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Pe3iome. Bgeoenue. B Hactosiiee BpeMs: Bce OoJiblIee
BHUMaHHUE YJIENSAETCS OKOTOBOW TpaBME€ KaK OIHOW U3
HanOoJiee 3HAYNMBIX MEIUKO-COITHAIBHBIX Mmpobiem. Jle-
YEHUE O0XKOTOBOM TPaBMbl NPOBOIAUTCS IyTEM AyTOTpPaH-
CIUIAHTALUHN KOKHOTO JOCKyTa. D()(HEeKTUBHOCTD IPH UC-
MOJIB30BAHUHU ATOT0 MeToa cocTaisieT ot 70 10 90%. Be-
COMOY MPUYHMHOW HeyJad TPaHCIUIAHTAWU KOKHOTO JIO-
CKyTa IPHU 0’KOTOBOM OO0JIE3HU ABJSETCS OTCYTCTBUE 00B-
EKTHBHBIX METOJIOB OIICHKH COCTOSTHUSI OONBHBIX HAKaHY-
HE orepanuu CBOOOMHOHN ayTomepMmoruiacTuku. OIleHKa
YPOBHEH Kak IIPO- TaK M MPOTHBOBOCIAINUTENBHBIX LIUTO-
KHHOB y 000%CKEHHBIX HE BKIIIOUCHA B allTOPUTM OOCIe-
JIOBaHMSI 1 MOHUTOPWHIA COCTOSIHHS JAaHHBIX OOJBHBIX.
Ilens uccnedosanua — vizydenue ypoBHEW Ipo- U Mpo-
TUBOBOCTIANIUTENBHBIX IIUTOKHHOB JUIS PACHIMPCHUS all-
TOpUTMa JIa0OPaTOPHOTO OOCIICIOBAHUS MTPH MOATOTOBKE
OONBHBIX K CBOOOIHOM ayToepMoriacTuke. Mamepuanst
u mMemoowvl. MeTooM UMMYHO(EPMEHTHOTO aHAJIN3a UC-
cienoBanbl yposau NJI-6, UJI-8, NJI-10 B nepudepuue-
ckoil kpoBH y 50 OONBHBIX C 0KOTOBOM TPaBMOIl B CpaB-
HEHHMU CO 310pOBBIMHU Jintamu. Pezynomamor. Conepxa-
HHE B CHIBOPOTKE BCEX M3YUYCHHBIX LIUTOKUHOB OBLIO 3Ha-
YMMO MOBBIIICHO MPHU HOCTYIUIGHUH B CTAL[MOHAP Y BCEX
0YKOTOBBIX OOJIBHBIX 110 CPAaBHEHHUIO CO 3JOPOBBIMH JIHIIA-
MHU. OcoOEHHO BBIPa)KEHHOE MOBBIIICHHE HAOMIOAAI0Ch Y
OOJIBHBIX C JIETAILHBIM HCXOJIOM. Pe3ynbraTsl ayTogepmo-
IUTACTUKH KOPPEIUPOBAIH C BBIPAXKEHHOCTHIO THIIEPIIPO-
IYKLIUHU NIPOBOCTIATUTENIBHBIX IUTOKMHOB HAKaHyHE OIle-
paunu. 3axaouenue. 1lonydeHo 000CHOBaHHE JOMOIHE-
HUSI allTOpUTMa J1Iab0paToOpHOTo 00CIeJ0BAaHHS 000MOKEH-
HBIX 33 CUET ONpeleNIeHHUs] IMTOKUHOB — HHTEPIICHKH-
HOB 6, 8 1 10. MoHHUTOpHpPOBaHKE YPOBHS ITUTOKWHOB MTPH
O’KOTOBOH TpaBME IIeJIecO00pa3HO IIsT OOBbEKTHBU3AINH
BbIOOpa CPOKOB ONEPaTUBHOIO BMEILIATEIbCTBA, YTO OY-

JIET CIIOCOOCTBOBATh CHUYKCHUIO JICTAIbHOCTHU U MTOBBIIIIC-
HUIO 3()(PEKTUBHOCTH ONEpaIiy CBOOOIHOW ayTOIEPMO-
TIJTACTUKH.
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Beenenue

B macTosimee Bpemsi OHUM W3 BEAYIIUX BUIOB TpPaB-
MaTtu3Ma sBisieTcss oxxorosast TpaBma (OT) [1], merans-
HOCTb IIPH TSHKEIBIX oxorax gocturaet 4-55% [2]. 3omno-
TBIM CTaH/JIAPTOM JICUCHUSI TAKUX OOJIbHBIX SIBJIIETCS Me-
Toz cBOOOHOM ayTronepmoruiactuku (CAJIIN), mpencras-
JIAIOIHAN co00# 3aKpeITHE paHEeBOro Acdekra mepdopu-
POBaHHBIM JIOCKYTOM ayTOTPaHCIUIAHTaTa KOXH. 3a)KUB-
JICHUE NTOHOPCKHUX PAHEBBIX YYACTKOB IPEICTABISET CO-
0OH CJIOXKHBIM JIMHAMUYHBIA TIPOIECC, BKIIFOYAIOIIAN
TPAHCIUTAHTAIMIO KOXKHOTO JIOCKYTa, €r0 MPUKUBJICHHE
U SMHATETTU3ANNI0 C BOCCTAHOBIICHUEM IIEJTIOCTHOCTH KOXK-
HBIX TOKPOBOB. [Ipu WMCronb30BaHWM JaHHOW METOAWUKH
OCJIO)KHEHUS BO3HUKAIOT B 28—52% ciyuaes [3].

on-line ISSN 2500-0918

vestnikural.ru

JOURNAL OF URAL MEDICAL ACADEMIC SCIENCE 2019, Vol. 17, No. 2

161



Memoouxu

DOI: 10.22138/2500-0918-2020-17-2-161-174

OnHuM U3 OCIOKHEHUH JAaHHOTO METOAA JICYCHUS SIB-
JIIeTCS JIU3UC AyTOTPAHCIIAaHTaTa, KOTOPHIN BCTpEUYaeTCs
B 10-30% cmydaes [4]. JIuzuc Bexer He TONBKO K OOHa-
KEHHIO YK€ 3aKPBITHIX PaH U MOTepe ayTOTPaHCIUIaHTa-
TOB, HO ¥ K PACIIUPEHUIO PaHEBOW TTOBEPXHOCTH 3a CUET
JIOHOPCKHX y4acTKOB. Becomoii mpruunHON Heyaay TpaHC-
IUTAHTAIUY SIBIIIETCS. OTCYTCTBUE OOBEKTUBHBIX METOJIOB
OLIEHKH COCTOSIHUS OONbHBIX HakaHyHe oneparmuu CA I,
OCYIIECTBIISIEMON Ha CETOMHSANIHUN NIEHb SMITUPUYICCKH
Ha OCHOBaHHWH OOIIETO KIIMHUYECKOTO CTaTyca OOIbHOTO
U BU3YyaJbHBIX IPU3HAKOB IPaHyIUPYIOIIEH paHsl [3].

®dopMHpOBaHUE JIOKAIBHOTO U CHUCTEMHOTO MMMYHHO-
IO OTBETa OOOXIKCHHBIX MPOUCXOAUT Ha (DOHE MOBPEK-
JICHUS TIETOCTHOCTH KOXH, IIPH ITOM BBIIACISIETCS OOJb-
I10€ KOJMYECTBO TOKCHHOB M3 TPaBMHPOBAHHBIX TKAHEH
[5]. OnmHo#t U3 Bexymux MpoOJieM B HAYAJBHBIN MTEPHOL
0YKOTOBOW TPaBMBI SBISETCS YrHeTeHHe (YHKIHN (aro-
LIUTOB, KOTOPBIE YYACTBYIOT B BOCIATUTEIHLHOU PEaKIHH
[6]. OT™MeuaeTcst yrHETEHUE MOTIIONIAIONICH, TepeBapuBa-
FOIIEH CIIOCOOHOCTH KJIETOK, a TaK)Ke IMCcOajaHC B CUHTE-
3¢ IMMYHOPETYISITOPHBIX MOJICKYIL.

CymiecTByIOT JaHHBIE O POJIH IIUTOKWHOB B Pa3BUTHHU
OCJIOKHEHHMH MPU TSKENBIX 0KOTOBBIX MOPaXKEHUSIX [7],
a TaKKe IPHU IMpoleccax PeMOJICIUPOBaHUs TKaHeH [8],
YTO 0COOCHHO BaXKHO IPHU ayToAepMOIuIacTUKe. Takxke
Ha CETOJHSIIHUN JCHb CUUTACTCS, YTO JUCOAIaHC IH-
TOKWHOB SBIIETCS OTHUM U3 BeIyINX (HaKTOpPOB pa3BH-
THS THOWHOW WH(EKINU, a TaKKe Cercuca MpH 0XKOro-
BOM Tpasme [9].

