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IIpoduirakTika penep@y3nOHHBIX OCIAOKHEHUH
B JIEUEHHH OCTPOro HH(apKTa MUOKap/ia IIPH cCaxapHOM auadere 2 THIa

E. A. Kopauenko

3-11 meHTpaJIbHBI BOEHHBIN KIMHUYECKUH rocIuTai b UM. A. A. BummHeBckoro MuH. 060poHEI PD,
Poccusi, 143421, MockoBcKasi. 00J1., KpacHOTOpCKHMiA p-H, 11/0 ApXaHTeJIbCKoe, Toc. HOBBIN — rocnuraib

Prophylaxis of Reperfusion Complications in Treatment
of Acute Myocardial Infarction in Type 2 Diabetes Mellitus Patients

E. A. Kornienko

A. A.Vishnevsky 3¢ Central Military Clinical Hospital, Ministry of Defense of Russia
1 pos. Novyy, Krasnogorsk district, Moscow region 143420, Russia

Iesb HCC/IEIOBAHUSA — YITyUIlIeHIe Pe3yJIETaTOB KOMIIJIEKCHOTO JIeYeHUsI OCTPOro HH(papKTa MUOKapaa
(OVIM) y 6016HBIX C caxapHBIM nradetoM (CJI) 2 Tuma myTeM IpuMeHeHNsI CyKIIMHATCOIepsKalIlero mpernapara.

MarepuaJsibl ¥ MeTOAbI. BBITOJTHUIN aHA/IN3 Pe3y/IBTaToOB 00CIeI0BaHUs U JIeueHUs 86 My)KIIH B BO3-
pacre ot 40 o 70 j1eT ¢ KiuHn4Yeckumu npossiaennamu OVM u conyrcrsytomum CJI 2 Tuna. B 3aBucumoctu
OT UCIIO0JIb30BAaHUsA CYKIIMHATCOAepsKalllero npernapara NaiMeHTOB pasiesuy Ha 2 rpynnsl. IlanueHTsl
KOHTPOJILHOH TPy (38 4esroBek, 58,3+7,1 j1eT) moJryyasy CTaHAapTHOE JiedyeHre, BRIIoYaloIee YpecKoK-
HOe KOpoHapHoe BMelaTeabcTBO (UKB). B ocHOBHOM rpymme (48 uesioBek, 57,6+7,6 j€T) KOMILIEKC CTaH-
JapTHOH Tepanuu OB JOTIOJHEH BBeJeHeM CyKI[MHATCoAepsKarero mpemnapara (1,5% pacTBop ssHTapHOM
KHCJIOTHI), KOTOPBI HAYMHAJIA BBOAUTH 3a 30-60 MmunyT 10 YKB BHyTpUBEHHO B 103€e 10-12 MJ1/KT, faiee
e’KeTHeBHO 1 pa3 B CYyTKH B TeueHUe 5 THEH B 103e 5—6 Mu1/Kr. OLieHUBaIM 0COOEHHOCTH KIUHUYECKOTO
teueHuss OVIM, IMHAMUKY COKPATUTEJIbHON CIIOCOOHOCTH MHOKApP/a, ITOKa3aTe Id: KUCIOTHO-OCHOBHOTO
cocrosanusa (KOC), cogepsrannsa IIOKO3BI U JIAKTATA, IIEPEKUCHOTO OKUcIeHus aunugos (I10J1) n anTn-
OKcHAAHTHOMH crucTeMbl (AOC), peosIorn4ecKux CBOMCTBA KPOBHU.

Pesyierarel. Y nanuerTos ¢ C/] 2 tuna npu OVIM pa3BuBa/INCh KOMIIEHCUPOBAHHBIN MeTab0/IM4eCcKUuN
JIAKTATaIlM03 U OKCUJAATUBHBIN TUCTPECC, BBIPAKABIIIUICA B 3HAUNTEeAbHOM akTuBanuu [10JI 1 HegocTa-
TOYHON aKTUBHOCTH (pepMeHTaTUBHOU cocTaJsiomiell AOC, IOBBIIIAIACH BA3KOCTh KPOBH, CHIDKAJIACH
3JIACTUYHOCTD 9PUTPOLUTOB. [Ipr 3TOM OTMEYaJIi CHIYKEHHE TTIOKa3aTesel JIOKAJIbHON U ITTI06aaIbHOU CO-
KparuMocTu Muokapa. [Tpu seimosnerny YKB y aTo# kKaTeropuu naiiueHToB B 47,4% HaOII0IeHUl pa3BU-
BAJINCh HAPYIIEHUsI pUTMA CePIa, 23,7% KOTOPBIX B BUIE OJTUTOIHBIX JKETYTOYKOBBIX 9KCTPACUCTOTUN 1
puOPUATAINN SKeTyJOUKOB SABJIAINCH YKU3HEYTPOKAIOIUMU.

3axrJrroueHue. BBeieHne CyKIIMHATCOEPIKAIIIET0 ITpenapara npu BeinosrHeHnn YKB o6ecneunBano kop-
PEKITUIO ITPOIIECCOB MTEPEKUCHOTO OKUCIEHNUA JTUINI0B U Pe0JIOTUYeCKUX CBOMCTB KPOBH Y MICCJIEJOBAHHOM
KaTerOpHUH NAaI[eHTOB, CIIOCOOCTBOBAJIO WIYYIIIEHHUIO CUCTOTMYECKOH 1 TUACTOINYECKOH (DYyHKIINH JIeBOTO
SKeJIyJJ0YKa, CHIYKAJIO PUCK Pa3BUTHUA penep(y3NOHHBIX OCIOKHEHUN.

Knroueevte cnoea: ocmpulii uHpapkm muokapoa; caxapHulii 0uabem; nepekucHoe oKucienue Aunudos;
AHMApHAas KUCL0ma; peambepun; CykyuHamecoodepcaujie npenapamol; penepgysuorHbsle no8percoeHUs.

Purpose — to identify the possibility of improving the outcome of multimodality treatment of acute my-
ocardial infarction (AMI) in type 2 diabetes mellitus (DM) patients by use of a succinate-containing drug.

Materials and methods. The results of examination and treatment of 86 men aged 40 to 70 years with clin-
ical diagnosis of AMI and concomitant type 2 DM were analyzed. The patients were split into two groups de-
pending on use of the succinate-containing drug. Patients of the control group (38 men, 58.3+7.1 years old)
received the standard treatment that included percutaneous coronary intervention (PCI). In the main group
under study (48 men, 57.6+7.6 years old), the standard therapy complex was complemented with administra-
tion of a succinate-containing drug (1.5% succinic acid solution), which was administered first 30-60 minutes
prior to PCI intravenously at a dose of 10-12 ml/kg; then, daily once a day, for 5 days at a dose of 5-6 ml/kg.
Peculiarities of the AMI clinical course, dynamics of myocardial contractility, values of acid-base balance (ABB),
glucose and lactate content, lipid peroxidation (LPO) and antioxidant system (AOS), rheological properties of
the blood were evaluated.

Results. During AMI type 2 DM patients developed compensated metabolic lactic acidosis and oxidative
distress that manifested in considerable activation of LPO and insufficient activity of the enzymatic component

Anpecc AJ1s1 KOPPEeCIOH/{eHINH: Correspondence to:
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of AOS, blood viscosity grew, elasticity of red blood cells fell. Decreased local and global myocardial contractility
was noted as well. During PCl in this category of patients, cardiac rhythm disorders developed in 47.4% of cases,
23.7% of which were life threatening, such as multifocal ventricular extra systole and ventricular fibrillation.
Conclusion. Administration of a succinate-containing drug during performance of PCI provided correction
of the lipid peroxidation processes and rheological properties of the blood in the population studied, facilitated
improvement of left ventricle’s systolic and diastolic function, reduced the risk of reperfusion complications.

Keywords: myocardial infarction; diabetes mellitus; lipid metabolism; succinic acid; Reamberin; succinate-

containing drugs; reperfusion injury
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BBenenune

Octpriii mHpapKT Muokapaa (OMM) sipiisiet-
cs "HanboJsiee YacToOl MPUYUHON CMEpTH cpenu
00JIbHBIX caxapHbIM AuabeToM (CJI) 2 Tuna, BCcTpe-
yaeTtcs B 3 pasa yaiile, yeM 6e3 Hero 1 OTJInyaeTcs
OoJIblIIel TAKECTHIO TeUeHNs, BOSHUKAET Y boJiee
MOJIOIBIX TAIIEHTOB, YTO 00yCJIOBIEHO KOMILJIEK-
coM akTopos [1].

ITocsie BoccTaHOBJIEHUS MarmucTpajJbHOTO
KPOBOTOKa IIyT€M BBINOJHEHUS YPECKOKHOIO0
KOopoHapHoro BMemareabcTsa (UKB) B nHpapKT-
3aBHUCHMOM apTepHH PsIIOM aBTOPOB IIPOJIEMOH-
CTPUPOBAHO, YTO afieKBaTHas nepdysus Bcaem-
CTBUE MHUKPOBACKYISPHON OOCTPYKUUU U
BO3HUKHOBEHUs penepdy3nOHHBIX HapyIlIeHNH
Jocturaercsa He Bcerna [2, 3]. Ilpu CI 2 Ttuna
NIpeapacroJIoskeHHOCTh K penedy3NOHHBIM
HapyIIeHusM 0CO0eHHO BhIpaskeHa U JJOCTUTAIOT
50% [4, 5].

Ecthb IKCIIEPpUMEHTAJbHbIE 1 KIIMHUYECKUE
JaHHbIE, CBUJETEIbCTBYIOIINE, YTO UCIIOIb30Ba-
HUE€ aHTUOKCHUIAHTHBIX IIpEIapaTroB, CHUKAIO-
X UWHTEHCUBHOCTH IPOIIECCOB MEPEKNCHOTO
okucaenus jununos (I10JI) u akTUBUPYIOIIUX
aHTHOKCcHAAHTHYI0O cuctemy (AOC), cmocobHO
obecrneyuTs NPOoMUIAKTUKRY perepdy3noHHBIX
OCJIOKHEeHUH [6-12].

TakuM TpeOOBaHUAM COOTBETCTBYET IIpena-
par peam0GepuH (3, 13-15], KOTOPBIH 1O JAHHBIM
MeTaHa/IM3a MO3UIMOHUPYeTCs KaK aJblOBaHT-
9HEPTOMPOTEKTOP, MOBBIMAIIUN 3] heKTUB-
HOCTB (papMaKoJIOrT4eCKO KOPPEKIINHI HEOTIIONK-
HBIX COCTOSTHUH, COITPOBOSK/IAIOIINXCS TUTIOKCHEN,
3HepFO,D,'e(bI/IIII/ITOM 1 HapylmIi€eHUAMU BEreTaTuB-
HbIX QyHKIMI [16].

BmecrTe ¢ TeM, maToreHeTHYeCKN 00OCHOBAH-
HBIU IOJIXO], K MCIOJIB30BAHUIO peamMbeprHa B
KOMILIEKCHOM JiedueHun OMM OTKpBIBAIOT Iiep-
CIIEKTUBBI TOBBIIIEHN 3(D(HEKTUBHOCTHU Teparuu
y MAIlMEHTOB C CaxapHbIM Ira0eToM 2 THUIa, YTO
MIOCJTY>KUJI0O OCHOBaHUEM J1JIs1 TPOBeIeHNsI HaCTOs-
I1ero UCCJIeJOBAHUA.

Ilenb uccae0BaHUA: YIyUII€eHNE Pe3YJIb-
Ta0B KOMIIJIEKCHOTO JIeYeHUs1 OCTPOTro uHdapk-
Ta MHOKapja y O0/IBHBIX C caxapHBIM quabeToM
2 TuIa nyTeM NpUMeHeHUsI CYKIIMHATCoaepsKa-
II[ero npemnapara.

Introduction

Acute myocardial infarction (AMI) is the most
frequent cause of death among the type 2 diabetes
mellitus (DM) patients. In DM patients, it occurs
three times more often than in patients without DM
and is characterized by a greater severity of the
course. In younger patients, due to various gactors,
AMI also associates with DM [1].

A number of authors have demonstrated that
after AMI the main blood flow is restored by means
of percutaneous coronary intervention (PCI) in the
infarction-dependent arteries, adequate perfusion
is not always achieved due to microvascular ob-
struction and development of reperfusion disor-
ders [2, 3]. In patients with type 2 DM, predisposi-
tion to reperfusion disorders is particularly
profound and reaches 50% [4, 5].

There are experimental and clinical data evi-
dencing that use of antioxidant drugs lessening the
intensity of lipid peroxidation (LPO) processes and
activating the antioxidant system (AOS) is capable
of ensuring prophylaxis of reperfusion complica-
tions [6-12].

Reamberin meets these requirements [3,
13-15], pursuant to meta-analysis, it has been po-
sitioned as an adjuvant energy protector rising the
efficacy of pharmacological correction of emer-
gency conditions accompanied with hypoxia, en-
ergy deficit, and disturbances of vegetative func-
tions [16].

At the same time, a pathogenically sound ap-
proach to Reamberin use in the multimodal treat-
ment of AMI opens prospects for the improvement
of therapy efficacy in type 2 diabetes mellitus pa-
tients, which constituted grounds for conducting
this study:.

Purpose: to identify the possibility of improv-
ing the outcome of multimodal treatment of acute
myocardial infarction (AMI) in type 2 DM patients
by administration of a succinate-containing drug.

Materials and Methods

At the facilities of Federal State Budgetary Institu-
tion, A. A. Vishnevsky Central Military Clinical Hospital
3, the Russian Ministry of Defense (Krasnogorsk), a
prospective controlled open-label randomized study was
carried out in accordance with the Good Clinical Study
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MaTepna.n H ME€TOAbI

Ha 6a3e ®I'BY «3 IIBKI uM A. A. BuiineBckoro»
Munob6opons!l Poccun (r. KpacHOropck) BBITTOJTHUIN
MIPOCIIEKTUBHOE KOHTPOJIMPYEMOE OTKPBITOE PAHIOMU-
3UPOBaHHOE UCCIeJJOBAHNE B COOTBETCTBUU C «[IpaBu-
JIaM¥ MIPOBEIEHNUsI KaYeCTBEHHBIX KIIMHUYECKUX HCITbI-
taauii (GCP)» (OCT Ne 42-51-99 ot 29.12.98 1), c
TIOJIOKEHUSIMU XeJTbCUHCKOU JIeK/Iapany U PyKOBOI-
cTBa 1o Hajgesxarreit KJIMHIYeCcKol IIpaKTUKe, pa3pa-
6oTaHHOI Ha MeXayHapoaHO KOH(epeHIINH 110 rap-
MOHM3AINU TEXHUYECKUX TPeOOBAHUN K PerucTpanuu
(papMmalieBTHUEeCKUX TPOAYKTOB, TpeIHA3HAYEHHBIX [JI5T
yesioBeka (ICH-GCP — International Conference on Har-
monisation of Technical Requirements for Human Use) u
¢ paspemieHusi JIOKQIbHOTO IJTHYECKOTO KOMHTETA
OI'BY «3 IBKI' um AA.BumraeBcKoro» MUHOOOPOHBI
Poccum (mporokost Ne 2 or 2016 r.). B uccinenosanue
BKJIIOYMJIN 86 My»KYMH, KOTOPBIE ITIOCTYIIA/IX Ha JIEUeHUe
B LIeHTp KapANOXUPYPTUH C KIMHUYECKUMHU MPOSIBJIE-
HusaMu OVIM 3a nepuon 2014-2018 rr.

Kpurepuu BKJIIOUEHUsI B HCCJEIOBAaHUE: MY>K-
4UHBI B Bo3pacTe oT 40 10 70 jieT; BpeMs HOCTYIJIeHU
B CTAallMOHAp MepBbIe 8 4 ¢ MOMEHTa MaHU(eCTauu
KJIMHUYECKUX NPU3HAKoB; Hasuyue JKI npusHakos
TMOBpesKIeHnsA MUoKapja (mogbeM cermenTa ST); He-
00XOIMMOCTD B IPOBEJJEHUH PEBACKYJISIPU3ALINI MUO-
Kap/a; HaJu4re caxapHoro auadera 2 Tumna (B cTaauu
KOMIIEHCAllMH NN CYyOKOMIIeHcalun), 10OpoBoJIbHOE
nH(pOpMHUPOBaHHOE coracue (B COOTBETCTBUM C TIpa-
Bustamu Good Clinical Practice).

KpuTepuu UCKITIOUEHU ST U3 UCCIEI0BAHUS: TPOM-
00JIM3UC Ha TOTOCIUTAIBHOM JTalle; BDeMEHHOU WH-
TepBaJI MKy MaHU(ecTanued KINHIYeCKUX IPU3Ha-
KOB U peBacKy/sIpuaanueir Muokapaa 6osee 12 yacos;
KapIUOTeHHBIH [IIOK; TEKOMIIEHCUPOBAHHAsI COMAaTHye-
CKasl [aToJIOTHs (B TOM YHCJIe CaXapHbBIN AuadeT 2 Tuna
B CTagu¥ NeKOMIIEHCAI[UH), apUTMUMN B IpejoInepa-
IIMOHHOM ITIEpUOJie, pECTUPATOPHbBIE 3a00J1€BaHNsI, OTEK
saerkux (OCH II-1V rmmacca o Killip), xpornueckasi cep-
JleyHasi HeJJOCTaTOYHOCTb, XPOHUYECKasl ToYeyHast He-
pocrarodHocTb (CKP <15 MJI/MUH UM YPOBEHB Kpea-
TUHWHA B KPOBU CBbIIIE 125 MKMOJIb/JI).

Takske B MCcC/IeIOBaHNE He BRJIIOYAIH MTAI[1EHTOB
C OHKOJIOTUYEeCKUMH 3a00J/IeBAaHUSIMU U TIOI03PEHUEM
Ha HUX, TAIIIE€HTOB C OTKJIOHEHUsIMU B pe3yJIbTaTax Jia-
60paTOPHO-UHCTPYMEHTAJIbHBIX 00CJIeqoBaHUN He-
YCTAaHOBJIEHHOI'O r'eHe3a (aHeMusd, JIUXOpajKa U T.1.);
MMaIreHTOB C ayTOMMMYHHBIMU U a/lJIEPTUYECKUMHU 3a-
00JIeBaHUSAMUY; MAIIMEHTOB C OCTPHIMU BOCIAJIUTEIb-
HBIMH 3a00J/IEBAaHUSIMU U XPOHUYECKUMH BOCHAJIH-
TeJbHBIMU 3a00JIEBaHUSMHU B CTaIUU OOOCTpEHUS,
JIIIL ¢ 3a00JIeBaHUSIMU KPOBY, a TAK)Ke MAIIEHTOB, He
MMEBIINX BO3MOYKHOCTH MPOJOJIKATh HajbHeNInee
yJacTHe B IPoIecce NCCaeq0BAHMUS.

OVIM y Bcex TAIleHTOB ObLI BIiepBbIe. [ Ipu aToM Bee
TaI[MeHThI UMeJIH COITyTCTBYyIoIee 3aboseBanue — CJI 2
Tuna (cpeaHsas quureabHocTb CJ1 2 Tuna 10,145,7 j1er).

JlmarHo3 mH(papKTa MUOKap/aa OCHOBBIBAIU Ha
KJIMHUYECKUX MTPpU3HAKaxX (MHTEHCUBHbIE 00U B TPYII-
HOM KJIETKE MPOI0JIKUTEIBHOCTEIO O0Jiee 30 MUH), IT0-
BBIIIIeHUU YpoBHeH B KpoBu KPK MB 6ojee ueM B 2
pasa, IoJI0’KUTEIFHOM pe3yJIbTaTe TECTA Ha OIpeiesie-
HHe TpornoHuHa I B kpoBu. Knuanyeckoe o0ciieoBa-
HHe€ MAllMeHTOB IPOBOIUIN B COOTBETCTBUU CO CTaH-

Practice (GCP) (OST No. 42-51-99 dated 29.12.98), provi-
sions of the Helsinki Declaration and Good Clinical Prac-
tice developed at the International Conference on Har-
monization of Technical Requirements to Registration of
Pharmaceutical Products for Human Use (ICH-GCP),
and by permission of the Local Ethics Committee of Fed-
eral State Budgetary Institution, A.A. Vishnevsky Central
Military Clinical Hospital 3, the Russian Ministry of De-
fense (Minutes No. 2 dated 2016). The study included 86
men admitted for treatment to the Cardiac Surgery Cen-
ter with AMI symptoms during 2014-2018.

The criteria for inclusion into the study included:
men of 40 to 70 years of age; admission at the hospital
within the first 8 hrs. from manifestation of clinical symp-
toms; ECG symptoms of myocardial injury (ST-segment
elevation); necessity of performing myocardium revas-
cularization; presence of type 2 diabetes mellitus (at the
stage of compensation or subcompensation), voluntary
informed consent (pursuant to Good Clinical Practice).

The criteria of exclusion from the study: thrombol-
ysis at the prehospital stage; the interval between mani-
festation of clinical symptoms and myocardium revascu-
lation exceeding 12 hours; cardiogenic shock;
decompensated somatic pathology (including type 2 di-
abetes mellitus during the stage of decompensation),
preoperative arrhythmias, respiratory diseases, pul-
monary edema (AHF of class II-IV according to Killip),
chronic cardiac failure, chronic renal failure (GFR<15
ml/min or blood creatinine over 125 umol/l).

Not included in the study were also patients with:
diagnosed or suspected oncological diseases, deviations
in the findings of laboratory and instrumental examina-
tion of obscure genesis (anemia, fever, etc.); autoimmune
and allergic diseases; acute inflammatory diseases and
chronic inflammatory diseases during the acute stage;
blood diseases. Patients who were unable to continue
further participation in the study process were not in-
cluded in the study either.

For each patient, it was the first case of AMI. At that,
all patients had a concomitant disease — type 2 DM
(mean duration of type 2 DM was 10.1+5.7 years).

The diagnosis of myocardial infarction was based
on clinical symptoms (intensive chest pain lasting for
more than 30 min.), over 2-fold increase of blood CPK MB,
positive blood troponin I test. The clinical examination of
patients was carried out pursuant to the standards (pro-
tocols) of AMI diagnosis and treatment with regard to
RSCS and WHO recommendations that included: gather-
ing of complaints and anamnesis, physical examination,
biochemical tests, and instrumental examination.

The package of mandatory laboratory examination
included: full blood count and urinalysis, coagulogram,
blood test for RW and hepatitis, transaminase, urea, cre-
atinine, electrolytes, blood lipids, creatine phosphoki-
nase and its MB fraction, troponin I, glycated hemoglo-
bin.

The package of mandatory instrumental examina-
tion included: ECG, EchoCG, chest X-ray, duplex scan-
ning of brachiocephalic arteries, 24-hr monitoring of
ECG, ABP and oxygen saturation.

The special examination included determination of
LPO and AOS, rheological properties of the blood, blood
ABB, glucose and lactate content, myocardial contractility.

At the time of inclusion into the study, all patients
received standard treatment for MI: anticoagulants, de-
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JapTaMu (IIpOTOKOJIaMM) AUATHOCTUKU U JIeYeHUs
OUM c yuerom peroMmeHjgauuii BHOK u BO3 u
BRJTIOYAJIO: cOOP KaIo0 1 aHaMHe3a, (pU3uKaIbHOE 00-
cjefioBaHUe, OMOXNMUYECKUe aHAIM3bI 1 HHCTPYMEeH-
TaJbHble METOIbI UCCIeJOBAHUA.

B koMILTIEKC 00513aTeTHHOTO JTAOOPAaTOPHOTO 0OCTe-
JTOBaHVI BXOIVJIF: OOIIHIH aHAIN3 KPOBH ¥ MOYH, KOATy-
JlorpaMma, aHaJIu3 KpoBU Ha RW U rennaTtuThl, TpaHCcaMu-
Hasbl, MOYEBUHA, KPEATUHUH, 3JIEKTPOJIUTBI, JIATIUIHBIN
CIIEKTp KpoBH, KpeaTuH(ochorrHasa u ee MB pakius,
TPOTIOHUH |, NINKUPOBAHHBIN FeMOIJIOONH.

B koMIIIEKC 06513aTETHHOT0 MHCTPYMEHTAIBHOTO
ucciaenosanud Bxonuiu: IKI, 9xoKI, pentrenorpadus
OpraHOB I'PYIHOU KJIETKH, OyIIJIEKCHOEe CKAHUPOBAHUE
O6paxuornedanbHBIX apTEPU, CYTOUHOE MOHUTOPHUPO-
Banue JKI, AJl 1 carypanuy KACJI0POIOM.

CrnenmasbHOe 00CIe0BaHNe BKJIIOYAJIO OIIpee-
jgeHue mnokasaresneil I1OJI u AOC, peoJsiorm4ecKux
cBoricTB kpoBH, KOC KpoBH, cofepKaHUs TVIIOKO3bI U
JIAKTaTa, COKPATUTETHLHOH CITOCOOHOCTH MHUOKap/Ia.

Ha MOMeHT BKJIIOUEHUs B MCCJIeloOBaHue BCe Talu-
€HTBI IT0JIy4a/Iu CTaHgapTHoe JedyeHne VIM: anTukoary-
JISTHTBI, Ie3arperanThl, HUTPATHI, 3-a1peH0b/I0KaTOPHI,
nHrHoNUTOPHI AIID, TP HEOOXOTUMOCTH AaHTATOHUCTHI
JIbI0CTEPOHA, IUYPETUKY, aHTArOHUCTHI KaJIbLiYsA, aH-
TaroOHUCTHI PELeNITOPOB aHIuoTeH3uHa I, cTaTuHbL.

IIpu npoBeeHNH 9HI0BACKY/ISIPHOTO BMelIaTe  b-
CTBa BBINOJIHSAJM AHTUOIVIACTUKY, UMIJIAHTUPOBAIN
CTEHTBI C aHTUIIPOJIM(pepaTUBHBIM JIeKapCTBEHHbBIM I10-
kpbitueM. [Tocsie YKB marmeHTaM mpoiosiKkaIu KoMOu-
HUPOBAHHYIO MeIMKaMeHTO3HYI0 Tepalliio, BKJII0Yalo-
IIyI0 aHTUTPOMOOIIUTapHBIE CPEACTBA, CTATUHEI (P
OTCYTCTBUU IIPOTUBOIIOKA3aHU), THTUOUTOPBI AIID, 3-
aTpeHobJIOKATOPEI.

Jts1 moprepskaHust HOPMOITIMKEMIH TI0I00p Tepa-
nuu CJl 2 Thma oCcyIecTBIIANN NHAVBUAYAJIbHO Ha OC-
HOBE CTAaHJAPTOB OKAa3aHUsA MEJUIMHCKON IIOMOIIU
60sbHBIM CJT AMEpUKAHCKOH TabeTHYecKoi accorma-
muu (Standards of Medical Care in Diabetes, American Di-
abetes Association) u HarmonansHbIx KiimHMYECKUX pe-
KOMEHJANN  «AJITOPUTMBI  CHENUATU3UPOBAHHOUN
MEUIMHCKON ITOMOIITH OOJIBHBIM CaXxapHBIM THa0eToM»
[1]. IleseByr0 KOHIIEHTPAIMIO NIIOKO3BI B KDOBU IIPU 3TOM
OTIpEeJIeJIAIN KaK 5—7 MMOJIB/J1— HATOIIAK ¥ He 60J1ee 10
MMOJIb/J1 — 1I0CJIe efbl. [lanenThl noJTyJyaay TUIonIn-
KeMUYecKUe IIperaparsl (MuMenupu 4-6 Mr/cyT u MeT-
dopmuH 1,5-3 v/cyT.) per 0s. B 8 ciryuasx (9,3% Hadroe-
HUH), TONOJHUTEJbHO KPaTKOBpeMeHHO (0T 1 1o 3-x
cyrok OVMIM), HagHa4YaJI1 NHCYJINH ITIOAKOKHO.

[areHTOB CJIyYaifHBIM 00pa3oM pasesIiIn Ha
JBe TPYIIIbl: KOHTPOJIBHYIO U OCHOBHYIO. [lanineHTsl
KOHTPOJIbHOM rpyTb (38 yesnoBek, 58,3+7,1 jieT) moJy-
4Jaau ctaggapTHoe jgedenue OVMM, sakiiodaBiieecs B
BBIIIOJIHEHUM  9HJOBACKY/IAPHOIO BMeIIaTesJbCTBA
(UKB) c uMmiaHTanyeil CTeHTOB C aHTUIIPOJInepaTus-
HBIM JIEKAaPCTBEHHBIM IHOKpBITHEM (100%). 3a 20-30
MHHYT 10 BbInloJIHEHNA UKB Bce manyeHTs o/ Tyda:
acnupuH — HarpysoyHasa pgosa 300 mr, najsee 100 mr
CyTKY; KjIonuaorpes — 600 Mr Harpy3o4yHas 034, Jajiee
75 MT' B CyTKA. BHYTpHBEHHO 60JTIOCHO BBOIU/IN Hedpa-
KIMOHUPOBaHHBIN rennapu — 70-100 Ex/Kr, HUTpOIIN-
IepuH UHTpakopoHapHO — 100-250 MKT. [IocJte cTeHTH-
pOBaHUS MaNFieHTaM IIPOIOJLKAIN KOMOWMHUPOBAHHYIO
MeIUKaMeHTO3HYIO Tepallulo, BK/IIOYAIOIIYI0 aHTharpe-
TaHTHI, CTaTUHBI, [3-aJpeH00JI0KaTOPbl, NHTHOUTOPHI

saggregants, nitrates, 3-adregenic blocking agents, ACE
inhibitors, as necessary, aldosterone antagonists, diuret-
ics, calcium antagonists, angiotensin Il receptor antago-
nists, statins.

