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CAPMYXAPPUP

fynos M.K.

a.1.T., npodeccop
LywaHbe, ToyukucmoH
14.01.17 Yappoxi
14.01.24 NaliBaHACO3M Ba Y3BXOM CYHbI
14.01.31 Yappoxuv Tapmumin

MYOBMUHOHWU CAPMYXAPPUP

[opxoes Y.C.
0.W.T., OTCEHT
LywaHbe, ToyukucmoH
14.01.08 Tn66m atdon

KanutoHosa M.IO.
a.1.T., npodeccop
Koma CamapaxaH, Manatisus
14.03.01 AHaTomuAn ogam
14.03.02 AHaTOMMAN NATONOT A

MYXAPPUPU MACHY/

baparos A.K.
H.W.T., 4OTCEHT
LywaHbe, ToyukucmoH
14.01.26 Yappoxuu AW Ba parxou XyHrapa,
14.01.13 Tawxucy Wwysvor, Hypwmndon

XAWATU TAXPUPUA

ba6aes A.b.
a.1.T., npodeccop
LywaHbe, ToyukucmoH
14.02.01 bexpowTit
14.02.04 T661 mexHaT

FacnapsaH A.1O.
A.N.T., JOTCEHT
Jadnu, bpumarusau Kabup
14.01.22 TapboawwmHoch
14.01.05 bemopuxou ann
14.02.03 Cuxatvin yomea Ba TaHAypyCTi

Dopxoesa M.®.
akagemukn AMUT, o.u.1., npodeccop
LywaHbe, ToyukucmoH
14.01.01 MomonuauLLKin Ba 6eMOpUXOM 3aHOHA
14.02.02 BorupLmHoci
14.02.04 T661 mexHaT

Ecupkenos M.M.

H.W.T., npodeccop
LlumkeHm, KazoKucmoH
14.01.22 TapboawwmHoch
14.02.03 CuxaTtvn yomea Ba TaHAYPYCTH

Wcemounnos K.U.

a.1.T., npodeccop
LywaHbe, ToyukucmoH
14.01.08 Tn66m atdon
14.03.09 MacyHMATWIMHOCUUN KNNHUKIA,
annepronorvs
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PaxmoHoB 3.P.
AM.T., npodeccop
LAywaHbe, ToyukucmoH
14.01.09 bemopwxomn cvpoAaT
14.02.02 BorupmHoci

Cyukos U.A.
[0.W.T., LOTCEHT
PasaH, Poccus
14.01.13 TawxwcK Wybow, Hypwmndon
14.03.02 AHaTomuAan naTonori

Xamupos H.X.
y3Bu BobacTam AMUT, a.u.T., npodeccop
AywaHbe, ToyukucmoH
14.01.04 Bemopunxou gapyHin
14.01.05 bemopwxoun gun
14.01.06 PyxwuHocin

Xybytna M.LL.
akagemukn AUP, a.u.T., npodeccop
Mocksa, Poccus
14.01.24 NaiiBaHACO3M Ba Y3BXOW CYHBiA
14.01.23 Yponorua
14.01.17 Yappox#n

LLYPOU TAXPUPUA

An-LUykpu C.X.
AM.T., npodeccop
CaHkm-llemepbype, Poccus
14.01.23 Yponorua
14.01.12 CapaToHwWwMHoOCH

AnsaytauH P.H.
AM.T., npodeccop
Mockea, Poccus
14.03.06 ®apmakronorus, Gapmakonorvam KIMHUKM
14.01.11 bemopwxou acab
14.02.03 CuxaTtvmn yomea Ba TaHAYpPYyCTA

AmupacnaHos A.T.
akagemukn AUTP, AMO, a.1.T., npodeccop
boky, O3apboliyoH
14.01.12 CapaToHLWwMHOCH
14.01.15 OceblmHoCH Ba pasfoan

Aptukos K..
AM.T., npodeccop
AywaHbe, ToyukucmoH
14.01.31 Yappoxun Tapmumia
14.01.17 Yappox#n

ApyTioHos C.A.
AM.T., npodeccop
Mocksa, Poccusa
14.01.14 JaHAOHNU3ULLKIA

AcrawmuHa H.B.
O.W.T., LOTCEHT
lepm, Poccus
14.01.14 JaHAOHNMU3ULWIKIA

bab6aes A.
MD, PhD
Hro-Mopk, UMA
14.01.05 bemopwxou aun
14.01.13 TawxucK WybOK, Hypmndomn
14.01.04 bemopuxou AapyHn

boboxoyaes O.U.
A.W.T., npodeccop
JywaHbe, ToyukucmoH
14.01.16 CunwmHocH
14.03.09 MacyHMATIMHOCUMN KNVHUKIA,
annepronorua
boxsH B.10.
A.N.T., npodeccop
Mockea, Poccus
14.01.12 CapaToHwWwuHoCH
14.01.02 fapyplwmHocih

Bpuko H.U.
akagemuku AUP, a.n.1., npodeccop
Mockea, Poccus
14.02.01 bexgowTin
14.01.09 bemopwxom cMpoATiA
14.02.02 BorupmHoci

byrposa O.B.
AN.T., npodeccop
OpeHbype, Poccusa

14.01.22 TapbopgwmHochn
14.01.02 fapyplwmHoch
14.01.04 bemopvxoun fapyHin

Bacunesa U.A.
A.N.T., npodeccop
Mockea, Poccus
14.01.16 CunwmHocH
14.01.09 bemopwxomn cMpoATiA
14.02.02 BorvpmHoci

Bonueropckuii U.A.
A.N.T., npodeccop
YenabuHck, Poccus
14.03.06 dapmakonorus, papMakonoruam KIMHUKA
14.01.16 CunwmHocH
14.01.06 PyxwmHoc#

fonbos A.Y.
y38u Bobactan AMMUT, o.u.1., npodeccop
JywaHbe, ToyukucmoH
14.01.26 Yappoxuu Ann Ba parxou XyHrapga,
14.01.13 Tawxucu Wwywvor, Hypwmndon

laitko I.B.
akagemukn AMUT YkpauHa, 4.1.T., npodeccop
Kues, YkpauHa
14.01.15 OceblmHocK Ba pasaoan
14.01.31 Yappoxuv Tapmumin

T'ynuu A.B.
A.W.T., npodeccop
Tambos, Poccusa
14.03.06 dapmakonorus, papMakonoruam KIMHUKA
14.03.03 dusmonorman natonori

14.01.08 Tn66M atdon

Tymepos A.A.
A.W.T., npodeccop
Yoha, Poccus
14.01.19 Yappoxuu atdon

DamynuH U.B.
A.W.T., npodeccop
Mockea, Poccus
14.01.11 bemopuxou acab
14.01.06 PyxwuHoc#



[ora A.B.
AM.T., npodeccop
Mockea, Poccus
14.01.07 bemopunxom Yawm
14.01.12 CapaToHwWwmHOCH
14.01.24 MNaitBaHACO3/ Ba Y3BXOM CYHB

3undsaH A.A.
AM.T., npodeccop
EpesaH, AbMaHUCMOH
14.01.07 bemopmxom Yawm

3n0THUK A.

AM.T., npodeccop
besp-Llesa, N3poun
14.02.20 MHWOPLWWHOCK Ba TaXAMPOMY3id
14.01.18 Helipoyappoxi
14.03.03 ®usmonorman natonori

N6opos X.W.

AM.T., npodeccop
JAywaHbe, ToyukucmoH
14.01.19 Yappoxuu atdon

14.01.20 MHWOPLWWHOCK Ba TaxAMPOMY3id
14.01.23 Yponorua

Wockosuy A.
AM.T., npodeccop
Uepycanum, U3poun
14.01.20 MHWOPLWKWHOCK Ba TaXAMPOMY3id
14.01.01 Momonu3uLLKi Ba beMoprxom 3aHOHa
14.02.03 CvxaTm yomea Ba TaHAypyCTH

KanawHukosa J1.A.
AM.T., npodeccop
Mockea, Poccus
14.01.11 bemopuxou acab

Kanmukos E.JN.
H.W.T.
®pexeH, OnMoH
14.01.13 Tawxwcu Wybow, Hypwmndon
14.01.26 Yappoxuv Ann Ba parxou XyHrapa,

Kamunnosa M.1.
0.W.T., [OTCEHT
JAywaHbe, ToyukucmoH
14.01.01 MomonusuLLKi Ba BeMoprxom 3aHOHa
14.02.03 CvixaTm yomea Ba TaHAypyCTH
14.01.02 fapypwmHoci

Kocumos O.U.

AM.T., npodeccop
JAywaHbe, ToyukucmoH
14.01.10 bemopwxou nycTy 3yxpasi
14.01.09 bemopwxomn cMpoATi

Kucuua B.W.

AM.T., npodeccop
Mockea, Poccus
14.01.10 bemopwxom nycTy 3yxpasi
14.01.09 bemopwxomn cMpoATi

Knasesa /1.A.
AM.T., npodeccop
Kypck, Poccusa
14.01.22 TapbogwmHoch
14.01.04 Bemopuxou gapyH#i
14.03.09 MacyHUATWNHOCUW KNUHUKHA,
annepronorua

Konosuo K.
A.W.T., npodeccop
MunaH, Umanua
14.02.01 bexgowTin
14.02.03 Cvxatvin yomea Ba TaHAypyCTA
14.02.04 Tn66M mexHat

Kyp6oHos Y.A.

y3Bu Bobactan AMWUT, o.u.1., npodeccop

JaHzapa, ToyukucmoH
14.01.31 Yappoxuu nnactvki
14.01.15 OcebwmHoCH Ba pasaoan
14.01.18 Helipoyappoxi

MakKyLwKuH E.B.
A.M.T., npodeccop
Mockea, Poccusa
14.01.06 PyxwmuHoci
14.02.03 Cvxatvin yomea Ba TaHAypyCTA
14.01.08 Tn66m atdon

Mupwoxin M.

A.M.T., npodeccop
Mapuxc, ®apoHca
14.03.03 ®usmonoruan natonori
14.01.12 CapaToHLWKHOCH
14.01.05 bemopuxoun gun

Myxamaaumesa K.M.
O.0.T.

JywaHbe, ToyukucmoH
14.01.10 bemopuxom nycTy 3yxpasn
14.01.02 FapyawmHocih
14.03.09 MacyHMATIMHOCUWN KNNHUKIA,
annepronorus

Hasapos T.X.

A.M.T., npodeccop
CaHkm-llemepbype, Poccus
14.01.23 Yponorua
14.01.12 CapaToHLWMHOCK
14.01.13 Tawxucu Wwywvor, Hypwundon

HakoHeuyHa A.A.

y38u BobacTtam xopuyun AMUT YKpauHa,

A.M.T., npodeccop
Xann, bBpumaHusau Kabup
14.03.09 MacyHMATLIMHOCUWN KNNHUKIA,
annepronorus
14.01.08 Tn66m atdon
14.01.04 bemopvxoun gapyHin

HopkuH U.A.

A.W.T., npodeccop
Capamos, Poccus
14.01.15 OcebwmHoCH Ba pasaoan
14.01.18 Heltpoyappoxi
14.03.03 ®usmnonornan natonori

NepaveHko E.T.
akagemunkn AMUT YkpawuHa,
A.W.T., npodeccop
Kues, YkpauHa
14.01.18 Heltpoyappoxi
14.02.03 Cvxatvin yomea Ba TaHAypyCTA

PypeHok B.B.

A.W.T., npodeccop
MuHcK, benapyc
14.03.01 AHaTomuAK ofam
14.03.02 AHaTtomuamn natonori
14.01.05 bemopuxoun gun

Pymmo 0.0.
y38u Bobactan AMW Benapyc,
AM.T., npodeccop
MuHck, benapyc
14.01.24 NaiiBaHACO3M Ba Y3BXOW CYHbiA
14.01.17 Yappox#n

PycramoBa M.C.
AM.T., npodeccop
AywaH6e, ToyukucmoH
14.01.01 MomonusuLLKi Ba 6eMoprxom 3aHOHa
14.02.03 CuxaTtvn yomea Ba TaHAYpPYCTA
14.01.02 fapypwmnHoci

Canapu .
PharmD, BCPS, npodeccop
TexpoH, 3poH
14.03.06 ®apmakronorus, GapmaKkonoram KIMHWUKM
14.02.03 Cuxatm yomea Ba TaHAYypPYCTH

ConomatuH U.U
AT, npodeccop
Puza, /lameusa
14.01.07 bemopuxou Yawm

CyntoHos Y.A.

AT, npodeccop
LywaHbe, ToyukucmoH
14.01.26 Yappoxuv AnA Ba parxou XyHrapg,
14.01.13 TawxwcK Wybow, HypLndon

CyéduaHos A.A.

AT, npodeccop
TiomeH, Mocksa, Poccus
14.01.18 Heipoyappoxi
14.01.13 TawxucK Wybow, HypLmdon
14.03.01 AHaTommAan ogam

Torus6aes l.A.
AT, npodeccop
Anmamo, KazokucmoH
14.01.22 TapboalmHoch
14.01.04 bemopunxou gapyHin

Tpe3y6os B.H.
AW.T., npodeccop
CaHkm-llemepbype, Poccus
14.01.14 JaHAOHNM3ULWIKA

®ort .P.
4.1.7, npodeccop
Tcropux, LLiselimcapus
14.01.26 Yappoxuu gun Ba parxom XyHrapa,
14.01.24 NaitBaHACO31 Ba Y3BXOM CYHBI
14.01.20 MHWOPLWMHOCK Ba TaXAUPOMY3id

LLiykypos ®.A.

AT, npodeccop
LywaHbe, ToyukucmoH
14.03.03 dusmnonoruav natonori
14.01.11 Bemopwxou acab
14.02.04 Tn661 mexHaT

tOcynos LLL.A.
O.W.T., LOTCEHT
CamapkaHo, Y3bekucmoH
14.01.17 Yappox#n
14.01.19 Yappoxuv atdon
14.01.08 Tn661 atdon
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INABHbIN PEQAKTOP

T'ynos M.K.
A.M.H., npodeccop
AywaHbe, TaO#UKUCMAH
3.1.9. Xvipyprua
3.1.14. TpaHCNNAHTONOTMA U UCKYCCTBEHHbIE OPraHbl
3.1.16. Mnactnyeckasa xmpyprua

3AM. MABHOIO PEQAKTOPA

Dopaxoes A.C.
A.M.H., AOLEHT
AywaHbe, Tad0#uUKUCMAH
3.1.21. Negunatpua

KanutoHosa M.10.
4.M.H., npodeccop
Koma CamapaxaH, Manatizus
3.3.1. AHaTtomuA YenoBeka
3.3.2. MaTtonornyeckas aHaTomma

OTBETCTBEHHbI PEOAKTOP

baparos A.K.
K.M.H., OLEeHT
Aywaxbe, TadHuKkucmax
3.1.15. Cepae4Ho-cocyamnCTasn Xupyprus
3.1.1. PeHTreH3HA0BACKYNAPHAA XMPYPrua

PEAAKLIMOHHASA KONNETUA

bab6aes A.b.
A.M.H., npodeccop
AywaHbe, Tad#uKUCMaH
3.2.1. Turnena
3.2.4. MeguumHa Tpyaa

FacnapsH A.1O.
A.M.H., npodeccop
Jadnu, BeaukobpumaHus
3.1.27. Pesmatonorus
3.1.20. Kapauonorua
3.2.3. O6LLEeCTBEHHOE 310POBbE M OpPraHM3aLma
3/ paBOOXPAHEHUA, COLMONOTNA U UCTOPUA
MeANLMHbI

Doaxoesa M.®.
akagemuk HAHT, o.m.H., npodeccop
AywaHbe, Tad#uUKUCMAH
3.1.4. AKywepcTBO U rTMHeKoNorna
3.2.2. 3nngemmonorva
3.2.4. MeguumHa Tpyaa

Ecupkenos M.M.
K.M.H., npodeccop
LbimkeHm, KaszaxcmaH
3.1.27. Pesmatonorus
3.2.3. 06uiecTBEHHOE 340POBbE U OpraHMU3aLma
3/1paBOOXPAHEHNSA, COLMONOMUA U UCTOPUA
MeauuUnHbl

Wcmounos K.U.

A.M.H., npodeccop
LywaHbe, Tad#UKUCMAH
3.1.21. Negnatpua
3.2.7. Annepronorma 1 UMMyHon0rmnA

460

PaxmaHos 3.P.
A.M.H., npodeccop
Jywarbe, TadrcukucmaH
3.1.22. UHdeKuMoHHble 6onesHn
3.2.2. 3nnaemumonoruna

Cyukos U.A.
O.M.H., OUEHT
PasaHb, Poccus
3.1.1. PeHTreHaHA0BaCKyNApHaA Xxupyprua
3.1.25. JlyyeBas AMarHoCTUKa
3.3.2. Matonorunyeckan aHaTommna

Xamugos H.X.
uneH-kopp. HAHT, a.m.H., npodeccop
Jywarbe, TadrcukucmaH
3.1.18.BHyTpeHHue 6onesHn
3.1.20. Kapanonorua
3.1.17. Ncuxmatpua u Hapkonorua

Xy6yTua M.LLI.
akagemuk PAH, o.m.H., npodeccop
Mockea, Poccus
3.1.14. TpaHCNNAHTONOIMA U UCKYCCTBEHHbIE OpraHbl
3.1.13. Yponorua u aHaponorua
3.1.9. Xupyprua

PEAAKLIMOHHbIV COBET

Anb-Lykpu C.X.

O.M.H., npodeccop
CaHkm-llemepbype, Poccus
3.1.13. Yponorusa v aHgponorua

3.1.6. OHKoNOrMA, NyyYeBas Tepanua

AnsaytauH P.H.

4.M.H., npodeccop
Mocksa, Poccus

3.3.6. dapmakonorus, KIMHWYeckas Gapmakonorms
3.1.24. Hesponorusa
3.2.3. 06uLecTBEHHOE 340P0OBbE U OpraHM3aLns
3/1paBOOXPAHEHNS, COLMONOMUA U UCTOPUA
MeauLUMHbI

AmupacnaHos A.T.
akagemuk PAMH, HAHA, o.m.H., npodeccop
baky, AsepbaliomaH
3.1.6. OHKoNOrMA, Ny4YeBas Tepanua
3.1.8. TpaBmatonorusa u optoneams

Aptbikos K.I.
4.M.H., npodeccop
AywaHbe, Taoxcukucmax
3.1.16. NMnacTuyeckasn xvpyprua
3.1.9. Xupyprusa

ApyTioHos C.A.
4.M.H., npodeccop
Mockea, Poccus
3.1.7. Cromatonorva

AcrawwnHa H.b.
A.M.H., AOLEHT

lepms, Poccus
3.1.7. Cromatonorua

bab6aes A.
MD, PhD
Hoto-Mopk, CLUA
3.1.1. PeHTreHaHA0BaCKyNAPHAA XMpyprua
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POAb MIBAHHOBCKUX KAETOK B ITATOAOI'MN YEPBEOBPA3HOI'O OTPOCTKA

Y AETEA

M.IO. KATIMUTOHOBA!, .. BPOXIY, C.IT. TYTIAAQ? A.B. CMMPHOB? |B.C. IIETPEHIOK*] A. AXMA A

1 PaxyAbTeT MEeAULIMHEI U 3ApaBooxpaneHns, Yuusepcuter Maaarsun Capasak, Kora Camapaxan, Maaarisus

2 Cenr AXKeiiMc MeAULIMHCKUIT MHCTUTYT, Baaan, Aurnans

3 Boarorpaacknii rocygapcTBeHHBIT MeAUITUHCKII yHUBepcuTeT, Boarorpaga, Poccutickas @egeparus

4 Kannnueckas 6oabpHUIIa CKOPOIT MeAUIIMHCKOM oMoty Ne 7, Boarorpag, Poccuiickas Peaeparius

5 Meaumunckmit dakyavprer Yuusepcurera Texnoaorun MAPA, Cynraii Byao, Maaarisus

Llenb: cpaBHEHWE MMMYHOTUCTOXMMUYECKKX (MTX) XapaKTepUCTUK YepBEOOPa3HbIX OTPOCTKOB, YAANEHHDIX Y JETel C OCTPbIM anneHANLUTOM U CUH-
[ pPOMOM XpoHuueckux boneit (XB) B npaBom HUKHEM KBagpaHTe xusoTa (MHKMK), a Takke npoBeseHVEe KNMHUKO-MOPPONOTMUYECKUX KOPPENALMIA.
Martepuan u metoapl: UIX meTogom uccnegosanca 51 anneHamnKe aeTen B Bo3pacte 5-14 neT, KOTopbiM Obina NpoBeaeHa anneHA3KTOMUA C AUArHO-
30M: XPOHMYeCcKUi anneHamumt/cuHapom X6 8 MHKXK (24 6onbHbix, | rpynna) v octpbiit anneHanuut (27 6onbHbIX, Il rpynna). MposeaéH ummnask-a-
Ha/IM3 TUCTONOTUYECKMX CPE30B, OKPALLEHHbIX FEMAaTOKCUIMHOM-303MHOM U MeToAom UMX Ha 6enok S100 v agepHbIi aHTUTEH NpondepupyoLLmMX
KneTok (PCNA).

Pe3ynbTaThl: UMUK aHANWU3 NOKa3an HaJMuMe CTaTUCTUYECKM 3HAUMMO Bonee BbICOKOI yAeNbHOWM NAOWaAW U YUCAEHHOMW NaoTHOCTM (p<0,05) um-
MYHOPEaKTUBHbIX KIETOK MPU OKpalwMBaHWUK Ha 6enok S100, a TakKe YUCAEHHOIN NAOTHOCTU UHTPAMypanbHbIX raHrines (p<0,05) Ha GpoHe MUHK-
MaJIbHbIX FMCTONIOTMYECKUX U3MEHEHUIA B CTEHKe YepBeobpasHOro oTpocTka y 60/1bHbIX | rpynnbl no cpasHeHuto co |l rpynnoii. Mpu 3Tom YnuceHHas
nnoTHocTb PCNA-MMMYHOPEaKTUBHBIX KIETOK Oblfa CTaTUCTUYECKM 3HAYUMMO Bbille Y 60/bHbIX Il rpynnbl Ha GOHe BbIPaXKEHHbIX BOCMAAUTENbHbIX
M3MeHeHUl B YepBeobpasHom oTpocTke (p<0,01). B 6uonTatax | rpynnbl 60/bHbIX TakKe OTMEYaNach CTaTUCTUYECKM 3HAYMMO boblUas YMCEHHanA
NAOTHOCTb FEPMUHATUBHBIX LLEHTPOB IMMbOUAHDIX y3enKoB (p<0,05), Npy TOM UTO YMCNEHHAA NAOTHOCTb B HUX MaKpoQaros, 3axsaTMBLLMX anonTos-
Hble Tenbla, 6blna 6onee BbicoKoW y 60/bHbIX Il rpynnbl (p<0,001).

3aKnloueHue: faHHble pesynbTaTbl 4EMOHCTPUPYIOT Pasiumna HEMPOMMMYHHbIX NoKasaTenel B YepBeobpasHOM OTPOCTKE NPU ABYX ONMUCAHHBIX HO-
30/10TMAX M YKa3bIBAKOT Ha BO3MOMXKHYIO PO/Ib anMeHAVKYAAPHOrO HeMpasibHOr0 KOMMOHEHTA KaK NPeAnocbIIKM pas3suTua cuHapoma Xb B MHKXK y
neten.

KntoueBble cnoBa: yepseobpasHbili 0mpocmok, WeaHHO8CKaA Kaemka, 6enok S100, AdepHsili aHMuzeH npoaugepupyrouux KAemok, XpoHuyecKuli
a600MUHQAbHbIU CUHOPOM.

Ona yntuposaHua: KanutoHosa MO, Bpoxu UB, fynano CM, CmupHoB AB, NMeTpeHiok BC, Axmag, A. Po/ib LWBAaHHOBCKMX K/IETOK B NaTON0TMK YepBeobpas-
HOrO OTPOCTKa Y AeTel. BecmHuk AsuueHHsl. 2023;25(4):466-77. https://doi.org/10.25005/2074-0581-2023-25-4-466-477

THE ROLE OF SCHWANN CELLS IN THE PATHOLOGY OF THE HUMAN APPENDIX

IN CHILDREN
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Objective: To compare the immunohistochemical (IHC) characteristics of appendices removed from children with acute appendicitis and chronic pain
syndrome (CP) in the right lower quadrant of the abdomen (RLQA), as well as to define clinical and morphological correlations.

Methods: The structure of fifty-one appendices of children aged 5-14 years who underwent appendectomy for chronic appendicitis/CP in the RLQA (24
patients, Group 1) and acute appendicitis (27 patients, Group 2) was assessed. Image analysis of histological sections stained with hematoxylin-eosin
and immunohistochemically for S100 protein and proliferating cell nuclear antigen (PCNA) was performed.

Results: Image analysis showed the presence of a significantly higher volume density (VD) and numerical density (ND) (p<0.05) of immunoreactive cells
when stained for S100 protein, as well as the ND of intramural ganglia (p<0.05) against the background of minimal histological changes in the wall of
the appendix in patients of Group 1 compared to Group 2. On the contrary, the ND of PCNA-immunoreactive cells was significantly higher in patients
of Group 2 against the background of pronounced inflammatory changes in the appendix (p<0.01). In the biopsy samples of the Group 1 patients, a
significantly higher ND of the lymphoid nodule germinal centers was also noted (p<0.05), while the ND of tingible body macrophages was higher in
Group 2 patients (p<0.001). These results demonstrate differences in neuroimmune parameters in the appendices in the two described nosologic
groups and indicate the possible role of the appendiceal neural component as a prerequisite for developing CP in the RLQA in children.

Keywords: Appendix, Schwann cell, $100 protein, PCNA, appendicitis, chronic abdominal syndrome.
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BBEOEHMUE

OnuncaHHaA HECKONbKO AECATUNETUI Ha3af, «HeMporeHHas an-
NeHAMKONATUAY, NPEeANONOKUTENbHO NeXallan B OCHOBE CUHAPOMA
Xb B MHKX, 00 cx nop ABnseTca He A0 KOHLA NOHATOMN U, N0 MHEHWIO
pAfa aBTOPOB, HEAOOLEHEHHOM HO30/M10TMEN, AaHHbIE O KOTOPOW B
NuTepaTtype BecbMa orpaHuyeHHbl [1-4]. laHHas HO30M10Tvs He ABNsA-
eTcA obLEenpPUHATON, NOCKONBKY Y He€ OTCYTCTBYHOT YETKME AMarHo-
CTMYECKME KPUTEPUM: KaK KAMHMYECKMe, TaK M paguonormyeckue/
nabopatopHble [4]. Mo faHHbIM PA3IMYHbIX aBTOPOB, HEMpOreHHan
anneHavKkonaTtua scTpedaetca y 10%-25% Bcex 60/1bHbIX, KOTOPbIM
Ha [00NepaLyOHHOM 3Tane KAMHUYECKM Obin MOCTaBneH AMarHos3
OCTPOro anneHAMLMTA, NPUYEM Y AeTeld 3TOT MoKasaTesb BbiLle, Yem
y B3pocnbix [1-3, 5, 6]; 04HaKO HW BO Bpems, HU Mocne onepauuv B
anneHAMKCe HX MaKpo- HU MUKPOCKOMUYECKU He yAaBanoch 0bHapy-
YKUTb OTYET/IMBbIX BOCMANNUTENbHBIX U3MEHEHUI, YTO NO3BONAO bl
onpeaenvTb faHHble anneHA3KTOMMM Kak «HeraTuBHble» [7] , a Boc-
naneHue 4epseobpasHOro OTPOCTKA KaK «HeocTpoey [1]. Kak npasu-
N0, LOONEPALMOHHbIE KAMHWUYECKME U PEHTTEHONOTUYECKHUE AaHHbIe
Y 6O/IbHBIX C «MO3UTUBHBIMUY U KHEFATUBHBIMMY» ANMNEHA3KTOMUAMM
He pasnnyanuchb [1, 3]. JaHHble NO PacnpPOCTPaHEHHOCTM HEMpOreH-
HOW anneHAMKONaTUN y JeTel He COBMAAALOT Y Pa3HbIX aBTOPOB: O4HU
CYMTAIOT €8 pacnpoCTpaHEHHOM y faeTeit (8% OT Bcex C/1y4aeB anneH-
ZaKToMMIA) [8], Apyrve Haxoaunu eé y 5% pete (npoTtus 24% y B3poc-
NbIX), B TOM uncae go 13 net— amwb y 1% [9].

HepasHo 6bin0 onpeseneHo TpU KpuUTepua HemporeHHoM an-
NeHAMKONATUU: KNMHWKA OCTPOrO anneHAMLMTa, OTCYTCTBME BOCMane-
HUA TUCTONOTMYECKM U Hanuume S100-no3nTUBHbIX KeTok/nponnde-
pauyA WBAHHOBCKMX KNEeTOK [3]. Tem He MeHee, Jaxe B OTCYTCTBUE
MPW3HAKOB OCTPOrO BOCMAJIEHUA B aMMeHAMKCe Y TakuX BO/bHbIX
onpeaenstoTcA NaToNorMYeckMe MMUKPOCKOMUYECKUE W3MEHEHUs,
[eMOHCTpUpYIoLLMe, B Nepsylo ovepesdb, npoandepaLmio HepBHbIX
BOJIOKOH, 00YCNOBAMBAIOLLYO BO3HMKHOBEHME PEKKYPEHTHbIX MAU
XPOHWYeckunx abgomuHanbHblx 6oneii, B CBA3M € Yem naTonoruye-
CKMIA NpoLecc onpeaenaeTca Kak HelporeHHas anneHanKonaTua uam
HeMpOreHHbIN annNeHAWLNT, NPU KOTOPOM MOKa3aHO XMPYpruyeckoe
nevenue [1, 3].

MoVCKM MATONOTMYECKUX M3MEHEHWI B HEBOCMaNEHHOM ar-
NeHAMKce Y BOMbHBIX C «HeraTUBHbIMUY» anmneHAIKTOMUAMU Bblan
Hanpas/eHbl, B YaCTHOCTU, HAa OBHapyMeHWe NOBbILEHHOrO coaep-
KaHWA HeMponenTUAOB U NPU3HAKOB HapyLLIEHWA NenTUAEPruyYecKom
WHHEpPBaLWK, CBA3AHHOW C TaKUMW HeMponenTUAaMM, Kak cybcTaH-
ums P (SP), Ba3oaKTMBHbIN MHTECTUHaNbHbIM nentua (VIP), ceasak-
HbI ¢ pocTom 6enok 43 (GAP-43), ypoBeHb KOTOpbIX Obll BbIE Y
«HeOoCTpPbIX» anneHAMKCOB, MO CPABHEHMIO C «OCTPLIMMY, @ HEPBHbIE
BOJIOKHA Bbl/M TECHO aCCOLMMPOBAHBI C IMMGOUAHBIMU KNEeTKaMM Ha
nosepxHocTH ¢ponnmkynos [1]. MmeHHo ¢ HeliponponndepaTUBHbIMU
M3MEHEHUAMM B HEBOCMANEHHOM anneHAMKee CBA3bIBaN naTodpusu-
onoruto Xb B MHKMK, a nogobHy0 M1MCTONOMMYECKYIO KapTUHY npeaa-
ranun onpegenuTb Kak HEMPOUMMYHHBIV anneHauumT [1]. Choxuamch
npeacTaBAeHUA O PONU IHTEPAIbHOW HEPBHOW CUCTEMBI B PEryNALUK
MMMYHHOTO OTBeTa Ha BoCnanuTenbHyto peakuumio [10]. OgHako apy-
TVMW aBTOPaMM MOJyYeHbl MHbIE AaHHbIE MO IKCNPECCUU HeMpPasbHbIX
Mapképos [11]: cogeprkaHue cybcTaHLMM P 6bI10 0AMHAKOBLIM MpPK
OCTPOM WM HeocTpom anneHauuute, a VIP 1 BoBce oKasanca cratu-

INTRODUCTION

Neurogenic appendicopathy, described several decades ago,
supposedly underlying the CP syndrome in RLQA, remains poorly
understood. According to several authors, it is an underestimated
pathology, with scarce data in the literature [1-4]. This nosology
is not generally accepted because it lacks clear diagnostic crite-
ria, both clinical and radiological/laboratory ones [4]. Multiple
authors have reported that neurogenic appendicopathy occurs in
10%-25% of all patients diagnosed with acute appendicitis at the
preoperative stage. This number is higher in children than adults
[1-3, 5, 6]. However, no distinct inflammatory changes were ob-
served either macroscopically or microscopically during or after
the operation in the appendix. This finding led to the definition
of the appendectomy as "negative" [7] and the inflammation of
the appendix as "not acute" [1]. Patients with "positive" or "nega-
tive" appendectomies had similar preoperative clinical and radio-
graphic data [1, 3]. The prevalence of neurogenic appendicopathy
in children varies among authors. Some believe it to be common
(8% of all appendectomy cases), while others found it in only 5%
of children (compared to 24% in adults), with just 1% occurring in
children under 13.

Recently, three criteria for neurogenic appendicopathy have
been defined: clinical evidence of acute appendicitis, absence
of inflammation histologically, and the presence of S100 pro-
tein-positive cells/Schwann cell proliferation [3]. However, even
in the absence of signs of acute inflammation in the appendix,
pathological microscopic changes are found in such patients,
demonstrating the proliferation of nerve fibers primarily, causing
recurrent or chronic abdominal pain; therefore, the pathological
process is defined as neurogenic appendicopathy or neurogenic
appendicitis, which is considered an indication for surgical treat-
ment [1, 3].

The search for pathological changes in the non-inflamed
appendix in patients with "negative appendectomies" was aimed
in particular at detecting increased levels of neuropeptides and
signs of impaired peptidergic innervation associated with such
neuropeptides as substance P (SP), vasoactive intestinal peptide
(VIP), growth-associated protein 43 (GAP-43), the levels of which
were higher in "non-acute" appendices compared to "acute"
ones, and nerve fibers were closely related to the lymphoid cells
on the surface of the lymphoid nodules [1]. The pathophysiology
of CP in the RLQA was associated with neuroproliferative chang-
es in the non-inflamed appendix; therefore, this syndrome was
defined as neuroimmune appendicitis [1]. The role of the enteric
nervous system in the regulation of the immune response to the
inflammatory reaction was considered [10]. However, other au-
thors obtained different data on the expression of neural markers
in CP in the RLQA [11]: the level of substance P was the same
in acute and "non-acute" appendicitis, and VIP was significantly
higher in acute appendicitis. At the same time, the content of
protein S100-positive structures in patients with CP in RLQA did
not exceed that in patients with histologically confirmed acute
appendicitis [10, 12, 13].
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CTMYECKM 3HAYMMO BbILLE MPU OCTPOM anmneHAMUMTE, B TO BPEMA Kak
coziepkaHue S100-no3uTMBHbIX CTPYKTYP Y 60/1bHbIX ¢ XB B MHKK He
MPEeBbILIA/IO TAKOBOE Y 6O/IbHBIX C NOATBEPHKAEHHBIM FMCTONOTUYECKH
ocTpbIM anneHguumTom [10, 12, 13].

AnneHauKyNapHY0 GONNMKYAAPHYIO TMNEPNNA3UI0 CHUTAIOT UH-
[MKaTOPOM XPOHWMYECKOTO anneHAMLMTa Y AeTel, a cTeneHb eé Bblpa-
YKEHHOCTU — NPOTHOCTUYECKMM KpUTEPUEM UCYE3HOBEHMA CMHAPOMA
XB nocne anneHasktomun [14]. YTonueHne cobCTBEHHON MAACTUH-
KM NpW AAaHHOM COCTOSIHUM MOXKET NPUBOAUTL K rMNepAMarHoCcTuke
OCTPOro anneHAMLMTa, TaK KaK Npu coHorpadpum obycnaBnmneaeT no-
ABNIEHVE HECKMMAEMOTO NPY KOMMPECcUM anmneHavKca AMameTpom
6-8 mm [15].

Mo HabnlogeHWamM APYrvX aBTOPOB, CPEAM «HEOCTPbIX anneH-
[AMKCOB» MWb B 16% caydvaeB YepBeobpasHblit OTPOCTOK BbIMAAUT
MaKPOCKOMMYECKM HOPMabHbIM, B TO BPEMA KaK B OCTa/IbHbIX — OT-
MEYaIoTCA MHbELMPOBaHMe cocyaos (81%) U M3MeHeHMs, yKasbiBa-
IOLLME Ha XPOHMYECKUIA XapaKTep MaTo/orMYeckoro npouecca (2%),
a MMKPOCKOMWUYECKU Wb 5% anneHaMKCOB OKa3biBalOTCA He U3Me-
HEHHbIMM, Y OCTa/IbHbIX, MOMUMO HEWPOreHHOM anneHAMKonaTum
(14% cny4aes), Habno4AOTCA NPU3HAKM XPOHWUYECKOTO BOCMANeHUs
(39% cnyuaes) [2].

MpuBeaEHHblE AaHHble AEMOHCTPUPYIOT NPOTUBOPEUYUBOCTL
CYLLECTBYIOLMX MPEACTaBNeHUA O MaTOreHe3e M rMCTONIOrMYECKOM
KapTuHe cuHapoma Xb B HMKK v HeliporeHHbIX anneHAMKonatuin u
BbI3bIBAOT HEOOXOAMMOCTb UX YTOYHEHMUS.

LLENb UCCNEAOBAHMA

CpasHeHuWe UMX XapaKTepucTuK 4epBeobpasHbIX OTPOCTKOB, yAa-
NEHHbIX y AieTel € OCTPbIM anneHanuMTomM U cnuHapomom Xb B MHKXK, a
TaK¥Ke NPoBeAeHNE KIMHUKO-MOPHONOTMUECKUX KOPPENALMIA.

MATEPUAN U METOAbI

B AaHHOM Uccnef0BaHUM PETPOCNEKTUBHO NPOaHaAN3MPOBaHbI
nctopum 6onesHn NaumeHToB C OCTPbIM anneHAMLMTOM U CUHAPO-
Mom XB B MHKMK/XpoHnUeckum anneHanumMTom, KoTopbiM 6biia npo-
nssegeHa anneHgakromma B 2008-2012 rr. B AETCKUX XMPYPruyecKmx
otaeneHusax Ne 1 n Ne 2 TopoacKoi KNMHUYECKOW 60bHULbI CKOpOW
MeaMUMHCKol nomotm Ne 7 ropoga Bonrorpaga. Bospact naupeHTos
6b1n B AnanasoHe ot 5 ao 14 net. JaHHble KAMHUYECKUX, NabopaTop-
HbIX U MHCTPyMeHTanbHbIx (Y3U, OIAC, drubpoKkonoHOCKONMS, PEHT-
reHOCKOMMUA TOJICTON KULUKM) UCCNeOBAHWM, @ TaKKe KOHCY/IbTaLMi
CMEXHbIX CeLmanuncTos bolam ceeaeHbl B Tabauubl. Becero npoaHanu-
3upoBaHa 51 ncropus 6onesHN.

Kputepuun BKAtoueHuA: Bo3pacT o 14 net, anneHAIKTOMMUA B
aHaMHe3e, Hannune AaHHbIX 0 HabnoaeHUM 33 60bHBIM Ha NPOTA-
eHumn bonee 7 mecsues (19 60nbHbIX ¢ cuHapomom Xb6 B MHKHK).

KpuTepum UCKOUEHUA: HEQOCTYMHOCTb HEOOXOAVMMbIX KAWMHU-
YECKUX AaHHDIX, TaHTPEHO3HbIM anneHANLMUT U OCOXKHEHHbIE GOpMbl
OCTPOro anneHauumTa.

Ha OCHOBaHWMM KNAMHUYECKMX AQHHbIX WU Pe3ynbTaToB rMcTono-
TMYEeCKOro WCCNef0BaHWA YAANEHHbIX YepBeobpasHbIX OTPOCTKOB
60nbHble bblM pasaeneHbl Ha 2 rpynnbl. Mepsyto rpynny cocTasuaun
NauMeHTbl C MUHUMAbHBIMU TUCTONIOTUYECKUMWU U3MEHEHUAMMU B
CTeHKe YyepBeobpasHOro oTpocTka (24 60/bHbIX), C HaMUMEM Me3a-
ZeHuTa B 14 cnyyanx (58%). Bo BTopyto rpynny Bowin 60/1bHbIE € Nog-
TBEPHKAEHHBIM MMCTONOTMYECKN AMArHO30M OCTPOro $pIErMOHO3HOO
anneHauumTa (27 60nbHbIX). NPOAOAKUTENBHOCTL 3ab60NeBaHUs 0
anneHA3KTOMMU cocTauna y 6onbHbIx | rpynnsl ot 11 ao 32 mecaues,
y 60/1bHbIX |l rpynnbl — A0 24 Yacos.
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Appendiceal follicular hyperplasia is considered an indicator
of chronic appendicitis in children, and the degree of its severi-
ty is a prognostic criterion for the recovery of chronic pain syn-
drome after appendectomy [14]. It can cause thickening of the
lamina propria and lead to overdiagnosis of acute appendicitis, as
it determines the sonographic appearance of the appendix as a
noncompressible tubular structure 6-8 mm in diameter [15].

Other authors have reported that only 16% of "non-acute"
appendices cases appear grossly normal. In contrast, 81% exhibit-
ed blood vessel injections, and 2% showed changes indicative of a
chronic pathological process. Microscopically, only 5% of appen-
dices remained unchanged, while the rest, in addition to features
of neurogenic appendicopathy observed in 14% of cases, exhibit-
ed features of chronic inflammation in 39% of cases [2].

The literature sources demonstrate inconsistent concepts
on CP syndrome in RLQA/neurogenic appendicopathy, emphasiz-
ing the need to clarify its pathogenesis and histological appear-
ance.

PURPOSE OF THE STUDY

To compare the immunohistochemical (IHC) characteristics of
appendices removed from children with acute appendicitis and CP
syndrome in RLQA, as well as to define clinical and morphological
correlations.

METHODS

This study retrospectively analyzed the medical histories of
patients with acute appendicitis and CP syndrome in RLQA/chron-
ic appendicitis who underwent an appendectomy in 2008-2012 in
Children's Surgical Departments N2 1 and Ne 2 of the Municipal
Clinical Emergency Hospital Ne 7 (Volgograd, Russian Federation).
The ages of the patients ranged from 5 to 14 years. Data from
clinical, laboratory, imaging examinations (ultrasound, esophago-
gastroduodenoscopy, colonoscopy, fluoroscopy), and specialist
consultations were summarized in tables. A total of 51 patients'
medical records were analyzed.

Inclusion criteria: <14 years, history of appendectomy, >7
months patient observation (CP syndrome in RLQA).

Exclusion criteria: unavailability of necessary clinical data,
gangrenous appendicitis, complicated forms of acute appendicitis.

Based on clinical data and the results of histological exam-
ination of the surgically removed appendices, the patients were
divided into two groups. Group | comprised 24 patients with
minimal changes in the appendix wall, of which 14 had mesen-
teric adenitis. Group Il included patients with a histologically
confirmed diagnosis of acute phlegmonous appendicitis (27 pa-
tients). The duration of the disease before appendectomy in pa-
tients of Group | was from 11 to 32 months, and in patients of
Group Il — up to 24 hours.

Histological sections 3 um thick were prepared from archi-
val paraffin blocks of vermiform appendices using a rotary micro-
tome Microm HM 306 (Karl Zeiss, Germany) followed by hema-
toxylin-eosin and IHC streptavidin-biotin-peroxidase staining. IHC
analysis was carried out in accordance with the recommendations
of the reagent manufacturers in compliance with the require-
ments for IHC research following the principles of good laborato-
ry practice. Paraffin sections were placed on Poly-L-lysine-coated
slides (Thermo Fisher Scientific, USA) and deparaffinized. Endog-
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C apxuBHbIX NapadmHoBbIX 610KOB YepBEObPA3HbIX OTPOCTKOB
Ha poTaumMoHHoM MuKpotome Microm HM 306 (Karl Zeiss, Germany)
M3roTaBAMBANIUCL TUCTONOMMYECKUE CPe3bl TOALMHOW 3 MKM C no-
CNeflylolWyM OKpalMBaHUEM FEMATOKCUANMHOM-303MHOM U UMMY-
HOFMCTOXMMMUYECKM CTPenTaBUANH-OMOTUH-NEPOKCUAA3HbIM  MEeTO-
fom. UTX aHanu3 npoBoauca B COOTBETCTBUM C PEKOMEHAALMAMMU
dupm-nponssoguTeneil peakTMBoB C cobatoaeHnem TpeboBaHWi,
npeabaBaaembix K UMX nccnegoBaHuio B COOTBETCTBUM C NMPUHLMNA-
MU Llo6pocoBecTHON NabopaTopHOM NpakTUKK. MapaduHosble cpesbl
NOMELLAICh Ha afresnoHHble npeameTHble cTékna Menzel-Glaser
(Thermo Fisher Scientific, USA), aenapaduHupoBanucb, 3HAOreH-
Haf nepoKkcupasa nofasnAnachb BblgepusaHvem B 3% pacTsope
nepeKkUcu BOOPOLa B METaHO/E; BOCCTAHOB/IEHUE aHTUreHa (Kpo-
Me OKpaluMBaHuA Ha 6enok S100) nposoamnoch B oduLMHAIBHOM
pactBope 4/1R BOcCTaHOBAeHUsA aHTureHa #5100 (DAKO, Denmark);
YyMeHblUeHUe Hecrneuudryeckoro OKpaliMBaHMA obecneynBanoch
BblAEPKMBaHNEM Cpe30B B 6enKkoBom Br0KaTope, He cogepKallem
cbIBOPOTKM, #X0909 (DAKO, Denmark). OkpalumBaHue NpoBoANAOCH
B UMMyHocTelHepe ShandonTM Sequenza (Thermo Fisher Scientific,
USA) 1HKybaLuelt B pacTBOpe NEPBUYHOTO aHTUTENA, 3aTEM BTOPUY-
HOro HUMOTUH-CBA3AHHOMO aHTUTENA, CTPENTaBUANH-NEPOKCUAA3HOO
Komnnekca #K0377 (DAKO, Denmark) passegerum 1:50 u 0,05% pac-
TBOpE AMamuHobeHsuamHa B 0,03% pacTBope Nepekuncy BoLopoaa ¢
nocneaywLeit AOKPacKoi rematokcuanHom Xappuca. Obe3BoxeH-
Hbl€ U MPOCBETIEHHbBIE CPE3bl 3aKNI0YANNCD B CpeAy AN1A 3aKN0HeHUA
UIX okpalueHHbIx cpe3os #53026 (DAKO, Denmark).

Ona WUIX wnccneposBaHWA MCNOAb30BaNUCh MNOMUKAOHANbHbIE
aHTMTena npotus b6enka S100, #Z0311 (DAKO, Denmark) ans BbisiB-
JIeHUA WWBAHHOBCKMX KNETOK M MOHOK/IOHA/IbHbIE aHTUTENa NPOTUB
PCNA (knoH PC10) — agepHOro aHTMreHa NnpoaMdpepupyoLmx KNeTok,
MCA1558 (AbDSerotec, USA) — ans onpeaeneHna ypoBHA KNETOUHOM
nponudepaumn. Mpu UMNX okpalLmMBaHUM Cpe30B YepBeobpasHOro oT-
POCTKa MCNONb30BaNNCh KaK HeraTuBHble 6eccybeTpaTHble KOHTPOAM,
TaK U MO3UTUBHbIE KOHTPO/IM C WUCMONb30BaHMEM apXMBHbBIX CPE30B
NMUMPATUYECKUX Y3/10B U TONCTOMN KULLKK.

MIX okpalleHHble cpe3sbl OLEHMBAINCh KONMYECTBEHHO Nocpes-
CTBOM LLMPOBOro aHanM3a ¢ NOMOLLLbI0 MUKpockona Eclipse E600 1 Ka-
mepbl Coolpix 995 (Nikon, Japan) B8 nporpamme Image-Pro+ 8.0 (Media
Cybernetics, USA). C noOMOLLbIO MUAK aHaM3a onpeaensnach yaens-
HadA NAoWaab W YUCAEHHAA NAOTHOCTb UMMYHOPEAKTUBHBIX KNETOK, a
TaK¥Ke NOoLaAb MHTPAMYPa/IbHbIX FAHIIMEB UX YNCAEHHAA NAOTHOCTD,
UMCNIEHHAA MIOTHOCTb MMOOUAHDBIX Y3ENKOB (FepMUHATUBHBIX LieH-
TPOB) Ha 5 MM A/MHbI aNNEeHAMKCA, A TaKKe YUC/IEHHas NIOTHOCTb UX
MaKpodaroBs, 3aXBaTWBLLMX anoNTO3Hble Te/bLia.

CraTuctuyeckan obpaboTka NoNyYEHHbIX AaHHbIX MPOBOAMIACH
€ Mcnonb3oBaHUeM nNporpammbl Excel ¢ BblumncneHnem cpesHelt apuod-
METUYECKOMN, CPeAHEKBAAPATUYECKOTO OTKNOHEHUA, cpeaHel ownb-
KM cpesHei apudmeTnyeckor, KoadpdumumeHnTa Koppenaumm NupcoHa
[NA HOPMaNbHbIX pacnpegeneHunii, He0bXxoAMMOro Yncna UccnesoBa-
HUWA; pa3nnumna cpegHux no Kputepuio CtblogeHTa. Pasnnmuma npmsHa-
Ba/INCb CTAaTUCTUYECKM 3HAUMMbIMKM npum p<0.05.

MccnepoBaHve nogaepaHo rpaHToM MuHKCTEPCTBA BbiCLUEro
o6pasosaHua Manaitaum FRGS/2/2013/SKK01/UITM/01/4.

PE3YNbTATbI

lMcToNnornyeckas KaptmHa y 60nbHbIX | rpynnbl 8 60/1bLIMHCTBE
C/ly4aeB CBOAMNACL K HE3HAYUTE/bHLIM aTPOOUYECKMM U3MEHEHM-
AM B CTEHKe YepBeobpa3HOro OTPOCTKA, B PAAE CYYaeB K eé NErko-
My GUOPO3UPOBAHMIO U HAZIMUMIO HE3HAYUTE/IbHBIX LIUPKYIATOPHbIX
PaCcCTPOWCTB B BUAE NOJHOKPOBUA M KPAeBOro CTOAHMA 3PUTPOLLMTOB

enous peroxidase was suppressed by exposure to a 3% solution
of hydrogen peroxide in methanol; antigen retrieval (except for
$100 protein staining) was carried out in official antigen retrieval
solution, #5100 (DAKO, Denmark) reduction of nonspecific stain-
ing was provided by serum-free protein blocker #X0909 (DAKO,
Denmark). Staining was carried out in a ShandonTM Sequenza
immunostainer (Thermo Fisher Scientific, USA) by incubation in a
solution of primary antibody, a secondary biotin-linked antibody,
streptavidin-peroxidase complex #K0377 (DAKO, Denmark) at a
dilution of 1:50 and a 0.05% solution of diaminobenzidine in a
0.03% solution of hydrogen peroxide, followed by counterstaining
with Harris hematoxylin. Dehydrated and cleared sections were
mounted in mounting medium #53026 (DAKO, Denmark).

For IHC studies, polyclonal antibodies against S100 protein
#70311 (DAKO, Denmark) were used to detect Schwann cells, and
monoclonal antibodies against PCNA (clone PC10), a nuclear an-
tigen of proliferating cells, MCA1558 (AbDSerotec, USA) to deter-
mine the level of cell proliferation. Negative substrate-free con-
trols and positive controls from archival lymph nodes and colon
were used in IHC staining.

Digital analysis was applied to quantitatively analyze the
IHC sections using Eclipse E600 Microscope, Coolpix 995 digital
camera (Nikon, Japan), and Image-Pro+ 8.0 software (Media Cy-
bernetics, USA). VD and ND of immunoreactive cells, size of the
intramural ganglia and their ND, the ND of lymphoid nodule ger-
minal centers per 5 mm of the appendix length, and tingible body
macrophages.

The obtained data was processed using Excel software to
calculate the mean, standard deviation, mean error, Pearson cor-
relation coefficient for normal distributions, and minimal sam-
ple size. Student's test was used for statistics of differences with
p<0.05 significance level.

The study was supported by grant of the Malaysian Ministry
of Higher Education FRGS/2/2013/SKK01/UITM/01/4/.

RESULTS

In most cases, the histological appearance of Group 1 pa-
tients specimens included minor atrophic changes in the wall of
the appendix; in some cases, mild fibrosis and insignificant cir-
culatory disorders in the form of plethora and adhesion of RBCs
along the periphery of the vessel (Fig. 1, 2). At the same time,
patients in Group Il displayed edema of the appendicular wall,
abundant inflammatory cell infiltration, and severe microcircu-
lation alterations with numerous congested, thrombosed blood
vessels and local hemorrhages (Fig. 3, 4).

In both groups' specimens, intramural ganglia were detect-
ed in the submucosa and muscularis externa, but in Group 1, they
were more frequent and extensive. Lymphoid nodules were iden-
tified in the lamina propria and submucosa of biopsy specimens
of both groups. In Group Il patients, the boundaries of lymphoid
nodules were obscured due to the abundant infiltration of inflam-
matory cells in the appendicular wall. In the biopsy specimens of
Group Il, an abundance of large macrophages capturing apoptot-
ic bodies created a "starry sky" appearance within the lymphoid
nodules. Macrophages were also present in Group 1 lymphoid
nodules' germinal centers but in smaller quantities and sizes.

IHC staining with S100 protein revealed immunopositive
cells in all layers of Group 1 biopsy specimens, with high density
in the submucosa and muscularis externa (Fig. 5). It was observed
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Puc. 1 YepseobpasHbili ompocmok 60n6H020 8 nem ¢ Xb e [THK.
Mukpogomoepacpus, okpacka -3

Fig. 1 The appendix of an 8-year-old patient with CP in the RLQA.
Micrograph (hematoxylin and eosin [H&E], intermediate power)

Puc. 2 Llepeeo6pasl-/bu7 ompocmok 6onbHoeo 12 nem ¢ X6 8 [THK.
Mukpoomoepagpus, okpacka -3

Fig. 2 The appendix of a 12-year-old patient with CP in the RLQA.
Micrograph (hematoxylin and eosin [H&E], high power)

Puc. 3 YepseobpasHeili ompocmok 6oneHozo 11 nem ¢ ocmpbim
2HOUHbIM anneHOuyumom. Snumenuli npedcmasneH 8 0OCHOBHOM KO-
/IOHOYUMAmMU U HebOoMbUWUM KOu4ecmaom OOKAn0BUOHbIX KEMOK 8
COCMOAHUU OMEKA U NUKHO3a. CObCMBeHHaA NAACMUHKA cusucmol
c0asneHa HelimpodusibHbIM UHGUALMPAMOM U 2Unepnaacmu4yeckum
AUMBOUUMAPHBIM UHGUALMPAMOM. KpoB8eHOCHbIE COCYObI C ABAEHUS-
MU 3aCcmos u mpomb0o3a. /TumepoudHsle y3enku ¢ dugeysHol Helimpo-
hunbHoU uHpuUAEMpPayuel, OMEKOM U NI0KANbHLIMU KPOBOU3MUAHUS-
mu. Mukpogomoepacgpus, okpacka -3

Fig. 3 The appendix of an 11-year-old patient with acute purulent
appendicitis. The epithelium is represented mainly by colonocytes and
a small number of goblet cells with edema and pyknosis. The lamina
propria is compressed by a neutrophilic infiltrate and a hyperplastic
lymphocytic infiltrate. Blood vessels with signs of congestion and
thrombosis. Lymphoid nodules with diffuse neutrophilic infiltration,
edema, and local hemorrhages. Micrograph (hematoxylin and eosin
[H&E], intermediate power)

(puc. 1, 2). B 0 e Bpema y 60abHbIX || rpynnbl oTMeYaanch ABAEHMUA
OTéKa, 06WIbHOV BOCNA/IMTENIbHOKNETOYHON MHOWUABTPALMM U BbIpa-
YKEHHbIX PACCTPOICTB MUKPOLMPKYAALMM C MHOFOYUCAEHHBIMU 3a-
CTOMHBIMU, TPOMOMPOBAHHBIMM KPOBEHOCHBIMM COCYAAMM, IOKasb-
HbIMM KPOBOM3NMAHMAMM (puc. 3, 4).

MHTpamypanbHble raHIIMKM NPUCYTCTBOBAAWM B MOAC/IU3UCTON
OCHOBE U MbllLeYHO 0bonoyke GuonTaToB 0bewx rpynmn, ofHaKo B |
rpynne oHW onpeaenanvch Yalue 1 6bi1n 6onblue no pasmepam. Jium-
dongHble y3enKku onpesensnnch B CO6CTBEHHOMN NNACTUKE CM3UCTON
U NMOACNMU3NCTON OCHOBe buonTtaToB 0beux rpynn. B page ciydvaes
n3-33 06UNBbHOW MHPUABTPALMU HEUTPODUABHBIMU NEMKOLUTaMK B
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Puc. 4 YepseobpasHelli ompocmok 60sb6Ho20 6 1em ¢ ocmpeim 2HoU-
HbIM anneHOuyumom. lodcausucmas ocHO8a ymonujeHa u3-3a omeéxa
u socnanumensbHol UHpUALMPayUU. [PAHULUA AUMGBOUOHO20 Y3enKa
He 8u3yasnu3upyemcs u3-3a ouggysHol uHguaempayuu. MeiweyHas
000/104Ka ymonuwieHa U3-3a 0méka U paccesHHol UH@uUabmpayuu
HelimpogusnbHbIMU nelikouumamu. KposeHocHble cocyobl 3acmoliHbl
U mpombuposaHsl. Mukpogomoepacus, okpacka -3

Fig. 4 The appendix of a 6-year-old patient with acute purulent
appendicitis. The submucosa is thickened due to edema and
inflammatory infiltration. The border of the lymphoid nodule is
obscured due to diffuse neutrophilic infiltration. The muscularis externa
is thickened due to edema and scattered inflammatory cell infiltration.
Blood vessels are congested and thrombosed (hematoxylin and eosin
[H&E]. Micrograph, intermediate power)

that the cells were much less frequently seen in the biopsy sam-
ples of Group Il (Fig. 6).

The findings from the image analysis have been illustrated
in Figures 7 and 8.

Biopsy specimens from Group | showed significantly higher
VD and ND of S100-protein+ compared to Group Il (p<0.05).

PCNA immunoreactive cells were found in the epithelium,
lamina propria, and submucosa of the vermiform appendix,
with the highest density in lymphoid nodules of both groups
(Fig. 9, 10). PCNA IHC staining was used for detection.
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6uonTatax |l rpynnbl 60AbHbIX, FPaHMLbI AMMPOUAHbIX Y3EIKOB OMNpe-
Oenannucb ¢ Tpyaom. B numdonaHbix y3enkax buontatos Il rpynnbl
HaboAaNack KapTUHa «3BE3AHOTO Heba» — 0bUAMe KPYNHbIX MaKpo-
¢daros 3axBaTUBLLMX aNONTO3HbIE TeNbLA. ITM MaKpodarn onpesens-
JINCb M B rePMUHATUBHBIX LLeHTPaxX TMMOOUAHBIX y3enKoB | rpynnbl, HO
MEHbLUMX PAa3MePOB U, BUAMMO, B MEHbLUMX KONNYECTBAX.

WX okpawmsaHue Ha 6enok S100 6uonTatos | rpynnbl nokasano
MPUCYTCTBUE MMMYHOMO3UTUBHDBIX KNETOK B COBCTBEHHOM NNACTUHKE,
MbILLEYHOW MNACTUHKE CAU3UCTON 0D0NOYKM, MOACU3NUCTON OCHOBE
M MbILLIEYHOMN 060N0YKE, HEPEAKO NAOTHOCTb KNETOK BblNa BbICOKOM,
0c06eHHO B NOACNM3UCTON OCHOBE U MbileyHoW obonouke (puc. 5).
B 6uonTatax Il rpynnbl OHW BCTPEYaNUCh 3HAUMTENLHO peske (puc. 6).

Pe3ynbrathl MMMAXK-aHanM3a NpeacTaBaeHbl Ha puc. 7, 8.

Kak cnenyeT n3 pesynbtaTtoB MOPPOMETPUYECKOTO UCCNEe0Ba-
HWA, M yAeNbHAA NAoWaab, U YucneHHaa naoTHocTb S100-ummyHope-
AKTMBHbIX KNETOK bblNa CTaTUCTUYECKM 3HAUMMO Bbilwe B bronTaTax |
rpynnbl no cpasHeHuio co Il rpynnoii (p<0,05).

MUIX okpawwmsaHme Ha PCNA nokasano Haanyve MMMyHOpeaK-
TUBHbIX KNETOK B 3NUTENNM, B COBCTBEHHOM NNACTVKE U NOACAN3UCTON
0CHOBe YepBeobpa3Horo oTpocTKa. Hambonbluasa UX NNOTHOCTb OTMe-
yanacb B IMMPOMAHbIX y3e/iKax B buonTatax obemx rpynn (puc. 9, 10).

s e
e A%E""i#

Puc. 5 YepseobpasHbili ompocmok 60s16H020 10 iem ¢ XPOHUYECKUM
anneHouyumom. MHoxecmeeHHble UMMYHONO3UMUBHble KaemKu 8
cmeHKe ompocmka. OKkpacka Ha b6enok S100, DOKpacKa 2emMamoKcusu-
Hom. Mukpogomoepagus, obvekmug x20

Fig. 5 The appendix of a 10-year-old patient with chronic appendicitis.
Multiple S-100 protein immunopositive cells in the wall of the appendix
The IHC stain for S100 protein counterstained with hematoxylin.
Micrograph (intermediate power)

25

20

15

10 W lrpynna Group 1

|l rpynna Group 2

YM/VD S100 YM/VD PCNA

Puc. 7 YoensHas naowads (YT, %) 6enok S100 u PCNA-ummyHopeak-
MmusHbIX Knemok, M+m. * — p<0,05
Fig. 7 VD (%) of S100 protein and PCNA+ cells, M+m. * — p<0.05

Image analysis of biopsy samples from Group Il patients
had significantly higher VD and ND of PCNA-immunoreactive
cells compared to Group | (p<0.05). Due to abundant inflamma-
tory cell infiltration of the lamina propria and submucosa, only
the germinal centers of the lymphoid nodules were included in
the morphometric analysis for patients in Group Il. Images anal-
ysis revealed that the ND of germinal centers was significantly
higher (p<0.05) in Group | biopsy specimens. On the other hand,
the ND of tingible body macrophages was significantly higher in
Group Il biopsy specimens (p<0.001) (as shown in Fig. 11 and
12).

Upon analyzing the submucosal and myoenteric plexuses,
the intramural ganglia of biopsy samples from Group 1 demon-
strated a significantly higher area and ND than Group 2.

Thus, our appendix analysis in both patient groups showed
multidirectional neuroimmune changes.

Our data on the prevalence of Schwann cells and intramural
ganglia do not match those of several other authors. According to
some authors, the pain syndrome is more pronounced in acute
appendicitis, and the proportion of neural elements is higher than

Puc. 6 YepseobpazHelli ompocmok 60716H020 7 iem ¢ ocmpeim eHoU-
HbIM anneHOUYUMom. EQUHUYHbIE UMMYHONO3UMUBHbIE KAeMKU 8
cobcmeeHHoU nnacmutke cauzucmol 8okpye Kpunm. UMX okpacka Ha
6enok S100, dokpacka eemamokcunuHom. Mukpogomoepaghus, 06b-
ekmus x40

Fig. 6 The appendix of a 7-year-old patient with acute purulent
appendicitis. Occasional S-100 protein immunopositive cells in the
lamina propria around the crypts. IHC staining for S100 protein,
counterstaining with hematoxylin. Micrograph (high power)

350 *

300

250

200
150

100

50 +—

0 -
Yr/ND S100

4YM/ND PCNA

Puc. 8 YucnerHas nnomHocme (411, mm2) 6enok S100 u PCNA-ummy-
HopeakmugHbIx Knemok, M+m; * — p<0,05
Fig. 8 ND (mm?) of S100 protein and PCNA+ cells, M+/-m; * — p<0.05
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Puc. 9 YepseobpasHbili ompocmok 60/16H020 14 nem ¢ XPOHUYECKUM
anneHouyumom. OKkpacka Ha PCNA, dokpacka eemamoxcunuHom. Mu-
Kpoghomoepacghus, obvekmus x20.

Fig. 9 The appendix of a 14-year-old patient with chronic appendicitis.
Multiple PCNA immunopositive cells in the epithelium, lamina propria,
and submucosa of the appendix. IHC staining for PCNA, counterstaining
with hematoxylin. Micrograph (intermediate power)

MMUIK aHanm3 nokasan CTaTUCTUYECKM 3HAUMMO bBosee BbICO-
KYHO YAENbHYI NAoWaab U YncneHHyto naotHocTb PCNA-nmmyHope-
aKTUBHbIX KIETOK B BuonTatax Il rpynnbl 60/1bHbIX MO CPaBHEHMIO C |
rpynnoit (p<0,05). B cBA3u ¢ Tem, YTo y 60/1bHbIX Il rpynnbl rpaHuLbl
NMMOOUAHDIX Y3e/KOB BblaM Pa3MbITbl U3-33 06WIbHON MHPUALTPa-
LUMU HeUTPODUIBbHBIMU NIEeMKOLMTaMU COBCTBEHHOW MAACTUHKKM U
NOACAWU3UCTON OCHOBbI, B MOPbOMETPUYECKUI aHANNU3 BK/IKOYANNCD
TONBKO WX TePMMHATMBHbIE LEHTPbl. MMMAX aHanu3 nokasasn, uto
UMCNEHHaA MAOTHOCTb TEPMMUHATUBHBIX LIEHTPOB Oblaa cTaTUCTUyYe-
CKM 3HauMmo Bbliwe (p<0,05) B 6uonTaTtax | rpynnbl, B TO BpEMA Kak
UMCNEHHaA NMIOTHOCTb B HUX Makpodaros, 3axBaTUBLUMX aNONTO3HbIE
Tenbla, bbl1a 3HauMMo Bbilwe B buonTatax Il rpynnsl (p<0,001) (puc.
11, 12).

MMUaXK aHanus MHTPamypasibHbIX TaHINEB, OTHOCALLMXCA B
NOACAU3UCTOMY U MMO3HTEPANBHOMY CMJIETEHUAM, MOKa3as, 4To B
6vonTaTtax | rpynnbl UX NAOLLAAb M YUCAEHHARA NAOTHOCTb BblAK CTaTU-
CTUYECKM 3HauUMMO bonblue, Yem Bo Il rpynne.

Takum 06pasom, NPOBeAEHHbIN MOPPOMETPUUECKMIA aHANMU3
NOKa3an pasHOHaNpaBAEHHOCTb HEMPOMMMYHHbIX CABUIOB B YepBe-
06pasHom oTpocTke 60nbHbIX | v 11 rpynn.

Hawwu faHHble 0 PacnpoCTPaHEHHOCTU LWBAHHOBCKMX KNETOK U
MHTPaMypasibHbIX raHIJIMEB HE COBMAZAIOT C pe3yabTaTaMu pasa aBTo-
poB. Mo AaHHBIM HEKOTOPbIX UCCEL0BATENEN, MPU OCTPOM anneHau-

Puc. 11 YucneHHas naomHocme (Y11, MM?) UHMPAMYPanbHLIX 2aH-
enues (M) u eepMuHaMuBHbIX UeHMpPos AUM@OUOHbIX y3enkos (/1Y),
M+m; * — p<0,05

Fig. 11 ND (mm?) of intramural ganglia and germinal centers of
lymphoid nodules, M+m; * — p<0.05
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Puc. 10 YepseobpasHeili ompocmok 6osbHo2o 13 nem ¢ ocmpbim
2HOUHBIM anneHOUYUMoMm. MHo204YUCeHHbIE UMMYHONO3UMUBHbIe
KAemKu 8 2epMUHaMUBHOM UeHmpe AUMGOUOHO20 Y3esKa, codep-
HAUUM MHO204UCAeHHbIe MAKPOghaau C anonmo3HeIMU menbyamu.
Okpacka Ha PCNA, dokpacka eemamoKkcunuHom. Mukpogomoepadus,
obvexmus x20

Fig. 10 The appendix of a 13-year-old patient with acute purulent
appendicitis. Multiple PCNA immunopositive cells in the germinal center
of the lymphoid nodule contain numerous tingible body macrophages
with apoptotic bodies. IHC staining for PCNA, counterstaining with
hematoxylin. Micrograph (intermediate power)

in chronic appendicitis. Some authors argue that the duration of
pain in acute appendicitis is not long enough for the hyperplasia
of nervous tissue elements to reach the high degrees described in
some papers. They suggest that other triggering episodes often
precede an actual episode of appendiceal pain.

DISCUSSION

The diagnosis of chronic appendicitis has always been
debated and controversial [1]. In neurogenic appendicopathy,
there is no neutrophilic infiltration of the appendix wall, nor
are there erosions or intramural microabscesses. However, hy-
perplastic S100-positive nerve fibers are in the distal part of the
appendix [3]. In the absence of signs of acute inflammation, the
appearance of CP in RLQA may be due to neurochemical chang-
es in the appendix, neuroproliferation, and the involvement of
neuroendocrine cells that produce an increased amount of me-

Puc. 12 YucnerHasa nnom+ocms (Y11, Mm?) makpogpazos, 3axeamug-
WUX anonmo3Hble mesbya, 8 2epPMUHAMUBHbIX UeHMPax U naouwads
UHMPamypasbHelx 2aHenues (I, mkm?), M#m, * — p<0,05;

*** — p<0,001

Fig. 12 ND of tingible body macrophages (mm?) in germinal centers
and area of intramural ganglia (um?), M+m; * — p<0.05; *** — p<0.001
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LuTe BblpaXKkeHHee 60N1EeBOM CUHAPOM, U YAENbHbIN BEC HEMPA/IbHbIX
aNeMeHTOB Bbilwe. O4HAKO ApYyrMe aBToOpbl CYMTAIOT, YTO NPU OTHO-
CUTE/IbHO KOPOTKOW MPOAOMKUTENBHOCTU 601EBOTrO CUHAPOMA NpU
OCTPOM anneHauLMTe BPAZ AW TMNepnaasvs HepBHOM TKaHW cmorna
Obl JOCTUTHYTb TAaKOTO BbICOKOTO YPOBHS, KaK 3TO OMMCbIBAOT HEKO-
TOpblE aBTOPbI, €CAM Bbl HACTOALLEMY NPUCTYNY anneHAMKYAAPHbIX
6onei He NpeALLecTBOBaAM Apyr1e NaToNOMMYecKMe NpoLecchl, Npu-
BoZALLME K MOPDODYHKLMOHANbHBIM U3MEHEHUAM B anneHAMKCE.

OBCYXAEHUE

CyLuecTBoBaHMe TaKoW HO3010rMYECKOM eAMHULIbI KaK XpOHUYe-
CKUI anneHanuumT Bcerga 6bi10 cropHbim [1]. Mpu HeliporeHHoM an-
NeHAMKONaTUM B YepBeobpPasHOM OTPOCTKE HET HW HeWTPOdUIbHOM
WMHOUNBTPALMU, HU 3PO3UIA, HM MHTPAMYPabHbIX MUKPOAbCLLeccos,
HO €CTb rMNepnaasva HepBHbIX BOMOKOH, OKPALLUMBAEMbIX Ha 6enok
S100 B AmMcTanbHOM ero yactu [3]. B oTCyTCTBME NPM3HAKOB OCTPOro
BocnaneHus nossneHne Xb B MHKK moxeT 6biTb 06yc10BNEHO HEN-
POXMMMYECKMMM CABUrAMM B anneHAMKce, Helponponudepaumen
M y4yacTMeM HeMpO3HAOKPUHHBIX KNETOK, BblpabaTblBatoLWMX NOBbI-
LWEHHOE KONMYECTBO MEeAMaTopoB (CcMHanTOopu3WH, 3Honasa, PGP-
9.5) [1, 13]. Mpw OTCYTCTBUM MHbBIX U3MEHEHUIA, KOTOPbIE MOTYT BbITb
NPUYUHON BO3HWMKHOBEHMA 3TUX 60Nel, B MOJOOHbIX CUTyaumaAxX C
YYETOM KMHUYECKOMN KapTUHbI PAA aBTOPOB cYUTaeT 060CHOBaHHbBIM
[MArHo3 XPOHMYECKOTO anneHAMLMTa UAW HelporeHHOM/HelpoaH-
[OKPUHHOM anneHAMKoNaT!K, a 6o/bHbIE MOANENKAT 3NEKTUBHOW an-
NEHAIKTOMMUM, faxKe eCM HET HUKAKNUX W3MEHEHWI, onpeaensiembix
B anneHAMKce PagnoorMyeckn o onepaumm U MakpoCKOMMYECKM B
xoze nanapockonuu [16, 17]. Y 3Tux 60abHbIX npumepHo B 20% cny-
yaes B anneHAMKCe He 0BHaPYKMBAIOT MTMCTONOMMYECKUX USMEHEHMWIA,
B 80% onpefenatoTca He3HauUTeNbHble M3MEHEHMS, YKasblBatoLime
Ha nepeHecéHHoe BocnaneHue; y 70% nocne anneHasKToMun 6oam
MCYE3aloT, @ Y OCTaNbHbIX NPOUCXOAUT PE3KOe X yMeHblueHue o 1
6anna no wkane VAS [3, 17]. UsbasneHune oT 6on1elt B pesynbTaTe Hera-
TMBHOM anneHA3KTOMMM CHATAIOT YKa3aHUEM Ha HEMPOUMMYHOSHAO-
KPWHHYIO NaTonoruto anneHauvkca [18]. Bmecte ¢ Tem, gpyrne asTopbl
[19] cunTatoT anNEHAMKYNAPHYHO HEMPOrEHHYIO TMNEPNAA3NI0 PeaKon
Ka3ymcTuKoM (1 cayyaid Ha 5 TbicaY anneHA3KTOMUM).

MpoaHann3MpPOoBaB TMCTONOTUYECKYID KapTUHY B 4YepBeobpas-
HbIX OTPOCTKaX y 60/1bHbIX ¢ cHApomom Xb B MHKK 1 ocTpbim an-
neHamumTom npu UMX okpawmsaHum Ha 6en10k S100 Mbl 06HapyRMAK
CTaTUCTUYECKM 3HAUMMOE YBe/WYEeHMe COLEePKaHWA LUBAaHHOBCKUX
KNETOK Yy NepBblX, YTO COMAcyeTcs C AaHHbIMM APYrvx aBTopos [3].
TaK e, KaK v Apyrve aBTopbl, BblABUTAOLLME KOHLIENLMIO HeVpOUM-
MYHHOro anneHauumTa [1], Mbl HabAOAANM CKOMNEHWS LUBAHHOBCKUX
KNIeTOK B COBCTBEHHOW NIACTUHKE CIM3UCTOMN U NOAC/IM3NUCTON OCHOBE
Y MaprHanbHOM 30HbI IMMOOUAHDBIX Y3EKOB (NPK MX OTCYTCTBUM B
repMUHATUBHBIX LLEHTPaXx) y 3TOM rpynnbl 6ONbHbIX, YTO UIPAET BaAXK-
Hyto ponb B natoreHese Xb B MHKX [1]. Hawwu pesynbtathl cornacy-
t0TCA, TaKUM 06Pa3om, € NpesCcTaBNeHUAMMU APYrUX aBTOPOB O TOM,
4TO HeWiponponudepaumna cBA3aHa C yBeNUYEHUEM NPOAYKLMUN Hel-
pOTPaHCMUTTEPOB, TakMX Kak SP u VIP, koTopble, B cBOKO ovepesb,
BbI3bIBAIOT CMACTUYECKME COKPALLEHMA M aHOMabHYK NepucTab-
TUKY YepBeobpasHOro OTPOCTKa, NposoLMpys 6oneBoi CMHAPOM B
OTCYTCTBME OCTPbIX BOCNAZUTENbHBIX U3MEHEHUI. BmecTe ¢ Tem, pag,
astopos [10] npuBOAUT Apyrue AaHHbIE, B YaCTHOCTU O TOM, YTO yBe-
NnyeHne Konmdectsa S-100-no3UTMBHBIX KNETOK Yalle Habnogaetca
NPy OCTPOM anneHauLMUTe, Yem Npu «HeocTpom» (100% npotus 40%);
apyrve [13] He noaTeep:KAAtOT yBeAUYeHUa foam S100-no3UTUBHbIX
CTPYKTYp Y BO/bHBIX C HEU3MEHEHHBIM anmneHAMKCOM, YANEHHbIM
Ha QpOHe KIMHUYECKOM KapTUHbI OCTPOro anneHanumTa; uam [12] npu

diators, such as synaptophysin, enolase, PGP-9.5 [1, 13]. If there
are no other apparent causes for chronic abdominal pains,
some authors suggest that chronic appendicitis or neurogenic/
neuroendocrine appendicopathy could be the diagnosis. In such
cases, elective appendectomy is recommended based on the
patient's clinical picture, even if there are no radiological chang-
es seen in the appendix before surgery and no gross changes
detected during laparoscopy [16, 17]. Approximately 20% of the
patients show no histological changes in the appendix, while
the remaining 80% display minor changes indicating previous
inflammation. In 70% of cases, pain disappears after appendec-
tomy, while in the remaining cohort, pain sharply decreases to
1.0 points on the VAS scale [3, 17]. Relief from pain following
negative appendectomy may indicate neuroimmunoendocrine
pathology [18]. However, according to other authors [19], neu-
rogenic hyperplasia of the appendix is considered a controver-
sial, infrequent entity, with only one case found in every five
thousand appendectomies.

After analyzing the tissue samples of appendices IHC
stained for S100 protein, we found that patients with CP syn-
drome in RLQA had more Schwann cells than those with acute
appendicitis. These findings are consistent with previous stud-
ies conducted by other researchers [3]. We have observed in-
creased numbers of Schwann cells in the lamina propria and
submucosa at the marginal zone of lymphoid nodules in Group
| patients, similar to what other authors have proposed as neu-
roimmune appendicitis. This plays a crucial role in the patho-
genesis of CP in the RLQA [1]. Our findings show that neuropro-
liferation is linked to the production of neurotransmitters, such
as SP and VIP. This can lead to spasmodic contractions and ab-
normal peristalsis of the appendix, causing pain even without
acute inflammatory changes. These results are consistent with
those of other authors who have studied this topic. According
to some authors [10], there is a higher number of patients with
an increased number of protein S-100-positive cells in acute ap-
pendicitis compared to the "non-acute" appendix (100% versus
40%). However, others [13] do not confirm an increase of pro-
tein S100-positive elements in patients with negative appendec-
tomies. Meanwhile, another study [12] found similar patterns of
hyperplasia of S100 protein-positive neural elements in patients
with a clinical diagnosis of acute appendicitis, both confirmed
and non-confirmed histologically. The contradictory results of
previous studies could be due to differences in methodological
approaches. Some authors used semi-quantitative methods to
evaluate IHC stained samples, whereas we used highly accurate
image analysis with minimal inter- and intra-observer variabil-
ity. Our findings indicate a significant increase in S100-positive
nerve fibers, which may be the underlying cause of CP in RLQA
due to their proliferative nature. In addition, most of these stud-
ies included adult patients, while in our work, age over 14 years
was an exclusion criterion. Age-related changes in the appendix
start earlier than in other systems, including lymphoid organs.
According to other authors [10], if there is evidence of neuronal
hypertrophy in acute appendicitis, it is unlikely that this is the
first episode. This is because the process of nerve fiber prolifer-
ation and neuronal hypertrophy takes time to occur, indicating
chronicity. Hence, neuronal hyperplasia is more pronounced in
chronic appendicitis despite the greater pain severity of acute
appendicitis.
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OKpalwuBaHUKM Ha 6enok S100 obHapyKMBaKOT CXOAHbIE MATTEPHbI
rMnepnaasnn HepanbHbIX 3N1EMeHTOB Y BOMbHbIX C KAMHUYECKUM
[MarHO30M OCTPOTO anneHAMLMTA, Kak NOATBEPKAEHHOTO, TaK U He
NOATBEPHKAEHHOTO ructonornyeckn. OQHOM M3 MPUYMH YKa3aHHbIX
NPOTUBOPEYMA MOryT BbiTb MeTOAMYECKME NOAXOAbI, MOCKONbKY ne-
peuncneHHble aBTopbl UCMOL30BAN MOMYKOANYECTBEHHbIE METOAbI
oueHKn UMX oKpalleHHbIX NpenapaTtos, B TO BPemMA Kak B HaLIWX UC-
CNefloBaHUAX MCMONb30BANCA BbICOKOTOUHbIA UMUAX aHaAWU3 ¢ MU-
HUMa/bHBIMMW PA3NINYNAMM NPU OLLEHKE PasHbIMK MCCeA0BaTENAMU
WM OOHUM U TEM Ke UCCNeA0BaTeNIeM, KOTOPbIW NOKasan yeenunye-
Hue uncna 6enok S100-N03UTUBHBIX HEPBHBIX BOOKOH, Nponudepa-
LA KOTOPbIX MOXKET BbITb MPUUMHHBIM MEXaHU3MOM BO3HWKHOBEHMSA
XB B MHKX. Kpome TOro, B flaHHble UCCen0BaHMA Oblav BKAOYEHDI
B3poc/ble 60/bHbIE, B TO Bpems Kak B Hallell paboTe BO3pacT cTapLue
14 net 6bIn KpUTEpUeM UckatoueHUA. Kak 13BecTHO, B anneHAuMKce,
KaK 1 B ApYr1x opraHax MMMYHHOM CUCTEMbI BO3PACTHbIE M3MEHEHUS
NOABAAIOTCA B OPraHM3Me 3HAUUTENbHO paHblle Apyrux cuctem. Mpu
3TOM, KaK cuuTaloT apyrie aBTopsbl [10], ecam npu ocTpom annexam-
LMTe BbIPaKeHa HelpoHabHas rMnepTpodus, TO MOXKHO YCOMHUTLCA
B TOM YTO 3TO NPOLLECC HeJABHUI, TaK KaK AN1A AOCTUNKEHUA nponnde-
paLWK HepPBHbIX BONOKOH U rMnepTpoduUm HEMPOHOB HYXKHO BPeMsA Ha
T0, 4TOBbI NPOITU YEpEe3 CepUIo MONEKYAAPHBIX U KNETOYHBIX COBbI-
TWUN, U He YAMBUTENbHO, YTO UMEHHO NPK XPOHUYECKOM anneHauLm-
Te OHU BbIpaXeHbl CUbHEE, HeCMOTPA Ha bonbluyto cuny 6onei npu
OCTPOM anneHauuuTe.

OnucaHa cybcepo3Has I0KaN3aLmMa MMO3HTEPaNbHOTO CrijleTe-
HMSA, YTO MOXKET ObITb NPUYMHOIN BO3HMKHOBEHMA Xb B MHKXK B cBA3K
C NPAMBIM pa3apaKaloWmm AencTBUeM OKpyKatoLyx opraHoB HKKT
[20]. MbI He 0b6Hapy*Kuan NOAOBHOTO PACNONOKEHWUA UHTPAMYPab-
HbIX raHIXEB B anneHAMKce, Ho, 6e3yc0BHO 3TU AaHHble TpebytoT
6onee [€TaNbHOMO U3Yy4EHUA C MPUMEHEHUEM COOTBETCTBYIOLLMX Me-
TOZLOB BbIsIB/IEHUSA HEPBHbIX BOIOKOH U I/IMa/IbHbIX KNETOK.

Mpu «HeoCTPOM» anneHAMLMTE OMUCaHO yBeanYeHue numoo-
MOHBIX Y3€/1KOB C BblPaXKeHHbIMU TePMUHATUBHBIMK LIEHTPaMK, a B
COBCTBEHHOM NAACTUHKE U NOACAU3UCTON — paccesaHHas MHOUALTPa-
ums iumdoLmMTamu, NAasmoLUTammn U MoHoumuTamm [1]. TumboungHas
rMnepnaasuna — 04HO U3 paHHMX NposasaeHnii npu X6 8 MHKXK [14]. An-
NEHAMKCI, yaanéHHble y 60abHbIx ¢ X6 B MHKXK, 6binm B 27% cnydaes
anneHA3KTOMMUIN He M3MeEHEHbI, @ B OCTa/lbHbIX HabatoAeHUAX, NTOMK-
MO PeakTMBHON NMMPOMAHOM rMnepnaasnm, UMean NpU3HaKku ocTpo-
ro BOCMANEHWA: 3aCTOMHble ABNEHWUA, BOCMAUTENbHOKNETOYHbI
9KCCYAAT B NPOCBETE OpPraHa W NOACAM3UCTBIN cknepos. Ecan donnu-
KYNAPHaA runepnnasva npesblwaeT 9 repMUMHATUBHBIX LEHTPOB Ha 5
MM AJIMHbI anneHAMKca (a Takasa rMnepnaasua CTaTMCTUYECKU 3Hauu-
MO yalle y 0TMeyaeTca y 60/bHbIX C XPOHUYECKUM anneHauLuTOM),
TO AaHHbIN NPU3HAK CTaHOBUTCA NPEAUKTOPOM paspeLueHns 6oneso-
ro CMHAPOMa nocsie anneHaakTomuu [14].

[JaHHble No yacToTe 06HapyKeHWa NMMMbOUHOW rMnepnaasum
B anneHAMKCe OTINYAKOTCA Y Pa3HbIX aBTOpoB. CuMTaeTcA, 4To OHa OT-
mevaetcs y 15-20% Bcex yaanéHHblx anneHamKcos [5, 21]. Mpu 3Tom
[LOCTOBEPHOW PasHMLbl B pasmepe MMbOUIHbIX y3esKoB B BuonTa-
Tax 60NbHbIX C MMCTONOIMYECKU NOATBEPKAEHHBIM OCTPbIM anmneHAu-
LIUTOM M NPU «HEraTUBHbIX» anneHA3IKTOMUAX 0bHapyXeHo He bblno
[22]; 6onee 80% 60/1bHBIX C KHETAaTUBHBIMMY ANMNEHAIKTOMUAMM UME-
M AMMOOUAHYIO TMNEepPnasvio anneHAMKEa, @ C «NO3UTUBHBIMUY
anneHasktomuamm — 8% [5]. lumdoumTos TaKKe bbla CTaTUCTUYECKU
3HAYMMO BbILLe NPW HaMuMK AMMdonaHoNM rMnepnaasuu. Ecam ny-
CKOBbIM MOMEHTOM K Pa3BUTUIO XPOHWYECKOTO anneHAMLMTa CYMTaTb
0OCTPYKUMIO NPOCBETA, @ OHA MOMKET ObiTb Bbi3BaHA NMMOUAHOW
runepniasueit, To NOCeAHAR, Kak NpaBuo, 0byc0BeHa peaKLmen
Ha nonagaHue BUPYCHOrO areHTa B IMMaTUYECKME Y3/1bl BPbIKENKM
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The myoenteric plexus has been recently found to be locat-
ed subserously, which may be directly irritated by the surround-
ing gastrointestinal organs and cause CP in the RLQA. [20]. We
did not detect subserosal ganglia in the appendix in our samples.
However, further investigation is needed to identify neurons and
glial cells accurately.

In "non-acute" appendicitis, there is an increase in the num-
ber of lymphoid nodules with germinal centers. This is accompa-
nied by infiltration of scattered lymphoid cells and monocytes in
the lamina propria and submucosa [1]. Lymphoid hyperplasia is
one of the early manifestations of CP in RLQA [14]. In 27% of the
cases of appendectomies performed on patients with CP in RLQA,
the removed appendices did not show any histological changes.
However, in other cases, along with reactive lymphoid hyperpla-
sia, the removed appendices exhibited acute inflammation, in-
cluding congestion, inflammatory cells in the lumen of the organ,
and submucosal sclerosis. The authors found no differences in
signs of inflammation and fibrosis between appendices removed
in patients with chronic appendicitis and other diseases not in-
volving the appendix. If follicular hyperplasia exceeds 9 germinal
centers per 5 mm of appendix length, it predicts pain resolution
after appendectomy. This hyperplasia is more common in pa-
tients with chronic appendicitis than acute appendicitis [14].

The prevalence of lymphoid hyperplasia in the appendix
varies among different authors. It is described in 15-20% of all
removed appendices [5, 21]. According to other studies, there is
no significant difference in the size of lymphoid nodules between
patients with histologically confirmed acute appendicitis and
those with "negative" appendectomies [22]. Over 80% of patients
with "negative" appendectomies had lymphoid hyperplasia of the
appendix, while only 8% of those with positive appendectomies
showed the same change [5]. Lymphocytosis was also significant-
ly higher in the presence of lymphoid hyperplasia. Appendicitis
usually occurs when the appendix lumen is obstructed. This ob-
struction can be caused by lymphoid hyperplasia, usually caused
by a viral agent that enters the mesenteric lymph nodes or lym-
phoid nodules of the appendix. It is believed that lymphoid hy-
perplasia requires a cluster of at least 10 nodules, with one being
over 2 mm. It is unsurprising that in 7% of all appendectomies,
there is a combination of features of acute appendicitis and lym-
phoid hyperplasia since lymphoid hyperplasia can cause luminal
obstruction and acute appendicitis. This study aligns with the
views of others [23] that acute appendicitis is often caused by
obstruction of the appendix due to fecolith or lymphoid hyperpla-
sia. However, these conditions are rarely found in patients with a
fecolith and may instead be linked to a viral infection. During the
early stages, lymphoid nodules are large and have a clear struc-
ture. However, as circulatory disorders and necrosis develop, the
nodules become disorganized, the germinal centers' contours be-
come obscured, and it is easy to overlook lymphoid hyperplasia
as the cause of obstruction of the appendix and the development
of the clinical picture of appendicitis.

Our observations showed that patients with CP in RLQA
showed more significant lymphoid hyperplasia than patients
with acute appendicitis, confirmed by histological analysis.
However, patients with acute appendicitis had a significantly
higher number of tingible body macrophages, indicating the
multidirectional nature of morphogenetic events in the "non-
acute" appendix.
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anneHAauKca unam B iMmobounaHble y3enku anneHaukca. Cumtaercs, Uto
npv AMMGOUAHON rMNepnaasnm CKoNAeHue y3eKoB AOMKHO UMETb
He meHee 10 No YMCNEHHOCTU, MPU STOM B HEM JOMKEH ObITb Y3€10K
6onee 2 mm B Anametpe. MockonbKy cama aumbonaHas runepniasus
MOXKET BbI3BaTb 0OCTPYKLMIO MPOCBETA M CNOCOBCTBOBATL PasBUTUIO
OCTPOro anneHAMLMTA, He YAUBUTENbHO, Y4TO B 7% BCEX anneHAskK-
TOMUI OBHapyKeHO coueTaHMe MPU3HAKOB OCTPOro anneHauuuUTa
1 AMMOONAHON rvnepniasun. 3T0 UccnefoBaHWe NepekNnKaeTca ¢
MHEHWEM ApYrUX uccneposatenei [23], 4To KAMHMYECKas KapTu-
Ha OCTPOro anmneHauLMTa Pa3BMBAETCA NPU 0BCTPYKLMK YepBeobpas-
HOTo OTPOCTKA, BbI3BAHHOW KOMPOAUTOM MAN AumdonaHON runep-
nnasuen, KoTopasa PeaKo oTMevaeTcs y BOMbHbBIX C KOMposuTamMu u
NpesnoNoXKUTENbHO CBA3aHA C BUPYCHOM UHbeKUMeN. Mpy 3TomM Ha
paHHUX cTaguax iMmdonaHble GONNMNKYAbI KPYMHbIE, C YETKON CTPYK-
TYPOW; OAHAKO C Pa3BUTUEM LIUPKYNAPHBIX PAaCcCTPOWCTB, HEKPO3a, Ha-
61104aeTca UX Ae30praHnU3aLLmsA, rePMUHATUBHbBIE LIEHTPbI CTAHOBATCA
HEYETKMMM, KOHTYPbI — Pa3MbITbIMU, U Ha 3TOM CTagUn TMMGOUIHYO
rMNepniasunto, Kak NPUYNHY 0BCTPYKLMM YepBEOOPA3HOTO OTPOCTKaA U
NOABNEHWA KNAMHUYECKON KapTUHbI anneHANLMUTA, 1eTKO NPONYCTUTb.
B Hawwux HabnoaeHuax numdbongHas runepniasus boina cra-
TUCTUYECKM 3HAUMMO bonee BblpaxkeHHOM y 60/bHbIX ¢ XB B MHKB
MO CPaBHEHMWIO C NaLMEHTaMK C NOATBEPKAEHHBIM TMCTONOMUYECKU
OCTPbIM anneHAMLMTOM, OAHAKO YMCNO0 MaKpodaros, 3axBaTUBLLMX
anonTo3Hble TesbLa, 6bl10 3HaYMMO BbliLle Y BO/IbHbBIX C OCTPbIM an-
NEHAULMTOM, YTO CBMAETENbCTBYET O PasHOHANPaBNeHHOCTU MOp-
doreHeTUYECKMX CODLITWIA, PAa3BUBAOLMXCA B KHEOCTPOMY» Yepse-
0bpasHom oTpocTke. Kpome Toro, ob6HapyKeHve me3ageHnTa B 58,3%
cnyyaes y naumeHnTos ¢ Xb B [THKB npu MMHMManbHbIX ructonormye-
CKUX U3MEHEHUAX B CTEHKE YepBeobPa3HOro OTPOCTKA MOXKET CBUAe-
TENbCTBOBATb O HaNMYMKM daKTopa (BepOATHO, BUPYCHOW MHbEKLMM)
cnocobcTBytoLLEro passuUTUIO 60N1eBOro CUHAPOMA U BOBJEYEHMIO B
BOCMa/IUTENbHbIV NPOLLECC PEFMOHAPHBIX IMMbATUYECKMX Y3/10B.

3AKNIOYEHUE

lpoBeaéHHOe wnccnepoBaHMe MNOATBEPAMAO CyLlecTByloLee
npeacTaBNeHNE O POSIM HEMPOMMMYHHOTO KOMMOHEHTA B NaToOreHe-
3 XPOHWMYECKOro abaoMMHANbHOMO CUHAPOMA Y AeTel U MoKasano
3HAYMMOCTb PASAA HOBbIX PENEBAHTHbIX MMCTONOMMYECKMX MOKasaTe-
nen (ucneHHas nnotHocTb PCNA-NO3UTMBHbBIX KNETOK M MaKpodaros,
3axBaTMBLLMX anonToO3Hble Tenbua) AN AnddepeHUMpPoBKM AaHHOM
naToNorMM 1 OCTPOro anneHauLmTa.

CONCLUSION

The study confirmed the current understanding of the role
of the neuroimmune component in the pathogenesis of chronic
abdominal syndrome in children. It showed several new histolog-
ical indicators for differential diagnosis between CP in the RLQA
and acute appendicitis (ND of PCNA-positive cells and tingible
body macrophages).
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OYHKUVOHA/ABHASI AKTUBHOCTb DPHAOTEANMS B CMCTEMHOM 1 MECTHOM
KPOBOTOKE Y ITAITMEHTOB OBAUTEPUPYIOIIVIM ATEPOCK/AEPO30M U
PA3BUTUE PECTEHO3A ITIOCAE OIIEPAIIVIN BEAPEHHO-IIOAKOAEHHOI'O
IMIYHTUPOBAHWMSI

B.A. AA3APEHKO!, E.A. BOBPOBCKAJI, B.A. AMTIATOB? .C. IBAHOB?

1 Kadeapa xupyprugeckux 60aesneit VIHcTuTyTa HenrpepsisHOro odpasosanusi, Kypckuii rocyapCTBeHHbIN MeAuIMHCKuiT yansepcutet, Kypck, Poceniickas
Degeparnus
2 Kadeapa oneparusHoit xupyprun u Tonorpadpudaeckon anatomun, Kypckuii rocyapcrseHHbIN MeannmHekuii yansepcuteT, Kypek, Poceniickas Peaeparus

3 Kadbeapa xupypriueckux 6oaesueii Ne 1, Kypekmit rocyaapersennsii Meauimuckuii yuusepcntet, Kypek, Poceniickas Geaepartis

Lienb: aHanun3 ponn HeKOTOPbIX MapKEPOB QYHKLIMOHANbHOW aKTUBHOCTU SHAOTENNA COCYA0B CUCTEMHOTO M MECTHOTO KPOBOTOKA Z10 U Moc/ie onepa-
umu BeapeHHO-NOAKONEHHOTO WYHTUPOBaHUA (BMLL) B pa3sBuTUM pecTeHo3a Npu 061UTepUpytoLLEM NOpPaXKeHUM beapeHHO-NOAKONEHHOTO apTepu-
anbHoro cermenTa (BMNAC).

Martepuan u meTogapbl: NPOaHaAM3MPOBaHbI pe3y/bTaTbl 06CNef0BaHUA U Ne4eHUA 82 NALMEHTOB C 0BIMTEPUPYIOLLMM aTEPOCKIEPO30OM, MEPEHECLLINX
onepaumto BLL. o 1 nocne XMpypruyeckoro BMeLIATeNbCTBA UM Obl MPOBEAEH KONMYECTBEHHDIN aHaIM3 FOMOLMCTENHA, OKUC/IEHHBIX IMMONpPOTEu-
HOB HW3KOW NNOTHOCTM, MONEKY/ aAre3unm cocyamctoro aHgotenus | tuna (sVCAM-1), Hrubutopa aktuaTopa naasmuHoreHa | tuna (PAI-1), TkKaHeBo-
ro aKTMBaTOPa NaasMuHoreHa (t-PA), aHHeKcHHa V B CUCTEMHOM M MECTHOM KPOBOTOKe. Ha OCHOBaHUM COCTOAHWA 30HbI PEKOHCTPYKLMM Yepes 12 me-
cAues 6blnv BblAeNeHbl ABe rpynnbl: B | rpynny BKAOYEHbI NauueHTbl 6e3 pecteHosa (n=21), Bo |l rpynny — naumeHTbl ¢ pasBuTHeM pecTeHo3a (n=61).
Pe3ynbrathl: y NaLMEHTOB NpY PasBUTUM PECTEHO3a BbIAB/IEHbI 3HAYMMbIE OT/IMYMA B aAre3MOHHON (80 onepauum), remocTaTuyeckor popmax sH-
[0TenunanbHon aucdyHKLMM 1 anonTo3e B CPaBHEHWUM C TPynnoi nauueHToB 6e3 pecTeHo3a. YCTaHOB/IEHO, YTO A0 onepaLmu y nauueHTos |l rpynnbl
3HauMMo Bbliwe yposeHb SVCAM-1 B mecTHOM KpoBoToke (Ha 37,5%, p=0,014), PAI-1 B cMCTEMHOM M MECTHOM KpoBoToke (Ha 15,6%, p=0,010 u Ha
16,4%, p=0,008) 1 aHHeKcKHa V B CUCTEMHOM M MECTHOM KpoBoTOKe (Ha 48,9%, p=0,012 u Ha 60,2%, p=0,002), nocne onepawuv 3Ha4nmo sbiwwe PAI-1
B cuctemMHom (Ha 18,9%, p=0,004) u mectHom (Ha 11,1%, p=0,049) KPOBOTOKe M aHHEKCHH V B CUCTEMHOM KpoBOTOKe (Ha 28,4%, p=0,011) no cpaBHe-
Huto ¢ | rpynnoii. YcTaHoBeHa A0 onepauum accoumaums sVCAM-1 B mecTHom KpoBoToke, PAI-1 M aHHeKcUHa V B CUCTEMHOM M MECTHOM KPOBOTOKE,
nocne onepauuu PAI-1 B cCMCTEMHOM M MECTHOM KPOBOTOKE M aHHEKCUHA V B CUCTEMHOM KPOBOTOKE € pa3BUTMEM pecTeHo3a.

3aKnloueHue: pesynbTaThl NONYYEHHbIX UCCIEA0BAHMI CBUAETENbCTBYIOT O HAPYLWEHWUM aAre3noHHOM, FeMOCTaTUYeCcKoN GYHKLUMIA SHA0TeNUA, NOBbI-
LUeHMW YPOBHA anonTo3a B CUCTEMHOM M MECTHOM KPOBOTOKE B Pa3BUTUM PECTEHO3], YTO MOXKET ObITb UCMO/Ib30BaHO A1 Pa3paboTKM nepcoHUdu-
LIMPOBaHHOMN KOPPEKLMM OTMEUYEHHbIX HapyLWEHWUI AR yaydLleHUA pe3ybTaToB PEBACKYNAPU3YIOLLMX BMeLaTenbeTB Ha BIMAC.

KnioueBble cnosa: ob6aumepupyrowuli amepocknepos HUXHUX KoHeYHocmeli, 6edpeHHO-N0OKONEHHOE WyHMUPOBaHUe, hyHKUUOHANbHAA aKMuUe-
HOCmb 3HOOMenus, pecmeHo3.

OnAa untupoBaHua: JlazapeHko BA, bobposckas EA, /lunatos BA, MBaHoB UC. Ponb ¢yHKLMOHANBHOW aKTUBHOCTM SHAOTENNA CUCTEMHOMO U MECTHOTO
KPOBOTOKA Y MaLMeHTOB 06AUTEPUPYIOLMM aTepOCKNEPO30M B PAa3BUTUM PecTeHOo3a Moc/ie onepauun bespeHHO-NOAKONEHHOTO WYHTUPOBAHUA. BecmHuUK

AsuyeHHbl. 2023;25(4):478-87. https://doi.org/10.25005/2074-0581-2023-25-4-478-487

FUNCTIONAL ACTIVITY OF ENDOTHELIUM IN THE SYSTEMIC AND LOCAL
BLOOD FLOW IN PATIENTS WITH OBLITERATING ATHEROSCLEROSIS AND
RESTENOSIS AFTER FEMOROPOPLITEAL BYPASS SURGERY

V.A. LAZARENKO}, E.A. BOBROVSKAYA!, V.A. LIPATOV?, LS. IVANOV?

1 Department of Surgical Diseases of the Institute of Continuing Education, Kursk State Medical University, Kursk, Russian Federation
2 Department of Operative Surgery and Topographic Anatomy, Kursk State Medical University, Kursk, Russian Federation
3 Department of Surgical Diseases Ne 1, Kursk State Medical University, Kursk, Russian Federation

Objective: To analyze the role of markers of the endothelial dysfunction in the vessels of the systemic and local blood flow before and after
femoropopliteal bypass surgery (FPBS) in the development of restenosis at obliterating lesions of the femoropopliteal arterial segment (FPAS).
Methods: The results of the examination and treatment of 82 patients with obliterating atherosclerosis who underwent FPBS were analyzed. Before
and after surgery they underwent testing for serum homocysteine, oxidized low-density lipoprotein, soluble vascular cell adhesion molecule-1
(sVCAM-1), plasminogen activator inhibitor-1 (PAI-1), tissue-type plasminogen activator (t-PA), and annexin V in the systemic and local blood flow.
Based on the condition of the reconstruction zone after 12 months, all patients were divided into two groups. Group 1 included patients without
restenosis (n=21), and Group 2 — with restenosis (n=61).

Results: Before surgery Group 2 patients showed significant differences in the severity of adhesive and hemostatic forms of endothelial dysfunction, as
well as apoptosis in comparison with Group 1. It was found that before surgery, Group 2 patients had a significantly higher level of sVCAM-1 in the local
bloodstream (by 37.5%, p=0.014), PAI-1 in the systemic and local bloodstream (by 15.6%, p=0.010, and by 16.4%, p=0.008 respectively) and annexin

478



Aasaperiko BA ¢ coaém. AKTUBHOCTb DBHAOTEANS U pa3BUTHE pecTeHo3a

BECTHMK ABUMILIEHHEI
Tom 25 * No 4 * 2023

V in the systemic and local bloodstream (by 48.9%, p=0.012 and by 60.2%, p=0.002 respectively). After surgery Group 2 patients had significantly
higher levels of PAI-1 in the systemic (by 18.9%, p=0.004) and local (by 11.1%, p=0.049) blood flow, and annexin V in the systemic circulation (by
28.4%, p=0.011) compared with Group 1. Thus increased levels of sVCAM-1 in the local bloodstream, PAI-1, and annexin V — in the systemic and local
bloodstream before surgery were associated with postoperative development of restenosis, while higher values of PAI-1 in the systemic and local
bloodstream and annexin V in the systemic circulation after surgery were related to subsequent restenosis development.