OxoroBasi 0OJIE3Hb COMPOBOXKIACTCS, TPEXKIE BCEro,
HapylieHueM (QyHKIUI KIETOK UMMYHHOU CHCTEMbI, 4TO
TIPUBOIUT K ArcOaIaHCy B CUCTEME IIUTOKHMHOB, KOTOPBIA
MOJIEP)KUBAET CHCTEMHOE W MECTHOE BOCTIAJICHHE.

Pesynbrare! rccienoBaHus IATOKUHOBOTO POQUIIS IS
MIPOTHO3UPOBAHUSI HMCXOJIOB OMNEPAaTHBHOTO BMEIIATEIh-
CTBa B HACTOSIIEEC BPEMs UCIONB3YIOTCS HEAOCTATOYHO.
N3zydenue nameHeHust 0agaHca IMTOKUHOB MOYKET SIBJISITh-
Cs1 OTHUM W3 aKTyaJIbHBIX HAMPaBICHUN B KOMOYCTHOJIO-
THH, B YACTHOCTH, B CHCTEME OI[EHKH BEPOSATHOCTH OTTOP-
KSHHS ayTOTPaHCIUIaHTaTa.

Ienbro ncciaeqoBaHus CTal0 M3yYE€HUE YPOBHEH Mpo-
U TPOTHBOBOCHAIUTCIBHBIX HUTOKWUHOB Y OONBHBIX C
0’KOTOBOW TPaBMOM IS pacITUPEHHsI aNropuTMa jJabopa-
TOPHOTO OOCIIEIOBaHMS TIPH TTIOATOTOBKE OOJBHBIX K Olle-
paru cBOOOIHOM ayTOAePMOIUTACTHKH.

MarepuaJjibl 1 METOAbI

Juzaiin 1 ydyacTHUKM uccienoBaHus. B uccienoBaHue
OBLTM BKJTFOUCHEI 85 YeITOBEK, KOTOPhIE 00CTIEIOBATUCEH U
neanmch Bo BIIDPM mm. A.M. Huxudopora MUC Poc-
cun 1 HUM CII um. N.M. Jxanenuasze. Y Bcex ydact-
HUKOB HCCJIC/IOBaHUS IOJNy4eHO MH()OPMUPOBAHHOE CO-
IJIaCUe Ha y9acTHE B MCCIICOBAHUY COTTIACHO XEJIbCHHK-
CKOH exnapanuu BeceMupHON MEIUIIMHCKON accoldaliiu
n 00paboTKy mepcoHanbHBIX HaHHBIX [10]. Mccremona-
HUe ObUIO 07100peHo 3THYecKuM KomuteToM BIIDOPM mm.

A.M. Huxkudopora MUC Poccun. O6cnenoBano 50 60i1b-
HBIX ¢ OT B Bo3pacte ot 19 10 96 net: 34 myx4unH U 16
skeHIMH. CpenHuil Bo3zpact coctasui 48,1+3,54 net. Bee
6onbuble umenu OT I-111 AB crenenn Tskectu, 42 00b-
HbIM Obl1a npoBeaeHa onepauuss CA/IIL. Bomsabie ¢ OT
ObUIH Pa3lieNICHbl HA TPHU TPYIIbI, B 3aBUCHMOCTH OT HC-
xoma OT: rpymma ¢ JeTaJbHBIM HcXomoM (n=8), Tpymma
C YaCTUYHBIM JIU3MCOM ayTOIepMOTpaHCIuTanTara (n=24),
TpyTIia ¢ OTHBIM MPYKUBIICHUEM ayTOJIEPMOTPaHCILIAH-
tara (n=18). KpurepusMu UCKIFOUSHUS U3 UCCIICIOBAHUS
CTaJIO HAJIMYHUE OHKOJOTHUYECKUX 3a00JICBaHUM, TSKEIBIX
AMMYHOJIC(DUITUTHBIX COCTOSTHIH B aHAMHE3E.

I'pymma cpaBHeHUs cocTosia W3 35 YCIOBHO 3I0PO-
BBIX JIOAEH, cpeaHuil Bo3pact — 42,5+12,5 rona. I'pyn-
Iy CPaBHEHUS COCTABWJIM JIFOJIU, ITPOXOJMBIINAE €IKETO-
HYIO IUIAHOBYIO AUCIAHCEPU3AINIO, BKIIOUAIOIIYIO OICH-
Ky BCEX OCHOBHBIX JIADOPAaTOPHBIX TOKAa3aTeseH, a UMCH-
HO OOLIMN KJIMHUYECKUN aHAIU3 U OMOXMMUUYECKUN aHa-
T3 KPOBHU, a TaKKe MPOIIEANIHE OCMOTPHI Y MPOQHITh-
HBIX Bpa4yei-CIeINaluCcTOB, TAKUX KaK TepareBT, THHEKO-
nor, JIOP, neBponor u sunokpunosor. [lokasarenu oOrie-
KJIIMHUYECKOTo, OMOXMMHUUYECKOTO aHaJM30B KPOBU ObLIH
B mpezesiax peepeHTHbIX HHTEpBaOB. Kputepusimu uc-
KJIFOUCHUST U3 TPYIIIEI CPaBHEHUS, TIOMUMO HAaJIMYHUS OH-
KOJIOTHYECKHX 3200JIeBaHHM, TSKEITBIX UMMYHOIE(DUTTUT-
HBIX COCTOSIHUH B aHaMHe3€e, ObLIIH 000CTPEeHUs XPOHHYE-
CKUX BOCIAIHUTEIBHBIX 3200JICBAHHIA.

OLIEHKY TSKECTH OKOTOBOM TpaBMBI MPOBOAMIN Ha
OCHOBaHHUHM pacueTa nHaekca @panka u nujaekca bo (Baux
score) [1, 4]. Uanexc @paHka pacCUNTHIBAIN ITyTEM CyM-
MHUPOBaHUS IJIOMAIA TTOBEPXHOCTHOTO OXKOTa B MPOIIEH-
Tax ¥ yTPOSHHOH IUIOIIAH ITyOOKOTo 0)KOra B IPOIICH-
Tax. B COOTBETCTBUHM C KOJIMYECTBOM YCIOBHBIX €IU-
HUI] TIPOTHO3 BapbupoBai: MeHee 30 — OnaronpusTHHIH,
31-60 — otHOCHUTENBHO OnarompusaTHbeid, 61-90 — co-
MHHTETLHBINA, OoJtee 91 — HebmaronpusaTHeINA. )1 o1eH-
KH 110 WHJIeKCY bo ucmnonp3oBani cymMmmy Bo3pacTa U IUIo-
a1 MOBEPXHOCTHOIO OXOra B IpoLeHTax. MHTepBasl
MPOTHO3a MO MHJACKCY bo B yCIOBHBIX €IUHUIIAX: MCHEE
60 — OnaronpusTHbii, 61-80 — OTHOCUTENIBLHO OJaro-
npusTHEIA, 81-100 — comuuTEeNnbHBIH, Oonee 100 — He-
OJIarONPHUATHBIM.

Jis omeHKHW XapakTepa UMMYHHOTO BOCTIAJICHUS HC-
MOJIb30BAJIA WHTETPANBHBIA KO3(D(OUIIMEHT TUTOKUHOBO-
ro OanaHca, NPEJIOKCHHBI B METOAMUYECKUX PEKOMEH-
narusax DenepanbHoro LleHTpa TUTHEHBI U ATIHIEMUOJIO-
ruu Pocnorpebrams3opa [11]. Ero pacder mpoBomuiau 1o
thopmyie I/IH=I/II+(I/IZ—1), rne U1 — gacTHOE OT aelicHus
YPOBHSI MPOBOCHATIUTEIBHOIO IUTOKHMHA B UCCICAYECMOM
oOpa3iiec Ha 3HAYCHUE BEPXHEH TrpaHullbl ped)epeHTHO-
r0 MHTEpBaa Ul JAHHOTO LUTOKMHA, a M, paccunThiBa-
71 aHaoruyHo M|, HO 171 NPOTMBOBOCHAIUTENBLHOTO K-
tokuHa [11]. KputreprueM oreHkr ITUTOKHHOBOTO OalaHca
SIBJISIJIOCH 3HAUCHHUE I/IH. YpoBeHb I/IHSI OIICHHUBAETCS KaK
ONTUMAJIbHOE COOTHOLICHHE LMTOKMHOB. Yposenb M, >1
YKa3blBaeT HAa aKTHBAIIMIO BOCHAIUTEIBHON pEaKinu B
OopraHu3Me.
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Ob6cnenoBanne OOJIBHBIX MPOBOAMIIH MPH MOCTYIJICHUH
B CTallMOHAp, a TaKKe HaKaHYHE TPOBEICHUS OINEpaliu
CAII, rpynmbsl cpaBHEHUS — OAHOKPATHO.