During endovascular intervention, angioplasty was
performed, antiproliferative drug-eluting stents were im-
planted. After PCI the patients continued to receive com-
bined drug therapy that included antiplatelet drugs,
statins (if there were no counter-indications), ACE in-
hibitors, B-adregenic blocking agents.

To maintain normoglycemia, type 2 DM therapy
was selected individually on the basis of National Clinical
Guidelines «Algorithms of Specialist Medical Care to Di-
abetes Mellitus Patients» [1] and Standards of Medical
Care in Diabetes, American Diabetes Association. The
target blood glucose was determined equal to 5-7 pmol/1
after fasting and not more than 10 pmol/l after a meal.
Patients received hypoglycemic drugs, Glimepiride 4-6
mg/day and Metformin 1.5-3 g/day, per os. In 8 cases
(9.3% of observations), additionally, for a short period of
time (1 to 3 days of AMI), insulin was prescribed subcu-
taneously.

Patients were randomly split into two groups, con-
trol and the main one. Patients of the control group (38
men, 58.3+7.1 years old) received standard treatment of
AMI, which included endovascular intervention (PCI)
with implantation of antiproliferative drug-eluting stents
(100%). Twenty-thirty minutes prior to PCI, all patients re-
ceived: aspirin — the loading dose of 300 mg, thereafter,
100 mg a day; Clopidogrel — the loading dose of 600 mg,
thereafter, 75 mg a day. Intravenously a bolus dose of un-
fractionated heparin — 70-100 U/kg — was administered,
intracoronary nitroglycerin — 100-250 pg. After stenting,
the patients continued to receive combined drug therapy
that included antiaggregants, statins, 3-adregenic block-
ing agents, ACE inhibitors (following the recommenda-
tions of the European Cardiology Society, 2017).

In the main group under the study (48 men,
57.6+7.6 years old), the conventional therapy package
was complemented with metabolic drug Reamberin
made by NTPP ‘POLYSAN’, Saint Petersburg, Russia (Mar-
keting Authorization Number: R N001048/01 dated
06.09.2007) [17] (1.5% succinic acid solution), which was
administered first 30-60 minutes prior to PCI intra-
venously by drop infusion at a rate of 80-100 ml/hr. at a
dose of 10-12 ml/kg (800-1000 ml through an infusion
pump); thereafter, daily once a day for 5 days at a dose of
5-6 ml/kg (400-500 ml) intravenously at a rate of not
more than 100 ml/hr.

No significant differences in the age, duration of
IHD and type 2 DM, MI location, acute heart failure
stage, presence of risk factors for cardiovascular diseases,
extent of the atherosclerosis process, concomitant
pathology structure were found between the groups
(P>0.05). During the whole period of observation, treat-
ment tolerance and safety were monitored.

Methods of investigation. The parameters under
study included global and local contractility of the left
ventricle (V) at admission and on inpatient hospitaliza-
tion day 7 — end-diastolic volume (EDV), end-systolic
volume (ESV), ejection fraction (EF), wall motion score
index (WMSI), left ventricular diastolic function with
measurement of the maximal speed of early peak E (the
area under curve of the early diastolic blood flow) and
atrial peak A (the area under curve of the systolic phase of
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AII® (B coOTBETCTBUU C pekoMeHanusMu EBponeii-
CKOT0 00IIIeCTBA KapIn0JIOToB, 2017).

B ocnoBHOU rpynme (48 yesioBek, 57,6+7,6 jer)
KOMILIEKC CTaHJAPTHOM Tepanuu ObLJT IOTIOJTHEH BBe-
nenueMm peambOepuHa (1,5% pacTBOp SAHTAPHON KWC-
JIOTBI), KOTOPBIN HAYMHAJIM BBOAUTH 3a 30-60 MUHYT 10
UKB BHYTPHBEHHO KalleJIbHO CO CKOpOCThbIo 80-100
Mi1/4ac B gose 10-12 myi/kr (800-1000 mu1 yepe3 uHdy-
30Mar), Jajee eskeJHEBHO 1 pa3 B CYyTKU B TeUeHUE 5
JIHeU B 1o3e 5—6 mui/Kr (400-500 MJ1) BHYTPUBEHHO CO
CKOPOCTBIO He Oosee 100 mai/4ac.

CraTucTryecKy 3HAUMMBbIX Pa3JIMUUH 110 BO3PACTYy,
nmuaresabHOoCcTH UBC u CJ1 2 Tina, jiokasmaanuu MM, cra-
UM OCTPOU CepJIeYHON HEeIO0CTAaTOYHOCTH, HATUYUIO
(axTOpOB prCKa pa3BUTHS CEPIETHO-COCYIUCTHIX 3a00-
JIEBAaHUH, PaCIIPOCTPAHEHHOCTH aTEPOCKJIEPOTUYECKOTO
mpoiecca, CTPYKType COIYTCTBYIOIIEH IaToJIOTUN
MeK Iy IpyIIamMu He BeIABUIU (p>0,05). B Teuenue Bcero
repuoja HabJTIOIEHHS OCYIEeCTBIISIN KOHTPOJIb TTepe-
HOCHMOCTH 1 6€30ITaCHOCTH JIEUEHHUSI.

MeToabl ucciieqoBanusA. V3ydanu mokasaTesin
WI00ATLHOM M JIOKAJIBHOU COKPATUMOCTH JIEBOTO Ke-
aypouka (JI?K) npu mocTynjaeHnu U Ha 7-e CyTKU F'OCITN-
TaaU3alMl — KOHEYHBIA MHACTOJUYECKUH O00BheM
(K10), koHneuHbIii cuctonmdeckunii oosem (KCO), ppak-
1o BeIopoca (PB), MHIEKC HapyIIeHUsI JJOKaJIBHOH CO-
kpatumoctu (MHJIC), nnacrommyeckyio pyHKIHIO Jie-
BOTO SKeJyJO0YKa C U3MepeHHeM MaKCUMaJlbHOU
CKOpOCTH paHHero nuka E (r1omaas nox KpuBou paH-
HEero JAMACTOJIMYECKOTO KPOBOTOKA) U IPECEPAHOTO
nuKa A (Jomangs Mo KPUBOM CUCTOMYECKON (Dasbl
KPOBOTOKA IIpejicepiusi). 3aTeM PacCYUTHIBAJIA COOT-
"omrenne E/A. Hcnosb3oBanu anmaparbl «ASPEN»
(«Acuson», CIIIA), «Philips CX50» (CIIIA) u «Sonos 2500»
(Hewlett Packard, CIIIA).

ITokasaresu KOC onpefeisiiyi B BEHO3HOU KPOBU
B TpHu aramna: | saTan — npwu nocrymienuy, I atam —
cpasy rmocse YKB, III ararm — yepes 24 yaca 1ocjie cTeH-
THpoBaHUsA. pH BEHO3HOU KPOBH, NAapIIMATLHOE J1aBJIe-
HUe yrinekucsaoro rasa (pCo,), maprnuajbHOe TaBJeHue
kuciopona (p0,), nedurut OydepHbIXx ocHoBaHu (BE),
CTelleHb HACHIIIEHUsI TeMOITTIOOMHA KUCJI0poioM (sO,),
colepykaHre MeTabOJUTOB (IVIFOKO3a, JIAKTAT) peru-
CTPUPOBAJIM Ha aHaJIM3arope ra3os Kposu «RADIOME-
TER ABL800 FLEX» ([lanus).

WNutencuBHOCTh nponeccos [10JI u AOC onenu-
Basu niepes, YKB 1 Ha 5 cyTKU rocnuranusanuy myTemM
M3MepeHHsi B CBIBOPOTKE KPOBH COJIeP>KAHUS ITEPBUY-
HBIX (IMEeHOBBIX KOHBIOraToB — JIK), BTOpUYHBIX (Ma-
JIOHOBOTO Auasbaerunaa — MJIA) mpoayKTOB OKHCJIE-
HUSA U CTelleHW OKMCJIeHHOCTH Jjaunumgos (CO) [18],
KOHIleHTpanuu ¢-TokodepoJia (Td), nepysnonaasmmuaa
(LIIT), raTamassl, CylIepOKCUAANCMYTA3bl. IHTerpasib-
HYI0 UHTEHCUBHOCTb OKUCJIUTETHHOTO CTPECcca OIeHH-
BaJIH T10 BeJIMYMHE KO3 UIMeHTa, KOTOPbII paccuu-

ThIBaJIU 110 popmysie [19]:
LI
1)
OIn

AKi COoi Tdi
K= X X :
JKn COn Tén
rie 0603HAYEHUSI C MHIEKCOM i COOTBETCTBYIOT HC-
cJieryeMoMy 06pasity, a 0003HaYeHHUST C UHJIEKCOM 11—
cpenHeMy 3HAYEHHIO TTIOKA3aTesisi B HOpMe.

OneHnBaIu BpeMs CBePThIBAHUA KPOBHU, COZlep-
sKaHHUe B KpoBU (pubpuHOreHa. Kaskymyiocs u yaemis-

MJAi
MIAn

atrial blood flow). Then, the E/A ratio was calculated. The
instruments used were ASPEN (Acuson, USA), Philips
CX50 (USA), and Sonos 2500 (Hewlett Packard, USA).

ABB was determined in venous blood at three
stages: stage I — at admission, stage II — immediately
after PCI, stage IIl — 24 hours after stenting. Venous
blood pH, carbon dioxide partial pressure (pCO,), oxygen
partial pressure (pO,), buffer base deficit (BB), oxygen
saturation (sO,), content of metabolites (glucose, lactate)
were recording using blood gas analyzer RADIOMETER
ABL800 FLEX (Denmark).

The intensity of LPO and AOS processes was evalu-
ated prior to PCI and on inpatient day 5 by measuring
blood serum content of primary (diene conjugates —
DC), secondary (malondialdehyde — MDA) oxidation
products and degree of lipid oxidation (LO) [18], concen-
trations of a-tocopherol (TP), ceruloplasmin (CP), cata-
lase, superoxide dismutase. The integral intensity of ox-
idative stress was estimated by the coefficient K
calculated using formula [19]:

N )
OIn

AKi Coi Tdi
= (Gn % iaam < om)
JKn COn Tén
where designations with index i correspond to the
test sample and designations with index n — to the mean
normal value of a parameter.

Blood clotting time and fibrinogen content were es-
timated. The apparent and specific blood viscosity at
shear velocity of 250 to 10 reciprocal seconds and plasma
viscosity were determined using rotation viscosimeter
AKR-2, the relative blood viscosity according to B.V. Roit-
man et al. (2001) and red blood cell deformability index
(EDI) were calculated [20, 21]. Hematocrit was deter-
mined by high-speed centrifugation technique. The ag-
gregative activity of red blood cells was estimated accord-
ing to V. A. Shestakov and N. A. Aleksandrova (1974) [22],
ADP-induced aggregation of platelets was determined
using agrometer Thromlight according to Y. Born (1962)
[23].

The LPO and AOS values obtained in the patients
under study as well as rheological properties of the blood
were compared against same parameters found during
examination of the 32 clinically healthy volunteers.

Findings were processed by variation statistics
methods using the statistic criteria for determining the
normality of distribution of variables by Shapiro-Wilk
test. When distribution of variables differed from normal,
the medians (Me), and 25th and 75th percentiles were
used, and non-parametric statistics methods were em-
ployed to reveal significance. When the distribution was
normal, data were presented as the mean and mean error
(M+m). Differences were considered statistically signifi-
cant at P<0.05.

MJAi
MIAn

K

Results and Discussion

In type 2 DM patients developing AMI, de-
creased local and global contractility was found in
both groups (table 1.).

LVEF values were lower than normal values,
wall motion score index (WMSI) of the left ventricle
was increased in both groups and accompanied
with a relatively low stroke volume (SV). Cardiac

index (CI) was maintained at the level of low mar-
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Tabsmna 1. Biusinue PeamOepuHa Ha MOKa3aTeIu FeMOJUHAMUKH U (DyHKI[UIO MHOKap/a y nanueHTos c CJ1 2
tuna npu OUM (n=86), Me (25%; 75%).

Table 1. Reamberin Influence on Hemodynamics and Myocardial Function in Type 2 DM Patients during AMI
(n=86), Me (25%; 75%).

Parameters Values of parameters in groups on the study stages
Day 1 Day 7

Control (n=38) Main (n=48) Control (n=38) Main (n=48)
ABPd, mm Hg 69.8 (60.8; 81.6) 72.4 (63.4; 84.8) 63.2 (57.4; 68.6) 58.6* (50.2; 66.8)
BPs, mm Hg 88.7 (79.8; 96.4) 90.6 (83.4; 98.2) 82.2 (74.4;90.6) 79.6* (68.6; 88.2)
ESV, ml 65.4 (56.2; 82.2) 63.3 (54.5; 83.7) 63.8 (54.2;72.8) 66.9 (62.4; 80.6)
EDV, ml 121.6 (101.2; 160.8) 119.0 (99.8; 153.2) 123.6 (104.4; 150.6) 136.0* (122.9; 179.2)
SV, ml 56.2 (44.6; 68.0) 55.7 (43.8; 66.1) 59.8 (48.8; 81.6) 68.3* (51.5; 86.7)
E/A 0.66 (0.52; 0.82) 0.68 (0.52; 0.87) 0.88* (0.72; 1.04) 1.02*# (0.84; 1.26)
WMSI, score 1.42 (1.22; 1.54) 1.48 (1.26; 1.60) 1.36 (1.18; 1.28) 1.21* (1.12; 1.36)
CL I/min/m 2.2(2.0;2.5) 2.3 (2.0;2.6) 2.4 (2.2;2.5) 2.5(2.2;2.7)
HR, bpm 77.8 (69.8; 86.6) 78.4 (70.2; 88.2) 76.2 (67.4; 83.8) 69.6*" (64.2; 76.6)
EE % 46.2 (41.2; 46.2) 46.8 (41.8;47.8) 48.4 (45.6; 51.8) 50.2* (46.4; 53.2)

Note. * - P<0.05 - reliability of difference vs. previous stage (according to Mann-Whitney); # — P<0.05 - reliability of difference vs.
the control group figure.

ITpumeuanme. [y Tabs1. 1-5: Parameters — mapamerps]; Values of ... in groups on the study stages — 3HaueHus ... B rpyniax Ha
CTaausIX UCCAeOBaHUS; control — KOHTPoJIbHAST; main — ocHoBHas; day — cyrku; ABPd, mm Hg - AIln, mum pr. cT.; BPs — CAJl;
ESV, ml - KCO, mut; EDV - KJ10; SV — YO; WMSI, score — THJIC, 6as1; CI, I/min/m - CH, si/mun/m; HR, bpm — UCC, yi/mun; EF
— @B. * - p<0,05 - 10CTOBEPHOCTb PA3JIMYUNA OTHOCUTEBHO IpebIAylIero arana (1o merony Mansa—Yuran); * — p<0,05 —

JOCTOBEPHOCTH PA3JIUYHUI [10 OTHOIIEHHIO K 3HAYeHHIO B KOHTPOJIBHOU IpyIIIIe.

HYIO BA3KOCTb KPOBY IIPU CKOPOCTAX caBura ot 250 1o
10 06paTHBIX CEKYH] ¥ B3KOCTH IIJIA3MbI OTIPeIesIsiIn
Ha poTannoHHOM BucKo3uMmeTrpe AKP-2 ¢ pacuerom oT-
HOCHUTeJIbHOU BSISKOCTH KpoBU 1o B. B. Poiitmany u
coaBrT. (2001) n uaAEKCA 1e(hOPMUPYEMOCTH IPUTPOIIU-
ToB (M/19) [21]. [eMaTOKPHUT ONpeiesisiai METOLOM CKO-
POCTHOTrO LIeHTPU(YTrUpoBaHUs. ATPerallMOHHYIO aK-
TUBHOCTb 9PUTPOLATOB OLIEHMBAJIU II0 MeToay B. A.
[IlecrakoBa u H. A. Anekcangposotii (1974), A1P-unmy-
OUpyeMylo arperanyio TPOMOOIIMTOB Ha arpoMeTpe
«TpomyaiiT» no metoay Y. Born (1962).

[ToJsryyeHHBIE Y MCCI€IyeMBIX IIAIIIEHTOB 3HAYe-
Hus [10JI, AOC u peoJiorHYecKuX CBOICTB KpPOBU
CpaBHUBAJIM C aHAJOTMYHBIMU II0Ka3aTessIMHU, yCTa-
HOBJIEHHBIMHU IIPpU OGCJIGLLOBaHI/II/I 32 MMePBUYHBIX 3710~
POBBIX JOHOPOB.

PesysibTaThl 00padaThIBaIM C IOMOIIBIO METOJOB
BapI/IaILI/IOHHOfI CTaTUCTUKHU, UCIIOJIb3yAd CTaTUCTHUYE-
CKUe KpUTepUU IPOBEPKU HOPMAJIBHOCTH pacipejeJie-
HUA ¢ noMo1bio kputepus lanupo-Bunka. lna onn-
CaHuA TIIPpU3HAKOB C OTIWUYHBIM OT HOPMAJbHOIO
pacnpenesieHneM yrkasbIiBai Meauany (Me), 25-1 u 75-11
NPOLEHTHUJIN, U UCIIOJIb30BAJIN HellapaMeTpUuuecKue
MEeTOJbI CTAaTUCTUKU. B cilydyae HOpMaJIbHOIO pacipe-
JleJleHUs1 JaHHble IPeJCTaBJIAIN B BULle CPeJHEN Be-
JIMYUHBI ¥ OIMUOKYU cpenHelt (M+m). CTaTHCTHYECKHN
3HAYUMBIMU CUYUTaNU pasdianuud rnpu p<0,05.

Pe3ysnbrarhl U 00Cy:K/AI€HHE

Y namuenTtoB ¢ CJl 2 Thna npu pasBUTUU
OVIM o00Hapy>KW/IM CHUKEHHBIE IIOKa3aTeJn
JIOKAJIbHOM U T7100aJIbHOI COKPAaTUMOCTH B 00enx
rpynnax (tadJ. 1).

@B JIJK 6bLTa HUYKe HOpMAJIbHBIX SHAYEHUH,
WHJEKC HapyLIeHUs JIOKAJIbHON COKPAaTUMOCTHU
(MHJIC) JsieBOTO SKeJyIOYKa OBLI yBEJIWYEH B
006eux rpyInax U COMPOBOSKAATICA OTHOCUTEHHO
HHU3KUM 3Ha4eHHeM ynapHoro oobema (YO). Iox-

gin of the normal range due to increase of the heart
rate (HR). Low E/A ratio discovered evidenced LV
diastolic dysfunction because of AMI development.
All initial changes of intracardiac hemodynamics
and myocardium contractility were identical and
comparable in both groups.

At the background of treatment, LVEF increase
from 46.8 (Me, interquartile range 41.8-47.8) to
50.2% (Me, interquartile range 46.4-53.2; P<0.05)
was noted in the main group; in the control group,
LVEF increase was smaller: from ¢ 46.2 (Me, in-
terquartile range 41.2-46.2) to 48.4% (Me, in-
terquartile range 45.6-51.8; P<0.05). E/A ratio grew
in the main group by 33.3% (P<0.05); in the control
group, a lesser increase was observed (P<0.05). In
the main group, diastolic arterial pressure (ABPd)
decreased by 19.1% (P<0.05) and SV increased by
22.6% (P<0.05), which was not observed in the con-
trol group. CI remained stable at the study stages in
both groups; however, if in the control group it was
achieved because of HR increase, in the main group
it occurred due to SV increase. WMSI decrease was
more prominent in the main group — by 18.2%
(P<0.05), which had a positive impact on LVEF
growth (P<0,05). Normalization of LV systolic and
diastolic functions in the Reamberin group of pa-
tients was accompanied with improvement of the
patients’ clinical conditions.

Initial ABB assessment revealed compensated
metabolic acidosis in the venous blood in both groups,
which was characterized by pH maintained within the
lower margins of the normal range and significant de-
crease of BB below the normal level (table 2).

Decreased BB was compensated by reduced
pCO, in both groups, i.e. thanks to the breathing
component. The control group developed decom-
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Jepskanue ceppedyHoro uHuerca (CH) Ha ypoBHe
HUJKHUX TDAaHUI, HOPMaJIbHBIX 3HAaUYeHUH OCy-
[IECTBJIAJIOCH 3a CUET MOBBIIIEHUsI YaCTOTHI Cep-
neunblx cokparmiennit (YCC). OOHapy>KeHHBIN
HU3KHUU ypOBeHb COOTHOIIeHUs E/A cBuneresb-
CTBOBAJI 0 fUacToandeckol nucdyukium JIXK Ha
¢one pazsutus OVIM. Bce ucxogHbie uaMeHeHU s
BHYTpPUCEPIEYHON TeMOAMHAMHUKU U COKpaTHU-
TeJbHOU CITIOCOOHOCTH MUOKap/ia ObLIN B 00enx
rpyniiax AeHTUYHBI U COIIOCTaBUMBIL.

Ha ¢one npoBonumoro JjieueHusi B OCHOB-
HOM rpyne orMmetusu yBenanuenue OB JIFK ¢ 46,8
(Me, "HTEpKBAPTUIAbHBIN pa3dmax 41,8-47,8) no
50,2% (Me, UWHTEpKBapTUJbHBIN  pa3max
46,4-53,2; p<0,05), B KOHTPOJBHOU I'pyIIIE yYBe-
audyenue @B JIJK ObL10 BEIpa’KeHO B MEHbBIIIEH
crerieHn — C 46,2 (Me, MHTepKBapTUJILHBIN pas-
Max 41,2-46,2) no 48,4% (Me, ”HTEPKBAPTUJIbHBIN
pasMmax 45,6-51,8; p>0,05). Coornomenus E/A
YBEJIMUYUJIOCH B OCHOBHOU rpynme Ha 33,3%
(p<0,05), B KOHTPOJILHOIN OTMETUJIN YBeJINUEeHHE
B MeHbIIIel creredu (p<0,05). B ocHOBHO¥ Tpym-
Ile BBIABUJIN CHUKEHUE YPOBHSA JUACTOJIMYECKO-
ro aprepuaJjnbHoro nasjeHud (Allx) Ha 19,1%
(p<0,05), yBesqmmuenue YO Ha 22,6% (p<0,05), uero
He Ha0JTI01a/TN B KOHTPOJIbHOH rpymie. CU ocra-
BaJICA CTaOMJIbHBIM Ha 9Tallax MUCCJIe0OBaHUSA B
obenx rpynmnax, OJHaKO, eCId B KOHTPOJIbHOU
rpyle 3TO JOCTUTaJOCh 3a CUET IOBBIIICHUS
YCC, To B OCHOBHOU TpyIIie BCJIeACTBUE yBe-
suuenus YO. BoJiee BbIpaskeHHBIM OBLJIO U CHU-
skenue MTHJIC B ocHOBHOMU rpynmne — Ha 18,2%
(p<0,05), YTO MOJIOKUTEJBHO OTPA3UJIOCH Ha
npupocte ®B JIXK (p<0,05). Hopmanusanus
CUCTOJIMYECKON U AMACTOINYECKON (PYHKINU
JIJK y manueHToB B IpylnIie, rie UCIoJb30BaJlIn
peamM0O€epHH, CONTPOBOSK/IATIOCH YIyUIIIEHUEM KITU-
HUYECKOT'0 COCTOSIHMS MTAlliueHTOB.

ITpu onerke KOC mcxomHo B 00€nx rpymnmax
B BEHO3HOU KPOBU BBIIBUJIN KOMIIEHCUPOBAHHBIN
MeTaboTMYeCKAH aluI03, XapaKTepPU3yIOITUCcs
coxpaHeHneM pH B mpejesiax HUKHUX T'PaHUIL
HOPMaJ/IbHbIX 3HAYEHUU CO 3HAYUTEJTbHBIM CHU-
skeHreM BE HUKe HOPMAJIBHOTO YPOBHS (Ta0JI. 2).

CHuskeHHOe 3HaueHue BE kommneHcupoBa-
Jock ymeHbIenueM pCO, B 00enx rpymrmnax, T.e. 3a
CUeT JIbIXaTeJIbHOT0 KOMIIOHEHTA. B KOHTPO/IbHOM
T'pyIIIe pa3BUJICS JEKOMIIEHCHPOBAaHHbBIA MeTabo-
audeckuit annao3s (pH 7,32+0,08 u BE -3,0+0,0) ko
II aTamy uccaeqoBaHusA C IOC/IenyIolleil TeHaeH-
nueln k Hopmasimsanuu pH yepes 24 yaca mocJe
YKB. [Ipu atom 3Hauenue BE na III arane 66110
HUsKe HOpMBI (BE -2,8+0,06 MMOJIB/JT), UTO CBUIE-
TEJIbCTBOBAJIO O COXPAHAIIIEMCA KOMIEHCUPO-
BaHHOM MeTaboJn4YeckoM amumose (tadJ. 2). B
OCHOBHOW TpyIIIie MeTab0INYeCKUAH aru03 ObIT
KynuposaH ysxe ko II srany, pH u BE ocraBajiuce
B IIpejiejiax HOpMaJIbHBIX 3HAYEeHUN U dyepes 24
yaca nocJje YKB.

pensated metabolic acidosis (pH 7.32+0.08 and
BB -3.0£0.0) by stage II of the study with a subse-
quent tendency towards pH normalization 24
hours after PCI. During stage III, BB was lower
than the normal range (BB -2.8+0.06 pmol/l),
which evidenced persistent compensated meta-
bolic acidosis (table 2). In the main group, meta-
bolic acidosis was jugulated already by stage II,
pH and BB remained within the normal range 24
hours after PCI, too.

Oxygen saturation (sO,) and partial oxygen
pressure (pO,) in the venous blood were within the
normal range in both groups, which indicated ab-
sence of oxygenation disturbances and oxygen debt
at all stages of the study.

Administration of Reamberin to AMI patients
along with conventional therapy resulted in reduc-
tion of blood glucose dynamically from stage I to
stage III of the study by 21.8% (P<0.05); moreover,
at the last stage, this parameter was noticeably
lower than in the control group by 15.3% (P<0.05).
Pharmacological correction of metabolic disorders
due to Reamberin led to decreasing the level of tis-
sue hypoxia in patients of the main group: the lac-
tate level was lower vs. control by 23.5% (stage II of
the study) and 48.4% (stage I1I) (P<0.05).

It was discovered that AMI development was
accompanied with activation of LPO processes
(table 3). In both groups, during the first 24 hours,
both primary LPO products — hydroperoxides —
increased more than 2-fold (P<0.05), and second-
ary LPO products — diene conjugates and Schiff’s
bases — increased more than 3-fold (P<0.05); MDA
activity was twice (P<0.05) higher than the normal
figures. Increased malondialdehyde in the blood of
myocardial infarction patients has been described
previously [12], and our findings provide an addi-
tional support for these data.

Analysis of AOS figures revealed some multi-
directionality of AOS alterations in type 2 DM pa-
tients during AMI. During AMI, plasma catalase fell
below the normal range: by 26.1% (P<0.05) in the
control group and by 27.1% (P<0.05) in the main
group. Decrease of the thermostable fraction of
catalase was similar to changes of the total plasma
catalase and fell by 23.3% (P<0.05) in the control
group and by 24.1% (P<0.05) in the main group.

The activity of red blood cell enzyme of an-
tioxidant protection — superoxide dismutase —
lowered in both groups by more than a third
(P<0.05). The findings evidenced frustration of pro-
tection mechanisms during acute period of MI in
type 2 DM patients. Blood a-tocopherol did not
change at the background of AMI development
during the first 24 hours.

Ceruloplasmin concentration was slightly and
non-significantly increased in both groups during
the first 24 hrs. of AMI.

The integral oxidative stress intensity index K
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Ta6snna 2. Biuanue PeamOeprHa Ha IOKa3aTe 1M KUCJIOTHO-OCHOBHOTO COCTOSTHHST BEHO3HOH KPOBH U KOH-
IEeHTPaLUIo [NII0K03bl y nanueHToB ¢ C/l mpu OUM (12=86), (M+m).
Table 2. Reamberin Influence on Acid-Base Balance of Venous Blood and Glucose in DM Patients during AMI

(n=86), (M+m).