Conclusion: The results of the study indicate impairment of the adhesive and hemostatic function of the endothelium, and increased level of apoptosis
in the blood vessels of systemic and local blood flow in patients with restenosis, which can be used to develop personalized approach to management
of this disorder and improve the results of revascularization interventions on FPAS.

Keywords: Obliterating atherosclerosis of the lower extremities, femoropopliteal bypass surgery, functional activity of the endothelium, restenosis.

For citation: : Lazarenko VA, Bobrovskaya EA, Lipatov VA, Ivanov IS. Rol' funktsional'noy aktivnosti endoteliya sistemnogo i mestnogo krovotoka u patsientov
obliteriruyushchim aterosklerozom v razvitii restenoza posle operatsii bedrenno-podkolennogo shuntirovaniya [Functional activity of endothelium in the systemic
and local blood flow in patients with obliterating atherosclerosis and restenosis after femoropopliteal bypass surgery]. Vestnik Avitsenny [Avicenna Bulletin].

2023;25(4):478-87. https://doi.org/10.25005/2074-0581-2023-25-4-478-487

BBEAEHUE

PeBackynapusauma HUKHUX KOHEYHOCTEN ABNAETCA OCHOBHOWM
cTpaTernei Ne4eHVn NaumueHToB ¢ 06UTEPUPYIOLLMM aTepPOCKAepo-
3om [1]. BmecTe ¢ Tem, pecTeHo3 B 30HE COCYAMCTOrO aHacTomMo3a
OrpaHUYMBAET KIMHUYECKYIO 3PdEKTUBHOCTb peKoHCTpyKLmK BIAC.
Pe3ynbTaTbl peBacKyAApM3ytoLLMX OnepaLmii acCoLMnpoBaHbI ¢ 60/1b-
LWIMM KOJIMYECTBOM MPEAMKTOPOB, BKAIOHYAOLWMX KaK OBLIEKANHUYE-
CKMe daKTopbl PUCKA, TaK U XMPYprudeckme 0cobeHHOCTU TEXHMKM,
aNnacTuyeckue CBOMCTBa apTepuu, BbIGOp NaacTUyeckoro Matepuana,
XapaKTep MOPaXKeHWUs apTepUaNbHOTO PYC/a, afeKBaTHYIO MeauKa-
MEHTO3HYt0 Tepanuio [2-5].

B natoreHese M aTepOCKNEPOTUYECKOTO NOPAKEHUA, U OC/NOK-
HEHWUMN, KNIOYEeBbIM YYACTHUKOM ABNAETCA 3HAOTENMANbHAA AuC-
byHKUMA [6-9]. M3BECTHO, YTO 3HAOTENIMIN UrpaeT BaXkHyl Ponb B
Pa3NNYHBIX PU3MONOTUYECKMX GYHKLMAX, BK/IOYas TOHYC COCYZOB,
MPOHULLIAEMOCTb, PEryfALMI0 aHruoreHesa, nponudepauuio raa-
KOMbILLEYHbIX KNETOK, remocTathyeckuit 6ananc [8, 10]. K Tunosbim
dopmam aucdyHKLMM SHAOTENUA NPUHATO OTHOCUTL BA3OMOTOPHY!O,
remMoCTaTMUECKYHO, aAre3MOHHYI0 M aHrMoreHHyto [11, 12]. Xapaktep u
BbIPAXKEHHOCTb AMCOYHKLMM SHAOTENUA U3MEHAETCS B 3aBUCMMOCTU
0T 3ab0NeBaHNsA, a TaKKe NOA BANAHUEM Pa3NUYHBIX aKTUBUPYHOLLMX
eé GaKTOpOoB. YCTaHOB/IEHO, YTO Y MALMEHTOB C 06BAUTEPUPYIOLLMM
3aboneBaHnem nepudepUYECcKUX apTepUn UMeeTca rnepKoarynaum-
OHHBIV CTATYC C UBMEHEHMEM aKTUBHOCTM daKTopa cBEpTbiBaHmA VIII,
TKaHEeBOro GpaKTopa, UHMMOUTOPA TKAHEBOTO AaKTUBATOPA NIA3MUHOTe-
Ha | TMNa, ypoBHA PacTBOPUMbIX peLenTopos K npoTenHy C, dakTopa
¢doH BunnebpaHga [12-15]. MU3BecTHble daKTOpbl pUcKa aTepockae-
po3a, BKAOYatoLLMe TMNepPAMNUAEMUIO, CaxapHbIi AnabeT, KypeHue,
TMNepTOHNYEeCKyto 60ne3Hb, YBENNYMBAIOT 3KCNpeccuio $aKTopoB,
XapaKTEPU3YHOLLMXCA BbICOKMM TPOMOOreHHbIM noTeHumanom [13].
BbinonHeHWe peBacKkynApu3yoLLMX BMELIATENbCTB CONPOBOXKAAETCA
runepKoaryiaumMen M sHAoTeAManbHOM AUCOYHKLMER, accoummpo-
BaHHbIX C TAKUMM OCNOXKHEHUAMM, Kak MHAPKT MUOKapAaa, nporpec-
cupoBaHue 3abonesaHua, Tpombo3 WyHTa U pecteHos [14, 16-18].
EcTb faHHble, yKasblBalolWwye Ha yaydleHue QyHKUMKM SHAOoTenus
nocne PEKOHCTPYKTUBHOW Onepauuy Ha MarucTpasbHbIX apTepusx
HUKHUX KOHEYHOCTEN, YTO NOATBEPIKAANOCH CHUMKEHNEM YPOBHA 3H-
foTtennHa u daktopa BunnebpaHaa yepes 2 Hegenu nocne BmeLla-
TenbcTBa [19]. BmecTe ¢ Tem, n3onnpoBaHHasa sHAOTeNMaNbHAA AUC-
bYHKUMA HabntogaeTcs aaneko He yacto [12].

MimeeTca uccneposaHve, rae M3ydeHa CUCTEMHas M MeCTHasA
KOHL,EHTpaLMA $GaKTOpPOB ryYMOPasbHOMO U KNETOYHOTO MMMYHUTETA
B Pa3BUTUM NOBPENAEHWA COCYAMCTON CTEHKM U 30HbI aHACTOMO3a

INTRODUCTION

Revascularization of the lower extremities is the main treat-
ment strategy for patients with obliterating atherosclerosis [1].
At the same time, restenosis in the area of vascular anastomosis
limits the clinical effectiveness of FPAS reconstruction. The results
of revascularization surgery are associated with a large number of
predictors, including both general clinical risk factors and surgical
technical features, elastic properties of the artery, choice of plas-
tic material, nature of lesion of the arterial wall, and adequate
drug therapy [2-5].

In the pathogenesis of atherosclerotic lesions and their
complications, endothelial dysfunction is a key player [6-9]. It is
known that the endothelium has an important role in various
physiological functions, including vascular tone, permeability,
regulation of angiogenesis, proliferation of smooth muscle cells,
and hemostatic balance [8, 10]. Typical forms of endothelial dys-
function include vasomotor, hemostatic, adhesive, and angiogen-
ic ones [11, 12]. The nature and severity of endothelial dysfunc-
tion varies depending on the disease and under the influence of
various activating factors. It has been established that patients
with peripheral arterial occlusive disease develop a hypercoagu-
lable status with changes in the activity of coagulation factor VIII,
tissue factor, plasminogen activator inhibitor-1, soluble endothe-
lial protein C receptors, and von Willebrand factor [12-15]. Known
risk factors for atherosclerosis, including hyperlipidemia, diabetes
mellitus, smoking, and hypertension, increase the expression of
factors characterized by high thrombogenic potential [13]. Revas-
cularization interventions are accompanied by hypercoagulation
and endothelial dysfunction, associated with different complica-
tions, including myocardial infarction, disease progression, shunt
thrombosis, and restenosis [14, 16-18]. There is evidence indicat-
ing an improvement in endothelial function after reconstructive
surgery on the main arteries of the lower extremities, which was
confirmed by a decrease in the level of endothelin and von Will-
ebrand factor two weeks after the intervention [19]. At the same
time, isolated endothelial dysfunction is not common [12].

The systemic and local concentration of humoral and cellu-
lar immunity factors in the development of lesions of the vascular
wall and zone of anastomosis was studied in the postoperative
period [20]. The prognosis of reconstructive vascular surgery is
based on the level of these factors in the vessels of the affected
limb before surgery and their decrease in the early postoperative
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B nocneonepaumoHHom nepuoge [20]. MporHo3 pPeKoHCTPYKTUBHOW
COCYZMCTOM onepaLym acCoLMMPOBaH C KOHLEHTpaLMen aTux dakTo-
pOB B MECTHOM KPOBOTOKE MOPasKeHHOW KOHEYHOCTW A0 onepaLuu
U CHUXKEHWEM WX B PaHHeM nocsieonepaumMoHHom nepuoge. C 3Tux
No3WLMIA NPELCTAB/AET MHTEPEC KOMM/IEKCHOE UCCNen0BaHME dYHK-
LIMOHANbHOW aKTUBHOCTU 3HAOTEINA COCYL0B CUCTEMHOMO U MECTHO-
0 KPOBOTOKA f10 M NOC/E NPOBEAEHUA PEKOHCTPYKTUBHbBIX BMELLA-
Te/IbCTB.

LLENb NCCNEAOBAHMA

AHanu3 ponn HEKOTOPbIX MapKepoB GYHKLUMOHANLHOM aKTUB-
HOCTW 3HAO0TENNA COCYA0B CUCTEMHOMO U MECTHOrO KPOBOTOKA A0 U
nocne onepauuv BINLL B pa3sutum pecteHo3a npu 06anTepmpytoLem
nopaxeHuu bIAC.

MATEPUAN U METOAbI

Mop, HawMM HabntogeHemM Haxoaunock 82 naumeHTa ¢ obante-
PUPYIOLLLMM aTEPOCKAIEPO30OM apTEPUIA HUMKHUX KOHEYHOCTEMN.

Kputepun BKAIOUYEHUA: MYMKCKOW MO/, OKKAHO3MOHHO-CTEHOTH-
yeckoe nopakeHue BIMAC, XpoHWMYeCKan apTepuanbHas He[OCTaTou-
HOCTb HUXHUX KOHeuHocTel |IB-IIl cTeneHel no knaccudmKaumm GoH-
TeiHa-ToKpPOBCKOro.

Kputepun UcKAoYeHUs: ayTOMMMyHHble 3aboneBaHus, caxap-
HbIl AMabeT, 0cTpas U XPOHUYECKas NaToN0MUA B CTaAMUM 060CTpeHuA,
60N1e3HM NeYeHn, CUCTeMbl KPOBM, HEPBHOW CMCTEMbI, OHKONOTMYE-
CKue 3abonesaHua, AEKOMMEHCMPOBAHHbIE CEPAEYHO-COCYAUCTbIE
3aboneBaHuWA, PEKOHCTPYKTUBHbIE BMELLATENbCTBA HA KOPOHAPHBIX U
nepudepuyecknx apTepmsax B aHamHese, TPOMOO03 LWyHTa B PaHHEM
nocneonepaLmMoHHOM nepuoae.

Bcem nmauveHTam npoBeaeHO 0bLLEKNNHMYECKoe obcnesoBa-
HUWe, yNbTPa3BYKOBOE aHIMOCKaHUPOBAHME a0PTbI U apTEPUI HAKHMX
KOHEYHOCTEW C U3MEpPEeHUEM NI0AbIKEYHO-TINIeYEBOTO MHAeKca (/INN)
[10 onepauumn 1 cnycta 5 cyToK nocne onepauym, aoptoapTepuorpa-
dUA HUKHMX KOHEeYHOCTeW 1 6annbHanA OLEHKA COCTOAHUA «MyTen oT-
ToKa» no PyTepdopay Ao onepaumu.

®YHKLMOHaNbHAA aKTUBHOCTb SHAOTENUS OLEeHMBaNacb Mo Ko-
JINYECTBEHHOMY OMNPEAENIEHUI0 FTOMOLMCTENHA, OKUCIEHHBIX AUMO-
NPOTEMHOB HU3KOW NIOTHOCTU (OKMCAeHHbIX JITTHM), monekyn agresvu
cocyaucToro sHgoTenua | Tuna (sVCAM-1), uHrmbutopa aktmueaTtopa
nnasmuHoreHa | Tuna (PAI-1) M TKaHEBOro aKTMBATOpa MJA3MMHO-
reHa (t-PA), aHHeKcMHa V y Bcex MaUMeHTOB 4O M NOCae XMpypruye-
CKOro BMELLATeNbCTBA B CUCTEMHOM M MECTHOM KPOBOTOKE METOA0M
TBEPAOPA3HOTO KOHKYPEHTHOTO XEMUIOMUHECLEHTHOMO WMMMYHO-
($epMEeHTHOro aHaaIM3a Ha aBTOMaTMYeCcKoM aHanusatope IMMULITE
2000 Homocysteine (Siemens, Germany), TBépaodasHOro MMMYHO-
(depMeHTHOro aHanM3a Ha yctpoiictae Sunrise (Tecan Austria GmbH,
Austria) ¢ nomouwblo Habopos peakTBoB «eBioscience» (Thermo
Fisher Scientific, USA), «Technoclone» (Technoclone Herstellung von
Diagnostika und Arzneimitteln GmbH, Austria), «Oxidized LDL ELISA»
(Mercodia, Sweden). Y Kaxzoro nauueHta 3abupanu Kposb AnA Uc-
CNefoBaHMA YTPOM HATOWAK 3a 5 gHel 4o v cnycta 5 cyToK nocne
npoBeseHWs OnepaLMmn 13 IOKTEBOM BEHbI U MOAKOXKHOW BEHbI Tbla
CTOMbI MOPAKEHHOW KOHEYHOCTU ANA UCCEA0BAHUA CUCTEMHOMN U
MECTHOW KOHLIEHTPALMM MapKepoB GYHKLMOHANbHOM aKTUBHOCTM 3H-
[LOTEINA COCYA0B COOTBETCTBEHHO [20].

Xupypruyeckoe neveHve M NpoBOAMMAnA CTaHAAPTHaA Tepanua
B MOC/NIEONEPALLMOHHOM MEPUOLE ONPesensaucb COMMAcHO Haumo-
HaNbHbIM pekomeHgaumam [21]. Bcem naupeHTam 6bina BbINosHEHA
onepauua BN nonnteTpadTOpPTUNEHOBLIM NPOTE3OM «IKOPIOH» 8
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period. From this standpoint, a comprehensive study of the func-
tional activity of the vascular endothelium in the systemic and
local bloodstream before and after reconstructive interventions
is of interest.

PURPOSE OF THE STUDY

Analysis of the role of some markers of the endothelial func-
tion in the vessels of the systemic and local bloodstream before
and after FPBS in the development of restenosis in obliterating
lesions of FPAS.

METHODS

We examined 82 patients with obliterating atherosclerosis
of the arteries of the lower limbs.

Inclusion criteria were: male gender, occlusive and stenot-
ic lesion of the FPAS, chronic arterial insufficiency of the lower
extremities of 1IB-1ll degrees according to the Fontaine-Pokrovsky
classification.

Exclusion criteria: autoimmune diseases, diabetes melli-
tus, acute and chronic pathology in the acute stage, diseases of
the liver, blood system, nervous system, cancer, decompensated
cardiovascular diseases, history of reconstructive coronary and
peripheral arteries interventions, shunt thrombosis in the early
postoperative period.

All patients underwent a general clinical examination, ul-
trasonic angioscanning of the aorta and arteries of the lower
extremities with measurement of the ankle-brachial index (ABI)
before surgery and 5 days after surgery, aortoarteriography of the
lower extremities and a Rutherford score assessment of the “out-
flow tract” condition before surgery.

Endothelial functional activity was assessed by testing the
serum level of homocysteine, oxidized low-density lipoprotein
(oxidized LDL), vascular cell adhesion molecule-1 (sVCAM-1),
plasminogen activator inhibitor-1 (PAI-1), tissue-type plasmino-
gen activator (t-PA), and annexin V in all patients before and after
surgery in the systemic and local bloodstream by the method of
solid-phase competitive chemiluminescent enzyme-linked immu-
nosorbent assay using the IMMULITE 2000 Homocysteine auto-
matic analyzer (Siemens, Germany), solid-phase enzyme-linked
immunosorbent assay using Sunrise (Tecan Austria GmbH,
Austria) and eBioscience reagent kits (Thermo Fisher Scientific,
USA), "Technoclone" (Technoclone Herstellung von Diagnostika
und Arzneimitteln GmbH, Austria), "Oxidized LDL ELISA" (Merco-
dia, Sweden). Five days before and five day after surgery, blood
was sampled in the morning after fast from the median cubital
vein and the subcutaneous vein of the dorsum of the foot of the
affected limb to study the systemic and local concentration of en-
dothelial dysfunction markers respectively [20].

Surgical treatment and standard therapy in the postopera-
tive period were determined according to national recommen-
dations [21]. All patients underwent FPBS with a polytetrafluo-
roethylene prosthesis "Ecoflon" 8 mm above the knee joint gap;
prolene threads were used as suture material. The patients were
observed for 12 months with instrumental assessment of the
development of restenosis in the area of arterial reconstruction.
Depending on the outcome in the area of arterial reconstruction,
all patients were divided into two groups: Group 1 — without
restenosis 12 months after FBS, and Group 2 — with restenosis.
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MM BbILE LLEAM KONEHHOrO CyCTaBa, B KAaYecTBe LWOBHOIO maTepua-
Nla UCMONb30BaHbI MPONEHOBbLIE HATU. 33 NaLMeHTaMK Habaoganmn B
TeyeHne 12 mecALeB C MHCTPYMEHTAIbHOM OLLEHKON BO3HUKHOBEHMA
pecTeHo3a B 30HE apTEPUAsIbHON PEKOHCTPYKLMK. Yepes 12 mecAues
rnocse onepauuu BCeM MaLMeHTaM NPOBOAMNOCH YNLTPa3BYKOBOE
QHIMOCKAHMPOBAHME a0PTbl, APTEPUIA HUMKHUX KOHEYHOCTEN M 30HbI
apTepuanbHOW PEKOHCTPYKLMM. B 3aBMCMMOCTM OT MCXOLA B 30HE ap-
TepuanbHOW PEKOHCTPYKLMM B TedeHne 12 mecaLeB HabntoaeHns Bce
naupeHTbl bblnv pasgeneHbl Ha gge rpynnbl: | rpynna — 6e3 passuTus
pecteHosa u |l rpynna — ¢ passuTMem pecteHo3a. Bcem nauueHTam ¢
PECTEHO30M BbINOMHAMN MOBTOPHYIO onepauuto 1 6panan obpasupl
TKaHu cocyaa ana Mopponornyeckoro nccaefoBaHua.

WceneposaHue ogobpeHo PerMoHabHbIM 3TUYECKUM KOoMUTE-
ToM npu Kypckom rocyfapCTBeHHOM MEAULMHCKOM YHMBEpcUTeTe
(npoTtokon Ne 1 ot 21.01.2012 1.).

CTaTUCTUYECKMIA aHANN3 pe3y/IbTaToB UCCAEA0BAaHNA NPOBEAEH
C MOMOLLbIO CTAHZAPTHOrO Habopa oducHbIX nporpamm Statistica
10.0, Microsoft Office, Microsoft Excel. Xapaktep pacnpegeneHus
aHaNM3MPYeMbIX NapaMeTPOB OLEHMBANACA C MOMOLLBIO KpuTepus
Konmoroposa-CmupHOBa. 1A MONapHOro CpaBHEHWMA AByX rpynn
HOPMaIbHO pacnpeaenéHHbIX AaHHbIX MCMNO/Ib30BaACA NAPHbIN UK
HenapHbI Kputepuii CTboAeHTa, NPU HEHOPMAZIbHOM pacnpejene-
HUM — KpuTEpUn MaHHa-YUTHU UK BUAKOKCOHa. KonnyecTBeHHble
[JaHHblE, MMeloLLMe HOPMAJIbHOE pacnpegeneHve NpeacTaBieHbl B
dopmate M+tm n M+o, rae M — cpeaHee apudmeTmyeckoe, m — cTaH-
[lapTHas olWMbKa CpeaHero v 0 — CTaH4APTHOE OTK/IOHEHME NPU3HaKa.
Ons cpaBHEHWA [oNei UCMOb30BaACA KPpUTEPUIA XU-KBAapaT. Pasnu-
4Ma mMeXay rpynnamu CYUTaNUCL CTAaTUCTMYECKM 3HAYMMbIMK MpU
ypOBHe 3Ha4ymMmocTtu p<0,05.

PE3YNbTATbI U UX OBCYXXAEHUE

KAnMHMYecKan XapaKTepuUCTMKa MaUMEeHTOB MpeacTaBfeHa B
Tabn. 1.

[laHHble KAMHWUYECKOro UCCAeA0BaHUA NALMEHTOB He BbIABUAU
3HAYMMBIX Pa3MUMI Mexay rpynnamu no sospacty (p=0,063), aau-
TenbHocTH 3abonesaHua (p=0,311), coCTOAHUMIO «NyTeil OTTOKa» no
Pytepdopay (p=0,922), Hannumio CONYTCTBYIOLWMX MLIEMUYECKON 60O-
nesHu cepaua (p=0,149), runepToHnyeckoi 6onesnu (p=0,208) v xpo-
HUYecKoW 0BCTPYKTMBHOM 6onesHu nérkmx (p=0,894), NU fo onepa-
umu (p=0,189). Y naumeHToB MMENNCH 3HAYMMbIE OT/IMYMA MO CTENEHU
XPOHUYECKON apTepuanbHON HepocTaToqHoCTU. Tak, B | rpynne Ha
MOMEHT onepaLmu |Ib cTeneHb XpOHMYECKOMN apTepuabHON HeaocTa-
TOYHOCTU AMarHoCTMpoBaHa B 67%, Bo Il rpynne — B 41% (p=0,056), a
Il cteneHb — B 33% 1 59% (p=0,043) B | 1 Il rpynnax COOTBETCTBEHHO.
Mocne onepauum y naumeHTos | rpynnbl JIMW 6bin Bbilwe No cpasHe-
Huto co Il rpynnoit (Ha 13,8%, p=0,015).

®yHKUMOHaIbHaA aKTUBHOCTb SHAOTENNA B CUCTEMHOM U MeCT-
HOM KPOBOTOKE Y NaLMEHTOB UCCAeAyeMbIX FPynn 40 W Noc/e onepa-
umm BN npueeaeHa B TabA. 2.

Kak B1gHo 3 1abn. 2, ypoBeHb romouucTEMHA Y BCex Mauu-
€HTOB MpeBbIlWan AnanasoH pedepeHCHbIX 3HaueHuit, ocobeHHO B
NopaKEHHOW KOHEYHOCTM, OfHaKO 6e3 3HaUMMbIX Pasnunii mexay
rpynnamu. Chegyet OTMETUTb, YTO B MCCNEL0BaHUAX NOAYEPKMBAETCA
Ba)KHas PO/ib TOMOLIMCTENHA Y NALMEHTOB € 06UTEPUpPYIOLLMM 3a60-
NeBaHUEM apTepUiA HUKHUX KOHEUHOCTEW, Kak HeMoCpeACTBEHHO, TaK
1 B3aUMOZENCTBYA C GaKTOpammM remocTasa, B YCUIEHUU MUrPaLmu
1 nponudepaLm MafKoMbILWEYHbIX KNeToK [5, 22]. HecmoTpa Ha oT-
CYTCTBME TOMOLMCTEMHA KaK 3HAYMMOrO B MPOrHO3MPOBAHWUM PUCKA
Pa3BUTMA PECTEHO30B M TPOM6O030B daKTopa B OTAA/NEHHOM NoC/e-
onepawumMoHHOM nepuroge nocne ML 6uonormyeckum npotesom, as-

It should be noted that the cause of restenosis was intimal hy-
perplasia, confirmed by histological examination of the samples
obtained during re-intervention.

The study was approved by the Regional Ethics Committee
at Kursk State Medical University (protocol Ne 1 of January 21,
2012).

Statistical analysis was carried out using Statistica 10.0,
Microsoft Office, and Microsoft Excel software. The normali-
ty of the distribution of the analyzed parameters was assessed
using the Kolmogorov-Smirnov test. For the paired comparison
of two groups of normally distributed values, the paired or un-
paired Student's test was used; for non-normal distribution, the
Mann-Whitney and Wilcoxon test was used. Quantitative data
with a normal distribution are presented in the format Mtm and
Mzo, where M is the mean, m — standard error of the mean, and
o — standard deviation. The chi-square test was used to compare
proportions. Differences between groups were considered statis-
tically significant if p<0.05.

RESULTS AND DISCUSSION

The clinical characteristics of the patients are presented in
Table 1.

Data from a clinical study of patients did not reveal signif-
icant differences between groups in age (p=0.063), duration of
the disease (p=0.311), status of the “outflow tract” according to
Rutherford (p=0.922), presence of concomitant coronary artery
disease (p=0.149), hypertension (p=0.208) and chronic obstruc-
tive pulmonary disease (p=0.894), ABI before surgery (p=0.189).
There were significant differences among patients in the degree
of chronic arterial insufficiency. Thus, in Group 1 by the time of
operation 1IB degree of chronic arterial insufficiency was diag-
nosed in 67% of patients, while in Group 2 —in 41% (p=0.056); 11l
degree — in 33% and 59% of patients (p=0.043) in Groups 1 and
2 respectively. After surgery, Group 1 patients had a higher ABI
compared to Group 2 (by 13.8%, p=0.015).

The level of the functional activity of the endothelium in
the systemic and local blood flow in patients of the two groups is
shown in Table. 2.

As can be seen from Table 2, homocysteine levels in all
patients exceeded the reference range, especially in the affect-
ed limb, but without significant differences between groups. It
should be noted that studies emphasize the important role of
homocysteine in patients with occlusive disease of the arteries
of the lower extremities, both directly and through interaction
with hemostasis factors, in enhancing the migration and prolif-
eration of smooth muscle cells [5, 22]. Though homocysteine
may not be considered a predicting factor for developing rest-
enosis and thrombosis in the long-term postoperative period
after BPS with a biological prosthesis, the authors observed in-
creased levels of homocysteine in patients with restenosis and
thrombosis [5].

There were no significant differences in the level of ox-
idized LDL in both systemic and local blood flow between the
groups.

The level of sVCAM-1 before surgery in the affected limb
in patients of Group 2 exceeded the values of Group 1 by 37.5%
(p=0.014). At the same time, in the systemic blood flow before
and after surgery, as well as in the local blood flow after surgery,
sVCAM-1 values had a statistically insignificant tendency to in-
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Tabauya 1 KnuHuYeckas xapakmepucmuKka nayueHmos Table 1 Clinical characteristics of patients
Il rpynna/Group 2
(n=61)

Bospacrt, net/Age, years 60.14+6.87 56.7517.16
OnutenbHocTb 3abonesaHus, mec./Duration of the disease, months 17.90+4.96 26.51+4.63
Mwemuueckan 6onesHb cepaua, abe. (%)/Coronary artery disease, abs. (%) 10 (48%) 40 (66%)
MMnepToHMyeckas 6onesHb, abe. (%)/Hypertension, abs. (%) 12 (57%) 44 (72%)

XpoHuyeckan 0b6CTpyKTUBHAA 6onesHb NErkux, abe. (%)

v 0,

Chronic obstructive pulmonary disease, abs. (%) 3 (14%) 8 (13%)

] [
XpOHv!quKaﬂ'ap.TepM?quan HeA0CTaTOYHOCTb Hlfl)f(HMX KoHeyHocTel || b cteneHu, abce. (%) 14 (67%) 25 (41%)
Chronic arterial insufficiency of the lower extremities, || B degree, abs. (%)
XpoHuyecKan apTepuanbHas HefOCTaTOMHOCTb HUMKHMX KoHeYHocTel Il ctenenu, abe. (%) 7 (33%) 36 (59%)"
Chronic arterial insufficiency of the lower extremities, Ill degree, abs. (%) ? ’
JINN po onepaumun/ ABI before surgery 0.32+0.04 0.28+0.014
JINW uepes 5 cyTok nocne onepauuu /ABI 5 days after surgery 0.81+0.04 0.70+0.022"
CpeaHuii 6ann «nytei oTToka» no Pytepdopay 4.00+0.45 4.05+0.25

Average score of “outflow pathways” according to Rutherford

Npumeyanwe: * — p<0,05 Npu cpaBHEHWUM C NOKaszaTensmm | rpynnb
Note: * — p<0.05 when compared with the indicators of Group 1

Tabnuya 2 GyHKYUOHABHAA GKMUBHOCMb 3HOOMenusA e cucmemHoM  Table 2 Functional activity of the endothelium in the systemic and local

U MECMHOM KPOBOMOKE Y NAUUEHMO8 UCCedyembix blood flow in patients of the study groups before and after surgery
epynn 0o u nocse onepayuu (M+m) (M+m)
| rpynna Il rpynna
(n=21) (n=61)

ao CK/S 16.65+1.73 20.97+1.37 0.094

[OMOLMCTENH, MKMONb/N 512 Before MK/L 25.90+4.99 32.25+2.89 0.272

Homocysteine, umol/I no CK/S 16.04+1.87 19.84+1.74 0.233

After MK/L 17.831£2.87 24.08+2.12 0.122

o CK/S 92.71+1.54 93.75+0.94 0.572

OkucneHHslie JINHM, ME/n Before MK/L 94.38+2.47 95.49+1.42 0.694

. 26-117

Oxidized LDL, 1U/I no CK/S 73.52+1.51 74.77+1.14 0.561

After MK/L 73.05+1.52 76.02+1.17 0.178

ao CK/S 141.44+18.58 178.57£13.97 0.161

sVCAM-1, Hr/mn Before MK/L 186.16+17.05 256.04+15.12 0.014

131.3-1222.7

sVCAM-1, ng/ml no CK/S 205.63%£16.18 223.45+10.55 0.384

After MK/L 347.28+44.18 375.57+22.73 0.545

ao CK/S 112.77+5.41 130.39+3.46 0.010

PAI-1, Hr/mn 4-100 Before MK/L 118.14+5.55 137.57+3.74 0.008

PAI-1, ng/ml no CK/S 126.7916.60 150.81+4.24 0.004

After MK/L 137.58+7.81 152.89+3.62 0.049

no CK/S 3.48+0.19 3.28+0.14 0.455

t-PA, Hr/Mn 2.8 Before MK/L 3.25+0.22 2.88+0.20 0.315

t-PA, ng/ml no CK/S 4.55+0.46 4.22+0.27 0.538

After MK/L 5.08+0.43 4.1940.26 0.088

ao CK/S 0.66£0.11 0.99+0.06 0.012

AHHEKCUH V, Hr/mn Before MK/L 0.58+0.09 0.92+0.06 0.002
Annexin V, ng/ml <0.8

no CK/S 1.22+0.14 1.57+0.06 0.011

After MK/L 2.64+0.38 3.33+0.33 0.268

Mpumeyanus: P3 — pedepeHcHble 3HaueHus; [0 — go onepauuu; MO — nocne onepauyu; CK — cucTeMHbI KPOBOTOK; MK — MECTHBbI KpOBOTOK
Notes: Before — before surgery; After — after surgery; S — systemic blood flow; L - local blood flow

TOpbl HabAtOLAAM NpeBbileHe pedepeHCHbIX 3HaYeHUI romoLmcTe- CopepaHue sVCAM-1 MCXO4HO L0 onepaLuu B MOPaKEHHOM
MHa Y NaLMEHTOB C pecTeHo3amMu 1 Tpombo3amu [5]. KOHEYHOCTW y nauueHToB Il rpynnbl NPeBbILWAno 3HadyeHus | rpyn-

He ycTaHOBAEHO 3HAUMMbIX Pa3/IMUMIA MO YPOBHIO OKMUCAEHHbIX  Mbl Ha 37,5% (p=0,014). BmecTe ¢ Tem, B CUCTEMHOM KPOBOTOKe f0
JINHI KaK B cMCTEMHOM, TaK M MECTHOM KPOBOTOKE MKy rpynnamn 1 Noc/e onepaLuy, a TakKe B MECTHOM KPOBOTOKe Noc/e onepauuu
£10 M Nocne onepaumu.
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3HaveHna sVCAM-1 nmenu CTaTUCTUYECKU HE3HAYMMYIO TEHAEHLMIO
K yBenunyeHuio Bo |l rpynne B cpaBHeHWM ¢ | rpynnoit uccnefosaHums.
[JaHHble MTepaTypbl YKa3biBaOT Ha y4acTMe MONEKY/ KNETOUHOW af-
resuy B BOCMa/s€HUM U NPOrPEeCcCMPOBaHUM aTePOCKNEPO3a, a TaKKe
WX MHULMUPYIOLLYIO PONb B PaHHEM BOCMaAWTe/IbHOM OTBETe Ha no-
BPEXAEHWNE U Pa3BUTUM pecTeHo3a [23], a BbICOKUIA yposeHb VCAM-1
1 ICAM-1 accoummpoBaH € NOBbILLEHHOW YacTOTOM HebnaronpUATHbIX
cepAeUHbIX cobbiTuii [24]. dyHKLMOHaNbHAA aKTUBHOCTb SHAOTENUA B
HOopMe cnocobCTBYET NOAAEPHKAHMIO FremocTasa, MHULMMpya dubpu-
HONW3 3HAOTENNANbHBIMU KNeTKkamm [25].

B npoBeaE&HHOM nccnef0BaHUM 3HaUMMble PA3INYMA YCTAHOB-
NeHbl No yposHio PAI-1 mexay rpynnamu, Kak go, Tak v nocae one-
pauun B CUCTEMHOM U MECTHOM KpOBOTOKe. TaK, 3HaveHua PAI-1 o I
rpynne UCXo4HO A0 ornepauun B CUCTEMHOM KPOBOTOKE MpeBblwanu
| rpynny Ha 15,6% (p=0,010), B nopakéHHOM KOHeYHOCTM — Ha 16,4%
(p=0,008), a B nocneonepaumoHHomM nepuoge Ha 18,9% (p=0,004) B
CUCTEMHOM KpOBOTOKe M Ha 11,1% (p=0,049) B MECTHOM KPOBOTOKE
pEeBaCcKyNAPU30BaHHON KOHEYHOCTH.

CTaTMCTUYECKM 3HAUMMbIX PA3/IMUMiA t-PA KaK B CUCTEMHOM, TaK
N MeCTHOM KpPOBOTOKe Mexy rpynnamu He BbIABAEHO 4O M nocne
onepaumu. Hawwm aaHHble cornacytotea ¢ pesynbtatamu Kotschy D et
al (2015), KoTopble He BbIABUAM 3HAYUMBIX PA3IMUMIA B ypoBHE t-PA
MeXKay nauyeHTamm 6e3 pecteHo3a 1 Npu pasBUTUM pecTeHo3a nocae
3HA0BACKYNAPHOW peBackynapmsaumu. Mo faHHbIM aBTOPOB, OMpe-
Jensemble 3HAOTENMANbHbIE BAKTOPbI FemocTasa, CYLLEeCTBEHHO He
OT/IMYA/IUCh, 33 UCKIIOYEHMEM YPOBHA TKaHEBOTO GaKTopa, KOTOPbIN
npwv pasBuTUM pecTeHo3a bbia Bbile [26].

Y naumneHToB Il rpynnbl ycTaHOBAEHbI BbICOKME 3HAYEHUA Map-
Képa anonTo3a aHHeKcuHa V. Tak ypoBeHb aHHEKCUHaV Y NaLMeHTOB
Il rpynnbl 6bi1 Bbllle B CUCTEMHOM KPOBOTOKE Z10 M NOC/Ie onepauuv
(48,9%, p=0,012 1 28,4%, p=0,011 cOOTBETCTBEHHO) M MECTHOM KpO-
BOTOKe Z10 onepaumu (60,2%, p=0,002) co cTaTUCTUYECKM HE3HAUYMMOIA
TEeHAEHUMeNW K yBe/IMYeHUIo B MocneonepaumoHHom nepuoge (25,9%,
p=0,268) no cpaBHeHMIo | rpynnoii.

MpoBeagHHble MccnefoBaHUA NPOLEMOHCTPUPOBAAM PA3NNY-
Hble acneKTbl COCTOAHWA 3HAOTeNWaNbHON AUCOYHKUMU. BakHOCTb
BCECTOPOHHEro Noaxo4a K AaHHOMy Bonpocy oTMevatoT Chia PY et al
(2020), aKuUeHTUPYA BHUMAHWME HA TOM, YTO MATONOTMUA MOXKET BAUATH
60nee Yem Ha OAMH acneKT GYHKLUU IHAOTENNA, @ UMEIOLLMECA B Ha-
cTosAlwee BpemA 0630pbl NO KONMYECTBEHHOMN OLEHKe SHAOTeNUaNb-
HOWM AMCOYHKLMM 0ObIYHO COCPELOTOYEHbI HA OAHOM acneKTe QyHK-
umu aHgoTenma [8].

CneslyeT OTMETUTb, YTO MPUYMHOW pecTeHo3a bblna runepnna-
3¥A WHTUMbI, NOATBEPKAEHHAA Npu aHanuse MopPdONOrUYECKUX
npenapaTos, MOJYYEHHbIX BO BPEMA MOBTOPHOrO BMELIATENbCTBA,
dopmmupoBaHmMe runepnaasnm HEOMHTUMbI BO BCEX NpenapaTax OKa-
3b1BaNOCh OAHOTUMHBIM.

Koppenaummn mapképoB GyHKLMOHaNBbHON aKTUBHOCTM 3HAOTe-
JINA B CUCTEMHOM M MECTHOM KPOBOTOKe [0 U nocne onepaumn B
C pa3BUTMEM pecTeHo3a NpeacTasneHbl B Taba. 3.

YCTaHOBNEHbI MONOXKMUTENbHbIE KOPPENALMOHHbIE B3aMMOCBA-
3n mexay yposHem sVCAM-1 oo onepaumn B MECTHOM KPOBOTOKe
(r=0,27; p<0,05), yposHem PAI-1 B CUCTEMHOM U MECTHOM KPOBOTOKE
o onepaumn (r=0,28; p<0,001 u r=0,29; p<0,001 cOOTBETCTBEHHO)
1 nocne onepauum (r=0,31; p<0,001 un r=0,22; p<0,05 cOOTBETCTBEH-
HO) M YPOBHEM aHHeKcMHa V 0 onepaumu B CUCTEMHOM U MECTHOM
KpoBoToke (r=0,28; p<0,05 1 r=0,33; p<0,01 cOOTBETCTBEHHO) 1 NOC/E
ornepaLyuu B cUcTeMHOM KpoBoToke (r=0,28; p<0,05) 1 pa3sutuem pe-
CTeHoO3a.

OrpaHuyeHusa uccnefosaHua. OnepaTMBHblE BMeELLATENbCTBa
6blNM BbINONHEHBI XMpYpramm 6e3 y4éta ux Kateropuu (nepsoi nam

crease in Group 2 compared with Group 1. Literature data indi-
cate the involvement of cell adhesion molecules in inflammation
and the progression of atherosclerosis, as well as their initiating
role in the early inflammatory response to injury and the devel-
opment of restenosis [23], and high levels of VCAM-1 and ICAM-
1 are associated with an increased incidence of adverse cardiac
events [24]. The functional activity of the endothelium normally
contributes to the maintenance of hemostasis by initiating fibri-
nolysis by endothelial cells [25].

In the study, significant differences were established in the
level of PAI-1 between groups, both before and after surgery in
the systemic and local bloodstream. Thus, the values of PAI-1
in Group 2 before surgery in the systemic circulation exceeded
the ones in Group 1 by 15.6% (p=0.010), in the affected limb —
by 16.4% (p=0.008), and in the postoperative period by 18.9%
(p=0.004) in the systemic circulation and by 11.1% (p=0.049) in
the local blood flow of the revascularized limb.

There were no statistically significant differences in t-PA in
both systemic and local blood flow between groups before and
after surgery. Our data are consistent with the results of Kotschy
D et al (2015), who did not find significant differences in t-PA
levels between patients without and without restenosis after
endovascular surgery. According to the authors, the determined
endothelial factors of hemostasis did not differ significantly, with
the exception of the level of tissue factor, which was higher in pa-
tients with restenosis [26].

In patients of Group 2, increased values of the apopto-
sis marker annexin V were found; when compared with Group
1 they were higher in the systemic circulation before and after
surgery (48.9%, p=0.012 and 28.4%, p=0.011, respectively) and
in the local blood flow before surgery (60.2%, p=0.002) with a
statistically insignificant tendency to increase in the after surgery
(25.9%, p=0.268).

Studies have demonstrated various aspects of endothelial
dysfunction in the patients enrolled. The importance of a com-
prehensive approach to this issue is noted by Chia PY et al (2020),
emphasizing that more than one aspect of endothelial function
may develop, while current research commonly focuses on only
one of its aspects [8].

It should be noted that the cause of restenosis was intimal
hyperplasia, confirmed by analysis of morphological preparations
obtained during re-intervention; the formation of neointimal hy-
perplasia in all preparations turned out to be the same type.

Correlations between the level of markers of functional ac-
tivity of the endothelium in the systemic and local bloodstream
before and after FPBS and the development of restenosis are pre-
sented in Table 3.

Positive correlations were established between the lev-
el of sVCAM-1 before surgery in the local bloodstream (r=0.27;
p<0.05), the level of PAI-1 in the systemic and local bloodstream
before surgery (r=0.28; p<0.001 and r=0.29; p<0.001, respective-
ly) and after surgery (r=0.31; p<0.001 and r=0.22; p<0.05, respec-
tively) and the level of annexin V before surgery in the systemic
and local bloodstream (r=0.28; p<0.05 and r=0.33; p<0.01, re-
spectively) and after surgery in the systemic circulation (r=0.28;
p<0.05) on one side and the development of restenosis on the
other side.

Limitations of the study. Qualification of the surgeons (first
or higher category) was not considered when assessing the out-
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Tabnuya 3 Koppenayuu mapképos yHKLUOHAM6HOU aKMUSHOCMU
3HOOMenusA 8 CUCMeMHOM U MECMHOM KPOBOMOKeE 00 U
nocne onepayuu BlLL ¢ paszsumuem pecmeHo3a

YpoBeHb romoLucTEMHA U Pa3BUTUE PecTeHo3a
Homocysteine level and the development of restenosis

YpoBeHb okucaeHHbix JINMHM 1 passuTne pecteHosa
Level of oxidized LDL and development of restenosis
YpoBeHb SVCAM-1 n pa3suTMe pecTteHo3a

sVCAM-1 level and development of restenosis
YposeHb PAI-1 1 pa3sButune pecreHo3a

PAI-1 level and development of restenosis

YpoBeHb t-PA 1 pa3suTHe pecTeHo3a

t-PA level and development of restenosis

YpoBeHb aHHeKcKHa V 1 pasBuTHe pecteHosa
Annexin V level and the development of restenosis

Table 3 Correlations of markers of functional activity of the
endothelium in the systemic and local bloodstream before
and after FPBS with the development of restenosis

[0 / Before no / After
CK/S MK/L CK/S MK/L
0.19 0.12 0.13 0.17
0.06 0.04 0.06 0.15
0.16 0.27* 0.09 0.07
0.28*** 0.29%** 0.31%** 0.22%*
-0.08 -0.11 -0.07 -0.19
0.28* 0.33** 0.28* 0.12

MpumeyaHus: ypoBeHb 3HaYMmocTn * — p<0,05; ** — p<0,01; *** — p<0,001; A0 — ao onepauuu; MO — nocne onepaunu; CK — cucTEMHbIN KPOBOTOK; MK — MeCTHbII Kpo-

BOTOK

Notes: significance level * — p<0.05; ** — p<0.01; *** — p<0.001; Before — before surgery; After —after surgery; S — systemic blood flow; L — local blood flow

BblCUJeVI). MokasaTtenu anontosa B KPOBOTOKE OTPAXakT €ro ypoBeHb
He TONIbKO B 3HAO0TENINN, HO U B KNETKaX COb6CTBEHHO Kposu.

3AKNIOMEHUE

Takum 06pa3om, aHanM3 coCTOAHNUA GYHKLIMOHANbHOM aKTUBHO-
CTW 3HAOTENUA CBUAETENbCTBYET O TOM, YTO Y NALMEHTOB NPYU OKKJIIO-
3MOHHO-CTEHOTMYECKOM nopaxeHun BIMAC npu pa3suTUM pecTeHo3a
B 30HE PEKOHCTPYKumm nocne BN ncxogHo nmenncob BbiparkeHHble
HapyLeHWa afresMoHHoM GopMbl SHAOTENNANbHON AUCOHYHKLMM B
NOPaXKEHHOW KOHEYHOCTM, remocTaTuyeckoi Gopmbl 3HAOTENMANb-
HOW AMCOYHKLMM C YBEAMYEHWMEM NPOKOAryAAHTHOTO MNOTeHUMana B
Buge ysennyenua PAI-1 Kak o, Tak 1 nocne onepauyuy B CUCTEMHOM
¥ MECTHOM KPOBOTOKE, a TaKKe yBeNYeHWe anonTtos3a B CUCTEMHOM
KPOBOTOKE [10 ¥ MOC/1e OnepaLMm 1 MecTHOM KPOBOTOKE A0 onepaLum,
No CpaBHeHUIO C naumeHTamu be3 pecteHo3a. YcTaHOB/EHa accouma-
LA MapKEPOB GpYHKLIMOHAIbHOWM aKTUBHOCTU SHAOTENNA CUCTEMHOTO
M MEeCTHOTO KPOBOTOKA C Pa3BUTUEM PECTeHO3a, YTo Mmpeanonaraert
BKN1a4, aAr€3MOHHOMN, remocTaTMYeckoi popm SHAOTENNANbHON Anc-
GYHKLMM U HapyLeHWa anonTosa B pasBuTME pecTeHo3a B obnactu
aHacTomo3a. Pe3ynbTaTbl MONYYEHHBIX WMCCNELOBAHWI PaCLIMPAOT
npeacrasneHna 06 3SHAOTENMANbHbBIX HAPYLWEHUAX Ha CUCTEMHOM
YPOBHE U B MOPa’KeHHOW KOHEYHOCTU, acCOLMMPOBAHHbIX C Pa3Bu-
TUeM pecTeHo3a 30Hbl apTepuasbHbIX BMELIATENbCTB U MOTYT 6biTb
MCMONb30BaHbl A1 Pa3paboTKM NepCoOHMOULMPOBAHHOW KOPPEKLIMK
HapyLWeHU GYHKLUMOHANbHOM aKTUBHOCTM 3HAOTENUA ANA yaydlie-
HWA pe3ynbTaToB PeBACKYIAPU3YIOLLIMX BMeLaTenbcTs Ha BIAC.

comes of the operations. Indicators of apoptosis in the blood flow
reflect its level not only in the endothelium of the blood vessels,
but also in the blood cells.

CONCLUSION

Thus, an analysis of the functional activity of the endothe-
lium indicates that the patients with occlusive stenotic lesions of
the FPAS who developed restenosis in the reconstruction zone af-
ter FPBS initially had more pronounced endothelial dysfunction in
the affected limb, including its hemostatic form with an increased
procoagulant potential (significant increase of PAI-1 before and
after surgery in the systemic and local circulation), and increased
level of apoptosis in the systemic circulation before and after sur-
gery and in the local bloodstream before surgery, compared with
patients without restenosis. Increased level of markers of endo-
thelial dysfunction in the systemic and local blood flow was as-
sociated with the development of restenosis, which suggests the
contribution of adhesive, hemostatic forms of endothelial dys-
function, and apoptosis to the development of restenosis in the
anastomotic area. The results of the obtained studies expand the
understanding of endothelial lesions at the systemic level and in
the affected limb, associated with the development of restenosis
and can be used to develop a personalized approach to control
the functional activity of the endothelium and improve the re-
sults of revascularization interventions on FPAS.
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PE3YAbTATHI KOMBVHVIPOBAHHOMU MI/IHMI/IH]}ASI/IBHOVI OAEBDKTOMUN U
PRP-TEPAIINN ITP1 COYETAHUN BAPUKO3HON BOAE3HN C TOHAPTPO30M

O. HEBMAT304A!, C.X. KYPEAHOB? X.A. IOHYCOB!, A.C. XCOHOB? C.I. AAVI-3AAE? X.A. TOIIITY A0TOB?

1 Pecrry6amnKancknit HayqHBIi IIEHTP cepaedHO-cocyauctoit xupyprun, Adymande, Pecrry6anka Tagxukucran

2 Taa>XMKCKuit TOCyAapCTBEHHBI MeAMIIMHCKII yHuBepcuteT uM. Abyaan nbnn Cuno, Aymante, Pecriybanka Taaxnkmucran

Llenb: aHan13 pe3ynsTaToB MUHWU-MHBA3UBHON KOMBUHMPOBaHHOM paebakTomun (MUKD) 1 nepsoro onbitTa NpuMeHeHMs oboralwéHHON TpomboLm-
Tamu aytonnasmbl (PRP-Tepanus) B nedeHnn BapukosHoi 6onesun (BB), codeTatoeiica ¢ roHapTpo3om (MA).

Matepuan u meToapbl: NPOAHANM3UPOBaHbI Pe3y/bTaTbl edeHua 26 naumeHToB (11 MysKuMH, 15 eHLWMH; cpeaHuit Bo3pacT 49,3+4,6 net), nepeHéc-
wmnx MUK® no nosoay BE v PRP-Tepanuio no nosoay lA. CpeaHunit nHaekc maccol Tena (MMT) naumenTos coctasua 28,912,1 kr/m2. Y 7 (27%) naum-
€HTOB oTMeuanca BTopoit (C2), y 15 (58%) — Tpetnit (C3) ny 4 (15%) — yeTsépTbiit (C4) Knacc B. U3onmnpoBaHHOE pacluvpeHmne 60/1bLIov NOAKOKHOM
BeHbl (BIB) 1 eé npuTokoB oTmeyeHo y 9 (35%) NaumeHTOB, Manoit NoAKoKHoOW BeHbl (MMNB) —y 2 (8%) 60/1bHbIX. Y Bonee NoN0BUHbLI NALMUEHTOB
(n=15; 58%) oTMeYanocb 0LHOMOMEHTHOE paclUMpeHmne CTBON0B 1 NpuToKoB BB 1 MIMB. Y Bcex 60/1bHbIX UMENO MECTO ABYXCTOPOHHEee paclunpeHne
NMOZKOXKHbIX BEH HUKHMX KOHEYHOCTEN C MpeBaanpoBaHMem KAMHUKKM B 19 (73%) cnyyaes cneBa, B 7 (27%) HabntogeHusx — cnpaga. Y 17 (65%) naum-
€HTOB MMeNacb HeAOCTaTOYHOCTb NepdopaHToB roneHn. CornacHo Knaccuomkaumm Kellgren JH & Lawrence JS (1957) y 4 (15%) naupueHTOB oTMeYanach
| creneHb, y 14 (54%) — 1l ny 8 (31%) — IIl cteneHb FA. ®nebosorMyecknin CTaTyc OLEHWUBACA BM3YalbHO M C MOMOLLbIO AYNAEKCHOTO CKaHWpOBaHUA
BEHO3HOM CUCTEMbI HUKHMX KOHEYHOCTEN, @ COCTOAHME KONEHHBIX CYyCTaBOB — C MOMOLLbIO LWKanbl WOMAC.

PesynbraTthl: MeanaHa cymmapHoro uHgekca no wkane WOMAC no neyenus coctasuna 65,5 (61,0-74,0) 6annos, B Tom uncne vHAeKc 6onesoro
cuHgpoma — 14,0 (13,0-16,0) 6annos, TyronogBUKHOCTb KONEHHOTO cycTasa — 6,0 (5,0-6,0) 6ann108B 1 GpyHKLMOHMPOBaHKe cycTaBa — 47,0 (45,0-49,0)
6annoB. Bcem naumeHTam nepsbiM 3Tanom nposegeHa MUKD, BTopbim aTanom — 4 ceaHca PRP-Tepanum ¢ exkeHeaenbHbIM MHTEPBaOM. [1poa0NKM-
Te/IbHOCTb OMepaTUBHbIX BMeLIaTeIbCTB cocTaBuaa B cpegHem 115,5+35,5 muHyT, rocnutanmnsauumn — 2,8+0,4 cyTok. H1 B ogHOM cnyyae pa3BuTusA
3HAYMMbIX OCNOXKHEHUI He 3aduKcMpoBaHo. Mocie neYeHns 0TMeYanoch 3HaUUTEIbHOE YMeHblleHe 60N1eBoro CMHAPOMA U CKOBAaHHOCTH, a TaK-
e ynydweHue GyHKLMOHUPOBAHMA KONEHHbIX cycTaBos. Manas addeKTUBHOCTb Tepanuu oTmedeHa B 4 (15%) cnydyaes. TepmuHanbHas cragusa A
(r=0,64; p<0,05), AnnTeNbHOCTb TEYEHUA AereHepaTUBHOro Npouecca B cycTase (r=0,56; p<0,05), NocToAHHbIN Nprém 06e360aMBatOLLMX NPenapaTos
(r=0,52; p<0,05) 1 Hannyme codeTaHHOro paclumpeHmna cteonos bMNB 1 MMB (r=0,59; p<0,05) Menn NPAMYIO KOPPENALMOHHYIO CBA3b C Manoi apdek-
TUBHOCTbIO NPUMEHeHUs 0boralLéHHOV TPOMBOLMTaMM ayTONOTUYHON NNA3Mbl.

3aKknioueHue: y nauneHTos ¢ BB 1 A nposeaeHne MUKD ¢ cobaiogeHMem NpUHLMNOB MUHUMANbHOW MHBA3MBHOCTM U BHYTPUCYCTaBHOE BBEAEHME
oboraléHHoi TpomboLWUTamMM ayTONOTMYHOW NNa3mMbl MO3BONAET 3HAYUTENBHO CHU3UTb HONEBOI CUHAPOM U YNYYLIUTD NOBCEAHEBHYIO GYHKLMO-
Ha/IbHY0 aKTUBHOCTb KONEHHbIX CYCTaBOB.

KntoueBble cn10Ba: 8apuK03HAA 601€3Hb, APMPO3 KOMEHHBIX CYycMasos, MuHugnebsxkmomus, cmpunnuHe, PRP-mepanus.

Ona yntuposaHuna: Hebmarsoaa O, KypbaHos CX, KOHycos XA, IxcoHos AC, Anu-3age CT, TownynoTos XA. Pe3ynbTaTbl KOMBMHUPOBAHHOM MUHUWHBA3UBHOM
bnebakTommn 1 PRP-Tepanum npu coueTaHnmn BapuKo3HOM 601e3HM € roHapTpo3oM. BecmHuk AsuyeHHbl. 2023;25(4):488-98. https://doi.org/10.25005/2074-

0581-2023-25-4-488-498

COMBINED MINIMALLY INVASIVE PHLEBECTOMY WITH PRP THERAPY FOR THE
TREATMENT OF CHRONIC VENOUS INSUFFICIENCY AND KNEE OSTEOARTHRITIS

O. NEMATZODA!, S.KH. KURBANOV? KH.A. YUNUSOV!, A.S. EKHSONOV?, 5.G. ALI-ZADE? KH.A. TOSHPULOTOV?

1 Republican Scientific Center for Cardiovascular Surgery, Dushanbe, Republic of Tajikistan
2 Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

Objective: To analyze the results of combined minimally invasive phlebectomy (CMIP) with platelet-rich plasma (PRP) therapy for the treatment of
chronic venous insufficiency (CVI) and knee osteoarthritis (KOA).

Methods: The study analyzed the treatment results of 26 patients (11 men, 15 women, average age of 49.3+4.6 years) with CVI and KOA who
underwent CMIP with PRP therapy. The patients' average body mass index (BMI) was 28.9+2.1 kg/m?. It was observed that patients with CVI exhibited
different grades of severity according to the Clinical-Etiological-Anatomical-Pathophysiological (CEAP) classification. Out of 26 patients, 7 (27%) were
classified as CEAP class 2, 15 (58%) as class 3, and 4 (15%) as class 4. Isolated insufficiency of the great saphenous vein (GSV) and its tributaries was
noted in 9 (35%) patients and the small saphenous vein (SSV) — in 2 (8%) patients. Of the 26 patients, 15 (58%) had combined insufficient GSV and
SSV trunks and tributaries. All patients presented with bilateral saphenous vein insufficiency, predominantly on the left side in 19 (73%) cases and on
the right side in 7 (27%) cases. Of 26 patients, 17 (65%) had insufficient tibial perforators. According to the Kellgren JH & Lawrence JS classification of
osteoarthritis (OA), 4 (15%) of the patients had grade | KOA, 14 (54%) had grade Il, and 8 (31%) had grade lIl. Phlebological status was assessed visually
and with duplex scanning (DS) of the venous system in the lower extremities. The knee joints were evaluated using the WOMAC Osteoarthritis Index.
Results: The median total index on the WOMAC scale before treatment was 65.5 (61.0-74.0) points, including pain index — 14.0 (13.0-16.0) points,
knee joint stiffness — 6.0 (5.0-6.0) points and joint functioning — 47.0 (45.0-49.0) points. All patients underwent CMIP as the first stage, followed by

488



BECTHMK ABUMILIEHHEI

Hevmamsoda O c coasm. BapukosHas 601e3Hb 1 TOHApTPO3 Tom 25 * No 4 * 2023

four sessions of PRP therapy, one per week as the second stage. The average duration of surgical procedures was 115.5+35.5 minutes, and patients
stayed an average of 2.810.4 days in the hospital. There were no significant complications in any case. After the treatment, there was a substantial
decrease in pain and stiffness and an improvement in knee joint function. Therapy was ineffective in 4 (15%) cases. The effectiveness of PRP therapy
is lower when certain factors are present. These factors include an advanced stage of KOA with a longer duration of the degenerative process in the
joint, chronic use of painkillers, and the combined insufficiency of the GSV and SSV trunks. There is a direct correlation between these factors and the
low effectiveness of platelet-rich autologous plasma.

Conclusion: In patients with CVI and KOA, performing CMIP and PRP therapy can significantly decrease pain and improve daily knee joint function.
Keywords: Varicose veins, knee osteoarthritis, microphlebectomy, stripping, PRP therapy.

For citation: Nematzoda O, Kurbanov SKh, Yunusov KhA, Ekhsonov AS, Ali-Zade SG, Toshpulotov KhA. Rezul'taty kombinirovannoy miniinvazivnoy flebektomii
i PRP-terapii pri sochetanii varikoznoy bolezni s gonartrozom [Combined minimally invasive phlebectomy with PRP therapy for the treatment of chronic venous
insufficiency and knee osteoarthritis]. Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):488-98. https://doi.org/10.25005/2074-0581-2023-25-4-488-498

BBEOEHMUE

MHorummn uccnegosatenamm 6bi10 A0OKa3aHO, YTO BO3PacT,
YKEHCKMI Non n n3bbITouHaa Macca Tena ABAAKTCA 3HAUUMbIMU daKk-
TOpamu pucka pas3sutua BB 1 aereHepaTMBHO-AUCTPOPUYECKUX 3a-
60N1eBaHNI KONEHHbIX CYCTAaBOB, M, HEPEAKO, 3TU HO30/10MMYECKUE
bopMbl AMArHOCTUPYIOTCA OLHOBPEMEHHO Y OAHOr0 naumeHTa [1-4].
TNaBHbIM CMMNTOMOM YKa3aHHbIX 3aboneBaHuin sBaseTca Gonesoi
CUHAPOM B HUXKHMX KOHEUYHOCTAX, Yallie BCEro B KONEHHOM CycTaBe
N TONEHAX, KOTOPbIN ABMAETCA OCHOBHbIM NOBOAOM 06palLeHUs na-
LMeHTOB K cneumanuncty [1, 3]. B neyeHumn 31oii KaTeropum naumeH-
TOB MPUMEHAIOTCA Pa3/IMYHbIE TAKTUKK, U eAVHBIA aNTOPUTM Tepanuu
[0 cUx Nop He pasapboTaH [2, 4]. Tak, ogHa rpynna y4éHbIx AaseTca
CTOPOHHMKaMu onepaTUBHOrO NeyeHnsa BB n KoHcepBaTMBHOM Tepa-
nuu TA [4, 5], Apyrue peKOMEeHAYIOT NPOBeAEHNE CUMY/IBTAHHOW UK
nosTanHov ¢pe63KTOMMU U CaHALLMOHHOW apTpocKkonuu [6], TpeTba
rpynna cneuuannctoB PeKoMeHayeT MUHU-UHBA3MBHOE NedeHne Bb
1 3HAONPOTE3UPOBAHME KONEHHbIX CYCTAaBOB NPY TEPMUHANbHbIX CTa-
anax TA [2, 7].

B nocneaHuwe rogpl B nevyeHun A CcTanu LWIMPOKO NMPUMEHATH
PRP-tepanuio (Platelet Rich Plasma therapy), cBuaeTeNbCTBOM Yero
ABNAOTCA NY6/MKaLMM B NPOGUAbHBIX HAyUHbIX XKypHanax [2, 8]. Oa-
HaKo O NPMMeHeHUK 3Toro BapuaHTa Tepanum Ay any, ¢ BB, Hyxaa-
IOLLIMXCA B ONEPATUBHOM JIeYEHUW UM NEPEHECLIMX BMELLIATeNbCTBA
Ha BEHO3HOM CUCTEME HUKHUX KOHEYHOCTEN, He coobluaeTcs. Kpome
TOrO, CTOMKOCTb MM BO3BpaT 601€BOr0 CMHAPOMA B KONEHHOM CyCTa-
Be B 6/MKallLeM Nepuoje Nocae XMpypruyeckoro neyeHus Bb aens-
€TCcA NOBOAOM K MOBTOPHOMY 06paLLEeHMI0 NaLMEHTOB K CleLManucTy
[5, 6]. Mo sTomy noBoay HepeAKO MaUMEHTaM Ha3HAYaloTCA Kypcbl
KOHCEepBaTMBHOMN TEPANUM MU e PEKOMEHAYETCA onepaTuBHOE fe-
yeHue no nosoay A, OT NPoBeAEHUA KOTOPOTO Yalle BCEro NaLMeHTbI
Bo3aepuBatotea (2, 3, 7]. Kpome Toro, MMEHHO He KynupoBaHHbIM
BblpaXKeHHbI1 60/1eBOW CMHAPOM B KONEHHOM CyCTaBe MpPUBOAMUT
K U3MEHEHWI0 BMOMEXaHUKM OBUKEHWA B KOHEYHOCTU, YTO, B CBOIO
oYepesib, MOKET BbICTYNUTb B KauecTBe dhaKTopa pUCKa PasBUTHA pe-
uvavea Bb [9-11].

B cBA3M ¢ 3TUM, pa3paboTKa afanTMPOBAHHOTO aIrOPUTMA Nle-
yeHua Bb n A B ycnoBumAx Halwero perMoHa, npegycmaTpusatoLle-
ro He TO/bKO OZLHOMOMEHTHOe NledeHne 060ux 3ab6oneBaHuin, HO U
MMeIoLLEero BbICOKYIO KAMHUYECKyo 3GdEKTUBHOCTb M IKOHOMUYe-
CKYI0 NPMEMNEMOCTb, ABNAETCA aKTyaNbHbIM, TaK KaK He Bce nauu-
€HTbl MMEetoT BO3MOXKHOCTb NPOBeAEHUA SHAO0MNPOTE3UPOBAHUA KO-
NIeHHOTO CyCTaBa AU e A IMTeNbHOMO NPUMEHEHUA HECTEPOUAHbIX
NPOTMBOBOCMANNTENbHbBIX NPENapPaToB U XOHAPONPOTEKTOPOB M3-3a
COMYTCTBYIOLLEN NATONIOMMU KeNYA0HHO-KULLIEYHOTO TPAKTa.

INTRODUCTION

Many researchers have shown that age, female gender, and
overweight are significant risk factors for developing CVI and de-
generative knee joint diseases. It is common for these conditions
to be diagnosed in the same patient [1-4]. The primary symptom
of these diseases is pain in the lower extremities, typically in the
knee joint and legs, which is the primary reason for patients to
seek medical attention [1, 3]. There is currently no unified treat-
ment algorithm for this category of patients, and various tactics
are employed [2, 4]. Scientists have different opinions regarding
treating CVI associated with varicose veins (VV) and KOA. One
group recommends surgical treatment for VV and conservative
therapy for KOA [4, 5]. Another group suggests a combination
of phlebectomy and arthroscopic sanitation of the knee, either
simultaneously or staged [6]. Meanwhile, a third group recom-
mends minimally invasive treatment for VV and knee replace-
ment for advanced stages of KOA [2, 7].

PRP therapy is commonly used to treat KOA and has been
extensively studied, as evidenced by multiple scientific publica-
tions [2, 8]. However, there are no reports of using this option for
KOA therapy in patients with VV who require or have undergone
surgical treatment or interventions on the lower extremities' ve-
nous system. In addition, persistent or recurrent knee pain fol-
lowing surgical treatment of VV prompts patients to seek further
medical attention [5, 6]. Patients with KOA are often prescribed
conservative or surgical treatment, which patients frequently de-
cline [2, 3, 7]. In addition, unrelieved severe knee joint pain leads
to changes in limb biomechanics, increasing the risk of VV relapse
[9-11].

Developing an adapted algorithm for treating VV and KOA in
our region is crucial. This algorithm should provide simultaneous
treatment for both diseases and be clinically effective and eco-
nomically acceptable. This is important because not all patients
can undergo knee replacement or use non-steroidal anti-inflam-
matory drugs and chondroprotectors for a long due to gastroin-
testinal tract comorbidities.

PURPOSE OF THE STUDY

To analyze the results of CMIP with PRP therapy for the
treatment of VV combined with KOA.

METHODS

The study was a prospective controlled trial analyzing the
treatment outcomes of 26 patients who received CMIP for VV

489



Nematzoda O et al Chronic venous insufficiency and knee osteoarthritis

AVICENNA BULLETIN
Vol 25 * No 4 % 2023

LLENb UCCNEAOBAHMA

AHnanus pesynbratos MUK® 1 nepsoro onbita NpUmeHeHMA 060-
raléHHoi TpomboLMTaMmM ayTonnasmsl B nedeHnm BB, coueTatoeii-
cacrlA.

MATEPUAN U METOADbI

Mo Aun3aiHy UccnefoBaHWe HOCKUIO NPOCNEKTUBHbIN KOHTPOW-
pyeMmblit XapakTep, rae 6blin aHaNM3MPOBaHbI PE3YNLTaTbl IEYEHNS
26 naupeHToB, nepeHécwmnx MUK no nosoay Bb n PRP-Tepanuto no
nosogy lA. Bospact nauueHTos Bapbuposan ot 41 ao 61 roga, cocras-
nAnA B cpeaHem 49,314,6 net. Cpeay 60nbHbIX 11 (42%) ABMAKCL AMLa-
MU MyKCKoro 1 15 (58%) — eHcKkoro nonos. CpegHuii MHAEKC Macchl
Tena (MMT) naupeHToB cocTaun 28,9+2,1 Kr/m?, npu 3TOM Kaxabli
TpeTuit naumneHT (n=9; 35%) umen n3bbiTouHbIv Bec (MMT —31,91,5
Kr/M?), UTO, KaK M3BECTHO, AB/AETCA 06LMM PaKTOPOM pucka BB 1 TA.

[unarHoctvka BB v TA 6a3mpoBanach Kak Ha KIMHUYECKUX NPOAB-
NEeHMAX 3TUX 3a60NeBaHMI U Kanobax NaLMEHTOB, Tak U Ha pe3ynbTa-
Tax AynaeKCHOro ckaHnposaHus (4C) cocynoB M PEHTTEeHOI0MMYECKUX
METOAAX UCCNeA0BaHUA KoNeHHbIX cycTaBoB. ObcnesoBaHWe v nede-
HWE NALMEHTOB HOCMAWN NPEEMCTBEHHDIV XapaKTep U NPOBOANANCH B
TECHOM COTPYAHUYECTBE COCYAMCTLIX XMPYProB C Bpayamu opTonesa-
MU-TPaBMaTONOTaMU.

OueHka cteneHn BB npoBoamnace no Knaccudurkaumm CEAP
(1997) [12], cteneHm TA — NO PEHTTEHONOTUYECKUM KPUTEPUAM, Npes-
noxeHHbIM Kellgren JH & Lawrence JS (1957) [13].

Y 7 (27%) naumeHToB oTmeyancs sTopoii (C2), y 15 (58%) — Tpe-
™I (C3) ny 4 (15%) —yetBépThbii (C4) kKnacc BB. M3onmposaHHOE pac-
wupeHune BMNB 1 eé nputokoB oTMeyeHo y 9 (35%) nauunerTos, MIMB
—y 2 (8%) 6onbHbIX. Y 6onee nonosuHbl NauueHTos (n=15; 58%) oT-
MEYasiocb OAHOMOMEHTHOE PacLMpeHune CTBOIOB M NpuTokos BB u
MIB. Y Bcex nauueHToB UMeNo MecTo ABYXCTOPOHHEee paclumpeHue
MOZKOXKHbIX BEH HUXHUX KOHeuHocTel, B 19 (73%) cnydyaes ¢ bonee
BbIPAXKEHHbIMU KJIMHUYECKUMM NPOABAEHUAMM ceBa, B 7 (27%) —
cnpasa. Y 17 (65%) 60nbHbIX MMenacb HeLoCTaToOuHOCTL nepdopaH-
TOB FO/IEHM.

[OunameTp npuyctbesoro oTaena BIB, onpeaenéHHbIi ¢ nomo-
woto AC, coctasun B cpegHem 11,611,9 mm, MIMB —7,711,6 mm, nep-
¢dopaHToB —4,1+2,3 MM.

CornacHo Knaccuduraumm Kellgren JH & Lawrence JS (1957) y 4
(15%) naupeHTOB oTMeyanach | cteneHb, y 14 (54%) —1lny 8 (31%) —1lI
cteneHb lA.

Bo Bcex cnyyasx nepsbiM aTanom nposogunace MUK® (Kpoccak-
TOMMA, KOPOTKUI CTPUNNMHT cTBoNa BIMB 1 MIMB 30HAaMM Swiwa, Mu-
HUpNebaKTOMMUA NPUTOKOB Kptoukamm Mtonnepa, HagdacumanbHas
nepesnska neppopaHToB No KOKKETY M3 MWUHW-pa3pes3oB), BTOPbIM
stanom — PRP-tepanua. Cnegyetr oTMeTUTb, YTO MepBas npoueaypa
BHYTPUCYCTABHOIO BBEAEHUA 0BOoralwéHHOM TpombouuTamm ayTono-
TMYHOM NNIa3Mbl NPOBOAMAACH CMYCTA NEPBbIE CYTKM NOC/E Onepaumn,
nocnenytoLme TpU NpoLeaypbl — eXXeHegenbHo. B utore Bce naupeH-
Tbl MONYYUAN CTAHAAPTHBIN Kypc PRP-Tepanuu — 4 npoueaypbl ¢ exe-
HeLeNbHbIM UHTEPBA/IOM.

3abop KpoBM M NpurotoeneHne oboraléHHoi TpomboLuMTaMm
ayTONIOrMYHOM NAA3Mbl MPOBOAMANCE MO CTaHAAPTHOM METOAMKe,
onucaHHou B pabote MoTanHesa MM v coasT. (2018) [14].

OueHKa ¢Nebonornyeckoro CTaTyca HUMKHMX KOHEYHOCTEN U
GYHKLMM KONEHHbIX CYCTaBOB NPOBOAMACH KaK NPW rocnuTanusaLum
MauMeHTOB, TaK 1 MOC/Ie 3aBepLUEHMA Kypca KOMMNIEKCHOTO IeYeHUA.
®nebonornyecknii CTaTyC OLEHWMBANCA BM3YasIbHO M C MOMOLLbIO
[C BEHO3HOMN CUCTEMbI HUMHMX KOHEYHOCTEMN, @ COCTOAHME KOMEH-
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and PRP therapy for KOA. The patients' ages ranged from 41 to
61 years, with an average age of 49.3+4.6 years. Out of the total
number of patients, 11 (42%) were males, while 15 (58%) were
females. The study found that the patients' average BMI was
28.9+2.1 kg/m?. Moreover, 9 out of 26 patients (35%) were over-
weight, with a BMI of 31.9+1.5 kg/m?, a well-known risk factor for
CVI associated with VV and KOA.

The diagnosis of VV and KOA was based on clinical manifes-
tations, patient complaints, and DS and X-ray imaging results. The
treatment and examination of patients were conducted in close
collaboration between vascular surgeons and orthopedic trauma-
tologists.

The severity of CVI and KOA were assessed using the CEAP
classification (1997) and Kellgren JH & Lawrence JS radiological
criteria (1957), respectively. Out of 26 patients, 7 (27%) were clas-
sified as CEAP class 2, 15 (58%) as class 3, and 4 (15%) as class 4.
Isolated insufficiency of the GSV and its tributaries was observed
in 35% of patients, while the SSV was noted in only 8%. More
than half of the patients (n=15; 58%) had a combined insufficien-
cy of the trunks and tributaries of the GSV and SSV. Bilateral sa-
phenous vein insufficiency was observed in all patients. Clinical
manifestations appeared more pronounced on the left side in 19
cases (73%) and on the right in 7 cases (27%); perforator vein in-
sufficiency was present in 17 patients (65%).

The GSV's ostial part diameter, determined using DS, aver-
aged 11.6+1.9 mm, the SSV — 7.7£1.6 mm, and the perforators
—-4.1£2.3 mm.

According to the classification of Kellgren JH & Lawrence JS
(1957), 4 (15%) patients had grade |, 14 (54%) had grade Il, and 8
(31%) had grade Ill KOA.

In all cases, the first stage involved CMIP, which included
crossectomy, short stripping of the GSV and SSV trunk using a
PIN-stripper, Muller's hook phlebectomy, suprafascial ligation of
incompetent perforating veins through multiple small local inci-
sions by Cockett and Dodd's procedure. The second stage of the
treatment was PRP therapy. Postoperatively, the first intra-articu-
lar injection of platelet-rich autologous plasma was administered,
followed by three more injections at weekly intervals. As a result,
all patients underwent a standard PRP therapy course consisting
of four weekly procedures.

Blood was collected, and PRP was prepared by the Potapnev
MP et al (2018) [14]. After hospitalization, we assessed the phle-
bological status of the lower extremities and knee joint function
following combined treatment. Visual and DS assessments were
used to evaluate the lower extremity venous system status. KOA
was evaluated using the Western Ontario and McMaster Univer-
sities (WOMAC) index [15].

WOMAC index is a self-administered questionnaire consist-
ing of 24 items divided into 3 subscales: pain (5 items, minimum
score 0, maximum score 20), stiffness (2 items, minimum score
0, maximum score 8), and physical function (17 items), minimum
score 0, maximum — 68). The scale results are interpreted based
on a score range of 0-14, 15-28, 29-38, and 38 or more. A score of
0-14 is considered excellent, meaning there is no damage to the
knee joint. A score of 15-28 is considered good and indicates mild
damage. A score of 29-38 is considered satisfactory and indicates
moderate severity damage. Finally, a score of 38 or more is con-
sidered extreme. Higher scores on the WOMAC scale indicate a
greater degree of pain, stiffness, and functional limitations.
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HbIX CyCTaBoB — C nomolpto WwKanbl WOMAC (Western Ontario and
McMaster Universities Osteoarthritis Index) [15].

LWikana WOMAC cocTtouT 13 3 paszenos 1 24 Bonpocos, BK/IO-
yan pasgesbl, NOCBAWEHHbIE 601 (5 BONPOCOB, MUHUMa/IbHAA CyM-
Ma 6annos 0, MmakcumanbHas — 20), CKOBaHHOCTM (2 Bompoca, Mu-
HUManbHas cymma 6annos 0, MakcumanbHas — 8) U NoBceAHEBHOW
dumsnueckoit dyHKUmM (17 BONpocos, MUHUMabHAA cymma 6annos 0,
MaKkcumanbHan — 68). Mpu cymme 6annos., pasHoit 0-14, pesynbTaTsl
LUKa/bl TPAKTYIOTCA KaK OT/IMYHbIE, M 3TO O3HAYaeT OTCYTCTBME nopa-
YKEHUA KOJIEHHOTO CyCcTaBa, Npu 15-28 6annax — pesysibTaT XOpOLUUK,
1 NOPaKEeHNe HOCUT NErKUIA XapakTep, Npu 29-38 6annax — pesynsrar
YA0BNETBOPUTENbHDIN, U MOPAXKEHWUE UMEET CPEAHIOK CTEMEHD TAXKE-
ctn, npu 38 6annax v Gonee — pesynbTaT HEYAOBAETBOPUTENbHBIN, U
MMeeT MecCTo TAXKENAA CTeneHb M3MEHEHUA cycTasa.

Kputepuamm BKAOYEHMA B UCCNEf0BaHNE ABUANCH:

. Hanuume coyvetaHus Bb c TA;

e Bo3pacT cTapLe 40 neT;

®  HOpManbHble NOKa3aTeNn remorpammel;

*  Ha/inuMe NOKasaHWW 418 ONepaTUBHOIO neyeHus BB.

Kputepuamm ucknoyeHns U3 uccnesoBaHna ABUAKCE:

*  TpaBMaTUYeCKMe MOBPEXAEHUA KONEHHOro CyCTaBa W ero
CBA30K;

*  HajMuMe WaM nepeHecéHHbI TPOMBO3 NOBEPXHOCTHLIX W/
WAY TNYBOKMX BEH HAMKHMX, CUHLPOM HUXHEW MO0V BEHbI;

e monogovi Bo3pact (40 neT v Monoxke);

*  Hannune GepemeHHOCTY;

*  Hanuune TPOMOBOLIMTONEHUM U AaHEMUK;

®  Ha/NnuMe OCTPOro BOCMANUTENIbHOMO NPOLLECCa B KONEHHOM

cycTaBe;

®  OTKa3s NaLMEHTOB OT Y4aCTUA B UCCNEL0BAHUN.

MnaH HacToALWero uccnefoBaHWA bbln cocTaBAeH COBMECTHO
COCYANCTBIMU XMPYpramu U TpaBmaTtosioramu M 6bin opobpeH flo-
KaNbHOW 3TUYECKOM Komuccuelt PecnybinKaHCKOro Hay4YHOro LeHTpa
cepaeyHo-cocyamcTon xupyprum (npotokon Ne 4, ot 15.05.2023 roaa).

MonyyeHHble B X0 aHKETUPOBAHUA AaHHble HblAW 3aHEeceHbI
B8 nporpammy Excell n 8 nocnepytowem noggeprHyTbl CTaTUCTUMECKOW
06paboTke ¢ nomolbio nporpammsl Statistica 10.0 (StatSoft Inc.,
USA). HopmanbHoCTb pacnpeseneHust BbIbopKM OLEeHWBaNach No Kpu-
Tepuam Koamoroposa-CmupHoBa 1 Lanupo-Yunka. KonmuectseHHble
MOKa3aTeNu ONMUCaHbl B BUAE MeAMaHbl C KBAPTUAAMM BKIHOUYEHUA U
BbIK/tOUYEHUSA. MapHble CPaBHEHMA MeX Y 3aBUCUMbIMUM FPyNnamu no
KONMYECTBEHHBIM MOKa3aTensam nposBoauauc no T-kpuTepuio Bun-
KokcoHa. KoppenaunoHHbIit aHanun3 nposoguaca no CnupmeHy. Pas-
JINYUA CYUTANIUC CTATUCTUYECKM 3HaYMMbIMK Npu p<0,05.

PE3VY/NbTATDI

OueHKa GYHKLMOHANBbHOTO COCTOAHMA KONEHHDBIX CYyCTaBOB 0 U
nocne nevyeHnsa npuseseHa B Tabn.

CneslyeT OTMETUTb, UTO TONbKO Y 2 (7,7%) naumeHToB 6onesoit
CUHAPOM HOCUA NETKUIA XapaKTep, a B OCTasIbHbIX HabAoAeHUAX UMen
YMEPEHHbIW UK BbIpaKeHHbI xapakTtep. OaHOM U3 0cobeHHOCTEN ¥
HabI0AABLIMXCA NALMEHTOB ABUNOCH YCUNEHUE BblPAXKEHHOCTH Tyro-
NOABUMKHOCTU U 60N1EBOMO CUHAPOMA B KOJIEHHOM CYCTaBe Npu coBep-
LUEHUN MO/IUTBbI.

MHOrodakTopHbIN aHann3 BbIABUA CAeayloLmMe npamble Kop-
PEeNALMOHHbIE CBA3M MEXKAY: BbIPAXKEHHOMN YTPEHHEN CKOBAHHOCTBIO
1 cteneHbto TA (r=0,41; p<0,05), a TaK¥Ke KPaTHOCTbIO paHee nony-
YeHHOW KoHcepBaTMBHOW Tepanuu (r=0,40; p<0,05); 3aTpygHEHUAMU
xoabbbl Mo KBapTupe u anametpom MMB (r=0,64; p<0,05), a Takke
HaNnyMem ropusoHTanbHoro pedntokca (r=0,64; p<0,05); 3aTpyaHe-

The criteria for inclusion in the study were as follows:
e Combination of VV with KOA

e Ageover 40 years

¢ Normal hemogram values

¢ Indications for surgical treatment of VV.

The exclusion criteria from the study were as follows:

e Traumatic injuries of the knee joint and its ligaments

e Thrombosis (present or previous) of the lower extrem-

ities' superficial and/or deep veins, inferior vena cava
syndrome

e  Young age (40 years and younger)

e Pregnancy

e Thrombocytopenia and anemia

¢ Anacute inflammatory process in the knee joint

e Refusal of patients to participate in the study.

The study's plan was created collaboratively by vascular sur-
geons and traumatologists to ensure its comprehensiveness. The
Local Ethics Commission of the Republican Scientific Center for
Cardiovascular Surgery approved the study under protocol Ne 4
on May 15, 2023.

The survey data was entered into Excel and analyzed using
Statistica 10.0 (StatSoft Inc., USA). The normality of the sample
distribution was evaluated using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Quantitative data are described as medians
with inclusive and exclusive quartiles. Pairwise comparisons using
the Wilcoxon T-test compared quantitative indicators between
dependent groups. Spearman's rank correlation analysis was
conducted. Statistical significance was assigned to differences be-
tween groups at p<0.05.

RESULTS

An assessment of knee joint function before and after treat-
ment is presented in the table.

Only 2 out of 26 patients reported mild pain; the remain-
ing cases were moderate to severe. One observed feature was
increased pain syndrome and stiffness in the knee joint during
prayer.

Results from the multivariate analysis showed direct correla-
tions between several factors. Severe morning stiffness correlat-
ed with the degree of KOA (r=0.41; p<0.05) and the frequency
of prior conservative therapy (r=0.40; p<0.05). Difficulty walking
around the apartment was found to correlate with the diameter
of the SVC (r=0.64; p<0.05) and the presence of horizontal re-
flux (r=0.64; p<0.05). Difficulties when getting in or out of a car
were found to correlate with the presence of expansion (r=0.44;
p<0.05), the diameter of the ostial part of the GSV trunk (r=0.42;
p<0.05), and the presence of vertical reflux lasting more than 5
seconds (r=0.64; p<0.05). Finally, taking off socks correlated with
gender (r=0.40; p<0.05). However, the study showed an inverse
correlation between the diameter of the GSV and SSV and the oc-
currence of pain when going up or down stairs (r=-0.52, p<0.05
and r=-0.40, p<0.05, respectively). Additionally, age and difficulty
getting on/off the toilet were inversely correlated with pain oc-
currence (r=-0.48, p<0.05). Thus, the results indicate that patients
with VV and KOA pain experience significant limitations in daily
activity, including active movements and freedom of movement.

Before hospitalization, all patients received an in-depth ex-
planation of the benefits and drawbacks of the proposed treat-

491



Nematzoda O et al Chronic venous insufficiency and knee osteoarthritis

AVICENNA BULLETIN
Vol 25 * No 4 % 2023

Tabnuya Pe3ynemamsl 0UeHKU hyHKYUU KONEHHO20 cycmasa
no wkane WOMAC do u nocne neveHus, Me [Q25; Q75]

Bonb/Pain

npu xoabbe/walking

npu nogbeéme no nectHuue/stair climbing
Houbto B noctenun/nocturnal

B nokoe/rest

npu Harpyske/weight bearing
Tyronoasu:kHocTb/Stiffness

YTPEHHAA CKOBaHHOCTb/morning stiffness

CKOBaHHOCTb, BO3HMKalOWAn B TeyeHne gHa/
stiffness occurring later in the day

ExxeaHeBHble pYHKLMM (KaKue 3aTpyaHEHUA Bbl UCMbITbIBaeTe?)/
Physical function (how much difficulty have you had when)

cnyckascb no nectHuue/descending stairs
nogHumasch no nectHuue/ascending stairs

npv nogbeéme co ctyna/rising from sitting
cros/standing

npu HaknoHe BHK3/bending to floor

npu xoabbe no keapTupe/walking on flat surface
cagAacb UK BbIxoaa U3 aBTomobuns/getting in/out of car
npu xoabbe 3a nokynkamu/going shopping

npu HagesaHuUM Hockos/putting on socks

néxa B kKposaTu/lying in bed

npv cHMMaHuKn Hockos/taking off socks

npu nogbéme c Kposatu/rising from bed
3ax04A/BbIX0AA U3 BaHHbI/getting in/out of bath

npu cuaeHuun/sitting

caasAcb/BcTaBan ¢ yHuTasa/getting on/off toilet

npu TAxénon pabote no gomy/heavy domestic duties
npu nérkoi pabote no gomy/light domestic duties

06wumi1 6ann/Total score

Table The WOMAC scores before and after treatment, Me [Q25; Q75]

Mocne neyeHusn
After treatment P
2.5 [1.0-4.0] 2.0 [1.0-3.0] <0.01
3.0 [2.0-4.0] 1.0 [1,0-3,0] <0.001
3.0 [2.0-4.0] 1.0 [1.0-2.0] <0.001
3.0 [2.0-4.0] 1.5 [1.0-2.0] <0.001
3.0 [2.0-4.0] 1.0 [1.0-2.0] <0.001
3.0 [2.0-3.0] 1.0 [1.0-2.0] <0.001
3.0 [2.0-3.0] 1.5 [1.0-2.0] <0.001
3.0 [2.0-4.0] 2.0 [1.0-2.0] <0.001
3.0 [2.0-4.0] 1.0 [1.0-2.0] <0.001
3.0[2.0-4.0] 1.0 [1.0-2.0] <0.001
3.0 [2.0-4.0] 1.5[1.0-2.0] <0.001
3.0 [2.0-4.0] 1.0 [1.0-2.0] <0.001
3.0 [2.0-4.0] 1.0 [1.0-2.0] <0.001
3.0[2.0-3.0] 2.0[1.0-2.0] <0.001
3.0 [2.0-4.0] 1.0 [1.0-3.0] <0.001
3.0 [3.0-4.0] 2.0 [1.0-3.0] <0.001
2.0 [2.0-3.0] 1.0 [1.0-2.0] <0.001
3.0[2.0-4.0] 1.0 [1.0-2.0] <0.001
2.5[1.0-3.0] 1.0 [1.0-2.0] <0.001
2.0 [2.0-3.0] 1.0 [1.0-2.0] <0.001
3.0 [2.0-4.0] 2.0 [1.0-3.0] <0.001
3.0 [2.0-3.0] 1.5 [1.0-2.0] <0.001
3.0 [3.0-4.0] 2.0 [1.0-3.0] <0.001
2.0 [2.0-3.0] 1.0 [1.0-2.0] <0.001
65.5 36.5
[61.0-74.0] [32.0-41.0] <0.001

NpuMeyaHue: p — CTaTUCTMYECKas 3HAUMMOCTb Pas/InuMA NoKasateneit 4o 1 nocae neyeHns (no T-kputepuio BUAKOKCOHa)
Note: p — statistical significance in the difference of the indicator values before and after treatment (according to the Wilcoxon T-test)

HUAMM NPU NOCAZKE WU BbIXOAE M3 aBTOMOBWUASA M HAaNUYMEM pac-
wupeHua (r=0,44; p<0,05), anameTpom NpPUyCTLEBOrO OTAENA CTBO/A
BB (r=0,42; p<0,05), a TaKk*e HaNM4YMeM BEPTUKAAbHOTO pedJtoKca
npofonKuTenbHocTblo 6onee 5 cekyHa (r=0,64; p<0,05); cHUMaHW-
€M HOCKoB 1 nosnom (r=0,40; p<0,05). OgHako oTmevanacb obpaTHas
KOPPENALMOHHAA CBA3b MeXy NoaBaeHWeM 601K Npu nogbéme nnu
Cnycke Mo nectHuue u guametpom BMNB (r=-0,52; p<0,05), a TakKe
anametpom MNB (r=-0,40; p<0,05), BO3pacToM v TPYAHOCTAMU MpPU
nocaake/scraBaHuu ¢ ynutasa (r=-0,48; p<0,05).

Takum obpa3om, nonyyeHHble pesynbTaTbl NOKa3blatoT, 4o [A ¢
HasMuMem 60NeBoro CMHAPOMA Y NaUMeHToB ¢ BB NpuBoauT K cylue-
CTBEHHbIM U3MEHEHWAM B MOBCEAHEBHOWM aKTUBHOCTM, NPenATCTBYA
aKTMBHbIM ABUKEHUAM U BOSMOXHOCTW CBOHOAHOIO NepeasuKeHma.

[o rocnutanusaumm co BCemu NaumeHTaMm npoBoaunach nosa-
pobHan pasbAcHUTENbHaA beceaa O NPeMMyLLEeCTBaX U HeAoCTaTKax
3annaHMpPOBaHHOTO 06BEMA NeYeHNs, a TaKKe CyLLeCTBOBAHWUN Apy-
TMX BapMaHTOB Tepanuu. JledeHne NauMeHToB NPOBOAWIOCH TONbKO
nocne noayyeHus L06POBOALHOTO MUCbMEHHOIO UX COTNACKA.

B 3aBucMmocTu ot cTeneHn BB 1 pesynstatos [C Bcem 60b-
HbIM OMepaLIMM Ha BEHO3HOM cUcTEME NPOBOAMAMUCH C cOBtoaeHUEM
NPUHLMNA MUHUMANbHOM MHBA3MBHOCTU, @ TaKKe BbINOJHEHUA MaK-
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ment plan and information about alternative treatment options.
Patients were only treated after obtaining their voluntary written
informed consent.

Patients diagnosed with venous insufficiency and VV under-
went CMIP procedures based on the results obtained from their
DS. The procedure was carried out while the patients were under
spinal anesthesia. The first step in the procedure involved cros-
sectomy through an infrainguinal incision. This was followed by a
brief stripping of the GSV trunk on the thigh and then — the GSV
or SSV on the leg (Fig. 1).

Perforating veins were ligated suprafascially from a mini-in-
cision (up to 5 mm) after being previously marked during DS.
Aberrant tributary veins were removed using Miller hooks via
separate stab incisions, following miniphlebectomy principles.
Following the crossectomy procedure, the wound was closed
with one or two sutures. The sterile adhesive tape was used to
bring the edges of minor skin wounds (<5 mm long) together. The
average duration of surgical interventions was 115.5+35.5 min-
utes, varying based on the number and extent of saphenous vein
dilations.
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CMManbHO pasMKasbHOro No o6bEMY BMeLLaTenbCTBa. Bee onepauum
NpOBOAWANCH NOA CMUHANLHOM aHecTe3nel. [lepBbiM 3Tanom BbINos-
HANACb KPOCCIKTOMMA M3 NOAMAXO0BOrO MMHMPa3pesa, B Nocieayto-
LLieM NPOBOAMCA KOPOTKUI CTpUNNMHT cTBos1a BB Ha 6eape, BB u/
nnn MIB Ha ronenu (puc. 1).

MepdopaHTHble BeHbl, NPeABapUTENBHO MapPKMPOBaHHbIE NpU
AC, nepesasbiBanuch HagdacuManbHO M3 MUHMpa3pesa (4o 5 mm).
AbBeppaHTHble NMPUTOKOBBIE BEHbI YAANAAMCH Kptoukamu Mionnepa
13 OTAE/IbHbIX MPOKOOB € cOBAOAEHNEM NPUHLMNA MUHUbNEDBIKTO-
Mun. B nocnesytoliem Ha paHy KPOCCIKTOMMM HaKNafbIBaNCA OAMH
nnu aga Wwea. Kpaa Menkmx paH Koxu, UMeBLne AIMHY MeHee 5 Mmm,
npUBAKKaAMCh APYr APYry NPY MOMOLLY CTEPUIBHOTO NEMKONAACTbI-
pA. MpogOMKUTENBHOCTL ONEPaTMBHBIX BMELATeNbCTB COCTaBUAa B
cpeaHem 115,5+35,5 MMHYT M 3aBKCENa OT KOIMYECTBA M 06BbEMA pac-
LUMPEHHbIX NOAKOMKHDBIX BEH.

Ha cnegylowme cyTkn nocne onepauun NpoBoAunace nepsas
npoLeAypa BHYTPUCYCTaBHOTO BBeAeHUsA oboraLgHHoM TpomboLmTa-
MW ayTONOTMYHOW Nasmbl (pUcC. 2). AKTUBM3ALLMA NALUEHTOB NPOBO-
[Aunack Ha cnefyloLmnii AieHb Nocae onepauuu.

CpeaHAA NPOACIKUTENBHOCTb FTOCMUTANM3aLMMN NALMEHTOB CO-
ctaBuna 2,8+0,4 cyTok. HY B 04HOM HabNOAEHUN CEPbE3HBIX OCNOK-
HEHWUI He 0TMEYEHO, KPOME He3HAUUTENbHbIX KPOBOMOATEKOB, KOTO-
pble Ha GOHe NpoBesEeHMA NePEBA3OK PaccachiBaaUCh.

Mpwv BbINWCKe NauUMeHTam PeKOMeHA0Ban0oCb MOCTOAHHOE HO-
LEHNEe KOMMPECCUOHHOIO TPUKOTaXKa UM BUHTOBaHME KOHeYHoCTel
3M1aCTUYECKUMU BUHTaMU. Tak:Ke ObII0 PEKOMEHZOBaAHO peabunuTa-
LIMOHHOE NeyeHue, BKAKOYatoLlee NPUMEM aHTMarperaHtos, dneboro-
HWKOB 1 XOHA,PONPOTEKTOPOB.

B nocneaytowem exeHegenbHO NPOBOAWAMCH OCTasbHble TpU
npoueaypbl PRP-Tepanun B ambynatopHom pexume (puc. 3). Mocne
BbINONHEHWUA BHYTPUCYCTABHbIX BMELLATEIbCTB HM Y OAHOTO NaLueHTa
JIOKa/IbHbIX OC/IOXKHEHWIA He Bbl10 OTMEYEHO.

Yepes 40 gHei nocne onepauum 1 10 cyTok nocne YeTBEPTOro
BHYTPUCYCTaBHOTO BBEAEHWA 0bOraléHHOW TPOMBOLMTAaMM ayToNO-

Puc. 2 BHympucycmasHoe sgedeHue 0b6o2awéHHol mpomboyumamu
aymoso2uyHol naasmel yepes cymeu nocse gebakmomuu

Fig. 2 Platelet-rich autologous plasma was injected into the joint one
day after the phlebectomy procedure

On the following day following surgery, the first intra-artic-
ular injection of autologous PRP was performed (Fig. 2). Patients
were mobilized the next day following surgery.

The typical length of stay for patients in the hospital was
2.8+0.4 days. No significant complications were observed, only
minor bruises that resolved with dressings.

After discharge, patients were advised to wear compression
stockings or consistently wrap their limbs with elastic bandages.
The recommended treatment for rehabilitation included anti-
platelet agents, phlebotonics, and chondroprotectors.

Weekly outpatient PRP therapy sessions were conducted for
the remaining three weeks (Fig. 3). None of the patients experi-
enced local complications after undergoing intra-articular inter-
ventions.

After forty days of surgery and ten days of receiving the
fourth intra-articular injection of platelet-rich autologous plasma,
a clinical examination was conducted to assess the function of
their knee joints. The results of the examination are presented
in the table above. The therapy reduced pain and stiffness and
improved knee function. However, in some cases (n=4; 15%), the
pain syndrome was moderate, and some patients continued to
complain regarding the misfunctioning of the knee joint of vary-
ing degrees of severity. In this study, we analyzed multiple factors
contributing to the low effectiveness of PRP therapy for treating

Puc. 1 CmpunnuHe cmeona bl1B Ha 6edpe u eoneHu
Fig. 1 Stripping the trunk of the GSV on the thigh and lower leg

Puc. 3 BHympucycmasHoe ssedeHue 0bo2awéHHol mpomboyumamu
aymonoauyHoli naasmel 8 ambynamopHom pexcume yepes 15 OHell
nocsie npogedéxHol rebakmomuu

Fig. 3 Platelet-rich autologous plasma is administered directly into the
joint in outpatient settings 15 days after phlebectomy
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TMYHOM NNa3Mbl NPOBOAMANCH KOHTPONbHOE KAUHUYeCKoe obcneno-
BaHWE NALMEHTOB M OLEHKA QYHKLMM KONEHHbIX CYCTaBOB, pe3y/b-
TaTbl KOTOPbIX 6blAM NpeACTaBaeHbl B BblleNpUBEAEHHOM Tabauue.
MposeséHHan Tepanusa NO3BONNA 3HAUMTENBHO YMEHBLUWTb CTENEHb
60n1eBoOro cMHAPOMA, CKOBAHHOCTb M yAY4LWMUTb GYHKLMOHMPOBaHME
KOJIEHHBbIX CycTaBoB. OfHaKo B HEKOTOPbIX cayyasx (n=4; 15%) bone-
BOI CMHAPOM HOCW YMEPEHHbIN XapaKTep, U pA4, anob nauveHTos
KacaTeNbHO NOAHOTO YHKLMOHMPOBAHMA KONEHHOTO CycTaBa B TOW
WM UHOMN CTeNeHW BbIPaXKEHHOCTW NPOAOAKAN UMeTb MecTo. B cBa-
31 C 3TUM, Hamu Obin NPOBeAEH MHOTOMAKTOPHDINM aHaAWU3 NPUYMH
masnol apdekTnHocTH PRP-Tepanum B nederHum FA. BbisicHMAOCh, YTO
TepMuHanbHaa ctagua A (r=0,64; p<0,05), AUTENbHOCTb TEYEHMA
JlereHepaTMBHoro npouecca B cycrase (r=0,56; p<0,05), NOCTOAHHbIN
npuém obesbonusatowmx npenapatos (r=0,52; p<0,05) u Hannume
COYETaHHOro paclmpenus cteonos BMB v MMB (r=0,59; p<0,05)
UMeNN NPAMYIO KOPPENALMOHHYIO CBA3b C Manol 3GpdEeKTUBHOCTbIO
NPUMeHeHNs 060ralLEHHOV TPOMBOLMTaMM ayTONIOTMYHOM NAa3Mmbl.
O6paTHas KoppenaLMoHHan CBA3b OTMEYaNach TONbKO NPU YCUAEHNUM
60/1€B0r0 CMHAPOMA MpU NOAbEME/CMYCKE MO JECTHULE C HaNuK-
€M MOCTOsIHHOTrO Mpuéma obesbonvsatowmx npenapatos (r=-0,49;
p<0,05).

Takvm 06pa3om, NpUBEAEHHbIE BbillE AaHHbIE NOKA3bIBAIOT, YTO
y MauMeHToB CpeaHero Wan NpekIoHHOro Bo3pacta ¢ Bb vacto aua-
THOCTMPYETCA apTPO3 KOJIEHHbIX CYCTaBOB, KOTOPbIM TaKke Tpebyet
OAHOMOMEHTHOTO JiedeHuA. Mcnonb3oBaHHAA HaMM TaKTVKa, 3aK/Io4a-
towanca 8 BbinosHeHnM MUK® 1 PRP-Tepanmm npu coyeTaHnm 3Tmx 3a-
60/1eBaHNIA, NOKa3ana BbICOKYH HENOCPEACTBEHHYH 3PHEKTUBHOCTD.

OrpaHuyeHue UccneaoBaHNs: Manas Bbl6opKa NaLLMEeHTOB U He-
06X04MMOCTb B M3yYeHUU CpeaHe-0TAANEHHbIX PE3yNbTAaTOB IeYEHNS.

OBCYXAEHUE

AHaNM3 NMTepPaTypPHbIX MCTOYHMKOB MOKasbiBaeT, yto 30,4%-
51,3% nauuenTos ¢ Bb B Bo3pacte 40 net u crapwe crpagator A
Pa3NNYHOMN CTEMNEHM TAKECTH, TPEbYOWMM Nevenns [2-4, 16]. Kpome
TOro, HepeaKko A 1 ero OCNOXKHEHWA NO TUNY CUHOBMANLHOM KUCTbI
NoAKoNeHHOW 0bnacTu ABNAOTCA GaKTOpamMM PUCKA YXYALWEHUA Te-
YyeHua unu peunamea Bb n3-3a HapyleHna BUoMeXaHUKM ABUKEHNA
[9-11], a TakKe, BCAEACTBME IKCTPABA3a/bHON KOMMPECCUM MOAKO-
JIEHHBIX COCYA0B, CMIOCOBCTBYHOT Pa3BUTUIO TPOMOOTUYECKOTO UX MO-
pasenus [17].

B OTHOLWeHUM NeyeHnA 3TON KaTeropun MaLMeHTOB MHeHUA
CMeLManucToB PACXoaATCs, U MpU 3TOM €AMHbIA KOHCEHCYC [0 CUX
nop He NPUHAT [2, 4], 0cOBEHHO C YYETOM SKOHOMMUYECKMX BO3MOMKHO-
cTell naumeHToB. Tak, «30/10TbIM CTaHAAPTOMY» leyeHus TA Taxeénon
CTENeHU ABNAETCA 3HAOMPOTE3UPOBAHME KOMEHHOro cycTasa [17],
a npenapatbl U3 YACNA MManyPOHOBOMN KUCNOTbI, MPUMEHAIOLLMECA B
NeYeHMU NaTolornK CycTaBoB, ABNAIOTCA AoporocTosiwmmu [6, 18]. B
CBA3M C 3TUM, He BCe naumeHTbl ¢ FA UMetoT BO3MOXKHOCTb NOAYYeHNA
BblLLeyKa3aHHOW Tepanuu K13-3a 3KOHOMMYECKOW €& HeJOoCTYNHOCTU.
CnepoBaTeNnbHO, ONTUMM3ALMA NNEYEHMA STOM KaTeropuu NaLmUeHTos
B YCNOBMAX OrPaHUYEHHbIX PECYPCOB 34PaBOOXPaHEHUA CYUTaeTCA
aKTya/NbHOW, TaK KaK NPY MUHUMaNbHbIX MaTepuasbHbIX 3aTpaTtax no-
3BO/IAET 3HAYUTE/IBHO Y/IYULLNTH TEYEHWE CYCTaBHOTO CUHAPOMA U 06-
NerynTb CTpagaHune NauneHTos, No3BoNAsA, TeM CaMbIM, 3HAUYUTENbHO
YNYHLWNTb KQ4YECTBO UX XU3HM.

Y10 Ke KacaeTcs Bompoca sevyeHus BB y 3Toi Kateropuu na-
LIMEHTOB, TO HET YETKUX PEKOMEHZALMIA MO NPUMEHEHUIO MWHMU-
MaNIbHO-MHBA3MBHbIX MW TPAAULMOHHBIX METOLOB Onepaummn B 3a-
BMCMMOCTM OT BO3pacTa NauMeHToB v cTeneHu MA. B cywiecTsyrowmx
PEKOMEHAALMAX NO IeYEHMIO XPOHMYECKMNX 3a60N1eBaHNI BEH METO-
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KOA. Based on the research findings, it was discovered that the
advanced stage of KOA had a significant and direct correlation
with the low effectiveness of the use of platelet-rich autologous
plasma. The duration of the degenerative process in the joint,
constant use of painkillers, and the combined insufficient of the
trunks of the GSV and SSV also showed a direct correlation with
this low effectiveness. The correlation coefficients (r) were 0.64,
0.56, 0.52, and 0.59, respectively, with all p-values being less than
0.05. An inverse correlation was found only when the pain syn-
drome increased with stair use and constant painkiller use (r=-
0.49; p<0.05).

