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HecMOTpst Ha 3HAYUTEIbHBII TIPOTPECC B HHTEHCUBHOM JieYeHIH abJIOMUHATIBHOTO CEIICUCa, JIETAIBHOCTD OT
JTAHHOTO 3a00JIEBAHNUST OCTAETCS KpaiiHe BbICOKOW. CHCTEMHBIN BOCIATUTENbHBIN OTBET Ha MH(MEKIIUIO XapaKTepH-
3yeTcst BBICBOOOJKIEHNEM B KDOBOTOK 9HIOTOKCHHA M MEANATOPOB BOCTIAIEHNST, KOTOPBIE BBI3BIBAIOT PACCTPOUCT-
Ba KpoBooOpareHust 1 (HOPMUPOBAHNE MOJHOPTAHHON HEIOCTATOYHOCTH. YIIBTPA3BYKOBasi BBICOKOYACTOTHASI
nornieporpadust 1aeT BO3SMOKHOCTD JIMHAMMYECKON OIEHKN TKaHeBO# 1epdysun 1o/ Bo3zeiicTBreM addepenT-
HOTIO JIe4YeHMA.

Iens 0630pa — UBJIOKEHNUE COBPEMEHHBIX TTOIXO/I0B 9KCTPAKOPIOPATBHOTO JICYCHUS a0 IOMIUHAIBHOTO CETCH-
ca B CBETe aKTYaJIbHBIX TIPEJICTABIEHHUIT O aToreHese GaKTepHalIbHON TPAHCIOKAINH, CHCTEMHOTO BOCTIA/IATENb-
HOTO OTBETA, a TAK)Ke PACCTPOICTB MAKPOTEMOIMHAMKMKY ¥ TKaHEBOH 1iepdysnu.

Kntoueswvte caosa: ab0omunanviviii cencuc, mxaneeas. nepysus, OemoxKCuKauus

In spite of considerable progress in the intensive treatment of abdominal sepsis, mortality from this disease
remains very high. A systemic inflammatory response to infection is characterized by the blood flow release of
endotoxin and inflammatory mediators, which cause circulatory disorders and multiple organ dysfunctions. High-
frequency Doppler ultrasound allows dynamic estimation of tissue perfusion during efferent treatment.

Objective: to give an account of current approaches to extracorporeal treatment for abdominal sepsis in the
light of urgent views on the pathogenesis of bacterial translocation and a systemic inflammatory response, as well

as macrohemodynamic disorders and tissue perfusion failure.
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Abpomunanpubiii cencuc (AC) — oxna us
CITOXKHBIX TIPOOTEM COBPEMEHHOW MEIUIINHbI, aKTy-
ATBLHOCTH KOTOPOH OTIPEIENIeTCsT GOTBITUM KOJTYe-
CTBOM OOJNBHBIX W BBHICOKMME HKOHOMUYECKUMHU 3a-
TparamMu Ha ux Jedenue [1, 2]. JleranpbHocTh 1pu
pas3BUTUM MH(MEKIMOHHDIX OCHOKHEHUN MOXKET /10-
crurath 60%, a pacXo/Ibl Ha JedeHne TAKUX OOTHHBIX

Abdominal sepsis remains one of the chal-
lenges in contemporary medicine since it is still
occurring in a large population of patients and the
economic costs of their treatment remain high [1,
2]. Mortality in those cases can reach 60% whereas
the cost of treatment of sepsis patients is about
40% of all costs in intensive care units. [3]. In 58%
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cocTaBistioT ipuMepHo 40% Bcex 3aTpaT B peaHnMa-
IIMOHHBIX OT/IesieHnsX [3]. CenTuueckuii MoK pa3Bu-
BaeTcst B 58% ciydaeB [4], mpu 9TOM JI€TAIBLHOCTD
moxker gocturatb 100% [5, 6]. B CIITA zaboseBae-
MocTh coctasisietT 650—750 coryuaes na 100 Toic. Ha-
cenenus B roj [7—9]. B EBpomne cormacno mexayna-
poxHomy wuccaegoBannto EPIC 1T 3abosieBaeMocCTh
AC cocrasister 50—70 caygaes Ha 100 Toic. Hacese-
nug B roz [10—12]. B Tepmanuu 1o pesyssraram Ha-
IIUOHAIBHOTO MYJIBTUIIEHTPOBOTO UCCIIEIOBAHUS TOT
Ke TIokazarteJib gocturaet 76—110 ciaygaes [13].

[To maHHBIM POCCUIICKUX aBTOPOB, CETICUC Pa3-
BuBaercd y 3 u3 1000 nocrynusmmx 8 OPUT, vac-
tota cercuca coctabisier 200—275 genosex na 100
THIC. Hacesenus B Tox [ 14, 15]. B 2008—2009 rr. 6b1-
JIO TIPOBE/ICHO JIBYXATAMTHOE OHOIHEBHOE MCCJIEO-
Banue, HazBanHoe PMOPUTa (Pacmpoctpanen-
voctb Wndeknuit B Otaenenusx Peanumanuu u
WNurtencusuoit Tepanum). CorslacHO TOJTyYeHHBIM
JIAHHBIM, T'PAMOTPUIATENbHBIE MUKPOOPTAHU3MBI
BBICTYIIAIOT B KAYeCTBE BEAYIIUX BO30YAUTEEH Ccell-
cuca B 72,7%, rpaMIoJIoxKUTe/IbHble OaKTEpUn COo-
CTaBUJIN B OOUIEll 3THOJOTHYECKOU CTPYKType
23,9%, mpu 9TOM CpeIHUil yPOBEHD JIETATbHOCTH
mpu AC cocrasur 30,4% [16, 17].

Cwmeprtroctb oT AC B CIIIA 3aanmaet 13 mecTo,
JeTainbHOCTD pu aToM — 50% [ 18, 19]. B EBpore se-
TaNTbHOCTH cocTaBiser 28—50% [20].

Bosee riy6okoe MOHMMaHME HTHONATOTEHE3a
AC TI03BOJIUT ONIPENIETUTh TOUYKY U BPeMS TIPUMeHe-
HUSI METOJIOB AKCTPAKOPIIOPATLHON € TOKCUKAIIUN B
KOMILIEKCHOM peteHnn mpobremnr [21].

ITaTorenes a0 JOMHHAJILHOIO CEIICHUCA

OcHOBy maToreHesa cericuca COCTABJSIET CHUC-
TeMHBIN BocnasmuTenbHbIN 0TBeT (CBO) Ha mepwuo-
JITYECKYIO WM MOCTOSTHHYI0 OakTepuemuto [22, 23].
B cepenune 90-x ronos XX Beka orpejiesieH TEPMUH
«abIOMUHAJIBHBII CEICHC», MOl KOTOPBIM IOPasy-
MeBaercs CBO Ha mepBoHavasbHBINT WHQEKITNOH-
HBII 1poltecc B OPIOIIHON MOJIOCTH /WU 3a0pIo-
[IMHHOW KJIeTYaTKe, XapaKTePHOIl 0COGEHHOCTHIO
KOTOPOTO SIBJISIETCST OBICTPOE BKJIFOUEHIE MeXaHU3Ma
TPAHCJIOKAITTY MUKPOOPTAaHU3MOB U 9HOTOKCUHA U3
MIPOCBETA KUIIETHUKA.

IDHJIOTOKCUHBI — 3TO CTPYKTYPHbBIE KOMITOHEH-
TBI HAPYKHOU KJIETOYHOW CTEHKU TPAMOTPUIIATEITh-
HbIX GakTepuit. Hanbosiee BaxKHBIA U yIIOMUHAEMBII
n3 Hnx — gunonomucaxapuz (JITIC) [24]. Moneky-
JIBI 9HJIOTOKCUHA OTIPEeNISIOT TTaTOTeHHbIe U aHTH-
reHHbpie cBoiictBa OGakrtepuil. CrpykrypHo JITIC
[PEJCTABJIIET COOON TPU KOBAJEHTHO CBSI3aHHBIX
KoMmIoHeHTa: O-aHTUTEH, IIEHTPAIbHBIN OJIUTocaxa-
pun u qunmua A. JITIC coctout u3 tuapoduaIbHOTO
MOJIMCAXaPUIHOTO YYacTKa, KOTOPBIM CBSI3aH € THJI-
pPOhOOHBIM JUIUAHBIM yuacTkoM (umug A) [26].
O-aHTHUTeH YHUKAJIEH JJIsT KasKI0ii OakTepuu 1 orpe-

cases the septic shock occurs [4] that can lead to
100% mortality [5, 6]. In the USA the abdominal
sepsis morbidity is 650—750 cases per 100 000 pop-
ulation each year [7—9]. According to internation-
al EPIC II study in Europe the abdominal sepsis
morbidity is 50—70 cases per 100 000 population
per year [10—12]. In Germany the results of multi-
central national research show similar occurency at
76—110 cases/100 000 [13].

According to Russian researches sepsisis diag-
nosed in 3 of 1000 patients in ICU, sepsis frequency
is 200—275 patients per 100 000 population per year
[14, 15]. In 2008—2009 a two-stage one-day study
called Prevalence of infection in the ICU and inten-
sive care was performed. Data demonstrated that
gram-negative bacteria was the leading sepsis
pathogens in 72,7% and gram-positive bacteria
caused 23,9% cases of sepsis where as the mortality
was 30,4% [16, 17].

Death rate from abdominal sepsis to the United
States ranks 13th, with the mortality rate 50% [18,
19]. In Europe, the mortality rate is 28—50% [20].

Understanding the etiopathogenesis of deep
abdominal sepsis might be helpful in substantiating
the application of extracorporeal detoxification in
complex intensive treatment of this life-threatening
critical illness [21].

Abdominal sepsis pathogenesis

The pathogenesis of sepsis includes systemic
inflammatory response (SIR) to periodical or contin-
uous bacteremia [22, 23]. In the mid 1900-s the term
«abdominal sepsis» was defined as SIR to initial
infection localized in the abdomen and /or retroperi-
toneal fat, with a characteristic feature such as rapid
switch of microorganisms and endotoxin transloca-
tion mechanism from the intestinal lumen.

Endotoxins are structural component of the
cell wall of gram-negative bacteria. The most
important of them is lipopolysaccharide (LPS)
[24]. Endotoxin determines the antigenic and
pathogenic bacteria properties. LPS structure con-
sists of three covalently linked components: the O-
antigen, the central oligosaccharide and lipid A.
LPS is composed of a hydrophilic polysaccharide
part which is linked to a hydrophobic lipid part
(lipid A) [26]. O-antigen is unique to each type of
bacteria and determines its serotype. This part of
LPS is directed into the environment and is the
bulk of endotoxin (about 10—20 kDa/ However,
there are exceptions: 2.5 kDa LPS short O-antigen
and the 70 kDa LPS with very long O-antigen).
LPS molecules are recognized by the immune sys-
tem. Lipid A determines the toxicity of endotoxin.
Central oligosaccharide represents a <«bridge»
between lipid A and O-antigen. LPS occupies
about 10% of total bacterial weight.
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nensietT ee ceporutl. Ita yacth JIIIC nHampasieHa B
OKPYSKAIOIILY10 cpey, barofapst 4eMy pacio3HaeTcst
WMMYHHOH CHCTEMOH W COCTaBJISIET OCHOBHYIO Maccy
SHIOTOKCHWHA, KoTopas gocturaet 10—20 x/la, omna-
KO BeTpevaroTcs uckaoueHus:: 2,5 k/la amsa JIIIC ¢
kopotkuM O-anturenom u 70 k/la aist JITIC ¢ ouenpb
muHHEBIM O-anaTtureHoM. JIumua A B 3HaYNUTENTHHOMN
CTENEHU OIpesiesisieT TOKCUYHOCTh IHIOTOKCHHA.
[MenTpanbHBIN ONUTOCAXapPU CIY>KUT MOJEKYJISIP-
HBIM «MOCTUKOM» M coeinnseT gunu A ¢ O-anTure-
HOM. B TIPOIIEHTHOM COEPKAHUU OT Macchl GaKTe-
pun JIIIC cocrasmser mpumepro 10%.

IDHJIOTOKCUH SIBJISIETCS MOITHBIM WHILYKTOPOM
BOCHAJIUTEIBHON peakiuil. BoicBOGOKIEHNE DHIO-
TOKCHHA [TPOMCXONT MPU PaspyIleHUN CTEHOK Oak-
Tepuit. ¥ 310poBoro YenoBeka 95% sHI0TOKCHHA BhI-
BOJIUTCS BMeECT€ C KUIIEYHBIM COJEPKUMBIM.
Ocrasmnecst 5% pe3opOUPYIOTCS W CTAHOBSITCS
TPUTTEPOM aKTUBaMM uMmyHuTeTa [27, 28]. B Hop-
Me 9HIIOTOKCHH B HeOOJIBbIION KOHIIEHTPAIMK TIPH-
CYTCTBYET B KPOBH 3/I0OPOBBIX JIIO/IEHl U yYaCTBYET B
PETYJISITNN aKTUBHOCTU PA3JUYHBIX CUCTEM — HH/IO-
KPUHHOM, CBEPTHIBAIOIIEH, IEHTPATHbHON HEPBHOM H,
MIpesk/ie BCero, UMMYHHOI CUCTEM, TIPU HTOM €To T10-
CTYIUIEHNE W3 KUIeYHnKa ApobHoe. B kpoBu oH 00-
Hapy’KUBaeTCs B CBI3aHHOM C HeWTpodumamu co-
ctosgHUN B HU3KOHN KoumeHTparuu (1o 1,0 EU /M),
13 KPOBOTOKA OOJBINAs YaCTh €r0 dJIUMIUHUPYETCS
cucTeMOoll (hMKCUPOBAHHBIX Makpodaros meueru. B
merananuze MEDIC, nmpoBeentoM y 857 60MBHBIX
OPUT, BpIgBIeHa 3aBUCUMOCTH PHUCKa JETATbHOTO
MCXO0/Ia OT KOHIIEHTPAITMH 9HI0TOKCUHA B KPOBH, HO
He oT GakrepreMun. Bputo 0O0HAPY/KEHO, YTO DHIO-
TOKCUHEMWST PAcIpOCTPaHeHa B BechbMa PasHOPOJI-
HOU mommyJisiiiu GOJIbHBIX PeaHMMAIMOHHBIX OT/e-
JIEHUH: Y TIOYTH TIOJIOBUHBI U3 HUX UMEJICS YPOBEHb
[UPKYJIUPYIOIIEro 3HAOTOKCHHA Oojiee YeM Ha 2
CTaH/AAPTHBIX OTKJIOHEHWS BBIIIE YPOBHs, 0OHApY-
JKMBAEMOTO Y 3/I0POBBIX T0OPOBOJIBIEB B KOHTPOJIb-
HO¥ rpynme. OHAKO B HCCIELyeMO TPYIIe TOJTbKO
4% wWMesu TpaMOTpUIATeNbHYIO (JIOpY, BbICeBae-
myto u3 kpou (John C. Marshall, Jean-Louis
Vincent, etc.). ITO CBUIETETBCTBYET O TOM, YTO H-
JOTOKCHH caM 110 cebe, He3aBUCHMO OT ITPUCYTCTBUST
U KOJIMYECTBA TPAMOTPHIIATEIbHBIX GaKTEPHUil B KPO-
BH, SIBJIIETCS MPEIUKTOPOM BBICOKO JIETATbHOCTH.

