIUITUHCKOH TIOMOIITH;

6) He sABJAeTCA OOOCTPEHHEM XPOHHUUYECKOTO
UHOQEKIINOHHOTO 3a00s1eBaHUsI, WMEBIIEToCsS Y
MmanyeHTa MPY TOCIUTATU3AIUY WK 00paIleHnu 3a
OKa3aHHEM MEeIUITUHCKOU TOMOIIIU.

151 uHGbEKIIUH, BBI3BIBAEMBIX YCJIOBHO-TIATOTEH-
HBIMH MHUKPOOPTaHU3MaMH, MUHUMAJIbHBIM HUHKY-
OaIOHHBIM IIEPUO/IOM CUHMTAIUCH 48 U (Ha TpeTuH
JleHb TI0CJIe TOCHUTANN3aluy Win oOpaleHus 3a
OKa3aHUEeM MEeIUIMHCKOU ITOMOIIH, JIeHb TOCITUTAa-
JIN3aIUU WK o0paleHus 3a OKa3aHUeM MeIUIH-
CKOU ITOMOIIYA CYUTAETCS ITEPBBIM JTHEM).

Crarucruueckass o6paboTKa JaHHBIX IPOBOJIU-
Jach B cpezie nporpammuposanus R. Tect Tanupo —
Yuika uCnosab30BasICs A ONPeNeIeHUs] COOTBET-
CTBUsI pAaCIpe/ieJIEHUs] JIAHHBIX TEOPETUUECKOMY
HOpMaJIbHOMY pacupezesneHuo. Ilpu pacnpenese-
HUY JIAHHBIX, OTJINYHOM OT HOPMAaJIbHOTO, JJIS OITH-
CaHUs UCIIOJIH30BAJIaCch MeinaHa (1-i KBapTHIIb; 3-H
kBapTwib) (Me (Q1; Q3)). /lyis cpaBHEHUA KOJIMYe-
CTBEHHBIX IPU3HAKOB IIpU UX pacCIpesiesIeHNH,
OTJINYHOM OT HOpMayibHOTO (p < 0,05 B TecTe
IMammpo — Ywika), mpuMeHsics MeTon ManHa —
Yuran. CpaBHeHHe [10j1ell KaTerOpHaJbHBIX IIPU-
3HAKOB B HE3aBHCHUMBIX I'PYIIIaX U aHAJIU3 acCOoIHa-
MY MEXK/Ty KaTETOPUATbHBIMU TPU3HAKAMU BBITIOJI-
HEH C UCI0JIb30BaHueM Kputepus 2 [Tupcona. las
TabJIUI]  CONPSDKEHHOCTH  2X2  MPUMEHsIach
nonpaska MeliTca Ha HeIPephIBHOCTD, CHJIA CBA3H
OIleHUBaJIaCh ¢ MoMmolnkio Kosdduruenra V Kpa-
Mepa. YpOBeHb 3HAUMMOCTHU IIPUHAT PABHBIM 0,05.

[TpoTokon wmcciieoBaHUsI OJOOpPEH 3THUUYECKUM
KOMHTETOM ['OMeJIbCKOTO TOCYy/IapCTBEHHOTO MeIH-
IIMHCKOTO YHUBepcuTeTa. licciiezjoBaHue 3aperu-
crpuposaso B Clinicaltrials.gov (NCT05335213).

PE3YJ/IBTATDI

Menmana Bo3pacTa TOCHUTAIM3UPOBAHHBIX
nanuenToB ¢ IIIT u VUMBII cocrasuia 53 (46; 62)
ro/la ¥ He MMeJia 3HAUNMbIX PA3JINYUUA B CDAaBHEHUH
C aHAJIOTUYHBIM TOKa3aresieM y jiui 6e3 TMBII —
56 (44; 65) net (p = 0,28) (puc. 1).

¥ xxenmuH ¢ 11 vame guarsocruposana UMBII
(v 74 (57,81 %)) 1o cpaBHEeHUIO ¢ My:kunHaMu (y 54
(42,19 %)) (x2 (mompaBka Weiitca) = 14,87;
p (mompaska Heiitca) < 0,001; V Kpamepa = 0,21),
4yTO0 O0OBscHseTca 0ojiee BBICOKOM  4YacTOTOH
NMBII, 0co6eHHO IUCTUTOB, Y KEHINHH B OOIIEeH
TIOITYJISIIIHH.

the groups of patients with and without UTIs
(¢ (Yates’s correction) = 101,31; p (Yates’s correc-
tion) < 0,001; Cramér’s V = 0,54) (Fig. 2).

Out of 128 patients with LC and UTTIs, one had LC
duration of more than 5 years and two had a duration
of more than 10 years. Thus, UTIs were diagnosed
more often in patients with LC duration of less than
5 years (2 (Yates’s correction) = 5,80; p (Yates’s cor-
rection) = 0,016; Cramér’s V = 0,14).

UTIs with not specified sites were diagnosed in
128 (37,87%) patients, including with co-infections
(pneumonia, spontaneous bacterial peritonitis, cel-
lulitis, etc.) in 58 (45,31%) patients. The incidence of
non-urinary tract infections is higher in patients with
UTIs (x® (Yates’s correction) — 21,26; p (Yates’s cor-
rection) < 0,001; Cramér’s V = 0,25) (Fig. 3).

Localized UTIs were observed less frequently (in
26 (20,31%) patients) compared to systemic UTIs
without local symptoms (in 62 patients (48,44%);
X2 = 22,44; p < 0,001) and systemic UTIs with local
symptoms (in 40 (31,25%) patients). Due to the pre-
dominance of systemic UTIs in patients with LC
(79,69%), their blood levels of leukocytes, ESR, CRP,
and ferritin as inflammation markers are significantly
higher compared to patients without UTIs (Table 1).

DISCUSSION

The significantly higher level of bilirubin and
lower levels of albumin and prothrombin index in
patients with LC and UTIs compared to LC patients
without UTIs confirm the data on the higher preva-
lence of UTTs in patients with decompensated Child-
Pugh classes B and C cirrhosis.

History taking from patients with decompensated
LC may be difficult due to the presence of delirium, psy-
chosis, psycho-organic syndrome, and alcohol with-
drawal syndrome, which were found in 12 (9,37%)
patients with UTTIs. In this regard, it is necessary to take
into account both the signs of systemic inflammation
and the results of the alternative tests, for example, the
level of lactoferrin and lipocalin, which allow for differ-
ential diagnosis between UTIs and ABU.

In a medical history of 28 (21,87%) patients with
LC and UTIs, there were indications of a urinary tract
infection (19 had pyelonephritis, 7 had cystitis, 2 had
prostatitis). According to diagnostic imaging (ultra-
sound and computed tomography of the kidneys and
urinary tract), which were peformed in 119 patients
with UTIs, 25 (21,00%) individuals had no changes,
23 (19,33%) had kidney cysts, 19 (15,97%) had stones,
5 (4,20%) had calcifications, 16 (13,44%) had signs of
pyelonephritis, 8 (6,72%) had signs of cystitis,
14 (11,76%) had diffuse changes in the parenchyma,
16 (13,44%) had parenchymal hyperechogenicity,
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Fig. 1. Comparison of liver cirrhosis patients with and without urinary tract infections (UTIs) by age
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Fig. 2. Comparison of liver cirrhosis patients with and without urinary tract infections (UTIs) by severity class
of liver cirrhosis
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10 HAJTMYHIO NHGEKIHH, He CBI3aHHBIX ¢ MOYEBBIBO/SAIIUMU ITyTSIMI
Fig. 3. Comparison of liver cirrhosis patients with and without urinary tract infections (UTIs) by the presence
of non-urinary tract infections

VMBIl puarHOCTMpOBaHA MPEUMYIIECTBEHHO ¥
MAITUEHTOB C JleKoMIteHcupoBaHHbIM 11T (marueHToB ¢
KJ1accoM TspKecTH A ObUIo 5 (3,91 %), ¢ kiaccom B — 26
(20,31 %), c kmaccom C — 97 (75,78 %)). Pactipenenenue
MAITUEHTOB 10 KJIaCCaM TsKECTH UMeJIO 3HAUNMBbIe Pas3-
JIMYUS B TPYIIaX cpaBHeHs nanyeHToB ¢ IMBIT u Ge3
Hee (x2 (mompaBka Meiirca) = 101,31; p (mompaska
Heiirca) < 0,001; V Kpamepa = 0,54) (puc. 2).

W3 128 maruenTos c 11T u UMBII y ogHOTO 1711~
TEJIPHOCTh ITUpPpO3a cocTaBuia Oojiee 5 JIET U Y
IByX — Ooutee 10 Jiet. Takum o6pazom, IMBII uarie
JIMAaTHOCTUPOBAJIACH ¥ TTAIIUEHTOB C ITUTETbHOCTHIO
IIIT menee 5 yer (x2 (mompaska Meiitca) = 5,80;
p (mompaska Meiitca) = 0,016; V Kpamepa = 0,14).

NMBII 6e3 yTouHEHUs JIOKAJIWU3AIUU JUATHO-
ctupoBaHa y 128 (37,87 %) namueHToB, B TOM YHCIIE
B COYETAHUHU C APYTUMU UHPeKnuaAMu (THEBMOHU-
SIMM, CIIOHTAHHBIM OaKTepHAIbHbIM ITEPUTOHHUTOM,
[EJUTIOJIUTOM U 7p.) — 58 (45,31 %) HalnueHTOB.
Yacrota nHOEKIIUH, He CBI3aHHBIX C MOUEBBIBOJIS-
UMM IyTAMH, Bblllle y mnanueHtoB ¢ WMBII
(x2 (mompaBka Heiitca) — 21,26; p (mompaBka
Heiirca) < 0,001; V Kpamepa = 0,25) (puc. 3).

Jlokanmuzoanusie MBI nHabmonanuchk pexe (y
26 (20,31 %) MaIryueHTOB) 0 CPABHEHUIO C CHCTEM-
HBIMU 0€3 JIOKAJIbHBIX CUMITOMOB (Y 62 GOJIbHBIX

23 (19,33%) had irregular kidney contours, 6 (5,04%)
had pyelocalyceal wall thickening, 2 (1, 68%) had
nephrosclerosis, 2 (1,68%) had signs of nephritis; 1
(0,84%) had hydronephrosis, 3 (2,52%) had peri-
nephric fat thickening and stranding, 4 (3,36%) had
renal angiomyolipoma, 1 (0,84%) had renal duplica-
tion, 1 (0,84%) had a single kidney, 5 (4,20%) had kid-
ney dystopia, including nephroptosis.

Since hospitalized patients with LC often require
bladder catheterization, which breaks the body’s
defense mechanisms and facilitates access of uro-
pathogens to the bladder, in our study, catheter-
associated UTIs were identified in 72 (56,25%)
patients. It should be taken into account that cathe-
ter-associated UTIs are often polymicrobial infec-
tions and caused by uropathogens with multidrug
resistance. Furthermore, a high level of HAIs was
noted in patients with LC — in 57 (44,53%) individu-
als; non-HAIs were detected in 35 (27,34%) individ-
uals, and the combined group (non-HAI with a hos-
pital strain) included 36 (28,13%) patients with LC.

The RFs for UTIs (anatomical and functional
abnormalities of the urinary tract, indwelling cathe-
ter, stones, resistant pathogens, obstruction, antibi-
otic therapy in the past, recent instrumentations, male
sex) were analyzed. It was found that only 7 (5,5%)
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Ta6suna 1. CpaBHeHHe J1a60paTOPHBIX OKa3aTeied KpoBH y nanueHToB ¢ LT 6e3 UMBII u c UMBII
Table 1. Comparison of blood parameters in LC patients with and without urinary tract infections

IIpusHak, pede-

peHcHble 3HaYyeHusA be3 UMBII C UMBII CTaTucTHUKaA f;glz?:::a EH::;)'“H
Parameter, Without UTIs With UTIs Statistics 2 perai .
Effect size Interpretation
reference values
O6mui 6unupy6un, 32,4 (19,7;64,9) 92,1 7790,5 <0,001 -0,42;95% IW/Cl  YmepeHHBIU
8,55-20,52 n=210 (36,22; 199,25) [-0,52; -0,31] abdexT
MKMOJIb /]I n=128 Moderate effect
Total bilirubin,
8,55-20,52 umol/I
Anv6ymun, 35-50r/n 37,65 (32,4;43,1) 27,5 (24,4;32,7) 20168,0 <0,001 0,61;95% AAN/CI CUJIbHBIA
Albumin, 35-50 g/1 n=200 n=125 [0,53; 0,69] addekT
Strong effect
ITH, 0,7-1,1 0,77 (0,68; 0,85) 0,58 (0,5; 0,71) 19811,0 <0,001 0,56;95% AAN/CI CHUJIbHBIN
PTI, 0,7-1,1 n=205 n=124 [0,46; 0,64] adpdexT
Strong effect
JleiKOLIUTBI KPOBH, 59 (4,6; 7,6) 10,35(5,97;16,18) 6815,5 <0,001 -0,49;95% IN/Cl  YmepeHHBI!
4,0-9,0x10°/n n=210 n=128 [-0,58; -0,39] adpdexT
Blood leukocytes, Moderate effect
4,0-9,0x10%/1
C03, 1-15 MmM/4 18 (10; 31) 38 (22;50) 6948,0 <0,001 -0,47;95% AN/Cl  YmepeHHBI!
ESR, 1-15 mm/h n=207 n=127 [-0,56;-0,37] addekT
Moderate effect
CPB, 0-6 mr/n 10,6 (5; 34) 37,5(21,62;91,6) 1678,5 <0,001 -0,49;95% IN/Cl  YmepeHHBI!
CRP, 0-6 mg/1 n=77 n=2386 [-0,62; -0,35] adpdexT
Moderate effect
depputuH, 129 (61,5; 298,5) 345,5 4286,0 <0,001 -0,39;95% AW/Cl  YmepeHHBI!
20-250 ur/mn n=164 (141,25; 650) [-0,51; -0,26] addexT
Ferritin, n=2_86 Moderate effect
20-250 ng/ml
'emor/io6uH, 125 (104; 145) 100 (85; 116) 19 808,5 <0,001 0,47;95% JIN/CI YMepeHHbIH
120-160r/n n=210 n=128 [0,37; 0,57] addekT
Hemoglobin, Moderate effect
120-160 g/1

MIpumeuvyaHnue.

LOIT - nuppo3 neyenu; UMBII - nundekuuss MmoyeBbiBogsAMX nyTeld; [JU - noBeputenbHbld unTepBas; IITH -

npoTPOMGUHOBBIN HHAEKC; CO3 - cKOopocThb ocefjaHus apuTpouuToB; CPB — C-peakTUBHBIN GeJIoK.

Abbreviations:
erythrocyte sedimentation rate; CRP - C-reactive protein.

(48,44 %); x2 = 22,44; p < 0,001) U CUCTEMHBIMHU C
JIOKaJIbHBIMH cuMIToMaM¥ (v 40 (31,25 %) naiueH-
TOB). B cBsA3u ¢ mpeobsiamanuem cucreMubix UMBIT y
marueHToB ¢ LI (79,69 %) y HUX 3HAUNUTEIHHO BhIIIE
mmoKasaTesu JerkonuToB kposu, CO3, CPB, deppu-
THUHA KaK MapKepOB BOCHAJIUTEIHHOTO IIpoliecca I0
cpaBHeHMUIO ¢ maruenTamu 6e3 MBI (Tabt. 1).

OBCYXJIEHHNE

JlocroBepHO 60Jiee BBICOKUUA YPOBEHb OMIIUPY-
6uHa, 60J1ee HU3KUeE YPOBHU AJIbOYMUHA U IPOTPOM-
6uHOBOrO MH/leKca y nanueHTos ¢ 11T u MMBII mo
cpaBHeHUIO ¢ 60pHBbIME 1111 6e3 UMBII noaTBepsk-
JIAI0T JIaHHBIE 0 60Jiee BHICOKOW PacIpOCTPAHEHHO-
ctu UMBII y nanueHTOB C JEeKOMIIEHCUPOBAaHHBIM
IUppo3oM Kiacca Tskecety B u C.

C6op >xa00 TMAIMEeHTOB C JeKOMIIEHCHPOBAHHBIM
IJII moskeT BBI3BIBATH 3aTPYJHEHU B CBA3HU C HAUIU-

LC - liver cirrhosis; UTIs - urinary tract infections; CI - confidence interval; PTI - prothrombin index; ESR -

patients with LC and UTIs have no RFs, 25 (19,5%)
have one RF, 48 (37,5%) have two, 30 (23,4%) have
three, 14 (10,9%) have four, 3 (2,3%) have five, and 1
(0,9%) has six RFs. Undoubtedly, the presence of RFs
predisposes to the development of complicated UTTs.

The presence of bacterial infections, and particu-
larly UTIs, in patients with LC is associated with an
unfavorable prognosis of the disease [8—10]. Our
data confirm this hypothesis: over the follow-up of
45 months, death occurred in 70% of LC patients
with UTIs, which is significantly higher compared to
LC patients without UTIs — 34% (%2 (Yates’s correc-
tion) = 40,77; p (Yates’s correction) < 0,001; Cra-
mer’s V = 0,35). It can be assumed that the systemic
manifestations of infection, observed in the majority
of patients, lead to the formation of a pro-inflamma-
tory status, which is a prerequisite for the develop-
ment of multiple organ failure.
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YueM JIeJIUpUs, TICHX03a, IICUXOOPTaHUYECKOTO CHH-
JIPOMa, COCTOSTHUS OTMEHBI 2JIKOT0JIs1, KOTOPbIE UMEJTH
MecTo v 12 (9,37 %) manuentoB ¢ UMBII. B cBssu ¢
STUM HEOOXOJUMO YUUTHIBATh M MPU3HAKU CHCTEM-
HOTO BOCHAJIEHUs, U PE3YJIbTAThl JIPYTHX aJIbTEpPHA-
TUBHBIX METO/IOB, HAIIPUMED, YPOBEHD JIAKTO(PEPPHIHA,
JIMTIOKAJINHA, TI03BOJIAIONINE MIPOBOJUTH AuddepeH-
UAJIBHYIO AUarHocTuky Mexxay UMBII u BBY.

B anamuese y 28 (21,87 %) nmanuentos ¢ I[I1 u
MMBII 6pUtn ykazaHusT Ha WHQEKIIUI0 MOYEBBIX
myte (v 19 — nuestoHedpuUT, y 7 — MUCTHUT, Y 2 — TIPO-
cratuT). [lo JAHHBPIM BU3YaJIHU3alHOHHBIX METOOB
HcesIeIoBaHus (YJIbTPa3ByKOBOTO HCCJIEZIOBAHUS K
KOMIIBIOTEPHOM TOMOTrpaduu IMOUYEK U MOUYEBBIBOISI-
IIUX TyTel), KOTOpbIe BHITIOJTHEHBI 119 MAIlMeHTaM C
WMBII, y 25 (21,00 %) 4es. OTCyTCTBOBAJIN U3MeEHe-
Hus, y 23 (19,33 %) oOHapy»KeHbI KHUCThI TIOYEK, Y 19
(15,97 %) — kamHH, V 5 (4,20 %) — KaJIBITUHATEHI, y 16
(13,44 %) — npusHaku nuesioHedpuTa, y 8 (6,72 %) —
MpU3HAKK ITUCTUTA, V 14 (11,76 %) — nuddysHbie
U3MeHeHUs apeHXuMbl, Vv 16 (13,44 %) — MOBBIIIIe-
HHE SHXOT€HHOCTH NapeHXuMbl, v 23 (19,33 %) —
HEPOBHOCTb KOHTYPOB ITOYEK, ¥ 6 (5,04 %) — yILJIOTHE-
HHEe YallleqYHO-IOXaHOYHOU CUCTEeMBL, v 2 (1,68 %) —
HedpockIepos, y 2 (1,68 %) — mpusHaku HepHUTA, y 1
(0,84 %) — ruaponedpos, y 3 (2,52 %) — yIJIOTHEHNE
U TSKUCTOCTh IapaHedpaybHOW KJIETYATKU, V 4
(3,36 %) — aaTHOMHOTUIIOMA TIOYKH, ¥ 1 (0,84 %) —
yZIBOeHHe MOYKH, y 1 (0,84 %) — oxHa mouka, y 5
(4,20 %) — nucTonUs IOYKH, B TOM YHCJIe HE(GPOIITO3.

Tak Kak rocriuTajIn3upoOBaHHbIe ITanueHTsl ¢ 111
YacTO HYXKJAIOTCA B KaTeTepU3AIUU MOYEBOTO
Iy3BIPsI, KOTOPasi HapyIllaeT 3alIUTHbIE MEXaHU3MbI
opraHu3Ma U O0JIErJaeT JOCTYIl ypOIIAaTOT€HOB K
MOUYEBOMY ITy3bIPIO, B HAIlleM HCCJI€JIOBAaHUU KaTe-
Tep-accoruupoBanHas IMBII ObLia BbIsIBJIEHA Y 72
(56,25 %) maruentoB. CieayeT MpUHUMATh BO BHH-
MaHWe, UTO KaTeTep-acconuupoBanuble MBI
YacTo ABJIAIOTCA MOJTUMUKPOOHBIMU M BBI3bIBAIOTCS
ypoIaToreHaMu ¢ MHOYKECTBEHHOU JIEKapCTBEHHOU
ycrodunBocThio. Kpome aToro, y manueHToB ¢ 1111
oTMeuasicst Beicokuii yposeHb UICMII — 57 (44,53 %)
vyest.; He-MICMII BoisiBiieH®l y 35 (27,34 %) deir.,
koMmbuHupoBaHHas rpynna (He-MICMII ¢ mpucoeau-
HEHHEM TOCIUTAJIBHOTO IITaMMa) BKJIOYanaa 36
(28,13 %) naruenTos c III1.

[TpoananuzupoBaubl ®P MMBII (Hanmuuue aHa-
TOMUYECKUX U (QYHKIIMOHAIBHBIX aHOMINN MOYe-
BBIX IIyTeH, KaTeTepa, KaMHEN, Pe3UCTEHTHBIX BO3-
OynauTeseit, OOCTpYKIMH, aHTHOAKTepHabHAsI
Tepamnus B HEJABHEM IIPOIILIOM, HEJIaBHUE UHCTPY-
MeHTaJIbHbIE BMEIATEIhCTBA, MYKCKOH T10J1). YCTa-
HOBJIEHO, YTO TOJIBKO 7 (5,5 %) nmamueHTos ¢ IIIT u
NMBII He umerot OP, y 25 (19,5 %) — oqunH OP, y 48

CONCLUSION

In most cases, hospitalized patients with LC are in
a state of decompensation and immunosuppression,
requiring instrumentations, bladder catheterization,
and antibacterial therapy. Along with comorbidities,
they have a high incidence of bacterial infections
(50,89%), both unique to LC (e.g., spontaneous bacte-
rial peritonitis) and those occurring in the general
population (UTTs, pneumonia, etc.). The most com-
mon are UTIs — in 37,87% of patients (predominantly
women) with disease decompensation and duration of
LC of less than 5 years (p < 0,05). Localized UTIs
occur less frequently than systemic ones (20,31% vs.
48,44%, ¥* = 22,44, p < 0,001), but their diagnosis
requires a thorough collection of disease history and
complaints, which in some cases may be difficult due
to mental status disorders such as delirium, psycho-
sis, psycho-organic syndrome, and alcohol withdrawal
state, observed in 12 (9,37%) patients with UTIs. One
should remember the need for differential diagnosis
between ABU, level of which was 23,96% in our study,
and UTTIs, including taking into account the levels of
blood leukocytes, ESR, CRP, and ferritin, which were
significantly higher in UTIs (p < 0,001) due to differ-
ent approaches to patient management and the need
for antibacterial therapy in the case of UTIs. The
choice of drug and determination of treatment dura-
tion will depend on the type and sensitivity of the uro-
pathogen, risk factors (present in 94,5% of patients
with LC), including indwelling catheters (catheter-
associated infections are common in the majority of
patients with UTIs — 56,25% of cases), anatomical and
structural abnormalities of the urinary tract
(in 79%), and the type of UTIs — non-HAIs/HAIs
(27,34/44,53%). In 45,31% of cases, UTIs accompany
co-infections, which aggravates the patient’s condi-
tion and requires combined antibacterial therapy.

The low survival rate and the high mortality rate
(70% over the 45-month follow-up) confirm the rele-
vance of early diagnosis, medical prevention of UTIs,
and the implication of new methods for the differential
diagnosis between ABU and UTIs in patients with LC.
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(37,5 %) — nBa, y 30 (23,4 %) — 1pH, y 14 (10,9 %) —
yeTbipe, v 3 (2,3 %) — msaTh, v 1 (0,9 %) — murects OP.
Hecomuenno, Hanmnuue OP npegpacrosiaraer K pas-
BUTHIO ocJiokHeHHOH VIMBII.

Hanmuue 6akTepuasibHBIX HHQEKIUHI, U B YacT-
"octu UMBII, y naruenTos ¢ 111 acconuuupoBaHo ¢
HeOJIAarONpPUATHBIM ~ MPOTHO30M  3aboJsieBaHUs
[8—10]. Hamu fmaHHbBle TOATBEPIKAAIOT 3TY THUIIO-
Te3y: 3a IepUo/ HAOJIIOIEHUS — 45 MeC — JIETATbHbBIN
UCXO0J1 HAcTynua y 70 % mnanuenTtos ¢ L[IT ¢ UMBII,
YTO 3HAYUTEHHO BBIIIIE 110 CPABHEHUIO C TAI[AeH-
tamu ¢ IIIT 6e3 UMBII — 34 % (x2 (mompaBka
Weiitca) = 40,77; p (mompaska Heiitca) < 0,001;
V Kpamepa = 0,35). MOKHO TPEAIIOIO0KUTD, UTO
CHCTEMHBIE TPOSBJIEHUS WHQMEKIUH, KOTOPhIE
HAOJIFOTAIOTCA V OOJIBIIIMHCTBA MAIIUEHTOB, IPUBO-
AT K (POPMHUPOBAHUIO MPOBOCIATUTEHHOTO CTa-
Tyca, UTO SABJIAETCA MPEAIOCHUIKON Pa3BUTHUSA TIOJTH-
OpraHHOMN HEJOCTATOYHOCTH.

3AK/IOYEHUE

T'ocnutanuszupoBanHble nanueHTsl ¢ 1T B 6071b-
IIWHCTBE CJIydyaeB HaXOAATCA B COCTOSAHUU J€KOM-
IeHcalluy U UMMYHOCYIIPECCUH, UX COCTOSHUE Tpe-
Oyer TIpOBeAEHUs WHCTPYMEHTAIBHBIX BMeIIa-
TeJbCTB, KaTeTepusallud  MOYEBOIO  IIy3bIpH,
Ha3Ha4YeHUs aHTHOAKTepUaIbHOU Tepanuu. Hapsnry
¢ KOMOPOUIHBIM (POHOM Y HIX OTMEYAETCS BBICOKAS
yacroTa OakTepUabHbIX HHpeKIUH (50,89 %), Kak
YHUKaIbHBIX /11 L[IT (Hanpumep, CHOHTaHHBIH OaK-
TEePUAJIBHBIA IEPUTOHUT), TAK U UMEIOITUX MECTO B
obmen momyssinuu (MMBII, mHEeBMOHWU U JIp.).
Haubosee pacrnpocTpaHeHHBIMHU ABJIAIOTCA
HNMBII - y 37,87 % nanueHToB (IIpenMyIecCTBEHHO
JKEHIIMH) ¢ JeKoMIleHcalred 3aboseBanuss u 1111
MeHee 5 JIeT B aHaMHe3e (p < 0,05). JIokaIu30BaH-
uble UMBII BcTpeuaroTest peke CUCTEMHBIX (20,31 %
MPOTHUB 48,44 %, X2 = 22,44, p < 0,001), HO JUUIsl KX
JIUarHOCTUKHU TpeOyeTcs TIIATeJIbHBIH cO0p aHaM-
He3a 3a00JieBaHUA W Kaja00, UTO B Psle CIydaeB
MOJKET MPEZCTABIATh TPYHOCTH BBU/Y HapyIIEHUH
MEeHTaJIbHOTO cTaTyca B BUJe JeJUpHdA, IICHX03a,
IICUXOOPTaHUYECKOTO CUHJIpOMA, COCTOSTHUSA
OTMEHBI QJIKOTOJISI, KOTOpble HAOJIIOAAINCh y 12
(9,37 %) maruentoB ¢ UMBII. CiefyeT MOMHUTD O
HEeOOXOAMMOCTU TpOBeZeHUs AuddepeHIaIbHON
JIMaTHOCTUKHY Mexk Ty BBY, ypoBeHb KOTOpOU cocTaB-
JseT 23,96 % II0 JAaHHBIM HAIllero UCC/IeJ0BaHuA, U
MMBII, B TOM 4mCJIE C YY€TOM YPOBHS JIEHKOIUTOB
kpoBu, CO3, CPB, deppurnHa, KOTOpBlE OBLIH
mocroBepHo BhItte mpu UMBII (p < 0,001) B cBsA3U C
Pa3HBIMHU ITOAXOZAMH K JIEUEHUIO MAIFIeHTa U He00-
XOJIUMOCTBI0 aHTUOAKTEPUAIBLHON TEpaIruu B CIIy-
yae IMBII. Boi6op npenapara u ornpezieeHue -

of the microbiota of various human body biotopes in
health and disease, assessing its role in the develop-
ment of associated diseases of the State Research
Program “Translational Medicine”, subprogram 4.2
“Fundamental Aspects of Medical Science” (state
registration number 20220463 dated 04.07.2022).
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TEJIbHOCTH JIeueHUsI Oy/IyT 3aBUCETh OT XapaKTepH-
CTUKH ¥ YYBCTBUTEJIBHOCTU ypOIIaTOT€HA, HATUUUS
¢daKTOpOB pHCKa, KOTOPble UMEIT 94,5 % marueH-
ToB ¢ L1, B ToM 4mcyie KaTeTephl (KaTeTep-acCoIum-
pOBaHHBIE HH(PEKITUH PACIIPOCTPAHEHBI y OOJIBIIIH-
cTBa nanuenToB ¢ UMBII — 56,25 % ciyuaes), aHa-
TOMUUYECKUX W CTPYKTYPHBIX AHOMAIUU MOYEBBIX
mytedt (y 79 %), Tunia UMBII — we-MICMII / UCMII
(27,34 / 44,53 %). B 45,31 % ciyuaes UMBII npote-
KaloT C JAPYTUMHU WHQEKIUAMU, UYTO YTSIKESAET
cocrostHHE O0JIBHOTO U TpeOyeT Ha3HAUeHUsI KOMOH-
HUPOBAHHOM aHTHOAKTEPHUATHHOHN TepaInH.
Huskasa sBpopKuBaemMocTbh mnamueHToB ¢ LIT c
HMMBII u BBICOKHH YPOBEHb CMEPTHOCTH — 70 % 3a
45 Mec HaOJIIOAEHNsA M0C/Ie BKIIOUEHUS B HUCCIEL0-
BaHME — MO/ITBEPK/IAIOT aKTyaJIbHOCTh PAHHEH Jiua-
THOCTHKH, MeUIHCKOU npodrraktukn UMBII u
BHEJIDEHUSI HOBBIX MeTO0B auddepeHIuaaIbHON
puarsoctuku bBY u UMBII y maniuenTos ¢ II1.

Bxiaa aBropoB. MasnaeBa E.I'.: koHIlenuua u
JIN3aliH MCCIIeIOBaHMsI, 0030p MyOJIUKAIIUN 110 TEME
cTaThH, cOOp MaTeprasia, AaHAJIN3 U CTATUCTUYECKAs
00paboTKa pe3yIbTaTOB U UX U3JIOKEHHE, 00CykKae-
HHUE U BBIBOABI, Oubsuorpadus. Croma 1.0O.: mpo-
BepKa KPUTHYECKH Ba’KHOTO HHTEJUIEKTYaJIbHOIO
CoZlepKaHUs, PeJaKTHPOBAHUE PYKOIIMCH, OKOHYA-
TeJIbHOE YTBEPKIeHNE PYKOIIUCH JIJIS TIyOJTUKATIHH.

Hcrounuku puHaAHCHUpPOBaHUA. VccieoBa-
HUe BBITIOJIHEHO B paMkax [IpoekTa mo u3ydeHHIo
0COOEHHOCTE MUKPOOHOTHI Pa3IMUYHBIX OHOTOIIOB
opraHu3Ma 4eJiOBeKa B HOPMeE U NPU MaTOJIOTHYe-
CKHX COCTOSTHUAX, OIIEHKE ee 3HAUEHUsA B Pa3BUTHH
CBSI3aHHBIX C HUMU 3200JI€BaHUH TOCYJapCTBEHHOU
IIpOTPaMMbl HAyYHBIX UCCIIeoBaHUM «TpaHCsIu-
OHHAs MeJUIINHA », IOAIPOrpaMMa 4.2 «dynmamen-
TaJbHBIE ACIEKTHI MEAUIIMHCKON Hayku» (HOMep
TOCPETUCTPAIUU 20220463 OT 07.04.2022).
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AanTHPOBAHHBIN KOMILIEKC HEHPOMOTOPHBIX YIIPasKHEHU
B peadoINTAIH IIOCTHUHCY/IBTHBIX ITAIIMEHTOB:

OIl€EHKA BJIMAHUSA HA IBUTATEIbHYIO (DYHKIIUIO

BepXHEU KOHEYHOCTH

J.B. Cokosos, JI.A. [Tuporosa

YO «I'podHenckuil eocydapcmeerHblil meduyuHckuil yHusepcumem», I poono, Pecnybauxa beaapycy

AHHOTAIIUA

BBegenue. llepebpansusiii uHcyabT (I111) ocTaeTes oAHOM U3 BeAyIIUX IPUYNH HHBAIUIHOCTH, KOTOPAs COIIPOBO-
JKIAeTcs CTOMKUMHY ABUTAaTeIbHBIMY HAapYIIEeHUAMHU, 0COOEHHO CO CTOPOHBI BEPXHUX KOHeuHOCcTeH. DdEKTUBHOCTH BOC-
CTAHOBJIEHUA BO MHOTOM 3aBHCHUT OT JOCTYIIHOCTH M MOTHBAIIMOHHOH IIEHHOCTH HCIOJIb3YEMBIX METOAUK. BocTouHbIe
IIPAKTUKH, TAKUE KaK TAHIBUII0AHb U TUTYH, 00beIUHAIOINE QU3UIECKIE U IICUX03MOIOHATbHbIE KOMIIOHEHTBHI, IIPEJI-
CTaBJISIIOT OOJIBIIION MOTEHIUA /I pa3pabOTKH Ha MX OCHOBE IMEPCHEKTUBHBIX HEHPOMOTOPHBIX YIPKHEHHUH 71 pea-
OMINTAIINY PA3JIMYHBIX KATETOPUH MAIIEHTOB.

ITens. Ouenurb 3GGPEKTUBHOCTh aANTHPOBAHHOTO KOMIUIEKCA HEHPOMOTOpHBIX ympaskHenuil (KHY) Ha ocHOBe
TaWNBUII0AHD U UTYH (WKAH YWKyaH), BBIIIOJHEHHOTO B TIOJIOKEHUH CUZsA, B peabuinuTanuu GyHKIIUA BEPXHUX KOHEY-
HOCTe# y narueHToB nociue 1.

MarTtepuaanb U METO/Bbl. BuccrenqoBaHre BKIKUYEHO 44 MAIUEHTA, CTPAAAIOIINX OT noceacteui 11,
KOTOpbIe OBbUIN CIIy4aHbIM 00pa3oM paclpeziesieHbl B TPYIIIY HCCJIeN0OBaHUA (n = 24) W KOHTPOJbHYIO (1 = 20)
rpynmny. ITanueHThl TPYNIBI WCCAELOBAHUS IOJIyYaad pa3pabOTaHHBI HAa OCHOBE TAaWIBUIIOAHb U IUTYH (WKaH
wkyaH) KHY, BKIIOYAIOIIUH TPAEKTOPUH JABUIKEHUN, aKTyaIbHbIE AJ1s1 OBITOBOM aKTUBHOCTH, BMECTO CTAaHZAPTHOTO
KOMILZIEKCA MEAUIMHCKON peabUInTalii, KOTOPBIH, B CBOIO OYEPEh, IPUMEHSJICA B Ipynie KOHTPoIA. dddeKrTus-
HOCTh peabuINTAIUK OlleHuBaIach 1o mkauae ®yri — Metiepa (IIOM) /yis1 BepxHEeH KOHEUHOCTH, onpocHuKy DASH
U B TECTE Ha MEJIKYI0O MOTOPUKY. CTaTUCTHYECKUH aHAJIU3 IPOBOJUJICS C UCII0JIb30BAHNEM HENlapAMETPUYECKUX METO-
noB (p < 0,05).

PesyabTartsl. I'pynna uccieoBaHus IPoJeMOHCTPUPOBaAa 60siee BIpaskeHHoe yiaydinerue 1o [IIOM (p < 0,01)
U CHU?KEHUE CyObeKTHUBHBIX orpannyennii mo DASH (p < 0,001). Takke 0TMeU€HO MOJIOKUTETHHOE BIIUSHUE KOMILIEKCA
U Ha MEJIKYI0 MOTOPUKY.

3akxnoueHUue. ArantupoBaHHbll KHY Ha OCHOBe TaHIBUIIOAHD U ITUTYH (WKAH WKYaH) B IOJIOKEHUH CHUJISA CIIO-
cOOCTBYET BOCCTAHOBJIEHUIO (DYHKIIUN BepXHEH KOHEYHOCTH U MOXKET OBITh PEKOMEH/IOBaH B KauecTBe 3G (HEKTUBHOTO U
JTOCTYITHOTO METO/]a peabINTAINY TIOCTIE HHCYJIbTA.

Kaouessle caroea: 1iepebpanbHbI HHCYIBT, peabuInTalvs, IBUraTeIbHbIE HapyIIeH!sI BEpXHEH KOHEUHOCTH, TANII3H-
I[f0aHb, IUTYH (WKaH WKyaH), HEHPOMOTOPHBIE yIIPAKHEHHU .

O6paszen mutupoBaHua: Cokosos /I.B., ITuporosa JI.A. ATanTUpOBaHHBIH KOMILIEKC HEHPOMOTOPHBIX
yIpaKHEHUH B PeabMINTAIMN TIOCTUHCYJIBTHBIX IAIIEHTOB: OlleHKA BIIUSHUSA HA IBUTATEJIbHYIO (DYHKITUIO BepXHEH
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An adapted sequence of neuromotor exercises in the rehabilitation
of post-stroke patients: evaluation of the impact on the upper
extremity motor function

D.V. Sokolov, L.A. Pirogova

Grodno State Medical University, Grodno, Republic of Belarus

ABSTRACT

Introduction. Cerebral stroke (CS) remains a leading cause of disability, accompanied by persistent motor
impairments, particularly in the upper extremities. The effectiveness of recovery depends largely on the accessibility and
motivational value of the techniques used. Eastern practices such as Tai Chi Chuan (Tai Chi) and Qigong, which combine
physical and psycho-emotional components, offer a great potential for the development of promising neuromotor exercises
for the rehabilitation of various groups of patients.

A im . To evaluate the effectiveness of an adapted sequence of neuromotor exercises (SNE) based on Tai Chi and
Qigong (Zhang Zhuang) and performed in a sitting position, in the rehabilitation of upper extremity function in patients
after CS.

Materials and methods. Forty-four patients suffering from the consequences of CS, who were ran-
domly assigned to the study group (n = 24) and the control group (n = 20), were enrolled in the study. Patients in the study
group received a Tai Chi and Qigong (Zhang Zhuang)-based SNE, which included movement trajectories relevant to every-
day activities, instead of the standard set of physical therapy, which was used in the control group. The effectiveness of
rehabilitation was evaluated using the Fugl-Meyer Assessment (FMA) for the upper extremity, the DASH (Disability of
Arm, Shoulder and Hand) questionnaire, and the fine motor test. Statistical analysis was performed using non-parametric
methods (p < 0,05).

Results. The study group demonstrated more significant improvement according to the FMA (p < 0,01) and a
reduction in subjective limitations according to the DASH (p < 0,001). A positive effect of the SNE on fine motor skills was
also noted.

Conclusion. The Tai Chi and Qigong (Zhang Zhuang)-based SNE performed in a sitting position promotes
upper extremity function recovery and can be recommended as an effective and available method of post-stroke rehabili-
tation.

Keywords: cerebral stroke, rehabilitation, upper extremity motor disorders, Tai Chi Chuan, Qigong (Zhang Zhuang),
neuromotor exercises.

Citation example: Sokolov D.V,, Pirogova L.A. An adapted sequence of neuromotor exercises in the rehabili-
tation of post-stroke patients: evaluation of the impact on the upper extremity motor function. Journal of Siberian
Medical Sciences. 2026;10(1):45-55. DOI: 10.31549/2542-1174-2026-10-1-45-55

BBEJIEHUE

PeabuiuTanus MaleHTOB, MEPEHECIINX Iepe-
Oopanbubli wHCYALT (IM), ocraercsl IepCIEKTHB-
HBIM HalpaBJIeHUEM COBPEMEHHON MeIUIUHBI.
AKXTyaJIbHOCTb TAHHOU ITPOOJIEMBI 00YCJIOBJIEHA paC-
npoctpaHeHHoCThI0 11U, KOTOPBIN SIBJISIETCS OJHOM
U3 OCHOBHBIX IIPHUYUH CTOWKOU WHBAJIUHOCTH.
CorytacHO MMEIOIIMMCS JAaHHBIM, ¢ 1990 II0 2019 T.
abCOJIFOTHOE YHCJIO 3apETrMCTPUPOBAHHBIX CIIy4aeB
3a00JI€EBaHUSA B MHpPE BBIPOCJIO Ha 70 %, IIpU 3TOM
€KEro/THO PETUCTPUPYETCS OKOJIO 15 MJIH CIydYaeB
11U, 6oJtee MOJIOBUHBI U3 KOTOPBIX IPUBOJSAT K CTOM-
KUM (PYHKITMOHAJIBHBIM HapyIIeHusAM [1].

OCHOBHOII I1€JIbI0 peabUJINTAIIN TAIIUEHTOB,
nepesecmux [IU, aBageTca He TOJIBKO BOCCTAHOBIIE-
HUe yTPauyeHHbIX JBUTATEIbHbIX HABBIKOB, yJIydIIle-

INTRODUCTION

Rehabilitation of patients after cerebral stroke
(CS) remains an upcoming trend of modern medi-
cine. The relevance of this direction is due to the
prevalence of CS, which is one of the leading causes
of persistent disability. According to available data,
from 1990 to 2019, the absolute number of registered
cases of stroke worldwide increased by 70%, with
approximately 15 million cases of CS being registered
annually, more than a half of which lead to persistent
functional impairments [1].

The primary goal of rehabilitation for patients
after CS is not only to recover lost motor skills and
improve functional capabilities, but also to provide
patients with psychological and emotional support
and ensure their most rapid and maximum possible
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HUe (PYyHKIIMOHATBHBIX BO3MOKHOCTEN, HO U IIPENO-
CTaBJIEHUE HalleHTaM IICUXO0JIOTHIECKON U SMOIIH-
OHAJIBHOU MOA/IEPIKKH, CKOpPEUTIiasi 1 MaKCUMAaJIbHO
BO3MOJKHasA pemHTerpanus B obmecTBo. TsokecTh U
CJIO’KHOCTh BOCCTAHOBJIEHHS IAITUEHTOB OOYCJIOB-
JIEHBI TOJIMMOP(U3MOM pa3BUBAIOLIUXCA Hapyllle-
HUH U UX B3aUMHO OTATOLIAIONIUM BiIUsAHUEM. JlaH-
HBIU (PaKT ompesesiseT IPOO/IKUTEIHHOCTh peabu-
JINTAIUOHHBIX KypcoB u TpebyeT OT marueHTa
BBICOKOU MOTHBAIIMOHHOU IMPUBEPKEHHOCTH K IIPO-
BOZUMBIM MEPOIIPUITHUIM.

BaskHeHITUM WHCTPYMEHTOM JJIsI peayln3aIiiuu
[IOCTABJIEHHBIX 33/1a4 SIBJIAETCS KUHE3HOTepaIus.
HMmerotmuecst CTaHAAPTU3UPOBAHHBIE ITPOrPAMMEI,
KaK IIPABUJIO, OKA3bIBAIOTCS HEIOCTATOYHO THOKUMU
U JOCTYIHBIMU /ISl CAMOCTOSITEJIBHOTO IIpUMeHe-
HUS, UYTO CHIIKAET MPHUBEPXKEHHOCTHh MAIlUEHTOB K
Tepanuy 0 OKOHYAHUHU CTAI[MOHAPHOTO WX aMmOy-
JIATOPHOTO Kypca. Pa3paboTka HOBBIX METOIUK
KUHE3UOTEPAIUY, COUYeTAINUX 3(POEeKTUBHOCTS,
JIOCTYIIHOCTh U MOTHUBAIIMOHHYIO COCTaBJIAIOIIYIO
JUIS  CaMOCTOSITEJIPHBIX 3aHATUH, IIPeJCTaBIAET
€000l BHAYNMYIO HAyUHO-IIPAKTHUYECKYIO 3a/1a4y.

B KOHTekcTe yCHIMBAIOIIUXCA IIPOIECCOB KYJIb-
TypHOU wmHTerpanuu Bocroka m 3amaza HabI07a-
eTcsl TIOBBIIIIEHUE KCCIIE0BATEIHCKOTO UHTEPECca K
BOCTOYHBIM TPAZULIMAM OPTaHU3aINHU J[BUTATEIb-
HOH aKTUBHOCTH U peKpearMoHHbIX ITpakTuk. Hau-
OOJIBIINY WHTEpPEeC AJIs1 U3YYEeHUs MPEeACTaBIISIOT
TaKye CUCTEMBI, KaK TAWI3UII0AHb U IUTYH. JTU
BOCTOYHBIE ITPAKTUKU BKJIIOYAIOT B ce0sI pa3INIHbIE
HaIpaBJIeHUs U MIKOJIbI. B cBOIO ouepe/ib, yIpaskHe-
HUS B TNPAKTUKAX TAWIBUIIOAHb W IUTYH (WKaH
WKyaH) COZiepPKaT B cebe (PU3UIECKUE, TICUXOCOIH-
aJIbHble U KOTHUTHUBHBIE KOMIIOHEHTBI, YTO OKa3bI-
BaeT BJIMSHUE HA PA3BUTHE CUJIbI, KOOPAWHAIIVH,
[IPOTIPHOPENENIINH, a TAKXKE IaMATH, BHUMAHUA U
HCIIOJTHUTEMbHBIX GyHKIMH. Takum obpas3om, maH-
HbIe TPAKTUKH BKJIIOUAIOT CHENU(pUUIECKUe HEHpo-
MOTOpHBIE YIIPaKHEHUsI, IIEPCIIeKTUBHbIE /IS U3Y-
YeHUs U UCIOJIb30BAHUSA B IPOrpaMMax BOCCTAHO-
BUTEJIBHOTO JieueHus. biarogaps MHOTOUHCIIEHHBIM
TOJIOKUTEJIBHBIM 3(pdeKkTaM, KOTOpble OHU OKa3bI-
BAIOT Ha OPTaHU3M YeJI0BEKa, HU3KOH CTOMMOCTH U
OTHOCUTEJIPHONH IIPOCTOTE OCBOEHUf, JaHHBIE
cHCTEMBI TPUOOPETAIOT BCE HOJIEE IIIMPOKOE PACIIPO-
crpaHeHue B cdepe (DU3NYECKOH AKTUBHOCTH H
MEeIUIIITHCKOHN peabuINTallNH TAITUEHTOB C Pa3Ind-
HBIMH I1aTOJIOTUAMH [2—6].

TpasAUIMOHHO YIpakKHEHUs, MpPUMeHsSeMble B
JTAHHBIX ITPAKTUKAX, BHIIIOJTHSAIOTCSA B BEDTUKAJIBHOM
nosioxkeHuu. O/lHAKO MalMeHThl, uMeronue GyHK-
[IMOHAJIbHBIE HAPYIIEHWs HIDKHUX KOHEUHOCTEH
BCJIEZICTBHE WHCYJIbTAa WIN 3a00J€BaHUI OMOPHO-

reintegration into society. The severity and complex-
ity of patients’ recovery are determined by the poly-
morphism of the developing disorders and their
mutually aggravating effects. This determines the
duration of courses of rehabilitation and requires a
high level of motivational adherence of a patient.

Kinesiotherapy is a crucial tool for achieving
these goals. Existing standardized programs, as a
rule, are insufficiently adaptable and available for
self-practicing, which reduces patients’ adherence to
therapy after completing inpatient or outpatient
treatment. The development of new methods of kine-
siotherapy that combine effectiveness, availability,
and motivational component for self-exercise train-
ing represents a significant applied research task.

In the context of increasing cultural integration
between East and West, there has been a growing
interest among researchers in Eastern traditions of
physical and recreational activities. Such systems as
Tai Chi Chuan (Tai Chi) and Qigong are of particular
interest. These Eastern practices consist of various
schools and movements. Exercises in Tai Chi and
Qigong (Zhang Zhuang) incorporate physical, psy-
chosocial, and cognitive components, influencing the
development of strength, balance, proprioception, as
well as memory, attention, and executive functions.
Thus, these practices include specific neuromotor
exercises that are promising for study and use in
rehabilitation programs. Due to their numerous pos-
itive effects on the human body, low cost, and rela-
tive ease of learning, these systems are becoming
increasingly widespread in the field of physical activ-
ity and medical rehabilitation for patients with vari-
ous pathologies [2—6].

Traditionally, the exercises used in these prac-
tices are performed in an upright position. However,
patients with lower extremity dysfunction due to the
stroke or musculoskeletal disorders may experience
difficulties in simultaneously maintaining a standing
position and trunk and extremity movements [7, 8].
Moreover, according to the literature, full recovery of
lower extremity function occurs in 75% of patients,
while full recovery of upper extremity function
occurs in only 20%. Persistent upper extremity dys-
function is most associated with significant patient
disability [9, 10].

An analysis of studies evaluating the effectiveness
of Eastern exercise practices reveals that they typi-
cally focus on studying a single style or school of a
technique being used as an integral sequence of exer-
cises, without analyzing the contribution of individ-
ual components or structural elements to the reco-
very of specific functions. Interest holding among
researchers in the potential for adaptation and com-
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JIBUTATEJILHOTO aIllapaTa, MOTYT UCIBITHIBATD TPY/I-
HOCTH C OJTHOBPEMEHHBIM IOJJIEPKAHUEM ITOJIOKE-
HUS CTOSI U TIepeMeIlleHueM TYJIOBUINA U KOHEUHO-
cTedi B mpocrpaHctBe [7, 8]. IIpu sTOM, corsiacHO
HAYYHBIM JIAaHHBIM, IIOJIHOE BOCCTAHOBJIEHUE (DYHK-
[UY HIDKHEH KOHEUHOCTH IIPOUCXOIUT Y 75 % mariu-
€HTOB, a [I0JIHOE BOCCTAHOBJIeHUEe (PYHKIINY BEPXHEH
KOHEYHOCTH — TOJIBKO ¥ 20 %. IMeHHO cToMKas Auc-
yHKITUA BepXHEl KOHEYHOCTH B HaUOOJIbIIIEl CTe-
IIEHU aCCOIMUPYETCS C BhIPAXKEHHON WHBATUAN3A-
Iyen manuesTos [9, 10].

AHa/IN3 WCCIIeIOBAHUM, B KOTOPBIX OI€HUBAETCS
5(bHEKTUBHOCTD BOCTOUHBIX JIBUTATEJIBHBIX IPAKTHUK,
ITOKa3bIBAET, YTO OHU, KAK ITPABHUJIO, COCPEIOTOYEHBI
Ha U3Y4YeHHUHU OFHOTO CTWJIsS WJIM HAIPABJIEHUS TIPHU
MIPUMEHEHUN METOJUKH B BHUZE IEJIOCTHOTO KOM-
IUTeKCa YIpa’kKHeHUH, 6e3 aHam3a BKJIQJIA OTIENb-
HBIX KOMIIOHEHTOB WJIM CTPYKTYPHBIX 3JIEMEHTOB B
BOCCTAaHOBJIEHNE KOHKpeTHbIX GyHKIMH. CoxpaHsIo-
[AACS WHTEPEC HCCIIEN0BaTeNIed K BO3MOXKHOCTSIM
aZlanTalluy ¥ COYETAHUS PA3IMYHBIX CTHIEH U HGOpM
BOCTOYHBIX JIBUTATEJIBHBIX IPAKTUK I PelIeHUs
peadHIUTAIIMOHHBIX 33724 IOCIYKIJI OCHOBAHHEM
JUIS1 IPOBEZIEHUST HACTOSIIETO UCCIIEZOBAHUS TI0 Pa3-
paboTtke 3 HEKTUBHOTO KOMILIEKCA HEHPOMOTOPHBIX
yopakaennil (KHY) mis peabwinranmuy BepxHeU
KOHEUHOCTH y maiueHToB nocse [[1.

IIEJIb NCCJIEAJOBAHUA

OneHuth 3¢Q@PeKTUBHOCTh  aJAlTHPOBAHHOIO
KHY, pa3paboTaHHOTO Ha OCHOBE BOCTOUYHBIX IPAK-
TUK TaWIBUITI0AHb U ITUTYH (WKaH WKyaH) U BBITIOJ-
HEHHOTO B ITOJIOYKEHUU CUJIs, B peabrintanun QyHK-
MY BEPXHUX KOHEYHOCTEH y manueHToB mocye [,

MATEPUAJIBI 1 METO/IbI

Ha ocHoBe aHasiu3a JINTEPATYPHBIX UCTOUHUKOB
ObUIM OTOOpaHBI U AJANITUPOBAHBI VIIPAKHEHUS,
OCHOBaHHBIE HA CHHTE3€ MPUHIIUIIOB TANI3UII0AHb
U muryH (WKaH WKyaH), JJIS I[eJIeHAIPaBIeHHOTO
BOBJIEUEHUs IIPOKCUMAJIbHBIX U JIUCTAJIBHBIX OT/e-
JIOB BepXHEW KOHEYHOCTH. JlaHHbIe YIparKHEHUS
CITIOCOOCTBYIOT BOCCTAHOBJIEHUIO a/IeKBATHOW KHUHE-
MAaTHYeCKO MOJEJM U aKTHUBAIIUU MEKIIOJIyIap-
HOTO B3auMojiericTBus (puc. 1). JIBHKeHUSA JAHHOTO
KOMIUJIEKCA XapaKTEPHUBYIOTCS OMOMeXaHUYECKH
ONTHUMAJIbHBIMH TPAEKTOPHUAMH, HaIPaBJIE€HHBIMH
Ha BOBJIEUEHUE IJIEYEJIOTIATOUHOTO PUTMAa, CTabu-
JTM3AIHUI0 KOPIIyCca U MHUITUAIUIO IBUKEHUS OT IeH-
Tpa K mnepudepun. JlaHHBIE ABUIKEHHS Haubosiee
aKTyaJIbHBI JIJI1 UCIIOJIb30BAHUS PYKU B TOBCETHER-
HOM *Ku3HU. B mporecce 3aHATHI ObLI CHIZKEH YPO-
BEHb CJIOXKHOCTU JIOCTHIKEHUs CTaHAAPTHBIX 1103 B
COOTBETCTBHH € (HUBHYECKUMU BO3MOKHOCTSIMH

bination of various styles and schools of Eastern
practices of physical activity for rehabilitation needs
became a trigger for initiation of our study to develop
an effective sequence of neuromotor exercises (SNE)
for the upper extremity rehabilitation in patients
after CS.

AIM OF THE RESEARCH

To evaluate the effectiveness of an adapted SNE,
developed on the basis of the Eastern practices of Tai
Chi Chuan and Qigong (Zhang Zhuang) and per-
formed in a sitting position, in the rehabilitation of
upper extremity function in patients after CS.

MATERIALS AND METHODS

Guided by a literature review, exercises based on
a synthesis of Tai Chi and Qigong (Zhang Zhuang)
principles were selected and adapted to specifically
engage the proximal and distal segments of the
upper extremity. These exercises promote the
recovery of an appropriate kinematic model and the
activation of interhemispheric interactions (Fig. 1).
The movements in this exercise sequence are char-
acterized by biomechanically optimal trajectories
aimed at scapulohumeral rhythm involvement,
trunk stabilization, and initiation of movements
from the center to the periphery. These movements
are particularly relevant for using the arm in activi-
ties of daily living. When performing the exercises,
the difficulty level of achieving standard postures
was reduced according to the physical capabilities
of the participants. This Tai Chi and Qigong-based
SNE was integrated into the standard medical reha-
bilitation program for post-stroke patients as a
method of active recovery.

Forty-four patients undergoing medical rehabili-
tation were included in a study. Inclusion criteria
were: a history of CS (onset > 1 month), mild to mod-
erate motor upper extremity dysfunction, and a level
of cognitive integrity sufficient to understand instruc-
tions. Exclusion criteria were: acute CS, severe motor
upper extremity dysfunction, paralysis; epilepsy with
tonic-clonic seizures; cognitive deficit not allowing to
understand and follow instructions; and other gen-
eral contraindications to medical rehabilitation in
accordance with Order No. 1141 “On the Procedure
for Organizing and Performing Medical Rehabilita-
tion and Medical Habilitation™ .

1 On the procedure for organizing and performing med-
ical rehabilitation and medical habilitation: Order of the
Ministry of Health of the Republic of Belarus dated Sep-
tember 1, 2022 No. 1141. URL: https://etalonline.by/
document/?regnum=u622e2877 (accessed 28.01.2026).
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Puc. 1. CxeMaTH4ecKkoe N300pakeHre TPAEKTOPUH JIBIKEHNUS BEDXHUX KOHEYHOCTEH IIPU BBIIIOJTHEHUH YIIPKHEHUN
pa3paboTaHHOTO KOMILJIEKCA HA OCHOBE TAUIBUII0AHb U IIUTYH
Fig. 1. Schematic representation of the trajectories of upper extremity movements when performing exercises
of the developed Tai Chi Chuan and Qigong-based sequence

sanuMarnomuxcsa. Janaeii KHY Ha ocHOBe Talnzu-
[[}0aHb U IUTYH ObLI MHTETPHPOBAH B MPOTPAMMY
CTAHJIAPTHOM MEIUITMHCKON peabuIuTaIliM Tamu-
€HTOB IT0CJIe MHCYJIBTA B KAUECTBE AKTUBHOTO METO/Ia
BOCCTAHOBJICHUS.

B ucceoBaHuM IPUHSIHN YUACTHE 44 TTAIUEHTa,
MPOXOAAIINX KypC MEIUIMHCKOU peabuINTaIluH.
Kputepuu BraoueHus: Hamuuve [V B aHamHe3se

The study was approved by the Biomedical Eth-
ics and Deontology Committee of the Grodno
Regional Clinical Hospital for Medical Rehabilita-
tion (Protocol No. 1 dated February 3, 2025). All
participants signed informed consent to participate
in the study.

The study participants were randomly divided
into two groups.

Journal homepage: http://jsms.ngmu.ru
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(maBHOCTB Z1e010Ta 3200 1€BaHUs O0JI€e 1 Mec), HaJIK-
ypie JIETKOH WJIM YMEPEHHOH JIBUTATEeJbHOU JHC-
byHKITMY BepXHEN KOHEYHOCTH, YPOBEHb KOTHUTHUB-
HOU COXPAHHOCTH, IIO3BOJIAIONIAKA I[TOHHUMATh
uHCTpyKIuu. Kpurepun uckmouenus: 11 B octpoi
daze, BbIpakeHHasT JBUTATEJIbHAS AUCHYHKIUS
BepxXHEW KOHEUHOCTH, IUIETWH; SIUJIENCUS C KJIO-
HUKO-TOHUYECKUMH CYZIOpOTaMU; KOTHUTHBHBIA
neuIuT, He MO3BOJISIONINN MOHUMATh W BBITIOJI-
HATh WHCTPYKIIWH; JIPyTHe O0Ire ITPOTHBOIOKa3a-
HUSA K IPOBENEHUI0 MEJUIIMHCKON peaduIUTAIUN
coryiacHO npukasy NO 1141 «O mopsake opraHusa-
MU U TPOBEJEHUSA METUIMHCKON peabuInTaIluH,
MEIUIIMHCKON a0WIUTAI[uN» .

HUccemoBanue 0100peHO KOMUTETOM IO GroMe-
JIUIIUHCKON 3TuKe u AeoHTtosoruu ['Y3 «['pogHen-
ckad obJsiacTHaA KJIMHHUYecKasd OOJIbHUIIA MeTUIINH-
CKOIl peabwuTaiuu» (IMPOTOKOJ OT 03.02.2025
No 1). Bce ywyacTHHKHM moamucaau JT0OPOBOJIBHOE
WHOOPMHUPOBAHHOE COIJIacHe Ha yJacTHE B HCCIIe-
JTOBaHUU.

MeTo/10M CIy4aitHOTO OTOOpA YUaCTHUKHU HUCCIIe-
JIOBaHUs ObLIN paszieIeHbl Ha JIBE TPYIIIIbI.

I'pynmna uccnenosanus (I) — 24 manuenta. Cpen-
HUUA BO3PACT YYACTHUKOB COCTABUI 64,42 + 7,48
rojyia. Pacripeniesienue 1o noty: 16 (66,7 %) MyKIUH
u 8 (33,3 %) KeHmuH. Y 3 HANHEHTOB JAaHHOH
rpymmsl (12,5 %) LW sokanu3oBasics B BepTeOpo-
OaswisipHOM OacceiiHe, v 10 (41,7 %) — B IpaBoM
KapoTUIHOM Oaccetine, y 9 (37,5 %) — B JIeBOM Kapo-
TUAHOM Oaccetie, y 2 (8,3 %) — B BepTeOpo-6a3u-
JIIPHOM U JIEBOM KapoOTHUZHOM OacceiiHe. JlaHHas
rpyIIa moJjiydyasa KOMILIEKC MEeIUITUHCKON peabu-
JIUTAllUH, B KOTOPOM BMECTO CTAHJAPTHBIX aKTHB-
HBIX METO/IVK JIeueOHOU (DUBKYIbTYPhI IPUMEHSIICS
paspaboranusiii KHY.

I'pymma cpasuenus (II) — 20 manuenTos. 13 Hux
14 (70 %) MyK49UH U 6 (30 %) >KEHIIIUH B BO3pACTE
64,15 £ 9,31 roga. Y 5 HNallMEHTOB JAHHOU T'PYIIIIHI
(25 %) 1IN snokamu3oBasicss B BepTeOpOOa3UISIPHOM
Oacceline, y 8 (40 %) — B IpaBOM KapOTHUJTHOM H Y 7
(35 %) — BJIeBOM KapOTHUITHOM Oacceline. ITa IpyIIna
ToJiyJajia CTaHJAPTHBIM KOMILIEKC MEIUITUHCKOU
peabmwiuTanuy.

3auatus mo GU3NUECKOH aKTUBHOCTH B 00enx
IpyIIax MPOBOWUJIUCH B TEUEHHE BCETO Kypca Me/IH-
[IMHCKOU peabmwInuTallid ¢ YacTOTOH 5 JHEH B
HEJIEJTI0 1 JITTUTEIbHOCThIO 30 MUH Ha OTHO 3aHSTHE.

1 O mopsiZike OPTaHM3AIMKN U MPOBEJEHUA METUIIH-
CKOI peabUINTAIlN, METUITUHCKON abMIUTAIIUN: TIPHUKA3
MunwcrepeTsa 31paBooxpaHenus Peciybiku Benapych ot
01.09.2022 N¢ 1141. URL: https://etalonline.by/
document/?regnum=u622e2877 (mara olparienus:
28.01.2026).

Study group (I) included 24 patients. The mean
age of the participants was 64,42 + 7,48 years.
Gender distribution: 16 (66,7%) men and 8 (33,3%)
women. In 3 patients of this group (12,5%), CS was
localized in the vertebrobasilar system, in 10
(41,7%) — in the right carotid arterial system, in 9
(37,5%) — in the left arterial carotid system, in 2
(8,3%) — in the vertebrobasilar and left carotid
arterial systems. This group received a program of
medical rehabilitation, in which instead of stan-
dard active programs of physical therapy, the
developed SNE was used.

The comparison group (II) included 20 patients.
Of these, 14 (70%) were men and 6 (30%) were
women, aged 64,15 + 9,31 years. In 5 patients of this
group (25%), CS was localized in the vertebrobasilar
system, in 8 (40%) — in the right carotid arterial sys-
tem, and in 7 (35%) — in the left carotid arterial sys-
tem. This group received a standard program of
medical rehabilitation.

Physical therapy sessions were performed
throughout the rehabilitation course in both groups,
5 days a week, and duration of 30 min per session.
The mean duration of the rehabilitation course was
16,25 + 4,64 and 16,10 + 3,09 days for groups I and
I, respectively.

The groups were comparable in terms of gender,
age, stroke localization and duration of the rehabili-
tation course, as well as post-stroke time interval
(p > 0,05).

To evaluate the effectiveness of medical interven-
tions, the Fugl-Meyer Assessment (FMA) for the
upper extremity, the fine motor test, and the DASH
(Disability of Arm, Shoulder and Hand) question-
naire were used [11].

Statistical processing of the results was per-
formed using the licensed Statistica 10.0 software.
Quantitative indicators were assessed for normal
distribution of data using the Shapiro-Wilk test,
after which a decision was made on the use of para-
metric or non-parametric methods of analysis.
When comparing homogeneity between two inde-
pendent groups with values differing from normal
distribution, the Mann-Whitney test was used.
When comparing two independent groups by a
qualitative characteristic, we used the Fisher exact
test. Given the small sample size, the significance of
differences between dependent groups was assessed
using the Wilcoxon test. Description of quantitative
characteristics in the case of normal distribution of
variants is presented as the arithmetic mean and
standard error of the mean (M + m). In the absence
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[TpoIoKUTENTBPHOCTS Kypca MEIUIITHCKON peabu-
JIUTAIlUU B CpeJIHEM cocTaBwia 16,25 + 4,64 u
16,10 + 3,09 aHA 14 [ u 11 rpynnbsl COOTBETCTBEHHO.

I'pymnmbl ObUIH COMOCTABUMBI MEXAY COOO0H IO
TI0JTY, BO3PACTY, JOKAJIM3AINN O4Yara M JUIHTEIbHO-
CTH Kypca MEIUIMHCKOW peabWIUTAIlUM, a TaKXkKe
JaBHOCTH nepeHecenHoro [[U (p > 0,05).

Ha onenku 5GdGEKTUBHOCTH MEAUIIMHCKUX
MeponpHuATUH IpruMeHsack mkana Pyri — Metiepa
(II®M) ny1s1 BEpXHEH KOHEYHOCTH, TECT HA MEJIKYIO
MOTOPHUKY U orpocHUK DASH [11].

CraTuctuueckas  o0paboTka  MOJIYYEHHBIX
pe3yabTaTOB IPOBOJAWJIACH C HCIOJIb30BAaHUEM
JIUIIEH3WOHHOTO IMaKeTa IPUKJIATHBIX IMPOrpamMM
Statistica 10.0. KosimuecTBeHHBIE [TOKA3aTEIU Olle-
HHUBAJIUCh HA COOTBETCTBUE HOPMAJIBHOMY pacIipe-
JIeJICHUIO ¢ moMoIbIo Kputepud Illanupo — Yuka,
3aTeM NPUHUMAJIOCH pellleHHe O IMPUMEHEHUHN
mapaMeTpUYECKUX WU HellapaMeTPUIECKUX METO-
JIoB aHanu3a. [Ipu cpaBHEHUH OJHOPOJTHOCTHU
MEXy ABYMs HE3aBUCUMBIMH TPYHIIAMHU € OTIIHNY-
HBIM OT HOPMaJIBHOTO pacrupeziejieHieM 3HaueHUH
HUCIOJIB30BAJICA KpuTepud Manua — YutHu. [Ipu
CPaBHEHUH JIBYX HE3aBHUCUMBIX TPYyHNIl IO Kade-
CTBEHHOMY IIDU3HAKY UCI0JIb30BaJICA TOUHBIN TECT
durmepa. C yaeToM MaJIbIX pa3MePOB BEIOOPKH 3HA-
YUMOCTD PA3JIUYNN MEXK/Ty 3aBUCUMBIMH I'PYIIIIaMHU
OIl€eHMBAJIACh C IOMOIIbIO KpUTepusa BUIIKOKCOHA.
OmnrcaHue KOJIMYECTBEHHBIX IIPU3HAKOB B CIIydae
HOPMAaJIPHOTO paclpeziejIeHHsl BapUAHT IPeJCTaB-
JIEHO B BUJIe CpeZlHero apu@MeTHYecKOoTro U CTaH-
JapTHOoU omubku cpexHero (M + m), B ciydae
OTCYTCTBUS HOPMAJIBHOTO paclpeieeHus KoJIude-
CTBEHHBIE IaHHBIE OIIUCHIBAJILCH C TOMOIIBIO MeJIU-
agpl (Me) M HWKHETO U BEPXHETO KBapTHIIEH
Q, - QS). KareropuasipHble JaHHBIE ONUCHIBATIUCH
¢ ykazaHueM abCOJIIOTHBIX 3HAYEHWH U IIPOIEHT-
HbBIX J0s1ed. [lopor cTaTUCTHYECKOH 3HAUYNMOCTH —
p < 0,05 [12].

PE3YJ/IBTATDBI 1 OBCY KAEHUE

Awnanus pesysbTatoB oreHku 1o I[IIOM He Bbis-
BWI CTaTHCTHUYECKN 3HAUYUMBIX DA3JINUYUN MeXIy
rpynmnaMu A0 Hayajga U IOocje 3aBepIIeHus Kypca
MeIUIMHCKON peabwinranuu (p > 0,05) (Tabs. 1).
OTcyTCTBHE CTAaTUCTUYECKH 3HAUUMBIX MEKIPYIIIIO-
BBIX PA3JINUYUI MOXKET OBITH CBS3aHO B TOM UHCJIIE C
OTpaHUYEHHBIM 00'h€MOM BBIOOPKHU U 3(D(HEKTUBHO-
CTBIO IPUMeHAeMbIX peaOMIUTAIIMOHHBIX METO/IOB B
obeux rpymmnax.

Y manumenTtoB I u II rpynn oTMedeHa IOJIOXKU-
TeJIbHAs BHYTPUTPYIIIOBasA JUHAMUKA ITOKa3aTesei
o [II®M, oTpaxkaroiias yaydlleHre ABUraTeIbHOU
(yHKIIMY BepxHEN KOHeUHOCTHU (puc. 2).

of normal distribution, the quantitative data were
described using the median (Me) and the lower and
upper quartiles (Q,—Q,). Categorical data were
described using absolute values and percentages.
The threshold of statistical significance was deemed
at p < 0,05 [12].

RESULTS AND DISCUSSION

Analysis of the results according to the FMA
revealed no statistically significant differences
between the groups at baseline and after the comple-
tion of the rehabilitation course (p > 0,05) (Table 1).
The lack of statistically significant differences
between groups may be associated, among other
things, with the limited sample size and the effective-
ness of the rehabilitation programs used in both
groups.

In patients of groups I and II, positive intra-group
dynamics according to the FMA score were noted,
reflecting an improvement in upper extremity func-
tion (Fig. 2).

In group I, the increase in the FMA score was
3,57%, while in group II it was 1,75%. The differences
were statistically significant (p < 0,01), indicating a
more pronounced recovery of upper extremity func-
tion when using the SNE developed.

Comparison of the upper extremity function
assessment using the DASH at baseline and after the
rehabilitation course revealed no statistically signifi-
cant differences. Results of the DASH demonstrate a
decrease in the overall score in patients in groups
I and II (Table 2).

When analyzing the between-group dynamics, a
more significant decrease in the subjective assess-
ment of upper extremity dysfunction was revealed in
patients of group I (Fig. 3).

The DASH score in group I decreased by 9,1%
(p < 0,001), while in group II it decreased only by
2,03% (p < 0,01), which indicates a less pronounced
functional limitations in activities of daily living in
patients who practiced the SNE training.

Fine motor skills were assessed in two stages:
1) picking up and holding small objects; 2) holding
small objects and then putting them away. Analysis
of the fine motor skill assessment results showed no
statistically significant between-group differences
either at baseline or after the rehabilitation course
(p > 0,05). However, the between-group analysis
revealed statistically significant changes in the first
and second stage of the fine motor test scores in
both groups. In the first stage, groups I and II
showed a decrease in the fine motor test score by
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Ta6suna 1. /lunamMuka orleHKU GyHKLIUY BepXHel KoHeUHOCTH (6asLibl) mo mkasie Oy - Meliepa y nanueHToB I 1 II rpynmer
Table 1. Dynamics of the upper extremity function score according to the Fugl-Meyer Assessment in patients of groups I and I

I'pynna Jlo peaduutanuu / Baseline Iocse pea6unuranum / After rehabilitation
Group
Me Q:1-Qs Me Q:1-Qs
[(n=24) 56,0 50,0-58,0 58,0 51,5-60,0
I (n=20) 57,0 53,0-58,0 58,0 53,2-58,0

B rpynne I npupocT mokasaresd OLEHKH IIO
[II®M cocraBun 3,57 %, Toraa kak B rpynme II —
1,75 %. BeIsiBIIeHHBIE pa3INIus OBLIN CTATHCTHYE-
cku 3HauuMbIMU (p < 0,01), YTO yKa3bIBaeT Ha
OoJsiee BBIpAKEHHOE BOCCTAHOBJIEHHE (DYHKIIHH
BepxXHel KOHEYHOCTH IIPU HCIOJIb30BAHUM Pa3pa-
6oranuoro KHY.

IIpu cpaBHeHUM OLEHKU GQYHKIUU BepXHEH
koHeuHoctH 1o DASH 10 Havasna kypca peabuinra-
IIMOHHBIX MEPOIPUATUH M IIOCJIE €r0 OKOHYAHUSA
CTAaTUCTUYECKU 3HAUNMBIX PA3JINUUH He ObLIO ycTa-
HOBJIeHO. PesysnbraTel TectupoBaHus mno DASH
JIEMOHCTPUPYIOT CHUKeHUE 00Iero 6ayia y maiu-
enrtoB I u II rpynmsl (Tabs. 2).

IIpu anmanm3e BHYTPUTPYHIOBOU JIMHAMUKU
BBISIBJIEHO 0O0Jiee BBIPAKEHHOE CHUKEHHE CYOheK-
TUBHOU OLIEHKU JUCHYHKIINU BepxHell KOHEUHOCTU
y maryeHToB rpynisl 1 (puc. 3).

[Toxaszatesnp onenku no DASH B rpynmne I cHu-
3wics Ha 9,1 % (p < 0,001), Toraa kKak B rpyiie 11 —

3,17 and 3,23% (p < 0,05 and p < 0,01), respec-
tively. The dynamics of the second stage score sta-
tistically differed between the groups. In group I, no
significant shift in the median value was recorded,
which may indicate multidirectional changes in dif-
ferent participants. At the same time, in group II,
an unidirectional and statistically significant
decrease in the median by 5,36% (p < 0,05) was
observed.

The study demonstrated that the use of the
adapted Tai Chi and Qigong (Zhang Zhuang)-based
SNE, performed in a sitting position, was associated
with a statistically significant improvement in upper
extremity function in patients after CS. Group 1
demonstrated a more significant increase in FMA
scores (p < 0,01) and a decrease in DASH scores
(p < 0,001), indicating more effective motor func-
tion recovery and a reduction in subjective limita-
tions in activities of daily living. Both groups also
demonstrated positive dynamics in fine motor test
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Puc. 2. luHaMuKa onleHKH QYHKIIMH BepXHel KoHeuHOoCTH (6asuibl) o mkase Pyt — Metiepa y nanueHToB I u I rpymimst
(A — rpynma I fo peabminranuy; B — rpynmna I nocse peabunuraruy; C — rpynmna II 1o peabuinranuu;
D — rpynna II nocie peabuinranum)
Fig. 2. Dynamics of the upper extremity function score according to the Fugl-Meyer Assessment in patients of groups I and IT
(A — group I at baseline; B — group I after rehabilitation; C — group II at baseline; D — group II after rehabilitation)
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Ta6una 2. /IluHaMuKa oleHKU GpyHKIMHU BepxHel KoHedyHOCTH (6asibl) no DASH y nauuenTos I u Il rpynmnbl
Table 2. Dynamics of the upper extremity function score according to the DASH in patients of groups I and II

I'pynna Jo peaounutanuu / Baseline Ilocne pea6unuranuu / After rehabilitation
Group
Me Q:-Qs3 Me Q:-Qs
[ (n=24) 44,0 38,8-58,0 40,0 35,8-56,5
II (n=20) 49,5 41,8-55,2 48,5 41,8-54,2

TOJIBKO Ha 2,03 % (p < 0,01), UTO CBH/IETETHCTBYET O
6ojslee 3HAUMMOM CHWKEHUM (DYHKIIMOHATHHBIX
OTpaHUYEHUN B IIOBCEIHEBHOU [JEeATESBHOCTH Y
MMaIleHTOB, 3aHUMABIIUXCA II0 pa3paboTaHHOMY
KOMILJIEKCY.

OlneHKa MeJIKOM MOTOPUKH PYK IIPOBOJIMIACH B
JIBa 9Tama: 1) cbop MeJIKUX MPEIMETOB C IOCJIETYIO-
UM UX yIep:KaHUeM; 2) yAepKaHue MeJIKUX MPe-
METOB C TIOC/IEAYIOIUM UX PacKJIaJAbIBaHueM. AHA-
JIN3 Pe3yIbTATOB OIIEHKH MEJIKOW MOTOPHUKH IOKa-
3aJ1  OTCYTCTBHE  CTAaTUCTHUYECKH  3HAYHMMBIX
MEXXTPYIIIOBBIX Pa3IUUYMi Kak /0 Hadajaa, Tak U
Iocjie  3aBeplIeHusT  Kypca  peabumiuTaruu
(p > 0,05). BMmecTe ¢ TeM BHYTPUTPYIIIIOBOI aHAIN3
BBIABUJI CTATHCTUYECKU 3HAYMMOE H3MEHEeHUe
IOKa3aTeJiel OIeHKW IEPBOrO W BTOPOTO 3Tara
Tecta B 06eux rpynmnax. B I u II rpynmax Habsona-
JIOCh CHUKEHUE ITOKa3aTesIs OIleHKU IIEPBOTO ATarna
TecTa Ha MEJIKYI0 MOTOPHUKY Ha 3,17 U 3,23 %
(p < 0,05 u p < 0,01) COOTBETCTBEHHO. /I[nHAMUKA
ITOKa3aTesisi OIeHKH BTOPOTO 9Talla CTaTHCTUUECKH

scores, confirming the effectiveness of the rehabili-
tation course in recovery of upper extremity fine
motor skills.

CONCLUSION

The adapted sequence of Tai Chi Chuan and
Qigong (Zhang Zhuang)-based neuromotor exercises
can be considered as a promising and accessible
rehabilitation intervention aimed at upper extremity
function recovery in patients after CS.
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pasnuyasnach Mexxay rpynnamu. B rpynmne I 3Haun-
MOT0 CMellleHus MeJJUaHHOTO 3HaueHus 3aUKCU-
poBaHoO He O6BLIO, YTO MOXKET YKa3bIBATh HA PA3HO-
HaIlpaBJIeHHble U3MEeHEeHUs Y Pa3HbIX YYaCTHUKOB.
B T0 ke Bpems B rpymnie II HabI0/1a710CH OTHOHA-
MpaBJIEHHOE ¥ CTAaTHCTUYECKH 3HAUYMMOE CHUXKe-
HHe MeJIHaHbI Ha 5,36 % (p < 0,05).

IIpoBezieHHOE HCCIIEIOBaHYE ITI0KA3AJI0, YTO IIPU-
MeHeHHe afantupoBaHHoro KHY Ha ocHoBe Taiin-
3UII0AHb U IUTYH (WKaH WKyaH), IPOBOJAUMBIX B
MIOJIOKEHUU CUJS, COIIPOBOXKAAIOCH CTATUCTUYECKU
3HAYUMBIM YJIydllleHneM (QYHKIIMOHAIBHOTO COCTO-
SAHUA BepxHe! KOHEUHOCTH y IaIlUeHTOB IIOCJIe
nepeHecenHoro I[M1. B I rpynme 3aduxcupoBan
6osiee BBIpa)KEHHBIH npupocT 6ayuoB 1o [IOM
(p < 0,01) u cumwxkenue nmo DASH (p < 0,001), 9To
CBUJIETEJILCTBYET O OoJiee 3(pHEeKTHBHOM BOCCTAHOB-
JIEHUU JIBUTATEJIbHON (QYHKIIMU U CHUKEHUHU CyO'h-
€KTUBHBIX OI'DAaHUYEHUU B IOBCEHEBHOU KU3HHU.
B o6enx rpynmax Tak:ke OTMeuYeHa I10JI0KUTeTbHAS
JUHAMHUKa TIOKa3aTeJed MeJKOHM MOTOPHUKH, YTO
noaTBepkzaeT 3GGEeKTUBHOCTh IPOBOJUMBIX pea-
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MMMYHOTHCTOXHMHUUYECKAA ¥ MOJIEKYJIAPHO-OMOJIOTHYECKAs
XapaKTepUCTHUKA B IIPOTHO3UPOBAHUU UCXOI0B

J1.B. bynauos!, ©.I1. KosombIlieB2

QI'BY « HayuoHanvHwlll MeduyuHcKuil uccaedo8amensckuil yeHmp mpasmamono2ull u opmoneduu umeHu
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AHHOTAITUA

BBepgenue. CutHoBuanpHas capkoma (CC) 3aHHMaeT 3aMeTHOe MeCTO B IpyIilie capkoM MArKux Tkaned (CMT) o
PacIpoCTpaHEHHOCTH U KIIMHUKO-OHMOJIOTUYECKON arpECCHBHOCTH, OCTABASICh OZTHOM M3 KJIIOUEBBIX HO30JIOTHH B3POCIOTO
KOHTHHTEHTA U CyIeCTBEHHON IIPUYHHON OHKOJIOTUUECKOU 3a001€BAEMOCTH Y TIOJJPOCTKOB ¥ MOJIO/IBIX B3POCJIBIX.