Thus, the data above demonstrate that middle-aged or el-
derly patients with VV) are often diagnosed with KOA, which re-
quires immediate treatment. Our approach involved using CMIP
and PRP therapy to treat a combination of these diseases, result-
ing in high immediate efficacy.

Limitation of the study: There was a small sample of pa-
tients, and the study only analyzed mid-term treatment results.

DISCUSSION

Analysis of literary sources indicates that 30.4% to 51.3% of
patients aged 40 or older with VV suffer from varying degrees of
KOA that require treatment [2-4, 16]. In addition, KOA and its re-
lated complications, such as synovial cysts in the popliteal region,
can exacerbate or trigger CVI with VV due to impaired movement
biomechanics [9-11]. Extravasal compression of the popliteal ves-
sels can contribute to thrombotic lesions [ 17].

Expert opinions differ on treating this patient category with-
out consensus [2, 4], particularly considering patients' financial
capabilities. Thus, knee replacement, the "gold standard" for
treating severe KOA [17], and hyaluronic acid preparations used
in joint pathology treatment can be costly [6, 18]. In some cas-
es, not all patients with KOA can afford the above therapy. Due
to limited healthcare resources, optimizing the treatment of pa-
tients in this category is crucial. With minimal material costs, it
can significantly improve the course of the articular syndrome
and alleviate the patient's suffering, thereby significantly improv-
ing their quality of life.

There is currently no clear recommendation for the treat-
ment of VV in patients with KOA, and the choice between mini-
mally invasive or conventional surgical methods may depend on
the patient's age and the severity of their condition. In treating
chronic venous diseases, endovenous thermal ablation (EVTA)
techniques and various phlebectomy options are the recom-
mended first-line treatments for VV (Class | recommendations,
level of evidence C) [19]. However, we have previously demon-
strated that the presence of KOA and biomechanical disturbances
during movement often result in VV relapse [3]. We believe that
removing the trunk and tributaries of the GSV and/or SSV using
an open surgery that follows the principles of minimal invasive-
ness not only reduces the risk of VV recurrence but is also more
cost-effective than using EVTA techniques including endovenous
laser ablation (EVLA) or radiofrequency ablation (RFA).

It is worth noting that performing surgical interventions for
VV and adequately eliminating pathological reflux can significant-
ly improve the course of the articular syndrome without requiring
appropriate treatment for KOA [2, 4, 5, 9]. Thus, as Oga Y et al
(2021) demonstrated, EVLA significantly reduced knee joint pain
in 71.4% of patients, improving their daily function [5]. However,
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[l0M Tepanuu nepsoi IMHWUKM BB ABAAOTCA 3HAOBEHO3HbIE TEPMAsib-
Hble MeToAbl 06NUTEPALIMK, @ TaKKe Pa3IMyHble BapuaHTbl dnebakTo-
muu (Knacc |, yposeHb gokasatenoHocTu C) [19]. OgHaKko paHee Hamu
6b1710 NOKa3aHo, YTo Hasnume A 1 HapyLleHne B1oMexaHUKK ABUKe-
HMA [OCTAaTOYHO YacTO NPUBOAAT K peunamsy BE [3]. B cBA3m ¢ 3Tum,
yaaneHue cteona u nputokos BMNB u/wan MMB oTKpbITbIM cnocobom
¢ cobntofeHem NPUHLMNOB MUHUMANbHON MHBA3UBHOCTM, NO Halle-
My MHEHMIO, NO3BONAET HE TO/IbKO CHU3WUTL PUCK pelnamsa BB, HO u
9KOHOMMUYECKU AB/IAETCA Boslee BbIrOAHLIM MO CPABHEHMIO C SHAOBE-
HO3HOW NasepHoit obauTepaumeit (IBN10) nan e paamoyacToTHOM
abnauyen BaprKO3HO PaCLLUMPEHHBIX MOAKOXKHbIX BEH.

CnepyeT OTMETUTb, YTO MPOBEAEHWE PA3/INYHbLIX BapWaHTOB
onepaTMBHbIX BMELLATeNbCT8 No nosogy Bb ¢ aseksaTHbIM ycTpaHe-
HMEM MATONOrMYECKUX PedNIOKCOB MO3BONAET 3HAYUTENBHO YIIyu-
LIMTb TEYEHUE CYCTAaBHOTO CMHAPOMA fae 6e3 COOTBETCTBYHOLLErO
nevenus TA [2, 4, 5, 9]. Tak, B uccnegosaHum Oga Y et al (2021) 6bino
NPOAEMOHCTPMPOBaHO, YTo nposegeHue IB/10 y 71,4% nauneHToB
CNOCcoBCTBOBANO 3HAYUTENIBHOMY CHUMKeHWIo 60n1eBoro cHApoma B
KONEeHHbIX CyCTaBaX, TEM CaMbIM YAYYLIMAO MX NoBceAHEeBHOE dYHK-
LMoHupoBaHue [5]. OfHaKO, Kak No HaLUMM JaHHBIM, TaK U N0 AaHHbIM
BblLLeYKa3aHHbIX aBTOPOB Y NALIMEHTOB C TEPMUHANBbHBLIMU CTaANAMMU
lA nvkBupauma Bb ¢ gononHutensHbim nposeaeHvem PRP-Tepanumn
He MPUBOAUT K 3HAYUTEIbHOMY OBIErYEHMIO CTPAAAHUA NaLMEHTOB.
Kpome Toro, Kak nokasanu uccnegosaHna CuHayeHko KOO u coasT.
(2017), y naumeHToB ¢ BB ¢ TAXKENbIMK AereHepaTUBHbIMU U3MEHEHW-
AMM KONEHHOTO CyCTaBa y)Ke Yepes MecsAL, Noc/ie OnepaTUBHOro eve-
HWA BB 1 6one3Hb-moanMdULMPYEMOro IeYeHns OTMEYAEeTCA BO3BpaT
HeCTepnumMoro Uan cuabHoro 601eBOro CMHAPOMA C OrpaHUYeHUEM
bYHKUMOHaNbHOM aKTUBHOCTM KOIEHHOTO cycTaBa [9].

Lernos 9A u Besukosa HH (2012) pekomeHayeT npoBeseHue
MO3TaNHOro IeYeHWUA 3TOM KaTeropumn NaLUEHTOB, BbINOHAA NePBbIM
sTanom $Gne63KTOMMIO € NOCAEAYOWMM NPOANEHHBIM KOHCEpPBaTUB-
HbiM nleyeHnem TA. Tlo MHeHWIO aBTOPOB, Takaa TaKTUKa NO3BoAAET
3HAYMTENbHO YNYYLWUTb TEYEHUe CyCTaBHOrO CMHAPOMA, MO3BONAA
YBEIMUUTL TOALWMHY M CTPYKTYPY CYCTAaBHOMO XpALLA KOAEHHOrO Cy-
ctaBa [4]. OfHaKko, MO HAWEMy MHEHMIO, LIMPOKOE NPUMEHeHWe
TaKOM TaKTUKK, Fae NpesyCMOTPEH A/IUTENbHbIV NepopasbHbIi Npu-
M HecTepouaHbIX NPOTUBOBOCMAIUTENbHbIX NPENapaTos, C LEebio
YMEHBbLUEHWA CTEMEHN BbIPAXKEHHOCTM 60IEBOTO CUHAPOMA W Kynu-
pOBaHMA BOCMAIMTENLHOTO MPOLLECCa B KOJIEHHOM CyCTaBe, NPMBOAUT
K TAXKENBIM MOPAXKEHUAM KeNyA04HO-KULLEYHOro TpakTa. Onupasach
Ha COBCTBEHHDIN OMbIT JIEYEHMA 3TOW KATErOpUM NALMEHTOB, a TaKKe
[aHHble HEKOTOpPbIX uccnepoBateneit [11, 17] Ana CHUNKEHUA UHTEH-
CMBHOCTU BONEBOrO CUHAPOMA B KOMEHHBIX CYCTaBaX Mbl PEKOMEH-
Ayem WUCKAUMTENbHO NPUMEHATb TOMMYECKNe CPeacTBa IOKabHOMo
Jencteua, apnaolwmeca 6onee 6e3onacHbIMM B NNaHe NOBPEXAEHNUA
KeNnyao4YHO-KMLLEYHOro TpaKTa.

CnepyeT OTMETUTb, 4TO NpuMmeHeHne PRP-Tepanuu B neveHun
conytcteytowero A ABAAETCA BbICOKOIDOEKTUBHBIM U 3KOHOMMUYE-
CKM Bonee BbIrOAHBIM MO CPABHEHUIO C BHYTPUCYCTaBHbIM BBEAEHU-
eM npenapaToB rManypoHOBOW KWUCAOTbI, O YEM CBUAETENLCTBYIOT
onybanKoBaHHbIE AaHHbIE PAAA Y4EHbIX [8, 18], a TakKe pe3y/bTaThl
HaLLWX MCCNeaoBaHUM.

3AKNIOMEHUE

Y nauMeHToB CpeAHero v NPeKkIoHHOTo BO3pacToB ¢ Bb yacto
[MarHoCTUpPYeTCA apTPO3 KOMIEHHbIX CYCTABOB, Ie4eHMe KOTOPOro Tpe-
6yeT npeemcTBeHHOCTU U MybTUAUCLUNIMHAPHOTO Noaxoaa. Boinon-
HeHne MUK® u PRP-Tepanuun npu coueTaHuu sTux 3abonesaHuit sas-
NAETCA JOCTaTOMHO 3OPEKTUBHBIM U CNIOCOBCTBYET BOCCTAHOB/EHNIO

according to our data and that of the cited authors, the removal
of VV with additional PRP therapy does not significantly alleviate
the suffering of patients in advanced stages of KOA. According
to studies conducted by Sinyachenko YuO et al in 2017, patients
with VV who had severe degenerative changes in their knee joint
experienced a return of severe or unbearable pain and limited
functional activity of the knee joint just a month after undergoing
surgical and disease-modifying treatments [9].

Shcheglov EA and Vezikova NN (2012) recommend a staged
treatment approach for patients with KOA. This involves perform-
ing phlebectomy as the first stage, followed by prolonged conser-
vative treatment. According to the authors, this tactic can signifi-
cantly improve the course of the articular syndrome, increasing
the thickness and structure of the knee joint's articular cartilage
[4]. In our opinion, the frequent use of long-term oral adminis-
tration of non-steroidal anti-inflammatory drugs to alleviate knee
joint pain and inflammation can cause severe damage to the gas-
trointestinal tract. Based on our extensive experience in treating
this category of patients supported by published data [11, 17], we
recommend using only local topical agents to reduce pain intensi-
ty in the knee joints. Compared to other treatments, these agents
are safer and have a lower risk of causing damage to the gastro-
intestinal tract.

It's worth mentioning that PRP therapy is a highly effective
and cost-efficient treatment for concomitant KOA compared to
intra-articular administration of hyaluronic acid preparations.
This is supported by published data from various scientists [8,
18], as well as the results of our studies.

CONCLUSION

Middle-aged and elderly patients with VV often develop
KOA, which requires a continuous and multidisciplinary treat-
ment approach. The implementation of CMIP and PRP therapy for
treating the combination of these diseases has proven to be high-
ly effective. It improves venous hemodynamics and joint symp-
toms with minimal complications. The best treatment option for
patients who cannot undergo knee replacement due to limited
resources is implementing this tactic in our region.
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BEHO3HOM reMoanMHaMUKN HUXKHUX KOHeYHoCTel u cyuwectseHHOMY
YNYyYLWEHUIO Te4eHUA CYCTaBHOINO CMHAPOMa, HE CONPOBOXKAAACh Npn
3TOM Pa3BUTUEM 3HAYMMbIX NocieonepaluoOHHbIX OC/IOKHEHWH. LLn-

C OrpaHNYeHHbIMN SKOHOMUYECKMMU pecypcammn, He UMeKoLWKUX BO3-
MOXHOCTU NpoBeAeHUA 3HA0NPOTE3NPOBAHUA KONEHHOro CyCTaBa,
ABNAETCA ONTUMaA/ZIbHbIM BapUaHTOM Tepanun B YCNOBUAX Hallero

POKOE NpaKTU4YeCKoe BHEAPEHNE 3TOM TaKTUKU B IeYEHMUM nayneHTos pernoHa.
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NCCAEAOBAHME TEMATOTOKCNMYHOCTHM HOBBIX ITPON3BOAHBIX
KOHAEHCPOBAHHBIX 3-AMMHOTMEHOI2,3-bIIINPUAVIHOB U
1,4-ANTUAPOIIMPUAVHOB C BBICOKOU AHAABTETUYECKOM AKTVBHOCTbBIO

.B. BMIBMIK!, A.A. I[TAHKOB?, K.A. ®PO/10B?, B.B. ZOLIEHKO?**, C.I'. KPIBOKO/BICKO'?, E.IO. BMBMK!

1 /lyraHCKMii rocyAapCTBeHHBIN Me AMIIMHCKII yHuBepcuteT uM. Ceatureas Aykn, Ayranck, Poccuiickas Peaeparius
2 /lyranckuii rocyAapCTBeHHBIT yHuBepcuTeT uM. Baagumupa Jaas, Ayranck, Poccuiickas Peaepans
3 Ky6ch1<1/n7[ TOCyAapCTBEHHBIN YHUBEPCUTET, KpaCHOAaP, Poccuiickast (DeAepaLU/l;I

4 Cesepo-Kaskasckmit deaepaasusrit yrusepenter, Crasporioas, Poccuiickas ®eepariis

Ha cerogHAWHWUIA AeHb 60/b ABAAETCA OAHOM U3 CaMblX aKTyaNbHbIX Npobaem meauuUMHbI. COFMAcHO CTaTUCTUYECKUMM AaHHbIM, 6onee 70% 3abone-
BaHWIi CONPOBOMKAAIOTCA OCTPLIM UAN XPOHUYECKUM 6ONEBbIM CUHAPOMOM. Bo BceMUpHOW opraHu3aLmm 34paBooOXpaHeHus cuMTaloT, 4to bonesble
CUHAPOMbI ABNAIOTCA OAHOW U3 CaMblIX YaCTbIX MPUYMH 0BpaLLEHMSA K Bpayy v cocTaBasatoT J0 40% Bcex 3aperucTpupoBaHHbIX ciy4vaes. ExxerogHo Bpa-
4N Ha3HAYaKoT HECTEPOUAHbIE NPOTMBOBOCNANUTEbHbIE cpeacTBa (HMBC) okono 500 MUANMOHOB pas, HO 3HAYUTENbHAsA YacTb NALMEHTOB, KOTOPbIE
CTPafaloT OT XPOHUYECKUX BONE, NCNONb3YHOT M3BECTHbIE MM NpenapaTsbl 6e3 peLenTa. Y HasHaYaeMblx B PeanbHOM KaMHUYecKol npakTuke HIMBC B
cnekTpe HebNaronpPUATHLIX PeakLMii HEPeLKO BCTPEYAETCA reMaTOTOKCUYHOCTb.

Llenb uccneaoBaHUA: OLEHKA M3MEHEeHUs NoKasaTenei KpoBm KpbIC Noc/e ABYXHeAENbHOro BBeAeHUA Haubonee 4acTo NnpumeHsembIx B KavHuke HNBC
1 HOBbIX NPOM3BOAHBIX PAAA 3-aMUHOTMEHO[2,3-b]nupuanHa u 1,4-0MrMapoHUKOTMHAMMAR € Hanbosee BbipaKeHHOW aHaIbreTUYeCKOM aKTUBHOCTBIO.
Marepuan 1 meToabl: N0 pesy/bTaTy CKPUHUHIA BblI0 0TOBPaHO AECATb HU3KOMONEKYNAPHbIX INTaHAO0B, MOTEHLIMABbHO CNOCOBHbIX B3aMMOAECTBO-
BaTb C peLenTopamu U GepmeHTamu, yHacTByOLWUMU B GYHKLMOHMPOBAHUM aHTUHOLMLENTUBHOW CUCTEMDI, U COAEPHKALLMX dparmeHTbl 3-aMUHO-
TneHo[2,3-b]nupuanHa u 1,4-oMrnapoHnKoTMHaMKAA — 0bpasLibl ¢ 1abopaTopHbiMK Widpamm AZ023, AZ169, AZ213, AZ257, AZ729, AZ383, AZ331,
AZ420, AU04271, AU04288 u pnis akcnepumeHTa oTobpann u3 Hux AZ383, AZ331, AZ023, AZ420. dKCcnepuMeHT peann3oBbiBaacsa Ha 36 6esbix Kpbl-
cax-camMLax co cpesHei maccolt Tena 250-280 r. 3abop KpoBM NpounsBoanaca n3 beapeHHol BeHbl. CTaHAAPTHLIMU METOAMKAMM ONpeaensnnch Koau-
YEeCTBO 3PUTPOLIMTOB, ENKOLMUTOB, TPOMBOLUTOB, remornobuHa, COd.

Pe3ynbTatbl: N0 UTOY IKCNEPUMEHTANbHbIX UCCAEA0BAHUI UCCeAYeMble COEAUHEHWA HE BbI3bIBAOT IEKONEHWW, B OTIMYME OT NpenapaTa CpaBHe-
HMA. Kpome Toro, y coeamHennii AZ-023, AZ-331, AZ-383 ¢ BblpaKeHHOW aHaAbreTM4yecKow 1 NPOTUBOBOCNANNTENbHOWM aKTUBHOCTbIO YAAN0Ch 06Hapy-
UTb NN TEHAEHLUMIO K CHUXKEHMIO YMCNa TPOMBOLMTOB, YTO TpebyeT LONONHUTENbHbIX UCCEA0BAHUNA.

3aKkntoueHue: NpoBeAEHHbIe UCCeA0BaHMA NO 6e30MacHOCTU NPUMEHEHNA NPOU3BOAHBIX KOHAEHCUPOBAHHbIX 3-aMUHOTUEHO[2,3-b]nupuanHos u
1,4-pMrnaponnpuanMHOB NO3BOMUAN ONPEAENUTb NepCcrneKTUBHOCTb UX AanbHeNLWel JOKAMHUYECKON pa3paboTKu C Lenbio BbiABAEHWA B byayliem
HOBbIX BbICOKOIQdEKTUBHbIX U 6e30nacHbIX cpeacTB AnA dapmaKkoKoppeKLum 601eBoro U BOCNaAUTEIbHOTO CUHAPOMOB Pa3/IMYHOMO reHe3a U UH-
TEHCUBHOCTMU.

KntoueBble cnoBa: aHasU3 KPo8U, 2eMamomoKcu4Hocme, 60s1e80l CUHOPOM, GHAMb2eMUYeCcKas aKMUBHOCMb, mueHonupuduHsl, 1,4-0uzudponupu-
OUH®bl.

Ana untupoBaHua: bubuk 1B, MaHkos AA, ®ponos KA, foueHko BB, Kpusokonbicko CI, Bubuk EHO. MccnenoBaHue reMaToTOKCUYHOCTU HOBbIX MPOMU3-
BOAHbIX KOHAEHCUPOBAHHbIX 3-aMWHOTMEHO[2,3-b]nnpnanHoB 1 1,4-AUrMAPONUPUANHOB C BbICOKOM aHANbreTUYeCKOM aKTUBHOCTbIO. BeCmHUK ABUUEHHbI.
2023;25(4):499-508. https://doi.org/10.25005/2074-0581-2023-25-4-499-508

EVALUATION OF HEMATOTOXICITY OF NEW DERIVATIVES OF CONDENSED
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Pain is a significant problem in medicine today. More than 70% of diseases are accompanied by acute or chronic pain syndrome. According to the
World Health Organization, pain syndromes are one of the most common reasons for seeking medical care, accounting for up to 40% of registered
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cases. Non-steroidal anti-inflammatory drugs (NSAIDs) are prescribed around 500 million times every year. However, many patients with chronic pain
rely on over-the-counter medications. Among the NSAIDs prescribed in clinical practice, hematotoxicity is a common adverse reaction.

Objective: To assess changes in blood parameters in rats after a two-week administration of the most commonly used clinically NSAIDs and new
derivatives of the 3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide series with the most pronounced analgesic activity.

Methods: Ten low molecular weight ligands were chosen after screening various ligands. These ligands are capable of interacting with receptors
and enzymes that are involved in the antinociceptive system. They contain fragments of 3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide.
Samples with laboratory codes AZ023, AZ169, AZ213, AZ257, AZ729, AZ383, AZ331, AZ420, AU04271, AU04288 were selected for the experiment.
Among them, AZ383, AZ331, AZ023, and AZ420 were chosen. The study involved 36 white male rats weighing between 250-280 g. Blood was collected
via the femoral vein and analyzed using standard methods for erythrocyte, leukocyte, platelet, hemoglobin, and erythrocyte sedimentation rate (ESR)
levels.

Results: According to experimental studies, unlike the reference drug, the compounds studied do not cause leukopenia. In addition, only a tendency to
decrease the number of platelets was detected for compounds AZ023, AZ331, and AZ383 with pronounced analgesic and anti-inflammatory activity,
which requires additional research.

Conclusion: Studies conducted on the safety of using derivatives of condensed 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridines have
shown promising results for further preclinical development. These derivatives can become highly effective and safe agents for alleviating pain and
inflammation of various origins and severity in the future.

Keywords: Blood test, hematotoxicity, pain syndrome, analgesic activity, thienopyridines, 1,4-dihydropyridines.

For citation: Bibik IV, Pankov AA, Frolov KA, Dotsenko VV, Krivokolysko SG, Bibik EYu. Issledovanie gematotoksichnosti novykh proizvodnykh kondensirovannykh
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BBEAEHUE

Bonb ABNAETCA OAHUM U3 BarKHEMLINX NPOBAEMHbIX BONPOCOB, C
KOTOPbIMM CTa/IKMBAETCA COBPEMEHHAA meauumHa. Mo gaHHbIm Bee-
MUWPHOW OpraHu3auum 3apaBooxpaHenus (BO3) macwTtabbl pacnpo-
CTpaHeHMA 6oneBbIX CMHAPOMOB B Pa3BUTbIX CTPAHAX MOXHO CPaB-
HWUTb C NaHaemuen [1].

CornacHo npubAM3uTENbHbBIM AaHHbBIM 3apY6eXHbIX YYEHBIX, OKO-
no 70% u3BeCTHbIX YenoBeyecTBy 3abonesaHuii conposoxkaatotca 60-
nbto. CneposatenbHO, OT 6ONEBbLIX OLLYLLEHWUI CTPaaeT NPaKTUYECKM
KaXKablii NATLIA YeNoBeK TPpyAocnocobHoro Bospacta [2]. Pesynbratbl
3NUAEMMONOTUYECKMX UCCNef0BaHUIA, NPOBeAEHHbIX B Poccuu, AH-
rvn, ®panHumm, CLLUA v page apyrux cTpaH, Nokasanw, YTo nepuoamnye-
ckan 6onb AaBnAeTca npobnemoint ans 7-64% HaceneHus, a XpoHUYecKas
60/1b — 19 8-45% (B 3aBMCMMOCTU OT MecTa NpoBeAeHus onpoca) [3].

BO3 cyuTaert, yto Honesble CUHAPOMbI ABAAIOTCA OAHOM U3 ca-
MbIX YaCTbIX NPUYMH 0BpaLLEeHUA K Bpayy M cocTasastoT Ao 40% Bcex
3aPErncTPMpPOBaHHbIX cayyaes [1, 4]. OaHaKo 0TeyYecTBEHHbIE U 3apy-
6eHble UCCNea0BaTeNy AeNatoT aKLEHT Ha TOM, YTO OKO/IO % CTpaja-
IOLLMX XPOHUYECKMMM 6OAIMM, HE 0OPALLAIOTCA 33 MOMOLLBIO B MEAW-
LIMHCKMe yupexaeHua [5], a npuMeHAIoT 1eKapCcTBEHHbIe CPeacTsa U3
rpynnbl HMBC 6€3 KOHCy/bTaLuK y crieLmanmcra.

B HacTosLLee Bpems inaepamm no o6bEmy notpebneHus cpeau
06e36011BalOLWMX CPEACTB, No-npexHemy, octatotcs HMBC. CornacHo
HEKOTOPbIM UCCNEe0BAHMAM, B MUpe NpubansutensHo 300 munamo-
HOB Yenosek nNpuHUmatoT HMBC xoTs 6bl KpaTKoBpemMeHHO 1 30 mu-
JINOHOB, BbIHYXAEHHbIX MPUHUMATb UX Ha NMOCTOAHHOM ocHose [6]. Y
Ha3HauyaeMbIX B peasnbHOM KaMHuYeckol npaktuke HIBC B cnektpe
HebnaronpuATHbIX AEMCTBUIN HepeaKo BCTPeYaeTCcA remaToTOKCMY-
HOCTb [7-9]. 370 ycyrybnseT v orpaHUYMBAET UX NPUMEHEHME Y NaLy-
€HTOB remaTo/10rM4ecKoro U OHKOI0rM4Yeckoro npoduns. Kpome Toro,
WX YTHETAlOLLLEE BAMAHME Ha eKoLUMTapHOe 3BEHO CO3Aa€ET Npeano-
CbIZIKU K BO3HUKHOBEHWIO UMMYHOZEPULIMTHBIX COCTOAHWA.

B doKyce HayuHbIX MHTEPECOB COBPEMEHHbIX UCCaea0BaTenen,
3aHMMAIOLLMXCA MOMUCKOM HOBbIX IEKAPCTBEHHBIX CPEACTB C aHa/b-
reTMYeCKOM aKTUBHOCTbIO, HAXOAATCA BMONOrMYEecKMn aKkTUBHbIE coe-
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INTRODUCTION

Pain is a major issue in modern medicine, posing significant
challenges to healthcare professionals worldwide. The World
Health Organization (WHO) has described pain syndromes as a
pandemic in developed countries [1].

According to foreign researchers, approximately 70% of
all known diseases are accompanied by pain, with almost every
fifth person of working age suffering from it [2]. Epidemiological
studies conducted in various countries, including Russia, the UK,
France, and the USA, have revealed that 7-64% of the population
experiences periodic pain, while 8-45% suffer from chronic pain
(depending on the location of the survey) [ 3].

According to WHO, pain syndromes are a common reason
for visiting a doctor, accounting for up to 40% of all registered
cases [1, 4]. However, several researchers have emphasized that
around 75% of those who suffer from chronic pain do not seek
medical help [5] but instead self-medicate with drugs from the
NSAID group without consulting a specialist.

NSAIDs are currently the most commonly consumed pain-
killers. Studies estimate that around 300 million people world-
wide use NSAIDs for short-term periods, while 30 million people
are required to take them continuously [6]. However, NSAIDs
have been known to cause hematotoxicity [7-9], which limits
their use in hematological and oncological patients. Moreover,
their inhibitory impact on the leukocyte link creates conditions
for immunodeficiency states.

Researchers are exploring biologically active compounds
that can target specific receptors or combinations of receptors to
develop effective analgesic drugs. One promising group of com-
pounds is the cyanothioacetamide derivatives [10-14]. However,
before these compounds can be used as drugs, extensive exper-
iments on their acute and chronic toxicity must be conducted to
ensure their safety.

To identify the most exciting samples of heterocyclic com-
pounds that have the potential to bind to biotargets for treating
inflammatory, pain, or fever syndromes, researchers conducted
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[AMHeHUs, cnocobHble BO3AEMCTBOBATb Ha ONpesenéHHble MULLEHU
NMbOo WX CoYeTaHus, NPOW3BOAHbIE LMaHoTHoaueTamuaa [10-14]. U
BOMPOCHI MX HE30MACHOT0 MPUMEHEHMA KaK NePCNEKTUBHBIX eKap-
CTBEHHbIX CPELCTB MO Pe3y/ibTaTam OMbITOB B KOHTEKCTE OCTPOM U XpO-
HUYECKOW TOKCMYHOCTM BCErAa NPaBOMOYHbI.

Ha noarotoBUTENbHOM 3Tane nepes COCTaB/NEHWEM AM3aiHa
3KCMNepUMeHTa Ans onpeaeneHns 06pasLoB reTepoLMKINYECKUX Coe-
[LVHEHWI, Hanbonee MHTEPECHbIX B NJIaHE CNOCOBHOCTH CBA3bIBATHLCA
C BEPOATHBIMM BUOMULLIEHAMM C Lie/Ibto GapMaKonorMyeckoi Koppek-
LMW BOCMaNUTENbHOMO, 60NEBOMO AW NMXOPALOYHOTO CUHAPOMOB,
6bl1 NPOBEAEH BUPTYa/bHbINA BUOCKPUHUHT 340 HOBbIX MPOU3BOAHbBIX
LMaHOTMOALETaMMUAa, CUHTE3UPOBAHHbLIX HamK B HayuHo-uccneno-
BaTe/NbCKOM Nlabopatopum «XUMIKe» JIyraHCKOro rocyAapCTBEHHOMO
yHUBepcuTeTa MM. Bnagumumpa dans (3aB. nabopatopuein — foKTop
XMMUYECKMX HayK, npodeccop C.I. KpusoKonbicko). Mpu atom mc-
NoNb30BaANCb MHGOPMaLMOHHbIe pecypcbl Online SMILES Translation
Service and Structure File Generator ot National Cancer Institute's
CADD Chemoinformatics group of the National Institutes of Health
(Frederick, MD, USA); Open Parser for Systematic IUPAC Nomenclature
(OPSIN) ot Centre for Molecular Informatics, Department of Chemistry
at the University of Cambridge (Cambridge, UK), a Tak»Ke npeamkTop-
Hblli OHNalH-pecypc admetSAR [15-17].

Mo pesynbTaTy CKpUHMHrA 6bI10 OTOBPaHO AECATb HWU3KOMO-
NIEKYNAPHBIX JIMraHAOB, MOTEHUMANbHO TPOMHbIX K peuentopam U
dbepmeHTam, BO3AEWCTBME Ha KOTOPbIE CMOCOOHO BNATL HA TEYEHWe
BOCMA/NIUTENBHOMO MPOLLECcca U CHUKaTb BO/IEBbIE OLLYLIEHMA, U CO-
Jepawyx dparmeHTbl 3-amuHoTUEHO[2,3-b]nMpuanta v 1,4-guru-
[LPOHVMKOTUHaMMAA. ITO COeMHEHNA C NabopaTopHbIMMK Wndpamu
AZ023, AZ169, AZ213, AZ257, AZ729, AZ383, AZ331, AZ420, AU04271
1 AU04288. Ha ocHoBe aHanu3a AaHHbIX, NONYYEHHbIX B pe3yabraTe
BUPTYasIbHOTO BUMOCKPUHMHIA, 6bIIO YCTAHOBNEHO, YTO BUOMMULLEHS-
MM 415 3TUX 06Pa3LL0B ABNAIOTCA GEPMEHTbI: apaxuaoHaT-5-IMNOKCK-
reHasa, UMKI0OKcureHasa-2, docdonnnasza A2, docdoamnactepasa, a
TaK»Ke NPOCTaHOWAHbIE, COMATOCTAaTUHOBbIE, 34EHO3MHOBbIE U KaHHa-
6uonaHble peuentopbl. CTPYKTYpa U XMMuUdeckne Gopmynbl aHHbIX
NPOV3BOAHbIX LiaHOTUOALLETaMMAA NPEACTABAEHbI Ha PUC.

B xoZie 3KCNeprMEHTOB MO UCCEL0BAHMI0 AHTUHOLMLLENTUBHOM
M NPOTVMBOBOCMANNTENIbHOW aKTUBHOCTM BbILLENPUBEAEHHDBIX COEANHE-
HWI B CEPUM KNACCMYECKUX GapMaKONOrMYeCcKmX TECTOB Ha benbix Na-
60pPaTOPHbIX KPbICaX BbIABIEHBI MONIEKYNbI-MAEPDI, Y KOTOPbIX bblna
o6HapyKeHa aKTUBHOCTb, 3HAUYMTENBHO MPEBbILIAOLLANA TAKOBYIO AN
HUMECYNMAA, UHAOMETALUMHA, MeTammusona Hatpua (MH), auetunca-
NMUMNoBoW KucioTbl [18]. Bblin BbIABAEHBI YETHIPE COEAMHEHUA:
AZ023 (3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]
quinolin-2-yl](phenyl) methanone); AZ331 (5-cyano-4-(2-furyl)-N-(2-
methoxyphenyl)-6-{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-2-methyl-
1,4-dihydropyridine-3-carboxamide); AZ420 (5-cyano-4-(2-furyl)-N-
(2-methoxyphenyl)-6-({2-[(3-methoxyphenyl) amino]-2-oxoethyl}
thio)-2-methyl-1,4-dihydropyridine-3-carboxamide) " AZ383
(3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno(2,3-b]
quinolin-2-yl] (phenyl)methanone), KoTopble nNpeBOCXOAAT aKTMB-
HOCTb NpenapaTos cpasHeHnaA B 3-10 pa3 nNo pasMYHbIM TeCTam.

[NA OLEHKM WX BO3MONKHOTO reMaTOTOKCMYECKOTO AeNCTBUA
M3HaYaNbHO aKTya/bHbIM C HALei TOYKM 3pEeHWs NpeacTaBaseTcs
U3y4YeHWe B CPABHUTENIbHOM acMeKTe BAMAHWA YacTo NPUMEHAEMbIX
B K/MHUYECKoW npakTuke HMBC M CHTE3MPOBAHHbIX HOBbLIX reTepPO-
LMKIMYECKUX COEAMHEHWUN C aHANbrEeTUYECKON aKTUBHOCTBIO Ha OC-
HOBHbIE MOKA3aTe/M KAMHWYECKOTO aHain3a KPoBU B XPOHUYECKOM
3KCNepUMeHTe.

a virtual screening of 340 newly synthesized cyanothioacet-
amide derivatives. This was performed at the ChemEx Lab in Lu-
gansk State University named after Vladimir Dal under Dr. S.G.
Krivokolysko, a Professor with a PhD in Chemical Sciences. Be-
fore experimenting, we carried out a thorough screening pro-
cess using various resources. These included the Online SMILES
Translation Service and Structure File Generator, based at the
National Cancer Institute's CADD Chemoinformatics group of
the National Institutes of Health in Frederick, MD, USA. We also
used the Open Parser for Systematic IUPAC Nomenclature (OP-
SIN), powered by the Centre for Molecular Informatics, Depart-
ment of Chemistry at the University of Cambridge, UK, and the
admetSAR web service [15-17].

Ten low molecular weight ligands were selected based
on the screening results. These ligands are potentially tropic
to receptors and enzymes and can influence the course of the
inflammatory process, reduce pain, and contain fragments of
3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide.
The laboratory codes for these compounds are AZ023, AZ169,
AZ213, AZ257, AZ729, AZ383, AZ331, AZ420, AU04271, and
AU04288. The analysis of data obtained through virtual screen-
ing revealed that the biotargets for these samples are the
following enzymes: arachidonate-5-lipoxygenase, cyclooxy-
genase-2, phospholipase A2, phosphodiesterase, and several
receptors including prostanoid, somatostatin, adenosine, and
cannabinoid receptors. The structure and chemical formulas of
these cyanothioacetamide derivatives can be found in Fig.

During experiments, a set of leader molecules was identi-
fied to study certain compounds' antinociceptive and anti-inflam-
matory properties. These leader molecules exhibited significantly
higher activity than used drugs such as nimesulide, indometha-
cin, metamizole sodium (MS), and acetylsalicylic acid [18]. Four
compounds were found to be particularly noteworthy: AZ023
(3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]
quinolin-2-yl](phenyl) methanone); AZ331 (5-cyano-4-(2-furyl)-
N-(2-methoxyphenyl)-6-{[2-(4-methoxyphenyl)-2-oxoethyl]
thio}-2-methyl-1,4-dihydropyridine-3-carboxamide); AZ420 (5-cy-
ano-4-(2-furyl)-N-(2-methoxyphenyl)-6-({2-[(3-methoxyphenyl)
amino]-2-oxoethyl}thio)-2-methyl-1,4-dihydropyridine-3-carbox-
amide) and AZ383 (3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahy-
drothieno[2,3-b]quinolin-2-yl] (phenyl)methanone). These com-
pounds exhibited 3-10 times higher activity in various tests than
comparison drugs.

To determine their potential hematotoxicity effect, it is
crucial to initially compare the influence of commonly used
NSAIDs in clinical practice with newly synthesized heterocyclic
compounds that have analgesic activity on the key indicators of
a clinical blood test in a chronic experiment.

PURPOSE OF THE STUDY

To evaluate changes in blood parameters after two weeks
of administering commonly used NSAIDs and new derivatives
of 3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide
series with analgesic activity.

METHODS

The study involved 36 white male rats with an average
weight of 250-280 g. The rats were divided into control, refer-
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AU04288
[3-amino-4-(2-furyl)-6, 7-dihydro-5H-cyclopenta[b]thieno[3,2-e]pyridin-
2-yl](4-methoxyphenyl)methanone

Br

AU04271
3-amino-N-(4-bromophenyl)-4-(2-furyl)-5,6,7,8-
tetrahydrothieno[2,3-b]quinoline-2-carboxamide

AZ023
[3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-
2-yll(phenyl)methanone

)
H3C/

AZ331
5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-{[2-(4-methoxyphenyl)-2-
oxoethylJthio}-2-methyl-1,4-dihydropyridine-3-carboxamide

502

AZ729

[3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-

2-yl](3-bromophenyl)methanone

CHj

(0]

N
=
NH
H,C N S
H
(0]
Br
AZ257

6-{[2-(4-bromophenyl)-2-oxoethyl]thio}-5-cyano-4-(2-furyl)-N-(2-
methoxyphenyl)-2-methyl-1,4-dihydropyridine-3-carboxamide
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CH,

NH

o
AZ383

5-cyano-6-({2-[(4-ethoxyphenyl)amino]-2-oxoethyljthio)-4-(2-furyl)-2-
methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-carboxamide

NH (0]

AZ420
5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-({2-[(3-methoxyphenyl)
amino]-2-oxoethyljthio)-2-methyl-1,4-dihydropyridine-3-carboxamide

H;C

AZ169
6-(benzylthio)-5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-2-methyl-1,4-
dihydropyridine-3-carboxamide

Br

AZ213
6-{[2-(4-bromophenyl)-2-oxoethyl]thio}-5-cyano-4-(2-furyl)-2-methyl-
N-(2-methylphenyl)-1,4-dihydropyridine-3-carboxamide

Puc. CmpykmypHble hopmysnel U Ha38aHUA no HomeHKnamype NKOMAK 0aa uccnedyemsix 3-amuHomueHo[2,3-binupuduHos u

1,4-0ueudponupuduHos

Fig. Structural formulas and IUPAC names for studied 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridines

LLENb UCCNEQOBAHUA

OueHUTb M3MEHEHWUA NOKasaTesNel KPOBM KPbiC NOCNe AByX-
HeZeNIbHOTO BBEAEHWUA Hanbosiee 4acTo MPUMEHAEMBIX B KAWHUKE
HMBC 1 HoBbIX NPOM3BOAHBIX PAAA 3-aMMHOTMEHO(2,3-b]nnpuanHa n
1,4-0MrMAPOHMKOTMHAMMUAA C Hanbonee BbIPAXKEHHOM aHaMbreTuye-
CKOM aKTMBHOCTbIO.

MATEPUAN U METOAbI

IKCnepuMeHT peannsoBaH Ha 36 6enbix KpblCax-Camuax co
cpepHent maccolt Tena 250-280 r. JlabopaTopHble XKMBOTHblE OblAK
pasgeneHbl Ha KOHTPO/IbHYHO, pedepeHTHYIO U YeTbIPE OMbITHbIE FPYn-
nbl. }1MBOTHblE pedepeHTHON rpynnbl OAHOKPATHO B CYTKM Ha NpoTA-
eHun 14 pHelt nonydann MH (AHanbrud «OAO dapmcTaHaapT») B
nose 7 mr/kr. Boibop npenapata-pedepeHta 0bycnoneH pekomet-
Jauvamu MupoHosa A.H. u Xabpuesa P.Y., onuMcaHHbIMK B COOTBET-
CTBYIOLLVMX [/1aBaX PYKOBOACTB MO MPOBEAEHMIO IKCNePUMEHTAbHbIX
JOKIMHUYECKUX UCCNe0BAHMI IEKAapCTBEHHBIX CPEACTB B pa3aenax,
Kacatowmxca HMBC. MepeyeHb NOTEHUMANbHbIX BGUOMMLILEHEN NO
MTOram NpesBapUTEIbHO OCYLLECTBAEHHbIX UCCNefoBaHuMi in silico
noaTBep:KAaeT 3ToT Bblbop. OcTaBLUMECs YEeTbIPE FPynMbl BKAKOYAAN

ence, and four experimental groups. The reference group was giv-
en MS medication (marketed under Analgin by OJSC Pharmstan-
dard in Dolgoprudny, Moscow region, Russian Federation) once
daily for 14 days at a 7 mg/kg dose. The reference drug is chosen
based on the recommendations of A.N. Mironov. The guidelines
for conducting experimental preclinical studies of drugs, specifi-
cally the sections regarding NSAIDs, were described by R.U. Khab-
riev. This choice is confirmed by the list of potential biotargets,
which is based on the results of preliminary in silico studies. In
the study, four groups of animals were given derivatives of 3-ami-
nothieno[2,3-b]pyridine and 1,4-dihydropyridine at a dose of 5
mg/kg (AZ383, AZ331, AZ023, AZ420) through a gastric tube in
the form of an aqueous suspension. These groups had the most
notable analgesic activity based on previous in vivo experiments.
The animals were euthanized on the 15" day, and blood was col-
lected via the femoral vein and analyzed using standard methods
for erythrocyte, leukocyte, platelet, hemoglobin, and ESR levels.
During the experimental studies, all protocols were strictly
followed as per Order No. 199n issued by the Russian Ministry of
Health on April 1, 2016, which approved the Rules of Good Lab-
oratory Practice. The laboratory animals were constantly moni-
tored and provided free access to food and water throughout
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YKMBOTHbIX, KOTOPbIM YepPe3 ¥KeyA0UHbIN 30HA, B BUAE BOAHOM B3Be-
C1 B f03€ 5 MI/KF BBOAMAM YKa3aHHble Bbllle NPOMU3BOAHbIE 3-amu-
HoTueHo[2,3-b]nupuanHa v 1,4-aurvpponupuamnta (AZ383, AZ331,
AZ023, AZ420) c Hanbonee BbipaXKEHHOW aHaNbreTUYECKOW aKTUB-
HOCTbIO MO pe3ynbTaTaM MpPOBeAEHHbIX PaHee 3KCNEePUMEHTOB in
vivo. 32001 MBOTHbIX OCYLLEeCTBAAACA HA 15-1 aeHb. 3abop Kposu
npowssoauca u3 beapeHHo BeHbl. CTaHAAPTHBIMKU METOAUKaMK
ONpeaensucb KoJMYEeCcTBO 3PUTPOLUTOB, NEMKOLMTOB, TPOMBOLU-
TOB, remornobuHa, CO3

IKCnepuUMeHTaNbHble UCCNeA0BaHUA NPOBOAWUAUCL B MOSHOM
cooTtseTcTBUM € npukasom N2 199H MuHsapasa Poccum ot 1 anpens
2016 ropa (06 yTBep:kaeHuM MpaBun Hagnexallein nabopaTopHoW
npakTvku). Ha Bcém npoTsxkeHUM nepuoga uccnenosaHunit nabopa-
TOPHbIE XMBOTHbIE bblAM Nog HabntogeHnem B ycnosuax cBobogHOro
focTtyna K nuwe v Boae, B cootsetctaum ¢ FOCT 33044-2014 «[MpuH-
LMMbl Hag/iexallein 1abopaTopHOW NPaKTUKMY (YTBEPHKAEH MpuWKa-
30M PesiepanbHOro areHTCTBa MO TEXPEryaMpoBaHUI0 U METPONOMUM
Ne 1700-cT, ot 20 Hosbps 2014 r.).

WccneposaHve nonyunno ofobpeHune Komuccuel no 6uostu-
Ke JlyraHCKOro rocyapCTBEHHOTO MEAMLMHCKOTO YHUBEPCUTETA UM.
Ceatutens Jlykun, npotokon Ne 6 o1 01.11.2021 r.

CTaTUCTUYECKUIN aHaNU3 NPOBOAWMICA METOAAMM Hernapame-
TPUYECKON CTaTUCTUKK, BCNEACTBME OTCYTCTBUA HOPMaNbHOCTU pac-
npeseneHns U Manoro KoinM4yecTsa HabltoaeHUI B KaXKaoM rpynne.
[ecKpUNTUBHLIN aHaNN3 NPOBOAMACSA C BbifiBNEHWEM MeamaHbl (Me)
BapMaLMOHHbIX PAAOB. [AMCNEepPCMOHHbINA aHa M3 NONYYEHHbIX [aH-
HbIX NpoBoamnaca Ha pecypce [Kruskal Wallis Test Calculator] (https://
www.statskingdom.com/kruskal-wallis-calculator.html) no metoay
Kpyckana-Yonnuca ¢ nocnegytowmm post-hoc aHanmsom no Kpute-
puvto [laHHa. HyneBas runotesa otsepranace npu p<0,05.

PE3YNbLTATbI U UX OBCYXKOEHUE

PesynbTaTbl NPOBEAEHHbIX UCCAEA0BAHMM M aHAM3 NOAYYEHHO-
ro MacciBa [AaHHbIX NO3BOMNAM BbIABUTbL TOT GAKT, YTO Y MMBOTHbIX
pedepeHTHON rpynnbl 3apUKCUMpPOBaHa Nelikonexus (Tabn.). B KAnHKU-
YECKOM aHa/I3e KPoBM KpbIC, NonyyaBlumnx MH Ha npoTsKeHUn aByX
HeAenb, YCTaHOBNEHO CTaTUCTUYECKM 3HAYMMOE CHUMKEHME Kosnye-
CTBa NEMKOLMTOB Ha 17% B CpaBHEHUM C NOKA3aTENAMM B MHTAKTHOM
rpynne.

AHaNM3bl KPOBM KMUBOTHBIX BCEX OMbITHBIX TPYMM, NOMYYaBLIMX
HOBblE COeAMHEHUs, He 0BHAPYKMBAIN YMEHbBLLEHMA YNUCNA NENKO-
LIMTOB MO CPAaBHEHWIO C MHTAKTHOW rPYNnoii. 3TO CyLLEeCTBEHHbIN MO-
MEHT, NOCKO/IbKY He 3adUKCMPOBAHO JAe TeHAEHLUMM K YTHETEHUIO
NeikoumuTapHoro pocta (Tabn. 1). OgHaKo npu 3Tom B pedepeHTHOM
rpynne, nonydasweir MH, Haba04aN0Ch CTaTUCTUYECKM 3HAYMMOE
CHWXEHWE YPOBHA NEAKOLMTOB MO CPABHEHMIO M C ONbITHLIMM Tpyn-
namu.

ConocTaB/ifn NosyYeHHble Pe3yNbTaTbl NOKa3aTeNn KOAMYecTsa
3PUTPOLIMTOB B KPOBM S1abBOPATOPHbIX KUBOTHBIX OMbITHbIX FPyNM,
No/y4YaBLUMX NPOU3BOAHbIE TUEHONUPUAMHA U 1,4-AUTMAPOHUKOTH-
HaMWuZa, ¥ ero 3HayeHue y KpbIC MHTaKTHOW v pedepeHTHON rpynn,
MOHO 3aMETMTb, YTO MCMO/Ib30BAHME HOBbIX COEAMHEHMIA HE NPUBO-
[UT K CTaTUCTUYECKM 3HAYMMOMY CHUMEHMIO KOIMYECTBA YKa3aHHbIX
(bOPMEHHBIX 31EMEHTOB KPOBY.

YpoBeHb remornobuHa B KpoBM KPbIC, MOTYYaBLUMX ABE HEAEM
06paseL, AZ023, He 0BHAPYKMBAET CTAaTUCTUYECKMN 3HAUUMBIX PA3TNYMIA
C TaKOBbIM, 3aPErUCTPUPOBAHHbBIM HaMU Y KPbIC MHTAKTHOWM rpynnbi.

TpomboumnTapHOe 3BEHO KPOBM KPbIC TaKKe He NMOKa3asio CTaTu-
CTMYECKM 3HAUMMbIX M3MEHEHWI. MOMKHO YKa3aTb IMLLb Ha Hainume
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the research period. The study adhered to the GOST 33044-2014
"Principles of Good Laboratory Practice" (as approved by the Fed-
eral Agency for Technical Regulation and Metrology (Rosstand-
art), Order No. 1700-st dated November 20, 2014).

The bioethics commission of Lugansk State Medical Univer-
sity named after St. Luke approved the study, protocol No. 6 of
01.11.2021.

Nonparametric statistical methods were used for the anal-
ysis due to the small sample size and lack of normal distribution.
Descriptive analysis was conducted to determine the median
(Me) of the variation series. The Kruskal-Wallis method was ap-
plied to analyze the variance of the data obtained using the Kru-
skal-Wallis Test Calculator (https://www.statskingdom.com/kru-
skal-wallis-calculator.html), followed by post hoc analysis using
Dunn's criterion. The null hypothesis was rejected at p<0.05.

RESULTS AND DISCUSSION

The results of the studies and analysis of the resulting data
array revealed that leukopenia was recorded in animals of the
reference group (Table). A clinical analysis of the blood of rats
treated with MS for two weeks revealed a statistically decrease in
leukocytes by 17% compared to the indicators in the intact group.

Blood tests on the animals in all experimental groups that
received new compounds did not reveal any decrease in leuko-
cytes compared to the intact group. This is crucial because no
tendency to suppress leukocyte growth was observed (as shown
in Table). On the other hand, the reference group that received
MS showed a statistically significant decrease in the level of leu-
kocytes compared to the experimental groups.

After comparing the results of the number of erythrocytes
in the blood of laboratory animals from the experimental groups
that were administered thienopyridine and 1,4-dihydronicotin-
amide derivatives, with the values of the intact and reference
groups of rats, it can be inferred that the usage of new com-
pounds does not cause a statistically significant reduction in the
number of erythrocytes in the blood.

The hemoglobin level in the blood of rats that received the
AZ023 sample for two weeks did not show a statistically signifi-
cant difference from that of rats in the intact group.

The study did not find any significant changes in the plate-
let levels of rat blood. However, there appears to be a tenden-
cy for platelets in rats treated with MS to decrease by 7.6%.
This decrease is further pronounced in the 1,1,4-dihydropyr-
idines AZ383 and AZ331 and the thienopyridine AZ023. These
compounds appear to possess antiplatelet properties that can
be further explored through an increase in the number of ex-
perimental animals. The analysis of biotargets based on virtual
screening results suggests that the trends observed are likely
associated with their spectrum of activity. Additionally, a two-
week compound administration with laboratory code AZ420 did
not affect platelet levels in rats, as the levels remained similar to
those of the intact group.

Table 1 shows that the ESR indicator in the blood of both the
reference and experimental groups of rats did not change after
two weeks of intragastric administration of MS, as well as cyan-
othioacetamide derivatives with codes AZ383, AZ331, and AZ023,
compared to the intact group. However, the indicator tended to
increase only in the experimental group after the introduction of
AZ420.
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Tabnauya okazamenu KAUHUYECKO20 GHAU3A KPOBU KPbIC Nocse
08yxHedesnbHo20 8sedeHus 3-amuHomueHo[2,3-bjnupuduHos
u 1,4-duzudponupuduHos ¢ Haubosee sblpaxeHHOU

Table Blood analysis of rats treated with 3-aminothieno[2,3-b]
pyridines and 1,4-dihydropyridines for two weeks to assess
analgesic efficacy

QHaNb2eEMUYECKOU QKMUBHOCMbHO

p(H)
MH/MS WUHT/IA AZ383 AZ331 AZ023 AZ420
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
SpUTPOLMTE (x10%2/1) 5.0 53 5.1 5.1 5.3 5.4 :(j:(éi
12 U
RBC (x10'/1) e
111.5 133.5 119.0 119.0 129.5 115.5 =0.223
femornobuH (r/n) ~
Hemoglobin (g/I) H=6.97
df=5
3.4 4.4 5.1 5.0 4.8 4.8 =0.008
NeikouuTe! (x10/a) p,=0.010 p,<0.001 p,=0.006 p,=0.005 p,=0.030 H=15.7
e p,>0.05 p,>0.05 p,>0.05 p,>0.05 df=5
p,>0.05 p,>0.05 p,>0.05
p,>0.05 p,>0.05
p.>0.05
Toom6ouuTs! (x10°/7) 222.0 236.0 214.0 208.0 212.0 211.0 ;(_)28:;(7)
5 =2.
Platelets (x10%/1) dfes
CO3 (Mm/u) 2.0 2.0 2.0 2.0 2.0 2.5 =0.476
ESR (mm/h) e
df=5

MprmeyaHua: p — CTaTUCTMYECKaRA 3HAYMMOCTb Pa3NMuMiA NOKa3aTeNel NP1 MHOXEeCTBeHHOM cpaBHeHMM (no H-kputepuio Kpyckana-Yonnuca); post-hoc: p, — ctatuctuye-
CKaA 3HAaYMMOCTb Pa3/NuMiA NOKa3aTeNe Mo CPaBHEHMIO C MBOTHBIMY, TAe MCNoNb30Banca MH; p, — CTaTUCTNYeCKaA 3HAYMMOCTb Pa3animid NoKasaTeneli No CPaBHEHMIO C
WMHTaKTHBIMM WBOTHbIMM (MHT); p, — CTaTUCTU4YECKas 3HAYMMOCTb PasnnumMid NoKasaTeneli C 3KUBOTHbIMM, Y KOTOPbIX NpUMeHANcA AZ383; p, — CTaTUCTMYECKaA 3HAYMMOCTb
pa3nnumii nokasatenelt C XKMBOTHBIMK, Y KOTOPbIX NpUMeHanca AZ331; p, — CTaTUCTMYECKaA 3HaYMMOCTb Pa3IMUMi NOKa3aTeNeld C MBOTHBIMM, Y KOTOPbIX NPUMEHANCA
AZ023 (post-hoc — no kputepuio laHHa)

Notes: p —the significance of differences for multiple comparisons was analyzed using the Kruskal-Wallis H test followed by Dunn's post-hoc test: p — statistical significance of
differences in indicators; p, — statistical significance of differences in indicators compared to animals treated with MS; p, — statistical significance of differences in indicators
compared to intact animals (IA); p, — statistical significance of differences in parameters with animals in which AZ383 was used; p, — statistical significance of differences in

parameters with animals in which AZ331 was used; p, — statistical significance of differences in parameters with animals in which AZ023 was used

TEHAEHLMW CHUXKEHWA KONUYECTBA TPOMOOLMTOB B KPOBM KpbIC, NO-
Nyyaslmnx MH Ha 7,6%. B To e Bpems, Kak BUAHO W3 Taba. 1, 1,4-au-
rmaponupugnibl AZ383 n AZ331, a Takke TmeHonupuanH AZ023
06HapYKUBAKOT TEHAEHLMM K CHUNKEHMIO YMCIA TPOMOOLMTOB B eLé
6onbLueit cTeneHn. BepoaTHO, CTAaTUCTUYECKM 3HAYMMble M3MEHEHUA
MOXHO NOAYYUTb NPU YBEANYEHUWN KOMYECTBA SKCNEPUMEHTANbHbIX
KMBOTHbIX. BbliBNEHHble TEHAEHLMMN, BEPOATHO, CBA3AHbI C HAMUK-
€M B CMEeKTPe MX aKTUBHOCTW aHTUArperaHTHbIX CBOMCTB, HA YTO eCTb
YKa3aHuA Npu aHanuse bomuLLeHel No pesynsTaTam BUPTYanbHOrO
OMOCKpUHUHTA. [1ByXHeAeNbHOe BBeLEHWE CoeauHeHs ¢ nabopatop-
HbIM Wndpom AZ420 KpbicamM COOTBETCTBYIOLLEN OMbITHOWM rPynMbl
TaK¥Ke He 0TPa3nIoCh Ha YPOBHe TPOMOOLMTOB, MOCKO/IbKY OH OCTas-
€A BNM3KMM 3HAUEHMAM Y KPbIC MHTAKTHOM pynmbl.

Mccnesyemblii nokasatenb CO3 B KPOBU KpbIC pedepeHTHOMN u
OMbITHBIX FPYNM, KaK BUAHO U3 Tabn. 1, He NpeTepneBaeT UIMEHEHUN
yepes Age HeflesM NOC/Ie BHYTPUracTpanbHOro eeeaeHna MH, a Tak-
e NPOoM3BOAHbIX LiMaHoTMOoaLeTammnaa ¢ wudpamu AZ383, AZ331 n
AZ023 B cpaBHEHWUM CO 3HAYEHUEM Y KPbIC MHTAKTHOW rpynnbl. Jnwb
B OMbITHOW rpynne nocne seeaeHna AZ420 oH MMeN TEHAEHLMIO K No-
BblLUEHMIO.

K orpaHuyeHusam npoBeAEHHbIX WCCAeLOBaHUI cheayeT
OTHECTM OTCYTCTBME WCCAeA0BaHWA MNOKasaTenei pasBEépHyTOM
nenKounuTapHoi Gopmynbl, YTO He NO3BOAAET CYAUTb O HaNUUUK
KaKWX-1MbB0 OTAENbHbIX U3MEHEHWI BCNEACTBME NPUMEHEHWUA CUH-
Te3MpoBaHHbIX BewecTs. [103TOMy AaHHbIM acnekT TpebyeT Aanb-
HeliLwero nsyyeHus.

It is important to note that the conducted studies had some
limitations. The detailed leukocyte formula was not studied,
which makes it difficult to determine any individual changes due
to the use of synthesized substances. Therefore, further research
is required to address this aspect.

CONCLUSION

Studies conducted on the hematotoxicity of the original
thienopyridine and 1,4-dihydropyridine derivatives, such as
AZ023, AZ331, AZ383, and AZ420, which possess notable anal-
gesic and anti-inflammatory properties, have shown promise in
their preclinical development. These compounds could potential-
ly be used to develop new and highly effective agents for treating
pain and inflammatory syndromes of varied origins and intensity.
Unlike the reference drug, the test compounds do not cause leu-
kopenia. However, derivatives of 1,4-dihydropyridine with codes
AZ383 and AZ331 and thienopyridine AZ023 tend to reduce plate-
let counts, possibly due to their antiplatelet properties. Never-
theless, further research is necessary to confirm this ability with
more experimental animals.
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3AK/NIOYEHUE

Takum 06pa3om, NPOBEAEHHbIE UCCIEA0BAHUA TEMATOTOKCUY-
HOCTV OPUMMHANbHbIX MPOW3BOAHbIX TUEHONWUPUAWHA U 1,4-aurvapo-
nupuamHa AZ023, AZ331, AZ383 n AZ420 c Bbipa)KeHHOM aHasbre-
TUYECKOW M NPOTUBOBOCMANIUTENIbHOW aKTUBHOCTBIO B XPOHUYECKOM
9KCNepUMEHTe MOKa3asn NepcreKkTMBHOCTb UX AabHeWLen [OKN-
HUYeCKOW Pa3paboTKM C Lesblo BbiABNEHWUS B ByayLiem HOBbIX Bbl-
COKO3QdEKTUBHBIX M Be3onacHbIX cpeacTs Ans GpapmaKoKoppeKLmm
60n1eBoro 1 BOCNaAUTENbHOrO CUHAPOMOB Pa3/INYHOMO reHesa M UH-

TEHCUBHOCTM. Mccnepyemble COEANHEHNS He BbI3bIBAOT SIEAKOMNEHUH,
B OT/IMYME OT NpenapaTa cpaBHeHWs. MponssogHble 1,4-aurnaponu-
puavHa ¢ wudpammn AZ383 n AZ331, a Takke TMeHonupuanH AZ023
06HAPYKMBAIOT TEHAEHLMIO K CHUMKEHMIO YMcia TPOMBOLUTOB, YTo,
NPeAnNONOKNUTENbHO, CBA3AHO C aHTUArPEraHTHbIMM CBOMCTBAMM COe-
OMHEHW. Ho ana oKasaTeNbeTBa AaHHOW CNOCOBHOCTM He0bX0AMMO
NPOAOMKUTb UCCNELOBAHMA C BObLIMM KOMYECTBOM 3KCNEPUMEH-
Ta/IbHbIX }KUBOTHbIX.

JNINTEPATYPA

1. Naxomosa WU, KyumunH AH, Maenosa ELO. HecteponaHbie npoTMBoBoCnanutenb-
Hble npenaparbl NP1 ocTPoi 60/M: KOHCEHCYC 3GPEKTUBHOCTM M Be30nacHOCTM.
Pycckuli meduyuHckul xcypHan. 2017;21:1537-42.

2. AlIB, Sunar MM, Zengin S, Sabak M, Bogan M, Can B, et al. Comparison of IV
dexketoprofen trometamol, fentanyl, and paracetamol in the treatment of renal
colic in the ED: A randomized controlled trial. American Journal of Emergency
Medicine. 2018;36(4):571-6. https://doi.org/10.1016/j.ajem.2017.09.019

3. CocHos AB, CemueHko ®M, Bnacos MU, Toxmaxun BH, CocHoBa AA. Pa3sutue
KomMMIeKcHow apmakoTepanuy cunbHoi 1 cpeaHelt 6onu. Yactb |. MynbtuTap-
reTHoe KOMBWHWMPOBAHWE ONMOMAOB M HEHAPKOTUYECKMX AHA/IbIETUKOB LEH-
TPaNbHOro AeNCTBUA. Pa3pabomKa u pe2ucmpayus NeKapcmeeHHbIX cpedcms.
2017;2:176-87.

4. 3otoB MB. CuctemHaa dapmaKkoTepanua XpoHWUYeckoro 601eBoro cuHApoma
NPV PacnpocTpaHEHHOM paKe y 60bHbIX NOXIUAOro Bo3pacTa. Hay4yHell opym.
Cubupe. 2016;2(2):56-63.

5. Olry de Labry Lima A, Salamanca-Fernandez E, Alegre Del Rey EJ, Matas Hoces
A, Gonzilez Vera MA, Bermudez Tamayo C. Safety considerations during
prescription of non-steroidal anti-inflammatory drugs (NSAIDs), through a
review of systematic reviews. An Sist Sanit Navar. 2020;44(2):261-73. https://doi.
org/10.23938/ASSN.0965

6. MenbHuK M. Bbibop ONTMManbHOTO HECTEPOUAHOTO NPOTUBOBOCNANUTEILHOTO
npenapara ¢ nosuuum Kapauonora. MeduyuHckuli angpasum. 2020;36:55-60.
https://doi.org/10.33667/2078-5631-2020-36-55-60

7. CapmaHaeBa PP, Abysaposa P, BbiukoBa HB, Anekceesa [C. JleueHue Bapu-
aTMBHOTO GONEBOrO CMHAPOMA MPU NY4EBOM TepanuM KOCTHbIX METAcTasos
paka MO/IOYHOM sKenesbl. MeduyuHckuli cosem. 2019;19:165-8. https://doi.
0rg/10.21518/2079-701X-2019-19-165-168

8. Ymuacosa HB. Mpobnema oueHKM 3dEKTUBHOCTU M Be3onacHOCTU HecTepo-
MAHBIX NPOTUBOBOCMANUTE/IbHBIX NpenapaToB. COBPEMEHHAA PEeBMAMOMOaUs.
2016;2:83-6. https://doi.org/10.14412/1996-7012-2016-2-83-88

9. onobosa EC, KoHonenbko OIO, lewwesa 3B. [enaToTOKCMYHOCTb HECTEPOUAHBIX
NPOTUBOBOCMAIMTENBHBIX MPENapaTos, MPUMEHAEMbIX B AETCKOM PEBMATONO-
. Meduampus. XypHan um. I. H. Cnepatckoeo. 2009;5:154-9.

10. Ravikumar B, Aittokallio T. Improving the efficacy-safety balance of
polypharmacology in multi-target drug discovery. Exp Opin Drug Discov.
2018;13(2):179. https://doi.org/10.1080/17460441.2018.1413089

11. Yet L. Privileged structures in drug discovery: Medicinal chemistry and synthesis.
Hoboken, NJ: Wiley; 2018. 560 p.

12. Krivokolysko DS, Dotsenko VV, Bibik EYu. New 4-(2-Furyl)-1,4-
dihydronicotinonitriles and  1,4,5,6-tetrahydronicotinonitriles: ~ Synthesis,
structure, and analgesic activity. Russian Journal of General Chemistry.
2021;91(9):1646-60. https://doi.org/10.1134/51070363221090073

13. Dotsenko VV, Buryi DS, Lukina DYu, Krivokolysko SG. Recent advances in the
chemistry of thieno[2,3-b]pyridines 1. Methods of synthesis of thieno[2,3-b]
pyridines. Russian Chemical Bulletin. 2020;69(10):1829-58. https://doi.
0rg/10.1007/s11172-020-2969-2

506

REFERENCES

1. Pakhomova IG, Kuchmin AN, Pavlova EYu. Nesteroidnye protivovospalitel'nye
preparaty pri ostroy boli: konsensus effektivnosti i bezopasnosti [Nonsteroi-
dal anti-inflammatory drugs for acute pain: Consensus of efficacy and safety].
Russkiy meditsinskiy zhurnal. 2017;21:1537-42.

2. AlB, Sunar MM, Zengin S, Sabak M, Bogan M, Can B, et al. Comparison of IV
dexketoprofen trometamol, fentanyl, and paracetamol in the treatment of re-
nal colicin the ED: A randomized controlled trial. American Journal of Emergen-
cy Medicine. 2018;36(4):571-6. https://doi.org/10.1016/j.ajem.2017.09.019

3. Sosnov AV, Semchenko FM, Vlasov MI, Tokhmakhchi VN, Sosnova AA. Razvitie
kompleksnoy farmakoterapii sil'noy i sredney boli. Chast' 1. Mul'titargetnoe
kombinirovanie opioidov i nenarkoticheskikh anal'getikov tsentral'nogo deyst-
viya [Development of complex pharmacotherapy of severe and moderate pain.
Part 1. Multi-target combination of opioids and non-narcotic analgesics of cen-
tral action]. Razrabotka i registratsiya lekarstvennykh sredstv. 2017;2:176-87.

4. Zotov PB. Sistemnaya farmakoterapiya khronicheskogo bolevogo sindroma
pri rasprostranyonnom rake u bol'nykh pozhilogo vozrasta [Systemic pharma-
cotherapy of chronic pain syndrome in advanced cancer in elderly patients].
Nauchnyy forum. Sibir'. 2016;2(2):56-63.

5. Olry de Labry Lima A, Salamanca-Fernandez E, Alegre Del Rey EJ, Matas Ho-
ces A, Gonzalez Vera MA, Bermudez Tamayo C. Safety considerations during
prescription of non-steroidal anti-inflammatory drugs (NSAIDs), through a re-
view of systematic reviews. An Sist Sanit Navar. 2020;44(2):261-73. https://doi.
org/10.23938/ASSN.0965

6. Melnik MG. Vybor optimal'nogo nesteroidnogo protivovospalitel'nogo prepa-
rata s pozitsii kardiologa [Choosing the optimal nonsteroidal anti-inflammatory
drug from the perspective of a cardiologist]. Meditsinskiy alfavit. 2020;36:55-
60. https://doi.org/10.33667/2078-5631-2020-36-55-60

7. Sarmanaeva RR, Abuzarova GR, Bychkova NV, Alekseeva GS. Lechenie variativ-
nogo bolevogo sindroma pri luchevoy terapii kostnykh metastazov raka mo-
lochnoy zhelezy [Treatment of variable pain syndrome during radiation ther-
apy of bone metastases of breast cancer.] Meditsinskiy sovet. 2019;19:165-8.
https://doi.org/10.21518/2079-701X-2019-19-165-168

8. Chichasova NV. Problema otsenki effektivnosti i bezopasnosti nesteroidnykh
protivovospalitel'nykh preparatov [The problem of evaluating the effectiveness
and safety of nonsteroidal anti-inflammatory drugs]. Sovremennaya revma-
tologiya. 2016;2:83-6. https://doi.org/10.14412/1996-7012-2016-2-83-88

9. Zholobova ES, Konopelko OYu, Gesheva ZV. Gepatotoksichnost' nesteroidnykh
protivovospalitel'nykh preparatov, primenyaemykh v detskoy revmatologii
[Hepatotoxicity of nonsteroidal anti-inflammatory drugs used in pediatric
rheumatology.] Pediatriya. Zhurnal im. G. N. Speranskogo. 2009;5:154-9.

10. Ravikumar B, Aittokallio T. Improving the efficacy-safety balance of polyphar-
macology in multi-target drug discovery. Exp Opin Drug Discov. 2018;13(2):179.
https://doi.org/10.1080/17460441.2018.1413089

11. Yet L. Privileged structures in drug discovery: Medicinal chemistry and synthe-
sis. Hoboken, NJ: Wiley; 2018. 560 p.

12. Krivokolysko DS, Dotsenko VV, Bibik EYu. New 4-(2-Furyl)-1,4-dihydronicotino-
nitriles and 1,4,5,6-tetrahydronicotinonitriles: Synthesis, structure, and analge-
sic activity. Russian Journal of General Chemistry. 2021;91(9):1646-60. https://
doi.org/10.1134/51070363221090073

13. Dotsenko VV, Buryi DS, Lukina DYu, Krivokolysko SG. Recent advances in the
chemistry of thieno[2,3-b]pyridines 1. Methods of synthesis of thieno[2,3-b]
pyridines. Russian Chemical Bulletin. 2020;69(10):1829-58. https://doi.
0rg/10.1007/s11172-020-2969-2



Bbubux VB c coasm. eMaTOTOKCMYHOCTD HOBBIX ITpeIlapaToB

BECTHMK ABUMILIEHHEI
Tom 25 * No 4 * 2023

14. Bibik IV, Bibik EY, Dotsenko VV, Frolov KA, Krivokolysko SG. Synthesis and
analgesic activity of new heterocyclic cyanothioacetamide derivatives. Russian
Journal of General Chemistry. 2021;91(2):154-66. https://doi.org/10.1134/
$107036322102002X

15. Khan MM, Khan S, Igbal S. Recent developments in multicomponent synthesis
of structurally diversified tetrahydropyridines. RSC Adv. 2016;6(48):42045-61.
https://doi.org/10.1039/c6ra06767k

16. Gfeller D, Michielin O, Zoite V. Shaping the interaction landscape of bioactive
molecules.  Bioinformatics.  2013;29(23):3073-9.  https://doi.org/10.1093/
bioinformatics/btt540

17. Cheng F, Li W, Zhou Y, Shen J, Wu Z, Liu G, et al. AdmetSAR: A comprehensive
source and free tool for assessment of chemical ADMET properties. J Chem Inf
Model. 2012;52(11):3099-105. https://doi.org/10.1021/ci300367a

18. Bubwuk VB, Bubuk EtO, MaHkos AA, ®ponos KA, JoueHko BB, KprBoKosbicko
CT. VccnepoBaHue NpPOTUBOBOCNANMUTE/IbHBIX M aHTUHOLMLIENTUBHBIX CBOWCTB
HOBbIX MPOU3BOAHbIX KOHAEHCMPOBAHHbIX 3-aMUHOTUEHO(2,3-b]nnpuanHos 1
1,4-purnpponupuanHos. Acta Biomedica Scientifica. 2023;8(4):220-34. https://
doi.org/10.29413/ABS.2023-8.4.24

14. Bibik IV, Bibik EY, Dotsenko VV, Frolov KA, Krivokolysko SG. Synthesis and an-
algesic activity of new heterocyclic cyanothioacetamide derivatives. Russian
Journal of General Chemistry. 2021;91(2):154-66. https://doi.org/10.1134/
$107036322102002X

15. Khan MM, Khan S, Igbal S. Recent developments in multicomponent synthesis
of structurally diversified tetrahydropyridines. RSC Adv. 2016;6(48):42045-61.
https://doi.org/10.1039/c6ra06767k

16. Gfeller D, Michielin O, Zoite V. Shaping the interaction landscape of bioactive
molecules. Bioinformatics. 2013;29(23):3073-9. https://doi.org/10.1093/bio-
informatics/btt540

17. Cheng F, Li W, Zhou Y, Shen J, Wu Z, Liu G, et al. AdmetSAR: A comprehensive
source and free tool for assessment of chemical ADMET properties. J Chem Inf
Model. 2012;52(11):3099-105. https://doi.org/10.1021/ci300367a

18. Bibik IV, Bibik EYu, Pankov AA, Frolov KA, Dotsenko VV, Krivokolysko SG. Issle-
dovanie protivovospalitel'nykh i antinotsitseptivnykh svoystv novykh proizvod-
nykh kondensirovannykh 3-aminotieno[2,3-b]piridinov i 1,4-digidropiridinov
[Study of anti-inflammatory and antinociceptive properties of new derivatives
of condensed 3-aminothieno(2,3-b]pyridines and 1,4-dihydropyridines]. Acta
Biomedica Scientifica. 2023;8(4):220-34. https://doi.org/10.29413/ABS.2023-
8.4.24

(i) CBEAEHMA OB ABTOPAX

Bubuk Uropb BanepbeBuy, KaHAMAAT MEAMLMHCKUX HayK, AOLEHT Kadeapbl
XUPYPrAYeCKOM CTOMaToNorMm, JIyraHCKWi rocyAapCTBEHHbIVE MeAULMHCKUIA
yHuBepcuteT um. Ceatutens Jlyku

ORCID ID: 0000-0003-4053-1431

E-mail: dr.bibik.i.v@yandex.ru

MaHKoB AHApei AfleKCaHAPOBUY, JOKTOP TEXHUYECKMX HayK, Npodeccop Ka-
denpbl «TPaHCNOPTHbIE TEXHONOTUMY, JTYraHCKUI rOCYAaPCTBEHHbIN YHUBEP-
cutet um. Bnagummpa dana

ORCID ID: 0000-0003-2813-8231

E-mail: app.post@rambler.ru

®ponos KOHCTaHTUH ANeKcaHAPOBUY, KaHAMAAT XUMUYECKUX HaYK, JOLEHT
Kadenpbl papmaLLeBTUYECKON XUMUK U HapMaKorHo3um, JyraHcKuii rocyaap-
CTBEHHbIN MEAULMHCKUIA YHUBEPCUTET UM. CBATUTENA JTYKK; SOLEHT Kadeapbl
XUMUM U MHHOBALMOHHBIX XMMMUYECKUX TEXHONOrnM, JlyraHckuii rocyzap-
CTBEHHbII YHUBEPCUTET M. Bnagumupa Jans

ORCID ID: 0000-0002-8045-7582

E-mail: ka.frolov@inbox.ru

DoueHko BUKTOpP BUKTOPOBMY, [OKTOP XMMMUYECKWMX HayK, AOLEHT, 3aBe-
aylowmii Kadeapoi OpraHMYecKor XMMWMM U TexHosnorui, KybaHcKuid ro-
CYLAPCTBEHHDBIA YHUBEPCUTET; BEAyLUMIA HayuHbIA COTPYAHMK HAyYHO-UC-
CNlefoBaTeNbCKOM NabopaTopum «XMMIKC» JIyraHCKOro rocyfapcTBEHHOMo
yHUBEpcUTETa UM. Bnagumupa [lans; BeqyLumii HayuHbI COTPYAHUK Kadeapbl
opraHuyeckuit xummu CeBepo-KaBKasckoro dpeaepanbHOro yHUBepCUTETa
ORCID ID: 0000-0001-7163-0497

E-mail: victor_dotsenko_@mail.ru

Kpusokonbicko Cepreit [eHHagueBnUY, JOKTOP XMMUYECKUX HayK, npodeccop,
3aBeaytolmii Kapeapoit GpapmauesTUHecKon Xumun U GapmakorHosum, Jly-
TFaHCKWI rocyaapcTBEHHbIN MeANLMHCKWI yHUBEpCUTET UM, Ceatutens Jlyku;
3aBeyHoLLMiA HayYHO-UCCNIeA0BaTEIbCKOW nabopaTopueit «XMMIKC», 3aBey-
foLWMiA Kadenpoit XMMUM U MHHOBALMOHHBIX XMMWUYECKUX TEXHONOMMIA JlyraH-
CKOrO rocyflapCTBEHHOTO YHWBEpCUTETa M. Bnagumupa [fana

ORCID ID: 0000-0001-9879-9217

E-mail: ksg-group-lugansk@mail.ru

Bubuk EneHa HOpbeBHa, JOKTOP MEAULMHCKUX HayK, Npodeccop, 3aBeayto-
Wwan kadenpoit ¢pyHAAMeHTaNbHOW U KAMHUYECKON dapmakonoruu, JlyraH-
CKWI rocyAapCTBEHHbIN MEAULMHCKUIA YHUBEPCUTET UM. CBATUTENA JTyKK
ORCID ID: 0000-0002-2622-186X

E-mail: helen_bibik@mail.ru

UHdopmauusa 06 UCTOUHMKE NOALEPIKKU B BuAE rpaHToB, 060pyaoBaHus,
NeKapCcTBeHHbIX NpenapaTos

®UHAHCOBOM MOAAEPIKKM CO CTOPOHbI KOMMaHU-NPOU3BOAMTENEN JleKap-
CTBEHHbIX NPENapaTos ¥ MeAULIMHCKOro 060pyA0BaHUA aBTOPbI HE NOAYYaIn

(i) AUTHORS' INFORMATION

Bibik Igor Valerievich, Candidate of Medical Sciences, Associate Professor of
the Department of Surgical Dentistry, Lugansk State Medical University named
after St. Luke

ORCID ID: 0000-0003-4053-1431

E-mail: dr.bibik.i.v@yandex.ru.

Pankov Andrey Aleksandrovich, Doctor of Technical Sciences, Professor of the
Department of Transport Technologies, Lugansk State University named after
Vladimir Dal

ORCID ID: 0000-0003-2813-8231

E-mail: app.post@rambler.ru

Frolov Konstantin Aleksandrovich, Candidate of Chemical Sciences, Associate
Professor of the Department of Pharmaceutical Chemistry and Pharmacog-
nosy, Lugansk State Medical University named after St. Luke; Chief Engineer
of the Research Laboratory "ChemEx", Lugansk State University named after
Vladimir Dal

ORCID ID: 0000-0002-8045-7582

E-mail: ka.frolov@inbox.ru

Dotsenko Viktor Viktorovich, Doctor of Chemical Sciences, Head of Depart-
ment of Organic Chemistry and Technologies, Kuban State University; Senior
Researcher of the Research Laboratory "ChemEx", Lugansk State University
named after Vladimir Dal; Senior Researcher of the Department of Organic
Chemistry, North Caucasus Federal University

ORCID ID: 0000-0001-7163-0497

E-mail: victor_dotsenko_@mail.ru

Krivokolysko Sergey Gennadievich, Doctor of Chemical Sciences, Head of the
Department of Pharmaceutical Chemistry and Pharmacognosy, Lugansk State
Medical University named after St. Luke; Head of the Research Laboratory
"ChemEx", Lugansk State University named after Vladimir Dal

ORCID ID: 0000-0001-9879-9217

E-mail: ksg-group-lugansk@mail.ru

Bibik Elena Yurievna, Doctor of Medical Sciences, Head of the Department
of Fundamental and Clinical Pharmacology, Lugansk State Medical University
named after St. Luke

ORCID ID: 0000-0002-2622-186X

E-mail: helen_bibik@mail.ru

Information about support in the form of grants, equipment, medications

The authors did not receive financial support from manufacturers of medicines
and medical equipment

507



Bibik IV et al Hematotoxicity of new medications

AVICENNA BULLETIN
Vol 25 * No 4 % 2023

KoH$AUKT uHTEpecos: oTcyTcTByeT

D4 ALPEC 0719 KOPPECMOHAEHLMW:

Bubuk EneHa lOpbeBHa

LOKTOP MeAULMHCKUX Hayk, npodeccop, 3aBeaytolas Kadeapoi dyHaa-
MEHTa/IbHOM U KNMHUYecKoM hapmakoiorum, JlyraHcKuin rocyaapCcTBeHHbIN
MEAVLMHCKMIA YHUBEPCUTET UM. CBATUTENA JTyKK

291045, Poccuiickan ®epepaups, r. JlyraHck, KB. 50-netua 060poHbl JlyraHcka
1r

Ten.: +7 (8572) 022347113

E-mail: helen_bibik@mail.ru

BKNAL ABTOPOB

Pa3paboTka KoHLEeNuuu 1 ausaiiHa uccnegosanus: BEKO
Cbop matepuana: bUB

CraTucTyeckan 06paboTka AaHHbIx: MAA

AHanun3 nony4eHHbIX AaHHbIX: KCT

MopgrotoBKa TekcTta: bBUB

Pepaktuposanue: ®KA

0O6wwan oTBeTCTBEHHOCTD: [1BB

09.08.23
23.11.23

Mocmynuna
MpuHama 8 neyameo

508

Conflicts of interest: The authors have no conflicts of interest

<] ADDRESS FOR CORRESPONDENCE:

Bibik Elena Yurievna
Doctor of Medical Sciences, Head of the Department of Fundamental and Clini-
cal Pharmacology, Lugansk State Medical University named after St. Luke

291045, Russian Federation, Lugansk, sg. 50" Anniversary of the Defense of
Lugansk, 1g

Tel.: +7 (8572) 022347113

E-mail: helen_bibik@mail.ru

AUTHOR CONTRIBUTIONS

Conception and design: BEYu
Data collection: BIV

Statistical analysis: PAA

Analysis and interpretation: KSG
Writing the article: BIV

Critical revision of the article: FKA
Overall responsibility: DVV

Submitted
Accepted

09.08.23
23.11.23



© 2023 K0A11€KTUB aBTOPOB. © 2023 by the authors.

PaboTa HaXOAUTCSI 104, AULIEH3MEN This work is licensed under
Creative Commons Attribution 4.0 International License BY Creative Commons Attribution 4.0 International License
OBb30P AMTEPATYPH REVIEW ARTICLE

doi: 10.25005/2074-0581-2023-25-4-509-519

MEXAHI3MBbI PESUCTEHTHOCTU I'1MOBAACTOMBI K AAOIITUBHOM
VIMMYHHOMU CUCTEME: PD-1 U PD-L1

B.C. KYHIHIMPOBA!, C.C. CK/AP??, K.A. CAMOYEPHBIX?, A.IT1. TPAIIIKOB?, 5.J1. CA®APOB?

1 Hanmonaabsupiit MeAMITMHCKII 1ccaeA0BaTeAbCcKuil eHTp uM. B.A. Aamasosa, Cankr-IlerepOypr, Poccuiickas Peaeparius
2 Pocemitcxuit Hay4YHO-JICCAe]0BaTeAbCKUII HeliPOXUPYPIIUdeckuii MHCTUTYT uM. ipod. A./. IToaenosa, Cankr-TlerepOypr, Poccuiickas Peaepanys

3 IetepOyprckmit HCTUTYT sigeproit usnuky um. B.IT. Koncrantunosa HarjmonaasHoro mccaeaosareabckoro entpa «Kypuaroscknit mHCTUTYT», aTunna,
Poccnitckas Peaeparys

MMmyHoTepanums cTaHoBUTCA BCE bosiee pacnpocTpaHEHHbIM METOAO0M SieYeHUs Ana 60pbbbl C PasNUUHBIMM BUAAMM PaKa, B OCHOBE KOTOPOTO IEXKUT
naea MoLyNMPOBaHMUA UMMYHHOW CUCTEMbI NaLMeHTa. Baoknposka ceasbiBaHua mexay PD-1 v PD-L1, ogHoro n3 BUA0B AaHHOM Tepanmu, No3BonseT
YCWUAUTL NPOTUBOONYXO/EBYIO UMMYHHYIO aKTUBHOCTb. MpUMEHEeHMEe UHIMBUTOPOB MMMYHHbIX KOHTPOJ/IbHbIX TOYEK MPOAEMOHCTPUPOBAIO 3HAUU-
Te/NbHyio 3GPEKTUBHOCTb C BbICOKOW 4aCTOTOM OTBETA U A/IUTENBHON PEMUCCUEN NPU HEKOTOPbIX BUAAX 3/I0KaYeCTBEHHbIX HOBOOBPa30BaHMA.
HecmoTps Ha npoBoaumoe neyeHue, ruobnactoma (Ib) AsnaeTca HeMsbeKHO peLmuanBMpPYIOLLEH ONYXO/bHO, ANA KOTOPOI XapaKTepHa aKTUBaLmaA
Pa3NNYHbIX MEXAHM3MOB YCKO/b3aHWA OT MMMYHHOTO OTBETA, NPENATCTBYIOLMUX MPUMEHEHNIO COBPEMEHHBIX UMMYHOTEPaANeBTUYECKUX CpeacTB. B
0630pe iMTepaTypbl NPOBEAEH aHaAM3 U PAaCCMOTPeH Hanbosiee U3yUYeHHbIM Ha CEeroaHALLHUI AeHb MexaHU3M PE3UCTEHTHOCTU ONyXoel K UMMYH-
HoMmy oTBeTy — aKkcnpeccua PD-1 u PD-L1 npw 6. MpeacTaBneH pag, KAMHUYECKUX UCCAEA0BaHMI C pe3ynbTaTaMu MPUMEHEHUA HIMBUTOPOB MMMYH-
HbIX KOHTPO/IbHbIX TOUYEK Yy MauueHToB ¢ B, a TaKKe AaHO onucaHWe APYruX MEXaHU3MOB PE3UCTEHTHOCTM OMYXONM K aKTUBUPOBAHHOW UMMYHHOM
cucTeme. Bce nepeuncneHHble B COAEPKAHUN UCTOUHUKM BblIM NOA0BPaHbI C NOMOLLBIO CNELMann3nPOBaHHbIX HayYHbIX MHGOPMALIMOHHO-MIOUCKO-
BbIX CUCTEM, 3IEKTPOHHbIX BUBANOTEK U NONHOTEKCTOBbIX Ha3 AaHHbIX 3apyOEXHbIX HayYHbIX NepUoAnYecknX usaaHwuin: Google Scholar, eLIBRARY,
PubMed, Elsevier.

Kntouesble cnoBa: 2auobaacmoma, ummyHomepanus, UMMyHHOMOOYAAYUA, UH2UBUMOPbLI UMMYHHbIX KOHMPOsbHLIX moYek, PD-1, PD-L1.

Ana yutuposaHua: KywHuposa BC, Ckaap CC, CamouepHbix KA, Tpawkos All, Cadapos BU. MexaHW3Mbl PE3UCTEHTHOCTU IIMOBAACTOMbI K a40NTUBHOM
MUMMYHHO cucteme: PD-1 u PD-L1. BecmHuk AsuyeHHel. 2023;25(4):509-19. https://doi.org/10.25005/2074-0581-2023-25-4-509-519

IMMUNE RESISTANCE VIA A PD-1/PD-L1 MECHANISM IN GLIOBLASTOMA

V.S. KUSHNIROVA!, S.S. SKLYAR*?, K.A. SAMOCHERNYKH?, A.P. TRASHKOV?, B.I. SAFAROV?

1 Almazov National Medical Research Centre, St. Petersburg, Russian Federation
2 Polenov Russian Neurosurgical Institute, St. Petersburg, Russian Federation
3st. Petersburg Institute of Nuclear Physics named after B.P. Konstantinov, National Research Center «Kurchatov Institute», St. Petersburg, Russian Federation

Immunotherapy is a treatment option that is becoming more common for different types of cancer. The idea behind this therapy is to modify the
patient's immune system. One type of this therapy involves blocking the binding between PD-1 and PD-L1. By doing so, it enables increased antitumor
immune activity. Immune checkpoint inhibitors have shown significant efficacy with high response rates and long-term remission in various types of
cancer. Glioblastoma (GBM) is a recurrent tumor characterized by immune evasion mechanisms that resist modern immunotherapy. The literature
review analyzed the mechanism of tumor resistance to immune response, specifically PD-1 and PD-L1 expression in GBM. The review presented
several clinical studies that showed the results of using immune checkpoint inhibitors in GBM patients. Additionally, the review described other
mechanisms of tumor resistance to the activated immune system. All sources were selected using specialized scientific retrieval systems and full-text
databases such as Google Scholar, eLIBRARY, PubMed, and Elsevier.

Keywords: Glioblastoma, immunotherapy, immune modulation, immune checkpoint inhibitors, PD-1, PD-L1.

For citation: Kushnirova VS, Sklyar SS, Samochernykh KA, Trashkov AP, Safarov Bl. Mekhanizmy rezistentnosti glioblastomy k adoptivnoy immunnoy sisteme: PD-1
i PD-L1 [Immune resistance via a PD-1/PD-L1 mechanism in glioblastoma). Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):509-19. https://doi.org/10.25005/2074-
0581-2023-25-4-509-519

6 sBnsetca Haubosnee pPaAcNpPOCTPAHEHHOW WM arpeccuBHOM GBM is an aggressive malignant glioma with uncontrolled
3/10KaYeCTBEHHOW IMOMOMN U XapaKTepusyetca HekoHTponupyemoit  cellular proliferation, necrosis, infiltrative growth, and high vascu-
KNETOYHOM nponndepaument, NOBbIWEHHbIM HEKPO30M, MHPMALTPa-  larity [1]. Treatment of GBM typically involves surgical resection

TUBHbBIM POCTOM U BbICOKOM Backynsapusauumeli [1]. NeueHne M6 octa-  of the tumor followed by radiation and chemotherapy, often with
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Ba/I0Cb OTHOCUTE/IbHO HEU3MEHHbBIM B TEYEHUE MHOTUX JIET U COCTOUT
13 XMPYPr1YECKON pe3eKLmmn Onyxoau ¢ nocieayowmm obaydyeHmem
1 Ha3HaYeHMeM X¥MMMUOTepanun NpenapaTom Temosonomua,. YyscTeu-
TenbHOCTb I'B K IeYeHnto TeMO30/10MUA0M HaXOAUTCA B 3aBUCUMOCTH
OT YpPOBHA aKTMBHOCTM 06-meTuaryaHuH-AHK-meTunTpaHchepasbl
(MGMT). NMpaKTM4YecKkn BO BCEX Cy4YasX OMyXOAU HeM3BEKHO peLu-
ausupytoT [2], a bonee BbICOKME A03bl XMMUONPENAPaTOB He AatoT
HMKaKOro KNunHu4eckoro apdekTa [3].

MmmyHOTepanua — Hanpas/ieHWe B OHKOMIOTMK, B OCHOBE KO-
TOPOTO NIEXKUT UAes MOAYNALUN MEXaHU3MOB UMMYHHOMN CUCTEMbI
naumeHTa. UMmyHoMOAyNAUMSA CTAHOBUTCA BCE Bonee nNonynapHbIM
MeToA0M 60opbbbl C pasnnyHbIMK BUAAMK paKa [4]. K coxaneHuto,
[0 CUX NOP MMMYHOTEPanuUA NPOAEMOHCTPMPOBaNa OrpaHUYeHHbIN
ycnex npu 6. Tem He MeHee, AaHHbIN BUA, NeYeHMA NOKasan HeKo-
TOpble NepBOHaYaNbHble NePCNeKTUBbI B KAYECTBe AO0MNONHUTENbHOW
Tepanuu 6 [5, 6].

b M3HaYanbHO NMpPM3HAHA MMMYHONOFMYECKU XONOAHOW Ony-
XONblO, XapaKTepU3ylOLWeNCcA aKTUBaLMel PasNNYHbIX MeXaHW3-
MOB YCKO/Ib3aHUA OT MMMYHHOFO OTBETa, BK/OYaA MHOUALTPALMIO
MUKpOCpeabl MMMYHOCYMPEeCCUBHbIMU KAeTKamu [7], akTuBauuio
TpaHchopmupytoero dpaktopa pocta-b (TGF-b), akcnpeccuio MHAO-
NaMuH-2,3-auokeureHasbl (IDO) M MHIMGUTOPOB KOHTPOJbHbIX TO-
YeK, B YaCTHOCTM SIUraHAa 3anNporpaMMUpPOBaHHOM rnbenm kneTku-1
(PD-L1) [8].

Bbino obHapyeHo, uto PD-L1, upeamepHO 3KkcnpeccupyeTcs
Knetkamu 6 1 Fb-accoummnpoBaHHbIMKU Makpodparamu [9]. CornacHo
[JaHHbIM NpoBeAEHHOTO nccnefoBanusa PD-L1 akcnpeccupyetcs 60-
nee, yem B 88% cnydaes b [10]. PD-L1 aBnsetca rAMKonpoTeMHoOm
TvNa |, copepiKaluym CTPYKTYpHble gomeHbl IgV u 1gC, rmapodobHbiii
TPaHCMeMOpaHHbIA OOMEH M AOMEH CTPYKTYpbl LMTOMIA3MaTy-
yeckoro xBocTa. Peuentopom K auraHay PD-L1 cayxut PD-1, KoTo-
pbIli B BbICOKOW CTENEHM SKCNPECCUPYETCA aKTUBHbBIMU T-KNeTKkamm.
Memb6paHHbI 6enoK 3anporpaMmmnpoBaHHo rnbenn knetok-1 (PD-
1) npeacrtasnset coboit TpaHCMeMBpPaHHBbIN UKONPOTEUH Tuna | ¢
MONEKYNAPHOM maccoi 50-55 K[la, KOTOpbI COAEPKUT OAUH BHe-
KNETOYHbIA fomeH 18V, rmapodobHbIii TpaHCMeMBPaHHbIN AOMEH
N [OMEH LMTOMNNAa3MaTUYeCKON XBOCTOBOW CTPYKTypbl. [JomeH IgV
€oCTOMT 13 20 aMUHOKMCIOT, OTAENEHHbIX OT NAa3MaTUYECKON MeM-
6paHbl. LiuTonnasmaTuyecknii XBoCT COAEPKMUT ABa TUPO3UHOBBIX
MOTMBA: MHIMOMPYIOLWMUIA MOTMB Ha OCHOBE TMPO3UHA UMMYHHOTO
peuentopa (ITIM) M MOTMB NepeKkloYeHUA Ha OCHOBE TUPO3WHA,
MHTMBMPYIOWMIA MMMYHHBIA peuentop (ITSM). UccnegosaHua no-
Ka3zanu, yto ITSM Heobxoaum Ana oKasaHMA UMMYHOCYNPECCUBHOM
¢dyHKUMM PD-1 Ha aKTMBHble T-kneTku [11].

Puc. Bzaumoodelicmsusa PD-1 u PD-L1 8 MukpookpyxeHuu onyxonu. I
B MUKpOOKpyxceHuu onyxonu PD-L1, komopebil ceasvieaemcsa ¢ PD-1,
QJHOMGA/IBHO CUMBHO 3KCNPECCcUpyemca Ha ONnyxosesbiX KNemkax. AK-
musayua nepedayu cueHanos PD-1/PD-L1 eei3bieaem ochopusiu-
pPOBAHUE OCMAMKO8 MUPO3UHA 8 OOMEHAxX yumonsaasmamuyeckol
cmpykmypel ITIM u ITSM PD-1. Il. B umoze npoucxodum nodasneHue
npomusoonyxonesoli akmusHocmu TIL 30 cyém uHeubuposaHus npo-
OYKUUU 2PaHYNAPHBIX hepMeHmMOo8 U pa3nuyHbIX UUMOKUHO8 U 3acmoli
KeMOYHO020 YUKAQ C nocnedyroujum anonmo3som [12]. TME — mukpoo-
KpyxceHue onyxonu,; Tumor cell—onyxonesas knemka; TIL—onyxonb-un-
unempupyrowue numgoyumel; TCR — T-knemoyHell peyenmop; MHC
— 2n1a8HbIl Komnaekc 2ucmocosmecmumocmu;, ITIM — uHeubumopHsIii
MOMUB UMMYHHO20 peyenmopa Ha ocHoge mupo3uHa; ITSM —momus
NepeKntoYeHUA Ha OCHOBE MUPO3UHA UMMYHHO20 peuenmopa, ATP —
adeHosuHmpugocgpam; ADF — adeHosuHOugocam; P — ocmamok
ocgopHoli Kuciomei; TL —anonmos T-numgpouuma
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temozolomide. The effectiveness of temozolomide treatment for
GBM depends on the activity level of O6-methylguanine-DNA
methyltransferase (MGMT). In most cases, tumors inevitably re-
cur [2], and higher doses of chemotherapy are ineffective [3].

Immunotherapy is a direction in oncology that is based on
the idea of modulating the mechanisms of the patient's immune
system. The use of immunomodulation to treat cancer is gaining
popularity as an effective method [4]. Unfortunately, immuno-
therapy has shown limited success in treating GBM, although it
has demonstrated some potential as an adjunctive therapy for
GBM [5, 6].

GBM is an immune cold tumor with immune evasion mech-
anisms, including immunosuppressive cell infiltration in the mi-
croenvironment [7], activation of transforming growth factor-b
(TGF-b), expression of indoleamine 2,3-dioxygenase (IDO), and
checkpoint inhibitors, in particular programmed cell death li-
gand-1 (PD-L1) [8].

PD-L1 was found to be overexpressed by GBM cells and
GBM-associated macrophages [9]. According to a study, PD-L1 is
expressed in more than 88% of GBM cases [10]. PD-L1 is a type
| glycoprotein containing IgV and IgC structural domains, a hy-
drophobic transmembrane domain, and a cytoplasmic tail struc-
ture domain. The ligand PD-L1 receptor is PD-1, which is highly
expressed by active T cells. Membrane protein programmed
cell death-1 (PD-1) is a type | transmembrane glycoprotein with
a molecular weight of 50-55 kDa that contains one extracellular
IgV domain, a hydrophobic transmembrane domain, and a cyto-
plasmic tail domain. The IgV domain consists of 20 amino acids
separated from the plasma membrane. The cytoplasmic tail con-
tains two tyrosine motifs: the immune receptor tyrosine-based
inhibitory motif (ITIM) and the immune receptor tyrosine-based
switching motif (ITSM). Studies have shown that ITSM is required

TME

Turmear cell

msu @
I ™ @

22

Fig. Interactions of PD-1 and PD-L1 in the tumor microenvironment. I.
In the tumor microenvironment, PD-L1 binds to PD-1 and is abnormally
highly expressed in tumor cells. Activation of PD-1/PD-L1 signaling
causes phosphorylation of tyrosine residues in the cytoplasmic ITIM
and ITSM domains of PD-1. Il. As a result, the antitumor activity of
TILs is suppressed due to inhibition of the production of granular
enzymes and various cytokines and cell cycle stagnation followed by
apoptosis [12]. TME — tumor microenvironment; TC — Tumor cell; TILs
— tumor-infiltrating lymphocytes; TCR — T-cell receptor; MHC — major
histocompatibility complex; ITIM — immunoreceptor tyrosine-based
inhibitory motif, ITSM — immunoreceptor tyrosine-based switch motif;
ATP — adenosine triphosphate; ADF — adenosine diphosphate;, P —
phosphoric acid residue; TL — T-lymphocyte apoptosis
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B3aumogeiicteme mexagy PD-1 v PD-L1 npoucxoamT B MUKpPO-
OKPYXEHUM ONYXO/U (PUC.) U NPUBOAUT K UHTMOMPOBAHMIO BYHK-
umm T-KNeToK, BKAKOYas nogasneHue nponndepauum AMmeoLumTos,
CeKpeunmn LMTOKMHOB M LUTOTOKCUYECKOW aKTUBHOCTU, YTO B MUTOTE
MHAYUMPYET UCTOLLEHWE onyxonecneunduyeckmx T-KNeTok 1 anon-
T03. 3TO M NO3BONAET ONYXO/EBbIM KJIETKAM YK/IOHATBLCA OT Haf30pa
a[anTMBHOW MMMYHHOW cucTembl [12].

BbnoknposKa casbiBaHua PD-1 ¢ PD-L1 moxeT ycunmeatb npo-
TUBOOMYXO/NIEBYIO UMMYHHYHO aKTUBHOCTb [6]. MpMHMMan BO BHUMA-
HMe TOT GaKT, YTo, MO AaHHbIM Hay4yHOM nTepaTypbl, 88% b oT/K-
yatotca aKcnpeccueit PD-L1, 06BbACHMM 3HAYMTE/bHbLIN MHTEpeC K
MCNO/Ib30BAHUIO TepaneBTUYECKUX CPEACTB A/1A NPOTUBOAENCTBUA
3TOMY MEXaHM3MYy YCKO/Ib3aHMA OT UMMYHHOTO oTBeTa [13].

MmmyHoTepanua nuruburopamu PD-1/PD-L1

nauueHTtos c b

MoHnmaHue ponu PD-L1 n PD-1 B natoreHese 310Ka4yeCcTBEH-
HbIX HOBOOBPA30BaHWIN NPUBENO K NMOABAEHUIO HOBbIX NMPenapaTos
B TEPANMU OHKONOTMYECKMX 3abonesaHnii [14]. MOHOKNOHabHbIE
aHTWUTeNa CTasn NOBOPOTHBIM MOMEHTOM B MMMYHOTEPANuM paka.
3TOT HOBbIM KAAacC MUMMYHOMOAYNMPYIOLWMUX NPOTUBOOMYXO/EBbIX
areHToB, TaK Ha3blBAEMbIX MHMMOUTOPOB MMMYHHbIX KOHTPO/bHbIX
TOYeK, NPOAEMOHCTPUPOBAN BreYaTAAoLLYy0 3GdEKTUBHOCTb C Bbl-
COKOM YacTOTOW OTBETa M AJIUTENbHOW PEMUCCUEN MPU HEKOTOPbIX
TWMNax paKka, BKAOYAA MeNaHOMy, pak NErku1x, NOYEYHO-KIETOUHYIO
KapLMHOMY, pak MOY€EBOro Ny3blps, PaK ronosbl 1 pak weu [15], Ho
NoKa He ANA oM.

TepanesTuyeckan 3GpdeKTUBHOCTb UHTMOUTOPOB KOHTPO/IbHbIX
Touek PD-1/PD-L1 1 MexaHW3Mbl PE3UCTEHTHOCTY K JaHHOM Tepanuu
y naumeHTos ¢ I'b A0 KOHLA OCTaloTCA HEM3BECTHbIMU. Ha AaHHbIV
MOMEHT NPOoXoAMT 60/IbLIOEe KOMYECTBO MCCeL0BaHUI MO Npume-
HEHMIO MHIMBUTOPOB MMMYHHbIX KOHTPO/IbHbBIX TOYEK Y NaLUEHTOB C
I'B, UX NPOMENKYTOUHbIE PE3YNbTaTbl NPEACTaBAEHbI B TabA.

CynTaercs, YTo O4HWMM U3 OOBACHEHWUI HWU3KOW 3ddEKTUBHO-
CTV Tepanuu UHTMBUTOPaMM KOHTPONbHBIX TOUEK ABAAETCA Hannume
remaTtosHuedpannyeckoro bapbepa (I'3B), NOCKONbKY cOoeAMHEHUs
>400-600 [a He MoryT NpoHMKaTb Yepe3 3b. HuBoaymab, moHo-
KNOHanbHOe aHTUTeno K PD-1 umeet monekynapHyto maccy 146 k/la
[25]. OaHako, Bo-nepBbIX, LenocTHOCTb M6 HapyLieHa B COCYAMCTOM
cetn onyxonu [26], a BO-BTOPbIX, €CTb A0KA3aTeNbCTBA TOrO, YTO
onocpefoBaHHas aHTUTENamum 6aokaga ocu PD-1/PD-L1 1 nocneay-
IOLLAA aKTMBALMA T-KNETOK NPOUCXOAAT BHE LEeHTPaNbHOW HepBHOM
cuctembl [27]. LOKNMHWYECKME U PaHHWUE KIMHWYECKME UCTbITAHUA
NPOAEMOHCTPUPOBAAM, YTO onyxonecneuuduyeckme sGpeKkTopHble
T-KNeTKK, cBA3aHHbIE C UHTMOUTOPAMMU MMMYHHbIX KOHTPOJIbHbIX TO-
yekK, cnocobHbI MUrpUpoBaTh Yepe3 MB K BbI3biBaTb MMMYHHbIE OT-
BETbl BO BHYTPMMAPEHXMMATO3HOM OMyXONEeBOM MUKPOOKPYKEHUN
[8, 27].