Hapyuenne GapbepHO-MeXaHUYeCKO (DyHK-
[[UK CJIUBUCTON OOOJIOUKH JKENYIOUHO-KUIIETHOTO
TpaKTa MPUBOJAUT K TPAHCIOKAIUU KUIIEUHOW MUK-
POMIOPBHI U FHTOTOKCHHA, UTO MOXKET 3aITyCTUTD CETI-
TUYECKUH TTpoIiecc.

MesoTesnaabHblii TOKPOB HA TPAHUIIE «KPOBH-
OprolivHay SIBJSETCS BapUAHTOM THCTOTEMaTHdec-
Koro Gapbepa. HapyieHue pery/siimn MUKPOITPKY -
JIATOPHOTO KPOBOOOpAIEHNST TIPU  BOCHAJEHUU
MIPOUCXO/IUT B KATUJIISIPHBIX dHAOTEHOIUTaX. [Ipn
pazsutun CBO paccrpoiicTBo nepdysnn n oxcure-
HAIUU JKEJTY0UHO-KUAIIIEYHOTO TPaKTa BHI3IBAET Ha-

Endotoxin is an inducer of the inflammatory
response. The release of endotoxin occurs when
destruction of bacterial walls occurs. Normally 95%
endotoxin comes out together with the intestinal
contents. The remaining 5% of LPS resorbed and
become the trigger of immune activation [27, 28].

In norm low concentration of endotoxin is pre-
sented in the blood following intake from the gut and
is involved in the regulation of various systems —
endocrine, coagulation, central nervous systems and
especially the immune system. In the blood it is
detected bound to neutrophils in low concentrations
(below 1,0 EU/ml), and is eliminated from the circu-
lation by Kupfer hepatic macrophages system. In
meta-analysis MEDIC performed on 857 patients in
ICU, it was found that the risk of death depends on
the concentration of endotoxin in the blood, and not
on a bacteremia. Endotoxinemia could be found in a
very heterogeneous population of patients in ICU:
almost a half of them had circulating endotoxin lev-
els more than 2 standard deviations above the level
found in healthy volunteers from the control group.
However, in the study group, only 4% had gram-neg-
ative flora inoculated from the blood (John C.
Marshall, Jean-Louis Vincent, etc.). This suggests
that endotoxin itself, regardless of the presence and
amount of gram-negative bacteria in the blood, is
predictive of a high lethality.

Mechanical barrier function disorder of mucous
membranes of gastrointestinal tract leads to translo-
cation of intestinal microflora and endotoxin that
can start sepsis process.

Mesothelial cover on the border of the «blood-
peritoneum» is a variant of blood-tissue barrier.
Dysregulation of microcirculatory blood flow
becomes evident in capillary endothelial cells when
inflammation occurs. When SIR occurs, perfusion
and oxygenation of the gastrointestinal tract disorder
cause alteration of regeneration of epithelial cells'
mucous membrane that leads to enterocytes damage.
Increased permeability of blood-peritoneum barrier
results in translocation of microflora and endotoxin
from the intestine into the bloodstream and lymphat-
ic system. These changes represent a specific feature
of the abdominal sepsis, which distinguishe it from
other mechanisms of sepsis, where bowel dysfunction
is a secondary one. When intra-abdominal foci of
destruction/infection take place, circulatory and
motor-evacuation function disorders develop much
more frequently than in other infectious foci localiza-
tions. Therefore, translocation mechanism is of par-
ticular importance and sometimes acquires indepen-
dent significance in patients with acute surgical
diseases of the abdominal cavity [29—31].
Penetrating through the lymph collectors in the por-
tal vein system and the systemic circulation, gram-
negative microorganisms and endotoxemia become
trigger factors of abdominal sepsis [32, 33, 34].
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pYIIeHrEe pereHeparuy SIMUTENUOIUTOB CIU3UCTOM
000JI0YKH, U4TO BeJET K MOBPEKIEHUIO SHTEPOIIUTOB.
B pesysibrate M3aMeHEHUS TTPOHUIIAEMOCTU HHTEPO-
reMaTHYecKoOTo Gapbepa MPOUCXOIAUT TPAHCIOKAIIHS
MUKPO(MJIOPHI U HHAOTOKCHHA W3 TTPOCBETa KUIIEY-
HUKa B KPOBEHOCHYIO U JUMMATUIECKYIO CUCTEMBI.
ITo sBJstercs crerupraeckoit yeproit AC, 4To oT-
JINYaeT ero OT CeTcuca APYTUX MEXaHW3MOB Pa3BU-
THsI, TPU KOTOPBIX HapylieHue (GyHKIIUN KUITKA HO-
CUT BTOPWYHBINA  XapakTep. Ilpwm Hamuyuwm
MHTPaabIOMUHAIBHOTO OvYara JeCTPYKIK/MH(EK-
[[UF PacCTPOMCTBA KPOBOOOPAIEHUsST U MOTOPHO-
9BAaKyaTOPHOW (DYHKIIUN KHUINEYHUKA PAa3BUBAIOTCS
3HAYUTEITHHO Yallle, YeM MPU MH(PEKITMOHHBIX OYarax
WHOU Jokamm3aruu. [loaTroMy MeXaHNU3M TPaHCIOKa-
UK ¥MeeT 0coboe 3HaUeHMe y OOJIBHBIX ¢ OCTPBIMU
XUPYPrUuYecKUMU 3a060/I€BAaHUSIMU OPIOIITHOI M0JI0C-
TH W TOPOU MPHOOPETaeT CaMOCTOSATEIbHOE 3HAUe-
nue [29—31]. Ilponukasa uepe3 numparuyeckue
KOJITTEKTOPBI ¥ CUCTEMY ITOPTAJIbHOI BEHBI B CUCTEM-
HBI KPOBOTOK, TPaMOOTPHIIATEIbHbIE MHKPOOpTa-
HU3MBI U 9HJIOTOKCUHEMUST CTAHOBSITCS TPUTTEPHDI-
mu pakropamu AC [32—34].

[TaTorennoe neiicTBIE 9HIOTOKCUHEMUN PeasTi-
3yeTcs Kak 3a cueT MPsSIMOTO MOBPEKIAroNIero ahdex-
Ta, TaK U OMOCPE/IOBAHHO Yepe3 KJIETOUHbIE U Me/ra-
TOpHBIE cucTeMbl. [IpsiMoe TOKcudyeckoe JelicTBHe
HH/IOTOKCHH OKA3bIBAET Ha AH/IOTEJIHI COCYIOB, B TOM
yrcie CHHYCOUIBI IeyeHr. V30BITOK 9HIOTOKCHHA
CBSI3BIBAETCS C MOJUMOPGhHOSIIEPHBIMU JICHKOIINTA-
MU U TIOCTYIAeT B MeYeHb. B yCcI0BUSIX aKTUBU3AINN
KaCKaJIOB apaxu/IOHOBOH KUCJIOTHI U WHTEHCHBHOTO
IIUTOKMHOKMHE32 TIOBPEXKAAIOTCS TeNaTonuThl. Kom-
TIJIEKCHI TOJIMMOP(HOSIIEPHBIX JIEHKOIIUTOB € JHJIO-
TOKCHHOM TIOCTYTIAIOT B JKEJIYHbIE KalUJUISPhI, TIE,
CBSI3BIBASICh C JKEMYHBIMU KUCTOTaMU, (HOPMUPYIOT
HOBbIE TOKCUYHbIE arJIOMEPaThl M BHOBb MMOCTYTIAIOT B
KPOBb U [T€UY€Hb, 3aMbIKasi TOPOYHBI KpyT. PazBuBaio-
nIasicsi eYeHOYHAsT HeJIOCTaTOYHOCTD TIPUBOIUT K Ha-
PYIIEHUIO €CTECTBEHHON JIETOKCUKAITIMY U 3HAYUTETh-
HO YXYZIIIIAeT MPOTHO3.

[TpsiMoe moBpeskaaoliee AeiicTBIE SHIOTOKCH-
Ha Ha 9HJIOTETMATbHbBIE KJIETKU JIEKUT B OCHOBE M-
KPOILUPKYJISATOPHBIX Hapyenwit [35, 36, 47]. [lato-
reHeTuYeckrue  MEeXaHU3Mbl, TPUBOJLIINE K
MUKPOIUPKYIATOPHON AMCHYHKIINHU, BKJIIOYAIOT:
pacrpoCcTpaHeHHOe IHAOTEIUAIBLHO-KIETOUHOE T10-
BpEeXKIEHNE, aKTUBAIIMIO KOATYJISIIMOHHOTO KacKaja
U yrHereHue (GUOPUHOJIN3A, MUKPOIMPKYJISATOPHO-
MUTOXOHIPUAIBHBIN TUCTPECC-CUHIPOM, TUTTOKCHUIO.
It GakToOpHl Kak B OTAETHHOCTH, TaK U B PA3JIMU-
HBIX COUETAHUSX, SBJSIOTCS ONPENESIONIMA B Pa3-
sutuu IIOH npu cencuce [41—43]. dunoresnans-
HbIe KJIETKUA B 3aBUCUMOCTU OT T€MOIMHAMUYECKIX,
MeTabOoIMYeCKUX W APYIUX PEryJIUPYIOIUX CUTHA-
JIOB M3MEHSIOT apTePHUOJISPHBINA TIaAKOMBITIICUHBIHI
TOHYC U KallMJJITPHOE HATIOJTHEHUE, a TAKKe KOHTPO-
JUPYIOT KOAryJSaIuio W UMMYHHYIO (yHKIno. B

Pathogenic action of endotoxemia is imple-
mented through both direct damaging effect and
indirectly via cellular and mediator systems
Endotoxin exerts direct toxic effect on the vascular
endothelium including the liver sinusoids. Excess of
endotoxin binds to polymorphonuclear leukocytes
(PMNL) and enter the liver. Hepatocytes becomes
damaged due to activation of arachidonic acid cas-
cade and intensive cytokine secretion. PMNL armed
with with endotoxin complexes enter the bile capil-
laries, bind to bile acids, form new toxic agglomer-
ates and again enter the blood and liver, closing the
vicious circle. The developing liver failure leads to
disruption of natural detoxification and significantly
worsens the prognosis.

Direct damaging effect of endotoxin on
endothelial cells underlies microcirculatory disfunc-
tions [35—37]. The pathogenetic mechanisms lead-
ing to microcirculatory dysfunction include: wide-
spread endothelial cell damage, the activation of the
coagulation cascade and the inhibition of fibrinoly-
sis, mitochondrial distress, hypoxia [38—40]. All
these factors are crucial for the development of mul-
tiple organ failure in sepsis [41—43]. Endothelial
cells according to the hemodynamic, metabolic and
other regulatory signals change arteriolar muscle
tone and capillary filling and control coagulation and
immune function. Normally, the anticoagulant and
antithrombotic activity of endothelium dominates
over its procoagulant properties. Endotoxin inhibits
anticoagulant potential that promotes intravascular
coagulation and thrombus formation in the
microvasculature. As a result, the circulatory hypox-
ia, ischemia and organ dysfunction is developing.
[44, 45]. Activation of the coagulation cascade by
endotoxin via Hageman factor leads to bradykinin
production that is a powerful vasodilator increasing
the permeability of the endothelium. Extravasation
of fluid and tissue edema develops and gel matrix
within the interstitial space swells and results in
alterations of diffusion of oxygen and metabolites.
«Capillary leak» leads to hypovolemia, oxygen trans-
port disruption and hypoperfusion of tissue with
accumulation of metabolic products and rapid for-
mation of multiple organ dysfunction.

Endotoxin interacts with a specific membrane
macrophages receptor, which leads to overproduc-
tion of cytokines and other sepsis mediatorsuction:
components of complement, arachidonic acid
metabolites, platelet activating factors, endothelin,
oxygen radicals, nitric oxide [46, 47]. LPS-binding
protein transports endotoxin and promotes its recog-
nition by the cell via receptor CD14, TLR4, and pro-
tein MD2. The SIR results in generalized, uncon-
trolled production of proinflammatory cytokines
with multiple distant and paracrine effects synthe-
sized by macrophages [48—50]. They implement the
effect and regulatory functions in the immune
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HOPME aHTHUKOATYJISTHTHAs ¥ aHTUTPOMOOTHYECKast
AKTUBHOCTD HHAOTENUS IPe0bIaiaeT HaJl eT0 TTPOKOa-
TYJSTHTHBIME cBolicTBamu. [lon meficTBueM aHAOTOK-
CUHA yTHETAeTCST aHTUKOATYJISTHTHBIN TIOTEHITUAI, 9TO
CIIOCOOCTBYET PasBUTHIO BHYTPHCOCYIUCTON Koary-
JiAn 1 (OPMUPOBAHUIO TPOMOOB B MHKPOCOCY/IAX.
B pesysbraTe nieMun pasBUBaeTCs MUPKYJISATOPHAS
TUIIOKCHUST ¥ OpraHHble paccTpoiictsa [44, 45]. Aktu-
Balusl 9HJ0TOKCUHOM KOaryJIILIMOHHOIO KacKajia ye-
pe3 daxrop Xaremana BefieT K MPOAYKIMH GPaIuKi-
HUHA — MOIITHOTO Ba30/INJIaTATOPA, YBEJTMUYNBAIOIIETO
IIPOHUIIAEMOCTD dH0Tesns. Pa3BuBaercs sKkcTpaBa-
3aIus SKUJKOCTU U TKAHEBBIN OTEK, MPU 9TOM Te€Jib-
MaTPUKC MHTEPCTUIIMABHOTO IPOCTPAHCTBA HabyXa-
et, Hapymas anhys3nio MeTaboIUTOB U KUCIOPO/IA.
«Karmunnspaast yreuka» MPUBOAUT K THUTIOBOJIEMHUH,
HAPYIIEHUTO TPAHCTIOPTA KUCAOPOAA 1 YCyTyOIeHHIO
TKaHeBOU ruronep@ysnn ¢ HaKOIJIeHNeM TTPOYKTOB
obMmeHa 1 ObicTpbiM (hopmupoBarrem ITOH.
IDHJOTOKCUH B3auMo/ieiicTByer co crienuduye-
CKUM MeMOpaHHBIM PEIenTOPOM Makpodaros, uTo
MIPUBOJIAT K TUTIEPTIPOAYKIINH ITATOKUHOB W IPYTUX
MeZIMATOPOB CETICHCa: KOMILTEMEHTa, MeTabOJNTOB
apaxuIOHOBOM KMCIOTHI, (DAKTOPA aKTUBAIIUU TPOM-
GOIMTOB, PHAOTEIMHOB, KUCIOPOAHBIX PaJUKATIOB,
okcnaa asora [46, 47]. LPS-csasbiBaromuii 6e10K
SIBJISIETCST TEPEHOCYNKOM 9HIOTOKCHHA U CITOCOGCT-
ByeT ero pacllo3HaBaHUIO KJIETKOH € IIOMOIIBIO pe-
renropoB CD14, TLR4, u 6esika MD2. OcHoBy na-
toreneza CBO cocraBisger renepaau3oBanHas
HEKOHTpOJIUpYeMas IIPOAYKILUS IIPOBOCHAIUTENb-
HBIX IIUTOKUHOB [48—50], mpeacTaBiastomux coboit
MENTUIBI ¢ MHOKECTBEHHBIMU TIaPAKPUHHBIMU U
JIUCTAHITMOHHBIMU 2 heKTaMu, CHHTe3UpyeMble Ma-
kpodaramu. Oun peanusyioT 3 GeKTOpHbIE U Pery-
JISTOPHBIE (DYHKIUK TTPU UMMYHHOM oTBeTe. [{uTo-
KHHBI  omocpeayioT cBou  ahdeKTh  4epes
WH/IUBU/IyaJIbHBIE TTOBEPXHOCTHBIE PEIENTOPbI KJie-
TOK. BOJIBIIMHCTBO IMUTOKUHOB UMEIOT TJIEHOTPOTI-
HYI0 aKTUBHOCTbD U MIPOSBJISIOT OGUOJOTHYECKOe Jeii-
CTBHWE Ha MHOKECTBE KJIeTOK-MUIIeHel. KitoueBbie
MeIMaTopbl BocmaauTespHoro kackama — TNF-«,
unrepaeiikun-14 (1L-13), unreprueiikuu-6 (IL-6),
nnaTepsieknH-8 (IL-8). ITo mepBuyHbIe MeIUATOPBI
CBO, noBbIlienre ypoBHSI KOTOPBIX TOBOPUT O BbI-
PAKEHHOW CTUMYJISIIIUA UMMYHHbBIX KJI€TOK [51, 52].
Poct ornomenust 1L-18/TNF-a no 10 u Bblie, cHu-
skenne aktuBHocTH C3 1 C4 dpakinii KOMILIeMeH-
Ta, HU3KUN ypoBeHb IgG CBUAETENBCTBYIOT 00 UM-
MYHOJETIPECCUN ¥ SBJSIIOTCST TTPOTHOCTUYECKUMU
¢axropamn seramprOocTU. [Ipn smokampbHOM BOCHa-
JIEHUU TTUTOKUHBI TIPOSIBJISIOT CBOE JleficTBUE TIpe-
UMYIIECTBEHHO B MpejieiaX TOH TKaHW WJIN OPraHa, B
KOTOPBIX OHU mpoayupytorcst |53, 54]. Hurokunot
HUMEIOT MIMPOKUU CIIEKTP OHOJOTHYECKOro IencT-
BUsI, UTO MPOSIBJISIETCS] B MHOTOOOPa3HBIX M3MEHEHM-
SIX MeTaboM3Ma, TEMOTI093a, CBOMCTB COCYANUCTOMN
cTeHKH, (DYHKIIUU PETYJISITOPHBIX crcTeM [55, 56].

