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ConomatuH U.U
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COCTOSIHUME ®YHKUVMM BHEITHET'O ABIXAHWUS 1 TA30BOT'O COCTABA KPOBI

K.

Y AETEV C HACAEACTBEHHBIMU TEMOANTUYECK/IMM AHEMUSIMU

MCMON/OB, M.C. XYCEHOBA

Kadeapa aerckux 60ae3Heit Ne 2, Ta KMKCKIUIT TOCYAaPCTBEHHBIN MEAUIIVHCKII yHUBepcuTeT uM. AGyaan nouu Cuno, Aymante, Pecrry6anka Taaxmukucran

Llenb: n3yyeHue CBA3M MEXAY U3MEHEHUAMM rasoBoro coctasa Kposu u OB/l y aeteit ¢ HIA.

Matepuan u metogbl: o6cnenoBaHo 48 geteit ¢ HI'A, rocnuTanM3MpoBaHHbIX B OTAENEHUM LETCKOW reMaTonorMn HaumoHanbHOTro MeaULMHCKOro
ueHTpa Pecny6aunkn TagskmnkuctaH «Lndobaxw» (HML, PT). BoabHble 6biav pacnpedeneHbl Ha 3 rpynnbl, UCXOAA M3 cTeneHn aHemuu: | rpynna — 18
(37,5%) nauuneHToB ¢ HI'A nérkoii dopmbl, Il rpynna — 20 (41,7%) peteit ¢ HTA cpegHeit Taxectv v I rpynna — 10 (20,8%) 601bHbIX ¢ HIA Taxkénom
cTeneHu. 340p0oBble AETH, CXOXKME MO Moy M BO3pacTy C UccaesyembimMu 601bHbIMK B KonnyecTse 20 YeNOBEK COCTaBM/IM KOHTPOJIbHYIO rpynny. Bcem
naumeHTam ¢ HFA npoBoAWAWCH UCCNef0BaHMA ra3oB Kposu 1 @B/,

Pe3ynbTathl: NPy CONOCTaBAEHUM 3HAYEHMIt NOKa3aTene KUCA0THO-0CHOBHOro coctosaHua (KOC) kposw (pH — 7,35 [7,35; 7,37], pCO,-39,4 [37,4;
40,6], HCO,-- 22,8 [22,1; 23,6]) y meTeit ¢ HIA nérkoii cTeneHun no CPaBHEHMIO C aHANOTUYHBIMM NOKa3aTeN MU KOHTPObHOM rpynnbl (pH — 7,36
[7,35;7,36], pCO, - 36,0 [35,3; 37,1], HCO5- - 24,8 [23,9; 24,5]) nonyyeHa CTaTUCTMHECKM HE3HAUMMAn PasHMLA, HO MO CPaBHEHMIO C aHeMMen
cpeaHen cte-nenm Taxectm (pH —7,32 [7,31; 7,33], pCO, — 42,6 [41,8; 46,0], HCOs-- 17,3 [17,0; 17,7]) n Txénoii ctenenm (pH - 7,28 [7,27; 7,29],
pCO, - 51,3 [50,3; 51,7], HCO5- - 15,5 [14,8; 16,3]) pasHuua okasanach CTaTUCTUYECKN 3HAUMMOIA. pu cpaBHeHNM cnnporpaduyecknx nokasateneil
(06bEM dopcupo-BaHHoro Bbigoxa 3a 1 cekyHay (OPB, ), nHaexc TuddHo (UT) n opcnpoBaHHan M3HEHHaA EMKOCTb NETKMX (PXKEN)) y 6onbHbIX €
aHemuei cpeaHeit crenenn Taxectn (OPB, - 79,5 [79,5; 81,0], uHaekc TuddHo (UT) - 75,7 [74,9; 77,3], OWKEN - 78,4 [77,8; 80,6]) n TAxénoii
ctenenn (O®B, - 67,6 [66,8; 68,2], UT — 83,0 [83,8; 84,6], DWKEN — 66,0 [65,8; 68,2]) CO CXOKMMM NOKa3aTENAMM AETel C aHeMMel NErKo cTeneHu
(OdJB1 -82,3[81,7; 83,8], UT — 75,8 [74,9; 76,8], PIKEN — 85,3 [84,2; 85,6]) 1 KOHTPONLHOIA rPYNMOIA (OdJB1 —86,9 [85,5; 88,3], UT - 75,2 [74,8; 75,9],
OEN - 85,4 [84,5; 86,3]) NONyYeHbI CTATUCTUYECKM 3HAUUMbIE OTIMUMA.

3aKnloUueHue: pesynbTaTbl UCCeA0BaHNUA BbIABUAN BbipaXeHHble n3meHeHna KOC KpOBM U HapyLUEHWA BEHTUAALUMOHHON GYHKLMM NEMKNUX Y AeTel ¢
TAXKENon popmoit HTA.

KnioueBble cnoBa: HacsedcmeeHHble 2eMoAUMUYECKUE QHEMUU, hyHKUUA BHeWHe20 ObIXAHUSA, 2UMOKCUS, ayudo3.

Ona untuposauua: Mcmomnnos KM, XyceHosa MC. CocToaHMe GyHKLWN BHELIHErO AblXaHUA 1 ra30BOr0 COCTaBa KPOBM Y AeTeli C HacNeACTBEHHbIMU remo-
NINTUYECKMMM aHeMUAMU. BecmHuk AsuyeHHsl. 2024;26(3):378-86. https://doi.org/10.25005/2074-0581-2024-26-3-378-386

EXTERNAL RESPIRATION AND BLOOD GAS COMPOSITION IN CHILDREN WITH

HEREDITARY HEMOLYTIC ANEMIA

K.I. ISMOILOV, M.S. KHUSENOVA

Department of Pediatric Diseases No 2, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

Objective: Investigation of the connection between the changes of the blood gas composition and external respiration (ER) disorders in children with
hereditary hemolytic anemia (HHA).

Methods: Forty-eight children with HHA hospitalized in the Pediatric Hematology Department of the National Medical Center of the Republic of
Tajikistan “Shifobakhsh” (NMCRT) were examined. The patients were divided into three groups based on the severity of anemia: group 1 — 18 (37.5%)
children with mild HHA, group 2 — 20 (41.7%) children with moderate HHA and group 3 — 10 (20.8%) children with severe HHA. The control group
included 20 healthy children of comparable age and gender distribution. All patients with HHA underwent blood gas analysis and ER tests.

Results: There was no significant difference the blood acid-base status (ABS) between the children of the control and mild HHA groups: (pH — 7.36
[7.35;7.36], pCO, - 36.0 [35.3; 37.1], HCO;--24.8 [23.9; 24.5]) vs. (pH — 7.35 [7.35; 7.37], pCO, — 39.4 [37.4; 40.6], HCO4-- 22.8 [22.1; 23.6])
respectively. These parameters in children with moderate and severe HHA (pH —7.32 [7.31; 7.33], pCO, — 42.6 [41.8; 46.0], HCO;-- 17.3 [17.0;
17.7]) and (pH - 7.28 [7.27; 7.29], pCO, — 51.3 [50.3; 51.7], HCO5- - 15.5 [14.8; 16.3]) respectively, were significantly different from the control
group. Spirographic parameters in patients with moderate (Forced Expiratory Volume (FEV,) - 79.5 [79.5; 81.0], Tiffeneau index (TI) - 75.7 [74.9;
77.3], Forced Vital Capacity (FVC) — 78.4 [77.8; 80.6])} and severe anemia (FEV; — 67.6 [66.8; 68.2], IT — 83.0 [83.8; 84.6], FVC - 66.0 [65.8; 68.2])
were significantly different from those with mild anemia (FEV, —82.3 [81.7; 83.8], TI - 75.8 [74.9; 76.8], FVC - 85.3 [84.2; 85.6]) and the control
group (FEV, —86.9 [85.5; 88.3], IT—75.2 [74.8; 75.9], FVC - 85.4 [84.5; 86.3]).

Conclusion: The results of the study revealed pronounced changes in blood ABS and pulmonary ventilation disorder in children with a severe form of HHA.
Keywords: Hereditary hemolytic anemia, external respiration, hypoxia, acidosis.

For citation: Ismoilov KI, Khusenova MS. Sostoyanie funktsii vneshnego dykhaniya i gazovogo sostava krovi u detey s nasledstvennymi gemoliticheskimi
anemiyami [External respiration and blood gas composition in children with hereditary hemolytic anemia]. Vestnik Avitsenny [Avicenna Bulletin]. 2024;26(3):378-
386. https://doi.org/10.25005/2074-0581-2024-26-3-378-386
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BBEOEHUE

[emonuTUYECKne aHEeMUW CBA3bIBAET OBOLUMIA STMONATOrEeHETH-
YECKMI MPU3HAK, XapPaKTEPU3YIOWMICA PaHHMM pacnaflom 3puUTpo-
LIMTOB, @ TaKXKe YKOPOUEHUEM [J/IMTENIbHOCTU UX CyLLEeCTBOBAHMA (B
HopMme OHa cocTasnseT 100-120 aHeit). Pa3nnyaioT HacneacTBEHHble
1 NPUOBPETEHHDBIE TEMONUTUYECKME aHEMMM, CBA3AHHbIE U HE CBA3AH-
Hble ¢ fedeKkTom B apuTpoumTax. COrnacHO NOCAeAHUM CBEAEHUAM,
npnbaunsutensHo 80% cny4aes reMoUTUYECKMX aHEMUIA, COCTaBNAOT
HIA [1]. CnesyeT OTMETUTb, YTO CTabULHOCTb 3PUTPOLMTA K BAUAHK-
AM BHYTPEHHEN Ccpesbl OpraHM3Ma AETEPMUHMPOBAHO CTPYKTYPHbIM
cTpoernem dochonnnuaHo-6enkosort membpaHbl, depmeHTaTUB-
HbIM COCTaBOM, HOPMaJIbHbIM reMOrNOBUHOM, U, Ucxoas K3 atoro, HIA
[eNAT Ha TpU BMZa: MembpaHonatuum, pepmeHTonaTm U remornobu-
HonmaTuu [2, 3].

MmeeTca pag HayuHblx paboT no uccnegosaHuto KOC Kposwu
NpU TMNOKCMYECKOM rMnoKeun. Mo aaHHbIM Kyuepbaesa AA (2017),
nccnesosaHne KOC v ra3oBoro coctaBa KpoBwW Y AETEN C Kenesoae-
GULMTHOM aHEMME CpesHeN TAKECTM B Pa3/IMUHbIX BbICOTHbIX 30HaX
MOKa3ano, YTo pH KPOBM MEHAETCA MpU U3MEHEHUU aTMOCHEPHOro
fasnenun [4]. CornacHo cBegenuam Elsayh Khi et al (2014) mHorve
OC/I0KHEHUA TaNacCeMmMn y AeTei 06bACHAITCA PAa3BUTUEM TMMOKCUM
N OKMCAUTENBbHOTO cTpecca [5].

Wccneposanne KOC KpoBu ABAAETCA BarKHEMLIMM NOKa3aTeNem
rOMEOCTa3a BHYTPEHHe cpeapl OpraHM3ma, Tak Kak npu casurax pH
KPOBW B/IEBO MM BNPABO B KAETKaX HapyLaeTcA GYHKLMA MHOXKECTBA
bepmeHTOB, 3TO, B CBOIO O4Yepesb, MPUBOAUT K YMEHbLUEHUIO Bblpa-
60TKM ageHo3nHTpudocdata (ATO) 1, COOTBETCTBEHHO, K Pa3BUTHIO
JedrumnTta aHeprun B KneTkax opraHusma [6]. CornacHo cBeaeHUAM
HauuoHanbHoro Kommteta KnuHuyecknx JlabopatopHbix CTaH4apToB
NCCLS (B HacToswee Bpema CLSI, MHCTUTYT KnnHMYecKknx nabopatop-
HbIx cTaHaapTos CLUA) pesynbtatbl uccneposanus KOC asnstoTcs 3Ha-
YUMBIMM A1 TOTO, YTOBbI OLLEHWTb COCTOAHKE B0NbHOIO M NoaobpaTh
COOTBETCTBYHOLLYIO Tepanuto [7]. MaTodusnonormyeckme uccnenosa-
HWS pAga aBTOPOB CBUAETENLCTBYIOT O TOM, YTo 6anaHc KOC Kposu
noaAepKnBaeTca pabotoit bydepHbix cuctem opraHusma (6mkapbo-
HaTHoOW, docdaTHOM, NPOTEMHOBOM M remornobuHOBOM), U, Kpome
TOrO, y4acTUEM HEKOTOPbIX OPraHOB, B OCHOBHOM NIEFKMUX U Nouyek [8].

OfHOM U3 MOLLHbBIX BydepHbIX CUCTEM OpraHU3ma ABAETCA re-
MOrn061HOBbIV Bydep, Tak Kak NPeBOCXOAUT cucTemy besKoBoro by-
depa nnasmbl KPOBM B 6 pas U MOXKET HAXOAWTLCA B BUAE ABYX Gopm
(okmcneHHoro HbO,, KoTopbIii BEAET ceba KaK KMCIO0Ta, M BOCCTaHOB-
neHHoro HHb — Kak ocHosaHue) [9]. M3BecTHO, 4To reMornobuH coe-
[OVHAET KUCN0POA, B Kanuaaapax NErkux, TPaHCMopTMpyeT v [OCTaB-
NAIET €ro TKaHAM B ONTUMasbHbIX Koandyectsax [10]. dubpunnspHole
6e/IKN MHTePCTULMA NETOYHOM TKaHM 0bBecneymBaloT yCTOMYMBOCTD
KapKaca NErkux, UX 31acTUYHOCTb U PACTANKUMOCTb, GopMUpPYs, Tem
CaMbIM, ONTUMAJIbHbIE YCNOBMA ANA ra3006meHa B NErkux. Ucxoas
13 BbILIEN3NNONKEHHOTO, NPU YMEHBLUEHUM KOIMYECTBA remorniobunHa
B KPOBM, YTO XapaKTepHo ans HIA, cnesyet oxuaaTb U3MEHEHWN na-
pameTpoB KOC KpoBK. A TaK KaK IErKMe TaKKe y4acTBYIOT B perynauum
KOC KpoBM, TO MOTYT U3MEHATLCA M NoKasaTenn GB/,.

LLENb UCCNEQOBAHUA

M3yueHune CBA3N MeXay M3MEHEeHNAMM ra30BOro CoCTaBa KPoBK
n ®BL y peteii ¢ HIA.

MATEPUAN U METOAbI

06cnenoBaHo 48 peteit ¢ HIA, rocnuTtannanpoBaHHbIX B oTAeNe-
HUK geTckor rematonorn HML, PT «Lndobaxw». MauneHtam 6biio

INTRODUCTION

Hemolytic anemias are characterized by the early destruc-
tion of red blood cells (RBC), as well as a shortening of their life
span, which usually comprises 100-120 days. There are hered-
itary and acquired hemolytic anemias, which are associated or
not associated with abnormalities of RBC. According to recent re-
ports, approximately 80% of cases of hemolytic anemia are HHA
[1]. It should be noted that the resistance of the erythrocyte to
the factors of the body’s internal environment is determined by
the structure of the phospholipid-protein membrane, enzymatic
composition, normal hemoglobin, and, based on this, HHA is di-
vided into three types: membranopathy, enzymopathy, and he-
moglobinopathies [2, 3].

Some research works on blood ABS during hypoxic hypox-
ia. According to Kucherbaev AA (2017), a study of ABS and blood
gas composition in children with moderate iron deficiency ane-
mia in various altitude zones showed that blood pH changes with
changes in atmospheric pressure [4]. According to Elsayh Khl et
al (2014), many complications of thalassemia in children are ex-
plained by the development of hypoxia and oxidative stress [5].

The blood ABS is the most critical indicator of homeosta-
sis, since when the pH of the blood shifts to the left or right, the
function of many cell enzymes is disrupted, which, in turn, leads
to a decreased production of adenosine triphosphate (ATP) and,
accordingly, to energy deficiency in the cells [6]. According to
the National Committee of Clinical Laboratory Standards NCCLS
(currently CLSI, Clinical Laboratory Standards Institute of the Unit-
ed States), ABS analysis is important for the assessment of the
patient’s condition and prescription of appropriate therapy [7].
Pathophysiological studies by several authors indicate that the
blood ABS balance is maintained by the body’s buffer systems (bi-
carbonate, phosphate, protein, and hemoglobin) and, in addition,
by the function of some organs, particularly the lungs and kidneys
[8].

One of the body’s powerful buffer systems is the hemoglo-
bin buffer, as it is six times superior to the protein buffer system
of the blood plasma and can be found in two forms: an oxidized
form (HbO,), which acts as an acid, and a reduced one (HHb),
which acts as a base) [9]. It is known that hemoglobin binds oxy-
gen in the lung capillaries and transports and delivers it to tissues
in optimal quantities [10]. Fibrillar proteins of the interstitial tis-
sue in the lungs ensure the stability of their scaffold, elasticity,
and extensibility, thereby forming optimal conditions for gas ex-
change in the lungs. Based on the above, it should be expected
that a low hemoglobin level in the blood, which is typical for HHA,
may change the blood ABS status. Since the lungs also regulate
blood ABS, respiratory function may also be affected.

PURPOSE OF THE STUDY

Investigation of the connection between the changes of the
blood gas composition and the ER disorders in children with HHA.

METHODS

Forty-eight children with HHA hospitalized in the Pediatric
Hematology Department of the NMCRT “Shifobakhsh” were ex-
amined. The patients were 7 to 15 years old, with 20 girls (41.7%)
and 28 boys (58.3%). Depending on the severity of anemia (ac-
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ot 7 po 15 ner. U3 48 peteit ¢ HIA gesouek 6bino 20 (41,7%), a manb-
YymKoB — 28 (58,3%). B 3aBUCHMOCTM OT CTEMNEHM TAMKECTM aHEMUM (MO
knaccuoukaumm BO3 nérkas creneHb — remornobud — 110-90 r/n,
spuTpoLmMThI — 3,5-3,0x10%/5; cpeaHas cTeneHb — remoriobuH — 90-
70 r/n, sputpouunTsl — 3,0-2,5x10/n; TAKENAA CTENEHb — remMornobuH
— meHee 70 r/n, aputpounTbl — MmeHee 2,5x10%?/n), 6osbHble 6blau
pasgeneHbl Ha 3 rpynnbl: | rpynna — 18 (37,5%) nauueHnTos ¢ HIA nér-
Kot dopmbl, Il rpynna — 20 (41,7%) aeteit ¢ HIA cpegHeit Taxkectu u 1
rpynna— 10 (20,8%) 6onbHbIx ¢ HTA TAxénoit ctenenu (puc. 1). 3gopo-
Bble AETH, CXOXKME NO MOy 1 BO3PACTY C UccneayeMbiMn 60NbHbIMK, B
Konuyectae 20 4eN0BEK COCTAaBUAM KOHTPOJIbHYIO rpynny.

C nomouwpbto annapata «Convergys liquical» (Convergent
Technologies, Germany), onpepensnocb napuvanbHoe AaBieHue
ra3oB apTepuann3nMpoBaHHON KanuaNsApHOM Kposu B flabopaTtopuu
HML, PT «ndpobaxwu».

®B[, uccnefosanacb MeTogoM cnnporpadum Ha annapate «Me-
TaTecT-1» (Kuesckoe M0 3A0 «Mepannapatypa», YKpanHa) B KabuHe-
Te GYHKLUMOHaNbHOW anarHoctvku MY HML, PT «Lndobaxwu».

MccnepoBaHuve 6bi10 ogobpeHo Komuccueit no aTuke TagsKuk-
CKOro roCyAapCTBEHHOTO MeAMUMHCKOTO YHMBEpCUTETA MM. Abyanu
n6HM CuHo (npoTokon Ne 59 ot 27 pekabpsa 2021 r.).

[na CTaTUCTMUYECKOTO aHanu3a pPes3ynbTaToB WCCIeA0BaHUA
MCMoMb30Banach MeamaHa (Me) ¢ HUXKHUM M BEPXHUM KBapTUAAMMU
([25q; 75q]). Ana cpaBHEHWS BCeX rpynn mexay coboi npumeHsncs
HenapaMeTPUYECKMI KpuTepuit Kpyckana-Yonnnuca, u npu OTKNOHe-
HUW HYNIEBOM TMMOTE3bl NPOBOAM/ICA NOMAPHbIN post-hoc aHanu3 no
Kputeputo MaHHa-YUTHW. Pasnnumnsa cuutanmncb CTaTUCTUHECKM 3HAUM-
MbIMmu npu p<0,05.

PE3YNbLTATbI U UX OBCYXOEHUE

AHann3 aHAMHECTUYECKUX CBEAEHUI Y NaumeHTos ¢ HIA noka-
3a/, yto 30 (62,5%) 60NbHbIX bbIIU OT 61M3KOPOACTBEHHBIX OPAKOB,
y 13 (27,1%) peteit poactBeHHUKM umenn HIA. Y 5 (10,4%) Habato-
ZlaemblIx 60/IbHbIX CEMENHbIM aHaAMHEe3 He BbISBWU Ha/IMuKA JaHHOTO
3ab0/1eBaHMA, YTO MOXKET ObITb PE3YNLTAaTOM CNOHTAaHHON MyTaLWK B
nepvoa BHyTPUYTPOBHOTO Pa3BUTHA. B COOTBETCTBMM C UCCIEA0BAHN-
AMM pAga aBTOPOB, HapsAAy C reorpaduyeckrm pacnpocTpaHeHnem
MafiApUKM, B TaK Ha3blBaEMbIX CTPaHax «ManapuiiHoro nosca» (Cpe-
An3eMHoMopbe, BankHuit u CpeaHuii BocTok, 3akaBKasbe, AQpuKa,
MHAaWA v gp.) BbICOKan YyacToTa Tanaccemum B Asepbaigkare, Y3be-
KuctaHe, [arectaHe, ApmeHuu, Tpy3nm obbsCHAETCA POCTOM KPOB-
HOPOACTBEHHbIX BPAKOB, UCTOPUYECKM LUMPOKO PaCmpOCTPAHEHHbIX
B AaHHbIX cTpaHax [11, 12]. Hawu aaHHble aHamHesa Habnogaembix
fetelt ¢ HIA aBAAKOTCA CONOCTaBUMbIMM C LAHHBIMM UCCNEA0BAHMAMM
MEXKAYHAPOAHbIX YYEHbIX MU MOATBEPKAAIT POAb 6/M3KOPOACTBEH-
HbIX OpaKoB B NPUYMHAX Pa3BUTMA JaHHOrO 3aboneBaHuA.

Puc. 1 PacnpedeneHue demeli c HIA 8
308UCUMOCMU OM CMENeHU MAXECMU

OcHoBHas rpynna AeTi ¢

cording to the WHO classification, mild degree — hemoglobin
— 110-90 g/, erythrocytes (RBC) — 3.5-3.0x10*?/I; moderate de-
gree — hemoglobin — 90-70 g/I, RBC — 3.0-2.5x10%/I; severe — he-
moglobin — less than 70 g/I, RBC — less than 2.5x10%/l), patients
were divided into three groups: group 1 — 18 (37.5%) of patients
with mild HHA, group 2 — 20 (41.7%) children with moderate HHA
and group 3 —10 (20.8%) patients with severe HHA (Fig. 1). Twen-
ty healthy children of comparable age and gender distribution
comprised the control group.

The partial pressure of gases in arterialized capillary blood
was determined in the laboratory of the NMCRT "Shifobakhsh",
using the "Convergys liquical" apparatus (Convergent Technolo-
gies, Germany).

ER function was assessed by spirography using the Metat-
est-1 apparatus (Kiev PA ZAO Medapparatura, Ukraine) in the
functional diagnostics room of the NMCRT "Shifobakhsh".

The study was approved by the Ethics Commission of Avi-
cenna Tajik State Medical University (protocol No. 59, December
27,2021).

For statistical analysis of the study results, the median
(Me) with lower and upper quartiles ([25q; 75q]) was used. The
nonparametric Kruskal-Wallis test was used to compare the
groups with each other, and if the null hypothesis was rejected,
a paired post-hoc analysis was performed using the Mann-Whit-
ney test. Differences were considered statistically significant at
p<0.05.

RESULTS AND DISCUSSION

Analysis of anamnestic information in patients with HHA
showed that 30 (62.5%) children of consanguineous marriages
and 13 (27.1%) children had relatives with HHA. Five (10.4%) pa-
tients had no family history of HHA, which may be the result of
a spontaneous mutation during fetal development. According to
studies by several authors, along with the geographical distribu-
tion of malaria in the so-called countries of the “malarial belt”
(Mediterranean, Near and Middle East, Transcaucasia, Africa,
India, etc.), high frequency of thalassemia in Azerbaijan, Uzbeki-
stan, Dagestan, Armenia, Georgia is explained by higher rate of
consanguineous marriages, which are historically widespread in
these countries [11, 12]. Our data on the family history of ob-
served children with HHA are comparable with data from studies
by international scientists and confirm the role of consanguine-
ous marriages in the development of this disease.

According to the Ministry of Health and Social Defence of
the Population of the Republic of Tajikistan, about 1200-1400

KoHTposbHas rpynna

HIA n=48 (3noposble aeTn) n=20
aHemuu ! i
Fia. 1 Distributi hild ith HHA Main group children Control group
ig. 1 Distribution of children wit with HHA n=48 (healthy children) n=20

depending on the severity of anemia

\J v

v

netu ¢ HIA nérkoi net ¢ HIA cpeaHent et ¢ HIA Taxeénom
crenexn n=18 crenenn n=20 creneHn n=10
children with mild children with moderate children with severe
HHA n=18 HHA n=20 HHA n=10
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Mo AaHHBbIM MWHUCTEPCTBA 3[,PaBOOXPAHEHUS U COLMaNbHOM
33Tl Hacenenus Pecnybanku TagXKUMKUCTaH, EXKETOAHO B CTpaHe
poxaaetcs okono 1200-1400 geteit ¢ BPOXKAEHHBIMM NMOPOKaMM Pas-
BUTUA W HAaCNeACTBEHHbIMM 3aD0/1€BaHMAMM OT PoAUTeNel, Haxoas-
wyxca B 6113Kom pogcTse. B cBA3m ¢ 3Tum, NpaBUTeNbCTBO pernameH-
TUpYeT obaszaTenbHoe fobpayHoe meanumMHCKoe obcnesoBaHMe nap,
a TaKKe OCyLLEeCTBNAET KOHTPONb BIM3KOPOACTBEHHBIX Bpakos [13].

Kak ynomuHanocb paHee, nauueHTbl Gbian pasgeneHbl Ha 3
TPYNMbl B 3aBUCUMOCTM OT TAXKECTM aHEMWM; NOKA3ATENN KKPACHOM
KPOBU» OTPaxeHbl B Tabn. 1.

Kak BuaHO v3 1abn. 1, npu cpaBHeHUM MoOKasaTenel «KpacHoi
KpoBw» y peteii ¢ HIA Nérkoi cTeneHn U KOHTPONBbHOW FpPyNMbl CTaTyh-
CTMYECKM 3Ha4MMbIX OTMYMIA He BbiaBAeHO (p,>0,05). Mo KonndecTay
3PUTPOLIMTOB, TEMOMMOBMHA, PETUKYNIOUMUTOB Y feTei ¢ HIA nérkon
cTeneHu npu cpasHeHnn ¢ HTA cpegHelt TaxecTn u ¢ HIA Taxénoi
CTENEeHM B MX 3HAYEHNAX NOAYYEHA CTaTUCTUYECKM 3HAYMMAA PA3HULA
(p,<0,001). Mpu cpaBHEHMM BbiluenepeynNCcaeHHbIX NOKa3aTeneil Mex-
ay netomu ¢ HTA cpesiHeit TaxkecTu v ¢ HIA Taxkénoii cteneHu nocnes-
HMe CTaTUCTMHECKM 3HAYMMO He OT/IMaIoTCA Apyr oT Apyra (p,>0,05).

Knununyeckn y geteit ¢ HIA nérkoit cteneHn otmedanach bnea-
HOCTb KOXM C BOCKOBbIM OTTEHKOM. [py ocmoTpe AeTelt € aHemmei
CpesiHel TAXXECTU KOXHble NOKPOBbl 6blan 61e4HOBATO-KENTYLIHOM
OKPACKM C 3€M/IUCTbIM OTTEHKOM. Y B0/IbHbIX C aHEMUEN TAXKENOM CTe-
MEHM LBET KOXKHbIX MOKPOBOB Obin 61e4HO-KENTOBaTbIM, @ BUAUMbIE
CNM3NCTble 060M10YKM BbINM KeNTylHbIMK (Tabn. 2). CTeneHb Bbipa-
YKEHHOCTMN BblLLEeNepeyncneHHbIX NPOABAEHUIA CBA3AHA C UHTEHCUB-
HOCTbIO remosIM3a, YTo umeeT mecto npu HIA.

B T1abn. 3 npeacTaBneHbl pesynbTaTbl UCCNELOBAHMA Fa30BOrO
coctaBa u KOC Kposu y geteit ¢ HTA B 3aBUCMMOCTM OT CTENEHU TA-
KECTn aHeMuu.

CornacHo AaHHbIM Tabn. 3, npu HIA Nérkol cTeneHn nsmeHeHus
nokasateneit KOC 6bl1M HE3HAUUTE/IbHbI MO CPABHEHMIO C TAKOBbIMU
B KOHTPO/IbHOW rpynne 340poBbix Aetelt: pH, pCO,, HCO - (p1>0,05),
TEM He MeHee NMeoch 3HaunTenbHoe cHukeHme pO, (p=0,021). Oa-

Tabauya 1 [Nokazamenu «kpacHol kposu» (Me [25q; 75q])

Mokasartenn KoHTponbHas rpynna S
Indices Control group Nérkoii cT.
(n=20) Mild degree
(n=18)
SpUTPOLUTBI 4.0 3.2
(x10%?) [3.8;4.0] [3.1;3.4]
RBC (x10?) p1=0.019
femorno6uH (r/n) 121.5 107.5
Hemoglobin (g/I) [120.0; 125.0] [100.0; 113.0]
p;=0.021
Peturynouutsl (%) 0.6 0.6
Reticulocytes (%) [0.6; 0.6] [0.6; 0.7]
p,>0.05

children with congenital malformations and hereditary diseases
are born in the country every year from closely related parents.
In this regard, the government regulates mandatory premarital
medical examinations of couples and monitors closely related
marriages [13].

As mentioned earlier, patients were divided into three
groups based on the severity of anemia; indicators of “red blood”
are reflected in Table 1.

As follows from Table 1, no statistically significant differenc-
es were revealed (p,>0.05) in RBC indices between the children
with mild HHA and the control group. RBC count, hemoglobin
level, and reticulocyte rate in children with mild HHA significantly
differed from children with moderate and severe HHA (p,<0.001).
In contrast, the difference between the moderate and severe
HHA groups was insignificant (p,>0.05).

Clinically, in children with mild HHA, the skin was pale white
as wax; in patients with moderate HHA, it was pale icteric with a
sallow tint, while in patients with severe anemia, it was pale yel-
lowish, and the visible mucous membranes were icteric (Table 2).
The severity of the above manifestations is related to the intensi-
ty of hemolysis, which occurs in patients with HHA.

As follows from Table 3, changes of the pH, pCO,, and
HCO,- in children with mild HHA did not significantly differ from
the control group (p,>0.05). However, the pO, value was sig-
nificantly lower in children with mild HHA compared to healthy
children (p=0.021). However, given that the changes were with-
in the normal range, they did not affect the blood pH in children
with HHA. In the case of moderate severity of HHA, a statistical-
ly significant difference was obtained when comparing the val-
ues of pH, pCO,, pO,, and HCO;- with those in the control group
(p,<0.001). Nevertheless, the pCO, value of 42.6 [41.8; 46.0] in
patients with moderate HHA corresponds to the upper limit of
the normal range, while the HCO;- value of 17.1 [17.0; 17.7] and

Table 1 RBC indices in patients with HHA (Me [25q; 75q])

Oetu c HIA Children with HHA

CpepHei cT. TaxKénoii cr.

Moderate Severe degree
(n=20) (n=10)

2.4 2.0 <0.001
[2,2; 2.5] [1.9; 2.1] (df=3;
p,<0.001 p,<0.001 H=61.03)
p,=0.011 p,<0.001

p,>0.05
85.5 66.5 <0.001
[83.0; 88.5] [55.0; 68.0] (df=3;
p,<0.001 p,<0.001 H=62.23)
p,=0.018 p,<0.001
p,>0.05

1.5 5.6 <0.001
[1.3; 1.5] [5.1; 6.3] (df=3;
p,<0.001 p,<0.001 H=56.36)
p,<0.001 p,<0.001

p,>0.05

MprmeyaHa: p — CTaTUCTUYECKaA 3HAUMMOCTb Pa3INUMiA 3HaYeHNIA NoKa3aTenelt Mexay Bcemu rpynnamu (no H-kputepuio Kpyckana-Yonuca); p, — cTaTUCTMYecKan 3Ha-
YMMOCTb PasINumii NO CPABHEHMIO CO 3HAYEHNAMM KOHTPO/IbHOM rPYNMbl; P, = CTAaTUCTMYECKAA 3HAYMMOCTb PasanyMiA NO CPABHEHMIO CO 3HaYeHNAMM rpynnbl ¢ HTA nérkoii
CTeneHu; p, — CTaTUCTUYECKaA 3HAYNMOCTb Pa3IMUMIA NO CPABHEHMIO CO 3HaueHNAMM rpynnbl ¢ HTA cpeaHeli cTeneny TaxecTy (post-hoc — no U-kputepuio MaHHa-YuTHM)
Notes: p - statistical significance of differences in indicator values between all groups (according to the Kruskal-Wallis H test); p, — statistical significance of differences
compared to the values of the control group; p, — statistical significance of differences compared to the values of the group with mild HHA; p, — statistical significance of the
differences compared with the values of the group with moderate HHA (post-hoc — according to the Mann-Whitney U test)
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Tabauya 2 OcHosHble KauHuYecKue cuHOpomel y demeti ¢ HIA

CUHApPOMbI HTA nérko# cr.
Syndromes HHA mild degree n=18
AHemuyeckuit cuHgpom/Anemia 100% (18)
entywHbin cuHapom/Jaundice 33% (6)
CnneHomeranua/Splenomegaly 39% (7)
lenatomeranuna/Hepatomegaly 17% (3)

Tabnuya 3 lNokazamenu eazosozo cocmasa u KOC kposu (Me [25q; 75q])

KoHTponbHas rpynna

MNMokasatenu JNérkoi cr.
Indices Contrc_:l e Mild degree
(n=20)
(n=18)
pH 7.36 7.35
[7.35; 7.36] [7.35; 7.37]
p,>0.05
pO, 94.6 89.5
(mm Hg) [93.7; 95.8] [87.9; 91.4]
p,=0.021
pCO, 36.0 39.4
(mm Hg) [35.3; 37.1] [37.4; 40.6]
p,>0.05
HCO," (maks/n) 23.8 22.8
HCO, (mequ/I) [23.9; 24.5] [22.1; 23.6]
p,>0.05

Table 2 Main clinical syndromes in children with HHA

HIA cpepgHeti cT. HIA Taxkénoli cr.
HHA moderate degree HHA severe degree
n=20 n=10
100% (20) 100% (10)
60% (12) 100% (10)
90% (18) 100% (10)
70% (14) 100% (10)

Table 3 Indices of gas composition and blood ABS (Me [25q; 75q])
Aetu c HIA Children with HHA

CpepgHei cT. Taxénoii cT.
Moderate degree Severe degree o
(n=20) (n=10)
7.32 7.28 <0.001
[7.31;7.33] [7.27;7.29] (df=3;
p,<0.001 p,<0.001 H=54.51)
p,<0.001 p,<0.001
p,>0.05
72.0 58.0 <0.001
[69.8; 79.0] [55.9; 66.4] (df=3;
p,<0.001 p,<0.001 H=61.96)
p,=0.018 p,<0.001
p,>0.05
42.6 51.3 <0.001
[41.8; 46.0] [50.3; 51.7] (df=3;
p,<0.001 p,<0.001 H=58.47)
p,=0.010 p,<0.001
p,>0.001
17.3 15.5 <0.001
[17.0; 17.7] [14.8; 16.3] (df=3;
p,<0.001 p,<0.001 H=55.22)
p,=0.006 p,<0.001
p,>0.05

MpuUMeyaHma: p — CTaTUCTUYECKaA 3HAUYMMOCTb Pa3/IMYMiA 3HaYeHWIA NoKa3aTenei Mexay Bcemu rpynnamu (no H-kputepuio Kpyckana-Yonnuca); p, — cratuctuyeckas sHa-
YMMOCTb Pa3IMYNIA NO CPABHEHMIO CO 3HAYEHWAMM KOHTPO/IbHO FPYNMbl; P, — CTAaTUCTMYECKAA 3HAYMMOCTb PasYMA NO CPABHEHMIO CO 3HAUEHWAMM rpynnbl ¢ HTA nérkoii
CTEMNeHH; p, — CTaTUCTMYECKAsA 3HAYUMOCTb PA3NINUMIA MO CPABHEHMIO CO 3HaYeHMAMM rpynnbl ¢ HIA cpeiHelt cTeneHm TAxecTH (post-hoc — no U-kputeputo MaHHa-YuTHu)

Notes: p - statistical significance of differences in indicator values between all groups (according to the Kruskal-Wallis H test); p, — statistical significance of differences
compared to the control group; p, - statistical significance of differences compared to the group with mild HHA; p, — statistical significance of the differences compared with

the group with moderate HHA (post-hoc — according to the Mann-Whitney U test)

HaKo, C YY4ETOM TOrO, YTO WM3MEHEHWMA MPOM3OLWAM B Mpesenax
HOPMbl, 3TO He OTpasnnocb Ha pH Kposu y getein ¢ HIA. Mpu HIA
CpepHen CTemeHn TAMKECTM MO/lydeHa CTAaTUCTUYECKM 3HAYMMaRA
pasHMUA Npu CcpaBHeHWW 3Havennin pH, pCO,, pO,, HCOs- ¢
06cnea0BaHHbIMK KOHTPOIbHOW rpynnbl (p,<0,001). Tem He meHee,
CTOMT OTMETUTb, 4TO 3HaueHue pCo, — 42,6 [41,8; 46,0] y naumeHToB
¢ HFA cpeaHeit TAXKeCTU COOTBETCTBYET BEPXHEN TPaHULE HOPMbI, B
TO BPeMs KaK 3HayeHua HCO,- 17,1 [17,0; 17,7] v pH - 7,32 [7,31;
7,33] OKasanMCb HWXKE HOPMbl, YTO CBUAETENLCTBYET O Pa3BUTUM
CyOKOMMNEHCMPOBAHOrO  MeTabo/iMYeckoro auugosa Yy  [AaHHOW
kateropum 6BonbHbix. pO, y AeTeir ¢ HFA Taménoi cTenenm
CTAaTUCTMYECKM 3HAYMMO 6blno cHuKeHo — 58,0 [55,9; 66,4] no
CPaBHEHMIO C KOHTPO/IbHOW rpynnoit — 94,6 [93,7; 95,8] (p,<0,001) n ¢
HFA nérkoii crenenn — 89,5 [87,9; 91,4] (p,<0,001): Taxénan
TUMOKCEMMA TKAHEM CBA3AHA C HAKOM/JEHMEM HeA0OKUC-NEeHHbIX
NPOAYKTOB 0OMeHa M3-3a HAapYLUEHUA OKUCAUTENbHbIX MPO-LLEeCccoB B
KNeTKax, YTo, HECOMHEHHO, ycyrybnseT passuTMe aumpo3a. Takxke
CTOUT OTMETUTb, YTO y Aetert ¢ HIA TAXKENON CTeneHn 3HayeHuA
nokasateneit pH — 7,28 [7,27; 7,29], pCO, — 51,3 [50,3; 51,7], HCO;-
15,5+1,2 [14,8; 16,3] 6blAM CTaTUCTUYECKM 3HAYMMO CHUKEHbI MO
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pH of 7.32 [7.31; 7.33] are below normal range, which indicates
the development of subcompensated metabolic acidosis in this
category of patients. In children with severe HHA, pO, was statis-
tically significantly reduced compared to the control group — 58.0
[55.9; 66.4] vs. 94.6 [93.7; 95.8] (p,<0.001), and mild HHA group
—89.5[87.9; 91.4] (p,<0.001). In these patients, severe tissue hy-
poxemia is associated with the accumulation of under-oxidized
metabolic products due to disruption of the intracellular oxida-
tive processes, which undoubtedly aggravates the development
of acidosis. It is worth noting that in children with severe HHA,
the pH, pCO, and HCO,- values are were statistically
significantly reduced compared to the control group — 7.28
[7.27; 7.29], 51.3 [50.3; 51.7], and 15.54#1.2 [14.8; 16.3]
respectively (p,<0.001), and with mild HHA (p,<0.001). Based on
the above, severe HHA is accompanied by signs of developing
respiratory-metabolic acidosis.

The results of our study on HHA are comparable with the
data on the blood ABS in children with iron deficiency anemia of
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CpaBHeHMIo ¢ 06cnef0BaHHbIMM KOHTPOALHO rpynnbl (p,<0,001) 1 ¢
HIA nérkoit cteneHn (p2<0,001). Mcxoaa us Bbllen3NoXKEHHOro, Npu
HTA TA)KEnoi cTeneHn UMEeT MecTo BCe NPU3HAKKU Pa3BUTUA pecnu-
paTopHO-MeTabosMyecKoro aumAao3a.

MmetoTca paHHble no mnaydeHunto KOC KpoBM y peTeit ¢ xene-
304epUUMTHON aHemMuel pa3HoW cTeneHu Taxectu [4]. PesynbTaTsl
Hawero uccnepoBaHna no HIA pasnnyHoro reHesa ComocTaBUMbI C
3TVMM J@HHBIMM U NOATBEPKAAIOT POJIb AHEMUM B PA3BUTUM MeTabo-
JINYECKOro aunaosa.

Kak 6b1710 0TMeYeHO Bbille, OAHUM 13 OPraHOB, NOAAEPHKMUBaAIO-
wmx KOC KkpoBwu, asnatotca nérkne. CornacHo AaHHbIM pAAa aBTOPOB,
HepesKUM 0cnoHeHnem npwu HIA agnaeTcs pa3BuTUE reMocuaeposa
BHYTPeHHMX opraHoB [14-17]. Ucxoaa 13 BbILLEU3NOKEHHOTO, Cleay-
€T O¥MAATb U3MEHEHWI BEHTUNALMOHHOW QYHKLMM NEMKMX Y AeTei
¢ HIA. CornacHo pekomeHpaumam AmepuKaHcKoro u Esponeicko-
ro pecnupatopHoro obuwects (ATO v EPO) [18] pecTpuKTUBHbINA TN
BEHTWU/IALMOHHbIX HapYLIEHW ONpeaenfaeTca Kak CHUXEeHWe obLuei
EMKOCTM NIErKMX NP HOPMAJIbHbIX UM MOBbIWEHHbIX 3HaYeHuax UT
(oTHOweHKne OPB, (FEV,) k YKEN (VC). UT aBnaeTca Knaccuyeckm nat-
TEPHOM PECTPUKTUBHOIO CUHAPOMA.

Bennumubl ODB1, OKEN, HKEN, UT onpeaensiotca ¢ nomoLpto
CMOKOWHON 1 dopcmpoBaHHoi cninpomeTpun. UccnepgosaHne OB/,
nposoannoch Bcem getam ¢ HIA metogom cnuporpadum ¢ onpese-
NEeHVeM cneayroLmx nokasatenein: OPB1 (FEVl); YKM3HEHHAA EMKOCTb
nérkix — JEN (VC); OHKEN (FVC) u UT — oTHoweHne ODB, k KEN. Mo-
Ka3aTe/n BHELLHErO AbIXaHWA Y AeTell KOHTPObHOM rpynnbl U 60/1b-
HbIX AieTeil npescTasneHsl B Tabn. 4.

AHanM3 AaHHbIX Tabn. 4 nokasan, YTo NpU CPaBHEHUM MOKa-
3ateneit O®B,, OXKEN, KEN, UT y GonbHbix ¢ HIA nérkoit creneHm c
TaKOBbIMM MapameTpamm KOHTPO/IbHOW Fpynnbl NOy4YeHa CTaTUCTU-

Tabauua 4 Mokazamesnu sHewHe2o ObixaHus (Me [25q; 75q])

varying severity [4] and confirm the role of anemia in the devel-
opment of metabolic acidosis.

As noted above, the lungs, among other organs, contrib-
ute to the maintenance of blood ABS are the lungs. According to
several authors, a frequent complication of HHA is the develop-
ment of hemosiderosis of internal organs [14-17]. Based on the
above, we may expect changes in the ventilation function of the
lungs in children with HHA. According to the recommendations of
the American and European Respiratory Societies (ATS and ERS)
[18], the restrictive type of ventilation disorders is defined as a
decrease in total lung capacity with normal or increased TI val-
ues (the ratio of FEV, to FVC). Tl is a classic pattern of restrictive
syndrome.

The FEV,, FVC, vital capacity (VC) of the lungs, and Tl values
are determined using quiet and forced spirometry. A study of the
external respiratory function was carried out for all children with
HHA using spirography with the determination of the following
indicators: FEV,, VC, FVC, and TI — ratio of FEV, to VC. Indicators
of ER in children of the control group and with HHA are presented
in Table 4.

Table 4 shows that a statistically insignificant difference was
obtained when comparing the indicators FEV,, FVC, VC, and Tl in
patients with mild NHA with the control group (p,>0.05). In chil-
dren with moderate HHA, ER indicators are moderately reduced.
In children with severe HHA, spirographic parameters (FEV, —
67.6 [66.8; 68.2], FVC — 66.0 [65.8; 68.2]; VC — 65.2 [64.6; 65,7])
were statistically significantly lower compared to those of the
control group (FEV, — 86.9 [85.5; 88.3], FVC — 85.4 [84.5; 86.3],
VC - 87.5 [86.6; 87.7]), (p,<0.001). It should also be noted that

Table 4 External respiration indicators (Me [25q; 75q])

KoHTponbHas Detu c HTA Children with NGA
Mokasartenn PedepeHcHbie ; . . .
Indicators 3HAYEHUS pynna n.erKou CT. CpepHei cT. Taxkénoi cT. p
Reference values Control group Mild degree Moderate degree Severe degree
(n=20) (n=18) (n=20) (n=10)
0®B, >81% 86.9 85.3 79.5 67.6 <0.001
FEV, [85.5; 88.3] [84.7; 85.8] [82.5; 85.0] [66.8; 68.2] (df=3;
p,>0.05 p,<0.001 p,<0.001 H=43.74)
p,>0.05 p,<0.001
p,>0.05
nT >72% 75.2 75.8 75.7 83.0 <0.001
Tl [74.8; 75.9] [74.9; 76.8] [74.9; 77.3] [83.8; 84.4] (df=3;
p,>0.05 p,>0.05 p,<0.001 H=27.95)
p,>0.05 p,<0.001
p,<0.001
OXKEN >82% 85.4 85.3 78.4 66.0 <0.001
FVC [84.5; 86.3] [84.2; 85.6] [77.8; 80.6] [65.8; 67.2] (df=3;
p,>0.05 p,<0.001 p,<0.001 H=48.32)
p,<0.001 p,<0.001
p,>0.05
EN >80% 87.5 86.4 77.3 65.2 <0.001
VvC [86.6; 87.7] [85.3; 87.1] [76.2;79.7] [64.6; 65.7] (df=3;
p,>0.05 p,<0.001 p,<0.001 H=55.54)
p,=0.002 p,<0.001
p,>0.05

TprmeyaHna: p — CTaTUCTUHECKaa 3HAUMMOCTb Pa3NUMiA 3HaYeHNIA NoKa3aTeneit Mexay Bcemu rpynnamu (no H-kputepuio Kpyckana-Yonnuca); p, — cTaTUCTUYecKan 3Ha-
4MMOCTb Pa3NNumii NO CPABHEHMIO CO 3HAYEHNAMM KOHTPOIbHOM FPYNMbI; P, = CTAaTUCTMYECKAA 3HAYMMOCTb Pa3NNuMiA NO CPaBHEHMIO CO 3HaYeHUAMM rpynnbl ¢ HTA nérkoit
CTeneHu; p, — CTaTUCTUYECKaA 3HAYUMOCTb Pa3IMLMIA NO CPaBHEHMIO CO 3HaueHNAMM rpynnbl ¢ HIA cpeaHeli cTeneny TaxecTy (post-hoc — no U-kputepuio MaHHa-YuTH)
Notes: p - statistical significance of differences in indicator values between all groups (according to the Kruskal-Wallis H-test); p, — statistical significance of differences
compared to the values of the control group; p, — statistical significance of differences compared to the values of the group with mild NHA; p, — statistical significance of the
differences compared with the values of the group with moderate NHA (post-hoc — according to the Mann-Whitney U test)
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Yecku HesHaummas pasHuua (p,>0,05). Y aeten ¢ HTA cpeaHei cre-
neHu nokaszatenn ®B/ ymepeHHO cHUKeHbI. Y aeTeit ¢ HIA Taxénon
cTenenn cnuporpaduyeckme nokasatenm (OPB, — 67,6 [66,8; 68,2],
OWEN - 66,0 [65,8; 68,2]; HKEN — 65,2 [64,6; 65,7]) 6blAn cTaTUCTMYe-
CKM 3HAUYMMO HUKE MO CPABHEHUIO C TAKOBbIMU KOHTPO/IbHOW FpynMbl
(O®B, -86,9[85,5; 88,3], OXEN - 85,4 [84,5; 86,3], KEN - 87,5 [86,6;
87,71), (p,<0,001). Cneayet TaKkxe otmetutb, 4to UT — 83,0 [83,8;
84,4] y 601bHbIX ¢ HIA TAXKENOW cTeneHn bbin CTaTUCTUYECKU 3HAYM-
MO BbiLUe, YeM y 06CNe0BaHHbIX KOHTPOIbHOM rpynnbl — 75,2 [74,8;
75,9], (p,<0,001). Takne nsmeHeHma cnnporpadm4eckmx nokasareneil
y aeteii ¢ HTA TAENoW cTeneHun roBopaT 0 HANMYUKU PECTPUKTUBHOTO
TMNa BEHTUNALMOHHBIX HAPYLIEHWI, 3 Y 6ONbHBIX C aHEMUEN CpesHeN
CTENeHU TAXKECTU HabntoaaeTca TeHAEHLMA K Pa3BUTUIO PECTPUKTUB-
HOrO TUMA BEHTUNALMOHHBIX HAPYLUEHWIA.

B nmetowmxca nybankaumsax no uccnegosanuio By peteit ¢
Tanaccemueii Takxe 6bln BbIABNEH PECTPUKTUBHDIA TUN BEHTUAALM-
OHHbIX HapyweHui [19, 20]. UsmeHeHus nokasaTteneit ®BJ, y Hawwmx
6O0/IbHbIX ABAAIOTCA CXOKMMM C STUMM JaHHBIMM, @ TaKXKe NOATBEp-
KIAI0T, YTO PECTPUKTUBHDIN TUMN BEHTUAALMOHHBIX HAPYLIEHWI CBA-
3aH ¢ Tem, 4To npu HI'A B X04e remo/In3a BbICBOBOKAAETCA 3HAUNTENb-
HOe KO/IMYeCTBO Ke/e3a, KOTOPOe B BUAE reMOCUAEPVHA B U3IULLIHEM
06bEMe HaKamn/MBaeTcA B CTPOME NEFOYHOM TKaHM, crnocobcTsys
OrpaHUYeHNIo NOABUKHOCTM NEFOYHON NapeHXUMbI.

Bpauy BaKHO 3HaTb TeKyluee COCTOAHWE BO/MbHOTO, @ aHanu3
KOC KpoBW OTHOCUTCA K rpynne 3KCnpecc-mMeToA0B UCCAefoBaHusA,
13-3a TOTO, YTO Er0 MaPaMETPbl MEHAIOTCA MOMEHTA/IbHO MPU Nt0BObIX
CABUMrax cOCTOAHWA nauueHTa. CNMPOMETPUA OTHOCWTCA K AOCTyn-
HbIM, MHPOPMATMBHLIM, HEMHBA3WBHbIM METOAAM WCCNeA0BaHMA.
[aHHble MeToApbl MOMOraloT KAMHULMCTAM NPOrHO3MPOBATh TAXKECTb
TeueHUs 6ONE3HM U Pa3BUTUE OCTIOKHEHWI.

OrpaHuueHue uccnegoBaHua. CyllecTByeT BepOATHOCTb OLIMG-
Kv npu nonyydeHnn gaHHbix KOC B €BA3M € TEM, YTO MaTepuan AOCTaB-
nanca B 1abopaTopuio U3 CTaLMOoHapa, Npy STOM BPeMeHHOM npome-
KYTOK MeXXay NPOBEAEHVEM aHan3a U 3a60pOM KPOBYM aBTOpPamMu He
KOHTpOAMpoBanca.

3AKNIOYEHUE

PesynbTaTbl HaLLero UccieaoBaHna y geteit ¢ HIA B 3aBUcMMO-
CTW OT CTENEHM TAMKECTU aHEMUM BbISIBU/IM BbIPAKEHHbIE U3MEHEHUS
nokasateneii razoBoro coctasa U KOC KpoBM, a TakKe NapameTpos
®B/l No cpaBHEHUIO C NOKA3aTENAMMU KOHTPONbHOM rpynnbl. Y 60/1b-
HbIX C aHEMMEN CpesHeli CTeneHW BbiiBeHa yMmepeHHasn reMmuyeckas
TUMOKCUA C KOMNEHCUPOBAHHbIM METaboIMYECKUM aLMA030M U TEH-
[eHUMeN K pa3BUTMIO PECTPUKTMBHOIO TUMNa BEHTUAALMOHHbIX Hapy-
LUEeHM. Y NaLMEHTOB C TAXKENOM aHeMMEN UMeNa MECTO BblPaKeHHas
reMmyecKasn rmrnoKcua ¢ PasBUTUEM PecnmnpaTopHO-MeTaboanyecKoro
auna03a M PECTPUKTUBHOIO TUNA BEHTUNALMOHHbIX HapyLLIEHWI. Pas-
BUTME TAXKENOW CTEMEHM TMMOKCUM, C OAHOW CTOPOHbI, M Neperpyska
OpraHM3Ma Kene3oM, C APYroi, BAMAIOT Ha TAXKECTb TeYeHMs 6onesHn
1 pa3BUTME OC/IOKHEHWI Yy LAaHHOM KaTeropum 60/bHbIX.

Tl —83.0 [83.8; 84.4] in patients with severe HHA was statistically
significantly higher than in the control group — 75.2 [74.8; 75.9]
(p,<0.001). Such changes in spirographic parameters in children
with severe HHA indicate the presence of a restrictive type of
ventilation disorder. In patients with moderate anemia, there is
a tendency to develop a restrictive type of ventilation disorder.

Available publications on the study of respiratory function in
children with thalassemia also revealed restrictive ventilation dis-
order [19, 20]. Changes in respiratory function indicators in our
patients are similar to these data and also confirm that the re-
strictive type of ventilation disorders is associated with the obser-
vation that during HHA, a significant amount of iron is released
due to hemolysis. An excessive amount of hemosiderin accumu-
lates in the stroma of the lung tissue, contributing to limitation of
the mobility of the pulmonary parenchyma.

Knowing the patient's current condition is essential, and
blood ABS results are obtained by express research methods, as
its parameters change instantly with any changes in the patient's
condition. Spirometry is an accessible, informative, non-invasive
research method. These methods help clinicians predict the se-
verity of the disease and the development of complications.

Limitation of the study. There is a possibility of error when
obtaining data on ABS, as the material was delivered to the labo-
ratory from the hospital, and the time interval between the anal-
ysis and blood sampling was beyond the authors' control.

CONCLUSION

The results of our study on children with HHA, depending
on the severity of anemia, revealed pronounced changes in the
blood gas composition and ABS parameters, as well as respirato-
ry function indices compared with the control group. In patients
with moderate anemia, moderate hemic hypoxia with compen-
sated metabolic acidosis and a tendency to develop a restrictive
type of ventilation disorders were observed. In patients with se-
vere anemia, severe hemic hypoxia developed together with re-
spiratory-metabolic acidosis and restrictive ventilatory disorders.
The development of severe hypoxia, on the one hand, and iron
overload of the body, on the other, affected the severity of the
disease and the development of complications in this category of
patients.
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Llenb: paspaboTatb 1 anpobuposaTtb anropuTm NpesoTBpaLleHna peHoMeHa HEBOCCTAHOBNEHHOTO KOpoHapHoro KposoToka (PHKK) npu sHaoBacky-
NAPHOM NIe4eHUM NaLMeHTOB ¢ MHbAPKTOM MUOKapAa ¢ nogbemom cermeHTa ST (MMnST).

Matepuan n meToabl: BbINONHEHO MPOCMEKTUBHOE OLHOLIEHTPOBOE PaHAOMU3MPOBAHHOE UCCieA0BaHMe, BKYaolwee B ceba 100 naumeHToB ¢
anarHosom MMnST, nepeHEcLuMX CTEHTUPOBAHWE KOPOHAPHbIX apTepuit. B nepsyto rpynny BkAtoYeHo 50 naumeHTOB, NPOONepUPOBaHHbIX C NpUMe-
HeHvem anroputma npodunaktukm ®HKK, Bo BTOpYO rpynny BKAYeHO 50 nauueHToB, NepeHECILMX PYTUHHYIO TPAHCAIOMUHA/BHYIO BaNNoHHYIO
aHrMONNaCTUKY U CTEHTMPOBAHME KOPOHAPHbIX apTepuii. Ipynna pucka passutna PHKK onpeaenanack ¢ MCNonb3oBaHWEM NPOrHOCTUYECKOW MOAENN,
npegnoxeHHoit J.W. Wang v coasTopamu.

Pe3ynbratbl: 06e rpynnbl 66U CPaBHUMbI O AHAMHECTUYECKUM, KNIMHUKO-BMOXMMUYECKMM U UHCTPYMEHTA/IbHBIM AaHHbIM. [1py NOYTU paBHOM Ko-
NIMYecTBe NaLMeHTOB rpynbl BbICOKOTO pucka passutua PHKK B obeunx rpynnax (36% 8 nepsoit, 40% BO BTOPOA), AaHHOE OCNOMNKHEHME CTAaTUCTUYECKN
3HAYMMO pPeXKe Pa3BMBaANOCh NPU UCMOMb30BAHMM NPEANIOKEHHOMO anroputma nedenus (14% npotms 36%, p=0,01), Npu aTOM yBeNMYEHMEe Knacca
OCTPOW cepAeyHOM HeAOCTaTOYHOCTM CTaTUCTUHECKM 3HAUYMMO Yalle BCTpeyanoch Bo BTopoit rpynne (2% npotvs 16%, p=0,03).

3aK/l0ueHue: 1CNob30BaHNE NPEA/IOKEHHOTO aNropuTMa npesoTepatieHnsa PHKK nosbiwaeT speKTUBHOCTb 1eyeHma nauneHTos ¢ MUMnST.
KntoueBble cnoBa: uHgpapkm muokapda ¢ noovémom ceameHma ST, pe8acKynApuU3aYUA MUOKAPOd, YPECKOXHHOE KOPOHAPHOE 8Mewamenscmeo, ge-
HOMEH He80CCMAHOB/1EHHO20 KOPOHAPHO20 KPOBOMOKA.
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Objective: To develop and test an algorithm for no-reflow phenomenon (NRP) prevention during endovascular treatment of patients with ST-elevation
myocardial infarction (STEMI).

Methods: A prospective single-center randomized study included 100 patients diagnosed with STEMI who underwent coronary artery stenting. Group
1 included 50 patients who were operated using an algorithm for the NRP prevention, while Group 2 included 50 patients who underwent routine
transluminal balloon angioplasty and stenting of the coronary arteries. The NRP risk was assessed using the predictive model by Wang JW et al.
Results: Both groups were comparable in terms of anamnestic and clinical data, biochemical and instrumental examination results. High NRP risk was
determined in 36% of Group 1 patients and 40% of Group 2 patients. NRP developed significantly less often in Group 1 patients compared to Group 2
(14% vs. 36%, p=0.01). Worsening of Killip class of acute heart failure was found significantly less common in Group 1 patients compared to Group 2
(2% versus 16%, p=0.03).

Conclusion: The proposed algorithm for NRP prevention increased the effectiveness of treatment for STEMI.

Keywords: ST-elevation myocardial infarction, myocardial revascularization, percutaneous coronary intervention, no-reflow phenomenon.
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BBEAEHUE

®eHOMeH HEBOCCTaHOBNEHHOTO KOPOHAPHOMO KPOBOTOKA MU
deHomeH no-reflow —3To noctpenepdy3MoHHOE OCNOKHEHME, XapaK-
Tepu3ytoLLeeca OTCYTCTBMEM BOCCTAHOBNEHWA BEHEYHOTO KPOBOTOKA
Ha aNMKapAMaNbHOM, CyB3aNMKapaManbHOM U/MAY MUKPOCOCYANCTOM
YPOBHE B YCNOBUAX UCKAKOYEHUA AUCCEKLMWU CTEHKU apTepuu Uau
Tpombo3a [1]. OTcyTcTBME BOCCTAHOBAEHMA KPOBOTOKA U MOBPEXae-
HUe MWOKapAa, CBA3AHHOE C MMOEesbio KMBbIX BO BPEMSA MLLEMUM
KapAMOMMOLMTOB, Bbi3BaHHOE penepdysneir Nocne YpeckoHOro
KopoHapHoro BmeluaTenbcTsa (YKB) co cTeHTMpoBaHWEM MHdaPKT-3a-
BUCUMOWA apTepun (M3A), MOXKeT yBennumTb 30Hy MHbapKTa Ha 50%
W 4aCTUYHO OBBACHAET, MOYEeMy, HECMOTPA Ha ONTUMaJIbHble CTpaTe-
rMu penepdys3nm MMOKapAa, YpPoBeHb CMepTHOCTU aocTuraeT 10%, a
3260/1€BaEMOCTb XPOHUYECKOW CEPAEYHON HELOCTATOUHOCTbLIO NocC/e
MMRST cocTasnseT nout 25%, conpoBoXxAancb HebAaronpuATHbIM
nocneonepaLmMoHHbIM M AOATOCPOYHBIM KAMHUYECKMM MPOrHO30M
[2]. Ha TeKkywmit MOmeHT AoKa3aHHON 3PHEKTUBHOCTLIO B pamKax
npodunaktnkn GHKK obnagatot Tonbko BeeseHue 6okatopos llb/
Illa peuenTopoB TpomboumToB [3] M, B page cayyaes, maHyanbHas
acnupaumoHHan TpombakTomma. OfHako, 06a MeToAa NoTeHLMaNbHO
BNIEKYT 33 c06OI OMACcHOCTb AJ1A NaLMeHTa, a B pekoMmeHaaumsax Espo-
neickoro obLLecTsa KapAMOIoroB No BeAeHuto naumeHTos ¢ UMnST
ot 2017 r. KacaTenbHo penepdy3nMOHHOIO MOBPEXAEHUA B LLEIOM U
®HKK, B 4acTHOCTU, He BblAENEHO YETKMX FPYNM PUCKA, B KOTOPbIX UX
PE30HHO MPUMEHATb. TaKKe BaKHbIM (aKTOPOM ABAAETCA TO, YTO,
3avactyto, PHKK BepudumLmpyeTca Ha OCHOBAHWM OTCYTCTBUA paspe-
weHuna cermenTa ST yepes 60-90 MUHYT nocse penepdysuu, T.e. yKe
nocne OKOHYaHMA ONepaTUBHOMO BMELLATENbCTBA, BO BPeMA KOTOPOro
HY}KHO OblI0 NPefoTBPATUTL €ro PasBUTHE, NPY STOM He HaBpeauB
naumenTy [2].

HecmoTpsa Ha MHOrOYMCIEHHbIE PaHee BbINOIHEHHbIE UCCNea0-
BaHWA C NPUMEHEHMEM Pa3nYHbIX MeTogos npeaoTepalleHna PHKK,
BOMPOC €ro NPodGUaKTUKM OCTaETCA OTKPbITbIM [4]. [laHHble uccneno-
BaHWI, NOCBALLEHHBIX 3TOM Npobneme, BeCbMa NPOTUBOPEUMBDI, UTO,
BEPOATHO, TaK:Ke 06YC/I0B/IEHO HEOAHOPOAHOCTbIO BbIGOPOK A/1A1 ITUX
UCCNEeS0BaHMI U OTCYTCTBMEM BO3MOXKHOCTM BbINOIHUTbL UX Ha rpynne
BbICOKOrO puUCKa pa3suTua peHomeHa no-reflow [5].

LLENb UCCNEQOBAHMUA

Paspabotatb M anpobupoBaTb anropuTM npesoTBPALLEHUA
®HKK npu sHg0BackynapHOM neyeHun naumeHtos ¢ MMnST.

MATEPUAN U METOADbI

[aHHasa pabota npeacTaBnseT coboit NPOCNEKTUBHOE OAHO-
LIeHTPOBOE PaHAOMMU3NMPOBAHHOE KAMHUYECKoe uccnefoBaHue, npo-
BeAEHHOe Ha nauueHTax, NPOXOAMBLUMX JleYeHne C OCHOBHbIM Juna-
rHo3om MMnST B NepBoOi KAMHUKE (XMPYpPrM YCOBEPLIEHCTBOBAHUA
Bpayeit) um. M.A. KynpusaHoBa BoeHHO-MeAMLMHCKON aKagemmumn Um.
C.M. Knposa, noaxofaLimx nof, KpUtepun BKAOYEHUA B UCCef0Ba-
HUe M UCKNIOYEHUA U3 Hero. PaHaoMM3aUma NpoBOAMAAChL Cneayto-
WMMm 06pa3om: nocae MoCTyMAeHWs NaLMeHTa BCKPbIBAICA OAMH U3
100 3apaHee 3aroToB/IEHHbIX KOHBEPTOB, COAEPKaLLMX AUCT Bymaru
C YKa3aHMeMm K KaKoi rpynne OTHeCTM uccnegyemoro. Y nauueHTos
B NepBOVi rpynne nocse BbINONHEHUA AMarHocTMYeckoro atana YKB
paccunTbiBanCA pUck pa3sutua ®HKK u, eciv oH Bbla BbICOKMM, UM
NPOBOANNN PEHTFeHXMPYPruyecKoe neyeHne ¢ UCnoab3oBaHuem an-
ropuTMa, NPeACTaBAeHHOro Ha puc. 1.

Bo BTOpYIO rpynny BOWAW NaLyMeHTbl, KOTOPbIM BbIMONHAINCH
aHrMonNacT1Ka v cTeHTUpoBaHue U3A 6e3 npruMeHeHMs NpeaioxkKeH-

388

INTRODUCTION

NRP is a post-reperfusion complication characterized by the
lack of restoration of coronary blood flow at the epicardial, sub-
epicardial, and/or microvascular level without arterial wall dissec-
tion or thrombosis [1]. Failure to restore blood flow and myocar-
dial damage associated with the death of cardiomyocytes during
ischemia caused by reperfusion after percutaneous coronary in-
tervention (PCl) with stenting of the infarct-related artery (IRA)
can increase the infarct area by 50% and partly explains why, de-
spite optimal strategies for myocardial reperfusion, the mortal-
ity rate reaches 10%, and the incidence of chronic heart failure
after STEMI is almost 25%, with an unfavorable postoperative and
long-term clinical prognosis [2]. Currently, only the administration
of platelet GP llb/llla inhibitors [3] and, in some cases, manual
thrombus aspiration has proven effectiveness in NRP prevention.
However, both methods potentially entail danger for the patient,
and the 2017 recommendations of the European Society of Car-
diology for managing patients with STEMI regarding reperfusion
injury in general and NRP, in particular, do not identify well-de-
fined risk groups in which they may be reasonably used. Another
critical factor is that NRP is often verified based on the lack of ST
resolution at 60-90 minutes after reperfusion, i.e., after the end
of the surgical intervention, during which it was necessary to pre-
vent NRP development without any harm to the patient [2].

Despite numerous previous studies using various methods
of NRP prevention, it remains an unresolved issue [4]. Relevant
data are contradictory, which is probably due to the heterogene-
ity of samples for these studies and the inability to perform them
in the NRP high-risk group [5].

PURPOSE OF THE STUDY

To develop and test an algorithm for NRP prevention during
endovascular treatment of patients presenting with STEMI.

METHODS

The study was a prospective single-center randomized clin-
ical trial conducted in patients undergoing treatment with the
primary diagnosis of STEMI in the P.A. Kupriyanov 1st Continuing
Medical Education Surgery Clinic of the S.M. Kirov Military Med-
ical Academy, meeting the inclusion and exclusion criteria. After
admission the patients were randomly divided into two groups:
Group 1 and 2 (group number was indicated on the card from
the closed envelope randomly selected for each patient). Fig. 1
presents an algorithm that was applied to Group 1 patients after
the PCI diagnostic stage with NRP risk assessment. If NRP risk was
found high, the patients underwent treatment according to the
algorithm below.

Group 2 included patients who underwent angioplasty and
IRA stenting without application of the proposed algorithm. The
primary endpoint assessed in the prospective part of the study
was the NRP development during the perioperative period. Pa-
tients’ data included a collection of complaints, medical and life
history, physical examination, clinical and biochemical blood
tests, electrocardiography (ECG), postoperative echocardiogra-
phy, and coronary angiography.

Inclusion criteria: the patient’s primary diagnosis “acute
coronary syndrome with ST-segment elevation”, primary PCl, and
successful IRA stenting.
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JloYKB Before PCI

Ha srame YKB  During PCI

[TocTyniieHue nanueHTa B peHTT€HONEePAUOHHY 0
Patient entering the cathlab

Brimonnenne kopoHaporpadun

Coronary angiography

Hiskwit prck pazsutis PHKK

Beicoxuii puck passutist HKK

Low risk of NRP

Onpezenenue rpymmnsl pucka
pazButust ®HKK B xone YKB

Determination of the NRP risk
group during PCI

Highrisk of NRP

BrimonHe e aHrHOIIaCTHKI
n cTeHTrpoBaHmst I3A

Angioplasty and IRA stenting

Horo anroputma. OCHOBHOM KOHEYHOW TOYKOM, OLLEHMBAEMOW B MpPO-
CMEKTUBHOW YacTn UccnepoBaHus, ABnaaca GakT passumslierocs PHKK
B NepuonepaLmoHHblii nepuog,. ObcneaoBaHe NaLMEHTOB BKKOYa-
N0 B cebs: cbop *Kanob, aHamHe3a 601e3HU U KU3HWU, OObEKTUBHbIN
OCMOTP, KAMHWUYECKMUI U BUOXMMMUYECKMIA aHaNN3bl KPOBU, INEKTPO-
Kapanorpaduio (IKI), axokapamorpadmio nocae onepaumm 1 KOPoHa-
porpaduto.

Kputepuu BKAKOYEHMA: NEPBUYHBIN AXArHO3 NaLMeHTa «OCTPbIi
KOPOHaPHbIM CMHAPOM C MOALEMOM cermeHTa ST», BbIMOAHANOCH
nepsuyHoe YKB; ycnewHoe cteHTMpoBaHue U3A.

KpuUTepum UcKNtoYeHun:

Ha/IM4Me NPOTUBOMNOKa3aHui K BeeaeHuto lIb/Illa 6nokato-
pos;

nocTynaeHne nauueHTa 6e3 Co3HaHWUsA, OTCYTCTBME 3HAUU-
moro nogbéma ST npu nocTynneHunu;

Bpemsa «bonb-6annoH» 6onee 12 yacos;

ocTpas cepaeyHan HegoctatoyHocTb no Killip IV ctenenn
0o YKB;

Baenenve pactBopa SnTahrOATHIA
180 MKT/KT BHYTpHBEHHO OOJIFOCHO,
3areM UH(]Y3UOHHO 1,5 MKI/KT/MUH

Eptifibatide 180 mcg/kg IV bolus, then
1.5 meg/kg/min IV infusion

Iocre MpoBe/ICHNS TIPOBOTHAKA TACTAIHHES
okxtro3uH ripH crenierrt TIMI Thrombus Grade >4
TIPOBE/ICHNE MaHyaJIbHOM TPOMOACTIMPAIIH

After placement of the catheter distal to the
occlusion, manual thrombus aspiration with TIMI
Thrombus Grade >4

ITpu TexHMYECKON BO3MOYKHOCTH — BEINOTHEHHE
TIPSIMOTO CTeHTHpOBaHws I3A

Direct IRA stenting if technically possible

Exclusion criteria:

Contraindications to the administration of GP llb/Illa
inhibitors.

Unconsciousness of the patient upon admission, no sig-
nificant ST elevation on admission.

“Pain-balloon” time more than 12 hours.

Killip class IV of acute heart failure before PCI.

Left bundle branch block on ECG before surgery.
Presence of an installed pacemaker.

Thrombolytic therapy at the prehospital stage.
Impossibility to collect anamnesis for any reason.

The NRP risk group was determined using a predictive mod-
el developed by Wang JW et al [6]:

- age 255 years = 5 points;

- pain-balloon time >4 hours = 2 points;

- plasma glucose concentration 212.0 mmol/l = 4 points;
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e Hannume IKI npusHakos 6/10Kagbl NEBOM HOMKM MyyKa

lvca po onepauuy;

®  Hanuyme yCTaHOBNIEHHOTO KapAMOCTUMYNATOPA;

*  TPOMBONUTUYECKasA TEPANUA Ha JOTOCMMUTabHOM 3Tane;

®  HEBO3MOXHOCTb afeKBaTHOTro cbopa aHamHe3a Mo Ka-

KUM-IMB0 NpUymHam.

lpynna pucka passutna ®HKK onpeaenanacb ¢ ncnonb3oBaHK-
eM NPOrHOCTUYecKoW Moaenu, paspabotaHHoii Wang JW et al [6]:

- Bo3pacT 255 net = 5 6annos;

- Bpems «60ob-6annoH» >4 yacos = 2 6anna;

- KOHLIEHTPaLMA [MIOKO3bl B NAa3me Kposwu 212,0 mmonb/n = 4

6anna;

- KOAIMYeCTBO HelTpoduaoB B Kposw 28,81x109/n = 8 6annos;

- Knacc ocTpoit cepaeyHoit HegoctatoyHocTm no Killip IV = 3 6an

na;

- cteneHb TIMI thrombus grade fo YKB 22 = 5 6annos;

- KonnaTepanbHbI KpoBoTOK A0 YKB no Rentrop <1 =2 6anna.

- Puck passutua @HKK cumntanca BbICOKMM npu cymme 6annos

paBHol 14,

®eHomeH no-reflow BepudmMLMpoBanca Ha OCHOBAaHUM MUHU-
MYM OAHOTO U3 CNeayHoLWmX KpUTepues:

- CTeneHb KOPOHAPHOTO KPOBOTOKa Mo LWwkane «Thrombolysis In

Myocardial Infarction» (TIMI) meHbLue 3;

- cTeneHb no wkane «Myocardial Blush Grade» (MBG) meHbLue 2;

- NpU ycnewHon penepdy3nn CHUXKeHWe aneBaLmm cermeHTa ST

- Ha JKT 6bIn0 meHee 70% cnycTa 60 MUHYT OT BpeMeHU peka

Hanusaumm apTepumn.

Ha porocnutanbHOM 3Tane Npu NocTaHOBKe NpeABapuTenbHOro
AmnarHo3a «OcTpblIli KOPOHAPHbIV CUHAPOM C NOABEMOM cermeHTa ST»
nauMeHTaM BBOAWACA pacTBOp renapuHa Hatpua 5000 ME BHyTpu-
BEHHO, NepopanbHO AaBanuck 300 Mr aLeTUACANNLMNOBOW KMCNOTbI
1, B page cnyyaes, 180 mr Tvkarpenopa uam 300-600 mr knonuaorpe-
N1a NPU HaIMYMM NPOTUBOMOKA3aHMIM K Ha3HaYeHWIO TUKarpenopa. Ha
stane YKB nocne BepuduKaLMM NOpaXKeHWA KOPOHAPHbBIX apTepuit
nauyeHTam AONONHUTENbHO BBOAM/ICA PACTBOP renapuHa HaTpusa B
no3upoeke 75-100 ME/Kr macchl Tena, ecav BeefeHue 610KaTopos
llb/Illa membBpaHbl TPOMBOLMTOB HE MPeayCMaTPUBANOCh NPOTOKO-
JIOM 1ccneaoBaHns, B 06paTHOM cnyyae renapuH BBOAWACA M3 pac-
yéta 50-75 ME/Kr. B ganbHeiillem MHTPAOMNEPaLMOHHO C NOMOLLbIO
aHanusatopa Hemotech onpegenannco 3Ha4yeHUA aKTMBMPOBAHHOTO
BPEMEHU CBEPTbIBAHUA KPOBM C Aa/IbHEWLIMM NOAAEPHKAHUEM [aH-
HOro nokasartens Ha yposHe 250-300 cekyHa,. Ecam Ha porocnutans-
HOM 3Tane He Oblia NPUMMEHeHa Harpy3oyHas [03a MHIMOUTOPOB
P2Y12 peuentopos TPOMBOLMTOB OHa AaBasiaCb MHTPAOMNEPALLMOHHO.
Mocne npoueaypbl cTeHTMpoBaHuA U3A, npu OTCYTCTBUM MPOTUBO-
NOKa3aHWii, Ha BPemA HaxOXAEHWUA B OTAENEHUW peaHMMaLLMu, Npo-
[oMKanacb aHTUKOArynAaHTHaA Tepanua B BMAe NOAKOXHOIO BBese-
HWA NPOPUNAKTUYECKON [O3MPOBKM PACTBOPA SHOKCANAPUHA HaTpUA
U3-3a OrpaHUYEHHON MOABMMKHOCTM MaLmeHToB. Bo BTOpoW rpynne,
B PamKax NPOPUAAKTUKM reMopparmyeckux OCNOMKHEHWI, aHTUKOa-
TYNAHTHAA Tepanua NPoAO/XKanach Yepes 5 4acos Noc/ie OKOHYaHWA
UHdy3um antTudubatmga.

B cnyvae Bepudmkaumm ®HKK Ha ocHoBaHWM aHruorpadmue-
CKMX JaHHbIX Y MALMEHTOB BTOPOM rpynmnbl MM BBOAWACA anTUdKOa-
TUA NO CXeMe B PaMKax KyrnuMpoBaHWUA OCNOKHEHMA.

MNpoBeseHWe UccnefoBaHUA 0A0BPEHO SIOKANIbHBIM STUYECKUM
KOMUTETOM BoeHHO-MmeanumHcKol akagemun um. C.M. Kuposa (npo-
Tokon Ne 255 ot 26.10.2021 r.)

Cbop u GopmupoBaHMe MCCAeLyeMblX AaHHbBIX BbINOAHAANCH
¢ nomolupto naketa Microsoft Excel for Windows 7, ctatucTudeckuii
aHanM3 1 nocTpoeHue rpaduKoB BbINOAHANNCH C NPUMEHEHMEM MPO-
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- blood neutrophils count 28.81x109/I = 8 points;

- Killip class IV of acute heart failure = 3 points;

- TIMI thrombus grade (TTG) before PCI >2 = 5 points;

- Rentrop grade <1 collateral circulation before PCl = 2

points.

- The NRP risk was considered high with a score of 14.

The NRP was verified based on at least one of the following
criteria:

- coronary blood flow (TIMI scale) <3;

- Myocardial Blush Grade (MBG) < 2;

- with successful reperfusion, ST resolution £70% 60 minutes

after recanalization.

At the prehospital stage, when acute coronary syndrome
with ST-segment elevation was preliminarily diagnosed, patients
received sodium heparin 5000 IU 1V, acetylsalicylic acid 300 mg,
and, in some cases, 180 mg of ticagrelor or 300-600 mg of clopi-
dogrel orally if ticagrelor was contraindicated. At the PCI stage,
after verification of coronary artery lesions, patients were addi-
tionally given sodium heparin 75-100 1U/kg or 50-75 IU/kg if ad-
ministration of GP Ilb/Illa inhibitors was provided for by the study
protocol. After that, activated clotting time was measured intra-
operatively using the Hemotech analyzer and further maintained
at 250-300 seconds. If a loading dose of P2Y12 platelet inhibitors
was not given at the prehospital stage, it was administered intra-
operatively. After the IRA stenting procedure, while in the inten-
sive care unit, due to the limited mobility of the patients, antico-
agulant therapy was continued by subcutaneous administration
of enoxaparin sodium prophylactic dosage, if not contraindicated.
In Group 2, as part of the prevention of hemorrhagic complica-
tions, anticoagulant therapy was continued for five hours after
the eptifibatide infusion was completed.

If NRP was verified angiographically in Group Il patients,
they were given eptifibatide as scheduled to relieve the compli-
cation.

The study was approved by the local ethics committee of
the S.M. Kirov Military Medical Academy (protocol No. 255 of Oc-
tober 26, 2021)

The collected data were entered and formatted using Micro-
soft Excel for Windows 7, statistical analysis was performed, and
the graphs were created using R software. Shapiro-Wilk test was
applied to determine the normality of distribution. As data devi-
ated from normal distribution, the analysis was carried out using
nonparametric methods. The results were presented as median
with interquartile range — Me [25q; 75q], and in the form of mean
values with standard deviation (M%SD), quality indicators were
presented as shares (%). Quantitative indicators were compared
using the Mann-Whitney test, while qualitative indicators — by
Chi-square test and the small samples used Fisher's exact test.
The difference between the study groups was considered statis-
tically significant at p<0.05. The effectiveness of the NRP preven-
tion method was also assessed using logistic regression analysis.

RESULTS

Among the anamnestic data, age, gender, smoking, history
of previous myocardial infarction, pre-infarction angina and dia-
betes mellitus, arterial hypertension (AH) degree at the time of
admission, time from the onset of the STEMI attack to myocardial
reperfusion, antiplatelet and anticoagulant therapy before hospi-
talization were considered. A comparative analysis of the listed
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rpammHoro obecneyeHus R. Mpu aHanM3e NapameTpUYecKmx gaHHbIX
npeasapuTensHo nposoawaca Tect Lannpo-Yuaka Ha HOpManbHOCTb
pacnpeseneHuns. Beuay OTCYTCTBMS HOPMAsbHOTO pacnpeneneHus,
aHaNM3 MPOBOAMACA HenapaMeTPUYECKUMMU MeTofamMU. 3Ha4yeHuA
6blNM NpeacTaBAeHbl B BUAE MeAMaHbl C MEXKBAPTWU/bHbIM pa3ma-
xom — Me [25q; 75q] 1 B BUAE CPeAHMX BEMYMH CO CTAHAAPTHbIM
OTKNOHeHMemM (M+SD), KayecTBeHHble NOKasaTenn — B BUAE LoneW
(%). KonnuecTBeHHble NoKasaTenu CpaBHUBAIUCL MO KpuUTepuio MaH-
Ha-YWUTHW, KauecTBEHHbIE — N0 KPUTEPUIO XM-KBAAPaT, a NPy ManbIx
KOMIMYeCcTBax — MO TOYHOMY KpuTeputo Puiwepa. PasHuua mexay
nccaesyembiMu rpynnamMn CYMTanach CTaTUCTUYECKM 3HAYMMOM Mpu
p<0,05. 3pdeKTMBHOCTL MeToAa NpenoTBpaLleHna passutua GHKK
TaK }Ke 6blNa OLEHEHa C MOMOLLbIO IOTUCTUYECKOTO PErpeccMOHHOro
aHanu3sa.

PE3Y/bTATDI

Cpean aHaMHECTMYECKMX AaHHbIX NMPOaHANM3MPOBaHbl Takue
baKTOpbl NAaLMEHTOB, KaK BO3PACT, MO/, KYPEHWE, Hanuue npesLue-
CTBYIOLLMX MHDAPKTOB MMOKAPAA, NPeabiHPAPKTHOW CTEHOKapAUK U
caxapHoro auabeTta B aHaMHE3E, CTeNeHb apTepPUasbHON TMNEPTOHUM
(AT) Ha MOMEHT NOCTynAeHWs, NepUos BPeMeHW, NPOLUeaLIniA oT
Hayana npuctyna UMnST go penepdysum mrokapaa, NpUMEM aHTMa-
TPEraHTHOM M aHTMKOAryNfsHTHOM Tepanuu Ao rocnutanusaumu. Mpu
CPaBHUTENIbHOM aHa/sM3e MePEeYUCNIEHHbIX [aHHbIX CTAaTUCTUYECKU
3HAUYMMBbIX PA3IMUMI MeXaY rpynnamm BbIABAEHO He bblno (Tabn. 1).

Tabauya 1 PacnpedeneHue nayueHMos 8 ucciedyemblx 2pynnax
no OGHHLIM QHaMHEe3a

data did not reveal statistically significant differences between
the groups (Table 1).

When comparing the distribution of biochemical tests re-
sults, inflammatory markers, ECG and postoperative echocar-
diography data, the main attention was paid to such indicators
as the WBC count, neutrophils, lymphocytes, mean platelet vol-
ume, plasma glucose, mean intraoperative blood clotting time,
left ventricular ejection fraction, local contractility of the left
ventricular walls in the IRA pool after revascularization, the peak
of the ST-segment before revascularization and the ST-segment
elevation before revascularization. There were no significant dif-
ferences in preoperative parameters and the mean blood clotting
time intraoperatively between the study groups. According to
postoperative echocardiography, in Group 2, hypo- and akinesia
were significantly more common while normal motion of the left
ventricular walls in the IRA pool was less common compared to
Group 1; the ejection fraction was insignificantly less in Group 2
patients than in Group 1. The results of the biochemical tests, in-
flammatory markers level, ECG and postoperative echocardiogra-
phy data are presented in Table 2.

When comparing groups by pool and type of IRA lesion,
there were also no statistically significant differences in the stud-
ied groups (Table 3).

Among the angiographic and perioperative parameters,
the cardiac dominance, the damaged segment of the IRA, the

Table 1 Distribution of patients in study groups according to anamnesis

AHanusupyembliit GpakTop IGr:L"p": Ié:z\:l:nza B
Analyzed factor h=50 =50
Bospacr, net 61.0 [56.0; 68.0] 63.0 [57.0; 69.0] >0.05
Age, years
My»<cKoii non 36 (72%) 37 (74%) >0.05*
Male
Bpems «601b-6an110H», Yachl 5.042.7 5.243.1 50.05
"Pain-balloon" time, hours T T ’
Kypetine 18 (36%) 25 (50%) >0.05*
Smoking
MM B aHamHese o o x5k
History of M| 4 (8%) 6 (12%) >0.05
CaxapHbliii anabet o o %
Diabetes mellitus 8 (16%) 6 (12%) >0.05
rlpe,f:l,blHd)a.pKTHaH. CTeHoKapAaus 17 (34%) 20 (40%) 50.05*
Pre-infarction angina
Mpuém aHTarperaHTHOM MOHOTEPaNUn o o *
History of antiplatelet monotherapy 28R B ) >0.05
Mprém ABOMHOM aHTMArperaHTHOM Tepanuu o 0 -
History of dual antiplatelet therapy 4 (8%) 3 (6%) >0.05
[Mp1ém aHTUKOarynsaHTOB o o e
History of anticoagulant therapy i 7(E) >0.05
Het, No 23 (46%) 26 (52%)
Al Ha momeHT
nocTynnexmsa | cTeneHb, 1% degree 13 (26%) 11 (22%)
AH at the time of Il cTeneHb, 2" degree 10 (20%) 8 (16%) >0.05%**
admission
Il cteneHs, 3™ degree 4 (8%) 5 (10%)

NpumeyaHwe: p — CTaTUCTUYECKas 3HAUYMMOCTb Pa3NNUMIA NOKasaTenein mexay rpynnamu (no kputepuio MaHHa-YuTHu); * — no kputepuio Xu-keagpart; ** — no TouHomy

KpuTeputo duwepa; *** — no Kputeputo Xu-kBaapar 419 NPOU3BO/bHbIX TabuL)

Note: p — statistical significance of differences in indicators between groups (according to the Mann-Whitney test); * — according to the Chi-square test; ** — according to

Fisher’s exact test; *** — based on the Chi-square test for arbitrary tables)
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Mpu cpaBHeHWUM pacnpeneneHns BUOXMMUYECKUX NOKasaTenei
KPOBM, MapKEpoB BocnaneHus, AaHHbix K 1 nocneonepaLoHHbIX
3XOKapamorpaduit B uccnesyemont BbIoopKe NaLMEHTOB yAENEHO OC-
HOBHOE BHUMaHWMe TaKMM MOKa3aTenam, Kak KOJIMYeCTBO NeVKOLIMTOB,
HeWTPOPMNO0B, IMMPOLUTOB, CPeLHNI 06bEM TPOMOOLMTOB, I/1H0K03a
NAa3Mbl KPOBM, CpefHee BpeMA CBEPTbIBAHUA KPOBU MHTpaonepaLy-
OHHO, GpaKLMA BbIOPOCA, /IOKA/IbHAA COKPATUMOCTb CTEHOK /1€BOrO
enynouka B bacceiiHe U3A nocne peBackynsapu3aLLm, MUK CErmeH-
Ta ST [0 peBacKyNapM3aLMM U CyMMapHbIi nogbém cermenTa ST Ao
peBackynapu3aumm. CTaTUCTUYECKM 3HAUYUMbIX PasUUA  Mexay
npefonepauyoHHbIMU NOKa3aTeNsMu U CPesHUM BpeMeHeM CBEPTbI-
BaeMOCTH KPOBM MHTPAoMNepaLMoHHO B UCCeAyeMbIX rpynnax BbiAB-
NeHo He 6b11o. Mo AaHHBIM NOCNEeoNepPaLMOHHbIX SXOKapAMOrpamm
B KOHTPO/IbHOW Tpynmne CTaTUCTUYECKM 3HAYMMO Yallle BCTPeyanuchb
TUMO- U aKUHE3UM U PeXke — HOPMOKMHE3NM CTEHOK JIEBOTO MKenya0u-
Ka B bacceliHe M3A, pa3HuLa Bo dpaKuumm BbIbpoca Mexay rpynnamm
pa3nnMyanach Ha ypoBHe TEHAEHLMU K €€ YMEHbLUEHUIO B KOHTPOb-
HOW rpynne.

CBOAHblE pe3ynbTaTbl aHaNM3a BUMOXMMMYECKMX MOKasaTenew,
MapKEPOB BOCManeHus, aaHHbix IKI 1 nocneonepaLMoHHbIX IXOKap-
avorpaduii npeacTassieHbl B Tabn. 2.

Mpw cpaBHEHMM rpynn no 6acceiiHam v TUNy nopaskeHus M3A B
uccnesyembix rpynmnax Takxe He 6bl10 CTaTUCTUYECKM 3HAUYUMbIX Pas-
myuni (tabn. 3).

Cpeau aHrnorpadmyeckmx 1 neprmonepaLyoHHbIX NapaMeTpoB
TaK*Ke OLLEHMBaIUCh TUM KPOBOCHAOXEHNA MUOKapAa, OTAE/ MopakKe-

Tabnuya 2 CpasHeHue bUOXUMUYECKUX NoKazamesel Kposu,

Mapképos socnaneHus, 0aHHbIx IKI U NOCAeoNEePayUOHHbIX IXOKaPAUOPAMM

KOHUEHTpaLms roKo3bl KPOBM B MAa3me, MMO/b/ N
Blood glucose concentration in plasma, mmol/I

Konuuectso neikountos, x10°/n
WBC count, x10%/I

Konuuecrso HelTpodunos, x10°/n
Neutrophil count, x10%/I
Konnuectso numooumtos, x10°/n
Lymphocyte count, x10°/I
CpegHuii 06bem TpomboLmMTOB, N
Mean platelet volume, fl

Muk cermeHTa ST, MM
ST-segment peak, mm

CpefHee aKTMBMPOBAHHOE BPEMA CBEPTbIBAHMA
MHTpPaonepaunoHHo, CeK
Mean activated clotting time intraoperatively, sec

®pakums Bbibpoca no CUmNcoHy, %
Simpson ejection fraction, %
HopmoKkunHes

JloKanbHaA COKPATUMOCTb CTEHOK Normal motion

IeBOro *Kenyao4ka B bacceHe N3A MnoknHes

Local contractility of the left Hypokinesia

ventricular walls in the IRA pool AKUHEs
Akinesia

CymMmMapHbI/ NogbEM cermeHTa ST, Mm
Sum of the ST-segment elevation, mm

MpumeyaHue: p — CTaTUCTUYECKAnA 3HAUYMMOCTb PA3NMUKA NOKa3aTenei Mexay rpynnamu (no Kputeputo MaHHa-YuUTHU; * — no Kputepuio Xu-KBagpat 418 NPOM3BO/bHbIX

Tabnuu)

frequency of multivessel lesions, the preprocedural IRA diame-
ter in the affected area, the lesion length and the balloon expo-
sure length during PCI, the number of predilatations before stent
implantation, the TTG, the IRA branching pattern were also as-
sessed. The two groups differed significantly only in the number
of IRA predilatations, which is understandable, given the differ-
ence in surgical tactics. Detailed data are presented in Table 4.

The study groups also did not significantly differ in the num-
ber of patients with NRP high risk. In Group 1, the number of
patients with NRP high risk was 36% (n=18), in Group 2 — 40%
(n=20), p=0.93. Moreover, the number of patients with devel-
oped NRP was significantly higher in Group 2, p=0.01 (Fig. 2).

Among 18 patients with a high NRP risk in Group1l, all re-
ceived GP lIb/llla inhibitors, in 13 cases thrombus aspiration was
done, in 3 cases balloon angioplasty was performed before stent-
ing.

The number and nature of perioperative complications in the
study groups were also assessed. They were compared in terms of
the incidence of bleeding, coronary artery perforation, dissection
of stented arteries, and worsening of Killip class of acute heart fail-
ure (Table 5). It should be clarified that in all cases bleeding was not
life-threatening, including patients receiving GP Illb/llla inhibitors.
There was also one case of Type Il perforation according to the Ellis
classification with a catheter at the distal segment of the IRA in a
low NRP risk patient of Group 1 (i.e., GP lIb/Illa inhibitors were not

Table 2 Comparison of blood biochemical tests, inflammatory
markers, ECG data and postoperative echocardiograms

| rpynna Il rpynna
Group 1 Group 2 p
n=50 n=50
8.83[7.6;10.3] 7.73[6.9;9.1] >0.05
9.52+2.43 9.83+2.54 >0.05
7.49+2.22 7.11+2.56 >0.05
1.74+0.61 1.72+0.61 >0.05
9.5 [8.6; 10.4] 9.3 [8.1; 10.2] >0.05
0.35 [0,20; 0.47] 0,3 [0.18; 0.39] >0.05
292424 27717 >0.05
4916 42+4 >0.05
7 (14%) 3 (6%)
34 (68%) 26 (52%) =0.01*
9 (18%) 21 (42%)
1.2610.74 1.04£0.79 >0.05

Note: p — statistical significance of the difference in indicators between groups (using the Mann-Whitney test; * — using the Chi-square test for arbitrary tables)
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Tabnuya 3 PacnpedeneHue no bacceliHam u muny nopaxceHus M3A
8 uccnedyembix epynnax

BacceiiH u Tun
nopaxkeHua U3A
IRA pool and type of lesion

n
OKKANto3MA 12
o Occlusion
=
CyboKKkno3uMA 7
% Subocclusion
= Kputnyeckuii cteHos 3
Critical stenosis
OKKAto3UA 10
Occlusion
x
(@}
Cyb0oKKt03UA 6
< Subocclusion
(@]
Kputnueckuin cteHos 1
Critical stenosis
OKKANto3UA 6
< Occlusion
o
= Cy60KKN03MA 3
g Subocclusion
[ o
Kputnueckuii cteHos )

Critical stenosis

Table 3 Distribution by pools and type of IRA lesion in the study groups

| rpynna Il rpynna
Group 1 Group 2
n=50 n=50 P

% n %
24 15 30
14 6 12 >0.05
6 2 4
20 7 14
12 6 12 >0.05
2 2 4
12 7 14
6 5 10 >0.05
4 0 0

Mpumeyanus: p — CTaTUCTMYECKas 3HAYMMOCTb Pa3aIMYMiA MoKasaTenei (No KpuTepuio XM-KBaZpaT AAs NPousBobHbIX Tabauu); MHA — nepeaHas HUCXOAALLAA apTepus,

OA - ornbatoLas aptepus, MKA — npaBas KOpoHapHas apTepus

Notes: p — statistical significance of differences in indicators (according to the Chi-square test for arbitrary tables); LAD — left anterior descending artery, Cx — circumflex

artery, RCA — right coronary artery

HWA N3A, 4acToTa MHOTOCOCYANCTOrO NOPAXKEHWA, UCXOAHbIN AMaMeTp
M3A B 30HE NOPAXKEHMA, MPOTAKEHHOCTb MOPAXKEHMA U BO3AENCTBUSA
6annoHom npu YKB, KonmuecTBO NpeaunaTaLmii nepes UMNAaHTaLm-
ell cteHTa, cteneHb TTG (TIMI thrombus grade), Tun ctpoeHus U3A.
lpynnbl CTaTUCTUYECKM OT/IMYAANCH TONbKO MO KONMYECTBY Npeauna-
Tauuit M3A, 4To IOrMYHO, YYMTbIBAA PA3HULY B XMPYPrUUYECKoM TaKTh-
Ke. MoapobHble faHHble NpeacTaBneHbl B Tab. 4.

Vccnepyemble rpynnbl Tak:Ke CTAaTUCTUYECKU He OT/IMYAIUCh MO
KONMYEeCTBY MaLMeHTOB C BbICOKMM puckom pa3sutua PHKK. B nep-
BOM rpynne KOJMYECTBO MaLMEHTOB C BbICOKUM PUCKOM COCTaBWJIO
36% (n=18), Bo BTOpPOI — 40% (n=20), p =0,93. MpWM 3TOM KOMYECTBO
60nbHbIX ¢ passuBLLMMc PHKK 6b110 3HaUMTENBHO Bbille BO BTOPOiA
rpynne, p=0,01 (puc. 2).

Cpeay 18 naumeHToB € BbICOKMM puckom passuTusa PHKK B nep-
BOIA rpynne scem 6bian BeeaeHbl 610KaTopbl l1b/Illa peuentopos, 8 13

He 6bino ®PHKK without NRP

50
45
40
35
30
25
20

43 (86%)

1s 32 (64%)

10
7 (14%)

| rpynna Group 1

used in this case). The damaged vessel was occluded with a balloon
catheter proximal to the perforation zone under nominal pressure
for 5 minutes; during control angiography, no extravasation of the
contrast agent was observed. There was also a single case of coro-
nary artery dissection during balloon angioplasty of a calcified ath-
erosclerotic plaque in a Group 2 patient. The dissection area was
promptly covered with a stent.

Worsening of Killip class of acute heart failure after revas-
cularization was significantly more common in Group 2 than in
Group 1. In Group 1, it occurred in only one patient with high NRP
risk 10 minutes after implantation of the stent in the IRA. Despite
following the proposed treatment algorithm, control angiography
after PCl revealed TIMI grade |, without signs of thrombosis and
vessel dissection; on the ECG, the ST-segment did not return to

6611 PHKK with NRP

Puc. 2 PacnpedesnieHue nayueHmos ¢ pa3eus-
wumca ®HKK 8 uccnedyemoix epynnax

Fig. 2 Distribution of patients with NRP in the
study groups

18 (36%)

Il rpynna Group 2
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Tabnuya 4 CpasHeHue aHeuo2pagpu4ecKux u nepuonepayuoHHbIX
nokasamenel

PaccbinHoi Tmn U3A
Distributive type of IRA

MHorococyamucToe nopaxeHune
Multivessel lesions

MpoTAXEHHOCTb NopaxeHua N3A, mm
IRA lesion length, mm

WHTaKTHbIM guameTtp U3A, mm
Preprocedural IRA diameter, mm

MpOTAKEHHOCTb BO3AENCTBUA 6aNNOHOM, MM
Balloon exposure length, mm

KonunuecTtBo npegunatauuii
Number of predilatations

MpoKcMManbHbI

Proximal
Otaen nopaxenus U3A CpenHuii
Damaged segment of IRA Middle
[ucTanbHbi
Distal
CreneHb TTG 0-3
TTG grade 4.5
Mpasbli
Right
Tun KpoBOCHAGKeHMUs ﬂegebu‘/‘l

MWUOKapaa Left

Cardiac dominance C6aNaHCMPOBaHHbIiA

Codominance

Table 4 Comparison of angiographic and perioperative parameters

Il rpynna
Group 2 p
n=50
23 (46%) 25 (50%) >0.05*
18 (36%) 16 (32%) >0.05*
15.7+6.8 18.4+9.2 >0.05
3.3[1.8; 4.2] 3.6 [2.1; 4.3] >0.05
20.445.7 25.7+5.8 >0.05
0.1+0.2 1.440.51 =0.001
38 (76%) 33 (66%)
10 (20%) 14 (28%) >0.05**
2 (4%) 3 (6%)
13 (26%) 12 (24%)
>0.05*
37 (74%) 38 (76%)
42 (84%) 40 (80%)
1(2%) 3 (6%) >0.05**
5 (10%) 4 (8%)

MpumeyaHue: p — CTaTUCTUYECKaA 3HAYMMOCTb Pa3NMUMIA NOKasaTenel Mexay rpynnamu (no kputepuo MaHHa-YutHu; * — no kputepuio Xu-ksagpar; ** — no kputepuio

XU-KBaApaT 415 NPOU3BONbHBIX TABAULL)

Note: p — statistical significance of differences in indicators between groups (using the Mann-Whitney test; * — using the Chi-square test; ** — using the Chi-square test for

arbitrary tables)

CNyYasx BblNosHeHa Tpombacnupaums, B 3 — BbiNosHeHa 6annoHHas
aHrMONNaCcTMKa nepes, CTeHTMPOBAHUEM.

TaKKe OLEHMBANUCL KONMYECTBO M XapaKTep nepuonepawy-
OHHbIX OC/IOXKHEHWI B UCCaeayemblx rpynnax. Mx cpaBHWBaiu Mo
YacToTe Pa3BMBLUMXCA KPOBOTEYEHMI, YBEIMYEHUIO K/acca OCTPOM
cepaeyHol HegoctatouHoctu no Killip, yactote nepdopaumm Kopo-
HapHbIX apTePUiA, YacToTe ANCCEKLMM CTEHTUPYEMbIX apTepuii (TabA.
5). Mpu 3TOM cnepyeT YTOUHWUTb, YTO BCE KPOBOTEUEHWUSA HE HOCUIN
JKU3HEYrpOXKatoLWMI XapaKTep, B TOM YUCNE Y TEX NMALLMEHTOB, KOTO-
pbiM BBOAMAMCH BiokaTopsi |lb/llla peuenTtopos. TakKe 6biia ogHa
nepdopaums Il Tuna no knaccudumkaumm Ellis nposogHUKom auctans-
Horo cermeHTa M3A B | rpynne, y nauMeHTa HU3KOTO PUCKA Pa3BUTUA
®HKK (1.e. 610KaTtopsbl llb/Illa B gaHHOM cnyyae He NPUMEHSAIUCD).
MoBpeXAEHHbIM COCyA, OKK/I3MPOBanuM 6aNOHHBIM KaTeTepom
NPOKCMManbHee 30Hbl neppopaumn nos HOMWMHANbHbIM AaBje-
HMEM Ha 5 MUHYT, NPU KOHTPO/IbHOM aHrMorpadum sKcTpasasaumm
KOHTPACTHOTrO BellecTBa He Habaoganock. Takke Obln eaUHUYHBIN
CNyYaii AMCCeKLMM KOPOHapHOM apTepun Bo Bpems 6asIoHHOM aH-
TMONAACTUKM KaNbLMHMPOBAHHOM aTEPOCKNEPOTUYECKON BAALIKKM Y
naLuueHTa BTOPOW rpynnbl. YHacTOK AMCCEKLMM Bbln CBOEBPEMEHHO
NepeKpbIT CTEHTOM.

394

the baseline, and systolic blood pressure began to decrease be-
low 90 mm Hg. The patient required inotropic support, and an
intraoperative decision was made to place an intra-aortic balloon
pump (IABP). After its placement, the patient was transferred
to the intensive care unit. The next day, the patient's condition
stabilized, the ST-segment reached baseline, the IABP was re-
moved, and inotropic support was withdrawn. The patient was
transferred to the ordinary ward on the third day after surgery. In
Group I, the Killip class of acute heart failure worsened in 8 pa-
tients. It is important to note that all eight patients were at high
NRP risk.

Univariate logistic analysis also showed that the use of the
proposed model of NRP prediction and the application of the pro-
posed algorithm for NRP prevention in high-risk patients signifi-
cantly increased the chance of a favorable outcome (OR=3.4; 95%
Cl: 1.2-10.8).

DISCUSSION

The approach to NRP prevention in this work is based on
the pathophysiological links of its development. It is known that
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Tabauya 5 CpasHeHue nepuonepayuoHHbIX 0CA0MHEHUL
8 uccnedyembix epynnax

OcnoKHeHue
Complication

KpoBoTeueHune

Bleeding

YBennyeHune Knacca ocTpon cepAevyHoM HeAO0CTaTOYHOCTH
Worsening of Killip class of acute heart failure
MNepdopauma N3A

IRA perforation

Ounccekuna N3A

IRA dissection

Table 5 Comparison of perioperative complications in the study groups

| rpynna Il rpynna
Group 1 Group 2 p
n=50 n=50
3 (6%) 2 (4%) >0.05
1(2%) 8 (16%) =0.03
1(2%)
1(2%)

MprmeyaHue: p — CTaTUCTUYECKAA 3HAUMMOCTb PA3NNUMIA MEKAY rpynnamm (Mo TouHomy Kputepuio duiepa)
Note: p — statistical significance of differences between groups (according to Fisher’s exact test)

Mccnesyemble rpynnbl CTaTUCTUYECKM 3HAYMMO OT/IMHAAUCH
Mexay cobol No yBeNMYEHUIO Knacca OCTPOW CepaeyHon HepocTa-
TOYHOCTM MOC/Ne PEBACKYNAPU3aLMK. B nepBoii rpynne gaHHoe cobbl-
TVe NPOM30LLO TOMBKO Y OAHOrO NaLMeHTa rpynrbl BbICOKOTO pUcKa
pa3suTna PHKK uepes 10 MMHYT nocsie MMNAAHTaLMK cTeHTa B M3A.
HecmoTpa Ha cnefloBaHUe NPeaNoKEeHHOMY anropuTMy eveHuns, Npu
KOHTpOAbHOM aHrMorpadum nocne YKB BbiseneHa cteneHb TIMI |, 6e3
Npu3HaKoB Tpombo3a M auccekummn cocyaa, Ha KM cermeHT ST He
BO3BpALLANCA K U30AMHUKM, a cucTonnyeckoe ALl HaYano CHUKaTbCA
Huke 90 mm Hg. MauueHTy noHagobmnack MHOTPOMHAA NOAAEPHKKA,
MHTPaOoMNepaLyOoHHO BblfI0 NPUHATO PeLLEHUEe O MOCTaHOBKe BHYTPUA-
opTanbHOro 6anNOHHOIo KOHTPNy/bcaTopa. Mocne ero MNAaHTaLMK
naLmMeHT bbin NepeBeséH B OTAENEHUE PeaHUMALIUM U UHTEHCUBHOW
Tepanuu. Ha cneayowwmin eHb COCTOAHKE NaLMeHTa cTabunnsmposa-
N0Cb, CerMeHT ST LLOCTUT M30IMHWUM, BaNNOHHBIN KOHTPMYbCcATOp bbiN
U3BNEYEH, MHOTPOMHAA NOAAEPHKKA OTMEHEHA, U Ha TPETUit AeHb no-
CNe onepaLmu naumeHT 6bin nepeseaéH B 0bLLyto nanaTy. Bo BTopoit
rpynne y 8 nauWeHTOB YBEMYUACA KNAcC OCTPOI cepaeyHoln Heno-
CTaTOYHOCTU. BasKHO OTMETUTb, YTO BCe 8 NaLMeHToB bblav U3 rpynnbl
BbICOKOIO pucKa pa3sutmna OHKK.

OfHOAKTOPHBIN NIOMUCTUYECKMIA aHAN3 TaKXkKe MoKasan, yTo
NpYMeHEHWe NpPessoKEHHOW MOAeNU ANA NpejcKasaHuA BeposT-
HocTu passutua ®HKK 1 ncnonb3osaHve npeaioKeHHOro anropuT-
Ma npegotepalieHna ®HKK y naumeHToB rpynnbl BbICOKOrO PUCKa
CTATUCTUYECKM 3HAYMMO YBESIMYMBAET LWAHC 6NaronpuATHOrO UCXoAa
(OWW=3,4; 95% AN: 1,2-10,8).

OBCYXXEHUE

Noaxog K npepoTspalLeHnto PHKK B faHHOM paboTe ocHoBaH
Ha Pas3obLeHMN NAaTOPU3MONOTUYECKUX 3BEHBEB €T0 Pas3BUTUA. M3-
BECTHO, YTO BefyLMMKU MEXaHWU3MaMKU BO3HUKHOBEHUA (eHoMeHa
no-reflow saBnsatoTca guctanbHas ambonmsauma MUKpodparmeHTa-
MU Tpomba, dparmeHTaMn U COAEPKUMbIM aTEPOCKIEPOTUYECKOM
ONAWKM M OBCTPYKLMA MWUKPOBACKYAAPHOTO pycna Muokapaa. Mo-
cnefHee ABNAETCA C/OMHbIM CUCTEMHBIM OTBETOM Ha acenTUyecKoe
BOCMa/ieHne BCAEACTBME ULLEMUU CEPAEYHOM MbILLbl, OCHOBHbIMU
naTodK13MONOTMYECKMMI 3BEHBAMM KOTOPOTO ABAAKOTCA CMa3m, OTEK
KanuWANfpHOTO PYCna U BbIXOA, B MEPUKANUANAPHOE MPOCTPAHCTBO
HENTPOdWUIOB, NPOLYLMPYIOLLMX SKCTPALENONAPHbIE NOBYLIKU. Co-
BOKYMHOCTb 3TUX NPOLLECCOB NPUBOAUT K CTA3y KPOBU M XapaKTEpPHOM
ana ®HKK KAMHMKO-UMHCTPYMEHTaNbHOM KapTuHe [7]. KoBapcTBo faH-
HOro NaTTepHa, B TOM YMC/Ie 3aK/I0UAETCA B TOM, YTO €10 NOCNeACTBUA
He BCErAa BUAHbI HA aHTMOrpaduUeckoii KapTuHe u rmbesb Kapamo-
MMOLIMTOB NPOAO/KAETCA NOC/E BU3YaNbHO YCreLHON penepdysuu,

the leading mechanisms for the NRP are distal embolization by
microfragments of a thrombus, fragments and contents of an
atherosclerotic plaque and obstruction of the myocardial mi-
crovascular bed. The latter is a complex systemic response to
aseptic inflammation due to ischemia of the cardiac muscle, the
main pathophysiological links of which are spasm, edema of the
capillary bed, and the release of neutrophils into the pericapil-
lary space, producing extracellular traps. Combining these factors
leads to blood stasis and a typical clinical and instrumental pic-
ture of NRP [7]. The insidiousness of this phenomenon lies in the
fact that its consequences are not always angiographically visible.
The death of cardiomyocytes continues after visually successful
reperfusion, and the lack of ST-segment resolution is explained
by arrhythmias. In this work, when verifying the NRP, the ECG dy-
namics were also taken into account.

Preventive administration of GP IIb/Illa inhibitors and man-
ual thrombus aspiration are not recommended for routine treat-
ment of patients with STEMI. However, in most studies stratifi-
cation risk scales for the NRP development were not applied,
and so far their results remain controversial. A notable example
is the TOTAL study, which was retrospectively analyzed in 2023.
The results of a subanalysis showed that the NRP incidence was
lower in patients in thrombus aspiration group who underwent
PCI with direct stenting of the IRA compared with patients af-
ter predilation with a balloon catheter [8]. At the same time,
the world literature data on the effect of balloon angioplasty
on the NRP risk are surprisingly controversial. In a number of
studies, including two meta-analyses, balloon angioplasty of IRA
is an independent predictor of NRP [9-12]. At the same time,
data from a meta-analysis by Azzalini L et al (2015) indicate that
according to the results of randomized studies, in contrast to
non-randomized ones, there was no significant difference be-
tween the groups with direct stenting and preliminary balloon
angioplasty of the affected artery [11]. In this study, in Group
2, balloon angioplasty was chosen as the method of IRA blood
flow restoration before stenting, as it is the most commonly
used in routine practice.

Limitations of the study. This study was performed in a
small group of patients and in a single center, which is an essen-
tial limitation. It should also be noted that in the study groups
there were no patients with cardiogenic shock, treatment of
which might have different results.
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a OTCYTCTBME pe30/toLmnK cermeHTa ST CNMCbIBAOTCA HA HapyLieHus
putMa. B paHHoii pabote npu BepudmKaumm peHomeHa no-reflow Tak
Ke yunTbiBanncb anHamuka K y naumeHTos.

MNpeseHTBHOE BBeAeHWe baokatopos llb/llla rvkonpoTenHo-
BbIX PeLLenTopoB TPOMBOLMTOB M MaHyanbHas Tpombacnupauus He
peKoMeH0BaHbl K PYyTUHHOMY MCMONb30BaHUIO MPU IeYeHUN Nauy-
eHToB ¢ MMnST. OfHaKo 6ONbLUMHCTBO UCCAEA0BAHWUMI, MOCBALLEHHbIX
M3YYEHWIO AaHHbIX METOA0B, MPOBOAMIOCH Oe3 NCMOIb30BaHUA CTPa-
TUPMKALMOHHDIX LKaN pUCcKoB pa3sutua OHKK, K Tomy e nx pesynb-
TaTbl MO CEN AeHb OCTAKTCA AMUCKYTAabenbHbIMU. APKMM NpYMepom
anaetca uccnegosaHune TOTAL, noasepriueeca peTpocneKkTUBHOMY
aHanmsy B 2023 rogy. Pe3ynbraTtbl cybaHanM3a Nokasanu, 4to BCTpe-
yaemocTb PHKK 6bi1a HUKe Y NaLLMEHTOB rpynmnbl TpoMbacnmpaumm,
noageprwwmxca YKB ¢ npambim cteHTMpoBaHnem U3A, B cpaBHeHWM €
nauyeHTaMmmn nocae npeaunataumm 6annoHHbIM Katetepom [8]. Mpw
5TOM, [laHHble MMPOBOI NUTEPATYPbI O BAUAHUM BANNOHHOW aHTMO-
NAACTUKM Ha BEPOATHOCTb BO3HUKHOBEHUA OHKK otmuatotea mHTe-
pecHbim 0bpasom. B pase uccnefoBaHWin, B TOM YnCe ABYX MeTaa-
Hanusax, 6annoHHas aHruonnactuka U3A ABnsAeTcA He3aBUCUMbIM
npeguktopom ®HKK [9-12]. NMpu 3Tom, AaHHbIE MeTaaHanu3a Azzalini
L et al (2015) roBopAT 0 TOM, YTO MO pe3y/bTaTaM PaHAOMMU3NPOBAH-
HbIX UCCNEeLOBaHWIA, B OTIMYUM OT HE PaHAOMM3UPOBAHHBIX, MEXAY
rpynnamu ¢ NPAMbIM CTEHTUPOBAHWEM U NPeABapUTeIbHON 6annoH-
HOM aHrMONNACTUKOW NOPAKEHHOW apTEPUM 3HAUUTENBHOW Pa3HMULLbI
He 6bin0 [11]. B gaHHOM MCCNea0BaHMM B rpynrne KOHTPOAA METOAOM
BOCCTaHOB/IEHWA KPOBOTOKa B V13A nepes, CTeHTUpOBaHKWeM Bbina Bbi-
6paHa 6anNOHHAA aHTMONNACTUKA, Kak Hanbosnee 4acTo npumeHse-
Mas B PYTUHHOM NpaKTHKe.

OrpaHuyeHna uccnepoBaHua. [JaHHoe uccnegoBaHue Bbinoa-
HEHO Ha Manoi rpynne NauWeHToB U B OAHOM LIEHTPe, 4TO ABNAETCA
BaXKHbIM OrpaHuyeHnem. Tak e cneflyeT OTMETUTb OTCYTCTBUE B UC-
cneflyeMblX rpynnax nauyeHToB € UCTUHHBIM KapAMOreHHbIM LLIOKOM,
Y A@HHOW rpynnbl NALMEHTOB Pe3y/bTaTbl IEYEHUA MOTYT OTAUYATHCA.

3AKNIOMEHUE

Mcnonb3oBaHWe NpeaioKeHHOro anropuTmMa npesoTBpaLleHns
®HKK nosbiwaeT apdeKTMBHOCTb NeveHns nauueHTos ¢ UMnST. Mpe-
BEeHTMBHOE BBeaeHMe 6aokaTopos lIb/llla rnKkonpoTenHOBbIX peLen-
TOPOB TPOMOOLMTOB, MaHya ibHas TpombacnmpaLms ¢ Nepexosom K
npaMomy cTeHTUpoBaHuto U3A nokasano csoto 3GGpeKT1BHOCTL 1 Hes-
OMacHOCTb NPU CTPATUOMKALMOHHOM MOAXOAE K BbIOOPY BObHBIX.

CONCLUSION

The use of the proposed algorithm for NRP prevention in-
creases the effectiveness of treatment of patients with STEMI.
Preventive administration of GP IIb/Illa inhibitors, manual throm-
bus aspiration with subsequent direct stenting of the IRA showed
its effectiveness and safety in a stratified approach to patient se-
lection.
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INTPOTHO3MPOBAHME ITEPCUCTUPYIOIIEI'O ITEPUTOHUTA B
ITOCAEOIIEPALIMOHHOM ITEPMOAE

A.A. ABAYAAO30AA!, A.P. CAPAEB?, IILK. HA3APOB?, C.I. AAV-3A/E

1 Kadeapa obrmeit xuyprum N 2, TaaKUKCKIUIT TOCYAaPCTBEHHBIN MEAVIIMHCKUI yHIBepcuTeT uM. AGyaan nouu Cuno, Aymante, Pecriy6anka Tagxnukucran

2 Kadeapa xupyprugecknx 6oaesneit No 1 um. akagemuka K.M. Kypbonosa, TaagXXMKCKMii roCyAapCTBEHHBIN MeAMIIMHCKIUI yHuBepcuTeT uM. Abyaan noHM
Cuno, Aymanbe, Pecriybanka Taaxuxucran

Llenb: yny4lumTb pesynbTaTbl IeYeHUs NAaLUEHTOB C PAcNpPOCTPAHEHHBIM NEPUTOHUTOM Ha OCHOBE ONMTHMAJIbHOTO NMPOrHO3MPOBAHKA NPOrpeccupoBa-
HWA NEPCUCTUPYIOLLEro NePUTOHWTA B MOCNEONEPALMOHHOM Neproae.