CyLLecTBYIOT PacXoXAeHNA B OTBETE Ha 610KaAbl KOHTPONbHbIX
Toyek PD-1/PD-L1 mexay pasnuyHbIMU FEHOMHbIMM MOATUNAMM
WM MONERYAAPHBIMU Npodunamm. AHanus akcnpeccum PD-L1 B 06-
pasuax b nokasan, 4To Me3eHXMMasbHbI eé noaTun umeet bonee
BbICOKYIO 3Kcnpeccuto PD-L1, Korga Kak NpoOHeMpasbHbl noatun
— Hu3kyto [10]. Takum obpasom, Heobxognma 6onee TwaTesbHas
BbIYMC/IUTE/IbHAA XapaKTepUCTMKA CNOCOBHOCTM Kaxkzoro noatvna
pearnposaTtb Ha 610Kaabl KOHTPO/IbHbIX To4eK PD-1/PD-L1.

B pase uccnepoBaHuii yKasbiBanoch Ha npobnemy Bbibopa pe-
MUMOB fledeHmnsa 610KaTopamm KOHTPONbHbIX Touek PD-1/PD-L1 ans
nepBUYHON U peumnausupytowei T6. Tak, Hanpumep, B KAUHUYE-

to exert the immunosuppressive function of PD-1 on active T cells
[11].

The interaction between PD-1 and PD-L1 occurs in the tu-
mor microenvironment, as shown in the figure. This interaction
leads to the inhibition of T-cell function. Specifically, it suppresses
lymphocyte proliferation, cytokine secretion, and cytotoxic activ-
ity. Consequently, tumor-specific T-cell exhaustion and apoptosis
are induced. As a result, tumor cells can evade detection by the
adaptive immune system [12].

Blocking PD-1 binding to PD-L1 may enhance antitumor im-
mune activity [6]. It is worth noting that the available literature
suggests that 88% of GBM exhibit the expression of PD-L1. This
fact explains the heightened interest in therapeutic agents that
can counteract this mechanism of immune evasion [13].

Immunotherapy with PD-1/PD-L1 inhibitors in patients

with GBM

The emergence of new drugs in oncology resulted from an
understanding of PD-L1 and PD-1's role in malignant neoplasm
pathogenesis [14]. Monoclonal antibodies have revolutionized
cancer immunotherapy. This new category of immunomodula-
tory anticancer drugs, known as immune checkpoint inhibitors,
has shown remarkable effectiveness in treating several types of
cancer with high response rates and can lead to long-lasting re-
mission. These cancers include melanoma, lung cancer, renal cell
carcinoma, bladder cancer, head and neck cancer [ 15], but not
yet gliomas.

The effectiveness of PD-1/PD-L1 checkpoint inhibitors as a
therapeutic option and the reasons behind the resistance to this
treatment in patients with GBM are still unknown. Currently, sev-
eral studies are being conducted to evaluate the use of immune
checkpoint inhibitors in GBM patients and their interim results
are summarized in the table below.

One possible reason for checkpoint inhibitor therapy's low
effectiveness is the blood-brain barrier (BBB), which prevents
compounds larger than 400-600 Da from crossing it. Nivolumab is
a type of monoclonal antibody that targets PD-1. It has a molec-
ular weight of 146 kDa [25]. The integrity of the BBB is disrupted
in tumor vasculature [26]. Additionally, there is evidence that T
cell activation occurs outside the CNS following the antibody-me-
diated blockade of the PD-1/PD-L1 axis [ 27]. Preclinical and early
clinical trials have shown that effector T cells specific to tumors
associated with immune checkpoint inhibitors can cross the BBB
and induce immune responses in the intraparenchymal tumor
microenvironment [8, 27].

Discrepancies exist in response to PD-1/PD-L1 checkpoint
blockades between different genomic subtypes or molecular
profiles. Analysis of PD-L1 expression in GB samples showed that
its mesenchymal subtype has higher PD-L1 expression, while the
proneural subtype has low expression [10]. Therefore, a more
comprehensive computational assessment is necessary to deter-
mine each subtype's response to PD-1/PD-L1 checkpoint inhibi-
tors.

Several studies have highlighted the challenge of selecting
treatment plans involving PD-1/PD-L1 checkpoint inhibitors for
primary and recurrent GBM. For instance, the phase Il clinical
trial CheckMate-143 revealed that using anti-PD-1 monoclonal
antibodies (nivolumab) as a therapeutic monotherapy did not
result in a higher overall survival rate compared to bevacizumab
in patients with recurrent GBM who had previously undergone
chemotherapy and radiation therapy [16]. A recent study found
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Tabnauya ViccnedosaHusa uHaubUMOpPO8 UMMYHHbIX KOHMPObHbIX MoYeK npu b

NCT03367715

NCT02017717
CheckMate 143
[16]

NCT02667587
CheckMate 548
[17]

NCT02617589
CheckMate 498
[18]

NCT02794883

NCT03684811
[19]

NCT02337686
(20]

NCT03047473
(21]

NCT02335918
(22]

NCT02336165
(23]
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MGMT-He-
MeTUINPO-
BaHHaa b

Prb

nre

Mnre

PIre

Prb

Prb

nre

PIre

Mre/Pre

10

529

716

560

36

32

18

30

175

159

56

56

58

58

43

56

lpynnbl uccnegosaHus

Husonymab + Ununumymab +
NyyeBas Tepanua

rpynna N: Husonyma6b
rpynna N + |: Husonymab +
Nnunnmyma6b
rpynna B: beBaunsymab

| rpynna: HuBonymab +
Temo3zonomuz + ny4eBan Tepanmsa
Il rpynna: HuBonymab nnaue6bo +
Temo3zonomuz, + nyyeBan Tepanma

| rpynna: HuBonymab + nyyesas
Tepanua
Il rpynna: Temo3onomug, + nyyesasn
Tepanua

| rpynna: Jypsanymab
Il rpynna: Tpemenumymab +

[Oypsanymab
Il rpynna: Tpemenumymab

KoropTta 1A: OnyTasnaeHu6b
Koropta 1B: OnytasnaeHuno + Asa-
UUTUANH

Membponnsymab + xupypruyeckoe
neyeHve

nobasneHune Asenymaba K
CTaHAAPTHOMY /IeYEHUIO

Bapannymab + Husonymab

KoropTa A: nepBuyHas I'b ypsany-
mab 10 mg/kg + nyyesas Tepanus
KoropTa B: peuunaus 6 ypsanymab
10 mg/kg
KoropTa B2: peunamus b Aypsany-
mab 10 mg/kg + besaunsymab 10
mg/kg
KoropTa B3: peunams b Aypsany-

mab 10 mg/kg + besaunsymab 3 mg/

kg
koropta C: peunaus b ypsanymab
10 mg/kg + BeBauusymab 10 mg/kg

Pe3ynbratbl

MB: 16.85 mec (46,49-32,89)
MBB: 5.92 mec (1,48-13,93)

OTCYTCTBUE Y/yULIEeHUA
BbI)KMBAEMOCTU NPU NPUMEHeHUN
Husonymaba (9,8 mec) no
cpaBHeHuto ¢ beBauesymabom (10
mec)

MB
I rpynna: 28,91 mec (24,38-31,57)
Il rpynna: 16,85 mec (4,49-32,89)
MBB
| rpynna: 10,64 mec (8,90-11,79)
Il rpynna: 10,32 mec (9,69-12,45)

MB
| rpynna: 13,40 mec (12,62-14,29)
Il rpynna: 14,88 mec (13,27-16,13)
MBB
| rpynna: 6,01 mec (5,65-6,21)
Il rpynna: 6,21 mec (5,91-6,74)

MB
| rpynna: 7,246 mec (2,746-16,32)
Il rpynna: 11,71 mec (18,332-32,71)
Il rpynna: 7,703 mec (7,411-40,14)
MEB
| rpynna: 2,746 mec (2,68-8,727)
Il rpynna: 4,356 mec (2,941-32,74)
Il rpynna: 4,913 mec (2,905-120,4)

MBB
koropta 1A 8,21 Hep, (7,14-37,50)
Koropta 1B: 8,29 Hep, (8,14-9,43)

MB
20 mec (8,64-28,45)

OTBET Ha /ieyeHune 23,3%
MB 15,3 mec
MBB 9,7 mec

12-mecAYHan BbI*KMBAEMOCTb
40,9%

MB
Koropta A: 64,8 Hepg, (51,6-78,9)
KoropTa B: 39,4 Hep (23,7-64,3)
Koropta B2: 37,3 Hep, (24,4-43,4)
Koropta B3: 39,7 Hep, (26,9-47,4)
koropta C: 19,3 Heg (10,3-27,7)
MBB
Koropta A: 19,9 Hep, (16,0-32,3)
Koropta B: 13,0 Hea (7,4-20,1)
Koropta B2: 16,0 Hepg, (11,9-16,1)
Koropta B3: 15,7 Hep, (8,3-16,4)
Koropta C: 7,9 Heg, (5,3-8,6)

®a3za uccne-
[oBaHUA

Ib/Il

I/
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NCT02337491
[24]

PI6

80

51

MB
KoropTa A: 8,8 mec (7,7-14,2)
KoropTa B: 10,3 mec (8,5-12,5)
MBEB
KoropTa A: 8,8 mec (7,7-14,2)
KoropTa B: 1,4 mec (1,4-2,7)

Koropta A: lMembponnsymab + besa-
Lu13ymab
KoropTa B: Membponnsymab

Mpumeyanusa: MGMT — 06-meTunryaHuH-AHK-meTuntpaHchepasa, MB — meaunaHa Bbixxnsaemoctv, MBB — meavaHa 6e3peupansHoit BbixkmaemocTy, N6 — nepsuyHas
ravobnactoma, PI6 — peumamsumpytowas rmvobaactoma

Table Immune checkpoint inhibitor studies in GBM

NCT03367715

NCT02017717
CheckMate 143
[16]

NCT02667587
CheckMate 548
[17]

NCT02617589
CheckMate 498
[18]

NCT02794883

NCT03684811
[19]

NCT02337686
(20]

NCT03047473
[21]

NCT02335918
[22]

MGMT
unmethylated
GBM

rGBM

pGBM

pGBM

rGBM

rGBM

rGBM

pGBM

rGBM

Number of
patients

[E
o

529

716

560

36

32

18

30

175

Mean
age

56

58

58

43

Treatment
groups

Results

Nivolumab + Ipilimumab + MS: 16.85 months (4.49-32.89)
radiation therapy mDFS: 5.92 months (1.48-13.93)

group N: Nivolumab
group N + I: Nivolumab + Ipilimumab
group B:
Bevacizumab

no survival benefit with Nivolumab
(9.8 months) compared with mDFS
(10 months)

MS:
Group 1: Nivolumab + Temozolomide +  G1: 28.91 months (24.38-31.57)
radiation therapy G2: 16.85 months (4.49-32.89)
Group 2: Nivolumab placebo + mDFS:
Temozolomide + radiation therapy G1:10.64 months (8.90-11.79)

G2:10.32 months (9.69-12.45)

MS
G1: 13.40 months (12.62-14.29)
G2: 14.88 months (13.27-16.13)
mDFS
G1: 6.01 months (5.65-6.21)
G2: 6.21 months (5.91-6.74)

Group 1: Nivolumab + radiation therapy
Group 2:
Temozolomide + radiation therapy

MS
G1:7.246 months (2.746-16.32)
G2:11.71 months (18.332-32.71)
G3:7.703 months (7.411-40 .14)
mDFS
G1: 2.746 months (2.68-8.727)
G2:4.356 months (2.941-32.74)
G3:4.913 months (2 .905-120 .4)

Group 1: Durvalumab
Group 2: Tremelimumab + Durvalumab
Group 3: Tremelimumab

Cohort 1A:
Olutazidenib
Cohort 1B:
Olutazidenib + Azacitidine

mDFS
Cohort 1A 8.21 weeks (7.14-37.50)
Cohort 1B: 8.29 weeks (8.14-9.43)

MS
20 months (8.64-28.45)

response to treatment 23.3%
adding Avelumab to standard treatment MS: 15.3 months
mDFS: 9.7 months

Pembrolizumab + surgical treatment

Varlilumab + Nivolumab 12-month survival rate 40.9 %

Clinical trial
phase

Ib/Il

1/l
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Cohort A: pGBM
Durvalumab 10 mg/kg + radiation MS

therapy
Cohort B: recurrent headache
Durvalumab 10 mg/kg
Cohort B2: recurrent headache

Cohort A: 64.8 weeks (51.6-78.9)
Cohort B: 39.4 weeks (23.7-64.3)
Cohort B2: 37.3 weeks (24.4-43.4)
Cohort B3: 39.7 weeks (26.9-47.4)

NCT0[22333]6165 pGBM/rGBM 159 56 Durvalumab l(iomrigl;i;- Bevacizumab  Cohort C: 19.3mV\|/DeFesks (10.3-27.7) "
Cohort B3: recurrent headache Cohort A: 19.9 weeks (16.0-32.3)
Durvalumab 10 mg/kg + Bevacizumab Cohort B: 13.0 weeks (7.4-20.1)
3 mg/kg Cohort B2: 16.0 weeks (11.9-16.1)
Cohort C: recurrent headache Cohort B3: 15.7 weeks (8.3-16.4)
Durvalumab 10 mg/kg + Bevacizumab Cohort C: 7.9 weeks (5.3-8.6)
10 mg/kg
MS
Cohort A: Cohort A: 8.8 months (7.7-14.2)
NCT02337491 Pembrolizumab + Bevacizumab Cohort B: 10.3 months (8.5-12.5)
[24] s 80 51 Cohort B: mDFS I

Pembrolizumab

Cohort A: 8.8 months (7.7-14.2)
Cohort B: 1.4 months (1.4-2.7)

Notes: MGMT — O6-methylguanine-DNA methyltransferase, MS — median survival, mDFS — median disease-free survival, pGBM — primary glioblastoma, rGBM — recurrent

glioblastoma

ckom uccnegosaHum Il ¢asbl CheckMate-143 coobLianocs, 4To mo-
HoTepanus B 1e4ebHOM peXkrMe MOHOKNOHaNbHbIMM aHTUTENAMMU K
PD-1 (HMBOAYMab) He NPUBOAMT K YBEAMUYEHWIO 0BLLEN NPOAONKM-
TENbHOCTU XKU3HM MO CPaBHEHUIO ¢ beBaLM3ymabom y naLmeHTos ¢
peunameupytoweit I'b, paHee NonyyaBLUMX XMMUOTEPANUIO U Ny4e-
BYylO Tepanuio [16]. B apyrom nccnepoBaHum 6b10 NPOAEMOHCTPH-
poBaHo, 4To Npw b (Kak NepBUYHON, TaK U peuuanBupytoLLeit) ogHa
HE0aAbIOBAHTHAA WMHBEKLMA MOHOKNOHANbHbLIX aHTUTen K PD-1 c
nocneaylowenn XMpypruyeckom pesekumen Onyxoiu U nevyeHuem
6n10KaTopammn PD-1 B nocneonepauuoHHOM Nepuoge nNpuBoguna K
3HAYNUTE/IbHOMY YBE/IMYEeHMIO Be3peuuamBHOro nepuosa u oben
BbIKMBAEMOCTU, MO CPABHEHMIO C MPUMEHEHMEM TO/IbKO aiblOBAHT-
Hoi Tepanuu [28, 29]. K Tem Ke BbIBOAAM NPULLAN 4BE HE3ABUCK-
Mble MCCNeaoBaTeNbCKUe TPYNMbl, KOTOPbIe UCMOAb30BaAW pasHble
MOHOK/IOHaNbHble aHTUTeNa — nembponnsymab 1 HuBonymab. O6b-
ACHEHWEe AaHHOro deHoMeHa AOCTaTOYHO MpocToe — AAETCA BPeMA
Ha TO, YTOBbl aKTMBMPOBAHHAA MMMYHHaA CUCTEMA «ycrena nosHa-
KOMMTBLCA» C ONYXO/bio L0 e€ yAaneHus ¢ npodykumei T-KneTok na-
MATU. Tem He meHee, HeobX0AMMO NPOBECTU KpyMHOMAcLUTabHble
PaHAOMM3MPOBAHHbIE UCCNEA0BAHMA, YTOObI NONHOCTLIO [OKa3aTb
nonb3y HeoaAbOBaHTHOrO noaxoaa [30].

Pe3ucteHTHOCTb K UMMYHOTepanuu npu I'b

I'6 06nagaeT MHOrOUYMCAEHHBIMMU MEXaHU3MaMU PE3UCTEHTHO-
CTU K 3G EKTOPHOM MMMYHHOW cucTeme [31-34].

The Cancer Genome Atlas (Athac reHoma paka) npeanoxun
yeTblpe noaTuna b, onupascb Ha anbTepauun U 0COBEHHOCTU MO-
NEKYNAPHO-TeHETUYECKOro CTaTyca: NPOHeNPasibHbIN, HEeMpPanbHbIN,
KNacCUUYEeCKU 1 Me3eHXMManbHbIN. XOTA 3Ta Knaccudukauma npesa-
cTaBnAeT cobov OTNPABHYIO TOUKY, TEM HE MEHEE OHa He y4uTbiBaeT
BHYTpMONyXo/eByto reteporeHHocTb b, Tak, 6bl10 OTYETAMBO NpO-
[leMOHCTPUPOBAHO, YTO B OZLHOM M TOW Ke OMyXOAW B pa3HbIX 30HaX
NPUCYTCTBYIOT pa3Hble MonekynapHble noatunsl [31]. bonee Toro, b
«3BONOLMOHMPYET», NPHMOBpeTas HOBble MyTaLMK, MPUYEM, B paje
CNY4aeB, He 3aBUCMMO OT BHELLHMX (HAKTOPOB, B TOM YMC/E NPOBO-
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that administering a single neoadjuvant injection of anti-PD-1
monoclonal antibodies before surgical resection of the tumor
helped increase the disease-free period and overall survival of
patients with HD (both primary and recurrent). This therapy was
found to be more effective than using adjuvant therapy alone [28,
29]. Two independent research teams have come to the same
conclusion while using monoclonal antibodies — Pembrolizumab
and Nivolumab. The reasoning behind their success is straightfor-
ward: giving the activated immune system ample time to recog-
nize and learn about the tumor before eliminating it. This process
results in the production of memory T cells. However, large-scale
randomized trials are necessary to prove the neoadjuvant ap-
proach's benefits fully [30].

Resistance to immunotherapy in GBM

GBM has multiple mechanisms of resistance to the effector
immune system [31-34].

The Cancer Genome Atlas (TCGA) has identified four sub-
types of GBM based on genetic alterations and molecular genetic
status: proneural, neural, classical, and mesenchymal. Howev-
er, this classification only serves as an initial point and fails to
consider the intratumoral heterogeneity of GBM. It has been
demonstrated that different molecular subtypes coexist in dis-
tinct regions of the same tumor [31]. Moreover, GBM "evolves",
acquiring new mutations, and, in some cases, regardless of exter-
nal factors, including treatment [5]. In this case, the tumor lacks
a universal antigen, making it difficult to develop stable adaptive
immunity, leading to an internal mechanism of GBM resistance.

It's important to consider how tumors adapt to resist attacks
from the immune system. These adaptive mechanisms allow tu-
mors to counteract the immune system's efforts, which are nor-
mally in place to protect against autoimmunity. One of the ways
tumors create an immunosuppressive environment is through
the production of immunosuppressive factors such as tTGF-B, IL-
10, IL-35, and PGE2. These factors are produced by GBM cells in
the microenvironment to reduce the expression of MHC class Il
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aumoro neyenus [5]. B cBA3M ¢ 3TUM, B ONYXONU OTCYTCTBYET YHU-
BEPCA/bHbIA aHTUrEH, HA KOTOPbIA MOXKET BblpaboTaTbCA CTOMKUM
afanTvBHbIN MMMyHUTET. Takum obpasom, obecneyvBaeTcs BHY-
TPEHHUI MexaHU3M pe3ncTeHTHOCTH .

CTOMUT yuuTbIBaTb aJanNTUBHbIE MEXaHU3Mbl PE3UCTEHTHOCTH,
KoTopble 06ycn0BAMBaAOT CNOCOBHOCTL OMYXO/AM MPOTUBOAENCTBO-
BaTb «aTakam» MMMYHHOM CUCTEMbI, NOAYMHAA MeXaHWU3Mbl, KOTO-
pble Npu OTCYTCTBMM NATONOMMM 3alLMLLAIOT OT ayTOMMMYyHUTETa. B
nepsyto oyepeap, [b cO342ET MMMYHOCYNPECCUBHYIO MUKpOCpeay.
Tak, Hanpumep, npoayuupyemble KneTkamu I'b B MUKPOOKpPYXKeHUH
MMMyHocynpeccopHble dakTopbl, TTGF-B, IL-10, IL-35 1 PGE2 cHuxa-
10T aKcnpeccuio monekyn MHC knacca |l u nogasnstoT nponudepa-
Um0 1 akTuBaumio T- u B-knetok [32, 33].

CToUT OTMETUTb, YTO 6ONbLIOE KOAMYECTBO NONYNALMIA B MU-
KPOOKPYKEHUN OMyXOaM KNETOK-CYNpPeccopoB, TakUX KaK peryns-
TOpHble T-KNEeTKM, KOTopble NPOAYLMPYIOT PasNnYHbIE LUTOKMHBI
(TGF-B, IL-10, IL-35 n ap.), MHTMBUPYIOT NpoaUdeEpPaLLUMIO U aKTUBA-
umto T-numoouuTos. ELLE oaHOM COCTaBAAIOLWEN ONyXoaeBol cpesbl
ABNAOTCA MaKkpodaru, KoTopble Nog AeUCTBUEM LUTOKMHOB NpUob-
peTatoT cynpeccopHbiit peHotun (M2) [33, 34].

Mo mepe paclIMPEeHUs MOKasaHWUI K MPUMEHEHUIO UHIMOW-
TOPOB KOHTPOJIbHbIX TOYEK U YBENMYEHWUA YMCAa MaALMEHTOB, No-
JIy4aloLmX 3T Npenapatbl, BblAENEH MeXaHU3M NpuobpPeTEHHOM
PE3UCTEHTHOCTM, KOTOPbIA BK/IKOYAET TEHETUYECKME W3MEHEHWS,
BbI3BaHHblE MMMYHO/OTMYECKUM «aBJeHNeM». Pe3nCTeHTHOCTb K
6nokage PD-1 b obecneymBaeT aKTMBALMIO afbTEPHATUBHBIX UM-
MYHHbIX KOHTPONIbHbIX TOYEK, TaKMX Kak TIM-3 (6enok-3, coaepsa-
LW T-KNETOUHbIA UMMYHOMMOBYANH M MYyLUMH/LOMEH MyumHa) [35].

CToUT yuuTbIBaTb UCMONb3yeMble AnA 6opbbbl C OTEKOM ro-
NIOBHOTO MO3ra y nauneHToB ¢ 6 KOPTUKOCTEpOUApI, B TOM Yncne
[leKCamMeTa3oH, KOTOpbl 0671aaeT MMMYHOCYNPECCUBHBIM Leii-
ctBrem. [lekcameTasoH obycnaenvBaeT nogasneHue T-KAeTOK 3a
CYET ymeHbLeHua npoandepaummn n anddepeHUMpPOBKU HAaTUBHbBIX
T-KNeToK nocpeacTBOM KOoCTUmyupytowero nyti CD28 [36].

3AKNIOYEHUE

6 0bnasaeT BbICOKOI YCTOMYMBOCTbIO K CTAHAAPTHbIM Me-
TOAAM NleYeHns U, TaKUM 06pa3om, npeacTasaseT coboi cnoxHoe
3abonesaHne. OCb MMMYHHbIX KOHTPO/bHbIX Touek PD-L1/PD-1
CYNTAETCA MHTEPECHOW MWLLEHbIO ANA MMMyHOoTepanuu. Brokaga
B3aumogenctauna mexxay PD-1 u PD-L1 moKeT BOCCTaHOBUTb Haae-
aLmin UMmyHuTET NpoTue 6. HepaBHWe KAMHMYECKME UcCnea0Ba-
HWA MHrMbuTopos PD-L1/PD-1 npoaemoHcTpupoBsanu 3¢pdeKTnBHbIe
OTBETbI. XOTA UCMbITAaHWUA He NOATBEPKAAIOT KPUTUYECKOTO YBENNYe-
HWA 00LLEN BbIXKMBAEMOCTM, BO3MOMXKHO PaCCMOTPEHME NPUMEHEHUS
[AaHHbIX MHIMMBUTOPOB B COMETAHMM CO CTAaHAAPTHOM Tepanuen u B
KOMBVHALMV C ApyTMMU MeToZaMu MMMyHoTepanun. OnpegeneHne
ONTUMANbHOW KOMBWMHAUMKM WM MNOCNEeA0BaTENbHOCTM KOMBUHMPO-
BaHHOW Tepanuu, a TaKKe BblaeNeHMe NaLUMEHTOB, YyBCTBUTE/bHbIX
K AAaHHOMY BUAY NEYeHUs, ABNAETCA CNOXKHOM 3aaadei. Heobxoam-
Mbl JanbHeWwne GyHAAMEHTANbHbIE U KIUHWYECKNE UCCNeA0BaHNA
ANA CO34aHMA NYYLLUX TepaneBTUYECKMX NPOTOKO/OB.

molecules and suppress the proliferation and activation of T and
B cells [32, 33].

It is important to note that many suppressor cells in the tu-
mor microenvironment, such as regulatory T cells, produce vari-
ous cytokines (TGF-B, IL-10, IL-35, etc.) that inhibit the prolifera-
tion and activation of T lymphocytes. Another component of the
tumor environment is macrophages, which, under the influence
of cytokines, acquire a suppressor phenotype (M2) [33, 34].

With the expanding indications for checkpoint inhibitors and
the increasing number of patients receiving these drugs, a mech-
anism of acquired resistance has been identified. This mechanism
involves genetic changes that occur due to immunological "pres-
sure". When resistance to PD-1 HB blockade develops, it can acti-
vate alternative immune checkpoints such as TIM-3 (T-cell immu-
noglobulin and mucin/mucin domain-containing protein-3) [35].

It is important to note that corticosteroids, such as dexa-
methasone, used to reduce brain swelling in patients with GBM,
can potentially suppress the immune system. Dexamethasone
specifically reduces the proliferation and differentiation of naive T
cells through the CD28 co-stimulatory pathway, which can lead to
T cell suppression [36].

CONCLUSION

GBM is known to be one of the most intricate, fatal, and re-
sistant-to-treatment forms of cancer. However, there is a promis-
ing target for immunotherapy — the PD-L1/PD-1 immune check-
point axis. By blocking the interaction between PD-1 and PD-L1,
proper immunity against GBM can be restored. Recent clinical
studies on PD-L1/PD-1 inhibitors have shown promising results
in treating GBM. Although these inhibitors have not significant-
ly increased overall patient survival in clinical trials, they may be
beneficial when combined with standard therapy or other immu-
notherapies. However, it is challenging to determine the optimal
combination and sequence of combination therapy and identify
patients sensitive to a given treatment. Therefore, further re-
search in basic and clinical fields is crucial to develop improved
therapeutic protocols.
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OKCITEPUMEHTA AbHBIE MOAEAN ITEPUKAPAUTA

E.A. A030BCKA’, H.H. APEMIHA, C.b. HUIKI®OPOB, N.A. IIIYPHITVIHA

VIpKyTCcKuMit Hay4qHBII LIeHTP Xupypruu u tTpasmaroaorun, Vipkyrck, Poccuiickas ®Peaepanns

CraTbf NOCBALLEHA aKTyaNbHOM Npobaeme pa3sBuUTUA Py6LOBO-CNAEUHOTO NPOLLECCa NMPU ONepauuaX Ha CepaLe C Pa3BUTUEM OCNONKHEHUS B BUAE
aAre3vnBHOTO NepuKapauTa ¢ TpaHchopmaumein B 60see 0CIOKHEHHYIO GOPMY — KOHCTPUKTUBHbINM NepukapanT. OnucaHbl COKHOCTU NPOBEAEHMUA
NOBTOPHbIX OMEpaLMili Ha cepaLe M GpakTopbl MHMLMALMK CNAaeYHOro Npouecca B NepuKapae, STMONaToreHeTUYeckne mexaHusmbl GpubporeHesa c
Y4acCTMEM aKTMBHbIX MMMYHHbIX KNETOK W BbICBOBOMKAEHMEM MPOBOCMASITENbHBIX LIUTOKMHOB. MpoaHain3MpoBaHbl OCOBEHHOCTU Pa3BUTUA KOH-
CTPUKTUBHOTO NEPUKAPAMTA C YAaCTUYHOM AETann3aumii KNETOUYHbIX U MONIEKYAAPHbIX acreKToB B MpOLecce PemMogenvpoBaHva nepukapaa. Jaqa
OLEHKa NPUMEHAEMOMY CETOAHSA KOMM/IEKCY XMPYPTUYECKUX M TEPANeBTUYECKUX MEPONPUATUIA ANA NTPODUNAKTUKM OCIOKHEHUI NOC/E onepauuii Ha
cepaue. O60CHOBaHO aKTUBHOE UCMO/Ib30BAHWUE OPUTMHANBHBIX BUONOTMYECKUX TECT-CUCTEM B BUAE IKCMIEPUMEHTA/IBHDIX }KUBOTHBIX 418 MOHUMAHUA
MEXaHM3MOB Pa3BUTUA aAre3nBHOrO NepUKapanTa Noc/ie ONepaTMBHOTO BMELATENbCTBA HA CEPALE C LIe/bo AanbHenweit ux npodunaktvku. Npeg-
CTaB/EHO ONMUCAHUE Pa3NMUYHbIX IKCNEPUMEHTANbHBIX MOZENel CnaeyHoro npoLecca B Gopme NepukapanTa Npy onepaumax Ha OTKPLITOM cepaLe
Y Mbllen ¢ BBeAeHWEeM 6aKTepuanbHOro areHTa; TajbK-MHAYLMPOBAHHOIO NMepUKapamMTa y Mblleit, CBUHeN, cobaK, KPONMKOB, FeHepPUPOBAHHOMO
MHTpanepuKapananbHon MHbeKLMei 3umo3saHa A, akTMBaTOpa HYK/e0TU-CBA3bIBAIOLLErO JOMEHA, MEXaHUYECKUMMU METOAAMM aKTMBALLMM NepuKap-
[MTa. DKCNEePUMEHTa IbHble Pa3paboTKu B 3T 061aCTW NO3BONAT UCCNEA0BaATb NOTEHLMA/ HOBbIX OPUMMHA/bHbIX MPOTUBOCMAEUYHbIX IEKAPCTBEHHbIX
MONEKY/ C NePCNeKTUBOM UX UCMONBb30BAHUA B KAPAUOXMPYPIUYECKON NPaKTUKe.

KntoueBble cnoBa: onepayuu Ha cepoye, KOHCMPUKMUBHbIU nepukapoum, mexaHu3mMel hubpozeHesa, NPOPuUAGKMUKA Nepukapouma, sKcrnepumeH-
maneHsle Modenu nepuxkapouma.

Ona uutupoBaHua: Jlososckaa EA, [pemuHa HH, Hukudopos Cb, LypbirnHa WA. SKcnepuMeHTanbHble MOLENWN NEPUKAPAUTA. BecmHUK AsuyeHHs!.
2023;25(4):520-6. https://doi.org/10.25005/2074-0581-2023-25-4-520-526

EXPERIMENTAL PERICARDITIS

E.A. LOZOVSKAYA, N.N. DREMINA, S.B. NIKIFOROV, I.A. SHURYGINA

Irkutsk Scientific Center for Surgery and Traumatology, Irkutsk, Russian Federation

The article discusses a pressing issue in cardiac surgery — the development of cicatricial adhesions and complications that arise from adhesive
pericarditis, which can transform into a more severe condition known as constrictive pericarditis. The article also delves into the challenges of
performing repeated cardiac surgery, the factors that trigger the adhesive process in the pericardium, and the etiopathogenetic mechanisms of
fibrogenesis. These mechanisms involve the participation of active immune cells and the release of proinflammatory cytokines. Specifically, the
article examines the features involved in the development of constrictive pericarditis, focusing on the cellular and molecular aspects of pericardial
remodeling. It also evaluates the surgical and therapeutic measures currently used to prevent complications after cardiac surgery. Using original
biological test systems involving experimental animals is advocated for a better understanding of the mechanisms underlying adhesive pericarditis
after cardiac surgery and the development of effective prevention strategies. A range of experimental models of adhesions caused by pericarditis
during open-heart surgery in mice is presented in this paper. The models include talc-induced pericarditis in mice, pigs, dogs, and rabbits, induced
through the intrapericardial injection of Zymosan A, a known activator of the nucleotide-binding domain leucine-rich repeat and pyrin-containing
protein 3 (NLRP3) inflammasome. Furthermore, the paper also covers mechanical methods of activation of pericarditis. These experimental models
will help researchers explore the potential of new anti-adhesion drug molecules, which can be used in cardiac surgery.

Keywords: Cardiac surgery, constrictive pericarditis, mechanisms of fibrogenesis, prevention of pericarditis, experimental models of pericarditis.

For citation: Lozovskaya EA, Dremina NN, Nikiforov SB, Shurygina IA. Eksperimental'nye modeli perikardita [Experimental pericarditis]. Vestnik Avitsenny
[Avicenna Bulletin]. 2023;25(4):520-6. https://doi.org/10.25005/2074-0581-2023-25-4-520-526

MocneonepaumoHHbIi cnaeyHbln NPOLECC NPeaCTaBAAET OAHY The postoperative adhesive process is a significant issue in
M3 aKTyasbHbIX Npobnem xupypruv. B Kapamoxvupyprim npu onepa-  surgery, particularly in cardiac surgery. During open-heart sur-
LMAX Ha OTKPLITOM CEpPALE, Kak peakuus Ha onepaTvBHOE BMela-  gery, the pericardial layers undergo an inflammatory reaction as
TeNIbCTBO, BO3HWUKAET BOCMANUTE/IbHAA PeaKLMA IUCTKOB NepuKkapaa,  a response to the surgery. This reaction increases the risk of com-
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YBE/IMUMBASA PUCK NMOBTOPHbIX OMEPaLLMi U OCNOXKHEHUI TEYEHMA OC-
HoBHOro 3abonesaHua [1, 2]. Mpu afeKBaTHOWM XMPYPrMYecKomn Kop-
peKuun 3aboneBaHua cepaua B OTAANEHHbIE MOC/NEONEPALMOHHbIE
CPOKM BO3MOMKHO pa3BUTME afre3MBHOMO NepuKapamTa u TpaHcdop-
MaLms ero B KOHCTPUKTUBHbIN NEPUKAPAUT C TAXKENbIM TedeHuem [3].
CNoXHOCTU NpY NOBTOPHbIX ONEPaLMAX Ha CepALe CBA3aHbI C Hapy-
LUeHWEM BM3yaNMn3aLLMmM OPraHoOB CPEAOCTEHUS, MUSMEHEHMEM aHaTo-
MMWYECKUX CTPYKTYP, PUCKOM TPaBMaTM3aLMM BO BPEMA Kapauoausa
[4].

MoBpeXaeHWe aHAaTOMMYECKMX CTPYKTYP Cepaua Xupyprude-
CKMM MHCTPYMEHTOM, GpU3MYECKOE BO3AENCTBME, LOBHbI MaTepuan,
MHOEKLMOHHbBIN NPOLLECC, CTYCTKM KPOBU B OKOMIOCEPAEYHON CYMKe
NpeacTaBAoT GaKTopPbl PUCKA PA3BUTUSA CMAeYHOro mpouecca npu
onepaumax Ha cepaue [5], Kak U 1Ucnonb3oBaHWe B NocaeonepaLm-
OHHOM MNepUoAE aHTUKOAryNAHTHLIX cpeacTs [6]. Cneunduyecknm
baKkTopom B HOPMMPOBAHUM BHYTPUNEPUKAPAWANbHBIX CMAeK npu
onepaumMax Ha OTKPbITOM cepaLe ABNSAETCA MCMNO/Mb30BaHUE WCKYC-
CTBEHHOTO KpoBoobpaLLeHua [7, 8].

MoKa3aHo, YTO YacToTa MOBTOPHbIX OMepaLmit B Kapamoxmpyp-
rvm onpepensetcs oT 10 a0 20% oT 06Lwero KoaM4YecTsa onepaTBHbIX
BMELLATeNbCTB B rog, [9], netanbHocTb npu 3Tom coctasnset 9-15%
[10].

B nocneaHue roabl NosBWAOCH AOCTaTOYHOE YUCNO WUCCNEAO-
BaHMWM1, PacKpPbIBAOLLMX STUOIOTMYECKME M MATOFEHETUYECKME MeXa-
HM3MbI CNlae4yHOro npoLiecca B rpyaHol nonoctu [11]. Hapsay ¢ atum,
aKTVMBHO pa3pabaTbiBaloTcA M NPOPUAAKTUYECKME MEPONpPUATUS,
NPENATCTBYIOLLME 3TOMY OC/NIOMKHEHUIO MPK OMEPALLUAX HA OTKPLITOM
cepaue [12]. NaHHbIli 0630p AUTEPATYpPbl MMEET CBOEM LeNblo pac-
KPbITb MMEIOLLMECH IKCMEPUMEHTANIbHBIE UCCea0BaHMA B 061acTh
MOZENMPOBAHMA NEPUKAPANTA, C BOSMOMKHOCTbIO UCMOb30BaHUA MX
ONA NepcneKTUBHbIX Pa3paboToK NeKapCTBEHHbIX CPEACTB U Mepo-
NPUATUIA NO NPOPUNAKTUKE STOTO OCNIONKHEHUA.

M3BECTHO, YTO MO/IEKYNAPHbIE NATOreHEeTUYECKME MEXaHWU3MbI
¢dvbporeHesa ABNAOTCA 0BLWMMU 4157 BPIOWMHDI, NAEBPbI, NEPUKapP-
[a, TaK KaK ux cepo3Has 0b60/104Ka NpeacTaBieHa Me30TeNnabHbIM
anuTtennem [13], M xupypruyeckoe BMeLATeNbCTBO MHULMUPYET B HUX
eanHbIN mopdodyHKLMOHaNbHBIN npouecc [14]. MoBpexaeHne anu-
TENMANbHBIX UKW SHAOTENNANbHBIX KAETOK FeHepUpyeT aKkTUBALMIO
BOCMA/IMTENIbHON PEeaKLMMU C MPUBIEYEHNEM AKTMBHBIX MMMYHHbIX
KNETOK M BbICBOOOMKAEHWMEM NPOBOCMANIUTE/bHbIX LLUTOKMHOB (OCHOB-
HbIM U3 HUX sBAseTcA dakTop Hekposa onyxonn TNF-a [15]. UHTep-
neiiknnH-13 (IL-13) n dpakTop pocra B (TGF-B), yepes (Smad-3aBucumbie
1 He3aBUCKMMbIE) CUrHanbHble NyTu [16] akTnBMpyrOT dubporeHes. B
9KCNEPUMEHTE YCTAHOBNEHO, YTO ME30TENNA/IbHAA pereHepaLma Ha-
YMHAETCA B TeYeHue 24 YacoB Noc/ie TPaBMaTU3aLLMK C NOABAEHUA Ha
paHeBOVi NOBEPXHOCTU NOMYAALMM KKPYIbIX» KNETOK, U 3TOT NpoLece
OKaHUMBAETCA OpraHM3aLMelt HapyLweHHON NOBEPXHOCTH PaHbl Me30-
Te/IMaNbHbIMM KNeTKaMu B cpeaHem Ha 7-10 cyTkm [17].

KOHCTPUKTMBHDBIM NEPUKAPAUT YaCTo CBA3AH C HapyLLEHWEM ap-
XUTEKTOHUKU Me30TeNIMaNbHbIX KNeTOK, PEHOTUNMYECKUMM U3MEHE-
HUSMM 1 AecKBamMaumMei me3oTenuns, TpaHchopmaumei Ux oT «nio-
CKOM» K «KyboBUAHOW» HOpPME, aKTUBALMEN XEMOKMHOB, MONEKYN
aaresuu [18]. HenocpencTBeHHO € npoueccom TpaHcandpdepeHum-
POBKM TaKxke B3anMocBA3aH TGF-B v KOCTHbIA MoporeHeTUYecKmit
6enok 2 (BMP-2). NMokasaHo, yto TGF-B nosbiwan skcnpeccuto mPHK
KonnareHos | v Il B nepmKkapamanbHbiX MHTEPCTULMANBHDIX KNETKaX,
BK/IOYEHHBIX B CUHTE3 3KCTPALEN/IONAPHOTO MaTPUKCa M npoLecc
KanbUMPUKaLMM B NEPUKAPAE, @ TaKKe YMeHbLUaN KOHLEHTPaLuto
MPHK MmaTpuKcHO meTannonpoteasbl-2 U -9, peryaupys KAeTou-
HO-MOIEKYNAPHBIE MEXaHW3Mbl ¢pUBpOreHesa Yepes KOHTPO/b IKC-
NPeccumn reHoB, OTBETCTBEHHbIX 3a ¢pubpo3 [19].

plications of the underlying disease and the need for repeated
operations [1, 2]. Adhesive pericarditis can develop into constric-
tive pericarditis with a severe course if heart disease is not ade-
quately corrected through surgery in the long-term postoperative
period [3]. Difficulties in performing repeated cardiac surgery
arise due to impaired visualization of mediastinal organs, changes
in anatomical structures, and the risk of injury during cardiolysis
[4].

During cardiac surgery, the anatomical structures of the
heart can be damaged by surgical instrumentation, physical im-
pact, suture material, infectious process, or blood clots in the
pericardial sac. These are all risk factors that can lead to the de-
velopment of adhesions. Additionally, using anticoagulants in the
postoperative period can increase the risk of adhesion formation.
Another specific factor that contributes to the formation of intra-
pericardial adhesions during open heart surgery is the use of car-
diopulmonary bypass (CPB) [7, 8].

It has been reported that 10-20% of cardiac surgery patients
require re-operations yearly [9], with a mortality rate of 9-15%
[10].

Numerous recent studies have revealed the etiology and
pathogenesis of chest cavity adhesions [11]. As a result, preven-
tive measures are being developed to avoid complications during
open heart surgery [12]. This literature review aims to identify
experimental studies on pericarditis modeling to facilitate drug
development and prevention measures. It is known that the
pathogenetic mechanisms of fibrogenesis are common to the
peritoneum, pleura, and pericardium since their serous mem-
branes are made up of mesothelial epithelium [13], and surgical
interventions trigger the same morphofunctional process [14].
Activation of the inflammatory response occurs when epithelial
or endothelial cells are damaged, leading to the recruitment of
active immune cells and the release of proinflammatory cyto-
kines such as TNF-a [15]. Interleukin-13 (IL-13) and transforming
growth factor B (TGF-B) activate fibrogenesis through SMAD-de-
pendent and independent signaling pathways dependent and in-
dependent signaling pathways [16]. After a trauma, mesothelial
regeneration starts within 24 hours, as evidenced by the appear-
ance of a group of round-shaped cells on the wound surface. This
process typically concludes within 7-10 days as damaged meso-
thelial cells become organized on the wound surface [17].

Constrictive pericarditis cell morphology. The changes in-
clude the disintegration and exfoliation of the mesothelial cells
and their transformation from a flat to a cuboidal shape. It can
also lead to the activation of chemokines and adhesion molecules
[18]. TGF-B and bone morphogenetic protein 2 (BMP-2) are di-
rectly associated with transdifferentiation. Studies have shown
that TGF-B increases the expression of collagen | and Il mRNA,
which is crucial for synthesizing the extracellular matrix and calci-
fying process in the pericardium. Additionally, TGF-B reduces the
concentration of matrix metalloprotease-2 and -9 mRNA, regu-
lating the cellular and molecular mechanisms of fibrogenesis by
controlling the expression of genes responsible for fibrosis [19].

It is widely accepted that TGF-B plays a significant role in de-
veloping pericardial fibrosis by regulating the expression of extra-
cellular matrix components. The concentration of CTGF increases
during pericardial remodeling [20] as it stimulates fibronectin,
collagen type |, and PAI-1 in cardiac fibroblasts and myocytes
[21]. At the same time, CTGF, in contact with vascular endothelial
growth factor (VEGF), inhibits its angiogenic functions, confirming
their close interaction in the process of pericardial fibrogenesis
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O6BbEKTUBHO yTBEPKAAETCA, YTO TGF-P BbINONHAET 4OMUHUPYHO-
LLyto pPO/ib B Pa3BUTMM GpUBPO3a B NepuKapae, KOHTPOAUPYA SKCMpec-
CMI0 KOMMOHEHTOB BHEK/IETOYHOTO MaTpMKca. B npouecce pemogenu-
pOBaHWA NepuKapAa YBENMUMBAETCA KOHLEHTpauua daktopa pocTa
coeguHuTenbHol Tkanu (CTGF) [20], Tak kak CTGF akcnpeccupyetcs
B cepaeyHbix ¢dubpobnactax M cepaeyHbIX MUOLMTAX, CTUMYMPYSA
JanbHenwWwyto aKkcnpeccuio GbPOHEKTUHA, KonnareHa Tmna | u UHMm-
6uTOpa aKkTMBaTOPa NnasmmHoreHa-1 [21]. B 1o e Bpems CTGF, KoH-
TakTMpys ¢ GakTopom pocTa sHaoTenus cocynos (VEGF), nHrmbumpyer
€r0 aHrMoreHHble GyHKLMK, 0B6BEKTUBU3NPYA UX TECHOE B3aUMOEeN-
cTBME B npouecce dpnbporeHesa nepukapaa [22]. MpakTUYecku He uc-
CNefiloBaHHbIMM OCTAOTCA MEXaHU3Mbl, NpeaonpeaenaoLye Gopmu-
POBaHWE Pa3/IMYHbIX NO TOLLMHE CMAEK UK BaCKYNAPU3UPOBAHHDIX
CPALLEHWIA, KaK 1 MeXaHU3Mbl Ux perpeccuu [23].

CerogHa ana NpoduNaKTMKM CNaeyHoro npoLecca npv onepa-
LIMAX Ha OTKPLITOM CepALie aKTMBHO MPUMEHAIOTCA XMpypruyeckue
MeToAbl (ManoTpaBMaTUYHbIE ONEepPaTUBHbIE JOCTYMbl, NO3TAMNHbIN re-
MOCTa3), TepaneBTUYecK1e (KOMMIEKCHOE NPUMEHEHUE HECTEPOUS-
HbIX NPOTUBOBOCMAIUTE/NbHBIX CPEACTB, FOPMOHA/bHBIX NPenapaTos,
aHTMbMOTKKOB), dr3noneyeHne u Bruoaerpaampyemble NPUPOAHbIE,
CUMHTETUYECKME bapbepHble cpeacTsa [24-26].

HecmoTpa Ha uMetoLLeica nporpecc B U3y4eHUm CnaevyHoro npo-
Llecca, MHOrMe NPaKTUYecKne acneKTbl NPOPUAAKTUKM ITOMO OC/OXK-
HEHWA OCTalOTCA HEU3yYeHHbIMM, YTO NpeJonpeaenseT AabHeNLWnii
Hay4HbIM MOWCK PALMOHANbHBIX PELLIEHUI Ha OCHOBE 3KCMepUMEH-
Ta/IbHbIX MOZeNe pa3BuTUA pybLOBOro NpoLecca Npu onepaLmnax Ha
OTKPbITOM CepZLe Y 1abopaTOPHbIX }KUBOTHBbIX.

KasHaueesbim HH c coasT. (1988) 6bina pa3paboTtaHa aKcnepu-
MEHTa/IbHasA MOAe/b NepuKapamTa NyTém pasapaxeHus ¢pubposHoro
CNoA NepuKapaa Npu onepaTMBHOM BMeLLATENbCTBE TPaHCCTEPHaNb-
HbIM BBEAEHMEM MUKPOBHbBIX TEN 3010TUCTOrO CTadUIOKOKKa. benoi
KpblCe OCYLLEeCTBAANCA NPOKOA Tena rpyAvHbl Ha YpoBHE NpuKpene-
HUA yeTBEpToro pebepHoro xpaLa. anee B 3arpyAuHHYHO KNETYATKY
1 GVOPO3HBIV CNOV NepUKapaa BBOAUAUCH 25 MAPZA. MUKPOBHDBIX TEN
30/10TUCTOrO CTadUNOKOKKA (lWTamm 209P) Ha 1 Kr macchl KMBOTHO-
ro. Yepes 72 yaca KpbiCbl NNAHOBO BbIBOAWANCH U3 IKCMEPUMEHTA.
Mpw BCKPLITUM B MONOCTM NepuKapaa obHapyxunsanu 0,7 ma remop-
parMyecKkoro aKccyAata, Ha BHYTPEHHEM CEepO3HOM CNoe Nnepukapaa
UMenncb NNEHKM dubpuHa. CeposHblit cnoit Bbin GarpoBoro LBeTa,
CoCyApl paclWwupeHbl M nepenoiHeHbl KpoBbio. Matomopdonormye-
CKMe MCCNefoBaHUA NOATBEPAMAN HanuuMe npouecca BOCMaeHus,
XapaKTepum3yoLLeroca MHGUALTPALLMEN COEANHUTENBHON TKAHW Nen-
KOLMTaMM U MUrpaLMent MX Yepes CTEHKY cocyaos [27].

Kojima A et al (2019) paspabotanu TanbK-MHAYLMPOBAHHYIO
MOAeNb NepuKapAManbHbIX CMaeK Ha Mblax. BocbMuHenenbHbIm
CaMLUaM Mbilel MoA, UHFAaNALMOHHBIM HapKO30M Yepe3 BpioLHyto
NOJIOCTb CO CTOPOHbI Anadparmbl B NepUKapaMasbHOe NPOCTPAHCTBO
BBOAM/IM PACTBOP Ta/ibKa B Pa3/IMuHbIX A03MpOBKax. Yepes 1, 2 n 4
Heaenu nocne onepauuu NPOBOAWAN TUCTONOTUYECKOE UCCNEen0Ba-
HUWe TKaHel cepaua. YCTaHOBAEHO, YTO NpUMeHeHue 2,5 mr/r Tanb-
Ka NpW OAHOKPATHOW MHBEKLMM Yepes [Be Heflenu AeMOHCTpUpyeT
06BbEKTUBHBIN pe3ynbTaT GOpMUPOBAHUA NEPUKAPAMUANBHBIX CAEK Y
Mmblwei [28].

PacTBop Ta/bKa TaKKe BBOAWAN cObaKaM, CBUHbAM B NepuKap-
[ManbHOE MPOCTPAHCTBO MpPY OTKPLITON onepauuu Ha cepaue, YTo
cTMmynupoBano GopmupoBaHue BepuOULMPOBAHHOMO CMAEYHOro
nepukapauta [29].

Mauro A et al (2021) npeanoxuam HoByt 3KCNEPUMEHTANbHYIO
MOAEe/b OCTPOTo NEPUKAPANTA Y MbILLEN, UHAYLIMPYEMYIO MHTPanepu-
KapAuanbHoW vHbeKumMel 3umosaHa A, aKTMBaTOpa HYKeoTUA-CBA-
3bIBaOLLEro 4OMEHa, 6oraToro NeMUMHOM, U UHPIAMMACOMbI, BK/HO-
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[22]. The mechanisms that determine the formation and regres-
sion of adhesions, including vascularized adhesions, are poorly
understood [23].

Currently, during open heart surgery, various methods are
used to prevent adhesions, including minimally invasive surgical
approaches, staged hemostasis, a combination of non-steroidal
anti-inflammatory drugs, hormonal drugs, and antibiotics, phys-
ical therapy, and the use of biodegradable natural and synthetic
anti-adhesion barriers [24-26].

Although progress has been made in understanding the
adhesive process, many practical aspects of preventing this
complication have not been studied. This lack of data necessi-
tates further research using experimental models to understand
better the development of the scarring process in laboratory
animals during open-heart surgery. Kaznacheev NN et al (1988)
developed an experimental model of pericarditis by inoculating
Staphylococcus aureus into the fibrous layer of the pericardium
during surgery through transsternal injection. The procedure in-
volved puncturing the sternum of a white rat at the fourth costal
cartilage level. After that, 25 billion colony-forming units (CFU) of
Staphylococcus aureus strain 209P were injected per 1 kg of an-
imal weight into the retrosternal tissue and fibrous layer of the
pericardium. The rats were then removed from the experiment
after 72 hours. Upon autopsy, it was found that there was 0.7 ml
of hemorrhagic exudate in the pericardial cavity with fibrin films
present on the inner serous layer of the pericardium. The serous
layer had purple discoloration with dilated blood vessels filled
with blood. Morphological studies confirmed the presence of
an inflammatory process characterized by leukocytes infiltrating
connective tissue and their migration through the vascular wall
[27].

Kojima A et al (2019) created a model for talc-induced peri-
cardial adhesions in mice. The experiment involved administering
a talc solution of varying dosages to 8-week-old male mice un-
der inhalation anesthesia through the abdominal cavity into the
pericardial space from the diaphragm. Heart tissue histological
examination was conducted 1, 2, and 4 weeks after surgery. The
findings established that using 2.5 mg/g talc with a single injec-
tion after two weeks produced significant results in the formation
of pericardial adhesions in mice [28].

A talc solution was administered to dogs and pigs during
open heart surgery, which caused verified adhesive pericarditis
[29].

Mauro A et al (2021) proposed a new experimental model of
acute pericarditis in mice by injecting Zymosan A into the pericar-
dium. Zymosan A activates the nucleotide-binding, leucine-rich
domains and inflammasomes, including pyrin-containing protein
3 (NLRP3). The inflammasome (NLRP3) plays an essential role in
the immune system during bacterial, fungal, and viral infections.
Its activation is directly linked to the pathogenesis of inflamma-
tory diseases by releasing proinflammatory cytokines such as
interleukin IL-1a, IL-1B, and IL-18. The injection of Zymosan A
into the pericardium reproduces the typical signs of the inflamed
pericardium, including pericardial effusion, pericardial thickening,
activation of IL-1a and IL-1B, as well as increased expression of
the inflammatory activation marker NLRP3, which is directly as-
sociated with apoptosis. This proposed model is relevant in the
experimental modeling of acute pericarditis, showing the cause-
and-effect relationship between innate and adaptive immunity.
Additionally, it can help in the development of a personalized
therapeutic strategy [30].
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yarowern nupuH-cogepkawmii 6enok 3 (NLRP3). UnHdbnammacoma
(NLRP3) urpaeT BaHyl0 posib B CUCTEME UMMYHUTETA Npy BakTepu-
a/bHbIX, TPUBKOBBIX U BUPYCHBIX MHbEKLMAX, @ €€ aKTUBaLMA Hemno-
CPenCTBEHHO CBA3aHa C NAaTOreHe30M BOCMAUTENbHbIX 3ab01eBaHUi
uepes BbICBOOOKAEHNE NPOBOCMANNUTENBHbIX LIUTOKUHOB (MHTEPNEN-
KvH IL-1a, IL-1B v IL-18). MHTpanepuKapamanbHaa MHbeKLMA 3MMo3a-
Ha A BOCNPOU3BOANT OCHOBHbIE NPU3HAKM BOCMANEHHOTO NepuKapaa:
nepvKapananbHbli BbINOT, YTOALLEHUE NepuKapaa, aktmeaumio IL-1a
1 IL-1B, a TaK:Ke NOBbILUEHHYIO SKCMPECCUI0 MApPKEPa aKTUBALMM BOC-
nanenuna NLRP3, HenocpeacTBeHHO CBA3aHHOrO ¢ anonTto3om. lNpea-
NOEeHHas MOAENb ABMAETCA aKTya/lbHOM B 3KCMEPUMEHTaNbHOM
MOZAENMPOBAHUM OCTPOTO NePUKapANTa, NOKa3biBas NPUUNHHO-CeA-
CTBEHHYO CBA3b MENK/Y BPOXAEHHBIM M aAaNTUBHLIM UMMYHUTETOM,
a TaK¥e AnA pa3paboTkuM NepcoHUGULMPOBAHHONM TepaneBTUYECKO
ctpatermu [30].

YcTaHOBNEHO, YTO NPUMEHEHNE MOHOLIMK/IMHA Bbi3biBaeT Nepu-
KapamanbHble cnaiiku y cobak u ntogei [28].

MepvkapananbHble Cnaiku B sKcnepumeHTe ycnewHo Gopmu-
poBanMCh NPU NPOBELEHWUM OTKPbLITOM OnepaLuy Ha cepale y cobak.
*KMBOTHBIM NMPOBOAWAN BCKPbLITUE NEPUKapAMANbHON NOAOCTU MOA,
obLuelt aHecTesnel, OTKPbITbIE SNUKapAManbHble NOBEPXHOCTU NpPo-
TMpann cyxoit mapnein B TedyeHne 30 MUHYT C NOCAEAYIOWMM YLLIW-
BaHWeM nepukapza. Yepes 6 Hepenb Habntoganoch obpasosaHue
cnaeyHoro npouecca [31]. AHanorMyHas aKcnepUMeHTaNbHas MOAENb
NnepuKapamuTa YCnewHo peann3oBaHa Ha KPOJMKaX, KOTOPbIM MoA
obLiei aHecTesnein NyTém CTEPHOTOMMUM U NEPUKAPAMOTOMUM OCY-
LLECTBAA/IM BbICYLUMBAHUE U HAaTUPaHUE CyXOW MapaeBoi candeTkom
3MNUMKapAa, Noc/e Yero NPOM3BOAWAN YLWIMBaHWeE nepukapaa. Mossne-
HWe NepuKapaManbHbIX cnaek Habnoganu Ha 14-20 aeHb nocae one-
pauwmm [32].

B MpKYTCKOM Hay4HOM LieHTpe XMpyprum 1 TpaBmatonorum 6o-
nee 10 neT BeAyTCA UCCNeoBaTebCKMe paboTbl, HaNPaBAEHHbIE Ha
pa3paboTKy HOBbLIX NOAXOAOB K NPOGUNAKTMKE PA3BUTUA CMIAEYHOro
npoLiecca B CEPO3HbIX MOMOCTAX, B TOM YMC/IE U B MONOCTU NepuKap-
Za. PaHee aBTOpamu 6b110 NOKA3aHoO, YTO NPY BbIABNEHUM K/HOUEBbIX
perynaTopoBs CNaeyHOro NPoLLEecca Ha IKCNePUMEHTaNbHbBIX MOAENAX
[OCTUTHYTO CHUMKEHMWE YacToTbl GOPMMUPOBAHUA CNAEYHOrO NpoLecca
B MONOCTV NepuKapaa ¢ 66,7% £0 10% B cpaBHEHUU C TPYNMOMA KOH-
Tpons (p<0,05) npv BBEAEHMM }KMBOTHLIM OCHOBHOM rpynMbl aHTUTEN,
6710KMPYIOLLMX aKTUBHOCTb GrBPOBacTMHecKoro ¢pakTopa pocta [33].
Take yCTaHOBNEHA Ha MOJENW CrMaeyHoro npouecca B bGprowHoOM
nonoctn sddeKTMBHOCTb 610Kaapbl P38 MUTOreH-aKTMBMPYEMOWA NPO-
TEMHKMHa3bl B NAaHe NPOOUNAKTUKM CNAaeYHOro npoLecca, Kotopas
NOATBEPKAEHA Ha MOAE/IN NOBPEXAEHUA NepuKapaa [34].

Taknum 06pa3om, IKCNepUMEHTaIbHbIE MOZEN NepUKapAUTa Ha
NabopaToOPHbIX KMBOTHbIX MO3BONAIOT U3y4aTb NAaTOrEHETUYECKME Me-
XaHW3Mbl Pa3BUTUA CMaeyHOro pybLoBOro NpoLecca U Npy 3TOM aK-
TWMBHO MUCCNEA0BaTh NOTEHLMAN HOBbIX OPUMMHANBHBIX MPOTUBOCNAEY-
HbIX IEKAPCTBEHHBIX MOJIEKYN C NEPCMEeKTUBOM WX UCMONb30BaHUA B
KapAMOXMPYPruyeckon NpaKTUKe Npu onepaTuBHbIX BMeLATeNbCTBAX
Ha OTKPbITOM cepaLe.

The use of minocycline has been demonstrated to lead to
the formation of pericardial adhesions in dogs and humans [28].

As part of an experiment, scientists have successfully estab-
lished a model of pericardial adhesions in dogs during open-heart
surgery. The dogs were put under general anesthesia, and their
pericardial cavity was opened. The exposed epicardial surfaces
were then wiped with dry gauze for 30 minutes before suturing
the pericardium. Six weeks later, the formation of an adhesive
process was observed [31]. A similar experimental pericarditis
model was successfully tested in rabbits. The procedure involved
drying the epicardium and rubbing it with a dry gauze napkin
through sternotomy and pericardiotomy while the rabbits were
under general anesthesia. After that, the pericardium was su-
tured, and pericardial adhesions were developed between days
14 and 20 after surgery [32].

For over a decade, the Irkutsk Scientific Center for Surgery
and Traumatology in Russia has been conducting research to de-
velop new methods for preventing the formation of adhesions
in serous cavities, including the pericardial cavity. Through their
studies, the researchers have identified key regulators of the ad-
hesive process in experimental models. By administering the main
group of antibodies that block the activity of fibroblastic growth
factor, the frequency of adhesion formation in the pericardial cav-
ity decreased from 66.7% to 10% compared to the control group
(p<0.05) [33]. The effectiveness of blocking p38 mitogen-activat-
ed protein kinase in preventing adhesions was demonstrated in a
model of abdominal cavity adhesions and confirmed in a pericar-
dial damage model [34].

Thus, experimental models of pericarditis in laboratory an-
imals provide an opportunity to investigate the mechanisms of
adhesive scar formation and explore the potential of novel an-
ti-adhesive drug molecules. This research can have significant im-
plications for cardiac surgical practice during open-heart surgery.
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TIPEXXK AEBPEMEHHA ST OTC/10MIKA HOPMA Z1IbHO PACITO10KEHHOW
IIAAIEHTBI

3.4. CAAVIMOBA, M.®. AOAXOEBA, A.A. CAVIAAAVIEBA

Kadeapa akymepcrsa u rmHekoaorun Ne 1, Tag>XKMKCKUIT rOCyAapCTBEHHBIN MEeAMLIMHCKIUI yHUBepcuTeT uM. AGyaan nbun Cuno, AyiranGe, Pecrry6anka
Taaxuxkncran

B HacToswweli paboTe npescTaBneH 0630p AMUTePaTypHbIX AaHHbIX OTHOCUTENIBHO BOMPOCOB M3YUYEHWA Pa3/IMYHbIX aCMEKTOB MPEXAEBPEMEHHON OT-
C/IOMKM HOPMasIbHO PAcnoNoKeHHo naaueHTsl (MOHPM), cuuTatoweiics ogHUM K3 Hanbonee TAKENbIX OCNOKHEHWI BepeMeHHOCTU U poaoB. [aH-
HaA NaToNOrMA BO3HMKAET OCTPO, COMPOBOMAAETCA 3a4aCTyl0 BHYTPEHHUM MaCCMBHbIM KPOBOTEYEHMEM KOAry/sionaTUYecKoro xapaktepa, NpMBoanT
K BHYTPUYTPOOHOI rubenu naoga, CnocobCTByeT pa3BUTUIO MONNOPTaHHOM HELOCTAaTOYHOCTH, YEM U ODYC/IOB/IEHA BbICOKAA MaTepPUHCKAsA U NepuHa-
TanbHasA 3a60/1€BaeMOCTb U NeTaNbHOCTb NPY JaHHOW natonoruu. CnefoBaTenbHO, NPOBEAEHNE NOBbIX UCCNe0BaATENbCKUX PaboT KacaTeNbHO U3y-
YEHUA Pa3/IMYHbIX AaCMEKTOB 3TOTO OCNOXKHEHMUA U, 0COBEHHO, NOCBALLEHHbIX NPOGUAKTUKE U YCTPAHEHUIO GaKTOPOB pUCKa BO3SHMKHOBeHMs MOHPI,
MMeeT MefMKO-COLIMaNbHYI0 3HaYMMOCTb. Bblin NpoaHanM3nMpoBaHbl UCCAeA0BAHMA, NOCBALLEHHbIE PA3IMYHBIM acMeKTam OTC/I0MKMU NAALEHTbl No
maTepuanam aNekTpoHHbIXx 6a3 PubMed n Google Scholar. Bbino HaligeHo cBbiwe 3000 UCTOYHMKOB, U3 HUX OTOBPAHO M BK/IKOYEHO B UCCAEL0BaHME
— 60, c y4€TOM K/IHO4EBBIX CNOB.

KnioueBble c10Ba: naayeHma, npexdespemMeHHas omcaoliKa HOPMAsAbHO pacnonoxceHHol naayeHmol, hakmopel pucka, 6epemeHHOCMb, npes-
KAAMICUA, MAmMepuHcKas cmepmHocms, ABC-cuHOpom, mamxka Kyeenepa

Ana umtupoBanua: Canumosa 34, Joaxoesa M®, Caiiganuesa [A. MpexaeBpemeHHas OTC/I0/Ka HOPMabHO PACMONOXKEHHOW NAALEHTbl. BecmHuK Agu-
yeHHbl. 2023;25(4):527-40. https://doi.org/10.25005/2074-0581-2023-25-4-527-540

PREMATURE SEPARATION OF THE NORMALLY IMPLANTED PLACENTA

Z.D. SALIMOVA, M.F. DODKHOEVA, D.A. SAYDALIEVA

Department of Obstetrics and Gynecology Ne 1, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

This paper provides a literature review on premature separation of the normally implanted placenta (PSNIP), also known as placental abruption
or abruptio placentae, a severe pregnancy and childbirth complication. Acute placental abruption is an obstetric complication that causes massive
internal bleeding, leading to intrauterine fetal death. The bleeding can also contribute to multiple organ failure, which is responsible for the high
rates of maternal and perinatal morbidity and mortality associated with this obstetric complication. Researching various aspects of complications and
preventing the occurrence of PSNIP is of great medical and social significance. PubMed and Google Scholar electronic databases were used to analyze
placental abruption studies, resulting in over 3,000 sources. After considering keywords, 60 sources were selected and included in the study.

Keywords: Placenta, premature separation of the normally implanted placenta, risk factors, pregnancy, preeclampsia, maternal mortality, DIC,
Couvelaire uterus.

For citation: Salimova ZD, Dodkhoeva MF, Saydalieva DA. Prezhdevremennaya otsloyka normal'no raspolozhennoy platsenty [Premature separation of the
normally implanted placenta). Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):527-40. https://doi.org/10.25005/2074-0581-2023-25-4-527-540

BBEOEHMUE INTRODUCTION

MOHPM cunTaetca oAHUM M3 Hanbosee rPO3HbIX OCNOKHEHMI
OepeMeHHOCTU M POAOB U XapaKTepusyeTcA MpeXAeBPEMEHHbIM
OTC/IOEHMEM OT C/M3UCTON MATKM HOPMAsbHO PAcroNOXKEHHOM nna-

PSNIP is a severe complication of pregnancy and childbirth.
It is characterized by the early detachment of the placenta from
the uterine mucosa before the end of the second stage of labor.

LIEHTbl 0 OKOHYaHWA nepuoga varHanwa (Il nepuog pofoBoi aes-
TENbHOCTH), C PA3BUTUEM PETPOMIALEHTAPHON FEMATOMbI, 3a4acTyHo
COMPOBOX/AAETCA MACCUBHBIM KPOBOTEYEHWEM, Bbi3blBas Yrposy Aas
KM3HW MaTepu U NNoga, YTo TPebyeT HEOTNOKHOW aKyLIepcKon no-

This detachment leads to the formation of a retroplacental hema-
toma, which often results in significant bleeding. The excessive
bleeding poses a threat to the life of both the mother and fetus
and requires immediate obstetric care [1, 2]. The obstetric com-
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mowwm [1, 2]. OcnoKHeHMe XapaKTepu3yeTcs BHE3AMHbIM HayaioM U
4acTo BO3HMKaeT BHe CTaluoHapa [2].

Kputepuu, Heobxoammble Ans onpeaeneHns oTCAOMKM NaaLeH-
Tl KaK «TAXKENON», AOMKHbI ObITb KNMHUYECKM 3HAUMMbIMU U BK/IO-
4aTb KakK MUHUMYM 1 MaTepuHCKOe (AMCCEMUHMPOBAHHOE BHYTPUCO-
cyamcToe cBEpTbIBaHWE KPOBW, TMMOBONEMUYECKMIA LIOK, NoYeyHas
HeLOCTaTOYHOCTb MM MaTepuHCKas cmepTHocTb (MC)), nnogosoe
(HeynoBneTBopUTENBHOE COCTOAHUE M/I04A UAK BHYTPUYTPOOHaA rv-
6enb nNnoaa) UM HeoHaTanbHOE (NPEXAEBPEMEHHBIE POAbI, Manbli
BeC 1 reCTallMOHHOO BO3pacTa UM HeOHaTaNbHaA CMEPTb) OC/IONK-
HeHus [3, 4].

Mo MmetoLwMMCA AaHHBIM, BO BCEM MUPE YacToTa OTC/NOMKM NnAa-
LieHTbl cocTaBnseT okono 1% [5, 6]. Hanpumep, no aaHHbIM Ananth
CV et al (2018) oTcnoiika naaLeHTbl BCTpeyaeTcs npumepHo 1 ciyyait
Ha 100-120 pozoB, YacTo crocobCTBYET Pa3BUTUIO CEPbE3HbLIX Ma-
TEPUHCKMX M NepUHaTa/bHbIX NAaTONOMMI, KOTOpble NMPUBOAAT K cep-
[le4yHo-cocyamcTon HegoctatodHocTn M MC. Mpy OTCNOMKe NNALEHTbI
poAoBas AeATeNbHOCTb BO3HUKAET Ha 3-4 Hefienu paHblue, Yem npu
HEOCNOXHEHHOM bepemeHHOCTH [7].

Mo aaHHbIM Omyp6ekosoit MM u coasT. (2018) MOHPM ocnox-
HaeT noutu 0,4-1,4% GepemeHHOCTEN, a 3a NocnegHue rogpl 3ToT
nokasatenb yesennumnca go 3-5%, npuuém B 5,4% npoucxoauT npu
npexaespemeHHbIx pogax u 0,3% — npu pogax 8 cpok. MOHPM cuuTa-
€TCA YrpOXKaloLLMM KU3HW MaTepU COCTOAHUEM, NOTOMY YTO AaHHOE
OCNO¥KHEHWE NPUBOAUT K MAaCCUMBHbBIM KPOBOTEUYEHUAM, CNel0BaTeNb-
HO, NMOBBILIAETCA PUCK MAaTEPUHCKOMN U NepuHaTanbHOM 3abonesaemo-
CTW M CMepTHOCTH [8].

Mpw oTcnovike naaLeHTbl YacToTa cnydaes MC BapbupyeT B npe-
aenax 1,6-15,6% [9]. Moatomy MOHPI Ha NpoTAXeHUU MHOTMX NeT
MPOAO/IKAET OCTaBaTbCA CaMOM aKTyasibHOW Npobnemoii B aryLiep-
cTBE. YMeHbLUEHWE YacTOTbl YKa3aHHbIX NOKa3aTenei Hanpamyio 3a-
BMCMUT OT PaHHETO BbIABNEHUA AaHHOW NAaTONOTUK, €€ NPOPUNAKTUKM
M CBOEBPEMEHHOM HeoTNOXHOM nomoluy [10]. 3To NO3BOAMT yAyuy-
WKUTb NPOrHOCTUYECKUIA UCXOZ KaK 1A MaTepu, Tak U A1 pebEHka
[11].

Knaccuédukauma NOHPN

KnuHnueckasa kapTtuHa MOHPI npossnseTtca B 3aBUCMMOCTM OT
NAOLWAAM U MECTa NPEXAEBPEMEHHOrO OTAENEHWA NAALLEHTbI OT CTEH-
Kv MaTKK. MOHPT mosKeT BbiTb MNOMHOM MM YaCTUYHOM, KPaeBoW MK
LieHTpanbHOM. MOAHOW Ha3blBalOT OTC/MIOMKY NAALEHTbI, KOraa oTC/10-
€HVe NMPOUCXOAMT MO BCeN NOBEPXHOCTM, YAaCTUYHOW — Korda OT nna-
LIEHTApPHOTO /10X OTC/IAMBAETCA KaKas-Nnbo YacTb eé mMaTepuHCKOM
nosepxHoct [12].

Mpw 3HaUMTENbHOM, NMMBO NONHOM NpeXAEeBPEMEHHOW OTCNON-
Ke NNaLeHTbl PUCK MEPTBOPOXKAeHMA Bo3pacTaeT B 9-10 pas. B cayyae
HENoNHOWM OTCNOMKM NNALEHTbI YBENIMYMBAETCA BEPOATHOCTb BO3HUK-
HOBEHMA MMNOKCUYECKU-ULIEMUYECKON 3HLIedaNoNaTUM € NopaXKeHu-
em 6en0ro BeLLLecTBa roJI0BHOT0 MO3ra HOBOPOXAEHHbIX U Pa3BUTUA
BHYTPUKENYA0YKOBbIX KPOBOU3NMAHWUIA, @ TaKKe NeTaNbHOro ncxoaa
B NepuHaTasbHoM nepuoge [13].

TpaAWUMOHHO paccmaTprBaemoe Kak OCTpoe aKyLepcKoe oc-
JIOXHEHWE, OTC/I0MKA NNALLEHTbl MOKET BbITb OXapaKTEPU30BaHa Kak
BO3HWKalOLLAA B pe3ynbTaTe OCTPOro NpoLecca, B pe3ynbrate «ypes-
MEPHOW UK NPEXAEBPEMEHHOW OTCIOMKM NAaLEHTbI» (OTCNOMKa C
«OCTPbIM HAYasIOM»), y4aCTBYET B YETBEPTM BCEX C/IY4AEB OTC/ONKU; U
XPOHWUYECKUI NPOLLECC, KaK CNeACTBUE NYTU KHEAAEKBATHOTO NPUKpe-
NAEHUA MAALEHTbI» (XPOHUYECKas OTC/I0MKaA). MpaKTUYECKK BO BCexX
UCCNeA0BaHMAX U3y4anucb GaKTOpbl PUCKA OTC/IOMKM KaK XpOHUYe-
CKOTO NpoLiecca, Ho, N0 MHEHWIO HEKOTOPbIX UccnefoBaTenew, GakTto-
pbl PUCKa OCTPOI OTCIOMKM A0 CUX NOP OCTAKOTCA HEM3BECTHbIMM [7].
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plication is defined by an abrupt beginning and usually happens
beyond the hospital premises [2].

To classify placental abruption as "severe", the criteria
should be clinically significant. They must include at least one of
the following: maternal complications such as disseminated intra-
vascular coagulation, hypovolemic shock, renal failure, or mater-
nal death (MD); fetal complications like poor fetal condition or in-
trauterine fetal death; or neonatal complications such as preterm
birth, small for gestational age, or neonatal death [3, 4].

Placental abruption is a rare obstetric complication, occur-
ring in only 1% of pregnancies worldwide [5, 6]. Thus, Ananth CV
et al (2018) reported that placental abruption affects approxi-
mately 1 in 100-120 births, and it often results in severe maternal
and perinatal complications, leading to cardiovascular failure and
MD. With placental abruption, labor typically occurs 3-4 weeks
earlier than with an uncomplicated pregnancy [7]. According
to Omurbekova MM et al (2018), PSNIP is a rare complication
that affects almost 0.4-1.4% of pregnancies. However, in recent
years, the incidence of this obstetric complication has increased
to 3-5%, with 5.4% occurring in preterm births and 0.3% in full-
term births. PSNIP is a severe obstetric complication that poses a
threat to the life of the mother, as it can lead to massive bleeding.
This, in turn, increases the risk of maternal and perinatal morbid-
ity and mortality [8].

The incidence of MD with placental abruption can vary be-
tween 1.6-15.6% [9]. Therefore, preventing an obstetric emer-
gency called PSNIP remains a significant challenge for many
years. The frequency of these indicators can be reduced by early
detection, prevention, and timely emergency care [10]. This will
help improve the prognosis for both the mother and child [11].

Classification of PSNIP

The clinical presentation of PSNIP depends on the location
and extent of the premature separation of the placenta from the
uterine wall. PSNIP can be complete or partial and marginal or
central. Complete placental abruption occurs when separation
occurs across the entire surface, while partial abruption occurs
when any part of the maternal surface detaches from the placen-
tal bed [12].

Premature placental abruption, if complete, increases the
risk of stillbirth by 9-10 times. In cases where the placental abrup-
tion is incomplete, there is a higher likelihood of hypoxic-ischemic
encephalopathy, which can cause damage to the white matter of
the newborn's brain, as well as intraventricular hemorrhages, and
even death during the perinatal period [13].

Placental abruption has traditionally been considered an
acute obstetric complication. It can occur as an acute process due
to excessive or premature abruption of the placenta, which is in-
volved in one-fourth of all cases, or as a chronic process due to
inadequate attachment of the placenta. While most studies have
focused on the risk factors associated with chronic abruption, the
risk factors for acute abruption are still unknown, according to
some researchers [7].

The following classes of premature placental abruption are
distinguished depending on the clinical manifestations [1].

Class 0: Asymptomatic. Discovery of a blood clot on the ma-
ternal side of a delivered placenta. Diagnosis is made retrospec-
tively.

Class 1: Mild. No sign of vaginal bleeding or a small amount
of vaginal bleeding. Slight uterine tenderness. No signs of fetal
distress.
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PasnunyatoT cneayrowme Knacchl NpPexaeBpeMeHHon OTCNOMKK
NNALEHTbI B 3aBUCUMOCTYM OT KIMHUYECKUX NPOABIEHWIA:

Knacc 0: 6eccmnTomMHbIi. Mocne pofoB Ha MAaTEPUHCKOM CTOPO-
He n/aLeHTbl 0BHAPYKMBAETCA KPOBAHOM CryCTOK. [lMarHos cTaBmTCA
PETPOCMNEKTUBHO BO BPEMA OCMOTPA MALEHTbI NOCNE €€ POXKAEHUA.
B 3TOM c/ly4ae Ha N0 He OKasblBaeTcsA HebaronpuATHoOe BAUAHWME.

Knacc 1: nérkuid. BarnHanbHOe KpoBOTeYEHME OTCYTCTBYET, b0
MMEIOTCA HE3HAUNUTE/IbHbIE KPOBAHWUCTbIE BblaeneHus. MaTka cnerka
6onesHeHHan. Mpy 3TOM HET NPU3HAKOB, YKa3bIBAOLLMX HA AMCTPECC
nnoga.

Knacc 2: ymepeHHbIi. BarMHasibHOE KPOBOTEYEHWE MOXKET OT-
CYTCTBOBATb, NIMHO NPOABASETCA yMepeHHO. CuabHas 60nb B maTKe ¢
TETAaHWMYECKMMMU COKPALLEHMAMWU. M3MEHEHME BUTANIbHbIX MOKasaTe-
Neit: yyalleHne cepaeyHbIX COKpaLLEHNIA Y NALMEHTKM, CHUXKeHWe ALl
PasBuBaeTca runokcuna naoga — auctpecc naoga. MameHexue ceéptbl-
BalOLLLEM CUCTEMbI KPOBUM NPOABANAETCA YMEHbLLUEHWEM GUOpPUHOTEHa.

Knacc 3: Taxénbiit. KpoBoTeueHne U3 NonoBblx NyTei MoxeT
OTCYTCTBOBATb NMPW BHYTPEHHEM KPOBOTEYEHUM, MO0 MOXKET OTMe-
yaTbCs 0OMIbHOE Hapy)KHOE KPOBOTEYEHME M3 POAOBbLIX NyTei. Mpu
nanbnauMn Matka A0CKO06pa3HON/CTONBHAYHON KOHCUCTEHLMM.
MpucoeanHAeTCA rPO3HOE OCNOKHEHNE — FeMOpPpParMyeckuii LWok. Us-
MEHEHWE NoKasaTeNein CUCTEMbI CBEPTbIBaHMA KpoBu: [1BC-cHapom
¢ nocnenytoLwei runopubpuHoreHemmen. B Takux ciyyasax otTmeyaert-
€A BHYTpUyTpobHasa rmbenb nnoga [1].

06LLEeN3BECTHO, YTO NPU NPEKAEBPEMEHHOMN OTCNOMKE NNALEH-
Tbl Y KEHLIMHbI UMEETCA BbICOKMMA PUCK KPOBOTEYEHMSA, YTO MOMKET
NPUBECTU K Pa3BUTUIO B nociaeponosom nepuoge ABC-cuHapoma,
NMoYeYHOW HegoCTaTOYHOCTU M cuHapoma LwuxaHa. Mpu nepenvsa-
HWUM KpoBesameHuTenen MC BCTpeyaeTca ¢ MeHbLUE YAacTOTON, HO,
No-NpeKHeMy, NPeBbILAET e€ 0bLwmMiA ypoBeHb B nonynsaumm [1]. B ne-
pPVHaTaNbHOM NEPUOAE MOTYT OTMEYATLCA NPEXKAEBPEMEHHbIE POAbI,
HM3KaA Macca Tena Y HOBOPOXKAEHHbIX, MPU3HAKM achUKCUM, Cydam
MEPTBOPOKAEHMA U NIETANIBHOMO MCXOAA B HEOHATA/JIbHOM nepuoge.
YacToTa c/ly4aeB IeTasIbHOTO UCX0Aa B NEPUHaTaNbHOM nepuoae npu
BO3HMKHOBeHMM MOHPM gocTturaet go 25%. Mpu 3Tom y aeTeld, po-
amsLmnxca ot matepeit ¢ NMOHPI, BepOATHOCTb Pa3BUTUA HEBPOIOTU-
yeckmx 3abonesaHuit nosbiwaetca [14]. MpexaeBpemeHHas OTCa0W-
Ka MAaLeHTbl CnocobCTBYeT PasBUTUIO LiepebpasibHOro napanunya u
HapyLeHWi pa3BuTHA y feTeit B 6onee nosgHem Bospacte [15].

HuszmeToB P 1 coasT. (2020), U3yyan CTPYKTYPY MACCMBHbIX
AKYLUEPCKUX KPOBOTEYEHMI, NONYYUIM CNEAYIOLLEE: TMNO- U aTOHWNYE-
CKue KposoTeyeHus y 103 (57,8%) poaunbHuu, MOHPMN —y 64 (35,9%).
O6bEM KpoBOMNOTEPU NPU MACCUBHBIX KPOBOTEYEHUSAX B CPEAHEM CO-
crasun 2410,45+520,55 mn [16].

3tuonorua n pakropol pucka MOHPN

Rasmussen S et al (2018) sce dpakTopb! pucka NMOHPI pasaenu-
2 Ha 3 OCHOBHbIE TPYNMbI: aKYLUEPCKUIN aHaMHe3 U COMyTCTBYIOLLME
3aboneBaHus, Te4eHMe JaHHOW BepeMeHHOCTU 1 CNyYaitHas TpaBma.
Mo uX MHeHWIO, OCNOMKHEHUAMM TeuyeHWAa HGepemeHHOCTH, cnocob-
CTBOBABLUMMM OTC/IOMKE NNALEHTbI, ABAAINCH MHOronaoaHan bepe-
MEHHOCTb, MHOTOBOAME, TMNepTEH3UBHbIE HAPYLUEHUA M KOPOTKas
nynosuHa [17].

OTcnoiiKa NNaLeHTbl Yalle BO3HWKAET NpU MHOronaoaHow be-
PEMEHHOCTM, KOraa NepBbli NAOA poXKaaeTca bbICTPO, U OYeHb pes-
KO CHUKAEeTCA BHYTPUMATOYHOE AaBneHue. HecmoTps Ha ynyJlleHune
AKyLLEePCKON MOMOLLM U METOA0B MOHUTOPMHIA, YaCTOTa NpeXaeBpe-
MEHHOM OTCNIOMKM NAALEHTbI YBENUYMBAETCA U BO MHOTUX Pa3BUTbIX
CTpaHax. 3To noaTBep:KAaeT MHOroGaKTOPHYIO 3TMONOTUIO, KoTopan
TpebyeT aanbHeiwero usyyenua [5]. Khazaei S et al (2019), B cBOMX
MCCNeA0BaHNUAX MOKAa3aau, YTO MIONNIEPOBbl aHOMAIMKU MOBbILIAKOT
PUCK Pa3BUTUA OTCIIOWKM NaLeHTbl [18].

Class 2: Moderate. No sign of vaginal bleeding to a moder-
ate amount of vaginal bleeding. Significant uterine tenderness
with tetanic contractions. Change in vital signs: maternal tachy-
cardia, orthostatic changes in blood pressure. Evidence of fetal
distress. Clotting profile alteration: hypofibrinogenemia.

Class 3: Severe. No sign of vaginal bleeding to heavy vagi-
nal bleeding. Tetanic uterus/ board-like consistency on palpation.
Maternal shock. Clotting profile alteration: hypofibrinogenemia
and coagulopathy. Fetal death.

Premature placental abruption is an obstetric complication
that can cause a woman to bleed excessively, increasing her risk
for various medical complications such as disseminated intravas-
cular coagulation (DIC), renal failure, and Sheehan syndrome after
giving birth. Although transfusing blood substitutes can reduce
the incidence of MD, it still occurs more often than in the gen-
eral population [1]. The perinatal period poses numerous health
risks for both the mother and the fetus, including premature
birth, low birth weight, asphyxia, stillbirth, and neonatal death.
In PSNIP, the incidence of perinatal death can be as high as 25%.
Moreover, children born to mothers with PSNIP are more likely
to develop neurological disorders. Premature placental abruption
is also a contributing factor to the development of cerebral palsy
and other developmental disorders in children later in life [15].
In summary, the perinatal period is a critical time during which
the health of both the mother and the fetus needs to be closely
monitored to reduce the risk of potentially severe complications.

A study conducted by Niyazmetov RE et al in 2020 analyzed
the structure of massive obstetric bleeding. The findings revealed
that out of 178 postpartum women, 103 (57.8%) experienced
atonic postpartum bleeding, while 64 (35.9%) experienced post-
partum hemorrhage with retained placenta. On average, the blood
loss volume during massive bleeding was 2410.45+520.55 ml [16].

Etiology and risk factors for PSNIP

According to Rasmussen S et al (2018), the risk factors for
PSNIP can be classified into three main categories: obstetric his-
tory and comorbidities, the course of pregnancy, and accidental
injury. The authors have identified several pregnancy complica-
tions that may cause placental abruption, such as multiple preg-
nancies, polyhydramnios, hypertensive disorders, and a short
umbilical cord [17].

Placental abruption is an obstetric complication that often
occurs during multiple pregnancies, where the first fetus is deliv-
ered quickly, and the intrauterine pressure drops suddenly. De-
spite advances in obstetric care and monitoring techniques, the
incidence of premature placental abruption is on the rise in many
developed nations. This suggests that the obstetric complication
has a complex and multifactorial origin, which requires further in-
vestigation [5]. A case in point is a study by Khazaei S et al (2019)
that found that Millerian anomalies increase the risk of placental
abruption [18].

Over the past decade, the profile of obstetric patients and
approaches to medical care have changed; therefore, some risk
factors for PSNIP have been revised [19].

Sociodemographic risk factors

Age. The risk of PSNIP is higher for mothers under 20 or
over 35 years old due to maternal age being a leading risk fac-
tor for placental abruption [20]. There has been a long-standing
assumption that pregnancy at a young age leads to adverse out-
comes, including PSNIP [21].
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3a nocnegHee AecATMNETME M3MEHUACA NPOdUb aKYLIEPCKUX
MaLMEHTOK, @ TaKXKe NMOAXOAbI MEAULMHCKON NOMOLLM, B CBA3M C YEM,
NoABEPrINCL NePECMOTPY M HeKoTopble dakTopbl pucka MOHPM [19].

CouuanbHo-gemorpadpuueckme pakTopbl pucka

Bospacm. K uncny Begylwmx ¢paktopos pucka passutua MOHPM
OTHOCMTCA BO3PACT MaTepu. PUCK OTCNOMKM NNaLeHTbl CUMTaeTCA Bbl-
COKMM, ec/in BO3pacT maTtepu coctasnfet Ao 20 net uam cebiwe 35
net [20]. Ha npoTaXeHUM MHOMMX NET CYLLEeCTBYET NPeanooKeHME,
4TO 6EPEMEHHOCTb B PaHHEM PEMNPOAYKTYBHOM BO3PacTe NPUBOAMT K
HebnaronpuaTHoMy eé ucxoay, B Tom umcae K MOHPM [21].

Pocm. BeposaTHocTb MOHPIM nosbiwaeTtcs Ha 20% y 6epemeHHbIX
C pocToM MeHee 155 cM No OTHOLLEHUIO K BepEMEHHbIM, Y KOTOPbIX
pocT npesbiwaeT 162 cm [19].

Paca. Mo aaHHbIM Pyaakosa UC v coasr. (2021), NOHPN y yep-
HOKOXWX HepemeHHbIX B 3,5 pa3a BCTPEYaach Yalle, YEM Y KeHLUMH
eBponeounaHol pacsl. bonee Bbicokan yactota MOHPI y YepPHOKOXKMX
YKEHLUMH aBTOPbI CBA3bIBAIOT C 60N1€e HU3KMM COLMANbHO-3KOHOMM-
YyecKkum ctatycom [19].

CemeliHas npedpacrionoxceHHocms. HoBukos EN 1 coasT. (2021)
[l0Kasanu, uyto B 5% cnyyaes MOHPI Habntoaanach y KeHLWMH ¢ nep-
BOW CTeneHbto poacTea. TAxENble GopMbl OTCNIOWKM NAALEHTbI B ABa
pasa yalle BCTPEYANNUCh Y KEHLWMH C HaMYMEM AaHHOW NaTonorum
B aHaMHe3e WX CecTép, NMpu 3TOM CpeaHeTAXENble U Nérkne Gopmbl
OTCNOMKU NNALLEHTbI HE BAUAM HA PUCK Pa3BUTUA AaHHOrO 3abonesa-
HUA Y POACTBEHHWLL. TakKe Obl0 BbIABAEHO, YTO Y HepeMeHHbIX € Ha-
NMunem B aHamHe3se cnyyaeB BO3HMKHoBeHUA MOHPI puck passutua
[AHHOM NaTosiorMn Npu nocnesyowmx 6epemeHHOCTAX Bo3pacTan B
7-20 pas, B CBA3MN C YeM 3TU XKEeHLLMHbI AOMKHbI OTHOCUTLCA K rpynne
MOBbILEHHOTO PUCKa MO Pa3BUTUIO JAHHOMO OCNOXHeHUs BepemeH-
Hoctv [22].

BpedHele npugbiyku. KypeHue v ynotpebieHne KokauHa BO Bpe-
M5 6epemeHHOCTM HanpAMyH MOBbIWAET YacToTy passutma NMOHPI.
BepoaTHble MexaHW3Mbl — NPAMOe COCYAOCYXKMBalOLLLee BO3AeNCTBHE
HMKOTMHA Ha apTepPMM MaTKM U NYNOYHbIE COCYAbI C BO3HUKHOBEHUEM
TMNOKCEMUM, CTENeHb KOTOPOI onpeaenseTca NyTém OLEHKM maTou-
HO-MNaLLEHTapHOro KpoBoToKa [23, 24]. B ocHose pa3sutus MOHPM
Nexxat NaTonornyeckme U3MeHeHus B CTPYKTYpax NaaLeHTbl — HEKpo-
TUYECKME MopaXKeHWe oTnagatowen obonoyku (Decidua) B nepude-
PUYECKMX YYaCTKax MAALEHTbl, aTepoCKaepoTUHecKoe nopaxeHue
COCYA0B, MUKPOUHGBAPKTbI U M3ObITOUHOE 06PA30BAHME MEKBOPCUH-
yatoro GpubpuHOMAQ, a TaKkKe 3amef/ieHne CKOPOCTU KPOBOTOKA M
aTpodus BOPCUH. HeratusHOe BAUAHME HUKOTUHA HAa MOPGOdYHKLM-
OHa/IbHOE COCTOAHWE N/IALEHTbl 00YCN0BNEHO BbiAeNeHUEM BOMbLIO-
ro YMCNa TOKCMHOB BO BpemsA KypeHuA. HUKOTWH NoBbILWaeT pUCK BO3-
HWUKHOBEHMWA BbIKUbILIA, Pa3BUTUA XOPMOAMHUOHMUTA, PAacCTPOMCTBA
KPOBOCHAOMEHUA XOPUOHUYECKUX BOPCWH, HApyLIEHWA npeanexa-
HUA U OTCIIOMKM NAALEHTbI, PAaHHEro pa3pblBa NI0AHbIX 060104eK, B
CBA3M C YEM CUMTAETCA LienecoobpasHbIM YKasbiBaTb GpaKTop KypeHus
B KNMHUYECKOM AnarHo3e HepeMeHHOM KeHLWWHbI. Hapagy ¢ 3Tum,
KYpPEHWe OTHOCWTCA K ynpaBasembiM GaKkTopam pUCKa pa3BuUTUsA oc-
NOXKHEHWI B Nepuos 6epemMeHHOCTU U NepuHaTabHbIX UcxofoB [25].

Cmpecc u gusuyeckasa Haepy3ska. HenocpeacTseHHOe cumnaTuye-
CKoe BO3OYKAEHWE HEPBHOM CUCTEMbI B BUAE OTBETHOM peakumm Ha
BO3HWKHOBEHME CTPECCOBOM CUTyaLun AMbo onocpesoBaHHOE BAW-
AIHWE Ype3MepHO NPOAYLIMPYEMbIX CTPECCOBbIX FOPMOHOB C ULLIEMMU-
YECKMM NMOPAKEHMEM MATOYHO-M/IALEHTAPHOW CUCTEMBI C Pa3BUTUEM
B AaNbHellem npexaeBpeMeHHON OTC0MKKU NAALEeHTbl BO3HUKaeT
BC/IEICTBME YBENNYEHUA YPOBHA apTepuanbHOro AaBaeHUs, a TakkKe
BO3HWKHOBEHWA MPOBOCMAZIMTENbHBIX U NPOTPOMBOTUYECKUX M3Me-
HeHuii. Kak oTmevaeT Guo GL et al (2018), npu cpeaHei ¢pusnyeckomn
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Height. The probability of developing PSNIP is 20% higher
for pregnant women under 155 ¢cm than those over 162 cm [19].

Race. According to Rudakov IS et al (2021), PSNIP was 3.5
times more common in black pregnant women than in Caucasian
women. The authors associated a higher incidence of PSNIP in
black women with lower socioeconomic status [19].

Family predisposition. Novikov El et al (2021) conducted a
study that revealed that 5% of women with a first-degree rela-
tionship have observed PSNIP. Women with a history of this com-
plication in their sisters are twice as likely to experience severe
forms of placental abruption. However, moderate and mild pla-
cental abruption does not seem to influence the risk in close rel-
atives. The study also found that pregnant women with a history
of PSNIP are at 7-20 times higher risk of developing this compli-
cation in subsequent pregnancies. Therefore, such women should
be considered a high-risk group for this pregnancy complication
[22].

Bad habits. Smoking and cocaine use during pregnancy can
lead to an increased incidence of PSNIP. This is likely due to the
vasoconstrictive effect of nicotine on the uterine arteries and
umbilical vessels, which can cause hypoxemia. The extent of
hypoxemia can be determined by evaluating the uteroplacental
blood flow [23, 24]. Pathological changes in the placenta leading
to PSNIP include local decidual necrosis in the peripheral parts
of the placenta, acute atherosis microinfarctions, massive perivil-
lous fibrin deposition, hypoperfusion, and villous atrophy. Smok-
ing is a significant contributor to these changes, as nicotine re-
leases various toxins that negatively affect the morphofunctional
state of the placenta. Nicotine increases the risk of miscarriage,
chorioamnionitis, placental insufficiency, placental previa and
abruption, and premature rupture of membranes. Therefore, it is
essential to consider smoking as a controllable risk factor in the
clinical diagnosis of pregnant women. By quitting smoking, wom-
en can reduce the risk of developing complications during preg-
nancy and improve perinatal outcomes [25].

Stress and physical activity. During a stressful situation, the
nervous system can be directly stimulated, or stress hormones
can be indirectly produced. This can lead to an increase in blood
pressure and cause pro-inflammatory and prothrombotic chang-
es, ultimately resulting in ischemic damage to the uteroplacental
system and premature placental abruption. According to Guo GL
et al (2018), engaging in heavy physical activity increases the risk
of developing PSNIP almost 14 times compared to light physical
activity [26].

Air pollution and high temperature. Exposure to high air tem-
peratures during pregnancy can lead to a decrease in placental
blood flow, an increase in fetal heart rate, and a higher frequency
of uterine contractions. These bodily reactions can increase the
risk of developing PSNIP, mainly if there are pre-existing patho-
logical changes in the placental vessels and tissues [27].

Exposure to fine particulate matter, such as PM 2.5 (parti-
cles with an aerodynamic diameter of 2.5 um or less) and other
gaseous pollutants, including nitrogen dioxide (NO,) and ozone
(0,), can increase the risk of preeclampsia, gestational diabetes
mellitus, premature birth, and PSNIP. Air pollutants cause inflam-
mation, oxidative stress, and impaired hemostasis, which can
lead to placental abruption [7].

Risk factors associated with somatopathies
Chronic arterial hypertension (AH). In a study by Guo GL
et al (2018), 218,880 pregnant women were examined, out of
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Harpyske BepoATHOCTb BO3HWKHOBeHMA [TOHPI Bo3pacTaeT 6-kpaTHO
OTHOCUTENIbHO TAaKOTO PUCKa NpU NETKoM GU3NYECKON Harpy3ke, a npu
TAXENbIX GU3NYECKMX Harpy3Kax STOT PUCK BO3pACTaeT noyTu B 14 pa3
[26].

3arpA3HeHMe BO3AyXa U BbiCOKaA Temnepatypa. Mpu
BbICOKOM TemnepaType Bo3ayxa y 6epeMeHHbIX CHUMAETCA MiaLeH-
TapHbI KPOBOTOK, OTMEYaETCA yualleHue cepalebueruns nnoaa, yse-
JIMYMBAETCA YaCTOTa COKPALLEHUI MaTKM. BbilueyKkasaHHble peakumum
opraHvsma 6epemeHHbIX B OTBET Ha NOBbILLIEHWE TemnepaTypbl BO3-
Zlyxa CnocobCTBYIOT yBeNMYEeHMIO pucka pa3sutusa MOHPI, ocobeHHo
Npy HaZMYMKU NATONOMUYECKUX U3MEHEHUI B NNALLEHTAPHbIX COCYAax
N TKaHAX [27].

Bo3pelicTBE MENKOAMCMEPCHBIX TBEPABIX YACTWL, TaKMX KaK
PM2,5 (4acTuLbl C a3p0AYHAMMYECKMM AMAMETPOM <2,5 MKM) U Apy-
X ra30006pasHbIX 3arpasHUTeneif, BrAlYas Anokcng asota (NO,)
1 030H (0O,), NOBbIWAAKM YACTOTY NPE3KNAMNCUM, TECTALMOHHOTO Ca-
xapHoro auabeta, MOHPM u npexaeBpeMeHHbIX PoaoB. MoCcKoNbKy
3arpA3HUTENN BO3AyXa NPUBOAAT K YCUNEHWUIO BOCMAZIUTENBHOTO NPO-
Lecca, OKCMAATMBHOMY CTPeCcCy M HapyLUeHWIo remocTasa — Bce 3TU
M3MEHEHWA BMNOJIHE MOTYT NPUBECTU K OTC/IOMKE NAALEHTbI [7].

dakTOopbl pUCKaA, 06YCNOBNEHHbIE COMATUUYECKO

natonoruei

XpoHuyeckas apmepuansHasa eunepmersus (Al). Guo GL et al
(2018) ob6cnepoBanu 218880 HepemeHHbIX KeHLuH, y 669 (0,31%) oT-
meyvanack MOHPI. ABTOpbI BbIABWUAW, UTO apTepuabHan runepTeHsuna
(OW=1,65; 95% AOM: 1,09-2,50), Takénas npeaknamncusa (OLL=4,72;
95% AW: 3,86-5,76) u aHemua (OLL=2,41; 95% AW: 2,05-2,83) nosbl-
LT PUCK OTCNIOMKM NO CPABHEHMIO C FPYNMOi 3[0PO0BbIX POAUBHULL
[26].

YeenuvyeHue geca 6o spems bepemeHHocmu. Goldbart A et al
(2022) pokaszanu cBA3b OTC/IOMKM MAALEHTbI CO caboii NpubaBKoit
Beca B0 Bpems 6epeMeHHOCTM B COOTBETCTBUM C reCTaLMOHHbIM CPO-
Kom [27].

lunomupeos. Casey BM et al (2005) nsyumnu TeuyeHune bepemeH-
HOCTU U poaoB Y 25756 MKeHLMH, KoTopble npowan obcneposaHue
LUUTOBUAHOW Kenesbl. 17298 (67%) eHLmH, 6blan 3aperncTpupo-
BaHbl [/19 LOPOLOBOro HabnoaeHus B cpoke bepemeHHoCcTM 20 He-
Aenb unu mexee, u cpeamn 404 (2,3%) 13 HUX Bbin AMArHOCTUPOBAH
CybKAMHMYecKuiA runotupeos. NMOHPM BcTpeyanock B 3 pasa 6onblue
Y KEHLMH C CYOKNMHUYECKMM rMNoTMpeo3om [28].

HapyweHua cucmemel 2eMocmasa Takxe MOryT NPUBECTU K
passututo MOHPTI. Mpu ocTtpom pasBUTUM AUCCEMUHUPOBAHHOMO
BHYTPUCOCYAMCTOMO CBEPTHIBAHWA BO3PACTAaeT PUCK BO3HMKHOBEHMA
06UNBHOTO KPOBOTEUEHMS, YTO Yallle BCero HabnoaaeTca npu LeH-
TPanbHON OTCNOVKEe MAALEHTbI, F4e Ha y4acTKax CKOMAEHUA KpOoBw
NMPOUCXOAMUT YyBE/MYEHUE AaBAEHMA, U GOPMUPYIOTCA YCAOBUA ANA
nonaAaHva KNETOK NaLEeHTbl, 06/1a43a0LWMX TPOMBONAACTUHECKMM
CBOWCTBaMM, B CUCTEMy KpoBOObpalleHUs mMaTepu. B pesynbtarte re-
MOCTaTUYeCKMe HapyLLIeHWA NPUBOAAT K NPEXAEBPEMEHHON OTCNOMN-
Ke naaueHTsbl [29].

MaTonoruun, npusoasALLME K M3MEHEHUIO reMOCTasa: CMHAPOM
aHTUdOCHONMNUAHBIX AHTUTEN, HACNEACTBEHHbIE AedEKTbI B cUCTEME
CBEPTbIBAHUA KPOBK, NpUBOAALLME K 06pa3oBaHuio TPoM60308 (/leil-
[EeHCKan MyTauma daktopa V, HeLoCTaToK aHrMoTeH3uHa I, Hacnea-
CTBEHHbIV AedpuumuT npoTtenHa C, aeduumt GoNneBom KUCNOTbI U T.4,).
Bcneacteue passutua TpomMboduamMmn, 06ycI10BNEHHONW BbilLeyKa3aH-
HbIMWM PACCTPOMCTBAMM, HApYLIAETCA NPOLLEeCC HOPMaibHOW MHBA3UK
TpodobnacTa B paHHUX CPOKAX rectaLmm, a TakKe NPOUCXOAUT aHo-
MasbHOe NPUKPenaeHne NAaLeHTbl, B pesyabTaTe Yero B nocneayto-
Lwem Bo3HuKaeT MOHPII. B npouecce 0TcnanBaHWA KNETKU NAALLEHTI,

which 669 (0.31%) had PSNIP. The study found that compared to
a group of healthy postpartum women, hypertension (OR=1.65;
95% Cl: 1.09-2.50), severe preeclampsia (OR=4.72; 95% Cl: 3.86-
5.76), and anemia (OR=2.41; 95% Cl: 2.05-2.83) were associated
with an increased risk of abruption [26].

Weight gain during pregnancy. Goldbart A et al (2022)
demonstrated that poor weight gain during pregnancy is associ-
ated with placental abruption, considering gestational age [27].

Hypothyroidism. Casey BM et al (2005) evaluated the preg-
nancy and childbirth outcomes of 25,756 women undergoing thy-
roid examinations. Out of these, 17,298 (67%) women began an-
tenatal care at 20 weeks of gestation or earlier, and 404 (2.3%) of
them were diagnosed with subclinical hypothyroidism. The study
found that women with subclinical hypothyroidism were three
times more likely to develop PSNIP compared to those without
this obstetric complication [28].