Parameters Values of parameters in groups on the study stages
I (prior to PCI) II (straight after PCI) 111 (24 hrs. after PCI)
Control (n=38) Main (n=48) Control (r=38) Main (n=48) Control (r=38) Main (17=48)

pH 7.36+0.05 7.35+0.01 7.32+0.08 7.36+0.06 7.35+0.06 7.38+0.02
pCO,, mm Hg 42.8+0.4 45.6+0.6 48.3+1.2 48.4+1.4 52.0+0.8 57.0+£1.0
pO,, mm Hg 37.5+0.1 34.4+0.2 36.9+0.9 37.6x1.4 42.8+1.2 46.3%£1.9
BE, mmol/l -3.6+0.04 -3.8+0.06 -3.0+£0.08 -2.4+0.06 -2.8+£0.06 0.6+0.08*
50,,% 59.4+1.2 60.1+£0.9 60.2+2.2 62.5+1.4 63.4+1.8* 66.2+2.2*
Glucose, mmol/1 7.4+0.6 7.8+0.5 7.8+0.5 7.2+0.5 7.2+0.3 6.1+0.2**
Lactate, mol/l 3.310.2 3.240.2 3.4+0.3 2.6+0.1 3.1+0.3 1.6+0.2*

Note. * — P<0.05 - reliability of difference vs. previous stage; # — P<0.05 - reliability of difference vs. the control group figure.
IIpumeuanue. PCI - YKB; prior to — nepeg; straight after — cpasy nocae; 24 hrs. after — uepes 24 1 nocie. * — p<0,05 — focroBep-
HOCTBb PasJ/INYUil OTHOCHUTEIHHO IPeIbIAyINero aramna; # — p<0,05 — JOCTOBEpPHOCTb PA3/IMYU 110 OTHOIIEHUIO K 3HAUY€HUIO B

KOHTPOJIbHOM TpyIIIIe.

Crenenb HachlleHUs KucaoponoM (sO,) u
HanpsireHne kucaopoma (pO,) B BEHO3HON KPOBU
B 00eux rpymnmax ObLJId B IIpefiesiax HOpMaabHBIX
3HAYEHUH, YTO CBUJETETHCTBOBAIO 00 OTCYT-
CTBUH HapyIIeHU OKCUTeHAIINN ¥ KUCJIOPOTHOHN
3a/10JKEHHOCTH Ha BCeX aTanax ucC/IeJ0BaHus.

BBenenue peambepuna Ha poHe CTaHIAPT-
HOU Tepanuu 60sbHBIM OVIM croco6cTBOBAIO
CHUJKEHUIO YPOBHSI INIIOKO3bI KPOBU B IMHAMUKE
ot I k III aramnty uccinenosanus Ha 21,8% (p<0,05),
IIpUYeM Ha IocJIeTHeM JTalle JaHHbIHM IToKa3arTe b
OBIJT 3aMEeTHO HIKE, YeM B KOHTPOJILHOH TpyIire
Ha 15,3% (p<0,05). Papmakrosornyeckass KOppek-
IIUs1 MeTaboINYeCKUX HapyIIeHu peaMOeprHOM
IT03BOJINJIA CHU3UTD CTeTIeHb TKAHEBOI TMIIOKCUM
y aI[ieHTOB OCHOBHOM I'PYIINBL: YPOBEHB JIAKTaTa
OBLT HUYKE OTHOCUTEJIBHO KOHTPOJIA Ha 23,5% (II
ararn ucciaenosanus) u 48,4% (I1I aramn) (p<0,05).

O6napy:xuy, 4to pazsutre OVIM conpoBosk-
JIasnoch akTuBarueit mporeccos [10JI (Taba. 3). Tak
B 00eux IpyIiax B IepBble CyTKU HapacTaau KOH-
LEHTPalyy KaK IIepBUYHBIX NPOayKkToB 110JI —
ruaporiepexuceii 6osee, 4em B 2 pasa (p<0,05), Tak
U BTOPUYHBIX IPORYKTOB I10JI — A1eHOBBIX KOH-
‘pioraToB u [1InddoBbix ocHOBaHMI 60JTee, yeM B 3
pasa (p<0,05), aktuBHOCTH MJIA B 2 pasa (p<0,05)
BBIIIlE HOPMAaJbHBIX 3HAUYeHWH. B JsmTeparype
HMMEIOTCSl YKa3aHUsl Ha MTOBBIIIEHNE COJepyKaHUA
MaJIOHOBOTO [HaJIbJeruja B KPOBU OOJJIBHBIX
nH@papKkTOM MIOKapaa [12], 4To HAIIIIO0 TOATBEP-
SKJleHHEe B peayJsrarax IIPOBEJeHHOr0 HaMu
HCCJIeJOBaHUA.

N3yuenne nokasaresieit AOC BBIABHJIO HEKO-
TOPYIO pa3HOHAIPAaBJIEHHOCTb UX U3MEHEHUH Y
nanueHToB ¢ CJ] 2 tTumra npu OUM. Tak karasasa
na3Msel ipu OVMIM cHu3u/Iach HAYKE HOPMBL: Ha
26,1% (p<0,05) B KOHTPOJIBHOU rpytine 1 Ha 27,1%
(p<0,05) B ocHOBHOI. CHUKEHNE TEPMOCTAONITh-
HOU (ppaKIyy KaTanaasbl ObLIO AHAJIOTUYHO U3Me-
HEHUsIM YPOBHS 00IIeld Karasia3bl MJIa3Mbl U B
KOHTPOJIBHOH TpylIle yMeHbIIMIAach Ha 23,3%
(p<0,05), B ocHOBHOI — Ha 24,1% (p<0,05).

reflected misbalance in the mutual relations of LPO
and AOS towards predominance of oxidative
processes up to development of oxidative distress
in patients during AMI at the background of pre-ex-
isting type 2 DM. During the first 24 hrs. of AMI, K
was increased in all patients by 75%, P<0.05, over a
normal range in both groups.

As aresult of AMI treatment in type 2 DM pa-
tients, in the group where Reamberin was used, DC
concentration decreased by 51.3% (P<0.05), and in
the control — by 36.8% only (P>0.05) and did not
reach normal values. Schiff’s bases decreased in the
main group by 44.2% (P<0.05), in the control group
— by 35.6% (P>0.05), still exceeding the normal
range almost two-fold (1.8-fold in the main group
and 2.1-fold in the control group; P<0.05). The ini-
tially increased MDA activity decreased by 28.4%
(P<0.05) in the main group, exceeding the normal
range 1.5-fold (P>0.05), in the control group — by
19.1% (P>0.05), exceeding the normal range 1.7-
fold (P<0.05). Hydroperoxides’ concentration de-
creased greater in the main group — by 28.9%
(P<0.05), in the control group — by 16.4% only
(P>0.05), its level being twice higher than the nor-
mal range (P<0.05).

Analysis of AOS at the background of con-
ducted therapy discovered that the initially de-
creased plasma catalase increased by 24.8%
(P<0.05) in the main group and to a lesser degree
in the control group — by 11.6% (P>0.05), ap-
proaching to normal values. Correspondingly, its
thermostable fraction increased in the main group
by 19.5% (P<0.05) and in the control group — by
7.2% (P>0.05). The initially decreased activity of su-
peroxide dismutase grew by 36% (P<0.05) at the
background of treatment in the main group and
only by 18.6% (P>0.05) in the control group, also
demonstrating a tendency to normalization. The
initially increased level of ceruloplasmin had a mild
tendency to decrease in the main group by 4.2%
(P>0.05), in the control group — by 13.6% (P>0.05),
remaining higher than the normal range (P<0.05).

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com

11



12

DOI:10.15360/1813-9779-2019-3-4-18

Clinical Practice & Studies

Ta6smna 3. Biusanue PeamOepuHa Ha MOKa3aTe U IEPEKUCHOTO OKHCJIEHH S JIUITU/I0B U aHTHOKCH/TAHTHOM CH-
cremsbl mpu OUM y manfueHTOB € caXapHBIM AuabderoM 2 Tuna (1n=86), Me (25%; 75%).
Table 3. Influence of Reamberin on Lipid Peroxidation and Antioxidant System during AMI in Type 2 Diabetes

Mellitus Patients (72=86), Me (25%; 75%).

Parameters Values of parameters in groups on the study stages Normal
I I Range
Control (n=38) Main (n=48) Control (n=38) Main (n=48)
Diene conjugates AD233/mg/ml 2.31* 2.30* 1.46 1.12%#%% 0.62
(2.12; 2.96) (2.16; 2.54) (1.04; 1.86) (0.92; 1.36) (0.51; 0.66)
Schiff’s bases, c. u. 3.20* 3.26* 2.06* 1.82%# 0.99
(2.58; 4.24) (2.64;4.12) (1.68; 2.34) (1.34; 2.06) (0.49; 1.12)
Malondialdehyde, nmol/ml 2.62*% 2.68% 2.12% 1.92#%* 1.24
(1.06; 3.22) (1.48; 3.42) (1.68; 2.52) (1.64;2.18) (1.08; 1.46)
Hydroperoxides, nmol/mg 1.22% 1.21% 1.02%# 0.86* 0.54
(0.86; 1.72) (0.84; 1.68) (0.68; 1.42) (0.58; 1.12) (0.28; 0.76)
Plasma catalase, nmol/ml 72.2% 71.4* 80.6* 89.1 97.9
(50.2; 95.8) (49.8; 96.4) (52.8; 100.6) (70.2; 106.4) (77;112.4)
Superoxide dismutase, sp. u. 1002* 1028* 1188* 1398* 1605
(866; 1132) (892; 1204) (866; 1506) (1206; 1642) (1268; 1887)
Thermostable fraction of catalase, % 30.6* 30.3* 32.8*% 36.2#%* 39.9
(27.8; 33.8) (29.1; 32.6) (29.9; 35.4) (32.8; 39.0) (37.8;41.2)
a-tocopherol, pg/mlemg 3.22 3.26 3.28 3.32 3.24
(2.42;4.12) (2.48; 3.82) (2.58;4.12) (2.98; 4.06) (2.66; 3.94)
Ceruloplasmin, mg/100eml 41.2% 40.1* 35.6% 38.4*% 31.8
(36.4; 48.2) (33.9; 46.3) (33.2;38.2) (35.2;40.8) (30.2; 36.5)
K c.u. 1.96* 1.95*% 1.62 1.30%** 1.12
(1.38; 3.02) (1.39; 3.13) (1.26; 2.06) (1.06; 1.82) (0.90; 1.32)

Note. * — P<0.05 reliability of difference vs. normal range; * — P<0.05 — reliability of difference vs. previous stage (according to
Mann-Whitney); ** — P<0.05 - reliability of difference vs. control group.

Ipumeuanwue. [[yis1 TadJ1. 3, 4: normal range — HopMma; diene conjugates — TueHOBbIe KOH'BIOTATHI; schiff’s bases, c. u. — mmpdoBb
ocHOBaHwus, y. e.; malondialdehyde — masionoBBIH guanbaeru; hydroperoxides — rupponepekncy; plasma catalase — karaszasa
m1a3Mel; superoxide dismutase , sp. u. — cynepokcuagucMyTasa, ya. enl.; thermostable fraction of catalase — repmocrabusibHas
¢pakiusa karamnassl; a-tocopherol — ¢-Torodepos; ceruloplasmin — nepymnonnasmus; c.u. —y.e. * — p<0,05 10CTOBEpHOCTH pas-
JIMYU 110 OTHOLIEHUIO K HOpMeE; * — p<0,05 — TOCTOBEPHOCTh PAa3JIUYUI OTHOCUTEJBLHO HpPEIbIAYIero aramna (o MeToLy
MaHnHa-YuTHn); ** — p<0,05 — TOCTOBEPHOCTH PA3IMYHil 10 OTHOIIEHUIO K KOHTPOJIBHOU TPYIIIIe.

AKTHBHOCTb 3pUTPOIUTAPHOIO (pepMeHTa
AHTUOKCUJAHTHOH 3aIIUThI CyIIEPOKCUIUCMYyTa-
3bI OBbIIa CHIKEHA B 00enX rpyIax 0oJjee, 4eM Ha
TpeTh (p<0,05). ITosryyeHHbIe pe3yJIBTaThbl CBULE-
TeJbCTBOBAJIY O CPbIBE 3alIUTHBIX MEXaHU3MOB B
octpom nepuoge UM y nanuenTos ¢ CJI 2 tuna.
Conepsxanue a-TokodepoJia B KpOBU HE U3MEHU-
Jiock Ha (poHe pa3dBuTusi OVIM B niepBbIe CyTKU.

YpoBeHb LepyI0IIa3MUHa OBITT HECKOJIBKO
yBeJIM4YeH B 00€erX rpynnax B nepsbie cyTkn OVM,
OJTHAKO CTelleHb 3TUX U3MEeHEeHU He BhIXO1JIa 33
Ipefiesibl CTAaTUCTAYEeCKOU ITOTPeITHOCTH.

WHTerpa/ibHbIN IOKa3aTeb UHTEHCUBHOCTU
OKUCJIUTETHFHOTO cTpecca K orpaskasn nqucbasmanc
B3auMooTHo1eHu#l I10JI u AOC B cTOpoHYy Iipe-
00J1aTaHNsT OKMCJIUTETBHBIX ITPOI[ECCOB BILJIOTH
[0 pa3BUTHUs OKCUIATUBHOIO OUCTpecca y Hary-
enToB nmpu OVIM Ha pone umeromerocst CJ1 2 tuna.
Tak koa(ppunuent K B nepsrie cyTku OVIM y Bcex
MaIeHToB ObLI OBBIIIEH HA TPU YETBEPTH (HA
75%, p<0,05) BbIllle HOPMAaJIbHBIX 3HAYEHUIH B
06eunx rpymnmnax.

B pesysprare sieuennsa OVIM y nanjueHTOB C
C]I 2 Tuma B TpyIIIle, TAE UCII0JIH30BaIN peamoe-
puH, koHueHTpanuss /IK cam3uaace Ha 51,3%
(p<0,05), B KOHTpOJbHOU — JuIib Ha 36,8%
(p>0,05) 1 He TOCTUIVIAa HOPMAJTbHbBIX 3HAYEHUH.
[MnddoBbI OCHOBAaHUA CHU3UJIXNCHh B OCHOBHOH

a-tocopherol practically did not change in either
group, being within the normal range.

As aresult of therapy, oxidative stress intensity
decreased most noticeably in the main group — by
33.3% (P<0.05), and only by 17.3% (P>0.05) in the
control group. There was a significant difference by
this parameter between the main and control
groups (P<0.05).

Thus, it has been proven that during AMI type
2 DM patients develop oxidative distress manifest-
ing in considerable activation of LPO and insuffi-
cient activity of the enzymatic component of AOS.
Early PCI performed on the infarction-dependent
artery failed to provide full normalization of meta-
bolic disorders in type 2 patients and required an
appropriate combined therapy. In this group of pa-
tients, the necessity and efficacy of Reamberin for
restoration of balance in the prooxidant-antioxi-
dant system was found.

Analysis of rheological properties of the blood
revealed that in type 2 DM patients with AMI, blood
viscosity characteristics rose, especially due to
plasma component (table 4). In this population of
patients, plasma viscosity increased the norm by
18.9-20% (P<0.05). In both groups, increase of the
yield point characterizing viscosity rise at a low
shear velocity was noted, which was caused by

some increase of hematocrit and fibrinogen 1.8
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rpynne Ha 44,2% (p<0,05), B KOHTPOJBbHOU — Ha
35,6% (p>0,05), mo-npeskHeMy IIpeBbINIasg HOP-
MaJIbHble 3HaUYeHWs II0YTH B [Ba pa3a (B 1,8 pasa
B OCHOBHOU rpymnmne u B 2,1 B KOHTPOJIbHON;
p<0,05). FMicxogHO NTOBBIIIIEHHAA aKTUBHOCTb MJIA
cHHu3usIach Ha 28,4% (p<0,05) B OCHOBHOM r'pyIlIIe,
MpeBbIlllasi HOpMaJbHbIE 3HaueHUsdA B 1,5 pasa
(p>0,05), B KOHTpOJIBHOU — Ha 19,1% (p>0,05),
MpeBbIlllasi HOpMaJbHbIE 3HaUueHUA B 1,7 pasa
(p<0,05). KoHueHTpanus THUIPONEpPEKUCEN B
0oJbIIIENl CTEleHW YMEHBIINIACh B OCHOBHOM
rpynne — Ha 28,9% (p<0,05), B KOHTPOJIbHON —
auiib Ha 16,4% (p>0,05), npu 3TOM ee ypOBEHb
ObLT BBIIIIE HOPMAJIbHBIX 3HAYEHUH B JBa pas3a
(p<0,05).

[Tpu ananmse cocrosiauss AOC Ha ¢oHe npo-
BOJMMOU Tepanuu OOHAPYKWJIH, YTO HCXOTHO
CHU’KEHHBI YPOBEHb KaTaJjasbl [1J1a3Mbl YBeJIU-
uncs Ha 24,8% (p<0,05) B OCHOBHOM I'pyIlIie U B
MEHBIIIEN CTeleHN B KOHTPOJIbHOU — Ha 11,6%
(p>0,05), mpubaMKasich K HOpMaJbHBIM 3HAYeE-
HUAM. Takke, COOTBETCTBEHHO, YBEJINYUJIACh €e
TepMocTabuIbHasA (PpPaKIMsd B OCHOBHOH Ipyrme
Ha 19,5% (p<0,05), Ha 7,2% (p>0,05) B KOHTPOJIb-
HOU. VIcXOAHO OHUsKEHHAs] aKTUBHOCTD CYIIEP-
OKCUIAUCMYTa3bl yBeJInuuaach Ha 36% (p<0,05)
Ha (poHe JeueHUs B OCHOBHOU IpyIIie, B KOHT-
poJyibHOU — Jstuilb Ha 18,6% (p>0,05), Takke nMest
TEHAEHIUI0 K HOpMaJu3aluu. VICXOMHO TIOBBI-
IIIeHHBIN YPOBEHD IEPYJIOIIa3MUHA UMeJ Caabo
BBIPpAsKEHHYI0 TEH/IEHIIAI0 K CHUKEHUIO B OCHOB-
HoW rpymnme Ha 4,2% (p>0,05), B KOHTPOJBLHOU
rpymme Ha 13,6% (p>0,05), ocTaBasCh BBILIE HOP-
MaJIbHbIX 3HaYeHnH (p<0,05). YpoBeHb a-ToOKODe-
poJia B 06eux rpymniax npakTHYeCcKy He U3MeHUJI-
Cs1, HAXO/ISICh B IpeJiesiax HOPMAJ/TbHBIX 3HAYEHUH.

B pesynbrare Tepanuu HanboJiee 3aMeTHO
CHHM3WJICA MOKa3aTesJib MHTEeHCUBHOCTU OKMCJIM-
TeJIBHOTO CTpecca B OCHOBHOU rpymre Ha 33,3%
(p<0,05) n siuib Ha 17,3% (p>0,05) B KOHTPOJIBHOI.
Paznuyus mo aTomMy mokasareJii0 B OCHOBHOU U
KOHTPOJIBHOM rpymiax 66111 3HaYUMBIME (p<0,05).

Taknm 06pa3oM JoKa3asy, 4To y Mal[ieHTOB
¢ C/I 2 Tuna mpu OVUM pa3BUBAETCA OKCUIATUB-
HBIN IUCTPECC, BHIPAMKAIOIIUINCA B 3HAYUTETbHON
axtuBanuu [10JI 1 HegOCTaTOYHON aKTUBHOCTH
depmenTaruBHOl cocrtaBJistionieii AOC. Pannee
BoinmosiHeHe YKB Ha nHpapKT-3aBucuMoi apre-
puu He 00eCIeYnIIO ITOJTHOM HOpMaIU3aIuy MeTa-
OostmyecKrx HapyIIeHn y manueHToB ¢ CII 2 Tuma
1 TpeOOBAJIO COOTBETCTBYIOIIEN KOMILIEKCHOMN
Tepanuu. Y aToM KaTeropyu MalieHToB MToKa3aau
HEoOX0AUMOCTD U 9(P(PEeKTUBHOCTD MPUMEHEHUS
peaMmbepuHa Jij11 BOCCTaHOBJIEHUsI OaJiaHca Mmpo-
OKCUJAHTHO-aHTUOKCUIAHTHON CUCTEMBI.

[1pu n3yuyeHnu nokasaresieil peoJIorudeckux
CBOICTB KPOBHU BBISIBUJIM, YTO y HaniueHToB ¢ C/] 2
TMHa Ha ¢QoHe pasdButusa OVIM Bs3KOCTHBIE
XapaKTEPUCTUKU KPOBU MOBBICUJINCH, 0COOEHHO

times (P<0.05).

Increased aggregation activity of red blood
cells by 64-66% (P<0.05) above the normal range
and, to alesser degree, platelet activity — by 14.4%
in both groups was established. The disorders re-
vealed might be probably caused by changed prop-
erties of blood cell membranes due to the damag-
ing effect of excessive products of oxidation [24].
The red blood cell deformability index characteriz-
ing red blood cell elasticity and, hence, their ability
to change their shape at the level of microcircula-
tion was a bit lowered (by 15.1%). These facts evi-
denced a trend towards disturbance of red blood
cells’ cellular membrane architectonics due to LPO
activation and in this connection gave rise to the
risk of development of blood circulation disorders
at the microcirculatory level in spite of the fact that
as early as the first stage of the study, conservative
therapy using such drugs as aspirin, heparin, Clopi-
dogrel, etc. was delivered.

The discovered initial increase of the clotting
time in all patients reflected adequacy of the anti-
coagulant therapy conducted and did not differ be-
tween the groups.

Analysis of the rheological properties of blood
at the first stage of the study reflected the physio-
logical stress response during AMI, which mani-
fested in the increase of blood viscosity due to its
plasma component, which, most probably, is re-
lated to the increase of fibrinogen concentration
and some increase of hematocrit.

In the same patients, reliable correlations
were found between the values of: yield point and
superoxide dismutase concentration (r=-0.43;
P<0.05); yield point and activity of the ther-
mostable fraction of catalase (r=0.51; P<0.05).
Comparison of the figures of aggregative ability of
red blood cells versus activity of the thermostable
fraction of catalase also revealed inverse correla-
tions (r=—0.49; P<0.05). The data obtained evi-
denced the mutual connection of disorders in the
LPO/AQS system and rheological properties of the
blood.

Dynamic analysis of rheological properties of
the blood has demonstrated that in the course of
AMI treatment, the apparent blood viscosity at low
velocities in the main group decreased by 21.9%
(P<0.05) and in the control group — by 13.4%
(P>0.05). The apparent blood viscosity at high ve-
locities similarly showed increased tendency for de-
creased values by 15.5% (P<0.05) in the main group
and by 10.6% (P>0.05) in the control group. The
normalization of blood viscosity as determined by
plasma viscosity decrease by 12.2% (P<0.05) in the
main group and by 6.5% (P>0.05) in the control
group, resulted in yield point decrease by 47.1%
(P<0.05) and 37.3% (P<0.05), respectively. The most
noticeable were alterations of the red blood cells’
deformability index in compared groups: in the
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Tabmuia 4. Biussane PeamOeprHa Ha IOKa3aTesId PEOJIOTHYECKUX CBOMCTB KPOBH y nanueHToB ¢ C/I 2 Tunma

npu OUM (n=86), Me (25%; 75%).

Table 4. Influence of Reamberin on Rheological Properties of Blood in Type 2 DM Patients during AMI (n=86), Me

(25%; 75%).
Parameters Values of parameters in groups on the study stages Normal
I II Range
Control (n=38) Main (n=48) Control (n=38) Main (n=48)
Hematocrit, % 45.2 45.5 43.2 42.2 43.2
(43.2; 46.6) (43.6; 46.8) (41.8; 44.8) (38.8; 43.8) (41.5; 44.4)
Apparent blood viscosity, cP. 250 sec'1 5.86 5.82 4.92% 5.24 4.90
(5.08; 6.44) (5.14; 6.26) (4.36; 5.06) (4.84; 5.74) (4.49; 5.01)
Apparent blood viscosity, cP. 10 sec’! 12.52% 12.62* 10.84 9.86" 9.48
(9.88; 14.8) (10.0; 14.8) (9.24;12.62)  (8.98;10.24) (9.28; 9.56)
Specific blood viscosity, cP. 250 sec™! 0.18 0.18 0.14 0.12 0.10
(0.12; 0.26) (0.14; 0.24) (0.09; 0.18) (0.10; 0.14) (0.10;0.11)
Specific blood viscosity, cP. 10 sec’! 0.28* 0.29* 0.26 0.25 0.22
(0.24; 0.34) (0.26; 0.31) (0.22; 0.30) (0.22; 0.28) (0.21; 0.23)
Relative blood viscosity, cP 6.26 6.28 5.86 5.46 5.30
(4.46; 8.46) (4.88; 8.42) (4.64; 6.14) (4.82;5.88) (4.85; 5.80)
Yield point, dyne/cm? 0.067* 0.068* 0.042% 0.036* 0.029
(0.053;0.073)  (0.056;0.08) (0.036; 0.048) (0.030;0.042) (0.025;0.035)
Plasma viscosity, cP 2.16* 2.14% 2.02 1.887 1.80
(2.04; 2.28) (2.02; 2.26) (1.86; 2.18) (1.78; 1.98) (1.75; 1.90)
Deformability index of red blood cells, c.u. 0.90% 0.90* 0.98 1.18%#%* 1.06
(0.86; 1.12) (0.88; 1.14) (1.02; 1.06) (1.08; 1.24) (1.05; 1.08)
Aggregation of erythrocytes, % optic density 16.4* 16.6* 11.68* 10.02* 9.96
(12.2; 20.8) (13.2;19.6) (10.62;12.86)  (9.06; 11.6) (9.17;10.12)
Aggregation of platelets, % optic density 34.2 34.2 30.9 27.4 29.9
(28.2; 36.4) (27.6; 37.0) (25.4; 36.0) (23.4; 32.6) (25.84; 37.57)
Blood clotting time, min 8.34% 8.38* 8.14* 8.06* 6.50
(6.94; 9.82) (7.02; 9.66) (6.38;10.02)  (6.84;9.62) (6.26; 7.39)
Fibrinogen, g/l 5.78%** 5.84%** 4.12% 3.82% 3.20
(3.98; 8.12) (4.06; 8.16) (3.46; 5.34) (3.26; 4.42) (2.70; 3.90)

Note. * — P<0.05 reliability of difference vs. normal range; * — P<0.05 — reliability of difference vs. previous stage (according to
Mann-Whitney); ** — P<0.05 - reliability of difference vs. control group.

IIpumeuanne. Hematocrit — remaroxkput; blood viscosity — BA3KOCTb KpoBY; apparent — RaskyIasics; specific — ynespaas; relative
— oTHOcHTeJIbHAS, yield point — mpexpes Tekydyectr; deformability index of red blood cells, c.u — unnexc geopmupyemocTu apuT-
PpOLIUTOB, y.e.; aggregation of ..., optic density — arperarus..., OITH4ECKOH IIJIOTHOCTH; erythrocytes — apuTporuTos; platelets - Tpom-
6o1uToB; blood clotting time — Bpems cBepTeiBaeMoCTH KpoBY; fibrinogen — ¢pubpurores. * — p<0,05 ZOCTOBEPHOCTD Pa3IMYHI
10 OTHOLIEHWIO K HOopMe; * — p<0,05 — MOCTOBEPHOCTHb PA3JIMYUN OTHOCUTEJBHO IMpPEIbIAyIIero arama (0 MeTomLy
ManHa-VYuTHn); ** — p<0,05 — OCTOBEPHOCTh Pa3IM4MH 110 OTHOIIEHUIO K KOHTPOJIBHOM IpyIIIe.

3a cYeT IJIa3MEeHHOM COCTaBJsAIollel (TabJ. 4).
Tak BA3KOCTB IJIa3Mbl Y 9TOM KaTeropuy NanyueH-
TOB IIpeBbICUJIa HOPMY Ha 18,9-20% (p<0,05). B
00eux rpyniax OTMETHUJIN YBeJMYeHne mpeesta
TEeKy4eCTH, XapaKTepHU3yIOLlero IOBBINICHUE
YPOBHS BA3KOCTU HAa HU3KUX CKOPOCTAX COBUTIA,
4YTO OBLIO 00YC/IOBJIEHO HEKOTOPHIM YBEJTUYEHU -
eM reMaTOKPUTa U KOHIIEHTpanuu (pudpruHOTEHA
B 1,8 pasa (p<0,05).