IToaroroBka 00pa3IoB A KccleqoBaHms. B kadecTBe
OMOJIOTHYECKOTO Marepuajia HCIOIh30Bal  CHIBOPOT-
Ky nepudepudeckoil KpoBH, 3a0paHHON M3 KyOUTaIbHOM
BEHBI HATOIAK B YTPEHHHE Yachl B BaKyTEHHEPHI C aKTH-
BaTOpOM CBepThIBaHMs. Bce mpoOsI tocTasisiiy B tadopa-
TOPHIO C COONIOZIGHUEM TEMIIEpaTypHOro pexxuma. Meto-
mom nteHTpudyrupoanus npu 3000 o6/mMuH B Teuerne 10
MUHYT OTHEISUTH CHIBOPOTKY OT KJIETOYHBIX 3JIEMEHTOB.
OO6pasupl CHIBOPOTKH XPAHWIN A0 MPOBEACHUS UCCIIEI0-
BaHus npu —40°C.

[MpoBenenre MMMYyHO(QEPMEHTHOTO aHau3a. MeTogom
TBEpAO(PA3HOTO «COHIBHUY»-BAPUAHTA HUMMYHO(PEPMEHT-
HOTO aHallM3a B CHIBOPOTKE KPOBU OMPEIEISIIN KOHIICH-
TpalMy CJIEIYIOIIUX TPOBOCIAIUTEIbHBIX ITHTOKHHOB
— untepuneiikun 6 (UJI-6), uarepnetikun 8 (UJI-8) u ipo-
THBOBOCTIAJIUTENLHOTO IUTOKUHA uHTepielikuna 10 (MJI-
10) ¢ momoIIp0 CTaHIAPTHRIX HA0OPOB peareHTOB (3AO
«BexTop-bect», . HoBocuOupck) cormacHo HHCTPYKIUN
(hHPMBI U3TOTOBUTEITS.

Craructudeckas o0paborka. CraTHcTHUecKyo oOpa-
OOTKY pe3yJIbTaTOB MPOBOIAMJIM C IOMOIIBIO MIPOTpaMM
«Microsoft Office Excel 2016», makera Statistica 12.0
(«Stat Softy, CILIA). JlaHHbIe TpEICTABICHBI B BUJIE CPEJI-
HUX 3HaueHWd (M) ¢ pacdeToM OmMOKH cpemHero (m).
Taxke Tpu CpaBHEHUH 3HAYCHWU ITUTOKWHOB ITOKa3aTe-
JIU TpeACTaBIeHbl B BHAe MenuaHbl (Me) u KBapTuiei
[P25%; P75%]. CpaBHEeHuEe BBIOOPOK C OIPEASIICHUEM
JOCTOBEPHOCTH PA3MYUI MPOBOJAMIIH C UCTIONE30BAHUEM
Kkputepus ManHa-YutHu. Paznuuus cuuranu ctaTucTuye-
cku 3HauuMbIMU TIpH P<0,05. TToporoBbie 3Ha4eHUs, CHell-
U(UIHOCTH U YyBCTBUTEIILHOCTH TOKA3aTeNIel ompeiens-
michk MetogoM ROC-ananmsa, ¢ UCIIOIb30BaHUEM ITaKeTa
MedCalc 19.0 («MedCalc Software, benbrus).

Pe3yabTarsl

Ha ocHoBaHnm ompeieneHnst MPOTHOCTHYECKNX MHIIEK-
COB IIPOBEJICHA OIIEHKA COCTOSIHHS OOJBHBIX C OKOTOBOU
TpaBMOU TPU MOCTYIUICHUHU B CTAIlMOHAP B 3aBUCUMOCTH
ot ucxona OT (tabm. 1).

O06a mporHOCTUYECKUX HHJIEKca — uHIeke DpaHka U
nHAEKC bo — B Tpymmax BBDKMBIINX OOJBHBIX U OOJb-
HBIX C JIETATBHBIM HCXOJIOM CTATHCTUYECKH 3HAYMMO Pa3-
JMUYamuch. IHIEKCH B TPYIIE BEDKUBIINX OOJBHBIX CO-
OTBETCTBOBAJIM OTHOCHUTEJIBHO OJIArONMPUATHOMY IPOTHO-
3y (Tabi. 1) B OTJIMYKE OT IPYMIbl OOJBHBIX C JICTAIBHBIM
WCXOJIOM, B KOTOPOW B CPEIHEM WHJAEKCHI YKa3bIBaIH Ha
coMHUTENBHBINA ucxox OT.

[Ipu mocTyruIeHnn B CTalMoHap Ui OTpe/ieieHus Ha-
PYLICHHH PETYISIIUA MEXKKICTOYHBIX B3aMMOJICHCTBHIMA
B MIMMYHHOW CHCTEME y OOJIbHBIX C O)KOTOBOW TpaBMOM
C pa3IMYHBIM HCXOAOM ObLIa MPOBECHA OLICHKA YPOBHEH
MIPO- U MPOTHBOBOCIIATUTEIBHEIX IIUTOKWHOB B CpaBHE-
HHU CO 30POBBIMH JTUIAaMH (Ta0I. 2).

Tabnnua 1
CpaBHUTE/IbHAsA XapaKTepPUCTMKA rpynn 60abHbIX NPK No-
CTYN/IEHWUW B CTaLMOHap

Bospacr, MHpekc ®panka, | NHaeke bo, y.e.
rone! (M£m)/ y.e. Me Me
B [P25%; P75%] [P25%; P75%]
pynna c 42,5¢12,5 -
paBHeHuA
44,5 75,5
+
BbixkusLume 48,1+3,5 [14,2; 77,0]* [60,2; 86,7]*
bonbHble
88,5 98,0
+
C eTanbHbIM 50,0£18,1 [46,0; 128,2]* [82,5; 106,0]*
MCXO40M
* — p<0,05
Tabnuua 2

CpaBHMTe/IbHAA XapaKTePUCTUKA rpynn 60abHbIX NPK Mo-
CTYMN/IEHNN B CTaLUMOHap

UN-6, nr/mn | UN-8, nr/mn | UN-10, nr/ Wy 1N-6,
nn-8/Mn-10
Me Me mn Me Ve
P25%; P75%] | [P25%; P75%] | [P25%; P759
[Pa5t%; P7o] | P25%; P7%] | (P25%; PTS%I | ysss; prse
PedepeHT-
Hbll 0-10 0-10 0-31 -
UHTEpBan
Ep\&/l::ZHMH 3,8 6,3 20,1 0,2
i [44;7,2] | [4973] |[17,9;23,1]| [0,1;0,3]
(n=35)
pobuBLe [ig; [ii’f,. 255 81
(n=42) 2536 1092 | 114347207 | 14817,00°
pororeec | 2 | w02 | amsi |70
UCXoa0M [788,9; (262,2; [152,7; [60,0;
e8). 16691 | 3535 | 3025 | 1136

* — p<0,01 no cpaBHEHMUIO C FPYNMNoON CPaBHEHUSA
** — p<0,01 npu cpaBHEHUM rpynn 60/bHbIX

ConepxaHue B CHIBOPOTKE H3YyUYEHHBIX IPOBOCIIANIH-
TEJILHBIX UTOKMHOB OBIJIO 3HAYMMO IOBBIILIEHO B 00EUX
rpyInax 0)KOTOBBIX OOJNBHBIX IO CPABHEHHIO CO 3/10POBbI-
MU siuiamu (tadn. 2). [lpu 3ToM B Tpynie OONbHBIX C Jie-
TabHBIM UCX0MOM ypoBeHb MJI-6 Obut B 10 pa3s BeImIe, a
NJI-8 — B 4 pa3a BblllIE 110 CPABHEHUIO C aHAJIOTUYHBIMU
[IOKA3aTesIMK B IPYIIE BEIKUBILUX OOJIBHBIX, YTO CBHIE-
TEJILCTBOBAJIO O O0Jiee BBIPAKEHHOM CHCTEMHOM HMMYH-
HOM BOCTIAJICHUH Y HauOosee TsoKelbix 0onbHbIX. Cremy-
€T OTMETHTb, 4TO ypoBeHb MJI-10 B rpymme BEDKHMBIINX
OO0JIBHBIX OBLI COIIOCTABUM C 3THM IIOKa3aTeJIeM B TPYyIIIE
CPaBHEHHSI, HO ObLI 3HAYUTEJIHO YBEJIMUEH y OOJBHBIX C
JIETAJILHBIM HCXOJIOM, IJI€ IPEBHIIIAN JaHHBIN MTOKa3aTeNnb
y BBDKHMBIINX NpakTHuecku B 10 pas.

JucbanaHc npo- ¥ MPOTHBOBOCHAIUTEILHBIX ITUTOKH-
HOB OBUI TakXe IMOATBEPXKACH MPHU HCIOJIB30BAHUN WH-
TerpabHOTO KO3 PHUITNEHTA IINTOKWHHOBOTO OaJlaHca, KO-
TOPBII OBbLI 3HAUUTEIHHO BBIIIEC Yy BCEX OXKOTOBBIX OO0JIb-
HBIX IO CPaBHEHUIO C JIMLAMH TPYIIBI CpaBHEHHS (Ta0I.
2), 9TO CBHIETEIBLCTBYET O CABUrEe OajlaHca IUTOKUHOB B
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CTOPOHY BBIp&KEHHOTO BocnasieHus. Hanbonee Tsoxensie
W3MEHEHUS ObUIM BBISBICHBI Y OOJIBHBIX C JIETAbHBIM HC-
XOJIOM.