Martepuan u metoapl: B McCieoBaHUE BKIOYEHbI 75 6ONbHBIX C PacnpOCTPaHEHHBIM NEPUTOHUTOM, KOTOpble BblNK pasaeneHbl Ha 2 rpynnbl B 3a-
BUCMMOCTU OT NPOTPECCUPOBAHUA UN OTCYTCTBUA NEPCUCTUPYIOLLETO NEPUTOHMTA MOCE OnepaLm U HeobXoAMMOCTM NOBTOPHOTO XMPYPrUYECKOro
BMeLLaTebcTBa. Mcnonb3oBanvch Npes- v MHTPaonepaLuyoHHble MHCTPYMEHTAJIbHbIE U KIIMHUKO-1abopaTopHble NpeaMKTOpbl NPOrpeccMpoBaHus
NepuTOHUTA.

Pesynbratbl: npegonepauyoHHoe KT-3HaueHne cBOBOAHOM KMAKOCTU BPIOLLIHOM NONOCTH MO LWKane XayHcdunaa, usmepsaemoe B efnHULax XayHc-
dunga (EX), 6b110 3HAUMTENbHO Bbille B OCHOBHOM rpynne nauueHToB, YemM B KOHTPOsIbHOM (28,35 EX npotvs 18,3 EX; p<0,001). bannbl no wkane
MaHreiiMmcKoro nHaekca neputoHuta (MWUM) 6biav 3HaUUTENbHO Bbille B OCHOBHOW rpynmne, Hexenu B KOHTponbHOW (25 npoTus 16; p<0,001). 3Have-
Husa npecencuHa (MCN), npokanbuuToHuHa (MKT) n C-peakTnsHoro 6enka (CPB) B ocHosHOM rpynne 6biam 1149,1 (153,7-2591) nr/mn, 12,7815 (4,286-
22,557) ur/mn v 232,5 (162,2-312,4) mr/n, a B KoHTponbHo rpynne —410,3 (56,1-980,9) nr/mn, 3,087 (0,995-13,399) Hr/mn 1 120,8 (25,7-280) mr/n
cooTBeTcTBeHHO (p<0,001).

3ak/toueHmne: npegsaraemas METOAVKA NPOrHO3MPOBaHMA NPOrPecCUPOBaHNUA NPOAOKAIOLLErOCA NEPUTOHUTA HAa OCHOBaHUM Nokasateneit MUM un
KoapduumeHTa abcopbummn cBobOAHOMN KMAKOCTU BptolHOM nonocTn npu KT B Komnaekce ¢ 6uomapképamum socnanenus MCM, MKT, CPE no3sonsert
NPaKTUYECKMM XMPYpram pacrnosHaTb NepcUCTUPYIOLWMIA NEPUTOHUT, BbiTb TOTOBBIMM K YXYALWEHWIO COCTOAHUA NaLWMEHTOB NPW NPOrpeccupoBaHnm
NepCUCTUPYHOLLErO NEPUTOHWUTA U CBOEBPEMEHHO BbINONHUTL 3,EKBATHOE XMPYPrUYEecKoe BMELLATENbCTBO.

KntoueBble cnoBa: nepcucmupyrowuli nepumoHum, mpemu4Hslli nepumoHum, eouHUYa XayHcgunboa, MapKépel 80CManeHUS.

Ona yntuposaHuua: Abaynnosoaa [A, Capaes AP, Hazapos LUK, Ann-3age CrT. MporHo3nposaHve NepcucTMpyoLLero NepuToHnTa B NocseonepaLyoHHOM
nepvoge. BecmHuk AsuyerHsl. 2024;26(3):399-406. https://doi.org/10.25005/2074-0581-2024-26-3-399-406

PREDICTION OF PERSISTENT PERITONITIS IN THE POSTOPERATIVE PERIOD

J.A. ABDULLOZODA!, A.R. SARAEV? SH.K. NAZAROV?, S.G. ALI-ZADE?

1 Department of General Surgery Ne 2, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan
2 Department of Surgical Diseases No 1 named after Academician K.M. Kurbonov, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

Objective: Improve the treatment results of patients with diffuse peritonitis by accurately predicting the progression of persistent peritonitis to septic
shock in the postoperative period.

Methods: The study involved 75 patients with diffuse peritonitis. These patients were split into two groups based on whether their peritonitis persisted
after surgery and if they needed further surgery. The study used pre- and intraoperative clinical and laboratory predictors to determine the progression
of peritonitis to septic shock.

Results: The preoperative CT attenuation coefficient of intraperitoneal fluid, measured in Hounsfield units (HU), was significantly higher in the study
group compared to the control group (28.35 HU vs. 18.3 HU; p<0.001). The scores on the Mannheim Peritonitis Index (MPI) were also significantly
higher in the study group compared to the control group (25 versus 16; p<0.001). Additionally, the levels of presepsin (PSEP), procalcitonin (PCT), and
C-reactive protein (CRP) were higher in the study group compared to the control group (p<0.001): 1149.1 (153.7-2591) pg/ml, 12.7815 (4.286-22.557)
ng/ml, and 232.5 (162.2-312.4) mg/I in the study group, and 410.3 (56.1-980.9) pg/ml, 3.087 (0.995-13.399) ng/ml, and 120.8 (25.7-280) mg/I in the
control group, respectively.

Conclusion: The proposed method for predicting the progression of peritonitis to septic shock is based on the MPI score and the CT attenuation
coefficient of intraperitoneal fluid, in combination with biomarkers of inflammation such as PSEP, PCT, and CRP. This method allows practical surgeons
to recognize persistent peritonitis, be prepared for the deterioration of a patient's condition with the progression of persistent peritonitis to septic
shock, and perform a timely and appropriate surgical intervention.

Keywords: Persistent peritonitis, tertiary peritonitis, Hounsfield unit, inflammatory markers.

For citation: Abdullozoda JA, Saraev AR, Nazarov ShK, Ali-Zade SG. Prognozirovanie persistiruyushchego peritonita v posleoperatsionnom periode [Prediction
of persistent peritonitis in the postoperative period]. Vestnik Avitsenny [Avicenna Bulletin]. 2024;26(3):399-406. https://doi.org/10.25005/2074-0581-2024-26-3-
399-406
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BBEAEHUE

MocneonepaunoHHbI NEPUTOHUT, NO-NPEXHEMY, OCTAETCA 0Of-
HOM 13 Hambonee YacTbIX NPUYMH NETANbHOCTM Nocie abaoMUHaNb-
HbIX onepaumii. Hanbonee Takénoe TeyeHe NPUHUMAET NEPUTOHUT,
NporpeccupytoLmii Nocae onepaLmMm no NoBoAy BTOPMYHOMO Pacnpo-
CTPaHEHHOTO NEPUTOHWTA, KOTOPbIM NO CYTW ABAAETCA PeLManBUpYIo-
e BHYTPUOPIOLWHON MHbEKLMeN, 0OblYHO NposBAAtOLLECa yepes
48 yacos. MaToreHe3 AaHHOTO COCTOAHMA BECbMA CNOXEH W TECHO
CBA3aH C apPeaKTMBHOCTbIO OpraHM3mMa W CTpeMIeHWeM OpHOWMHBbI
aKTMBMPOBATb MMMYHOOTMYeckMe npoueccl [1, 2]. TpaguLuMoHHO
TaKMe MePUTOHUTLI Ha3bIBAKTCA «TPETUYHBIMMY, XOTA, GaKTUYECKH,
OHM ABNAOTCA NPOAO/IKEHNEM BTOPUYHBIX, PEXKe NepPBUYHbIX Nepu-
TOHMTOB. YalLe OHM Pa3BMBALOTCA Y HO/bHBIX C CONYTCTBYOLWMMMU daK-
TOPamMu PUCKa C NPUCOEAUHEHUEM CUHAPOMA NONMOPraHHON Heao-
CTaTOYHOCTM U cencuca [3, 4]. Kackag mynbTropraHHoin AnchyHKLMM
npv NPOrPECcCUpPOBaHNUM MEPCUCTUPYIOLLETO NEPUTOHWUTA MOBbILLAET
netanbHocTb Ao 30-64%, nenas 3Ty npobnemy akTyanbHon [5, 6].
MMKPOBHbIV Ner3ax Npy NPorpeccupytoLlem NepuToHnTe YacTo oT-
Nnyaetca oT Habaogaemoro npu apyrnx Gopmax neputoHmToB. Kpo-
Me TOrO, CYLLEeCTBYET BbICOKaA pacnpoCTPaHEHHOCTb BO3byanTeNEN ¢
MHOeCTBEHHOW aHTMBUOTMKOPE3UCTEHTHOCTBIO, U CBOEBPEMEHHOE
N afIeKBAaTHOE /IeYeHUe 3aBUCUT OT PaHHEMN AMArHOCTUKM, KOTOPYHo
MOXXHO 06/1eTY1Tb, ONMPAACL Ha KIMHUKO-NabopaTopHble NoKasaTte-
NN, UMEIOLLIME [OCTAaTOUHYH MPOTHOCTUYECKYHO LIEHHOCTb [7, 8].

PaHHAA AMarHOCTMKa M CBOEBPEMEHHOE HAYaN0 aLEKBATHOM
MHTEHCMBHOM TEPanuu ABNAIOTCA KPaeyro/ibHbIM KaMHEM YCMeLwHoro
NeyeHns faHHOW KaTeropmm 60nbHbIX [5, 6, 9]. KomnbloTepHas Tomo-
rpadusa (KT) no3sonseT BbIABUTb NEPUTOHUT C YyBCTBUTENbHOCTBIO OT
73 oo 100% u cneumduruHOCTbIO, Bapbupytowei ot 61 o 100% [10-
12]. OgHako npeacKasaTb NOCNEeOnepaLyoHHOE NPOrpeccMpoBaHmne
NePCUCTUPYIOLLETO MEPUTOHUTA OCTAETCA CNOXKHOM 3adayelrt U npu
npumeHeHnmn KT. He3aBncMMO OT onbiTa MK CTaxa paboTbl XMpypra,
BEPOATHOCTb YCTAHOB/EHWA NPU GpU3MKaNbHOM 06Cnes0BaHNMM 6onb-
HOTO NPOLO/KAOLWMIACA NEPUTOHUT Ha pOHE NPOBOAMMON CUMMTO-
MaTWUYECKOM M NAaTOreHETUYECKON TePanUM HU3KasA, BBUAY OTCYTCTBUA
YETKMX M OOBEKTUBHDBIX KaK MPOrHOCTUYECKMX, TaK U AUArHOCTUYECKUX
Kputepues [6].

LLENb UCCNEQOBAHUA

YAYYIWNTL pe3ynbTaThl IeYeHUA NaLMeHTOB C PacnpOCTPaHEH-
HbIM NEPUTOHUTOM Ha OCHOBE ONTUMasIbHOrO NPOrHO3MPOBAHMA NPO-
rPeCcCMpPOBaHMA NEPCUCTUPYIOLLETO NEPUTOHUTA B NOCAEONEePaLMOH-
HOM nepuoge.

MATEPUAN U METOAbI

B xoze uccnenoBaHuA Gbiin M3ydeHbl Uctopum bonesHein 75
NaLMEHTOB C OCTPbIMU XMPYPrUYECKUMM NATONOTUAMM OpPraHoB abao-
MMWHaNbHOM NMONOCTU, KOTOPbIE CONPOBOXKAANINCH Pa3BUTMEM PaCMpo-
CTPaHEHHOTO NepuUTOHMTA. Bee naumeHTbl 6biaM NpoonepupoBaHbl B
9KCTPEHHOM MOpAZKe B XMpyprudeckux otaeneHuax LieHTpa ckopoit
MeAMLUMHCKOW nomolm . fywanbe B nepuog ¢ saHeapsa 2014 r. no
Mapt 2022 .

Mccnepyemble 6onbHble Bblnn pacnpeseneHbl Ha 2 rpynnbl. B
nepsyto rpynmny (0CHOBHyt0) BowwAK 38 6O/IbHbIX C MOSABIEHMEM B MNO-
cNneonepaLyoHHOM Nepuoae NPU3HAK0B NMPOLO/KAOLLEroca NepuTo-
HUTa (MMeHyeMbli KaK NepCcUCTUPYHIOLLMIA, apeaKTUBHbIN), YTO noTpe-
608Bano NpoBeseHNA NOBTOPHOW onepaLmun. B KOHTpoAbHYtO rpynny
Ob1nM BK/tOYEHbI 37 NALMEHTOB, Y KOTOPbIX HE OTMEYaNoch PasBUTUA
OC/IOXKHEeHUI B NOC/1eonepaLyoHHOM Nepuose U He BO3HWKANO0 Heob-
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INTRODUCTION

Postoperative peritonitis remains a significant contributor to
post-surgical mortality. The most severe form is peritonitis, which
progresses after surgery for diffuse peritonitis. This typically oc-
curs as a recurrent intra-abdominal infection about 48 hours after
the initial surgery. The disease development involves a complex
interplay between the host's weakened defense mechanisms and
the peritoneum'’s efforts to initiate immune responses [1, 2]. This
particular type of peritonitis is commonly known as "tertiary"
peritonitis, although it essentially represents a continuation of
secondary peritonitis and, to a lesser extent, primary peritonitis.
It more commonly occurs in patients with additional risk factors
and can lead to multiple organ failure syndrome and sepsis [3, 4].
The cascade of multiorgan dysfunction during persistent perito-
nitis increases mortality to 30-64%, making it an urgent medical
concern [5, 6]. The microbial profile in progressive peritonitis of-
ten differs from that seen in other types of peritonitis. Moreover,
multidrug-resistant pathogens are highly prevalent, and early di-
agnosis, which can be aided by clinical and laboratory indicators
with sufficient predictive value, is crucial for timely and effective
treatment [7, 8].

Early diagnosis and prompt initiation of appropriate inten-
sive therapy are fundamental for successfully treating this pa-
tient category [5, 6, 9]. Computed tomography (CT) can detect
peritonitis with sensitivity ranging from 73% to 100% and spec-
ificity ranging from 61% to 100% [10-12]. However, predicting
the postoperative progression of persistent peritonitis to septic
shock remains challenging even with the use of CT. Irrespective
of the surgeon's experience, the likelihood of identifying per-
sistent peritonitis during a physical examination of the patient
amid ongoing symptomatic and pathogenetic therapy is low due
to the lack of clear and objective prognostic and diagnostic cri-
teria [6].

PURPOSE OF THE STUDY

Improve the treatment outcomes for patients with diffuse
peritonitis by accurately predicting the progression of persistent
peritonitis to septic shock in the postoperative period.

METHODS

The research analyzed the medical records of 75 patients
with acute surgical pathology leading to diffuse peritonitis. These
patients underwent emergency surgery at the surgical depart-
ments of the Emergency Clinical Hospital, Dushanbe, Republic of
Tajikistan, between January 2014 and March 2022.

The patients were split into two groups. The study group
comprised 38 patients who showed signs of persistent peritonitis
after the initial surgery, requiring reoperation. This type of peri-
tonitis is referred to as refractory peritonitis. The control group
included 37 patients without complications after the initial sur-
gery and did not require reoperation. The study compared clinical
outcomes between these groups.

The preoperative clinical predictors included gender, age,
and body mass index. Intraoperative predictors included the sur-
gery method (laparoscopic or open), duration of surgery, and MPI
scores. Predictors after the first surgery included CT scan results,
vital signs (systolic blood pressure, body temperature >38°C), and
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XOAMMOCTM B NPOBEAEHWM NOBTOPHOM onepaumu. bbino nposeaeHo
CpaBHEHMWe KNMHWUYECKMX Pe3yNbTaToB B rpynmnax.

MpenonepaunoHHble KAMHUYECKUE NPEAUKTOPbl  BKAOYANU
noA, BO3pacT, MHAEKC Macchl Tena. MHTpaonepaLyoHHble NpesuKTo-
pbl BK/IKOYA/IN N1aNapOCKONUYECKUIA MeToZ, BMELLATeNbCTBa, AUTeNb-
HOCTb onepaumu, 6annsl no MUM. MpeankTopamu nocae NepsuYHOrO
XUPYPru4eckoro BMeLlaTensctsa bbian AaHHble KT, du3mKanbHble
roKasaTenu (cuctonnyeckoe aptepuanbHoe aasneHue <100 mm Hg,
Temnepatypa Tena 238°C) u nabopaTopHble AaHHbIE, BKAOYANA KOMM-
4eCTBO /IEMKOLMTOB, B TOM Yncne HeUTpodunos 1 AMMOLUTOB ANA
noAcYéTa MHAEKCA UX COOTHOLUEHWSA, reMorobuHa, TPomMboLWTOB,
anbbyMuHa, BUNMpPYBbUHa, KPeaTUHWMHA a TaKKe YpOBEeHb MapKEPOB
socnanenua — INCI1, MKT n CPB.

PeHTreHonornyeckme npusHakM He MOIM [OCTOBEPHO CBW-
[leTenbCTBOBaTh O NPOAOMKAOLWEMCA NEPUTOHWUTE, NOTOMY OHU He
YYMTbIBANNCL B KayecTBe NPeAMKTOPOB AaHHOM natonoruu. Ha KT
Ba)KHOM NepemeHHOW onpefeneHa cpeaHas MNornolatenbHas cno-
cobHOCTb (KoapduumeHT abcopbumm) cBobOLHOW NepuTOHeanbHOM
YKUZKOCTM, KOTOPYIO Bblpakanu B EX M paccunTbiBaNM No COOTBETCTBY-
tOLLeN LWKane.

Kputepuem BKAoueHWA B uccnegyemyro rpynny 6bina octpas
XVpypruyeckas naTonorna opraHoB OPIOLWHOWM NONOCTU, OCNOMKHMB-
LIAACA PacnpoCTpaHEHHbIM NepUTOHUTOM. lMaLueHTbl ¢ pacnpocTpa-
HEHHbIM NEPUTOHUTOM Ha (OHEe 3/10Ka4YeCTBEHHbIX HOBOOOpPa3oBa-
HW, C acLLUTOM B aHaMHe3e, bblM UCKOYeHbI U3 UcceaoBaHus. Bee
NaLUWeHTbl, BK/IOYEHHbIE B MUCCAeA0BaHWe Aanu CBOE MHOOpPMMPO-
BaHHOe 106poBONbHOE corlacue Ha 06paboTKy CBOUX MEPCOHABHBIX
[aHHBbIX.

CTaTMCTUYECKMIA aHaAM3 NPOBOAMACA C UCMO/b30BaHWEM NPO-
rpammbil Statistica, Bepcua 10.0 (StatSoft Inc., USA). KnmHuko-nabopa-
TOPHbIE U PAAMONOrUYECKME NapaMeTPbl CPAaBHUBAIUCL B OCHOBHOM
N KOHTpOAbHOWM rpynnax. U-kpuTepuii MaHHa-YWUTHU ncnonb3osanca
[ONA M3YYEeHWUs PasnnumMii B HenpepbiBHbIX AaHHbIX. TOUHbIN KpuTe-
puit dullepa UAU KpUTEpUiA X* UCMOb30BANWCh A1A CPAaBHEHWA Ka-
TErOpUMHBIX AAHHbIX MEXAY rpynnamu, 3HadeHue p<0,05 cumTanocb
CTaTUCTUYECKM 3HAYMMBbIM. [10 pesynbTaTam CTaTUCTUYECKOrOo aHau3a
BbIAB/IEHbI HE3aBUCUMMbIE MPEAUKTOPbI MPOrPeCCUPYHOLLEro NepuTo-
HUTa, TPebYHOLLEro NOBTOPHOMO BMeLLATE/bCTBa.

PE3Y/bTATDI

KnnHuyeckme 1 nabopatopHble XapaKTepucTuky 60/bHbIX 0be-
UX Tpynn npueeseHbl B Tabn. 1.

BblGpaHHble NepemeHHble A1 MHOrOpaKTOPHOro aHannsa, oc-
HOBbIBaACb Ha p-3Ha4YeHun meHbwe 0,001 B U-tecte MaHHa-YWUTHM,
6blM cneayoWmMmm:

e Bannbl no MUN

e KoaddpuumeHT abcopbLmmn NepUTOHeaIbHOM KMUAKOCTU Ha

KT
e [ICN
e KT
e CPB

CyLLecTBEeHHbIX Pa3NnymMii B XapaKTePUCTMKAX MaLMEHTOB MU
dU3MKaNbHbIX NOKa3aTeNsX B rpynnax BbiABAEHO He bbio. Mpeaone-
paunoHHoe KT-3HayeHWe cBOOOAHOW KMAKOCTU BPIOLWHONM NoNoCTU
no LWKane XayHcodunga 66110 3HaUMTENbHO Bbille B OCHOBHO rpynne
NaLMeHTOB, Yem B KOHTPO/bHO (28,35 EX npotme 18,3 EX; p<0,001).

Cpeay MHTPaoNepaLMOHHbIX AaHHbIX Hanbosee 3HAYMMbIMM
cyuTanucb bannbHble oueHKM no wkane MUM. JaHHble nokasaTtenm
0Ka3aNnCb CTaTUCTUYECKM 3HAYMMO BbILLIE B OCHOBHOW rpynne nauu-
eHTOoB (25 6aN/10B) OTHOCUTEIbHO KOHTPO/IbHOW (16 6annos; p<0,001).

various laboratory data such as leukocyte count, neutrophil and
lymphocyte count for ratio index calculation, hemoglobin level,
platelet count, albumin level, bilirubin level, creatinine level, and
inflammatory markers such as PSEP, PCT, and CRP.

The X-ray signs were unreliable indicators of persistent peri-
tonitis, so they were not considered predictors of this condition.
Instead, for the study, an important variable was identified on CT
scans based on the average CT attenuation coefficient of intra-
peritoneal fluid, expressed in Hounsfield units (HU) and calculat-
ed on the appropriate scale.

Patients with diffuse peritonitis associated with malignant
neoplasms and a history of ascites were excluded from the study,
and only patients with acute surgical pathology leading to diffuse
peritonitis were included. All included patients provided their in-
formed, voluntary consent for processing their personal data.

The statistical calculations were done in Statistica version 10
(StatSoft Inc., USA). Clinical, laboratory, and imaging study results
were compared between the study and control groups. Contin-
uous variables were compared using the Mann-Whitney U test,
while Fisher's exact test or the x? test was used to compare cate-
gorical data between groups. A p-value of less than 0.05 was con-
sidered statistically significant. Based on the statistical analysis re-
sults, independent predictors of progressive peritonitis requiring
repeated intervention were identified.

RESULTS

The clinical and laboratory characteristics of patients in both
groups are shown in Table 1.

The variables selected for multivariate analysis, based on a
p-value less than 0.001 in the Mann-Whitney U test, were:

e MPIscore
e (T attenuation coefficient of intraperitoneal fluid

¢  PSEP
e PCT
« SRP

The groups had no significant differences in patient charac-
teristics or physical findings. According to the Hounsfield scale,
the preoperative CT attenuation coefficient of intraperitoneal flu-
id was significantly higher in the study group of patients than in
the control group (28.35 versus 18.3; p<0.001).

Based on the intraoperative data, the MPI score was found
to be significantly higher in the study group of patients (with a
score of 25) compared to the control group (with a score of 16;
p<0.001). These differences were considered to be statistically
significant.

In the study group, PSEP, PCT, and CRP values were 1149.1
pg/ml, 12.7815 ng/ml (4.286-22.557), and 232.5 mg/I, respec-
tively. In the control group, the values were 410.3 pg/ml (56.1-
980.9), 3.087 ng/ml (0.995-13.399), and 120.8 mg/| (25.7-280),
respectively (p<0.001).

The findings from the regression analysis revealed that the
MPI score during surgery, the CT attenuation coefficient of intra-
peritoneal fluid, and the values of PSEP, PCT, and CRP all play a
significant role in predicting the progression of persistent perito-
nitis that requires repeated sanitation of the abdominal cavity.
The predictive model demonstrated high forecast quality with a
sensitivity of 0.9733, assessed based on the ROC curve and AUC,
as shown in Fig.
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Tabnuya 1 CpasHeHue nokazamerneli 8 2pynnax Table 1 The clinical and laboratory characteristics in groups

Bospacr, net 67.5 (18-78) 65 (28-74) >0.05
Age, years
MHaekc maccbl Tena, Kr/m?
Body mass index, ke/m? 22.7 (15.8-32.4) 22.7 (15.9-32.4) >0.05
TemnepaTypa Tena >38°C o o %
Body temperature >38°C 8 (21.1%) 6 (16.2%) >0.05
NeitkounTsl, x10°/n
WEC count, x10%/ 15.8 (8.2-29.1) 12.7 (7.4-19.1) <0.01
JiumdounTbl, x10°/n
Lymphocyte count, x10°/1 1.55 (0.7-3.2) 7(1.1-3.1) >0.05
femornobuH, r/n

120 (85-140) 125 (89-140) >0.05
Hemoglobin, g/l
AnbGymnH, r/n 34.5 (21-50) 37 (18-49) >0.05
Albumin, g/I ) ’
KpeaTuun, Mkmonb/n 60 (27-250) 47 (27-460) >0.05
Creatinine, umol/I
KoaddurumeHT abcopbumm
nepuTOHeasbHOM XMUAKOCTM Ha KT, EX 28.35(17.2-36.5) 18.3 (10.5-38.3) <0.001

CT attenuation coefficient of intraperitoneal fluid, HU

[OnutenbHOCTb onepauum, MUH

Operation duration, min 100 (60-290) 85 (50-155) <0.05
MKT, Hr/mn 12.7815 3.087 <0.001
Procalcitonin (PCT), ng/ml (4.286-22.557) (0.995-13.399) ’

MpumeyaHua: KaTeropuanbHbie nepemeHHble BbIPaXKeHbl B MPOLEHTaX, KONMYECTBEHHbIE NepPeMeHHbIe BbipaxeHbl B BUAE meauaHbl (MuH-makc). CAL — cuctonuyeckoe
apTepuanbHoe aasneHue; CH/1— cooTHoLeHne HeUTPOdUAOB K IMMbOLMTAM; p — CTaTUCTUYECKAs 3HAYMMOCTb Pa3anUMA NoKasaTenen mexay rpynnamu (no U-kputepuio
MaHHa-YuTHu, * — no Kputepuio X, ** — ¢ nonpaskoii Metca)

Notes: Categorical variables are expressed as percentages, and quantitative variables as median (min-max). SBP — systolic blood pressure; NLR — neutrophil to lymphocyte
ratio; p — statistical significance of the difference in indicators between groups (according to the Mann-Whitney U test, * —according to the x? test, ** — with Yates' correction)

Yto Kacaetca 1abopaTopHbIX NepemeHHbIX, To 3HadeHua MCH, Despite the relatively high regression coefficient for MPI and
NKT 1 CPB B ocHOBHoOM rpynne 6binn cootetcTBeHHo 1149,1 (153,7-  PCT, as shown in Table 2, practical experience indicates that using
2591) nr/mn, 12,7815 (4,286-22,557) Hr/mn u 232,5 (162,2-312,4)  a comprehensive collection of predictors is still preferable, which
Mr/n, a B KOHTPOAbHOIA rpynne 410,3 (56,1-980,9) nr/mn, 3,087 (0,995-  is not complex to gather when predicting persistent peritonitis.
13,399) Hr/mn u 120,8 (25,7-280) mr/n cooTtseTcTBeHHO (p<0,001).
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Puc. Mnowads nod ROC-kpusol (AUC) 0513 komnsnekca npedukmopos
Npo2peccupo8aHUA NepCUCMUPYUE20 NEpUMOHUMA

Fig. The Receiver Operating Characteristic (ROC) curve for the logistic
regression model

Pe3ynbtaThl perpeccMoHHOrO aHanu3a MoKasaau, YTo MHAEKC
MW Bo Bpems onepauum u KoadpuumeHT abcopbumm neputoHeanb-
HOM uakoctv Ha KT (EX) a Takke 3HauyeHua MCM, MKT, CPB asastoTcs
3HAYMMbIMM MPESMKTOPaMU NPOrpeccMpoBaHMA NEPCUCTUPYIOLLErO
NepUTOHMTa, TpebytoLero NOBTOPHOW CaHaLMKU BGPIOLIHOM NONOCTY.
Mnowaab nog ROC-kpmeoit (AUC) ana KoMNaeKca NpeamKTopos Co-
ctasun 0,9733 (puc.), YTO rOBOPUT O BLICOKOM KauyecTse NPOorHosa.

XoTa KO3hPULMEHT perpeccum JOCTaToYHO BbICOK M y MU
1 MKT (Tabn. 2), npakT1Ka NOKa3ana, YTo KOMMAEKCHbIN YYET NpeamK-
TOPOB, cHOP KOTOPbIX HE NPesCcTaBAAET TPYAHOCTEN, BCE e Npeanoy-
TUTE/IbHee NPK NPOrHO3MPOBAHWMM NMPOAOIKAIOLLLErOCA NEPUTOHUTA.

OBCYXOEHUE

Knaccudmkaumsa neputoHUTOB, NMpy KOTOPOM Bblaensetca OT-
[leNbHaA KaTeropmusa «TPETUYHbIX» NMEePUTOHUTOB, Ha Hall B34, Bbl-
3bIBAET AWCKYCCUU. [laHHble NEePUTOHUTBI, aHANOTUYHO APYTMM Mo-
CNeonepaLyoHHbIM, B HONBLUMHCTBE Cy4aeB CAeayeT NPUYUCAATL K
«BTOPUYHBIMY, @ UHOTAA U K NEPBUYHBIMY. YUNUTbIBASA TO, YTO 3TU CO-
CTOAHUA XapaKTEPU3YIOTCA 3HAUYUTENbHBIM OClabNeHNEM 3aLLUTHBIX
MEXaHW3MOB OPraH13Ma NPOTUB UHPEKLUU U OrPaHUYEHHBIMU K-
HWYECKMMM CUMMNTOMaMM MOC/Ee XMPYPrMYecKoro BMeLLaTenbCTBa Mo
NoBOZY PAcnpOCTPaHEHHOrO NEPUTOHUTA, NPELCTABAAETCA IOTMYHbBIM
0603HayaTb TakMe CIy4an Kak «apeakTvBHbIE NEPCUCTUPYIOLLMEY NN
«MpOrpeccupyoLLme NpoaoNKatoLLMecs». B 3aBUCMMOCTM OT Nepso-
NPUYMHBI, UX CNeflyeT OTHOCWTb K KaTeropum «nepBuYHbIX» UK «BTO-
PUYHBIX» NepuToHnTOoB [13].

Mo pesynbTaTaM HalWX MCCNefOBaHWI BbiABNEHbl Hanbonee
3HauYMMble MPEAMKTOPbI NMPOAO/KAIOLLEroca NEpPUTOHUTA, Tpebyto-
LLLero NOBTOPHOTO OMEPATUBHOTO BMeLuaTesnbeTea: 6annbl no MU,
KoadpduumMeHT abcopbummn neputoHeanbHom Kuakoctm Ha KT (EX),
MCN, MNKT, CPb. B Hawem uccnepgoaHumn AUC gaHHOrO Komnsekca
npeamkTopos coctasuna 0,9733, 4To YKa3bIBAET Ha TOYHbIM NPOrHO3
NporpeccMpoBaHmnA NPOAOKAIOLLEroCA NePUTOHNTA.

VIHTOKCMKaLMA Npu pacnpoCcTpaHEHHOM NepUTOHWTE, Kak 06-
LUIMPHOM BOCMA/IUTENBHOM MPOLLECCE 30HbI BbIPaKeHHOM abcopbuum,
6bICTPO NporpeccupyeT B abLOMMHaNbHbINA CENCUC, NMPU KOTOPOM
apeaKTMBHOCTb OpraHn3mMa U MMMYHOAENPECCUA, B CBOIKO O4epeab,
CNocobCTBYIOT yeyrybneHno HPEKLMOHHOrO npoLecca B GptoLLHO
nonoctu. BocnanutenbHbIi 3KCCyAaT CTAaHOBUTCA THOMHBIM CO CK/IOH-
HOCTbIO K CMNYMBOMY npoveccy 1 GopmmupoBaHmto abeueccos [14].

Tabauya 2 [peduxmopsl NPOOOMHAOUWE20CA NepUMoHUMa,
mpebyrouie2o N0BMopPHO20 BMewamenscmea

bannel no MUMN

MPI score

KoaddunumneHT abcopbummn nepuToHeanbHoM }KuaKoctn Ha KT, EX
CT attenuation coefficient of intraperitoneal fluid, HU

ncn

PSEP

MKT

PCT

CPB

CRP

Receiver Operating Characteristic (ROC) Curve

1.0f

0.8F

o
o
\

True Positive Rate
o
H

0.2 #~

0.0 ¥ — ROC curve (AUC = 0.9733)

0.0 0.2 0.4 0.6 0.8 .0
False Positive Rate

DISCuUSSION

The categorization of peritonitis, which encompasses the
distinct classification of "tertiary" peritonitis, is a subject that
is currently under debate. These cases are often categorized as
"secondary" peritonitis and sometimes as "primary" peritonitis.
Due to the significant compromise of the body's defense mech-
anisms against infection and the limited clinical symptoms that
manifest after surgery for diffuse peritonitis, it is reasonable to
consider labeling these cases as "refractory peritonitis" or "pro-
gressive peritonitis”". However, the classification of these cases
should be determined as either "primary" or "secondary" perito-
nitis based on the underlying cause [13].

Our research identified key factors that strongly predict per-
sistent peritonitis requiring repeated surgical intervention. These
factors include the MPI score, the CT attenuation coefficient of
intraperitoneal fluid, and PSEP, PCT, and CRP levels. Our study
found that this combination of predictors had an AUC of 0.9733,
indicating a high level of accuracy in predicting the progression of
persistent peritonitis.

Endotoxemia associated with diffuse peritonitis, a significant
inflammatory process involving rapid absorption, can promptly
lead to abdominal sepsis. During abdominal sepsis, the body's
unresponsiveness and immunosuppression can exacerbate the
infectious process in the abdominal cavity. This may cause the in-
flammatory exudate to become purulent, leading to abscess for-
mation and adhesive processes [14].

Table 2 Predictors of persistent peritonitis requiring surgical reintervention

KoaddpuumeHT perpeccum
Regression coefficient

1.8765
0.1841
0.3913
0.7867

0.0809
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B Halwem uccnenoBaHUM rycTas rHOWHAsA KUAKOCTb BO Bpems
onepauuu Yalle BbIABAAAACH B pynne GO/bHbIX, KOTOPbIM B Aasb-
HellweM BbINOMHANACh NOBTOPHasA onepawus, Yem B rpynne 6e3 no-
CNeonepaLyOoHHbIX OCNOKHEHWI, YTO MOMET CBUAETENbCTBOBATL O
NepCUCTUPOBAHUM MEPUTOHUTA Y OCHOBHOM rpynnbl 60NbHbIX. Vme-
totca coobuieHna o KT-3HaueHWAX MOrNOLLAEMOCTU 3KCCYAATUBHbIX
®uakocter <10 EX, B To Bpems Kak 3HaYeHWs NepUTOHealbHOM Kua-
KOCTW npu nepdopaTMBHOM NEPUTOHUTE, Hanpumep, KonebtoTcs ot
30,3 g0 44,1 EX [15]. ObLien3BecTHO, YTO Yem bonblue AAUTEeNbHOCTb
MEPUTOHWTA W CBA3AHHbIX C HUM HapyLLeHWU romeocTasa 6o/bHOro,
Tem bonblue NNOTHOCTb CBOBOAHOM KMAKOCTU Ha KT.

Takum 06pasom, KOMMNEKC NPELMKTOPOB NO3BONAET OOBEKTUB-
HO NPOrHO3MPOBaTb MPOrPECCHPOBAHMUE MPOLOIKAIOLLErOCA nocne
nepBMYHOI OnepaLymn pacnpocTpaHéHHOro neputoHuTa. Kpome Toro,
UCCNef0BaHME YKa3aHHbIX NPEAMKTOPOB AOCTYNHO B OO/bLUMHCTBE
MEANLMHCKNX YUpeKAEHN.

Mo nony4yeHHbIM HaMK AAHHBIM MOXHO 3aK/IHOUUTL, YTO NpU
pa3paboTke AMAarHOCTMYECKOM MaHenu, npeAHa3HauYeHHoON ANA Bbl-
ABNIEHMA U OLLEHKM AUHAMMKM NPOrPEeCcCMPOBaHUA NEPCUCTUPYHOLLETO
NEPUTOHWTA, BblAY BbIABNEHbI NEPCMEKTUBHbIE BUOMAPKEPDI, @ UMeH-
Ho MCN, MKT, CP6 B nna3sme. OCOH6EHHO 3HAYMMbIM OKa3asca KOM-
NAEKCHbIN aHaNU3 [aHHbIX MOKa3aTenel, KOTopbli npeaocTaBnfeT
Hanbonee NoNHy0 KapTUHY O COCTOAHUM NauueHTa U 3GGEKTUBHOCTH
npoBoAMMOro nedeHns. Mo pesynbtaTtam UCCNeA0BaHUA Mbl TaKKe
06HapYKUK, YTO 419 NPOrHO3a U/UAK CBOEBPEMEHHOTO BbISIBNIEHUS
NPOrpeccupyHoLLLEro TeYeHWA NePUTOHUTA B NOC/EONepaLMOHHOM ne-
puoae Hanbonee apdeKTMBEH CoueTaHHbIN yYET nokasaTtenen MUM n
Ko3apduumeHTa abcopbLmm cBOBOAHOM KUAKOCTY BPIOLLHONM NOOCTH
npu KT ¢ yKa3aHHbIMKU NIA3MEHHbIMU MAapKEpPaMu. 3HaYeHUA MOKa-
3aTes1ell NPU 3TOM NPU3HAKOTCA MPOTHOCTUYECKMMM MO MPEBbILLEHNUM
NOPOroBbIX BE/IMUYMH AaHHBIX B paHee NPoBeAEHHbIX UCCeA0BaHMAX
1 N0 NpeBblLLeHNto pedepeHTHbIX 3HaUeHN MapKEPOB. BbiaBneHHble
MHAMKATOPbl BOCMANEHWA NPU NEPUTOHUTE MOTYT BbITb YYTEeHbI NpU
pa3paboTke mogenei 1 TeCToBbIX CUCTEM A/1A MPOrHO3MPOBaHUA NPO-
rpeccMpoBaHuUA NPOAO/IKAOLLErOCA NePUTOHUTA.

3AKNIOMEHUE

Mpepnaraemas mMeToAMKa NPOrHO3MPOBAaHUA NPOrpeccMpoBa-
HUA NPOAOMKAIOLLErocs NEPUTOHUTA Ha OCHOBAHUM OOBEKTUBHbIX
nepemMeHHbIX, @ UMeHHO nokasateneit MUM u koadpdpuumeHTa abcop-
6umm cBobOAHOW KMAKOCTY BptoLwHoOM nonoctu npu KT B Komnaekce
¢ 6romapképamm Bocnanenua MCM, MKT, CPb nossonset npaktuye-
CKMM XMpYpram pacnosHaTb NepcUCTUPYIOLLMIA NEPUTOHUT, BbiTb ro-
TOBbIMU K YXY/LUEHWUIO COCTOAHMA NaLMEHTOB NPY NPOrPeccMpoBaHnm
NPOLO/MKAIOLLErocs NepUTOHUTA U CBOEBPEMEHHO BbINOIHUTL afeK-
BaTHOE XMpPypruyeckoe BMeLIaTeNbCTBO.

The research uncovered that patients requiring reoperation
were significantly more likely to exhibit the presence of thick,
pus-like fluid during their surgical procedure, which may indicate
the persistence of peritonitis within this particular group of pa-
tients. Some reports suggest that the CT attenuation coefficient
of exudates is less than 10 HU, while the CT attenuation coeffi-
cient of intraperitoneal fluid in perforated peritonitis can range
from 30.3 to 44.1 HU [15]. It is well known that the longer perito-
nitis lasts, the more it disrupts homeostasis, and the denser the
free fluid appears on CT scans.

Analyzing multiple predictors allows for accurate prognos-
ticating of the progression of diffuse peritonitis to septic shock
after initial surgery. There have been several studies on the evalu-
ation of these predictors. Our data shows that we have identified
promising biomarkers — PSEP, PCT, and CRP in plasma — that can
be used to create a diagnostic panel for monitoring the progres-
sion of persistent peritonitis. A comprehensive analysis of these
indicators provides a detailed understanding of the patient's con-
dition and the treatment's effectiveness. Our study also found
that a combined assessment of the MPI score and the CT atten-
uation coefficient of intraperitoneal fluid, along with the indicat-
ed plasma markers, is the most effective for predicting the pro-
gressive course of peritonitis after surgery. These indicators are
considered prognostic if they exceed threshold data values from
previous studies and reference values. Recognizing these inflam-
mation markers in peritonitis can prove valuable when develop-
ing predictive models and testing systems for monitoring perito-
nitis progression.

CONCLUSION

The suggested approach for predicting the progression of
persistent peritonitis is based on objective variables. These vari-
ables include the MPI score, the CT attenuation coefficient of in-
traperitoneal fluid, and biomarkers of inflammation such as PSEP,
PCT, and CRP. This method enables practical surgeons to identify
persistent peritonitis and be prepared for any deterioration in the
patient's condition. It also helps them to promptly perform the
necessary surgical intervention.
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MO3IOBOVI HEMPOTPO®PUUYECKU ®AKTOP, COPBMPOBAHHEBIN HA
ITOANAAKTUAHBIX HAHOUYACTUIIAX, IIOKPBITBIX TIO1I0KCAMEPOM 188, KAK
IMOTEHIIVIA AbHBIVI AHTUAEITPECCAHT, BO3AEVICTBYIOIIINI HA
HENPOYHAOKPMHHYIO CICTEMY ITPU DKCIIEPMMEHTA AbHOW AEITPECCU

H.A.Z. BUHTU PA3/1AH!, M.IO. KATIUTOHOBA!, C.B. TAAUIT', H. PAMAI, 1.5. BPOXI1', T.M. HBE?,
P.H. AAIYTAVH

1 PakyabTeT MeAUIIMHEI U 3ApaBooxpanenns, Yuusepcuter Maaarsun Capasak, Kora Camapaxan, Maaarisus
2 Kopoaescknit koaaeax meaunmnsl, Yausepcutet IOanK/1, VMmox, Maaaiisns
3 TTepsrrit MOCKOBCKII TOCYAapCTBEHHBINT MeAUIMHCKUIT yHusepcuteT uM. VI.M. Ceuenosa, Mocksa, Poccurickas Pegeparjs

4 HayuHplit 11eHTp DKCIepTUssl CPeACTB MeAULIMHCKOTO TpuMeHenns, Mocksa, Poccuiickas @egeparis

Llenb: U3yunTb BAMAHUE MO3rOBOrO HelMpoTpoduyeckoro dakTopa, COPOUPOBAHHOTO Ha NONUAAKTUAHBIX HAHOYACTULLAX, MOKPbITLIX NONOKCAMEPOM
188 (brain-derived neurotrophic factor — BDNF), Ha aKcnepumeHTaIbHYIO AeMNPeccuio, He CBA3AHHYIO CO CTPECCOM, Y MbILLEH.

Matepuan n MeToapl: 3KCMEPUMEHT NPOBEAEH HA TPMALATU WeCTU mbiwax auHum C57BL/6 maccoit 20-25 1, y KOTOpbIX MOZEe/MpoBanach pesep-
NMUH-UHAYLMPOBaHHaA Aenpeccus. KuUBOTHble BblM pasgeneHbl Ha TpW TPYNMbl, NONyYaBLIME BHYTPMBEHHO: | rpynna — ¢V3MON0rMyeckmnii pacTeop
(oTpuuaTenbHbI KOHTPOL), Il Fpynna — TPaAMLMOHHBIN aHTUAENPECCaHT GAYOKCETUH (MONOKUTENbHbI KOHTPOAB) U I rpynna — BDNF (akcnepumeH-
TasbHasA rpynna). B KOHLE SKcnepyvMeHTa NpoBeAeHbl NOBEAEHYECKME TECTbI (OTKPbITOE Nose, NPEANOYTEHUE Caxapo3bl, NPUHYAUTENBHOE MiaBaHKe)
1 M3MepeHa KOHLLEHTPaLMA KOPTUKOCTEPOHA B KPOBM C MOMOLLbI0 MMMYyHObepMeHTHOro aHanusa (MPA). MposeaéH MMUAK-aHANN3 TUCTONOMUYECKUX
M3MEHEeHUI HafNMOYEYHUKOB U TUMyca. Bce pesynbraTbl 6biaM cTaTUCTUYECKM 06paboTaHbl C UCMO/b30BAHMEM MPOrpammHoro obecneyenuns SPSS
27.0.1.

Pe3ynbTaThl: y *KMBOTHbIX 3KCNEPUMEHTAIbHOM rPYNMbl HABAAANNCH CTAaTUCTUYECKM 3HAUMMO MEHBLLMWI YPOBEHB KOPTUKOCTEPOHA B Kposw (p<0,01),
CYLLECTBEHHbIE MOJ0MKMUTE/bHbIE U3MEHEHWA NOBEAEHUA B TECTaX OTKPbITOE NoJe (NpoiaeHHoe PaccTosHME, KOIMYECTBO 3aHUX CTOEK, YacToTa MO-
yeuncnyckauua u gedekaumu, p<0,01) n npegnouteHus caxaposbl (p<0,01), a TakKe 60MbLIYIO NPOAOMKUTENBHOCTb aKTUBHOW Pasbl B TECTE MPUHY-
AuTenbHoro nnasaHua (p<0,01), yem y KMBOTHbIX FPYMMbl OTPULLATENLHOMO KOHTPOASA. Y MbilIel 3KCNepUMeHTaNbHOM rpynnbl TakKe 06HapyKeHO
CTaTUCTUYECKM 3HAUMMOE CHUXKEHUE OBOBEMHOI NIOTHOCTU MYYKOBOW 30HbI KOPbI HagMo4eyHUKoB (p<0,05), a TakKe NaoLWwaamn eé CMoHTMOLMTOB U
ux agep (p<0,05) No CPaBHEHWMIO C KMBOTHLIMM, MONYYABLIMMU GU3MONOTUYECKMIA PACTBOP, B TO BPEMSA KaK MeXK/y rpynnoi oTpuLaTenbHoro v no-
JIOKWUTENBHOTO KOHTPO/IA Pa3NNYmnA MO JaHHbIM MapameTpam Obiin CTaTUCTUYECKM HE 3HaYMMbI. B TUMYyCE KUBOTHbIX SKCNEPUMEHTANIbHOW TPyNmbl
OTMEYEHO CTaTUCTUYECKM 3HaUMMO 6osiee BbICOKOe KOPKOBO-MO3rOBOE COOTHOLLEHME MO CPABHEHWIO C rpynnoi oTpuuatensHoro (p<0,01) u nono-
)utenbHoro (p<0,05) KoHTponel u bonee HU3Kas 06BEMHAA NNOTHOCTb MaKpPOParos ¢ anonTosHbiMu TenbLiamu (p<0,05) 1 No cpaBHeHUIO C rPynMoi
OTPULLATENbHOTO KOHTPO/A, KOTOPas MEXAY KOHTPObHBIMM rpynnamu CTaTUCTUYECKM 3HAYUMO HEe Pa3nnyanach.

3ak/loueHme: nccnefoBaHKe Nokasano sGpPeKTUBHOCTb IeYeHns moaenupyemoit aenpeccumn BDNF, no pagy nokasaTeneii CONocTaBrmyto ¢ TPaAnLM-
OHHbIM aHTUAENPECCAaHTOM (G/IyOKCETUHOM (MOBeLEHYECKME TECTbI, YPOBEHb CHUNKEHUA KOPTUKOCTEPOHA B KPOBM), @ MO APYrMM MoKasaTesam — npe-
BbILLAOLLLYIO €€ (rMnepniasus Ny4KoBOM 30HbI KOPbI HAZNOYEHYHUKOB, U TUMEPTPODUSA EE KNETOK, @ TaKKe YPOBEHb MMMYHOCYNPECCUBHbIX U3MEHEHWA
B TUMyce). Takum 06pa3om, ¢ y4ETOM NoyYeHHbIX AaHHbIX, BDNF MOXKHO paccmaTpuBaTh Kak NOTeHLMaNbHOE CPEACTBO A5 IEUEHUA AenpPeccum y
yenoBeka.

Kniouesble cnosa: BDNF, PLGA, denpeccus, 2unomanamo-2unogu3apHo-HadnovyeyHuKosas ocb.

Ona ymtuposBaHua: buHtu Pasnad HAL, KanutoHosa MIO, Tanaun Cb, Pamau H, bpoxu UB, Hee TM, AnayTanH PH. MosroBoii HelipoTpoduyeckuii daktop,
copbMPOBaHHbIV Ha NONMNAKTUAHbIX HAHOYACTULAX, MOKPBITLIX NOOKCamMepom 188, Kak MOTeHLMaNbHbI aHTUAENPECCAHT, BO3AEWCTBYIOLMI HA HEMPOSHAO-
KPYHHYIO CUCTEMY MPU 3KCMEPUMEHTaNbHOM Aenpeccun. BecmHuk AsuyeHHsl. 2024;26(3):407-16. https://doi.org/10.25005/2074-0581-2024-26-3-407-416

NANOPARTICULATE BDNF AS A POTENTIAL ANTIDEPRESSANT VIA
NEUROENDOCRINE MECHANISMS IN EXPERIMENTAL MODEL OF DEPRESSION

N.A.D. BINTI RAZLAN', M. KAPITONOVA!, S.B. TALIP'", N. RAMLI, I.B. BROHI', TM. NWE? R.N. ALYAUTDIN?**

1 Faculty of Medicine and Health Sciences, Universiti Malaysia Sarawak, Kota Samarahan, Malaysia
2 Royal College of Medicine, UniKL, Ipoh, Malaysia

3 1.M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

4 Scientific Center of Expertise of Medical Products, Moscow, Russian Federation

Objective: To study the effect of a nanoparticulate brain-derived neurotrophic factor with surfactant (BDNF) on the modeled depression not associated
with stress in mice.

Methods: Thirty-six C57BL/6 mice weighing 20-25 g were included in the study with reserpine-induced depression. The animals were divided into
three groups: Group 1 — negative control, involving animals treated with normal saline, Group 2 — positive control involving animals treated with
a traditional antidepressant fluoxetine, and Group 3 — experimental, treated with nanoparticulate BDNF with a surfactant. Open field, sucrose
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preference, and forced swimming tests were applied in the study, and the ELISA method was used to determine the corticosterone level in the serum.
Digital morphometry of the adrenal cortex and thymus was done. SPSS 27.0.1 software was used for statistics, with a p<0.05 level of significance.
Results: The mice of the BDNF and fluoxetine groups exhibited meaningfully lower levels of serum corticosterone (p<0.01), and considerable
improvements in the open field, sucrose preference, and forced swimming tests (p<0.01) than the animals of the normal saline group. Digital
morphometry showed a meaningful reduction in the share of the zona fasciculata in the adrenal gland, the area of its cells, and their nuclei in the BDNF
group compared to the animals treated with normal saline (p<0.05). In contrast, the difference between the fluoxetine and normal saline groups was
insignificant. A meaningfully higher thymic cortex-medulla ratio was noted in the mice of the BDNF group compared to the normal saline (p<0.01) and
fluoxetine (p<0.05) groups, and a lower percentage of macrophages with apoptotic bodies compared to normal saline (p<0.01) and fluoxetine groups
(p<0.05), which was not significantly different between the fluoxetine and normal saline groups.

Conclusion: Nanoparticulate BDNF with a surfactant shows the efficacy of treatment of modeled depression comparable with the traditional
antidepressant fluoxetine, as evidenced by behavioral tests, decreased corticosterone levels, or even exceeding it, as shown by significantly reduced
hyperplasia of the zona fasciculata of the adrenal gland and of its cells, as well as reduced immunosuppressive changes in the thymus (higher cortico-
medullary ratio, lower volume density of the tingible body macrophages). These results underscore the potential of nanoparticulate BDNF as a
treatment for depression not associated with stress.

Keywords: BDNF, PLGA, depression, hypothalamic-pituitary-adrenal axis.

For citation: Binti Razlan NAD, Kapitonova M, Talip SB, Ramli N, Brohi IB, Nwe TM, Alyautdin RN. Mozgovoy neyrotroficheskiy faktor, sorbirovannyy na
polilaktidnykh nanochastitsakh, pokrytykh poloksamerom 188, kak potentsial'nyy antidepressant, vozdeystvuyushchiy na neyroendokrinnuyu sistemu pri
eksperimental'noy depressii [Nanoparticulate BDNF as a potential antidepressant via neuroendocrine mechanisms in experimental model of depression]. Vestnik

Avitsenny [Avicenna Bulletin]. 2024;26(3):407-16. https://doi.org/10.25005/2074-0581-2024-26-3-407-416

BBEAEHME

[lenpeccuBHble paccTpoMCTBa ABAAKOTCA aKTyanbHoOW mpobne-
MOV COBPEMEHHOrO 3/1paBOOXPaHEHNs BO BCEM MUpe, 4To 0byCcnoB-
NIeHO MOCTOAHHBIM POCTOM 3ab60/71€BAEMOCTU, TANKENBIMU JIMYHBIMU
CTPAAAHUAMM MNaLMEHTOB, PUCKOM CaMOYOMICTB M 3HAUYMTENbHOM
$UHAHCOBOW HArpysKoi Ha 0bLLEeCTBEHHOE 34PAaBOOXPAHEHME, Bbl-
3BaHHOM A/IUTENbHOW HETPYAOCNOCcObHOCTbIO MaLmMeHToB. Ha ceroa-
HAWHWUIA JeHb OKono 280 MWAIMOHOB YeNOBEK CTPAAAEeT AaHHbIM
Hefyrom, YTto AenaeT ero CambiM YacTbiM HEBPOMOTMYECKMM pac-
CTPOICTBOM W OAHOM U3 Hanbonee YacTbix NPUYMH cMmepTu. Mo AaH-
Hbim BO3, K 2030 rozy AenpeccuBHblE PACcCTPOWCTBA MOAHUMYTCA
Ha | MecTo no Takomy nokasaTento, Kak bpema 6onesHei, ¢ Ill mecTa,
KOTOpOe OHu 3aHMManun B 2008 rogy. J/ledeHue Aenpeccuit ocTaércs
60/1bLION NPO6AEMOI COBPEMEHHOW MeAMUMHbI, NOCKObKY OKONO
70% 60/1bHbIX OKa3bIBaAOTCA pePPaAKTEPHBIMU K MEAMKAMEHTO3HOMY
neyenuio [1-5].

CymTaeTcs, YTO B Pa3BUTUM Zenpeccun 6oNbLLYIO PO/b UrpatoT
HelpoTPOPUMHbI, BaXKHENWMI cpean KoTopbix — BDNF [6]. C H1UMm cBs-
3aHbl HeliporeHes, BbIKMBAEMOCTb U pereHepaLa HepoHOB, UX CU-
HanTUYeCcKan NAAaCTUYHOCTb, A TaKXKe MUEMHU3ALMA HePBHbIX BOJIO-
KOH, KOTOpble peanusyrTcs Npu ero cBA3biBaHUM ¢ peuentopamu TrkB
[7-11]. OH 3apeicTBOBAH B MpoLeccax 0by4yeHus, NaMaTh, PeakLmax
Ha 6onb U cTpecc [12-15].

B cooTBETCTBMM C HelpoTpodUyecKoi Teopuein agenpeccuu
CTPECCOpHble (aKTOPbl BHELUHEN CPeabl Bbi3bIBAKOT CHUMKEHME CUH-
te3a BDNF u HapyweHue BDNF/TrkB curHanuHra B8 otaenax mosra,
peanu3ytoWmx KOTHUTUBHbIE QYHKLMWM M PETYAALMIO HACTPOEHWS,
4TO NPUBOAMT K AedULMTY HeliporeHe3a U HeponaacTUYHOCTU, CHU-
YKEHWIO CUHANTUYECKOW MAACTUYHOCTU, HAPYLIEHWIO CUHANTUYECKOM
nepefauv U ycuaveaeT AereHepauuio HeMpoHOB. ITW HapylleHus
NPVBOAAT K NOABNEHWUIO CTPYKTYPHBIX U3MEHEHUIA TOIOBHOMO MO3ra,
B YaCTHOCTW, aTpodum NnpedpoHTaNbHOM KOPbI U TMNNOKaMna, YTo /10-
KWUTCA B OCHOBY A€NPECCUBHbIX paccTpoicTs [16-22].

OueBunaHo, 4yto BDNF moxeT 6biTb 3pPEeKTUBHO MCNONb30BAH
Npv NeYeHUN KIMHUYECKOW AeNPeccMm 1 Apyrux XpOHUYECKux 3abo-
NeBaHWI HEPBHOM CUCTEMBI, OHAKO, Byayun KpynHOM 6enkosoi mMo-
NIEKY/ION, OH HE MPOHMKAET Yepes rematosHuedanmueckuii bapbep.
MonMmepHble HaHOYACTULIbI, TakmMe Kak PLGA, aBnaoTca cpescTBOM
noctasku BDNF B ronosHow mosr [23].
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INTRODUCTION

Depressive disorders are a big problem of modern health-
care worldwide, which is due to the constant increase in mor-
bidity, severe personal sufferings of patients, the risk of suicide,
and a significant financial burden on public healthcare caused
by long-term disability of patients. Today, about 280 million
people suffer from this disease, which makes it the most com-
mon neurological disorder and one of the most common causes
of death. According to WHO, by 2030, depressive disorders will
rise from 3" place as a disease burden, which they occupied in
2008, to 1%t place. Treatment of depression remains a signifi-
cant problem of modern medicine since about 70% of patients
are refractory to drug treatment [1-5].

It is believed that neurotrophins, the most important of
which is BDNF, play a major role in the development of depres-
sion [6]. Neurogenesis, survival, and regeneration of neurons,
their synaptic plasticity, and myelination of nerve fibers are as-
sociated with BDNF, which binds to the TrkB receptors [7-11].
BDNF is involved in learning, memory, pain, and stress respons-
es [12-15].

According to the neurotrophic theory of depression, en-
vironmental stressors decrease BDNF synthesis and disrupt
BDNF/TrkB signaling in brain regions involved in cognitive func-
tion and mood regulation, resulting in deficits in neurogenesis
and neuroplasticity, reduced synaptic plasticity, impaired synap-
tic transmission, and increased neuronal degeneration. These
impairments result in structural changes in the brain, particu-
larly atrophy of the prefrontal cortex and hippocampus, which
underlie depressive disorders [16-22].

BDNF can effectively treat clinical depression and other
chronic diseases of the nervous system. However, being a large
protein molecule, it does not penetrate the blood-brain barrier.
Polymer nanoparticles like PLGA may deliver BDNF to the brain
[23].

At the same time, there is evidence [6] that selective se-
rotonin reuptake inhibitors, such as fluoxetine, do not increase
BDNF levels in the blood even if the clinical effect is achieved,
and therefore it cannot be used as an indicator of the severity
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BmecTe ¢ Tem, ecTb faHHble [6] O TOM, YTO CENEKTUBHbIE UHIU-
6uTOPbI 06PATHOO 3aXBaTa CEPOTOHMHA, B YAaCTHOCTU G/TYOKCETUH, HE
cnocobcTByeT NoBbiWeHMIO ypoBHA BDNF B KpoBw Jaxe npu focTv-
YKEHWU BbIPAXKEHHOTO aHTUAENPECCUBHOTO AencTBUA. [TOMMMO 3TOrO,
Oaxe npu nsmeHeHun yposHa BDNF B KpoBu, B CBA3U C fle4eHUEM
aHTMAENpPeccaHTaMu, ero Napannenusma ¢ KAMHMYeckum sdpdektom
He HabntofaeTcs, B CBA3M Yem MCMO/b30BaTb ero B KayecTse Nokasa-
TENA TAKECTU TeyeHusa 3aboneBaHnA U 3OHEKTUBHOCTU NIEYEHNA He
NpeaCTaBAAETCA BO3MOMKHbIM [18], UTO MOMKET 06BACHATLCA TEM, UTO
Ha ypoBeHb BDNF KpoBM MOXKeET BAMATb €ro IKCNpeccus SHA0TeNaNb-
HbIMU KNETKaMU, TMMOLUTaMM 1 APYIMMUM KNETKAaMMU KPOBH, a TaKKe
rnafikumm muouutamu [7, 8J.

LLENb UCCNEQOBAHUA

M3yuntb BAnsaHWe BDNF, copbrpoBaHHOro Ha MOAMNAKTUAHbBIX
HaHOYacTMLAX, NOKPbITbIX NONOKCamMepom 188, Ha aKcnepumeHTab-
HYI0 leNpeccuto, He CBA3aHHYH CO CTPECCOM, Y MbILLEN.

MATEPUAN U METOAbI

B nccnenosaHme Bbin BKAOYEHO 36 mbllweit camuos C57BL/6
Becom 20-25 1, HaXxo4ALWMXCA B CTAaHAAPTHbIX YCAOBUAX BMBAPHOIO
coflepKaHuA ¢ HeorpaHWYeHHbIM JOCTYMOM K BOZE W KOpMY, 3a UC-
K/HOYEHMEM BPEMEHW NPOBEAEHUA TecTa NPesnoYTeHMA caxaposbl C
npesBapuTeNbHbIM 3Tanom NpuBbIKaHUA. Ko Bcem MBOTHbIM bblna
NPUMeHEeHa pe3epnnHOBas MOAENb AeNPeccum, ONMcaHHaa Hamu pa-
Hee [24], nocne yero mbiwmn 6biAM NPOU3BONLHO pacnpesesieHbl no
Tpém rpynnam. HMBOTHble NEpPBOM rPynMbl NOMyYanu BHYTPUBEHHO
dwv3pacTBOp, BTOPOM rpynnbl — NeyeHne CTaHAAPTHbIM aHTUaenpec-
CaHTOM (/IyOKCETMHOM BHYTPMBEHHO, M TPETbA Tpynna noay4yana
TaKKe BHyTpuBeHHO pacTBop BDNF, copbupoBaHHbI Ha HaHOYacTK-
uax PLGA ¢ nonokcamepom 188 [25]. Mo oKOHYaHWUM feveHus Gbiin
npou3BeaeHbl TeCTbl OTKPbLITOro Noas, GopcMpoBaHHOMO NAaBaHWA U
npeanoyTeHns cnagroro [24]. 3atem metogom ELISA onpeaensnacb
KOHL,EHTPaLLMA KOPTUKOCTEPOHa B CbIBOPOTKe KpoBsu. 3aboit nposo-
[AWNCA NOCPeACTBOM AeKanuTaummn. Bce MaHMNynaLMM € KMBOTHBIMM
NpOBOAMNNCL B COOTBETCTBUM C MPOTOKONIOM, 0A06peHHbIM ITnye-
CKMM KomuTeTOM yYHMBepcuTeTa Universiti Malaysia Sarawak.

KonnuectseHHas oLeHKa U3MeHEHWI B SHAOKPUHHBIX enesax
M MMMYHHbIX OpraHax NpoBOAMAACH C UCMOb30BaHWEM NPOrPaMMbl
umdposoit mopdpomeTpun Image Pro+ 7.0 (Media Cybernetics, USA).
AHanu3y noagepraamcb TMMYC U HaZNMOYEYHVKM NOAOMNbITHbIX MblLei
C UCNONb30BaHUEM aNropuTMa, ONMCaHHOTO HamK paHee [24]. MNose-
[leHYeCcKMe peakummn 1 pesybTaTbl TecToB GOPCMPOBAHHOMO NaBa-
HWA U NPeANOYTEHNA CNAZLKOTO OLLEHWMBAIUCh C MOMOLLIO CTaTUCTU-
yeckoi nporpammbl SPSS 27. Pe3ynbtatbl LUMdpPOBOM MOppOMeTpUM
obpabaTbiBannch ¢ NpuMmeHeHnem Kputepua CTbiogeHTa npu p<0,05
YPOBHE CTaTUCTUYECKOW 3HAUMMOCTMU.

PE3YNIbTATbI U UX OBCYXXAEHUE

Pe3ynbTaThl OLEHKM YPOBHS NOBEAEHYECKOrO AeduLUMTa Y IKC-
NepUMEeHTasIbHbIX KMBOTHbIX MOKa3aHbl Ha puc. 1-3.

Puc. 1 4EMOHCTPUPYET HaNNYME BbICOKO CTaTUCTUYECKM 3HAUM-
MOFO Y/IyYLIEeHUA BCeX TPEX NMapamMeTpoB MNoBefeHUs (pPaccTosHus,
NpoMAEHHOro B TECTE OTKPLITOrO MOAS; YMCAA 3aHWX CTOEK U KO/K-
yectBa 60/110CcoB) Npu NeyeHnn dayokceTHom U BDNF no cpaBHeHMo
¢ duspacteopom (p<0,01), Npu 3TOM Mexay NOCAeAHUMM PA3ANUNIA
He BbIAIBNEHO.

of the disease and the effectiveness of treatment [18].This dis-
crepancy may be explained by BDNF expression found in endo-
theliocytes, lymphocytes, and the other blood cells, and smooth
myocytes [7, 8]

THE PURPOSE OF THE STUDY

To investigate the effect of BDNF adsorbed on polylactide
nanoparticles coated with poloxamer 188 on experimental de-
pression not associated with stress in mice.

METHODS

The study included 36 male C57BL/6 mice weighing 20-25
g, kept under standard vivarium conditions with unlimited ac-
cess to water and food, except for the time of the sucrose pref-
erence test with a preliminary habituation stage. All animals
were subjected to the reserpine model of depression described
by us earlier [24], after which the mice were randomly divided
into three groups. Animals of the Group 1 received intravenous
treatment with normal saline, Group 2 — treatment with the
standard antidepressant fluoxetine intravenously, and Group
3 received an intravenous solution of BDNF adsorbed on PLGA
nanoparticles with poloxamer 188 [25]. At the end of the treat-
ment, open field, forced swimming, and sucrose preference
tests were performed [24]. Then, the concentration of serum
corticosterone was measured by ELISA. Animals were sacrificed
by decapitation. All manipulations with animals were carried
out per the protocol approved by the Universiti Malaysia Sar-
awak Ethics Committee.

Quantitative assessment of changes in the endocrine
glands and immune organs performed using the digital mor-
phometry program Image Pro+ 7.0 (Media Cybernetics, USA).
The thymus and adrenal glands of the experimental mice were
analyzed using the algorithm described by us earlier [24]. The
open field, forced swimming, and sucrose preference test re-
sults were assessed using the statistical program SPSS 27. The
results of digital morphometry were processed using the Stu-
dent's test at a significance level of p<0.05.

RESULTS AND DISCUSSION

The results of assessing the behavioral deficit level in ex-
perimental animals are shown in Fig. 1-3.

Fig. 1 demonstrates the presence of highly significant im-
provement in all three behavioral parameters (distance covered
in the open field test, number of rearings, and number of bo-
luses) with fluoxetine and BDNF treatment compared to saline
(p<0.01), while no differences were found between the fluoxe-
tine and BDNF.

Fig. 2 shows the behavior of the experimental mice during
forced swimming. This test was conducted before and after
treatment. Before treatment, the animals of all three groups
had approximately the same swimming, freezing, and struggling
time, with a significant predominance of the freezing phase. Af-
ter treatment, the animals of the fluoxetine and BDNF groups
significantly increased in the time of swimming and struggling,
while the freezing time decreased (p<0.01). This test also did
not reveal any significant differences between the mice treated
with fluoxetine and BDNF.
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Puc. 2 otpaxkaeT noBeaeHMe NOAONbITHLIX MbILei npu dopcu-
POBAaHHOM MaBaHUW. [laHHbI TECT NPOBOAWCA 4,0 U NOC/IE NIEYEHWSA.
Ecan [0 neyeHuns XMBOTHbIe BCeX TPEX rpynn UMenu NnprMepHoO oau-
HaKoBOE BPEMs M/1aBaHUsA, 3aMUPaHNUSA U B6OpbObl CO 3HAYUTENIbHBIM
npeobnagaHnem dasbl 3aMMPaHUA, TO Y MMBOTHbIX NOC/E NeYeHUs
c nomoLbto dyokceTuHa U BDNF cTaTUCTUYECKM 3HAYMMO YBEUYM-
NoCb Bpema nnasaHuA 1 6opbbbl, B TO BpeMA Kak Bpema 3aMupaHus
cokpaTunoch (p<0,01). JaHHbIi TECT TaKKe HE BbIABU/ CYLLECTBEHHbIX
PasIMuMA MeXAy MbIlLaMK, NONYYaBLINX feveHne GyoKCeTUHOM U
BDNF.

Puc. 3 nokasbIBaeT CXOAHY0 AMHAMMKY eLLé OAHOro NnoseaeHye-
CKOTO MapameTpa — NPeANoYTEHUA CIAZLKOTO Y NOAOMbITHBIX MblLIEN.
Y neyeHHbIx GayokceTMHOM M BDNF KMBOTHbIX AaHHbIV NOKa3aTesb
6blN CTAaTUCTUYECKM 3HAUMMO BbILLE, YEM Y MbILLEW, MOTyYaBLUMX GU3-
pactop (p<0,01). YpoBeHb KOPTUKOCTEPOHA, HANPOTKB, Bbln CTaTH-
CTUYECKM 3HAYUMO HUKe nocsie eveHns GayokceTHom 1 BDNF, uem
nocne npumeHenusa ¢uspacteopa (p<0,01). Tak e, KaKk 1 Nno npeabl-
OYLWMM NOoBeAEeHYeCKUM TecTaM, No AAaHHbIM MOKa3aTenamm rpynnbl
JKMBOTHbIX, NoNy4aBLunx BDNF v dnyokceTnH, mexay coboit 3HauMmo
He pasn4yanuco.

Takum 06pasom, No xapakTepy NoBeAeHYECKUX peakLuii 1 ypoB-
HIO KOPTMKOCTEPOHA B KPOBM NOAOMbITHBIX YXMBOTHbIX MOXHO CAEMaTb

Puc. 1 Pe3ynemambl nogedeH4ecKux
Mecmos #UBOMHbIX SKCNepUMeHMarb-
HOU U KOHMPOsbHLIX 2pynn; ** —p<0,01 8
cpasHeHuu c | 2pynnoli

Fig. 1 Behavioral test results in
experimental and control groups of
animals; ** — p<0.01 compared with
Group 1

m IrpynnaGroup 1
Ilrpynna Group 2
IllIrpynna Group 3

KO/IM4ecTBo 60/110C0B
number of boluses

Fig. 3 shows similar dynamics of another behavioral pa-
rameter — preference for sucrose in experimental mice. In an-
imals treated with fluoxetine and BDNF, this indicator was sig-
nificantly higher than in mice treated with saline (p<0.01). The
level of corticosterone, on the contrary, was significantly low-
er after treatment with fluoxetine and BDNF than after saline
(p<0.01). According to these indicators, the groups of animals
treated with BDNF and fluoxetine did not differ significantly.

Based on the results of behavioral reactions and the level
of corticosterone in the blood of animals, it can be confidently
concluded that the effectiveness of treatment of experimental
depression with the traditional antidepressant fluoxetine and
nanoparticulate BDNF with poloxamer 188 is comparable.

Fig. 4 allows us to qualitatively compare the changes in the
adrenal cortex and thymus of the experimental animals with
different types of medications for experimental depression. An-
imals that received saline (Fig. 4a) showed pronounced hyper-
plasia of the adrenal cortex, an obvious dominance of the zona
fasciculata, hypertrophy of its cells and their nuclei, a foamy
cytoplasm, and capillary plethora. While in the animal that re-
ceived BDNF (Fig. 4b), hyperplasia of the zona fasciculata was
less pronounced, the cellularity of the cytoplasm was moderate,

Puc. 2 Tecm ¢opcupo8aHHO20 NAABAHUS 00 U

180 nocse fe4YeHUA X UBOMHbIX 3KchepumMeHmMasib-
HoU U KOHMPOnbHbIX 2pynn; ** —p<0,01 6
160 cpasHeHuu ¢ | 2pynnoli
140
Fig. 2 Forced swimming test before and after
120 . . .
treatment animals in the experimental and
100 B — control groups; ** — p<0.01 compared with
% %
30 Group 1
kk Kk
60
m Irpynna ao neyeHus Group 1 before treatment
40 m |l rpynna o neyeHuna Group 2 before treatment
20 m llirpynna go neyeHus Group 3 before treatment
m Irpynnanocne neveHna Group 1 after treatment
0 Il rpynna nocne nevenuna Group 2 after treatment
nnasaHuMe swimming 6opbba strugging 3amupaHue floating m llirpynna nocne neveHus Group 3 after treatment
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BbIBOZ, 06 9DPEKTUBHOCTU IeUeHUA IKCNIEPUMEHTA/IbHO Aenpeccum
TPaAMLMOHHBIM aHTUAENPECCAaHTOM (NYOKCETUHOM M copbUupoBaH-
HbIM Ha HaHouyacTMuax c nonokcamepom 188 BDNF, conoctaBumon
npv NPYMEHeHUU 06enx NeKapCTBEHHbIX GOpM.

Puc. 4 no3BonseT KauecTBEHHO CPaBHWUTb U3MEHEHMA B Kope
HaZNOYEYHMKOB M TUMYCE MOLOMbITHbIX }KMBOTHbIX NPM Pa3HbIX BUAAX
MEeAMKaMEHTO3HOIO IeYEHMA IKCNEPUMEHTANIbHOM Aenpeccuu. Y Ku-
BOTHbIX, NONYYaBLWNX GU3PAcTBOP (puc. 4a) OTMEYAETCA BblpaKeHHas
rMnepnaasna KOPKOBOTO BeLLEeCTBA HAZANOYEYHUKA, pe3Koe AOMUHW-
poBaHue zona fasciculata, runeptpodua eé KNeToKk 1 ux saep, Bbico-

Puc. 3 YposeHb KOpmuKoCmMepoHa 8 Kposu U mecm
npednoYymeHuA caxapo3bl HUBOMHbIX SKCNEPUMEHMAb-
Hol u KoHMponeHoU 2pynn; ** — p<0,01 8 cpasHeHuu ¢ |
epynnoli

Fig. 3 Serum corticosterone and sucrose preference level
in the experimental and control groups; ** — p<0.01
compared with Group 1

ug/ml

B IrpynnaGroup 1
Il rpynna Group 2

Il rpynna Group 3

and there were no apparent differences in the structure of the
zona glomerulosa and zona reticularis. Animals that received
fluoxetine had a comparable histological picture of the adrenal
glands.

Fig. 4 shows a comparative picture of the thymus of mice
that received saline (4c) and BDNF (4d). Fig. 4c displays the hy-
pocellularity of the cortex, unclear border contours between
the cortex and medulla, and many macrophages with apoptot-
ic bodies. At the same time, in Fig. 4d, thymocytes of varying
degrees of maturity are tightly adjacent to each other, separat-

Puc. 4 HadnoueuHuk (4a, 4b) u mumyc (4c, 4d) #eusommbsix | (4a, 4¢) u lll (4b, 4d) epynn. Mukpogomoepaguu. OKpacka 2emMamoKcUAUHOM-30-
3uHom. 06.x40. Co — KopKosoe seujecmso, M — mMo32080e 8euwecmaso, CmpesKka — Makpogae ¢ anonmosHsiMu measuamu, C—kancyna, G, F, R

- Kﬂy60‘4KOBGFI, ny4Yykosasa u cem4yamas 30Hbl

Fig. 4 Adrenal gland (4a, 4b) and thymus (4c, 4d) of Group 1 (4a, 4c) and Group 3 (4b, 4d) animals. Micrographs. Hematoxylin-eosin staining. x40.
Co — cortex, M —medulla, arrow — macrophage with apoptotic bodies, C— capsule, G, F, R — zonae glomerulosa, fasciculata, reticularis
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Kas cTeneHb AYEUCTOCTU LMTOMNA3Mbl, MOJHOKPOBME KanWUAAAPOB.
B TO Bpems, KaK y »KMBOTHOro, nosnydaslero BDNF (puc. 4b), runep-
nnasus zona fasciculata BbipaxeHa MeHbLUe, AYeNUCTOCTb LUTONA3Mbl
yMepeHHas, B cTpoeHnu zona glomerulosa v zona reticularis npuHum-
NUabHbIX OTAUYMNIA HET. Y XKUBOTHbIX, NOYYaBLUMX GNYOKCETUH, UMe-
Nla MecTo COMOCTaBMMaA MMCTONOMMYECKAnA KapTUHA HaZNMOYEYHVKOB.

Ha puvc. 4c Takke noKasaHa CpaBHWUTENbHAA KapTUHA TUMYyca
MbIlWwK, nonydasluen puspactsop u BDNF (puc. 4d). Ha puc. 4c 3a-
METHA TMMNOLENONAPHOCTb KOPKOBOTO BELLECTBA, HEYETKUE KOH-
TYPbl TPAHWL, MEXAY KOPKOBbIM M MO3rOBbIM BELLECTBOM, 60/bLLIOE
KONMYeCTBO MaKkpodaros ¢ anonTo3HbIMU TenbLamu. B To e Bpems,
Ha puc. 4d pa3peEHHOCTb KOPKOBOTO BELLECTBA He BblpaeHa, TH-
MOLWMTbI PA3HOM CTEMEHM 3PENOCTU MAOTHO NPUAEXKAT APYr K Apyry,
pasgenéHHble eAUHUYHBIMM PETUKYN03NUTENNANBHBIMU KNETKaMU U
PEeAKo BCTPevaroLmmMmca Makpodaramy ¢ anonTo3HbIMK Te/bLaMMU.
[Mpw 3TOM Y KMBOTHbIX U3 rpynMnbl GpIyOKCETUHA U3MEHEHUA B MUKPO-
CTPYKTYype TMyca bblIM aHaNorMYHbIMM TakoBbIM B rpynne BDNF.

KonnyectBeHHan OLLEHKA MCTONOTMYECKUX U3MEHEHWUI B Haf-
NoYeyYHUKe NpeaCcTaBaeHa Ha puc. 5.

Kak cneayet w3 puc. 5, yaenbHas niowazb zona fasciculate,
nAoWab €€ KNETOK, a TaKkKe Afep 3TUX KNETOK bblna CTaTUCTUUECKH
3HAUMMO HUXKe B rpynne XMBOTHbIX, nonyyaslwmnx BDNF no cpasHe-
HUWIO C rpynnoit, nonyyaswei uspactsop (p<0,05). OgHako B rpynne
YKMBOTHBbIX, KOTOPbIM BBOAWAM GIYOKCETUH, OHU BbIN CTATUCTUYECKM
HE3HAUMMO HUKe, Yem B rpynmne Mblllel, NoayyYaBLnX Gpu3pacTsop u
CTaTUCTUYECKN HE3HAYMMO BbILLE, YEM Y }KMBOTHbIX, Nony4yasumx BDNF.

Ha puc. 6 npeacTaBneHbl CpaBHUTENbHbIE AaHHblE LMdPOBOW
MopdoMeTpUK TUMYCA.

MoKa3aHO, YTO KOPTUKO-MeyANAPHOE COOTHOLIEeHUE B TUMY-
ce Mblwein, noayyaswmx BDNF, cTaTUCTUYECKM 3HAUMMO BbILE, YEM
Y *KMBOTHbIX rpynmnbl GpIyOKCETUHA M CTaTUCTUYECKM 3HAUMMO BbilLE,
yem B rpynne, nony4asiei ¢uspactsop (p<0,05 n p<0,01 cootseT-
CTBEHHO). Mpun 3TOM (yoKCeTUHOBAA TPyMNna TaKKe CTaTUCTUYECKU
3HAYYMO OT/IMYANACh MO AAHHOMY MapaMeTpy OT rPYNMbl }KMUBOTHbIX,
nonyyasLumx puspacteop (p<0,05). YaenbHas niowasb Makpodaros
6blfla HaUBbICLLEH Y KMBOTHBIX, MOy4aBLIMX GKU3PACTBOP. Y KMBOT-
HbIX (NYOKCETUHOWM Tpynnbl OHa OblNa CTATUCTUYECKU HE3HAYMMO
HUKe, YeM Y MblLLei, NoMyYaBLIMX GU3PACTBOP M CTAaTUCTUHECKM He-
3HAYMMO BbILLE, YEM Y MbILLEN, KOTOPbIM BBOAMAM BDNF.

Takum 06pa3om, NMpPoBeAEHHOE UCCNelOBaHWE MOKa3ano, YTo
BDNF, copbupoBaHHbIi Ha MOAMNAKTUAHBIX HAHOYACTULLAX, OKa3bl-
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ed by scarce reticuloepithelial cells and rare macrophages with
apoptotic bodies. In animals of the fluoxetine group, changes in
the thymus microstructure were similar to those in the BDNF
group.

As follows from Fig. 5, the volume density of the zona fas-
ciculata, the area of its cells, and their nuclei were significant-
ly lower in the group of animals receiving BDNF compared to
the group receiving saline (p<0.05). However, in the fluoxetine
group, these parameters were significantly lower in comparison
neither with the group receiving saline nor receiving BDNF.

Fig. 6 shows comparative data of digital morphometry of
the thymus. It demonstrates that the corticomedullary ratio in
the thymus of BDNF group mice is significantly higher than in
the fluoxetine group and meaningfully higher than in the group
receiving saline (p<0.05 and p<0.01, respectively). At the same
time, the fluoxetine group also significantly differed in this pa-
rameter from the group receiving saline (p<0.05). The volume
density of macrophages with apoptotic bodies was highest in
animals receiving saline. In animals of the fluoxetine group, it
was not significantly lower than in mice receiving saline and not
significantly higher than in mice of the BDNF group.

The study's key findings reveal that nanoparticulate BDNF
has a positive impact on modeled depression in mice. This is
supported by significant improvements in behavioral reactions
in the open field, forced swimming, and glucose preference
tests.

Commonly, depression is associated with stress since inter-
personal conflicts, losses, financial problems, unemployment,
and loneliness, as well as childhood psycho-emotional trauma,
are often stated in the case histories. Stress activates the HPA
axis and causes maladaptive changes in various neurobiologi-
cal systems, which provoke the development of depression and
trigger a cascade of disorders in the immune system [26, 27]. In
this study, similar changes were observed. However, the exper-
imental animals were not stressed since we assessed the effect
of depression modeled without a stress trigger on the HPA axis
and the immunomodulation mediated by it. Treatment of de-
pression with BDNF made these changes reversible.

The present experiment showed that the efficacy of
nanoparticulate BDNF with a surfactant is comparable with that

Puc. 5 YdenoHas nnouwjade ny4xosoli 30Hbl (ZF, %), nno-
wade cnoHeuoyumos (SS, Mmkm?) u ux adep (SN, mkm?) e
Kope Ha0N0YeYHUKO8 HUBOMHbIX IKCnepumeHmaneHol u
KOHMposnbHsbix 2pynn, M+m;, * — p<0,01 8 cpasHeHuu ¢ |
epynnoli

Fig. 5 Volume density of the zona fasciculata (ZF, %), area of
spongiocytes (SS, mcm?), and their nuclei (SN, mem?) in the
adrenal cortex, M+m; * — p<0.01 compared with Group 1

M |rpynnaGroup 1
& Il rpynna Group 2

Il rpynna Group 3
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BaeT NO3UTUBHOE AEUCTBME NPU MOAENMPOBAHHOW AeNpeccuu y Mbl-
Lel, 0 YEM CBUAETENbCTBYIOT CTaTUCTUUECKM 3HAUMMbIE NONOXKMUTENb-
Hbleé M3MEHEeHUA NOBEAEHUYECKMX peakumil B TeCTax OTKPbITOE none,
bopcMpoBaHHOTO NNaBaHWA Y NPEANOYTEHNUA [1IOKO3bI.

CunTaerca, YTO BO3HWKHOBEHME Aenpeccun CBA3aHO CO CTpec-
COM, TaK Kak HepeaKo B UCTOPUAX BONE3HN MOXKHO HalUTV YNOMMUHa-
HUE MOoTepb, MEXIUYHOCTHBIX KOHOAMKTOB, PUHAHCOBBLIX Npobiem,
6e3paboTnLLbl U OAMHOYECTBA, @ TaKKe AETCKUX MCUXOIMOLMOHANb-
HblX Tpasm. CTpecc aKTMBMpYeT rMnoTanamo-runopusapHo-Haamno-
yeyHuKosyto ocb (ITHO) 1 BbI3bIBaET Ae3aAanTalMOHHblE U3MEHE-
HUA B PA3/IMYHbIX HEMPOBMONOrMYECKMX CUCTEMAX, YTO NMPOBOLMPYET
pasBuTME Jenpeccun W 3anycKaeT Kackag, HapyLieHW B MMMYHHOM
cucteme [26, 27]. OnucaHHble B HALLEM UCCNEA0BAaHUM M3MEHEHUA
B NOBeAEHWM, ypoBHe akTnBHocTH [THO v B MMMYHHOI cucteme ne-
PEK/IMKAIOTCA C BbILLEYNOMAHYTbIMM, OLHAKO B WUCMONb3yeMON HaMU
MoZenn Aenpeccumn CTpecc OTCYTCTBOBaA, MOCKO/bKY Mepes Hamwu
CTOANA 33/la4a M3yYeHUs BAUAHWUA Aenpeccuu, cBOBOAHOM OT cTpec-
copHoro Tpurrepa, Ha [THO 1 onocpesioBaHHYO el UMMYHOMOAYNA-
LIMIO, @ TaK¥Ke BO3MOMXKHOCTU CAENaTb 3TU U3MEHEHUA 0B6PaTUMbIMK C
nomotubto BDNF.

HacToflmin KCNepuMMeHT nokasan, 4Yto 3GQGeKTUBHOCTL Mo-
NOXUTENbHOTO AeNcTBnA copbMpoBaHHOTO Ha HaHouvactuuax BDNF
npy 3KCMEPUMEHTaNbHOM AEenpecci OKa3blBAeTCA COMOCTAaBUMOM C
TaKOBOM Y TPAAMLUMOHHOIO aHTUAenpeccaHTa (yoKceTUHa, cenek-
TUBHOIO MHMMBWUTOPA 06PaTHOrO 3axBaTa CePOTOHMHA. [pu 3TOM BBE-
naexve BDNF napannenbHo Bbi3biBaeT ymeHblueHWe akTuBauum ITHO,
BbI3bIBAEMOM Jenpeccueid, 0 YEM CBUAETENbCTBYET CTaTUCTUYECKU
3HAYMMOE CHUXEHME YPOBHA KOPTUKOCTEPOHA B KPOBM, TaKXe cono-
CTaBMMOe Npu Ucnonb3oBaHUM BDNF 1 GpyoKceTUHa, U ymeHbLLeHWe
CTeneHu rMnepnnasMmn Kopbl HaAMOYeYHUKOB, KOTOPOE, HanpoTus,
CTAaTUCTMYECKM 3HAYMMO CHUMKANO MOCNEAHION /IMlWb NPU UCMONb-
30BaHuMM BDNF, HO He ¢nyokceTMHa. OQHOBPEMEHHO OTMEYAETCA
YMEHbLUEHUE YPOBHA KOPTUKOCTEPOH-aCCOLMMPOBAHHON MMMYHO-
cynpeccuu, o Yeé CBUAETENbCTBYET BblABAEHHOE MOPGOMETPUYECKM
CHWKEHWE YPOBHA MHBOMIOLMM TUMYCa. TakMm 06pa3om, cpaBHeHUe
nevicteua BDNF n dayokceTMHa npu mMoZenvpoBaHHOM Aenpeccum
MOKa3aso, YTo Mo pagy NapameTpoB OHO COMOCTaBMMO (ynydylleHue
NOBEAEHYECKUX PeaKLMi, CHUMKEHWEe YPOBHA KOPTUKOCTEPOHA B
KPOBM), a MO pAAY NoKasaTenei OHO CTAaTUCTUYECKM 3HauMmo bonee
3GPEKTUBHO Npu Ucnonb3oBaHUM BDNF (ymeHbLUeHMe runepnaasum
KOpbl HAAMOYEYHUKOB M YPOBHA aCCOLMMPOBAHHOW C HEN UMMYHO-
cynpeccuu). NonyyeHHble faHHbIE TaKXKe NO3BONAIOT 3aK/IHOUUTb, YTO

Puc. 6 Kopkogo-mo32o80e coomHouieHue (CMR) u ydeneHas
naowads (%) makpogazos ¢ anonmo3sHsIMU mesbyamu
(TBM) 8 mumyce #ugomHsoix sKCnepuMeHmanbHol u
KoHmpossHol epynn, M+m; * — p<0,05 8 cpasHeHuu ¢ |
epynnoll; ** — p<0,01 8 cpasHeHuu ¢ | 2pynnod; #— p<0,05 6
cpasHeHuu co Il epynnoli

Fig. 6 Cortico-medullary ratio (CMR) and volume density (%)
of tingible body macrophages (TBM) in the thymus, M+m;

* — p<0.05 compared with Group 1; ** — p<0.01 compared
with Group 1, #— p<0.05 compared with Group 2

W Irpynna Groupl
W 1l rpynna Group2

Il rpynna Group3

of the traditional antidepressant fluoxetine, a selective sero-
tonin reuptake inhibitor. BDNF simultaneously reduced the ac-
tivation of the HPA axis caused by depression, as evidenced by
a significant decrease of corticosterone in the blood, which was
similar in BDNF and fluoxetine groups and meaningfully reduced
hyperplasia of the adrenal cortex, while in the fluoxetine group,
this reduction was not significant. At the same time, BDNF re-
duced corticosterone-associated immunosuppression, as ev-
idenced by the digital morphometry of the thymus. Thus, the
effect of BDNF and fluoxetine in modeled depression was com-
parable in several parameters (improved behavioral reactions
and decreased corticosterone levels in the blood). In contrast,
other parameters (hyperplasia of the adrenal cortex, thymic in-
volution) showed higher BDNF efficacy compared with fluoxe-
tine. The obtained data allow us to conclude that the effect of
BDNF in the treatment of modeled depression is mediated by its
action on the HPA axis. Our results are consistent with the data
on the ability of BDNF to antagonize the action of glucocorti-
coids under certain conditions [28].

Earlier studies [25, 29, 30] demonstrated the effect of
nanoparticulate BDNF in the treatment of experimental pathol-
ogy of the central nervous system, such as traumatic brain inju-
ry, parkinsonism, and ischemic stroke. The present study shows
another potential application of this drug in experimental de-
pression, which has not been done so far. Demonstration of the
antidepressant effect of BDNF prompts for search of low molec-
ular weight agonists of its receptors as a potential medication
for the treatment of depression.

A limitation of this study: The level of BDNF was not de-
termined, which could demonstrate specific correlations with
the obtained indicators of HPA axis activation, the level of im-
munosuppression, and behavioral changes in animals with mod-
eled depression. At the same time, there is an opinion that the
accuracy and reproducibility of existing methods for determin-
ing the level of BDNF raises serious concerns [19].

CONCLUSION

This study unequivocally demonstrates the effectiveness
of BDNF in treating modeled depression. In some aspects, BD-
NF's performance is comparable to the traditional antidepres-
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adpdekt BDNF npu neyeHnn moaenvpoBaHHOM Aenpeccum onocpeao-
BaHO Bo3geicTanem Ha MMHO. MonyyeHHble HaMK pe3ynbTaTbl COMNa-
CYHOTCA C AaHHbIMK 0 cnocobHocT BDNF npwu onpeaenéHHbIX yciosu-
AX BbICTYMNaTb aHTAarOHNCTOM [/IFOKOKOPTUKOMAOB [28].

B 6onee paHHMX uccnesosaHusax [25, 29, 30] bbi10 NpoaeMOH-
CTPMPOBAHO YCMELWHOe MPUMEHEHWE COPBMPOBAHHOMO Ha HaHOYa-
ctnuax BDNF ans neyeHus aKCNepMMEHTANbHOW MaTONOMMKU LeH-
TPaNbHOM HEPBHOM CUCTEMbI, TAaKOM Kak YepenHo-mo3roBas TpaBMa,
NAapKUHCOHWM3M U ULIEMUYECKUIA UHCYNbT. HacTosllee uccneaosaHune
NoKasblBaeT elwé oAHO NOTeHLMANbHOE NPUMEHEHNe [aHHOro npe-
napara npw 3KCNepUMeHTaNbHOM Aenpeccuu, KOTopoe A0 CUX Nop He
NPOBOAMNOCH. [JeMOHCTpaLmA aHTuAenpeccuBHoro aeictana BDNF
[enaeT NepcneKkTUBHbIM NMOUCK HU3KOMONEKYNAPHBIX arOHUCTOB ero
peLenTopos.

OrpaH1yeHne JaHHOro UCCeA0BaHUA 3aK/1K0YAETCA B TOM, YTO
He 6bl10 NpoBeaeHo onpeaeneHue yposHsa BDNF, KoTopoe morio 6bl
NO3BONWTb AOMOAHUTENbHO BbIABUTL ONpPefenéHHbIE KOppenauum ¢
NoNyYeHHbIMKU NOKasaTenamu aktusaumm THO, ypoBHA MMMYyHOCY-
NpPeccun U U3MeHeHUN NOBEAEHUA Y KUBOTHbBIX C MOLENNPOBAHHOM
fenpeccueit. Bmecte ¢ Tem, eCTb MHEHMWE, Y4TO TOYHOCTb U BOCMPOU3-
BOAMMOCTb CYLLECTBYIOLLMX MeToA0B onpeaeneHna yposHa BDNF BbI-
3bIBAET CepbEé3Hble onaceHus [19].

3AKNIOYEHUE

MccnenosaHve nokasano 3GpGeKTMBHOCTb NeUYeHU MOAENNpY-
emoii fenpeccun BDNF, no psagy nokasaTesneit conocTaBvmyto ¢ Tpa-
OMUMOHHBIM  aHTMAENPECcCaHTOM (IyOKCETUHOM (MoBeAeHYecKkue
TECTbl, YPOBEHb CHUKEHUA KOPTUKOCTEPOHA B KPOBW), @ MO ApYrvm
NOKasaTeNsAM — MPEeBbILIAOLLY0 e€ (rMnepnaasvs My4YKoBOM 30HbI
KOpbl HaAMOYEYHUKOB, U rMNepTpodusa eé KNEeTOK, a TaKKe YPOBEHb
MMMYHOCYMNPECCHBbIHX U3MEHEHMI B TUMYCE). TakMM 06pa3om, C y4é-
TOM NOAYYeHHbIX AaHHbIX, BDNF MOXHO paccmaTpmBaTh KaK NOTEHLMU-
anbHOe CPesCTBO AJ1A NeYeHUa Aenpeccun y YenosekKa.

sant fluoxetine, as evidenced by improved behavioral tests and
decreased corticosterone levels in the blood. BDNF surpasses
fluoxetine in other aspects, such as reversing hyperplasia of the
zona fasciculata of the adrenal cortex, hypertrophy of its cells,
and immunosuppressive changes in the thymus. These findings
strongly suggest that BDNF could be a promising treatment for
depression in humans.
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OLEHKA ITPOTEOANUTUYECKUX ITPOLJECCOB I10 YPOBHIO
HU3KOMOZEKY ASIPHBIX BEAKOB ITPV1 DKCITEPUMEHTA IbHOM ITEPUTOHUTE
N B YCAOBUSIX ITPIMEHEHMSI ITPEITAPATA «CEPOI'APA»

M.T. IIYPRITVH', C.A. BOTOPOACKAS', E.E. UEITYPHBIX'? A.B. POAVIOHOBA', 1.T. CAMOMAOBA!, V. A. IITYPBITVIHA'

1 Vipxyrcxuit nayusstit entp xupyprinu u Tpapmaroaoriu, Vpkytck, Pocciickas Qeaepariist

2 Kadeapa daxyabrerckoit xupypruu, VIpKyTCKuii rocyapCcTBeHHBIN MeAUITMHCKII yHuBepcuTeT, VIpkyTck, Poccniickas Peaepariis

Llenb: n3yyeHne akTUBHOCTU NPOTEOUTUYECKMX MPOLLECCOB NPU SKCNEPUMEHTAIbHOM NEPUTOHUTE U NPY UCNONb30BaHWMK npenapaTa «Ceporapay B
KauecTBe JIOKaNbHOTO MPOTUBOBOCNA/IMTENILHOTO areHTa.

Martepuan v MeToabl: SKCNePUMEHT NPOBOAMICA Ha Kpbicax-camuax AvHum Wistar B Bo3pacTe 6 mecALeB. Bcem }UBOTHbIM MOZE/IMPOBA/ICA IKCNepu-
MEHTa/IbHbIM NEPUTOHUT NO pa3paboTaHHOW aBTOpamu MeToAMKe. HUBOTHbIM KOHTPO/IbHOM rpynnbl (n=20) Yepes CyTKu NOCAe MOAEMPOBaHUSA Ne-
PUTOHWTA BHYTPUOPIOLLIMHHO BBOAMIOCH 3 M GU3MONOTUYECKOTO PacTBOpPa, OMbITHOW rpynne (n=19) — Takol ke 06bém npenapata «Ceporapa»® (A0
«®apmacuHTes», Poccus, ToBapHbIi 3Hak Ne 529254, aata peructpaumn 11 gexkabps 2014 r.), ABAAIOWMIACA PaCTBOPOM KOHbOraTa Masioit MONEKy/bl,
MHIMbUpytoLwe pepmeHT p38 MAP-KMHa3y, C NONMBUHUAUMUAA30/I0M. Y 340POBbIX KpbIC (N=7) onpesenannch 3Ha4eHWA NoKasaTenei, xapakTepHble
[LNA MHTaKTHbIX }KMBOTHbIX CaMLLOB CONOCTaBUMOro Bo3pacTa. CosiepkaHue obuiero 6enka u HuskomonekynsapHbix 6enkos (HMB) B romoreHaTax TKaHu
neyeHn onpeaenanocb MoaMdULMpoBaHHbIM MeToaom Lowry OY, 06Lwmii 6enok 1 anbbymyH CbIBOPOTKM KPOBU — C UCTIOIb30BAHUEM KOMMEPYECKMUX
Habopos BioSystems S.A. (Costa Brava, Spain).

Pe3ynbratbl: pasBuUTHE IKCNEPUMEHTAZIBHOMO NEPUTOHWTA OKa3biBaso 3HAYNUTENIbHOE BAUAHME HA COAEPXKaHWE HU3KOMOEKYIAPHbLIX NPOTEVHOB B
TKaHW NeYeHU, CTaTUCTUYECKM 3HAYMMO YBEANYMBAA UX HAKOMIEHWE B Fpynne ¢ rTHOMHbIM NeputoHuToM 6e3 BeeaeHus «Ceporapia» Ha BCEX CPOKaxX
HabnogeHua. OfHoKpaTHoe BBeAeHWe npenapata «Ceporapa» orpaHWyMBaNo BbIPaXKEHHOCTb NMPOTEO/IUTUYECKMX PeaKLMiA Npyu neputoHnTe. Takke
npumeHeHue npenapata «Ceporapa» NPUBOANIO K TOPMOKEHUIO CUHTE3a aNbbyMMHOB renatouuTamm B CPOKM 10 3 CYTOK C NOCAeAYOLLel KOMNEH-
caumeit K 7-bIMm CyTKam HabntoaeHus.

3aK/Ilo4eHne: THOWHbIN HeorpaHUYEeHHbIN NEPUTOHUT COMPOBOXKAAETCA 3HAYUTE/IbHOWM aKTUBaLMEN NPOTEOUTUYECKMX NPOLLECCOB C HAKOMAEHUEM
NpoAyKTOB NpoTeonn3a B neveHu. Mpenapat «CeporapA» CAEPKMBan PocT akTUBHOCTK NpoTeonun3a. Mpy of4HOKPaTHOM ero BBeeHUM B OPIOLLHYHO
No/0CTb B NEPBble CyTKU MOLENMPOBAHMA THOMHOTO BOCNAMTENbHOTO NpoLecca 3ToT 3GpdeKT 6oee BbIpaXKeH Ha PaHHKUX CPOKax HabnoaeHus. CHu-
KeHWe 06pa3oBaHUA NPOAYKTOB MPOTEON3A MOXKET CTaTb 3HA4YMMbIM GaKTOPOM NOAO6HON Tepanumn ANA CHUKEHWUA PUCKA Pa3BUTUA CUCTEMHDIX Ha-
PYLUEHWIA NPY NEPUTOHUTE, OLHAKO BbIABIEHHOE CHUKEHME NPOAYKLMM anbbyMUHOB B NepBble AHM NOC/e BBEAEHWA Npenapata Ha GpoHe 06LIMpPHOro
NOBpPeXAeHUA BPIOLINHDI LOMKHO ObITb 06BEKTOM BHUMAHMA NPU KIMHUYECKUX UCCNef0BaHMAX 6e30MacHOCTV NPUMeHEHMA Npenaparta npu AaHHOK
naToNoruu.

Kntouesble cnoBa: nepumoHum, uHaubumop p38 MAPK, npomeonus, HU3KOMOseKynspHole besKu.

Ana uutuposanma: Lypbirud MT, Boropogckas C/l, YenypHbix EE, PoanoHosa /1B, Camoiinosa /T, LypbirnHa MA. OugHKa NpoTeonnTUYECKMX NPOLIeCCoB
MO YPOBHIO HU3KOMOJIEKYNAPHBIX GENKOB MPU IKCMEPUMEHTASIbHOM MEPUTOHUTE W B YCIIOBUAX MpUMEHEeHUA npenapata «Ceporapay. BecmHuk AsuyeHHbI.
2024;26(3):417-26. https://doi.org/10.25005/2074-0581-2024-26-3-417-426

EVALUATION OF PROTEOLYTIC ACTIVITY IN EXPERIMENTAL PERITONITIS WITH
SEROGUARD® TREATMENT

M.G. SHURYGIN!, S.L. BOGORODSKAYA!, E.E. CHEPURNYKH'?, L.V. RODIONOVA', L.G. SAMOYLOVA',
I.LA. SHURYGINA'

1 Irkutsk Scientific Center for Surgery and Traumatology, Irkutsk, Russian Federation
2 Department of Faculty Surgery, Irkutsk State Medical University, Irkutsk, Russian Federation

Objective: Study the proteolytic activity during experimental peritonitis using Seroguard® as a local anti-inflammatory agent.

Methods: The experiment involved male Wistar rats aged 6 months. The researchers induced experimental peritonitis in the animals using a specific
technique they developed. In the control group (n=20), the rats were given an intraperitoneal injection of 3 ml of saline one day after simulating
peritonitis. The experimental group (n=19) received the same volume of the Seroguard® solution (JSC Pharmasyntez, Russia), a prolonged form of the
p38 MAPK inhibitor. Healthy age-matched rats (n=7) are used to determine indicators typical for intact animals. Total protein and low molecular weight
proteins (LMWP) in liver homogenates were determined using the modified Lowry protein assay, and serum total protein and albumin were measured
using kits purchased from BioSystems S.A. (Costa Brava, Spain).

Results: The experimental peritonitis significantly impacted the levels of LMWP in the liver tissue. A statistically significant increase in their
accumulation in the group with purulent peritonitis was observed when Seroguard® was not administered throughout the study period. However,
a single administration of the Seroguard® reduced the severity of proteolytic reactions in peritonitis. Additionally, Seroguard® led to a temporary
inhibition of albumin synthesis by hepatocytes for up to 3 days, followed by compensation by the 7" day of observation.
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Conclusion: Diffuse purulent peritonitis is characterized by significant activation of proteolytic processes and the accumulation of proteolysis products
in the liver. Seroguard® inhibited the increase in proteolysis activity. When administered as a single injection into the abdominal cavity on the first day
of simulating a purulent inflammatory process, this effect is more noticeable in the initial stages of observation. Reducing the production of proteolysis
products may play a significant role in therapy to decrease the risk of developing multiorgan failure in peritonitis. However, the observed decrease in
albumin production in the initial days after drug administration in the settings of extensive peritoneal damage should be a focus of clinical studies to

assess the safety of the drug in this pathology.

Keywords: Peritonitis, p38 MAPK inhibitor, proteolysis, low molecular weight proteins.
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BBEOEHUE

M3BECTHO, YTO GaKTEpPMasIbHbIV NEPUTOHUT, B COOTBETCTBUM CO
CTEMEHbIO CBOEW PacnpOCTPAHEHHOCTH, XapPaKTEPU3YETCA 3HAUNUTENb-
HOM TAXKECTbIO MATONOrMYECKUX npoueccos. Mpu aTom dopmupytotcs
OTBETHbIE CTPECCOBbIE PEAKLMM OPraHM3Ma, KOTOPbIE TaKKe Bblpaxke-
Hbl 1, B CBOKO OYepesb, MOTYT ycyrybnsatb nospexaeHue. Myyerune
PEeaKTMBHOCTY Ha NoBpexAatoLye GaKTopbl U BO3MOKHOCTU peryns-
LMW aMNIUTYAbl OTBETHbBIX PEAKLLMIA, B TOM YUC/IE MPU THOWMHBIX Npo-
Leccax B 6pHOLWHOM MONOCTH, BbI3biBatOT 60/bLLOM MHTEpeC [1-3].

Tak, Npu NepuTOHUTE Heu3bexkHas aKTUBaLMA NPOTEONUTU-
UECKMX MPOLLECCOB Ha (OHe BbIPAXKEHHOrO BOCMANEHWA MPUBOAMUT
K MOBPEXAEHWNIO COBCTBEHHbIX GENKOB C HApyLIEHUEM CTPYKTYp U
GYHKUMI 3aMHTEPECOBaHHbIX OPraHOB M TKaHEW, a TaKXKe C yBenu-
yeHvem pucka GOPMMPOBAHMA CUCTEMHDBIX HapyweHuit [1, 3-5]. Uc-
CNefoBaHVe YPOBHA NPOZYKTOB MPOTEO/IN3a — HU3KOMOEKYIAPHDBIX
6€/IKOB — NO3BONAET OLEHUTH CTEMEHb aKTUBALMK NPOTEOSIUTUYECKMX
NPOLLECCOB M CBA3ATb UX C 3TaNaMu U TAKECTbIO TEYEHUA JAHHOTO 3a-
6onesaHus [6].

113BECTHO, YTO OCHOBHAs OTBETCTBEHHOCTb 3 BbIBELEHME KOHEY-
HbIX NPOAYKTOB 6e/KOBOro 06MEHa, a TaKKe 33 MeTabosIM3mM KCeHo-
OMOTMKOB M TOKCMHOB BO3/1araeTca Ha neyeHb. MeyeHb B opraHusme
yesoBeKa 061afaeT Hanboee BbipaXKeHHOM aKTUBHOCTbIO 6E/KOBOTO
obmeHa. 3aecb cMHTE3NpyeTca 6O/bLUMHCTBO 6EeMKOB KPOBM, 6esku
oCTpoi dasbl BOCMANEHNS, B TOM Yucae NpodepmeHTbl, UHIMBUTOPbI
npoTteas. MeyeHb UrpaeT 60/bLLYIO PO/b B PETYAALMM NPOLLECCOB BOC-
naneHus. bosblwas posb B OCYLLECTB/IEHUU BOCMAIUTE/IbHbIX PeaK-
LLWiA, B TOM YMC/IEe NPOTEOSIUTUYECKUX, TaKKe NPUHALNEKUT KNeTKam
Kposw [7-10].

B cBA3M C M3y4EHMEM MEXaHW3MOB PErysLMU OTBETHbIX 3a-
LUMTHBIX PeaKLMi1 OpraHM3Ma Ha MOBPEXAeHMe, BbI3BaHHOE NepuTo-
HeanbHOW MHbeKLUMen, 6oNbLWOoW MHTEPEC NMPeACTaBAAET UCMO/b30-
BaHWE CE/IEKTUBHbIX UHTMOUTOPOB MUTOrEH-aKTUBMPYEMOM KMHa3bI
p38 MAPK (mitogen-activated protein kinase), KoTopble nogaens-
10T KaTanUTUYecKkyto akTMBHOCTb p38 MAPK nyTém KOHKYypeHTHOro
cBA3bIBAHUA C eé AT®-KapMaHOM, W, Kak W3BECTHO, 3QQEKTUBHBbI
B HECKO/IbKUX MOAENAX BOCManuTenbHbIX npoueccos [11, 12]. Ana
MWHUMM3aLMU CUCTEMHOTO BAWAHWA B KayecTBe GpapmMaLeBTUYECKH
AKTVMBHOTO areHTa C TakKMM MEXaHU3MOM AelCTBUA BblbpaH ekap-
CTBEHHbINM Npenapat «Ceporapay», Haxoasawmiica Ha Il ctagumn kau-
HWYECKMX UCCNEA0BAHNM, B KOTOPOM UHIMBUTOP p38 MAPK KOHblO-
TMPOBaH C NOIMMEPHOIN MaTPULLEN 418 YMEHbLUEHMA abcopbuum 13
OpPIOLLHON NONOCTU B CUCTEMHBIV KPOBOTOK. C APYroi CTOPOHbI, WUH-
Tepec K JaHHOMy MpenapaTy CBA3aH C OCHOBHbIM MOKa3aHWeM, npu
KOTOPOM M3y4yaeTcs ero 3pGEKTUBHOCTb — NPOGUNAKTUKOW CnaeyHom
6one3Hn [13]. XopoLlo M3BECTHO, YTO NMPUMEHEHWE CYLLECTBYIOLLMX
NPOTMBOCMAEYHbIX KOMMO3ULIMI, OCHOBaHHbIX Ha 3bdeKTe pasgene-

418

INTRODUCTION

Bacterial peritonitis is a severe complication that can lead
to significant pathological processes and stress responses, fur-
ther exacerbating the damage. Understanding bodily responses
to harmful factors and regulating response reactions, especially
during purulent processes in the abdominal cavity, is of great
interest and importance [1-3].

During peritonitis, the body's response to severe inflamma-
tion triggers proteolytic processes that damage its proteins. Prote-
olysis disrupts the structures and functions of organs and tissues,
increasing the risk of systemic inflammation and widespread tissue
injury [1, 3-5]. Evaluating the level of proteolysis products, such as
LMWP, allows for assessing the degree of proteolytic processes' ac-
tivation and the stage-related severity of the condition [6].

The liver plays a crucial role in eliminating end products
of protein metabolism and metabolizing xenobiotics and toxins.
It has the highest activity of protein metabolism in the human
body, synthesizing most blood proteins, acute-phase proteins,
proenzymes, and protease inhibitors. The liver also has a sig-
nificant role in regulating inflammation. Blood cells also play an
essential role in body inflammatory response, including proteo-
lytic processes [7-10].

Studying selective inhibitors of mitogen-activated kinases,
like p38 MAPK, can provide valuable insights into how the body
regulates its response to damage caused by peritoneal infection.
These inhibitors are effective in several inflammatory process
models [11, 12]. Seroguard®, currently in the advanced stage Ill
of clinical trials, showcases promising effectiveness in inhibiting
p38 MAPK, a protein associated with inflammation. This innova-
tive drug is formulated to be embedded in nanocrystal-polymer
microparticles to minimize absorption from the abdominal cav-
ity into the systemic circulation, potentially reducing systemic
side effects. Furthermore, Seroguard® is undergoing extensive
research for its potential to prevent adhesive disease, under-
scoring its significant therapeutic promise [13]. To emphasize
the therapeutic potential, it is essential to note that current an-
ti-adhesive compositions, based on the separation of peritoneal
layers, should not be utilized for infectious processes in the ab-
dominal cavity [14].

PURPOSE OF THE STUDY

Study of the activity of proteolytic processes in experimen-
tal peritonitis when using Seroguard® as a local anti-inflamma-
tory agent.
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HUSA JINCTKOB BPIOLLINHBI, ABNAETCA MPOTMBONOKa3aHMEM NpU UHEK-
LIMOHHOM npouecce B bptoluHol nonoctu [14].

LLENb UCCNEQOBAHUA

V13y4eHne aKTMBHOCTM MPOTEOSIMTUYECKMX MPOLLECCOB MPU IKC-
NEPUMEHTANIbHOM MEPUTOHUTE M MPU MCMONb30BaHWKM npenapaTa
«CeporapZ» B Ka4eCTBE JI0KA/NbHOTO NPOTUBOBOCNA/IMTENBHOTO areH-
Ta.

MATEPUAN U METOAbI

JKCneprMeHT MPOBOAMACA HA Kpbicax-camuax anHun Wistar
B BO3pacTe 6 mecaAues, maccol Tena 250-290 rpamm. HKuUBOTHbIE CO-
[lepasncb B YCNOBUAX BUBApUA NPU CBOBOLHOM AOCTyne K BoAe v
nuLe B cOOTBETCTBUM ¢ HopmaTuBom MOCTa «CoaeprkaHue sKkcnepu-
MEHTa/IbHbIX KMBOTHbIX B NMUTOMHUKax HUW» (BuBapwuii | KaTeropuu,
BeTepuHapHoe yaoctoseperne 238 Ne 000360 ot 30 anpena 2015
r., cnyxba BeTepuHapum WpKyTckoit obnactv). UccneposaHus Ha
YKMBOTHbIX BbINONHANNCL B COOTBETCTBMM C MpaBUAaMU FYMaHHOTO
06palleHns C KMBOTHBIMM, PErIAMEHTUPOBAHHbIMK «MpaBuaamm
nposefeHWA paboT C MCMONb30BAHWMEM 3KCMEPUMEHTANbHbIX K-
BOTHbIX», YTBEPXAEHHbIMKM prkazom M3 CCCP Ne 742 ot 13.11.84
r. «O6 yTBepAeHUM NpaBuA NpoBeaeHna paboT ¢ Ucrnonb3oBaHMEM
3KCNepMMeHTaNbHbIX KMBOTHbIX» U N2 48 ot 23.01.85 r. «O KoHTpone
3a npoBeAeHneM paboT € UCNoNb30BaHMEM IKCMEPUMEHTANbHbIX XKU-
BOTHbIX». IKCNEPUMEHTaNbHOE UCCNe0BaHWE 0J06PEeHO KOMUTETOM
no 3TMKe VIPKYTCKOro Hay4YHOro LeHTpa XMpYpru U TpaBMaTonormm
(npotokon 3acepanusa Ne 1 o1 29.02.2019 ).

Bcem KMBOTHbIM BbINOMHANUCL NaNapoOTOMMUA U MOLENNPO-
BaHWE MOC/E0NEePALMOHHOTO PA3/IMTOr0 MEPUTOHWTA MO Mpeasio-
KeHHON Hammn meTtoamke [15]. B KauecTBe MHPEKTA UCMONb30BANNCH
TrOCMUTA/IbHbIE LWTAMMbl: KNMHUYECKUI u3onaT Escherichia coli BPNC
109 u Bacteroides fragilis 109 (wtamm ISCST1982, 3apernctpuposaH
B Genbank), BblaeneHHble OT 60/IbHbIX OCTPbIM anneHAnLMTOM, 06-
wym obbémom 1,0 mn Ha Kpbicy. KunBOTHble BblaM pasaeneHbl Ha
KOHTpOAbHYLO (n=20) 1 onbiTHyto (N=19) rpynnbl. Kpbicam KOHTPO/b-
HoW rpynnbl (n=20) Yepes CyTKM Noc/ie MOAENMPOBAHNA NEPUTOHUTA
BHYTPUOPIOWMHHO BBOAWMIOCH 3 M/ GU3MONOTMYECKOTO PaCcTBOpPa,
onbITHOM rpynnbl (n=19) — 3 mn npenapata «Ceporapa»® (AO "dap-
MacuHTes", Poccus), NpeacTaBastoLLero coboi cTepubHbI BOAHbIN
pacTBop KoHblorata 4-[4-(4-dpnoopodernn)-2-(4-metuncynbduHmnn-
denunn)-1H-ummaason-5-nupuamnHa ¢ noan-1-sMHUA-MMUAA3010M B
KoHueHTpaumm 0,41 r/n. BBogumoe Konmyectso 6bi10 onpeaeneHo no
HeobXoaYMOMY /151 OKPbITUA MOBEPXHOCTM BPIOLIMHBI SKCNEPUMEH-
Ta/bHOTO KWMBOTHOrO 06bEMY [16]. Ba3oBble 3HaYeHUA M3yyaemblx
roKasaTenell onpesensanuch B rpynmne 340P0BbIX MHTAKTHbIX KPbIC,
camuioB Wistar B Bo3pacTe 6 mecaues (n=7).

KMBOTHbIE BbIBOAWMANUCL M3 3KCNEPUMEHTA Ha 3-u, 7-e un 14-e
CYTKM nocne onepaLuyu. Ha BbiBegeHUM ocyLLecTBAAACA 3a60p KPOBM
1 NEeYeHU KpbIC.

IKCTpaKLMA roMOreHe3MpoBaHHOM TKaHW NeYeHn NPoBOANNACH
B oxnaxaéHHom 0,177 M Ttpuc-HCl-6ydepe, pH 7,2. B akcTpakTax
nccnefoBannch cogepaHve obuero 6enka U HU3KOMONEKYNAPHOM
6enkoBoi dpakumMn moanduumposaHHbiM metogom Lowry OY ¢ uc-
nonb3osaHnem 10% TPUXNOPYKCYCHOM KUCNOTbI ANA OCAXMKAEHMA Bbl-
COKOMOEKYNAPHBIX 6E/IKOB, U3MEPEHMA NPOBOAMIUCH Ha pOTOMETPe
K®K-3 (30M3, Poccus). B cbiBOPOTKE KPOBW MCCAEL0BANCD OBLLMIA
6en0K 1 anbbyMUH C NOMOLLLI0 HabopoB peakTnBOB BioSystems S.A.
(Costa Brava, Spain): 0bwwi1 6enok onpeaensnca 6uypeToBbiMm meTo-
nom (Kog Habopos 11500), anbbymunH — c GPOMKPE30/10BbIM 3€1EHBIM

METHODS

The study used a Wistar rats animal model aged 6 months,
weighing 250-290 grams. The animals were kept in vivarium
conditions (vivarium category |, veterinary certificate number
238 dated April 30, 2015, issued by the State Veterinary Service
of Irkutsk Region, Russia) with free access to water and food,
according to animal research standards defined by Russian law
and EASC technical standards for Good Laboratory Practice
(GLP) according to GOST R 53434-2009 and GOST R 51000.4-
2011. The experiments on animals were conducted in compli-
ance with the regulations for the humane treatment of animals.
These regulations are governed by the "Rules for carrying out
work using experimental animals", which were approved by Or-
der No. 742 of the Ministry of Health of the USSR on November
13, 1984, and by Order No. 48 of January 23, 1985, "On control
over work using experimental animals". The experimental study
was approved by the ethics committee of the Irkutsk Scientific
Center for Surgery and Traumatology, Irkutsk, Russia (Protocol
No. 1 held on February 29, 2019).