response. Cytokines mediate their effects via cell sur-
face receptors. Most cytokines have pleiotropic
activity and exhibit biological effects on a variety of
target cells. Key mediators of the inflammatory cas-
cade include TNF-«, interleukin-13 (IL-1p), inter-
leukin-6 (IL-6), Interleukin-8 (IL-8). Cytokines are
primary mediators of the SIR and increased levels of
cytokines in blood demonstrate stimulation of
immune system cells [51, 52]. IL-13/TNF-¢ ratio is
increased to 10 or higher, C3 and C4 complement
component activities are decreased, low levels of IgG
are evidence of immunosuppression. All these fea-
tures are predictors of mortality. In a local inflamma-
tory site, the cytokines exert their effects limited to
tissue or organ, in which they are produced [53, 54].
Cytokines have a wide range of biological actions,
which manifest itself by diverse metabolic changes,
hematopoiesis, properties of the vascular wall, func-
tions of regulatory systems [55, 56].

When overproduction of cytokines and other
mediators occurs, their destructive effects begin to
dominate. When there is an imbalanced SIR pro- and
anti-inflammatory mediators cooperation, the
release of a large number of pro-inflammatory
cytokines («cytokine storm») is initiated followed
by, the increase of anti-inflammatory cytokines.
Compensatory anti-inflammatory response develops,
combined with the depletion of pro- and anti-
inflammatory mechanisms («immune paralysis»).
Increased endotoxinemia and inflammatory media-
tors cause disorders of systemic hemodynamics by
direct myocardial depression and vasoplegia [57].

Severe sepsis with tissue hypoperfusion mani-
fests by septic shock. Nitric oxide (NO), which is a
universal regulator of cell and tissue metabolism, pos-
sess a leading cause of vascular insufficiency [58—60].
When increased concentrations of endotoxin in the
blood occur, macrophages produce NO and reactive
oxygen species (ROS), which alters the DNA encod-
ing the mitochondrial respiratory chain and the
Krebs cycle enzymes. As a result, the reparation and
replication of nucleic acids is impaired uncoupling
mitochondrial oxidation and phosphorylation and
inhibiting aerobic glycolysis. The toxic NO and
supeoxide anion as ROS component form peroxyni-
trite, which reduces the activity of ribonucleotide
reductase, and initiates apoptosis. NO is the cause of
refractory vasopressor effects of catecholamines. Tts
concentration in sepsis correlates with systemic vas-
cular resistance [61, 62]. The release of a large
amount of NO causes vasodilation, decreased venous
return due to the veins expansion, cardiac output
reducing and opening blood flow shunt [63, 64]. As a
result, oxygen delivery reduction leads to circulatory
hypoxia and metabolic acidosis. When full circula-
tion of the capillary network turn off, shock refracto-
ry to vasopressors and infusion therapy is developing
[65, 66]. At the final stage of shock due to hypoxia
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[Tpu TMTIEPTIPOLYKITUY ITATOKUHOB U JIPYTHX Me-
JINATOPOB WX IECTPYKTUBHBIE A(D(PEKThI HAUNHAIOT JI0-
mutnpoBark. [Ipy CBO Habmomaercst auchananc
B3aMMOJIENICTBUST TPO- U TIPOTUBOBOCIIATMTETHHBIX
MeINaTOPOB: CHaYaIa IPOUCXOIUT BHIOPOC GOJIBIIIOTO
KOJIMYECTBA TTPOBOCTAJIUTENbHBIX IIUTOKUHOB (<ITH-
TOKUHOBast Oypsi»), a 3aTeM — POCT KOHIIEHTPAIUN
MIPOTUBOBOCIIAJIUTETBHBIX ITUTOKUHOB. Pa3BuBaercs
KOMTIEHCATOPHBII aHTUBOCIIATUTEIBHBIN OTBET, coue-
TATONTUICS C MCTOMIEHNEM TTPO- W MPOTUBOBOCIIAJIH-
TeJTHHBIX MEXaHU3MOB («MMMYHHBIHN Tapajany»). JH-
JIOTOKCUHEMWSI U TUTIEPKOHIIEHTPAIUS MeIuaToOPOB
BOCIAJIEHUsT BBI3BIBAIOT PACCTPOICTBA CUCTEMHOH Te-
MOJIMTHAMUKH 32 CUET TIPSMOI JIeMTpecc MUOKap/ia 1
Ba30IIETHH, [TPU 9TOM BO3MOKHbBI pa3HOOOpa3HbIe Ba-
PHAHTBI TEMOINHAMUYECKOTO TIpocdust [57].

Tsxenplit cericuc ¢ TKaHeBoU runonepdysnei
MIPOSIBJISITCS CENTUYECKUM NIOKOM. B rerese cocy -
CTOI HEJIOCTATOYHOCTU BEAYIIAs POJIb OTBOIUTCS
monookcuay azora (NO) [58—60], koTopsiit sBJsI-
€TCsl YHUBEPCAIBHBIM PETYJISTOPOM KJIETOUHOTO U
TKaHeBOTO MeTabosmama. Makpodaru mpu MOBbI-
NIEHHON KOHIIEHTPAIMY 9HIOTOKCUHA B KPOBH BbI-
pabarbiBaior NO, KOTOpPbIiT HHTHOUPYeT GepMEHTHI
cuaTe3a JIHK, KoOMIOHEHTBI MUTOXOHAPUATBHOMN
JbIXaTebHOI 1enu u nukia KpeGea. B pesynbrare
HapylraeTcs perapanus U perimKaius HyKJIEHHO-
BBIX KHCJIOT, pasobiiaercst okucaeHue 1 (ochopu-
JIUPOBAHUE B MUTOXOHJIPUSIX W YIHETAETCS aspol-
Hblii  raumkosus. Tokcudeckuit  apdexkr NO
YCUTTUBAETCST IEPOKCUHUTPUTOM, KOTOPBII CHUKAET
AKTUBHOCTH PUOOHYKJICOTUAPEAYKTa3bl U WHUIH-
pyert anonto3. NO siBisieTcsl IpUYUHON pedparrep-
HOCTH K Ba3ONPeCcCOPHBIM ahdeKTaM KaTeXoJTaMu-
HOB. ETO KOHIIEHTpAIMS TIPU CeTcrce KOPPeJTupyer
C CHCTEMHBIM COCYIHCTBIM compoTuBieHueMm |61,
62]. BeicBoGoxaenue Goabiioro KoamdectBa NO
BBI3BIBAET BABOIUIATAINIO, CHU)KEHHE BEHO3HOTO
BO3BpaTa 3a CYET PACHIMPEHUS BEH, YMEHbIIeHWe
CEep/IeYHOro BBIOPOCA M OTKPBITHE IIYHTOBOIO KPO-
BoTOKa [63, 64]. B pe3ysibraTe CHUKEHUS TOCTAaBKU
KHUCJIOPOJIa Pa3BUBAETCS ITUPKYJISTOPHAS THTIOKCHS
u MeTabosmueckuit aruo3. [Ipu moTHOM BBIKJIIOUE-
HUW KaIlLISIPHOI CeTH U3 KPOBOOOPAIIlEeH IS PAa3BH-
BaeTcs 10K, peppakTepHbIN K BBEJIEHUIO Ba3oIpec-
copoB u undysmonnoir Tepanuu [65, 66]. Ha
3aKJIIOYUTENBHON CTAIUU TIOKA M3-32 TUIIOKCUM U
MHTOKCUKAIMK Pa3BUBAaeTCs THOENb KJIeTOUHBIX
CTPYKTYp — <«pedpakTepHblii» 10K, (hopmMupyercs
ITOH c ouenb BBICOKOI JleTaTbHOCTBIO [67]. Xapak-
TEPHBIM MOP(MOJIOTHIECKIM TMPU3HAKOM [T BCEX
(hopmM cenTrUecKoro MmoKa sBIASIOTCS AMCCEMUHUPO-
BaHHbBIE BHYTPHCOCYIMCTBIE TPOMOBI B MHKPOCOCY-
JlaX, KOTOPbIe BBI3BIBAIOT HapylleHWe TPOhUKH u
TKaHEBOTO J[bIXaHUs B KU3HEHHO BAKHBIX OPraHax.
[Tepdysuonnble paccTpONCTBA MPOSBJASIOTCS alln-
JI030M, OJIUTYPUEN, HApYIIEHUSIMU CO3HAHUS. Y Ta-
[IUEHTOB, MOJYYAIOIUX Ba30IPECCOPBl WU HHO-

and intoxication destruction of cellular structures
develops — so-called «refractorys shock that leads to
multiorgan dysfunction with a very high mortality
[67]. The characteristic morphological features of all
septic shock forms include disseminated intravascu-
lar clots in the microvasculature, which seriously
alter trophic and tissue respiration in vital organs.
Perfusion disorders are manifested by acidosis, olig-
uria, impaired consciousness. Patients receiving vaso-
pressors or inotropes exhibit perfusion abnormalities
in the absence of hypotension.

To improve the effectiveness of abdominal sep-
sis treatment a trigger of mediator cascade, endotox-
in, must be removed and SIR must be reduced via
decreasing the concentration of pro-inflammatory
mediators to restore microcirculation and prevent
miltiorgan failure [68, 69].

Diagnostics of abdominal sepsis

The success of the patient' treatment occurs
because of correct and in-time recognition of patho-
logical process and its complications [70]. Absence of
specific sepsis biomarkers as well as instability of
molecular manifestation of SIR in blood complicate
diagnosis [71, 72]. Diagnostic search based on a com-
bination of clinical, laboratory, biochemical and bac-
teriological data, taking into account the fact that
there is a dynamic sepsis process and its often sce-
nario usually unpredictable [73].

Criteria for diagnosis and classification of sep-
sis, proposed by R. Bone in 1992 [74], include clini-
cal and laboratory evidence of SIR accompanied by
the following two and / or more signs: temperature>
38°C or <36 ° C; heart rate> 90 per minute; BH >20
min or PaCO, <32 mm Hg; leucocytes >12x10°/ ml
or <4x10° / ml, or immature form >10%.

Recent studies have revealed low sensitivity
and specificity of the classification. Thus, according
to the European Society of Intensive Care (ESICM)
and the Society of critical care medicine (SCCM),
the criteria of ACCP/SCCM do not refer to 71% of
the respondents. This caused a rethinking of their
role in the diagnosis and the search for new criteria.

In 2001 a group of scientists leading by M.
Levy suggested the expansion of a list of sepsis crite-
ria: pyrexia >38,3°C or hypothermia <36°C; Heart
rate >90 per minute (>2 standard deviations from
the normal age level); tachypnea; impaired con-
sciousness; need to support the infusion (>20 ml / kg
for 24 hours); hyperglycemia >7.7 mmol / | in the
absence of diabetes. The following SIR criteria have
been proposed: leukocytosis (>12x10°/) or
leukopenia (<4x10°/1); leukocyte shift toward
immature form (>10%) with normal leukocytes;
increased C-reactive protein and procalcitonin con-
tent in plasma (>2 standard deviations from the
norm), and leukocyte intoxication index >4. The
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TPOIHbIE Tpenaparsl, Mnephy3noHHbIe HapYIICHUS
MOTYT WMETbh MECTO U MPU OTCYTCTBUH apTepHah-
HOU TUTIOTEH3UU.

Ilna 6onee apdextusroro jgevenns AC HeoO-
XO/IMMO YCTPAHUTh KaK IyCKOBOH (hakTop menna-
TOPHOTO KacKajla — 9HAO0TOKCHH, TaK 1 OJIOKHPOBATh
CBO — cHU3UTH KOHIEHTPAIMIO TTPOBOCTIATUTEh-
HBIX MEJMATOPOB JI7IST BOCCTAHOBJIEHUS MUKPOIUP-
kymasinnu 1 npenotspanterus [IOH [68, 69].

JInarHocTuKa abJOMHHAJIBHOIO CENCcuca

Yerex neuenist G0ILHOTO 00YCIOBIIEH TTPABILITH-
HOCTBIO ¥ CBOEBPEMEHHOCTBIO PACIIO3HABAHMS MATO-
JIOFMYECKOro Ipolecca 1 ero ocsoxkuenuii [70]. Jua-
THOCTHKY CeICHCca YCJIOKHIET HeZOCTaTOuHas
cnenupUIHOCTh MEIMATOPOB BOCTIAIEHUST KaK MapKe-
POB cerTicrca, a Takke HEYCTOWYMBOCTh MOJIEKYJISP-
HbIx TposiBiiennit CBO Bo BpeMeHN 1 MX HECUHXPOH-
HOCTb 110s1BJIeHus B kpoBH [ 71, 72]. Iuarnocrudeckuii
MOMCK (Ga3npyeTcst Ha COBOKYMHOCTY KIMHUYECKUX,
1abOPATOPHBIX, GUOXUMUYECKHUX U OAKTEPUOJIOTUYEC-
KX JIAHHBIX C YYE€TOM TOTO, YTO CETICUC HTO AUHAMHU-
YeCcKNH IpoIlecc, YacTo Pa3BUBAOIINICS MO HETIPO-
THO3UPYEeMOMY cIieHapuio [73].