BookuBmmM 42 607pHBIM ObLTa OCYIIIECTBIICHA OIIC-
pamusi  cBOOOmHOM ayTomepMmoriacTuki. OCHOBBIBAsICh
Ha pesynsratax CAIL, Obimu chopMHUPOBAHBI 2 TPYIIIBI
OOJIHBIX — C TIOJHBIM TPHKUBICHHEM KOKHOTO ayTo-
TpaHcmianTara (n=18) U ¢ YaCTHYHBIM JHU3UCOM (n=24).
[Ipu mocTymieHHH B CTallMOHAp M HAKaHYHE OIepaTHB-
HOTO BMeIIaTeNbhCcTBA OblIa MPOM3BE/eHa OLEHKA ypOB-
HeH IIUTOKUHOB 0’KOTOBBIX OOJIBHBIX, KOTOPHIM ObLIa OCY-
mectieHa CAJIIT (tabm. 3 u 4). BpemeHHas quHaMUKa
W3MEHEHUS COJCPKAHUSI [INTOKMHOB B CHIBOPOTKE KPOBH
B TPpyIIax OOJBHBIX C MOJHBIM MPIKUBICHHEM (Tabm.3) u
JaCTUYHBIM JIU3UCOM TpaHCIUIaHTata (Tabm. 4) Opuia cxo-
KEH.

Tabnunua 3
JMHaMMKa ypoBHEM LIUTOKMHOB Y OXOTOBbIX BO/bHbIX C
NOIHBIM MPUNKNBIEHMEM KOXKHOIO ayTOTPAHCM/IaHTaTa

Wn-6, nr/mn | WN-8,nr/ | WUN-10, nr/ Wy, UN-6,
Me ma Me ma Me nn-8/nn-10
[P25%; [P25%; [P25%; Me
P75%] P75%] P75%] [P25%; P75%)
PedepeHT-
Hble WUH- 0-10 0-10 0-31 -
Tepsasnbl
Mpu nocry- 58,0 50,0 22,0 5,4
naeHumn [46,7;79,4]1* | [10,2; 98,0] | [5,4; 34,0]* [4,6; 7,8]*
HakaHyHe 19,6 45,8 6,5 2,4
CAIN [10,5; 27,61* | [23,0; 59,71 | [4,6; 10,71* | [1,7; 3,6]*
* — p<0,05

Y Bcex BBDKHBIIUX OKOTOBBIX OOJIBHBIX BO BpeMs Tpe-
JIOTICPAIIMOHHON TOATOTOBKY 3HAYMMO CHHIKAJIHNCh YPOB-
HU npoBocnanuTensHoro NJI-6, mpoTuBOBOCHIAINTENBHO-
ro WJI-10. Onpenenenne NJI-8, xemoarTpakTanta, KOTO-
PBIN CTUMYIUPYET IPUXOJ B paHy KJIETOK BOCIIAJICHHS, HE
BBISIBWJIO 3HAUUMOTI'0 CHIDKEeHHUS 1pu noarotoke k CAJIII
B 00eux rpynmax 0oibpHbIX. OTCyTCTBHE HOPMaIH3alHH
9TOTO TIOKA3aTeNsl CBUAETENBCTBYET O MPOJOIIKAIOIIEMCS
BOCTIAJICHUH B paHe ¥ TpeOyeT TMHaMHU4eCcKoro HalIoe-
HUS B CBSI3U C TEM, YTO MPUBJICUCHUE JICUKOIIUTOB B 00-
JIACTh PaHbl MOXKET MPEMATCTBOBATH 3AKUBIICHHIO.

Crnemyer OTMETHTh, YTO y TeX OOJBHBIX, KOTOpEIE B Oy-
JyIIeM TIOKa3alld YaCTHYHOE MPUKUBIICHHE TPAHCTIAHTa-
Ta, YK€ IPU NOCTYIUICHUH B CTAIlHOHAP OTMEYajioch 0O0-
Jiee 3HAYMMOE YBEJIMUYCHHE YPOBHS BCEX HCCIICIOBAHHBIX
IIUTOKWHOB, 0COOCHHO 3TO BBIpakeHo st NJI-6 (tabm. 3
1 4), ypOBEHb KOTOPOTO ITOYTH B 4 pa3a BhIIIE Y OOJIHHBIX
ATOM TPYIIIBI IO CPABHEHHUIO C OOJIIEHBIMHU C TIOJHBIM TPH-
YKUBJICHUEM TPaHCIUIAHTATA.

[Ipr wWCHONB30BaHUM HWHTETPAIBLHOTO KOA(PPHUIMEHTA
UTOKUHOBOTO OanaHca ObLJIO BBISBICHO, YTO B TPYIIIC
MAIMEHTOB C YaCTWYHBIM JIN3MCOM HaKaHyHE OTepaIliy
ATOT TIOKA3aTeNb OBIIT MOYTH B 3 pa3a BBIIIC, YeM B dTOM
K€ TOYKE Y ITallMeHTOB C TIOJTHBIM MTPIKUBICHEM. Jlaxke B

rpyIie NanueHToB ¢ ynadyneim ucxoqom CA /111 ve nadmro-
JIaJTU TIOJTHOM HOpMaJTU3alliy JIaHHOTO MTOKa3aTelts.

B xauecTBe JAOMOTHUTEIHHBIX KPUTEPHEB, BIHUSIOMINX
Ha MIPWKUBICHNE TPAHCIUTAHTATA, OBIITN B3ATHI CPOK TIPO-
BEICHUS OIEPaTUBHOIO BMEIIATEILCTBA OT MOMEHTA I10-
CTYIUICHHS M TUIOIIA/Ab KOHKPETHOTO ONEPaTHBHOTO BME-
matenbeTBa. [Ipu oleHKe CPOKOB TPOBEACHUS OKA3aI0Ch,
YTO B TPYIITIE C YCIIETTHO TTpoBeeHHoM onepanueid CAJIIT
OHa OCYIIECTBISIACh B Ooliee paHHWE CPOKH, a TaKKe
IUIOMIA/Th TIEPECAXKEHHOTO KOXKHOTO JIOCKYTa ObLIa MEHb-
e (tabm. 5).

Tabnvua 4

OnHaMUKa ypOBHEN LLUTOKMHOB Y OXKOTOBbIX 60/IbHbIX C
YaCTUYHbIM MPUNKUBAEHNEM KOXKHOrO ayToTpaHCNAaH-
Tata

W6, e/ | W78 /M | 10, e/ M; }1’”; /6’
Me mn Me
[stvyfws%] [P25%; [P25%; M?ézlgfyt/-le
; o o ;
P75%)] P75%] P75%]
PedepeHT-
Hbl€ UH- 0-10 0-10 0-31 -
TepBanbl
Mpu nocty- 208,6 75,0 37,9 15,2
naeHum [69,1;296,2]1* | [54,9;119,0] | [15,2;68,0]* | [8,0;21,3]*
HakaHyHe 78,5 57,3 5,45 6,6
cAANn [59,1;97,5]* | [44,2;96,5] [4,1;8,4]* [5,3;8,2]*
* — p<0,05

IIpu cpaBHEHUU MOKa3aTenel cogepKaHns HUTOKMHOB B
CBIBOpOTKE KpoBU HakanyHe onepanuu CAJIII B rpynmax
C Pa3IUYHBIM HCXOJIOM TPWKHBIECHHUS ayTOTpPaHCIIJIAaHTa-
Ta ¥ B KOHTPOJIBHOM I'pyIIle HOJyYeHbI CIEAYIOIIUE pe-
3ynbTarel. Kak OblJI0 OTMEUYEHO, y MAlMEHTOB C YacTHY-
HBIM JIN3UCOM KO’KHOTO JIOCKYTa YK€ IIPH MOCTYIUICHUH B
cTauuoHap HaOIonanruchy 0ojee BIpaKeHHbIE M3MEHEHHUS
B IIMTOKMHOBOM 3BeHe. HecMoTpsi Ha HEKOTOpYyI0 HOpMa-
JU3AIUI0 TIOKa3aTeNnel B pe3yibrare MpeaonepauoHHON
TIOATOTOBKH, Y ATOM TPyl manueHToB HakanyHe CAJIIT
YPOBEHb M3YYEHHBIX IPOBOCHAIUTEIbHBIX LIUTOKUHOB
OBbUI 3HAUUTEJIHHO BBIIIE, YEM Yy 3I0OPOBBIX JIML U Y MalH-
€HTOB C TIOJIHBIM MpIKHUBICHNEM (Tab. 5). Coxpansiomia-
sicsl BBICOKasl MPOAYKILMS MPOBOCHAIUTEIBHBIX ITUTOKHU-
HOB CBH/IETEIHCTBOBYET O MPOIOJIKAIOIIEMCS] CHCTEMHOM
BOCIIAJICHNH, YTO MTOBJIMSJIO HA HCXOA TPAHCIIJIAHTALUH.