An experimental model of postoperative diffuse peritoni-
tis was induced via laparotomy in all animals according to our
proposed technique [15]. Clinically isolated extended-spectrum
B-lactamase (ESBL)-producing Escherichia coli strains and Bacte-
roides fragilis strain 1ISCST1982 at a concentration of 109 CFU/
mL, obtained from patients with acute appendicitis — were used
as infective agents. Each rat was injected with a total volume of
1.0 ml. The animals were divided into control (n=20) and exper-
imental (n=19) groups. The rats in the control group were in-
traperitoneally injected with 3 ml of physiological solution one
day after peritonitis modeling. In comparison, the experimental
group received 3 ml of Seroguard® (JSC "Pharmasintez", Rus-
sia) as a sterile aqueous solution of the conjugate 4-(4-Fluoro-
phenyl)-2-(4-hydroxyphenyl)-5-(4-pyridyl)-1H-imidazole-5-pyri-
dine with poly(1-vinylimidazole) at a concentration of 0.41 g/I.
The administered amount was determined based on the neces-
sary coverage of the peritoneal surface of the experimental an-
imal [16]. Additionally, healthy age-matched rats (n=7) are used
to determine indicators typical for intact animals.

Animals were sacrificed on the 3rd, 7th, and 14th postop-
erative days. After sacrificing the animals, blood and liver sam-
ples from the rats were collected.

Liver tissue samples were homogenized in chilled 0.177
M Tris-HCI buffer, pH 7.2. The total protein and low molecular
weight protein fraction in the extracts were determined after
the precipitation of high molecular weight proteins with 10%
trichloroacetic acid by the modified Lowry method. The mea-
surements were conducted utilizing a photometer KFK-3 (ZOMZ,
Russia). The total protein level was measured using the Total
Protein Kit with the Biuret Method (kit code 11500), and the
albumin levels were determined using the Bromocresol Green
(BCG) albumin assay kit (kit code 11573) obtained from Bio-
Systems S.A. (Costa Brava, Spain). The measurement was per-
formed via a spectrophotometric method on the automatic ana-
lyzer SAPPHIRE 400 Premium (Tokyo Boeki Medisys Inc., Japan).

The statistical calculations were done in STATISTICA ver-
sion 10 (StatSoft Inc., Tulsa, OK, USA). The results are present-
ed as the median, lower, and upper quartiles, Me (Q1; Q3). The
nonparametric Mann-Whitney U test was used to continuous
variables between the experimental and control groups at each
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(koa HabopoBs 11573) Ha BUOXMMMYECKOM aBTOMATMYECKOM aHaNn3a-
Tope SAPPHIRE 400 Premium (Tokyo Boeki Medisys Inc., Japan).

CraTucTyeckan 06paboTka NoyYeHHbIX AaHHbIX NPOBEAEHA C
npvmeHeHWem nporpammsl «Statistica for Windows 10.0» (StatSoft
Inc., Tulsa, OK, USA). Pe3synbTaTbl NpeacTaBaeHbl B BUAE MeAMaHbI,
BEPXHETO U HUXKHEro KBapTuaei. Mpu MeXrpynnoBom CpaBHEHUM
OMbITHOM W KOHTPO/IbHOM TPYMN B KaKA0M BPeMEeHHOM TOYKE UCMOb-
30BaH HenapameTpuyeckuii U-kputepuit MaHHa-YWUTHU, BHYTPU rpynn
B Pa3HbIX BPEMEHHbIX TOUKaX NPYMEHEHbI MHOKECTBEHHbIE CPaBHE-
HUA ¢ KpuTeprem Kpyckana-Yonnmnca. 3Ha4MmMbIMU CHATANAN PasInuma
npu p<0,05.

PE3YNbTATbI

B cblBOPOTKE KPOBM KMBOTHBIX HA 3-M CYTKM NOCAe MOAENNPO-
BaHMA THOMHOIO MEPUTOHUTA OTMEYAETCA CTAaTUCTUYECKM 3HAUYMMOE
CHU)KEHMe YPOBHA 0bLLero 6enKka B OMbITHOM rPYNMe KMBOTHbIX HA
10-15%. 3T0 CHUXKEHWE HOCUT TPAH3UTOPHBIV XapaKTep, U yKe K 7-M
CYTKam ypoBeHb 6enka HopmanusyeTtcs (puc. 1A).

Habntogaemoe M3MeHeHve B rpynne ¢ BBeaeHnem «Ceporap-
[1a», O4YEBUAHO, MPOUCXOLAMUT 3a CYET CHUKEHUA YPOBHSA asbOYMUHOB
(p=0,002, puc. 1B). TaK KaK B eCTECTBEHHbIX YCNOBUAX Nepuog nony-
BblBeAEHUA a/IbOYMMHA Y KpbIC COCTABAAET NPUOANIUTENBHO 2 CYTOK
[17], To, npepe Bcero, BO3HMKAET BOMNPOC O AOCTaTOYHOCTM BOCMOA-
HeHWA aIbbyMMHOB B OPraHM3ME KMBOTHbIX 3a CYET CMHTE3a B Neve-
HU.

Mpw nccnenoBaHMM ypoBHA obuiero 6eska B MeyeHn He Hb110
BbIABNEHO 3HAUYMMOW Aenpeccun oblueit 6enkoBo-CMHTETUYECKO
GYHKLMM B ONBITHOM rpynne, OA4HAKO 3TO HE WCK/IOYaeT BO3MOMKHO-
CTV U30/IMPOBAHHOIO CHUMKEHMA CEKPELLMM renaToLuTamm anbbymmHa
nog, aevictenem 6aokatopa p38 MAPK (puc. 2A). [leno B Tom, 4To, B
OT/IYME OT CbIBOPOTKM KPOBU, B KOTOPOM dpaKLmMa anbbyMUHOB CO-
CTaBAAET Yy KpbiC 0KoMo 50% obLuero cogepkaHnsa 6eska, B nevyeHu
dpaKuma anbbyMUHOB COCTAB/IAET TOMbKO 6% ypoBHS 06LMX benKoB
[18].

ObpalyaeT Ha ceba BHUMAHWE daKT NOBbILIEHWA YPOBHA 0bLLe-
ro 6e1Ka B CbIBOPOTKE KPOBM B Fpynne KOHTPOAA K KOHLY HabatoaeHns
—731[71,1;75,3] r/n, rae y NON0BUHbI 3KMBOTHbIX FPYNMbl OH NPEBbILWIAs
rpaHuLy 3Ha4YeHUl cpepHero +2SD, HabaAAEMbIX Y 3L0POBbIX ¥KK-
BOTHbIX. B pe3ynbTaTe 3T0ro, passiMums ¢ OnbITHOM rpynnoli ypoBeHb
obuero 6enka y 60NbWMHCTBA *KMBOTHBIX KOTOPOM HaxopuTca B 06-
NaCTU HUKHUX 3HAYEHMIM HOPManbHbIX NMoKasaTene (67,4 [63,6;70,2]
r/n), CTaHOBATCA CTAaTUCTUYECKM 3HauMMbIMK (p=0,022). Mpwn otcyT-
CTBMM NOBbILUEHUA YPOBHA a/IbOYMUHOB 3TO MOXKHO 0BbBACHMTL NO-

time point. Multiple comparisons were made using the Krus-
kal-Wallis test for comparisons within groups at different points
in time (a time series). A p-value of less than 0.05 was consid-
ered statistically significant.

RESULTS

Three days after developing purulent peritonitis, the to-
tal serum protein levels in the experimental group of animals
showed a statistically significant decrease of 10-15%. However,
the decrease is short-lived; by the 7th day, the protein levels re-
turned to normal (see Fig. 1A).

The observed change in the group with the use of Se-
roguard® appears to be due to a decrease in albumin levels
(p=0.002, see Fig. 1B). Considering that albumin normally has
a half-life of around 2 days in rats [17], there is a concern about
whether the rat liver can produce enough albumin to adequate-
ly replenish the levels of this protein.In the study of total pro-
tein levels in the liver, no significant decrease in overall protein
synthesis function was observed in the experimental group.
However, it is conceivable that the p38 MAPK inhibitor led to a
targeted reduction in the secretion of albumin by hepatocytes,
as shown in Fig. 2A. In rats, the albumin fraction accounts for
approximately 50% of the total serum protein, but only 6% in
the liver [1-8].

Notably, the total serum protein level in the control group
increased by the end of the study period to 73 [71.1;75.3] g/I. In
half of the animals in the group, the total protein level exceeded
the mean +2SD values observed in healthy animals. As a result,
the differences with the experimental group, where the level of
total protein in most animals was found to be within the lower
limit of the normal range, 67.4 [63.6;70.2] g/I, become statisti-
cally significant (p=0.022). This increase in total protein can be
attributed to a rise in acute-phase proteins, indicating a severe
inflammatory process in the control group.

When studying the levels of LMWP, typically seen in in-
flammatory processes due to the breakdown of normal tissues
and plasma proteins, an increase in this indicator in both groups
with simulated purulent peritonitis is expected. In the control
group, the fraction of LMWP in the liver tissue of animals signifi-
cantly exceeded the levels observed in healthy animals through-
out the study period (Fig. 2B), with concentrations of 15.16

Puc. 1 YposeHb 06we20 beska (A) u anbbymuHa (B) 8 cbisopomke Kposu KpbIC € 3KCNepuMeHmasbHbiM NepUmoHUMmom
Fig. 1 Variations in circulating total serum protein (A) and albumin (B) in rats with experimental peritonitis
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Fig. 2 Variation of concentration of total (A) and low molecular weight (B) proteins in the liver tissue of rats with experimental peritonitis
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BbllUEHMEM YpPOBHA 6enKoB OCTPOit dasbl BOCManeHus, 4To ceuae-
TENbCTBYET O MPOAO/IKAIOLEMCA BbIPaXKEHHOM BOCMANIMTENIbHOM
npoLecce B OpraHU3me KMBOTHbIX KOHTPONbHOM rpynnbl.

Mpw UccnepoBaHUM YPOBHSA HU3KOMOIEKY/ISPHBIX 6€/1KOB, OCHOB-
HbIM MCTOYHMKOM KOTOPbIX NPK BOCMANUTENbHbIX NPOLIECCaX ABASETCA
NPOTEO/IN3 TUMMUYHBIX A1 HOPMAJIbHbIX TKaHel M CbIBOPOTKM KPOBU
6€e/1K0B, 3aKOHOMEPHbIM LO/IKHO bbITb MOBbILEHWE 4AHHOIO MOKa3a-
Tens B 06eunx rpynnax ¢ MoZe/IMpoBaHMEM FTHOMHOTO NEPUTOHMTA.

[LenctBntensHo, GpaKLmMa HU3KOMONEKYAAPHbIX 6EIKOB B TKaHW
NeyeHW Y }KMBOTHbIX KOHTPO/IbHOM rPYNMbl 3HAYMMO NPEBbILWANa aHa-
NIOTWYHbIV NOKa3aTesb, HabA4AEMbIN Y 3L0POBbIX KMBOTHbIX BO BCE
CPOKM HabntogeHus (puc. 2B), v UX KoHUEHTpauwms cocTasnsna 15,16
[14,19;19,75] mr/r Ha 3-u; 15,86 [13,21;17,25] mr/r Ha 7-e u 14,05
[13,07;15,02] mr/r Ha 14-e cyTKu.

B MpOTMBOMONOKHOCTb 3TOMY B OMbITHOM rpynne pasanyuii
K 3-MM CyTKaM 3KCMEPUMMEHTA B CPaBHEHUM C 6A30BbIM YPOBHEM Y
3[l0POBbIX MBOTHbIX He Habaganocb. Kak cneacteme coxpaHe-
HUSA BIM3KOTO K HOPME YPOBHA HU3KOMOJEKY/APHBIX NPOTEVHOB B
MEeYEeHM KMUBOTHbIX OMbITHOM rPYNMbl, UMEETCA CTaTUCTUYECKas 3Ha-
YMMOCTb PA3/IMUMIA MEXKY NMOKA3aTeNAMM OMbITHOM U KOHTPO/IbHOM
rpynn 8 3Toil BpemeHHOM Touke (13,28 [11,83;14,0] mr/r u 15,16
[14,19;19,75] mr/r cooTsetcTBeHHO, p=0,03). B noc/iieaytoLme CPoKu B
rpynne c BeegeHnem «Ceporapaa» Habnto4anoch XoTb M MeHee Bblpa-
YKEHHOE, YeM B KOHTPO/IE, HO BCE }Ke CTaTUCTUYECKM 3HAUYMMOE B CPaB-
HEHWM C YPOBHEM Y 34,0P0BbIX }KMBOTHbIX NOBbILEHWE KOHLEHTPaLMK
HWU3KOMO/EKYNAPHBIX BENKOB B TKAHM NedeHn (Ha 7-e cyTku — 14,12
[13,28;14,48] r/n, Ha 14-e cyTkn — 13,52 [12,31;14,24] mr/r). Pasnuuuma
MEeX Yy OMNbITHOM M KOHTPONIbHOW rPyNnamMm Mo YPOBHIO HUSKOMO/EKY-
NAPHbIX NPOTEMHOB B TKAHW NeYeHU Ha 7-e 1 14-e cyTKu He gocTuranm
CTaTUCTUYECKOM 3HAUYMMOCTM.

OBCYXAEHUE

VIHTEpNpeTMpys Nony4YeHHble B 3KCNepUMeHTe JaHHble, HeobXo-
ZAMMO OnMUpaTbcA Ha Te GpaKTbl, YTO NPU PACNPOCTPaHEHHOM THOMHOM
NEPUTOHWUTE BOCMANWUTE/IbHBIN NPOLLECC MMEET 3HAYUTE/bHYIO BbIPa-
YKEHHOCTb W BOB/IEKAET 60/IbLUME NM/IOLWAAN KaK BUCLEPAsbHOM, Tak U
napueTanbHoM BpoLMHbI. pM 3TOM BEHO3HbI OTTOK OT 60/1bLUe Ya-
CTU BUCLLEPanbHON GPIOLLMHBI U MOKPbITHIX €10 OPraHOB OCYLLECTBAA-
€TCA B CUCTeMY BOPOTHOW BeHbl [19], B TO Bpems KaK C napueTanbHoi
NOBEPXHOCTH, UMEIOLLEN MEHbLLYIO M/IOLAb, OTTOK KPOBU MPOUCXO-
[T HenocpeACTBEHHO B CUCTEMHOE Pyc/o.
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[14.19;19.75], 15.86 [13.21;17.25], and 14.05 [13.0;15.02] mg/g
on the 37, 7", and 14" days, respectively.

In contrast, no differences were observed in the experi-
mental group on the 3rd day compared to the baseline levels in
healthy animals. The levels of LMWP in the livers of animals in
the experimental group were close to normal, with a statistical-
ly significant difference between the experimental and control
groups. On the 3" day, the levels were 13.28 [11.83;14.0] mg/g
in the experimental group and 15.16 [14.19;19.75] mg/g in the
control group (p=0.03). Afterward, the experimental group dis-
played a moderate but still statistically significant rise in the
level of LMWP in the liver tissue compared to healthy animals.
The concentrations were 14.12 [13.28;14.48] g/l and 13.52
[12.31;14.24] mg/g on the 7™ and 14" days, respectively. The
differences in the level of LMWP in the liver tissue between the
experimental and control groups on the 7™ and 14 days did not
reach statistical significance.

DiscusSION

When interpreting the data obtained from the experiment,
it is essential to consider that with diffuse purulent peritonitis,
the inflammatory process affects large areas of the visceral and
parietal peritoneum. In these settings, the venous outflow from
most of the visceral peritoneum and its associated organs is di-
rected into the portal vein system [19]. At the same time, the
parietal surface, which has a smaller area, allows venous out-
flow directly into the systemic circulation.

The liver plays a vital role in detoxification and protein me-
tabolism. It synthesizes proteins for essential bodily functions
and is critical to adaptive processes. It synthesizes various blood
proteins, except immunoglobulins and protein hormones. Nota-
bly, the liver produces acute-phase proteins, including protease
inhibitors, which are significant in the host response to inflam-
mation.

The concept of the study is based on the assumption that
Seroguard®, a prolonged form of the p38 MAPK inhibitor, which
has shown a reduction in the expression of proinflammatory cy-
tokines in the subserosal layer in a model of aseptic peritoneal
injury [11, 20] will also reduce the severity of proteolytic pro-
cesses.
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lMeyeHb ABNAETCA He TOIbKO OPraHOM C aKTUBHOM QyHKLMeN ae-
TOKCMKaLMK, HO 3TO M Hanbonee aKTMBHO Y4acTBYHOLLMM B He/IKOBOM
obmeHe opraHom. B neyeHn NnponcxoamT cuHTe3 6enkoB Ans cucTem-
HOrO MCMONb30BaHMA, B TOM YMCae B NpoLeccax afanTaluu: CUHTe-
3upyeTca 60NbLIMHCTBO 6eNKOB KPOBM (33 UCKIHOYEHUEM UMMYHOI/I0-
6YMHOB M FOPMOHOB 6€e/IKOBOW NPUPOABbI), CPELM KOTOPbIX XOPOLLO
M3BECTHbI 6e/1KM OCTPOV dhasbl BOCMANEHMsA, B TOM YNCNE MHTMOUTOPDI
npoteas.

KoHuenuusa nccnefoBaHWa onvpanack Ha NpeanooXKeHue, 4to
nccnegyemblit npenapat «Ceporapay», coaepalliyili KOHbIOrMPOBaH-
HbIi Ha nosumepe MHrMbuTop p38 MAPK, BBOAMMBIN NIOKaNbHO B
OPIOLLHYIO MOOCTb U B AOKAMHUYECKMX UCCAEA0BAHUAX CHUMKAOLLMIA
BbIPaXKEHHOCTb IKCMPECCUU NPOBOCMANUTENBHBIX LIUTOKUHOB B CyD-
CEPO3HOM C/IOE Ha MOZENW aCenTUYECKOTO NMOBPEXAEHWA OPIOLWNHBI
[11, 20], NO3BOMMUT CHU3UTb BbIPANKEHHOCTb NMPOTEONUTUYECKMUX NPO-
LLeCcoB.

M3BecTHO, uTo P38 MAP-KMHa3a aKTMBMPYETCA B KAETKaX, Kak
MPU MHOFOYMUCIIEHHBIX CTUMYNaX MEMBPaHHbIX PeLLenTopoB, Tak 1 no-
cpeactBom pochopunmposarna MKK KuHasamu npu onocpesosaH-
HOM aKTMBauum [21]. CuuTaloWMIiCA OAHUM U3 OCHOBHBIX CTPECC-aK-
TUBUPYEMbIX BHYTPUKAETOUHbIX CUrHa/bHbIX Kackagos, p38 MAPK
CTUMY/ZIMPYETCA NPOBOCMANUTENBHBIMU LMTOKMHAMM (YpOBEHb Npo-
Aykumn TNF-a m IL-1 pe3ko Bo3pacTaeT nog AeicTBuem MNonoamnca-
XapuaoB BaKkTepuid Npu CENTUYECKMX NpoLeccax), pakTopamu pocTa,
NOBbILIEHNEM TEMNEepPaTypbl, MMNEPOCMOTUYECKUM BO3LENCTBUEM,
nepefasan cUrHanbl B AAPO Ha GAKTOPbl PerynauuM TPaHCKPUNLMK
OHK v cTumynupys TpaHCAALMIO COOTBETCTBYHOLLMX 6enkoB. Mpu no-
[laBNeHUM akKTUBHOCTY P38 MAP-KMHa3bl byAeT TOpMO3UTLCA NpoLecc
aKTMBALMM TPAHCKPUMLMM B OTBET HA BHEKNETOYHble CTUMY/bI [21,
22]. 3HaYMmocTb QYHKLMOHMPOBaHUA onocpeayembix p38 MAPK pe-
aKUMIA TPYLHO NEpeoLLeHUTb, Tak Kak KacKag yyacTByeT B npoLieccax
nponudepaumn, anddepeHUMPOBKK, peryaaumm GyHKUMM M anon-
TO3a KeTKU. JlekapcTBeHHas ¢opma ¢ mobuausaumen nHrnbutopa
p38 MAPK Ha nonnmepe AN MUHMMM3ALMKU CUCTEMHOIO AEeNCTBnA
He AEeMOHCTPMPOBANA 3HAUMMbIX U3MEHEHMUI CUCTEMHBIX MOKa3aTe-
Nell Npy BHYTPUOPIOWMHHOM BBEAEHUM B PaHEE NMPOBEAEHHBIX UC-
cneposaHmax [23].

B cBA3M C 3TUM, M3MeHeHWe ypoBHS obLero 6enka Ha 10-15% B
CbIBOPOTKE 33 CYET CHUKeHUA anbbyMUHOBOW GpaKLMK B NepBble AHU
MOAENVMPOBaHMA THOMHOTO NepPUTOHWTa B rpynne ¢ BBedeHWem «Ce-
porapza» pacLeHeHo Kak HenporHo3upyemas HexenatenbHas peak-
umnsA. Hanbonee BEPOATHON HEMOCPEACTBEHHON NPUYMHOW, UCXOAA U3
3HAHWI O MasioM BPEMEHM KU3HU abOYMWHOB B KPOBW FPbI3yHOB,
MOTIJIO CTaTb CHUKEHWE MPOAYKLMM anbbyMUHOB NMeYeHbio B paHHME
CpOKM nocne bopmmupoBaHus mogenu. Mpu sTom 06Kt ypoBeEHb
6e/1Ka B CaMOM1 MeYeHn He NPeTepneBaeT 3HaYMMbIX U3MEHEHW, Co-
OTBETCTBEHHO MOMHO FOBOPUTb TO/IbKO O BEPOATHOM TPAH3UTOPHOM
CHV’KEHWUW NPOAYKLMM anbbyMUHOB renatoLuTamm.

ITa TPaKTOBKA YKablBAETCA B CYLLECTBYHOLLME NPesCTaBNeHUA
0 BoB/ieYeHHOCTH p38 MAPK B perynaumio cvHTesa 6eKoB Kak yepes
OCHOBHOWM MeXaHWU3M [eiCTBMA NOCPeACTBOM BAMAHUA HA daKTopbI
YNpaBAeHWA TPAHCKPUMNLMEN, TaK U ONOCPEOBAHHO Ha MeXaHWU3M
TpaHcaAumm Yepe3 MNK1/2/eEF2K kuHasbi [21]. U3BecTHO, yTo nocne
BBeAeHMA «Ceporapza» B BPIOLLHYIO MONOCTb KAMPEHC Masnbix Mosie-
Kyn MHrMbutopa p38 MAPK, nonaBLUmMX B CUCTEMHbIN KPOBOTOK, Mpo-
UCXOAMT AOCTaTOUHO bbicTpo (T1/2=1,8 u), B TO Bpems Kak Mobuan30-
BaHHaA GpaKLua perucTpupyetca B GPIOLLHON NOAOCTH 0 YETBEPTHIX
CYTOK [22]. Pasmep nonvmepa (cpesHeBECOBas MOEKYIAPHAA Macca
15-20 kDa) npenstcTByeT abcopbumm yepes HeNoBPEKAEHHLIN Me30-
Tenuin. OfHaKo He UCKAIYaeTCA TO, YTO B C/ly4ae NMOBPeXAeHMA Me3o-
TenuA Npu rHoMHOM BOCMaNUTEIbHOM MPOLLECCE ero NPOHULAEMOCTb
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It is known that p38 MAP kinase is activated in cells by var-
ious stimuli from membrane receptors and through the phos-
phorylation of MKK kinases-mediated activation [21]. As one of
the central stress-activated intracellular signaling cascades, p38
MAPK is stimulated by proinflammatory cytokines. During septic
processes, there is a significant increase in the production levels
of TNF-at and IL-1 due to the stimulation of immune cells to gen-
erate proinflammatory cytokines by bacterial lipopolysaccha-
rides, growth factors, elevated temperature, and hyperosmotic
effects. The cascade transmits signals to the nucleus, regulat-
ing DNA transcription and stimulating the translation of corre-
sponding proteins. When p38 MAP kinase activity is suppressed,
the transcriptional activation process in response to extracellu-
lar stimuli is inhibited [21, 22]. The p38 MAPK pathway is cru-
cial in regulating cell proliferation, differentiation, function, and
apoptosis. Previous research found that embedding the p38
MAPK inhibitor in nanocrystal-polymer microparticles to lower
systemic exposure and associated systemic adverse effects did
not affect systemic exposure parameters when administered in-
traperitoneally [23].

In purulent peritonitis modeling, a 10-15% decrease in the
albumin fraction led to an unexpected adverse reaction, causing
a change in the total serum protein level. This decrease is likely
due to reduced albumin production by the liver during the early
stages of the model formation. Although the total protein level
in the liver remains unchanged, we can attribute the decrease
to a transient reduction in albumin production by hepatocytes.

This interpretation aligns with the existing understanding
of the role of p38 MAPK in regulating protein synthesis, both
through direct mechanisms influencing transcription control fac-
tors and indirect effects on the translation mechanism through
MNK1/2/eEF2K kinases [21]. After injecting Seroguard® into the
abdominal cavity, small molecule p38 inhibitors that enter sys-
temic circulation are quickly eliminated with a half-life (t1/2) of
1.8 hours. At the same time, a detectable fraction of the p38
MAPK inhibitor remains in the abdominal cavity for up to four
days [22]. The size of the microparticles (15-20 kDa of average
molecular weight) prevents them from being absorbed through
intact mesothelium. However, if the mesothelium is damaged
during a purulent inflammatory process, increased permeability
can lead to an elevated concentration of the p38 MAPK inhibitor
in the portal venous system [22, 24].

The albumin levels in the experimental group initially de-
creased temporarily. However, the levels returned to normal
by the end of the first week of the study period and remained
within the normal range until the end of the study period. This
finding should be the focal point in studies on the safety of us-
ing Seroguard® for human peritonitis. However, it is unlikely
that serum albumin will decrease in humans, given its average
half-life of 21 days and compensatory production by the 7t day.

The fluctuations in levels of LMWP, mainly proteolysis
products, in experimental peritonitis indicated the severity of
the acute phase of inflammation. The portal vein receives the
outflow from most of the organs involved in the inflammatory
process in the abdominal cavity. Therefore, in the liver tissue,
LMWP in the control group consistently remained higher than
those observed in healthy animals throughout the study peri-
od. Seroguard® can prevent a significant increase in proteolysis
activity within 3 days. However, a single administration is not
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YBENMUMBAETCA [22, 24], UTO MOMKET NPUBECTU K YBENYEHNIO KOHLLEH-
Tpauum 6nokatopa p38 MAPK B ccTeMe NOPTaNbHbIX BEH.

Mocne TPaH3UTOPHOTO CHUMKEHUA YPOBHA aNbbyMUHOB UX YpO-
BEHb B OCHOBHOW rpyrnmne HOPManu3yeTca yKe K KOHLY nepBov Heae-
v HabnogeHuA 1 ocTaétea B NpesAenax HOPMasbHbIX 3HaYeHUN Ao
KOHLIA CPOKa HabntoaeHwus. BbiaBneHHas 0cobeHHOCTb, 6e3ycn0BHO,
[lOMKHa CTaTb 06BLEKTOM BHUMAHMA NPU UCCeA0BaHUAX 6e3onacHo-
CTV npumeHeHua «Ceporapga» Npu NepuTOHWTaxX y NIOAEN, OAHAKO
BEPOATHOCTb CHUMKEHUA anbbyMUHA B CbIBOPOTKE KPOBU y Ntofel,
YUYWTbIBaA CPELHEE BPEMSA MONYKU3HM CbIBOPOTOYHOMO anbbymuHa B
21 peHb 1 KpaTKOBPEMeHHOCTb 3G deKTa ¢ KomneHcaumeln NPoayKLUK
K 7-bIM CyTKaM, HEBbICOKa.

[VHaMMKa HU3KOMONEKYNAPHbLIX OENKOB, ABNAIOLWIMXCA Npeu-
MYLLECTBEHHO MPOAYKTaMM MPOTEOAMU3a MpW 3KCNEepUMEHTabHOM
NEepUTOHUTE, OTPaXana BbIPAXKEHHOCTb OCTpoW dasbl BOCManeHws.
B TkaHM neyeHw, B KOTOPYIO NO BOPOTHOW BEHe MOCTynaeT OTTOK OT
60/1blUel YacTM BOBNEYEHHbIX B BOCMANWUTE/NbHbIV NPOLLECC B OptoLL-
HOW MONOCTU OPraHoB, YPOBEHb HWU3KOMONEKYNAPHBIX NPOTEUHOB B
KOHTPO/IbHOM Tpynne AepXUTCA BECb CPOK HabaoaeHUA cTabuibHO
BblLLE YPOBH#A, HAab/IHOAAEMOTO Y 34,0POBbIX KUBOTHBIX. Mpu npume-
HeHuun «Ceporapza» B CPOKM A0 3 CYTOK Noc/ie BBeAeHUA npenapata
YAAETCA He AONYCTUTb 3HAYUTENbHOTO POCTa aKTUBHOCTU NPOTEONN-
33, O4HAKO OAHOKPATHOrO BBEAEHMA OKa3blBAETCA HEAOCTAaTOYHO, U
K KOHLly NepBO HeJenn YpoBeHb HU3KOMONEKYNAPHbLIX MPOTEUHOB
B NeYeHW BCE e CTaHOBWTCA Bblle HOPMbI, XOTb U amMnAUTy4a 3TO-
ro MOBbILEHWNA MEHbLLE, YeM B Fpyrnne KOHTPONA. BbICOKMIA ypoBeHb
HU3KOMOIEKY/IAPHbIX NPOTEMHOB B KOHTPOJ/IbHOW Tpynne cBUAeTeNb-
CTBOBa/N 0 Ho/ee BbICOKON TOKCUYECKOIN Harpy3Ke 3a CYET MPOAYKTOB
NpOTEO0AM3a HAa OPraHNU3M 3TUX KMUBOTHBIX.

3AKNIOYEHUE

Pa3BuTMeE 3KCNEPUMEHTaNbHOTO NEPUTOHMTA BbI3blBaET aKTUBA-
LMI0 NPOTe0/n3a, NPOABASIOLLYIOCA B 3HAYUTE/IBHOM POCTE YPOBHSA
HWU3KOMOIEKYIAPHbIX NPOTEMHOB NPEXAe BCEro B NeYeHu, Kyaa ocy-
LLeCTBAAETCA OTTOK KPOBW OT 6ONBLUMHCTBA OPraHOB BPIOLLIHOW NosIo-
cTW. 3T0 noBbllweHWe 6e3 BMeLaTeNnbCTBa B €CTECTBEHHOE TeueHue
FHOMHOTO BOCMANWUTE/NIbHOO MpoLecca NPOUCXOAUT HA BCEX CPOKaX
HabnoaeHWA. TakKe Y }UBOTHBIX C NEPUTOHUTOM Be3 BMeLlaTeNbCTsa
B €CTECTBEHHbI/ MPOLLECC OTMEYAEeTCA MOBbILLEHUE YPOBHA obLuero
6e/Ka B CbIBOPOTKE KPOBW, YTO B COBOKYMHOCTU C HEM3MEHHOW KOH-
LieHTpaLmeit anbbyMMHOB rOBOPUT O MOBbILEHHON NPOAYKLMM U Ha-
KonneHun 6enkos ocTpoit Gasbl BOCnaneHus.

Mpy WMHTpanepuTOHeaNbHOM BBEAEHUM KOHBIOMMPOBAHHOMO C
nonumepom 61okatopa p38 MAPK nponcxoamT He TONbKO CHUMKEHME
YPOBHSA MPOTEO/IUTUYECKMX MPOLLECCOB, OTYETNMBO BbIPAXKEHHOE B
BUAE [OCTaTOYHO HU3KUX /1A PAcnpOCTPaHEHHOTO BOCMAUTENbHOTO
npoLecca 3HaYeHM KOHLEHTPALMM HU3KOMOIEKYIAPHBIX MPOTEUHOB
B TKaHM NeYeHM B paHHME CPOKM, HO U CHUMKEHME NPOAYKLIMK anbby-
MMWHOB renaToLMTamM B CPOK 10 3 CYTOK Noc/ie pa3BUTUA THOMHOTO
npouecca. BavaHne npenapata Ha cuHTe3 anbbyMMHOB, KOTOPOroO
He Habnoganu B paHee NPOBEAEHHBIX UCCNEL0BAHMAX NPU NOKab-
HbIX NOBPEXAEHNAX OPIOLLMHDBI, perncTpupyeTca Ha poHe coueTaHuA
Takux GaKTOPOB, KaK BbIPaXKEHHOE PACMpPOCTPAHEHHOE MOpaXKeHue
6ptoLLMHDBI, NPYU KOTOPOM HapyluaeTcA eé 6apbepHas GYHKLWMA, U Ko-
POTKOM BPEMEHU MO/YBbIBEAEHNA a/lbOYyMUHOB Y MENKMX TPbI3YHOB.
Tem He MmeHee, HecmoTpA Ha T1/2 anbbyMUHOB Y Ntofei B cpesHEM B
10 pa3 6onee ganTeNbHOE B CPAaBHEHUM C MeHee YeM 2 CYTOK Y KpbIC,
3TOT aKT JO/MKEH CTaTb 06BEKTOM BHMMaHMA NPU OLEHKe napame-
TpoB 6€30MaCHOCTM B KIMHUYECKUX UCCNE0BAHUAX NPK PacnpocTpa-
HEHHOM FHOMHOM NEPUTOHUTE Y NtoAEN.

sufficient. By the end of the first week, the level of low molec-
ular weight proteins in the liver becomes higher than normal,
although the amplitude of this increase is less than in the con-
trol group. The elevated levels of LMWP in the control group
suggested a more significant toxic burden from proteolysis by-
products.

CONCLUSION

Experimental peritonitis causes proteolysis activation,
which significantly increases the level of LMWP, mainly in the
liver, receiving blood from most abdominal organs. This increase
occurs throughout the study without affecting the purulent in-
flammatory process. Additionally, in experimental peritonitis,
there is an increase in the total serum protein level, indicating
increased production and accumulation of acute-phase pro-
teins, along with a constant concentration of albumin.

When a p38 MAPK inhibitor embedded in microparticles
is administered intraperitoneally, there is a decrease in the lev-
el of proteolytic processes, leading to low concentrations of
LMWP in liver tissue during the early stages of the inflammatory
process. Additionally, there is a decrease in the albumin produc-
tion by hepatocytes for up to 3 days after developing a purulent
process. The Seroguard® influence on albumin synthesis, not
reported in previous studies with local damage to the peritone-
um, is observed in the settings of severe widespread damage to
the peritoneum, impairing its barrier function and a short half-
life of albumin in small rodents. Although the half-life of albu-
min in humans is, on average, 10 times longer compared to less
than 2 days in rats, this should be considered when evaluating
safety parameters in clinical trials for diffuse purulent peritonitis
in humans.

Considering the role of proteolysis in systemic disorders
and multiple organ failure in extensive injuries, a decrease in
proteolysis in the abdominal organs when using Seroguard® can
significantly improve the treatment of systemic complications in
diffuse purulent processes in the abdominal cavity.
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OCTPOE HAPYINIEHME MO3IOBOTI'O KPOBOOBPAIITEHWS B AETCKOM
BO3PACTE: KAMHMYECKME ITPOSIBAEHVS 1 UHTEHCUBHASI TEPATINSI

I0.B. BHIKOB'?, A.H. OBEAVIH', B.B. ®UIIIEP"*, E.B. BOAKOB'S, O.B. 3MMHUEHKO', A.A. MYPABBEBA!, I1.B. ATTYK"®
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OcTpoe HapyLleHWe M03roBoro KposoobpaleHnsa (OHMK) — Taxkénoe 3abonesaHue cpeay AeTeit U NOAPOCTKOB C BbICOKUM PUCKOM UHBANWMAM3ALMUN.
MpoBeaéH 0630p ANTEPATYPHbIX AaHHBIX N0 NpobieMaTUKe MHTeHCHMBHOW Tepanun OHMK y aeTelt M nogpocTKos. Mouck nHdopmaLmmu npoBoauca
no 6asam AaHHbIx PubMed, Science Direct, elibrary c ucnonb3oBaH1em K1tOYEBbIX C/I0B: «OCTPOE HaPyLLIEHME MO3rOBOTO KPOBOODBPALLEHUAY, KUH-
CY/IBT», «AETUY, KKJIMHUYECKME NMPOABNEHUAY, KMHTEHCUBHAA Tepanua». B 0630p BKAOYEHbI UCTOUHMKM 33 nocneaHue 10 net (2014-2024 rr.). KpuTe-
PUAMM BKKOYEHWA PaboT B 0630p BbINN: HaAMUME ONUCAHMA KNMHUYECKMX NPOABNEHUI U 0cOBEHHOCTEN MHTEHCUBHOW Tepanun OHMK B aeTckom 1
NoLPOCTKOBOM Bo3pacTe. Kputepuem UCKtoUYeHUs paboT U3 063opa ABAAIUCH CTaTbM, COAEPIKaLLME MHOOPMALMIO MO KMHUKE U IEYEHMIO MHCY/bTa
y B3pocC/bIx NauueHToB. K ocHOBHbIM dakTopam pucka OHMK B feTckom Bo3pacTe OTHOCAT CeproBUAHO-KAETOYHYIO aHeMUIO, CepAeqHO-COCyAn-
CTble 3ab60/1eBaHMA, OHKOIOTMYECKYIO NaTONOTMI0 U FreHETUYECKMe HapyLleHus. NposaBaeHUA UHCYAbTA Y AeTel M NOAPOCTKOB XapaKTepu3yoTea He
CNeumneUUHOCTbIO KIMHUYECKUX NPOABAEHWIA. YTBEPXKAEHHBIX NPOTOKON0B NeveHna OHMK ana peTeit He CyLlecTByeT, KAMHUYECKMUX UCCNef0BaHUI
npu LaHHOWM NaToNAOTMU NPOBEAEHO HeA0CTaTOMHO. ACMEKTbl MHTEHCMBHOM Tepanuu WHCy/bTa B NeAUATPUYECKOM NPaKTUKe IKCTPanosMpoBaHbl U3
pe3ynbTaToB NO B3POC/NIOMY HaceneHuto. OcObeHHOCTH HEOTIOKHOW MOMOLLYM NPU AAHHOM NaTONOMUKM Yy ieTeld, B NEPBYO O4EPEeAb, 3aBUCAT OT BUAA
OHMK: apTepuanbHbIit ULLEMUYECKUIA UHCYALT, FTeMOpPParuieckmnii MHCYbT, BEHO3HbIV TPOMBO3 CMHYCa FOJI0BHOMO MO3Ta UM UHCYALT Ha hoHe cepno-
BUAHO-KNETOUHOM aHEMUUN. MHTEHCUBHAA Tepanusa LOMKHA NPOBOANTLCA B YCNOBUAX OTAENEHUA aHECTE3UONIOTUM U PeaHUMaLMK, bbITb HanpasaeHa
Ha cTabuaunsaumio BUTaNbHbIX GYHKLMI 1 NoaaepkaHue LepebpanbHoii nepdysnn. PazpaboTka cobCTBEHHBIX NPOTOKONOB N0 MHTEHCMBHOM TEpPanum
MHCYNbTa AeTel 1 NOAPOCTKOB YNYYLLUT KAUECTBO OKA3aHWA IKCTPEHHOW NOMOLLM AAaHHOMY KOHTUHIEHTY NaLMeHTOB.

KntoueBble cnoBa: ocmpoe HapyweHue M03208020 Kp0BOOOPAWEHUSA, UHCYAbM, 0emu U MoOPOCMKU, KAUHUYECKUE MPOABAeHUs, UHMEeHCUBHAA me-
panus.
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ACUTE CEREBROVASCULAR ACCIDENT IN CHILDREN: CLINICAL PRESENTATION
AND INTENSIVE CARE MANAGEMENT

YU.V. BYKOV'? AN. OBEDIN"?, V.V. FISCHER', E.V. VOLKOV'?, O.V. ZINCHENKO’, A.A. MURAVYOVA', L.V. YATSUK"®

1 Department of Anesthesiology and Resuscitation with a Course of Additional Professional Education, Stavropol State Medical University, Stavropol, Russian
Federation

2 Children's City Clinical Hospital named after G.K. Filippsky, Stavropol, Russian Federation

3 Stavropol Regional Clinical Perinatal Center No. 1, Stavropol, Russian Federation

4 Shpakovskaya District Hospital, Mikhaylovsk, Russian Federation

5 Stavropol Regional Clinical Hospital, Stavropol, Russian Federation

6 Stavropol City Clinical Emergency Hospital, Stavropol, Russian Federation

Acute cerebrovascular accident (CVA) is a severe condition in children and adolescents with a high risk of disability. A literature review was carried out
on intensive stroke care in children and adolescents using databases such as PubMed, Science Direct, and eLibrary. The search utilized keywords such
as "acute cerebrovascular accident", "stroke", "children", "clinical manifestations", and "intensive care". The review includes sources for the last 10
years (2014-2024). The inclusion criteria consisted of descriptions of clinical manifestations and intensive care management for stroke in childhood
and adolescence. The exclusion criteria referred to articles on the clinical presentation and treatment of stroke in adult patients. The main factors
for stroke in childhood include sickle cell anemia, cardiovascular diseases, cancer pathology, and genetic disorders. The manifestations of stroke in
children and adolescents have nonspecific clinical features. There are currently no approved protocols for the treatment of stroke in children, and
there are insufficient clinical studies for this condition. Therefore, pediatric practice often extrapolates aspects of intensive care for stroke from the
adult population. The type of stroke, such as arterial ischemic stroke (AlS) or hemorrhagic stroke (HS), cerebral venous sinus thrombosis, or stroke due
to sickle cell anemia, determines the emergency care required for children. Intensive therapy should be carried out in a pediatric intensive care unit
(PICU), focusing on stabilizing vital functions and maintaining optimal cerebral perfusion pressure. Developing specific protocols for intensive stroke
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treatment in children and adolescents is necessary to improve the quality of emergency care for this patient population.
Keywords: Cerebrovascular accident, stroke, children and adolescents, clinical manifestations, intensive care.
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BBEAEHMUE

Xota OHMK 06bl4HO cuMTaeTca 3aboneBaHMEM B3POC/IOrO U
MOMWIOTO HACeNeHMWA, OHO TaKXKe BCTPEYAeTCA W Yy AeTel, YTo npu-
BOAMT K 3HAuMTE/IbHOWM 3ab01€BaemMOCTM U CMEPTHOCTM B AAHHOW
BO3pacTHoM rpynne [1, 2]. UHCynbT B AETCKOM M NOAPOCTKOBOM BO3-
pacTe YacTo AMArHOCTUPYETCA C ONO3AaHMEM, BbI3biBas TAKENYIO UH-
Ba/IMAHOCTb, CHUXKAA Ka4YeCTBO YKU3HM, YTO NMPUBOAMUT K CEpPbE3HbIM
COLMAIbHO-3KOHOMUYECKMM NOCNeACTBUAM [2-4]. AKTyanbHOCTb NPo-
6nembl OHMK B neamaTtpuyeckoi npakTMKe 0BbACHAETCA Tem, YTO
[laHHAs NaTO/IOMMA BXOAMT B AECATKY OCHOBHbIX MPUUYMH NIETaNIbHOCTU
cpeau geteit ot 1 roga [5-7]. ONTMMM3aLMA CTpaTernii eYeHuns npu
3TOI MATONIOMMMN MMEET BaXKHOE 3HAYEHWE ANA YNYULIEHUs KAUHWNYe-
CKMX pe3y/bTaToB B NeAuaTpuyeckom npaktuke [3].

KonnyectBo AMarHOCTMPOBAHHbIX CNYYaEB WHCYIbTa Y AeTei
YBEIMYMBAETCA C KaXKAbIM rogom [6]. OueHWTb YETKyo pacnpocTpa-
HéHHocTb OHMK vy pgeteit B Poccuiickoit Pefepaumnn KpaiHe npo-
6/1eMaTUYHO, MOTOMY YTO PETUCTP TaKMX MaLMEeHTOB B MacluTabax
CTPaHbl He YYMTbIBAETCHA, @ CTaTUCTUYECKME [aHHble OCHOBaHbl Ha
OTHOCUTENIbHO HebonblioM KonudecTBe cnydyaes [3, 4]. Tak, coso-
KynHas 3ab60/1eBaeMoCTb apTepPMabHbIM ULLEMUYECKMM MHCY/IbTOM
(AMN) 1 remopparnyecknum uHcynbtom (M) nmeet pasbpoc B npese-
nax 1,3-13,0 geteit Ha 100000 getckoro Hacenenus (go 18 ner) [2-4,
6, 8]. MokasaHo, 4YTo yacToTa 3abonesaemoctv OHMK Bbiwe y HOBO-
POXKAOEHHBIX, YEM Y AETeil CTapluero Bo3pacta NMPMMEpHO B 6 pas:
1/3500 skmBopoKaeHwit npotms 1-2/100000 B rog, [1, 5, 7]. Y rpyaHbix
aetelt (>30 gHeit, Ho <1 roga) HabaoLaeTCA camas BbICOKas YacToTa
OHMK, Bkntoyasa AU 1 TU [1]. MOBbIWEHHbIA PUCK UHCYbTA TaKKe
UMetoT et 3-5 NeT, Ha KoTopbIxX NpuxoauTtca 38% ot obLiero yncia
BCex AuarHoctMposaHHbix OHMK 8 geTckom Bo3pacte (0,38/100000 B
rog) [7, 9]. OHMK yalle AnarHoCTMpyeTcs Y MasibuMKOB, YEM Y AEBO-
YeK, U PUCK BO3HUKHOBEHUA 3a60/1€BaHNA BHOBb MOBbILAETCA B NOA-
pocTkoBom Bo3pacTe (ot 15 go 18 neT) ¢ yactoTo 3abonesaemocTu
0,48-0,6/100000 8 rog, [1, 7, 9]. TM cocTaBAAOT NOYTM NONOBUHY BCEX
OHMK y geteit (c npeobnagaHmem cybapaxHOMAaNbHbIX KPOBOWU3N-
AHWI) Y4TO NPUBOAUT K 3HAYUTENIbHON MHBANMAM3ALMMU U CMEPTHOCTM
[1]. NokaszaHo, uTo y 60-90% aeteit ¢ OHMK B ganbHeliwem oTmeya-
€TCA CTOVKMI HeBponormyeckuii edpuumr [1, 10]. UHcynbTbl BXOAAT B
[LeCATKY OCHOBHbIX MPUYMH AETCKOW CMEPTHOCTH, NPU 3TOM YPOBEHb
netanbHocT gocturaet 10-30% npu AUK 1 25-50% npwm T (3, 10, 11].

Buabl UHCYNLTOB B NEAUATPUYECKOMN
NMPAKTUKE

Ha cerogHAWHUI feHb HET eAWMHOW KnaccudmKaLmm UHCYIbTOB
B AeTckom BospacTe [7]. OHMK no aTmonormyeckon npuumnHe y aeten
MOYXHO Pa3feNnTb Ha ULEMUYECKUE MHCYNBTbI, K KOTOPbIM OTHOCATCA
AUW, BeHO3Hble TPOMBO3bI CUHYCOB roN10BHOMO Mo3ra (BTCIM) n TU
[1, 7]. Kpome aToro, no BpemeHHomy daktopy, OHMK nogpasaens-
IOTCA Ha MepuHaTa/bHble, BO3HUKaoWwme mexay 20 Heaenamu BHy-
TPUYTPOBHOW KM3HU U 28-M AHEM NOCTHATA/bHOTO NEPUOAaA, U AET-
CKMe, AMArHoCTUpyemble B Bo3pacTe oT 29 aHei po 18 net [1, 3, 7).
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INTRODUCTION

Although CVA are generally considered a disease of the
adult and elderly population, they also occur in children, result-
ing in significant morbidity and mortality in this age group [1,
2]. Stroke in childhood and adolescence is often diagnosed late,
causing severe disability and reducing quality of life, which leads
to serious socio-economic consequences [2-4]. The relevance
of the problem of stroke in pediatric practice is highlighted by
the fact that this pathology is one of the ten leading causes of
mortality among children over 1 year of age [5-7]. Therefore,
optimizing treatment strategies for this pathology is essential to
improve clinical outcomes in pediatric practice [3].

The number of diagnosed cases of stroke in children in-
creases every year [6]. Assessing the exact prevalence of stroke
in children in the Russian Federation is highly challenging due
to the lack of a nationwide registry for such patients, and the
statistical data are based on a relatively small number of cases.
[3, 4]. Thus, the cumulative incidence of AIS and HS ranges from
1.3 to 13.0 children per 100,000 pediatric population (under 18
years of age) [2-4, 6, 8]. It has been demonstrated that the rate
of stroke is about six times higher in newborns compared to old-
er children: 1 in 3500 live births versus 1-2 in 100,000 annually.
[1, 5, 7]. Infants older than 30 days but younger than one year
have the highest incidence of stroke, including AIS and HS [1].
Children aged 3-5 years also have an increased risk of stroke,
accounting for 38% of the total number of all diagnosed strokes
in childhood (0.38/100,000 per year) [7, 9]. CVA are more of-
ten diagnosed in boys than in girls, and the risk of the disease
increases again in adolescence (from 15 to 18 years), with an in-
cidence rate of 0.48-0.6/100,000 per year [1, 7, 9]. HS accounts
for almost half of all strokes in children (with a predominance of
subarachnoid hemorrhages), which leads to significant disabili-
ty and mortality [1]. It has been shown that 60-90% of children
with stroke subsequently experience persistent neurological
deficits [1, 10]. Strokes are among the top ten leading causes of
child mortality, with the mortality rate reaching 10-30% in AlS
and 25-50% in HS [3, 10, 11].

TYPES OF STROKES IN PEDIATRIC PRACTICE

There is no standardized classification of strokes in child-
hood [7]. Strokes in children can be categorized based on their
cause, and they can be categorized into ischemic strokes, in-
cluding AlIS, cerebral venous sinus thrombosis (CVST), and HS [1,
7]. They can also be classified based on the age when the stroke
occurs, as perinatal strokes, which occur between 20 weeks of
gestation and 28 days of postnatal life, and pediatric strokes,
which are diagnosed in infants aged 29 days to 18 years [1, 3,
7]. According to the ICD-10 (International Classification of Dis-
eases 10™ Revision), in neonatology, the abbreviation ACVA is
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CornacHo MKE 10 B HeoHaToornu 60/1blUe He MPUMEHAETCS AMarHo3
1 abbpesunatypa OHMK, a yKasbiBaeTcA TOYHbIN AMarHo3, Hanpumep
— BHYTPUKENYA0UYKOBOE KPOBOU3NMUAHUE C FeMOpParMieckum MH-
cynstom». CyuectsyeT ycnosHoe pasgeneHne OHMK Ha nepwuogapbl
TeyeHus 3aboneBaHus: 1) ocTpenwmii — nepsble 5 CyTOK C MOMEHTa
aTaku; 2) ocTpbli — o 21 aHs; 3) neproa ymepeHHo ctabunmnsaumm
HeBponornyeckoro geduumTa Uau, HA06OPOT, YXYALLIEHUA COCTOAHUA
pebéHKa; 4) BOCCTaHOBUTE/bHDIN NEPUOZ, C MOCTENEHHbBIM PEFPECCOM
NaToNI0rMYeCcKon CUMNTOMaTUKK [7].

3TUONOTUA U GAKTOPbI PUCKA

Ecnv 6onbwnHcteo OHMK y B3pocnbix 06yc/10BEHO aTepocke-
pO30M, BCEACTBUE TUMEPUMUAEMUM, aPTEPUANIBHON TUNEPTEH3NM,
caxapHoro AnabeTa, KypeHus u oxupenus, To OHMK y peteit umetot
WHYIO (reTeporeHHyto) aTnonoruio 1 GpakTopbl pucka [1, 8]. Hanpumep,
AW B neamaTpuyeckoi NPaKTUKE MOXKET ObiTb BbI3BaH HECKO/IbKU-
MM MPUYUHAMM, BbI3bIBAIOLLMMU TPOMBOIMOONMYECKYID OKK/IO3UI0
COCY/10B FONI0BHOTO MO3Ta M aKTMBALLMIO C/IOXKHOTO KacKaza CobbITUH,
NPUBOAALLMX K HEOBPATUMOMY NOBPEXAEHMIO HEMpoHOB [12].

ConyTcTBYylOLME CEpPAEYHO-COCYAUCTbIe 3a60eBaHuA

AUN MOKeT BbiITb BbI3BAH BPOXKAEHHBIMM U NMPUOBPETEHHBIMM
KapAMONOrMYecKMMIU 3aboneBaHMaMM B AEeTcKoM Bospacte [1, 7].
BpoAEHHble MOPOKM cepala ABAAITCA BaXKHbIM GAaKTOPOM pUCKa
pa3sntna OHMK, 1 npu 3TOM PUCK ULLEMUYECKOTO UAKN remopparnye-
ckoro OHMK y Takux feTeit ysennumsaetca 8 19 pas [1, 7]. Y geteii ¢
AUWN K OCHOBHbIM TpUrTepam OTHOCAT: AedeKTbl aTPUOBEHTPUKYAAP-
HOV NeperopoaKm, apuTMUM U KapaMOMUONaTUK, MPUMEHEHWNE aHTU-
KOarynsHToB, PEBMOKaPAUTbI, TPOMBOTUYECKUIA SHAOKAPAUT 1 ap. [1,
4, 13]. Takke Hanbonee pacnpocTpaHEHHbIMM GpakTopamu pucka AUN
B ,ETCKOM BO3pacTe ABNAIOTCA apTepuonaTMm, pUck NOBTOPHOTO WUH-
CyNbTa Npw KOTOPbIX yBENYMBaEeTcA B 5 pa3 [1].

CepnoBuAHO-KNAeTO4YHana aHemua (CKA)

Nwemmnueckne n remopparmueckne OHMK ABAAKOTCA BaXKHbIMK
npuYnHamm 3ab6onesaemocTu u cMepTHocTU npu CKA, pacnpocTpaHéH-
HOCTb KOTOPOW B A€TCKOM BO3pacTe oLeHuBaeTcsA B 4% [1, 4, 8]. letn ¢
CKA noggepratotca BbICOKOMY PUCKY Pa3BUTUA BaCKys0MaTnm, 06bI4HO
BHYTPEHHEW COHHOM U CpeaHEei MO3roBOM apTepuid, 4TO NOABEPraeT Ux
rnoBblLWeHHOM YacToTe pa3sutna OHMK, ocobeHHo AU [1].

BeHO3HbIV TpOM603 CMHYCca ronoBHoro mosra (BTCIrM)

BTCTM snBnseTca peaKoi, HO BaXKHOW MPUUYMHOMN WMHCYNbTa Y
fetelt [1]. Tpoom603 CMHYCa NPUBOAUT K MOBbILEHWUIO BEHO3HOTO AaB-
NIeHUsA B TOJIOBHOM MO3re, YTO BbI3bIBAET BTOPUYHYHO MULIEMMIO U WH-
bapKT, TaKXKE MOXKET NPOU30MTH remopparmyeckas TpaHchopmauma
[1]. YacToTa BTCIM coctasnset 0,67 cnaydaes Ha 100000 neamatpu-
YECKMX NaLMEHTOB, U3 HUX 43% COCTaBAAIOT HOBOPOXKAEHHbIE U 54%
Zetu B Bo3pacte <1 roga [1]. Beaywmmu npuumHamu BTCITM asnstoT-
€A UHPEKLMM TONOBHOTO MO3ra, TakKMe KaK CPeAHUIN OTUT, CUHYCUT U
nepvopbutanbHble nHdekumuu [1, 4]. B nepuHaTanbHOM nepuoge Ya-
ctbimu Tpurrepamn OHMK caykaT 06e3B0XKMBaHME U TMMOKCMYECKas
sHuedanonatua [1, 4].

WHble ¢paKTopbl

Y 6onblumHcTBa feTelt ¢ MM HabatoaatoTea cocyamucTble aHOMa-
JInn C nocneayrowmMmmn rematoiornyeCKUMU HapyLleHnAMU U Koary-
nonatnamu [1]. T B AeTCKOM BO3pacTe YacTo BO3HMKAIOT Ha GoHe
COCYAMNCTbIX MOPOKOB Pa3BUTMA, BO3HMKAIOT 13-3a FeHETUYECKUX Hapy-
LIEHWI UAWM UMEIOT BPOXKAEHHBIN XapakTep (Hanpumep, apTepuose-

no longer used, and an exact diagnosis is indicated, for example,
"intraventricular hemorrhage with hemorrhagic stroke". Strokes
can be categorized based on the time elapsed since the onset of
the attack into the following stages: 1) acute — the first 5 days
after the attack; 2) subacute — within 21 days; 3) a period of
moderate stabilization or worsening of the child's neurological
condition; 4) recovery period with a gradual reduction of abnor-
mal symptoms [7].

ETIOLOGY AND RISK FACTORS

most strokes in adults are caused by atherosclerosis due to
hyperlipidemia, arterial hypertension, diabetes mellitus, smok-
ing, and obesity. Strokes in children have different (heteroge-
neous) etiology and risk factors [1, 8]. For example, in pediatric
practice, acute ischemic stroke can be caused by several factors,
leading to blood clot formation in the brain's blood vessels and
triggering a series of events that result in permanent damage to
the neurons [12].

Cardiovascular comorbidities

AIS can be caused by congenital and acquired cardiac dis-
eases in childhood [1, 7]. Congenital heart defects are an es-
sential risk factor for the development of stroke, increasing the
risk of ischemic or hemorrhagic stroke in such children by 19
times [1, 7]. In children with AIS, the primary triggers include
atrioventricular septal defects, arrhythmias, cardiomyopathy,
the use of anticoagulants, rheumatic carditis, thrombotic endo-
carditis, etc. [1, 4, 13]. The most common risk factor for AlS in
childhood is arteriopathy, which increases the risk of recurrent
stroke by 5 times [1].

Sickle cell anemia (SCA)

Ischemic and hemorrhagic strokes are significant contribu-
tors to illness and death in individuals with SCA. The prevalence
of SCA in childhood is estimated at 4% [1, 4, 8]. Children with
SCA face a high risk of developing vasculopathy, typically affect-
ing the internal carotid and middle cerebral arteries, which in-
creases their chances of experiencing a stroke, particularly AIS

[1].

Cerebral venous sinus thrombosis (CVST)

CVST is an uncommon but critical condition character-
ized by the presence of blood clots in the dural venous sinus-
es, which are the veins responsible for draining blood from the
brain [1]. Sinus thrombosis can lead to increased venous pres-
sure in the brain, resulting in secondary ischemia, infarction,
and potential hemorrhagic transformation [1]. The incidence
of CVST is 0.67 cases per 100,000 pediatric patients, with 43%
occurring in newborns and 54% in children under 1 year of age
[1]. The primary causes of CVST include brain infections such as
otitis media, sinusitis, and periorbital infections [1, 4]. Dehydra-
tion and hypoxic encephalopathy are common triggers for CVST
during the perinatal period [1, 4].

Other factors

Vascular abnormalities are common in children with HS
and can lead to hematological disorders and coagulopathies
[1]. HS often occurs in the background of vascular lesions, some
of which are hereditary and have a genetic basis, such as arte-
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HO3Hble MasnibpopmMaLmm) [4]. UHCynbTbl y AeTel MOryT BO3HMKATb Kak
Ha GOHEe OHKONIOTMYECKO NAaTONOTNK, TaK U B pe3y/ibTaTe NPOBEAEHNA
Nly4eBON UK xummoTepanum [4].

KNMHWYECKUE NPOABJIEHUSA

HecmoTpA Ha TO, YTO MHCYALT B AETCKOM BO3PAcTe MOMKET Mpo-
ABNATLCA, KaK M Yy B3POC/IbIX, XapPaKTEPHbIMM IOKAIbHbIMM CUMNTOMA-
MU (remunapes, HapylueH1e peun 1 3peHns, atakeuns) [1, 2, 13, 14],
npossneHuns OHMK B 3ol rpynne CUIbHO 3aBUCAT OT BO3pacTa pe-
6EHKa 1 YacTo bbiBatoT HecneumduuHbiMm [1, 8]. O4arosble NpU3HaKK
(oHemeHWe nnu cnabocTb) ABNAOTCA HaMbonee pacnpPoOCTPaHEHHBIMU
KAMHUYECKMMM MPOABAEHNAMM B Hauyane 3a60n1eBaHNsA BO BCEX BO3-
pacTHbIx rpynnax [15]. Y nauueHTos c AU B Bo3pacTe oT 29 aHelt fo
16 net B 85% HabntoLAETCA 04AroBas CUMMNTOMATHKA, Y 72% — remMu-
napes, y 3HaYUTENIbHOTO YMC/Ia ACUMMETPUSA NLEBOI MYCKyNaTypbl U
HapywweHue peum [1, 2, 15]. Y 61% feTelt AMarHOCTUPYHOTCA HapyLle-
HME YPOBHS CO3HAHWS, roNoBHas 6onb 1 pBOTa, ¥ 29% NaLMeHToB —
cypoporu [1, 15]. B nepBble MecALpbl XKMU3HU YaCTbIMU KAMHUYECKUMM
npU3HaKamu ABAAKOTCA MMEHHO CyA0POrM U HAPYLUEHUA MbILLEYHOTO
TOHYCa, B TO BPEMA KaK O4arosble CMMNTOMbl U NPU3HAKK 3HUeda-
IoNaTMM MOTYT BCTPEYATbCA B MEHbLUEM KOMYecTBe caydaes [1, 2,
13-16]. Y peteit ¢ BTCTM HabntoaatoTca efBa BbipaXkeHHble KAMHUYe-
CKMe cumnTombl [1]. Y HOBOPOKAEHHbIX, KOTOPbIE COCTAB/AOT CaMblit
60s1bLwoN npoueHT naumeHTos ¢ OHMK, yacTo oTmeyatoTca HepBHble
TUKM, Pa3LpaKMTENIbHOCTb U apTepuanbHas FMNOTOHWUA, O4arosas
CMMNTOMATUKA: rEMUMApes, HapyLleHWe 3peHus, aTakcua 1 HapyLue-
HUWA rnoTaHma [1, 8].

[JeTn ¢ TU MetoT Ty e CMMNTOMATHKY, YTO ¥ B3pocAble: y bonee
MONOBUHbI U3 HUX BbIABNAETCA roN0BHas 6onb uan peota [1]. Y 3Ha-
YUTENbHOTO YMcaa geTel ¢ MM HabAtoAaTCA CyLoPOr U HapyLeHUA
CO3HAHWA, a TaKKe 04aroBble HEBPOIOTMYECKME HapYLUEeHUA, Takue
KaK remunapes nnu adasma [1].

OCOBEHHOCTU AUATHOCTUKU

C yyétom Hecneunduyeckmx npossneHuit OHMK B getckom
BO3pacTe HeobXoaMMo YETKO NOAXOAMTb K Bompocam auddepeH-
UManbHOM anarHoctuky [1, 2, 17]. Moutn y 21-76% feTeit ¢ ocTpbIM
04aroBbIM HEBPO/IOTMYECKUM AePULNTOM CPean APYrnX BO3SMOMKHbBIX
MPUYMH AMArHOCTUPYETCA MUMPEHb, POKa/IbHbIE CYA0POTY, AEMUENH-
HU3MpytoLLMe 3aboneBaHUA, KOHBEPCUOHHbIE PACCTPOMCTBA M OMyX0-
v UHC [2, 18]. Y peTelt reTeporeHHas 3TUONOMMA B COYETAHUM C Ba-
pUabebHbIMU KIMHUYECKUMM NPOABNEHUAMM NPUBOAUT K 3a4€PHKKe
[MArHOCTVKM, YTO YBEIMYMBAET KOJIMYECTBO OC/IOMKHEHU 1 NPOLEHT
cmepTHocTu [7, 8, 11]. Y peTelt yacTo bblBaeT 3ano3ganan AuarHo-
CTMKA WMHCY/IbTA: PaHAOMM3UPOBAHHbIE KAMHWUYECKUE UCCNeL0BaHMA
(PKWM) noka3sblIBatoT, 4TO cpesHee Bpems OT NOABNEHUA CUMNTOMOB 0
nocTtaHoBku auarHosa AWMU coctasnset >20 yacos [11, 15]. Mpu nep-
BOHa4a/IbHOM rocnuTanusaumm pebéHka B cTaumoHap amarHos OHMK
6b11 3aM0403PeH ToNbKO Y 26-38% aeTelt [1, 11].

UHTEHCUBHAA TEPANUA

0O6wan npobaemaTtuka

WMHCcynbT y AeTeid, Kak 1 y B3poC/biX, TPebyeT rpamoTHOM HeoT-
NIOMKHOW MEAULMHCKOM MOMOLUM ANA LOCTUNKEHUA MaKCUMAsbHOTO
6naronpuATHOro ucxoga [1]. Y B3pocnoro HaceneHus AMarHOCTUKa u
WHTEHCMBHAA TEPANUA MHCY/IbTA NOHATHbI, OHW OCHOBAHbI Ha OTHOCK-
Te/IbHOM eAMHO06PA3NN KIMHUYECKUX NPOABNEHUI, YETKUX aNropuT-
Max U UMeLOT HaZEKHYI0 foKasaTenbHyto 6asy [2, 8]. B neanatpuye-
CKOM NPaKTVKe Ha CErOAHALHUI feHb HEeT KAMHUYECKUX CTaHAaPTOB
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riovenous malformations [4]. Strokes in children can occur as a
result of oncological pathology, radiation, or chemotherapy [4].

CLINICAL PRESENTATION

It is important to note that stroke in childhood can exhibit
similar local symptoms to those seen in adults, such as hemipa-
resis, speech and vision impairment, and ataxia [1, 2, 13, 14].
However, the manifestations of stroke in children are age-de-
pendent and are often nonspecific [1, 8]. Focal signs like numb-
ness or weakness are the most common clinical presentations
at the onset of the disease across all age groups [15]. In chil-
dren aged from 29 days to 16 years with AIS, 85% present with
focal symptoms, 72% with hemiparesis, and a significant num-
ber show asymmetry of facial muscles and speech impairment
[1, 2, 15]. 61% of children are diagnosed with altered levels of
consciousness, headache, and vomiting, and 29% with convul-
sions [1, 15]. Among infants, convulsions and muscle tone dis-
orders are common clinical signs, with fewer cases displaying
focal neurological deficits and signs of encephalopathy [1, 2,
13-16]. Children with CVST tend to have mild clinical symptoms
[1]. Newborns, who make up the most significant percentage of
stroke patients, often experience muscle spasms and twitching,
irritability, arterial hypotension, and focal neurological deficits
such as hemiparesis, visual impairment, ataxia, and dysphagia
[1, 8].

Children with HS exhibit symptoms similar to adults, with
over half of them experiencing headaches or vomiting [1]. A sig-
nificant number of children with HS also suffer from seizures,
changes in consciousness, and focal neurological deficits such as
hemiparesis or aphasia [1].

DIAGNOSTICS

When dealing with the nonspecific symptoms of stroke in
children, it is essential to carefully consider the aspects of dif-
ferential diagnosis [1, 2, 17]. Approximately 21-76% of children
presenting with acute focal neurological deficits are initially
diagnosed with conditions such as migraine, focal seizures, de-
myelinating diseases, conversion disorders, and central nervous
system tumors, among other potential causes [2, 18]. The var-
ied etiology and diverse clinical presentations in children of-
ten result in delayed diagnosis, leading to an increased risk of
complications and mortality [7, 8, 11]. Diagnosis of stroke is fre-
quently delayed in children, with findings from randomized clin-
ical trials (RCTs) indicating that the average time from symptom
onset to diagnosis of acute ischemic stroke is over 20 hours [11,
15]. Interestingly, during a child's initial hospitalization, stroke
as a diagnosis was only suspected in 26-38% of cases [1, 11].

INTENSIVE CARE MANAGEMENT

General considerations

Stroke in children, just like in adults, requires immediate
and skilled medical attention to achieve the best possible out-
come [1]. While the diagnosis and intensive treatment of stroke
in adults is based on precise algorithms and a reliable evidence
base due to the relative uniformity of clinical manifestations
[2, 8], the same approach cannot be applied to pediatric prac-
tice [2, 3, 7]. There are no established clinical standards for the
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neyenHns OHMK [2, 3, 7]. MpoBeaeHo AnLwb orpaHMyeHHoe ymcio PKU
M0 NIeYeHUNIO MHCYbTa Y AeTel U NOAPOCTKOB [4]. CTpemAch yny4ylwmnTb
neyeHvre OHMK y geTeil, NPOTOKO/bI HEOT/IOKHOTO IEYEHNS UHCYNb-
TOB BbINM 3KCTPANOAMPOBAHbI OT B3POC/IbIX, XOTA 3TMOMNATOTEHE3 MH-
CynbTa y AeTelt UMEET KapAuHaibHble oTanuma [1, 4, 8, 11].

PekomeHgaummn AMepUKaHCKON KapAmonornmyeckoi accouma-
umm ot 2008 roaa y AeTel NpeanaratoT BHYTPMBEHHYO aHTUKOArynsaHT-
HYIO Tepanuio B TeyeHne 3-6 MecALeB B COYETAHMM C MePOPasIbHbIM
QHTUKOAryNAHTHLIM IEYEHUEM Y MALMEHTOB C 3KCTPAKpaHUaNbHOM
auccekumeii [2, 3, 7). Noaxoabl K Tepanum OHMK y aeTeit u nogpocT-
KOB, B MEPBYH O4Yepenb, ONPeaenatoTcs 3TMONOTUEN UHCYNbTA, YTO
ABNAETCA C/IOXKHOMN 33/la4el, MOCKObKY MMEETCA HeA0CTaTOYHO AaH-
HbIX, NOATBEPKAAOLMX 3GDEKTUBHOCTb BMELIATENLCTB, U MHTEHCUB-
Has Tepanus 0CHOBaHa, B NEPBYIO ouepeab, Ha MHEHMM IKCNEePTOB (3a
nckntoyeHnem geteit ¢ CKA) [10, 11].

OCHOBHbIE aCNeKTbl UHTEHCUBHOW Tepanuu

MHTeHcuBHaA Tepanua y geteit ¢ OHMK ponkHa npoBoguTh-
CA B YCNIOBUAX [ETCKMUX OTAENEHWUI aHECTe3ON0MMK U peaHUMaLmm
(OAWUP), xkenaTenbHo Ha 6a3ax cnewmanvMsMpoBaHHOro (HeBpoaorye-
cKoro) ctaupoHapa [1]. Aetm c OHMK o6bluHO HaxogaTcs noa HabAto-
aexvem B OAUP B TeueHMe Kak MUHMMYM 24 4yacoB Nocie Havana aTta-
KM U NONy4YatoT 0bLLY0 HeMpPONPOTEKTOPHYO U HEMPOKPUTUYECKYHO
noaaepsusatoLLyto Tepanuio [19, 20, 21]. ObazaTenbHO HeobX0AMMO
obecneuntb BeHO3HbIM gocTtyn [1]. B cryyasx noarsepxaéHHoro U,
Ha/MuYMA TOLUHOTbI MW PBOTbI UAU APYrUX NPU3HAKOB MOBbILIEHHO-
ro BHyTpMuepenHoro aasnexuns (BYZ), M3ronosbe KposaTu cneayet
noaHATb Ha 300 M AepiKaTb rosoBy peb&HKa No cpeaHewn MHUK, YTo-
6bl CTUMYNMPOBATb BEHO3HbIN OTTOK [1, 19]. [eTam B TAxENOM/KpU-
TUYECKOM COCTOAHUM TpebyeTca pag 0b6cnefoBaHUI AR OKasaHuA
9KCTPEHHOW MOMOLLM, BK/IKOYAA NeKTpoaHLedbanorpaduio, MHANBU-
Zlya/bHyl0 BM3yanu3aLMio roNoBHOTO MO3ra, Heobxoguma ctabuiu-
3aUMA reMOAMHAMUYECKUX HApYLLEHWUI U AbIXaTeNbHbIX PAaccTPOUCTB
[20, 21]. BakHO noaAepKMBaTb HOPMOTEPMMIO M KYNMPOBATb JINXO-
PaAKY KapomnoHMKatoWMMKM cpeacTsamm (napauetamon 10-15 mr/kr),
n3beraTtb MMNOKCUM U TMNEPKanHUM (NoZaya yYBAaXKHEHHOTO KUCI0oPO-
[1a Yepes NIMLLEBYIO MACKY WM MHTPaHa3a/bHble KaHonu) [1].

Oco6eHHOCTU MHTEHCUBHOM Tepanuu AUU

MHTeHcnBHAA Tepanua getckoro AUM BratoYaeT cTpaTermn, Ha-
npasneHHble Ha 6opbbY C apTepPManbHOM TMNEPTOHMEN U TMNOTEH3M-
el, TMnepravkeMmnen, IMXopasKoin, OTEKOM rONOBHOTO MO3ra U CyAo-
poramu [2]. HeotnoxHoe neyeHune AeTckoro mwemmyeckoro OHMK
HaLLeNIEHO Ha HeVPOMPOTEKTOPHOE IeYEHNE NYTEM NOALEPKAHNA Lie-
pebpanbHoi nepdysnn 1 CHUKEHUA MeTabonmyeckmnx noTpebHocTeln
[2]. B neyeHun AWMU cywwecTytoT 60NbLIME PACXOXKAEHUS, B CBA3M C
OTCYTCTBMEM CTaHAAPTa /IEYEHMA AAHHOM NaTONOIMM y AeTel, B TOM
umncne v B Poccum [7]. Mo HEKOTOPLIM AaHHbBIM, HePPAKLMOHUPOBAH-
Hble UM HU3KOMOIEKYNAPHBIE renapuHbl MOTYT ObITb PEKOMEHA0Ba-
Hbl Bcem geTam ¢ AUW B TeyeHne ogHoOM Heaenn 6onesHu, Noka ycra-
HaB/IMBaETCA 3TUONOrMA 3abonesanus [1, 7, 22, 23].

PeKkaHanu3auMoOHHaA Tepanusa

PekaHann3aLMOHHAA Tepanua BKIKOYAET BHYTPUBEHHOE/BHY-
TpuapTepranbHoe BBEAEHUE TKAHEBOTO aKTMBAaToOpa M/1a3MUHOreHa
(tPA) n aHpoBackynapHyto TpombakTommto [1, 10]. PKU no oueHke
6e3onacHoCcTM U 3GGEKTUBHOCTM TPOMBOAM3MCA M/WUAN IHOOBACKY-
NAPHOrO NeYeHna ANA AeTCKOro Bo3pacTa HUKOr4A He NpOBOAMANCH
[23]. Ha ocHoBaHWM AaHHbIX No B3pocabim PKU, y neamatpuyeckmnx
naumeHToB B Bo3pacte Ao 18 net ¢ AU MOXKHO paccmoTpeTb BO3-
MOXXHOCTb BHYTPMBEHHOIO UK BHYTPUApPTEpUabHOro TpoMbonmsm-

treatment of stroke in children and only a limited number of
RCTs have been conducted on the treatment of stroke in chil-
dren and adolescents [4]. Efforts to improve the treatment of
pediatric stroke have involved extrapolating emergency treat-
ment protocols from adults despite the fundamental differences
in the etiopathogenesis of stroke in children [1, 4, 8, 11].

According to the 2008 American Heart Association pedi-
atric guidelines, intravenous anticoagulation therapy for 3-6
months in combination with oral anticoagulant administration
is recommended for patients with extracranial dissections [2, 3,
7]. The approaches to the treatment of stroke in children and
adolescents are primarily determined by the etiology of the
stroke. However, this is a challenging task due to insufficient
data confirming the effectiveness of interventions. Intensive
therapy is based primarily on expert opinion, except for children
with SCA [10, 11].

Intensive care fundamentals

Intensive therapy for children with stroke should be carried
out in a PICU, preferably in a specialist neurological hospital [1].
Children with acute stroke are usually monitored in the PICU for
at least 24 hours after the onset of the attack and receive gener-
al neuroprotective and neurocritical care [19, 20, 21]. Maintain-
ing venous access for medical procedures is of utmost impor-
tance [1]. In cases of confirmed HS, the presence of nausea or
vomiting, or other signs of increased intracranial pressure (1ICP),
the head of the bed should be raised 30°, and the child's head
should be kept in the midline to stimulate venous outflow [1,
19]. Children in severe/critical condition require several emer-
gency care examinations, including electroencephalography,
dedicated brain imaging, and stabilization of cardiopulmonary
hemodynamic parameters [20, 21]. It is essential to maintain
normothermia and relieve fever with antipyretics such as parac-
etamol at a dose of 10-15 mg/kg and to avoid hypoxia and hy-
percapnia, which can be achieved with supplementation of hu-
midified oxygen through a face mask or intranasal cannulas) [1].

Intensive care in patients with AIS

Intensive care for pediatric AlS includes strategies aimed
at controlling hypertension, hypotension, hyperglycemia, fever,
cerebral edema, and seizures [2]. In treating childhood isch-
emic stroke, the goal is to provide neuroprotective treatment
by maintaining cerebral perfusion and reducing metabolic de-
mands [2]. The treatment of AIS in children varies widely due
to the lack of standard treatment protocols, generally and in
Russia in particular [7]. Some data suggest that unfractionated
heparin (UFH) and low-molecular-weight heparins (LMWHSs) can
be recommended for all children with AIS for one week while
the disease's cause is established [1, 7, 22, 23].

Recanalization therapy

Recanalization therapy involves intravenous or intra-ar-
terial tissue plasminogen activator (tPA) and endovascular
thrombectomy [1, 10]. No RCTs have evaluated the safety and
effectiveness of thrombolysis and/or endovascular treatment
in children [23]. Based on data from adult RCTs, intravenous or
intra-arterial thrombolysis with tPA and mechanical/endovas-
cular thrombectomy may be considered in pediatric patients
under 18 years of age with AIS [24]. The effectiveness of this
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ca (tPA) 1 mexaHMYeCcKoW/3HA0BaCKyAAPHOM TPOMBIKTOMMUM [24]. Db-
(bEeKTUBHOCTb 3TOMO JIeYEHUA NMPAMO MPOMNOPLMOHAIbHA BPEMEHHOW
OTCPOYKE (MMHUMANbHAA 33[iePrKKa — Y4LUMI Pe3ynbTaT), U NeYeHne
[LOMKHO BbITb HAYaTo B ONpPEeAENEHHbIe BPEMEHHbIE MHTEePBabl: 4R
BHYTpMBEHHOrO tPA — 4,5 Yaca, a 419 MexaHU4YecKoi TPOMBIKTOMMM —
6 YacoB OT noABieHWA cumnTomoB AU [25]. Peannsauma pekaHau-
3aLLMOHOM Tepanuu y NeanaTpuYeckmx NaumeHToB A0NKHa OCHOBbI-
BaTbCA Ha MHAMBUAYANbHOM NOAX0Ae (PUCK AaHHOTO BMELATeNbCTBA
MOMKET OKa3aTbCA BbILLE, YEM TepaneBTUYECKas Nonb3a) [26].

Tpomb6onantuueckan tepanus

MHTEHCWMBHAA Tepanua BHYTPUBEHHbIM/BHYTPUAPTEPUANbHBIM
tPA aBnaeTca peBONOLMOHHbIMK B NnedeHnn AUU y B3pocabix, XoTa
OTCYTCTBYIOT YETKME A0Ka3aTeNbCTBa TOTO, YTO 3TOT METOZ MOMHO
npumeHnTb K getam [1, 2, 10]. 5-neTHee NPOCNEKTUBHOE MHOMOLIEH-
TpoBoe PKU «Tpombonusuc npu getckom uHcynbte» (TIPS) HauyaToe
B8 2010 roay nonbiTanoCb onpeaenvTb NOTEHLMANbHbIE KpUTEpPUM
6e30MacHoro npuMmeHeHnsa Tpombonusmca y aetein ¢ AU [1, 27, 28).
WccneposaHue He 6bi10 3aBepLUeHO U3-3a HeJ0CTaToYHOro Habopa
Y4aCTHMKOB U NOC/AeAYIoLLEro NpeKpaLleHns GUHAHCMPOBAHWA, OAHA-
KO MMEeHHO OHO CMOCOBCTBOBANIO CO3aHMI0 NEAUATPUYECKUX CreLy-
anM3NPOBaHHbIX NeauaTpuyeckmx ueHTpos no OHMK n npotokonos
MHTEHCUBHOM Tepanuu AeTCKOro uHcynbTa [8, 19, 27, 28].

B cambix nocnesHUX 3apybexHbIX PYKOBOACTBAX MO JIEYEHUHO
AUN'y peTelt yKasaHo, 4TO BO3MOXKHO NpuMeHeHue tPA y geteit ot 2-x
NeT CO CTOMKMM UHBaNVAM3NPYIOLLMM HEBPOIOTMYECKUM AedrLnTOM
(6ann no negmatpuyeckoii Wwkane nHcynsta NIH 26 Ha MOMEHT Bme-
LIaTesbCTBa), B TeueHue 4,5 4acos Noc/ie NOABAEHNUA NEPBLIX CUMMTO-
MOB W PEHTTeHONOTUYECKN NOATBEPKAEHHON OKKMO3MEN KpPyMHbIX
LiepebpasibHbIX apTepuid, @ TakKe NP OTCYTCTBUM BHYTPUYEPEMHOIO
KposomsnusaHusa [8, 21, 23, 29].

B HacToALlee BpemA pekomeHayeTcA HasHayaTb tPA B3pocabim
B fo3e 0,9 mMr/Kr BHyTpUBEHHO, Npu 3ToM nepsble 10% BBoAasATCA 60-
JOCHO (B TeYeHWe 1 MMHYTbI), @ OCTaBLUIAACA 033 BBOAUTCA B TeUeHMe
1yaca [1]. Y pgeTeit pekomeHayeMas L03MPOBKa NpenapaTa Takas e,
KaK M 418 B3POCAbIX, XOTA B COOTBETCTBUM C U3BECTHBIMM BO3PACTHbI-
MU pasMunammn B GrbpUHONUTUYECKOM cucTeme (y AeTeit Habntoaa-
toTcA 6osee BbICOKME YPOBHU TKAHEBOTO MHIMOUTOPA NIAa3MUHOTEHa,
yem y B3pOCAbIX), 6bI10 Bbl PasyMHO NPEANONOKNUTb, YTO AETAM MO-
ryT 6biTb MoNe3Hbl 6onee BbICOKME A03bl [22]. PasnnyHble uccnenosa-
TeNbCKMe rpynnbl peKoMmeHA0Banu Bapuauum aosmposku tPA ot 0,3
00 1,0 Mr/Kr 6e3 Kakux-11bo afeKBaTHbIX MOATBEPKAEHHBIX AaHHbIX
[4].

Tpomb63KkTOoMMA

Ha AaHHbI MOMEHT HefoCTaTOYHO AO0Ka3aTenbCTB ANA Y&T-
KMX MOKasaHMii MO NPOBEAEHUID MexaHUYecKon TPOMBIKTOMUK y
Zeteit 1 nogpoctkos npu OHMK, xoTa cywecTBytoT 06HaAEKMBatO-
wye pesynbtatbl PKM y B3poC/bIX 418 AONONHUTENbHON MexaHuye-
CKOM TPOMB3IKTOMMUM NO CPABHEHUIO C OAHUM NULLb BHYTPUBEHHbBIM
Tpombonusmcom [1, 8]. UmeroTca TONbKO HeGONbLIME CEPUM CyYa-
€B 3HA0BACKy/NAPHON TpombakToMUM npu AUW y faeTeid, KoTopble
NPOAEMOHCTPMPOBANN YA0BNETBOPUTENbHbIE pe3ynbTaThl [1, 8, 30].
CornacHo KOHCEeHCYCHOMY 3aAB/eHWI0 AMEPVKAHCKOWM KapAuonoru-
yeckoi accoumaumn (2019 rog), sHAOBACKYNAPHYH TPOMBIKTOMMIO
cneflyeT PaccMaTpMBaTbh TONBKO Y fieTel CO CTOVKUM UHBANUAN3NpY-
oLwmm Hesponornyeckum aeduumtom (NIHSS >6 6annos) Ha MOMeHT
BMELLATEeNbCTBA U PEHTTEHONOTUYECKU NMOATBEPKAEHHBIM KPYMHbIM
LepebpanbHbIM NopaxkeHuem (OKKAo3ua apTepun) [1, 17]. HepasHee
UCCNEN0BaHME «CY4aii-KOHTPONbY Y TLLATENIbHO OTODPaHHbIX AeTel
B BO3pacTe OT 2 A0 18 fneT, KOTopbIM ObiNa NPOBEAEHa MEXaHUYEeCKas
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treatment is directly proportional to the time-to-treatment initi-
ation (TTI), with the shortest TTI resulting in the best outcome.
Treatment should be initiated within specific intervals: within
4.5 hours for intravenous tPA and 6 hours for mechanical throm-
bectomy from the onset of AIS symptoms [25]. The decision to
implement recanalization therapy in pediatric patients should
be case-based, considering that the risk of this intervention may
outweigh the therapeutic benefit [26].

Thrombolytic therapy

The use of intravenous or intraarterial tPA in intensive
therapy has been groundbreaking for the treatment of AIS in
adults. However, it is uncertain whether this approach can be
applied to children [1, 2, 10]. The Thrombolysis in Pediatric
Stroke (TIPS) trial is a 5-year, multicenter RCT, which began in
2010, aimed to determine the safety, best dose, and feasibility
of treatment with intravenous (IV) tPA of children who present
with AIS [1, 27, 28]. Unfortunately, the study was not completed
due to insufficient recruitment of participants and subsequent
loss of funding. Nevertheless, it played a role in establishing
specialized pediatric stroke centers and intensive care protocols
for pediatric stroke [8, 19, 27, 28].

The most recent international guidelines for the treatment
of AlS in children suggest that tPA can be used in children from 2
years of age with persistent disabling neurological deficits (e.g.,
Pediatric NIH Stroke Scale score 6 at the time of intervention)
and radiographically confirmed cerebral large artery occlusion,
within 4.5 h of known onset of symptoms, provided there is no
intracranial hemorrhage (8, 21, 23, 29].

The recommended dose of tPA for adults is 0.9 mg/kg in-
travenously, with the first 10% as a bolus (over 1 minute) and
the remaining dose over 1 hour [1]. In children, the recom-
mended dosage of the drug is the same as for adults. However,
considering the known age-related differences in the fibrinolytic
system (children have higher levels of tissue plasminogen inhib-
itor than adults), it may be reasonable to assume that children
may benefit from higher doses [22]. Various research groups
have suggested dosage variations of tPA ranging from 0.3 to 1.0
mg/kg without providing adequate supporting data [4].

Mechanical thrombectomy

Currently, there is limited evidence to support the use of
mechanical thrombectomy in children and adolescents with
stroke. However, there have been positive results from RCTs in
adults using mechanical thrombectomy and intravenous throm-
bolysis [1, 8]. There have been only a few small case series of
endovascular thrombectomy for AIS in children, but these have
shown promising results [1, 8, 30]. In 2019, the American Heart
Association Stroke Council and Council on Cardiovascular and
Stroke Nursing made a statement about managing stroke in in-
fants and children. They suggested that using endovascular and
hyperacute therapies should be limited to children with per-
sistent neurological deficits (a pediatric National Institutes of
Health Stroke Scale (NIHSS) score of >6) and those with radio-
graphically confirmed large vessel occlusions. They also recom-
mended considering these therapies for children with a larger
body size due to the limitations of catheters in small arteries,
as well as concerns about contrast dye and radiation exposure.
[1, 17]. A recent case-control study of carefully selected chil-
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TPOMB3IKTOMMA MO NOBOAY OKKNIO3UM KPYNHOTO COCy/a Nokasasno 3¢-
beKTMBHOCTb AaHHOro meToga [27].

FnioKoKopTUKOCTEPOUADI

LlepebpanbHas apTepuonaTtvMsa — 4actas NpUUMHA WMHCYAbTa Y
[eTel, 1 ero cBA3b C MHEKLMEN ABNAETCA aKTUBHOM 06MacTbio CO-
BPEMEHHbIX UcCnefoBaHUM (3aBepLueHbl 2 KpynHbix PKU) [27]. B Ha-
cToALLEe BpeMA NPOBOAATCA e ABa APYrMX MHOroLeHTpoBbIx PKU,
LieNblo KOTOPbIX ABNSAETCA ONPeAeNneHne TOro, MOXKET M NPUMEHE-
HWE BbICOKMX [03 METWINPEAHWU30M0Ha Y AeTel C 04aroBoi Lepe-
6panbHOI apTepMonaT1en yay4lwmnTb/cTabnuansnposaTb TeYeH1e nm
yMeHbWKTb peumans AUWN (uccneposarne PASTA u uccneposaHve
FOCAS) [31, 32]. Ha aaHHbI MOMeHT 3Tv PKU eLLé He 3aBepLUeHb.

KoppeKuua remogmHammu4yecKnX HapyweHui

Mpy 3HauYUTENbHON apTepUanbHOW TUMEPTOHMU MOMKET Mo-
Tpebosatbca neyeHne nabetanonom (6ontocHan gosa 0,2-1,0 mr/kr;
noasepusatowwan gosa 0,25-3,0 Mr/Kr/4, BHYTPUBEHHO) UM HUKap-
aunuHom (bontocHas fo3a ot 30 MKI/Kr 4o 2 Mr; NoAAepXuBatoLLas
0032 0,5-4 MKr/Kr/MWH, BHYTPUBEHHO) AAA CHUMeHMA ALl Ha 15-25%
B TEYeHMe nepBsbix 24 YacoB UK BbICTpee, NPW YCI0BUM NapanNesb-
HOro Ha3HayeHWa TPoM6oUTMKOB [1]. MpK HanMuMKM apTepuanbHoi
TMNOTEH3UM Ha3HavaeTc MHY3MOHHaA Tepanua U3 pacuéta 20 mn/
Kr/cyT (conesble pactsopbl — 0,9% NaCl), npu otcytcteum sdpdexra —
BA30MpPeCccopHble NpenapaTtbl BHYTPUBEHHO [1]. PacTBOpbI [OKO3bI B
KauecTBe MHPY3MOHHOM Tepanuu He NPUMEHAIOTCA, ecn y pebéHka
HEeT NPosBAEHNUN rvnoraMkemmm [1].

Hosble meToabl B Tepanuu AUU

Oxunpaetca, 4To COBPEMEHHbIE AOCTUMEHWA B HEOHATabHON U
NeamuaTPUYEcKol HeMpoXMpYpru yaydLwaT pesynstatbl nedeHns AUU
[27]. Mpn HeoHaTaAbHOM MHCY/bTE B HACTOALLEE BPEMS MPOBOAAT-
ca PKW, koTopble npegnonaratot 6e3onacHocTb U 060CHOBAHHOCTb
rOPMOHa/IbHOW Tepanuu (CpPeacTsa, CTUMYAMPYHOLLME 3PUTPONO33),
Hanpumep, uccnegosaHne DINOSAUR (£ap6benosTMH npu uwemu-
YECKOM HEOHaTa/IbHOM WHCY/bTE 1A YCUAEHUA PEreHepaLum), nm
MNCCNef0BaHUA PaHHEN Tepanuu CTBONOBbIMM KaeTkamu [33]. [o-
CTUKEHUA B 06/1aCTU HEVPOMOHUTOPKHIA B COYETAHWM C TILATENbHO
pa3paboTaHHbIMK  HabtoAaTeNbHbIMU  UCCAEA0BAHUAMMU  CYLOPOT
nocse HeoHaTaAbHOro M AETCKOr0 MHCYNbTa COBEPLUEHCTBYIOT MeTo-
[bl TPOPUNAKTUKM CYAO0PONKHOTO CMHAPOMA, Bbi3BaHHbIX OHMIK [27].
OsKnAaaeTca nporpecc B 0CTPOM LiepebpasbHOM MOHUTOPUHTE Tpynn
BbICOKOTO PUCKA, TaKMX Kak AeTH, nepeHEcLuMe onepaLmio Ha cepaue
WM 3KCTPaKopropanbHylo MemMbpaHHYyI0 OKCUreHaumto, rae cylue-
CTBYET NOTEHUMAN ANA YMEHbLUEHUA NOBPEXKAEHWA FOI0BHOTO MO3ra
W yNyyLleHus ncxomos [27].

0Oco6eHHOCTU MHTEHCUBHOM Tepanuu MU

Kak v npu AU, y petelt ¢ TU cneayet noaaepneatb HOPMO-
Tepmuio 1 Hopmormkemmio [1, 34, 35]. B PKU ¢ yuacTnem B3poC/ibIx
nauueHToB 6bINI0 NOKA3aHoO, YTO BEPOATHOCTb HEOGAArONpPUATHOTO MC-
X0Zla NaPEHXMMATO3HOTO KPOBOM3INAHMA BO3PACTAET C YBENNYEHWNEM
Temnepatypbl Tena bonee 37,5°C [3]. UHPY3MOHHan Tepanus NpoBo-
[MTCA M30TOHWMYECKUMU pacTBopammu 6e3 fo6aBneHus rioKo3bl, 3a
WCKIHOYEHNEM ClyyaeB runorinkemmin [1, 34, 35]. Heobxoammo n3be-
raTb apTepuanbHO rMNOTOHUM, MOCKONLKY /1A NOAAEPXHaHMA Liepe-
6panbHOro Nepdy3MoHHOro AasneHus y pebéHka HeobxoamMmo Hop-
MasibHOE W/IN axe ymepeHHo nosbiweHHoe Af] [1, 34, 35]. B nepsble
24 yaca nocne maHudectaumm N cyLecTBEHHbIM ABAAETCA KOHTPO/b
33 COCTOAHWMEM NIMKBOPOLMHAMUKM WM OTEKOM TONOBHOTO Mo3ra (3,
34]. Hy*kHO paccMOTPETb BO3MOMKHOCTb MMNepOCMONSPHONM Tepanuu,

dren aged 2 to 18 who underwent mechanical thrombectomy
for large vessel occlusion demonstrated the effectiveness of this
treatment method [27].

Corticosteroid treatment

Cerebral arteriopathy is a prevalent factor contributing to
strokes in children. There is ongoing research exploring its con-
nection to infections, with the completion of two significant
RCTs [27]. At present, two additional multicenter RCTs are be-
ing conducted to investigate the potential effects of high-dose
methylprednisolone on improving, stabilizing, or reducing the
recurrence of AIS in children with focal cerebral arteriopathy.
These trials, named the PASTA and FOCAS trials [31, 32], are still
ongoing, and their outcomes are still pending.

Treatment of hemodynamic instability

For significant hypertension, treatment with labetalol
(bolus: 0.2-1.0 mg/kg/ dose; IV infusion: 0.25-3.0 mg/kg/h) or
nicardipine (direct IV ("bolus") injection: 30 mcg/kg (up to 2 mg)
per dose, IV infusion: 0.5-4 mcg/kg per minute) may be required
to reduce blood pressure by 15-25% within the first 24 hours
or faster, along with the administration of thrombolytics [1]. If
arterial hypotension is present, infusion therapy is administered
at 20 ml/kg/day (using saline solutions — 0.9% NaCl). If there is
no effect, intravenous vasopressor drugs are administered [1].
Glucose solutions are not used for infusion therapy unless the
child has manifestations of hypoglycemia [1].

New methods in the treatment of AIS

Recent advancements in neonatal and pediatric neurosur-
gery are anticipated to improve the treatment outcomes for AIS
[27]. For neonatal stroke, there are currently RCTs indicating the
safety and efficacy of hormonal therapy (erythropoiesis-stimu-
lating agents), such as the DINOSAUR (Darbepoetin in Neona-
tal Ischemic Stroke to Enhance Regeneration) trial or the Early
Stem Cell Therapy trial [33]. Progress in neuromonitoring, along
with well-designed observational studies of seizures after neo-
natal and childhood stroke, are contributing to improved meth-
ods for preventing stroke-related seizures [27]. Furthermore,
advancements are expected in acute cerebral monitoring of
high-risk populations, such as children undergoing cardiac sur-
gery or extracorporeal membrane oxygenation, with the poten-
tial to reduce brain damage and enhance outcomes [27].

Intensive care management of HS

In cases of HS, it is crucial to maintain normal body tem-
perature and blood sugar levels in children, similar to AIS [1,
34, 35]. An RCT conducted on adult patients revealed that the
probability of an unfavorable outcome from brain hemorrhage
increases when the body temperature exceeds 37.5°C [3]. In-
travenous fluid therapy should involve isotonic solutions with-
out glucose, except for cases of hypoglycemia [1, 34, 35]. It is
crucial to avoid arterial hypotension, as maintaining normal or
slightly elevated blood pressure is necessary for proper cerebral
perfusion in children [1, 34, 35]. Monitoring cerebrospinal flu-
id dynamics and cerebral edema is essential within the first 24
hours of HS occurrence [3, 34]. Hyperosmolar therapy, such as
mannitol (1 g/kg IV) or 3% hypertonic saline (2.5-5 ml/kg over
10-15 minutes), should be considered if the child exhibits symp-
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TaKoW Kak MaHHUTON (1 r/Kr BHYTPUBEHHO) UK 3% rMNepTOHWUYECKUi
pacteop (2,5-5 mn/Kr B TeueHne 10-15 MUHYT), ecin y pebéHKa ecTb
cumnTombl nosbiweHnsa BYA [1, 3, 34, 36]. ObecneyeHne aaeKBaTHOM
cefaumm 1 aHanbresun B ycnosuax OAMP MOXKET Momodb M3bexaTb
nosbiweHna BY/, [1, 34, 35]. MprMeHeHMe TOKOKOPTUKOCTEPOUA0B
(TKC) He npoaemoHcTprpoBano adpekTuBHOCTH B PKU, BKAIOYABLUMX
B3pocAbIx naumeHTos ¢ MM [3, 34]. Kpome Toro, npu npumeHexun r’KC
CYLLECTBYET PUCK BO3HUKHOBEHUA rMneprvkemun [3]. NMpu BO3HUK-
HOBEHWM CyAOPOr MX HEOBXOAMMO KynUpoBaTb NPOTUBOCYAOPOKHbI-
MW npenapatamu (Hanpumep, penaHuym 0,2 Mr/Kr, BHYTPUBEHHO) W
n3beratb rMNOKCUM U TUNepKanHumn (okcureHoTepanus) [1, 34, 35].
Mpwv pa3suTK T NPUEM aHTMKOAryNsaHTOB CleayeT NpekpatMTb [1,
34, 35]. B Hambonee TAKENbIX CAy4asnx MOXKET NOTPeboBaTbCA XMPYp-
rMyeckoe BMeLIATeNbCTBO, HAaNpUMep, yaaneHne rematombl UK re-
MUKPaHWIKTOMUSA, @ TaKKe IMBOM3aLLMA UK PE3eKLMA COCYAUCTON
Manbdopmaumm [22].

femuKpaHUaIKTOMMUA

Oetam ¢ T gekomnpeccMBHYHO reMMKPAHUIKTOMUIO BbINO-
HAIOT PefiKo, M JaHHbIX MO 3TOM MaHUNYNALMW B NesuaTpuyecKoi
npakTMKe HemHoro [1, 34]. B uccnegoBaHMax y AeTen U NOAPOCTKOB
reMUKPAHWIKTOMMA NPUBENa K CHUKEHWUIO CMePTHOCTU Ha 8%, oaHa-
KO y 60/bLIOr0 NPOLEHTa NaLMEHTOB HabMOAANNUCH 3HAUUTENbHbIE
HeBpoorMyeckme Hapylenus [1, 34-36).

0co6eHHOCTU MHTEHCUBHOW Tepanuu UHCYNbTa Ha

doHe BTCIM

OcHOBHbIM flevyeHnem BTCIM y peTeit ABAAETCA aHTUKOATYNAHT-
HasA Tepanus, BK/IKOYasA BHYTPUBEHHOEe BBeAeHUe HedpaKLMOHMPO-
BaHHOMO renapuHa, MOAKOXHOEe BBeeHWEe HU3KOMONEKYNAPHOro
renapuHa v nepopanbHbiii BapdapuH [1]. Heckonbko nccnenosaHuii
MOKa3ain HU3KYIO YaCcTOTy KPOBOTEUEHWI Y fieTeid, MOyUatoWmMX aH-
TUKOAryNsAHTbl, U 3HAUMTENbHBIN NPOLEHT Tpombo3a y NaLMeHToB,
KOTOPbIM HE Ha3Ha4anu aHTUKoarynaHTbl [1]. Xvpypruyeckoe Bme-
LIATeNbCTBO U aHTUOMOTUKM MOTYT NOTpeboBaTbCs NPy MacTomauTe u
cpegHem oTuTe, Hanbonee YacTbix MHPEKLMOHHBIX NpuynHax BTCIM
y fetein [22].

OCO06eHHOCTU MHTEHCUMBHOW Tepanuu UHCYNbTa Ha

doHe CKA

ObmeHHOE nepenvBaHWE KPOBM ABASETCA METOAOM Bblbopa
ana naupneHTos ¢ CKA u AUN [1, 22, 37]. Ecam ncxoaHbli remornobuH
naumenTa <100 r/n, MOXHO HauyaTb NPOCTOE NepeanBaHne KPOBU, HO
ypoBeHb remoriobuHa He AomxeH npesbiwatb 110 r/a, utobbl 13be-
KaTb reMOKOHLEHTpaLMm nnm obbémHoi neperpysku [1]. Heobxoau-
Ma HeMHBA3MBHAA OKCUTeHOTepanua YTobbl NOAAEPMKMBATL HaCbILe-
HWe Kucnopogom >95% [22]. 3HaunTenbHbIV Nporpecc npousoLlen B
2016 roay, Korga uccneposanve TWITCH nokasano, uto aetu ¢ CKA,
NONYYaLOLLME EXKEMECAYHbIE NEPENNBAHNA SPUTPOLLMTOB 415 NEPBUY-
HOW NPOPUNAKTUKM MHCYNBTA UMEIN NONOXKUTENbHBIN pe3ynbTar [27].
OpHako nocne nepeHecéHHoro OHMK pekomeHayemas Tepanua ana
NPodUNAKTUKM MHCYNLTA (pEryNspHOe NepenBaHme KPoBK) 4acTo He-
[OCTYMHO AETAM B CTPaHaX C HU3KMM M CPeAHUM YPOBHEM O0X0Aa,
rae npoxusaeT >50% peteii ¢ CKA [27].

3AKNIOYEHUE

Bpaun aHecTe3nonoru-peaHnmMaTosnor, Yacto 3aHuMatoLmecs
MHTEHCUBHOM Tepanuei MHCYbTa Y AEeTEN, LOMKHbBI YYUTbIBATb OTAN-
YuA AaHHOM naTonorum ot B3pocabix: 1) bonee 3HaunTeNbHAA 3TMO-
naToreHeTUYecKas Po/b BHYTPUYEPENHbIX HeaTepPOCKAEPOTUYECKMX
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toms of IICP [1, 3, 34, 36]. Adequate sedation and analgesia
administration in cases of acute intracranial bleeding can help
prevent the increase in ICP [1, 34, 35]. Studies have not shown
the effectiveness of glucocorticosteroids (GCS) in treating adult
patients with HS [3, 340, and their use carries the risk of causing
hyperglycemia [3]. In cases of seizures, it is vital to stop them
with anticonvulsants (e.g., intravenous diazepam 0.2 mg/kg)
and prevent hypoxia and hypercapnia through oxygen therapy
[1, 34, 35]. If HS occurs, anticoagulants should be discontinued
[1, 34, 35]. In severe cases, surgical interventions such as hema-
toma removal, hemicraniectomy, embolization, or resection of a
vascular malformation may be necessary [22].

Hemicraniectomy

Decompressive hemicraniectomy is not commonly carried
out in children with head injuries, and there is limited data on this
procedure in pediatric practice [1, 34]. Studies involving children
and adolescents have shown that hemicraniectomy led to an 8%
decrease in mortality, but a substantial number of patients suf-
fered from considerable neurological impairment [1, 34-36].

Management of CVST

The primary treatment for CVST in children consists of an-
ticoagulant therapy, which includes intravenous unfractionat-
ed heparin, subcutaneous low molecular weight heparin, and
oral warfarin [1]. Several studies have indicated a low rate of
bleeding in children who receive anticoagulants, while patients
not prescribed anticoagulants have shown a significant rate of
thrombosis [1]. Surgery and antibiotics may be necessary for
mastoiditis and otitis media, the most common infectious caus-
es of CVST in children [22].

Management of strokes in SCD

Exchange blood transfusion is recommended for patients
with SCD and AIS [1, 22, 37]. If the patient's initial hemoglobin
is less than 100 g/l, a simple blood transfusion can be started,
but the hemoglobin level should not exceed 110 g/l to prevent
hemoconcentration or volume overload [1]. Non-invasive oxy-
gen therapy is necessary to maintain oxygen saturation above
95% [22]. A study in 2016, known as the TWIiTCH study, showed
positive outcomes for children with SCD who received monthly
red blood cell transfusions for primary stroke prevention [27].
However, after a stroke, the recommended therapy for stroke
prevention (regular blood transfusions) is often unavailable to
children in low- and middle-income countries, where more than
50% of children with SCA reside [27].

CONCLUSION

Intensivists who frequently treat children with intensive
stroke therapy must consider the differences in clinical features
between children and adults. These differences include 1) the
greater significance of non-atherosclerotic arteriopathy, throm-
boembolic complications, congenital heart defects, hematologi-
cal disorders, or coagulopathies in the development of pediatric
stroke; 2) the high frequency of atypical clinical symptoms; and
3) the lack of approved recommendations for thrombolytic and
endovascular treatment.

The findings of this review underscore the need for fur-
ther research and the development of innovative treatments for
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apTepuonaTtuii, TPOMB03IMBONMYECKUX OCNONKHEHWUM, BPOKAEHHbIX
KapAvonaTuii, remaToNorMYecKUX HapyLLEHWI MAK Koarynonatuid; 2)
BbICOKAA YacToTa aTUMUYHbBIX KAMHWUYECKMUX NpossaeHuiA u 3) oTcyT-
CTBUE YTBEPKAEHHBIX PEKOMEHAALIMIA N0 TPOMBONUTUYECKOMY U IH-
[LOBaCKyNAPHOMY NleYeHUH.

PesynbTaThl 3T0r0 0630pa NMOAYEPKMBAIOT BaXKHOCTb NMpoBEAE-
HMA HOBbIX MCCNEA0BAHWUM U Pa3paboTKM MHHOBALLMOHHbBIX METOA0B
NeYeHUA MHCYNbTa Y AeTel. YayulleHne JOCTUMKEHWIA B STOM Hanpas-
NIeHUW UMEeT OrPOMHYI0 KAMHWMYECKYH 3HaYMMOCTb, CO3AaBas Mo-
TEHUMAN ANA YAYYLLEHUA KU3HM aeTei, nepeHécwmnx OHMK, 3a cuér
NOBbILIEHUA TOYHOCTH, 3GEKTUBHOCTU M LOCTYNHOCTM TepanesTuye-
CKMX BMELLATeNbCTB.

pediatric stroke. Progress in this area could significantly impact
clinical practice by enhancing the precision, efficiency, and ac-
cessibility of therapeutic measures, thus potentially improving
the lives of children affected by stroke.
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INIOCAEOITEPALIVMIOHHASI KOTHUTUBHAS AVMICOYHKU WS, IIPEAVKTOPHI,
AVNATHOCTUKA, ITPOPVAAKTUKA N1 AEYEHUE

O.H. AMIIMKOB'?, A.Il. MAPYEHKO"?, C.A. EME/ABAHOB'?, C.A. UTHATOBA!, H.A. MAPYEHKO!

1 TamBosckmit rocyaapcTBeHHbIT yHUBepcuteT um. I.P. Adepkasuna, Meaumsckuit nactutyT, Tambos, Poccuiickas Pegepanms

2 Topoackas xkanmanyeckas 6oapHNIA T. KoToBcka, KoTtosek, Poccmiickas Pegeparmsa

[NaHHas cTaTba nocsAlleHa 0630py UCCeA0BaTENbCKMX PaboT Ha Temy Noc/ieonepaLyoHHON KOTHUTUBHOM AncdyHKumm (MOK/), BcTpeyaemocTb Ko-
TOPOW, N0 pe3ynbTaTamM Pa3NNYHbIX UCCAeA0BaHMI, cocTaBafeT oT 4% 0 65%. Mpobeme KOFHUTUBHbIX HapyLWEHWI B NOCe0oNepaLoHHOM Nepuoae
B noc/ieiHee Bpema yaenseTca Bcé bosbluee BHUMaHWE Kak UCCNesoBaTesNel, Tak v NPaKTUKYIOLLMX BPaYeit Pas/inyHbIX cneuyanbHocTel, 0cobeHHo
aHecTe3no/1I0roB-pPeaHMaToIoroB, KOTOPbIe CONMPOBOXKAAIOT AaHHYIO KaTeropumio NaLMEHTOB Ha Bcex 3Tanax neyebHoro npouecca. HecMoTpa Ha aTo,
pacnpocTpaHéHHocTb NMOK/, ewwé HeaocTaToYHO M3yyeHa. AKTyaNbHOCTb 3TOM Npobiembl 0BycioBAEHA TEM, YTO, BCIEACTBUE KOTHUTUBHOTO AedpuLimn-
Ta, CHU}KAETCA KaueCTBO ¥KU3HW NaLMEHTOB, YAMHAETCA NPOAOIKUTENbHOCTb CTALMOHAPHOIO IeYEHUA U YBEIMUYMBAETCA BEPOATHOCTb TAMKENbIX XKM3-
HEeYrpoKalLLMX OCNOKHEHUIN W NIETANbHOTO UCXOAa. B cTaTbe Ha OCHOBAHUM MHOTOYUC/IEHHbIX UCCNe0BaHUIA NMPUBELEHbI OCHOBHbIE NPEANKTOPbI
MOKZ, onucaHbl OCHOBHbIE 3BeHbA NaTOreHe3a 3Toro 0CN0KHEHNA. [InA ANArHOCTUKM KOTHUTUBHBIX HapyLLUEHWI NPOBOAUTCA Heliporncuxonornyeckoe
TECTUPOBaHMe 0 OMepaLyu v B NOC/ieonepauyioHHOM NeprUoAe, YTO NO3BOAET BbIABUTL JaHHYH MaToNorMio U CBOEBPEMEHHO NPOBECTU Npodu-
NaKTUKY U NeveHne JaHHOTO OCNOXKHEHUA. [pu Ha UMK NPeANKTOPOB KOTHUTUBHOM AUCOYHKLMM NPOBOAUTCA KOPPEKLMA BbIABAEHHbIX HapyLue-
Huit. Ocoboe BHUMaHWe ccnenoBaTenn yaenaoT dapmakonpodunaktvke. MaumeHTam ¢ BbICOKOW BEpOATHOCTbIO pa3suTua MOK/M npegnaratotcs K
NPUMEHEHMIO HEMPONPOTEKTOPbI, aHTUIMMNOKCAHTbI, AHTUOKCUAAHTbI, CTUMYAATOPbI HEMPONAACTUYHOCTH, HECTEPOUAHbIE NPOTMBOBOCMANUTENbHbIE
cpeactsa (HMBC). OaHUM M3 NepcneKTUBHbIX MPenapaTos, MPUMeEHAEMbIX ANA NPOGUNAKTUKM U nedeHuna NMOK/ 1 nocneonepawumoHHOrO Aenvpus,
ABNAETCA eKCMEAETOMUANH — aroHUCT anbda2-apeHopeLLenTopoB, NPenapart ¢ NAeloTPONHbIM AeUCTBUEM (aHKCUONUTUK, CEAATUK, CUMMNATONUTUK
M aHanbreTuK). B xoge HanucaHWA cTaTbu NPOBOAWCA aHANN3 INTEPATYpPbl, NOCBALEHHOM NOC/eonepaLyoOHHbIM KOTHUTUBHBIM PAaccTPOMCTBaM U3
OTKPbITbIX 3NEKTPOHHbIX Hay4YHbIX 6a3 AaHHbIX PubMed, Elibrary, Cyberleninka 3a 2014-2023 rr. [laHHbIV 0630p IMTEPATYPbI HAMAAHO AEMOHCTPUPYET
601bLLIYIO PAaCNPOCTPAHEHHOCTb NOC/IEONEPALMOHHBIX KOTHUTUBHbIX HAPYLLEHWI, BKKOYAA NOCeonepaLMoHHbIi Aenvpuit. NMpobaema nogaepkaHua
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This review describes postoperative cognitive dysfunction (POCD), the incidence of which, according to the results of various studies, ranges from
4% to 65%. The problem of cognitive impairment in the postoperative period has recently received increasing attention from both researchers and
practicing physicians of various specialties, especially anesthesiologists-resuscitators who treat these patients at all stages of the treatment process.
The prevalence of POCD has yet to be studied in more depth. The relevance of this problem is associated with cognitive deficit, which affects the
quality of life of patients, extended duration of inpatient treatment, and increasing frequency of severe life-threatening complications and death.
Based on numerous studies, the article presents the main predictors of POCD and describes the main links in the pathogenesis of this condition.
Neuropsychological testing is carried out to assess cognitive impairment before surgery and in the postoperative period. It allows for diagnosing
this pathology and provides timely prevention and treatment of this condition. If predictors of cognitive dysfunction are identified, correction of the
respective disorders is performed. Pharmacological agents are considered as prevention options. Patients with a high probability of POCD are offered
neuroprotectors, antihypoxants, antioxidants, neuroplasticity stimulators, and non-steroidal anti-inflammatory drugs (NSAIDs). One of the promising
drugs used for the prevention and treatment of POCD and postoperative delirium is dexmedetomidine, an alpha2-adrenergic receptor agonist, a drug
with pleiotropic action (anxiolytic, sedative, sympatholytic, and analgesic). Data for this paper on postoperative cognitive disorders were collected
from the electronic scientific databases PubMed, Elibrary, Cyberleninka for 2014-2023. This literature review clearly demonstrates the high prevalence
of postoperative cognitive impairment, including postoperative delirium. The problem of maintaining and restoring higher mental functions in patients
undergoing surgery is one of the global challenges of modern medicine.

Keywords: Postoperative cognitive dysfunction, predictors of cognitive dysfunction, delirium, dexmedetomidine.

For citation: Yamshchikov ON, Marchenko AP, Emelyanov SA, Ignatova SA, Marchenko NA. Posleoperatsionnaya kognitivnaya disfunktsiya, prediktory,

diagnostika, profilaktika i lechenie [Postoperative cognitive dysfunction: Predictors, diagnosis, prevention and treatment]. Vestnik Avitsenny [Avicenna Bulletin].
2024;26(3):439-51. https://doi.org/10.25005/2074-0581-2024-26-3-439-451

439



Yamshchikov ON et al Postoperative cognitive dysfunction

AVICENNA BULLETIN
Vol 26 * No 3 » 2024

BBEAEHMUE

MOKA y naumeHTOB NOXKMA0ro U CTapyecKoro Bo3pacra ABAAeTcA
C/I0XKHOW W [0 HACTOALLEro BPeEMeHW HepeLléHHo npobaemoii B pa-
60Te Bpayell CTaLLMOHAPOB XMPYPrnyeckoro npoduas, ocobeHHo aHe-
CTe310/10r0B-PEaHMMAaTO/I0rOB, KOTOPbIE COMPOBOXAAIOT JAHHYIO Ka-
TEeropuio NaLMEeHTOB Ha BCex 3Tanax fiedebHoro npouecca. Rasmussen
LS et al (2003) gatot cneaytowee onpeseneHve MOKA: «3To pac-
CTPOWCTBO, pa3BMBatoLLeecs B paHHEM U COXPaHAIOLLEECA B NO3AHEM
nocneonepawMoHHOM Nepuoae, KIMHUYECKV NPoABAAIOLLEecA Hapy-
LEHWeM MaMATU U APYTUX BbICLUMX KOPKOBbIX QYHKLMIA (MbILLEHMS,
peur U T.N.) U NOATBEPKAEHHOE AAHHBIMU HEMPONCUXONIOMMYECKOrO
TECTUPOBAHWMA B BUE CHUNKEHUA €r0 Pe3y/IbTaToB B NOC/e0nepaLyoH-
HOM nepuoge He meHee Yem Ha 20% (unm +1SD) oT goonepauyoHHOro
ypoBHs» [1].

YBennuyeHne NPoAOMKUTENBHOCTU }KU3HN MPUBENO K POCTY KO-
JINYecTBa NaLMEHTOB MOXMIOTO U CTapyecKoro BO3pacTa, KOTOpbIM
TpebyeTca TO UM MHOE OMepaTUBHOE BMELLATeNbcTBO. Hanbonee
aKTyasibHa 3Ta Npobaema y NaUMEeHTOB TPAaBMATONOTMYECKOTO Mpo-
dunsa ¢ nepenomom npoKcMMmanbHoro otaena beapa, yaenbHbIV Bec
KOTOPbIX HEYKIOHHO PacTéT. B nccneposaHunm CepanuHoii KOB ¢ coasT.
(2020) npu mopenMpoBaHUKM KOMYECTBA NEepesioMOB MPOKCUMab-
Horo otaena bespa y nauueHTos ctapwe 60 net nonydeHa umdpa
237345 yenosek B rog, locne xvpypruyecknux BMeLIaTebCTs KOrHu-
TUBHbIE HapyLIEHMA BCTpeyatoTes oT 4% o 65%, yactoTa passuTUs
nocneonepaLyoHHOro AeMPUA Y NOXKUAbIX MALMEHTOB C NepesoMOM
LWerKn beapeHHOM KOCTU MOMKET A0X0AUTb A0 62% [2]. Y nauveHToB
MOXMIOTO M CTapYecKoro BO3pacTa Nnocsie 3HA0MNPOTE3NPOBAHUA KO-
JIeHHOro M Ta306epeHHOro CyCTaBOB NOC/ieonepaLMoHHble KOrHU-
TUBHbIE PACCTPOICTBA BblIM OTMeYeHbl B 16-45%, a nocneonepauu-
OHHbIV fenmpuit B 10-30% cayyaes [3].

CornacHo onpocy B Poccuitickoin ®epepaumm y Bpadeit aHecTe-
3110/10r0B-PEaHNMATONOTOB OTCYTCTBYET MO/HOLEHHOE MOHUMAHWe
BOMPOCOB, CBA3aHHbIX C NOC/E0NEePaLMOHHbIMU KOTHUTUBHBIMM pac-
CTPOMCTBaMM, HEAOCTATOYHO 3HAHMI MO AMArHOCTUKE, Npeaynpex-
[eHWIo 1 nedeHunto. TakKe ONpoc Nokasan akTyaNbHOCTb Heponcu-
XONOTMYECKOT0 TECTMPOBAHUA MALMEHTOB B NpesonepaLMoHHOM U
nocneonepaloHHOM Nep1oaaX, B CBA3M C TEM, YTO TaKOe TeCTUPOBaA-
HWe Bpauu aHecTe3noN0rv NPOBOAAT KpaiiHe PeaKo, YTo He NO3BONA-
€T B NO/HOW Mepe OLEHWUTb MaclTabbl 3Toi Npobnembi [4, 5].