Il e 1 b . IIpoBecTH CPaBHUTENbHBIH aHAIN3 KIMHUKO-MOP(OJIOTHIECKUX U UMMYHHBIX ocobenHocreil CC y meteil u
B3POCJIBIX, ONKCAThH ATTEPHBI UMMYHOAPXUTEKTOHUKH OITyX0JIEBOTO MUKDPOOKDY?KEHUS U OIPEEIUTh UX CBA3b C Tede-
HUEeM 0OJIe3HH, PUCKOM MeTaCTa3WPOBAHUSA U MOKA3aTesIMU BBIKHBAEMOCTH, COMIOCTABUB IMOJIyYeHHBIE PE3YJIbTATHI C
JIAHHBIMU MEKIYHAPOHBIX KOTOPT.

MaTtepuauas U MeToJ bl .IIpoBefeHo 0JHOLIEHTPOBOE PETPOCIIEKTUBHOE HCCIeJOBAHHE 140 IAlIEHTOB
(74 — MyskcKOTO U 66 — 3KEHCKOTO I10J1a, BO3PACT OT 4 /10 84 JieT) ¢ Mmopdosiornuecku noarsep:kaeHnon CC, quarto-
CTUPOBAHHOUM HAa OCHOBAHHU PE3YJIBTATOB IATOMOP(OJIOTUUECKOTO UCCIEIOBAHUS IEPBUYHOTO (OUOIICUIHOTO U OTIe-
PaIlMOHHOTO) ¥ KOHCYJITATUBHOTO OIyX0JIEBOTO OHOMaTepuasa B 2012—2024 IT. AHAJIU3UPOBAIUCH JAHHBIE MeTU-
OUHCKON JOKYMEHTAIUH, ITaTOMOP(OIOTHUECKOTO HCCIe0BAHUSA, U3YJalNCh apXUBHBIE CTeKJAa U IapadHUHOBBIE
6JI0KH.

Pes3yunbTar bl . IloaydeHHBIE PE3YJIBTATHI B IIEJIOM YKJIQ/IBIBAIOTCSA B U3BECTHBIE SIINIEMHIOJIOTHYECKHE U MOPGO-
Joruueckue xapakreprucTuky CC: JeTCKO-TIOAPOCTKOBBIN MUK, IIpeobJiafjaHre JIOKAJIIM30BAHHBIX CTQIUM, yacTas MOHO-
¢asznas mopdoJiorus u Bbicokast yactota SS18::SSX-nmo3utuBHOCTH. [IpOBe/IEeHHBIN aHATN3 TOATBEPIK/IAET, UTO «KIJIACCH-
yeckue» GaKTOPHI PUCKA — pa3Mep OIYXOJIH =5—7 CM, ee IIyDOKOoe aHATOMUYECKOe PACIIOJIOKEeHNe B MATKUX TKAHAX,
BBICOKAsi MUTOTUYECKAs] aKTUBHOCTD, OOIIUPHBIE 30HBI HEKPO03a, crafusa 3 1o FNCLCC 1 mo3uTHBHBIE Kpas PE3eKIUU —
IIPOZIOJIKAIOT OIIPEAEJIATH IIPOTHO3.

3axnwoueHue. KommiekcHas matomopdosornyeckas onenka CC, BKIovUaoIias yrouneHne Mmopdosiornye-
CKOT'O BapHaHTA, CTAHJAPTHBIX IIPOTHOCTUUYECKUX IIAPAMETPOB M XaPAKTEPHUCTHK OILyXOJIEBOTO MHKDOOKDYKEHUS,
IIpe/ICTaBIIAETCA ONPABJAHHON /A Oojiee TOUHOU cTpaTH(GUKAIMK PHCKA y ZileTell U B3pOCIbIX. IIpesicTaBieHHas
cepus ¢ MOJTHOU MOPQOJIOrHYeCcKON, UMMYHOTUCTOXUMHUYECKON U MOJIEKYJIIDHOU BeprudUKalueld JUarHos3a MOXKeT
CIIyKUTb pedepeHCHOH 171 pa3paboTKU CTaHAAPTU3UPOBAHHBIX [1ATOJIOT0AHATOMUYECKUX OTUYETOB U IPOrHOCTHYe-
CKUX MOJieJIel, a TakiKe [ IUIAaHUPOBAHUS MHOTOLIEHTPOBBIX HCCJIEJOBAHUIN, HANPABJIEHHBIX HA BAIHAAIUIO
MMMYHHBIX IATTEPHOB U OI[€HKY UX IPEJUKTUBHOHN IEHHOCTH B KOHTEKCTE HOBBIX IIOJX0/L0B K MMMYHO- U TAPT€THOU
tepanuu CC.

Kaoueenble cao8a: CHHOBUAIBHAS CAPKOMa, JUATHOCTUKA U IIPOTHO3, HATTEPHBI UMMYHOAPXUTEKTOHUKH OILyXO0JIEBOTO
MUKPOOKPYKEHUSI, UMMYHOTHCTOXUMHUUECKOE UCCIIeTOBAaHUE.
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Synovial sarcoma: clinical, morphological, immunohistochemical,
and molecular-biological characteristics in outcome prediction

D.V. Bulanovl, F.P. Kolomytsev2

N.N. Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russia

2Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

Introduction. Synovial sarcoma (SS) occupies a prominent place in the group of soft tissue sarcomas (STS) in
terms of prevalence and clinical and biological aggressiveness, remaining one of the key nosologies in the adult population
and a significant cause of cancer in adolescents and young adults.

A i m . Toperform a comparative analysis of the clinical, morphological and immune characteristics of SS in children and
adults, to describe the immunoarchitectural patterns of the tumor microenvironment and determine their relations with
the disease course, risk of metastasis and survival rates, comparing the results obtained with data from international
studies.

Materials and methods.Asingle-center retrospective study of 140 patients (74 males and 66 females,
aged 4 to 84 years) with morphologically confirmed SS, diagnosed in 2012—2024 based on the results of pathomorpho-
logical examination of primary (biopsy and surgical) and non-primary (“consultative”) tumor samples, was performed.
Data from medical records, pathomorphological examination, and archival slides and paraffin blocks were analyzed.

R e sults. Theresults obtained are generally consistent with the known epidemiological and morphological charac-
teristics of SS: a peak in childhood and adolescence, a predominance of localized stages, frequent monophasic morphology,
and a high rate of SS18::SSX-positivity. The analysis confirms that the “classic” risk factors — tumor size >5-7 cm, deep
anatomical location of tumors in soft tissue, high mitotic activity, extensive areas of necrosis, FNCLCC grade 3, and positive
resection margins — continue to determine the prognosis.

Conclusion. Acomprehensive pathological assessment of SS, including clarification of the morphological vari-
ant, standard prognostic parameters, and characteristics of the tumor microenvironment, appears to be appropriate for
more accurate risk stratification in children and adults. This study, with complete morphological, immunohistochemical,
and molecular verification of the diagnosis, can serve as a reference for the development of standardized pathological
reports and prognostic models, as well as for planning multicenter studies for validating immune patterns and assessing
their predictive value in the context of new approaches to immuno- and targeted therapy of SS.

Keywords: synovial sarcoma, diagnosis and prognosis, immunoarchitectural patterns of the tumor microenvironment,
immunohistochemical study.
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BBE/JIEHUE

Capkombl msarkux Tkaneir (CMT) npencraBiisioT
co0Ol TeTEepOTEeHHYI0 TPYIIY 3JI0KaUeCTBEHHBIX
ME3eHXUMAaJIbHBIX ~ HOBOOOpa30BaHHWM, OTHOCH-
TEJIbHO PEJKUX B OOIIEH OHKOJIOTHYECKOU IMOIIYJIs-
U, HO AaCCOIMUPOBAHHBIX CO 3HAYUTETbHOU
JIETAJIBHOCTBI0O W JIJINTEJIbHON WHBAJIWAU3AIIHEH.
Cpenu HepabmomuocapkoMubix CMT ocoboe mecTo
3aHUMaeT cuHoBUabHas capkoma (CC), koTopas y
ITOZIPOCTKOB Ml MOJIOZIBIX B3POCJIBIX BXOJIUT B YHCJIO
HaunboJIee YaCThIX 3JI0KAUECTBEHHBIX OIyXOJIE€N MAT-
KUX TKaHEW KOHEYHOCTEU W TYJIOBUINA U SBJISIETCS
OTHOU W3 BEAYIIUX IPUYUH OHKOJIOTHYECKOU 3260~
JIeBaeMOCTH B STOW BO3pacTHOW rpymme [1—4].
CoBpemenHoe mnpejcraBiaeHre o CC OCHOBAaHO Ha

INTRODUCTION

Soft tissue sarcomas (STS) are a heterogeneous
group of malignant mesenchymal neoplasms that are
relatively rare in the general oncological population,
but are associated with significant mortality and
long-term disability. Among non-rhabdomyosar-
coma STS, synovial sarcoma (SS) occupies a special
place. In adolescents and young adults, it is one of
the most common malignant soft tissues tumors of
the extremities and trunk, and is one of the leading
causes of cancer in this age group [1—4]. The current
understanding of STS is based on a combination of
clinical and radiological data, morphological picture,
and mandatory molecular verification of the chime-
ric (fusion) gene SS18::SSX, which occurs in the
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COUETaHUH KJIMHUKO-PATUOJIOTHYECKUX JAaHHBIX,
MOPGOJIOTHYECKOHN KaPTUHBI U 00513aTeILHON MOJIe-
KYJISIPDHOHN Bepu(UKAINH XUMEPHOTO (THOPUIHOTO)
reHa SS18::SSX, BO3HUKAIOIIEro MPU TPAHCIOKA-
muu  t(X;18)(p11;q11) [3, 5—-8]. T'mcrosormuecku
BBIJIEJISIIOT OudaszHbIi, MOHO(MA3HBIN BepeTEHOKIIe-
TOYHBIA (puC. 1) U HU3KOAU(EPEHITMPOBAHHBIN
BapuaHThl. [[IUPOKUIl CIEKTP MOP(OIOTUUECKHIX
MATTEPHOB U CXOXKECTD C APYTUMHU BEPETEHOKIETOU-
HBIMU U MEJTKOKPYTJIOKJIETOUHBIMU OITyXOJISIMHU CO3-
JTAI0T 3HAYUTEIbHbIE TPYTHOCTH IpU AuddepeHIu-
ampHOU guarHoctuke CC. VMMyHOTHMCTOXHMUYE-
ckue mapkepsl (TLE1, mutokepatunbl, EMA, CD34 u
ZIp.) YJIy4IIAIOT BOCIIPOUBBOUMOCTD IUATHOCTUKU,
OJTHAKO WX CIeNU(GUIYHOCTh OTPAHUYEHA, B CBS3U C
YeM «30JIOTHIM CTAaHAAPTOM>» OCTAETCs MIPSMOE 10T~
TBepkaeHue SS18::SSX-peapankupoBku. [Iporuos
npu CC omnpezesnaeTcs COBOKYIHOCTbIO KJIWHUKO-
Mopdosiornueckux GakTOpPOB: pa3MeEPOM H TIyOH-
HOU pacmoJyIoKeHUs omyxoinu, craaueid mo AJCC
(American Joint Committee on Cancer), creresbio
snokauectBeHHOCTH 10 FNCLCC (French Federation
Nationale des Centres de Lutte Contrele Cancer),
HJINYMEM HEKpPO3a, CTaTycOM KpaeB PE3eKIHH, a
TaK}Ke a TaKKe HU3KOU JauddepeHnupoBKON OIy-
xonu [9—13]. IIpu 3TOM OOJIBIIMHCTBO KPYITHBIX
HCCIIeIOBAaHUH 00beITUHSET IeANATPUIECKIX, MOJIO-
JIBIX U B3POCJIBIX TAIIUEHTOB, YTO 3aTPY/IHSIET OILIEHKY
BO3PACT-aCCOIMUPOBAHHBIX 0COOEHHOCTEH TeUeHUsI
00JIe3HU U OTBETA HA JIEUYEHUE.

B oTeyecTBEHHOU JIUTEpPATYpE CHUCTEMATH3UPO-
BaHHble faHHble 0 CC, OCHOBaHHBIE HA €TUHOM
IMarHOCTUYECKOH cTpaTeruu ¢ 00s13aTeJIbHON MOoJIe-
KyJIApHOU BepUQUKAIMENd, OCTAITCS OrpaHUYEH-
HBIMHU. B mocjie/iHMEe TOibI pacTeT UHTEPEC K U3yde-
HHIO OIyX0JIEBOTO MUKpPOOKpYy:xkeHus CC, BKIOUas
IUIOTHOCTh U cOCTaB T-KJIETOYHOTO WHQUIBTPATA,
MakpodaroB, HaJUUYWE TPETHUHBIX JIUMGOUIHBIX
ctpyktyp (TLS) u sKcmpeccwio MMMYHHBIX KOH-
TPOJILHBIX TOYEK, mpexzae Bcero PD-Li1 [14-18].
ITokazaHo, UTO UMMYHOAPXUTEKTOHHUKA MOKET BJIH-
SITh HA UCXOJbl U TOTEHIINATBHO OIPEEsATh UyB-
CTBUTEJIBHOCTh K UMMYHO- W TapreTHOHW Tepaliud,
OJTHAKO JJaHHbIe (hparMeHTapPHBI, & BO3PACTHBIE pa3-
JIMYUSA TPAKTUYECKU He U3y4YeHbI. TU MPOoOebl, B
COUETaHUH C HEeOOXOJAUMOCTHI0 (HOPMUPOBAHUS
HAIlMOHAJILHOU pedepeHCHON KOTOpPThI C ITOJTHOHU
MOpP(OJIOTUUECKOW, HWMMYHOTHUCTOXUMHUUYECKOU WU
MOJIEKYJIApHOH Xapaktepuctukord CC, onmpeaenin
HampapJieHUe HACTOSIIEro UCCIeOBAHMS.

ITEJIb UCCJIEJIOBAHUSA

[TpoBecTH CpaBHUTENBHBIN aHAIN3 KIMHUKO-
MOP(}OJIOTUYECKUX M HUMMYHHBIX OCOOEHHOCTEN

presence of the t(X;18)(p11;q11) translocation [5—8].
Histologically, biphasic, monophasic spindle cell
(Fig. 1), and poorly differentiated variants are distin-
guished. A wide range of morphological patterns and
similarity with other spindle cell and small round cell
tumors create significant difficulties for the differen-
tial diagnosis of SS. Immunohistochemical markers
(TLE1, cytokeratins, EMA, CD34, etc.) improve the
reproducibility of diagnosis, but their specificity is
limited, and, therefore, direct confirmation of the
S5S18::SSX rearrangement remains the gold stan-
dard. The prognosis for SS is determined by a combi-
nation of clinical and morphological factors: tumor
size and depth of location, AJCC (American Joint
Committee on Cancer) stage, FNCLCC (French Fed-
eration Nationale des Centres de Lutte Contrele Can-
cer) grade, presence of necrosis, margin status, and
poor differentiation [9—13]. Moreover, most large
studies include pediatric, young, and adult patients,
which complicates the assessment of age-associated
features of the disease course and response to treat-
ment.

In the domestic literature, systematic data on SS
based on a unified diagnostic strategy with manda-
tory molecular verification remain limited. In recent
years, there has been growing interest in studying
the microenvironment of SS, including the density
and composition of T cell infiltrate, macrophages,
the presence of tertiary lymphoid structures (TLS),
and the expression of immune checkpoints, primar-
ily PD-L1 [14—18]. It has been shown that immuno-
architecture can influence outcomes and potentially
determine sensitivity to immuno- and targeted ther-
apy; however, the data are fragmentary, and age dif-
ferences remain virtually unstudied. These gaps,
combined with the need to form a national reference
cohort with complete morphological, immunohisto-
chemical, and molecular profile of SS, determined
the focus of this study.

AIM OF THE RESEARCH

To perform a comparative analysis of the clinical,
morphological, and immune characteristics of SS in
children and adults, to describe the immunoarchi-
tectural patterns of the tumor microenvironment,
and to determine their relationship with the course
of the disease, risk of metastasis, and survival rates,
comparing the results obtained with data from inter-
national studies.

MATERIALS AND METHODS

A single-center retrospective study of 140 patients
(74 males and 66 females, aged from 4 to 84 years,
median 18,5 years) with morphologically confirmed
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Puc. 1. CHHOBHAIBHAS cCapKOMa, MOHO(a3HBIH (BepeTeHOKIETOUHBIHN) BADUAHT: MOHOMOPGHBIE BEPETEHOBU/HbIE
KJIETKH C OBJIBHBIMU TUIIEPXPOMHBIMH AZPAMHU, YMEPEHHBIM AZIEPHBIM IIOJIMMOPGU3MOM
¥ MUTOTHYECKON aKTUBHOCTBIO, PACIIOJIATAIOIUECS B BU/IE IEPEIUIETAONIUXCS IIyYKOB C TOHKOCTEHHBIMU
COCYZIMCTBIMHU CTPYKTYPaMu CTPOMBL. OKpAIIIBaHYE FeMAaTOKCIJIMHOM U 903UHOM. YBeJIHUeHHe X100
Fig. 1. Synovial sarcoma, monophasic (spindle cell) variant: monomorphic spindle cells with oval hyperchromatic nuclei,
moderate nuclear pleomorphism, and mitotic activity, arranged in intertwined bundles with thin-walled vascular
structures of the stroma. Hematoxylin and eosin staining. Magnification x100

CCy nmereil 1 B3POCJIBIX, ONUCATh HATTEPHBI HMMY-
HOTHCTOJIOTUYECKOH CTPYKTYPhl / UMMYHOTHCTO-
JIOTUYECKHe HATTEPHBI OIyX0JIEBOI'O MUKPOOKPY-
JKEHUSI U OIPENEIUTh UX CBSA3h C TeUYeHHeM
60JIe3HH, PUCKOM METaCTa3UPOBAHUA U II0Ka3aTe-
JIAMH BBDKMBAEMOCTH, COIIOCTABUB IIOJIyYeHHBIE
pe3y/IbTaThl C JAHHBIMU MEXIYHAPOIHBIX HCCIe-
JOBAaHUH.

MATEPUAJIBI 1 METO/IbI

[IpoBesieHO OJHOLIEHTPOBOE PETPOCIEKTUBHOE
HCCJIeIOBaHNE, B KOTOPOE BKJIIOUEHHI 140 MaryeH-
TOB (74 — MY3KCKOTO U 66 — KE€HCKOTO I0Jia, BO3-
pact ot 4 710 84 net (MeguaHa — 18,5 rozia) ¢ MOp-
dosornuecku moarBepxkaenHoir CC (mepBUUHBIE:
OMOTICUUIHBIN, ONMEPAIMOHHBIH W KOHCYJIbTATHB-
HBIHA GMoMaTepua OIyX0JIH), IUATHOCTUPOBAHHOM
B 2012—2024 IT. AHAJIM3UPOBAJIUCH CJIyIau, COOTB-
€TCTBYIOIIME aKTyaJIbHBIM KPUTEPUSIM BceMupHOH
opra"usanuu 3apaBooxpanenusa (BO3) g omyxo-
JIel MATKUX TKaHel 1 KocTel. Mcxomubie cBejeHus
MTOJIyYeHbl U3 MEIUITMHCKOHN JOKYMEHTAIINH U TIPO-
TOKOJIOB TaTOMOP(OJIOTHYECKOTO HCCAETOBAHUS,
MIpU U3yYeHUH apXUBHBIX CTEKOJ U MapadUHOBBIX
610k0B. KpuTepuu BK/IIOUEHUS: 1) IEpBUYHAS A~
THOCTHKA WJIN KOHCYJIbTaTUBHBIHA ITEPECMOTP C IO~
tBepxkaeHuem CC; 2) mocratounbiii o6bem FFPE-
maTepuasna (mapadpuHOBOTO 0JIOKA) /I PEBU3UH
U, IPU BO3MOKHOCTH, UMMYHOTHCTOXHUMHUH/MOJIE-
KyJIAPHOTO TECTUPOBAHUsA; 3) HaJINUYHE MUHHU-
MaJIbHO HeoOXOIMMOro KJIWHUKO-aHAaMHEeCTHYe-
cKOro Habopa JaHHBIX (BO3pacT, MOJI, JOKaIu3a-
nus, pasmep/cragus, Buji JedeHwus1). Kpurepuu
HCKJIIOYEHUS: 1) COMHUTEJIbHBIN/HEYCTONYNBBII

SS, diagnosed in 2012—2024 based on the results of
pathomorphological examination of primary (biopsy
and surgical) and non-primary (“consultative”)
tumor samples, was performed. Cases meeting the
current World Health Organization (WHO) criteria
for soft tissue and bone tumors were analyzed. Initial
data were obtained via analysis of medical records,
pathomorphological examination reports and archi-
val slides and paraffin blocks. Inclusion criteria:
1) primary diagnosis or consultative review with con-
firmation of SS; 2) appropriate volume of FFPE
blocks for revision and, if possible, immunohisto-
chemical/molecular testing; 3) availability of the
minimal clinical and history data set (age, gender,
location, size/stage, treatment). Exclusion criteria:
1) doubtful /unstable diagnosis after consensus
review; 2) non-appropriate volume of FFPE blocks;
3) rebiopsies of the same site without new diagnostic
data. For age stratification, two schemes were used:
children and young adults (<24 years) vs adults
(=25 years) and a sensitive analysis of <18 uvs
>18 years, which reflects the differences in clinical
protocols and the epidemiology of SS.
Pathomorphological verification of diag-
nosis. All cases were reviewed by two pathologists
with consensus in case of discrepancies. Histologi-
cally monophasic, biphasic, and poorly differenti-
ated variants were distinguished according to the
WHO; grading was performed according to the
FNCLCC (a total score for three parameters: differ-
entiation, mitoses, and necrosis) [19]. Staging was
carried out according to the AJCC, 8th edition
(pTNM), with recording of the size, location depth,
and margin status (Ro/R1/R2). Mandatory morpho-
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IMaTHO3 TIOCJIe KOHCEHCYCHOTO IIEPECMOTpA; 2)
KPUTHYECKH HEJIOCTATOYHBIA O00BhEM TKaHHU; 3)
MMOBTOPHBIE OUOIICUY OFHOTO M TOTO 2Ke ouara 0e3
HOBBIX INaTHOCTUYECKUX TaHHBIX. /1711 BO3pacTHOM
cTpaTu(UKAINN NPUMEHSIN JBE CXeMBI: JIeTH U
MoOJI0/ible (<24 JIeT) vs B3pocible (=25 JIeT) U UyB-
CTBUTEJbHBIA aHamm3 <18 vs =18 Jjer, 4uTo OTpa-
JKaeT pa3aInyus B KIIMHUYECKUX ITPOTOKOJIAX U SIIU-
nemuosioruu CC.

ITaromop@osornueckasn Bepudukanua
JuarHosa. Bce ciaydam mozBeprayivch mepecMoTpy
JIByMsI TTaTOJIOTOAHATOMAaMU C KOHCEHCYCOM IIPU Pac-
XOXKZIeHUsIX. ['MCToIoruecKass TUIIM3AKs ITPOBOJIU-
sgachk mo BO3 ¢ BeizieieHneM MoHOMa3HoTro, 6udas-
HOTO U HU3KOAU(PGDEPEHITUPOBAHHOTO BAapUAHTOB,;
Tpafaliio  3JIOKAYECTBEHHOCTH OLEHUBIN  II0
FNCLCC (cymMapHBI# 6aJiT 10 TPEM MOKa3aTeIsIM:
muddepeHITIpOBKa, MUTO3BI U HEKPO3) [19]. Cramu-
poBanue ocymecTsuH 1o AJCC, 8-e uza. (pTNM) ¢
(ukcaruelr pa3aMepoB, IIyOUHBI 3aJIETaHUsA, CTaTyca
kpaeB pesekruu (Ro/R1/R2). Ob6s3arenpHbIE MOP-
(omeTprueckue mapaMeTpbl BKJIIOUAIN MUTO3bI (Ha
10 TOJIel 3peHus IPH X400), IPOIEHT HEKPO3a,
ungeke Ki-67, Hammume KaabludUKamy/Tuain-
HO3a. VIMMyHOTrHCTOXMMMUYECKUN IPOQUIIb OLIEeHU-
BAJIM C HCIOJB30BAHMEM IIAHENH SIHUTETUATIbHBIX
MapkepoB (tmrokepatunbl, EMA) u TLE1, a takke
HCKJTIOYAIOIINX MapKepoB IO MokazaHusaM (S100/
SOX10, necmuH, CD34/STAT6 npu auddepenmu-
aJIbHOH JIMaTHOCTUKE C COJTUTapHOU (GUOPO3HOH OI1y-
xosbio (SFT), H3K27me3 mpu mogo3peHnu Ha 3710Ka-
YeCTBEHHYIO OIyXOJIb 000JI0UeK IepudepuIecKoro
HepBa (MPNST) u ap.) [20—24]. MoJtekysisipHOe 1101~
TBepxkAeHne SS18::SSX BBHITIOJHSIOCH METOZ0M
IMOJITUMEPA3HOH IEITHON PEeaKIud B PEabHOM Bpe-
menu (IIIIP-PT)/ duyopecieHTHON TMOpUAM3aIiuN
in situ (FISH)/ cekBeHUpOBaHUsI HOBOTO ITOKOJIEHUS
(NGS) b0 WMMYyHOTHCTOXUMHYECKA C (BIOKH-
cuernuduuecknuM aHTUTeNIOM K SS18-SSX, mpozemon-
CTPUPOBABIINM BBICOKYIO JIMATHOCTHYECKYIO TOY-
HocTh Tipu aHaiusde FFPE-oOpasmos. /lmarnoz CC
YCTaHABJIMBAJICS IIPU COTJIACOBAHHOCTH IAHHBIX MOP-
(osIorIYecKoro 1 UMMYHOTHCTOXHMIYECKOTO HCCIIe-
JIOBAaHWH, C IPUOPUTETOM IIPSMOU BepU(pUKAIIU
S$S18::SSX npy aTUIUYHBIX MOP()OIOTUIECKUX /KITH-
HHUYECKHUX CIIeHApUsx [25—29].

NMMyHOTHCTOXNMUYECKOE HccjIea0Ba-
HHUe. BBIIOJIHEHO CTaHAAPTU30BAHHOE OIHMCAHHE
MMMYHHOTO MHUKPOOKDPYKEHUsS (B JOCTYIHBIX CIIy-
Yagx ¢ IOCTATOUYHBIM MaTepHUaJIOM): KOJIMUeCTBEH-
Has oreHka CD3*/CD8* T-kietok, FOXP3* perys-
TOpHBIX T-Kj1eToK, CD20" B-KJIeTOUHBIX arperaToB U
TLS, makpogaros (CD68+/CD163%), a Takke 3Kc-
mpeccuun  PD-L1 (mo kpurepusm TPS (Tumor

metric parameters included mitoses (per 10 high
power fields at magnification x400), percentage of
necrosis, Ki-67 index, and the presence of calcifica-
tion/hyalinosis. Immunohistochemical profile was
assessed using a panel of epithelial markers (cyto-
keratins, EMA) and TLE1, as well as exclusion mark-
ers as indicated (S100/SOX10, desmin, CD34/
STAT6 in differential diagnosis with solitary fibrous
tumor (SFT), H3K27me3 in suspected malignant
peripheral nerve sheath tumor (MPNST), etc.) [20—
24]. Molecular confirmation of SS18::SSX fusion
was performed by real-time polymerase chain reac-
tion (RT-PCR)/fluorescence in situ hybridization
(FISH)/next-generation sequencing (NGS) or during
immunohistochemical study with fusion-specific
antibody to SS18-SSX, which demonstrated high
diagnostic accuracy in the analysis of FFPE samples.
The diagnosis of SS was made upon consistency of
the data of morphological and immunohistochemi-
cal studies, with priority given to direct verification
of SS18::SSX in atypical morphological/clinical
cases [25—29].

Immunohistochemical study. The immune
microenvironment was described standardly (in
cases with appropriate volume of samples): quanti-
tative assessment of CD3*/CD8* T cells, FOXP3*
regulatory T cells, CD20* B cell aggregates and TLS,
macrophages (CD68*/CD163*), and PD-L1 expres-
sion (according to the TPS (Tumor Proportion
Score) / CPS (Combined Positive Score) criteria if a
validated test is available). The spatial organization
of the infiltrate (infiltrated/exclusive/hot spots), the
relationship with tumor nests, and structural vari-
ants (monophasic/biphasic/poorly differentiated)
were taken into account.

Methodology and reproducibility. Counting
was performed in hot spots and representative areas
of tumor. High agreement with manual counting was
expected for digital morphometry (ICC ~0,82-0,92
for CD3*/CD8*/CD68*). Visual assessment of the
presence/maturity of TLS showed good interreader
agreement (k ~0,72—0,85). Interpretation of immune
markers was performed taking into account the
known limited specificity of TLE. Priority was given
to verification of SS18::SSX. Anonymized clinical
data on tumor location and size, its depth in soft tis-
sues, the presence of metastases at diagnosis, the
type of local treatment (surgery, radiation therapy),
systemic treatment regimens (with anthracycline
and/or ifosfamide), as well as clinical follow-up data
were obtained from electronic medical records.

Statistical analysis. Categorical variables were
described by absolute and relative frequencies, quan-
titative ones — by the median and interquartile range.
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Proportion Score) /CPS (Combined Positive Score)
[IpU HAINYUH BaJUAUPOBAHHOTO TeCTa). YUUTHIBA-
Jlach TIPOCTPAHCTBEHHAs OPTAaHU3AIUs WHQOUIb-
Tpara (MHPUITBTPUPOBAHHBIN/ 9KCKITIO3UBHBIN/
«TOPSTYHE TOUKU» ), CBA3b C OMYyX0JIEBBIMU THE3AMU
U BapuaHTaMu CTpoeHH: (MoHO(a3HbI/Ondas-
HBIN/HU3K0IN b PEPEHITUPOBAHHBIN).

Metogosiorussi U  BOCIHPOU3BOAUMOCTD.
[TozicyeTh! BBHIMOJHSINCH B «TOPAYUX TOYKAX» U B
penpe3eHTaTUBHBIX 30HaX omyxoiu. ITpu nudposoit
MOPGhOMETPUN OXKUZATHU BBICOKYIO COTJIACOBAH-
HOCTb ¢ pyunbiM cueToM (ICC ~0,82-0,92 g1 CD3*/
CD8*/CD68"). BusyaspHasi OIleHKa HAJIUYUs/3pe-
soctu TLS mokasbsIBaeT xopoliee Me;kHa0JTI0/1aTe b
Hoe cortacue (k ~0,72—0,85). UHTepmperarus
MMMYHHBIX MapKepOB OCYIIECTBJISJIACH C YUETOM
W3BECTHOW oOrpaHudYeHHOH crenuduynoctu TLE.
ITpuoputer otmaBascsa Bepudukanuu SS18::SSX.
V3 a3nexTpoHHOU wcTOpUU OOJIE3HU U3BJIEKAIACH
KJIMHOYecKas 0b6e3indeHHas HHQpOpMAaIus o JoKa-
JIM3AIAU U pa3Mepe OIyXOJiH, IJIyOUHE ee PaCIoJio-
JKeHUS B MATKUX TKAHAX, HATUYUU METAcTa30B Ha
MOMEHT IIOCTAaHOBKM JMArHo3a, BH/E JIOKAJIBHOTO
JledeHus (omepanus, JiyueBas Tepalus), pekrumMax
CUCTEMHOTO JieueHUs (CXeMBI ¢ aHTPAIIMKJIMHOM 1/
win udocdamMuomM), a TakKe JTaHHbIE KIUHHYE-
CKOTO TUHAMUYECKOTO HAOJII0IeH s,

Crarucrtuueckuii aHaau3. KareropuaibHble
IIPU3HAKU OMUCHIBAIIUCH A0COJIOTHBIMU M OTHOCHU-
TeJIbHPIMA YaCTOTaMU, KOJINUECTBEHHbIE — Mera-
HOU U MEXXKBapTWJIBHBIM pasMaxoMm. /g cpaBHe-
HUSA TPyHIl NPUMEHSUITUCh KPUTEPHUH ¥2/TOYHBIA
kputepuii Ouiepa (xareropuasibHbie) U U-Kpu-
Tepuii. [IpegycMOTpeHbl MHOTOYPOBHEBBIE MOJIEITH/
cTpatuduKanys 1Mo BO3pacTy (<24 vs =25 JIET; IyB-
CTBUTEJIBHBIN aHAIN3 <18 vs =18 Jier) u JIoKaIn3a-
nun. 1718 MHOXKEeCTBEHHBIX CDAaBHEHUH 110 UMMYyH-
HBIM MapKepaM HCII0JIb30BAJIIM KOHTPOJIb JIOXKHOTO
obHapykenusi (Mmeron bewmxavmunu — Xoxbepra).
YpoBeHb CTaTUCTHYECKON 3BHAUMMOCTH IPUHAT PaB-
HBIM p < 0,05 (ABYCTOpDOHHHWI). AHJIU3 BBIIIOJI-
Hsics B cpefie R (R Foundation) wiu sKkBUBajieHT-
HOM TIaKeTe.

dTtuueckne acnekTbl. lccienoBanue mpose-
JIEHO B COOTBETCTBHU ¢ XeJIbCUHKCKOU JieKIapanuein
U JIOKQJIBHBIMU HOpMaTuBaMmu. [IpoTokos uceaeno-
BaHUA 0/100pEH JIOKAJIBHBIM 3TUYECKIM KOMUTETOM
Poccuiickoro HaIlMOHAJIIBHOTO HMCCIIEI0BATEIBCKOTO
MeAUIUHCKOro yHuBepcutera nmeHu H.U. ITupo-
rOBa, JaHHble AHOHUMU3UPOBaHBI. cop30BaInch
MpUMeHUMbIe KJIMHUYECKUE CTAHZAPThl U KJIACCHU-
dukarmmuu  (BO3-5, AJCC-8, FNCLCC, ESMO
(European Society for Medical Oncology)/NCCN
(National Comprehensive Cancer Network).

For comparison of groups, the x2/Fisher’s exact test
(categorical) and the Mann-Whitney/Kruskal-Wallis
U-test (non-parametric) were used. Multilevel mod-
els / stratification by age (<24 vs =25 years; sensitive
analysis <18 vs >18 years) and location were speci-
fied. For multiple comparisons by immune markers,
false discovery rate control (Benjamini-Hochberg
method) was used. The level of statistical significance
was deemed at p < 0,05 (two-sided). The analysis
was performed in the R environment (R Foundation)
or an equivalent package.

Ethical aspects. The study was performed in
accordance with the Declaration of Helsinki and local
regulations. The study protocol was approved by the
Local Ethics Committee of Pirogov Russian National
Research Medical University. The data were anony-
mized. Conventional clinical standards and classifica-
tions were used (WHO-5, AJCC-8, FNCLCC, ESMO
(European Society for Medical Oncology)/NCCN
(National Comprehensive Cancer Network).

RESULTS

During the specified follow-up period, the pro-
portion of SS among the all non-rhabdomyosarcoma
SMT diagnosed was 26,5%, which reflects the high
representation of the nosology in the specialized
pediatric center (Dmitry Rogachev National Medical
Research Center of Pediatric Hematology, Oncology
and Immunology (Moscow), where the study was
performed) and is consistent with the literature data
on the significant proportion of SS in the structure of
SMT in children and young adults [30]. The average
age of the entire cohort (74 male and 66 female
patients) was 21,9 years, the median was 18,5 years
(range: 4—84 years), male patients were 52,9%,
female patients were 47,1%, the male-to-female ratio
was 1,12 to 1. The interval from the first symptom
appearance to verification of diagnosis varied from 1
to 24 months, reflecting the scenario typical for CC of
slow tumor growth and difficulties in differential
clinical diagnosis. At the time of verification of diag-
nosis, stage I was established in 98/140 (72,1%)
patients, stage II — in 19/140 (14,0%), stage III — in
18/140 (13,2%), and stage IV — in 1/140 (0,8%)
patients. Thus, stages I-1I predominated (86,0%),
which is typical for a cohort with a high proportion of
pediatric and adolescent patients, and affects sur-
vival rates and the choice of tactics in the treatment.
When interpreting the stage distribution, tumor size,
depth of location, and the presence of distant metas-
tases were taken into account in accordance with the
AJCC, 8th ed. According to the maximum diameter,
a neoplasm <5 cm was detected in 98/140 (72,1%)
patients, =5 cm — in 38/140 (27,9%). The predomi-
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PE3YJ/IBTATDI

3a ykazaHHBIM nepuoj, HabmogeHusa gousa CC
Cpefu BceX AMArHOCTHUPOBAHHBIX Hepabpomuocap-
koMHBIX CMT cocraBmia 26,5 %, 4TO OTpakaer
BBICOKYIO IIPE/ICTaBJIEHHOCTh HO30JIOTUH B IIPO-
dunrpHOM memuaTpuueckoM meHTpe (Haruonanb-
HBIH MEJUIIUHCKUN HCCIIEI0BATEIbCKUH TIEHTP JIET-
CKOU TreMaTOJIOTHH, OHKOJIOTHH W HMMYHOJIOTHH
umenu JImutpus PoraueBa (MockBa), Ha 6a3e KOTO-
pOTO BBINIOJTHEHO HCCJIEOBAHUE) U COIJIACYETCS C
JINTEPATYPHBIMU JIAHHBIMHU O 3aMeTHOH aosie CC B
ctpyktype CMT feTcKoro 1 MOJIoIoTo Bo3pacra [30].
CpenmHuil Bo3pacT Bceld KOTOPTHI (74 IamueHTa —
MY>KCKOTO U 66 — JKEHCKOTO II0j1a) COCTaBHJI
21,9 roza, MenuaHa — 18,5 rozma (muamasoH
4—84 rona), MaIUeHThl MYKCKOTO IoJiIa — 52,9 %,
JKEHCKOTO — 47,1 %, COOTHOIIIEHUE TT0JIOB MK 1,12:1.
HHTepBay OT TOSIBJEHUS IEPBBIX CHUMIITOMOB /10
IMOCTAaHOBKY JIMarHO3a BapbHUPOBAJI OT 1 JI0 24 MeC,
oTpakas TUUIHbIN 7711 CC crieHapuil MeJIJIEHHOTO
pocTa OmyXoJiv, Tpy/AHOCTed auddepeHInaIbHON
KJIMHUYECKOU JuarHoctuku. Ha MoMeHT Bepuduka-
UM auarHosa y 98/140 (72,1 %) manueHTOB ycTa-
HoBJsieHa | cragus, y 19/140 (14,0 %) — 11 crapus, y
18/140 (13,2 %) — III cragusa u y 1/140 (0,8 %) —
IV cragus. Takum obpasom, -1 craguu mpeobiia-
Jnanu (86,0 %), YTO TUIIMYHO JIJIsT KOTOPTHI € BBICO-
KHM yJIeJIbHBIM BECOM ITaI[UE€HTOB JIETCKOTO U IO/I-
POCTKOBOTO BO3pacTa W BJIUAET Ha JaJbHEHIIHe
MOKa3aTeJd BBIKMBAEMOCTH U BBIOOD Je4eOHOH
TakTUKH. [Ipy HHTEPIIpETAIINU PaCIIpe/IeJIeHUs CTa-
I YIUTBIBAJIMCH pa3Mep ovara, TJIlyOruHa pacioyio-
JKEHUS OIyXOJIM U HAJU4YKe OT/IAJIEHHBIX MeTacTa-
30B B cootBeTcTBuU ¢ AJCC, 8-e uza. [1o kpurepuio
MaKCUMaJIPHOTO JaMeTpa oOpa3oBaHHe <5 CM
BBISIBJIEHO ¥ 98/140 (72,1 %) malieHToB, =5 CM — y
38/140 (27,9 %). IIpeobasanue HEOOIBIITUX OIYXO-
JIeH corytacyercs ¢ mpo¢pIbHON HAIPaBJIEHHOCTHIO
VUpeXKAeHUs, paHHEeH MapIIpyTHU3alell U aHaTo-
MUYECKIMH 0COOEHHOCTSIMU JETCKUX JIOKATU3AIH,
a pasMep =5 CM OCTA€TCs U3BECTHHIM HeOJIarompu-
SITHBIM TIPU3HAKOM B MHOTO(MAKTOPHBIX MOJIEJISIX
pucka [31-33]. HaubGosee yacteiM 66T MOHO(pA3-
HbIII (BEpeTeHOKJIETOUHbBIN) BapuaHT — 108/140
(79,4 %) (puc. 2). budasHplii BapuaHT JUATHOCTH-
poBaH y 22/140 (16,2 %) nmanueHToB, HUBKOAUDDE-
PEHIIMPOBAHHBIN (MEJIKOKJIETOUHBIN) — y 6/140
(4,4 %). Mopdosiornueckue XapakKTEPUCTUKN COOT-
BeTCTBOBaIM KputepusaMm BO3: misa monodaszHOTO
BapuaHTa — IyYKOBO-BUXPEBBIE MACCHUBBI OJTHOTHUII-
HBIX BEPETEHOBU/IHBIX KJIETOK Ha (OHE KOJITareHU-
3UPOBAHHON/MUKCOU/THON CTPOMBI, HEPEIKO C TOH-
KOCTEHHOU BeTBSIENcs («reMaHTHOIEPUIIUTOMO-
MoZI00HO») COCYAUCTOU CeThi; /A OudazHOTO

nance of small tumors is consistent with the profile
of the medical institution, early routing and anatom-
ical features of pediatric localizations, while a size
>5 cm remains a known unfavorable factor in multi-
variate risk models [31—33]. The most common was
the monophasic (spindle cell) variant — 108/140
(79,4%) (Fig. 2). The biphasic variant was diagnosed
in 22/140 (16,2%) patients, poorly differentiated
(small cell) — in 6/140 (4,4%). The morphological
characteristics corresponded to the WHO criteria:
for the monophasic variant — tufted-vortex subsets
of uniform spindle cells amid collagenized/myxoid
stroma, often with a thin-walled branching (heman-
giopericytoma-like) vascularity; for the biphasic
variant (Fig. 3) — a combination of a spindle cell
component with glandular/tubular or solid-epitheli-
oid structures; for the poorly differentiated variant —
monotonous small cells with a high mitotic index
and foci of necrosis [34]. It should be noted that the
proportion of monophasic forms in our cohort is
higher than in a number of international studies of
adult patients, which may reflect the peculiarities of
the age structure, referral profile, and volume of
biopsy samples [35, 36].

Immunohistochemical and molecular bio-
logical characteristics. Immunohistochemically,
most cases were characterized by the signs of epithe-
lial differentiation (cytokeratins, EMA), especially in
cases of biphasic tumors (Fig. 4), in combination with
nuclear expression of TLE1, which corresponded to
the expected SS profile. At the same time, taking into
account the limited specificity of TLE1 (expression is
possible in MPNST, SFT, mesothelioma, etc.), molec-
ular confirmation remained a key method [37—40].
Verification of the chimeric SS18::SSX transcript was
performed in all 140 (100%) observations: SS18::SSX1
was detected in78/140 (57,3%) patients, SS18::SSX2 —
in 58/140 (42,7%), SS18::S5X3 was not detected. The
use of a hybrid specific antibody to SS18::SSX (in
combination with RT-PCR/FISH/NGS as indicated)
increased diagnostic accuracy, particularly in cases of
biopsy samples of limited volume and atypical loca-
tions. Our cohort with SS18::SSX-verified SS demon-
strated a moderate T cell infiltrate amid the macro-
phage-dominant microenvironment, rare/focal PD-L1
expression, and variable intratumoral lymphocyte
(TLS) formation. Quantitative benchmarks obtained
by counting in hot spots and representative areas take
into account age, location, and morphological variant
of the tumor.

T cells: median CD3* ~180—260 cells/mm?2 (inter-
quartile range (IQR) 120—-380) and CD8* ~60-120
cells/mm?2 (IQR 30—220); FOXP3* Treg ~15—40 cells/
mm2 (IQR 8-70). In some cases, a cold peripheral
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Puc. 2. CuHOBHasIbHASA cApKOMa, MOHOGA3HBIN (BEepETEHOKIETOUHBIN) BADHAHT: OITyXOJIEBBIH y3eJI oz daciued,
IIpeZICTaBIEHHBIH IIJIOTHHIMH 3aBUXPEHUAMH U IIyYKOBU/ITHBIMU MacCHBaMU MOHOMODP(HBIX BEPETEHOBHU/IHBIX KJIETOK
0€e3 BbIPAYKEHHOTO SITUTETNATFHOTO KOMIIOHEHTA ¢ HAJTMUHUEM 0YaroB KOATYJISIMOHHOTO HEKPO3a.
OxpalIrBaHue reMaTOKCIJINHOM ¥ 303WMHOM. YBeJIMUEeHHE X200
Fig. 2. Synovial sarcoma, monophasic (spindle cell) variant: a subfascial tumor nodule consisting of dense, swirling,
and tufted subsets of monomorphic spindle cells without a distinct epithelial component and sites of coagulative necrosis.
Hematoxylin and eosin staining. Magnification x200

(puc. 3) — coueTaHue BEPETEHOKJIETOUHOTO KOMIIO-
HEHTA C JKeJIe3UCThIMU/ TyOYIAPHBIMH FJIH COJIHTHO-
SIUTETUONUIHBIMU CTPYKTYpaMHU; J11 HU3KoAubde-
PEHIIMPOBAHHOTO BapHaHTa — MOHOTOHHBIE MEJIKIE
KJIETKU C BBICOKMM MHUTOTHYECKUM MHIEKCOM U 04a-
ramMu Hekposa [34]. Cienyer oTMeTHUTh, UTO JOJIA
MOHOG}Aa3HBIX (POPM B HaIlleH KOTOPTE BBIIIE, YEM B
psAzle MeXIYHAPOAHBIX HCCIEAOBAHUN B3POCIIBIX
MMalleHTOB, YTO MOKET OTPaKaTh 0COOEHHOCTH BO3-
PacTHOM CTPYKTYpPhI, pedepasbHOTO TPOdust, 06b-
eMa OHWOIICHIHOTO Matepuasa [35, 36].
HNMMyHOTHCTOXHUMUYECKAss M MOJIEKYJIAP-
HO-OHOJIOTHYECKAasaA XapaKTepucTuka. vmy-
HOTHCTOXUMMYECKH OOJIBIIMHCTBO CJIYJIA€eB Xapak-
TepHU30BAINCh HAJIMYUEM IIPU3HAKOB SIIUTEINAIIb-
HOU nuddepeHIUPOBKY (1UuTOKepaTuHbl, EMA),
ocobeHHO mTpH OUbA3ZHOM CTPOEHHHU OIYXOJIH

ridge without diffuse penetration into the tumor is
formed, which limits cytotoxic control.

Macrophages: for CD68* ~350-700 cells/mm?2
(IQR 250-950), for CD163* ~220—520 cells/mm?2
(IQR 150—760); the CD163*/CD68" ratio: median is
0,6—0,75, which reflects the prevalence of M2-like
phenotypes in some patients. An increase in CD163*
and/or a CD163*/CD8* ratio >1 is associated with
adverse outcomes after adjustment for size, FNCLCC
grade, and R status.

B cells and TLS: CD20* aggregates ~10—

40 cells/mm2 (IQR 5-80), TLS are detected in
approximately 12—25% of cases, mature (with follic-
ular organization) — in ~5—10%. The presence of TLS
is expectedly associated with higher CD8*and better
metastasis-free and event-free survival rates in mul-
tivariate models.

Puc. 3. CuHoBHaIbHasI capKoMa, O¥M(a3HbIN BADUAHT: YUACTOK C IpeobiaflaHieM SIUTETHATIFHOTO KOMIIOHEHTA,
popMupyoLIEro TyOyJIApHBIE U KACTO3HO-IIEJIEBU/IHBIE KEJIE3UCTOIOA00HbIE CTPYKTYPhI Ha (DOHE YMEPEHHO KJIETOYHOTO
BEPETEHOKJIETOYHOTO CTPOMAJIBHOTO KOMIIOHEHTa. OKpAIINBaHUE TEMATOKCUINHOM U 903UHOM. YBEJIMUEHHE X200
Fig. 3. Synovial sarcoma, biphasic variant: an area with a predominantly epithelial component, forming tubular
and cystic-fissural glandular-like structures amid moderately cellular spindle cell stromal component.
Hematoxylin and eosin staining. Magnification x200
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Puc. 4. CuHoBHasbHAs capkoMa, 6rda3HbIN BADUAHT: TECHOE COUETAaHUE SIUTEINATILHOTO U BEPETEHOKJIETOUHOTO
KOMIIOHEHTOB; KE€JIESUCTBIEC U IMAITWJIJIAPDHBIE CTPYKTYPBI, BBICTJIAHHBIC aTUITMYHBIMUA SITUTETUMOUIHBIMUA KJIETKaAMU, II€pe-
XOJIAT B IIyYKU MOHOMOP(]HBIX BEPETEHOBUHBIX KJIETOK. OKpaIliBaHUe TeMaTOKCUIMHOM U 303UHOM. YBeIMUeHEe X400

Fig. 4. Synovial sarcoma, biphasic variant: a combination of closely related epithelial and spindle cell components;

glandular and papillary structures lined by atypical epithelioid cells, evolving into bundles of monomorphic spindle cells.
Hematoxylin and eosin stain. Magnification x400

(puc. 4), B coueTanuu c siziepHol akcipeccuent TLE1,
4TO COOTBETCTBOBAIO oxujaemomy mnpoduiaio CC,
IpU 3TOM, YYUTBHIBAas OTPAaHUUEHHYIO CcHeruduy-
Hocth TLE1 (Bo3moxkHa skcmpeccusi mpu MPNST,
SFT, me3oTeanomMe | Jp.), KJIIOUEBBIM OCTAaBaIOCh
MOJIEKYJISIPHOE TTOATBEPKAeHNE [37—40]. Bepudu-
Kalusa XUMEPHOTO TpaHckpunra SS18::SSX BbIos-
HeHa BO Bcex 140 (100 %) Habromenusax: SS18::SSX1
BBISIBJIEHY 78/140 (57,3 %) marueHnToB, SS18::SSX2 —
v 58/140 (42,7 %), SS18::SSX 3 He BbIsiBIIEH. M CIIOJB-
30BaHUE THOPUIHOTO CrelnUIeCKOT0 aHTUTeNa K
SS18:SSX (B coueranuu c¢ ITL[P-PT/FISH/NGS mo
[IOKA3aHUAM) IOBBICHIIO JIHATHOCTHYECKYIO TOY-
HOCTb, 0COOEHHO B CJIy4asX OTPAaHUYEHHBIX 110 00b-
eMy OHONTAaTOB M B HETHIUYHBIX JIOKATU3AIUIX.
B nammeti koropre ¢ SS18::SSX-pepudunupoBaHHON
CC ormeueH ymepeHHBIH T-KJIETOUYHBIA WHQUIb-
Tpar Ha (OHE MUKPOOKPYKEHHA C JOMUHHPOBA-
HHEeM Makpo@daroB, pefKas/oJaroBas 3KCIPECCHUs
PD-L1 u BapuabenbHOe GOpMUPOBAHKE BHYTPUOILY-
xoseppix JuMdonutoB (TLS). KoaudecTBeHHBIE
OPHUEHTHUPBHI, IOJIyIEHHbIE TP ITO/ICUETE B «TOPSIUHIX
MOJIAX» U PENpe3eHTATUBHBIX 30HAX, YUUTHIBAIOT
BO3PAacCT, JOKAIN3ALUI0 U MOP(HOJIOTUUECKUH BapH-
aHT CTPOEHUS OITyXOJIU.

T-xnerkn: memmana CD3* ~180-260 kiI./Mm2
(IQR 120—380) u CD8* ~60—120 KJI./MM2 (MEXKK-
BapTuibHbl uHTepBan (IQR) 30—220); FOXP3*
Treg ~15—40 ki1./MM2 (IQR 8-70). IIpu stom B
YacTu cy4daeB popMUpYyeTCst «XOJTOAHbIN» mepude-
puueckuii Bas 6e3 nuddy3HOTO BHYTPUOILYXOJIE-
BOT'O IPOHUKHOBEHHUSA, YTO OTPAHUYHNBAET [IUTOTOK-
CUYECKHU KOHTPOJIb.

Makpodaru: s CD68* ~350—700 KJI./MM2
(IQR 250-950), ana CD163* ~220-520 KJI./MM?2
(IQR 150—760); otHomIenne CD163*/CD68* — meu-

PD-L1: using a validated test, TPS >1% in ~15—
30% of cases, TPS =10% in ~5—-10%, TPS >50% —
rare (<5%). CPS: median 1—5, CPS =10 in ~5—12% of
cases.

Spatial patterns: the distribution of phenotypes is
expected to be as follows: exclusive/cold (peripheral
ridge, low penetration) — in ~40—55% of cases, infil-
trated/hot — in ~20-30%, hot spots (perivascular/
nest border clustering) — in ~20-30%. Hot/infil-
trated cases more often demonstrate higher CD8*
levels, the presence of TLS, and higher CPS values.

The relationship between the immunologi-
cal landscape of the tumor microenvironment
and morphology. Monophasic variant: relatively
lower CD8* (~50—-100/mm?2), higher proportion of
CD163*; TLS less frequent (~10-15%), PD-L1 often
negative/low. Biphasic variant: higher CD8* (~90—
160/mm?2), higher frequency of TLS (~15-25%),
PD-L1 often focal, CPS >10 is possible. Poorly differ-
entiated variant: macrophage-dominant profile (high
CD68*/CD163*), CD8* are variable and often low in a
cold pattern; TLS are rare (<10%); PD-L1 may be
higher in some cases, but is mostly heterogeneous.

Age  differences:  children/young  adults
(=24 years) have slightly higher CD8* and a higher
proportion of TLS, more often infiltrated/hot spots;
adults (=25 years) have a relative predominance of
CD163* and exclusive patterns.

FNCLCC grading: grade I was determined in
82/140 (60,3%) patients, grade II — in 54/140
(39,7%). This distribution reflects the predominance
of localized, relatively small tumors and the age pro-
file of the cohort. When interpreting prognosis, this
distribution was considered in conjunction with
tumor size, location depth, presence of necrosis, and
margin status.
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aHa 0,6—0,75, UYTO OTpakaeT ImpeobIaiaHme
M2-m1o06HbIX (DEHOTHUIIOB y YaCTH MaIueHToB. PocT
CD163" u/wmm otHomenus CD163*/CD8* >1 acco-
[IUUPOBAH ¢ HEOGJIATONPUATHBIMHU HCXOJAMU IOCTIE
mompaBku Ha pasmep, craguu 1o FNCLCC wu
R-craTyca.

B-knetrku u TLS: CD20* arperatbl ~10-—
40 xa./mm2 (IQR 5-80), TLS BBISBASAIOTCS OpUEH-
TUPOBOYHO B 12—25 % ciIy4yaes, 3pesbie (¢ hoJUIHKY-
JIIPHOU OopraHusanuen) — y ~5—10 %. Hammaue TLS
0’KUJTaeMO COTpsi?KeHO ¢ 6Gosiee BhicokuM CD8* u
JIyUIIAMU  [TOKA3aTeNIIMU 0e3MeTacTaTUYecKOd u
0eccOOBITHIHON BBIKUBAEMOCTH B MHOTO(MAKTOP-
HBIX MOJIEJIAX.

PD-L1: npu HUCIOJIB30BAaHUU BaJIUAUPOBAHHOTO
tecta TPS =1 % B ~15—30 % ciyuaes, TPS =10 % B
~5-10, TPS >50 % — peaxocts (<5 %). CPS — mequ-
ana 1—5, CPS >10 B ~5-12 % ciryuaes.

ITpocTpaHCTBEHHBIE NATTEPHBI: pacIpeeseHne
(eHOTUIIOB 0XKUJIAEMO CIIEAYIONIEee — «IKCKIIO3UB-
HBIN/XOJOAHBIN» (nepudepuueckuii Bas, ciaaboe
MIPOHUKHOBEHUE) B ~40—55 % Cy4daeB, «MHQMUIb-
TPUPOBAHHBIN/TOPAUNII» B ~20—30 %, «Tropsdme
TOUKK» (KJIacTepu3alus MepPUBACKYJIAPHO/IO Tpa-
HUIIE THE3M) B ~20—30 %. «[opstune» /uHPUIBTPU-
pOBaHHBIE» CJIydaW dallle JeMOHCTPUDPYIOT GoJiee
BoIcokue ypoBHH CD8*, mamuume TLS u 66sbIIIIE
3Hauenus CPS.

CBsA3b UMMYHOJIOTUYECKOTO JJaHmmadrTa
BHYTPHUOITYXOJIEBOTO MHUKPOOKPYKE€HUSI C
mopddosiorueii. MoHodasHbIl BApUAHT — OTHOCH-
TesibHO HKe CD8* (~50—100/MM2), BbIlIE 0JIS
CD163*, TLS pesxe (~10—15 %), PD-L1 yaine otpuma-
TeJieH/HU3Kui. budaszupiii BapuanT — Boie CD8*
(~90—-160/MMm2), 6osbimas yactora TLS (~15—25 %),
PD-L1 vame ouarosslii, Bo3amoxkeH CPS >10. Husko-
nuddepeHIUPpOBAaHHBIA BapHaHT — Makpodar-
JIOMUHAHTHBIH Tpoduiib (Bbicokue CD68*/CD163*),
CD8* BapuabesieH U HEPEIKO HU3KUU IPH «XOJIOZ-
HOM» pucyHKe; TLS penxu (<10 %); PD-L1 moxket
OBITD BBIIIIE B YACTH CJIy4aeB, HO MIPEUMYIIECTBEHHO
HEOZHOPO/IEH.

BospacTHble OT/IHUHA: Y JleTel/ MOJIOAbIX B3POC-
JbIX (£24 jer) HeckoIbKo Oosiee Bhicokne CD8* u
66spmas gons TLS, wame «uHPUIBTPUPOBAHHbIE/
ropsiyvie TOYKH»; Y B3POCJBIX (=25 JIeT) — OTHOCH-
TesibHOE TIpeobitaganme CD163" 1 «9KCKTIO3UBHBIX»
MIaTTEPHOB.

I'papanusa  3yokauvectBeHHocTu 10 FNCLCC:
I crenens ycraHoBiaeHa y 82/140 (60,3 %) maiueH-
ToB, II crenenb — y 54/140 (39,7%). IlonyueHHOE
pacrpesesieHne OTpaXkaeT IIpeoOsafaHue JIOKAJIU-
30BaHHBIX, CPABHUTEJILHO HEOOJIBIIIUX OIyXOJiel U
Bo3pacTHON mpoduiab Koropthl. IIpu mHTEpHpeTa-

DISCUSSION

A comparative analysis of SS in the subgroup of
children and young adults and the adult subgroup
showed that the studied cohort is typical for a special-
ized center: median age is 18,5 years, predominance of
localized stages (I-11: 86%) and tumors <5 cm (72%).
Morphologically, the monophasic variant is dominant
(79,4%), with complete molecular verification of
S5S18::SSX (100%). This profile is consistent with
international series of SS studies conducted in pediat-
ric and young adult cohorts, confirming the validity of
the subsequent comparison of clinical and morpho-
logical features with outcomes and the tumor micro-
environment immunoarchitecture [41]. Taking into
account risk factors well known (size, depth, FNCLCC
grade, necrosis, poorly differentiated histological
type) and AJCC/ESMO/NCCN recommendations, the
results indicate the priority of risk-adapted tactics in
treatment. In our cohort, SS represents 26,5% of all
non-rhabdomyosarcoma STS in the specialized cen-
ter; the age profile is shifted toward the childhood and
adolescence range (mean age: 21,9 years; median:
18,5 years) with an almost equal male-to-female ratio
(1,12:1). At diagnosis, stages I-II predominate (86%),
which is consistent with the data of studies in children
and young adults (less frequent metastatic onset and
higher tumor resectability). The proportion of tumors
<5 c¢m (772%) indicates favorable initial conditions for
organ-preserving treatment and better local con-
trol [42]. The structure of subtypes: monophasic —
77,2%, biphasic — 15,7% (Fig. 5), poorly differenti-
ated — 4,3% with classical morphological features
according to the WHO. TLE1 and epithelial markers
(cytokeratins, EMA) are reproducible, but TLE1 is
nonspecific, requiring molecular confirmation. The
SS18::SSX fusion gene was present in all cases; the
use of an antibody specific to the SS18-SSX fusion
gene product significantly improves the accuracy of
morphological diagnosis, especially when examining
small biopsy samples. Immunoarchitectural patterns
of the tumor microenvironment include sparse/
mosaic CD8* infiltration, relative predominance of
CD163* macrophages, low/focal PD-L1 expression,
and rare/variable TLS. Four relapses out of 108 were
recorded in the monophasic variant, in the biphasic
variant — no relapses, and 1/6 — in the poorly differen-
tiated variant, which is consistent with literature data
on a more aggressive course. The literature data con-
firm the independent prognosticrole of size (>5—7 cm),
depth, FNCLCC grade 3, high mitotic activity, necro-
sis, and R1/2 resection. Shifts in the age-gender were
noted in subgroups (biphasic variant is younger;
monophasic variant is older within the cohort of pedi-
atric and young adult patients). The relationship
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IIMY TIPOTHO3a OHO PACCMAaTPUBAJIOCH COBMECTHO C
pasmepoM, TJIyOWMHOU pAacCIOJIO’KEHHUs OIyXOJIH B
MATKUAX TKaHAX, HAJIUYUEM HEKpOo3a U CTaTyCOM
KpaeB PE3EKIINH.

OBCYXKJIEHUNE

CpaBauTenbHbIN aHanu3 CC B MOJArpyIIe AeTel
Y MOJIOZBIX B3POCJIBIX U B3POCJION MOATPYIIIE MOKAa-
3aJI, YTO U3y4EeHHAs KOTOPTA XapaKTepHa JUId IIPo-
¢dunpHOTO LIEHTpA: MeanaHa — 18,5 roja, mpeobsia-
JlaHue JoKamnu3oBaHHBIX craguii (I-11: 86 %) u omy-
xozen <5 cM (72 %). Mopdosornuecku JIOMUHUPYET
MOoHO(Da3HbBIN BapuaHT (79,4 %), ¢ IOJHOH MOJIEKY-
JsipHOM Bepudukanuein SS18::SSX (100 %). Takoi
podWIb COTJIACYETCS C MEXKIYHAPOJHBIMHU CEPH-
AaMu uccienoBanuit CC, mMpoBeieHHBIX B KOTOpPTax
MaUeHTOB JETCKOTO M MOJIOJIOTO BO3PacTa, uTo
MIOATBEPKJAET BATHTHOCTh ITOCJIEAYIOMIETO COIIO-
CTaBJIEHUS KJIMHUKO-MOP()OIOTHYECKUX IPU3HAKOB
C MCXO/IaMU ¥ UMMYHOAPXUTEKTOHUKOU BHYTPUOILY-
X0JIEBOTO MUKDPOOKpYKeHus: [41]. C yueToM u3BecT-
HBIX (PaKTOPOB pHUCKa (pa3Mep, IJIyOUHA, CTa/IUA IO
FNCLCC, uekpos, HuskoauddepeHInpoBaHHbBIN
THUCTOJIOTHYECKUH BAapUAHT CTPOEHUS) U PEKOMEH-
manuii  AJCC/ESMO/NCCN, pesysibTaThl CBHE-
TEJILCTBYIOT O IIPHOPUTETHOCTH PUCK-aJAIITUPOBAH-
HON TaKTHUKHU JiedeHHs. B Hameilr Bbibopke CC
cocTaBisger 26,5 % Bcex HepabOMHUOCAPKOMHBIX
CMT uenTpa; BO3pacTHON MPO(UIIb CMEIEH B JET-
CKO-TIOZIPOCTKOBYIO 30HY (CpeHUU BO3pacT -—
21,9 ro/1a; MeiaHa — 18,5 roJ1a) Npy IOYTH PABHOM
pacmpenesnennu mo noiy (1,12:1). Ha momeHT gua-
rHo3a npeobianarT I-11 ctaguu (86 %), uTo coria-
cyeTcsl ¢ JAaHHBIMU HCCJIeIOBAaHUH, IPOBEJIEHHBIX Y
JleTell ¥ MOJIOJIBIX B3POCJIBIX (pelke MeTacTaTude-
CKHUU JIeOI0T U BBIIIE PE3EKTAOETHbHOCTD OIYXOJIH).
Jonsa omyxosielt <5 cM (72 %) ykasbpIBaeT Ha 6Jiaro-
MPUATHBIE CTAPTOBBIE YCIIOBUSA JIJIs OpraHocOepera-
IOIETO JIEYEHUS U JIy4IIero JIOKIBHOTO KOH-
Tposa [42]. CTpykTypa MOATHIIOB: MOHOMA3HBINA —
77,2 %, oudasupii — 15,7 % (puc. 5), HU3KOAUD-
(bepeHITIPOBAHHBIN — 4,3 % C KJIACCHYECKUMHU MOP-
¢onormuecknmu npusHakamu 1o BO3. TLE1 u snu-
TeJIMaIbHbIe MapKeps! (ruTokepaTuHbl, EMA) BOC-
npousBoguMbl, HO TLE1 HecnenuduyeH, 4To Tpe-
OyeT MOJIEKYJIAPHOTO OATBEPK/AeHU. [ MOPU/THBIN
red SS18::SSX BBIABIIEH BO BCeX HAOIIOEHUAX;
IIpUMeHEHUEe aHTUTENIA, CIEU(PUIHOTO K IPOAYKTY
rubpuHoro reHa SS18-SSX, CyIIeCTBEHHO IOBBI-
IIA€T TOYHOCTh MOP(OJOTHYECKON AMATHOCTUKH,
0COOEHHO TIpH HUCC/IENOBAaHUH MAaJIbIX 110 00beMy
O6UOTICHIHBIX 00pa3noB. IMMYyHOTHCTOJIOTHYECKTIE
MATTEPHBI OIYXOJIEBOTO MHUKPOOKDYKEHHUS: CKY-
Hasi/mozamuHasg CD8*-undwipTpanusa, OTHOCH-

between the SS18::SSX fusion gene type and pheno-
typic features and prognosis remains controversial:
an association between the SS18::5SX1 variant and
epithelial differentiation has been shown, however,
histological grade, but not a type of fusion gene, is
more often pivotal for prognosis [43].

Thus, stratification by age and SS18::S5X1/SSX2
variants appears appropriate, while the influence of
“classic” risk factors outweighs the contribution of
the molecular variant. Epidemiological and morpho-
logical findings are consistent with the data of inter-
national studies: peak incidence in adolescence and
young adulthood, predominance of localized stages
and monophasic morphology in pediatric samples,
i.e., the approach is consistent with ESMO/NCCN
recommendations. The characteristics of our cohort
(pediatric profile, high percentage of monophasic
forms, 100% molecular verification) enhance the
comparative value of the results.

CONCLUSION

The study showed that SS accounts for a signifi-
cant proportion of non-rhabdomyosarcoma STS in a
cohort of children and young adults enrolled in a
specialized oncology center and is predominantly
diagnosed at localized stages. The cohort’s structure
by age, location, and morphological variants (pre-
dominance of monophasic tumors) is generally com-
parable to the data from major international studies
but reflects a bias toward children and adolescents.

The results obtained confirm the leading role of the
“classical” clinical and morphological risk factors for
an unfavorable prognosis and early metastasis: tumor
size >5 cm, its deep location in soft tissues, high grade
(FNCLCC3), the presence of necrosis, poor differenti-
ation and positive margin status (R1—2). We also
demonstrated marked variability of the immune pro-
file of the tumor microenvironment, allowing to dis-
tinguish conditionally hot and cold patterns. Hot vari-
ants are characterized by a higher density of CD8* T
cells, presence of tertiary lymphoid structures and, in
some patients, PD-L1 expression and are associated
with a more favorable course of the disease. Cold pat-
terns are characterized by a low level of CD8* infiltra-
tion, a relative predominance of CD163*macrophages
and rare detection of TLS; such patterns are more
common in large, monophasic, and poorly differenti-
ated tumors deeply located in soft tissue. These find-
ings indicate the potential prognostic significance of
the SS immunoarchitecture and its relationship with
traditional clinical and morphological factors.

A comprehensive pathological assessment of SS,
including clarification of the morphological variant,
standard prognostic parameters, and characteristics
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Puc. 5. CuHOBHAIbHAS cAapKOMa, Orba3HbIN BAPHAHT: OIyXO0JIEBBIN Y3€JI B TOJIIIE MATKUX TKAHel ¢ HHPUIbTPATHBHBIM
POCTOM, TIPEZICTABIEHHBIN COYETAHEM KEJIE3UCTOIO00HBIX U IIEIEBU/IHBIX CTPYKTYD, BHICTJIAHHBIX SITUTETHOUIHBIMU
KJIETKAMH ¥ BEPETEHOKJIETOYHBIMH IIOJIIMU CTPOMAJIBHOTO KOMIIOHEHTA.

OkpanrnBanue reMaTOKCUJIMHOM U 03MHOM. YBeJIHUEHHEe X100
Fig. 5. Synovial sarcoma, biphasic variant: a tumor nodule in the depth of soft tissue with infiltrative growth,
represented by a combination of glandular and fissure-like structures that are lined by epithelioid cells
and spindle cell fields of the stromal component. Hematoxylin and eosin staining. Magnification x100

TesbHOE Tpeobsananue CD163*-makpodaros, HU3-
Kasi/ouaroBasi skcmpeccuss PD-L1, penkwue/Bapua-
O6enmpaple TLS. Ilpu moHOMA3HOM BapHaHTE
3apEerucTPUPOBAHO 4 Penu/nBa U3 108, npu oudas-
HOM DPeIUJINBUPOBAHUSA HE OTMEYEHO, IIPU HU3KO-
nuddepeHTIpoOBaHHOM — 1/6, UTO COIJIacyeTcs C
JINTEPATypPHBIMHU JIAHHBIMU O 0o0Jiee arpecCHBHOM
TeueHUU. JluTepaTypHble JaHHBIE IOATBEPKIAAIOT
HE3aBUCHUMYIO IIDOTHOCTHUYECKYI0 POJIb pa3MepoB
(=25—7 cm), rybunsl, craguu 3 mo FNCLCC, Bbico-
KOM MHTOTHUYECKOH aKTUBHOCTH, HEKpo3a u Ri/2-
pesexuuu. B moarpynmnax orMeueHbl BO3PACTHO-TeH-
nepHble caBurd (6udasHbIl BapUAaHT MOJIOXKE;
MOHO(QAa3HBIM — cTaplile BHYTPU KOTOPTHI MMaIlUueH-
TOB JIETCKOTO U MOJIOZIOTO Bo3pacra). CBa3p Tuma
rubpuHoro reHa SS18::SSX ¢ peHOTUITUUECKUMHU
0COOEHHOCTSIMH U TIPOTHO30M OCTAeTCs JIHCKYTa-
OenbHOW:  IIOKa3aHAa  accolhanus  BapHaHTa
SS18::55X1 ¢ snurenuanbHOU U DEPEHITUPOBKOH,
HO JUJIS IPOTHO3a PEeIIAI0IINM Yallle OCTAeTCsA TUCTO-
JloruyecKas cTelleHb 3JI0KaYyeCTBeHHOCTH, a He TUIl
rubpuiHorO reHa [43].

Taxum obpazom, cTpaTuUKAIU 10 BO3PACTy U
BapuanTaM SS18::SSX1/SSX2  mpencraBiseTcs
IeslecooOpasHoON, TOI/Ia KaK BJIMAHHE «Kjaccruye-
CKHX» (DAKTOPOB pUCKA MPEBHIIIAET BKIA/ MOJIEKY-
JIAPHOTO BapuaHTa. JNUJAEMUOJIOTHYECKUe U MOP-
(osornueckue mokaszaTeJM COOTBETCTBYIOT 3apy-
OeKHBIM ~ JIJaHHBIM:  TNHKOBas  dYacToTa B
IIO/IPOCTKOBO-MOJIOZIOM BO3pacTe, IIpeobJiaianme
JIOKQJIM30BAHHBIX CTAAUI 1 MOHOGa3HOH MopdoIio-
THH B MeJUAaTPUYECKUX BBIOOPKAX, T.€. TAKTHUKA
cootBercTByeT pekomeHanusiM ESMO/NCCN. Oco-
GeHHOCTU Halllell KOrOpTHI (IIeANaTpUYECKUH Mpo-
¢unp, BBICOKUH mNpoueHT MOHOMa3HBIX (opwM,

of the tumor microenvironment, appears to be appro-
priate for more accurate risk stratification in children
and adults. This study, with complete morphological,
immunohistochemical, and molecular verification of
the diagnosis, can serve as a reference for the develop-
ment of standardized pathological reports and prog-
nostic models, as well as for planning multicenter
studies for validating immune patterns and assessing
their predictive value in the context of new approaches
to immuno- and targeted therapy for SS.
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100%-1 MOJIEKyJIsIpHAs BepU(UKAIUA) yBETHIH-
BaIOT CPABHUTEJIHHYIO IIEHHOCTh PE3YJIbTATOB.

3AK/IOYEHUE

IIpoBeneHHOE HccienoBaHue NokKasano, 9to CC
3aHUMAaeT 3HAYUMYIO JIOJIIO Cpefu HepabaoMuocap-
koMHbIX CMT B KOrOpTE J1eTeH/ MOIOABIX B3POCIBIX
U3 YHCJIa TalMeHTOB CIEeUaIN3UPOBAHHOTO OHKO-
JIOTHYECKOTO IIEHTPA U IMIPEUMYIIECTBEHHO JUATHO-
CTUpYyeTCs Ha JIOKUIN30BAHHBIX cTaIUAX. CTPYKTypa
KOTOPTBHI 110 BO3PACTY, JIOKAJIU3AIUU U MOPQOJIOTH-
YeCKUM BapHaHTaM (JIOMHHUPOBaHUE MOHODAZHOU
(opMmbI) B II€JIOM COMOCTaBUMA C JAHHBIMH KpYTI-
HBIX MEK/IyHAaPOJHBIX UCCIIEJOBAHUN, HO OTpaKaeT
CIBUT B CTOPOHY JETCKOTO U IOJIPOCTKOBOTO KOH-
THUHTEHTA.

[TosyyeHHBIE PE3Y/IBTATHI MTOATBEPIKAAIOT BEAY-
Y0 POJIb «KJIACCUYECKHUX» KIMHUKO-MOPGOIOrH-
yecKuX (paKTOpOB PHCKa HeOJIArOMPHUATHOTO IIPO-
rHO3a ¥ PAaHHETO MeTacTa3UupOBaHUSA — pa3Mep OILy-
XOJIU =5 CM, ee IUIyDOKOe PacHoJIOKEHNEe B MATKUX
TKaH:X, BBICOKAs CTEIIEHD 3JI0KAYECTBEHHOCTH (CTa-
qusi 3 mo FNCLCC), Hamuune HeKpo3a OIyXOJH,
HUBKoAU (b PEPEHITNPOBAHHBINA BAPUAHT CTPOEHHUS U
MOJIOJKUTENIbHBIE Kpas peseknun (Ri1i—2). Takke
MIPOJIEMOHCTPUPOBAHA BBIpAXKEHHAs1 Bapuabesnb-
HOCTh HWMMYHHOTO HIPO(UIA BHYTPHOILyXOJIEBOTO
MUKPOOKDY:KeHUs, [I03BOJIAIONIAA BBIJIENIATD
VCJIOBHO «TOpsiYhe» U «XOJIOAHBIe» IaTTEePHBI.
«l'opssiune» BapWaHTBI XapaKTEPHU3YIOTCS Oosee
BBICOKOM IIJIOTHOCTBIO CD8* T-kjeTok, Hamuduem
TPETUYHBIX JUMGOUIHBIX CTPYKTYp H, Y YacTH
MaIueHToB, sKkcpeccuedl PD-L1 u acconuupyrores ¢
6osiee OIATONPUATHBIM TEUEHHEM 3a00JIEBaHUA.
JI7151 «X0JIOAHBIX» MATTEPHOB TUITMYHBI HU3KUU YPO-
BeHb CD8*-mHUIBTPAK, OTHOCUTEIBHOE IIPE00-
naganue CD163*-makpodaroB U peikoe BbIsIBJIEHUE
TLS; oHmM ualle BCTpeyaroTcs IPU MOHO(MAZHBIX U
HUBKOAU D PEPEHITUPOBAHHBIX OITyXOJISIX OOJIBIIIOTO
pasmepa, Iy6oKO PaCIIOIOKEHHBIX B MATKUX TKa-
HAX. OTH HAOJIIOIEHNs YKAa3bIBAIOT HA TIOTEHIINAb-
HYI0 IIPOTHOCTUYECKYI0 3HAUYMMOCTh MUMMYHOApPXU-
TeKTOHUKU CC U ee CBA3b C TPAJUIIMOHHBIMU KJIU-
HUKO-MOp@dosornueckuMu hakTopaMu.
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HccaenoBaHrie BO3MOKHOCTH IMOJIyY€HUA TBEPABIX AUCIIEPCUH
TPUMETa3uAuHA JUTHAPOXJIOPH/IA MPOJOHTHPOBAHHOIO
BBICBOOOKIEHUA

P. Asnppyxane®2, C.H. CycinHa?

PI'AOY BO «Poccuiickuil yHugepcumem 0pysicovt Hapodos umeru [lampuca Jlymymowt» (PY/[H), Mockea, Poccus

2 Ynueepcumem /lamacka, /lamack, Cupus

AHHOTAIIUA

BBepgeHnue. JlekapctBeHHbIe (POPMBL C IIPOJIOHTUPOBAHHBIM BBICBOOOKJ€HUEM IIPeHA3HAUYEHb! I MUHUMU3a-
Iuu po6sieM TPaJUIIMOHHBIX JIEKAPCTBEHHBIX (OPM, TAKUX KaK KOJeOaHMA KOHIEHTPAIINHY [IperapaTa B Iyla3Me KPOBH
¥ HEOOXOUMOCTh YaCTOro A03upoBanus. Tpumerasuuna guruapoxyiopuz (TM/D), aHTHaHTMHAIBHBIN [TPENapar, iBJisi-
eTcs KaHAHUJIATOM JUJIsl CO3/IaHUs JIEKAPCTBEHHBIX (OPM HPOJIOHTHPOBAHHOTO BBICBOOOKEHUS, XOTSA 3TO JOCTATOYHO
CJIOXKHASA 33/1a4a U3-32 €T0 BRICOKOH PAaCTBOPHUMOCTH B BOJE.

IT e 1 b . VByunuTh BOBMOXKHOCTH TIOJIy4eHUs TBepAbIX muctepcuii (T/1) TM/L ¢ mpoIOHTHPOBAHHBIM BBICBOOOKIEHHEM C
HCIOJIb30BaHNeM pas3ianuHblx mporoprnuit Eudragit® RSPO mimu POLYOX™ WSR coagulant B kavecTBe IIOJHMEDOB,
3aMeIAIOINX BEICBOOOK IeHNE JIeHCTBYIOITUX BEI[eCTB.

MaTepuans U MeTOJB5bl . T/l BCOOTHONIEHUAX aKTUBHASA dapMaleBTHUeckas cyocrannusa (APC) : nomumep
1:2, 1:4 ¥ 1:8 ObUIM IOJIYYeHBl METOZOM yJaJeHUsl PACTBOPUTEIIS — H30IPOIIMIOBOTO CIIUPTA U OIEHUBAIHCH 110 TAKUM
XapaKTepUCTUKaM, KaK OJTHOPOJTHOCTH coziep:kaHusa ADPC, ChIIIyyecTh U IMPeCcCyeMOCTb, IIOTEPS B Macce IIPU BHICYIINBA-
HUH, pacTBOpeHMe. BBUIN MPOBe/IeHbI TaKXKe PEHTTeHO(A30BbIN aHAIN3 M MUKPOCKOIIMYECKOEe HCCIIeI0BAHKE.
PesyabTarTsl . ADC 6bpUta paBHOMEPHO pacupesieieHa B MPUTOTOBIeHHBIX T/I, a ee co/iep:kaHre BapbUPOBAJIO B
JluanasoHe 96,91— 103,16 %. Iloreps B Macce Ipu BBICYIIMBAHUU COCTaBUIA 1,08—2,24 %, CBIIy4eCcTb U IIPECCYyeMOCTb
HMeJIU CTelleHb OT XOpoIlel 10 oTanYHOU. CKOPOCTh PaCcTBOPEHHS CHUIKAJIACh 32 CUET yBeJIUYeHHs JI0JIM IoJINMepa, ¢
BO3MOXKHOCTBIO YBEJTMIUTH BpeMsI BBICBOOOXK/IEHH IIpernapata /1o 17 4 ¢ momorbio Eudragit® RSPO. Onnaxo B T, mpu-
rotoBieHHBIX ¢ POLYOX™ WSR coagulant, He ymanoch obecreunts MpopuIb IPOJOHTHPOBAHHOTO BHICBOOOKIEHMS.
Pentrenoda3oBblil aHATIN3 U MUKPOCKOIIMUECKOE UCCIIeI0BaHNeE TToKazaiu obpaszoBanue T/I, B KOTOPBIX MosieKyabl ADC
JIUCIIEPTUPYIOTCA B ITOJIIMEpE.

3akg04YeHHue. MeToZoM yAajeHUs PAaCTBOPUTENIA € UCIOIb30BAHUEM MOAXOASAIIEr0 IIOJIUMepPa B ONpesiesIeHHbBIX
IIPOIIOPUHAX BO3MOXKHO IoryauTh T/ BogopactBopumoit AOC — TM/] ¢ IpoJIOHTHPOBaHHBIM BBICBOOOK/IEHHEM C XapaK-
TEPUCTHKAMU, HeOOXOAUMBIMU JJIS1 IIPOBE/IEeHU JanbHeHIuX papManeBTUUECKUX HUCCIeJOBaHUH.

Kaouessle cao6a: TpUMETA3UIMHA JTUTHIPOXJIOPH]], BOJIOPACTBOPUMAsl aKTUBHAs (apManeBTUYecKas CyOCTaHITUA,
TBEpP/IbIE IUCTIEPCHH, TPOJIOHTHPOBAHHOE BhICBOOOsKIeHMe, Eudragit® RSPO, POLYOX™ WSR coagulant.