Crnenyer ormetuth cHikeHue Hakanyne CAJIII conmep-
xaHusi B ceiBopoTke MJI-10 B 00eux rpymnmax 0>KOroBBIX
MAIMeHTOB 110 CPaBHEHMIO CO 3/10pOBBIMHU Juiamu. He-
CMOTpsI Ha TO, YTO ITOT MOKa3aTelb YMEHbIIAICS B TIpee-
nax peepeHTHOro MHTEpBaia, ero JMHAMUKA y MAIeH-
TOB C BOCIAJICHUEM CBUAETEIILCTBYET O IMOCTOSIHHOM I10-
TpeOJICHNH 3TOTO MEeIUaTopa C Iebl0 OrpaHNYCHHS BOC-
NajeHus.

C 1enplo yTOYHEHMs JUArHOCTUYECKUX U MPOTHOCTH-
YECKUX XapaKTePUCTHK OMPEEIEHHBIX HaMU 3HAYMMBIX
rokKaszaresiei, a TakKe MOJIy4YeHHUs MOPOrOBBIX 3HAYCHUH
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9THX TOKa3arenei, Obln nposeaeH ROC-anamms. [padu-
YeCcKM pe3y/bTaTbl aHalu3a IIPeACTaBlIeHbl Ha puc. 1, ¢
yKa3aHWeM YYBCTBUTEIBHOCTH M CHEIM(DUIHOCTH KOH-

KPETHBIX TECTOB.

Tabnunua 5

CpaBHUTE/IbHAA XapPaKTEPUCTMKA YPOBHEN LUTOKMHOB Y OXKOroBbIX 60/1bHbIX HakaHyHe CAZN B 3aBMCUMMOCTM OT UCXO-

Aa onepauumu

CyTku nposege- | S% CAAN WN-6, nr/mn WN-8, nr/mn WNN-10, nr/mn Wu, UN-6, UN-8/UN-10
Hua CAOM (M+m) | (M#m) | Me [P25%; P75%] | Me [P25%; P75%] | Me [P25%; P75%] Me [P25%; P75%]
PedepeHTHbIE i i 0-10 0-10 0-31 i
WUHTEpPBabI
. 5,8 6,3 20,1 0,2
pynna cpashenma - - [4,4;7,2] (4,9:7,3] [17,9; 23,1]] [0,1;0,3]
MNMonHoe npuxKms- % " 19,6 45,8 6,5 2,4
nexve 17,3+10,5 3,2£2,5 [10,5; 27,6]%*,*** | [23,0; 59,7]* *** | [4,6; 10,7]]*** [1,7; 3,6]%*,***
; o . 78,5 57,3 5,45 6,6
YacTuyHbIN n3unc 23,1+11,8 5,4+3,3 (59,1; 97,5]** *** | [44,2; 96,5]* *** [(4,1; 8,4]]*** [5,3; 8,2]** ***
* — p<0,05 npu cpaBHEHUM rpynn 60NbHbIX
** — p<0,01 npu cpaBHEeHUM rpynn 60/bHbIX
*** _— p<0,01 no cpaBHEHMIO C TPYNMNOI CPaBHEHUS
IL-6 IL-8
100 . 100 .
[ || Sensitivity: 100,0 [ .
| | Specificity: 99,2 i ot
&0 N Criterion: >61,6942 |- 80 [ 2;22?1‘23; 869334 """""
2 r 2 [ Criterion: >45,7763
S 60f S 60} J_,r
Z i G P
£ 40 , £ 40f
20 { AUC = 1,000 20 F {AUC = 0,811
i P < 0,001 P <0,001
0—"1”"'”"1|||AA|||11|||1 O I"n PRI I RPN R
0 20 40 60 &80 100 0 20 40 60 80 100
A) 100-Specificity B) 100-Specificity
IL-10 In,
100 | — 100 } o —
- Sensitivity: 96,4 L Sensitivity: 96.4
{0 | || Specificity: 34,4 80 r Specificity: 68,0 |
- Criterion: <9,4174 L __[[| Criterion: <1094,9
5 00p S 60
0= - = [
N X e
5 40F g 40] ._
201 AUC = 0,684 20 [ | AUC = 0,830
r P=0,012 . P < 0,001
O--Illlllllllllllllll‘ O_I.|||1||||||||||||||
0 20 40 60 80 100 0 20 40 60 80 100
0) 100-Specificity D)  100-Specificity

Puc. 1. AaHHble ROC-aHann3a U3y4eHHbIX UHTEPIEMKMHOB.
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W3 puc. 1 Buano, uto Hanbonee HHPOPMATUBHBIM CPEAN
WCCIJIEZIOBaHHBIX WHTEepieWkuHoB, cran MNJI-6, dyBcTBU-
TEJNBHOCTH JIaHHOTO TecTa coctaBmia 100%, a cneuuduy-
HOCTB 99,2%. [Toporosoe 3nauenue MJI-6 coctaBuio 61,6
rr/mi. Xapaktepuctuku omnpenenenus MJI-8, NJI-10, a
TaK)Xe WHTETPATLHOTO KOA(PPUIIMEHTa [IMTOKHHOBOTO 0a-
JlaHCa TaK)Ke MMENIM BBICOKHE 3HAYEHHsI YyBCTBUTEIBHO-
CTH, OJTHAKO YCTyHaJik 1O 3HAYCHUAM CHCHI/I(l)I/I‘-IHOCTI/I.

3akiouenue

MonuTopupoBaHUE YPOBHS LIUTOKMHOB JACT JIONOJIHU-
TEJNbHYI0 HHPOPMAILIHIO O COCTOSIHUU CUCTEMHOTO U MECT-
HOT'O BOCTAJIEHUS Y 0’KOTOBBIX MAlIMEHTOB Ha pa3HbIX ITa-
max TEYCHHUS 0KOTOBOM Oone3HH. MakcuManbHbBIC 3HaYe-
HUS COAEPKaHNUA IMTOKMHOB B CBIBOPOTKE KPOBH Y TMaIH-
€HTOB C JICTAJbHBIM HMCXOAOM CBUJETENbCTBYIOT O CHH-
JPOME CHUCTEMHOTO BOCHAIUTENBHOTO oTBeTa [12], 00y-
CJIaBIIMBAIOIIEM Pa3BUTHE HEKOHTPOJIUPYEMOIO CHUCTEM-
HOTO BOCMAJCHUS, YTO NpeAonpeeisieT HeOnaromnpusT-
HBIA UCXOJ| 0’KOTOBOM TpaBMmbl. Moppucon B.B. ¢ coasrt.
(2019) BBIABHIIM TIOBBIIIICHWE YPOBHEH MHTEPICHKUHOB |
u 6 B2 u 13 pa3 COOTBETCTBEHHO HA HaYaJbHBIX CTaUAX
0KOTOBOM OOJIE3HH, YTO B IIEJIOM COOTHOCHUTCS C JIaHHBI-
MU, MOJIy4€HHBIMU B HAIlIEM UCCIIEI0OBaHUM.

Takxe ecTh JaHHBIC [7] O 3aBUCHMOCTH CONEPIKAHUS
NJI-10 u ®HO B Moue 1 BEpOATHOCTHIO OCIOKHEHUH MPH
O’KOTOBOM TpaBMe, B YaCTHOCTH, JIETAJILHOIO ucxona. B
CpyIIeE ¢ JIETAIbHBIM UCX0I0M Bo3pacTaHue yposHs WNJI-
10 B HaYaIBHBII NEPUOA 0KOTOBOM OOJIE3HU B IPOMEXKYT-
Ke oT 1-X 710 3-X CyTOK cocCTaBisuio 3 u Ooliee pasa, 4ro
TaK)ke CBUJETENBCTBYET O POJIM 3TOTO IMTOKMHA B MaToTe-
He3e pa3BUTHS 0XKOTOBOI Oosie3nn. CBur OasiaHca B CTO-
POHY IIPOBOCIHAJIUTENBHON PEAKIUU U €€ YCUIICHUE B 3a-
BHCHUMOCTH OT TSDKECTU TOPAXKEHHSI, SBIIACTCS OeCcrop-
HBIM NPU3HAKOM HEOIAronpusTHOTO UCX0/1a U Heyay MpH
OlepaTHBHOM BMEIIATEIbCTBE. AHAJIOTHUHBIE Pe3yabTaThl
OBLIN MOJTy4YEeHBI B HAILIEM HCCIICIOBAHUH.

JloTIOTHUTENTBEHO T1eTIeco00pa3Ho OIEHUBATEL OaaHC IH-
TOKHHOB JUII BEIOOpA ONTHUMAJIFHOTO CPOKa ONepaTHBHO-
TO BMEIIATEIhCTBA C IENBI0 JOCTHKEHUS OIarompHusiTHO-
ro ucxoga CAJIIl. B skcniepumenTe Ha Kpbicax MoKasa-
Ho [13], uro HOpManu3aus yposueit UJI-1f, NJI-8, DHO
crocoOCTByeT OoJiee BEICOKUM TEMITaM 3a)KHBJICHHUS KO-
TOBOM paHbI.