B mpenmoxennprx R.Bone B 1992 1. kpuTepusx
JIMArHOCTUKU U KJaccudukanms cerncuca [74] kmm-
HUKo-1aboparopHbiM moaTeep:xaeHueM CBO 6bLio
[IPUHATO HaJIMUKe CJACAYIONMX ABYX U/uiu GoJiee
npu3HakoB: Temmeparypa > 38°C mm < 36°C; HCC
> 90 B mun; Y/[ >20 B8 Mmun uau PaCO, < 32 mm
PT.CT.; JelKonuTel KpoBu > 12X10°/mn manm <
4X10° /M1, win zHespesbie Gopmer >10%.

WccnenoBanust MOCTEIHUX JIET BBISBUJIN HU3-
KYIO0 UYyBCTBUTEJbHOCTb W CHEIM(UIHOCTh YKa3aH-
Holl kaccudurannu. Tak, o gaHHBEIM EBporieiicko-
ro ofmiecTBa CIENUAJUCTOB 10 WHTEHCUBHON
reparn (ESICM) u O6uiecTBa MeUIIMHBI KPUTH-
yecknx coctosiauit  (SCCM), ma Kputepun
ACCP/SCCM mne ccputatorest 71% pecroHgeHTOB.
ITO TOCTY>KUI0 TPUINHON TIePeOCMBICJIEHNS X PO-
JIW B IMArHOCTUKE U TIONCKA HOBBIX KPUTEPHEB .

B 2001 r. rpynioil y4ensIx 10j; pyKOBOACTBOM
M. Levy crmmcok KpUTepHeB Cericrca ObLT PACITPEH:
runieprepmus >38,3°C nmm runorepmust <36°C; HCC
>90 B MuH (>2 cTaHIAPTHBIX OTKJIOHEHWI OT HOPMaJTh-
HOTO BO3PACTHOTO YPOBHS); TAXUITHO?; HAPYIIIEHHUE CO-
3HAHUS, MOTPEOHOCTh B WMH(Y3UOHHON MOMIEPIKKE
(>20 ma/xr 3a 24 u); runepraukemMust >7,7 MMOJb/JT
[P OTCYTCTBUHU caxapHoro auabera. Kpurepusmu
CBO 6bum npegoxkennl Jeiikonuros (>12X10° /1)
nym Jietikonenst (<4X10°/); casur reiikohopMyJIbt B
cropony He3pesbix Gopm (>10%) mpu HOpMATLHOM
COZIEPKAHNT JIEHKOIIUTOB; MOBBITIIEHHOE CO/IEPyKAaHME B
tazMe KpoBu C-peakTHBHOTO GesTka ¥ MPOKATLITHTO-
HUHA (>2 CTaHAPTHBIX OTKJIOHEHUI OT HOPMBI ), a TaK-
JKe JIEMKOIMTAPHOTO WH/IeKCa MHTOKCUKaImn >4. [Ipe-
nMytniectBo pexomenmarmii M. Levy cocrosiio BO

advantage of recommendations by M. Levy and col-
leagues was the introduction of previously missing
markers (C-reactive protein, procalcitonin, hyper-
glycemia, and others) that allowed purposefully nav-
igate the clinical situation, even when the focus of
infection was undetected [75].

Further studies in this area have resulted in
international «Surviving Sepsis Campaign» (2004)
led by a group of experts in intensive care medicine.
The proposed sepsis diagnosis classification differed
from the R. Bone's classification by introducing an
additional criterion of diagnosis — <«bacteremia» —
the presence of viable bacteria in the blood.

In the same year, members of the Russian
Association of Specialists in surgical infections
(RASSI), considered the main international rec-
ommendations for sepsis [ESICM, 2001; SCCM /
SICM / ACCP / ATS / SIS International Sepsis
Definitions Conference, 2001; ISF, 2003], pub-
lished own version of the classification focused on
the clinical manifestations of infection or abjec-
tion, the presence of SIR and laboratory SIR con-
firmation (increase in procalcitonin, C-reactive
protein, interleukins).

One of the gram-negative sepsis markers is
presepsin — circulating protein that is increased
rapidly in blood when sepsis is developing.
Presepsin was first described in 2005 by a group of
researchers from Iwate Medical University (Japan).
A key role in its formation was the activation of
macrophages / monocytes. There is a macrophage
membrane receptor protein, mCD14, which binds
to endotoxin and induces macrophage activation
signal. LPS-binding protein enhances the efficacy
of such binding 100-1000 times. After activation,
mCD14 is detached from the membrane and enters
the circulation (referred to as sCD14). Circulating
sCD14 is currently considered as a marker of mono-
cyte response to the action of endotoxin; improving
the blood sCD14 reflects the severity of inflamma-
tion and correlates with the development of septic
shock. Activating Lysosomal proteases (cathepsin
D etc specifically cleae sCD14 followed by forma-
tion of a subtype sCD14-ST (presepsin). In early
phases of the SIR, the quantitative determining of a
presepsin is considered to be the most sensitive and
specific marker of sepsis, reflecting its dynamics,
severity and outcome [76].

The latest revision of the recommendations of
the international community «Surviving Sepsis
Campaign» was released in 2012. According to the
SSC-2012, sepsis is defined as infection manifested
by SIR whereas septic shock is diagnosed, in addi-
tion, by hypotension refractory to adequate fluid
resuscitation. Severe sepsis is characterized by clini-
cal and laboratory signs of dysfunction of at least one
organ in combination with the lack of tissue perfu-
sion as evidenced by decrease in blood pressure,

OBIJAA PEAHMUMATOAOTI M, 2015, 11; 5

www.reanimatology.com

51



52

Reviews
[ |

DOI:10.15360,/1813-9779-2015-5-45-66

BBEZIEHNN paHee OTCYTCTBYIOMUX MapkepoB (C-peak-
THBHOTO 0OeJIKa, MPOKAIbIIATOHUHA, THIIEPIITUKEMIN 1
1Ip.), TIO3BOJISIONINX IleJIeHAPABIEHHO OPUEHTHUPO-
BaThCSI B KIMHIUYECKO CUTYAINH Jlaske Ha (hOHE HEBbI-
SIBJIEHHOTO O4ara nHgeknuu [75].

[lanbHelimue ncereoBaHNs B JAHHOM HaIlpaB-
JIEHUU TIPUBETU K CO3/IAHUIO MEKYHAPOTHOTO JIBU-
skeHns «Surviving Sepsis Campaign» (2004 r.) Tpy1-
MOW  BEAYNIUX CIEUAJNCTOB B HWHTEHCUBHOM
memuinae. [Ipennosxkennas Kmaccndwukanms nna-
THOCTMKHU CEINChca OTJINYaIach OT Kiaaccupukanum
R. Bone BBezieHreM IOMOTHUTETHHOTO KPUTEPHST TI0-
CTaHOBKHM JIMarHo3a — «OGaKTepUeMUN» — TIPUCYTCT-
BUs KU3HECIIOCOOHBIX OAKTEPUil B KPOBU.

B tom xe roxy unenst Poccuiickoii accorpanum
CIENUATUCTOB 10 XUPYPTrUYECKUM HH(PEKIHAM
(PACXW), paccMoTpeB OCHOBHBIE MEK/yHAPOIHBIE
pexoMmenzauuu 1o cencucy [ESICM, 2001;
SCCM/SICM/ACCP/ATS/SIS International
Sepsis Definitions Conference, 2001; ISE, 2003],
ory6IMKOBaI COOCTBEHHBIN BapUAHT KJaccudura-
IIUU, B KOTOPOM C(POKYCUPOBAHO BHUMAHUE HA KJIH-
HUYECKUX MPOSBICHUSAX UH(EKIINN WU BbIIETEHUN
Bo3Oymuresst, Haanunun CBO u maGopaTtopHOM Mmoji-
tBepxkaernu CBO (ToBbIIeHne ypOBHSI TTPOKAb-
uroHuna, C-peakTUBHOro OeJiKa, UHTEPIeHKIHOB ).

OHVM 13 MapKePOB rPaMOTPUIIATEILHOTO CeTl-
crica SIBJISIETCS TPECEIICUH — IUPKYJIUPYIONuii Ge-
JIOK, KOHIIEHTPAIINST KOTOPOTO B KPOBU OBICTPO BO3pa-
CTaeT MPHU PasBUTUHU celcuca. BrepBbie OH ObLI
ornmcan B 2005 1. rpy1moi uccaenosareseii uz Memau-
nuHCcKoro yHuBepcutera VMBara (Anonms). Kmoue-
BYIO POJIb B €r0 00pa30BaHUU UTPAET aKTUBAIIMS MaK-
podaros/mononnToB. Ha  uUx  moBepxHOCTH
pacHoioxKeH MeMOpaHHbBIH peIenTopHbLil  6eoK
mCD14, KoTopbIli cOeTUHSIETCS ¢ 9HAOTOKCUHHOM U
BKJIIOUAET CUTHAJ akTUBaImu Makpodaros. LPS-cBs-
3BIBAOIIII GEJIOK TTOBbIIIAET 3(h(HEKTUBHOCTD TAKOTO
ceasbpiBanus B 100—1000 pas. [Tocsre aktuBarmm Mak-
podaros mCD14 orcoegunsercs ot MeMOpaHbl U Bbl-
XOIAWUT B HUPKyJsiiuio (o6osHavaercst kak sCD14).
Hupkyaupytonmii sSCD14 — mapkep oTBeTa MOHOITN-
TOB Ha JIEMCTBUE SHOTOKCUHA; MMOBBIIIEHUE YPOBHS
sCD14 B kpoBU OTpaKaeT TSKECTh BOCHATIEHUS U
KOPpEJNUPYeT ¢ Pa3BUTHEM CENTUYECKOTO IMOKa. AK-
TUBUPYETCS (HharomuTo3 ¢ TOMOIIBIO JIM30COMATBLHBIX
nporenHas (KatericH D 1 zip.), ocHOBHasT (DyHKITHS
KOTOPBIX COCTOUT B CIIEIU(UIECKOM pacIieryieHN
sCD14 ¢ o6pasosanmem cybruna sSCD14-ST, koTopbiit
u ssisgetcs npecencmHoM. Ha pamamx dazax CBO
[IPECENCHH CYMTAETCsl HanboJiee YyBCTBUTEIbHBIM U
crenuhUIHBIM MAPKEPOM CETICUCA, OTPAKAIOTITUM €TO
JIMTHAMUKY, TSKECTh COCTOSTHUST U MCXO/IbI [76].

[Tocemunii mepecMOTp peKOMEeHIAINI MeK/TY-
HapogHOTO  coobmiectBa  «Surviving — Sepsis
Campaigns» soien B 2012 rogy. B coorBerctBuu ¢
SSC-2012 cemncuc ompenesien kKak WHMEKITUS € TIPO-
aeaenusivu CBO B Buzie oprannoil nuchyHKIAN

increased lactate, the development of oliguria or
encephalopathy [77].

Septic foci can be primary (at the entrance
gate), and secondary (metastatic foci). They need to
be identified and where possible to be sanitized with
a mandatory microbiological examination of the
obtained material. Verification of the infectious focus
should be carried out by all possible methods: com-
puted tomography, magnetic resonance imaging,
ultrasound diagnostic methods, microcirculation
evaluation buy endoscopy and by various kinds of
biopsy, angiography, etc. [78, 79].

Alterations of tissue perfusion is an integral
component of sepsis. The increase in blood lactate
concentration indicates an imbalance between the
oxygen supply system and a tissue need in oxygen.
Therefore, the lactate concentration in the blood is
an informative indicator of the adequacy of the labo-
ratory of tissue blood flow and oxygenation, which is
necessary to control the dynamics of [80, 81] .

Microcirculatory disorders in abdominal sepsis
are variable both in their pathogenesis, and clinical
manifestations. Due to the alterations of tissue and
systemic hemodynamics in sepsis it is necessary at
all stages of treatment to monitor carefully the ade-
quacy of tissue perfusion and tissue oxygen satura-
tion and effectiveness of the treatment. Therefore,
the correction of microcirculatory disorders are
needed using rapid assessment of blood flow at the
tissue level and continuous monitoring of tissue per-
fusion. The study of microcirculation in patients
with severe critical illness attracted the attention of
researchers. Poor circulation in the limb microves-
sels may reflect changes in blood flow in the mesen-
teric vessels, and these disorders are correlated with
the severity of the patients with sepsis [82]. Organ
blood flow evaluation can also be carried out based
on data obtained by observing the peripheral tissues
microcirculation using ultrasonic flowmetry. For
example, study by A. A. Kosovski [83] revealed
changes in the functional state of the skin capillaries
patients with diffuse purulent peritonitis complicat-
ed by abdominal sepsis. Study demonstrated that
altered skin microcirculation correlated with the
average value of the changes of the microcirculation
parameters of the small intestine wall. Ultrasound
flowmetry was helpful in evaluating components of
microvascular tone based on the oscillation micro-
circulation amplitude caused by the intensity of the
vessel wall muscular contractions. The method
allowed evaluation of basic parameters of flow: lin-
ear and volumetric rate, the direction of blood flow
in the macro- and microvessels during therapeutic
effects.

Linear and volumetric blood flow indicators
correlate with the severity of the patient's condition.
Bypass indicator increases with the myogenic tone
increase. On the background of normal or reduced
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U/WIA CENTUYECKOTO IMOKA, TO €CTh T'MIIOTEeH3UEH,
pedpakTepHOll K a/leKBaTHON WH(MY3MOHHOI Tepa-
nun. TsoKesblii cercrc XapaKTepuayeTcss HalndueMm
KJIMHUKO-J1a00PAaTOPHBIX TIPU3HAKOB MUCHYHKIIUU
XOTsI OBl OJTHOTO OpPTaHa B COYETAHUHU C HEAOCTATOY-
HOIl TKaHeBON mepdysneli — CHWXEHUEM apTepu-
AJILHOTO JIaBJIEHNS, TIOBBIIIEHNUEM JIAKTATA, PA3BUTH-
eM osiurypun, sHIedasonatun [77].

Centuyeckye 04ard MOryT ObITh TIEPBUYHBIMU
(B 0bs1acTH BXOJHBIX BOPOT), ¥ BTOPHUHBIMK (MeTa-
craTudeckue oTceBbl). VX Heo6X0auMo 0OHAPY KT
U, 10 BO3MOKHOCTH, CAaHHPOBaTh, ¢ 00sI3aTEIbHBIM
MHUKPOOHOJIOTHYECKAM HCCJIEOBAHIEM TOJYYEHHO-
ro MmaTepuasua. Bepudukaius mHbEKITMOHHOTO ouara
JIOJIZKHA TIPOBO/IUTHCS BCEMU BO3MOKHBIMU METO/Ia-
MU: KOMITBIOTEPHOI TOMOTpacduel, MarHUTHO-Pe30-
HAaHCHOHN ToMmorpadueil, yJIbTPa3ByKOBBIMA MeTOIa-
MU JMATHOCTUKHU, HHIOCKOTHUEN, MCCIe0OBAHUEM
MUKPOIUPKYJISAIIH, PA3JINIHBIMU BHIAMU OHOIICHH,
anruorpacdmeii u T. 1. [ 78, 79].