OO6Hapy:KU/IH yBeJIMYEHNE arperaruoHHON
AKTUBHOCTU JIPUTPOLUTOB Ha 64-66% (p<0,05)
BBIIIIE HOPMAJIbHBIX 3HAYEHUU 1, B MEHBIIIEH CTe-
TIeHH, arperariMOHHON aKTUBHOCTH TPOMOOITUTOB
— Ha 14,4% B 06enx rpyrax. BeposTHO, MIpUYNHON
BBISIBJIEHHBIX HApyIIeHWI SIBUJIOCh HM3MeHeHUe
CBOMCTB MeMOpaH KJIETOK KPOBU BCJIEJICTBUE
TTOBPESK/IAIOIIET0 NeCTBUSA N30BITOYHBIX TPOTYK-
TOB OKUCJIeHUsA [24]. MHnekc gedopMupyeMocTu
3PUTPOIUTOB, XapaAKTePU3YIOIIUHI 3/1aCTUYHOCTD
39PUTPOITUTOB U, CJIETOBATEILHO, CHOCOOHOCTE UX
HU3MeHATh (DOpMy Ha ypPOBHE MUKPOLIMPOKYJISIIINH,
OBLI HECKOJIBKO CHIDKEH (Ha 15,1%). OTH (DaKThI
CBHUIETEJIbCTBOBAJIM O TEHAEHIIUY K HAPYLICHUIO

control group, index values rose by 8.9% only and
reached the lower margin of the normal range while
in the main group the values increased by 31.1%
(P<0.05) significantly exceeding the normal values
by 11.3% (P<0.05).

The initially increased plasma fibrinogen con-
centration fell down by 34.6% (P<0.05) in the main
group and by 28.7% (P<0.05) in the control group,
which, together with the tendency of hematocrit
decrease, resulted in lower plasma viscosity. The
discovered phenomenon of increased red blood
cells deformability index under the Reamberin ad-
ministration in type 2 DM patients was presumably
related to oxidative stress weakening. Hence, the
findings evidenced positive influence of Reamberin
on rheological properties of the blood in type 2 DM
patients during AMI treatment.

Given the high arrhythmogenicity of LPO
products (peroxides) [25], reduction of their accu-
mulation in the conditions of Reamberin adminis-
tration has allowed, in our opinion, to perform pro-
phylaxis of reperfusion complications, specifically,
arrhythmias related to activation of peroxidation
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Knunudyeckue IpaKTHUKa U UCCJeJOBaHUA

APXUTEKTOHUKU KJIETOYHOU MEMOPaHbI 9PUTPOITH-
TOoB Ha (¢oHe akTuBaruu [10JI U B aroil cBsA3U
00yCIaBIMBa/IM PUCK Pa3BUTHS HAPYIIIEHUH KPO-
BOOOpaIeHnsi HA MUKPOIMPKYJISITOPHOM YPOBHE
He CMOTPsI Ha TO, 4TO yyKe Ha IIePBOM aJTalle UCCJe-
JIOBaHUsA IPOBOAMWJIA KOHCEPBATUBHYIO TEPAIIUIO C
HCITOJIb30BAHWEM TAKUX IPEeNapaToB KaK aCIMpPUH,
rernapuH, KJIOMUA0TPeJIb U IPOY.

BriABJeHHOE MCXOJHOE MOBbIIIIeHe 3Haye-
HUA BPEMEHHU CBEpPTHIBAEMOCTH KPOBHU y BCeX
MaIMEHTOB OTPAXKAIO aeKBAaTHOCTDb TPOBOIUMOM
AHTUKOATYISIMOHHOU Tepalnuy U MPaKTUYeCKU
He OVINYaJIOCh MEKIy IPYIIIIaMU.

AHann3 peoJOruuecKrx CBOMCTB KPOBH Ha
TIEPBOM 3Talle UCCJeI0BAHUS OTPaskas pu3noJio-
THYECKyI0 CTpPeccoByl0 peaxknuio npu OUNM,
BBIPA’KaIOIIYIOCS B IIOBBIIIEHUY BA3KOCTHA KPOBU
3a CYeT ee IIJIa3MEHHOM COCTaBJIAIONIEH, YTO
BEpPOsITHEE BCErOo OOYCJOBJEHO MOBBIIIIEHUEM
ypoBHS (UOPHUHOTEHA U HEKOTOPHIM YBEJIMYEHN-
eM reMaTOKpPUTa.

Y 9THX jKe TAallMEeHTOB BBIABUJIM TOCTOBEP-
Hble KOPPeJANUOHHBIE CBA3U MEKy 3HAYCHUS-
MU: IpeJiesia TEKYUeCTU U KOHI[eHTpaluen cymnep-
okcuaggucmyrassel (r=-0,43; p<0,05); npenesa
TEKY4YeCTH M aKTUBHOCTHIO TEPMOCTAOUIbHOM
¢pakuuu karanassl (r=0,51; p<0,05). ITpu como-
CTaBJIEHUU TTOKa3areJiel arperaifmoHHONI CII0Co0-
HOCTH 3PUTPOILIUTOB CO 3HAYEHUSIMA aKTUBHOCTHU
TepMOCTAaOUJIBHON (PpaKIMU KaTajaasbl TaKKe
BBISIBUJIN OOpaTHBbIE KOPPEJSAIUOHHBIE CBS3U
(r=—0,49; p<0,05). IlosryueHHbIE NaHHBLIE CBUJE-
TeJILCTBOBAJIM 00 UMEIOIEeHcsa B3aUMHOM CBA3HU
HapyumeHuii B cucteme [10JI/AOC u peoJiornye-
CKHUX CBOUCTB KPOBHU.

AHaJIn3 TUHAMUKY ITIOKa3aresenl peosiornye-
CKUX CBOUCTB KPOBHU ITOKA3aJI, YTO B XOJI€ JIeYEeHU S
OHNM kakyIascsa BA3SKOCTb KPOBU IIPU HU3KUX
CKOpPOCTSIX B OCHOBHOM IpyIlIlle CHU3WUJIACh Ha
21,9% (p<0,05), B KOHTPOJILHOH TpyIIle — Ha
13,4% (p>0,05). Kasxkymasaca BA3KOCTb KPOBU IIPU
BBICOKHX CKOPOCTSIX aHAJIOTMYHO uUMeJia 6oJiee
BBIPDAsKEHHYI0 TeH/IEHIIAI0 K CHUKEHHUIO B OCHOB-
HoOM rpymirre Ha 15,5% (p<0,05) 1 Ha 10,6% (p>0,05)
B KOHTpOJIbHON. OOHapyKeHHass HOpMaJ/Tu3aIus
BSIBKOCTU KPOBU B OIIpeeJIEHHON 4acTu Oblaa
00yCJI0BJIEHAa CHUKEHUEM BS3KOCTH IJIa3MbI Ha
12,2% (p<0,05) B ocHOBHOU rpymnmne u Ha 6,5%
(p>0,05) B KOHTPOJILHOM, YTO 3aKOHOMEPHO OTpa-
3WJIOCh Ha CHM)KEHMHU IIpefesia TeKydeCTH Ha
47,1% (p<0,05) u 37,3% (p<0,05) COOTBETCTBEHHO.
Haunbosee 3aMeTHBIM OKa3aJjicst (pakT pasIMIHON
CTelleHU U3MeHeHUH NHeKca 1e(hopMUpyeMOCTU
9pUTPOLUTOB B CpPAaBHUBAEMBIX IpynIiax. Tak, ecau
B KOHTPOJIbHOH T'pyIIIle OH MOBBICUJICS JIUIIb HA
8,9% M NOCTUI HUKHUX T'PAHUL, HOPMaJbHBIX
3HAYEeHUH, TO B OCHOBHOU OH ITOBLIcUICcA Ha 31,1%
(p<0,05) 1 npeBBICUJI HOPMAJIbHbIE 3HAYEHUS HA

11,3% (p<0,05).

processes in the reperfusion zone in PCI setting,
which was proven by the analysis of incidence of
cardiac rhythm disorders during AMI treatment in
type 2 DM patients (table 5).

In the group of patients who received conven-
tional therapy, in 23.7% of cases life-threatening
cardiac rhythm disorders developed, such as fre-
quent multifocal (single and group) ventricular ex-
trasystoles (18.4%) and ventricular fibrillation
(5.3%); supraventricular tachycardia (10.5%), sinus
bradycardia (7.9%), and atrial fibrillation (5.3%)
were recorded. Those rhythm disorders were con-
sidered as reperfusion syndrome manifestations. In
the Reamberin group, there was one case of
supraventricular tachycardia (2.1%), two (4.2%)
cases of ventricular arrhythmia, and three (6.3%)
cases of atrial fibrillation. There were no episodes
of post-infarction angina pectoris or development
of clinical presentation of heart failure, which
pointed out usefulness of including Reamberin in
the combined therapy of AMI patients for the pur-
pose of prophylaxis of early reperfusion distur-
bances of electrical stability and contractility of my-
ocardium.

It is known that succinic acid is an endogenous
cellular substrate to improve tissue breathing through
increase of the velocity of mitochondrial electron
transfer, accelerating turnover of the dicarboxylic por-
tion of tricarboxylic acids (succinate-fumarate-
malate) and, thus, intensifying energy supply of cell.
This substantiation of Reamberin efficacy during ox-
idative stress in the settings of various experimental
models was obtained earlier at the preclinical stage of
studies [3] and supported by clinical studies by us
(this study) and other authors [12, 13, 15].

Found in this study positive influence of a
combined therapy with reamberin in patients with
myocardial infarction associated with type 2 DM on
the parameters of LV systolic function in our study
has provided a ground for recommending a succi-
nate-containing drug as a component of a standard
therapy for acute myocardial infarction. However,
taking into account the fact that Reamberin fea-
tures a mechanism of biochemical correction of tis-
sue oxygen transport and consequences of hypoxic
disorders, we have also corroborated the hypothe-
sis of promising use of the drug in type 2 DM pa-
tients during acute myocardial infarction for phar-
macological correction of the acid-base balance
and improvement of oxidative metabolism.

Conclusion

During AMI patients with type 2 DM devel-
oped compensated metabolic lactic acidosis and
oxidative distress manifesting in considerable acti-
vation of LPO and insufficient activity of the enzy-
matic component of AOS, blood viscosity increase
and decreased elasticity of red blood. Decrease of
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TaGumna 5. XapakTep ¥ 4acTOTa pa3BUTHS HapylUIeHHI pUTMa cepala y nanueHTos ¢ C/1 2 runa nocse YKB nipu

OHM B 3aBHCHMOCTH OT HCIIOJIb30BaHUS peaMbepuHa.

Table 5. Nature and Incidence of Cardiac Rhythm Disorders Developed in Type 2 DM Patients after PCI during

AMI Depending on Use of Reamberin.

Type of Cardiac Rhythm Disorder

Incidence of Cardiac Rhythm Disorders in groups

Control (n=38) Main (n=48)
Supraventricular tachycardia 4(10.5%) 1(2.1%)
Sinus bradycardia 3 (7.9%) —_
Atrial fibrillation 2 (5.3%) 3 (6.3%)
Ventricular fibrillation 2 (5.3%) —
First occurred frequent and very frequent multifocal 7 (18.4%) 2 (4.2%)*
(single and group) ventricular extrasystoles
Total 18 (47.4%) 6 (12.5%)*

Note. Data are given as a digit and percentage of the total number of patients in a group; * — difference is considered reliable at

P<0.05.

IIpumeuanwue. Type of Cardiac Rhythm Disorder — Bujx Hapymenusi purMma cepaua; incidence ... in groups — KOJIM4ecTBO ... B
rpynnax; supraventricular tachycardia — cynpaBeHTpuKy/IsipHas Taxukapausi; sinus bradycardia — cunycoBast Opagukapaus;
atrial fibrillation — pubpunnsanus npencepauii; ventricular fibrillation — dpubpuIsAnMS sKenynouKoB; first occurred frequent
and very frequent multifocal (single and group) ventricular extrasystoles — BiepBble ITOSIBUBIINECS YaCThle U OY€Hb YaCThIE I10-
JINTOIHBIE (ONMHOYHBIE U IPYNIIOBBIE) SKeJIyJOYKOBbIe 9KCTpacUcTony; total — Bcero. [JaHHbIe IPUBEAEHB! B BUE YUCIA U
IPOIEHTHOTO COJIEPKAHUSI OT OOII[ero KOJIMYecTBa MallMeHTOB B IPYIIIIe; * — JOCTOBEPHOCTH padinyuii mpu p<0,05.

VcxogHOo OBBINNIEHHBIA YPOBEHD (DUOPHUHO-
reHa cHusauJics Ha 34,6% (p<0,05) B OCHOBHOH
rpymre u Ha 28,7% (p<0,05) B KOHTPOJIBbHOH, YTO B
COBOKYITHOCTH C TeHJIeHI[ell CHUKeHUsI TeMaTOK-
puTa B IBYX IpyIIIaXx 3aKOHOMEPHO OTPa3ujIoCh Ha
YMEHBIIIEeHNH BA3KOCTH NJ1a3Mbl. OOHApYKeHHBIN
¢peromeH HoJiee 3aMETHOTO YBeTUYEHUS HHIEKCA
J1e(opMUPYEMOCTH PUTPOIIUTOB IIPU UCIOJIb30-
BaHUM peaMbepnHa y 60sbHBIX CJ] 2 THTa, BEPO-
AATHO, OBLJI CBSA3aH C 0CJIa0JIeHIEM OKCHIATHBHOIO
crpecca. B mesioMm, mosiy4eHHbIe JaHHbIEC CBUJE-
TeJIbCTBOBAJIU O MOJIOSKUTEJIbHOM BJUSHUU PeaM-
OepuHa Ha peoJIOTHYECKUE CBOWCTBA KPOBU Yy
nanueHToB ¢ CJ1 2 Tuna npu jedyennu OVIM.

Y4uTbIBasg BBICOKYIO apUTMOT€HHOCTD IIPO-
nykroB I[10OJI (mepekuceii) [25], CHUsKeHUe cTelle-
HU VX HAKOIIJIEHUSI B YCJIOBUSIX BBEJIEHN peambe-
p¥Ha II03BOJINJIO, HA HAI B3IVIA, OCYIIECTBUATH
Npo(UIAaKTUKY pernepdpy3nOHHBIX OCTOKHEHUH,
B YaCTHOCTHM apUTMUU, CBSI3aHHBIX C aKTUBAITAEN
IIEPEeKUCHBIX IPOLIECCOB B 30He penepdy3uu B
ycnoBusax YKB, 4To OBI110 TOATBEPSKIEHO aHAN-
30M YaCTOThl BOSHUKHOBEHUS HAPYIIIEHU pUTMa
cepaua B nponecce jiedeHusa OVIM y naiueHToB C
caxapHbIM quabeToM 2 tuna (Tabi. 5).

B rpynme nmanueHTOB, IIOJIyYaBIIMX CTaH-
JTApTHYIO Tepamnwuio, B 23,7% HaOIOAeHN pa3Bu-
JIUCh SKU3HEYIPOsKAIOLINe HapYyILIEeHUsI CePAEYHO-
ro puTMa B BHUJE YaCThIX IMOJIMTOITHBIX
(OBVHOYHBIX U I'PYIIIOBBIX) YKEJIYLOYKOBBIX 9KC-
TpacucTtouii (18,4%) 1 GUOPUIIAINY SRETYT0Y-
KOB (5,3%), ObLTM 3apETUCTPUPOBAHBI CYyIIPABEHT-
pukryiapHasa Taxukapgus (10,5%), cunycoBas
opamurapaus (7,9%), pubpusIsAIus npenacepauii
(5,3%). laHHbIe HApyIIeHU A pUTMa pacleHuBaIn
KaK [IPOSIBJIEHUS pellepy3nOHHOT0 CUHApoMa. B
TpyIIIIe, TOe TPUMEHSICA peaMOepH, OTMETUIIN
OIVH CJy4Yall pa3BUTHSA CYIIPaBEHTPUKYJISIPHON
Taxukapauu (2,1%), nBa (4,2%) cay4das sKesymod-
KOBOH apuTMUU U TpH (6,3%) corydass pubpus-

local and global myocardial contractility was estab-
lished. During performance of PCI, in 47.4% of
cases this group of patients developed cardiac
rhythm disorders, 23.7% of which included life
threats such as multifocal ventricular extrasystoles
and ventricular fibrillation.

Administration of succinate-containing drug
Reamberin during PCI provided correction of al-
tered lipid peroxidation and rheological parameters
of the blood in patients studied, facilitated im-
provement of the left ventricular systolic and dias-
tolic functions and reduced the risk of development
of reperfusion complications.

The author states absence of a conflict of in-
terest.

WU TIpeJicepAUH. DMMU300B MOCTUH(APKTHOU
CTEHOKapINH, Pa3BUTUS KIUHUYECKUX ITPOSIBIIE-
HUU cepJieyHOl HeI0CTaTOYHOCTHU He ObIJI0, YTO
MMOTYEPKUBAJIO 11€J1eCO00PAa3HOCTh BKJIIOYEHUS
peambeprHa B KOMILJIEKCHYIO TeParui 60JIbHBIX
OUM c nesibio npoUIaKTUKUA PAaHHUX penepdy-
3UOHHBIX HAPYIIEHUN 9JIEKTPUIECKOUA CTaOMIIb-
HOCTHU U COKPAaTUMOCTH MUOKap/a.

M3BecTHO, 4YTO SHTapHasA KUCJIOTAa — 9HJI0-
TeHHBIN CyOCTpaTr KJIETKH, KOTOPBIN YIydIllaeT
TKaHeBOe JIbIXaHUe 3a CYeT YBeJUUEeHUsI CKOPO-
CTU TIepeHoca 3JEKTPOHOB B MUTOXOHIPHUSX,
yCKOpsIET 000POT AMKAaPOOHOBOU YaCTH TPUKAP-
OOHOBBIX KMCJIOT (CyKIIMHAaT-(yMapaT-MaJar) u
TeM CaMbIM YCUJIHMBaeT 3HeproodOecnedyeHue
kJjeTKU. JlanHOe o60cHOBaHME 3 (PEKRTUBHOCTHU
peamOepuHa TIPU OKHUCJUTETBHOM CTpeEcCe B
YCJIOBUSIX PA3JIUYHBIX OKCIEPUMEHTATbHBIX
MojieJielt ObLI0 MOJTYYEeHO paHee Ha JOKJINHUYE-
CKOM 3Talle UCCJAe0BaHNH, OTpaskeHOo B Cepuu
nyoJsukanuii (3], ToATBepsKIeHO HACTOSIIUM
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KJIMHUYECKUM HMCCJEeJOBAHWEM U OTPa’KeHO B
paborax npyrux aBTopos [12, 13, 15].
ObHapy>:KeHHOE TIO0JIOKUTETbHOE BJIUSHIE
KOMIIJIEKCHOU Tepanuu vHQapKTa MUOKapaa y
MallMeHTOB C CcaXapHbIM AuabeToM 2 Tuma C
HCII0JIb30BaHNEM peamMOeprHA Ha MapaMeTphl
cucrosndeckol ¢yHknuu JIJK y nmanueHToB B
HaIlleM UCCJIEJOBAaHUM J1aJI0 OCHOBAHNE PEKOMEH-
JIOBaTh CyKLUMHATCONepsKallluii IIperapar K
BKJIIOYCHUIO B CTAaHIAPTHYIO TEPaIlHui0 OCTPOro
uHdapKTa MUokKapja. OgHako, IpuHUMasi BO BHU-
MaHUe TOT (PaKT, YTo peaMOepuH 00J1aTaeT Mexa-
HU3MOM OMOXUMUYECKON KOPPEKITUH TKAHEBOTO
TPaAHCIIOPTAa KMUCJIOPO/IA ¥ TOCJIEICTBUM TUTIOKCHU -
YeCKUX HapyIIeHNH, HaMU TaKsKe ObLiIa ITOTBEP-
sKJIeHa TUII0Te3a O NepPCHeKTUBHOCTU UCI0Ib30-
BaHWA IIpellapara y MAlWeHTOB C CaXapHbIM
nrabeToM 2 THIIa IPU OCTPOM MH(MAPKTEe MUOKApP-
Ja c 1eJiblo (apMaKoJOTHYECKOU KOPPEKIUU
KHMCJIOTHO-OCHOBHOTO COCTOSIHUSA U YJIy4IlEeHUA
OKHCJIUTEJIbHOT0 MeTaboJI3Ma.
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JIAaKTaTaIX/103 ¥ OKCUJIATUBHBIN IUCTPECC, BhIpa-
SKaAIONINICSA B 3HAYNTEJNbHOU akTuBanuu [10J1 u
HEJIOCTAaTOYHOU aKTUBHOCTU (PepMeHTAaTUBHOU
cocraBJstioniein AOC, MOBBINIAJACh BS3KOCTD
KPOBH, CHMKAJIACh 9JIACTUYHOCTD 3PUTPOIUTOB.
[Ipy aTOM BBISIBUJIM CHUKEHUE IOKa3aresiei
JIOKAQJILHOU ¥ TJI00AJTbHOM COKPATUMOCTHA MUO-
kappaa. [Ipu Beimonnenun YKB y aT0il kKaTeropuu
MmanueHToB B 47,4% HabOII00eHN pa3BUBAINUCH
HapylmeHusa purMma cepaua, 23,7% HUX KOTOPBIX
ABJAJINCH KUSHEYIPOKAIOIIMMA B BHAJAE I10JIU-
TOITHBIX KeJTYIOYKOBBIX IKCTPACUCTOJIHNH U (prb-
PWILIALIA SKEJTYLOYKOB.

BBenenune cyknuHaTCOmepsKallero npenapa-
Ta peaMbepuH 1pu BeimoaHeHnn YKB obecneun-
BAJI0 KOPPEKITHIO MTPOIECCOB MEPEKNCHOTO OKUC-
JIEHWs1 JIMTIU0B U PEOJIOTUUECKUX CBOMCTB KPOBU
Y FICCJIEIOBaHHOMN KaTerOpUH AIUeHTOB, CITI0C00-
CTBOBAJIO YJIYYIIIEHUIO CUCTOJIMYECKON U INACTO-
JIMYECKOU (PYHKIIMY JIEBOTO 5KeJTyJOUKa, CHUYKAJIO
PUCK pa3BUTHsA peniepdy3NOHHBIX OCJIOKHEHUH.

ABTOp 3asABJIsIET 00 OTCYTCTBUH KOH(JIMKTA
HHTEPECOB.
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YBaskaemble ABTOpBI ;KypHaJia «O011as peaHuMaTOJIOTHI»!

O6pamaeM Ballle BHUMaHue Ha 00HOBJIeHUe [IpaBus 1151 aBTOPOB.

Oo6uoBenHble [TpaBusa /51 aBTOPOB B pefakiuu 25 ceHTsI0ps 2018 I. comepskaT pasbsicHe-
HUA 110 opopmiieHuto aduananuy aBTOpoB, PUCYHKOB U TaOJIUIL; TOIIOJHEHUA B pa3jiestax «IIpa-
BOBBIE U 9TUYECKUE ACIIEKTHI ITyOJIUKAIIUU PYKOTIMCH», «OTIIPABKA MaTePHUAJIOB JIJIsI IyOJIMKAIIII»,
«CTPYKTYpPHBIE pa3jiesibl cTaTel ¥ peKOMeH/ IalliH 110 UX OIIMCAHUIO», «Oubanorpadus».

Oo6HnosJsienHsle [TpaBusia 1714 aBTOPOB pa3MellleHbl Ha caliTe sKypHaJa:
www.reanimatology.com

18

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 3



DOI:10.15360/1813-9779-2019-3-19-30

Knunudyeckue NpaKTHUKa U UCCJeJOBaHUA

IIpuMeHeHNEe YCKOPEHHOM aKTUBAIlUH
IIPH PeTPOIEePUTOHEOBHIEC0IHJOCKONINYECKOH afpeHaJTIKTOMUH
110 IMOBOAY cuHApoMa KymmuHra

M. U. Heiimapk, P. B. Kuceses

AnTaiickuil rocyjapCTBEHHBIN MeIUIMHCKIH YHIUBepcuTeT Munsapasa Poccun,
Poccus, Anraiickuit kpaii, 656038, . Bapuayi, np-T Jlenusa, 1. 40

Application of Accelerated Activation in Retroperitoneal Video Endoscopic
Adrenalectomy for Cushing Syndrome

Mikhail I. Neimark, Roman V. Kiselev

Altai State Medical University, Ministry of Health of Russia,
40 Lenin Av., 656038 Barnaul, Altai District, Russia

IeJb MccIeAOBAHMS: YIYYIIIEHNE HETIOCPEACTBEHHBIX Pe3y/IBTaTOB XUPYPIUYECKOTO JIEYeHNS 9H/I0TeH-
HOr'O TUIIEPKROPTHUIM3MA ITyTEM ONITUMHU3AIINU IIEPUONIEPAITMOHHOTO BEACHUA IMallMeHTOB C IPUMEHEHHNEM
MIPOTOKOJIOB YCKOPEHHOU peabuIuTaIH.

MarepuaJbl 1 MeTOABI. [IpoBesin paHIOMU3UPOBAHHOE IPOCIIEKTUBHOE UCCIIENOBAHNE Y 53 MAIlUEHTOB
C MHJEKCOM MacchI TeJsia >35 Kr/m?. B KoHTposbHOM rpytie 1 (n=27) ucnoJsb3oBanu TBBA Ha ocHOBe mpo-
o oJia c moceonepanuoHHON aHa/IbTe3nell CHCTEMHBIM BBeJleHHEM OITMOUIOB. B 2-ii TpyIime MpoToKoJIa
YCKOPEHHOU peaduInTannu (17=26) IpUMEH AN aHECTe3HI0 Ha OCHOBE HU3KOIIOTOYHON MHTAJISINN Aecdio-
paHa ¢ nHdYy3ueH CHMIIAaTOIUTUIECKON CMECH B MHTPAa — U ITOCIE0IePAlMOHHOM ITepPHOAAX, MyJIBETHMO-
JaJIbHOU ITOCTIe0TIepPAlIOHHON aHaIbre3rel 1 MCII0/Th30BAaHNEM ITPOTOKOJIa YCKOPEHHON peaduINTauy B
IepronepanuoHHoM nepuofe. OreHrBaIu BpeMs TOCTIKeHNs 00IbHBIMI HHIeKca BIS>90, BpeMs akcTy-
Garuu Tpaxen, BpeMs JocTiskeHus 10 6a/toB o mkaste Aldrete i 0 6a/110B 1o Tecty Bidway, ATuTeTbHOCTD
IIpeOBIBaHNS B CTAI[OHAPE, KOJIMYECTBO [TOCIe0ePaIIOHHBIX OCTOKHEHNH. d(P(PEeKTUBHOCTH aHATIBIe3UH
OTIEHMBAJIH II0 BpEMEHH IIePBOro TpeOOBaHU aHAIbIeTHKA, PACXOy HADKOTUYECKOT0 aHaJIbreTrKa, BAIII
mkaJsie Verbal Descriptor

Pe3yuibTaThl. BEISABUIIN, UTO BpeMsi TPOOYKIeHUS U MOCTHKeHusT 10 6a/u10B 1o mkaste Aldrete y 60/ TbHBIX
2-1 Tpynbl OBITI0 JOCTOBEPHO Kopode — 3 (2; 6) MuH, 4eM B 1-# rpymnie — 6,5 (3,5; 9) muH (p=0,046). V HIX
OTMeYa/Ii MEHBIIYIO 4YaCTOTY II0C/IE0EPAIIMOHHBIX OCI0KHEHNI, MEHbIIIee BpeMsI IIPe0bIBaHUS B CTALUO-
Hape — 58 (39; 71) vacoB B CpaBHEHUH C 60JIbHBIMUA KOHTPOJIBHOU rpynnbl — 74,5 (58,5; 87) wacos (p=0,032).

3akurrogyenue. [lepronepanroHHoOe BeleHre TAIMEeHTOB C 0XKUPEHNEM [I0CJIe PeTPOIIepUTOHEOBH/IE09H-
JIOCKOTIMYECKOU aIpeHAJIKTOMUY C MCII0JIb30BAaHUEM ITPOTOKOJIOB YCKOPEHHOW peadMJINTAIl! CIIOC00-
CTBYeT UX paHHEeN MOOM/IN3aLNY, CHUPKEHHUIO YHCJIa OCJI0KHEHUI B pAaHHEM I10CJIE0TIEPAIMIOHHOM ITEPHUOJIE,
COKPAIIIeHHIO AIUTeTbHOCTH TPeObIBAHNA B CTAI[IOHAPE, YTO B COBOKYITHOCTH CIIOCOOCTBYET YIIy4IIIeHHUIO
HEIOCPEeACTBEHHBIX PE3YJABTATOB XUPYPTUYECKOTO JIEUEHUA IHIOTEHHOI'0 TMIIEePpROPTUII3MA.

Katoueswte cnosa: osxcuperue; cunopom Kyuiunea; mynomumo0anoHas AHaibee3ust

Purpose. To improve the immediate results of surgical treatment of endogenous hypercorticism through
optimizing the perioperative management of patients using accelerated rehabilitation protocols.