IIpu momydyeHHH BBICOKHMX 3HAYEHHUM MPOBOCHATIUTEINb-
HBIX IIUTOKWHOB TIPU JIADOPaTOPHOM OOCIIEZIOBAHUH MO-
XKeT ObITh PEKOMEHIOBAaHO NIEPEHECTH BpeMsl ONepalui 1
MIPOBECTH aJIeKBAaTHYIO Teparuio, HaIpaBIeHHYIO Ha Ky-
MMPOBaHNE BOCHAJICHUS, IS JOCTHKEHHS ONTHMAIIbHO-
IO pe3yJibTaTa o IPHKUBIICHUIO TPAHCILIAHTATA U BBI3/I0-
POBJICHHIO TTAIIUEHTA.

B npouecce TeueHus 0)KOroBOM TpaBMBbI Haubosee BbI-
pakeHHbIe U3MEHEHHs B IIUTOKMHOBOM 3BEHE, COITIACHO
HAIllUM HCCIICIOBAHUSAM, HaOIIONAIOTCS NPU OIICHKE CO-
Nep’KaHUus B CBIBOPOTKE MHTEpieiikuHa 6. M3BecTHO, 9TO
WCTIOJI30BAHKE ATOTO TIOKA3aTeNsl IMHUPOKO 00CyKaaeTcs
C IICJIbIO OOCIICTIOBAHMS CENTHUYCCKUX OONMBHBIX [14], T.K.

OTpa’kaeT YPOBEHb CUCTEMHOTO BocmajeHns. ONeHKy ero
YPOBHSI pEKOMEHIOBAHO HMCIIONIB30BaTh ISl TIPOTHO3a HC-
xopa npu cencuce [15].

He meHee BayKHBIM SIBJIIETCS MOHUTOPHUPOBAHUE YPOBHS
WJI-8, KOTOpBIii MIPUBJIEKAET JICHKOIUTHI B 00JIACTH PaHBbI.
Ero ypoBens cHmxkaercs He Tak ObicTpo, kak MJI-6, yem
MOJIEP)KMBAET BOCTaieHHe. MemieHHass HOpMaTH3amus
conepxanust JI-8 B xo/1e 05K0roBoii TpaBMbI U BEI3BAHHOE
ATUM HaKOIUICHHE HEUTPO(UIIOB B 30HE paHBI JaeT KapTH-
HY UHTEHCHBHOCTH MECTHOT0 BocnasieHus. COrnacHo JKc-
MIepUMEHTATBHBIM JaHHBIM [5], BeICOKUH ypoBeHb MJI-8
CIOCOOCTBYET yACpPKAHHUIO PAHbI B COCTOSTHUH TIEPCUCTH-
PYIOIIET0 BOCTIAJICHHS, YTO MPEMATCTBYET HOPMAITLHOMY
3axuBieHnto. Ha (oHe mprMeHeHUs] MEeTHITypalliiIoBOH
Ma3{ y KpbIC IIPU 0KOTOBOM paHe MPOUCXOJUIIa HOPMAJIH-
3alMs YPOBHS JAHHOTO IIUTOKMHA K 28 CyTKam, 4TO CIIO-
c0o0CTBOBAJIO YCKOPEHHOM SMUTeNN3auy pansl [13].

IlomyueHnHble HaMHM pPE3yNbTaThl, KACAIOIIMECS OIICH-
KU IIUTOKWHOB B Mepu(epruIecKod KPOBH, 000CHOBEIBA-
10T JIOTIOJTHEHHE ajJropuTMa JabopaTopHOTO 0oOcienoBa-
HUS 000XCKEHHBIX 32 CUET ONpeesieHH UTOKMHOB — WH-
TepneiikuHoB 6, 8 u 10. OnpeneneHue NaHHBIX OKa3are-
nel 1enecooOpa3Ho MpH MOCTYIUICHUH B CTAIlHOHAD JUTS
COKpalleHus JeTaibHOCTH. Hanbornee BakHBIM cpenu
HUX sABsieTcs onpenenienue MJI-6 ¢ moporoBsIM 3HaYEHU-
em 61,6 iir/mu1. ['pyrina naeHToB ¢ BEIpaKCHHBIMH Hapy-
HIEHUSAMH B LIUTOKUHOBOM CETH HY)KIAE€TCsl B CUCTEMHOM
Teparuu, HalpaBIeHHON Ha HOPMaJU3alHIo MoKa3arese
JUTS TIPEIOTBPAILIEHHS JIETAIBHOTO NCXOA.

MoHuTopUpoOBaHUE YPOBHS ITUTOKWHOB IIPU 0XKOTOBOM
TpaBMe I1e1eco00pa3Ho Takke /Ui 00bEKTHBHU3AINH BbI-
0opa CpPOKOB OIIEpaTHBHOTO BMEIIATEIbCTBA, YTO OyAeT
CIOCOOCTBOBATH MOBBIIICHUIO Y3(PEKTUBHOCTH ONeparuu
CBOOOTHOM ayTO/IEPMOIIIACTHKH.
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Abstract. Introduction. Currently, more and more
attention is paid to burn injury as one of the most
significant medical and social problems. Treatment of
burn injury is performed by autotransplantation of the
skin flap. The efficiency of using this method is from 70
to 90%. A significant reason for the failure of skin flap
transplantation in burn disease is the lack of objective
methods for assessing the patient's condition on the
eve of free autodermoplasty surgery. Assessment of
the levels of both Pro-and anti-inflammatory cytokines
in burned patients is not included in the algorithm of
examination and monitoring of the status of these
patients.

The aim of the study: to study the levels of pro - and
anti-inflammatory cytokines to expand the algorithm
of laboratory examination in preparing patients for free
autodermoplasty.

Materials and methods. The levels of IL-6, IL-8, and IL-
10 in the peripheral blood of 50 patients with burn injury
compared to healthy individuals were studied by enzyme
immunoassay.

Results. The serum content of all studied cytokines was
significantly increased upon admission to the hospital
in all burn patients compared to healthy individuals. A
particularly pronounced increase was observed in patients
with a fatal outcome. The results of autodermoplasty
correlated with the severity of hyperproduction of
proinflammatory cytokines on the eve of surgery.

Conclusion. A justification for the addition of the
algorithm for laboratory examination of burned patients
by determining cytokines-interleukins 6, 8 and 10.
Monitoring the level of cytokines in burn injury is
appropriate for objectifying the choice of the timing of
surgery, which will help reduce the mortality rate and
increase the effectiveness of free autodermoplasty.
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Introduction

Currently, one of the leading types of injuries is burn
injury (BI) [1], the mortality rate for severe burns reaches
4-55% [2]. The gold standard of treatment for such
patients is the method of free autodermoplasty (FADP),
which is the closure of a wound defect with a perforated
flap of an autograft of the skin. Healing of donor wound
sites is a complex dynamic process that includes skin flap
transplantation, its engraftment and epithelization with the
restoration of the integrity of the skin. Using this technique,
complications occur in 28-52% of cases [3].

One of the complications of this method of treatment is
the lysis of the autograft, which occurs in 10-30% of cases
[4]. Lysis leads not only to exposure of already closed
wounds and loss of autografts, but also to the expansion of
the wound surface due to donor sites. A significant reason
for the failure of transplantation is the lack of objective
methods for assessing the condition of patients on the eve
of FADP surgery, which is currently empirically performed
based on the general clinical status of the patient and visual
signs of granulating wounds [3].

The formation of a local and systemic immune response
in burn patients occurs against the background of damage
to the integrity of the skin, while a large amount of
toxins is released from the injured tissues [5]. One of the
leading problems in the initial period of a burn injury is
the suppression of the functions of phagocytes, which
are involved in the inflammatory response [6]. There is a
suppression of the absorbing, digesting capacity of cells, as
well as an imbalance in the synthesis of immunoregulatory
molecules.

There are data on the role of cytokines in the development
of complications in severe burn injuries [7], as well as in
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the processes of tissue remodeling [8], which is especially
important in autodermoplasty. Also, to date, it is believed
that an imbalance of cytokines is one of the leading factors
in the development purulent infection and sepsis in burn
injury. [9]

Burn disease is accompanied, first of all, by a dysfunction
of the cells of the immune system, which leads to an
imbalance in the cytokine system, which supports systemic
and local inflammation.

The results of the study of the cytokine profile
for predicting the outcomes of surgery are currently
insufficiently used. The study of changes in the balance
of cytokines can be one of the topical directions in
combustiology, in particular, in the system of assessing the
probability of autograft rejection.

The aim of the study was to investigate the levels of
pro- and anti-inflammatory cytokines in patients with burn
injury for the expansion algorithm laboratory examination
in preparing patients for free autodermoplasty operation.