Hapymenne tkaneBoii niepdysnn siBisieTcs: He-
OTHEMJIEMBIM KOMIIOHEHTOM CeTCUca. YBeJInueHue
KOHIIEHTPAIINH JIAKTaTa KPOBU CBUJIETEILCTBYET O Ha-
PYLIEHUN PABHOBECHs MEKLY CHCTEMHBIM obeciieue-
HIIEe KHCIOPOJOM M TOTpeOHOCThIO B HeM. IToatomy
KOHIIEHTPAINS JIaKTaTa B KPOBU SIBJIsieTCs] MH(pOpMa-
THBHBIM JIAOOPATOPHBIM TIOKa3aTeJieM aJeKBATHOCTH
TKAHEBOTO KPOBOCHAOKEHUS M OKCUTEHAITN, KOTOPBII
HEeOOXOIMMO KOHTPOIMPOBaTh B nHamuke [80, 81].

PaccrpoiictBa mukpornupkyJstiinu npu AC pas-
HOOOpa3HbI KaK 110 CBOEMY ITaTOre€He3Y, TAK U 110 KJIH-
HUYECKUM MIPOSBIEHUAM. B cBsI3u ¢ HamIuem Hapy-
IMeHNH TKAaHeBOW M CUCTEMHON TeMOJMHAMUKH TIPU
cericrice HeOOXOANMO Ha BCEX dTallax JeUeHHs TIa-
TEJTHHO KOHTPOJINPOBATE Mepdy3nto TKaHel 1 1ocTa-
TOYHOCTH HACBHIIIEHUST TKaHel KucaopoaoM, addek-
TUBHOCTbH TPOBOAUMOrO JiedeHus. [losTtomy mpu
KOPPEKITMU MUKPOIUPKYJISATOPHBIX HapyIleHUi He-
00XONMBI METOJIbI OIIEPATUBHOIT OIIEHKU COCTOSTHIIS
KPOBOTOKAa HAa TKAaHEBOM YPOBHE W HETPEPBIBHOTO
MOHUTOPWHTA TKaHeBOH mepdysun. M3yuenne Muk-
POLMPKYJISAIUE Y KPUTHYECKH TSIKETBIX OOJbHBIX
JIaBHO TIPUBJIEKaeT BHUMaHue uccienoBateneii. Ha-
pyleHrEe KPOBOOGPAIEHHs] B MUKPOCOCYIaX KOHEY-
HOCTEN MOXKET OTpaKaTh U3MEHEHUS KPOBOTOKA IO
OPBIKEEUHBIM CcOCyAaM, TPUYEM 9TU HapyIIeHUs
KOPPEJTUPYIOT € TSKECTHIO COCTOSHUS OOTBHBIX C
cerrccoM [82]. Onenka opraioro KpoBOToKa Takxke
MOKeT ObITh IPOBEIEHA Ha OCHOBAaHWU JTaHHBIX, 110-
JIY4EHHBIX TIPU U3yYEHUU MUKPOIMPKYJISIINN TIePH-
(hepudeckux TKaHEH METOZIOM YIIBTPAa3BYKOBOI (hJI0-
ymerpun. Tak, B paGore A. A. Kocosckux [83]
MIPOBE/ICH AaHAJIN3 U3MEHEHUH (PYHKIIMOHAJIBLHOTO CO-
CTOSTHUST KaITUJIJIIPHOTO PYyCJia KOXKU TIPU PA3JIUTOM
THOWHOM TIEPUTOHNUTE, O0cJI0KkHEHHBIM AC, ¢ KosTmae-
CTBEHHOI oIleHKol ypoBHs Tiepdysuu. Ilokazano,
YTO HAPYIIEHUS MUKPOIUPKYJISIIUN KOKH KOPPEJIH-
PYIOT ¢ U3MEHEHUSIMU CPEHEr0 3HAUYEHUs TTapaMeT-

neurogenic tone most of the blood flow moves to the
nutritional microvasculature level bypass. Timely
effects on the microcirculatory unit can improve the
prognosis of the disease and determine the method of
extracorporeal detoxification in treatment of abdom-
inal sepsis. [84, 85].

Endotoxinemia diagnostics

Endotoxin concentration determination in the
blood quantifies LPS translocation [86]. One of the
endotoxin detecting methods is a limulus amoeba
lysate test (LAL test) based on the hemolymph crus-
tacean Limulus polyphemus ability to coagulate upon
contact with LPS and form a fractal. Necessary coag-
ulation factors are situated in amoebocytes granules —
hemolymph Limulus polyphemus immune cells. Using
amoebocytes lysate the test was developed for the
quantitative endotoxin determination.

In the laboratory, the endotoxin content is
determined photometrically. The presence of endo-
toxemia and its level correlate with clinical outcome.
The concentration of endotoxin more than 700
pg/ml is associated with the development of shock
[87]. LAL test provides high sensitivity and speci-
ficity values for endotoxin of gram-negative bacteria,
although it does not identify specific pathogens,
however, confirms the presence of bacteria or their
endotoxins in the environment of the organism.
Clinically, it is important not to define the exact
infectious agent, but to determine its existence and
dynamically assess the endotoxemia level. Fast and
reliable identification of Gram-negative infection
allows to perform early treatment and determine the
tactics. Advantages of this test are also in relative
simplicity of analysis, low cost, reliability and
obtaining speed results, high sensitivity and speci-
ficity to gram-negative bacteria endotoxin [88].

Another way to detect endotoxin in blood is a
gel-clot test that is semi-quantitative but requires no
special equipment. A positive reaction is considered
when the dense gel at the bottom of the test tube
does not collapse under its turning to 180 °. It means
that the concentration of endotoxin in the sample is
greater or equal to the sensitivity of LAL reagent
used. The reaction is considered as negative when
there is no dense gel or destruction of rollover, and it
means that the endotoxin concentration is below the
sensitivity of LAL reagent [89].

Endotoxin Activity Assay (Endotoxin
Activity Assay — EAA), is a quantitative method
with a high sensitivity. EAA basic reagents are anti-
endotoxine IgM antibodies. If endotoxin exists in
the blood sample, it binds the antibodies, after that
the complex is recognized by the complementary
receptors and is absorbed by neutrophils. The
amount of emitted light is proportional to endotox-
in in the blood sample [90].
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pa MUKPOIMPKY SN CTEHKN TOHKOW KUTITKHU. YJIbT-
pa3ByKoBast (hJiyoMeTpusi TIO3BOJISIET OIEHUTH KOM-
MMOHEHTBI TOHYCA MUKPOCOCY/ZIOB Ha OCHOBE aMILJIH-
TYyAbl KoJeGaHUH MHUKPOKPOBOTOKA, KOTOPBIE
00yCJIOBJICHBI WHTEHCHUBHOCTBIO COKPAIEHUH MbI-
NIEYHON CTEHKU COCY/Ia U TUaMETPOM IPOCBETA COCY-
JI0B. MeTo/1 TI03BOJISIET MCCIeIoBaTh OCHOBHBIE TTa-
paMeTpbl KPOBOTOKa: JIMHEIHYID U OOBEMHYIO
CKOPOCTH, HaIlpaBJieHNEe TOKA KPOBU B MaKPO- M M-
KpOcocylaX HEIOCPEICTBEHHO BO BpeMsl JiedeOHOTO
BO3/IEHICTBUSI.

IMokazaren JUHEHONW 1 0OBEMHON CKOPOCTEl
KPOBOTOKA KOPPEJIUPYIOT C TSLKECTHIo cocTostHus. [1o-
Kazaresb NIYHTUPOBAHWS YBEJTMUUBAETCS TIPU TTOBbI-
IIeHu MuoreHHoro Toryca. Ha ¢one HOpMabHOTO
WM TIOHVKEHHOTO HEHPOTeHHOro TOHyca OGoJIbIiast
YacTh KPOBOTOKA JBHKETCSI B 00XOJ HYTPUTHBHOIO
3BEHA MUKPOIUPKYJISTOPHOTO pycia. CBoeBpeMeHHOe
BO3JIENICTBYE HA MUKPOIMPKYJISITOPHOE 3BEHO MOKET
VJLYYIIUTB TIPOTHO3 3a00JIEBAHUS, & TAKIKE OIPEIETUTh
TOYKY Hayajia TIPUMEHEHWS METOJI0B HKCTPAKOPIIO-
pasbroit netokcukarnuu B tedenun AC [84, 85].

MeTOIHJI JAHATrHOCTUKH dHAOTOKCHUHEMHHU

Ornpeniesienrie KOHIIEHTPAITMU HIOTOKCHHA B
KPOBH TTO3BOJISIET KOJIMIECTBEHHO OIEHUTD TPAHCJIO-
Karuio Jumnornoancaxapuia [86].

OpH U3 METOI0B OOHAPYIKEHMST SHIOTOKCHHA —
JIUMYJIIOC aMeGOIUTHBIN nusaTHbl TecT (JIAJI-
TECT), OCHOBAHHBIA Ha CIIOCOOHOCTU TeMOJUMQBLI
pauka Limulus polyphemus xoaryiauposaTh mnpu
kontakre ¢ JITIC ¢ o6pasosanuem dpaxranos. Heob-
XOAMMbIE JIJIST aKTUBAIUU CBEPTHIBAHUS (DAKTOPBI
HAXOMAATCS B TpaHyJax aMeOOIUTOB — MMMYHHbBIX
kietok remosmMgsbr Limulus polyphemus. C mpume-
HeHUeM Jin3ata aMeGOIUTOB ObLT paspaboTaH TeCT
JUTST KOJTMUECTBEHHOTO OTIPEIeJIEHUST HIOTOKCHHA.

B srabopatopuu comeprkaHiie SHIOTOKCHHA OIl-
penessieTcs hotromerpuyecku. Hammame sHI0TOKCH-
HEMUU U ee YPOBEHb KOPPETUPYIOT € KITMHUYECKUM
ucxogoM. Konnenrpauus sngorokcuna 6osee 700
IIT/MJT acCOLMUPYeTCst ¢ pasBuTeM Imoka [87]. O6-
JIaJiasi BBICOKOH UYyBCTBUTEIBHOCTHIO U CIEIUpUY-
HOCTBIO TI0 OTHONIEHUIO K 9HIOTOKCHHAM TPaMOTPH-
narejabHbix Oakrtepuii, JIAJI-Tect, Xord u He
MO3BOJISIET UAECHTU(DUIIUPOBATH KOHKPETHOTO BO30Y-
JaTesist 3a00JIeBaHKs, OJHAKO IOATBEPIKIAET MPH-
cyTcTBUE OaKTEPU WM MX 9HAOTOKCUHOB BO BHYT-
peHHell cpejie opranu3Ma. KiMHUYECKH BajKHO He
CTOJIBKO TOYHOE OIpe/esieHrne Bo30yanTesst nHpek-
IIUU, CKOJTBKO yCTaHOBJIEHUE (haKTa ee CyIeCcTBOBa-
HUS W IMTHAMWYECKOM OTIEHKN YPOBHS 9HIOTOKCUHE-
MuM. DwicTpas u  HajexHas WUACHTUDUKAIIS
TPaMOTPUIATETHHON MH(EKIINH TO3BOJIIET CBOEBPe-
MEHHO HAyaTh JiedeHUe U OINpPeNeUTh €ro TaKTHKY.
[IpemmytiecTBa 9TOTO TECTA TAKKE B OTHOCUTETTHHOMN
IIPOCTOTE AHAJN3a, HEBBICOKON CTOMMOCTH, HaJeXK-

Endotoxin can be detected in blood only dur-
ing a brief period. [91]. Determination of endotoxin
concentration in plasma can be an early indicator of
gram-negative sepsis, whereas a negative test does
not exclude that endotoxin has already shown its
effect.

Extracorporeal treatment
of abdominal sepsis

Treatment of sepsis includes sanitation of surgi-
cal foci of infection and antimicrobial chemotherapy.
Competent surgical approach is a key element of
massive endotoxin aggression [92, 93].

The use of antibiotics in the first hour after the
hypotension onset is associated with survival in
79.9% cases. Every hour of antibiotic therapy delay
during the first 6 h increases the mortality rate to
7.6%. Time of the antibiotic application is the most
powerful predictor of outcome [106—108].
Bactericidal antibiotics cause lysis of the microor-
ganisms, increases the concentration of endotoxin in
the blood. The phenomenon of rising the endotoxin
concentration after antibiotic action has been dis-
covered by experimental studies in vivo. Successful
treatment of sepsis involves not only the elimination
of the bacteria themselves, but also the elimination of
endotoxemia. Antibiotic-induced release of addi-
tional bacterial endotoxins can trigger the develop-
ment of endotoxin shock [94, 95]. In this case, it
seems appropriate to conduct urgent endotoxin
hemosorption.

Thus, understanding pathophysiology of sepsis
determins the need in extracorporeal detoxification
[96, 97]. SIR mediators, eicosanoids, complement
components, and kallikrein-kinin system are detoxi-
fication targets that is especially important when
natural liver-renal clearance is reduced due to multi-
organ dysfunction. Extracorporeal methods allows
to eliminate and reduce the concentration of endo-
toxin and SIR mediators [98, 99]. Extracorporeal
treatment of sepsis can be divided into selective and
nonselective one.

Conventional low molecular weight substances
boundary is 500 Da. These include urea, creatinine,
electrolytes, glucose, amino acids molecules.
Hemodialysis application bases on substances diffu-
sion through the semipermeable membrane. Liquid
excess is removed by pressure gradient. Hemodialysis
(HD) is effective for elimination of uremic toxins,
and its application in abdominal sepsis treatment is
expedient in the case of renal failure [100].

HD can be performed using high flux mem-
brane. For this purpose there are high-flux dialyzers
with a high ultrafiltration coefficient (UC) which
depends on the membrane characteristics and is
equal to water amount crossing membrane per mm
Hg. Art. transmembrane pressure for 1 hour per 1 m?
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HOCTU ¥ OBICTPOTE TOJYUECHUST PE3YJIBTATOB, CIIEIH-
(puaHOCTH W BBICOKON UYBCTBUTEJIHLHOCTU K HHJIO-
TOKCHHAM IpaMOTPHIATEIbHBIX GakTepuii [88].

Jlpyrum crtocoboM 06HAPYKEHUST IHAOTOKCUHA
B KPOBU SIBJISIETCS T€JIb-TPOMO TECT, KOTOPBIN SIBJIsI-
€TCsT TIOJIYKOJMUECTBEHHBIM, OH He TpeGyeT mpuMme-
HEHUs CeNnagIbHoro obopynoBanus. [TogoKuTens-
HOW CUMTAETCS PeakITus, TPU KOTOPOI IJIOTHBIN TeJb
Ha /e MPOOMPKY He Pa3pyIIaeTcs TIPH ee epeBopa-
yuBannu Ha 180°, 9To 03HAUaeT, YTO KOHIIEHTPAITUS
9HIOTOKCUHA B TIPobe GOIbIe WM paBHA YYBCTBHU-
tespHOCTH JIAJI-peakTuBa. OTpuIlaTebHON peak-
IUel TecTa CUNUTAETCS OTCYTCTBHE TIOTHOTO TeJist
WJIN €r0O pas3pylleHne Mpy MepeBopauynBaHnui, 3TO 03-
HAYaeT, YTO KOHIIEHTPAITUS 9HIOTOKCUHA HUKE UyB-
creutesbrocTH JIAJI-peakTuna [89].