O6pasen nmutupoBaHua: Anbspyxaue P., Cyciuna C.H. VccnenoBanre BO3MOXKHOCTH TTOJIyUEHUS TBEPABIX
JIUCIIEPCHH TPUMETa3H/INHA JUTH/IPOXIOPUA IPOJIOHTMPOBAHHOTO BbIcBOOOKAeHus // Journal of Siberian Medical
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Investigation of the possibility of obtaining prolonged-release
solid dispersions of trimetazidine dihydrochloride

R. Alrouhayyah® 2, S.N. Suslina?

Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow, Russia

2Damascus University, Damascus, Syria

ABSTRACT

Introduction. Prolonged-release formulations are designed to minimize the problems of traditional dosage
forms, such as fluctuations in plasma concentration of a drug and the need for frequent dosing. Trimetazidine dihydrochlo-
ride (TMD), an antianginal drug, is a suitable candidate to develop prolonged-release formulations, although this is a
rather challenging task due to its high water solubility.

A im . Toinvestigate the possibility of preparing prolonged-release solid dispersions (SDs) of TMD using different ratios
of Eudragit® RSPO or POLYOX™ WSR coagulant as polymers that prolong the drug release.

Materials and methods. SDvariants with active pharmaceutical ingredient (API) to polymer ratios of 1:2,
1:4, and 1:8 were prepared by the solvent (isopropanol) evaporation method, and were evaluated on such characteristics as:
API content uniformity, flowability and compressibility, weight loss on drying, dissolution. X-ray diffraction analysis and
microscopy were also performed.

Results. The API was evenly distributed in the SDs prepared, and its content ranged from 96,91 to 103,16%. The
weight loss on drying was 1,08—2,24%, the flowability and compressibility ranged from good to excellent. The dissolution
rate was reduced due to an increase in the proportion of polymer, with the possibility of extending the drug release to 17 h
using Eudragit® RSPO. However, it was not possible to obtain a prolonged-release profile in SDs prepared with POLYOX™
WSR coagulant. The X-ray diffraction analysis and microscopic sexamination showed the formation of SDs, in which the
API is dispersed within the polymer.

Conclusion. Bythesolvent evaporation method using a suitable polymer in suitable proportions SD of water-sol-
uble API — prolonged-release TMD — can be obtained with the characteristics required for further pharmaceutical investi-
gation.

Keywords: trimetazidine dihydrochloride, water-soluble active pharmaceutical substance, solid dispersions, prolonged
release, Eudragit® RSPO, POLYOX™ WSR coagulant.

Citation example: Alrouhayyah R., Suslina S.N. Investigation of the possibility of obtaining prolonged-release
solid dispersions of trimetazidine dihydrochloride. Journal of Siberian Medical Sciences. 2026;10(1):73-84. DOI:

10.31549/2542-1174-2026-10-1-73-84

BBEJAEHUE

Tpumeraszuauna guruapoxiaopua (TM/I), mpous-
BOJIHOE IHIIepa3rHa, CHHTE3UPOBAHHOE B 1969 T. B
snaboparopusix Cepsbe (®panrus) [1], sBadercs
MeTaboINIEeCKUM MOAYIATOPOM € KapAHUOIUTOIIPO-
TEeKTHUBHBIM JieficTBHEM. ITO 3(pHEKTUBHBIN, XOPOIIIO
MIePEHOCUMBIH Tpenapar, ITUPOKO UCIIOIb3YEMBIH B
KapIH0JIOTUM B Ka4eCcTBe MOHOTEPAIINHU WU aIbio-
BAHTHOU Tepamuu 0jarofjapsi CBOMM BBIPKEHHBIM
MIPOTHUBOUIIIEMUYECKHUM CBoMcTBaM [2, 3]. CorsiacHO
6uodapmareBTUIEeCKON KJIacCU(DPUKATTMOHHON
cucreme (BKC), TM/I oTHOCHTCS K JIEKapCTBEHHBIM
cpezicTBaM Kiacca I — OH XOPOINIO pacTBOPSIETCS B
BOZIe ¥ OBICTPO MIPOHUKAET B TKAHH, UMEET IEPUO]
[TOJIyBBIBEIEHUsI M3 ILUIa3Mbl OKOJIO 6,0 + 1,4 4 U
BpeMsI JIOCTUKEHUSI MaKCUMAaIHbHOM KOHIIEHTPAIINH
T 1,80 + 0,7 4 [4], 4TO Jes1aeT ero MpuMeHEHNE B

max

JleKapCcTBeHHBIX (opMax ¢ IIPOJIOHTUPOBAHHBIM

INTRODUCTION

Trimetazidine dihydrochloride (TMD), a pipera-
zine derivative synthesized in 1969 at the Les Labo-
ratoires Servier (France) [1], is a metabolic modula-
tor with cardiocytoprotective effect. It is an effective
and well-tolerated drug, widely used in cardiology as
monotherapy or adjuvant therapy due to its pro-
nounced anti-ischemic properties [2, 3]. According
to the Biopharmaceutics Classification System (BCS),
TMD belongs to a class I drug, i.e. it is highly soluble
in water and absorbed, with a plasma half-life of
about 6,0 + 1,4 h, and a time to peak drug concentra-
tion (T __ ) of 1,80 + 0,7 h [4]. This makes its formula-
tion cocras, dopmysy in prolonged-release dosage
forms relevant, especially considering that TMZ is a
safe drug suitable for the long-term treatment of
chronic cardiac diseases, particularly ischemic heart
disease. However, due to its high water solubility,
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BBICBOOOJK/IEHUEM aKTyaJIbHbIM, OCOOEHHO YIUTBI-
Bas, uro TM/]I — Ge3omacHoe JieKapCTBEHHOE CPell-
CTBO, KOTOPO€ WCIOJIb3YeTCSA JJIs JIJIUTEJIBHOTO
JIedeHHsI XPOHUYECKUX KapAUOJIOTHIeCKUX 3a001e-
BaHUM, 0COOEHHO HIIEMHYECKON OOJIE3HU CEpAIa.
OpHako M3-3a BHICOKOW PAaCTBOPUMOCTH B BOJIE €T0
IIPOM3BO/ICTBO B JIEKAPCTBEHHBIX (hOPMAax C IIPOJIOH-
TUPOBAHHBIM BBICBOOOK/IEHUEM SIBJISIETCS CJIOKHOM
3aj1auei.

JlexapcTBeHHBIE GOPMBI € IPOJIOHTHPOBAHHBIM
BBICBOOOK/IEHUEM 3HAUYUTETBHO obJieryaror
coOJTIoZIeHre pelKIMa JIEUeHUs 32 CUeT CHIDKEHUS
YacToThI IpueMa npenapara [5]. CucreMbl TpOIOH-
TUPOBAHHOTO BBICBOOOIK/IEHHsI, OCHOBOH KOTOPBIX
saBasores TBepable qucnepcuu (T/1), B mociemHee
BpeM ITOJIy4aloT Bee OOJIbIIee pacupocTpaHeHue u
CTAHOBATCS 00HEKTOM PA3JIMYHBIX HCCIEOBAHUM.
OTU CUCTEMBI UMEIOT MTOTEHIINAIbHbIE TPENMYIIe-
CTBa C TOUKHU 3peHUs OMOOCTYITHOCTH JIeKapCTBEH-
HBIX CPEJICTB U UX IMIPOJIOHTUPOBAHHOTO BHICBOOOXK-
JIeHUs U TIO03BOJISIIOT MHUHUMH3UPOBATh PUCK
BHE3AIMHOTO  BBICBOOOXKIEHUS JIEKAPCTBEHHOTO
cpeactBa [6]. CucreMbl IPOJIOHTHUPOBAHHOTO
BBICBOOOXK/JIEHUSA MOTYT IPOU3BOAUTHCA IIyTEM
nonydyenusda TJI ¢ HOCUTeJSAMHU, IMOBBIIIAIOIUMU
PacTBOPUMOCTDb, W IOCJEAYIOIIEro A00aBIeHUs K
HUM TIOJIIMEPOB, KOHTPOJIMPYIOIIUX BHICBOOOXKIE-
HUe, WIN IIyTeM HEINOCPEICTBEHHOTO IOJIyUeHUs
T/l ¢ moauMepamMu, MPOAJIEBAIOIINMU BHICBOOOK-
nenue, TakuMmu kak Eudragit® RSPO, stuinesntio-
so3a, Kollidon® SR, POLYOX™wu np. [7].

J1J151 TpOBeIeHUsT HACTOAIIEero uccaenoBanus T]T
TM/I TOTOBMJIN METOAOM yAAJIEHUSA PACTBOPUTENIA U
UCHOJB3ysl pas3iudHble mpornopuuu POLYOX™
WSR Coagulant miu Eudragit® RSPO B kauectBe
[IOJTUMEPOB, 3aMeJISIONINX BICBOOOXKIEHHE.

POLYOX™ mpeJicTaBIsAIOT COOOM HEHOHHBIE
[IOJTUMEPhI HA OCHOBE MOJHUATHIEHOKCHAA. ITO
ChIyurie THAPODIIbHBIE IOPOIIKH 0eJIoro WJIN
IpsI3HO-0€JI0T0 IBETA, JOCTYIIHbIE B IIMPOKOM /IHa-
Ma3oHe CTeneHeld BA3KOCTH, COOTBETCTBYIOIINX
MOJIEKYJISIPHOM Macce OT 100 000 A0 7 000 000 /[la.
[Momumepsr POLYOX™ o06s1a71a10T TEPMOILIACTHY-
HBIMH CBOUCTBaMH, OBICTPO TUPATUPYIOTCS U OUeHb
6bIcTpO 06pasyror rugporenu [8]. To HEOOBIYHOE
coUeTaHUEe CBOMCTB JIeJIaeT UX BOCTPeOOBAHHBIMH B
MIPOUBBO/ICTBE MIUPOKOTO CIEKTpa dapMalreBTuue-
CKHX IIpernapaToB, B TOM YHUCJIE ¢ KOHTPOJIMPYEMBIM
BBICBOOOJK/IEHHEM, CBA3YIOIIHX BEIECTB IS Tabsie-
TOK ¥ MyKOA/IT€3UBHBIX JIEKAPCTBEHHBIX CPEJICTB [9].
U3 pazmumuneix BuzoB POLYOX™ wmbl BeIOpaiu
POLYOX™ WSR Coagulant, adbdexkTrBHOE CBSA3YIO-
Ijee BEIECTBO CO CMAa3bIBAIOIUMU CBOHCTBAMH H
CIIOCOOHOCTBI0O K OBICTPOMY reje00pa30BaHUIO,

preparation of prolonged-release dosage forms of
TMD is challenging.

Prolonged-release dosage forms significantly
improve treatment compliance by reducing the fre-
quency of dosing [5]. Prolonged-release systems
based on solid dispersions (SDs) have recently been
increasingly developed and have become the object
of many studies. These systems provide potential
advantages in terms of drug bioavailability and their
prolonged release, and can minimize the risk of burst
drug release [6]. Prolonged-release systems can be
produced by preparing SDs with solubility-enhanc-
ing carriers and then formulating them with con-
trolled-release polymers, or by directly preparing
SDs with prolonged-release polymers such as
Eudragit® RSPO, ethyl cellulose, Kollidon® SR,
POLYOX™, etc. [7].

In our work, TMD SDs were prepared by the sol-
vent evaporation method, using different propor-
tions of POLYOX™ WSR Coagulant or Eudragit®
RSPO as as polymers that prolong the release.

POLYOX™ polymers are non-ionic ones of poly-
ethylene oxide-based polymers. They are free-flow-
ing, hydrophilic white or off-white powders available
in a wide range of viscosity grades corresponding to
molecular weights from 100 000 to 7 000 000 Da.
POLYOX™ polymers possess thermoplastic proper-
ties, hydrate rapidly, and form hydrogels very rap-
idly [8]. The unique combination of properties makes
them useful in the production of a wide range of
pharmaceutical formulations, including controlled-
release ones, tablet binders, and mucoadhesives [9].
Of the various types of POLYOX™, we selected
POLYOX™ WSR Coagulant as an excellent tablet
binder with lubricity and rapid hydrogel formation
properties for producing controlled-release matrix
tablets. POLYOX™ WSR Coagulant has a high
molecular weight of 5 000 000 Da and a viscosity of
5500—7500 cP.

Eudragit® polymers are among the most well-
known representatives of polymethacrylates. The
Eudragit® family has the same general structure
(Fig. 1) and differs from each other in their sub-
stituents, which impart different chemical proper-
ties [8, 10]. In general, Eudragit® polymers are
divided into cationic, anionic, and neutral, and are
available as powders, granules, aqueous disper-
sions, and organic solutions. Eudragit® RSPO,
poly(ethyl acrylate, methyl methacrylate, 2-tri-
methylammonioethyl methacrylate chloride) in a
ratio of 1:2:0,1, has low permeability and is mainly
used to prolong the drug release in various dosage
forms, such as tablets, microtablets, and micro-
spheres [11].
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Puc. 1. OCHOBHOM CTPYKTYPHBIH ckesieT mormepoB Eudragit® [8]
Fig. 1. The basic structural skeleton of Eudragit® polymers [8]

HCII0JIb3yeMOE B IIPOM3BO/ICTBE MAaTPUYHBIX TabJie-
TOK C KOHTPOJIUPYEMBIM  BBICBOOOIKIEHHEM.
POLYOX™ WSR Coagulant umeer 60J1bliyt0 MoJie-
KYJIAPHYIO Maccy — 5 000 000 Jla u BA3KOCTh 5500—
7500 cIl.

Monmumepst Eudragit® sBasiorcs OAHUMH U3
HauboJiee U3BECTHHIX NIPEJICTABUTEIIEH TIOJIMMET-
akpuiaroB. CemerictBo Eudragit® umeer onuna-
KOBYIO OOIIYI0 CTPYKTYpy (pHC. 1) U OTJINYAETCSA
ZPYT OT ipyTra CBOMMU 3aMECTHUTEIIMHU, KOTOPBIE
OTIPEZIETIAIOT Pa3IuYHble XUMHYECKHE CBOMCTBA
[8, 10]. Kak npaBusio, nonumepst Eudragit® moz-
paszensooTcs Ha KaTUOHHbBIE, aHHOHHbIE U HeW-
TpaJIbHBIE U BBIITYCKAIOTCS B BHJIE TOPOIIKOB, TPa-
HYJI, BOJ{HBIX JIUCIIEPCUH U OPTaHUYECKUX PACT-
BopoB. Eudragit® RSPO, mnosu(aTumakpuiar,
METHJIMETaKpHUIAT, 2-TPUMETHI-aMMOHHOATHUII-
MeTaKpujaTa XJOPWA) B COOTHOIIEHWH 1:2:0,1,
obJialaeT HU3KOHM NMPOHUIIAEMOCTBI0 U UCIOJIb3Y-
€TCs B OCHOBHOM JIJIsI TIPO/IJIEHUSI BBICBOOOIK/IE-
HUS B PA3JINYHBIX JIEKAPCTBEHHBIX (popMax, TAaKUX
Kak TabJIeTKH, MHKPOTaOJIETKH U MHKPO-
chepsr [11].

ITEJIb UCCJIEJIOBAHUSA

N3yunTs BO3MOKHOCTH nosydeHus T TM]I c
MIPOJIOHTUPOBAHHBIM BBICBOOOXKIEHUEM C KCIIOJIb-
30BaHMEM pa3anyHbIx nponopiuil Eudragit® RSPO
win POLYOX™ WSR Coagulant B kauecTBe moJu-
MEpPOB, 3aMe/JIAIOIINX BBICBOOOKIEHIE JIEHCTBYIO-
IIUX BEIEeCTB.

MATEPUAJIBI 1 METO/AbI

UcnonszoBamu TM], (CAS 5011-34-7, Alcon
biosciences Pvt. Ltd., Wuaus), POLYOX™ WSR
Coagulant (CAS 25322-68-3, BASF, T'epmanusi),

AIM OF THE RESEARCH

To investigate the possibility of preparing pro-
longed-release SDs of TMD using different ratios of
Eudragit® RSPO or POLYOX™ WSR Coagulant as
polymers that prolong the drug release.

MATERIALS AND METHODS

We used TMD (CAS 5011-34-7, Alcon biosciences
Pvt. Ltd., India), POLYOX™ WSR Coagulant (CAS
25322-68-3, BASF, Germany), Eudragit® RSPO
(CAS 33434-24-1, Evonik, Germany), and isopropa-
nol (CAS 67-63-0, Chimmed, Russia). All other
chemicals were of analytical grade.

SDs in the ratios of 1:2, 1:4, 1:8 (TMD : poly-
mer) were prepared with each polymer (Table 1) by
the solvent evaporation method. TMD was dis-
solved in excess amount of isopropanol, then a
polymer was added and stirred into solution. The
solution was evaporated under vacuum using a
rotary evaporator at a temperature of 50 + 2°C
until a thin film was formed, which then was
crushed in a mortar and passed through a 1-mm
sieve. The SDs obtained were evaluated for the fol-
lowing parameters.

Uniformity of active pharmaceutical ingre-
dient (API) content: the homogeneity of TMD
distribution into the polymer was assessed using
3 precisely weighed portions (10 mg TMD) from each
formulation. Each portion was ground in a mortar in
the appropriate amount of 0,1 M HCl. The obtained
suspension or solution (depending on the polymer
solubility in 0,1 M HCI) was placed into a 50 ml flask
(accounting for washing the mortar and pestle with
the solvent used), made up to the mark with 0,1 M
HCI, and filtered. The optical density of the filtrate
was measured on a spectrophotometer (SF-103, Rus-
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Eudragit® RSPO (CAS 33434-24-1, Evonik, I'epma-
HUs), u3onponuioBeiil cupt (CAS 67-63-0, Xum-
mei, Poccust). Bee ocrasibHbIe peakTUBBI ObLIH aHa-
JINTAYECKOTO KayecTBa.

T/l B cootHomienusx TM/] : momumep 1:2, 1:4, 1:8
TOTOBWIM C KQKABIM MOJTUMEPOM (Tabs1. 1) METOIOM
yAaJIeHus pacTBopuTesid, npu 3toM TM/I pacTBopsnn
B U30BITOYHOM KOJIMYECTBE HU30IPOITMIIOBOTO CITHPTA,
3aTeM /I00ABJISUIH TIOJTUMED U TIEPEMENTUBAIIH JI0 MOJT-
HOTO pactBopeHus. [1osydeHHbIN PacTBOP yIapuBaIn
B BaKyyMe Ha POTOPHOM HCIIApUTEJIE TPU TeMIIepa-
Type 50 = 2 °C 10 06pa3oBaHuUs TOHKOH IJIEHKH, KOTO-
PYIO 3aTeM U3MeJIbYaJId B CTYIIKE U IIPOTUPAJIN Yepe3
CUTO C pazMepoM oTBepcTuil 1 MM. IlomydyerHbie T]T
OIIEHUBAJIVCH T10 CIIEAYIOIIUM MTOKA3aTe M.

OZHOPOTHOCTH COJEPKAHUS aKTUBHOU
dapmanesTrnueckoii cyocranuu (APC): ore-
HUBAJIM PaBHOMEPHOCTb pacupezeneHusa TMJ] B
MMOJIUMEPE, WCIIOJIb3ysI 3 TOUHBbIE HaBeCKH (10 MTr
TM/I) u3 KaskI0T0 MPUTOTOBJIEHHOTO cocTaBa. Kak-
JIyI0 HaBECKY PACTHUPAJIA B CTYIIKE C COOTBETCTBYIO-
M kostmdectBoM HCl 0,1 M. ITostyueHHYyIO CycrieH-
3UI0 WJIN PACTBOP (B 3aBHCHUMOCTH OT PAaCTBOPHMO-
ctu nosuMmepa B HCl 0,1 M) nomMemanu B MEPHYIO
K0JIOY 06'beMOM 50 MJI (C yUeTOM IIPOMBIBKH CTYIIKH
U TIECTHKA HCIIOJb30BAHHBIM PpPAaCTBOPUTEJIEM),
moBoguiu 1o Merku HCl 0,1 M u duisTpoBasu.
OnTUYecKylo IUIOTHOCTh QUIbTpaTa U3MepAIN Ha
cuektpodoromerpe  (CP-103, Poccusa) mpwm
A_.. = 269 HM HOCJIe COOTBETCTBYIOIEro pasbasie-
HUS ¥ PAaCCYUTHIBAIN KOHI[EHTPAIIUIO I10 TIPEJIBApU-
TEJIPHO TIOCTPOEHHOU KAITMOPOBOYHOU KpHUBOH [12].
3aTtem paccuuThiBasu KoaudectBo TM/I B kKakaou
HaBeCKe, pe3yJIbTaThbl IPEJICTABJIAIN KaK cpelHee
3HAYEHUE + CTAHJIAPTHOE OTKJIOHEHHE.

dapManeBTUKO-TEXHOJIOTHYECKHUE XapakK-
TEPUCTUKH

Coinyuecmv u npeccyemocms: OIIEHUBATUA B
COOTBETCTBUM ¢ 00OIel QapMaKoNeHHOU cTaTber
(09C).1.4.2.0016  «CpIyuecTs MOPOIIKOB» U
0®C.1.4.2.0024 «HachimHasgs IIOTHOCTh W IIJIOT-
HOCTD TI0CJI€ YIUIOTHEHUS» [13], ompemessis:

1) yToJ1 ecTeCTBEHHOTO OTKOca: TJ/] HachImasu ¢
IIOMOIIbI0 BOPOHKHU HA IUIOCKYK) TOPHU30HTAJIBHYIO
IIOBEPXHOCTb, U3MEPSIJIU BHICOTY U AUaMeTp 00paszo-
BaBIllerocs KOHyca JJIf OIIpe/iesieHHs TaHTeHca, a
3aTeM U yIJla eCTECTBEHHOTO OTKOCA;

2) IJIOTHOCTh: U3MEPEHUs MIPOBOJUIIN HA alla-
pare ansa usMepeHus 1wiotTHoctu Erweka GmbH
SVMII (I'epmaHus), ONpeEesiid HAChIITHYI IUJIOT-
HOCTb (p, ;) ¥ IUIOTHOCTB MOCJIE YTLIIOTHEHHS (ptalppe D
Ha OCHOBE KOTODPBIX PACCUUTBHIBAIU KOIDODUIINEHT
XaycHepa u unziekc Kappa no ciaeaywomum ¢op-
MyJIaM:

sia) at A= 269 nm after appropriate dilution, and
the concentration was calculated using the calibra-
tion curve that was previously plotted [12]. Then, the
amount of TMD in each weighed portions was calcu-
lated, and the results were presented as a mean +
standard deviation.

Pharmaceutical and technological charac-
teristics

Flowability and compressibility were evaluated
in accordance with the general pharmacopoeial
monograph (GPM).1.4.2.0016 “Flowability of pow-
ders” and GPM.1.4.2.0024 “Bulk and tapped den-
sity” [13], by determining;:

1) angle of repose: SD poured out of a funnel onto
a flat horizontal surface, the height and diameter of
the cone formed were measured to determine the
tangent, and then the angle of repose was calculated;

2) density: measurements were carried out on an
Erweka GmbH SVMII tapped density tester (Ger-
many), bulk density (p,,,) and tapped density (p,,_.,)
were determined, and on their basis, the Hausner
ratio and the Carr index were calculated as follows:

Hausner ratio = p,_ ./ Py

Compressibility index (Carr index) =

= (ptapped - pbulk) / ptap X 100%.

The tests of flowability and compressibility
were repeated 3 times for each formulation. The
result was presented as mean value + standard
deviation.

Weight loss on drying: the analysis was carried
out in accordance with the GPM. 1.2.1.0010 “Weight
loss on drying” [13] on 3 samples (1—2 g) of each for-
mulation using an infrared analyzer Aquilon AV-50
(Russia) at a temperature of 105 + 2°C. The results
were expressed as: mean value + standard deviation.

Dissolution test was conducted in accordance
with the GPM.1.4.2.0014.15 “Dissolution test for
solid dosage forms” [13] on 6 samples (each contains
50 mg TMD) of each formulation using a Raytor RT
600 paddle dissolution apparatus (China) at 50 rpm
in 900 ml of hydrochloric acid (0,1 M) for the first
two hours, then in 900 ml of phosphate buffer
(pH = 6,8) for the rest of the time, at a temperature
of 37 + 0,5°C throughout the experiment. Samples of
5 ml were taken at regular time intervals and replaced
with 5 ml of pure medium (acidic or buffered). The
samples selected were filtered through filters
attached to the needles of the apparatus, and the
absorbance of the filtrates was measured at
A =269 nm, then the amount of released TMD was

max

determined using the calibration curve that was plot-
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Koapdunment Xaycrepa = p, ./ Py

Koaddunuent nmpeccyemoctu (namekc Kappa) =

= (ptapped - pbulk) / ptapped X100 %.

OI11eHKY CBIIYYECTH U IMPECCYEMOCTH TTOBTOPSLIIH
3 pasa IS KaKJI0oro cocTaBa. Pe3ysibTaT mpeicTaB-
JISUTM B BHJIE: CPEJIHEE 3HAUYEHHE * CTaHJIApPTHOE
OTKJIOHEHHE.

Ilomepsa e macce npu evlcywusaHuU: aHATU3
npoBoauwiu B coorBerctBUU ¢ O®C.1.2.1.0010
«IToTepst B Macce TpH BBICYIIHBaHUW» [13] Ha
3 obpasmax (1—2 T) Ka’KI0ro cocTaBa C MCI0JIb30Ba-
HHEM WH(QPAKPACHOTO aHAJIW3aTOpPa BJIAKHOCTH
«AxBwioH AB-50» (Poccusi) mpu TeMmmepaType
105 + 2 °C. Pe3ysibTaThl BBIPAKAIU B BUJIE: CPETHEE
3HAYEHUE + CTAaHJIAPTHOE OTKJIOHEHHE.

PacmeopeHue: oleHUBAIA B COOTBETCTBUH C
0®dC.1.4.2.0014.15 «PacTBOpeHUEe i1 TBEPJBIX
JIOBUPOBAHHBIX JIEKapCTBEHHBIX (opm» [13] Ha
6 obpasmax (mo 50 mr TMJI) Kaxkmoro cocraBa C
WCIIOJIb30BAaHUWEM almapara /Il PacTBOPEHUs
Raytor RT 600 (KuTaii) 1 1I0nacTHON MEIIAJIKH IIPHU
CKOPOCTH BpaIlleHnH 50 00./MUH B Q00 MJI COITHOH
kucaoTel (0,1 M) B TeueHHe IEpPBBIX JBYX YacoB,
3areM B 900 M ocdarHoro 6ydepa (pH = 6,8) B
TeUeHHEe OCTABIIErOCs BPEMEHU MPH TeMIIEpaType
37 + 0,5 °C B TeueHUe BCero sKcrepuMenTa. IIpoosl
00’beMOM 5 MJI OTOHpAJIH Uepe3 OIpezieJIEHHBIE ITPO-
MEKYTKH BPEMEHU, 3aMEHASI UX 5 MJI YHCTOH CPEebI
(kucsmort wm  6ydepHoit). OrobpaHHBIE TPOOBI
¢unpTpoBanu yepes (PpUILTPHI, IPUKPEIJIEHHbIE K
urjaaM mpobooTOOpPHUKA HPHOOpa, W HU3MEPSIH
HorJomenue GUIBTPATOB IpU A = 269 HM, HOCIe
Yero OIpEeEesIsiid KOJHUYECTBO BBIIETUBIIETOCS
TM/I 1o mpeABapUTEIbHO MOCTPOEHHOH Kamnubpo-
BOYHOU KPUBOH (B KHUCJIOH cpesie win B pocdaTHOM
oydepe).

PentrenodaszoBsiii anaaus (P®A): mpoBo-
JIWJICS C UCIOJIb3oBaHueM audpakromerpa D8 (I'ep-
manus) npu Cu Ko-usiydyeHunw, HaIpspDKeHHE Ha
TpyOKe 40 KB, Tox 30 MA. ITo ocu X — YIABOEHHBIH
yron agudpakinuu 20 (B rpagycax), 0 OCH Y — HHTEH-
CUBHOCTH | (B MIMITyJIbCax); HAJl IMHUAMH yKa3bIBa-
JIUCh MEXKILIOCKOCTHBIE PACCTOSIHUA. AHATIU3 TTPOBO-
JIFUTY B THTEPBAJIE YTJIOB OT 5 710 70° ¢ marom 0,05° 1
C DKCIIO3UIIMEN B TEUEHHE 1 ¢, 00pasel] Bpalaics.

MUKPOCKOIUA: HCCIE0BAaHUE ITPOBOAUIOCH
kak aaga TM/I ¥ nosuMepoB B YUCTOM BHUJE, TAK U
Jutst T/ ¢ ucriosip3oBanueM ¢ poBOro MUKpPOCKOTA
Saike Digital (Kwuraii). HeboJspllioe KOJTHYECTBO
(OK0JI0 20 MT) HCCIEAYEMOTO MOPOIIIKA TOMEIaIn
Ha IpeIMEeTHOE CTEKJIO U U3yJaTl Ha TeMHOM (poHe
IIpY 40-KPATHOM YBEJTHYEHUH.

ted previously (in acidic medium or in phosphate
buffer).

X-ray diffraction (XRD) data analysis was
performed using a X-ray diffractometer D8 (Ger-
many) Cu Kalpha radiation with a tube voltage of
40 kV and a current of 30 mA. On the x-axis, the
doubled diffraction angle was 26 (in degrees), on the
y-axis, the intensity is I (in pulses); interplane dis-
tances were indicated above the lines. The analysis
was performed in the range of angles from 5 to 70°
with a step of 0,05° and an exposure time of 1 s, the
sample was rotated.

Microscopy was performed both for TMD and
polymers as pure materials, as well as for SD, using a
Saike Digital microscope (China). A small amount (about
20 mg) of the powder tested was placed on a glass slide
and studied in a dark field at magnification x40.

RESULTS AND DISCUSSION

Using the solvent removal method, 6 formula-
tions of TMD SDs were prepared, which were then
subjected to various tests. The API TMD was evenly
distributed in each formulation, and its content
ranged from 96,91 to 103,16% (Table 1).

The SDs obtained showed good technological
characteristics: the values of the angle of repose,
Hausner ratio, and Carr index were in a good to
excellent range, and the weight loss during drying
was 1,08-2,24% (Table 1), indicating their suitability
for further pharmaceutical processing.

The dissolution time of the obtained SDs varied
depending on the type and proportion of the poly-
mer, i.e. the higher the polymer : API ratio, the
lower the dissolution rate. However, POLYOX™
WSR Coagulant failed to prolong the TMD release
from SDs (SDp1, SDp2, SDp3) prepared, although,
according to literature data, this polymer is suc-
cessfully used to produce prolonged-release tab-
lets, for example, by wet granulation. This can be
explained rather by the faster dissolution of TMD,
preceding the swelling of the polymer, i.e. the for-
mation of a gel barrier that is capable to delay the
release of the drug, which is the essential mecha-
nism of drug release from POLYOX™-based pro-
longed-release tablets [14]. Besides, 68% of the
TMD, contained in SDe1 (TMD : Eudragit® RSPO
1:2), dissolved within 2 h. However, increasing the
proportion of this polymer to 4 (SDe2 and 8 (SDe3)
led to a delay in the TMD release up to 12 and 17 h,
respectively, which is consistent with the aim of
our study to obtain TMZ SDs with prolonged
release.

A comparison of the XRD analysis data for the
pure TMD API (Fig. 2, A) and the TMD API recrystal-

78

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



Alrouhayyah R., Suslina S.N. / Journal of Siberian Medical Sciences Vol. 10, No. 1 (2026)

PE3YJIBTATDBI 1 OBCY KAEHUE

MetonoM yzaneHus: pacTBOPUTEIISA ObLIN IIPUTO-
ToBJieHbI 6 cocTtaBoB T[] TM/I, koTOpbIe 3aTEM IIO/I-
BEpPIJIUCh Ppa3JN4YHBIM HcnbTaHuAM. ADC TM/
6bL71a pABHOMEDPHO PAcIIpe/ieieHa B Ka¥K/OM COCTaBe,
a ee co/iepKaHNe BapbUPOBAJIOCH B IIpeJiesiax 96,01—
103,16 % (Tabs. 1).

[Mosnyuennsie T/ 061a1aT1 XOPOITUMH TEXHOJIO-
TUYeCKUMH XapaKTepUCTUKAMU: 3HAuYeHHUs yIya
eCTeCTBEHHOI'0 0TKOca, Koadduuuenta XaycHepa u
unzaexca Kappa Haxonuiuce B juana3oHe «XOpOoIIo —
OTJIMYHO», a TOTEPA B Macce HPHU BBICYIIMBAHUU
cocraBuia 1,08—-2,24 %, (cm. Taba. 1), 4TO CBHAE-
TEJIbCTBYeT O BO3MOKHOCTH WX HCIIOJIb30BAHUA B
JlasTbHeUINX hapMaleBTUUEeCKUX HCCIeJOBAHUAX.

Bpemsa pacrBopenus nosydeHHbIX T/l Bapbupo-
BaJIO B 3aBUCHUMOCTH OT THIIA U J0JIM II0JIUMepa: 4eM
BBIIlIE OBLIO COOTHoIeHue moaumep : ADPC, tem
MeHbIIle ObLJIa CKOPOCTh pacTBopeHus. OmHAKO
POLYOX™ WSR Coagulant He BIUsI Ha IPOJIOHTA-
nuio BeicBoOOKAeHuss TM/JL us T (THp1, THAp2,
T/Ip3), XOTs, COIJIACHO JIUTEPATYPHBIM JAHHBIM,
9TOT IIOJIIMeEp YCIIeITHO MCIIOJIb3YeTCA JJIs IoIyde-
HUs TabJIETOK € MPOJIOHTHPOBAHHBIM BBICBOOOXK/IE-
HHEM, HalIPIMeDP, METO/IOM BJIRKHOU I'PAHYJIAILIVH.
9TO MOKeT ObITh 00BACHEHO CKOpee 6oJiee OBICTPHIM
pactBopennem TMJI, mpenmiecTByOIuM Habyxa-
HUIO IIOJIMMepa, T.e. O00pa30BaHUIO TeJIEBOTO
6apbepa, CIIOCOOHOTO 3a/iepKaTh BHICBOOOXK/IEHUIE
rpenapara, 4TO SBJISIeETCA OCHOBHBIM MEXaHU3MOM
BBICBOOOK/IEHHSI TIperapara W3 JIEKAPCTBEHHBIX
(opM IPOSIOHTHPOBAHHOTO AEHUCTBUA, TOYIEHHBIX
Ha ocHoBe POLYOX™ [14]. Kpome Toro, 68 % TM/I,

lized in isopropanol (Fig. 2, B) showed the absence of
TMD API polymorphism, as no shift or significant
change in peak intensity was observed. Furthermore,
a comparison of the XRD profiles for TMD, poly-
mers, and SDs ( Fig. 2) indicates the formation of
SDs in which TMD is molecularly dispersed within
the polymer [15].

Microscopic examination revealed a change in
the crystalline nature of the API of TMD as a result of
the formation of SDs in non-spherical particles
(Fig. 3).

CONCLUSION

In this study, SDs of a highly soluble active sub-
stance — TMD were prepared by the solvent evapo-
ration method using isopropanol as a solvent and
different proportions of Eudragit® RSPO or
POLYOX™ WSR Coagulant as a polymer well-
known for its ability to prolong the drug release.
The obtained SDs met the requirements for drug
content uniformity and had the pharmaceutical and
technological characteristics that are necessary for
further pharmaceutical investigation. The XRD
analysis and microscopic examination confirmed
the formation of SDs in which the API is molecu-
larly dispersed within the polymer. However, the
dissolution test results showed that POLYOX™
WSR Coagulant failed to prolong the release of SDs
at the studied ratios. Furthermore, in the formula-
tion prepared with Eudragit® RSPO at a ratio of 1:2,
approximately 68% of TMD released within the first
2 h of dissolution. However, increasing the
API : Eudragit® RSPO ratio to 1:4 and 1:8 resulted

Ta6smua 1. CocTaB ¥ XapaKTEPUCTHUKHU MPUTOTOBJIEHHBIX TBEP/BIX AUCIEPCUI
Table 1. Formulation and characteristics of the solid dispersions prepared

CocraB / Formulation

Xapakrepuctuku / Characteristics

Yrou IMoTepsa Bpemsa
JdKcnepu- C Koapopu-
- wm Coaepka-  ecrecT- HHpaexc B Macce IpM  pacTBoO-
MEHTAaJIbHbIN Eudra- POLYOX IHEHT
™A .o Hue A®C, % BeHHOro Kappa, %  Bbicymu- peHus, 4
oGpaser, git WSR o XaycHepa . X
. TMD API OTKOCa, Carr index, Banum, % Dissolu-
Experimental RSPO Coagulant Hausner . .
content, % Angle of . % Weightloss tion
sample o ratio . .
repose, on drying, % time, h
TApl /SDpl 1 - 2 102,06+1,10 34,25+0,36 1,20+0,01 16,52+0,61 1,13+0,05 0,5
TAp2 /SDp2 1 - 4 99,48 + 2,57 34,12+0,17 1,17+0,01 14,58+0,77 1,63 £0,04 1
TAp3 /SDp3 1 8 98,76 +1,19 31,10+0,17 1,12+0,01 10,66+0,87 2,18 0,06 1,5
THel /SDel 1 2 - 98,18+ 0,17 30,30+0,21 1,15+0,02 12,89+0,93 2,19+ 0,04 2
THe2 /SDe2 1 4 - 99,30+ 0,58 31,42+0,25 1,15+0,01 13,06+0,69 1,20+ 0,04 12
THe3 /SDe3 1 8 - 99,12 +0,78 29,22+0,50 1,13+0,01 11,28+0,58 1,65+0,05 17

IIpumeduanue. TIA-TBeprasagucnepcus; TM/ - TpuMeTasuanna guruapoxaopuf; A®C - akTuBHas papMaLeBTHIeCKasi Cy6CTaHINSA;
T/lp - TBeppas gucnepcus, POLYOX; T/le - TBepaas fucnepcus, Eudragit.
Abbreviations: SD - solid dispersion; TMD - trimetazidine dihydrochloride; API - active pharmaceutical ingredient; SDp - solid
dispersion, POLYOX™; SDe - solid dispersion, Eudragit®.
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TMJT/ TMD

Eudragit® RSPO

f e
TJle2 / SDe2

TJle3 / SDe3

Puc. 3. Mukpodororpaduu tpuMmeraszuuna guruapoxsaopuzaa (TM/), Eudragit® RSPO, POLYOX™ WSR Coagulant
Y IPUTOTOBJIEHHBIX ¢ HUMHU TBeP/IbIX nuctepcuit (Tp — tBepaas aucnepcus, POLYOX™;
T]le — TBepaas auctepcus, Eudragit)
Fig. 3. Microphotographs of trimetazidine dihydrochloride (TMD), Eudragit® RSPO, POLYOX™ WSR Coagulant,
and the solid dispersions prepared with them (SDp — solid dispersion, POLYOX™; SDe — solid dispersion, Eudragit®)

cogepskarierocsas B T/ler (TMJ] : Eudragit® RSPO
1:2), pacCTBOPWIOCH B TeueHUe 2 yacoB. OJTHAKO yBe-
JIMYEHHe JIoJIU 3Toro mosumepa 70 4 (T[e2) u 8
(Tle3) mpuBeso K 3a/epKKe BbicBOOOKAeHUss TM/]
JI0 12 ¥ 17 9 COOTBETCTBEHHO, YTO COIJIACYETCH C
LIeJIBI0 HAIler0 MCCJIeIOBAHUA MO MoyydeHuio T[]
TM/I ¢ TpOJIOHTHPOBAHHBIM BBICBOOOKIEHUEM.

CpaBHenue pgaHHbix P®A uywncroit AOC TM/I
(puc. 2, A) u AOC TM/] ocsie mepeKpUCTa/TU3AIUN
B M30mponuaoBoM coupte (puc. 2, B) mokasano
orcyrctBue monuMopduzma A®C TM/I, mOCKOIbKY
He HabJII0a10Ch CIBUTA WJIU 3HAYNUTEJIBHOTO U3Me-
HEeHUs1 MHTEHCUBHOCTU NUKa. Kpome Toro, cpaBHe-
HHUe npoduiell peHTreHOBckou nudpakmuu TM/,
nostuMepoB u T/ (cM. puc. 2) yka3pIBaloT Ha 00pa3o-
Banue T/I, B kotopsix TM/I MoseKyApHO AucHep-
THPOBAaH B mouMepe [15].

MuKpocKonuuecKoe HCCJIe/loBaHue I10Ka3ayio
U3MeHEeHNe KpUcTautmdeckoi npupoast A®C TM/T
BeencTBue obpazoBanHus T/ B Hechepuueckux
yacrurax (puc. 3).

3AKJIIOYEHUE

B pamnom wucciaemoBauuu T]I jierkopacTBOpHU-
MOTO JIeHcTByoIIero Bemiectsa — TM/I 6b11H moJTy-
4eHbl METOJIOM y/laJIeHUsI paCTBOPUTEJISI — U30TPO-
MMAJIOBOTO CIHUPTA W MCIOJb30BAHUA PABIUUHBIX
npomopiuii Eudragit® RSPO wiun POLYOX™ WSR
Coagulant B kauecTBe mosimMepa, U3BECTHOTO CBOEH

in SDs with prolonged release of API up to 12 and
17 h, respectively. Thus, SDs can be an effective
technology for prolonging the release of water-solu-
ble drugs using suitable carriers in appropriate pro-
portions.
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CIIOCOOHOCTBIO ITPOJIOHTUPOBATh BBICBOOOK/IEHHE.
[Tosmyuennsie T/] oTBeyasm TpeOGOBAaHHUAM OJIHO-
POAHOCTU CcO/iep:KaHUA JIeHCTBYIONIETO BeIlecTBa 1
obnazanu ¢apmaneBTUKO-TEXHOJIOTHYECKUMU
XapaKTePUCTUKAMHU, HeOOXOTUMBIMH JJIsI IPOBe/Ie-
HUA JalbHeHINUX dpapManeBTUYeCKUX HCCIej0Ba-
Hui. Pesynbratel POPA ¥ MHKPOCKOIIMYECKOTO
WCCJIEIOBAaHUs CBHUJIETEIBCTBOBAIIM 00 0oOpasoBa-
Huu T/, B koTopbix AD®C MosIeKyIApHO AUCHEPTU-
poBaHa B moJsimMepe. Bmecre ¢ TeM pe3yJsbTaThl
TecTa Ha pacTBOpeHUe nokaszanu, yro POLYOX™
WSR Coagulant He obecnieuuBaeT mosyuenus T/
IIPOJIOHTUPOBAHHOTO BBICBOOOK/IEHUS B UCCIIEye-
MBIX cOOTHoOlIeHUAX. Kpome Toro, B cocraBe, IIpu-
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roroBsienHoM ¢ Eudragit® RSPO B cOOTHOIIIEHUH
1:2, BBICBODOOX1A/I0Ch OKOJIO 68 % TMJ/I B TedeHUe
TEPBBIX 2 YacoB pactBopeHusi. OHAKO yBeJTHUEeHNE
cootrorienuss A®C : Eudragit® RSPO 10 1:4 u 1:8
npuBeso K mosydenuio T/[, kKoTopble obecredu-
BaJIU JJTUTEIbHOE BhIcBOOOKAeHe ADC B mepuos
JI0 12 B 17 9 cOOTBETCTBeHHO. Takum obpazom, T/]
MOTYT OBITH 3 (GEKTUBHON TEXHOJIOTHUEN I MIPO-
JIOHTUPOBAHUS BBICBOOOIK/IEHUSI BOJOPACTBOPU-
MBIX JIEHCTBYIOIIUX BEIECTB C HCIIOJIb30BAHUEM
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PazpaboTka Moae/ Iy IPOEeKTUPOBAHUSA COIIUATIHBHO
OPUEHTHUPOBAHHBIX TEXHOJIOTUMU JIEKAPCTBEHHOT0 O0ecrneueHusn
0OJIBHBIX CAXapPHBIM ANA0ETOM 2 THUIIA

N.A. T:)xynaposa, N.A. Xapuna, A.C. /I>kyniapos, A.A. T'epbep

@I'BOY BO «Hosocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu, Hogocubupck,
Poccus

AHHOTAIIUA

BBengeHnwue. BycroBuax MaKpoOIKOHOMHUYECKOH HECTAOMIJIPHOCTU U YPE3BBIUYAWHBIX CUTYAI[UN, CBA3AHHBIX C BO3-
HUKHOBEHHEM YTPO3 COIUAIBHOTO XapaKTepa, He0OX0IUMO PACIIUPEHHOE U3YUeHHe U TPOEKTUPOBAHHUE COITUATILHO OPH-
entupoBanHbIx TexHosoruil (COT) B ekapcerBeHHOM obecieuernnd (JIO) 60bHBIX caxapHbIM Auaberom 2 tuma (C/12) B
HoBocubupckoii obaactu (HCO).

IT e 1 b . Pazpaborka mozaenu npoexktupoBanusi COT B JIO 6osbHBIX C/]2 HA PETHOHAIIBHOM YPOBHE.
MaTepuaas U MeTOoJbl . [lJg5KCcIepTHON OIleHKY IPUOPUTETHBIX HanpasieHuil u Meponpuatuit COT
B JIO 6onbubIX C/I2 IpOBEEHO aHKETHPOBAHME PYKOBOJUTENIEH PErHOHAJIBHBIX U (e/lepaIbHBIX alTeYHBIX CETew,
corpynuukoB Munzapasa HCO u Poczapasuanzopa mo HCO (Bcero 30 crenuaanctoB). MCmoab30BaliCh CIIEAYIOIIHE
METO/bl: KOHTEHT-aHAJIN3, METO/ aHAJIN3a HePAPXUH, METO/] SKCIIEPTHBIX OLIEHOK, HEPAPXUYECKUH CUHTE3, MOZJEINPO-
BaHUe.

PesdyapTarts . CoOrmacHo MOJyYeHHOMY DPe3yJIBTUPYIOIIEMY BEKTOPY IMPHUOPHUTETOB, HAambOOJee 3HAYNMBIMHU
HanpasyienussMu COT B JIO 6osnpHbIX C/12 IpHU3HAHKI ceAyoouye (B IOpAgKe YOBIBAHNUA): ONTUMHU3AIUA OPraHN3aluN
U coBeplleHcTBOBaHUe MexaHn3Ma JIO 6osnbHBIX ClI2; obecrieueHre NOCTYITIHOCTU JIeKAPCTBEHHOM ITOMOIY OOJBHBIM
C2 (oTmebHBIM KAaTETOPUSIM Tpa’kZlaH) Ha OCHOBE MCIOJIb30BAHUs KPUTEPUEB U PETMOHATBHBIX MHMOPMAIHOHHBIX
CEpBHCOB; pa3paboTKa OpraHU3aIMOHHO-(DYHKIIMOHAIBHBIX (POPM U TEXHOJIOTHH COBEPIIEHCTBOBAHUS MEXKBETOMCTBEH-
HOTO B3aMMOJIEHCTBUS CIIEIHAJINCTOB 37PABOOXPAHEHHUsA Mexay coboil u ¢ 6ospHbIME C/I2. HaydHOo-pakTHUecKue
MeponpusTusa i npoektupoBanusa HanpasiaeHuid COT B JIO 6ospHBIX CJT 2 THIIA JOTKHBI IPOBOAUTHCS B CIIEAYIOIIEH
110CJIe/I0BaTeIbHOCTHU: COLIMOJIOTMYECKOoe UCcle/IoBaHNe Y/I0BJIETBOPEHHOCTH HacesleHus, crpajaoiero C/12, opranusa-
nueit JIO B HCO; ¢popmMupoBaHue ONTUMAJIBHOIO aCCOPTUMEHTA, MTO3UIMOHUPOBAHUE U CTPATU(DUKAIIHSA JIEKAPCTBEH-
HbIX npemnapatoB (JIII) B cucreme obecnieuenus HeobxogumbiMu JIIT; conproiornyeckoe UccielOBaHNE MHEHUS MeTU-
IIMHCKUX U (papManeBTHYecKux paboTHUKOB 06 opranusaiuu JIO 6osmbuabx C/12 B HCO; MukpocermeHTanus 60JIbHBIX
Cll2 Ha ocHOBe OOBEKTHUBHBIX U CYO'bEKTHBHBIX KpUTEpHEB, GOpMHpOBaHUE MopTpeTa marueHTta ¢ C/I2; pa3BuTHe
nHOPACTPYKTYPHI JIO: OTKPBITHE IYHKTOB OTIIyCKA B MyHUIIUIIAJIBHBIX 0OPA30BAHUAX PETHOHA, CIEIUATU3UPOBAHHBIX
anTex (KOMMepUYecKux).

3akKJyo4YeHUe. Pe3ysapraTel UCCIETOBAHUA MOTYT CIIYKUTh OCHOBOH IS JaJbHEHIIe ONTHMU3AIUN CUCTEMbI
3apaBooxpanenuss HCO B wactu noBseiieHusA 3(GHEKTUBHOCTH Mep 110 YiIydilneHuto kayectBa JIO 6osbHbIX C/12.
Kaoueensle croea: mpoeKTUPOBAHUE, COIMATBHO OPUEHTHPOBAHHbIE TEXHOJIOTHHU, CaXapHbIN /rabeT 2 TUIIA, JIeKap-
CTBeHHOEe 00ecrieuenne, 60IbHbIE CAXapPHBIM AMA0ETOM 2 TUIIA, OT/EJIbHbIE KaTeropuu rpaskaH, HoBocubupckas 06J1acTh,
Hay4HO-IIPAKTUYECKHE MEPOIIPUATHA, METO/l aHAIN3a HePaAPXUH.
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Development of a model for designing community-focused
technologies of drug provision for patients with type 2 diabetes
mellitus

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

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Inthecontext of macroeconomic instability and emergencies associated with social threats that
may arise, an extended study and design of community-focused technologies (CFTs) in the drug provision (DP) for patients
with type 2 diabetes mellitus (T2DM) in the Novosibirsk region (NR) is necessary.

A i m . Development of a model for designing CFTs in DP for T2DM patients at the regional level.

Materials and methods. Foranexpertassessmentof CFT priority areas of activity and measures in DP
for T2DM patients, a survey was conducted among heads of regional and federal pharmacy chains, employees of the Min-
istry of Health of the NR, and Roszdravnadzor for the NR (in total, 30 specialists). The following methods were used:
content analysis, analytic hierarchy process, expert assessment, hierarchic synthesis method, and modeling.

Results. According to the resulting vector of priorities, the most significant areas of CFTs in DP for T2DM patients were
recognized as follows (in descending order): optimization of organization and improving the mechanism of DP for T2DM
patients; ensuring the availability of pharmacotherapy for T2DM patients (specific categories of citizens) based on the use
of the criteria and regional information services; developing organizational and functional forms and technologies to
improve interagency collaboration between healthcare professionals and their communication with T2DM patients.
Research and practical activities for designing areas of CFTs in DP for T2DM patients should be carried out as follows:
a sociological study of satisfaction of the population suffering from T2DM with the organization of DP in the NR; formation
of an optimal assortment, positioning and stratification of medicines in the system of essential DP; a sociological study of
the opinions of healthcare professionals and pharmacists on the organization of the DP for T2DM patients in the NR;
micro-segmentation of T2DM patients based on aim and subjective criteria, T2DM patient profiling; development of DP
infrastructure: opening the drug dispensing outlets in municipal formations of the region, specialized (commercial) phar-
macies.

Conclusion. Theresults obtained can serve as a basis for further optimization of the healthcare system of the NR
to increase the effectiveness of steps to improve the quality of DP for T2DM patients.

Keywords: design, community-focused technologies, type 2 diabetes mellitus, drug provision, patients with type 2 dia-
betes mellitus, eligible beneficiaries, Novosibirsk region, research and practical events, hierarchic analysis method.
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BBEJAEHHNE INTRODUCTION

AKTyaJIbHOCTb Pa3paboTKU COIUAIBHO OPUEHTH-
poBanubix TexHosorud (COT) B JieKapCTBEHHOM
obecrieuenuu (JIO) HaceseHusi 00ycJIOBJIeHA HEOO-
XOJINMOCTBIO TIOBBIIIIEHUSI KauecTBa U JIOCTYITHOCTH
MEIUITMHCKOM 1 (hapMarieBTUUEeCKOHN TOMOIIH 60JTh-
HBIM COIIMaJIbHO 3HAYMMBIMH 3a00JI€BaHUAMHU, B
TOM yucsie caxapHeiM auaberom (CI), UTO cOOTBET-
CTBYET I1eJISIM FOCy/IapCTBEHHBIX IPOTPaMM B YKa30B
IIpesunenra P®. Tak, ykazom IIpesunenta Poccuii-
ckoit ®eneparuu (P®) B.B. [Tyruna N2 309 ot 7 Mmast
2024 r. «O HalMOHAJIBPHBIX IleJ1AX pa3BuTud PO Ha
mepuoj; /10 2030 TOJla W HAa TEPCIEKTUBY 0
2036 rozia» orpeseaeHbl HAIMOHATbHBIE 1enu PO,
BaKHEUIIIe W3 KOTOPBIX SIBJISETCA COXpaHeHUe

The relevance of developing community-focused
technologies (CFT) in drug provision (DP) of the
population is due to the need of improving the qual-
ity and availability of medical and pharmaceutical
care for patients with major diseases, including dia-
betes mellitus (DM), which corresponds to the goals
of state programs and decrees of the President of the
Russian Federation (RF). Thus, the Decree of the
President of the RF V.V. Putin No. 309 of May 7,
2024 “On the national development goals of the RF
for the period up to 2030 and for the future up to
2036” defines the national goals of the RF, the most
important of which is the preservation of the popula-
tion, health promotion and increasing the well-being
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HaceJIEHUsI, YKpEeIUIEHHUE 37I0POBbsI U IOBBIIIIEHHE
Garomostyuns el [1]. B pamkax aTo# mesu mia-
HUPYETCS B TOM YHCJIE YBEJTUUUTH OKUTAEMYIO ITPO-
JIOJKUTEIBHOCTD KU3HH J10 78 JIET K 2030 TOAY U JI0
81 roga k 2036 roxy. Ykazom Ilpesuzmenra P®
B.B. ITyruna ot 8 mekabps 2025 . N2 896 yTBEpK-
neHa Crparerusi pa3BuTHsA 3/IpaBOOXpaHeHus B PO
Ha MEPHOJ 0 2030 T., ONPEJIEJISAoNas OCHOBHBIE
33/1a4n pa3BUTHsA 3/paBooXpaHeHus B PO, B uncie
KOTOPBIX — pean3aIus MePONPUATHH 110 60pboe ¢
C/1, coBepiiieHCTBOBaHME MexaHu3MOB JIO rpak/iaH,
obecnieueHue UHOPMaAITMOHHO-aHATUTHYECKOU
MIO/IEPKKH YIIPABJIEHUECKHX PEIIEHUH B 37[paBOOX-
paHenuu [2].

PaspaboTka rocy/1apcTBeHHBIX IIPOTPAMM Pa3BU-
THS 3IPaBOOXPAaHEHUs OCYIIECTBIISAETCS U HA PETHO-
HasibHOM ypoBHe. Tak, B HoBocubupcko#t obsactu
(HCO) B mocneanue roasl pazpaboTaHbl rocyaap-
CTBEHHBIE IIPOrpaMMbl «Pa3BUTHE 3ApaBOOXpaHe-
uusa HCO Ha mepuon 10 2030 rofa» (ImocTaHoBe-
aue [IpaBurenpctBa HCO N2 105-m oT 19 mapra
2019 1.) 1 «bopnba ¢ caxapHbIM THA0ETOM HA 2024 —
2025 roasl B HCO» (mocranossenue IIpaButesib-
ctBa HCO N 84-m ot 11 MapTa 2024 1.). OHaKo B
JIAaHHBIX MporpamMMax Bompocam JIO HaceneHus, B
TOM YHCJIE CTPAAAIOIIEr0 TAKUM COIMAJIbHO 3HAYH-
MbIM 3abosieBaHueM, Kak ClI, He yaeasioch TocTa-
TOYHOTO BHHUMAaHUSA. ATO OCOOEHHO BaYKHO, TaK KaK
C/HI 2 tuna (C/I2) BXOAMT B YMCJIO 3a00JIEBAHUU C
Hanbosiee BHICOKMMHU TEMIIAMH POCTa PacIpoOCTpa-
HEHHOCTH B MUPE U IIPEJICTABJISAET COOOH yrposy
BCJIEJICTBUE PaHHEH HHBAIUIN3AIUN U CMEPTHOCTH,
00yCJIOBJIEHHON pa3BUTHEM MHOKECTBEHHBIX COCY-
JIUCTBIX U HEBPOJIOTHYECKUX OCIOKHEHUH [3, 4].

CorsnacHo [flaHHBIM PesepasbHOrO  perucrpa
6ospaBIX CJI, B HCO 3a mepuojs 2018-2022 IT.
gucsio 6onpHBIX C/[2 yBenmmuminoch Ha 8,27 %.
CmeptHocTh oT C/I2 3a mepuoj 2018—2022 IT., 1O
naHHbIM TepputopruasbHOro oprana deepagsbHON
cy?k0bI TOocyzapcTBeHHOU cratuctuku 1o HCO (Ha
100 THIC. HACeJIEHWs), YBeJIW4YMWIach B 1,67 pasa,
npuueM cpeau ymepinux ¢ C/[2 mpeo61agaroT xKeH-
muHbl. CMmeptHOCTh OoT C/I2 B 1,5 pasa BbIllle B
r. HoBocubupcke 1m0 CpaBHEHHIO C MYHUITUIIATb-
HeiMu pationamu HCO [4].

B ycioBUAX MaKpOIKOHOMHYECKON HECTAOWIIb-
HOCTH U YpEe3BBIYAWHBIX CUTyal[UH, CBI3aHHBIX C
BO3HUKHOBEHHEM VIPO3 COITUAJIBHOTO XapaKTepa,
TpebyeTcsl paclIupeHHOe H3YYeHUE U IPOEKTUPOBA-
aue COT B JIO 6oapuabIx C/I2 B HCO [5].

IIEJIb NCCJIEAJOBAHUA

Pazpaborate mozenp npoexktupoBanus COT B
JIO 6onpubIX C/]2 HA pETHOHAJIBHOM YPOBHE.

of people [1]. Within the framework of this goal, it is
planned, among other things, to increase life expec-
tancy to 78 years by 2030 and to 81 years by 2036. By
Decree of the President of the RF V.V. Putin of
December 8, 2025 No. 896, the Strategy for the
development of healthcare in the RF for the period
up to 2030 was approved, defining the main tasks for
the development of healthcare in the RF, including
the implementation of measures to combat DM,
improving mechanisms for DP of citizens, and ensur-
ing information and analytical support for manage-
ment call in healthcare [2].

The development of state healthcare programs is
also underway at the regional level. Thus, in the
Novosibirsk region (NR) in recent years, the state
programs “Development of healthcare in the NR for
the period up to 2030” (Decree of the Government of
the NR No. 105-p of March 19, 2019) and “Fight
against diabetes mellitus for 2024—2025 in the NR”
(Decree of the Government of the NR No. 84-p of
March 11, 2024) were developed. However, these
programs have not paid attention to the issues of DP
for the population, including those suffering from
major diseases such as DM. This is particularly
important, as type 2 diabetes mellitus (T2DM) is
among the diseases with the fastest rates of preva-
lence in the world and threatens with early disability
and mortality caused by multiple vascular and neu-
rological complications [3, 4].

According to the data from the Federal Register
of DM patients, in the NR over the period 2018—
2022, the number of T2DM patients increased by
8,27%. T2DM mortality over the period 2018-2022,
according to the data from the Territorial Body of the
Federal State Statistics Service for the NR (per 100
000 population), increased by 1,67 times, with
women predominating among the deceased with
T2DM. T2DM mortality is 1,5 times higher in the city
of Novosibirsk compared to the municipal districts
of the NR [4].

In the context of macroeconomic instability and
emergencies associated with of social threats that
may arise, an extended study and design of CFT in
the DP for T2DM patients in the NR is required [5].

AIM OF THE RESEARCH

To develop a model for designing CFT in the DP
for T2DM patients at the regional level.

MATERIALS AND METHODS

A synthesis of data from scientific publications on
DP for T2DM patients showed that, to improve the
efficiency and availability of pharmaceutical care, it
is necessary to use a system approach, methods of
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MATEPUAJIBI 1 METO/bI

O600611eHIEe JaHHBIX HAYYHBIX TyOJIUKAIUHT 110
JIO 6ospHBIX C/I2 ITOKAa3a/10, 4TO JJI IIOBBIIIEHUS
9P PEKTUBHOCTU U JOCTYHHOCTU JIEKAPCTBEHHOM
IIOMOIIM HeOOXOJMMO HCIIOJIb30BaTh CUCTEMHBIH
MOZIXO07l, METO/IHl MHOTOKPHUTEPUATBHOTO MOIEJIH-
poBaHUSA, pPaHXXUPOBAHUSA, OAJIBHBIH, JIOTHYE-
CKUU, HKCIEPTHHIX OIIEHOK, IapHBIX CPaBHEHUH,
aHaJM3a Mepapxuil, a B KaUecTBe METOJIHYECKOTO
uHcrtpyMenTtapus — COT. IToxg COT B pamkax jiaH-
HOTO HCCJIeIOBAaHUA IOHUMAEeTCs COBOKYITHOCTH
HAYYHO-TIPAKTUYECKUX MEPONPUATHH, HaIpaB-
JIEHHBIX Ha JIOCTUKEHUE JOCTYIHOCTU U KAa4eCTBA
JIO Ha oCHOBe IPOEKTUPOBAHUS U UCIIOJIb30BAHUA
COITUATBHBIX WHCTPYMEHTOB, MO3BOJIAIONIUX YUH-
THIBaTh MOTpeOHOCTH OOImecTBa (3ApaBooOXpaHe-
HHA) U UHJUBUJYaJIbHbIE OCOOEHHOCTH KaiK/IOT'O
motpeburens (mamueHTa), IPOKUBAIOIIETO B
peruoHe, XapaKTEpPU3YIOMIEMCS OIpPeIeIeHHBIM
coueTaHueM (akTOPOB pHCKA OKpyKarollei
cpensl [6, 7].

Idnsa dbopMmanuzanuu MpPOLERypPhl U KOJIHUYe-
CTBEHHOT'0 000CHOBAHUSA CTPATETHUUECKOTO BHIOOpA
HAWJIYYIIIEero pPelleHus U3 KOHEYHOT0 MHOMKEeCTBa
JOITyCTUMBIX, QJIbTEPDHATUBHBIX HAIIPaBJIEHUHN
npoektupoBanuss COT B JIO 6GospHbIX C/I2 Ha
peruoHajbHOM YPOBHE OBLI HCIOJIB30BAH METO/T
aHasmza uepapxuii (MAIMN) [8]. OcobGeHHOCTHIO
JTAaHHOTO MeTO/ja ABJISETCS BO3MOXKHOCTD IOJIyde-
HUs PAHXKUPOBAHHBIX OIEHOK MEPOIPHUITUH-aTh-
TEpHATHUB HA OCHOBE CyOBEKTUBHBIX MHEHUU DKC-
[IepTOB /Il BBIABJIEHUSA Hanbosiee IpeIIOUTH-
TEJILHOTO MaTeMaTUYeCKH 0060CHOBaHHOTO
BapuaHrTa. [Ipeumymecrso MAU 3akiogaercsa He
TOJIBKO BO3MOXXHOCTH 000CHOBATh BHIOOD HAIIPaB-
geanit COT, HayYHO-IPAaKTHYECKUX MEpOIPHUs-
THH, HO U OIIPEJIEJIUTD 10 BeJINYNHE IPUOPUTETOB
0YepeHOCTD UX pean3aIiui.

Marpuiia mapHbIX CPaBHEHUH MTPEZCTABIISETCS B
(opme TabuLEI, T/Ie B JIEBOM BEPXHEM YIJIy IIPO-
CTaBJIsAeTCA TOT KPUTEPUH, K KOTOPOMY UMEIOT Hello-
CPEJICTBEHHOE OTHOIIIEHHE BJIEMEHTHl HIKHETO
ypoBHs. [Ipy 3amosiHeHUN MaTpULBl PYKOBOZCTBY-
I0TCA IIPABMJIOM: €CJIM BJIEMEHT A JIOMUHUDYET HaJl
5JIEMEHTOM A, TO KJIeTKa, COOTBETCTBYIOIIAA Iep-
BOH CTPOKE ¥ BTOPOMY CTOJIOILY, 3aTI0JTHSIETCS I[ETBIM
YHCIIOM, a KJIeTKA, COOTBETCTBYIOIIAsA BTOPOH CTpOKe
U IEPBOMY CTOJIOITY, 3aIIOJTHSAETCS OOPATHBIM K HEMY
YHCIIOM.

Jlna xaxIol mosyquBIIelicss MaTPHUIbI Paccyu-
THIBAIOTCS HOPMUPOBAHHBIA BEKTODP IMPHUOPUTETOB
(W), coberBeHHOE UnCI0 MaTpHUIb! (A ) ¥ OTHOIIe-
Hue coracoBanHocTu (omgHopoanoctu) (OC). ITpu
STOM HCIIOIB3YIOTCsA (popMyJtbl (1) U (2):

multi-criteria modeling, ranking, scoring, logical
analysis, expert assessments, paired comparisons,
analytic hierarchy process (AHP), and CFT as a
methodological toolkit. In our study, CFT is under-
stood as a set of research and practice activities
aimed at achieving availability and quality of DP
based on the design and use of social tools that allow
taking into account the needs of society (healthcare)
and the individual characteristics of each consumer
(patient) living in a region characterized by a certain
combination of environmental risk factors [6, 7].

To formalize the procedure and quantitatively
justify the strategic choice of the best solution from a
finite set of potential, alternative directions for
designing CFT in the DP for T2DM patients at the
regional level, the AHP method was used [8]. The
peculiarity of this method is the possibility of obtain-
ing ranked assessments of activities-alternatives
based on the subjective opinions of experts to iden-
tify the most appropriate mathematically proved
option. The advantage of the AHP lies not only in the
possibility of justifying the choice of CFT directions
and research and practice activities but also in deter-
mining, based on the magnitude of priorities, the
sequence of their implementation.

The pairwise comparison matrix is presented as
a table, where the criterion to which the elements of
the lower level are closely related is filled in the
upper left corner. When the matrix is being filled
out, at the following rule is used: if the A element
dominates the A, element, then the cell correspond-
ing to the first row and the second column is filled
with an integer, and the cell corresponding to the
second row and the first column is filled with the
inverse number.

For each matrix resulted, the normalized priority
vector (W), the matrix eigenvalue (A__ ), and the con-
sistency ratio (CR) are calculated. Formulas (1) and
(2) are used for this:

n n n n
M =W D Wy Dy + AW,y a + v w, D a,, (2)
i=1 i=1 i=1 i=1

where w, — coordinates of the normalized priority
vector W,and w, + w, + ..+ w, =1;
a; - expert assessments entered into the matrix;
A_,.— the matrix eigenvalue.
CR is calculated using formula (3):

CR =1IC/RI, (3)

where IC — the index of consistency in the expert
assessments, calculated using formula (4):
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n n n n
Mnax = lea” +szai2 + ...+wi2afj +...+wn2am , (2)
i=1 i=1 i=1 i=1

I7ie W, — KOOPAMHATHl HOPMHUPOBAHHOTO BEKTODPA
npuoputeToB W, ipuyem w, + w, + ...+ W, = 1;

a; — OKCIePTHbIe OICHKH, 3aHECEHHBIE B
MaTpHILy;

A,,..— COOCTBEHHOE YHCJIO MATPHUIILL.

OC paccuutsiBaercs o popmyiie (3):
OoC=UucC/cuy, 3)

rae VIC — uHeKC cOTJIacOBAaHHOCTH (OTHOPOTHOCTH)
SKCIEPTHBIX OIEHOK, PAaCCUUTHIBA€MBIA 10 Gop-
mye (4):
HC = e b (4)
n—1
I7ie N — KOJINUECTBO aJIbTEPHATHUB;

CU — ciydaitHeiii uHAEKC (CpefHee 3HAUYEHUE
(MaTemMaTHUYECKOE OXKHIAHUE) UHJEKCA OJTHOPOTHO-
CTH CIy4alHBIM 00pa3oM COCTaBJIEHHON MaTPHUITbI
MIAPHBIX CPABHEHUH).

3uauenue OC, He mpeBbIIIaLINee 0,10—0,20 %,
CUHTaeTCs OMyCTUMBIM [8].

Paspaborka moaenu COT B JIO Gonbubix CI2
BKJIIOYAJIa CJIEJIYIOIIYIO IOCIEN0BATEIBHOCTD JIeH-
CTBUM:

1) IIOCTPOEHHE CTPYKTYPHO-JIOTHUUYECKOH CXEMBbI
HCCIelyeMOU IMpoOJIEMbI, BBISBJIEHUE YPOBHEH
uepapxud, neau C, HampaBJIeHUN Kj, Jj =1, m, Mmepo-
NpUATHI-aIbTEepHATHB A, 1 = 1, N U MX B3aUMO-
CBSI3€EM;

2) TpoBe/eHHe TapHBIX CPAaBHEHUH MeEPOIPHs-
TUH-aJIbTEPHATUB  OTHOCUTEJIBHO  HAaIlpaByIeHUH
IIOCPEJICTBOM ITpe0oOpa3oBaHus pe3yJIbTaTOB ITPOEK-
TUPOBAHUSA B OJLIbHbIE OIIEHKH ITKAJIBI OTHOIIIEHHH;

3) MOATOTOBKA UCXOTHOHU MH(OPMAaIINH JIJIs1 PaH-
JKUPOBAHUS MEPOIPUATHI-AJIFTEPHATUB U HAIIPaB-
nenuit COT: popmupoBaHUe MaTPUIL IaPHBIX CPaB-
HEHUH aJIbTEPHATHB, SKCIIEPTU3a HepapXUU HATIpaB-
JIEHUH;

4) MHOTOYPOBHEBAsI OI[€HKA MEPOIIPUATUIH OTHO-
curesnbHo HanpaByiennit COT, nenu Ha ocHoBe MAU:
pacuer BEKTOPOB MHOTOKPUTEPHAIBHOU OIIEHKHU
JUTs BCEX YPOBHEH CTPYKTYPHO-JIOTUYECKOH CXEMBI,
pacuer mapaMeTpOB COIJIACOBAHHOCTH JJis BCEX
VPOBHEWN;

5) KOMIUIEKCHAs1 (MHOTOKPUTEPHUAIbHAS) OIIEHKA
MepOINpUATUR-aJbTepHaTUB U HampasieHuii COT
OTHOCHUTEJILHO I1€JIH;

6) IpOBEPKA Ha COTJIACOBAaHHOCTD OIIEHOK;

(U @
n—1
where n — the number of alternatives;

RI — random index (the mean (mathematical
expectation) of the homogeneity index of a randomly
generated pairwise comparison matrix).

An CR value not exceeding 0,10—0,20% is consid-
ered acceptable [8].

The development of the CFT model in DP for
T2DM patients included the following sequence of
actions:

1) construction of a structural-logical diagram of
the problem under study, identification of hierarchic
levels, goal C, directions K,j=1m, activities-alter-
natives A, i = 1, n, and their interrelationships;

2) conducting pairwise comparisons of activities-
alternatives in relation to the directions by convert-
ing the results of designing into scores on the ratio
scale;

3) preparation of initial information for ranking
alternatives and CFT directions: formation of pair-
wise comparison matrices of alternatives, examina-
tion of the hierarchy of directions;

4) multi-level assessment of activities in relation
to CFT directions and the goal based on the AHP:
calculation of vectors of multi-criteria evaluation for
all levels of the structural and logical diagram, calcu-
lation of parameters of consistency for all levels;

5) comprehensive (multi-criteria) assessment of
activities-alternatives and CFT directions in relation
to the goal;

6) check for assessment consistency;

7) construction of a model for designing CFT
directions in DP for T2DM patients;

8) content analysis of the solution resulted.

Based on a system approach, a structural and log-
ical diagram for the multi-criteria assessment of
directions and research and practice activities (alter-
natives) for designing CFT in DP for T2DM patients
was compiled (Fig. 1).

In accordance with the structural and logical dia-
gram developed, the multi-criteria assessment of the
directions for designing CFT and the research and
practice activities that elaborate them included a
comprehensive assessment by three directions K —
K,, where the research and practice activities A —A_
serve as alternatives.

In the diagram presented in Fig. 1, the third level
contains the activities-alternatives (the most impor-
tant for designing CFT in DP of the population), the
second level contains the directions that include the
activities-alternatives from the perspective of achiev-
ing the best solution in relation to the goal (first
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Puc. 1. CTpyKTYPHO-JIOTHYECKAs CXeMa IIPOEKTUPOBAHMUSI COIIMATIFHO OPHEHTHPOBAHHBIX TEXHOJIOTHIA
B JIEKAPCTBEHHOM ObecrieueHIH OOJIBHBIX CAXapHBIM THAa0EeTOM 2 THIIA
Fig. 1. Structural and logical diagram for designing community-focused technologies in drug provision
for patients with type 2 diabetes mellitus

7) HOCTpOEeHUE MOJIEJIHN MIPOEKTUPOBAHUS
Hanpasyienuid COT B JIO 6opHbIX C/12;

8) cozeprkareIbHBIN aHAIN3 PE3YJILTATOB Pellle-
HUS.

Ha ocHoBe cucremMHOro moaxoza ObLjIa COCTaB-
JleHa CTPYKTYPHO-JIOTHYecKasl cxemMa MHOTOKpDHTe-
pUaIbHOU OIleHKU HAalpaBJIeHU U HAyYHO-TIPAKTHU-
YEeCKUX MEpPOIPUATUH (aJIbTEPHATHUB) IPOEKTHPOBA-
Hust COT JIO 6osbabIx CII2 (puc. 1).

B cooTBeTcTBUM ¢ pa3pabOTaHHOU CTPYKTYPHO-
JIOTUYECKOU CXEMOU, MHOTOKPHUTEPUAJIbHAS OI[EHKA
HanpasieHud npoektupoBanus COT u HayuHO-
MPaKTHYECKUX MEPOTPHUATHH, UX PACKPHIBAIOIINX,
BKJII0YAJIa KOMILJIEKCHYIO OIIEHKY II0 TPeM Hampas-
nenusM K -K,, riie B kauecTBe aJbTePHATHB BBICTY-
TAIOT HAyYHO-IIPAKTHYECKUe MEPOIPHUATHA A —A ..

B cxeme, mmpezicTaBJIeHHOM HA PHC. 1, HA TPETHEM
YPOBHE Da3MeNIaloTcsl MepOIpUATUS-IbTepHA-
TuBbl (Haubosiee BaXKHBIE IS TPOEKTUPOBAHMUSI
COT B JIO HacesyieHUs1), HA BTOPOM — HaIpaBJIeHUS],

level). In accordance with the developed approach,
pairwise comparison matrices were filled out using
the expert assessment method.

Based on the content analysis of medical and
pharmaceutical literature and regulatory documents,
a list of CFT directions and activities was compiled,
and a questionnaire for the expert assessment of pri-
ority CFT directions and activities was developed
(the questionnaire involved heads of regional and
federal pharmacy chains, employees of the Ministry
of Health of the NR and Roszdravnadzor for the
NR - 30 people in total). The experts’ qualifications
were determined by their level of competence, which
includes their expertise (relevant professional expe-
rience, the presence of an academic degree or rank,
etc.) and a calculated indicator (argumentativeness
score).

The qualification of the experts was satisfactory,
as their competence level was 0,45. The Kendall’s
coefficient of concordance (W) calculated was 0,9,
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BKJIIOYAIOIIIE  MEpPONPHUATHUI-AJIbTEPHATUBBL  C
TOUKU 3PEHUs IMOJIyUYeHHUs HAWIYUIIero pelieHUs
OTHOCUTEJIPHO ITOCTaBJIEHHOW ey (IepBBIA ypo-
BEHb).

B cootBercTBUM ¢ pa3zpaboOTaHHBIM IOAXOIOM
3aTIOJTHSJIN MAaTPUIIBI TAPHBIX CPABHEHUH C HCIIOJIb-
30BaHUEM METO/Ia DKCIIEPTHBIX OI[EHOK.

Ha ocHOBe KOHTeHT-aHa/N3a MEIUIIMHCKON U
(apmaneBTHUecKOl JINTEpaTypbl, HOPMATUBHBIX
JIOKYMEHTOB COCTaBJIeH IlepeueHb HaIlpaBJIeHuH
COT u mepornpusaTuii, pa3paboTaHa aHKeTa JJI DKC-
MepTHOU OIleHKU HPUOPUTETHBIX HAIpaBJIeHUU U
meponpusatuii COT (B aHKETHPOBAHUU IPHUHSIH
yJacTHe pyKOBOJUTEIN PeTHOHATBHBIX U (efiepatb-
HBIX alTEYHBIX ceTel, cOTPyAHUKU MuHHCTepcTBa
3npaBooxpanenusas HCO u PocszppasBHaznsopa 1o
HCO - Bcero 30 ues.). KauecTBeHHBIN COCTaB DKC-
[IEPTOB OIPEJEJIAICS 10 YPOBHIO KOMIIETEHTHOCTH,
BKJIIOYAIOIIEMY KaueCTBEHHbIE XapPaKTEPUCTUKHU
sKkcrepta (crak paboThI 1O CIIEIUAIBHOCTH, HAJIN-
Yrie YIYEHOH! CTENeHU WJIW 3BaHUS U JP.) U pacuer-
HBIU TTOKa3aTtesb (Koo QUIIUeHT apTyMeHTaIuN).

KauecTBeHHBIH COCTAaB SKCIEPTOB SIBJISLICS YAOB-
JIETBOPUTEIBHBIM, TaK KaK YPOBEHb UX KOMIIETEHT-
HOCTHU COCTaBWII 0,45. Paccuntanusiii koappunueHT
koHkoppanuu Kenpasra (W) coctaBui 0,9, 94TO yKa-
3bIBA€T HA BBICOKYIO COTJIACOBAHHOCTh MHEHUH
30 DKCIIEPTOB.

C 11eJ1pI0 YCTAHOBJIEHUS IPUOPUTETHOCTU KaK-
JTOTO HAIIPpaBJIEHUsI MEPOIIPUATHS OlleHKA dKCIIEpP-
TaMU IPOBOJAHWJIACH IO IIKajle OTHOCUTEIbHOM
BaXKHOCTU OT 1 70 9, mpeanoxeHHoil T. Caaru
(Tabu. 1).

J17151 arperupoBaHus MHEHUH 9KCIIEPTOB HCIIOJTb-
30BAJIN UX CpeAHEreoMeTprUyecKkoe 3HaUeHHe, pac-
cuuThIBaeMoe 1o popmyite (5):

A 1 2
ay =4 ajajy..ajy , (5)

I/ie a; — arpernpoBaHHAs OLEHKA dIEMEHTa, MPH-
HAJJIEKAIIETO I-U CTPOKE U j-My CTOJIOIy MATPHUIIbI
MMapHBIX CPABHEHUH;

' — YKCJI0O MATPUIL MTAPHBIX CPABHEHUH, KaXKAas
13 KOTOPBIX COCTABJIEHA OJTHUM 5KCIIEPTOM.

Hanee B cootrBercTBUU ¢ MAW ocy1iecTBisin
COOCTBEHHO HepapXUYeCKUH CHHTE3 IIOCPEICTBOM
IIOCJIEZIOBATEIFHOTO OIPE/IEJIEHNsT BEKTOPOB IIPHO-
PUTETOB MEPOIPUATHIH-aIbTEPHATUB OTHOCUTEIHHO
HanpasieHuit COT.

Pacuer ocymiecTBisAaM, HauuHAA OT IIEPBOTO
YPOBHSI K IIOC/IEYIOIINM BEPXHHIM, ITyTeM IIEPEMHO-
JKEHHS COOTBETCTBYIOIINX BEKTOPOB MATPHI]. 3aTEM
OTIPEeJIEJIsTH PE3YJIbTUPYIONUA BEKTOP MPHOPUTE-
TOB  MepONPUATHH-aIbTEPHATUB  OTHOCHUTEJIHHO

which indicates a high agreement in opinions among
the 30 experts.

In order to reveal the priority of each direction
and activity, the experts’ assessment was carried out
using a scale of relative importance from 1 to 9, pro-
posed by T. Saaty (Table 1).

To aggregate the experts’ opinions, their geomet-
ric mean was used, calculated according to for-

mula (5):
ayj =X ajay..ajy, (5)

where a} — aggregated assessment of the element
belonging to the i row and j* column of the pairwise
comparison matrix;

r — the number of pairwise comparison matrices,
each compiled by one expert.

Further, in accordance with the AHP, the actually
hierarchic synthesis was carried out by sequentially
determining the priority vectors of the activities-
alternatives in relation to the CFT directions.

The calculation was carried out, starting from the
first level to the subsequent higher ones, by multiply-
ing the corresponding vectors of the matrices. Then,
the resulting priority vector of the activities-alterna-
tives in relation to the goal was determined, the
activities were ranked, and the hierarchic homoge-
neity ratio (HHR) was also calculated.

RESULTS AND DISCUSSION

Based on processing the results of the experts’
assessment, a multi-level assessment of the activi-
ties was carried out in relation to the directions of
CFT designing and the goal using the AHP: calcu-
lation of multi-criteria evaluation vectors for all
levels of the structural and logical diagram, calcu-
lation of parameters of consistency for all levels
(Table 2).

Then, the pairwise comparison matrices of the
activities-alternatives in relation to the directions of
designing CFT (KI—KS) were filled out (Tables 3-5).

Then, the actual hierarchic synthesis of the com-
prehensive assessment was carried out by sequential
determination of the priority vectors of the activities-
alternatives in relation to the CFT directions.

The calculated normalized priority vectors
(WI—WS), eigenvalues of the matrices (A ), CR, and
indices of consistency for the pairwise comparison
matrices showed that the activities-alternatives
(Al—As) for the directions (K —K ) identified are con-
sistent and acceptable (Table 6).

Then, the priorities of the alternative solutions
according to the CFT directions were determined
(Table 7).
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Ta6una 1. [lIkasa OTHOCUTENbHOU BaXKHOCTH JJIs1 9KCIIEPTOB

Table 1. Scale of relative importance for experts

HWHTEeHCUBHOCTb

OTHOCHUTEJIbHOM
Onpepenenue 06BbaAcHeHUud

Ba)KHOCTH (6aJ1/1b1) ol .