Materials and methods

Design and research participants. The study included 85
people who were examined and treated at the Nikiforov
Russian Center of Emergency and Radiation Medicine
(NRCERM) and the St. Petersburg I[.I. Dzhanelidze
Research Institute of Emergency Medicine. All study
participants received informed consent to participate in the
study in accordance with the Helsinki Declaration of the
WMA and the processing of personal data [10]. The study
was approved by the ethics committee of NRCERM. 50
patients with BI aged from 19 to 96 years were examined:
34 men and 16 women. The median age was 48.1+£3.54
years. All patients had BI I-111 AB, 42 patients underwent
FADP surgery. Patients with Bl were divided into three
groups, depending on the outcome of BI: the group with
a fatal outcome (n=8), the group with partial lysis of the
autodermotransplant (n=24), and the group with complete
engraftment of the autodermotransplant (n=18). The
criteria for exclusion from the study were the presence
of cancer, severe immunodeficiency conditions in the
anamnesis.

The comparison group consisted of 35 conditionally
healthy people, with an average age of 42.5+12.5 years.
The comparison group consisted of people who underwent
an annual routine medical examination, which includes an
assessment of all the main laboratory parameters, namely
complete blood count and common biochemical blood
tests, as well as examinations by medical specialists,
such as a therapist, gynecologist, ENT, neurologist and
endocrinologist. Indicators of complete blood count
and biochemical blood tests were within the reference
intervals. The criteria for exclusion from the comparison
group, in addition to the presence of cancer, severe
immunodeficiency conditions in the anamnesis, were
exacerbations of chronic inflammatory diseases.

The severity of burn injury was assessed based on the
calculation of the Frank index and the Baux score [1, 4].

The Franc index was calculated by summing the surface
burn area as a percentage and tripling the deep burn area
as a percentage. According to the number of conventional
units, the forecast varied: less than 30 — favorable, 31—
60 — relatively favorable, 61-90 — doubtful, more than
91 — unfavorable. The sum of the age and surface burn
area as a percentage was used to estimate the Baux score.
Forecast intervals for the Baux score in conventional units:
less than 60 — favorable, 61-80 — relatively favorable,
81-100 — doubtful, more than 100 — unfavorable.

To assess the nature of immune inflammation, we used
the integral coefficient of cytokine balance proposed
in the guidelines of the federal center for hygiene and
epidemiology of Rospotrebnadzor [11]. It was calculated
using the formula In_=I +(I-1), where I is the quotient
of dividing the level of pro-inflammatory cytokine in the
test sample by the value of the upper limit of the reference
interval for this cytokine, and I, was calculated similarly
to I , but for anti-inflammatory cytokine [11]. The criterion
for evaluating the cytokine balance was the value of the
In.. The level of In <1 is estimated as the optimal ratio of
cytokines. The level of In. >1 indicates the activation of an
inflammatory response in the body.

Patients were examined at admission to the hospital, as
well as on the eve of FADP surgery, and the comparison
group was examined once.

Preparation of samples for research. As a biological
material, we used peripheral blood serum taken from
the cubital vein on an empty stomach in the morning
in vacutainers with a clotting activator. All samples
were delivered to the laboratory in compliance with the
temperature regime. The serum was separated from the
cell elements by centrifugation at 3000 rpm for 10 minutes.
Serum samples were stored until the study was performed
at —40 °C.

Conducting an enzyme-linked immunosorbent assay
(ELISA). The concentrations of the following pro-
inflammatory cytokines — interleukin 6 (IL-6), interleukin
8 (IL-8) and anti-inflammatory cytokine interleukin 10
(IL-10) — were determined in blood serum using standard
reagent kits (Vector-best CJISC, Novosibirsk) according to
the manufacturer's instructions.

Statistical processing. Statistical processing of the
results was performed using the Microsoft Office Excel
2016 software, the Statistica 12.0 package (StatSoft,
USA). The data is presented as average values (M) with
the calculation of the average error (m). Also, when
comparing cytokine values, the indicators are presented as
median (Me) and quartiles [P25%; P75%]. Comparison of
samples to determine the significance of differences was
performed using the Mann-Whitney test. The differences
were considered statistically significant at p<0.05.

Threshold values, specificity and sensitivity of indicators
were determined by ROC analysis using the MedCalc 19.0
package («MedCalc Software, Belgium).
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Results

Based on the determination of prognostic indices, the
condition of patients with burn injury at admission to the
hospital was evaluated depending on the outcome of BI
(table 1).

Both prognostic indices — the Frank index and the
Baux score — in the groups of survivors and patients with
a fatal outcome were statistically significantly different.
Indices in the group of surviving patients corresponded
to a relatively favorable prognosis (table.1) in contrast to
the group of patients with a fatal outcome, in which, on
average, the indices indicated a doubtful outcome from.

Table 1
Comparative characteristics
admission to the hospital

of patient groups on

Age. vears Frank index, Baux score,
?l\/’lrm) cu. Me [P25%; | cu. Me [P25%;
_ P75%] P75%]
Comparison
+ - -
group (n=35) 42,5¢12,5
Survival group 44,5 75,5
+
(n=42) 1eAss [14,2,77,01* [60,2;86,71*
Non-survival 88,5 98,0
+
goup(n=8) | ¥ | 6012801 | [82,5:106,00"
* — p<0,05

Upon admission to the hospital, the levels of pro-
and anti-inflammatory cytokines were evaluated in
comparison with healthy individuals in order to determine
violations of the regulation of intercellular interactions
in the immune system in patients with BI with different
outcomes (table 2).

Table 2
Comparative characteristics
admission to the hospital

of patient groups on

IL-6 pg/ IL-8 pg/ IL-10 pg/ | IncIL-6, IL-8
ml Me ml Me ml Me /IL-10 Me
[P25%;P75%] | [P25%;P75%] | [P25%;:P75%] | [P25%:P75%]
Range 0-10 0-10 0-31 -
Comparison 201
group 5,8 [4,4;7,2] | 6,3 [4,9;7,3] ' 0,2 [0,1;0,3]
[17,9:23,1]
(n=35)
survival 86,7 68,6 255 8,1
group 46,7:253,6]"" | 43,9:109,2" | [14,3:47,2" | [4,8:17,0""
(n=42) 7,253, ,9;109,
v 92 | cpaeg | 21| 70
(788,9:1669,11°* | 1275221 | [152,7:302,5)° | [60,0;113,6]""
group (n=8) '

* — p<0,01 compared to comparison group
** — p<0,01 between patient groups

The serum levels of the studied proinflammatory
cytokines was significantly increased in both groups of
burn patients compared to healthy individuals (table. 2).
In the group of patients with a fatal outcome, the level

of IL-6 was 10 times higher, and IL-8 4 times higher
compared to similar indicators in the group of survivors,
which indicated a more pronounced systemic immune
inflammation in the most severe patients. It should be
noted that the level of IL-10 in the group of survivors
was comparable to this indicator in the comparison group,
but it was significantly increased in patients with a fatal
outcome, where it exceeded this indicator in survivors by
almost 10 times.

The imbalance of pro- and anti-inflammatory cytokines
was also confirmed using the integral coefficient of
cytokine balance, which was significantly higher in all
burn patients compared to the comparison group (table. 2),
which indicates a shift in the balance of cytokines towards
severe inflammation. The most severe changes were found
in patients with a fatal outcome.

The surviving 42 patients underwent FADP. Based on the
results of FADP, 2 groups of patients were formed - with
complete engraftment of the skin autograft (n=18) and with
partial lysis (n=24). Upon admission to the hospital and on
the eve of surgery, the cytokine levels of burn patients who
underwent FADP were evaluated (table. 3 and 4). Time
dynamics of changes in the levels of cytokines in blood
serum in groups of patients with complete engraftment
(table. 3) and partial lysis of the graft (table.4) was similar.