Ananus aktuHocTH aHpoToKcHHa (Endotoxin
Activity Assay — EAA), aBisgeTcss KonmyecTBEHHBIM
METOZIOM 1 00JIalaeT BBICOKOH Y4yBCTBUTEIBHOCTHIO.
OcnoBubiM pearerToM EAA sBastorcs aHTHIH/IO-
TOKCHHHbIE aHTUTEIa — UMMYHOTI00y e M. Ecoin
SHIIOTOKCHH TIPUCYTCTBYET B 0Opasiie KPOBH, OH CBsI-
3BIBAETCS AQHTHTEJAMH, TOCJe UYero PacCIO3HAETCs
KOMILJIEMEHTAPHBIMU PEIENTOPaMU U TTOTJIONIAETCS
Hefirpodmramu. KosimyecTBO MCIycKaeMoOro cBeta
MIPOIOPITUOHAIBHO KOJUYECTBY HHIAOTOKCUHA, MPH-
cyTeTByoIero B obpasiie kposu [90].

YacTo 9HAOTOKCHH MOKHO OOHAPYKHUTh B KPO-
BOTOKe JIMIIb B TeyeHue KOpoTkoro Bpemenu. [91].
Ornpenesienrie KOHIIEHTPAIIUN 9HIOTOKCHHA B TIJT1a3-
Me MOKET ObITh PAaHHUM WHAMKATOPOM Das3BUTH
IPaMOTPUIATEJILHOTO CETICHCca, MPU HTOM OTPHIla-
TEJTHHBIN Pe3yJIbTaT TeCTa He MCKII0YAeT, YTO H/IO0-
TOKCHUH Y:Ke ITPOSIBUJI CBOE JICHCTBHE.

IKCTPAKOPIOPAILHOE JIE€UECHHE
a0IOMMHAJIBLHOTO CEICUca

IrtnorporHoe jtedeHre AC BKIIOUaeT XUpypruye-
CKYIO CAHAITIIO OYaroB MH(MEKINI 1 aHTUMUKPOOHYIO
XUMHOTEPAITUIO, TPUYEM TPAMOTHBIA XUPYPrUYECKHil
TIO/IXOT SIBTISIETCST KITIOUEBBIM 3BEHOM B JIMKBHIAITIN
MacCHUBHOM 9H/IOTOKCHHOBON arpeccuu [92, 93].

ITpuMeHeHre aHTUOMOTHKOB B TEUEHHE MIEPBO-
TO Yaca TocJjie PasBUTH THIIOTEH3NN CBSI3aHO C BBI-
SKUBaeMOCTBIO B 79,9%. KaskpIii yac 0TCpOUKH aHTH-
OMOTHUKOTEpAllUM B TeYeHWe TMepBbIXx 6 U
YBeIMIMBAET JIeTaTbHOCTh Ha 7,6%. Bpems mauasma
AHTUOMOTUKOTEPATIMYA — CAMBIH CHUJIBHBINA MPEANK-
top ucxonos [106—108]. BakrepuriuaHbie aHTUOWO-
THUKH, BBI3bIBAST JIU3UC MUKPOOPTAHU3MOB, TPUBOJIST
K YBEJIMIEHUIO KOHI[EHTPAIINN 3HJOTOKCHHA B KPO-
Bu. MeHoMeH BBIOPOCA SHAOTOKCUHOB TI0]] ICHCTBY-
eM aHTUOMOTUKOB YCTAHOBJIEH B MCCJECIOBAHUSIX in
vivo. YcrermHoe JledeHne cercrca MperoaraeT He
TOJILKO SJIUMHUHAINIO CAMUX OaKTepHil, HO M yCTpa-
HeHVe IHAOTOKCHHeMUHU. VHayMpoBaHHbIA aHTH-
OUOTHKaM¥ JIOTIOJTHUTEIbHBIN BBIOPOC GakTeprasib-

of the surface (mL / hr / mmHg / m?). UC charac-
terize membrane permeability for the fluid.
Membranes with UC <10 ml / hour / mmHg / m?
are low-flow, membranes with QA >20 ml / hour /
mmHg / m’ are high-flux. High-flux membranes
usage in HDF mode increases middle molecules
clearance, as demonstrated by F. Maduell [101].

In 1967, Lee W. Henderson et al. [102]
described a new method based on convection that
was later called hemofiltration (HF). Convection is a
transfer of substances dissolved in the filter accord-
ing to the gradient of the hydrostatic fluid pressure
through a semipermeable membrane. Quantitative
expression of convection is screening coefficient that
represents the concentration ratio of removed sub-
stance in the ultrafiltrate to its level in the blood
before hemofilter. Besides azotemia correction, dur-
ing hemofiltration anaphylatoxins (C3a and Cb5a),
pro-inflammatory cytokines (TNF-a¢, IL1, IL6),
myoglobin, parathyroid hormone, lysozyme, crea-
tine, and others are eliminated. In randomized study
of Ronco C. and R. Bellomo [103, 104] it was shown
that the minimum effective substitution rate was 35
ml / h / kg, with increasing survival by removing the
«middle molecules», the substances with a molecular
weight greater than 500 Da. The duration of the pro-
cedure, blood flow and the replacement solution flow
depended on the patients' health, their illness and
the nature of organ dysfunction.

Hemodiafiltration (HDF) combines the princi-
ples of low and medium weight substances diffusion
and convection through a semi-permeable membrane
from the blood into the effluent [105]. While HDF
diffusion and convection occur simultaneously: diffu-
sion decreases the concentration of low molecular
weight compounds that lead to their smaller convec-
tive removal, and convection decreases the rate of
blood flow in the dialyzer, and hence the driving force
for diffusion. Diffusion transportation requires the
dialysis fluid presence flowing through the dialyzer in
the direction opposite to blood flow [106]. To ensure
the convective transport, a large volume of ultrafil-
tration is required that significantly exceeds the
allowable dehydration. The fluid balance is provided
by replacement of infusion solution before the filter —
pre-dilution and post-dilution. In sepsis treatment
HDF is used to reduce the level of cytokines in the
systemic circulation. C. Ronco in a randomized trial
(n=425) showed a mortality reduction with increas-
ing replacement doses during the prolonged HDFE In
72% patients with septic shock and normo- or hyper-
kinetic hemodynamic profile under the influence of
HDF produced significant improvements in systemic
hemodynamics and oxygen transport. In 58%
patients with acute lung injury improvement in gas
exchange increased with increasing oxygenation
index and decreasing of pulmonary shunt and alveo-
lar-arterial oxygen difference [107].
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HBIX 9HJIOTOKCUHOB MOKET CITPOBOIIMPOBATH Pa3BU-
THE SHIO0TOKCUHOBOTO 1oKa |94, 95]. B atom ciryuae
TIPE/ICTABIISIETCST TIETECO00PA3HBIM HEOTIOKHOE TIPO-
BeJleHre reMOCOPOITNI 9HOTOKCITHA.

TakuM 00pasoM, TIOHUMaHKE MaTO(OU3NOTIOTHN
cercuca orpeessieT HeoOOXOAUMOCTh METOIOB DKC-
TpaxopropanabHOi fetokcukarmu [96, 97]. Mexnaro-
per CBO, mpoaykrsr CITOJI, aiiko3aHOUIBI, KOMIIO-
HEHTHI KOMILJIEMEHTA W KaJJIMKPEMH-KUHIHOBOM
CUCTEMBI SIBJISIIOTCSI MUMIEHBIO [T IETOKCUKAIINH,
4TO 0COOEHHO AKTYaJbHO MPU CHUKEHUU €CTECTBEH-
HOTO TIEYEHOUHO-TIOUYEYHOTO KJMPEHCA B YCJIOBHSIX
I[TOH. Mx nmpuMmeHeHMe TO3BOJIIET 3TUMUHUPOBATH
9H/IOTOKCWH W CHU3UTH KOHIIEHTPAIMIO MEINaTOPOB
CBO [98, 99]. 9xcrpakopriopasbHble METO/IbI Jiede-
HUS CETICHCA MOXKHO PA3/IEIUTD HA CEJIEKTUBHBIE U He-
CEJIEKTUBHBIE.

YcnoBHOI TpaHUIEN BENECTB MO MOJIEKY-
nsgproit maccwr stBiasieTcst 500 /{a. Croma oTHOCST MO-
YEeBUHY, KPEATUHUH, 2JIEKTPOJIUTDI, TJTIOKO3Y, aMIHO-
KUCJIOTHI. [IprMeHeHre reMopiMain3a OCHOBAHO Ha
muddysun BenecTB yepe3 MOJIYITPOHUIIAEMYI0 MEM-
6pany. VI30BITOK SKUIKOCTH YAAJISETCS [0 IPaJUEeHTy
nasyienust. Temonuanus (I/]) addexrusen s smu-
MUHAIUN YPEMUUECKUX TOKCUHOB, TIPUMEHEHWE €TO
npu AC 1esrecoo6pasHO B cilydyae pasBUTHS MMOYeY-
Holl HepocTaTouHOocTH [100].

'/l MOXHO TPOBOIUTD C UCTIOTIH30BAHUEM BbICO-
komoroutbix (high flux) memOpan. [Ijist aToro nmprume-
HSTTIOTCST BBICOKOTIOTOYHBIE TUATTM3ATOPHI C BHICOKMM
koapduimentom yiasrpaduiasrpanmu (KY), xoro-
PhIii 3aBUCUT OT XapaKTEPUCTUK MeMOPaHbl U paBeH
KOJIMYECTBY BOJbI, Iepecekarolieii MeMOpaHy Ha
KasKJ[BIIl MM PT. CT. TPAaHCMEeMOPAHHOTO JaBJIEHUS 32
1 wac na 1 M” ee moBepxuoctu (Mj1/gac/mmHg/m?).
KV xapakrepusyer IPOHUIIAEMOCTh MeMOPaHbI JJIsk
sxuaroctu. Mem6panbl ¢ KY<10 mut/gac/mmHg/m?
SIBJISTIOTCST HU3KOTTOTOYHBIMU (B aHTJIOSI3BIYHON JINTeE-
parype obosHauatorcst kKak low-flux), a MmemOpanbI ¢
K¥>20 mn/gac/mmHg/m’, Boicokomortounsie (high-
flux). WcnonbsoBanue memOpanbl high-flux mpu
I['/1® yBenmuuuBaeT KIUPEHC CPEAHUX MOJIEKYJ, YTO
poJIeMOHCTPUPOBaHHO B uccaenosannn F. Maduell
et al.: crenenb CHUKEHUS 3,-MUKPOTJIOOYJIMHA TOCTIE
TID na mem6panax high flux — 60%, ocie remou-
asnmsa Ha low-flux — 20% [101].

B 1967 rony Lee W. Henderson ¢ coaBropamu
[102] onmcann HOBBIN MeTO/, OCHOBAHHLIN Ha KOH-
BEKIIMH, BIOCTECTBUY HA3BAHHBIN TeMOMIIBTPAIIH-
eit (I'D). Ilox KOHBEKIMEN TTOAPa3yMeBAETCsI MEpe-
HOC cyOCTaHIIUH, PACTBOPEHHBIX B (QUIBTPYIONIEHCS
0 TPAJIMEHTY THIPOCTATUIECKOTO JABIEHUS KUKO-
CTH Yepe3 ToNYIPpoHUIIaeMyto MeMOpany. Kosmuect-
BEHHBIM BbIPasKEHHEM KOHBEKIIHOHHOI CITOCOGHOCTH
SABJIsIeTCS K0A(hhUIMEHT TPOCEnBAHMS, TIPEICTABIIS-
o1l 13 cebst OTHOIIEHWE KOHIEHTPAIUU yIajisie-
MOTO BeIecTBa B yJAbTpaQuUIBTpaTe K €r0 YPOBHIO B
KpoBH 710 reModuiasrpa. [Tomrmo Koppekinn asore-

Increased convective removal of inflammatory
mediators may be performed by enlarging of pore size
of the membrane hemofilter. Membrane permeability
for saluted substances and sieving characteristics are
determined by pore size and a number of limitations
that affect the molecules «dragging» through the
membrane by liquid current. Sieving coefficient is a
ratio of concentrations of the substance in the filtrate
and the blood in the absence of its absorption on the
membrane (values from 0 to 1). Sieving coefficient
value is equal 0.1 representing the cut-off point. In
recent years, the membrane with the SUPER FINE
sieving coefficient (high cut off) become «popular»
in practice. Such membranes are permeable to light
immunoglobulin chains, and therefore can be used in
acute kidney injury treatment (acute renal failure) in
sepsis. Clinical studies deploying high cut-off mem-
branes with increased pore diameter showed their
effectiveness in the removal of medium weight sub-
stances. Study S. Morgera (2006) demonstrated
reduction in vasopressor requirement in the group,
where hemofilters with High Cut-Off membranes
were used (mean dose 31 ml/kg/hour, observation
period 48 hours) [108].

Plasmapheresis (PF) enables to remove sub-
stances with a molecular weight of 50—60 kDa —
circulating immune complexes, immunoglobulins,
clotting factors, and others. The positive PF influ-
ence on hemostasis and rheological blood properties
is the level of fibrinogen reduction, spontaneous
platelet aggregation reduction in combination with
the appearance in the blood fibrin degradation prod-
ucts, which probably serves as a marker of the
microvasculature release [109]. B.G. Stegmayr in a
literature review described the efficacy of PF in sep-
sis and septic shock resulted in improved survival in
patients with sepsis to 70—75%. It should be noted
that during PF not only weight toxic products are
eliminated from the blood, but large molecules that
can penetrate through the membrane, disappeared,
too, demonstrating non-selectivity of the method.
In clinical practice, there are common situations
when large volume of plasma exchange is not possi-
ble since the cardiovascular failure and bacterial
invasion is usually accompanied by vasodilation,
vascular permeability disorders and hemostasis
caused by endotoxemia.

Selective hemosorbtion of endotoxin represents
a pathogenetic treatment. Positive results can be
achieved if the mediator cascade is interrupted from
the beginning, at the stage of endotoxemia, where
the process has not yet taken out of control. It is
known that the weak side of almost all non-selective
sorbents used in the clinical practice is their ability
to absorb, in concert with the desired toxins, other
plasma components. Negative consequences of this
eliminations includes hypoproteinemia, secondary
immunodeficiency, coagulation disorders that is
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MUH, B IIpoliecce TeMOMUIBTPAIINN ATUMITHIUPYIOTCS
anadmrorokcuabl C3a, Cba, MpoBoOCHATUTENIbHbIE
rurokuHbl (TNF-¢, VIJT), MHOTIO0MH, TTApaTTOPMOH,
Ji301mM, KpeatuHbochoknHasza u 1p. B pangomusu-
posatHoMm wuccaenoBanun C. Ronco u R. Bellomo
[103, 104] mokazaHO, YTO MUHUMAJIBHO 3P (PeKTnB-
HOU CKOPOCTBIO 3aMEIIEHUsI SIBJISIETCS 35 MJI/4/KT,
[IPU ATOM TIOBBINIAIACH BBIKUBAEMOCTD 32 CUET y/Ia-
JIEHUST <CPEIHUX MOJIEKYJI» — BEIECTB C MOJIEKYJISIP-
HoH Maccoit 6ostee 500 [Ta. JIuTelbHOCTD TIPOIIELy-
PBI, KPOBOTOK ¥ TIOTOK 3aMeIaioliero pacTBopa
3aBUCEJIH OT TSIKECTH COCTOSTHUS OOJIBHBIX, UX 3200-
JIEBAHMS U XapaKTepa OpraHHON ANChYHKITIN.