. . Definition Explanations

Intensity of relative

importance (points)

1 PaBHas BaXXHOCTb (OTCYTCTBHE PaBHBIN BKJIa/ ByX HanpaBJIeHUH (MePONPUATHH)
NpeANnoYTUTENbHOCTH) Equal contribution of two directions (activities)

Equal importance (no preference)

3 YMepeHHOe TPeBOCXOACTBO OJHOTO Haf,
ApyruM (csnabasi npeAnoYTUTENbHOCTD)
Moderate importance (weak preference)

OMNBIT U CY>KJieHUs CBU/IETEJBbCTBYIOT O CJ1a60M
MPEBOCXO/ICTBE OJJHOTO HAaNpaBJeHUs (MEPONPUSATHSA)
HaJ, ApyruM

Experience and judgment slightly favor one direction
(activity) over another

5 Cy1eCTBEHHOE WJIU CUJIBHOE
NPeBOCXOACTBO (CH/IbHAA
npeAnoYTUTETbHOCTD)

Significant or strong importance (strong

preference)

OMNBIT U CYXKJ,eHUSI CBU/IETENbCTBYIOT O CUJIBHOM
PeBOCXO/CTBE OHOI0 HaNpaBJieHUs (MeponpUATHs)
Ha/J| ApyTUM

Experience and judgment strongly favor one direction
(activity) over another

7 3HauMUTebHOE TPEBOCXOACTBO (0OYeHb

CUJIbHAs MPeNOYTUTEbHOCTD)
Very strong importance (very strong

O HO HanpaBJjeHUe (MepPONPUATHE) HACTOJIBKO CUJIBHO
MPEBOCXOAUT JIPYroe, YTO CTAHOBUTCS MPAKTUUECKH
3HAYUMbIM

preference) A direction (activity) is favored very strongly over
another that it becomes practically significant
9 O4deHb CUJIBHOE PEBOCXO/CTBO O4eBU/JHOCTb IPEBOCXO/CTBA OJHOTO HaNpaBJeHUs

(abcosroTHAS MPEATIOYTUTENBHOCTD)
Extreme importance (absolute
preference)

(MeponpuATHSA) HAJ JPYTUM NOATBEPKAAETCH
HauboJjiee CUIbHO

The evidence favoring one direction (activity) over
another is of the highest

2,4,6,8 [IpoMexxyTOUHBIE pelleHUs MeX1y
JIBYMSI COCEHUMHU CYXKJE€HUIMU
Intermediate solutions between two

adjacent judgments

[IprMeHSAI0TCS B KOMIIPOMUCCHOM CJIydae
Applied in a compromise situation

[IeJIW, PAHKUPOBAIA MEPOIPHUSATHA, a TAKKe pac-
CUMTHIBAJIA OTHOIIEHHE OIHOPOJHOCTH Hepap-
xun (ON).

PE3YJIBTATDBI 1 OBCYXKAEHWE

Ha ocHOBe 06pabOTKH pPe3yIbTaTOB HKCIIEPTHOU
OIEHKU CIEIUAIMCTOB OCYIIECTBIISAIACh MHOTO-
YPOBHEBAsI OIleHKA MEPOIPUATHH OTHOCHUTEIHHO
HampaBsieHudl TmpoektupoBanusa COT, menu Ha
ocHOoBe MAM: pacueT BeKTOPOB MHOTOKPUTEPHUAIb-
HOH OILIEHKU JJIS1 BCEX YPOBHEU CTPYKTYPHO-JIOTHYE-
CKOH CXeMBlI, pacueT IapaMeTPOB COIVIACOBAHHOCTH
JUTSI BCeX ypoBHEH (Tabut. 2).

3aTeM OCyIeCTBJIANIOCh 3aloJIHEHWe MAaTpPUIL
MMapHBIX CPAaBHEHUH MEPOIPUATHH-AIbTEPHATUB
OTHOCHUTEIBHO HanpassieHui nmpoexkrupoBanus COT
(KI—KS) (Tabi. 3—5).

Janee ocymecTBasiin cOOCTBEHHO Hepapxuye-
CKUU CHUHTE3 KOMILUIEKCHOU OI€HKU II0CPECTBOM
1OCJIe/I0BATEIBHOTO OIIpeJieJIeHNsI BEKTOPOB IIPHO-
PUTETOB MEepOIPHUATHUH-ATIPTEPHATHB OTHOCUTEIHHO
nanpasieHuii COT.

In accordance with the AHP, the normalized pri-
ority vector (W), the matrix eigenvalue (A ), the
consistency ratio, and the index of consistency of the
first level for the pairwise comparison matrix of
directions of CFT designing (K,-K)) relative to the
goal (C) were calculated. The results obtained are
presented in Table 8.

Content analysis of the results obtained (Table 8)
showed that, according to the resulting priority vec-
tor in the comprehensive assessment of designing
CFT directions in DP for T2DM patients, the follow-
ing directions are the most significant (in descending
order): optimization of the organization and
improvement of the DP mechanism for T2DM
patients (65%); ensuring the availability of pharma-
ceutical care for T2DM patients (eligible beneficia-
ries) based on the use of criteria and regional infor-
mation services (28%); development of organiza-
tional and functional forms and technologies for
improving interagency collaboration between
healthcare professionals and their interaction with
T2DM patients (7%).
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Ta6s1upa 2. MaTpulia napHbIX CpaBHEHU I HaNpaBJeHUH MPOEKTUPOBAHMUS COLUATbHO OPUEHTUPOBAHHBIX TEXHOIOTHH
B JIEKapCTBEHHOM o6ecrnedeHnH 60JIbHBIX CaXapHbIM nabeTom 2 Tuna (K -K,)
Table 2. The pairwise comparison matrix of directions for designing community-focused technologies in drug provision
of patients with type 2 diabetes mellitus (K,-K,)

HanpagsieHMe NIpOeKTHPOBAHUA
COT B JIO 601bHBIX C/I2
Direction for designing CFT

in DP for T2DM patients

OnTUMHU3anUA
OpraHM3anHy ¥ COBEpPII-
€HCTBOBaHUE MeXaHH3Ma
JIO 6o1bHBIX CA2 (K,)
Optimization of the
organization and
improvement of the DP
mechanism for T2DM
patients (K,)

OGecneyeHue JOCTYI-
HOCTH JIEKapCTBEHHOM
MOMOIIU 60/1bHbIM C/12
(oTAebHBIM KaTeropusaM
rpa;kAaH) Ha OCHOBe
HCNO0JIb30BaHMsA KpUTe-
pHeB U perMoHa/IbHbIX
MH}OpMaLOHHBIX
cepeucos (K,))

Ensuring the availability
of pharmacological

care for T2DM patients
(eligible beneficiaries)
based on the use of
criteria and regional
information services (K,)

Pa3pa6oTka opraHusanu-
OHHO-(QYHKIMOHA/IBbHBIX
¢$opM U TEXHOJIOT U
COBEpPIIEHCTBOBAHUS
MeKBeOMCTBEHHOI0
B3aMMO/elCTBUA crienya-
JINCTOB 3 paBOOXPaHEHUs
MeXAy co6oi

u ¢ 6obHBIMHE C/12 (K,)
Development of
organizational and
functional forms

and technologies for
improving interagency
collaboration between
healthcare professionals
and their communication
with T2DM patients (K,)

OnTHMHU3anysA OpraHu3anuu

U COBEPIIEHCTBOBAaHHUE
MexaHu3Ma J10 60/IbHBIX

CA2 (K))

Optimization of the
organization and improvement
of the DP mechanism for T2DM
patients (K))

1

1/3

OGecneyeHue JOCTYITHOCTH
JIeKapCTBEHHOM NOMOLIU
HaceJIeHUIO (OTAe/IbHbIM
KaTeropusiM rpa<JjaH) Ha
OCHOBE MCN0JIb30BaHUSA
KpHUTepHeB U perMoHa/Ib-

HBIX MTH(}pOPMaLMOHHBIX
cepBucos (K,)

Ensuring the availability of
pharmacological care for T2DM
patients (eligible beneficiaries)
based on the use of criteria
and regional information
services (K,)

1/7

Pa3pa60Tka opraHM3aMOHHO-
dyHKIMOHaNBHBIX POPM U
TEeXHOJIOTHMH COBEpPLIEHCTBO-
BaHMA Me>XBeJOMCTBEHHOT0
B3aUMO/eiiCTBUS crienua-
JINCTOB 3/paBOOXPaHeHUs
MeX/y CO60M U € 60/ IbHBIMH
CA2 (K))

Development of organizational
and functional forms and
technologies for improving
interagency collaboration
between healthcare
professionals and their
communication with T2DM
patients (K,)

1/5

[IpumMmevyaHUue.
2 Tumna.
Abbreviations:

COT - conuasbHO OpUEHTUPOBaHHbIe TexHoJoTUY; JIO - slekapcTBeHHOe o6ecnieyeHue; C/l2 — caxapHblii juabeTr

CFT - community-focused technologies; DP - drug provision; T2DM - type 2 diabetes mellitus.
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Ta6imna 3. MaTpula napHbIX CPaBHEHMH MepONpUATHH-albTepHaTUB (A,~A,) 110 HanpaBJIeHUIO COLUAIbHO
OpHMEHTHPOBAHHBIX TEXHOJOTHH «ONTHMHU3alKsI OPraHUW3allMK U COBEPIIEHCTBOBAHNE MeXaHU3Ma JIEKapCTBEHHOT0

obecrneyeHus 60JbHBIX CaXapHbIM JuabeToM 2 Tuna» (K))

Table 3. The pairwise comparison matrix of activities-alternatives (A -A,) for the community-focused technology direction
“Optimization of the organization and improvement of the drug provision mechanism for patients with type 2 diabetes

mellitus” (K,)

Hanpasienue COT K, - OnTUMHU3anus OpraHu3aluy ¥ COBEPIIEHCTBOBaHNE MexaHu3Ma MeponpusaTus

JIO 601bHBIX C/12 Activities

CFT direction K : Optimization of the organization and improvement of the DP A A A A A
mechanism for T2DM patients 1 2 3 4 5
dopMupoBaHUe ONITUMATBHOTO aCCOPTUMEHTA, TO3UI[MOHMPOBaHKe U cTpaTudukanus JII1 1 4 8 2 1/2

B cucteme OHJIIT (A,)

Formation of an optimal assortment, positioning and stratification of MP in the system

of essential drug provision (A))

CoIM0JIOTUYECKOE UCCIeIOBaHUE MHEHUS MEJULIMHCKUX U papMaleBTUYECKUX PA6OTHUKOB

06 opranusanuu JIO 60sbHBIX C/12 B HCO (A,)

1/4 1 5 1/5 1/5

Sociological study of the opinions of healthcare professional and pharmacists

on the organization of the DP for T2DM patients in the NR (A,)

COLI,I/IOJ'IOFPI‘{eCKOB HccjienoBaHue yqOBJIETBOPEHHOCTH HaCeJIeHUs, CTpajarollero C[[Z,

opranusanueii JIO B HCO (A,)

1/8 1/5 1 1/5 1/9

Sociological study of the satisfaction of the population suffering from T2DM

with the organization of the DP in the NR (A,)

MukpocermeHTanus 60bHbIX C/I2 Ha OCHOBE 06'bEKTHUBHBIX U CYO'EKTUBHBIX KDUTEPHEB,

dopmupoBanue noprpera nanuenTa ¢ CA2 (A,)

125 7 1 1/3

Micro-segmentation of T2DM patients based on objective and subjective criteria, T2DM

patient profiling (A,)

PasBuTtue nudpactpykTyps! JIO: OTKpbITHE MYHKTOB OTIIycKa B MO peruona, 2 5 9 3 1

CrieMaJu3upPOBaHHbIX anTeK (KoMMepueckux) (A,)

Development of DP infrastructure: opening the dispensing outlets in the municipal formations

of the region, specialized (commercial) pharmacies (A,)

[IpumMevyaHue

. COT - conuabHO OpHEeHTHPOBaHHbIe TexHOJI0rHY; JIO - iekapcTBeHHOE o6ecnieueHue; C/12 - caxapHbId JuabeT 2

Tuna; JII - nexapcrBenHble npenapatbl; OHJII - o6ecneyenne Heo6xoauMbiMu JIIT; HCO - HoBocu6upckas o61actb; MO - MyHUIMNIaIbHOE

o6pasoBaHue.
Abbreviations:
Novosibirsk region.

PaccunTaHHble HOPMHUPOBAHHBIE BEKTOPBI-
TIPUOPUTETHI (WI—WS), COOCTBEHHBIE  YHCJIA
marpun, (A ), OC, HHIEKCBl COIrJIaCOBAHHOCTHU
JUIsT MaTPUI[ MapHBIX CPaBHEHWH IMMOKAa3ajd, 4TO
MEPOTIPUATHUA-ATTbTEPHATUBBI (AI—AS) 10 BBI/IE-
JIEHHBIM HAaIlpaBJIEHUSIM (KI—KS) COIJIaCOBAHbI U
JIoTycTUMBI (Tab1. 6).

3aTeM OIpeNessINCh MPUOPUTETHI aJIbTEpHA-
TUBHBIX perteHui o HanpasiaeHusM COT (tabu. 7).

B coorBerctBum ¢ MAV paccuuThiBaId HOPMU-
POBaHHBIN BekTOp npuopuretos (W ), cobcTBeHHOE
9MCI0 MATPUIbI (A ), OTHOIIEHHA COTJIACOBAHHO-
ctu (OC), mHIEKC OJHOPOAHOCTU (COTyIacCOBAaHHO-
CTH) TIEPBOTO YPOBHS JIJI MATPUITBI TAPHBIX CPaBHE-
Huil HanpasieHuid npoexruposanus COT (K -K))
otHocutesbHO 1esH (C). [TosyyeHHBIE Pe3yJIbTATHI
IIpe/icTaBJIeHbI B TA0JI. 8.

CopeprkaTesIbHBIN aHAIU3 TIOJIyYEHHBIX PE3YJIb-
TaTOB, IPE/CTaBJIEHHBIX B Tabiy. 8, mokasas, 4To,
COTJIACHO PE3YIbTUPYIOIIEMY BEKTOPY IIPUOPUTETOB
pY  KOMIUIEKCHOM OIEHKE IIPOEKTHPOBAHUS
nanpasienutt COT B JIO 6ombubix C/I2, Haubosee

SOT - CFT - community-focused technologies; DP - drug supply; T2DM - type 2 diabetes mellitus; NR -

Then, the resulting priority vector of the activi-
ties-alternatives in relation to the goal was deter-
mined, the activities were ranked, and the homoge-
neity ratio for the hierarchy was also calculated
(Table 9).

The data from Table 9 shows that the research
and practice activities for designing the directions
of CFT in DP for T2DM patients should be carried
out in the following sequence: 1) a sociological
study of the satisfaction of the population suffer-
ing from T2DM with the organization of the DP in
the NR (35,59%); 2) formation of an optimal
assortment, positioning and stratification of
medicinal products in the system of essential drug
provision (29,84%); 3) a sociological study of the
opinions of healthcare professional and pharma-
cists on the organization of the DP for T2DM
patients in the NR (23,19%); 4) micro-segmenta-
tion of T2DM patients based on objective and sub-
jective criteria, T2DM patient profiling (7,63%);
5) development of DP infrastructure: opening the
dispensing outlets in the municipal formations of
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Ta6iuna 4. MaTpula napHbIX CDaBHEHMH MepONpUATHH-aIbTepHaTUB (A,~A,) 10 HanpaBJIeHHUI0 COLUAIbHO
OpHEHTHUPOBAHHBIX TEXHOJIOTUH «O6ecnedyeHre JOCTYTHOCTH JIEKAPCTBEHHOW IIOMOIIM GOJIbHBIM CaXapHbIM JJHa0eTOM
2 tuna (OTAebHBIM KaTeropusiM Ipak/jaH) Ha OCHOBE MCI0JIb30BaHUS KPUTEPHUEB U PErHOHAIbHBIX HHQOPMAILMOHHBIX

cepaucob» (K,)

Table 4. The pairwise comparison matrix of activities-alternatives (A,-A,) for the community-focused technology direction
“Ensuring the availability of pharmaceutical care for patients with type 2 diabetes mellitus (eligible beneficiaries) based on

the use of criteria and regional information services” (K,)

Hanpagsienue COT K, - O6ecrnieyeHue JOCTYNHOCTH JIEKapCTBEHHOM IIOMOLIM 60JIbHBIM

CA2 (oTAebHBIM KaTeropusM rpax/JjiaH) Ha OCHOBe MCI0JIb30BaHUs KpUTEPUEB U

pPeruoHaJIbHbIX [/IH(I)OpMal.lPIOHHle CepBHUCOB

CFT direction K,: Ensuring the availability of pharmaceutical care for patients with type
2 diabetes mellitus (eligible beneficiaries) based on the use of criteria and regional

information services

Meponpusarusa
Activities

A A A A

1 2 3 4 5

dopMupoBaHre ONITUMATBHOTO aCCOPTUMEHTA, TO3ULMOHMPOBaHKe U cTpaTudukanus JII1 1 1/6 1/7

B cucteme OHJIIT (A,)

[uny

1/8

Formation of an optimal assortment, positioning and stratification of medicinal products

in the system of essential drug provision (A,)

Conuosiornyeckoe uccaejoBaHue MHeHUs MeAULUHCKUX U GapMalleBTUYEeCKHUX PAOOTHUKOB 6 1 1/3 7 1/4

06 opranusanuu JIO 6obHbIx C/12 B HCO (A,)

Sociological study of the opinions of healthcare professional and pharmacists

on the organization of the DP for T2DM patients in the NR (A,)

COL[I/IOJ'IOI‘I/I‘{QCKOE uccsenoBaHue yqOBJIETBOPEHHOCTH HaCeJIEeHUd, CTpajalollero C,HZ,

opranusanuei JIO B HCO (A,)

~
w
[N
[ee}

1/2

Sociological study of the satisfaction of the population suffering from T2DM

with the organization of the DP in the NR (4,)

MukpocermeHTanus 60/bHbIX C/]2 Ha OCHOBE 06'bEKTUBHBIX U CyO'beKTUBHBIX KDUTEPHUEB, 1 1/7 1/8 1 1/9

dopmuposanue noprpera nauuenta ¢ CA2 (A,)

Micro-segmentation of T2DM patients based on the objective and subjective criteria, T2DM

patient profiling (A,)

Pa3zButue nunppactpykTypsl JIO: OTKpbITHE MYHKTOB OTNycKa B MO peruoxa, 8 4 2 9 1

CrelalM3MpOoBaHHbIX anTeK (KoMMepdeckux) (A,)

Development of DP infrastructure: opening the dispensing outlets in the municipal formations

of the region, specialized (commercial) pharmacies (A;)

[IpumMmeyvyaHue.

COT - connaJibHO OpUEHTUPOBaHHbIe TexHOJI0rKH; JIO - iekapcTBeHHOe obecnieyenue; C/12 - caxapHblil Auabet 2

tuna; JIII - ekapcTBeHHble npenapaTel; OHJIII - o6ecneyeHne Heo6xoauMbIMU JIIT; HCO - HoBocubupckas o61actb; MO - MyHUIIUTIIATIbHOE

oOpasoBaHue.
Abbreviations:
region.

3HAYNMBIMU IPU3HAHBI CJIEAYIOIINE HAIPABIECHUS
(B mopsiike yObIBaHMSA): ONTHMHU3AIMNA OpPraHU3a-
MU U COBepIlleHCcTBOBaHMe MexaHuaMma JIO 60sb-
HbIx C/12 (65 %); obecrieueHHe TOCTYITHOCTH JIeKap-
cTBeHHOH 1momomu 6oabpHBIM C/I2 (OTHeIbHBIM
KaTeropusM TPa’KZaH) HAa OCHOBE HCIIOJIb30BAHUS
KPUTEPUEB U PETHOHAIBHBIX WH(POPMAIMOHHBIX
cepBuCOB (28 %); paspaboTka OpraHU3aIHMOHHO-
¢yHKIHOHATIBHBIX (DOPM U TEXHOJIOTHI COBEPIIEH-
CTBOBAHUS MEKBEIOMCTBEHHOTO B3aMMOJIEHCTBUS
CHEIUATNCTOB 3/IPABOOXPAHEHUsI C OOJIBHBIMHU
Cl2 (7 %).

3areM oOIpeAensiu Ppe3yJIbTUPYIOIUNA BEKTOP
[IPUOPHUTETOB MEpPOIPUATHI-AIbTEPHATHB OTHOCHU-
TEeJIbHO EJIN, PAHKUPOBAIN MEPOIIPHUATHS, & TAKIKE
pacCUNTHIBAIN OTHOIIEHUE OZHOPOAHOCTH Hepap-
xuu (tabi. 9).

W3 manubIX TabJ. 9 CeAyeT, YTO HAyUHO-TIPAK-
THYECKWe MEepOIPUATUS JJIsI IHPOEKTHUPOBAHUSI
HatnpaBiieHudi COT B JIO GospHbIXx CJl 2 Tuma

CFT - community-focused technologies; DP - drug provision; T2DM - type 2 diabetes mellitus; NR - Novosibirsk

the region, specialized (commercial) pharmacies
(4,47%).

Then, a model for designing the directions of CFT
in the DP for T2DM patients at the regional level was
constructed (Fig. 2).

CONCLUSION

The developed 3-level model for designing
directions of CFT in the DP for T2DM patients at
the regional level included the main directions
for solving the problem of optimizing the organi-
zation and mechanism for improving the DP for
T2DM patients, ensuring the availability of phar-
maceutical care for the population (eligible ben-
eficiaries) based on the use of criteria and regional
information services, as well as the development
of organizational and functional forms and tech-
nologies for improving interagency collaboration
between healthcare professionals and their com-
munication with T2DM patients using the tools of
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Ta6uua 5. MaTpula napHbIX CpaBHEHHI MeponpUATHii-aabTepHaTUB (A,-A.) 0 HapaBJIeHHUIO COLUAILHO
OPHEHTHPOBAHHBIX TEXHOJIOTUH «Pa3paboTka opraHM3allMOHHO-PYHKIIMOHATbHBIX GOPM U TeXHOJOTUH
COBEPLIEHCTBOBAHUS MeXBeLOMCTBEHHOTO B3aUMO/I€HCTBHsI CIIELIMAIUCTOB 3/JpAaBOOXPAHEHHS C 60JIbHBIMH CaXapHbIM
nuaberom 2 tuna» (K,)

Table 5. The pairwise comparison matrix of activities-alternatives (A -A,) for the community-focused technology direction
“Development of organizational and functional forms and technologies for improving interagency collaboration between
healthcare professionals and their communication with patients with type 2 diabetes mellitus” (K,)

Hanpagssienue COT K, - pa3pa60oTKa opraHMsaldOHHO-QyHKIMOHA/ILHBIX GpopM
Y TEXHOJIOTHH COBepIIeHCTBOBaHMA MeKBEeA0MCTBEHHOI0 B3aUM O/ eliCTBUA Meponpuarus
CIelMa/IMCTOB 3 paBOOXPaHEHUs MeXAy C060ii U ¢ 60/1bHbIMU C/12 Activities

CFT direction K,: Development of organizational and functional forms and technologies
for improving interagency collaboration between healthcare professionals and their

communication with T2DM patients A, A, A, A, A

dopMupoBaHKE ONTUMATBHOTO AaCCOPTUMEHTA, TO3UITMOHUpPOBaHUe U cTpaTudukanus JI1 1 1/7 1/5 5 1/5
B cucteme OHJIII (A,)

Formation of an optimal assortment, positioning and stratification of medicinal products

in the system of essential drug provision (A,)

CouroJIoTHYeCcKOe UCCeloBaHUe MHEHUS] MeJULIMHCKUX U GapMaleBTUYeCKUX PAGOTHUKOB 7 1 3 9 3
06 opranusanuu JIO 601bHbIX C/12 B HCO (A,)

Sociological study of the opinions of healthcare professional and pharmacists on the

organization of the DP for T2DM patients in the NR (A,)

Couuosiornyeckoe uccaejoBaHue y0BJIeTBOPEHHOCTH HaceeHus, cTpasatoiero C/2, 5 1/3 1 7 1
opranusanueit JIO B HCO (A,)

Sociological study of the satisfaction of the population suffering from T2DM with the

organization of the DP in the NR (A,)

MuxkpocermeHTanus 60abHbIX C/[2 Ha OCHOBe 06'bEKTUBHBIX U CYO'bEKTUBHBIX KDUTEPHUEB, 1/5 1/9 1/7 1 1/7
dopmuposanue noprpera nanuenta ¢ CA2 (A,)

Micro-segmentation of T2DM patients based on objective and subjective criteria, T2DM

patient profiling (A,)

Pa3zButue nunppactpykTypsl JIO: OTKpbITHE MYHKTOB OTIycKa B MO peruoxa, 5 1/3 1 7 1
crenyralM3MpoBaHHbIX anTeK (KoMMepyeckux) (A,)

Development of DP infrastructure: opening the dispensing outlets in the municipal formations

of the region, specialized (commercial) pharmacies (A;)

[l pumedyanue. COT-coyuasbHO OpUEHTUPOBaHHbIe TexHooruy; JIO - siekapcTBeHHOe o6ecnedenue; C/|2 — caxapHblil AuabeT
2 tuna; JIII - nekapcTBeHHble npenapaTsl; OHJIII - o6ecneyenue HeobxoauMbiMu JIIT; HCO - HoBocu6upckas o6sactb; MO - MyHULIMTIAIBHOE
o6pa3oBaHue.

Abbreviations: CFT-community-focusedtechnologies; DP - drugprovision; T2DM - type 2 diabetes mellitus; NR - Novosibirsk
region.

Ta6sMua 6. PesysibTaThbl pacieToB NPMOPUTETOB MEPONIPUATHH-aIbTePHATHB (A ~A) 10 HaNpaBJeHUsM IPOEKTUPOBaHUSA
COLIMa/IbHO OPMEHTHPOBAHHbBIX TEXHOJIOTUH B IeKapcTBeHHOM obecnedennH (K,-K,)

Table 6. Calculation results of the priority vectors of activities-alternatives (A,-A,) for the directions of designing
community-focused technologies in drug provision (K -K.)

MeponpusaTtus / Activities

HOpMPl[.)OBaHH.BIe.BeKTOpbl NPUOPHUTETOB P\ (0] HC,
Normalized priority vectors A, A, A, A, A, i CR IC,
W, 0,04 0,16 0,31 0,04 0,45 5,300 0,067 0,075
w, 0,28 0,08 0,03 0,20 0,42 5,370 0,083 0,093
w 0,07 0,47 0,22 0,03 0,22 5,398 0,089 0,100

3

Ipumeyanue. A -cobcTBeHHOe Ynucno MaTpulbl; OC - OTHOLIEHKeE corlacoBaHHOCTH; MC, - MH/IeKC COr/IacOBaHHOCTH.
Abbreviations: A _-eigenvalueof the matrix; CR - consistency ratio; IC, - index of consistency.

It
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Ta6.iuna 7. PesynbTaThbl OLleHKH MepONPUATHH-aIbTepHaTUB (A,~A,) 110 HanpaBJeHUAM NPOeKTUPOBaHHUSA COLUAIbHO
OpHUEHTHUPOBaHHBIX TEXHOJIOTHH B JIeKapCTBeHHOM obecniedennu (K -K.)

Table 7. Results of the assessment of activities-alternatives (A,-A,) for the directions of designing community-focused
technologies in drug provision (K,-K,)

Hanpasienue npoektupoBanus COT B JIO MeponpusTus / Activities

Direction for designing CFT in drug provision A A A A A

1 2 3 4 5

OnTUMHU3anysa OpraHU3alu ¥ MexaHu3Ma coBepuieHcTBoBaHusA JIO 60s1bHbIX CAI2 (K) 4 3 2
Optimization of the organization and mechanism for improving DP for T2DM patients (K)

4

ObGecnedyeHue JOCTYIMTHOCTH JIEKapCTBEHHOHN MOMOLIY HACeJIEHHUIO (0T e/ IbHbIM 2 4 5
KaTeropusiM rpaxiaH) Ha OCHOBE UCI0JIb30BaHUsI KPUTEPHUEB U PETHOHAbHBIX

MHGOPMaLMOHHBIX CepBHUCOB (K,)
Ensuring the availability of pharmaceutical care for the population (eligible beneficiaries)
based on the use of criteria and regional information services (K,)

Paspa6oTka opraHu3alMOHHO-QYHKIIMOHAJIBHBIX GOPM U TEXHOJIOTUH

COBepIIEHCTBOBAHHUsI MEXBE/JOMCTBEHHOI'0 B3aUMO/I€HCTBUSI CIIEL{HaTUCTOB
3/IpaBOOXpaHeHus Mex/ly co60i u ¢ 6osbHbIMEU CAI2 (K,)
Development of organizational and functional forms and technologies for improving

interagency collaboration between healthcare professionals and their communication with

T2DM patients (K,)

[IpumMmevyaHUue.
2 Tuna.

Abbreviations:

Ta6una 8. [IpropuTeThl HaNpaBAeHUH TPOEKTUPOBAHUS COLIAIBHO OPHEHTUPOBAHHBIX TEXHOJIOTUH B JIEKAPCTBEHHOM

CFT - community-focused technologies; T2DM - type 2 diabetes mellitus.

obecrieueHnH 60JIbHBIX CaXxapHbIM fuabeTom 2 Tuna (K -K.)
Table 8. Priorities of the directions for designing community-focused technologies in drug provision of patients with type 2

diabetes mellitus (K,-K,)

COT - coyuasbHO OpUEHTUPOBaHHbIe TexHoJoTUY; JIO - slekapcTBeHHOe oGecnieyenue; C/I2 — caxapHblil juaber

OGecneyeHune Paspa6oTka opra-
JAOCTYIHOCTH HHU3aLMOHHO-PYHK-
JIeKapCTBEHHOM IIMOHAJIBHBIX popM

MOMOIIY 60/IbHBIM

M TEXHOJIOTHH COBEp-

CA2 (oTAeNbHBIM IIEHCTBOBAHUA
OnTUMHU3aLUA KaTeropusiM rpax- MeXB€/J0OMCTBEHHOT0
OpraHu3sanyy u JAaH) Ha OCHOBe B3aMMO/ e CTBUA
COBEpPLIEHCTBO- HCII0/Ib30BaHUA CIenyaaiuCTOB
BaHHUS MeXaHU3Ma KpUTEpHEB U 3/paBOOXpaHEHUS
Llenp: JIO 60/1bHBIX C/I12  peruoHaIbHbIX MEXKAY CO6O¥ 1 ¢
npoexruposanue COT  optimization of HH}OpPMALMOHHBIX 60/1bHBIMHU C/12 ocC HC
B JIO 60/1bHBIX C/2 the organization CEpBHUCOB Development of Ao CR IC
Goal: designing CFTin  apd improvement Ensuring the organizational and
DP for T2DM patients  of the DP availability of functional forms
mechanism for pharmaceutical and technologies
T2DM patients care for T2DM for interagency
patients (eligible collaboration
beneficiaries) between healthcare
based on the use of professionals and
criteria and regional their communication
information services with T2DM patients
(K) (K,) (K)
HopMupoBaHHBIN 0, 65 0,28 0,07 3,045 0,039 0,023
BeKTOp npuoputeToB W
Normalized priority
vector W
PelTuHr HanpaBieHut 1 2 3

Rank of directions

[IpumMmeyvyaHnue.

2 tuna; OC - oTHoOLIEeHUe coryiacoBaHHOCTH; UC - MHIeKC COTVIacCOBAaHHOCTH.

Abbreviations

ratio; IC - index of consistency.

COT - conuanbHO OpHEHTUPOBaHHbIe TexHoJoruy; JIO - ekapcTBeHHOe o6ecnedenue; C/12 - caxapHbIi JuadeT

. CFT - community-focused technologies; DP - drug provision; T2DM - type 2 diabetes mellitus; CR - consistency
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Ta6mmua 9. Pe3ynbTaThbl KOMILJIEKCHOW OLleHKW MEPONPUATHH A/1s1 TPOEKTHPOBAHUS HallpaBJeHUH COLMAIbHO
OpHMEHTHUPOBAHHBIX TEXHOJIOTHH JIeKapCTBEHHOT0 06ecrneyeHus: 60JIbHBIX CaXapHbIM JUabeToM 2 TUNa

Table 9. Results of the comprehensive assessment of the activities for designing the directions of community-focused
technologies for drug provision of patients with type 2 diabetes mellitus

HopMupoBaHHBIH BEKTOP
npuopureToB W
Normalized priority vector W

MeponpusarTue
Activity

PedTUHT MeponpUATUS (0]
Activity rank CR

dopMmupoBaHue 0,2984 2 0,0657
ONTHMAJIbHOI'0 aCCOPTUMEHTA,

NO3ULMOHUPOBAHUE U

crpatudukarus JII B cucteme

OHJIII (A1)

Formation of an optimal

assortment, positioning and

stratification of medicinal products

in the system of essential drug

provision (A,)

Couuosiorudyeckoe ucciaegopanue 00,2319 3
MHEHHUS MeJIMLIUHCKUX U

dapmaneBTHUYECKUX PA6OTHUKOB

06 opranusanuu J10 6oabHbIxX C/[2

B HCO (A2)

Sociological study of the opinions

of healthcare professionals and

pharmacists on the organization

of the DP for T2DM patients in the

NR(A,)

Conposioruyeckoe mccaegosanue  0,3559 1
YZ,0BJIETBOPEHHOCTH HaceseHUs,

cTpagatoutero C/12, opraHusanueit

JIO B HCO (A3)

Sociological study of the

satisfaction of the population

suffering from T2DM with the

organization of the DP in the

NR (A,)

MukpocerMeHTalus 60JbHBIX 0,0763 4
C/12 Ha oCHOBE 00'beKTUBHBIX

Y Cy6'beKTUBHBIX KDUTEPHEB,

dopMupoBaHue nopTpeTa

nanuenTa c C/[2 (A4)

Micro-segmentation of T2DM

patients based on objective and

subjective criteria, T2DM patient

profiling (A,)

PasButue undpactpykrypst JIO:  0,0447 5
OTKpBITHE NyHKTOB OTIycka B MO

pEervoHa, Crenuagau3upoBaHHbIX

anTek (koMMepyeckux) (A5)

Development of DP infrastructure:

opening the dispensing outlets in

the municipal formations of the

region, specialized (commercial)

pharmacies (A;)

Il pumeuanue. COT-coyuasbHO OpUEHTHPOBaHHbIe TexHOJIO0TUY; JIO - 1ekapcTBeHHOe o6ecniedenue; C/12 - caxapHbIU [uabeT 2
Tuna; JII1 - n1ekapcrBeHHble npenapatbl; OHJII - o6ecneyenne Heo6xoauMbiMu JIIT; HCO - HoBocubupckas o61actb; MO — MyHUIIMDIATBHOE
o6pasoBanue; OC - OTHOIIEHHE COTIACOBAaHHOCTH.

Abbreviations: CFT-community-focusedtechnologies; DP - drugprovision; T2DM - type 2 diabetes mellitus; NR - Novosibirsk
region; CR - consistency ratio.
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Puc. 2. Mojiesib TPOEKTUPOBAHUS HAIIPABIEHUH COIIMATIbHO OPUEHTHUPOBAHHBIX TEXHOJIOTUN B JIEKAPCTBEHHOM 00OecIe-
yeHUH OOJIPHBIX CAXapPHBIM ArabeToM 2 THIa Ha pernoHaabHoM ypoBHe (COT — conuasbHO OPUEHTHPOBAHHBIE TEXHOJIO-
ruy; JIO — sekaperBeHHOe obecrieuenue; C/12 — caxapubiil Auaber 2 Tuna; OKI — oT/iesIbHbIE KATErOpUM TPAXK/IAH;
OHUJIII — obecrieueHrie HEOOXOIUMBIMU JieKapcTBeHHbIMU npenaparamu; HCO — HoBocubupckas 061acTb)

Fig. 2. The model for designing the directions of community-focused technologies in the drug provision of patients
with type 2 diabetes mellitus at the regional level (CFT — community-focused technologies; DP — drug provision;
T2DM - type 2 diabetes mellitus; NR — Novosibirsk region; MP — medicinal products; MF — municipal formations)

JIOJI3KHBI TIPOBOJIUTHCA B CJIEAYIOIIEN IMOCJIeT0Ba-
TEJIbHOCTH: 1) COIIMOJIOTHYECKOE HCCIe0BAaHIE
VZIOBJIETBOPEHHOCTH  HACeJeHUsI, CTPaJaioIero
CJ12, opranmusarnueii JIO 8 HCO (35,59 %); 2) ¢dop-
MHUPOBAHHE OINTUMAJIbHOTO aCCOPTUMEHTA, IO3HU-
nuoHupoBanue u crpatudukarus JIII B cucreme
obecrieuenuss HeoOxomumbiMu JIII (29,84 %);
3) COLIMOJIOTUYECKOE HCCIe0BAHE MHEHUS MeIH-
NUHCKUX U (dapMaleBTUUECKUX PabOTHUKOB 00
opraunuzanuu JIO 6ospnbIx C/12 B HCO (23,19 %);

sociological study of T2DM patients, healthcare
professionals and pharmacists, micro-segmenta-
tion, etc. The results of the study can serve as a
basis for further optimization of the healthcare
system of the NR in terms of increasing the effec-
tiveness of measures to improve the quality of DP
for T2DM patients.
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4) MukpocerMeHTtanus O0osbHBIX C/[2 Ha OCHOBe
OOBEKTUBHBIX U CyOBEKTHBHBIX KpUTEPHUEB, (Pop-
MupoBaHue mnoprtpera mamuenta CH2 (7,63 %);
5) pasButre UHGPACTPYKTYPHI JIO: OTKpHITHE ITyH-
KTOB OTIIyCKA B MYHHUIIMIAJIBbHBIX 00Pa30BaHUAX
pervuoHa, CreruaJu3upOBAHHBIX anTek (KoMMep-
ueckux) (4,47 %).

3aTteM ObLIa IOCTPOEHA MOZEIH IIPOEKTHUPOBA-
Hud HanpasiaeHui COT B JIO 6osbHbIx C/I 2 THIA Ha
peruoHasIbHOM ypOBHE (pHc. 2).

3AKJIIOYEHUE

PaspaboranHasi 3-ypOBHeBasg MOJENTb MPOEKTH-
posanus HanpasieHuir COT B JIO 6ospHBIX C/[2 Ha
PETHOHAIIBHOM  ypOBHE  BKJIIOYaJa  OCHOBHEBIE
HampaBJeHUus PelleHus: MpobJieMbl MO ONTUMHU3a-
MU OPTaHU3AINU M MEeXaHW3Ma COBEPIIEHCTBOBA-
Hus JIO GospHBIX C/[2, obecnieyeHus JIOCTYITHOCTH
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caxapHbiM auaberom B HoBocubupckoil obiactu //
AcnimpaHTcKuil BeCcTHUK I[lOBOJIKBA. 2024;24(1):59-
65. DOI: 10.35693/AVP112150.

4. Xapuna U.A., I:xynapoBa M.A. AHanu3 jekapCcTBeH-
HOro obecrieueHusi OOJIPHBIX CaxapHBIM JUabeToM
B HoBocubupckoii obnactu // KpomepoBckue ure-
HUS-2022: MaTepuaabl Becepoc. Hayd.-MpakT. KOHO. ¢
MeXkAyHap. yuyactueM. Ilepms, 2022. C. 95—96.

5. 06 yrBepxkaeHnn MeToauyecKuX yKa3aHUH 10 OCy-
I[€CTBJIEHHIO UCIIOJIHUTEIbHBIMU OpTaHaMU CyOheK-
ToB Poccuiickoit Oesrepanuu nepeaHHbIX TOJTHOMO-
YHii 110 OpTaHU3aNuu 0becreueHus TpakaH, BKJIIO-
JyeHHBIX B DeJlepasIbHBI PETUCTDP JIHUI], UMEIOIUX
IIpaBO Ha IOJIyY€HUE TOCY/[aDCTBEHHOU COIHAJIb-
HOU IOMOIIU, JIEKAPCTBEHHBIMU perapaTaMu JJis
MEIUIUHCKOTO MPUMEHEHU s, METUIMHCKUMU U3Jie-
JIUSIMH, a TaKKe CIEeNHaJM3UPOBAHHBIMU IPOIYK-
TaMHu JIedueOHOTO MUTAHUSA IS IeTEH-UHBAJIUIOB, B
TOM YHCJIE C UCI0IH30BAHUEM DJIEKTPOHHOTO CEPTH-
¢dukara: mpukaz MUHHUCTEPCTBA 3/IpaBOOXPAHEHUS
Poccuiickoit ®eneparuu oT 02.11.2024 NO 596H //
Koucynprantllaioc. URL: https://www.consultant.
ru/document/cons_doc_LAW_492550/2ff7a8c72d
e3994f30496aoccbbiddafdaddf518/ (mata obpare-
HHUA: 21.01.2026).

JIEKApPCTBEHHOH IOMOINM HAaceJeHUI (OT/IeTbHBIM
KaTeropusM TpakJaH) Ha OCHOBE HCIIOJIb30BaHUS
KPUTEPUEB U PETHOHAJIBHBIX WH(OOPMAIMOHHBIX
CEePBHUCOB, a TaKXKe pa3pabOTKy OpraHU3aIHOHHO-
(PYHKIIMOHAJIBHBIX (DOPM U TEXHOJIOTHH COBEPIIEH-
CTBOBAaHUSA B3aUMOJIEHCTBUSA CIIEIIUAJIFICTOB 37IPaBO-
oxpaHeHus ¢ 6osmpHBIME C/I2, perraemble ¢ mpuMe-
HEHUEM  HWHCTPYMEHTapUus  COLHMOJOTUYECKOTO
uccnenoBanus 60abHbIX C/12, MEAUITUHCKUX U dap-
MAaIleBTHYECKNX PaOOTHUKOB, MHUKPOCETMEHTAI[UH
u Jp. Pe3ysbraThl uccaeloBaHUSA MOTYT CIIYKUTH
OCHOBOH I JaJIbHEHUIIEH ONTUMU3ALUN CUCTEMBI
3apaBooxpadenuss HCO B dYacTu TOBBIIIEHUS
5¢ddeKTUBHOCTH Mep MO yiaydllleHuto kadecrsa JIO
6opHBIX CI12.

KoH}IUKT HHTEPECOB. ABTOPHI 3aABJISAIOT 00
OTCYTCTBUHU KOH(JINKTA HHTEPECOB.
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DapMaKO3IKOHOMUYECKOE HUCC/IeJ0OBAHUE KallTOIIPUJa,
SHAJIApIIIAa U JIN3UHOIIPWJIA, BBINOJTHEHHOE C UCIIOJIb30BaHUEM
maHHbIX 'ocyJapCcTBEHHOI0O peecTrpa nmpeaebHbIX OTITYCKHBIX I€H

E.9. N3uruna, E.H. Akymesa, I'.b. Aprembesa, [.C. Tutos, /I.I1. bokosa

@I'BOY BO «PszaHckuil 2ocydapcmeeHtblil meduyuHeKkuil ynusepcumem um. akademuxa H.I1. [Tasaosa» Munadpasa
Poccuu, PsizaHv, Poccus

AHHOTAIIUA

BBeeHue. AprepuasibHasa runeprensus (Al') — ogHa U3 cepbe3HBIX IPO6JIEM COBPEMEHHOM MeUITMHBI. Bbicokoe
apTepHuasibHOE /IaBJeHNe 3HAYNTEIbHO YBEJTNINBAET BEPOSATHOCTD OIIACHBIX OCJIOXKHEHUI CO CTOPOHBI CepPEeIHO-COCYAN-
croii cucrembl (CCC).

Il e 1 5. IIpoBeneHme GapMaKOSKOHOMHYECKOTO aHAIH3a «3aTPATHI-2Q(GEKTUBHOCTb» WHTMOUTOPOB aHTHOTEH3UH-
npespaanoiero gpepmenta (MAII®) — kanTompuIIa, SHATIANPIUIA U JTU3UHOIIPUJIA C UCIIOIH30BaHUEM JIaHHBIX ['ocyap-
CTBEHHOT'O peecTpa Ipe/iesIbHBIX OTIYCKHBIX IIeH.

MaTepuanb HU MeToOob . Napopmalusa o KIMHIUECKOH 3 dbekTrBHOCTH N3yuaeMbix HAIID 6pu1a chop-
MHPOBaHA Ha OCHOBAHUH JINTEPATYPHBIX IAHHBIX. B KauecTBe KpuTepUs KIMHIIECKOH 39(pEeKTUBHOCTH PAaCCMATPUBAJICS
YPOBEHb HOPMaJIM3AI[UH HOBBINIEHHOTO A/l (CHCTOINYECKOTO U AHACTOIMUECKOr0). 3aTpaThl Ha (HapMaKOTEPAIINIO pac-
CUYMTHIBAJIM HA OCHOBAHUU IPEJEIbHBIX OTIIYCKHBIX IIeH COIVIACHO JJAHHBIM ['0CyZJapCTBEHHOTO peecTpa JIeKapCTBEHHBIX
cpencts. [lyist poBeeHus hbapMaKkOIKOHOMUYECKOTO aHAIN3a «3aTparhl-addekTuBHOCTD» (cost-effectiveness analysis —
CEA) 6bLT BBITIOTIHEH pacyeT KoabduimenTta «3atparbl-addekTruBHOCTh» (cost-effectiveness ratio — CER) s kanto-
IpuJja, JIM3UHONPIJIA U JHAJAIPIIIA C LEJIBI0 OINpe/eyieHUus Hamubosiee SKOHOMHYECKH NPEAIOYTHTENIbHOro HAIID,
JleMoHcTpupylolero MuHuMasbHoe 3HaueHne CER. CEA npoBosuics B 3 Bapuantax: CEA NO 1 — pacuet CER 7151 20 iofi-
rpynn (CER oTziespHO /1A KaXkK/I0U OBUPOBKH, IIPO/IEMOHCTPUPOBABIIEH KINHIUECKYI0 3 dekrTiBHOCT); CEA NC 2 —
pacuer CER 0TZiesIbHO 110 KaXK/T0H I03UPOBKE, CTOUMOCTH KOTOPOU ObLIa HCIOJIb30BaHA JJ1s pacyera 3arpaT; CEA No 3 —
pacueTr CER 0/1HOBpeMEHHO 110 BCEM /103aM.

PesynbpTars . 3Hauenusa CER sHananpuia B ciryyae ero NpuMeHEHUs B CYTOYHOH JJO3UPOBKE 20 MT, KOTOpas
JlocTUATasIach ObI 3a cUeT mpuemMa 4 Tabsietox (tabs1.) o 5 Mr, ObUTH CTATUCTHUECKH 3HaYnMO MeHbIie 3HaueHuir CER kar-
TONIPUJIA U JIN3UHONPIIA NIPU OlLleHKe KIMHUYeCKOH 3¢ @dEKTUBHOCTH 110 HOPMATU3AIUH CUCTOJIMYECKOTO apTeprasb-
soro gasienusi (CAT). Takke ycraHOBJIEHO, uyTo 3HaueHus1 CER sHaamnpuia B ciiydae ero IpuMeHEHUs B CyTOUHOU 03U~
POBKe 20 MT, KOTOpast JOCTUTaIach ObI 3a c4eT nmpreMa 8 TabJI. 1o 2,5 MT, ObUIH CTATHCTHYECKH 3HAYMMO MeHbIIle 3HaUe-
Huii CER kanronpuia u JIM3MHONIPHIIA IIPH OIIEHKE KIMHUYECKON 3((GEKTUBHOCTH 10 HOPMAJIM3AIUHU TUACTOJINYECKOTO
aprepuaabHoro gasierus (JIAJT).

3akKkmmoueHUe. AHaIU3 «3aTPATh-3(PHEKTUBHOCTH» NHTHOUTOPOB ATI® rmokazas, 4To SHAJIATIPUII B JIOBUPOBKE
20 MT/cyT sABsieTCss 6ojiee IKOHOMUYECKH 3Gb(EKTUBHBIM, UeM KAUTONPHI M JIM3UHOIPWI, sl HopManuzanuu CAJL
u JIA/.

Kaoueenle caosa: GapMakodKOHOMUKA, aHAJINU3 «3aTPaThl-2QPeKTUBHOCTD», IOBBIIIIEHHOE apTepUaIbHOE JlaBjIeHUe,
AQHTUTHUIEPTEH3UBHAS T€PAIUsl, HHTUOUTOPHI aHTHOTEeH3UHIIpeBpaIamIero dbepmenTa, I'ocyZJapcTBEHHBIH peecTp Ipe-
JIeJIbHBIX OTILyCKHBIX IIeH.

O6pasen mutupoBaHnusA: Mauruna E.9., Axymesa E.H., Aprembesa I'.B., Tutos /I.C., Bokosa /I.I1. ®apma-
KOYKOHOMMYECKOE UCC/IeIOBAHNE KAITOIIPUIIA, SHAIAPIINIIA U JIM3UHOIIPUIIA, BBITIOJTHEHHOE C UCII0JIb30BAHUEM JIaH-
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A pharmacoeconomic study of captopril, enalarpil, and lisinopril
using data from the State Register of Maximum Selling Prices

E.E. Izigina, E.N. Yakusheva, G.B. Artemyeva, D.S. Titov, D.P. Bokova

Ryazan State Medical University named after academician I.P. Pavlov, Ryazan, Russia

ABSTRACT

Introduction. Arterial hypertension (AH) is a serious problem of modern medicine. High blood pressure sig-
nificantly increases the risk of dangerous cardiovascular complications.

Aim . To perform a pharmacoeconomic cost-effectiveness analysis of angiotensin-converting enzyme inhibitors
(ACE inhibitors) — captopril, enalapril, and lisinopril using data from the State Register of Maximum Selling Prices.
Materials and methods. Dataon the clinical effectiveness of the studied ACE inhibitors was obtained
from literature sources. The level of reduction of elevated blood pressure (systolic and diastolic) was considered as the
criterion of clinical efficacy. The costs of pharmacotherapy were calculated based on the data from the State Register of
Medicines. To perform a cost-effectiveness analysis (CEA), the cost-effectiveness ratio (CER) was calculated for captopril,
lisinopril, and enalapril in order to determine the most cost-effective ACE inhibitor with the minimum CER value. The CEA
was performed in 3 variants: CEA No. 1 — calculation of CER for 20 subgroups (CER separately for each dose that demon-
strated clinical effectiveness); CEA No. 2 — calculation of CER separately for each dose, the price of which was used to cal-
culate the costs; CEA No. 3 — calculation of CER for all doses simultaneously.

Results. The CER values for enalapril at a daily dose of 20 mg, achieved by taking four 5 mg tablets, were statisti-
cally significantly lower than the CER values for captopril and lisinopril when assessing clinical effectiveness by normaliz-
ing systolic blood pressure (SBP). It was also found that the CER values for enalapril at a daily dose of 20 mg (8 tablets at
a dose of 2,5 mg) were statistically significantly lower than the CER values for captopril and lisinopril when assessing

clinical effectiviness by normalizing diastolic blood pressure (DBP).

Conclusion.

A cost-effectiveness analysis of ACE inhibitors showed that enalapril 20 mg/day is more cost-

effective than captopril and lisinopril for normalizing SBP and DBP.
Keywords: pharmacoeconomics, cost-effectiveness analysis, high blood pressure, antihypertensive therapy, angioten-
sin-converting enzyme inhibitors, State Register of Maximum Selling Prices.
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BBEJAEHUE

AprepuanbHas runeprensus (Al) sBisiercs
OZIHUM U3 HauboJiee pacIpocTpaHEeHHBIX 3a60seBa-
Huii [1]. Pacmpocrpanennocts AI' B Poccuiickoit
denepanuu (PP) He BhI3BIBAET ONITUMU3Ma, 32601~
BaeMocTb Al cocTasidAeT 41,1 % y My»K4uH 4 29,0 %
y skeHIuH [2]. CoryiacHO JJaHHBIM HCCIEIOBAHUSA,
nposenenHoro G. Danaei et al. (2009), B CoenuHeH-
HbIx [lItaTax Amepuku (CIIIA) AT' ycrynaer juib
KypeHHI0 TabaKa I10 YacTOTe BhI3BIBAEMBIX CIyUaeB
cmepTH oT Goste3Hel cepaa u cocyoB [3]. E.S. Ford
(2011), oUeHUBHINI pe3yJbTAThl ABYX KPYIIHBIX
HaOJIFOTaTETbHBIX HCC/IEIOBAHUM, MPOBEIEHHBIX B
CIIIA, c yuacTueMm 23 272 MaIlUEHTOB, TOKa3aHO, YTO
60Jiee TIOJIOBUHBI JIETAJTBHBIX CJIy4aeB CBA3aHBI C
KOPOHAPHBIMU U 11epeOPOBACKYISAPHBIMU COOBITH-
SIMH, TIPOU30IIEAITUMHI Ha (DOHE BBHICOKOTO apTepHU-
ampHoro gaBienus (AJl) [4]. auHble apyroro
uccaeloBaHusA, Takxke mpoBogubmierocsa B CIIIA,

INTRODUCTION

Arterial hypertension (AH) is one of the most
common diseases [1]. The prevalence of AH in the
Russian Federation (RF) is not encouraging; the
incidence of AH is 41,1% in men and 29,0% in
women [2]. According to a study of Danaei et al.
(2009), in the United States of America (USA), AH
is second place following tobacco smoking in the
structure of cardiovascular mortality causes [3].
Ford (2011), who assessed the results of two major
observational studies conducted in the USA and
involving 23,272 patients, showed that more than
half of the deaths are associated with coronary and
cerebrovascular events due to the high blood pres-
sure (BP) [4]. Data from another study, also con-
ducted in the USA, indicate a higher vulnerability to
AH-related cardiovascular complications (CVC) in
the female population (32%) compared to the male
population (19%) [5].
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VKa3bIBAIOT Ha O0Jjiee BBICOKYIO YA3BHUMOCTH K CEp-
JleaHo-cocyauctbiM ociaoxkuenuam (CCO), cBazaH-
HBIM ¢ AT, )KeHCKOTO HacesieHus (32 %) 1mo cpaBHe-
HHUIO ¢ My>KCKUM (19 %) [5].

AT — CHUHAPOM TIOBBIIIEHUS] CHUCTOJTHYECKOTO
aprepuanbHoro aasinenus (CAJl) =140 MM pT. cT. u/
WIN JIAACTOJTNYECKOTO apTEPUAJIPHOTO JTaBJIEHUS
(JIAT) =90 MM PT. CT. ITOCJIe TOBTOPHOTO 00C/IeI0Ba-
Hus [6]. [IpeaynpexxneHue U ObICTPOE BBISABIECHHE
AT urpaer KJIIOUYEBYIO POJib A 3PPEeKTUBHOCTU
JIeYeHUs1 3TOTo 3a00JIeBaHUA.

Ompenenenne crenenu u craguil AI' obecrieun-
BaeT BAXXHYI HWH(MOPMAIMOHHYIO 0a3dy Juisi Oosiee
TOYHOU JUArHOCTUKU U 3(GGEKTUBHOTO JeYeHUs
JIAaHHOTO COCTOSHIUSI.

Kiaccudurarusas Al coracHO KJIWHUYECKUM
pexomenanusaM Poccuiickoro KapInoIOTHYECKOTr0O
obmectBa (PKO) «ApTepuasbHas TUIEPTEH3US Y
B3pOC/IBIX» IPUHHUMAaeT BO BHUMAaHUE (HAKTOPBI
p¥icKa u BKJIoUaer 3 ctaguu (tabi. 1).

I mpenoreparmienns CCO u mocTr:KeHus 1iese-
BBIX 3HAUYeHUH A/l HCIOJB3YIOTCS MPUHIMIIBI, Ha
KOTOPBIX OCHOBaHO JieueHue AI'. MeToasl jieueHUs
JleniaT Ha HedapMakosiornueckue u ¢papMakoJIoru-
yeckue. VI3MeHeHne 0oOpasa >KU3HU MOMKET UMETh
[IOJIOKUTEJIbHOE BJIMAHNE Ha CHUKEHHE BBICOKOTO
ypoBHsI A/l ¥ BEpPOSITHOCTh BO3HUKHOBEHHS Cep-
JledHO-cocyIucThIX 3aboneBanuil (CC3) [7], omaako
JUIs1 OOJIBIIMHCTBA OOJIBHBIX 9TOTO HEJZOCTATOYHO, 1
UM Bce Ke He0OXOMMO ITPOBOJAUTH aHTUTHUIIEPTEH-
3UBHYIO Tepamnuio. MHOTOUHCIEHHbIE KITUHUYECKHE
HCCTIE0BAHUA JEMOHCTPUPYIOT MMOJB3Y OT IpPHMe-
HeHUs JiekapcTBeHHbIX cpezcT (JIC) B mpenoTBpa-
IeHUH pa3BuTHA 3a00seBanuii cepyna [8]. B xpym-
HOM WHCCJIEJTOBAHUU, IIPOBEJIEHHOM B CEBEPHOH
yactu VTanuu, BHISBIIEHO, UTO MAIUEHTHI, ITpEeKpa-
THUBIIIME AaHTUTUIIEPTEH3UBHYIO TEPAIIUIO, B TEUEHHUE
HECKOJIBKUX MECSIEB JEMOHCTPUPOBAIN IIOUTH
40%-1 poCT UmCIa TOCHUTAU3AIUN BCJIEACTBUE
cepaeuaHoit HezocratouHocTH (CH) 1o cpaBHEHHIO ¢
TEeMH, KTO He IIPeKpaIas Tepamuio [9].

KinHnyeckue peKOMeHJAalMd B HACTOSIIEe
BpeMsl ABJISIIOTCS COTJIACOBAHHBIM 3JKCIIEPTaMH
JIOKYMEHTOM, B KOTOPOM OTPa’X€HbI IMOAXOAbI K
BEJIEHUIO TIAIIUEHTOB C OIIPeJIeJIEHHBIMU ITaTOJIOTH-
MU C YYEeTOM IIOCJIEJITHUX JOCTHKEHUH HAYKU U
KJIMHUYECKOU MPaKTUKHU [10]. IKCIepTHBIE opra-
Huzanuu, Brawdas PKO, EBpomnerlickoe 0611ecTBo
mo runepronuu (European Society of Hyperten-
sion — ESH), AMepUKaHCKYI0 KapAHOJIOTUYECKYIO
acconmanuio (American Heart Association — AHA)
u BceMupHYIO OpraHM3alHI0 3/IpaBOOXPAHEHUS
(BO3), pexomeHayOT (apMaKOIOTHUECKOe Jieue-
Hue AT, BKJIIOUaroIee MOHO- 1 KOMOMHUPOBAHHYO

AH is a syndrome of increasing systolic blood
pressure (SBP) =140 mm Hg and/or diastolic blood
pressure (DBP) =90 mm Hg after re-measurement
[6]. Prevention and timely detection of AH plays a
key role in the effectiveness of AH treatment.

Determining the grade and stages of AH provides
an essential base for more accurate diagnosis and
effective treatment of this condition.

AH classification according to the clinical guide-
lines of the Russian Society of Cardiology (RSC)
“Arterial Hypertension in Adults” takes into account
risk factors and includes 3 grades (Table 1).

To prevent CVC and achieve target BP values, the
principles underlying AH treatment are used. Thera-
pies are divided into non-pharmacological and phar-
macological. Lifestyle changes can have a positive
effect on reducing high BP and the risk of cardiovas-
cular disease (CVD) [7], but for most patients this is
not enough, and they still need antihypertensive
therapy. Numerous clinical trials demonstrate the
benefit of pharmacotherapy for preventing the CVD
morbidity [8]. A major study conducted in northern
Italy showed that patients who discontinued antihy-
pertensive therapy had an almost 40% increase in
the number of hospitalizations due to heart failure
(HF) over several months compared to those who did
not discontinue therapy [9].

Clinical guidelines are currently an expert con-
sensus document that reflects approaches to the
management of patients with specific pathologies,
taking into account the latest advances in science
and clinical practice [10]. Expert organizations,
including the RCOC, the European Society of Hyper-
tension (ESH), American Heart Association (AHA),
and the World Health Organization (WHO), recom-
mend pharmacological treatment of AH, including
mono- and combination therapies with antihyper-
tensive agents of various classes. At the initial stages
of AH therapy, the world leading cardiology societies
(RCOS, AHA, ESH) and WHO give priority to angio-
tensin-converting enzyme (ACE) inhibitors and
angiotensin II receptor blockers (ARBs), however,
when choosing a specific drug, the individual charac-
teristics of the patient and the presence of comor-
bidities should be taken into account. Due to the lack
of strict recommendations for the use of specific
drugs, it can be assumed that within the group of
drugs mentioned above, they have similar efficacy,
and the choice may depend on economic factors and
the individual characteristics of a patient.

AIM OF THE RESEARCH

Performing a pharmacoeconomic cost-effective-
ness analysis of ACE inhibitors, captopril, enalapril,
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Ta6una 1. Knaccudukanus craguii Al B 3aBUCHMOCTH OT ypoBHe# A/l, Hasinuus GaKTOPOB PUCKA, HOPAXKEHHsI OPTaHOB,
00YCJIOBJIEHHOTO FMIepTEeH3UEH, U COMYTCTBYIOUIUX 3a00/IeBaHUN [6]
Table 1. Classification of arterial hypertension stages depending on blood pressure levels, risk factors, hypertension-related
organ damage, and comorbidities [6]

Crapusa Jpyrue ¢pakTopsl CreneHb noBbimeHus A/l (MM pT. cT.)
Stage pHCKa, HOpaXKeHne Grade of blood pressure increase (mm Hg)
OpraHoB-MHUIIEHeH
Other risk factors, Bricokoe 1-1 cTeneHp 2-1 cTeNleHb 3-1 cTenleHb
target organ damage HOpMaJIbHO€ (CAA 140-159, (CAA 160-179, (CAA =180,
(CAA 130-139) JAA 90-99) JAJ100-109) JAA =2110)
High normal Grade 1 Grade 2 Grade3
(SBP 130-139) (SBP 140-159, (SBP160-179, (SBP =180,
DBP 90-99) DBP 100-109) DBP 2110)
Crapusa 1 Het apyrux ¢axkTopos Huskuin puck Huskun puck YMepeHHbIH Bricokuii puck
(Heoc/0’)kHeHHasi)  pucKa Low risk Low risk pHUcK High risk
Stage 1 No other risk factors Moderate risk

(uncomplicated)

1 unu 2 dakTopa pucka

Huskuii puck

YMepeHHbIN

YMepeHHo-

Bbicokuii puck

1 or 2 risk factors Low risk pHUCcK BBICOKHUH PUCK High risk
Moderate risk Moderate-high
risk
23 ¢pakTOpOB pUCKa Husko- YMepeHHO- Bbicokuii puck Bbicokuii puck
>3 risk factors yMepeHHBbIN PUCK BBICOKUH PUCK High risk High risk
Moderate risk Moderate-high
risk
Crapus 2 [TopaxxeHre opraHoB- YMepeHHoO- Bricokuii puck Bricokuii puck Boicokuii /
(6eccumntoMHoe  MmuiieHei, XBII 3-i BBICOKHUH PUCK High risk High risk O4YeHb BBICOKHH
3a60JsieBaHUeE) craauu unu C/l 6e3 Moderate-high pHUcK
Stage 2 MOpaXKeHHsI OPTaHOB risk High/very high
(asymptomatic Target organ damage, risk
disease) stage 3 of CKD or DM
without end-organ
damage
Cragusa 3 YcranoBsienue CC3, XBII  OuyeHb BbicOKUM  O4eHb BbICOKUM  OueHb BbICOKUH  OueHb BHICOKHH
(ycTaHOBJIEHHOE >4-#1 craguu wnu C/l ¢ puCK pHCK pHCK pHUCK
3aboJsieBaHue) NOpaKeHHWeM OpraHOB Very high risk Very high risk Very high risk Very high risk

Stage 3 (verified
disease)

Verification of CVD, CKD
>stage 4 or DM with
organ damage

IIpumMeduaHnue. Al'-aprepuanbHas runepreHsus; A/l - aprepuanbHoe JaBneHue; CA/l - cucronnyeckoe AJl; 1A/l - inactonnyeckoe
AJl; XBII - xpoHuyeckas 60s1e3Hb novyek; C/l - caxapuslil quabet; CC3 - cep/ieyHO-CcOCYyAUCTOE 3a60JIeBaHUe.

Abbreviations:
CVD - cardiovascular disease.

TepaINuIo aHTUTUIIEPTEH3UBHBIMU CPEJCTBAMH Pa3-
JIMYHBIX KJ1accoB. Ha HaYaIbHBIX CTAAUAX TEPATTUU
AT' Bemyiue KapIHOJIOTHYECKHE OOIECTBa MHUpa
(PKO, AHA, ESH) u BO3 otnaioT npeamnodreHue
UHTUOUTOPAM aHTHOTEH3HWHIIPEBPAIIaioIero dgep-
meHTa (MAII®) u 610KaTOpaM pPEIEeNnTOpoOB aHTHO-
tensuHa II (BPA), oHako mpu BhIOOpE KOHKpET-
HOTO Iperapara cjefyeT YYUThIBaTh UHIUBUIYaTb-
Hble OCOOEHHOCTH  MalUeHTa ¢  HaJU4YHe
CONYTCTBYIOINMX 3abosieBaHUU. B cBsA3M c OTCyT-
CTBUEM KECTKHX PEKOMEHIAINH M0 IPUMEHEHHIO
KOHKpeTHBIX JIC MOKHO NPENOJIOKUTh, YTO BHY-
TPpU TPYIIbI BBINIEYKA3aHHBIX IIPEIapaToB OHU
UMEIOT CXOXKYI0 3(DGEKTUBHOCTh M BBIOOD MOXKET
3aBUCETH OT IKOHOMUYECKUX (HAKTOPOB U MHAUBHU-
JlyaJIbHBIX OCOOEHHOCTEH TalueHTa.

BP - blood pressure; SBP - systolic BP; DBP - diastolic BP; CKD - chronic kidney disease; DM - diabetes mellitus;

and lisinopril using data from the State Register of
Maximum Selling Prices.

MATERIALS AND METHODS

Clinical effectiveness of ACE inhibitors in
the treatment of high BP. Data on the clinical
effectiveness of ACE inhibitors, captopril, lisinopril
and enalapril was obtained via analysis of publica-
tions from Pubmed dated from 1955 to 2013. The cri-
teria for inclusion of a publication in the study were:

« established evidence of elevated BP in
patients;

« information on SBP and DBP levels at base-
line and those achieved during treatment,
and/or SBP and DBP values after BP norma-
lization in percentage terms;
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ITEJIb UCCJIEJIOBAHUSA

IIpoBesieHne papMakO3IKOHOMHUYECKOTO aHAIN3a
«3aTpathl — 3(PHEKTUBHOCTh» HHTHOUTOPOB HATID:
KaIllToIlpuWia, SHajalpuia WU JIM3UHOIpWIa — C
HCIIOJIb30BaHUEM JaHHBIX ['ocyzapcTBeHHOro pee-
CTpa IpeeIbHbIX OTIIYCKHBIX IIEH.

MATEPUAJIBI 1 METO/bI

Kimuanueckasn s¢ppexruBHOCTh HAIID mpu
JeueHUu NoBbINIeHHOTO AJl. MHbopmanus o
KInHUYecKol s dextuBHOCTH HAIID: KanTOIpIIIA,
JIN3UHONPWIA U SHAIANpPHIA — ObLIa MOoJydeHa Ha
OCHOBAaHHWU aHAIU3a MyOJTUKAIUN, pa3MeleHHbIX B
Pubmed 3a nepwuoz ¢ 1955 o 2013 r. Kpurepusamu
BKJIIOUEHUS ITyOJIMKAIUK B HCCJIEIOBAaHUE OBLIO
HaJIMYUe B Hel ciefyroleil nHoOpMaIum:

e yCTaHOBJEHHBIH GakT moBblmeHus AJl y

[IalNeHTOB;

o Hamnuue uHbopMaruu o6 ypoBHe CAJl u
JAJl no Tepanuu U JOCTUTHYTOM B Pe3yJib-
tare JeueHus ypoBHe CAJl u JIA/l u/wnu
sHauenusa CAJl u JJAJl mocie HOpMasIu3a-
[IUY, BBIPaKeHHBIE B IIPOLIEHTAX;

e MOHOTepanus ¢ npuMmeHeHneM HAII® (kamn-
TOIPUJIA, SHAJIATIPUIIA U JIN3UHOIIPUIIA);

e Hamune wuH@OpManuu 06 MCIOJIb3YEMBIX
CYTOYHBIX J103UpOBKax UAII®.

B pesysipraTe NpOBEEHHOrO IIOMCKA JJIS aHa-
Jam3a 0bUIo0 0OTOOpaHo 26 mybsmkarui. Fccremosa-
HU OBLIN IPOPAHKUPOBAHBI HA OCHOBAaHNU UHDOP-
maruu 06 yposHe ucxomubix CAJl u JTAJI, cooTBeT-
CTBYIOIIIUX 1-H, 2-H WU 3-U CTaAHSAM, COIJIACHO
knaccupurkanuam AI' BO3 u PKO «AptepuasnbHas
THIIEPTEH3Us y B3POC/IbIX». Ha ocHOBaHMM JiuTEpa-
TYPHBIX IAHHBIX OBLI PACCYNTAH YCPEAHEHHBIN IIPO-
meHt cHmxkenus CAJl m JTAJl 11 KakaoH 03Bl
Kayk10ro u3 ndydaeMbix HAII®, KOTOPBIF UCIIOIb30-
BaJICA B KQUeCcTBe KPUTepUs KIMHUYECKON dddek-
TUBHOCTH J|JIsl aHAJIN3a «3aTPaThl-3(PHEKTUBHOCTH»
(Tabi. 2).

Hcrounuku uHEpOpMaAnuu AJdA pacuera
CTOMMOCTH Tepamuu. 3aTpaThl Ha (papMakoTe-
pamuio pacCUUTHIBAIN HAa OCHOBAHUH IPEJIeTbHBIX
OTIIYCKHBIX II€H, COIJIaCHO JAaHHBIM locyznapcrt-
BEHHOTO peecTpa JiekapcTBeHHbIX cpezicTB (['PJIC)
(trabm. 3) [37].

Ananus «3arparsil-d3¢ddeKkTuBHOCTB». Pac-
yer Ko3addunmenTa «3aTparbl-3PHEKTUBHOCTH»
(CER) ocymiectsisiics mo hpopmysie

CER = DC / Ef,

rze DC (direct costs) — npsimbie 3aTpaTh! (CTOMMOCTH
JIID); Ef — addextuBHOCTD JTeUeHus (IIPOLIEHT CHU-
sxkerust AJl (CAZT u JTA/T) mpu ero HopMaau3aIum).

« mono-therapy with ACE inhibitors (capto-

pril, enalapril, and lisinopril);

« information on the daily dosages of ACE

inhibitors used.

A total of 26 publications were identified for anal-
ysis as a result of the search. The studies were ranked
based on information on baseline levels of SBP and
DBP, corresponding to grades 1, 2 or 3, according to
the WHO and RSC “Hypertension in Adults” classifi-
cations of hypertension. Based on the literature, the
average percentage reduction in SBP and DBP for
each dose of each of the ACE inhibitors studied was
calculated and used as the criterion of clinical effi-
cacy for the cost-effectiveness analysis (Table 2).

Sources of information for calculating the
cost of therapy. The costs of pharmacotherapy
were calculated based on maximum selling prices,
according to data from the State Register of Medi-
cines (SRM) (Table 3) [37].

Cost-effectiveness analysis. The cost-effec-
tiveness ratio (CER) was calculated using the formula

CER = DC / Ef,

where DC are direct costs (cost of drugs); Ef is the
effectiveness of treatment (percentage of reduction
in BP (SBP and DBP) when it is normalized).

In the context of the economic evaluation, only
direct medical costs of daily ACE inhibitor therapy
were considered. To calculate the cost of daily treat-
ment, it was assumed that patients could achieve the
required dosage by splitting tablets or intake of mul-
tiple ACE inhibitor tablets. Direct non-medical and
indirect costs were not considered in this pharmaco-
economic study.

Three variants of cost-effectiveness analysis were
performed to calculate the CER per one day of
therapy.

CEA No. 1: in the captopril group, CER was calcu-
lated for 20 subgroups (CER separately for each dos-
age that demonstrated clinical effectiveness) (the
cost of therapy based on the price of 25 mg; 50 mg
tablets/clinical effectiveness of the dosage according
to literature data); in the lisinopril group, CER was
calculated for 16 subgroups (CER separately for each
dosage that demonstrated clinical effectiveness) (the
cost of therapy based on the price of 2,5 mg; 5 mg;
10 mg; 20 mg tablets /clinical effectiveness of the
dosage according to literature data); in the enalapril
group, CER was calculated for 64 subgroups (CER
separately for each dosage that demonstrated clini-
cal effectiveness) (the cost of therapy based on the
price of 2,5 mg; 5 mg; 10 mg; 20 mg tablets /clinical
effectiveness of the dosage according to literature
data) (Table 4).
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Ta6suna 2. /1o3MpoBKU HHTHOUTOPOB aHTHOTEH3WHIIPeBpallamunero pepmMeHTa
Table 2. Doses of angiotensin-converting enzyme inhibitors

Cragusa 1 / Stage 1 Crapusa 2 / Stage 2 Cragusa 3 / Stage 3
Jlo3upoBKa, Mr UCTOYHMKH Jlo3upoBKa, Mr HUCcTOYHUKH /lo3upoBKa, MI U CcTOYHUKHN
Dose, mg Sources Dose, mg Sources Dose, mg Sources

Kanmonpua / Captopril
CA/JZl / SBP
25,50, 67 [11-14] 25,50, 75,150,450 [11,15-19] 25,50,67,75,150,450 [11-18,20]
JIAJl / DBP
25,50,75,150 [11,12,13,18] - - - -
IHananpua / Enalapril
CA/Ll/SBP
2,5,5,10,40 [21-24] 5,10, 20, 40 [16,24-27] 5,20,40 [16]
JA/Jl / DBP
2,5,5,10,40 [21-23] 5,10, 20 [25-27] 20,40 [16]
Jlusuronpu / Lisinopril
CA/Jl / SBP
10, 20, 40 [28-33] 10, 20, 40 [28-30, 32-34] 10, 20, 40 [32,35]
JA[Ll / DBP
10, 20, 40 [28-33] 10, 20, 40 [28,31-33, 36] 10, 20 [31, 35]

ITpu mpoBeseHNN SKOHOMUYECKOH OIIEHKH pac-
CMaTPUBAJINCH TOJIBKO IIpAMBle MeAULIMHCKHE pac-
X0/ibl Ha CyTO4HYI0 Tepanuio HAII®. /i Beraucie-
HHUs CTOUMOCTH €XX€IHEBHOTO JIEYeHUs IIpeZIosa-
rajoch, 4TO HAIMEHTHl MOTYT IOCTUTATh TPeOyeMoi
JTO3UPOBKU IIyTeM JieJIeHUs TabJIETOK WU IpHeMa
HECKOJIbKUX TabsieTok HATI®D. [IpsiMble HEMeTUITH-
CKHe U HelIpsAMBle 3aTpaThl B paMKax JJaHHOTO dap-
MaKOSKOHOMMYECKOTO HCCJIeIOBAaHUs He paccMa-
TPUBAJIUCH.

CEA No. 2: in the captopril group, CER was calcu-
lated for 2 subgroups (the cost of therapy based on
the price of 25 mg; 50 mg tablets / the total clinical
effectiveness of the dosages according to literature
data); in the lisinopril group, CER was calculated for
4 subgroups (the cost of therapy based on the price of
2,5 mg; 5 mg; 10 mg; 20 mg tablets / the total clinical
effectiveness of the dosages according to literature
data); in the enalapril group, CER was calculated for
4 subgroups (the cost of therapy based on the price of

Ta6ymna 3. AHanu3 1eH AJis Kaxx o1 103kl u3yyaeMbix HAIID corsacHo ganHbiM ['PJIC
Table 3. Price analysis for each dose of the ACE inhibitors according to data from State Register of Medicines

Jo3upoBka, mr / Dose, mg

KonnuecTtBo 3HayeHu 1eH B 'PJIC
Number of price values in SRM

Kanmonpua / Captopril
25 94
50 109
Jlusunonpua / Lisinopril
5 70
10 86
20 66
Suananpua / Enalapril
2,5 10
5 40
10 56
20 52
[Ipumedanue. HAIID - uHrUGUTOPBI aHTHOTeH3UHNIpeBpalaouero ¢pepmenTa; ['PJIC - TocyaapcTBeHHbIN peecTp JieKapCTBEHHBIX
CpeJCTB.

Abbreviations:

ACE - angiotensin-converting enzyme; SRM - State Register of Medicines.
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Ta6suna 4. Bapuantel CEA
Table 4. Variants of the cost-effectiveness analysis

IMokasaTeb JHasanpua JIu3uHONpHUI KanTonpuna
Parameter Enalapril Lisinopril Captopril
CEA Ne 1 (sapuanmbl daHHbIx 0451 pacuema CER) / CEA No. 1 (data subset for calculating CER)
3aTpaThl Uepes CTOU- 2,5 5 10 20 2,5 5 10 20 25 50
MOCTb JJO3UPOBKH (MT)
Costs calculated based on
the price of a dose (mg)
Knnnnyeckas apdex- 2,5;5;7,5;10; 12,5; 15; 17,5; 20; 10; 20; 30; 40 25;50; 67; 75; 100;

TUBHOCTbD (M)
Clinical effectiveness (mg)

22,5;25;27,5; 30; 32,5; 35; 37,5; 40

150; 225; 300; 375;
450

CEA Ne 2 (sapuanmbl daHHbIx das pacyema CER) / CEA No. 2 (data subset for calculating CER)

3aTpaThl Uepes CTOHU- 2,5 5 10 20
MOCTb JJO3UPOBKH (MT)

Costs calculated based on

the price of a dose (mg)

Knnnunyeckas adpdex- CyMMapHO Bce Jj03bl 10 JIUTEpa-

THUBHOCTb (Mr) TYPHBIM JAHHBIM

Clinical effectiveness (mg) Total of all doses from literature
sources

2,5 5 10 20 25 50

CyMMapHO Bce [103bl 10 JIUTEpa-
TYPHBIM JJaHHBIM

Total of all doses from literature
sources

CyMMapHO Bce J103bl
0 JINTEPATYPHBIM
JaHHBIM

Total of all doses from
literature sources

CEA Ne 3 (sapuanmbt daHHbix das pacyema CER) / CEA No. 3 (data subset for calculating CER)

3aTpaThl Uepes CTOHU- 2,5+5+10+20
MOCTb JJ03UPOBKH (MT)
Costs calculated based on

the price of a dose (mg)

Knununyeckas apdex- CyMMapHO Bce [103bl 10 JIUTEpa-

THUBHOCTb (Mr) TYPHBIM JAHHBIM

Clinical effectiveness (mg) Total of all doses from literature
sources

2,5+5+10+20 25+50

CyMMapHO Bce [103bl 10 JIATEpa-
TYPHBIM JJaHHBIM

Total of all doses from literature
sources

CyMMapHO Bce [J103bl
0 JIMTEPATYPHBIM
JaHHBIM

Total of all doses from
literature sources

IIpumeuvanue.
addexkTuBHOCTBY (cost-effectiveness ratio).

CEA - aHanu3 «3aTpaTbl-a¢pdeKTUBHOCTb» (cost-effectiveness analysis); CER - koadpduuueHT «3aTpaThl-

Abbreviations: CEA-cost-effectiveness analysis; CER - cost-effectiveness ratio.

B0 BBIIOZTHEHO TpU BapuWaHTa aHAIN3a
«3aTpaThl-3HEKTUBHOCTH» ¢ Ieyibi0 pacyeta CER
JULS OZTHOTO JIHSA TEPaIUu.

CEA N¢ 1: B rpymme KanTOIPWIa IIPOBOJUJIICS
pacuer CER s 20 moarpymn (CER otaensHO AJist
KaKJI0! JI03UPOBKH, IIPOJIEMOHCTPUPOBABIIEN KJIH-
HUYECKYI0 3(PDEKTUBHOCTD) (CTOMMOCTD TEPAITHH U3
pacuera I[eHbI TaOJIETOK JJO3UPOBKOH 25 MT; 50 Mr/
KInHIYecKasa 3(pPeKTUBHOCTD JI03UPOBKHU COTJIACHO
JINTEPATypHBIM JAHHBIM); B TPYIIIIEe JU3WHOIPUIIA
npoBogwica pacuer CER mis 16 moarpynn (CER
OT/ZIeJIBHO /11 KOKA0U JO3UPOBKHU, IIPOJIEMOHCTPHU-
poBaBIlell KJIMHUYECKYIO 3(hGEKTUBHOCTD) (CTOU-
MOCTh TEpallU M3 pacueTa IeHbl TabJIETOK JI03U-
POBKOI 2,5 MT; 5 MT; 10 MT; 20 MT/KJIHHUYECKAs
53¢ GEKTUBHOCTD /O3UPOBKU COTJIACHO JIMTEPATYP-
HBIM JIaHHBIM); B TPYIIIle HAJIANPUIIA TPOBOJIAIIC
pacuer CER s 64 noarpynn (CER oTaenbHO /ist
Ka’K/I0¥ JIO3UPOBKH, IIPOJIEMOHCTPUPOBABIIIEH KJIH-
HUYECKYI0 3 PEKTUBHOCTD) (CTOMMOCTD TEPAITHH U3
pacuera 1eHbl TabJIETOK JO3UPOBKOU 2,5 MT; 5 MT;

2,5 mg; 5 mg; 10 mg; 20 mg tablets / the total clinical
effectiveness of the dosages according to literature
data) (Table 4).

CEA No. 3: in the captopril group, one CER was
calculated (the cost of therapy based on the price of
25 mg + 50 mg tablets / the total clinical effective-
ness of the dosages according to literature data); in
the lisinopril group, one CER was calculated (the
cost of therapy based on the price of 2,5 mg + 5 mg +
10 mg + 20 mg tablets / the total clinical effective-
ness of the dosages according to literature data); in
the enalapril group, one CER was calculated (the cost
of therapy based on the price of 2,5 mg + 5 mg + 10
mg + 20 mg tablets / the total clinical effectiveness of
the dosages according to literature data) (Table 4).

CEA No. 1: CER calculated separately for SBP and
DBP — CERg,, ., /CER,,, ., respectively, where x is
the ACE inhibitor dosage, the price of which was
used to calculate the costs; y is the dosage demon-
strating clinical effectiveness according to literature
data, which was used to calculate CER (for example:
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10 MT; 20 Mr/KIuHUYecKas 3(PHEKTUBHOCTD JTO3H-
POBKH COTJIACHO JIUTEPATYPHBIM AaHHBIM) (TA0JI. 4).

