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Pe3iome. IIIokoBbIE COCTOSTHUS Pa3JIMYHON TTPUPOIBI MOXKHO paccCMaTpMBaTh B KaUeCTBE KIIMHUYECKUX
SKBUBAJICHTOB cucTeMHOro BocrajieHus: (CB), OCHOBHBIMU MPOSIBJEHUSIMU KOTOPOTO SIBJISIIOTCS BhIpaXkeH-
Hasl TUTIEPIUTOKWHEMUSI, TPYTHe TPOSIBIICHUST CUCTEMHOU BoctmianmTenbHol peakinu (CBP), koarymona-
TUs, NoauopraHHass HemgoctatouHocTh (ITOH), nuctpecc rumotasamMo-runodu3apHO-HaAIOYEUHUKOBOM
cuctembl (ITHC), cucremHast TkaHeBas ajabrepanus. B COBOKynmHOCTH 3T (DeHOMEHBI CBSI3aHbI TIPSIMBIMU
M OOPaTHBIMU CBSI3SIMU C CUCTEMHBIMH MUKPOIIMPKYJISITOPHBIMHI PACCTPOMCTBAMU, OIIPEACISIONINMU ITaTO-
reHe3 IIOKOBbIX cOCTOsTHUM. Llenbio nccienoBaHus CTajlo BhIsIBieHUME ocobeHHOocTel pa3Butus a3z CB npu
pPa3BUTUU ABYX BAPMAHTOB CENITUYECKOIO II10Ka, a UMEHHO MPU OCTPOM (TIepBasi HeAe s mMpoliecca) U 3aTsK-
HOM/MIOIOCTPOM cercuce (0T 2 1o 6 Hemeslb ¢ Hayaja MaHudecTalnn), a TaKXKe reMOpPParn4ecKoro Ioka
(uccnenoBaHue yepes 4-12 yaca oT HavaJla MacCUBHOI KpoBonotepu). st Bepudukanuu dha3 CB ucmnoib-
30Bajid paHee TpemioKeHHyo Hamu 1mkany CB, Bkirovarolnyo 3HaueHue iectu ypoBHeir CBP (YP-0-5),
a Takke moroiHuTebHbIe Kputepurn CB, a mmenHo ITOH (mkama SOFA), a B m1asMme KpoBu: D-guMepsl
(> 500 ur/™mut), KOopTH30a (> 1380 HMOJIB/MIT), MapKepbl aabTepaliun — MuortoouH (> 800 Hr/mMiT) u/wau
tporioHuH I (> 0,2 Hr/mn). s pacuera YP onpenensiiy conepxkaHue B 1ia3me kpoBu: CRP 1 4 muToKrHOB
(IL-6, IL-8, IL-10, TNFa). Hannuue CB ycraHnapnmuBaiu mipu 3HadeHuu mkanbl CB > 5 6auioB (uudpo-
Bble 3HaueHUs1 YP + Hanuyue nONoIHUTENbHbBIX KPUTEPUEB, KaxXablii paBeH 1 6amty). [1pu Bepudukauu
da3 yuuThIBaJIM BpeMs U TSKECTh Pa3BUTHSI KPUTUUYECKOTO COCTOSIHMS, a Takke 3HaueHus:t YP. I1pu stom
BhIACIsIIA 3 ocHOBHBIE (da3bl CB: pa3Butus, HTUTOKMHOBOrO mTopMa / dororeHHoro ymapa (YP-4-5) n
JeNpeccuBHYIO ¢a3y (¢ha3y UCTOLICHUS), MOCAEIHSS XapaKTepU3yeTcsi OTHOCUTEIbHO HEOOIbIIMMU 3HAYE-
Hussmu CBP (YP-2-3). JletanbHOCTB IIpH 110Ke Ha poHe ocTtporo cencuca (n = 13) cocrasuna 71,4%, npu
3aTsKHOM cerncuce (n = 17) — 94,1%, npu reMopparudeckoM 1IoKe, He KYIIMPOBAHHOM B TedeHUHU 24 4acoB
rocJie MacCUBHOM KpoBorotepu (n = 13), — 53,8%. Pa3BuTue 110Ka IIPU OCTPOM CETICHCE U TeMopparuyde-
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CKOM III0Ke (McclienoBaHue B TTepBble 4-12 yacoB 1ociie Hayaia MaCCMBHOM KPOBOITOTEPU) COTTPOBOXKIAETCS
BBIPAXKEHHOCTBIO KPUTHYECKOM (pa3bl MUTOKMHOBOTO mTopMa / DY ¢ npeodbimamanuem YP-5 B ciaydasx
JIETAJIbHBIX UCXOJIOB, a MPU 3aTS>KHOM cericuce — aenpeccuBHoit ¢asnl (YP-2-3). O6mas neraabHOCTb (110
BceM rpyiiam) Ha daze DY cocraBuia 66,7%, Ha nenpeccuBHOl dasze — 89,5%, a Ha dasze pa3BUTUS TIPU
reMopparuueckom 1oke — 15,4% (mpu 3ToM He UCKIIIOYEH Tepexol 3Toi a3kl B 00jiee KpUTUIeCcKue dasbl
CB 10 MOMeHTa JIETAJILHOTO UCXO0/a).

B ocHOBe IIIOKOBBIX COCTOSIHUI KaK CENITUYECKOM, TaK U aCENTUYECKOI TIPUPOIBI JTISXKUT TUTTOBOM ITaTO-
noruueckuii mpouecc CB, koTopwiii Heooxoaumo nuddepeHpoBarth ot Mpu3HakoB CBP, xapakTepHbIX 11s
BBICOKOMHTEHCUBHOIO KaHOHNUYECKOro BocrnayieHusi. CB oTangaeTcst OT KJIacCMYeCKOro BOCTIAJICHUS M Xa-
paKTepu3yeTcs 0oJiee BBICOKMMHU 3HAUCHUSIMU MUTOKMHEMUHN ((pa3a IMTOKMHOBOTO IITOPMA) MJINM HAIMIUEM
KOMIUIEKCa JOMMOTHUTEIbHBIX (peHOMeHOB CB mpn oTHOCUTEIbHO yMepeHHBIX 3HaueHUsIXx CBP (merpeccuB-
Hadg daza CB). I1pu sTom nenpeccuBHas daza CB mo cBoeil KpUTUUHOCTH SIBseTCs 6osiee dhaTaabHON IS
ucxona 3a60eBaHUs IO CPaBHEHUIO € (ha30ii [IUTOKWUHOBOTO LITOpMA ¢ OoJblIeit BoipaxkeHHOCThI0 CBP.