Materials and methods. A randomized prospective study of 53 patients with a body mass index >35 kg/m?
was carried out. In the control group (n=27), TIVA based on propofol was used with postoperative analgesia
by systemic administration of opioids. In the accelerated rehabilitation protocol group (n=26), we used anes-
thesia based on low-flow inhalation of desflurane with sympatholytic mixture infusion in intra- and postop-
erative periods, multimodal postoperative analgesia, and use of accelerated rehabilitation protocol in the pe-
rioperative period. The time of patients' achievement of BIS>90 index, time of extubation, time of achievement
of 10 points by the Aldrete scale and 0 points by the Bidway test, duration of stay in the in-patient hospital,
number of postoperative complications were assessed. Effectiveness of analgesia was evaluated by the time
of the first analgesia requirement, consumption of narcotic analgesic, VAS and Verbal Descriptor scale.

Results. The study revealed that the time of awakening and reaching 10 points by the Aldrete scale in pa-
tients of group 2 was significantly shorter than in group 1: 3 (2; 6) and 6.5 (3.5; 9) min respectively (P=0.046).
They had fewer postoperative complications, shorter hospitalization time — 58 (39; 71) hours compared to
the control group with 74.5 (58.5; 87) hours (P=0.032).
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Conclusion. Perioperative management of obese patients after retroperitoneal video endoscopic
adrenalectomy with the use of accelerated rehabilitation protocols contributed to earlier mobilization, reduc-
tion of the number of complications in the early postoperative period, reduction of the duration of stay in the
in-patient hospital, which together facilitates improving the immediate results of surgical treatment of en-

dogenous hypercorticism.

Keywords: obesity; Cushing syndrome; multimodal analgesia
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BBenenue

CJ/I03XHOCTh aHeCTe3MO0JIOTUYeCKoro obec-
Ie4yeHUs oIepanuii MO IIOBOAY 3HAOTEHHOTO
TUMEPKOPTUIIM3Ma O00yC/IOBJIEHA HAJIMYUEM Y
TaKuX O0JIBbHBIX BbIPAKEHHbBIX (PYHKIIMOHAIBHBIX
paccTpoOXCTB ¥ META0OJMYECKUX CIABUTOB, MOJI-
HOCTBIO HEe YCTPAHUMBIX Jaske C IOMOIIIBIO TIIa-
TeJIbHOW MpeaoIepalimoOHHOM MOJIrOTOBKY [1, 2].
[ToBbIIlIEHHAsT CEKpenusi NIIOKOKOPTUKOUIOB
MIPUBOIUT K (DOPMUPOBAHUIO CHHIPOMa 1 60J1€3-
Hu Kymnra. Takue ee mpusHaky, Kak apTepyuab-
Hasl TUTIEPTEH3UsI, OKUPEHUEe, MUOKAPINOIUC-
Tpodusi, cTepouaHbIil auabeT, 0cCTeomapos,
TUNOKAJINHEMUS BBIABISAIOTCS Y 95% OOJIBHBIX U
00yCJIaBJIMBAIOT BHICOKYIO BEPOSITHOCTH BO3HUK-
HOBEHUS TIOCJIE0TEPAIIMOHHBIX OCJIOKHEHUU [3,
4]. B Hacrosimee BpeMsi CTaHIApPTOM XUpypruue-
CKOr0 JIeYeHUsI TOPMOHAJ/IbHO-aKTUBHBIX OITYXO0-
Jiedl HaJIIOYeYHWKa SIBJISIETCS PEeTPOIEPUTOHEO-
cKomUYecKas aapeHanskroMus [5, 6]. HecmoTpsa
Ha MaJIyI0 MTHBA3UBHOCTD 9HIOBUAEOXUPypPTUYe-
CKUX BMeIIaTeJbCTB, UX IpOBeleHUEe Tpedyer
co0JTI0IeHNsI psifia yCA0BUH (peTpoITHeBMOIIepH-
TOHEYM, BBIHY)KIIEHHOE IO0JIOKeHUe Ha oIllepa-
LIMOHHOM CTOJI€), 4YTO caMo I10 ceOe MOKeT 3aIly-
CTUTb pEeCHUpPATOPHbIE U TeMOIUHAMHYECKHE
npobJiemsl [7]. HauboJsibImuii BKJIaa B pa3BUTHE
IepuoIepaoOHHbIX OCJIO0KHEHU BHOCUT COMYT-
cTByIoliee okupenue [8-11]. HauboJiee rpo3nble
UX HHUX: TpoM00aIMOOJIUs JIETOYHOW apTepuu,
TMIOCTAaTUYeCKUe MHEBMOHUU M aTeJIeKTa3bl,
WH(EKIIMOHHBIE OCJIOMKHEHMSI, YaCTOTA KOTOPBIX
YBEJIMYUBAETCSI C POCTOM HMHJEKCca MaccChl TeJia
(UMT) [12]. Jlyumass mpoUIaKTHUKA JAHHBIX
OCJIOKHEHUU — paHHsS aKTUBU3AIUs TallueH-
TOB, KOTOpas JIMMUTHUPYeTCS BbIPasKeHHBIM
MOCJIEONIEPAIIMOHHBIM OO0JIEBBIM CHUHIPOMOM,
MMOCJIEONIEPAIIMOHHON TOIIHOTOM W  PBOTOU
(ITOTP), moCTHAPKO3HOU OCTAaTOYHOU cefarieit. B
9TOM CBSI3U NMPUOOPETAET AKTYaIbHOCTD IIPUMe-
HEHUs YCKOPEHHOUW peaduauTanuul y JaHHOU
KaTeropuu MaryeHToB [JIs YIIy4IlleHsI pe3yJibra-
TOB XUPYPrAYECKOro JieueHUsI 9HIOTeHHOIOo
TUNEPKOPTUIIUIMA.

MarepuaJa 1 MeToabI

[IpoBesu NpoCIeKTUBHOE PAaHIOMU3UPOBAHHOE
nuccjenoBanue y 53 nauueHTos ¢ IMT>35 r/m?, KoTo-
PpBIM ObIJIa BBITTOJIHEHA MOHOJIaTEPAJIbHAST PETPOTIEPH-

Introduction

The complexity of anesthetic support of oper-
ations for endogenous hypercorticism is due to the
presence in patients of significant functional disor-
ders and metabolic changes, completely unrecov-
erable even with careful preoperative preparation
[1, 2]. The increased secretion of glucocorticoids
leads to the formation of Cushing syndrome and
disease. Such signs of the syndrome as arterial hy-
pertension, obesity, myocardiodystrophy, steroid
diabetes, osteoporosis, hypokalemia are revealed in
95% of patients and precondition a high probability
of occurrence of postoperative complications [3, 4].
Nowadays, retroperitoneoscopic adrenalectomy is
the standard of surgical treatment for hormone-ac-
tive tumors of the adrenal gland [5, 6]. Despite the
low invasiveness of endovideosurgical interven-
tions, their conduction requires compliance with a
number of conditions (retropneumoperitoneum,
forced position on the operating table), it facilitates
respiratory and hemodynamic problems itself [7].
Concomitant obesity contributes to the develop-
ment of perioperative complications most of all
[8-11]. Among them, the most severe are pul-
monary artery thromboembolia, hypostatic pneu-
monia and atelectasis, infectious complications,
the incidence of which increases with growth in the
body mass index (BMI) [12]. The best prevention of
these complications is early activation of patients,
which is limited by pronounced postoperative pain
syndrome, postoperative nausea and vomiting
(PONV), postanesthesia residual sedation. In this
regard, the application of accelerated rehabilitation
in this category of patients becomes relevant to im-
prove the results of surgical treatment of endoge-
nous hypercorticism.

Materials and Methods

A prospective randomized study of 53 patients with
BMI >35 g/m? was carried out. A monolateral retroperi-
toneal video endoscopic adrenalectomy was performed
for corticosteroma during the period of 2010 to 2017 in
the Department of Endocrine Surgery of the Non-Gov-
ernmental Healthcare Institution «Regional Clinical Hos-
pital» at the Barnaul station of Russian Railways JSC. The
exclusion criteria of the study are the following: <15 years
old and >75 years old, BMI<35, decompensated steroid
diabetes, bilateral corticosteroma, other adrenal neo-
plasms. The groups were comparable in terms of age,

BMI, gender distribution, physical state according to
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Knunudyeckue IpaKTHUKa U UCCJeJOBaHUA

Tabsauia 1. XapakTepucTHKA MAIlUEHTOB.
Table 1. Characteristics of patients.

Parameters Value of parameters in groups p
Control (n=27) ERAS (n=26)
Age*, year 57.4+8.4 58.1+£9.6 0.962
Gender distribution** Males - 8 (11.9%) Males — 6 (8.9%) 0.679
Females — 19 (29.3%) Females — 20 (28.2%) 0.832
BMI* 31.246.2 30.9+6.8 0.875
ASAT 0 (0%) 0 (0%) N/A
ASA TT#** 2 (3.5%) 1(1.7) 0.596
ASA TIT** 21 (28.7%) 20 (27.6%) 0.978
ASA TV*** 4 (6.4%) 5 (8.1%) 0.718
ASAV 0 (0%) 0 (0%) N/A
Duration of operation, min* 74.7+7.6 75.2+8.2 0.798
Intraoperative blood loss, mI**** 154 (104; 193) 161 (111; 198) 0.345
Baseline of Hb, g/1**** 136.4 (129.2; 151.7) 141.6 (131.4; 158.3) 0.471
Hypercholesterinemia >5.2 mmol/I** 18 (31.1%) 16 (29.8%) 0.855
CHF** 4 (6.6%) 3 (5.1%) 0.575
[HD*** 3(5.1%) 2 (3.4%) 0.698
COPD** 3(5.1%) 1(1.7%) 0.352
Chronic disease of kidneys*** 2 (3.5%) 1(1.7%) 0.596
Diabetes mellitus** 16 (19.1%) 15 (17.8%) 0.952
Hypertension** 21 (21.8%) 22 (22.9%) 0.837
Smoking** 6 (9.1%) 7 (10.6%) 0.851
Alcohol abuse*** 1(1.8%) 1(1.8%) 0.979

Note. * — data are presented as M+, P- calculated with the Student's t-test for unrelated samples; ** — data are presented by sim-
ple indication of quantity and fraction (in percentage), P— calculated with the Pearson's y? test, difference between groups is re-
liable at P<0.05; *** data are presented by simple indication of quantity and fraction (in percentage), P — calculated with the
Fisher's exact test; **** — data are presented as Me (LQ; UQ), P- calculated with the Mann-Whitney U-test, the difference between

groups is reliable at P<0.05.

IIpumeuanwue. [[yis1 Tabs1.1-3: parameters — mapamerpsbl; values of ... in groups — 3HaYeHus ... B IpyIIax; age, year — BO3pacr,
set; gender distribution — reniepaoe pacnpenenenue; males — myskunnbl; females — skenmuab;; BMI - IMT; duration of oper-
ation — IJIMTeIBLHOCTD ollepaluy; intraoperative blood loss — uaTpaonepanuonHas kposonorepsi; baseline of — nucxonHslii ypo-
BeHb; hypercholesterinemia — runepxosnecrepunemus; CHF — XCH; IHD - IBC; COPD - XOBJI; chronic disease of kidneys — xpo-
HHUYeckas 6osie3Hb nouek; diabetes mellitus — caxapubiit 1uader; hypertension — runeprouudeckast 60/e3Hb; smoking —
Kypenue; alcohol abuse — 370ynorpe6eHnem ajgkoroseM.* — TaHHbIE IPEACTABIEHBI KaKk M+to, p — paCCYUTHIBAIACH [-KPUTeE-
pueM CThIOfEHTA AJIs1 HECBA3aHHBIX BEIOOPOK; ** — IaHHBIE IIPeCTaBJIeHbI IPOCTBIM YKa3aHHEeM KOJINYeCTBA U J0JIU (B IPO-
LIEeHTaX), p — PACCYUTHIBAIACK x> TecTOM IIMpcoHa; *** — qaHHbIe NIpe/ICTaBIEeHbl IPOCTHIM YKAa3aHUEM KOJIMYECTBA U 1014 (B
IIPOLIEHTAaxX), P — paCCUUThIBAJIACh TOYHBIM KpuTepueM duiiepa; **** — nanuble npeacrasjaenbl kKak Me(LQ;UQ), p— paccuuTsl-
Basnack U-kpurepueM MaHHa- YUTHH, pasdHULlA MeKAY TPyIIIaMu JOCTOBepHa npu p<0,05.

TOHEOBHUIC09HIOCKONINYECKAA aPEHATIKTOMMUA 110 I10-
BOAY KOPTUKOCTEPOMBI B Iteprof ¢ 2010 mo 2017 roasl B
oT[esieHnu 9HIOKpUuHHOU xupypruu HY3 OKD Ha cTan-
nuu baprayn OAO «PXK]l». KpuTepuu UCK/IIOYeHUs U3
uccaenoBanusd: Bo3pact < 15 jet, u > 75 jiet, UMT < 35,
JIEKOMITEHCUPOBAHHBIN CTEPOUIHBIN TUabeT, TBYXCTO-
POHHsIs KOPTUKOCTEPOMa, HaJIn4Yre TPyruxX HOBooOpa-
30BaHUI HaAIIO4eYHUKOB. CpaBHUBAaeMble TI'PYIIIbI
OBITM comocTaBUMBI IO Bo3pacTty, IMT, rernepHOMY
pacupeneseHuio, oneHKe ASA, o6beMy MHTpaoIliepa-
LIMOHHOM KPOBOIIOTEPH, XapaKTePy COITYTCTBYIOIIeH a-
Tosioruu (Tabur. 1).

B 3aBHCHMOCTHU OT TaKTUKU II€PUOIIEPALIIOHHOTO
BeJIeHUs M aHECTE3MOJIOTHUYECKOT0 T0COOUs OOTBHBIX
pasiesnaIv Ha JBe IPyIbl. 1-4 rpymnmna (n=27) — Tpajau-
LIMOHHAsI IpefolepaliOHHAas IOATOTOBKA, aHEeCTe3UO0-
JIOTHY€eCKOe IT0coOme — ToTaJIbHask BHYyTPUBEHHAs aHe-
cTe3us (TBBA) Ha OCHOBe npormnodoa,
rocJieonepanuoHHas aHaJAblre3usi CUCTEMHBIM BBeJle-
HHEM ONMUOMUIOB. 2-4 rpynna (1n=26) — aHeCcTe3U0JI0TH-
YecKoe ITocoOue U I0c/IeonepaiioHHOe BeJIeH e IIPo-
BOJWJIN TI0 TIPOTOKOJIY YCKOPEHHOH peadMJINTaINy,
OCHOBAaHHOMY Ha peKOMeHJalisIX [IepruoIepaliOHHOI0
BeleHUsI B OapraTpUYeCcKON XUPYPTUU U COCTaBJIEH-
HOMY MeKyHapOJHBIM 00IIECTBOM II0 YCKOPEHHOMY

ASA, volume of intraoperative blood loss, nature of con-
comitant pathology (table 1).

Depending on the tactics of perioperative manage-
ment and anaesthetic support, the patients were divided
into two groups. Group 1 (n=27) included traditional pre-
operative preparation, anaesthetic support — total intra-
venous anesthesia (TIVA) on the basis of propofol, post-
operative analgesia by systemic administration of opioids.
Group 2 (n=26) included anaesthetic support and post-
operative management carried out under an accelerated
rehabilitation protocol based on the recommendations of
perioperative management in bariatric surgery and com-
piled by the International Society for Accelerated Recov-
ery in Bariatric Surgery (ERASB, 2016) [13].

Patients of group 1 were prescribed oral tranquil-
izer: 5 mg diazepam in the evening before the surgery. In
the preoperative period, patients were deprived of food
and liquid for 6 hours before the surgery. Premedication
was carried out in the room and included diazepam at a
dose of 10 mgi.m., atropine of 1 mgi.m., chloropyramine
of 20 mg 30 min beforehand. Prevention of venous
thromboembolic complications (VTEC) was achieved by
enoxaparin of 40 mg s.c. 12 hours before the surgery, fol-
lowed by 40 mg of the drug every 12 hours. As an antimi-
crobial prevention, 1200 mg amoxicillin/clavulanate i.v.
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BOCCTaHOBJIEHHIO B 6aprarpraeckoii xupypruu (ERASB.
2016) [13].

BoJsibHBIM 1-1 IpynIibl BeuepoM HaKaHyHe ollepa-
MY HasHaydajld IepopajlbHO TPAHKBUJIU3ATOPHl —
Jraseram 5 MT. B mpeonepannoHHOM neproje 60J1b-
HBIX JIMIIAJIY IpHeMa IUIIY U SKUJKOCTH 3a 6 4acoB 10
onepanuu. [IpeMeguKanuio mnpoBogUAIN B asare 3a 30
MMUH. 10 OIlepalliy, OHA BKJII0YaJIa quasenam 10 Mr B/M,
arponuH 1 Mr B/M, xsioponupaMuH 20 mr. I[Tpodunak-
TUKY BEHO3HBIX TPOMO0IMOOIIMIECKUX OCJIOKHEHUH
(BT30) ocymecTBaAamn aHOKcanapuHoM 40 mr II/K 3a
12 yacos 1o onepauuy, B nocaenyromeM 40 Mr Kaskable
12 yacoB. AHTUMUKPOOHASI MPOPUITAKTUKA — AMOKCH-
IUJUTMH/ KiIaByaadaT 1200 mr B/B 3a 2 yaca, npoduiiak-
THKa CTPEeCC-UHAYIUPOBAaHHOIO IOBPEXKICHUA >Ke-
JIyIKa ¥ JBeHaAIaTUIIepCTHON KUIIKYU — OMeIpas3oJl
40 mr B/B 3a 30 MHH 0 HaydaJa onepanuu. B onepa-
nuoHHOU ¢ Y3W HaBuranmein KareTepusmpoBaIn
v.jugularis interna. IHAyKIus B aHeCTe3UI0 — IIPOIIO-
¢out 2 mMr/kr tomeil Mmaccel Tesa (TMT), penTanus 2
MKI/KI TMT, CYKIMHHJIXOJIMH 2 MI/KI aKTyaJbHOH
maccel Teqna (AMT), mogneps;xkaHue aHeCTe3n — HU3-
KOTIOTOYHASI MHTAJIANNA ceBodaopana 2-3 06% B co-
JyeTaHUU C (PpaKIUOHHBIM BBeAeHHeM (eHTaHWUJIA
2-2,5 Mkr/kr/4d TMT. HelipombllieqHyo O6J0KaTy
(HMDB) mnopnepskuBanu nunukyponuem 0,04-0,03
mr/kr/4 TMT, pesepcua HMB — HeocTurMuHoM 1,5 MrI.
[Tocse uHAYKIMY 1151 NPOMUIAKTUKY HAAIIOYEeYHUKO-
BOI HEI0CTaTOYHOCTU BHYTPUBEHHO BBOAUJIU TUIPO-
kopTu3oH 100 mr. [Ipu mepuopaonepannoHoil HHQPY-
3WOHHOHN Tepanmu¥u WCIOJb30BANH JHOEPATHHYIO
TaKTUKY. B ee cocTaB BXOOU/IU KOJIJIOUIHBIE PACTBOPHI
Ha OCHOBE jKeJIaTuHa, pacTBop Punrepa. B nmocaeone-
PaliOHHOM IIEPHUOJE AHAJBIE3UI0 OCYIIECTBJIAIN
onmonam (6ostroc mpomezosra — 20 Mr B/M 110 Tpebo-
BaHuIO). [lepBble CyTKU IIOCJI€ Ollepally — II0CTeJsb-
HBII peYKUM, 9HTePAIbHO — TOJIBKO KUIKOCTH.

Bo 2-i1 rpynne ucnoJb30Baayd IPOTOKOJ YCKO-
peHHO¥ peabumTaruu [13]. [TariueHTh HAXOUJINChH Ha
npeolepanoHHON HU3KOYIJIeBOAHOH (800 Kas1/jeHb)
TIe4YeHOYHOH TUeTe B TeueHre 2—4 HeflesIb /10 OTepaliu.
3a 4 HeJeau [0 Oollepalydy MalMeHTbl KYpUJIbIIUKU
IIpeKkparantu KypeHne trabaka. HakaHyHe omepanun
KOHCYJIFTUPOBAJIU NTAllUeHTOB U 3HAKOMUJIU UX C TaAK-
TUKOU BefleHUsA. B geHb onepanuu AONyCKaIu IIpueM
NIPO3pavYHBIX YKUJIKOCTEH 3a 2 yaca, U TBepLoi MUIIY 3a
6 4acos A0 onepanuy, NpeMeguKaliio Be4epoM HaKa-
HyHe ollepaliuu He npoBoauiu. ITpodunakruxry BTI0,
CTpeCC-UHIYIMPOBAHHOTO MOBPEKAEHUA KeJTyIKa U
JBEHAAUATUIIEePCTHON KUIIKUM U WHQPEeKIUOHHBIX
OCJIO}KHEHUU IIPOBOAMJIU TaK ’Ke Kak B 1-U rpymie.
[puMeHSAIN KOMOWHHPOBAHHYIO MPOPUIAKTUKY
ITIOTP — onpaHceTpoH 4 Mr, MeTOKJonpaMuy 10 mMr
nocJie MHAYKIVY B aHecTe3uio [14, 15]. B onepanuon-
Ho# ¢ Y3U HaBuranmen kareTepu3nupoBasn v.jugularis
interna. MIHAyKIUIO B aHECTE3UIO JOCTUTAIN IPONIOdO-
Jom 2 Mr/Kr TMT, a MuopeJstakcaiu — pOKypOHUYMOM
0,6+0,04 Mr/KT nmeanbHON Macchl Teaa (MaMT), ¢ uc-
IM0JIb30BaHNEM 0053aTeJIbHOI BBHICOKOIIOTOYHOM Ha-
3/IbHOU IPEOKCUTeHALIUU B IO3UIIUU C IPUMIOAHATHIM
TOJIOBHBIM KOHIIOM Juisg jtapuHrockonuu (Head Ele-
vated Laryngoscopy Position). Y4uTbIBasi BHICOKYIO Be-
POSITHOCTB TPYJHBIX IbIXaTe/IbHbIX IIyTell, pe3aepBUPO-
BaJIM HaJropTaHHble ycTpoicTBa. IIpu IMT 6oJtee 45
Kr/M? HHTY0ANMIO TPaxen OCYIIECTBIISIINA Ha (poHe co-

2 hours prior to the surgery was prescribed, whereas 40
mg omeprazole i.v. 30 min before surgery was used for
prevention of stress-induced damage to the stomach and
duodenum. In the operating room, v.jugularis interna
was catheterized with the assistance of ultrasound navi-
gation. Induction of anesthesia was conducted with
propofol, 2 mg/kg of lean body weight (LBW), fentanyl,
2 pg/kg of LBW, succinylcholine, 2 mg/kg of current body
weight (CBW). Maintenance of anesthesia was acieved
with low-flow inhalation of sevoflurane of 2-3 vol% in
combination with fractional injection of fentanyl, 2-2.5
pg/kg/h of LBW. Neuromuscular blockade (NMB) was
supported by pipecuronium, 0.04-0.03 mg/kg/h of LBW,
and NMB reversion was performed with 1.5 mg neostig-
mine. After the induction, hydrocortisone at a dose of 100
mg was intravenously administered for the prevention of
adrenal insufficiency. Liberal tactics were used in periop-
erative infusion therapy. Tactics included administration
of colloidal solutions based on gelatin, and Ringer's so-
lution. In the postoperative period, analgesia was
achieved by opioids (promedol bolus, 20 mg i.m. on de-
mand). The patients were prescribed bed rest on the first
day after surgery, enteral nutrition was composed of lig-
uids only.

In group 2, accelerated rehabilitation protocol was
employed [13]. Patients were on preoperative low carbo-
hydrate (800 cal/day) hepatic diet for 2-4 weeks before
the surgery. Four weeks before the operation, the patients
stopped smoking tobacco. On the eve of the operation, a
preoperative consultation of patients was conducted to
familiarize with the tactics of management. On the day
of the operation, transparent liquids could be accepted
2 hours before, solid food 6 hours before the surgery. Pre-
medication was not carried out in the evening before the
operation. Prevention of VTEC, stress-induced damage
to the stomach and duodenum, as well as infectious
complications were carried out in the same way as in
group 1. Combined prevention of PONV with on-
dansetron of 4 mg, metoclopramide of 10 mg after induc-
tion into anesthesia was used [14, 15]. In the operating
room, v.jugularis interna catheterization assisted by ul-
trasound navigation was employed. Induction of anes-
thesia was achieved by propofol, 2 mg/kg of LBW, muscle
relaxation was performed by rocuronium, 0.6+0.04
mg/kg of ideal body weight (IBW) using mandatory high-
flow nasal preoxygenation in position with raised head
end for laryngoscopy (Head Elevated Laryngoscopy Po-
sition). Due to a high probability of difficult airways, the
epiglottic apparatuses were reserved. With BMI more
than 45 kg/m?, intubation was carried out against the
background of preserved consciousness under local
anesthesia with endoscopic imaging. To maintain anes-
thesia, a protocol of non-opioid anesthesia was used on
the basis of low-flow inhalation of desflurane of 7-8 vol%
in combination with infusion of drugs: dexmedetomi-
dine — 0.5-1 pg/kg/h of IBW, ketamine — 0.125-0.25
mg/kg/h of IBW, lidocaine — 1-3 mg/kg/h of IBW, MgSO,
— 10 mg/kg/h of IBW [16, 17]. Neuromuscular blockade
was supported by intravenous rocuronium infusion at a
rate of 0.4+0.05 mg/kg/h of IBW, the NMB reversion was
achieved with sugammadexum of 200 mg [18]. After in-
duction for the prevention of adrenal insufficiency, hy-
drocortisone at a dose of 100 mg was intravenously ad-
ministered. Protective VCV ventilation strategy had the
following parameters: Vt-6 ml/kg of IBW, PEEP 8-10 cm
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XpaHeHHOI'0 CO3HAHUsI 10, MECTHO aHecTe3uel ¢ 9H-
JIOCKOTIMYECKOH Buadyanusanuen. [as noagepskanus
AHEeCTe3WH WCIOJb30BAJHM IIPOTOKOJ Oe30mMMOTHON
aHeCcTe3UM Ha OCHOBe HU3KOIOTOYHOU WHTAIALUU
neciriopana 7-8 06% B coueTaHNU ¢ HH(Dy3Mel KOM-
OWHANWU TIpernaparoB: AekcMmeaeToMuauH — 0,5-1
Mrk/kr/4 UgMT, keramun — 0,125-0,25 mr/kr/4 UgMT,
augokanH — 1-3 mr/kr/4 UgMT, MgSO, — 10 Mr/Kr/4
NaMT [16, 17]. HefipoMBIIIYHYIO OJOKAY TOIIEPKU-
BaJIM BHYTPUBEHHOU UH(]y3uell poKypoHUyMa CO CKO-
pocteio 0,4+0,05 mr/kr/4 UoMT, pesepcuu HMDB no-
crurajganu cyrramagekcom — 200 mr [18]. Ilocse
UHAYKLIWY AJ15 IpoQUIaKTUKY HAII0YeYHUKOBOU He-
JOCTaTOYHOCTU BHYTPUBEHHO BBOJUJIU THAPOKOPTHU-
30H 100 mr. [IpuHAIN TPOTEKTUBHYIO CTPATErHI0 —
BeHTUJIAIUA B peskuMme VCV ¢ mapamerpamu: Vi-6
mit/kr UngMT, PEEP 8-10 cm H,O. IHTpaonepannoHHy0
UH(Y3HMOHHYIO Tepaluio IPOBOAMU/IU C y4eTOM I1aTOJIO-
TUYECKNX U (PM3MOJIOTUYECKHX ITOTEPh cOAMTaHCHPO-
BaHHBIMU COJIEBBIMU PACTBOPAMH C IIOAiep>KaHUEM HY-
JIEBOTO SKUIKOCTHOTO OajlaHca. B omepanmoHHON Y
OOJBHBIX JOCTUTAIN PEKUM HOPMOTEPMHH 3a CUET
NIpUMEeHeHUsI MaTPacoB C II00rPEeBOM, BHYTPUBEHHON
uHQY3UU TeIJIbIX pacTBOPOB. IlocseonepanyioHHbIN
Nepuoj — MyJIBTUMOIaIbHAA aHAIbIe3Us Ha OCHOBE
undysun gexcMmeperomuauHa — 0,1-0,2 Mrk/Kr/4
NaMT, keramuna — 0,05 mr/kr/4 UgMT, nugokanHa —
1 mr/xr/a UnMT, MgSO, — 10 mr/kr/4 UgMT, B koMbH-
HAIlUM C HECTEPOUJHBIMU IPOTUBOBOCHAIUTEIbHBIMU
npenaparamu (HIIBII) (keroposnak — 90 mMr/cyT) 1 na-
paneramouJ (tepdasnrad — 4 r/cyr). [Ipu Head derTus-
HOCTHU aHAJIbI'€3UH OCYIIeCTBJIAIN ee I0TeHI[UpOBaHue
omronamMu (6oJTI0C TpoMeiosia — 20 Mr B/M). B Kpo-
BaTU NALMEHThl HAXOAUJINUCH B IIOJYCUsIUeM II0JI0Ke-
HUH C ucnoab3oBanneM CPAP-Tepanuu B nepBble 4achl
nocsie onepanuu. [IpumeHsanIu panHee HayaJlo ipyueMa
CBETVIbIX NPO3PAYHBIX SKUIKOCTEH — 4epes 2 yaca
mocJie olepanyy, IpueM TBEPION NUIu depel 4-5
4acoB MOcCJIe onepanuu. PaHHel akTUBU3alUU TOCTH-
rajy BCTaBaHUeM IallMeHTOB Ha HOTU uepe3 4 daca,
XOsKJleHueM — uepe3 6 4acoB.