CEA N° 2: B rpymmne KalTOIIPUJa IIPOBOJUJICA
pacuer CER g 2 moarpynn (CTOMMOCTh Teparuu
U3 pacueTa IeHbl TabJIETOK JIOBUPOBKOH 25 MT;
50 Mr/00mmas KinHndeckas 3¢ GeKTHBHOCTD /103 U3
JINTEPATYPHBIX JIAHHBIX); B TPYIIE JIU3UHOIPHUIIA
npoBoguicsa pacuer CER s 4 moxarpynn (crou-
MOCTh TEpANUM U3 pacuera LEeHbl TaOJIETOK JO3HU-
POBKOH 2,5 MT; 5 MT; 10 MT; 20 MT'/001as KJIMHIYe-
ckasg 3PPEKTUBHOCTH /103 IO JIUTEPATYPHBIM JIaH-
HBIM); B TPYIIle 3HAJANPUIIA MPOBOAWICS PaCUeT
CER uts1 4 moarpyni (CTOUMOCTh TEPAITHU U3 pac-
yeTa IeHbl Ta0JIETOK JTO3UPOBKOHM 2,5 MT; 5 MT;
10 MT; 20 Mr/ob1iast KiIuHudYeckas 3¢ GeKTHBHOCTD
JI03 10 JIUTEPATYPHBIM JIaHHBIM) (CM. TAOJI. 4).

CEA N@ 3: B rpytiIie KanrTopuia IPOBOIUIICA pac-
yer ogHoro CER (crommocTh Tepamuu W3 pacuera
IIEHbI TAa0JIETOK JIO3UPOBKOHU 25 MT + 50 Mr/obmas
KInHIYecKas 3OGEKTUBHOCTD 03 110 JTUTEPATYPHBIM
JIAHHBIM); B TPYIIIIE JIN3UHOIIPIUIA ITPOBOWIICS PACUeT
omaoro CER (cromMocTh Tepamuu U3 pacyera IeHbBI
TabJIETOK TO3UPOBKOH 2,5 + 5 MT + 10 MT + 20 Mr/
obras kinHn4eckast 3¢ GEKTUBHOCTD /103 TI0 JINTEPa-
TYPHBIM JJAHHBIM); B TPYIIIIE SHAJIAIPUIIA IIPOBOUIICS
pacuer ogroro CER (cTouMocTh Tepanuu U3 pacyera
IIEHBI TabJIETOK JO3UPOBKOH 2,5 MT + 5 MT + 10 MT +
20 Mmr/obmas KinHn4YecKas: 3(PpOEeKTHBHOCTH 03 10
JINTEPATYPHBIM JaHHBIM) (CM. Tab1. 4).

CEA N¢ 1: pacuer CER BBINOJHAJICA OTZEIBHO
ana CAI u JAI — CERCAﬂx/y /CERﬂAm/y COOTBET-
CTBEHHO, TAe X — Jo3upoBka HAII®, cToMMOCTH
KOTOpPOH ObLIA HCIIOJIB30BaHA JJIs pacueTa 3aTpar;
Y — JI0BUPOBKA, JIEMOHCTPUPYIOIIAsi KIMHUYIECKYIO
3¢ PEKTUBHOCTD T10 JIMTEPATYPHBIM JIAHHBIM, KOTO-
pas ObLIa MCIOJIB30BAaHA /ISl pacueTa Koddouiu-
eura CER (mampumep: CER,,.. . O3Ha4aer, 4T0
koaddunuent paccuutan s CAJl, 3arparsl pac-
CUMTHIBUIN UYepe3 CTOUMOCTb JO3UPOBKU 20 MT,
KJIMHUYecKu 3(pdeKkTrBHAA JO3UPOBKA, 10 JUTEpa-
TYPHBIM JTaHHBIM, — 5 MT).

CEA N¢ 2: pacuer CER BBIIOJHAICA OTZEIBHO
nsa CAILu JAJT - CER, AHX/ CER,,, COOTBETCTBEHHO,
r7ie X — ;03upoBKa HAIID, cTOMMOCTh KOTOPO# ObL1a
HCII0JIb30BaHA /IJIA pacyeTa 3aTpart.

CEA N9 3: pacuer CER BBITIOJIHAJICSA OTAEIBHO
s CAI u JAL (CERCAI[/CER[[AI[) OTHOBPEMEHHO
10 BCEM /I03aM.

AHa/JIN3 YyBCTBUTEJIHHOCTH (hapMaKOIKO-
HOMHYECKOT0 aHA/IN3a «3aTpaTbl-d¢d P eKTuB-
HOCTB». /JIl OLIEHKU JIOCTOBEPHOCTU IOJIyYEeHHBIX
pe3yJIbTaTOB IIPOBEJIEH IETEPMUHUPOBAHHBIN OJTHO-
(akTOpHBII aHaM3 YYBCTBUTEJIHHOCTH, JIEMOH-
CTPUPYIOIIHNH, B KAaKOW CTENEeHW OyAyT MeHSIThCA

CERg,, . means that the ratio was calculated for
SBP, costs were calculated using the price of a 20 mg
dose, the clinically effective dosage, according to lit-
erature data, is 5 mg).

CEA No. 2: CER calculated separately for SBP
and DBP — CER,, /CER, . , respectively, where x is
the ACE inhibitor dosage, the price of which was
used to calculate costs.

CEA No. 3: CER calculated separately for SBP and
DBP (CER,,/CER ) simultaneously for all doses.

Sensitivity analysis of pharmacoeconomic
cost-effectiveness analysis. To assess the validity
of the results obtained, a deterministic univariate
analysis of sensitivity was performed, demonstrating
the extent to which the study results would change
with variations in a number of baseline parameters.
In this pharmacoeconomic study, values of clinical
effectiveness of the ACE inhibitors under the study
(captopril, enalapril, and lisinopril) were used as
modifiable variables.

Statistical data processing. Mathematical
and statistical data processing was performed using
Statistica 13.0 (StatSoft Inc., USA), SPSS Statistics
20 (IBM, USA), Graphpad Prism 9.0 (GraphPad
Software, USA), and Office XP (Microsoft, USA) soft-
ware. For quantitative data, distributions of data was
assessed using the Shapiro-Wilk test, and the homo-
geneity of variances — using the Levene’s test. Non-
parametric data were analyzed using the Kruskal-
Wallis test. Dunn’s test was used for multiple com-
parisons. Differences were deemed statistically
significant at p < 0,05. For descriptive analysis, the
median, upper and lower quartiles (Iq; uq) were cal-
culated.

RESULTS

Cost-effectiveness analysis

1) CEA No.1: the CERg,, ~ values of enalapril
were statistically significantly lower (p < 0,001) than
the CERg,, values of captopril in the range of [73,69—
99,16%] and the CER,, values of lisinopril in the
range of [68,75-97,55%]. The CER . . values of
enalapril were statistically

significantly lower
(p < 0,001) than the CER_,, values of captopril in the

range of [76,10-98,29%] and the CER . values of

DBP

lisinopril in the range of [65,51—96,51%] (Table 5).
2) CEA No. 2: the CER s and CER_, valuesof

R . SBP2! X K SBP50
captopril were statistically significantly lower

(p < 0,001) than the CER, values of lisinopril by

SBP2,5

59,10 and 48,49%, respectively, while the CER

SBP25
values of captopril were also statistically significantly

lower (p < 0,001) than the CERSBPS values of lisino-

pril by 31,65%. Within the captopril group, the

CERg,,, values were statistically significantly lower
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pe3yabpTaThl HCC/IeZIOBAHUS IIPU U3MEHEHUU psafa
HCXOJIHBIX TIapaMeTpoB. B pamkax manHOoTro dapma-
KOSKOHOMHUECKOTO FHCCIEOBAHUSA B KauyecTBe
U3MEeHseMbIX I1apaMeTpPOB ObUIM NPUHATHI 3HaUe-
HUA KJIUHHUYECKOW O(POEKTUBHOCTH M3yYaeMbIX
UATI® (kanTornpuia, SHaJAMPUIA U JTU3UHOIIPUIA).
Cratucrtuyeckass o0oOpadoTKa /JaHHBIX.
MaTeMaTHKO-CTaTUCTUYECKYI0 00pabOTKY JaHHBIX
BBITIOJTHSIJIH C UCITOJIb30BaHUEM ITporpaMm Statistica
13.0 (StatSoft Inc., CIITA), SPSS Statistics 20 (IBM,
CIIA), Graphpad Prism 9.0 (GraphPad Software,
CIITA), makera Office XP (Microsoft, CIIIA). g
KOJINUECTBEHHBIX /JAHHBIX OLEHUBAIU XapaKTep
pacupezniesnenusa no kpurepuwo [lanupo — Yunka,
rOMOTeHHOCTD Jiuciiepcuii — o tecty JleBena. Hemna-
paMmeTpuueckye JaHHbIE aHAJTU3UPOBAJIU, MCIIOJIb-
3ya kpurepuii Kpackena — Yosummca. B xauectBe
MEeTO/Ia MHOKECTBEHHBIX CPAaBHEHHUH WCIIOJIb30-
Bajicsa kpurepuil [lanHa. CTaTHCTUYeCKH 3HAYH-
MBIMH CYUTAJIN PA3JIUYUA IIPU p < 0,05. JIJis 1enneit
OTIMCATEJIPHOU CTATUCTUKU PACCUUTHIBAIN MeIHAHY
(median), Hukuaui u Bepxuuit kBaptuiu (1q; uq).

PE3YJ/IBTATDBI

Anammns «3arparbi-addextuBHOCTE» (CEA)
1) CEA N¢ 1: snauenus CER,, . oHamanpuia
OBLIM CTATUCTHYECKU 3HAYUMO MeHbIe (p < 0,001)
snayenuii CER  KQITOIIPHJIA B ANATIA30HE [73,60—
99,16 %] u CERCAI[ JIN3UHOIIPWJIA B JIMAIla30HeE
[68,75—97,55 %]. 3HaueHUs CER 1.0 /25 DHATIATIPHITIA
OBLTH CTATUCTUYECKU 3HAUMMO MeHbIIe (p < 0,001)
3HAYEHUH CERH Ay KQIITOIIPHJIA B /{IaTla30He [76,19—
98,29 %] u CERH oy JIUBHHONPWJIA B JHAlia3oHe

[65,51-96,51%] (Tabi1. 5).

(p < 0,001) than the CER,,, values by 20,58%. The
CER,,  and CERg,, values of lisinopril were statis-
tically significantly lower (p < 0,001) than the
CERgy,,, values of captopril by 16,17 and 33,82%,
respectively. Also, the CERg,, = values of lisinopril
was statistically significantly lower (p < 0,001) than
the CER,,, . values of captopril by 16,66%. Within
the lisinopril group, the CERg,, CERy, , and
CERg,,,, values were statistically significantly lower
(p < 0,001) than the CER,, . values in the range of
[40,15-65,00%], while the CERg,, ~and CERg,,
values were statistically significantly lower
(p < 0,001) than the CERg,, values by 27,84 and
43,03%, respectively. Also, the CERg,, ~values of
lisinopril were statistically significantly lower
(p < 0,001) than the CER values of lisinopril by

SBP10
21,05%. The CERg, , CER CER,,,, and
CER

SBP5’
sspao Values of enalapril were statistically signifi-

cantly lower (p < 0,001) than the CERy,,. and
CERg,,, values of captopril in the range of [18,51%—
54’41%]' CERSBP2,5’ CERSBP5’ CERSBPlo’ and CERSBon
values of enalapril were statistically significantly
lower (p < 0,001) than the CERgyp, » CERgyp, and
CERg,, , values of lisinopril in the range of [22,80%—
76,51%], and the CERg,, ~and CERg,, ~values of
enalapril were statistically significantly lower
(p < 0,001) than the CER,,, values of lisinopril by

24,44% and 31,11%, respectively. Moreover, within

the enalapril group, the values of CER., and
CER,,,, Wwere statistically significantly lower
(p < 0,001) than the values of CER,, . and CERg,,
in the range of [17,07%-29,54%], and CER,,, =val-

ues was statistically significantly lower (p < 0,001)
than the values of CER, by 8,82% (Table 6).

SBP10

Ta6smmua 5. PesysnbraTsl CEA Ne 1 (o mokasaTeJito KJIMHU4eckoi apdektuBHocTH s CAJl 1 JIA/] (median [lg; uq]))
Table 5. Results of Cost-effectiveness analysis No. 1 (by clinical effectiveness for SBP and DBP (median [lg; uq))

CAJl / SBP

Kanmonpua / Captopril

PacueT 3aTpat yepe3 CTOMMOCTb J103bl 25 MT'
Calculation of costs based on the price of a 25 mg dose

PacueT 3aTpat yepe3 CTOMMOCTb 103kl 50 MT
Calculation of costs based on the price of a 50 mg dose

Jloza* Jloza*
Dosage* s Dosage* a5
25 0,19 [0,07; 0,26]* 25 0,19 [0,15; 0,30]*

'p <0,001; +73,69%; n = 285 'p <0,001; +73,69%; n =336
50 0,47 [0,23; 1,02]* 50 0,53 [0,40; 1,58]*

'p < 0,001 +89,37%; n = 380 'p <0,001; +90,57%; n = 448
67 0,56 [0,25; 0,93]* 67 0,85[0,52; 6,22]*

p <0,001; +91,08%; n = 285 p <0,001; +94,12%; n = 336
75 0,50 [0,20; 0,74]* 75 0,52 [0,39; 0,95]*

1p < 0,001; +90,00%; n=190
100 0,65[0,26; 1,03]"

1p < 0,001; +92,31%; n = 190
150 0,77 [0,89;3,01]"

1p < 0,001; +93,51%; n = 190

p <0,001; +90,39%; n = 224
100 0,67 [0,51; 1,31]*

p <0,001; +92,54%; n = 224
150 0,80 [0,60;1,78]*

'p <0,001; +93,75%; n.= 224
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[Ipogosmkenue Ta6s. 5 / Continuation of Table 5

Jloza*

Jloza*

Joza*

Jloza*

Dosage* e Dosage* (8315 Dosage* Gl Dosage* e
225 2,32[0,07; 0,26]* 225 2,95 [2,32; 3,05]*
1p<0,001; +97,85%; n =95 1p<0,001;+98,31%; n =112
300 3,09 [1,19;4,01]* 300 3,93 [3,09; 4,07]*
1p<0,001; +98,39%; n =95 1p<0,001; +98,73%; n = 112
375 3,86 [1,49; 5,01]* 375 4,92 [3,86; 5,09]*
'p<0,001; +98,71% ; n =95 'p <0,001; +98,99%; n = 112
450 4,64 [1,79;6,02]* 450 5,90 [4,64; 6,11]*

'p <0,001; +98,93%; n = 95

'p <0,001; +99,16%; n = 112

JluzuHonpua / Lisinopril

Pacuyer 3aTpaT 4epes CTOMMOCTh
JI03UPOBKH 2,5 MI

Calculation of costs based on the
price of a 2,5 mg dose

Pacyer 3aTpar 4epe3 CTOUMOCTh
JI03UPOBKH 5 MT

Calculation of costs based on the
price of a 5 mg dose

Pacuyer 3aTpaT 4epes CTOMMOCTh
J103UpoBKH 10 Mr

Calculation of costs based on the
price of a 10 mg dose

Pacyer 3aTpar 4yepe3 CTOUMOCTh
JI03UpOBKH 20 Mr

Calculation of costs based on the
price of a 20 mg dose

Jloza* Jloza* Jloza* Jloza*

Dosage* g Dosage* - Dosage* il Dosage* s

10 0,47 [0,39; 0,56]" 10 0,29 [0,21; 0,38]* 10 0,20[0,15; 0,27]* 10 0,16 [0,12; 0,22]*
1p <0,001; +89,37%; 'p <0,001; +82,76%; 1p <0,001; +75,00%; 'p <0,001; +68,75%;
n=66 n=210 n=258 n=198

20 1,11 [0,86; 1,32]" 20 0,73 [0,49; 0,96]* 20 0,531[0,35; 0,68]" 20 0,39 [0,28; 0,53]*
'p <0,001; +95,50%; 'p <0,001; +93,16%; 1p <0,001; +90,57%; 'p <0,001; +87,18%;
n=66 n=210 n=258 n=198

30 1,53 [1,30; 1,73]* 30 0,981[0,70; 1,30]* 30 0,69 [0,50; 0,92]* 30 0,54 [0,41; 0,76]"
1p <0,001; +96,74%; 'p <0,001; +94,90%; 1p <0,001; +92,76%; 'p <0,001; +90,74%;
n=66 n=210 n=258 n=198

40 2,04 [1,74; 2,31]* 40 1,31[0,94; 1,73]* 40 0,921[0,67; 1,23]* 40 0,72 [0,54; 1,02]*
'p <0,001; +97,55%; 'p <0,001; +96,19%; 1p <0,001; +94,57%; 'p <0,001; +93,06%);
n=:66 n=210 n=258 n=198

Iuananpua / Enalapril

Pacuer 3aTpar yepe3 cTOMMOCTb
JI03UPOBKH 2,5 MI

Calculation of costs based on the
price of a 2,5 mg dose

PacueT 3aTpar 4epe3 CTOMMOCTb
JI03UPOBKH 5 MT

Calculation of costs based on the
price of a 5 mg dose

PacdeT 3aTpaT yepes cTOMMOCTh
103UpoBKH 10 Mr

Calculation of costs based on the
price of a 10 mg dose

PacyeT 3aTpar uyepes CTOUMOCTb
J03UpOBKH 20 Mr

Calculation of costs based on the
price of a 20 mg dose

Jloza* Jloza* Jloza* Jloza*
Dosage* R Dosage* CER Dosage* G Dosage* EER
2,5 0,12[0,12;0,12]; n=10 2,5 0,12[0,11;0,12; n=40 2,5 0,12 [0,06;0,12];n=57 2,5 0,10 [0,05; 0,10]; n =52
5 0,08[0,06;0,11];n=50 5 0,080,06;0,11]; n=200 5 0,08[0,05;0,11];n=285 5 0,05 [0,04; 0,09]; n =260
7,5 0,10[0,10; 0,13];n=40 7,5 0,10[0,10; 0,13];n=160 7,5 0,10[0,06;0,13];n =228 7,5 0,08 [0,06; 0,10]; n =208
10 0,15[0,14; 0,25];n=30 10 0,15[0,14;0,23]; n=120 10 0,14 [0,08;0,15[;n=171 10 0,11[0,08;0,13]; n=156
12,5 0,32[0,17; 0,34]" 12,5 0,26 [0,17; 0,34]" 12,5 0,21[0,16; 0,34]* 12,5 0,17 [0,13; 0,28]*
'p<0,001; +84,37%; 'p <0,001; +80,77%; 1p<0,001; +76,19%; 'p <0,001; +70,58%;
n=>50 n=200 n =285 n=260
15 0,39[0,21; 0,40]* 15 0,32[0,21; 0,40]* 15 0,26 [0,19; 0,40]" 15 0,21[0,16; 0,34]*
'p <0,001; +87,17%; 'p <0,001; +84,37%; 1p <0,001; +80,77%; 'p <0,001; +76,19%;
n=50 n=200 n =285 n=260
17,5 0,45 [0,24; 0,47]* 17,5 0,37 [0,24; 0,47]* 17,5 0,30[0,22; 0,47]* 17,5 0,25[0,19; 0,39]*
'p <0,001; +88,88%; 1p <0,001; +86,48%); 1p <0,001; +83,40%; 'p <0,001; +80,00%;
n=>50 n=200 n =285 n=260
20 0,52 [0,28; 0,54]" 20 0,52 [0,28; 0,54]" 20 0,4310,28; 0,54]! 20 0,42 [0,23; 0,45]"
'p <0,001; +90,38%; 'p <0,001; +90,38%; 1p <0,001; +88,37%; 'p <0,001; +88,09%;
n=40 n=160 n=228 n=208
22,5 0,591[0,31; 0,61]* 22,5 0,59 [0,31; 0,61]* 22,5 0,49 [0,31; 0,61]* 22,5 0,48 [0,25; 0,51]*
'p<0,001; +91,52%; 'p<0,01; +91,52%; 'p<0,001; +89,79%; 'p <0,001; +89,58%;
n=40 n=160 n=228 n=208
25 0,66 [0,34; 0,68]" 25 0,66 [0,34; 0,68]" 25 0,55[0,34; 0,68]" 25 0,53[0,28; 0,56]"
'p <0,001; +92,43%; p <0,001;+92,43%; 'p <0,001; +90,91%; p <0,001; +90,56%;
n =40 n=160 n=228 n=208
27,5 0,7310,38; 0,75]" 27,5 0,73[0,38; 0,75]" 27,5 0,60[0,38; 0,75]* 27,5 0,58[0,31; 0,62]"

'p<0,001; +93,15%;
n=40

'p <0,001; +93,15%;
n=160

'p<0,001; +91,70%;
n=228

'p <0,001; +91,37%;
n=208
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Jloza*

Jloza*

Joza*

Jloza*

Dosage* e Dosage* e Dosage* R Dosage* =

30 0,79 [0,41; 0,81]* 30 0,79 [0,41; 0,81]* 30 0,66 [0,41; 0,81]* 30 0,64 [0,34; 0,68]"
1p<0,001; +93,67%; 'p<0,001; +93,67%; 1p<0,001; +92,43%; 1p<0,001; +92,18%;
n =40 n=160 n=228 n=208

32,5 0,86 [0,44; 0,88]* 32,5 0,86 [0,44; 0,88]* 32,5 0,71[0,44; 0,88]" 32,5 0,69 [0,37; 0,73]*
1p<0,001; +94,18%; 'p <0,001; +94,18%; 'p <0,001; +92,95%; 'p <0,001; +92,75%;
n=40 n=160 n=228 n=208

35 0,9310,48; 0,95]* 35 0,93[0,48; 0,95]* 35 0,77 [0,48;0,95]* 35 0,75 [0,40; 0,79]*
'p <0,001; +94,62%; 1p <0,001; +94,62%; 1p <0,001; +93,50%; 'p <0,001; +93,40%;
n=40 n=160 n=228 n=208

37,5 0,99 [0,51; 1,02]* 37,5 0,99 [0,51; 1,02]* 37,5 0,8210,51;1,02]* 37,5 0,80 [0,43; 0,85]*
1p <0,001; +94,95%; 'p <0,001; +94,95%; 1p <0,001; +93,90%; 'p <0,001; +93,75%;
n =40 n=160 n=228 n=208

40 1,06 [0,55; 1,09]* 40 1,06 [0,55; 1,09]* 40 0,88 [0,55; 1,09]* 40 0,85 [0,45; 0,90]*
'p <0,001; +95,28%; 'p <0,001; +95,28%; 'p <0,001; +94,31%; 'p<0,001; +94,11%;
n=40 n=160 n=228 n=208

JA/l / DBP
Kanmonpuax / Captopril

PacueT 3aTpar 4epe3 CTOMMOCTb JO3UPOBKHU 25 MT
Calculation of costs based on the price of a 25 mg dose

PacueT 3aTpar 4epe3 CTOMMOCTD JJO3UPOBKU 50 MT
Calculation of costs based on the price of a 50 mg dose

Joza*

Jloza*

Dosage* Sl Dosage* e
25 0,22 [0,08; 0,29]; n = 285 25 0,22 [0,16; 0,29]; n = 336
50 0,42 [0,14; 0,54] 50 0,43 [0,33; 0,59]2

°p<0,001; +76,19%; n = 285 2p < 0,001; +76,74%; n = 336
67 0,56 [0,23; 0,88]> 67 0,57 [0,43; 1,20]2

2p < 0,001; +82,14%; n = 285 2p < 0,001; +82,45%; n = 336
75 0,63 [0,26; 0,88]? 75 0,68 [0,46; 0,89]?

2p < 0,001; +84,12%; n = 380 2p < 0,001; +85,29%; n = 448
100 0,84 [0,35; 1,32]2 100 0,86 [0,65; 1,80]?

2p < 0,001; +88,09%; n = 285 2p < 0,001; +88,37%; n = 336
150 1,17 [0,53; 1,98]? 150 1,26 [0,85; 2,70]?

2p<0,001; +91,45%; n = 285 2p < 0,001; +92,06%; n = 336
225 2,30 [0,89; 2,98]? 225 2,93 [2,30; 3,031

2p < 0,001; +96,65%; n = 95 2p < 0,001; +96,58%; n = 112
300 3,07 [1,18;3,98]2 300 3,90 [3,07; 4,04

2p < 0,001; +96,74%; n = 95 2p < 0,001; +97,44%; n = 112
375 3,83 [1,48; 4,97]? 375 4,88 3,83; 5,05]?

2p < 0,001; +97,38%; n = 95 2p < 0,001; +97,95%; n = 112
450 4,60 [1,78;5,97]> 450 5,86 [4,60; 6,06]?

’p <0,001; +97,82%; n =95

2p <0,001; +98,29%; n = 112

JlusuHonpua / Lisinopril

Pacuer 3aTpat yepe3 CTOUMOCTb
JI03UPOBKHU 2,5 MI

Calculation of costs based on the
price of a 2,5 mg dose

Pacuyer 3aTpaT 4yepe3 CTOMMOCTh

JI03UPOBKH 5 MT

Calculation of costs based on the

price of a 5 mg dose

Pacyer 3aTpaT yepe3 CTOUMOCTD

03upoBKH 10 Mr

Calculation of costs based on the

price of a 10 mg dose

PacuyeT 3aTpat uyepes3 CTOUMOCTb
J103UpOBKH 20 Mr

Calculation of costs based on the
price of a 20 mg dose

Jloza* Jloza* Jloza* Jloza*

Dosage* CER Dosage* EER Dosage* CER Dosage* B2

10 0,51 [0,33; 0,63]> 10 0,29 [0,21; 0,39]* 10 0,21[0,16;0,29];n =258 10 0,17[0,12;0,22]; n =198
2p < 0,001; +80,39%); 2p <0,001; +65,51%);
n==66 n=210

20 1,13 [0,95; 1,40]? 20 0,70 [0,54; 0,91]? 20 0,49 [0,38; 0,64]? 20 0,39 [0,31; 0,52]?
’p <0,001; +91,16%; ’p < 0,001; +85,71%; *p <0,001; +79,59%; ’p <0,001; +74,35%;
n=66 n=210 n=258 n=198

30 2,15[1,84; 2,92)° 30 1,36 [0,98;1,76]* 30 0,95[0,72; 1,24)? 30 0,76 [0,57; 1,01]?
2p < 0,001; +95,34%); 2p < 0,001; +92,64%); 2p < 0,001; +89,47%); 2p < 0,001; +86,84%);
n =44 n =140 n=172 n=132

40 2,87 [2,45; 3,89]? 40 1,81 [1,31; 2,34]? 40 1,26 [0,97; 1,65]2 40 1,02 [0,76; 1,35]?
’p <0,001; +96,51%; ’p <0,001; +94,47%; ’p <0,001; +92,07%; %p <0,001; +90,19%;
n=44 n=140 n=172 n=132
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Suananpua / Enalapril
Pacyet 3aTpaT yepes croumocTb  PacueT 3aTpar yepe3 crouMocTb PacyeT 3aTpaT yepes cTOMMOCTb ~ PacyeT 3aTpat yepe3 CTOMMOCTb
JI03UPOBKH 2,5 MTr JI03UPOBKH 5 MT J103UpoBKH 10 Mr J103UpOBKH 20 Mr
Calculation of costs based on the  Calculation of costs based on the Calculation of costs based on the  Calculation of costs based on the
price of a 2,5 mg dose price of a 5 mg dose price of a 10 mg dose price of a 20 mg dose
Jloza* Jloza* Jloza* Jloza*
Dosage* @z Dosage* EER Dosage* (i Dosage* (G123
2,5 0,13[0,13;0,13]; n=10 2,5 0,13[0,12;0,13; n=40 2,5 0,13[0,06;0,13];n=57 2,5 0,10 [0,05; 0,10]; n =52
5 0,10[0,09; 0,26]; n =30 5 0,10[0,09; 0,24];n=120 5 0,09[0,06;0,13];n=171 5 0,08[0,05;0,11]; n=156
7,5 0,14[0,14;0,39];n=20 7,5 0,14[0,14;0,39;n=80 7,5 0,14[0,11;0,39];n=114 7,5 0,11[0,11; 0,32]; n =104
10 0,21[0,21;0,52;n=30 10 0,21[0,21;0,48];n=120 10 0,21[0,13;0,27];n=171 10 0,43[0,17; 66,85]*
’p < 0,001; +76,74%;
n=156
12,5 0,31 [0,26; 0,65]* 12,5 0,31 [0,26; 0,60]? 12,5 0,26 [0,18; 0,33]° 12,5 0,23 [0,16; 0,29]; n =156
2p <0,001; +67,74%; 2p <0,001; +67,74%; 2p <0,001; +61,53%);
n=30 n=120 n=171
15 0,37 [0,31; 0,78])? 15 0,37 [0,31; 0,72]? 15 0,31[0,22; 0,40]? 15 0,27 [0,20; 0,35]?
%p <0,001; +72,97%; ’p <0,001; +72,97%; ’p <0,001; +67,74%; %p <0,001; +62,96%);
n=30 n=120 n=171 n=156
17,5 0,43 1[0,36; 0,91)° 17,5 0,43 [0,36; 0,84]* 17,5 0,37 [0,25; 0,47]* 17,5 0,32[0,23; 0,40]?
2p <0,001; +76,74%; 2p <0,001; +76,74%; ’p <0,001; +72,97%; 2p <0,001; +68,75%;
n=30 n=120 n=171 n=156
20 0,42 [0,29; 0,49]° 20 0,42 [0,29; 0,49]* 20 0,381[0,25; 0,49]° 20 0,35[0,21;0,41])?
’p <0,001; +76,19%; ’p <0,001; +76,19%; ’p <0,001; +73,68%; 2p <0,001; +71,42%;
n =40 n=160 n=228 n=208
22,5 0,47 [0,33;1,17])? 22,5 0,47 [0,33; 1,08]? 22,5 0,36 [0,26; 0,61]° 22,5 0,39 [0,23;0,52]°
’p <0,001; +78,72%; ’p<0,001; +78,72%; n 2p <0,001; +72,30%; 2p <0,001; +74,35%;
n=30 =120 n=171 n=156
25 0,52[0,37; 1,31)° 25 0,52[0,37; 1,20]? 25 0,40 [0,29; 0,67]? 25 0,43 [0,26; 0,58]*
2p < 0,001; +80,76%; 2-p<0,001; +80,76%); ’p <0,001; +75,00%; 2p <0,001; +76,74%;
n=30 n=120 n=171 n=156
27,5 0,58 [0,40; 1,44]° 27,5 0,58[0,40; 1,32]? 27,5 0,44 [0,32; 0,74])? 27,5 0,48 [0,28; 0,64]*
2p < 0,001; +82,75%; 2p < 0,001; +82,75%; 2p <0,001; +77,28%; 2p <0,001; +79,19%;
n=30 n=120 n=171 n=156
30 0,63 [0,44; 1,57]? 30 0,63 [0,44; 1,44]* 30 0,48 [0,35; 0,81]> 30 0,52[0,31;0,70]*
2p <0,001; +84,12%j; 2p <0,001; +84,12%); 2p <0,001; +79,17%; 2p < 0,001; +80,76%);
n =30 n=120 n=171 n=156
32,5 0,681[0,48; 1,70]° 32,5 0,68[0,48; 1,56]* 32,5 0,52 [0,38; 0,88]° 32,5 0,56 [0,34; 0,76]*
2p <0,001; +85,29%; 2p < 0,001; +85,29%; ’p < 0,001; +80,76%; 2p <0,001; +82,14%;
n=30 n=120 n=171 n=156
35 0,7310,51; 1,83)° 35 0,73[0,51; 1,69]* 35 0,56 [0,41; 0,94]° 35 0,61 [0,36; 0,81]*
2p <0,001; +86,30%); 2p<0,001; +86,30%; p<0,001; +82,14%; 2p <0,001; +83,60%);
n =30 n=120 n=171 n=156
37,5 0,79 [0,55; 1,96]° 37,5 0,79 [0,55; 1,81]? 37,5 0,60 [0,44; 1,01]° 37,5 0,65 [0,39; 0,87]?
’p <0,001; +87,34%; ’p < 0,001; +87,34%; ’p <0,001; +83,40%; ’p < 0,001; +84,61%;
n=30 n=120 n=171 n=156
40 0,84 [0,59; 2,09]° 40 0,84 [0,59; 1,93]? 40 0,64 [0,46; 1,08]° 40 0,70 [0,41;0,93])?
2p <0,001; +88,09%; 2p<0,001; +88,09%; ’p <0,001; +84,37%; 2p <0,001; +85,71%;
n =30 n=120 n=171 n=156
[Ipumevyanue. CEA - aHanmus «3arparbl-adpdekTuBHOCTb» (cost-effectiveness analysis); CER - koadduuneHT «3aTparhbl-

addexkTUBHOCTD» (cost-effectiveness ratio); CA/] - cucTonnyeckoe apTepraabHoe gaBieHue; 1A/l - fuacToimyeckoe apTepraibHoOe JaBJIeHue.
*lo3upoBka HAIID, npoeMOHCTpUPOBaBILAs KIMHUYECKYH0 3G PEKTUBHOCTbD.

!YpoBeHs 3HaunMocTH p < 0,05 1o cpaBHEHHIO € CERCMZO/5 3HasIaNpuIa.

2YpoBeHb 3HAaYUMOCTH p < 0,05 10 cpaBHEHHUIO C CERLLMZO/ZV5 3HaJslalpuJa.

Abbreviations: CER-cost-effectiveness ratio; SBP - systolic blood pressure; DBP - diastolic blood pressure.
* Dosage of ACE inhibitors that demonstrated clinical effectiveness.

! Significance level p < 0,05 compared with the CER,,, . of enalapril.
% Significance level p < 0,05 compared with the CERDEPZO/Z,S of enalapril.

2) CEA N¢ 2: CER, ans B CER, 1 Karrronpuia 3) CEA No. 2:1) the QE_RDBst aI'ld C'IERDBP50 values
OBLIM CTATUCTHYECKU 3HAYNMO MeHbIie (p < 0,001) of captopril were statistically significantly lower
sHavennit CER,, = sjmsuHOmpmia Ha 59,10 H (p < 0,001) than the CER ;. values of lisinopril by

48,49 % COOTBETCTBEHHO, IIPU 3TOM B3HAYEHUs 50,00 and 39,51%, respectively, while the CER ;.
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CERCAH25 KaIlTOIIPWJIa OBUTH TaK)KE CTAaTHUCTHYECKU

3HAa4MMO MeHble (p < 0,001) CER, At JTABHHOTIPIIA
Ha 31,65 %. BHyTpu IpynIibl KallTOIIpUJia 3Ha4YeHUs
CER, All2s OBUIM CTATUCTHUYECKH 3HAUYMMO MEHBIIE
(p < 0,001) 3HaUEHUH CERCAIIso Ha 20,58 %. 3Haue-
uus CER 1 CER, sisuHOIpHIIA ObLTH CTATH-
CTHYECKU 3HAUYUMO MeHbIe (p < 0,001) 3HAUYEHUH
CERCAIl50 KanTonmpuia Ha 16,17 u 33,82 % cooTBert-
crBeHHO; Takke CER ., /TM3MHONIpHIIA OBLI cTaTH-
CTHUYECKU 3HAYUMO MeHbIe (p < 0,001) 3HAUYEHUH
CER Kanronpwia Ha 16,66 %. BHyTpu rpymnsl

CAJl25
ausuHonpmwiaa 3HaueHusa CER CER u

CAJl5° CAJl10
CER ObIM CTAaTUCTUYECKU 3HAYMMO MeEHbIIIe

(p< f)A,HSOm) snauenuii CER , B /imanasoxe [40,15—
65,90 %], IpyU 5TOM 3HAYEHUA CERCMIO u CERCAJ:Lzo
OBLTH CTATUCTUYECKU 3HAUMMO MeHbIIe (p < 0,001)
3HAYEHUH CER.,,. Ha 27,84 1 43,03 % COOTBeT-
creenno. Taxxxe snavenus CER, . smsuHOnpuia
OBLTH CTATUCTUYECKH 3HAUMMO MeHbIIe (p < 0,001)

3HAYEHUH CERCAJ_.[10 JIU3UHOIIPUJIA Ha 21,05 %. 3Ha-

YeHUs CERCAH%, CERCAHS, CERCA,Hlo u CERCA]120 5Ha-

Jlanpuiaa ObUTA CTaTHUCTUYECKH 3HAUYMMO MEHbIIIe
(p < 0,001) 3HaYEeHUH CERCM125 u CERCM150 KaIITo-
mpwia B AuamnaszoHe [18,51—54,41 %]. 3HaueHHs

CERCAH%, CER, Al CER, Ao B CER, Atz PHAJIATIPHITIA
OBLTH CTATUCTUYECKU 3HAUMMO MeHbIIe (p < 0,001)
snayenuu CER, A2’ CER, ats Y CER, Alio JTABHHO-
npwsia B AuamnasoHe [22,80-76,51 %], a Takxke 3Ha-
genns CER,, u CER , sHamanpuia ObLIH craTH-
CTUYECKH 3HAYMMO MeHbIe (p < 0,001) 3HAYEHUH
CER, Alloo JTABUHOIIDUIIA HA 24,44 ¥ 31,11 % COOTBeT-
cTBeHHO. [Ipm 3TOM BHYTpPH TpYIIIbI SHAJIATIPUIA
sHauenusa CER, Allio ¥ CER, All20 ObLIN CT&}'TI/ICTI/I‘IeCKI/I
3HAUYMMO MeHbIne (p < 0,001) sHauenuit CER Allag U
CERCAL15 B AuamnasoHe [17,07%—29,54%], a Takxke
CER_, 1.0 OBLJIM CTAaTUCTHUYECKU 3HAYMMO MeEHBbIIIEe
(p < 0,001) 3Havyennii CER Ao Ha 8,82% (Tabu. 6).

values of captopril were also statistically significantly
lower (p < 0,001) than the CER;,  of lisinopril by
23,45%. Within the captopril group, the CER

DBP25

values were statistically significantly lower
(p < 0,001) than the CER ., values by 17,33%. The
CER,,,  and CER,, ~values of lisinopril were sta-

tistically significantly lower (p < 0,001) than the
CER,,,,, values of captopril by 25,33 and 41,33%,
respectively. Also, the CER_,,, of lisinopril were sta-
tistically significantly lower (p < 0,001) than the
CER_,,,. values of captopril by 29,03%. Within the
lisinopril group, the CER ., CER ., , and CER ;. |
values were statistically significantly lower
(p < 0,001) than the CER . _values in the range of
[36,47%—64,51%], while the CER_,, and CER_,
values were statistically significantly lower
(p < 0,001) than the CER,, values by 30,86 and
45,67%, respectively. The CER,, ~values of lisino-
pril were statistically significantly lower (p < 0,001)
than the CER,, A values of lisinopril by 21,42%. The
CERy,, . CERDBPS, CER,,,, and CER, ~values of
enalaprif were statistically significantly lower
(p < 0,001) than the CERy,.,. and CER ., values of

captopril in the range of [24,19%—56,00%]. The

CERp, - CER;, CER and CER_,,, =~ values of
enalapril were statistically significantly lower
(p < 0,001) than the CER g, . and CER,. values of

lisinopril in the range of [41,97%—70,16%], and the
CER; CERp, 0 and CER_,,, values of enalapril
were statistically significantly lower (p < 0,001) than
the CER values of lisinopril in the range of

DBP10
[21,42%—41,07%]. The CER and CER,, ~values

of enalapril were statisticl;lili; significantly lower
(p < 0,001) than the CER_,, = values of lisinopril by
15,91% and 25,00%, respectively. Within the enala-
pril group, the CER,,, ~and CER_,, values were

statistically significantly lower (p < 0,001) than the

Ta6smmua 6. PesynbraTsl CEA N2 2 (1o nokasaTeito KinHU4eckoi a¢pdextuBHocTH A CAZl u JIA/]) (median [lg; uq))
Table 6. Results of Cost-effectiveness analysis No. 2 (by clinical effectiveness for systolic and diastolic blood pressure) (median [lq; uq))

Jlo3a*, mr
Dosage*, mg

IIpenapar

Drug CER

CAJl / SBP

Kantonmpun 25
Captopril

0,54 [0,21; 1,20]°°

°p < 0,001 +42,59%; n = 1900
50 0,681[0,39; 1,84]%*°

°p < 0,001 +16,66%; °p < 0,001 +18,51%; "p < 0,001 +24,07%; °p < 0,001 +37,03%;

1p < 0,001 +20,58%; *p < 0,001 +16,17%; °p < 0,001 +33,82%; °p < 0,001 +35,29%;
’p < 0,001 +39,70%); 8p < 0,001 +50,00%; °p < 0,001 +54,41%; n = 2240

JlusuHonpun 2,5
Lisinopril

1,32 [0,65; 1,90]*

!p < 0,001 +59,10%; ?p < 0,001 +48,49%; *p < 0,001 +40,15%; *p < 0,001 +56,81%;

°p < 0,001 +65,90%; °p < 0,001 +66,66%; "p < 0,001 +68,93%); °p < 0,001 +74,24%;

9p < 0,001 +76,51%; n = 264
5 0,79 [0,43;1,22]"+°

1p < 0,001 +31,65%; *p < 0,001 +27,84%; °p < 0,001 -43,03%); °p < 0,001 +44,30%);
’p < 0,001 +48,10%); 8p < 0,001 +56,96%; °p < 0,001 +60,75%; n = 840
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IIpenapar Jo3a¥, mr

Drug Dosage*, mg CER
10 0,57 [0,30; 0,88]5°
°p < 0,001 -21,05%; °p < 0,001 +22,80%; "p < 0,001 +28,07%; °p < 0,001 +40,35%;
°p < 0,001 +45,61%; n= 1032
20 0,45 [0,24; 0,66]%°

5p < 0,001 +24,44%; °p < 0,001 +31,11%; n = 792

JHasanpua 2,5
Enalapril

10

20

0,44 [0,21; 0,85]%°
8p < 0,001 +22,72%; °p < 0,001 +29,54%; n = 640

0,41 [0,21; 0,79]%°
8p < 0,001 -17,07%; °p < 0,001 +24,39%; n = 2560

0,34 [0,15;0,68]°
9p < 0,001 +8,82%; n = 3648

0,31[0,13; 0,60]; n = 3328

JIAZl/ DBP

Kanronpun 25
Captopril

50

0,62 [0,25;1,35] 118

14p < 0,001 +29,03%; 5p < 0,001 +24,19%; 1*p < 0,001 +29,03%; 7p < 0,001 +40,32%;
18p < 0,001 +46,77%; n = 2185

0,75 [0,37;1,62]10.13-18

19 < 0,001 +17,33%; 13 p < 0,001 +25,33%; 1p < 0,001 +41,33%; 5p < 0,001 +37,33%;
161 < 0,001 +41,33%; 7p < 0,001 +50,66%; '®p < 0,001 +56,00%; n = 2575

JlusuHonpun 2,5
Lisinopril

10

20

1,24 [0,69; 2,15]10-18
%p < 0,001 +50,00%; ''p < 0,001 +39,51%; **p < 0,001 +34,67%; 1°p < 0,001 +54,83%;
14p < 0,001 +64,51%; p < 0,001 +62,09%; 1°p < 0,001 +64,51%; V7p < 0,001 +70,16%;
18 . —_
p < 0,001 +73.38%; n = 220
0,81 [0,42; 1,39]10.13-18
10p < 0,001 +23,45%; 1*p < 0,001 +30,86%; *p < 0,001 +45,67%; '5p < 0,001 +41,97%;
1%p < 0,001 +45,67%; "p < 0,001 +54,32%; *p < 0,001 +58,75%; n = 700
0,56 [0,29;1,00]1+16-18
p < 0,001 +21,42%; '°p < 0,001 -21,42%; "p < 0,001 +33,92%; ®p < 0,001 +41,07%; n = 860
0,44 [0,23; 0,81]17:18
7p < 0,001 +15,91%; **p < 0,001 +25,00%; n = 660

JHasanpua 2,5
Enalapril

10
20

0,47 [0,29;0,77]17-18
17p < 0,001 +21,27%; ¥p < 0,001 +29,78%; n = 460

0,44 [0,26; 0,74]17:18
17p < 0,001 +15,91%; 1¥p < 0,001 +25,00%; n = 1840

0,37 [0,20; 0,63]; n = 2622
0,33 [0,18; 0,57]; n = 2392

Npumevyaunue. CEA -

aHanu3 «3aTpaTtbli-adpdekTUBHOCTL» (cost-effectiveness analysis); CER - koadouinueHT «3aTpaThl-

appexTuBHOCTE» (cost-effectiveness ratio); CAJl - cucronndeckoe aprepuanbHoe jAasieHue; /JJA/l - AuacTosMyeckoe apTepUabHOE

JlaBJIeHHe.
#lo3upoBka HAI®, cTOUMOCTD KO
1p < 0,05 no cpaBuenwuto ¢ CER
3p < 0,05 no cpaBuenuio ¢ CER
°p < 0,05 no cpaBHenwuto ¢ CER
7p < 0,05 no cpaHenuto ¢ CER , .
°p < 0,05 no cpaBuenuio ¢ CER
1 p < 0,05 no cpaBHeHuio ¢ CER
13p < 0,05 no cpaBuenwut ¢ CER
5p < 0,05 o cpaBHEHUIO C CER,
7p < 0,05 no cpaBHeHuIo ¢ CER

CAL2
CALS

AL
A,
AAL

CA/120

CA/120
NIALS0

12,5

TOpOﬁ 6blJ1a UCIIOJIb30BaHA AJid pacdyeTa 3aTpar.

s Karnromnpua. 2p < 0,05 o cpaBHEHHUIO C CER_, 5, KaNTOIPHIIA.
susuHonpuaa.  “p < 0,05 mo cpaBHEHHIO C CERCAM JIM3MHOIIPUJIA.
Ju3uHonpuia. °p < 0,05 mo cpaBHEHHIO C CER_,, s 9HAIANpHIIA.
3HaJsIaNpuIa. 8p < 0,05 no cpaBHEHHIO C CER_,,, 9HaIAMpHIIA.

JHaJIaNpuIa. p < 0,05 o cpaBHEHUIO C CER,, , KaNTOIIpHIIA.
kantonpwia. ?p < 0,05 no cpaBHEHHIO ¢ CER;, ;s IM3MHONIPHIIA.

1o TM3UHONIpUAa. *p < 0,05 no cpaHenuto ¢ CER JIN3UHOTIpUJIA.

AZ120
16
JHaJIaNpua. p < 0,05 o cpaBHeHUIO C CERAAAS 9HaJIanpuJa.

sHajanpuaa. ®p < 0,05 no cpaBHenuto ¢ CER 3HaslanpuJa.

10 NIAZL 20

Abbreviations: CER-cost-effectiveness ratio; SBP - systolic blood pressure; DBP - diastolic blood pressure.
#Dosage of the angiotensin-converting enzyme inhibitors whose price was used to calculate costs.

1p < 0,05 compared with the CER
3p < 0,05 compared with the CER
p < 0,05 compared with the CER
7p < 0,05 compared with the CER

° p < 0,05 compared with the CER

1 p < 0,05 compared with the CER

13p < 0,05 compared with the CER
5p < 0,05 compared with the CER
7p < 0,05 compared with the CER

ssps Of captopril.  ?p < 0,05 compared with the CER, of captopril.
sgps O lisinopril.  *p < 0,05 compared with the CER,,  of lisinopril.
SBp20 thSlIlOijll. ®p < 0,05 compared w1_th the CER,, ; of enalapr_ll.
ssps Of enalapril. % p < 0,05 compared with the CER,,, , of enalapril.
sp20 Of enalapril.  1°p < 0,05 compared with the CER . of captopril.
oepso Of captopril.  '*p < 0,05 compared with the CER . of lisinopril.
op1o Of lisinopril.  **p < 0,05 compared with the CER ., of lisinopril.
oeez,s Of enalapril. - °p < 0,05 compared with the CER . of enalapril.
oep1o Of €nalapril.  ®p < 0,05 compared with the CER ,,; of enalapril.

Journal homepage: http://jsms.

ngmu.ru 115



H3zueuna E.3. udp. / Journal of Siberian Medical Sciences T. 10, N° 1 (2026)

3) CEA N? 2: 3HaueHUs CER,,;,.u CER ,  Kam-
TOIpWIa OBUIM CTATUCTUYECKH 3HAYUMO MEHbIIe
(p < 0,001) 3HaUeHUN CERHAHZ’5 JIM3UHOIIPUJIA Ha
50,00 1 39,51 % COOTBETCTBEHHO, IIPU 3TOM 3HAaUe-
uust CER Atz KQITOTIPHIIA OBLTH TaKKe CTaTUCTUYE-
CKH 3HAYUMO MeHbIIe (p < 0,001) CER,,, 1u3uHO-
npuia Ha 23,45 %. BHyTpum rpynmbsl KamnTompuia
3HAYEeHUA CER/:[AH25 OBLIM CTATUCTHUYECKU 3HAYHMO
MeHblIe (p < 0,001) 3HAYEHUH CER,,,., Ha 17,33 %.
3unauennd CER,, u CER,,  susuHOIpHIA ObLIH
CTaTUCTUYECKU 3HAYMMO MeHblIIe (p < 0,001) 3Haye-
HUU CERHM50 KanTomnpuia Ha 25,33 U 41,33 % cooT-
BeTcTBeHHO; Takxke CER,, = JM3HHOIpHIIA ObLIH
CTaTUCTUYECKU 3HAYMMO MeHblIIe (p < 0,001) 3Haye-
muii CER,, ~ xanrompmia Ha 29,03 %. BHyrpu
rpynmbl musuHonpuia sHadenus CER,,,, CER ),
u CERHAH20 OBLIM CTAaTHCTUYECKH 3HAYMMO MEHbIIIe
(p < 0,001) 3HaUEeHUH CER,,,  B/AMana3oHe [36,47—
64,51 %], mpu stom 3navenust CER - u CER -
OBUTH CTATUCTUYECKU 3HAUYMMO MeHbIIE (p < 0,001)
3HAYEHUH CER,,,. Ha 30,86 u 45,67 % COOTBeT-
cTBeHHO. Takke 3HaUeHUA CER)_W120 JIN3UHOIIPpUJIA
OBUTH CTATUCTUUYECKU 3HAYMMO MeHbIIE (p < 0,001)
snavennil CER,; smsuHONpHiIa Ha 21,42 %. 3Ha-
YeHUs CERMZ,S, CERH Als? CERHAH10 u CERHA]_.[20 5Ha-
Janpwia ObUIM CTATHCTHYECKH 3HAYUMO MEHBIIE
(p < 0,001) 3HAUEHUN CERAAH25 u CERH Also KaIITO-
nmpwia B JuamnasoHe [24,19—56,00 %]. 3HaueHUs
CERH Al CERH AL CERH Ao B CERH a0 QHAIATIPAIIA
OBLIM CTATUCTHYECKU 3HAYUMO MeHbIe (p < 0,001)
3HaueHuit CER .s 1 CER | nmsnHOIpHIIa B iNa-
masoHe [41,97—70,16 %], a TakKe 3HAUEHUA CERMS,
CER,,,, 1 CER, sHamampuia OBLIN cTaTUCTHYE-
CKH 3HAYUMO MeHbIIe (p < 0,001) 3HAYEHUH
CER,,, M3MHONpWIA B /{MalasoHe [21,42—
41,07 %). 3HaueHus CER,,,, u CER,  oHaia-
nmpusa OBUIM CTAaTHUCTUYECKH B3HAYUMO MEHbIIEe
(p < 0,001) sHavennit CER,,  sjusuHOIpHIa Ha
15,91 ¥ 25,00 % cOOTBeTCTBEHHO. [Ipu 5TOM BHYTpU
rpynmbl sHananpuia sHavenusa CER |, w1 CER
OBUTH CTATUCTUYECKU 3HAUYMMO MeHbIIE (p < 0,001)
3HAYEHUH CERH 25 ¥ CERH s YHAJIATIPUIIA B TMATIa-
30He [15,91%—29,78 %] (cm. Tabi1. 6).

4) CEA N° 3: smauyenus CER, Ay QHAIANpPUIIA
OBLIM CTATUCTHYECKU 3HAYUMO MeHbIe (p < 0,001)
3HAUYEHUU CER,, kantonpuia u CER,, ym3uHO-
npusia Ha 46,16 u 41,70 % (puc. 1).

5) CEA NO 3: 3HaueHUs CERI[AI[ JIN3UHOIIpUIIA
OBbLTH CTAaTUCTUYECKU 3HAYUMO MeHbIIIe
(p < 0,001) snauenuit CER , kanrompuia Ha
7,36 %. Ilpu sTom 3Hauenus CER ,, sHamanpuia
ObLTH CTAaTUCTUYECKU 3HAYUMO MeHbIIIe
(p < 0,001) snauvennit CER,, kanrompuia u

JIM3UHOTPpUIIA Ha 42,65 u 38,10 % (puc. 2).

CERp, and CER,, values in the range of [15,91%—
29,78%] (Table 6).

4) CEA No. 3: the CER,, values of enalapril were
statistically significantly lower (p < 0,001) than the
CERg,, values of captopril and the CER,, values of
lisinopril by 46,16 and 41,70% (Fig. 1).

5) CEA No. 3: the CER_, values of lisinopril were
statistically significantly lower (p < 0,001) than the
CER_,, values of captopril by 7,36%. At the same time,
the CER,, values of enalapril were statistically sig-
nificantly lower (p < 0,001) than the CER_,, values of
captopril and lisinopril by 42,65 and 38,10% (Fig. 2).

Sensitivity analysis. A deterministic univari-
ate analysis of sensitivity confirmed some of the data
obtained previously.

CEA No. 1: the maximum values of CERg, . of
enalapril remained statistically significantly lower
(p < 0,001) than the minimum values of CER,, of
captopril in the range of [64,29%-99,24%] and
CERg,, of lisinopril [61,54%-96,72%], and the maxi-
mum values of CER ;. . - of enalapril remained sta-
tistically significantly lower (p < 0,001) than the
minimum values of CER,, of captopril in the range
of [77,50%-99,24%] and CER_,, of lisinopril
[25,00%—95,22%] (Table 7).

The deterministic univariate analysis of sensi-
tivity performed for CEA No. 2 and CEA No. 3 did
not confirm the results of the cost-effectiveness

analyses.

DISCUSSION

Our study demonstrates the need for a cost-effec-
tiveness analysis taking into account the specific
dose of drugs with clinical effectiveness proved, as
this can significantly impact financial costs. When
enalapril is used at a dosage of 20 mg per day, which
would be achieved by taking four tablets (5 mg each)
to SBP control, the CER is statistically significantly
higher than the same coefficient for captopril and
lisinopril (Table 7), indicating that lower costs are
required to achieve effect with enalapril. When nor-
malizing elevated DBP with intake of 8 tablets
(2,5 mg) of enalapril per day ( daily dose of 20 mg), a
statistically significant advantage in CER is also
observed compared to the other ACE inhibitors stud-
ied (captopril and lisinopril). However, it is worth
noting that the need to take multiple tablets, even if
the required dose is completed, may negatively
impact patient adherence to therapy. A deterministic
univariate analysis of sensitivity performed for CEA
No. 2 and CEA No. 3 did not confirm their results.

Limits of the study:

« The clinical effectiveness of daily doses of the

studied ACE inhibitors (captopril, lisinopril,

116
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Puc. 1. Pegynprarel CEA (aHanmu3 «3aTpatbl-2pdeKkTuBHOCTH») N 3

[ Kanromnpun / Captopril
*p <0,001; +46,16%; n = 4140

@ JIusunonpun / Lisinopril
*p <0,001; +41,70%; n = 2928

[0 Dwuanamnpun / Enalapril
n=10176

(110 moKasaTesro KIMHIYeCKoH 3b(eKTHBHOCTH

JUIST CHCTOJIMYECKOTO apTepuaabHoro aasiaenus (CAI))

(*p < 0,05 no cpasrenmio ¢ CER |

(ko dbunmeHT «3aTpaThi-3GHEKTUBHOCTD») SHATATIPUIIA)

Fig. 1. Results of Cost-effectiveness analysis No. 3 (by clinical effectiveness for systolic blood pressure (SBP))
(*p < 0,05 compared with CER,, (cost-effectiveness ratio) of enalapril)

AHaIN3 9YyBCTBUTEJbHOCTHU. [leTepMUHUPO-
BaHHBIA OJTHO(AKTOPHBIA aHAIN3 YyBCTBHTEIHHO-
CTH TIOITBEP/AN YaCTh PaHee MOJIYyUYEeHHBIX TaHHbIX.

CEA N? 1: MakcUMaJIbHbI€ 3HAUEHUS CERCAHQ0 /s
SHAJIAMPUJIa OCTABAJIUCh CTATUCTUYECKU 3HAYMMO
MeHblle (p < 0,001) MHHUMAaJIbHBIX B3HAYEHUH

CER_,, Kanronpuia B fuanasoHe [64,20—99,24 %]

2,0 5
1 * K
1,5 4
& . *
QZ( 1,0 -
m |
o ]
T
0,0 -

and enalapril) was determined on the basis of
literature data.

It was assumed that the values for clinical
effectiveness based on literature data can be
obtained from the results of one day of phar-
macotherapy.

[ Kamronpun / Captopril
*p <0,001; +42,65%
*p <0,030; +7,36%; n = 4760
[ Jlusuronpun / Lisinopril
*p <0,001; +41,70%; n = 2440
Onananpw / Enalapril
n="7314

Puc. 2. Pesynbratsl CEA (aHamu3 «3atpaThl-2dpdeKTUBHOCTE») NO 3
(1m0 TTOKa3aTeNI0 KITMHUYECKOH 3(PHEKTUBHOCTH /ISl IUACTOJTUNYECKOTO apTepruanibHoro Aasenus (JIA/T))
(*p < 0,05 10 cparenuo ¢ CER, ; (koappuinpeHT «3aTparsl-3dHeKTHBHOCTD») SHAAIPHIIA;
*p < 0,05 110 CPAaBHEHHUIO C CERMIII/IBI/IHOHPI/IJIa)
Fig. 2. Results of the Cost-effectiveness analysis No. 3 (by clinical effectiveness for diastolic blood pressure (DBP))
(*p < 0,05 compared with CER , (cost-effectiveness ratio) of enalapril; *p < 0,05 compared with CER_, of lisinopril)

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

117



H3zueuna E.3. udp. / Journal of Siberian Medical Sciences T. 10, N° 1 (2026)

u CER,, 7usuHompriIa [61,54—96,72 %], a Takxke
MaKCUMaJIbHble 3HAUEHUA CERHAI[Q0 J2; DHAJIATIPHIIA
OCTABAJINCh CTATUCTUYECKH 3HAYMMO MeEHbIIle
(p < 0,001) MUHUMAJIPHBIX 3HAUYEHUU CERHAH Kar-
TOIIpWUJIa B AuanasoHe [77,50—99,24 %] u CER,,,
JIM3UHOIIPUIA [25,00—95,22 %] (TabJt. 7).
JleTepMUHUPOBAHHBIA OTHO(AKTOPHBIN aHAIN3
JyBCTBUTEJIBHOCTH, BBIOJIHEHHBIHN 111 CEA N2 2 1
CEA N°3, He NOATBepAWJ pe3yJbTaTbl aHAIN30B
«3aTpaThl-3(PPEKTUBHOCTH».

OBCYXK/JIEHUE

JlaHHOe ucciieZloBaHUEe JEMOHCTPUPYET HeobXo-
JIUMOCTb IIDOBEZIeHUs aHaIu3a «3aTpaThl-addex-
THUBHOCTB» C YYETOM KOHKPETHOU JIO3UPOBKH IIpena-
paroB, Mpu KOTOPOU ObLIA YCTAHOBJIEHA UX KJIMHU-
yeckass 5¢PGEeKTUBHOCTh, IOCKOJBKY 3TO MOXKET
CYIIeCTBEHHO BJIMATH HAa (UHAHCOBBIE PACXO/BL.
[Ipu npuMeHeHUU SHATIATIPUIIA B JO3UPOBKE 20 MT B
CYTKH, KOTOpasi JJOCTUTAIach ObI TPUEMOM 4 TabJie-
ToK (1m0 5 mr) mas koHTposs CAJl, koadduiuent
CER craTtucTu4ecKd 3HAYUMO IIPEBOCXOAUT aHAJIO-
TUYHBIA KOA(POUIHEHT 11 KalTOIPUIa U JIN3UHO-
npuia (cM. TabJ1. 7), UTO YKa3bIBaeT Ha TO, UTO B CIIy-

« Data on the clinical effectiveness of the stud-
ied ACE inhibitors (captopril, lisinopril, and
enalapril) was obtained on the basis of mea-
sures of central tendency and measures of
their variability according to literature data,
taking into account the doses/dose range
under the study.

« The ability of the studied ACE inhibitors to
reduce SBP and DBP in pathological condi-
tions accompanied by increased BP (hyper-
tension, hypertensive crisis) considered as a
criterion of clinical effectiveness.

« Bioequivalence of ACE inhibitors (captopril,
lisinopril, and enalapril) from different man-
ufacturers was not taken into account.

« Retrieval of the literature data on captopril,
lisinopril, and enalapril for the calculation of
clinical efficacy took place over the period of
1955—2013.

CONCLUSION

During a pharmacoeconomic cost-effectiveness
analysis of angiotensin-converting enzyme inhibi-
tors, captopril, enalapril, and lisinopril using the

Ta6suna 7. Pe3ybTaThl e TEPMUHUPOBAHHOTO 0JHOGAKTOPHOTO aHa/In3a yyBcTBUTeAbHOCTH CEA Nel
(mo nmokasareJito kauHU4Yeckoi apdextuBHoctu ansa CAJ u JA/) (median [lg; uq])
Table 7. Results of the deterministic univariate analysis of sensitivity of Cost-effectiveness analysis No. 1
(by clinical effectiveness for systolic and diastolic blood pressure ) (median [lg; uq])

CAJl / SBP

Kanmonpua / Captopril

PacueT 3aTpar yepes AO3UPOBKY 25 Mr
Cost calculation based on a 25 mg dose

PacueT 3aTpat yepes AO3UPOBKY 50 Mr
Cost calculation based on a 50 mg dose

Jo3a*

Jo3a*

Dosage* CER Dosage* (B3}
25 - 25 0,14 [0,10; 0,22]*
p < 0,001 +64,29%; n =336

50 0,32 [0,05; 0,19]" 50 0,40 [0,23; 0,53]"

'p <0,001 +84,38%; n = 285 'p<0,001 +87,50%; n =336
67 0,34 [0,12; 0,52]* 67 0,36 [0,27; 0,74]*

1p < 0,001 +85,30%; n = 189 1p < 0,001 +86,20%; n = 224
75 0,38 [0,14; 0,49]" 75 0,39 [0,30; 0,62]"

'p < 0,001 +86,85%; n = 189 'p<0,001 +87,18%; n = 224
100 0,47 [0,19; 0,85]* 100 0,48 [0,37;1,08]*

1p < 0,001 +89,37%; n = 189 1p < 0,001 +89,59%; n = 224
150 0,68 [0,27; 0,98]* 150 0,71 [0,54; 1,25]*

p < 0,001 +92,65%; n =189 'p<0,001 +92,96%; n = 224
225 2,55[0,98; 3,31]* 225 3,25[2,55; 3,36]*

p < 0,001 +98,04%; n =95 p <0,001+98,47%; n=112
300 3,40 [1,31; 4,41]* 300 4,33 [3,40; 4,48]*

'p < 0,001 +98,53%; n =95 'p <0,001+98,85%; n=112
375 4,25 [1,64; 5,52]* 375 5,41 [4,25; 5,60]*

1p < 0,001 +98,83%; n =95 p <0,001+99,08%; n=112
450 5,10[1,97; 6,62]* 450 6,50 [5,10; 6,72]*

'p <0,001 +99,02%; n = 95 'p <0,001+99,24%; n=112
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[Ipogomxenue Ta6s. 7 / Continuation of Table 7

Jlusuronpu. / Lisinopril

PacueT 3aTpar uepe3
AO3UPOBKY 2,5 MT
Cost calculation based
on a 2,5 mg dose

Pac4yer 3aTpar 4epes
AO3UPOBKY 5 Mr

Cost calculation based
on a 5 mg dose

PacueT 3aTpar uyepe3
A03UpPOBKy 10 Mr

Cost calculation based
on a 10 mg dose

PacueT 3aTpar uyepe3
A03UPOBKY 20 Mr
Cost calculation based
on a 20 mg dose

Jo3a* Jo3a* Jo3a* Jo3a*

Dosage* gan Dosage* gan Dosage* g3 Dosage* CER

10 0,29 [0,26; 0,34]* 10 0,18 [0,14; 0,26]* 10 0,13 [0,10; 0,18]* 10 -
p<0,001 p<0,001 p<0,019
+82,76%; n = 66 +72,30%; n=210 +61,54%; n = 258

20 0,77 [0,64; 0,91]* 20 0,49 [0,35; 0,64]* 20 0,34 [0,25; 0,45]* 20 0,27 [0,20; 0,36]!
'p<0,001 'p<0,001 'p<0,001 'p<0,001
+93,51%; n =66 +89,80%; n =210 +85,30%; n =258 +81,49%; n =198

30 1,14[0,88;1,35]* 30 0,74 [0,51; 0,95]* 30 0,53[0,36; 0,68]' 30 0,40 [0,29; 0,53]*
'p<0,001 'p<0,001 'p<0,001 'p<0,001
+95,62%; n = 66 +93,25%; n =210 +90,57%; n = 258 +87,50%; n =198

40 1,52[1,17;1,80]* 40 0,99 [0,68; 1,27]' 40 0,71[0,48;0,90]' 40 0,53 [0,39; 0,70]*
p<0,001 p<0,001 p<0,001 p<0,001
+96,72%; n = 66 +94,95%; n =210 +92,96%; n = 258 +90,57%; n =198

Iuananpus / Enalapril
Jo3a*
Dosage* (B

PacyeT 3aTpaT 4epe3 03UPOBKY 5 MI'
Cost calculation based on a 5 mg dosage

0,05 [0,04; 0,08]; n = 260

JA]l / DBP

Kanmonpua / Captopril

PacueT 3aTpar yepes AO3UPOBKY 25 Mr
Cost calculation based on a 25 mg dose

PacueT 3aTpar yepes A03UPOBKY 50 Mr
Cost calculation based on a 50 mg dose

Jo3a*

Jo3a*

Dosage* 3 Dosage* B
67 0,40 [0,16; 0,56]° 67 0,411[0,31;0,71)°
’p<0,001+77,50%; n =190
75 0,47 [0,18; 0,63]* 75 ’p < 0,001 +78,05%; n = 224
’p < 0,001 +80,86%; n = 285
100 0,60 [0,24; 0,84]° 100 0,62[0,47;1,07]°
’p < 0,001 +85,00%; n =190 ’p < 0,001 +85,49%; n = 224
150 0,851[0,34; 1,26]° 150 0,881[0,67; 1,61]°
2p < 0,001 +89,42%; n =190 ’p < 0,001 +89,78%; n = 224
225 2,30[0,89; 2,98]° 225 2,93[2,30; 3,03]°
’p < 0,001 +96,09%; n =95 ’p < 0,001 +96,93%; n =112
300 3,07 [1,18; 3,98]° 300 3,90 [3,07; 4,04]°
?p < 0,001 +97,07%; n =95 ’p < 0,001 +97,70%; n =112
375 3,83 [1,48;4,97]° 375 4,88 [3,83; 5,05]*
’p < 0,001 +97,66%; n =95 ’p < 0,001 +98,16%; n =112
450 4,60 [1,78; 5,97]* 450 5,86 [4,60; 6,06]°

’p < 0,001 +98,05%; n = 95

’p < 0,001 +98,47%; n =112

JlusuHonpua / Lisinopril

Pacuer 3aTpart yepes
AO3UPOBKY 2,5 MT
Cost calculation based

Pacuer 3aTpat yepes
AO3UPOBKY 5 Mr
Cost calculation based

Pacuer 3aTpat yepes
A03UPOBKY 10 Mr
Cost calculation based

Pacuer 3aTpat yepes
AO03UPOBKY 20 Mr
Cost calculation based

on a 2,5 mg dose on a 5 mg dose on a 10 mg dose on a 20 mg dose

Jo3a* Jo3a* Jo3a* Jo3a*

Dosage* S5 Dosage* S5 Dosage* S5 Dosage* M

10 0,34 [0,28; 0,42]* 10 - 10 - 10 -
p<0,011

+73,53%; n =66
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OkoHyaHue Tab6s1. 7 / End of Table 7

Jo3a* Jo3a*

Jo3a*

Jo3a*

Dosage* (B Dosage* B Dosage* B Dosage* B

20 0,901[0,79; 1,23]> 20 0,57 [0,42;0,75]? 20 0,40 [0,31;0,52]? 20 0,32 [0,24;0,43]?
’p < 0,001 ’p < 0,001 ’p < 0,001 ’p < 0,001
+90,00%; n = 44 +84,22%; n = 140 +77,50%; n=172 +71,88%; n =132

30 1,41[1,19;1,96]* 30 0,90 [0,64;1,14]* 30 0,63 [0,47;0,81]* 30 0,51 [0,37;0,65]*
p<0,001 p<0,001 p<0,001 p<0,001
+93,62%; n = 44 +90,00%; n = 140 +85,72%; n =172 +82,36%; n =132

40 1,88[1,59; 2,61]* 40 1,20[0,85;1,52]* 40 0,85 [0,63;1,08]? 40 0,68 [0,49; 0,870]*
’p <0,001 ’p < 0,001 ’p <0,001 p < 0,001
+95,22%; n =44 +92,50%; n = 140 +89,42%; n=172 +86,77%; n =132

Inananpua / Enalapril
Jo3a*
Dosage* S

PacueT 3aTpaT yepes AO3UPOBKY 2,5 MT
Cost calculation based on a 2,5 mg dosage

0,09 [0,05; 0,09]; n = 52

IpumMmeuaHnwue.

CEA - aHanusz «3aTpaTbl-a¢pdeKTUBHOCTb» (cost-effectiveness analysis); CER - koadduumeHT «3aTpaThbl-

a¢pdpexTuBHOCTE» (cost-effectiveness ratio); CAJl - cucronndeckoe aprepuanbHoe jAaBieHue; JJA/l - AuacTo/Myeckoe apTepUanbHOE

JAaBJIEHHE.

*JlosupoBka HAIIP (Mr), mposeMOHCTpUpOBaBIIAs KIMHHUECKYI0 3pPEeKTUBHOCTE.

!p < 0,05 no cpaBHeHuto ¢ CER

’p < 0,05 no cpaBHEHHIO C CER 12025

SHaJlanpuJaa.
JHaJ1allpuJa.

CANI20/5

Abbreviations
* ACE inhibitor dosage (mg) that has demonstrated clinical efficacy.
1p < 0,05 compared with the CER of enalapril.

2p < 0,05 compared with the CER of enalapril.

SBP20/5
DBP20/2,5

yae NpPUMEHEHUs BSHAJANpPWIA IS JOCTUKEHUS
3(pHEeKTUBHOCTH HEOOXOAUMBI MEHBIINE 3aTPATHI.
IIpu HOpMasu3anuu nopeieHHoro 1A/l 8 tabser-
kamM# (10 2,5 MI) SHaJANIPWIA B JIeHb (CyTouHas
JI03a 20 MTI) TakKe HaOJI0[AeTcsl CTaTUCTUYECKU
3HaunMoe npeumyiiectso CER B cpaBHeHUU ¢ ayib-
TepHATUBHBIMHU U3ydeHHbIMH HAIID (kanTompuiom
U jau3uHONpUiIoM). OJHAKO CTOUT OTMETHUTH, UTO
HeOoOXO0AMMOCTD ITPHeMa MHOKeCTBA Ta0JIETOK, AaKe
B ciydyae ¢GOPMUPOBAHUS TaKUM 0Opa3oM HeoOXo-
JIUMOM J103b1, MOKET OTPHUIATEIHHO BJIUATH HA IPU-
BEP’KEHHOCTH MANFIEHTOB K Ha3HAUYEHHOU TepaITny.
JleTepMUHHUPOBAHHBIA  OAHOMAKTOPHBIA aHAIU3
YyBCTBUTEJIBHOCTH, BhIIOJIHEHHBIH 111 CEA N2 2 1
CEA N3, He TOATBEPAUII UX PE3YIbTATHI.

OrpaHuuyeHus NCCIE€TOBAHUA:

*  Kiuawmueckasa 5¢p@eKTUBHOCTh CYTOUHBIX
ZI03UPOBOK n3yuaeMbIx HAII® (kanTomnpuia,
JIN3UHONPIIIA U SHAJIATIPUIIA) OIIPe/IesIsIach
Ha OCHOBAHHUU JIUTEPATYPHBIX JIAHHBIX.

e Hcxoawnau U3 TOTO, YTO 3HAUEHU 110 KIINHU-
yeckod 3(P(HEKTUBHOCTH HA OCHOBE JIUTEPA-
TYPHBIX JIAHHBIX MOTYT OBITH IOJIyYEHBI 110
pesyJibTaTaM OLleHKHU OJJHUX CYyTOK hapMaKo-
Tepamnuu.

*  HMudopmanusa o kInHUYECKON 3D DEKTUBHO-
ctu u3ydaemMbix HAII® (kamrompmia, JTu3u-
HOIIPUJIA U HAJIAIpuiIa) GpopMHpOBaIach Ha

: CER - cost-effectiveness ratio; SBP - systolic blood pressure; DBP - diastolic blood pressure.

SRM, in which CER values were calculated sepa-
rately for each dosage demonstrating clinical effec-
tiveness (CEA No. 1), it was found that the CER val-
ues of enalapril, when used at a daily dose of 20 mg
(intake of 4 tablets at a dose of 5 mg) were statisti-
cally significantly lower than the CER values of cap-
topril and lisinopril when assessing the clinical effec-
tiveness of normalizing SBP. It was also shown that
the CER values of enalapril, when used at a daily
dose of 20 mg (intake of 8 tablets at a dose of 2,5 mg)
were statistically significantly lower than the CER
values of captopril and lisinopril when assessing the
clinical effectiveness of normalizing DBP.
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OCHOBAaHHUU MeP LEHTPAIBHOU TEH/IEHIUN U
Mep WX H3MEHYHBOCTH IO JIUTEPATYPHBIM
JIAaHHBIM C y4eTOM 3aABJIEHHBIX B HCCJIE/I0BA-
HUH JIO3UPOBOK/IaNIa30Ha I03UPOBOK.

e B kauecrtBe KpuTepusa KIMHUYECKOH 2P Pek-
TUBHOCTH PacCMaTPHUBAJIACh CIOCOOHOCTD
usyuaembix HAII® camxkate CAZl u JIA/] Ha
(¢oHe maToJIOTHYECKUX COCTOSHUH, XapaKTe-
pusytomuxcs nosbimenuem AJl (AT, rumep-
TEH3UBHBIN KPH3);

« BuoskBuBasentHocth HAIID (kanTompuiia,
JIN3UHONPIJIA U SHAJIANPWIA) Pa3HbBIX IIPO-
HU3BOAUTENEH HEe YIUTHIBATIACE.

« COOp J/HUTEpAaTypHBIX JAHHBIX IO KaITO-
NIpWIy, JIU3UHONPWIY U SHAJANPWIY AJA
pacuera KIMHHYECKOU 3(PPEKTHBHOCTH IPO-
XO[IWJI 32 BPEMEHHOU IPOMEXKYTOK 1955—
2013 rOfI0B.

3AK/IIOYEHUE

B xoze mposezeHHA (PapMaKO3KOHOMUYECKOTO
aHaIM3a «3aTpaThl-3PEKTUBHOCTh» WUHTUOUTOPOB
AHTUOTeH3UHIIpeBpalaniero depmMeHTa — KamnTo-
IpuJia, HaJaNpuiIa U JIM3UHOIIPUIIA C UCII0JIb30Ba-
HueM I'PJIC, B koTopom 3HaueHus1 CER paccuntsiBa-
JINCH OTAEIBHO JJIS KK/IOH JIO3UPOBKU, IIPOAEMOH-
CTpUpPOBaBIIel  KIWHUYECKYyI0 3¢ @eKTHBHOCTD
(CEA N¢ 1), 6pu10 yetaHoBIeHO, uTo 3HaueHuss CER
SHAJIATIPIJIA B CJIyYae €ero MPUMEeHEHUsA B CYTOUHOM
JI0O3UPOBKE 20 MT, KOTOpPasd IOCTUTIach ObI 32 CUeT
npuema 4 TabJi. o 5 MT, ObTH CTaTUCTUYECKU 3Ha-
yumo MeHblle CER kanrTompusia U JIM3WHONPHIA
IIpU OIleHKe KINHUYeCKO! 3 ¢deKTUBHOCTU 110 HOP-
manmzanuu CAJl. Takke mokasaHO, UTO 3HAYEHUS
CER »sHananpwia B cjydae ero NPUMeHEHUs B
CYTOYHOH JI03MPOBKE 20 MT, KOTOpas JIOCTUTAIach
OBl 3a cueT mpuema 8 TabJ. 1Mo 2,5 MT, ObLJIU CTaTH-
ctuyecku 3HauuMo Menblle CER kanronpuia u
JIM3UHONPWIA TIPU OIleHKe KJIMHUYecKoN addek-
THUBHOCTH 110 HOpMasuzanuu JJA/l.
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IIpoTuBOTYOEpPKYJAE€3HAA HMMYHHU3AIHUA U €€ OCJIOKHEHUA
y nereud OpeHOyprckou od1acTu

K.A. ITanunat, T.H. Uruarosa', A.M. Muxaiiosckuii', M.B. Ten?

T'BY3 «Openbypackuil obaacmmoll kauHuxeckuil npomusomybepkyaedmbwlit ducnamcep», Openbype, Poccus

2@I'BOY BO «OpeHbypeckuil 2ocydapcmeerHblil meouyuHckuil yHusepcumem» Munadpasa Poccuu, Openbype, Poccus

AHHOTAIIUA

BBeenue. Bakinuna BIDK, paspaborannas dpaHifysckuMu yueHbIME Ansbepom Kamemerom u Kamuiaem I'epe-
HOM B 1921 T., I0 HACTOSAIIETO BpeMeHU ocTaeTcst 3 GEKTUBHBIM METO/IOM criennduueckoil IpodUIaKTHKN TyOepKyJie3a.
Onnako npu npumeHennd BakiiuH BIDK/BIXK-M Bo3MOKHBI IOCTBAKITHHAIBHBIE OCTIOKHEHHSI, YTO ABJISETCS OJTHON U3
IIPUYMH HECOIJIACHS POJIUTEJIel Ha IPOBe/IeHNe BaKI[MHAINY. UMCII0 TAKIX OTKA30B €XETO/THO PACTET, CO37]aBas aKTyaslb-
HYIO MEZUITUHCKYIO Tpobiemy. Kpome Toro, ietu, He BaknuHUpoBaHHbIe BIXK, mOmaialoT B rpyIiny NOBBIIIEHHOTO PUCKA
3a00s1eBaHUS TyOEPKYIE30M.

IT e 1 b . AHanu3 CIIy4aeB OCJIOXKHEHHOTO TeUEHUsI IOCTBAKIMHAJILHOTO ITEPUO/Ia TPOTUBOTYOEPKYJIe3HOU IMMYHHU3a-
oy B 2008—-2022 IT. cpenu JieTed OpeHOYpreKoi 06JIaCTH U IEMOHCTPAIMSA Ha NMpUMepe ABYX KJINHUYECKUX CIyJaeB
BO3MOKHBIX KJIMHUUECKHUX IPOSIBJIEHUH OcsiokHeHUH BI[K-BakMHAIUY Y IeTeN.

MaTepuanb U MeTO/]BHl . IIpoBereH KINHUKO-IIUEMUOIOTHIECKIH aHAIN3 BCEX CIydaeB OCIOMKHEH-
HOTO TeYeHUsI NOCTBAKIIMHAIIBHOTO IIEPHO/A IPOTUBOTYOEPKYJIe3HOM UMMYHU3aIUU Y AeTell OpeHOyprekoi o61acTu B
2008-2022 rT. M CI10/1630BIIH TAHHBIE ITOJTUIIEBOIO PETUCTPA KOHTHHTEHTOB OpeHOYPreKOro 06J1aCTHOTO KIIMHIYECKOTO
IIPOTUBOTYOEPKYJIE3HOTO AVCIIAHCEPA. AHATHU3UPOBAINCH CBEIEHNUS, ITOJIyYeHHbIE B X0/le HEIIOCPEACTBEHHOTO HabIIoze-
HUA 32 IeTbMU U aHAIN3a MeJIUIMHCKON JOKYMEHTAINH (3Tarbl IEPBUYHON JUArHOCTUKY U BepH(DUKAINH IUATHO3a).
PaccMOTpeHbI IBa KJIMHUYECKUX ciiydas ocyoxkHeHnit: BIDK-nmumdanenura u BI[XK-octura.

PesynbTarts . [lokazaTenab OCJI0KHEHUHA HA 100 OO0 MIPUBUTHIX BAPbUPOBAJI OT 21,6 B 2008 T. 710 19,6 B 2022 T.
U XapaKTepHu30BaJcs BOJIHOOOPA3HOM AMHAMUKON ¢ TeHAeHIHel K cHIbKeHHI0. Hambosiee 4acTIMHU OCTIOKHEHUSIMU
nocsie BakiuHanuu BIDK (51,3 % ciyuaeB) ObLIM BOCIAJIEHHE PETHOHAPHBIX JUMQBATHUYECKUX y3JI0B (JImMdaseHuT),
x0JI0/iHBIe abcuecchl (31,3 % ciyuaeB) u cuenudUUecKue BOCHAIEHUA KOCTHO-cyctaBHOU cucreMmbl (BIK-ocTuTh) —
12,5 % cyy4daes.