Temopmnadunbrpanus (TIMD) coueraer B cebe
MPUHIUTIBL UM HY3UN U KOHBEKITMOHHOTO TTEPEHO-
ca 4epes TOJYIPOHUIIAEMY0 MeMOpaHy HHU3KO- U
CPeIHEMOJIEKYISIPHBIX BENECTB U3 KPOBU B adhdrio-
ent [105]. Bo Bpemsa /1D auddysus u koHBeKIus
MIPOUCXOMAT OMHOBpeMeHHO: MU dy3uss CHUKAET
KOHIIEHTPAINIO HU3KOMOJIEKYJISIPHBIX COETUHEHU,
YTO BeJleT K WX MEHbIIEMY KOHBEKTUBHOMY yjajie-
HUIO, 2 KOHBEKIIUS YMEHBIITAeT CKOPOCTh KPOBOTOKA
B IUAJIN3AaTOPE, U CJEOBATEIHHO, IBIKYILYIO CUITY
1ist gupdysun. TuddysnoHHBIN TpaHCTIOPT TPeby-
€T MPUCYTCTBUS JTUATUBUPYIONIEN KUIKOCTH, TIPO-
TeKalolleil Yepe3 AMATU3ATOP IO HAIPABJIEHUIO,
[IPOTUBOIOJIOKHOMY TOKY KpoBu [106]. [T obGec-
MeyeHnsl KOHBEKTHBHOTO TPaHCIIOPTa HEOOXOAUM
60IbIION 06beM yIbTpapUIBTPAIIIH, CYIECTBEHHO
MIPEBBINAITIN OTMYCTUMYIO JleruapaTanno. ba-
JIAHC JKUAKOCTH obecriedynBaercst MHQpysueir same-
MIATOTIETO PacTBOpa /10 (GUIBTPA — TPEIUIIONUS U
nocsie — noctausonus. [1M mpu cemncuce npume-
HSEeTCS JUISS CHUKEHUSI YPOBHSI IIUTOKUHOB B CHC-
temHoil 1mpkyasmun. C. Ronco B panmommsupo-
BAHHOM HccaeaoBaHnn (n=425) MoKasal CHIKEHIE
CMEPTHOCTU TIPW YBEJIUYEHUU [03bI 3aMEIIEeHUS BO
Bpems npogiaertoil TAM. Y 72% 601bHBIX ¢ CelTH-
YECKUM IMOKOM ¥ HOPMO- WJIU THTIEPKUHETUYECKUM
npodureM reMonHaMuKN o/ BaustHreM /D mo-
JIYIEHO CYIIeCTBEHHOE YJIydllleHWe MoKa3areJei
CHUCTEMHOU TeMOJIMHAMUKHN U TPAHCIIOPTA KUCJIOPO-
na. Y 58% GOJIbHBIX ¢ OCTPHIM TTOBPEKICHUEM JIer-
KX OTMEUYEHO YJIyYllleHHe raso00MeHa ¢ POCTOM
WHJIEKCA OKCHUTEHAINW, YMEHbIIEHUEM BHYTpPHUJE-
TOYHOTO NIYHTA, aJlbBEOJISIPHO-apTEePHATBHON pa3-
HUIIBI 110 Kucaopoy [107].

YBeMunuTh KOHBEKIIMOHHOE y/IaJeHue Me/ua-
TOPOB BOCTIAJIEHUSI MOXHO TIOCPEICTBOM yBeJInde-
HUS pasMepoB Hop B MemOpane remoduasrpa. [Ipo-
HUIIAeMOCTh MEMOPAHbI JIJIsI PACTBOPEHHBIX BEIECTB,
XapaKTEPUCTUKN TTPOCENBAHUS, ONIPENENSIOTCS Pas-
MEPOM TIOP U PSIZIOM OTPAaHUYEHUN, BJIUSIONNX Ha
«IIPOTACKUBaHUE» MOJIEKYJI Yepe3 MeMOPaHy TOKOM
skuakoctu. Koadduiinent mpocenBanust mpeacras-
JisieT co6oi COOTHOIIEHVE KOHIIEHTPAIIUI 9TOTO Be-
necTBa B (OUIBTpaTe W KPOBU, MMPU OTCYTCTBUU €TO
abcopOiuu Ha MemOpane (1 IPUHUMAET 3HAYEHUST OT

highly undesirable for critical illness patients. The
sorbents are designed for the selective endotoxin
removal (Toraymyxin and LPS Adsorber) possess all
the necessary features for an effective and safe treat-
ment of sepsis (high absorption capacity and rate of
sorption, structural stability, compatibility with
blood due to absence of mechanical and chemical
damage of the blood) [110]. Therapeutic effect of
selective hemosorption was demonstrated when
eliminating the endotoxin from circulation and
interstitial sector. The first publications on clinical
use of the sorbent based on polymyxin B appeared in
1994, when H. Aoki and M. Kodama showed the
effectiveness of the sorbent in sepsis treatment with
MODS. Sorbent covalently bonded to chemically-
modified polystyrene and immobilized on a
polypropylene fiber neutralized the biological activi-
ty of endotoxin by binding to lipid A. The side effects
of systemic polymyxin B usage was due to its
nephrotoxicity and neurotoxic effects. In hemoper-
fusion with a sorbent covalently bound polymyxin B
this effect was not observed. LPS Adsorber column
consists of 20 plastic plates on which the special
NAE 27 peptide capable to endotoxin adsorbtion is
immobilized. Significant decrease in blood concen-
trations of endotoxine, inflammation mediators and
hemodynamic improvement during hemosorption
with column Alteco LPS-Adsorber have been repeat-
edly demonstrated [111].

The study EUPHAS [112], devoted to the early
use of selective hemosorption, showed an increase in
mean arterial pressure, decrease in vasopressor usage
and reducion the severity of the multiorgan failure as
demonstrated by SOFA scale. Twenty eight-day mor-
tality was 32% with selective hemosorption and 53%
in the comparison group. A multicenter, placebo-con-
trolled study EUPHRATES, in which the absence of
the SIR was not an exclusion criterion, and the level
of endotoxin in the blood was determined by a EAA-
test, confirmed high efficiency of selective hemosorp-
tion [113]. In a latter study, Cruz D.N. et al. retro-
spectively evaluated 1425 patients from 28 clinical
trials with sepsis of various etiologies. It was noted
that as a result of the selective endotoxin removal the
hemodynamics was normalized, a need in vasopressor
support was reduced and index PaO,/FiO, increased.
In blood values IL-6, IL-10, IL-18, TNF-«, plasmino-
gen activator inhibitor-1, neutrophil elastase, platelet
factor-4, soluble P-selectin and endogenous cannabi-
noids were decreased.

Despite the fact that deploying the selective
endotoxin adsorption is pathogenetically justified,
the isolated elimination of endotoxin from the blood
circulation alone could not lead to complete regres-
sion of the SIR due to continuous circulation of
cytokines [114].

Hense, it is advisable to combine the tech-
niques of extracorporeal detoxification to remove
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0 mo 1). 3navyenue KoaduImeHTa MPOCEUBAHUS =
0,1 HasbiBaeTCcst 00JIACTHIO OTCEeUeHMs. B mocenHme
TOJIBI TIOSIBUJIMCH MEMOPAHbI CO CBEPBBICOKUM KO3(-
durmentom npoceusanust (high cut off). Tlomo6HbIE
MeMOpPaHbl OKa3bIBAIOTCS [TPOHUIAEMBIME JIA5Ke TSt
JIETKUX Tereil MMMYHOTJIO0YJIMHOB, a TIOTOMY HaxXo-
JISIT IPUMEHEHVE TPU JIeYeHUU OCTPOTO TOBPEXIE-
HUS TI0YeK (OCTpPOH TMOYEeUHOH HeIOCTATOUHOCTH)
npu cerncuce. Kiunnueckue wuccienosanust High
Cut-Off memOpaH ¢ yBeJMUYEHHBIM JIHAMETPOM TTOP
nmokazayin uxX 2GHOEKTUBHOCTD B yAAJECHUU CpeHe-
MOJIeKyJIsIpHBIX BenecTB. McenenoBanue S. Morgera
(2006) mPoIEMOHCTPUPOBAJIO YMEHbIIIEHIE MOTPE6-
HOCTU B Ba3OIPECCOPHBIX TIPeraparax B IrpyTile, Te
ucnoabszoBaiuch remoduaprper ¢ High Cut-Off
MemOpanamu  (cpeansia  go3a  3amenleHus 31
MJI/KT/4ac, nepuoj Habaoaenns — 48 gacos) [108].

[Trazmadepes (I1MD) mo3BoIsET YAAIUTH BElle-
cTBa, OOJIafarole MOJIEKYJISIPHOU Maccoil boJiee
50—60 x/la — HUPKyIUPYIOIINEe UMMYHHBIE KOM-
IJIEKCBI, UMMYHOTJIOOYJIMHBI, (haKTOPbI CBEPTHIBA-
uust u ap. [Homoxurenshoe Biusinue 1M na remo-
CTa3 ¥ PEOJIOTMYECKNE CBOMCTBA KPOBHU 3aKJII0YAETCS
B CHUKEHUM YPOBHSI (hUOPMHOTEHA, YMEHBIICHUN
CIIOHTAHHOI arperaiuy TpPOMOOIUTOB B COYETAHUH C
HOSIBJIEHEM B KPOBH IIPOJAYKTOB jerpagariy husd-
PHHA, YTO, BEPOSITHO, CJIYKUT MapKePOM Ae0JI0KUPO-
BaHWSI MUKpOIMpKyasgTopHoro pyciaa [109]. Isex-
cknii  yuennii B.G. Stegmayr mnpm ananuse
JIUTEPATYPHBIX HMCTOYHUKOB TMOKa3aa 3hdeKTus-
Hocth ipuMenenus [1M 1pu cercuce u ceNTUIECKOM
IIOKE, 9YTO MOKET MOBBICUTH BBIKUBAEMOCTH MAI[UEH-
TOB ¢ cencucoM 10 70-75%. Cienyer OTMETUTb, YTO
npu nposegennn 11D m3 KpoBu wu3BIEKaeTCS He
TOJIBKO Macca TOKCHYECKUX TIPOLyKTOB, HO BCE KPYTI-
HBII MOJIEKYJIBI, CIIOCOOHBIE IPOHUKHYTH Yepes OT-
BepCTUsE MeMOPaHBI, TIOCKOJIbKY METO He SIBJISIETCS
CEJIEKTUBHBIM. B KJITMHUYECKOI MTPakTUKe [0CTAaTOY-
HO 4acTO BCTPEYAIOTCS CUTYAIMH, KOT/[a BBITIOJTHUTD
J1a3MO0OMEH B aJIeKBaTHOM OObeMe He TIPECTaBIIsI-
€TCsl BO3MOKHBIM, TaK KaK CEPJIeUHO-COCYIUCTAs He-
JOCTaTOYHOCTh Ha (POH OaKTepUATbHOW WHBA3UU
yeyry6JisieTcst Bazo[uiataleil, HapyIeHussMUu Co-
CYIUCTON TIPOHUIIAEMOCTH, TEMOCTA30M, BbI3BAHHBI-
MU 3HIOTOKCUHEMUEN.

CestekTuBHasE reMOCOPOIIUST SHIOTOKCHHA SIB-
JIIeTCsI TTaTOTeHeTUYeCKUM MeTo/loM Jiedenus. [lo-
JIOAKUTEIBHOTO PEe3yJibraTa MOKHO JOOUTBCS, €Ciiv
IpepBaTh KacKaj MeAMATOPHBIX PEaKIUuil B caMOM
Hayvajie, Ha ATare 9HJOTOKCUHEMHUH, KOT/Ia MPOIece
elle He TIPUHSJ HeYIpaBJsieMblii XxapakTep. M3BecT-
HO, YTO HEJOCTATKOM IOYTH BCEX NMPUMEHSIEMBIX B
KJIMHIYECKOW TPAKTUKE HECEJIEKTUBHBIX COPOCHTOB
SIBJISIETCSI UX CIIOCOOHOCTH a[IcOPOUPOBATH HAPSILY C
HMCKOMBIM TOKCUHOM U JIPYTHe KOMIIOHEHTBI TLIa3MBbl,
YTO MOJKET TTOBJIeUb 3a COO0IT HeraTUBHbIE MOCTIEACT-
BUSI: TUIIOTIPOTENHEMUIO, BTOPUYHBII UMMYHO/1e(DH-
IIUT, KOATYJISIITMOHHbIE HAPYIIEHUs, YTO KpaiiHe He-

both triggers of the pathological process, endotoxins
and cytokines activating the immune system [115].
The combination of selective sorption of LPS and
HDF is pathogenetically justified since the endotox-
in removal reduces key trigger of pathological reac-
tions, whereas the HDP abrogates the neurotrans-
mitters concentration and patterns of hypoxia [116].

Extracorporeal methods of detoxication are
actively deployed in life-threatening critical illness
[117—119]. Despite the proven efficacy of extracor-
poreal detoxification in septic shock, there is no gen-
erally accepted guidelines for choosing the treatment
regimen and the approach remains predominantly
empirical.

The combination of selective and non-selective
methods of extracorporeal detoxification looks
promising to break the «vicious circle» through
removing the effects of «mediator storm» and elimi-
nating microcirculatory disorders. Timely and
methodically correct deployment of extracorporeal
detoxification and keeping focus on infectious sani-
tation associated with a rational antibiotic therapy
should definitely prevent the development of multi-
organ dysfunction.

Conclusion

Abdominal sepsis is one of the most difficult
problems of contemporary medicine characterized by
rapid translocation of microorganisms and toxins in
systemic blood flow saturation as a result of
increased permeability of entero-hematic barrier.
These features distinguish abdominal sepsis from
other patterns of sepsis development in which the
bowel dysfunction is secondary. Development and
progression of infectious-toxic shock, multiple organ
failure and a high mortality rate are very common in
abdominal sepsis.

Effect of endotoxemia is mediated by direct
damage of cell and tissues and indirectly via activa-
tion of cellular and mediator systems. Direct toxicity
alters vascular endothelium and liver sinusoids that
form a base of microcirculatory disorders. Improving
microcirculation is an important strategy to improve
clinical results in septic patients. One efferent treat-
ment strategy includes the increasing tissue perfu-
sion that becomes significant target for both thera-
pies and monitoring of treatment efficiency.
Therefore, when assessing the therapeutic effects
including extracorporeal microcirculation, the prop-
er methods of assessment should be employed.