Knrouesuie cnosa: cucmemuoe eocnanerue, cencuc, eeMoppaewtecxuﬁ UWOK, cenmueckull WOK, NoauopeanHas Hedocmamotmocmb,
UUMOKUHbL

PHASES OF SYSTEMIC INFLAMMATION IN SEPTIC AND
HAEMORRHAGIC SHOCKS

Zotova N.V.2 Solomatina L.V.2, Zhuravleva Yu.A.2, Brazhnikov A.Yu.,
Gusev E.Yu.?

@ Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
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b Ural State Medical University, Yekaterinburg, Russian Federation

Abstract. Shocks of different origin (both septic and aseptic) be be considered clinical equivalents of systemic
inflammation (SI) with following main manifestations : pronounced hypercytokinemia, other markers of
systemic inflammatory response (SIR), coagulopathy, multiple organ failure (MOF), hypothalamic-pituitary-
adrenal (HPA) distress, systemic tissue alteration. In general, these phenomena are directly and inversely
related to systemic microcirculatory disturbances which determine the pathogenesis of distinct shock states.
The aim of our study was to identify the features of SI phases in the development of two variants of septic
shock, i.e., acute course (first week of the process) and prolonged/subacute sepsis (2 to 6 weeks from the onset
of manifestations), as well as haemorrhagic shock studied 4-12 hours from the onset of massive blood loss. To
verify the SI phases, we used the previously proposed SI scale, including the value of six SIR levels (RL-0-5),
as well as additional criteria of SI, i.e., evaluation of clinical MOF grade (SOFA scale), plasma D-dimers
(> 500 ng/mL), cortisol (> 1380 nmol/mL), tissue alteration markers, e.g., myoglobin (> 800 ng/mL) and/or
troponin I (> 0.2 ng/mL). To calculate RL in SIR, plasma CRP and four cytokines (IL-6, IL-8, IL-10, TNFa.)
were determined. The presence of SI was established if the SI scale exceeded 5 points (numerical RL values +
presence of additional criteria, each equal to 1 point). The time and severity of the developing critical state, as
well as the RL scores, were taken into account when reviewing the phases.

There were three main SI phases: (1) evolving condition, (2) cytokine storm/phlogogenic hit (SD-4-5),
and depressive (exhausting) phase. The latter was characterized by relatively low SIR values (RL-2-3). The
lethality rate for shock in the presence of acute sepsis (n = 13) was 71.4%, reaching 94.1% in prolonged sepsis
(n = 17). For haemorrhagic shock after massive blood loss, if not resolved within 24 hoursm the mortality rates
was 53.8% (n = 13). Development of shock in acute sepsis, and haemorrhagic shock (within 4 to 12 hours after
the onset of massive blood loss) is accompanied by the severity of critical-phase cytokine storm/PPS with a
predominance of RL-5 in cases of lethal outcomes, and by a depression phase (RL-2-3) in prolonged sepsis.
Overall mortality (for all groups) was 66.7% in the PS phase, 89.5% in the depressive phase and 15.4% in the
evolvingl phase of haemorrhagic shock (with possible transition from this phase to the more critical SI phases
until lethal outcome).
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CucmemHoe ocnanenue npu WoKax
Systemic inflammation in shock

Shock states of both septic and aseptic origin are based on a typical pathological process of SI, which
should be distinguished from the signs of SIR characteristic of high-intensity canonical inflammation. It is
characterized by higher cytokinemia (cytokine storm phase) or by the presence of additional SI phenomena
with relatively moderate SIR levels (depressive SI phase). Thus, the depressive phase of SI is more fatal for
disease outcome compared to the cytokine storm phase with higher intensity of SIR.

Keywords: systemic inflammation, sepsis, hemorrhagic shock, septic shock, multiple organ failure, cytokines

Pabora BbeITOJIHEHA B paMKax rocszaganust U@
¥YpO PAH (Ne roc. peructpanuu 122020900136-4).

BeeneHve

B ocHoBe 11006010 BOCHAJIMTEIBLHOIO Ipolecca
JICKUT CTPEeCCOpHasl peaKIysl KJIETOK M TKaHel Ha
BO3MEeicTBUE (PAKTOPOB pPEATHHOTO WJIU TOTEHIIM-
albHOTO MoBpexkaeHus [6, 7]. Ilpu 3ToM BocHaje-
HUE MOXHO TT0JIpa3/IeINTh HA TPU CAaMOCTOSITEJIbHBIX
oflenarojoruyeckux mnpoiecca: (1) xpoHuuyeckoe
BOCMAJICHUE HU3KOU MHTEHCHUBHOCTU, WJIU MEeTabo-
Jn4eckoe BocnajieHue, (2) KjiaccuyecKoe BocIiaie-
HHUE C XapaKTePHBIMU OYAarOBBIMU ITPOSIBJICHUSIMU
BOCIIaJIUTENIbHOTO Mpolecca, (3) cucTeMHOe TUurep-
BocnajieHue (CB). Bce Tpm BapmaHTa BocHaJIeHUS
MMEIOT CUCTEMHYIO COCTABJISIONIYIO B BUJIE CUCTEM-
Hol BoctanuTenbHolt peakuuu (CBP), Ho ¢ paznuy-
HOM CTEIIeHBIO €€ MHTCHCUBHOCTU M KPUTUYHOCTH.
HauGosnee npamMaTM4HBIM [JIsI XW3HU TMAllMEHTOB
BapMaHTOM BoclajieHus sBiasieTcs: octpoe CB, Ko-
TOpOE XapaKTEepU3YeTCsI MUKPOLUPKYISATOPHBIMU
paccTpoiicTBaMM B XXWU3HEHHO BaXXKHBIX OpraHax,
JTVUCCEMUHUPOBAHHBIM BHYTPUCOCYINCTBIM CBEPThHI-
BaHueM KposH (JIBC), monmmopraHHoil HemocTaTou-
HocTbhlo (ITOH), mpu3HakamMu CUCTEMHOI TKaHEeBOI
aJlbTepaliii, OKOBbIMU cocTosiHUSIMU. [Ipu 3TOM
nuHamuka CB onpenesnsercsa cMeHOI a3 ¢ pa3and-
Holt BeipaxkeHHOCTbI0 CBP u TsixkecTu cocTosiHusS, B
3aBUCUMOCTU OT IJIUTEIbHOCTU KPUTUUYECKOIO CO-
CTOSTHUSI 1 THTEHCUBHOCTU CHCTEMHOTO MOBPEXKIe-
Hus [1, 3].