BaxnwueHue. lpunpumenenuu BIDK/BIYK-M Bo3MOKHBI IOCTBAKIIMHAIbHbBIE PEAKITUH U OCJIOKHEHUS, U B
CBSI3U C 3TUM HEOOXOMMMO PaCIpOCTPAHATH HaKTHUECKUe JaHHbIe O KpaliHe HU3KOU BEPOSITHOCTH BO3HUKHOBEHUS Y
JleTel OCJIOKHEHUH B MOCTBAKIIMHAIBHOM IEPHO/IEe TPOTUBOTYOEPKYJIe3HOM MMMyHU3auu. [IpUIHON OTKa3a Hacese-
HUS OT BaKI[MHAIIUHY SIBJISIETCS HEZOCTATOUHAS aKTUBHAsI POTUBOTYOEPKyIe3Hasi paboTa cpeii 6epeMeHHBIX KEHIINH U
MOJIOZIBIX MaTepeii, KOTOPHIM HEOOXOTUMO Pa3bsACHATh He00X01uMOCTh MpUBUBKY BIDK, BHAKOMUTH X C 0COOEHHOCTSIMHU
BAaKIMHAJIBHOTO IIPOIecca Y HOBOPOXKEHHBIX. PocT oTkazoB ot npuBuBKU BI[XK B pernone He 3aBHUCUT OT BO3MOKHBIX
[IOCTBAKIIMHAJIBHBIX OCJIOKHEHUH. [IpesicTaBieHHbIe KIMHUYECKHE IIPIMEPBI MOTYT OKa3aThCA MTOJIE3HBIMU J/IJIS CIIeIfa-
JIICTOB IEPBUYHOTO 3B€HA IT€IUATPUUECKOH TOMOIIH (YIACTKOBBIX MIEIMATPOB, IETCKUX XHUPYPIOB).

Kmuouessle croea: tydepkyes, netu, Bakiuaaius BILDK, ocioxHeHN.
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Vaccination against tuberculosis and its complications
in children of the Orenburg region

K.A. Panina’, T.N. Ignatova', A.M. Mikhajlovsky', M.B. Ten?

Orenburg Regional Clinical Anti-Tuberculosis Dispensary, Orenburg, Russia

20Orenburg State Medical University, Orenburg, Russia

ABSTRACT

Introduction. Thebacille Calmette-Guérin (BCG) vaccine, developed by French scientists Albert Calmette and
Camille Guérin in 1921, remains an effective method for the specific prevention of tuberculosis. However, post-vaccination
complications are possible when using the BCG/BCG-M vaccines, which is one of the reasons of parental vaccination
refusal. The number of such refusals increases annually, creating a pressing medical problem. Furthermore, non-BCG vac-
cinated children are at increased risk of tuberculosis.

A im . Analysis of cases of complications following anti-tuberculosis vaccination in 2008—-2022 among children of the
Orenburg region and demonstration of possible clinical manifestations of complications of BCG vaccination in children
using two case reports as an example.

Materials and methods. Aclinical and epidemiological analysis of all cases of complications following
anti-tuberculosis vaccination in children in the Orenburg region from 2008 to 2022 was performed. Data from the per-
sonal register at the Orenburg Regional Clinical Anti-Tuberculosis Dispensary were used. Data from the follow-up of chil-
dren and medical records (primary diagnostics and verification of diagnosis) were analyzed. Two clinical cases of complica-
tions were examined: BCG lymphadenitis and BCG osteitis.

Results. The complication rate per 100 000 of vaccinated ranged from 21,6 in 2008 to 19,6 in 2022, showing a
fluctuating trend with a downward trajectory. The most common complications following BCG vaccination (51,3% of cases)
were inflammation in the regional lymph nodes (lymphadenitis), cold abscesses (31,3% of cases), and specific osteoarticu-
lar inflammation (BCG osteitis) — 12,5% of cases.

Conclusion. Post-BCG/BCG-M vaccination reactions and complications are possible, and it is essential to spread
the actual information regarding the extremely low risk of post-BCG complications in children. The reason for the popula-
tion’s refusal of BCG vaccination is the lack of active anti-tuberculosis campaigns among pregnant women and new moth-
ers, who need to be educated about the necessity of BCG vaccination and introduced to the features of vaccination in
newborns. The increase in BCG vaccination refusals in the region is not related to possible post-vaccination complications.
The case reports presented may be useful for primary pediatric care specialists (primary care pediatricians and pediatric
surgeons).

Keywords: tuberculosis, children, BCG vaccination, complications.
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BBEJAEHHNE

Bakmuua BIJK, pazpaboranHas B 1921 1. ¢hpaH-
Iy3CKUMH YYEHBIMH: MHUKPOOHOJIOTOM AJIbBOEpPOM
Kanbpmerom (Albert Calmette) um BerepuHapom
Kamwuiem I'epenom (Camille Guérin) — 0 cux mop
ocraercs 3(pPEeKTUBHBIM METO/IOM CIEemu(pUIECKOr
NpoUIaKTUKKU TyOepKysie3a U HCIOJIb3YyeTCsl BO
MHOTHUX cTpaHaxX Mupa. C MOMEHTa CBOETO IOSIBJIE-
Hua BakiuHa BIJK Oblia BHeZpeHa B HAIMOHAb-
HbIE TPOTPAMMBbI UMMYHU3AINU B PA3JIMIHBIX TOCY-
JlapCcTBaX, UYTO II03BOJIWJIO 3HAUUTESHHO CHHU3UTH
3a00J1€Ba€MOCTh U CMEPTHOCTD OT TyOEpKyJie3a, 0Co-
6enHO cpenu ereil. IPHEKTUBHOCTD BAKI[UHBI IO/~
TBEPK/IEHA MHOKECTBOM KJIMHUUYECKUX HCCIIEN0Ba-

INTRODUCTION

The Bacillus Calmette-Guérin (BCG) vaccine,
developed in 1921 by French scientists Albert
Calmette, a microbiologist, and Camille Guérin, a
veterinarian, remains an effective method for the
specific prevention of tuberculosis and is used in
many countries worldwide. Since its introduction,
the BCG vaccine has been incorporated into national
immunization programs in numerous countries, sig-
nificantly reducing tuberculosis morbidity and mor-
tality, particularly among children. The vaccine’s
effectiveness has been confirmed by numerous clini-
cal studies, which have shown that it not only reduces
the risk of the disease but also lessens the severity of
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HHH, KOTOpbIE IMOKa3aJIk, YTO OHA HE TOJIbKO CHH-
JKaeT pUcK 3ab0JIeBaHMsI, HO U YMEHBIIIAeT TSIKECTh
TeueHUsI OOJIE3HU B C/Iy4yae IEPBUUHOTO HHPUITUPO-
BaHUs Bo30yauTesieM TyOepkysiesa [1—3]. UMmmyHuH-
sanua BIDK-mramMoMm cumrtaercs 0Oe30IacHON u
3¢ peKTUBHOM TPOIIEAYPOH, HO, B CBA3H C 0COOEHHO-
CTSIMU Pa3MHOKEHUSI )KUBBIX BAKIIUHHBIX MHUKOOAK-
TepUi B OpraHu3Me IPUBUTHIX JETEH, MHOTIA MOKET
BBI3BIBATh OCJIOKHEHHUsI MECTHOTO WJIU CUCTEMHOTO
XapakTepa, 4YTO 3a4acCTy) CTAHOBUTCS ITOBOJIOM JIJISI
OTKa3a OT 3TOT0 MeTO/ia MPO(PUIaKTUKH.

JKusble mukobakrepun mramma BIK-1 obia-
JIAIOT OIpeJIeJIEHHBIMU OMOJIOTUYECKUMH U UMMY-
HOJIOTUYECKUMHU CBOMCTBAMHM U, Pa3MHOKasiCh B
OpraHu3Me IPHUBUTOTO, HMPUBOAAT K (GHOPMUPOBa-
HUIO JUTUTEJIBHOTO WMMYyHHUTETa IMPOTUB TyOepKy-
nesa [4, 5]. [Ipu npumeHeHuw BakiuHbl BI[JK/
BII?K-M B0O3MOKHBI HOCTBAaKIIMHAJIbHbBIE OCJIOMKHE-
HUS, UYTO SIBJISETCSA OJHOH M3 IPUYHMH OTKa3a POJIH-
TeJlel OT BakmuHaruu. I[losToMy HEOO6XOZUMO
Tpa"HcIupoBaTh (aKTUUecKUe JJaHHble O KpaiiHe
HUBKOU BEpPOSATHOCTA BO3HUKHOBEHUS Y JIeTeH
OCJIO’KHEHUH B TIOCTBAKI[MHAJIBHOM IIEPUOJE, KOTO-
pble B TIOCJIE/THHE TO/BI HE MIPEBBINIAIOT 0,02 %, T.€.
OJIMH-7[BA CJIy4yasi HA 100 ThIC. 103 BaKIUHBI [6—8].
OO1iee YKMCIO OCJIOKHEHUH TOCe BaKI[WHAI[UH
BI’K cocraBiser 0,02—1,2 %, mocjie peBaKIIMHA-
muu — 0,003%. Ocnoxxknenus B Buje BIDK-
auMbaIeHUTOB W XOJIOJHBIX abcCIieccoB, IO JaH-
HBIM [9], cocTaBisAlOT He Oojee 0,01-0,02 % OT
YHCJIa IPUBUTHIX.

B Openbyprckoii obsiactu HabJIIOIaeTcss Tpe-
BOKHAsA TEHJEHIWA: HECMOTPsI Ha COKpallleHHe
00IIIero Yrcia HOBOPOXKIEHHBIX JIeTeH, KOJTUIECTBO
OTKa30B MaTepei OT BaKI[MHAIIMHU MPOTUB TyOEpKY-
Jie3a HEYKJIOHHO PACTeT. 3a IepUo/, c 2018 1o 2022 T.
CJIy4au TaKUX OTKA30B YBEJIUUHJIUCH ¢ 849 10 1057,
B 00IITeH CI0KHOCTH 32 IATH JIET 3aPETUCTPUPOBAHO
4719 OTKa30B. ATO BBI3BIBAET CEPhE3HOE OECIIOKOM-
CTBO, IIOCKOJIBKY JeTd, He mnoayuusiune BIZK-
MIPUBUBKY, MOMAAAIOT B IPYIIITY MTOBBIIIIEHHOTO PHCKA
3abosieBaHusl TyOEpKyJIe30M, BKJIIOUas pPa3BUTHE
HauOoJIee TSKENIBIX ero (GOpPM C JIETATHLHBIM HUCXO-
oM [10]. Cutyanus Tpebyer MPUCTAILHOTO BHUMA-
HUSA U TPUHATUS MeDP JIUIS TTOBBIIIIEHUA YPOBHSA BaK-
[FHAITH.

CrenyeTr OTMETUTh, YTO OCHOBHASI IPHUYMHA TOTO,
YTO MJIAJIEHIBI HE TOJIyJaloT MPUBUBKU BOBPEMS
WJIM BOBCE HE IOJIYYaIOT UX B IIEPBBIU IO/ JKU3HHU —
5TO MEJUIMHCKUE IPOTUBOIOKA3aHUsS, OOYCIOB-
JIEHHBIE COCTOSTHUEM 37I0POBbs pebeHka. Pogurtenu
JK€ YacTO OTKAa3bIBAIOTCS OT BaKIWMHAIIUU II0 JIAY-
HBIM yOEXKIEeHNAM, Jallle BCEro M3-3a cTpaxa mepes
BO3MOKHBIMU MTOOOYHBIMU d(PdeKTaMu mocyie Ipu-

the disease in primary infection with Mycobacte-
rium (M.) tuberculosis (MBT) [1—3]. Immunization
with the BCG strain is considered a safe and effective
procedure. However, due to the specifics of live vac-
cine mycobacteria growth in vaccinated children, it
can sometimes cause local or systemic complica-
tions, which often becomes a reason for refusal of
this method of prevention.

Live mycobacteria of the BCG-1 strain have cer-
tain biological and immunological properties and,
multiplying in the vaccinated body, lead to the for-
mation of long-term immunity to tuberculosis [4, 5].
When using the BCG/BCG-M vaccine, post-vaccina-
tion complications are possible, which is one of the
reasons for parental vaccination refusal of vaccina-
tion. Therefore, it is necessary to spread the factual
data on the extremely low probability of post-BCG
complications in children, which in recent years,
have not exceeded 0,02%, i.e. one or two cases per
100 thousand doses of the vaccine [6—8]. The total
number of complications after BCG vaccination is
0,02-1,2%, after revaccination — 0,003%. Such com-
plications as BCG lymphadenitis and cold abscesses
make up no more than 0,01—0,02% of the number of
vaccinated [9].

A disturbing trend is being observed in the Oren-
burg region: despite a decline in the overall number
of newborns, the number of mother’s refusal of BCG
vaccination is steadily increasing. Between 2018 and
2022, such refusals have mounted from 849 to 1057,
with a total of 4,719 refusals recorded over the five-
year period. This is a serious concern, as children
who have not received the BCG vaccine are at
increased risk of tuberculosis, including developing
its most severe and fatal forms [10]. This situation
requires close attention and measures to raise a vac-
cination rate.

It should be noted that the main reason why
infants fail to receive vaccines in a timely manner or
at all in the first year of life is medical contraindica-
tions due to the child’s health. Parents often refuse
vaccination for personal ideologies, most often due
to fear of possible side effects after vaccination and
the mistaken belief that the child is not at risk of
contamination of infectious diseases. Insufficient
health communication among parents leads to a
lack of understanding of the importance of vaccina-
tion and, consequently, to unjustified refusals and
doubts about it’s necessity. Simply put, medical
contraindications are an objective reason, while
fear of side effects and lack of information are sub-
jective reasons for low vaccination coverage among
children in the first year of life. These subjective
reasons can be eliminated by raising parental
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BUBKH U OITNOOYHOHN YBEPEHHOCTH B TOM, UTO pebe-
HOK He IO/IBEP:KEH PUCKY 3apakeHUs NHQPEKINOH-
HbIMH 6osie3HsiMu. HemocTaTouHasi pa3bsCHUTEb-
Has paboTra Bpaueld C POAUTENAMU IPHUBOAUT K
HEMOHUMAaHWIO BAYKHOCTH BaKIIMHAIIUY U, KaK CJIeJ-
CTBUE, K HEOIPABJAaHHBIM OTKa3aM OT IPUBUBOK U
COMHEHUSAM B UX HeobxogumocTH. IIporre
rOBODS, MEIUITMTHCKYE TPOTUBOIIOKA3aHUA — 00BEK-
TUBHAs TPUYMHA, a CTpaX Iepel MOOOYHBIMU
a(pdexTaMu 1 HEAOCTATOK MHGOPMALIUY — CYOBEK-
TUBHBIE NPUYNHBI HU3KOTO OXBaTa BaKI[MHAIUEH
cpenu JieTeli TIEPBOTO To/1a JKU3HU. DTH CYObBEKTHB-
HbI€ TPUYUHBI MOKHO YCTPAHUTb, TOBBICUB HHMOP-
MUPOBAHHOCTb POAUTENIEN O T0JIb3€e BAKIIMHAIIUY U
pas3BesiB ux omaceHus [11].

IIEJIb NCCJIEAJOBAHUA

AHanmu3 CJydaeB  OCJIOXKHEHHOTO  TeYEHUS
[TOCTBAKIIMHAIBHOTO ITEPUO/IA IIPOTUBOTYOEPKYIE3-
HOU MMMYHH3alIHUU B 2008—2022 IT. cpeau Jerei
Openbyprckoit 06J1aCTH U JEMOHCTpANVsA HA IPU-
Mepe JIBYX KJINHUYECKUX CJIydaeB BO3MOXKHBIX KJIU-
HUYECKUX TMposABJIeHHuN  ociaoxxkHeHu#t  BIDK-
BaKI[MHAIIUH y JETEH.

MATEPUAJIBI 1 METO/1bI

[IpoBe/ieH KIMHUKO-3IIU/IEMHUOJIOTUUECKUH aHa-
JIN3 BCEX CIyYaeB OCJI0KHEHHOTO TeUeHUsI TIOCTBAaK-
IUHAJIBLHOTO  IIEpPHOJla  MPOTHUBOTYOEPKYJIE3HOM
UMMyHHU3anuu y nereir OpeHOYyprckoi obsiacté B
2008-2022 rr. Mcrop30Baiu MOJTUIEBOH PETHUCTP
KOHTUHTEHTOB 00JIaCTHOTO MPOTHUBOTYOEPKYyJIe3-
HOTO AucnaHcepa. [IpecTaBisa KIUHUYECKUE CIIy-
Yau OCJIOKHEHWH MepBUYHOU BakmuHaruu BIDK,
HCITOJIb30BAJIA JIAHHbBIE, IIOJIyUeHHBIE B XOJ/le HEIOo-
Cpe/ICTBEHHOTO HAOJIIO/IEHUs 32 IEThMU U aHAIN3a
MEIUITMHCKON JOKyMEHTAIuu (3Tambl MEPBUUYHOU
JIMaTHOCTUKY U BepubUKaIMH [UarHos3a). Mcceiezmno-
BaHWE BKJIIOYAJI0 B ce0S TIATESbHOE H3YYEHHE
MEIUIMHCKONM  KapThl HAOJIOJIEHUA  KaXKJOTO
pebenka (aHaMHe3), leTaIbHOE OHCAHNE KIITUHUYE-
CKOM KapTHUHBI 3a00JI€eBaHUs, BKJIIOYAs BCE CHUM-
IITOMBI U UX INHAMUKY. PeHTreHorpadus KocTed u
CycTaBoB (B C/lyuae OCTUTOB) II03BOJIMJIA OIEHUTD UX
CTPYKTYPHOE COCTOSTHHE K BBISIBUTH IATOJIOTHYE-
cKkHe u3MeHeHUs. B pamkax 1abopaTopHOI AHarHO-
CTUKH TIPOBOIUINCH, IOMUMO CTaHAAPTHBIX aHAIU-
30B KPOBU U MOYH, crieludpUIeCKUe UCCIeTOBAHUSI,
HallpaBJieHHbIE HA BbISABJIEHUE TYOEPKYJIE3HOTO
ITOCTBaKIMHAJIBLHOTO IMpoliecca (maTomopdosoruye-
CKOe HCC/IeIoBaHUe OIEPAIlMOHHOTO MaTepuasa).
B 00s13aTesIbHOM TOPsIIKE MPUMEHSINCH KOKHbBIE
poOBI ¢ UCIIOJIb30BaHUEM J[MAaCKUHTECTa — PEKOM-
OMHAHTHOTO TyOEpKYJIe3HOTO ajlyIepreHa, a TakiKe

awareness of the benefits of vaccination and allay-
ing their concerns [11].

AIM OF THE RESEARCH

Analysis of cases of complications following anti-
tuberculosis vaccination in 2008-2022 among
children of the Orenburg region and demonstration
of possible clinical manifestations of complications
of BCG vaccination in children using two clinical
cases as an example.

MATERIALS AND METHODS

A clinical and epidemiological analysis of all cases
of complications following anti-tuberculosis vaccina-
tion in children in the Orenburg Region from 2008
to 2022 was performed. The register of patients of
the Regional Anti-Tuberculosis Dispensary was
used. When presenting clinical cases of complica-
tions following primary BCG vaccination, data
obtained during the follow-up of children and analy-
sis of medical records (primary diagnostics and veri-
fication of diagnosis) were used. The study included
a thorough review of each child’s medical history and
a detailed description of the clinical presentation,
including all symptoms and their dynamics. Radiog-
raphy of bones and joints (in cases of osteitis) allowed
for an assessment of their structure and identifica-
tion of pathological changes. In addition to routine
blood tests and urinalysis, laboratory diagnostics
included specific tests for post-vaccination tubercu-
losis (pathomorphological examination of surgical
specimens). Skin tests such as Diaskintest, recombi-
nant tuberculosis allergen, and the Mantoux test
with 2 tuberculin units (TU) were mandatory. Molec-
ular genetic studies were also performed to detect
the genetic material of the vaccine strain of M. tuber-
culosis in biological samples (surgical wound cytol-
ogy, soft tissue biopsy, and surgical specimens from
affected lymph nodes as well as bones and joints). To
speed up diagnostics, an automated bacteriological
analyzer BACTEC (GALEN, Russia) was used. This
device enables rapid detection of MBT, including the
vaccine strain, in various samples (excluding blood),
and determination of their susceptibility to anti-
tuberculosis drugs, which is crucial for choosing the
optimal treatment regimen. In both cases, pathologi-
cal examination of the biopsy tissues was carried out,
allowing for histological evaluation and confirmation
of the diagnosis suspected.

According to the current recommendations for
preventive vaccination against tuberculosis in chil-
dren [12], the algorithm for diagnosing post-vaccina-
tion complications includes several stages depending
on the clinical setting.
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peakmusa MaHTy ¢ 2 TyOepKyJIHHOBBIMU €AMHUIIAMU
(TE). Kpome TOr0, O6BUTH ITPOBEZEHBI MOJIEKYIISIPHO-
TeHeTHYeCKUe HCC/IeIOBAaHUA C IeJIbI0 OOHapyxKe-
HUSI TEHETUYECKOTO MaTepuajga  BaKIIMHHOTO
mTaMMa MUKOOAaKTEpUH TyOepKysie3a B OHoJiormye-
ckux obpasiax (I[UTOJIOTUUECKOe WCCIeT0BAHIE
OT/IeJIIEMOTO U3 OIEPAIMOHHOM paHbl, OHOIICHS
MATKUX TKaHEW, ONEPAIMOHHBIA MaTephuayl IIpHU
MopaskeHU ! JTUM(PaTUUECKUX Y3JI0B, KOCTHO-CYCTaB-
HOH! CUCTEMBI), B3ATHIX Yy ManueHToB. s yckope-
HUSL JTUAaTHOCTUUYECKOTO IIPOIecca KCIIOIb30BAJICS
aBTOMATHUYECKUH OAKTEPUOIOTUUECKUH aHAIN3aTOD
BACTEC (TAJIEH, Poccus). 9ToT ammapar I03BO-
JIsieT OBICTPO BBISBJIATH MHKOOAKTEPUU TYOEPKY-
Jie3a, B TOM 4YHCJIe BAaKIMHHOTO IIITaMMa, B Pa3JIfy-
HBIX 00pas1ax (3a UCKII0UEHUEM KPOBH), U OIIpe/ie-
JISITh UX YYBCTBUTEJIBHOCTh K IIPOTUBOTYOEpKYJIe3-
HBIM IIpelaparaM, YTo KpaiiHe Ba)KHO JJIsl BhIOOpa
ONTHUMAJIBHOH CXeMbl JieueHus. B obomx ciryuasx
IIPOBOJMJINCh ITaTOMOPQOJIOTHYECKHE HCCIIeZ0BA-
HUS TKaHEeW, IOJIyYeHHBIX IIyTeM OWOIICHH, YTO
MIO3BOJIMJIO OLIEHUTHh THUCTOJIOTHYECKYI0 KAPTUHY U
[IOATBEPJUTD IIPEIIOIaraeMblil TUAaTHO3.

CorylacHO aKTyaIbHBIM PEKOMEHAIUAM 10 BaK-
OUHONPODIWIAKTUKE TybepKyse3a y nered [12],
aJITOPUTM JUATHOCTUKH IIOCTBAKIITHAIBHBIX OCJIOXK-
HEHUH BKJIIOUAeT HECKOJIBKO STAIOB B 3aBUCUMOCTH
OT YCJIOBUM OKa3aHUSA MEAUITUHCKOU TTOMOIIH.

dran 1. [legumaTp oTMedaeT B MeAUITUHCKOU
IOKyMeHTaIuu pebeHKa peakIiuio Ha BBeIeHHe BaK-
IIMHBI B BO3paCTe 1, 3, 6 U 12 MeC — J]0 3aKUBJIEHUS
MECTHOU IPUBUBOYHOUN peakiuu. [Ipu ocmoTpe
obparaT BHUMAaHHe Ha MECTO BBE/IEHHS BaKITUHBI,
COCTOSTHUE PETHOHAJIBHBIX (TIOMBIIIIEYHBIX, HAJ- U
MTO/IKJTIOYNYHBIX) TUM(ATHUECKUX Y3JI0B.

dran 2. dTusuaTp onpenesieT 06beM JUATHO-
CTHYECKUX METOZOB /ISl IOATBEPK/IEHUS TUATHO3a
OCJIO’KHEHUS HAa OCHOBAHUU €ro KJIIMHUYECKUX IIPO-
SIBJIEHUH, B TOM 4ucyie JabopaTopHble (001Ul aHa-
JIN3 KPOBH U MOYH), HMMYHOJUATHOCTUYECKUE
(mpoba Mawnty ¢ 2TE IIII/I-JI, mpoba ¢ ayiepreHoM
TyOEepKyJIe3HBIM PEKOMOUHAHTHBIM) U JIy4eBBIe (110
IMOKa3aHMAM).

dramn 3. /foobcienoBaHre B CEUATN3UPOBAH-
HOH MTPOTUBOTYOEPKYJIE3HON MEAUITUHCKON OPTaHU-
3alUM JUIsI YTOUHEHUs JMarHO3a W Ha3HAYEHUS
JiedeHUs. B ycsI0BUAX TPOTUBOTYOEPKYIIE3HOTO JIHIC-
MaHcepa WIHM CIENUAJTU3UPOBAHHOTO CTaIlMoHapa
MIPOBOJAT JIOTIOJIHUTEIPHO KOMIBIOTEPHYIO TOMO-
rpaduto (KT) rpylHOU KJIETKH B CJIEAYIONIUX CIIy-
qasax:

— [IpY BBISIBJIEHUH Ha 0030PHOU PEHTTeHOTpaMMe
OpraHOB TPYAHOM KJIETKU IATOJIOTMYECKUX H3Me-
HEHUMH;

Stage 1. A pediatrician records the child’s reac-
tions to vaccine administration at ages 1, 3, 6, and
12 months — until the local skin lesion has healed.
During the examination, attention is paid to the
injection site and the condition of the regional (axil-
lary, supra- and infraclavicular) lymph nodes.

Stage 2. A tuberculosis specialist determines the
range of diagnostic methods to confirm the diagnosis
of a complication based on its clinical manifesta-
tions, including laboratory (complete blood count
and urinalysis), immunodiagnostic (Mantoux test
with 2 TU PPD-L, test with recombinant tuberculosis
allergen) and radiographic (ifindicated).

Stage 3. A follow-up examination at a special-
ized medical facility is required to confirm the diag-
nosis and prescribe treatment. At a tuberculosis dis-
pensary or specialized hospital, a chest computed
tomography (CT) is also performed in the following
cases:

— when pathological changes are detected on a
plain chest X-ray;

— when detecting osteoarticular pathology (CT
allows to identify foci of destruction — most often in
the epimetaphyseal portions of long tubular bones,
the presence of sequesters, and thickening of soft tis-
sues around the joints);

— in positive recombinant tuberculosis allergen
testing.

Stage 4. Verification of the diagnosis of compli-
cations and specific treatment.

A particular attention was paid to the use of inno-
vative methods of tuberculosis diagnostics in chil-
dren. In addition to routine molecular genetic meth-
ods, the T-SPOT.TB test (interferon gamma release
assay — IGRA) was used. The advantage of the
T-SPOT.TB and Diaskintest over the Mantoux test
with 2TU PPD-Lis the ability to differentiate between
tuberculosis caused by virulent strains of MBT and
the BCG vaccine strain, with a minimal risk of false-
positive and equivocal results. The T-SPOT.TB test
was first used in 2022 for the differential diagnosis of
BCG osteitis in a child, and again, in 2024 in a simi-
lar clinical situation.

Each phase of the study, from history taking to
interpreting the results of tests and diagnostics
workup, was carefully documented and analyzed to
ensure the objectivity and scientific validity of the
data obtained.

RESULTS

If we consider the complication rate per 100 000
vaccinated individuals, it varied from 21,6 in 2008 to
19,6 in 2022 with a wave-like dynamics and a down-
ward trend (Fig. 1). This indicates a decrease in the
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— IIpU BBIABJIEHUU KOCTHO-CYCTaBHON IIaTOJIOTUU
(KT mo3BoJisieT BBIABUTD OYard JIECTPYKIIHH — Yallle
B sanuMeTaU3aPHBIX OTAEIaX JJTUHHBIX TPYOUAThIX
KOCTel, HaJIuuue CEKBECTPOB, YIJIOTHEHUE MATKUX
TKaHEH OKO0JIO CyCTaBOB);

— TpU TOJIOXKUTEJTHLHOH peakIuu Ha mpoby c
aJJIepreHoM TyOepKyJIe3HBIM PEKOMOMHAHTHBIM.

dran 4. Bepudukanusa nuarsosa ocI0KHEHUN
U cuenuduyeckoe JeueHue.

Ocoboe BHIMaHUE B 00C/Ie/IOBAHNH JIeTel Y 1ess-
JIOCh HCIIOJIb30BAHUI0 HHHOBAITMOHHBIX METO/OB
JIUaTHOCTUKU Tybepkyse3a. [IoMUMO TpaguliMOH-
HBIX MOJIEKYJIAPHO-TeHeTUYECKUX MeTO/0B, IIpUMe-
Hasca meron T-SPOT.TB (aHasu3 BHICBOOOXKIEHUA
ramma-uHTepdepona — IGRA). IIpeumyruectBo
T-SPOT.TB u /luackuHTeCTa B CpDABHEHUU € IPOOOH
Masnrty c 2TE IIIIJ-JI 3aka04yaeTca B BO3SMOKHOCTU
npoBesieans  udepeHITuAIbHON  THATHOCTUKH
TyOepKyJie3a, BBI3BAHHOTO BUPYJIEHTHBIMU IIITAM-
mamu M. tuberculosis 1 BakIIMHAJILHBIM IIITAMMOM
BI7K, ¢ MUHUMAaJIbHBIM PUCKOM JIOKHOIIOJIOXKU-
TeJIbHBIX U HeOIIpeJleJIeHHbIX pe3ysbTaToB. Tect
T-SPOT.TB ObuL1 BIIEpBBIE HCIIOJIB30BAaH B 2022 T.
i quddepeHuapbHON  uarHoctuku  BIDK-
ocruta y pebeHKa, a B 2024 T. — IOBTOPHO, B aHAJIO-
TUYHOU KJIMHUYECKON CUTYaIlHH.

Kakaprii sTam mccsefoBaHus, oT cOopa aHaM-
He3a [0 UHTepIpeTalluy Pe3yabTaTOB aHAIN30B U
JIMaTHOCTUYECKUX IPOLEeAYP, ObLI TIIATETHHO 3a70-
KYMEHTHUPOBAH U IPOAHATU3UPOBAH I obecrieue-
HUSI OOBEKTUBHOCTH M HAYIHOH JOCTOBEPHOCTH
[IOJTyIeHHBIX JJAHHBIX.

PE3YJ/IBTATBI

Ecnu paccmaTpuBarh MMOKa3aTeNb OCJIOKHEHUH
Ha 100 000 IPUBUTHIX, TO OH BAPbUPOBAJ OT 21,6 B
2008 . 10 19,6 B 2022 T. C BOJITHOOGPa3HOM AMHAMU-
KOU ¢ TeH/IeHIINeH K CHUKEeHUIo (puc. 1). DTO CBUE-
TEJIbCTBYET O CHIDKEHHH YaCTOThI OCJIOKHEHHWH Ha
9,3 % 3a Bech IIepuoj ¢ 2008 10 2022 T., CPeHEro-
JIOBOM TeMIT CHWIKEHHs cocTaBwia 0,6 %. Ciemyer
OTMETHTD, UTO B 2009 I. IIOKa3aTeJIb OCJIOKHEHUH
Ha 100 THIC. TPUBUTHIX JIOCTHUT 62,6, TEM CAMBIM CTaB
MaKCUMaJIbHBIM 32 YKa3aHHBIUA mepuoa. B 2020 r.
OCJIO}KHEHUH JMaTHOCTUPOBAHO He ObLIo. Takum
ob6pazom, HabJII0/TaeTCs sIBHASI TEHAEHIUS K YMEHb-
IIEHUI0 KOJIMUECTBA OCJIOKHEHUH. B 1esiom yacrora
OCJIO’KHEHUH ObLIa HU3KOH: OT 0,01 10 0,08 % mociie
BaknuHanuu BI?K u ot 0,009 10 0,06 % mocie
peBakiuHauu (TabIr. 1).

Ha ocHoBanum npukasza MuHucTepcTBa 31paBo-
oxpaneHus Poccum or 06.12.2021 NO 1122H
«O0 yTBEpKIeHUHU HAITMOHATLHOTO KaJIeHAaps IIPo-
¢unakTUUECKUX MPUBUBOK, KaJleHAaps Mpodriak-

complication rate by 9.3% over the entire period from
2008 to 2022. The average annual decline rate was
0,6%. It should be noted that in 2009, the complica-
tion rate per 100 000 vaccinated people reached 62,6,
thereby becoming the maximum for this period. In
2020, no complications were diagnosed. Thus, there
is a clear trend towards a decrease in the number of
complications. In general, the complication rate was
low: from 0,01 to 0,08% after BCG vaccination and
from 0,009 to 0,06% after revaccination (Table 1).

Based on Order No. 1122n of the Russian Ministry
of Health dated December 6, 2021, On Approval of
the National Immunization Schedule, the Immuni-
zation Schedule for Epidemiological Indications, and
the Procedure for Conducting Immunizations?, since
January 1, 2023, all newborns in the Orenburg region
are to be vaccinated against tuberculosis on days 3—7
of life with the BCG-M vaccine; if there are people
with tuberculosis in the newborn’s environment, the
BCG vaccine is administered. Children aged 6-7
years are revaccinated with the BCG vaccine. Prior to
2023, the BCG vaccine (BCG-M — according to indi-
vidual indications) was used.

The decrease in the incidence of complications
following BCG vaccination, coupled with an increase
in parental refusal of tuberculosis vaccination, leads
to conclude that the increase in BCG vaccination
refusal in the region is not related to possible post-
vaccination complications. The leading reason for
vaccination refusal among the population is the lack
of active educational outreach to pregnant women
and new mothers, who should be informed about the
necessity of BCG vaccination and the specifics of the
vaccination in newborns.

Table 2 and Fig. 2 present the structure of various
complications after BCG vaccination and revaccina-
tion. The most common complications after BCG
vaccination (51,3% of cases) were inflammation of
the regional lymph nodes (lymphadenitis), cold
abscesses (31,3% of cases), and specific osteoarticu-
lar inflammation (BCG osteitis) — 12,5% of cases.
After revaccination, the frequency of complications
was significantly lower: only 5 cases of cold abscesses
and 1 case of inflammation in lymph nodes (lymph-
adenitis) were recorded. It is important to note that
during the entire 15-year follow-up, not a single
patient experienced a fatal systemic BCG infection.
This indicates the high safety of the vaccine during

* On Approval of the National Immunization Schedule,
the Immunization Schedule for Epidemiological Indica-
tions, and the Procedure for Conducting Immunizations:
Order No. 1122n of the Russian Ministry of Health, Decem-
ber 6, 2021. URL: https://base.garant.ru/403258640/
(accessed 10.12.2025).
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Puc. 1. [luHaMHUKa PETUCTPAIIIU OCJIOKHEHUH TPOTUBOTYOEPKYJIE3HON NMMYHU3auH fieTedl OpeHOyprckoi obyactu
B 2008—2022 IT.
Fig. 1. Dynamics of complications following BCG vaccination in children in the Orenburg region during 2008—-2022

Ta6smmua 1. /[uHaMyKa perucTpanuy 0CJ10)KHEHUH IPOTUBOTY6EpKYJIe3HOH UMMYHHU3alUH feTell OpeHbyprckoi 06J1acTH B
2008-2022rr.
Table 1. Dynamics of complications following BCG vaccination in children in the Orenburg region during 2008-2022

Oc/10’)KHEHHUsI BAKIIMHALUH Oc/10>)KHEHHUsI peBaKIMHALHU
Complications of vaccination Complications of revaccination

52; B IPOLIEHTAX OT OGIIEero ) B IPOLIEHTaX OT 0GLIero )
" KOJINY€ECTBA OC/I0KHEHUH " KOJINY€eCTBA 0C/I0KHEHUH

as a percentage of the total as a percentage of the total
number of complications number of complications

2008 6 8,1 1 16,7

2009 21 28,4 0 0

2010 13 17,5 1 16,7

2011 3 4,1 0 0

2012 4 5,4 3 50,0

2013 9 12,1 0 0

2014 2 2,7 0 0

2015 2 2,7 0 0

2016 1 1,4 0 0

2017 2 2,7 1 16,7

2018 4 5,4 0 0

2019 4 54 0 0

2020 0 0 0 0

2021 1 1,4 0 0

2022 4 5,4 0 0

Bcero / Total... 74 100,0 6 100,0
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THUYECKUX IPUBUBOK II0 BIHJIEMHUOJIOTHYECKUM
MTOKA3aHUAM U TIOPSIKA TPOBEAEHUS MPOPUIaKTH-
YeCKUX IMPUBUBOK»!, ¢ 01.01.2023 B OpeHOYprckoi
obJracTi BaKIMHAIMS MPOTUB TyOEpKyJie3a MPOBO-
JIUTCST BCEM HOBOPOXK/IEHHBIM Ha 3—7-H JIeHb KU3HU
BakiuHo BIPK-M; npu Hajluyum B OKPY:KEHUU
HOBOPOXKJIEHHOTO OOJIBHBIX TyOEpKYIe30M — BaKIIU-
HOU /it npodunakTuku Tyoepkyneza BI[XK. Pepak-
IUHALUA JETAM B 6—7 JIeT IPOBOJIUTCS BAKI[UHOU
BIIK. /Io 2023 r. ucnoab3oBaiach BakiuHa BI[?K
(BILI?K-M — o MHAWUBHUAYATBHBIM OKA3AHUIM).

CHIKeHHe YaCcTOThI OCJIOKHEHHH TOCJIe BaKI[HHA-
nuu BIZK ripu 0lHOBpEMEHHOM POCTe YaCTOThI OTKAa-
30B POAMTENIEH OT MPHUBUBKU IIPOTHUB TyOEpKyJiesa
TIO3BOJISIET CJIEJIATh CJIEJTYIOIIHI BBIBO/I: POCT OTKa30B
ot npuBuBKHU BI[JK B 06s1acTU HE 3aBUCUT OT BO3MOJK-
HBIX TIOCTBAKIIMHATBHBIX OCTIOKHEHUH. Bemytiiel mpu-
YMHOH OTKa3a HaceJeHWS OT BAKI[MHAIIMH SIBJISETCS
HEJIOCTAaTOYHAsI aKTUBHAs IPOCBETUTENIbCKAs paboTa
cpemy GepeMeHHBIX >KEHIIMH, MOJIOABIX MaTeper,
KOTOPBIM HEOOXOJIUMO Pas3bsICHATh HEOOXOUMOCTD
npuBuBku BIXK, 3HAaKOMUTh MX C OCOOEHHOCTSIMH
BaKIMHAJIHHOTO IPOIECCa Y HOBOPOIKEHHBIX.

B Tabs. 2 1 Ha puc. 2 MpeJicTaBJeHa CTPYKTypa
Pa3JIMYHBIX OCJIOKHEHHWH II0C/Ie BaKIWHAIUUA U
peBakiunaiuu BIDK. Hanbosiee 4acThIMU OCIIOXK-
HeHusMHU nocsie BakiumHanuu BIXK (51,3 % ciydaeB)
ObUTH BOCITAJIEHWE PETHOHAPHBIX JIMM(ATHUIECKUX
ya0B (umdazeHuT), XomoaHeie abereccsr (31,3 %
cy4yaeB) W creru@uuecKue BOCHIAJIEHUS KOCTHO-
cycraBHou cucrembl (BL[XK-octutel) — 12,5 % ciy-
vyaeB. [locile peBaKIMHAIMY YacTOTa OCJIOKHEHUH
ObLIa 3HAYUTEJIPHO HUKE: 3aPETHCTPUPOBAHO BCETO
5 CJIy4aeB XOJIOJTHBIX aOCIIECCOB U 1 CIy4Yad Bocrase-
Hust TuMbaTUIecKuX y3y10B (iuMmbaienuTa). BaxxHo
OTMETHUTD, YTO 32 BECh 15-JIETHUH IEePHO/, HAOTI0/1e-
HUs HU OJIUH U3 MAIUEHTOB HE CTOJIKHYJICA C TeHe-
pasmmzoBanHou BIXK-uHdekiuei co cMepTeIbHBIM
HCXO/IOM. DTO CBU/IETEIBCTBYET O BHICOKOH Oe3omac-
HOCTH BaKIWHBI B pPacCMaTPHUBAeMbIH IIEPHOJ, a
TaK’Ke OTpakaeT TIIATEJbHbIH 0TO0P HOBOPOXKIAEH-
HBIX C a/IeKBaTHON peakIiell UMMYHHON CHCTEMBI
(MHIMKATOP UMMYHHOTO CTaTyca MalHueHTa).

VY oxHoro pebeHKa XOI0/IHBIN abciiece BO3HUK B
TeUeHHe MecsIa Iocjie IPUBUBKH, Y 22 JTIeTeH — CIIy-
CTSI 2—3 MEC, ¥ JIUIIb Y JBOUX — ITOCJIE PEBAKITMHA-
nuu BIPK. CaMmble cepbe3Hble TOCTIEICTBUS HAOIIIO-

1 O6 yTBEPKIEHUN HAIMIOHAJIBLHOTO KaJleH/Aaps IPo-
duIakTUYeCKUX MPUBUBOK, KajeHaps NpoduiakTude-
CKHUX IIPUBHUBOK I10 SIIUJIEMUOJIOTHYECKUM TTOKA3aHUAM U
MOpsIKA IPOBEJEHUA NPODIIAKTHUECKUX IPUBUBOK:
npuka3 MuHucrepcerBa 3apaBooxpaHeHusa Poccum ot
06.12.2021 N¢ 11228. URL: https://base.garant.
ru/403258640/ (nata obpaieHus: 10.12.2025).

the period studied and also reflects the careful selec-
tion of newborns with an adequate immune response
(an indicator of the patient’s immune status).

In one child a cold abscess occured within a
month after vaccination, in 22 children -
2—3 months after vaccination, and only two after
revaccination. The most serious complications
observed in cases of osteoarticular involvement.
Inflammation in bone tissue (osteitis) of various
locations was diagnosed 12 months after the pri-
mary vaccination in 10 children. In these cases,
localized inflammation was observed in tubular or
flat bones, such as the humerus, sternum, ribs, ver-
tebrae, and femur. Such bone lesions were usually
accompanied by fistula formation and/or impaired
motor function of the extremities.

Present clinical cases.

Case Report 1. Child K., a girl, was born on May
25, 2021. The child of the second normal pregnancy,
second full-term delivery. Birth weight 3520 g, height
52 cm, Apgar score 8—9. Intradermal BCG vaccina-
tion at a dose of 0,05 mg was performed in the mater-
nity hospital on the third day of life. The local vacci-
nal inflammatory reaction evolved without compli-
cations, and a post-vaccination mark, a 4 mm scar
formed by the child’s sixth month of life. At the age of
1year and 4 months, the mother noticed a swelling in
the chest area (she believed it to be a result of an
injury the child received while playing). On Septem-
ber 16, 2022, the skin in the area of this lesion began
to redden, and the child became restless. She sought
help from a pediatric surgeon at the local clinic.
Objective status: a tumor-like lesion measuring
2,0x1,5 cm is determined at the right 39—4™ ribs
along the midclavicular line, moderately painful, the
skin above it is hyperemic, hot to the touch, with the
positive fluctuation sign. With a preliminary diagno-
sis of a cyst in the chest area, infected the child was
hospitalized in the Orenburg Children’s Surgery
Center on September 20, 2022. Chest CT examina-
tion from 22.09.2022 (Fig. 3): fields in the lung are
without focal and infiltrative changes. The trachea
and large bronchi are patent, the lumen is free. The
mediastinum is not displaced, structural. No fluid in
the pleural cavity. In the subcutaneous fat tissue of
the anterior chest wall, more on the right, at the level
of the cartilages of the right 3¢ and 4" ribs and the
lower half of the xiphoid process (to the left edge),
widely and closely adjacent to the locally thickened
muscle layer up to 5 mm, a cystic formation measur-
ing 40x15x30 mm is determined, in a capsule 1,5—2
mm thick.

23.09.2022 the skin lesion was removed, and
material for pathomorphological and molecular

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

133



Ilanuna K.A. u dp. / Journal of Siberian Medical Sciences T. 10, N° 1 (2026)

Ta6smna 2. CTpyKTypa OCJI0)KHEHUH MPOTHUBOTYOEPKY/Ie3HON UMMyHHU3alUU Y fleTel OpeH6yprckoi obsactu B 2008-2022 rr.
Table 2. The structure of complications following BCG vaccination in children in the Orenburg region during 2008-2022

octmaa, BiDocnir  Seloi Ketouwuat MW prorg
goll BCG lymphadenitis SCCSLE s Cold abscess  Keloid scar Infiltrate/ulcer tezlinliie
ear
e % abs % abe % abe ® abe % abe ¥

2008 5 12,2 0 0,0 1 4,0 1 100,0 0 0,0 7 8,75
2009 15 36,6 3 30,0 2 8,0 0 0,0 1 100,0 21 26,25
2010 9 22,0 3 30,0 2 8,0 0 0,0 0 0,0 14 17,5
2011 1 2,4 0 0,0 2 8,0 0 0,0 0 0,0 3 3,75
2012 2 49 0 0,0 5 20,0 0 0,0 0 0,0 7 8,75
2013 3 7,3 2 20 4 16,0 0 0,0 0 0,0 9 11,25
2014 1 2,4 0 0,0 1 4,0 0 0,0 0 0,0 2 2,5

2015 0 0,0 1 10 1 4,0 0 0,0 0 0,0 2 2,5

2016 0 0,0 0 0,0 1 4,0 0 0,0 0 0,0 1 1,25
2017 0 0,0 0 0,0 1 4,0 0 0,0 0 0,0 1 1,25
2018 2 4,9 0 0,0 1 4,0 0 0,0 1 33,3 4 5,0

2019 0 0,0 0 0,0 3 12,0 0 0,0 1 33,3 4 5,0

2020 0 0,0 0 0,0 0 0,0 0 0,0 0 0,0 0 0,0

2021 0 0,0 0 0,0 1 4,0 0 0,0 0 0,0 1 1,25
2022 3 7.3 1 10,0 0 0,0 0 0,0 0 0,0 4 5,0

Bcero /Total 41 100,0 10 100,0 25 100,0 1 100,0 3 100,0 80 100,0

JIJINCh TIPU MOpa’KEHUH KOCTEHN U cycTaBoB. Bocma-
JIleHWe KOCTHOHW TKaHW (OCTUT) PpasJIuYHOU
JIOKQTU3AIUK ObLJIO IMATHOCTHUPOBAHO MPEUMYIIle-
CTBEHHO Yepe3 12 Mec IocJie TIEPBUYHON BaKI[MHA-
MU y 10 JeTed. B 3TuX cirydasx oTMedanoch JIOKa-
JIN30BAHHOE BOCTIAJIEHUE B TPyOUATHIX UJIH IVIOCKUX
KOCTSIX, TaKWX KaK IUleueBas, TpyauHa, pebdpa,
IT03BOHKHU U OeJipeHHasi KOCcTh. I[10100HbIE KOCTHBIE
mopaskeHusi OOBIYHO CONIPOBOXKAAINCH 0OpasoBa-
HUEM CBUINEH U/WIN HapyIIeHWEeM JABUTATETbHOH
(pyHKIIMN KOHEUHOCTEN.

genetic testing was taken (polymerase chain reaction
(PCR) of samples from the cyst for MBT DNA).
Result of PCR diagnostics for MBT DNA from
29.09.2022: MBT DNA, M. bovis BCG was detected.
The girl was hospitalized in the Orenburg Regional
Clinical Anti-Tuberculosis Dispensary (ORCATD) on
30.09.2022. Recombinant tuberculosis allergen test-
ing from 04.10.2022 was negative. From a history:
the Mantoux reaction from 13.05.2022 — papule of
4 mm (equivocal result). The result of the pathomor-
phological examination dated 05.10.2022: granulo-

B [locTBakIMHAIEHBIN TUM(aTCHUT
Post-vaccination lymphadenitis

BIXK-octut / BCG osteitis
Xononusiit abcuece / Cold abscess
® Kenonanslii pyoer / Keloid scar

Wndunsrpar/s3sa
Infiltrate/ulcer

Puc. 2. CTpyKTypa OCJIOKHEHUH, BO3HUKIIHNX [T0C/Ie BaKIuHAnuy BakuHoi BIDK, B 2008—2022 rr.
B OpeHOyprckoii obactu
Fig. 2. The structure of complications following BCG vaccination in children in the Orenburg region during 2008—2022
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[TprBOAMIM KJIMHUYECKHUE CITyYaU.

Kiaunuueckuii cixyuai 1. Peberok K., ieBouka,
pormmwiace 25.05.2021. PebGeHOK OT BTOpOW HOp-
MaJIbHO MPOTEKABIIEH GepeMEHHOCTH, BTOPBIX CPOY-
HBIX POZIOB. Macca TeJia Ipu posKIeHU# 3520 T, pOCT
52 cM, OIleHKa 1o mKaie Anrap 8—9 6auios. Ummy-
Huzanusa BaknuHOH BIDK B 703e 0,05 Mr BHYTpH-
KOKHO ObLyIa IIPOBe/IeHa B POAWIBHOM J0oMe Ha 3-H
JIeHb KU3HU. MecTHasi BOCHIAJIUTENIbHAS ITPUBUBOY-
Has peakIysi SBOJIIOIMOHUPOBAJIA 6€3 0CJIOKHEHHH,
chOpMHUPOBAJICS MTOCTBAKIUHAJIBHBIN 3HAK — PYOUUK
4 MM — K 6-My MecsIly *Ku3HU pebeHka. B Bo3pacre 1
rofl 4 Mec MaTh 3aMeTIIa 00beMHOe 0Opa3oBaHUe B
obJtacTH TPYAHON KJIETKHM (cunMTasia ero TPaBMOM,
MIOJIyYeHHOW pebeHKOM Ipu Hurpe). 16.09.2022 B
obJiacTu 3TOro 0Opa3oBaHUsA KOXKa Hayasia KpacHETb,
MOSIBUWJIOCH OECIOKOHCTBO pebeHKa. 3a IMOMOIIBIO
obpaTmwiack K JETCKOMY XUPYPTY B HOJUKIMHUKY 10
MeCTY >KUTebCTBa. OOBEKTUBHBIH CTaTyc: B 00J1aCTH
3—4-ro pebpa cupaBa 10 CPeTHEKITIOUNYHON JIMHIH
oTIpeziesisieTcsl OIMyXOJIEBUAHOE 00pa3oBaHue pa3Me-
pamu 2,0x1,5 CM, yMEPEHHO 00JIe3HEHHOE, KOXKa Ha/l
HUM THUIIEDEMUPOBAHHAs, TOpsAYas Ha OIIYIb, CUM-
nToM (IIIOKTYalluu MOJIOKUTEbHBIN. C mpenBapu-
TEJIbHBIM JIMAaTHO30M: KHCTa B OO0JIACTH TPYTHOU
KJIETKH, THQUIUPOBAHHAs — PeOEHOK TOCIIUTATIU3U-
poBaH B IIeHTp JleTcKoU xupypruu r. OpeHOypra
20.09.2022. KomneiorepHas Tomorpadwus (KT) opra-
HOB IPYAHOM KJIETKH OT 22.09.2022 (pHC. 3): JIerou-
HbIE 10J1s1 6€3 0UaroBhIX U MHMUIBTPATUBHBIX U3Me-
HeHUH. Tpaxes1, KpynHble OPOHXH ITPOXOIUMBI, IIPO-
cBer cBobomeH. CpemocreHWe He  CMEIEHO,
CTPYKTYpHO. ?KUJKOCTH B IJIEBPATILHOM ITOJIOCTH HET.

Body 1.0 CTA CE
CTA

matous inflammation, most likely of mycobacterial.
A clinical diagnosis was made on October 3, 2022:
BCG lymphadenitis, dispensary follow-up group
(FG) VB. From 30.09.2022 t0 17.10.2022, treatment
was carried out in the Pediatric Department of the
ORCATD: isoniazid (0,15 mg), rifampicin (0,075 mg).
The child’s condition improved significantly. A fur-
ther preventive therapy for 6 months was carried out
on an outpatient basis — isoniazid 0,15 mg, rifampi-
cin 0,075 mg+ vitamins and hepatoprotective agents.
The child was followed-up by a tuberculosis special-
ist for 2 years according to FG VB. At the next follow-
up examination (27.02.2024): the Mantoux test — a
7 mm papule; negative Diaskintest; plane chest
X-ray — no abnormalities. In March 2024, the patient
was discharged from the outpatient clinic with a
diagnosis of conditions following BCG-induced ante-
rior chest wall lymphadenitis.

Case Report 2. Child G., a boy, was born on
December 11, 2022. Full-time delivery, birth weight
3340 g, height 45 cm, vaccinated with BCG-M at
4 months (at birth: congenital malformation — cystic
dysplasia of the kidneys, congenital chronic kidney
disease, acute kidney injury due to chronic kidney
disease. Right-sided cryptorchidism. Neonatal jaun-
dice). Before vaccination at the age of 4 months, on
April 18, 2023, the Mantoux test was negative.
Tuberculosis in the child’s family has been excluded —
the parents’ fluorography results are provided. Post-
vaccination reactions were absence, the child was
followed-up by specialists for cystic dysplasia of the

Body 1.0 CTA CE
CTA

22.09.2022 9:38:54 |T: 1.0mMm L: 1011.3mMmM

Puc. 3. TomorpaMMbl OpraHoB IPyHOM MOJI0CTH 10 (ceBa) u mocJie (crpasa) KOHTPACTHOTO yeuseHus (YIbTpaBuCT 370)
Fig. 3. Tomograms of the chest before (left) and after (right) contrast enhancement (Ultravist 370)
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B OIKOXKHO->KMPOBOH KJIETUATKE IEpeqHENd TPy/-
HOH cTeHKH, OOJIbIlle CIIpaBa, pacIojarasch Ha
VPOBHE XPSIIIEBBIX OT/IETIOB 3-TO U 4-TO IIPaBIX pebep
U HIDKHEU IIOJIOBUHBI Tejla MEeUeBUIHOTO OTPOCTKA
TPYAUHBI (10 JIEBOTO Kpas), MIUPOKO M TECHO IPH-
JIe’ka K JIOKAJIBHO YTOJIIIEHHOMY J0 5 MM MBIIIEY-
HOMY CJIOIO, OTIpeZieJIsieTcs KUCTO3HOe 00pa3oBaHue
pasMepoM 40x15xX30 MM, B KaIlCyJle TOJIIHHON
1,5—2 MM.

23.09.2022 IPOBeJleHA OIepanus — yAaJleHue
o0pa3oBaHUs KOXKH, B3AT MaTepuas Jijis IaTOMOP-
(osornueckoro U  MOJIEKYJISIPHO-TEHETUYECKOTO
HCCIIE/IOBAaHUM: TIOJIMMEDPA3HOU IEIMHON peaKIuu
(ITIIP) comepxxumoro kucthl Ha JTHK MukoGaxTe-
pun  Tybepkyneza (MBT). Pesymprar IILIP-
nuarHoctuku Ha JIHK MBT ot 29.09.2022: 06Hapy-
sxkena JTIHK MBT, Mycobacterium (M.) bovis BCG.
HeBouka Oputa rocmutasnm3upoBaHa B OpeHOypr-
CKUU OOJIACTHOU KJIIMHUYECKUU IPOTHUBOTYOEPKY-
nesubiit aucnaucep (OOKIIT/T) 30.09.2022. IIpoba
C aJUIepreHOM TYOepKyJIe3HbIM PEKOMOMHAHTHBIM
0T 04.10.2022 T. — OoTpuIaTesbHasA. 113 aHamHe3a:
peakiusa MaHTy OT 13.05.2022 — mamyja 4 MM
(pesysibTaT COMHUTENBHBIN). Pe3ysbraT maToMop-
(osoruueckoro uccaenoBaHuA OT 05.10.2022: Tpa-
HyJIEMaTO3HOE BOCIIaJIeHNE, BEPOsITHEE BCETO MUKO-
OaKkTepHaSbHON MPUPOABL. 03.10.2022 IOCTABJIEH
KJIWHUYECKUH JUarHo3: JUMQaJeHUuT IepesHenr
rpyaHo# crenku BIPK-sTHosoruu, rpynmna guchaH-
cepuoro Habmwoenusa (I'/TH) VB. C 30.09.2022 1o
17.10.2022 TPOBENIEHO JIeUeHUE B YCJIOBHUAX JIET-
ckoro otgenenus OOKIIT/: uzonnasusg (0,15 Mr),
pudamnuiiuH (0,075 mr). CocTosiHue pebeHKa 3Ha-
YHUTEJTbHO YJIYUYIIWIOCh. JlaTbHEHIINNA TPEBEHTHB-
HBIU KypC TEpauu B TeueHue 6 MecsIeB MpoBeIeH
aMOyJIaTOPHO — M30HHA3UJ 0,15 MT, prudaMIUIITH
0,075 Mr Ha (OHe BUTAMHHOB U TeNIaTOIPOTEKTO-
poB. Pebenox Habomancs y Bpauda-GTHU3UATPA
perysisApHO B TedeHue 2 et no I'/IH Vb. IIpu oue-
pPeHOM KOHTPOJIBHOM O0CJIeIOBaHUU 27.02.2024:
npoba MaHTy — marmyJsia 7 MM; Ipoba ¢ ajyiepreHoM
TyOEepKyJIe3HbIM  pPEKOMOWHAHTHBIM  (J[mackuH-
TECT) — OTpHUIIATEIbHAS; 0030pHasi peHTreHorpadus
OpraHOB TPY/THON KJIETKA — IATOJIOTMH He BbIAB-
JieHo. B mapTe 2024 r. nanueHTKa 6pUIa CHATA C AUC-
[IAHCEPHOTO HAOJIIOZIEHUS C IUAaTHO30M: COCTOSHUS
nocsae guMdaZeHuTa IMepeHeld TPYyAHOU CTeHKH
BIZK-sTHosoruu.

Kiananueckuii ciayuait 2. PeGenok I'., Mmaib-
YUK, POAWICA 11.12.2022. Pommics B Cpok, macca
TeJla IPHU POXKAEHUU 3340 T, POCT 45 CM, IPUBUT
BI[XK-M B 4 mec (Ipu POXJIEHUU: BPOKIEHHBIN
MMOPOK Pa3BUTUS — KHUCTO3HAs JUCIIA3Us IOYEK,
BpOXK/IeHHAsI XpOHUUecKasi OOJIE3Hb IO0UYEK, OCTPOe

kidneys, and the basic clinical examinations were
performed.

On February 2024 (at the age of 1 year and
2 months), the child complained of limited movement
in the left upper limb. The mother noticed a swollen
area with hyperemia and edema. After examination at
the local outpatient pediatric clinic and radiography of
the left forearm, a neoplasm in the distal part of the
forearm was suspected. Therefore, the patient was
referred to the surgical department for inpatient treat-
ment at the place of residence. Chest radiography
from 26.02.2024: no abnormalities. Contrast-
enhanced (CE) magnetic resonance imaging from
01.03.2024: neoplasm in the metadiaphysis of the left
radius, probable osteosarcoma. Multislice computed
tomography (MSCT) from 05.03.2024: signs of a neo-
plasm in the lower third of the radius. Differential
diagnosis between aneurysmal cyst and Kasabach-
Merritt syndrome. On March 12, 2024 the patient was
hospitalized to the N.N. Blokhin National Medical
Research Center of Oncology. Biopsy of soft tissue
from the surgical wound from 27.03.2024: no data
indicating the presence of tumor-like lesion. No micro-
flora growth. Microscopy with Ziehl-Neelsen staining:
no acid-fast mycobacteria. Histological examination:
fragments of granulation tissue with pronounced infil-
tration, including multinucleated giant cells; mor-
phology is consistent with osteomyelitis (probably
specific); no tumor cells. CE MSCT of the chest and
abdomen from 09.04.2024: decreased airflow in the
upper lobes of both lungs, ground-glass opacity in the
S6 of the right lung. The intrathoracic lymph nodes are
not enlarged. CT: pathological changes in the kidneys
are consistent with polycystic kidney disease.

The following treatment was performed: antibac-
terial therapy (piperacillin/tazobactam), flucon-
azole, symptomatic therapy. Red blood cell transfu-
sion (hemoglobin <82 g/1) dated 01.04.2024: with-
out complications. Control chest MSCT from
19.04.2024: positive dynamics in the form of pneu-
monia resolution. Recommendations were given.
From 19.04.2024 to 01.05.2024, the wound dress-
ings were performed without medical assistance. The
child was at home during this time. On May 2, 2024,
the child’s mother noticed a circumscribed area of
hyperemia with swelling, tender when pressed on
the outer surface of the left forearm. On May 3, 2024,
the child was examinated by a surgeon at their place
of residence. The child was re-hospitalized in the
Surgical Center of the Regional Children’s Clinical
Hospital from May 3 to 16, 2024. Consulted by a
tuberculosis specialist. Immunological tests of
14.05.2024: T-SPOT.TB test — negative; PCR for
MBT DNA - single MBT DNA, M. bovis BCG.

136

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



Panina K.A. et al. / Journal of Siberian Medical Sciences Vol. 10, No. 1 (2026)

IIOYeYHOEe TOBpeXJeHne Ha (HOHE XPOHUIECKOU
Oosie3Hu moyek. Kpunropxusm cripaBa. Heonaraan-
Has kenTyxa). OTpunareabHas peaknus MaHTy oT
18.04.2023 mepes TPOBeleHWEM BAKIWHAIUKM B
4-mMecsT9HOM Bo3pacTe. TyOepKyse3 B OKpYKeHHUH
pebeHKa MCKIIOUEH — pe3yabTaThl (rrooporpaduu
ponuTesiell MpeAOCTaBIEHbl. BaKIMHAIBHBIA ITPO-
mecc mporekan 6e3 ocobeHHOCTeN, pebEeHOK pery-
JIIPHO HAOJIIOZAJICSA CIENUAUCTaMUA 0 ITOBOIY
KHCTO3HOU JINCIIa3UU NTOUY€eK, KIIMHUYEeCKU MUHH-
MyM 00cJIeT0BaHUSA BBITOTHAIICA.

B deBpase 2024 1. (B Bo3pacTe 1 roga u 2 Mec) y
pebeHKa MOSABUIINCH KAIO0BI HA OTPAHUYEHUE JIBU-
JKEHUH B JIEBOU BepXHEW KOHeYHOCTH. Math obpa-
TWIa BHUMAaHUE Ha MPUIIYXIIYIO 00J1aCTh, C TUIIEPE-
Muen u orekoM. [locsie ocMoTpa B MECTHOM IETCKOMN
MIOJTUKJIMHUKE U PEeHTTeHOrpaduu JIEBOTO IIpeILie-
Ybsi BOHUKJIO TIOJ]03PEHNE Ha HOBOOOpa3oBaHUE B
JIUCTAJIBLHOH ero yacTu. B cBA3U ¢ 3TUM marueHT 66T
HampasjeH Ha CTAl[HOHADHOE JIeUeHHe B XUPYprHu-
YecKoe OT/IeJIEHUE TI0 MECTY JKUTEeIbCTBA. PeHTreHo-
rpadusa opraHoB IpyJHOHN KJIETKH OT 26.02.2024 He
BBISIBIJIA KAaKHUX-JTUOO OTKJIOHEHWUH. MarHuTHO-
pe3oHaHCHass ToMorpadusi ¢ KOHTPACTHBIM YCHJIe-
HueM (KY) or 01.03.2024: HOBOOOpa3oBaHUE MeTa-
nradu3a JIEBOU JIy4eBOU KOCTH, BEPOSITHO OCTEOCAP-
KOoMa. MybpTHUCTIHpaIbHAS KOMIIBIOTEPHAs
tomorpadus (MCKT) oT 05.03.2024: TpU3HAKHU
HOBOOOpA30BaHUS HHUKHEH TPETU JIyYeBOH KOCTH.
JuddepeHnnaapHbIll JUarHO3 MeXAy aHEeBpU3-
MaJIPHOU KHUCTOH M cuHAapoMoM Kaszabaxa — Mep-
pHUT. 12.03.2024 TrOCOUTATNU3NPOBaH B HarnoHasib-
HBIM MEIUIUHCKUN HCCJIEJIOBATEIbCKUN IIEHTP
onkosioruu um. H.H. bioxuHa. 27.03.2024 BbIIOJI-
HeHa OWOIICHs MATKUX TKAHEH W3 OIeparlMOHHOU
paHBL: JAHHBIX, CBUJIETEJILCTBYIOIINX O HATUIUU
OIIyX0JIEBOT'O IPOIleCCa, He ToTyueHo. Pocta Mukpo-
¢opsr HeT. MUKpOCKOTIHSA ¢ OKpacKou mo Iuiro —
HusibceHy: KHUCIOTOYCTOMUMBBIE MUKODAKTEPUU HE
obHapykeHbl. ['ICTOJIOTHYECKOEe  3aKJIIOUEHHE:
(parmMeHTHl TPAHYJIAIMOHHON TKAaHU C BBIPAKEH-
HOU WMHOUWIbTPAUMENH, B TOM YHCJIE TUTAaHTCKUMH
MHOTOSIIEDHBIMH ~ KJIETKAMH, MOP(OJIOTHIECKAs
KapTHHA COOTBETCTBYET OCTEOMUENUTY (BEpOSATHO
cnerudUIEecKOMy); OIyXOJieBble KJIETKU HEe BbISIB-
aeHbl. MCKT c KY opraHoB rpygHOU KJIETKU U
OPIOIITHOM ITOJIOCTH OT 09.04.2024: CHUXKEHUE BO3-
JIYIITHOCTU BEPXHUX JI0JIel 060uX JIeTKUX, B S6 mpa-
BOTO JIETKOTO OYar IO TUITy MaTOBOTO CTeKsIa. BHy-
TPUTPYZIHBIE JUM(paTHUECKNEe V3l HE YBEIHMUEHBI.
KT: xkapTuHa MaTOJIOTUYECKUX U3MEHEHHUH B ITOYKAX
COOTBETCTBYET IOJIUKUCTO3Y.

ITpoBeneHo  JeueHHe: aHTUOAKTEepUATBHAS
Tepanus (muepanuing/Tazobaktam), GpaykoHO-

On May 16, 2024 the child was hospitalized in the
Tuberculosis Dispensary with a diagnosis of post-
BCG vaccination complication. Anti-tuberculosis
chemotherapy was started with 4 drugs: isoniazid
(H), rifampicin (R), prothionamide (Pto), and ami-
kacin (Am). Two-view X-ray from of the left forearm
dated 17.05.2024: the radius is deformed along its
entire length, thickened, inflated and destructively
changed in the lower half. Mantoux test of
21.06.2024: 6 mm papule. Plane X-ray images of the
left forearm in dynamics are presented in Fig. 4.

A clinical diagnosis was made: BCG osteitis of the
lower third of the left radius, arthritic phase, fasti-
gium. PCR (+), MBT (-), FG VB. Concurrent diagno-
sis: congenital cystic dysplasia of the kidneys.
Chronic kidney disease, stage 2. Cryptorchidism,
right side. Due to a positive PCR, the child was con-
sulted at the St. Petersburg Research Institute of
Phthisiopulmonology (SPbRIPh) on July 8, 2024.
The child was hospitalized for surgical treatment. On
July 30, 2024, the child underwent fistulectomy,
resection of the pathological focus of the distal left
radial metaphysis with plasty of the defect. Patho-
logical examination of surgical biopsy samples of
05.08.2024: fragments of granulation tissue, highly
infiltrated with plasma cells, granulocytes, single
multinucleated cells, surrounding small bone trabec-
ulae. Focal necrosis in one of the fields of view. Acid-
fast mycobacteria were not detected with Ziehl-
Neelsen staining. Conclusion: histological picture of
productive granulomatous inflammation, tuberculo-
sis cannot be excluded. The child was consulted by a
pediatrician, ophthalmologist, geneticist, immunol-
ogist; besides, electrocardiography and ultrasound
examination of the internal organs were performed.
Quantitative study MBT complex, DNA in an unspec-
ified sample dated 01.08.2024: DNA of MBT com-
plex was detected.

During 6 months, the child took antibacterial
drugs: piperacillin/tazobactam, from 17.05.2024 —
H, R, Am, Pto; from 25.06.2024 — H, R, Am, line-
zolid (vomiting when taking prothionamide).

The child was discharged from the hospital in a
satisfactory condition with a diagnosis of chronic
osteomyelitis of the distal metaphysis of the left
radius, BCG-associated, FG VB. He was recom-
mended to continue treatment at the child’s place of
residence and be followed-up by specialists. On May
7, 2025, at the age of 2 years 5 months, the child was
consulted remotely at the SPbRIPh: almost complete
restoration of the radius structure in the area of
destruction. Completion of the course of anti-tuber-
culosis chemotherapy was recommended. The child
then can resume a normal life. An orthopedic exami-
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30J1, CHMIITOMATHYECKAs TepaIus. 01.04.2024 Ipo-
BeJleHa TpaHCcdy3Us SPUTPOIUTAPHOM MacChl (CHU-
JKeHre reMoryio0uHa 10 82 1/J1) — 6e3 0CI0KHEHU .
Kontpospaass MCKT opraHoB IpyZHOU KJIETKH OT
19.04.2024: TOJIOKUTEJIbHASA JIMHAMUKA B BUJIE
paspelieHus MHEBMOHUU. JlaHBI pEKOMeEHJAIUMU.
C 19.04.2024 110 01.05.2024 CaMOCTOSATEIBHO OCY-
IECTBJISJIN TIEPEBA3KY PaHbl. PeOEHOK B 3TO BpeMs
HaXOJIWJICS ZIoMa. 02.05.2024 MaTh pebeHKa 3amMe-
THJIa OrPAaHUYEHHBIA YYAaCTOK THIIEPEMUH II0
HapY>KHOU MOBEPXHOCTH JIEBOTO PEAILIEYbs, OTEK,
00JIE3BHEHHOCTh TIPU HAJABJIUBAHUU. 03.05.2024
00paTHUJINCH K XUPYPTY I10 MECTY JKUTEJIHCTBA. Pebe-
HOK IIOBTOPHO TOCHUTAJIU3UPOBAH B XUpypruue-
CKUM I[eHTpP OOJIACTHOH JIETCKOH KJIMHUYECKOH
OOJILHHIIBI C 03.05 0 16.05.2024. KoHcynbTHpO-
BaH QTUBUATPOM: 14.05.2024 pebeHKy NMpOBeeHa
UMMYHOJIOTUYecKass  JUarHoCTMKa  —  TecT
T-SPOT.TB: pesysnbraT orpurnatreabubii u [P Ha
JHK MBT: obuapysxeunbl egunnunbie THK MBT,
M. bovis BCG.

16.05.2024 peOeHOK TOCIUTAITU3UPOBAH B IPO-
TUBOTYOEpPKYJIE3HBIH JUCIAHCED C JHATHO30M
nocrBakiuHagbHOro bBIIMK-ocinoxxkHeHUsaA, Hadara
MIPOTHUBOTYOEPKYIe3HAS] XUMHUOTEPAITHs 4 Iperapa-
tamu — usounnasuz (H), pudammurun (R), mpotuo-
Hamuy (Pto), amukanmuua (Am). PeHtreHorpadus
JIEBOTO TPEAIIEYbS B 2 MPOEKIHAX OT 17.05.2024:
JIydeBasi KOCTh Ha BCEM HIPOTKEHUU J1eDOPMHUPO-
BaHA, yTOJIIEHA, B HU)XKHEH IIOJIOBHHE B3JyTa U
JIECTPYKTUBHO u3MeHeHa. IIpo6a MaHTy oOT
21.06.2024: mamysa 6 MM. O6G30pHbBIE PEHTTEHO-
rpaMMBbI JIEBOTO IIPEAIIeYbs B JUHAMUKE IIPE/ICTaB-
JIEHBI Ha PUC. 4.

ITocTtaBjieH KIWHWYECKHMH mAuarHos: BIK-
OCTUT HUKHEU TPeTH JIeBOU JIyueBoH KocTu, (asza
aprpuruueckas, pasrap. I[IIIP (+), MBT (-), T/TH
VbB. ComyTCTBYWOIHNA JHATHO3: KUCTO3HAs JIHC-
IUIa3usg I04YeK BPOXKJeHHad. XpOoHHUUecKasd
00J1e3HD MMOYEK, CTafuA 2. Kpuntopxusm cripasa.
B cBaA3u ¢ mosoxurtesnbHBIM pesyabraTom ITIIP-
IUATHOCTUKU peGeHOK 08.07.2024 KOHCYJIBTUPO-
BaH B Cankrt-Ilerepbyprckom HUU ¢prusuomysb-
monosioruu (CIIGHUU®). Iloka3aHa TOCIHTAIM-
3amus JJIA XUPYPTUYECKOTO JiedeHUs. PeGeHKy
30.07.2024 TIpoBeJieHa onepanus — GUCTYI03KTO-
MU, pe3eKIUsA MaTOJIOTHUYECKOTO ovara JUCTajlb-
HOro MeTadu3sa JieBOU JIydeBON KOCTH C ILJIACTHU-
kou gedexra. [TaTos0rOaHATOMHUYECKOE HCCIIEO-
BaHHe OMOIICHIHOTO (0IIepaIlMOHHOTO) MaTepHrasia
OT 05.08.2024: dparMeHTsl T'paHYJIAIUOHHOU
TKaHH, OOWJIbHO HHOUJIBTPUPOBAHHON TIJIa3MaTH-
YEeCKMMHU KJIETKaMU, TPaHYJIOIUTAMH, €JUHHY-
HBIMHU MHOTOS/IEPHBIMU KJIETKAMU, OKpY:KaroIiei

nation is scheduled in 6 months. X-ray follow-up is
scheduled in 1 year.

The etiological attribution of the presented cases
of post-BCG vaccination complications was con-
firmed by: positive results of molecular genetic (PCR
for MBT DNA) and pathomorphological studies,
absence of contact with infected individuals and spe-
cific changes in the respiratory system, negative
results of the Diaskintest and T-SPOT.TB tests.

DISCUSSION

The cause-and-effect relationship between pri-
mary BCG immunization and the complications that
developed in young children in the cases presented
above was established using clinical and laboratory
diagnostic methods and is determined by the nature
and formulation of the diagnosis of the disease itself:
BCG lymphadenitis of the anterior chest wall and BCG
osteitis of the distal third of the left radius. These con-
ditions are classified as complications category 2A fol-
lowing BCG vaccination: thoracic lymph node tissue
damage and, in the latter case, a single-focal bone
lesion due to the hematogenous dissemination of vac-
cine-strain bacteria outside the injection site. These
diagnoses were made both at the Regional Tuberculo-
sis Dispensary and (in the case of osteitis) at a federal
center — during the child’s hospitalization in SPbRIPh.
The basis for verifying the diagnosis in both cases was
the results of specific methods of clinical examination:
molecular genetic analysis of surgery biopsy samples
carried out to identify MBT complex, histological
examination of tissue lesions, as well as PCR for M.
bovis BCG DNA (unique specific genetic characteris-
tics of the vaccine strain).

The analysis of medical records shows that the
children received professional medical care prior to
vaccination, and it was comprehensive and adequate
for their clinical condition. However, these clinical
cases demonstrate alow level of TB awareness among
pediatricians and pediatric surgeons and a lack of
knowledge about the management of patients with
suspected post-vaccination complications upon their
onset. It can be assumed that the signs of post-vacci-
nation complications identified during the examina-
tion after primary BCG vaccination occurred due to
an individual response to the biological characteris-
tics of the vaccine strain — live mycobacteria. Health-
care workers were unable to prevent the child’s expo-
sure to the BCG vaccine strain. Therefore, these com-
plications of BCG vaccination cannot be the result of
willful misconduct.

Although specific tuberculosis prevention in chil-
dren is standard procedure and such complications
are extremely rare, it is important to ensure readi-
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Puc. 4. O630pHbBIE pEHTITeHOIPAMMBI JIEBOTO IIPEAIIeYbsl B AMHAMUKe (23.01.2024 (cyieBa) u 22.08.2024 (crpaga))
Fig. 4. Plane X-ray images of the left forearm in dynamics (23.01.2024 (left) and 22.08.2024 (right))

MEJIKHE KOCTHbIe TpabeKysbl. B omHOM U3 mosed
3penus poxyc Hekposa. [Ipu okpacke o [{uio —
HuibceHy KUCIIOTOYCTONYNBBIE MUKOOAKTEPUH HE
obHaApyKeHBl. 3akKJII0UeHHe: THUCTOJOTHYecKas
KapTUHA MPOAYKTUBHOTO TPAaHyJIEMaTO3HOTO BOC-
MaJIeHus, BEPOATHOCTD TyOepKyJie3a He UCKIII0Ya-
ercsa. PebGeHOK KOHCYJIbTHUPOBAaH IIEAUATPOM,
0(dTaIbMOJIOTOM, TE€HETUKOM, WMMYHOJIOTOM;
IIPOBeZIEHbl BJIeKTpoKapAauorpadus, yIbTPa3By-
KOBOE WHCCJIeIOBAaHHE BHYTPEHHUX OPTaHOB.
HccnepoBanue (xosmuecTBEHHOE) JHK
M. tuberculosis complex B HeyTOUHEHHOM 00Opasiie
oT 01.08.2024: obHapyxeHa JJHK MukobakTepuit
TyOepKyJIe3HOTO KOMILJIEKCA.

B Teuenue 6 mecsneB pebeHOK IPUHUMAJ aHTHU-
OakTepuaJIbHbIE TIPENapaThl: MUMEPAIUJIINH/Ta30-
6akTam, ¢ 17.05.2024 — H, R, Am, Pto; ¢ 25.06.2024 —
H, R, Am, siune3osu (IIpu mpreMe MpPOTHOHAMUIA
OTMeYeHa PBOTA).

PeGeHOK BBINIMCAH U3 CTAI[HOHAPA C JUATHO30M:
XPOHUYECKHUH OCTEOMHUEIIUT IUCTATBHOTO MeTadur3a
sneBoi siydeBort koctu BIJK-sTronorun, I'/TH VB — B
V/IOBJIETBOPUTEIBHOM COCTOSIHHH, PEKOMEHOBAHO
MIPOJIOJKUTH  JIEYEHWEe TI0 MeCTy JKUTEJIbCTBA,
Ha0JIOZIeHNe Y CIEUaIUCTOB. 07.05.2025 B BO3-
pacre 2 rozia 5 Mec pebeHOK KOHCYJIbTUPOBAH 3a0UHO
B CII6GHMM®: mpakTUyecKu IOJIHOE BOCCTAHOBIIE-
HHUE CTPYKTYPBI JIy4eBOH KOCTH B 30HE OBIBIIEH

ness for timely diagnostis both in outpatient and
inpatient settings.

The study performed allows us to draw the fol-
lowing conclusions:

1. Post-vaccination reactions and complications
are possible when using the BCG/BCG-M vaccine,
but they are extremely rare. Therefore, it is neces-
sary to spread the actual data on the extremely low
risk of complications following BCG/BCG-M vacci-
nation.

2. The reason for vaccination refusal among the
population is insufficient health communication
among pregnant women and new mothers, who need
to be explained the need for BCG vaccination and the
specifics of vaccination in newborns.

3. The increase in BCG vaccination refusals in the
Orenburg region does not depend on possible post-
vaccination complications.

4. The case reports presented may be useful for
primary pediatric care specialists (primary care
pediatricians, pediatric surgeons) both for improv-
ing the diagnostics and adequate follow-up of
patients.

Conflict of interest. The authors declare no
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ZeCTPYKIIUH. PeKOMEHZI0BAHO 3aKOHUUTH KypPC IIPO-
THUBOTYOEDKYJIE3BHOW  XHUMHUOTEpanuu. PebGeHOK
MO2KET BECTH OOBIYHBIN 00pa3 ku3Hu. OCMOTp OPTO-
mesia yepe3 6 mMec. PeHTreHOJI0rnuecKul KOHTPOJIb
yepes 1 Tof,.

[TonTBep KAeHNEM STHOJIOTUYECKON IPUHAI-
JIEXKHOCTH TIPEJICTABJIEHHBIX CJIyYaeB OCJIOKHEH-
HOTO TeYeHUs] TyOepKyJIe3HOU BAKIIUHBI CITY:KUJIH:
MIOJIO’KUTEJIbHBIE PEe3yJIbTAaThl MOJIEKYJISIPHO-TEHE-
trueckux (TP va JITHK MBT) u maromopgosioru-
YeCKUX UCCIIeZIOBAaHUN, OTCYTCTBUE KOHTAKTA C 00JIb-
HBIMHU TYOEPKYJIE30M U CIeuPUIECKUX U3MEHEHUH
B OpraHax JIbIXaHWs, OTPUIIATEJIbHBIE PE3yJIbTAThI
Mpo0ObI ¢ ALIEPTEHOM TyOEpKyJIe3HBIM PEKOMOM-
HaHTHBIM U T-SPOT.TB Tecra.

OBCYXKJIEHUNE

[TpuuuHHO-C/IeICTBEHHASI CBSI3h MEXKIy IIep-
BUYHOU ummyHusanueit BIDK m HacTynmusmmMu
OCJIOXKHEHUSMHU y JIeTedl paHHero BO3pacra B CIIy-
Yyasx, IPeICTABJIEHHBIX BBIIIE, YCTAHOBJEHA C
HCIIOJIb30BAHUEM KJIMHUKO-J1a00PAaTOPHBIX METO-
JIOB TMATHOCTUKU U OIPENEJISIeTCS XapaKTepoM U
(GopMySTUPDOBKOU JMArHO3a caMOro 3a00JIEBAHMUS:
BIK-nmumdaneHuT nepenHeidl rpyAHON KJIeTKU U
BI7K-ocTuT HUXKHEU TPeTU JIEBOU JIydeBOU KOCTH.
3aboseBaHUs OTHOCATCA K OCJIOXKHEHUSIM IIOCTIe
BBeJIEHU: IIPOTHBOTYOEPKYI€3HON BaKI[UHBI KaTe-
ropuu 2A: mopakeHme TKaHeH JuM@aTUIecKoro
y3J1a TPYAHOU KJIETKH U, BO BTOPOM CJIydae, MOHO-
ouaroBoe IIOpa)keHUWe KOCTH, pa3BUBIIeecs B
pe3yJibTaTe reMaTOreHHOTO PaCIpOoCTpaHeHUs HaK-
Tepuil BaKIWHHOTO IITaMMa BHE 30HBI BBEJEHUS
BaKIUHBI. JlaHHbIE JUArHO3bI OBUIM IOCTABJIEHBI
KaK B PETHOHAJIbHOM ITPOTUBOTYOEPKYJI€3HOM JVC-
IaHcepe, Tak u (B ciyyae ocTuta) B (pesiepasbHOM
I[EHTpe — TIpH TOoCHUTaNu3anuu pebeHKa B
CII6GHUU®. OcHoBaHueM Jjisi BepudHUKaIUU Jra-
THO3a B 000UX CIIyJasaX CIYKUJIN Pe3yJIbTaThI CIIel]-
ndUUecKUX MeTO/I0B KJIMHUYECKOTO HCCIe/loBa-
HUS:  MOJIEKYJIIPHO-TEHETHYECKOTO  aHaJn3a
[IOCJIEOTIEPAIMOHHOTO MaTepHaa, IPOBEIEHHOTO ¢
L[eJIbI0 BBIABJIEHUA MHKOOAKTEPUH TyOepKyJies-
HOTO KOMILJIEKCA, THUCTOJIOTHYECKOTO HCCIeI0Ba-
HUs TyOEpKYJIEBHOTO MOPAKEHU TKAaHEH, a TAKKe
IIIIP na JTHK M. bovis BCG (yHUKaJIbHBIE CIIEIIH-
(uuyHBle TreHeTHUYeCKHWe TPU3HAKU BaKI[MHHOTO
IITaMMa).