MOHUTOPHUHT a/IeKBaTHOCTH U INIyOMHBI aHECTe-
3WM MIPOBOJWJINA C IOMOIIGIO OWCIEKTPaJbHOTO WH-
nexca monysiem BISXTM (Coviden USA), monnepsxkuBast
ero Ha ypoBHe 50-60 [19]. HefipoMbIIlIeUHBI MOHUTO-
PUHT BBIIIOJIHAIN METOIOM aKcesiepoMuorpaduu c mno-
mo1pio cucteMbl «TOF-Watch® SX» (Organon, Ireland).
IMoxmepskUBaIN YpOBEeHb MUOpeJIakcanuy He 6ostee T1
B pesknme TOF ctumyiianny. @apMaKoJIOTUUECKYIO pe-
BEPCHIO HEHPOMBIIIIEYHOTO OJI0KA OCYIIECTBJIAIN TP
nosiyieHnn T2 B peskume TOF crumymsanuu. IkcTyoa-
LU0 TPAaXeu OCYILeCTBJIAIU IPU JOCTU)KEHUH HHIIEKCa
TOF 0,9 1 KMMHAYECKUX IPU3HAKOB BOCCTAHOBJIEHUSA
MBIIIIEYHOH IIPOBOANMOCTH: CIIOCOOHOCTD ITOTHATHSA 1
yIepsKaHUs TOJIOBbI HAJ, ONEepPallMOHHBIM CTOJIOM B
TeyeHue 5 cek (tect lama), cuia pykomnoskarusa [20].
AnekBaTHOCTh MH(Y3UOHHOU Tepalluy OLleHUBAJIU 110
MHUHHMMaJIbHO MHBA3UBHBIM KPUTEPUSM HOPMOBOJIE-
MUU: TEMIIY AUYype3a, MeHTaJIbHOMY CTaTyCy, KOHIIeHT-
palnu JIaKTaTa, IoKa3aressAM reMarokpura, Scv, CpAJl.

9¢d P eKrTHBHOCTD TOCTHAPKO3HON peadu/INTaINH
OII€HWBAJIM 110 BPEMEHHU JTOCTUSKEeHMsI O0JIbHBIMA WH-
nekca BIS 6ostee 90 1 axcTyOaIy Tpaxeu Mocjie OKOH-
YaHWs Ollepaniy, BpeMeHH! TOCTIReHNs 10 6as1710B 110
mkase mpooyskaeHus Aldrete, u 0 6aJJI0B IO TECTY HC-

H,O. Intraoperative infusion therapy was carried out tak-
ing into account pathological and physiological losses by
balanced salt solutions with maintenance of zero liquid
balance. In the operating room, patients achieved nor-
mothermia regimen due to the use of heated mattresses,
intravenous infusion of warm solutions. In postoperative
period, patients were prescribed multimodal analgesia
based on dexmedetomidine infusion — 0.1-0.2 pg/kg/h
of IBW, ketamine — 0.05 mg/kg/h of IBW, lidocaine —
1mg/kg/h of IBW, MgSO, — 10 mg/kg/h of IBW, in com-
bination with non-steroidal anti-inflammatory drugs
(NAID) (ketorolac — 90 mg/day), and paracetamol (per-
falgan — 4 g/day). With inefficiency of analgesia, it was
potentiated by opioids (promedol bolus, 20 mg, i.m.). In
bed, patients were in the half-sitting position, and CPAP
therapy was used in the first hours after the surgery. The
early reception of light transparent liquids began 2 hours
after the operation, the intake of solid food started 4-5
hours after the operation. Early activation was achieved
by uprising the patient 4 hours after the operation,
whereas walking started in 6 hours.

Monitoring of the adequacy and depth of anesthe-
sia was carried out using the bispectral index by the
BISX™ module (Coviden USA), maintaining it at the level
of 50-60 [19]. Neuromuscular monitoring was performed
by the method of acceleromyography with the help of the
TOF-Watch® SX system (Organon, Ireland). The level of
muscle relaxation was maintained not more than T1 in
the mode of TOF stimulation. Pharmacological reversion
of the neuromuscular block was carried out when T2 ap-
peared in the mode of TOF stimulation. Trachea extuba-
tion was performed upon reaching the TOF index of 0.9
and clinical signs of muscle conductivity recovery: ability
to lift and hold the head over the operating table for 5 sec-
onds (Dam's test), force of handshake [20]. Adequacy of
infusion therapy was assessed according to minimally in-
vasive criteria of normovolemia: the rate of diuresis,
mental status, lactate concentration, hematocrit indica-
tors, Scv, MAP.

The effectiveness of postanesthesia rehabilitation
was evaluated at different timepoints in patients reached
the BIS index of more than 90 and following extubation
of patients after the surgery, at the time of reaching 10
points on the Aldrete recovery scale and 0 points on the
test of extinction of postoperative drowsiness and Bidway
restoration of orientation, first-uprising, restoration of
peristalsis, passage of flatus, and duration of stay in the
in-patient hospital setting was considered [21]. Following
postoperative complications were analyzed: 1) those re-
lated to respiratory disorders (hypoxemia Sp0O,<90%,
bronchospasm, atelectasis, apnea); 2) related to the car-
diovascular system (cardiac arrest, myocardial ischemia,
heart rhythm disorders, hypertensive crisis — increase of
SBP >180 mm Hg or MAP >120 mm Hg, arterial hypoten-
sion — decrease of SBP <90 mm Hg or MAP <60 mm Hg;
3) related to the central nervous system (brain death,
neurologic impairment, postoperative delirium, chills
and muscle tremors, PONV); 4) related to the endocrine
system (addisonian crisis, ketoacidosis, hypoglycemic
state — glucose level in the blood <3.3 mmol/1); 5) VTEC
— shin deep veins thrombosis, pulmonary artery throm-
boembolia [22, 23]. The effectiveness of analgesia was es-
timated by the time of the first requirement of analgetics,
consumption of narcotic analgetics in the postoperative
period with the help of 100 point visually analog scale
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4e3HOBEHMUA I10C/IeoNepalMiOHHON COHJIMBOCTHU U BOC-
CTaHOBJIEHUE OpHEeHTUpOBaHHOCTU Bidway, nmepsoro
BCTaBaHUSA HAa HOTH, BOCCTAHOBJIEHUsI IePUCTAJIBTUKY,
OTXO’K/I€HUSI T'a30B, IPOJO/IPKATETHHOCTH IPeObIBAHMSA
B CTaroHape [21]. AHaJIM3MpOBaJIM MOCJIe0IIepPaAOH-
HbIe OCJIO)KHEHU: 1) CBsI3aHHBIE C peCIUPaTOPHBIMU
HapymeHusiMu (rumnokcemusi — Sp0,<90%, 6pOHXO-
cIiasM, aTejieKTas, allHO?), 2) CBsI3aHHbIE C CepPAeYHO-
COCYOUCTOU cUCTeMOU (OCTAaHOBKA CepAllad, HIIeMUs
MUOKAap/a, HapyllIeHusI CepIeYHOr0 PUTMA, TUIIePTOHU-
yeCKuil Kpua — nosbliienre CAJI>180 MM pT. CT. uu
CpAJl > 120 MM PpT. CT., apTepraJIbHasA TUIIOTEH3UA —
camkenne CAJl <90 mMm pt. cT. uiu CpAJI<60 MM PT. CT.,
3) CBsA3aHHBIX C I[EHTPAJbHOU HEPBHOU CHUCTEMOU
(cMepTh MO3ra, HeBpOJIOTHYeCKui JeduinT, nocjueorne-
paIOHHBIA NeJUPHUi, 03HOO W MBIIIEYHAs TPOSKB,
IT1OTP), 4) cBA3aHHBIX C 9HJJOKPUHHOU CUCTEMOU (Au-
COHMYECKUH KpU3, KeToalu 03, FTUNOINKeMUYecKoe
COCTOSIHME€ — YPOBEHb NIIOKO3bI KPOBHU <3,3 MMOJIB/JI),
5) BT90 — Tpom603 IyOOKHX BEH TOJIEHN, TPOMO0IM-
6osmsA seroyHoi aptepuu [22, 23]. 3pPeKTUBHOCTD
aHaJIbTe3WH OI[eHMBAJIH II0 BpEMEHH ITepBOro TpeboBa-
HUs aHAJIbIeTUKA, pacXoAy HApKOTUYECKOI'0 aHaJjbre-
THKa B I10CJIE0IIePaIMIOHHOM IIepuoje, ¢ momMoIiso 100
6a/UTbHOU BU3yaTbHO-aHAJIOTOBOM ITKaAJIBI (BAIII) [24].
UToOBI ITPU MOBTOPHBIX TECTAX MAIIMEHT HE arrpaBUpPO-
BaJI BEIPa’KEHHOCTH DOJIEBOTO CHHIpOMa H3-3a oIace-
HUSA CHIDKEHUS J03bl aHAJIbIeTHKa, — TaK Ha3bIBaeMbl
CHMIITOM CTpaxa IOBTOPHOH 60JH, TN POBBIE 3HAYE-
HuA BAIIl my6simpoBai CIOBECHBIMU XapaKTePUCTH-
KaMU MHTEHCUBHOCTH 6011 110 10 Ha/IbHOM Bepbasb-
HOM OIMCcCaTeJILHOM IIKajie OIeHKu Oosau Verbal
Descriptor Scale [25].

Crarucrudyeckasi o0padorka. KonmuecTBeHHbIE
nepeMeHHble aHAJIM3UPOBAIN HAa HOPMAJIbHOCTh pac-
npenesieHns ¢ noMoublo Tecta [llannpo-yunka. B tom
cJjlydae, ecJIi paclpejiejieHue COOTBETCTBOBAJIO HOP-
MaJjIbHOMY, IJI1 OILeHKU [OCTOBEPHOCTH pas3jM4ui
MesK/Ty BRIOOpPKaMU MCIOIb30BaNHA [-KpuTepuit CThIo-
JIeHTAa JIIsI HeCBSI3aHHBIX BBIOOPOK. B mpoTuBHOM CI1y-
yae MCI0Jb30Baau U-kputepuil ManHa-YutHuU. [lis
CpaBHEHUs KaTeropuaJIbHbIX IIepeMeHHBbIX UCII0JIb30-
Basu 2 TecT [lupcoHa (c mompaskoii MeTca mpu aHa-
JI3e TabJIHI] CONIPSI’KEHHOCTH THIA 2X2 T. €. IIPU CTe-
nean=1). Ilpu anann3e TabJIAI CONPSIPKEHHOCTH THIIA
2X2 ¥ 0’KUIaeMOM 4acToTe napaMmerpa <5 UCIOIb30-
BaJIU TOYHBIN TecT Puiepa. /11 aHaausa JUHAMUKY C
HEHOpPMaJIbHBIM paclpejeseHueM HCI0Jb30Baau 1-
KpuTepuil BUITKOKCOHA, /15 aHA/IU3a JUHAMUKU C HOP-
MaJIbHBIM paclipejiesIeHleM UCII0Ib30BaIN {-KpUTepui
CrhlofieHTa JJIs CBS3aHHBIX BBIOOPOK C IOIPAaBKOU
Bondepponu [26]. PangomMusanuio ocyuecTBJsiIan ¢
TTOMOIIBIO TAOJIUIIBI CIYYaHBIX YHCeJT, CreHEPHPOBaH-
HOH B IporpamMme CTaTUCTUYECKOIO HUCCJIeJOBAaHUS.
[TepBUYHBIN OKUJAEMBIA KIIMHUYECKUI UCXO — CHH-
SKeHUe JJINTeJIbHOCTH NpeObIBaHUS B CTaliOHApe.
O1eHKY MOIITHOCTH 1 00'beMa BEIOOPKY OIIPEeTesIsIIN C
TIOMOILBI0 MOIYJIs — AHAJ/IN3 MOIIHOCTHU, IPOIPaMMBbI
STATISTICA 10,0. Cpeare 3Ha4YeHUsI HOPMaJIbHO pac-
npefieIeHHbIX KOJINYeCTBEHHBIX [IapaMeTPOB IIpeCTa-
BUJIU CpeiHUM apudmeTndeckuM (M) co cTaHgapTHBIM
OTKJIOHEHWEM (0), a HEHOPMAaJILHO pacIpeeIeHHbIX —
MmenuaHou (Me), 25-i u 75-i npouenTunaamu (LQ; UQ).
KayecTBeHHBIe IlepeMeHHble OIIUCBIBAIN IPOCTBHIM
yKa3aHHeM KOJIMYeCTBA U JOJIH (B IIPOLIEHTAaX) AJIs KasK-

(VAS) [24]. To prevent aggravation of the severity of the
patients] pain syndrome during repeated tests because
of the fear of reducing the dose of analgesic, we used the
so-called symptom of fear of repeated pain, digital values
of VAS were duplicated by verbal characteristics of pain
intensity according to 10-point Verbal Descriptor Scale
pain assessment [25].

Statistical processing. Quantitative variables were
analyzed for the normality of distribution using the
Shapiro-Wilk test. If the distribution was normal, the Stu-
dent's t-test for unrelated samples was used to assess the
significance of differences between groups of patients.
Otherwise, the Mann-Whitney U-test was used. To com-
pare categorical variables, the x? test with Yates's correc-
tion was used following analyzing the contingency tables.
The Fisher exact test was used to analyze the tables of
contingency of 2X2 type. For the analysis of dynamics at
distribution of variables differed from the normal one,
the Wilcoxon T-test was used, whereas for the analysis of
dynamics of variables which followed normal distribu-
tion, the Student's t-test was used for connected samples
and the Bonferroni correction was employed when cor-
rection for numbers of tests was needed [26]. Random-
ization was carried out using a table of random numbers
generated by a statistical program. The primary expected
clinical outcome was a decrease in the duration of stay
in the in-patient hospital. Estimation of power and vol-
ume of sampling was conducted using the module Power
Analysis, program STATISTICA 10.0. Mean values of nor-
mally distributed quantitative parameters are presented
by the arithmetic mean (M) with a standard deviation (o).
When the distributinn of variables was differed from the
normal distribution medians (Me) with 25" and 75% per-
centiles (LQ; UQ) were used. Qualitative variables were
described by the simple indication of quantity and frac-
tion (in percentage) for each category. The level of statis-
tical significance when checking the null hypothesis was
taken as corresponding to P<0.05.

Results and Discussion

The volume of perioperative infusion therapy
in group 2 was 1600 (1200; 2250) ml and was signifi-
cantly lower than in group 1 with 2800 (1600; 3400)
ml (P=0.028), while in dynamics, indicators of ade-
quacy of infusion therapy in groups did not differ
(table 2).

When comparing the effectiveness of
postanesthesia rehabilitation, the following differ-
ences between the analyzed groups were found: the
time of reaching the BIS index more than 90 after
the end of the operation in patients of group 1 was
14 (10; 19) min, in group 2 — 7 (4; 12) min
(P=0.028). The time of extubation after the end of
the operation was also significantly longer in group
1 with 18.5 (11; 26) min, in group 2 —11 (8; 16) min
(p=0.023). The time of awakening and reaching 10
points on the Aldrete scale in patients of group 2
was significantly shorter with 12 (9; 18.5) min than
in group 1 with 20 (17; 26) min (P=0.046). The time
of extinction of postoperative drowsiness and
achievement of 0 points on the Bidway test in pa-
tients of group 2 was significantly shorter as well
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Tabsuna 2. [[TuHaMUKa KPUTEPUEB aJeKBaTHOCTH HH(PY3HOHHOH Tepanuu.
Table 2. Dynamics of adequacy criteria of infusion therapy.

Parameters Values of parameters in groups on the study stages
Clipping v. supra- After the surgery, hour
renalis centralis 1 6 12

Control ERAS Control ERAS Control ERAS Control ERAS
Ht** 0.37+0.06 0.36+0.08 0.36+0.11 0.38+0.09 0.38+0.08 0.39+0.07 0.37+0.11 0.38+0.08
P;=0.856 P,=0.726 P;=0.842 P,~=0.758 P;=0.851 P,=0.891 P;=0.745
P,=0.518 P,=0.712 P,=0913
ScvO,% * 79 (74;83) 78 (73;82) 82 (76;85) 80 (77;84) 83 (78;86) 81 (75;84) 82 (76;86) 83 (77;86)
P;=0.911 P,=0.826 P;=0.483 P,=0.857 P;=0.781 P,=0.637 P;=0.549
P,=0.757 P,=0.685 P,=0.784
MAP, mm Hg * 86 (79;94) 84 (77;93) 88(80;97) 86 (79;95) 86 (79;94) 84 (77;93) 87 (80;96) 85 (78;94)
P;=0.632 P,=0.947 P;=0.519 P,=0.729 P;=0.607 P,=0.391 P;=0.827
P,=0.783 P,=0.479 P,=0.529
Diuresis, ml/h* 53 (48;56) 52 (47;55) 56 (51;60) 54 (50;58) 58 (53;62) 57 (51;61) 57 (52;61) 56 (51;60)
P;=0.597 P,=0.648 P;=0.941 P,=0.787 P;=0.654 P,=0.863 P;=0.933
P,=0.753 P,=0.459 P,=0.741

Lactate, mmol/1** 2.1£0.2 1.8+0.3 2.0+0.2 1.9+0.4 1.9+0.4 1.8+0.3 1.7+0.3 1.9+0.4
Py=0.716 P,=0.681 P;=0.919 P,=0.471 Ps=0.772 P,=0.978 P3=0.978
P,=0.537 P,=0.693 P,=0.978

Note. For table 2, 4: Control (n=27); ERAS (n=26). ** — data are presented as Mxs, P; — calculated with the Mann-Whitney U-test;
* — data are presented as Me (LQ; UQ); ** — data are presented as Mts, P, — calculated with the Mann-Whitney U-test; P, - calcu-
lated with the Wilcoxon T test; P;— calculated with the Student's #-test for unrelated samples; P,— calculated with the Student's
t-test for connected samples with the Bonferroni correction, the difference between groups is reliable at P<0.05.

IIpumeuanwue. ...on the on the study stages — ... Ha cragusax uccaenosanus; clipping — kiunuposanue; after the surgery,
hour — mocse onepamum, gacer. s Taba. 2, 4: control (n=27); ERAS (n=26); MAP — Cp. AJl. * — maHHbIEe IpeACTaBJIEHBI KaK
Me (LQ; UQ); ** — naHHBIe IPeACTaBJIEHbI Kak M+s, p; — paccuuTbiBanach U-KputepueM MaHHa-YUTHHU; P, — PACCUYUTHIBA-
sack T-KpuTepreM BUIIKOKCOHA; p;3— PaCCUUTHIBAJIACH f-KpuTepreM CThIOfeHTA 115 HECBSI3aHHBIX BIOOPOK; p,— paccuu-
TBIBaJIaCh [-KpuTeprueM CThIOfEHTA JIIsI CBsI3aHHBIX BRIOOPOK C IOIIPaBKOi BoH(eppoHH, pasHULa Meskay IPpyIIIaMu J0-

cToBepHa 1pu p<0,05.

JIOW KaTeropuu. Y pOBEHb CTATUCTUYECKON 3HAYNMOCTH
TIPU ITPOBEPKE HYJI€BOU TUIIOTE3bI TPUHUMAJIN COOTBET-
crBytomumi p<0,05.

Pe3ysnbrarhl U 00Cy:K/A€HHE

O6beM nepuonepanuoHHON NHPY3UOHHON
Tepanuu Bo 2-U rpynme cocraBusa 1600 (1200;
2250) M1 1 OBLTT JOCTOBEPHO HUKe, 4eM B 1-H
rpyme 2800 (1600;3 400) mut (p=0,028), ipu 9TOM B
JUHAMUKe ITI0Ka3aTesu aleKBaTHOCTU UH(PY3UOH-
HOH Teparud B rpymiax He Pasandainch (TadJr. 2).

[Ipu cpaBHeHUU 3P PHEKTUBHOCTH IMOCTHAP-
KO3HOU peadbmyinTaIuy 00HAPYKUIIU CJIETYIOIIIE
pasanyusa MeKIy aHAJIU3UPYEMbIMU IPYIIIAMUA:
BpeMs TOoCTHKeHusT nHaekca BIS 6osee 90 mocite
OKOHYaHMUsI ONlepalliy y NalueHToB 1-1 rpynnsl
cocraBuJio 14 (10; 19) muH, Bo 2-1i rpynne 7 (4; 12)
MuH (p=0,028). Bpems akcTyOamuy Tpaxeu mocie
OKOHYaHMUsI OIlepaIiiy Takke OBLJIO TOCTOBEPHO
fospmmMm B 1-i rpymre 18,5 (11; 26) MuH, 4eM BO
2-1i rpynne 11 (8; 16) mun (p=0,023). Bpems npo-
Oy»kIIeHUsI U TOCTIKeHUs1 10 6aJIJIOB IO IIKaie
Aldrete y 60JIbHBIX 2-11 TPyIIIBI OBLIO TOCTOBEPHO
kopoue 12 (9; 18,5) muH, yeM B 1-ii rpynne — 20
(17; 26) (p=0,046). BpeMsa uc4e3sHOBEHUS I10CJIe-
OlepalMoHHONW COHJUBOCTU W JOCTHUKeHUus 0
6astoB 1o Tecty Bidway y 60bHBIX 2-1i TPYIIITBI
OBLIIO TaKsKe TOCTOBEPHO Kopoye 14 (11; 19) MuH,
4yeM B rpynmne cpasHeHuda — 23 (14,5; 29) muH
(p=0,042). IlepBbIii NOABEM HA HOTU ITAI[UEHTOB 2-1
TpyIIbI IPOU30IIIe]I paHblile — uepes 7 (5,5; 10)

with 14 (11; 19) min than in the experimental group
with 23 (14.5; 29) min (P=0.042). The first uprising
in group 2 occurred earlier — in 7 (5.5; 10) hours
than in group 1 with 11 (8.5; 18) hours (P=0.031).
The first noises of intestinal peristalsis were earlier
auscultated in patients of group 2 — in 8.5 (7; 12)
hours compared to group 1 with 14 (11; 19.5) hours
(P=0.036). The passage of flatus began earlier also
in group 2: specifically, in 19 (16; 22.5) hours after
the operation, whereas in the experimental group
it occurred in 28 (21; 36.5) hours (P=0.038). The
time of stay in the hospital of patients of group 1
was significantly larger, 74 (68; 85) hours, and in pa-
tients of group 2 it was 58 (39; 71) hours (P=0.032).

When analyzing the frequency and structure
of postoperative complications (Table 3), a signifi-
cantly higher number of episodes of hypoxemia,
chills and muscular tremors, PONV were revealed
in group 1 compared to group 2.

Determining the efficacy of postoperative
analgesia, it was found that in patients of group 1
the level of pain in the early postoperative period
was higher, especially in cases of coughing and
physical activity, than in group 2. The optimal level
of pain in the postoperative period is considered to
be 30 points according to a 100-point visual analog
scale [27, 28]. The intensity of pain did not differ
significantly in patients of both groups, and 6 hours
and 12 hours after the surgery, the intensity of pain
syndrome in patients of group 2 was significantly
less significant reaching 41 (35; 48). On the second
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Tabsmna 3. YacToTa ¥ CTPYKTYpa KPUTHYECKUX HHIIUAEHTOB B IIOCIE€0NEPAIMOHHOM IEPUOJE.
Table 3. Frequency and structure of critical incidents in the postoperative period.

Complication Number of complications in groups P
Control (n=27) ERAS (n=26)

Hypoxemia** 10 (15.3%) 2 (3.1%) 0.039
Bronchospasm* 2 (3.6%) 0 (0%) 0.273
Atelectasis* 1(1.8%) 0 (0%) 0.526
Myocardial ischemia* 1(1.8%) 0 (0%) 0.526
Heart rhythm disorders* 4 (6.8%) 1(1.7%) 0.222
Hypertensive crisis** 5(8.1%) 3(4.9%) 0.411
Arterial hypotension* 2 (3.6%) 1(1.7%) 0.527
Postoperative delirium* 3 (5.1%) 2 (3.4%) 0.533
Chills and muscle tremors** 14 (26.3%) 4 (5.6%) 0.041
PONV* 13 (18.8%) 3 (4.3%) 0.028
Addisonian crisis* 1(1.8%) 0 (0%) 0.526
Ketoacidosis 1(1.8%) 1(1.7%) 0.745
Hypoglycemic state* 1 (1.8%) 0 (0%) 0.526
Shin deep vein thrombosis* 2 (3.6%) 0 (0%) 0.273

Note. * — data are presented by simple indication of quantity and fraction (in percentage), P calculated with the Fisher's exact
test; ** — data are presented by simple indication of quantity and fraction (in percentage), P — calculated with the Pearson's y?
test, difference between groups is reliable at P<0.05.

IIpumeuyanue. Number — ynciio; complication — ocsioskHenue; hypoxemia — runokcemusi; bronchospasm — 6ponxocnaswm; at-
electasis — aresiekras; myocardial ischemia — ummemus Mmuokapa; heart rhythm disorders — Hapymienus cepeunoro purma; hy-
pertensive crisis — runeproHnYecKui Kpus; arterial hypotension — aprepuanpHas TUIIOTeH3Us; postoperative delirium — nocite-
onepanMoHHbIN gesnupuii; chills and muscle tremors — 03H06 u MblmeuyHass gpokb; PONV — ITOTP; addisonian crisis —
anuccoHnyeckuil kpus; ketoacidosis — keroanunos; hypoglycemic state — runornukemMmudeckoe cocrossuue; shin deep vein
thrombosis — TpoM603 TTyOOKKX BeH roOJIeHH. * — JaHHbIE IPeCTaBIeHbI IPOCTHIM YKa3aHHeM KOJINYeCcTBa U JOJIH (B IPOLIeH-
Tax), p— paCCYUTHIBAJIACH TOYHBIM KpuTepueM Puiepa; ** — aHHbIE IIPEACTaBJIEHbI IPOCTHIM YKa3aHHEeM KOJIUYeCTBA U JOJIU

(B IPOIIEHTAX), P — PACCUYUTHIBAIACH x> TecTOM [TMpCOHa, pasHuUIla MesK Iy IPYNIIaMU JOCTOBepHA IpH p<0,05.

4acos, yeM 1-1i rpynnbl — depes 11 (8,5; 18) yacos
(p=0,031). PaHbuIe ayCKyJIBTUPOBAJIN IIE€pPBbIE
IIYMbI IEPUCTAJBTUKN KUILICYHUKA Y IalJUEHTOB
2-1 rpynnel — 4epes 8,5 (7; 12) yacos, B cpaBHe-
HuU c 1-ii rpynnoi 14 (11; 19,5) yacos (p=0,036).
Panbire Hayan0Ch OTXOKICHUE Ia30B Yy ITallUeH-
TOB 2-1 rpynnbl — uepes 19 (16; 22,5) yacos nocsie
olnepanuy, a rpyIibl CpaBHEeHUsA — 4depes 28 (21;
36,5) gacos (p=0,038). BpeMst mpeOLIBaHUSA B CTa-
[IMOHApe y NAaeHTOB 1-i Tpynnbl OBLJIO TOCTO-
BEPHO OOJIBIIMM U cocTaBUJIO 74 (68; 85) vaca, y
nanueHToB 2-U rpynnbel — 58 (39; 71) yacos
(p=0,032).

IIpu aHa/mmM3e 4acTOThI U CTPYKTYPHI 110C/IE-
oITepaloOHHbBIX OCJIO}KHEHUH (TabJI. 3), BBIABUIA
JIOCTOBEPHO OO0JIBITIEE YHMCJIO MTH30/I0B TUIIOKCe-
MuHY, 03HOOa U MblevyHou nposku, [IOTP B 1-i
TpyIlie B CPaBHEHUU C 2-1 IPYIIION.