Haubosiee o04YeBUAHBIM KIMHUYECKUM 3KBU-
BasieHToM CB gBiusieTcs pedpakTepHBI IUCTPU-
OYTUBHBIN TIOK, TIPEXIE BCEro CEeNTUYECKUIl IIOK
(CIH) [2]. B cBo1O ouepeab, reMopparuiyeckuii 1ok
XapaKTepU3yeTCsl KPUTUUYECKOM TUIIOBOJIEMMUEMN, HO
MPY HECBOEBPEMEHHOM KYITUPOBAHUU 3TOT MPOIIECC
NpUoOpeTaeT CBOMCTBAa OUCTPUOYTMBHOIO IIIOKA,
CBSI3aHHOTO C CMCTEMHBIMH MUKPOLUPKYJISITOPHBI-
MU paccTpoiicTBamu [2, 5].

KittoueBbIM  MIMMYHOJIOTMYECKMM  [TapamMeTpoM
CB gBngercsa BolpaxkeHHocTh CBP, ompenensemas,
Mpexae BCero, Mo ypoBHIM uHUTOkuHeMuu (YP).
B mpeapiayiiMx HalivMx WCCJIEIOBaHMUSIX IUISI CTaH-
mapTHOU olieHKU MHTeHcuBHOCTH CBP, BhIpaxkeH-
HOU mectbto ypoBHamu (YP-0-5), B mnazme KpoBu

oTIpeAesIsiii KoHLieHTpaluio C-peakKTUBHOro Oelka
(CRP) 1 4 umtokunos: I1L-6, IL-8, IL-10, TNFa [9,
10]. Mpu stom YP-0 cooTBeTCTBYET pedepeHCHBIM
UHTepBajaM HoOpMbI, YP-1 mnpakTuuyecku UCKIIIO-
yaetT octpoe CB, YP-2-3 moryr xapakTepusoBaTbhb
TUTIEPLIIMTOKMHEMHUIO TIPU BBIPAXKEHHOM KJIacCUYe-
CKOM BOCITAJICHUM, HO TaKXKe W TUIOAIPTHUYCCKYIO
(menpeccuBHylo) ¢azy CB (AD), a YP-4-5 moryr
XapakTepu3oBaTh (DEHOMEH IIMTOKMHOBOIO IITOP-
Ma wid, uHade, runepapruyeckue dassl CB (dasbr
diororeaHoro ymapa — DY), Takum obpazom, ajist
Bepudukauuu CB, momumo ypoBHeii CBP, Heo6-
XOJIMMO PETUCTPUPOBaTh M JApyrue (peHoMeHbl CB,
Bkunouas: JIBC, TTOH, muctpecc HelipOSHIOKPUH-
HOM CHUCTeMBbl, CUCTEMHYIO TKaHEBYIO ajibTepalluio.
OmnpeneneHue Bcex 3Tux (eHOMEHOB, Hapsiny ¢ YP,
B paMKax MpeajaraeMoil HaM1 MHTEeTPpaIbHOM IITKa-
61 CB nosBoJisieT He ToJIbKO Bepuduuuponats CB,
HO U OIpeneJuTh a3bl ATOro mpoliiecca, a UMEHHO
dasbl pazBuTus u pazpetieHust, POY u 1O [9, 11].

Iennio MccaenoBaHus CTAIO BBISIBIICHIE OCOOCH-
HocTelt pa3BuTus a3 CB nipu pa3HbIX BUIaX IIOKO-
BBIX COCTOSTHMIA: CENTUYECKOM IIIOKEe, BO3HUKIIEM
Ha (pOHE OCTPOrO MU 3aTSLKHOTO/TIOOOCTPOTO Cell-
crca 1 TeMOpparu4eckom IIoKe.

Matepuans! 1 MeTogbl

ITanmeHTDbI

IMarmeHTH ¢ ITOKOBBIMUA COCTOSTHUSIMU MH(pEK-
LIMOHHOTO U HEMHMEKIIMOHHOIO reHe3a ObLIU BbI-
OpaHbI U BBISIBJICHUSI OCOOEHHOCTEH MMHAMWKU
paszsutuss CB. Bcero 6bu10 mpoaHanusumpoBaHo 4
TPYIIIIBL:

1. Centuueckmii mok (CII). CornacHo Kpu-
Tepusim «Cericuc-3» [8], y mallMeHTOB C CENCUCOM
Ha 1-2-e CyTKM TOCJe TMOCTYIUICHUs B OTACICHUE
MHTEHCUBHOI Tepanuu, Haaudyue TUIIOTOHUU, He
pearupylolieii Ha Ba3ompeccopbl, OLIEHKA T10 IIKaje
SOFA ot 6 go 14 6amwios, cpennsist — 9,75 (n = 14,
cpenHuit Bo3pacT — 49,1117,8 neT, My>KUMHBI/>KeH-
wHbl = 57,1%/42,9%). JleranbHbie ucxoasl (n = 10)
B 71,4% cnyuyaes;

2.  Tpernmunsiii ieputoHut (TII) ¢ 3aTsoKHBIM
(14-30 gHeit) u momoctpuiM (> 30 gHeir OoT Hayana
MaHUdecTalMu) CEeNTUYECKHUM IPOLECCOM C pas3-
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ButueM centuueckoro moka (TIT CII), n = 17,
cpenHuii Bo3pact — 50,2%15,6 jietT, My>KYMHBI/>KEH-
mmHbl = 64,7%/35,3%, oueHka no mkaiae SOFA
He paccuuThiBasiach. JletanbHble ucxoasl (n = 16) B
94,1% cnydaeB. JlaHHast rpyima paccMaTpuBaiach
KaK IIOJOCTPBIii BapuUaHT CENTUYECKOro IIMoKa B
CpaBHEHUHU C «OCTpbIM» BapuaHnTtoM CIILI nipu cencu-
ce, coriacHo aeuHunusaM «Cencuc-3» [8].