MPEAUKTOPBI

MocneonepauyoHHbI NEPUOA, MOKET OC/OKHUTBCA KOTHUTUB-
HbIMK PACCTPOMCTBAMM NPU HANUYMK ONpeaenEHHbIX npeapacnona-
ralowmx GpakTopos, Tak HasblBaeMbix NpeaukTopoB. COrnacHo AaH-
HbIM MHOTOUYMC/IEHHbIX UCCNEA0BAHMM, K NPEAMKTOPaM KOTHUTUBHOTO
feduumnta y 60NbHbIX, NEPEHECLIMX OnepaTUBHbIE BMELIATENbCTBA,
OTHOCAT: 3ab60N1eBaHNA CepAeYHO-COCYANCTON CUCTEMbI, OCOBEHHO CO
CHUMKeHMEM ¢pakumn Bbibpoca (PB) neBoro kenymoyka, Lepebpo-
BaCKy/apHble 3abonesaHns, aHemus (remornobuH meHee 100 r/n),
MeTabosIMYeckMe HapyweHua (TMno- U rmnepraMkeMus, rmnoansoy-
MUHeMMS, AncbanaHCc MOHOB Kanus W HaTpuA), ONUTENbHAn aKTVBa-
LMS UMMYHHOM CMCTEMbI, HEMPOBOCNANEHNE, AUTENbHBIN 60NEBOV
CMHAPOM KaK A0 onepauuu, Tak v B NoCneonepauyoHHOM nepuose,
MCMO/b30BAHME HAPKOTUYECKMX aHANbreTUKOB, NPOAOIKUTENBHOCTD
onepaTMBHOMO BMeLLATe/bCTBa, TPAaBMaTUUHbIE ONepaTUBHbIE BMe-
LWATeNbCTBa, a/IKOro/IbHAA 3aBUCMMOCTb, HU3KMI ypoBeHb 06pa3oBa-
HWS, BO3pacT [6]. M 3TO He nosHbIi nepeyeHb npeavkTopos MOKA. C
YBENMYEHMEM KONMYECTBA MUCCEA0BAHUI AaHHOW NPOBAEMbI K YyiKe
MMeloLLEMYCA CMUCKY A06aBAAlOTCA HOBble npeapacnonaratolpe
baKTopbI.
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INTRODUCTION

POCD in elderly and senile patients is a complex and still
unsolved problem in the work of hospital surgeons, especially
anesthesiologists, and resuscitators, who follow this category of
patients at all stages of the treatment process. Rasmussen LS
et al (2003) give the following definition of POCD: "This is a dis-
order that develops in the early and persists into the late post-
operative period, clinically manifested by memory impairment
and other higher cortical functions (thinking, speech, etc.) and
confirmed by the deterioration of neuropsychological testing in
the postoperative period by at least 20% (or +1SD) from the pre-
operative level" [1].

Extended life expectancy has led to an increase in the
number of elderly and senile patients who require one or an-
other surgical intervention. This problem is most relevant in
trauma patients with a proximal femur fracture, the proportion
of which is steadily increasing. Modeling the number of proxi-
mal femur fractures in patients over 60 years old, showed the
number of 237,345 people per year. After surgical interventions,
cognitive impairment occurs from 4% to 65%, and the incidence
of postoperative delirium in elderly patients with a femoral neck
fracture can reach 62% [2]. In elderly and senile patients after
knee and hip arthroplasty, postoperative cognitive impairment
was noted in 16-45% and postoperative delirium in 10-30% of
cases [3].

According to a survey in the Russian Federation, anesthesi-
ologists and resuscitators need a complete understanding of is-
sues related to postoperative cognitive disorders, and they have
insufficient knowledge of diagnostics, prevention, and treat-
ment. The survey also showed the relevance of neuropsycho-
logical testing of patients in the preoperative and postoperative
periods, as anesthesiologists rarely conduct such testing, which
does not allow for a full assessment of the scale of this problem
[4, 5].

PREDICTORS

The postoperative period may be complicated by cognitive
disorders in the presence of certain predisposing factors, the
so-called predictors. According to numerous studies, predictors
of cognitive deficit in patients who have undergone surgery in-
clude cardiovascular diseases, especially with a decrease in the
ejection fraction (EF) of the left ventricle, cerebrovascular dis-
eases, anemia (hemoglobin less than 100 g/I), metabolic disor-
ders (hypo- and hyperglycemia, hypoalbuminemia, imbalance
of potassium and sodium ions), prolonged activation of the
immune system, neuroinflammation, prolonged pain syndrome
both before surgery and in the postoperative period, the use of
narcotic analgesics, the duration of surgery, traumatic surger-
ies, alcohol addiction, low level of education, age [6]. This list
of POCD predictors is far from being complete. With an increase
in the number of studies on this issue, new predisposing factors
are added to the existing list.

Any aggression encountered by the body leads to the de-
velopment of a systemic inflammatory response. Proinflamma-
tory cytokines secreted by monocytes and neutrophils, such
as tumor necrosis factor and others, damage the blood-brain
barrier, thereby causing neuroinflammation and damaging the
brain's neurons. In this case, monocytes approach the brain cells
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Niobas arpeccus, ¢ KOTOPOI CTONIKHYNCA OPraHWU3M, NPUBOAMT K
PasBUTUIO CMCTEMHOrO BOCMA/NIUTENbHOMO OTBeTa. [poBocnanuTens-
Hbl€ LUTOKUHBbI, NPOAYLIMPYEMblE MOHOLMTaMMU U HEMTpodunamu, Ta-
Kve Kak haKTop HeKpo3a OMyxo/iu 1 Apyrue, MOBPEXAAOT reMaToIH-
uedanmueckuii bapbep, Tem cambim GOPMUPYIOT HeMpPOBOCMaNEHNE U
OKa3blBaOT NOBPEXAAOLLEE AEVCTBME HA HEVPOHbI FOJIOBHOTO MO3ra.
MpK 3TOM NPOUCXOAUT MUFPALIMA MOHOLMTOB K KJETKam ro/I0BHOrO
MO3ra, NpY B3aUMOZENCTBUM KOTOPbIX C MUKPOIIMEN BbicBOOOKAA-
€TCA NPOBOCNANUTENbHbIN MHTEPNENKUH IL-1B. B pesynbTaTte pas3sue-
LIeroc HeMpPOoBOCMaNEHUA HapyLLAeTCA CUHANTMYECKan NNacTUYHOCTb
W, KaK CNeacTsue, JONrOBPEMEHHas MOTeHLUMaUMA C yXyAlleHuem
NaMATU U KOTHUTUBHOW AncdyHKUMeRn. HapyleHne nepdysum ronos-
HOro MO3ra, NPUBOAALLEE K €0 ULEMMUU U TUMOKCUM, crocobeTByeT
Pa3BUTUIO HelpoAereHepaTUBHbLIX 3MeHeHMH. OCHOBHOW MPUYMHOM
nepdy3vVOHHBIX HAPYLIEHWI ABNAETCA reMOoAMHAMMUYecKas HecTa-
BUNbHOCTb BO BPEMSA OMepaTUBHOTO BMELLATE/IbCTBA, 0COBEHHO onac-
Ha KPUTUYECKan, AAUTENbHAA HEKOHTPOAMpPYemas runoToHus. K ru-
MOKCUM U ULWIEMMU Hanbosiee BOCTIPUMMYMBLI KOPa FOJI0BHOMO MO3ra,
TMNNOKaMM, NEPUBEHTPUKYAAPHOE Benoe BeLLecTBO U NorpaHuyHble
30HbI, IEXKALLYME HA TPAHNLE HEAaHACTOMO3MPYHOLLMX COCYAMCTBIX Bac-
CeliHOB, NPMBOAA K Pa3BUTUIO HEBPOIOTMYECKUX OCNOMHEHWN. He-
BPO/IOTMYECKME OCNOMKHEHWA NOCAe OnepaTMBHOTO BMELLATeNbCTBa
MOryT 6bITb 04aroBbIMM: TPAH3UTOPHAA ULLIEMMYECKas aTaka, UHGAPKT
rOI0BHOIO MO3ra; a Takxe AN dY3HbIMU: OCTPaA TMNOKCUYECKU-HLLE-
MMUYecKan sHUedanonaTms, KoTopas MMEET CeAyHoLLMe KIMHUYECKUe
NPOABNEHUA: CUHKOMNE, HEMPOLOIKUTENIbHOE KOTHUTUBHOE PaccTpOii-
CTBO M CTOMKMUIA KOTHUTUBHDBIN AedUUNT. TMNOKCUYECKM-ULLIEMUYECKas
3HUedanonaTmsa, No AaHHbIM UTePaTypbl, passusaetca y 50-70% na-
LMEHTOB, @ MHOAPKT ronosHoro mosra —y 1-6% [5].

CornacHo nccnegoBaHuam Rundshagen | (2014), Ha puck pas-
ButMA MOK/, xapaKkTep aHecTesuu He BAMUAET [6], a NoO pesynbTaTam
UCCNefoBaHWi ApyryX aBTOPOB, 0OLLAA MHraNALMOHHAA aHecTesuns
ceBopNtopaHOM yalle Bbi3biBana NMOK/ y naumeHTos cTaplue 60 ferT,
yem 06LUan BHYTPUBEHHAA aHECTE3UA C UCMO/b30BaHUeM npornodo-
na [7]. OTmeyaeTcs, 4To paHHWE NOCNEONEePaALMOHHbIE KOTHUTUBHbIE
HapyLUeHWA Yallle BCTPEYatoTCA y NaLMeHTOB, KOTOPbIM ONepaTUBHble
BMELLATeNbCTBA MPOBOAUANCG MO, OOLWEein MHOrOKOMMOHEHTHOM
aHecTe3nen, 4em y NaLMeHTOB C PErMOHAPHBIMU MeToLaMM aHecTe-
3uonoruyeckoro obecneyeHns. Tak e aBTOpamy OTMeEYaeTcs, YTo
aHecTe3nonorMyeckoe obecrneveHne onepaLmii IHAONPOTE3NPOBaA-
HWA KONEHHOTO U Ta306epeHHOro CYCTaBoB B BUAE KOMOMHUPOBAH-
HOW CMUHANbHO-3INMAYPANbHOM aHeCcTe3nn € NocseonepaLMoHHbIM
aNuaypanbHbIM 06€36011MBaHUEM CHUXKAET PUCK KOTHUTUBHbIX pac-
cTpoicTs [8].

HapylweHve 6anaHca B aLeTUAXONAMH- U A0GaMUHIPTUYECKO
CUCTEMAX UFpaeT OAHY M3 onpeaensatowmx ponei B passutumn MOKL
[9]. B ueHTpanbHOM HepPBHOM CUCTEME XO/NMHEPrMYecKas cucTema
npeacTaBneHa ABYMA OCHOBHbIMM TUMAaMMW PELLENTOPOB: MyCKapu-
HOBbIMM U HUKOTMHOBBIMU XONIMHOpPeLLeNTopamu. ALETUNXONWH, AB-
NAACb OCHOBHBIM HEMPOMEAMATOPOM, PETYAMPYOWMM 6a3anbHyO
XONIMHEPTUYECKYHO CUCTEMY, YHACTBYET B aKTUBALMM MMNMNOKAMIa, 4To
HanpAMYto CBA3aHO C KPAaTKOCPOUYHOM M AONFOCPOYHOM MAMATBIO, BHU-
MaHunem 1 0bpaboTKoit ceHcopHoi MHbopmaumm [10]. CHUNKeHME aK-
TUBHOCTU XONIMHEPTUYECKOV CUCTEMbI Ha CTPYKTYpPbl TON0OBHOMO MO3ra
ABNAETCA OAHUM W3 [NMaBHbIX NPEAUKTOPOB GOPMUPOBAHUA NOCIEO0-
nepaLyoHHOr0 KOTHUTUBHOIO HapyLLEeHUA.

MHOroYncneHHbIMU UCCNEA0BaHUAMMU ObIIO BbIABNEHO Hera-
TUBHOE B/AMAHME Ha CTPYKTYpbl FOOBHOTO MO3ra MpenapaTos, MC-
nonb3yembix A5 0bLei aHectesum [11]. Tak, Hanpumep, Npu aHTaro-
HUCTUYECKOM BO3ZENCTBUM BO/bLUMHCTBA NPEenapaToB Ha PeLenTopbl
aLETUNXONIMHEPTUYECKON CUCTEMBI BO3MOMKHO Pa3BUTUE Fas/ItoLMHa-

and interact with microglia, causing the release of proinflam-
matory interleukin IL-1B. As a result of the neuroinflammation,
synaptic plasticity is impaired and, as a consequence, long-term
potentiation with memory impairment and cognitive dysfunc-
tion develop. Impaired cerebral perfusion, leading to ischemia
and hypoxia, contributes to the development of neurodegener-
ative changes. The leading cause of perfusion disorders is he-
modynamic instability during surgery, with critical, prolonged,
uncontrolled hypotension being especially dangerous. The ce-
rebral cortex, hippocampus, periventricular white matter, and
marginal zones located on the border of non-anastomosing vas-
cular pools are most susceptible to hypoxia and ischemia, lead-
ing to the development of neurological complications. Post-sur-
gical neurological complications can be focal (transient ischemic
attack, cerebral infarction) and diffuse (acute hypoxic-ischemic
encephalopathy clinically manifested by syncope, short-term
cognitive impairment, and persistent cognitive deficit). Hypox-
ic-ischemic encephalopathy, according to the literature, devel-
ops in 50-70% of patients, while cerebral infarction —in 1-6% of
them [5].

Some authors state that the risk of POCD development
does not depend on the type of anesthesia [6]. In contrast, ac-
cording to other authors, general inhalation anesthesia with
sevoflurane more often caused POCD in patients over 60 years
of age than general intravenous anesthesia using propofol [7].
Early postoperative cognitive impairment is more common in
patients who underwent surgery under general multicompo-
nent anesthesia than local anesthesia. Anesthesia for knee and
hip replacement surgery in the form of combined spinal-epidur-
al anesthesia with postoperative epidural analgesia reduces the
risk of cognitive impairment [8].

Disturbance of the balance in the acetylcholine and dopa-
minergic systems plays one of the determining roles in POCD de-
velopment [9]. In the central nervous system, the cholinergic
system is represented by two main types of receptors: M- and
N-cholinergic receptors. Acetylcholine, the primary neurotrans-
mitter regulating the basal cholinergic system, is involved in
the activation of the hippocampus, which is directly related to
short-term and long-term memory, attention, and processing of
sensory information [10]. A decrease in the activity of the cere-
bral cholinergic system is one of the main predictors of postop-
erative cognitive impairment.

Numerous studies have revealed the negative impact of
drugs used for general anesthesia on the brain structures [11].
For example, with the antagonistic effect of most medications
on the receptors of the acetylcholinergic system, the develop-
ment of hallucinations and a oneiroid-catatonic state is possible
[10]. Some authors showed the involvement of isoflurane in the
development of postoperative cognitive impairment, as well as
severe neurological diseases, including Alzheimer's disease, as a
result of cholinergic insufficiency by blocking postsynaptic nico-
tinic receptors with this drug [12, 13].

Low hemoglobin levels also affect POCD development. He-
moglobin levels below 98 g/l in elderly and senile patients with
a femoral neck fracture and total hip replacement surgery can
be considered one of the main predictors of the development of
postoperative delirium [3, 14].

POCD and delirium developmental patterns were shown to
be associated with left ventricular EF in patients with acute cor-
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LM 1 OHeMponaHo-KaTaToHMYecKkoro coctosHua [10]. Kong F) et al
(2015), a Takske Zhang S et al (2017) B cBOMX MCCNef0BaHMAX NOKa3anu
NPUYACTHOCTb U30dYpPaHa B Pa3BUTUM NOCEONEPALMOHHbIX KOTHU-
TUBHBIX HapYLUEHWI, @ TaK e TAKE/bIX HEBPONOTMYECKUX 3aboneBa-
HWI, B TOM Yucie 6onesHu Anbureiimepa B pesysibTaTe XONMHEPTU-
YEeCKOW HefoCTaTOMHOCTM MYTEM BJIOKMPOBAHMA MOCTCUHANTUYECKMX
HMKOTMHOBBIX PELLENTOPOB AaHHbIM npenapaTtom [12, 13].

Hu3Kuit ypoBeHb remornobuHa TaKkKe BAUAET Ha pasBuUTMe
MOKA. B uccnenosanunm Monutosa ME ¢ coasT. (2015), a Takxke Ke-
Huno BM c coast. (2017) 6bi10 NOKa3aHoO, YTO ypOBEHb remorniobu-
Ha HWKe 98 I/ y NaLMeHTOB NOMMAOTO M CTApYecKoro Bo3pacTa ¢
NepeiomMoMm LWeK1 6efpeHHOW KOCTU U BbINMOJHEHHOW onepauuei
TOTa/IbHOTO 3HAONPOTE3UPOBAHMA Ta306elPEHHOr0 CyCTaBa MOXKET
CYMTaTbCA OAHMM U3 OCHOBHbIX NPEAVKTOPOB Pa3BUTUA Nocneonepa-
LMOHHOro aennpus [3, 14].

B nccnenosanmu LLienb HM 1 Butuk AA (2018) nokasaHa 3aKoHO-
MepHOCTb pa3sutua MOK/ 1 genmpua B 3aBucumoctn ot ®B nesoro
KeNyouKa Y NaLMeHTOB C OCTPbIM KOPOHAPHBIM CUHAPOMOM. Y na-
LIMEeHTOB ¢ HopManbHoli OB (6onblue 60%) aenvpuii He passuBancs,
a Npu cHUKeHUN OB Huke 60% pa3smBanca SeNNPUiA, Npu 3TOM, YeM
HUKe bblna OB, Tem yalle pa3sBKMBaANOCh AENMPUO3HOE COCTOAHME: B
9,3% cnyyasx npu ®B o1 46% 10 59% v B 53% cnyyasx npu B meHee
36% [15].

[laHHble HeliponCcMXONOrMYECKUX TECTUPOBAHWIA NOATBEPKAAIOT
baKT BAMAHMA XpOHMYECKOro 601eBOro CMHAPOMA Ha PasBUTUE Kor-
HUTKUBHbBIX HapyLUeHWUI Kak 6a30BbIx GyHKLMIA: 06paboTKa MHOpPMa-
LMK, COEPYKMBAIOLLUIA KOHTPO/Ib, KPAaTKOCPOUHAsA U AOAFOCPOYHARA Na-
MATb, TaK U 6osiee COXKHbIX QYHKLMIA: COCOBHOCTb K PacCyKAeHMIo,
NPUHATUIO pelleHnid. OTMEeYaeTCA, YTO CTPYKTYPbI FOJIOBHOTO MO3ra,
OTBETCTBEHHbIE 33 KOTHUTUBHYIO GYHKLMIO M HOLMLENLIMIO, TECHO CBA-
3aHbl, OKa3blBas APYr Ha Apyra PeLunpokHOe MOAYNNPYIOLLEE BAUA-
Hue. No3ToMy XpOHUYECKUI1 6BONEBOV CUHAPOM ABNAETCA NPEAUKTO-
pom NOKZ, [16].

[epoHTONOMMYecKkMe 60/bHbIE 3a4acTyHO ABAAIOTCA NaLMEHTaMU
C NOAMMOPBUAHOCTIO, U BOAbLLIAA YaCTb U3 HUX CTPAZAET CaXapHbIM
avabeTtom. AHanW3 NUTEPaTYPHbIX AaHHbIX MOKa3an Haauuue B3au-
MOCBA3M Pa3BUTUA NOCIEONEPALMOHHBIX KOTHUTUBHbIX PAcCTPOMCTB
U caxapHoro anaberta [17-, 19]. Tak, B uccnesosaHum Huxapesa BA ¢
coaBT. (2018) 6bl10 NOKA3aHO, YTO AUTENbHAA TMNEPTIMKEMMA NPU-
BOZMT K MOBbILIEHNIO OCMOTUYECKOTrO AaBAEHUA U Aervapatauum u,
KaK CNeacTBume, K HapyLLeHUIo B opraHn3me 6anaHca Mexzay NpooKcH-
[aHTaMM ¥ KOMNOHEHTaMU CUCTEMbI @HTUOKCUAAHTHOM 3aLLWThI, YTO,
B KOHEYHOM WTOre, OKa3bIBAET TOKCUUYECKoe [eNCTBME Ha HEeMpOHbI
roNI0BHOrO MO3ra v NpuBoaunT K passututo NMOK/. Mpwu aTom puck pas-
BUTUA KOTHUTUBHbIX HapyLUeHUN y NtoAel, CTPaZatoLmMX CaxapHbIM
navabetom, B 1,5 pasa Bbllle, YeM Y HE CTPAAAIOLLMX MM. YTO Y NOC/IE0-
NepaLmoHHbIX 6O/bHBIX, Y KOTOPbIX CPEAHUI YPOBEHD IUKEMUM Obin
8,34 MMOAb/ N, He BbINI0 KOTHUTUBHbIX HAPYLUEHWI, @ Y NALMEHTOB CO
cpesHVM ypoBHeMm rnMkemun 11,36 mmonb/n passumsanca nocieone-
paLUMOHHbIV aenvpuii [20].

Mo MexaHU3My MPEUMYLLECTBEHHOMO BAWAHUA MNPEAUKTOPbI
MOK/, noapa3saensatoTca Ha XMMUYEecKUe (Kak npaBuao, 3To meama-
TOpbl BOCMa/ieHUs; NIeKapCTBEHHble CPEACTBA, UCMO/b3yemble Npu
JIEYEHUN MALMEHTOB B MEPUONEPaLyOHHOM nepuoae, 0cobeHHO
npenapatbl 4Ns aHectesuu); dpusmueckne (60/b, Kak OCTpas TaKk v
XPOHWMYECKaA); HapyLLeHWe pexuma feHb/Houb; HU3KUIA HYTpUTMB-
HbI CTaTyC M TMNOBUTAMUHO3; CMeHa OBCTAHOBKM C AOMAlLUHel Ha
60/1bHNYHYI0; HEKOMGbOPTHbIE YCI0BUA NpebblBaHUA; OrpaHuYeHne
WAK OTCYTCTBME ODLLEHUA C POACTBEHHWMKAMU; GYHKLMOHANbHOE CO-
CTOAIHME OpraHu3Ma (HecTabw/bHbIA reMoAMHAMUYECKUIA NPodUb,
HapyLeHWA PUTMa Cepala, 3acTOMHAn cepAeyHan Hef0CTaTOYHOCTb,
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onary syndrome. In patients with normal EF (more than 60%),
delirium did not develop, and with a decrease in EF below 60%,
delirium developed. The lower the EF, the more often the delir-
ium developed: in 9.3% of cases with 46% to 59% EF and in 53%
of cases with EF less than 36% [15].

Neuropsychological testing data confirm that chronic pain
syndrome influences the development of cognitive impairments
in basic functions: information processing, inhibitory control,
short-term and long-term memory, and more complex functions:
reasoning ability and decision-making. It is noted that the brain
structures responsible for cognitive function and nociception are
closely related, exerting a reciprocal modulating effect on each
other. Therefore, chronic pain syndrome is a POCD predictor [16].

Polymorbidity is common in gerontological patients, and
most of them suffer from diabetes mellitus. Analysis of literary
data has revealed a relationship between postoperative cogni-
tive impairments and diabetes mellitus [17-19]. Prolonged hy-
perglycemia leads to an increase in osmotic pressure and de-
hydration and, as a consequence, to a disruption in the balance
between prooxidants and components of the antioxidant de-
fense system in the body, which ultimately has a toxic effect on
brain neurons and leads to the POCD development. At the same
time, the risk of developing cognitive impairment in people with
diabetes is 1.5 times higher than in non-diabetic ones. Postop-
erative patients with an average glycemia level of 8.34 mmol/I
did not have cognitive impairment, while patients with an av-
erage glycemia level of 11.36 mmol/I developed postoperative
delirium [20].

According to the predominant mechanism of action, POCD
predictors are divided into chemical (usually they are inflamma-
tory mediators; drugs used in the treatment of patients in the
perioperative period, especially anesthetics); physical (acute
and chronic pain); violation of the day/night regimen; low nu-
tritional status and hypovitaminosis; change of environment
from home to the hospital; uncomfortable conditions of stay;
limitation or lack of communication with relatives; functional
state of the body (unstable hemodynamic profile, arrhythmias,
congestive heart failure, hypoxia, anemia, hyperthermia, etc.);
comorbidity (any concomitant pathology, occupational diseas-
es, especially in the decompensation stage after surgery) [5, 6].
The predictors studied and discussed in this article are far from
a complete list of factors that can influence the development of
cognitive disorders in the postoperative period. With each new
research paper devoted to this topic, new predictors can be
identified, helping to prevent this complication, reduce hospital
stays, provide more effective treatment, and reduce mortality.

DIAGNOSTICS

Early diagnosis and prevention of POCD in gerontological
patients is crucial. An analysis of literary sources showed a sig-
nificant number of research papers on postoperative delirium
and cognitive disorders. However, the data on the methods of
diagnosing this complication are often conflicting. In addition to
patient complaints and observation results, neuropsychological
scales and highly sensitive tests for studying various cognitive
functions are commonly used for screening and assessing the
severity of cognitive disorders. Yet, a significant drawback of
some diagnostic methods is the prolonged testing duration, un-
derscoring the need for more efficient testing methods.
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TUNOKCUA, aHEMUSA, TUMEPTEPMUA U ApP.); KOMOPOMAHOCTL (Nt0bas co-
MyTCTBYHOLLAA NaToONOMMA, NPOdECcCUOHaNbHble 601e3HM, 0CObEHHO B
CTaZIMM AEeKOMMNEHCALIMM NOC/e ONEPATUBHOTO BMeLaTenbeTsa) [5, 6].
M3y4eHHble U paccMaTPUBAEMbIe B 3TOM CTaTbe NMPeAUKTOPbI — 3TO Aa-
NIeKO He NOJHbIN nepeyeHb GaKTOPOB, KOTOPbIE MOTYT B/MATbL Ha pas-
BUTME KOTHUTMBHbIX PACcCTPOICTB B MOCNEONepaLyoHHOM Nepuose.
C Kaxaol HOBOM McCneaoBaTeNbCKoM PaboToi, NOCBALLEHHOW 3TOW
Teme, 6yZyT BbIABNATLCA HOBbIE NPEAMKTOPbI, YTO ByaeT cnocobcTo-
BaTb NPOPUNAKTUKE 3TOrO OC/IOMKHEHMA, CHUKEHMIO CPOKOB roCMuTa-
nu3aumn, 6onee sGPeKTUBHOMY EUYEHMIO Y CHUKEHUIO CMEPTHOCTY.

OUATHOCTUKA

PaHHAA amarHocTka u npodwmnaktvka NMOKL y repoHTonoru-
yeckux 60NbHbLIX MMeeT H6onbluoe 3HaueHne. AHaNU3 IMTepaTypPHbIX
MCTOYHUKOB MOKa3an Haauuve 6Oo/MbLIOro KOAWYecTBa Mccienosa-
TenbCKUX paboT no npobneme nocneonepauyoHHOro AeAnpua u
KOTHWUTMBHbIX PACcCTPOICTB, OAHAKO AaHHbIE OTHOCUTE/IbHO METOZ0B
[NarHOCTUKMN 3TOTO OC/NOXHEHWUA [O0CTaTOYHO NpOoTMBOpeyMBbl. [lo-
MMMO OLLEHKM Kaob NaumeHTa 1 pes3ynbTaToB HabMoaeHUsA 33 HUM,
Hanbonee YacTo 419 CKPUHUHIA W OLLEHKM TAMKECTU KOTHUTMBHBIX pac-
CTPOMCTB MCMONB3YHOT HEMPOMCUXONOrUYECKUE LLKA/Ibl U BbICOKOUYB-
CTBUTE/bHbIE TECTbl AN1A UCCNEA0BAHUA PA3IUYHbBIX NO3HABATENbHbIX
bYHKUMI. OfHAKO CyLLEeCTBEHHbIM HEAOCTAaTKOM HEKOTOPbIX AUarHo-
CTUYECKMX MeTOAWMK ABNAeTcA 60/1blIan ANNTENbHOCTb TECTUPOBAHMA.

CornacHo uccnegosaHuio Monutosa ME ¢ coasTt. (2015) Bbico-
KOUyBCTBUTENbHBIE U BoNee cneunduyeckme WKanbl, TaKME KaK: TecT
3anomuHaHua 15 cnoB, TeCT PUCOBAHMS CBA3EM, METOAMKA C/I0BECHO-
LiBeToBOW UHTepdepeHLmn (TecT CTpyna), TecT WrdpoBaHua cnos, ba-
Tapes nobHoi gucdyHkumm (frontal assessment battery — FAB), n3-3a
CBOeVi NPOAOMKUTENBHOCTU U CNIOXKHOCTH, HONbLIMHCTBO NaLMeHTOB
He CMOI/I0 MPOMITH NOMHOCTLIO — 93 nauueHTa (64,6%) — 1 Tonbko 51
6onbHOM (35,4%) bbln cnocobeH NPOWTU NONHOE TeCTUPOBAHME MO
BbllLEHA3BaHHbIM LKanam [3].

KopoTkre wkanbl, Takne Kak Montreal Cognitive Assessment
(MoCA), Mini-Mental State Examination (MMSE) u Mini-Cog Tect
6onee KOMGOPTHbIE A/1A BOCMIPUATMA MaLMEHTaMM, NPU 3TOM LWKana
MoCA obnazaet 6onblueli YyBCTBUTENBHOCTBIO U CMELMOUYHOCTbIO
(92,3% 1 92.1% cooTBeTCTBEHHO), a WKana MMSE meHee 4yBCTBU-
TenbHa M BbicokocneunduuHa (38,46% u 97,4% COOTBETCTBEHHO),
Mini-Cog TecT xapaKkTepu3yeTcs 60MbLUei YyBCTBUTENbHOCTLIO U Bbl-
COKOW MHGOPMATUBHOCTbIO, TaK Kak MO3BO/IAET 33 KOPOTKOE Bpems
(3-5 MMHYT) BbIABUTL KOTHUTUBHYIO ANCOYHKLUMIO [21].

MoHpeanbckas WKana (MoCA) 6asnpyeTcs Ha OLEHKe CcocTo-
AHWA KOTHUTUBHOW Chepbl: BHUMAHWA U KOHLEHTPALMK, ynpaBasato-
LWMX GYHKLMIA, NAaMATH, A3bIKA, 3PUTENbHO-KOHCTPYKTUBHbIX HaBbIKOB,
abCTPaKTHOTO MbILWNEHMA, CYETA M OPUEHTALMM B MPOCTPAHCTBE U
ucnonb3yetca AnA ObICTPON OLEHKM YMEPEHHbIX KOFHUTUBHBIX Pac-
CTpOWCTB. Bpema gna npoBesieHUA TECTMPOBAHWA COCTaBAET oKono 10
MUHYT. Konnyectso 6annos ot 30 fo 26 cunTaeTcs HopMasbHbIM, 25
1 MeHee CBUAETENbCTBYHOT O Ha/IMYMMU KOTHUTUBHDBIX HapyLLIeHWiA [3].

LLikana Mini-Cog bonblie pekomeHAoBaHa 418 aMbynaTopHOW
NPaKTUKKN M AnA 6bICTPOIN ANArHOCTUKM KOTHUTUBHbIX HapyLUEHWH, TaK
KaK COCTOWUT BCETO M3 ABYX TECTOBbIX 33/laHWI Ha KPAaTKOBPEMEHHYHO
NamMATb U BOCMIPOM3BEAEHME, a TaKKe TeCTa Ha PUCOBAHME U CAYKUT
AN BbifBneHus BbipaxkeHHoU MOKA v HapylweHWid KOrHUTUBHOW
GYHKLMKM, COMPOBOXKAAIOWMX fereHepaTBHble 3ab0neBaHUA LEH-
TpanbHOIN HepBHOW cucTeMbI (6one3Hb AnbLrerimepa u 6onesHs Map-
KnHcoHa) [14].

LLIkana oueHkm ncmxmyeckoro cratyca MMSE ncnonb3yetca B Ka-
4eCcTBE CKPUHMHIA BbIPAXKEHHbIX KOTHUTUBHBIX HapyLUEeHWI U ABNAET-

Highly sensitive and more specific scales, such as the 15-
word recall test, the connection drawing test, the Stroop color
and word test, words encryption test, and the frontal assess-
ment battery (FAB), could not be completed by the majority of
patients (93 patients, 64.6%) due to their duration and complex-
ity, and only 51 patients (35.4%) were able to complete testing
on the above-mentioned scales [3].

Short scales such as the Montreal Cognitive Assessment
(MoCA), Mini-Mental State Examination (MMSE), and Mini-Cog
test are more comfortable for patients to perceive. In contrast,
the MoCA scale has greater sensitivity and specificity (92.3%
and 92.1%, respectively). The MMSE scale is less sensitive but
highly specific (38.46% and 97.4%, respectively), and the Mini-
Cog test is characterized by greater sensitivity and high infor-
mation content since it allows for a short time (3-5 minutes) to
identify cognitive dysfunction [21].

Montreal scale (MoCA) is based on the assessment of the
cognitive sphere: attention and concentration, executive func-
tions, memory, language, visual-constructive skills, abstract
thinking, counting, and orientation in space. It is used for a
quick assessment of moderate cognitive disorders. The testing
time is about 10 minutes. A score of 30 to 26 is considered nor-
mal; 25 or less indicates cognitive impairment [3].

The Mini-Cog scale is more recommended for outpatient
practice and rapid diagnosis of cognitive impairment, since it
consists of only two test tasks for short-term memory and re-
production, as well as a drawing test, and is used to identify
severe POCD and cognitive impairment accompanying degener-
ative diseases of the central nervous system (Alzheimer's and
Parkinson's diseases) [14].

The MMSE is used as a screening for severe cognitive im-
pairment. It is not very sensitive for diagnosing cognitive deficits
in individuals with a low level of education and also has insuffi-
cient sensitivity for diagnosing cognitive impairment in pre-de-
mentia, allowing for an approximate assessment of the severity
of cognitive impairment [14, 21].

In neuropsychological testing, it is necessary to differen-
tiate the tasks for diagnosing POCD and degenerative diseases
of the central nervous system (the most prominent represen-
tatives are Alzheimer's and Parkinson's diseases). Short scales
are designed for rapid assessment and detection of cognitive
dysfunction. At the same time, the Mini-Cog test is designed for
the primary diagnosis of severe cognitive dysfunction, and the
MMSE, MoCA, and FAB scales are more suitable for assessing
mild and moderate cognitive disorders [21].

We believe that there is no ideal method of neuropsycho-
logical testing for diagnosing POCD, dementia, and cognitive dis-
orders in degenerative diseases. Some test scales, being short
and easy to use, have greater sensitivity and specificity but are
not designed to identify mild and pre-dementia cognitive disor-
ders; other scales for more detailed screening are inconvenient
to use due to their duration, and not all patients can complete
them, making it difficult or impossible to conduct routinely in a
multidisciplinary hospital setting due to time constraints and a
shortage of specialists trained in this area.

PREVENTION AND TREATMENT

Preoperative preparation, anesthetic management, and
postoperative care of patients, especially those with predictors
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€A Mao YyBCTBUTENbHOM ANA AUArHOCTUKM KOTHUTUBHOTO AedurumTa
y /WL, C HU3KUM YpOBHEM 06pa3oBaHus, a Takke obnasiaeT HeaocTa-
TOYHOI YYBCTBUTE/IbHOCTBIO MPY AMArHOCTUKE AOAEMEHTHbIX KOrHU-
TVBHBIX HApPYLIEHWI, NO3BONAET OPUEHTUPOBOYHO OLEHUTb TAXKECTb
KOTHUTWBHbIX paccTpoicTs [14, 21].

Mpun HepPONCKUXONOrMYECKOM TECTUPOBAHUM HEOOXOAMMO pas-
[AenaTb 3agaun no sbissneHuto MOKL v aereHepaTBHbIX 3abonesa-
HUI LLEHTPasIbHOW HEPBHOW CUCTEMbI (Hanbonee APKUMM NpeACTaBu-
Tenamu aensAoTca 6onesHb Anbureiimepa u MapkuHcoHa). KopoTkue
LWKa/bl NpefHa3HayeHbl AN BbICTPOV OLEHKM W BbIABNEHUS KOTHW-
TUBHOM AnchyHKUmMM. Mpu atom Mini-Cog TecT npegHasHauyeH gns
NepBUYHON AMArHOCTUKM BblPAXKEHHON KOTHUTUBHOM AUCOYHKLMM,
a N8 OLLEHKM NETKUX U CPEAHUX KOTHUTUBHDBIX PaccTpoicTs bonblue
noaxoaAaT wkansl MMSE, MoCA, FAB [21].

Mbl cuntaem, uto npu amarHoctvke NOKL, semMeHUMM U KOTHU-
TUBHbIX PAcCTPOMCTB MPU AereHepaTuBHbIX 3a60/eBaHMAX He Cylle-
CTBYET MAEaNbHOTO MeToZla HeMpPONCUXONOTMYECKOTO TECTUPOBAHMUS.
YacTb TECTOBbIX LUKaA, ABAAACH KOPOTKUMU U YAOOHBIMM B NPUMEHE-
HWKM, 0bnasatoT 60/bluel YYBCTBUTENBHOCTLIO U CNEeLUPUUHOCTbIO,
HO He npefHa3HayeHbl ANA BbIABNEHWUA NETKUX U [LOAEMEHTHbIX KOr-
HUTUBHbBIX PACCTPOICTB, ApYrue LWKanbl Ans 6onee AeTanbHOro CKpu-
HUHra HeyAo6HbI B NPUMEHEHUM U3-33 CBOEN A/IUTENBHOCTY, U HE BCe
NaLMeHTbl MOTyT NPONTH UX 10 KOHLA. ITO 3aTpyAHAET UK AenaeT He-
BO3MOXXHbIM PYTUHHOE NPOBEAEHNE TakuX UCCIeA0BaHUIA B YCNOBUAX
MHOronpo¢uAbLHOIO CTaLMoHapa Npu AeduunTe BpemeHu 1 gedpuum-
Te NOArOTOB/EHHbIX N0 AaHHOMY NPOPUAI0 CNEeLMaNUCTOB.

MPOPUNAKTUKA U NEYEHUE

MpenonepaunoHHas NOATOTOBKA, aHecTesnonornyeckoe obe-
cneyeHue v NocaeonepauyoHHoe BeJeHWe NauueHToB, 0CO6eHHO €
Ha/ZIMuYMeM NPEeLUKTOPOB KOTHUTUBHOM ANMCOYHKLMM, AONKHBI Npeayc-
MaTpK1BaTb NPoBeAeHME NPOGUNAKTUYECKUX MEPONPUATUIA. B caydae
Pa3BUTMA NOCNEONEPALMOHHOTO AENNPUA HEMUHYEMO YBETNYMBALOT-
CA CPOKM FOCMMTaNM3aLMMN U CTOUMOCTb iedeHns. OnybaMKoBaHO 3Ha-
YUTENIbHOE KOIMYECTBO PaboT, NOCBALLEHHbIX NOCAe0NnepaLyoHHbIM
KOTHWTUBHbIM PAcCTPOMCTBAM, B KOTOPbIX PaccmMaTpuBatoTca daKTo-
pbl PUCKa, 3TUO/IOMUA, NAaTOreHes, NPOGUNAKTUYECKME MEPbI U METO-
Abl neyeHns. OagHaKo, HECMOTPA Ha BONbLLIOE KOMYECTBO MCCAeao-
BaHMM, NOCBALLEHHbBIX 3TOV Teme, CHOPMMPOBATb EANHOE MHEHUE MO
BOMpocam NpoduNakT1KK u nedernto MOK/L 4o HacTosALEero BpemeHu
He yaanocb. Hambonee usyyeH Bonpoc onpesaeneHns NpeauKTopos
MoKA [22].

M3-3a HeogHopoaHOCTU daKTopos, NpuBoaalmx K NMOKA, (Hel-
poBOCManeHue, NoBpexaeH1e TkaHel, 601eBO CUHAPOM, aHemuA,
AMCcBanaHc MOHOB Kanus M HATPUsA, MPUMEHEHWE NEeKaPCTBEHHbIX
npenapaToB A4Na HapKo3a U nocneonepaunoHHoro obesbonveaHua u
[p.), MasoBEPOATHO, YTO KAKOM-TO OAMH M3 3TUX GAKTOPOB BbI3OBET
nocneonepauoHHOe KOrHUTMBHOE PacCTpoiicTBo. bonee BepoATHO,
YTO HECKO/IbKO MPEeAUKTOPOB COBMECTHO ByayT BAUATL Ha pa3BUTME
KOTHWUTUBHbIX HapyLIEHWA B NocieonepaLmMoHHoM nepuoge. 310 06-
YCNaBNNBAET HEOOXOAMMOCTb KOMMIEKCHOTO NOAXO0AA B AMArHOCTUKE
dakTopoB pucka NMOK/, 1, onupascb Ha 3HaHWe 3TUX GaKTopPOB, Mo-
3BO/ISIET NPOBOAUTL KOPPEKLMIO BbIABEHHBIX HAPYLUEHWUN, a TaKKe
NeyebHo-NPoGUNAKTUYECKYIO HEMPONPOTEKTUBHYHO TEPANMIO 1 BbIOU-
paTb COOTBETCTBYHOLLYIO 3TOV CTPATETMM TaKTUKY BEAEHUA NALUEHTOB,
4T0ObI M36€EXKaTb HEMPOHAIbHOM AecTpyKLUmK [18].

AHanu3 coBpemMeHHOM MTepaTypbl NOKasan NPUOpUTET NpUMe-
HEHWA HEMPOMNPOTEKTUBHbIX MPENapPaToB, OCHOBOM AeWCTBMA KOTOPbIX
AB/IAETCA PEry/IMPOBaHME 3BEHbEB MATOreHe3a NoBPEXAEHNS Helpo-
Ha/IbHbIX CTPYKTYP C LieNblo paHHei npodunaktkm NOKA. OgHum m3
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of cognitive dysfunction, should include preventive measures. In
the event of postoperative delirium, the length of hospital stay
and cost of treatment inevitably increase. Many studies have
been published on postoperative cognitive disorders, examin-
ing risk factors, etiology, pathogenesis, preventive measures,
and treatment methods. However, despite the large number of
studies devoted to this topic, it has not been possible to form a
consensus on POCD prevention and treatment. POCD predictor
determination has been thoroughly studied [22].

Due to the heterogeneity of factors leading to POCD (neu-
roinflammation, tissue damage, pain syndrome, anemia, imbal-
ance of potassium and sodium ions, the use of drugs for anes-
thesia and postoperative pain relief, etc.), it is unlikely that any
one of these factors will cause postoperative cognitive impair-
ment. Several predictors jointly influence the development of
cognitive impairment in the postoperative period. Therefore,
a comprehensive approach to diagnosing POCD risk factors is
necessary. Their knowledge allows for correcting identified dis-
orders and selecting preventive neuroprotective therapy and
management tactics to avoid neuronal destruction [18].

An analysis of modern literature has shown the priority of
using neuroprotective drugs, the basis of which is the regulation
of the links in the pathogenesis of damage to neuronal struc-
tures for early POCD prevention. Cerebrolysin, as a metabolic
regulator, can increase the activity of aerobic metabolism and
neutralize the damaging effects of lactic acidosis, free radicals,
and proinflammatory cytokines on the neuronal structures of
the brain [5]. The action on inflammatory and proinflammatory
cytokines explains a possible positive effect of NSAIDs on the re-
gression of cognitive impairment. Being catalysts, they enter the
brain from the periphery and enhance the neuroinflammatory
process. Faster regression of peripheral inflammation will help
prevent POCD [5]. Due to the inhibitory effect on cyclooxygen-
ase, Parecoxib sodium can suppress neuroinflammation caused
by surgical trauma, thereby reducing the likelihood of POCD de-
velopment [23]. In the group of patients who received sodium
parecoxib, cognitive dysfunction developed within seven days
after surgery in 16.7%, and in the comparison group —in 33.9%
of cases [23]. Ascorbic acid and emoxipin also possess antioxi-
dant and neuroprotective activity.

A stable hemodynamic profile in the perioperative period
is crucial for POCD prevention, as it promotes good brain perfu-
sion. Significant changes in blood pressure will lead to ischemia
of the nervous tissue, which will most likely affect cognitive
function [5, 6]. Therefore, correction of hemodynamic disorders
is of primary importance. In elderly and senile patients, espe-
cially with polymorbidity, when choosing anesthetic support
methods, regional anesthesia is preferable to the general one.
Of the regional methods, conduction block anesthesia and plex-
us blocks have the most minor effect on hemodynamics [4].

In addition to drugs with a neuroprotective function, ace-
tylcholinesterase (AChE) inhibitors are used to correct the
imbalance between dopamine and acetylcholine. It has been
proven that AChE inhibitors decrease the severity of cog-nitive
impairment, improve memory and attention, normalize sleep,
and regress mental disorders [24, 25]. The main AChE
inhibitors used to treat patients with cognitive impairment are
donepezil, galantamine, and rivastigmine. Donepezil has a se-
lective ability to inhibit AChE activity, while rivastigmine has a
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TaKUX NPEnapaToB ABAAETCA LepebposnsuH, B KadecTse meTabonu-
YEeCKOro PerynaTopa OH CNocobeH MoBbILIATh aKTUBHOCTb a3POBHOMO
meTabonmsma, HMBEMPOBATb MOBPEeXJatollee AEWCTBME NaKTaTa-
L1033 U CBOBOAHDIX PAZIMKAN0B M NPOBOCMAITENbHBIX LUTOKUHOB
Ha HeMpPOHasIbHble CTPYKTYPbl ronoBHoro mosra [5]. JlsaweHko EA c
coaBT. (2020) B cBOEM paboTe NOKa3aM BO3MOXKHOE MONOKUTENbHOE
BanaHne HMNBC Ha perpecc KOrHUTUBHbIX HapyLUEHUI, 0ObACHAS 3TO
TeM, YTO BOCMA/NUTE/IbHbIE U NPOBOCMANUTENbHBIE LIUTOKMHDI, MOCTY-
natoLLMe B roloBHOM MO3r € nepudepuu, ABAAACL KaTannsaTopamu,
CMOCOBHbI YCUAUTL HEMPOBOCMANNUTENBHBIV NpoLecc. bonee BbicTpbIii
perpecc nepudepryeckoro BocnaneHums byaet cnocobcTsosatb Npes-
ynpexaeHuto NMOKLA [5]. Zhu YZ et al (2016) B cBOéM McchenoBaHUK
OTMETUAIM, YTO NPenapaT NapeKoKCMb HaTpuA, 3a CHET UHIMOMPpYIOLLe-
ro BAWAHUA HA LMKNOOKCUIeHasy, cnocobeH noAaBnsTb Bbi3BaHHOE
XUPYPrudeckoi TpaBMol HelpoBoCManeHue, TeM CaMbiM CHUNXKATb
BepoATHOCTb pa3suTuA NOK/. B rpynne nauveHToB, KOTOpble Noay4a-
NIY NAPEKOKCUO HATPUA, KOTHUTUBHAA AUCOYHKLUMA B TeYeHue 7 AHel
nocne onepauuy passmsanaco B 16,7%, a B rpynne cpasHeHna—s 33,9
% cnyyaes [23]. TakKe aHTUOKCUIAAHTHOM M HEMPONPOTEKTUBHOM ak-
TUBHOCTbIO 06/13AaL0T TaKMe Npenapatbl, Kak ackopbuHoBasA KucnoTa
1 SMOKCUMWUH.

Bonbluoe 3HaYeHne B npodunaktnke NMOKL nmeeT cTabuibHbIN
reMoAMHaMUYecKuii Npodunb B NepronepaLMoHHOM Nepuoae, YTo
ByneT cnocobcTBoBaTh Xopollei nepdysum ronoBHOTO Mo3ra. 3Ha-
uuTeNbHble Nepenajbl apTepuanbHOro AasneHus OyayT NPUBOAWUTH
K ULWEeMM3aLLMM HEPBHOM TKaHW, 4To ¢ Bosbluei foneii BepoATHOCTH
OyaeT OTpakaTbCs Ha KOrHUTUBHOM dyHKUMKM [5, 6]. MosTomy Hago
yaenaTb 6o/bloe 3HaYeHUE KOPPEKLMU FEMOAMHAMUYECKUX Hapy-
LWeHW. Y NaLMeHTOB NOXKWUIOMO M CTapYeCKOro Bo3pacta, 0COH6EHHO
C NOAMMOPBUAHOCTBIO NpU BbIOOPE METoZa aHECTE3MON0MMYECKOTO
obecrneyeHus enaTeNbHO NPeANoYecTb MeTofbl PerMoHapHoro obe-
360/11BaHwA, a He 06LLY0 aHECTE3MIO, EC/IM 3TO BO3MOXKHO. /3 pervio-
HapHbIX METOZ0B HaMEHbLLEe BUAHUE HE TeMOAMHAMMKY OKa3blBa-
10T MPOBOAHWKOBBIE U NAEKCYCHble Bi10Kaap! [4].

MMoMMmo npenapaToB C HEMPOMPOTEKTUBHOMN QYHKLMEN, uc-
No/b3YIT MHIMBWUTOPBLI aLeTUAXonnHacTepasbl (AX3) ocHoBbIBaACh
Ha Teopum aucbanaHca Mexay 4ONaMUHOM U aLEeTUAXOAUHOM. Bbiio
[lOKa3aHo, YTO NPUMEHEHWE UHTMBUTOPOB AXJ NPUBOAMUT K CHUKe-
HUIO BbIPAXKEHHOCTU KOTHUTUBHbIX HAPYLUEHWH, YY4YLIEHWUIO NaMATH U
BHWUMaHWA, HOPMaIM3aLLMK CHa U perpeccy NCUXMYECKMX PAcCTPOMCTB
[24, 25]. OcHOBHble MHTMBUTOPLI AXI, KOTOPbIE MPUMEHSAIOT ANA Ne-
YeHWA BONbHBIX C KOTHUTMBHBIMM HapYLIEHWAMM, 3TO AOHENnesws,
ranaHTaMuH, puBacTUrmMuH. [loHenesnn obnagaet cenekTMBHOM cro-
coBHOCTbIO MHMMBMPOBaATL aKTMBHOCTL AXJ, TOr4a Kak pUMBACTUIMUH
OKa3sblBaeT 60KUpyHoLLee AeicTBMe Kak Ha AX3, Tak U Ha byTupwmaxo-
NMH3CcTepasy. lanaHTaMuH, Kpome MHIMBUPYIOLLLEro CBOMCTBA, MMEET
CNOCOBHOCTb NOBBILLIATL YYBCTBUTENBHOCTb afbda 7-XonMHOpeLLenTo-
POB K aLeTUNX0NWHY [26].

Mpodwunaktuke MOK[, 6yaer cnocobcTBOBaTH UCMOAb30BAHME
Ma/IONHBA3MBHbIX, MEHEe arpeccuBHbLIX XMPYPIUYECKUX TEXHWK Mpu
onepaTUBHbIX BMeLIaTeNbCTBAX, KOTOpble ByayT NPUMBOAUTL K MeHb-
el TpaBMaTM3aLmMm TKaHen [14].

OnepaTuBHble BMeLIATeNbCTBA Y MOMWAbIX MALMEHTOB, OCO-
BEeHHO ¢ MWwemmnyecKoit 6on1e3HbIO cepaLa 1 LepebpoBackynApHbIMM
3a00/1eBaHUAMM, HE AOMKHbI BbINOJHATLCA NPU aHeMun meHee 100
r/n. My NAaHOBbIX ONEPaTMBHbBIX BMeLLaTeNbCTBAX HEOBXOAMMO NPo-
BECTU NledeHue Kene3oneduLmUTHOM aHeMmUn npenapaTamu Kenesa,
NPV CPOYHbIX U IKCTPEHHBIX OMNepaLmuax —KOPPEeKLMIO aHeMUm nepe-
NIMBAHUEM 3pUTPOLMTAPHONM Maccbl [27].

Ose30B AM c coaBrT. (2016) B cBOeii paboTe 3aTparmBatoT TeMy
0 MepcneKkTMBax NPUMEHEHWA MpPenapaTtos, CTUMYAUPYHOLLMX MPO-

blocking effect on both AChE and butyrylcholinesterase. Galan-
tamine, in addition to its inhibitory property, can increase the
sensitivity of alpha-7 cholinergic receptors to acetylcholine [26].

Minimally invasive, less aggressive techniques facilitate
POCD prevention during surgical interventions, decreasing tis-
sue injuries [14].

Surgical interventions in elderly patients, especially with
ischemic heart disease and cerebrovascular diseases, should
not be performed if Hb<100 g/I. In planned surgical interven-
tions, it is necessary to treat iron deficiency anemia with iron
preparations, and in urgent and emergency operations, anemia
should be corrected by RBC transfusion [27].

Some drugs stimulate neuroplasticity, restoring brain
structure and function [28]. The authors state that the phospho-
lipid precursor citicoline promotes the restoration of damaged
cell membranes and inhibits phospholipases, thereby prevent-
ing excessive formation of free radicals and cell death, affecting
the mechanisms of apoptosis. Citicoline eliminates the symp-
toms that occur with hypoxia, such as memory impairment,
emotional lability, difficulties in performing everyday activities,
and self-care. The drug positively affects the cognitive, senso-
ry, and motor neurological deficits of degenerative and vascular
etiology. In addition, citicoline enhances the processes of neu-
roglia activation due to neuromodulatory activity on glutamate,
dopaminergic, and acetylcholinergic neurotransmitter systems.
Cytoflavin may prevent postoperative cognitive disorders. The
drug's pharmacological effects are due to the complex action
of its components, such as succinic acid, riboxin, nicotinamide,
and inosine. All drug components are natural metabolites of the
body and have a stimulating effect on tissue respiration. Met-
abolic correction, antihypoxic, and antioxidant activity of the
drug are due to the complementary balanced action of succinic
acid, inosine, nicotinamide, and riboflavin. Cytoflavin prevents
a sharp decrease of adenosine triphosphate and stimulates the
formation of adenylate cyclase, thereby improving oxidative
metabolism under ischemic conditions [28].

Some researchers demonstrated a positive effect of intra-
operative use of cytoflavin on the cognitive functions of patients
[29]. The authors concluded that when using cytoflavin at a
dose of 20.0 ml thirty minutes before surgery, the recovery time
after surgery before transfer from the operating room in the
cytoflavin group of observation was reduced by 1.3 times, and
the initial cognitive status was quickly restored and the level of
concentration increased. Including cytoflavin in the anesthesia
program prevents POCD development and improves the safety
and quality of anesthesia [29].

For POCD prevention, the concept of multimodal analge-
sia targeting acute and chronic pain with the help of the entire
spectrum of analgesics is becoming even more essential. The
priority in this case is given to NSAIDs, lidocaine V., gabapen-
tinoids, alpha-2 adrenergic receptor agonists, and regional pro-
longed methods of pain relief [30].

Currently, there are many studies on the positive effect of
alpha-2 adrenergic receptor agonists on the neuronal structures
of the brain in POCD prevention. The main impacts of alpha-2
adrenergic agonists are anxiolysis, sedation, sympatholysis, and
analgesia. Recently, preference has been given to dexmedetomi-
dine for the prevention and treatment of POCD. In patients who
underwent dexmedetomidine sedation, delirium developed
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LLeCCbl HeMpPONIAaCTUYHOCTH, YTO NMO3BO/IUT BOCCTAHOBUTL GYHKLIMIO U
aHaTOMMYEeCKMe CTPYKTYpbl FOJI0BHOTO MO3ra. B cBoém nccnesosaHmnm
aBTOPaMM PaCcCMaTpMBaeTCA NPenapaT LUMTUKOAUH — NPeaLecTBeH-
HUK docdonmnuaos, KOTOPbIA CNOCOBCTBYET BOCCTAHOB/IEHMIO MO-
BPEXKAEHHBIX MEMBpPaH KNeTok, MHIMbupyeT aelicteme docdonmnas,
TEM CaMbIM NMpeAOTBPaLLAeT U3bbITouHOE 0bpa3oBaHMe CBOBOAHbIX
pagvKanos, a TakKe rMbenb KNETOK, BO3AENCTBYS Ha MexaHU3Mbl
anonTosa. LITukonnH HuBennpyet cMMnToMbl, KOTOpble BO3HWKAOT
NpY TMNOKCUM: YXyALWEHWE NAMATU, SMOLMOHANbHYIO NabUnbHOCTb,
TPYZHOCTW NPW BbINOJIHEHUWN MOBCEAHEBHbIX AEUCTBUIA U Camoob-
CNyKMBaHMK. [penapaT OKasblBaeT MNOMOXKUTENbHbIA 3bdEKT npu
NeYEHUN KOTHUTMBHDIX, YYBCTBUTENbHBIX U ABUraTENbHbIX HEBPO/O-
TMYECKUX HapYyLIEHWI [OereHepaTMBHOM WM COCYAMCTOW 3TUONOTUMN.
MommMmo Bcero npoyero, LUTUKOAMH YCUAMBAET NMPOLLECChI aKTUBALIMK
HeWporanMmM 3a CYET HEMPOMOLYNATOPHOM aKTMBHOCTM Ha yTamar,
fobamuHepryeckne M aueTUAXONMHEepPrMyeckne HemMpoTPaHCMUT-
TepHble cUCTeMbl. 34ech e B KauecTBe NpodUIaKTUKKU nocaeonepa-
LIMOHHbIX KOTHUTMBHDBIX PACCTPOICTB aBTOPbI FOBOPAT O NPUMEHEHUU
unTodnasmHa. Papmakonornyeckue apdekTbl npenapaTa obycnosne-
Hbl KOMMIEKCHBIM 1eICTBMEM KOMMOHEHTOB, BXOAALLWX B COCTaB: AH-
TapHas KUCNO0Ta, PUBOKCUH, HUKOTUHAMUA, MHO3MH. Bce KOMNOHEHTBI
npenapaTta ABNAKTCA eCTECTBEHHbIMM MeTabosMTaMu opraHu3ma u
OKa3blBaOT CTUMY/IMPYLOLLLEE BAUAHME HA TKAHEBOe AblxaHue. MeTa-
60nMYecKan sHepreTyeckan KOPPeKLMsA, aHTUIMMOKCUYECKasn U aHTH-
OKCUJAHTHaA aKTMBHOCTb NpenapaTa obycnosneHa B3aMMOAOMNOHA-
IOLLMM CHaNaHCMPOBaAHHBIM AEVCTBUEM AHTAPHOMN KUCIOTbI, MHO3MHA,
HUKOTMHaMKAA v pubodnasuHa. LutodnaBuH NpensaTcTByeT peskomy
CHVKeHWI0 06pa3oBaHuA afeHo3MHTpUpocdaTa U CTUMyAMpyeT 0b-
pa3oBaHWe afeHUNATLMKAA3bI, TEM CaMbIM Y/yULLas OKUCAUTENbHbIW
MeTaboIM3M B yCNOBUAX ULemmu [28].

B nccneposaHumn Hosukosa AO ¢ coasT. (2017) 6bino nposae-
MOHCTPMPOBAHO MONIOKUTENbHOE BAUAHWE WHTPAoMNepaLoHHOro
NPUMeHEHUA LUUTOONAaBUHA HAa KOTHWUTUBHble QYHKLMM MaLMEHTOB.
ABTOpbI cieNany BbIBOA O TOM, YTO NPU NPUMEHEeHUN LuTodnaBMHa
B go3se 20,0 mn 33 30 mMHYT A0 onepauun Bpemsa BOCCTaHOBIEHMA
nocne onepaLu [0 NepeBoja 13 onepaLiMoHHON B rpynne uutopna-
BMHa coKkpaTunocb B 1,3 pasa, a TakkKe ObICTPO BOCCTAHABAMBANCA
MCXOAHBIV KOTHUTUBHBIV CTATYC U YBENNYUBANCA YPOBEHb KOHLIEHTPA-
LMK BHMUMaHUA NaLMeHTOoB. BkatoueHue LumTodnasmnHa B nporpammy
aHecTesnonornyeckoro obecneyeHns npoduNaKTUpyeT pasBuUTHe
MOK/ 1 nosblwaeT 6€30MacHOCTb U KAYECTBO aHECTE3MO/1I0IMYECKOro
nocobus [29].

KoHuenuua MynsTMMOAaNbHOM aHanbreamn B 6opbbe ¢ ocTpoi
1 XPOHWYECKOM B0/bI0 C MCNONb30BaHWEM BCErO CMEKTPA aHa/breTh-
KOB NpurobpeTaeT elwé bonbliee 3HaYeHne ¢ y4ETOM NPOUNAKTUKM
MOKA. MpuopuTeTHbIM NpK 3TOM ABAAeTcA ucnonb3osaHue HIBC,
NIMAOKauHA B BUAE BHYTPUBEHHOM MHY3MM, rabaneHTUHOMAOB, aro-
HUCTOB anb®a 2-aApeHopeLLenTopoB U PErvoHapHbIX NPOANEHHbBIX
meTtoaoB obesbonusanus [30].

B HacTosllLee Bpems CyLLecTBYeT 6OMbLLOEe KONMYeCTBO Wcche-
[IOBaHW O MONOMWUTENbHOM BAUAHWM aroHWUCTOB anbda 2-afpeHo-
peLenTopoB Ha HeWpoHa/ibHble CTPYKTYpbl FOI0OBHOTO MO3ra npwu
passuTum NMOKL,. OcHoBHbIMM 3ddeKTamu anbda 2-a4pPeHOArOHNCTOB
ABNAIOTCA aHKCMOAM3UC, Cefaumsa, CMMMNATONM3UC M aHanbresunsa. B
nocnesfHee Bpems OTAAETCA NPeAnoUTeHNE AEKCMeAETOMUANHY ANs
NpPoouaKTMKK M nederuna MOKH. Y nauneHToB, KOTOPbIM NPOBOAM-
Nacb ceflaLima AeKecMeLeTOMUANHOM, Pa3BUTUe AepUs OTMEYaNoCh
pexe [24, 30, 31]. B cBoém uccnegosanum Li Y et al (2015) Bbissuau
NPOTEKTUBHOE AEWCTBUE AeKcmeaeTomuauHa Ha [OKM, yrHetato-
Llero BblpaXKEHHOCTb BOCMA/NUTENbHOMO OTBETA HA XMPYPrUyecKyio
Tpasmy. MaLmeHTbl, Y KOTOPbIX B NepuonepaLMoHHOM nepuoge npu-
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less frequently [24, 30, 31]. Dexmedetomidine can suppress the
severity of the inflammatory response to surgical trauma and
prevent POCD [32]. Patients receiving dexmedetomidine in the
perioperative period developed POCD two times less frequently
than patients in the placebo group (20% versus 42%, respective-
ly). A more significant increase in anti-inflammatory cytokines
was also observed in the dexmedetomidine group. The authors
noted that dexmedetomidine, as a highly selective agonist of
alpha 2-adrenoreceptors located in the locus coeruleus of the
brainstem, reduces the amount of released norepinephrine and
thus produces a sedative effect. This nucleus, a part of the retic-
ular formation, regulates sleep and wakefulness processes [32].
It is proposed to carry out the prevention of cognitive disorders
and delirium in patients with acute coronary syndrome in the
form of long-term preventive sedation for 48 hours with dexme-
detomidine at a dose of 0.2 pg/kg/hour. In this case, the depth
of sedation should not exceed one point on the Richmond Agita-
tion-Sedation Scale (RASS) [15]. In another study, postoperative
patients with the hyperactive form of POCD aged 51 to 91 years
were sedated with dexmedetomidine at a dose of 0.2-1.4 ug/
kg/h as a prolonged intravenous infusion, and the second group
of patients, aged 44 to 88 years, were sedated with haloperi-
dol at 2.5-5 mg every 6 hours intravenously in fractional doses.
The average duration of delirium in patients receiving dexme-
detomidine was 60.79132.62 hours, while in patients receiving
haloperidol, it was 86.8+36.97 hours, significantly exceeding the
first group's indicators [33]. Dexmedetomidine I.V. was injected
at a rate of 0.5-1.4 ug/kg/h for 27 hours both alone and in com-
bination with haloperidol and midazolam as a therapy for POCD
in the early postoperative period with better results compared
to the group of patients where propofol was used to relieve de-
lirium (retrograde amnesia after drug withdrawal was noted in
40% and 60% of cases, respectively) [34]. "If it is necessary to
accelerate the onset of action of the drug, for example, in se-
vere agitation, it is recommended to carry out a loading infusion
at a dose of 0.5-1.0 pg/kg for 20 minutes, i.e., initial infusion of
1.5-3 mcg/kg/hour for 20 min" [33].

Patients with diabetes mellitus in the perioperative period
require monitoring and correcting glycemic levels, preventing
their increase above 10 mmol/l and decrease below 7.7 mmol/I
[35]. Patients with type 2 diabetes mellitus undergoing major
and traumatic surgical interventions require discontinuation
of oral hypoglycemic agents and prescription of hypoglycemic
therapy with short-acting insulin at a dose of 0.5 to 3.0 U/hour
I.V. with parallel glucose infusion [36].

Given the multifactorial and multidisciplinary nature of
POCD, a comprehensive approach is required for prevention
and treatment, considering all possible factors in each specif-
ic case and with the mandatory involvement of specialists. The
most challenging task is to identify all predictors of this condi-
tion, eliminate them, and select preventive and therapeutic
measures. Underestimation of at least one factor can compro-
mise all ongoing preventive measures. For a doctor conducting
a preoperative examination and preparation, it is essential to
identify all comorbidities in the patient, correct the impaired
functions (for example, correcting Hb above 100 g/I, increasing
left ventricular EF by more than 60%, correcting glycemia lev-
els to no more than 10 mmol/l, antihypertensive therapy, etc.
Besides, before surgery, patients with a high risk of POCD must
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MEHANCA AeKCMeaeToOMMAVH, pa3sutne NMOK/, Habatoganock B 2 pasa
pexe, Yem y NaumeHToB rpynnbl naauebo (20% npotve 42% cooTseT-
CTBEHHO). TaK e B rpynne gekcmeaeTomuamHa Habnoganocs bonee
3HauYMTENbHOE YBENWMYEeHUe NPOTMBOBOCMANIUTENbHBIX LIMTOKMHOB.
ABTOpPbI OTMETU/IU, YTO AEKCMEAETOMUAMNH, KaK BbICOKOCEIEKTUBHBbIV
aroHucT anbda 2-aZpeHopPELEnTopoB, PAcnoNoKeHHbIX B ronybom
NATHE CTBOMA FOJIOBHOMO MO3ra, BbI3bIBAA MX AKTUBALLMIO, YMEHbLLA-
€T KONMYeCTBO BbICBOOOXKAAEMOTO HOPafpeHaNNHa M OKasbiBaerT,
TEM CambIM, CefaTUBHbIN 3ddekT. [JaHHOe AApO, ABAAACH YACTbO
PETUKYNAPHON dOopMaLyK, pPeryavpyeT npouecchl cHa U 6oapcTBo-
BaHuMA [32]. Mo pesynbTaTam mccnegoBaTenbckoi pabotbl LeHb HI
1 Butuk AA (2018) npepnaraetca NpoBoAUTb NMPOGUNAKTUKY KOTHU-
TUBHbIX PACCTPOWCTB U AeAnpUsA y BO/bHbIX C OCTPbIM KOPOHAPHbIM
CUHAPOMOM B BUAE ANUTENbHOW NPEBEHTUBHOM CeAauymn B TeueHne
48 yacoB geKkcmegetomuarHom B gose 0,2 MKr/kr/4yac. Mpu aTom ry-
6uHa cepaumm He foMKHa npesbiwath 1 6ann no wkane Richmond
Agitation-Sedation Scale (RASS) [15]. B nccnepgosaHum Maxnaii AB ¢
coaBT. (2017) nocneonepauyoHHbIM NaUUEHTaM C rMnepaKkTUBHOM
¢dopmoit MOKLA B BospacTe ot 51 go 91 roga nposoamnack cegaums
JeKecmeaeToMuanHoM B Ao3e ot 0,2 MKr/Kr/u ao 1,4 mKr/Kr/y B Buae
NPOANEHHOW BHYTPUBEHHOMN MHPY3MK, @ BTOPOW rpynmne nauueHTos,
BO3PaCT KOTopbIX 6bin OT 44 o 88 feT, cegauma NPOBOAMAACh rasio-
nepuaonom no 2,5-5 mr Kaxaple 6 4 BHyTpMBEHHO ApobHo. CpeaHss
NPOSOMIKUTENBHOCTb AENNPUA Y MALMEHTOB, MOAYYaBLUMX AeKCme-
OeToMuAaunH, coctasuna 60,79+32,62 u, Torga Kak y nauveHToB, No-
NIY4aBLWMUX FaNoNepuaon, CpefHAA MPOLO/IKUTENbHOCTb Aennpus
coctasuna 86,8+36,97 u, 4To 3HAUMTENIbHO NPEBbLILIAET NOKasaTenun
nepsoii rpynnbi [33]. EpémeHko AA n YepHosa EB (2014) B paHHem
nocaeonepaLmoHHOM nepuoae B Kavectse Tepanuu NOK[, npumeHs-
NN AEKCMeEeTOMMANH BHYTPMBEHHO CO cKopocTbto 0,5-1,4 MKr/Kr/u
Ha NPOTAXKEeHUM 27 Y KaK U30/IMPOBAHHO, TaK U B COYETAHUM C ranone-
PUZONOM M MUZA30/1AMOM, W PE3Y/IBTaThbl ObIN JTyYLLE MO CPABHEHMIO
C rpynnoi NaumeHToB, rae ANA KynupoBaHWA Aennpus UCNonb3oBan-
cA nponodon (peTporpasHas amHe3Ws Mocie OTMeHbl NpenapaToB
oTmevanacb B 40% v B 60% cnyyaes cooTBeTCTBEHHO) [34]. Maxnait
AB c coaBT. (2017) B cBOEM UcCNeA0BaHUM COBETYIOT: «ECAM HYXKHO
YCKOPUTb Ha4as0 AeMCTBMA NpenapaTta, Hanpumep, NPy BbIPaXKEHHOM
BO30YKAEHUM, PEKOMEH/L0BAHO NPOBOAUTL HArpy304HYH HPY3UIO B
no3e 0,5-1,0 MKr/Kr maccbl Tena B TedeHne 20 MUH, T.e. HauyasibHYytO
nHY3mio 1,5-3 mKr/Kr/uac B TeueHune 20 muH» [33].

BonbHbIM € caxapHbiM AnMabeTom B NepuonepaLMoHHOM nepu-
0fie HeOOXOAMM KOHTPO/Ib U KOPPEKLMA YPOBHA [JIMKEMWUW, He [0-
rnycKas ero nosbiweHns 6onblie 10 MMOIb/N U CHUXKEHNUA HUKe 7,7
MMmoAb/A [35]. MauueHTam co BTOPbIM TUMOM CaxapHoro AuabeTa npu
60NbLUKX M TPAaBMATUYECKMX ONepaTUBHBIX BMeLLaTeNbCTBaX HeobXxo-
[MMa OTMeHa NepopasbHbIX TMMNOMKEMUYECKUX CPEACTB U Ha3Have-
HMe CaxapOCHUKAOLLEN Tepanuu MHCYIMHOM KOPOTKOTO eMCTBMA B
BUAE BHYTPUBEHHOM MHOY3MM B gose ot 0,5 ao 3,0 Efl/4ac ¢ napan-
NenbHON Hdy3men rokosbl [36].

YunTbiBaA MHOrOGaKTOPHOCTb M MHoronpodunbHocte MOK/A,
npu NPOPUNAKTUKE 1 NEYEHUN HEOOXOAMM KOMMIEKCHbIN Noaxos ¢
YY4ETOM BCEX BO3MOMKHbIX GaKTOPOB B KaXKJOM KOHKPETHOM CNyyae v ¢
0653aTe/IbHbIM NpKBAeYEHNEM NPOGUBbHBIX creupanmcTos. Hanbo-
Nlee CNI0XKHOM 33a4eil ABNAETCA BbIAB/IEHNE BCEX NPELUKTOPOB 3TOr0
OC/IOXKHEHUs, UX YCTPAHEHWE, a TaKKe nogbop NpoduNaKTUYECKHX 1
NeyebHbIX MeponpuATUi. Hefoy4€T XoTa 6bl 0fHOMO haKTopa MOXKeT
CBECTM Ha HeT BCIO MPOBOAMMYIO NPodUAaKTMKyY. 11a Bpaya, NpoBo-
JALLero npesonepaLmoHHoe obcnef0BaHNe U MOAFOTOBKY, BaXKHbIM
ABNAETCA BblABNEHME BCE KOMOPOUAHOCTH Y NaLMEHTa, NPOBeAEHUE
KOpPEKLMUN HapyLLEHHbIX GYHKLMI (B KAYeCTBE NpUMepa: KOppeKLms
aHemuu Bbiwe 100 r/n, ysenndeHne OB neBoro enynodka 6onblue

undergo neuropsychological testing to assess cognitive function
and identify dementia or degenerative diseases of the central
nervous system. When cognitive disorders are detected before
and after surgery, it is necessary to conduct drug therapy to im-
prove cognitive function. Unfortunately, not all medical institu-
tions adhere to this tactic. Moreover, there is no data on the
results of studying the simultaneous combined effect of several
factors predisposing to POCD. Studying the combined impact of
POCD predictors presents particular difficulties for researchers
since significant factors of cognitive disorders can be negated,
and this type of study requires the use of the method of multi-
variate regression analysis.

CONCLUSION

Deterioration of cognitive function in patients during the
postoperative period is a complication that can occur as a re-
sult of the surgical intervention itself, mainly in older patients.
Based on the results of numerous research studies, numerous
POCD predictors have been identified, countless diagnostic neu-
ropsychological tests have been developed and are used, and
a wide range of pharmacological agents for the prevention and
treatment of cognitive disorders are being assessed and offered.
Despite numerous research papers devoted to this topic, a large
number of drugs, the introduction of minimally invasive surgi-
cal techniques, modern approaches to preparing patients for
surgery, and postoperative management, cognitive disorders
remain the most common complication in the postoperative pe-
riod. The key to solving this problem is most likely improving the
material and technical base of medical institutions, increasing
the number of personnel involved in the management of POCD,
improving the quality of service and care for patients, identi-
fying new predisposing factors, creating and introducing more
convenient screening test methods, creating and maintaining a
single registry of patients with POCD, searching for new drugs,
developing standard operating procedures for the diagnosis,
prevention, and treatment of POCD.

447



Yamshchikov ON et al Postoperative cognitive dysfunction

AVICENNA BULLETIN
Vol 26 * No 3 » 2024

60%, KOpPPEeKLMs YPOBHA IMMKeMUM He 6onee 10 Mmonb/n, rTMnoTeH-
3WBHaA Tepanua v T.A.), TaKKe 10 OnepaLyu NaLMeHTamM C BbICOKUM
puckom pa3sutua MOK/L, o0bs3aTenbHbIM ABASETCA NPOBeAeHNe Helt-
POMCUXONOTUYECKOTO TECTUPOBAHMA C LIE/IbI0 OLEHKN KOTHWUTUBHOW
GYHKLMK, BbIABNEHWA AeMEHLIUM U fereHepaTUBHbIX 3aboneBaHui
LIeHTPaNbHOMN HepBHOWM cucTeMbl. Mpyn BbIABNEHUM KOTHUTMBHDBIX pac-
CTPOWCTB A0 ONepaTUBHOrO BMeLLATeNbCTBA M NOCae Heobxoaumo
NPOBOAUTL MeAUKAMEHTO3HYIO TEPANMIO C LieNbIo Y/YULIEHUA KOTHU-
TUBHOW PyHKUMK. K COXKaneHumio, He BO BCEX NIeUeDOHbIX yupeaeHUs
NPUAEPKMBAIOTCA TAaKON TaKTUKKU. Bonee Toro, B AMTepaTypHbIX UCTOY-
HMKax OTCYTCTBYIOT AaHHble O pe3y/bTaTax M3y4eHnA OAHOBPEMEHHO-
rO COYETaHHOrO BAMAHWA HECKOMbKUX Npeapacnonaratolwmx K NMOK/,
¢baKTOpoB. U3yyeHue couyeTaHHOro BAMAHWMSA npeaukTopos MOKA
npeacTaBnAeT ANA uccnefoBaTenel onpesenéHHble TPYAHOCTU, Tak
KaK MOTyT HMBENMPOBATLCA 3HAUYMMble GAKTOPbI KOTHUTUBHBIX pac-
CTPOWCTB, U B UCCNEA0BAHUAX HEOOXOAVMMO MCMONb30BaHWE METOAA
MHOrobaKTOpHOro perpecc1BHOrO aHaNM3a.

3AKNIOMEHUE

YXyLWeHWe KOTHUTUBHOM GYHKLMM y NaLMeHTOB B Nocieonepa-
LIMOHHOM MePUOAE — 3TO OC/IOXKHEHWE, KOTOPOE MOMKET BO3HUKHYTb
no MPUYMHE CAMOrO OMepaTMBHOTO BMELLATENbCTBA, MpenmyLLe-

CTBEHHO Yy MaLMeHTOB CTapLUeit BO3pacTHOM rpynnbl. Mo pe3ynbratam
MHOTOYUCIEHHDBIX UCCNIeA0BaTeNbCKUX paboT onpeaeneHo Honblioe
KonnyectBo npeaumktopos MOK[, pa3paboTaHbl M MCMoNb3ytoTCA
MHOFOYMCNEHHbIE AMArHOCTUYECKME HEeVpPONCUXONOTUYEeCcKne TecTbl,
BeAETCA NOMCK U Npea/iaraeTca 60/1bLUoM CnekTp GapMaKoNIorMYeckmnx
CpescTB ANA NPOGUAAKTUKM U NEYEHNUA KOTHUTUBHbIX PacCTPOWMCTB.
HecmoTpa Ha 60/blioe KOAMYECTBO WCCAeLOBaTeNbCKUX PaboT,
MOCBAWEHHBIX 3TOW Teme, GOMbLIOMY KONMYECTBY /leKapCTBEHHbIX
npenapaTos, BHEAPEHUIO MaNOMHBA3UBHBIX XMPYPTUYECKUX TEXHUK,
COBPEMEHHBIM NOAX0AaM B MOATOTOBKE GO/BHBIX K OMepaTMBHOMY
BMeLUATeNbCTBY M NOCAEONepaUuoHHOMY BeLEHWIO, KOTHUTUBHblEe
PaccTPOICTBA OCTatOTCA Hanbonee YacTbiM OCIOKHEHUEM B NMOCNEO-
nepauyvoHHOM nepuoge. KNouom K pelleHunto stolh npobiemsl, CKo-
pee BCero, ABMAETCA YAy4llEeHWE MaTepuasbHO-TEXHUYECKOW 6asbl
NeyebHbIX YUpeXaeHU, YBEIUYEHWE KOAMYECTBA NepCoHana, yayd-
LWEeHWe KayecTBa OBC/MYKMBAHUA U YXOAad 33 MaLMEHTaMW, BbisB/Ie-
HWe HOBbIX NpeapacnonaratoLLmx GaKkTopoB, CO3AaHNE U BHeApeHWe
6onee yaobHbIX B MPUMEHEHUM CKPUHWHIOBBIX TECTOBBIX METOAMK,
co3gaHue 1 BedeHWe eaAnHOro peectpa nauueHTtos ¢ NOK[, nouck
HOBbIX JIEKAPCTBEHHbIX NPenapaToB, pa3paboTka CTaHAAPTHbIX orne-
PALMOHHbIX MpoLeayp No AMArHOCTUKe, NPOGUNAKTUKE U NeUEHMIO
MOKA.
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AATOPUTM PAHHEN AVIATHOCTVKI U1 IIPOTHO3MPOBAHMSI
MOYEKAMEHHOW BOAE3HU Y AETEN C YUETOM ®AKTOPOB PVICKA U
VIMMYHOT'EHETUUYECKOM ITPEAPACIIOA0KEHHOCTI
B AMBY/IATOPHO-IIO AMKAVMHMNYECKUX YCAOBUSIX

HI.A. IOCYTIOB?, A1.P. XAKIIMOBA?

1 Kadeapa aerckoit xupyprun Ne 1, CamapKaHACKIUI roCyAapCTBeHHBIN MeAUIMHCKUI yHuBepcnter, Camapkang, Pecriybanka Y3bekucraHn

2 Kadeapa cemeitHOI 1 IpeBeHTUBHOM MeAULIMHEI (aKyabTeTa J0IOAHUTEABHOTO IPodeccuoHaabHoOro oopasosanns, CamapKaHACKWUIL TOCYAaPCTBEHHBIN Me-
AuruHcknit yausepcureT, Camapkang, Pecriybanka Y3oexknucran

Llenb: onTMMMU3aLMA anropuTMa paHHen AMarHoCTUKM ypoauTHasa y aeteit ¢ yyetom GakTopoB pUCKa, KAMHWUKO-GYHKLMOHANbHBIX 0COBeHHOCTe
TeyeHus 3a60/1eBaHMA, @ TAKKE UMMYHHOTEHETUYECKOM NPeAPacnoNOKEHHOCTH B ambyNaTOPHO-MOAMKINHUYECKUX YCIIOBUAX.

Marepuan u metoap!: 419 LOCTUKEHUA NOCTaBAEHHON Lienun Bbin NPoBeAEH aHANM3 IMTEPATYPHBIX AaHHbIX, [4e npuBeseHa MHOOPMALIMA O TaKTUKe
BeAEHWA AeTel ¢ MoYeKameHHOM 60ne3Hbio (MKB) B amBynaTopHO-NOSMKAMHUYECKMX YCNOBUAX. MPOaHaM3UpPOBaHbl A4aHHbIE COBCTBEHHOTO McCe-
[0BaHWA 652 AeTeil C ypoauMTUa3om, HaXOAMBLLMXCA HA CTALLMOHAPHOM IeYEHUM C YYETOM UX aHamMHe3a, paKTOPOB PUCKA, PE3Y/IbTATOB KIMHWKO-Na-
60PaTOPHbIX UCCNELOBAHWIA, @ TAKKE MMMYHOTEHETUYECKOM NPeapacnoNoKeHHOCTU. Kpome Toro, MpoBeAeHO PETPOCMNEKTUBHOE UccaesoBaHWe 379
ambyNaToOpHbIX KapT NALMEHTOB C YPOAWUTHA30M (KOHTPO/IbHARA Pynna) U MpOoCneKTUBHOE uccneoBaHve 1275 neteit (ocHOBHaA rpynna) B Bospacte
ot 1 roga £o 18 net. Ha ocHoBaHMM aHanM3a ambynaTopHbIX KapT NPOBEAEHO CpaBHeHWe 3GGEKTUBHOCTH CYLLECTBYIOLWErO U ONTUMU3UPOBAHHOMO
aNroOpUTMOB BEAEHWA eTel C YPONUTHA30M Ha NPaKTUKe.

Pe3ynbTaTthbl: OCHOBbIBAACH HA PE3y/IbTaTaX UCCAEL0BATENbCKOM PaBoTbl, HaMu Bbln paspaboTaH aAropUTM paHHe ANarHOCTUKM U NPOTHO3MPOBaHUA
BO3HMKHOBeHUA MKB y AeTeit Ha AOKIMHWUYEeCKo cTagum 3a601eBaHnsA B aMByNaTOPHO-MONMKAMHUYECKMX YCI0BUAX C YH4ETOM GAKTOPOB PUCKa U M-
MYHOreHeTUYECKO NPeAPacnoNoXeHHOCTU. COracHo 4aHHOMY aNrOPUTMY, OLEHKa CTEMEHM PUCKA PasBUTUA YPONUTMA3a NPY NPOBELEHUM NEPBOrO
[eficTBUA OCHOBBIBAETCA Ha aHAMHECTUYECKMX AaHHbIX U aHanu3e GpaKToOpoB pucka. [1a 3Toro paspaboTaHo 13 0CHOBHbIX BONMPOCOB, HA OCHOBAHWUM
KOTOPbIX UHAMBUAYANbHO A1 KAKAOTO pebEHKA MOKHO BbIABUTL CTEMEHb PUCKa MO 13-1 6a/bHOM WKane.

3akntoueHmne: pa3paboTaHHbIi anroOpUTM paHHel AMArHOCTUKM M NPOrHO3MpoBaHusA passuTua MKB y aeTeit u ux nocnesylowas MapLpyT1saums
B COOTBETCTBMM C rPynnoit pUcKa (HWU3Kan, CPEAHAA UIKU BbICOKas) CNOCOBCTBYET NPOrHO3MPOBAHMIO U BbIABEHMWIO YPOIUTMA3a Ha SOKANHUYECKOM
CTaZMM B aMByNaTOPHO-NONMKAMHUYECKMX YCI0BUAX. NPK BbINOHEHWM BTOPOrO ANCTBUA Pa3paboTaHHOTo aropuTmMa NpOBOAUTCA MapLUIPyTU3aLMA
NauyMeHTOB B 3aBUCMMOCTM OT COOTHECEHMA UX K TOW UM MHOM CTeneHn pucka passutus MKB.

KnioueBble cnoBa: MoyekameHHas 6one3Hb y demeli, paHHAA OUA2HOCMUKGA, PaKMOpbI PUCKA, MPO2HO3UPOBAHUE ypoaumuasd, 2eHemuyeckue (ak-
mopbl, npeaumuas, ambynamopHoO-NOAUKAUHUYECKas cayw6a.

Ana umutuposaHua: tOcynos LA, XakumoBsa JIP. ANropuT™m paHHel AMarHOCTUKM U NPOTrHO3MPOBAHWUA MOYEKaMeHHOW 6one3HM y AeTelt ¢ y4éTom daKTo-
POB pPUCKa U UMMYHOTEHETUYECKOM NPeapacnooXeHHOCT B ambyNaTOPHO-NOMKIMHUYECKUX YCNOBUAX. BecmHuk AsuyeHHsl. 2024;26(3):452-60. https://doi.
org/10.25005/2074-0581-2024-26-3-452-460

PEDIATRIC UROLITHIASIS: PREDISPOSING FACTORS AND EARLY DIAGNOSIS IN
OUTPATIENT SETTING

SH.A. YUSUPOV!, L.R. KHAKIMOVA?

1 Department of Pediatric Surgery Ne 1, Samarkand State Medical University, Samarkand, Republic of Uzbekistan
2 Department of General Practice/Family Medicine, Faculty of Continuing Professional Education, Samarkand State Medical University, Samarkand, Republic of
Uzbekistan

Objective: To optimize the algorithm for early diagnosis of urolithiasis (UL) in children, considering risk factors, clinical and functional characteristics of the
disease, and immunogenetic predisposition in an outpatient setting.

Methods: The literature on managing children with UL outside the hospital was thoroughly analyzed to achieve the goal. Medical records, risk factors,
including immunogenetic predisposition, and clinical and laboratory investigation results of 652 hospitalized children with UL were studied. Additionally, a
retrospective study of 379 outpatient records (the control group) and a prospective study of 1275 children (the study group) aged 1 to 18 was conducted.
Based on the outpatient records analysis, the effectiveness of current and optimized management algorithms for children with UL was compared.
Results: As a result of the research, an algorithm for early diagnosis and prediction of UL in children, considering risk factors, including immunogenetic
predisposition, was developed. The algorithm evaluates the risk of developing UL based on a thirteen-point checklist that assesses benefits and risks to
provide a personalized risk score for each child. Based on this risk score, additional therapeutic interventions are determined for each patient.
Conclusion: The algorithm developed for early diagnosis and prediction of UL in children helps identify the condition at a preclinical stage in an outpatient
setting. This algorithm categorizes patients into low-, moderate-, or high-risk groups and guides their management accordingly.

Keywords: Urolithiasis in children, early diagnosis, risk factors, prediction of urolithiasis, genetic factors, prelithiasis, outpatient service.
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BBEAEHMUE

MKE siBnsietcs 3aboneBaHnem, KOTOPOE AUArHOCTUPYETCA MpPaK-
TUYECKM NOBCEMECTHO M He MMEET BO3PACTHbIX OrpaHuYeHui. 3To
My/NbTUGAKTOPUAIbHAA NATONOMUSA, U B €€ Pa3BUTUM OFPOMHYIO PO/b
UrPatoT KaK 3K30TreHHble, TaK U 3HAOreHHble dakTopbl. OaHOM U3 Be-
AyLWMX NPUYMH B Pa3BUTUM YPONWUTMA3a Y AeTel ABNAIOTCA AMCMETa-
6onunueckune Hedponatum [1, 2]. HecMoTps Ha AOCTATOYHO XOPOLLYHO
N3y4EeHHOCTb NpUYMH pa3smTma MKB, BCE e eCTb HeKune TPYAHOCTU B
KOHTpO/Ie POCTa AaHHOro 3a60neBaHMA, Tak Kak HeT onpeaenéHHoro
baKTOpa puCKa, BO3AENCTBYA HA KOTOPbIWA, MOXHO Obl10 Bbl CHU3UTD
3aboneBaemocTb. Ha 3TO TaKe BAMAET LIMPOKoe reorpaduyeckoe
pacnpocTpaHeHMe yponuTMasa y AeTeid, rae npesaaupoBaHue Toro
WM MHOTO GaKTOpa MEHAETCA B 3aBUCMMOCTM OT TEPPUTOPUAILHOMO
pacnonoxeHusa nonynaumu. OrpoMHoe 3HaYeHUe TaKkKe UMeeT Teye-
HWe 3a60/1eBaHNA NOCNE XMPYPTUYECKOTO IeYeHUs, @ UMEHHO CK/IOH-
HOCTb YPONWTMA3a K peumansam [3-5].

M3y4eHunto AaHHOV NaTONIOMMM NOCBALLEHO MHOMKECTBO Hay4HbIX
paboT y4EHbIX CO BCEX YrONKOB MMpa. B xoze AnTepaTypHOro aHanu-
33 BbIIBNEHO MHOXECTBO PE3y/IbTaToB OTHOCUTE/NbHO AMArHOCTUKM
W NleYeHns yponuTtvasa y geteil. Ho, K coXaneHuio, HegoCTaTouHO
CBeAeHMIA 0 NPOrHO3MPOBAaHUM 1 PaHHe AMarHoCTMKM 3abonesaHns.
PaHHAA anarHoctvka MKB ¢ yuétom ¢aKkTopoB pucKa M UMMYHHOre-
HETMYECKMiA cnocob NPOrHO3MPOBaHWA B ambyaTOPHO-NONMKANHHU-
YECKMX YUPEKAEHWUAX OAET BO3MOMKHOCTb BblABUTb 3aboneBaHue y
[eTei Ha AOKAMHUYECKOW CTaguu.

LLENb UCCNEAOBAHMUA

ONTUMM3ALMA aNropuUTMa paHHel AMarHOCTUKM ypoauTMasa y
[eTel ¢ y4EToM HaKTOPOB PUCKA, KTMHUKO-DYHKLMOHANbHbIX 0COBEH-
HOCTEM TeYeHA 3a601eBaHMs, @ TaKKe MMMYHHOrEeHETUYECKOM npes-
PaCMoIOKEHHOCTM B aMBYNaTOPHO-NONMKAMHUYECKUX YCTIOBUSAX.

MATEPUAN U METOAbI

C uenbio ONTMMM3aLMM aNTOPUTMA U OMPesEeNeHNA OCHOBHbBIX
TEPPUTOPUANbHBIX (AKTOPOB PUCKA, U3YYEHUS KAMHUKO-GYHKLMO-
Ha/lbHbIX OCOBEHHOCTEN TEYEHNA YPOUTIA3A Y AETeN U BbISABAEHNUA
NoNMMOPHBIX TEHOB-MapKEPOB, OTBETCTBEHHbIX 3@ BO3HUKHOBEHMWE
[aHHOro 3aboneBaHNsA, HaMKU NPOBEAEH aHaNM3 AaHHbIX 652 aetein
C yponuTMasom B BospacTe OT 1 roga £0 18 neT, HaxoAMBLUMXCA HA
NeyeHun B CneumanmsnmpoBaHHON LETCKOM XMPYPTUYECKOW KAMHUKE
CamapKaHACKOro rocyAapcTBEHHOr0 MeAMLMHCKOTO YHUBEPCUTETA B
nepuog ¢ 2012 no 2019 rogpl. B xoae paboTbl MCMOIb30BaHbI aHaM-
HeCTUYeCcKMe, KIMHUYECKUE, MHCTPYMEHTa IbHbIe, NabopaTopHble (06-
LEKNMHNYECKME, BUOXMMMYECKME, BAKTEPUONOTUYECKME, UMMYHOTE-
HeTMYECKMe) U CTaTUCTMYECKME MeTOAb! UccaeaoBaHua. [ns pelueHns
NOCTaB/NEHHbIX 33434 bbina paspaboTaHa KapTa obcnesoBaHusA 6onb-
HOro, Ha OCHOBaHWMM KOTOPOW NPOBOAMUIOCH U3yYeHNe 0CObEHHOCTeN
TeyeHua u guarHocTukm MKB y feTelt pasHOro BO3pacTa, a TakKe AaH-
Hble aHaMHe3a ux poauTenei. B xoae paboTbl TakKe NpoBeseHOo U3y-
YeHuWe IMTePaTYPHbIX AaHHbIX, MOCBALLEHHbIX AMArHOCTUKE U TaKTUKe
BegeHua getert ¢ MKE B pas/iMuHbIX PerMoHax M1pa, SHAEMMYHBIX MO
yponutuasy. [letanbHo NpoaHann3npPoBaHbl arOPUTMbl BEAEHNA Ae-
TeW C ypoNuTMasom.

INTRODUCTION

UL is a disease that can affect individuals of all ages and can
be caused by various factors, including host and environmental
influences. One of the main causes of UL in children is metabolic
nephropathies [1, 2]. Despite having a good understanding of the
causes of UL, managing this condition remains challenging. This
challenge is primarily due to the absence of identified specific
risk factors that can be targeted to reduce the incidence of UL.
The distribution of various risk factors varies depending on the
geographical location of the population. The tendency of UL to
relapse after surgical treatment is also significant [3-5].

Countless scientific studies conducted by researchers world-
wide focus on this medical condition. Based on the literature
analysis, several discoveries have been made about diagnosing
and treating UL in children. However, there is still a lack of data
on the disease's early diagnosis and prognosis. Early diagnosis of
kidney stone disease, considering risk factors and an immunoge-
netic method for prognosis in outpatient settings, enables the de-
tection of the disease in children at the preclinical stage.

PURPOSE OF THE STUDY

Optimizing the algorithm for early diagnosis of UL in chil-
dren in an outpatient setting, considering risk factors, including
immunogenetic predisposition and clinical manifestations of the
disease.

METHODS

To optimize the algorithm and identify the primary local en-
vironmental factors associated with UL in children, a study was
conducted on 652 children aged 1 to 18 years who were treat-
ed for UL at the Samarkand Regional Children's Multidisciplinary
Medical Center in Uzbekistan from 2012 to 2019. Various re-
search methods, such as analysis of medical records, evaluation
of clinical data, and basic laboratory investigations, including bio-
chemical, bacteriological, and immunogenetic test conduction, as
well as statistical analysis, were used in the study. A patient ex-
amination chart considering manifestations of pediatric UL in dif-
ferent ages and family history was developed to address research
objectives. Additionally, literature on the diagnosis and manage-
ment algorithms of UL in children in regions with a high incidence
was reviewed.

Current clinical guidelines, such as those by the Union of
Pediatricians of Russia and the European Association of Urolo-
gy, outline step-by-step algorithms or stages for children with or
suspected UL. Implementing metaphylaxis measures dramatically
decreases the risk and recurrence rate in patients with recurrent
UL. These recommendations are usually presented as a diagram
or a list outlining the steps that a patient with the disease or sus-
picion of it must follow.

To compare the effectiveness of current and optimized al-
gorithms for diagnosing the disease, a retrospective study of
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CyLLECTBYIOLLME KAMHMYECKME pekomeHZauumn (Hanpumep, Co-
t03a neamatpos Poccuu, EBponeiickoit accoumalmmn yponoros v T.4.)
BK/IOYAIOT B Ce6A MoLIarosble aAropuTMbl MK 3Tarbl, KOTOpble 40-
JKeH NPOMNTM PebEHOK C YPOSUTUA3OM WM C NOAO3PEHMEM Ha YPOIU-
Ta3. bonbwoe BHMMaHWe yaensetca meTadUNaKTUKE YPOAUTMA3a,
HamnpaB/IeHHOW Ha NpeaoTBpalleHVe peuuanBoB. B 6osbluMHCTBE
CNYYaeB OHW NPUBOAATCS B BUAE HU3KOYPOBHEBOW CXEMb, FAe YKa3a-
Hbl 3Tanbl, KOTOPble AO/IKEH NMPOMTU NALMEHT ¢ 3aboNeBaHMEM U MO-
[L03pPEHNEM Ha HETO, NN U3NIOKEHBI B BUAE CNIUCKA PEKOMEHALMNA.

[Ona cpaBHeHWs 3PHEKTUBHOCTM CYLLECTBYHOLLErO M ONTUMM-
3MPOBAHHOMO aNrOPUTMOB AMArHOCTUKM 3ab0NeBaHMA Ha MpPaKTUKe
HaMmK 6bII0 NMPOBEAEHO PEeTPOCMeKTUBHOE UccneaoBaHve 379 am-
6YNaToOPHbIX KapT NALMEHTOB C YPOAUTMA30M (KOHTPO/IbHasA rpynna)
M NpocneKkTMBHOEe uccnepoBaHue 1275 aeTelt (OCHOBHaA rpynna) B
Bo3pacTe oT 1 roga Ao 18 net. Ha ocHOBaHWMM aHaM3a ambynaTopHbIX
KapT BbifBNeHa 3OPEKTUBHOCTb PabOoTbl CYLLECTBYIOLLETO aAropuTMa
BeAEHMA AeTell C ypONUTUA3OM Ha MPAKTUKe.

C uenblo ONTUMM3ALLUK CYLLECTBYIOLLETO aNTOPUTMA A1A PaHHeN
[AMArHoCTVKM M NPOTrHO3MPOBaHNA BO3MOXKHOIO PasBUTUA YPOaUTHA-
3a ¢ QOPMMPOBAHNEM COOTBETCTBYHOLLMX TPYNN MNALMEHTOB, a TaKKe
NOCTPOEHMA NEPCOHNMULIMPOBAHHOTO NOAX0AA K BEAEHUIO AeTel Ha
3Tanax HabnoaeHus bbln pa3paboTaH anropuTM paHHen AMarHocTu-
K MKB ¢ y4éTom GpaKTOpOB PUCKa, COCTOALLMI 13 13 NYHKTOB (Taba.).
B cooTBETCTBMM C MepBbIM AeicTBMem anroputma (no 13 6annbHoi
LKane), CYyMMapHO HabpaHHasA OLeHKa NO3BONAET BblAENUTb 3 rpyn-
nbl pucka: 0-3 6anna — HU3KUI puck, 4-7 6annos — cpesHuit n 8-13
6an108B — BbICOKMIA PUCK PAa3BUTHA ypOIUTMA3a.

Mpw BbINONHEHUM BTOPOrO AEMCTBMA pa3paboTaHHOro anro-
pPUTMa AETAM B 3aBMCMMOCTM OT MX FPYnMbl PUCKa pekoMeHayeTcs
WHAMBWMAYaANbHAA MPOrpamma MapLupyTM3aLuM, BKAKOYAKOLWAA B
ceba KOMNNEKC KAMHUYECKUX, 1abOPaTOPHbIX, MHCTPYMEHTA/bHbIX
M UMMYHOFEHETUYECKMX METOLOB MCCNEAO0BAHUA A/1A PaHHEN Au-
arHoctukm MKB. [Jetam, Boweawmm B rpynny C HU3KMM PUCKOM
(cymmapHas oueHka ot 0 fo 3 6ann0B), NPOBOAMTCA YryONEHHOE
KNIMHWKO-NabopaTopHoe, ynbTpacoHorpaduyeckoe obcnenosaHme u
peKkomeHayeTcA HabtogeHVe B ambynaTopHO-NONMKANHUYECKMX YC-
NIOBUAX COMNACHO YTBEPHKAEHHOMY KaneHZapto NpodUAaKTUYECKMX
OCMOTPOB.

CpeZHtoto Tpynmny puUcKa COCTaBAAOT AEeTH, Habpaswue oT 4 fo
7 6an108. MaUMEHTbI, Y KOTOPbIX MMEIOTCA KAMHMYeCKMe u/vuamn nabo-
paTopHble, MHCTPYMeHTasbHble (Y3W) npusHaku MKB, HanpasastoTca
K L€TCKOMY YPO/IOry B CMELMaNN3UPOBAHHYIO KNMHWUKY ANA AaNbHEN-
LLero KOMM/IeKCHOro 0b6cneaoBaHns U nedeHus. B cnyyae, Korga y ge-
Teil U3 cpeaHent rpynnbl PUCKa Pe3y/bTaTbl KAMHMKO-1ab0pPaTOPHBbIX
U MHCTPYMEHTA/IbHbIX METOZOB MccnenoBaHusa (Y3U) He BbisBnAtoT
NPWU3HAKOB YPO/IUTINA3a, PEKOMEHAYETCA NPOBEAEHUE UMMYHOrEeHe-
TUYECKOTO TECTUPOBAHMSA. ECM pe3ynbTaTbl reHOTUNMPOBAHUA HE CBU-
[LeTeNbCTBYHOT B NMO/b3Y FeHEeTUYECKOM NPeapacnoNoKEHHOCTH K ypo-
NIUTMa3Y, NaLMeHTbl LaHHOW rpynnbl HANPABASIOTCA Nog HabaoaeHe
Bpaya B ambynaToOPHO-NONMKANHUYECKMX YCA0BUAX. [P BbIABAEHUM
nonnmopdusma reHos VDR 1 uHTEpAeiiKkMHa-1B (noammopdusm atux
reHOB AB/IAOTCA MapKEPamu B PasBUTUM YPONWUTMA3A Y AETEN y36eK-
CKOM NonynAuMmn) NPOBOAMTCA KOMMIEKC MEPONpUATUIA Mo npeay-
npexaeHunto passutna MKB.

Ocoboe BHMMaHME HeEOBXOAMMO yaensTb rpynne AeTei ¢ Bbl-
COKMM PUCKOM Pa3BUTUA YPONWUTMA3a, HabpaBLIMM B COOTBETCTBUM C
nepsbiM AeicTBuem anroputma ot 8 ao 13 6annos. B cootBetcTBum
C pa3paboTaHHON HaMM CXEMOW MapLUPYTM3aLMK NaLMeHTbl C BbICO-
KM puckom pa3suTma MKB, y KOTOpbIX ONpPeaeneHbl KAMHUYECKUE
n/Manm nabopaTopHO-UHCTPYMEHTa/IbHbIE MPU3HAKKM 3ab0seBaHus,
HanpPaBAATCA K AETCKOMY YPO/Ory CreuuannsmpoBaHHOW KAWHU-
Ku. TMaupmeHTam, y KOTOPbIX OTCYTCTBYHOT KAMHMKO-1abopaTopHble U
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379 outpatient records of patients with UL (control group) and
a prospective study of 1275 children (study group) aged 1 to 18
years were conducted. Based on the analysis of patient records,
the current algorithm used to treat children with UL in outpatient
care was evaluated.

A new algorithm has been developed to enhance the cur-
rent algorithm for the early diagnosis and prognosis of UL. This
algorithm considers 13 risk factors and categorizes patients into
three risk groups based on their total score: 0-3 points for low
risk, 4-7 points for moderate risk, and 8-13 points for high risk of
developing UL. The algorithm recommends an individualized di-
agnostic program for children based on their risk group. Children
in the low-risk category (0-3 points) receive thorough clinical, lab-
oratory, and ultrasound assessments. Based on a comprehensive
preventive medicine assessment schedule, they should then be
scheduled for follow-up appointments in an outpatient setting.

Children who score between 4 and 7 points are at a mod-
erate risk for UL. If these children exhibit symptoms of UL in
clinical, laboratory, and ultrasound tests, they are sent to a spe-
cialized clinic for additional evaluation and treatment. Immuno-
genetic testing is advised if children from the moderate risk group
show no signs of UL based on clinical, laboratory, and ultrasound
tests. If genetic testing does not reveal the risk for UL, these pa-
tients should be followed up in outpatient settings. Preventive
measures should be implemented upon identification of genetic
markers linked to UL, such as polymorphisms in the VDR and in-
terleukin-1p genes associated with UL in the Uzbek pediatric pop-
ulation, to reduce the risk of UL.

Particular attention should be given to children at high risk
of developing UL, who have scored between 8 and 13 points
following the first step of the algorithm. In the system that has
been developed, high-risk symptomatic patients with laboratory
and ultrasound results indicative of UL are referred to a pediat-
ric urologist at a specialized clinic. Patients without those clinical
manifestations are recommended to undergo an immunogenetic
evaluation. For children at high risk of developing UL due to gene
polymorphism, it is essential to implement preventive measures
to reduce the likelihood of UL development. Patients without ge-
netic abnormalities are managed in outpatient settings.

The study was approved by the Ethics Committee of the Sa-
markand State Medical University, Uzbekistan (IRB protocol No.
2023-0001, dated August 12, 2023).

The Microsoft Excel 2021 software statistically processed
the collected data.

RESULTS

In a detailed analysis of 379 outpatient medical records
of pediatric patients diagnosed with UL, it was discovered that
healthcare providers at family clinics consistently adhered to an
algorithm for evaluating children who presented symptoms such
as abdominal or lower back pain, poor appetite, fever, weak-
ness, nausea, and vomiting. Afterward, these children were rec-
ommended to undergo laboratory tests and ultrasound exam-
inations. Of the 379 children, 53% were diagnosed with UL and
referred to a specialized clinic. However, 26% of the children un-
derwent unnecessary appendectomies at their local clinics. After
a while, these children were readmitted with abdominal pain and
diagnosed with UL. Additionally, 21% of patients received antibi-
otic and vitamin therapy after presenting with abdominal pain,
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Tabauya Aneopumm paHHeli OuaeHOCMUKU U npoeHo3UposaHus pazgumus MKE y demeli ¢ yuémom hakmopos pucka u ummyHo2eHemuyeckol
npedpacnosoxeHHocmu

1 0
1. Hanuuue B aHamHe3se y banKalLLMX pOACTBEHHUKOB OTLA M maTepyu MKB na  Het
2. Hanunuve aHOManuii MoYeBbIAENUTENBHOM CUCTEMDI Y PpebEHKa ha  HeT
3. Cembs, NPOXKMBAIOLLAA B IKOJOTMYECKMU HEDNATONPUATHBIX YCIOBUAX ha  Het
4.  CoCTOAT v poAnTeNMn B poacTBeHHOM bpake? ha  HeT
5. Hanuuue BpeaHbIx NpUBbIYEK Y poauTenei (KypeHue, ynotpebieHue ankorons) ha  HeT
6. Pabouyan oeATeNbHOCTb poauTeneli (Ha Bpe4HOM NPOU3BOACTBE, MaIONOABUKHbIV 06pa3 AeATeNnbHOCTH) ha  HeT
7. bBepemeHHOCTb, OTATOWEHHaA HAa GOHE TOKCMKO3a, rectosa na  Het
8. Tpuém maTepblo BO Bpems 6epeMeHHOCTH NPOTUBOBUPYCHbIX U aHTUOaKTEpPUabHbIX NPenapaTos ha  HeT
9. HepocTtaTouHoE NOTPEbAEHUE KUAKOCTU B TEUEHUE AHA ha  Het
10. MpeobnagaHue B paumoHe NUTaHUA 6ENKOB KUBOTHOTO MPOUCXOKAEHUA ba  Het
11. NoTpebneHue B paLMOHe NUTaHWA NPOAYKTOB, COAEPKALLMX B HO/bLIOM KONMYECTBE CO/b (CONEHbIE Cyxapu- ha  HeT
KW, 4Mncol U T.4.)
12. MosblWweHHOE NOTPebAEHME NOBAPEHHOM CONM ha  Het
13. Wcnonb3oBaHMeE NIeKapCTBEHHbIX NPENapaToB, COAEPKALLMX KalbLMi, BUTaMUH D, ackopbUHOBYIO KUCNOTY B ha  HeT

60/1bLUINX 033X, AHTUBMOTUKOB (AMOKCULMANMH, LeDTPMAKCOH U T.4.)

Ot 0 A0 3 6317108 — HU3KMIA pUCK* pa3BUTHA yponnTHasa
Ot 4 go 7 6ann0B — cpeaHuii puck® passuTus ypoautmasa
Ot 8 40 13 6317108 — BbICOKMIA pUCK* pa3BuTHA ypoauTHasa

Kputepuu oueHku:

*Ecam:

HU3KMIT PUCK Pa3BUTMA ypoauUTMasa — obcieaoBaHmne pebEHKa NPOBOAMTL COMNACHO KaeHAapio 0CMOTPOB

CPEAHWIt 1 BLICOKUI PUCKM PAa3BUTHA YPONMUTHA3]A — MPOBECTU N1aBOPATOPHO-UHCTPYMEHTa/IbHbIE UCCIEA0BAHNA

Table Algorithm for early diagnosis and risk prediction for pediatric UL considering risk factors including immunogenetic predisposition

STEP 1. Questionnaire for UL risk assessment based on medical history data

Answer the following questions:

Iltems 1 0
1. First-degree relatives (e.g., father and/or mother) with a history of UL Yes No
2. Congenital or acquired abnormalities of the urinary tract in a child Yes No
3. Exposure to environmental hazards Yes No
4. Are parents known to be consanguineous? Yes No
5. Parental bad habits (smoking, alcohol consumption) Yes No
6. Parents workplace environment (occupational exposure, sedentary lifestyle) Yes No
7. History of complicated pregnancy (e.g., preeclampsia) Yes No
8. History of antiviral and antibacterial use in pregnancy Yes No
9. Insufficient daily hydration Yes No
10. Excessive consumption of animal proteins Yes No
11. Excessive dietary sodium intake (e.g., salty crackers, chips, etc.) Yes No
12. Increased consumption of table salt Yes No
13. The use of medications containing calcium, vitamin D, large doses of ascorbic acid, and certain antibiotics Yes No

amoxicillin, ceftriaxone, etc.)

The UL score risk categories are calculated based on accumulated points: Scores ranging from 0 to 3, 4-7, and 8-13 represent a low, moderate, and high probability of UL,

respectively

*If: Low risk of developing UL — the child will be evaluated through scheduled follow-up appointments.
Moderate and high risks of developing UL — laboratory and imaging studies are recommended.

MHCTPYMEHTa/IbHble MPU3HaKM YpOaMTMa3a, MPOBOAMTCA MMMYHO-
reHeTMYeckoe uccnefosaHue. Mpy NPOBEAEHUM WMMYHOTEHeTUYe-
CKOTO TECTUPOBAHUA AETAM C BbICOKUM PUCKOM pa3suTua MKB 1 npu
Ha/MuMM noaMmopd13Ma reHoB NPOBOAATCA MEPONPUATUS MO Npes-
YNPEXKAEHWIO Pa3BUTUA YPOaUTMa3a. B Tex ciyuasx, Korga y AaHHOM
KaTeropuu NaumMeHTOB M3MEHEHWSt Ha FeHHOM YpOBHE He obHapy-
MBAIOTCA, AETU HAaXoAATCA NoA HabnogeHWem Bpaya B ambynatop-
HO-MONIMKAMHUYECKOM YUPEKAEHUM.

fever, poor appetite, nausea, and vomiting. Following a brief im-
provement, their condition worsened, leading to surgical inter-
ventions for UL.

We have developed an algorithm to identify and predict UL
in children at an early stage by considering various risk factors
and immunogenetic predisposition. This algorithm has been suc-
cessfully implemented at Family Polyclinics No. 3 and No. 12 in
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Komuceua no atuke CamapKaHACKOrO rocyiapCTBEHHOrO Meay-
LIMHCKOro yHMBEpCUTETa 0406puIa AaHHOE UccaeoBaHmMe (MPOTOKON
IRB Ne 2023-0001 ot 12 aBrycra 2023 roaa).

MonyyeHHble NpU UCCNeL0BaHUM AaHHbIE NOABEPrHYTbI CTaTH-
CTUYEeCKOM 06paboTKe Ha NEPCOHaNbHOM KOMMbIOTEPE C MOMOLLbHO
nporpammHoro naketa Microsoft Office Excel-2021, Bkntouas ucnonb-
30BaHMeE BCTPOEHHbIX GYHKLMI CTaTUCTUYECKOV 06paboTKK.

PE3Y/NIbTATbI

PeTpocnekTvBHbIA aHanu3 379 ambynaTopHbIX KapT AeTei c
YPONWUTMA30M NOKasas, YTo npu paboTe € CyLeCcTBYOWMM anropuT-
MOM BeZleHUA MALMEHTOB C YPOJMUTHA3OM BpayM CEeMeNHbIX Mosu-
KNWHWK npoBoaunu obcnefosaHue aeteld, KoTopble obpallanumch K
HWUM C *Kanobamu Ha 60nb B 06/1aCTH KMBOTA UM NOACHWLI, MIOXOM
anneTuT, NOBbILUEHWE TEMMNEPATYPbI TeNa, c1abocTb, TOWHOTY, PBOTY
W T.4. 3aTeM HanpasAsau UX Ha 1abopaTopHble U MHCTPYMeHTabHOe
(Y3M) nccneposanms. Mocne nposeaéHHoro obcneposaHna us 379
neteli Tonbko y 201 (53%) amarHoctmposaHa MKB ¢ nocneaytomm
HanpasneHNeM B CreLManu3vpoBaHHyO KAUHKKY. HeonpasaaHHas
anneHA3KTOMMA MO MECTY KUTebCTBa NpoBedeHa 98 (26%) nauueH-
Tam. Yepes onpeaenéHHoe BpemMs 3TW ATV BHOBb 0OpaLLiatoTcs B no-
JIMKAVHWUKY UK B CNIELMANN3UPOBAHHYHO KIMHUKY € 60/1bt0 B KUBOTE
1 Apyrumu kanobamu, rae nocne 6onee getanbHoro obcnenoBaHuA
um auarHoctmpyetca MKB. 80 (21%) naumeHTam ¢ kanobamu Ha 6o1m
B KMBOTE, NOBbILLEHNE TeMMNepaTypbl TeNa, NN0XOW anneTuT, TOLHOTY
1 pPBOTY NPOBEAEH Kypc aHTMBMOTMKO- U BUTaMuHoTepanuu. Mocne
He3HAYUTENbHOTO Y/IYYLLEHUs, COCTOAHWE AeTell BHOBb YXYALAETCA, U
poauTenu obpaLlatoTcs B CTaLMOHaPp, rae AeTAM NPOBOAAT onepaTus-
Hble BMeLlaTenbcTsa no nosogy MKB.

Pa3paboTaHHbI HAMM aNTOPUTM PaHHEW AWMArHOCTUKM U Npo-
rHo3upoBaHua MKB y geteit ¢ y4éTom $HaKTOpoB PUCKa U UMMYHOre-
HeTUYECKOW MpespacnoNoXeHHOCTU Bbln BHEAPEH B NMpaKTMYecKoe
3[1paBOOXpaHeHMe: cemeiHble noamkavHukM Ne 3 u Ne 12 ropopa
CamapkaHga. CemelHble BpauM 3TUX MOJMKAMHUK NPOLUAN KPaTKO-
cpoyHoe obyyeHne no paboTe ¢ AaHHbIM aArOPUTMOM, NOC/E Yero,
B TEYEHWE OAHOTO roAa NPOBOAWIOCH AaKTUBHOE BbisiB/IEHUE fAeTei U
COOTHECeHMe WX K rpynnam pucka no yponuTuasy ¢ AanbHelillei nep-
COHMOULMPOBAHHOW MapLipyTu3aumei. AHanu3 pesynbTaToB BHe-
[PeHVs anropuTMa nokasan, uto u3 1275 geteit, 06cneaoBaHHbIX B
CeMeWHbIX NONUKNMHUKaX 587 (46%) Bblin COOTHECEHDI K rpynne Bbl-
COKOro pucka, 357 (28%) — K rpynne cpeaHero pucka u 331 (26%) — k
rpynne HU3KOro puUcka.

Cpeam 587 naumeHToB € BbICOKMM PUCKOM Pa3BUTUA YpOIUTMA3a
y 179 (31%) feTeit 6biu BbIABAEHbI KAMHWUYECKME NPOABAEHMA 3a60-
nesaHua n y 315 (54%) naumeHTOB NpW NPOBEAEHWUM NaboPaTOPHBbIX
uccnenosaHnit n Y3 BbiABAEHbI U3MEHEHUA CO CTOPOHbI aHANWU30B
M KOHKpEMeHTbI B MOYKax U MoueBbIx NyTAX. B cooTBeTcTBum ¢ aeit-
CTBMEM 2 a/ITOPUTMA AEeTU BblIM HanpaseHbl K AETCKOMY yposiory B
CneLyanu3MpoBaHHy KIMHUKY. 75 (15%) naLmeHTam c BbICOKMM pu-
CKOM Pa3BUTUA ypoauTMa3a, Ho 6e3 0cobbix U3MEHEHUIA B KNIMHWYe-
CKUX 1 N1abopaTOPHO-MHCTPYMEHTA/IbHBIX MCCIEL0BAHUAX NMPOBELEHO
MMMYHOTeHETUYECKOE UCCNIeA0BaHME ANA BbIABAEHUA NOAMMOPOHDBIX
reHoB. Pe3ynbTaT MccnefoBaHUA NOKa3an, YTo y Bcex 06cnea0BaHHbIX
BblAiB/IEH NoMMopdu3m reHos VDR 1 MHTepnelkMHa-1p, KoTopble AB-
NAOTCA MapKEépamu pa3BUTUSA YPONUTMA3a Y AeTeit y3beKcKoi nony-
nAauym. [letam faHHow rpynnbl v UX POAUTENAM NPOBEAEHO KOHCY/b-
TUPOBAHWE 1 0by4YeHMe Mo NPeAYNPEXAEHMIO Pa3BUTUA YPOIUTHA3A.