Hemostatic system disturbances may cause PSNIP. The risk of
heavy bleeding increases with the acute onset of DIC, which is
commonly observed in central placental abruption. This obstetric
complication causes pressure to increase in blood accumulation
areas and allows placental cells to enter the mother's circulatory
system. As a result, hemostatic derangements can lead to prema-
ture placental abruption [29].

Hemostasis derangements, such as antiphospholipid syn-
drome, a hereditary defect in the blood coagulation system (such
as the Leiden mutation of factor V, deficiency of angiotensin I,
hereditary protein C deficiency, folic acid deficiency, etc.), can
lead to the development of thrombosis. These derangements can
cause thrombophilia, which disrupts the normal trophoblast in-
vasion in the early stages of gestation and can lead to abnormal
attachment of the placenta, resulting in the subsequent PSNIP.
During detachment, placental cells with thromboplastic proper-
ties can enter the mother's bloodstream, disrupting the blood co-
agulation system and triggering DIC [30].

COVID-19. A recent study conducted by Nikitin DA (2021)
indicates that if a pregnant woman contracts an infection, it can
increase the risk of thrombophilia, including thromboses and
PSNIP. The study found that pregnant women who are infect-
ed with COVID-19 are statistically more likely to develop PSNIP
[31].

3. Obstetric and gynecological risk factors

Preeclampsia often leads to placental abruption, which is a
severe manifestation of ischemic placental disease. The etiology
of this disease has not been thoroughly studied [3, 32-34]. Ac-
cording to several authors, PSNIP developed in the settings of hy-
pertensive disorders and/or intrauterine growth retardation has
a more unfavorable prognosis in newborns. It is crucial to keep in
mind that patients with preeclampsia and/or intrauterine growth
restriction require close monitoring during pregnancy, particular-
ly if they experience symptoms that suggest functional disorders
of the central nervous system, such as headaches, blurred vision,
or dizziness [35, 36].

Saule O et al (2017) conducted a study on women with
PSNIP and found that in 39% of cases, severe preeclampsia was
the main contributing factor to PSNIP [37]. Popova-Petrosyan
EV et al (2023) hold a similar viewpoint. However, they do not
rule out other possible causes, such as anemia, urinary system
diseases, and uterine scars, among others [38]. The main factors
include maternal age over 35 years, preeclampsia, smoking, drug
use, and hypertension [38, 39].
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Y KOTOPbIX MMetoTc TpombonnacTUyeckue CBOMCTBA, HAYMHAIOT NPo-
HUKaTb B CUCTEMY KPOBOODPALLEHWA OpraHM3mMa MaTtepu, MPUBOAA K
PacCTPOMCTBY CUCTEMbI CBEPTbIBAHUA KPOBM, aKTUBUPYA MPOLLECCHI
passutua [ABC-cuHapoma [30].

COVID-19. CornacHo pesynstatam uccneposaHua HukutuHa A
(2021), npucoeanHenne nHOEKLMM Ha PpoHe BepemMeHHOCTU MOXKEeT
YBE/IMUNUTL PUCK TPOMOOPUAUK, B TOM Yncine Tpombosos 1 MOHPM.
BblN0 yCTaHOB/IEHO, YTO Y HEPEMEHHBIX, CTPAAAMOLLMX KOPOHABUPYC-
HOM MHPEKLMEN, CTaTUCTUYECKM 3HAYMMO Yalle HabNtoaaeTCcA pasBu-
e MOHPM [31].

3. AKylwepcKo-ruHeKonornyeckne GpakTopbl pucka

Mpeaknamncus. Npeaknamncusa Yacto CTaHOBUTCA NPUUMHOM OT-
CNOVIKM NnaLeHTbl. Kak npesknamncua, Tak U cama OTCNOMKa ABNAIOT-
CA Pa3IMYHBIMU NPOABAEHUAMMU ULIEMUYECKON HONE3HM NNALLEHTDI,
3TMONIOMMA KOTOPOW [0 HACTOALLEro BPEMEHW He [0 KOHLIA M3yyeHa
[3, 32-34]. No aaHHbIM paga asTopos, NMOHPM, Bo3HMKLILAA Ha $poHe
TMNEPTEH3UBHbIX HAPYLUEHUIA W/WUAWM 33[ePXKKM BHYTPUYTPOBHOTO
pasBuUTMA NaoAa, UMena bonee HeGNAroNPUATHBIN MPOTrHO3 Y HOBOPO-
KAEHHBIX. BaKHO NOMHWUTb, UTO MALMEHTKM C Npeaknamncuein u/mam
33/leP)KKON BHYTPUYTPOOHOrO PasBuUTUA NAOAQ 3ac/y:KuBatoT bonee
TLWATeNbHOTO HaboaeHNA BO Bpemsa HepeMeHHOCTH, 0COBEHHO npu
NOABNEHWUW Kanob, yKasblBaloWMX Ha GYHKLMOHANbHbIE PacCTPOi-
CTBa LIEHTPasIbHON HEPBHOM CUCTEMBI, TaKWX KaK, ro/10BHas 60/b, Ha-
pyLIEeHMe 3pEHUS UM TONOBOKpPYKeHKe [35, 36].

Cayne O v coasT. (2017), aHanu3Mpya UCTOPUM KeHLMH ¢ MO-
HPMN obHapyxwuau, yto B 39% cnyyaes npenpacnonaraowym dak-
Topom passutna MOHPI asunack npeaknamncua TANKENOW CTENeHU
[37]. Takoe ke MHeHue BbicKasbiBatoT Monosa-MeTpocaH EB v coasT.
(2023). Mpw 3TOM yKa3aHHble UCCNELOBATENMN HE UCKAIOYAIOT M ApY-
rMe NPUYMHBI, TaKUE Kak aHemus, 3a60n1eBaHUA MOYEBbIAEINTENbHOM
cucTembl, pybel, Ha maTke 1 ap. [38]. K ocHoBHoM rpynne dakTopos
MOXHO OTHECTW, BO3pacT MaTepy cTaplue 35 neT, Npesknamncuio, Ky-
peHue, ynotpebneHne HapKOTUHECKMX CPEACTB, rMnepToHuto [38, 39].

AHomanuu pasgumus mamku. Y BepemeHHbIX C aHOManuaAMu
Pa3BMTMA MaTKM Yallie OTMEYAloTCA OrpaHMyeHue pocTa naoga, na-
TONOTMYECKoe MpPUKPenaeHue MAALeHTbl, Ta30BOe MNpef/iexaHue,
npexaeBpemeHHOe M3NUTUE OKOMONNOAHbIX BOA, Mpeaknamncus
W KecapeBo CeyeHue — BCce NepeyuncieHHble NaToNorMieckme cocTo-
AHUA, UMEBLUEE MECTO MPU aHOMANWUW Pa3BUTUA MATKM MOTYT ObiTb
dakTopom pucka passutus u MOHPM [40].

[Llopodosoe uznumue o0Kosonao0HbIX 800 U MHO20800U€E, @ MAK#E
3HOOMempuo3, MUOMa Mamku, a60OMUHanbHAA mpaema, napumem -
nepeyncieHHble GaKTopbl ABAAIOTCA NPeapacnonaraloymm 1 MoryT
cnocobcTBoBaTb BO3HWMKHOBEHWIO MOHPI. Moatomy, GepemeHHble
YKEHLUMHbI JOMKHbI 3HATb 3TU haKTOPbI pUcKa [41-43].

MpexaespemeHHas OTCNIOMKA NAALEHTbI — MynbTUdaKTOPUANb-
HOEe OCNOXKHEeHUe bepemMeHHOCTH, STUOIOTWA KOTOPOro A0 KOHLA He
M3BECTHA, HO eCTb FMMNOTE3a O PA3BUTUM COCYAUCTbIX aHOMA/IUIA B NAa-
LIEHTE W OTCYTCTBUM BTOPUYHOM MHBA3MM TPODOBIACTUYECKUX BOPCHH.
AHOManbHas NiaLeHTaLus, COCYAUCTbIE M3MEHEHUA U NOBbILLEHHANA
JIOMKOCTb COCYA0B MPWBOAAT K 06pa30oBaHWio PETPONaLEHTapHBbIX
reMaTom, KOTopble CNOCOBCTBYIOT NpeXAeBPeMEeHHOMY OTAENEHMIO
nnaueHTs [5, 19].

Schmidt P et al. (2022) gokasanu, YTo HapyLWeHUs COCYANUCTbIX
CTPYKTYP, COCTaBAAIOLMX NNALEHTY, NPUBOAAT K OTCNOMKE NNALEHTbI.
VHbIMM CnoBamu, COCYAMCTan CeTb, COEAMHANWAA AeLMUAyanbHYI0
060/104Ky MaTKM 1 MATEPUHCKYIO CTOPOHY NAALEHTbI, Pa3pyLUaeTcs.
Mo aTum cocygam npoucxogut obecneyeHve Nnoga KUCAOPOLOM
W NuTaTeNbHbIMKU BellecTBamu. [0fobHbIE M3MEHEHWA B cocyau-
CTOV CeTM MOTYT HaboAaTbCA NPU YMEHbLUEHUW NPOCBETa COCYAOB
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Anomalies of uterine development. Pregnant women with
uterine anomalies have a higher risk of fetal growth retardation,
abnormal attachment of the placenta, breech presentation, pre-
mature rupture of membranes, and preeclampsia which necessi-
tates performing cesarean section. These are all obstetrical com-
plications that could occur due to uterine anomalies and can also
be risk factors for PSNIP [40].

Additionally, polyhydramnios, endometriosis, uterine fibroids,
abdominal trauma, and primiparity — are predisposing factors con-
tributing to the development of PSNIP. Therefore, pregnant wom-
en should be aware of these risk factors [41-43].

Premature placental abruption is a complication of pregnan-
cy with many contributing factors. The exact cause is not yet fully
understood. Still, it is believed that vascular abnormalities in the
placenta and the absence of secondary invasion of trophoblastic
villi may play a role. This abnormal placentation, vascular chang-
es, and increased fragility can cause retroplacental hematomas to
form. These hematomas can contribute to premature separation
of the placenta [5, 19].

Schmidt P et al (2022) have demonstrated that disruptions
in the vascular structures that constitute the placenta can lead to
placental abruption. In simpler terms, the network of blood ves-
sels that link the uterus's decidua to the maternal side of the pla-
centa is damaged, resulting in a lack of oxygen and nutrients sup-
ply to the fetus. Similar changes in the vascular network can occur
when the lumen of blood vessels decreases due to hypertension
or under the influence of psychotropic drugs. Additionally, the ex-
cessive stretching of the uterus, where the placenta attaches to
the uterine wall, can also cause the vascular network to rupture
and lead to bleeding. It's important to note that the uterus is a
muscle and is elastic, whereas the placenta is less elastic than the
uterus. Therefore, when the uterine tissue stretches suddenly,
the placenta remains stable, and the vascular structure connect-
ing the uterine wall to the placenta tears away [1]. As a result
of more significant blood loss, the uterus and placenta walls are
separated. The placenta serves as a source of oxygen and nutri-
ents for the fetus and an organ that removes waste products [44].
The placenta relies on diffusion to and from the mother's circula-
tory system to maintain its vital functions. However, if a hemato-
ma occurs and separates the placenta from the maternal vascu-
lature, the placenta can no longer perform these functions. This
lack of oxygen and nutrients can result in fetal death [45]. Chronic
placental dysfunction can lead to the separation of the placenta
from the uterine wall. As this complication progresses, the pla-
cental surface area available for exchanging oxygen and supplying
nutrients to the fetus reduces. This can increase the risk of neo-
natal underweight, prematurity, and perinatal mortality [46].

Clinical presentation of PSNIP
Severe abdominal pain
Vaginal bleeding
Amniotic fluid, stained with blood
Uterine tetany
Acute fetal distress — abnormal cardiotocography re-
sults

6. Fetal death

7. Retroplacental hematoma

8. Internal bleeding

Placental abruption can present with various clinical symp-
toms, including abdominal pain and vaginal bleeding. The sever-
ity of the complication can range from being diagnosed during
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BC/IEACTBME TUNEPTOHMM, NPU NPUEME MCUXOTPOMHbLIX NPEenapaTos,
B0 NpU YPE3MEPHOM PACTANKEHUM MATKU. MaTKa — 3TO MbILLEYHbIN
3N1aCTUYHbIM OpraH, NPY 3TOM Y NAALEHTbI 31ACTUYHOCTb HUKE, YEM Y
MaTKW. Mo 3TOV NPUYMHE NPU YPE3MEPHOM PACTANKEHUN MATKM TKaHU
NAALEHTbI He PaCcTATMBAIOTCS, B PE3Y/IbTATe Yero NPOUCXoaUT paspbiB
COCYAMCTOW CETU Ha Y4aCTKaX MPUKPENIEHWA NAALEHTbI K CTEHKE MaT-
KW, BbI3blBas MpU 3TOM KposoTeyeHwue [1]. B cBA3u ¢ yBennueHnem
KpOBOMOTEPU OHa Pa3ABUraeT CTEHKY MaTKu W niaueHTy. MnaueHTa
ABNAETCA HE TONbKO MCTOYHUKOM KUCAI0POZA U NUTATENbHbIX BELLECTB
L1 NN0AQ, @ TaKKe OpraHOM, C MOMOLLBIO KOTOPOTO BblAENATCA
NPOAYKTbI €ro *usHegeatensHoctn [44]. Anddysnsa B KPOBEHOCHYIO
CUCTEMy MaTepu W M3 Heé, HeobXoAMMa ANA MOALEPNKAHWA ITUX
YKU3HEHHO BaKHbIX GYHKLUMI NaaLeHTbl. Korga rematoma Bbi3biBaeT
OTZENEeHWNE NIALEHTbI OT MAaTEPUHCKOM COCYANCTOM CETU, 3TN KUSHEH-
Hble GYHKLMM NNaLeHTbl NpekpaluatoTcs. Npu HexBaTke KMCA0pOaa U
nuTaTe/bHbIX BELWECTB, naog norubaert [45]. [aHHas natonorvs npu-
BOZMT K XPOHUYECKOW NNALEHTAPHON AUCHYHKLMU U OTAeNeHUo eé
OT CTEHKM MATKM, 4TO NPU NMPOrpeccupoBaHnm NPOUCXOANT YMEHbLLUE-
HMe NNoLWaaM NNALEHTAPHOM NOBEPXHOCTH, AOCTYMHOMN Ans obmeHa
KMCNIOPOAOM U CHabXeHWA Naoaa NUTaTebHbIMM BELLECTBAMM. ITOT
NPOLLECC MOMKET MPUBECTU K MOBbILEHHOMY PUCKY BO3HUKHOBEHUSA
Zeduupta macchbl Tena y HOBOPOXAEHHOIO, HELOHOLWEHHOCTU U Ne-
pVHaTanbHOM CMepTHOCTH [46)].

KnnHunueckmne xapaktepuctuku MOHPN

CunbHas 60nb B }K1BOTE

KpoBoTeueHue 13 N0NOBbIX NyTEN

OxononnogHble BoApl, OKpaLLEHHbIE KPOBbIO

TeTaHUA MaTKK

OcTpblil gpucTpecc naoja — NaTtoNornyeckne pesynbraThl
KapanoToKorpadum

6. ubenb nnoga

7. 0O6pasoBaHWe peTponnaLeHTapHoOM remaTombl

8. KnuHvKa BHyTpeHHero KpoBoTeueHuA

Knaccnyeckumn cMMnTOMamu OTCIOMKM NNaLEHTbl ABAAKOTCA
60/1b B MBOTE U KPOBOTEYEHME U3 NONOBBIX MYyTEMN, HO KAMHUKA MO-
KeT ObITb CTEPTOM, NPU KOTOPOW AMArHo3 CTaBMTCA NPU OCMOTPE NAa-
LieHTbl BO BPeMA POAOBOW AeATENbHOCTU, IO MAaCCUBHOW OTCIOMKM,
NPUBOAALLEN K BHYTPUYTPOOHOM rmbenu nnoma v TAKENON MaTepuH-
CKoM 3a601eBaeMOCTU 1 cMepTHOCTK [5, 47]. Taxénble caydam MOHPM
ObICTPO NporpeccupytoT, 06yCN0BANBAA MACCUBHYHO KPOBOMOTEPHO Y
MaTepu, TUMNOKCuIo U rnbenb nnoga, Yto Tpebyet HeoTNoKHOTO abao-
MMHaNbHOIO poAopaspeLLeHus [46].

TwaTtenbHO coBpaHHbIM aHamHe3 M 0bCnefoBaHWE UrpatoT
BaKHYHO PO/b AN1a AndpdepeHLmManbHOM AMarHOCTUKM OTCIOMKM Nia-
LLeHTbl OT APYrMX aKyWepCKUX MPUYMH KPOBOTEYEHWUA W3 MO/OBbIX
nytei. Hambonee MHPOPMaTMBHLIM AN15 pacrosHaBaHMa Havana Mo-
HPI ABnseTcA OLEHKa COCTOAHUA NaumeHTKu. Mpu naabnauum matkm
oueHMBaeTcA 60NE3HEHHOCTb, KOHCUCTEHLMA, 4acToTa U Npoaon-
YKUTENIbHOCTb COKPALLEHUIA MaTKW, €C/IM UMetoTcA cxBaTkU. ObnacTtb
HapyKHbIX MO/MI0BbIX OPraHOB OCMAaTPUBAETCA A/ OBHapyKeHus
KpoBoTeueHusA. B cnyyae obHapyKeHUs BarvHa/NbHOTO KpPOBOTeYe-
HUA onpeaenseTcd 06bEM KPOBU M U3YUaAKOTCA €€ XapaKTepPUCTUKMK,
a TaKXKe UccneayeTca Hannume KPoBAHBIX CryCTKOB. BaxKHO NOMHUTD,
4TO OTCYTCTBME KPOBOTEUEHMUA M3 MONOBbIX NyTel He ABAAETCA [lOKa-
3aTeNIbCTBOM OTCYTCTBMA OTCNOWKM NaaleHTbl. Heobxoammo wccne-
[l0BaTb TaKMe KM3HEHHO BaKHble MOKasaTenw, Kak ysenmdeHune YCC
1 CHUKeHue Afl, KoTopble MOTYT ABNATLCA CBUAETENLCTBOM HANNYMA
CKpbITOrO (BHYTPEHHEro) KpoBoTeueHus. Mpu 3Tom nokasartenu nabo-
PaTOPHbIX aHAIM30B HE NOMOTYT B NOCTaHoBKe auarHosa MOHPI, Ho
NpesoCTaBAAOT NepBOHaYabHble AaHHbIE, MO KOTOPbIM MOXHO by-
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labor to a massive abruption, which can lead to fetal death and
severe maternal morbidity and mortality [5, 47]. Severe PSNIP
progresses rapidly, causing massive maternal blood loss, hypoxia,
and fetal death, necessitating an emergency abdominal delivery
[46].

Medical history and examination are crucial in distinguishing
placental abruption from other obstetric causes of genital tract
bleeding. The best way to detect postpartum hemorrhage is by
evaluating the patient's status. The uterus is palpated to assess
any pain, consistency, frequency, and duration of contractions.
External genitalia are inspected for any signs of bleeding. If vagi-
nal bleeding is present, the volume, characteristics, and presence
of blood clots are studied. It is important to note that the absence
of genital tract bleeding does not rule out placental abruption. Vi-
tal signs like increased heart rate and decreased blood pressure
should be examined as they may indicate internal bleeding. Lab-
oratory test results provide initial data to assess the postpartum
woman's status over time but cannot diagnose PSNIP. The sensi-
tivity of ultrasound in diagnosing placental abruption is low, as
hemorrhage areas are isoechoic and challenging to identify [48].

In obstetric practice, the most frequent cause of bleeding
in the second half of pregnancy is premature placental abruption
and placental previa. It is crucial to differentiate between these
two obstetric complications to provide timely and appropriate
emergency care to patients with PSNIP [1].

Petersen SH et al (2020) found that pregnant women with
postoperative nausea and vomiting had an increased risk of ad-
verse cardiac outcomes due to acute cardiovascular failure [49].

The sequelae of PSNIP can be severe, including heavy bleed-
ing, hemorrhagic shock, premature birth, stillbirth, fetal death,
impaired hemostasis, DIC, and transfusion complications. Due to
the high risk, it is possible that in the future, all births with re-
peated PSNIP will be carried out by cesarean section. Recurrence
of premature placental abruption cases is observed in 4-12% of
cases [50, 51]. The management approach towards labor during
repeated PSNIP depends on different factors such as the area of
placenta abruption, the fetus's status, the degree of blood coag-
ulation disorder, the age of placental abruption, and the volume
of blood loss. In cases of partial placental abruption, where less
than 1/3 of the placenta is affected, vaginal delivery may still be
possible. However, this would require close monitoring of vital or-
gan functions at a maternity center with an emergency obstetric
care unit, ensuring the absence of fetal distress and blood clotting
disorders. For mild PSNIP, vaginal delivery is recommended, and
for severe abruption, emergency abdominal delivery is an emer-
gency indication. The management approach towards placental
abruption depends on the viability of the fetus and the status
of the patient. In cases where the fetus is alive, an emergency
cesarean section should be performed unless vaginal delivery is
imminent [5].

Nechaeva YusS et al (2019) reported that the most severe
complications of pregnancy were hemorrhagic shock, utero-
placental apoplexy (also known as Couvelaire uterus), and DIC,
observed in 19.4%, 16.5%, and 5.8% of cases, respectively [9].
Hemorrhagic shock is a severe complication that occurs due to
acute blood loss, associated with the derangements in macro-
and microcirculation and organ and system dysfunction. The
development of this type of shock is caused by metabolic and
circulatory disorders that have developed in the patient due to
concurrent extragenital diseases, preeclampsia, and other fac-
tors [52].
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[leT OLLEHUTb COCTOAHUE POAMIbHULLI C TEHEeHUEM BpeMeHH. YyBCTBu-
TeNbHOCTb METOAQ Y/IbTPa3BYKOBOTO UCCNEA0BAHUA MPU BU3yanu3a-
LIMOHHOMN AMAarHOCTUKE OTCNOMKMW NNALEHTbI ABNAETCA HEBbICOKOM. B
nepvoa ocTpoi $asbl OTCAOMKMN NNALEHTbI YHACTKU C KPOBOU3INAHM-
€M ABAAKOTCA U303XOrEHHbIMM, TO €CTb OHW UMEIOT NPAKTUYECKU OfU-
HaKOBYIO NJIOTHOCTb C OKPYAIOLLMMM Y4acTKaMu naaLeHTsl. B ceAsn
C 3TUM, CIOKHBIM NPEACTABNAETCA BbIAB/IEHUE CKPbITOTO KPOBOM3/IN-
AHWA, BO3HUKLLIETO BCEACTBUE OTCIONKM NNaLeHTb [48].

Yalle BCero NpuUUMHOW pasBUTHA KPOBOTEUEHUA B aKYLLEPCKOM
NpakTUKe, Habntogaemolt Bo BTOPOI NONOBMHE CPOKA recTaluu, AB-
NAETCA NpeXaeBpPeMeHHan OTC/IONKA NNALEHTbl U e€ npeasexaHue.
[nddepeHupmanbHan AMarHOCTVKaA ITUX ABYX NATONOTMI OYEHb BaXKHa
[Nf OKa3aHUA CBOEBPEMEHHOM W aleKBAaTHON HEOTNOKHOW NMOMOLLM
naupeHTKam ¢ MOHPN [1].

Petersen SH et al (2020) coobLatoT 0 NOBbLILIEHHOM PUCKE pas-
BUTUA HeBNAronpUATHBIX NOCAEACTBUI CO CTOPOHbI cepaua y bepe-
MeHHbIX ¢ MOHPI B pe3ynbTaTe OCTPOM CEPAEUHO-COCYANCTON HEAO-
cTatoyHocTH [49].

lpo3Hble nocneactsma NMOHPI, Takue Kak 0bunbHOE KposoTe-
YEHMEe, remMopParnYeckuii WOK, POXKAEHUE HELOHOWEHHOMO PeHEH-
Ka, MEPTBOPOXKAEHWE, HeoHaTaNbHas acduKeua u rmbenb nnoaa,
HapyLweHue remocTasa, passutue [ABC-cuHapoma, TpaHcdy3noHHbIe
OC/OKHEHWUA 03HAYaloT, YTO B ByAyLlem, BO3MOXKHO, BCe pofbl Npu
nosTopHoi MOHPI 6yayT OCyLWeCcTBAATLCA NYTEM Kecapesa CeYeHuA.
MoBTOpeHWe cyYaeB NPEXAeBPEMEHHOW OTCOMKM NNaLEHTbI OTMe-
yaetca B 4-12% cnyyaes [50, 51]. Ha Haw B3raA, TaKTUKa BeAeHWA
pozos npu nosTopHoi MOHPI, Tak e, KaK 1 Npu nepBoW, byaeT 3a-
BMCETb OT M/IOWAAN OTCIOMKM, COCTOAHUA NAOAQ, CTEMEHN HapyLue-
HUA CBEPTbIBaIOLLEN CUCTEMbI KPOBM, AABHOCTU OTC/IOMKM NAALEHTDI,
06bEMa KpoBonoTepu 1 Apyrux. NMpu YacTUHHOM OTCIIOMKE NNALEHTbI
(meHee 1/3 nnowaam 0TCAOMKK), NOATOTOBAEHHOCTY POAOBLIX NyTEN,
OTCYTCTBUM AMUCCTPECa NNOAA U OTCYTCTBUM HAPYLIEHWA CBEPTbIBAHMA
KPOBU W, KOHEYHO, NPW TLLATE/IbHOM MOHWUTOPUHIE QYHKLMIA KM3-
HEHHO BaXKHbIX OPraHOB M HaNAXEHHON HEOT/NIOXKHON aKyLlepcKoii
NOMOLLM B POAMABHOM YUYpeXAeHUN 3 YPOBHSA, BNOSHE MOXKHO Orpa-
HWUYUTBCA BarMHaNbHBIMU POSAMM.

Kak 6b1710 yKa3aHO Bbllle, Mbl CONMAAPHDI C aBTOPaMM, KOTOpble
npv MOHPI nérkov cTeneHn TAXKECTU PEKOMEHAYHOT BECTU poAbl Yepes
€CTECTBEHHble POAOBbIE MYTW, TANKENAA CTEeNeHb OTC/OWKM ABAAeTcA
9KCTPEHHbBIM MOKa3aHUEM /11 HEOT/IOXKHOTO abAOMUHANBHOTO POAO-
paspelueHus. TaKTKa BBEAEHWA OTCIOMKM NALEHTbI 3aBUCHT OT KM3-
HECNocobHOCTM N0AA U COCTOAHUA MaLMEHTKI. NoKa NAog, KB, Heob-
XOZMMO NPOBECTM IKCTPEHHOE KecapeBo CeyeHue, eC/in TONbKO Pofbl
yepes ecTecTBEHHbIE POZOBbIE MYTU He ABNAIOTCA HEM3beXHbIMU [5].

Mo aaHHbIM Heyaesoit KOC u coasr. (2019), Hanbonee TAKENDbI-
MW OC/NOXKHEHMAMM OKa3a/MCb: remopparnyecknit wok (8 19,4%
C/yYaeB), Pa3BUTME MATOYHO-NNALEHTAPHOM anonaekcuu (MaTku
KioBenepa) (B 16,5% cnyyaes) M pasBUTME CUHAPOMA AMCCEMMHMU-
POBaHHOIO BHYTPUCOCYAMCTOrO CBEPTbIBAHMA (B 5,8% cnydaes) [9].
[emopparMyeckuin WoK NpeacTaBAseT coboi KpUTUYEeCKoe COCTOS-
HWE, KoTopoe 06YC/NI0BNEHO OCTPON KPOBOMOTEPEN, NPUBOAALLEN K
HapPYLIEHMIO MAKPO- U MUKPOLMPKYAALMMU U ANCOYHKLMM OPraHoB U
cuctem. K passutuio AaHHOM GopMbl LLIOKA NPUBOAAT XPOHUYECKME
HapylleHns oBMeHHbIX MPOLLECCOB M KPOBOOOpaLLEHUA, UMEBLLIEE
MECTO Y NaLLMEHTKM B pe3y/ibTaTe CONYTCTBYHOLLMX IKCTPAreHUTa IbHbIX
3abo1eBaHuiA, Npeaknamncum u T.4. [52].

Mpu matke KioBenepa (MaTouHo-nnaLeHTapHas anonaekcus),
obycnosneHHoi passutuem MOHPM, NpoucxoauT peTponiaueHTap-
HOE CKOM/JIEHME KPOBM MEXKAY NNALEHTON U MbILEYHOW 060N104KOM
MaTKM, NPU 3TOM M3NUBLLAACA KPOBb HAYMHAET NPOHMKATb B MaTOY-
HYH CTEHKY BM/IOTb 40 CEPO3HOW 060104UKK, C Nocneaytowen MMou-
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During pregnancy, a rare condition called Couvelaire uterus
can occur due to PSNIP. This condition involves the accumulation
of blood between the placenta and the myometrium. The blood
can dissect in the uterine wall and spread to the serous mem-
brane, parametrium, and abdominal cavity. This condition was
first described in 1911 by Dr. Alexandre Couvelaire, a French gy-
necologist, who named it uteroplacental apoplexy. The only way
to diagnose this condition is through an emergency cesarean sec-
tion. A recent study by Mozheyko LF et al (2020) found that Cou-
velaire uterus occurs in 3.4-6.4% of PSNIP cases [53].

According to Masoumi SZ et al (2017), timely administration
of uterotonic drugs, blood transfusion, and hemostatics that use
novel drugs such as carbetocin and tranexamic acid, along with
surgical interventions such as ligation of the ascending branches
of uterine arteries, can help preserve the uterus and its function-
ality in pregnant women with PSNIP and uteroplacental apoplexy.
The study found that organ-sparing approaches can be used in
certain situations to maintain the chances of future childbearing
for women with a history of PSNIP and uteroplacental apoplexy
during primiparity [21]. In our opinion, the reproductive function
of women can be preserved even during repeated pregnancies
and childbirths complicated by PSNIP.

Maternal mortality in PSNIP can occur due to DIC. This may
happen during the formation of a retroplacental hematoma or in
the postpartum period due to the progression of consumption
coagulopathy. DIC is a severe consequence of PSNIP that is associ-
ated with not only dysfunctional coagulation and fibrinolytic sys-
tems but also multiorgan failure. To reduce the risk of reproduc-
tive losses, it is necessary to develop a system for predicting and
preventing massive blood loss in women with PSNIP before and
during surgery [54]. To stop bleeding and prevent DIC, pregnant
women with progressive PSNIP undergo emergency C-sections,
sometimes with hysterectomy [53, 55].

It is well-known that the uterus is considered a target or-
gan for some hormones. This means that when it is removed, a
woman may experience hormonal changes that can lead to can-
cer and neurovegetative disorders. During a hysterectomy, there
may be an unfavorable synchronous dyshormonal effect on the
hormone-dependent receptors of the mammary glands, uterine
appendages, and cervix, which can cause a "hormonal shock".
This can lead to variable pregnancy complications such as pre-
eclampsia, PSNIP, sepsis, and more, which can cause severe and
irreversible damage to a woman's health, including maternal
mortality. Therefore, removal of the uterus is usually performed
as an emergency procedure when there is massive uterine bleed-
ing with a high risk of infection and mortality due to the occur-
rence of obstetric pathology. During postoperative and postpar-
tum periods, massive bleeding due to DIC can potentially lead to
maternal death. Moreover, it can also cause disabilities and result
in conditions such as chronic fatigue syndrome and neuroendo-
crine disorders [56, 57].

Recent reports suggest that the overall incidence of PSNIP
has decreased. This decline can be attributed to several factors,
including fast-paced economic development, improved materni-
ty care, increased frequency of antenatal check-ups, and greater
awareness among the public regarding symptoms associated with
complicated pregnancies. However, mild placental abruption may
go undiagnosed, highlighting the need to investigate potential
risk factors for PSNIP. Maternal mortality has become exceedingly
rare in developed countries. Nevertheless, conditions associated
with the risk of development hemorrhagic complications persist,
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6uupelt B napameTtpuii 1 BptoluHyto nonoctb. AnekcaHap Kiosenep,
bpaHLy3CcKui rtMHekonor, Bnepsble B 1911 r. onucan LaHHOE OCNOXK-
HEeHWe W Ha3Ba/ ero MaToO4HO-N/NALEHTapHONM anonnekcvent. JaHHoe
NaToNIOrMYecKoe COCTOAHME MATKM AMArHOCTUPYETCA TOMbKO WMHTpa-
onepaLyMoHHO BO BPeMsA SKCTPEHHOrO KecapeBa ceyeHus. Moxelko
N® u coasr. (2020) usyyan cayyam MOHPM BbiABUAKM, YTO MaTKa Kiose-
nepa BcTpeyaeTtcs B 3,4-6,4% HabntoaeHuii [53].

Masoumi SZ et al (2017) BbifaBuau, 4to npu passutum NMOHPM
M MaTOYHO-NNALLEHTAPHON anonneKkcnn y bepeMeHHbIX CBOEBPEMEH-
Hoe BBEAEHWe YTePOTOHUYECKUX CPEACTB, NPoBeaeHMe reMoTpaHcdy-
31U 1 BBEA,EHME FeMOCTaTUKOB C MPUMEHEHWEM COBPEMEHHbIX IEKap-
CTBEHHbIX CPECTB (Takue Kak KapbeToLyH, TpaHeKCcaMoBas KUCI0Ta),
a TaKXKe BbINOMHEHUE XMPYPIUUYECKMX BMELATeNbCTB (AMrMpoBaHue
BOCXOAALLMX BETBEW MaTOYHbIX apTepui), cnocobcteyeT bbicTpomy
3 deKTy, M 3TUM yOaETCA COXPaHWUTb MaTKy U eé (YHKLMOHaA/bHbIE
CNocoBHOCTH. BbINIo YCTaHOBNEHO, YTO NPUMEHeHKe opraHocbepera-
IOLLMX CNOCOBOB NeYeHNs B ONpesenéHHbIX CUTyaLmax no3sonseT y
EHLMH C Hannymem B aHamHese cnyyaes pas3sutua MOHPM n ma-
TOYHO-N/ALEHTAPHOW anonaeKkcun Bo Bpems nepsovi bepemeHHOCTH
COXPaHWTb LUAHCbI Ha POXAEHWe aeTel B AanbHelwem [21]. Ha Haw
B3I, PENPOAYKTUBHYIO QYHKLMIO EHLWMH MOMKHO COXPaHUTb U
NPy NOBTOPHbIX 6EPEMEHHOCTAX M POAAX, OCNOKHMBLIMXCA MOHPI.

OaHOW M3 NPUYNH MaTEPUHCKOM cmepTHOCTM npu MOHPT sagns-
eTcA [1BC-cMHApOM, KOTOPbIA MOXKET Pa3BUTLCA Kak B npouecce Gop-
MMPOBaHUA PETPON/IALEHTaPHOM remMaToMbl, Tak U B NOCEPOL0BOM
nepuoze B CBA3M C NPOrPeccHpOBaHMEM KOArynonaTum notpebneHus.
[ABC-cuHApOM ABNAETCA OAHUM M3 Hanbonee TAKENbIX NOCAeACTBUM
MOHPI, KoTopbIi CBMAETENLCTBYET O AEKOMMNEHCALMM afanTaLMOH-
HbIX MEXaHW3MOB He TO/IbKO CBEPTbIBAIOLLEN M aHTUCBEPTbIBAKOLLEN
cucTeM, HO M GYHKLIMOHAbHBIX PACCTPOMCTBAX MU3HEHHO BaXKHbIX
OpraHoB. B cBA3M C YKa3aHHbIM, ANA CHUXEHWA PUCKA PENPOAYKTUB-
HbIX NOTEPb, HEOBXOAMMO Pa3pPaboTaTb CUCTEMY NPOTHO3MPOBAHUA U
NPodUNAKTUKM MACCUBHOM KpoBonoTepu y KeHwWwwH ¢ MOHPN go 1 Bo
Bpems onepauuu [54]. C Lenblo OKOHYaTeNbHOMO remocTasa U ycTpa-
HEeHWUs OCHOBHOrO MexaHu3ma passutua [BC-cuHapoma y bepemeH-
HbIX ¢ nporpeccupytoweit popmori NMOHPI B sKCTpeHHOM nopAaKe
npoussoauTcA abLomMMHaNbHOE pofopa3spelleHne, B paae Ciy4vaes C
HeobX0AMMOCTbIO rMCTePaKTOMMM [53, 55].

Kak 13BecTHO, AN HEKOTOPbIX FOPMOHOB MaTKa CYUTAETCA Opra-
HOM-MMLUEHBIO, B CBA3M C YeM NPU €€ yAaNeHUN Y KeHLMHbI BO3HU-
KalOT TOPMOHa/IbHble U3MEHEHUA, NPUBOAALLME K PA3BUTUIO OHKOIO-
TMYecKkmx 3ab0/1eBaHMUIA U HepPOBEreTaTMBHbIX HapyLleHWid. Mo 3Toi
NpUYMHE NPU MIMCTEPIKTOMMUN MOXKET HabntoaaTbes HebnaronpuaTHoe
CMHXPOHHOE AWUCTOPMOHa/IbHOE BO3JENCTBME Ha OpraHbl Penpoayk-
TUBHOM CUCTEMBI, TO €CTb BO3HUKAET TOPMOHa/IbHbIN yaap» Ha rop-
MOHO33BMCHMble PELLeNTOPbl MONOYHDIX XKeNé3, NPUAATKOB MaTKU U1
eé wweiku [50]. Pa3BuTME NaTONOrMKN BEPEMEHHOCTM (NpeaKknamncums,
MOHPIM, cencuc y XeHLLMHbI BO BPema poAoB M B NOCIEPOA0BOM Ne-
pvoae U1 T.4.) MOXET NPUBECTU K HEOBPaTUMbIM M3MEHEHUAM U pa3-
BUTMIO FPO3HbIX OC/I0XKHEHWIA, BNNOTb 0 MAaTEPUHCKON CMEPTHOCTM.
Mo 37O NpuuMHe yaaneHUe MaTKU B C/lydae Pa3BUTUA aKyLIepCKoW
NaToNIOrMM BbINOMHAETCA, KaK NPaBWIIO, TONbKO B IKCTPEHHOM NOpAS-
Ke Mo NpuYMHE BO3HUKHOBEHMA MACCMBHOMO MaTOYHOMO KpoBOTeYe-
HWA C BbICOKUM PUCKOM MHOULMPOBAHMA U NETaNbHOCTU.

PassuTHe maccunsHoro kposotedeHusa npu MNOHPI Bo Bpema po-
Z10B IMb0 B NocnepooBom nepuoge B pesynbtate [1BC TakKe MOXKeT
CTaTb NPUYMHON NETANIbHOTO UCXOAA ANA MATepH, a TaKkKe eé UHBa-
NUAM3auMmn, Pa3BUTMA acTeHOBEreTaTUBHOMO CMHAPOMA, HEMPO3HAO-
KPUHHBIX M MHbIX NaTtonorui [56, 57].

B HacToALLee BpemA B HEKOTOPbIX OTYETAX OTMEUAETCA CHUNKeE-
Hue MOHPIM B LenoM. ITO CHUMKEHUE MOXKET BbITb CBA3AHO C ObICTPbLIM

primarily due to the formation of a hematoma, which is often
linked to DIC. It is crucial to treat these pregnant women at an
early stage with the involvement of an intensive care team [5] .

Future treatment strategies should prioritize prevention,
screening, early identification of at-risk groups, and prompt diag-
nosis of PSNIP. Early medical intervention is critical for a favorable
perinatal outcome and to prevent maternal mortality.

It is important to note that PSNIP is the leading cause of
bleeding in pregnant women and women in labor, not only in Ta-
jikistan but also worldwide. Therefore, it is highly recommended
that prognostic criteria for PSNIP be established, including ade-
quate antenatal preparation focusing on reducing the risk fac-
tors contributing to this severe obstetrics complication. Overall,
prevention, timely diagnosis, and provision of quality emergency
obstetric care are crucial in reducing both bleeding and maternal
and perinatal morbidity and mortality.
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9KOHOMMYECKMM PA3BUTUEM, Y/YYLIEHWEM YXOAa 33 BepeMeHHbIMM,
yBe/IMYEHNEM YnCa BEPEMEHHbIX, KOTOPbIE MPOXOAAT PEryaspHble
obcnefoBaHNA Ha aHTEHATaIbHOM YPOBHE, MOBbILLEHNEM OCBELOM-
NEHHOCTU HaceneHua ob onacHblx cumntomax bepemeHHocTv. Oa-
HaKO, HEKOTOpble NIErKMe C/lyyan OTCIOMKM NMAALEHTbI HEMPABUAbHO
OMArHOCTUPYIOTCA WM UTHOPUMPYIOTCA, MO3TOMY MOTEHLMANbHbIE
dakTopb! pucka NMOHPM TpebytoT M3yyeHuns. MC cTana oueHb pearom
B Pa3BUTbIX CTPaHax. TeM He MeHee, COXPaHAETCA COCTOAHWMA, CBA3aH-
Hble C reMopparnyeckMm PUCKOM, raBHbIM 0bpasom u3-3a obpaso-
BaHWA CaMOW remMaToMbl, KOTOPasA 4YacTo CBA3aHa C AWMCCEMMHUPO-
BaHHbIM BHYTPUCOCYAWCTbIM CBEPTbIBAHMEM KPOBU. JleueHue Takux
6epeMeHHbIX LOMKHO OCYLLECTBAATLCA Ha PaHHEN CTaguu ¢ npusne-
YyeHnem bpuragpbl UHTEHCUBHOM Tepanum [5].

Takum obpasom, byaywime cTpaTerMy NEYEHWA LOMKHbI ObiTh
COCPesioTOYeHbl Ha NPOGUNAKTUKE, CKPUHWHIE, CBOEBPEMEHHOM

BbIAIB/IEHUW TPYNMNbl PUCKA M paHHel guarHocTike MOHPMN. PaHHee
MeZMLMHCKOE BMELLaTeNbCTBO Heobxoaumo ansa obecnevenus 6na-
rONpUATHOrO NEPUHaTaNbHOMO MCX0A4a M NPefOTBPALLEHNA MaTepPUH-
CKO CMEPTHOCTY.

YuunTbian TOT BaKT, 4To B TafKMKUCTaHE, TaKXKe Kak U No Bcemy
mupy, MOHPI aBnAeTCcA OCHOBHOW NPUYMHON KPOBOTEYEHMUA Y Bepe-
MEHHBIX U POXEHUL, U 3aHMMaeT ocoboe mecTo B CTpyKType MC, Bo3-
HUKaeT LenecoobpasHocTb pa3paboTkM NPOrHOCTUYECKUX KpUTEPUEB
pa3euTia MOHPM, KOTOPbIN BKOYAET ONTUMA/IbHYIO M NOMHOLEHHYIO
nperpasnaapHyo NOATOTOBKY, NPEefOTBPATUT BbICOKYIO YacToTy dakK-
TOPOB PUCKa, CNOCOBCTBYHOLMX PA3BUTUIO STOTO FPO3HOMO OC/OXKHE-
HUA B akylwepcTse. [podunakTka, CBOEBPEMEHHaA AMArHOCTUKA U
CBOEBPEMEHHOEe Ka4yeCTBEHHOE OKa3aHWe HEOT/I0NHOM aKyLLepcKoi
MOMOLLUM ABNAIOTCA PE3EPBOM CHUMKEHWUA KaK KPOBOTEYEHMA, TaK U
MaTEPUHCKOMN U NepuHaTanbHOM 3a601eBaeMOCTM U CMEPTHOCTM.
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AKTUMHUYECKIUN KEPATO3, COBPEMEHHBIE AAHHBIE O ITATOT'EHE3E
3ABOAEBAHMS 1 AKTYAABHOCTb PAHHEN AMATHOCTUKUA

A.A. CBIAVIKOBY, T.B. ILITAI12, O.T. ILATAIP

1 Pepra”cKuit Me AUIIMHCKII UHCTUTYT OOIleCTBeHHOro 340poBbs, Peprana, Pecrrybanka Ysbexucran
2 TamkenTckmit TOCyAapCTBEHHBII CTOMaTOAOTIIecKui nHcTuTyT, Tamkent, Pecrrybanka Yabekucran

3 KosxHo-senepoaornueckuit gucriancep Ne 9, Cankr-TlerepOypr, Poccuiickas Peaepanns

B cTaTbe npvBoAMTCA 0630p IMTEPATYPHBIX AaHHbIX MO SMUAEMUOIOTUM aKTUHUYECKOTO KepaTosa (AK), naToreHesy 3aboneBaHUA, CI0OXKHOCTU KUHU-
ueckoit anddepeHumaumm AK ot N10CKOKNETOUHOrO paKa Koxu (MKPK). MoKasaHbl pa3nnyHbie TOUKM 3peHUs aBTOPOB No NOBOAY NPOrHO3a PasBUTHA
3abonesaHnA u ero ructonoruyeckoro cpoactea c MKPK, 4to onpegenseT BaHOCTb Npobaembl paHHEN AWMArHOCTUKKU Mpouecca TpaHchopmaLmu.
B KauecTBe paHHMX AMArHOCTMYECKMUX TECTOB, MO3BOAOLLMX ONpPeAenvUTb NPOLECC MaAUrHM3aLMK Ha PaHHKUX 3Tanax, UCCieaoBaTeny npeasaratot
pa3nunyHble MapKEpbI, Takne Kak pl6, p53, p63 1 ap. ABTOpbI 060CHOBBLIBAIOT 3TO HAIMYMEM MYTALLMI TEHOB, SKCMPECCUPYIOLLMX AaHHbIE BeKK, YTO
HenocpeacTBEHHO OTPAXKAETCA Ha naToreHese 3abonesaHua. [pyras rpynna aBTopoB, y4YMTbIBaA 3HAYUTENbHYIO PO/Ib BOCMAZIMTENLHOMO NpoLecca B
natoreHese AK, npesanaraet onpesenaTb YPOBEHb Pa3/IMYHbIX LIUTOKMHOB, TEM CamMbIM NOAYEPKMBAA ONpeaenstoLLyto ponb YP-usnyyeHuna B 3anycke
BCEro naToreHeTMYecKoro Kackaga passutusa AK. Npu 3Tom 60/IbLIMHCTBOM aBTOPOB NMPU3HAETCA POJIb PA3/INYHbIX OENKOB B KAUECTBE PaHHUX UMMY-
Hornctoxummuyeckux (MrX) mapképos HebnaronpuaTHoro cueHapus 6onesHn. OnucaHbl NaTOreHeTUYECKUE MEXaHU3Mbl BO3LENCTBUA MapKEpPOB pl6,
p53, p63, Bel-2 n ap. Ha gaHHOM 3Tane BeayTcs UccaefoBaTebCKMe paboTbl MO ONpeaeNeHnto HOBbIX MapKEPOB, Takux Kak claudin, T-Cadherin n gp.
HecmoTpa Ha nonyyeHHble pesybTaTbl, MOUCK PAHHWUX MapKEPOB MAJIMTHU3ALLMM NPOAOIKAETCA, M ONPeAeNeHbl ero NepcnekTUBHbIe HanpasaeHus. B
asrycte 2023 r. 6611 NpoBeaéH nouck B 6ase aaHHbIx PubMed Clinical Queries no KntoueBbim TepMUHam «actinic keratosis», «pathogenesis of actinic
keratosis», «progression of actinic keratosis to squamous cell carcinoma». CTpaTerns noucka BKat4Yana Bce KAMHUYECKME UCMbITaHWA, 06cepBaLIMOH-
Hble UcCefoBaHNA, COOBLLEHMA O cayyasx M 0630pbl iMTepaTypbl, onyb6AnKoBaHHbIE 3a nocnegHue 10 net. UcKaoUYeHUA COCTaBUAN COObLLEHNA U3
MCTOYHMKOB 6e3 peLeH3nMpoBaHua (yuebHble U meToguyeckue nocobus, pekoMmeHaauum U cbopHUKM KoHbepeHLmit). MHbopmaums, nonyyeHHasn B
pesy/ibTaTe NOWCKa, Oblsia UCNOb30BaHa NPU COCTABAEHWUWN AAHHOW CTaTby.

KnioueBble cnoBa: akmuHuYecKuli Kepamos, namozeHe3s, KAUHUYEeCKUe (hopMbl, PaHHUE OUA2HOCMUYECKUEe MAPKEPbI, MPo2peccuposaHue, naocKo-
KnemoyHsbll pak, npedpaxossie 3a601e8aHUS KOXU.

Dna umtuposaHua: Coigukos AA, Maraii 6, Marai OT. AKTMHWYECKMIA KepaTo3, COBPEMEHHbIE AaHHbIe O NaToreHese 3a60/1€BaHNA U aKTyaNbHOCTb PaHHeN
[LMarHOCTUKU. BecmHuk AsuyerHbl. 2023;25(4):541-52. https://doi.org/10.25005/2074-0581-2023-25-4-541-552

CURRENT VIEWS ON THE PATHOGENESIS AND EARLY DIAGNOSIS OF ACTINIC
KERATOSIS

A.A.SYDIKOV', G.B. PYAGAY? O.G. PYAGAY?

1 Fergana Medical Institute of Public Health, Fergana, Republic of Uzbekistan
2 Tashkent State Dental Institute, Tashkent, Republic of Uzbekistan
3 Dermatology and Venereology Dispensary No 9, St. Petersburg, Russian Federation

The article provides an overview of the epidemiology and pathogenesis of actinic keratosis (AK) and its clinical differentiation from cutaneous
squamous cell carcinoma (SCC). The authors present varying perspectives on the prognosis of the disease's development and its pathogenetic link to
SCC, highlighting the significance of early diagnosis of the malignant transformation. Researchers suggest several markers, such as p16, p53, and p63,
to identify the malignant transition in its early stages. The authors support their hypothesis by offering that mutations in genes that express these
proteins directly impact the progression of the disease. Another group of authors, recognizing the significant role of inflammation in the pathogenesis
of AK, suggest determining the level of various cytokines, emphasizing the essential role of UV radiation in triggering the entire pathogenetic cascade
of AK development. Meanwhile, most authors acknowledge that various proteins act as early immunohistochemical (IHC) markers of an unfavorable
disease prognosis. They describe the pathogenetic mechanisms of the effect of markers such as p16, p53, p63, and Bcl-2. Research is underway
to identify new markers, such as claudin and T-cadherin. In August 2023, a search was conducted on the PubMed Clinical Queries database using
keywords such as "actinic keratosis", "pathogenesis of actinic keratosis", and "progression of actinic keratosis to squamous cell carcinoma" to look for
early markers of malignancy. The search strategy included clinical trials, observational studies, case reports, and literature reviews published in the last
decade. However, sources without peer review, such as educational and methodological guidelines, recommendations, and conference proceedings,
were excluded. The information obtained through this search was used to compile this article, and promising directions for the search for early
malignancy markers were identified.

Keywords: Actinic keratosis, pathogenesis, clinical forms, early diagnostic markers, progression, squamous cell carcinoma, precancerous skin diseases.
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BBEAEHMUE

PocT oHKoMOrMYeckux 3abonesaHuit BO BCEM MUpe ABIAETCA
OAHOWN W3 aKTya/bHeWWwux npobsem COBPEMEHHOW MeauLUMHbI, a
OHKO/IOTMYeCKas MaToNornA KOXW Yy YenoBeKa COCTaBAAET 3Hauu-
Te/IbHbIV YAENbHbIN BEC B CTPYKTYpe 3a601eBaeMOCTH, YCTynas NnLlb
paKy rpyan v MaTKu y KeHWwuH [1]. Npobnema npodunaktvku faH-
HbIX 3a00N1eBaHUI TECHO CBA3aHA C MYOOKMM MOHMMaHWEM MmaTore-
HEe3a OHKOJIOMMYECKMX 3a601eBaHN, OHKONOTUYECKON HACTOPONKEH-
HOCTW, BK/IOYalOLLel paHHee BbifiBNEHWE NPepaKoBbIX COCTOAHWM,
CBOEBPEMEHHOIO /IeYeHUA C LieNblo NPOGUNAKTUKM MaNUrHU3aLMK.
Mpenpakosble COCTOAHWMA KOMW B OONBLUMHCTBE C/y4aeB BO3HMU-
KalOT Ha OTKPbITbIX Y4aCTKaX KOXM, MOABEPKEHHON A/UTeNbHOMY
CONHEYHOMY BO3AeicTBMIO. YacToTa BblleyKa3aHHbIX 3abonesaHuin
cocTasnseT oT 10 go 15%, a ux AMarHOCTVKa, 0COOEHHO Ha PaHHMX
CTaZmAx, Agnaetca 60bwon npobnemoit [2]. B neyebHble yupexae-
HMA NaLMEHTbl C TaKUMMU HO30/0MMYECKMMU €AMHULIAMMU 3a4acTyIo
obpalualoTca yiKe B 3anyLleHHbIX cTaamnax. [locneaHee cBA3aHoO ¢ Tem,
4TO MHOTMe NpeApaKoBble U PaKoBble 3ab0eBaHMA 0YeHb CXOAHbI C
BOCMa/IMTENbHLIMW AePMATO3aMK, KaK MO TEYEHMIO, TaK U NO KANHK-
YeckMM nponAsaeHuAm. B utore, No3gHAA AMArHOCTUKA NPUBOAMT K
Pa3BUTMIO OCNOXKHEHWM, POCTY HeonepabesibHbIX onyxonen u obeso-
6pakvMBaHUIO TeNa Aaxe NpU ycnewHom neveHnn. B nepmatooHKo-
Nnorum Hambonee 4acTbIM U aKTyaNbHbIM NpeapakoBbiM 3aboneBaHu-
em aBnsetca AK, KOTOpbI HEKOTOpPbIe Y4éHble OTHOCAT K 06A1raTHOM
rpynne npespakosbix 3abonesanuii [3].

AK (conHeyHbI KepaTos) ABAETCA KePaTOTUYECKUM U 3pUTEMA-
TO3HbIM NOPaXKEHWEM, BO3HMKAIOLLMM Ha KOXe B3POC/I0ro Ye0BeKa,
NoABepKeHHOro XPOHUYECKOMY BO3ZeicTBuMio cBeTa [2-4]. AK paHee
CYMTANCA NPEeAPaKOBbIM MOPAKEHNEM C HU3KUM UHAMBUAYANbHBIM
NOTEHLMANOM 03/710KaYeCTBNEHNA U BO3MOMXHOCTbIO CMOHTaHHOW
perpeccun. OpHako, yunTtbiBaa nossaeHne AK Ha XpOHWYECKM no-
BPEXAEHHOW CONHLEeM Koxke, 6amsoctb AK u MKPK, ructonornyeckoe
¥ MONEKYNAPHOE CXOACTBO MEXAY HUMM, NPoJo/MKatoTea AebaTbl OT-
HOCUTENbHO TOrO, ABAAIOTCA I OHU OTAENbHbIMUW, HO Pa3BMBAOLLM-
MUCA B TaHAEME NaTONOTMAMM, AN OAMH BeLET HenoCpPeACcTBEHHO K
apyromy. B ofHoM npocnekTMBHoM doTorpadnyeckom MOHUTOPUHIE
— MUCCNefoBaHMM B TeYeHUeE 5 neT — oKaszanoch, Yto 65% cnyyvaes MKPK
BO3HWK/IN Ha MecTe paHee AOKYMeHTMpoBaHHbIX AK [3].

MporpeccupoBaHue AK B MHBa3MBHbIM MKPK, no faHHbIM pas-
Nn4YHbIX aBTOpoB, Nponcxoaut ot 0 Ao 0,53% Ha ogHOo nopaxeHune AK
B rog, [4, 5]. B paboTe amepuKaHCKMX Y4€HbIX BbifiBneHOo, YTo y 0,6%
nauneHTos MNKPK passuBaetca Ha mecTte oyara AK B TeyeHue nepeoro
roga v B 2,57% cnyyasx — B TeyeHue 4 net, COOTBETCTBEHHO [5]. MaTe-
MaTUYeCcKne MoAeNN, NoNYYeHHbIe U3 UCCNea0BaHMA, NPOBEAEHHOIO
Marks R et al ewwé 8 80-x rogax NpoLLoro BeKa, NOKa3bIBatoT, 4To Npu
Hanuuum y yenoBeka B cpegHem 7 ovaros AK, BEPOATHOCTb Pa3BUTUA
MKPK B TeueHne 10 net coctaenset npumepHo 10% [5]. OaHo uccne-
[l0BaHMe, NOCBALWEHHOE OLEeHKe 4acToTbl peunansos AK, BbIABMIO
B0306HOBNEHWe 3aboneBaHua y 57% ouaros nopaxeHus. [aHHbli
dbakT ceupetenbcteyet, uto AK 6e3 afeKBaTHOro sleueHUa ABAsAeTcA
AMHAMUYECKMM XPOHUYECKUM COCTOAAHMEM C OTHOCUTE/IbHO HWU3KOM
BEPOATHOCTbIO CMOHTAHHOW MOJIHOM perpeccuu. YunuTbigas puck npo-
rpeccupoBaHma B MHBa3MBHbIN MKPK 1 oTCcyTCTBME TOYHbLIX NPOrHO-
CTUYECKMX cnocoboB onpeAeneHNUs NOBPEXAEHWUMN, NOABepPKEeHHbIX
PUCKY NPOrpeccupoBaHus, CTAHOBUTCA OYEBUAHBIM HEODXOAMMOCTb
afekBaTHoro neveHus AK 1 nonei KaHueporeHesa [6].

ANMaemMmnonornyeckme AaHHble AeMOHCTPUPYIOT BbICOKYIO Ya-
cToTy BCTpeyaemoctt AK B nonynaumsax ¢ npeobnagavmem 1-3 ¢o-
TOTUNA KOXKM M yBenndeHune cnydaes AK B nocnegHue gecAtunetma
B MMPOBOI KAMHMYECKOMN NpaKTuKe. Bo Bcém mupe AK nepepoxaa-
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INTRODUCTION

Cancer is one of the most pressing problems in modern
medicine, and skin cancer is a significant contributor to morbidity
rates, ranking second only to breast and uterine cancer in wom-
en [1]. Preventing diseases related to cancer is intertwined with
a thorough comprehension of carcinogenesis and a high index
of suspicion for cancer, including early detection of precancer-
ous conditions and treating them promptly to prevent malignant
transformation. In most cases, precancerous cutaneous condi-
tions appear in the sun-exposed areas, particularly in older in-
dividuals who have experienced decades of sun. The incidence
rate of these diseases ranges from 10 to 15%, and their diagnosis,
particularly in the early stages, poses a significant challenge [2].
Patients with neoplastic diseases often seek medical care in ad-
vanced stages. Patient delays in seeking medical help are main-
ly because many precancerous and cancerous diseases closely
resemble inflammatory dermatoses in terms of clinical presen-
tation. Consequently, delayed diagnosis leads to complications
such as tumor unresectability and body disfigurement, even with
successful treatment. Among the most common and critical pre-
cancerous diseases in dermatologic oncology is AK, which some
scientists classify as obligatory precancerous lesions [3].

AK, also known as solar keratosis, is a keratotic and ery-
thematous lesion on the skin of adults chronically exposed to
sunlight [2-4]. AK was once considered a premalignant lesion with
low individual potential for invasive malignancy and potential for
spontaneous regression. However, due to the development of AK
in chronically sun-damaged skin and the potential progression of
AK to SCC with histological and molecular similarities between
them, there is an ongoing debate about whether they are sep-
arate lesions that develop concurrently or if one leads directly to
the other. In a photographic monitoring study over 5 years, 65%
of SCC cases were found to have arisen at the site of previously
documented AK [3].

The risk of progression from AK to invasive SCC ranges from
0 to 0.53% per lesion per year, according to various studies [4, 5].
Marks R et al (1988) suggest that SCC develops at the site of the
AC lesion in 0.6% of patients within the first year and 2.57% of
cases within four years. The mathematical models derived from
research conducted by the authors in the 1980s show that if a
person has an average of 7 lesions of AK, they have approximate-
ly a 10% chance of developing SCC within 10 years [5]. A study
conducted to assess the recurrence rate of AK found that nearly
57% of the lesions experienced a recurrence of the disease. The
recurrence rate indicates that AK if left untreated, is a persistent
chronic condition unlikely to regress entirely. In the absence of
accurate prognostic methods for identifying lesions at risk of pro-
gression, and given the potential risk of progression to invasive
SCC, it is imperative to provide adequate treatment for AK and
field carcinogenesis [6].

There has been a rise in cases of AK in recent years, particu-
larly within populations with Fitzpatrick skin type I-lll. AK has be-
come the most common carcinoma in situ in humans worldwide.
Many factors increase the risk of AK, including age, gender, and
cumulative exposure to UV radiation. Patients with AK often have
specific physical characteristics such as dermatoheliosis, freckles,
wrinkles, and solar lentigo. Other factors that increase the risk of
AK include geographical location close to the equator and at high-
er altitudes, frequent sun exposure, sensitive skin, cases of sun-
burn in childhood, certain genetic disorders such as xeroderma
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€TCA B CaMyt0 YacTyHo KapLMHOMY Yy YenoBekKa in situ. MommMmo nona
M BO3PaCTa, M3yyatoTca U apyrue ¢akTopbl PUCKa, CBA3AHHbIE C Ky-
MYNATMBHBIM BO3aeicTBUEM ynbTpaduonetosoro (YP) obnyyenus. Y
60nbHOro AK 4acTo 0OTMEYatoTCA XapaKTepHble NPU3HAKKU: epmaTtore-
/1103, BECHYLKWN, MOPLLMHbI U COMHEYHOE NIeHTUro. feorpaduueckmne
baKTopbI (BbICOTA M LWIMPOTA), yBENMYEHHbIE BPEMEHHbIE Nepuoabl Ha-
XOM/EHWA Ha CoHLE (MOe3aKM B XapKue CTpaHbl, MOAA Ha «3arap»),
4yBCTBUTENIbHAA KOKA, C/ly4am HacTbIX COHEYHbIX OXOrOB B AETCTBE,
0CcObEHHOCTM GOTOTUNA WHAMBUAYYMA, TEHETMYECKME HapyLueHWs
(nMrmeHTHaA KcepoZepma), a TakKe UMMyHoaeduuut bnaronpuat-
cTBytoT passuTuio AK. Monosble pasnnuma B npodpeccMoHanbHOM nna-
He Bo3gelcTBuA YO 06nyueHMs obbACHAIT 60MbLy0 pacnpocTpa-
HEHHOCTb AK Y MY}XUMH, YEM Y XKEHLUMH, B OCODEHHOCTM Yy MONOABIX
noaen [7].

Knaccndumkaumio npensnoKavyecTBeHHbIX M 3/10KaYeCTBEHHbIX
3ab0n1eBaHNIA MOXKHO Pa3AenvTb Ha ABe Kateropuw. Mepsas — Kau-
HWUYECKasn, XapaKTepusytoLwan KAMHUYECKYIO KapTUHY, KOTOPYHO BpaY
HabnogaeT B13yanbHO, U BTOPAsA — MMCTON0OrMYecKas, noce nposese-
HWS AMarHoCTMYecKol broncun. Kak mbl yxKe onucbianu, AK nHTepe-
CEH TeM, YTO OH CTOMUT Ha NOpOre 3/10Ka4YECTBEHHOCTH, a PS4, aBTOPOB
[a)Ke paccmaTpuBaeT ero Kak HavanbHyto ctaguto MKPK [7, 8].

B 3aBMCMMOCTM OT KAMHMYECKOW KapTuHbl 3aboneBaHus AK
KnaccuouumpyeTca Ha cnegytolme Gopmbl: TMNEPKEPATOTUYECKUN,
aTPOPUYECKMIA, KOXKHbIA POr, BEPPYKO3HbINA, MUTMEHTUPOBAHHbIN,
NINXEHOUAHDBIN. [1pU 3TOM YETKMUX KAMHUYECKUX FpaHuL, mexay AK u
MKPK HeT, 4TO CBMAETENLCTBYET O CIOKHOCTAX UX AMArHOCTMPOBAHMA
[9].

B HefaBHEM UCCe0BaHMM, NPOBELEHHOM HEMELLKUMM YYEHDI-
Mm Schmitz L et al (2016), npu n3yyeHun 6onbHbIX AK BbISACHEHO, YTO
13 892 cnydyaes ToNbKo Y 53,8% Ntoaelt 3aboneBaHMe COOTBETCTBOBA-
N0 KaK KnuMHUYeckon Knaccudukaumm E.A. Olsen, Tak 1 ructonormye-
CKoWi Knaccudurkaumm Robert-Huber, n camoe MHTEpPECHOE, UTO MeXaY
3TUMM KNaccUPUKaLMAMM He Bbino 3HAUUTENbHOM Koppenaumm [10].

AK B OCHOBHOM BbI3BaH HEMOHM3UPYIOWMM M3NTy4EHMEM, B
pesynbTaTe XPOHWUYECKOTro BO3ZeUCTBUA YP-U3nyyeHus npenmylue-
CTBEHHO Ha KOMY T00Bbl U TbiJIbHYIO CTOPOHY PYK Y CBETNOKOXKMX
nopen. PasbAcHEHWEe NOTEHUMANbHOTO BAMAHWA CONHEYHOrO CBeTa
Ha MONIEKYNAPHO-TEHETUYECKME AaHHbIE, @ TaKKe Ha YO-B-cneunduuy-
Hble MyTauum p53 npmuBoaunock B pabote Ziegler A et al eLwé B KoHLe
npowwnoro croneta [11]. CywiecTByeT BbICOKaA pacnpocTpaHEHHOCTb
AK cpeaym Tex, KTO CTpaAaeT OT XPOHWYECKON MMMYHOCYNPeccum, 0co-
GEHHO 3TO KacaeTCA PeLUnUEHTOB C NEPecaXkaHHbIMM OpraHamu, HO
TaKXKe M NALMEHTOB, ANNTE/IbHOE BPEMSA NOYYatOWMX SIe4eHNe UM-
MYHOCYNpeccaHTamu, NPy BOCNANNUTENbHbIX 33601€BaHUAX KULIEYHU-
Ka, Hanpumep npu 6one3nn KpoHa. [pyrymn BO3MOMHbIMK aKTo-
pPamMmM pUCKa ABNAIOTCA BO3AENCTBME MbILUbsAKA M YacTOe MOCELLEeHME
conapus. foBopa o nposoumpytowmx daktopax AK, Henb3sa 3abblBaTb
0 NPUMEHEHWM NCOPaNeHa NPU NEYEHNN XPOHUYECKMX AEPMATO308B,
PEHTTEHOBCKME IY4N UM PAAMON30TONHbIE METOAbI TEPANMM NPU OH-
Konatonoruu [12].

B To Bpems Kak YP-A (320-400 HM) MHUUMMPYET HOTOOKUCN-
Te/IbHbIA CTPEcc, CnocobCTBYA MOSIBAEHWIO XapaKTEPHbIX MyTaLuid
[OHK, cnektp Y®-B-06nyueHms (290-320 Hm) HENOCPEACTBEHHO MHAY-
umpyet obpasosaHune aumepa UMkaobyTtaHa (TumuHa) B AHK 1 PHK.
B cnyyae OTCYTCTBMA COOTBETCTBYHOLLMX MEXaHW3MOB penapauum
[JaHHble n3meHeHna JHK MHULMKMPYIOT pag, MyTaLmuii KepaTUHOLMTOB,
CMOCOBCTBYIOLLMX Pa3BUTHIO U NporpeccupoBaHmio AK [13].

AccoLaLma Mexay KOXKHbIMU TUNaMK BUPYCa NanuanoMbl Ye-
noseka (BMY) v KaHLEpOreHe30M KOXM XOpOLIO M3BecTHa ¢ 1978 T.
Ha NpvMepe NauMeHToB C BeppyLnbOpMHON anuaepmamncniasnei
[14]. Mo mHeHwto Barr BB et al, BMpycbl nannaiombl YenoBeKa UrpatoT

pigmentosum, and immunodeficiency. Men are more likely than
women to develop AK, particularly at a young age, due to differ-
ences in occupational UV exposure [7].

Premalignant and malignant diseases can be classified into
clinical and morphological categories. The clinical assessment is
based on objective observations, while the morphological evalu-
ation is based on a diagnostic biopsy. AK is of particular interest
as AK and SCC represent the same disease process at different
stages of evolution, and some experts even regard it as the initial
stage of SCC [7, 8].

AK can be classified into different forms depending on the
clinical picture of the disease. These forms include hyperkera-
totic, atrophic, cutaneous horn, verrucous, pigmented, and li-
chenoid. It is important to note that no clear clinical boundaries
between AK and SCC make their diagnosis difficult [9].

According to a recent study by Schmitz L et al (2016) on
patients with AK, only 53.8% of the 892 cases had the disease
consistent with the Olsen clinical classification scheme and the
Roewert-Huber histological classification system. Interestingly, no
significant correlation was found between these classifications
[10].

AK is mainly caused by non-ionizing radiation, which results
from chronic exposure to UV radiation. This exposure is more
common on the scalp and back of the hands in fair-skinned in-
dividuals. The potential impact of sunlight at the molecular and
genetic levels and UVB-specific p53 mutations was explained in
a study conducted by Ziegler A and colleagues in the late 20th
century [11]. AK has a high prevalence among individuals with
chronic immunosuppression, particularly among organ transplant
recipients and those who receive long-term immunosuppressant
treatment for inflammatory bowel diseases, such as Crohn's dis-
ease. Other potential risk factors include consistent exposure to
arsenic and frequent use of tanning beds. When discussing the
factors that trigger AK, it is essential to consider using psoralen
to treat chronic dermatoses and X-ray or radioisotope therapy in
cancer treatment [12].

UV-A radiation (320-400 nm) causes photo-oxidative stress,
which leads to the development of characteristic DNA mutations.
On the other hand, UV-B radiation (290-320 nm) directly triggers
the formation of cyclobutane (thymine) dimer in DNA and RNA.
If the appropriate repair mechanisms are impaired, these DNA
changes can result in several keratinocyte mutations that contrib-
ute to the development and progression of AK [13].

The link between different types of human papillomavirus
(HPV) and skin cancer has been established since 1978 in patients
with epidermodysplasia verruciformis [14]. According to Barr BB
et al (1989), HPV can play a significant role in causing AK [15].
Cutaneous HPV types and, in rare cases, genital HPV types have
been found in AK [16]. Studies have shown that the viral protein
E6, found in cutaneous HPV, can have oncogenic effects. The
oncogenic effects are associated with E6 interacting with the
proapoptotic buck protein, which inhibits apoptosis. Another
study found that although HPV presence in skin cells was low, it
potentiated the effects of other risk factors such as sun exposure,
light skin, and old age in the development of AK [17].

AK can occur as a single lesion or form a field of canceriza-
tion in sun-exposed areas. Interestingly, approximately ten sub-
clinical lesions develop in this field for every visible focus of AK.
This phenomenon is often noticed on the forehead or the back of
the hand. After genetic alternations occur, the cell forms a clon-
al unit, giving rise to new dysplastic cell clones. These dysplastic
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BaYKHYIO POJ/ib KaHLeporeHoB B aTnonatoreHese AK [15]. Mpu AK 6blan
06HapyKeHbl KOXKHbIE TUMbI W, PEAKO, reHnTanbHble Tunbl BMNY [16].
OHKoreHHble 3¢ deKTbl bbIM AeTaNbHO ONKUCaHbI A1 BUPYCHOTO ben-
Ka E6 npu KoHbIx BMY, cyTb KOTOPbIX CBOAMTCA K B3aMMOZENCTBUIO
E6 c npoanontotMyeckum Bak-6enKkom, YTO NPUBOAUT K MHrMBUpo-
BaHWIO anonTosa. MccnenosaHne B3aMMOCBA3W MEXAY BO3AENCTBU-
em conHua, BNY 1 passutrem AK BbIfBUIO, YTO HECMOTPSA Ha TO, YTO
npucyTctame BMNY 8 HK KNeToK KoK 6b110 He6onbMM, BMY-MHbEK-
LmMA noTeHumpyeT 3GdeKTbl OT BbIABAEHHbIX HAKTOPOB PUCKA, TaKMX
KaK gonroe npebbiBaHMe Ha COJHLIE, CBET/IAN KOXKA, MOXKMIOMN BO3pacT
[17].

AK MOXKeT BO3HMKaTb Kak eIMHUYHOE NoparkeHue uam obpaso-
BbIBaTb «MO/E KaHLepM3aLmMm» Ha yyacTKax, NoABepKeHHbIX BO3Ae-
CTBMIO COMHLA. MIHTepecHbIM GpaKT: Ha oguH BUAMMBIN ovar AK npuxo-
[MTCA OKONO AEeCATU CYBKNMHMYECKMX 04aroB, KoTopble M 0bpasytoT
370 none. OCO6EHHO YacTo 3TO ABNEHWE MOMHO 3aMETUTb Ha KOXe
n6a UK TbIbHOW CTOPOHbI KUCTK. [locne BO3HUKHOBEHUA reHeTUYe-
CKUX U3MEHEHMIA KNeTKa NepBOHa4aibHO 06pasyeT KNOHAbHYIO efu-
HULLY M AAéT HavyaNo HOBbIM KNOHAM AMCNAACTUYECKMX KNETOK. ITu
[AMCNNacTMYECKne KNEeTKM GOPMMPYIOT oYar, KOTOPbIN MOXKET 06pa3o-
BaTbCA B KOPOTKME CPOKM NOC/IE NEPBOHAYANbHOTO TEHETUYECKOTO W3-
MEHEHWA AW NPOABMUTLCA rodpl cnycTa. B nepsyto ouepeanb, cnepyet
obpallaTb BHUMaHWE Ha TOPU30HTAIbHOE pacLUMpeHMe AUCNacTUYe-
CKOrO MoAA, KOTOPOEe ABNAETCA CNEeAYHOWMM LIArOM K 3/10Ka4ecTBeH-
HoW onyxonu. Bo3HMKHOBeHMe nonei KaHuepusauum BUAHO MNOYTU
Ha BCEX aNUTENMaNbHbIX MOBEPXHOCTAX, BK/KOYAA, Hanpumep, NErkoe,
LIeWKy MaTKu, rpy4b U TOACTYHO KULLKY [18].

CoBpemeHHble npeacTaBneHus 06 atmonatoreHese AK 3aTpo-
HYNO Takne 0BbEKTUBHbIE UCCNEA0BaHMUA, KaK MONEKYNAPHAA reHe-
TMKa. B3anmocsasb AK u MKPK 4éTko nposasnsetca B CBA3AHHbIX C
PaKOM MONEKYNAPHbIX M3MEHEHUAX, rAe 0OHaPYXMBAKOTCA CXOA4HbIE
myTauum Kak npu AK, Tak u npu MNMKPK. 310 reHeTyeckoe cpoacTBo
NOAAEPKMBAET 3/10KaUeCTBEHHYIO CyLHOCTb AK ¢ MOMeHTa eé Bo3-
HUKHOBEHMA. iccnenoBaHusa onpeaenvv BoICOKYH YacTOTy MyTaLMii
reHa-cynpeccopa onyxosnei p53 1 NoBbILWEHHYHO IKCNPECCHIo TeNoMe-
pasbl TPaHCPOPMMPOBAHHDBIX KepaTUHOLMTOB [19].

MatoreHe3 AK MOXHO pa3genuTb Ha Tpu KaTteropuu. Mepsas —
aKTMBaLMA NPOBOCMANUTENBHbBIX MEMATOPOB BOCMANEHWSA, BTOPasA —
noAasneHne NpoanonToTUYecknx 6enKkoB M TpeTbAa — NpAmoe no-
BpexaeHune AHK kepatuHouuTos [18].

BocnanutenbHblii Npouecc MHAYLMPYeTCA NPOoAyKUMen apaxu-
[IOHOBOW KWCNOTbI, NPOBOCNANUTENBHBIX LIUTOKUHOB C O4HOBPEMEH-
HOW aKTUBaLMEN TyYHbIX KNETOK, MHIMBMpPYtoLwero gakTopa murpaLmm
Makpodaros. MocnesicTBUAMM aKTUBALLMM STUX MEAUATOPOB ABNAETCA
NepeKncHoe OKMUCeHWe NNNNAOB, yBENUYeHWe YPOBHA T-niumdoLmToB
W KNeToK JlaHrepraHca B oyarax AK, nosbiweHune p53 v Bcl-2, ymeHb-
weHwue Fas (CD 95) u Fas-nuraHaa, ABAAIOLWMXCA BaXKHbIMM UCXOAHbIMU
¢baKkTopamm anonTosa KAETOK, MyTUPOBABLUMX NOA, Bo3aencTeuem YO
[20]. B nopakeHusx, koTopble nporpeccuposany fo MKPK Habnogaet-
€A OTYETIMBAA CBA3b MEXAY BoCraneHnem u passutvem AK. B Takux
cnyyanx AK, npexae Y4em CTaTb MHBa3WBHbIM, MPOXOAUT BOCNAUTENb-
Hyto $asy. IGPeKTUBHOCTL NPOTUBOBOCMANNTENLHON TEPANUKU NpU e-
yeHumn AK HarmnagHo NoaTBepKAAET faHHbIN daKT [18, 19].

YpesmepHoe Bo3aAeNCTBME YD-M3TYYEHUA M OKUC/IUTENbHbIN
CTpecc TaKXKe MMeIoT 3HaueHue B npolecce KaHueporeHesa. Pesynb-
TaTOM €ero ABNAeTCA BblpaboTKa aKTMBHbIX GOPM KMC0POA], NMPUBO-
[AWAA K NEPEKUCHOMY OKWUCIEHWUIO IMMUAOB C NOCNeaytoWwym pas-
PYLEHMEM KNETOK U U3MEHEHWEM TEHOMHOW U MUTOXOHAPUAbHOW
[OHK [19]. M3meHeHMA B NyTW TPAHCAYKLMM NPOUCXOAAT B pesynbTaTe
dochopnnnpoBaHMa MeMOPAHHOM TUPO3MHKMHA3bI, @ TaKKe M3Me-
HeHWi B annaepmanbHom daktope pocta, B RAS un RAF. Kpome Toro,
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cells form lesions that may develop shortly after the initial genet-
ic change or appear years later. At first, it's essential to pay atten-
tion to the horizontal expansion of the dysplastic field, which is
the next step toward a malignant tumor. The occurrence of fields
of cancerization is visible on almost all epithelial surfaces, such as
the lung, cervix, breast, and colon [18].

Studies on the molecular genetics of AK reflect current
views on its etiopathogenesis. The relationship between AK and
SCC is evidenced by cancer-associated molecular alterations,
where similar mutations are found in both AK and SCC. This ge-
netic affinity maintains the malignant nature of AK from its onset.
Studies have identified a high frequency of p53 tumor suppressor
gene mutations and increased telomerase expression in trans-
formed keratinocytes [19].

The pathogenesis of AK can be divided into three categories.
These include the activation of pro-inflammatory mediators of in-
flammation, the suppression of proapoptotic proteins, and direct
damage to the DNA of keratinocytes [18].

The production of arachidonic acid and pro-inflammatory
cytokines triggers the inflammatory process. This leads to the
simultaneous activation of mast cells, which release an inhibi-
tory factor that prevents macrophage migration. As a result, lip-
id peroxidation occurs, and there is an increase in the levels of
T-lymphocytes and Langerhans cells in AK lesions. Additionally,
there is an increase in the expression of p53 and Bcl-2, while the
expression of Fas (CD95) and Fas-ligand decreases. These factors
play a crucial role in the initial stages of apoptosis (programmed
cell death) in cells mutated due to UV radiation exposure [20]. Le-
sions that progress to SCC have a definite correlation with inflam-
mation and the emergence of AK. In these instances, AK under-
goes an inflammatory phase before turning invasive. The efficacy
of anti-inflammatory treatment in AK therapy strongly supports
this observation [18, 19].

Excessive exposure to UV radiation and oxidative stress con-
tribute to carcinogenesis by producing reactive oxygen species,
which leads to lipid peroxidation, cell destruction, and chang-
es in genomic and mitochondrial DNA [19]. Phosphorylation of
membrane tyrosine kinase leads to changes in the transduction
pathway and epidermal growth factor, RAS, and RAF. Additionally,
nuclear factor kB dissociates from the inhibitory complex B [19].
These changes cause the production of cytokines, including inter-
leukin-1 (IL-1), tumor necrosis factor (TNF), and IL-6, and activate
the arachidonic acid pathway. This, in turn, leads to the move-
ment of transcription factors into the cell nuclei and the alter-
ation of gene expression [7, 19].

Impaired apoptosis can result from suppressing, eliminat-
ing, or activating apoptotic mediators. Proapoptotic tumor sup-
pressor genes and p53 apoptosis activity also play a role [19, 20].
At the early stage of skin tumors, a mutation of the p53 tumor
suppressor gene is induced by UV radiation [21]. A range of ge-
netic abnormalities can trigger the generation of tumor angio-
genic phenotype. These abnormalities include the activation of
oncogenes and increased functioning of suppressor genes [22,
23]. Tumor neovascularization increases the likelihood of cancer
cells spreading through the circulatory system and forming me-
tastases [23].

Many researchers have studied the use of the apoptosis
marker p16 in the diagnosis and prognosis of AK. The tumor sup-
pressor pl6 is encoded as CDKN2, and mutations in the p16 gene
have been identified as the first gene lesion in the progression
from normal skin to SCC. It is worth noting that p16 expression
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OTMEYaeTca Anccoumanmn aaepHoro ¢paktopa KB 13 MHrMbMpYytoLero
Komnnekca B [19]. 3TM uameHeHMA NPUBOLAT K BbIPabOTKe LUTOKM-
HOB, TaKUX KaK MHTepneikuH-1 (IL-1), daktop Hekpo3sa onyxonu (PHO)
1 IL-6, a TaK:Ke aKTUBaLMM NYTM apaxnaoHOBOM KMCNOTbI. B pesynbra-
Te NPOUCXOAUT NepemelLieHne GaKTOPOB TPAHCKPUNLMM B AAPA Kie-
TOK M U3MEHEeHMe 3KCnpeccun reHos [7, 19].

HapyleHve anonTos3a NpoOUCXOAUT B pesy/ibTaTe NogaBNeHus,
YCTPAHEHUA MAWN aKTUBALMM aNOMNTOTUYECKUX MEAMATOPOB, TAKUX KaK
p16 1 CD95, cBAzaHHbIX ¢ PHO, 1 NPoanoNTOTUYECKMX reHOB-Cynpec-
copos onyxonei. OnpeaenéHHyo Pob UIPAET U PErynaLmMa aKTUBHO-
ctv anonto3a p53 [19, 20]. Tak, Ha paHHEN CTaAWMM ONYXOEN KOXKM
BO3HMKAET MHAYUMPOBaHHaA YD-n3nydeHnem MyTauma reHa-cynpec-
copa onyxonu p53 [21]. Pag reHeTUYECKMX OTKNOHEHMM, NEXKALLMX B
OCHOBE MA/IMTHU3aLMK, K NPUMEPY aKTMBALLMA OHKOFEHOB M MOBbI-
WeHHoe PYHKLUMOHMPOBaHWE FreHOB-CYNPEecCcopoB, MOXKET 3anyCTUTb
NPOLLECC NepeKkoYeHNs — TPaHCPOPMaLMIO KNETOK ONYX0/N B aHIU-
oreHHbl deHotvn [22, 23]. BmecTe ¢ 3TUM, HEOMACTUYECKME COCY-
[bl YBE/IMYMBALOT BEPOATHOCTb METACTAaTUYECKOTO PacnpoCcTpaHeHua
PaKOBbIX KNETOK NO KPOBEHOCHOM cucTeme [23].

B amarHoctvke u nporHose AK MHOTMMM aBTOpaMu M3y4as-
cA Mapkép anonTos3a pl6. Cynpeccop onyxonu plé KogupyeTca Kak
CDKN2. MyTauuu reHa pl6 obHapy:KeHbl Npu AK, Kak nepsoe MaeH-
TMOULMPYEMOE NOBPEKAEHME TeHa B NPOLLECCe NMPOrPeccum OT Hop-
ManbHoOM Koxu fo MKPK. Cneayer oTMeTwTb, YTO 3Kcnpeccua plé
60on1ee BblpaKeHa B oyarax nopaxeHus nocne YO-o0bayyeHns KynbTu-
BMPYEMbIX MeNnaHoumMToB [24]. ITO yBennyeHne MoXKeT ObITb CBA3AHO
¢ myTaupmeii B reHe CDKN2A v akcnpeccueit benka pl6INK4a. Kpome
TOro, OTMeYeHo, 4To YD-u3nyyeHme MHAYUMPYET aKcnpeccuto plé B
HOPMasIbHbIX KNETKaX MHOTOCNOMHOMO NAOCKOro anuTenma [25]. Yee-
NnyeHne plb MoXKeT paccMaTPUBaTLCA KaK 3aLUMUTHBIA MEXaHWU3M AnA
NpeaoTBPALLEHMA PACNPOCTPAHEHNS aHOMA/IbHbIX KNETOK, MOBPEK-
AEHHbIX YP-u3nyyeHnem [26].

Bblno caenaHo npesnonoXeHne, YTO BOSMOXKHA 3aMeTHaA pas-
HMLa B 3Kcnpeccun pl6 mexay HopmanbHol Koxkel, AK, MKPK in situ
1 nHBasueHbIM [KPK. YcTaHOBNEHO, YTO MOBbIWEHHAA 3KCNpeccus
p16 HabnogaeTca 6onble B MKPK in situ. ABTopbl 06paLLatoT BHUMA-
HMe Ha To, YTo B BuonTaTax KoM AK noBbilEHHas sKkcnpeccus plé
Habntogaetca B 6asasbHOM M cynpabasasbHOM CNOAX 3NUAEPMUCA,
a B bonblmnHcTBe cnyyaes MKPK in situ — n36bITOYHAsA 3Kcnpeccus Bo
BCeW TONLWMHe anuaepmuca [24].

OnyxoneBblii 6enok 63 (p63) aBnaeTca GpakTOpPOM TPAHCKPUN-
LMK CemeicTBa reHoB p53, y4acTeyroWwmMm B andpdepeHLMpoBKe He-
CKONbKMX TKaHEM, BKOYAs MHOTOC/0MHbIN NAOCKWIA anuTennin. p63
BbICTYMAET OMyXONEBbIM CYNPeccopoMm, KOTOPbIN, BEPOATHO, UrpaeT
ponb B pa3sutum MKPK 1, BO3MOMKHO, NpeapaKkoBbix U A06pOKaye-
CTBEHHbIX OnNyxonei Koxu. MMMYyHOTMCTOXMMMUYECKM MapKEp p63
LUMPOKO UCMONb3YETCA AN1A KnaccuduKaumm onyxonen, Ho onybamko-
BaHHble AaHHbIE O ero 3KCNPECcCUM NPU pake NPOTMBOPEYMBLI. benok
p63 B HOpME OTYETIMBO OKpaLLUMBAETCA B 6a3anbHbIX KNETKax anuaep-
Muca. HeckonbKo MccnenoBaTeNbCKMX FPYMN NMPOAEMOHCTPUPOBANN
BbICOKYHO 3KCNpeccuio p63 B 6a3aNbHOM C/I0E KOXKM, MOparKEHHOM AK,
XOTS NPOLEHT P63-NO3UTUBHbBIX KNETOK Bbln HUKe, yem npu MKPK. B
page paboTt aBTopoB Hab/toAAETCA BbICOKAsA aKcnpeccus p63 B buon-
TaTax Koxu 60nbHbIX MKPK [27].

Mo aaHHbIM Abbas O et al, akcnpeccus 6enka p63 coxpaHsaeTca
no mepe nporpeccuposaHmna 6onesHn npu AK 8 90% ciyyaes, NAOCKO-
KNETOYHOM pake in situ — B 87%, 6oBeHonaHOM nanynése — B 60% u
NIOCKOKNETOYHOM pake — B 100%, COOTBETCTBEHHO, 6€3 CTaTUCTMYE-
CKM 3HAYMMbIX Pa3NNYMii AaHHbIX 6onesHei [28]. Cxoxkan paboTa Tak-
)Ke npeacTasneHa B ctatbe Moses MA et al, roe yTBepiaaeTcs BaxkHan
ponb 6enKka p63 B AnddepeHLMPOBKE KNETOK U OHKOreHe3e onyxosen
KoM [29].

is more significant in lesions subject to UV irradiation of cultured
melanocytes [24]. The increase may be due to a mutation in the
CDKN2A gene, which causes the expression of the p16INK4a pro-
tein. In addition, it is noted that normal stratified squamous ep-
ithelial cells produce more p16 protein when exposed to UV ra-
diation. [25]. An increase in p 16 may be considered a protective
mechanism to prevent the proliferation of abnormal cells dam-
aged by UV radiation [26].

It has been suggested that there may be a noticeable differ-
ence in p16 expression between normal skin, AK, and SCC in situ
and invasive SCC. It has been established that increased expres-
sion of p16 is observed more in SCC. Research suggests that there
may be a significant difference in the expression of p16 between
normal skin, AK, and SCC in situ and invasive SCC. It has been es-
tablished that there is a greater expression of p16 in SCC in situ.
The authors note that in skin biopsies of AC, increased expression
of p16 is observed in the basal and suprabasal layers of the epi-
dermis. In most cases of SCC in situ, there is an overexpression of
p16 throughout the entire epidermis thickness [24].

Tumor protein p63, typically referred to as p63, is a tran-
scription factor that belongs to the p53 gene family. It is vital in
differentiating various tissues, including stratified squamous ep-
ithelium. As a tumor suppressor, p63 is believed to be involved
in developing SCC and potentially in precancerous and benign
skin tumors. The p63 protein is usually found in the basal cells of
the epidermis, and it is widely used as an immunohistochemical
marker to classify tumors. However, the published data on its ex-
pression in cancer are inconsistent. Several research groups have
reported high p63 expression in the basal layer of skin in AK, al-
though the percentage of p63-positive cells was lower than that
in SCC. In several studies, increased expression of p63 was ob-
served in skin biopsies of patients diagnosed with SCC [27].

Abbas O et al (2011) reported that the expression of p63
protein remains constant in 90% of AK cases, 87% of squamous
cell carcinoma in situ cases, 60% of bowenoid papulosis cases,
and 100% of squamous cell carcinoma cases. There are no signif-
icant differences in the expression of p63 protein between these
diseases [29]. Moses MA et al (2019) also highlight the crucial
role of the p63 protein in cell differentiation and skin tumor on-
cogenesis [30].

There are multiple biomarkers of apoptosis, one of which
is the p53 protein. P53 is the most commonly mutated tumor
suppressor gene and contributes to the development of cancers
such as basal cell carcinoma (BCC) and SCC. The p53 protein func-
tions through two main pathways: firstly, it activates p21, which
inhibits cyclin-dependent kinases (CDK), leading to cell cycle ar-
rest, and secondly, it activates PUMA, which inhibits Bcl-2, an in-
hibitor of apoptosis, resulting in cell death. Additionally, the CD-
KN2N gene, when mutated, increases the risk of melanoma. This
gene activates p16, another CDK inhibitor, and p14ARF, inhibiting
Mdm2. Normally, Mdm2 impairs p53, inhibiting Mdm2 can lead
to p53 activation and apoptosis [30].

The p21 protein belongs to the tumor suppressor gene
family and functions as a CDK. It plays an essential role in cell
growth, differentiation, and apoptosis. The protein p21 WAF1/
CIP1 is considered a universal inhibitor of cyclin-dependent G1
kinase and can be induced by either a p53-dependent or inde-
pendent pathway. Its expression is regulated by p53 in response
to DNA damage. Once produced, p21 binds with CDK, preventing
phosphorylation of its substrates and halting cell cycle progres-
sion. This provides the cell with sufficient time to repair its DNA,
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OfHUM U3 LONONHUTENbHBIX BUOMAPKEPOB anonTo3a ABAAETCA
6enok p53, KoTOpbI NpeacTaBnAeT cobot Hambonee YacTo MyTUpY-
eMblil reH-Cynpeccop OMyxoneBoro PocTa, Y4acTBYOLWMIA B naTore-
HEe3e KaHLeporeHesa, B 4YaCTHOCTM Npu 0a3anbHOKJIETOYHOM paKe
Kou (BKPK) u MKPK. p53 peictByeT yepes ABa OCHOBHbIX MyTW:
1) akTvBaumto p21 (MHrMBUTOPA LMKAMH-3aBUCUMOM KMHa3bl — cyclin-
dependent kinases, CDK), KoTopas Np1MBOAMT K OCTAHOBKE KNETOYHOTO
UMKNa, 1 2) aktneaumio PUMA, KoTopasa uHrmbupyet Bcl-2 (MHrmbu-
TOp anonTo3a), TeM CambIM NpPUBOAA K rnbenn knetok. CDKN2N — reH,
KOTOpbIV NPU MYTUPOBAHUM NPUBOAWT K PUCKY BO3HUKHOBEHWA Me-
NaHOMbI, AeWcTBYeT Yepes 1) aktmBaumto plé (apyroro uHrMbuTopa
CDK) 1 2) aktnBaumto p14ARF, KoTopbliii MHIMBMpPYeT Mdm2 (KoTopbiit
06bl4HO yxyawaet p53) [30].

Benok p21 ABnAeTcA YNeHOM CemelCTBa reHOB-CYnpeccopos
onyxonei, KoTopbli aeicteyeT, Kak CDK, n Heobxoaum ans pocTa,
anddepeHUMPoBKM M anonTo3a KaeTok. Cuntaetcs, uto benok p2l
WAF1/CIP1 aABnsieTca yHUBepcaabHbIM MHTMBUTOPOM LIMKANH-3aBUCK-
MoW G1 KMHa3bl M HAYLMpPYeTCA p53-3aBUCHMBIM MU HE3ABUCHMBIM
nyTém. Jkcnpeccua p21 peryanpyetca p53 B OTBET Ha NoBpeXKaeHWe
[OHK. Mocne yero p21 accounnpyetca ¢ CDK, npegotspalan docdo-
pUAMpoBaHue ero cybcTpaToB, U BAOKMPYET NPOrpPeccuto KNETOUHOO
UMKNa. ITO JAET KNeTKe Bpema aaa BocctaHoneHua AHK, Takum o6-
pa3om, NpesoTBPALLAn Pa3MHOMKEHWE NOBPEXAEHHOTO FeHEeTUYECKO-
ro matepuana. Takxke coobuiaetcs, 4to p21 ymeHbliaeT nponvdepa-
LIMIO KNETOK M aKTUBMPYET 610KMpoBaHue p53 [31].

Cnepyet OTMeTUTb, 4To 6eoK P21 He 3KcmpeccupyeTca B anu-
[epmuce, HO BblpaKeH B MOTOBbIX M Ca/IbHbIX efne3ax, SHA0TENUM Ka-
MUANAPOB, B MMaKUX MbILLLIAX NO CPAaBHEHUIO C HOBOOBPa3oBaHWUAMM
Koxu [30, 31].

Mo mHeHuto Tron VA et al, 6enok p21 yyactsyeT B passutHe
MKPK. AHanus akcnpeccun p21l nokasan nonoXuTenbHble pesynbra-
Tbl A/1A 3TOTO MapKepa B 23 cnyvasax aKTUHMYECKOro KepaTto3sa. Map-
Kep 6bl1 MAEHTUPULMPOBAH B €AMHUYHBIX KEPATUHOLMTAX UAU B UX
HEBO/bLIMX TPYMNax, a TaKkKe B PEAKMX KIETKaX B BEPXHWX CNOAX
anuaepmuca. B nautepatype apyrue nccnefosateny coobuanu o no-
XOXMX acnekTax. benok p21 6bin nonoxuTensHbim B AK 1 npu aTom
Habntoganca TonbKo B 6a3anbHOM U cynpabasanbHOM COAX, @ TaKKe
B BEPXHWX OTAE/1aX LMnoBaToro cos [32].

Eweé B KoHUe XX BeKa NOSBUANCH COODLLEHNA O HapacTatoLlen
NO3WTUBHOCTU MapKépa p21 B BbICOKO M ymepeHHO auddepeHumpo-
BaHHOM MKPK. SKcnpeccus BblleyKasaHHOro Mapképa Habatoganacb
B | n Il cTagmax 3abonesaHuA. CxoAHble pe3ynbTaTbl ObLIM NONYYEHDI
W B ApYrUX UCCNEL0BaHUAX, [4e aBTOPbl HALLAW FeTEPOreHHY0 No3u-
TMBHOCTb besika p21 B BUONTATE KOXM C MIOCKOKNETOYHBIM PAaKoM
He3aBMCUMO OT cTenenu anddepeHumaumu. Mo MHeHUIO NOCAEAHMX,
TaKoW acrekT [0BO/IbHO HEOXWAAH, NOTOMy UTo 6enok p2l ssnset-
€A M3BECTHbIM UHIMBUTOPOM CDK-aKTMBHOCTHM, KOTOpPas CTUMYAUPYeT
nporpeccupoBaHune KNETOYHOIO LMKAa. B pesynsTate p21 moxert 6biTb
paHHUM GaKTOPOM B MAOCKOKNETOYHOM KaHueporeHese 6e3 Heno-
CPeACTBEHHOM CBA3W C NPOrPECcCMPOBAHMEM B 3TU 3/10Ka4YECTBEHHbIE
onyxonw [31].

AHasorMyHble  pesynbTaTbl  COOBLIAIOTCA B WUCCAEA0BAHUM
Brasanac D et al, rae oTmeyaeTcs MMMYHOOKpalUMBaHue benka p21
CIP1/WAF1 yawie npw AK, yem npw MNKPK in situ (p=0,001) n nHsasms-
HbIX NopaxeHusx (p=0,0004), cooTBeTcTBEHHO. AccoumaLms aKcnpec-
cnm p21 ¢ AK u xopowo guddepeHumposaHHbim MKPK Ha paHHMX
CTagmax Npeanonaraet, YTo aKcnpeccua p21l MOXKeT bbiTb paHHUM
MapKEPOM KaHLeporeHesa, He CBA3aHHbIM C MPOrpeccupoBaHNEM B
MIOCKOKNETOYHbIN pak [33].

Eweé ogHMM Mapképom, yyacTsylOWMM B NpoLiecce anonTosa,
asnserca 6enok Bcl-2. Bbino nokasaHo, yto 6enok Bcl-2 nogasnset
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thereby preventing damaged genetic material from replicating. It
is also known that p21 curbs cell proliferation and activates p53
blockade [31].

It is essential to note that p21 protein is not expressed in the
epidermis but is expressed in sweat and sebaceous glands, capil-
lary endothelium, and smooth muscles, as opposed to skin neo-
plasms but is expressed in sweat and sebaceous glands, capillary
endothelium, and smooth muscles compared to skin neoplasms
[30, 31].

Tron VA et al (1996) reported that p21 protein plays a cru-
cial role in developing SCC. In their study, 23 cases of AK showed
positive results for this marker. The expression of the marker was
identified in single keratinocytes or small groups, as well as in rare
cells in the upper layers of the epidermis. Other researchers have
also reported similar findings. The AC tested positive for the p21
protein, which was observed only in the basal and suprabasal lay-
ers, as well as in the upper parts of the stratum spinosum [32].

During the late 20" century, there were increasing reports of
the p21 marker's positivity in well- and moderately-differentiated
SCC. Researchers found that the expression of this marker was
present in stages | and Il of the disease. Other studies also con-
firmed that p21 protein positivity was observed in skin biopsies
with SCC, irrespective of the degree of differentiation. This aspect
was entirely unexpected, as p21 is known to inhibit CDK activity
that stimulates cell cycle progression. Therefore, p21 could be an
early factor in squamous cell carcinogenesis without any direct
connection to malignancy progression [31].

Brasanac D et al (2016) reported that immunostaining of the
protein p21 CIP 1/ WAF 1 was more frequent in AK than in SCC
in situ (p=0.001) and invasive lesions (p=0.0004), respectively.
The study suggests that the expression of p21 may be an initial
marker of carcinogenesis unrelated to the progression to squa-
mous cell carcinoma. This association of p21 expression with AK
and well-differentiated early-stage SCC may indicate that p21 ex-
pression is a promising early marker candidate for carcinogenesis
[33].

The Bcl-2 protein is a marker involved in the process of
apoptosis, which is an early sign of carcinogenesis. The protein
suppresses apoptosis, and overexpression of it is found in sever-
al malignant tumors. Nakagawa K et al (1994) evaluated the IHC
expression of the Bcl-2 protein in keratinocyte tumors and in-
flammatory skin diseases. The study found that the Bcl-2 marker
was not observed in psoriasis, contact dermatitis, and seborrheic
keratosis. However, the marker was highly expressed in Bowen's
disease, AK, BCC, and SCC in 73%, 25%, 67%, and 100% of cases,
respectively. The expression of the Bcl-2 marker in the skin biopsy
of BCC, Bowen's disease, and SCC was limited to the affected ar-
eas only, and the surrounding normal skin did not express it at all.
The atrophic form of AK was unresponsive, while the hypertro-
phic AK tissue reacted weakly with the anti-Bcl-2 antibody [34].

A study was conducted to investigate the role of the T-Cad-
herin marker in the SCC from AK. The findings suggest that high
expression of this marker is observed in the upper layers of the
stratum spinosum in skin biopsies for SCC, with partial or com-
plete loss in the basal layer of the epidermis. The study's authors
assert that the loss of T-cadherin in individual AK lesions may indi-
cate the potential transformation of AK into aggressive SCC [35].

MUC1, a transmembrane glycoprotein, promotes the pro-
gression of some precancerous and malignant lesions. However,
its role in skin lesions is not fully understood yet. Immunostain-
ing analysis revealed that MUC1 is present throughout the cell
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anonTos, a u3bbITouHas aKcnpeccus Henka Bcl-2 obHapykmBaeTtcs B
HeCKO/bKMX 3N10KayecTBeHHbIXx onyxonax. Nakagawa K et al nposenn
paboTy no oueHke UMX-akcnpeccum benka Bel-2 B HEKOTOPbIX KepaTy-
HOLMTapHbIX OMyXONsAX U NPKU BOCMANWUTENbHBIX 3300/1IEBAHUAX KOXKM,
a TaKXe BbIACHUAW eé ponib B pa3BuUTUK 3abonesaHuit. Mo pesynbra-
TamM MccnesoBaHUA 0BHAPYKEHO, YTO M3 72 3aMOPOXKEHHbIX 0bpas-
LLOB TKaHW 3Kcnpeccua mapképa Bcl-2 He Habntoganace npu ncopua-
3€, KOHTAaKTHOM JepmaTuTe U cebopeliHoM KepaTose. B To e Bpems
BbICOKaA IKCMPECCHA BblLEYKAa3aHHOTo MapKépa oTmedanachb npu 6o-
ne3nu boyaHa B 73% cnyyaes, AK — 25%, BKPK —67% v MKPK — 100%
C/ly4yaeB, COOTBETCTBEHHO. MMpu 3TOM 3Kcnpeccus mapképa Bcl-2 B
6uonTate Koxu BKPK, npu 6one3un boyaHa 1 MKPK 6bina orpaHuyeHa
NOPaXKEHHBIMM Y4aCTKaMM, @ OKPY»KatoLLAA HOPMaNbHAA KOXKa BOBCE
He 3aKcnpeccuposanack. Yto Kacaetca AK, To atpoduyeckas dpopma
6blna 6e3 peakumu, TOr4a Kak TKaHb ¢ runeptpoduyeckum AK cnabo
pearvnpoBana ¢ aHTuTenom npoTus Bcl-2 [34].

bonblwoe nccnegoBaHue TakKe NposedeHO NO NoBoAy MU3yde-
HWA ponu mapképa T-Cadherin (T-kaarepuH) B passutue MKPK u3 AK.
Pe3ynbTaTbl 3TUX UCCNEA0BAHUI NOKA3bIBAOT, YTO BbICOKAA IKCNpec-
cvA JaHHOro MapKépa Habnogaetca B GuonTaTax Koxu MKPK B Bepx-
HWX CNIOAX LUMNOBATOrO C/10A € YaCTUYHOW MM NONHOM NoTepeii B Ha-
3a/1bHOM C/10€ 3nuaepmuca. ABTopbl paboTbl yOexAEHHO HacTanBatoT
Ha TOM, 4TO noTtepa T-KaarepnHa B OTAeNbHbIX NopaxeHnax AK moxet
YKa3blBaTb Ha MOTEHUManbHyt0 TpaHchopmauumio AK B arpeccuBHbIv
MKPK [35].