Indirect endotoxin effects is characterized by
activation of monocytes and macrophages, which
leads to overproduction of cytokines and other medi-
ators in sepsis. Understanding the pathogenesis of
sepsis justifies the deploy of extracorporeal therapies
to eliminate circulating endotoxin and reduce the
functional load on detoxification and detoxification
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JKeJIATeNIbHO Y OOJIbHBIX B KDUTUIECKUX COCTOSTHUSIX.
ITOTO HEJOCTAaTKA JIUIIEHBI CeJIEKTUBHBIE TEMOCOP-
GeHTBI, U30UPATEbHO YAAISION[IE U3 KPOBOTOKA 9H-
notokcuHbl. COpOEHTHI, MpeIHAZHAYEHHbBIE IS Ce-
JIEKTUBHOI'O yJaslenus anjorokcuna — Toraymyxin
u LPS Adsorber obsazaior BcemMu HeOOXOAMMBIMU
cBoiicTBaMu JJI IPoBeieHnst 9P GEKTUBHOrO U 6e30-
[IACHOTO JIEYEHMSI CETICHCa; BBICOKAS afCcOPOIIMOHHAS
CIIOCOOHOCTh 1 TEMIT COPOLUH, CTPYKTYPHash CTa-
OUIIBHOCTH, COBMECTHMOCTD C KPOBBIO (OTCYTCTBHE
MEXaHUYEeCKOTO U XUMUYECKOTO TTOBPEKICHUS KPO-
Bu) [110]. JleuebHoe nelicTBUE CETEKTHBHON TEMO-
COpOIUU IPOSIBIISIETCS B 9JIMMIHAIIK 9H0- TOKCH-
Ha Kak W3 IUPKYJIUPYIOIEel KPOBW, TaKk WU W3
HMHTEPCTHIIHANBHOTO cekTopa. [lepBbie mybuKanum
10 KJIMHIYECKOMY ITPUMEHEHII0 COPOEHTa Ha OCHOBE
nosmMukcuna B noasuamcs B 1994 1., korna H. Aoki
u M. Kodama nokasanu apPekTUBHOCTb 3TOT0 COp-
6enta B sedennu cemcuca ¢ IIOH. CopbGeHT KoBa-
JIEHTHO CBSI3aH C (-XJOpaIeToOaMUIMEeTUITNPOBAH-
HBIM [OJUCTUPUHOM, MMMOOUJIU3UPOBAHHBIM Ha
MOJIUNIPONIMJIEHOBBIX BOJIOKHAX, HEWTPATU3UPYeET
OMOJIOTHYECKYI0 AKTHUBHOCTH 3HIOTOKCHHA ITyTEM
csisbiBanus gunuaa A. TToGounbie agdeKTsl Ipu
CHUCTEMHOM TIPUMEHEHUN TIOJUMUKCHHA B BbI3BaHBI
ero Hepo- U HEHPOTOKCUYECKUM aeiicTBueM. [1pn
remorepdysnu yepes COpOEHT ¢ KOBAJIEHTHO CBsI3aH-
HBIM TIOJIMMUKCUHOM B ator addekr ne nabogaer-
csl, TIOCKOJIbKY OH He TIOCTYIIaeT B CHCTEMHBINA KPO-
tok. Kosonka LPS Adsorber cocrour us 20
MOJIMATHICHOBBIX TJIACTUH, Ha KOTOPBIX MMMOOUJIH-
3uposad crerranbibiil nentg HAE 27, cniocoOnbrii
aIcopOMpoBaTh SHAOTOKCHH. [loKasaHO OCTOBEpP-
HOe CHUIKeHUe KOHTIeHTpanu B kposu J'T, memaTo-
POB BOCIIAJIEHUS U YJIydIlleHUe TOKa3aTesei TeMOJIH-
HAMUKW [IPU IPOBEAECHUN reMOCOPOIINI Ha KOJIOHKE
Alteco LPS-Adsorber [111].

B nccrenoanun EUPHAS [112], nocsimien-
HOM paHHEeMY TIPUMEHEHUIO CeJIeKTUBHON reMocop0-
IIUY, TTIOKA3aHO YBEJUYEHHUE CPETHETO apTePUATbHO-
ro  JaBJEHWS, CHUJKEHHMEe  HOTPeOHOCTH B
Bazonpeccopax u ymenbiienne Tsokectn [TOH mo
mkane SOFA. Jletanbnocts Ha 28 cyTKU cocTaBuia
32% npu NpUMEHEHUH CEJIEKTUBHON reMOCOpOITnI 1
53% B rpyiime cpaBHenust. MyJIBTUIIEHTPOBOE ILTalle-
60-korTposupyemoe ucciaenosanne EUPHRATES,
B kKoTopoM otcyTcTBre CBO He ABIsIOCH KPUTEPH-
€M WCKJTIOUeHUs, a YPOBEHb HHIOTOKCUHA B KPOBU
ompenensiiics ¢ momonibio EAA-Tecta, moaTBepskaa-
10T BBICOKYIO 3((PeKTUBHOCTH CEJEKTUBHON TeMO-
cop6uuu [113]. B cBoeii pabore Cruz D.N. et al. pet-
POCIIEKTHBHO oOIleHWBaau 1425 maimeHToB n3 28
KJIMHWYECKUX UCCIIEOBAHUI C CETICUCOM Pa3IMIHOM
atuosioruu. OTMEUEHO, YTO B PE3yJIbTaTe CEeJEKTUB-
HOTO y/aJIeHWsT SHAOTOKCHHA HOPMAaJIU30BaJIach re-
MOJIMHAMUKA, CHU3UJIACh TOTPEOHOCTh B BasoIpec-
COPHOI TOJIepKKe, yBeanuusicsa nuapekc PaO, /
FiO,. B kpoBu onpenemnsiiocs camskenne MJI-6, NJI-

systems, as well as abrogate SIR. In-time and proper
deployment of different methods of extracorporeal
detoxification in patients with abdominal sepsis is a
powerful strategy to prevent the development of
multiple organ failure.

10, MJI-18, DHO-¢, nnruburopa akrusaTopa ILas-
MUHOreHa-1, sacrasbl HeiiTpoduIoB, TPOMOOIUTAP-
Horo hakTopa-4, pacTBOpUMOro P-ceslleKTrHA U 9H-
JIOTEHHBIX KaHHAOWHOWU/IOB.

HecMmoTpst Ha TO, 4TO MPUMEHEHWE CEJIEKTUB-
HOH cOpOIMY 9HIOTOKCHHA SIBJISIETCS TTATOT€HEeTHYE-
CKH 0OOCHOBAHHBIM METOJIOM, M30JIUPOBAHHAS DJIH-
MUHAIUS 9HIOTOKCUHA U3 IUPKYJIUPYIOIei KPOBU
IIPH y’Ke 3aMyIeHHOM MeIMaTOPHOM KacKajie He MO-
JKeT IIpuBecTH k nosnomy perpeccy CBO [114].

IToaToMy 11es1ec006PasHO COYETaTh METOIUKU
AKCTPAKOPIIOPATLHON JAETOKCUKAIUN JIJIS YAQJI€HUS
KaK TPUTTepa MaToJOTHYECKOro Mpollecca, Tak U 1o-
CTIeNICTBUI SHAOTOKCMTHEMUN U TUTIEPAKTUBAIIUY M-
MYHHOI CUCTEMbI HA CAMOM PAHHEM ITarle ee Pa3By-
tist [115]. Coueranue cenextuBnoit copbimm JITIC
u IJ1® narorenernyeckn 060CHOBAHO: 2JIUMUHAISA
HHIOTOKCHHA W3 KPOBU MO3BOJIUT YAAJIUTH TPUTTEP
IETIOYKN MTAaTOJOTHIECKUX peakifuii, Toraa kak [/]dD
YMEHBIIUT KOHIEHTPAIUIO MEIUATOPOB, 3aITyCKalo-
VX CENTUYECKUE KACKAIbI, U TIO3BOJIUT YMEHBIITUTh
npogsienue runokeuu [116].

IKCTPAKOPIIOPATIbHBIE METO/bI JETOKCUKAIIUN
AKTUBHO WCIOJb3YIOTCS TIPU PA3JTUYHBIX SKU3HEYT-
poxatonux coctosuusgx [117—119]. HecmoTpsa Ha
JI0Ka3aHHYT0 9(h()EKTUBHOCTD IKCTPAKOPIIOPATBHOM
JIETOKCUKAITUN B YCTPAHEHUU OCHOBHBIX TPOSIBJIE-
HUW WHTOKCUKAITUU TIPU CEITUYECKOM TITOKE, OTCYT-
CTBYIOT OOIIENPUHSTBIE PEKOMEHIAIH 110 BBIGOPY
peskrMa JIeYeHus, TTOAX0/ K KOTOPOMY daile BCEeTOo
AMITHUPUIECKUT.

KoMOuHAaIMs CeleKTUBHBIX ¥ HECETEKTUBHBIX
METOJIOB 9KCTPAKOPIOPAIBHON JIETOKCUKAIINY SIB-
JIETCST TIePCIEKTUBHON JIJIsT pa3pbiBa <«IIOPOYHOTO
Kpyra», yIaJeHUus MOCIEACTBUN «MeIaTOPHON Oy-
pU», YCTPAHEHWST PACCTPOUCTB MUKPOIUPKYJISAIUH.
CBoeBpeMeHHOEe W METOIMYECKU BEepHOEe MpUMeHe-
HUE METO/IOB HKCTPAKOPIOPAIbHON JeTOKCUKAIIUN
IIPU YCJIOBUM aJIeKBATHOM caHAIMU WHMEKITMOHHOTO
ovyara M PalMOHAJIBHON aHTHOMOTHKOTEPAIINI MO-
JKeT mpeoTBparuTh passutue [TOH.

3akiaouenue

AGIOMMHATBHBIN CETICUC — OfHA U3 CJIOMKHBIX
pobsieM COBPEMEHHON MEIUIIMHBI, XapaKTepu3yeT-
cs1 OBbICTPBIM BKJIIOYEHUMEM MEXaHU3Ma TPaHCJIOKa-
M MUKPOOPTAHM3MOB U TOKCUHOB C MaCCHUBHBIM
HaChIIEHNeM UMW CUCTEMHOTO KPOBOTOKA B Pe3yJIib-
Tare MOBBIINEHHON TPOHNUIIAEMOCTH 9HTEPO-TeMaTHU-
YecKoro 6apbepa, UTo OTJIMYAET €ro OT Celcrca Apy-
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TUX MEeXaHN3MOB Pa3BUTHs, TTPU KOTOPBIX HapyIe-
Hue (YHKIIMU KUMKW HOCUT BTOPUYHBIA XapakTep;
pasBUTHEM M IIpOrpeccupoBaHueM HH(MEKIMOHHO-
TOKCHUYECKOTO IITOKA; YaCTBIM TPUCOEAUHEHUEM TIO-
JIMOPTAaHHON HEIOCTATOYHOCTH W BBICOKOU JIeTalh-
HOCTBIO.

[leiicTBrE 9HIOTOKCMHEMHWH pean3yeTcst Kak
3a CUeT MPSIMOTO TTOBPEKIAIOIIETO eUCTBU, TaK 1
OTIOCPEIOBAaHHO Uepe3 KJIETOUHBbIE U MeINaTOPHbBIE
cuctembl. [IpssMoe Tokcmdeckoe aeiicTBUE 3JHJIO-
TOKCUH OKa3bIBaeT KaK Ha 9HAOTEJUN COCY/I0B, TaK
1 CUHYCOW/IOB TTeYeHH, JIeKUT B OCHOBE MUKPOITAP-
KyJIATOPHBIX HapymreHuit. OHON M3 Ba’KHBIX CO-
CTABJISIONIUX YJAYUIIEHUS Pe3yJbTaTOB JedeHUs
CEeNTUYeCKIX GOJBHBIX SBJSETCS YIyUIIeHIEe MUK-
pormpkyasaiun. OMHUM U3 MEXaHU3MOB TTOJIOXKNU-
TEJIbHOr0 BO3/elCcTBUSI 3P GEPEHTHOTO JiedeHus
SBJISIETCS yJydllleHne TKaHeBOoW mepdysun, KOTo-
PYIO MOKHO MCIIOJI30BATh KaK B KAYeCTBE MUIIIEHU
J1e4eOHOro BO3/IeiiCTBYS, TaK U B KAYECTBE KOHTPO-
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a1 adextuBHocTn sevenusi. [loatomy B onenke
JieuebHOTO aheKTa PasIUIHBIX METOOB JIEUCHUS,
B TOM UYHCJI€ U 9KCTPAKOPIOPATbHBIX, JOJKHA OBITh
OllEHKa MOKasaresjeil MUKPOIUPKYJIAINE 00beK-
TUBHBIMHU METOJIAMHU.

OrnocpenoBaHHOEe JIeiiCTBUE IHIOTOKCHHA Xa-
PaKTEPU3YETCsT €ro CHOCOOHOCThIO AKTUBAIIMKI MO-
HOITUTOB U MaKPO(aros, YTO MPUBOIUT K THIIEPIIPO-
JNYKIUW MIUTOKUHOB W JIPYTUX MEAMATOPOB CEIICUCA.
IMonuManme matoreHesa cercuca 0OOCHOBBIBAET
MIPUMEHEHNE HKCTPAKOPIIOPAIBHBIX METOIOB Jieve-
HUSI, KOTOPBIE TTO3BOJISIOT 3JIUMUHUPOBATH IIUPKY-
JIUPYIONUI 9HIOTOKCHH, YMEHBITUTHh (DYHKIHO-
HaJIbHYIO Harpy3Ky Ha €eCTeCTBEHHBIE CUCTEMBI
JIETOKCUKAIIUN W JIE3UHTOKCUKAIINU, a TaKKe CHU-
3uth npossaerus CBO. CoeBpeMeHnHOE U 1O TO-
Kas3aHWsIM ITPUMEHEHNEe METO/I0B AKCTPAKOPIIOPATIH-
HOU JeTOKCUKAIUU Y OOJBHBIX ¢ abJOMUHATbHBIM
CETICUCOM MOJKET TMPEeJAOTBPATUTh Pa3BUTHE MOJIH-
OpPTaHHOU HEAOCTATOYHOCTH.
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ObIMIAA PEAHUMATOJOTIUA

Hayuno-nipakrndeckuii sxxypran «O61mast peaHnMaToI0THsT»,
Bxomsmuii B mepeden BAK PO, npennaznaue 1715 Bpaueil aHeCTe3NO0I0TOB-PEAHNMATOOTOB
¥ HAy4YHBIX COTPYAHUKOB.

TemaTuka JKypHaJia: 1maToretHes, KJIMHUKa, InarioCTukKa, JieieHue, HpOd)I/IJIaKTI/IKa 1 I1aTOJIOTNYECKasA aHaTO-
MUA KPUTUYECKUX, TEPMUHAJDbHBIX U TIOCTPEAHUMAaITMOHHbBIX COCTOSTHU. BOHPOCBI OKa3aHusd ,I[Ol'OCHPITaJIbHOﬁ 110-
Moy Npyu KpUTUYECKUX COCTOAHUAX. BOHPOCI)I 06y'{eH1/1$1 HaceJieHUA 1 MEAUTIIMHCKOI'O IIepcoHaJIa IIpueMaM OKa-
3aHUS HEOTIOKHOM IIOMOIIH TIPpU KPUTUYECKUX COCTOAHUAX.

Ayl[l/lTOPI/ISI: JeuebHbIe YUpexRaeHu:A; BbICIINe y‘-Ie6HbIe 3aBe/leHnsda MeJJMIIMHCKOTO HpO(i)I/I]IH; Me/IMIIMHCKHEe
YUpexaeHuA MoCJaeAUIIIOMHOTO 06paSOBaHI/IH, CDez[epaJIbeIe 1 pErruoHaJIbHbIC OPraHbl YIIPaBJJICHUA 3/IpaBOOXpPa-
HEHNEM, MEIUIIUHCKNE HAYIHO-NCCJAETOBATCIBCKNE NHCTUTYThI; MEIUITNHCKUE OMOIMOTEKN.
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