[MaeHTHl C OCTPOil TTATOJIOTMYECKO KPOBOITO-
Tepeil TIPpU OCIOXHEHHOM TeYeHUU OepeMEeHHOCTH
u pomoB Oojsiee 10-15% oObema LIMPKYJIUPYIOIIEH
KpoBH. [IprmamHaAMK KpOBOTEUEHUSI CTAJIN: OTCIOMKA
MJIaleHThI, AMOOJMsS aMHUOTUYECKOUN KMAKOCTHIO,
pa3pblB MaTKM, KecapeBO CeyeHHue, BbICKaOJIMBa-
HHE TIOJIOCTU MaTKu U mpoune. Ciydanm ¢ HaIWudu-
€M OCTPOro MH(MEKIMOHHOTO 3a00JieBaHUsI, CEITH-
YEeCKMMU OCJIOKHEHUSIMU OEpEMEHHOCTU U POJIOB,
XPOHUYECKUMHU WH(EKIIMOHHBIMU 3a00JIeBaHUSIMU
B CTaiuu OOOCTPEHUSI Ha MOMEHT HCCJeIOBaHMUSI,
CUCTEMHBIMH ayTOMMMYHHBIMU 3a00JIEBAHUSIMU CO-
eAMHUTEIbHON TKAaHU M3 MCCAEIOBaHMUSI MCKJII0Ya-
JINCh.

3. ok KynupyeMbIi — ITAIIMEHTKH, Y KOTOPBIX
TeyeHre OEpeMEeHHOCTH U POAOB OBbLIO OCIOXHEHO
KPOBOTEUEHMEM C pa3BUTUEM TeMOpPParmyeckoro
moka, a B 76,9% cinyuae (10 u3 13) u ITOH. Illok
ObLJT KyITMPOBaH COOTBETCTBYIOIIIEH Tepanueil B Te-
yeHue 24 vacoB (n = 13, Bo3pact 23-41 ron, cpen-
HUi1 Bo3pacT — 28,9+6,0 Jet, 6asu1 o mkaie SOFA
y nnauueHToB ¢ [TOH ot 2 1o 4, cpeanuii 6amn = 2,3).
O6beM kpoBonotepu coctaBua ot 2000 M o 4800
mi, cpenHee — 3000 mut.

4. Ilok HeKynupyeMmblii — KpPOBOTEYEHUE C
pPa3sBUTHUEM TeMOPPArn4ecKoro IMoKa, He Kynmupye-
MOTO B TeuyeHue nepBbiX 24 yacoB (n = 13, Bo3pacT
24-36 net, cpenHuii Bo3pact — 29,5+5,3 net). O6beM
kpoBonotepu — oT 1500 ma go 12000 mi, cpenHee —
3523,1 mo.

[TartmeHTaM BCeX MCCASAYEMBIX TPYIII IIPOBOIN-
Jlach COOTBETCTBYIOIIAss WMHG(pY3MOHHO-TpaHCPY3U-
OHHasl, 3aMeCTUTEeJIbHAsl TeMocTaTu4decKasi, TpoOTH-
BOIIIOKOBAs Teparusi.

Tpynna cpaBHeHUS AJ1s1 TPYIIT IIOK KYIUPYEMbIii/
HEKYIMUPYeMbIiI — MAIlUEHTKU, Y KOTOPBIX TCUCHUE
OepeMEeHHOCTU U POJIOB ObLIO OCJIOXHEHO KpPOBO-
TeyeHHeM 0e3 pa3BUTHSI T'eMOpparudyeckoro ImokKa
(n = 13, Bospact 16-35 ner, cpeaHuii BO3pacT —
26,8+1,7 roma), mpu 3TOM y OJHOM MalMEHTKHU OT-
meuasnoch pazsutue I[TOH, 6amn no mkane SOFA —
3, ¢ tepaneBTdeckoit koppekuueit [IOH k ucxomy
nepBbIX 24 yacoB. O6beM KpoBonotepu y 10 nmanu-
eHTOK cocTaBuil 750-1500 mu (76,9%), 1500-2000 mu
B ABYX ciyydasix (15,4%) u B oqHoM ciydae > 2000 m
(7,7%).

KoHTponbHast rpyIina — 310pOBbIe JOHOPBI KPO-
BU B Bo3pacTte 18-55 et (n = 50, cpenHuii Bo3pact —
34,1+10,4 roma, My>KYMHBI/>KeHITUHBL = 52%/48%).

WN3mepenne omoMapkepon

Mpb1  uccnenoBanyd CTaOMIM3UPOBAHHYIO ITH-
TpaTOM IUIa3My KpPOBHM, IIPEABApPUTEIBHO 3aMOpO-
xkeHHyo 1nipu -20 °C. Yposuwm IL-6, IL-8, IL-10,
TNFa, CRP, kopTuzoJja, MuorjiodrHa, TporoHUHA
I u D-numepoB B o6pa3nax Iuia3Mbl KpOBU aHaU-
3UPOBATIN C TOMOIIBIO 3aKPBITOW CUCTEMBbI IS UM-
MYHOXEMWJIIOMUHECILIEHTHOrO aHaiu3a Immulite
(Siemens Medical Solutions Diagnostics, Malvern,
PA, CIIIA).

Bepuduxamusa cuCTeMHOr0 BOCTAJEHUS

MBI MCTIONB30BAJIM paHee MpPeIIOKeHHbIE HaMU
mkansl CB n YP nia sepudukanmum CB u ero ¢as, a
Takke BeipaxkeHHocTu CBP [9, 10].

CrarucTHYecKMii aHA M3

OnucarenbHass CTaTUCTUKA TMpPEACTaBlieHa TI0
OCHOBHBIM XapaKTepUCTUKAM: M — CpemaHee 3Hade-
Hue, Me — meamana, Q,,s-Q, ;5% — kBapTuiu. s
MPOBEPKU TMITIOTE3bl O HEHOPMAaJIbHOCTH pacrpene-
JICHUsSI BBIOOPOK HMCITOJIb30BIMChH TecThl Kommoro-
poBa—CwmupHoBa u Illanupo—Yunka. CpaBHeHUE
SMMOUPUUYECKUX MaHHBIX TPOBOAMIM C ITOMOIIBLIO
Tecta MaHHa—YUTHU, YaCTOTHBIX paclipenesieHuii B
rpyImax — ¢ MOMOIIbIO TecTa Xu-KBaapat (y2) st
KaTeropruabHBIX TepeMEHHBIX. Bce pe3ynbraThl cum-
TaJIMCh CTaTUCTUUYECKU 3HaUMMbIMU ipu p < 0,05.