MporpeccnpoBaHMio HEKOTOPbIX NPEAPaKOBbIX U 3/10Ka4eCTBEH-
HbIX NOPaXKEHMI CNOCOOCTBYET TPAHCMEMOPAHHbIN TIMKONPOTEUH —
MyumnH-1 (MUC1). Tem He meHee, ero GpyHKLMM B NMOPAXKEHUAX KOXKM
eLé He 40 KOHUQ ACHbl. MMMyHOOKpalumBaHMe nokasano, yto MUC1
MPUCYTCTBYET HA BCEN KNETOUYHON MOBEPXHOCTU HECKONBbKUX aTUMuny-
HbIX 6a3aNbHbIX KEPATUHOLMTOB, OFPAHUYEHHbIX HUMKHEN TPETbIO 3NU-
Aepmuca npu pake Koxu in situ (KIN 1). B To Bpems Kak B KIN 2, rae
aTUNUYHbIE KEPATUHOLMTLI 3aHUMALOT HUKHMeE aBe TpeTn, MUCL 6bin
NIOKanM30BaH Ha anuKanbHOW MOBEPXHOCTU HEKOTOPbIX aTUMUYHbIX
KepaTtuHouwuToB. UHTepecHo, uto B KIN 3, rae atmnuuHble KepaTMHO-
LMTbI pacnpocTpaHsAtoTca No Beel TonwyHe, MUCL 6bin N0KanM30BaH
Ha anuKanbHOW MOBEPXHOCTM WM MO BCEM KIETOYHOM MOBEPXHOCTU
MHOIUX M3 3TUX KNeToK. CreslyeT OTMETUTb, YTO B bronTaTe HOpMab-
HOM KoK 3Kkcnpeccna MUCL He obHapyumBaetcs. Mpeagnonarator,
uTo aKcnpeccua MUCL B AK byaeT MHAyUMPOBaHA M3MEHEHWUEM CTPa-
TMdUKaLMK 1 anddepeHLMPOBKM KepaTUHOLMTOB U CBA3AHA CO CTe-
NEeHbIO AMUCNA3MK, 3 He C TONLWLMHOM anuaepmuca [36].

B cBA3u ¢ Tem, yto Bonpoc nepexoga AK B MNKPK asnsaetca ak-
TyanbHOW Npo6seMoi, 6blaM TakkKe U3y4YeHbl YPOBEHb IKCMPECCUU U
M3MEHEHME aKTMBHOCTM Mapképa claudin-1. B uccnegosaHum 6binm
3apernctpuposaHbl 52 naumenTta ¢ AK n 17 cnyyaes 340poBOWM TKa-
HW. OZHOBpPEMeHHO NPOBOAMIACL OLEHKA HECKONbKMX MapKEpOB,
TaKUX KaK aHTMTena K p53, peuentopy ButammHa D (VDR), claudin-1
1 Langerin (CD207). Mo faHHbIM aBTOPOB, B BMONTaTax KOXM OTMe-
4asIMCb CONHEYHDbIV 31acTO3, aKcnpeccua p53 m akcnpeccna VDR no
CPaBHEHUIO C KOHTPOJ/IbHOW 34,0P0BOW TKaHbIO. JKCNpeccus MapKépa
claudin-1 6bi1a 60/1€ee BbipaskeHa B HOPMabHOW 34,0P0BOW KOMKE KOH-
TPONbHOM rpynnbl U MeHee BblpakeHa Npu AK, 0cobeHHO B pa3BuTbIX
€ro CTaAuAX B MeCTax C aTUnuei KepaTMHOLMTOB. [110THOCTb KNeToK
NaHrepraHca npu Taxénon popme AK bbl1a 3HAYUTENBHO HUKE, YEM
B KOKe KOHTPO/IbHOM rpynnbl v Npu nérkux dopmax AK. Mo pesynbra-
TaM UCCNeA0BaHMS aBTOPbI Npeanonaratot, uto claudin-1 moxeT bbiTb
nonesHbIM B AMarHocTuke AK BbICOKOTo pucka [37].

MartpuKcHble MeTannonpotenHasbl (MMM) -1, -9 yyacteytoT B
[lerpajaumu KoanareHa BCEX TUMOB M KOMMOHEHTOB MaTpuKca (3na-
CTWH, NPOTEOrNNKaHbI, NaMUHKH). Kpome Toro, MMI aKTuBMpyroT

surface of atypical basal keratinocytes limited to the epidermis's
lower third in situ skin cancer (KIN 1). In KIN 2, where atypical
keratinocytes occupied the lower two-thirds, MUC1 was localized
to the apical surface of some atypical keratinocytes. Interestingly,
in KIN 3, where atypical keratinocytes are distributed throughout
the entire thickness, MUC1 was localized to the apical surface
and throughout the cell surface of many of these cells. It is worth
noting that MUC1 expression is not detected in normal skin biop-
sies. It is hypothesized that MUC1 expression in atypical keratino-
cytes is induced by keratinocyte stratification and differentiation
changes and is associated with the degree of dysplasia rather
than epidermal thickness [36].

Transitioning from AK to SCC is a pressing issue; therefore, a
study was conducted on the expression and changes in the activi-
ty of the claudin-1 marker. The study included 52 patients with AK
and 17 cases of healthy tissue. Multiple markers were assessed
simultaneously, including antibodies to p53, vitamin D receptor
(VDR), claudin-1, and Langerin. Solar elastosis, p53 expression,
and VDR expression were observed in skin biopsies compared
to control healthy tissue. The expression of claudin-1 was more
prominent in the healthy skin of the control group and less pro-
nounced in AK, especially in its advanced stages in areas with
keratinocyte atypia. The density of Langerhans cells was signifi-
cantly lower in severe forms of AK than in the skin of the control
group and mild forms of AK. The results suggest that claudin-1
may be helpful in the diagnosis of high-risk AK [37].

Matrix metalloproteinases (MMPs) -1 and -9 are enzymes
that play a crucial role in breaking down various components of
the extracellular matrix, including collagen, elastin, proteogly-
cans, and laminin. These enzymes are also involved in angiogen-
esis, which is the formation of new blood vessels in the body.
MMPs are activated when the skin is exposed to UV radiation,
which triggers the expression of activator protein-1. The onco-
genic effect of MMPs is achieved by activating a receptor called
PAR-1, which can initiate the development of cancerous cells.
Some experts believe increased MMP expression in the skin can
lead to increased elastosis, promoting carcinogenesis. This can
result in the neoplastic transformation of keratinocytes and the
development of angiogenesis, which can invade the surrounding
tissues [38].

Two main types of proteins (MMP-1 and MMP-9) are in-
volved in developing human cancers. MMP-1 (also known as col-
lagenase 1) is the primary enzyme responsible for breaking down
collagen fibrils of types 1 and 3 and forming aggregates from the
broken-down collagen. On the other hand, MMP-9 is implicated
in cancer formation by triggering the enzymatic cleavage of the
IL-2a receptor, which leads to reduced proliferation of T lympho-
cytes. Additionally, MMP-9 plays a crucial role in the growth of
tumors through the mediation of VEGF-induced angiogenesis.
Some researchers suggest that MMP-1 and MMP-9 contribute
to tumor growth by facilitating cancer progression, invasion, im-
mune system evasion, and other aspects of carcinogenesis [39].

In a previous study, Tsukifuji R and colleagues detected
MMP-1in 25% of AK cases that transformed into SCC in 16 similar
cases [40]. Poswar F et al (2013) analyzed MMP-9 expression in
AK, BCC, and SCC. A biopsy specimen of SCC exhibited a marked
positivity [41]. Verdolini R et al (2001) found significantly lower
MMP-9 expression in AK than in SCC [30].

Based on the results of an IHC test, it has been observed that
MMP-1 and MMP-9 expression levels in AK and BCC lesions, as
well as in skin with solar elastosis, are closely linked to the chanc-
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npouecchbl GU3M0NOrMYECKOro 1 ONyXoNeBOro aHrMoreHesa. B pesynb-
TaTe Y®-061y4eHns NPOUCXOAMUT SKCNPECCUA aKTUBATOpa NPOTenH-1
1 aKkTUBMpYyetca obpasosaHne MMII. OHKonornyeckuin appekt MMM
[OCTUraeTcs 3a CYET akTmBauum peuentopa (PAR-1), 4To MHMLMMPY-
€T HEONACTUYECKYIO TPaHChOPMaLMo KepaTuHouuTos. CyluecTsyeT
MHeHWe, 4To aKkcnpeccna MMIT B KoXKe CBA3aHa C HapacTaHWem cTene-
HU anacTo3a. MocnesHas 6AaronpUATCTBYET KaHLLeporeHesy, HaYMHas
C HEeoMNacTUYeCcKoi TpaHcPOpMaLMU KEPATUHOLMTOB U Pa3BUTUEM
aHr1oreHesa c MHBa3uel B OKpy:KatoLwme TKaHu [38].

BblaenstoT ABa OCHOBHbIX TMNa (MMM-1 u MMT-9), yyacTsyto-
WKMX B OHKoreHese yenoseka. MMII-1 (konnareHasa 1) — ocHOBHasA
npoTeasa, OTBEYAKOLLAA 33 Pa3pyLLeHMe KoareHoBbIX ubpunn 1 u
3 TMNOB W arperaumio paspylleHHoro KonnareHa. MMI-9 yyacteyet
B KaHLeporeHese, akTUBMPYA NPOTEOAUTUYECKOE pacLlensieHne pe-
uenTopa IL-20, TeM cambIM CHUKas NpondepaTUBHYHO CNocobHOCTb
T-numdoumtos. MMIM-9 BHOCUT ONpeaensatoLmMii BKNaL B Onyxone-
BblIh VEGF-onocpeaoBaHHbIi aHrnoreHes. 1o MHEHUIO pAsa aBTOpPOB,
MMIM-1 u -9 cnocobCTBYIOT POCTY OMyX0Aei 3a CHET ONYX0NEBOW NpPo-
rpeccum, MHBasum, u3beraHnsa MMMYHHOTO HaA30pa U APYTMX NpoLec-
COB OHKoreHesa [39].

B paHHux nybaunkaumax Tsukifuji R et al coobwanocb 06 o0bHa-
py:eHun MMI-1 8 25% cnyyaes ¢ TpaHchopmaumeit AK B TMKPK, ko-
Topas bblna BbIABAEHA NPY M3yYeHnM 16 nogobHbIx 06pasuos [40]. B
pabote Poswar F et al no uccnegosanmio skcnpeccun MMIM-9 B ouarax
AK, BKPK u MKPK onpeneneHa BbipaxeHHas peakuusa nocnegHero B
6uonTaTe NNOCKOKNETOUHbIM pakom Koxu [41]. Verdolini R et al onpe-
aenvnu, 4to skenpeccna MMIM-9 3HaumTenbHO HuKe npu AK no cpas-
HeHuto ¢ MKPK [30].

YposeHb akcnpeccun MMIM-1 1 MMIN-9, onpeaensemblii MeTo-
aom UTX, B ouarax AK n BKPK, a Takke B KOXKe C CONHEYHbIM 31aCTOo-
30M, MOKa3bIBaAET, YTO BbiCOKas aKcnpeccua MMI ceasaHa ¢ bonee
BbICOKUM PUCKOM O3/10KAYECTBNIEHUA 3SMUTENMANBHLIX OMyXosewn
KOMM M MMEET YETKYIO KOPPENALMIO C UX CMOCOBHOCTbIO K MHBA3UK
[43]. BbisBneHue akcnpeccun MMIM-1 1 MMIM-9 B ouarax AK, BeposT-
HO, AemoHcTpupyeT ponb MMIT B Ha4aNbHbIX CTaAMAX KaHLEeporeHe3a
B Npouecce 0bpa3oBaHUA CONHEYHOrO 3/1acTo3a. HanpoTue, BbicOKas
akcnpeccma MMIM-1 u MMM-9 B BKPK, obbAcHAETCA 3/10Ka4ecTBeH-
HbIM XapaKTepPOM AaHHOro HOBOO6pPa3oBaHus. B To e Bpems, cnabas
akcnpeccma MMIT B cTpome OMyX0/M ABNAEGTCA OTPAXKEHWEM Xapak-
Tepa TeyeHus 6a3aNbHOKNETOUYHBIX KAaPLMHOM KOXM, 0COBEHHOCTbIO
KOTOPbIX ABAAETCA MECTHOLECTPYKTUPYIOLLMIA POCT U OYeHb PeaKo
meTacTasupytowmx. 06wHoctb AK, BKPK 1 04aroB Koxu ¢ CONHEYHbIM
anactosom llI-IV craguit, npossastoasca Haanumem MMM-1 v MMIM-
9, [OKa3bIBAET ponib YP-MHAYLMPOBAHHOIO KaHLeporeHesa, T.K. npu
3TOM CO34QETCA CrocobCTBYIOLLEE MUKPOOKPYMKEHME. DKcnpeccus
MMI-1 n MMI-9 npu AK u BKPK aBnaeTca AonoaHUTENbHbIM Noa-
TBepKAeHWeM poan MMIT B cnOCOBHOCTM 3NUTENMNABHBIX ONYX0Nel
K MHBA3WBHOMY MpoOLeCCYy B OKpyXatowme TKaHu. CnefosaTesnbHoO,
MMIM sBAAKOTCA NEPCNEKTUBHBIMK CyBCTPaTaMM 41 COBEPLUEHCTBO-
BaHMA TapreTHOW NpPoT1BOONyXoneBol Tepanum [41-43].

B KauecTBe Mapképa nponmdepaumm KNETOK MOXKHO OLLEHMBATb
nponudepupytowmit agepHbii aHTUreH Knetku (PCNA — Proliferating
Cell Nuclear Antigen) — aaepHbIi HETUCTOHOBbIV 60K, Heobxoau-
Mbl ana cuHTesa [HK. CnoKolMHble M CcTapble KAEeTKU MMEKT O4YeHb
HU3KKMt ypoBeHb MPHK PCNA. MoBbllEeHME €ro NpoucxoauT Bpems
¢asbl G1/S KNETOUHOrO LMKAA, T.K. OH ABNAETCA BCMOMOraTe/ibHbIM
6enkom ana anbda-AHK nonumepassi [44]. CnegoBaTensHo, yeenu-
yeHune skcnpeccun PCNA MoXKeT TpaKToBaTbCA B KavyecTBe MapKépa
nponndepaLmMmn KNeToK, MOCKO/bKY KNETKM A0NbLUIE OCTaloTCA B dpase
G1/S npu nponndepaummn. Kpome Toro, 3ToT 610K UrPaeT posb B me-
TaboNM3Me HYKIEUHOBbIX KMUCNOT KaK KOMMNOHEHT MEXaHU3Ma Penin-
Kauuwu v BocctaHoBneHua AHK [45].
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es of malignancy of epithelial skin tumors. Higher levels of MMP
expression are associated with a greater risk of invasion [43]. The
detection of MMP-1 and MMP-9 expression in AK indicates the
role of MMPs in the initial stages of skin cancer development
during the formation of solar elastosis. In contrast, the high ex-
pression of MMP-1 and MMP-9 in BCC is related to the malignant
nature of this tumor. Additionally, the weak expression of MMPs
in the tumor stroma reflects the locally destructive growth of cu-
taneous BCC, which rarely metastasizes. The presence of MMP-1
and MMP-9 in AK, BCC, and skin lesions in the later stages of solar
elastosis highlights the role of UV-induced carcinogenesis in cre-
ating a conducive microenvironment. The expression of MMP-1
and MMP-9 in AK and BCC tumors further demonstrates the abil-
ity of epithelial tumors to invade surrounding tissues. Therefore,
MMPs are promising targets for improving targeted antitumor
therapies [41-43].

Proliferating Cell Nuclear Antigen (PCNA) is a nuclear
non-histone protein that plays a crucial role in DNA synthesis. It
can be used as a cell proliferation marker since its levels increase
during the G1/S phase of the cell cycle. PCNA mRNA expression is
low in quiescent and senescent cells. It acts as an accessory pro-
tein for alpha DNA polymerase during the G1/S phase of the cell
cycle [44]. An increase in PCNA expression indicates cell prolifera-
tion, extending the time cells spend in the G1/S phase during this
process. Moreover, PCNA contributes to nucleic acid metabolism
as a crucial element of the DNA replication and repair machinery
[45].

A review of available literature highlights the complexity of
the pathogenesis of AK. It emphasizes the importance of devel-
oping modern diagnostic criteria based on clinical and laboratory
studies for early detection of AK. Further research is needed to
identify early markers of malignancy in SCC arising from AK. One
promising approach is to study the IHC expression of the PCNA
marker in histopathology specimens of AK. This can indicate the
onset of degeneration, which would help doctors choose appro-
priate treatment strategies for the disease.
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Takum 06pa3om, 0630p NMUTepaTypbl CBUAETENLCTBYET O C/IOXK-
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HALLUX VALGUS: AMXET I'OAEHOCTOIIHBIE CYCTABBI 1 KYCAET
TA3OBEAPEHHDBIE?

A.A. YAOUKMHA', 10.B. XIEBHVKOB!, O.J1. BOPOHILIOBA?, M.1O. KATIMI'TOHOBA?

1 Acrpaxanckiit TocyAapeTBeHHbIit MeAMIHCKII yHuBepeuTeT, Actpaxans, Poccuiickas ®eepariist
2 AcTpaxaHcKkuii rocyaapcTseHHbIi yauBepcuteT uM. B.H. Tatuimesa, Acrpaxans, Poccniickas ®Pegeparms

3 PaxyAbTeT MeAUIIMHEI U 3ApaBooxpaneHns, YuusepcuteT Maaarsun Capasak, Kora Camapaxan, Maaartiaus

Llenb: npeAcTaBUTL OCBELLEHWE B IUTEPATYpe NOCAeHUX NeT npobaembl BAMAHUA naTonoruum ctonsl (Hallux Valgus, HV) Ha cocTosHMe npokcumans-
HbIX M AUCTa/IbHBIX CYCTaBOB HUMKHEN KOHeYHOCTH (HK) B cpaBHUTENbHOM acneKTe.

Matepuan u meTtoabl: MOUCKU UTEPATYPbI OCYLLECTBAAAMCH B Ba3ax AaHHbIx Web of Science, PubMed v Scopus ¢ Hosbpa 1973 no ceHTabpb 2023
roga no kato4esbiM cnosam «hallux valgus», «buniony, «hip joint», «knee joint», «ankle joint». Kputeprem BrktoYeHUA ABNANOCH HAaNMUME NONHOTEK-
CTOBbIX CTaTel Ha aHIUIACKOM fA3bIKe. KpuTepuem UCKAtOYeHMA ABAAICL 0630pbl, KNTMHUYECKUE Cy4an U abCTpaKTbl.

PesynbTathl: HAPAAY C ONUCAHHBIMK PaHee U3MEHEHUAMM NPOCTPAHCTBEHHO-BPEMEHHbIX NaPamMeTPOB NOXOAKM, KUHEMATUKM CTOMbI U TONEHOCTOMNHO-
ro cyctasa (ICC) npu HV, B nocnesHee Bpems nosBAAOTCA paboTbl OTHOCUTE/IBHO ero BAUAHWUA Ha KUHEMATUKY NPOKCUManbHoOro cermerTa HK, B Tom
uncie cnocobeTBylOWMX PasBUTMIO ocTeoapTposa (OA) KoneHHoro cycTaBa (KC). Mpu aTom HapylleHus KMHeMaTuKK TasobeapeHHoro cyctasa (TBC)
npu HV, npuBoaALLMe K pa3BUTMIO B HEM NMAaTOMOP(OIOTMYECKMX U3MEHEHUI, OCTAIOTCA HEUCCIeLO0BAaHHbIMMU.

3aknioueHue: HV ABnaeTcA pacnpocTpaHEHHbIM 3a60/1€BaHNEM CKENETHO-MbILIEYHOMN CUCTEMBI, 3HAUMTE/IBHO YXYALWAIOWMM KauecTBO KU3HM naLu-
€HTOB M HEPeLKO NPUBOAALMM K UHBANUAM3aLMKN. B To Bpems Kak BauaHue HV Ha KuHemaTuKy ctonbl v CC onucaHo JOCTaToyHO noapobHo, ero
BAMAHUe Ha TBC 0cTaéTcAa ManounsyyeHHbIM. XMpypruyeckoe nedeHne He NPUBOAMT K CYLLECTBEHHOMY YYYLLEHUWIO NoKa3aTenei KNHEMATUKN HUMKHEN
KOHEYHOCTM U Ta3a, a HanpoTHB, MOXKET NPUBOAUTL K € OTPULATEIbHOM AMHAMUKE He TOJIbKO B ONepUPOBaHHOW, HO U KOHTpaTepanbHoi HK, uto
[OMKTYeT HeobX0AMMOCTb B NPOBEAEHUN UCCIEL0BAHUI MO BbIABNEHUIO KAMHUYECKM 3HAUMMbIX KUHEMATUUYECKUX NMapamMeTpoB MOXOAKM U MPOKCH-
MmanbHbIx cyctasos HK npu HV 1 onTuMmM3aumm cyLLecTByoLWMX NOAXOA0B K IeHEHUIO.

Kniouesble cnoBa: hallux valgus, masobedpeHHslli cycmas, 201eHOCMOnHbIl cycmas, 6UOMEXAHUKA Cycmagos, cucmema 3axXx8ama 08UMeHUA.

Ona umTuposaHua: YaoukvHa J1A, XnebHukos OB, BopoHuosa O, KanutoHosa MHO. Hallux valgus: nuKeT roneHoCTONHbIe CycTaBbl U KycaeT TazobeapeH-
Hble? BecmHuk AsuyeHHsl. 2023;25(4):553-61. https://doi.org/10.25005/2074-0581-2023-25-4-553-561

HALLUX VALGUS: LICKS AT THE ANKLE JOINTS, BUT BITES AT THE HIP JOINTS?

L.A. UDOCHKINA!, YU.V. KHLEBNIKOV?, O.I. VORONTSOVA?, M. KAPITONOVA?3

1 Astrakhan State Medical University, Astrakhan, Russian Federation
2 Astrakhan State University named after V.N. Tatishchev, Astrakhan, Russian Federation
3 Faculty of Medicine and Health Sciences, Universiti Malaysia Sarawak, Kota Samarahan, Malaysia

Objective: To present the coverage in the literature of recent years of the problem of the influence of foot pathology (Hallux Valgus, HV) on the
condition of the proximal and distal joints of the lower limb (LL) in a comparative aspect.

Methods: Literature searches were carried out in the Web of Science, PubMed and Scopus databases as of September 1, 2023 using the keywords
“hallux valgus”, “bunion”, “hip joint”, “knee joint”, “ankle joint”. The inclusion criterion was the availability of full-text articles in English. Exclusion
criteria included reviews, case reports, and abstracts.

Results: Along with the previously described changes in the spatiotemporal parameters of gait, kinematics of the ankle joint (AJ) with HV, recently
there have been studies regarding its influence on the kinematics of the proximal segment of the knee joint, including those contributing to the
development of osteoarthritis (OA) of the knee joint (KJ). At the same time, disturbances in the kinematics of the hip joint (HJ) in HV, leading to the
development of pathomorphological changes in it, remain unexplored.

Conclusion: HV is a common disease of the musculoskeletal system, significantly worsening the quality of life of patients and often leading to disability.
While the effect of HV on foot kinematics and the joint axis has been described in some detail, its effect on the hip joint remains poorly understood.
Surgical treatment does not lead to a significant improvement in the kinematics of the lower limb and pelvis, but, on the contrary, can lead to its
negative dynamics not only in the operated, but also in the contralateral LL, which dictates the need to conduct research to identify clinically significant
kinematic parameters of gait and proximal joints of the LL for HV and optimization of existing treatment approaches.

Keywords: Hallux valgus, hip joint, ankle joint, joint biomechanics, motion capture system.

For citation: Udochkina LA, Khlebnikov YuV, Vorontsova Ol, Kapitonova M. Hallux valgus: lizhet golenostopnye sustavy i kusaet tazobedrennye? [Hallux valgus:
Licks at the ankle joints, but bites at the hip joints?] Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):553-61. https://doi.org/10.25005/2074-0581-2023-25-4-553-
561
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BBEAEHMUE

HV — camasa pacnpocTpaHéHHasa naTtonorua nepegHero otaena
cTonbl [1], WMPOKO pacnpocTpaHéHHanA B COBPEMEHHOM 0bLLECTBE,
nopaxatowas 23% HaceneHuns, UMetolwan TeHAEHLMIO NpPOorpeccu-
pOBaTb, 3HAUMTENBHO BAMATL HA NOXOAKY, BbI3blBasA €€ 3amenneHune
N HeCcTabuNbHOCTb, HEPEAKO co34aBas 60/se3HEHHble OLyLIEeHUs U
CNOMKHOCTM C nogbopom 06yBM, orpaHMuMBas CNOCOBHOCTb BbINOA-
HATb NOBCEAHEBHbIE AEMCTBUA M CYLLLECTBEHHO CHUMKAsA KaueCTBO KU3-
Hu [2, 3]. YacToTa BCTpeyaemocTv HV y XKeHWMH 1 myxkumH B CLUA
cocTaBnsaeT 58% u 25% cootBeTcTBEHHO [4]. MpKn 3TOM ecTb AaHHble
0 TOM, YTO B MOXM/IOM BO3PACTe Pa3/nymMA B YacTOTe BCTPEYAEMOCTH
HV KEeHLLMH M My}KUYMH CTAHOBATCA He AOCTOBEPHbIMM [5]. B npoasu-
HyTOM cTagum HV BbI3bIBAET MaTONOMMYECKOE M3MEHEHWe moaenv
NOXOAKM M3-3a 6onelt 1 vyBcTBa aAuckomeopTa [3], cnocoberayeT ae-
bUUUTY CTaTUYECKOTO PaBHOBECUA U MOBbILLEHHOMY PUCKY NafeHUA y
NoXKWAbIX Ntogen [6], uto aenaet HV cepb&3HOW MeLMLMHCKOW npo-
6nemolt [3, 6, 7].

HV xapakTepusyetca BafibrycHOM pgedopmaupert nepsBoro
natocHe-panaHrosoro cycrasa (NPC), otBegeHMEM NPOKCMMAbHOM
danaHr1 601bLIOrO NasbLa, NPU KOTOPOM AUCTaNbHbIN €€ KoHeL, OT-
KNOHAETCA OT CpesHel NMHWMK Tena Ha 15 v bonee rpagycos, a Takxe
BHYTPEHHeW poTaLumeit NICHEBOM KOCTM U LUMPOKOW cTynHew [8-11].

HV He ABnseTca U3onnpoBaHHoOW Npobaemoit 6obLIOro NasbLa
CTOMbI, KOTOPYH MOYKHO PeLInTb ONepaTMBHO. ITO NPOAOIKUTENbHOE
HapyLeHve GYHKLMK, BANAIOLLEE HA BCIO KMHeMaTU4eckyto Lenb HK
[12], dyHKUMOHANbHAA HECOCTOATENIbHOCTb KOTOPOI NPU AaHHOM Na-
Tonoruu Tpebyet bonee rybokoro nsyyenns [12, 13]. Bavauue HV Ha
OYHKLMIO CTOMbI AOCTATOYHO MOAPOOHO OMUCAHO M KaYeCTBEHHO, U
KONMYecTBEHHO. IMEHHO CHUMXKeHUe GyHKLMK cTonbl npu HV BbI3bl-
BaeT nameHeHne QyHKUMM apyrnx cycTaBoB HK, a Takke ymeHbLIaeT
CKOPOCTb X0Ab6bI M COOTBETCTBEHHO ABMIATENbHYIO aKTUBHOCTb, YTO
00ycnaBaMBaeT HeobXoAMMOCTb AETalbHO M3yYaTb 3TW HapyLeHWUs
4NA npoBeaeHns adPeKTUBHOM peabunutaumm [11].

B nocnegHee Bpems MOABAAIOTCA MCCNEAOBaHMA, YKasblBato-
wue, yto He Tonbko MCC n apyrune cyctasbl ctonbl, HO U KC, n TBC, B He
MEHbLUEN CTENEHWN OKa3bIBaAKOTCA NOZL HEraTUBHbIM BanaHMeM HV, Ha-
PYLAOLLEro UX KMHEMATUKY U CNOCOBCTBYIOLLErO B KOHEYHOM cYeTe
pa3suTHio octeoaptposa (OA). B gaHHom o630pe mbl pelwnam 0606-
WWTb HOBYHO MHOOPMALMIO O BANAHUM HV Ha NOXOAKY M KUHEMATUKY
cyctasoB HK, caenas ynop Ha HanmeHee U3y4YeHHble U3MEHEHUs B
TBC npv faHHOM NaToNOTMM CTOMbI, UCCNEA0BaHNA KOTOPbIX A0 HACTO-
fALLETO BPEeMeHM eanHuyHbI [10, 12].

MATEPUAN U METOAbI

Mouck uTepaTypbl OCYLLECTBAAANCL B 6a3ax AaHHbIXx Web of
Science, PubMed u Scopus ¢ Hosbpa 1973 go ceHTabps 2023 roga
no KntouesbiM cnoBam «hallux valgus», «bunion», «hip joint», «knee
joint», «ankle joint». Kputepmem BKAtOYEHUA ABAANOCL HANNYME NON-
HOTEKCTOBbIX CTaTelN Ha aHIIMIICKOM A3blKe. Kputepmem ncKktoYeHns
ABNANNCL 0630pbl, KNIMHUYECKME Cyydamn 1 abcTpakTbl. Monck nosso-
nvn Bblgenutb 104 ctatbm. Mocne UCKKYEHUA NOBTOPOB, He OTHOCA-
LUMXCA K 0603HaYEHHOM TEMATUKE CTaTEN, @ TaKKe NPUMEHEHUA KpU-
TepueB UCKNOYeHUA ocTanocb 43 paboTbl, KoTopble BblK AeTanbHO
NpoaHaNn3nNpPOBaHbI.

PE3YNbTATbI

Bauanue HV Ha noxoaKy
MccnepoBaHna nameHeHna Noxoakn npu HV oTHOCUTEeNbHO He-
MHOFOYMCNEHHBI U OCTaTOYHO NpOTUBOpPeUMBSI [6]. B page nccnespo-
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INTRODUCTION

HV is the most common pathology of the forefoot [1]; wide-
spread in modern society, affecting 23% of the population, tend-
ing to progress, significantly affect gait, causing it to slow down
and become unstable, often creating pain and difficulties with the
selection of shoes, limiting the ability to perform daily activities
and significantly reducing the quality of life [2, 3]. The incidence
of HV in women and men in the United States is 58% and 25%,
respectively [4]. At the same time, there is evidence that in old
age the differences in the incidence of HV in women and men be-
come unreliable [5]. At an advanced stage, HV causes patholog-
ical changes in gait pattern due to pain and discomfort [3], con-
tributes to static balance deficits and an increased risk of falling
in the elderly [6], making HV a serious medical problem [3, 6, 7].

HV is characterized by valgus deformity of the first metatar-
sophalangeal joint (MTPJ), abduction of the proximal phalanx of
the big toe, in which its distal end deviates from the midline of
the body by 15 degrees or more, as well as internal rotation of
the metatarsal bone and wide foot [8-11].

HV is not an isolated problem of the big toe that can be
treated surgically. This is a long-term dysfunction that affects
the entire kinematic chain of the LL [12], the functional failure of
which in this pathology requires a more in-depth study [12, 13].
The effect of HV on foot function has been described in sufficient
detail both qualitatively and quantitatively. It is the decrease in
foot function in HV that causes changes in the function of oth-
er joints of the knee joint, and also reduces walking speed and,
accordingly, motor activity, which necessitates the need to study
these disorders in detail in order to carry out effective rehabilita-
tion [11].

Recently, studies have appeared indicating that not only the
ankle joint and other joints of the foot, but also the knee joint
and hip joint, are no less under the negative influence of HV,
which disrupts their kinematics and ultimately contributes to
the development of osteoarthritis (OA). In this review, we decid-
ed to summarize new information about the effect of HV on gait
and the kinematics of the joints of the foot, focusing on the least
studied changes in the hip joint in this pathology of the foot, the
studies of which are still rare [10, 12].

METHODS

The literature search was carried out in the Web of Science,
PubMed and Scopus databases as of September 1, 2023 using
the keywords “hallux valgus”, “bunion”, “hip joint”, “knee joint”,
“ankle joint”. The inclusion criterion was the availability of full-
text articles in English. Exclusion criteria included reviews, case
reports, and abstracts. The search identified 104 articles. After
excluding duplicates that were not related to the designated top-
ics of the articles, as well as applying exclusion criteria, 43 works
remained, which were analyzed in detail.

RESULTS

Effect of HV on gait

Studies of gait changes in HV are relatively few and quite
controversial [6]. A number of studies have shown that in pa-
tients with HV, walking speed and step length decrease compared
to healthy people, and gait stability when walking on uneven sur-
faces also decreases [7, 11, 12, 14]. It is indicated that walking
speed is a critical variable that should be controlled when assess-
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BaHMM NOKa3aHo, YTo y 6onbHbIX ¢ HV cCKOpoCTb X0Ab0b1 M A/1MHA Lara
YMEHbLUIAKOTCA MO CPABHEHWUIO CO 340POBLIMM NIOABMM, CHUMKAETCA
TaKKe YCTOWYMBOCTb NMOXOAKM NPU Xozbbe No HEPOBHOM NMOBEPXHOCTU
[7,11, 12, 14]. Npw 3TOM YKa3bIBAETCA, YTO CKOPOCTb X04b0bI ABNAETCA
KPUTUYECKOW NEepeMEHHO, KOTOPYHO CleayeT KOHTPOAMPOBaTbL Mpu
OLIEHKe aganTalLmu, CBA3aHHOM Co cTapeHnem 1 passutvem HV [10].

OfHMM U3 MEeXaHU3MOB CHUMXKEHMUA CKOPOCTM MoXoaku npu HV
CYUTAETCA YKOPOUEHWNE PACCTOAHUA OT TOUKM NPU3EMAEHUA NATKM 40
TOYKM NPOEKUMM LieHTpa maccbl. MaKCMManbHbI U MUHUMANbHbIN
LieHTPbI MacCbl OKa3blBakOTCA Bblle npu HV, M pasHULLE MEXKAY MaKCK-
MaJIbHbIM M MUHMMAJ/IbHBIM LLEEHTPamMM Macc CTAHOBUTCA JOCTOBEPHO
MeHbLe npu HV, 4em B KOHTPONE, U NMPAKTUYECKM OHA COXPaHAETCA
TaKOW Ha NPOTAMKEHUM BCErO LMKAA NOXOAKM. COXpaHAoLLEeecs BbICO-
KOe NosioXKeHMe LeHTpa mMacc npu HV 03Hay4aeT, 4To noTeHLManbHas
3HEPrUA He MOKET bbiTb 3ddEKTMBHO NpeobpasoBaHa B KMHETUYE-
ckyto [11]. Onsa onTMMM3auMM NapameTpoB MOXOAKM HeobxoamMmo
CTPEMUTBCA K YMEHbLUEHWIO NokasaTens «touchdown» (paccTosHua
OT TOYKM HAYaNIbHOTO KOHTAKTA 40 TOYKM MPOEKLMM LEHTPa Macchbl).
OnncaHo CoKpaLLeHNe NPOAOKUTENBHOCTU Gasbl ONOpPbl U BPEMEHU
wara y naunenTos ¢ HV [15].

113BeCTHO, YTO BO Bpems X0Ab6bl BEIMUMHA YCUAUA OTTA/IKUBA-
Hus (push-off), momeHT cun B cyctaBax HK 1 MbieyHas paboTa, Bbi-
nonHaeman CC, KCun TBC, cucteMHO yBENIMUMBAIOTCA C YBENNYEHUEM
cKopocTU xoabbbl [16, 17], B TO Bpems, Kak npu HV, B NpOTMBONONOK-
HOCTb 3TOMY, HapsAZy C YMeHbLUEHUEM CKOPOCTU X0Ab0bl, yBenye-
HWUA MOMEHTa CWAbl NOLOLWBEHHbIX CrubaTtenei npu eé ycKopeHuu
He npoucxoauT. Kpome Toro, y 60sbHbIX ¢ HV peructpupyetcs sasoe
MeHbluee yBennyeHue pabotbl FCC npum NoBbILEHNM CKOPOCTH NOXOA-
KW, YEM Y 340POBbLIX, @ B TEPMMHANbHOW dase onopbl, Koraa 340p0-
Bble B3POC/Ible NOAM SIHEPTUYHO OTTANIKUBAKOTCA OT 3emn, anua ¢ HV
[EMOHCTPUPYIOT MeHee 3¢deKTMBHOE OTTasKMBaHue [18], KomneH-
CUpYyA 3TOT HEeAOCTATOK BosbluMM ycuavem pasrubateneit begpa B
Hauyane ¢asbl OMOpPbI MO CPABHEHMIO CO 340POBbIM KOHTpoNeMm [10].
YCTaHOBNEHO, YTO CHUMEHWEe CUAbl OTTaNKMBaHMA npu HV cBAsaHo ¢
HapyLWeHWeM pacnpeseneHnsa NoAOLIBEHHOIO AaBAEHUA B NepeaHen
4aCTM CTOMbI U CHUMKEHMEM NOABUMKHOCTM B NAtOCHEDANAHTOBbIX U FO-
NeHocTonHbIX cycTaBax [15, 19, 20].

Mpu HV cuna peakumm onopbl NOKa3biBAET 3HAYUTE/IbHOE YBE-
JINYeHNe naTepasbHOrO KOMMNOHEHTA B Kaxaom nepuoge dasbl ono-
pbl ¥ BEPTUKAZILHOTO KOMMOHEHTa — B nosaHei ¢ase onopbl [11].
BmecTe ¢ Tem, pas aBTopoB cumntaeT, 4To HV He BbI3blBaET CYLLECTBEH-
HbIX Pa3/IMYNIA MPOCTPAHCTBEHHO-BPEMEHHDBIX MAapaMeTPOB MOXOAKM
[15, 21, 22] v HapyweHMa AMHAMUYECKOrO PaBHOBECKS NpKU Xoabbe
C KOMPOPTHBIMKU CKOPOCTAMM, HECMOTPA Ha YMeHblUeHWe NPoAos-
KUTENbHOCTU (a3bl ABOMHONM ONOPbI U pAAa APYrUX U3MEHeHMA [6].
BepoATHO, 3TK NPOTUBOPEUNA MOTYT BbiTb OOBACHEHBI TeM 06CTOR-
TENbCTBOM, YTO He BCErAa B UCCNEA0BAHMAX YUUTbIBANACH CTeNeHb HY,
B TO BPEMSA, KaK pasHble MO TAXKECTW CTENEHW AaHHON NaToNOrMK MO-
ryT No-pasHOMY B/IMATb Ha OCHOBHbIE NPOCTPAHCTBEHHO-BPEMEHHbIE
napameTpbl NMOXOAKM, KOTOPbIE, MO-BUAMMOMY, MOTYT BbiTb 3aTPOHY-
Tbl Y NOXWUAbIX Ntoger ¢ HV Taxénol cteneHu, ocobeHHo npu bonee
CNOXKHbIX 33Z1a4ax X04bObl, HANPUMep, N0 HEPOBHbLIM MOBEPXHOCTAM
[2, 8]. HegocTaTKOM 6OBLUMHCTBA NPOLUTUPOBAHHBIX B LAHHOM pas-
Zene paboTt OTHOCUTENbHO BO3PACTHOW aAanTaLMm CYCTaBHbIX YCUNIA
[16, 17, 23], aBnsetca TOT GaKT, yto dYHKUMA MblwL, HK nsyyanach ¢
npeacTaBNEHMEM O CTOME, KaK O KECTKOM eé cermeHTe. B byaywimx
MCCNeA0BaHNUAX LenecoobpasHo MCMonb3oBaTb MOLENWN CTOMbI, Mo-
3BO/IAIOLLME TOYHO OMNPEAENUTb KUHEMATUUYECKME U KMHETMYECKue
n3meHeHua B nepsom MNAOC y noxunbix Atogen ¢ HV u y 3goposoro
KOHTponA [24].

BblisiB/IeHHble NPOTUBOPEUMNA MOTYT BbiThb TaKKe 0ObACHEHbI pas-
JINYHBIM TEXHUYECKMM YPOBHEM MPOBEAEHMA UccnegoBaHuin. Ove-

ing adaptations associated with aging and the development of HV
[10].

One of the mechanisms for reducing gait speed in HV is con-
sidered to be a shortening of the distance from the point of heel
strike to the point of projection of the center of mass. The max-
imum and minimum centers of mass are higher at HV; and the
difference between the maximum and minimum centers of mass
becomes significantly smaller in HV than in the control, and prac-
tically it remains this way throughout the entire gait cycle. The
continued high position of the center of mass at HV means that
potential energy cannot be efficiently converted into kinetic en-
ergy [11]. To optimize gait parameters, it is necessary to strive to
reduce the touchdown rate (the distance from the point of initial
contact to the point of projection of the center of mass). A reduc-
tion in the duration of the stance phase and step time in patients
with HV has been described [15].

It is known that during walking, the magnitude of the push-
off force (push-off), the moment of force in the joints of the LL
and the muscular work performed by the AJ, KJ and HJ systemi-
cally increase with increasing walking speed [16, 17], while in HV,
in contrast, along with a decrease in walking speed, there is no
increase in the moment of force of the plantar flexors during its
acceleration. In addition, in patients with HV, a half-smaller in-
crease in the work of the central nervous system is recorded with
increasing gait speed than in healthy people, and in the terminal
phase of support, when healthy adults push off energetically from
the ground, people with HV demonstrate a less effective push-off
[18], compensating for this lack of greater force in the hip exten-
sors at the beginning of the stance phase compared to healthy
controls [10]. It has been established that a decrease in the push-
off force in HV is associated with a violation of the distribution of
plantar pressure in the forefoot and a decrease in mobility in the
metatarsophalangeal and ankle joints [15, 19, 20].

In HV, the ground reaction force shows a significant increase
in the lateral component in each period of the stance phase and
the vertical component in the late stance phase [11]. At the same
time, a number of authors believe that HV does not cause sig-
nificant differences in spatiotemporal gait parameters [15, 21,
22] and disturbances in dynamic balance when walking at com-
fortable speeds, despite a decrease in the duration of the dou-
ble support phase and a number of other changes [6]. Probably,
these contradictions can be explained by the fact that the degree
of HV was not always taken into account in studies, while degrees
of this pathology of different severity may have different effects
on the main spatiotemporal parameters of gait, which, appar-
ently, can be affected in older adults with severe HV, especially
during more complex walking tasks such as on uneven surfaces
[2, 8]. The disadvantage of most of the works cited in this sec-
tion regarding age-related adaptation of joint forces [16, 17, 23] is
the fact that the function of the LL muscles was studied with the
idea of the foot as its rigid segment. Future studies would benefit
from using foot models that can accurately determine kinematic
and kinetic changes in the first MTPJ in older adults with HV and
healthy controls [24].

The identified contradictions can also be explained by the
different technical level of research. It is obvious that work in
recent years has been carried out using more advanced motion
capture equipment, which makes it possible to assess subtle
changes in gait that until recently could not be recorded. Note-
worthy is the very limited number of observations in most works
on the topic under consideration, which also cannot but influence
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BWUAHO, 4TO PabOoTbl NOCAEAHUX NET BbINOHEHbI Ha Bonee coBepLLeH-
HOM 060pYA0BaHUM MO 3aXBaTy ABUMKEHWI, NO3BONAIOLEM OLEHUTD
TOHKME U3MEHEHMA NOXOAKM, A0 HeAaBHEro BPEMEHU He JOCTyMHble
peructpauumn. ObpalLaet Ha cebs BHUMaHWe Y BeCbMa OrpaHUYeHHoe
yucno HabnoaeHuit B 6onbWMHCTBE PaboT No paccmaTpuBaemoit Te-
MaTUKe, YTO TaK¥Ke HE MOXKET He BIMATb Ha 3HAYMTE/bHbIN pasbpoc
Noy4aemMblx B NPOBOAMMBIX MCCNEA0BAHMAX AaHHbIX [25, 26].

BanaHue HV Ha dyHKUMIO cTONbl U KNHEMaTUKy TCC

Bananune HV Ha GyHKLMIO CTONbI OXapaKTepM30BaHO KayeCTBeH-
HO M KOMYECTBEHHO, ONMUCaHbl NaTOMeXaHWYeckue mogenu, B 6onb-
WelN CTeneHW OCHOBaHHbIE Ha pe3y/nbTaTax M3MepeHWi faBneHus
nogowsbl. OfHAKO KMHEMATUYECKME NaTTePHbl MHOMUX CErMEHTOB
CTOMbI BO Bpems xozbbbl npu HV Hy:KAal0TCA B KOMYECTBEHHDBIX YTOY-
HEHUAX.

Pap, aBTOpoB coobliaeT o HebnaronpuaTHOM BAMAHUM HV Ha
NOABMKHOCTb U GYHKLMIO CTOMbI, B YAaCTHOCTU B NNaHe obecneyeHus
NOCTYNaTeNbHOTO ABUMKeHUA, 0cOBeHHO B MO3AHIO $asy onopsl,
Korga gsukeHune B nepsom MPC BaXKHO ANA NPOABUMMKEHUA BNepés,
u nepeHoca Beca Tena [10, 15]. Mpu 3TOM, OAHMU aBTOPbI OTMEYAIOT,
yto aedopmauma 1-i naocHeBoW Koctv npu HV BAMAET Ha KMHema-
TWUKY BO/IbLIOTO ManbLa B CaruTTasbHOM MAOCKOCTH, B TO BPEMSA, KaK
BAuaHWe HV Ha apyrue cermeHTbl CTOMbl OKa3aNoch OrpaHUYEHHbIM,
M natomexaHuuyeckne nocnepcteua HV ocTaloTca orpaHMYeHHbIMU
BecoHecyLeln ¢yHKumen 1-i natocHeBow KocTu [15]. Apyrue uccne-
[loBaTeNu oTMeYatoT BansHKe HV Ha gpyrue cermeHTbl ctonbl [11-13].

YCTaHOBNEHO, YTO ANA HOPMasbHOM Xoabbbl Tpebyertca yron
TbinbHOMO crubanus B FCC okono 10°, a NOAOLWBEHHOrO CrMbaHna —
okono 20° [27]. Mpu HV yron TblAbHOro crubaHns AOCTOBEPHO YMEHb-
waetca v ctaHosutcA <10. CneposaTenibHO, AN1A YBEIMYEHUA CKOPOCTU
1 3GPEKTUBHOCTU NOXOAKM, a TaKKe KoHTpons HV n npesoTBpaLleHus
€ro NPOrpeccUpoBaHNA HEOHXOAMMO CTPEMUTLCA K YBENUYEHUIO Ana-
na3oHa TblbHOro crmbanua 8 MCC [11].

HV 3ameTHO meHseT KuHemaTuky FCC B uyKAe xoab0bl Mo cpas-
HEHMIO C BO3PACTHbIM KOHTponem. TaKk y 6onbHbix HV Habntoganca
MeHbLUINI 06BEM AuxKeHnii FCC B carMTTanbHOM NNOCKOCTU Ha 06emnx
HOrax, fl0CTOBEPHO MEHbLUMI MaKCUMYM NOAOLLBEHHOO CrbaHus BO
BPEMA OTPbIBa HOCKa (toe-off). 3Ta pasHuua bbina Gonee BbipaxkeHa B
KoHeyHocTH ¢ edopmaumeit HV. Takke npu HV umen mecto bonbLunii
MaKCMMYM TbIJIbHOTO CrbaHuA B KoHUe dasbl nepeHoca [12]. B apy-
rom UCCNefoBaHUM OTMeYaeTcs, YTo npu HV, Hapaay co cHUKeHuem
MaKCMMyMa TblJIbHOTO crubanus B Gasy cepeauHbl Onopbl, UMeeT Me-
CTO yBeNMYeHe MaKCUMyMa NOAOLIBEHHOIO CrMbaHWA NPU peakLum
Ha HarpysKy, KOTopoe, HanpoTKB, yMeHbLUaeTcA B ¢pasy npenepeHoca
NO CPAaBHEHMIO C BO3PACTHbIM KOHTPO/IEM, YTO TaKKe CONPOBOXKAAET-
¢ 60ONIbLUIMM MaKCMMYMOM pa3rMbaHua B KOJIEHHOM CYCTaBe B KOH-
ue dasbl nepeHoca. Bo ¢poHTanbHOM naockoct npu HV 3Haunmo
MeHbLLUEe MaKCUMyM OTBeAeHUA Bespa B LyKAe NOXOAKMW. [uanasoH
HaK/I0Ha M POTaLLMM Ta3a TaKKe 3HaYMmo MeHbLue npu HV [13]. Takum
obpasom, onucbizas BamaHne HV Ha ctony u ICC, aBTopbl OTMeYatoT,
4To HV He ABNAETCA UCKNOUYUTENBHO NAaTONOMMEN CTOMbI, TaK KaK Hera-
TUBHO B/INAET HAa HUMKHIOIO KOHEYHOCTb B LIe/IOM, Bbi3biBas neperpys-
Ky €€ CerMmeHToB.

N3meHeHUA noxoaKuM u o¢yHKuum cronbl npu HVY,

onocpefoBaHHble BO3PaCTHbIMU U3MEHEHUAMMU

Bo3pacTHble M3MEHEHWs1 MOXOAKWU CBA3aHbl, B YaCTHOCTU, CO
CHVKEHWEM CWJIbl MOZOLIBEHHbIX CrubaTeseit cTonbl, KOTOPOe Bbi-
HYYKOAET NOXMAbIX NtoAen npu xoabbe ykopaumsaTb waru, 6onblue
33/1e1MCTBOBATb NPOKCHMAbHbIE MbIWLbI (pasrnbanu beapa) v Kom-
NeHCMpoBaTb AePUUMT CUAbI OTTA/IKUBAHUA TaK Ha3blBaeMbIM AMC-
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the significant scatter of data obtained in the studies conducted
[25, 26].

The influence of HV on foot function and kinematics

of the joint system

The effect of HV on foot function has been characterized
qualitatively and quantitatively, and pathomechanical models
have been described, mainly based on plantar pressure measure-
ments. However, the kinematic patterns of many foot segments
during walking in HV require quantitative clarification.

A number of authors have reported the adverse effects of
HV on foot mobility and function, particularly in terms of promot-
ing forward movement, especially in the late stance phase when
movement in the first MTPJ is important for forward propulsion
and body weight transfer [10, 15].

At the same time, some authors note that the deformation of
the 1st metatarsal bone in HV affects the kinematics of the big toe
in the sagittal plane, while the influence of HV on other segments
of the foot turned out to be limited, and the pathomechanical con-
sequences of HV remain limited to the weight-bearing function of
the 1st metatarsal bone [15]. Other researchers have noted the ef-
fect of HV on other segments of the foot [11-13].

It has been established that normal walking requires an an-
gle of dorsiflexion in the AJ of about 10°, and a plantar flexion an-
gle of about 20° [27]. With HV, the dorsiflexion angle significantly
decreases and becomes <10. Therefore, to increase gait speed
and efficiency, as well as control HV and prevent its progression,
it is necessary to strive to increase the range of dorsiflexion in the
AJ[11].

HV noticeably changes the kinematics of the AJ during the
gait cycle compared to age-related controls. Thus, in patients with
HV, there was a smaller range of movements of the AJ in the sag-
ittal plane on both legs, and a significantly lower maximum plan-
tar flexion during toe-off. This difference was more pronounced in
the limb with HV deformity. Also in HV there was a greater maxi-
mum of dorsiflexion at the end of the swing phase [12]. Another
study notes that in HV, along with a decrease in the maximum of
dorsiflexion in the mid-stance phase, there is an increase in the
maximum of plantar flexion in response to load, which, on the
contrary, decreases in the pre-swing phase compared to age-re-
lated controls, which is also accompanied by a greater maximum
of extension in the KJ at the end of the transfer phase. In the fron-
tal plane, with HV, the maximum hip abduction in the gait cycle
is significantly less. The range of pelvic tilt and rotation is also
significantly less in HV [13]. Thus, describing the effect of HV on
the foot and the joint system, the authors note that HV is not ex-
clusively a pathology of the foot, as it negatively affects the lower
limb as a whole, causing overload of its segments.

Age-mediated changes in gait and foot function in HV

Age-related changes in gait are associated, in particular,
with a decrease in the strength of the plantar flexors of the foot,
which forces older people to shorten their steps when walking,
use more proximal muscles (hip extensions) and compensate for
the lack of push-off force with the so-called distal-proximal redis-
tribution of joint forces, which compensatoryly increase in the
proximal direction [16, 17, 28]. Studies of gait mechanics in aging
and people with HV have identified a common deficit associated
with decreased push-off force during walking [10]. However, it re-
mains to be determined whether the effects of aging and HV are
additive.
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TaNbHO-MPOKCUMA/IbHBIM NepepacnpeseseHHUEM CYCTaBHbIX YCUIUNA,
KOTOpPble KOMMEHCATOPHO YBEIMYMUBAKOTCA B MPOKCMMAIbHOM Hanpas-
neHun [16, 17, 28)]. UccnepoBaHna MexaHMKM Xo4b0Obl NPU CTapeHn 1
y noaedi ¢ HV BbiaBuan 0bwmii aeduumT, CBA3aHHbIN CO CHUMKEHUEM
CWAbl OTTaNKMBAHWSA BO Bpems xoabbbl [10]. Tem He meHee, el npea-
CTOUT ONpeaenuTb, ABNATCA M 3ddeKTbl cTapeHna n HV cymmupy-
foLmmuncs.

Bo MHorMx pabotax WAET NpPOTMBONOCTaBAEHME MOOLOrO
BO3PacTa NOXWIOMY, CPE€AHMIN BO3PACT NPOMNYCKAEeTCs, U 3TO He No-
3BO/IAIET YCTAHOBUTbL MYOUHY B3aMMOBAMAHMA TakMX $AKTOPOB, KaK
cTapeHue u nossnenHue HV, a TakKe NOHATb, UMEET /I MECTO UX CyM-
MUpyloWwmii 3pdeKT Ha passuTue natonorumn HK [29, 30]; paboTtbl, ox-
BaTblBatOLLME CPEAHMNIA 1 NOXKMUION BO3PACT EAMHWUYHBI U OTIMYAIOTCA
Ma/lbIM KONnyectBom 06bEKTOB MUccnenoBaHuaA [25].

BnanaHune HV Ha KNHeMaTUKy NPOKCMManbHbIX cyctaBoB HK

Pspgom uccneposanmii [12, 31-34] 66110 NOKas3aHoO, YTO KOHOY-
rypauya cTonbl BAUAET He TONbKO HA NPOCTPAHCTBEHHO-BPEMEHHbIE
napameTpbl U KMHeMaTuKy ctonbl 1 FCC npu xoabbe, HO U Ha KuHe-
maTuKy KC, TBC 1 Ta3a No CpaBHEHMIO CO 30POBbIM KOHTpoem [12].
YMeHbLLEHHbIN UHAEKC BbICOTbI CBOAA CTOMbI CBA3AH C YCUEHUEM pe-
TpaKuum Tasa u ycuneHvem BanbrycHol gedopmaumm KC B cepesmHe
¢a3bl onopbi [33]. CywecTayeT 3HaUMMan OTpULaTeIbHAA KOpPenaLma
MeXay poTalmeit ctonbl v bespa/Tasa B nonepeyHoi naockoctv [31].

M3mepeHune obbéma asukennit B TBC, KC, ICC Takke 0bHapy-
KUNO M3MEHEHWe WX Anana3oHa y naumeHTos ¢ HV no cpaBHeHuto co
3/10POBbIMM NIOABMM M3 KOHTPONbHOW rpynnbl [35], 4To No3Bonnno
aBTOPaMm CAenaTh BbIBOA O HEOOXOAVMMOCTY NMOJHOW KMHEMATUYECKOM
OLLEHKM BCEM HUMHEN KOHEYHOCTU A1 MOHMMAHUA NPOUCXOAALLMUX
npu HV nsmeHeHuii. Mo MHeHUto aBTOpPOB [34], cpeay KpynHbIX Cy-
crasoB HK, HV 6onble Bcero HapywaeT 6uomexaHuky KC. Tak mak-
CMManbHoe pasrnbaHue KoneHa bbino BunatepanbHo MeHblue B pase
nepeHoca y naumeHtos ¢ HV [12].

M3meHeHus, Bbi3BaHHble HV B pasanyHbix otgenax HK, B Tom
uuncne, cnocobcTeytoT passuTHio B HMX OA, B yacTHocTv B KC [36-38].
Accoupaumio HV ¢ OA KC u TBC oTmedanu u apyrve asTopbl [39].

B yacTHOCTH, M36bITOYHAA npoHaumsa 1-ro NPC npu HV nsmes-
€T HaK/IOH Ta3a, YTO MPUBOAWT K NoABAeHUIO Boneit B nosicHuue. Npu
TAXenom HV uameHeHve oTBOAALLErO MOMEHTa KoneHa, Tpebyemo-
ro AN1A CHUXKEHUA HArpy3kM Ha Bo/1bLIOI naneL, cTonbl, cnocobcTeyeT
passuTuio OA KC [37]. MogobHbIx paboT, NOATBEPHKAAOLMX BAUAHME
HV Ha pa3suTie OA TBC HeT, Npu TOM, YTO Hemano paboT, KoTopble
MOKa3blBalOT 3HAUNTENbHOE U3MEHEHWE KMHEMATUKM UmeHHo TBC
npw HV, KOTopoe HECOMHEHHO MOeT ABAATLCA GAKTOPOM, NPOBOLY-
pytowmm passutue OA.

Bmecte c Tem, npm usydeHumn yra TEC He 6bi0 06HapyKeHo ero
nsmeHeHuit npu HV HK1 B ofHY a3y LyKna NOXOAKM; NULLb yBEUYe-
HWe HaKIoHa TYNOBULLA MMENO MEeCTO BO BCe Nepuosbl $hasbl onopbl,
a TaKKe yMeHblUeHWe TbiabHOro crnbanusa B ICC [11].

Bananue HV Ha TBC u3y4eHO B UCCNeS0BaHWMM X0n4bObl 60/b-
HbIX C AaHHOM MaTONOrMEN C Pa3HOM CKOPOCTbI. Y 60/bHbIX ¢ HV
MpuW YCKOPEHUM X0AbObI YBENNYEHUE AAMHDBI Wara OblI0 JOCTUTHYTO
3a CYET yBeNnYeHUA amnauntyabl AsmxeHna TEC, MOMeHTOB cun ero
pasrubateneit u cBA3aHHOM ¢ HUM paboToli 6e3 yBesndyeHns obbEMa
ABuxKeHui ICC M MoMeHTa CUA NOAOLWBEHHbIX crbaTteneit. 3To 03-
HayaeT, YTo NOXKWAble XKeHWMHbI ¢ HV No cpaBHEHMIO C NOXKWUAbIMU
KeHWwmnHamu 6e3 HV aemoHcTpupytoT 6onbliuee AUCTaNbHO-NPOKCH-
MasnbHOe nepepacnpesencHue 3a CYET yBeMYeHUa AnanasoHa ABu-
®enua TBC [10]. 3Tv HabnoaeHUA NO3BONAKOT NPEANONOKMUTb, YTO
MOXWUbIE KeHLMHbI ¢ HV eMOHCTPMpYOT 60MbLLYIO 3aBUCMMOCTb OT
NPOKCUMANbHbIX YCUAKI MO CPABHEHUIO CO 3L0POBLIMM.

In many works, young age is contrasted with old age, middle
age is omitted, and this does not allow us to establish the depth
of mutual influence of factors such as aging and the appearance
of HV, as well as to understand whether they have a cumulative
effect on the development of LL pathology [29, 30]; works cover-
ing middle and old age are rare and are characterized by a small
number of research objects [25].

Effect of HV on the kinematics of proximal LL joints

A number of studies [12, 31-34] have shown that the con-
figuration of the foot affects not only the spatiotemporal pa-
rameters and kinematics of the foot and AJ during walking, but
also the kinematics of the KJ, HJ and pelvis compared to healthy
controls [12]. A reduced arch height index is associated with in-
creased pelvic retraction and increased valgus deformity of the KJ
joint in the mid-stance phase [33]. There is a significant negative
correlation between foot and hip/pelvic rotation in the transverse
plane [31].

Measuring the range of motion in the hip joint, knee joint,
and joint joint also revealed a change in their range in patients
with HV compared with healthy people from the control group
[35], which allowed the authors to conclude that a complete ki-
nematic assessment of the entire lower limb is necessary to un-
derstand what is happening with HV changes. According to the
authors [34], among the large joints of the knee joint, the HV
most disrupts the biomechanics of the joint. Thus, the maximum
knee extension was bilaterally lower in the swing phase in pa-
tients with HV [12].

At the same time, changes that occur with HV not only in
the foot, but also in other parts of the LL, are not corrected even
after successful surgical treatment of HV. In particular, asymmetry
of movements of the hip and pelvis in the frontal plane was dis-
covered, which occurred before the HV operation and persisted
after it [12].

Changes caused by HV in various parts of the LL also con-
tribute to the development of OA in them, in particular in the KJ
[36-38]. The association of HV with OA of the KJ and HJ was also
noted by other authors [39].

In particular, excessive pronation of the 1st MTPJ in HV
changes the pelvic tilt, which leads to low back pain. In severe
HV, changes in the knee abduction torque required to reduce the
load on the big toe contribute to the development of knee OA
[37]. There are no similar studies confirming the influence of HV
on the development of OA of the HJ, although there are many
studies that show a significant change in the kinematics of the
HJ during HV, which can undoubtedly be a factor provoking the
development of OA.

At the same time, when studying the HJ angle, no changes
were found during HV in any phase of the gait cycle; only an in-
crease in trunk inclination occurred during all periods of the sup-
port phase, as well as a decrease in dorsiflexion in the AJ [11].

The effect of HV on the HJ was shown in a study of walking of
patients with this pathology at different speeds. In patients with
HV, when walking faster, an increase in step length was achieved
by increasing the amplitude of movement of the HJ, the moments
of force of its extensors and the work associated with it without
increasing the range of movements of the HJ or the moment of
force of the plantar flexors. This means that older women with
HV, compared to older women without HV, demonstrate great-
er distal-proximal redistribution due to an increase in the range
of motion of the HJ [10]. These observations suggest that older
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Y 6onbHbIX ¢ HV Ha TOM CTOPOHE MoparKeHWs MaKCMMAasbHbIN
NoZbEM Tasa bbln MeHbLUe B Hayase $asbl Onopbl, @ MaKCUMyM Ony-
CKaHuA Ta3a bbln Honblue Bo Bpema ¢asbl NpenepeHoca No cpaBHe-
HUIO C KOHTPAATEPaIbHOW KOHeYHOCTbo 6e3 HV. Y 6onbHbIx ¢ HV Ha
3/10pOBOI CTOPOHE MMENI0 MECTO AOCTOBEPHO bosbluee npuseseHUe
6enpa 1 NogbEM Tasa B Havane asbl OMopbl U MeHbLUee OTBeeHNE
6enpa, v onyckaHWe Ta3a B KOHLLe $a3bl ONOpPbI NO CPABHEHMIO CO 340-
POBbIM KOHTpO/IEM. Takum 06pasom, y 6osbHbIx HV Ha HemopakeH-
HOW CTOPOHE NPOMUCXOAAT KOMMEHCALMOHHbIE U3MEHEHUSs, KOTOpble
3aCNYKMBAIOT JaNbHeNLWero nayyeHus [12].

Takum obpasom, NpuBeaEHHbIE UCCNEA0BAHUA NMOKA3aau, YTo
TBC oKa3blBaeTcA NOJ, He MEeHbLIMM HeraTuBHbIM BAUAHUEM HV, yem
I'CC, npu aTom TBEC OKa3blBaeTCA HaMMEHee U3y4eHHOM MULeHbo HV
cpeam NpPoKcMManbHbIx cyctasos HK.

Mpv aHaNM3e KMHEMATUKM HUXKHEN KoHeYHOCTU npu HV, BaxHO
MOHATb, KaKMe U3 paccMaTpyMBaeMblX MapaMeTpoB MOXOLKM UMetoT
KNMHUYeCKoe 3HaveHume.

KnuHuuyeckne acnektbl BanaHua HV Ha pasnudHblie

cermeHTbl HK 1 Ta3oBoro nosca

Xota cywecteyeT 6onee 200 METOAOB XMPYPrUYECKOTO IeYEHMS
HV, [0 c1x, HecMOTpA Ha COBPaHHYIO CONMMAHYIO fOKa3aTe/bHyto 6a3y,
Cpeay XMpYproB HET KOHCEHCyca B OTHOLIEHWM Bblbopa Haubonee
aAeKBaTHOro ero Metoaa [1]. U xoTa xupypruyeckoe BMeLwaTeNbCTBO
ABNAETCA BaXKHENLLEeN YacTblo nedeHmnn 6o/bHbIx HV, oaHako paboTtbl
MO M3y4EeHMIO MPOCTPAHCTBEHHO-BPEMEHHbIX MAPaMETPOB M KMHEMa-
™KK HK 1 Tasa npu xoabbe nocne xupypruyeckoro neyeHuns HV ma-
NouncaeHHbl [12, 25, 40], 1 B HUX OLIEHKa M3MEHeHUA NOXOAKM noce
onepawLuy OrpaHNYMBAETCA U3MEPEHNEM eAMHWNYHBIX MAaPaMeTPOB, B
TO BPEMA KaK KOMM/IEKCHas OLeHKa oTcyTcTeyeT [41, 42].

[axe nocne ycnewHoro xupypruyeckoro nedenua HV, gpyrue
YacTW HUMKHEN KOHEYHOCTM M TAa30BOrO NOACA, OKasaBLUMecs nog,
HeraTMBHbIM BAMAHWEM AAHHOM MATONOMMK, OCTAOTCA CMELLEHHbI-
MU, CNabbiMK, ¢ orpaHnyeHnem apuskenuid [11, 12]. Kak nokasanu
HeKoTopble aBTOPbI, XMpyprudeckoe neyeHne HV He oKasbliBaeT 3a-
METHOTO B/AIMAHMA Ha U3MEHEHHYIO MATONIOTMEN CTOMbl KUHEMATUKY
HUMKHMX KOHEYHOCTeM M Tasa [12, 25]. bonee TOro, OHO NMPUBOAMT K
elwé bonee [OCTOBEPHOMY CHUMKEHMIO CKOPOCTU X0Ab0bI U yBenuye-
HUIO0 BPEMEHM LIAra, a TaKKe eLLé 60NbLIEMY CHUKEHNIO MaKCUMa/lb-
HOro NOAOLWBEHHOTO crbaHus B $asy oTpbiBa HOCKA. Onepauusa He
M3MEHSAET KUHEMATMKY beapa M Tasa, COXPaHAETCa U MMEBLUAsACA 40
XMPYPrUYECKOTO NIeYEHNA aCMMMETPUA ABUKeHUI beapa M Tasa BO
bpoHTaNbHOM NOCKOCTU. ONpeaenseTca MeHbLUNIA MaKCUMYM OTBe-
ZeHua beapa ¢ NogbEMOM Tasa B Hadvane $pasbl Onopbl M 6oNbLINKA
MaKCMMyM npuBeaeHus begpa c onyckaHMem Tasa B KoHuUe ¢dasbl
Onopbl Ha ONEPUPOBAHHOM HOTe NO CPABHEHMIO C HEOMEPUPOBAHHOW
KOHeYHOCTbto. Ha HeonepupoBaHHOM Hore HabtoaakoTCA CXOAHbIE C
OMNEePUPOBAHHOM KOHEYHOCTbIO M3MEHEHMA NPOCTPAHCTBEHHO-BpE-
MEHHbIX Nokaszatenei. Onepauus AOCTOBEPHO CHUMKAET KafeHLMIo
M CKOPOCTb X0AbbbI. [/IMHA Wwara HeoNepMPOBaHHOM HOTU CTaHOBUT-
CAl KOpoYe, a BPeMs Liara YAAMHAETCA, YTO NPUBOAUT K YBENMYEHMIO
NPOAOMNKUTENBHOCTU Pa3 OAUHOYHOM M ABOMHOM onopbl. Mpu 3ToM
[LOCTOBEPHbIX U3MEHEHWI KUHEMATUKM Beapa 1 Ta3a Ha Heonepupo-
BaHHOW CTOPOHe nocne onepauuu HY He Habntopaetcs [12].

KaK noaTteBep:KaaeT Apyroe nccnegoBaHue, HECMOTPA Ha 3HaYM-
MOE yNyyLleHne KOHOUrypaLmm CTonbl M yMeHbLieHWe 60NeBoro CUH-
[ POMa Noc/e XMPYPruyeckoro neyeHuns HV, 40CTOBEPHbIX U3MEHEHMM
KMHEMATUKK Xo4bbbl OHO He Bbi3biBaeT [25].

Takvm 06pa3om, No AaHHLIM pPAAa UCCAeL0BaHUIA, onepauus
no nosogy HV He3HaunTenbHO BAUAET Ha KnHemaTuKy HK, a oTmeuen-
Hble HebOo/bLLIME U3MEHEHUA HE CBUAETENLCTBYHOT O MOJIOKUTENbHOW
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women with HV exhibit greater dependence on proximal forces
compared with healthy controls.

In patients with HV on that side of the lesion, the maximum
pelvic elevation was less at the beginning of the stance phase,
and the maximum pelvic descent was greater during the pre-
swing phase compared with the contralateral limb without HV.
Moreover, on the control side not affected by HV, there were also
changes compared to healthy age controls. In patients with HV
on the healthy side, there was significantly greater hip adduction
and pelvic elevation at the beginning of the support phase and
less hip abduction and pelvic descent at the end of the support
phase compared to healthy controls. Thus, in patients with HV,
compensatory changes occur on the unaffected side, which de-
serve further study [12].

Thus, the above studies have shown that the HJ is no less
negatively affected by HV than the AJ, while the HJ turns out to
be the least studied target of HV among the proximal joints of
the LL.

When analyzing LL kinematics in HV, it is important to un-
derstand which of the gait parameters considered are clinically
relevant.

Clinical aspects of the influence of HV on various

segments of the LL and pelvic girdle

Although there are more than 200 methods of surgical
treatment of HV, so far, despite the collected solid evidence base,
there is no consensus among surgeons regarding the choice of
the most adequate method [1]. And although surgical interven-
tion is the most important part of the treatment of patients with
HV, there are few works on the study of spatio-temporal parame-
ters and kinematics of the LL and pelvis during walking after sur-
gical treatment of HV [12, 25, 40], and in them the assessment
of changes in gait after surgery is limited to single measurements
parameters, while a comprehensive assessment is missing [41,
42].

Even after successful surgical treatment of HV, other parts
of the LL and pelvic girdle, which were negatively affected by this
pathology, remain displaced, weak, and with limited movements
[11, 12]. As some authors have shown, surgical treatment of HV
does not have a noticeable effect on the kinematics of the lower
extremities and pelvis altered by foot pathology [12, 25]. More-
over, it leads to a significantly greater decrease in walking speed
and an increase in step time, as well as an even greater decrease
in maximum plantar flexion during the toe-off phase. The oper-
ation does not change the kinematics of the hip and pelvis, and
the asymmetry of movements of the hip and pelvis in the fron-
tal plane that existed before surgical treatment is preserved. A
smaller maximum of hip abduction with pelvic elevation at the
beginning of the support phase and a greater maximum of hip
adduction with pelvic descent at the end of the support phase
are determined on the operated leg compared to the non-oper-
ated limb. On the non-operated leg, changes in spatio-temporal
parameters similar to those on the operated leg are observed.
The operation significantly reduces cadence and walking speed.
The stride length of the non-operated leg becomes shorter and
takes longer, resulting in longer single and double lift phases. At
the same time, no significant changes in the kinematics of the hip
and pelvis on the non-operated side were observed after HV sur-
gery [12].

The lack of significant changes in gait kinematics after surgi-
cal treatment is confirmed by another study, despite a significant
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AVMHaMKKe NPOCTPAHCTBEHHO-BPEMEHHbIX NapameTpoB Xoabbbl 1 Ku-
HemaTuku ICC npm xopabbe.

MapagoKcanbHo, YTO OTPULLATENbHAA NOCAEONEePaLMOHHAn -
HaMMWKa NPOCTPaHCTBEHHO-BPEMEHHbIX NOKa3aTesnein Ha Heonepupo-
BaHHOW Hore nocne onepaumun HV 6bina 6onee BbIpasKeHHOW, Yem Ha
onepupoBaHHON. ITo HabatogeHWe bbino 06bACHEHO ewwé 6onbLueit
KOMMEHCcaLMeln CHUXKEHMA GYHKLMU ONeprupoBaHHOM HOTW NPU XOAb-
6e co CTOPOHbI 340POBOM KOHEYHOCTM, YTO MOXKET ObITb CBA3aHO, B
TOM 4KUCne, C nocaeonepaumHHo 601bl0 B HOre, NOABEPMKEHHOM
Xvpypruyeckomy BmeLuatenbctsy [12]. B ¢BA3m ¢ 3TUm, Heobxoaumo
NpoBOAUTL MEPONPUATUA MO NPEAOTBPALLEHUIO NMPOrpeccupoBaHms
HV, a cnepgoBsatenbHo v pas3sutuA natonorumn apyrmx cermeHtos HK,
0c06eHHO B rpynnax pucka (y NOMMAbIX XEHLUMH): opToneanyeckoe
NeyeHne, CUN0Bble TPEHMPOBKM, HanpaBNeHHbIE Ha YKPenaeHue Crv-
6aTeneii NofoLWBbI, a Takxke pasrnbateneit KC u TEC. 31 meponpus-
A MOryT 3aWmTMTL TEC OT HeraTMBHOro Bo3aencTauna HV, moaynunpy-
towero ero dpyHKumto [23].

Hapsagy ¢ xupypruyeckumm metogamu nedenuns HV, Bcé 6onb-
Woe 3HayeHWe NpPUOBPETAIOT KOHCEPBATUBHbIE BMELLATE/NbCTBA,
HanpaB/eHHble Ha HOpPManW3aLuio BUOMEXaHUKM CTOMbI BO BPEMS
X0Ab0bl, TaKME KaK 0pTe3bl, U3MeHALLME ABUKEHNA B 3aHEM OTae-
Nle cTonbl U cnocobcTBytoLLMe AENCTBEHHOW Harpyske Ha eé nepeg-
HW1 oTAen v 3pdEKTUBHOMY OTPbIBY NasbLEB B LiMKAE Xoab6bl [8, 26].
OpTe3sbl TBEPAOro TMNA YMEHBLLAIOT MOABUMKHOCTb Ta3a U NpeaoTapa-
LLAIOT M36bITOYHOCTb Ta30BbIX ABUMKEHWMI N0 Bpems xoabbbl [43]. Me-
penporpammmMpoBaHve NaTTepHOB aKTUBALMM MbILLLL, AUHAMUYECKU
NOAAEPHKUBAIOLLMX MeNaNbHbIV NPOLO/bHbINA CBOA, CTOMbI, MOMKET
OKa3blBaTb XOpoOLUee KoppeKTupylollee Bo3aeincTBMe. PacTaxeHue
MKPOHOXXHO-KaMbanoBUAHOMO KOMMAEKca M MaHyanbHas Tepanws,
HanpaBneHHas Ha yny4weHue nogsuxkHoct FCC, moryT cnocobcTBo-
BaTb YCMIEHUIO €r0 TbIIbHOTO Cr1baHWA B KOHeuHol dase onopbi.
OfHaKo HeobXoANUMbI CEPbE3HbIE KNMHUYECKMUE UCTIBITAaHWA AN1A U3Y-
YEHMA BAIMAHUA TaKUX KOHCEPBATMBHbIX BMELLATE/IbCTB HA MapameTpbl
MOXoAKW y naupenTos ¢ HV [8, 26].

3AKNIOYEHUE

HV saBnsaeTca pacnpocTpaHéHHbIM 33601eBaHNEM CKENETHO-Mbl-
LIEYHOW CUCTEMDbI, 3HAUMTENBHO YXYALLAIOLLMM KaYeCcTBO KMU3HM NaLy-
€HTOB W, HePEeLKO, NPUBOAALLMM K MHBaNMAM3aUMK. B To Bpems, Kak
BavAHUe HV Ha KuHemaTuky ctonbl 1 MCC onmMcaHo JOCTaTOYHO NoA-
pobHo, ero BanaHWe Ha TBC ocTaétca manousyyeHHbIM. Xupypruye-
CKOE NleYeHre He NPUBOAMT K YAYULLIEHWUIO NOKA3aTeNEN KUHEMATUKM
HUXKHEN KOHEYHOM M Ta3a, a HaNpPOTMB, NOKa3blBAET OTPULATENbHYIO
eé AMHAMMKY He TO/IbKO B OMepPUPOBAHHONM, HO U KOHTPAATepanbHOM
HUXKHEN KOHEYHOCTM, UYTO AMKTYET HeobXoaumocTb B NpPOBeAEHUU
npu HV nccnefoBaHMii NO BbIABAEHWUIO KIMHUYECKM 3HAYUMBIX KMHE-
MaTUYeCKUX NapameTpoB M ONTUMM3ALLMK CYLLLECTBYHOLMX NOAXOL0B
K NeYeHumto.

improvement in the configuration of the foot and a decrease in
pain [25].

Thus, surgery for HV does not significantly affect the kine-
matics of the LL, and the small changes noted do not indicate a
positive dynamics of spatiotemporal gait parameters and kine-
matics of the AJ when walking.

It is paradoxical that the negative postoperative dynamics
of spatiotemporal indicators on the non-operated leg after HV
surgery was more pronounced than on the non-operated leg.
The non-operated leg probably further compensated for the de-
creased function of the operated leg when walking, which may
be due to post-operative pain in the surgical limb or the forma-
tion of a new movement pattern that is used by the patient after
surgery [12]. In this regard, it is necessary to take measures to
prevent the progression of HV, and therefore the development of
pathology of other segments of the LL, especially in risk groups
(elderly women): orthopedic treatment, strength training aimed
at strengthening the plantar flexors, as well as the knee and hip
extensors. These measures can protect the HJ from the negative
effects of HV, which modulate its function [23].

Along with surgical methods for the treatment of HV, con-
servative interventions aimed at normalizing the biomechanics
of the foot during walking, such as orthoses that change move-
ments in the hindfoot and promote effective load on the forefoot
and effective toe-off during the gait cycle, are becoming increas-
ingly important [8, 26]. Solid orthoses reduce pelvic mobility and
prevent excessive pelvic movements during walking [43]. Repro-
gramming the activation patterns of the muscles that dynami-
cally support the medial longitudinal arch of the foot can have a
beneficial corrective effect. Stretching the gastrocnemius-soleus
complex and manual therapy aimed at improving ankle mobili-
ty may help increase ankle dorsiflexion in the final stance phase.
However, robust clinical trials are needed to examine the effects
of such conservative interventions on gait parameters in patients
with HV [8, 26].

CONCLUSION

HV is a common disease of the musculoskeletal system,
significantly worsening the quality of life of patients and often
leading to disability. While the effect of HV on foot kinematics
and the joint axis has been described in some detail, its effect on
the HJ remains poorly understood. Surgical treatment does not
lead to an improvement in the kinematics of the lower extremity
and pelvis, but, on the contrary, shows its negative dynamics not
only in the operated but also in the contralateral lower extremity,
which dictates the need for studies in HV to identify clinically sig-
nificant kinematic parameters and optimize existing approaches
to treatment.
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MMPOAAEHHAS IAEKCYCHASI B10KA AA TIPY OITEPATUBHBIX
BMEINATEAbCTBAX HA BEPXHMX KOHEYHOCTIX

O.H. AMIINMKOB'?, A.Il. MAPYEHKO", C.A. EMEABSHOB'?, O.A. IBAHOBAS?, P.A. MAPYEHKO*, C.A. ITHATOBA!

1 TamGosckuit rocyapcTBeHHbIi yHusepcurteT um. I'.P. Jdepxkasuna, Meannunckuit nnctutyt, Tam6os, Poccuiickas Peaeparius.
2 Topoackas kannmyeckas 6oapuuia r. Koroscka, Korosck, Poccuitckas Pegepanst
3 Topoackas kanHngeckas 0oapamnna Ne 3 mm. M.C. ,ZlOAryLLIMHa, Tam0608, Poccurickast Degeparus

4 HanumonaapHbIil MeAUITMHCKIUI UCCA€A0BaTeAbCKIUIT IIEHTP BBLICOKMX MeAULMHCKUX TeXHOA0ruit — LleHTpaabHbIil BOEHHO-KAMHWYECKMI TOCIuTalb uM. ALA.
Bumnesckoro, noc. Hoserit, Mockosckast obaacts, Poccnitckas ®Pegeparist

B cTaTbe npuBeaéH 0630p MeToA0B NPOANEHHOW NaeKcycHol 6aokaap! (MMB). PaccmoTpeHbl MOKa3aHWA M NPOTUBOMOKA3aHUA K € NPUMEHEHMIO.
0603HayeHbl TpeboBaHUA K NPOPECCHOHANBHBIM HaBbIKaM W OCHALLEHMIO, KOTOPble HEObXoAMMBbI ANA NpoBeseHus MINB. Takke B CTaTbe ONUCaHbI J0-
CTynbl K N1€4eBOMY CMIETEHMIO, TaKME KaK HAaZKMOUMYHBIN, MOLK/IIOUYNYHDBIN, MEXNECTHUYHDBIN. B OCHOBE AaHHOW CTaTbu NEKUT 06OCHOBaHME Lene-
coobpasHocTv npumeHenus MM, NpuBeseHbl €€ NPEMMYLLECTBA M BO3MOXKHbBIE OC/IOXKHEHUS, @ TaK XK U3/103KeHbl OCHOBHbIE NMPUHLMNbI 6e3onacHoro
BbINO/IHEHWUA AHHOTO BUAA PErMOHAPHOW aHeCTe3nu: 3HaH1e aHaTOMO-TOMOrpadUYECKUX OPUEHTUPOB, UCMO/b30BAHUE Y/IbTPA3BYKOBOM HaBUraLum
1 HeWPOCTUMYNALMM ANA ONPEAENeHUs HanpaBAeHUA U NONOKEHNA KOHYMKA UIbl. Mpu mMbiweyHom oTseTe B 0,5-0,3 MA Npu UCNONb30BaHUK HEN-
POCTUMY/IAILLUM MOMKHO YTBEPNKAATb O MAaKCUMasIbHO 6M3KOM PacMoOKEHUM KOHUYMKA WIJIbl OTHOCUTEIbHO HEPBHOTO BOJIOKHA, @ MPU MbILLIEYHOM
otseTe B 0,2 MA — O PacnoiOXKEHUM KOHUYMKA UI/Ibl B CAMOM HEPBHOM BOJIOKHE, YTO HEAOMYCTUMO MPU BbINOSHEHWUM NIEKCYCHBIX M MPOBOAHUKOBbIX
6nokaga. Mpu npaBuibHOM M He30nacHOM NpoBeaeHUN BAOKaL HEPBHbIX CNIETEHUI U HEPBHbIX CTBOJIOB M OCOOEHHO C BO3MOMXHOCTbIO NPOA/EHMA
aHecTe3nu 1 NPoBeAEHWA NOcieonepaLMoHHoro 06e36onMBaHUA Mbl NONYYaeM UAEaNbHbI BapUAHT aHECTE3MONOTUYECKOro obecneyeHuns onepa-
TUBHbIX BMELLATE/IbCTB U JIeYeHUs NocaeonepaLmMoHHon 6011, KOTOPbI UMEET MHOTO MPEUMYLLECTB U Y KOTOPOTo OTCYTCTBYIOT HEAOCTaTKU ApYruX
BUA0B MECTHOTO M 0bLlero ob6esbonnsaHus. Mpu cocTaBNeHUM AaHHOTO 0630pa NUTEPaTYpbl BbiAM UCNONB30BaHbI Ha3bl IMTEPATYPHbBIX UCTOUHUKOB,
Takue Kak Elibrary, PubMed v Google Scholar. Kputepusammu novcka 6b1a1 KtoueBble C10BA: Ne4YeBOe C/IETEHWUE, PErMOHApHan aHeCcTe3uns, NPOANEH-
Haf NneKkcycHan 6710Kaja, ybTPasByKoOBasA HaBUraLMs, HEUPOCTUMYNALMA, KAaTETEPHBIE TEXHONOTUM.

KnioueBble cnoBa: nsieyegoe criemeHue, pe2uoHapHas aHecme3sus, NnpodnEHHAA naekcycHas 6a0Kada, yabmpas3eykoeas Hasueayus, Helipocmumy-
1AYUA, KamemepHble MexHOA02UU.

Ana uutuposaHua: Amwumkos OH, MapueHko All, EmenbsaHos CA, MBaHosa O, MapueHko PA, UrHaTosa CA. MpoanéHHan naekcycHas 61okaga npy onepa-
TUBHbIX BMELLATENbCTBAX Ha BEPXHUX KOHEYHOCTAX. BecmHuk AsuyeHHbl. 2023;25(4):562-70. https://doi.org/10.25005/2074-0581-2023-25-4-562-570

PROLONGED BRACHIAL PLEXUS BLOCKADE FOR UPPER LIMB SURGERY

O.N. YAMSHCHIKOV*?, A.P. MARCHENKO", S.A. EMELYANOV'?, O.D. IVANOVA? R.A. MARCHENKO*,
S.A. IGNATOVA!

1 Derzhavin Tambov State University, Medical Institute, Tambov, Russian Federation

2 City Clinical Hospital of Kotovsk, Kotovsk, Russian Federation

3 1.S. Dolgushin City Clinical Hospital Ne 3, Tambov, Russian Federation

4 National Medical Research Center for High Medical Technologies — Central Military Clinical Hospital named after A.A. Vishnevsky, village Novyy, Moscow
region, Russian Federation

This article overviews the various prolonged plexus block (PB) methods. It discusses the indications and contraindications for this technique and the
professional skills and equipment needed. The article also describes different approaches to a brachial plexus block (BPB): interscalene, supraclavicular,
infraclavicular, and axillary. The article presents the rationale for using PB, its advantages and possible complications, and outlines the basic principles
for its safe performance. Knowledge of anatomical and topographic landmarks, ultrasound navigation, and neurostimulation are utilized to determine
needle position. Neurostimulation should be used to ensure the needle is placed correctly to achieve a muscle response with a current of 0.3-0.5 mA.
A muscle response with a current of 0.2 mA occurs only when the needle tip is positioned intraneurally, which is unacceptable when performing plexus
and nerve conduction blocks. This technique can provide prolonged anesthesia and postoperative pain relief by correctly and safely blocking nerve
plexuses and trunks. It is an ideal option for anaesthesiologic support during surgical interventions and treating postoperative pain. This approach has
many advantages and does not have the disadvantages associated with other types of local and general anesthesia. In this literature review, we used
databases such as eLIBRARY, PubMed, and Google Scholar to search for articles related to regional anesthesia, specifically, BPB. We narrowed our
search by using keywords including ultrasound navigation, neurostimulation, and catheter-based techniques.

Keywords: Brachial plexus, regional anesthesia, prolonged plexus block, ultrasound navigation, neurostimulation, catheter-based techniques.

For citation: Yamshchikov ON, Marchenko AP, Emelyanov SA, Ivanova OD, Marchenko RA, Ignatova SA. Prodlyonnaya pleksusnaya blokada pri operativnykh
vmeshatel'stvakh na verkhnikh konechnostyakh [Prolonged brachial plexus blockade for upper limb surgery]. Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):562-
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Bo Bpems BbINOMHEHMA XMPYPIUUYECKUX OMepauumii B obnactu
nnaeya, Npeanneyba U KUCTU NPUMEHAIOTCA Pa3NNYHble METOAbI aHe-
CTe3M0/I0rMYecKoro obecneyeHus, B TOM Yucie MeCTHas M oblias
aHecte3us. PernoHapHoe 06e36011BaHKe C NpUMeHeHnem nepude-
pyYecknx 61oKag, HaxoauT BCé 6onbluee NPUMEHEHME B aHECTe3uo-
NOTMYECKOoi NPaKTUKe BBMAY CBOMX HEOCNOPUMbIX npenmyLects [1].

MneKkcycHas aHecTesus — 3TO PervoHapHas aHecTesus Heps.-
HbIX 0b6pa30BaHMiA, KOTOpPas AOCTUraeTCA 3a CYET BBEAEHUA MECTHO-
ro aHecTeTUKa B 06/1aCTb HEPBHbIX CMIETEHUIA, UHHEPBUPYIOLLMX KO-
HeyHocTb. MnekcycHas 6710Kkaga 0bnafaeT pPAZOM NONOKUTENbHBIX
CBOMCTB TaKMUX KaK Hanuyme y NaumeHTa CamoCTOATENbHOIO AblXaHus;
COXpaHeHWe peyu, YTO NO3BONAET OCYLLECTBAATb KOHTPOb 33 YPOB-
HEeM CO3HaHWS MauMeHTa U ero obLyM COCTOSHMEM; CTabwubHble
remoAVHaMMYeckme nokasatenu; usbupatenbHoe BO3AeWCTBME HA
CENEKTUBHBIN, BEreTaTMBHbIA WM MOTOPHbIA KOMMOHEHTbI; MUHM-
Ma/IbHOE KOJIMYECTBO OC/IONKHEHUIA, B TOM YUCIE TAXKENbIX UHEKLM-
OHHBbIX OC/TOXKHEHWM, CBA3AHHbIX C HepoaKcManbHbIMK B10Kagamm
(anuaypanbHbI abeuecc, MeHUHTUT) [2].

MNB — 370 610KaAa HEPBHbIX CMIETEHNI C UCNONb30BAHNEM Ka-
TETEPHOMN TEXHMKM, BK/IHOYAIOLL,AA MHOTOKPATHOE UCNO/b30BaHNE MU-
KpoKaTeTepa AN BBeAEHUA MECTHOrO aHeCTeTHKa. [penmyLLecTBamm
TaKoro BuAa 610Kkag ABAAoTCA Xopolee 06e36011MBaHNE, CHUKEHWE
noboYHbIX 3¢PEKTOB, CBA3AHHbLIX C OMMOMAAMM U HECTEPOUAHBIMMU
NPOTMBOBOCMANIUTENbHBIMU CPEACTBAMM, CHUMKEHWE MOCAeonepaLLm-
OHHOM TOWHOTbI M PBOTbI, YY4LWEHNE KayecTBa CHa, bonee paHHAsA
peabuanTauma NaLuMEHTOB U CHUXKEHME CPOKOB rocnuTanmsaumm [3].

MMNB nne4eBOro CNAETEHUA Yallle BCEro BbINOAHAETCA ANA 06-
NeryeHus NocAeonepauyoHHON 60K NpU XMPYPrMYEecKMX BmeLla-
TENbCTBAX Ha BEPXHMX KOHEUYHOCTAX. [lpyrue nokasaHua K 4/uTeNb-
HOM MepuHeBpPasbHON WMHQY3UM MECTHOTO aHEeCTETMKA BK/KOYatoT
NIeYEHMEe XPOHMYECKOM OHKOMOrMYeckon 6onu, GpaHToMHON 6onu B
KOHEYHOCTAX, a TaK}Ke CI0XKHOTo PerMoHapHoro 601eBoro CMHAPOMA.
Kpome Toro, MMetoTcs CBeAeHUA O KAMHWUYECKMX CydasX U Hebonb-
LOe KOAMYeCTBO 3apybexHbIX UCCNef0BaHMI, MPOLEMOHCTPUPOBAB-
LwKnx ncnonb3osaHue MNMb nneyesoro cnaeTeHMa AnA UHAYKLMN CUM-
NaTIKTOMWUM M Ba30AMNATALMM C LLENbIO YNYYLLIEHWA KPOBOTOKA nocne
COCYAMCTbIX TPaBM, OMepauyMit Mo TPAHCMAAHTALMKU U pPennaHTaLum
BEpPXHel KoHeyHocTu [4].

CywiectBytoT abCONIOTHbIE U OTHOCUTENbHbIE MPOTUBOMOKA-
3aHus gaa nposeperuna MNB. K abcontoTHBIM NPOTUBOMOKA3aHUAM
MOHO OTHECTM Pas/nyHble BOCManuTesbHble 3aboneBaHna M Npo-
Lieccbl B MATKMX TKaHAX, af/iepruyeckme peakuym Ha CaM aHecTeTHK,
Hannyme y nauyeHTa 3a601eBaHN HePBHO-MICUXMYECKOTO XapaKTepa.
He npumeHseTca naekcycHas 6/10Kaga y NauMeHToB C rMNoKoaryns-
LMOHHBIM CMHAPOMOM U TAXKENBIM AEKOMMEHCUPOBAHHBIM LLOKOM.
OTHOCKTENbHBIMM MPOTUBOMOKA3aHMAMM K NMPOBEAEHUIO PErMoHap-
HbIX 610Kag, ABAAKOTCA: TPYAHOCTM NpUAaHUA 6ONbHOMY HYKHOrO No-
NOXXEHWUA ANA BbINOSHEHUA aHECTe3UW; CYA0POru, He noaaatoLmecs
NONHOLEHHON GapMaKONOTMYECKOW KOPPEKLMM; BbICOKMIA PUCK Ha-
pYLUEHMA NPOXOAMMOCTU AbIXaTeNbHbIX NYTEM, @ TaK e aHaTOMMYe-
CKME aHOMaNuu (BPOKAEHHbIE MU NPUOBPETEHHDBIE), U3 32 KOTOPbIX
npumeHeHue H610Kagbl HEBO3MOXHO. Bpau, npoBogawmii 6aokaay,
[ONKeH 061aaaTh LOCTAaTOYHbIM OMNbITOM NPOBEAEHMA AAHHOTO BUAA
06€360/11BaHMA, @ TaKKe MMETb KBaAMPUUMPOBAHHbLIA NepcoHan
1 obopyaoBaHue A1 NedyeHns Noboro OCNOKHEHUA PErMoOHapHOM
6nokaabl [5].

B nepsble 1-2 CYTOK C MOMEHTa MPOBEAEHMUA XMPYPrUYEcKoin
onepaumu naumeHT cnocobeH UCMbITbIBATbL CTOMb CUAbHYIO 60/b B
KOHEYHOCTU, YTO OHa MOXKET ObITb CPaBHMMA C TaKOBOM Npu NpoBse-
[EeHV camoit onepauym, YTo 3acTaBaseT npuberatb K UHTEHCUBHOMY
06e36011BaHMNIO BNAOTb A0 Ha3HAYEHMA HAPKOTUYECKMX aHaA/breTu-

During surgical procedures on the shoulder, forearm, and
hand, anesthesia is administered using various methods, such as
local and general anesthesia. Peripheral blocks are increasingly
used in anesthesiology due to their undeniable advantages [1].

Plexus anesthesia is a type of regional anesthesia that in-
volves injecting a local anesthetic into the nerve plexuses respon-
sible for motor and sensory innervation of the upper and lower
extremities. This type of anesthesia has multiple advantages. It
enables patients to breathe independently, communicate verbal-
ly with medical staff, maintain stable hemodynamic parameters,
and selectively affect sensory or motor components. There is also
a lower risk of severe complications, such as meningitis or epidur-
al abscess, which can occur with other nerve blockades [2].

Prolonged neural blockade, known as continuous peripheral
nerve block (cPNB), involves the percutaneous insertion of a cath-
eter near a target nerve or plexus through which local anesthetic
is administered. This method offers several benefits, including ef-
fective pain relief, fewer side effects associated with opioids and
non-steroidal anti-inflammatory drugs, reduced postoperative
nausea and vomiting, improved sleep quality, earlier patient re-
habilitation, and reduced length of stay in hospitals [3].

Continuous BPB is a preferred method of regional anesthe-
sia for alleviating postoperative pain in upper extremity surgeries.
Other indications for perineural local anesthetic infusion include
treating chronic cancer pain, phantom limb pain, and complex re-
gional pain syndrome (CRPS) by infusing local anesthetic. A limit-
ed number of publications also report that BPB can initiate sym-
pathectomy-like effects and vasodilation, which helps to improve
blood flow after vascular injury, transplantation, and upper limb
replantation [4].

Certain conditions make it unsafe to use cPNB. Absolute
contraindications include inflammatory processes in soft tissues,
allergic reactions to the anesthetic used, and neuropsychiatric dis-
eases. cPNB is also contraindicated in hypocoagulation disorders
or decompensated shock. On the other hand, relative contraindi-
cations to regional blockades include difficulties in proper patient
positioning for anesthesia, seizures that are not controlled by an-
ti-seizure medication, a high risk of airway obstruction, and con-
genital or acquired malformations. The physician who performs
the block should have enough experience in this type of anesthe-
sia, and qualified personnel and equipment should be available in
case of any complications arising from the regional block [5].

Without administering a peripheral blockade, the patient
may experience severe pain in the limb during the first 1-2 days
after surgery. This pain can be so intense that it is comparable
to intraoperative pain. As a result, it may be necessary to pro-
vide intensive pain relief, including the administering of narcot-
ic analgesics. In addition to emotional distress, pain syndrome
can delay recovery and extend the hospital stay. Due to the pe-
ripheral blockade of pain impulses, the cPNB provides adequate
pain relief while maintaining the patient's consciousness. cPNB
on the operated limb eliminates pain and significantly improves
microcirculation, positively impacting regenerative processes in
postoperative wounds. Ayzenberg VL et al (2014) confirmed that
postoperative complications such as flap necrosis, severe swell-
ing, pain, and contractures occur in 28.7-32.4% of hand injuries.
The development of these complications is directly related to the
microcirculatory status in injured tissues [3].

The brachial plexus is a complex anatomical structure crucial
in providing nerve supply to the upper limb, shoulder, and chest
(Fig.1). Owing to its complex form and longitudinal course, the
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KoB. Momumo auckomdopTa, 601€BOIN CUHAPOM MOKET YBEANYUTD
CPOKM pPeabuiuTauMm U CTauMOHApPHOrO eyeHus. 3a CYéT nepw-
depuueckoit bnokaabl bonesot umnynbcaunu MMNB obecneunsaer
agekBaTHoe 06e36011BaHME NPU COXPAHEHUM CO3HAHUA MALMEHTA.
Mpu ncnonb3osanum MME Ha onepupyemoint KOHEYHOCTU, MOMUMO
yCTpaHeHUs 6ONEBOrO CMHAPOMA, 3HAUYUTE/IbHO YNYYLIAETCA MUKPO-
LIMPKYNALMA B ONEPUPYEMbIX TKaHAX, YTO OKa3bIBAET NONOKUTENbHOE
BUAHME Ha pereHepaLMOHHbIe MPOoLLecchl B 061aCTM onepaumu. 3ToT
Te3nc noaTBepKaaeTca AaHHbIMK AliseHbepra B/l v coaBT., KoTopble
YKa3biBatoT, YTo B 28,7-32,4% TpaBm KUCTWU MOC/AE XUPYPrU4ecKoro
BMeLLATeNbCTBA HACTYMaloT TaKMe OCNOXKHEHWA, KaK HEeKpO3 N0CKY-
TOB, BblpaXKEeHHbIN OTEK U 6ONEBON CUHAPOM, Pa3BUTUE KOHTPAKTYP,
KOTOpble HaNPAMYIO 3aBUCAT OT COCTOAHMA KanUAAAPHOTO KPOBOTOKA
B TPAaBMMPOBAHHbIX TKaHAX [3].

MneyeBoe cnieTeHUe NPeACTaBAAET COBOM CNOKHYIO aHaTOMU-
YECKYIO CTPYKTYPY, BbINOMHAIOLLYIO BaHYt0 yHKLMIO: obecneynBa-
IOLLYI0 MHHEePBaLMIO BEPXHEN KOHEYHOCTM, Naeva U BepxXHel yactu
rpyaHoi kneTku (puc. 1). U3-3a cBoeit ocoboit dopmbl M NPOJOAbHOMO
XoZa nneyeBoe CNAeTEHME MOXKET ObITb CNOXKHO KOHLENTYyann3npo-
BaTb B TPEX U3MEPEHUSAX, UTO YC/IOKHSAET OLLEHKY B CTaHAAPTHbIX Op-
TOrOHaNbHbIX NNOCKOCTAX BU3yanu3auuu [6].

[na kayectBeHHoro nposegeHusa MMB aHecTe3nonor JonKeH
MMeTb TOYHOE MpefCTaBNeHMe O PacroNOoXKEeHUW BCeX «3auHTepe-
COBaHHbIX» AaHaTOMMYECKMX 06Pa3oBaHMii, B TOM YMCNEe COCYAOB,
HepBOB, YMETb OPWUEHTUPOBATLCA MO B3aMMHOMY PACMONONKEHMIO
KOCTHbIX BbICTYMOB M @HAaTOMMUYECKMX CTPYKTYp. MpeasapuTenbHblii
aHanM3 uTepaTypbl NOKas3as, YTO OCHOBHOW MPUYMHON HeyaauHbIX
6710Kag, ABNAETCA OTCYTCTBME NOCTOAHHBIX aHATOMO-TONOrpaduyeckmnx
OPWEHTUPOB W TPYAHOCTU C ONpeAeneHNeM NONOKEHUA UMbl B TKa-
HAX. BM3yanu3auma aHaTOMUUYECKUX OPUEHTUPOB, MPU MPOBELEHUN
aHEeCTe3M0/I0rM4Yeckoro nocobus aensetca b6asvcom ero sGpPeKTUBHO-
ro 1 6e3onacHoro BbiNoAHeHUs [7].

CyLLECTBYIOT KOCBEHHbIE M MPAMbIE CNOCOObLI UAEHTUUKALMM
HepBHbIX 0bpa3oBaHuii. K KOCBEHHbIM CNOCOBamM OTHOCUTCA METOZ,
C MCNoNb30BaHWEM HelipocTumynatopa (puc. 2). Mpu sTom meToge

Puc 1 AHamomus nne4yesoeo cnaemeHus: 1 — kao4uyd, 2 — NoOMbI-
wie4Hsill Heps, 3 — MbIUEYHO-KOXCHbIU Heps, 4 — yyesoli Heps, 5 —
n10kmesoli Heps, 6 — cpeduHHbIl Heps

Fig 1 Anatomy of the brachial plexus: 1 — clavicle, 2 — axillary nerve,
3 —musculocutaneous nerve, 4 — radial nerve, 5 — ulnar nerve, 6 —
median nerve
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brachial plexus can be challenging to conceptualize in three di-
mensions, which complicates evaluations in standard orthogonal
imaging planes [6].

To perform effective cPNB, all relevant anatomical struc-
tures, including nerves and blood vessels, must be precisely lo-
cated. It is also essential to navigate based on the relative posi-
tions of bone protrusions and other anatomical landmarks. Based
on the analysis of the available literature, it was concluded that
the primary cause of failed nerve blocks is the lack of permanent
anatomical and topographic reference points and challenges in
precisely determining the needle's location within the tissues. To
carry out anesthesia safely and effectively, it is essential to visu-
alize these anatomical landmarks throughout the procedure [7].

There are two methods to identify nerve structures: indirect
and direct. One indirect method involves using a neurostimula-
tor (Fig. 2) with a special needle for conduction anesthesia. The
negative pole of the neurostimulator is attached to the needle,
and the positive pole is fixed on the patient's body (Fig. 3). As
the needle tip approaches the nerve fiber, the muscle response
increases, and as it moves away from the nerve, the muscle re-
sponse decreases.

Some experts suggest that the minimum muscle response
occurs when the needle tip is as close as possible to the nerve
fiber, with a current intensity of 0.5 mA and a pulse width of 0.1
ms. If the current intensity of 0.2 mA leads to muscle response,
it indicates that the needle is directly in the nerve. The improper
positioning of the needle may cause injury while administering
anesthesia [8].

Ultrasound-guided navigation allows for direct visualization
of anatomical structures, which enables accurate nerve blocks.
This technique involves achieving adequate anesthesia by visual-
izing the positioning needle, the injection site, and the anatomi-
cal landmarks. As a result, conduction and PB complications can
be prevented, and drug dosage can be reduced significantly (Fig.
4) [9].