[Tpu uccnenoBannu 3pPEKTUBHOCTHU TTOCIIE-
OIlepaLMOHHON aHA/IbIe3UH BBISIBUJIM, UTO Y Hal1-
€HTOB -1 rpynmbl ypoBeHb 60/ B paHHEM ITOCJIe-
OIlepaIlMOHHOM Tepuoie ObLI BBIIIE, 0COOEHHO
IIpu Kaiie 1 Gpu3ndeckoi Harpy3ke, 4eM BO 2-1
rpymie. ONTUMaIbHO TOIMYCTUMBIM YPOBHEM 00T
B ITIOCJIEOIEPAITMOHHOM MTEPUOJIe TPUHATO CUMTATh
30 6a/1oB o 100-6a1IbHOM BU3yaIbHO-aHAIOTO-
BOHM 1mkaJje [27, 28]. UHTEHCUBHOCTbL 0OO0JIEBBIX
OIIYIIIeHNH Yyepe3 1 yac mocJjie oneparuy y naru-
€HTOB 00euX IPyIIl JOCTOBEPHO He Pa3JIn4asach,
a dyepesd 6 yacoB M 12 yacoBs mocjie olnepauuu
WHTEHCUBHOCTb 00JIEBOTO CHHIPOMA Y TAIIEeHTOB

day, after 24 hours, the intensity of pain syndrome
in groups did not differ significantly (table 4). Sim-
ilar dynamics was revealed in the study of parame-
ters of pain syndrome intensity on the Verbal De-
scriptor Scale. Therefore, one hour after the
operation, there was no reliable difference between
groups. After 6 and 12 hours after the operation, the
intensity of pain syndrome in group 2 was signifi-
cantly lower, and within 24 hours, there was no sig-
nificant difference between groups (table 4). The
time of the first requirement of analgesic was sim-
ilar in different groups. In group 1, it was registered
atthe 29 (23; 31) min, in group 2 at the 31 (25; 35)
min (P=0.365). There was a significantly higher con-
sumption of narcotic analgetics in the early post-
operative period in the experimental group. Thus,
on day 1, the average consumption of promedol in
group 1 was 40.1+6.2 mg, on day 2 — 27.4+5.9 mg;
in patients of group 2, the average consumption of
promedol on day 1 was 21.8+6.7 mg (P=0.038), and
on day 2 — 18.6+5.9 mg (P=0.042).

Infusion therapy with zero balance support,
early enteral nutrition allowed to avoid excessive
hydration and associated complications in patients
from group 2. Adequate visceral perfusion was pre-
served, which was confirmed by early recovery of
intestinal peristalsis and adequate diuresis in the
early postoperative period.

The obtained results of indicators of effi-
ciency of postanesthesia rehabilitation in group 2
largely correspond to achievement of criteria of
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Tabsmna 4. UHTEHCUBHOCTH 60JIEBOT0 CHHIPOMA B IIOC/IE€0NEPAIIOHHOM IIEPHOJE.
Table 4. The intensity of pain syndrome in the postoperative period.

Scales Scales score in groups
After the surgery, hour
1 6 12 24
Control ERAS Control ERAS Control ERAS Control ERAS
VAS 46 (39;52) 45 (38;55) 47 (40;54) 32 (27;38) 41 (35;48) 28 (22;33) 30 (26;34) 27 (22;31)
P=0.217 P,0.284 P,;=0.047 P,=0.037 P,=0.036 P,=0.042 P;=0.283
P,=0.028 P,=0.184 P,=0.341
Verbal Descriptor Scale 5.70.3 5.5+0.4 6.4+0.4 2.4x0.2 5.8+0.3 2.1£0.2  2.8+0.05 2.1+0.3
P;=0.416 P,0.513 P3;=0.038 P,=0.218 P3;=0.045 P,=0.039 P;=0.198
P,=0.048 P,=0.362 P,=0.207

Note. * — data are presented as Me (LQ; UQ); ** — data are presented as M+g, P, — calculated with the Mann-Whitney U-test; P,—
calculated with the Wilcoxon T test; P;— calculated with the Student's ¢-test for unrelated samples; P,— calculated with the Student's
t-test for connected samples with the Bonferroni correction, the difference between groups is reliable at P<0.05.

Ipumeuanue. Scales — mKaJbl; score — 6a/abl; VAS — BU3yaabHO-aHaa0roBas mkasa; Verbal Descriptor Scale — Bep6anbHO-
onucaresbHas MIKada. * — JaHHbIe IpejcTaBiaeHbl kKak Me (LQ;UQ); ** — naHHbIe IpeJcTaB/IeHbl Kak M+o; P; — pacCYUThIBaIaCh
U-kpurepueM MaHHa-YUTHYU; P, — paccuuThiBasach 1T-KpaTepreM BUJIKOKCOHA; P3 — paccuuThiBanach -KkpurepueM CTbio-
JIeHTa JJIs1 HeCBA3aHHBIX BEIOOPOK; P, — pacCYUThIBAIACH f~-KpuUTepueM CThIOJEeHTa [JIs CBA3aHHBIX BEIOOPOK C IIOIIPABKOM
BoHdeppoHH, padHuIla MesKy I'pyIamMu JocToBepHa npu p<0,05.

2-# Tpynnbl ObLJIa TOCTOBEPHO MEHEE BhIPasKeH-
HoOi: 41(35; 48). Ha BTOpBIE CyTKH, yepes 24 Jaca,
WHTEHCUBHOCTH 00JIEBOTO CHMHIpPOMA B T'PYIIITaxX
JIOCTOBEPHO He pasjuyasnach (Tabut. 4). CXoKyIo
JUHAMUKY BBIABUJINA IIPYU UCCJIELOBAHNUM ITIOKa3a-
TeJlell MHTEHCUBHOCTH OOJIEBOTO CHUHAPOMA IO
mkasie Verbal Descriptor Scale. Tak, yepe3 1 yac
IIOCJIe ONlepaldy JOCTOBEPHOIO PA3JINYUA MEXKITY
rpynnamMu He 3aperucrpuposasu. Yepes 6 u 12
YaCOoB IT0CJIe OTlepaii HHTEHCUBHOCTH 60JIEBOTO
CHHJIpOMA Y AIMEeHTOB 2-1 TPYIIIbI ObLJIa JOCTO-
BEPHO HUKe, a yepe3 24 Jyaca JOCTOBEPHOTO pas-
JIMYUST MEKTy TPYNIaMu He BBISABUJIH (Ta0JI. 4).
Bpewmsi tepBoro TpeG0BaHNSA aHATbIETHKA MESKIY
rpylHnaMu He pa3janyaliock. B 1-ii rpynme ero peru-
cTpupoBaJju Ha 29 (23; 31) MuH, BO 2-1 rpyIie — Ha
31 (25; 35) muH (p=0,365). BbIABUJIN TOCTOBEPHO
OOJIBIIIUH PACX0]] HAPKOTUUECKUX aHAJIBIeTUKOB
B paHHEM II0CJIe0NepanyioOHHOM IIeprUoje B IPyIl-
e cpaBHeHus. Tak, B 1-e CyTKU CpeJJHUN pacxon
npomMenoJia B 1-i rpynne cocraBu 40,1+6,2 Mr, Ha
2-e CyTKU — 27,4+5,9 MT, y TallUEHTOB 2-1 TPyNIIbI
CpeqHUI pacxon mMpoMesoJia B 1-e CyTKH cocTa-
BuJ 21,8+6,7 mr (p=0,038), a Ha 2-e CyTKU —
18,6+5,9 mr (p=0,042).

WHpysnoHHas Tepanus C MOAAEPIKKOM HyJle-
Boro OajlaHca, paHHee 9HTepaJbHOE IHUTAHUE,
MTO3BOJINJIY N30eKaTh U3JIUITHEN THApATAIIUNA BO
2-1 rpynne ¥ acCCOUMMPOBAHHBIX C HEW OCJIOKHE-
Hui. [Ipu aTOM coxpaHUsach ajeKBaTHasi BUCIe-
paJibHasi nep(dysusi, UTO MOATBEPKIATOCH PaH-
HUM BOCCTAaHOBJIEHHEM MMepUCTATBTUKHA
KHUIIIEYHVKA U aleKBAaTHbIM IUypPe30M B paHHEM
MOCJIEONIePAMOHHOM TTepUOJIe.

[losryueHHBIE pe3y/abTaThl IOKa3aresen
3¢ PHEeKTUBHOCTH ITOCTHAPKO3HON peadu/IuTaIuy
BO 2-Ii rpyIiIie BO MHOTOM COOTBETCTBYIOT JOCTH-
SKEHUI0 KpUTepueB paHHe! peafalTauu: iCHOMY
CO3HAHUIO MaIlleHTa, COXPAHEHUIO0 BCeX BHUOB

OpUEHTUPOBAHUA, ANEKBATHOMY Bep6aJIbHOMy

early readaptation: clear patient's consciousness,
preservation of all types of orientation, adequate
verbal contact, minimal complaints of pain, ab-
sence of active bleeding, stability of vital functions
without additional pharmacological correction, ab-
sence of nausea and vomiting, ability to lift and
hold the head for five minutes when using nonde-
polarizing relaxants, return of SpO, to the baseline
or more than 94% when breathing air for 5-10 min-
utes. If these criteria are present, the anesthesiolo-
gist is entitled to immediately transfer the patient
in SSRU [23]. In our study, the patients of group 2
earlier achieved these criteria than the patients
from the experimental group.

In our opinion, it is worth of highlighting the
combined prevention of PONV as a component of
the concept of fast-track surgery, as the reduction
of frequency of PONV contributes to the prevention
of very serious complications of postoperative pe-
riod, such as aspiration, hemodynamic disorders in
patients with the compromised cardiovascular sys-
tem, failure of surgical sutures, bleeding, dehydra-
tion, and electrolyte balance disturbances [29]. The
effectiveness of the applied PONV prevention
scheme was confirmed by the results of our study,
which revealed a significant decrease in the num-
ber of PONV incidents in patients of group 2. In ad-
dition, in the postoperative period in group 2, there
were no such complications as bronchospasm,
lung atelectasis, myocardial ischemia, addisonian
crisis, hypoglycemic state, and shin deep vein
thrombosis, as opposed to the experimental group
where those episodes were recorded, but there was
no significant difference in the frequency of such
incidents as myocardial ischemia, heart rhythm
disorders, bronchospasm, atelectasis, postopera-
tive bleeding, and failure of surgical sutures in pa-
tients of both groups. This may be due to the small
number of patients per group that requires further
studies and in-depth analysis.

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com

27



28

DOI:10.15360/1813-9779-2019-3-19-30

Clinical Practice & Studies

KOHTAKTy, MUHUMAaJbHBIM jKajgob6amM Ha O0O0JIb,
OTCYTCTBUIO aKTUBHOTO KPOBOTEUEHMUSsI, CTA0UITh-
HOCTH KU3HEHHO BaYKHBIX (DYHKIIWH O€3 JTOTTOTHU-
TeJIbHOH (hapMaKoJI0TUUYeCKON KOPPEKIIUY, OTCYT-
CTBUIO TOIITHOTEI ¥ PBOTHI, CTIOCOOHOCTY TTOTHATH
U yIepyKUBaTh rOJIOBY B TeUeHUe IISITU MUHYT IIpU
HCIOJb30BAHNU HeJeTOIIPU3YIOIINX peJlakcaH-
TOB, Bo3Bpary SpO, K UCXOJHOMY YPOBHIO, 1100
boutee 94% Tpu IBIXaHUH BO3TyXOM B TeueHue 5-10
MUHYT. [Ipy HaIM4YMU 9TUX KPUTEPHEB AaHECTE3NO-
JIOT IIPaBOMOYEH Cpa3y IIOMECTUTh IaljeHTa B
SSRU [23]. B Halmem uccjiejOBaHUM NallMeHThI 2-1
CPYIIIbI JOCTOBEPHO paHbIIle NAIMEHTOB I'PYIIIbI
CpaBHEHUs JOCTUTAJIN 3TUX KPUTEPUEB.

Ha maim B3IJIAI, CTOUT OTAEJILHO BBIIEJINTh
KOMOMHMpOBaHHYIO npodumraktury [TOTP kak
KOMIIOHEeHTa KoHIenmny «fast-track surgery», Tak
Kak cHmkeHrne dactorel [IOTP cmocob6cTByeT
NpeaylpeskIeHUI0 BeCbMa CEPbE3HBIX OCI0KHE-
HUU TT0CJIe0TepallMOHHOr0 TIEPUO0/Ia, TaKUX KaK
acnupanus, reMoguHaMU4ecKre pacCTpoMCcTBa y
MaIeHTOB CO CKOMIIPOMETHPOBAHHOU CeP/IEYHO-
COCYIMCTOM CHCTEMOUH, HeCOCTOSTeJbHOCTh
XUPYpru4yecKUx IIIBOB, KPOBOTeUeHNe, IeTuapara-
IS ¥ HApYIIeHN s 9J1eKTPOJUTHOTO OamaHca [29].
AP herTUBHOCTh IPUMEHEHHOU CXeMbI TIPOdU-
gaktuku I1IOTP moprBepskparoT pesysbrarbl
HalIlero UCCJieJ0BaHus, BbISBUBIIIETO JOCTOBEDP-
HOE CHU’KeHHe KoandecTBa nHIuAeHToB [I0OTP y
naryeHToB 2-1i rpynnel. KpoMe, Toro B rocseone-
paloHHOM [EpUOo/e BO 2-1 TpyIiile HE PeTUCTPU-
poBaii TaKkWe OCJIO’KHEHWsI Kak OpOHXOCIasm,
areJjieKTa3 JIETKUX, UIIEMUsI MUOKapAa, AJJIUCO-
HUYECKUU KPU3, TUTIOVIMKEMUYECKOE COCTOSTHUE
1 TpoM0O03 IIyOOKMX BEH TOJIEHH, B OTJIUYHE OT
CPYIIIBI CPABHEHUS, Il€ 9TH 3IIU30/1bl PETUCTPU-
poBaJH, HO HE 0OHAPYKUIU JOCTOBEPHOTO pas-
JIMYUS B 4YACTOTe PA3BUTHUSA TaKUX WHIHJIEHTOB
KaK UIIIeMUsI MUOKAap/ia, HapyllleHue cepledHoro
putMma, OpoHXocmasM, arejieKTa3upOBAHUE,
rocJjeonepalnruoHHOe KPOBOTeUEHE M HECOCTOSI-
TeJIbHOCTb XMPYPTrU4YEeCKUX IIIBOB. BO3MOYKHO, 3TO
CBsI3aHO C MaJIBIM Pa3MepPOM BLIOOPKHU.

CpaBHUTeJIbHAsA OIlleHKa 3(@PEeKTUBHOCTHU
MYJIBTUMOJA/IbHON aHaJbIe3UN B COYETAaHUU C
nHQy3uell aHaJIbreTU4eCKON CMeCHU CBUJIETEJIb-
CTBYIOT O ee 6oJiee BhIpaskeHHOM 00e300JImBalo-
meM aspdekTe u ayulieil HelipoBereTaTUBHON
3aIuTe B CPAaBHEHUH C TPAIUIIMOHHOM TocsIeone-
pallMoOHHOW aHaJ/ibre3ueil omnuaramMu. 3a CYeT
codeTaHUs MYJIBTUMOIAIbHOU aHaIbre3UH U IPo-
JUIEHHON MH(Y3UM CUMIATOJIUTUYECKOU cMecHu
3HAYUTEJILHO COKPAIIAETCS pacxojl HapKOTHU4Ye-
CKMX aHa/JbI'eTUKOB B II0CJE0NepanioHHOM
nepuogie. COOTBETCTBEHHO, JIydlllee KadecTBO
00e300TMBaHYSI U MEHBITIEE TIOTPeOIeHIe HAPKO-
THYECKUX aHAJbTETUKOB CIIOCOOCTBYIOT CHUKE-
HUIO YaCTOThI PAa3BUTHUSA JIENIPECCUU JIbIXaHUS U
JIETOYHBIX OCJIOYKHEHUU, YCKOPEHUIO BOCCTAHOB-

The results of a comparative evaluation of the
effectiveness of multimodal analgesia in combina-
tion with the infusion of analgesic mixture demon-
strates more pronounced analgetic effect and better
neurovegetative protection compared to traditional
postoperative analgesia with opiates. Due to the
combination of multimodal analgesia and pro-
longed infusion of sympatholytic mixture, the con-
sumption of narcotic analgesics in the postopera-
tive period is significantly reduced. Better quality of
analgetics and lower consumption of narcotic anal-
getics contribute to reducing the frequency of de-
velopment of respiratory depression and pul-
monary complications, accelerating recovery of
intestinal peristalsis, as well as earlier activation.

Conclusion

Patients with endogenous hypercorticism
have a large spectrum of comorbid pathology
complicating anesthetic management of
retroperitoneal video endoscopic adrenalectomy,
including concomitant obesity. One of the most
difficult problems in anesthetic support of these
patients is the early activation of the patient after
surgery. Management of such patients from the
perspective of the concept of accelerated recovery,
in particular, the rejection of standard premedica-
tion and complete starvation, the employment of
the protocol of anesthesia based on drugs with op-
timal pharmacokinetic profile (low-flow inhala-
tion of desflurane, NMB controlled by rocuronium
and sugammadexum), the use of non-opioid
anesthesia techniques provide the possibility of
rapid and comfortable recovery. Limiting the use
of opiates, the use of multimodal analgesia in the
postoperative period in combination with the in-
fusion of analgesic mixture contributes to full
postoperative analgesia, early mobilization, faster
recovery of bowel function and onset of natural
nutrition, contributes to a reduction in the num-
ber of complications in the early postoperative pe-
riod, which together help to reduce the duration
of stay in the in-patient hospital and improve the
immediate results of surgical treatment of endoge-
nous hypercorticism.

JIEHUSI TEPUCTAJIBTUKYA KUIIIEYHUKA, a TaK >Ke
OoJiee paHHel aKTUBU3AINH.

3akJrouenue

ITanreHTHI C 9HIOTEHHBIM THIIEPKOPTUIIN3-
MOM WMeEIOT OOJIBIIION CIIEKTP KOMOPOWIHOMN
M1aTOJIOTUH, OCJIOKHSIONIEH aHeCcTe3WOoJIoTHYe-
Ccroe obecredyeHre peTpONepUTOHEOBHUIE0IHIO-
CKOTIMYECKOU apeHaJIIKTOMMUHY, B TOM YUCJIE —
conyTcTByIolee oskupenue. OqHON 13 Hanbosiee
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CJIOYKHBIX MPOOJIeM B aHECTEe3MOJIOIHYEeCKOM
obeclieueHNH ITUX IAIMEeHTOB SIBJISIETCS PAHHASA
aKTHUBHU3aIusl OOJBHOIO IIOCJE OIepaTHUBHOIO
BMeIllareJbCTBa. BejeHue Takux ManueHTOB C
MO3UIIAY KOHUENIMHA YCKOPEHHOI'0 BOCCTAHOBJIE-
HHUA, B YaCTHOCTU — OTKa3 OT CTaHJAPTHOU Ipe-
MEIUKAaLMU U II0JIHOTO IOJI0JaHusA, IPUMEHEeHe
IIPOTOKOJIa aHECTE3MHU Ha OCHOBE IIPeIaparos C
ONTUMAaJIbHBIM (hDapMAaKOKMHETHUYECKUM NPpodu-
JieM: HU3KOIIOTOYHOU MHraIAINM JecdJIopaHa,
ynpasJjsiemoi HMB pokypoHuymMoMm u cyrrama-
JeKCoM, IpUMeHeHre MeTONUK Oe3011aTHoH aHe-
cTe3un o0ecreduBaeT BO3MOYKHOCTD OBICTPOTO U
koMpopTHOro npoOyskgeHus. OrpanudeHue
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ITesb HCC/IefOBAHUA: OTIPEeTUTh NH(POPMATUBHOCTD TPEANKIINY JIETAIbHOCTHU MAI[EHTOB C CEIICUCOM
C IOMOIIIbI0 KOMOMHAIINY KaHIUJATHBIX MapKepPOB — KOJIUYECTBEHHOTO COfiepsKaHUA NUPKYIUPYIomeH
BHekseTouHot [JTHK (BkIHK) B n1asme U ajiIe/IbHBIX BapuaHToB reHa TLR9, koxgupylomero JHK-pacmo-
3HAIOINH KJIeTOUHbIHN penenTop TLRI.

Marepuasbl 1 MeTOABL. B riccieqoBanme BonIu nanueHTol u3 natu OPUT detsipex 60abHUILL (1=156).
[TanmeHTOB pasaenusau Ha 2 rpynnsl: (1) ¢ cencucom (o kputepusm CEIICHC-3, 2016), (n=81) u c OHMK
(n=75). Bk/IHK Bb1J€JIs1J11 U3 IIJIa3MBbI [TIAI[JUEHTOB OPraHUYeCKUMU PACTBOPUTEJISIMU U OIIpeeJIsaIu ee KOH-
I[eHTPAIXIO Ha CIeKTPOo(hOTOMEeTpe, UCI0JIb3YA (PIyopecleHTHbIN HHTepKaIupyomuii areHT SYBR Green,
cBaspiBatonuiica ¢ IHK c BeIcokoi adprHHOCTBIO. [eHOTUITMPOBaHNe aJlyIeIbHBIX BapuaHTOB reHa TLR9
r$352162 MpOBOAUIH C TOMOIIBIO TOTUMePa3HOH I[eMTHOM peaKIIuy C MCI0/Ib30BaHUeM TeTpanpaiMepos ¢
MOCJIEYIOIINM 3JIEKTPO(opeTUIecKUM pa3ie/ieHreM IPOAYKTOB U UX BU3yaIn3anuell. SHaueHUs KOHI[eHT-
panuii BkIHK conocTaBisaiau ¢ pe3yasraTaMu TeHOTUnupoBaHus mo TLRY rs352162 1 UCX0J0M B TedeHue
30 mHel mocJjie TOCIIUTAIN3allii.

PesyirraTsl. [To copepsxkanuio BK/JHK marumeHTsI ¢ CeIICUCOM (TOATPYNIbI ¢ a0IOMUHAIBHBIM WU He-
a0JOMUHAJIBHBIM CEIICHCOM) U3 ABYX PA3HBIX O0JIBHUI] 3HAYUMO He OTIMYAJINCh, a KOHIleHTpauu BK/IHK
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B IpyIIIax IAallMeHTOB He 3aBHcesIa OT UCTOYHUKA IIePBUYHON MH(MEKIUY, YTO [I03BOJIUJIO YBEJIUUUTH pa3-
MepBbI TPYIII, CYMMHUPOBAaB JaHHbIE. [Ip1 HCII0/Ib30BaHNY 00BeATHEHHBIX JaHHBIX II0KA3aJIH, YTO YYBCTBU-
TEJIbHOCTH U CIIeNU(PUIHOCTH MPOTHO3UPOBAHMS JIETATLHOTO MCX0/IA 10 OIpeiesieHrI0 cofepskanust BKIHK
3aBHCHT OT F€HOTHIIA: ¥ TOMO3UTOTHHIX HanueHToB remoruna TLRI rs352162 CC Bennunaa AUC 6bL1a
3HAYMMO BhIIIE, 4eM B rpynmne nanueHToB reHotunioB TLRY CT u TT (rs352162).

3akJrroueHmue. [losryueHHbBIe JaHHBIE CBUETETHCTBYIOT 00 MH(POPMATHBHOCTH OTIpe/e/IeHNsI TeHeTIIe-
ckoro roauMopduama TLRI 1 060CHOBBIBAIOT I1€/1€CO00Pa3HOCTH TO00pa MAIIMEHTOB JJIs FICCIIeJOBAHUH
JIeHICTBYSA TAPTETHBIX IIPerapaToB, MHrHOMpyIomx B3anMoselicteue BK/JHK c perentopom TLRI ¢ yueTom
regoruna TLR9 manuenrTa.

Knaroueewte crosa: enekiemoutas /JHK; noaumop@pusm TLRY; kombuHayus 6uomaprepos; cencuc; kpu-
muueckue COCmMosiHUS,

Purpose: to determine the informative value of the prediction of mortality of patients with sepsis using a
combination of candidate markers — the quantitative content of circulating cell-free DNA (cfDNA) in plasma
and allelic variants of TLR9 gene encoding-cellular recognition receptor TLR9 for DNA fragments.

Materials and methods. The study included patients from five ICU of 4 four hospitals (n=156). The patients
were divided into 2 groups: (1) with sepsis (based on SEPSIS-3, 2016, criteria), (n=81) and with acute cere-
brovascular event (n=75). CEDNA was isolated from patient’s blood plasma using organic solvents and its con-
centration was established by a spectrophotometer using fluorescent intercalating agent SYBR Green binding
DNA with high affinity. Genotyping of rs352162 allele variants of TLR9 gene was carried out with the help of
polymerase chain reaction using tetraprimers followed by separation of products via electrophoresis and their
visualization. The cfDNA concentrations were compared in patients differ in TLR9 rs352162 genotypes and
outcome was predicted in 30 days after hospitalization using the ROC analysis.

Results. As regards the cfDNA content, there was no significant difference between patients with sepsis
(subgroups with abdominal or non-abdominal sepsis) from two different hospitals, and cfDNA concentration
in groups of patients was not associated with the source of primary infection, which allowed increasing group
size by pooling up the data. Pooled data have shown that the sensitivity and specificity of the lethal outcome
prediction based on the cfDNA content depends on the genotype: in homozygotic patients withg TLR9
1s352162 CC genotype, the AUC was significantly higher than in the alternative group of patients with TLR9
rs352162 CT and TT genotypes.

Conclusion. The data we obtained suggest high informative value of establishing the genetic polymorphism
of TLR9 as complimentary to determining the cfDNA concentration and may demonstrate potential usefulness
of selecting patients according to their TLR9 genotype for investigations of the clinical effect of targeted drugs

inhibiting interaction of cfDNA with receptor TLR9.

Keywords: extracellular DNA; cell-free DNA; TLR9 polymorphism; combination of biomarkers; sepsis; critical

conditions
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BBenenue

HNHdeKITMOHHBIE OCTIOMKHEHUS KPUTHIECKUX
coctossuni (KC) — cercuc, B TOM YHCJIE -CeITHYe-
ckuii mok (CEIICHC-3, 2016) ocratoTcs Benyiien
MIPUYUHON CMEPTHOCTH B OT/EJIEHUSIX peaHuMa-
nuu 1 uHTeHcuBHOM Tepanuu (OPUT) [1]. [Ipen-
OTBpAIleHNE JIETATHHOTO UCXO0/Ia Cercrca TpebyeT
pa3paboTKU HOBBIX CTpaTeruil mepcoHaJn3alnuu
JIeYeHUsI, HysKAaIouxcA B (1) HaesKHbIX U BBICO-
KOMH(pOPMATUBHBIX IPOTHOCTUYECKUX OMOMapKe-
pax u (2) pacliMpeHNH HaIIUX IIPeICcCTaBIeHn 00
UX CBsI3W C (DEHOTHUIIMYECKUM pas3HOooOpasueM
MMaTOJIOTUYECKOTO MpoIlecca MNpPHU  CEeNCHUcCe,
00yCJIOBJIEHHOM pa3HO00pa3ueM NaToreHeTude-
CKUX 3BeHbeB. PanHee 1CI0J/Ib30BaHue TAKUX O1O-
MapkepoB B MeauiiHe KC m03Bo/IMIO OBI CBOE-
BpPEMEHHO CTpaTUMUIIUPOBATh IMAIMEHTOB II0
rpynnaM pucka HeOJarompusiTHOrO TeYeHUsl U
JeTaJbHOro ucxona. IlocaenHee crrocooCTBOBAJIO
OBbI IPUHSITUIO ONITUMAILHOTO PEIIEHUS O JIeYEHUN
MarueHTa, B TOM YUCJe — O 11eJ1ecO000pasHOCTHU

Introduction

Infectious complications of critical conditions
(CC) — sepsis, including septic shock (SEPSIS-3,
2016), remain the prevalent reason of mortality in
intensive care units (ICU) [1]. Prevention of the
mortal outcome of sepsis requires novel strategies
of management personalization that need for (1)
reliable prognostic biomarkers of high informa-
tional value, and (2) extension of our understand-
ing of their relation to phenotypic diversity of the
pathological process during sepsis due to the ver-
satility of the pathogenic elements. Early use of
such biomarkers in CC medicine would allow
timely stratification of patients by groups of the risk
of adverse course and lethal outcome. The latter
would assist making the best decision with regard
to patient management including usage of high-
tech approaches and individualization of drug
doses [2].

There are two main groups of molecular bio-
markers, which are promising candidate markers of
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HCII0JIb30BAHUSI BhICOKOTEXHOJOTUYHBIX METO/IOB
U UHIWBUIyaJIN3alUu 103 [Ipenaparos [2].