PesynbTathl 1 00CYyXaeHWe

CorjlacHO JaHHBIM TabJULbI 1, HIOKOBBIE COCTO-
STHUSI Pa3HOM STUOJIOTUYECKOU IIPUPOIBI XapaKTe-
PU30BaJIMCh BBIPAXKEHHBIM TMOBBIIIEHUEM B KPOBU
MPaKTUYECKN BCEX MOJIEKYISIpHBbIX MapkepoB CB,
9TO TIOATBEPKIACT OOIICITIAaTOJIOTMUYECKUU XapaKTep
aToro mporecca. OmHAKO BBISIBJICHBI CYIIICCTBEH-
HbIE OTJIMYMSI TIPU COITOCTaBJICHUM KaK CeNTUYEeCKO-
TO M acenTUYeCKOTO ITOKa, TaK M JIBYX BapUaHTOB
CII (xynupyemoro u Hekymmpyemoro). Centu-
YEeCKUI IIOK TPU OCTPOM CEICUCe B CPpaBHEHUU C
3aTSDKHBIM/TIOJOCTPBIM ~ TIPOLIECCOM  (TPETUYHBIN
TMIEPUTOHUT) OTINYAJICSI 00jee BEICOKUMH 3HAYCHU-
MK OosblIMHCTBAa nokasarenaeitr CBP (IL-6, 11L-8,
IL-10, TNFa, 6annel o mkanam YP u CB), npu
COIMOCTAaBMMOCTHU MapkepoB aApyrux deHomeHoB CB
(tabu. 1). [TogoOHast 3aKOHOMEPHOCTB MPOCIEXKUBA-
JIach IIPH MCIIOJIb30BAaHNM MHTETPAJIbHBIX KPUTEPHECB
(ta6. 2). Tak, npu aByx BapuanTtax ClI y maijueHTOB
B 100% cnydasix ¢GpMKCUPOBAIUCH TOJBKO Haubosee
KpuTUYHbIe Wi ku3Hu ¢a3el CB, a nmMeHHO (das3bl
¢aororenHoro yaapa (ODY) n nenpeccuBHas dasa
(A®). Mexay Tem, Ipd OCTPOM cericuce (rpyrimna
Ne 2) npeotnamanu DY (78,6%), a npu 3aTSKHOM
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TABIULA 1. ONMUCATENLHASI CTATUCTUKA UCCNEOYEMbIX NMOKA3ATENEW B PYNMNAX MALUUEHTOB C LUOKAMM

(m I Me (Qo,zs'Qo,75) %)
TABLE 1. DESCRIPTIVE STATISTICS OF THE INDICATORS STUDIED IN THE GROUPS OF PATIENTS WITH SHOCKS
(m / Me (Qq25-Qo75) %)
Mpynnbl
(Ne) . .
Groups Kynupyembin Hekynupyembin
(Ng) [OoHopbl (Ne 1) CLU (Ne 2) TN CLU (Ne 3) wok (Ne 4) wok (Ne 5)
' Donors Septic shock TP SS Manageable Unresponsive
(No. 1) (No. 2) (No. 3) shock shock
n=24 n=14 n=17 (No. 4) (No. 5)
n=13 n=13
MNMokaszaTtenu
Parameter
IL-6, nr/imn <5/<5 4168,86 / 2583,50 | 410,06 /75,10 75,15/32,50 4674,85 /114,00
IL-6, pg/mL (341,00-4074,00) (59,60-99,00)" (25,50-51,10) (73,50-3640,00)?
IL-8, nr/mn < 5;12 00- 698,57 / 493,00 140,46 / 65,90 145,05/ 21,50 2245,28 / 138,00
IL-8, pg/mL 5 505 (149,00-999,00) (48,10-185,00)" (7,90-327,00) (51,40-1342,00)
IL-10, nr/mn <5/<5 116,51 /93,20 11,25/7,80 68,93 /49,70 748,15/90,30
IL-10, pg/mL (47,60-176,00) (4,90-11,90)" (< 5,00-106,00) (38,10-597,00)
TNFo., nr/mn <8/<8 258,28 / 45,50 17,99 /17,80 171,63 /19,60 291,46 /50,20
TNFa, pg/mL (26,00-141,00) (15,50-20,00)" (15,00-123,00) (23,10-161,00)
CRP, mr/n 0,19/0,15 25,34 / 28,25 20,62/11,10 2,96 /1,40 1,82/1,20
CRP, mg/L (0,10-0,22) (10,80-34,00) (8,50-25,10) (0,78-3,50) (0,36-2,99)
Tpo, Hr/mn <02/<02 0,76 /0,21 1,58 /0,23 0,40/ <0,2 24,69/0,55
Tro, ng/mL ’ ’ (0,19-0,27) (0,19-1,10) (< 0,20-0,56) (< 0,20-1,70)
Mwo, Hr/mn 13,92/13,05 224,47 /121,00 276,78 / 166,00 177,86 / 155,00 423,03 / 364,00
Myo, ng/mL (11,50-15,10) (31,00-289,00) (105,00-259,00) (89,00-175,00) (96,70-682,00)
Kop, nmonb/n 370,87 /352,50 | 1467,29 / 1430,00 | 1061,12/ 1015,00 | 1049,60 / 1084,00 | 1479,23 / 1395,00
Cor, pmol/L (254,00-523,50) | (970,00-1920,00) | (513,00-1396,00)| (308,00-1266,00) | (946,00-1532,00)
SOFA, 6ann 0 9,75/10,00 8,06 /8,00 2,31/3,00 10,15/ 10,00
SOFA, point (8,50-11,00) (5,00-11,00) (2,00-3,00) (6,00-14,00)?
YP 0,00/0,00 4,14 /4,00 2,71/3,00 3,00/3,00 3,54 /3,00
RL (0,00-0,00) (4,00-5,00) (2,00-3,00)" (3,00-3,00) (3,00-5,00)
CB, 6ann 0 7,00/7,00 5,65/6,00 5,08 /5,00 6,77 /17,00
SI, point (6,00-8,00) (5,00-6,00)" (4,00-6,00) (7,00-8,00)?