[eTn co cpeaHUm puckom passntua MKB, Habpaslwue oT 4 1o
7 6annos (n=357), NpoLwn KIMHKUYecKoe 0bcneaoBaHue, v anwb 173
(48%) 6onbHbIX 6bLIM HaNpPaBAEHbI K AETCKOMY YPO/IOTy B CreLyanu-
3UPOBaHHY KNMHWKY. Y 67 (19%) neteit yponutnas npotekan 6es

Samarkand, Uzbekistan. The family physicians at these clinics par-
ticipated in a brief training program to learn how to implement
this algorithm in their practice effectively. Over a year, children
were actively identified and categorized into risk groups for UL,
and further personalized treatment plans were developed. An
analysis of the results of implementing the algorithm showed
that out of 1275 children examined in family clinics, 587 (46%)
were assigned to the high-risk group, 357 (28%) to the moder-
ate-risk group, and 331 (26%) to the low-risk group.

A study involving 587 patients at high risk of UL found that
179 (31%) children were symptomatic. In contrast, 315 (54%) pa-
tients showed changes in laboratory tests and ultrasound scans
indicating kidney and urinary tract stones. In accordance with
the algorithm step 2, these children were referred to a special-
ized pediatric urologist. Additionally, 75 (15%) high-risk patients
without significant clinical manifestation or laboratory findings
underwent an immunogenetic study. The study revealed poly-
morphisms in VDR and interleukin-1B genes. The study revealed
polymorphisms in VDR and interleukin-1B genes indicative of UL
development in Uzbek children. The children and their parents
were given counseling and training to help them prevent UL.

Of the 357 children with a moderate risk of developing UL
(score 4-7 points) who underwent a clinical examination, only 173
(48%) were referred to a pediatric urologist at a specialized clinic.
Asymptomatic UL was observed in 67 children (19%), but changes
in laboratory tests and ultrasound led to their referral to a spe-
cialized clinic. Of the 117 (67%) children without clinical man-
ifestations and laboratory and ultrasonography changes, gene
polymorphism was identified in only 63 (54%) patients. Family
doctors and nurses provided counseling to parents and children
to prevent UL according to the algorithm. An immunogenetic
study of 54 (46%) children showed the absence of polymorphic
genes. Parents and patients in this category and children with
a low risk of developing UL (n=331) received recommendations
on a healthy lifestyle. Subsequently, they were scheduled for fol-
low-up appointments in an outpatient setting.

A comparison of the effectiveness of the algorithms re-
vealed that the current algorithm fails to categorize patients into
specific risk groups accurately. Consequently, 47% (n=178) of chil-
dren who should have been classified as high or moderate risk
were unnecessarily subjected to surgical and drug treatments. As
a result, they made repeated visits to various healthcare provid-
ers and were hospitalized with a diagnosis of UL.

The study demonstrated several advantages of the opti-
mized algorithm for managing UL in children. Its use in outpatient
clinics enables early prediction and diagnosis of the disease at a
preclinical stage in children, considering risk factors, clinical pre-
sentation and anatomic-functional derangements, and immuno-
genetic predisposition. One notable feature of this algorithm is
assigning patients to risk groups (high, moderate, and low) and
the necessity of determining genetic predisposition in children
at a high and moderate risk of developing UL. These peculiarities
ensure the disease is not overlooked without clinical and labora-
tory data.

DiscusSION

Analysis of literary sources indicates a progressive course of
UL in childhood, with rapid development of complications. This
pattern is evident in early childhood and is determined by the de-

457



Yusupov ShA et al Urolithiasis in children

AVICENNA BULLETIN
Vol 26 * No 3 » 2024

KNMHUYECKMX OCOBEHHOCTEN, HO BbIABNEHbI U3MEHEHUs B nabopa-
TOPHbIX UCCAEA0BAHNUAX M Y3, U4TO MOCAYKUNO KPpUTEPUEM A/1A Ha-
NpaBAEeHMA UX B CNELMANN3UPOBAHHYIO KAMHUKY. U3 117 (67%) aeTeii
6e3 M3MEHEHMI B KAMHUYECKUX, NaboPaTOPHO-MHCTPYMEHTAbHbIX
UCCNeA0BAHMAX TONbKO Y 63 (54%) BbiABNEHbI NOAMMOPOHbIE TeHbI.
COOTBETCTBEHHO aropUTMY, CEMEVHbIE BPauM 1 MeLCcECTPbl NpoBenw
oby4yeHue poauTeneit u ux AeTen, HanpaBNeHHOe Ha Npeaynpexae-
HWEe pPa3BUTMA yponWTMasza. PesynsTaT NPoBEAEHHOMO MMMYHOMEHe-
TUYECKOTO MccnepoBaHus 54 (46%) aeteit nokasan oTCyTCTBUE NOU-
MOPOHbIX reHoB. Pogutenu u naumeHTbl 4aHHON KaTeropun, a TaKke
[LeTU C HU3KMM PUCKOM Pa3BuUTUA ypoiuTMasa (n=331) nonyunnm pe-
KOMeHAaLMmM no 340p0BOMY 06pa3y KM3HM U B Aa/IbHeLLeM NPoXo-
Annmn obcnefoBaHUsA B COOTBETCTBMM C KaNeHAAPEM HabtoaeHN.

CpaBHeHMe 3pdEeKTUBHOCTM aIrOPUTMOB MOKa3ao, YTo Npu Be-
[EHUM NaLMEeHTOB NO CYLLECTBYIOLLEMY aNrOpPUTMY HEBO3MOXKHO CO-
OTHECTU UX K TOW UK rpynne pucka. B pesynbtate 47% (n=178) petei,
KOTOpble LO/MKHbI OblAM MOMACTb B BbICOKYIO MAWU CPEAHIO0 Tpynny
pU1CKa, NoABeprIMcb HEOHOCHOBAaHHOMY  OMEPATUBHOMY WM MeAMKa-
MEHTO3HOMY /IeYeHNt0. BnocneacTBMM OHM NOBTOPHO 06paLLannch B
MEAMLMHCKOE YYpeXaeHUe 1 Oblan rocnuTaM3MpoBaHbl yiKe ¢ Ana-
rHO30M YPO/UTHA3.

MpoBeaEéHHOE WCCNeoBaHWE MOKas3ano psag, NPeUMyLLEecTB
ONTUMM3MPOBAHHOIO aNTOPUTMa BEAEHWA YPOaUTUA3a Y AeTel. Uc-
Nno/sb30BaHWe ero B aMBynaTOPHO-NONMKIMHUYECKUX YUPEKAEHUAX
no3BO/sAET NPOrHO3MpPOBaTb M AMArHOCTMPOBaTb 3aboneBaHWe Ha
PaHHEeN LOKAMHWUYECKOW CTaAMM Y AeTel C y4ETOM $aKTOPOB PUCKa,
KNMHMKO-PYHKLMOHAIbHBIX OCOBEHHOCTEN, A TaKKe UMMYHOTEHETH-
YecKo npeapacnonoKeHHocTn. OCobeHHOCTbIO AaHHOTO anropuTMa
AB/IAETCA COOTHECEHME MALMEHTOB K rpynnam PUcKa (BbICOKMIA, cpea-
HUWI ¥ HU3KWI) U HEOBXOAMMOCTb ONpPeseNeHns TeHETUYECKON Npes-
PaCMoONONKEHHOCTU Y AETEl C BbICOKUM U CPEAHUM PUCKOM Pa3BUTUSA
YPONNTMA3], YTO AAET BO3MOXKHOCTb He MPONYCTUTb 3aboneBaHue B
C/ly4ae OTCYTCTBMA KAMHUKO-N1abopPaTOPHbIX AaHHbIX.

OBCYXAEHUE

AHanu3 MTepPaTypHbIX UCTOYHUKOB CBUAETENbCTBYET O MPO-
rpeccupyoLLemM Te4eHUM ypouTMasa B AETCKOM BO3pacTe ¢ ObICTPbIM
pa3BUTMEM OC/NOXKHEHUI. Takad 3aKOHOMEPHOCTb 0COBEHHO YETKO
«MPOCNEXKMBAETCA B PaHHEM AETCKOM BO3pacTe v obycnasnvBaetca
0COBEHHOCTAMM Pa3BUTUA PacTyLLero opraHusma» [6-8]. Hecmotps
Ha Hannune cTaHAapToB BeAeHws adeTeit ¢ MKB B Halem pervoHe,
[10 BbIMO/MHEHWA HACTOALLETO MUCCEA0BaHUA, UX pa3paboTka NpoBo-
ZMnacb B OCHOBHOM 1A CTaLMOHapOB. B cBA3M € 3TMM, MaBHOM Le-
Nbl0 3TOMO WUCCNEe0BAaHMA ABUAOCH ONTUMM3NPOBATb aNTOPUTM PaH-
Hel AUarHOCTVKM Y NPOrHO3MPOBAHUA YPONNTMA3a Y AeTel C Y4ETOM
(baKTOPOB PUCKA, PAHHUX KIMHUKO-OYHKLMOHaNbHBIX 0CObEHHOCTEN
HapyLIEHWI MOYEBbILENIUTENbHOW CUCTEMDI, @ TaKXKe MMMYHHO-FeHe-
TUYECKOW NPeapacnoNoKeHHOCTU B aMByN1aTOPHO-MONNKIMHUYECKUX
YCNOBUAX.

Bo MHOrux nccnefoBaHuAX, B YacTHOCTM B paboTte ImaHyens BJ1
c coaBT. (2014), obcyxaatoTca BONPOChI BbIABAEHUA HAKTOPOB pPUCKa
pa3BUTMA yponuTuasa y geteid. COrnacHo Ux UCCIeA0BAaHUAM KMYCKO-
BbIM MeXaHu3MoMm B pa3suTun MKE y aeTeit aBnatoTca BO3aencTauA
9K30MeHHbIX M 3HAOTeHHbIX GaKTOpPoB pucka. K 3K30reHHbIM dak-
TOpam OTHOCATCA BO34eWCTBME HebnaronpuATHbIX GaKTOPOB OKpY-
alolen cpesbl — OT 3arpA3HEeHUA BOAbl U BO34yXa TOKCUMYECKUMM
BeLLEeCTBaMM 10 BO3ZEMCTBUA KapKOro KAMMaTa, CrnocobCcTBytoLero
HapyLEeHWUAM noyeyHon GyHKLMKU. OLHUM U3 HEMaNoBaXKHbIX aKTo-
POB PUCKa, NPUBOJALLMX K PA3BUTUIO YPONUTMA3a, ABNAETCA HepaLy-
OHa/NbHOE BbICOKOKANOPUItHOE NUTaHKe, Boratoe Heskamm 1 conamu,
M30ObITOYHbIA NPUEM HEKOTOPbIX JIEKAPCTBEHHbIX Npenapatos» [6].
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velopmental characteristics of a growing organism [6-8]. Before
this study, management standards for children with UL were pri-
marily developed for hospitals. The main goal of this study was to
improve the algorithm for early diagnosis and prediction of UL in
children. The achieving of this goal involved taking into account
risk factors, early clinical and functional features of urinary sys-
tem disorders, and immunogenetic predisposition in outpatient
settings.

Numerous research studies, including the work of Emanuel
et al (2014), focus on identifying the various risk factors associ-
ated with the development of UL in children. According to their
research, both host and environmental risk factors play a role in
developing UL in children. Environmental factors encompass ex-
posure to adverse environmental conditions, such as water and
air pollution containing toxic substances, and exposure to a hot
climate, which can impact renal function. Additionally, an exces-
sive intake of certain medications and an irrational high-calorie
diet rich in proteins and salts are important risk factors leading
to the development of UL [6]. Genetic predisposition dramatically
influences the development of UL in most children. Anatomical
abnormalities of the urinary tract are also a risk factor in develop-
ing UL [9-12]. Understanding the factors contributing to the de-
velopment of UL in children is essential for predicting the disease.

In recent years, multiple studies have shown the advantages
of predicting UL by identifying immunogenetic markers through
DNA analysis in children from different populations. These stud-
ies have shown that the immunogenetic approach enables early
identification of predisposition to the disease, as an individual's
genotype remains unchanged throughout their lifetime [1].

The optimized algorithm for predicting and diagnosing UL
has several advantages. It is organized systematically and clearly
outlines the routing of patients based on their risk level. Unlike
current algorithms, it includes patient distribution according to
risk levels. As a result, the developed algorithm enables the pre-
diction and early identification of UL predisposition in children in
outpatient settings. This improvement helps reduce the incidence
of UL and the development of complications and relapses.

CONCLUSION

The current algorithm outpatient clinic doctors use for
managing children with UL does not allow for patient risk strati-
fication, early diagnosis, or appropriate therapeutic intervention.
This deficiency leads to unwarranted surgical and medical treat-
ments for the patients. Our improved algorithm aims to identify
UL in children at the preclinical stage and categorize them into
low, moderate, or high-risk groups for appropriate management.
This approach will help in predicting and diagnosing UL early, pre-
venting its development and associated complications, and re-
ducing disability and mortality among affected children. By effec-
tively identifying predisposition to UL, reducing risk factors, and
implementing preventative measures, we can significantly reduce
the financial burden of treating the disease.
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BonbLoe BaMAHME Ha pa3suTue MKB y nogasnstolLero 60/blUMHCTBA
JeTeil UMeeT reHeTUYecKan NpeapacnonoXKeHHOCTb. AHaTOMUYeckre
QHOMaNMM MOYEBbIX MyTel TaKKe ABNAIOTCA GaKTOPOM pPUCKa B Pa3Bu-
M yponutmasa [9-12]. 3HaHWe NPUUNHHBIX GAKTOPOB Pa3BUTMA YpPO-
NUTUa3a y AeTel UrpaeT HEMaNOBaXKHYI PO/ib B MPOrHO3MPOBaHUM
3aboneBaHus.

3a nocnepHee AecATUETUE BO MHOMUX OMNy6/MKOBAHHbIX pa-
6oTax OblAM MOKa3aHbl NPEUMyLLECTBa MPOrHO3MPOBAHUA BO3HUK-
HOBEHWA YPOAUTMA3a METOLOM BbIABAEHUA MMMYHOTEHETUYECKMX
MapKEpoB Ha ocHoBe aHanm3a [HK y geteii pasniMyHbIX NONyasUmi.
MccnenoBaHWA NoKasanu, Y4To «MMMYHOreHeTM4eckuii cnocob npo-
rHO3MPOBAHWA YPO/INTMA3a 3aK/IOYAETCA B TOM, YTO OH NO3BO/AET
BbIABNATL MPEAPACNONOKEHHOCTb K 3ab0N€BaHUIO MPAKTUYECKU C
POXAEHWA YENOBEKA, TaK KaK reHOTUN onpeAenéHHOro MHAMBMAYYMA
0CTaéTcA HEM3MEHHBIM B TEYEHME BCEN KM3HUY» [1].

ONTUMU3UPOBAHHBIN e HaMW anropUTM MPOrHO3UPOBaHUA U
paHHeN AMarHOCTUKM YpoNuTMasa UMeeT CBOM MPEUMYyLLECTBa, KOTo-
pble 3aK/t0YaOTCA B TOM, YTO AEWCTBUA B HEM CUCTEMATU3NPOBAHDI,
M YETKO NpeAcTaBieHa MapLIpyTM3aumua NauueHToB B 3aBUCMMOCTU
OT rpynnbl pUcKa. B cyLLecTBYIOLWMX e anropuTmax oTCyTCTBYeT pac-
npegeneHne NaumeHToB No ypoBHAM pucka. CnegosatenbHO, NPOrHo-
3UpoBaHME U paHHee 3QPEKTUBHOE BbIABAEHWE NPEAPACTONOKEH-
HOCTU K YPOAUTUA3y cpeau AeTeit B ambynaTopHO-NMOAMKANHUYECKHX
YCNI0BUAX MO Pa3paboTaHHOMY asiropuTMmy CroCOBCTBYET CHUNKEHUIO
3abonesaemoctv MKB, a TakKe pa3BUTUSA Pa3INMYHbIX OCJIOKHEHWUI U
peLmnanBUMPOBaHNA.

3AKNIOYEHMUE

Mcnonb3yemblt  Bpayamn  ambynaToOPHO-NOAMKAMHUYECKO
CNyx6bl aNrOPUTM BeAEHUA AeTel ¢ yponuTMasom npesycmatpusaet
BefieHWe AeTei, 06PaTUBLLMXCA YKe C UMEIOLMMUCA Kanobamu, 1 He
[13ET BO3MOMKHOCTM pacrpefeneHus nalmMeHToB No YPOBHAM PUCKa,
a 3HAYWUT M paHHel AMarHocTWKe 3aboneBaHusA. Bcnepctsue aToro
MaLMeHTbl MOABEPraloTcA HelenecoobpasHbiM BMELLATENbCTBAM,
KaK OMnepaTuBHbIM, TaK U MeAMKaMEHTO3HbIM. ONTUMU3MPOBAHHbI
HaMW anropuTM paHHew AMarHOCTUKM U NPOTrHO3MPOBaHWA Pa3BUTUA
YpOnUTUa3a y AeTel npeAnonaraeT BbiABieHWe 3a601eBaHMA elwé Ha
JOKIMHUYECKON CTafuu € NocneaytoLlein mapLlpyTusaumen naumeH-
TOB B 3aBWCMMOCTM OT rpynMbl PUCKa (HU3Kas, CPELHAN WU BbICOKas).
MpoBesEHHbIE MePONPUATUA B COOTBETCTBUM C AeCTBUAMM AAHHOTO
anropuTMa CnocobCTBYOT NPOTrHO3MPOBAHMIO U BbisBieHUO MKB Ha
[OKIMHUYECKOM CTaguK, TeM CaMblM, NO3BONAIOT NpeaynpeanTs eé
pasBUTME, Pa3/IMyHble COMYTCTBYIOLLME OCNOXHEHUA, PeLuanBupo-
BaHWe, U, KaK CNesCTBUE, NPUBEAYT K CHUNKEHUIO MHBANUAU3ALMN U
CMEepTHOCTU cpeau AeTell AaHHOM KaTeropun. CHUxeHue 3abonesa-
emoctn MKbB 3a c4ét paHHero adpdeKTMBHOMO BbIABAEHWUA Npeapac-
NONOMKEHHOCTU K HEl U YMeHbLUEHWS BO3AEWUCTBUA OnpeaenéHHbIX
NMPUYMHHBIX AKTOPOB PUCKA, a Takke nposeaeHne 3dPeKTUBHOW
npodUAaKTUKN U MeTaduNaKTUKM ByayT cnocobCTBOBATb 3HAUNTENb-
HOMY COKpaLLLeHMI0 GMHAHCOBbIX 3aTPAT Ha OPraHKU3aLMIo 1 NpoBese-
HWe neyebHbIX MeponpUATUIA NpK Pa3BUTUM 3aboNeBaHNA.
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ACTPOLMTAPHASI TAMAPTOMA CETYATKIL:
OCOBEHHOCTU KAMHNYECKOUN KAPTIHBI

A.A. IPOBOM, B.. MUPOIITHMKOB, E.O. MAZAAKIIIMTHOBA, A.I1. BOAOAVIH, B.A. IPOBASI

HarmonaapHbI MeAUIIMHCKAIN 1CCAeA0BaTeAbCKII IIeHTP «MeKoTpacaeBoll HayJHO-TeXHIIeCKIII KoMILaeke « Mukpoxupyprus raasa» um. akag. C.H. ®éao-
posa», Mocksa, Poccutickas Peaeparius

Llenb: Ha OCHOBaHWUM NOYYEHHOTO OMbITa NPEACTaBUTb KAMHWUYECKYHO KapTUHY aCTPOLIMTapHOM ramapTombl ceT4aTku (ArC).

Matepuan u metoabl: NPOBELEH aHAN3 MeAULMHCKOM AOKYMEHTaLMKN U pe3ynbTaToB obcnesosaHua 10 naumeHToB, KOTOpbIM B ycAoBUAX Hauwmo-
Ha/IbHOTO MEAMLMHCKOTO UCCNef0BaTeNbCKOrO LieHTPa «MeXoTpacieBoW Hay4YHO-TEXHUYECKMIA KomnieKke « MUKpoxupyprua rmasa» um. akag,. C.H.
dénoposar 3a nepmog c 2013 no 2023 rog 6611 noctasneH anarHo3s ArC. CpeaHuii Bo3pacT nauueHToB coctaBun 16 et (ot 1 mec. 4o 32 ieT). MyuunH
6b110 6, KeHWMH — 1, feTeil — 3 (0AMH ManbuvK 1 2 feBoYkK). MaupeHTam 6bi10 NPOBEAEHO NONHOE OPTaNbMONOTMYECKOe 0bCNe0BaHNE: BUSOME-
TpWA, TOHOMETPUA, NepUMeTpus, BUOMUKpOCKoNUs, 0dTaIbMOCKONUS, YNbTPA3BYKOBOE UccnefoBaHue (Y3U) B pexkume B-ckaHWpoBaHMA ¢ onpege-
NIeHUEM JI0KaNIN3aLMmn U pa3mepoB 04ara, a TaKKe Ha/MuuA BTOPUYHOW OTC/IOMKM CETYATKM, ONTUYECKasA KorepeHTHas Tomorpadusa (OKT).
Pe3ynbratbl: cpesHsas ocTpoTa 3peHus (O3) nauneHToB Ha MOMeHT obpalleHus coctasuna 0,7 (ot 0,16 go 1,0). O3 y aeTeit maasLwero Bo3pacTa onpe-
fenanacb CybbeKTUBHO MO CNEKEHMIO 33 ABVKYLLMMUCA NPeAMETaMu. Bee 1eTU eMOHCTPMPOBaANU GUKCALMIO U aKTUBHOE CIEKEHUE 33 NPELMETOM.
BonblumHcTBY naumeHToB (n=8; 80%) auarHo3 AIC 6bln NOCTaBAEH HAa OCHOBAHWU KAMHUYECKON (0dTaibMOCKOMMYECKOMN) KapTUHbI [1a3HOTO AHa,
ZAaHHbIX Y3 1 OKT. CpegHsas Bbicota AIC coctasuna 1,7 mm (o1 1,0 go 3,2 Mm), cpesHAs NpoTAXEHHOCTb — 4,2 mm (0T 0,4 £0 7,6 Mm). Bo Bcex cnyyanx
no pesynsTatam B-ckaHMpoBaHMA 06pa3oBaHNe UMENo BbICOKYIO rMnepaxoreHHocTb. Mo pesynbratam OKT y 4 nauMeHToB MMeNUCh 0bLLMe AnA HUX
NPU3HAKK — YTONLLEHWE HEMPOSNUTENNA C HAIMYMEM ONMTUYECKM MYCTbIX NPOCTPAHCTB, MMEIOLLMX J0bYaTbIf BUA, (MO TUMY «U3bEAEHHBIX MONbIOY),
Y OCTa/ibHbIX MaLMeHTOB HabN0AaN0Ch TOMOreHHOE runeppedIeKTUBHOE YTONLLEHWE HEMPO3NUTEeMs B 30He oyara. Y AByx nauueHTos (20%) umen
MECTO KUCTO3HbI MaKyNAPHbIA OTEK B pOBea 1 BTOPMYHAA NAOCKaA OTCNOMKA HEMPOINUTENNA, PAaCNPOCTPAHAIOLLECA OT raMapToMbl K poBea.
3aknioueHue: auddepeHumanbHas amarHoctuka AIC umeet 60/bLLOE 3HAYEHME, MOCKO/IbKY OHA MOMET ObITb OLIMBOYHO AMAarHOCTMPOBAHA KaK peTu-
Hobnactoma (PB) v, cnepoBaTenbHo, NoABepraTbc HEO60CHOBAHHOMY M arpecCMBHOMY JIEYEHUIO.

KntoueBble cnosa: acmpoyumapHas 2amapmoma, dudgepeHyuansHas OUaz2HOCMUKA, KAUuHU4YecKue ocobeHHocmu, yabmpassykosoe ucciedosa-
Hue, omuy4ecKas Ko2epeHmHas momoapagus.

Ana umtupoBanua: fiposoit AA, MupowwHukos BM, ManakwuHosa EO, BonoguH AN, Aposas BA. AcTpoumnTapHas ramapToma CeT4aTkun: 0COBEeHHOCTU Ku-
HUYECKOM KapTUHbI. BecmHuk AsuyeHHbl. 2024;26(3):461-8. https://doi.org/10.25005/2074-0581-2024-26-3-461-468

RETINAL ASTROCYTIC HAMARTOMA: CLINICAL FEATURES

A.A. YAROVOY, V.I. MIROSHNIKOV, E.O. MALAKSHINOVA, D.P. VOLODIN, V.A. YAROVAYA

S. Fyodorov Eye Microsurgery Federal State Institution, Moscow, Russian Federation

Objective: To present the clinical features of retinal astrocytic hamartoma (RAH) based on the acquired experience.

Methods: Medical records were analyzed on 10 patients diagnosed with RAH at the S. Fyodorov Eye Microsurgery Federal State Institution, Moscow,
Russia, between 2013 and 2023. The average age of the patients was 16 years (range, 1 month — 32 years). Among these patients were 6 men, 1 woman,
and 3 children (1 boy and 2 girls). The patients underwent a comprehensive ophthalmological examination, including visometry, tonometry, perimetry,
biomicroscopy, ophthalmoscopy, and B-scan ultrasonography to determine the location and size of the lesion, as well as optical coherence tomography
(OCT) for secondary retinal detachment.

Results: The average visual acuity (VA) of patients at the time of diagnosis was 0.7 (range, 0.16-1.0). VA in young children was assessed by tracking
moving objects. All children were able to fixate and actively track the object. Most patients (n=8; 80%) were diagnosed with RAH based on the clinical
(ophthalmoscopic) picture of the fundus, ultrasound, and OCT data. The average height of the RAH was 1.7 mm (range, 1.0 to 3.2 mm), and the average
length was 4.2 mm (range, 0.4 to 7.6 mm). In all cases, the B-scan results showed lesions with hyperechogenicity of high amplitude. 4 patients displayed
common signs — thickening of the neuroepithelium with optically empty spaces with a lobulated, "moth-eaten" appearance on the OCT. In contrast, the
remaining patients had a homogeneous hyper-reflective thickening of the neuroepithelium in the lesion area. Two patients (20%) had cystoid macular
edema in the fovea and secondary flat detachment of the neuroepithelium extending from the hamartoma to the fovea.

Conclusion: Differential diagnosis of RAH and retinoblastoma (RB) is crucial because, if misdiagnosed, it leads to unnecessary and aggressive treatment.
Keywords: Astrocytic hamartoma, differential diagnosis, clinical features, ultrasound, optical coherence tomography.
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BBEAEHMUE

ATC— 370 peaKas obpoKayecTBeHHas IIManbHas Onyxob, Npo-
UCXOAALLAA U3 aCTPOLMTOB CNOSA HEPBHbIX BOMIOKOH [1, 2]. 310 nopa-
YKEHME MOXKET bbITb M301MPOBAHHBIM 6€3 CUCTEMHOTO BOBNEYEHUS,
a TaKKe MOMET BO3HMKATb KaK OAHO M3 MPOSBAEHWUI Tybepo3HOro
CKneposa [3].

ATC MOXXeT UMETb Pa3/IMYHYIO I0KANN3ALLMIO: KaK LIeHTPasIbHYIo,
TaK U nepudepuyeckyto, 0a4HaKo Hambosee YacTo NOPAXKaloTCA LieH-
TpanbHble 0TAeNbl IasHoro AHa. OdpTanbmockonmyeckn AIC 06bI4HO
npeacTaBnseT coboii xentosatoe unn benecoBatoe obpasoBaHue K
MOMKET ObITb KaK KaNbGUUMLMPOBAHHLIM, TaK M HeKalbLubUumMpo-
BaHHbIM [1, 2]. MofobHas 0pTaNbMOCKONMYECKAA KapTUHA CAYKUT
npuunHov anddepeHLManbHO ANAarHOCTUHECKMX TPYAHOCTEN, B OCO-
6eHHOCTY ¢ PB — 3/10Ka4eCcTBEHHO OMNyX0/bto ceTYaTKM [4, 5], 4TO MO-
KET NPUBOANTL HE TObKO K HEMNPaBW/IbHOW NOCTAaHOBKe AMarHo3a, Ho
W K HasHauyeHuto 6osiee arpeccMBHOrO neveHuns y nauueHTos ¢ AlC.

HecmoTtpsa Ha ToT ¢aKT, uto ATC MMmeeT [0OPOKAYECTBEHHYIO
NpMpoAy W NPOTEKaeT, Kak Npasuio, 6ecCMMNTOMHO, NPU NoKanu-
3aUMM B MaKy/NAPHON 30HE M Y AMCKa 3puTenbHOro Hepea (43H) oHa
MOXKET MPUBOAUTb K CHUXKeHUI0 O3 Npu pasBUTUM BTOPUYHDBIX NPKU3HA-
KOB aKTUBHOCTW: MaKyNfpHOTO OTEKa, JIOKaNbHOM TPaHCCyAaTUBHOWM
OTC/IOMKM CeTYaTkM, 3NUpeTUHanbHoro ¢Gubposa, XopuouaanbHow
HEO0BaCKyNApM3aLMn v B bonee pesikux caydanx —4acTUYHOro remod-
Tanbma [6]. TpyAHOCTb BEAEHMA TaKUX NaLMeHToB obyciosneHa ano-
depeHLManbHON ANAarHOCTUKOM, OTCYTCTBMEM YETKMX PEKOMEHAALMI
N Pa3po3HEHHbIMW AaHHbIMK B MTepaType no nedveHuto AIC ¢ npu-
3HaKamu akTMBHOCTM [7].

LLENb UCCNEAOBAHMUA

Ha ocHOBaHWM NONYYEHHOTO OMbITA MPELACTaBUTb KIMHUYECKYIO
KapTuHy AlC.

MATEPUAN U METOADbI

MpoBeAEH aHaN3 MeAULMHCKOM LOKYMEHTALLMK U PE3YNLTAaTOB
obcnenosaHua 10 NaUMEHTOB, KOTOPbIM B YCN0BMAX HaumoHanbHOro
MEAMLMHCKOTO UCCAEA0BATENBCKONO LIEHTPA «MeXKoTpacneBol Hayy-
HO-TEXHUYECKMI KomnneKke « MUKpOXMpyprua rasa» um. akag,. C.H.
dénoposa» 3a nepuog ¢ 2013 no 2023 rog 6bin NOCTaBNAEH ANArHO3
AIC. CpeZiHni1 Bo3pacT naumeHToB coctasun 16 net (ot 1 mec. go 32
net). My)uuH 6bi10 6, KeHwuH — 1, aeter — 3 (0AMH ManbyvK 1 2
[eB0oYKM). MaumeHTam bbino NpoBeaeHO MoaHoe odTanbmonornye-
CKoe 0bcnefoBaHMe: BU3OMETPUA, TOHOMETPUSA, NepUMeTpus, buro-
MUKpOCKonus, opTanbmockonua, Y3U B pexkmme B-cKaHMpoBaHWSA C
onpeseneHnem 0KaNn3aLMmn M pasMepoB oyara, a TakkKe Hamuus
BTOPWUYHOM OTCNOMKM ceTyaTkK, OKT.

PE3YNbTATbI

Y 6onblunHCTBa NauueHToB (n=8; 80%) AIC umena beccvm-
NTOMHbIN XapaKTep U He Bbi3blBasia anob Ha cHukeHue 03; y AByX
naumeHToB (20%) umenucb ¥anobbl Ha cHukernne 03 (0,6 1 0,16 ¢
KOppEKLMeN, COOTBETCTBEHHO) M B 060MX cydyanx bbiin obyciosne-
Hbl HaJIMYMEM MAKYNAPHOTO OTEKA U BTOPUYHOW OTC/IOWKM CETYATKM.
CpepHas O3 nauMeHToB Ha MOMEHT obpatleHus coctasuna 0,7 (oT
0,16 no 1,0). O3 y geTteit mnaglwero Bo3pacTa onpeaenanach cyob-
EKTMBHO MO CAEXKEHUIO 33 ABMNKYLMMUCA npeameTamu. Bce getu
LEMOHCTPUPOBANM GUKCALMIO U aKTUBHOE C/IEXKEHWE 33 NPEAMETOM.

BonbluMHCTBY NaumeHToB (n=8; 80%) anarHo3 ArC 6bin nocTtas-
JIeH Ha OCHOBAHWMM KAMHWUYECKON (0TalbMOCKOMMYECKOI) KapTUHbI
IN1a3HOro AHa, AaHHbIX Y3U 1 OKT. TUNWYHbIM 0$TaIbMOCKONUYECKUM
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INTRODUCTION

RAH is a rare benign glial tumor composed of glial cells lo-
cated in the nerve fiber layer of the retina [1, 2]. It is often ob-
served in patients with phakomatoses such as tuberous sclerosis
complex or neurofibromatosis and rarely as a solitary retinal mass
[3].

RAH can be found in different central and peripheral areas,
but it most commonly affects the central parts of the fundus.
Ophthalmoscopically, RAH typically appears as a yellowish or
whitish growth and can be calcified or non-calcified [1, 2]. This
makes it challenging to differentially diagnose, especially with RB,
a malignant tumor of the retina [4, 5]. Misdiagnosis can lead to
incorrect and more aggressive treatments for patients with RAH.

Although RAH is usually of little clinical significance and as-
ymptomatic. However, when located in the macular zone and at
the optic nerve head (ONH), it can cause a decrease in VA due to
the development of secondary signs of activity, including macular
edema, local transudative retinal detachment, epiretinal mem-
brane, choroidal neovascularization, and, in rarer cases, partial
hemophthalmos (intraocular hemorrhage) [6]. Managing such
patients is difficult due to the need for differential diagnosis, the
lack of clear treatment guidelines, and scattered literature data
on treating active lesions of RAH [7].

PURPOSE OF THE STUDY

To present the clinical presentation of rah based on the ac-
quired experience.

METHODS

An analysis was conducted on the medical records of 10 pa-
tients diagnosed with RAH at the S. Fyodorov Eye Microsurgery
Federal State Institution in Moscow, Russia, from 2013 to 2023.
The patients had an average age of 16 (range, 1 month — 32
years). 6 patients were males, 1 was a female, and three were
children (one boy and two girls). The patients underwent a com-
prehensive eye examination, including visometry, tonometry, pe-
rimetry, biomicroscopy, ophthalmoscopy, B-scan ultrasound to
determine the location and size of the lesion, and OCT to assess
the presence of secondary retinal detachment.

RESULTS

Most patients (n=8; 80%) had no symptoms or complaints
about decreased VA. Two patients (20%) complained of de-
creased VA with uncorrected distance visual acuity (UDVA) and
corrected distance visual acuity (CDVA) of 0.16 and 0.6, respec-
tively, due to macular edema and secondary retinal detachment.
The average VA of patients at the time of presentation was 0.7
(range, 0.16-1.0). VA in young children was assessed subjectively
by their ability to track moving objects. All children showed fixa-
tion and active tracking of the object.

Most patients (n=8; 80%) were diagnosed with RAH based
on the clinical (ophthalmoscopic) picture of the fundus, ultra-
sound, and OCT data. A typical ophthalmoscopic manifestation of
RAH was whitish or yellowish-white rounded, slightly protruding
lesions with clear contours closely associated with the optic disc;
calcified lesions had a characteristic "mulberry" pattern. These
patients were referred to the S.. Fyodorov Eye Microsurgery
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npossneHnem AIC 6bi10 Hannyme BenecoBaTbiX UK KenToBaTo-be-
NbIX OKPYIbIX, CIETKA MPOMMUHMPYHOLLMX 04aroB € YETKMMM KOHTYpa-
MM, MIHTUMHO conpuKacatowmxca ¢ [3H; KanbumduumposaHHble ova-
TV UMENW XapaKTepPHYO KapTUHY MO TUMY «TyTOBOM Arogpl». [aHHble
naLyMeHTbl OblNM HanpaBAeHbl B HaLLE YYPeXAEeHUE C AUMArHO30M «HO-
BOO6Pa3oBaHWe xoprongen» 6e3 yTouHeHus.

Bo Bcex cnyyaax AIC umenn nocTaKBaTOPMANIbHYIO JIOKAaNU3a-
LMI0 B LIEHTPaNbHbIX OTAEMaX [1a3HOTo AHa: Y 9 naumeHToB (90%) ony-
XO/1b Pacnonaranach HKCTananuANAPHO, Y OAHOTO NauueHTa — napa-
doseonapHo (10%) (puc. 1-4).

CpeaHsns BbicoTa AIC coctaBuna 1,7 mm (o1 1,0 go 3,2 mm), cpea-
HAA NPOTAXKEHHOCTb — 4,2 MM (0T 0,4 oo 7,6 mm). Bo Bcex cnyyasnx no
pesynbTaTam B-CKaHMpoBaHMA 06pa3oBaHME MMENO BbICOKYHO rMneps-
XOTeHHOCTb; OTCYTCTBME aKYCTMYECKOM TEHM B Cly4ae HeKanbLduum-
POBaHHbIX aCTPOLIMTOM U €€ Hasmume npu Kanbuudukaumm obpaso-
BaHMI. BTOpMYHas OTC/10/iKa ceT4aTKu, No AaHHbIM Y3/, He BbisiBNeHa
HY B OAHOM C/ly4ae.

Mo pesynbtatam OKT, y 4 NaupeHToB MMenuch oblupe s HuX
NPWU3HAKW — YTONLLEHWE HEMPOINUTENNA C HANMYMEM ONTUYECKU My-
CTbIX MPOCTPAHCTB, MMEIOLLMX A0/bYaTbIV BUA, (MO TUMY «U3beAEHHbIX
MO/IblO») (pUC. 5), Y OCTa/bHbIX NaLMEHTOB HabAAN0Ch TOMOrEHHOE
runeppednekT1BHOE YTONLLEHME HEMPOINUTENNA B 30HE oYara (puc. 6).

Y aByx nauneHToB (20%) MMENU MECTO KUCTO3HbIV MaKy/IAPHbIN
OTEK B (poBea M BTOPUYHAA MIOCKaA OTCNOMKA HEMPO3NUTENnA, pac-
NPOCTPaHAIOLLEca OT ramapTombl K dosea.

Federal State Institution, Moscow, Russia, with an unspecified
diagnosis of choroidal neoplasm. In all cases, RAH was localized
post-equatorially in the central parts of the fundus: in 9 patients
(90%), the tumor was located juxtapapillary. In one patient (10%),
RAH was in the peripheral retina, specifically the parafoveolar
area (Fig. 1-4).

The average height of the RAH was 1.7 mm (range, 1.0-3.2
mm), and the average length was 4.2 mm (range, 0.4-7.6 mm).
Based on the B-scan results, the lesion appeared hyperechogenic
with high amplitude in all cases. Non-calcified astrocytomas do
not show an acoustic shadow, while calcified lesions do display it.
The ultrasound did not detect any instances of secondary retinal
detachment. Based on the OCT results, 4 patients exhibited com-
mon signs, such as thickening of the neuroepithelium with opti-
cally empty spaces that had a lobulated, "moth-eaten" appear-
ance (Fig. 5). The neuroepithelium in focus showed homogenous
hyperreflective thickening in the remaining patients (Fig. 6).

Of 10 patients, 2 (20%) had cystoid macular edema in the
fovea and secondary flat detachment of the neuroepithelium ex-
tending from the hamartoma to the fovea.

One patient was initially diagnosed with retinocytoma by
an ophthalmologist in the place of residence. During the exam-
ination, a prominent, rounded, whitish lesion with a "fluffy" sur-
face was observed near the center of the retina. After conduct-
ing ultrasounds and OCT scans and observing the absence of

Puc. 1 ®omo 2na3zHo20 0Ha npu AIC (napaghoseonspHasa 10Kau3a-

yus)
Fig. 1 Fundus photograph of RAH located in the parafoveolar area

Puc. 2 ®omo 2na3Ho20 OHa npu AIC (KapmuHa no muny «mymogol
A20061»)
Fig. 2 Fundus photograph of a mulberry-like lesion consistent with RAH

Puc. 3 ®omo ena3Ho20 OHa npu AI'C (pacnosoxeHsl oKcmananuaap-
Ho 2 o4aea)
Fig. 3 Fundus photograph of 2 juxtapapillary RAH

Puc. 4 omo 2na3Ho20 OHa npu ATC (pacnonoxceHHbIl oKcmananus-
n1apHo 1 oyae)
Fig. 4 Fundus photograph of a juxtapapillary RAH
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Y 04HOro NaLMeHTa Nno MecTy KWUTebCTBa OblN YCTaHOBEH AM-
arHo3 «petnHouuTomay. Mpu 0bpaLLeHMMN HA 1IA3HOM LHe BU3Yanu-
3MPOBANCA NPOMMUHUPYIOLLMIA OYar oKkpyrioi dopmbl benécoro Lpeta
C «MYLUMCTO» NMOBEPXHOCTbIO NapadoBeonspHON NoKanmsauuu. Mpo-
BeaeHue Y3, OKT, a Tak»Ke OTCYyTCTBME XapaKTePHbIX NPU3HAKOB pe-
TUHOUMTOMbI NMO3BOIUAM HaM NOCTaBUTb AnarHo3 AlC [8].

McTopurs NOCTaHOBKM NPaBU/IbHOTO AMArHo3a y 04HOro nalueH-
Ta (pebéHka) bblna Becbma 3aTpyAHUTENbHOM M Havanach ¢ 2012 roga,
Korga y pebéHka 6blm 3adUKCMPOBaHbI ANUENTUYECKHUE NPUCTYMbI.
Mpu ocmoTpe 0dTaNbMOIOra N0 MECTY ¥KUTENbCTBA Dbl YCTAaHOBNEH
ZAmnarHo3 PB n1eBoro r1asa, M NPoBefeHO 6 KypcoB CUCTEMHOM MOAU-
xumuotepanuu (MXT). YuuTtbiBas oTCyTCTBUE AMHAMMUKM, MALMUEHT BbIN
HanpaB/IEH B Halle yYpexaeHne ANa pelleHns Bonpoca O Lienecoo-
6Ppa3HOCTV IOKA/IbHOTO ieveHms. bblno npoBegeHo 3 Kypca TpaHcny-
NMUANAPHOW TepMoTepanuu Ha ovarn obowx mas. Ha ¢oHe nposoay-
MOr0 /leyeHns bblna oTMeyeHa CNnabononoKuTeNbHas AMHAMMKA B
BULE YACTUYHOW perpeccmm o4aros 06omx rnas. Mpu 0cMOTPE KOKHbIX
MOKPOBOB y pebEHKa Bblin BbiABNEHbI MATHA 6E10r0 LBeTa Ha Koxe
BEPXHUX U HUMKHMX KOHEYHOCTEMN. YUMTbIBAsA Cabblii OTBET OMyXonu
Ha cucteMHyto MXT 1 NOKaZIbHOE IEYEHNE, OTCYTCTBUE MPOAO/KEH-
HOTO POCTa 0YaroB, HaAM4Me COMyTCTBYHOWEH HEBPONOTUYECKOW
CMMMNTOMATVKM U KOXKHbIX M3MEHEHUI y pebéHKa bbln 3anofo3peH,
a BNOCNEACTBUM, NPU KOHCYNLTALMU HEBPOAOTa, YCTAHOB/IEH AMArHO3
Ty6epOo3HOro CKIepo3a C rasHbIMU NPOABAEHUAMU B BULE MY/IbTU-
¢bOKaNbHbIX raMapTOM CETYATKM.

[lns BCcex NaumMeHToB AETCKoro Bo3pacTa (n=3), co cioB poauTe-
New, anob Ha cHukeHne 03 0TMeYeHo He 6biNo, BO BCEX C/TyHasX 3TO
6blna cnyyaiHas oGTasbMONOTMYECKANA HaXOAKa.

90% naupmeHToB (n=9) B Hallem uccneaoBaHUM HaXoAATCA Moa,
AMHAMWYecKUM HabntogeHvem. OAWH NaUMEHT C HAIMYMEM BTOPUY-
HbIX M3MEHEHUI BblN NposeYeH METOLOM TPAHCMYMUANAPHOW Tep-
moTepanuu (810 HM) co cnabononoKUTENbHOW AMHAMWUKOMN B BUAE
YMEHbLUIEHWA BbICOTbI OTC/IOMKN HEMPO3NUTENNA U BbICOTbI MaKyiAap-
Horo oTéKka 6e3 nsmeHeHwus 03.

OBCYXAEHUE

OnddepeHumanbHan guarHocTMka AIC BKAtoyaeT B cebsa Lwu-
POKMI CNEKTP HO30/10MMI, 0O4HAKO Hambonee yacto AIC npuxoamTcs
andodepeHumpoBaTtb ¢ PB 1 0CTEOMOIA, YTO M MOAYEPKMBAET 3HAUM-
MOCTb AaHHOM NPobaembl, TaK Kak HENPaBMIbHO NOCTaB/EHHbIN Ana-
FHO3 MOET NPUBECTM K YAANEHUIO [Na3HOTO A6/10Ka, YTO paHee onu-
cbiBann 1985 r. Drewe RH et al, koTopble 3anogo3puau PB 1 npuHaam
peLleHNEe O NPOBEAEHWUM SHYKEALMM NOPaXKEHHOrOo rnasa. fcrono-
TMYECKOe WUCCNEA0BAHME He BbIABMAO MPU3HAKOB 3/10KAYECTBEHHOW
Onyxonu cetyatkm [9].

MpuunHOW OWMOOYHOW AMArHOCTUKM ABAAETCA CXOAHAA Kau-
HMYeCKan KapTuHa HeKkanbLuuduumMposaHHbIx AFC u manblx PB Kak no
JaHHbIM 0TasIbMOCKONMK, TaK M No gaHHbIM Y3U 1 OKT. Hepeako no-
CTaHOBKE NPaBW/bHOIO AnarHo3a AI'C moryT Nomoyb Takue NPU3HaKu,
KaK YETKME rpaHuLLbl, OTCYTCTBUE MUTAKOLLMX COCYL0B U BUTPEASIbHBIX
OTCEBOB, @ TAKKE Ha/IMUME NMOPAXKEHHBIX BHYTPEHHUX C/I0EB CETYATKMY,
BK/1104As C/10M HEPBHbIX BONOKOH Mo AgaHHbiM OKT. [ns PE e bonee
XapaKTEPHO MoparKeHWe BCEX CNIOEB HEMPOCEHCOPHOW CETYATKK, YTO
otnyaet eé ot AIC. 06wmm npusHakom ans AFC u PB moskeT 6biTb
Hanyne BHYTPMONYXONEBOW KanbLUybmKaLmm no AaHHbIM OKT, oaHa-
KO TUNMYHbIM a1 ATC cnykuT Hanmume Ha OKT aKyCcTUYeCcKmX nycToT —
KapTWHA MO TUNY «M3beLeHHbIV MO/IbIO», YTO He XapaKkTepHo ans PB.

YTO Ke KacaeTcsa OCTEOMbI, TO, MO AaHHbIM IMTEpPaTypbl U Ha-
WKMM HabaloLeHNAM, TUNMYHO OHA NPEACTaBAAET COOOM, KaK NpaBu-
no, 6onee OBWMPHDIA MIOCKONPOMUHUPYIOLLMIA, CYBPETUHAMbHDIN,
PaCcMoNOMKEHHbIN NOCTIKBATOPMA/IbHO OYar KenToBaTo-bes10ro LBeTa
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Puc. 5 OKT nauueHma ¢ AIC no muny «u3be0eHHbIl MOsbio»
Fig. 5 OCT of a patient with RAH demonstrating characteristic
“optically empty spaces” (moth-eaten areas)

Puc. 6 OKT nayueHma c AI'C
Fig. 6 OCT of a patient with RAH shows homogenous thickening of the
neuroepithelium

characteristic signs of retinocytoma, the diagnosis was changed
to RAH [8].

The diagnostic process for a child patient was challenging.
It began in 2012 when the child was diagnosed with epileptic sei-
zures. An ophthalmologist at the place of residence established
a diagnosis of RB in the left eye, and 6 cycles of systemic che-
motherapy (SCT) were administered. With no improvement, the
patient was referred to the S. Fyodorov Eye Microsurgery Federal
State Institution, Moscow, Russia. Three cycles of transpupillary
thermotherapy were performed on lesions in both eyes. Some
regression of the lesions in both eyes was noted during the treat-
ment. White spots were also found on the skin of the child's up-
per and lower extremities. The tumor showed a weak response
to treatment, but there was no continued growth of lesions. The
patient also had neurological symptoms and skin changes. As a
result, the diagnosis of tuberous sclerosis with ocular manifesta-
tions, specifically multifocal retinal hamartomas, was made.

According to parents, all pediatric patients (n=3) had no
complaints of decreased VA; in all cases, this was an accidental
finding during an ophthalmological examination.

Of 10 patients, 90% (n=9) in our study are followed up. One
patient with secondary changes was treated with transpupillary
thermotherapy (810 nm) with some decrease in the height of
neurosensory retinal detachment and macular edema without
changing VA.

DISCUSSION

RAH differential diagnoses include multiple entities, with
priority given to RB and osteoma. Upon receiving an inaccurate
diagnosis, patients may undergo unnecessary surgical proce-
dures, including the removal of an affected eyeball. For instance,
there was a case where RB was suspected, leading to the enu-
cleation of the affected eye. Subsequent histological examination
revealed no malignant retinal tumor [9].
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C YETKMMM FPaAHMLLAMU, C XapaKTepHbIMM NpusHakamu Ha OKT B Buae
Y4aCTKOB 3aTEHEHWA, HaNNYMA YTONLLEHWUA COCYAUCTON 0BON0YKM U
aTpOdMK BbiLLeNeKaLLMX C/I0EB CETHATKM, YTO HexapakTepHo ana AlC
[10]. Y3U B pekume B-cKaHMPOBAHMA NO3BOASAET BbIABUTb MMMNEPIX0-
reHHOEe MopaKeHNe XOPMOUAEN C aKyCTUYECKOW TEHbIO, YTO COOTBET-
CTBYET KasbLydmKaLmy; nofobHasa akycTUyeckas TeHb Habtogaetca
Y KanbupduumpoBaHHbIx ATC, HO C MeHee BbIpaXKeHHOW rMnepaxoreH-
HOCTbt0. KapAWHaNbHbIM A1 OCTEOMbI MPU3HAKOM CNYXKUT U BblAB/E-
HMe KOCTHOM TKaHW Npu MPOBeLEeHUM KOMMbIOTEPHOW Tomorpadum,
yTo nossonset guddepeHumposaTb eé ¢ AIC, ouarv KOTopoi Ha AaH-
HOM WUCCnefoBaHWK, BBUAY HEOONbLUMX Pa3MepoB, TPYAHbI K BU3ya-
nmsaumnm [11, 12].

KnuHunyeckas KaptvHa AIC B Halwmnx HabatogeHUAX coBnaaaeT ¢
KAMHUYECKON KapTUHOW, NpeacTaBNeHHOW aBTopaMu B 3apybexHom
nutepatype. ATC yalue HabntofaeTcs B LLEHTPabHbIX OTAE/aX /1a3Ho-
ro AHa y [13H, pexe — B Apyrux otaenax cetyaTku, Kak no Hawmm pe-
3ynbTaTam, Tak 1 No AaHHbIM Sauvan L et al (2017) [2]. Kak no Hawmm
[aHHBIM, TaK U MO AaHHbIM 3apybexkHoV nnTepaTypbl 0dTasIbMOCKO-
nuyeckunii Bug ArC obbl4HO NpeacTaBnAaeT cobow KENTbIN unn benbii
NPUNOAHATBLIV OYar € YETKO OYepYEHHbIMM rpaHuLamu. MopaxeHua
06bI4HO MMEIOT BUA MHOTOL0/1bYATON KTYTOBOM ATOAbI»; OAHAKO OHU
MOryT 6bITb NMAOCKMMU U NONYNPO3PAYHBIMUK, U UMEHHO B [aHHbIX
cnyyanx audodepeHumanbHan amarHoctnka AFC ocobeHHo 3aTpyaHu-
Te/IbHa M TpebyeT KOMMIEKCHOW OLLEHKM JaHHbIX 06C1e[0BaHWA U Au-
Hammuyeckoro HabntogeHua [13].

AI'C moryT 6bITb M30/IMPOBaHHbIMK, HO Y AeTeil Hepeako ArC
CNYKWT OAHWUM U3 NPOABAEHMI TYBEPO3HOTO CKNepo3a, XapaKkTepusy-
FOLLIMMCS HAaZIMUMEM KOMKHBIX NposBneHui, nopaskeHvem LIHC n 06-
pa30BaHNEM MHOMECTBEHHbIX FAMapTOM Ha [1a3HOM [iHe, 4TO paHee
6b110 ONMcaHo B KAMHMYeckom caydae C. Mishra C et al (2019) [3].
AHANOMMYHBINA KAMHUYECKUIA Cydald Bbin NpeacTaBieH M B Hallem
nccnegosaHum. Mpu sTom, 0cO6eHHOCTbIO AaHHOTO cyyas Bbiio Ha-
nyne NpeaLecTsytoLWwein XMMUoTepanMu no noBogy HenpasuabHO
nocTaBneHHoro auarHosa — PB. ocTtaHOBKe NpaBu/IbHOIO AMArHO3a
B JaHHOM C/ly4ae NOMOI/IN BbIfiBNEHWE CUCTEMHbIX NPU3HaKoB Tybe-
PO3HOrO CKAepo3a M OTCYTCTBME AWHAMMKM OYaroB Ha I1a3HOM [He
NpY UX NeYEHUN 1 NOCAEAYIOLLEM AMHAMUYECKOM HaboaeHU M.

Bonpoc neuenuna AI'C ocTaérca oTKpbITbIM. BaXHO nogvyepKHyTb,
YTO NeyeHne akTMBHOW Gpopmbl AFC B HACTOALLMI MOMEHT OCTaéTcA
CMMNTOMATUYECKMM MPW BbIIBAEHUM aKTUBHOCTM 0bpa3oBaHusA. B
nutepatype 6osiblue Bcero onmMcaHo NpuUmeHeHWe doToanMHaMuue-
cKovi Tepanuu (OAT) ana neveHns ArC. ABTopbl coobiuatoT 06 addek-
TUBHOCTU L@HHOTO METOAA NIeYeHUs NPU HaauumMmn cybpeTuHanbHOM
YKUIKOCTU U CEPO3HOW OTCNIOMKM ceT4aTKuM. [10 AaHHbIM AUTepaTypbl,
OAT adpdekTMBHA B NPeSOTBPALLEHMM 3HAUUTENBHOM NOTEPU 3PEHUA
Y MaLMEHTOB C XOPUOUAANbHOW HeoBacKynapusaumen 1 Haauunem
cybpeTMHanbHOM Kuakoctv [14]. TakKe neyeHna MoxeT notpebosathb
nossneHve remodtanbma, Yto 66110 onmcaHo Soeta M et al (2018),
KOTOpble ONWUCaM CAyYai BUTPIKTOMUM Y NaLMeHTa C peLuanBupyo-
LLVMW KPOBOMU3NNAHWAMM B CTEKNOBUAHOE TENO0 U3-3a HONbLLION 3NK-
nanuanapHo AIC [15].

Bo3MOKHOW 1e4ebHOV onLmeit TakKe MOryT bbITb UHTPABUTPE-
a/lbHble MHMMBUTOPLI aHroreHesa. Tak, Allan KC et al (2022) onvcanu
nauyeHTa ¢ ABYCTOPOHHUMM nepunanuanapHbimm ATC ¢ skccypaumen
CybpeTUHaNbHOM KMUAKOCTU B MaKy/y co CHukeHnem O3 6e3 npusHa-
KOB XOpuouAanbHOW HeoBackynAapusaumu. MauueHT bbicTpo oTpea-
TMPOBa Ha WHTPaBUTPeasIbHble UHBEKLMKU beBaum3ymaba, Yto npu-
BE/O K YMEHbLUEHUID CYOPETUHANBHOMN MUAKOCTU U KAUHUYECKOMY
ynydwenuto 03 [16].

B Hawwem uccnefoBaHnM y O4HOTO MaLMeHTa bblav BbINONHEHDI
MHOFOKPaTHbIE WHTPABUTPeaNbHble WHBEKLUWM WUHIMOUTOPOB aHrU-
oreHe3a 6e3 NoNOKWUTENbHOW OUHAMMKM, B CBA3M C Yem HalleW ne-

The challenge in correctly diagnosing RAH lies in its sim-
ilarity to small RBs in clinical presentation, ophthalmoscopy, ul-
trasound, and OCT findings. Differentiation between RAH and RB
can be made based on specific signs such as clear boundaries, ab-
sence of feeding vessels and vitreous seeding for RAH, and dam-
age to all layers of the neurosensory retina for RB. Intratumoral
calcification detected by OCT is a feature shared by RAH and RB.
However, optically empty spaces, described as a "moth-eaten"
appearance, are more typical for RAH.

In differentiating RAH from osteoma, the latter typically
presents as a more extensive, flat-prominent, subretinal, poste-
quatorial lesion of a yellowish-white color with distinct boundar-
ies. Additionally, characteristic signs of osteoma in OCT include
areas of shading, thickening of the choroid, and atrophy of the
overlying retinal layers, which are not typical for RAH [10]. B-scan
ultrasonography reveals a hyperechoic lesion of the choroid with
an acoustic shadow for osteoma, while less pronounced hypere-
chogenicity and absence of bone tissue presence via computed
tomography indicate RAH [11, 12].

The clinical picture of RAH in our observations coincides
with its de-scription in the foreign literature. According to our
results and the data of Sauvan L et al (2017), RAH is more com-
monly observed in the central parts of the fundus, and less often,
it is seen in other parts of the retina [2]. As shown by some for-
eign authors and us, ophthalmoscopically, RAH is usually seen as
a yellow or white raised lesion with clearly defined boundaries.
The lesions commonly have a multi-lobed "mulberry" appear-
ance; how-ever, they can also be flat and translucent. In these
cases, the differential diag-nosis of RAH is especially difficult and
requires a comprehensive assessment of examination data and
dynamic follow-up [13].

In children, RAH is often associated with tuberous sclerosis,
characterized by multiple hemangiomas of the skin, central ner-
vous system (CNS), and retina. This association was detailed in a
clinical case reported by Mishra C et al ( 2019) [3]. In our study,
we presented a similar clinical case where the patient had previ-
ously undergone chemotherapy for a misdiagnosed RB. The cor-
rect diagnosis was aided by detecting systemic signs of tuberous
sclerosis and the lack of changes in the fundus during treatment
and ongoing monitoring.

The management of RAH focuses on addressing symptoms,
with photodynamic therapy (PDT) being the most extensively
discussed treatment method in medical literature. Research has
demonstrated the effectiveness of PDT in mitigating significant
vision loss in individuals with choroidal neovascularization and
the presence of subretinal fluid [14]. Furthermore, in some cas-
es, treatment for intraocular hemorrhage may be necessary. For
instance, Soeta M et al (2018) reported the need for vitrectomy
in patients with recurrent vitreous hemorrhages due to a large
epipapillary RAH [15].

Intravitreal angiogenesis inhibitors may also be a potential
treatment option. A recent study (Allan KC et al, 2022) report-
ed a case of a patient with RAH exhibiting subretinal fluid in the
macula and decreased VA acuity but without signs of choroidal
neovascularization. The patient responded rapidly to intravitreal
bevacizumab injections, reducing subretinal fluid and improving
VA clinically [16].

In our study, one patient received multiple injections of in-
travitreal angiogenesis inhibitor with no positive response. Our
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ueBHOW TaKTUKO NPK BbIABAEHWUM aKTUBHOCTM ATC B BUE NOAB/EHMA
CyBpEeTUHAIbHOM XUAKOCTU U MaKyAAPHOTO OTEKa BbIN0 BbINOAHEHWE
TPaHCNYNUANAPHON TepMOTepanuu co cNabonoNoKUTENbHOM AWHA-
MWKOIA. B HacToALLee Bpems AaHHbIN NaLuMeHT HAXOAMTCA NOA, AnHa-
MUYECKMM HabaoaeHMeM.

OrpaHuyeHus uccneposanua. diyopecueHTHas aHrorpadus B
HaLLeM yupeMaeHUM 3a YKa3aHHbIN Nepuoj B JaHHOM PETPOCMEKTHUB-
HOM MCCNef0BaHNM He MPOBOAMNAC.

3AKNIOYEHUE

OnddepeHumanbHan amarHoctvka AIC nmeet 6onbluoe 3Have-
HUWe, MOCKO/IbKY OHA MOKET bbITb OLUMBOYHO AMArHOCTMPOBaHa Kak Pb
W, CNefloBaTeNbHO, MOXKET NOABEPrHYTbCA HEOHOCHOBAaHHOMY U arpec-
CMBHOMY NleyeHuto. B To Bpema kak Pb TpebyeT HezameniMTenbHoro
neyenus, AFC 06bl4HO OCTAETCA 6ECCUMNTOMHOM NPU AMHAMUYECKOM
HabntogeHun. OgHako Bonpoc neveHns AIC Npu NOSBAEHUM aKTUB-
HOCTW, NO-NpeXHemy, OCTaéTCA HepeléHHbIM, TaK KaK OTCYTCTBYIOT
pekoMeHAauMW B OTHOLIEHUN TaKTUKM BeAeHUA TakMX NaLMeHTOB, a
neyerune AIC B HacTOALLMIA MOMEHT OCTAETCA CUMNTOMATUYECKUM.

approach to treating active lesions of RAH with subretinal fluid
and macular edema included performing transpupillary thermo-
therapy, which resulted in a positive response. This patient is cur-
rently being closely monitored.

Limitations of the study. Fluorescein angiography was not
conducted at our institution during the period covered by this
retrospective study.

CONCLUSION

It is crucial to conduct a thorough differential diagnosis to
distinguish between RAH and other potential conditions, such
as RB, as misdiagnosis can lead to unnecessary and aggressive
treatment. While immediate treatment is necessary for RB, RAH
typically exhibits no symptoms during follow-up. However, there
are currently no recommendations for managing such patients,
including treating active lesions of RAH, and the focus of treat-
ment for RAH remains on relieving symptoms.
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MOPP®OAOTUYECKUE OCOBEHHOCTU IITATIEHT >)KEHIITVIH ITPU
BEPEMEHHOCTH, OCAO0XKHEHHOU CMTHAPOMOM 3AAEP2KKU PA3BUTU ITA10AA

H.A. MYPATHA3APOBA

Kadeapa akymepcrsa u ruHekoaoruu, I'ocyaapcTBeHHBIN MeAUIIMHCKUI yHuBepcuTeT Typkmenncrana uM. Meipara Tappuiesa, Amrabaa, Typkmenucran

Llenb: npeacTaBUTb MOPHONOrUYECKME XaPAKTEPUCTUKM MAALEHT NPU BepeMeHHOCTAX C CMHAPOMOM 3afepKkW pa3sutua naoga (C3PM) Ha doHe
apTepuanbHOM rMnepTeHsnm.

Matepuan un meTogbl: UcCnefoBaHO 68 naaueHT npu bepemeHHocTax ¢ C3PMN Ha GoHe apTepuanbHOM rMNepTeH3nK, Cpean KoTopbix 34 naaleHTb
OT MaLMeHTOK, 6epeMeHHOCTb Yy KOTOPbIX NpoTeKana Ha GoHe XPOHUYECKOM apTepuanbHOM runepteHsum (XAT), 24 naaueHTbl OT NALMEHTOK C npes-
Knamncweit (M3) u 28 nnaueHT oT NauMeHToK ¢ 13 B codeTaHum ¢ XAT. Bcem sKeHLwmHam BO Bpems 6epeMeHHOCTM NPOBOAMAACh AONMIEPOMETPUA, U B
CNy4anx coMeTaHWs HapyLeHWI MaTOYHO-M1aLEeHTapHO-MNI040BOr0 KPOBOTOKA C Ma/ibiIMM pasmepamu ni1oaa A/18 COOTBETCTBYIOLLEro CPOoKa rectaLum
ycTaHaBnuBanca avarios «C3PM». inarHo3s pasnnyHbIx BUAOB rMNepTeH3MBHbIX HapyLUEHWUIA YCTaHaBAMBaCA COOTBETCTBEHHO pekomeHaaumam BO3.
KomnieKcHas OLEeHKa CTPYKTYPHbIX U3MEHEHUI MaaLeHT BKAoYana B ceba MaKpOCKOMUYECKy AMArHOCTUKY, OPraHOMETPUIO U TMCTONOrnYecKoe
nccaefoBaHue, fONONHEHHOE MOppOMeETPUEA.

Pesynbratbl: y 6epemeHHbix ¢ C3P 1 runepTeH3UBHbIMU HapyLLIeHUAMM BO Bpemsa BepemeHHOCTU XapaKTepHbIMU OCOBEHHOCTAMM NAALLEHT ABNA-
FOTCA TEHAEHLUMA K TMNONAA3WUU, LOMWHAHTHbIA MarucTpabHbIi TUN BETBJIEHWA COCYAO0B, HAMUME Y4aCTKOB MHPAPKTOB, o4arv Tpomb0o3a B MEXBOP-
CMHYATOM MPOCTPAHCTBE, KOMMEHCATOPHbIE PeaKLMK B BUAE aHTMOMATO3a BOPCHUH XOpuUoHa. MpeobnasaHue rMcToNorMyeckux NpusHakos UWeMum
XOpWabHbIX BOPCUH CBUAETENLCTBYET O HAapyLUeHUM NpoLecca NAaLeHTaLMN U CHUXKEHUN MHTEHCUBHOCTM aHTMOreHe3a B MaTOYHO-MIaLEeHTapHOM
KPOBOTOKe.

3ak/toueHmne: GopMMUpPOBaHKE 3a€PKKU BHYTPUYTPOBHOTO pasBUTUA NI0AA NPOUCXOAMT Y KEHLUMH C NAaLeHTapHOM HegocTaTouHocTbto (MH), ogHol
13 NPUYUH KOTOPOW ABNAIOTCA FTMNEPTeH3NBHbIE HAapyLLEeHMA BO Bpems BepemMeHHOCTH, CONpAXKEHHbIe ¢ AUChYHKLMEN SHA0TENUA.

KnioueBble cnoBa: 6epemeHHOCMb, 3a0epHKa pazsumus na1004, NaayeHmapHas He0ocmamo4yHOCMe, 2urepmeH3usHble HapyweHus, Mopgonoau-
YecKue XapaKkmepucmuku.

Ona yntuposaHua: MypatHasaposa HA. Mopdonormieckne 0co6eHHOCTU MAALEHT KeHLMH Npu 6epemMeHHOCTH, OCNOKHEHHOWM CUHAPOMOM 3a4EPHKKM
passuTUA naoga. BecmHuk AsuyeHHel. 2024;26(3):469-77. https://doi.org/10.25005/2074-0581-2024-26-3-469-477

MORPHOLOGICAL FEATURES OF PLACENTAS IN PREGNANCIES WITH FETAL
GROWTH RESTRICTION SYNDROME

N.A. MURATNAZAROVA

Department of Obstetrics and Gynaecology, Myrat Garryev State Medical University of Turkmenistan, Ashgabat, Turkmenistan

Objective: To present the morphological features of placentas in pregnancies with hypertension and fetal growth restriction syndrome (FGRS).

Methods: Eighty-six placentas in pregnancies with FGRS on the background of arterial hypertension are examined. Among them, there were 34 placentas
from patients with chronic arterial hypertension (CAH), 24 placentas from patients with preeclampsia (PE), and 28 placentas from patients with PE
in combination with CAH. All pregnant women underwent a Doppler ultrasound investigation. FGRS was diagnosed if uteroplacental-fetal circulatory
disorders were combined with small for gestational age fetal size. Various types of hypertensive disorders were diagnosed in accordance with WHO
recommendations. A comprehensive assessment of structural changes in the placentas included macroscopic examination, organometry and histological
evaluation complemented by morphometry.

Results: Placental hypoplasia, dominating magistral pattern of chorionic blood vessels, infarction foci, thrombosis of the intervillous space, and
compensatory angiomatosis of the chorionic villi are the typical features of the placentas in pregnancies with FGRS and the background hypertension.
Histological signs of chorionic villi ischemia indicate placentation disorders and a decreased intensity of angiogenesis in the uteroplacental circulation.
Conclusion: Hypertensive disorders during pregnancy associated with endothelial dysfunction lead to placental insufficiency (Pl), causing FGRS.
Keywords: Pregnancy, fetal growth restriction, placental insufficiency, hypertensive disorders, morphological evaluation.

For citation: Muratnazarova NA. Morfologicheskie osobennosti platsent zhenshchin pri beremennosti, oslozhnyonnoy sindromom zaderzhki razvitiya ploda
[Morphological features of placentas in pregnancies with fetal growth restriction syndrome]. Vestnik Avitsenny [Avicenna Bulletin]. 2024;26(3):469-77. https://doi.
org/10.25005/2074-0581-2024-26-3-469-477
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BBEAEHMUE

C3PI sBnseTca ABNAETCA OLHWUM M3 HebnaronpuATHbIX Nepu-
HaTaNbHbIX MCX0A0B BepemeHHbIX XeHWKH ¢ MH 1 xapakTepusyetca
OTCTaBaHMeM B GU3MYECKMX MapameTpax COOTBETCTBEHHO CPOKY re-
CTaLu, HE3PENOCTbI0 PAdA OPraHOB M CMCTEM OPraHoB, YTO CNOCOC-
6cTBYET NEpMHaTaNbHOM 3aboneBaeMoCTU U cMepTHOCTU. MaToreHes
passutna C3PI B HacToAwee BpeMA M3y4yeH He A0 KOHLQ, LUMPOKO
M3y4aeTca v TpebyeT AasbHeNLNX UCCNea0BaHMIA.

OfHVM U3 NAEHTUOULMPOBAHHDBIX M 3HaYMMbIX GAaKTOPOB pUCKa
passuTua C3PM ABNAIOTCA MNepPTeH3MBHbIE HApYLWEeHWA BepemeHHbIX
KEHLWMH. TunepTeH3MBHbIE HAPYLUEHWUA OCNOMKHAT TeyeHue 16%
Bcex bepemeHHOCTel M KAMHUYECKM npossasatotca B Buae M3, XAT,
rectaumoHHow runepteHsum (IT) [1, 2]. Mo HeKkoTopbIM AaHHbIM 13
CnocobCTBYET Pa3BUTUIO TAXENbIX 3abonesBaHuit y matepelt nocne
poAopaspeLleHns, HapyLleHnto GoOpPMUMPOBaHMA 340POBbLIX AeTel U
B CTPYKTYpe NPUYMH MATEPUHCKON CMEPTHOCTM 3aHUMAET BO MHOTMX
CTpaHax Beaylume nos3mumm [3-5].

B natoreHese MH 1 M3 nmetotcs 06LLME MOMEHTbI, CBA3aHHbIE C
ancdyHkumeit sngotenma. Mpwm MH nmeloT MecTo HapyLLeHUsa KPOBOO-
bpalLeHua B cucTeMe «MaTb-NAaLeHTa-nao4», MopdodyHKLMOHaNb-
Hble U3MEHEHMWA COCYAUCTON cUCTeMbl NaaLeHTsl [6, 7]. o MmHeHuio
uccnepoBaTenei, rmnepTeH3nBHbIE HapYyLIEHUA BO Bpema HepemeH-
HOCTV BAMAOT Ha GOPMMPOBAHME NNALEHTAPHOTO I0XKA U NAALEHTbI.
KnnHuueckme npossnenunsa N3 go 34 Hepenb HepemeHHOCTV NO3BO-
NAT npegnonaratb paHHee eé€ pa3BuTMe Ha $oHe nepsuuHoM IMH.
Bonee nosaHee nossaeHWe KAMHUYECKUX NPoABAeHMiA M no3sonsert
npegnonaratb BO3MOMXHOCTb Pa3BuUTUA BTopuyHou MMH [8].

MpakTnuecknm Bpayam nonesHa nHpopmauua o mopponoruye-
CKUX U TUCTONIOTUYECKUX OCOBEHHOCTAX NALLEHT KeHLwmH ¢ C3PM.

LLENb UCCNEAOBAHMUA

MpeacTaBUTb MOPGONOrUYECKME XaPAKTEPUCTUKM MAALEHT Npu
6epemeHHocTsAX ¢ C3PT Ha doHe apTepuanbHO rUNepTeEH3UK.

MATEPUAN U METOAbI

MccnenoBaHbl 34 nnaueHTbl NaLMeHTOK, HepeMeHHOCTb KOTO-
pbIx NpoTekana Ha ¢poHe XAT (cpeaHuii BospacT 34,1+4,7 net), 24 nna-
LieHTbl NauueHToK ¢ M3 (cpeaHunii Bospact 25,7+2,6 neT) 1 28 nnaueHT
OT MaumeHToK ¢ M3 B coueTaHum ¢ XAl (cpeaHuii Bospact 32,913,8
ner).

Kputepuamm BKAOUEHWUS B FPYNMY MKEHLUMH, NOCAEeAbl KOTOPbIX
NoLBEPrasiMcb MOphONOrMYecKoMy UCCAEL0BAHNIO, ABUIUCE PENPO-
[YKTUBHbIV BO3pacT, H6epemeHHOCTb, Ntobble AMAarHOCTUPOBaHHbIE
rmnepTeH3nBHble HapyweHua u C3PI. Kputepuamun wuckaoueHua
ABUAUCL GEPEMEHHOCTb MOC/e BCMOMOraTe/lbHbIX PENPOAYKTUBHBIX
TEXHO/IOMNIA, MOPOKM CepaLa, CaxapHblii AnMabeT, MOpPoKKU pPa3BUTUA
nnoaa.

Kputepnamm amarHoctvkn XAl aBnsnocb nosbleHne upudp
cuctonmyeckoro Al 140 mm Hg v Bbiwe 1 guactonmnyeckoro — 90 mm
Hg v Bblle, MMeBLUEE MECTO 0 HacTynaeHMs HacTosALel bepemeH-
HOCTW MW 3apUKCMPOBAHHOE B NMepBOV NOMOBMHE HBEPEMEHHOCTU.
Kputepuammn gmarHoctnkm M3 ABMAKCL Takue e nokasatenu A/l B
coyeTaHuu ¢ npoTenHypmeit 0,066 r/n 1 6onee.

C3PIM guarHoctMpoBsancs y 6epemeHHbIX € BbIAB/IEHHbIM MasbiM
[ANA [LAHHOTO recTalyMOHHOIO CPOKa MI0LOM MO rpaBMAOrpamme, Ko-
Topas BeaéTca B 0053aT€/IbHOM NOPAAKE ANA Kax4oW bepemeHHoM
JKEHLWMHbI. TaKMM NaLMeHTKam NPOBOAMIOCH AOMNIEPOMETPUYECKOE
nccnefoBaHUe, Mpy KOTOPOM M3MEPAUCH YroNHe3aBUCUMbIe Napa-
METPbI MaTOYHOM apTeEPUM, apPTEPMUM MYMNOBUHBI U a0pTbl Naoaa. Mpwu
MOBbILEHNM NAPAMETPOB CUCTONIOANACTONIMYECKOTO AABNEHMA, MYNb-
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INTRODUCTION

FGRS is one of the unfavorable perinatal outcomes of preg-
nancies with PI. It is characterized by the small for gestational age
fetal size, immaturity of a number of organs and systems, which
contribute to perinatal morbidity and mortality. The pathogenesis
of FGRS is not fully understood, therefore it is widely studied and
requires further research.

One of the known significant risk factors for the develop-
ment of FGRS is hypertensive disorders in pregnant women.
Hypertension complicates the course of 16% of all pregnancies
and is clinically manifested as PE, CAH, gestational hypertension
(GH) [1, 2]. According to some data, PE contributes to the devel-
opment of severe diseases in mothers after childbirth, disrupts
growth and development of healthy children and occupies a lead-
ing position in the structure of causes of maternal mortality in
many countries [3-5].

In the pathogenesis of Pl and PE, there are common aspects
associated with endothelial dysfunction. In PI, morphofunction-
al changes in the vascular system of the placenta cause circula-
tory disturbances in the "mother-placenta-fetus" system [6, 7].
According to some researchers, hypertensive disorders during
pregnancy affect the formation of the placenta and placental
bed. Clinical manifestations of PE before 34 weeks of pregnancy
suggest its early development against the background of primary
PI. Later appearance of clinical manifestations of PE suggests the
possibility of developing secondary Pl [8].

Information on the morphological features of the placentas
in pregnancies with FGRS is useful for practicing physicians.

PURPOSE OF THE STUDY

Assessment of morphological features of the placentas in
pregnancies with FGRS on the background of arterial hyperten-
sion.

METHODS

Thirty-four placentas in pregnancies with CAH background
(mean age of women — 34.1+4.7 years), 24 placentas of patients
with PE (mean age 25.7+2.6 years) and 28 placentas of patients
with PE in combination with CAH (mean age 32.943.8 years) were
included in this study.

The inclusion criteria were reproductive age, pregnancy,
any diagnosed hypertensive disorders and FGRS. The exclusion
criteria were pregnancy after assisted reproductive technologies,
heart defects, diabetes mellitus, fetal malformations.

The diagnostic criteria for CAH included an increase in systolic
blood pressure of 140 mm Hg and above, and diastolic blood pres-
sure of 90 mm Hg and above, which occurred before the onset of
the current pregnancy or was recorded in the first half of pregnan-
cy. The diagnostic criteria for PE include the same blood pressure
values in combination with proteinuria of 0.066 g/l and above.

FGRS was diagnosed in pregnant women with a size of a
fetus small for the gestational age using a gravidogram, which is
mandatory for each pregnant woman. The patients underwent
Doppler ultrasound examination, which measured angle-inde-
pendent parameters of the uterine artery, umbilical artery and
aorta of the fetus. With an increase in the parameters of systol-
ic-diastolic pressure, pulsation and resistance indices, a diagno-
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CaLMOHHOTO MHAEKCa M MHAEKCA PE3UCTEHTHOCTW YCTaHaBAMBaNCA
[AMarHo3 «HapyLleHMe MaTOYHO-M/I0A0BO-NAALEHTAPHOMO KPOBOTO-
Ka», 4TO B COYETAHUM C MaNbIMK PasMepamm naosa COOTBETCTBEHHO
rectaMOHHOMY BO3PaCTy COOTBETCTBOBANO gnarHosy «C3PM1»

[na nposeaeHUs MopPONOTMYECKOr0 UCCNeL0BAHMA NaLeH-
TapHasa TKaHb duKcuposanacb B 10% pactBope HeWTpanbHoro ¢op-
Ma/sMHa, nogsepranacb CTaHAAPTHOM NPOBOAKE, 00E3BOXKEHHbIE
KYCOUYKM 3a7MBasUCb B NapaduH C NociesytoLmMm OKpallMBaHUEM
remaTokcuavHom Maiepa v 303nHoM. [poBOAMANCE MAKPOCKOMMYe-
CKasA AMArHOCTUKA, OPraHOMETPUA U TMCTONOMMYECKOe UCCe0BaHMeE
NNALEHT.

lucTonornyeckoe mccnegoBaHue nposoamnock Ha 10 cayvait-
HO OTOBPAHHbIX NOAAX 3peHUA Npu yBeandeHun x100. NMpocmoTp m
$OTOCHEMKA MMKPOMPEnapaToB OCYLLECTBAAAMCL HA MMKPOCKOMe
«Leica» (Leica Microsystems, Germany) ¢ ucronb3oBaHnem LMdpoBoit
Kamepbl «Leica MC170 HD» (Leica Microsystems, Germany). U3mepe-
HUSA NAOWAAM CEYEHUA BOPCUH (MKM?), NAOLLAAM CTPOMbI BOPCUHbI
(MKM2) 1 naowaay, 3aHUMaemMon anuTenMem (No pasHUUE nepsbix
[BYX BE/IMYMH), NPOBOAMANCH C UCMONb30BaHMEM Nporpammbl Adobe
Photoshop CS3 extended. MopdomeTpuuyeckme napametpbl Obiiu
oueHeHbl B 10 cpesax Kaxaol naaLeHTbl No metoamke MunosaHoBa
AN v coasr. (1999).

Bcemu naumeHTKamu, BKAKOYEHHLIMU B UccnefoBaHKe, Bbina
noanuncaHa ofobpeHHas SI0KabHbIM 3TUYECKUM KOMUTETOM dopma
[06POBOILHOIO Yy4acTMA B UCCIEA0BaHNN.

CTaTUCTUYECKMIA aHasM3 MPOBeAEH MpPWM MNOMOLLM NpOrpam-
Mmbl Statistica 10 (StatSoft Inc., USA). KonnuectBeHHble nokasatenu
npeacTaBneHbl B BUAE CPeAHEN BENNYMHBI CO CTaHAAPTHBIM OTK/O-
HEeHMEM, KaueCTBEHHbIE MOKasaTenn — B Buae aonel (%). CpaBHeHne
KO/IMYECTBEHHbIX NMOKa3aTenei NpoBeAeHo No metogy MaHHa-YUTHH,
KayeCTBEHHbIX MOKa3aTesNel NPy MHOXKECTBEHHOM CpPaBHEHUM — NO
KpuTepuio XW-KBagpaT 418 NPOM3BO/bHbIX TabauL, a napHble — no
KpUTEpUio XM-KBaApaT AN YeTbIPEXMONbHbIX Tabauu,. Pasnnumna cum-
Ta/INCb CTAaTUCTUYECKM 3HaYMMbIMK Npu p<0,05.

PE3Y/IbTATDI

Y 6epemeHHbIx ¢ M cpeaHuit ypoBeHb CUCTONIMYECKOTO U Au-
actonuueckoro Al coctasun 170,3+7,0 n 105,314,2 mm Hg cooTseT-
CTBEHHO, y 6epemeHHbIx ¢ XAl — 152,719,5 n 90,7+4,2 mm Hg coor-
BETCTBEHHO, Npwu coyeTanmm M3 n XAl — 176,5¢7,1 n 121,8£12,8 mm
Hg cooTBeTCcTBEHHO.

JKcTpareHuTanbHasA natonorus y 6epemerHsbix ¢ M3 umena me-
c10 B 79,2%, ¢ XAl — B8 100% v M3 ¢ XAl — B 100% cnyyaes.

Bce rpynnbl 66111 CONOCTaBUMbI MO YACTOTe NePEHECEHHBIX UH-
beKUMOHHbIX 3ab0s1eBaHNI, 33060NEBAHUI KENYA0UHO-KULLEYHOO
TpakTta (p>0,05). Bbicokas 4acToTa 3ab0/1eBaemMoCTM MOYEBbIAENM-
TeNbHOW CUCTEMbI UMENa MecTo y bepemeHHbIX ¢ 13 1 eé coyeTaHnem
¢ XAT (37,5% v 42,9% COOTBETCTBEHHO). AHEMMA Pa3NNYHON CcTene-
HW TAXKECTU Y XKEHLWMH ¢ codeTaHnem M3 n XAl amarHOCTMpOBaHa B
39,3%, ¢ XAl —y 23,5%.

YacToTa BCTPEYAEMOCTH Pas/IMYHbIX MOPGOIOTUYECKMX BapUAH-
TOB M/IALEHT B UCCIeyeMblX rpynnax npoaeMOHCTPUpOBaHa B Tab.

KaK BUAHO M3 NpeacTaBAeHHbIX B Tab/1. LaHHbIX, CPaBHEHME Ya-
CTOTbl BCTPEYAEMOCTM PA3/INYHBIX MOPDOIOTUYECKMX XapaKTEPUCTUK
He NOKa3bIBaeT OTINYMNIA B 3aBUCMMOCTU OT BUAA TMNEPTEH3UBHbIX Ha-
pYLUEHMWI. ITO 0OBACHAETCA TEM, YTO AR UCCNeA0BaHMA 0TOMPAUC
NNALEHTbI KEeHLWWH, Y KoTopblx pa3sunca C3PIN — natonorua, npu Ko-
TOPOW MMEIOTCA XapaKTepPHble U3BMEHEHUSA NNALLEHTbI.

Cpean ructonornyeckmx 0bpasLoB NaueHT KeHwmH ¢ C3PM
N TUNEPTEH3MBHLIMM HapyLWEHWAMMU BblABNEHA M3ObITOYHAA MHBA-
318 MHTEPCTULMANbHOMO UMTOTpodobAacTa B 3HAO- M MUOMETPUIA
C HapylleHMem CO3peBaHMA BOPCMHYATOTO AepeBa W HEeMnosHbIMM

sis of "impaired utero-fetoplacental circulation" was established,
which in combination with the small for gestational age size of
the fetus corresponded to the diagnosis of "FGRS"

Macroscopic diagnostics, organometry and histological ex-
amination of the placentas were carried out. For histological ex-
amination, placental tissue was fixed in a 10% neutral formalin.
After standard tissue processing and embedding in paraffin, his-
tological slides of placenta were stained with Mayer's hematox-
ylin and eosin.

Histological examination was performed in 10 randomly se-
lected fields of view at a magnification of x100. The histological
slides were viewed and photographed using a Leica microscope
(Leica Microsystems, Germany) and a Leica MC170 HD digital
camera (Leica Microsystems, Germany). Measurements of the
cross-sectional area of the villi (um?), the area of the villous stro-
ma (um?), and the area occupied by the epithelium (by the differ-
ence between the first and second values) were performed using
Adobe Photoshop CS3 extended. Morphometric parameters were
assessed in 10 sections of each placenta using the method of Mi-
lovanov AP et al (1999).

All patients in the study signed a voluntary participation
form approved by the local ethics committee.

Statistical analysis was performed using Statistica 10 soft-
ware (StatSoft Inc., USA). Quantitative indicators were presented
as mean values with standard deviation, and qualitative indica-
tors as shares (%). Comparison of quantitative indicators was per-
formed using the Mann-Whitney method, qualitative indicators
in multiple comparisons — by the Chi-square criterion for arbitrary
tables, and paired ones — by the Chi-square criterion for four-field
tables. Differences were considered statistically significant at
p<0.05.

RESULTS

In pregnant women with PE, the average systolic and dia-
stolic blood pressure was 170.3£7.0 and 105.3+4.2 mm Hg, re-
spectively, with CAH — 152.7+9.5 and 90.7£4.2 mm Hg, respec-
tively, and with a combination of PE and CAH — 176.5+7.1 and
121.8+12.8 mm Hg, respectively.

Extragenital pathology in pregnant women with PE occurred
in 79.2%, with CAH —in 100% and PE with CAH —in 100% of cases.

All groups were comparable in the frequency of infectious
diseases and gastrointestinal tract diseases (p> 0.05). A high inci-
dence of urinary tract diseases was observed in pregnant women
with PE and its combination with CAH (37.5% and 42.9%, respec-
tively). Anemia of varying severity in women with a combination
of PE and CAH was diagnosed in 39.3%, with CAH —in 23.5%.

The incidence of various morphological variants of placen-
tas in the study groups is demonstrated in Table.

The Table shows no significant difference between the
groups of patients in the prevalence of different morphological
changes. This is explained by the fact that all placentas were from
pregnancies with FGRS, which is associated with the typical mor-
phological changes in the placenta.

In the placentas of all patient groups, excessive invasion of
interstitial cytotrophoblast into the endo- and myometrium, im-
paired maturation of the villous tree, and incomplete gestational
changes in the myometrial segments of the uteroplacental arter-
ies were observed. All these changes were associated with foci of
inflammatory infiltration of the stroma.
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Tabauya Yacmoma pasnuyHbIx Mopgono2u4ecKux 8apUaHMOo8
nnaueHm 8 uccnedyemoix 2pynnax, abe. (%)

Nwemmna

Ischemia

Mnonnasua

Hypoplasia
KomneHcaTopHo-npucnocobuTenbHble peakumm
Compensatory reactions

MMnoBacKkynapu3aLmsa BOpCcUH
Villous hypovascularization

PaccTtpoiictBa KpoBoobpalleHus

Table Frequency of various morphological variants of placentas in the
study groups, abs. (%)

BN = -
(df=2)
7 (20.6%) 3 (12.5%) 4 (14.3%) >0.05
9 (26.5%) 7 (29.2%) 9 (32.1%) >0.05
4 (11.8%) 2 (8.3%) 2 (7.1%) >0.05
5 (14.7%) 8 (33.3%) 5 (17.9%) >0.05
9 (26.5%) 4 (16.7%) 8 (28.6%) >0.05

Circulatory disorders

MpUMeYaHus: p — CTaTUCTUYECKaA 3HAYMMOCTb Pa3NYMIA MOKa3aTeNel MEK Y BCEMM UCCNeayeMbIMU rpynnamu (o Kputepmio Xu-Ksaapart A Npous3Bo/bHbIX Tabauu)
Notes: p — statistical significance of differences in parameters between all studied groups (according to the Chi-square criterion for arbitrary tables)

recTalMOHHBIMU U3MEHEHUAMM B MMOMETPUA/IbHBIX CETMEHTaX Ma-
TOYHO-MNALEHTAPHbIX apTepuit. Bce 3T U3MeHeHMs Bblan CBA3aHbI
O4Yaramu BOCNanUTeNbHOM MHOUNBTPALLMM CTPOMBI.

Mo AaHHbIM MOPdOSOrMYECKOTO UCCNEe0BAHUA MALEHT ycTa-
HOB/IEHO, YTO B rpynmne eHWuH ¢ XAl AOMWHMPOBANW MAALEHTbI
OKpYrIoM M oBafbHOW ¢$OopM. OTMYUTENbHBIMU OCOBEHHOCTAMM
MOPG)ONOrNM MNALEHT KEHWMH ¢ XAl Bblnn: TEHAEHUMA K €€ r1no-
nnasuu (26,2%) npu cpeaHem obbéme B 367144 rpamm 1 NAOLAAM
MaTepUHCKO noBepxHocTy 239,96+13,44 cm?, Yalue B nnaueHTax npu
XAT 06HapyKeHO NapaLeHTPabHOe U KpaeBoe NPUKPENIEHNE Myno-
BUHbI. Mpeobnafany LOMUHAHTHBIA MarucTpanbHbIM TUN BETBAEHWUS
cocypoB (65,0%), 06bEémHan [0 Uemudecknx MHdapkTos (10,17%)
(punc. 1).

HeoZHOPOAHOCTb MAALEHTAapHOM TKaHM obecrneyvBann oua-
M TPomMb03a B MEKBOPCMHYATOM NPOCTPAHCTBE C HOMbLIMM coaep-
aHvem ¢vbpuMHOMZA M 0YAroBbIMM CKOMJIEHUSMU 3PUTPOLUTOB,
ABNEHMAMM remonmsa (puc. 2). Oyaru KanbundmKaToB BbIABAAANCH
NPENMyLLECTBEHHO C MAaTEPMUHCKOM CTOPOHbI NAaLLEHTbI. [pakTuyecku
B TPETM 06Pa3L0B NAALEHT OTMEYANNCH YTO/ILLEHNE CTEHOK apTepuii
1 BEH MYMOBMHbI, @ X BapMKO3HOE paclumpeHmne — B 58% 0bpasLios.

Morphological study of placentas showed that round and
oval placentas dominated the group of women with CAH. Pla-
centas of the patients with CAH were hypoplastic (26.2%) with
an average volume of 36744 g and a maternal surface area of
239.96+13.44 cm? Paracentral and marginal attachment of the
umbilical cord was found more often in placentas with CAH. The
magistral type of vascular branching dominated in this group of
patients (65.0%), and the volume density of ischemic infarctions
comprised 10.17% (Fig. 1).

The heterogeneity of the placental tissue is associated with
foci of thrombosis in the intervillous space with a high content
of fibrinoid and focal accumulations of hemolysed erythrocytes
(Fig. 2). Foci of calcifications were detected mainly in the mater-
nal part of the placenta. In almost a third of the placenta samples,
thickened walls of the arteries and veins of the umbilical cord
were seen, and their varicose dilation was observed in 58% of the
samples.

In women with CAH, intermediate villi dominated, many of
them were immature, hence intermediate immature villi were a

Puc. 1 lNnayeHma nayueHmku ¢ XAl XpoHuyeckas [TH. Meskoo4azo-
gble (1) u kpynHoouazossle (2) uwemudeckue UHHAPKMbl; 3 — NaaueH-
mapHsIli UHGAPKM 8 8LUOE 040208 HEKPO3a BOPCUH XOPUOHA. MUKpo-
omoepacgpus. Okpacka cemamokcunuHom Maliepa u 303uHoM. Ys.
x100

Fig. 1 Foci of infarction in chronic PI: (1) small (2) large focal ischemic
infarctions; 3 — chorionic villous infarct presenting as a circumscribed
area of parenchymal necrosis. Mayer's hematoxylin and eosin staining.
x100

472

Puc. 2 [naueHma nauueHmku ¢ XAl XpoHuyeckas [TH. O6o3Haue-
Hus: 1 —o4yaeu mpomb0o3a MeX8opCUHYAMO20 NPOCMPAHCMBa C
2eMO/1U30M 3pUmpoyumMos; 2 —omsoxeHue 60/bWo20 Koau4ecmsa
hubpuHOUOT 8 MEIBOPCUHYAMOM NPOCMPAHCMBaE; 3 — 2UN08ACKY/A-
PU3AUUA NPOMEHCYMOYHBIX U MEPMUHAbHbIX BOPCUH. MuKkpogomo-
epagpuA. Okpacka eemamokcunuHom Matiepa u 303uHoM. ¥Y8. x100
Fig. 2 Placenta of the patient with CAH. Chronic PI. 1 — intervillous
thrombus with lysis of erythrocytes; 2 — massive perivillous fibrinoid
deposition; 3 —loss of vascularity of intermediate and terminal villi.
Microphotograph. Staining with Mayer's hematoxylin and eosin. x100.



Mypammnasaposa HA MopQoaormueckite xapaKTepyCTVIK! I11aIleHT

BECTHMK ABMILIEHHEBI
Tom 26 * No 3 * 2024

Y KeHWwH ¢ XAl oTmeyeHo npeobnagaHne KOMNOHeHTa Hespe-
NbIX BOPCUH, C YYETOM JOMUHMPOBAHUA MPOMEXKYTOUHbBIX — NpoMe-
KYTOYHO-He3pesbiX, B COCTaBE aTUMUYHOTO Pa3BUTUA KOTUEAOHOB.
CHUXEHHOMY KONMYECTBY MOMHOLEHHbIX TEPMUHaNbHbIX BOPCUH
COMYTCTBOBaNa WX 3HAUWUTENbHAA rMMoBackynapu3auma. Ckneposu-
pOBaHVe YacTW CTBO/IOBbIX BOPCUH Peanv3oBanoch B KOMMEHCATop-
HYH aKTMBHOCTb KanuaAApPHOTo NMONHOKPOBUA Ha GOHe 0banTepaLmm
npocBeTa KpynHbIX cOcyAoB. MpU3HaKOM KOMMNEHCaTOPHbIX MpoLiec-
COB Y KeHLWmH ¢ XAl 1 C3PI oka3anocb M3bbiTo4HOE 06pa3oBaHue
CUHLMTUANbHBIX 30H. XapaKTepHbIMU CTPYKTYPHBIMU U3MEHEHUAMM
ABUANCb HaNMUMe KNETOYHOW AeCTPYKTYpU3aLmm ¢ Aedektamu cTpo-
eHuA 6asanbHbix membpaH v aaep. OTMeyeHa TeHAEHLMA K UCTOHYe-
HWIO 6a3aNbHOV NIACTUHKM C 06pa3oBaHMEM TOHKOM GUBpUHOMAHOM
nonocol. B 19,0% cnyyaes B cy66a3anbHOM 30He Bblav 0OHapyKeHbl
KanbLyMKaTbl, pacnonarasLinecs, B OCHOBHOM, B MEXBOPCMHYATOM
NPOCTPAHCTBE, MHOTAQA NO Kpato 6a3anbHOM MAACTUHKM U Ha NOBepX-
HOCTW BOPCUH.

Mopdonornyeckne xapakTepuUCTUKM NAaLeHTbl Npu bepemer-
HocTu ¢ M3 xapaKTepr30BanuCh NPU3HAKaMM COCTOABLLEICA recTaum-
OHHOW NepecTPOMKM MaTOYHO-M/IALEHTapHbIX apTepWii B | TpUmecTpe,
JanbHelWwum BHeapeHnem LmutoTpodobiacta, HTo CBUAETENLCTBOBA-
110 0 HEaAEeKBaTHOCTM NPOMUCXOAALLErO NpoLLecca.

YactnuHoe 3amelLieHne GUBPUHOMAOM CTEHKM pagnanbHOM Ma-
TOYHOM apTeEPUM Ha POHE BbIPAKEHHOM BOCNANNTENbHOM MHPUALTPA-
LLIMU BbICTYNaN0 3KBUBANIEHTOM OTCYTCTBUSA reCTaLMOHHbBIX U3MEHEHW
B MMOMETPUANbHbBIX CEFMEHTaX MaTOYHO-NNALEHTAPHbIX apTepuit ¢
KOHCTaTaLme pparmeHTapHOro pacrnpeseneHnsa KNeToK UHTepCTULY-
anbHoro uuToTpodobnacta. CoxpaHHOCTb IHAOTENNANBHbIX GparmeH-
TOB M 3/1aCTO-MblLLIEYHOV OCHOBbI B CEFMEHTE MaTOYHO-M/1aLEeHTapHOM
apTepun onpegenana y3ocTb COCYAMCTOrO MPOCBeTa. XapaKTepHbIM
NPU3HAKOM HapyLUeHUA pemMoLenvpoBaHusA naaLeHTbl npum M3 BbicTy-
nan MO3auLLM3M 3HAOMETPUA C 04AroBbIMM MHBOIOTUBHBIMM NPU3Ha-
KaMu AeupayanbHbIX KNEeTOK.

Mopdonoruyeckoe nccnefoBaHve naaLeHTbl Npu bepemeHHo-
CTW, OCNIOXKHEHHO 13, NoKa3ano runonnasuto NAaLeHT — Npu cpea-
HeW Macce TKaHu B 354+33 rpamm npeobnafany oTaenbHble 06pasLibl
C HepaBHOMEPHOM KOHCUCTEHLIMEN M UCTOHYEHHBIMM yYacTKamu. Ba-
prabenbHOCTb Macchl HEGObLUMX NAALEHT cocTaswaa ot 315 fo 346
rpamm. [IMccoumaTnBHbIN XapakTep GOPMUPOBAHUA NAALEHTApHOM
TKaHW 00yCN0BUA BblgeNeHWe BTOPOW KaTeropuu naaLleHT bosbluero
ob6béma Maccoit 6onee 430 rpamm Npu NAOLAAM MATEPUHCKOM No-
BEPXHOCTM 246,7+7,1 cm? — ¢ 06ABOYHBIMM UCTOHYEHHDBIMM [0/IbKa-
MM Ha GOHe KpaeBoro Uaun 060104e4HOro NPUKPENIEHNUS NYNOBUHBI.
Ha ¢oHe 3HauuTenbHoro npeobnagaHna MarmcTpanbHOrO TMMa BeT-
BNIeHNA cocyfoB (72%) ocobeHHOCTel CTPOEHMA NYNOBUHbI BbIABNEHO
He 6bino.

lMcTonorMyeckumm 0cobeHHOCTAMU CTPOEHWUA NAaLeHTapHOM
TKaHM npu M3 ABNAAUCL YYaCTKM KanbLuMdUKaLMKM, Kak Npasuso, B
BUAE OKPYMbIX U MbleBUAHBIX benecoBaTtbix BKIOYEHUI Ha doHe
HepaBHOMEPHOrO MO/IHOKPOBUA MaTEPUHCKON NMOBEPXHOCTH, a TaKKe
oyarn MHPapKTOB M TPOMOO30B, 3aHMMalOLLVWE B CpesHeM He Bonee
1/5 cTpyKTypbI.

MpeobnagatoLeit NaTonornMyeckon CTpyKTypor npu M3 BbICTy-
nana HespenocTb BOPCMHYATOro annapata. CreneHb Aauctpoduye-
CKUX U3MEHEHMI CTPOMbI XOPUaNbHOMN NAACTUHKM U CUHLMTUANBHOTO
MOKPOBa BOPCKH, 06BEM He3pesibiX BOPCUH € GUOPO30OM CTPOMBI U
04arosoi nponudepaupen XOpuUanbHOro 3MUTENNA, ULWIEMUYECKUX
MH}APKTOB NO3BONAIOT NpeAnoiaraTb HeLOCTaTOUMHOCTb KOMMEHCa-
TOPHO-NPUCNIOCOOUTENBHBIX Peakumil y naumeHTok ¢ M. UHbapKTbl
NPeVMYyLLEeCTBEHHO JIOKANN30BaANCh B LIEHTPANbHbIX U NapaleH-
TPanbHbIX OTAENAX U 3aHUMANN 3HAUUTENbHYIO N/IOWAAb MATepPUH-
CKOM MOBEPXHOCTW MAaLeHTbl. OyaroBble CKOMAEHUA AAep CUHLM-

dominating type in the atypically developed cotyledons. Their sig-
nificant hypovascularization accompanied a reduced number of
mature terminal villi. As a part of stem villi was sclerotic, capillary
plethora may be considered as a compensatory reaction on the
background of the large blood vessels obliteration. Another com-
pensatory reaction seen in patients with CAH was an excessive
formation of syncytial zones. Cellular destruction with defects in
the structure of the basal membranes and nuclei was commonly
observed. A tendency to thin the basal plate with the formation
of delicate fibrinoid strips was noted. In 19.0% of cases, in the
subbasal zone calcifications were found, which are commonly lo-
cated in the intervillous space, sometimes along the edge of the
basal plate and on the surface of the villi.

Morphological features of the placenta in pregnancy with
PE were characterized by signs of gestational reorganization of
the uteroplacental arteries in the first trimester, and further in-
vasion of cytotrophoblast, which indicated the inadequacy of the
ongoing process.

Partial replacement of the walls of the radial arteries with
fibrinoid against the background of pronounced inflammatory
infiltration indicates a disturbance of gestational changes in the
myometrial segments of the uteroplacental arteries with frag-
mentary distribution of interstitial cytotrophoblast cells. Endo-
thelial fragments and the elastomuscular components persist in
the uteroplacental arteries, keeping the vascular lumen narrow. A
characteristic sign of placental remodeling impairment in PE was
endometrial mosaicism with focal involution of decidual cells.

Morphological examination of the placenta in PE showed
placental hypoplasia with an average tissue weight of 354133
g; some of the placentas demonstrated uneven consistency and
thinned areas. The variability of the weight of small placentas
ranged from 315 to 346 grams. Due to the dissociative nature of
placental tissue formation, another variety of larger placentas
weighing more than 430 grams with a maternal surface area of
246.7+7.1 cm? was determined in this group. This variety of pla-
centas has additional thinned lobules against the background of
marginal or membranous attachment of the umbilical cord. The
magistral pattern of vascular branching dominates in this group
(72%), with no other unique features of the umbilical cord struc-
ture.

In patients with PE, placentas contained areas of calcifi-
cation, usually in the form of rounded and dust-like whitish in-
clusions against the background of the uneven plethora of the
maternal surface, as well as foci of infarctions and thromboses,
occupying on average no more than 1/5 of the placental area.

The predominant pathological feature of placentas in PE
was the immaturity of the villous tree. The degree of dystro-
phic changes in the stroma of the chorionic plate and the syn-
cytial lining of the villi, the share of immature villi with stromal
fibrosis and focal proliferation of the chorionic epithelium, and
ischemic infarctions suggest insufficient compensatory reactions
in patients with PE. Infarctions were predominantly localized in
the central and paracentral parts and occupied a significant area
of the maternal surface of the placenta. Focal accumulations of
syncytiotrophoblast nuclei were excessive in placentas of patients
with PE, manifesting tissue hypoxia. Not only in an increase in the
number of syncytial buds, but also pericapillary sclerosis of the
endothelium against the background of hypovascularization of
immature intermediate villi with stromal fibrosis indicated pre-
mature involutional changes in placenta (Fig. 3).
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TMoTpodobnacTa, M3bbITOUHbIE B 06pa3LLax NAALEHT KeHWMH ¢ M3,
BbICTYMaNW CBUAETENbCTBOM Ha/IMUMA TKAHEBOW rMNoKcuu. Mpexaes-
pemeHHble MHBO/IOTUBHbIE M3MEHEHUA MALEHTApHOM TKaHW pea-
NIN30BANNUCL He TO/bKO B BO3PACTAHUM KOMMYECTBA CUHLMTUANbHBIX
MOYEK, HO M B NEPUKANUANAPHOM CKNEPO3e 3HAOTeNWs Ha oHe rv-
NOBACKYNAPM3aLLM HE3PENbIX MPOMEKYTOUHbIX BOPCUH € pnbpo3om
cTpombl (puc. 3).

B nnaueHTax bepemeHHbIx ¢ M3 ¢ XAl BbISBAAANCH HEMOMHO-
LIEHHbIE TecTaLMOHHbIe U3MEHEHUA SHA0- Y MUOMETPUA/IbHBIX Cer-
MEHTOB MaTO4YHO-M/NALEHTapHbIX apTepuid. CTPYKTYpHOM OCHOBOM
HEMOJIHOLEHHOCTW MHBAa3UW LuUTOTpopobAacTa B Nepseyto W BTOPYIO
BO/HbI AB/IAETCA COXPAHHOCTb SHAOTENMNANBHOMO U MbILLEYHOTO 3/1e-
MEHTOB COCYAWCTON CTEHKM Ha GOHE OTAENbHbIX Y4AaCTKOB CKNepo3a,
He 3ameLLéHHbIX GUbpHUHOMAOM. B nonoBrHe cnyyaes OTCYTCTBOBaNAA
MHBA3MBHaA aKTUBHOCTb LiToTpodobaacTa Ha poHe HEMOMHDBIX recTa-
LIMOHHbIX U3MEHEHWI MUOMETPA/IbHBIX CETMEHTOB MATOYHO-M1aLEeH-
TapHbIX apTEPUIA.

HapylueHne GpopmMMPOBaHMA CTPYKTYPHOW OCHOBbI MOJHOLIEH-
HOW recTaLyOoHHOM NepecTpoKK HeNnocpeaCcTBEHHO OTpaXKanach Ha
PEMOZENMPOBAHUM BCEX M/IALEHTAPHBIX 3/1EMEHTOB: AUCCOLMUMPO-
BaHHOM CO3PEeBaHUM BOPCMHYATOrO AepeBa, NpeobnafaHnum ckaepo-
3MPOBAHHbIX BOPCUH Ha GOHE CHUMKEHHOTO KONMYECTBA NMOJHOKPOB-
HbIX efuHWL,. BocnanutenbHas UHOUABTPALMA C AUCTPODUYECKUMU
M CKIEPOTUYECKMMM MPOLIEccamu B 3HAOMETPUM CrnocobcTBOBana
NOAABNEHUID aKTMBHOCTM MPUCMNOCOBUTENbHBIX MPOLLECCOB, Hapy-
LUEHMIO MHTEHCMBHOCTM CO3PEBAHMA BOPCMHYATOMO Jepesa Ha doHe
[OMWHUPOBAHWA HEe3pesbiX KOMMOHEHTOB. ofobHble M3MeHeHwA
0Ka3aNncb COOTHOCUMbI C AUCTpoduelt 1 runeptTpoduen geunayans-
HbIX KJIETOK, X KOMMAKTHbIM PacnonoxeHnem. Ha oTaesbHbIX yyacT-
Kax nnaLeHTbl GUryprpoBanu Npy3HaKy, yKasblBatoLLME HA aKTUBHbIE
KOMMEHCaTOPHbIE NPOLLECCbI, APYrMX — UX 4EKOMMEHCALMIO.

B nnaueHTax npu M3 ¢ XAl AMarHOCTMPOBAHO COYETaHWE pac-
CTPOWCTB MaTOYHO-NALEHTAPHOTO KPoBOObpalLeHus ¢ auctpodu-
UECKMMM M3MEHEHUAMM 3MUTENNSA U CTPOMbI BOPCUH. CresdyeT oTme-
TWUTb, YTO B M/IALLEHTAX CTATUCTUYECKM 3HAYMMO Yalle BCTPEYanuchb

Incomplete gestational changes in the endo- and myometri-
al segments of the uteroplacental arteries were detected in the
placentas of pregnant women with PE with CAH. The structural
basis for the incomplete cytotrophoblast invasion in the first and
second waves is the persistence of the endothelial and muscular
elements of the vascular wall on the background of areas of scle-
rosis not replaced by fibrinoid. In half of the cases, the absence of
cytotrophoblast invasive activity was combined with incomplete
gestational changes in the myometrial segments of the uteropla-
cental arteries.

Violating the formation of the structural basis for complete
gestational reorganization affected the remodeling of all pla-
cental elements: dissociated maturation of the villous tree, pre-
dominance of sclerotic villi against the background of a reduced
number of full-blooded units. Inflammatory infiltration with dys-
trophic and sclerotic processes in the endometrium contributed
to the suppression of the activity of adaptive processes and dis-
ruption of the intensity of maturation of the villous tree against
the background of dominance of immature components. Such
changes were correlated with dystrophy and hypertrophy of de-
cidual cells and their compact arrangement. In some areas of the
placenta, there were signs indicating active compensatory pro-
cesses; in others — there was their decompensation.

In placentas with PE with CAH, a combination of uteroplacen-
tal circulation disorders with dystrophic changes in the epithelium
and stroma of the villi was diagnosed. Disorders of the uteropla-
cental circulation in the form of foci of stasis, hemorrhage, and
thrombosis in the intervillous space of the subbasal and central
zones were significantly more common in the placentas of this
group of patients, indicating local tissue hypoxia (Fig. 4).

Vascular plethora of individual villi should be considered as
activation of compensatory mechanisms preventing local tissue
hypoxia.

Puc. 3 lnayeHma nayueHmku c [13. He3penocms 80pcuH xopuoHa. 1
— 2UNOBACKYAAPUIAYUA NPOMEHCYMOYHBIX U MEPMUHASbHbBIX B0PCUH C
hubpo3omM cmpomsl, 2 — 04ae UUEMUYECKO20 UHGapkma ¢ ympamoli
OKpawusaHusa adep mpogobaacma, 3 — azpe2ayus A0ep CUHUUMUO-
mpogobnacma ¢ 06pa308aHUEM CUHUUMUAbHBIX NoYeK. Mukpogo-
moepagus. Okpacka eemamokcunuHom Matiepa u 303uHom. ¥8. x100
Fig. 3 Placenta of a patient with PE. Immaturity of chorionic villi.
1—loss of vascularity of intermediate and terminal villi with stromal
fibrosis; 2 — focus of ischemic villous necrosis with lost staining of
trophoblast nuclei; 3 —aggregations of syncytiotrophoblast nuclei
with the formation of syncytial knots. Microphotograph. Mayer's
hematoxylin and eosin staining. x100
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Puc. 4 MnauyeHma nayueHmku ¢ 13 u XAl HapyweHue Kpogoobpa-
WeHUs 8 naayeHme ¢ 04a2eamu KposousnuaHul. 1 — oyaeu Kpogo-
U3/UAHUS 8 MEXBOPCUHYAMOM NPOCMPaHcmee; 2 —omsomeHue
nepusopcuHKo8o2o ubpuHa. Mukpogomozpagus. OKpacka eema-
mokcunuHom Madepa u 303uHom. Y8. x100

Fig. 4 Placenta of a patient with PE. Impaired blood circulation in the
placenta with areas of hemorrhage: 1 — foci of hemorrhage in the
intervillous space; 2 — perivillous fibrin deposition. Mayer's hematoxylin
and eosin staining. x100
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paccTPOCTBa MaTOYHO-M/IALEHTAPHOMO KPOoBOODpaALLeHUs B Buae
0YaroB CTa3a, KPOBOU3AMAHMA U TPOMB03a B MEKBOPCUHYATOM Npo-
CTpaHcTBe cy66a3anbHbIX U LEHTPa/IbHbIX 30H, KOTOPbIE NOATBEPKAA-
JIN MECTHYO TMMOKCUIO TKaHel (puc. 4).

CocyMCTOe NOIHOKPOBWE OTAE/bHbIX BOPCUH CNEAYET PaccMaT-
p1BaTh Kak aKTMBALMIO KOMMEHCATOPHbIX MEXaHWU3MOB, NPeaoTepa-
LLAKOLLMX MECTHYHO TMMOKCHIO TKAHEMN.

AnanTauMoHHO-NPUCNOCOBUTENbHBIM U3MEHEHUAM Ha TKaHe-
BOM YPOBHE COMyTCTBOBA/IM a/bTEPATUBHbBIE U3MEHEHUA HA YPOBHE
cvHUMTHOTPOdO6NACcTa C MOBPEXKAEHWEM KNETOK — runonnasuei
SHAOTENMOLMTOB M NMUKHO30M AAEp 3HAOTENNOLMTOB. [leckBamaTme-
Hble U3MEHEHMWA Ha YPOBHe CUHLMTHMOTPOdO6NACTa CONPOBOKAANMCH
BO3pacTaHMEM KONMYECTBA MENKMX MONHOKPOBHbIX TEPMUHAIbHBIX
BOPCUH C KOMMEHCATOPHOW Lie/Iblo COXpaHeHUs GYHKLMM TpaHcnaa-
LIeHTapHoro obmeHa.

TKaHEBbIM M3MEHEHUAM OKa3a/MCb MPUCYLLM 0Yaru NceBLOMH-
bapKToB M MHPAPKTOB «CepPOBATOrO» U «bypOBaTOro» LiBETA, Kasb-
LIMHO33 U MaCCUBHbIE 30HbI MEXBOPCUHYATBIX KPOBOM3INAHWIA. Mpun
MopdOMETPUM 0OBEMHAA A0NA MEKBOPCUMHYATBIX KPOBOM3IUAHUIA
(9,6410,24) oka3zanacb 6onbluei NO CPaBHEHUIO C 06BEMHON Aoneit
NweMnYecknx nHdapkTos (8,1210,27).

AKTUMBHOCTb KOMMEHCATOPHbIX peakLmii Ha GoHe SBHOro Npeob-
NafiaHNA NaTONOTMYECKN HE3PENbIX, XaOTUUHbIX, AnddepeHLMpoBaH-
HbIX, CKNIE€PO3MPOBaHHbBIX EAMHUL, BOPCUHYATOTO JepeBa OKasanacb
cnabo BbIpaXKEHHOW: BO3POC/IO KOJMYECTBO MPOMENKYTOUHbIX YMme-
PEHHO BaCKy/JIAPU30BaHHbIX BOPCKH, aKTUBHOCTb Nepudepuyeckoro
umtoTpodobiacTa U CMHLMTUOTPOPO6AACTA BOPCHH C OYaramMm aHrv-
omaTosa.

OBCYXXEHUE

Halwm gaHHble 0 BbICOKOM YacToTe rMnoniasuMm NaaLeHTbl npu
6epemMeHHOCTH C 3aZlePXKKOM pocTa NaoAa U rMnepTeH3UBHbIMK CO-
CTOAHWUAMM COOTBETCTBYHOT pe3y/ibTaTam Apyrix asTopos [9].

OTAnunTENbHBIMM 0CO6EHHOCTAMM MOPDONOTMM NAALLEHTbI NPU
pa3zsusliemca C3PIM y xeHwmH ¢ XAl ABNAIOTCA: TEHAEHUMA K €€ ru-
noniasny, AOMWHAHTHbBIM MarucTpasbHbI TUN BETBNEHUA COCYLOB,
Ha/IMuMe y4acTKoB MHGAPKTOB, 04arM TPomMb03a B MeXBOPCMHYATOM
NpPOCTPaHCTBe ¢ HO/bLIMM cofepKaHuem pubprHoMaa U o4aroBbiMm
CKONNEHUAMU 3PUTPOLUTOB C 31EMEHTAMMU FemMon3a, KasbLMHO3bI
Ha GOHe KOMMEHCATOPHbIX PeaKLMii B BUAE aHMMOMaTO3a BOPCUH XO-
pvoHa [10, 11]. NpeobnasaHme rMcTONOMMYECKMX MPU3HAKOB ULLEMUU
XOPWasbHbIX BOPCUH CBUAETENBCTBYET O HAPYLIEHUM Y HUX NpoLec-
Ca NAALEeHTaLMM U CHUXKEHUA MHTEHCUBHOCTM aHIMOreHesa B MaTou-
HO-M/1ALLEHTaPHOM KPOBOTOKE. 3TO MOXKET ObITb OAHOM U3 MPUYMH, MO
KOTOpOW npouecc MHBa3uM Tpodobnacta 3amennserca U He 3aBep-
LaeTca B NosHOM 06béme. IT0 cornacyetcs ¢ gaHHbimu Ong SS et al
(2005), KoTopble NoKasanu, 4to npw M3 NPOUCXOAUT YTONLLEHUE KOM-
naeKkca UHTUMa-MmeZMa U yMeHbLUIEeHWe AvamMeTpa NPOCBEeTa pasiunalb-
HbIX apTepUit MMOMETPUA, YTO NMPUBOAUT K CHUNKEHUIO MOCTYNIEHUA
KpOBW K niaueHTe [12].

B pesynbraTe Hallero UccnefoBaHWA B MIALEHTAX KEHLMH C
C3PM # rMNepTeH3nBHbIMU HapyLUeHWAMU BbiABNEHbI MOBPEXAe-
HWA, KOTOpble COOTBETCTBYIOT AaHHbIM UTEPaTypbl, COMIACHO KOTO-
PbIM NPU NATOFMCTONOTMYECKOM UCCNEL0BAHUM MALEHT BbIABAAETCA
He3penocTb BOPCUH, GMOPO3 CTPOMbI BOPCUH, MHGAPKTLI, yBEAMYE-
HME KONMYEeCTBA CUHLMTUA/IbHBIX MOYEK, aBaCKyNAPHbIe TePMUHaANb-
Hble BopcuHbI [13-15]. LinH3epaunHr BA 1 coasr. (2002) oTmeyatoT, 4To
npv I3 anbTepaTUBHbIE KNETOUHbIE U3MEHEHUA U HAPYLIEHWA MUKPO-
LIMPKYNATOPHOTO PYC/1a COYETAKTCA C KOMMEHCATOPHO-NPUCNocobu-
Te/IbHbIMM peakuuamm [16].

MaToreHe3 xpoHuuyeckon MH y KeHWwmH ¢ M3 cknagpiBaetcs,
rN1aBHbIM 06Pa30M, U3 HapyLLEeHUI MaTOYHO-NaLEeHTaPHOM LMpKyna-

Compensatory changes at the tissue level were accompa-
nied by alterative changes of syncytiotrophoblast with cellular
lesions: endothelial hypoplasia and pyknosis of endotheliocytes’
nuclei. A plethora of terminal villi accompanied the desquama-
tion of syncytiotrophoblast as a compensatory change to pre-
serve the transplacental exchange.

Tissue changes were characterized by foci of pseudo-in-
farctions and infarctions of a "grayish" and "brownish" color,
calcification, and massive zones of intervillous hemorrhages.
Morphometrically, the volume density of intervillous hemor-
rhages (9.64+0.24) was higher than that of ischemic infarctions
(8.12+0.27).

On the background of the pronounced predominance of
pathologically immature, chaotic, differentiated, sclerosed villi,
compensatory reactions, such as an increased number of inter-
mediate moderately vascularized villi and elevated activity of the
peripheral cytotrophoblast and syncytiotrophoblast of villi with
foci of angiomatosis, were weekly expressed.