Puc. 2 Helipocmumynsmop «Stimuplex® HNS 12» (B. Braun Melsungen
AG, Germany)

Fig. 2 Stimuplex® HNS 12 Nerve Stimulator (B. Braun Melsungen AG,
Germany)
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MPUMEHSIOT CNELManbHY HeUPOCTUMYNALMOHHYIO UMY ANA NPOBO-
[HVKOBOM aHecTe3un. OTpuUATeNbHbIN NOMOC HEMPOCTUMYAATOPA
NPUCOELMHAIOT K UINE, @ MONOKUTENbHbIV GUKCUPYIOT Ha Tene nauy-
eHTa (puc. 3). Mpu NPUBANNKEHUM KOHYMKA WUT/Ibl K HEPBHOMY BOMOKHY
MbILIEYHBI OTBET BO3PACTAET, a NPU YAAJEHUM OT HepBa, HaobopoT,
YMeHbLUAETCA.

CyLLecTBYHOT MHEHWSA, YTO MPU MAKCMMasIbHO 6113KOM pacnosno-
YKEHWM KOHLA Wbl MO OTHOLIEHWIO K HEPBHOMY BONOKHY MUHUMAb-
HbI MblILUEYHbIV OTBET BO3HWKAET NpU NapameTpax ctumynsaumm 0,5
MA 1 gantenbHoctn umnynbca 8 0,1 mc. Mpu aTom npu cTmynaumm
0,2 MA 1 MbILIEYHOM OTBETE MOXKHO FOBOPUTbL O TOM, YTO WA pacno-
Naraetca HenocpeacTBEHHO B HEPBE, U BO3HWKAET PUCK TPAaBMMPOBa-
HWS NPU BBEAEHUW aHEeCTeTHKa [8].

[lna npamoi B13yanusaumm aHaTOMUYECKUX CTPYKTYP MCMOb-
3YHOT YNbTPA3BYKOBYIO HaBuraumio. baarofapsa MCNonb30BaHMIO TakoM
TEXHWKM MOXKHO L06UTbCA 3QEKTUBHOW aHaNbresnm 3a CYET Hero-
CPesCTBEHHON BU3yanu3aLuW UMb, 30Hbl BBEAEHUA aHECTETUKA U
aHaTomo-Tonorpaduyeckmx 06pa3oBaHwii, YT NO3BONAET 3HAUNTENb-
HO CHM3UTb HeobXoAMMYHO 103y NpenapaTa, a TakkKe u3bexaTb BO3-
MOKHDBIX OC/OKHEHUIA NMPOBOAHUKOBBIX U MAEKCYCHbIX 6110Kag, (puc.
4) [9].

BaKHbIM yCIOBUEM A1 YCMELLHOTO BbINOMHEHWA 610Kazb! AB-
NAETCA PacrooKeHWe yNbTPa3BYKOBOTO [ATYMKa U UMbl B O4HOWM
MJIOCKOCTH, TaK KaK B 3TOM C/ly4ae urna byaeT BUAHa MO BCeW A/IMHe.
TouHas BepudMKaLMA NONOKEHUA UMbl 3HAUUTENBHO 0bBneryaeT npo-
BefieHve nneKcycHoi 6nokaabl [10].

[na nposegeHua MIMB Mcnonb3ylOTCA: UMA-NPOBOAHUK, KaTe-
Tep, MarucTpasnb yaaMHUTENbHaA MHY3MOHHASA, aHTUOAKTepPUaNbHBbIN
bunbtp. OnA ycTaHOBKM nepudepryeckoro KateTepa Uibl UCNONb3y-
10T KaK CreLnanv3npoBaHHble (KaTeTep Ha uiie B Habope A1 npog-
NEHHOM NPOBOAHMKOBOMN aHecTeanm) (puc. 5), Tak v anuaypanbHble
nrbl TYoXM UK cneumannsnpoBaHHblie uibl Tyoxu (puc. 6). Takue
Wbl MOXHO MCMOb30BaTh Kak NPOBOAHMUK ANA NOCTAaHOBKU KaTeTe-
pa K Nie4yeBOMY CM/IETEHUIO, NPU STOM KaTeTep byaeT OTKNOHATCA OT
NMHUK Xoga umebl [11].

Puc. 3 Mzna 0513 nposodHuKosol aHecme3suu «Stimuplex® A» (B.
Braun Melsungen AG, Germany)

Fig. 3 Insulated nerve block needle Stimuplex® A (B. Braun Melsungen
AG, Germany)

The ultrasound beam and the needle tip must be positioned
in the same imaging plane for a successful plexus blockade. This
ensures that the entire length of the needle is visible, making it
easier to verify its position accurately. Verification of the proper
needle placement greatly facilitates the PB procedure [10].

Performing cPNB requires a guide needle, catheter, infu-
sion extension line, and antibacterial filter. Specialized needles
are used to place a peripheral catheter, including the cathe-
ter-over-needle assembly for prolonged conduction anesthesia,
Tuohy epidural needles, or specialty Tuohy epidural needles.
These needles permit easy catheter placement for continuous
use while the catheter deviates from the axial of the needle [11].

There are different ways to access the brachial plexus, in-
cluding interscalene, supraclavicular, subclavian, and axillary. The

Puc. 4 Ynempaseykosas KapmuHa KoHmMpons npu 6aokade nseve-
8020 CN/AeMEHUA NosyvyeHa C NOMOWbIO Ybmpassykosol OuaeHo-
cmuyeckoli cucmemel «Mindray M5» (Shenzhen Mindray Bio-medical
Electronics Co., Ltd, China). 1 — npogodHuKo8aAa uena, 2 — nneyesoe
cnnemeHue, 3 — nepedHAA 1eCMHUYHAA Mblwua, 4 — cpedHaa necm-
HUYHaA MbIlYa

Fig. 4 In-plane ultrasound image of a BPB showing the trajectory of
the needle. 1 — Tuohy needle, 2 — brachial plexus, 3 — anterior scalene
muscle, 4 — middle scalene muscle. Mindray M5 Diagnostic Ultrasound
System (Shenzhen Mindray Bio-medical Electronics Co., Ltd, China)

Puc. 5 Habop «Contiplex® D» (B. Braun Melsungen AG, Germany) 015
3
Fig. 5 Contiplex® D Set (B. Braun Melsungen AG, Germany) for cPNB
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MimeeTca HECKONbKO AOCTYNOB K NAEYEBOMY CM/IETEHUIO: MEX-
NECTHUYHBIN, HALKAUNUYHBIA, MOAKAOUYMYHBIA U NOAMbILIEYHBbIN.
BbI6op Hy}KHOTo AOCTyNa Ans 6/10Kaabl NAeYeBOro CneTeEHUS, BbIOop
MECTHOTO aHecTeTMKa M ero 403bl ByayT 3aBUCETb OT MecTa, 0bbEMa
W NPOAOMKUTENBHOCTM ONEPATUBHOIO BMeLLaTeIbCTBa, NOTPebHOCTH
B aHaNbresunn B NOCNEONEPALMOHHOM NEPUOAE, A TaKXKe COCTOAHUA
naumMeHTa U UMEeILLLErocs ocHalleHua [12].

MopmblweyHan 610Kafa ABASETCA, NOXKaNyW, camoi NPOCToi
W, B TO e Bpems, 6e30MacHoi B NaaHe OCNOXKHeHUI. MpoBeaeHne
aHecTesnmn NPU aKCUANAPHOM LOCTYNe NO3BOAAET NPOBOAUTDL Onepa-
TUBHblE BMELUATEIbCTBA Ha JIOKTe, NPeAnIeybe U KUCTU, HO AaHHbIN
MEeToZ He ucnonbayetca gna MNB, B cBA3M ¢ Heygo6CTBOM NOCTaHOB-
KM KaTeTepa B NoaMbiLleyHyo 061acTb. MMB MOXKeT BbITb BbINONHEHA
MEKNECTHUYHbBIM, HaZl- M NOAKNOUMYHBIM AOCTynamu [13].

Mo aaHHbIM Sahin MS et al (2019), Bnepsble npoanéHHas 610-
Kaja C NOMOLLbBIO KaTeTEpPHOM TeXHONOMMM Bbina UCMoNb30BaHa NpU
NeYeHUM oCTPOW U XpPoHUYecKoln 6onm AHcbpo 1 coasTopamm B 1958
roAy C NOMOLLbIO HAAKIKUYUMYHOMN TexHUKM [14].

MMB mexxnecTHUYHbIM AOCTYNOM NO3BONAET NPOBOAUTL Onepa-
TUBHbIE BMeLIATE/IbCTBA Ha N/ieve, aKpOMMANbHOM KOHLLE KAHOUMLLbI,
BEPXHEM YacTu nneyeBoil Koctv. Hambonee pacnpocTpaHEHHbIMU
6/10Kagamm MeXNeCTHUYHbIM AOCTYNOM CYUTAIOTCA TEXHWUKU MO BUH-
HM 1 Meitep. TexHWKa 610Kadbl 3aKNOYAETCA BO BBEAEHUM PacTBOPa
MECTHOMO aHeCcTeTKa BAO/b BCEX HEPBHbIX CTBONOB. [1pn gaHHOM
AocTyne rybvHa BBeAeHWS Uimbl 06bluHO cocTasnseT 1,5-3 cm. Opu-
EHTUPaMM ABNAIOTCA TakMe 06pa3oBaHMA, Kak NepesHsas v cpeaHas
NECTHMYHbIE MbILLLbI, NeYeBoe cnaeTeHue (puc. 7) [15].

MNB MmeXNecTHNYHbIM JOCTYMOM, 33 CYET BBEAEHMA aHeCTeTU-
Ka B YCTAHOB/IEHHbIN KaTeTep, 0becneymBaeT afeKBaTHYO aHasbre-
310 B NocneonepauyoHHom nepuoge. OfHaKo, NpU BbINONHEHUU
610Kafbl TAKMM LOCTYNOM, aHECTE3UO/IOT MOMKET BBECTU aHECTETUK
B MO3BOHOYHYIO apTepuio, anuaypanbHoe, cybaypanbHoe, cyba-
paxHouganbHoe MNPOCTPaHCTBO. Bo3moMKHa TakKe 6n10Kaga Aua-
¢dparmanbHOro M BO3BPATHOrO rOPTaHHOrO HepBa, a Npu 6nokase
3BE344aTOro y3na BO3HWMKaeT Tpuaga lopHepa [15]. Yawe Bcero
aHecTe3nosor BCTPeYaeTca ¢ CMHAPOMOM fopHepa (YacToTa BCTpe-
yaemoctu 80-100%), KOTOPbIN, Kak NPaABUO, HE UMEET KAUHUYECKM
3HAYMMbIX MOCAEACTBUIA, U CUMMTOMbI KOTOPOFO KYNUPYTCA Camo-
CTOATE/IbHO Yepes KaKkoe-To Bpems Ao perpecca 610kaabl [16]. Bno-
Kafia AvadparmanbHOro Hepsa Ha CTOPOHE NPOBeAEHMA PerMoHap-
Horo 06e3bonnBaHmMA ABNAETCA Hanbonee onacHbIM OCNOKHEHMEM,

Puc. 6 Habop «Contiplex® Tuohy» (B. Braun Melsungen AG, Germany)
onA b6

Fig. 6 Contiplex® Tuohy Set (B. Braun Melsungen AG, Germany) for
cPNB

566

selection of the appropriate method for BPB, the proper dose,
and the type of local anesthesia depends on several factors, in-
cluding the location, duration, and extent of the surgery, the need
for postoperative pain relief, the general health condition of the
patient, and the availability of required equipment [12].

The axillary approach to the brachial plexus nerve block is a
simple and safe anesthesia method with minimal complications.
It is used for surgical interventions on the elbow, forearm, and
hand. However, it is unsuitable for performing cPNB due to the
inconvenience of placing a catheter in the axillary region. cPNB
can be performed using the interscalene, supraclavicular, and in-
fraclavicular approaches [13].

Sahin MS et al (2019) reported that Ansbro and colleagues
performed the first cPNB using the catheter technique to treat
acute and chronic pain in 1958 via the supraclavicular approach
[14].

The interscalene approach to perform cPNB is commonly
used for surgical procedures on the shoulder, acromial end of the
clavicle, and upper part of the humerus. The Winnie and Meyer
techniques are the most frequently used methods for perform-
ing interscalene blockades. A local anesthetic solution is injected
along all nerve trunks during the procedure. The needle is typi-
cally inserted to a depth of 1.5-3 cm, using the anterior and mid-
dle scalene muscles and the brachial plexus as landmarks (Fig. 7)
[15].

The interscalene approach for performing cPNB involves an
anesthetic infusion via a catheter, providing effective pain relief in
the postoperative period. However, there are potential complica-
tions involved with this approach, such as the possibility of inject-
ing the anesthetic into the vertebral artery, epidural, subdural, or

Puc. 7 YnbmpaseyKosas KapmuHa 610Ka0b! NaeYeso2o cnaemeHus
MEMIeCMHUYHbIM OOCMYNOM NOsYYEHA C NOMOWbIO Y1bMpPa3syKo-
soll duaeHocmuyeckoli cucmemsi «Mindray M5» (Shenzhen Mindray
Bio-medical Electronics Co., Ltd, China). 1 —nepedHaa necmHu4YHas
MbIWUG, 2 — CPEOHAS NECMHUYHAA Mbluyd, 3 — nieYyesoe cniemeHue
Fig. 7 An ultrasound image of the BPB using the interscalene
approach. 1 —anterior scalene muscle, 2 — middle scalene muscle, 3 —
brachial plexus. Mindray M5 Diagnostic Ultrasound System (Shenzhen
Mindray Bio-medical Electronics Co., Ltd, China).
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YTO B 3HAYMTE/IbHOM MEPE CHUMKAET YaCTOTY MCMNONb30BAHMA AaHHOW
meTtoamkm [17].

MNB HagKNHOUYMYHBIM AOCTYNOM NO3BONAET BbINOMHATL Onepa-
TWBHble BMELLATENbCTBA Ha NAEYEBOM KOCTH, IOKTEBOM CYCTaBe U Ku-
CTW. BNoKaAa NNeYeBoro CNAETEHUA HaAKIHUYMYHBIM LOCTYNOM BRep-
Bble bblna nposeseHa Kulenkampff 8 1911 r. [13].

TexXHWKa BbINONHEHUA: B NONOXKEHUN Ha CNIMHE NPOBOAAT 6/10Ka-
[y NNeYeBOro CNAETEHNA, NOA, YNbTPA3BYKOBbIM KOHTPONEM K Mieye-
BOMY CM/IETEHMIO NPOBOAAT My Tyoxu (puc. 8).

[anee, yepe3s NpoCBET UIbl, K NAEYEBOMY CMIETEHMIO NPOBO-
[OWTCA KaTeTep Ha paccTosiHue He bonee 3 ¢cmM OT AUCTaNIbHOMO KOHLA
urnbl (puc. 9, 10).

Mpu p1Kcaumm KaTeTepa NpeaiaraeTca UCnonb3oBaTb NPo3pay-
HYIO aAre3vnBHYHO MOBA3KY, NO3BONAOLLYIO €XKeHEBHO KOHTPOAMPO-
BaTb PACNPOCTPaHEHME MECTHOro aHecTeTuKa [18]. K ocnoHeHuam,
BO3HMKAIOWMM NpU NpoBeseHWUU 610Kadbl MAeYeBoro ChieTeHus
HaZKHOUYUYHBIM LOCTYNOM, OTHOCAT NOBPEXAEHWE Kynosa niaespbl
M NErkoro C pasBUTUEM NHEBMOTOPAKCA, TEMOTOPAKCA, A TaKKe BO3-
MOHO BO3HMKHOBEHME cMHAPOMA TopHepa man baokaga aunadpar-
MasbHOro HepBa [19].

Ucnonb3osaHune MMB NOAKAOYMYHBIM [AOCTYNOM NO3BOAAET
06e360/11BaTb ONepaTMBHOE BMELLATENLCTBO M PeabuanTaumoHHbIN
nepuoz nocne BbINONHEHUA MaHUMNYAALMI AUCTaNbHEE CPeaHe Tpe-
TV nneva. baokaza nneyeBoro CNaeTEHUA NOAKAHOUYMYHBIM JOCTYNOM,
npeanoxeHHasa Babitzki 8 1918, sagnsetca moanduKaumen HagKto-
umyHoro goctyna no Kulenkampff. MpasunbHoe no3uumoHMpoBa-
HME MMEET BaXXHOEe 3HauyeHue ana 610Kagbl NAeYeBoro CNAETEHUS
NOAKMOUNYHBIM AOCTYNOoM. OBbIYHO NALMEHT 3aHMMAET NONOKeHUe
Néxa Ha cnuHe. Mpy 0TBeAEHUM PYKM KNOUMULLA CMELLAETCA BHU3, YXO-
[A B CTOPOHY OT UmMbl. ECn e pyKa onyleHa BAoAb Tena, To Uma

subarachnoid space. The phrenic and recurrent laryngeal nerves
may also be affected, and the stellate ganglion blockade can lead
to Horner's triad. [15]. Horner's syndrome is a common compli-
cation with an incidence rate of 80-100%. However, symptoms of
this syndrome usually resolve as the blockade regresses [16]. On
the other hand, phrenic nerve palsy is a significant complication
that potentially limits the use of regional anesthesia, particularly
in high-risk patients [17].

Performing surgical interventions on the humerus, elbow
joint, and hand is possible with a cPNB using a supraclavicular ap-
proach. Kulenkampff first used this technique in 1911 [13].

cPNB is performed with ultrasound guidance in the supine
position to access the brachial plexus using a Tuohy needle (Fig.
8).

Subsequently, a catheter is directed through the Tuohy nee-
dle to reach the brachial plexus. The catheter should be threaded
no more than 3 cm from the needle's distal end (Fig. 9, 10).

When performing a BPB using a supraclavicular approach,
it is recommended to use transparent adhesive film dressings.
This allows for daily monitoring of the spread of local anesthetic.
Possible complications include damage to the dome of the pleura
and lung, which can lead to the development of pneumothorax
or hemothorax. Horner's syndrome or phrenic nerve block may
also occur [19].

The subclavian approach for cPNB is suitable for rehabilita-
tion after performing manipulations distal to the middle third of
the shoulder. The infraclavicular approach for BPB was proposed
by Babitzki in 1918 as a modification of the supraclavicular ap-
proach, according to Kulenkampff. Proper positioning is crucial in
BPB via the infraclavicular approach. Usually, the patient is in a

Puc. 8 lMo3uyua ysibmpa3zsyKos8020 00MYUKA ynempassyKooli
duaeHocmuyeckoli cucmemel «Mindray M5» (Shenzhen Mindray Bio-
medical Electronics Co., Ltd, China) 8 HadknoyuyHol obaacmu.

1 —ynbmpa3ssykosoll damyuk, 2 — uzna Tyoxu

Fig. 8 The setup for ultrasound guided the BPB. The patient is
positioned supine, and the transducer is aligned in the supraclavicular
region. 1 — ultrasonic sensor, 2 — Tuohy needle. Mindray M5 Diagnostic
Ultrasound System (Shenzhen Mindray Bio-medical Electronics Co., Ltd,
China)

Puc. 9 lpogedeHue kamemepa Yepes npocgem uanbi Tyoxu Uz Habopa
Perifix ONE (B. Braun Melsungen AG, Germany). 1 —kamemep, 2 —
uena Tyoxu

Fig. 9 The catheter is directed through the Tuohy needle of Perifix®
ONE set (B. Braun Melsungen AG, Germany). 1 — catheter, 2 —Tuohy
needle
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yNpétca B KoumLy. Mo3nLMoHMPOBaHME Y/IbTPA3BYKOBOIO AaT4MKa B
NOAKNIOYMYHONM 061acTV NPOM3BOAMTCA B NapacarmTaabHOM NAOCKO-
CTU nog, Kntoumnuei. OgHako, NPy yKa3aHHOM PacnosioXKEHWUWN BO3pac-
TaeT PUCK BO3HMKHOBEHMA MHEBMOTOPAKCA M NOBPEKAEHUA NETKUX
B COYETaHWUM C OTCYTCTBMEM aHecTe3uu obaacTu NNeyYeBOro CycTasa
BBMAY [MYO6OKOro pacnosioxeHUs HepBHbIX cTBonoB [20].

Mpu BblIbOpe MeToAa aHecTe3uu HeobXOAMMO YYWUTbIBATb Me-
TOAMKM, NPU KOTOPbIX, aHaNbre3nsa B UHTPa- U NOCAE0NepaLMoHHOM
nepvoaax Hanbonee sGPeKTUBHA, a BIUAHUE HA CUCTEMBI XKM3Heobe-
crneyeHns U romeoctas Hanbosee MMHUManNbHbI [2].

Takum 06pa3om, MOXKHO 3aK/uMTb, yTo MMBE, 33 c4YéT nepu-
depuueckoit 6nokaapl 601eB0OM MMNYALCALMM NO3UTUBHO BAMAET Ha
pe3ynbTaThbl neyeHus, obecneunsasn addpekTBHoe 0besbonmsaHue B
nepvonepawuMoHHOM nepuoge, cnocobcTays 6bICTPOI peabunutaumm
NaLMEHTOB, YTO B 3HAUUTE/IbHOM CTEMEHM COKPALLAET NPOLOIKUTENb-
HOCTb CTaLLMOHAPHOTO IeYEHMSA.

Puc. 10 Y1empa3syKosaa KapmuHa npogedéHHO20 K naeyesomy cnsie-
MeHUI0 Kamemepa Nosy4eHa ¢ NOMOWbIO Y/ibmpasgyKosol duaeHo-
cmuyeckoli cucmemsi «Mindray M5» (Shenzhen Mindray Bio-medical
Electronics Co., Ltd, China). 1 —kamemep, 2 — nne4yegoe cnaemeHue
Fig. 10 An ultrasound image of a catheter placed to the brachial
plexus. 1 —catheter, 2 — brachial plexus. Mindray M5 Diagnostic
Ultrasound System (Shenzhen Mindray Bio-medical Electronics Co., Ltd,
China)

supine position. When the arm is abducted, the clavicle moves
downwards, away from the needle. If the arm is lowered along
the body, the needle will be up against the clavicle. The ultra-
sound sensor must be positioned in the subclavian region in the
parasagittal plane under the clavicle. However, it needs to be
noted that this location poses a higher risk of pneumothorax and
lung damage. In addition, due to the deep location of the nerve
trunks, there may be insufficient anesthesia in the shoulder joint
area [20].

When selecting an anesthesia method, it is crucial to consid-
er the most effective techniques for pain management during the
intra- and postoperative periods while minimizing the impact on
vital organs and homeostasis [2].

Therefore, we can infer that peripheral blockade of pain,
achieved through cPNB, benefits treatment outcomes. This in-
cludes providing effective pain relief during the perioperative pe-
riod and promoting rapid rehabilitation of patients. As a result,
the length of hospital stay is significantly reduced.
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PE3YABTATBHI IIEPBOI'O OIIBITA BMOMMIIEAAHCHOT' O AHA/ZIN3A COCTABA
TEAA HACEAEHWS PECITYBAUKUN TAAKNKNCTAH

M.K.TYAOB!, CM. ABAYAA0304A% I M. YCMAHOBA?

1 Kadeapa obmeit xupyprun Ne 1 um. npod. A.H. Kaxxoposa, Taa>xmukckuit rocyapcTBeHHBIN MeAUIIMHCKII yHuBepcuTteT uM. Abyaan ndau Cuno, Aymante,
Pecniy6.anka Tagxukucran

2 Kadeapa srmaemmosorun uMm. npodeccopa X.K. Papuesa, TagKMKCKMit TOCyAapCTBEHHBI MEAUIIMHCKUI yHUBepcuTeT uM. Abyaan nban Curxo, Aymanoe,
Pecriy6anka Tagxuxucran

Llenb: aHann3 pesynbTaToB NEPBOroO OnbiTa GroMmnesaHcHoro aHanusa (BMA) KoMno3uTHoro cocTasa Tena HaceneHus Pecnybnvkv TagKUKMUCTaH.
Matepuan u metogbl: U3y4yeH KOMMNO3UTHbIN cocTaB Tena 1304 yenosek (718 (55,1%) »eHuwmH, 586 (44,9%) my:KuuH, cpegHuit Bospact 41,1+13,6
net) nytém GuommnepaHcomeTpun. bbian onpeaeneHbl: xuposaa macca (KM, kr), gona KM (OKM, %), Towas macca (TM, Kr), akTUBHas KNeToYHas
macca (AKM, Kr), gons AKM (OAKM, %), ckeneTHo-mbiweyHas macca (CMM, Kr), gona CMM (OCMM, %), obwas xugrocts opraHusama (OO, Kr),
BHEK/NETOUHAs MUAKOCTb (BKXK, Kr), MMHepanbHas macca KOCcTHOM TKaHu (MMKT, Kr), ocHosHoM 0bmeH (OO, KKan/cyT.) 1 yaenbHbI OCHOBHOM 06MeH
(YOO, kkan/m?/cyT.). Kpome Toro, B npouecce ob6cienoBaHus naumeHToB 6biin onpeaeneHbl MHAEKC Macchl Tena (MMT) no dopmyne Agonbda Ketne,
1 MHAeKc Tanua/6éapa (UTB).

Pe3ynbTatbl: cpegHee 3HauyeHne MM y Bcex 06cnef0BaHHbIX cocTaBuna 22,5+12,04 Kr. MeHwmHbl Ha 24,2% umenu 6onblie KM (24,6+12,0 kr) no
CpaBHEHUIO ¢ Myx4nHamm (19,8111,6 kr) (p<0,001). TM y Bcex obcnesoBaHHbIX COCTaBUAA B cpesHem 44,914,7 Kr, y MyKUMH — 46,313,6 Kr, y »KeH-
WMH — 44,0%4,3 kr (p<0,05). Bcaeacteme 3Toro, y My»K4nH oTmedancs 6onee BbICOKMIA nokasatens OO0 — 1735,5£102,1 KKasi/CyTKM MO CPaBHEHMIO C
MeHwmHamm — 918,9157,2 kkan/cyTku (p<0,001). 3Haummoe pasnnume YOO no nony He OTMEYEHO; 3TOT NoKasaTesb B cpegHem cocTasun 853,7+30,8
1 846,4+33,3 KKan/M2/CyT. Y MYKUMH M XKEHWMH cooTBeTcTBeHHO (p>0,05). Takke He oTmeueHo pasanumit MMKT no nony — AaHHbI NoKasaTenb
coctaBun 2,110,2 1 2,1+0,2 Kr y My»KYMH W XKEHLUMH COOTBETCTBEHHO (p>0,05). OTMeUeHbl NoNoKUTeNbHbIe 3HaYMMble (p<0,05) IMHelHble B3aumoc-
BA3M MeXKAy KaTeropuamm atogen ¢ pasHbim UMT ¢ UTB (r=0,182), *M (r=0,933), M (r=0,855), TM (r=0,262), AKM (r=0,159), OO (r=0,259), BK}
(r=0,440), MMKT (r=0,522) 1 OO (r=0,161), oTpuuaTenbHble AMHelHble B3aumoceasu — ¢ JAKM (r= -0,042), CMM (r=-0,121), ALCMM (r= -0,605) u
YOO (r=-0,521).

3akntoueHmne: BMA KOMNO3NUTHOrO coCTaBa Tena ABAAETCA BbICOKOIPPEKTUBHBIM CNOCOHOM OLLEHKM KOHCTUTYLIMOHAbHbIX 0COBEHHOCTE OpraHU3ma
1 103BONAET afleKBaTHbIM 0OPA3OM ONPeaeNUTb COAEPKAHME KUPOBOM U TOLLEN MacChl, ObLLEN XKMUAKOCTU OpraHU3mMa U MoKasaTes M OCHOBHOIO
obmeHa. Pasnnune cogepkaHuaA BbllLeyKasaHHbIX NMOKa3aTenel y 06cnejoBaHHOM KOropTbl 3aBUCE/N OT UX NOAa, BO3pacTa U mMacchl Tena. Ucnonb3o-
BaHWe b1orMnesaHCOMETPUM MO CPABHEHMIO C AHTPOMNOMETPUEN N03BOAAET BoNee TOYHO ONpeseUTb HaluMe OXKUPEHNUS.

KntoueBble cnoBa: snekmpoumnedaHcomempus, buoumnedaHcHbIl aHAAU3, U3bbIMOYHAA MACCA Mesa, OXUPEHUE, HUPOBAA Macca.

Ona yutnposanua: lynos MK, Abaynnosona CM, YcmaHoBa M. PesynbTaTbl NepBoro onbita 6MOMMNEAaHCHOrO aHan3a cocTaBa Tena HaceneHus Pecny-
611Ky TagRuKUCTaH. BecmHuk AsuyeHHsl. 2023;25(4):571-89. https://doi.org/10.25005/2074-0581-2023-25-4-571-589

A PILOT STUDY EXAMINING THE BODY COMPOSITION OF THE POPULATION OF
THE REPUBLIC OF TAJIKISTAN USING BIOELECTRICAL IMPEDANCE ANALYSIS

M.K. GULOV!, SM. ABDULLOZODA? G.M. USMANOVA?

1 Department of General Surgery Ne 1 named by Prof. A.N. Kakhkhorov, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan
2 Department of Epidemiology named by Prof. Kh.K. Rafiev, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

Objective: Evaluation of a pilot study results examining bioelectrical impedance analysis (BIA) of body composition of the population of the Republic
of Tajikistan.

Methods: The body composition of 1304 individuals was studied using bioimpedance measurements. The study included 718 women (55.1%) and
586 men (44.9%) with an average age of 41.1+13.6 years. The following variables were measured: fat mass (FM, kg), percent body fat (PBF, %), fat-free
mass (FFM, kg), body cell mass (BCM, %), percent body cell mass (PBCM, %), skeletal muscle mass (SMM, kg), percentage of SMM (PSMM, %), total
body water (TBW, kg), extracellular fluid (ECF, kg), bone mineral content (BMC, kg), basal metabolic rate (BMR, kcal/day) and mass-specific metabolic
rate (msBMR, kcal/m?/day). In addition to examining patients, we determined their body mass index (BMI) and waist-to-hip ratio (WHR) using the
Adolphe Quetelet formula.

Results: The average FM for all study subjects was 22.5£12.04 kg. Women displayed 24.2% more FM than men — 24.6+12.0 kg and 19.8+11.6 kg,
respectively (p<0.001). LM in all subjects averaged 44.94+4.7 kg, in men and women — 46.3+3.6 kg and 44.0+4.3 kg, respectively (p<0.05). As a result,
men had a higher BMR than women — 1735.5+102.1 kcal/day and 918.9+57.2 kcal/day, respectively (p<0.001). There were no significant gender
differences in msBMR: for men and women, the average was 853.7+30.8 and 846.4+33.3 kcal/m2/day, respectively (p>0.05). There were also no
gender differences in BMC for men and women: the average was 2.1+0.2 and 2.1+0.2 kg, respectively (p>0.05). The results showed positive significant
(p<0.05) linear relationships between BMI categories and WHR (r=0.182), FM (r=0.933), PBF (r=0.855), FFM (r=0.262), BCM (r=0.159), TBW (r=0.259),
ECF (r=0.440), BMC (r=0.522), BMR (r=0.161), and negative linear relationship — with PBCM (r=-0.042), SMM (r=-0.121), PSMM (r=-0.605) and msBMR
(r=-0.521).
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Conclusion: BIA is a highly effective method for assessing body composition, allowing for accurate determination of fat and lean mass, total body
fluid, and basal metabolic rates. The differences in the above indicators varied based on gender, age, and body weight of the examined cohort. Using
bioimpedance instead of anthropometry provides a more accurate assessment of obesity.

Keywords: Electrical impedance measurement, bioimpedance analysis, overweight, obesity, fat mass.

For citation: Gulov MK, Abdullozoda SM, Usmanova GM. Rezul'taty pervogo opyta bioimpedansnogo analiza sostava tela naseleniya Respubliki Tadzhikistan
[A pilot study examining the body composition of the population of the Republic of Tajikistan using bioelectrical impedance analysis]. Vestnik Avitsenny [Avicenna
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BBEAEHMUE

B nocnegHue rofbl 0TMEYaeTCA NOBbILIEHHOE BHUMaHWe y4yé-
HbIX K M3YYEHWUIO Pas/IMyHbIX acneKToB oxupeHus (OXK), cunTatoLe-
rocsi O4HOM M3 HeBMPYCHbIX naHaemuit XXI seka [1, 2]. Kak nokasa-
W Haww npeaplayuwee nccnegosaHna, 20,2% HaceneHna NUNOTHLIX
pervoHoB Halwen pecnybankm umenn OX, n B nepunog 2015-2019 rr.
€ro MPUPOCT Cpeay BCero HaceneHus coctasun +128% [3]. CornacHo
pekomeHgaumam BcemmnpHoit opraHusaumm 3apasooxpaHeHus (BO3)
HasMume n3bbiTouHoM Macchl Tena (M3MT) u OX onpeagensetcs no
MHAEKcy macchl Tena (MMT). OH ABNAETCA O4HUM M3 SKOHOMMUYECKHU
[OCTYMHBIX M CamMbIX AeLéBbIX cnocobos onpenenerns OX, Ho He no-
3BONIAET OLLEHUTb UCTUHHbIM KOMMOHEHTHBIM COCTaB Tesla YenoBeka [1,
4, 5]. Kpome TOro, pesynbraTbl pAga UCCNE[0BaHWI NOKa3bIBALOT, YTO
HepeaKo y nL, MMELWMX NOBbIWeHHbI MMT, He Bcerga oTmMeyaeT-
A AucbanaHc cofepKaHWA KOCTHOTO, MbILLIEYHOTO U KUPOBOFO KOM-
NOHEHTOB TeNa, M 3Ta KaTeropus JnL, OLIMBOYHO OTHOCUTCA K MLLaM,
umetownm U3MT mam O [4-10]. B cBA3m ¢ 3TUM, bblan paspaboTaHbl
pasnnyHble 4ONONHUTENbHBIE METOAbI UCCNeA0BaHMA, NO3BOAAIOLLME
M3y4nTb KOMMOHEHTHBIN COCTaB Tena y AuL, ¢ nosbiweHHbIM UMT, K
KOTOPbIM, B YaCTHOCTU, OTHOCUTCA BUA [8].

Kak nokasbiBatoT pe3ynbTaThl paga uccnenosanuii, bBUA asnsaer-
CA OAHUM U3 BbICOKO3DDEKTUBHDBIX M HEMHBA3UBHbIX METOA0B OLEHKM
LUMPOKOTO CNeKTpa Gr13MoNornyecknx 1 Mopponormieckmx nokasare-
NeVi BCEro Tena, Kak B HOPME, TaK U NPU PasNnYHbIX NaToNOrMAX, B TOM
yncne U3MT un OX [4-9]. JaHHbI meTog yke bonee ABaguUaTV net
LUIMPOKO MCMONb3YeTCA NMPU CKPUHUHIOBbIX UCCNEA0BaHMAX Hacene-
HUA eBPOMEeNCKUX CTPaH M aMepUKaHCKOTO KOHTUHEHTa Ha npeameT
n3bbITKa Beca [10, 12]. MpMHMMan BO BHUMaHWE OTCYTCTBME Hay4YHbIX
nyb6anKaumii B HaydHol anekTpoHHoW 6ubaunoteke elibrary.ru us umc-
Na cTpaH LleHTpanbHol A3umn, MOXHO noaTBepauTb, 4To BUA cocTasa
Tefla B 3TUX PervoHax NpPoBOAMTCA KpailHe peaKo uav Booblle, He
npoBoguTcA. B TafKMKMUCTaHe A0 HACTOALLLEro BpemMeHU M3yyeHue co-
CTaBa Tefla HaceneHus ¢ nomoLLpto BUA He 6bin0 NposeaeHo, B CBA3N
C YeM B HaCTOALLEM UCCeL0BaHUM 0OOBOLLEH NepBbI OMbIT €ro npu-
MEeHeHuA.

LLENb UCCNEAOBAHMA

AHanu3 pesynbTatos Nepsoro onbiTa BUA coctasa Tena B3pocno-
ro HaceneHwa Pecny6amkm TagKMKUCTaH.

MATEPUAN U METOADbI

MccnenoBaHne HOCWUAO MPOCMEKTUBHBIA HepPaHAOMM3NPOBaH-
HbIl XapakTep, Npu 3TOM bbln M3y4yeH cocTas Tena 1304 yenosek U3
Yyucna B3pOCNOro HaceneHua Pecnybamkm TagukucTaH, 718 (55,1%)
13 KOTOPbIX ABUUCH KeHLWMHaMK, 586 (44,9%) — My>KUMHaMM.

PacnpegeneHne obcnefoBaHHbIX NO BO3PACTy NPOBEAEHO B CO-
OTBETCTBUM C Knaccudurkaumein BO3, roe 820 (62,9%; 413 MeHLMH,
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INTRODUCTION

In recent years, there has been an increased focus on study-
ing obesity (OB), considered one of the non-viral pandemics of
the 21% century [1, 2]. From 2015-2019, OB affected 20.2% of
the population in pilot regions of Tajikistan. The obesity rate has
risen by more than 128% across the entire population [3]. BMI
is used to determine overweight (OW) and OB, according to the
World Health Organization (WHO). It is an affordable and accessi-
ble method for measuring OB, but it cannot accurately determine
the body composition [1, 4, 5]. It has been found through various
studies that individuals with an elevated BMI may not necessar-
ily have an uneven distribution of bone, muscle, and fat in their
bodies. As a result, it is incorrect to label these people as OW or
OB [4-10]. In this regard, various additional research methods
have been developed to study the component composition of the
body in individuals with increased BMI, which, in particular, in-
cludes BIA [8].

Several studies have demonstrated that BIA is a highly ef-
fective and non-invasive method for measuring body composition
under normal conditions and in various pathologies, including
OW and OB [4-9]. This screening method has been widely used
in North America and the EU countries for over twenty years to
detect OW and OB [10, 12]. It is confirmed that body composi-
tion analysis is rarely performed in Central Asian countries, as
evidenced by the lack of scientific publications in the Scientific
Electronic Library (eLibrary.ru). In Tajikistan, a study using BIA to
determine the body composition of the population was conduct-
ed for the first time.

PURPOSE OF THE STUDY

Evaluation of a pilot study results examining BIA of body
composition of the adult population of the Republic of Tajikistan.

METHODS

The study was prospective and non-randomized; the study
analyzed the body composition of 1304 adults in Tajikistan; 718
(55.1%) were women, and 586 (44.9%) were men.

The study used the WHO categories to classify the partici-
pants based on age. Out of the 1304 individuals examined, 820
(62.9%) were young (413 women and 407 men) aged 18-44, 328
(25.2%) were middle-aged (217 women and 111 men) aged 45-
59, 150 (11.5%) were elderly (85 women and 65 men) aged 60-74,
and 6 (0.5%) were senile (3 women and 3 men) aged 75-90. The
participants' average age was 41.1+13.6 years: men — 39.8+13.6
years, women —42.1+13.6 years.

The bioimpedance analyzer ABC-02 (LLC STC "MEDASS" Rus-
sia) (Fig. 1), registration certificate No. RZN 2016/3886 was used
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407 MY)KYMH) YeNOoBEK ABUAUCL AMLamu monogoro (18-44 net), 328
(25,2%; 217 weHwwmH, 111 myxumH) — cpegHero (45-59 net), 150
(11,5%; 85 eHLWuH; 65 MyKuunH) — noxunoro (60-74 net) n 6 (0,5%; 3
YKEHLLMHbI, 3 MY}K4MHbI) — cTapyeckoro (75-90 neT) BospacTos. Cpea-
HWIN BO3PACT PecnoHAeHToB cocTasun 41,1£13,6 net, y My}KUuH —
39,8+13,6 ner, y eHwmH —42,1+13,6 ner.

Komno3suTHbIN cocTas Tesia 6bln M3yyeH Npu nomoLuy buommne-
[aHCHOTO aHaM3aTopa 06MeHHbIX NPOoLEeccoB v cocTasa Tena ABC-02
(000 HTL, «MEOACC», Poccuitckas Pepepaums, pernctpaLmMoHHoe
yaoctoseperune Ne P3H 2016/3886 ot 23.08.2018 r.) (puc. 1).

C ero nomolupto BbIM OnNpeAeneHbl cnefytolme noKasaTenu:
KupoBan macca (KM, kr), gona KM (KM, %), Towas macca (TM, Kr),
aKTMBHasA KneTouHana macca (AKM, kr), nons AKM (OAKM, %), ckenet-
HO-MbileyHas macca (CMM, kr), aona CMM (ACMM, %), 0bwian »ua-
KocTb opraHusma (OO, Kr), BHEKNEeToYHas Kugroctb (BKXK, Kr), mu-
HepanbHas macca KOCTHoM TkaHu (MMKT, Kr), ocHoBHoi1 06meH (OO,
KKas/cyT.) 1 yaenbHblt ocHoBHOW 06meH (YOO, kkan/m?/cyT.).

Kpome Toro, B npouecce o6cneao0saHus nauyeHToB bblam onpe-
AeneHbl MHAeKc maceol Tena (UMT) no dopmyne Agonbda Ketne, nn-
feKc Tanua/6éapa (UTB).

MeTon BUA ocHOBaH Ha OLEHKe coCTaBa Pas/IMYHbIX CTPYKTYP
OpraHu3mMa Mo MX 37EKTPONPOBOAMMOCTH, aKTUBHOTO (R) M peakTus-
Horo (Xc) conpoTtusneHus. laHHbI MeToA, ABNAETCA HEUMHBA3UBHbBIM,
npocTbiM M H6e30nacHbIM cnocoboM OLEHKM KOMMO3UTHOMO COCTaBa
Tena, U eMHCTBEHHbIM NPOTUBOMNOKA3aHWEM K €ro NPUMEHEHUIO AB-
NAETCA Hanuuve y obcaesyemoro UMNIaHTMPOBAHHOTO 3/1EKTPOKAp-
avoctumynatopa. Kpome Toro, BUA oTHOCUTCA K uucay abcontoTHO
6e3BpeHbIX METOA0B HE TO/bKO AMarHocTMKU OX, HO U ogHUM 13
OCHOBHbIX MHCTPYMEHTOB MOHUTOPUHIA 33 AMHAMMUKOW U3MeEHEHMA
NPONOPLIMM COAEPKAHUA KUPOBOM, MbILLEYHON M MUHEPaNbHOM Mace
B OpraHu3Mme, a Takxe KOHTPONA 3PpdEKTUBHOCTM BbINONHAEMbIX NPO-
rpamm, HanpaBaEHHbIX Ha MOXYAAHWE NN KOPPEKLIMIO GUTYpPbI.

Mpoueaypa WA nposoaunach B crepytowei nocnefosatesb-
HocTu. Cnepsa 6bl1M onpeAeneHbl aHTPONOMETPUYECKME NOKa3aTenu
obcnenyeMoro ¢ Ux BHeCEHMEM B NaMATb KomMbtoTepa. B nocnesy-
IOLLEM, NPU FTOPU3OHTASIBHOM MOJOKEHUM 06CNesyeMoro, NpoBoau-
NIOCb KpenjeHue 3N1eKTPOA0B HA PACcCTOAHMM 3 cM Mexay coboi Ha
CTOME W KUCTM CNpaBa WK CeBa B 3aBUCMMOCTU OT yA06CTBa WX Kpe-
NAEHMA, M NPOBOAMNOCH M3MEPEHMWE NOKaszaTenen (puc. 2).

CHayana K Teny NoACOeAMHANNCD U3MEPUTE/IbHbIE SNEKTPOZb,
noToM TOKOBble aneKTpogbl. Mpoueaypa BUA He Tpebosana ocoboi
NOATOTOBKM M ANNNACch NPUMEPHO ABe MUHYTbI. [ocne 3aBeplueHuns
6MoMMNeHAAHCOMETPUM NPOBOAMACA TLLATENbHbIV aHANN3 NONYYEH-
HOro pe3ynbTaTa, M Ha ero OCHOBE [aBafoCh 3aK/0YEHUE O HAIMUMK
WK OTCYTCTBUM Yy 0BCNEAyeMOro OMMPEHWUS C COOTBETCTBYOLLMMMU
peKkoMeHaaLmMAMM.

for bioimpedance measurement of metabolic processes and body
composition.

With its help, the following indicators were determined:
fat mass (FM, kg), percent body fat (PBF, %), fat-free mass (FFM,
kg), body cell mass (BCM, %), percent body cell mass (PBCM, %),
skeletal muscle mass (SMM, kg), percentage of SMM (PSMM, %),
total body water (TBW, kg), extracellular fluid (ECF, kg), bone min-
eral content (BMC, kg), basal metabolic rate (BMR, kcal/day) and
mass-specific metabolic rate (msBMR, kcal/m?/day).

In addition to examining patients, we determined their body
mass index (BMI) and waist-to-hip ratio (WHR) using the Adolphe
Quetelet formula.

Bioimpedance is a complex quantity composed of resistance
(R) caused by total body water and reactance (Xc) caused by the
capacitance of the cell membrane. This is a non-invasive and safe
method to assess body composition. The only contraindication is
an implanted pacemaker. BIA is used not only for diagnosing obe-
sity but also for monitoring the body's changes in fat, muscle, and
mineral mass. It is also an effective tool for tracking the progress
of weight loss programs and overall body shaping.

The BIA procedure was carried out in the following steps.
Firstly, the subject's anthropometric measurements were record-
ed on the computer. Next, electrodes were attached to the foot
and hand of the subject at a distance of 3 cm from each other,
either on the right or left side, based on the preferred attachment
position. Finally, the indicators were measured with the subject
lying supine (Fig. 2).

Initially, electrodes for measuring and current were con-
nected to the body. The BIA procedure required no special prepa-
ration and took around two minutes to complete. After the com-
pletion of the bioimpedance measurement, a detailed analysis
of the result was conducted. Based on the analysis, a conclusion
was drawn regarding the presence or absence of obesity in the
subject, along with appropriate recommendations.

The studies were conducted by trained staff from the De-
partment of Epidemiology at Avicenna Tajik State Medical Univer-
sity and family physicians from local health centers.

Avicenna Tajik State Medical University Ethics Commission
approved study (Protocol Ne 7 of December 24, 2021).

The data obtained during the study were subsequently en-
tered into the Excel 2010 program. Statistical analysis was per-
formed using IBM SPSS Statistics for Windows, version 21.0 (IBM

Puc. 1 buoumnedaHcHsIl aHAU3amMop 06MeHHbIX NPOUECCo8 U cocma-
6a mena ABC-02 (000 HTL| «MEAIACC», Pocculickas ®edepauus)
Fig. 1 The bioimpedance analyzer ABC-02 (LLC STC "MEDASS", Russia)

Puc. 2 [pouecc nposedeHusa 3neKmpoumnedaHcoMempuu aHanu3a-
mopom ABC-02

Fig. 2 Conducting electrical impedance measurements using the ABC-
02 analyzer
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MccnenoBaHva MNpoBOAMAKUCH CreuManbHO OBydYeHHbIMKU CO-
TPyAHUKamMK Kadeapbl anuaemmnonormm TafKUKCKOTO rocyAapcTBeH-
HOMO MefMLMHCKOro yHuBepcuteTa um. Abyanm nbHu CuHo coBmecT-
HO C BpaYaMu CeMeNHOW MeAMLMHbI FOPOACKUX WU PaOHHbIX
LIEHTPOB 34,0P0BbA.

WccneposaHue 6bino opobpeHo Komuccueit no sTuke TagsKuK-
CKOTO roCyAapcTBEHHOr0 MeAMUMHCKOro yHuBepcutetTa um. Abyanu
nbHM CuHo, npotokon Ne 7 ot 24 nekabps 2021 .

Bce nosyyeHHble B X0A4€e UCCNef0BaHUA AaHHble bblnn 3aHece-
Hbl B nporpammy Excel ¢ Lenblo Mx apxuBauumn U AanbHenwen ob-
paboTku. CTaTUCTMYECKMIA aHANM3 NPOBOAMAICA C WUCNO/Ab30BaHMEM
nporpammbl SPSS Statistica 21.0 (IBM Corp., USA). Pe3ynbrtathl cTa-
TUCTMYECKMX AaHHbIX BblIM 0606LEHbI C MCMOAb30BaHWEM TabuL,
u umdp. OnucatenbHan CTaTUCTMKA BKAKOYana B cebs, B OCHOBHOM,
YacToTy A8 HOMMHANbHbLIX M MOPAAKOBbLIX NMEPEMEHHbIX; CpeaHee,
[lMana3oH ¥ CTaHAAPTHOE OTK/IOHEHME bblAM paccunTaHbl 418 Henpe-
PbIBHBIX 1 AUCKPETHbIX NEPeMEHHbIX. YacTOTbI M MPOLLEHTbI PACCUMTbI-
Ba/INCb AN1A KaTeropuanbHbIX NepeMeHHbIX. Kputepuin «Xu-kBagpat»
MCNONb30BaNCA ANA HOMMHA/IbHbIX NepemMeHHbIX ANa onpeaeneHuns
B3aMMOCBA3M MEX Y HE3aBUCUMbIMM U 3aBUCUMbIMU NEPEMEHHBIMM.
Mpv NapHbLIX CPABHEHMAX MO KOMMYECTBEHHbIM MOKa3aTeNAM MEX-
Zly He3aBMCUMbIMM Tpynnammn nucnonb3osanca U-kputepuii MaHHa-
YUTHW. AHaNM3 KOPPENALMOHHbIX CBA3EN NPOBOAMACA NO MUPCOHY U
CnupmeHy. Pe3ynbraTtbl, KOTOPblE NOKA3a/1, YTO 3HAYEHME «P» MEHb-
we mau pasHo 0,05, CYMTaNUCh CTaTUCTUYECKM 3HAYUMBIMM.

PE3YNbTATDI

CpesHve noKasaTeNM pocTa  PECroHAEHTOB  COCTaBW/IM
166,519,3 cm, maccel Tena — 71,02+15,4 Kr, OKpPYXHOCTU Tanuu —
85,4+17,5 cm, 6éaep — 95,4+33,6 cm. Huskuii UMT umenn 74 (5,68%)
yenosek (n=41; 5,71% »eHwWwmH; n=33; 5,63% My}K4MH), HOPMa/bHble
ero nokasartenu — 637 (48,85%) (KeHwmHbl — n=299; 41,64%; Mmy*-
YuHbl — N=338; 57,67%; p<0,001), nosbiweHHbIH UMT — 330 (25,3%)
(*keHWwHbI — n=207; 28,83%; MyxuuHbl — n=123; 20,98%; p<0,01),
OX pasnnuHolt cTeneHn TaxecTn — 263 (20,17%) yenoBek (KeHLWMHbI
—n=171; 23,81%; mykumHbl — n=92; 15,69%; p<0,001), B TOM Yncne
| ctenenun — 189 (14,49%), Il ctenexun — 60 (4,6%) u Ill ctenenmn — 14
(1,07%) pecnoHaeHTOB.

Tabnuya 1 lNokazamenu BWA cocmasa mena pecnoHoeHmos

Mokasartenb, eanHuua uamepeHus u (pedpepeHcHble 3HaueHus)
Variable, units, and (reference values)

NMT, kr/m? (18,5-25,0)/BMI, kg/m? (18.5-25.0)
WTB (0,69-0,81)/WHR (0.69-0.81)

M, kr (8,7-16,3)/FM, kg (8.7-16.3)

IIXXM, % (20-30)/PBF, % (20-30)

TM, Kr (34,1-53,8)/FFM, kg (34.1-53.8)

AKM, kr (17,8-28,2)/BCM, kg (17.8-28.2)
LAKM, % (50-56) )/PBCM, % (50-56)

CMM, «r (18,2-24,3)/SMM, kg (18.2-24.3)
LICMM, % (43,5-48,0)/PSMM, % (43.5-48.0)
OO, Kr (25,0-39,5)/TBW, kg (25.0-39.5)

BKK, kr (11,3-14,8)/ECF, kg (11.3-14.8)

MMIKT, kr (1,70-2,31)/BMC, kg (1.70-2.31)

00, kkan/cyT. (1300-1700)/BMR, kcal/day (1300-1700)
YOO, kKkan/m?/cyr. (777,0-900,0)

msBMR, kcal/m?/day (777.0-900.0)

Corp., Armonk, NY, USA). Tables and figures were used to sum-
marize the statistical data results. Descriptive statistics mainly in-
cluded frequency distribution for nominal and ordinal variables;
mean, range and standard deviation were calculated for contin-
uous and discrete variables. Frequencies and percentages were
calculated for categorical variables. The chi-square test was used
to analyze the relationship between independent and dependent
nominal variables. Pairwise comparisons were performed using
Mann-Whitney U tests. Analysis of correlations was carried out
according to Pearson and Spearman. Statistical significance was
assigned to differences between groups at p<0.05.

RESULTS

The study found that the average height of the participants
was 166.5+9.3 cm, with an average weight of 71.02+15.4 kg. The
average waist circumference was 85.4117.5 cm, while the hip
circumference was 95.4+33.6 cm. Out of the total 1304 partic-
ipants, 74 (5.68%) had a low BMI — 41 women (5.71%) and 33
men (5.63%). 637 participants (48.85%) had a normal BMI, out of
which 299 were women (41.64%) and 338 were men (57.67%).
The difference between the percentages of normal BMI for wom-
en and men was statistically significant (p<0.001). 330 partici-
pants (25.3%) had an increased BMI - 207 women (28.83%) and
123 men (20.98%). The difference between the percentages of in-
creased BMI for women and men was also statistically significant
(p<0.01). Lastly, 263 participants (20.17%) had varying levels of
OB — 171 women (23.81%) and 92 men (15.69%). The difference
between the OB percentages for women and men was statisti-
cally significant (p<0.001). This group included 189 participants in
Class | OB (14.49%), 60 participants in Class || OB (4.6%), and 14
participants in Class 3 OB (1.07%).

The body composition determined for all participants using
BIA, in aggregate and separately by gender, is presented in Table 1.

With its help, the following indicators were determined:
fat mass (FM, kg), percent body fat (PBF, %), fat-free mass (FFM,
kg), body cell mass (BCM, %), percent body cell mass (PBCM, %),
skeletal muscle mass (SMM, kg), percentage of SMM (PSMM, %),

Table 1BIA of body composition of respondents

My >KUMHbI YeHwmHbI
Bce pecnoHAaeHTbl
Total respondents Men Women P
(n=586) (n=718)

23.3+2.1 23.2+2.0 23.2+2.2 >0.05
0.8+0.1 0.9040.2 0.840.1 <0.05
16.0+4.7 15.614.7 16.5+4.5 <0.05
26.3+4.3 25.4+4.0 27.0£4.2 <0.05
44.9+4.7 46.3+3.6 44.0+4.3 <0.05
24.1+3.3 24.9+2.4 23.4+3.2 <0.05
55.2+4.5 54.8+3.7 55.5+5.4 >0.05
21.5+2.0 22.1+1.8 20.9+1.8 <0.05
45.8+2.4 46.7+1.8 45.3+2.2 <0.05
33.3+2.8 33.9+2.6 33.143.7 >0.05
13.4+1.2 13.0+1.7 13.3+1.1 >0.05
2.1+0.2 2.1+0.2 2.1+0.2 >0.05
1712.74£104.5 1735.5£102.1 918.94£57.2 <0.001
849.6+31.6 853.7+30.8 846.4+33.3 >0.05

NpumeyaHue: p — CTaTUCTUYECKaA 3HAUUMOCTb Pa3INUMA NOKa3aTeNei MeXaY MyXKYMHAMM U XKeHLMHamK (no U-kpuTeputo MaHHa-YWUTHM)
Note: p — statistical significance of the difference in indicators between men and women (according to the Mann-Whitney U test)
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BECTHMK ABUMILIEHHEI
Tom 25 * No 4 * 2023

CTpyKTypa cocTaBa Tena, onpesaeneHHasn y BCeX PeCnOHAEHTOB
npu nomolLuy BUA, B COBOKYNHOCTM 1 pa3AenbHO Mo reHaepHOM Npu-
HaJ/IeXKHOCTV NpeACcTaBieHa B Tabn. 1.

AHanM3 NOMYYeHHbIX AaHHbIX NOKa3an pasnnyve 60/bLMHCTBA
napametpos BUA B 3aBUCMMOCTM OT reHAEPHON NPUHALENKHOCTU
obcnenoBaHHbIX. Tak, MLA YKEHCKOTO M0/1a N0 CPABHEHUIO C MYK-
YMHaMM Mmenn 3Hauumo 6onble XM 1 meHble TM, 6bonee HU3KO
Pa3BUTYIO MYCKYNATYpY U, COOTBETCTBEHHO 3TOMY, 3HAUYMMO MEHbLUNI
nokasatenb AKM, a Takxe 6onee cHUKeHHbIM OO no cpaBHEHMIO C
MYXXYMHAMMU.

OaHUM 13 OCHOBHbIX MOKa3aTesel cocTaBa Tena aBaserca KM,
cofepKaHme KoTopoi B Hopme BapbupyeT oT 8,7 no 16,3 Kr. Cpea-
Hee 3HayeHWe KM y Bcex 0bcnenoBaHHbIX cocTasuno 16,0+4,7 kr.
HopmanbHoe cogepikaHue M otmeuyanock y 375 (28,8%) uenosek,
HUXKe Hopmbl —y 118 (9,1%) v Bbiwe Hopmbl —y 811 (62,2%) obcne-
[0BaHHbIX. 3HauMMO Yale copepaHue KM Bbiwe pedepeHCHbIX
3HAYEHMI OTMEYANOCh CPeaM UL, XKeHcKoro nona (n=514; 71,6%) no
CpaBHEHUIO ¢ MyXunHamu (n=297; 50,6%) (p<0,001). Kak nokasan
aHaNN3 AaHHBbIX, }KEHLMHbI Ha 5,8% nmenu 6onblue XM (16,545 Kr)
N0 CpaBHEHMI0 ¢ MyxunHamu (15,6+4,7 kr) (p<0,05).

Kak BMAHO M3 TabA. 2, YACNO KEHLUMH C MOBbILEHHbIMU NO-
Kazatenamu UMT (52,6%), M (71,6%) n gonm KM (63,4%) 6bino
60/1bLUe MO CPAaBHEHMIO C MY}KYMHAMKN. BMecTe ¢ Tem, Cpeam NLL My K-
CKOTrO MoMa NO CPaBHEHMIO C XEHLMHAMM Yalle BCTPeYaanch yncna
JILL, C NOBbILIEHHbIM MHAEKCOM Tanusa/6éapa (84,1% npoTus 75,9%;
p<0,001), TM (46,8% npotvs 3,8%; p<0,001), AKM (92,8% npoTus
45,9%; p<0,001), LAKM (89,4% npotus 62,4%; p<0,001), CMM (84,6%
npotus 11,4%; p<0,001), ACMM (72,7% npotns 22,9%; p<0,001),
OXO (45,2% npotvs 4,0%; p<0,001), BK}¥K (51,0% npotus 22,3%;
p<0,001) 1 YOO (56,8% npotus 29,7%; p<0,001).

K He meHee BaXkHbIM nokasatenam BUA otHocutea TM, KoTopas
oTpakaeT obluee cogepaHve B opraHuame 06e3XKMPEHHOMN TKaHM,
1 B Hopme cocTasnseT 34,1-53,8 Kr. CpegHuii nokasatens TM y Bcex
obcnenoBaHHbIX cocTaBun 44,914,7 Kr, npu 3TOM eé cofeprKaHue B
opraHuame MyK4uH (46,3+3,6 Kr) 6bi10 Ha 5,3% 6onblue, Yyem y auL,
eHcKoro nona (44,0%4,3 kr) (p<0,05). Kpome Toro, MMeHHO M3-3a
6onbluero 06bEma TM, y My}KUMH 0TMeyasnca 6onee BbICOKMI NoKasa-
Tenb 00 — 1735,5+102,1 kKan/cyTku npotvs 918,957,2 KKan/cyTkM y
eHLWWH (p<0,001). OgHaKo 3HauMmoro pasnunuma YOO no reHaepHoi
NPUHAANEKHOCTM He oTMeYanoch — 853,7430,8 n 846,4433,3 kkan/
M2/CYT. Y MY}KUMH M XeHWMH cooTseTcTBeHHO (p>0,05). BUA Takke
nokasan, 4to MMKT He 3aBUCUT OT reHAepHOM NPUHALNERHOCTU 06-
CnepoBaHHbIX, 'y 060MX NON0B OHA UMENIA OAMHAKOBOE 3HAYEHNE — B
cpeaHem 2,110,2 kr (p>0,05).

B 1abn. 3 npeacTaBneHsbl nokasaTtenn BUA cocTasa Tena obcne-
[0BAHHbIX B 33BUCMMOCTM OT MX BO3PACTa.

KaK BMAHO W3 NpeacTaBAeHHOMN TabauLbl, KonebaHne 6oNbLINH-
CTBa NoKasaTeneit BUA B CTOPOHY YMEHbLUEHUA WK YBENNYEHUA He
3aBMCENO OT BO3pacTa 0bcnefoBaHHbIX. C yBenMyeHMem Bo3pacTa
OTMeYaeTca TONbKO 3Hauumoe cHuxkeHne CMM, ACMM wu YOO, uto
OTPAYKAET MPOLLECC eCTECTBEHHOM CAapKONEHUMU C YBEMYEHUEM BO3-
pacTa yenoseka.

CTaTUCTUYECKMIA aHaNN3 NONYYEHHDBIX AaHHbIX BUA cocTaBa Tena
MOKa3an COBCEM MHble JaHHble Y ANL, C Pa3InyHbIMU BapuaHTamu
WMT, pe3ynbTaTbl KOTOPbIX NPEACTaBAEHbI B TabA. 4.

KaK BUAHO U3 NpeacTaBAeHHoM Tabanupl, ¢ ysennyeHnem UMT
OTMEYaEeTCA 3Ha4YMMOe yBenndeHne cogepkanma KM, XM, BKXK,
MMKT, u cootBeTctBeHHO 3TOMY ymeHbluaetca JCMM, a Takxe B
page cnyyaes —YOO.

KoppenaumoHHbIi aHanus nokasarenei BUA B 3aBucMmocTy oT
nona, sospacta 1 UMT obcnefoBaHHbIX NpeacTaBneH B Tabn. 5.

total body water (TBW, kg), extracellular fluid (ECF, kg), bone min-
eral content (BMC, kg), basal metabolic rate (BMR, kcal/day) and
mass-specific metabolic rate (msBMR, kcal/m?/day).

Analysis of the data revealed gender-based differences in
most BIA parameters. Females have more FM, less FFM, less mus-
cle development, lower BSM, and lower BMR than males.

Body composition is usually measured by FM ranging from
8.7 to 16.3 kg. The average FM value for all subjects was 16.0+4.7
kg. Of those examined, 28.8% had normal body fat values, 9.1%
were below normal, and 62.2% were above normal. Females
(n=514; 71.6%) more often had excessive fat compared to males
(n=297; 50.6%) (p<0.001). According to the data analysis, women
had 5.8% more FM (16.5+4.5 kg) than men (15.64.7 kg) (p<0.05).

As shown in Table 2, a more significant proportion of women
had higher BMI (52.6%), FM (71.6%), and PBF (63.4%) compared
to men. The study found that among males, a higher percentage
had increased WHR (84.1% vs. 75.9%; p<0.001), FFM (46.8% vs.
3.8%; p<0.001), BCM (92.8% vs. 45.9%; p<0.001), PBCM (89.4%
vs. 62.4%; p<0.001), SMM (84.6% vs. 11.4%; p<0.001), PSMM
(72.7% vs. 22.9%; p<0.001), TBF (45.2% vs. 4.0%; p<0.001),
ECF (51.0% vs. 22.3%; p<0.001), and msBMR (56.8% vs. 29.7%;
p<0.001) compared to females.

FFM is an essential indicator of body composition, which re-
flects the total body fat-free tissue content and typically ranges
from 34.1 to 53.8 kg. The average FFM value for all participants
was 44.9+4.7 kg. Men had 5.3% higher content (46.3+3.6 kg) than
women (44.0 +4.3 kg) (p<0.05). In addition, men have a higher
BMR rate than women due to their more significant amount of
BMR — 1735.5+102.1 kcal/day versus 918.9+57.2 kcal/day in
women (p<0.001). However, there was no significant difference
in msBMR between genders: 853.7+30.8 and 846.4+33.3 kcal/
m?/day in men and women, respectively (p>0.05). BIA found that
BMC is independent of gender, averaging 2.1+0.2 kg in both sexes
(p>0.05).

Participants' age-related measurements of body composi-
tion using BIA are presented in Table 3.

The table shows that fluctuations in most BIA indicators
were not age-dependent. Only significant reductions in SMM,
PSMM, and MsBMR were observed with increasing age, reflect-
ing sarcopenia as the natural aging process.

After analyzing the BIA body composition data, it was found
that different BMI groups had significantly different data, as
shown in the table 4.

As can be seen from the Table 4, there is a significant in-
crease in FM, PBF, ECF, and BMC with an increase in BMI, which
results in a decrease in PSMM and sometimes msBMR.

Table 5 presents a correlation analysis of BIA indicators
based on gender, age, and BMI.

From the data presented in Table 5, there is a direct cor-
relation between some BIA indicators (independent variables)
and the body weight, age, and gender (dependent variable) of
the participants. Several significant positive linear relationships
(p<0.05) were found between different BMI groups and various
body composition measurements, including FM (r=0.933), ECF
(r=0.440), BMC (r=0.522), and PBF (r=0.855). In contrast, nega-
tive linear relationships were observed between BMI groups and
msBMR (r=-0.521) and PSMM (r=-0.605).

Depending on the gender of the subjects, the study ob-
served positive linear correlations with PBF (r=0.396), and neg-
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KaK BMAHO M3 npeAacTaB/ieHHbIX B Tabn. 5 AaHHbIX, OTMeYeHa
NpAMan KOPPENALMOHHAA CBA3b MeXAY AaHHbIMM MO MAcce Tena, Bo3-
pacTy v Nosy PecrnoHAEHTOB (3aBUCMMAn NepeMeHHasn) U HEKOTOPbI-
MK nokasatenammn BUA (HesaBuCMMble nepemeHHble). Tak, CUNbHble
NoNOXKMTENbHbIE 3HAaUMMble (p<0,05) NMHelHble B3aMMOCBA3UN OTMe-
YeHbl MeXy KaTeropuamu atogei ¢ pasHeim UMT ¢ KM (r=0,933),
BKX (r=0,440), MMKT (r=0,522) u AM (r=0,855), oTpuuatensHas
NMHeiHan B3aumocsasb — ¢ YOO (r=-0,521) u ACMM (r=-0,605).

B 3aBMCMMOCTM OT TreHAEpHOW NpPUHAANENKHOCTM 06cneno-
BaHHbIX OTMEYEHbI CUNbHbIE SIMHENHbIE B3aMMOCBA3M 060X MO0B
¢ OXM (r=0,396), HeraTMBHasA NMHEMHaA B3aMmMocBA3b — ¢ TM (r=
-0,619), AKM (r=-0,583), CMM (r=-0,710), ACMM (r=-0,534), OO
(r=-0,603) n OO (r=-0,583).

MHorodakTopHbI aHaAM3 NoayYeHHbIX AaHHbIX BUA ¢ Bo3pac-
TOM PECNOHAEHTOB MOKa3an Haauune cpeaHein nofoXKUTENbHON -
HelHOW B3aMmocsa3n Bospacta ¢ UMT (r=0,344), n oTpuuatenbHoii
NviHeliHoW B3aumocsasu ¢ ACMM (r=-0.143).

OBCYXAEHUE

B nocnegHue rogpl HabOAAETCA POCT YMC/IA HAYYHbIX MyBIMKa-
LLMiA, NOCBALLEHHDBIX M3YYEHMIO COCTABA Te/la KaK ObLLEero HaceneHws,
TaK ¥ NaLMEHTOB C pas/IMuHbIMK 3abonesaHuamm [4, 6, 10]. Yawe
BCEr0 KOMMOHEHTbI TeNa OblAIM M3yYeHbl C MOMOLLbBIO 3EKTPOUMNE-
[AHCOMETPUM, KOTOpas B OCHOBHOM WCMOb3YeTCA B CMOPTUBHOM
MeauumnHe, anetonorum, Hedponorum u Tepanum [4-9]. Kak noguép-
kuBatoT Campa F et al (2022) B cBoéMm cucTemaTyeckom ob3ope, uc-
nonb3oBaHne bBUA ana nsyyeHua coctasa Tena CNOPTCMEHOB UMeeT
HaMBbICLUYIO CTEeNeHb TOYHOCTM M NO3BONIAET ONpeaeNnTb MaKCUMab-
HO TOYHOE cogepkaHue KM 1 06bEMa BHe-U BHYTPUKIETOUHOW XKUA-
KOCTW OpPraH13ma, B CBA3W C Yem aBTOPbl PEKOMEHAYIOT CYMTATL ero
«3TaNIOHHbIM» MeTogom [10].

B 3apyberkHbIXx CTpaHax M3ydyeHMe pacnpocTpaHéHHocTM OX
Cpefm HaceneHma HepeaKo NPoBOAUTCA C ucnonb3osaHnem bUA, Ko-
TOPbIV NO CPABHEHUIO C TPAAMLMOHHBIMU METOLAaMM NOKa3aa CBO
6onee BbiCOKyto BanmaHoctb [10, 11]. Tak, de-Mateo-Silleras B et al
(2019) npu obcnesosaHun 167 peteit ¢ OX otmetwam, yto y 12%
u3 Hux npu BUA pgona M Haxogmnacb B npefenax pedpepeHcHbIX
3HAYEHUI. B cBA3M € 3TUM, aBTOpbI ANA AMArHOCTUKM U3MT, Kpome
MCMONb30BAHMNA CTAHAAPTHbIX METOAMK M GOpMyn, PeKOMeHZyoT
obszatenbHbiii BUA coctasa Tena [11]. B Apyrom cBoém mnccneaosa-
HuK de-Mateo-Silleras B et al (2018) Tak:Ke NoATBEPKAALOT BbICOKYIO
AMArHOCTUYECKYHo TOYHOCTb BUA y nL, NnoXunaoro Bo3pacra, rae yka-
3aHHbI MeToZ4 N03B0/IMA 60/iee TOYHO OLEHUTb HE TObKO XapaKTe-
pucTuky M3MT, HO M cTeneHb nNoTepn 06BEMA MbIWEYHON MAcChbl €
yBeNnYeHem Bo3pacTa [12], uto Takke 6bls10 LOKA3aHO M HaMM, Tae C
yBENIMYEHMEM BO3PACTa 06CNeL0BaHHbIX OTMEYA0Ch 3HAUMMOE CHU-
YKEHWe [0NM CKENETHO-MbILEYHOM Macchl, YTO NMOATBEPIKAAET ecTe-
CTBEHHbIV NPOLLECC CAPKOMNEHUM.

MpoBeaEHHOE NONBCKMMM aBTOPaMM UCCAeA0BAHNE C BKAKOYe-
Huem 854 yenosek B Bo3pacTe 20-40 net ¢ HopmanbHbIM MMT 6e3
npengsapuTeNbHOM paHAOMMU3aLMKM NoKasano, uto npu BUA 'y 15,78%
JKEHLLUMH 1 7,83% MY»KUMH BbIABNAETCA M3ObITOYHOE copepKaHue KM
NPV HOPMabHbIX POCTO-BECOBbIX NMOKa3aTensx. Takoi GeHoMeH aBTo-
pbl KBaAUOULMPOBANM Kak METADONNYECKOE OXKMPEHWE C HOPMa/b-
HoM maccoi Tena — metabolically obese but normal-weight syndrome
(MONW) [13]. XoTUM OTMETUTb, Y4TO cpean 06CNeAoBaHHbIX Hamu
PecnoHAEeHTOB M3bbITOUHOE coaepkaHue MM oTmeyanoch y bonee
MONOBUHBI U3 HUX (62,2%), 4TO B HECKO/IbKO a3 BbllLe MO CPABHEHMIO
C BblLWeYKa3aHHbIMW AaHHbIMM NOJbCKUX aBTOPOB.

B Hawweit pecnybnunke BMA ans nsyyeHns coctaBa Tena Bnepsble
6bln BHEAPEH B PaMKaX HACTOALLErO UCCeL0BaHUA, MPU 3TOM Oblan
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ative linear correlations with FFM (r= -0.619), BCM (r= -0.583),
SMM (r= -0.710), PSMM (r= -0.534), TBW (r= -0.603), and BMR
(r=-0.583).

After analyzing the BIA data obtained from the participants,
it was found that there were positive linear relationships be-
tween age and BMI (r=0.344). On the other hand, negative linear
relationships were observed with PBCM (r=-0.143).

DISCUSSION

In recent years, there has been an increase in scientific re-
search on body composition in both the general population and
patients with various diseases [4, 6, 10]. Electrical impedance
measurements are frequently used to study body components,
particularly in sports medicine, nutrition, nephrology, and inter-
nal medicine [4-9]. As stated by Campa F et al (2022) in their sys-
tematic review, the use of BIA to study the body composition of
athletes has shown the highest degree of accuracy. This method
allows for the determination of the most precise content of FM
and the volume of ECF and ICF. Therefore, the authors recom-
mend considering BIA as a reference method [10].

Using BIA to study OB prevalence has shown higher valid-
ity than traditional methods [10, 11]. De Mateo-Silleras B et al
(2019) found that 12% of children with OB had FM within ref-
erence ranges when examined using BIA. In addition to using
standard methods and formulas, the authors recommend the
introduction of BIA of body composition to diagnose OW [11].
Another study by de-Mateo-Silleras B et al (2018) confirms the
high diagnostic accuracy of BIA in older adults. The method
used in the study allowed for a more accurate assessment of
OW characteristics and the degree of muscle mass loss with in-
creasing age [12]. The study also found that as the age of the
subjects increased, a significant decrease in the proportion of
skeletal muscle mass was noted, confirming the natural process
of sarcopenia.

A study of 854 adults aged 20-40 with normal BMI found
that 15.78% of women and 7.83% of men had excess fat content
despite normal weight and height. The authors termed this phe-
nomenon "metabolic obesity with normal body weight" (MONW)
[13]. Excess fat content was observed in over half (62.2%) of sur-
veyed respondents, which is several times higher than reported
by the authors.

In the Republic of Tajikistan, 1304 people underwent body
composition analysis as part of a pilot study without prior ran-
domization. Our research has indicated that individuals in our
region have varying body compositions, including normal, ex-
cess, or lower levels of FM, FFM, and TBW. In addition, we found
a correlation between certain BIA variables based on the sub-
jects' weight, age, and gender. It is important to note that OW
individuals with a BMI above 25.0 kg/m? do not always have a
high amount of body fat. In this regard, an increase in BMI may
indicate abnormal weight, and the presence of OB should be con-
firmed with high-tech diagnostic tests such as BIA.

It's crucial to analyze the components of the body to ob-
serve the changes in the content of FM and TBW. This is espe-
cially crucial for patients with metabolic syndrome, chronic renal
failure, and decompensated heart failure with peripheral edema.
By doing so, monitoring the dynamics of these changes becomes
possible [14, 15]. In this regard, there is a need to conduct a body
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Tabnuya 5 KoppenauuoHHell aHasnus nokazamesel 6uoumneHOaHCoMempuu ¢ 803pacmom, noaom u UMT

MNokasatenb, eaMHULA namepeHuma n

(pedepeHcHble 3HauYeHus)

NMT, kr/m? (18,5-25,0)
WUTE (0,69-0,81)

M, Kkr (8,7-16,3)
LIKM, % (20-30)

TM, kr (34,1-53,8)
AKM, Kr (17,8-28,2)
[AKM, % (50-56)
CMM, kr (18,2-24,3)
LCMM, % (43,5-48,0)
OO, Kkr (25,0-39,5)
BKX, kr (11,3-14,8)
MMKT, kr (1,70-2,31)
00, kkan/cyT. (1300-1700)

YOO, kkan/m?/cyT. (777,0-900,0)

NUMT (kr/m?)

r=0,182
p<0,000
r=0,933
p<0,000
r=0,855
p<0,000
r=0,262
p<0,000
r=0,159
p<0,000
r=-0,042
p=0,134
r=-0,121
p<0,000
r=-0,605
p<0,000
r=0,259
p<0,000
r=0,440
p<0,000
r=0,522
p<0,000
r=0,161
p<0,000
r=-0,521
p<0,000

Table 5 Correlation of bioimpedance value with age, gender, and BM|

Variable, units, and (reference values)

BMI, kg/m? (18.5-25.0)
WHR (0.69-0.81)

FM, kg (8.7-16.3)

PBF, % (20-30)

FFM, kg (34.1-53.8)
BCM, kg (17.8-28.2)
PBCM, % (50-56)
SMM, kg (18.2-24.3)
PSMM, % (43.5-48.0)
TBW, kg (25.0-39.5)
ECF, kg (11.3-14.8)
BMC, kg (1.70-2.31)
BMR, kcal/day (1300-1700)

msBMR, kcal/m?/day (777.0-900.0)

BMI (kg/m?

r=0.182
p<0.000
r=0.933
p<0.000
r=0.855
p<0.000
r=0.262
p<0.000
r=0.159
p<0.000
r=-0.042
p=0.134
r=-0.121
p<0.000
r=-0.605
p<0.000
r=0.259
p<0.000
r=0.440
p<0.000
r=0.522
p<0.000
r=0.161
p<0.000
r=-0.521
p<0.000

Mon (MY>KCKOM, }KeHCKUiA)

r=0,132
p<0,000
r=-0,078
p<0,005

r=0,199

p<0,000
r=0,396

p<0,000
r=-0,619
p<0,000
r=-0,583
p<0,000
r=-0,129
p<0,000
r=-0,710
p<0,000
r=-0,534
p<0,000
r=-0,603
p<0,000
r=-0,354
p<0,000
r=-0,225
p<0,000
r=-0,583
p<0,000
r=-0,342
p<0,000

Gender (male, female)

r=0.132
p<0.000
r=-0.078
p<0.005
r=0.199
p<0.000
r=0.396
p<0.000
r=-0.619
p<0.000
r=-0.583
p<0.000
r=-0.129
p<0.000
r=-0.710
p<0.000
r=-0.534
p<0.000
r=-0.603
p<0.000
r=-0.354
p<0.000
r=-0.225
p<0.000
r=-0.583
p<0.000
r=-0.342
p<0.000

Bo3spacr (18-90 net)

r=0,344

p<0,000
r=0,121

p<0,000
r=0,292

p<0,000
r=0,298

p<0,000
r=0,062

p<0,026
r=-0,054
p=0,053
r=-0,143
p<0,000
r=-0,234
p<0,000
r=-0,563
p<0,000
r=0,055

p<0,046
r=0,022

p<0,437
r=0,001

p=0,977
r=-0,053
p=0,056
r=-0,262
p<0,000

Age (18-90 y.0.)

r=0.344
p<0.000
r=0.121
p<0.000
r=0.292
p<0.000
r=0.298
p<0.000
r=0.062
p<0.026
r=-0.054
p=0.053
r=-0.143
p<0.000
r=-0.234
p<0.000
r=-0.563
p<0.000
r=0.055
p<0.046
r=0.022
p<0.437
r=0.001
p=0.977
r=-0.053
p=0.056
r=-0.262
p<0.000
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obcneposaHbl 1304 yenosek 6e3 npeaBapuTENbHOWM PAaHAOMMU3ALMMN.
Kak nokasanu Haww nccnefoBaHusa, y HaceneHus, NpoXMBatoLWero B
Hallem pervoHe, OTMEYAEeTCA pas/InyHan NPONOpPLMA COCTaBa Tena C
HOPMa/bHbIM, U3BbITOYHBIM UAKU MEHBLUMM coaepkaHuem KM, TM,
a Takke OXK. Kpome Toro, Hamu 6bina BbifiBNEHA KOPPENALMOHHAsA
CBA3b HEKOTOPbIX NoKa3aTenei bBUA B 3aBMCMMOCTM OT macchl Tena,
BO3pacTa U reHAepHoM NpUHaaNeRHOCTU obcnefoBaHHbIX. Cheayer
OTMETMTb, uTO Y AnL, ¢ U3MT 1 UMT Bbiwwe 25,0 Kr/m? He Bcerga oTMe-
Yanocb BbICOKOE cogeprkaHue KM B opraHM3me. B CBA3M € 3TUM, MOXK-
HO caenaTb BbIBOZ, O TOM, 4TO noBbiweHve UMT MOXHO NCnonb30BaTb
KaK MHAMKATOP aHOMa/lbHOTO Beca, a Hannune OXK cnegyeT KOHCTATy-
pOBaTb C NMOMOLLbIO 60/1€€ BbICOKOTEXHONOTMYHbIX ANArHOCTUYECKMX
TeCToB, OAHUM U3 KOTOPbIX ABnAeTca BUA.

Ba)KHOCTb aHa/nM3a KOMMOHEHTHOrO COCTaBa OPraHM3mMa TaKXke
00ycn0BNEHA TEM, YTO C €r0 NOMOLLLLH0 BO3MOMKHO HabntogaThb 3a Au-
HaMMKOMN n3meHeHua cogepanna XM n OXO, uTo, npexae Bcero,
MMEET BaKHOEe 3HayeHMe Yy NaLMEHTOB C METaboNIMYEeCKMM CUHAPO-
MOM, XPOHUYECKOW NOYEYHOM ANCHYHKLMEN N AEKOMMNEHCUPOBAHHOW
CepaeYHOM Heg0CTaTOYHOCTbLIO C HaNNYMEM Nepudepuyeckmnx OTEKOB
[14, 15]. B cBA3u ¢ 3TUM, uMmeeTcs HeobxoaMmocTb nposeaeHua BUA
COCTaBa Te/a NaLMEHTOB C BblleyKa3aHHbIMM NaTONOIMAMM, KOTOpble
B YC/OBUAX HALLErO PerMoHa MMetoT CBOM 0COBEHHOCTU TeYEHMS.

CuTHMKoBa EM 1 coast. (2014) npu BUA coctaBa Tena 523 cty-
[eHTOB B BO3pacTe 18-21 net nokasanu, 4To y tOHOLLEH, No cpaBHe-
HUIO C AEBYLWKaMM MMENoCb 3HaYMMOE MpPeBbIWEHNE MOKasaTenewn
MblLWeYHoro kKomnoHeHTa Tena, AKM un YOO, a no cogepaHuio KM
nmena mecto obpaTHas cuTyaums [16]. Moyt aHaNOrMYHbIE AaHHbIE
6b11M NONYYEHDBI U B XOZE HALIETO UCCEA0BAHMS, TAE YUCIO KEHLUMH
C NoBblWeHHbIMK NMoKkasaTtenamum UMT, M u JHKM 3HauMmo 6b110
60bLLIE, YeM MY} KUMH. KpOoMe TOro, My»CKan 4acTb KOropTbl MO CpaB-
HEHWIO C MKEeHLMHAMM Yalle MMena NoBbllleHHble nokasaTtenn TM,
AKM, JAKM, CMM, CMM, OO, BKX 1 YOO.

BawyH H3 1 coasr. (2015) npu uccnemosaHum coctasa Tena 321
CTYZEHTa BbIABM/IN FOPa3A0 YacTbl AedUUmMT Macchbl Tena No cpasHe-
HUIO C ero u3bbITkom. Kpome TOro, y abcontoTHOro 60/bLLMHCTBA 06-
CNefoBaHHbIX coaepkaHne M 6biio A0 BepXHei rpaHuLbl HOPMbI,
a 'y AeByLleK —3a npegenamu pedepeHcHbIX 3HadeHuit [17]. B Hawem
UccNef0BaHNM HU3KUI Nokasatens UMT umen mecto y 71 (5,5%) 06-
CNefoBaHHOrO, a M3bbIToK MM — B 811 (62,2%) HabntoaeHusX, ropas-
[10 YalLe Y UL, XKeHcKoro nona (n=514; 71,6%) No CpaBHEHUIO C MY K-
ynHamu (n=297; 50,6%) (p<0,001).

CornacHo gaHHbIM [onrosoit JIH v coasr. (2016) y 50,7% ueno-
BEK M3 Yucna 75 MyKYmnH (cpeaHuii Bospact 38,6111,6 net), oTmeye-
Hbl NoBbllweHne nHaekca KM, cHuxkeHvne AKM u cogepanma OXKO
33 CYET CHUKEHWUA BHYTPUKNETOYHOrO KOMMOHeHTa Ha 12%. AsTopbl
OTMEYALoT, 4To No Mepe yBennyeHua aonn KM B opraHusme, onpe-
ZAenéHHol npu nomowy BUA, oTmeyaeTcs NponopLMoHanbHbIM PocT
$aKTOPOB PUCKa CepAeYHO-COCYAMCTbIX 3abonesaHnit [18].

MpeacTaBnseT MHTEPEC UCCe0BaHNe, npoBeaéHHoe Harnbo-
Buyem OA v coasr. (2018), KoTopble Npy 0bcnenoBaHUM 226 My»KUYMH
8 Bo3pacte 21-44 net y 53,9% u3 Hux Bbiasuan U3MT, a y 12,8% —
oXupeHue, xota 16,4% un 24,3% v3 Hux no gaHHbim BUA nmenn Hop-
MasibHoe cogepaHue M B opraHusme [19]. Magpiwesa AA v coaBT.
(2019), kpome Bcex npeumyuiects BUA nokasanu, YTo NPOLEHTHOE
cofepaHue M n OXO MOXKHO TaKKe MCNOob30BaTb B KAYeCTBe UH-
[MKaTopa MeTabosM4ecKoro Bo3pacra, Npy 3Tom 6bi10 OKa3aHo, YTo
3TV NOKa3aTeNN ABNAIOTCA OAHUM U3 BUOMaPKEPOB CTapeHUs Yenose-
Ka, He3aBMcMMO oT ero nona [20].

MyTtaesa ML n coasT. (2021), nposeas BUA cocTasa Tena 3391
4yeNnoBeKa, BbIABW/AW, YTO C yBE/IMYEHWEM BO3PacTa NPOUCXOAUT U3-
MEHEHWE ero ABMraTesIbHON aKTMBHOCTW, W, COOTBETCTBEHHO 3TOMY,
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composition analysis of patients with these pathologies, which
have unique clinical courses in our region.

According to a study conducted by Sitnikova EM et al in
2014, which analyzed the body composition of 523 students aged
between 18 to 21 years, it was found that the male students had
a significantly higher muscle component of the body, BCM and
msBMR as compared to the female students. However, the oppo-
site was observed in terms of the content of FM [16]. Our study
found significantly more women than men with elevated BMI and
FM. Additionally, compared to women, the male participants had
higher values for FFM, BCM, PBCM, SMM, PSMM, TBW, ECF, and
msBMR.

Bashun NZ et al (2015) studied the body composition of 321
students and found that underweight was more prevalent than
OW. In most cases examined, FM content was up to the upper
limit of the normal range, though it was beyond the reference
range in girls [17]. Our study found that 71 (5.5%) subjects had a
low BMI, while 811 (62.2%) had excess FM. The latter was more
prevalent in females (n=514; 71.6%) than in males (n=297; 50.6%)
(p<0.001).

In a study conducted by Dolgovaya LN et al (2016), it was
found that among 75 men with an average age of 38.6111.6
years, 50.7% showed an increase in FM values, a decrease in BCM
and a reduction in the TBW. The reduction in TBW was due to a
12% reduction in the ICF. The authors found that as the body's
proportion of FM, determined using BIA, increases, there is a pro-
portional increase in risk factors for cardiovascular disease [18].

A study conducted by Nagibovich OA et al (2018) found that
out of 226 men aged 21-44, 53.9% were identified as OW and
12.8% as OB. However, 16.4% and 24.3% of them, according to
the BIA, had a normal FM component [19]. Gladysheva AA et al
(2019) have demonstrated that BIA is an effective tool for mea-
suring body composition. Additionally, they found that measure-
ments of PBF and FM can provide insight into a person's metabol-
ic age and act as a biomarker of aging, regardless of gender [20].

In a study conducted by Mutaeva ISh et al (2021), they ana-
lyzed the body composition of 3391 individuals through BIA. The
study found that as people age, their physical activity changes,
which leads to a shift in the balance between FM and SMM with
a greater prevalence of sarcopenia [21]. Our study found a direct
correlation between age and BMI, FM, PBF, TBW and WHR.

It is important to note that this study has certain limitations.
Specifically, the changes in the BIA of body composition based on
the physical activity level and eating habits should have been fur-
ther explored. We plan to investigate these aspects in our future
research.

CONCLUSION

BIA is an efficient method to assess the body's constitution-
al characteristics. It accurately determines the content of fat and
lean mass, total body water, and basal metabolic rates. The dif-
ferences in these parameters among individuals depend on their
gender, age, and body weight. Compared to anthropometry, BIA
provides a more precise determination of obesity presence and
severity.



I'yros MK c coasm. bBuoumIiegaHCHBIN aHaAM3 COCTaBa TeAa

BECTHMK ABUMILIEHHEI
Tom 25 * No 4 * 2023

OTMEYaeTCA AMCNPONOPLMA KUPOBOW U KOCTHO-MbILLEYHOWM MacChl €
npeobnagaHvem npouecca capkoneHum [21]. AHanornuHble JaHHble
6b1/1M NONYYEHbI TAKKE M B HALLEM UCCNEOBAHUM, Tae BO3PacT UMen
NPAMYIO KOPPENALMOHHYIO CBA3b C yBeandeHnem UMT, KM, KM,
OO 1 uHaekcom Tanma/6eéapa.

OrpaHuyeHMem [aHHOTO UCCNeA0BaHUA ABNAETCA TO, YTO He
6b11M M3y4eHbl 0cobeHHOCTU n3meHeHua BUA coctaBa Tena B 3aBu-
CMMOCTM OT CTeneHn GU3NYECKoN aKTMBHOCTM U XapaKTepa NULLEBOro
noseaeHus 0bcnenoBaHHbIX. ITU acneKTbl ByayT NPesMETOM HaLUMX
AanbHeNWmx nccnegoBaHuin.

3AKNIOYEHME

BMA KOMMO3WTHOrO COCTaBa Tena ABAAETCA BbICOKOIPDEKTUB-
HbIM CNOCOBOM OLLEHKM KOHCTUTYLIMOHA/bHBIX 0COBEHHOCTEN Opra-
HM3Ma W NO3BONAET afEKBaTHbIM 06PA30M ONPELEIUTb COAEpKaHNe
YKMPOBOW M TOLLEN Macchl, 0bLLEN XKMAKOCTM OpraH13Ma U NoKasaTe-
/M OCHOBHOTO 0bmeHa. Pasnnumne comeprkaHua BblleyKasaHHbIX Na-
pameTpoB y 06c1e40BaHHO KOTOPTbI 3aBUCENM OT WX M0/, BO3PacTa
M maccol Tena. Mcnonb3osaHne EMA KOMNO3MTHOrO coctaBa Tena no
CPaBHEHUIO C aHTPOMOMETPHEN NO3BONAET HoNee TOYHO ONpPeaennUTL
Ha/IMune 1 cTeneHb OXMPEHUA.
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CASE REPORT
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IIPAKTUYECKOE IIPUMEHEHME A AAUTUBHBIX TEXHOAOT UM ITPU
OPTOAOHTNYECKOM AEYEHNN, KAMMTHNYECKOE HAB/AIO AEHVE

A.H. COAAATOBA, E.C. MY3BIKA

Tepsoiit Cankt-TleTepOyprckuii rocyapcTBeHHBIN MeAVIIMHCKII yHuBepcuteT uM. akada. VLIT. TTasaosa, Cankr-IlerepOypr, Poccuiickas ®eaepariyst

MpeacTaBneHo onucaHWe YCOBEPLUEHCTBOBAHHOMO NOAX0AA K MO3ULMOHUPOBAHMIO MUHU-UMMNAAHTATOB B NEPUOA, OPTOAOHTUYECKOrO NevyeHna na-
LMeHTa ¢ aHomanuei nonoxenus sybos MKB-10 K07.3. NpeaioxkeH MeToz, U3roTOBAEHUA U MPUMEHEHUA HABUTALMOHHOTO XUPYPruyeckoro wabno-
Ha No pe3ynbTaTam BU3yasn3aLmMu Ha KOHYCHO-Ny4eBO KOMMNbIOTEPHOW Tomorpadum (KNKT) ans TOYHOTO NO3WULMOHUPOBAHUA MUHU-MMMIAHTaTa
1 OaNbHENLWEro OCyLLecTBeHUa HeobX0AMMbIX OPTOAOHTUYECKMX NepemMelleHuit B NoAHOM 06béme. MoKa3aHo, YTo NPU U3HAYabHOW YCTaHOBKe
MWHWU-UMNNAHTATOB B Hanbonee cTabubHOM MONONKEHUM C y4ETOM BU3yanu3aumm Ha KJTKT cyllecTBEHHO CHUMKAOTCA PUCKM NPeXaeBpEMEHHOM
noTepu CTabubHOCTK, YTO, B CBOIO 0Uepesb, BEAET K yCrelHOMY OKOHYaHUIO JIeYEHUA C MPUMEHEHWMEM KOPTUKabHOW OMopbl.

KntoueBble cn10Ba: MUHU-UMMNAGHMAMBI, Yugpposoe NaaHUposaHue, opmodoHMUS, HABU2ALUOHHSbIU xupypaudeckuli wabnoH, MexoucyunauHapHoe
83aumodelicmeue, Xupypau4eckas CmomMamosnoaus, KAUHUYecKkoe HabadeHue.

Ona umtuposauua: Congarosa JIH, Mysbika EC. MpakTuueckoe npumeHeHWe afauTUBHbBIX TEXHOOTUI NPWU OPTOAOHTUYECKOM JIEYEHUM, KIUHUYECKOE
HabntogeHve. BecmHuk AsuyeHHsl. 2023;25(4):590-5. https://doi.org/10.25005/2074-0581-2023-25-4-590-595

A PRACTICAL APPLICATION OF ADDITIVE MANUFACTURING TECHNOLOGY IN
ORTHODONTIC TREATMENT: CASE PRESENTATION

L.N. SOLDATOVA, E.S. MUZYKA

Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russian Federation

A new method for positioning mini-implants in orthodontic patients with tooth position anomalies (ICD-10 K07.3) using a navigation surgical template
is proposed. The template is used to position a mini-implant precisely based on the visualization results of cone beam computed tomography (CBCT),
which facilitates safe and dynamic orthodontic tooth movements. CBCT visualization during the initial placement of mini-implants in the most stable
position has significantly reduced the risks of premature loss of stability. Proper placement, in turn, leads to the successful completion of treatment
using cortical bone support.

Keywords: Mini-implants, digital planning, orthodontics, navigational surgical template, interdisciplinary interaction, dental surgery, case presentation.

For citation: Soldatova LN, Muzyka ES. Prakticheskoe primenenie additivnykh tekhnologiy pri ortodonticheskom lechenii, klinicheskoe nablyudenie [A practical
application of additive manufacturing technology in orthodontic treatment: Case presentation]. Vestnik Avitsenny [Avicenna Bulletin]. 2023;25(4):590-5. https://
doi.org/10.25005/2074-0581-2023-25-4-590-595

BBEAEHMUE INTRODUCTION

MpYMEHEHNE MUHU-MMNNAHTATOB ABNAETCA HEOTbEMNEMOM Ya- The use of mini-implants is a crucial aspect of orthodontic

CTbIO MPAKTUKM Bpaya CTOMATON0ra-opTof0HTa. CKeNeTHbIN aHKopaXk
no3sonseT MMHUMU3UPOBATb 3aBUCMMOCTb Ka4ecTBa iedeHus OT na-
LiMeHTa, NO3BONIAET KOHTPOAMPOBATL IeYeHUE Ha KX AO0M ero sTane u
AaBaTb bosee ToYHble NPorHo3bl [1, 2].

Kntoyom K ycnewHomy npMMeHEeHNI0 MUHU-UMNIHTaTOB B Op-
TOAOHTMYECKOM NPAKTUKe ABASAETCA rPaMOTHOE NiaHuWpoBaHue [3].
[N TOYHOWM YCTAHOBKM MWHU-MMMAAHTaTa B Tpebyemyto Mo3vLmio
[OMKEH BbITb HaNAXKEH MEXaHW3M MEXAUCLUNIMHAPHOTO B3auMo-
OEeNCTBUA MeXAY CTOMATONIOrOM-XMPYPromMm W CTOMAaTO/10rOM-0pTO-
[OHTOM. B cBA3M € 3TUM, MHPOPMALMIO O NONOKEHUN MUHU-UMNNAH-
TaTa uenecoobpasHo nepeaasatb ¢ nomolubto K/KT. Mpu atom Bpay
opToAOoHT Ha K/TKT no3uLMOHMpPYET MUHU-MMMNAHTAT B Ty NO3ULMIO,
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practice. Skeletal anchorage helps to minimize reliance on the pa-
tient's compliance, allowing for greater control of treatment at
each stage and more accurate predictions [1, 2].

In this regard, proper planning is crucial for successful-
ly using mini-implants in orthodontic practice [3]. Additionally,
to properly place a mini-implant in its desired location, it is es-
sential to establish effective communication and collaboration
between the dental surgeon and the orthodontist. For pre-sur-
gical diagnostics and treatment planning of dental implant sites,
CBCT is recommended for analyzing the position and angle of
the mini-implant. CBCT visualization enables the orthodontist
to place the mini-implant optimally for the most effective future



Coadamosa /IH c coasm. AAAUTUBHBIE TEXHOAOTUU B OPTOAOHTUN

BECTHMK ABUMILIEHHEI
Tom 25 * No 4 * 2023

KOTOpas ABNseTca Hambonee 6aaronpuaTHON ana Byaywmx nepeme-
LEeHWi [4]. LN TOYHOM YCTaHOBKM MUHU-UMMNAHTaTa B 33laHHYHO0 No-
3ULMI0 HEOBXOAMMO Y4ECTb HECKO/IbKO (AKTOPOB: TOUKY BHEAPEHMA
MMWHU-MMMNAHTATa, YroN B CaruTTa/IbHOM OCK U Yroa B rOpU3OHTaslb-
HoOW ocu. PellleHnem 3Toi 3afiaum ABAAETCA WUCMONb30BaHWE HaBWra-
LIMOHHOTO XMpypruyeckoro wabnoHa [5-7].

B HacToALee BpemsA B 0TEYECTBEHHOW U 3apybeHOV OpTOA0H-
TUYECKOW MPaKTUKe NPUMEHAOTCA HaBUraLMOHHbIe WabnoHbl ans
YCTAaHOBKM MUWHU-UMNNAHTATOB C LIeSIbl0 GUKCALMM OPTOAOHTUYE-
CKMX annapaToB A1 HEGHOTo pacluMpeHus. B To ke Bpems, HET cBe-
ZeHWit 06 UCMONb30BAaHUM HAaBUTALMOHHbIX WABIOHOB, KaK pesynb-
TaTa 3Tana NJaHWpPOBaHMA ByayLLMX NepemeLLeHIid, NPX YCTaHOBKe
MUWHU-UMNNaHTaTa. B 3apybexHoit nuTepaType Bonpoc 6e3onacHoro
BHeAPeHUA MUHU-MMNAAHTATOB B ONTUMAa/bHbIe NO3ULMK paccma-
TPUBAETCA Ha NPOTAXKEHUW NOCNEAHUX AecATU NeT. Bbian npeanoxe-
Hbl MPOBOJIOYHbIE, FHYTblE HAaNpasAAoLLMEe, KOTOPbIE 3aKPENAAKTCA
C NOMOLLbBIO NIMraTypPHOM NPOBOIOKM K HECHLEMHOM LyroBoii annapa-
Type. Hanpasnstowas npeacrasaseT coboit HECKObKO Konel, pac-
NONIOKEHHbIX B 06/1aCTV Npeanonaraemoi ycTaHoBKM [8].

Mocne 3aKpenneHUs HanpaBAAoWel NPOBOAWUTCA BHYTPUPO-
TOBasA MPULENbHAA pPeHTreHorpadus, U 3aTem Mo PEHTreHOBCKOMY
CHUMKY OnpeaenseTca MecTo BHeAPEHWUA MUHU-UMNAAHTaTa. TaK ke
yHusepcutetom Aleppo 6bin nNpeanoxkeH MHcTpymeHT AUSOM, co-
CTOAWMMN M3 FOPU30HTANbHOW WM BEPTMKA/JIbHOM YacTel, BbIMYCKHOWM
HanpaBAAIOLLEN 1 YacTU ANA yaepKaHUA NAEHKK. Bce aTn npucnoco-
671eHMA NpeanonaratT UCNo/Ib30BaHNE BHYTPMPOTOBOW NPULIENbHOM
peHTreHorpadvu ana onpeaeneHna TOUKU BHEAPEHNA MUHU-UMMNAH-
TaTa, YUTO HEe NO3BOAAET AaTb OLEHKY PACMONOKEHWIO MUHU-UMNNAH-
TaTa B TPEXMepHOM npocTpaHcTse [9].

KnuHuuyeckoe HabnoaeHue

MaumeHTka H., 36 neT ¢ AMarHo3om «AHOManWUM MONOXKEHUA
3y6o8 (MKB-10 K07.3.)». OHa fana cBoé nHdopmMpoBaHHoe 06po-
BO/IbHOE COFlace Ha OPTOLOHTUYECKOE, XMPYPrMYecKoe NeveHne u
Ha 06paboTKy CBOMX NEPCOHA/bHBIX AaHHbIX.

[nA ycTpaHeHWs aHomanuu nonoxeHuus 3yboB Tpebosanacb
YCTaHOBKa MMHU-UMNNaHTaToB Bio-ray A-1 PL BSS 2.0x14 mm (Bio-Ray,
Biotech Corp., Taipei, Taiwan) B TpeTbeM U YeTBEPTOM CErMEHTaX, B
061aCTV HapyKHOM Kocow NnHuK (puc. 1).

[lnA yCTaHOBKM MUHU-UMMNIAHTATOB NPUHATO PeLLEeHMe UCMOJb-
30BaTb HaBUraLMOHHbINA XMPYpPrudeckuit wabnoH B KayecTse KAkoua
MEXANCLUMNANHAPHOIO B3anmogencTemna. Ana ganbHenwel paboTbl
6b110 HEOOXOAMMO MONYUUTL: aKTya/lbHOE PEHTreHONI0MMYEecKoe Uc-
cnepoBaHme — KJTKT —u STL daiin — pe3ynbtaT CKaHMPOBAHWUA NOAOCTH
pTa.

Mo paHHbIM KJIKT Bpay cToMaTonor-opToAoHT, PYKOBOACTBYACH
Ha/IMYMeM [OCTATOYHOTO KOIMYECTBA KOCTHOM TKaHW, niaHom byay-
LLMX NEePEeMELLEHNI U OKPYKAOLWMMM CTPYKTYpamu, NPousBén nosu-
LIMOHMPOBAHWNE BUPTYaNbHO CMOAENMPOBAHHBIX MUHU-UMNNAHTATOB,
COOTBETCTBYIOLUMX Pa3mMepam BblOPaHHbIX GU3UYECKUX MUHU-UM-
nnaHtatoB Ha KJIKT B nporpamme ImplaStation (ProDigiDent, USA)
(puc. 2). B TpeTbem cErmeHTE MUHWU-UMMIAHTAT PAcnoNOXKeH B 06/1a-
CTW Hapy*KHOW KOCOM IHWUM, NapanNebHO NPOA0AbHOM ocu 3.7 3y6a,
Ha 1,5 mm BecTubynsapHee KopHelt 3.7 3yba 1 Ha 2 MM KOpoHapHee
HUKHEYEeNIOCTHOrO KaHana. B 4eTBEpTOM cermeHTe, Takke B obnactv
Hapy»HOW KOCOM IMHWK, NapannenbHo NpoaoabHow ocv 4.7 3yba, Ha
1,5 MM BecTMbyNApHee ANCTaNbHOMO KOpHA 4.7 3yba 1 Ha 2 MM KOpo-
HapHee HUKHEYEeNOCTHOTO KaHana. [laHHbIi 3Tan Aan BO3MOXKHOCTb
MaKCHMaIbHO TOYHO NepesiaTb CTOMATOOrY-XMpypry MHGOpMaL o o
Tpebyemom NoN0KEHUN MUHU-UMNNAHTATA.

tooth movements [4]. Several factors should be considered when
placing a mini-implant, including insertion point and implantation
angle with vertical and horizontal reference planes. The solution
to this problem is using a navigation surgical template [5-7].