MpumeyaHue. ' — cTaTUCTUYECKM 3HaYUUMble oTnnuus (U-kputepuit MaHHa—-YuTHu, p < 0,05) mexxay rpynnamm Ne 2 u Ne 3,
2 — cTaTUCTMYECKM 3HaYUMble oTnunyums (U-kputepuit MaHHa—-YuTH#M, p < 0,05) mexxay rpynnamm Ne 4 u Ne 5.

Note. !, statistically significant differences (Mann-Whitney (U) test, p < 0.05) between groups No. 2 and No. 3; ?, statistically
significant differences (Mann-Whitney (U) test, p < 0.05) between groups No. 4 and No. 5.

cenicuce (rpyrma Ne 3) — 1D (94,1%). YMmeHblueHUE
cootHotreHust POY /J1D nipu yBeTUISHUHN TTUTETh-
HOCTU TIpollecca SIBJISUIOCh OOIIeil 3aKOHOMEPHO-
crbio CB. IIpu stom gomunupoBanue D spisuioch
HeOJIarONMPUSATHBIM MPOTHOCTUYECKUM (haKTOPOM,
YTO TMOJITBEPXKIAETCS BBICOKMM YPOBHEM JIETAJIBHO-

ctu B rpymne Ne 3 (94%).

ITpu maccuBHOIt kpoBorotepe (> 1500 mir) kpu-
tepun CB peructpupoBaiu OQHOKPATHO B MEPUO
4-12 ygacoB mociyie ee Hauvana. [Ipu aToM B ciydae
MpeloTBpAIlEHUsI  Pa3BUTHS  TEMOPPAruyeckoro
moka passutre CB He xapaktepHo (Tpyrma Ne 6,
Ta61. 2). HampoTus, Mpy HAJIMYUU TEMOPpParuyecko-
ro moka CB BBISBISUIOCH Y OOJBIIMHCTBA MallUeH-
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TABJALIA 2. YACTOTA (%) PETUCTPALIMM PA3NIUYHBIX 3HAYEHWUW YP, PETUCTPALIUM CB U EFO ®A3, NETANBHbIX

NCXOMA0B B UCCNEAYEMBIX FPYMMAX

TABLE 2. FREQUENCY OF DIFFERENT RL, REGISTRATION OF SI, LETHAL OUTCOMES, AND RATE OF SI PHASES IN THE

STUDIED GROUPS (%)
YP ®dasbl CB
RL Sl phases
rp(ert',’)"" cB | mm
o (ol
Groups (No.) 1 2 3 4 St Lo PasButus pps | A®
Developmental 5 DP

OoHopbl (Ne 1) 0.0 0.0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Donors (No. 1)
CLU (Ne 2)
Septic shock 0,0 7,1 | 143" | 42,9" | 35,7 | 100 71,4 0,0 78,6" | 21,4
(No. 2)
TN CLU (Ne 3)
TP SS (No. 3) 0,0 35,3 58,8 5,9 0,0 |100 94,1 0,0 5,9 94,1
Kynupyembin
wok (Ne 4) 0,0 23,1 53,8 23,1 0,0 76,92 0,0 53,8 231 0,0
Manageable
shock (No. 4)
Hekynupyembin
iox (e 5) 77 | 154 | 308 | 77 | 3852 | 92,32 | 53,8 46,2 462 | 00

nresponsive
shock (No. 5)
KpoBonoTeps
6e3 wioka (Ne 6) 77 | 615 | 23,1 7,7 0,0 7,7 0,0 0,0 7,7 0,0
Bleeding without
shock (No. 6)

MNpumeyaHue. ' — cTaTUCTUYECKM 3HaUYMMBble oTnKumsA (x2 p < 0,05) mexxay rpynnamum Ne 2 n Ne 3, 2 — cTaTUCTUYECKMN 3HAYUMbIE
otnunuus (x2 p < 0,05) mexxay rpynnamu Ne 4 u Ne 5, CLLI — centuyeckuit wok, TN CLU — cenTuyeckunin WOK Npu TPETUYHOM
neputoHute, JIN — netanbHbie ucxopbl, PPY — casa cpnororeHHoro yagapa, AP — penpeccuBHas dasa. [loHOpbI (KOHTPONb)

B 100% cnyyaeB YP = 0.

Note. ', statistically significant difference (x2, p < 0.05) between groups No. 2 and No. 3; 2, statistically significant difference (x2,
p < 0.05) between groups No. 4 and No. 5; SS, septic shock; TS SS, septic shock in tertiary peritonitis; LO, lethal outcome; PSP,
phlogogenic stroke phase; DP, depressive phase. Donor (control) in 100% of cases RL = 0.

TOB. B aTux cinyvasax ¢dukcupoBanuce ase ¢asnl CB,
a UMEHHO OTHOCHUTEIbHO HeKpUTUYHAas (paza pa3Bu-
™ 1 ODY. [Ipu 3TOM y ITalIMEHTOB ¢ HEKYITMpYye-
MBIM B TeueHHe 24 yacoB IIOKoM (Tpyrma Ne 5), B
otimuure ot rpynnbl Ne 4 ¢ KynmMpoBaHHBIM IIIOKOM,
JTOMMHHpOBaJla MaKCHUMaJlbHasi MHTEHCUBHOCTH
CBP (YP-5), a Bo BTOpOoM ciaydae — YP-4 (ta6m. 2).
ITomoOHasT 3aKOHOMEPHOCTD ITOATBEPKIAIaCh U Ha-
JuuureM 3HauuMbIX (p < 0,05) pazauuuii Mexay 9TU-
MU TpyIIaMu 1o psay apyrux noxkasareneit CBP u
CB, nipeacrasieHHBIX B Tabmmie 1 (IL-6, 6amibl 1o
mkanam CB u SOFA).