DiscusSION

Our findings of the high frequency of placental hypoplasia in
pregnancies with FGRS and hypertensive disorders correspond to
the data of other authors [9].

Distinctive features of placental morphology in pregnancies
with FGRS on the background of CAH include placental hypopla-
sia, dominating magistral pattern of chorionic blood vessels, the
presence of infarction areas, foci of thrombosis in the intervillous
space with a high content of fibrinoid and focal accumulations of
erythrocytes with elements of hemolysis, areas of calcifications
against the background of compensatory reactions in the form
of angiomatosis of the chorionic villi [10, 11]. The predominance
of histological signs of chorionic villi ischemia indicates a disrup-
tion of the placentation and impaired angiogenesis in the utero-
placental circulation, which may be one of the reasons why the
process of trophoblast invasion slows down and does not fully
complete. These findings are consistent with the data of other
authors, who have shown that in PE, the thickening of the inti-
ma-media complex and a decreased luminal diameter of the ra-
dial arteries of the myometrium lead to diminished blood flow to
the placenta [12].

Our study demonstrated placental changes in pregnancies
with FGRS and hypertensive disorders, which correspond to lit-
erature data on immaturity of the placental villi, fibrosis of the
villous stroma, infarctions, increased number of syncytial buds,
and avascular terminal villi in hypertensive patients [13-15]. In
PE, cellular alterations and microcirculatory disorders accompany
compensatory reactions in the placenta [16].

The mechanisms of chronic Pl in patients with PE include
disturbances in the uteroplacental blood circulation, structural
damage to the placental villi, and concomitant disturbances in
the placental-fetal circulation, which appear in the third trimester
of pregnancy and result in the development of FGRS [17, 18].

CONCLUSION

Placental hypoplasia, in combination with chronic circu-
latory disorders, focal thrombosis of the intervillous space, and
increased fibrin deposition in the placenta, constitutes the struc-
tural basis of chronic PI, which leads to the FGRS.
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LMM KPOBW, CTPYKTYPHbIX NOBPEXKAEHNI BOPCUH NNALEHTbI U COMyT-
CTBYIOLLMX HapyLWeHW NAaLeHTapHO-NA0L40BOMO0 KpoBOObpaLleHus,
peanusyembix B lll Tpoumectpe bepemeHHoCTH B BUAE pa3suTua C3PM
[17,18].
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VICITOAb30BAHUE TEXHOAOTUN VICKYCCTBEHHOTI'O MHTEA/AEKTA ITPA
IHOABOPE MUMIIZIAHTATOB A151 AYTMEHTAIIMOHHON MAMMOIIAACTUKA

A.K. ATAMAHOB!, A K. CATTAKOBA? B.A. ETOPOB', O.A. CEAYXVH?
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Lienb: ynyylieHve NporHo3MpoBaHus pesynsbTaToB onepaLmii ayrmeHTalMoHHOM mammonaacTuku (AM).

Matepuan u meToapl: UcCnesoBaHMe OCHOBAHO HA PETPOCNEKTUBHOM aHaM3e AaHHbIX 265 NaUMEHTOK, YA0BIETBOPEHHbIX PE3YNLTaTOM OnepaLmu,
KOTOpbIM Bbina BbinosHeHa AM. Ha OCHOBaHUM YMCNEHHbIX MApPaMEeTPOB M MOXKENAaHWI NaLMeHTa (MCXO4HbIE NPU3HAKKM) U NAPaMETPOB YCTaHOBNEH-
HbIX MMNIAHTATOB (LieN1IeBble NPU3HAKM) OCYLLECTBAANOCH 0BYYEHME UCKYCCTBEHHOIO MHTennekTa (MN).

Pe3ynbTatbl: No/ly4eHHas MOLE/Ib MALWMHHOIO 06yYEHMA MPOAEMOHCTPMPOBAsa COBMNajeH1e NapamMeTpoB NpeaiaraémMoro K YCTaHOBKe MMMIaHTaTa
¢ Bblbopom xupypra B 81,5% c/ly4aeB, YTO MOMKHO CYMTATb AOMYCTUMbIM MOKa3aTeNem 418 NPaKTUYECKOro NPUMEHEHUA MOAEN.
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Objective: To enhance the accuracy of predicting the outcomes of augmentation mammoplasty (AM).

Methods: The study involves a retrospective analysis of data from 265 patients satisfied with the AM results. Artificial intelligence (Al) was trained using
numerical variables, such as anthropometric measurements and patient preferences, as input data, and the implant parameters were used as output data.
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Conclusion: The ML approach can improve accuracy in selecting the most appropriate implant type and size, considering a wide range of individual
parameters and patient wishes.
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BBEAEHUE

Mpouecc Bbibopa MMNAaHTaToB Npu AM, C €ro MHOTOYMUCIEHHbI-
MM NepeMEHHbIMU, ABISETCA HEMPOCTO 3a4a4elt B NNaCTUYECKOW X~
pypruu, Tpebyrolweit KoMnaeKcHoro noaxoaa. Pelwexne no nog6opy
MMNNaHTaTa 06YC/I0BNEHO OBLLMPHBIM CMIEKTPOM NapaMeTpPOB, TakuX
KaK aHaTOMMYECKME XapaKTEPUCTUKM (LUMPUHA OCHOBAHUSA MOIOYHOM
Kene3bl, PacCTOAHME OT COCKa A0 CYOMaMMapHOW CKAaAKM B HaTAKe-
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INTRODUCTION

With its numerous variables, the implant selection process
for AM is a critical step in plastic surgery that requires a com-
prehensive approach. A wide range of parameters determines
the decision to select an implant, including anatomical charac-
teristics such as the width of the base of the mammary gland,
the nipple-inframammary fold distance (M-SIM) measured under
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HWUK) U NEePCOHA/IbHbIE MPEANoYTEHUA NauueHTKK [1]. Mbl nonaraem,
4TO OLLEHMBATb 3CTETUKY MOJIOYHOM Kenesbl cedyeT B KOMMAeKce ¢
Tanuvel u 6EApammn: UMEHHO ANCTIPONOPLIMA STUX TPEX BEIMUMH Yalle
BCEro NPUBOAMT NALMEHTKY K NAAaCTUHEeCKoMy Xmpypry. Mostomy npu-
MEHEHWe aHTPOMOMETPUYECKMX MOKa3aTenel, Takux Kak pocT, Bec,
OKPYXHOCTW 6Eaep, Tanuu, rpyay Ha YpOBHE COCKOBO-apeonspHOro
komnnekca (CAK) n cydbmaMmapHOW CKNafKu, UrPaeT BaHYO posib B
npotecce nogbopa MmnaaHTaTa. 3agaueit xupypra asnaetcsa cobnio-
[eHne banaHca Mexay aHaTOMUYECKMMM, aHTPOMOMETPUYECKUMM
XapaKTEPUCTUKaMM U KeNlaHUeM NaLMEHTKU C ONopoi Ha cobCTBeH-
HbI OMbIT M 3CTETUYECKOE YYBCTBO.

B uccnepoBaHuu, nposeaéHHom B 2016 rogy, Adams WP, Mckee
D npoaHanusmposanu 5253 ctaTby, Tak MU MHAYe CBA3AHHbIX C NOA-
60pOM MMNNAHTATOB MOMOYHbIX ené3. OueHKa KayecTBa cUCTEM
nogbopa MMNNAHTaTOB NPOM3BOAMIACH C MOMOLLBIO MHCTPYMEHTA
«MeToA0NM0rMYECKM UHAEKC HepaHAOMU3MPOBAHHBIX UCCea0Ba-
Huit» (Methodological Index for Non-Randomized Studies). B pesynb-
TaTe OblM BblAeneHbl 33 CTaTby, COAEPNKALLME PA3/IUYHBIE CXEMBI
nofbopa rpyaHbiX MMMAaHTaToB A nepsuyHoii AM [2]. Mpouecc
BbI6Opa MMNNaHTaTa B faHHbIX UCCNEL0BAHUAX YUUTbIBAET COYETAHUA
Pa3/IMYHbIX NaPaMeTPOB NALMEHTKM, BK/IHOYAA M3MEPEHUA MONOYHbIX
Kenés, pocT, Maccy Tena, LWMPUHY FPyAHOM KNETKU, WNpKHY 6éaep u
Apyrvue napametpbl [2-4]. Tem He meHee, B CTaTbAX ABHO He chopmy-
JIMPOBAHO, Kak MPUMEHATb 3TN NEPEMEeHHbIe A1 BbIbopa MMNNaHTa-
Ta onpeaenénHoro pasmepa. Adams WP, Mckee D nog4épkusator, 4to
CYLLECTBYIOT Pa3HOINAcKA OTHOCUTENbHO Haubonee 3ddeKTUBHOrO
MeTofa Bblbopa MOAXOAALLEro pasMepa WMMMAaHTaTa, Jlyylle Bce-
roO COOTBETCTBYIOLLErO rpyau NaumeHTku [2]. He 6bino npesnoxeHo
YETKOro aNropuTMa, KoTopblit Mor 6bl BbiTb BOCNPOM3BEAEH KaXKAbIM
XMPYProM Ha OCHOBE MEePeMEHHbIX, UCMOb3yeMbIX B CUCTEMAX, YTO
[enaeT vx peanusaumio bonee CNOKHOM.

Mbl npegnaraem onTMMKU3MPOBATL NpoLiecc nogdopa rpyAHbIX
MMNIAHTaTOB C MOMOLLbtO TexHonornn UN. UM — aTo 0bnactb Hayku
U TEXHONOTUM, 3aHUMAIOLLAACA CO3LAHMEM U PA3BUTMEM KOMMbIO-
TEPHbIX CUCTEM, KOTOpble CMOCOBHbI BbINOAHATL 334auu, 0ObIYHO
TpebyloLme YeN0BEYECKOTO MHTENNEeKTa. 3TO BKOYAET B ceba (HO
He orpaHuuMBaeTcs) Takne QyHKLMM, Kak BoCnpuaThe (B TOM uucne
pacrnosHaBaH1e 06pa3oB W 3ByKa), NOHMMAHUE ECTECTBEHHOTO fA3bl-
Ka, obyyeHue u npuHATUE pelennit. OnpegeneHne MW poctatoyHo
LUIMPOKOE U NoAPa3yMEBAET MHOXKECTBO NMOAXOA0B M TEXHONOTUIA [5].
MalunHHoe obyyeHne — 3To ofHa W3 KaroueBbix obnacteit U, koto-
pas NO3BO/IAET KOMMNbIOTEPAM KYYUTLCAN U aAANTUPOBATHCA K HOBbIM
ZlaHHbIM 6e3 ABHOro MporpaMmupoBaHusA. B mpouecce mallMHHOTO
00y4eHMa anropuTMbl aHAIM3MPYIOT M 06pabaTbiBatoT 60NbLIOW 06b-
&M [ aHHbIX, BbIABNAA B HUX ONpeAen&HHbIe 3aKOHOMEPHOCTH v 06pas-
Lbl. Ha OoCHOBaHUM 3TWX 3aKOHOMEPHOCTelM M 06Pa3LOB aAropPUTMbI
MaLUMHHOro 0byyYeHns MOTyT Aenatb NpescKasaHua MU NPUHUMATb
pewenus [6]. Ha npaKkTMKe TEPMUHbI KUCKYCCTBEHHbIN UHTENNEKT» U
«MaLUMHHOE 0BYYeHME» NPUMEHSAIOT KaK B3aUMO3aMeHsemble, Noaa-
Bnsatollee 6ONbLWMHCTBO COBPEMEHHbIX WMHTENNEKTyabHbIX CUMCTEM
OCHOBAHbI Ha MaLWMHHOM 0By4eHum [7].

B meauupHe Haubonee LIMPOKO U3yyeHO mpumeHeHve WU B
Ny4yeBoit AnarHoctmke. 3a 2016-2017 rr. 66110 ony6AMKOBAHO OKO/O
750 cTaTei, onucblBatoWwmx npumeHeHne A B meguumHcKol Bu3ya-
nv3aumn. bbinv paspaboTaHbl MOAENM MALLMHHOTO 0bYYeHUs, KOTo-
pble aHaNU3MPYT MaMMorpaduo € TaKoM e TOUHOCTbIO, KaK Y Bpa-
yeln-peHTreHonoros. B HacToAwlee Bpema UMW ycnelwHo npymeHseTca
B AMArHOCTUKE 3/10Ka4YeCTBEHHbIX HOBOOOPA30BaHUIA KOXKM, B ONpeae-
JIeHUM MeTacTa30B paka MOIOYHOM Xene3bl B G1onTaTax CTOPOKEBbIX
NMMPOY3N0B. B 3CcTETUYECKOM XMPYPrK TOXKE NPOUCXOAMUT NOCTENeH-
Hoe BHeApeHKe TexHonorui MU, Mogens MmalumHHOro oby4yeHus bbina
0byyeHa Ha 165 1300paKeHMAX KEHLUWH, KOTOpble NpeaBapUTENbHO

tension, and the patient's personal preferences [1]. It is crucial to
consider the overall harmony of the body when evaluating the
aesthetics of the breast. The harmonious balance between the
breast, waist, and hips is essential, as an imbalance in these areas
often motivates individuals to seek the expertise of a plastic sur-
geon. Hence, anthropometric parameters such as height, weight,
hip, waist, and chest circumference, measured at the nipple-are-
olar complex (NAC) and below the breast at the level of the in-
framammary fold, are crucial in selecting implants. The surgeon's
responsibility is to balance anatomical and anthropometric char-
acteristics with the patient's preferences while relying on experi-
ence and aesthetic sense.

In 2016, Adams WP and Mckee D conducted a study ana-
lyzing 5253 articles related to the selection of breast implants.
They assessed the quality of implant selection systems using the
Methodological Index for Non-Randomized Studies (MINORS), a
tool for quality assessment. In total, 33 articles were identified,
which contained various methods for selecting breast implants
for primary AM [2]. The implant selection process in these studies
considers various patient parameters, including breast measure-
ments, height, body weight, chest width, hip width, and other pa-
rameters [2-4]. However, the articles do not explicitly explain how
to use these variables to choose a specific implant size. The au-
thors emphasize the controversy surrounding the most effective
method for selecting the appropriate implant size that best fits
the patient's breast [2]. No straightforward algorithm has been
proposed that can be universally adopted by every surgeon based
on the variables used in the systems, making their implementa-
tion more complex.

We propose using Al technology to optimize the process of
selecting breast implants. Al is a field of science and technolo-
gy that involves creating computer systems capable of perform-
ing tasks that typically require human intelligence. These tasks
include perception (including image and sound recognition),
natural language understanding, learning, and decision-mak-
ing. The definition of Al is quite broad and encompasses various
approaches and technologies [5]. ML, a key area of Al, enables
computers to "learn" and adapt to new data without explicit pro-
gramming. During machine learning, algorithms analyze and pro-
cess large volumes of data, identifying patterns. Based on these
patterns, machine learning algorithms can make predictions or
decisions [6]. In practice, the terms "artificial intelligence" and
"machine learning" are often used interchangeably; the majority
of modern Al systems are based on machine learning [7].

In medicine, one of the most extensively researched ap-
plications of Al is in radiology diagnostics. From 2016 to 2017,
around 750 articles were published detailing the use of Al in
medical imaging. ML models have been created to analyze mam-
mograms with the same level of accuracy as human radiologists.
Al is successfully employed in diagnosing malignant skin tumors
and identifying breast cancer metastases in sentinel lymph node
biopsies. Al technologies are also gradually being introduced in
aesthetic surgery. For instance, a ML model was trained using 165
images of women previously evaluated by humans. The authors
reported that the model accurately classified the attractiveness
of the images. Furthermore, Al can predict a person's age based
on images of their face, identifying characteristics that contribute
to their aging, which can help determine indications for certain
anti-aging facial surgeries [8].
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6blNM OLEHEHbI II0AbMU. ABTOPbI COOBLLAIOT, YTO MOAENb YCMewWwHo
Knaccuduumposana NpuBAEKaTeNbHOCTb M306paeHwit. AHanorny-
HO, NI/ MOXKeT ycnelwHo npeacKa3biBaTh BO3PACT YE/10BEKA HAa OCHOBE
M306pasKeHMIA ero AnLa, AEHTUOULMPYS XapaKTEPUCTMKM, KOTOpble
BHOCAT BK/1aZ, B €70 CTApEHWE, YTO MOXKET NOMOUb B ONpeseneHum no-
Ka3aHWii K TeM UM MHBIM OMO/IAXKMBAIOLLMM OnepaLuam Ha auue [8].

LLENb UCCNEAOBAHMA

Y/lyyleHMe NPOrHO3MPOBaHKA Pe3y/IbTaToB onepauii AM.

MATEPUAN U METOAbI

B faHHOW paboTe Mbl paccmaTpuBaem NPUMEHEHWE TEXHOOMIA
WU gna ontumusaumm npouecca noabopa MmnaaHTaTos. Mbl Bblasu-
raem runoTesy 0 TOM, YTO METOAbl MaLUMHHOIO 06yYeHMA MOTYT MOBbI-
CUTb TOYHOCTb Npy BbibGope Hanbonee NOAXOAALLErO TMNA U pasmepa
MMMIAHTaTa, YYUTbIBAsA LUMPOKWIA CNEKTP UHAMBUAYaA/bHbBIX Napame-
TPOB MaumeHTa. s peanusaunm ueam 6bian NocTasaeHbl Ciedyto-
Lime 3a4a4n:

e Pa3paboTaTb MoZesib MalWMHHOMO 0byyeHns o nogbopa
MmnaaHTatos gna AM.

¢ OUEHMUTb TOYHOCTb Pa3paboTaHHOW MOAE/N B CPABHEHUM C
BbIBOPOM MNACTUYECKOTO XMpYpra.

° anIMeHVITb Nnosy4yeHHble AaHHble ANA ONTUMU3aUMK NPOo-
uecca no,a,6opa rPYAHbBIX UMNNAHTATOB.

OTbop Y4aCTHUKOB WCCNEeLOBaHUA MPOBOAWM/CA CPeay nauu-
EHTOK K/IMHUKM, KOTopbiM Oblna BbinosiHeHa AM B nepuog ¢ 2018
no 2023 rr. bbino 0T06pPaHO 265 NAUMEHTOK C OAHOTUMHBIM 3CTETH-
YeCKMM Hed0CTaTKOM MOJIOYHbIX Ke/Es, TO eCTb C rMnomacTuei bes
nTo3a, TyoynapHoli gedopmaLmm, BbIparkeHHOM aCUMMETPUN U ApY-
rMx fedeKToB, yA0BNETBOPEHHbIX PE3YNbTaTOM ONepaLLMmn U npoone-
PUPOBAHHbIX OAHUM NAACTUYECKUM XMPYPTOM.

MpOTOKOA MCCNefoBaHNA COOTBETCTBYET XeNbCUHKCKOM AeKna-
paumun BcemmpHoli meauumMHCKoi accoumaumm (2013 r.). Bee npoue-
Zypbl B 3TOM UCCNef0BaHUM Oblnv BbIMONHEHbI B PamKax 0B6blYHOM
KAMHNYECKON NPaKTUKM, AaHHble OblM aHOHMMM3MPOBaHbI. Bee na-
LMEeHTKM Aanu MHGopmmupoBaHHoe f06poBo/bHOE cornacue Ha obpa-
60TKY CBOMX NEPCOHANbHbIX JaHHbIX.

Kaxzow nauneHTKe B NpesonepaLMoHHOM Nepuoae BbiNONHS-
JNCb CNesytoLLMe U3MEPEHNUA MOOYHbIX KeNE3: WMPUHA OCHOBAHUA
MOJIOYHOM }Kese3bl, PaccTosHWE OT COCKa [0 CybMmaMmapHOW cKiaa-
KM B HaTAXeHUW. TaKKe BbINONHAIUCD U3MEPEHNSA aHTPOMOMETPUYE-
CKMX MAapamMeTpoB MALMEHTOK: AJIMHA OKPYKHOCTU TPYyAM Ha ypOBHE
BAK v Ha ypoBHe cybmaMmapHOi CKNAAKK, A/IMHA OKPYXKHOCTU Tasum
W AVHa OKPYXKHOCTU 6€aep. M3amepsanmch pocT 1 macca Tena nauu-
€HTOK. B xoze npenonepaLmMoHHOr0 KOHCYNLTUPOBAHUA YTOUHAAUCH
NOYKeNaHWA NaLMeHTOK No nosoAy byayLuero pasmepa MOMOYHbIX XKe-
Né3 no yawke 6toctranstepa (B, C man D) n Gopmbl MONOUHbIX KeNE3
(HanonHeHHOCTL BepxHero noatoca — «nyw-an 3adpdekT» uam bonee
ectecTBeHHas ¢opma). Takoro anroputma obbIMHO NPUAEPKMUBAETCA
NAACTUYECKMI XMPYpPT NpY NaaHMposaHum AM. Ha ocHoBaHMM nony-
YEHHbIX JaHHbIX Bpay NogdMpaeT UMNAAHTAT, UMEIOLLMIA Cesytouime
OCHOBHbIE MapameTpbl: popma (aHaTOMMUYECKAn UK Kpyrias), LUMpu-
Ha OCHOBaHMA, AAMHA apKW, NPOdUAb (HU3KWMI, CPEAHWIA, BbICOKMIA
WM 3KCTPABbICOKUIA).

Takum 06pa3om, nocae NepBUYHON KOHCYIbTaLMM XMPYpPr UMe-
€T Habop YNCIEHHbIX NAPAMETPOB M NOXKeNAHUA NaLMEHTa (MCXOAHble
NPW3HaKK), Ha OCHOBAHMM KOTOPbIX OCYLLECTBAAETCA BbI6OP HOPMBbI,
0b6bEéma M npodunsa MMnNAaHTaTa (Lenesble NpusHaku). B uccneaye-
MOV BbIOOPKE LiesieBble NPU3HAKKM Oblan onpeaeneHbl BPaYom C yyé-
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PURPOSE OF THE STUDY

Improving the accuracy of predicting the results of AM sur-
geries.

METHODS

the study explored Al technology to improve the process of
selecting breast implants. We believe ML methods can enhance
the accuracy of selecting the most suitable implant type and size
by considering the patient's parameters. To achieve this, we have
set the following objectives:

e  Develop a ML model for selecting implants for AM.

e  Evaluate the developed model's accuracy compared to

the selection made by a plastic surgeon.

e  Utilize the gathered data to enhance the breast implant

selection process.

The study participants were selected from among female
patients who underwent AM at the “AvisMed” Clinic, Novosibirsk,
Russia, between 2018 and 2023. A total of 265 patients with the
same breast anomalies, such as hypomastia without ptosis, tubu-
lar deformity, severe asymmetry, and other defects, were select-
ed. The outcome of the surgery met their expectations, and they
underwent the procedure with the same plastic surgeon.

The study was conducted following the World Medical As-
sociation Declaration of Helsinki (2013), with all procedures per-
formed as part of routine clinical practice with anonymized data.
Furthermore, all participants provided voluntary consent for pro-
cessing their personal data. Before the surgery, the participant's
breast measurements were taken, including the width of the
breast base and the distance from the nipple to the inframamma-
ry fold under tension.

Additionally, anthropometric measurements such as chest
circumference, waist circumference, hip circumference, height,
and body weight were recorded. During the preoperative con-
sultation, the patient's preferences for the future size of their
breasts based on bra cup size (B, C, or D) and the desired shape
of their breasts (using implants that provide fullness in the upper
portion with a striking, "push-up" effect or a more natural look)
discussed. These preferences were considered in preoperative
AM planning. Based on the gathered data, an implant with spe-
cific characteristics is selected, including shape (anatomical or
round), base width, arc length, and profile (low, moderate, high,
or ultra-high).

Subsequently, the surgeon uses the collected numerical vari-
ables, such as anthropometric measurements and the patient's
preferences, as input data to determine the appropriate shape,
volume, and implant profile as output data. The doctor defined
the target implant anatomy features in the study sample based
on personal experience. Patient satisfaction was subjectively as-
sessed through surveys, evaluating their satisfaction with the AM
results and willingness to repeat it. Given that all 265 patients in
the sample expressed satisfaction, the relevant target features
were automatically selected for ML.

ML involves using datasets, typically represented in the
form of spreadsheets, to train a ML algorithm. During this pro-
cess, computer resources such as the processor carry out com-
plex calculations while the RAM stores and manages the data
being processed. The outcome of machine learning is creating a
model, which is essentially an algorithm capable of receiving in-
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TOM /IMYHOTO OMbITa. YAOBNETBOPEHHOCTb MALMEHTOB OLEHMBANACh
Cy6BeKTMBHO NYTEM NPAMOrO OMpoca NaUMEeHTKU, AOBO/bHA /M OHa
pe3ynsbTaTamu onepauuu 1 rotoa M OHa MOBTOPUTL e€. YunTbiBas
baKT yaoBNETBOPEHHOCTU BCeX 265 MaUMEHTOK BbIGOPKM, YCTaHOB-
NeHHble LeneBble NPU3HaKKM Bblan B3ATbI 3@ 3TANIOH A1 MALIMHHOIO
obyyeHus.

MalunHHoe 0byyeHue — 3To NPOLLECC, B XOA4e KOTOPOro UCMO/b-
3ytoTcA Habopbl AaHHbIX (MPesCcTaBieHHbIE B BUAE 3/EKTPOHHbIX Ta-
611L), BbINONHAGTCA HEKOTOPAA Nporpamma (anroputm mallMHHOMO
0by4eHus) U UCNoNb3YIOTCA pecypcbl KOMMboTepa (MpoLeccop Bbl-
MOJTHAET BbIYUCNEHMSA, ONEPATUBHAA NaMATb XPAHUT AaHHbIe). Pe3ynb-
TaTOM MaLUMHHOIO 06YYeHWA ABNAETCA MOAE/b — aNTOPUTM, KOTOPbIN
no/y4yaeT AaHHble U BblAAET OTBET, ONMUPAACh Ha TO, YeMy OH «Hay-
yunea» [7].

MOCKONbKY BXOAHbIE 1 BbIXOLHbIE MAapaMeTPbl MOTYT BbITb Npes-
CTaB/eHbl KaK Tabauupbl, Mbl MCMONb30BaNU TabAUYHOE MaLUMHHOE
obyyeHune. s obyyeHus Tpebyetca obyyatolan BbIOGOPKA AaHHbIX:
Habop NMPMMEpPOB C 3TaZIOHHBIMK OTBeTamMu. Beca moaenn Hactpaw-
BalOTCA TaKMM 06pa3om, YTobbl A41a 06yYatoWmMX NPUMEPOB MOAENb
BbllaBana OTBETbI, Kak MOXHO 6onee 6au3kme K BepHbIM. [anee Ka-
4ecTBO MOAE/IN NPOBEPAETCA Ha TECTOBOW BbIOGOPKE AaHHbIX, KOTOPbIE
He 1CnoNb30BaNUCh NPU 06YYeHUN. B KauecTBe MCXOAHbIX MPU3HAKOB
Mbl UCMO/b30BaAM AaHTPONOMETPUYECKME aHHbIe U MOXKeNaHuA na-
LIMEHTOK. B KayecTBe LieneBbiX MPU3HAKOB Mbl B3AIM 06BEM UMMIAH-
TaTa B cm® 1 npodunb (low, middle, high, extra high).

Metopa Bbi6Opa anroputma

MOCKONbKY [aHHblE UMEIOT OrpaHUYeHHbIN 06bEM, CTaHaapT-
HbIM CpesCcTBOM Bblbopa anroputma asnsetca K-Fold kpocc-Bannaa-
ums [9]. Mpu 3TOM Mbl Cy4aiiHO e IMM BCe UMetoLLMecs AaHHble Ha K
NPUMEpPHO paBHbIx YacTeii (pongos), u 0bydaem mogens K pas: Ha i-m
Lware Mmbl 0by4aem Mozenb Ha Bcex Gponaax KPOME i-ro U TecTupyem Ha
i-m pongze. B pesynbrate Mbl nosydaem K 3HaUeHMM METPUKM KayecTsa
1 yCpeaHsem BCe 3HayYeHuA. [1oly4eHHOE YUCO U ABIAETCA OLLEHKOW
Kayectsa anroputma. [lanee BbIbpaHHbIN aAroputm mbl 0by4aem Ha
BCEX AaHHbIX, Noay4yas GUHaNbHYIO MOAENb, KoTopas byaeT npume-
HATBCA N0 HA3HAYEHWIO.

Kpocc-Bannaauma MoxeT AaTb HEBEPHbIN pe3ynbTaT B pase ciy-
yaes: 1) Korga faHHble Npy 0ByYeHUM U NPYU MPUMEHEHUU MO Ha3Ha-
YEHMIO CTATUCTUYECKM pa3nnyatoTes, 2) Korga obydatoLume npumepsl
HeNb3A CYUTATb HE3ABUCUMOW M OAMHAKOBO pacrpeaenéHHoi Bblbop-
Koit [10]. Mbl npesnonaraem, Y4To Halu AaHHble HE NOANAAAIOT NOA,
OMnMCaHHbIE ClyYau, NOITOMY Mbl MOXKEM MPUMEHATb KPOCC-BaNWAa-
umto. Mbl BbIBpanu 5-KpaTHyto Kpocc-Baamaaumio ¢ 5 dongamm.

MeTpuKa KavecTBa

[insa 06bEma MMnNaHTaTa Mbl Bbibpann meTpuky MAE (cpeaHas
abcontoTHasA oWMbKa) Kak Hambonee nerko nHTepnpeTupyemyto. Ecam
Mbl Umeem N TeCTOBbIX NPUMEPOB M 0603HAUYMM 3a Yi 3TaNIOHHbIN OT-
BET 4/1A i-ro npumepa 1 3a yAi npeackasaHue a4 i-ro npumepa, 1o
meTpuka MAE ans Bcero TectoBoro Habopa AaHHbIX PaccuMTbIBAETCA
cnepyrowmm obpasom:

MAE(y,y")=3i=IN]yi-y"i| (1)
[Jna npoduna mbl BbIBPaAM METPMKY accuracy:
Accuracy(y,y?)=5i=1N(yi=y?i)

CpaBHMBaemble aNropuUTMbl

Mbl cpaBHMBanM psag, anroputmoB u3 scikit-learn [11] (metog
HavMeHbLNX KBaapaTos, Ridge-perpeccuto, Lasso-perpeccuto, SVR,
Random Forest, Gradient Boosting) n 6ubnvoteky CatBoost [12].

put data and generating an output based on identifying learned
patterns in data [7].

Since the input and output parameters can be represented
as tables, we used tabular data as an input format for the ma-
chine learning model. The model was trained using a set of ex-
amples with correct answers. The model weights are adjusted
to reduce the discrepancy between the correct answers and the
model estimate, and model accuracy was evaluated using a sep-
arate test sample of data that was not used during the training
process. In the study, the participants' body measurements and
their preferences were used as input data. The output data for
the ML model included the volume of the implant in cubic centi-
meters and the profile (low, moderate, high, ultra-high).

Algorithm selection

The K-fold cross-validation procedure is a standard meth-
od for evaluating and comparing the learning algorithms perfor-
mance of a machine-learning algorithm on a limited data sam-
ple [9]. In the K-fold cross-validation, the dataset is randomly
partitioned into K subsets of equal size. Each partition is called a
"fold," so when there are K parts, they are called K-folds. One fold
is used as a validation set, while the remaining K-1 folds are used
as the training set. This process is repeated K times, with each
fold used as a validation set and the others as the training set.
The final accuracy of the model is computed by taking the mean
accuracy of the K-model validation data.

It is important to note that cross-validation may yield inac-
curate results in specific scenarios, for instance, when the data
used for training differs significantly from the data used for the
actual application or when the training examples are not rep-
resentative of the overall sample [10]. However, given that our
data does not align with these scenarios, we have used 5-fold
cross-validation for our analysis.

Evaluation metrics

We opted for the mean absolute error (MAE) metric when
assessing implant volume as it is conceptually simple and easy to
interpret. MAE metric for the entire test dataset is calculated as
follows:

MAE(y,y*)=3i=1N|yi-y*i| (1)

where:

N is the total number of examples

yi represents the actual answer for the i-th example

yMi represents the model-predicted answer for the i-th ex-
ample

For the implant profile, we chose the accuracy metric:

Accuracy(y,y*)=3i=1N(yi=y"i)

ML algorithms

The study compared different algorithms in the Scikit-learn
ML library [11]. The algorithms included ordinary least squares,
Ridge regression, Lasso regression, support vector regression
(SVR), Random Forest, Gradient Boosting, and the CatBoost li-
brary [12].

Model selection for the implant volume prediction

After comparing different models to predict implant vol-
ume, we found that to minimize MAE during 5-fold cross-valida-
tion, only three of the nine features should be retained: breast
width, body weight, and wishes. Among the linear models tested,
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Mop6op moaenun Ha 3apaue npepcKasaHua o6béma

Mo pe3ynbTaTam CpaBHEHUA MOAENEN A1 NPeACKa3aHNsa 06bE-
Ma Mbl 0BHaPYKUAW, YTO ANF MUHMMMU3ALMM OLNBKKM MAE Ha 5-KpaT-
Hoi 5-fold Kpocc-BanmaaLMm MOXKHO OCTaBUTb TONIBKO TPU NPU3HaKa
M3 [EBATW: WMPUHA OCHOBAHMA MOJOYHOM Kenesbl (breast width),
macca Tena (weight), noskenanus (wishes). Mpu 3ToM HamaydLweEro Ka-
YecTBa AOCTUraeT InHenHan perpeccus: 29,2 MAE, apyrue MHelHble
MOAeM (MeTos HaumeHbLNX KBAaApaToB, Lasso-perpeccus v AMHen-
HbIi SVM) LOCTUratOT NPaKTUYECKM TaKOM Ke METPUKM KauecTsa. PaH-
JKMPOBaHME KayecTBa B Npeaenax IMHENHbIX MOAENEN HECYLLECTBEH-
Ho (He 6onee 0,5 MAE cpeay Ton-10 moaeneit). Bce 6onee cnoxHble
aNTOPUTMbI CPEeSM NMPOTECTUPOBAHHbIX AAK0T 60/1ee HU3KOEe KAauecTso,
Hanpumep, Haunydwas mogens CatBoost paer 29,8 MAE.

[nA nuHenHbIX moaeneit Mbl UCMONb30BAAWM HOPMANMU3ALLMIO
BXOZHbIX NPKU3HAKOB ¢ MomoLbto StandardScaler. Bce npusHaku aens-
FOTCA KOZIMYECTBEHHBIMM, M TOIbKO NPMU3HAK wWishes aBaseTcs nopsa-
KOBbIM €O 3HaueHuamm B, C, D. MNepes, HopManmsaumen Mbl KOAUPO-
Ba/IM WX B YMcna cneayrowmm obpasom: B=0, C=1, D=2. StandardScaler
BbIOMPAET ANA KaXKAOrO i-ro Npu3HaKka KoapduLmeHTbl U_i U s_i, a in-
HelHaa MOAENb UMEET A8 KaXAoro i-ro npusHaka obyyaemblii Bec
W_i v 06wuii koadduumeHT C. ObLuee KOMYECTBO NPU3HAKOB Noc/e
oTbopa 0603Haumm 3a K.

06was popmyna, obbeamHatowan StandardScaler n AMHelHy0O
MOZAE/b, BbIMALMUT CeAyoLyM 06pasom:

K
. X.— U,
y= c+X 0,
i—1 S.
;
[aHHasa popmyna ToxKe ABNAETCA IMHENHOW, NOITOMY €€ MOXKHO
nepenuncaTb B cneaytolem suae:

K
y=C* +2 wrx
-1
roe
K
jaCHE O o
i-1 s S.

i

Mbl Moru 6bl NPOAONKMTL Nepebop anropuTMOB U KX rUnep-
MapameTpoB, B TOM YMC/E C NMOMOLLBIO aAropuTMoB nogbopa runep-
napameTpoB, Takmx Kak Optuna [13], a TaK*Ke 1CNoAb30BaTb aHCaM-
611poBaHue. OfHAKO Mbl PeLIUIn OTKA3aTbCA OT 3TOT0, NOTOMY YTO
BCE MPOTECTUPOBAHHbIE a/ITOPUTMbI, KDOME CaMbIX HEYAAUHbIX, JaAtOT
NPUMEPHO OAVMHAKOBOE KayecTBO, C/eA0BaTe/lbHO NpeACTaBaAeTca
Ma/I0BEPOATHbIM, YTO HaWAETCA aNropuTM WAM aHCcambib C cylle-
CTBEHHO 60/1e€ BbICOKMM KaueCTBOM.

HesHaunTenbHble e BapuaLyu KayecTBa MpescKasaHva (me-
Hee 1 cm® ycpeaHEHHOM oWwMBKK Npu onpeaeneHnn obbéma) Hecy-
LLLECTBEHHbI MO PAAY NPUYMH:

1. HecyulectBeHHbI ¢ BpauebHOM TOUKM 3pEHUSA, B CPABHEHUN
C MOrpeLIHOCTbI0 onpeseneHns obbEma MMniaHTaTa Bpa-
4OM B TECTOBbIX Bbl6OPKaX.

2. lexaT B npegenax norpewHocTM ¢ y4éTom HebonbLworo
pa3mepa faTaceTa.

3. [pu npymeHeHnn MoAeNN NO Ha3HAYEeHWIO BEPOATHO BO3-
HWKHOBEHMWE TaK Ha3blBaemoro CAsura B pacnpegeneHunm
[aHHbIX [13], Npu KOTOpPOM M3MEHEHUA B pacnpeseneHnm
napameTpoB NALMEHTOB MOTYT NOB/IeYb U3MEHEHUA B PaH-
KMPOBaHWUM MoAeneit No KauecTsy, YTo CO3aET JONONHU-
Te/bHbIN UCTOYHUK HEOMNpPeenEHHOCTU.
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linear regression provided the best quality with a MAE of 29.2.
The other linear models, including the least squares method, Las-
so regression, and linear SVM, achieved similar quality metrics.
The quality ranking within the linear models was insignificant,
with the top 10 models differing by no more than 0.5 MAE. Af-
ter evaluating various algorithms, it was observed that the more
complex models generally exhibited lower quality. Specifically,
the CatBoost model was considered the best among those tested,
yielding a mean absolute error (MAE) of 29.8.

When working with linear models, we utilized feature nor-
malization with the StandardScaler. The dataset comprised en-
tirely of quantitative features (variables) except for the "wishes"
feature, which consisted of ordinal qualitative features (variables)
with the values B, C, and D. Before normalization, we encoded
these values as follows: B=0, C=1, D=2. In the process, the Stan-
dardScaler selected coefficients (u_i and s_i) for each feature,
whereas the linear model utilized training weight (w_i) and a to-
tal coefficient (C) for each feature. We represented the number of
features kept after the selection process as K.

The formula that merges the StandardScaler and the linear
model can be expressed as follows:

K
7 =C+2 o, T
i-1 S.

i

The formula is also linear, which means it can be expressed
as follows:

K
y=C* +2 wrx
i-1
where:
K
)7=C+2 o, wi*=wiui
i-1 S, S

We considered trying various algorithms and their hyperpa-
rameters and using tools like Optuna [13] and ensemble meth-
ods. However, we ultimately chose not to do this because most
of the algorithms we tested performed similarly in quality. There-
fore, it is unlikely that we would find a significantly better algo-
rithm or ensemble. Slight differences in prediction quality, such
as less than 1 cm? average error in determining implant volume,
may not be very significant for several reasons:

1. It is insignificant in clinical significance compared to a
medical error in determining the volume of test sam-
ples.

2. The differences are within the reference accuracy, con-
sidering the limited dataset size.

3. When using a model for its intended purpose, chang-
es in patient parameter distribution may cause shifts in
model quality rankings, creating additional uncertainty
[13].

It is advisable to select the simplest and most easily inter-
preted model, such as a linear model, given the similar quality of
the algorithms.

Dependence of quality on the amount of training data
There is no established method for evaluating the relation-
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Kpome Toro, npu NpubaM3nNTeIbHO PaBHOM KayYeCTBe JlyuLLe Bbi-
61paTb HaMbonee NPOCTYIO U IETKO MHTEPNPETUPYEMYIO MOLENb, U B
HaLlem c/yyae — 3T0 IMHeNHan MoAeNb.

3aBMCMMOCTb KayecTBa OT KonuvectBa obyuyatowmx

AaHHbIX

Ha npakTuke HeT ycTossLieroca cnocoba oLeHKM 3aBUCMMOCTU
KayecTBa OT KO/MYECTBA JaHHbIX 418 Masblx BbIOOPOK. Mbl pelumnm
MCMONb30BaTb CAeayloWMiAi MeToa: mea B Cymme 265 npumepos,
ana kaxgoro N ot 3 1o 262 mbl 6epem N npumepos B Kauectse 06-
yyalLWwumx, a octanbHble 265-N npumepoB B Kayectse TecToBbiX. Mbl
0by4yaem NMHeVHYI0 MOAEe/b, UCMOAb3YHOLLY0 BCe 9 MPKU3HAKOB, Ha
obyyaoLmx npumepax 1 nogcumntoiBaem metpuky MAE Ha TecToBbIX
npvmepax. MonyyeHHyo METPUKY Mbl OTMEYaeM TOYKOM Ha rpaduke:
3HauyeHue N oTK/aablBaem Mo ropuM3oHTaIbHOM ocy, a 3HaveHne MAE
1o BEPTUKaNbHOW ocu. MonHbii npoxog N oT 3 40 262 Mbl NOBTOPAEM
10 pas.

MonyyeHHbI rpadmK NokasaH Ha puc. 1.

CneBa HanpaBo yBenu4mBaeTca pasmep obydatoLeii BbIOOpKM,
HO YMEHbLUIAETCA pa3mep TeCTOBOW BbIOOPKU. Y N1€BOI rpaHuLLbl 06Y-
yatoLas BbIOOPKA OYeHb MasieHbKas, U e€ He XBaTaeT /1A KaueCTBeH-
HOro oby4eHus, NO3TOMy 3HayeHua test MAE oueHb BbICOKM. Y npa-
BOW rpaHuupbl obydatolan BbibopKa OTHOCUTENbHO 6onblas (>200
NpYMepoB), HO TecToBas BbIDOPKA OYeHb MasieHbKas, nosTomy test
MAE oueHMBaeTcA ¢ o4eHb 60NbLLION MOrPELLHOCTbIO, YTO BbI3blBaET
BEPTUKaNbHbIN Pa3bpoc 3HaueHni Ha rpaduke. B uenom no rpaduky
MOXKHO BMAETb, YTO KAYecTBO MOZENN PACTET HEe3HAUYUTENbHO C Po-
ctom N nocne 3HaveHna N=100. Ha 100 1 200 npumepax mogenb faéT
npvmMmepHo oamHakosoe test MAE. Mbl MOXKEM MPUKMHYTb KayecTBo
mozenv npu 500-1000 obyyatoLyx NpumepoB, NPO3KCTPanoIMpoBas
rpaduk Bnpaso. Cyaa no Bcemy, KayecTBO OT 3TOTO BbIPaCTeT AULLb He-
3HAYUTENbHO.

MNoabop mopenu Ha 3apauve npegckasaHua npoduna

MmMnnaHTaTta

Mpodunb MMNNaHTaTa ABAAETCA KaTeropuasbHbIM MPU3HAKOM
co 3Ha4yeHuamu low, middle, high, extra high. B gaHHom cnyyae noa-
xogAuen 6bina bbl Mogenb KnaccuduKkaumm ¢ 4 Knaccamum, ofHako
TaKas Mo4eNb MMeeT B 4 pa3a 60/1bLUe NPU3HAKOB, YTO MOBbLILIAET CTe-
neHb nepeobyyeHus. MOCKObKY Knacchbl ynopsaoUeHbl, Mbl pewmam
MCMNO/b30BaTb MOAENb PErPeccum, KoAMPYA Kacchl Yncnamm: low=0,
middle=1, high=2, extra high=3. Kpome Toro, Takyto moaenb npoiye
NpeacTaBuTb B BUAE GOPMy/bl, YemM MOAeNb Knaccudwmkaumm, no-
CKOJIbKY OHa MMeeT MeHblue KoadduumeHTos. [na paciéra METPUKM
accuracy Mbl OKpyrisem npeAackasaHue 4o uesoro yucaa ot 0 4o 3 v,
ncxoas U3 uucna, onpegensem knacc (low, middle, high, extra high).
OpHAKo Mbl TaKKe MOXKeM MCnosb3oBaTtb MeTpuky MAE (To ecTb mo-
[yNb Pa3HOCTM MeXAy NPeACKasaHHbIM YUCIOM M YUCIOBbIM KOLOM
Knacca).

OpgHako no oberMm MeTPpUKam Ham He y4anoCb MpPeBbICUTb
TOYHOCTb KOHCTAHTHOrO MpefcKasaHus, TO eCTb TOYHOCTb MOZENN,
KoTopas npeAckasbiBaeT Bcerga npodunb middle, HesaBucumo ot
MCNOb3yeMblX NMPU3HAKOB. Takaa MOAeNb AOCTUraeT TOYHOCTU 64%,
MOCKO/IbKY B Halliei BblbopKe 418 64% NauMeHTOK Bpayom BblbpaH
npodunb middle.

/13 3TOr0 MOMHO 3aK/NH0UMTb, YTO A1 aBTOMATUYECKOro npea-
CKasaHua npoduns, BepoATHO, TpebytoTca Apyrve AaHHble, MOMUMO
MMEOLLIMXCA Y HAC B TaBNMYHOM BUAE.

OnucaHue U UHTEpNpeTaLUa Moaenu
Ha HawwWx AaHHbIX Hanbo/bluee KayecTBO fJasna MOAENb /in-
HeiHoOM perpeccuu. JIMHeHan MOLe/b NETKO MHTEPNPETUPYEMa, No-

ship between data quality and quantity for limited sample sizes.
Our method involves using 265 examples and carrying out the
following steps: for each N value from 3 to 262, we use N exam-
ples for training and the remaining 265-N examples for testing.
We train a linear model with nine features using the training ex-
amples and then calculate the MAE metric on the test examples.
Subsequently, we plot the N value on the horizontal axis and the
MAE value on the vertical axis to generate a scatterplot. This pro-
cedure is repeated ten times for each N value from 3 to 262, and
the resulting scatterplot is displayed (Fig. 1).

The scatterplot demonstrates that as the size of the training
set increases from left to right, the size of the test set decreas-
es. When the training sample is limited (on the left side), it is not
sufficient for high-quality training, resulting in very high values of
MAE. On the other hand, when the training set is relatively large
(more than 200 examples) and the test set is minimal, the test
MAE is estimated with a significant error, leading to a vertical
scatter of values in the graph. The graph shows a slight increase
in model quality with an increase in N (number of examples) after
N=100. For 100 and 200 examples, the model yields approximate-
ly the same test MAE. By extrapolating the graph to the right, we
can estimate that the quality of the model with 500-1000 training
examples will only increase slightly.

Model selection for implant profile prediction

The implant profile is a categorical feature with four val-
ues: low, moderate, high, or ultra-high. Initially, using a classi-
fication model with four classes seemed appropriate, but this
would have led to overfitting. Since the classes are ordered,
we used a regression model instead, representing the classes
with numbers: low=0, moderate=1, high=2, ultra-high=3. This
model is more straightforward to express as a formula and has
fewer coefficients than a classification model. To calculate ac-
curacy, we round the prediction to an integer from 0 to 3 and
determine the class (low, moderate, high, ultra-high) based on
the number. Alternatively, we can use the Mean Absolute Error
(MAE) metric.

However, for both metrics, we were unable to exceed the
accuracy of a constant model, which always predicts the moder-
ate profile and achieves an accuracy of 64%, as the doctor select-
ed the moderate profile for 64% of patients in our sample.

This suggests that automatic profile prediction requires
more data than in tabular form.

100

80 1

60 1

test MAE

204

T T T T
0 50 100 150 200 250
N train samples

Puc. 1 3a8ucumocmes Ka4yecmsa om Koauvecmaa 0by4aoujux 0aHHbIX
Fig. 1 Scatterplot showing the relationship between quality and the
amount of training data
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CKO/IbKY NpeacTaBAseT coboi YMcN0BON KOIGPULMEHT ANA KaKA0ro
NpW3HaKa 1 0fHO AONONHUTE/IbHOE ClaraeMoe.

B Hawem cnyyae Haunydyllee KayecTBO AAET MCMONb30BaHWe
TPEéx npu3HakoB: breast width, weight, wishes. 31a Mmogenb Bbipasa-
eTcA B BUAE cneaytouleit popmysnbl (ycpeaHEHHbIe KOaGOUUMEHTbI MO
5-kpatHoi 5-fold Kpocc-Banmaaumm):

Volume = 34.06 * breast width + 2.84 * weight + 26.81 * wishes
-253

Hanomuum, yto breast with mbl u3mepsem B caHTMMeETpaX,
weight B Kunorpammax, a wishes npeobpasytoTca B YACNO Cneayto-
wym obpasom: B=0, C=1, D=2.

[ NONHOTbI KaPTUHBI Mbl TaKKe 06Y4MIN MOZENM, UCTONb3Y-
towme 0, 1 nam 2 npusHaka U3 nepeymcieHHbIX Bbille, U HUXe NPUBo-
MM UX KadyecTso (tabn.)

Kak BMAHO M3 Tabn., KOHCTAHTHOE MpeACKasaHue (cTpoka 2,
06bém 325 anq Bcex naupueHToB) Aaét MAE=44,12, a ucnonb3oBaHue
JILWb OHOTO NpM3HaKa weight (cTpoka 4) no popmyne 5,7 * weight +
10 paétr MAE=33,9, 4TO He CNMLIKOM CUIbHO OT/IMYAETCA OT Hauay4-
Lwero pe3ysbTaTa (cTpoka 1).

Bce nosyyeHHble NpescKasaHva nokaxem Ha rpadwke (puc. 2).
[JonycTumoit olwnbKoii cumtaetcs 50 cm®, noaTomy oTMETUM rosTybbim
LiBETOM 06/1aCTb, FAe NpefcKasaHue U AaHHbIV BpauoM OTBET OT/IMYa-
toTcA MeHee Yem Ha 50.

[na 18,5% npumeposB mogenb owmnbaeTca cuabHee, Yyem Ha 50
cm®. Hanbosnbluee pacxoxaeHue npeackasaHuii mogenun v sbibopa
Bpaya BO3HMKANO B CAyyasaX, KOTAa Yy MaLMEHTOK C HU3KOWM Maccoi
Tena (3Ha4yeHue weight) onpeaenanock WUPOKOe OCHOBaHME MOOY-
HOW Kenesbl (3HayeHue breast width). Mbl nonaraem, yto cosnage-
HWe npefcka3aHna o6bEMa MMNAaHTaTa Mogenbio 1 Bbibopa Bpaya B
81,5% cny4aes ABNAETCA AONYCTUMbIM AN NPUMEHEHMA MOAENN Ha
NpaKTuKe.

PE3YNIbTATbl U UX OBCYXXAEHUE

JKCnepTHaA oueHKa moaenun

IKCNEepPTHbIA aHaAM3 moZenn Obin MPoBEAEH MAACTUYECKUM
Xupyprom. B xone oueHKM 6bi10 BbifBNeHO, YTo B 18,5% cnydyaes go-
nyLLEeHHble MOAENbIO OWKBKKM npesbiwanun 50 cm3. OaHako cneayet
OTMETUTb, YTO COBMaZEeHMe NPOrHO30B 06bEMA MMMIAHTaTa, CAeNaH-
HbIX MOAENbIO, C BbIBOPOM XMpypra cocTaBuno 81,5%, 4To MOKHO
CYMTaTb AOMYCTUMbIM NOKa3aTeNem 418 NPaKTUYECKOro NPUMEHEHNS
Moaenu. bbin npoBeAEH AeTanbHbI aHaU3 Cly4aeB ¢ HaMbobLWIMM
PacXoXAeHVEM MeXAy NPOrHO3aMU MOZENN U BbIGOPOM XMpypra,
M ObINO BbIABAEHO, YTO HaMbO/bLUME PACXOKAEHMA HabaoaatoTes y
MaLMEeHTOK C HM3KMM MoKasaTeseM Macchl Tena (3HadeHune weight),
rae onpesensfeTca LMPOKOe OCHOBaHME MOJIOYHON Kenesbl (3Haue-
Hue breast width). [laHHble BblBOAbI MOTYT BbiTb MCMONb30BaHbI ANA
[aNbHeNLWero yCoBePLEHCTBOBAHNA MOAENN U YNYYLLEHWA TOYHOCTU
€€ NPOrHo30s..

Mpobaembl MOAENN HA CEFOAHALLHMI AeHb 3aK/0YaOTCA B TOM,
YTO OHa UCMONb3YET TONbKO MPW3HAKKM, OMUCAHHbIE B NEPBOM pPas-
fene. BO3MOXHO, 4To, A06aBMB NPU3HAKK, Mbl MO Bbl NOBLICUTH
KauyecTBO, KaK B CMbic/ie 6AM30CTM K NpeacKasaHMaM Bpaya, Tak 1 B
CMbIC/IE YA0BNETBOPEHHOCTM NaLMeHTOK. OfHAKO yBeNWYEHME YuC-
Nla UCMO/Mb3YEMbIX MPU3HAKOB HEM3OEKHO Obl MOBMEKNO 3a coboi
YCNOXKHEHME GOPMY/Ibl, YMEHbLUAA eé NMPUMEHMMOCTb Ha NPaKTUKe.
MpobnemMoit TaKKe ABNAIOTCA 60NbLUME OWNOKM MOAENM B HEKOTOPbIX
peakux cnydasx. Henbssa gonyctutb, YTobbl NaLMeHTKa NocTpasana
13-33 OLWKNOKKM Mogenu. [oaToMy MoLEe b MOXKHO NPUMEHSATb TO/IbKO
npv cobtoAeHnn creayowmx ycnosuit: 1) 3Ha4yeHns NPU3HaKoB fe-
KaT B TUMUYHBIX AMana3oHax (OTCyTCTBME M3ObITOUHOW MacChl Tena,
CPeaHWUIA POCT, LUMPKUHA OCHOBAHMSA MOMIOYHOM Kenesbl 11,5-12,5 cm,
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Description and interpretation of the model

Our data analysis shows that the linear regression model
produced the best-quality results. This model is advantageous
because it assigns a numerical coefficient to each attribute and
an additional intercept, which makes it simple and easy to in-
terpret.

In our case, the best quality is achieved using three features:
breast width, weight, and wishes. The model is represented by
the following formula, where coefficients have been averaged
over 5-fold cross-validation:

Volume = 34.06 * breast width + 2.84 * weight + 26.81 *
wishes — 253.

It is important to note that breast width is measured in cen-
timeters, weight in kilograms, and wishes are converted into nu-
merical values, with B=0, C=1, and D=2.

To provide a comprehensive overview, we also developed
models using 0, 1, or 2 of the features above, and their respective
quality is presented in the Table below.

The Table indicates a consistent prediction (line 2, volume
325 for all patients), resulting in a MAE of 44.12. By utilizing only
one weight attribute (line 4) based on the formula 5.7 * weight +
10, we achieve a MAE of 33.9, which is not significantly different
from the best result (line 1).

We present all the received predictions on the scatterplot
(Fig. 2). An acceptable error is 50 cm?, so we will highlight the
area where the prediction and the doctor's decision differ by less
than 50 in blue.

In 18.5% of cases, the model's predictions were more than
50 cm?® inaccurate. The most significant differences between the
model's predictions and the doctor's choices were seen in cas-
es where patients with low body weight had a broad mammary
gland base. We consider the model's prediction of implant vol-
ume to agree with the doctor's selection in 81.5% of cases, which
we find acceptable for practical use.

RESULTS AND DISCUSSION

Expert evaluation of the model

A comprehensive analysis of the model found that in 18.5%
of cases, the model's errors exceeded 50 cm®. However, it is es-
sential to note that there was an 81.5% agreement between the
model's predictions for implant volume and the surgeon's choic-
es, which is considered acceptable for practical use. An in-depth
analysis of cases with significant differences between the mod-
el's predictions and the surgeon's choices revealed that the most
considerable discrepancies occurred in patients with low body
weight and a wide breast width.

Currently, the model only uses the features described in the
first section, and adding more features could potentially improve
the quality of predictions and patient satisfaction. However, in-
creasing the number of features would complicate the formula
and reduce its practical applicability. In some rare cases, the mod-
el's significant errors pose a challenge. To address these issues,
the model should only be used under specific conditions: 1) the
patient's characteristics fall within typical ranges (normal body
weight, average height, mammary gland base width of 11.5-12.5
cm, and no request for large-volume mammary glands), and 2)
the patient meets the same conditions as those in the training
set. These findings could be used to enhance the model and im-
prove the accuracy of its predictions.
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Tabnauya ViHmepnpemayusa modenu

Table Model interpretation

MAE Ha 5-kpatHoii 5-fold kpocc-Bannpauum
MAE on 5-fold 5- fold cross-validation

34.06 2.84 26.81
He UCMob3. He UCnosb3. He UCnosb3.
Not used Not used Not used
He UCcnosb3. He UCnosb3.
2947 Not used Not used
He UCMonb3. 5.70 He UCnosib3.
Not used ’ Not used
He MCMOoNb3. He UCnosb3.
Not used Not used >1.78
He UCMosib3.
38.53 3.52 Not used
He UCnosnb3.
48. .
8.83 Not used 33.55
He UCMonb3.
Not used 4,58 32.05

OTCYTCTBME 3anpoca Ha M3BbITOUYHbIA pa3Mep MOJIOYHbIX Kenés), 2)
NauMeHTKa yA0BETBOPAET TEM e YCNOBUAM, KOTOPbIM YA40BNETBO-
pPAAY NALMEHTKM B 0ByYatoLLei BbIBOpKe.

3AKNIOYEHUE

WccnepoBaHue, HanpaBneHHOe Ha YAyylWeHWe MporHo3unpo-
BaHMA pe3ynbTaToB onepauunii AM ¢ npumeHeHnem TexHonornii U,
OTKPbIBAET HOBbIE FOPU30HTbI B 06/1aCTW NAACTUYECKOW XMPYPruu.
Pa3paboTaHHan MoAe/b, XOTb M UMeeT HEKOTOPbIE OrpaHUYeHUs Ha
CEeroAHAWHWN AeHb, AeMOHCTPUpYeT 6oNbluylo NepcrnexkTUBy Ans
JanbHeNLero coBepLIEHCTBOBAHMA.

Mogenb Ha faHHOM 3Tane eé pPa3BUTUA He ABAsAeTCA abcontoT-
HbIM MOKa3aTenem CTaHAapTa, OHa He Y4YMTbIBAET BCeX aHaTOMMYECKMX
ocobeHHocTel KeHLMH. OfHAKO NP e€ COBEPLLEHCTBOBAHUM NYTEM
[06aBneHNsA 3HAUMMBbIX U UCKOYEHUA HE3HAYMMBbIX MPU3HAKOB, BO3-
MOXXHO YMeHbLUUTb OLWMOKY MOAENN, YTO YNPOLLAeT npoLiecc nogbop
MMMNNAHTaTa, Y4uTbiBas OO/bLIOE KONMYECTBO M BapuabenbHOCTb
npeaniaraeMbix pasHbIMK aBTOpamu Kputepues nogbopa. Heobxo-
VMO YBENNYUTb BbIOOPKY 1 A06aBUTL NALMEHTOK APYIvX XMPYPros,
TaK KaKk BblI6OP MMM/IAHTaTa B KaXKAOM C/ly4ae MOMKET Pas/inyathCa y
pasHbIX Bpayei. Ha gaHHOM 3Tame CBOEro pasBuTUS MOZENb MO
6bl CNYXKUTb NOACNOPbEM ANA HAYMHAIOLLMX XMPYProB, ABNAACH CBOE-
ro poAa «BTOPbIM MHEHUEMY.

MepcneKkTMBHLIM HanpaBAeHUEM Pa3BUTUA LaHHOW mMozenu
ABNAETCA fanbHelllee yMeHblUeHWe OWKBKM xupypra npu Bbibope
MMMAAHTaTa, @ TaKke ONTMMMU3aLMA 3CTETUYECKOro pesynbrata. 3T
MOXKET ObITb JOCTUTHYTO MYTEM AOMONHUTENbHOTO aHaNM3a aHaTo-
MMWYECKUX OCODEHHOCTel NaLUMEHTOK WM WHTerpauuu nony4YeHHoM
MHbopMaLmn B mogenb. MHoroobellatowmm aBaseTca paspaboTka
1 BHEAPEHME CUCTEMbI KOMMbBIOTEPHOTO 3PEHMA, MO3BOAAOWEN Na-
LIMEHTKaM B PeXXMMe peanbHOro BpeMeHU OLEeHWUTb NPeanonaraemMbiit
06BEM 1 pasmep UMMaHTaTa. 3TO He TONbKO AAcT NauueHTKe 60/b-
LLe KOHTPO/IA U MOHMMaHWA NpoLecca, HO M 06erynT paboTy xmpypra,
npeaocTaBaAa AONONHUTENbHbIE MHCTPYMEHTbI ANA BU3yanusaummn u
NAaHUPOBaHWA. PacluvpeHne BbIGOPKM AaHHBIX NYTEM BK/IHOYEHUA
MHGOPMALMM OT PasHbIX XMPYProB MOMKET MpPUBECTU K bonee yHU-
BEepCasbHOW W HafEKHOW Moaenu. Pasnnuma B BbIGope UMNAAHTaTOB

-253 29.24 (best)
325 44.12
-385 34.50
10 33.90
297 39.03
-330 31.32
-276 31.56
54 32.17
CONCLUSION

The study focuses on improving the prediction of breast
augmentation surgical outcomes using Al technology, which
could lead to advancements in plastic surgery. The developed
model currently has some limitations but shows excellent poten-
tial for further improvement.

The proposed model at this stage does not represent the
reference standard as it does not consider all anatomical varia-
tions in women. However, refining the model by including signif-
icant features and excluding insignificant ones may help reduce
the model's error. Additionally, the model refining could stream-
line the implant selection process, considering the comprehen-
sive selection criteria proposed by various authors. Increasing the
sample size and including patients from multiple surgeons is vital,
as the selection of implants may differ among different doctors.
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MEX Ay Bpayamm MoryT 6bITb YUTEHbBI U MCMIOb30BaHbI AN Aa/bHEN-
wero obyyeHunsa mogenu. PaspaboTtaHHas Mogenb U eé byaylme vH-
TerpaLum cnocobHbl yyYLIMTL He TONbKO TOYHOCTb BbiBopa MMMNaH-
TaTa, HO M YPOBEHb YA0BNETBOPEHHOCTM NALMEHTOK, 0becneunsas um
6osblue UHPOPMALMM M KOHTPONA HaZ, NPOLLECCOM MpesonepaLmoH-
HOTO NNaHMPOBAHUA.

Currently, the model could serve as a valuable resource for novice
surgeons, offering a "second opinion".

An area with great potential for the model's development
is to minimize further surgeons' errors in choosing an implant
and improve the aesthetic results by further analyzing patients'
anatomical parameters and integrating this information into the
model. Developing and implementing a computer vision sys-
tem allowing patients to assess the expected volume and size
of the implant in real time is also promising. This gives the pa-
tient more control and understanding of the process and makes
the surgeon's job easier by providing additional visualization and
planning tools. Expanding the data sample to include information
from different surgeons might lead to a more broadly applicable
and reliable model. Differences in implant selection among phy-
sicians could be incorporated into further model training. The
developed model and its future integrations can enhance the ac-
curacy of implant selection and patient satisfaction by providing
them with more information and control over the preoperative
planning process.
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B I[TOMOIIb I[TPAKTMYECKOMY BPAUY FOR THE MEDICAL PRACTITIONER

doi: 10.25005/2074-0581-2024-26-2-488-495

OAHODTAITHAS KOPPEKIIVSI ITOCAEACTBUM ITOBPEXXK AEHNSI A0OKTEBOTO
HEPBA

M.X. MAAVKOB!, M.A. XACAHOB'!, H. A. MAXMAAKY/10BA?

1 Kadeapa xupypriugecknx 6oaesneit Ne 2 um. akaa. H.Y. Yemanosa, Tag>XUKCKuil rocyapCTBeHHBIN MeAVIIMHCKUI yHUBepcuTeT M. Abyaan nbun Cuno,
Aymanbe, Pecrrybanka Tagxukucran

2 Kadeapa ronorpaduyeckoit anatoMun u oreparusHou Xupypruu, TaiXMKCKMil rocyAapCTBeHHbIN MeAUIMHCKMIT yHuBepcuTeT uM. Abyaan ndbun Cuno,
Aymanbe, Pecrybanka Tagxukucran

Llenb: ynyylieHve pesynbTaTosB XMPYPruyeckoro Ie4eHUs 3acTapesbiX NOBPEXKAEHWIN TOKTEBOTO HepBa NyTEM BbINONHEHWA OAHOSTAMHbIX ONepaLyi.
Matepuan u metogpl: 3a nepuog, ¢ 2015 no 2023 rr. 11 naumeHTam C 3aCTapesibiMu NOBPEXAEHUAMM JIOKTEBOTO COCYAMCTO-HEPBHOrO ny4ka (CHM)
6bina NpenpUHATa OLHO3TANHAA PEKOHCTPYKLMA 419 BOCCTAHOBAEHUA GYHKLIMM KUCTW. Onepauym 6binv BbINOSHEHbI 8 MYyKUYMHAM U 3 3KEHLLMHAM B
BO3pacTe oT 16 A0 23 net. CpoKM obpalleHnsa NaumeHToB C MOMEHTA NOTYYEHUA TPaBMbl Bapbnposanu ot 1,2 roga ao 5 ner.

Pesynbrathl: Npy AnacTase MexAy KOHLAMM MOBPEXAEHHOTO Hepea He 6onee 3 cM Ha ypoHe BepxHel TpeTv npeanieybs 2 naumeHTam 6biin Hanoxe-
Hbl 3NUHEBPasibHble LWBbI, B ABYX APYFMX HAbAOAEHUAX NPU AMacTas3ax, PaBHbIX 3,5 1 5 cM, anMHeBpanbHOe BOCCTaHOBAEHME OCYLLECTBUIOCH NOCNe
nepefHen TpaHCNo3uLyn HepPBHOTO cTBOa. B 1 cnyyae noBpexaeHUa HepBa Ha YPOBHE CpeAHei TPeTU Npeanieyba SMMHeBpabHble Wbl Oblan Ha-
NoXeHbl npy gedekte, pasHom 2,5 cm. Cpeaym 6 nauneHToB ¢ noBpexaeHnem noktesoro CHIT Ha ypoBHE HUXKHel TpeTn npeanaeybsa aSNMHeBpanbHoe
BOCCTaHOB/IEHWE /IOKTEBOrO HepBa bbINIo OCYLLECTBNEHO B 4 HabntogeHUAX, ayTOHEPBHAA NAacTvKa Npu AedeKTe Hepsa, npesbillatoem 3 cm, bbina
BbINOAHEHA 2 60/bHbIM. [P NOBPEXAEHWUM NOKTEBOM apTePMMU ayTOBEHO3HAA NAcTMKa bblna BbiNOMHEHa 3 NauueHTaM, a B 3 OCTa/IbHbIX CyYanx
MOKasaHUi K PEKOHCTPYKLMM cocyaa He Bbiio. B bavskaiiem nocaeonepauoHHOM Nepuose MHOEKLMOHHO-BOCMANUTENbHbBIX OCIOXKHEHUI CO CTO-
POHbI paH He 3admKcpoBaHo. CnyyaeB TpomMb03a ayTOBEHO3HbIX TPAHCNNAHTATOB IOKTEBOM apTepun He oTMmeueHo. OTaanéHHble GYHKLMOHANbHbIe
pe3ynbTathl GblAM M3y4eHbl B CPOKM OT 6 MecALEeB A0 2 NIeT y BCEX NaLMEHTOB. XOPOLUMe 1 YA0BNETBOPUTE/IbHbIE PE3y/IbTaTbl OTMEYEHbI B 9 C/lyyasX,
HeyA0BNETBOPUTE/IbHbIN OTAANEHHbIV PE3YNbTAT UMeN MecTo B 2 HabntoaeHUsX.

3aK/oYeHne: pesy/ibTaTbl BOCCTAHOBIEHWA GYHKLMM KUCTW MPU NOBPEXKAEHWUMN TOKTEBOTO HEPBA BO MHOTOM 3aBUCAT OT YPOBHA M XapaKTepa NoBpes-
[eHus, BbIbopa aZleKBaTHOTO MeToAa PEKOHCTPYKLMK. Pa3aeneHne onepaumm Ha HECKO/IbKO 3Tanos, HAMHOTO YAMHAA CPOKKU peabunuTaummu naum-
€HTOB, MOKET HEraTMBHO MOB/IMATL Ha Pe3y/ibTaTbl nedyeHuA. Onepauus, BbINOJHEHHAA B OAMH 3Tar, B OTHOCUTE/IbHO BaM3KMeE CPOKM cnocobeTayeT
BOCCTAHOBNEHMIO QYHKLMM KUCTM U, TEM CaMblM, HAMHOTO COKPALLLAeT CPOKM IeYeHUsa 1 peabuanTaLmm naLmMeHTos.

KntoueBble cnosa: 10kmegoli Heps, 10Kkmesoli cocyoucmo-HepsHbIl My40oK, M08pexOeHUe, CYXOH UnbHO-MblWeYHAA MPAHCTO3UYUSA, SMUHE8PasbHbIL
wos.

Ona uutuposaHua: Manukos MX, XacaHos MA, Maxmagrynosa HA. OgHO3TanHas Koppekumua NocnescTBUIN NOBPEXAEHUA IOKTEBOrO HepBa. BecmHuK
AsuyeHHbl. 2024;26(3):488-95. https://doi.org/10.25005/2074-0581-2024-26-3-488-495

ONE-STAGE CORRECTION OF CHRONIC ULNAR NERVE INJURIES

M.KH. MALIKOV!, M.A. KHASANOV', N.A. MAKHMADKULOVA?

1 Department of Surgical Diseases No 2 named after Academician N.U. Usmanov, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan
2 Department of Topographic Anatomy and Operative Surgery, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

Objective: To enhance the outcomes of surgical treatment for chronic ulnar nerve injuries by performing one-stage correction.

Methods: From 2015 to 2023, 11 patients with chronic ulnar neurovascular bundle (NVB) injuries underwent one-stage reconstruction to restore hand
function. The operations were performed on 8 men and 3 women aged 16 to 23. The duration of treatment for patients from the time of injury varied
from 1.2 years to 5 years.

Results: In cases where there was a diastasis between the neural ends of no more than 3 cm in the upper third of the forearm due to nerve damage,
restoration of the nerve with epineural suture was performed in 2 patients, while in two other cases with more significant gaps of 3.5 and 5 cm, epineural
repair was carried out after anterior transposition of the nerve trunk. In one case of nerve damage in the middle third of the forearm, epineural sutures
were applied to a 2.5 cm gap. Among 6 patients with damage to the ulnar NVB in the lower third of the forearm, 4 received epineural restoration of the
ulnar nerve, and autologous neuroplasty was performed in gaps exceeding 3 cm in 2 patients. In cases of damage to the ulnar artery, 3 patients received
autologous vein grafting, while in 3 other cases, there were no indications for vascular reconstruction. No infectious or inflammatory complications were
observed in the immediate postoperative period, and there were no cases of thrombosis of autologous vein grafts of the ulnar artery. After evaluating
all patients for 6 months to 2 years, it was found that 9 cases showed favorable and satisfactory long-term functional outcomes, while 2 cases exhibited
unsatisfactory results.

Conclusion: Restoring hand function after damage to the ulnar nerve is greatly influenced by the location, extent, and type of the damage, as well as
the choice of an appropriate reconstruction method. Breaking the procedure into multiple stages can prolong patient recovery and negatively impact
treatment outcomes. Conversely, performing the operation in a single stage within a relatively short timeframe can restore hand function and significantly
reduce overall treatment and rehabilitation time.

Keywords: Ulnar nerve, neurovascular bundle, injury, tendon-muscular transfer, epineural suture.
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BBEQEHMUE

B nocnegHue nga AecATUNETUA POCT MPOW3BOACTBA, yJalleHne
[LOPOXKHO-TPAHCMOPTHBIX NPOUCLLIECTBMI CTaNM YACTOM MPUYMHON CO-
YETAHHOTO XapaKTepa NOBPEXAEHUSA CTPYKTYP BEPXHEW KOHEYHOCTH.
HepeaKo NoBpeXAEHWIO HEPBHbBIX CTBOIOB COMYTCTBYHOT TPABMbI CO-
CYL,0B, CyXOXM/IbHO-MbILIEYHOTO annapaTta 1 KocTel BepXHel KoHeu-
HOCTM [1], YacToTa KOTOpbIX BapbupyeT oT 8 10 27% [2, 3]. Pag aBTOpOB
B CBOMX paboTax yKa3bIBaeT, 4TO MoKa3aTe/lb MHBANMAHOCTU NpU no-
BPEXAEHUN HEPBOB BapbupyeT oT 22% fo 48% [4, 5].

B HacTosLLee Bpems Npu NOCAEACTBUAX NMOBPEKAEHNI HEPBHBIX
CTBO/IOB MPUMEHAIOTCA Pas/IM4Hble OMepaLyu, HanpaB/ieHHble Ha
BOCCTAHOB/IEHWNE CEHCOPHO-TPOPUUECKOW U ABUraTENbHOWN GYHKLMIA
KuCTW. Bbibop MeToaa onepalmm BO MHOTOM 3aBUCHT OT JaBHOCTH,
YPOBHA U XapaKTepa NoBpexaeHna HepBHOro cteona. OfHW aBTopsl
YTBEPKAAIOT, UTO LUOB, HAa/IOKEHHbIN B CPOKM He bonee 6 MecsALEeB OT
MOMEHTa MOJy4EHMA TPABMbI, NPU PACMONOKEHUN MOBPEKAEHUA HaA
YPOBHE NpeAnaeyba U KUCTU JAET Hauny4Lwne pesynbtatsl [6], Apyrue
NPUAEPKUBAIOTCA MHEHMSA, YTO NEPBUYHOE BOCCTAHOB/IEHWE HEPBHO-
ro CTBO/IA MPU BbICOKMX YPOBHSX /IOKANN3aLMKU NOBPEXKAEHNA A0MNy-
CTMMO B CPOKM 0 OZiHOTO rofa [7]. HekoTopble aBTopbl, yuuTbIBasA OT-
HOCWTE/IbHO Maslyto Pe3y/IbTaTUBHOCTb LIBA HEPBA, OCYLLECTBNEHHOO
MPU BbICOKOM YPOBHE NMOBPEXKAEHWA, NPEANOYTEHNE OTAAIOT METOAN-
Ke HeBpoTM3auum [7].

Taknum 06pa3om, 03HAKOM/IEHWE C INTEPATYPOI MOKa3bIBaET,
4TO BbIGOP METOAQ OnepaLLMM NPy 3aCTapesbX NOBPEKAEHUAX HepB-
HbIX CTBO/IOB MEHAETCA B 3aBUCMMOCTM OT [JABHOCTW U YPOBHA MO-
BpexkaeHus. Tpu 3acTapenbix NOBPEKAEHUAX NOTEPAHHAA GYHKLMSA
KUCTW YCTPaHAETCA NYTEM NMPUMEHEHUS Pa3NUYHBIX BAPUAHTOB CyXO-
¥KUIbHO-MbILIEYHOW TPAHCMO3ULMK U HEBPOTHU3ALMM KUCTU. OfHaKo
Mo Cei AeHb PesynbTaTbl ONepaTUBHbLIX BMELIATEIbCTB OCTATCA Ma-
NIOYTeLNTENbHBIMM, MHOTUE HanpaB/ieHUs faHHOW Npobaembl cunTa-
I0TCA He 10 KOHLIA peLéHHbiMK. OnpeseneHne sTanHoCTU onepaLmm
HaNpPAMYIO 3aBUCKUT OT BO3MOMKHOCTU NPOrHO3WMPOBAHUA OTAE/bHbIX
BapWaHTOB PEKOHCTPYKLMM B 3aBMCMMOCTM OT BMAA NPELNPUHATON
KOppeKLymu.

LLENb UCCNEAOBAHMUA

YyyLleHWe pesynbTaToB XMPYPruYecKoro IeHeHNA 3acTapesbix
NOBPEKAEHUI JIOKTEBOrO HEpBa MyTEM BbINOAHEHUS OAHO3TAMHbIX
onepaLui.

MATEPUAN U METOAbI

3a nepuog, ¢ 2015 no 2023 rr. B OTAENEHWUN PEKOHCTPYKTUBHOM
MUKPOXMPYPrum PecnybiMKaHCKOrO Hay4YHOro LieHTPa CepaeyHo-co-
cyamctoit xupyprumn (PHLCCX) 11 nauueHTam C 3acTapensimu no-
BpexaeHnamu noktesoro CHI 6bina npesnpuHATa ofHO3TanHasA pe-
KOHCTPYKLMA /18 BOCCTAHOB/IEHUA GYHKLUMM KUCTW. Onepauum bbinm
BbINO/IHEHbI 8 My}KYMHaM U 3 KeHLMHam B Bo3pacTe oT 16 o 23 ner.
Cpoku 0bpalleHnsa NaLMeHToB C MOMEHTa NOYYEHWA TPaBMbl Bapbu-
posanu ot 1,2 roga go 5 net. AHaMHeCTU4ecKme JaHHbIe U 03HAKOM-
NleHne C MeAMLMHCKOM [OKYMeHTaLMel noKasanu, Yto 6 naumeHTam
nepBuYHan xupyprudeckana obpaboTtka paHbl 6bina ocyliecTBneHa 3a
npegenamu pecnybavku. [Jsoe naLmeHTOB ¢ pe3aHbIMU paHamMu BEpX-

INTRODUCTION

Over the past twenty years, a noticeable increase in manu-
facturing output and road traffic accidents have occurred, leading
to a common cause of combined skeletal and neural injuries of
the upper limb. Nerve trunk injuries are often combined with in-
juries to blood vessels, the tendon-muscular system, and bones
of the upper limb [1], with frequencies ranging from 8% to 27%
[2, 3]. Studies suggest that the disability rate for nerve damage
ranges from 22% to 48% [4, 5].

Currently, various surgical procedures are utilized to restore
the sensory, trophic, and motor functions of the hand in cases
of nerve trunk damage. The choice of surgical method depends
mainly on the duration, location, and type of nerve trunk damage.
Some researchers advocate for suturing within six months of the
injury for best results in cases of forearm and hand damage [6].
Others argue that primary nerve trunk restoration is permissible
within one year for higher levels of damage [7]. Additionally, due
to the relatively low effectiveness of nerve sutures at high levels
of damage, some experts prefer the neurotization technique [7].

A literature review indicates that the selection of surgical
methods for chronic nerve trunk injuries varies based on the du-
ration and level of damage. In the case of old injuries, lost hand
function can be restored using various options for tendon trans-
ferring and ulnar nerve neurotization. Despite the available op-
tions, surgical intervention outcomes remain unsatisfactory, and
many aspects of this issue remain unresolved. The choice be-
tween a one- or two-stage approach depends significantly on the
ability to predict particular reconstruction options according to
the type of correction being pursued.

PURPOSE OF THE STUDY

To enhance the outcomes of surgical treatment for chronic
ulnar nerve injuries by conducting one-stage procedures.

METHODS

Between 2015 and 2023, a total of 11 patients with chron-
ic injuries of the ulnar NVB underwent one-stage reconstruction
surgeries to restore hand function at the Department of Recon-
structive Microsurgery of the Republican Scientific Center for
Cardiovascular Surgery in Dushanbe, Republic of Tajikistan. The
patients, comprising 8 men and 3 women aged 16 to 23 years,
had varying treatment durations ranging from 1.2 years to 5 years
from the time of their injuries. Upon reviewing their medical re-
cords, it was found that 6 patients had received primary surgical
treatment for their wounds outside the republic. In comparison,
two patients with incised wounds of the upper third of the fore-
arm did not initially seek medical help. Additionally, two patients
underwent primary surgical treatment for the wound in district
hospitals. In one case, a nerve suture performed at the Depart-
ment of Reconstructive Microsurgery of the Republican Scien-
tific Center for Cardiovascular Surgery in Dushanbe, Republic of
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Hel TPeTU Npeanaeyba 3a MeAMLMHCKOM NOMOLLbIO He 0bpallanuch,
ABYM 60/IbHbIM NepBMYHAA XMpypruyeckasa obpaboTka paHbl bblna
BbIMO/IHEHA B YCNOBUAX PAiOHHbIX 60/1bHUL. B ofiHOM HabnogeHun
Ha/IOKEHHbIN LWOB HEPBA B YC/I0BUAX OTAENIEHUA PEKOHCTPYKTUBHOM U
nAacTM4eckon mmukpoxmpyprim PHLUCCX He fan NonoKUTENbHOO 3¢-
¢ekTa. Takum obpasom, cpean 11 naumeHTOB, KOTOPLIM NepBUYHas
MOMOLLb OCYLLECTB/IANACh BpaYamMm APYrux fedebHbIX YUpERaeHUN,
He AMarHoCTMpOBaHHOE NoBpexaeHue okTesoro CHIM umeno mecto
B 8 HabAtoAEHUAX, YTO cOCTaBuNo 73%.

Mpu 06beKTMBHOM 06CNef0BaHMM BbiNIO BbISBAEHO, YTO YaCcTO
nospexaeHve nokTeBoro CHIM I0KaIM30BanoCh Ha YPOBHE HUNKHEW
TpeTu npegnaeyba. Jlokannsaumna nospexaeHua nokresoro CHI npu-
BeJieHa B Tabn.

B 4 cnyyasnx noBpexaeHUA HEPBHOO CTBO/IA HA YPOBHE BEPXHEW
TPETU Npeanaeyba oTMeYanacb runotpodua Npeanaeybs ¢ «3anage-
HUEMY» MEKKOCTHbIX MPOMENKYTKOB. MpM 3TOM }Ke YpOBHE NOBPEKAE-
HMA, @ TaKXKEe U APYTMX YPOBHAX TaKKe OTMEYaIUCb MMNO- UK aTpo-
¢dvis obnactv rmnoTeHapa, «Kortuctas gedopmauma» IV u V nanbues,
HEeBO3MOMKHOCTb NpuBeAeHMA V Nasblia, a OTCYTCTBME YYBCTBUTE/IbHO-
ctv V nasnbla 1 TOKTEBOW NoBepxHocTH |V nasiblia CBUAETENBCTBOBANO
0 NOJIHOM NepeceyYeHnr HEPBHOIO CTBO/A.

MMnoTpoduna MEXKOCTHbIX NPOMEKYTKOB M 061aCTW rMnoTeHa-
pa, HE3aBUCMMO OT YPOBHS MOBPENKAEHMA, Pa3BMBASACb HA BTOPOW
MecAL, Nocae NONYYEHUA TPaBMbl, CPOKU Pa3BUTUA «KOTTUCTOW fe-
dopmauum» IV 1V nanbLes Bapbuposanm ot 3 4o 4,5 mecaues.

Bo Bcex HabntogeHuax 6onbHbIM 40 onepaumu Bbina BbINoA-
HeHa anekTpoHerpomuorpadua (SHMT), npu KOTOpoi OTMEYanoch
oTcyTcTBUE M-OTBETA C MbILLIL, MHHEPBMPYEMbIX SIOKTEBLIM HEPBOM
(puc. 1). Npu noBpexaeHUM OOHOMMEHHOK apTepun 6 60NbHLIM L0
onepauuu 6bi10 BbINONHEHO LBETHOE AYMNAEKCHOE CKaHMpOBaHMe
(LAC), roe oTmeyanocb OTCYTCTBME MArucTpasbHOTO KPOBOTOKA MO
JIOKTEBOW apTeEPUMN.

PE3Y/NIbTATbl U UX OBCYXXAEHUE

MoKa3aHWA K OCYLLECTBNEHWUIO OLHO3TANHOW KOPPEKLMKU Bblan
CBA3aHbl C K/IMHUKOW 3aCTapenoro NoJIHOro NOBPEXAEeHUs IOKTEBOTO
HepBa C HEOOPATUMbIMU M3MEHEHUAMM MbILULL KUCTU, MHHEPBUPYe-
MbIX 3TUM HEPBOM. HeKOTOpbIE aBTOPbI NPU NOBPEXKAEHNM HEPBHOIO
CTBO/1A Ha 60/1e€ BbICOKOM YPOBHE PEKOMEHAYIOT OCYLLECTBUTb OHO-
BPEMEHHO MNepeaHIo0 TPAHCMNO3MLMIO CO WBOM HEPBA M BbINOHEHME
onepaLmm Ha Cyxoxunauax [8].

Llenbio ocyluecTBneHMs onepaLym Ha NOBPEXAEHHOM HEPBHOM
CTBOJIE U CYXOXKM/IbHO-MbILLEYHOM annapaTe B 0AMH 3Tan 6bl10 BOC-
CTaHOB/NIEHME YYBCTBUTE/IBHOCTM NaNblLLEB, YCTPAHEHWE KOTTUCTOW
aedbopmaLMn» U BO3MOKHOCTb BOCCTaHOB/IEHUA GYHKLMI NpuBeae-
HUA 1 otBeaeHuna IV 1 V nanbues KUCTU. [py 3TOM NepBbiM 3Tanom

Tabauya /Toxkanusayus nospexcoeHus nokmegozo CHIT

Tajikistan, did not yield positive results. Notably, among the 11
patients, 8 had undiagnosed damage to the ulnar NVB, which ac-
counted for 73% of the cases where doctors from other medical
institutions provided primary care.

Upon conducting objective examinations, it was revealed
that damage to the ulnar NVB was frequently localized at the low-
er third of the forearm. The specific locations of damage to the
ulnar SNP are shown in the Table.

TIn 4 cases involving damage to the nerve trunk in the upper
third of the forearm, patients experienced reduced forearm mus-
cle mass and depression of the interosseous spaces. Additionally,
hypotrophy or atrophy of the thenar eminence, a claw-like de-
formation of the fourth and fifth fingers, the inability to adduct
the 5th finger when extended, and a loss of sensation in the fifth
finger and the ulnar side of the fourth finger all indicative a com-
plete disruption of the nerve trunk were observed.

Regardless of the extent of the damage, muscle atrophy in
the spaces between the forearm bones and hypothenar atrophy
became evident in the second month following the injury. The

Puc. 1 Omcymcmesue M-omeema
Fig. 1 A patient with chronic injuries of the ulnar NVB. Absent
M-response from the muscles innervated by the ulnar nerve

REPUBLICAN CARDIO-VASCULAR AND THORACIC SURGERY CENTER
Sanoi stred, 33 Medgorodok, 734003 Dushanbe

Patient ID: M1
Name: Burikhon, Faizov
Date of birth: 05121380
Postishcricheski nev, n tibialis of perone

NCV / mator
14052000 1247:0

N, ks / M. gasir.
5.0 ms/Div, 4HH0.0 WV/Div, 1, 1hmA
P
™
-
- N, tibiakis / M. gastr.
)4 5.0 ms/Div, 4000.0 WW/Diw, 10, 10mA
Lt
Cm
~
- "
-t

N, fibiakis /M. qasir.
o R

5.0 msMiv, 4100.0 uV/Div, 10, 10mA
™
"Dl N tibialis /M. gasir
5.0 msDiv, 40000 W/, 10, 10mA

=

N Nesve Rer_site  Dist. Temp. Lat Amgl NGV
em  C ms mV ms

Al N tibiakis dist L M_gasir L] L] 45 48
B1 N tibialis proimal R M. gastr. 40 00 M2 79 458

Nr Nesve Rec ste  Dist. Temp. lat. Amp NGV
m T ms mV mis
C1 N.thiskis ist R M. gasir. 00 00 35 32

Table Localization of damage to the ulnar NVB

e O

BepxHAa TpeTb npegnaeyba
The upper third of the forearm

CpeaHaa TpeTb npeanaeyba
The middle third of the forearm

HusKHAA TpeTb npeansieybs
The lower third of the forearm

Bcero Total

4% 36
1 9
6 55

11 100

MNpumeyarwe: * — B 4 HabAKOAEHUAX NP IOKANM3ALMM NOBPEKAEHMA IOKTEBOTO HEPBA Ha YPOBHE BepXHEl TPETH NpeAnieyba TpaBMa HOCK/A U30/IMPOBAHHbIN XapaKTep;
Ha YPOBHE CPeaHelt U HUKHel TPeTU NpeAnieyba 0TMeYanoch NoBpexaeHne HepBa U OAHOUMEHHOM apTepum
Note: * —in 4 cases, when the damage to the ulnar nerve was localized at the level of the upper third of the forearm, the injury was isolated; at the level of the middle and

lower third of the forearm, damage to the nerve and homonymous artery was noted

490



Maruxos MX c coasm. 3acTapeable IOBPeKAeHNs A0KT€BOTO HepBa

BECTHMK ABMILIEHHEBI
Tom 26 * No 3 * 2024

v,

Puc. 2 OnepamusHbie docmynsi
Fig. 2 Pre-operative surgical incisions markings for approach to the
nerve trunk at the site of the damage

Ha ypOoBHE NoBpeXAeHMA (puc. 2) 0bHaXKancs HePBHbIN CTBOJ, U Npu
Ha/IMYMN HEBPOMbI BbIMOMHWAACh PE3EKUMA B Npeaenax 340p0BbiX
dacumryn (puc. 3).

Mpu AnacTase Mexay KOHLAMKW NOBPeXKAEHHOMO HepBa He 6o-
Nee 3 CM Ha YpoHe BepxHel TpeTu npeaniedba 2 nauMeHTam nog on-
TUYECKMM YBEIMYEHUEM BbIIM HANOXKEHbI ANUHEBPabHbIE WBbI (pUC.
4), B ABYX APYIVX HabNtoAeHWAX, NPU AMacTasax, pasHbix 3,5 1 5 cm,
3MNMHeBpaNbHOE BOCCTAHOB/EHME OCYLLECTBMIOCH Nocae nepeaHen
TPaHCNO3ULMM HepPBHOTO CTBOAA (pwcC. 5).

MepeaHas TPAHCMO3ULWMA NIOKTEBOTO HEPBA C MUHEBPA/IbHbIM
LUBOM NP NPOTAXEHHbIX AedeKTax IOKTEBOro HEPBA Ha YPOBHE BEPX-
Hel TPeTU Npeaneybs CYUTAETCA ONTUMA/IbHBIM BapMaHTOM cBeje-
HUs Ha HeT uMetoLLeroca AedeKTa Mexay NOBPEKAEHHBIMM KOHLAMM
cteona [9]. C uenbto npeaoTepaLLeHma pybLOBOro npouecca 1 caasne-
HUA JIMHUM WBa HaMKu BblN NPeasioXKeH cnocob yKpbITUA 30HbI LWBA
BacKynapusuposaHHoi dacumeit (MateHT Ne TJ) 915 or 16.07.2018 r.).

Mpy NPOTAXEHHbIX AedeKTax HEPBHOTO CTBO/IA HEKOTOPbIE aB-
TOpbI, NPOBOAA HEPB YePE3 MEKKOCTHbIN TOHHE/b, BOCCTAaHABNMBAIOT
HenpepbIBHOCTb HepBHOTo cTBoNa [10], Apyrve UCNONb3YIOT KOHAYWUT
[11, 12] v TpaHcnnaHTaT n. suralis [13]. HekoTopble aBTOpbLI NpU Ae-
beKTe HePBHOrO CTBO/IAa PEKOMEHAYIOT OCYLLECTB/IEHUE AeKOoMMpec-
CWM C HEBPO/IM30OM A0 MEXMbILLEYHOW neperopoakm [14].

Mocne 3aBeplIeHMA LWBa HEPBHOrO CTBO/MA OCYLLECTBAANACH
CYXOXM/IbHO-MblLIEYHasA TPAHCMO3ULMA — B HEKOTOPOM CMbIC/IE BU-
fovameHéHHan onepauma Zancolli (puc. 6), — KoTopas 3akato4aeTcs

Puc. 4 [llos iokmego2o Hepsa
Fig. 4 Sutures of the ulnar nerve

Puc. 3 Hespoma nokmesozo Hepsa
Fig. 3 Intraoperative image of ulnar nerve neuroma

claw-like deformation of the fourth and fifth fingers was observed
between 3 and 4.5 months after the injury.

Prior to surgery, all patients underwent electroneuromyogra-
phy (ENMG), which revealed the absence of an M-response from
the muscles innervated by the ulnar nerve, as shown in Fig. 1.

Furthermore, in cases where the ulnar artery was damaged,
6 patients underwent duplex ultrasound scanning before surgery,
identifying the absence of blood flow through the ulnar artery.

RESULTS AND DISCUSSION

The decision to proceed with a one-stage correction was
prompted by longstanding and extensive damage to the ulnar
nerve, resulting in irreversible changes in the hand muscles in-
nervated by this nerve. In cases where the nerve trunk sustains
damage at a higher level, some experts suggest performing both
anterior transposition and tendon surgery simultaneously [8].

The primary objective of conducting a single-stage operation
on the injured nerve trunk and the tendon-muscular system was
to restore finger sensitivity, correct the “claw deformity”, and po-
tentially restore the fourth and fifth fingers muscle function. In this
context, the initial phase involved exposing the nerve trunk at the
site of the damage (Fig. 2). If a neuroma was present, it was excised
with a neurotome in sequential slices to healthy fascicles (Fig. 3).

Puc. 5 lepe0HAA MPaHCNO3UyuA, AUHUA paspe3a 014 YKPbIMUA 30Hb!
wea

Fig. 5 Anterior transposition procedure with an incision to cover the
suture line
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Puc. 6 CyxomunbHO-MbiWeYHas mpaHcno3uyus
Fig. 6 Intraoperative image of tendon/muscle transfer

B NepeceyeHUn aTepasbHOM NOPLUM CYXOXKMIMA NMOBEPXHOCTHOTO
crnbatens IV nanbua, NpoBeaeHUM eé yepes MOAKOXKHbINA TOHHENb
1 GUKcaLmMK K NpoKcumanbHow 6iokosmaHow ceaske V nansbua (Ma-
TeHT No TJ 759 o1 21.04.2016 r.), uTo 0becneymBaeT npuBeaeHUe yKa-
3aTeNbHOMO NanbLA U YCTPaAHAET «KOrTUCTY0 Aedopmaumio» IV n V
nanbLes (puc. 7).

CoobLan oTHOCUTENBHO 3PEKTUBHOCTU CYXOMMIbHO-MbILLEY-
HOW TPAHCMO3ULIMK, HEKOTOPbIE aBTOPbI MOAYEPKMBALOT, YTO aE€KBaT-
HOE BOCCTAaHOBNEHME NOTEPSHHOW GYHKLMM KMCTU HAMHOIO COKpaLLa-
€T CPOKM NledeHuna u peabunutaumm naumerTos [15].

B ofHOM HabntoAeHM, Npy NOBPEXAEHUM HEPBHOTO CTBOMA HA
YPOBHE CpeaHel TPETU Npeanaeybs, SNMHEBPasbHbIE LUBbI ObIN Ha-
NIOXKeHbl Npu gedeKTe paBHOM 2,5 CM.

Cpeay 6 naumeHToB ¢ nospexaeHvem noktesoro CHIM Ha ypos-
He HUKHeW TPeTV Npeanaeybs aSNMHEBPabHOE BOCCTAHOB/NEHWE /IOK-
TeBOro HepBa Oblfo OcyLlecTBNEHO B 4 Hab/OAEHUAX, ayTOHEPBHAA
NJacTUKa Npu AedeKTe HepBa, NpeBbiwatoLem 3 cm, bbina BbinonHe-
Ha 2 NauueHTam.

Mpv NOBPEXKAEHWUM NOKTEBOM apTEPUMN ayTOBEHO3HAA NNACTMKA
(pwic. 8) bbina BbINoNHEHA 3 MALMEHTAM, @ B 3 OCTa/IbHbIX Cy4asX no-
Ka3aHM K PEKOHCTPYKLMM cocyaa He bbino.

B Gamkalwem nocneonepauyoHHOM nepuose WMHGEKLMOH-
HO-BOCMANIUTENbHbIX OCNOXKHEHWIN CO CTOPOHbI PaHbl HE OTMEYEHO.
MpOXOAMMOCTb BOCCTAaHOBNEHHbIX apTepPUid, Hapsaay C Y4éTom 06b-
EKTUBHOrO 1ccieaoBaHus, bbina noareepxaeHa metogom LAC (puc.

Puc. 8. AymogeHo3Has nnacmuka nokmesot apmepuu
Fig. 8. Ulnar artery reconstruction with autologous vein graft
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Puc. 7 3asepweHue amana onepayuu
Fig. 7 Postoperative image shows completion of the surgical procedure

When the diastasis between the ends of the damaged nerve
was no more than 3 cm at the level of the upper third of the fore-
arm, epineural sutures were applied to 2 patients under optical
magnification (Fig. 4), in two other cases, with diastases equal to
3.5 and 5 cm, epineural restoration was carried out after anterior
transposition of the nerve trunk (Fig. 5).

Anterior transposition of the ulnar nerve with an epineural
suture is considered the best option for treating extended defects
of the ulnar nerve in the upper third of the forearm. To prevent
scarring and compression of the suture line, we developed a
method of covering the suture area with vascularized fascia (Pat-
ent No. TJ) 915, dated July 16, 2018).

For extensive nerve trunk defects, some authors bypass
the nerve through the interosseous canal to restore nerve trunk
continuity [10], while others use free nerve conduit flap [11, 12]
and sural nerve grafting [13]. In nerve trunk compression, some
authors recommend decompression and neurolysis to the inter-
muscular septum [14].

After suturing the nerve trunk, a tendon transfer was per-
formed, similar to a modified Zancolli lasso procedure (Fig. 6).
This procedure involved transection of the lateral portion of the
flexor digitorum superficialis (FDS) tendons of the fourth finger,
passing it through a subcutaneous tunnel, and fixation it to the
proximal annular ligament (pulley) of the fifth finger (Patent No.
TJ 759 dated April 21, 2016). This technique ensures adduction
of the index finger and eliminates the "clawed deformity" of the
fourth and fifth fingers (Fig. 7).

Regarding the effectiveness of tendon-muscular transfer,
some authors noted that appropriate restoration of hand func-
tion significantly reduces treatment and rehabilitation time [15].

In one case, when the nerve trunk in the middle third of the
forearm was damaged, epineural sutures were used to repair a
2.5 cm defect.

Among 6 patients with damage to the ulnar NVB at the low-
er third of the forearm, 4 underwent epineural repair of the ulnar
nerve. At the same time, 2 received autologous neuroplasty for
nerve defects larger than 3 cm.

For patients with damage to the ulnar artery, 3 received au-
tologous vein grafting (Fig. 8), and vessel reconstruction was not
required for the remaining 3 cases.

There were no reports of wound infectious or inflammatory
complications in the immediate postoperative period. The paten-
cy of the repaired arteries was confirmed using duplex ultrasound
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Puc. 9 L|/IC soccmaHosneHHoU apmepuu
Fig. 9 Duplex ultrasound scanning of the repaired artery

9). CnyyaeB Tpomb03a BOCCTAHOB/IEHHBIX AaPTEPUIA U ayTOBEHO3HbIX
TPAHCMIQHTATOB HE OTMEYEHO.

OTganéHHble GyHKLMOHAbHbIE Pe3ynbTaTbl NOC/E BOCCTAHOB-
NNeHUA CTPYKTYP KOHEYHOCTU BblNN U3yUeHbl B CPOKM OT 6 MecALLEeB 40
2 neT y Bcex NaumeHToB. Pe3ynbTaThl 3aBUCENM OT YPOBHA NOBPEXAE-
HUWA, BUAA BbINOJHEHHbIX onepaunit. CPoKM pereHepaLym HepBHOO
CTBO/Ia B 3aBUCMMOCTY OT YPOBHA NOBPEXAEHNA U BUAA PEKOHCTPYK-
L1n HepBa aanamnch ot 3 mecaues 20 1,5 roga. Mpu BOCCTaHOBAEHUM
HepPBHOTO CTBO/IA HA YPOBHE BEPXHEN U CpesiHel TPeTu npeanieybs
peabunutauma bbina AAuTeNbHasA, OUCKPUMWMHALMOHHAA YyBCTBU-
TeNbHOCTb bblna paBHoi 2-4 mm auwsb cnycta 1,5 roga. CreneHb
pereHepaLyn BOCCTaHOBNEHHbIX HEPBHbIX CTBOMOB Oblia U3yyeHa
meTogom SHMI, rae 6bin nonyyeH yao0BNeTBOPUTENbHDIN M-0TBET €
COOTBETCTBYHOLLMX MbILLLL (puc. 10).

Xopoluwne pe3synbTaTbl 6bIIM NOAYYeHb NPU LUIBE HEPBHOTO CTBO-
Na Ha YpOBHE HUXKHeW TpeTu NpeAanieybs, rae cTeneHb BOCCTaHOB/E-
HWA 3aLUMTHOM YyBCTBUTENBHOCTU JOCTUIana S5, AMCKPUMUHALLMOH-
Has YyBCTBUTE/NILHOCTb Obina paBHa B npegenax 2-4, 4-6 mm cnycTa
6-8 mecaueB. Paa aBTOPOB YKa3blBaET, YTO MPU NPOKCUMAJbHbIX NO-
BPEXAEHNAX Pe3ybTaTbl PEKOHCTPYKLMM HEPBHOTO CTBO/A ABAAKOTCA
HaMHOTO Xy»e, HeXXe/n NpU AUCTaIbHbIX NOBpexaeHuaAX [16].

B ogHOM cnyyae ayTOHEpBHOM MAACTUKM HepBa Ha ypoBHE
HUKHEN TPEeTU Mpeanieyba CTeneHb BOCCTAHOB/JEHWS 3aLUUTHOM
UyBCTBUTENIbHOCTU, paBHaa S4, Bblna JOCTUrHYTa CnycTa 8 MecALes,
OVNCKPMMUHALMOHHAA YyBCTBUTENbHOCTb paBHANach 4-6 mm. B apy-
TOM C/ly4ae ayTOHEPBHOW NNACTVKM Pe3y/ibTaT BOCCTAHOB/IEHUSA CEH-
COPHOWM GYHKLMM KUCTM BblN OTPULLATENbHBIM, NPU3HAKOB pereHepa-
LMW HE MMENOCb, XOTA MOC/E CYXOXKMNbHO-MbILEYHOM TPAHCMO3NLMK
«KOTrTUCTan AedopmaLma» naibles bbina ycTpaHeHa.

MpU U3y4YeHUN PEe3yNbTaTOB CyXOMMAbHOM NAACTUKKN (Moandu-
Kauus onepauyuu Zancolli) B o4HOM cyyae oTpuLLATeNbHbIV Pe3y/bTat
TpeboBan BbINONHEHWA NMOBTOPHOW KOPPUTMPYIOLLEH onepaLuu, 4to
[aN10 NONOXKUTENbHbIN 3PDEKT.

3AKNIOYEHUE

Takum 06pasom, pesy/ibTaTbl BOCCTAHOBAEHMA GYHKLMM KUCTM
Npv NOBPEKAEHNM IOKTEBOTO HEPBA BO MHOTOM 3aBWCAT OT YPOBHA U
XapaKTepa noBpexaeHs, BbIbopa afeKBaTHOTO METOAA PEKOHCTPYK-
umn. PasgeneHune onepawuym Ha HECKOIbKO 3TanoB, HAMHOTO YA/IMHARA
CPOKM peabuinTaumm NauMeHToB, MOMKET HeraTMBHO MOBAMATL Ha
pesynbTathl iedeHns. Onepaums, BbINoAHEHHAA B OAMH 3Tan, B OTHO-
CUTENbHO BAM3KME CPOKM CNOCOBCTBYET BOCCTAHOBAEHMIO BYHKLMM
KWUCTU U, TEM CaMblM, HAMHOTO COKPALLAeT CPOKU NIeYeHns U peabu-
NINTaLMM NALMEHTOB.
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Fig. 10 ENMG assessment of nerve regeneration in a patient with
chronic ulnar NVB injuries. Satisfactory M-response was detected in the
corresponding muscles

scanning (DUS) (Fig. 9), and there was no thrombosis in the re-
paired arteries or autologous vein grafts.

Long-term functional outcomes after repair of limb struc-
tures were studied over 6 months to 2 years in all patients. The
outcomes depended on the level of damage and the type of re-
construction surgeries performed. The nerve trunk regeneration
duration, depending on the level of damage and type of nerve
reconstruction, lasted from 3 months to 1.5 years. When restor-
ing the nerve trunk damage at the upper and middle third level
of the forearm, the rehabilitation time was extended with dis-
criminatory sensitivity of 2-4 mm appearance only after 1.5 years.
The regeneration of the restored nerve trunks was assessed with
ENMG, and a satisfactory M-response was obtained from the cor-
responding muscles (Fig. 10).

Suturing the nerve trunk in the lower third of the forearm
achieved successful outcomes. After 6-8 months, the protective
sensation recovered to the S5 level, and discriminatory sensitivity
was within the range of 2-4 and 4-6 mm. Several studies suggest
nerve trunk reconstruction results are significantly poorer in prox-
imal injuries than in distal injuries [16].

In one case, autologous neuroplasty was performed on a
nerve in the lower third of the forearm; after 8 months, the pro-
tective sensation recovered to the S4 level, and discriminatory
sensitivity improved to 4-6 mm. In another case of autologous
neuroplasty, the sensory function of the hand did not show signs
of regeneration despite the elimination of "clawed deformity" of
the fingers through tendon-muscular transfer.

When analyzing the outcomes of tendon transfers, specif-
ically a modified Zancolli lasso procedure, there was one case
where the initial result was unsatisfactory and necessitated a sec-
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ond corrective surgery. The subsequent procedure resulted in a
positive outcome.

CONCLUSION

The extent to which hand function can be restored follow-

ing damage to the ulnar nerve depends mainly on the location

and severity of the damage, as well as the selected reconstruc-
tion surgery method. A multi-stage operation, while prolonging
the recovery time, may negatively impact treatment outcomes.
Conversely, a single-stage operation within a relatively short time-
frame can help expedite the restoration of hand function, thereby
reducing overall treatment and rehabilitation time.
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Llenb: npoBeseHMe KOMMIEKCHOTO aHa/n3a CYLLECTBYIOLLEN cuCTEMbI aNuAHaA30pa (IH) 3a Kopbio B ropoge [ywaHbe 1 BbiIABNEHWE €€ CUbHBIX 1
cnabbix CTOPOH.

Martepuan n meToabl: OLEeHKa cuctembl IH 3a KOpbo NpoBoAMAACh C AHBAPA Mo mait 2023 rofa ¢ UCNONb30BaHNEM OOHOBNEHHbIX PEKOMEHAALMUN
LleHTpa no koHTponto 3abonesanuii (CDC) no oueHKe cuctemsl IH.

PesynbTathl: aHaAW3 Nokasan, Yto cuctema IH 3a Kopbto B ropoge [ywaHbe GYyHKLMOHMPYET B paMKax CIOKHOMN CTPYKTYPbI, MNLWEHHOW MHTErpaLum
C MeAMLMHCKUMU MHOOPMALMOHHBIMM CUCTEMAMMU, YTO NMPUBOAMT K 33ZiepXKKamM B pacnpocTpaHeHUn MHGOPMaLMK Ha BCex YpoBHAX. Cuctema npew-
MyLLecTBEHHO paboTaeT NaccMBHO, ONMPAACh Ha camoobpalleHne ANA perncTpaLum nauveHToBs, Npu sTom 32,2% 13 HUX 0bpaLLaoTca 3a MOMOLLbIO
B FOPOZACKME NONMKAMHMKY, 3 67,8% — B MHOEKLMOHHbIE 6ONbHULLbI. BbIABIEHbI CYLLECTBEHHbIE HELOCTATKM B PACNPOCTPAaHEHUN 3HAHWUI U MPUMEHe-
HUM yTBEPKAEHHDBIX MUHUCTEPCTBOM 34paBOOXPAHEHNA M COLMAbHOM 3aLLMuTbl HaceneHua Pecnybanku Tagukmctad (M3 n C3H PT) meToamyeckunx
pPEeKOMeHAALMI B LLEHTPaX rocyAapCcTBEHHOMO CaHUTApPHO-3NMAEMMOoNorMYeckoro Hagaopa (LIFCIH). 3ToT HefocTaTok 06bACHAETCA OTCYTCTBUEM pY-
KOBOACTB Ha odpumumanbHom Beb-caiite M3 1 C3H PT, oTcyTcTBMEM LEEHTPANIM30BAHHOIO XPaHW/MLLA PYKOBOACTB M OTCYTCTBMEM AOCTYMHOCTU y4ebHbIX
nnatbopm Anf aNUAEeMUoNoros. Xota npumepHo 80% MaLMeHTOB UMeM AOCTyN K N1abopaToOpHOM AMArHOCTUKE KOpU, bblan 04eBMAHbI Npobaembl,
CBA3aHHbIE C 3aBUCMMOCTbIO CUCTEMbI OT BHELIHEro GUHaHCMPOBaHUA ANA JOCTUMKEHMA 3P deKTUBHOCTU. HepgocTaTouHble YenoBeyeckme 1 GuHaHco-
Bble pecypcbl OblIM Ha3BaHbl NPENATCTBUAMM L1 CBOEBPEMEHHOTO NPUHATUA PeLIeHWH, NPUMEPOM YEero ABAAETCA BBELEHWE MACCOBOW AOMONHM-
TeNIbHOM BaKUMHALMM AeTei nnwwb B ceHTAbpe 2022 roga nocne BCMbIWKM KOpK, 0bHapyKeHHOW B AHBape 2022 roaa.

3aKktoueHne: 417 JOCTUXKEHWA Leeit CTpaHbl Mo IMKBMAALLMK Kopu cucTema DH 3a Kopbto B [lywaHbe TpebyeT fONONHUTENBHOTO GUHAHCUPOBAHUSA,
npeAHa3HaYeHHOro A/1f IKCTPEHHOTO pearnpoBaHnA Ha BCMbIWKK. Co3gaHMe KoMMieKcHon naatdopmbl ana obyyeHua n obmeHa uHpopmaumen
MMEET BaKHOe 3HaYeHWne A9 YCTPAHEHUA CYLLECTBYOLMX HEA0CTATKOB B PAaCNPOCTPaHEHMUN U MPUMEHEHWUM PYKOBOACTB.

Kntouesble cnoBa: kops, cucmema snudemuono2u4ecko2o Had3opa, oyeHka, Jywarbe.

Ona yntuposaHua: Xakumos OA, Tunnoesa 3X, Xopt P, Lapudos PH, Habuposa JA. OueHKa cucTembl 3NUAEMUONOTMYECKOro HaZi30pa 3a Kopbto B T. [dy-
waHbe, 2023 r. BecmHuk AsuyeHHsl. 2024;26(3):496-507. https://doi.org/10.25005/2074-0581-2024-26-3-496-507

EVALUATION OF THE MEASLES EPIDEMIOLOGICAL SURVEILLANCE SYSTEM IN
DUSHANBE, TAJIKISTAN, 2023

O.A. KHAKIMOV'?, Z.KH. TILLOEVA?, R. HORTH*, R.N. SHARIFOV'?, D.A. NABIROVA*

1 Kazakh National Medical University named after S.D. Asfendiyarov, Almaty, Republic of Kazakhstan

2 Center for State Sanitary and Epidemiological Surveillance of Shokhmansur, Dushanbe, Republic of Tajikistan
3 City Disinfection Station, Dushanbe, Republic of Tajikistan

4 Central Asian Training Programme in Applied Epidemiology, Almaty, Republic of Kazakhstan

Objective: To thoroughly evaluate the current measles epidemiological surveillance (ES) system in Dushanbe, Republic of Tajikistan (RT), to uncover its
strong points and areas for improvement.

Methods: The ES system evaluation for measles was conducted from January to May 2023 using updated guidelines from the Centers for Disease Control
(CDC), USA, for ES system evaluation.

Results: Upon analysis, it was found that the ES system for measles in Dushanbe functions within an overcomplicated framework that does not have
proper integration with medical data systems. The current system experiences delays in sharing data at all levels; it is based on passive case detection
via patient self-referral. 32.2% of patients visit urban health centers (UHC), while 67.8% go to infectious diseases hospitals. Shortcomings have been
found in disseminating knowledge and implementing approved methodological recommendations by the Ministry of Health and Social Protection of the
Population of the Republic of Tajikistan (MHSPP RT) in the State Sanitary Epidemiological Surveillance Service (SSESS) centers. This deficiency is due to the
absence of guidelines on the Ministry's official website, the lack of a centralized repository of guidelines, and the unavailability of training platforms for
epidemiologists. Although about 80% of patients have access to measles laboratory diagnostics, the system's reliance on external funding raises issues
regarding its effectiveness. Insufficient human and financial resources have been identified as barriers to timely decision-making, as illustrated by the
delays in rolling out mass supplementary childhood vaccinations in September 2022 following a measles outbreak detected in January 2022.

Conclusion: To achieve the country's objective of eradicating measles, the measles ES system in Dushanbe requires additional funding for emergency
outbreak response. Establishing a robust training and information-sharing platform is essential to address the existing deficiencies in disseminating and
implementing guidelines.

Keywords: Measles, epidemiological surveillance system, assessment, Dushanbe.
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BBEAEHUE

Kopb 0THOCKTCA K BbICOKOKOHTarno3HbiM MHOEKLMOHHbIM 3a60-
NIeBAHUAM, YNPaBAAEMbIM CPEACTBAMM MMMYHONPodUnakTukm [1-3],
NPV KOTOPbIX YPOBEHb BTOPUYHOW MOPANKEHHOCTU BOCTPUMMUMBDIX
nvuy, npesblwaet 90% [4]. BUpyc Kopu OTHOCKTCA K CeMeicTBy napa-
MUKCOBMPYCOB, MOXKET NepeAaBaTbCA BO3AYLIHO-KaNeNbHbIM MyTéM,
NMbOo NpU NPAMOM UM OMOCPESOBAHHOM KOHTAKTE C OTAeNseMbiM
CNM3NCTON HOCA MM FNOTKU MHOULMPOBAHHDBIX any, [5, 6]. o BBese-
HUA UMMYHW3aLIMM KaKAbli Tof, Mo BCEMY MUPY KOPbIO 3abonesano
0K0/10 30 MNIH YenoBek, 2 MJIH U3 KOTopbIx nornbanu [7]. Mo oueHKam,
8 2019 roay Bo BCEM MUpe Bblao 3aperncTpMpoBaHo 9,8 MUNINMOHOB
cnyyaes kopw 1 207500 cnyyaes cmepTy OT faHHOM MHbeKuum [8-10].

MaHaemus KopoHaBUpycHoi uHdekumm 2019 roga (COVID-19)
HaHecna Bpes, NPorpaMmam BaKLMHALMK, CHA3MB AOCTYMHOCTb U Ha-
NVune BaKUMH B MeAMUMHCKMUX yupexaenuax [11, 12]. OueHoYHbIN
0XBaT NepBoit f,030¥ KopeBoW BaKLyHbI (MCV) BO BCEM MUpe CHU3UA-
ca ¢ 86% 8 2019 rogy po 81% B 2021 roagy, 4To NpMBENO K NoABe-
HMIO BCMbIWEK BO MHOTMX cTpaHax mupa. C 2021 no 2022 roapl unc-
J10 CTPaH, B KOTOPbIX HAabAOAANNCH KPYMHbIe AW Pa3pyLLUUTENbHbIE
BCMbILIKK, YBEMYMNOCH € 22 A0 37, @ OLEHOYHOE KONMYECTBO CyYaeB
KopWu Bbipocnio Ha 18%, ¢ 7802000 o 9232300 [13]. TagKMKMCTaH BXO-
ot B uncno 37 u3 53 ctpaH EBponelickoro pervoHa BO3, B KOTOpbIX
NPOM30LLAM BCMbIWKKM Kopu B 2022-2023 rr.k. 3a 2016-2023 rr. B CTpa-
He 6b111 3adVKCMPOBaHbI 3 BCMbILLKK KOPEBOM MHbeKLMM (puc. 1).

BcrbllKa Kopy OTMeYeHa Ha GpOHe BbICOKOTO OXBaTa BaKLMHALW-
el NPOTMB KOpW?, MO AaHHLIM OTYETOB O peanm3aLmm «HaLMoHanbHOM
nporpammbl MMMyHonpoduaakTukm Ha 2021-2025 rr.»3, 4to ABASeTCA
OCHOBaHWEM ANA NPOBEAEHNS OLLEHKM cucTembl IH 3a Kopblo (puc. 2).

B naHHoM paboTe nposeseHa oLeHKa cuctembl IH 3a Kopbio B
ropoge [ywaHbe, TaKk Kak r. [ywaHbe — ctonmua Pecnybamkm Taa-
UKUCTaH — ABNAETCA CaMbIM TYCTOHACENEHHBIM MYHKTOM CTpaHbi’,
OT/IMYAIOLLMMCA OT APYTMX PErvOHOB CTPaHbl BO/bLIOKM MUrpaLmei,
KONMYECTBOM CPeHMX U BbICUMX y4yebHbIX 3aBeaeHnit. B 2022 rogy
54% (302 13 556) 13 BCex cny4yaeB Kopu Bbln 3aperucTpupoBaHbl B
CTOANMLLE CTPaHbI.

LLENb UCCNEAOBAHMUA

OnucaTb W oueHUTb cucTemy DH 3a Kopbto B T. [ywaH6e no
CBOVCTBaM: MPOCTOTA, TMBKOCTb, NPUEMNEMOCTb, KaUecTBO AaHHbIX,

1 WHO Immunization Analysis and Insights. https://www.who.int/teams/
immunization-vaccines-and-biologicals/immunization-analysis-and-insights/
surveillance/monitoring/provisional-monthly-measles-and-rubella-data

2 Bank TW. Immunization, measles (% of children ages 12-23 months) —
Tajikistan. Available at: https://data.worldbank.org/indicator/SH.IMM.
MEAS?locations=T)&name_desc=false

3 [locmaHosneHue Mpasumenscmea Pecnybauku Ta0#uKucmaH

om 27 ¢pespans 2021 20da, Ne 51 «O HayuoHasnbHoU npoepamme
UMMYHONpoguaakmuku 8 Pecrybnauke Tadxukucmax Ha 2021-

2025 200b1». fJocmynHo no cebiake: http.//www.adlia.tj/show_doc.
fwx?rgn=138962&conttype=3

4 Tajikistan — Population Density — Humanitarian Data Exchange. Available
from: https://data.humdata.org/dataset/worldpop-population-density-for-
tajikistan?