In orthodontic practice, navigation templates are currently
used for mini-implant-assisted rapid palatal expansion. However,
there is a lack of data on navigation templates during the plan-
ning stage for future tooth movements while placing a mini-im-
plant. The placement of mini-implants in optimal positions has
been extensively researched over the past decade. To address
this issue, it has been proposed to use wired bent guides secured
to the adjacent brackets using ligature wire or O ring. The guide
consists of multiple loops helix located in the area determination
[8].

After adjusting the guide, intraoral periapical radiography
is performed to locate the mini-implant position. In addition, the
Aleppo University Surgical Orthodontic Miniscrew Guide (AUS-
OM) was developed to determine the ideal mini-implant place-
ment. AUSOM is a new three-dimensional mini-implant guide
that consists of four components: a horizontal part, a vertical
part, a graduation guide, and a film-holding part. However, all
of these devices require intraoral periapical radiography to de-
termine the insertion point of the mini-implant, which does not
provide a three-dimensional assessment of the mini-implant's
location [9].

Case presentation

A 36-year-old female was diagnosed with anomalies of den-
tal position according to ICD-10 K07.3. She gave her informed
consent to undergo orthodontic and surgical treatment and
process her data. Mini-implants were planned to be placed, spe-
cifically Bio-ray A-1 PL BSS 2.0x14 mm (Bio-Ray, Biotech Corp.,
Taipei, Taiwan), in the third and fourth molar regions along the
external oblique line (Fig. 1).

An interdisciplinary team used a navigational surgical tem-
plate as a guide to ensure accurate placement of mini-implants.
To proceed with planning and treatment, it was essential to car-
ry out CBCT X-ray imaging and scan the oral cavity to obtain an
STL (standard tessellation language) file. The scanners' software
transforms the scan data into STL files, producing a three-dimen-
sional image of the jaws.

Based on the CBCT data, the orthodontist virtually placed
mini-implants using the ImplaStation software (ProDigiDent, USA)
(Fig. 2). This was done by considering the amount of bone avail-
able, the plan for future tooth movements, and the condition
of surrounding structures. In the third molar region, the virtual

Puc. 1 Vcxo0HasA KAUHUYEeCKas KapmuHa
Fig. 1 Preoperative clinical photograph
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Mocne nonyyeHus LMGPOBOro ONTUYECKOrO OTTUCKA Oblna Npo-
BeJeHa ero Koppekuua B nporpamme Autodesk Meshmixer v. 3.0
(Autodesk Inc., USA) 1 cozgaHue KOHTPObHOM MOAENN ANA NPOBEPKU
NOCaAK1 HaBUraLMOHHOTO WabnoHa BHE POTOBOM NOMOCTM.

B nporpamme ImplaStation (ProDigiDent, USA) npousseseHo
conoctasneHne DICOM ¢aiinos u STL dpaiina. ConoctaBneHne npous-
BeZleHO N0 OPUEHTUPOBOYHBIM TOUKAM Ha CreHepUPOBaHHOW NoBepX-
HocTv KNIKT v umdposoit 3D mogenu (pwc. 3).

Mpou3BeaeHa NpPoBepKa U KOPPEKTUPOBKA COMOCTABNAEHUS Ha
aKCManbHOM, KOPOHAapHOM W caruTTanbHOM cpesdax. OpueHTrpom
[N NPOBEPKU U KOPPEKLMUM ABAANNCD MATKUE TKaHM, TaK Kak TBEp-
[ble TKaHW U HeCbEMHble MeTaNIMYeckne KOHCTPYKLMM B POTOBOM
NoNOCTU CO34atoT apTedakTbl (CBEYEHME), 3aTpyaHAOWMe onpeae-
NeHWe rpaHuL, conoctasneHuna. Ha nonyyeHHol STL nosepxHoCTH ¢
MWHU-UMMAAHTAaTaMM U BTY/JIKaMU NPOW3BEAEHO OMnpejeneHue rpa-
HUL, HaBUTaLMOHHOTO WabnoHa. PaccTaBneHbl TOYKU FpaHuL, U onpe-
[enéH nyTb BBeAeHUA WabnoHa. OnpeaeneHa ToNWMHA WaAbaoHa U
33a30p Mexay LWabnoHOM M MOBEPXHOCTbIO OMTUYECKOTO OTTUCKA,
KoTopas onTumanbHo coctasuna 0,1 mm. B wabnoHe cosgaHbl OK-
K/HO3MOHHbIE OTBEPCTUA A1 KOHTPOAA NOCaZKM WabsioHa. B obnactu
60KOBbIX NOBEPXHOCTEN HANPABAAIOLLMX TaKKe cO3aHbl BEPTUKANb-
Hble OTBEPCTUA ANA KOHTPOAA 3arybaeHna MUHU-UMNAaHTaTa 1 bec-
NPEenATCTBEHHOTO BblBeeHMA WabaoHa Nocne YCTaHOBKU MUHU-UM-
nAaHTaToB. Tak KaK B JaHHOM C/ly4ae yCcTaHOBKa TpeboBsasach € AByX
CTOPOH, ObINI0 MPUHATO pelleHne 06beanHUTbL ABe YacTv WwabnoHa
[J/19 YBENMYEHWA MPOYHOCTU KOHCTPYKLMM (pUc. 4).

[anee nonyyeHHbin STL daitn HaBurauMoHHOro WabnoHa
STL daiin mogenu 6binmn 3arpyxeHbl B nporpammy Anycubic Photon
Workshop 3D Slicer Software (Anycubic Technology Co., China) 3D
NpWHTEPa, FAe NpoBefeHO MO3MLMOHUPOBAHWE MOAENW W HaBura-
LUMOHHOTrO WwabnoHa Ha neyatHol nnatpopme. Onepauusa BHeape-
HWUA MWUHU-MMNAQHTATOB NPOBEAEHa MoA, MecTHOW aHectesuel. [lo
HacTynneHua aHectesupytowero sbdexTa nposeaeHa NPUNACcCOBKa
HaBWraLMOHHOrO WabnoHa (puc. 5). Ans BHeApEHUA MUHU-UMMAH-
TaTa Oblna MUCNONb30BaHa MalUMHHAA OTBEPTKA, ¢wm3noaucneHcep
Anthogyr Implanteo LED Implant Motor System (Implanteo® LED;
Anthogyr, Sallanches, France) 1 Xupypruyeckuii NOHWUKaOLWMI yrio-
BOM HaKoHeuyHuK 20:1. MpoBefeHO TPaHCMYKO3HOE BBeAEHWE MU-
HU-MMNQHTaTa B KOCTHYIO TKaHb Yepes HanpasasloLMe HaBurauy-

Puc. 2 o3uyua muHuU-umnaaHmamos Ha K/IKT
Fig. 2 Preoperative CBCT showing virtual implant placement

Puc. 3 Conocmasnerue K/IKT u 3D modenu
Fig. 3 Alignment of a DICOM file obtained from the CBCT scan with an STL file
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mini-implant was placed along the external oblique line of the
mandible, parallel to the longitudinal axis of tooth 3.7, 1.5 mm
vestibular to the roots of tooth 3.7, and 2 mm coronal of the
mandibular canal. In the fourth molar region, the virtual mini-im-
plant was also placed along the external oblique line of the man-
dible, parallel to the longitudinal axis of the tooth 4.7, 1.5 mm
vestibular to the distal root of the tooth 4.7, and 2 mm coronal
to the mandibular canal. This technique makes it possible for the
orthodontist to position the mini-implant optimally.

The digital imaging and communications in medicine (DI-
COM)-STL protocol combines two datasets to create a compre-
hensive 3D model of a patient's teeth. The process involves us-
ing overlapping areas between the DICOM data obtained from a
CBCT scan and the STL data. These overlapping areas are known
as common points and are used to align the two data sets via the
ImplaStation software (Fig. 3).

Soft tissue reference points were utilized to verify and adjust
the alignment on the axial, coronal, and sagittal reference lines.
The reference points were used because hard tissues and non-re-
movable metal structures in the oral cavity produce artifacts that
appear as areas of hyperintensity, making it challenging to define
surface boundaries accurately and efficiently. The navigation tem-
plate's borders were determined using the STL file representing a
3D surface with mini-implants and guiding sleeves. The position-
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OHHOTO WabnoHa nog, BU3yaibHbIM KOHTpONEM 3arnybneHus yepes
CO3/1aHHbIE B HAMPaBAAIOLLMX NPOPE3N.

Mocne 3TOro HaBUraLMOHHBbIM WabIoH BbiBeEH M3 NOMOCTM pTa
MaLMEHTKU, U MPUNACcoBaH WHAMBMUAYaANbHbIA CbEMHbIVA annapaTt —
anaiHep, faHa Harpyska Ha MUHW-MMNAAHTaTbI (puC. 6).

MNaupeHTKe JaHbl CTaHAAPTHbIE PEKOMEHZALMM MO yXoay 3a 06-
NacTbl0 MUHU-UMMNAHTATOB. MONOKUTENBHBIM MOMEHTOM AAS NaLu-
€HTKM ABU/IACb YBEPEHHOCTb B TOM, YTO MWHU-UMMIAHTATbI, YCTAHOB-
JIEHHbIE C WCMONb30BAHWEM HABWUIALMOHHOMO LWAb/MoHa, 3aHUMAtOT
Hau/y4LLEee MOJIOKEHNE U3 BO3MOXKHDIX, @ 3HAUMUT MCHE3AET NCUXONOMU-
yeckuit bapbep — WasALan MHAMBUAYAbHAA TUIMeHa B 061acTH ycTa-
HOBKM, CBA3aHHAsA CO CTPaXOM HapyLIUTb CTabUABHOCTb MUHU-UMNIaH-
TaTOB B NPOLIECCE aKTUBHOW UHAMBUAYANbHOW TUTEHSI.

OBCYXXAEHUE

OpHOW U3 M3BECTHbIX Ha CErOAHALIHMI feHb METOAMK YCTaHOB-
KM MUHWU-MMMIAHTATOB C UCMO/Ib30BAHUEM HABUTALMOHHOM TEXHUKU
ABNAETCA NPUMEHEHWE NPOCTOrO TPEXMEPHOIO CTEHTA U3 HepiKaBeto-
wei ctann no metoguke Felicita AS (2013). MsrotosneHue ocyLecT-
BIAETCA HAa OCHOBE CPeAHe-aHaTOMUYECKMX AaHHbIX, 061acTV BHe-
[APEeHMA 1, B HEKOTOPbIX C/IyYasX, AaHHbIX OPTONAHTOMOrpammsl. Ha
KOHLLEe MPOBO/IOKM BbINoAHAETCA U-06pa3sHblii 3rMb ¢ paccTosaHueM
2 MM MeX Ay KOHLAaMM, 13rvb pacnonoxeH nog yriom B 20° K ocTas-
LUeica NPAMON YacTh NPOBO/IOKM, Ha KOTOPOW MapKMUPYETCA BbiCOTa
YCTAaHOBKM MUHU-UMMIQHTATa? M BbINONHAETCA M3rMb Nog NpAMbIM
yrnom. B uccnenosaHunm cBobogHas 4acTb NPOBO/IOKM YCTaHOBNEHA BO
BCMOMOraTe/IbHY0 MONAPHYIO TPYOKY. KOHTPO/Ib NONOXKEHMA CTEHTA
OCYLLECTBAAETCA NOCPEACTBOM BHYTPMPOTOBOMN NPULLENbHOWN PEHTrE-
Horpadwmu [10]. MpenmyLLecTBOM AaHHOTO METOAA ABAAETCA NPOCTO-
Ta U CKOPOCTb M3rOTOBNEHMA, OAHAKO AAHHAA METOAMKA He ABAAeTCcA
pesynbTaToM TPEXMEPHOro BM3YyaNbHOrO aHanu3a, CnefoBaTesibHO
NoNyYEHHOE MOOMKEHWE TaKKe ABNAETCA YCPEAHEHHbIM, KaK U Npu
YCTaHOBKE MWHU-UMNNaHTaTa 6€3 MCnosb30BaHWA HaBUraLMOHHOW
TEXHUKW. Micnonb3oBaHWe CTEHTA, NPEeACTaBNEHHOIO B JAaHHOM CTaTbe,
HenocpescTBEHHO 3aBUCUT OT HaNUUMA BpeKeT-cUCTEMBI HA MOMEHT
YCTAaHOBKM MWHW-MMMIAHTATOB, YTO LENAET €ro UCNoNb30BaHMe 3a-
TPYAHWUTENbHBIM NPU NPOBEAEHUN IeYEHUA Ha MHOW annapaType, B
OT/IYMe OT NPEACTABAEHHOMO B HALLEM CTAaTbe HaBWUraLLMOHHOIO LWa-
6/10Ha, ABNAIOWEroca pesy/bTaTomM NAaHMpPoBaHUA Ha ocHoBe KJIKT.
MpeacTaBneHHbI HaMK crocob U3roTOBIEHUA HABMFALMOHHOTO Lua-
6/10Ha TpebyeT cpaBHUTENBHO BONbLUMX BPEMEHHbIX 3aTPaT, O4HAKO
NPy 3TOM OT/IMYAETCA BbICOKON TOYHOCTBIO M AONYCKAET AUCTAHLMOH-
HOe B3aNMOAEWCTBME CTOMATO/ONA-XMpPypra U CTOMATO/I0ra-0pPTOA0H-
Ta.

Puc. 4 CmodenuposaHHsIl Hasu2ayuoHHbIU wabaoH
Fig. 4 Virtual template design according to the planned virtual dental
implant placement

ing of the template was determined, along with the thickness of
the template and the gap between the template and the printed
surface model, which was set optimally at 0.1 mm. Holes through
the occlusal surface were added to the template to control the fit.
In addition, vertical holes were created on the template guide's
side surfaces to control the depth of mini-implant placement and
ensure easy removal after placement. Combining both parts of
the template was decided to increase its strength, as template
positioning was required on both sides (Fig. 4).

The next step involved importing two STL files into Anycubic
Photon Workshop 3D Slicer Software (Anycubic Technology Co.,
China) designed for resin 3D printing, one for the navigation tem-
plate and another to prepare a 3D model. Once loaded, the 3D
model and navigation template were positioned on the printing
platform. The mini-implant placement was performed under local
anesthesia. Before the anesthetic started to take effect, the intra-
oral navigation template fitting was performed (Fig. 5). An elec-
tric screwdriver and an Anthogyr Implanteo LED Implant Motor
System (Implanteo® LED; Anthogyr, Sallanches, France) and den-
tal 20:1 reduction implant surgical contra-angle handpiece were
used to place the mini-implant. The mini-implant was placed into
the alveolar bone through the navigation template guides, with
visual placement depth control via slots in the guides.

After removing the navigation template, a removable clear
aligner was fitted closely over the teeth, and loading of the
mini-implants was performed (Fig. 6).

The patient received the usual recommendations for caring
for their mini-implant area. A navigation template offers a great
advantage to the patient by guaranteeing that the mini-implants
are placed in the best possible position. The secure position helps
eliminate any psychological barriers that may lead to poor per-
sonal hygiene around the implant area. Because patients are not
apprehensive about destabilizing the mini-implants during active
personal hygiene, allowing for better oral care.

Puc. 5 BHeOpeHue MUHU-UMNAGHMAMA C UCNO/b308aHUEM HABU2AUU-
OHHO20 Wab10Ha NOO BU3YAsbHBIM KOHMPOSEM

Fig. 5 Placement of a mini-implant using a navigation template under
visual control
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Puc. 6 MuHu-umnagHmam ¢ ocyuecmenéHHoli HenocpedcmeeHHoU
Haepy3Kkoli
Fig. 6 Mini-implant with direct load

B pe3ynbTtate npoBegEHHOrO HAMM UCCNEA0BaHUA NOATBEPKAE-
Ha BO3MOMHOCTb M3rOTOB/MIEHUA W MCMO/Mb30BAaHUA HABUraLMOH-
HOrO XMPYPrMYeckoro wWabnoHa Npu YCTaHOBKE OPTOAOHTUYECKMUX
MUHU-UMMNaHTaToB. C MCMONb30BAHWEM HABUIaLLMOHHOW TEXHUKM
[0CTUraeTca Hambonbluas TOYHOCTb YCTaHOBKM B COOTBETCTBUM C 3a-
NAaHMPOBaHHbIMM Ha K/IKT nosuumamu. 310 nosBonseT usbexatb
OCNOXHEHWM, CBA3AHHbIX C YCTAHOBKOW MUHU-MMMIQHTATOB, A TaKKe
obecneuntb Hanbonee BbIroAHOE NONOKEHNE MUHWU-MMNNAHTATA, YTO
CNocobCTBYET OCYLLECTBAEHMIO N1aHa OPTOAOHTUYECKOTO eYeHus.,

3AKNIOMEHMUE

Mcnonb3oBaHWe HaBUraLMOHHOMO XMpypruyeckoro LwabnoHa
3HAUWUTENbHO YNPOLLAET MO3ULMOHUPOBaHWE, TEM CaMblM CMOCO6-
CTBYA MEXAMCLUMNAMHAPHOMY B3aMMOLEWCTBMIO CTOMATO/10ra-o0pTo-
[IOHTa W CTOMATO/Iora-XMpypra. 370 NO3BOASAET PACLUMPUTL NOKa3aHWA
K MCMO/Ib30BaHMI0O MUHU-UMMNAHTATOB B YCN0BUAX AeduumTa KOCT-
HOI TKaHW. BaKHbIM MOMEHTOM ABNIAETCA MPOCTOTA U BbICOKasA CKO-
POCTb M3rOTOB/IEHWS, @ TaK Ke OTHOCUTENbHO HEBbICOKAA CTOMMOCTb
HABMraLMOHHOTO XMPYpPruyeckoro WwabaoHa. YBepeHHOCTb NauueHTa
B HaAEXHOCTU NPOBEAEHHON MAHUMY/IALMM 3HAUNTEIbHO BO3pacTa-
€T, B pe3y/ibTaTe CHUKAETCA YPOBEHb 061U TPEBOKHOCTM O TOM, YTO
TUrMeHNYECcKUit yxog B 061aCTM MUHU-MMMIAHTATa M MPUEM NULLM He
BbI3OBYT HapyLleHWA ero cTabunbHocTu. LienecoobpasHo NpoBoanTb
YTCTAHOBKY MUHW-MMMIAHTATOB C MCMONb30BAHUEM HABUIaLLMOHHOTO
wabnoHa B ycnoBUAX AepULMTa KOCTHOM TKaHW, 61IM3KOro pacnono-
KEHUA KOPHEt 3y60B 1 APYIMX aHATOMMYECKMX CTPYKTYP K MECTY BHe-
LPEHUA MUHU-MMNNAHTaTa.

DISCUSSION

There are various methods available for placing mini-im-
plants with navigation technology. One of those methods involves
using a simple three-dimensional stainless-steel stent introduced
by Felicita AS in 2013. The stent is fabricated based on average
anatomical data, insertion point, and, in some cases, orthopan-
tomogram data. A U-shaped bend is placed such that the limbs
are 2 mm apart. The U bend is angulated such that it is at an an-
gle of 20° to the vertical leg, the vertical height of the stent is
marked, and then a 'L' bend is given. The free part of the wire is
placed in an auxiliary molar tube during the procedure. The stent
position is monitored using intraoral periapical radiography [10].
The advantage of this method is its simplicity and fast fabrication.
However, this method does not result from a three-dimensional
modeling analysis; therefore, the resulting position may not be
precise, similar to the placement of a mini-implant without nav-
igation technology. Additionally, the stent placement presented
involves the presence of a bracket system at the time of mini-im-
plant placement, making its use difficult when carrying out treat-
ment using other equipment. Our article proposed a new naviga-
tion template based on CBCT planning.

The application of the template allows for the precise po-
sitioning of mini-implants, which helps to avoid complications
associated with their placement. The fabrication method of this
navigation template presented is highly accurate, although it
takes some time to manufacture. This method enables remote in-
teraction between a dental surgeon and an orthodontist, making
implementing the orthodontic treatment plan easier.

CONCLUSION

Navigational surgical templates facilitate accurate mini-im-
plant placement through effective collaboration between ortho-
dontists and dental surgeons. The navigational surgical templates
are affordable, easy to produce, and can be manufactured rapid-
ly. Patients feel more confident about the reliability of the proce-
dure, which reduces anxiety and makes it easier for them to eat
and care for the area around the mini-implant without the worry
of destabilizing it. A navigational template is recommended when
there is a lack of bone tissue or proximity of tooth roots or other
anatomical structures to implant placement.
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AHBAPOBA LUAKAPAXXOH CAMUJAPOMOBHA
00KmMop MedUUUHCKUX HaYK, npogheccop

80 net co AHA poXKAaeHUA

LakapaxoH CangapomoBHa AHBapoBa poaunack 3 oktabpa 1943 roga B ropoge [AylwaHbe B cembe cnykawpmx. B 1960 rogy, 3aKoHUMB CpeaHIon
LUKOAY, OHa NOCTynuAa Ha fevyebHbi dakynbteT TTMU M. Abyanu nbHu CuHO, KoTopbiit B 1966 rogy ycnewHo okoHYuna. Mocne OKOHYaHUA meau-
LIMHCKOTO MHCTUTYTa Nontopa roga pabotana Bpayom B PecnybanKaHCKOM SHAOKpUHONOMMYeckom aucnaHcepe. C 1967 no 1969 rogpl npu Kadeape
BHYTPeHHMX 6onesHelt N2 2 npoLuia KAMHUYECKYHo OpAUHATYPY NO KYPCYy SHAOKPUHONOTUM.

B 1969 ropy AnBapoBa LLU.C. noctynuna B acCNMpaHTypy No SHA0KPUHONOTUM Npu Kadeape BHYTPeHHUX 6onesHel N2 2, KOTOpyto NPOAOAKMUAA B
AKagemnn meamumHckmx Hayk CCCP. B 1972 rogy fOCPOYHO 3aBepLUMB acnMpPaHTypy, NPUCTynuAa K paboTe, Kak acCUCTEHT Kadeapbl BHYTPEHHUX bones-
Helt Ne 2. B 3T0 Bpems OHa Befla Hay4HO-UCCne0BaTeNbCKMe PaboTbl MO BaXKHbIM NPOB6AEMaM KAMHUYECKON SHAOKPUHONOMMMN — CaxapHOMY AnabeTy u
3360/1€BaHUAM LLMTOBUAHOM Kenesbl B TaAKMKUCTaHe, MO pe3y/ibTaTam KoTopbix B 1972 rogy B JIeHUHIpaZe eto 3alumILeHa AUCCePTaLMA Ha COUCKaHNe
YYEHOM CTENEHM KaHAMAATA MEANLIMHCKMX HAYK Ha TeMy «CpaBHUTE/bHbIN e4ebHbIN 3P deKT MepKasonunna 1 nepxiopaTa Kaavs, KOMOUHUMPOBAHHOMO
NpUMeHeHUA NpenapaToB Yy 60/1bHbIX AUddY3HBIM TOKCUYECKUM 3060M».

C 1983 no 2015 r.r. AuBaposa LL.C. 6bina 3aBeaytoLleit Kadpeapoi sHAoKpuHoNorn TTMY um. Abyanu nbHu CuHo, a B HacToslLLee BPems OHa
ABAAeTCA Nnpodeccopom 1ol e Kadenpbl. ONbITHBIV YYEHDBIN, NPOAONKAA CBOM M3bicKaHMA, B 1993 rogy, B pe3ynsTate MHOFONETHUX UCCNEeL0BaHWUN,
AnBaposa LL.C. B Poccuiickom HaydHOM LeHTpe 3HAOKpMHonorv PAMH 3awmtnna gOKTOPCKYH AMCCEPTaLMIO Ha TeMy «PacnpocTpaHEHHOCTb M Kau-
HUKO-BMOXMMMYECKAsA XapaKTEPUCTUKA CaxapHOTo AnabeTa y HaceNeHWs, NPOXMBAIOLLETO B PAa3/IMUHbIX KAMMATOreorpadmyeckmx permoHax Tagmku-
cTaHa». B 1989 rogy LL.C. AHBapOBOI NPUCBOEHO 3BaHME LOLEHT], a B 1994 — npodeccopa.

LlakapaoH CangapomoBHa AHBapOBa ABNAETCA OLHUM U3 MHULMATOPOB  CO3A4aHWA «HauyoHanbHoM nporpammbl No 6opbbe ¢ IHAEMUYECKUM
3060M U caxapHbiM Anabetom B Pecnybamnke TagsukucTan». Mo eé nHnumatvee B 1989 rogy coctonnach Hay4HO-NPaKTUYECKas KOHPEPeHLMA SHA0KPH-
HON0roB, B paboTe KOTOPOW NPUHAM y4acTUe y4éHble U3 ropogos Mocksbl, CaHKT-TeTepbypra, XapbKoBsa, TallKeHTa, Purn. Eto npoBesieHO HECKOIbKO
CeMMHaPOB N0 CaxapHOMYy AMabeTy 1 aHAeMuyeckomy 306y. Mpodeccop AHBaposa LL.C. go 2016 roga 6bina BHEWTATHBIM 1aBHbIM SHAOKPUHOIOTOM
npu MUHUCTEPCTBE 34,paBOOXPAHEHUA U COLLMAIBHOM 3aLLmTbl HaceneHns Pecnybankm TagKMKKCTaH.

Mepy npodeccopa LU.C. AHBapoBoii NpuHagnekuT 6onee 340 HayyHbIX TPYAOB, B TOM YMCIE TPU MOHOrpadum, oaHo yyebHoe nocobue, 15 me-
TOLMYECKUX NMOCOOUIA U PEKOMEHAALMI, HayYHbIX CTaTeN U TE3UCOB, a TakkKe 12 PaLMOHANMU3ATOPCKUX NPELIOKEHUI NO BaKHbIM Npobaemam Kau-
HUYecKol aHAoKpuHonoruu. Mpodeccop LL.C. AHBapoBa BHeCNa BECOMbIM BKIAA, B NOAFOTOBKY BbICOKOKBAINGOULMPOBAHHbIX cneuuanuctos. Mog, eé
PYKOBOACTBOM 3alupiLieHbl 12 KaHAMAATCKMX U O4HA AOKTOPCKaA AuccepTaumun. B HacToAwwee Bpema Nog, e€ pyKoBOACTBOM BeAyT Hay4yHO-UCCNef0Ba-
TenbCK1e paboTbl HECKOMIbKO acMMPaHTOB U coMcKaTenel Kadeapbl SHAOKPUHONOTUN.

3acnyru LL.C. AHBapOBOI OTMEYEHbI Pa3NnyHbIMM Harpagamu. B 1996 rogy oHa yaoctoeHa 38aHuUA « OTIMYHUK 34paBooxpaHeHns PTy, B 2002 roay
— 3BaHMA 3aCNYKEHHOTO AeATens Hayku 1 TexHuku PT, a B 2017 rogy ctana naypeatom npemun Akagemuu Hayk PT umeHu akagemuka E.H. Masnosckoro.

Mpodeccopa AHgaposy LLI.C. 3HAIOT He TONBKO KaK U3BECTHOrO YYEHOTO, HO U TaNlaHT/IMBOrO Nefarora, BbICOKO 3PYAMPOBAHHOMO CMELMANUCTa,
MYAPOr0 HAaCTaBHMKA, OHa NMONb3YETCA 3aCYKEHHbIM YBaXKEHUEM CPeau NpenoaaBaTenei, COTPYAHWKOB, Bpayei 1 cTyaeHToB. LWakapaxoH Canaapo-
MOBHa AHBapOBa AOCTUI/IA TaKMX YCMEXOB, NPeXae Bcero, bnarogapsa csoemy TpyLontobuto, CKPOMHOCTH, AaNbHOBUAHOCTH, JOOPOKENATENbHOCTH,
Hay4HbIM UCKaHWAM. Konnektus Kadeapbl OTHOCKUTCA C IYOOKUM yBaKEHUEM K CBOEMY OMbITHOMY, AeATENbHOMY, MYAPOMY COTPYAHUKY. OHa ABnaeTca
naeanom 6ecKopbICTHOM cNyK6bl PognHe B 061aCTV NOATOTOBKM BbICOKOKBAAUPULMPOBAHHBIX CNELMANNCTOB.

Pykosodcmeo TaOHUKCKO20 20CydapcmeeHH020 MeOUYUHCKO20 yHugepcumema um. Abyanu ubHu CuHo, pedKosneaus #ypHana
«BecmHuk AsuueHHbl» no3dpasngrom LLiakapdrcoH CaudapomosHy co ca8HbIM obuneem U xenarom eli 300po8bA, cyacmes,
61a20M01y4UA U 6OMBWUX YCriexoe 8 eé HayyHol OesmenbHOCMU U meop4ecko2o 00/1201emusi

596



IOo0Ouaen

PYAEHOK BACUINA BACU/IbEBUY
0OKMOop XUMUYECKUX HAYK, npogeccop

60 net co AHA poXKAeHUA

PyneHok Bacunuii Bacunbesuy pogunca 8 Hosbpsa 1963 roga B r. MuHcKe. Mo oKoHYaHuM cpeaHeit wkonbl, B 1980-1981 rr. pabotan npenapato-
pom nabopatopuu GU3MONOrMK 1 FKCNEPUMEHTabHO NaTonorvn LLHU MUHCKOro rocyAapCTBEHHOTO MeauLMHCKOro MHcTuTyTa (MITMMU). B 1987 roay
OKOHUMN NeamaTpuyeckuii pakynster MIMU.

CBoto TpyaoByto AeaTenbHOCTb PyaeHoK B.B. npofo/mkun B Kadectse accucTeHTa Kadenpbl HopManbHoM aHatomun MIMU (1987-1989); oaHo-
BpemeHHo (1988-1989) paboTan BpayoM-MHTEPHOM MO cheuuranbHocTv «leamatpua» B 3-i AETCKOW KAMHUYECKOM 6onbHMLe . MuHcKa. B 1989-1992
IT. ABNANCA acCNMPaHTOM Kadeapbl HopManbHoN aHaTomum MIMI. B 1993 r. npoLuén Kypc NOBbIWEHUA KBaAUPUKALUKM NO HEBPONATONOTUMN AETCKOTO
BO3pacTa B benopycckom rocyaapcTBeHHOM MHCTUTYTE ycoBepLUeHCTBOBaHMA Bpayeit. C 1994 no 2004 roabl ABAANACA AOLEHTOM Kadeapbl HOPMANbHOM
aHatomun MIMMW, a ¢ 2004 roga no HacToslee Bpems — npodeccopom 3Toi Kadeapbl. Kpome Toro, B 1998-2004 rr. oH 6bin HaYaNbHUKOM OTAena
MeXAYHapoaHbIX cBA3el, a ¢ 2004 roaa No HacTosALee BpeMs ABAAETCA NPOPEKTOPOM MO MEMHAYHAPOAHbLIM CBA3AM benopycckoro rocyaapcTBeHHOro
MEeAULMHCKOrO YHUBEPCUTETA.

C nepBoro Kypca B.B. PyneHOK akTMBHO y4acTBOBa B paboTe CTyAeHYECKMX HayUYHbIX KPYAKKOB Npu Kadeapax opraHUYecKon XMMmum u HopMmanbHOM
aHaTOMMK, 3aHUMasACh U3y4EHNEM NPOLIECCOB NEPEKUCHOTO OKUCAEHUSA IMNUAOB B FONOBHOM MO3re b6esbix KpbIC MOA pyKoBoACTBOM npodeccopa W.B.
PomaHoBcKoro. B acnupaHType 1ccnefoBan BAMAHWUE XMMUYECKOW AeCMMNaTU3aLMmM ryaHeTUAMHOM bepeMeHHoOM CaMKu 6enoii Kpbicbl Ha passuTue
CMMHHOMO3rOBbIX Y3108 N10A0B. Mo 370 Hay4HoM Teme B.B. PyaeHKoM nog pyKOBOACTBOM 3aBeAytoLLero Kageapoit HopmanbHoW aHaTomuu, npodec-
copa MN.A. lobko B 1992 r. bbl1a 4OCPOUHO 3aLLMLLEHA KaHAUAATCKan AUccepTaLums.

B ganbHelwem Hay4Hble uccneaosaHua B.B. PyaeHKa Bblam NoCBALLEHbI U3yYEeHUIO IKCNpeccun 1 B1UONOrMYECKON PONn HEMPOTPAHCMUTTEPOB B
perynAaTopHbIX CUCTEMax YenoBeka B Hopme 1 natonornun. C 1996 r. uccnefosaHna NpoBOAUANCH COBMECTHO ¢ MHCTUTYTOM aHaTomun MeauumHCKoro
yHuBepcuTeTa r. /liobeka (fepmaHus). B pamkax COBMECTHOW Nporpammbl 6b111 3aLLmLLeHbl 4 JOKTOPCKUE U 6 KaHANAATCKMX AMUCCEPTALMI, B TOM YnCie
8 2002 rosy u AOKTOpCKan aucceptaumsa B.B. PyaeHka «HelMpoTpaHCMUTTEpPHAA NAACTUYHOCTb CUMMNATUYECKMX Y3/10B YeNI0BEKA B OHTOTEHE3e, BbINoA-
HeHHas B UHCTUTYTe aHaTOMUM MeAULMHCKOTO yHUBEepcuTeTa T. Jllobeka (fepmaHua) nog pyKOBOACTBOM AMpeKTopa MHCTUTYTa aHaToMuu, npodeccopa
BonbdraHra KioHens.

Mpodeccop PyaeHok B.B. ansetca aTopom cBbiwwe 200 Hay4HbIX paboT B OTEYECTBEHHbIX U 3apybeXHbIX M3a4aHMAX, 3 MOHorpaduit, 15 yuebHbix
1 y4ebHO-MeToaMYecKMX NOcobMi, 4 NaTEHTOB, MHCTPYKLMIA NO NPUMEHEHMIO U PALLMOHANIN3ATOPCKMX NPpeaoXeHnit. OH HEOAHOKPATHO BbICTyMan ¢
[OKNalaMM Ha MEXKAYHAPOAHbIX KOHrpeccax U cumnosunymax B benapycu, Poceuu, Tagkukuctare, Kasaxcrare, Kutae, lfepmaHnum, benobrum, Benvkobpu-
TaHuu, Monblue, ANOHMM, a TaKKe Ha KOHPepeHLMAX aHaToMuyeckmx obLiects benapycu, Poccuu, fepmannm, Benvkobputanum, Mpnanamm, Hugepnas-
108, ABCTpuK. Hay4Hble v neaarormieckme CTaxuposKiu B.B. PyaeHok npoxoaunn B YHusepcutete r. Jliobeka (fepmanus, 1996), YHusepcuteTe 3anagHoro
OnTapuo (KaHaga, 1998), MeanumHckom yHusepcutete benoctoka (Monblua, 2004), YHusepcutete Texaca (CLUA, 2008).

Bacunuii BacunbeBuy PyaeHOK ABAAACA NpUriawéHHbIM Npodeccopom v uccnesosatenem B YHusepcuterte T. /liobeka (fepmanus, 1997, 1998,
1999), yHusepcuTeTos r. Haracaku, r. dykycuma, r. Liyky6o (AinoHus, 2005, 2006, 2008, 2018). OH sBAsETCA Y1EHOM NpaBaeHna benopycckoro Hay4Horo
obuiectea Mopho0roB, KOOPAMHALMOHHOIO coBeTa MekayHapoaHoM accoumaumm mopdonoros (Poccuitckan Pegepaums), Hemeukoro aHatomuye-
cKoro obuiectsa, Mpesnanyma MexayHapogHoro ¢opyma 60MbHUYHON MrMeHbl (TepMaHus), MeXayHapoAHOM Hay4HO-0bpa3oBaTeIbHOW Ucceno-
BaTesibcko cetn USERN, pesaKkLyMOHHOM KONNErMM XKYPHANoB «HEOTNOXKHAA KapAnOoNorua U KapamnoBacKyNApHbIe PUCKMY, « MeaNLMHCKUIA XKypHan»,
«BoeHHaa meamumMHay, skcnepTHoro coseTa BAK Pecnybauku Benapych (2003-2009). C 2013 roaa PyaeHok B.B. — npeacepatens Coseta no 3awure
auncceptaumii [,03.18.09 no cneumanbHoctam 14.03.01 — aHaTomusa yenoseka, 14.03.02 — natonoruyeckas aHatomus, 03.03.04 — kneTouHas Guonorus,
uuTonorus, rmcronornsa u yneH Coserta no 3awmte aucceptaumnii [, 03.18.03 no cneupanbHocty 14.01.05 — Kapamonorua npu benopycckom rocyaap-
CTBEHHOM MEAMLIMHCKOM YHUBEPCUTETE.

C 2019 roaa no HactosLwee Bpema Bacunuit Bacunbesuny PyaeHoK ABNAETCA O4HUM U3 aKTUBHbIX Y1EHOB PefaKLMOHHOIO COBETa XypHana «Bect-
HUK ABMLLEHHbI». Ero 106pOCOBECTHbIV TPYZ NO KAaUECTBEHHOMY PELLeH3UPOBAHMIO HAy4HbIX CTAaTel U KOHCTPYKTUBHbIE NPEANIOKEHNA NO ONTUMU3aLLUN
KYpPHana BO MHOTOM CNocO6CTBOBA/IM YCNELLIHOMY MPOABUKEHMIO HALLErO U3aHUA.

HayyHas, negarornyeckas 1 obLuecTBeHHan AeaTenbHoCTb npodeccopa PyseHKka B.B. He ocTanunch B cTOpoHe OT BHUMaHWA. OH HarpasKaéH Ha-
TPYAHbIM 3HaKOM MUHUCTEPCTBA 34 paBoOXpaHeHnA Pecnybanku Benapycb «OTAMYHUK 34paBOOXpaHeHns Pecnybamkm benapycb», HarpyaHbIM 3HAKOM
MwuHucTepcTa 06pasosaHusa Pecnybanku benapycb « OTAMYHKUK 06pasoBaHus», MoY&THbIMM MpamoTamm MUHWCTEPCTBA 34 paBOOXpaHEHUs, MUHUCTep-
cTBa 06pa3oBaHuA, Bbicwel aTTecTauMoHHOM Komuceumn Pecnybanku benapyco, Mpesnanyma PecnybavkaHckoro komuteTa benopycckoro npodeccuo-
Ha/IbHOTO COt03a PabOTHUKOB 3A4paBOOXPaHEHMs, BenopyCcCKoro rocyaapcTBEHHOrO MeANLIMHCKOTO YHUBEPCUTETa, Meaanbto Makca doH NettreHkodepa
MexayHapogHoro opyma 601bHUYHOM rUrveHbl (fepmanus). B 2004 rogy ¢ KOANEKTUBOM aBTOPOB eMy NpuUCyKaeHa [ocyaapcTBeHHas npemus Pecny-
611KM Benapych 3a paboTy «HoBbIV METOA, XMPYPrUYECcKOro Ne4eHns MHCYMHO3aBUCUMOTO CaxapHOro AvabeTa NyTéM KCEHOTPAHCNNAHTALMM KYNbTYpPbI
CTBO/IOBbIX K/IETOK B COCYAMCTOE PYCNO PELMNMEHTa (3KCNEPUMEHTANbHO-KIMHUYECKOE UCCNe0BaHMe)».

Pykosodcmeo Tad#UKCK020 20CydapcmeeHH020 MeQUYUHCKO020 yHugepcumema um. Abyanu ubHu CuHo, pedKosneaus XypHana
«BecmHuK AsuueHHbI» UCKpeHHe no3dpasaaom npogeccopa PydeHka Bacunus Bacusnvbesuya ¢ obuseem U enarom emy KpernKkoao
300p08bA, MUPHO20 Heba, MeopYecKo20 00120/eMus U CHACMbSA 8 UYHOU HU3HU

597



IO0uaen

XOOAEBA HUTMHA MYPOOBHA
00KmMop MedUUUHCKUX HAYK, npogheccop

60 net co AHA poXKAeHUA

Xogskaesa HurmHa MypogoBHa poaunach 18 Hosbpsa 1963 roga 8 r. Jywaxbe. B 1986 rogy okoHYUNA NneguatTpuyecknii pakynster TTMU nm. Aby-
ann nbHm CvHo. B 1986-1988 rr. Xoakaesa H.M. npoxoanna KAMHWYECKyo OpAvHATOPY Ha Kadeape AeTCKUX MHEKLMOHHbIX 6onesHer TTMU um. Aby-
ann nbHu CuHo. B 1988-1989 rr. paboTana Bpaiom-nesnMaTpoOM roposckoi noanmkamHukn Ne 9, a 8 1989-1993 rr. — geTckum MHdekumoHucTom MKB Ne 2.

C 1993 roaa Xopskaesa H.M. paboTtaet 8 TTMY um. Abyanun nbHu CuHO, cHavana accucTeHTom, 3atem, ¢ 2004 no 2011 rog goueHtom 1 B8 2011-2012
IT. npodeccopom Kapeapbl AETCKUX MHOEKLMOHHbIX 6oe3Hel. B 2001-2005 rr. 3aH1Mana JONKHOCTb 3aMeCTUTeNs HaYa/lbHWKA yyebHoro oTaena, a B
2005-2007 rr. — HauanbHWKa y4ebHoro otaena TTMY um. Abyanu nbHo CuHo. C 2012 no 2017 rog, oHa 3aBeAoBana Kapeapoi JeTCKUX MHOEKLMOHHbIX
6onesHel, a c 2017 roga no HacToALee Bpema aBnaeTca npodeccopom 3toi Kadpeapsl. OgHoBpemeHHo B 2016-2019 rr. Xoaxkaesa H.M. 6bina Havyanb-
HUKOM y4yebHoro otgena, 8 2019-2022 rr. — AeKaHOM MeauuMHCKoro dakynbTeTa, a ¢ 2022 roga no HacTosALlee Bpems ABAAETCA AMpeKTopom LieHTpa
nocneamMnaoMHoro 06pasosaHua TTMY um. Abyanu nbHu Cuto.

KaHamaaTtckaa guccepTaums Ha Temy «OCOBEHHOCTU KAMHWKM, TEHEHWA UCXOA0B M Tepanuu peuuansos bptowHoro Tuda y AeTei» 3alumileHa
Xogkaesoii H.M. B 2000 roay. B 2006 roay ei1 6b110 NpUCBOEHO 3BaHWe AoLeHTa. [uccepTauma Ha COUCKaHME YHEHOM CTENEHM AOKTOPa MeAULMHCKMX
HayK Ha Temy «Manapus y feTen: KIMHUKA, UMMYHO-NaToreHeTUYeCcKne 0COBEHHOCTM 1 ONTUMM3ALMA NedeHns» Bbina 3awmuleHa 8 2009 roay, a 8 2011
ropy Xogskaesoi H.M. 6b110 npucBoeHo yuéHoe 3BaHWe npodeccopa.

Mpodeccop Xoaxkaesa H.M. asnsetca asTopom okono 300 HayuHbIX paboT v 45 yyebHO-MeToaNYECKMX U3aaHMI, B TOM Yncie 1 moHorpaduu,
1 yyebHMKa NO AETCKUM MHPEKLUMOHHBIM 60NIE€3HAM, 2 CNPaBOYHUKOB NO AETCKUM MHPEKLMOHHBIM BonesHam. Moa eé pyKOBOACTBOM 3aluMLLeHbl 3
KaHamnzatckme aucceptaumm (2021 u 2023 rr.). O6nacTb Hay4HbIX UcceaoBaHuin npodeccopa Xoakaesoi H.M. — KIMHUKO-MMMYHONATOreHeTUYEeCKME
0c0b6eHHOCTH BpIoLHOrO TUdA, BUPYCHOTO renatuta B, Manapuu, ckapnatuHbl, Kokatowa, OPBU y getei.

B 2012-2017 rr. Xoaxkaesa H.M. 6bina raBHbIM BHELUTATHbIM CreumanucTom MUHUCTEPCTBA 340aBOOXPAHEHMUA M COLMANBHOM 3aLMTbI Hacene-
HuA PT no geTckum nHbeKLMoHHbIM 6onesHam. B 2009-2014 rr. oHa saBasanacb YneHom Paboyeit rpynnbl TTMY um. Abyanu nbHu CuHo no peanunsaumm
MpoeKTa «PedpopmMmnpoBaHme BbICLIETO LOAMUNIOMHOIO MeAULMHCKOrO 06pa3oBaHma B TTMY um. Abyanm nbHu CuHo», ¢ 2018 roga AenseTca KoopanHa-
Topom MpoekTa «MoaepHHU3aLIMA BbICLLIErO MeaMULIMHCKOrO 06pa3oBaHmMA Ha ocHose bonoHckoro npouecca 8 TTMY um. Abyanu nbHu CuHo». H.M. Xoga-
»KaeBa BHeC/1a BECOMbIN BKNaA B pepopmy MeauLMHCKOro 06pa3oBaHMA Ha MeaULMHCKOM daKy/ibTeTe U ero afanTaLmio K eBponerckMm U MUpoBbIM
CTaHAapTaM MeANLMHCKOro 06pa3oBaHma, pa3paboTKy HOBbIX 06pa3oBaTe/ibHbIX MPOrPamMM Mo crneuuanbHOCTH «/leyebHoe Aenox», a TaKKe NPorpamm
no APYrvM CneuuanbHOCTAM, BHEAPEHUIO COBPEMEHHbIX 06pa3oBaTeNbHbIX TEXHONOMIA B y4ebHbIx npouecc. OHa ABAAETCA Y1eHOM pabouunx rpynn
MuHucTepcTa 06pasoBaHMaA U Hayku PT u MuHKCTepCTBa 34paBOOXPaHEHMUA U COLMAIbHOM 3aLwmTbl HaceneHua PT.

Xoprkaesa H.M. HarpaxpaeHa 3Hakom «OTIMYHUK 0b6pa3oBaHusa Pecnybavku Tagskukuctan» (2006), «OTAMYHUK 34paBooxpaHeHus Pecny6anku
TaguKucTaH» (2018), meganblo MUHUCTEPCTBA 3/1PaBOOXPAHEHMA U COLMANbHOM 3aLmTbl HaceneHua PT, nocsawéHHon 1025-netuo Abyanu nbHm
CvHo (2006), MouéTHow rpamoToit MuHUCTepCTBa 06pa3oBaHUA U Hayku Pecnybaunku TagsuKkucTaH, NMoYéTHbIMM rpamoTamm TTMY um. Abyanu nbHu
CuHo, a Take MOYETHOM rpamoTolt «3a 3ac/yrv B OCYLLECTBAEHUM CO3UAATENBbHOM NOUTUKM HapoAHO-AEMOKPaTUYeCKoM napTum TagKMKMCTaHa» 3a
BECOMDbIi BKNaZ, B NOBbILLEHWE aBTOPUTETA U POIM NAPTUM B OBLLECTBE, aKTUBHOE y4YacTe B NponaraHae uaei NnaTpuoTnama, HaLuMoHaNbHOMO CaMoCco-
3HAHWA 1 BbINOJIHEHME BaXKHENLIMX NPOrPaMMHbIX Lienei naptum. B 2021 rogy Xoaskaesa H.M. 6bina yaocToeHa NpaBUTeNbCTBEHHON Meaanm «Xusmatu
LLowncran.

PykosoO0cmeo TaOHUKCKO20 20Cy0apcmeeHH020 MeOUUUHCK020 yHUsepcumema um. Abyanu ubHu CuHo, pedKosneaus 1ypHana
«BecmHuk AsuyeHHbl» cepdevHo nosopasnsarom HueuHy MypodosHy ¢ obusneem u xcenarom ell Kpernko2o 300p08bs, 0asbHeluux
ycrexos 8 eé 6s1a20p00HOM mpyde, 61a20M0y4usA U cemeliHo20 cyacmes
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FPAYEBA FA/IMHA BACUNIbEBHA

6 Hos6ps 2023 200a He cmarsno oKMopa MedUUUHCKUX HAYK, npogeccopa
lpauésoli [anuHbl BacunvesHsl

6 HOA6pA 2023 roga nocne NPOAOMKUTENbHON HONE3HM YLINA U3 KU3HU [annHa BacunbeBHa MpauéBa — LOKTOP MEAMLMHCKUX Hayk, npodeccop,
oTaaBLwas 20 net npodeccoHaNbHOTo cayKeHUsa TaaKMKCKOMY rocyAapcTBEHHOMY MEANLIMHCKOMY MHCTUTYTY M. AByanu bHM CuHO.

pauéea ManunHa Bacunbesa poaunack 3 anpens 1934 r. B 1. Kyiibbiwese (HbiHe Camapa). Mocne OKoOHYaHMA C 30/10TOM MeAasbio CPeHEeN WKObI
yumnnacb B KyibbIleBCKOM MeAMLMHCKOM MHCTUTYTE, KOTOPbIN C OTANYMEM 3aKoHYMNA B 1957 T.

MpodeccmoHanbHan geatenbHoCTb fannHbl BacunabeBHbI MPauéBoii Hayanack ¢ paboTbl TepaneBToOM B CTauoHape 6onbHULbI N2 17 1. Kylibbiweea,
npofonKasLeiics B TedeHue 7 net. C 1964 r. no 1967 r. oHa oby4yanacb B acnmpaHType Ha Kadeape nponeaesTMKU BHYTPEHHWX bonesHelt Kyibbiwes-
CKOTO MEAMLMHCKOIO MHCTUTYTA, Ha KOTOPOI B nocnenytoliem paboTana acCUCTEHTOM, a 3aTeM U goueHToM. B 1967 r. Mpauésa I.B. 3awmtuna KaHau-
[aTCKYI0 AMccepTaumio Ha Temy «BUOXMMMUYECKan AMArHOCTMKA PasiMyHbix GOpPM KOPOHAPHOW HefoCTaTOuHOCTMY. B 1976 r. 3alumTia JOKTOPCKYHO
AnccepTaumio Ha Temy «IMarHOCTUYeCKMe acreKTbl CbIBOPOTOUYHbIX IH3UMONOTUYECKUX UCCEA0BAHNI B KAPAMONOMUNY.

B 1977 r. FanvHa BacunbeBHa 6bina NpurnaieHa Ha paboTy B TaAKMKCKUIA rOCYAaPCTBEHHBIN MEAULMHCKUIA MHCTUTYT M. AByann nbHu CuHo. C
1977 r. no 1996 r. oHa 3aBeaoBana Kadbeapol NponeaeBTUKM BHYTPeHHMX bonesHel neyebHoro dakynbreta. C 1980 1. no 1996 r. bbi1a NPOPEKTOPOM No
yuyebHo-BoCnUTaTEIbHOW paboTe. ITo 6biN TPYAHbIN AR pecnybamkm nepuog — B 1991 r. nponsowén pacnag CCCP, a B bbIBLUMX COBETCKUX pecnybamKax
BCMbIXHY/W FPaKAaHCKMe BOWHbI. MaMHa BacunbeBHa ¢ BOCXMLLEHWMEM BCMOMMHANA 6ECCMEHHOTO PeKTopa MeAMLMHCKOTO MHCTUTYTA, YeHa-Koppe-
cnoHaeHTa AMH CCCP, npodeccopa HOcyda balumpxaHosuya Mcxaku, NpopeKTopa no Hay4Hoii paboTe, yuneHa-KkoppecnoHaeHTa AMH CCCP, npodeccopa
MwuHxoxKa fynamoBuya lynamosa, BMecTe ¢ KOTOpbiMK paboTana B TO CIOXKHOE Bpems.

B 1996 r. lannHa BacunbesHa Mpauésa nepeexana B I. YNIbAHOBCK, rae paboTtana B UHCTUTYTe MeaMLMHbI U 3KON0rK YIbIHOBCKOTO rocy,apCcTBeH-
HOro YHUBepCUTETa B AOMKHOCTM Npodeccopa Kadeapbl rocnuTanbHOM Tepanuu.

HayuHble nHTepecbl npodeccopa Mpauésoii I.B. Kacanuch TakMx pa3genos Tepanuu, Kak Kapavonorusa u pesmartonorus. OHa bbina asTopom Honee
150 neyaTHbIX Hay4HbIX paboT. Mog e€é HayYHbIM PYKOBOACTBOM OblNM 3aLLMLLEHBI O4HA LOKTOPCKas U TPW KaHAWMAATCKUE auccepTaumn. MHTepecsl
TanvHbl BacunbeBHbI He OrPaHUYMBANMCD TONBKO NPOdECccUei; OHa bblna YeSI0BEKOM C LUIMPOKMUM KPYro3opom, NPeKpacHbIM YyBCTBOM HOMOPA, YYyTKUM
OTHOLLEHWEM K OKpY»KaloLMM €€ NI0AAM.

Mamatb o MannHe BacunbesHe MpauéBoii HaBceraa OCTaHETCA B cepAaLax eé banskux, apysei 1 Konner.

Pedkonneaus #ypHana «BecmHUK ABUUEHHbI»
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OT PEAAKIIVIM / EDITORIAL

YBaXKaemble YUTaTeNn Halero XypHana!

3aBepLUéH BbIMYCK o4YepesHOro 25 ToMa KypHana «BecTHMK Asu-
LIeHHbI», M Ham xoTenocb bbl NoaBecTv UToru yxoaswwero 2023 roga u Ha-
METWUTb NePCeKTUBbI Ha bansKaliwee byaywee. MOXHO € yBEPEHHOCTbIO
CKa3artb, 4To 2023 rog, ANA KypHana «BecTHWK ABMLEHHbI» BblN 3HaAMEHA-
TeNbHbIM, NOATBEPKAEHNEM Yemy ByAyT HUKeNnepeuncneHHble B XPOHO-
NOrMYeckom nopsagKe cobbiTus.

CornacHo nucbmy Mpesngnyma BAK PO Ne 4/3-pasH ot 10 dpespans
2023 roza Bcem ypHasiam, Bxogsawmm B MepeyeHb BAK PO 6bin10 peko-
MEH/0BaHO B KpaT4yalLIMi CPOK 3aperncTpupoBaTbes Ha noptane PUINM
(Poccumitcknit HUM 3KOHOMMKM, MOAWUTUKM M NPaBa B HAyYHO-TEXHUYECKOM
cdepe). ITo BbIN0 NPEANPUHATO C LiEbI0 ONTUMMU3ALMM U YNPOLLEHUA pa-
60Tbl N0 MOHUTOPHMHTY KypHanoB 13 MepeyHs BAK, a Takke nposeaeHus
X NEPCMEKTUBHOTO PaHKMPOBaHUA/peitTuHroBaHws. Bce Heobxogumble
[laHHble 0 «BecTHMKe ABMLEHHBI» bblAM OTNPaB/EeHbl Ha BepudUKaLmIo
22 despans, BKAOYAA 3arpy3Ky meTagaHHbix 52 crateit 3a 2022 roa. 28
mapTa 2023 roza npuLLO U3BeLLEHME 06 ycneLlHoi BepudUKaLmm Hale-
ro XypHana Ha noptane PU3MM.

15 despansa 2023 roga BAK Pd opgobpun Hale xoaaTaicTso o npu-
éme cTaTelt ewé no 7 HayyHbiM cneumanbHocTam: 3.1.1. PeHTreHaHao-
BackynapHas xupyprus; 3.1.5. Odranomonorus; 3.1.8. Tpasmatonorus u
optoneaus; 3.1.15. CepgeuHo-cocyanctas xmpyprus; 3.1.18. BHyTpeHHue
6onesHu; 3.1.23. lepmatoseHeponorus v 3.1.27. Pesmatonorus.

OpfHoW 13 10 KOHL@ He peLéHHbIX Npobiem KypHana Ao HefaBHero
BPEMEHM OCTaBalacb CBOEBPEMEHHAsA 3arpy3Ka MeTaflaHHbIX BCEX CTaTel B
6a3y Crossref. 310 6b1710 0OYC/NI0BAEHO OTCYTCTBUEM NOCTOAHHOTO PAbOTHU-
Ka, CNocobHOro BbINONHUTL AaHHYHO 334a4y. YKa3aHHbI BONPOC Bbln CHAT
C NOBECTKM AHA B MapTe 3TOrO roAa, KOraa MeTafaHHble BCeX CTaTel, Ha-
YnHas ¢ 2017 roaa, BbinM yCnewHo 3arpy»eHbl B YKasaHHYH 6a3y AaHHbIX.
Mpouecc 3arpy3kn cBOeBPeMEHHO bblal NPOLO/IKEH U B TEKYLLEM roy.

B KoHLe man 3Toro roga Hamu bbina NosaHa 3asABKa O BK/IKOYEHWUM
«BecTHMKa ABuueHHb» B DOAJ (Directory of Open Access Journals), rae
NPUBETCTBYIOTCA KYPHa/bl, Pa3MELLAIOLLME CBOM CTaTbW B OTKPLITOM A0-
cTyne. 7 MIOHA HaM COOBLLMIIN O NONOKUTENBHOM PELLEHUW B OTHOLLEHUU
UNneHcTBa «BecTHMKa AsuueHHbI» B DOAJ.

B 2023 ropy Halle uM3gaHue Takke 6bl10 NPU3HAHO M 2 ApYrMMM
MexayHapoaHbimu pecypcamm — DORA (The Declaration on Research
Assessment, 27 anpens) u 140C (Initiative for Open Citations, 20 mas).
Kpome Toro, 25 anpens «BecTHUK ABULEHHbI» B AONO/IHEHUE K UMEBLLE-
myca ISSN neuyatHoit Bepcun (2074-0581) nonyumn v aneKTpoHHbIN ISSN
(2959-6327).

C mas 3TOro roa HanaXKeHo TecHoe COTPYAHMYEeCTBO ¢ HauunoHanb-
HOW OMbnnoTeKOM TafKMKUCTaHA, ABMAIOLWENCA TONOBHLIM YyuYpexae-
HUEM CTpaHbl, KyAa bbln NPefoCTaBAEH BECb AOCTYMHbIV apxuB «BecTHM-
Ka ABULLEHHbI».

30 wuioHa 2023 roga, nocne 2-1eTHEro MCNbITaTe/IbHOro CPOKa U
3-neTHel YCUNEHHOM NOATOTOBUTENIbHOW PaboTbl Mbl BHOBb MOAanM 3a-
ABKY O BK/IIOYEHWMM Hallero }ypHana B Scopus. OTpagHO OTMETUTb, YTO
[loNran, Kponotameas U gobpocoBecTHasn paboTa BCelt KOMaHAb! HaLero
KypHana no onTMMM3aLMK PefakTOPCKOro NpoLiecca, KauecTsa nybiunky-
eMbIX CTaTel, peLeH3npPoBaHNs, aAMUHUCTPUPOBAHKA CaiTa He NPOLLAU
fapom: ¢ 25 nona «BecTHUK ABMUEHHbI» HayYan WMHAEKCMPOBATbLCA B
Scopus. BaxHO OTMETUTb, YTO HaLL KypHan BOLWEN B Scopus nepBbiM w3
BCEX MeAMLIMHCKUX KypHanoB LieHTpansHoi Asuu!

CrpemneHune NoBbICUTb Y3HaBAaEMOCTb «BecTHMKa ABULLEHHbI» cpeau
MMPOBOrO HAy4HOTO COODLLECTBA, PACLIMPUTL reorpaduto Kak YuTaTenb-
CKOW, TaK ¥ aBTOPCKOM ayauTOpMi1 NobyaMNo Hac NoAaThb 3aABKM O BKIO-
YEHWUU B CREAYIOLLIME MEXAyHAaPOAHblE MHPOPMALMOHHO-aHAUTUYECKME
6a3bl — Web of Science (3asBka nogaHa 12 utons, npoLecc paccMoOTpeHus
npogonaetcs), ResearchGate (ypHan BKAOYEH 18 ceHTAbps), EMBASE
(3anBKa nogaHa 16 fekabps, NpoLecc paccMoTpeHus Npoaomkaetcs). Kpo-
Me TOrO, B Mtone bblAn CO3aaHbl CTPAHMYKM KypHana B Twitter u Facebook.

15 aBrycta 6bl1 NpoBeAéH MexayHapoaHbI BebuHap «Advanced
Science Writing and Editing» ¢ yyacTmem 3 m3BecTHbIX 3KcnepTtoB: Mo-
xammaga Abonnaxu (Mpan), ®appoxa Xabnbsaage (MpaH) n ApmeHa lac-

napsHa (BenukobputaHua). Ha BebuHape y4acTBOBasM NpeacTaBUTeNM
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Honorable readers of our journal!

Publishing the 25" volume of "Avicenna Bulletin", and we would
like to summarize the results of the outgoing year 2023 and outline
prospects for the near future. While 2023 has been a significant year for
the "Avicenna Bulletin", our team takes a look back at its most important
developments as listed below in chronological order.

According to the letter of the Presidium of the Higher Attestation
Commission (HAC) ofthe Russian Federation No.4/3-razndated February
10, 2023, all journals included in the List of the HAC of the Russian
Federation were recommended to register on the RIEPP portal (Russian
Research Institute of Economics, Politics and Law in the Scientific and
Technical Field) at their earliest convenience. This was undertaken
with the aim of optimizing and simplifying the process of monitoring
journals of the HAC List, as well as determine their prospective ranking/
rating. All necessary data about the "Avicenna Bulletin" was sent for
verification on February 22, including the download of metadata on
52 papers for 2022. On March 28, 2023, a notification was received
about the successful verification of our journal on the RIEPP portal. On
February 15, 2023, the HAC of the Russian Federation approved our
application to accept articles in additional seven scientific specialties:
Endovascular Surgery, Ophthalmology, Traumatology and Orthopedics,
Cardiovascular Surgery, Internal Medicine, Dermatovenereology and
Rheumatology.

Until recently, one of the journal’s unresolved problems was the
timely uploading of metadata on all papers into the Crossref database.
This was due to the lack of a permanent officer for this task. In March
2023 the problem was solved, and the metadata on all articles starting
from 2017 were successfully uploaded to the said database and while
metadata on the subsequent paper continued to be uploaded as
scheduled.

In May of this year, we submitted an application for inclusion of
"Avicenna Bulletin" in the Directory of Open Access Journals (DOAJ),
which encourages posting of the open access papers. On June 7, we were
informed of a positive decision regarding inclusion of "Avicenna Bulletin"
in DOAJ.

In 2023, our edition was recognized by the other two international
resources — DORA (The Declaration on Research Assessment, April 27,
2023) and 140C (Initiative for Open Citations, May 20, 2023). Moreover,
on April 25, "Avicenna Bulletin", in addition to the existing ISSN of the
printed version (2074-0581), received an electronic ISSN (2959-6327).

Since May of this year, close cooperation has been established with
the National Library of Tajikistan, which is the head institution of the
country, where the entire accessible archive of the "Avicenna Bulletin"
is presented.

On June 30, 2023, after a 2-year trial period and three years of
intensive preparatory work, we resubmitted an application for inclusion
in Scopus database. It gives us pleasure to state that the continuous
painstaking and conscientious work of the entire team of our journal
to optimize the editorial process, the quality of published articles, peer
review, and site administration was a success. On July 25, 2023 "Avicenna
Bulletin" was indexed in Scopus. It is important to emphasize that our
journal was the first to be included in among all medical journals in
Central Asia!

Striving to increase the recognition of "Avicenna Bulletin" by the
world scientific community, to expand the geography of both readership
and author audiences we submitted applications for inclusion in the
Web of Science (application submitted on July 12, the review process
is ongoing), and ResearchGate (where the journal was included on
September 18), EMBASE (application submitted on December 16, review
process ongoing). In addition, the journal's Twitter and Facebook pages
were created in July 2023.

On August 15, an international webinar "Advanced Science Writing
and Editing" was held with the participation of three recognized experts:
Mohammad Abollahi (Iran), Farrokh Habibzadeh (Iran) and Armen
Gasparyan (UK). The webinar was attended by lecturers, MSc and PhD
students and candidates of Avicenna Tajik State Medical University.



npodeccopcKo-NpenosaBaTeNbckoro cocTaBa, acNMpPaHTbl, AOKTOPAHTbI
1 couckatenu TafKMKCKOrO rocyfapCTBEHHOrO MEAMLMHCKOTO YHUBEp-
cuTeta um. Abyanu nbHu CuHo. ObCyKaanca LWMPOKUIA Kpyr BONPOCOB,
NOCBALEHHBIX PeAAKLMOHHO-U34aTeNbCKON AeATeNbHOCTY, NybanKaum-
OHHOW 3TMKe, BUOMEAMLMHCKO CTaTUCTMKe, Narvaty 1 ap.

B 2023 roay, KaKk B NpoYem, 1 B NpeablayLuime rogpl, }KypHan npo-
[JOMKUN COTPYAHWUYECTBO € MHOOPMALIMOHHO-aHANUTUYECKON CUCTEMOW
PUHL, n cBoeBpemeHHO pasmellan Yepes cUCTEMY 3arpysku BbINyCKU
KYPHaNa B PEXMMe OTKPbLITOro A0CTyna. AHanu3 nybaMKaLUMOHHOM ak-
TUBHOCTM HalLero W3gaHus NPOAEMOHCTPUPOBAN XOTb U HE PE3KUI, HO
YBEPEHHBIW POCT ero MMnakT-pakTopa. Tak, ecim no utoram 2021 ropa
NATUNETHWUI MUMNAKT-PAKTOP KypHana coctaensan 0,431, To No cTaTUCTUKe
2022 ropa 3ToT Nokasatesb Bbipoc A0 0,444, [1ByxNeTHWM Ke UMNaKT-paK-
TOP 3a YKa3aHHbIN nepuog ymeHblmncsa ¢ 0,569 go 0,518. Cpeam 108 Ha-
YYHbIX KypHanoB Pecnybauku TagMKUCTaH, MHAEKcMpyembix B PUHL,
M0 BCEM OTPACNAM HayKK, «BeCTHUK ABMLIEHHbI» B TeYEHWE rofa NPOYHO
3aHMMaeT NepByto CTPOUKY N0 peirTUHrY Science Index 1 CTOWT Ha TpeTben
NO3ULMMN — MO YUCAY LUTUPOBAHUN.

Kak 1 B npeablgywime rogbl, B 2023 rogy 601bll0e BHYUMAHWE Mbl
YAENAN COCTOAHUIO O0PULMANBHOrO CaiiTa XypHana. CepbésHbix cboeB
B paboTe caitTa B 3TOM rogy He oTMeuyeHo. ExxeaHEBHO Npoao/Kanach
paboTta No 06HOBNEHMIO MHPOPMALMU O ABUNKEHUW CTaTeW, USMEHEHU-
AX COCTaBa PeAaKLMU U HOBOCTAX, PasMELLEHUIO OYePeaHbIX BbiMyCKOB
KYpHana B OTKPbITOM AoCTyne U T.4. bblan gononHeHb! cTapble v BBese-
Hbl HOBblE pa3zenbl Ha [NMAaBHOW CTPAHWYKE CaiTa, Takue Kak «[oanTuKa
OTKPbITOro A0CTyna», «KoNMpanT v AMLEH3NPOBaHME», «3aMMCTBOBAHMA
1 nnarvat», «Mnata 3a nybavKaumio», «Apxusauua», «Penosutopuiin,
«MHpekcauma», «Hanobbl M anennaumum», «McnpasneHne owWUBOKY,
«MepnoanyHoctby, «PeknamHas nonutuka». MOHUTOPUHT noceLlae-
MOCTM Hallero caiTa OCyLLecTBAfeTca MHCTpymeHTom «Flag Counter»,
YCTaHOB/IEHHOM Ha M1aBHOW CTpaHWuKe ¢ utoHsa 2022 roga. Tak, Ha ce-
FOAHAWHMUI A€Hb Hall CalT NoceTunu umtatenun u3 134 ctpaH mupa, a
B [ECATKY /IMAEPOB N0 KOAMYECTBY NPOCMOTPOB HALLero caita BXOAAT
TaKue CTpaHbl, Kak CuHranyp, Poccus, TagskukuctaH, CLUA, Y3bekucraH,
KasaxctaH, Kbiprbi3ctaH, YkpanHa, benapycb v Kutait. ObLiee konmyectso
NPOCMOTPOB CaiTa C MOMEHTa GyHKLMOHMPOBaHUA «Flag Counter», T.e.
3a nonTopa roza, coctasuno bonee 128 Tbicay pas.

3a 2023 rog B peaakumio NoCTynuaa Ha paccmotperme 151 cratba.
M3 Hux B 25 Tome ony6amKoBaHo 48 pabor, B Tom Yncie 21 opuriHanbHas
cTatbA, 14 0630poB uTEPaTYpbl, 6 PaboT B pybpuKe «B nomolus npak-
TUYECKOMY Bpauy» W 7 CTaTel, NOCBALLEHHBIX ONUCAHUIO KAMHUYECKMX
cnyyaes. M3 yKasaHHbIx paboT B 22 CTaTbAX aBTOPAMM ABNAIOTCA TafMHKMK-
CKMe y4éHble; reorpadma octasbHbIX paboT NpeAcTaBAeHa creayowmm
obpasom: M3pannb (1), Poccuiickan Gepepaums (22), TypkmeHucTaH (1) u
Y3bekuncTaH (2). KonnuecTso cTaTeii B BbINycKax ypHana BapbMpoBano B
npeaenax 11-13. U3 pabort, ony6a1KoBaHHbIX B 25 TOMe KypHana, 0gHo-
KpaTHbIi BO3BPAT Ha TEXHUYECKYIO A0PaboTKy Bbin ocyLiecTsnéH 30 pas;
[BYKPATHbIN — 9 pas; TPEXKPaTHO 1 bonee pyKoONWUcK BO3BPALLAIUCL HA
[opaboTKy aBTopam B 9 cayyanx.

Pepakuma otknonuna 81 (53,6%) paboTy no pasanyHbIM NpUYK-
HaM: HEeNpUeMIEeMO HW3KaA YHUKAJbHOCTb TEKCTA NO pe3yabTaTam npo-
BEPKM Mporpammoit «AHTunnaruat» (41); HU3Kas 6annbHas OLEHKa no
UTOramM peLeH3nposaHus (7); GakT BbIABAEHWA NOBTOPHOCTM Ny6/uKa-
umu (5); He ucnpaeneHue 3amevaHuii peLeH3eHToB (8); He UcnpasneHue
3ameyaHuit pegakumm (15); 0TKas No NpUYMHE HECOOTBETCTBUS NPOGUNI0
1 TpeboBaHWAM XypHana (5). 7 cTatelt 6blM 0TO3BaHbI CaMUMK aBTOpa-
MM MO Pa3/IMYHbIM NPUYMHAM, NO-BUAUMOMY, CBA3AHHBIM C TPYAHOCTAMM
cobnropenns «TpeboBaHMUM...» KypHaNa WM HEBO3MOXKHOCTbIO WUCMpa-
BUTb 3aMeYaHUA PELEH3EeHTOB.

Ha cerogHsAWHWIA AeHb YNeHamK PeaKonnerum U peacoBeTa XKyp-
Hasna ABNAKOTCA aBTOPUTETHbIE Y4éHble 13 AsepbaiigkaHa, ApmeHuu, be-
napycu, Benukobputanum, fepmanuu, U3panns, Upana, Utanum, Kasax-
cTaHa, Nlateuun, Manaiisum, Poccuu, CLUA, TagKuKuctaHa, Y3beknucraHa,
YKpauHbl, ®paHuum u LLseiuapun. Xouetca BbipasuTb GrarogapHoOCTb
YseHaM pPesaKLMOHHOM KONErn 1 pefakLIMOHHOMO COBETA 3a UX aKTUB-
HYIO NOMOLLb B NPOLIECCe PeLEeH3UPOBaHUA PYKOMUCEN U NPESOKEHMA
no ONTUMMU3aLMKM U3AaTENbCKOro NpotLiecca.

Pepakuma xypHana «BecTHUK ABULEHHbI» UCKPEeHHe no3apasaaeT
BCEX CBOMX YMTaTeNEN C HacTynatowmm 2024 rogom 1 xKenaeT BCeM Kon-
Neram Kpenkoro 340poBbA U MUPHOTo Heba!

A wide range of issues related to editorial and publishing activities,
publication ethics, biomedical statistics, plagiarism, etc. were discussed
at the webinar.

In 2023, as in previous years, the journal continued to cooperate
with the RSCI informational and analytical system and timely posted
downloads journal issues for open access. An analysis of the publication
activity of our edition demonstrated a significant increase of its impact
factor. While at the end of 2021 the five-year impact factor of the journal
was 0.431, according to statistics for 2022 it increased to 0.444. The
two-year impact factor over the specified period decreased from 0.569
to 0.518. Among 108 scientific journals of the Republic of Tajikistan,
indexed in the RSCI in different scientific areas, "Avicenna Bulletin" has
the highest Science Index rating in 2023 and ranks third in the citations
number.

As in previous years, in 2023 we paid special attention to the
journal’s official website. There were no serious disruptions to the site this
year. Information on the movement of articles, changes in editorial staff
and news, open access papers, etc was updated daily. The new sections,
such as "Open Access Policy", "Copyright and Licensing", "Plagiarism",
"Publication Fees", "Archive", "Repository", "Indexation", "Complaints
and appeals", "Error correction", "Periodicity", "Advertisement policy"
were added to the previous ones and introduced on the main page of
the site.

Monitoring of our website’s traffic is carried out by the "Flag
Counter" tool, installed on the main page since June 2022. By today
our website has been visited by readers from 134 countries, and the
top ten in the list are Singapore, Russia, Tajikistan, the USA, Uzbekistan,
Kazakhstan, Kyrgyzstan, Ukraine, Belarus and China. The total number of
the website views since the "Flag Counter" was installed, i.e. over a year
and a half, is more than 128 thousand times.

In 2023, 151 papers were submitted for publication; 48 of them
were published in Volume 25, including 21 original articles, 14 literature
reviews, 6 papers under the heading "For the medical practitioner"
and 7 clinical case reports. Of these papers, 22 were authored by Tajik
scientists; the remaining manuscripts were submitted from Israel (1),
Russian Federation (22), Turkmenistan (1) and Uzbekistan (2). The
number of published articles was 11-13 per issue. The papers published
in volume 25 of the journal were revised once (30 manuscripts), twice (9
papers), or 3 and more times (9 articles).

The editors rejected 81 (53.6%) papers for various reasons:
unacceptably low uniqueness of the text according to the results of
checking with the Anti-Plagiarism software (41); low review score (7);
duplicate publication (5); failure to make amendments in the manuscript
based on the reviewers' (8); and editorial (15) comments; non-
compliance with the profile and requirements of the journal (5). Seven
papers were withdrawn by the authors for various reasons, apparently
related to difficulties in complying with the "Requirements... " of the
journal or an inability to make corrections as recommended by the
reviewers.

Today, the editorial board and the editorial council include the
reputable researchers from Armenia, Azerbaijan, Belarus, Germany,
Great Britain, France, Iran, Israel, Italy, Kazakhstan, Latvia, Malaysia,
Russia, Switzerland, Tajikistan, Ukraine, USA, and Uzbekistan. We would
like to express my gratitude to the members of the editorial board and
editorial council for their active involvement in reviewing manuscripts
and help in optimizing the approach to publishing research findings.

The editors of the "Avicenna Bulletin" sincerely congratulate all its
readers on the upcoming 2024 and wish all colleagues good health and
peaceful sky!
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NMoArotoBKA PYKONMUCU

PyKonucb cTaTbi JONKHA ObITb NPEACTaBAeHa Ha PYCCKOM UAn
aHIIMIACKOM A3blKax M HabpaHa B TEKCTOBOM pefaktope MS
Word wpndtom Times New Roman, pasmep 14, nHtepsan 2,0.
Pasmepsbl noneit: ceepxy — 2,0 cm; cHusy — 2,0 cm; cnesa— 3,0 cm;
cnpaBa — 2 cM. Bce cTpaHuLbl, HAUMHAA C TUTYNbHOW, AOMKHbI
6bITb NOC/NEA0BATENLHO MPOHYMEPOBaAHbI.

O6bEM NOAHOPA3MEPHON OPUTMHANIBHOW CTaTbW [OMKEH CO-
cTaBnATb 15-20 cTpaHumu,; 0630pHOM cTaTbn — He 6onee 30 cTpa-
HUL,; CTaTbM, NOCBALLEHHOW OMUCAHWUIO KNMHUYECKKUX Habntoae-
HWI1, He bonee 8 cTpaHuL, 0630pa MaTepUanoB KOHPepeHLMit
— He 6onee 10 cTpaHuL,

PyKOMMCb CTaTbM JOMKHA COCTOATb U3 C/IEAYIOLLMX 3NEMEHTOB:
TUTYNbHOTO IMCTA; aHHOTaLMK (pe3tomMe); MHUUMANoB 1 damu-
MK aBTopa (aBTOPOB); Ha3BaHMA; BBEAEHWA (aKTyasbHOCTH);
LLe/IM UCCNesl0BaHWMA; OCHOBHOM YacTy; BbIBOAOB (3aKkNtoueHus)
U cnucka sutepatypbl. OCHOBHAA YacTb OPUTVMHANBHOM CTaTby
[O/MKHA coaepsKaTb pasgensl: «Matepuan u metogbl», «Pesynb-
TaTb», «ObCyKAeHUe.

Ha TWTynbHOM cTpaHuue faérca cnegytowas uHbopmauums:
MOMHOE HAa3BaHWE CTaTbW; MHWUMANbl U GamuaMK aBTOPOB;
ob1LManbHOE Ha3BaHWe M MECTOHAXOXAEHWE (ropog, cTpaHa)
yUYpeXAeHNUa (YUpEKAEeHWIA), B KOTOPbIX BbINOAHANACL PaboTa;
ONA KONOHTUTYNA — COKPALLEHHbIN BapuaHT Ha3BaHWUA CTaTb
(He 6onee 50 3HaKOB, BK/IKOYAsA NPOOE/bI U 3HAKU NPENUHAHMA);
KNtoueBble cnosa (He bonee 6), cBeaeHua o6 aBTopax. 34ecb
e HeobxoauMo npenocTasuTb UHGOPMaLMIO 06 UCTOUHUKAX
CMOHCOPCKOMN NOAAEPHKM B BUAE rpaHTOB, 060pYA0BaHUS, Ne-
KapCTBEHHbIX CPeACTB; 3acBUAETENbCTBOBATb 06 OTCYTCTBUM
KOH)NMKTA MHTEPECOB; YKa3aTb KOAMYECTBO CTPaHUL, Tabaui
U PUCYHKOB, @ TaKKe — afpec ANA KOPPECTIOHAEHUMK (npumep
0DOPMIEHNSA TUTYNIBHOM CTPAHMLbI CM. Ha CaiiTe KypHana).
HasBaHWe cTaTby LOMKHO 6bITb NAKOHWUYHBIM, MHOPMATMB-
HbIM N TOYHO onpeaenATb coaep*KaHue CTaTbu. Kntoyesble cno-
Ba cneayeT noabupatb cooTBeTcTBeHHO cnucky Medical Subject
Heading (MeauuuHckue npeameTHble pybpuKK), NPUHATOMY B
Index Medicus.

B cBeneHuAx 06 aBTOpax yKasblBaloTcA GaMuanmn, MMeHa, oT-
4ecTBa aBTOPOB, Y4EHbIE CTEMEHW U 3BaHUA, JOIKHOCTU, MECTO
paboTbl (Ha3BaHWE YUPEKAEHNUA M ET0 CTPYKTYPHOO Nospasae-
NeHus), a TakKe cneayolme naeHTuduratopsl: Researcher 1D
(WoS), Scopus ID, ORCID ID (o6s3atensbHo!), SPIN-kog, (PUHL),
Author ID (PMHLL). B agpece ana KoppecnoHAeHUMM creayet
YKa3aTb MOYTOBbLIN MHAEKC M afpec, MecTo paboTbl, KOHTAKT-

MANUSCRIPT PREPARATION

The manuscript of the article must be submitted in Russian or
English and typed in MS Word text editor, Times New Roman
font, font size 14, double-spaced. Field sizes: the top — 2.0
c¢m; bottom — 2.0 cm; left — 3.0 cm; right — 2 cm. All pages,
including the title page, should be numbered consecutively.

Original full-length articles should generally be at most 15-20
pages; review articles — no more than 30 pages; case reports,
no more than 8 pages; conference proceedings — no more
than 10 pages.

Manuscripts should be arranged in the following order:
title page, abstract (summary), family name(s) and initials
of each author, title, introduction (relevance); the purpose
of the study; body text; conclusion (conclusions), and a list
of references. The body text of an original full-length article
should include the highlighted sections: "Methods", "Results",
and "Discussion".

The title page should indicate the following: the full title of
an article; family name(s) and initials of author(s); the official
name and location (city, country) of an institution (s) in which
the work was conducted; for the footer — a shortened version
of the title of an article (no more than 50 characters, including
spaces and punctuation); keywords (no more than 6); author
information; information about the source of support in the
form of grants, equipment, drugs; declaration of absence of
conflicts of interest; information on the number of pages,
figures, and tables; provision of address for correspondence
(an example for a title page requirements, see on the website
of the journal).

The title of an article should be concise, informative, and
accurately define the content of the article. Keywords should
be selected according to the list of Medical Subject Heading
adopted by Index Medicus.

Information about authors should c indicate the given
name(s), family name(s) of the author(s), scientific degrees
and titles, positions, and the provision of authors' affiliation
name, department, as well as the following author identifiers:
WOS Researcher ID, Scopus ID, ORCID ID (mandatory). The
address for correspondence should indicate the postal code
and address, place of work, contact phone numbers, and



IIpasura opopMAeHUS KYPHANDHVLX nYOAUKAL U

10.

Hble TeneoHbl 1 3NEKTPOHHBIN aApec Toro aBTopa, C Kem byaeT
OCYLLECTBAATLCA PEAAKLMOHHAA Nepenucka. Agpec Ans Koppe-
CMNOHAEHLMMU NYBANKYeTCA BMECTE CO CTaTbéN.

B aHHOTaUMW (pe3tome) OpuUrMHaNbHOW Hay4dHOW CTaTbu 06A3a-
TeNbHO Cneayet Bblaenutb pasgensl «Lenb», «Matepuan n me-
TOAbI», «Pe3ynsTaTb», «3aKkat0ueHUe Y. AHHOTALWMA NPesoCTaBAs-
€TCA Ha PYCCKOM W aHIIMIACKOM fi3blKax (250-300 cnoB) 1 foNKHa
6bITb NPUTrOAHON ANA ONy6/IMKOBaHUA OTAE/bHO OT CTaTbk. AHHO-
TalMM KpaTKMX COOBLLEHN, 0630pOB, CIy4aeB M3 MPAKTUKK He
CTPYKTYPUPYIOTCA, OB6BEM WX [OMKEH COCTaBAATL He meHee 150
C/10B. AHHOTaLWWK, KNtoYeBble C/10Ba, MHPopMaLva o6 aBTopax
n 6ubnnorpaduueckme CNmUCKU OTCbINAKOTCA PeaaKLMEN B I/eK-
TPOHHbIE MHOPMALMOHHbIE 633bl 419 MHAEKCALMWH.

Bo «BBeseHMM» AaéTca KpaTkuii 0630p AMTepaTypbl No paccma-
TpvBaemoi npobneme, aKLEHTUPYETCA BHUMAHWUE Ha COPHbIX
U HepeLLEHHbIX Bonpocax, dopmynmpyeTca U 060CHOBbIBAETCA
uenb pabotbl. CcblNkM HEOBXOAMMO AaBaTb Ha nybaukaumu
nocneaHux 10 neT, @ MCNONb30BaHHbIE B CTaTbe AUTEPaTypHble
WCTOYHUKMN JO/MKHbI BbITb CBUAETENLCTBOM 3HaHUsA aBTopa (aB-
TOpOB) CTpaTerMm BCEOOBEMIIIOLETO MOMCKA Hay4HbIX MCTOY-
HMKOB Yepes rmobanbHble bubanorpaduyeckmne 6asbl, OHNANH
nnatdopmbl 1 undpoBsbie bUbAMOTEKM.

B pasgene «Matepuan u metogpl» HeobxoaMmo AaTtb Nogpob-
Hyt0 MHGOPMALWMIO KacaTe/IbHO BblIBPaHHbIX 06EKTOB U METOA0B
UCCNef0BaHMA, @ TaKKEe OXapaKTepu3oBaTb WCMO/b30BAaHHOE
obopyznoBaHue. B Tex KNIMHUYECKNUX UCCNEA0BAHUAX, Tae Neveb-
HO-MarHOCTUYECKNE METOAbI HE COOTBETCTBYIOT CTaHAAPTHLIM
npoLeaypam, aBTopam cnegyeT NpefocTaBuTb MHGopmaLmio o
TOM, YTO KOMUTET MO 3TUKE YUYPEKAEHWS, TAe BbINOJHEHA pa-
60Ta, 0406OPAET U rapaHTUPYET COOTBETCTBUE NOCAEAHUX Xenb-
CUHKCKOW aeknapauum 1975 r. B cTaTbAX 3anpeLLeHo pasmeLLaTb
KOHOUAEHUMANbHYIO MHPOPMALMIO, KOTOPas MOMKET NAEHTUOM-
LIMPOBaTb JIMYHOCTb MaLMEHTa (YyNOMUHaHWE ero dbamunuu, Ho-
Mepa uctopum 6onesuu u T.4.). Ha npegocrasnsembix K cTaTbe
PEHTFEHOBCKMX CHUMKaX, aHrMOrpaMmax U NPounx HOCUTENAX
uHopmaLum damuana naumeHTa JOMKHA ObITb 3aTylLEBaHa;
doTorpadum TakKe He JONKHBI NO3BONATH YCTAHOBUTb €I0 Y-
HOCTb. ABTOPbI 06A3aHbl NOCTaBUTL B M3BECTHOCTb MALMEHTA O
BO3MOXXHOM My6AUKaLMK JaHHbIX, OCBELLAIOLWMX 0CObEHHOCTH
ero/eé 3aboneBaHna U NPUMEHEHHbIX NeyebHO-AnarHoctmye-
CKUX METOOB, a TaK¥Ke rapaHTMPOBaTb KOHOUAEHLMANBHOCTD
NpW pasmeLLeHn YKa3aHHbIX AaHHbIX B MEYATHbIX U 31EKTPOH-
HbIX M3AaHUAX. B ciyuanx, KOrLa HEBO3MOMXKHO CKPbITb JIMYHOCTb
naumeHTa (potorpadmm naacTUYecKUX onepauuii Ha Avue U
T.A.), aBTOpbl 06A3aHbl NPEAOCTaBUTL NUCbMEHHOE UHOPMK-
pOBaHHOE cornacue NauMeHTa Ha pacnpocTpaHeHue uHbopma-
LMK ¥ yKa3aTb 06 3TOM B cTaTbe (nprmep opopmaeHus cornacus
CM. Ha caiTe XypHana). B akcnepumeHTanbHbIX paboTtax ¢ uc-
nonb30BaHWem N1abopaTopHbIX XMBOTHbIX 06A3aTeNbHO AaéTcA
UHOPMaLMA O TOM, YTO COAEPKAHME U UCNONb30BaHUE Nabo-
PaTOPHBbIX XMBOTHbIX MPW NPOBEAEHUN UCCNIEA0BaHUA COOTBET-
CTBOBA/NI0 MEXAYHAPOAHbIM, HALMOHANbHLIM MPaBUAAM WK
e npasuaam no 3TMYECKOMY OBPALLEHMIO C }KMBOTHBIMMU TOTO
yUYpeXaeHnsa, B KOTOPOM BbiNoHEHA paboTa. B KoHLe pa3gena
[aéTca noapobHOe onucaHMe MEeToLOB CTaTUCTUUYECKOM obpa-
60TKM M aHanW3a matepuana.

Pasgen «Pe3synbTaTbl» AOMKEH KOPPEKTHO U AOCTATOYHO NOA-
PO6HO OTpakaTb Kak OCHOBHOE COAEPMKaHWE WCCNeA0BaHWN,
TaK W UX pe3ynbtaTbl. [na 6onbluelt HAarALHOCTA NONYYEHHbIX

email address of the corresponding author. The address for
correspondence is published together with the article.

Abstracts of an original scientific article are structured into
the following sections "Purpose", "Methods", "Results", and
"Conclusion". Abstracts can be submitted in Russian and
English languages (250-300 words), should clearly state the
content of an article, and be suitable for publication separately
from the article. Abstracts of short communications, reviews,
and case studies are not structured; their volume should be at
least 150 words. Abstracts, keywords, information about the
authors, as well as references are sent by the editorship to the
electronic information database for indexing.

The Introduction provides a literature review of the problem
under consideration, focuses on controversial and unresolved
issues, and formulates and substantiates the purpose of the
study. References must be given to publications of the last
ten years. The source literature used in the article must be
evidence of the author(s) knowledge of the strategy for a
comprehensive search for scientific sources through global
bibliographic databases, online platforms, and digital libraries.

A detailed explanation of the selected objects and
experimental methods, as wellasacharacterization of the used
equipment, should be provided in the "Methods". In clinical
trials, where the diagnostic or therapeutic methods do not
conform to standard procedures, the authors must include a
statement that the Ethics Committee of the institution where
the work was performed approves and ensures compliance of
conducted research under the Declaration of Helsinki, 1975.
Articles must not contain confidential information that might
identify the patient's identity (a reference to the patient's
name, medical history, etc.). The patient's name should be
shaded on x-rays, angiograms, and other information carriers
provided for the article; photographs must also not allow his
identity to be established. Authors must inform patients of
the possible publication of the data related to their disease
and applied therapeutic and diagnostic methods and ensure
confidentiality when placing these data in print and electronic
media. In cases where it is impossible to hide the patient's
identity (photographs of plastic surgery on the face, etc.), the
authors are required to provide the patient's written informed
consent about the publication of data and indicate this in
the article (example see the consent form on the journal's
website). To ensure the ethical treatment of laboratory
animals used for research, authors must provide information
onanimal housing and management by international, national,
or institutional guidelines. Additionally, a comprehensive
description of applied statistical methods and analysis of the
material should be included in the section.

10. Studies’ "Results" section must accurately convey the

content and findings. To enhance the clarity of the data, it is
recommended to present the results using tables and figures.
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[aHHbIX NocneaHve LenecoobpasHo NpesocTaBnaTh B BUAE Ta-
6111, ¥ PUCYHKOB.

B pasgene «ObcyxaeHVe» pesynbTaThl, NOAYYEHHbIE B XO4e UC-
CNef0BaHMs, C KPUTUYECKMX MO3ULMIA LONKHbI BbITb 06CYKAe-
Hbl ¥ MPOAHAIM3MPOBAHbI C TOUKM 3PEHMA UX HAYYHON HOBM3HbI,
NPaKTUYECKOW 3HAYUMOCTU M COMOCTaB/EHbI C YXKe U3BECTHLIMM
[aHHbIMW APYTUX aBTOPOB.

BbiBOAbI [O/MKHbI ObITb NTAKOHUYHBIMK U YETKO chHopmynupo-
BaHHbIMM. B HUX JOMKHbI BbITb AaHbI OTBETLI HA BOMPOChI, NO-
CTaBNEHHbIE B LEAM W 33Ja4ax UCCNef0BaHWA, OTPaXKeHbl OC-
HOBHbIE MO/YYeHHble PEe3y/bTaTbl C YKasaHWeM UX HOBM3HbI U1
NPaKTUYECKOM 3HAYMMOCTM.

CnesyeT MCnonb30BaTh TOMLKO OBLLENPUHATBIE CUMBOIbI U CO-
KpaLeHumsa. MNpu 4acToM MCNoib30BaHUK B TEKCTE KaKuX-1nbo
CNOBOCOYETAHUM [OMYCKAETCA MX COKpalleHue B BUae abbpe-
BMATYpPbl, KOTOPas Npyu NepBOM YNOMWHAHWKM AAETCA B CKOO-
Kax. COKpaLLeHMA B Ha3BaHUM MOXKHO MCMONb30BATb TO/bKO B
WCKNIOYMTENBHBIX Cy4Yanx. Bce ¢usnyeckme BennumHbl Bbipa-
)aloTca B eanHuUax MexayHapoaHoi Cuctembl (CU). Jonycka-
€TCA YNOMMHaHNE TONbKO MEXAYHAPOAHbLIX HENATEHTOBAHHbIX
Ha3BaHMI1 IEKAPCTBEHHbIX NPENapaTos.

CnMCOK MCMob30BaHHOM MTepaTypbl 0pOpMAAETC B COOTBET-
cTBum c TpebosaHmamu Vancouver style (https://www.imperial.
ac.uk/media/imperial-college/administration-and-support-
services/library/public/vancouver.pdf). CokpaweHus 8 Hassa-
HUK XKYPHaNoB NPMBOAATCA B cooTBeTcTBMM C Index Medicus.
06s3aTeNbHO YKa3blBAOTCA GaMUAUM U UHULMANbI BCEX ABTO-
poB.. Mpu KonuuyecTse ke aBTOpPOB Hosee WeCTU JomnycKaeTcs
BCTaBKa [M gp.] uau [et al.] nocne nepeuncneHns nepsbix WecTu
aBTOPOB. HEObXoAMMO TaKKe NPeaocTaBUTb CMMCOK AnTepaTy-
pbl B @aHIMIACKON TPaAHCAUTEPALMK (MPUMep TpaHCAWUTEpPaLMK
CM. Ha caiTe XypHana). B )XypHane NPUHATO WMCMNONb30BaTb
cTunb TpaHcautepauum BGN (https://translit.net/ru/bgn/) nan
BSI https://translit.net/ru/bsi/). Hymepauus cCbINOK NPUBOAMT-
CA B COOTBETCTBMM C 04EPELHOCTBIO LIUTUPOBAHUA B TEKCTE, HO
He B andpaBUTHOM nopsaaKe. MopsaKoBble HOMepPa CCbINOK Aat0T-
cA B KBagpaTHbIX CKobKax (Hanpumep: [1, 2], wau [1-4], unm [3,
5-8]). B opurMHanbHbIX CTaTbAX PEKOMEHAYETCA LUTMPOBaTh He
meHee 15 1 He 6onee 30 UCTOYHMKOB, B 0630pax AUTEPATYpPbI —
He 6onee 50. CcbinkM Ha aBTopedepaThl, AUCCEPTALMM, TEUCHI
1 CTaTbM B Hay4HbIX COOPHMKaX, yuebHO-MmeToanueckme paboTbl
B CTATbAX He fonycKatoTca. CCbIIKM HAa HOPMATUBHbIE AOKYMEH-
Tbl AO/IKHbI ObITb AaHbl B BUAE CHOCOK, 6€3 BK/IIOUYEHWA WX B CMU-
COK NInTepaTypbl. OTBETCTBEHHOCTb 33 NPABUALHOCTb M MOJHOTY
BCEX CCbI/IOK, @ TAK¥Ke TOYHOCTb LLUTUPOBAHMA NEPBOVUCTOYHUKOB
BO3/10’KEHa Ha aBTOPOB (npumep odopmnenus Gubanorpadu-
YEeCKOro CnmcKa CM. Ha CcaiTe XypHana).

Cneayet cobnoaath NpaBonucaHue, NPUHATOE B XypHane, B
YacTHOCTH, 0b6A3aTenbHOe 0603HaYeHe ByKBbI «E» B COOTBET-
CTBYIOLLMX CNOBAX.

TabnuLbl LONKHDI BbITb Pa3MELLEHbI B TEKCTE CTaTbW HEMOCPes:-
CTBEHHO MOC/e YNOMUHAHUA O HWUX, MPOHYMEPOBAHbI U UMETb
Ha3BaHWe, a Npy HeobBXOAMMOCTU — MOACTPOUHBIE MPUMEYAHUS.
Tabnunubl gonKHbI 6bITb HabpaHbl B dopmate Microsoft Office
Word 2007.

MnntocTpaTtuBHbIii MaTepuan (dotorpadum, pUcyHKM, YepTexy,
[MarpamMmbl) LOMKEH ObiTb YETKMM M KOHTPACTHBIM U MPOHY-

11.

12.

13.

14.

15.

16.

17.

Inthe "Discussion" section, conducting a critical analysis of the
obtained results is crucial, highlighting their scientific novelty
and practical significance. Additionally, it should include a
comparison with the published data of other authors.

Conclusions should be concise and clearly formulated. They
should encompass the answers to the questions raised in the
objectives and goals of the research and highlight the novelty
and practical significance of the obtained results.

Using terminology, symbols, and abbreviations consistent
with globally recognized standards is recommended. To avoid
repetitive phrases, abbreviations can be utilized with a clear
definition provided in brackets at their first mention. In rare
situations, abbreviations may be included in the title. Physical
and chemical values should be expressed in units that align
with the International System (Sl). The use of generic drug
names is preferred, and brand names should only be used to
identify new compounds that may not yet be recognized by
their generic name.

The references list should be presented in accordance with
the Vancouver style (https://www.imperial.ac.uk/media/
imperial-college/administration-and-support-services/
library/public/vancouver.pdf ). Titles of journals may carry
abbreviations in accordance with the Index Medicus. Full
names and initials of all authors must be listed. If the list
of authors comprises more than six persons, it is allowed
to use [et al.] after enlisting the first author's surname.
Russian-language references (written in the Cyrillic alphabet)
must be transliterated into English (a sample can be found
on the journal's website). It is customary to use the BGN
transliteration style (https://translit.net/ru/bgn/) or BSI in
the journal https://translit.net/ru/bsi/). The list of references
should be numbered consecutively according to the first
time mentioned within the article, but not in alphabetical
order. Serial numbers of references should be written within
square brackets (e.g., [1, 2], [1-4], or [3, 5-8]). In original
articles, it is recommended to cite at least 15 and at most 30
sources; in literature reviews — at most 50. In articles, it is not
permissible to include references to synopses, dissertations,
proceedings, Teaching, and Learning guidelines. When
referring to regulatory documents, it's essential to include
them as footnotes rather than listing them as references. The
author(s) must ensure they have cited references and primary
sources accurately in their research papers. (an example of a
reference list can be found on the journal's website).

It is advisable to follow the spelling rules adopted by the
journal, particularly the mandatory indication of the letter
«&» in Russian text where required.

Tables should be numbered within the text, with a descriptive

title and explanatory legends if necessary. Tables should be
typed using MS Word 2007 program.

The illustrative material (photographs, images, diagrams,
charts) should be clear, of high contrast, and numbered in the



IIpasura opopMAeHUS KYPHANDHVLX nYOAUKAL U

MEpOBaH B COOTBETCTBMM C MOPALKOM LUTUPOBAHUA B TEKCTE.
[unarpammbl HEO6XOAMMO NPeOCTaBNATL KaK B BUAE PUCYHKA B
TEKCTe, TaK U B 3/1EKTPOHHOM BapUaHTe, OTAE/bHbIMU Gaiinamu
B ¢opmate Microsoft Office Excel. B nognucax K mukpogoto-
rpaduam cnesyeT yKasaTb METOA, OKPACKM U YBENYEHWE. DNEK-
TPOHHbBIE BEPCUM WANHOCTPALLMIA LOMKHDBI BbITb NPesocTaB/eHbI
B BUAE oTaenbHbIX daitnos popmarta TIFF nnm JPEG ¢ paspeLe-
Huem He meHee 300 dpi npu AnMHeliHOM pa3mepe doTorpadum
He meHee 80x80 mm (oKono 1000x1000 nuKceneit).

HANPABNEHUE PYKOMNUCU

OTnpaBKa TeKCTa cTaTbk, rpadMyeckmnx maTepruasnos 1 conpoBo-
[AMTE/IbHBIX [OKYMEHTOB (Mpumep ohopmieHus HanpasieHus
CM. Ha caliTe )ypHana) oCyLLeCcTBAAETCA Ha S/IEKTPOHHbIN agpec
ypHana avicenna@tajmedun.tj

Mpwv HanpaBAeHNM B PeAaKLIMIO }KypPHaIa PYKOMMUCHK CTaTbM K NO-
CNeAHeit npunaraeTca ConpoBOAMTENIbHOE MUCbMO OT aBTOPOB,
rae [OMKHbI BbiTh OTPaKeHbl CAeAyolMe MOMEHTbI (Mpumep
0hOPMNEHNA CONPOBOAUTEILHOTO MMUCbMa CM. Ha CalTe Kyp-
Hana):

MHUUKanNbl n d)aMM!'IMl/I aBTOpPOB
Ha3BaHWe CTaTbk

MHPOPMaLMA O TOM, YTO CTaTbs He Oblna paHee onybAnKOBaHa,
a TaK:Ke He NpeaCcTaBaeHa ApYroMy KypHay A8 PacCMOTPEHNA
1 nybankauum

3anBneHne 06 OTCYTCTBUM GUHAHCOBbIX M APYIMX KOHGAMKTHBIX
MHTEpecos

CBUAETENbCTBO O TOM, YTO AaBTOPbl HE MOMYYAN HUKAKKUX BO3-
HarpaxX4eHuni HU B Kakoit dopme oT dUpm-npounsBoauTesen, B
TOM YMC/IE KOHKYPEHTOB, CMOCOBHbIX OKa3aTb BAWAHME Ha pe-
3yNbTaTbl paboTbl

uHdopmaLus 06 y4acTMm aBTOPOB B CO34aHUM CTaTbM B MOJHOM
COOTBETCTBUM C 4 KpuTepuamum coasTopctsa (https://www.icmje.
org/recommendations/browse/roles-and-responsibilities/
defining-the-role-of-authors-and-contributors.html)

noanucn BCcex aBTopos

MNocne 3aBeplieHNA BEPCTKM XKypHaNa 3NeKTPOHHbIE BEpPCUM
Bcex cTatei B dopmate PDF 4OCTYMHbI Ha caiTe U3gaHms.

B ogHOM HOMepe »KypHasa MOXeET bbITb 0ny6MKOBaHO He 60-
nee 2 pabot ofHOro aBTOpA.

MakcrmanbHoe KonnyecTBo aBTOPOB B CTaTbe — He 6onee 6.

Ecnun cpeay aBTOPOB CTaTbu GUIYPUPYIOT CTYAEHTbI, UX Aone-
BOE y4acTMe M aBTOPCTBO AO0/IKHO COOTBETCTBOBATL MPUHATLIM
KpUTepuam aBToOpCTBa.

3a NpaBUAbHOCTb NPUBEAEHHBIX AAHHbIX OTBETCTBEHHOCTb He-
CYT Bce aBTOpbl. ABTOPCKME MaTepuanbl He 06A3aTenbHO oTpa-
aloT TOYKY 3pEHUA peaKonnernu.

Pykonucu, He COOTBETCTBYIOWME MpaBWiaM, pefakuuein He
NPUHMMAIOTCA, 0 YEM MHPOpPMUPYIOTCA aBTOpbI. Mepenncka ¢
aBTOPaMM OCYLLECTBNAECTCA TONBKO MO 3/1EKTPOHHOW nouTe.

order of citation in the text. The diagrams should be provided
as an image and the electronic version using Microsoft Office
Excel program. Descriptions of microphotographs should
specify the method of staining and magnification scale bar.
Electronic versions of the images must be submitted as
separate TIFF or JPEG files with a resolution of at least 300 dpi
at the image size of at least 80x80 mm (approx. 1000x1000
pixels).

SUBMISSION OF THE MANUSCRIPT

To submit an article to the journal, please email the main text,
graphics, and accompanying documents to avicenna@tajmedun.
tj. You can find a paper submission sample on the journal's
website.

While submitting a manuscript to the editorial board of the
journal, the cover letter from the authors must be included,
providing specific information on the following (visit the
journal's website to see an example for a cover letter):

family name and initials of each author
manuscript title

a declaration that an article was not previously published and
not submitted to another journal for review and publication

a statement of the absence of financial or other conflict of
interest

the commitment of authors that if an article is accepted for
publication, they provide the copyright to the publisher by the
signed agreement

evidence that authors did not receive any remuneration in any
form from the manufacturers, including competitors, that may
have an impact on the results

author contribution statement in full accordance with the
four criteria for co-authorship (https://www.icmje.org/
recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html)

signatures of all authors

When galley proof is ready for review, electronic versions and
all articles in PDF format are available on the journal submission
website.

At most, two works of the same author may be published in the
same journal issue.

Maximal number of authors in the article should be no more
than 6.

When students are listed as authors of an article, their
participation and contribution must meet the accepted
standards for authorship.

The authors are responsible for the correctness of the presented
data. The author's materials do not necessarily reflect the views
of the editorial board.

The editors will only consider manuscripts that follow the
specified regulations, which the authors are made aware
of beforehand. Communication with authors is conducted
exclusively through email.
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MopgnucaHo K nevat 23.11.23 r. . CaaHo B neyatb 27.11.23 1.
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