CnenyeT oTMeTUTh, uTo AuHamuka CB mpu re-
MOpPpParu4eckKoM IIMOKe OTJAMYajiach OOJbIIE CTpe-
MUTEJIBHOCTBIO (BapUaHT <«IIPOPHIB») B OTJIUYHE OT
oCTporo cerncuca (BapuaHT <«IIPOJABIMBAHUE», 3a

MCKJIIOUeHUEM MOJIHMEHOCHOTO cericuca) |3, 9], uto
TpeOyeT MOHUTOPUPOBAHMS TOTO Mpoliecca B Teue-
HHE TIepBBIX CYTOK. Tak, McciienoBaHNe OTUHAMUKU
BapMaHTOB «ITPOPBIB» C JIETATbHBIMUA UCXOIaMM B Ue-
TBIPEX CIydJastX MO0 OKOJIOIIOAHBIMU BOIaMU
rmoxasajio, 4To ¢a3a pa3BUTHUsI ONPEACISICTCS B Mep-
Bble 3-5 4yacoB OT MOMEHTA HACTYIUICHUSI KPUTHUYE-
CKOT'O COCTOSTHMSI, 3aTeM 3Ta ¢aza rnepexoaut B DOY
(2 neranpHBIX Ucxona), a AP (2 apyrux JeTaTbHBIX
MCXO0Ja) Pa3BUBAETCsI MPUMEPHO K KOHIY MEPBbIX
WA B Hayajie 2-X CYTOK OT MOMEHTa BO3HUKHOBE-
HUSI KpuTHU4YeckKoro cocrtosiHus [4]. Takum oOpa-
30M, MEHEe YeTKHME, YeM MPU CeIICHce, Pe3yIBTaThl
onpeneaeHus: Kputuueckux ¢das passutus CB mnpu
reMOpparn4eCcKoM IIOKE MOXHO OTYACTU OOBSICHUTD
OIHOKPATHOCTBIO 3TOr0 NMHAMUYHOTO MCCIIeI0OBa-
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HUSA B 1-€ CYTKM Tpoliecca. YUMTHIBasl yKa3aHHYIO
HEOJTHO3HAYHOCTD, HEJIb3sT NCKITIOUNTH CBSI3b OIpe-
NEeJICHHON YacTH JICTaJbHBIX HCXOIOB, OCOOCHHO
HauyMHas ¢ KOHIIA TIEPBBIX CYTOK ITOCJIC Havaa Mac-
CUBHOI KPOBOIIOTEPH, C pa3BUTHEM HMMeHHO J1D.
BepositHO, 1 peanbHbIi TIpoiieHT CB B rpynmax re-
MOpPpParn4ecKoro IMokKa, 0COOCHHO HeKYITUPOBaHHO-
ro, MOT OBITH BBIIIE MPU MHOTOKPATHBIX OMpeaesie-
HUSIX UCCIIEAYEMBIX MapaMeTPOB B TEUCHUE TICPBBIX
24 yacoB pa3BUTHS 3TOTO MATOJOTMUECKOIo MPoLiec-
ca. Tem He MeHee MOXHO yTBepKaaTh, uto CB, oco-
OeHHO ero (paza pa3BUTUS U HAYaJIbHbIE TPOSIBJICHUS
DDY, He aBsgoTCcsa daTaabHBIM TPUTOBOPOM IS
MaUEHTOB, MTOCKOJIbKY CBOCBPEMEHHOE IIPUMEHE-
HIE WHTEHCUBHOM TepalTuy MOXKET YCIEITHO KYITH-
poBaTh ganbHeliniee pa3putue CB. [1pu aTom oG1as
JICTAJIBHOCTH (ITO BCEM HCCJIeAyeMBIM TpyIIIaM) Ha

Cnmcok nutepatypbl / References

daze DY B HaAcTOSIIEM HCCIIETOBAHUN COCTaBUIa
66,7%, na 1D — 89,5%, a Ha (pa3e pa3BUTHUS ITIPU Te-
Mopparu4eckom 1oke — 15,4%.

3aKnoyeHne

[IIokoBBIE COCTOSIHUSI KaK CENMTUYECKOi, TaK U
acenTUYeCKOl MpUpoAbl B OOJBIIMHCTBE CIy4yacB
naToreHeTUYeCKHU cBI3aHkbI ¢ pa3ButreM CB. B cBoio
ouepenb, passutue CB xapaxktepusyeTcss CMEHOM
HeckoJibKux ¢a3. Ilpu sTtom (aza LUTOKMHOBOTO
mropMa (pasza (pJOroreHHOro ymapa) He SIBISIETCS
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JIEHUU ee C JeTpecCcUBHOI (a30ii, KoTopass xapak-
TepusyeTcsl 60ee HU3KUMU 3HAUYCHUSIMU BbIPa>KeH -
Hoctn CBP, HO Takoii XXe M gaxe OoJiee BBICOKOM
BEPOSITHOCTBIO JIETAIbHBIX UCXOHIOB.

1. Tyces EIO., 3oroBa H.B., JlazapeBa M.A. ILIUTOKMHOBBIII OTBET U ApPYyriUe OTANYUTEIbHbIE OCOOEHHO-

CTV KPUTUYECKUX (a3 CUCTeMHOTO BOCIaNeHMs Ipu cemncuce // MeguiuHckas uMmmyHonorus, 2014. T. 16, Ne 2.
C. 173-182. [Gusev E.Yu., Zotova N.V,, Lazareva M.A. Cytokine response and other distinctive features of critical
phases of systemic inflammation in sepsis. Meditsinskaya immunologiya = Medical Immunology (Russia), 2014,
Vol. 16, no. 2, pp. 173-182. (In Russ.)] doi: 10.15789/1563-0625-2014-2-173-182.

2. Tyces E.IO., 3oroBa H.B., Yepeurnes B.A. «Cericuc-3»: HOBast pefakiysi — cTapble Ipo6aeMbl. AHAIN3 €
o3y obueit maronorun // Vindexiusa u nmmynnret, 2021. T. 11, Ne 4. C. 649-662. [Gusev E.Yu., Zotova N.V.,
Chereshnev V.A. Sepsis-3: new edition - old problems. Analysis from the perspective of general pathology.
Infektsiya i immunitet = Russian Journal of Infection and Immunity, 2021, Vol. 11, no. 4, pp. 649-662. (In Russ.)]
doi: 10.15789/2220-7619-SAN-1629.