INTRODUCTION

Measles is a highly contagious infectious disease that im-
munization can prevent [1-3]. It spreads quickly, with over 90%
of susceptible individuals becoming infected as secondary cases
[4]. The measles virus belongs to the paramyxovirus family. It can
spread through airborne droplets and direct or indirect contact
with the secretions from the nasal or pharyngeal mucosa of in-
fected individuals [5, 6]. Before the introduction of immunization,
around 30 million people worldwide contracted measles each
year, resulting in 2 million deaths annually [7]. In 2019, there
were approximately 9.8 million reported cases of measles and
207,500 deaths attributed to the infection worldwide [8-10].

The COVID-19 pandemic has disrupted vaccination programs,
reducing vaccine availability in healthcare settings [11,12]. This has
resulted in a drop in measles-containing-vaccine first-dose (MCV1)
immunization coverage from 86% in 2019 to 81% in 2021 globally,
causing outbreaks in many countries. The number of countries fac-
ing severe outbreaks increased from 22 to 37 between 2021 and
2022, with the estimated number of measles cases rising by 18%
from 7,802,000 to 9,232,300 [13]. Tajikistan is one of the 37 coun-
tries in the WHO European Region experiencing measles
outbreaks in 2022-2023%. Between 2016 and 2023, there were 3
measles in-fection outbreaks recorded in the country (Fig. 1).

The measles outbreak occurred despite high vaccination
coverage?, according to reports on implementing the National
Immunization Program from 2021 to 20253. The reports are the
basis for assessing the ES system for measles (Fig. 2).

In this study, we assessed the ES system for measles in Du-
shanbe, Tajikistan, which has the highest population density*
compared to other regions. It also experiences significant migra-
tion and is home to numerous secondary and higher educational
institutions. In 2022, 302 out of 556 reported measles cases oc-
curred in Dushanbe, accounting for 54% of the total cases.

PURPOSE OF THE STUDY

To evaluate the measles es system in dushanbe according to
the following attributes: simplicity, flexibility, acceptability, data
quality, completeness, sensitivity, positive predictive value, and

1 WHO Immunization Analysis and Insights. Subnational Inmunization
Coverage Data. Available online: https.//www.who.int/teams/immunization-
vaccines-and-biologicals/immunization-analysis-and-insights/surveillance/
monitoring/provisional-monthly-measles-and-rubella-data

2 Bank TW. Immunization, measles (% of children ages 12-23 months) —
Tajikistan. Available at: https://data.worldbank.org/indicator/SH.IMM.
MEAS?locations=TI&name_desc=false

3 Governmental Decree of the Republic of Tajikistan was adopted on February
27,2021, No. 51 “On the National Immunization Program in the Republic

of Tajikistan for 2021-2025.” Available at: http.//www.adlia.tj/show_doc.
fwx?rgn=138964

4 Tajikistan — Population Density — Humanitarian Data Exchange. Available
from: https://data.humdata.org/dataset/worldpop-population-density-for-
tajikistan?
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MONHOTA, YYBCTBUTENbHOCTb, MONOKMUTENbHAA NPOrHOCTUYECKAA LieH-
HOCTb, 9GPEKTUBHOCTb U iaTb PEKOMEHAALMM M0 €€ YYULLIEHWIO.

MATEPUAN U METOAbI

OueHKa npoBeseHa COOTBETCTBUM C PyKOBOACTBOM LIEHTPOB MO
KOHTposto 3abonesanuit CLUA ansa oueHkn cuctembl 3H [14] no cne-
Ayowym atpubyTam: NpocToTa, TMBKOCTb, MPUEMIEMOCTb, KAYeCTBO
[LaHHbIX, YYBCTBUTE/IbHOCTb, MOIOXKUTE/IbHAA MPOrHOCTUYECKasA LieH-
HocTb (MML), pecypcbl ans pabotbl cucTemsl. MpocToTa cuctembl IH
onpegensana CTPyKTypy U NErKocTb paboTbl, NPy 3TOM, YA0BNETBOPASA
CBOV 33Jauu.

MMbkocTb cucTembl OH onpeaeneHa Kak CnocobHOCTb CUCTEMbI
npucnocabamnBaTbCA K M3MEHAOLWMMCA NOTPEOHOCTAM M CUTyaLIMK
npu orpaHuyeHnn f06aBoYHOTO GUHAHCUPOBAHMUA, NEPCOHaNa UK
cyLectsytolero GboHaa.

YyBCTBUTENILHOCTb CUCTEMbI ONpeAeneHa Ha YPOBHe perucrpa-
LMK CyYaeB, YyBCTBUTENbHOCTb O3HAYaeT A0/ Cnyvaes 3abonesa-
HWA, 06HApPYKEHHOTO cucTemol IH cornacHo Taba. 1.

MpvemnemocTb cucTembl IH bbina onpeseneHa NyTém onuca-
HUA y4acTua oTAe/bHbIX CTOPOH B IH 3a Kopbto U onpoca 16 cemeit-
HbIX Bpayel co CpeaHUM cTaxkem paboTbl 13 et (uHTepBan 4-39 ner),
3 MHPEKLMOHWCTOB CO CPpeaHUM CTaxem paboTbl 16 net (12-21 neT),
3 NabopaTopHbIX CNELMaNNCTOB CO CPEAHUM CTaxKeM paboTbl 7,5 net
(6-9 neT): aTpPUBYT OTPAKAET WX }KeNaHUe y4acTBOBaTb B cucteme dH.
Mony-cTPYKTYPMPOBAHHBIV BOMPOCHMK BKJIKOYAI BOMPOCHI O C/I0XKHO-
CTAX B NOCTAHOBKE AMarHo3a, perucTpaumm v nepegade MHGopmaLmu.
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Fig. 2 Measles-containing vaccine coverage,
Tajikistan, ~ 2015-2022.  MCV1:  Measles-
containing-vaccine first-dose; MCV2: Measles-
containing-vaccine second-dose; data for 2020 is
not available. Source: WHO Immunization Data
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who.int/global/wiise-detail-page/measles-
vaccination-coverage ?CODE=TIK&ANTIGEN=&Y
EAR=

e MICV1
— MCV2

effectiveness, and to make recommendations for ES system im-
provement.

METHODS

The evaluation was conducted following the US Centers for
Disease Control Guidelines for Evaluating ES system [14] on the
following attributes: simplicity, flexibility, acceptability, data qual-
ity, sensitivity, positive predictive value (PPV), and resources to
operate the system. The simplicity of the ENS determined the sys-
tem's structure and ease of work while satisfying its objectives.

The flexibility of an ES is defined as the system's ability to
adapt to contingencies in the settings of limited additional fund-
ing, personnel, or existing funds.

The system's sensitivity is established based on the registra-
tion of cases. Sensitivity refers to the proportion of health events
detected by the ES system, as indicated in Table 1.

The ES system's acceptability was assessed by investigating
the participation of organizations and individual healthcare pro-
fessionals in ES for measles. The study involved interviewing 16
family doctors, each with an average of 13 years of work experi-
ence (range 4 to 39 years), three infectiologists with an average of
16 years of work experience (range 12 to 21 years), and three lab-
oratory specialists with an average work experience of 7.5 years
(range 6 to 9 years) to gauge their willingness to participate in
the ES system. The interviews included a semi-structured ques-
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Tabnuya 1 OnpedeseHue 4yscmsumesnsHOCMU U NoaoxumensHol
npozHocmu4eckoli yeHHocmu cucmemsl IH

OA HET
J103KHO
" a+b
nonoKuTenbHbIn (b)
HET J10XKHO UCTUHHO c+d

oTpuuaTeNbHbIN () oTpuuaTensHbii (d)

a+c b+d
YyscTBUTENBHOCTb=a/(a+C)
Nnnu=a/(a+b)

Mo KapTam anMAEMMONOrMYECKOro pacciefosaHua 286 60sb-
HbIX C KOpbO ONpesensnacb NoAHOTa MMMYHM3aLMM MPOTUB KOPM.
KauecTBo AaHHbIX OLeHMBaNack B 6ase AaHHbIX MHOEKLMOHHbIX 60b-
HbIX [0pOACKOV Ae3MHOEKLMOHHOMN CTAHLLMK MO CNIUCKY 6OMbHBbIX.

3PPEeKTUBHOCTD UM Pe3yNbTaTUBHOCTL CUCTEMbI ONpPeaeneHa
Ha OCHOBEYYBCTBUTE/IBHOCTU U CBOEBPEMEHHOCTU PEarvpoBaHma Ha
BCMbILWIKN.

B oueHKy OblaM BK/IHOYEHbI /IMLLA, KOTOPblE COOTBETCTBOBANM
CTaHZAPTHbIM OnpefeneHuam caydvas Kopu. CornacHo pacropske-
Huto M3 1 C3H PT Ne 902 BblaeneHbl cnegytolme CTaHAapTHble onpe-
[eNeHnA Cny4aeB Kopu:

®  K/JIMHWYECKM YCTAHOB/IEHHbIN Cay4Yall KOPU — BO3MOMKHBbIV

CNyyalt Kopu, He NPOWeAWnin Hagnexallyto nabopaTtop-
HYH AMarHOCTUKY M SNUAEMMUONOTMYECKM HE CBA3AHHBIN C
NOATBEPHKAEHHBIM CTy4aeM Kopu;

®  3MMAEMMONOTMYECKM CBA3AHHDBIN CNYYail KOPU — BO3MOMK-
Hbl1 3a60/1EBLUMI KOPbIO, HAXOAMBLUMIACA B KOHTAKTe B
TeyeHue 7-18 aHelt 40 nosABAeHMA Kopu C nabopatop-
HO-TOATBEPHKAEHHBIM 60/IbHBIM, HO He NPOLLEALMNIA COOT-
BETCTBYIOLLYIO TabOPATOPHYHO AMArHOCTUKY;

*  NOATBEPXKAEHHbIN Cayyal Kopu: Cnyyait ¢ NoAo3peHnem
Ha KOpb, KOTOPbIM NO pe3yabTaTam TECTUPOBAHWA OKa3ancs
NONOMKWUTENbHBIM B MPOUIBHOM 1abopaTopum, a BaKLMH-
HO-accoLMMpoBaHHOE 3ab601eBaHNE UCK/THOYEHO;

®  HEMOATBEPMKAEHHbIA  (MCKNOYEHHDIN, OMNPOBEPrHYTbIN)
CNy4alt Kopy — BO3MOXKHbI C/ly4aid, NPy KOTOPOM AMarHo3
Kopu 6bl1 OMPOBEPrHYT Ha OCHOBAHUK pPe3yNbTaToB Nabo-
PaTOPHOrO aHanW3a, WAM CayYail gpyroro 3abosneBaHWs
noATBEPKAEH NabOPaTOPHO HA OCHOBAHUWM HANWUYMUA INU-
[LEMMOIOTUYECKOM CBA3M.

Bblnn  oToOpaHbl s1e4eBHO-NPOGUNAKTUYECKME  YYPEXRAEHUA
(NNY) nepsuyHoro 3seHa (MMCM), HaxogAwmecs B paitoHe LLloxmaH-
Ccyp: ropoackume LeHTpbl 3a0poBba (ML3) NeNe 3, 5, 13 1 lopoackan ae-
3UHPEKLMOHHAA CTaHLMA. BbIBOp AaHHbIX yYPEKAEHUI OCHOBbIBA/ICA
Ha TOM, YTO [NaBHbIV UccnesoBaTeNb (aBTop) paboTaet B LieHTpe rocy-
[lapCTBEHHOTO 3NWUAEMMONIOMMYECKOTO HaA30pa paitoHa LLoxmaHcyp.
Monesas paboTa ocyliecTBneHa B nepuog ¢ despana no mait 2023
roga. Ana cbopa MHGopmauum Bbin co3aaH MONY-CTPYKTYPUPOBAH-
HblI1 BOMPOCHWK.

dTnyeckne Bonpocbl. Onpoc MeapPaboTHUKOB OCYLLECTBAACA
Ha 0CHOBE MHPOPMMPOBAHHOTO COMNACKA, MAEHTUDUKALMOHHAA UH-
dopmauma He cobupanacb. Bce faHHble XpaHATCA B KOMMbOTEPE C
naposem, 4OCTYNHOM TO/IbKO A1 UCCeaoBaTeNen.

B xoze paboTbl MCNONb30BaNCA ONUCATENbHO-OLEHOYHbIN Me-
TOZ, 3NWAEMUONIOTMYECKOTO MccneoBaHuA. Mcnonb3oBanuch abco-
NIOTHbIE YMC/A U MPOLEHTbI, CBA3aHHbIE C ONPeLeNEHNEM BPEMEHM
nepesayv MHGOPMaLMKU, MECTOM OBpaLLeHus, pacnpeseneHmem no

Table 1 Assessment of the sensitivity and positive predictive value of the
ES system Status of the person according to the "gold standard"

Condition present Condition absent

True positives False positives

Positive a+b
(a) (b)
. False negatives True negatives
Negative c+d
& (c) (d)
a+c b+d

Sensitivity=a/(a+c)
PPV=a/(a+b)

tionnaire about the challenges associated with diagnosing, docu-
menting, and data sharing.

The level of measles immunization completeness was as-
sessed by thoroughly examining the epidemiological investigation
forms of 286 measles patients. The accuracy and reliability of the
data were evaluated by cross-referencing the patient list with the
infectious patient database of the City Disinfection Station, Du-
shanbe, RT.

The effectiveness or efficiency of the system is determined
based on the sensitivity and timeliness of response to out-
breaks.

Individuals who met standard measles case definitions were
included in the assessment. According to the MHSPP RT Order of
November 30, 2016, No. 902, "On epidemiological surveillance of
measles, rubella, and congenital rubella syndrome (CRS)" the fol-
lowing definitions related to measles cases were identified:

e C(linically compatible case of measles: a possible case
without proper laboratory diagnosis and epidemiologi-
cally unrelated to a confirmed measles case.

e  Epidemiologically linked case of measles: a possible
case of measles being in contact with a laboratory-con-
firmed patient 7-18 days before the onset of measles
without appropriate laboratory diagnostics.

e Confirmed case of measles: a suspected measles case
that tested positive in a specialized laboratory, exclud-
ing vaccine-associated disease.

e Unconfirmed (or disproved) case of measles: a possible
case where the diagnosis of measles was refuted based
on laboratory analysis, or another disease was labora-
tory confirmed due to an epidemiological link.

We focused on specific primary healthcare centers (PHCs).
These included UHC No. 3, 5, 13, and the City Disinfection Sta-
tion in the Shokhmansur district of Dushanbe, Tajikistan. The rea-
son for choosing these specific institutions is that the principal
researcher (author) is associated with the State Sanitary Epide-
miological Surveillance Service (SSESS) center in the Shokhmans-
ur district. Our fieldwork was conducted from February to May
2023, and we employed a semi-structured questionnaire to gath-
er valuable data.

Ethical issues. The health worker survey was carried out
upon receiving informed consent, and no personally identifiable
information was gathered. All the data were password-protected,
and only authorized researchers could access it.

During the research, we utilized a narrative assessment
approach for epidemiological investigation. We used absolute
numbers and percentages to determine factors such as the time
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obcnyxkmBaembim L3, KagpoBoit obecneyeHHOCTbIo, YyBCTBUTEb-
HocTbto, MML, M KayecTBOM 3NUAEMMONOTMYECKUX AAaHHbIX, @ TaKKe
duHaHCOBbIMM pecypcamm 41 GYHKLMOHUPOBaHUA cuctembl. Obpa-
60TKa MHbOPMALMKN MPOU3BOAUNACH C UCMONb30BAHWMEM NPOTPAMMbI
Excel.

PE3YNbTATDI

3H 3a Kopbto B TafKMKMCTaHe YCTaHOBNEH Ha OCHOBAaHWUM pac-
nopsxeHna M3 n C3H PT 3a Ne 902 ot 30.11.2016 r. «O coBepLueH-
CTBOBAHWUM CUCTEMbI 3SMUAEMUONOTUYECKOTO KOHTPO/IA 33 KOpPbIO,
KPACHYXoM M NpodWIaKTMKM BPOKAEHHOM KpacHyxM B Pecnybavke
TagKMKUCTaH», B KOTOPOM OMnpeaeneHbl Kyesble Leav no snumu-
HaLMKM KOPU M KPaCHYXM Ha TEPPUTOPUM CTPAHBI.

B cuctemy 3H BK/IHOYEHDBI LLEHTPbI UMMYHM3aLmK (B JylwaHbe —
fopoacKol LeHTp MMMYHONPodUNaKTUKK), yupexaerns NMMCN (ueH-
TPbl CEMENHON MeAULMHbI, LEeHTPbl 340p0BbA, MEAULMHCKUE MyH-
KTbl), 60/1bHULbI, OpOACKasn Ae3VHPEKLIMOHHAA CTaHLUMSA, PalioHHbIE
1 ropogackoi LIFC3H, KoTopble Bo3rnaBaatoTca YnpasneHnem 34paBo-
oxpaHeHua r. ywan6e n M3 n C3H PT° (puc. 3).

Mpocrota. CornacHo puc. 3 cuctema nepesaun MHdopmalmm
MMEET CNIOXKHYK MHOrO3TaMHy CTPYKTYpY. 1A NOCTaHOBKU AMarHo-
33 KOpPW YYMTBIBAKOTCA KAMHUYECKUE, INUAEMMONOTMYECKMe U Nabo-
paToOpHble AaHHble.

Mepenaya MHOOPMaLMKM O CAY4aAX KOPU MPOU3BOAUTCA B OC-
HOBHOM B byMaxkHOM BuAe. OCHOBHbIM UCTOYHUKOM JaHHbIX O KOpH
asnatoTca yupexaeHua NMMCH, a Takxke MHEKLMOHHbIe BONbHULI;
HPopmauma Hanpasnsetca yepe3 [OPOACKY Ae3nHPEKLMOHHYIO
cTaHumto r. [ywaHbe B paioHHble M ropoackoit LIFCIH, Mopoackoi
LIEHTP MMMYHONPODUNAKTUKN, fanee — B pecnybanKaHCcKue yupex-

Puc. 3 Cxema u ceoespemeHHocms obmeHa uHgopmauueli no kopu 8 PT

of data submission, location of referral, distribution among dif-
ferent UHCs, staffing levels, sensitivity, PPV, quality of epide-
miological data, and the financial resources required for the
system's functioning. The data was processed using Excel for
thorough analysis.

RESULTS

The ES for measles in RT was established based on the
MHSPP RT Order of November 30, 2016, No. 902, "On epidemi-
ological surveillance of measles, rubella, and congenital rubella
syndrome (CRS)". It sets out the main objectives for eliminating
measles and rubella in the country.

The ES comprises vaccination clinics such as the Republi-
can Center for Immunoprophylaxis, Dushanbe, Tajikistan, prima-
ry healthcare centers (PHCs) including family medicine centers,
UHCs, ambulatory care centers, as well as hospitals, the City Dis-
infection Station, district and urban SSESS centers. These entities
are overseen by the Public Health Department of Dushanbe and
the Ministry® (Fig. 3).

Simplicity. As shown in Fig. 3, the notification system for
diagnosing measles involves a multi-stage process incorporating
clinical, epidemiological, and laboratory data. Measles case data
is primarily reported in paper form. The primary sources of mea-
sles data are the PHCs and infectious disease hospitals. The data
is then submitted to various health and government agencies, in-
cluding the City Disinfection Station of Dushanbe and urban and
district SSESS centers in RT. It is also submitted to the Republi-
can Center for Immunoprophylaxis in Dushanbe and then to the
MHSPP RT. Additionally, the data is shared with international

Fig. 3 Scheme and timelines for sharing surveillance data on measles in the RT

BO3 u napTHEPHI 10 Pa3BUTHIO
WHO and developmental partners

Ci1yx62a rocyIapcTBEHHOI0 CAHUTAPHO-3HIEMHOJIOTHYECKOr0 HaA30pa

Republican SSESS Center

M3 u C3HPT

IIpaBureancreo PT

MHSPP RT Government of RT

Pecny0,IMKaHCKHIi IIEHTP HMMYHONPOQUIAKTHKH
Republican Center for Immunoprophylaxis

FOPOZICKOﬁ IIFC3H T'opoackoii eHTPp HMMYHONPO(YHIAKTHKH
City SSESS Center City Center for Inmunoprophylaxis
Pajionnbiii II'COH
District SSESS Center

12-24 u/h

IenTp nudexkunonHoro KoHTPoJisi Fopoackoii ne3nHGeKIMOHHON CTAaHIUKN
Center of Infectious Control of City Disinfection Station

0-8 u/h 0-8 u/h 24-72 4/h
BoabHubI Yupexnenus TIIMCII JlaGopaTopuu (YacTHBIE H FOCY/1apCTBEHHBIE)
Hospitals PHCs Private and public laboratories

5 HayuoHanbHas npo2pamma UMMyHORpoguAakmuKu e Pecriybnuxe
Tadmcukucmar Ha 2021-2025 20061 om 27 gpespana 2021 200a, Ne 51. http://
www.adlia.tj/show_doc.fwx?rgn=138964
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5 Governmental Decree of the Republic of Tajikistan was adopted on February
27,2021, No. 51 “On the National Immunization Program in the Republic

of Tajikistan for 2021-2025.” Available at: http://www.adlia.tj/show_doc.
fwx?rgn=138964
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aenuna u M3 n C3H PT; nonyyatenem MHGOPMaLMM TaKKe ABAAIOTCA
MpasuTenbctBo Pecnybaukm Tagskukuctan, BO3 un [deTckmin ®oHp,
OOH (UNICEF) B TagsKuMKuUCTaHe.

NHdpopmauma o 6oabHOM ¢ Kopbto noctynaet B LITCIH 13 6onb-
HULL ¥ NONMKAMHUK B TedeHue 24 yacos no TenedoHy COrMacHo pac-
nopsxernunto M3 1 C3H PT Ne 133. ®dopma «IKCTpeHHOe M3BeLLeHUe»
(dbopma Ne 075, yteepskaéHHas 03.10.2015 r.), OTYET O Cay4yasx Kopu,
TaKMKe, KaK U Bcex Apyrnx MHPEKLUMOHHbIX U Napa3nTapHbIx 3abonesa-
HUAX, YKyCax 1 OCNOXKHEHUAX NPeAOCTaBAAIOTCA EXeJHEBHO B TeUeHne
24 yacoB C MOMEHTa 0bpalleHus 6onbHoro. MHbopmaums exemecay-
Ho B BMae «OTuéTa 0 perncTpaumm cnydyaeB MHPEKLMOHHbIX M Napas-
uTapHbIx 3abonesaHnin (popma Ne 1, yTBepKAEHHAA pacnopsaKeHnem
AreHTCTBa MO cTaTUCTMKe Npy MpesunaeHTe PT3aNe 54,01 11.11.20131.)
[ocTaBnaeTcA B AreHTCTBO No cTaTUCTUKe npu lMNpesunaerte PT.

OT4éT 06 oxBaTe MMMYHM3aLVeEN NPeSOCTaBACTCA eXeMecay-
HO co cTopoHbl U3 B BMAe «OTYéTa 06 UMMYHM3ALMM U YYETE BaK-
umH» (popma No 2, yTBepAEHHas pacnopsKeHuem AreHTCTBa no
cTatucTuke npu MpesunaenTe PT 3a Ne 7 o1 21.01.2020 r.).

NHpopmaumsa o 6onbHOM CObMpaeTca Npu ero NoceLeHnn me-
OVUMHCKOTO yupexaeHua. MposepeHHaa MHPOpPMaLMA O KaxkaoMm
cNyyae 3NMAEMMONOTMYECKOTO PaCcCieA0BaHNA HaNpaBAAeTcA Kak
B OYMaXHOM BapuaHTe, TaK M 3NeKTPOHHOM BUAE B BblllecTosLlee
yupexxaeHune. CpefHWU CpPoK [0CTaBKM MHbOpmaumn ao Cnyxbbi
rocyfapCTBEHHOTO CaHUTaPHO-3MUAEMMUOIOTMYECKOTO Haa30pa (LeH-
TpanbHbIi oduc) coctasnset 3 gHA. M3 n C3H PT nonyyaet uHdopma-
umio B TeyeHue 4-5 aHen.

CeMWHapbl NPOBOAATCA TO/IbKO A1 PabOTHUKOB LEHTPOB UM-
MyHONpPOOUNAKTUKKM, anuaemuonorn LIFTCIH B obyyeHne BoBneka-
mcb anwb B8 2022 ., BO BPEMSA 0YEPEAHON BCMbILLKKU KOPK, MO Teme
«HauuoHanbHble AHM UMMYHM3aLMK». B utore, BHOBb BOB/IEUEHHbIE
cneupanuctbl LUIFCIH octatoTca HenoaroToBAEHHbIMK, a CUTyauua
ycyrybnsetca 60/1bLLON TEKyYECTbO KaapoB.. JlabopaTopHas auarHo-
CTUKa Kopw B T. [ywanbe nposoautca B nabopatopuu foponckoro
MeAMLMHCKOro LeHTpa N2 1, BHELHWI KOHTPO/Ib KayecTsa NpoBOAUT
HUW npodunakTnyeckoin MeanLmHbl, @ B HEKOTOPbIX C/ly4asx obpas-
bl oTNpasasamcb B nabopatopuio BO3, pacnonoxeHHon B Poccuii-
cKoit depepauymu. [lMarHos, yCTaHOBEHHbIV YacTHOW nabopaTopuei,
[0MKeH bbITb NepeHanpaB/IeH B rocyfapcTBEHHYO nabopaTtoputo Ans
noaTsepxaeHus. Jlabopatopun oxumaatoT Habop 8-10 0bpasLos A5
NOCTaHOBKM TECTOB, YTO YA/IMHAET BPeMs NOJTyYEHNUs Pe3y/bTaToB Te-
CTUPOBAHMA.

MbKocTb. PykoBoacTBo no IH 3a Kopbto 6bII0 NEPeCMOTPEHO
8 2016 roay, BCheACTBME Yero NpeKHee pacrnopsarKeHue, NpUHAToe B
2005 (Ne 459), 6b110 aHHYAMPOBAHO. MPUYMHON U3MEHEHUA PYKOBOA-
CTBA CTa/l NEPECMOTP LieNel U MHAMKATOPOB co CTOPOHbI BO3, aganTa-
LIMA UX K CTPAHOBbIM MHAMKATOPaM, U3MEHEHWE CTaHAAPTHOrO onpe-
[leneHua cayyaes M 1abopaTopHOA AMArHOCTUKM KOPU.

Takxke 27.07.2022 r. 6bina nepecmoTpeHa dopma OTYETHOCTU
«OTYET 06 MMMYHM3aLMK U y4éTe BaKLMH» (popma Ne 2), koTopas
yTBEPKAEHA pacnopaxeHWem AreHTCTBa no ctaTucTuke npu Mpesu-
neHte PT3a Ne 7 o1 21.01.2020 r., B CBA3M C BHEAPEHMEM HOBbIX BaK-
LMH: MHAKTUBMPOBAHHOM NOMOMMENUTHOW BaKLMHbI (MMB) B 2018
rofly, 3aMeHbl BaKLMHbI MPOTUB KOPU U KPaCHYXM Ha BaKLWHY NPOTMB
Kopw, napoTuta v KpacHyxu B 2020 roay, BUX 2 (6 net), BLXK-3 (16
net) -8 2022 roay.

Mpuemnemoctb. [JMarHo3 Kopu CTaBAT MHPEKLMOHUCTbI LieH-
TPOB 340p0BbA, 60/IbHULL, BbIABNIEHWE HONBbHBIX MPOUCXOANT NACCUB-
HbIM MYyTEM BO Bpems camoobpalueHus. M3 obuero uncna 60bHbIX
mwb 32,2% obpatuance B U3, 67,8% — B MHGEKLMOHHYIO 60/IbHNLLY,
Bce 60/1bHble 3aperncTpupoBaHbl NPy CaMoobpaLLeHUN.

B ropoge [AywaH6be 16 ropoAacKMX NOSMKANHUK, U BCE NALMEHTbI
pacnpezeneHbl N0 rOPOACKMM NOAMKAMHUKAM (puc. 4).

organizations such as the World Health Organization (WHO) and
UNICEF in Tajikistan.

Hospitals and clinics report measles cases and other infec-
tious and parasitic diseases to the MHSPP RT within 24 hours of a
patient's self-referral. A report on immunization coverage is pro-
vided monthly by the UHCs in the form of a "Report on immuniza-
tion and registration of vaccines" (Form No. 2, approved by order
of the Agency for Statistics under the President of the Republic of
Tajikistan No. 7 dated January 21, 2020).

Patient data is collected during medical facility visits, and
verified data on each case of epidemiological investigation is sub-
mitted in both paper and electronic form to a higher authority.
The average delivery time for data to SSESS centers is three days,
and the MHSPP RT typically receives data within 4 to 5 days.

Seminars are exclusively held for employees of immuniza-
tion centers. In 2022, during another measles outbreak, the "Na-
tional Immunization Days" training only involved the SSESS center
epidemiologists. Consequently, newly engaged employees at the
SSESS center are ill-prepared, exacerbated by high staff turnover.
Measles laboratory diagnostics in Dushanbe are conducted at
UHC No. 1 laboratory. The Tajik Research Institute of Preventive
Medicine, Dushanbe, Tajikistan, oversees external quality con-
trol. Sometimes, samples are sent to the WHO laboratory in the
Russian Federation. A state laboratory must confirm a diagnosis
made by a private laboratory. Laboratories typically require 8-10
samples for testing, which prolongs the time it takes to receive
test results.

Flexibility. The updated measles surveillance guidelines
were adopted in 2016, revoking the previous regulations (No.
459) from 2005. This revision was made in response to the WHQO's
updated goals and indicators tailored to country-specific needs.
The changes included modifications to standardize criteria for
case definition and laboratory diagnosis of measles.

On July 27, 2022, the reporting form "Report on immuniza-
tion and registration of vaccines" (form No. 2), approved by the
Agency for Statistics under the President of the Republic of Tajik-
istan on January 21, 2020, was updated to include new vaccines,
such as inactivated poliovirus vaccine (IPV) in 2018, replacement
of the measles and rubella vaccine with the measles, mumps, and
rubella vaccine in 2020, and the revaccination with second dose
of the BCG (given at 6 years) and third dose of the BCG 3 (given at
16 years) in 2022.

Acceptability. Measles is diagnosed by infectiologists at
UHCs and hospitals by passive case detection, meaning patients
are only registered upon self-referral. Among the patients, 32.2%
sought care at UHCs, while 67.8% visited the hospital's infectious
diseases departments, all through self-referral.

In Dushanbe, there are 16 UHCs where all patients are dis-
tributed (Fig. 4).

The laboratory diagnosis of measles in the city of Dushan-
be revealed that out of 286 registered pediatric cases of measles,
only 228 (79.8%) underwent laboratory testing in 2022. Unfortu-
nately, clinicians did not take samples from contacts within the
same family to confirm measles, and laboratory testing was also
not conducted for those with financial limitations. As a result,
a clinical diagnosis of epidemiologically linked cases was estab-
lished in 20%. In contrast, according to the order of the MHSPP
RT No. 902, all 100% of cases should be tested for measles.

The epidemiological department of the Shokhmansur Dis-
trict SSESS Center is currently experiencing a significant staff
shortage. Out of the 8 specialists in the department, only two
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40 Fig. 4 Distribution of measles cases in the Dushanbe UHC in 2022.
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JlabopaTopHas AMarHOCTMKA KOPW OCYLLECTBASETCA 3a CYET
cpeAacTs 6onbHbIX: B 2022 roay B ropoae AdylaHbe 13 286 3apernctpu-
POBaHHbIX C KOPbO AeTelt, b y 228 (79,8%) nposeneHo nabopa-
TOpHOE TecTMpoBaHue. B cnyyae BbIABNEHUA KAMHUYECKMX MPU3HAKOB
Y KOHTaKTHbIX B NpeaenaxX oAHOM cembu 006pasLibl 419 NOATBEPHKAE-
HVWA KOPY KAMHULMCTamK He Bpanuce. Takke n1abopaTopHoe obcneso-
BaHME He NPOBOAMIOCh Y TEX, KTO MMeN GMHAHCOBbLIE OFrPaHNYEHUs, B
UTOTe KIMHUYECKWIA AMArHo3 (3NMAEMUONOTUYECKUI CBA3AHHBIN CNy-
yaii) yctaHoBnieH y 20%, B TO BPEMSA KaK, COIIAaCHO pacnopseHuio M3
1 C3H PT Ne 902, Ha Kopb A0MXHbI BbITb NpoTecTMpoBaHbl Bce 100%
C/ly4aes.

Bcero B anuaemumonorudeckom otaene LIFCOH paiioHa LLoxmaH-
cyp paboTatoT 8 cnewmanncTos, KOMMbloTepaMmn obecneyeHbl 4Boe
paboTHMKOB. He Bce pabOTHMKM BNAfEHOT AOCTATOYHBIMM HaBbIKaMK
B/IAfleHMA KOMMbloTepoM. B anugemuonornyeckom otaene LIFCIH
paitioHa LWoxmaHcyp Habnogaetca HexaTka 3NUAEMMO/IONOB U WX
NMOMOLLLHWMKOB, MpY 3TOM AedULMT KaLpoB cocTaBun 35% K MOMEHTY
NpoBeAEeHNA OLEHKN.

Bblno obHapyKeHo, 4yto LIFCOH u LeHTpbl MMMyHONpodUunak-
TUKM NPUMEHAIOT pa3Hble GOpPMbl 3NMMAEMMONOTUYECKMX KapT AnA
paccnefoBaHuA CayvyaeB KOPM, YTO CBA3AHO C HE3HAHWMEM PAabOTHK-
KoB LIFC3H ¢ geicteytowym pacrnopsskeHnem M3 1 C3H PT Ne 902 u
OTCYTCTBMEM MPOBEAEHMA CEMUHApPOB AnA annaemwuonoros. LIFCIH
MCMONb3YOT 06yt GopMy 3NMAEMMONOMMYECKOTO pacciefoBaHuUA
BCEX CNYYanX MHPEKLMOHHbIX 3a00NeBaHUIA, KaK OblfI0 YKa3aHO Bblille
13-33 HeZlOCTaTOYHOW MHGOPMMPOBAHHOCTU O AEMCTBYIOLWMX PYKO-
BOACTBaX No IH 3a KopeBoi MHOEKLMEN, YTBEPKAEHHbIX 418 NpUMe-
HEeHWA B CTPaHe; B CBA3M C OTCYTCTBUEM UX AOCTYMHOCTU Ha odpuLmanb-
HbIX CaliTax M HEeAOCTaTOYHbIM MCMNO/b30BAaHMEM OHNaWH NaaThopm
AN 0by4yeHns aNUaemM1oNOoroB.

Pe3ynbTaThl onpoca nokasanu, 4to 5 (23%) pecnoHAeHToB 3a-
MONHAIOT KapTy NpodunakTUYeckmx npmsnsok (popma Ne 063/y), 16
(73%) — yuacTByYIOT B 3aMONHEHUM KypHaNa perucTpauum MHoekum-
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have access to computers, and not all employees possess suffi-
cient computer skills. Thus, there is a shortage of epidemiolo-
gists and their assistants, with a 35% staffing deficiency at the
Shokhmansur District SSESS Center.

The SSESS Centers and Centers for Immunoprophylaxis also
use different epidemiological forms to investigate measles cases.
One of the main reasons for this discrepancy is the lack of aware-
ness among staff about the specific guidelines outlined by the or-
der of the MHSPP RT No. 902, as well as the absence of training
seminars for epidemiologists. As a result, the SSESS Centers uti-
lizes a general form of epidemiological investigation for all infec-
tious disease cases due to insufficient knowledge of the current
guidelines for measles infection. These guidelines are not easily
accessible on official websites, and there is limited use of online
platforms for training epidemiologists.

The survey findings revealed a variety of statistical forms
regarding handling infectious disease-related paperwork and no-
tification processes. Out of the respondents, 5 individuals, which
constituted 23% of the total, were found to be engaged in filling
out vaccination cards (Form No. 063/u). On the other hand, 16
individuals, representing 73% of the total, reported their par-
ticipation in filling out an infectious diseases register (Form No.
91), whereas 19 individuals (86%) stated their involvement in
completing emergency notifications about suspected infectious
diseases (Form No. 075). In addition, 10 respondents, making
up 45% of the total, were responsible for preparing a report on
communicable diseases (State Form No. 1). It was also discovered
that 20 out of 22 respondents (91%) did not encounter difficulties
while filling out these forms. When diagnosing measles infection,
all infectologists, 80% of family doctors, and 67% of laboratory
technicians reported no issues. Furthermore, 95% of the partic-
ipants confirmed they had notified the City Disinfection Station
by telephone about all measles cases. Regarding time spent on
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OHHbIX 3a601eBaHMi (yuéTHana dopma Ne 91), 19 (86%) — 3anonHaT
9KCTPEHHOe u3BelleHne O cnyyae MHOEKLMOHHOro 3aboneBaHuA
(yuéTHan popma Ne 075), 10 (45%) — yuacTByIOT B NOATOTOBKE OTHYETA
06 MHOEKLMOHHDBIX 3a601€BaHMAX (rocyAapcTBEHHan dopma oTYéTa
Ne 1). ina 91% (20) onpoLieHHbIx 3anonHeHe $opm He NpeacTas-
nAet TpyaHocTel. MMocTaHOBKA AMarHo3a KOpeBoW MHGeKuun He
BbI3bIBAET 3aTPYAHEHMUI Y Bcex MHEKLMOHUCTOB, Y 80% cemelHbIX
Bpayeit, y 67% nabopaHToB. 95% ONpPOLUEHHbIX NOATBEPAWUAN, YTO
OMOBELLAIOT MO TenedpoHy O BCeX Cayvanax Kopu fOPOACKY0 Ae3nH-
beKUMOHHY0 CTaHuMIo; 32% OLeHUAU Bpems, 3aTpauyuMBaemoe Ha
cbop AaHHbIX, Nepeaayy, BBOA, PefaKkTUpoBaHWe, XpaHeHWe, aHanun3
1 pe3epBHOE KOMMPOBaHWE AaHHbIX «CBOEBpemMeHHO»; 40% 3aTpya-
HWAUCb OTBETUTb HA [aHHbI Bonpoc. CNoXHOW pabouyto Harpysky
counv 90% onpoLueHHbIX, 41% pecnoHAEHTOB OTMETUAM, YTO HabAto-
[laeTcA HexBaTKa NepcoHana AnA BbINONHEHUA NOCTaBAEHHbIX 334a4.
Bcero 18% onpoLweHHbIX BbIHOCUAW NPEA/IOKEHNUA NO YAyYLIEHUIO
cuctembl, Bce 100% npepsioKeHn H6b1an yyTeHbI AAMUHUCTPALMEN
'LU3. 13 obuiero 4ncna onpoLleHHbIX 82% NOATBEPAMM, YTO ANA 33-
MUCKU, XPaHEHWA, Nepesayn U aHanu3a AaHHbIX BblAeNeHbl OTAEb-
Hble nua. HepoctatouHoe GyHKLMOHMPOBaHWE OpraHu3aLmm bbiio
NOATBEPXAEHO NO CleAyoWMM NPUYMHAM: HEXBaTKa NepcoHana —
82%, HeLOCTaTOYHOCTb POHA0B — 59%, HEXBATKa 3anaca PacXo4HbIX
maTepuanos —62%. To, uto HeobxoamMMmo 6osblie pecypcoB A non-
HOLLEHHO paboTbl cUCTEMBI CHUTAIOT 32% OMPOLUEHHBIX.

MonHota. OcmoTp 286 KapT MoKasan, Yto cpean Bo/bHbIX KO-
peBoi MHbEKLMeN faHHbIE O MOMHOCTBIO MONYYEHHBIX BaKLMHAX (2
[103bl) UMEITCA TONbKO ANA 35% 60nbHbIX, 2% NOAYYNAN MEPBYHO
[103y BaKLMHbI, 19% He nosyyanu BaKLMHY Mo pasHbIM NPUYUMHAM, UH-
dopmauma o BakuMHaumn 44% 6onbHbIX B KapTax bblna HefoCTyMNHa
(pwuc. 5).

YyBcTBUTENBHOCTD. Mbl BbIIBUN 3 C/ly4asn COOTBETCTBOBABLUMX
onpeaeneHunio cayvaa Kopu, He nepegaHHbix B8 LIFC3H, a Takxke 41
CNyyaii, nepeAaHHbINA € AUAarHO30M KOpb, KOTOPbIY He COOTBETCTBOBAN
onpeaeneHuto cayyasn. Takum obpasom, npu noacyéte no popmyne:
YYBCTBUTENLHOCTb=a/(a+C), Mbl MONYYNAN CAEAYIOLMIA pesybTaT:

a/(a+c)=286/(286+3)=98%.

3HaveHue e ML, paccumtaHHoe no dopmyne: MML=a/(a+b),
[ano cneayrowmin pesynbrar:

a/(a+b)=286/(286+41)=87%.

KauectBo gaHHbIX. OcmoTp cnuncka 365 60/bHbIX € Npeasapu-
TeNnbHbIM AnarHo3om «Kopb» nokasan, uto B LIFC3H r. Aywaxbe noa-
TBEPMKAEHA perncTpaums amib 286 caydaes (78%), B CBA3M C TEM, YTO
y 38 (10,4%) 60nbHbIX afpec He YTOUHEH, YTO O3HAYAET, YTO AaHHbIE
60/bHble He 3aperncTpuMpoBaHbl B CUCTEME Kak C/y4au Kopu (Bbl-
naswue). Y 41 601bHOTO YCTaHOBNEH «HEMNOATBEPKAEHHbIN (MCKAIO-
YEHHbIN, ONPOBEPTHYTHIN) CyYait KOpK», B CBA3M C YCTAHOB/IEHUEM
apyroro 3aboneBaHua. lIPOCMOTP NOCTPOYHOTO cnMcKa 60/bHbIX NO-
Ka3as, 4to 3 286 cnyyaes B 3 HabaoaeHMAX Non 60NbHOMO yKasaH
HenpaswabHO (1%), B 11 — BO3pacT He yKasaH (4%), B 2 — He OTMEYEHO
MecTo paboTbl/y4ébbl 601bHOrO (1%), B 13 — He yKa3aH KOHTaKTHbIA
TenedoH (5%).

d¢ddekTuBHOCTb. Kak n3BecTHO, B ropoge AywaHbe BCnblwKa
Kopu Bblna 3aduKcmpoBaHa B AaHBape 2022 roza, Ha 15 Hepene 2022
rofla 3aperncTpmpoBaHo 6onblue Bcero 60/1bHbIX Kopbio (puc. 6).

Mpw copeitctaum detckoro poHaa OOH (UNICEF) n duHaHcoBow
nosaepke BcemmpHoro baHka B ceHTabpe 2022 . n 8 ntone 2023 r.
OblnM BHEAPEHbI A0NONHUTENbHbIE HEAEIN BAaKLMHALMM MPOTUB KO
M KpacHyxu B I. [lywaHbe v paiioHax pecnybMKaHCKOro noaYmMHeHus,

data-related tasks, 32% of the respondents described it as "time-
ly," while 40% found it challenging to respond. 90% of the partic-
ipants considered the workload difficult, and 41% highlighted a
staff shortage to complete the assigned tasks. Notably, 18% of the
respondents had proposed suggestions for improving the system,
and all of these proposals were considered by the UHC adminis-
tration. Additionally, 82% of the respondents verified that sepa-
rate individuals were designated to record, store, transmit, and
analyze data. According to the survey, the inadequate functioning
of the organization was primarily attributed to the following fac-
tors: personnel shortage (82%), insufficient funding (59%), and a
shortage of essential supplies (62%). Finally, 32% of the respon-
dents expressed the opinion that more resources are required for
the system to operate effectively.

Completeness. An analysis of 286 records revealed that
among patients with measles infection, only 3-5% were fully vac-
cinated (2 doses), 2% had received the first dose of the vaccine,
19% had not received the vaccine for various reasons, and data
regarding the vaccination status of 44% of the patients were not
available (Fig. 5).

Sensitivity. We found three cases that fit the definition of
measles but were not referred to the SSESS center. Additionally, 41
cases were referred with a diagnosis of measles that did not match
the case definition. When we used the formula to calculate sensi-
tivity (sensitivity=a/(a+c)), we found the sensitivity to be 98% (sen-
sitivity=286/(286+3)). The PPV value, calculated with the formula
PPV=a/(a+b), resulted in a PPV of 87% (PPV=286/(286+41)).

Data quality. Upon reviewing the data of 365 patients ini-
tially diagnosed with measles, it was discovered that only 286
cases (78%) were confirmed at the City SSESS Center, Dushanbe.
Among the unconfirmed cases, 38 patients (10.4%) did not pro-
vide their address, resulting in their registration as unconfirmed
measles cases. Furthermore, 41 patients were found to have an
"unconfirmed or disproved case of measles" as they were diag-
nosed with a different disease. A detailed analysis of the con-
firmed cases revealed that in 3 cases (1%), gender was incorrectly
recorded. In 11 cases (4%), age was not specified; in 2 cases (1%),
the patient's place of work/study was missing; and in 13 cases
(5%), the contact phone number was not indicated.

Efficiency. In January 2022, a significant measles outbreak
occurred in Dushanbe. The peak of measles cases was observed
in the 15" week of 2022, as shown in Figure 6.

In collaboration with the UNICEF and with financial backing
from the World Bank, further vaccination rollouts targeting mea-

Mony4nnun NoNHOCTbIO
19% Ba KL UHY
Fullyvaccinated
35% H Monyunnm | nosy
Vaccinated with 1 dose

HewussecTHo

Vaccination status is unknown

He nonyyanu BaKuMHbI

44% Unvaccinated

Puc. 5 Oxgaam Kopesoli 8aKyuUHOU HQ O0CHOBe UHOUBUOYANbHbIX Kapm
60s16HbIX Kopesoll uHgpekryuel
Fig. 5 Measles vaccine coverage based on measles case report forms
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rae 6biaIv OTMEYEHbI BCMbILLKM®: TOMBKO K MIoHI0 2023 1. 6b1/10 OTMeYe-
HO OTCYCTBME PerncTpaLmm cnyyaes 3a601eBaHNA KOpbio.

Pecypcbl ansa GpyHKuMOHUpoBaHMA cuctembl IH 3a Kopblo. M3
0bLwein cymmbl ans NPOPUAAKTUKM BaKLMHHO-YNPaBAsSeMbIX MHEK-
LMt Ha 2021-2025 (39206620 nonnapos CLUA) 61% cocTaBnseT BKAaZ,
[No6anbHOro anbaHca No BaKLMHAM M MMMYHM3aUumMK, 34% — 3a CYET
6toarKkeTa cTpaHbl, 2% — 3a cYéT BcemmpHoro baHka, 3% coctaBnaet

aepuumt’.

OBCYXAEHUE

OueHKa cctembl IH 3a Kopbto B T. lylwaHbe nposoauTca Bnep-
Bble 3a nocaeAHne NATb neT. CUCTEMA MMEEeT CNIOXKHYI0 MHOroaTan-
HYIO CTPYKTYPY, ANA NPUHATUA pelleHnii HabntofaeTca HexBaTKa Ka-
Z4poBbIX U dMHaHCoBbIX pecypcos LIFCIH. Mepeaaya nHpopmaLmm
B OCHOBHOM OCYLLECTB/AETCA B BYMaXKHOM BUAE, YTO He TOIbKO Ya-
NMHAET nepuog, eé nepegaum 8 M3 n C3H PT, HO v orpaHuumBaeT
aHaNu3 JaHHbIX, NPeAoCTaBNeHNe OTYETOB, XOTA MOYYEHO MHOFO
[lOKa3aTesIbCTB YCMELIHOrO MUCMo/b30BaHUA MHOOPMALIMOHHO-KOM-
MYHUKALMOHHBIX TEXHONOTMI B pamMKax MPOEKTOB KOMMIEKCHOro
HaA30pa 3a 3a60/1eBaHMAMM, YTOObI MOMOYb MPEOA0NET NPOLAEMDI
[10CTyna K TPYAHOAOCTYMHbIM rpynnam Hacenexus [15]. OTcyTcTBMe
HaBbIKOB MCMO/b30BaHMA KOMNbIOTEPOB % PabOTHUKaMM 3NMAEMUO-
norunyeckoro otgena L'C3H orpaHnumnsaeT npouecc obmeHa nHdop-
Mauvel, GopmMUpoBaHME 3HAHWI U HABbIKOB CBOEBPEMEHHOTO Bbl-
AB/IEHUA BCMbIWeEK UHPEKLMOHHBIX 3a60NeBaHMI U pearnpoBaHuma
Ha HUX, HEMPEPbLIBHOMO COBEpLUEHCTBOBaHMA [16] B ycnoBuax orpa-
HWUYEHHbIX PECYPCOB, C KOTOPbIMM CTA/IKUBAETCA CUCTEMA 34PaBOOX-
paHeHua cTpaHbl. Inuaemuonoru LIFCIH kpaliHe peaKo BOBNEKaOT-
cA B 0byyeHMe No BONpocam UMMYHOMNPOPUNAKTUKM, He NONyYatoT
06HOBNEHHbIE PYKOBOACTBA N0 IH, He NPUMEHSAIOT YTBEPKAEHHbIE
KapTbl 3NWAEMMONOTMYECKOr0 pacciefloBaHUA B ovare KOpeBoW
MHQEKLMM, CNeunanncTbl 3NUAEMUONOTUYECKUX OTAENOB M/IOXO
OCHALLEHbl KOMMbIOTEPAMM M HaBblKaMK PaboTbl Ha KOMMbIOTEPE,
BHOBb NpubbIBLIME PAaBOTHUKM He MOArOTOBNEHbI K MPOBEAEHMIO
paccnepoBaHWA cayyaeB Kopeson nHdekumn. MoateepxaeHne au-
arHosa nabopatopueli TakXKe OCYLLEeCTBAAETCA C 3aAEPXKKOM, TaK
KaK 1A NOCTaHOBKM TeCcTOB Heobxoaum Habop, Kak MUHUMYM, 8-10

6  IOHUCE®. OHUCE® u BcemupHsili 6aHk docmasusnu 2,5 MunnuoHa 003
8AKYUHbI IPOMUB KOPU U KpacHyxu 01 8akyuHayuu demeli 8 TadxuKucmane.
https://www.unicef.org/tajikistan/press-releases/unicef-and-world-bank-deliver-
25-million-doses-measles-and-rubella-vaccine-vaccinate

7 HayuoHaneHas npozpamma ummyHonpogunakmuku 8 Pecrybauke
Tadmcukucmar Ha 2021-2025 20061 om 27 gpespana 2021 200a, Ne 51. http://
www.adlia.tj/show_doc.fwx?rgn=138964
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sles and rubella were implemented in Dushanbe and the neigh-
boring districts where outbreaks had occurred®. These rollouts
took place in September 2022 and July 2023. It is worth noting
that as of June 2023, no measles cases have been reported.

Financial support of measles ES. The breakdown of funding
for preventing vaccine-preventable diseases for 2021-2025 totals
USD 39,206,620. This funding is contributed as follows: 61% by
the Vaccine Alliance, 34% from the country's budget, 2% from the
World Bank, and 3% represents the deficit’.

DISCUSSION

The evaluation of the ES for measles in Dushanbe is current-
ly being conducted for the first time in the past five years. This
system has a sophisticated multi-stage structure. Unfortunately,
the SSESS centers faces challenges due to insufficient human and
financial resources when making decisions. Additionally, the data
sharing primarily relies on paper-based methods, leading to de-
layed data submission to the MHSPP RT. This approach also hin-
ders data analysis and report provision. Nevertheless, numerous
studies demonstrate the practical application of information and
communication technologies in integrated disease surveillance
projects, which aids in addressing issues related to the accessibil-
ity of hard-to-reach population groups [15]. The lack of computer
skills among 75% of the employees in the epidemiological depart-
ment of the SSESS is hindering the data sharing, the development
of knowledge, and skills necessary for the timely detection of
outbreaks of infectious diseases and response to them [16]. This
is compounded by limited resources within the country's health-
care system. In addition to the above, epidemiologists are not
sufficiently involved in training regarding immunization issues, do
not regularly receive updated ES guidelines, fail to use approved
epidemiological investigation forms in cases of measles infec-
tion, and lack computer skills. Moreover, newly arrived workers
are not fully prepared to conduct case investigations of measles
infection. Furthermore, there are delays in laboratory confirma-
tion of diagnoses, as testing requires a minimum of 8-10 samples.

6 UNICEF and the World Bank deliver 2,5 million doses of the Measles and
Rubella vaccine to vaccinate children in Tajikistan. Available at: https://www.
unicef.org/tajikistan/press-releases/unicef-and-world-bank-deliver-25-
million-doses-measles-and-rubella-vaccine-vaccinate

7 Governmental Decree of the Republic of Tajikistan was adopted on February
27,2021, No. 51 “On the National Immunization Program in the Republic

of Tajikistan for 2021-2025.” Available at: http://www.adlia.tj/show_doc.
fwx?rgn=138962&conttype=3




Xaxumos OA c coasm. DUAMMOAOTMIECKIIT HaA30p 3a KOPBIO

BECTHMK ABMILIEHHEBI
Tom 26 * No 3 * 2024

06pasLoB. /labopaTopHOe TECTMPOBAHWME Ha KOPEBYH WMHPEKLMIO
npousseaeHo ana 80% cayvaes, ana 20% BbiasaeHbl GUHAHCOBbLIE
H6apbepbl B TeCTMpOBaHUW. B annaemmonornyeckom otaene LIFCIH
OTMeyeHa HexBaTKa KaapoBs Ha 35%. Cnuctema B LLesIoM Npuemiema,
HO, N0 MHEHWUIO MefpPaboTHMKOB, TpebyeT Hosblue pecypcos, B TOM
yucne Kagposbix, u GoHA0B.

Cuctema rmbkas, agantupyetcs K pekomeHaaumam BO3. OgHako
npuemnemoctb cuctembl IH 33 KopeBoi MHbeKLMeN TpebyeT cosep-
LUEHCTBA, OHA MAcCMBHA, PETUCTPALMA 6ONbHBIX OCYLLECTBAAETCA NPU
CamoobpalLeHnK, 3NMAEMMUONOTY LLEHTPOB UMMYyHM3aLmMn 1 LITCIH
MCMONb3YIOT pPa3Hble GOPMbI ANA NPOBEAEHUA SNUAEMMONOTNYECKO-
ro paccnenoBaHua ciydaes Kopu. ObpalleHne anwb 32% 60nbHbIX B
yypexaeHua MMCI ctasuT nog, BONPOC AoBepue NaLMeHTOB K HUM.
MMNL, coctaBuna 87%, 4To CO34aET HArpysKy Ha Cnyx0y 34paBoOXpa-
HeHuA. [JaHHble 06 UMMYHM3aLMK KOPEeBOM BaKUMHOW B KapTax 44%
60/1bHbIX HE AOCTYMHbI, @ 19% BOO6LLE He MoayYann BaKLMHbI, YTO
CBMAETENbCTBYET 0 NPobeMax Ha NyTu K BceobLuemy AocTyny K 340-
poBbH0. KauecTBO AaHHbIX TaKKe LOMKHO ObITb COBEPLIEHCTBOBATLCA.
Bonblwas yacTb pecypcoB AnA NPOPUAAKTUKM BaKLMHHO-yNpaBas-
eMbIX MHbeKUMin nocTynaeT ussHe (63%), uTo Aenaet eé yA3BUMONA.
IPdEKTUBHOCTL CUCTEMBI ANA CBOEBPEMEHHOMO PearvpoBaHMA Ha
BCMbILLKY OrpaH1MyYeHa 3aBUCMMOCTbIO OT BHELLHETO PUHAHCUMPOBAHUA.

B naeane cuctema IH pgonkHa obecneumnsatb c6op, aHaM3 u
pacnpocTpaHeHue AaHHbIX CBOEBPEMEHHbIM, TMOKUM, U3MEPVMbBIM U
MacwTabupyembim obpasom [14, 16], HO orpaHUYEHUs, BbISBIEHHbIE
B ;AHHOM WCCNeA0BaHMM, MOKA3bIBAOT, YTO A1 AOCTUMKEHNS CTPAHO-
BbIX MHAMKATOPOB K 2025 rosy He06X0ANMMO NPUMEHUTL HEMANOo YCu-
i, Hannume apderTnBHol cuctembl IH 33 KOpbiO KU3HEHHO Bak-
HO 4/19 NNAHWPOBAHMA, ONEPATUBHOIO PEArVPOBAHMA HA BCMbILLIKM,
MOHWUTOPWHIA M OLEHKM mMep KoHTponsa [16]. OTcyTcTBME 3HaHWI 06
06HOBNEHHDIX pacriopsaxeHuax M3 u C3H PT TpebyeT pasmeLueHns ux
Ha oduuUManbHOM caitTe BefomcTBa. OnbIT, NPUMEHEHHDbIV B NEPUOL,
nangemun COVID-19, nokasan, YTo afanTMpoOBaHMe CYLLECTBYHOLLMX
nnathopm® ans obyyeHus n obmeHa MHOOPMaLMEN UMeeT BaKHOE
3HAYeHWeE ANA NOATOTOBKM M NEPENOAroTOBKM Kagpos [18].

OrpaHMyeHnem [aHHOTO WCCNeAOoBaHUA ABAAETCA TO, YTO B
NPOBEAEHNN OLEHKM MCMO/b30BaHbl OPULMAbHbIE AaHHbIE, KOTO-
pble MOryT 6bITb 3aHUXKEHHbIMM M3-33 MACCMBHOIO BbIABAEHNA 60/1b-
HbIX.

3AKNIOYEHUE

Cuctema IH 3a KopeBoOW MHOEKLMEN HE NPOCTas, UMEET CI0XK-
HYIO MEPapXMUYECKylo CTPYKTYpYy, cucTeMa rMOKas, YyBCTBUTE/IbHasA,
NPUEMNEMOCTb MACCUBHA, TaK Kak PerncTpaLma 60/1bHbIX OCYLLEeCTBAA-
€TCA TONbKO NPY camoobpalLeHnK, HO KauecTBo cbopa MHdopmaLmm
TpebyeT ynyyLleHus, a NoSHOTa 0XBaTa UMMYHM3aLIMeN — nepecmoTpa
MOAXOA0B ANA LOCTUHKEHMA BCeobLLEero A0CTyna K UMMYHONPOdUAaK-
THKe. OPEKTUBHOCTb CUCTEMbI YA3BMMA, TaK KaK 3aBUCUT OT BHELLHe-
ro GMHAHCMPOBAHMSA, YTO TPEOYET NPUBAEYEHUA KAAPOBbIX PECYPCOB
N AONONHUTENBHOTO PUHAHCMPOBAHUA, NPeAHA3HAYEHHOrO A1 IKC-
TPEHHOrO pearnpoBaHmA Ha BCMbILKK. PEKOMEHA0BaHO pasmelLeHne
[LENCTBYIOLMX pacnopsikeHnid no IH Ha oduumanbHom caiite M3 1
C3H PT.

8  WHO. Open WHO named 2023 Learning Platform of the Year. https://www.
who.int/news/item/22-02-2023-openwho-named-2023-learning-platform-of-
the-year

Although 80% of cases were tested for measles infection, 20%
faced financial obstacles to testing. Additionally, the epidemiolog-
ical department of the SSESS center is experiencing a 35% staff
shortage. Health workers have indicated that the system is gener-
ally acceptable but needs increased resources, including person-
nel and funding.

The current system is intended to be adaptable and compli-
ant with WHO guidelines. However, ES acceptability for measles
infections needs enhancement. The system is based on passive
case detection, as patients are only registered upon self-referral.
Epidemiologists from immunization centers and the SSESS utilize
varying forms to investigate measles cases. Patients' low utiliza-
tion rate (32%) of primary healthcare institutions raises doubts
about the level of trust in these facilities. The current system's
PPV is 87%, significantly burdening the health service. In 44% of
patients, immunization data for the measles vaccine was missing,
and 19% had not received it. These findings suggest obstacles
to ensuring universal access to the healthcare system. Further-
more, there are issues with the quality of the data. Additionally,
the system relies heavily on external funding, with 63% coming
from external sources, making it highly vulnerable. This reliance
on external financing hampers its ability to respond to outbreaks
effectively.

The measles ES should support timely, adaptable, measur-
able, and expandable data gathering, analysis, and sharing [14,
16]. However, the constraints outlined in this research indicate
that substantial efforts will be required to establish country-spe-
cific indicators by 2025. A robust measles ES is crucial for strat-
egizing, responding to outbreaks, and monitoring and assessing
control measures [16]. To ensure widespread awareness of the
updated guidelines from the Ministry of Health and Social Pro-
tection of the Population of the Republic of Tajikistan, publishing
them on the department's official website is advisable. The chal-
lenges faced during the COVID-19 pandemic have underscored
the need to modify the current training and knowledge-sharing
platform® and highlighted the necessity for ongoing training and
updating skills [18].

A limitation of this study. The evaluation relied on official
data, but it is important to note that the number of patients may
be higher than reported due to passive case detection.

CONCLUSION

The system for monitoring measles infections in Tajikistan
has a sophisticated and intricate hierarchical structure. While the
system is adaptable and responsive, it relies on passive case de-
tection through self-referral. The quality of data collection needs
enhancement, and there is a necessity to revise approaches to
ensure universal access to immunization. The system's effective-
ness is at risk due to its dependence on external funding and the
need for human resources and additional funding for emergency
response to outbreaks. It is advisable to publish current guide-
lines regarding the monitoring system on the official website of
the MHSPP RT.

8 WHO. Open WHO named 2023 Learning Platform of the Year. https://www.
who.int/news/item/22-02-2023-openwho-named-2023-learning-platform-of-
the-year
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KAMHUYECKOE HABAXOAEHUME CASE REPORT
Hespoaorus Neurology

doi: 10.25005/2074-0581-2024-26-3-508-518

OHIEPAAOITATVSI BEPHVIKE ITOCAE BAPUATPUYECKOW OITEPAITUNL:
CAYYAUN U3 ITPAKTUKN

A.P. AXMAAEEBA'?, O.B. TAAVIMOB?, 1.9. BAVIKOB, 3.0. MAB/ASTHOBAS, O.A. KIIM?, .M. MAMBITOBA®

1 Kadeapa Hespoaorun, Bamkupckuit rocyAapcTBeHHbIN MeAUIIMHCKIIT yHuBepeuret, ¥Ya, Poccuiickas Peaeparyis

2 Axagemus Hayk Pecniy6anku Barkoprocran, Yda, Poccniickas Pegeparus

3 Kadeapa xupypruuecknx 60.1e3Her 1 HOBBIX TEXHOAOTUI VIHCTUTYTa A0MOAHUTEABHOTO IIPOdECCoHaAbHOTO 00pasoBanist, BallkupcKnit rocyAapCTBeHHbIN
MeannHCKNI yuusepcnuret, Yda, Poccniickas Peaeparyst

4 Kadeapa obmert xupypruu ¢ KypcaMmu TPaHCILAaHTOAOTUN U Ay9eBOil AMarHocTukyu VIHCTUTyTa 4010AHNTeABHOTO podeccrnonaapHoro obpasopanms, bam-
KMPCKUII TOCYAaPCTBEHHBIN MeAMITMHCKIUI yHusepcutet, Y da, Poccuiickas Pegepariys

5 Kadeapa meaununckoit peabuanraiuy, CIOPTUBHON MeAVIIMHBI 1 HapoAHON MeauiuHbl, CaMapKaHACKMIT TOCy 4apCTBeHHBIN MeAVIIMHCKUI YHUBEPCUTET,
Camapkang, Pecriybanka Ysdekncran

6 Kadeapa neppoaorun u xannuueckoir reneTuky uM. A.M. Mypsaaunesa, Kerpreisckas rocysapcrsenHas Meaunnnckas akagemus mm. VK. Axynbaesa, bur-
kek, Pecrrybanka Korpreracran

Llenb: conocTaBuTb pesy/ibTaTbl U3yYEHUA KIMHUYECKUX NPOABAEHUI HLedanonatm BepHuKe Ha KAMHWUYECKUX MPUMepax C INTEPaTYPHbIMMU AaH-
HbIMU.

Martepuan u meToap!: B NPeACTaBNEHHOMN CTaTbe OMUCaHbl ABa Cy4Yasn sHuedanonatuv BepHuke. Y AaHHbIX NALMEHTOK AedULUT TMaMUHA pPa3BUAICA
Ha poHe BapmaTpMUECKMX OnepaLmii Ha KenyaKe, KOTopble BblIn BbINOMHEHbI C LE/bI0 IeYeHMA MOPOUAHOrO OXKupeHus. Hamum 6bian NpoBeaeHb!
bW3MKaNbHbI U HEBPONIOTUYECKUIA OCMOTPbI, TLLATE/bHbIN aHaNWU3 Kanob, aHamMmHe3a, Pe3yNbTaToB KAWHUKO-N1abopaToOPHbIX U MHCTPYMEHTaNbHbIX
[aHHbIX. ABTOpamu Take Bbln NPoU3BEAEH INEKTPOHHBINA NOUCK Ny6aMKaLMIA NO noxoxen npobieme (C KAOYUEBLIMM CIOBaMM «IHUedanonatus
BepHuke nocne 6apmartpuyeckoit onepaumnn») B 6asax gaHHbix PubMed/Medline, Scopus, Web of Science.

Pe3ynbratbl: NpescTaBneHHas B AaHHOMW CTaTbe NaTo/norusa passuiack Ha doHe geduupTa TMaMMHA Y ABYX NALMEHTOK NOC/ie nepeHecéHHoM one-
paLMK Ha KenyaKe — MUHUMACcTPOLLYHTUPOBaAHUA. BeAyLMmu y NnepBoii NaLMeHTKM ABNAUCD MHECTUYECKMUIA, aTaKTUUYECKMIA U NONMHEBPUTUYECKUIA
CUHAPOMbI, Y BTOPOW — TO/IbKO MOJIMHEBPUTUYECKMUIA CUHAPOM.

3aKknouyeHue: Takum 06pas3om, OLHUM U3 Hanbonee 3HAUMMBbIX BbIBOAOB ABAAETCA TO, YTO Hava/lbHble CUMNTOMbI 3HLedanonaT1m BepHuke 3ayactyto
Cpasy He pacno3HaloTCs, YTO NPUBOAMT K NPOrpPeccMpoBaHmMio 3aboeBaHUsa 1 pas3BuTUIO rpyboro Hesponoruyeckoro aeduumTa. [ns npeaoTepalye-
HUA AanbHENLWEro pasBuTHA sHLEedanonaTMm HeobXoAMMO Kak MOXKHO paHbLLEe Ha4aTb JIeYEHUE BbICOKMMM [03aMU NapeHTepasbHOM 3aMecTUTe b-
HOW Tepanum TMaMUHOM.

KnioueBble cnoBa: oxupeHue, bapuampuyeckue onepayuu, sHyeganonamus BepHuke, muamuH, KnuHuyeckul cayyad.

Ansa yntuposaHua: Axmageesa /1P, lanumos OB, baiikos [13, MasnaHoBa 3®, Kum OA, MambiToBa IM. SHuedanonatna BepHuke nocne bapuatpuyeckoit
orepauuu: cayyail U3 NpakTMKK. BecmHuk AsuyeHHsl. 2024;26(3):508-18. https://doi.org/10.25005/2074-0581-2024-26-3-508-518

WERNICKE ENCEPHALOPATHY FOLLOWING BARIATRIC SURGERY: CASE REPORT

L.R. AKHMADEEVA!?, O.V. GALIMOV?, D.E. BAYKOV*, Z.F. MAVLYANOVA?®, O.A. KIM®, EM. MAMYTOVA®

1 Department of Neurology, Bashkir State Medical University, Ufa, Russian Federation

2 Academy of Sciences of Bashkortostan Republic, Ufa, Russian Federation

3 Department of Surgical Disorders and New Technologies, Bashkir State Medical University, Ufa, Russian Federation

4 Department of General Surgery with Courses in Transplantology and Radiation Diagnostics, Bashkir State Medical University, Ufa, Russian Federation

5 Department of Medical Rehabilitation, Sports Medicine and Traditional Medicine, Samarkand State Medical University, Samarkand, Republic of Uzbekistan

6 Department of Neurology and Clinical Genetics named after A.M. Murzaliev, Kyrgyz State Medical Academy named after LK. Akhunbaev, Bishkek, Republic of
Kyrgyzstan

Objective: To review the signs and symptoms of Wernicke encephalopathy (WE) after bariatric surgery based on 2 case reports and a literature data
analysis.

Methods: We present two case reports of WE. In these patients, thiamine deficiency developed due to bariatric gastric surgery, which was performed
to treat class Il obesity, formerly known as morbid obesity. The patients underwent comprehensive physical and neurological examinations; clinical,
laboratory, and instrumental data were collected from medical records and analyzed. The researchers also performed a computerized search using the
keywords "Wernicke encephalopathy after bariatric surgery" to find relevant publications in the PubMed/Medline, Scopus, and Web of Science databases.
Results: The presented acute neurological condition related to vitamin B1 deficiency in two patients after undergoing a weight loss surgery, specifically
a mini-gastric bypass. The clinical picture in one patient was dominated by memory impairment, ataxic, and polyneuritic syndrome, while in the other, it
was only polyneuritic syndrome.

Conclusion: The initial symptoms of WE are often overlooked, leading to the progression of the disease with the development of severe neurological
deficits. To prevent the progression of encephalopathy, it is necessary to begin treatment with high doses of parenteral thiamine replacement therapy as
early as possible.

Keywords: Obesity, bariatric surgery, Wernicke encephalopathy, thiamine, case report.
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BBEOEHUE

3a nocnegHee AecaTUNETME PE3KO BO3POCIO KOAMYECTBO ba-
pPUATPUYECKUX OMnepaLymit No NMoBoAYy SIeYEHNA MOPOUAHOTO OXKMpe-
HUA, NO CpegHUM oLeHKam nposoguTca okono 500000 onepaTmBHbIX
BMELLATeNbCTB 3a rog,. JHuedpanonatms BepHuke ABNAETCA OLHUM U3
OCTPbIX HeBAronpUATHLIX NOCNEACTBUI AAHHOM OnepaLmu, YacToTa
pa3BUTUA AaHHOW naTonorum coctasnseT 0,6-2,2% OT BCex onepupo-
BaHHbIX NauueHToB [1, 2].

PaHHee BbifBneHWe sHUedanoNaTUN BepHUKE MMEET KU3HEH-
HO Ba)KHOE 3HauYeHWe, NOCKO/IbKY CBOEBPEMEHHOE Hayaso Tepanuu
MOKET BOBPEMS BOCCTAaHOBUTb HEBPONOTMYECKMI AeduumT (B Tom
umcne KOTHUTMBHbIE HapylueHus) U NPeaoTBPaTUTL NOCAEAYHOLLYI0
WHBaNMAM3aLMIO naumeHTa. K coxaneHutio, aHuedpanonatvs BepHuke
4acTo He AMArHOCTUPYETCA NPEANONOKUTENBHO NMOTOMY, YTO AaHHasA
MaToONOTMNA OTHOCUTE/NIbHO PEAKA U UMEET PAs/IMYHYIO KAMHUYECKYHD
KapTuHy [3, 4].

OcHoBoi naToreHesa aHuUedanonaTm BepHuKe cayut geduumt
BUTaMMHA B, — TMAGMMHA, KOTOPbIN TpaHCHOPMUPYETCA B TUAMUHIN-
podocdat (TND) u cnyRmT KodakTOpoM TpaHCKeToNasbl, NUPyBaT-
JermaporeHasbl M anbda-KetornyTapataerngporeHassl. «TMNd-3asu-
cMMble GEPMEHTbI Y4acTBYIOT B YIIEBOAHOM OBMeEHe — IMNKOoAM3e U
NeHTo30$0CHaTHOM LIMK/IE, @ TaKKe CUHTEe3e raMMa-aMUHOMACAAHOM
kucnotbl (TAMK). CHuxkeHme ypoBHa FTAMK, a TakKe acnapTaTta u no-
KaNbHbIN 1AKTOALMA03, B3AMMOCBA3AHHbIM C HEAOCTAaTKOM TMAMMHA
N CHUXKEHWEM aKkTMBHOCTU depmeHToB TMN®P-3aBMCMMON Tpynnbl, UH-
OYUMPYIOT CUCTEMHbIE BUOXMMMYECKME U3MEHEHWUSA B HEPBHOW TKa-
HW». B pesynbTaTe 3TOrO MOBbIWAETCA YA3BUMOCTb HEPBHOW TKaHM K
ropakatoLLeMy LeMCTBMIO IlyTamaTa, 1, Kak CNescTBue, Pa3BMBALOTCA
BblPaKE€HHbIe NATONIOrMYecKne U3MEHEHNSA CEpOro BELLECTBa B BUAE
IM03a U AemuenvHmnsaumin. Mpouecc B 60AbLWMHCTBE Cly4aeB NOKa-
nusyetca B 061aCTU MeIManbHOTO MMNoTanamyca, YepBa MO3KEYKA U
aaep I, VI n VIl yepenHbix HepBos [5, 6].

[na sHuedanonatMm BepHWMKe XapaKTepHbl BbICOKAsA Bapua-
6€/1bHOCTb 1 HEMOCTOAHCTBO CUMNTOMATUKM. KNMHUYECKU faHHasA Na-
TONIOMUA, B MEPBYIO OYepesb, NPOABAAETCA NCUXMYECKUMU PACCTPOM-
CTBaMM, aTaKcuen n optanbmonnerment. TakKe npu HEBPOIOTMYECKOM
OCMOTPE MOMKHO HabMOAATb CMMMTOMOKOMMIEKC, BK/IHOYAOLLMNA
CTpabuam, HUCTArm, napes B3opa, aMHE3NI0 OPraHUYECKOro XapaKTe-
pa 1 noavHeriponaTuio. Pexe BCTpeYatoTca pacCTpoMCTBA BEreTaTmBs-
HOI HepBHOI cucTemsl [6, 7].

LLENb UCCNEQOBAHUA

ConocTaBuTb Pe3ynbTaThbl U3yYeHUA KAMHWUYECKUX NPOsABAEHUN
sHLedpanonaTMn BepHuKe Ha KNMHUYECKMX NPUMEPAX C IMTEPATYPHbI-
MU JaHHbIMK.

MATEPUAN U METOAbI

B cTaTbe NpepacTaB/ieHbl ABa Cyyasn sHLedpanonatnm BepHuke.
Y faHHbIX NALMEHTOK, HAXOAMBLUMXCA Ha CTALMOHAPHOM /leYeHun B
KNuHWKe BalKMPCKOro rocyAapCcTBEHHOrO MeAULIMHCKOTO YHUBEPCH-
TeTa (BrMY), aedvumt TvammHa passuca Ha GoHe bapuaTpuyeckom
onepaLyuu Ha enyske, KOTopas bbina NPOBEAEHA C LeNbio NeYeHuns

INTRODUCTION

Over the last ten years, there has been a significant increase
in the number of bariatric surgeries performed to treat class Il
obesity, with an estimated 500,000 surgeries carried out annual-
ly. One acute adverse event of this surgery is WE, which occurs in
approximately 0.6-2.2% of all operated patients [1, 2].

Early diagnosis of WE is crucial as prompt therapy initiation
can reverse neurological deficits, including cognitive impairment,
and prevent disability progression. Unfortunately, the condition
is often underdiagnosed due to its rarity and varying clinical pre-
sentation [3, 4].

WE is caused by a deficiency of thiamine, or vitamin B,. Thi-
amine is converted into thiamine pyrophosphate (TPP), which
acts as a cofactor for certain enzymes involved in carbohydrate
metabolism and GABA synthesis. A lack of thiamine and reduced
activity of TPP-dependent enzymes lead to systemic biochemical
alterations in the nervous tissue, making it more vulnerable to
the damaging effects of glutamate. This can result in pathological
changes in the gray matter in the form of gliosis and demyelin-
ation, mainly affecting the medial hypothalamus, cerebellar ver-
mis, and specific cranial nerve nuclei [5, 6].

WE presents with a wide range of symptoms, including al-
tered mental status, ataxia, and ophthalmoplegia. Neurological
examination may reveal strabismus, nystagmus, gaze palsy, or-
ganic amnesia, and polyneuropathy. Autonomic nervous system
disorders are less common [6, 7].

PURPOSE OF THE STUDY

Review the clinical manifestations of WE using case reports
and literature data.

METHODS

Two case reports of WE are presented. These patients were
hospitalized at the Clinic of Bashkir State Medical University
(BSMU) in Ufa, Bashkortostan, Russia. Thiamine deficiency de-
veloped in these patients as a result of bariatric gastric surgery,
which was performed to treat class Ill obesity. The main symp-
toms in the first patient were memory impairment, ataxic syn-
drome, and sensory polyneuropathy. In the second patient, the
main clinical presentation included polyneuritis syndrome. The
patients underwent comprehensive physical and neurological ex-
aminations, and clinical, laboratory, and instrumental data were
collected from medical records and analyzed.

The patients' informed consent for the processing of per-
sonal data was obtained.

The authors also conducted a computerized search using
the keywords "Wernicke encephalopathy after bariatric sur-
gery" in the PubMed/Medline, Scopus, and Web of Science da-
tabases.
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MOPOMAHOTO OMMPEHWUsA. BeaylwmMmu y nepsoit MauMeHTKM Oblan
AMHECTUYECKUIA, aTaKTUYECKMI CUHAPOM W MOAMHEBPONATHA, Npeu-
MYLLECTBEHHO CeHCopHas eé ¢popma. Y BTOPOI NaLMEHTKM BeAyLMM
6bl1 NOSIMHEBPUTUYECKUIA CMHAPOM. Hamu bbiin nposeseHbl ¢usn-
KaNbHbIN 1 HEBPONOTMYECKMI OCMOTPbI, TILATE/bHbIM aHA/IU3 Kanob,
aHamHe3a, pesy/bTaToB KAWHUKO-1abopaTopHbIX U UHCTPYMEHTa b
HbIX AaHHbIX.

KAMHWYeCKMe cyy4au, ONMUCaHHbIE B CTaTbe, NPELCTaB/EHbI C UH-
$OPMMPOBAHHOTO COMAacKA MALMEHTOK Ha 06pabOTKy NepcoHabHbIX
[@HHbIX.

ABTOpamM TaK:Ke Bbln NPOU3BEAEH 3NEKTPOHHBIN MOUCK Ny6/Kn-
KaLuii Mo noxoxen npobneme (c KauEBLIMKU cnoBamu «IHuedano-
naTua BepHuKe nocne GapuaTpuyeckon onepaummy) B 6asax gaHHbIX
PubMed/Medline, Scopus, Web of Science.

Knnuuueckmne cayyau

MaumeHTKa | (34 neT) nocTynuna B HEBPONIOTUYECKOE OTAENEHNE
KnuHukn BIMY ¢ sanobamu Ha OCTPO BO3HMKLLYHO C1abocTb B HOrax,
OHEMEHME HOT, HEBO3MOXHOCTb CaMOCTOATE/IbHO CTOATb Ha HOrax,
CYAOPOKHbIE MOAEPTMBAHUA 06enx CToM. TaKKe OTMEeYana CHUNKEHME
NamATH, TPYAHOCTM Npy GOPMYIMPOBKE HEKOTOPbIX Gpas.

CornacHo aHamHe3y 3abonesaHus B aekabpe 2022 roga (3a 3
MecAla A0 HacToAWel rocnuTanusaumum) nauueHTke 6blna mpose-
[leHa nnaHoBaA onepauma C LEeblo CHUXKEHUA MacChbl Tena — MUHK-
racTPOLYHUTPOBaHME NO NOBOAZY MOPOUAHOTO OXMpPeHUs. PaHHWMIA
nocneonepawyoHHbIi Nepuog, NPoLwén 6e3 0CNOKHEHWH, U NALUEHT-
Ka Oblfa BbINMUCAHA C KAMHUYECKMM yNy4ylleHUeM nog, HabnogeHune
raCTPO3HTEPO/IOra M XMpPYpra No MecCTy }KUTeNbCTBA. MalneHTKa oTme-
YaeT BO3HMKHOBEHME NEPUOAMYECKON PBOTLI M Anapeu. NocteneHHo
Macca Tena 3a 2 mecaua cHmsmunacs ¢ 145 kr go 100-105 «kr. MNocne
TLLATENIbHOrO ONPOCa MALMEHTKM BbIACHWAOCh, YTO MpeAnucaHHble
BUTAMMHHbIE KOMM/IEKCbI, KOTOpble OblIM HasHayYeHbl Noc/ie onepa-
TUBHOTO BMELLATENbCTBA, PErYIAPHO HE MPUHUMAINCh, HA3HAYEeHHYHO
OMETYy MaumMeHTKa MONHOCTbI0 He cobntogana. MocteneHHo nocse
BbIMMCKM M3 CTALMOHAPA CTala OTMEYaTb HE3HAUYUTE/IbHYHO LIATKOCTb
NOXOZKM, 3a6bIBUMBOCTb M OHEMEHME B HOraX, Ha KOTOPbIX BHUMaHMe
He aKLeHTMpoBanoch. B dpespane 2023 roaa BO3HUKAM OCTpble 6011 B
npasom nogpebepbe, Ha Y3U BbiABAEHbI KAMHM XKENYHOTO Ny3bips. B
CBA3M C PE3KO BO3HMKLLEN KENYHOM KONMKOM NaupmeHTKa obpaTtmaach
B NPMEMHO-AMarHocTnyeckoe otaenenve Knuumku bIrMY, ocmotpeHa
XUPYProm, rocrmTasnm3nMpoBaHa Ha onepaTuBHoe feveHne. Yepes He-
[lento nocne Havyana evyeHns B OTAENEHUN XMPYPTUM CMOHTAHHO BO3-
HMK/a pe3Kkan cnabocTb U OHEMEHWE B HOTax, MOABWUIOCH HapyLUeHWe
APTURYNAUMK. B CBA3M C BbllleyKa3aHHbIMU Kanobamu maumeHTKa
6blna NepeBeeHa B HEBPOIOTUYECKOE OTAENEHWUE ANA AabHENLLEro
HabnoaeHus.

HeBponoruyeckuii cTaTyc: co3HaHue AcHOe. Bo BpemeHu 1 mecTe
OpUeHTUpYyeTCA XopoLLo. PoH HACTPOEHMUA CHUMKEHHDIN. Peub — Nérkas
[AM3apTpuA. 3paykn paBHOBENNKME, GOTOpPeaKLMA KMBas. [BuKeHNe
rNasHblx A6/10K B NONHOM 06bEMe. BbifBNAETCA BEPTUKANbHbIN U ro-
PU30HTa/IbHbIV HUCTArm. TOUKM BbIXOAA TPOWHWYHOTO HepBsa He3bo-
Ne3HeHHbI. JIMLLO CUMMETPUYHOE, AeBMALMM A3bIKA He HabatogaeTcs.
Mpv npoBeAeHUM TPEXINOTKOBOW Npobbl He nonépxmsaetca. Cuna B
pyKax —5 6an108, B Horax — 4 6a1108, NPEUMYLLECTBEHHO ANCTANbHO.
B pyKax HOPMOTOHMA, B HOrax — rMNOTOHYC. CyxoXubHble pedieKcbl
B PYKax M HOTax CHUKeHbI. ManbLeHocoByto Npoby naLmeHTKa Bbinos-
HANa C rpybo UHTEHLMEN, MATOYHO-KONEHHYIO NPOBY BbIMONHUTL HE
yaanocb. B nosy Pombepra noctaBUTb HEBO3MOMKHO BBUAY PE3KOM
cnabocTu B Horax. CHUKeHa ryboKas U NoBEpXHOCTHAsA YyBCTBUTENb-
HOCTb B AWCTA/IbHbIX OTAENAX HUKHUX KOHEYHOCTEN. MaTonormieckmx
N MEHWHreanbHbIX 3HAKOB HeT. BeayLmin CMHAPOM — aMHECTUYECKUIA
CO CHM)KEHMEM MaMATU Ha HeAaBHMeE CobbITUA, MaUMeHTKa KoHdaby-
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CASE PRESENTATIONS

Case 1

A 34-year-old female patient was admitted to the neuro-
logical department of the BSMU Clinic with complaints of acute
weakness and numbness of the legs, astasis, and twitching of
feet. She also had memory loss and aphasia.

The patient had previously undergone a mini-gastro sur-
gery aimed at reducing class Il obesity in December 2022, three
months prior to the current hospitalization. The early postopera-
tive period was uneventful. Due to the improvement in his clinical
condition, the patient was discharged for outpatient follow-up by
a gastroenterologist and surgeon at the place of residence. The
patient reported occasional vomiting and diarrhea. The body
weight gradually decreased from 145 kg to 100-105 kg for two
months. Upon questioning, it was revealed that the patient was
not completely adherent to the prescribed multivitamin supple-
mentation (MVS) and the recommended diet following surgery.
Gradually, after being discharged from the hospital, the patient
noticed a slightly unsteady gait, forgetfulness, and numbness in
her legs, to which no attention was paid. In February 2023, the
patient experienced acute colicky pain in the right hypochondri-
um, and an ultrasound revealed gallstones. After being examined
by a surgeon, the patient was admitted to the BSMU Clinic for
surgical treatment. A week after starting treatment in the surgery
department, sudden weakness and numbness in the legs devel-
oped, along with dysarthria. Considering the above clinical pre-
sentation, neurological monitoring and support were provided
for the patient within a neurological specialist unit of the BSMU
Clinic.

The patient physical examination revealed that the patient
was alert and oriented to person, place, and time; however, she
displayed symptoms of depression. Speech was characterized by
mild dysarthria, impacting articulation and fluency. Pupils were
equal, round, and reactive to light and accommodation. During
the examination, there were no restrictions on eye movements.
However, both vertical and horizontal nystagmus were observed.
The trigeminal nerve trigger points were painless. The face ap-
peared symmetric; there was no deviation of the tongue. No
features of dysphagia were revealed on the 3-sip test. Muscle
strength was evaluated according to the Medical Research Coun-
cil (MRC) Scale for Muscle Strength, which showed grade 5 MRC
in upper limbs (normal function) and grade 4 MRC distal muscle
weakness in lower limbs. There was normal muscle tone in the
arms and hypotonia in the legs. Tendon reflexes in the arms and
legs were hypoactive. The patient performed the finger-nose test
with pronounced intention tremor; the heel-to-shin test could
not be performed. A Romberg test could not be performed due to
severe leg weakness. Superficial and deep sensory deficits in the
distal parts of the lower extremities were noted. No pathological
reflexes were elicited, and no signs of meningeal irritation were
detected. The primary symptoms include short-term memory
loss; the patient experiences confabulation and cannot recall the
doctor who examined the patient 5 minutes ago. The physical ex-
amination was thoroughly documented through video recording.

A complete blood count (CBC) shows slight increases in RBC,
platelets, WBC, and ESR levels, with a slightly elevated procalci-
tonin (PCT). In addition, liver function tests revealed a slight in-
crease in the levels of ALT and AST.

The patient underwent MRI in the axial, sagittal, and coro-
nal projections, using T1, T2, T2 FLAIR, and DWI sequences. MRI
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NIVPYET, He MOXET BCMOMHUTb Bpaya, OCMaTpuBaBLuero eé 5 MuHyT
Hasaga. [lpoBeseHO BUAEONPOTOKOINPOBAHME.

[JaHHble 1abopaTopHbIX METOL0B UCCNEA0BaHMA: B 0OLLEeM aHa-
NI3e KPOBWU OMNpeaenatoTca He3HauuTesbHble MOBbIWEHUA YPOBHA
3PUTPOLLMTOB, TPOMOOLIMTOB, NelkounToB, ypoBHA COJ. TpomboKpuT
CIerka noBbIlWeH. B B1uoxnmmnyeckom aHannse KpoBM OTMEYAETCA He-
3HauMTeNbHOE yBennyeHune ypoBHein AnAT u AcAT.

[laHHble WHCTPYMEHTaNbHbIX MeTOA0B WCCAef0BaHMUA: Mpo-
BegeHa MPT ronoBHoro mo3sra B pexxumax T1, T2, FLAIR, DWI, 6bina
onuncaHa KapTMHa KOCBEHHbIX MPU3HAKOB BHYTPUUepenHoi runep-
TEH3MW, YMEepeHHOe pacluMpeHue MepuBaACKYIAPHbLIX NPOCTPAHCTB
PobuHa-Bupxosa | Tvna. Ha MPT B pexumax Busyanusaummn T2 BU
n FLAIR onpeaenanucb AgyCTOPOHHUE CUMMETPUYHO PaCMONIONKEH-
Hble rMNepUHTEHCMBHbIE YYAaCTKN M3MEHEHHOIO CMrHaNa B COCLLEBUA-
HbIX Tefax, NNACTUHKaX YeTBEPOXO/IMUA U B MepuaKBeayKTaAbHOM
obnactm (puc. 1).

Ha ocHoBaHuu anob, aHamHe3a 3aboneBaHuA, HeBpoOOrMye-
CKOro cTaTyca Obln1 BbICTaBAEH AMarHo3: IHuedanonatnsa BepHuke, Ta-
KENoe TeuyeHue, aMHeCTUYECKUI CUHAPOM, aTaKTUYECKUIA CUHAPOM,
CUHAPOM HapyLleHWA ry6oKoM U NOBEPXHOCTHOM YyBCTBUTENBHOCTM
B AMCTA/IbHbIX OTAENAX HUKHUX KOHEYHOCTEN.

MaumeHTKe B OTAENEHWUM Bblna HasHayeHa MeaUKaMeHTO3-
HafA TepanuA: BHYTPUMbIWEYHOEe BBeAeHNe TnamuHa no 200 mr
(50 mr/mn) 3 pasa B CYTKM U BHYTPUMBbILLEYHOE BBELEHWE UNUAAKPH-
Ha 10 mr (5 mr/mn) 2 pasa B CyTKM.

C uenblo No3TanHOW BepWUTUKaNM3aLmMKM, aganTtauun pabotbl
CepAEYHO-COCYANCTON CUCTEMbI, BOCCTAHOB/IEHUA PaboTbl AblxaTesb-
HOW CMCTeMbl, YCKOPEHMA NpoLecca pecoLmanmsalm 1 coLmanbHom
ajanTtauum onpeaenéH peabunnTaLumoHHbIN NOTEHLMAnN ¢ nocneayto-
LLMM Ha3HAYeHWeM CeayoLmx peabuanTaLMoHHbIX MEPOTNPUATUIA:

®  MarHMTOTEPanus Ha HUXKHUE KOHEYHOCTH;

®  MpeccoTepanuA  HWXHWUX KOHEYHOCTEM Ha annapate
«Pulstary;

*  MHAMBMAYaNbHan nevyebHan rMMHACTUKA eXXeLHEBHO B Te-
yeHue 40-45 MUH 1 Maccax;

*  MexaHoTepanusa (3aHATMA Ha BENOTPEHAXEpPEe U 3NEKTPO-
HeNpPOMMOCTUMYNALMS);

e neyebHan rMMHACTMKa C 0OLLEPA3BMBAOLMMM yNpaXKHe-
Huamu (OPY);
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showed indirect signs of intracranial hypertension and moderate-
ly dilated Virchow-Robin spaces. Additionally, MRI findings of the
patient included bilateral symmetric and confluent T2/FLAIR hy-
perintensities in the mammillary bodies, midbrain tectum of the
brainstem, and the periaqueductal area (Fig. 1).

WE was diagnosed based on a comprehensive clinical as-
sessment and a detailed patient history encompassing patient
complaints, medical background, and neurological examination.
This diagnosis was supported by the presence of following neu-
rological deficits such as severe memory impairment, ataxia, and
superficial and deep sensory deficits in the distal parts of the low-
er extremities.

The patient's prescribed medication therapy includes re-
ceiving a thiamine 200 mg (50 mg/ml) intramuscular injection
three times a day and an ipidacrine 10 mg (5 mg/ml) intramuscu-
lar injection two times a day.

To support the rehabilitation process and aid in the reinte-
gration of the patient into society, an evaluation was conducted
to assess the individual's potential for rehabilitation, focusing on
the gradual verticalization and adaptation of the cardiovascular
and respiratory systems. The rehabilitation plan included various
measures to aid recovery:

e pulsed electromagnetic field (PEMF) therapy;

e |lymph pressotherapy with Pulstar PSX device on lower

limbs

e individual therapeutic exercises and a 40-45-minute

daily massage

e mechanotherapy, which involved exercises on an exer-

cise bike and transcutaneous electrical nerve stimula-
tion (TENS)

e  respiratory gymnastics, dynamic and static respiratory

exercises

e learning to sit independently, use a wheelchair or walk-

er, or do transfers.

Additionally, patients were engaged in a comprehensive
range of general and specialized physical exercises to maintain
muscle tone and regulate metabolic processes. As a result of
these measures, the patient was able to sit independently, move,
and stand with additional support upon discharge from the med-
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Puc. 1 [lsycmopoHHue CuMmMempuYHO PacnosoHEeHHbIE 2UNePUHMEHCUBHBIE Y4aCMKU USMEHEHHO20 CUBHA/A 8 COCUEBUOHbIX Mesax, NAacmuH-
Kax 4emeepoxonMus U 8 nepuaksedykmansHol obaacmu Ha MP-momo2pamMmax 20/108H020 M0O32a NAYUEHMKU |
Fig 1 Case 1. T2/FLAIR brain MRI images presenting symmetric high-signal intensity alterations in the mammillary bodies, midbrain tectum of the

brainstem, and the periaqueductal area
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e abixaTesibHble ynpaxHeHnus (4Y) AMHaMUyecKoro u cTatu-
UeCcKoro xapakrtepa (cootHoweHue OPY/LY — 1/1);

o 0by4yeHMe CaMOCTOATENIbHOMY CUAEHWMIO, MEPECAKMBAHMIO
1 BCTABaHMIO C XOAYHKaMM.

[Janee, ona NOCTOAHHOMO TOHYCA MbILIL, U HOPMANKU3aLmMK ob-
MEHHBIX MPOLLECCOB NPOBOAUAMCH 06LLEepa3BuBatoLLye U Crelmanb-
Hble ynpaxHeHus (CY) ANS MbIWL, BEPXHWUX M HUNKHUX KOHEYHOCTEN
(OPYy/CY/LDY - 1/1/2). Mpw BbINKUCKE U3 OTACNEHNA MEAULMHCKON pe-
abunuTauMm NauMeHTKa CaMoCTOATENbHO CUAeNa, nepecaxkmMBanach
M CTOANA C NMOMOLLBIO JOMNONHUTENbHOM OMOPbI, HAPYLUEHUA NaMATH
NPaKTUYECKN KYNMPOBANNCh, O YEM MMEETCA MOBTOPHbIV BMAEONPO-
TOKO/.

MauueHTka Il (39 net) nepeHecna NaaHoByk Nanapockonuye-
CKyl0 PO6OT-acCUCTUPOBAHHYIO MPOLO/bHYID PE3EKLMI0 KenyaKa ¢
Le/blo leYeHus MopbUAHOro oxupeHus. Mocne BbINUCKKM U3 CTa-
LIMOHapa cTasa 0TMe4aTb 06WU/bHYIO TOLIHOTY M PBOTY Cpasy nocne
ynoTpebneHua nuwwy uam soapl. Cnycta Heaento nocne BbIMUCKK, B
CBA3W C MOABUBLUMMMUCA Kanobamu 1 peskum yxyalleHnem obuuero
€aMoYyBCTBMA, Obl1a NOBTOPHO FOCNMUTaNN3MPOBAHA B XMPYPruyeckoe
otaenenve Knuuukn BIMY. B otaeneHnn naupeHTke nposogmnach
KOHCepBaTMBHas, CUMMNTOMATMYECKas Tepanums co c1labononoxuTenb-
HOWV AMHaMMKOW. Yepes HefleNto CTaLMOHAPHOTO IeYeHUa Y NaLueHT-
KV MOABWIOCH CHUMKEHWE CUAIbI U YYBCTBUTENIBHOCTU BO BCEX KOHeY-
HOCTAX, HapyLIeHWe aKTa AedeKalmm ¥ MOYEUCTYCKaHWS, BO3HUKAN
KOTHWUTUBHbIE HapYLUEHWS, B CBA3M C YeM Bblia OCMOTPEHa HeBPOIO-
oM.

HeBponoruyeckuii ctatyc: cosHaHue ficHoe. OpuUeHTUPYeTCs BO
BPEMEHU U MecTe XOpOoLUO. 3payku paBHOBEMKME, pOTOpeaKLms co-
XpaHeHa. [IBUxKeHue 1a3Hbix A610K B NoHOM 06béme. Bbiagnsetca
YCTAHOBOYHbIW HUCTarm. TOUKM BbIXOZA TPOMHUYHOTO HepBa 6e36o-
Ne3HEeHHbI. JINLo CUMMETPUYHOE, A3bIK N0 CpeaHer IMHUK. ToTaHue
1 GpoHaLMA He HapyLueHbl. C1a MbILLL, B PyKax CHUMKeHa Ao 4 6annos,
B HOrax — CHUKeHa A0 3 631108, NperMyLLECTBEHHO AWCTabHO. B py-
Kax HOPMOTOHMUA, B HOraX — ’MMNOTOHYC. CyXOXUNbHble pedneKcbl CHU-
KEHbI B PyKax W HOrax OfIMHaKoBO. KoopanHaTopHble nNpobbl BbINO/-
HAET OTHOCUTENbHO YA0BNETBOPUTENBHO. B no3e Pombepra He cTouT.
CHWKeHa ryboKas M NOBEPXHOCTHAA YyBCTBUTENIbHOCTb B KUCTAX U
cTonax. MaToNornyeckmMx 1 MeHWHreanbHbIX 3HaKOB HeT. Pe3ynbTaThl
TECTUPOBAHUSA KOTHUTUBHbIX GyHKLMIA No wkane MoCA — 19 6annos
13 30.

MPT ronoBHOro mo3ra: NepMBEHTPUKYNAPHO C 2 CTOPOH MO OT-
HoLeHMIo K Il enyaoyky n LMpKYNApPHO BOKPYr BOAONPOBOAA MO3-
ra — TOHKan NOMIOCKA U3MEHEHHOTO, TMNepUHTEHCUBHOO Nno T2 BU u
FLAIR curHana. Hebonbluas ocTaTouHan KUCTa B MenaibHbIX OTAenax
NpaBoro Tanamyca. BbisiBNeHHblE U3MEHEHMSA B NEPUBEHTPKYNAPHOM
06n1acTv 1 Ha YpOBHe BOZONPOBOAA MO3ra HOCAT HEBbIPAXKEHHbIN Xa-
pakTep (puc. 2).

Bbi BbICTaBNEeH AMarHo3: dHuedanonatvs BepHuKe ¢ NoanHemn-
ponatuei, NErknum nepudepryecknm TeTpanapesom, KOrHUTUBHbIMU
HapyLIEHWAMM, Ta30BbIMM HAPYLUEHUAMM, TANKENOE TeYeHNe.

MaumeHTKe 6bI10 HA3HAUYEHO BHYTPMBEHHOE KanenbHoe BBeae-
Hue TMammHa 500 mr Ha 200 ma dusmnonornyeckoro pacteopa 3 pasa B
CyTKM nepsble 3 gHA. [lanee — 250 mr TvammHa 3 pasa B CyTKM Ha Npo-
TAXeHWUU 5 aHel. Ho B pesynbTaTe cencuca, pa3sumsLuerocs Ha ¢poHe
6aKTepuanbHON ABYCTOPOHHEW NMHEBMOHUM U SHTEPOKOAWTA, Mbl Ha-
6711042711 NEeTasbHbIN UCXOA.

OBCYXAEHUE

Dingwall KM et al (2022) 6bi11 npoBeseHbl ABa ABOVHbIX Cie-
MbiX PaHAOMM3UPOBAHHBIX KOHTPOAMpPYyeMblx uccnesosaHus (PKU)
B Mapanne/bHblX rpynnax ¢ Lenbio onpeaennTb ONTUMAsbHY A0-
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ical rehabilitation department. Memory impairment also showed
significant improvement.

Case 2

A 39-year-old female patient had previously undergone an
elective robot-assisted sleeve gastrectomy for the treatment of
class Il obesity. After discharge, she experienced profuse nausea
and vomiting immediately after consuming food or water. She
was readmitted a week later due to the worsening of her con-
dition to the surgical department of the BSMU Clinic. After re-
ceiving conservative, symptomatic therapy with limited improve-
ment, the patient experienced decreased strength and sensation
in all extremities, as well as bowel and bladder dysfunction and
cognitive impairment, leading to the need for a neurological ex-
amination.

The physical examination revealed that the patient was
alert and oriented to person, place, and time. Pupils were equal,
round, and reactive to light and accommodation. During the ex-
amination, there were no restrictions on eye movements. How-
ever, some involuntary eye movements were observed. The tri-
geminal nerve trigger points were painless. The face appeared
symmetric; there was no deviation of the tongue. No features
of dysphagia or dysarthria were noted. The MRC testing scale
showed grade 4 MRC muscle weakness in the upper limbs and
grade 3 MRC distal muscle weakness in the lower limbs. There
was normal muscle tone in the arms and hypotonia in the legs.
Tendon reflexes in the arms and legs were hypoactive. The per-
formance on the coordination test was satisfactory. The Romberg
test is positive. Superficial and deep sensory deficits in the hands
and feet were noted. No pathological reflexes were elicited, and
no signs of meningeal irritation were detected. Mild cognitive
impairment was indicated by a Montreal Cognitive Assessment
(MoCA) test score of 19 out of 30.

T2 VI and FLAIR MRI showed slight bilateral hyperintense
thin lines in the periventricular region of the Ill ventricle and
around the cerebral aqueduct. Additionally, MRI showed a small
cystic lesion in the medial parts of the right thalamus (Fig. 2).

The patient's final neuropathologic diagnosis was severe
Wernicke encephalopathy with polyneuropathy, mild peripheral
quadriparesis, cognitive impairment, and bowel and bladder dys-
function.

The patient was initially prescribed a 500 mg dose of thia-
mine in a 200 ml saline solution administered intravenously three
times a day for the first 3 days. Subsequently, the dosage was re-
duced to 250 mg of thiamine thrice daily for 5 days. Tragically, the
patient's condition deteriorated due to sepsis arising from bacte-
rial bilateral pneumonia and enterocolitis, ultimately leading to a
fatal outcome.

DISCUSSION

Dingwall KM et al (2022) conducted two randomized, dou-
ble-blind, parallel-group trials to determine the preferred dose of
thiamine treatment to prevent Wernicke encephalopathy during
the acute phase of WE and in asymptomatic at-risk patients.
Each study had a dosage regimen consisting of three parenter-
al thiamine doses that were allocated at a ratio of 1:1:1. Study
1 included asymptomatic At-Risk patients (n=393) who received
either 100 mg daily, 100 mg thrice daily, or 300 mg thrice daily,
for 3 days. Study 2 included symptomatic patients (n=127) who
received either 100 mg thrice daily, 300 mg thrice daily, or 500
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Puc. 2 /laHHble MIPT nayueHmku Il ¢ usmeHEHHbIM, 2unepuHmeHcus-
Hoim ho T2 BU u FLAIR cueHanom nepuseHmpuKynapHo

Fig 2 Case 2. T2/FLAIR brain MRI images presenting bilateral
hyperintense signal in the periventricular region of the Ill ventricle and
the periaqueductal area

3MPOBKY TMAMMUHA, HEOOXOAMMYIO A NPOGUNAKTUKM 3HUedanona-
TUK BepHuke, B ocTpyto dasy 3abonesaHua u y 6ecCUMNTOMHBIX, HO
NOABEPIKEHHbIX PUCKY MaLMEHTOB. B Kaxaom uccnegosaHuM npu-
MEHS/ICA PEXMM [03MPOBAHUA, BKIIOYAIOLLMIA TPY NapeHTepabHble
[,03bl TUAMMHA, KOTOpPbIe pacnpeaenanmcs B cooTHoweHnn 1:1:1. bec-
CUMMTOMHbIE MALMEHTbI U3 TPyNMbl pUcKa (n=393) npuHMManu npe-
napat no ogHow n3 cxem: 0,1 r/aexb, 0,1 r 3 pasa B AeHb 60 0,313
pasa B AeHb TpY AHA. [PY HAMUYMKU CUMNTOMOB MaumeHTam (n=127)
peKkomeHZ0BanM NpMHUMaTL TMamuH 0,1-0,3 r Tpu pasa B LeHb Mbo
0,5 r 3 pasa B ieHb Ha NPOTAXKEHUM 5 AHel. OCHOBHbIM PE3YNLTaTOM
6blN1a OLEHKA KOTHUTUBHbIX GYHKLMIM, OLEHEHHAA C UCMONb30BaHMEM
YHMBEPCanbHOW LWKanbl OLEHKM AemeHuUmn PoyneHaa, aByx cybrecTos
Cogstate 1 aflanTMPOBAHHOTO TeCTa Ha 3aNoOMWHaHKWe UCTOpUiA. BTo-
PUYHBIV aHaNW3 BKAKOYAN UCCNe0BaHUE HEBPONOTUYECKMUX GYHKLMIA
(aTakcwa, rnasoaBuUraTenibHble HapyLWEHUsA U CMYTaHHOCTb CO3HAHUS)
[8]. Pe3ynbTaThl JAHHOTO MCCAEA0BaHUA HE MOKa3aau ABHOTO Mpew-
MYLLECTBA BbICOKMX 03 TMAMMHA MO CPABHEHWUIO CO CPELHUMU UK
6onee HU3KMMMU [03aMU ANA NEYEHWA U NPOPUNAKTUKM KOTHUTMB-
HbIX M HEBPO/IOTMYECKUX HAPYLLEHWIA, CBA3AHHbIX C 3HLedasonaTvein
BepHuKe 3a uccneflyemblit NPpOMENKYTOK BpemeHu. OTcyTcTBUe ybe-
[OUTeNbHbIX [OKa3aTebCTB NPEUMYLLECTBA BbICOKMX [03 TMaMMHA NO
pe3ynbTaTam NpoBeAEHHbIX UCCEA0BAHNI NOATBEPKAAET CYKAEHUE
0 TOM, YTO SleyeHue 3Huedanonatum BepHuke AOMKHO BbITb UHAM-
BUAYaNIbHbIM 17 KOHKPETHOTO NaLMeHTa M BKAKOYaTb aHaNN3 Apyrvx
COMyTCTBYIOLLMX 3a60/1€BaHMI, KOTOPbIE MOTYT MOB/UATbL Ha AebULUT
TUAMMHA (TMNOMArHMemms, Cencuc Uan Apyrue HapylweHus obmeHa
selects) [9, 10].

O’Donnell K (2017) B cBOEM MCCNeA0BaHUM OMUCHIBAET KANHU-
YECKMI cnyyalt 35-neTHel KeHLWMHbI C BUNONAPHBIM PAcCTPOIMCTBOM
B aHamHe3e M paHee NepeHecéHHON TPaBMOW BPHOLWHOM NOAOCTH,
CTaBLUEl NPUYMHOMN NAaNaPOCKOMMUYECKON ONepaLym U pe3ekLmn Ku-
LeYyHuKa. MaumeHTKa obpaTunack B KMHUKY NO NOBOAY NPOAO/KAI0-
Lmxca 6onen B XKMBOTE, eXKeHEBHOM PBOTLI M CUMNTOMOB ped/toKca.
Mocne ocMoTpa oHa BbiNa HanpasaeHa B OTAE/NEHME raCTPOIHTEPOIO-
W, rae e NpoBesn 3304aroracTpoLyoLeHOCKONUIO U MaHOMETPUIO,
KoTopble MoKasanu: pedatokc-330daruT cpegHen cTeneHn TAXKECTH,
TPbIXKY MULLEBOAHOTO OTBEPCTMA Anadparmbl, 3pUTEMATO3HYIO Ayo-
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mg thrice daily for 5 days. As the primary outcome, cognitive
function was assessed using the Rowland Universal Dementia
Assessment Scale, two Cogstate subtests, and an adapted Story
Memory Recall test. Secondary analyses examined differences in
neurological function, including ataxia, oculomotor abnormali-
ties, and confusion at follow-up [8]. The study results showed no
clear benefit of high-dose thiamine over intermediate or lower
doses of thiamine over the time intervals examined for treating
and preventing cognitive and neurological abnormalities related
to WE. Nevertheless, the absence of conclusive evidence for the
superiority of high-dose thiamine supports a recommendation
for patient-specific treatment. It should include analyzing other
conditions contributing to thiamine deficiency (hypomagnese-
mia, sepsis, or other metabolic disorders) [9, 10].

O'Donnell K (2017) conducted a study on a 35-year-old fe-
male patient with a history of bipolar disorder and previous ab-
dominal trauma, which required laparoscopic surgery and bowel
resection. The patient sought medical attention for persistent ab-
dominal pain, daily vomiting, and reflux symptoms. Esophageal
manometry and esophagogastroduodenoscopy revealed mod-
erate reflux esophagitis, hiatal hernia, and erythematous duo-
denopathy. It was determined that the hiatal hernia caused gas-
troesophageal reflux disease and esophagitis, while cholelithiasis
led to biliary colic. Subsequently, the patient underwent elective
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ZeHonaTtuio. Bblfo BbIHECEHO CYKAEHME O TOM, YTO rpPblXKa NULLEBO-
[HOTO OTBEPCTUA AMadparmbl NPOBOLMPYET racTpo3sodareasibHyro
pedntokcHyto 60ne3Hb M 330haruT, a KENYHOKaMeHHasa 60/1e3Hb
BbI3bIBAET Y MALMEHTKM KENUHBIE KOMMKM. BNOCNeaCcTBUM KEHLLMHA
6blna rocNUTaNM3MpPOBaHa M NepPeHeca NJAHOBYO NanapocKonuye-
cKyto pyHaonmKaumio no Nissen, yaaneHue rpbiku MULLEBOAHOIO
oTBepcTMA Anadparmbl U XONELMUCTIKTOMMIO. Bo Bpems onepauum y
Heé 6bln 0TMeYeH 3HaUUTENbHbIN CTeaTo3 ¢ rematomerasmenn. Hecmo-
TPA Ha 370, onepauus bblna ycrnewHo 3aBepLieHa, 1 Nocae onepaumm
naupeHTKa bbina nepesefeHa B 0OLLYO ManaTy XMPYPruyeckoro ot-
fenenua. MaumeHTKa cooblumna Bpayy, YTo NEPUOLMYECKM BbINMBAET
HECKO/IbKO PIOMOK afkorons B Heaento. TwaTenbHblii cbop aHamHe-
32 M OLEHKA NUTaHWUA MOKa3anu, YTo NALMEHTKA CUAbHO MOXyAena ¢
180 o 154 ¢yHTOB (4TO COOTBETCTBYET NOTEpPe Macchl Tena Ha 15%)
3a nocnefHue 3 mecAua nepeg, onepaument M3-3a YacTorm PBOTHI U
HEBO3MOMHOCTM MOMIHOLEHHO NPUHMMaTb nuwy. C Lenblo ymeHb-
WWTb NarybHoe BAMAHWE NAKTOAUMAO03a M NPeaoTBPaTUTL PasBuUTUe
3HUedanonaTumn BepHuke 6bin0 peleHo HasHauuTb 100 mMr TMamMuHa
BHYTPMBEHHO B [ieHb, HaUYMHas C NePBOro NocaeonepaLyoHHOro AHs;
6bln1a HauaTa KUAKaA AMETa U NPOAOKEHO BHYTPUBEHHOE BBEAEHME
dwm3nonornyeckoro pacteopa. broxumuueckme nokasatenu GyHKLum
neyeHn AOCTUIIM MaKCUMYMa Ha BTOPOI AeHb: WénoyHas docdatasa
nosbicunace Ao 22 Ea/n, ARAT — 62 Ea/n v AcAT — 329 Ea/n. Coaep-
aHWe MOI0YHOM KucnoTbl Konebasoch ot 1,0 o 1,3 mmonb/n. Ha
4-blii AeHb nocae onepaumu y NauMeHTKU MosBMAACh CMyTaHHOCTb
CO3HaHMA M OAbILLIKA, HA PEHTTEHOrPaMMe TPyLHON KNeTKM bblan 0b-
Hapy»KeHbl ABYCTOPOHHME NErOYHblE UHOWUABTPATLI, CBUAETENLCTBY-
folme 06 oCTpOM pecnupaTtopHoMm aucTtpecc-cuHapome. OHa bbina
nepeseseHa B OTAENEHWME MHTEHCMBHOW Tepanuu M MHTYBUPOBaHa.
TAMKECTb COCTOAHMA YCyTybNANach TAKENBIM IAKTOALMA030M, CENncu-
COM M MOYEYHON HELOCTAaTOYHOCTbIO, NOTPebOBaBLUEN MOCTOSHHOW
3aMeCcTUTENbHOM MOYeyHoW Tepanuu. HW3KoKanopuiHoe napeHTe-
panbHOe NUTaHWe Npu NepeBoAe B OTAENEHUE MHTEHCUBHOM Tepanuum
6bl10 AONONAHEHO BBEAEHWEM AONOAHUTENbHbIX 200 Mr TMaMMKHa,
4yT0ObI M30EXaTb CMHAPOMA MOBTOPHOMO KopMeHWs. MaumeHTKa
TaKKe NPoao/Kana nonyyatb BHyTpnBeHHO 100 mr TMammnHa. Ha 6-i1
[€Hb, YYMTbIBASA CTOMKMI NaKTOALMA03 M HEBO3MOMKHOCTb onpese-
NNTb UCTOYHMK CEncuca, NaumueHTKe Oblna NPoBeAEHa AMArHOCTUYE-
CKas N1anapoCKOMUA C KOHBEPCHEN B SKCMIOPATUBHYIO 1aNapoTOMMA
¢ 0bHapyeHnem 20-30 cm TEMHOM pacLUMPEeHHOM TOLLEW KMLLKK, HO
6e3 NPU3HaKOB KPOBOTEYEHMA, TPABMbI UM UCTOYHMKA CENTUYECKO-
ro npouecca B bprowHow nonoctv. Lienbio HazHaYeHWs BbICOKMX A03
TMAMMHa BHYTPUBEHHO bblNI0 BbICTPOE YCTPaHEHUE NaKTOaLMA03a U
CHUMKEHME YPOBHA MOJIOYHOM KMCNOTbl Bonee yem Ha 50% B TeyeHue
8 yacos (o1 14,0 7o 6,1 Mmosb/n). Hopmanusaums ypoBHA MOJIOYHOM
KMCNOTbI NpousoLuna B TeyeHue 18 yacos. Tpu gHa cnycta (Ha 10-i
[leHb) NauMeHTKy 3KCTYbMpoBanM M NPEKpaTUAM HENpPepbiBHYIO 3a-
MECTUTE/IbHYIO MOYEYHYH0 Tepanuto. BnocneacTsum naumeHTke 6bi10
NPOBEAEHO 3aKpbiTHe GaCLMM, HANONKEHWE YAEPKMBAKOLLMX LIBOB,
M B KOHEYHOM WUTOre OHa Oblsia BbINUCaHA B PeabuMTaLMOHHOE Yyy-
pexaeHue [11].

Kohnke S, Meek CL (2021) u3 UHcTUTYyTa MeTabonnyeckmx Hayk
OMUCANN KAMHUYECKUI CNyYait 26-NeTHel NauMeHTKM, Kotopas 06-
paTUNach B OTAENEHME XMPYPTUU C KaNobammu Ha NOCTOAHHYIO PBOTY
yepes LWeCTb Heaenb Nocne PyKaBHOM racTponaacTuku. MNpu HeBposo-
TMYECKOM OCMOTpE Y Heé Bbln OBHAPYXKEH HUCTArM, acTasua U Hapy-
LEHMeE MOXOAKM, KOTOopble BblNM AOCTATOYHO CEPLE3HO BblpasKeHbl U
MeLLaN B NOBCEAHEBHOW XKM3HU, BO3HWMKANMN TPYAHOCTU NpU Xoabbe,
YTEHUM KHUT M NPOCMOTPE Tenesusopa. bbin noctaeneH npeasapu-
TeNbHbIN AMarHo3 sHuedanonatum BepHuKe. MaumeHTKe nepBoOHa-
YanbHO BBOAMAM 250 Mr TMAamMMHa BHYTPUBEHHO TPU pas3a B AeHb,
YTO CTabMAN3MPOBANO €€ CUMMTOMbI, HO MONHOCTBIO HE KYNWUPOBaso
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laparoscopic Nissen fundoplication, hiatal hernia repair, and cho-
lecystectomy. Intraoperatively, the patient was found to have a
significantly enlarged fatty liver, but the operation was successful.
Postoperatively, it was discovered that the patient had been los-
ing significant weight and consuming alcohol regularly. A nutri-
tional assessment revealed that she had lost 15% of her weight in
the three months leading up to surgery due to frequent vomiting
and inability to eat a complete meal. To mitigate the risk of lactic
acidosis and prevent WE, the decision was made to administer
100 mg of thiamine intravenously per day starting on the first
postoperative day. Additionally, the patient was put on a liquid
diet and continued to receive intravenous saline. The patient's
liver enzyme levels peaked on the 2nd postoperative day, with
alkaline phosphatase increasing to 22 U/I, ALT to 62 U/I, and AST
to 329 U/I. The lactic acid levels ranged from 1.0 to 1.3 mmol/I.
On the 4" postoperative day, the patient experienced confusion
and shortness of breath, with a chest x-ray revealing bilater-
al pulmonary infiltrates suggestive of acute respiratory distress
syndrome. The patient was transferred to the intensive care unit
and intubated. The patient's condition worsened due to severe
lactic acidosis, sepsis, and renal failure, requiring continuous re-
nal replacement therapy. In the intensive care unit, low-calorie
parenteral nutrition was supplemented with an additional 200
mg of thiamine to prevent refeeding syndrome. The patient also
continued to receive 100 mg of thiamine intravenously. On the
6th postoperative day, the patient underwent diagnostic laparos-
copy followed by exploratory laparotomy to identify the source of
infection in a suspected case of sepsis accompanied by persistent
lactic acidosis. The procedure revealed 20-30 cm of dark dilated
jejunum without signs of bleeding, trauma, or the source of the
septic process in the abdominal cavity. High-dose intravenous thi-
amine was given to rapidly reverse lactic acidosis and reduce lac-
tic acid levels by more than 50% within 8 hours (from 14.0 to 6.1
mmol/l). Lactic acid levels returned to normal within 18 hours.
The patient was extubated three days later (on the 10th postop-
erative day), and continuous renal replacement therapy was dis-
continued. The patient subsequently underwent fascial closure
using the retention suture method and was ultimately discharged
to a rehabilitation facility [11].