V3zyueHne MeJUITUHCKUX JJOKYMEHTOB ITOKa3bI-
BAET, YTO JETAM IPEeJOCTAaBUIU MPODECCHOHATH-
HYI0 MEJUIMHCKYI IOMOIIb, 00beM KOTOPOHU 10
BaKIIMHAIMK OB MCUEPIBIBAIONIUM U aJleKBaT-
HBIM UX KJIMHHYECKOMY COCTOSHUIO. BMecTe ¢ TeM
JlaHHble KJIWHUYECKHe CJIyJdau JAeMOHCTPUPYIOT

HU3KYI0 (TH3HATPUYECKYI0 HACTOPOKEHHOCTH
MeUaTPOB U JETCKUX XUPYPTOB M OTCYTCTBUE 3HA-
HUH 00 aJIrOpUTMe BeJIeHHs MallleHTa ¢ IMoI03pe-
HUEM Ha IOCTBAKIMHAJIbHBIE OCJIOKHEHUS IIPU UX
maHudecranuu. MOKHO MOPEANOJOKUTh, UYTO
BBISIBJIEHHBIE B X0JIe OCMOTpPa MPU3HAKU IOCTBAK-
[IMHAJIBHOTO OCJIO0KHEHUS MMOCJIE IEPBUYHOMN MPO-
TUBOTYOEPKYJIE€3HONH HMMYHHU3AIUH IOSIBUINCH
¥W3-3a WHAWBUAYAJIbHON peakIuM OpraHu3Ma Ha
OUOJIOTHYECKHE XApPAKTEPUCTUKH BAKIIMHHOTO
mTaMMa — 3KHBBIX MHUKoOakTepuii. MeauinHcKue
paboOTHUKN HEe WMeJSIM BO3MOIKHOCTHU IPeOTBpa-
TUTh BO3/elcTBUE BakIMHHOro mramma BIK Ha
opranusm pebenka. Takum oOpa3om, JaHHBIE
OCJIO’KHEHUSI BAKIUHOMPODUIAKTUKH TybepKy-
Jie3a CJeJICTBUEM YMBINUJIEHHBIX JEUCTBUU OBITH
He MOTYT.

HecmoTpsa Ha TO, uTO crienuduyeckas npodu-
JIaKTHUKA TyOepKysesa y JeTel sBJIsAeTCA CTaH-
JapTHOM MPOLEAYPOH, a MOI00HbBIE OCTOKHEHUS
BCTpeYaroTcsl KpaillHe pejKo, Ba’KHO 00ecIeuuTh
TOTOBHOCTh K OIIEPATHUBHOU [JUArHOCTUKE HeE
TOJIBKO B aMOyJIaTOPHBIX, HO ¥ B CTAIlMOHAPHBIX
VCIJIOBHUSAX.

SAK/IIOUEHWE

ITpoBeneHHOE HcCIeIOBaHNE TIO3BOJISIET C/l€/IaTh
CJIe/IyIol1e BBIBOJIBL:

1. [Ipu npumenennu BIXK/BIPK-M BO3MOKHBI
[IOCTBAKIIMHANIBHBIE PEeaKIUU U OCJIOKHEHUs, HO
OHU KpaifHe penku. B cBA3M ¢ 3TUM HEOOXOAUMO
TPaHCIUPOBATh (AKTUUeCKHe [aHHble O KpaliHe
HU3KOH BepOATHOCTH BO3HUKHOBEHUS Y JeTel
OCJIO’)KHEHUH B IOCTBAKIIMHAIBHOM IIEPUO/IE IPOTH-
BOTYOEPKYIE3HOH UMMYHH3AIIHH.

2. [IprunHOI 0TKa3a HaceJIeHUs OT BaKI[MHAITUN
ABJIsIeTCA HEJ0CTATOYHAs aKTHUBHAA IPOCBETUTENIb-
ckas paboTa cpesiu GepeMeHHBIX *KEHIIUH U MOJIO-
JIbIX MaTepel, KOTOPhIM HEOOXOIUMO DPa3bACHATH
HeoOxoauMocTh nmpuBuBKU BIK, 3HAKOMUTH UX C
0COOEHHOCTSIMH BaKI[MHAIBHOTO IIPOIecca y HOBO-
PO’K/IEHHBIX.

3. Pocr otkasos ot npusBuBku BIIZK B Openbypr-
CKOH 00Jy1acTU He 3aBUCHUT OT BO3MOKHBIX ITOCTBAK-
LIIMHAJIBHBIX OCIO>KHEHUH.

4. IlpencraBieHHbIE KINHUYECKHE CJTydad MOTYT
OBITH IOJIE3HBIMH JUUISI CIIENHAINCTOB IEPBUYHOTO
3B€HA IM€IMATPUYECKON IMOMOIIY  (YY4aCTKOBBIX
[IeIUaTPOB, JETCKUX XUPYPIrOB) KaK JJIs TOBBIIIE-
HuA 3G GEKTUBHOCTH JUATHOCTUKU, TAK U IIPU INHA-
MHUYECKOM HaOJIIOZIEHUY [TallIeHTOB.

KoH@uIuKkT HHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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HoBas oprannsannoHHast MO/AeJIb OKa3aHUs
MeJUIIUHCKON MOMOIIHY MO NPOGWII0 «TPpaHCPYy3NOJTOTUA»

10.B. Moop*?, T.H. Ilocnesnosa?

I'BY3 HCO «Hogocubupckuil kauHuveckuil yenmp kposu», Hogocubupck, Poccus

2@I'6OY BO «Hogocubupckuil 2ocydapcmeeHtbiil MeduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

AHHOTAITUA

BBegenue. Boicokue nmokazarenu 3Gb(PeKTUBHOCTH JIEUEHHS 3JI0KAYECTBEHHBIX HOBOOOPA30BAHUH, YBETMUEHIE
YHCJIEHHOCTH HacesJeHus, Hy K/IAIOIIerocs B TpaHC)Y3MOHHOU KOPPEKIIUYU KOMIIOHEHTAaMH KPOBH, (popMHUpOBaHUE IIysia
JIOHOPOB, IIPOXKUBAIOIINX Ha Tepputopuu HoBocubupckoii obractu (HCO) u Bxopamux B OeziepaybHbIN PETHCTD JIOHO-
POB KOCTHOTO MO3Ta W T€MOIIO3THYECKUX CTBOJIOBBIX KJIeTOK (I'CK) o0ycimoBuin HEOOXOAUMOCTh (DYHKITHOHATBHOU U
CTPYKTYPHOMU IepeCcTpONKHU OKa3aHUs TPAHCPY3UOJIOTHIECKOU ITOMOIIIH.

Il e 1 p . PazpaboraTh HOBYIO OPraHU3AIMOHHYIO MOJIEh OKa3aHUA MEIUIIMHCKON ITOMOIIY 0 TPodUiIo «TpaHcdy-
3UOJIOTUSA» U OLIEHUTH ee 3G PEKTUBHOCTS.

MaTepuainb U MeTOBbl . IIpoBeIeHO PETPOCIEKTHBHOE UCCIIEI0BAHNE ITOKa3aTesield paboTsl HoBocubup-
CKOT'O KJIMHUYECKOTO IIEHTPA KPOBHU: 3a IIEPUOJ] 2020—2024 IT. OI€HUBAJIUCH JJAHHBIE T10 3aTOTOBKE U BbIJIaue KOMIIOHEH-
TOB KPOBU, UMMYHOTE€MATOJIOTHYECKON ¥ UMMYHOTEHETUYECKOH J1Tab0paTOPUSsIM; 3a IEPUOJ 2017—2024 IT. — TaHHBIE 110
JITHEBHOMY cTaruoHapy u 1neHTpy 3arotoBku I'CK. B uccienoBaHue BKIIOUEHBI PE3YJIBTATHI: 217 857 JOHAIIUN KOMIIOHEH-
TOB KPOBHU M 3aroTOBKH 170 761,1 JI IIeJIbHOM KPOBH; 3aMECTUTEIBbHON TpaHCHY3WOHHON Tepaluy, BHIITOJIHEHHOU B
1877 citydasix rOCIATAIU3aI|I B IHEBHOU cTarinoHap; 32 883 1abopaTOPHBIX UCCIIEIOBAHUE, IIPOBEIEHHBIX 10 276 MaIH-
€HTaM C HUIMYHEM aJJIOAHTUTEsI K aHTUT€HHBIM CHCTEMAaM SPUTPOLUTOB U 138 MMMYyHOJIOTMUECKUX HCCIIeIOBAHUH Y
28 MMaIueHTOB ¢ YCTAaHOBJIEHHON pepaKTepHOCTHIO K TpaHCPY3UsAM TPOMOOIIUTOB; UMMYHOT€HETUUECKOTO HCCIIE0Ba-
HHS 3000 JIOHOPOB, BOIIIE/IINX B JIOKAJIbHYI0 623y JaHHBIX THIIUPOBAHHBIX JJOHOPOB, U 76 manuenToB u3 HCO, Hyx)aat0-
IUXcs B TpaHCIUIaHTauu KoctHOTo Mo3ra u I'CK; o6cnenoBanus 10 qonopos I'CK 1 KOHTpOJIs KaduecTBa 10 TepaeBTH-
yeckux 7103 ajtoreHHbIx I'CK.

PesynbTartsbl . PocT 0OIINX MPOU3BOACTBEHHBIX ITOKA3aTesIeld HA 11,3 % IMO3BOJIUJ YBEJIMUUTH OOILIYIO BBIZAUY
KOMIIOHEHTOB KDOBU B PaMKax I'OCy/IapCTBEHHOI'0 33/1aHUA HA 9,3 %, COKPATUTh CIIMCAHUE KOMIIOHEHTOB KPOBU 110 UCTe-
YEeHHIO CPOKa TOJHOCTH Ha 91,8 %. B yC/IOBUSAX ClienUaIu3UPOBAHHOTO TPAaHC)Y3HOIOTUUECKOTO JHEBHOTO CTAI[OHAPa
3aMecTUTeIbHAs TpaHC)Y3UOHHAS TepaIus MPOBeeHa MalueHTaM ¢ TPOMOOIUTOIIEHUEN, TeMOPPAarnyecKuM U aHEMU-
JeckuM cuHzipoMaMu. O6Iui 00hEM MEPETUTHIX SPUTPOIUTCOAEPKAIINX KOMIIOHEHTOB OOJIBHBIM COCTaBUI 6495 7103,
KOHIIEHTpaTa TpOMOOIUTOB — 986 103. Kitnnnueckast 3pbeKTUBHOCTD /7T SPUTPOIUTCOEPIKAIIUX KOMIIOHEHTOB KPOBH
JIOCTUTHYTA B 99,5 % CJIy4yaes, AJisi KOHIEHTPATa TPOMOOITUTOB — B 91,1 %. IlocTTpaHCc)y3MOHHBIX OCIOKHEHUH He 3adUK-
CHUPOBaHO. Bcero nHAMBH/IyaIbHO MO06paHO 22 385 /103 SPUTPOIUTCOIEPIKAIINX KOMIIOHEHTOB KPOBH /711 OOJIBHBIX C
BBISIBJIEHHBIMH AHTHU3PUTPOIIUTAPHBIMUA AHTHUTENaMHU, 3(PQPEKTUBHOCTh WHIAUBHUAYATIBHOTO IMOAO0pPa 3PUTPOLUTOB —
99,8 %. B uHAMBU/IyaIBHOM T0/I00PE KOHIIEHTPATa TPOMOOIIUTOB HYK/IAJIUCh 28 OOJIBHBIX ¢ peppaKTEPHOCTHIO K TPAHC-
dysusam Tpom601UTOB, 3G PEKTUBHOCTD UHAUBUIYATBHOTO 1To0opa Ay un, ¢ HLA-anTuTeiamu cocraBuia 71,4 %, i
Bcel COBOKYITHOCTH PEIUIINEHTOB ¢ pedpakTepHOCThI0 — 92,8 %. Pe3yspTaTOM UMMYHOT€HETHYECKOTO MCCIIEZIOBAHUS,
npoBezieHHOro 76 manuenTaM u3 HCO, HyxaaomumMcsa B TpaHCIUIaHTaluu koctHoro Mosra u I'CK, crasio onpezesenue
JUIst 19 (25 %) U3 HUX COBMECTUMOTO POZICTBEHHOTO JIOHOPA. JleCcsATH JOHOpPaM BBITIOJTHEHO 18 nuTadhepe3oB, 3aT0TOBJIEHO
10 TepaneBTuueckux 7103 I'CK.

3akJyo4YeHHUe. HoBag opraHu3aioOHHAs MOJIEJIb OKA3aHU MEAUIMHCKOHN IIOMOIITH 110 TPOQUIII0 «TpaHCchy3HU-
0JIOTHS» TI03BOJIMJIA TIOBBICUTH 00€CTIEYEHHOCTh MEIUITUHCKUX OPTaHU3AIUNA TeMOKOMIIOHEHTAMH, JOCTYITHOCTh TPAHC-
(y3uosornueckoil MOMOIIHU, YCOBEPIIEHCTBOBATh UMMYHOJIOTHYECKYI0O 0€30TMacHOCTh aJUIOT€HHBIX TpaHchy3ui, BHe-
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JIDUTDH BBICOKOTEXHOJIOTHYHBIE MeTO/1bI 3ar0TOBKH ['CK, a Tak:Ke 3aJ103KUTh OCHOBY JIJIsl PA3BUTHUSA TPAHCIIAHTAIIHOHHOTO
norernnuana HCO.

Kmoueevte caoea: TpaHcdy3noJIOTHYECKas MTOMOIb, HOBasg MOJEIb, KOMIIOHEHThI JOHOPCKOW KPOBU, IAIUEHTHI,
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A new organizational model for the provision of medical care
in the field of transfusiology

Yu.V. Moor*2, T.I. Pospelova?

‘Novosibirsk Clinical Blood Center, Novosibirsk, Russia

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Highrates of effectiveness of the treatment for malignant neoplasms, an increase in the popula-
tion requiring blood component transfusion, and the formation of a pool of donors residing in the Novosibirsk region and
included in the Federal Registry of Bone Marrow and Hematopoietic Stem Cell (HSC) Donors have necessitated the need
of a functional and structural restructuring the provision of medical care in the field of transfusiology.

A i m . Todevelop a new organizational model for the provision of medical care in the field of transfusiology and evaluate
its effectiveness.

Materials and methods. Aretrospective study of the performance of the Novosibirsk Clinical Blood
Center was conducted — from 2020 to 2024 for indicators of procurement and delivery of blood components as well as
immunohematologic and immunogenetic labs; from 2017 to 2024 — for indicators a day hospital and the HSC procurement
center. The study included the results of 217 857 blood component donations and the procurement of 170 761,1 liters of
whole blood; blood substitution performed in 1 877 cases of day hospital stay; 32 883 laboratory tests performed on
10 276 patients with the presence of alloantibodies to red blood cell (RBC) antigen systems and 138 immunological studies
in 28 patients with established platelet transfusion refractoriness; immunogenetic testing of 3000 donors included in the
local database of typed donors and 76 patients from the Novosibirsk region who was in need of bone marrow and HSC
transplantation; examination of 10 HSC donors and quality control of 10 therapeutic doses of allogeneic HSC.

R esults. Thegrowth of overall production indicators by 11,3% made it possible to increase the total output of blood
components under the state assignment by 9,3%, to reduce the write-off of expired blood components. Blood transfusion
was carried out in patients with thrombocytopenia, hemorrhages, and anemias in the setting of a specialized transfusion
day hospital. The total volume of RBC components transfused to patients amounted to 6495 doses, platelet concentrate —
986 doses. Clinical effectiveness was 99,5% of cases for RBC components and 91,1% for platelet concentrate. No post-
transfusion complications were recorded. A total of 22 385 doses of RBC components were individually selected for patients
with detected anti-RBC antibodies; the effectiveness of individual RBC selection was 99,8%. Individual selection of platelet
concentrate was required in 28 patients with platelet transfusion refractoriness; the effectiveness of individual selection for
patients with HLA antibodies was 71,4%, and for all the recipients with refractoriness was 92,8%. Immunogenetic study on
76 patients from the Novosibirsk region who was in need of bone marrow and HSC transplantation resulted in the identi-
fication of a matched related donor for 19 (25%) of them. Eighteen cytaphereses were performed in 10 donors, 10 therapeu-
tic doses of HSC were harvested.

Conclusion. Thenew organizational model for the provision of medical care in the field of transfusiology allows
to increase the provision of medical facilities with blood components, the availability of transfusion care, improve the
immunological safety of allogeneic transfusions, introduce high-tech methods for harvesting HSC, and lay the foundation
for the development of the transplantation potential of the Novosibirsk region.

Keywords: transfusion care, new model, donor blood components, patients, transfusions, hematopoietic stem cells.
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BBEJIEHUE

IToTpeOGHOCTD B JIOHOPCKOH KPOBU U €€ KOMIIO-
HEHTaX OIpeJiesIsieTcsl YPOBHEM Pa3BUTHS CHCTEMBI
PEeruoHaILHOTO 3APAaBOOXPAaHEHUs, 00beMaMu OKa-
3aHUA CIIenUaTu3uPOBAHHOMN MEIUITMHCKOU
IIOMOIIIA, B TOM YHCJIE BBICOKOTEXHOJIOTHYHOH, H
o0IM 00BEMOM OKAa3bIBAEMOH HACEJIEHUIO MeIu-
nuHCcKou momoru. Iy HoBocubupckoil obsactu
XapaKTEPHBI 00IIEPOCCUNICKIE TEHEHIIMU B COIU-
aJIbHO-JIeMOrpa)UuecKrX I0Ka3aTessiX, KOTOPBIE
MIPOSIBJISLIACH B TIEPHO/T C 2020 TI0 2024 T. yBeJIrude-
HHUEM JIOJIU TPAK/IaH CTapIIle TPYAOCIOCOOHOTO BO3-
pacra 1o 23,7 %, pocrom 00Ieil 3abosieBaeMOCTH
3JI0KAYECTBEHHBIMHU  HOBOOOPA30BaHUSAMH  Ha
15,6 %, tumbomamu — Ha 12,4 %, TeUKeMUuen — Ha
11,04 %, 5-J€THEH BBDKHUBAEMOCTH NAIMEHTOB C
OHKOJIOTHYECKUMH 3abosieBaHUsAMH — Ha 23,8 %
[1-6]. CioxuBmiasicsi cUTyalusi B KJIUHHYECKOM
CEKTOpE PETNOHAJIPHOTO 3/IpAaBOOXPAHEHHS 3aKOHO-
MEpPHO OTpa3ujaach Ha MOTPEOHOCTH MEIMITMHCKUX
opranuzanuii HoBocuOGUpCcKod 00J1aCTH B KOMIIO-
HEHTaX JIOHOPCKOU KPOBH.

Bricokme mokasaTtenu 3HEKTUBHOCTH JIEUEHUS
3JI0KAYECTBEHHBIX HOBOOODPA30BAHUM, YBEJIHMYEHIE
YHCJIEHHOCTH HaCeJIEHUs, HY»K/IAIOIIETOCsA B TPaHC-
(Gy3MOHHOH KOPpEKIUH KOMIIOHEHTAMH KpPOBH,
¢opmupoBaHue IyJia JOHOPOB, MPOKUBAIOIIUX HA
tepputopuri HoBocr6GUpPCKOI 06J1aCTH U BXOASIITUX
B ®esiepasibHBIA PETUCTP IOHOPOB KOCTHOTO MO3Tra M
reMOIIO3THYECKUX CTBOJIOBBIX KiaeToK (KM u I'CK),
00ycJIoBIIIM HEOOXOAUMOCTh (QYyHKITMOHAJIBHOU H
CTPYKTYPHOU ITePECTPOUKH BCEU CHCTEMbI OKa3aHUsI
TpaHC(]Y3UOJIOTUUECKOH IMOMOINM U IMOTpeboBaIu
pa3paboTK! HOBBIX MOJIXO/I0B K HEW.

HOEJIb NCCJIEJOBAHUA

PazpaboTaTh HOBYI0 OpraHU3aNHOHHYIO MOJIEJb
OKa3aHUsA MEeJUIIMHCKON IOMOIIM II0 NPODIIIO
«TpaHcdy3U0I0THA» U OIEeHUTH ee 3 HEKTUBHOCTD.

MATEPUAJIBI 1 METO/IbI

[IpoBe/IeHO PETPOCIEKTUBHOE HCCIIEAOBAHHE
mokasaresieli pabotsl HOBOCHMOMPCKOTO KJIMHUYE-
ckoro 1eHtpa kpou (HKIIK): 3a mepuos 2020-—
2024 TIT. OIEHHUBAINCH JIAHHBIE II0 3arOTOBKE U
BbIJIaye KOMIIOHEHTOB KPOBH, UMMYHOT€MAaTOJIOTH-
YEeCKOU M UMMYHOTE€HETHYECKOH JTabopaTopusim; 3a
IepHOJT 2017—2024 IT. — TaHHBIE I10 THEBHOMY CTa-
nuoHapy u neHtpy 3arotoBku I'CK. 3a uzyuaembli
nepuoy; 8 HKITK 3arotosiieHo 170 761,1 JI 1IeJIBHOHM
KpPOBH, JUII Yero JIOHOPAMU  BBIIOJHEHO
217 857 MOHAIIUH KOMIIOHEHTOB KpoBU. OCHOBHOM
crocob 3aroTOBKH KOMIIOHEHTOB KPOBHU — 3aTOTOBKA

INTRODUCTION

The need for donor blood and its components is
determined by the level of development of the regional
healthcare system, the volume of specialized medical
care, including high-tech one, and the overall volume
of medical care provided to the population. The Novo-
sibirsk region is characterized by nationwide socio-
demographic trends, which have been expressed in
the period from 2020 to 2024 in an increase in the
proportion of citizens over working age to 23,7%, an
increase in the overall incidence of malignant neo-
plasms by 15,6%, lymphomas — by 12,4%, leukemia —
by 11,04%, and a 5-year survival rate of cancer
patients — by 23,8% [1—6]. The current situation in the
clinical field of the regional healthcare system has
expectedly affected the needs of medical facilities in
the Novosibirsk Region for donor blood components.

High rates of effectiveness of the treatment for
malignant neoplasms, an increase in the population
requiring transfusion correction with blood compo-
nents, and the formation of a pool of donors residing
in the Novosibirsk region and included in the Federal
Registry of Bone Marrow and Hematopoietic Stem
Cell (BM and HSC) Donors have necessitated a func-
tional and structural reorganization of the entire sys-
tem of transfusion care and required the develop-
ment of new approaches in the matter.

ATM OF THE RESEARCH

To develop a new organizational model for the
provision of medical care in the field of transfusiol-
ogy and evaluate its effectiveness.

MATERIALS AND METHODS

A retrospective study of the performance of the
Novosibirsk Clinical Blood Center (NCBC) was con-
ducted: from 2020 to 2024 — for indicators of the
procurement and delivery of blood components as
well as immunohematologic and immunogenetic
labs; from 2017 to 2024 — for indicators of a day hos-
pital and the HSC procurement center.

During the study period, the NCBC harvested
170 761,1 litres of whole blood. Accomplish this
217 857 blood component donations were made. The
basic method is whole blood harvesting, followed by
cell and plasma fractionation (92,9% of all dona-
tions). All registered donations were made by donors
on a voluntary basis.

Blood substitution with donor blood components
was performed in 1877 cases of treatment at a day
hospital, correction of anemia was carried out in
1817 cases, correction of thrombocytopenia — in
295 cases. The clinical effectiveness of transfusion
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1IeJIBHOHM JJOHOPCKOM KPOBU € MOCJIEAYIONIUM (ppak-
[IMOHUPOBAHHUEM Ha KJIETOUHBIE 3JIEMEHTHI U IJIa3My
(92,9 % ot Bcex BUIOB AoHAIUI). Bece 3aperucrpu-
pOBaHHBIE JIOHAIUH OCYIIECTBJIEHBI JOHOPAMH Ha
06e3B03ME3THON OCHOBE.

3amecTUTesNbHAsT ~ Tepamus  KOMIIOHEHTaMH
JTOHOPCKOM KPOBY IIPOBeJIeHa B 1877 CiTydassX rOCIH-
TIU3alHUH B JHEBHOU CTAI[MOHAD, KOPPEKITHUIO aHe-
MHYECKOTO CHHAPOMA BBITIOJHUIN B 1817 ciydasx,
KOPPEKIINIO TPOMOOITUTOIIEHHH — B 205 CJIydYasX.
Kimuanyeckyro 3G¢eKTHBHOCTh TpaHC)Y3HOHHOU
Tepanuy 3PUTPOIUTCOIEPKAIUMHI KOMIIOHEHTaMHU
KPOBH OIIEHUBAJIN II0 IPUPOCTY KOHIIEHTPAIINH
reMOIJIOOMHA Yepe3 24 4 U UCUYE3HOBEHUIO KIIMHU-
YecKUX IposiBiaeHui anemun. Kimanuecku saddek-
TUBHOU cuuTasach TpaHcy3Uus ¢ MPUPOCTOM KOH-
[IEeHTpaIuy reMoryioonHa 6oJiee 10 T/J1 mocje Kak-
IOH  [03bI  OPUTPOIUTOB, K  YACTUYHOMY
MIOJIO?KUTEJIBHOMY OTBETY OTHOCWJIN TpaHcy3uu ¢
IPUPOCTOM TeMOTJIOONHA Ha 5—9 T/JI, K MUHUMAaJTh-
HOMY — Ha 1—4 1/11 [7, 8]. Knnuauyeckyio abdpeKkTrs-
HOCTb TpaHCQY3UU KOHIIEHTPATa TPOMOOIIUTOB OI1e-
HUBAJIU 10 abCOJIIOTHOMY IIPUPOCTY KOJHUYECTBA
TPOMOOITUTOB Yepe3 24 4 U CKOPPEKTUPOBAHHOMY
IIPUPOCTY KOJIMYECTBA TPOMOOIINTOB Yepe3 1 9 IOCIe
TpaHcdy3uH, a TAaK:Ke IIPEKPaALIEHUIO TN YMeHbIIIe-
HUIO BBIPA’KEHHOCTH T'eMOPPAruvecKux IIpOosiBie-
HUi @npu ux Hamuuuu. Tpancdysua cuurtanach
3 PEeKTUBHON, €CITU MPUPOCT KOJIMYECTBA TPOMOO-
IIUTOB Uepe3 Yac yBeJIMUUBAJICA HE MeHee 4eM Ha
10x10%/1 m 06OJlee TO OTHOIIEHHWIO K HCXOTHOMY
ypoBHIO [9]. Bo3pacT GOJIBHBIX, MOCTYIUBIINX Ha
nedyenue B jnHeBHOU cramuoHap HKIIK, cocraBui
61 + 1,3 roga. CTaHapTHBIA CPOK TOCIUTAIN3AIUN
Ha 1 cjydyail JiedeHHs B JIHEBHOM CTalllOHape C
I1eJIbI0 IIPOBeJIeHUs TeMOTpaHchy3NOHHOH Tepanuu
OTIpe/iesIEH KaK 5 KOUKO-/THEN.

[IpoaHasu3upoBaHbl pe3ysbTaThl 32 883 J1abo-
PaTOPHBIX UCCJIEIOBAaHUM, TPOBEIEHHBIX IS 10 276
MaNUeHTOB ¢ HAJIMYKMEM AJUIOAHTHUTEN K aHTUTEeH-
HBIM CHCTeMaM BSPUTPOLUTOB, HYXIAIOUIUXCA B
WHIUBUAYAJIEHOM [101I00P€E SPUTPOIUTCOAEPIKATIIIX
KOMIIOHEHTOB KPOBH, a TakxKe 138 MMMyHOJIOTHYe-
CKUX HCCJIEOBAHUN /I 28 MAIUEeHTOB C yCTAaHOB-
JIEHHOH pedpaKTEePHOCTHIO K TpaHCPy3HUsAM TPOMOO-
[IUTOB, HY>K/IAIOIIHNXCS B MHANBUAYAJIBHOM HOA00De
KOHITEHTpAaTa TPOMOOITUTOB.

V3yyeHbl pe3y/bTaThl HMMYHOT€HETHUECKOTO
HCCIIeIOBAHUSA 3000 IOHOPOB, BOIIE/IITHX B JIOKAJTb-
Hyi0o 0asy JaHHBIX TUIIMPOBAHHBIX JOHOPOB, U
76 marnuenToB HoBOCHOMPCKOH 06J1aCTH, HYXKAAI0-
IUXcA B TPaHCIUIAaHTauu kKoctHoro mo3sra u I'CK,
203 MOTEHI[UAJIBHBIX JIOHOPOB-POZICTBEHHUKOB. Bee
manueHThl — KuTeaun HoBocubupcko#l obsacTw,

therapy with red blood cell (RBC) components was
assessed by an increase in hemoglobin concentration
after 24 h and the disappearance of clinical manifes-
tations of anemia. Transfusion with an increase in
hemoglobin concentration of more than 10 g/1 after
each RBC dose was considered clinically effective;
transfusions with an increase in hemoglobin by
5—9 g/1 were considered a partial positive response,
and a minimal one — by 1—4 g/1 [7, 8]. The clinical
effectiveness of platelet concentrate transfusions was
assessed by the absolute increase in platelet count
after 24 h and the adjusted increase in platelet count
at 1 h after transfusion, as well as the disappearance
or reduction in the severity of hemorrhagic manifes-
tations, if any exist. Transfusion was considered
effective if an increase in platelet count after 1 h
increased by at least 10x109/1 or more compared to
the baseline level [9]. The age of patients admitted
for treatment to a day hospital of the NCBC was
61 + 1,3 years. The standard length of day hospital
stay for blood transfusion was defined as 5 bed-days
for one case of treatment.

We analyzed the results of 32 883 laboratory tests
in 10 276 patients with alloantibodies to RBC antigen
systems requiring individual selection of RBC com-
ponents, as well as 138 immunological studies in
28 patients with verified platelet transfusion refrac-
toriness who was in need of individual selection of
platelet concentrate.

The results of immunogenetic testing of 3000
donors included in a local database of typed donors,
76 candidates from the Novosibirsk region for BM
and HSC transplantation, and 203 potential related
donors were analyzed. All patients were residents of
the Novosibirsk region, including 52 children under
18 and 24 adults. Patients ranged in age from 5 to 54
years (median 42 years).

The study included the results of examination of
10 HSC donors and quality control of 10 therapeutic
doses of allogeneic HSC.

Complete blood count (CBC) parameters in
donors and patients were analyzed using an XS-
1000i automated hematology analyzer (Sysmex) and
reagents for 24 CBC parameters (Sysmex). Immuno-
hematological studies were performed using gel
cards and a RBC test panel on IH-1000 and IH-500
automated immunohematology analyzers (BioRad).
Individual platelet concentrates were selected using
a Galileo Neo automated immunohematology ana-
lyzer (Immucor). Immunogenetic studies were per-
formed using molecular genetic methods on a
Mr.Spot Processor automated system for human tis-
sue genotyping with results interpretation software
(Bag HealthCare, Germany): 1430 donors were
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cpeu KOTOPBIX 52 pebeHKa /o 18 JieT U 24 B3poc-
JIpIX. Bo3pacT manmueHToB — OT 5 JI0 54 JieT (Menu-
aHa — 42 roja).

B ucciieoBanye BKJIFOUEHBI Pe3yIbTaThl 00ce-
JioBaHusA 10 poHopoB I'CK 1 KOHTpOJIA KavyecTBa 10
TepaleBTUYECKUX 7103 ajoreHHbIX I'CK.

ITokaszaresnn o6mero (KJIMHUYECKOTO) aHaIu3a
KPOBH Y IOHOPOB U OOJIBHBIX U3yYaI HA aBTOMAaTH-
YEeCKOM T'eMaTOJIOTUYECKOM aHau3aTope XS-1000i
(Sysmex) ¢ UCIIOJIb30BAHUEM PEAreHTOB /I UCCIIe-
JIOBAaHUU 24 TapaMeTPOB KJIMHHYECKOTO aHAIU3a
KkpoBH (Sysmex). IMMyHOTeMaTOJIOTUYECKHE UCCIIe-
JIOBAHUS BBITIOJIHWJIN C HCIIOJIb30BAaHUEM T'e€JIEBBIX
KapT ¥ TECT-3DUTPOIUTOB HA aBTOMATHYECKHUX
UMMYHOTeMaToJIoTuYecKux aHaiausatopax [H-1000
u IH-500 (BioRad). MeauBuAyanbHBIHN TOAO0D KOH-
[IEHTPATOB TPOMOOIIUTOB IIPOBEJIM HA aBTOMAaTHYe-
CKOM HMMYHOTEMATOJIOTHYECKOM  AHAIU3aTOPe
Galileo Neo (Immucor). HMMMyHOT€HETHYECKHE
HCCJIEZIOBAHUSA BBITTOJHIIN MOJIEKYJISIPHO-TEHETH-
YeCKHMH METOJJaMH Ha aBTOMATHYECKOM aHaIH3a-
Tope Mr.Spot Processor f1yi1 reHOTUTUPOBAHMA TKa-
HEHW yeJioBeKa ¢ MPOrpaMMOMU I WHTEPIIPETAI[UH
pesynbraToB (Bag HealthCare, T'epmanus): mus
1430 JIOHOPOB IIPOBE/IEHO UCCJIEIOBAHUE T10 4 JIOKY-
cam (HLA-A, B, C, DRB1) u 11 1570 JOHOPOB — T10
5 sokycam (HLA-A, B, C, DRB1 u DQB1). IToacuer
abcosroTHOTO KomnuectBa CD34+ u CD45+ KIIETOK,
MOHHUTOPHHT JIAHHBIX TTOKa3aTesel B Iepudepuye-
CKOH KpOBU JIOHOpPA BO BPEMsI CTUMYJISIUA KOCT-
HOTO MO3Ta U JIOHAITUA MOOHWJIN30BAHHBIX CTBOJIO-
BBIX KJIETOK, COJIEp:KaHUE B KJIETOUHOM ITPOJIYKTE, a
TakKe OIeHKy kusHecrmocobHoctu CD34+ KIeTok
OCYIIIECTB/ISUIM HAa MPOTOYHOM HHUTO(MIIIOOPUMETPE
FACSCalibur™ (Becton, Dickinson and Co.) c¢
KCIIOJIb30BAHUEM PEeareHTOB I UMMYHO(MEHOTHU-
nupoBanus (Becton, Dickinson and Co.).

Il moacuera 1 06pabOTKU PE3YIbTATOB UCCIIE-
JTOBaHUSI UCIIOJIb30BATN HH(POPMAITHOHHYIO CUCTEMY
AVICT, 6a3y jmaHHbIX EJJUHOTO JTOHOPCKOTO IEHTpa
(EAI), naHHBIE MEIHUITUHCKON WHGOPMAIMOHHOU
cucrembl HoBocubupckoii obnactu (MUC), cBeme-
HusA u3 6aswl JaHHbIX HKIIK 0 reHeTHUYECKOM IIpO-
¢due moHOpOB, porpammy Excel 2019.

OneHka IIOJIyUeHHBIX [JaHHBIX IPOBElEeHa C
IIOMOIIBIO TTporpaMMbl Statistica 10.0, mpuMeHeHBI
cTaH/IapTHBIE (OPMBI JJIsI CTAaTUCTUYECKOU o0pa-
OOTKH Pe3yJIbTaTOB: MOZCUET YaCTOT (aOCOTIOTHBIX U
OTHOCHUTEJIbHBIX); HENpPepbIBHbIE HOPMAaJIbHO pac-
TIpeJieJIEHHbIE TTOKA3aTeN IIPEJICTABJIEHbl B BHJE
M + 0; ucrosb30BaH Iokasareab meauansl (Me) ¢
VKazaHWEM 25-TO U 75-TO IPOIEHTUIEH; I CpaB-
HEHUS JIByX HE3aBUCUMBIX BEHIOOPOK TPUMEHEH KPH-
Tepuii CThIOJIEHTA, JIJIsI CDAaBHEHUS JABYX 3aBUCUMBbIX

tested for 4 loci (HLA-A, B, C, DRB1) and 1570
donors for 5 loci (HLA-A, B, C, DRB1, and DQB1).
Counting the absolute number of CD34+ and CD45+
cells, monitoring these parameters in donor periph-
eral blood during bone marrow stimulation and
donation of mobilized stem cells, their content in the
cell product, and assessing the viability of CD34+
cells were performed on a FACSCalibur™ flow
cytometer (Becton, Dickinson and Co.) using
reagents for immunophenotyping (Becton, Dickin-
son and Co.).

To calculate and process the results of the study,
we used the Automated Information System for
Transfusiology (AIST), the database of the Unified
Donor Center, data from the Medical Information
System of the Novosibirsk region, data from the
NCBC database on the genetic profile of donors, and
Microsoft Office Excel (2019).

The data obtained were evaluated using Statistica
10.0 software, using standard forms for statistical pro-
cessing of the results: frequency counting (absolute
and relative); continuous normally distributed indica-
tors are presented as M + o; the median (Me) was
used with the 25% and 75% percentiles; the Student’s
t-test was used to compare two independent samples,
the non-parametric Wilcoxon test was used to com-
pare two dependent (paired) samples, and the Pear-
son ¥* test was used to compare proportions. The
results were deemed significant at p < 0,05.

RESULTS

The use of elements of lean manufacturing and
the transformation of production processes made it
possible to increase the procurement of all blood
components from 83 784 doses in 2020 to 98 657 in
2024: for RBC components — by 17,8%, platelet com-
ponents — by 23,4%, cryoprecipitate — by 145,4%.
The growth of overall production indicators by 11,3%
(from 16 956,8 1 in 2020 to 18 868,21 in 2024) was
reflected in an increase in the total output of blood
components under the state assignment by 9,3%
(from 16 824,6 1 in 2020 to 18 393,3 in 2024), and
also contributed to a reduction in the write-off of
expired blood components by 91,8%.

In the setting of a specialized transfusion day hos-
pital, blood substitution via transfusion was carried
out in oncologic and hematologic patients with ane-
mia, thrombocytopenia, and hemorrhagic syndrome.
The mean length of hospitalization for anemia correc-
tion was 5,3 + 0,5 bed-days, while for thrombocytope-
nia and hemorrhagic syndrome correction, it was
6,1+ 0,5 bed-days. A total of 7986 bed-days were spent
by patients in a day hospital: length of hospitalization
was 4,45 bed-days per patient and the median was
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(mapHbIX) BRIOOPOK — HelapaMeTPUYeCKUH KpHUTe-
puii BHJIKOKCOHA, JIUIsl CpaBHEHUS JIOJIEH — KpUTe-
puii ITupcoHa ¥°. Pe3ysnbpTaThl CUUTAIU JOCTOBEP-
HBIMHU IIPU P < 0,05.

PE3YJIBTATDBI 1 OBCY KAEHUWUE

Hcnosib30BaHMe 3JIEMEHTOB GepeKINBOTO IIPO-
U3BOJICTBA U TpeoOpa3oBaHHE MPOU3BOICTBEHHBIX
MIPOIIECCOB ITO3BOJIMJIM YBEJIMYUTH 3arOTOBKY IIO
BCe COBOKYIHOCTH KOMIIOHEHTOB KpPOBU C
83 784 m03 B 2020 T. 10 98 657 B 2024 T.: A1 3pU-
TPOITUTCOMEPKAIIIUX KOMIIOHEHTOB KpPOBH — Ha
17,8 %, TpOMOOIIUTCO/IEPKAIIUX — HA 23,4 %, KpUO-
MpenunuTaTa — Ha 145,4 %. Poct o61mux mpousBo/-
CTBEHHBIX IOKazareyed Ha 11,3 % (c 16 956,8 1 B
2020 T. 10 18 868,2 11 B 2024 T.) 0OTpa3uicsA Ha yBe-
JIMYEHUU OOIIed BhIIaYM KOMIIOHEHTOB KDOBH B
paMKax rocysapcTBeHHOTO 3aiaHus Ha 9,3 % (c
16 824,6 71 B 2020 I. 710 18 393,3 B 2024 I.), a TAKXKe
CIIOCOOCTBOBAJI COKPAIIIEHUIO CITUCAHUS KOMIIOHEH-
TOB KPOBU 110 UCTEYEHUIO CPOKa r'OJTHOCTU Ha 91,8 %.

B ycioBusxX crenuajiu3upoBaHHOTO TpaHCdy-
3WOJIOTUYECKOTO JTHEBHOTO CTaI[MOHApa 3aMeCTH-
TeJibHasE TpaHChy3WOHHAs Tepamlus IPOBeIeHa
MaryeHTaM OHKOJIOTUYECKOT0 ¥ TreMaToJIOTHYe-
ckoro mpodwis ¢ aHeMHUeN, TpPOMOOIIUTOIIEHHEH U
reMopparuyeckuM CHHZApPOMOM. CpeIHHI CpOK
TOCIIUTAIU3AUN C ITEJIbI0 KOPPEKIUU aHeMHUYe-
CKOTO CHH/IpOMA COCTaBWJI 5,3 + 0,5 KOUKO-IHSI,
KOPPEKIIMH TPOMOOIIUTOIIEHUH U TeMopparnye-
CKOro cuHpoMa — 6,1 £ 0,5 KoiKko-7HA. CyMMapHO
0oJIbHBIE TTPOBEJIU B CTAI[HOHApE 7986 KOWKO-/THEH,
CPOK TOCITUTATU3AINN COCTABUII 4,45 KOUKO-THS HA
OIHOTO OOJIPHOTO, MenuaHa — 4,4 KOHKO-IHA.
O6muit 06BEM MMEPETUTHIX SPUTPOITUTCOAEPIKATIIIX
KOMITOHEHTOB OOJIBHBIM — 6495 /103, KOHIIEHTpaTa
TpoMOOITUTOB — 986 7103. Pe3ysipTaThl MPOBEIEHHON
3aMEeCTUTEIbHON Tepamuu KOMIIOHEHTaMU JIOHOP-
CKOU KPOBH B JIHEBHOM CTAI[OHAPE IPE/ICTAaBJIEHBI
B Ta0OJI. 1, 2.

Kiiuanueckasda 5p@PeKTUBHOCTD ISl SPUTPOLIUT-
COJIepsKaIlliX KOMIIOHEHTOB KPOBH  COCTaBHJIA
99,5 %, IUIs KOHIIEHTpaTa TPOMOOIIUTOB — 91,1 %.
ITocrTpaHcdy3nMOHHBIX OCJIOXKHEHUH He 3aUKCH-
poBaHo.

[IpoBesieHrEe KOMILJIEKCA UMMYHOTE€MATOJIOTHYE-
CKUX WCCJIETOBAHUNA W WHAWUBHUAYAJIbHBIH IOAOOD
SPUTPOIUTCOAEPIKANUX KOMIIOHEHTOB KPOBHU OCY-
IIECTBJISIIA B IEHTPAIN30BaHHOU pedepeHc-1a60-
patopu# /iist 60JIPHBIX, HAXOAUBIITUXCS HA JIEYEHUH
B MEJUIIMHCKUX opraHudanusax HoBocuOUpcKoul
obsactu. Becero B nsyuaeMoM IepHOjie UHAUBUIY-
aJIbHO MMOZI00paHo 22 385 103 APUTPOIUTCOIEPKA-
[UX KOMIIOHEHTOB KPOBH JIJIsI OOJIBHBIX C BBISIBJIEH-

4,4 bed-days. The total volume of RBC components
transfused to patients was 6,495 doses, and platelet
concentrate — 986 doses. The results of blood substitu-
tion therapy with donor blood components performed
in a day hospital are presented in Tables 1 and 2.

The clinical effectiveness for RBC components
was 99,5%, and for platelet concentrate — 91,1%. No
post-transfusion complications were recorded.

A centralized reference laboratory performed a
comprehensive immunohematological study and
individual selection of RBC components for patients
undergoing treatment at healthcare facilities of the
Novosibirsk region. A total of 22 385 doses of RBC
components were selected on an individual basis for
patients with identified anti-erythrocyte antibodies
(n = 10,276) during the period studied. Twelve
patients from this group (0,1%) had anti-leukocyte
antibodies in addition to anti-erythrocyte ones, so
individual selection of RBC components, including
HLA-matched ones, was performed. Matched com-
ponents could not be selected for 24 patients (0,2%).
The effectiveness of individual RBC selection for the
whole population of recipients was 99,8%.

Twenty-eight patients required individual plate-
let concentrate selection, of whom 22 (78,5%) had
anti-leukocyte antibodies, and 8 (28,5%) had anti-
platelet ones. Using solid-phase microplate immu-
noassay, 55 doses of platelet concentrates, identical
in ABo and Rh factor, matched with total anti-HLA
and anti-HPA antibodies, for 21 patients were
selected. The rest 7 patients required an HLA-
matched platelet component: HLA-matched donors
were found for 5 patients, from whom 8 doses of
matched components were harvested. A broad spec-
trum of anti-leukocyte antibodies was detected in
2 patients, which prevented the selection of a
matched donor. The effectiveness of individual selec-
tion of platelet concentrate for individuals with HLA
antibodies was 71,4%, and for the whole population
of refractory recipients — 92,8%.

The result of immunogenetic studies conducted in
76 residents of the Novosibirsk region with oncohemato-
logical diseases, who was in need of BM and HSC trans-
plantation, and 203 potential relative donors, was the
identification of a matched related donor for 19 patients
(25% of the total number of examined individuals).

In order to mobilization of stem cells and subse-
quently harvesting mobilized HSC, Filgrastim, a
recombinant human granulocyte colony-stimulating
factor (G-CSF) was administered to 10 healthy
donors at a dose of 10 mg/kg body weight. No marked
or clinically significant moderate to severe adverse
effects were observed in the donors following the
growth factor administration. During mobilization, a
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Ta6smmua 1. Pe3ynbraTsl TpaHCOY3UH 3PUTPOLUTCOAEPAKALLMX KOMIIOHEHTOB KPOBU

Table 1. Results of transfusions with red blood cell components

KosnyecTBO

I'eMor/s1064uH npu

CpeaHuii 06beM
I'eMOr/I06MH NIOC/Ie NePeJaUuThIX

NMalMeHTOB
Pe3yJibTaT TEpanuu NMOCTYIUIEHUM, T /1  TpaHCPY3UH, I'/J1 3PUTPOLUTOB
Number of : . D
Result of therapy atients Hemoglobin on Hemoglobin after =~ Mean volume of
p _ admission, g/1 transfusion, g/1 transfused red
(n=1817)
blood cells, doses
Bcs BrIGOpKa n=1817 69,9 £ 8,4 99,8+7,9 35+£0,6 <0,001
The whole sample:
MMOJIHBIH MTOJI0XKUTEAbHBIN n=981 69,8 + 8,3 100,1+7,6 3,2+0,7 <0,001
OTBET
complete positive response
YaCTUYHBIN n=23827 64,4 9,6 87,7+10,4 4,1+09 <0,001
HOJIOXKUTEbHBIA OTBET
partial positive response
MUHUMaJIbHBIHA OTBET n=9 87,4 +10,5 86,4 +84 59 +1,4 0,553
minimal response
HBIMU AQHTUSPUTPOIUTAPHBIMU aHTUTEIAMHU significant increase in the CD45+ cell count was

(n = 10 276), y 12 maIueHTOB U3y4aeMOH TPYIIIIbI
(0,1 %) MOMHMO AHTUIPUTPOIUTAPHBIX AHTUTEJI
BBISIBJIEHBl AHTWIEHKOIUTAPHBIE AHTUTENA, I103-
TOMY OCYIIIECTBJIEH WHUBUAYATbHBIN MOAO0D 5pU-
TPOIIUTCOAEPKAIKNX KOMIIOHEHTOB, B TOM YHCJIE
HLA-coBMmecTuMBbIX. /17151 24 (0,2 %) GOJIBHBIX 1100~
OpaTh COBMECTHMbIE KOMIIOHEHTHI HeE YaJoCh.
AbdeKTUBHOCTh MHAMBUIYAIBHOTO MOAOOPA 3pU-
TPOIIUTOB JJI1 BCEH COBOKYIHOCTU DPEIUIINEHTOB
cocraBuia 99,8 %.

B wumpguBuayaspHOM TOAOOpE KOHIIEHTpATa
TPOMOOITUTOB HYKIATHCh 28 GOJIBHBIX, U3 KOTOPBIX
y 22 MaIMeHTOB BBISBJIEHBl AHTUJIEUKOIIUTAPHBIE
anTutena (78,5 %), y 8 manueHTOB — aHTUTPOMOO-
nuTapHble aHtHTesna (28,5 %). VMMmyHOJOrHYe-
CKMMH METOZlaMU B TBep/10dha3HOH MUKPOILJIAHIIIET-
HOH TEXHOJIOTHH MOA0OPAHO 55 103, UAEHTUIHBIX
o ABO u pesyc-IpuHaJJIEXKHOCTH, COBMECTHUMBIX C
ydeToM cyMMapHbIX aHTU-HLA u antu-HPA anTu-

noted relative to baseline values; at day 5 of mobili-
zation, the CD34+ cell count in the peripheral blood
of all donors reached threshold values (Table 3).

Ten donors underwent 18 cytaphereses; 10 thera-
peutic doses of HSC for allogeneic unrelated transplan-
tation were harvested. The CD34+ cell count in the cell
product matched the calculated value and ranged from
4,82 10 10,1x10°/1 per 1 kg of patient body weight.

The number of recipients in the Novosibirsk
region from 2020 to 2024 increased by 20,5%, the
number of transfusions performed — by 25,7%; the
annual need for blood components for clinical use of
medical facilities that are subordinate to the Ministry
of Health of the Novosibirsk Region increased by
9,9%. In order to improve the system of transfusion
care in the Novosibirsk region, a new organizational
model for the provision of medical care in the field of

Ta6mmua 2. Pe3ynbraTs! TpaHcPy3Ui KOHIIEeHTpaTa TPOMGOLUTOB

Table 2. Results of transfusions with platelet concentrate

CpeaHuii 06beM nepe-

KosnyectBo TpomMGOBUTHI TpomMGOLUTHI
JIATOTO KOHIEHTpaTa
NMalUMeHTOB IPU NOCTYIUIEHHW, mocJe TpaHcdy3uu,
Pe3ybTaT Tepanuu - o TPOMGOILUTOB, 103
Number of x10°/1 x10°/n p
Result of therapy . Mean volume of
patients Platelets on Platelets after transfused platelet
(n =295) admission, x10°/1 transfusion, x10°/1 p
concentrate, doses
Bcst BEIGOpKaA n=295 23,6 +14,8 60,6 +31,6 35+£17 <0,001
The whole sample:
[I0JIOKUTE/JbHBIA OTBET n =269 25,5+14,8 62,7 +29,6 3,4+1,5 <0,001
positive response
OTpHIATE/JbHBIN OTBET 1N =26 151+3,1 13,2+2,4 3813 0,036

negative response
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Ta6smmua 3. OueHka AMHAMUKY [TOKa3aTesel nepudepruieckoil KpOBU JJOHOPOB BO BpeMsi MOGUJIM3allMY T€MOTI03THYECKUX

CTBOJIOBBIX KJIETOK

Table 3. Evaluation of the dynamics of peripheral blood parameters in donors during mobilization of hematopoietic stem cells

061ee KOJIMYECTBO JIEHKOIIUTOB

IlokasaTeJib CD34+ K/J1eTOK/MKJI CD 45+ K/J1eTOK/MKJI (B 06G11eM aHaIU3e KPpoBH), x10°/

Parameter CD34+ cells/pl CD 45+ cells/pl Total white blood cell count (in a
complete blood count),x10°/1

Jlo mo6unusanuu (1)

At baseline (1),

min-max 0,01-0,05 4,60-8,12 3,95-8,48

Me [25%; 75%)] 0,018 [0,010; 0,030]

6,520 [5,100; 7,158]

6,970 [5,628; 7,703]

3-4-ii nenb MoOUIM3anuK (2)
Day 3-4 of mobilization (2),
min-max

Me [25%; 75%]

42,0-68,3
53,400 [48,250; 58,450]

25,78-45,50
41,950 [29,893; 44,700]

29,58-49,99
44,275 [32,163; 47,945]

1-1 nenb sefikadepesa (3)
Day 1 of leukapheresis (3),
min-max

Me [25%; 75%]

48,30-115,0
76,100 [53,675; 84,525]

26,50-47,80
43,375 [39,020; 46,425]

31,47-49,03
44,100 [38,980; 46,465]

2-1 neHb seiikadepesa (4)
Day 2 of leukapheresis (4),

min-max 38,80-162,0 23,70-74,30 32,14-77,10
Me [25%; 75%] 76,300 [61,693; 87,600] 44,135 [38,450;47,600] 45,120 [39,975; 48,913]
p p,,<0,001 p,,<0,001 p,,<0,001

p, ,<0,001 p, ;<0,001 p, ;,<0,001

p,,<0,001 p,,<0,001 p,,<0,001

p,,=0,023 p, ,=0,315 p, ,=0,999

p, ,=0,005 p,,=0,393 p,,=0971

p,,=0,796 p,,=0,796 p,,=0,631

TeJI, KOHIIEHTPATOB TPOMOOIIUTOB /IS 21 GOJIBHOTO,
ocTaJibHble 7 OOJBHBIX HyxAaauch B HLA-
COBMECTHMOM TPOMOOIIMTAPHOM KOMIIOHEHTE: IS
5 00JIbHBIX Hali/leHbl HLA- uieHTHYHBIE JOHOPBI, OT
KOTOPBIX 3arOTOBJIEHO 8 103 COBMECTHUMBIX KOMIIO-
HEHTOB. Y 2 MAaIlMEHTOB BBIABJIEH HIUPOKUH CHEKTP
QHTHJIEUKOIUTAPHBIX aHTUTEJ, KOTOPHIA HE MTO3BO-
JIT I0/106paTh COBMECTUMOTO IOHOPA. D deKTHB-
HOCTh HWHJUBUAYAJIBHOTO IO00Opa KOHI[EHTpaTa
TpomboruToB i Jun ¢ HLA-aaTHTeNaMu cocra-
BUJIA 71,4 %, 71 BCEH COBOKYITHOCTH PEIUIINEHTOB
¢ pedppakTepHOCTHIO — 92,8 %.

Pe3ynpTaToM MMMYyHOTE€HETHUYECKUX HCCIIETOBA-
HUH, POBeZIeHHBIX V 76 xuteneli HoBocubupckoi
06J1acTH C OHKOTE€MATOJIOTHYECKUMU 3a00JIeBaHU-
SIMH, HY>KJAIOIIUXCS B TPAHCIUIAHTAIIUN KOCTHOTO
MO3ra U TeMOIO3TUYECKUX CTBOJIOBBIX KJIETOK,
203 MOTEHIUAIBHBIX JIOHOPOB — POACTBEHHUKOB
CTaJIO OIpesiesieHne i 19 manueHToB (25 % OT
001I1erT0 KOJIMYecTBa 00C/Ie/TOBAHHBIX JIUI]) COBMeE-
CTHMOTO POJICTBEHHOTO JIOHOPA.

C menpio MOOMJIM3AIN CTBOJIOBBIX KJIETOK U
JIAJIbHEHIIIe 3arOTOBKU MOOMIM30BAHHBIX T€MOIIO-
STUYECKUX CTBOJIOBBIX KJIETOK y 10 37J0POBBIX JIOHO-
POB IIPUMEHSIN KOJIOHUECTUMYIHUPYIOIINH GaKkTop
duirpacTuM B Z03€ 10 MT/KI Macchl Tejia. Boipa-
JKEHHBIX U KJIMHUYECKU 3HAYUMBIX IOOOUYHBIX

transfusiology was developed and implemented into
practice. This model implemented in four directions:
provision of donor blood components; clinical use of
blood components; ensuring the immunological
safety of allogeneic transfusions; implementation of
high-tech methods for the procurement of donor
blood components — HSC for autologous, allogeneic
related/unrelated transplantation (Fig. 1).

To optimize the production cycle, the following
lean manufacturing tools were used: a pull type for
the procurement of blood and its components; work-
place organization system (5S system); a visualiza-
tion system (Kanban); standardized work; and a con-
tinuous improvement system (Kaizen) [10—13]. This
new approach to the procurement of blood compo-
nents complicated the work of NCBC divisions, but it
laid the foundation for the formation of optimal
reserves with maximum focus on the needs of the
regional healthcare network, and also contributed to
a reduction in the write-off of expired blood compo-
nents. Optimization of the system for the provision
of blood components for clinical use through the
implementation of lean manufacturing elements has
improved the effectiveness of processes in harvesting
donor blood components and increased the overall
availability of components for transfusion for the
regional medical facilities.
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5¢hEKTOB CpeTHEN U TAMKEION CTENIEHH TSKECTH Ha
BBeJIeHHEe POCTOBOTO (aKTOpa y IOHOPOB He 3aduK-
cupoBaHo. [Ipu npoBeseHNH MOOUIN3aIUK HAGIIIO-
JlaJix JIOCTOBEpHOE yBeandeHue koaudectsa CD45+
KJIETOK OTHOCHUTEJIbHO 3HAUYeHHH [0 BBeJEHUS
poctoBoro dakropa; koaumdectBo CD34+ KJIETOK K
5-My JTHIO MOOMIN3aluy B epudeprieckoi KpOBU
y BCEX JOHOPOB JOCTUIJVIO IOPOTOBBIX 3HAUEHUU
(Tabi. 3).

Hdecatu JjoHOpaM BbINOJIHEHO 18 1utadepesos,
3aroToBJIEHO 10 TepalleBTUYeCKUX 103 IeMOII03TH-
YECKHUX CTBOJIOBBIX KJIETOK J|JIfl aJUIOTEHHON HEPO/I-
ctBeHHOUW TpaHcmanTanuu. KoswmuectBo CD34+
KJIETOK B KJIETOYHOM IIPDOJyKTE€ COOTBETCTBOBAJIO
pacyeTHOMY U COCTaBJISLIO OT 4,82 710 10,1x10°%/71 Ha
1 KT Macchl TeJia MarjiexHTa.

OBCYXXJIEHHNE

KosmyectBo penunueHtoB B HoBocubupckoit
00J1aCTH ¢ 2020 TI0 2024 T. YBEJIUIUIIOCH HA 20,5 %,
YHCJIO BHITIOJTHEHHBIX TPaHCPY3UH — Ha 25,7 %, exe-
rofgHas MOTPEOHOCTh B KOMIIOHEHTaX KPOBU A
KJIMHUYECKOTO WCIIOJIb30BAHUA OT MEAUITUHCKUX
OpraHHU3alui, I[O/IBEJOMCTBEHHBIX MUHBIpaBY
HoBocubupckoit ob6siactu, BbIpocyia Ha 9,9 %.
C 1espI0 COBEPIIIEHCTBOBAHUS CHUCTEMBI OKA3aHUS
TpaHCHY3UOIOTUIECKOH HOMOIINM HA TEPPUTOPUH
HoBocubupckoii obsiactu pazpaboTaHa U BHeIpeHA
B MPAKTUKY HOBAs OPTraHU3AIMOHHAs MOJEIh OKa-
3aHUs MEJIUIIMHCKOHN ITOMOIIIH 10 TPOMUITIO «TPaHC-
dysuosiorus», peau3oBaHHas B YEThIPEX HAIPaB-
JIeHUsAX: obeclieueHre KOMIIOHEHTAMU JOHOPCKOU
KPOBH; KJIMHUYECKOE MPHUMEHEHHE KOMIIOHEHTOB
KpOBH; o0ecIieueHre NMMYHOJIOTHYeCKOH Gezomnac-
HOCTH aJIJIOTEHHBIX TPAaHCQY3UL; BHeJIpEHUE BBICO-
KOTEXHOJIOTHUYHBIX METO/IOB 3arOTOBKHM KOMIIOHEH-
TOB JIOHOpCKOH KpoBu — I'CK ju1s ayToOJIOTMYHOM,
JUTOTEHHOU POJICTBEHHOM/HEPOACTBEHHOH TpaHC-
IUTaHTanuu (puc. 1).

C [espl0 ONTUMU3AIUU ITPOU3BOJICTBEHHOTO
[IMKJIA WCIOJIb30BAHBI CJIEJIYIONIE€ WHCTPYMEHTHI
OepeXJIMBOTO IIPOU3BOJCTBA:  «BBITSTUBAIOIILI»
THUII 3aTOTOBKU KPOBU M €€ KOMIIOHEHTOB; CHUCTEMaA
opraHmusanuu pabouero Mecra (cucrema 5S),
cucreMa Busyanusanuu (KanOaH), craHmapTU3UPO-
BaHHasA paboTa U CHCTEMa HEIPEPHIBHOTO COBEP-
mencrBoBauusa (Kaiazen) [10—13]. HoBbli moaxop,
K 3aroTOBKE KOMIIOHEHTOB KPOBHU YCJIOXKHHJI Jiesi-
TeapHOCTh mozpaszesennii HKIK, HO 3ayioxKut
OCHOBY 711 GOPMHUPOBAHUS ONTUMAJILHBIX 3a11aCOB
¢ MaKCHUMAaJIbHOW OpHEHTaIlied Ha IOTPeOHOCTHh
JIeyeOHOH CeTH, a TaKKe CIIOCOOCTBOBAJI COKpAIIe-
HUIO CIIFICAHUS KOMIIOHEHTOB KPOBH I10 UCTEUEHHIO
CpPOKa TOMHOCTH B B3KcreAuluu. ONTHMHU3AIM

As the main principle of the clinical use of donated
blood components in the new organizational model,
itis proposed to consider the use and development of
such hospital replacement technology as a special-
ized transfusion day hospital, which was established
for the first time in the Russian Federation on the
basis of a Blood Service institution in 2017 at the
NCBC [14, 15]. Medical care in the transfusiology
profile in the setting of a day hospital is provided to
patients over 18 years of age who do not require
round-the-clock medical supervision and treatment,
with hematological and oncological profiles and
thrombocytopenia, hemorrhagic syndrome and/or
anemia. The duration of transfusion therapy in such
patients is prolonged (2—4 days), but time-limited
(no more than 5 days); the volume of substitution is
characterized by the administration of minimum
daily doses on a daily basis until target values are
achieved and/or clinical symptoms are reversed.

Given the fundamental changes in healthcare,
with increasing attention to outpatient care, the
NCBC has established not only a day hospital but
also the Center for Outpatient Transfusion Care
(COTC) to improve the availability and quality of
transfusion care, run immunological testing, and
harvest HSC for allogeneic unrelated or autologous
transplantation. The effectiveness of the COTC is
determined by the continuity between the inpatient
and outpatient stages of medical care, ensuring the
permanency of the treatment process.

The improvement of the immunological safety of
allogeneic transfusions is based on the principle of
centralization of labor-intensive, time-consuming
technologies requiring the involvement of highly qual-
ified personnel. For this purpose, an immunological
reference center, as a part of the COTC structure, was
opened. The tasks of the reference center are to per-
form immunohematological studies in complicated
cases, individual selection of blood components for
sensitized patients taking into account RBC antigen
systems, as well as immunogenetic studies, in particu-
lar, the search for the most phenotype-matched donor
for allogeneic related BM and HSC transplantation,
and individual selection of blood components in cases
of transfusion refractoriness. The selection of HLA-
matched blood components requires the presence of a
bank of examined and typed donors. The local data-
base “Bank of typed donors for individual selection of
blood components for patients with transfusion
refractoriness” includes 3000 donors with a known
HLA phenotype [16]. Centralization of immunological
testing has made it possible to carry out individual
selection for patients with allosensitization and the
antibody response to clinically significant antigens of
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TToBbliIeHHE TPOM3BOACTBEHHBIX MOLIHOCTEH M COKpAICHIE
YTHIM3aLUH KOMIIOHEHTOB KPOBH IO CPOKY TOJHOCTH
Increasing production capacity and reducing
the disposal of expired blood components

Co3nanue CrenuaaIin3npoBaHHOTO
TpaHCc(y3nOTOrHYECKOro JHEBHOTO CTAI[IOHApa
Opening of a specialized transfusion day hospital

ObecnieyeHne KOMIIOHEHTaMH KPOBH
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— KOMIIOHEHTOB KPOBH
Clinical use of blood components

ObecneyeHUE UMMYHOJIOTHYECKOM
0€3011aCHOCTH aJUIOT€HHBIX TPaHChy3Hid
Provision of immunological safety
of allogeneic transfusions
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3ar0TOBKH TEMOIIOITHYECKUX
— CTBOJIOBBIX KJIETOK
Introduction of high-tech methods of
hematopoietic stem cell harvesting

Co3naHue IeHTpa 3ar0TOBKH
TeMOIIOATHYECKHUX CTBOJIOBBIX KIIETOK
Opening of a center for hematopoietic stem cell harvesting

Puc. 1. Biok-cxemMa HOBOM OpraHU3allMOHHON MOJIETH OKa3aHUS TPAHC(PY3HOIOTHYECKOH TOMOIIA
Fig. 1. The flow diagram of a new organizational model for the provision of transfusion care

cucCTeMbl 00OecrieueHusI KOMIIOHEHTaAMH KPOBH JIJIst
KJIMHHUYECKOTO KCIIOJIb30BAHUS 3a CUET BHEIPEHUs
2JIEMEHTOB «0OEpEeKJIMBOTO MPOU3BOJICTBA» IO3BO-
Jijia TOBBICUTH 3()GEKTUBHOCTD IIPOIECCOB 3aro-
TOBKU KOMIIOHEHTOB JJOHOPCKOM KPOBH U YBEJIMUUTD
o0mryro obecrie4eHHOCTh TpPaHC(PY3UOHHBIMU Cpe-
JlaMH METUITUHCKUX OPTaHU3aI|uil PernoHa.

B KauecTBe OCHOBHOTO MMPUHITUIIA KITHHHYECKOTO
HCIIOJIb30BAHUS KOMIIOHEHTOB JIOHOPCKOH KPOBHU B
HOBOH OpraHM3alMIOHHOW MOJEIN MPEIJIOKEHO
HCIIOJIb30BAaHUE U Pa3BUTHE TAKOU CTallHOHAp3aMe-
[AOIIEH TEXHOJIOTHH, KaK CHEIMaTU3UPOBAHHBIN
TpaHcdy3HO0IOTUYECKHH JHEBHOM CTAI[IOHAP, KOTO-
poiii B Poccuiickoii ®eniepaniiy BIiepBble CO3/IaH Ha
6aze yupexxaeHus cayK06I KpoBu B 2017 . B HKIIK
[14, 15]. OxazaHue MeTUITMHCKON TOMOIIIH 10 IIPO-

RBC components, as well as individual selection of
platelet concentrate for patients with platelet transfu-
sion refractoriness.

Based on the results of immunogenetic testing, a
related donor was identified for 19 patients (25% of
the total number of examined individuals): com-
pletely matched — 10/10 or 8/8 — for 14 patients
(18,4%); for 1 patient, a HLA-matched donor was
mismatched according to the results of the lympho-
cytotoxic test. A partially related donor — 9/10 or
7/8 — was identified for 5 patients (6,6%). The data
obtained are consistent with global statistic trends,
according to which only 20-30% of patients have a
matched related donor [17, 18]. The rest patients
who was in need of BM transplantation — 57 people
(75%) — required a search for a matched unrelated
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dumo «TpaHCchy3UOIOTUA» B YCJIOBUAX JHEBHOTO
CTalliOHapa OCYIIECTBIIAETCS MalleHTaM cTapiie 18
JIeT, He TPeOYIIUM KPYIJIOCYTOYHOTO MEIUIUH-
CKOTO HAOJIIO/IEHUS U JIEUeHHsI, TeMaTOJIOTHIECKOTO
U OHKOJIOTHYECKOTO MPODPMIs ¢ TPOMOOIUTOIIE-
HUeH, reMopparuyeckuM U (WiIn) aHEMUYECKUM
cuHApoMaMu. /[IyiuTespHOCTH  TpaHCHY3UOHHOU
TepalliH y TAaKUX IAIUEeHTOB HOCHUT ITPOJIOHTHPO-
BaHHBIN (2—4 JH), HO OTPAHUYEHHBIN 110 BpDEMEHH
xapakTep (He 6OoJsiee 5 JiHEH); 00BEM 3aMECTUTEIb-
HOU Teparuu XapaKTepu3yeTcs HA3HaUeHneM MUHH-
MaJIBHBIX CYTOUYHBIX 103 B €XKETHEBHOM PEXKUME JI0
JIOCTH?KEHHS IeJIEBBIX IOKazaTeneld u (W) Kop-
PEKINY KJIMHUYECKHUX CHMIITOMOB.

YuuteIBasi, 4YTO 37[paBOOXpaHEHNE KapAUHAJIbHO
MEHSIEeTCSI — PacTeT BHUMAaHUE K CEKTOpy aMOysa-
TOPHO-TIOJIUKJITUHIYECKOU oMoty — Ha 6aze HKITK
CO3/1aH He TOJIPKO JHEBHOU cTaruoHap, Ho U lleHTp
aMOyJIaTOPHOH TpaHC(PY3UOJIOTHUECKOH TMOMOIIH
(LTATTI) c meybio OBBIIIEHUS JJOCTYITHOCTH U Kade-
cTBa TpaHCHY3UOIOTUIECKOHN TOMOIIH, IIPOBEIEHUS
UMMYHOJIOTUYECKUX HCCJIeJIOBAHUM, a TaKXKe 3aro-
ToBKU I'CK /Il aJUTOT€HHOW HEPOJICTBEHHOU WU
ayTOJIOTUYHOM TpaHCIUIaHTAIUU. DPPeKTUBHOCTD
nesarenpHocTd IJATII HKIIK onpenensercsa npeem-
CTBEHHOCTBIO MEK/Iy CTAaIlHOHAPHBIM U aMOyJiaTop-
HBIM BTallaM{ OKa3aHWA MEIUIIMHCKOW IOMOIIH,
obecrieunBasi HEIPEPHIBHOCTH JIEYEOHOTO IIpoIfecca.

B ocHOBY coBepIIIEHCTBOBaHHS WMMYHOJIOTHYE-
CKOI1 6€30I1aCHOCTY aJIOTEHHBIX TpaHChY3UH M0JI0-
JKeH TIPUHIUI IeHTPaIu3aluyd TPYJIOEMKUX Bpe-
MEHHO3aTPaTHBIX U TPEOYIONUX HAJMYUS BBICOKO-
KBaTM(PUIIMPOBAHHOTO TIEPCOHAJIA TEXHOJIOTUMH, JIJIsI
4ero co3ZlaH UMMYHOJIOTHYeCKUN pedepeHc-1IeHTp,
BxomAamui B cTpyktypy LIATII. 3agmauamu pede-
peHC-TIeHTpa sIBJIAETCA IPOBeleHre UMMYyHOTeMa-
TOJIOTHYECKUX HUCCIIEIOBAHUH B CJIOKHBIX KIIMHUYE-
CKUX CUTYAITUAX, HH/IMBU/TyaJIbHBIA 10JI00P KOMIIO-
HEHTOB KPOBU CEHCUOWJIM3UPOBAHHBIM HAIlMEHTaM
C yYeTOM aHTUTEHHBIX CCTEM SPUTPOIIUTOB, & TAKKE
MPOBEJIEHNE UMMYHOT€HETHUECKUX HCC/IEI0BAHUM,
B YACTHOCTH TIOMCK HaunboJjiee COBMECTHMOTO II0
deHOTHITY MOHOpA IS AJJIOTEHHOW POJICTBEHHOU
tpadcmantaun KM u I'CK, wHIuBUAyaIbHBIN
mob0op KOMIIOHEHTOB KPOBU B ciIydae pedpakxrep-
HOoCcTH K TpaHcohysusaMm. Ilogbop cCOBMeCTUMBIX IO
HLA-aHTUreHaM KOMIIOHEHTOB KpPOBH TpeOyeT
Hamuusl 6aHKa 00CIe0BAHHBIX U TUITMPOBAHHBIX
moHOpPOB. JlokanpHas 6a3a JaHHBIX «baHK THIHPO-
BAHHBIX JIOHOPOB /IS HHIUBUAYAJIBHOTO TOm0O0pa
KOMIIOHEHTOB KPOBH MaIlfueHTaM ¢ pedpaKkTepHO-
CTBIO K TpaHcdy3UsAM» BKJIIOYAEeT 3000 JIOHOPOB C
nzBecTHbIM HLA-aHTUTEHHBIM cocTtaBoM [16]. IleH-
Tpamu3anus HMMYHOJIOTUUECKUX KCCIeT0BAHUN

donor in Russian or international databases of unre-
lated donors.

The principle of the possibility of harvesting
donor blood in a Blood Service institution and pro-
cessing stem cells from the donor’s recruitment to
the transportation of cell-derived blood products to
the end user by a single medical facility is the basis
for providing high-tech methods for harvesting
donor blood. A mandatory step in harvesting stem
cells from healthy donors is the mobilization of
hematopoietic progenitor cells into the peripheral
blood by administration of G-CSF. The NCBC has
developed its own mobilization protocol, as there is
no approved standard protocol for the duration of
G-CSF administration and the initiation of leuka-
pheresis in healthy donors in the Russian Federa-
tion. The HSC procurement center established on
the basis of the NCBC demonstrates both indepen-
dence and efficiency and lays the foundation for the
development of the transplantation potential of the
Novosibirsk region, as it can serve as a center for the
procurement of HSC for autologous and/or alloge-
neic transplantation. The NCBC’s capabilities and
facilities allowed to perform the full cycle of opera-
tion with stem cell donors in the setting of a day hos-
pital: interaction with transplant centers, stem cell
mobilization from donors, harvesting peripheral
HSC, quality control, and cell-derived product trans-
portation. A total of 18 cytaphereses were carried out
in 10 healthy donors, and 10 therapeutic doses of
HSC for allogeneic unrelated transplantation with
CD34+ levels in the cell-derived product correspond-
ing to those requested by the transplant centers were
harvested.

The proposed new organizational model for the
provision of medical care in the field of transfusiol-
ogy is characterized by universality and modularity
with the possibility of organizing any of the consid-
ered areas both on the basis of a Blood Service insti-
tution and a multi-disciplinary medical facility.

CONCLUSION

A new organizational model of the provision of
medical care in the field of transfusiology, integrated
into the healthcare system of the Novosibirsk Region,
allowed to increase the provision of blood components
to medical facilities, availability of transfusion ther-
apy, improve the immunological safety of allogeneic
transfusions, introduce high-tech methods for har-
vesting HSC, and laid the foundation for development
of the transplantation potential of the region.
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IT03BOJIMJIa 00ECTIEYUTh ITPOBEIEHUE UH/IUBU/TY AJTh-
HOT'O 1O100pa IS TAIIHEHTOB ¢ aJUIOCEHCUOUITN3a-
IHel 1 BHIPaOOTKON aHTUTEN K KIIMHUYECKU 3HAUH-
MBIM aHTUTEHAM SPUTPOIUTCOAEPIKAIUX KOMIIO-
HEHTOB KPOBH, a TaAK)Ke HHUBUYAIIBHOTO I0/100pa
KOHIIEHTpaTa TPOMOOIIMTOB MalieHTaM ¢ pedpak-
TEPHOCTBIO K TPaHCHY3UAM.

[To pesynbraTam MpPOBEJIEHHBIX UMMYHOTE€HETH-
YeCKHMX HCCJIeOBAaHUM JIUIA 19 manueHToB (25 % or
001IIero KoimyecTBa 06cIeJOBAaHHBIX JIUIT) OIpese-
JIEH POJCTBEHHBIH JOHOP: ITOJTHOCTHIO COBMECTHU-
MBI — 10/10 wiu 8/8 — mist 14 nanuenTos (18,4 %);
I 1 manueHTa uaeHTUYHbId o HLA-anTurenam
JIOHOP OKas3aJiCsI HECOBMECTUM II0 pe3yJbTaTam
JUMQOIUTOTOKCUYECKOTO TecTa. YacTUYHO COBMeE-
CTUMBIN POJACTBEHHBIH AOHOP — 9/10 wiuu 7/8 —
ompeiesieH JUIsl 5 marueHToB (6,6 %). [TomyueHHBIE
JTAaHHbIE COOTBETCTBYIOT OOIEMHUPOBOM CTATUCTHKE,
COTJIACHO KOTOPOU TOJIBKO 20—30 % TMalleHTOB
UMEIOT COBMECTHMOIO  POJICTBEHHOTO JIOHOpaA
[17, 18]. OcranbHble MAIAEHTHI, HYKJAIOIIHECT B
TpaHCIJIAHTAI[UX KOCTHOTO Mo3ra — 57 4eln. (75 %),
TpebOBaJIN MOVCKA COBMECTHMOTO HEPOJICTBEHHOTO
JIOHOpPA B POCCHUMCKOM WM MeXKIyHapomHOU 6ase
JTAHHBIX HEPOJICTBEHHBIX JJOHOPOB.

B ocHOBy obecrieueHUsI BHICOKOTEXHOJIOTHUHBIX
METO/IOB 3arOTOBKU JIOHOPCKOH KpPOBH TIOJIOXKEH
NIPUHITAN BO3MOKHOCTH 3aroToBku I'CK B ycioBuax
VUIPEXKIEHUS CITy:KObI KDOBH M OCYIIIECTBJIEHUS ITPO-
IIECCHTAa CTBOJIOBBIX KJIETOK OT IIPUBJIEYEHUS
JTOHOPA /10 TPAHCIIOPTUPOBKHU KJIETOYHOT'O IIPOTYKTA
KOHEYHOMY ITOTPEOUTEITIO CHJIAMU OJTHOU MeTUIUH-
ckoii opranmzaruu. O6s3aTeSIPHBIM 3TAllOM 3aro-
TOBKU CTBOJIOBBIX KJIETOK OT 3J0POBBIX JIOHOPOB
SABJISETC MOOWIU3AIUs KJIETOK-TIPE/IIIEeCTBEHHU-
KOB TeMOIlo33a B NepudepruyecKyl0 KPOBb IIyTeM
BBEJIEHUST TPAHYJIOIUTAPHOTO KOJIOHHECTHUMYJIHPY-
omero ¢akropa (I-KC®). B HKIIK paspaborana
coOCTBEeHHAas cXeMa IIPOBeIeHNsT MOOMIU3AIINH, TaK
KaK YTBEPXKJEHHOU CTAaHJApPTHOM CXeMBI JIJIUTeJb-
Hoctu npuMeHeHus [-KC® u Havana yeiikadepesa
V 3I0POBBIX JOHOPOB B Poccutickoii ®enepanuu He
cymectByeT. Co3nannbiii Ha 6aze HKIIK mieHTp 3aro-
ToBku I'CK JiemMOHCTpUpYyeT He TOJIBKO CaMOCTOS-

CIIUCOK JIUTEPATYPBI

1. T'anonosa T.B., Kanpanos H.M., Tuxomupos /J.C. u
Zip. XapaKTepuCTHKa OCHOBHBIX TEHJIEHIIUH B paboTe
cayx0b1 kKpoBu Poccuiickoir deneparuu B 2016—
2020 rogax // Temarosorus u TpaHCY3UOJIOTHA.
2022;67(3):388-397. DOIL:  10.35754/0234-5730-~
2022-67-3-388-397.

2. ®denepasibHas ciiy:kb6a rocyZJapCTBEHHOUM CTATHCTUKU:
obunmanpubiii cait. URL: https://rosstat.gov.ru/
(mara obpareHus: 17.03.2026).

TeJTbHOCTh W 3(P(PEeKTUBHOCTh, HO 3aKJIaJ[bIBAET
OCHOBY Ul Da3BUTHA TPAHCIUIAHTAIIMOHHOTO
noTeHuasia HoBocubupckoit o6siactd, Tak Kak
MOKeT BBICTYyHaTh Kak IeHTp 3aroToBku I'CK misa
ayTOJIOTMYHON W/WJIM aJUIOTEeHHOH TpaHCIUIaHTa-
nuy. Bo3MOXHOCTH M MaTepUaIbHO-TEXHUUYECKas
6aza HKIIK 1mo3BOIMIN B YCJIOBUAX JTHEBHOTO CTa-
[IMOHApa OCYIIECTBJIATh IOJHBIA ITUKJI PabOTHI C
JIOHOPaMH CTBOJIOBBIX KJIETOK: B3aHWMOJIEUCTBUE C
TPAaHCIUVIAHTAIIMOHHBIMU  I[EHTPaMU, IPOLEAYPY
MOOWJIM3AIUN CTBOJIOBBIX KJIETOK Y JIOHOPOB, 3ar0-
ToBKy nepudepuyecknx I'CK, KOHTposb KadecTBa,
TPAHCHOPTUPOBKY KJIETOYHOTO IIpoAyKTa. Bcero
npoBefieHo 18 nuTtadepe3oB y 10 370POBBIX JOHO-
POB, 3aTOTOBJIEHO 10 TEPANIEBTUYECKUX /103 T€MOIIO-
STUYECKUX CTBOJIOBBIX KJIETOK /JIA aJlJIOTeHHOU
HEepO/ICTBEHHOH TpaHCIUIaHTauu ¢ ypoBHeM CD34+
KJIETOK B KJIETOUHOM IPOJYKTE, COOTBETCTBYIOIIUM
3ampaniuBaeMoMy TPaHCILUIAHTAIMOHHBIMHU  IIeH-
TpaMmu.