3. Iyces E.IO., Yepemnes B.A. CucreMHOe BOCIajieHNe: TEOPETUYECKME U METONONOTUYECKIEe TTOXObI K
OINMCAHMI0 MOJENM OOIIEnaTONornIecKoro mpouecca. Yacrp. 4. [Junamuka mporecca // Ilatonornmyeckas ¢u-
3MOJIOTMsI U 9KCIepuMeHTanbHas Tepamus, 2014. T. 58, Ne 4. C. 4-16. [Gusev E.Yu., Chereshnev V.A. Systemic
inflammation: theoretical and methodological approaches to description of general pathological process model.
PartIV. A dynamics of the process. Patologicheskaya fiziologiya i eksperimentalnaya terapiya = Pathological Physiology
and Experimental Therapy, 2014, Vol. 58, no. 4, pp. 4-16. (In Russ.)]

4. Brazhnikov A., Zotova N., Solomatina L., Sarapultsev A., Spirin A., Gusev E. Shock-associated systemic
inflammation in amniotic fluid embolism, complicated by clinical death. Pathophysiology, 2023, Vol. 30, no. I,
pp. 48-62.

5. EastridgeB.J., Holcomb J.B., Shackelford S. Outcomes of traumatic hemorrhagic shock and the epidemiology
of preventable death from injury. Transfusion, 2019, Vol. 59, no. S2, pp. 1423-1428.

6. Gusev E.Yu., Zotova N.V. Cellular stress and general pathological processes. Curr. Pharm. Des., 2019,
Vol. 25, no. 3, pp. 251-297.

7.  Gusev E., Zhuravleva Y. Inflammation: A new look at an old problem. Int. J. Mol. Sci., 2022, Vol. 23, no. 9,
4596. doi: 10.3390/ijms23094596.

8. Singer M., Deutschman C.S., Seymour C.W., Shankar-Hari M., Annane D., Bauer M, Bellomo R,
Bernard G.R., Chiche ].D., Coopersmith C.M., Hotchkiss R.S., Levy M.M., Marshall J.C., Martin G.S., Opal S.M.,
Rubenfeld G.D., van der Poll T., Vincent J.L., Angus D.C. The third international consensus definitions for sepsis and
septic shock (Sepsis-3). JAMA, 2016, Vol. 315, no. 8, pp. 801-810.

9. Zotova N.V,, Chereshnev V.A., Gusev E.Yu. Systemic inflammation: methodological approaches to
identification of the common pathological process. PLoS One, 2016, Vol. 11, no. 5, e0155138. doi: 10.1371/journal.
Pone.0155138.

279



3omoea H.B. u dp.
Zotova N.V. et al.

Poccuiickuit ummynonoecuueckuii scypnan
Russian Journal of Immunology/Rossiyskiy Immunologicheskiy Zhurnal

10. Zotova N.V., Zhuravleva Y.A., Zubova T.E., Gusev E.Y. Integral estimation of systemic inflammatory
response under sepsis. Gen. Physiol. Biophys., 2020, Vol. 39, no. 1, pp. 13-26.

11. Zotova N., Zhuravleva Y., Chereshnev V., Gusev E. Acute and chronic systemic inflammation: features and
differences in the pathogenesis, and integral criteria for verification and differentiation. Int. J. Mol. Sci., 2023, Vol. 24,

no. 2, 1144. doi: 10.3390/ijms24021144.

ABTOpBI:

3omoea H.B. — K.0.H., cmapuiuil Hay4Hwlil COMPYOHUK
saabopamopuu ummyHnonozuu eocnanrenus OIbYH
«Hncmumym ummyHosoeuu u ghuzuosocuu» Ypaibckozo
omdenenus Poccuiickoil akademuu nHayk, e. Examepunbype,
Poccusa

Coaomamuna JI.B. — k. ;M.H., cmapuiuii HAY4HbLHL COMPYOHUK
aabopamopuu ummyHnonozuu eocnanrenus OIbYH
«Hucmumym ummyHonso2uu u guauosoeuu» Ypaiockoeo
omdenenus Poccuiickoii akademuu nHayk, e. Examepunbype,
Poccusa

2Kypaeaéea I0.A. — k.6.H., cmapuiuii HayuHbLi COMPYOHUK
aabopamopuu ummyHnonozuu eocnanenus OIbYH
«Hnemumym ummynonoeuu u gusuonoeuu» Ypanockoeo
omaenenus Poccuiickoii akademuu Hayk, e. Examepunoype,
Poccus

bpascnuroe A.1O. — k.m.H., douerm Kagheopot
anecmesuon02UU, PEAHUMAMOA0SUL, MOKCUKOA02UU
DI'BOY BO «Ypanvckuii eocyoapcmeenHolii MeOUYUHCKULL
YHusepcumem» Munucmepcmea 30pasooxpanenus PD,

e. Examepunbype, Poccus

Iycee E.FO. — 0.;m.H., npogpeccop, 3aeedyroujuii
snabopamopueti ummyHnosoeuu eocnarenus PIrbYH
«Hncmumym ummynonoeuu u gusuonoeuu» Ypanvckoeo
omdenenus Poccuiickoil akademuu nayk, e. Examepunoype,
Poccus

Authors:

Zotova N.V., PhD (Biology), Senior Research Associate,
Laboratory of Inflammation Immunology, Institute

of Immunology and Physiology, Ural Branch, Russian
Academy of Sciences, Yekaterinburg, Russian Federation

Solomatina L.V., PhD (Medicine), Senior Research
Associate, Laboratory of Inflammation Immunology, Institute
of Immunology and Physiology, Ural Branch, Russian
Academy of Sciences, Yekaterinburg, Russian Federation

Zhuravleva Yu.A., PhD (Biology), Senior Research
Associate, Laboratory of Inflammation Immunology, Institute
of Immunology and Physiology, Ural Branch, Russian
Academy of Sciences, Yekaterinburg, Russian Federation

Brazhnikov A. Yu., PhD (Medicine), Associate Professor,
Department of Anesthesiology, Resuscitation, Toxicology and
Transfusiology, Ural State Medical University, Yekaterinburg,
Russian Federation

Gusev E.Yu., PhD, MD, Professor, Head, Laboratory

of Inflammation Immunology, Institute of Immunology and
Physiology, Ural Branch, Russian Academy of Sciences,
Yekaterinburg, Russian Federation

ITlocmynuaa 15.05.2023
Omnpasnena na dopabomry 29.06.2023
Tpunsma x neuamu 05.07.2023

Received 15.05.2023
Revision received 29.06.2023
Accepted 05.07.2023

280