Kohnke S and Meek CL (2021) reported a clinical case involv-
ing a 26-year-old patient who presented to the surgical depart-
ment with ongoing vomiting six weeks after undergoing gastric
sleeve surgery. In a neurological examination, it was discovered
that she exhibited nystagmus, astasia, and significant gait distur-
bances. These symptoms greatly impacted her daily life, making
engaging in activities such as walking, reading, and watching
television challenging. A preliminary diagnosis of WE was made.
The patient was initially administered 250 mg of thiamine intra-
venously three times a day. This treatment helped stabilize her
symptoms, although it did not fully alleviate them. More rapid
clinical recovery was observed with 500 mg of thiamine three
times daily, after which symptoms improved markedly within two
weeks [12].

Ristad H et al (2015) conducted a meta-analysis of clinical
cases of WE in the United States. The study included post-bar-
iatric surgery patients who were diagnosed with two or more of
the following criteria: altered mental status, eye movement ab-
normalities, ataxia, and nutritional deficiency. Out of the 205,000
surgeries that were performed, 104 patients developed WE as a
complication. In 94% of cases, hospital admissions for this condi-
tion occurred within 6 months after surgery. Vomiting was iden-
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nx. bonee GbICTPLIN KNMHUYECKMI Nporpecc Bbin npu BBegeHUn 500
MF TMAMUHA TPY Pasa B CYTKM, MOC/E YETO CUMMTOMbI 3aMETHO YAyY-
LUIMAWCh B TeYeHMe AByX Heaenb [12].

Risstad H et al (2015) npoBenn meTa-aHaAW3 KAMHUYECKUX CNy-
yaeB pasBuTUA sHLedanonaTum BepHuke B CLLUA. Kputepuamu srato-
YeHuMa bblnM NaLmeHTbl nocae bapuaTpMyecKol onepaLym, KOTopbiM
OblN NOCTaBNEH AMArHO3 MO HAAMYMIO ABYX UK Gosee NPUSHAKOB:
M3MEHEHME NCUXMYECKOTO CTaTyCa, HAPYLLEHWA ABUMKEHUA /133, aTaK-
cna n pedunumt nutaHma. Cpeam 205000 npoBeAEHHbIX onepaLmin oc-
NOXHEHWe B Buae sHuedanonatum BepHuke passunock y 104 nauu-
eHTOB. [0CNUTaNMN3aLMA NO NOBOAY AAHHOM NATONOTMKU NPOM3OLLA B
TeyeHue 6 mecaues nocne onepaunm B 94% cnydaax. Cambim YacTbiM
bakTopom pucka bbina peoTa (90%), KOTopas NPoAONKaNach B cpea-
Hem 21 feHb A0 NOCTYN/AeHUA B cTaumoHap. MPT ronoBHoro mosra
BbIABWIA MOPaXKEeHMA, XapaKTepHble Ana sHuedanonatum BepHuke,
wb B 47% cnyyaes. HenonHoe BbI3AOPOBAEHME U COXPAHEHUE He-
Bponornyeckoro fedvumta Habaroganocb B 49% cayyaes: 4acTbimu
nocNeACTBUAMM ObIIM HAPYLIEHWS NAMATH U NOXoaKu [13].

Raziel A (2012) “3 M3pamnbCcKoro LeHTpa bapuaTpuyeckomn xu-
pyprv NPUWEN K BbIBOAY, YTO PUCK Pa3BUTUA 3HLedanonatmmn Bep-
HMKe 3aBMCUT TaK¥Ke OT TUMa BbINONHEHHOM bapuaTpuyecKol onepa-
UMK, Jlanapockonuyeckoe perynvpyemoe 6aHAaKMpPOBaHME KeyaKa
W BepPTMKaNbHaA GaHAAXKMPOBAHHAA racTPONIACTMKA, Kak NpaBuio,
BbI3bIBAOT MeHbLUE MO60YHbIX IGPEKTOB, YeM TaKkMe onepaLuy, Kak
NAaNapoCKOMMUYECKOe KEeyA04YHOe LUYHTUPOBAHWE W OMAMONAHK-
peaTnyeckoe oTBeseHMe. JlanapoCKoMMYecKasa pyKaBHas peseKkuus
Kenyaka npuBoauT K MeHbluemy AedbuumTy NUTaTeNbHbIX BELLECTB
B nepsble 2 roga nocsie onepauym no CPaBHEHUIO C anapocKonmye-
CKMM KeYA04HbIM LWYHTUPOBaHWEM. COOOLLAETCA, YTO KAMHMLMCTAM
BCerga cnesyet TWaTeNbHO KOHTPONMPOBATb YPOBEHb TMAMMHA [0 U
rocne onepaumu, a TMamMMHOBYIO 406aBKy c/ieayeT HasHavaTb nepes,
onepawumen nauMeHTam ¢ HU3KUM YPOBHEM BUTaMMHA B1 B Kposu u
Cpasy nocne onepaLymy BCeM MaLMEHTam A0 AOCTUNKEHUA LeNeBoro
ypoBHs. Mo CTaTUCTWKE, BBEAEHWE TMAMMHA HA PaHHEN CTaAWMM 3H-
uedanonatum BepHuKe BEAET K NONHOMY KAMHUYECKOMY BbI340POB-
NEHVIO NaLMEHTOB WM perpeccy HeBPOIOTMYECKOM CUMMTOMATUKK.
B M3paunnbckom LeHTpe BapuaTpuyeckon XMpyprum Bce MauueHTbl
NpoxoaAT TWaTesbHOe 00CNef0BaHWE Nepes onepauuent MynbTu-
AVCUMNIMHAPHOM KOMaHAOM, BKAOYatoLLel B ceba 6apunaTpryeckoro
XMpypra, AUeToNora, NCUXonora 1 aHAoKpuHonora. HabntogeHne npo-
BOAMTCA Kaxkable 3 MecALA B Te4eHMe NepBOro roga nocsae onepauum
W OZMH pa3 B rog, B NOCNeAyoWmin nepmog,. Bcem naupeHTam HasHa-
YaKT NOSIMBUTAMMUHHYIO NOALEPHKKY Ha NEPBbIV rof Nocae onepauuu.
B pononHeHune K ¢usmkanbHoMy obcnefoBaHMIO, aHaNM3amM KpOBU
N OLEHKEe COMYTCTBYIOWMX 3a60NeBaHUM, NAaLMEHTbI HAXOAATCA MOA
NPUCTaNbHLIM BHYUMAHWEM AMETO/IOra U NCUXOTEPaneBTa U y4acTBYIOT
B KOTHUTUBHO-NOBEAEHYECKON Tepanuu [14].

Takum 0bpa3om, ogHUM M3 Haubosnee 3HAYMMbIX BbIBOZOB B
HacTosLem 063ope ABASETCA TO, YTO HaYa/lbHbIE CUMMNTOMbI 3HUeda-
nonatun BepHWKe 3a4acTyto cpasy He Pacno3HAKTCA, YTO NMPUBOAUT
K NPOrpeccMpoBaHuio 3a601eBaHUA 1 Pa3BUTMIO PybOro HeBpoIorU-
yeckoro geduumta. na npefoTBpalleHns AanbHENLWero passuTuUa
3HUEepanonatMm HeobXoAMMO KaK MOMKHO paHblLe HauyaTb flevyeHne
BbICOKMMM [03aMMW MapeHTePaNbHOW 3aMecTUTeNbHOW Tepanuu Tu-
amuHom. Mo aaHHbIM EBponelickort deaepalym HEBPONOTUYECKMX
obuects (EFNS) 1 Koponesckoro Konneaxa Bpaueit (Royal College
of Physicians), TMamuH cnesyet BBOAMTbL NapeHTepanbHo no 500 mr
3 pasa B CYTKM 40 MCYE3HOBEHMA cMMNTOMOB. Kpome Toro, npodw-
NaKTWKa PaHHUX NPU3HAKOB M CMMMTOMOB 3HLEedanonatmmn BepHuke
[OCTUrAaeTCA TOMbKO NPU UCNO/b30BaHUK NAapeHTePaNbHbIX BUTAMUH-
HbIX 106aBOK, MOCKONbKY NEpPopabHbie NpenapaTbl He BCACbIBAOTCA
B JO/IXKHOM cTeneHu. bonee Toro, B 6apmaTpryeckoi Xupyprim sceraa

tified as the most prevalent risk factor, occurring in 90% of cases
for an average of 21 days before hospital admission. However,
brain MRI scans detected lesions characteristic of WE in only 47%
of the cases. Furthermore, 49% of cases exhibited incomplete
recovery and persistent neurological deficits, with memory im-
pairment and gait disturbances being frequently anticipated out-
comes [13].

Raziel A (2012) suggested that the risk of developing WE
depends on the type of bariatric surgery performed. Thus, lap-
aroscopic adjustable gastric banding (LAGB) and vertical banded
gastroplasty (VGB) generally have fewer side effects than proce-
dures such as laparoscopic gastric bypass (LGB) and biliopancreat-
ic diversion (BPD). Laparoscopic sleeve gastrectomy (LSG) results
in fewer nutritional deficiencies in the first 2 years after surgery
compared with LGB. It is recommended that clinicians carefully
monitor thiamine levels before and after surgery. Preoperative
thiamine supplementation should be given to patients with low
blood levels of vitamin B1, and all patients should receive thia-
mine immediately after surgery until target levels are achieved.
Administering thiamine at the early stage of WE was statistically
proven to lead to complete clinical recovery in patients with re-
duced neurological symptoms. Before any bariatric surgery at the
Israeli Center for Bariatric Surgery at Assia Bariatric at the Assuta
Medical Center, Tel Aviv, Israel, every patient goes through a de-
tailed examination conducted by a diverse team of experts. This
team includes a bariatric surgeon, nutritionist, psychologist, and
endocrinologist. Patients are scheduled for follow-up appoint-
ments every 3 months in the first year following surgery. After
the first year, follow-up appointments are scheduled once a year.
Following surgery, all patients are advised to take multivitamin
supplements for the first year to support their recovery. As part
of the comprehensive care plan, patients undergo a thorough
physical examination, blood tests, and evaluation for any comor-
bidities. Additionally, they receive personalized guidance from a
nutritionist and psychotherapist and engage in cognitive behav-
ioral therapy (CBT) to address their specific needs [14].

This review uncovered a crucial discovery: the early symp-
toms of WE are frequently overlooked, resulting in the advance-
ment of the illness complicated with severe neurological deficits.
To prevent worsening encephalopathy, it is crucial to start treat-
ment with high doses of intravenous thiamine replacement ther-
apy as soon as possible. As per the guidelines from the European
Federation of Neurological Societies (EFNS) and the Royal College
of Physicians, it is recommended to administer thiamine intrave-
nously at a dosage of 500 mg three times a day until the symp-
toms subside. It is important to remember that early signs and
symptoms of WE can only be prevented with parenteral (intrave-
nous or intramuscular) vitamin supplements, as oral medications
are not absorbed well. Moreover, in the context of bariatric sur-
gery, it is crucial to adhere to international recommendations for
prophylactic vitamin therapy to prevent patients from developing
WE [15].

Several factors influenced the development of WE in our
patients. These factors included postoperative vomiting and di-
arrhea, which led to inadequate intake of thiamine, poor adher-
ence to the prescribed diet, and failure to recognize the devel-
opment of neurological deficits due to their subtle nature. Given
the potential for developing WE following bariatric surgery, it is
crucial to engage the expertise of neurologists in caring for these
patients preoperatively and in the immediate postoperative pe-
riod. Consistent evaluation by a neurologist can aid in the early
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BaYKHO NPOBOAUTL NPOGUNAKTUYECKYIO BUTAMUHOTEPAMNUIO B COOTBET-
CTBMM C MEXKAYHAPOAHBIMM PEKOMEHAALMAMM, YTODbI NPEeAoTBPaTUTD
pa3BuTME y NaumMeHToB sHUedanonatum BepHuke [15].

PasBuTuio sHuUedanonatMm BepHUKe Yy HaWMUX NaLMeHTOK
cnocobcTBoBanM cnenytowme $akTopbl: PBOTa M AMapes B nocne-
OMepaLMoHHOM Mepuoae, CrocobCTBYIOWME HELOCTaTOYHOMY MO-
CTYNNEHMIO TMAMMUHA, HWU3Kas KOMMNAEHTHOCTb — HecobntogeHue
npeAnncaHHON ANeTbl, UTHOPUPOBAHME PA3BUTUA HEBPOIOFMYECKOTO
fedvumTa BBMAY ero cTEPTOro xapaktepa. B cBA3M ¢ puckom paszsu-
TUA TaKoro HebNaronpUATHOrO NOCNEACTBMA nocie bapuaTpUUecKon
onepauum HeobxoaMMO LOMOJAHUTENBHO MOAK/AKYATb HEBPOOrOB
K BEAEHMWIO JaHHbIX NALMEHTOB [0 ONepaTMBHOMO BMeLIaTenbCTea U
HenocpeacTBEHHO nocne. uHamuyeckoe HabnogeHe HeBPOIOTromM
MOMKET BbIABUTb PaHHWE CMMMTOMbI 3HUedaNoNaTUK, YTO NO3BONUT
HayaTb CBOEBPEMEHHYIO TEPanuio Mpu eé HeobXoAMMOCTH, YTOObI
OCTaHOBWTb NPOrpPeccMpoBaHne HEBPOIOTMYECKOTO AednumTa. TaKKe
HeobXoAMMO Y4MTbIBaTb TOT GaKT, YTO KAMHUYECKME HEBPO/IOrMYe-
CKMe HapylleHWe nocae onepaLuy MoryT MMeTb HEABHbIN XapaKTep
BBMAY 06LLEro coctosnHMA 601bHOTO Ha GOHe nepeHecéHHOro onepa-
TUBHOrO BMeLlaTenbcTea [16].

3AKNIOYEHUE

PacnpocTpaHEHHOCT MOPOMAHOMO OXMPEHUA CTPEMUTENBHO
PacTéT BO BCEM Mupe, U BapuaTpuyeckas onepauus, HECMOTPA Ha
€€ COnpsXEHHOCTb C PWUCKOM Pa3BWUTMA MOCAeoNepaLmoHHbIX Oc-
NOXHEHW, NoKasasa Hanbonee BbICOKYHO 3GPEKTUBHOCTb B NEYEHUM
[laHHOV maTonorMu. B Lenom, onepauusa Ha Kenyake cama no cebe
He AB/IAETCA MPUYMHOW Pa3BUTUA sHUedanonaTum BepHuke. OgHako,
Y MAUMEHTOB C onpeaenéHHbIMK GaKTOpPaMM PUCKA, BK/IKOYAA asiKo-
rONbHY0 3aBUCHMOCTb UM HEA0EAAHWE, MOXKET BbIThb MOBbILIEH PUCK
pasBUTMA 3TOM MaToNorMun. B HacTosLee BpeMs 4axe Camble COBpe-
MEHHble METOAMKM, TaKME KaK PyKaBHasA racTpon/iacTvka Uau Beese-
HWE BHYTPUXKENya04HOro 6annoHa, MoryT CnpoBOLMPOBaThL Pa3BuUTUE
sHUedanonaTumn BepHuke, NoaTomy B NoCAEONepaLMOHHOM nepuose
MaUMEHT HYXKAAETCA B KOMMIEKCHOW U A UTENbHOW peabuavtaumn,
HeobxoAyMMO CTporo cobntoaaTh NPeAnucaHHy AUETY U NPUMEM COOT-
BETCTBYIOLUMX BUTAMMUHOB. TaKUM 00pa3om, NpeacTaBNeHHas B AaH-
HOW cTaTbe Npobnema, 6e3ycnoBHO, 3aCayKMBAET 0COOOr0 BHUMAHUSA
M OaNbHENLIEro AeTaNbHOro U3yYeHus.

detection of encephalopathy symptoms, enabling prompt inter-
vention, if needed, to prevent the advancement of neurological
impairments. Additionally, the patient's neurological symptoms
may be challenging to detect due to the overall poor health sta-
tus of postoperative patients [16].

CONCLUSION

The prevalence of class Ill obesity is rapidly increasing world-
wide, and while bariatric surgery is effective in treating this con-
dition, it carries the risk of postoperative complications. Weight
loss surgery alone is generally not a direct cause of WE. How-
ever, patients with specific risk factors such as alcohol abuse or
malnutrition may have an increased susceptibility to developing
this condition. Even with modern surgical techniques like sleeve
gastroplasty or intragastric balloon placement, there is still a risk
of WE. Therefore, postoperative patients require comprehensive
and long-term rehabilitation, strict diet adherence, and appropri-
ate vitamin supplementation. This issue highlighted in the article
merits special attention and further in-depth research.
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KAMHMYECKOE HABAIOAEHUME CASE REPORT

IlaacTuaeckas xupyprus Plastic Surgery

doi: 10.25005/2074-0581-2024-26-3-519-526

3 KOMHAEKQHBIVI IoaxoA4 B XMPYPTMYECKOM AEYEHNN
HEMPOTPOPMYECKOM s13BbI CTOIIBI MECTHO-IIAACTNYECKVIM CITOCOBOM:
CAYUYAUN N3 ITPAKTUKUN

M.®. DAV3YAAAEBA', Y.A. KYPBAHOB'?, M.C. OAVTHAEBA?, 11.C. CAVAO0B?, 1.K. MYPOAOB?

1 Kadeapa xupyprmyecknx 6oaesneit No 2 um. akaa. H.Y. Yemanosa, TagXuKckuit rocy apcTBeHHBIN MeAUITMHCKUI yHUBepcuTeT M. Abyaan nbnn CuHo,
Aymranbe, Pecrtybanka Tagxukucran
2 XaTAOHCKU TOCy,AapCTBeHHLIf)I ME,AI/[LU/IHCKMI?[ YHUBEPCUTET, ,ZlaHrapa, PeCHy6/H/IKa TaA)KI/IKI/ICTaH

3 Pecrry0AMKaHCKMIT HAYIHBIN [IEHTP CepAeIHO-cocyAucToit xupypruu, Aymande, Pecriybanka Tagxukucran

Cpegy BCeX pa3HOBUAHOCTEN TPODUYECKMX A3B PACMPOCTPAHEHHOCTb HEMPOTEHHbIX A3B JOCTATOYHO HU3KA M COCTABAAET Bcero Auwb 1%. Hecmotps
Ha HebO/bLION NPOLLEHT UX BCTPEYIEMOCTH, IEYEHME NOCNEAHUX OCTAETCA CIOXKHOM U 10 KOHLA HEPELLEHHOW NPOB1EMOI PEKOHCTPYKTUBHO-MIACTU-
YeCcKoW xvpypruu. B ctaTbe NpoaHanu3vMpoBaH KAMHUYECKUI cyyalt HelpoTpodUYecKow A3Bbl B 061aCTV CTOMbI Y NaLMeHTKN 25 eT. boibHO Bbi-
NOJIHEHO KPYroBOe UCCEYEHME A3Bbl A0 34,0POBbIX TKAHEN, NEPEMELLEHUE NIOCKYTA Ha MecTo AedeKTa MECTHO-NACTUYECKUM CNOCOBOM B COYETaHWUM
C BHYTPMBEHHbIM la3epHbiM 061y4eHrem Kposu (B/IOK), 4To Mo3BOIMIO B KOHEYHOM CHETE M36eXKaTb OCNIOKHEHWI U PELUMBOB.

KnioueBble cnoBa: HelipoTpoduyeckas A3Ba, AedeKT NOKPOBHbIX TKaHel 061acTU CTOMbI, MECTHO-NACTUYECKME CNOCOBbI, NepemeLLeHe IOCKYTa,
BHYTPMBEHHOE la3epHoe 06/1y4YeHne KPOBU, KIMHWUYECKUIA ClyYalt.

Ona yutuposaHua: daisynnaesa M®, KypbaHos YA, OanHaesa MC, Cangos UC, Mypogos K. KomnaeKcHblit NOAX0A B XMPYPrMYecKOM NeHeHUN Hell-
pOTpOdUUECKON A3BbI CTOMbI MECTHO-NAACTUYECKMM CMIOCOBOM: C/lyYait U3 NPaKTUKK. BecmHUK AsuueHHsl. 2024;26(3):519-26. https://doi.org/10.25005/2074-
0581-2024-26-3-519-526

COMPREHENSIVE APPROACH TO SURGICAL TREATMENT OF NEUROTROPHIC
FOOT ULCER BY LOCAL PLASTIC METHOD: CASE REPORT

M.F. FAYZULLAEVA!, U.A. KURBANOV'? M.S. ODINAEVAS?, 1.S. SAIDOV?, D.K. MURODOV?

1 Department of Surgical Diseases No 2 named after Academician N.U. Usmanov, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan
2 Khatlon State Medical University, Dangara, Republic of Tajikistan
3 Republican Scientific Center for Cardiovascular Surgery, Dushanbe, Republic of Tajikistan

Among all types of trophic ulcers, the prevalence of neurogenic ones is relatively low, comprising only 1%, but despite its low occurrence rate, treating it
remains a complex and unresolved problem of reconstructive plastic surgery. This paper analyzes a clinical case of a neurotrophic foot ulcer in a 25-year-
old female patient. The patient underwent circular excision of the ulcer to healthy tissues and transfer of the flap to the defect site using a local plastic
method in combination with intravenous laser blood irradiation (ILBI), which ultimately allowed to avoid complications and relapses.

Keywords: Neurotrophic ulcer, soft tissue defect of the foot, local plastic methods, flap transfer, intravenous laser blood irradiation, case report.
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BBEAEHUE INTRODUCTION

HecmoTpsa Ha MHOrOBEKOBYIO MCTOPWMIO, Npobaema TPOGUYECKMX
A3B MATKMX TKaHel CTOMbl He TOIbKO He YTpaTUAa CBOEro 3HauyeHus,
HO, HaNPOTMB, aKTYaIbHOCTb €€ B COBPEMEHHOW MeAMLMHE HEYK/IOH-
Ho Bo3pacTaer [1].

Mo AaHHbIM JIMTEPaTYPHbIX WCTOYHWMKOB, Hambonee yYacTbiMu
NPUYMHAMM BO3HUKHOBEHUA HENPOTPOdUUECKMX A3B B 06/1aCTU CTO-
Mbl MOTYT 6bITb NepeHecéHHbIe TPaBMbl MO3BOHOYHMKA, 3a60/1eBaHNA
CMMHHOTO MO3ra 1 nepudepryeckmx HePBOB, a TaKXKe aHOMaIuK pPas-
BUTMA NO3BOHOYHMKA U HUXKHUX KOHEYHOCTEN [2-6].

Despite its centuries-old history, the problem of trophic foot
ulcers has not lost its significance, but, on the contrary, its rele-
vance in modern medicine is steadily increasing [1].

According to literary sources, the most common causes of
neurotrophic foot ulcers are previous spinal injuries, spinal cord
and peripheral nerve diseases, and developmental anomalies of
the spine and lower limbs [2-6].

According to the classification by Kovalyova NS and Zabazn-
ov KG (2019), among all types of trophic ulcers, the prevalence of
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CornacHo knaccudmkaumm, npeacrasneHHon Kosanésoi HC u
3abasHosbim Kl (2019), cpean Bcex pasHOBUAHOCTEN TPODUYECKMX
A3B, PAaCNPOCTPAHEHHOCTb A3B HEMPOreHHOTo reHe3a J0CTaTOYHO HU3-
Ka 1 cocTaBnsaeT Bcero b 1%. ABTOPbI KOHCTATUPYIOT, YTO, HECMO-
TP Ha HeGONBLLON NPOLLEHT BCTPEYAEMOCTU KHepoTpodUYecKnx 138
HUMKHUX KOHEeYHOCTeN, Npobaema vx NeveHns He3aBUCUMO OT pPasHoO-
06pasva pa3HOBUAHOCTEN CNOCOOOB OCTAETCA CIOKHOW U [0 KOHLA
HepeLlléHHoM nNpobnemoit» [6] PEKOHCTPYKTUBHO-NNACTUYECKON XU-
pyprum.

NeyeHne Tpodryecknx A3B HEMPOreHHOTO NMPOUCXOKAEHUA He
BCErAa 3aKaHYMBAETCA YCMEXOM, OCODEHHO MPeACTaBAAOT CAOMKHO-
CTM A3Bbl, IOKAZIM3UPYIOLLMECA HA NOLOLUBEHHOW YacTu cTonbl. BBuay
0CobBEeHHOCTEN MOKPOBHbIX TKAHEIN CTOMbl U WX MAOTHOTO CTPOEHWA,
CNOXKHO NPOBECTM 3aMelLieHne AedeKTa aHaIorMYHOM NPOYHON TKa-
Hbto. Kpome Toro, A38Bbl, pacnonaratoLLmecs B ONOPHbIX TOUKAX NoA0-
LIBEHHOMN 4acTX CTOMbI, MOABEPratoTCA MOCTOAHHLIM MEXaHUYECKUM
Harpyskam. B cBA3u ¢ 3TMM, nocne NpoBeAEHHOr0 XMPYPruyeckoro
BOCCTAaHOBNIEHUA MOBPEXAEHHOW TKaHW AeHepBMPOBaHHaA 0bnacTb,
JIMWEHHAA YyBCTBUTENBHOCTM, TpebyeT 0cobOro KOMMNEKCHOMO yXo-
aa.

[nnTenbHo He3axuMBaloWan paHeBas NOBEPXHOCTb B 06MACTM
MATKUX TKAHEN Npu HepoTpoduyeckux A3Bax, Kak otmeyatoT LLinxa-
nesa HI ¢ coaBt. (2011), 3To BCcero MLWb BUAMMAnA KOXKHas paHa, 3To
TO/IbKO BepLUMHA alicbepra, a 70% pedeKTa HaxoauTCa HaMHOro ry6-
e [5]. Takas paHa UMeeT 3HauYUTeNbHY0 MYOUHY, U e€ JHOM MOoryT
6bITb MbILLLbI, CYXOXKMANA U lasKe KOCTU. XapaKTepHble 0cObeHHOCTH
3TWX paH — 3TO NOCTOAHHbIE CKYAHble CepO3Hble, MUHOTAA THOMHbIE Bbl-
[leneHna, MMetoLLIMe MeCTo BA/bIe TPaHYNALMK, A TAKKe CKIOHHOCTb K
peunaMBupoBaHmio [8].

Ha cerogHAWwHWI feHb, Gnarofaps LUMPOKOMY acCOPTUMEHTY
NIeKapCTBEHHbIX MPEnapaTos, NPU exeJHEeBHbIX afleKBaTHbIX nepe-
BA3KaX, KOHCEPBATUBHAA TEPAnMa NOMOraeT yMeHbLWUTb 06bEM A3BbI,
MHOTA4Q Aaxe NPUBOAUT K BPEMEHHOMY BbI3[OPOBNEHMIO, OAHAKO,
KaK NMoKasblBaeT MPaKTVKa, HECMOTPA Ha BCe YCUANA, PeLnanB CTaHO-
BUTCA HensbexeH.

CylLecTByeT MHOMKeCTBO BapMaHTOB 3aKpbITuA AedeKToB, oaHa-
KO HET CUCTEMHOrO KOMMIEKCHOTO MOAX0AA B XMPYPruyeckom neye-
HUK A3B HEMPOreHHOTO NPOUCXOKAEHUS.

KnuHuueckuit cayuait

MaumeHTKa Aana cBoé MHPOPMMPOBAHHOE coriacke Ha obpa-
60TKY CBOMX NEPCOHaNbHbIX AaHHbIX.

B 2020 rogy B OTAENEHWNE PEKOHCTPYKTUBHOW M MAACTUYECKOW
MUKPOXMPYPruM PecnyBiMKaHCKOro Hay4yHOro LeHTpa CepaeyHo-co-
CYZMCTON Xupyprm noctynuna 6onbHas 25 net ¢ anobamu Ha ge-
GEKT KOXKHOTO MOKPOBA Y OCHOBaHWSA NEPBOro NasblLa Npasoi CTOMbI,
Ha CKyA4Hble Cepo3Hble BbILENEHWA HA MPOTANKEHUU A/UTENbHOMO
BpemeHU. M3 aHamHe3a BbIACHMNOCh, YTO C LIECTUIETHEero Bo3pacTa
nauyeHTKa MHOTOKPaTHO NepeHecaa opToneanyeckue onepaumm (6o-
nee 10 pa3s). fogom paHee y 60bHOM NosBKUAaCb paHa HeGONbLLLIOTO
pasmepa B 061aCTV NpaBoit CToMbl y ocHoBaHuA | danaHrm 6obworo
nanbua. B TeYeHue LWeCcT MecALEeB NaLMeHTKa noiyyana KoHcepBa-
TUBHYIO Tepanuio B JAOMALUHUX YCI0BMAX, HO Be3ycnewHo, paHa He
3aXkuBana.

B 2019 roay 60nbHOV bb110 NPOBEAEHO UCCEUEHME A3BbI U YLLIN-
BaHMe AedeKTa MeCTHbIMU TKaHAMM, HO C TeYEHNEM BPEMEHM 3aXKMB-
JIeHMe paHbl He NPOM30LLO, U Ha e€é mecTe 06pa3oBanach paHa bonee
06bEMHOO pasmepa. MaupeHTKa B TeYeHUe AEBATU MECALEB nocae
onepaLmMu NpPoBOAMIa NEPEBA3KY PaHeBOW MOBEPXHOCTM B AOMall-
HUX YCNIOBUAX Pa3NNYHbIMU IEKAPCTBEHHbIMU CPEACTBAMM, YTO He
MPUBENO K 3aXKMB/IEHMIO. B MOMEHT 06cneoBaHNs BbIN0 BbIABIEHO
conyTcTBytoLlee 3aboneBaHne — MMeNOAMCNNA3MA Kayaa bHOW YacTu
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neurogenic ulcers is relatively low and amounts to only 1%. The
authors state that, despite the low occurrence rate of "neuro-
trophic ulcers of the lower limbs, the problem of their treatment,
regardless of the variety of available methods, remains a complex
and unsolved problem" [6] of reconstructive plastic surgery.

Treatment of neurogenic trophic ulcers is not always suc-
cessful, and treating the ulcers localized on the plantar surface
of the foot is especially difficult. Due to the peculiarities of the
foot integument and its dense structure, it is difficult to replace
the defect with similarly robust tissue. In addition, ulcers at sup-
port areas on the plantar surface of the foot are subject to con-
stant mechanical stress. In this regard, after surgical restoration
of damaged tissue, the denervated area, deprived of sensitivity,
requires special comprehensive care.

A visible skin wound in neurotrophic ulcers with a long-
term non-healing wound surface, as noted by Shikhaleva NG et
al (2011), is only the iceberg top, while 70% of the defect is locat-
ed much deeper [5]. Such a wound has a significant depth, and
muscles, tendons, and bones can form its bottom. Characteristic
features of these wounds are constant scanty serous, or some-
times purulent discharge, slow granulation, and a tendency for
recurrence [8].

Today, due to a wide range of available medications, with
daily adequate dressings, conservative therapy helps to reduce
the volume of the ulcer and sometimes even leads to temporary
recovery; however, as practice shows, despite all efforts, relapse
becomes inevitable.

There are many options for closing defects, but a systematic,
comprehensive approach is needed for the surgical treatment of
ulcers of neurogenic origin.

Clinical case

The patient signed an informed consent form to process her
personal data.

In 2020, a 25-year-old female patient was admitted to the
Department of Reconstructive and Plastic Microsurgery of the
Republican Scientific Center for Cardiovascular Surgery with com-
plaints of a skin defect at the base of the right big toe and scanty
serous discharge over a long period. The anamnesis revealed that
since the age of six, the patient had undergone multiple ortho-
pedic surgeries (more than ten times). A year earlier, the patient
developed a small wound in the area of the base of the proximal
phalanx of the right big toe. For six months, the patient received
conservative therapy at home, which was not successful, as the
wound did not heal.

In 2019, the patient underwent excision of the ulcer and
closing of the defect with local tissues, but over time, the wound
did not heal, and a larger wound formed in its place. The patient
used to dress the wound surface at home with various medica-
tions for nine months after the operation, which did not lead to
healing. During the examination she was diagnosed with concom-
itant diseases: myelodysplasia of the caudal part of the spine,
clubbed foot, and a bilateral flat-footed deformity with valgus.

When examining the right and left lower limbs, a develop-
mental anomaly of the foot and toes was discovered, which re-
sulted in the shortening and displacement of the middle phalan-
ges of the right foot toes. X-ray of the right foot in the metatarsal
region showed the X-shaped alignment of the Kirschner wires and
the fixation plates between the calcaneus and talus. At the base
of the big toe, a skin defect measuring 2.5x2.0 cm the depth of
which reached the subcutaneous fat and maceration of the skin
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NMO3BOHOYHMKA, KOCONAMOCTb U ABYXCTOPOHHASA AedopmaLima no Tuny
NN0CKOBANbIYCHbIX CTOM.

Mpy ocmoTpe NPaBoOM M NEBOIN HUMKHMX KOHEYHOCTeN Habato-
[Janacb aHOManusa Pas3BUTUA CTOMbI M NaNbLEB, BblPAaXKEHHAs B BUAE
YKOPOUEHMA U CMELLEHNSA CPeLHMUX danaHr KOCTel npasoit ctonbl. Ha
peHTreHorpadvm Npasoii CToMbl B MeTaTap3asbHOW 061acTu BU3ya-
Nn3npoBanacb X-obpasHoe pacrnonoxeHune cnuuy, KupwHepa u Gpuk-
caumMa NNacTMHAMKU MEXKAY NATOYHOM M TapaHHOM KOCTAMM. Y OCHO-
BaHWA NepBOro nasbla oTMeyvancs aedekT Koxu pasmepom 2,5x2,0
CM M MaLLepaLLma KOXM BOKPYT paHbl, IybyHa KOTOpoW Aoxoauna oo
MOZKOXKHOM KMPOBOMN KAETYaTKU. THOMHOTO BbIAENEHMA U3 paHbl He
oTmeyanoch (puc. 1, 2). Mynbc Ha apTepuax HUKHEN KOHEYHOCTH Bbin
OTYETIMBLIN. [1aTONOrMYECKMX NPOLLECCOB B KOCTHOM CTPYKTYpE He Ha-
61104aN10Ch.

M13-3a g/MTenbHOTO TeYeHUs paHeBoro npolecca 6bi10 npose-
[IeHO IMCTONIOrMYECKOe UCCNe0BaHUE PaHbl, B 3aKNOYEHUM KOTOPOTO
oTMeYeH PUOPO3 MATKMX TKAHEW C BbIPaXKEHHbIM BOCMAIUTE/bHbBIM
NMPOLLECCOM C MHOXECTBEHHbIMM COCYAAMM, aTUMUYHbIE KNETKU He
BbifBNEHDI. Mocne NpoBeaeHNs 1abopaToOPHbIX UCCEA0BaHMI NaLy-
€HTKe B N1aHOBOM NopsAzKe bblia BbINOSHEHA OnepaLLma no ycTpaHe-
HUIO TPOUYECKON A3BbI.

Onepauus npoBegeHa nog oMM SHAOTPaxeabHbIM HapKo-
3oMm. Mocne npeagapuTenbHOM pasmeTku (puc. 3) BbiN10 BbINOAHEHO
KpYroBoe ucceyeHue paHbl A0 340POBbIX TKaHel (puc. 4), mybuHa
caHaummn TpoduyecKon A3Bbl AOXOAMNA A0 MeTaTap3asbHON Kocty |
nanbLa C UCCEYEHNEM U3MEHEHHDBIX TKaHel. CneayeT OTMETUTb, YTO

around the wound were found. There was no purulent discharge
from the wound (Fig. 1, 2). The pulse in the arteries of the lower
limbs was distinct. No pathological processes were observed in
the patient's bones.

Due to the long course of the wound, a histological exam-
ination of the wound was carried out, which showed fibrosis of
soft tissues and a pronounced inflammatory process with numer-
ous blood vessels. Atypical cells were not detected. After labora-
tory tests, the patient underwent surgery to eliminate the trophic
ulcer.

The operation was performed under general endotracheal
anesthesia. After preliminary marking (Fig. 3), a circular excision
of the wound to healthy tissues was carried out (Fig. 4), and the
depth of trophic ulcer sanitation reached the metatarsal bone
of the first toe with excision of altered tissues. It should be not-
ed that before excision, the size of the trophic ulcer was within
2.5x2.0 cm. After complete excision of non-viable tissues, the
wound size increased to 3.0x2.5 cm. To cover the defect on the
medial surface of the right foot, a bilobed flap was used (Fig. 5,
6).

The immediate postoperative period was uneventful; the
blood supply to the transferred flap was compensated. However,
due to the long-term course of the chronic inflammatory wound
process, the next day after the operation, body temperature in-
creased to 38°C, and tissue tension in the interdigital space of the

Puc. 1, 2 Tpochuyeckas 838a memamap3asbHol 06:1acmu y 0CHOBAHUA NeP8o20 NAsbYA ¢ NOOOWBEHHOU nosepxHocmu
Fig. 1, 2 Trophic ulcer of the metatarsal region at the plantar surface of the big toe base

Puc. 3 Cxema pazmemku paspesa
Fig. 3 Surgery marking diagram

Puc. 4 Kpyzos0e ucceveHue mpoguyeckol A38bl
Fig. 4 Circular excision of a trophic ulcer
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[0 1UCceYeHUa pasmep TPOdUUecKoW A3Bbl COCTaBAAA B nmpefenax
2,5%2,0 cm. Mocne MosHOro UCCeYeHU HEeXM3HECnoCobHbIX TKaHekn
pasmep paHbl yBennumnnca go 3,0x2,5 cm. C uenbto yKpbiTua gedexTta
C MeZ1abHOM NOBEPXHOCTU NPaBOM CTOMbI OblN UCMONb30BaH HECBO-
60aHbIM «Bilobed» nockyT (pwc. 5, 6).

BAVKAMLLMIA MOCNeonepauyoHHbI Nepuoa, NPOTeKan MagKo,
KpoBOCHabeHMe nepemeLLEHHOTO 0CKyTa Obl10 KOMMEHCUPOBaH-
HbiM. OfiHaKo, BCNeACTBUE A/IUTENBHOMO TEYEHUA XPOHWUYECKOTo BOC-
Ma/MTeNIbHOMO PaHeBOro NMPOLLECCa, Ha CeLyoLWMiA fieHb nocsie ore-
paLuM OTMEeYanoch NOBbILEHWE TemnepaTypbl Tena Ao 38 rpasycos,
a B MexnasnblLieBom npomexyTke | v Il nanbLes cTonbl 0TMeYanocb
HanpAXeHWe TKaHel B BuAe OTéKa 1 runepemuu. C Lenbio AeKomnpec-
cuM 3Ta 061aCTb NPO30HAMPOBAHA, MMENO MECTO CYKPOBUYHOE OTae-
naemoe. CaHaumMA 1 APeHUPOBaHUE B TeUeHME HECKONBbKUX AHe fanu
NONOXKUTENbHBIN 3QPeKT. MPoPUNAKTUYECKM BHYTPUBEHHO ObIIN Ha-
3HaY€eHbl aHTUOMOTUKM LLIMPOKOTO CMEKTpa AeicTBKA. B Lensx yckope-
HUA NpoLecca 3aXKMBEHMA MECTHO UCMOb30Ba/CA LIMHKA rManypoHaT
(Kyp1o3uH renb). s yayylleHns KPOBOCHAGXKEHMA 30HbI onepauum
6b11M Ha3HAYeHbl aHTMONPOTEKTOPbI, e3arpPeraHTbl U CNa3MONUTUKM.
B pesynbTaTte BbilLENepeuncaeHHbIX MeponpUATUIA CTafla HaMeyaTbCA
MONOMKMTENbHAA AWHaMMKA. MauyeHTKa bbina BbiNMcaHa B yAOBAET-
BOPUTENBHOM COCTOAHWMM U HampaBieHa Ha ambynaTopHOe NeyeHue.
MpesBapuTe/bHO eVl BbiNo pasbAcHeHO 06 0cobeHHOCTAX 3ab60NeBaHNA
1 Mepax NPeaoCTOPOXKHOCTM BO U3beKaHVe peLyanBoB.

Yepes mecsL, nocsie onepaLmm naumeHTKe bbln NnpoBeséH aecs-
TUAHeBHbIN Kypc B/IOK annapaTtom nasepHoi Tepanum MycTaHr-2000
(HNALL TexHmKa, Poccuiickan depepaums) (puc. 7). Kaxkaas npouesy-
pa npogonkanacb 20 MUHYT, MOLLLHOCTb Ha KOHLIe CBETOBOAQA COCTaB-
nana 2 mBr.

first and second toes was seen in the form of edema and hyper-
emia. For the purpose of decompression, this area was probed,
and serous discharge was drained. Sanitation and drainage for
several days had a positive effect. Broad-spectrum antibiotics
were prescribed intravenously as a preventive measure. Zinc hy-
aluronate (curiosin gel) was used locally to accelerate healing.
Angioprotectors, disaggregants, and antispasmodics were pre-
scribed to improve the blood supply to the surgical area. As a re-
sult of the above measures, positive dynamics began was finally
seen. The patient was discharged in a satisfactory condition and
referred for outpatient treatment. She was preliminarily informed
about the nature of the disease and precautions to be taken to
avoid relapses.

A month after the operation, the patient underwent a ten-
day course of ILBI using the Mustang-2000 laser therapy device
(NPLC Technika, Russian Federation) (Fig. 7). Each procedure last-
ed 20 minutes, the power at the tip of the light guide was 2 mW.

This procedure was delayed because in the immediate post-
operative period, the patient had hyperthermia, episodes of hy-
potension up to 90/60 mm Hg, emotional instability (periods of
irritability and apathy), and received disaggregants. A course of
ILBI was carried out twice a year for preventive purposes.

The remote postoperative period was monitored for a peri-
od from six months to two years. The skin of the transferred flap
did not differ in thickness and color from the bordering skin, the
edges of the scars were barely noticeable. No relapse of the tro-
phic ulcer was noted (Fig. 8, 9).

Puc. 5, 6 Ykpbimue depekma ¢ nepemewieHuem «Bilobed» nockyma Fig. 5, 6 Covering the defect with the transferred bilobed flap

Puc. 7 Annapam nazepHoli mepanuu MycmaHe-2000
Fig. 7 Laser therapy device Mustang-2000

[aHHas npoueaypa bbina OTCPoYEHa B CBA3M C TEM, YTO Y 60/1b-
HOW B BAMMKaMLWEM NOC/e0NepaLMoOHHOM NeEPUOLE UMENN MECTO TU-
nepTepmus, anu3oabl rmnotoHun 4o 90/60 mm Hg, amoumoHanbHas
HeCTabubHOCTb (Neproabl Pa3apakUTENbHOCTM M anaTum), a Takxe
6blAM Ha3HauyeHbl Ae3arperaHtbl. C NPOGUAAKTUYECKOW LEebio Kype
B/10OK nposoaunca aga pasa B rog,

OTAaNEHHbIN NOCNEONEePaLMOHHbIN Nepuos bbli NPOCNEKEH B
Nepuos OT LIEeCTU MecALEB 0 ABYX /ieT. Koxa nepemeLLéHHOro /o-
CKyTa MO TONLLMHE U UBETY HEe OT/IYanach OT NOrPaHMYHO JIeKaLLeN
KOXM, Kpas pybLOB Mano3ameTHbl. PeumanBa TpPodUYeCKoi A3Bbl He
oTMeYeHo (puc. 8, 9).
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Puc. 8, 9 ®omo cmonsi 8 omoanéHHom nepuode Fig. 8, 9 Photo of the foot in the long term

OBCYXOEHUE

B Lienax coBepLIEHCTBOBAHMUA Sle4eHNs BOMbHbIX C HelMpoTpodu-
YECKOI A3BOW CTOMbl ONTUMA/IbHBIM CYMTAEM KOMMIEKCHbIV NOAXOA,
BK/IOYAIOLLMI NPOBEAEeHNe XMPYPrMYecKon onepaLymmu MecTHo-nna-
CTUYECKMM CMOCOBOM C COOTBETCTBYHOLLEE MOC/NEONEepPaLMOHHOE
BeseHve. CneayeT OTMETUTb, YTO Ntobas A3Ba ABAAETCA CUMMTOMOM
HapyleHus TpodMKM TKaHei, nosatomy MuHacos BLU ¢ coast. (2016)
NpeAnaratoT «...8 3aBUCUMOCTY OT JIOKANN3aLLMK, Pa3MepPOB, IyBUHbI
W CTeneHW MOpaXKeHWs aHATOMMYECKUX CTPYKTYP, COCTOAHWS KpO-
BOCHAOXEHUA M MNACTUYECKUX BO3MOMNHOCTEW MOPaXKEHHOW CTOMbI
NPUMEHATb TOT UV UHOW BUA, NNACTUKN MATKUX TKAHEW BacKynApu3un-
POBaHHbIMM IOCKyTamMm» [8].

Pap aBTOpOB NpeaaraeT UCnob30BaHMeE KIACCUYeCKoro Xupyp-
TMYEeCKOro MeTOA — TAKOTO KaK HEKPIKTOMMA U ayTOAePMONIACcTVKa
B COYETaHUM Bakyym-Tepanuei. OgHako MynauH PU ¢ coasT. (2013)
CYMTAIOT, YTO, HECMOTPA Ha MPUMEHEHWe MeToZa BaKyym-Tepanuu,
He VUCK/II0YaIoTCA PeLyaMBbI, BBUAY TOMO YTO B OCHOBE NaToreHesa se-
KUT HapyLleHune TPopUKM NopakeéHHOro yyacTka [9]. Kak otmevator
Zpyrue aBTopbl, HECMOTPA Ha pa3Hoobpasue cnocoboB COBPEMEHHO
MeAMLMHBI, AA¥Xe NPY eXeHEBHbIX afeKBaTHbIX NepeBasKax, Tpeby-
€TCA paguKanbHoe YKpbITe aedeKkTos [6].

[na Toro, 4To6bl BbIGPATL NAACTUYECKWI MaTepuan B LEenax
YKPbITUS HeMpoTpoduUecKoit A3Bbl B 061aCTV CTOMbI, CeayeT yumuTbl-
BaTb NIOTHOCTb JOHOPCKOM TKaHW CaMol MOPaXKEHHOW CTOMbI, COOT-
BETCTBYIOLLEH NAOWAAM PaHbl, CTENEHb Pa3pyLUEHNA aHaTOMUYECKUX
CTPYKTYP, T.€. COXPAaHHOCTb MHHEPBALMU M KpoBOOGpaLLeHus [7, 11].

Mpobnema sdppekTMBHOrO neveHmn aedeKkTos TKaHel cTonbl ¢
HelpoTpoPUUYECKUMM A3BaMM eLLE AianieKa OT CBOETOo OKOHYATeIbHOro
paspeLUeHus, U B CUCTEME SIEHeHUA TaKMX HONbHBIX eLwLé He pa3pabo-
TaHbl YETKME HAay4YHO-06OCHOBAHHbBIE aNrOPUTMbI BbIGOpa ONTUMAsb-
HbIX METOAMK.

3AKNIOYEHUE

Takum 06pa3om, B NPeacTaBEHHOM KJIMHUYECKOM Cly4Yae Xu-
pypruyeckoe neyeHne TPOpUYECKoi A3Bbl CTOMbI HEMPOreHHOro Xa-
paKTepa Npu NONHOLEHHOM UCCEYEHUMN HEXKMU3HECTIOCOOHbIX TKaHel 1
YKpbITUM fedekTa nepemelLEéHHbIM HECBODOAHbBIM NOCKYTOM B COYe-
TaHuu ¢ B/IOK no3sonaeT AOCTUTHYTb YA0BNETBOPUTENbHBIX PEe3ybTa-
TOB ¥ M36€eXaTb NOCNeoNnepaLOHHbIX OCIOKHEHMIA.

DiscussiON

In order to improve the treatment of patients with neuro-
trophic ulcerative foot, we consider a comprehensive approach
to be optimal, including local plastic surgery with appropriate
postoperative management. It should be noted that any ulcer is
a symptom of tissue trophic disorder, therefore Minasov BSh et al
(2016) suggest to “use one or another type of soft tissue plastic
surgery with vascularized flaps depending on the location, size,
depth and degree of damage to the anatomical structures, the
state of the blood supply and the plastic capabilities of the affect-
ed foot” [8].

A number of authors suggest using a classical surgical meth-
od, such as necrectomy and autodermoplasty, in combination
with vacuum therapy. However, Mullin RI et al (2013) showed
that possibility of relapses could not be excluded despite vacu-
um therapy, as the pathogenesis was based on a trophic lesion at
the affected area [9]. Despite the variety of methods of modern
medicine, even with daily adequate dressings, radical coverage of
defects is required [6].

To select a plastic material for covering a neurotrophic ulcer
in the foot area, one should take into account the density of the
donor tissue of the affected foot itself, the corresponding area of
the wound, the degree of destruction of the anatomical struc-
tures, i.e., preservation of innervation and blood circulation [7,
11].

The problem of effective treatment of tissue defects of the
foot with neurotrophic ulcers is still far from its final resolution,
and explicit scientifically based algorithms for choosing optimal
methods have yet to be developed in the management of such
patients.

CONCLUSION

Thus, in the presented clinical case, surgical treatment of
a neurogenic trophic ulcer of the foot with complete excision of
non-viable tissues and covering the defect with a transferred flap
in combination with ILBI allows to obtain satisfactory results and
avoid postoperative complications.
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IO0mnaen

XAMWAO0B HABUAXOH XAMUAO0BUY
uneH-kopp. HAHT, doKmop MeOUYUHCKUX HaYK, npogeccop

90 net co AHA poXKAeHUA

6 ceHTAbps 2024 roaa ucnonHunock 90 NIET CO AHA POKAEHUA U3BECTHOTO YYEHOTO M Neslarora, KAMHWULMCTA, OLHOIO U3 OCHOBaTENel Kadeapbl BHYTPEH-
HMX 6onesHeit No 2 TTMY vum. Abyann nbHu CuHo, YneH-Kopp. HAHT, 4oKTOpa MeAMUMHCKUX HayK, Npodeccopa Xamnaosa HabuaxoHa Xammuaosuya.

Xammaos H.X. 8 1951 1. ¢ «30/10TOM MeAanbo» OKOHYMA cpeaHioto wkoAy. B 1951 noctynua 8 TTMU um. Abyanu M6HM CUHO, Bbin CTaIMHCKUM CTUNEHAN-
aTOM M OKOHYMA BY3 C OTIMYMEM. MOCIe OKOHYAHWA MHCTUTYTA Bbln HanpasneH B LLlaapTy3ckuii paiioH, NOCENok ABaa, rae Bnepsble OpraHW30Ba CebCKYH
y4acTKoBYH0 60/1bHULY. KAMHMYECKYo OpAMHATYPY NPOLEN Ha Kadeape dakynbTeTckol Tepanum TTMY um. Abyanu nbHu CuHo, a acnmnpaHTypy — 8 LIO/INYB (r.
Mockga). B 1962 rogy nog, pyKoBoACTBOM BUAHOIO Y4E€HOro, YneH-kopp. AMH CCCP, npodeccopa EropoBsa .M. 3aWutin guccepraumio Ha CoMcKaHne yuyéHoi
CTENEHN KaHAMAATa MEANLMHCKUX HayK Ha Temy « DYHKLIMOHA/IbHOE COCTOSIHWE NeYeHn Y BO/IbHBIX TMPEOTOKCUKO30M B CBA3M C /IEYEHUEM Y.

Mocne Bo3BpaLLeHNUs U3 acnupaHTypbl paboTtan 8 TTMU num. Abyanu bHM CMHO CHayana acCUCTEHTOM, 3aTem aolieHTom. C 1974 no 2010 roapl 3aBeaoBan
Kadeapoit BHyTpeHHMX 6onesHelt No 2. C 2010 roaa no Hactosllee Bpems aBaseTca npodeccopom atoi Kadbeapbl. C 1973 no 1978 rog, ABAAACA A€KaHOM MO
NOATOTOBKE MHTEPHOB M KIMHUYECKUX opAanHaTopos TTMU um. Abyanu nbHmu CuHo.

B TeyeHve onpeaenénHoro nepuoga H.X. Xamupaos 3aHMmancs npobaemamm sHA0KPUHONOTUM U remaTonorn. O4HOBPEMEHHO 3aBefj0Ba/l reMaTo/omM-
YECKMM OTAENEHNEM, OTKPbITbIM NP ero HenocpeacTBeHHOM pyKoBoacTae Npu PKB Ne 3 (1966 1.). OH o4HMM 13 NepBbiX B pecnyb/IMKe LUMPOKO BHEAPU METOA,
CTEPHA/IbHOM NYHKLMM B AMArHOCTUKe 3a601eBaHUIA CUCTEMbI KDOBM.

Ha npotsaxeHun gantenbHoro Bpemenyn HabuaskoH XaMnaosmy akKTUBHO 3aHUMAETCA NPobaemMoit apTepuanbHoO runepTeH3uun. M, COBMeCTHO ¢ yye-
HUKaMK, M3y4eHbl 0COBEHHOCTM 3TUONOTUM, MaToreHe3a, NaToNOTMYECKON aHAaTOMUK, AMArHOCTUKM, AnddepeHLanbHOW ANArHOCTUKM, NPOGUNAKTUKM U Ne-
YeHWA AaHHOM NaTONOIMM Y NL, CTapLUMX BO3PAcToB. Xamunaos H.X. COBMECTHO CO CBOMM yuuTenem, akagemmkom Lidacmarom A.3., nepsbimmn 8 CCCP HayyHO
060CHOBaNM CaMOCTOATE/IbHOCTb M30/IMPOBAHHOW CUCTONMYECKOW apTepuanbHOW rMnepToHuu. NpeanoxeHHas UMK KnaccudUKaLma CUCTONMYECKON apTe-
PUanbHOM MMNEPTOHUM A0 HACTOALLErO BPEMEHU NMPUMEHAETCA B KAMHUYECKOW NPaKTMKe BO MHOMMX CTPaHaX NOCTCOBETCKOrO MPOCTPAHCTBA M LIMTUpPYeTCA B
ny6AMKALMAX CONUAHBIX MEXKAYHAPOLHbIX MEAMLIMHCKMX }KYpPHaAN0B. Mo pe3ynsTaTam HayuHbIX UcCaef0BaHUiA No 3Toi npobneme Xamuaos H.X. 8 1973 rogy
YCNeLwHo 3aLLMTUA AUCCEPTALIUIO HA COUCKAHME YHEHOM CTeNeHN JOKTOPa MeANLMHCKUX HayK Ha TeMy « CUCTONMYecKan apTepuasbHasn TMNepTOHNUA B MOXUAOM
1 CTapyeckom BO3pacTe».

Hapsagy ¢ Hay4Ho-Nefarormyeckoii AeaTeNbHOCTbIO, XamuaoB H.X. akTUBHO 3aHUMaeTcA U nevebHol paboToit. OH MHOMMe roapl BO3IIaBnsa pabouyo
TPynny, COCTOSBLUYIO U3 OMbITHbIX CMELMANNCTOB, KOTOPAsA OKasbiBana NeyebHO-KOHCYNLTaTMBHYIO NMOMOLLb KUTeNAM XaTOHCKOM obnactu. HeoaHOKpaTHO
NPUHMMan yyactne B paboTe «KapaBaHOB 340P0BbAY, MPOBEAEHHbIX 1 B APYTMX PETMOHAX pecnybnKu.

HabupaskoH XaMmnaoBuy ABASETCA OCHOBATE/NIEM rePOHTOIOMMYECKON KapAMONOoTUM B HaLLel CTpaHe, MHor1e rogbl 6bin raBHbIM cneuyanuctom M3 PT.
KaK y4€HbliA, OH LUMPOKO U3BECTEH B MEAULMHCKON cpese pecnybivku v 3a eé npefenamu, n3bpaH Y1eHoM perMoHanbHoro otaenenus Esponeiickoro obiue-
CTBa rEPOHTO/IOMOB U repuaTpoB. HEOAHOKPATHO BbICTYNas C HayYHbIMM AOKALaMM Ha Hay4YHbIX KOHPEPEHLMAX B CTPaHaX BAMKHETO U fanbHero 3apybexbs
(ABcTpus, Utanua, Manaiisus, Poccuitckas ®epepaums, Cunranyp, CLUA, TannaHa).

Moa, pykoBoacTBOM Xamuaosa H.X. 3awmiLeHbl 3 4OKTopcKMe v 20 KaHAMAATCKUX anccepTauuii. OH aeaseTca asTopom 6onee 300 Hay4HbIX paboT, B TOM
uncne 10 moHorpadwii, u pefakTopom y4ebHUKa No BHYTPEHHUM 60N1e3HAM, HANUCAHHOTO ero yyeHnKamu — P. CoxnbosbiM 1 A. YMapoBbIM. 3a rofbl paboTbl
1M bbina co3zaHa CBOSA LUKONMA, BOCMIMTaHHWKM KOTOPOI MO Celt AeHb ycnellHo paboTatoT Kak B TaAKUKUCTaHE, TaK 1 3a ero npeaenamu (fepmanus, U3pauns,
Poccuiickas ®epepaums, CLUA v ap.). B HacToswee Bpems Xamuzos H.X. BO3MaBAsET Hay4HO-MUCCeL0BaTeNbCKYIO PaboTy KONNeKTHBa Kadeapbl BHYTPEHHMX
6one3Heit N2 2, KOTOpas NPOBOAMT Hay4Hble UCCAeL0BAHUA NO MPUMEHEHMIO TOPMOHA 3N1dKM3a (MeNaTOHWMHA) B KOMNIEKCHOM IeYeHUM apTepuanbHOM rnep-
TEH3MW Y UL, CTapLLUKX BO3PACTOB.

Mpodeccop Xamuaos H.X., 0613435 LUMPOKMM BCECTOPOHHUM KPYro30pOM, AB/ISETCA 3HATOKOM NMPOU3BEAEHMIA KNACCUYECKUX U COBPEMEHHbIX TaAKMK-
CKMX NO3TOB M NP03anKoB. OH YacTo LUMTUPYeT NpounsseaeHuna Pyaaku, Xanama, Caagu, Xadusa, banxu, MNywkuHa, EceHnHa, baripoHa v ap.

HabnaxoH XamuaoBuy Nosib3yeTca OrpOMHbIM yBaXKeHeMm cpeam Konnektraa TTMY um. Abyanun nbHu CuHo. 3acnyrv npodeccopa Xammaosa H.X. Bbico-
KO OLeHEHbI roCcy4apcTBOM, OH yAocToeH Meaanu «LLadkaTt», NoYETHbIX 3BaHUI «OTIMYHUK 34paBoOXpaHEHMA PT», «OTANYHUK 06pa3oBaHus PT», HarpaxagH
rpamotamu 1 bnarogapHoctamu. MHorue roabl Xamuzaos H.X. 6bin npeacefatenem, Noske — Y1eHOM AUCCEPTALLMOHHOTO COBETA MO 3aLUmTe KaHAMAATCKUX U
[LOKTOPCKMX AMCCepTaLyii Mo cneLmanbHoCTU « BHyTpeHHUe 6onesHu».

Hecmotps Ha Bo3pacT, HabuaxoH XamnaoBUY NPOLO/IKAET CBOK HACTaBHUYECKYIO AEATENbHOCTb, OCTaBasscb 06Pa3LOM A1s NOAPaXKaHUA CBOUM yye-

HWKaM 1 Konneram.

Pykosodcmeo Ta0HUKCKO20 20Cy0apcmeeHH020 MeOUUUHCK020 yHUsepcumema um. Abyau ubHu CuHo, pedKonne2us #ypHana
«BecmHuk AsuyeHHbl» cepdedyHo no3opasasatom HabuodroHa Xamuodosuya co crasHbIM obuneem U xenarom emy Kpernkozao 300posss,
0NMUMU3MQ, MBOPYECKUX ycriexos u cemeliHo2o cuacmeps!
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INepronor, UMMYHONOT,
SAVUNHCKNX HAYK, Mpodc

rTAGOAPOBA MATNIYBA ABJY3YHYHOBHA
00KmMop MeOdUUUHCKUX HaYK, npogheccop

70 neT co AHA poXKAeHUA

4 asrycta 2023 r. ucnonHunock 70 NeT co AHA POXKAEHUA U3BECTHOMY OTOPUHONAPUHIONOTY, TaIAHT/IMBOMY YYUTENIO U HACTAaBHWMKY, LOKTOPY MeAULMH-
CKMX HayK, npodeccopy Matnybe Abay3yHyHoBHe Maddaposoii.

Matny6a Abay3yHyHOBHa poamnacs B r. [lywaHbe B cembe npodeccopa AbaysyHyHa Kaxaposuua Faddaposa u cTapluero npenogasatens Kadeapbl
A3bIkoB Padoat PaxvmosHbI FadpapoBoit 1 ¢ AeTcTBa bbina OKpyKeHa aTMocdepoit OTKPLITOCTU, NOPAJOYHOCTH, MPEAAHHOCTH Aeny, TATW K 3HaHuAM. Mocne
YCMEeLWHOro oKoHYaHuaA WwKobl B 1971 roay, no cosety matepu, Matiyba AbAy3yHyHOBHa NocTynuia Ha nedebHblii dakynbteT TTMU um. Abyanu nbHu CuHo,
KOTOPbI OKOHYMAA ¢ oTivumnem B 1977 roay.

C 1977 no 1979 rr. Matnyba A6ay3yHyHOBHa 0by4anach B KAMHWUYECKOW OpAMHaType Ha Kadeape OTOPUHONAPUHIONOMMM, Fae paboTasu 3HaMeHUTbIE
Y4Y€Hble-oTopuHoNapuHronor — npodeccop KanbluteitH J1.M. (3aBeaytowmii kabeapoit), unen-kopp. AMH CCCP (uneH-kopp. PAMH), npodeccop Mcxakm HO.6.,
npodeccop Xonmatos W.B., accUCTeHTbI — KaHAMAATbI MEAMLMHCKUX HayK Ymapos Y.Y., MapamoHoBa B.A., Aky6osa M.M., O6Hocosa T.M. u MmHOrue apyrue.

Ha kadenpe 6b110 NPUHATO 06YYaTbCA U 3aHUMATLCA HE TOIbKO MPAKTUYECKOW AeATENbHOCTbIO, HO U Hay4HOM paboToi. bonbluoe BAUAHUE Ha BbIBOP
Hay4HOM TemaTMKM OKa3an uneH-kopp. PAMH, npodeccop Hcyd bawumpxaHoBuy Ucxaku. Tak Kak B Pecnybavke TagxMKUCTaH € e€ Kaumartoreorpaduyeckmm
ocobeHHOCTAMM Hab/l04aNCA POCT YMCNA NALMEHTOB C annepruieckumm sabonesaHuamu, pykosoactsom TTMU um. Abyanm néHu CuHo n M3 PT 6bi10 pelueHo
HanpasuTb Matayby ABAy3yHYHOBHY B LIENIEBYIO OYHYHO aCMpPaHTYpy Ha Kadeapy KAMHWUYECKOW aniepronorn u ummyHonoruu LLONNYB (PMAMO, Mocksa,
1984-1987 rr.). B 1987 r. nocae ycnewHomn 3auThl KaHAMAATCKON AuccepTaumm Ha Temy: «OCOBEHHOCTM KAMHMYECKOTO TEYEHNA anneprmieckmx PUHOCKHY-
CWUTOB KaK COCTOAHUA NpedacTmMbl» B cTeHax LIO/IMYB Matnyba A6ay3yHyHOBHa NpucTynuaa K paboTte accucTeHTom Kadeapbl oTopuHonapuHronorun TTMN
M. Abyanu nbHm CuHo. Xenas opraHunsoBsaTtb WKoAy annepronoros, M.A. laddaposa war 3a warom npoAsuranach K ueau. B 1991 r. 6bina yTBep:kaeHa Tema
[LOKTOPCKOW AuccepTaumu, a B 1995 r., HecMoTpA Ha TpyAHOe Bpems v cobbiTus, npoucliealume B cTpaHe, M.A. faddapoBoii 6bina 3aLmiLeHa JOKTOPCKas Anc-
cepTaLms Ha Temy «PervioHanbHble 0COBEHHOCTM PACcMPOCTPAHEHMS, KIMHUYECKOTO TEYEHUS U Tepanus annepruiecknx 3abonesaruit JIOP-opraHoB y kutenei
TapsKukMcTaHa». KaHauaaTckas u fokTopckas aucceptaumn M.A. TadpdapoBoit Bbinm BbINONHEHbI Ha CTbIKE CNeLuanbHocTel: 6onesHn yxa, ropna U Hoca,
annepronorna U UMMyHOOTUA.

M.A. TaddapoBa NpoLLia HACTOALLYHO LWKOY B KAMHUKAX 3HAMEHUTBIX Y4EHbIX — npodeccopos J1.A. lopsaukmHoi (1981 r., Kadeapa KAMHMYECKO annep-
ronorun LLO/INYB, Mocksa), H.A. ManbuyHa (1989 r., kKadeapa /IOP-6onesHeit 2-ro MOJITMW um. H.WU. Muporosa, MockBga), goueHta Y.Y. Ymaposa (2007 r.,
Kadeapa otopuHonapuHronorun TUMMNMK, Qywax6e), npodeccopa b.B. LLespbirnHa (2012, kadeapa otopuHonapuHronornm PMANMO, Mocksa), 2013 r. — Op-
raHM3aLyA 34paBOOXPaHEHMA 1 06LLECTBEHHOE 340POBbE (KYPCbl NOBbILLEHWA KBaMOUKALMK ANS TaBHbIX Bpayel, Kadeapa OpraHn13aLLmm 34paBooXpaHeHus
1 obLiecTBeHHOro 3a0poBba PMANMO, Mocksa).

€ 1996 r. no 2009 r. MaTny6a Abay3yHyHoBHa Faddaposa paboTana 3aBedytoLueit Kadpeapoit OTOPUHONAPUHIONOTMM UM. YieH-Kopp. PAMH, npodeccopa
t0.B. Ucxaku. Mog, eé pyKOBOACTBOM BeNach MHTEHCMBHAA paboTa B 06/1aCTU annepruyeckmx 1 Heannepruyeckmx 3abonesanuii JIOP-opraHoB, npumeHanach
TPaAMLMOHHAA U HETPAZULMOHHasA Tepanus npu nedeHnn JIOP-natonoruit. ayyanac B3aMMocBA3b 3a60/1€BaHNI BEPXHUX AbIXaTe/bHbIX MyTel ¢ 6poHxuanb-
HOI acTMOW, ¢ 3abonesaHuamm XKKT.

C 2009 r. no HacToslee Bpema Matnyba A6ay3yHyHOBHa paboTaeT BeAyLUMM CMEeLMaiMcTOM OTOPUHONAPUHTONIOTOM-aIIEPrONIOTOM B CETU CEMEMHbIX
MeANLMHCKUX LeHTPpoB 1. Mocksbl. Mog, pykosoactsom M.A. ladpdapoBoit 3aLumLLeHbl 3 JOKTOPCKMX U 4 KaHAUAATCKUX auccepTauuid. OHa He NPOCTO HayYHbI
PYKOBOAMTEIb, HO HACTOALLMIA HACTaBHWMK, AAaBLUMIA MHOTOE B KNMHWYECKO NpaKkTUKe 1 npenogasaHuu. NMpodeccop M.A. laddapoBsa ycnewwHo coueTana pyko-
BOZALLYIO AEATENIbHOCTb C KIMHUYECKON, y4eBHO-METOAMYECKOW, HayYHO-UCCNea0BaTeNbCKo paboToit. OHa aBTop 6onee 250 onybaMKOBaHHbIX PaboT, B TOM
uncne «Kypca Nekuumii o UMMyHONOMUMK», MOHOTpaduii «Annepruyeckue 3abonesarus JIOP-opraHoB y geTeit», «anunnomaTtos roptaHuy», el paspaboTaHbl
MeToAMYecK1e Nocobus U pekomMeHZaLMK A8 CTYAEHTOB, OPAVHATOPOB M Bpayel. B npakTuyeckoe 34paBooXpaHeHue BHeApeHo bonee 25 HOBbIX METOA0B
neveHuns 3abonesaHuit JIOP-opraHoB, OHa — aBTOP 25 PaLMOHaAM3aTOPCKUX NPEAN0KEHNNA.

Matny6a A6ay3yHyHOBHa No/1b30Basach HEMPePeKaeMbIM aBTOPUTETOM U UCTUHHBIM YBAXKEHUEM KOJIET, Y4EHWKOB, CTYAEHTOB W NauveHTos. Co c1os
€é BbIBLUMX KOJ/IET, Y4EHUKOB, CTYAEHTOB U OPAVMHATOPOB, OHA — CTPOTMIA, TpebOoBaTENbHbIN YUNTENb U HACTABHUK, 3aMeyaTeNbHbIN BPaY, Y4EHbIN, bnecTawmii
neaaror, YesoBek 60/bLION ¥ A06POI AyLIM, BHECLIMIA 3HAUYUTENBHBIN BKNAZ, B Pa3BUTUE OTEYECTBEHHON OTOPUHONAPUHIONOTUK U annepronoruu. OHa npu
3TOM 3ameyasia cpen MO0A0r0 NOKONEHUA 0COBEHHO OTBETCTBEHHbIX, CNOCOBHBIX U TPYAOMHOOMBBIX, yMHbIX CNELMAIUCTOB U BCAYECKM UM NOMOTana.

B cembe MadpdapoBbix 60MbLLOE BHUMAHWE YAENANOCh NAaTPUOTUYECKOMY BOCMUTaHWMIO, N106BM K PoayHe, UCTUHHOW, HacToswei. C aeTcTBa e npusu-

Baslacb J106OBb K KHWraM 1 YTEHMIO: A0Ma Y poauTeneit u B cembe Matiybbl A6Ay3yHyHOBHbI Bbl1a 6oratas 61banoTeKa, KOTOpPas CoOXPaHMAACh 4O CUX MOp.

Pykogodcmeo Ta0#UKCKo20 20Cy0apcmeeHH020 MedUUYUHCKOo20 yHusepcumema um. Abyanu ubHu CuHO U pedKonne2us #ypHana
«BecmHuk AsuyeHHbl» cepdeyHo nosopasnatom Mamayby A6Oy3yHYHOBHY CO C/1a8HbIM t0bUneem u 3enarom eli Kpenkozo 300posss,
doneonemus, onmumusma u 6onbliux ycrexos 8 dansHeliweli Hay4yHo-uccnedosamernscKoli 0esmensHocmu
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IO0Ouaen

LLIYKYPOBA ANNOPO AOXAMOBHA
KaHOudam buonoau4eckux HayK, doueHm

70 neT co AHA poXKAeHUA

LLlykypoBa [nnopo AaxamoBHa poaunach 22 asrycta 1954 B ropoae CamapKaHze, B akageMmnyeckoi cembe. [locne OKOHYaHMA CpeaHei LWKObI B ropoae
[Oywanbe noctynuna Ha 6ronornyeckunii dakyabteT TaAKMKCKOTO rocyAapcTBEHHOMO yHMBepcuTeTa MM. B.W. NleHuHa. C oTinumem oKoHUMB y4éby, B 1978 roay
6blna NpUHATa Ha PaboTy B KauecTBe accucTeHTa Kadeapbl ructonornn TTMU um. Abyanm nbHu Cuxo.

C 1982 no 1985 rr. LLykyposa A.A. 6bina acnupaHTom Kadeapbl ructonorun TTMU um. Abyann nbHM CuHo. Mocie OKoHYaHMA acnupaHTypbl paboTana
accucteHTom Kadeapol. C 1994 no 2001 rr. — cTaplumii npenogasatens, B 2001-2012 rr. — goueHT, ¢ 2012 no 2017 rr. —3aBeaytowan kadeapoi ructonornm TTMY
M. Abyanm nbHu CuHo. C ceHTabpa 2017 roga NpoaoKana CBO TPYAOBYHO AEATENbHOCTb B KaYecTBe AoLeHTa Kadeapsbl, a ¢ Hoabpa 2019 roga no HacToAulee
Bpema paboTaeT Ha LO/MKHOCTM npodeccopa Kadeapbl ructonorum TTMY nm. Abyanm nbHmu CuHo.

B pesynbraTe HayuHbIx UccnenosaHuii LLykyposoit [.A. Bnepsble Bbln ycTaHOBNEHbI 0COHEHHOCTU COOTHOLLEHWS NPOLLECCOB MMNEPnIasum U runepTpo-
dun KneTok HedpoHa amPubKiA, coCTaBNAOLLME OCHOBY POCTA CTPYKTYPHO-OYHKLMOHANBHOM eAyHULbI NOYEK, U 3alUMLLEHA KaHAMAATCKas AuccepTaums Ha
Temy «KomneHcaTopHas runepTpodus pereHepupytoLLeit Nnoukn amoubuii (Rana ridibunda Pall)».

Lykyposa [.A., Hapaay ¢ NnpenoAaBaTebCKoM U HayYHOI AeATeNbHOCTbIO, B nepuog 2001-2005 rr. o4HOBPEMEHHO BbINO/IHANA 0653aHHOCTM 3aMeCTU-
Tens AeKaHa v cekpeTaps Y4EHOro coBeTa 0bLieMeanLMHCKoro dakyabteta TTMY nm. Abyanu nbHu CuHo. LLykyposa [.A. ycnewHo coYeTaeT HayyHyto paboTy
C Nejarornyeckoi 1 obLLecTBeHHOM. MPOBOANT NPAKTUYECKMUE 3aHATUA U YUTAET NIEKLMU MO MUCTONOTUM, MUKPOAHATOMUU U SMBPUONOTMK AN1S CTYAEHTOB Ha
rocyAapcTBEHHOM, PYCCKOM W aHTIMACKOM A3bIKaX.

LLlykypoBoit [1.A. NOArOTOBAEHbI U U3AaHbl y4eBHUKM MO TMCTONOMMM Ha FOCYAaPCTBEHHOM, PYCCKOM U @aHIMIICKOM A13bIKaX, @ TaKKe atiac rucTosnormye-
CKUX MPEenapaToB Ha TPEX A3blkax. [lna yayylleHns KauecTsa 06pa3oBaHMa U CamMOCTOATEIbHOM pPaboTbl CTYAEHTOB nog, pykosoacTsom LLykyposoit [.A. 6biu
NOArOTOBNEHbI METOAMYECKME PAa3PabOTKU ANA NPAKTUYECKMX 3aHATUIA NO MUCTONOTUM, MUKPOAHATOMUM U 3MBPUONOTUN. BONbLUMM AOCTUKEHWEM ABNSETCA
BHEZPEHME W paLMOHa/IbHOE UCMONb30BaHNE MHHOBALMOHHbIX MPOTrPaMm B NpoLecc 0by4YeHus, Kak AOMNONHEHUE K OCHOBHOMY METOZy 0byuyeHus, a TakkKe
onpefeneHve CTeneHn yCBOeHWs y4ebHoro matepuana ctyaeHTamu. Co3aaHa cnelmanbHasn KOMMbloTepHas nporpamma « OKHa 3HaHWUI» B BUAE 3NEKTPOHHOTO
anbboma rMCcToNOrMYECKUX NPenapaToB, KOTOPas A3ET BO3MOXKHOCTb CTyAEHTaM U3y4aTb UX HE TONbKO Ha Kadeape, HO U1 3a eé npeaenamu. LLykyposa Aunopo
AnxamoBHa aBnseTcs asTopom 170 ony6MKoBaHHbIX Hay4YHbIX 1 y4ebHO-MEeToANYECKMX PaboT.

3a A06POCOBECTHbIN U NI0A0TBOPHBIN Tpya, LLyKypoBsa [.A. HEOAHOKPATHO NooLpanack 6aarogapHOCTAMM U NOYETHBIMKU rpamoTamu TTMY um. Abyanu
16HM CuHo. B 2003 roay oHa 6bina yaocToeHa 38aHna «OTAMYHMK 06pa3oBaHMA U Hayku Pecnybanku Tagxukuctan». B 2019 roay Lykyposoit [1.A. 3a nnogoT-
BOPHYIO U aKTUBHYIO AeATENbHOCTb B BOCTIMTaHUM MOIOAbIX KaAPOB Hbl/10 NPUCBOEHO 3BaHMe NoYéTHoro npodeccopa TTMY um. Abyanu nbHm CuHo.

LlykypoBa [.A. nonb3yeTcs 3ac/y:KeHHbIM YBaXKEHWEM CPeAW NpPenoaasaTeneid, COTPYAHUKOB, Bpaue 1 CTyAeHToB, baarogaps cBoemy Tpyaonobuto,

CKPOMHOCTH, ,u,oﬁpox(enaTeanoch.

Pykosodcmeo Ta0HCUKCKO20 20Cy0apcmeeHH020 MeOUUUHCK020 yHuUsepcumema um. Abyanu ubHu CuHo, pedKosneaus ¥ypHana
«BecmHuk AsuyeHHbl» no3opasasom Junopo AOXamosHy ¢ tobuneem U xenarom ell Kpernko2o 300po8bs, 6s1a20nosy4us u 0on2ux 1em
n1000meopHol #uU3HU Ha 651020 ome4yecmeeHHO020 30PA800XPAHEHUSA
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IO0Ouaemn

OAWHAEB CNOMYAAUH CAHTOBUY
KaHOudam meOdUUYUHCKUX HAYK

60 net co AHA poXKAaeHUA

OpvHaes VicnomyaamH Canrosuy pogunca 30 asrycta 1964 roga B JaHrapuHckom paitoHe Kynsabckoi 061acTu, B CemMbe CyKaLUmX.
Mocne okoHuYaHusA cpeaHen wkonbl Ne 56 B 1985 rogy noctynun Ha ctomatonormyeckuin dakynstetr TTMU um. Abyanu nbuu CuHo, a
noc/ie OKOHYaHMs By3a, B8 1991-1992 rr., npoxoaun MHTepHaTypy B fOPOACKOM cTomaTonormyeckoi nonnkanHuke Ne 1 ropoga AywaHbe.

B 1992-2019 rr. paboTtan Bpa4om-cToMaToNorom B MeauUMHCKOM LeHTpe annapaTa NpesungeHTta Pecnybanku TagsKUKUCTaH, B
1994-2019 rr. 6bIn 3aBEAYOLMM CTOMATONOMMYECKUM OTAEEHUEM B IAHHOM LiEHTPE, MMEET BbICLLYHO KBASIMPUKALLMOHHYH KaTeropuio.

B 2005 roay OguHaes W.C. ycnewHo 3amTna KaHAUAATCKYO AMccepTaLmio Ha Temy: « CTPYKTYPHbIV aHanus cnpoca n 060cHoBaHWe
NPodUNAKTUKM B CUCTEME CaHALMM NONOCTH PTa y NOTpebuTenein CTomaToNorMYeckmx yeayr» no cneuuanbHoctn 14.00.21 — Ctomatono-
rms.

C ceHTA6ps 2019 roga no Hactoswee Bpems OpuHaes U.C. asnaeTca gupektopom YHKL, «Ctomatonorus» TTMY um. Abyanmn nbHu
CvHO, TaK:Ke ABNAETCA acCMCTeHTOM Kadeapbl TepaneBTUYECKON CTOMATONOMMK.

OH — aBTOp 62 Hay4HbIX PaboT, 2 yuebHMKOB, 1 y4ebHOro Nocobus 1 paaa METOAUYECKUX PEKOMEHIALMNA.

OpvHaes W.C. ABNAETCA Y4EHOM YYEHOTO COBETA YHUBEPCUTETA U CTOMATONOMMYECKOro GpakynbTeTa, yneHom KOMMC no cneupanbHo-
ctn «CtomaTonorua». Ha BbIcOkom NpodeccMoHasibHOM YPOBHE OH YMTAET SIEKLMM U MPOBOAMT NMPAKTUYECKME 3aHATUA HA TaZKUKCKOM U
PYCCKOM fi3bIKax A1 CTYAEHTOB CTOMATON0rMYeckoro Gpaky/ibTeTa ¢ MCNOb30BaHWEM HOBbIX TEXHOOMMIA B 0ByYeHUN.

OgauHaes W.C. aBnsieTca BceCTOpoHHe 06pa3oBaHHbIM 1 FyBOKO MHTENIMIEHTHBIM YenoBekom. OH TpeboBaTeneH Kak K cebe, Tak 1
K COTPYAHMKaM 1 CTyAeHTam. MHorue ero y4yeHnKu paboTatoT B CTOMATONOMMYECKUX KNMHMKax Pecnybankm TagxmkucTaH. B 2003 rogy oH
6b111 yaocToeH 3BaHMA « OTAIMYHUK 34paBOOXpaHeHMs PTy.

Pykosodcmeo TadxUKCcKo2o 20cydapcmeeHH020 MeQUUYUHCKo20 yHuUsepcumema um. Abyanu ubHu CuHo, pedkonneaus HypHana
«BecmHUK AsuyeHHbI» no3opasadtom OduHaesa McaomydduHa CaHeo8uYa ¢ tobuseem u xeaarm emy 00/12UX 1em HU3HU, YCrexos 8
mpydoeoli OesmenbHocmu u cemeliHo20 b6aa20mnony4us
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IO0Ounaen

XOOXXAEBA MYHUPA XYLLMYPOLOOBHA
KaHOUOGam medUUYUHCKUX HaYK, 0oueHm

60 net co AHA poXKAeHUA

Xoprkaesa MyHuMpa XywmypozosHa pogunack 12 aBrycta 1964 roza B ropoge [ylwaHbe B cembe cayawwmx. B 1984 rogy noctynu-
na Ha negunatpudeckuii dakynster TTMU nm. Abyanun nbHu CHO, KOTopbI oKoHYMAa B 1990 roay. Mocne NpoXoXKAeHMA MHTePHATYpbI
(1991-1992 rr.) Ha 6a3e AeTCKOM KAMHMYecKor 6onbHMUbI Ne 1 ropoga [ywaHbe 6bina HanpasaeHa Ha paboTy Bpayom-neanaTpoMm B
nonnKnnHuyeckoe otaenexue npu AKB Ne 1 ropoga [ywaHbe.

C 2000 roga Xoaxkaesa M.X. paboTaeT Ha Kadegpe natonornyeckon dpusmonorun TTMY um. Abyanun nbHn CUHO CHaYvana accUCTEH-
Tom, ¢ 2015 roga — cTaplwmm npenogasatenem, a ¢ 2023 roga no HacToswee Bpems ABAAETCA AOLEHTOM AaHHOM Kadeapsbl. 3a Bpems
pabotbl XoarkaeBa M.X. npossuaa ceba Kak ONbITHbIA BbICOKOKBAZIMPULIMPOBAHHbIV Nearor, spyAMpoBaHHbIi nektop. E€ opraHusa-
TOPCKME CNOCOBHOCTM NPOABUANCE B XoAe y4ebHO-MeTOaMUECKOM 1 BOCNUTaTeNbHOM PaboTbl co cTyaeHTamu. XoaxaeBa M.X. akTUBHO
yJyacTsyeT B 06LeCTBEHHOM AeATeNbHOCTU YHUBEpPCUTETa U Kadeapbl, ABAAETCA y4ebHbIM acCUCTEHTOM Kadeapbl U cekpeTapém y4éHoro
coBeTa MefMLMHCKOro daKynbTeTa.

B 2020 rogy nog, pyKOBOACTBOM 0OKTOPa MeAMUMHCKUX Hayk, npodeccopa Tabaposa M.C. U fOKTOpa MEAMLMHCKMX HayK, NMpo-
deccopa Ucaesort M.C. ycnewHo 3aWmnTiAa KaHAMAATCKYIO AUCCepPTaLMIO Ha TeMy «DHAOTeNMaNbHAA AUCOYHKLMA NPy AepmaTuTax 1
MeTOAbl €€ KOpPeKLUM».

B HacToAwee Bpems Xogkaesa M.X., Kpome yuyebHO-MeToAMYECKON paboTbl, 3aHUMAETCA UCCNEA0BAaHNEM COCTOAHUA SHAOTENNA
COCYZ0B NPU Pa3INYHbIX NATONOMMYECKMX NPOLLECCaX.

Xogrkaesa M.X. aBnseTca aBTopom 6onee 120 HayuHbIX paboT, B Tom uncie 1 yyebHoro nocobums, 20 yuebHO-METOANYECKMX NOCO-
6ui1 1 pa3paboTok. HarpaxaeHa rpamotoit M3 n C3H PT.

MyHwupa XyLIMypOoA0BHA NONb3YETCA 3aCNYKEHHBIM YBAXKEHWUEM KONNET, APY3EN U CTYAEHUYECKOW MONOAEKW. ABNAETCA CYACTIMBOW
MaTepbto YETbIPEX AeTel U 6abyLiKol 12 BHYKOB.

Pykosodcmeo TadxUKCKo20 20cydapcmaeHH020 MeQUUUHCKo20 yHusepcumema um. Abyanu ubHu CuHo, pedKosnsneaus ¥ypHana
«BecmHuUK AsuueHHbI» cepdeyHo nosopasnarom MyHupy XywmypooosHy ¢ tobuneem u xenarom eli Kpernkozo 300po8bs, 0anbHelwux
ycnexos 8 Hay4yHol u nedazoauveckoli deamensHocmu, 61a20M0ny4UA U ceMeliHo20 c4acmes
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LLAPUMNOB MNP30 ABAYNNOEBKY
KaHOudam medUUYUHCKUX HAYK, 0oueHm

60 net co AHA poXKAeHUA

LLapunos Mup3so Abaynnoesuy poaunca 13 asrycta 1964 roga. B 1993 rogy nocnie okoHuyaHua TTMY um. Abyanv nbHu CUHO Havan
paboTaTb B lETCKOM 030POBUTENILHOM LieHTpe boxTapcKkoro paioHa. B Tom e rogy 6bii1 NPUHAT Ha paboTy B 061aCTHYO KAMHUYECKYHO
60bHULY T. KypraH-Tiobe, B oTaeneHne TpaBmaTonorum u optoneamu. B 1993 roay npoLluén Kypc ycoBepLIeHCTBOBaHMA B TaKMKCKOM
WHCTUTYTe NOCNeANMNIOMHOM NOATOTOBKM MeAMLMHCKMX KagpoB.

B aBrycte 2010 roga no KOHKypcy 6bla NPUHAT Ha LOMKHOCTb acCUCTEHTa Kadeapbl TpaBmaTonornm, optonegaum u BMX TTMY um.
Abyanu nbHM CuHo. B npoLiecce cBoei AeATENbHOCTM NOKa3an cebA KaKk 3HAIOLWMIA, YECTHbIN U OTBETCTBEHHBbIV negaror. C 6oblwmm
WHTEPEeCOM MPOBOAUT NMPAKTUYECKME U NIEKLMOHHbIE 3aHATUA Ha roCyAapCTBEHHOM U PYCCKOM A3bIKax C UCMO/Ib30BaHNEM COBPEMEHHbIX
TexHonorui. OH — astop 6o1ee 100 ony6ANKOBaHHbIX Hay4HbIX paboT, 1 yuebHMKa «TpaBMaTUYECKMUE BbIBUXM» U 3 METOAMYECKUX NOCO-
611 ANA CTYAEHTOB M KNMHUYECKUX OPAMHATOPOB, aKTUBHO Y4acTBYET B 0OLLECTBEHHOM KU3HM Kadespbl M yHUBepCUTETa.

B 2010 rogy ycneLwHo 33T KaHAMAATCKY0 AUccepTaLmio Ha Temy «Mpodunaktvka u nedeHme STPOreHHbIX NOBPEXAEHUI Cocy-
[10B». B HacToALee Bpems, ABNAACH AOLEHTOM Kadeapbl, OTBEYAET 33 HAay4YHO-UCCNeA0BaTENbCKYO PaboTy Kadenpbl.

LWapunos M.A. UMeeT 3ac/y}KeHHYH0 penyTaLmio 1 JoBepue B KONNEKTUBE Kadeapbl U YHUBepCUTETa.

Pykosodcmeo Tad#UKCK020 20Cy0apcmeeHH020 MeOUUUHCKOo20 yHusepcumema um. Abyanu ubHu CuHo, pedKosnneaus #ypHana
«BecmHuK AsuueHHbI» no3opasasiom Mup3o A6Oynnoesuya c tobusneem u xenarom emy Kpernkozo 300poess, 6oopocmu,
meopyecko2o 00/120/1emus U CHACMbSA 8 UYHOU HUSHU
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ECUPKENOB MAPNIEH MAXMYA0BWUY
KaHOudam MedUUYUHCKUX HAYK, npogheccop

50 net co AHA poXKAeHUA

25 ceHTabps 2024 roga ucnonxsetca 50 net MapneHy Maxmynosudy Ecupkenosy — nepsomy npopekTopy KOHO-KasaxcTaHCKOM MeauLmHCKo
aKaZemMuu, y4EHOMY C OBLIMPHBIM BKIAZOM B HayKy M 06pa3oBaHue.

MapneH MaxmyZoBKY POAMACA B CEMbe Bpayei v yuéHbix. OTel, — Maxmyzg Paxvmosuy — xupypr, npodeccop, asTop 6onee 100 n3obpeTeHuii u
PaLMOHaNM3aTOPCKUX MPeaNoKeHuid. Ha ocHoBe n3obpeTeHns «AnnapaT EcMpKenoBa 4/1a fedeHns paH» BbliM HanMCcaHbl M YCNELWHO 3almLLeHbl 4
[AunccepTaLmu, B TOM YUCaE AUCCEPTaLMS, 3aLUMILEHHAA HAWUM bunapom. MaTb tobunspa — LLiekep KoxxabaesHa — bbina Bpauom-GpTn3naTpom BbiCLLE
KaTeropuu u 35 neT 6bina B aBaHrapae 60pbbbl ¢ Tybepkynésom B KOxHOM KasaxcTaHe.

3akoHuMB B 1998 roay FOxKHO-Ka3axcTaHCKyHo rocyaapcTBEHHY0 MeAMUMHCKYIO akagemuto (FKOKTMA) Ecupkenos M.M. Hayan cBoii TpyA0BOM NyTb
C O/MKHOCTU NpenogasaTens Kapeapbl MeanumHcKo bronornm u reHeTukn FOKTMA, npopaboTas 25 neT cTaplimMm npenogasaTenem, 40LEHTOM, Npo-
beccopom, 3aBeaytoLMM 3TOM Kadeapon.

B HacToALee Bpema ABnsetca MepsBbiM NPOPEKTOPOM 3TOro By3a. MMog ero pykosozcTBom B 2013 r. Hblna OTKpbITAa Hay4YHO-UCCNef0BaTeNbCKanA
NabopaTopus reHOMHbIX UCCEL0BaAHWI, KOTOPAA BbINOMHAET COBPEMEHHBIE C/IOXKHbIE MONEKYNAPHO-OMONOMMYECKUE 33434 MeAULMHBI U dapmaLmn.

MapneH MaxmyZoBMY BHOCUT 6O/IbLION BKNAL B Pa3BUTME MEAULMHCKOM HayKu B HOXHO-KasaxcTaHCKOW MeAMUMHCKOW akagemun u KOxHoM
pernoHe KasaxctaHa. CUMBO/IOM NPU3HaHUA NPOdECCUOHANbHBIX AOCTUNKeHUI M.M. EcMpKenoBa ABAAETCA BbICLWAA BEAOMCTBEHHAA Harpaga MuHu-
CTepCTBa 34paBooxpaHeHns Pecnybamku KasaxcraH — Mefansb «3a BKAAL B Pa3BUTUE 34paBOOXPAHEHUA.

C 2020 roga MapneH MaxmyzoBuy ABASETCA [N1aBHbIM PeAaKTOPOM KypHana «Central Asian Journal of Medical Hypotheses and Ethics», KoTopbiit
ABNAETCA OTKPbITbIM peLieH3VpyemMbiM U3gaHneM B 061aCTU MeanLMHDBI 1 34paBoOOXpaHeHus. HypHan Asnsetca oduLmanbHbIM opraHom HaumoHanb-
HoOV akaZeMum Hayk Pecny6amku KasaxctaH npu MpesuaeHTe Pecnybinkiu KasaxcraH 1 BXOAMT B NepeyeHb U3aaHui, pekomeHayembix KoMuteTom no
obecneyeHmnto kKayecTsa B chepe Hayku v Bbicluero 06pa3oBaHma MuUHUCTEPCTBA HAayKM 1 BbicLero obpasoBaHua Pecnybanku KasaxctaH ans nybamka-
LM OCHOBHbIX PEe3y/IbTaToB Hay4yHOW AeATenbHoCcTU. Ecupkenos M.M. —uneH pesakLMOHHOW KOANETMM PELLEH3UPYEMOTO KypHana «BecTHUK ABULEH-
HbI», BKIOYEHHOTO B 633y AaHHbIX Scopus.

Cdepa HayuHbIx MHTepecos Ecupkenosa MapneHa Maxmyzosvya 3a 25 €T Hay4YHOTO CTaKa A0BO/IbHO OOLWMPHA: KOHCTUTYLMOHA/IbHAsA aHTPOMO-
JIOTUSA, XMPYPrUs, FeHETUKa, MONeRynapHas buonorvs, papmaLeBTHKa, PEBMATONONS, 06LLECTBEHHOE 310P0Bbe, NyBAMNKALMOHHASA 3THKA.

Moz ero pykoBoAcTBOM Bbiniv pa3paboTaHbl 06pa3oBaTenbHblie NporpaMmbl A bakanaspuata — «MonekynspHas buonorua», «MeanumHcKas
reHeTVKa», «[eHOMHble TeXHONOTMMY; ANIA MarucTpaTypbl U OKTOPaHTYpbl — « MeTof0M0rvA HayYHOTO UCCNefoBaHUA», «OCHOBbI HAay4YHOM STUKNY.

Ecupkenos M.M. ctan naypeatom Mpemun ®oHga Mepsoro MpesngeHTa Pecnybankm KasaxcraH — /ingepa Hauuv B 061acTv HayKkM 1 TEXHUKM B
2013 roay. B Tom e rogy oH nonyunn obpasosaTenbHbIv rpaHT MuHKUcTepcTBa 06pa3oBaHua U Hayku PK «/lyywwmnii npenosasatens Bysa —2013». B 2022
roZly emy bblna npucykaeHa npemus «JTydwmnin Hay4HbI PpaboTHUKY.

H0bunsap asnsetca asTopom 6onee 20 M306peTEHNI, TPM U3 KOTOPbIX 3aPErUCTPUPOBAHbI Kak NaTeHTbl. OAHO K3 ero 306peTeHui BbIN0 YAOCTOEHO
3BaHuA «Jlyywee n3obpeteHue roga» Ha PecnybankaHckom KoHKypce «LLanafat-2009»; oH ABAseTca asTopom H6onee 250 HayyHbIX TPYAOB, BKAOYas
65 nybavKkaumii, MHAeKcMpyemblx B 6asax gaHHbIx Web of Science u Scopus. Ero nHaekc Xuplua Ha asryct 2024 roga coctasnset 15 B Web of Science u
17 B Scopus, YTO CBUAETENBCTBYET O 3HAYUTENBHOM BAIMAHWUM €70 HAYYHbIX UCCIEA0BAHUI HA Pa3BUTUE MEAULMHCKOM HayKKM B robanbHOM macluTabe.
HayuyHble pabotbl M.M. Ecupkenosa HEOAHOKPATHO 3aHUMaNN NPU30BbIE MECTa Ha MeXyHapPOAHbIX, KOHrpeccax, KoHbepeHuuax, popymax.

MapneH MaxmynoBu4 ABAAETCA HAy4YHbIM PYKOBOAUTENEM U UCNONHUTENEM MHOMOYUCIEHHDBIX TPAHTOBbIX HAY4YHbIX MPOrPamMM, y4acTBOBan B Npe-
dopcaiTHbIX UccnesoBaHusax B 0bnactm «Hayk o usHu» HAH PK.

M.M. EcupKenos Npoxoaunn Hay4Hble CTa)KMPOBKM 33 pyDEKOM B TakMx CTpaHax, Kak Monbuwa, CLUA, Mpeuus, n ®paHuums, a Takke B KasaxctaHe u
cTpaHax CHT. Moz, ero pyKoBOACTBOM CTyZEHTbI MOCTOSIHHO 3aHUMAIOT NPU30Bble MECTA HAa MEXAYHAPOAHbIX KoHPepeHLUusx (102 Harpaabl).

OH aBnanca npeacepatenem locyfapcTBEHHONM aTTeCTaLMOHHOM KOMUCCUM MO MarucTpaTtype 1 goktopaHType PhD B KaparaHguHcKom rocygap-
CTBEHHOM MEAMLMHCKOM YHUBEPCUTETE U BXOAWA B COCTaB AMCCEpTaLMOHHOro coseTa (PhD) no cneumanbHocTH «OBLLecTBEHHOE 34paBOOXPAHEHNEY B
Kasaxckom meanuUMHCKOM yHUBEpCHTETE «BbiCLuas WKoMa 06LLEeCTBEHHOTO 34paBOOXpPaHeHNA» B AMaTbl.

Pykosodcmeo TaO#UKCK020 20CydapcmeeHH020 MeQUYUHCKO020 yHusepcumema um. Abyanu ubHu CuHo, pedKosneaus #ypHana
«BecmHuk AsuueHHbI» om 8ceao cepdya nozopasaaom MapaeHa Maxmyoosuyad ¢ obUnEeM U #enarm HOBbIX MEOPYECKUX YCrexos 6
e20 MH0202paHHOU npogeccuoHanbHoli desmensHocmu, ciocobecmeyrowieli ykperaeHuto 0pybbl Mexdy Hawumu Hapodamu. [Tycme

tobusnsapa scez0a conposoxdarom cyacmee, baa2ononyyue u yoaya!
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IIPABUAA OPOPMAEHNS JKYPHA ABHEIX ITYBANKALIN
INSTRUCTIONS FOR AUTHORS

Hacroswume «MpaBuna...» cocTaBneHbl Ha 0OCHOBe «EAMHbIX TpeboBaHMIA K pyKonucam, npeacTaBAsemMbiM B GMOMeAULIMHCKUE KYPHANbI», Chopmy-
NUPOBaHHbIX MeXAyHapogHbIM KOMUTETOM PeAaKTOPOB MEAULIMHCKMX KypHanoB (www.ICMJE.org)

These Guidelines are based on the Uniform Requirements for Manuscripts Submitted to Biomedical Journals as defined by the International
Committee of Medical Journal Editors (www.ICMJE.org)

534

NMoarotoBKA PYKOMNMUCU

PyKonucb cTaTbi JOMKHA ObITb NPEACTaBaeHa Ha PYCCKOM UAn
aHIIMIACKOM A3blKax M HabpaHa B TEKCTOBOM pefaktope MS
Word wpndtom Times New Roman, pasmep 14, nHtepsan 2,0.
Pasmepbl noneit: ceepxy —2,0 cm; cHuzy — 2,0 cm; cneea— 3,0 cm;
cnpaBa — 2 cM. Bce cTpaHuLbl, HAUMHAA C TUTYNbHOW, AOMXKHbI
6bITb NOC/NEA0BATENLHO MPOHYMEPOBAHbI.

O6bEM NONHOPA3MEPHON OPUTMHANBHOW CTaTbW AO/MKEH CO-
cTaBnATb 15-20 cTpaHumu,; 0630pHOM cTaTbn — He 6onee 30 cTpa-
HUL,; CTaTbM, NOCBALLEHHOW OMUCAHWIO KNAMHUYECKMUX Habntoae-
HWI, He bonee 8 cTpaHWL, 0630pa MaTepuanoB KOHPepeHLMii
— He 6onee 10 cTpaHuL,

PyKOMMUCb CTaTbM JOMKHA COCTOATb U3 C/IEAYIOLLMX 3/1EMEHTOB:
TUTYNbHOTO INCTA; aHHOTaLMK (pe3toMe); MHMULMANoB 1 damu-
MK aBTopa (aBTOPOB); Ha3BaHMA; BBEAEHWA (aKTyasbHOCTH);
LLe/IM UCCNel0BaHWMSA; OCHOBHOM YacTy; BbIBOAOB (3aKkNtoueHus)
U cnucka autepatypbl. OCHOBHAA YacTb OPUTVMHAMBHOM CTaTbk
[O/KHA coaepsKaTb pasgensl: «Matepuan u metoabl», «Pesy/b-
TaTb», «ObCyKAEHUEY.

Ha TWTynbHOW cTpaHuue faéTtca cneytowas uHbopmauma:
MOMHOE HAa3BaHWE CTaTbW; MHWLUMANbl U GamuauM aBTOPOB;
odvLManbHOE Ha3BaHWe M MECTOHAXOXAEHWe (ropog, cTpaHa)
YUPERAEHNUA (YUPEKAEHWIA), B KOTOPbIX BbINOAHANACL PaboTa;
AN KONOHTUTYNA — COKPALLEHHbIN BapWaHT Ha3BaHWUA CTaTby
(He 6onee 50 3HaKOB, BK/OYAsA NPOOBE/bI U 3HAKU NPENUHAHMA);
KntoueBble cnosa (He bonee 6), cBeaeHus 06 aBTopax. 34ecb
e HeobxoZuMo npenocTaBuTb UHGOPMALMIO 06 UCTOYHMKAX
CMOHCOPCKOMN NOAAEPHKKM B BUAE rpaHTOB, 060pYA0BaHUS, Ne-
KapCTBEHHbIX CPeACTB; 3acBUAETENbCTBOBATb 06 OTCYTCTBUM
KOH)NMKTA MHTEPECOB; YKa3aTb KOAWMYECTBO CTpaHML, Tabaui
U PUCYHKOB, @ TaKKe — afpec ANa KOPPECTOHAEHUMK (Mpumep
0dOPMNIEHNSA TUTYNIBHOM CTPAHMLbI CM. Ha CaiiTe KypHana).
Ha3BaHWe cTaTbu AOMKHO 6bITb NAKOHWUYHBIM, MHOPMATMB-
HbIM N TOYHO onpeaenATb coaepKaHue CTaTbu. Kntoyesble cno-
Ba cneayeT noabupatb cooTBeTcTBeHHO cnucky Medical Subject
Heading (MeauuuHckue npeameTHble pybpuKK), NPUHATOMY B
Index Medicus.

B cBefeHuAx 06 aBTOpax yKasblBaloTcA GaMuamnmu, UMeHa, oT-
4ecTBa aBTOPOB, YYEHbIE CTEMEHW W 3BaHUA, JOMKHOCTU, MECTO
paboTbl (Ha3BaHWE YUPEKAEHNUA U Er0 CTPYKTYPHOO Nospasae-
NeHus), a TakKe cneayolme naeHtTuduratopsl: Researcher 1D
(WOoS), Scopus ID, ORCID ID (o6s3atenbHo!), SPIN-kog, (PUHL),
Author ID (PMHLL). B agpece ana KoppecnoHAeHUmMM cieayet
yKa3aTb MOYTOBbIN 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 1YOAUKAL UL

10.

Hble TenedoHbl 1 3NEKTPOHHBIN aZpec Toro aBTopa, ¢ Kem byaeT
OCYLLECTBAATLCA PEAAKLMOHHAA Nepenucka. Agpec Ans Koppe-
CMNOHAEHLMMU NYBANKYeTCA BMECTe CO CTaTbéw.

B aHHOTaUmMyW (pe3tome) opurMHaNbHOW HayYHOW CTaTbh 06A3a-
TeNbHO Cneayet Bblaenutb pasgensl «Llenb», «Matepuan n me-
TOAbI», «Pe3ynbTaTbl», «3aKkueHUe». AHHOTALWMA NPesoCTaBs-
€TCA Ha PYCCKOM U aHTIMIACKOM fi3biKax (250-300 cnoB) v foNKHa
6bITb NPUTrOAHON AN ONy6/IMKOBaHUA OTAE/bHO OT CTaTbW. AHHO-
TalUMM KpaTKMX COOBLLEHN, 0630pOB, CIy4aeB M3 MPAKTUKK He
CTPYKTYPUPYLOTCS, OB6BEM WX [O/IKEH COCTaBAATbL He meHee 150
CN10B. AHHOTaLWW, KNtoYeBble C/10Ba, MHPopMauma ob aBTopax
1 6ubnnorpaduyeckme CmCcKU OTCbINAKOTCA PeaaKLUMen B dek-
TPOHHbIE MHOPMALMOHHbIE 633bl A1 MHAEKCALMWM.

Bo «BBesieHUM» 4aéTca KpaTKuMii 0630p AMTepaTypbl No paccma-
TpuBaeMoi npobieme, akLEHTUPYETCA BHUMAHWE Ha COPHbIX
U HEepeLLEHHbIX Bonpocax, dopmynmpyetca U 060CHOBbIBAETCA
uenb pabotbl. CcblNkM HEOBXOAMMO AaBaTb Ha nybauKaumu
nocneaxux 10 neT, a MCNONb30BaHHbIE B CTaTbe AMTEPaTypHble
WCTOYHUKMN AOMKHbI ObiTh CBUAETENLCTBOM 3HaHUA aBTopa (aB-
TOpOB) CTpaTerMnm BCEOOBEMIIIOLLETO MOUCKA Hay4HbIX UCTOY-
HMKOB Yepes mobanbHble bubanorpaduyeckmne 6asbl, OHNANH
nnatdopmbl 1 LndpoBbie brbAMOTEKM.

B pasgene «Matepuan u metogpl» HeobxoaMmo Aatb Noapob-
HY0 MIHOOPMALWIO KacaTe/IbHO BblIGPaHHbIX 06bEKTOB U METOA0B
UCCNef0BaHMA, @ TaKKe OXapaKTepu3oBaTb WMCMO/b30BAHHOE
obopyznoBaHue. B Tex KNIMHUYECKNUX UCCNIEA0BAHUAX, TAe Neyeb-
HO-[MarHOCTUYECKNE METOAbI HE COOTBETCTBYIOT CTaHAAPTHLIM
npoLieaypam, aBTopam cnegyeT NpefocTaBuTb MHGopmaLmio o
TOM, YTO KOMUTET MO 3TUKE YUYPEKAEHWS, TAe BbINOJHEHA pa-
60Ta, 040BOPAET U rapaHTUPYET COOTBETCTBME NOCAEAHUX Xenb-
CUHKCKOW Aeknapauum 1975 r. B cTaTbAX 3anpeLleHo pasmeLLaTb
KOHOUAEHUMANbHYIO MHPOPMALMIO, KOTOPas MOMKET NAeHTUOM-
LIMPOBaTb JIMYHOCTb MaLMEHTa (YyNOMUHaHWe ero dbamunuu, Ho-
mepa uctopum 6onesnun u T.4.). Ha npegocrasnsembix K cTatbe
PEHTFEHOBCKUX CHMMKaX, aHrMOrpaMmax U NpPoYnx HOCUTENAX
uHopmaLmm damuana NaumeHTa JOMKHA ObITb 3aTylIEBaHa;
doTorpadmu TakKe He JONKHBI NO3BONATb YCTAHOBUTb €0 Y-
HOCTb. ABTOpbI 06A13aHbl NOCTaBUTL B M3BECTHOCTb MaLMEHTA O
BO3MOXXHOM My6AUKaLMK faHHbIX, OCBELLAOWMX 0COBEHHOCTH
ero/eé 3aboneBaHna U NPUMEHEHHbIX NeyebHO-AnarHocTuye-
CKUX METOZOB, a TaK¥Ke rapaHTMPOBaTb KOHOUAEHLMANBHOCTD
NpW pasmeLLeHnN YKa3aHHbIX AaHHbIX B MEYATHbIX U 31EKTPOH-
HbIX M3AaHUAX. B ciyuasx, KorLa HEBO3MOMXKHO CKPbITb JIMYHOCTb
nauueHTa (potorpadmm naacTUYecKUx onepauuii Ha Auue U
T.4.), aBTOpbl 06A3aHbl NPEAOCTaBUTb NUCbMEHHOE UHOPMK-
POBaHHOE cornacue NauueHTa Ha pacnpocTpaHeHue uHdopma-
LMV ¥ yKa3aTb 06 3TOM B cTaTbe (nprmep opopmieHus cornacus
CM. Ha caiTe XypHana). B akcnepumeHTanbHbIX paboTtax ¢ uc-
nonb30BaHWeM 1abopaTopHbIX XMBOTHbIX 06A3aTeNbHO AaéTcA
MHOPMaLMA O TOM, YTO COZAEPKaHWE U UCNOb30BaHUe Nabo-
PaTOPHBbIX XMBOTHbIX MPW NPOBEAEHUN UCCNEA0BaHUA COOTBET-
CTBOBA/ZI0 MEXAYHAPOAHbIM, HALMOHA/IbHBIM MPaBUAAM WK
e Npaswaam Mo 3TMYEeCKOMY 0bpPaLLEHMIO C }KMBOTHBIMM TOTO
YUYPEXAeHNA, B KOTOPOM BbiNoHEHA paboTa. B KoHLe pa3sena
[aéTcA noapobHoe onvcaHWe MeToLOoB CTaTUCTUYECKOM obpa-
60TKM M aHanW3a matepuana.

Paszgen «Pe3ynbTaTbl» JOMKEH KOPPEKTHO U AOCTATOYHO NOA-
PO6HO OTpakaTb Kak OCHOBHOE COAEPKaHWE WCCNeA0BaHWUN,
TaK W UX pe3ynbraTbl. [na 6onbluelt HAarmALHOCTA 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 anarticle, 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 well asa characterization 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 housingand 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 NocAeAHWe LenecoobpasHo NpesocTaBnaTh B BUAE Ta-
61111, ¥ PUCYHKOB.

B pasgene «OBcyaeHVe» pe3ynbTaThl, NOAYYEHHbIE B XO4e UC-
CNeL0BaHMA, C KPUTUYECKMX MO3ULMIA LOMKHbI BbITb 06CYKAE-
Hbl ¥ MPOAHaIM3MPOBAHbI C TOUKM 3PEHMSA UX HAYYHON HOBM3HbI,
NPaKTUYECKOW 3HAYMMOCTU M COMOCTAB/EHbI C YKe U3BECTHBIMM
[aHHbIMM APYT1X aBTOPOB.

BbiBOZb! [OMKHBI ObITb TAKOHUYHBIMK U YETKO ChHopmynnpo-
BaHHbIMMU. B HUX LO/KHbI BbITb AaHbI OTBETLI HA BOMPOChI, NO-
CTaBNEHHbIE B LENW M 33a4ax UCCNef0BaHWA, OTPaXKeHbl OC-
HOBHbIE MO/YYeHHble PEe3y/bTaTbl C YKa3aHWeM UX HOBMU3HbI U1
NPaKTUYECKOM 3HAYMMOCTM.

CnesyeT MCNonb30BaTb TOLKO OBLLENPUHATbIE CUMBO/bI U CO-
KpaLeHus. Mpu 4acToM MCNoib30BaHUM B TEKCTE KaKuX-Nnbo
CNOBOCOYETAHUI [OMYCKAETCA MX COKpalleHue B Buae abbpe-
BMATYpbl, KOTOPas Npyu NepBOM YNOMWHAHWU AAETCA B CKOO-
Kax. COKpaLLeHMA B Ha3BaHUM MOXKHO MCMONb30BATb TO/bKO B
WCKNIOYMTENbHBIX Cy4YanX. Bce ¢usnyeckme BennumHbl Bbipa-
)atoTca B eanHuuax MexayHapoaHoi Cuctembl (CU). Jonycka-
€TCA YNOMMHaHWE TONbKO MEXAYHAPOAHbIX HEMATEHTOBAHHbIX
Ha3BaHMI1 IEKAPCTBEHHbIX NPEnapaTos.

CnMCOK MCMNoab30BaHHOM MTepaTypbl 0pOPMAAETCA B COOTBET-
cTBum c TpebosaHuamu Vancouver style (https://www.imperial.
ac.uk/media/imperial-college/administration-and-support-
services/library/public/vancouver.pdf). CokpaweHus 8 Ha3ssa-
HUK XKYPHaNoB NPUBOAATCA B cooTBeTCTBMM C Index Medicus.
06s3aTeNbHO YKa3blBAOTCA GaMUAUM U UHULMANbI BCEX ABTO-
pos.. Mpu KonuuyecTse ke aBTOPOB Hosee LWECTU AoMnycKaeTcs
BCTaBKa [M gp.] uau [et al.] nocne nepeuncneHns nepsbix WecTu
aBTOPOB. HEOBXOAMMO TaKKe NPeAoCcTaBUTb CMIUCOK AnTepaTy-
pbl B @HIUIACKON TPAHCAUTEPALMK (MPUMep TPaHCAWUTEpPaLMK
CM. Ha caiTe XypHana). B )XypHane NPUHATO MCMNONb30BaTb
cTunb TpaHcamutepauum BGN (https://translit.net/ru/bgn/) nan
BSI https://translit.net/ru/bsi/). Hymepaums cCbiNOK NPUBOAMT-
CA B COOTBETCTBMM C 04EPELHOCTBIO LIUTUPOBAHUSA B TEKCTE, HO
He B andaBUTHOM nopsaaKe. MopsaKoBble HOMepPa CCbINOK Aat0T-
cA B KBAApaTHbIX CKobKax (Hanpumep: [1, 2], uau [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
M CTaTbM B Hay4HbIX COOPHMKAX, y4ebHO-MmeToanYeckme paboTbl
B CTATbAX He gonycKatoTcs. CCbIIKM HAa HOPMATUBHbIE AOKYMEH-
Tbl AO/IKHbI ObITb AaHbl B BUAE CHOCOK, 6€3 BK/IIOUYEHWA WX B CMU-
COK uTepaTypbl. OTBETCTBEHHOCTb 33 NPABUALHOCTb U MOJHOTY
BCEX CCbI/IOK, @ TAK¥Ke TOYHOCTb LLUTUPOBAHMA NEPBOVUCTOYHIUKOB
BO3/10’KEHa Ha aBTOPOB (npumep odopmnerus Gubanorpadu-
YECKOro CMMCKa CM. Ha CaliTe XKypHana).

Cneayet cobnoaatb NpaBoNMCaHue, NPUHATOE B XypHane, B
YacTHOCTK, 0b6A3aTenbHOe 0603HaYeHNE ByKBbI «E» B COOTBET-
CTBYIOLLMX CIOBAX.

Tabnunupbl LOMKHDBI BbITb Pa3MeLLEHbI B TEKCTE CTAaTbW HEMOCPes:-
CTBEHHO MOC/e YNOMUHAHUA O HWUX, MPOHYMEPOBAHbI U UMETb
Ha3BaHWe, a Npu HeobXOAMMOCTM — MOACTPOUHBIE MPUMEYAHUS.
Tabnunubl JonxKHbI 6bITb HabpaHbl B dopmate Microsoft Office
Word 2007.

MnntocTpaTuBHbIi MaTepuan (dotorpadum, pUcyHKM, YepTexu,
[MarpamMmbl) AOMKEH ObiTb YETKMM M KOHTPACTHBIM M 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 (SlI). 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 1YOAUKAL UL

MepOBaH B COOTBETCTBMM C MOPALKOM LIMTUPOBAHUA B TEKCTE.
[unarpammbl HEO6XOAMMO NPeOCTaBNATb KaK B BUAE PUCYHKA B
TEKCTe, TaK U B 3/1€KTPOHHOM BapuaHTe, OTAENbHbIMU Gaiinamu
B dopmate Microsoft Office Excel. B nognucax K mukpogoto-
rpaduam cneslyeT yKasaTb METOA, OKPACKM U YBENNYEHWE. DNEK-
TPOHHbBIE BEPCUM WAKOCTPALLMIA LOMKHDBI BbITb NPesoCTaB/eHbI
B BUAE oTaenbHbIX daitnos popmarta TIFF nam JPEG ¢ paspeLe-
Huem He meHee 300 dpi npu AMHeliHOM pa3smepe doTtorpadum
He meHee 80x80 mm (okono 1000x1000 nuKceneit).

HANPAB/NIEHUE PYKOMUCU

OTnpaBKa TeKCTa cTaTbk, rpadmyeckux maTepruanos 1 conpoBo-
[OVUTENbHBIX JOKYMEHTOB (npvimep odopmMieHns HarnpasaeHus
CM. Ha caliTe )ypHaa) OCyLLeCTBAACTCA Ha S/1IEKTPOHHbIN agpec
KypHana avicenna@tajmedun.tj

IMpwv HanpaB/ieHNM B PeAaKLMIO }KypHaia PYKOMMUCHK CTaTbM K No-
CAeAHeit npunaraeTca ConpoBOAMTEIbHOE MUCbMO OT aBTOPOB,
rae [OMKHbI BbiTb OTPasKeHbl CAeAyoLMe MOMEHTbI (Mpumep
0hOPMNEHNA CONPOBOAUTEILHOTO MUCbMa CM. Ha CalTe Kyp-
Hana):

MHUUKUanNbl n d)aMMl'IMl/I aBTOpPOB
Ha3BaHWe CTaTbU

MHPOPMaLMA O TOM, YTO CTaTbs He Bblna paHee onybanKoBaHa,
a TaK:Ke He NpeACTaB/ieHa APYyroMy KypHay A8 pacCMOTPEHWA
1 nybamKauum

3anB/ieHne 06 OTCYTCTBUM GUHAHCOBbIX U APYIMX KOHGAMUKTHBIX
MHTEPECOB

CBUZETENbCTBO O TOM, YTO ABTOPbI HE MOMYYa/IN HUKAKKUX BO3-
HarpakZeHui HU B Kakoil dopme oT dUpM-Npoun3BoauTENEN, B
TOM YMC/IE KOHKYPEHTOB, CMOCOBHbIX OKa3aTb BAMAHWE Ha pe-
3y/bTaTbl paboTbl

nHbOopMaLa 06 y4acTMM aBTOPOB B CO34aHMM CTaTby B MOJIHOM
COOTBETCTBMM C 4 KpuTepuamMM coasTopcTea (https://www.icmje.
org/recommendations/browse/roles-and-responsibilities/
defining-the-role-of-authors-and-contributors.html)

nognucu Bcex aBTopos

Mocne 3aBeplieHNA BEPCTKM XKypHaNa 3NeKTPOHHbIe BEPCUM
Bcex cTateit B dopmate PDF 4OCTYMHbI Ha caiTe U3gaHus.

B ogHOM HOMepe »KypHasa MOKeT bbITb 0ny6aMKoBaHO He 60-
nee 2 pabot ofHOrO aBTOpA.

MakcrmanbHoe KonnyecTBo aBTOPOB B CTaTbe — He 6onee 6.

Ecnu cpeav aBTOPOB cTaTby GUIYPUPYIOT CTYAEHTbI, UX Aone-
BOE y4acTue M aBTOPCTBO AO0/IKHO COOTBETCTBOBATL MPUHATHIM
KpUTepuam aBTOPCTBA.

3a NpaBUAbHOCTb NPMBEAEHHBIX AAHHbIX OTBETCTBEHHOCTb He-
CYT Bce aBTOpbl. ABTOPCKME MaTepuanbl He 06A3aTenbHo oTpa-
XaloT TOYKY 3pEeHUA peaKonnernu.

Pykonucu, He cOOTBETCTBYIOLWME MpaBWiaM, pefakuuei He
NPUHMMAIOTCA, 0 YEM MHOPMUMpYIOTCA aBTOpbI. Mepenncka ¢
aBTOPaMM OCYLLECTBNAETCA TONLKO 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.

537
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