[IpemioxkeHHass ~ HoOBasg  OpraHHU3AIMOHHASA
MOJIeJIb OKa3aHUA MeJUIIMHCKOM IOMOIIY 110 MpPOo-
w0 «TpaHCPY3UOTIOTHS» XapAKTEPU3YeTCs YHH-
BEPCAJIBHOCTHIO M MOJIYJIBHOCTBIO C BO3MOXKHOCTHIO
OpraHHU3aIUHU JII0OOTO U3 PACCMOTPEHHBIX HAIIPaB-
JIEHUH KaK Ha 0aze yupekJIeHus CIyKObI KPOBH, TaK
1 MHOTOITPOMUILHON METUITUHCKON OpraHU3aI[iH.

3AK/IIOUEHUWE

HoBasg opraHusamuoHHass MOJENb OKa3aHUA
MeIUITUHCKON ITOMOIIIH 10 PO} IITIO «TpaHcdy3Hno-
JIOTUS», HUHTeIPUPOBAHHAA B CUCTEMY 37[paBOOXpa-
HeHuss HoBocuOUpcKo# 06J1acTH, MMO3BOJIAIIA TTOBBI-
CUTHh 00€CIIeYeHHOCTh MEJUIIMHCKUX OpraHU3aIui
reMOKOMIIOHEHTaMH, JIOCTYIIHOCTb TPAaHCQY3UO0JIO-
THYECKOH ITOMOINY, YCOBEPIIEHCTBOBATh HMMYHO-
JIOTUYECKyI0 0e3011acHOCTh aJUIOT€HHBIX TpaHCdy-
3Ul, BHEAPUTh BBICOKOTEXHOJIOTHYHBIE METO/IbI
3arOTOBKM T€MOIIO3TUYECKHUX CTBOJIOBBIX KJIETOK, a
TaKKe 3aJI0’)KUTh OCHOBY /711 Pa3BUTHSA TPAHCIIJIaH-
TAI[MOHHOTO MTOTEHIINAJIa PETHOHA.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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AHHOTAIIUA

HeiipoBocnaneHue — COCTOSHUE, XapAKTEPUBYIOIIEeCs ITUPOKUM CIIEKTPOM PA3JINYUI KaK B OTHOIIIEHUH KJIETOYHBIX BJIe-
MEHTOB, yJaCTBYIOIUX B HHUIMAIUKA 3TOTO Mpoiiecca (MUKPOTJIUs, aCTPOIUTHI), TAK U B OTHOIIIEHHUU €ro MaToreHe3a B
nesioM. OTCYTCTBHE €IMHOTO MHEHUSI 10 BOIIPOCY IMAaTOT€HETHYECKUX MO/iesIell HEUPOBOCIIAJIEHUSI JIUIIb TTOTYEPKUBAET
HEe/TOCTaTOYHYI0 U3yYEeHHOCTh JJAHHOT'O MaTOJIOTUYecKoro ¢heHoMeHa. B HacTosiIieM 0630pe paccMaTpUBAKOTCA 0COOEHHO-
CTH HEWPOBOCITAJIEHUS KaK SIBJIEHUsI Ha IPUMepPe MOJIe T NH(PEKITNOHHBIX 3a001€eBAaHIH IIEHTPAIbHONU HEPBHOU CHCTEMBI,
TaKUX KaK MEHUHTUTh. HecMOTps Ha ocoGeHHOCTH COOCTBEHHO HEHpPOBOCHAJIEHUs, B er0 3(p(GEeKTOPHbIE MeXaHU3MBbI
BOBJIEUEHBI Te JKe ITATOKUHBI, YTO U IPU «KJIaccuyeckoM» Bapuante Bocrasenus (1L-6, IL-8, IL-18, TNF-a, MCP-1, IFN-y
U 7p.). DTO MO3BOJISIET pacCMaTPUBATh JJAHHbIE MOJIEKYJIBI KaK ITOTEHITHAIbHbIE MUIIIEHU BO3/IEHCTBUA, ITO3BOJISIOIIHE
MpeIOTBpAIaTh KaK PAa3BUTHE OCTPOTO BOCHAJIEHUs, TAaK U XPOHUYECKOTO IPOIIecca, CBA3AHHOTO C JOJITOCPOYHBIMU
HEBPOJIOTUYECKUMHU U KOTHUTUBHBIMU HAPYIIEHUSIMH.

Kuouessle croea: HelpoBocajieHre, BocnajieHre, nHQEKIMOHHbIE 00JIE3HHU, TIeIUaTPUs, HEUPOUHQEKIUN, HEBPOJIO-
TUsi, MEHUHTHUT.
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Immunopathogenesis of neuroinflammation — a modern concept
(literature review)
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ABSTRACT

Neuroinflammation is a condition characterized by a wide range of differences both in the cellular elements involved in this
process (microglia, astrocytes) and in its pathogenesis as a whole. The lack of consensus on the pathogenetic models of
neuroinflammation only highlights the insufficient study of this pathological phenomenon. This review examines the char-
acteristics of neuroinflammation as a phenomenon using infectious diseases of the central nervous system, such as menin-
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gitis. Despite the specific peculiarities of neuroinflammation itself, its effector mechanisms involve the same cytokines as
those found in “classical” inflammation (IL-6, IL-8, IL-13, TNF-a, MCP-1, IFN-y, etc.). This allows these molecules to be
considered as potential targets, enabling the prevention of both acute inflammation and chronic processes associated with

long-term neurological and cognitive impairment.
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BBEJAEHUE

HelipoBocmasienne Ha COBPEMEHHOM 3Talle
ABJIsIeTCA OJAHUM H3 Haubojiee HHTEPECHBIX U
HEOJHO3HAUHBIX BOMPOCOB, CBABAHHBIX ¢ MH(EK-
IIUOHHBIMU W HEeWHQEKIHMOHHBIMU 3aboJieBaHU-
SIMU IleHTpaJIbHOU HepBHOU cuctembl (IIHC). 13y-
YyeHHe JAHHOIO Ipolecca TpebyeT TpUMeHeHUs
MEKTUCIUIINHAPHOTO MO/IX0/la, B PAMKaX KOTO-
pOro aKKyMyJIUPYIOTCS 3HAHUS HECKOJIBbKUX HAYK,
TaKUX KaK HeHpoOUOJIOTHs, UMMYHOJIOTHS, MOJIE-
KyJIIpHasi OMOJIOTUS W KJIWHUYECKas MeIUIlHHA.
B pamMkax MeIWUITMHCKOW NTPAKTUKH KOHIEHIHS
HEeHPOBOCIIaJIEHUSI OXBATHIBAET IIUPOKUH CIIEKTP
3a00JieBaHU, B OCHOBE KOTOPBIX JIEKUT JAaHHBIH
[MaTOTeHeTUYECKUH MexaHu3M. Ciieyer OTMETUTD
TOT (akKT, YTO MHOTHE W3 DTHUX IMATOJOTUH 10
HEJIJaBHETO BPEMEHU HEPEJIKO CUUTAIU «UHCTO
HeBpoJioTHYecKuMu». Cpesiu TakuX 3a001€BaHUH,
nmomumo nHbeknui ITHC, B wacTHoCTH GakTepHU-
QJIBHBIX U BUPYCHBIX MEHUHTUTOB, SHIE(PATUTOB U
MOCTUH(MEKITMOHHBIX ~ KOTHUTHUBHBIX  Hapylle-
HUMH [1], TaKKe BBIJIEAIOT U TPYIITY HEWPOAereHe-
paTuBHBIX OoJiedHelr (0os1e3Hb AJBIrelMepa,
O0ose38b IlapkmHCOHA, GOKOBOW amuoTpoduUUe-
ckuii ckiepos (BAC) [2]), psia ocTpbhIX Hapylie-
HUM, TaKUX KaK WHCYJIbT, YepEemHO-MO3roBas
TpaBMa, a TakKKe HEKOTOPbhIe ICHUXHATPUYECKHE
paccrpoiicTBa — Aenpeccust, 30 peHns u 6umo-
JspHoe paccrpoiictBo [3]. C pocTom pacmpocTpa-
HEHHOCTH IIepeYHCIEHHBIX BbIIlE 3a00J1€BaHUH, B
TOM YHCJIE U BCTPEYAEMOCTH PA3JTUUHBIX HHPEK-
IIUOHHBIX areHTOB CpEAUu JIETCKOTO HaceJIeHWUs,
VBEJIUYUBAETC U CONHAJIbHAs 3HAYUMOCTb, a
MMEHHO OpeMsi IOC/IeICTBUH epeHeCeHHbIX 3a00-
geBanui I[HC, compoBOXAAMOIIUXCA BOCIase-
HHUEM — B YaCTHOCTH, IIOCJIEJICTBUH MTOCTHH(DEKIH-
OHHBIX OCJIOKHeHUH (HanpuMep, mociae COVID-19
U DHTEPOBUPYCHBIX MEHUHTUTOB), KOTOPbIE TAKKeE
MOTYT OBITH CBSI3aHBI C MEPCUCTHUPYIONHUM HEU-
poBOCHaJieHHeM U KOTHUTUBHBIMH Hapylie-
HUuAMU [4].

INTRODUCTION

Neuroinflammation is currently one of the most
interesting and controversial issues related to infec-
tious and non-infectious diseases of the central ner-
vous system (CNS). Studying this process requires
an interdisciplinary approach, integrating know-
ledge from several disciplines, including neurobiol-
ogy, immunology, molecular biology, and clinical
medicine. In medical practice, the concept of neuro-
inflammation encompasses a wide range of diseases
based on this pathogenesis. It is noteworthy that,
until recently, many of these pathologies were often
considered purely neurological. Among such dis-
eases, in addition to CNS infections, in particular
bacterial and viral meningitis, encephalitis and post-
infectious cognitive impairment [1], there are also a
group of neurodegenerative diseases (Alzheimer’s
disease, Parkinson’s disease, amyotrophic lateral
sclerosis (ALS) [2]), a number of acute disorders
such as stroke, traumatic brain injury, as well as
some psychiatric disorders — depression, schizo-
phrenia and bipolar disorder [3]. With the increasing
prevalence of the above-mentioned diseases, includ-
ing the incidence of various infectious agents among
the pediatric population, the social significance also
increases, namely the burden of the consequences of
inflammation-associated CNS diseases, in particular,
the consequences of post-infectious complications
(for example, after COVID-19 and enteroviral men-
ingitis), which may also be associated with persistent
neuroinflammation and cognitive impairment [4].

FEATURES OF THE
NEUROINFLAMMATION MECHANISMS

Despite the high potential significance of neuro-
inflammation in the pathogenesis of infectious and
non-infectious diseases of the CNS, many aspects of
this topic remain insufficiently studied. The CNS iso-
lation, particularly the brain, as well as the complex-
ity of regulation and the specificity of anatomical
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OCOBEHHOCTHU MEXAHU3MOB
HEWUPOBOCIIAJIEHUSA

HecMmoTpst Ha BBICOKYIO MOTEHITUAIBHYIO 3HAYHU-
MOCTBb IIPOIIECCOB HEMPOBOCIIAJIEHUS B IATOTEHE3E
MHGEKITUOHHBIX U HEMH(PEKITMOHHBIX 3a001eBaHUI
ITHC, MHOTHE BOIIPOCHI 3TOH TEMbI U3YYEHBI HEZO-
cratouHo. HMzomupoBanHocets ITHC, ocobeHHo
TOJIOBHOTO MO3Ta, a TaKXKe CJI0KHOCTh Peryyauu u
cnerupUIHOCTh AHATOMHYECKUX CTPYKTYD, peau-
3yeMas KaK OHTOT€HETHYeCKH, TaK U B paMKax
pyTUHHOTrO (YHKIIMOHUPOBAHUA TOJIOBHOTO MO3Tra,
00yC/I0B/IMBAET 3HAUNMBbIE PA3JINUNs, BBISBIISEMbIE
IIpU CPpaBHEHUU HEWPOBOCHAJIEHUA M «KJacchuye-
CKOrO» BOCIQJIEHUs, IPOTEKAIOIero B TKAHAX.
Takue pazanuus KacawTces Kak AuddpepeHInpoBaH-
HOTO KJIETOYHOTO COCTaBa, TaK W CIENU(PUUHBIX
IIUTOKWHOBBIN peaknuii. Kpome Toro, xapakTepHOUI
TOJIBKO JIJI1 HEHPOBOCIATIEHNS 0COOEHHOCTBHIO ABJIA-
eTcs HaJTMYKe UHAYIUPYIOIUX BOCIIaJIEHUE ITaTore-
HETUYECKUX MEeXaHU3MOB, TaKUX KaK MH(MEKINOH-
HBIA areHT, ayTOUMMYHHBIH IPOIlece U mp. YKa3aH-
Hble (PAKTHI JIETJIM B OCHOBY HACTOSIIETO 0030pa,
KOTOPBII IOCBAIIIEH BOIIPOCAM I1aToreHe3a U Mexa-
HU3MOB HEHPOBOCHAJIEHUs, a TaKKe BO3MOXKHBIX
MHUIIIEHEH TepareBTUYECKOr0 BO3I€HCTBUA.

IIpexxsie uem paccMaTpuBaTh HeHpoBOCHaJIeHUE
Kak crnenuduueckuid mpomece mopaxkenus ITHC,
cJIeflyeT OCTAaHOBUTBHCSA HA MeXaHU3Me U 0COOEeHHO-
CTAX 9TOTO IIPOIlecca U ero OTJIMYUAX OT «Kjlaccuye-
CKOTO» TKAaHEBOrO BocmasieHus. B mesom Bocmase-
HHUE OIpeJIesisAeTcs KaK KOMIUIEKCHAs MeCTHas CoCy-
JIUCTO-Me3eHXUMaJIbHAsA peakIusa Ha IIOBpeK/IeHue
TKaHU, HAIpaBJIeHHasd HAa YHUYTOXKEHHE AareHTa,
BBI3BABIIIETO STO IOBPEXK/IEHUE, U HA BOCCTAHOBJIE-
HUE TIOBpeXeHHON TKaHu. OCHOBHYIO POJIb B pea-
JIN3aId MEeXaHNU3MOB BOCIAJIEHUS UTPAIOT KJIETKU
BPOXK/IEHHOTO MMMyHHTeTa (Makpodaru, HEHTpo-
(b1, TyYHBIE KJIETKHM) U MeIUATOPBI BOCHATIEHUS
(IIUTOKMHBI, XeMOKHHBI, IIPOCTATJIAH/INHBI, KOMIIO-
HEHTHI KOMILIEMEHTA), KOTOPbIE 3aIyCKAIOT U IO/~
Jlep>KUBAIOT BOCHAJIUTEIBHBIN IIpoliece, UHAYIUPYH
aJlalTUBHBIE MEXaHU3Mbl UMMyHHTeTa [5]. Peann-
3alusg MEXaHHW3MOB QJAalTUBHOTO HMMYHHTETA
basupyercs Ha crienuUIECKOM CeJIEKTUBHOM B3au-
MO/IEHCTBUY, B OCHOBE KOTOPOTO JIEXKUT IIpe3€eHTa-
OHsA aHTUTEHAa, SABJAIONIAACA CKOpee TOYEYHBIM
BBICOKO2((PEKTUBHBIM CIIOCOOOM BITUMUHAIIUY BO3-
OyauTesisi, HEXKEIU MPOIeCcoM, OA3UPYIOMUMCSA Ha
MeXaHH3Max BOCIaIeHUs. B cBOIO ouepesb, 3aKOHO-
MEpHO, 4YTO HeWpOBOCHAJIeHHE — 3TO KOMILJIEKC
MMMYHHBIX U KJI€TOUHBIX peaknuii B IIHC, Bo3HuKa-
IOIIUX B OTBET HA WHQEKIHIO, TPAaBMYy, HIIEMUIO,
HelpoJiereHepanuio Wik ayTOUMMYyHHbIE DEaKI[UHU.

structures, realizing both ontogenetically and as part
of the brain’s regular functioning, determines the
significant differences revealed when comparing
neuroinflammation with “classical” inflammation in
tissues. These differences concern both the differen-
tiated cellular composition and specific cytokine
responses. Furthermore, a specific feature of neuro-
inflammation is the presence of inflammation-induc-
ing pathogenetic mechanisms, such as infectious
agents, autoimmune processes, and others. These
facts form the basis of our review, which focuses on
the pathogenesis and mechanisms of neuroinflam-
mation, as well as potential therapeutic targets.
Before considering neuroinflammation as a spe-
cific process of CNS damage, it is necessary to dwell
on the mechanism and characteristics of this process
and its differences from “classical” inflammation in
tissue. In general, inflammation is defined as a com-
prehensive local vascular-mesenchymal response to
tissue damage, aimed at destroying the causative
agent and at repairing the tissue damaged. The main
role in the operation of inflammatory mechanisms is
played by innate immune cells (macrophages, neu-
trophils, and mast cells) and inflammatory media-
tors (cytokines, chemokines, prostaglandins, com-
plement components), which initiate and maintain
the inflammatory process, inducing adaptive mecha-
nisms of immunity [5]. The operation of adaptive
immunity mechanisms is based on a specific selec-
tive interaction, caused by antigen presentation,
which is more of a targeted, highly effective way of
eliminating the pathogen than an inflammation-
induced process. In turn, it is natural that neuroin-
flammation is a set of immune and cellular reactions
in the CNS in response to infection, injury, ischemia,
neurodegeneration, or autoimmune reactions.
Neuroinflammation has several key characteris-
tics. Unlike “classical” inflammation, glial cells
(microglia, astrocytes, and oligodendrocytes), but
not neutrophils and macrophages, play a leading role
in this process beyond the blood-brain barrier (BBB).
The specific cell subset profile, as well as the isolation
of the pathological process, determine specific char-
acteristics. In particular, the inflammatory response
is limited by the BBB, which prevents the migration
of immune cells. In other words, the inflammatory
cascade within the BBB is realized via primarily by
local cell subsets rather than migrating cellular ele-
ments. In general, a number of certain analogies can
be traced within the inflammatory cascade, primarily
associated with the cytokines involved in inflamma-
tory reactions, in particular IL-1B, TNF-a, IL-6,
MCP-1, etc. However, it should be emphasized that
even in insignificant concentrations, these inflam-
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HetipoBocmasieHrie nMeeT pPsf KIIIOYEBBIX OCO-
OeHHOCTEH. B oT/inume 0T «KJIacCHYecKOro» BOCIa-
JIeHUsA, KJIIOUEBYIO POJIb B peayin3alluy JTaHHOTO
mmporiecca 3a IpefiesiaMu TeMaTOdHIepaTnIecKoro
O6apbepa (I'9B) urparoT riuaabHble KIETKH (MUKPO-
IJIVSI, aCTPOITUTHI U OJIUTOJIEHIPOLIUTHI), a He Hel-
Tpodmwibl u Makpodaru. Cmenuduyeckuii HabOp
KJIETOUHBIX 3JIEMEHTOB, a TAKXKe U30JIMPOBAHHOCTH
MaTOJIOTHYECKOTO Ipoliecca 00yCIOBIUBAIOT PE3H-
JIEHTHBIE 0COOEHHOCTH, B YaCTHOCTH, TO, UTO BOCIIA-
JIUTENIbHAS peakius orpaHuyeHa ['Ob, KoOTopbId
MPEMATCTBYeT MUTPAIUM UMMYHHBIX KJIETOK, T.€.
BOCITAJIUTETBHBIN KACKa/ B TIpeiesiax 'Ob peanu3sy-
eTCsl MPEeUMYIIECTBEHHO 32 CUeT MECTHBIX KJIETOU-
HBIX TOMYJIANNH, a He MUTPUPYIONUX KJIETOUHBIX
5JIEMEHTOB. B 1e710M B paMKax BOCHAJIUTEIHHOTO
KacKajja IpOCJIeKUBAeTCs P, ONlpesieIeHHBIX aHa-
JIOTHH, TJIAaBHBIM 00pa30M 6a3UPYOIKUXCS Ha IUTO-
KUHAX, IPUHUMAIOIINX YIACTHE B BOCIATUTETHHBIX
peakiusx, B uactuoctu IL-1p, TNF-q, IL-6, MCP-1 u
np. OmHAKO CIiefyeT ceaTh aKIEeHT Ha TOM, 4TO
VKa3aHHBbIE BOCIAJIUTEJIbHbIE MEIUATOPHI JJa’Ke B
He3HAYUTEeJIbHBIX KOHI[EHTPAI[UAX MOT'YT OKa3bIBaTh
CaMOCTOSITEJIbHOE IOBPEXKJAolee JelicTBUE Ha
HEUPOHBI. YUUTHIBASA BBICOKYIO AuGdEpEHITNAIIIIO
HEPBHOU TKAaHU, €e BBICOKYIO UyBCTBUTEJIBHOCTH K
OKCUZIAaTUBHOMY CTpecCCy, IIPOIlecC BOCHAJIEHUS B
IIHC MokeT HOCUTH KpaliHe JIeCTPYKTUBHBIHN Xapak-
Tep, 0OYCJIOBJIEHHBIN HE CTOJIBKO MTEPBUYHBIM IIPsi-
MBIM JIEHCTBHEM MOBPEKIAIOIIETO areHTa, CKOJIbKO
peaknuaMu OTBeTa Ha MOBPEXK/IEHHE, B YaCTHOCTHU
peaknusaMu HelpoBocmaseHus. Takum o6pasom,
HEUPOBOCIIAJIEHHE  MOXKHO  pacCcMaTpUBaTh ¢
HECKOJIbKHUX TOUYEK 3PEHUs: 1) KaK 3aIUTHBIA MeXxa-
HU3M (SJIMMUHAIUA TATOTEHOB, pemapanus TKa-
Hell); 2) KaK MaTOJIOTUYECKUH IPOIlecC — Hapyle-
HUe PETyJISIIIH U CTEIIeH! BEIPaXKEHHOCTU HEHPOBO-
CHajeHus B OCTPOM IIEPHOJiE U, CJIEA0BATEJIBHO,
nopakenue TkaHelt IJHC BcesescTBue rumepak-
CIIPEeCCHU MeIUATOPOB BOCHAJIEHNU; 3) Kak (aKTop,
3aIyCKAIINNA MeEXaHU3Mbl HeEHpOJIereHepaIuu
(bonesunp Anbireiimepa, 60se3Hb IlapKkuHCOHA),
CJIEJICTBUEM KOTOPBIX ABJIAIOTCA JeMUETMHU3AIUI
(paccessuabiii  ckiepo3 (PC), netikosHnedaiona-
THUH), KOTHUTUBHBIE U TICUXUATPUUYECKUE PACCTPOK-
cTBa (menpeccus, musodppenus) [6—8].

IIATOTEHETUYECKUE MOJIE/JIN
HEWPOBOCIIAJIEHU A

Hesb3st He cka3aTh O CJIOKHOCTSX U3yUeHUsI HeH-
poBocnasienus. HelipoHayKu B 11€JIOM Ha CETOHSIII-
HUH MOMEHT SIBJISTIOTCS OOIIEMHPOBBIM TPEHOM,
OTHAKO KAaK CJIOKHOCTb OPTaHU3AIUU CTPYKTYPHI
IIHC B mesiom, Tak ¥ OTAEIBHO B3ATHIX COCTABJISIO-

matory mediators can independently damage neu-
rons. Given the high differentiation of nervous tissue
and its high sensitivity to oxidative stress, the inflam-
matory process in the CNS can be extremely destruc-
tive, caused not so much by the primary direct action
of the causative agent, as by the response to injury, in
particular, neuroinflammation reactions. Thus, neu-
roinflammation can be considered from several
points of view: (1) as a protective mechanism (patho-
gen elimination, tissue reparation); (2) as a patho-
logical process — disturbance of regulation and sever-
ity of neuroinflammation in the acute phase and,
consequently, damage to CNS tissues due to hyper-
expression of inflammatory mediators; (3) as a factor
triggering the mechanisms of neurodegeneration
(Alzheimer’s disease, Parkinson’s disease), leading
to demyelination (multiple sclerosis (MS), leukoen-
cephalopathies), cognitive and psychiatric disorders
(depression, schizophrenia) [6—8].

PATHOGENETIC MODELS
OF NEUROINFLAMMATION

The complexities of studying neuroinflammation
cannot be overlooked. Neuroscience is currently a
global trend, but the complexity of both the structure
of the CNS as a whole and its individual components
significantly limits the ability to obtain objective
knowledge, not to mention its practical application.
Within medical science, the study of CNS damage,
primarily urgent and disabling conditions, was
undoubtedly based on the search for ways to influ-
ence the pathogenic process. However, the lack of a
comprehensive approach to studying this topic has
led to the emergence of numerous pathogenetic
models for the development of various infectious and
non-infectious CNS lesions, of which five are the
most substantiated and significant. According to the
infectious-immune model, viruses and bacteria acti-
vate microglia and astrocytes, followed by cytokine
activation and the development of neuroinflamma-
tion (e.g., HIV-associated dementia, post-herpetic
encephalitis). The autoimmune model is based on
data on MS and autoimmune encephalitis: according
to this model, there is a deterioration in the tolerance
of immune cells to myelin proteins, leading to auto-
aggression and demyelination. According to the neu-
rodegenerative model, microglia is activated by
B-amyloid (in Alzheimer’s disease), with the subse-
quent development of chronic inflammation, and in
Parkinson’s disease — by a-synuclein [6, 9]. Accord-
ing to the neurovascular model (stroke), non-pene-
trating and penetrating injuries lead to BBB disrup-
tion and subsequent infiltration of immune cells
(microglia and astrocytes) [8]. A separate dual-hit
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IUX ee eTUHUI] CYIIeCTBEHHO OTPAHUYUBAET BO3-
MOKHOCTb TIOJIyYeHUs OOBEKTUBHBIX 3HAHHH, HE
rOBOPs y:ke 00 MX MPUKJIAJHOM aciiekTe. B pamkax
MEIUIIMHCKOU Hayku uadyueHue mopakenus [[HC
KaK B OCHOBHOM YPT€HTHBIX ¥ HHBAJIUIU3UPYIOIIIX
COCTOSTHUM, 6e3yCcI0BHO, 6a3MPOBATIOCHh HA IIOMCKE
CII0COOOB BO3/IEMCTBHUS HAa MATOT€HETUYECKUN MPO-
necc. OJTHAKO OTCYTCTBUE KOMILJIEKCHOTO ITO/IX0/Ia B
U3yYeHUM JAHHOW TeMbI MPUBEJIO K IOSBJIEHUIO
MHOJKECTBA IATOTE€HETHYECKUX MOJiesIel pa3BUTHs
Pa3JIMYHBIX HHQEKIUOHHBIX U HEWH(PEKIMOHHBIX
nopaxkernuit ITHC, cpesi KOTOPBIX BBIAEIAIOT IATH
Hanbosiee 0OOCHOBAaHHBIX M 3HAUMMBIX. CorjracHO
WHOEKITMOHHO-UMMYHHON MOJIENTA, BUPYChI U OaK-
TEPUU AKTUBUPYIOT MUKPOTJIUIO U ACTPOIUTHI C
MOC/IEAYIONEN aKTUBAIMEH IUTOKWHOB W Pa3BU-
THEM HelpoBocmanenuss (Hanpumep, BHWY-acco-
[UUPOBAHHAsI IEMEHITHs, IOCTTEPIETHUECKUE HITe-
danmuTer). AyTonMMyHHasi MOZIeIb OCHOBaHA Ha JTaH-
HpIXx no PC u ayrouMMyHHBIM 3HIedaTUTaM:
COTJIACHO 3TOM MOJeJH, TPOUCXOUT HapyIIeHHe
TOJIEPAHTHOCTA UMMYHHBIX KJIETOK K OeJIKaM — Mue-
JIMHAM, IPUBOJISIIEE K ayTOArPECCUH U IEMUEJTHU-
3anuu. CorsiacHO HeHpO/JereHepaTUBHOU MOJIeJH,
AKTUBANMS MHKDPOIJIMUA ITPOUCXOJUT IOCPEACTBOM
B-ammnonza (mpu 6osie3Hu AsblirefiMepa), ¢ Aaib-
HEHINM pa3BUTHEM XPOHUUYECKOTO BOCIAJIEHUS,
a mnpu OosiesHu IlapkuHCOHA — TOCPEACTBOM
a-cuHyKJIenHa [6, 9]. CorylacHO HEHPOCOCYAUCTOU
Moziesiu (MHCYJIBT), HEPOHUKAOIINE U MIPOHUKAIO-
II[Fe TPaBMBbI IPUBOJAT K HapylleHuo I'9b u nocie-
JIyoleld  WHQUIbTpAIUd HUMMYHHBIX  KJIETOK
(Mmukpornu u acrporuToB) [8]. OT/esbHO BhIIESA-
eTcsl THUIOoTe3a «IByX yzaapoB» (mpemntoxkena C.H.
Hawkes et al., 2007), koTopas 4aiiie paccMaTpuBa-
eTcsl B KOHTEKCTe HeHpo/lereHepaTUBHBIX 3a601eBa-
HU# (IpeuMyIIeCTBEHHO B STHONIATOTeHe3e 00Ie3HU
[TapkuHCcoHa). CorytacHO 3TOU TUIIOTE3€e, HAYaJIbHbIE
cranuu  3a00JIeBaHUS MOTYT HHUIMHUPOBATHCS
nHbekuelr (Hampumep, dYepe3 OOOHATEIHHYIO
JIVKOBHILYy U OJIy>KITAIONUEN HEPB, BCJIEJICTBHE reMa-
TOT€HHOU wWiu JIUMGOTEHHOW JUCCEMHUHAIINH) —
MEPBBIA «yZap», a BTOPBIM «yAapOM» SIBJISETCS
HapyIIeHUe 3JITUMHUHAIIUY [aTOJIOTHYECKUX arpera-
TOB O-CUHYKJIEMHA, YCUJIMBAIOIee HelpojereHepa-
nuio [10]. [Ipu gaspHeIeM U3ydeHu OHOXUMUYe-
CKUX MEXaHW3MOB B paMKaxX JaHHOU THIIOTE3BI
BBISICHUJIOCH, YTO TIEPBBIN «yAap» CBSA3aH C JIOKAIb-
HBIM BOCIT&JIEHHWEM, OIIOCPE/IOBAHHBIM ITpOCTATJIaH-
aunoM E, (PGE ) 1 BbI3BaHHBIM Pa3IMYHBIMHU I1aTO-
JIOTHYECKUMHU cocTOoSHUAMU (MHGEKITUAMU, TPaB-
MOWU, HeHpojereHepalueii), a BTOpOU «ymap» — ¢
BBIJIEJIEHUEM BHEKJIETOYHOTO aJeHO3UHTPHUDOC-
data (ATP) moBpeXkIeHHBIMU KJIETKAMH, KOTOPBII

hypothesis, proposed by Hawkes et al., 2007, is often
considered in the context of neurodegenerative dis-
eases (primarily in the etiopathogenesis of Parkin-
son’s disease). According to this hypothesis, the ini-
tial stages of a disease can be initiated by infection
(for example, through the olfactory bulb and vagus
nerve, due to hematogenous or lymphogenous dis-
semination) — the first hit, and the second hit is dete-
rioration in the elimination of pathological aggre-
gates of a-synuclein, which enhances neurodegener-
ation [10]. Further study of the biochemical
mechanisms within this hypothesis revealed that the
first hit is associated with local prostaglandin E2
(PGE2)-mediated inflammation caused by various
pathological conditions (infections, trauma, neuro-
degeneration), and the second hit is associated with
the release of extracellular adenosine triphosphate
(ATP) by damaged cells, which enhances the inflam-
matory response due to the P2-receptor activation
and hyperproduction PGE2 hyperproduction. This
events forms a cycle that increases neuroinflamma-
tion [11]. By now, it has become clear that all of the
above-mentioned pathogenetic models of various
infectious and non-infectious CNS lesions have a
single pathogenetic mechanism — neuroinflamma-
tion. The specific features of this mechanism in each
individual case determine significant differences in
the course and prognosis of disease.

NEUROINFLAMMATION
IN INFECTIOUS DISEASES

To better understand the processes involved, we
believe, it makes sense to examine neuroinflamma-
tion using the example of benign infectious CNS
lesions, one of which is viral meningitis. The devel-
opment of neuroinflammation in other infectious
and non-infectious pathologies modifies this pro-
cess, leading to different types of clinical course and
potential consequences for these entities. It should
also be noted that infectious meningitis initiates
immune responses in the CNS that can vary in dura-
tion, including after an exacerbation, leading poten-
tially to long-term neurological and cognitive com-
plications. In infectious meningitis, neuroinflamma-
tion develops according to the following pattern:
activation of resident immune cells (microglia and
astrocytes) occurs, so microglia acts as primary
phagocytes and respond the first to damage. In case
of infectious damage to the dura mater, microglial
cells become activated and transit from the Mo (rest-
ing) phase to the M1 (pro-inflammatory) or M2 (neu-
roprotective/reparative) phases, caused by release of
pro-inflammatory cytokines (IL-1f, TNF-a, IL-6)
and reactive oxygen/nitrogen species [12]. Astro-
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VCHJIMBAET BOCIIAJTUTETHHBIN OTBET 32 CUET aKTHUBA-
nuu P2-penientopos u runeprpoaykiuei PGE2. 9to
dopmupyeT HUKJ, YCHIUBAIOIIUN HeipoBocmae-
Hue [11]. K HacTosIemMy BpeMeH! CTaHOBUTCS Ode-
BUJIHBIM, UTO BCE YKa3aHHBIE BBIIIE ITATOTEHETHYe-
CKHe MOJIEJTU PA3BUTHS PAa3TUYHbBIX NH(PEKITUOHHBIX
u HemHpeKIUOHHbIX Topaxkenni [IHC nmeror enu-
HBIA TaTOTEeHETUYECKUH MEeXaHU3M — HeHpoBoOcCIa-
senue. OcoOEHHOCTH YKa3aHHOTO MeXaHu3Ma B
KaXKZIOM KOHKDETHOM CJIydae OIpPeNesIioT 3HAJH-
MBble Pa3JINyUs B TEUEHUH U IPOTHO3€e 32001eBaHMUS.

HEHNPOBOCIIAJIEHUE ITPU UTH®EKIIHU-
OHHDbIX 3ABOJIEBAHUN AX

JI1s1 JIydInero MOHUMAaHUS ITPOUCKXOAANIINX TIPO-
IIeCCOB HEHPOBOCIIAJIEHNUE, C HAIIlE TOYKH 3peHus,
panuoHAIBFHO pacCMaTPUBATh HA IpUMepPe A00PO-
KauyeCcTBeHHBIX MHDEKITMOHHBIX nopakeHuuit [THC,
OJTHUM U3 KOTOPBIX SIBJISIETCS BUPYCHBIH MEHUHTUT.
PazBuTHe HEHPOBOCTIATIEHUS IIPU IPYTUX HHQEKIIH-
OHHBIX U HEMH(EKIINOHHBIX aTOJIOTUAX U3MEeHIeT
VKa3aHHBIN MPOIIeCC, IPUBOAS K PA3JIMYHBIM BapHU-
aHTaM KJIMHUYECKOTO TEUEHUS U MOTEHI[UAIBHBIX
MOCJIEZICTBUI YKa3aHHBIX Ho3oJsiorui. Takske cie-
ZIyeT OTMETHTh, UTO WH(QEKIHMOHHbIE MEHUHTUTHI
WHUOUUPYIOT UMMYyHHBIe peakiiuu B ITHC, koTopsie
MOTYT OTJINYATHCS JIJIUTEJIBHOCTBIO, B TOM YHCTIE U
mmocJie 060CTpeHus, MOTEHIIMATHLHO IPUBO/S K JI0JI-
TOCPOYHBIM HEBPOJIOTUYECKUM U KOTHUTHUBHBIM
ocyiokHeHUAM. [Ipu MHQEKIMOHHBIX MEHUHTUTAX
HEeUpOBOCIAJIEHWe Ppa3BUBAETCA 10 CJIEAYIOIIei
cxeme. IIpoucxomauT aKTHUBAaLUA PE3UAEHTHBIX
WMMYHHBIX KJIETOK (MUKPOTJIMH M acTPOIUTOB) (B
JTAHHOM CJIyuyae MUKPOTJIUS BBIMOJHSET QYHKIUIO
(paronuToOB MEPBOTO MOPSAKA U IIEPBOU pearupyer
Ha noBpexzeHue). [Ipn MHDEKITNOHHOM Iopaske-
HUH TBEPAOU MO3TOBOH 000JIOYKU KJIETKU MHUKPO-
IJIMU aKTUBUPYIOTCA M IepexoasaT u3 ¢assl MO
(mokoit) B paspl M1 (mpoBocnanuTesbHast) wid M2
(HefiponpoTeKTUBHAs/pelapaTuBHAsA), W BBICBO-
00KIAIOTCA TPOBOCHIATUTENbHBIE TUTOKUHBI (IL-
1B, TNF-q, IL-6) u akTuBHBIE (pOPMBI KHCIOpOAA/
azorta [12]. ACTPOIUTHI, B CBOIO OUEPEb, IIOIBEPTa-
IOTCSI PEAKTUBHOMY aCTPOIJIHO3Y, UTO TAK)Ke ITPUBO-
IUT K IPOAYKIINN ITUTOKUHOB, XEMOKHHOB U HU3Me-
HeHHIO mpoHuraemoctu I'9b. B manpHelmeM 3To
MIO3BOJISIET MPOHUKATHh MepUPEpPUIECKIM HMMYH-
HBIM KJIETKaM 4Yepe3 TIeMaTO3HIeDaTHIeCKUi
6aprep (T-mumdonuram, MOHOIIUTAM, HEUTPODU-
JlaM), 9YTO JIUIIb YCHJINBAeT HEUPOBOCIAJIEHUE.
Hefitpodusbl ABisoTcs Hanbosee PaHHUMU W3
nepudepuuecKnX KJIETOK, OBICTPO BBIBOJATCS U3
KPOBOTOKA IIPU aKTUBALIMH DH/IOTEIUS U TPaIUeH-
Tax CXCL-XeMOKHMHOB, a JaJIbHeHIIIee BEICBODOXKIe-

cytes, in turn, undergo reactive astrogliosis, which
also leads to cytokine and chemokine production and
changes in BBB permeability. Further, this allows
peripheral immune cells (T-lymphocytes, mono-
cytes, neutrophils) to penetrate the BBB, which only
increases neuroinflammation. Neutrophils are the
earliest of the peripheral cells, and are rapidly
removed from the blood circulation by endothelial
activation and CXCL chemokine gradients, while the
subsequent release of proteases/metalloproteinases
and proinflammatory mediators leads to increased
tissue edema and microvascular dysfunction [13]. In
turn, recruited during acute injury blood monocytes
actively penetrate the CNS via the endothelial path-
way and through brain-border niches (a significant
axis being CCR2+ monocytes), influencing the pro-
duction of TNF, IL-1, ROS/NO and proteases,
enhancing barrier dysfunction, and recruiting other
immune cells in the acute phase. In the reparation
phase, their role is reduced to phagocytosis of detri-
tus, tissue remodeling, and maintenance of angio-
genesis/remyelination processes [14].

Among T cell subsets, CD4+ cells, using the Th1/
Thi7-like effector response mechanism (IFN-y,
IL-17, etc.), maintain inflammatory activation of
microglia/astrocytes, enhance the recruitment of
myeloid cells, and tissue damage. CD8+ cells may be
responsible for direct cytotoxicity and maintenance
of chronic inflammation (most often in demyelinat-
ing diseases), while Treg are often considered as an
anti-inflammatory/pro-reparative component, a
decrease in its function or disbalance in the effector
cell/Treg system toward the former is associated
with the chronification of inflammation [15]. Changes
in BBB permeability are observed in both bacterial
and viral meningitis, although in bacterial meningi-
tis it usually causes more severe sequelae [12, 16].
Both bacterial and viral meningitis are associated
with increased levels of I1L-6, TNF-a, MCP-1, and
IFN-y in the cerebrospinal fluid (CSF). In viral
(serous) meningitis, cytokine levels increase less
intensely but can persist longer, potentially leading
to the development of chronic neuroinflammation.
Ultimately, microglial hyperactivation leads to indi-
rect synaptic pruning and neuronal apoptosis. This
pathway is largely associated with cognitive decline
after meningitis [12, 16—19].

Despite significant differences, the presence of a
common link between neuroinflammation and “clas-
sical” inflammation — cytokine responses — is clear.
The same cytokines are involved in both infection-
induced neuroinflammation and “classical” inflam-
mation, which essentially allows them to be consid-
ered potential targets for further pathogenetic ther-
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HUe MpoTea3 / MEeTa/UIONPOTENHA3 U MIPOBOCIIATIH-
TEJIbHBIX METUATOPOB IIPUBOIUT K YCUJIEHUIO OTEKA
TKAaHU W MUKpOcOCyaucTo auchyHkuuu [13]. B
CBOI0O OYepeNlb, PEKPYTUpPYyeMble TIPU OCTPBIX
MOBPEXKAEHUSAX MOHOITUTHI KPOBU aKTUBHO IPOHU-
kaoT B ITHC mo sHAoTennasbHOMY IIyTHU U 4Yepes
rnmorpaHuyHble HUIKM (3HauuMass ocb — CCR2+
MOHOITUTHI), B OCTPOU (ha3e OKa3bIBasl BIUSHUE HA
npoayknuio TNF, IL-18, ROS/NO, nporeas, ycuse-
HUe TUChHYHKIUU OapbepoB, PEKPYTHPOBAHUE JAPY-
rUX UIMMYHHBIX KJIETOK. B ¢aze pemapanuu ux posib
cBOAUTCA K (ParomurTosy JAETpUTa, PEMOEIUPOBa-
HUIO TKAHU U MOJJIEPIKKe MPOIEeCCOB aHTHOTeHe3a,/
peMuesmHU3anuu [14].

Cpenn nonynsanuil T-xierok CD4+, ucmnosnb3ys
mexanu3M Thi/Thi17-mogo6HOTO 3dHEKTOPHOTO
otBeta (IFN-y, IL-17 u Ap.), HOJJIEPKUBAIOT BOCIIA-
JIUTEJIPHYIO aKTHBAIUI0 MUKDPOIJIMHU / aCTPOIUTOB,
VCUJIMBAIOT PEKPYTHPOBAHUE MHUEJIOUHBIX KJIETOK
u nospexaeHue TkaHu. CD8+ MoryT OBITH OTBET-
CTBEHHBI 32 MPAMYIO IIUTOTOKCUYHOCTh U TIOAJIEP-
JKaHMEe XPOHHYECKOTO BOCHaeHus (Jaige BCEro —
IIpY IEMUEJTMHU3UPYIOIKUX 3a00JIeBaHUAX), a Treg
YacTO PacCMaTPUBAIOTCS KAaK MPOTHBOBOCIIAIUTEIb-
HBIU/TIPOPENapaTUBHBI KOMIIOHEHT, CHIDKEHHE
(GYHKIMK KOTOpPOrO WM HW3MeHeHHe OajiaHca B
cucreme a¢pexTopHble KaeTku/Treg B CTOPOHY 1Ep-
BBIX CBSI3BIBAIOT C XPOHMB3AIlMed BocmajeHus [15].
N3menenune nporunaemoctu I'Ab Hab0ga€TCSA KaK
npu 6aKTEPUATILHOM, TaK U IMPU BUPYCHOM MEHHH-
TUTE, XOTS B C/Iy4assXx OaKTephaJbHBIX MEHUHTHUTOB
OHO OOBIYHO BBI3BIBAET 0O0Jiee TsKEJIbIE IOCTIEN-
ctBus [12, 16]. Kak 6akTepuasibHbBINA, TaK U BUPYC-
HBII MEHUHTHUT CBSI3aH C IIOBBIIIIEHHWEM YpPOBHEH
IL-6, TNF-a, MCP-1 u IFN-y B 1ukBope. [Ipu Bupyc-
HOM (Cepo3HOM) MEHUHTHTE YPOBE€Hb IHUTOKHHOB
MTOBBIIIIAETCS MEHee NHTEHCUBHO, HO MOJKET COoXpa-
HATBCS JIOJIBIIE, BCJIEICTBUE YEr0 BO3MOKHO Pa3BU-
THE XPOHHYECKOTO HelpoBocnaieHus. B koHeuHOM
cyeTe THUIIEPAKTUBALMS MUKPOIJIMH TPUBOJUT K
OIIOCPEJIOBAHHOMY COKPAI[€HHI0 CHHAIICOB U aIlol-
TO3Y HEMPOHOB. DTOT MyTh B OOJIbIIIEN CTEIIEHU CBSI-
3aH C yXyAllleHHeM KOTHUTUBHBIX (QYHKIUU IOcse
IepeHeCEeHHOT0 MEHUHTHUTA [12, 16—19].

HecmoTpsi Ha 3HAUWMBble OTJIMYHUSA, OUYEBHUIHO
HaJIM4YUe eIWHOIO CBA3YIOIIETr0 3BeHa MeXAy Hel-
POBOCHIAJIEHUEM U «KJIACCUYECKUM» BOCITAJIEHHEM —
[IIUTOKMHOBBIX peakiuil. Kak mpu wHOEKIHMOHHO-
00yCJIOBJIEHHOM HEHpPOBOCIAJIEHUH, TaK W TIPH
«KJIACCHYECKOM>» BOCITJIEHUH UTPAIOT POJIb OJTHU U
Te JKe IUTOKUHBI, YTO, 110 CYTH, IT03BOJISET paccMa-
TPUBATh UX KAK MOTEHI[HATbHbIE MUIIIEHH JJIs JaJTb-
HEUIeN MaToreHETUYEeCKOU TepaIuy BhIIeyKa3aH-
HBIX coCTOssHUU. Cpeau KIIOUEBBIX IUTOKHHOB

apy of these conditions. Among the pivotal cytokines,
several molecules deserve special attention.

Interleukin-6 (IL-6) is a multifunctional cytokine
of the acute phase and a key mediator between innate
and adaptive immunity. IL-6, whose level rapidly
increases in the CSF in bacterial and viral meningitis,
provides hyperproduction of acute-phase proteins in
the liver and is involved in Th17 cell differentiation,
which enhances the recruitment of neutrophils to the
CNS [20]. In serous (in particular, enteroviral) men-
ingitis, IL-6 levels in the CSF are often moderately
elevated and correlate with the severity of headache
and meningeal syndrome, but not always — with the
severity of outcome [21].

Tumor necrosis factor-a (TNF-a) is one of the
main proinflammatory cytokines that triggers the
inflammatory cascade. In meningitis, it activates
endothelial cells, increases the expression of adhe-
sion molecules (ICAM-1, VCAM-1), which facilitates
the migration of neutrophils into the CNS [22], and
increases BBB permeability, which can lead to cere-
bral edema and increased intracranial pressure. In
high concentrations, it can induce apoptosis of neu-
rons and oligodendrocytes. In bacterial meningitis,
the level of TNF-a in the CSF significantly correlates
with severity of the course and an unfavorable prog-
nosis [23]. In serous virus-induced inflammation,
TNF-a is moderately elevated, but is still associated
with fever and meningeal symptoms. It should also
be noted that the study of the cytokine profile in
aseptic lesions of the dura mater (aseptic meningitis)
also demonstrated an increase in the concentration
of these cytokines, which confirms the generality of
the pathogenetic mechanisms of neuroinflamma-
tion [24].

Monocyte chemoattractant protein-1 (MCP-1) is a
chemokine responsible for migration monocytes,
macrophages, and T-cells to sites of inflammation. In
meningitis (especially in viral serous), it plays a lead-
ing role in recruiting monocytes to the CNS. Elevated
levels of MCP-1 in the CSF are observed in enterovi-
ral and herpetic meningitis; their concentration cor-
relates with lymphocytic pleocytosis [25]. MCP-1
causes a chronic or lingering course of serous menin-
gitis, promoting the persistence of inflammatory
infiltrates in the pia mater. Recently, the role of this
cytokine in various inflammation-induced patholo-
gies has been increased. Data on its significant con-
tribution to the immune response differentiation, in
particular, type I and II hypersensitivity reactions,
began to appear [26, 27]. A significant role of MCP-1
in the development of a number of conditions associ-
ated with systemic inflammation, especially in pedi-
atric practice, has also been reported [28].
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MOXKHO BBIJIEJIUTD PSAJ, MOJIEKYJI, 3aCIIYKHUBAIOIIIX
0c060r0 BHUMAHHUS.

Nureprnetikun-6 (IL-6) — MypTHGOYHKIIMOHATb-
HBIA IIUTOKUH OCTPOU (hasbl, KJIIOUEBOH MeETUATOP
MEKTy BPOXKAEHHBIM U aJJAlITUBHBIM HMMMYHUTE-
ToM. IL-6, ypoBEeHBb KOTOPOTO OBICTPO MOBBIIIAETCS B
crimHHOMO3TOoBOU >kuakocta (CMOK) npu OGakrepu-
aJIbHBIX W BUPYCHBIX MEHUHTUTAX, CTUMYJIUPYET
MIPOAYKIIUIO OEJTKOB OCTpOU (pa3hl B IEUEHH, yda-
crByeT B nuddepennuposke Th17-Ki1eTok, 4To ycu-
JIUBaeT pekpyrupoBanue HeliTpoduaos B ITHC [20].
IIpu cepo3HbIX (B YACTHOCTH, 3SHTEPOBUPYCHBIX)
MeHuHruTax ypoBeHsb [L-6 B CM2K yacto ymepeHHO
TIOBBIIIIEH U KOPPEJIUPYET € BBIPAXKEHHOCTHIO TOJIOB-
HOH OOJIM W MEHUHTeaJbHOTO CHUHAPOMAa, HO He
BCera — ¢ TSKeCThIo ucxona [21].

®daxTop Hekposa omyxosu-a (TNF-a) — ogun us
IJIAaBHBIX ITPOBOCHAJIUTEIBHBIX ITUTOKUHOB, 3aIly-
CKAIOIIMHU Kackaj BocrasieHusA. [Ipy MeHHMHTHTaxX
aKTHUBUPYET OHOTEINAJIbHbIE KJIETKH, IOBBIIIAET
sKcmpeccuio mosiekys aare3un (ICAM-1, VCAM-1),
uro obJsieryaer murpanuio HeutpodpwiaoB B I[HC
[22], moBeIaeT mpoHUIAEMOCTh I'DB, UTO MOKeT
IpuBecTd K GOPMUPOBAHUIO OTEKA MO3TA U IIOBBI-
[IEHUI0 BHYTPUYEDPEITHOTO JaBjIeHHA. B BBICOKHX
KOHIIEHTPAIUAX MOXKET HWHYIIUPOBATh AaIoITO3
HEUPOHOB U OJIUTOJIEHAPONUTOB. [Ipu GakTepuab-
HBIX MeHUHrurax ypoBeHb TNF-a B CMXK 3nHaun-
TEJIbHO KOPPEJIUPYET C TAKECTHIO TeUueHus U Hebia-
TONPUATHBIM IporHo3oM [23]. IIpu cepo3HoM Boc-
MMaJIEHU Y, UHAYIIIPOBAHHOM BHPYCHBIMU areHTaMU,
TNF-a noBblllleH yMEPEHHO, HO BCe 3Ke aCCOLUUPO-
BaH C JIUXOPAJAKOH M MEHUHTEAJIbHBIMH CHUMIITO-
mamu. CiiefiyeT TakKe OTMETUTh, YTO H3YyUYeHUE
IIUTOKUHOBOTO MPOMWIA MPHU acElITUUYECKOM Iopa-
JKEHUHM TBEPJIOH MO3TOBOM 000s10uKu (acemTuue-
CKUU MEHWHTHUT) TaK)Ke MPOJEMOHCTPHUPOBAJIO yBe-
JINYeHUe KOHIEHTPAlMH YKa3aHHBIX I[UTOKUHOB,
UTO TOATBEPIKAAET OOIIHOCTh IATOTEHETHYECKUX
MeXaHU3MOB HeHpoBocIaieHus [24].

MOHOITUTAPHBIA XE€MOATTPAKTAHTHBIA OeToK-1
(MCP-1) — XeMOKHH, OTBETCTBEHHBIN 3a IIPUBJIEUe-
HHUEe MOHOLMTOB, MakpodaroB u T-KjeTok B ouar
BocrnajieHus. [Ipy MEHMHTUTAaX WTPaeT BEAYIIYIO
posb B pekpyrupoBaHuu MoHonutoB B ITHC, oco-
0OEeHHO TIpU BUPYCHBIX CEPO3HBIX MEHUHTHUTAX.
IToBbimennbie ypoau MCP-1 8 CMJK Habmoat0TCSA
IIpU SHTEPOBUPYCHOM U TePIETHYECKOM MEHHH-
TUTe; UX KOHI[EHTPAIUs KOPPeIupyeT ¢ JUMQPOIHU-
TapHBIM ILTe0IIUTO30M [25]. MCP-1 06yctoB/IMBaeT
XPOHHYECKOe WU 3aTsKHOe TeueHHe CEepO3HBIX
MEHHHTHUTOB, CIIOCOOCTBYSI IIEPCUCTEHITUN BOCIAIHU-
TEJIbHBIX UH(QPUIBTPATOB B MIATKUX MO3TOBBIX 000-
Jloukax. B mociiesiHee BpeMs BO3pacTaeT poJib yKa-

Interferon-y (IFN-y) is a key cytokine of the Th1
response, an activator of macrophages and microg-
lia. In meningitis, it enhances the expression of
major histocompatibility complex class II (MHC-II)
molecules, increases the potential for antigen pre-
sentation, and stimulates the production of nitric
oxide and reactive oxygen species [29]. Viral serous
meningitis (e.g., infection caused by the Epstein-
Barr virus (EBV) or herpes simplex virus (HSV),
mumps) is accompanied by a significant increase in
the CSF level of IFN-y. This cytokine maintains lym-
phocytic inflammation, and its level correlates with
fever, as well as cellular and protein pleocytosis.
High levels of IFN-y are sometimes associated with a
more lingering course of the disease [30].

It is well known that levels of proinflammatory
cytokines increase significantly during the acute
phase, often even before the onset of pleocytosis, and
then often decrease to reference values during the
recovery phase. This was demonstrated in a series of
prospective studies with repeated lumbar punctures
in children with enteroviral meningitis [29].

The influence of the etiologic agent on the cyto-
kine profile is also significant. When comparing bac-
terial and viral processes, the level of cytokines dif-
fered significantly: in viral meningitis, the concen-
tration of IL-6, MCP-1, IL-8 and IFN-y was higher
than in the control group, but dramatically lower
than in bacterial meningitis, while a significant role
of MCP-1 in the viral process was noted [31]. With
regard to the relationship between cytokine status
and clinical manifestations, serous meningitis in the
vast majority of cases is associated with a milder
course compared to bacterial meningitis. However, it
is worth noting that in serous meningitis, a long-
term increase in the CFS level of IL-6 and MCP-1 is
often observed. Considering the fact that even in
moderate concentrations, cytokines can damage
neurons via microglial cell hyperactivation, their
long-term production forms a negative basis for the
possible maintenance of a site of chronic inflamma-
tion, which can clinically manifest as long-term neu-
rological and cognitive impairment.

Among the specific, rare forms of meningitis,
Mollaret’s meningitis is distinguished — recurrent
aseptic (serous) meningitis first described by the
French neurologist Pierre Mollaret in 1944. The dis-
ease is characterized by recurring episodes of menin-
geal syndrome (headache, stiff neck, photophobia,
fever), interspersed with long-term asymptomatic
remissions. This disease was considered idiopathic
for the longest time, but modern research points to
the leading role of herpes viruses, primarily HSV-2,
and, less commonly, HSV-1, varicella zoster virus,
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3aHHOTO ITUTOKWHA IIPU DPA3JIMYHBIX IATOJIOTHUSX,
CBA3AHHBIX ¢ BocnasieHueM. [oABIA0TCA TaHHbBIE O
€ro 3HAYUTEJHLHOM BKJIaZle B AuddepeHInanuio
TUIIA UMMYHHOT'O OTBETa, B YACTHOCTU DPeaKINH
runepuyBcrButesnbHoctt I u II Tumos [26, 27].
Taxske coobmraercs o 3HaunMou posu MCP-1 pa3su-
THUU PAZIA COCTOSHUMN, aCCOITMUPOBAHHBIX C CHCTEM-
HBIM BOCIIaJIEHUEM, OCOOEHHO B IMEAUATPUUYECKOM
npakTuke [28].

NaTepdepon-y (IFN-y) — KI04YEBOM LHUTOKUH
Thi-otBera, akTUBaTOpP MaKpoharoB U MUKPOTJIUU.
IIpu MEHUHTUTAX YCUIIUBAET HKCIIPECCUI0 MOJIEKYJI
IJIAaBHOTO KOMILIeKca rucrocoBMectumoctu II tuna
(MHC-II), moBbIllIaeT IOTEHIHAT IIPE3EHTAIUU
AHTUTE€HA, CTUMYJIUPYeT MPOAYKIIUIO OKCU/A a30Ta U
peakTuBHBIX (opM Kucioposma [29]. BupycHble
cepo3Hble MEHUHTUTHI (HAapuMep, Npu HHPEKINH,
BBI3BAaHHOU BUpycoM Jminreiina — Bapp (BIB) win
herpes simplex virus (HSV), snuaemMuyeckoM mapo-
TUTE) COMPOBOXK/IAIOTCA 3HAYUTEHHBIM IOBBIIIIE-
"ueM IFN-y 8 CM2K. 3TOT UTOKUH NOAAEP>KUBAET
suMdonuTapHOe BOCIaJIeHNe, a eT0 YPOBEHb KOppe-
JIUPYET C JINXOPAJKOH, a TaK:Ke KJIETOUHBIM U OeJi-
KOBBIM IIEOIIUTO30M. Bricokue ypoBau IFN-y nHO-
I7la aCCOLMHUPOBAHEI ¢ OoJlee 3aTSKHBIM TeUeHHEM
3aboseBanus [30].

XopoII0 M3BECTHO, YTO yYPOBEHBb IPOBOCIAJIU-
TeJIbHBIX IIUTOKWMHOB 3HAYHUTEJIFHO BO3pACTaeT B
OCTPOM IIEPUO/IE, HEPEJIKO JaKe /10 TOSIBJIEHUS TIJIe-
OIIUTO33, a 3aTEM 3a4aCTyI0 CHUKAETCA JI0 HOPMaJIb-
HBIX 3HAUEHUU B (paze BBI3ZIOPOBJIEHUA. ITO OBLIO
MPOJIEMOHCTPUPOBAHO B CEPUU IPOCHEKTHBHBIX
HCCJIEIOBAHUH C TOBTOPHBIMU  JIIOMOAJIBHBIMH
IIyHKIUSAMH y IeTel ¢ SHTePOBUPYCHBIMHU MEHUHTH-
Tamu [29].

BiuaHue 3THOJIOTMYECKOrO areHTa Ha IJUTOKH-
HOBBIN ITPOGUIIb TaK)Ke 3HAUUTENbHO. [Ipu cpaBHe-
HUH OaKTepUaJIbHOTO W BHUPYCHOTO IpOIlecca ypo-
BeHb IIUTOKHMHOB CYIIECTBEHHO OTJIUYAICA: IIPU
BUPYCHOM MeHUHTHUTe KOoHUeHTparusa 1L-6, MCP-1,
IL-8 u IFN-y ObLn BbIllle, YeM B KOHTPOJIHHOM
rpyIIe, HO 3HAYUTEJIPHO HIKE, UeM IpU OaKTepu-
aJIbHOM MEHUHTHUTE, IIPU 3TOM OTMeYasach 3aMeT-
Hast posb MCP-1 B BupycHom mporiecce [31]. Uto
KacaeTcs CBA3M LIUTOKUHOBOTO CTaTyca U KJIWHUYe-
CKUX IIPOSIBJIEHUH, TO CEPO3HbIE MEHUHTUTEHI B IIO7A-
BJISIIOIIEM OOJIBIITUHCTBE CJIyYaeB aCCOIMHUPOBAHBI C
0oJ1ee JIETKUM TeUeHHEM B OTJINYHE OT OaKTEPHAIIb-
HBIX MEHUHTUTOB, OJJHAKO CTOUT OTMETUTD, YTO IIPHU
CEPO3HBIX MEHUHTHUTAX HEPEIKO HAOJI0IaeTCs JJTu-
TeJbHOE TIOBBIIIeHue ypoBHA IL-6 u MCP-1 B suk-
BOpe. YUHUTHIBAasA TOT QaKT, UYTO JIa’Ke B YMEPEHHBIX
KOHI[EHTPAIUAX [TUTOKUHBI MOTYT IIOBPEXK/IATh HEH-
POHBI IIyTeM T'HMIIepaKTUBAIlUU KJIETOK MUKPOIJINH,

EBYV, and cytomegalovirus. Unlike bacterial menin-
gitis, Mollaret’s meningitis is mild and is not associ-
ated with a high mortality rate. It differs from other
viral meningitis by the recurrent nature and typical
association with HSV-2 [32—34]. The cytokine pro-
file in Mollaret’s meningitis is characterized by a
strong local chemokine response in the CNS with a
minimal systemic reactions (high levels of
CXCL10/11, etc.), which confirms the leading role of
“intracerebral” generation of mediators [35].

CONCLUSION

Cytokine responses are the backbone of neuroin-
flammation, and studying their characteristics in
various neuroinflammation-associated diseases pro-
vides the basis for developing effective programs to
target inflammatory processes localized beyond the
BBB. This, in turn, provides a possible modality for
therapy of these infectious and non-infectious dis-
eases. The characteristics of neuroinflammation,
including new data obtained in studying the cytokine
role in inflammation, are fundamental to under-
standing the course and outcome of CNS patholo-
gies. Taking into account the above, targeting cyto-
kine responses can be considered a potential mecha-
nism for modulating neuroinflammation and,
consequently, for the treatment of inflammatory dis-
eases of the CNS.
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UX JUIATEJIbHAs TPOAYKIUS (OPMUPYET HETraTHB-
HyIo 6a3y 711 BOBMOXKHOTO IO/IZIEPKAHMSA Oodara
Pa3BUTHEM XPOHHUUECKOTO BOCITAJIEHUS, YTO KJIIMHU-
YECKU MOKET MPOSIBIISITHCS JOJITOCPOYHBIMU HEBPO-
JIOTUYECKUMU ¥ KOTHUTUBHBIMU HaPYIIEHUAMHU.
Cpenu crienuduueckux, peIKUx GopM MEHUHTH-
TOB BbIessAiOT MeHuHTHT Mosutape (Mollaret’s
meningitis) — pelnuaAUBUPYIONINN acenTUYeCKUi
(cepo3HBII) MEHUHTHT, BIIEPBbIE ONTMCAHHBIN QpaH-
my3ckuM HeBposiorom Pierre Mollaret B 1944 r.
3aboseBaHNEe XapaKTePU3YeTCSA MOBTOPSAIOLTUMUCS
SMHU30/IaMU MEHHHTEeIHHOTO CHHApPOMA (TOJIOBHAS
060JIb, PUTHAHOCTh 3aTHIJIOYHBIX MBbIIII, (HOTOdO-
Ous1, TUXOPasiKa), MEKIy KOTOPBIMU HAOJII0AAI0TCS
JUTATEIbHbIE OeCCUMIITOMHBIE pemuccuu. JanHoe
3ab0sieBaHUE JI0JITO€ BPEMs CUMTAJIOCH W/IUOTIATH-
YECKUM, OJTHAKO COBPEMEHHbIE HCCJIEIOBAaHUA yKa-
3BIBAIOT HA BEIYIIYIO POJIb T€PIIEC-BUPYCOB, IIPEKE
Bcero HSV-2, pe:xe HSV-1, varicella zoster virus,
B3B u muromerasioBupyca. B ominune ot 6akTepu-
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JIBHBIX MEHUHTUTOB, MEeHUHTUT MoJsutape mporte-
KaeT He B TsOKesJod (opMe U He acCOIMUPOBAH C
BBICOKOHM JIETAJIBHOCThIO. OT JPYTMX BUPYCHBIX
MEHHUHTHUTOB OTIMYAETCS PEIUANBUPYIOIINM XapaK-
TEpOM W TUIIMYHOU accoruanuen ¢ HSV-2 [32-34].
B oTHOIIIEHUY IUTOKUHOBOTO TPOM IS /I MEHUH-
ruta MoJsutape xapakTepeH MOIIHBIM XeMOKHUHOBBIN
oTBeT JoKasibHO B [IHC mpu MUHUMaIbHOM CHCTEM-
HOM ¢oHe (Bpicokuii ypoBenb CXCL10/11 1 /ip.), 4TO
IIO/ITBEPIK/IAET BEAYIILYI0 POJIb «BHYTPHMO3TOBOM»
reHepamnuy MeJInaTopos [35].

3AK/JIOYEHUE

[IUTOKUHOBBIE PEAKIIUU COCTABJISIIOT OCHOBY
HENUPOBOCITAJIEHHs, 2 U3yYEeHHE UX OCOOEHHOCTEH
[IPU Pa3JINYHBIX 3a00I€BaHUAX, B TATOTEHE3€ KOTO-
PBIX Beaylas poJyib IPUHAJIEKUT HEUPOBOCIAJIe-
HUIO, SIBJIsIeTCA 0a30¥ i pa3paboTku apdekTus-
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TPEBOBAHUNA K ITPEJOCTABJIEHNIO MATEPUAJIOB
JJIA ITYBJINKAIIMN B JOURNAL OF SIBERTAN MEDICAL SCIENCES

B Journal of Siberian Medical Sciences (maiee —
JSMS) ny6IuKyI0TCs HaydHble 0630pbI U CTaThH IO
MEJIUITMHCKUM HayKaM, ITOATOTOBJIEHHBIE TI0 MaTe-
puajiaM OpUTHMHAJIBHBIX HAyYHBIX HCCJIEJOBAHHUU.
JSMS BBIXOIUT 4 pasa B rof,.

TpeboBanus, TpeabABIsIEMbIE K MIyOJTUKAIHAM
B JSMS, chopmysimpoBaHbl ¢ yueToM TpeboBaHUM,
MIPEbABIISIEMbIX K PElleH3UPYEMbIM HAyUYHBIM H3-
JIaHWUSAM, B KOTOPBIX JIOJI?KHBI OBITH OMYOJIMKOBa-
HBI OCHOBHBbIE HAayYHbIE Pe3yJIbTAThl JUCCEPTAIIUI
Ha COWICKAaHWE YUYEHOU CTENEeHH KaHJuaaTa U JOK-
TOpa HayK.

CraTby, OTIIpAaBJIEHHbIE aBTOPAMU B JIPyTHE W3-
JlaHUs W/WJIA HalleyaTaHHbIe pPaHee B HUX, K OIy0-
JINKOBAaHUIO HE MTPUHUMAIOTCS.

I[Ipy onucaHUM HAYYHO-UCCIIENOBATEIHCKUX
KJIMHUYECKUX paboT ¢ MIpHUBJIEeYEHUEM dYeJIOBeKa
B KauecTBe OOBbEKTa MCCJIEZIOBAHUS aBTOPBI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIA JIU OHH MeEXKIyHa-
POAHBIM M POCCUHCKUM 3aKOHOJATEJIbHBIM aKTaM
0 IOPUINYECKUX U DTUUECKUX MPUHITUIIAX METUKO-
OUMOJIOTHUECKUX UCCIIeIOBaHUH Takoro poja. He mo-
IYCKAETCS HUCIOJIb30BaHUE (PaMUJINNA, WHUIAATIOB
OOJIBHBIX W HOMEPOB mcTopuil Oose3nu. IIpu omu-
CaHUM HKCIIEPUMEHTOB Ha 3KHUBOTHBIX HEOOXOIHMO
yKazaTh, COOTBETCTBOBAJIO JIU COJEPXKAHUE U HC-
ITOJIb30BaHUE JIAOOPATOPHBIX }KUBOTHBIX ITPABHUJIAM,
MPUHSATHIM B YUPEKJIEHUH, PEKOMEHTAlNAM HaIlu-
OHAJIBHOT'O COBETA II0 HCCJIEIOBAHUSIIM, HAI[HOHAJIb-
HBIM 3aKOHAM.

ABTOpCKHE IMpaBa coOJIIOIAIOTCS B COOTBETCTBUU
¢ I'paxkganckum kogekcoMm Poccutickou ®enepariuu
(4. 4) ¥ APYTUMH JAEUCTBYIONUMU HOPMATHUBHBIMU
JIOKyMeHTaMH1. ABTOPBI HECYT IIOJIHYIO OTBETCTBEH-
HOCTb 32 COJIEp>KaHUE CTaTen.

B penmaknuio JSMS aBTOpBI IOJKHBI TIPEAOCTA-
BUTb:

1) 2/1eKMPOHHYIO 8epcul0d CMambvll, MOATOTOB-
JIEHHYIO B COOTBETCTBUH C TPEOOBAHUAMHU K 0(pOPM-
JIEHUIO CTaTeH, U3JI0’KEHHBIMU HUXKE;

2) opu2uHa/n cmamsu B IEYaTHOM BHU/JIE C yKa3a-
HUEM TOPOJia, IaThl, GaMUIUU C TIOJIIHUCHIO KaKI0TO
aBTopa (Ha ImocJIe/IHeH CTpaHuIEe), Bu3ou «B meyaTp»
U TOANHUCHI0 (Ha TIEPBOM CTPAHHUIE) 3aBEAYIOIIETO
kadeapoi NI UHOTO IOJIXKHOCTHOTO JIUIA OPTaHU-
3aruy, Ha 6a3e KOTOPOH BBITIOJTHEHO HCCIIEZIOBAHUE.
ABTOPBI IIPEIOCTABISIIOT CTAThU B PEIAKITAIO JIUTHO
HJIH 110 TIOUTE;

3) coenacue Ha TyOJMKaNUo cratbu B JSMS
u 06paboTKy TepCOHAJIbHBIX JTaHHBIX aBTOPOB (3a-
MOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha carite HTMY:
https://jsms.ngmu.ru/zayavlenie_ jsms.doc);

4) nns corpyauukos ®I'BOY BO HI'MY Mus-
3npaBa Poccuu (manee — HI'MY) — axcnepmHoe
3axaoveHue OTAesa KOOpPAWUHAINHU deaepabHbIX
IPOrpaMM, KOHKYPCHBIX MPOEKTOB U MHHOBAIIOH-
HOTO Pa3BUTHUSA yIPaBJIEHHs II0 HayKe, HHHOBAI[U-
sam u uapopmatusanuua HI'MY (cm. www.ngmu.ru);
JUIsT CTODOHHUX aBTOPOB — HanpasaeHue Ha onyo-
Auxosaxue Ha (GpupMeHHOM OJIaHKE OpraHH3AIlUH,
Ha 6a3e KOTOPOH BBITIOJTHEHO OPUTHHAJIPHOE HAyd-
HOE HCCJIEIOBAHNE, 3a IOJIUCHI0 OTBETCTBEHHOI'O
JIOJIZKHOCTHOTO JINIIA.

IIPABUJIA O®OPMJIEHH A PYKOITUCEN

1. TekcT cTaTbu HAOUPAETCS B TEKCTOBOM peZlaK-
Tope Microsoft Word, Open Office u ap., Bce mosns
2 cMm, mpudt Times New Roman, kerip 12, Mex-
CTPOYHBIN HHTEPBAJI 1,5. TekeT cTaThbul HEOOXOAMMO
HampaBuTh B pefaknuio JSMS B BUJie OTAEIBHOTO
daiina ¢ ykazanunem ®110 nepBoro aBropa — MBa-
uoB U.U. tekct.doc. JlomyckaeTcst oTmpaBka daii-
Ji0B B popmartax doc, docx.

2. ®MIO aBTOpOB HAbWpaeTCs CTPOUYHBIMH OYK-
BaMHU KypCHBOM Ha DPYCCKOM f3blKe. VHUIMabI
noMemaTes nepex damuaneir apropa. [lopanok,
B KOTOpPOM Oy/IyT YKa3aHbI aBTOPBI, OIIPEIEIETCS
UX COBMECTHBIM pellleHUeM.

3. Topoxn u HazBaHume MecT pabOTHI aBTOPOB
oopMIISIOTCA CTPOYHBIMU OyKBaMH KypPCHBOM
Ha pyCCKOM f3bIKe.

4. CraTbs [IOJDKHA COZEp:KaTh AaHHOTAIIHIO
Ha PYCCKOM f3bIKE. B aHHOTAIUM MIOJKHBI OBITH
U3JI0KEHBI 11eJIU UCCJIe/IOBaHUs, OCHOBHBIE IIpOIle-
JIlypbl, pe3yJIbTaThl OPUTUHAJIBHBIX HCCIEAOBAHUN
¥ BBIBOJBL. [1oJ1 aHHOTAIIMEN TTOMeIaeTcs MoI3aro-
J0BOK «KitoueBbie c10Ba», IOcjae HEro 10 10 K-
YeBBIX CJIOB WJIM KOPOTKHUX (pas, KOTOpble OyayT
CITIOCOOCTBOBATh TPABUJIBHOMY WHEKCHPOBAHUIO
CTaThU B IIOMCKOBBIX CHCTeMaxX U cHUCTeMaX IUTH-
poBaHMsA. AHHOTAIUI0O HEOOXOIUMO HAIPaBUTh
B pezaknuo JSMS BMecTe ¢ TEKCTOM CTaThU B BUJIE
otnenbHOTO daiyia ¢ ykazanuem ®1O mepsoro aB-
topa — Banos W.1. annoranus.doc. Takke mpezo-
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CTaBJIAIOTCA CBEJIEHUS O KaXK0M U3 aBTOPOB: haMu-
JINA, UM, OTYECTBO (IIOJTHOCTBHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIINH), YUeHbIe 3BAHUSA U YUeHasI CTe-
TIeHb, IOJKHOCTh, MeCTO paboThl, pabounii TeaedoH
U azapec deKTpoHHOU mouThl (e-mail). CBemeHust
HEeOOXOAUMBI /i1 06paboTKH ImyOsnKanui B 6asze
JIAHHBIX POCCUIICKOTO MH/IEKCA HAYYHOTO IIUTUPOBA-
HUSA U JPYTUX CHCTEMAaX IUTHPOBAHUA. AHHOTAIUS,
KJIIOUeBBbIe CJI0Ba, MH(popMarus o6 aBTopax U Ha-
3BaHNE YUPEKIEHUN TOJDKHBI OBITh TaKiKe IMpero-
CTaBJIEHBI HA AHIJINACKOM SI3BIKE.

5. TabauIpl TOMENAIOTCA B TEKCT cTaThu. Tabu-
IIbI IOJKHBI OBITH TPOHYMEPOBAHBI IIOCIIETOBATETHHO
B COOTBETCTBUU C IIOPSAKOM, B KOTOPOM OHH YIIOMH-
HAIOTCsA B TeKcTe (Harmpumep, Tabir. 1, Tabit. 2 U T. 11.).

6. PucyHKU BCTaBJIAIOTCA B TEKCT CTATBhU, a TaK-
JKe TIPeJIOCTABJIAIOTCS B BHJIE OT/AETbHBIX IIPOHYMe-
poBaHHBIX ¢ailoB ¢opmara .jpg wiu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PucyHKU mOJKHBI OBITH
KOHTPACTHBIMU U YETKUMHU, OYKBBI, HUGPBI U CUM-
BOJIBI HA HUX JIOJI?KHBI OBITh PA3JIMUUMBI. PHUCYHKa-
MU CYUTAIOTCA I'padUKU, peHTreHorpaMMbl, (HOTo-
rpaduu win J1o0ble Ipyrue rpadpudeckre 0ObeKTHI.
dotorpadun sioziell He JOJKHBI ObITh Y3HABAEMBbI-
MH, JINOO K HUM JIOJI?KHO OBITh IPUJIOKEHO ITHCH-
MEeHHOe paspellleHre Ha UX IIyOauKauo. PUucyHkn
JIOJKHBI OBITh MPOHYMEPOBAHbI IMOCJIEIOBATETHHO
B COOTBETCTBUU C MOPSAIKOM, B KOTOPOM OHHU BIIED-
BbI€ YIIOMHUHAIOTCSI B TEKCTE — PHC. 1, PUC. 2 U T. [I.
IMoamucu pa3MenialTcs B TEKCTE IOJT PUCYHKAMHU.
B nmoamucax k mukpodororpadusaM ykasblBaeTcA
CTEIeHb YBeJTMUEHU U CII0COO OKPACKHU.

7. B TexcTe CTaThbU UCIOIB3YIOTCS CJIEYIOIINE
3arOJIOBKU: BBeJIEHUE, IIeJIb UCCJIe/IOBAHN S, MATEPHU-
aJIpl U METO/BI, PE3YJIBTATHI U 00CYK/IeHUe, 3aKJTI0-
YeHUe, CITUCOK JIUTEPATYPBL.

8. Hcnonb3yoTes TOJIBKO CTaHZAPTHBIE OOIIIe-
MIPUHSATHIE COKpaleHus (abopeBuatypsl). He mpume-
HSIOTCs COKpAIleHUs B Ha3BaHUM CTaThbU. [OTHBIH
TEPMUH, BMECTO KOTOPOTO BBOJIUTCS COKpAIIEHUE,
JIOJIZKEH TIPeJIIIECTBOBATH IEPBOMY HCIIOJIb30BAHUIO
3TOTO COKPAIIEHUS B TEKCTE.

9. O06s13aTeIPHO HAJIMYUE CITHCKA JIUTEPATYPHI.
Bubnnorpaduyueckue CChIKM B TEKCTE CTATbU Ja-
I0TCsA apabckuMu 1udpaMu B KBaJpaTHBIX CKOO-
KaX, B IIOJIHOM COOTBETCTBHU C HyMepalleul CIIu-
cka suTeparyphl. CCHIIIKUA B TEKCTE CTAThU JIOJIKHBI
JlaBaThCsl TIOCJIEZIOBATENILHO 10 BO3pacTaHuio: [1]...
[2]...[3]... 1 T.n. Pa3BepHyTOE OmMMCaHUE UCTOYHUKA
B CIIMCKe JINTeparypsl npenocrtasisaioTes no 'OCT
7.0.5-2008. CIIUCOK JInTepaTy bl I0JI2KEH COZlepKaTh
myOJIMKAIIIY 32 TIOCJIeTHIE 5 JIeT. B crimicke sutepa-
TYypBl Bce MH(POPMANNOHHBIE UCTOUHUKH II€PEYC-
JISTIOTCS B TIOPS/IKE UX ITUTUPOBAHUS.

10. Pegaxnus JSMS Gepet Ha cebs mprcBOeHHE
KaXK/Iol mybsinKyeMo# crathbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO IIepeBO/ia CTAaThU HA aHIVIMH-
CKUU A3BIK.

11. CTaThbH, HE COOTBETCTBYIOIIHE YKA3aHHBIM pe-
JlakIend TpebOBaHUAM, K OITyOJIMKOBAHUIO HE TIPU-
HUMAIOTCA.

IMOPAJOK PEITEH3MMPOBAHUA
PYKOIIUCEN, IPUHUMAEMBIX
AJIA ITYBJINKAIIN N

1. Pykomucu crared, HOCTYIIUBIINX B PEJAKITHIO,
HAIPABJIAIOTCA IS PEIEH3UPOBAHUSA UIeHAM pe-
JIAKIIMOHHOTO COBETA C IEJIbI0 UX DKCIIEPTHOU OIleH-
K{ Ha IpeJMeT COOTBeTCTBHUs TpeboBaHuAM JSMS
u Bricimeii arTecTallMOHHOM KoMuiccuu Iipu MuHU-
crepcTBe oOpa3oBaHus u HayKu PO.

PerieH3eHTBI YBEAOMIIAIOTCA O TOM, UTO B IIEJIAX
obecrievueHNsI aBTOPCKUX U APYTUX HEHMMYIIECTBEH-
HBIX IIPaB IPUCJIAHHbIE PYKOIIUCH He ITOJIJIEXKAT pas-
IAIEHUI0, KOTUPOBAHUIO, PACIIPOCTpaHEHUIO. Pe-
[IEH3UPOBAHUE ITPOBOIUTCSI AHOHUMHO.

ITpu oTKa3e B HATIpABJIEHUU Ha PelleH3UPOBAHUE
IIPe/ICTaBJIEHHON aBTOPOM PYKOITHUCH PEJIaKIvs Ha-
IIpaBJjIsieT aBTOPY MOTUBHUPOBAHHBIN OTBET B DJIEK-
TPOHHOM BHJIE.

Pepaknus »KypHasia 10 MHCHBMEHHOMY 3aIlpOCy
HAIpaBJIsIET aBTOPAM pEIEeH3UN HA IOCTYIHUBIINE
MaTepuasibl B 3JIEKTPOHHOM BHJIe. ABTOPBI 00sI3aHbI
Y4ecTh 3aMeYaHUs PENEH3EHTOB H BHECTH B CTAThIO
COOTBETCTBYIOIIIHE UCIIPABJIEHUS UJIU IIPEIOCTABUTH
MOTHUBHUPOBAHHBIN OTBET O HECOIVIACUHU C 3aMeYaHU-
sIMU pEelleH3€eHTa.

PemakmuonHas KoOJUIETHsI MPUHUMAET DellleHue
0 BO3MOXKHOCTHU IYOJIMKAITUU CTAThU UJIM OTKJIOHS-
€T ee I10 pe3yJIbTaTaM PelleH3NPOBAHHUA.

Penensun XpaHATCs B PeIaKIINU JKypHAJIa B Te-
YyeHUe 5 JIET C MOMEHTa Iy OJINKaIIH.

2. Pefaknipieit He IOMTYCKAIOTCA K Ty OJIMKATIAH:

— CTaThHU, TEMATHKA KOTOPHIX HE COOTBETCTBYET
HAayYHOMY HAIIPaBJIEHUIO KYyPHAJIA;

— CTaThH, aBTOPHI KOTOPHIX OTKA3BIBAIOTCSA OT
TEXHHUYECKOH JOpabOTKU CTaTew;

— CTaTbhH, aBTOPBI KOTOPHIX HE BHECIIN KOHCTPYK-
TUBHBIE 3aMEUaHUs PEIEeH3eHTa B TEKCT CTaThbU
U He IPEI0CTaBUIIN MOTHUBHPOBAHHBIN OTBET O HECO-
IJIACHU C 3aMEYAHUSIMHU PEIleH3eHTA.

B ciryyae OTKJIOHEHU S CTaThU PEJAKIIN S HATIPaB-
JIIET aBTOPY MOTHBHPOBAHHBIA OTKa3. Pemakius
JSMS He XpaHUT PYKOIHCH, HE IPUHATHIE K IT€YaTHU.
Pykomucu, mpuHATHIE K IyOJIMKAINK, HE BO3Bpa-
IAI0TCA.
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