Table 3
Dynamics of cytokine levels of burn patients with
complete engraftment of skin autograft

IL-6 pg/ml | IL-8 pg/ml | IL-10 pg/ml | IncIL-6, IL-8
Me [P25%; | Me [P25%; | Me [P25%; /IL-10 Me
P75%)] P75%)] P75%)] [P25%; P75%]
Range 0-10 0-10 0-31 -
Upon 58,0 50,0 22,0 . «
admission | [46,7;79,4]1* | [10,2;98,0] | [5,4;34,0]* 54[4,6;7,8]
Before 19,6 45,8 6,5 ) "
FADP [10,5;27,6]* | [23,0;59,7] | [4,6;10,7]* 2,4[1,7;3,6]
* — p<0,05
Table 4

Dynamics of cytokine levels of burn patients with partial
engraftment of skin autograft

IL-6 pg/ml | 1L-8 pg/ml | IL-10 pg/ml IL'_';: /IlLfio
Me [P25%; | Me [P25%; | Me [P2s%; |\ "i
0, 0, 0, °,
P75%] P75%] P75%] p75%)
Range 0-10 0-10 0-31 -
Upon 208,6 75,0 37,9 15,2
admission | [69,1;296,2]* | [54,9;119,0] | [15,2;68,0]* | [8,0;21,3]*
Before 78,5 57,3 5,45 6,6
FADP (59,1;97,5]* | [44,2;96,5] | (4,1;8,41* | [5,3;8,2]*
* — p<0,05
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Table 5
Comparative characteristics of cytokine levels of burn patients before the FADP, depending on the outcome of the
operation
CyTKu nposese- S% CAON NN-6, nr/mn NN-8, nr/mn WN-10, nr/mn Wu, UN-6, UN-8/UN-10
Hua CAAN (M+m) (Mzm) Me [P25%; P75%] | Me [P25%; P75%] | Me [P25%; P75%] Me [P25%; P75%)]
PedepeHTHbIE ) ) 0-10 0-10 0-31 )
WUHTEPBa/bl
lpynna ) ) 5,8 6,3 20,1 0,2
CpaBHeHUs [4,4;7,2] [4,9,7,3] [17,9; 23,1]] [0,1;0,3]
Monkoe " . 19,6 45,8 6,5 2,4
NPWKMBAEHUE 17,3£10,5 3,22,5 [10,5; 27,6]** *** | [23,0; 59,7]*,*** [4,6; 10,7]1*** [1,7; 3,6]** ***
YacTnuHbIN o * 78,5 57,3 5,45 6,6
An3NC 23,1118 >4£3,3 [59,1; 97,5]** *** | [44,2; 96,5]*,*** [4,1; 8,4]]*** [5,3; 8,2]** **x*
* — p<0,05 between patient groups
** — p<0,01 between patient groups
*** — p<0,05 compared to comparison group
IL-6 IL-8
100 p—— 100 o
[ || Sensitivity: 100,0 [ .
||| Specificity: 99,2 i ot
80 —_ Criterion: >61,6942 s e 80 i zle)rel(s:lltfllzl:tyy 8693”34 ........
2 r 2 [ Criterion: >45,7763
= 60} = 60 |_
= - =
= 40 =
U] oo L AUC = 1,000 {AUC = 0,811
| P < 0,001 1% P < 0,001
O—v".]‘HI”I“”.III | PRI I BT O "'|| ! PRI I RPN R
0 20 40 60 80 100 0 20 40 60 80 100
A) 100-Specificity B) 100-Specificity
IL-10 In,
100 - 100 - o] : ;
- Sensitivity: 96,4 L Sensitivity: 96.4
80 || Specificity: 34,4 80 i Specificity: 68,0 |
- _||Criterion: <9,4174 L __[[| Criterion: <1094,9
o C = 60
5 40p g 400-f——
s i %) [
201 AUC = 0,684 20 [ | AUC = 0,830
r P=0,012 . P < 0,001
O e b b L L O_..AIIIIIIIIIIIIIIIIII"
0 20 40 60 &0 100 0 20 40 60 80 100
0) 100-Specificity D)  100-Specificity

Fig. 1. ROC analysis of the studied interleukins.

All surviving burn patients had significantly reduced
levels of pro-inflammatory IL-6 and anti-inflammatory IL-
10 during preoperative preparation. Determination of IL-8,
a chemoattractant that stimulates the entry of inflammatory
cells into the wound, did not reveal a significant decrease

in preparation for FADP in both groups of patients. The
lack of normalization of this indicator indicates ongoing
inflammation in the wound and requires dynamic
monitoring due to the fact that the involvement of white
blood cells in the wound area may interfere with healing.
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It should be noted that in those patients who showed
partial graft engraftment in the future, a more significant
increase in the level of all the studied cytokines was noted
at admission to the hospital, especially for IL-6 (table. 3
and 4), which level is almost 4 times higher in patients
of this group compared to patients with complete graft
engraftment.

When using the integral coefficient of cytokine balance,
it was found that in the group of patients with partial lysis
on the eve of surgery, this indicator was almost 3 times
higher than at the same point in patients with complete
engraftment. Even in the group of patients with a
successful outcome of FADP, we did not observe complete
normalization of this indicator.

As additional criteria affecting graft engraftment,
the period of surgical intervention from the moment of
admission and the area of a specific surgical intervention
were taken. When evaluating the timing of the operation,
it turned out that in the group with a successful FADP,
it was performed at an earlier time, and the area of the
transplanted skin flap was smaller (table 5).

When comparing the serum cytokine levels on the eve of
FADPsurgery in groups with different outcomes ofautograft
engraftment and in the control group, the following results
were obtained. As it was noted, patients with partial lysis
of the skin flap already had more pronounced changes in
the cytokine link upon admission to the hospital. Despite
some normalization of indicators as a result of preoperative
preparation, in this group of patients on the eve of FADP,
the level of the studied pro-inflammatory cytokines
was significantly higher than in healthy individuals and
in patients with complete engraftment (table.5). The
continued high production of pro-inflammatory cytokines
indicates ongoing systemic inflammation, which affected
the outcome of transplantation.

It should be noted that on the eve of FADP, the level of
IL-10 in serum in both groups of burn patients decreased
in comparison with healthy individuals. Despite the fact
that this indicator decreased within the reference range,
its dynamics in patients with inflammation indicates a
constant consumption of this mediator in order to limit
inflammation.

In order to clarify the diagnostic and prognostic
characteristics of the significant indicators identified by us,
as well as to obtain threshold values for these indicators,
a ROC analysis was performed. Graphically, the results of
the analysis are shown in figure 1, indicating the sensitivity
and specificity of specific tests.

From Fig.1 it can be seen that the most informative among
the studied interleukins was IL-6, the sensitivity of this test
was 100%, and the specificity was 99.2%. The threshold
value of IL-6 was 61.6 pg / ml. The characteristics of 11-8
and IL-10 determination, as well as the integral coefficient
of cytokine balance, also had high sensitivity values, but
were inferior in terms of specificity.

Conclusion

Monitoring of cytokine levels provides additional
information about the state of systemic and local
inflammation in burn patients at different stages of the
burn disease course. The maximum values of cytokine
levels in blood serum in patients with a fatal outcome
indicate a systemic inflammatory response syndrome [12],
which causes the development of uncontrolled systemic
inflammation, which determines the unfavorable outcome
of'burn injury. Morrison V. V. et al. (2019) revealed a 2-and
13-fold increase in IL-1 and IL-6 levels, respectively, in the
initial stages of burn disease, which is generally consistent
with the data obtained in our study.

There is also data [7] on the dependence of the level
of IL-10 and TNFa in the urine and the probability of
complications in burn injury, in particular, death. In the
group with a fatal outcome, the increase in the level of IL-
10 in the initial period of burn disease in the period from 1
to 3 days was 3 or more times, which also indicates the role
of this cytokine in the pathogenesis of burn disease. A shift
in the balance towards the pro-inflammatory response and
its strengthening depending on the severity of the lesion is
an indisputable sign of an unfavorable outcome and failure
during surgery. Similar results were obtained in our study.

Additionally, it is advisable to evaluate the balance of
cytokines to select the optimal period of surgery in order
to achieve a favorable outcome of FADP. In an experiment
on rats, it was shown [13] that normalization of IL-1J,
IL-8, and TNF levels contributes to higher rates of burn
wound healing.

Ifhigh levels of pro-inflammatory cytokines are obtained
during laboratory examination, it may be recommended
to postpone the operation and conduct adequate therapy
aimed at relieving inflammation in order to achieve
optimal results for graft engraftment and patient recovery.

In the course of burn injury, the most pronounced changes
in the cytokine link, according to our studies, are observed
when evaluating the level of IL-6 in serum. It is known
that the use of this indicator is widely discussed for the
purpose of examining septic patients [14], since it reflects
the level of systemic inflammation. The assessment of its
level is recommended for predicting the outcome of sepsis
[15]

Equally important is monitoring the level of IL-8, which
attracts white blood cells to the wound area. Its level
does not decrease as quickly as IL-6, which supports
inflammation. The slow normalization of IL-8 level during
burn injury and the resulting accumulation of neutrophils
in the wound area gives a picture of the intensity of local
inflammation. According to experimental data [5], a high
level of IL-8 helps to keep the wound in a state of persistent
inflammation, which prevents normal healing. Against
the background of the use of methyluracyl ointment in
rats with a burn wound, the level of this cytokine was
normalized by 28 days, which contributed to accelerated
epithelialization of the wound [13].

Our results concerning the assessment of cytokines in
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peripheral blood justify the addition of the algorithm for
laboratory examination of burned patients by determining
cytokines — IL-6, 8 and 10. Determination of these
indicators is advisable for admission to the hospital to
reduce mortality. The most important of these is the
determination of IL-6 with a threshold value of 61.6 pg/ml.
A group of patients with severe disorders in the cytokine
network needs systemic therapy aimed at normalizing
indicators to prevent a fatal outcome.

Monitoring the level of cytokines in burn injury is also
advisable to objectify the choice of the timing of surgery,
which will help to increase the effectiveness of free
autodermoplasty.
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