K nepcnekTUBHBIM KaHAWUIATHBIM MapKepaM
MPOTHO3a TeYeHUs U MPEeTUKIINU UCXoa 3a0oJie-
BaHUUA ¥ IIATOJIOTUYECKUX COCTOSHUI, B TOM
yucae — KC oTHOCAT JBe OCHOBHBIE TI'PYIIBI
MOJIEKYJISIPHBIX OMOMapKepoB — IHUPKYIUPYIO-
1I1e B KPOBU MOJIEKYJIBI U ITOJIUMOP(HBIE T'€HBI,
XapaKTepU3YIOIINecs: OJHOHYKJIEOTUIHOU 3ame-
HOMH, CJIeJICTBIEM KOTOPOU MOYKET SIBUTHCS U3Me-
HeHHUe (PYHKIMOHAJBHOU AKTUBHOCTU TeHa C
IOCJIEAYIOMIM KOJIWYEeCTBEHHBIM H3MEHEeHUeM
aKcIpeccuu ero npoaykros — MPHR u coorsert-
cTByIOIIIero 6emnka [2, 3.

OnHyM 13 6MOMapKEPOB C IMTOATBEP K IeHHbI-
MU BBICOKMMU 3HAYEHUSAMH CHENUPUUHOCTU U
YyBCTBUTEJbHOCTHU T€CTA [IPU IPOrHO3UPOBAHUN
ncxona pa3nbix KC asasercsa Bk/IHK [4-8]. B opra-
HHU3Me YeJI0BEKa esKeTHEBHO 00Pa3yroTCs U ITOT U -
6aror 1011 KJI€TOK, YTO MPUBOIUT K ITOMAJaHUIO B
OUPKYJIALNNIO 0KoJIo 1 rpamma THK [9]. B pesyiib-
TaTe MakpodaraJbHOU aKTUBHOCTU U JeUCTBUSA
HykJ1ea3 KpoBu JJHK noru6mmx KJIeTOK paciien-
JseTcA U BblaesasdeTcd U3 opranusama [10-11].
TakuM 00pa3oM MOAAepsKUBAETCS TPUOJIUIU-
TeJIbHO IIOCTOSIHHAsA KOHIeHTpanusa BK/IHK B
njaasMe Ha ypoBHe 200 HI/MJI WJIM HECKOJIbBKO
OoJee, B 3aBUCMMOCTH OT MeTOj/ia ee 0OHapysKe-
HUA [12]. ¥V 3I10pOBOro 4yesioBeKa COJepskaHue
BK/IHK moskeT BappupoBaTh B 3aBUCUMOCTH OT
(pusnuecKoi NI SMOIMOHAIBHON HAarpy3Ku [13].
OnHAaKo, 9TO MOBBINIIEHUE KPAaTKOBPEMEHHOE, U
koHreHTpanus Bk/IHK 6bI1cTpo Bo3BpaIiaercs K
HOpMaJIbHBIM ITOoKa3aresasaM [13]. [IokasaHo, 4TO
BK/IHK y 300pOoBOro 4es0BeKa B KPOBU IIPEUMY-
miecTBeHHO (93%) HaXOOATCS B COCTaBE HAHOBE3U-
KYJI — 9K30COM, YTO 00JIer4yaeT ux MpOHUKHOBE-
HUE B KJIeTKHU [14].

B kJieTKe WM Ha ee TOBEPXHOCTU (pparmMeH-
TbI BK/IHK, oboraireHHble yqacTKaMu, CofepsKa-
IUMUA  IUTO3UH-Pocdar-ryanuHoBble  (CpG)
I10CJIeI0BATEeIbHOCTH, CIIOCOOHBI CBA3BIBATHCS C
toll-momo6uBIM pererrropoM TLRI [15]. McTouHM-
kamu CpG-60rarbIx (pparMeHToB MOTYT OBITH OaK-
tepuanbHaa [JHK un mekoropsle ydactku JTHK
9YKapUOT, BKJIIOYas YeJI0BeKa (30HbI IPOMOTOPOB,
pubocomublie TeHbl) [12, 16]. ®parments JJHK,
conepskamue CpG mocjemoBaTe IbHOCTH, 06J1a-
JTAIOT OO0JIBIIIEH YCTONYNBOCTHIO CBA3W TYaHO3WH-
nuto3uH (I-11) k pparmeHTaIuy, IOCKOJIBKY 9HEP-
rusi cBsi3u B mape [-11 B coctaBe pparmenTos /JITHK,
cofepsKallliX ONHOHUTEBBbIE pPAa3pbIBBI, CYyIIe-
CTBEHHO OOJIbIIIE [0 CPAaBHEHUIO C IMApOU aeHo-
3uH — TuMuH [12]. Iloatomy nmenno CpG-conep-
skamue ¢gparmentel JJHK npeumyliiecTBeHHO
HaKaILJIMBAIOTCS B KPOBOTOKeE 00J1a/1as1 IOTEHITNA-
JIOM MPOJIOHTUPOBAHHOU aKTUBHOTCTU B OTHOIIIE-
Hnm TLRI peneriropa. TLR9 o6HapyskeH y 60J1b-
IIMHCTBA KJIETOK, C Ha0OJIbIIIEel IIJIOTHOCTHIO OH

prognosis of the course and prediction of the out-
come of diseases and pathological conditions includ-
ing critical conditions, namely: molecules circulating
in blood, and polymorphous genes characterized by
single nucleotide substitution that might result in a
change of gene’s functionality followed by a quanti-
tative change in the expression of its products —
mRNA and the corresponding protein [2, 3].

One of biomarkers with confirmed high speci-
ficity and sensitivity in a test of predicting the out-
come of different critical states is cfDNA [4-8]. In
the human body, 1011 cells form and die every day,
which leads to inclusion in circulation of 1 gram of
DNA approximately [9]. As a result of macrophagal
activity and blood nuclease action, DNA of dead
cells breaks down and is eliminated from the body
(10, 11]. In this way, an approximately constant
concentration of cfDNA in plasma is maintained at
a level of 200 ng/ml or slightly higher, depending
on the detection method [12]. In a healthy person,
the content of cfDNA might vary depending on
physical or emotional stress [13]. However, such
rise is short-term and cfDNA concentration fast re-
covers to normal figures [13]. It has been shown
that in the healthy human blood, cfDNA is found
mostly (93%) in nanovesicles — exosomes, which
facilitates their penetration into cells [14].

Inside or on the surface of a cell, cfDNA frag-
ments enriched with sites containing cytosine-
phosphate-guanine (CpG) sequences are capable
of binding with toll-like receptor TLR9 [15]. The
sources of CpG-rich fragments might be bacterial
DNA and some eukaryote DNA regions including
human (promoter sites, ribosomal genes) [12, 16].
DNA fragments containing CpG sequences and
DNA nicks are more resistant to DNA fragmenta-
tion due to increased binding energy for guano-
sine-cytosine bond compared to thymine-adeno-
sine bond [12]. That is why this is the CpG-rich
fragments that preferably accumulate in the blood
flow, featuring potential for prolonged activity in re-
spect of TLR9 receptor. TLR9 was found in most
cells, its highest densities were detected both on
membrane surface and inside antigen-presenting
cells [15]. TLR9 activation launches the Myd88-de-
pendent anti-inflammatory response [17, 18].
Blocking of TLR9 activation leads to reduced ex-
pression of anti-inflammatory genes (NFkB, IL1,
IL6) and production of anti-inflammatory cy-
tokines, better elimination of bacteria, increased
content of granulocytes and peritoneal dendritic
cells [17]. High content of DNA fragments in
plasma is associated with a negative prognosis. In
the experimental sepsis model, the quantity of cir-
culating bacterial DNA was drastically increased,
resulting in excessive activation of TLR9 and higher
mortality [17]. During such critical conditions as
acute cerebrovascular events in the brain and my-
ocardium, a severe trauma, operative interventions,
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BBISBJISIETCSI KAK HAa IIOBEPXHOCTH MeMOpaHbI, TAK
U BHYTPU aHTUTEHIIPEICTaBJIAIONINX KJIETOK [15].
AxtuBanusi TLR9 npuBoauT k 3amycky Myd88-
3aBUCUMOTO IIPOBOCHAIUTEIBHOI0 OTBeTa [17, 18].
[Tpu aTom GyiokupoBanue akTuBaru TLRI mpuBo-
JIUT K CHUYKEHUIO 9KCIIPECCUU TTPOBOCTIAJINTEIb-
HbIx reHoB (NFkB, IL1, IL6) u npogyKiiuu mpoBocC-
NaJnTe bHBIX IIUTOKUHOB, JIy4lllel 3JIMMUHALINN
OakTepuii, yBeJTMYEHUIO COJlepsKaHUS TPAHYJIOIH-
TOB U IIEPUTOHEAbHBIX IEHJAPUTHBIX KJIETOK [17].
Bricokoe copepskanus pparmenToB [IHK B mias-
Me aCCOIIMMPOBAHO C HETaTUBHBIM NPOTHO30M. B
9KCIepUMEHTAJbHOU MOJIEJIU Cercuca KoJaude-
CTBO UHMpPKyIupyomel 6akrepranbHoil THK
PEe3KO TIOBBIIIIEHO, YTO MPUBOJIUT K Ype3MEPHOU
axtuBanuu TLRI u k 0oJibleit erajabHoCTH [17].
[Ipy TaKUX KPUTHUECKUX COCTOSTHUAX, KAK OCTPhIEe
HapyIIeHusI KpoBOoOpaIieHus B TOJIOBHOM MO3Te
1 MUOKap/e, TAKeJiasi TpaBMa, OllepaTuBHbIE BMe-
[1aTeJIbCTBA, CETICUC, COITPOBOKIAIOIIAXCS BOCIIA-
JIUTEJIbHBIMU peaKIsIMH, KOHIleHTpanus BK/HK
KparHO noBbiIaercs [4-8]. OmHaKoO reTeporeH-
HOCTb HO30JIOTUYECKUX (POPM U CONTYTCTBYIONIAsI
KOMOPOUTHOCTb MOTYT OBITh ICTOYHUKOM Bapua-
bespHOCTM TI0 comepskanuio Bk/HK, urto
orpaHuuuBaeT HUH(MOPMATUBHYIO  I[€HHOCTH
BK/IHK kak npenukropa ncxona KC, u, B 4acTHO-
CTY, cericuca. /Ipyroii ipuunHoOH, ciep;KuBaoIen
HIMPOKOE UCIIOIb30BAHUE TECTA B KIUHUYECKOU
MIPAKTHUKE, sIBJISIETCS TeHETHYECKOe pa3HooOpasye
MalueHTOB — MOJUMOP(U3IM TeHOB, KOHTPOJIH-
pylolux nepegady Curaanos ¢ BK/HK B KkieTkax,
TIPEIITOJIOMKUTETHHO, MOT ObI TOKE BHOCUTH BKJIA
B CIEIU(PUYHOCTh U YYBCTBUTEJbHOCTD TeCTa IpU
KC. B oTHOII1EHUY TeHETUYeCKOT0 MoJIuMopdr3mMa
reHa, Konupylolero perentop ¢gparmenros JJHK,
6orarbix CpG, U3BECTHBI JIUIITH ACCOIMAIINY BapH-
anTa TLR9 rs352162 C/C B roMO3UT'OTHOM COCTOSI-
HUU C BBICOKOM CMEPTHOCTHIO M PaA3BUTHEM
noJinopranHou HegocrarounocTu (ITOH) mpu cern-
CHCe, a TAKKE C YCUJICHHEM IIPONYKIIMY paHHEeTr o 1
MOIIIHOTO HOPOBOCHAJIUTEIBHOTO ITMTOKWHA —
(¢akropa Hekpo3sa omyxosau (PHO) [19]. 9pderTsI
NIPEJIIOJI0KUTEIbHO ABJIAITCA CJIEACTBAEM yCHU-
JIEHUsI CUTHAJIMHTA Yepes3 PeLenTop y HocuTesei
BapuaHTa C/C B TOMO3UTOTHOM cocTossHUHA [19]. B
JUTEpaType Mbl He OOHAPYKWJIM [TaHHBIX I10
M3y4eHUIO IIPOTrHOCTHYECKOH IIEHHOCTH KOMOWHA-
1y copepskanusi BK/IHK B KpoBU 1 HAIWYMA TOTO
WUJIY UHOTO (DyHKIIMOHAIbHO 3HAYMMOTO FeHeTHu-
yeckoro sapuanTa TLR9.

llenp wmccaengoBaHUsA onpeJesieHne
WHOPMATUBHOCTU TPEIUKIUUA JIETAJIbHOCTHU
MAIIEHTOB C CEIICCOM C IIOMOIIILI0 KOMOMHAIIN
KaHAUJATHBIX MapKepoOB — KOJHUYECTBEHHOTO
cofiepsKaHusd IUPKYJUPYIOIlell BHEKJIETOUHON
JHK (BkIHK) B mima3me 1 a/ijieIbHbIX BADUAHTOB
reHa TLR9, konupymomiero JHK-pacnosnatomuii
KJIeTOYHbIN perenTop TLRI.

sepsis, which are accompanied by inflammatory re-
sponses, cfDNA concentration rises many-fold
[4-8]. However, heterogeneity of medical condi-
tions and comorbidity might be a source of cfDNA
content variability, which limits the informative
value of cfDNA as a predictor of the outcome of a
critical state, including but not limited to sepsis.
Another reason impeding wide application of the
testin clinical practice is the genetic diversity of pa-
tients: polymorphism of genes controlling signal
transduction from cfDNA to the cell might also
contribute to the test specificity and sensitivity in
critical conditions. Regarding genetic polymor-
phism of the gene coding for the receptor of CpG-
rich DNA fragments, the only associations that are
known are the associations of homozygotic TLR9
rs352162 C/C with higher mortality and risk of mul-
tiple organ failure (MOF) during sepsis, and inten-
sified production of an early and potent anti-in-
flammatory cytokine — tumor necrosis factor
(TNF) [19]. The effects are supposedly a conse-
quence of amplified signaling via the variant recep-
tor in the carriers of homozygotic C/C [19]. We have
not found any published reports in the literature
concerning investigations of the prognostic value
of the combination of cfDNA content in the blood
and presence of some or other functionally signifi-
cant genetic variant of TLR9 rs352162.

The aim of the study was to determine the in-
formational value of the prediction of sepsis pa-
tient’s mortality using a combination of candidate
markers — the quantitative content of circulating
extracellular DNA (cfDNA) in plasma and allelic
variants of TLR9 gene coding DNA-cell recognition
receptor TLR9.

Materials and Methods

Patients. All patients with critical conditions
(n=156), which were included in the study, were divided
into two groups of ICU patients: (1) patients from V.P.
Demikhov Municipal Clinical Hospital (ICU 2), V.M.
Buyanov Municipal Clinical Hospital (ICU 1), and O.M.
Filatov Municipal Clinical Hospital (ICU 3), who had a
clinically established infection and presence of organ
failure (i.e. sepsis according to SEPSIS-3, 2016, classifica-
tion), n=81 (table 1); (2) neurology ICU patients from V.p,
Demikhov Municipal Clinical Hospital (ICU 4) and S.P.
Botkin Municipal Clinical Hospital (ICU 5) with an acute
cerebrovascular event (ACVE) as a result of an ischemic
stroke or hemorrhagic stroke (n=75) (table 2). Ischemic
stroke patients did not receive brain recanalization due
to presence of one or more counter-indications: patients
beyond the therapeutic window (up to 3.5 hrs. thrombol-
ysis, up to 6 hrs. thromboextraction), convulsions at the
stroke onset, hypertensive crisis, NIHSS < 3 points, op-
erative interventions during the last 3 months, age of
more than 80 years). The control group consisted of clin-
ically healthy donors (n=30).

According to the classification suggested by con-
sensus conference SEPSIS-3 (2016), sepsis was regarded
a condition characterized by presence of a focus of infec-
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Tabsmna 1. XapaKkTepHCTHKA HO30JI0THYECKOH CTPYKTYpbI TalfHeHTOoB ¢ cernicicoMm (OPUT 1 - OPUT 3).
Table 1. Characterization of sepsis patient’s nosology (ICU 1 - ICU 3).

Indexes

Value of indexes in groups

Non-Abdominal Sepsis, n=44

Abdominal Sepsis, n=37 Sepsis, n=81

Mean age 57.9+13.9

53.7+14.7 55.9+14.3

Men 23

52

\S]
—

Women

29

Pneumonia

Severe trauma

=[]~

Oncological diseases*

=[]~

—
[ee]

Cardiovascular diseases

—
[ee]

Pyelonephritis, nephropathy

Diabetes mellitus

Intestine perforation

Cholecystitis, cholangitis

Appendicitis

Peritonitis

RN Ee=I 11 B \S] i) Kop)

Pancreatitis, pancreonecrosis

—
(=]

Mesenteric thrombosis

[=] f=l fol fo] o) fe) K] 1] Nop]

Intestine perforation

Other**

—

ofn| w| B[ ~| | v o|o|o|o|o|o| x| B

=N W

Note. * — adrenal gland mass; ** — Itsenko-Cushing syndrome.

IIpumeuanue. * — oOpa3oBaHKe HAAOUYEUYHUKA; ** — Cunapom Uneako-Kymunra. yist Taba. 1, 2: indexes — nokasaresiy;
value of ... in groups — 3Ha4YeHus ... B IPyIIax; mean age — CpeJHUHM BO3pacT; men — My>KYMHbI; Women — SKeHIUHBI; pneu-
monia - THEBMOHWUSI; Severe trauma — TskeJiast TpaBMa; oncological diseases — oHkoJsiorudeckue 3aboseBanust; cardiovascular
diseases — cepieuHo-cocynucTbie 3aboseBanusi; pyelonephritis, nephropathy — nuenonedpur, Hepponarus; diabetes mellitus
— caxapHbIi 1uader; intestine perforation — nepdoparnus kumiky; cholecystitis, cholangitis — xosenucTuT, Xo/1aHrUT; appen-
dicitis — anmenauIUT; peritonitis — mepuTOHUT; pancreatitis, pancreonecrosis — maHKpeaTUT, TAHKPEOHEKPO3; mesenteric
thrombosis — Mme3eHnTepaabHbIi TPOMO03; intestine perforation — mepdopanus kumky; other — fpyroe; sepsis — cercuc; non-Ab-

dominal/Abdominal — He-abmoMUHaJIBHBIN /a0TOMUHAIBLHBIN.

MaTepnaJI H ME€TOAbI

IMamuenTsl. [Tanuentos B KC (n=156), Bormieaimx
B MCCJIe[IOBaHMe, pa3e/nju Ha IBe FPYIIIb] IallieHTOB
OPUT: (1) 'KB um. B. I1. lemuxoBa (OPUT 2), 'Kb um. B.
M. bysanoBa (OPUT 1) u I'Kb umenu O. M. ®unaroBa
(OPUT 3) c KIMHUYECKU BBISIBJIEHHOH HH(peKImell 1 Ha-
JIMYMEM OpPraHHON HEZOCTATOYHOCTH (T. €. CEIICHC, CO-
rnacHo kiaccugukarmu CETICHC-3, 2016), n=81 (TabJr. 1);
(2) manmenTs! HeiipopeannMarnuu I'KB um. B. I1. [lemu-
xoBa (OPUT 4) u I'Kb nm. C. I1. Borkuna (OPUT 5) c ocT-
pBIM  HapylleHHeM MO3TOBOTO KpOBOOOpalieHus
(OHMK) B pesyJibraTe UI1eMUYeCKOr0 MHCYJIBTa UJIU re-
MOpparu4ecKkoro MHCy/IbTa (1n=75) (TadJ. 2). [lanueHTam
C UIIIEMUYECKUM UHCYJIETOM BOCCTAHOBJIEHUE IIPOXO/IU-
MOCTH COCYZJ0B F'OJIOBHOI'O MO3T'a He IIPOBO/IUJIN B CBA3U
C HaJINYMeM OTHOTO WM 60Jiee TPOTUBONIOKA3aHUH: T1a-
[IMEeHTHI BHE TEPANIeBTUYECKOTO OKHA (TPOMOOJIU3UC 10
3,5 yacoB, TPOMOOIKCTPAKIIMS 10 6 4aCOB), CyJJOPOTH B
Jeb1oTe MHCY/IbTA, TUIepTOHNYecKui kpus, NIHSS<3
0aJIJIoB, OIlepaTUBHbIE BMEIIaTeIbCTBA 32 ITOC/IeTHIE 3
MecsIia, Bo3pact 6oee 80 sieT). KOHTPOJIBHYIO TPyHITy
COCTaBUJIU KJIIMHUYECKU 3[J0POBBIe JOHOPHI (1=30).

ITof, cercucoM, B COOTBETCTBUHU C KJaccuduka-
nuen, mpeaaosKeHHON KOHCEHCYCHOU KoH(pepeHIuei
CEIICHC-3 (2016), moHUMaJIU COCTOSTHUE, XapaKTepU-
3yeMoe HaJuureM UH(EeKINOHHOro oyara U MoJmop-
raHHOM HEeIO0CTAaTOYHOCTHU, OIleHMBAaeMOM 110 OaJiiaMm
SOFA He MeHee 4yeM Ha 2 equHHUIbI [20]. [TaliieHTOB C
CEeNTUYECKUM IIIOKOM KJIMHUYECKHU BBISIBJISJIN II0 He-
00X0IMMOCTH Ba30IIPECCOPHON MOAEPIKKHU 10 YPOBHS
CpelHero apTepuaabHOTO JaBJIeHUsA 65 MM PT. CT. UJIA
0oJ1ee, coueTaroIelcsi C ypOBHEM CHIBOPOTOYHOTO JIAK-
TaTa BhIllIe 2 MMOJIb/JI (>18 Mr/ 1) IpU OTCYyTCTBUU TH-
noBoJiemuu [20].

tion and multiple organ failure estimated at least as SOFA
score 2 [20]. The septic shock was understood as a con-
dition whereby substantially severe circulatory cellular
and metabolic disorders are associated with a higher risk
of mortality than during sepsis not complicated with sep-
tic shock. Patients with septic shock were clinically iden-
tified based on the necessity of vasopressor support to
the level of mean arterial pressure of 65 mm Hg or higher
combined with serum lactate over 2 mmol/I (> 18 mg/dl)
in the absence of hypovolemia [20].

Isolation of DNA from blood samples. Venous
blood was sampled within 24 hours after sepsis mani-
festation (according to sepsis-3 criteria [20]) in group 1
and at admission to ICU (group 2) into tubes VAC-
UETTE® TUBE K3EDTA, Greiner bio one, Austria). To
obtain plasma from whole blood, blood samples were
centrifuged at 22°C, 1600 g, for 10 minutes. The super-
natant was collected without touching the bottom layer
and transferred into a clean tube, then centrifuged
again at 22°C, 16000g, to remove cellular debris. For the
purpose of quantitative assay of plasma DNA, the latter
was isolated by means of extraction with organic sol-
vents. To 800 pl of plasma, 90 pm of lysis buffer (10%
sodium lauryl sarcosinate, 0.5M EDTA), RNase A
(Sigma-Aldrich, USA), were added to the concentration
of 75 pg/ml. Then, after 45-minute incubation at 37°C,
25 pl of proteinase K solution (20 mg/ml) was added
and incubated for 16 hrs. at 37°C. DNA was extracted
twice using phenol solution (pH=8.0); to the super-
natant, saturated ammonium acetate solution (8M) was
added to the final concentration of 2M, and DNA was
precipitated using the 2.5-fold volume of ethanol during
16 hours at —20°C. The DNA sediment was centrifuged,
washed with 75-percent ethanol, dried, and dissolved
in 40 pl of deionized water. Plasma samples were kept
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Ta6smna 2. XapakTepuCTHKA CTPYKTYPbI TPYNIIbI NAIIIEHTOB HeHpopeaHMMAaIlHOHHOT0 TPo¢HJIsi, TOCITUTAJIH-

3upoBaHHbIX B OPUT 4 u OPUT 5.

Table 2. Characterization of the structure of the group of neuro-resuscitation patients hospitalized to ICU 4 and

ICU5.
Indexes Value of indexes in groups

Ischemic Stroke, n=57 Hemorrhagic Stroke, n=18 Total, n=75
Mean age 71.3+11.1 63.2+14.1 69+12.4
Men 28 8 36
Women 29 10 39
Pneumonia 15 3 18

IIpumeuvanue. Stroke — unCynsT; Ischemic/hemorrhagic — mmemuyeckuii/remopparudeckui; total — Bcero.

Iosryuenne THK u3 06pa3noB kpoBH. 3a00p Be-
HO3HOI KpOBU MPOU3BOAUIU B TeUEHUE CYTOK I1OCTE
MaHuecTauu cerncuca (CoIacHO KpUTEPUsIM sepsis-
3 [20]) B rpynne 1 u npu noctymiennu B OPUT (rpynna
2) B npodupku VACUETTE® TUBE K3EDTA, Greiner bio
one, Austria). [y moJy4yeHUsI IJIa3Mbl U3 ILeJbHON
KpOBHU 00paslbl C KPOBBIO LIEHTPUDYrUpOBaIHN NIPU
22°C, 1600 g, B Teuenue 10 muHyT. CyniepHaTaHT OTOU-
paJiy, He 3aTparuBasg HUKHETO0 CJI0s1, U lepeMeliaiyd B
YUCTYI0 IPOOUPKY. 3aTeM ITOBTOPHO LIEHTPUDYrupo-
BaJsu rpu 22°C, 16000 g 1151 yasieHusi KJIeTOYHOro 1e0-
puca. C 11es1b10 onlpeieIeHUs KOJIUYeCTBEHHOT0 Cozlep-
skaHusA B 1a3me JIHK BbIessa/11 MeTo10M 9KCTPaKIIuu
oprannyeckumu pactBopuressimu. K 800 MKJI 1171a3Mbl
no6asssiin 90 MK tusuc-0ydepa (10% saypusicapko-
ausat Hatpus, 0,5M 3/1TA), PHKaasy A (Sigma-Aldrich,
CIIIA), oo koHIleHTpauu 75 MKr/MJ1. 3areM, rnocJje 45
MUHYTHOH MHKyOanuu npu 37°C, 1o6aBasau 25 MKJI
pacTtBopa nporerHasbl K (20 Mr/mJi) u MHKyOMpoBaIu
16 4 ipu 37°C. JIHK akcTparupoBanau IByKpaTHO pac-
TBOpoM ¢eHosa (pH=8,0), k cynepHaraHTy 100aBJsIN
HAaCBIIIEHHBINA pacTBOp arerara aMMoHus (8M) 10 Ko-
HEYHOU KOHIeHTpamnuu 2M u ocasknamu JITHK 2,5-kpat-
HBIM 00'beMa 3aTaHoJIa B Te4yeHuH 16 yacoB rpu —20°C.
Ocagoxk JJHK ocaskganu 1ieHTpugyrupoBaHuemM, Ipo-
MBIBaJIM 75-IIPOLIEHTHBIM 3TaHOJIOM, MOCYILINBAIN U
pactBopsiau B 40 MKJ JeMOHM30BaHHOU Boabl. O0-
Ppasiibl JIa3MbI COXpaHAJIM B TedeHue 1-3 MecAleB Ipu
Temneparype —28°C. KoHIleHTpanuio BHEKJETOYHOMN
JHK B ny1a3ame uaMepsijid MeTo1oM (hJII00PECIEHIINH C
WHTepKanupymomum Kpacuresaem PicoGreen (Invitro-
gen, CIIJA) ¢ ucnosb30BaHMEM ILJIAHIIETHOI'O CIIEK-
tpodroopumerpa EnSpire (Perkin Elmer, ®uHassHus)
IIpU AJIMHE BOJIHBI BO30y:kaeHus 480 u AIHE BOJIHBI
amuccuu 520 HM.

Tenorunmposanue [THK. [1J1s1 11e/1€1 TEHOTUTTUPO-
BaHus a/uiesbHbIX BapuanToB C u T TLRI rs352162 JTHK
MaIlMeHTOB U BBIAEJANN U3 CBEKEINOJyYeHHBIX WA
IIpe/iBapUTeIbHO 3aMOPOYKEHHBIX 00pasloB IeJIbHOM
KpOBU ¢ ToMoIIbi0 HabopoB Diatom DNA Prep 200, co-
racHo npuiaraemoi nHCTpykimu (000 «J/TabopaTtopust
N3oren»). Onpenesienue ajieseil IPOBOAUIIU C IIOMO-
b0 TeTpanpaiMepHo TP MeTos T03BOJISIET B OTHOMU
npobupke amruuguiposaTts ¢pparments [THK, cooT-
BETCTBYIOIIIE aJIbTepHATUBHBIM aJliesisiM. TeTparnpaii-
MepHbIN Habop assa [P Br/IIOYaeT Mapy BHEITHUX
IpaiiMepoB: IpsIMOM 1 0OpaTHBIN, U Tapy BHYTPEHHUX
aJIJIeJTh- CIENU(PUYECKUX TTPAMEPOB, TOKE MPSIMOUA U
0oOparHbIi TpaiiMepbl. AMILUTU(UKAIIUIO TTPOBOJINIIN B
nporpamMmmupyemoM trepmoctare Geneamp 9700 (Applied
Biosystems, CIIIA). ITpoayKThl amnauduKanuu pasmie-
JISLJIU C IIOMOIIIBIO 3J1eKTpodopesa B 1-IIPOIIeHTHOM ara-
pO3HOM reJjie C MCIOJb30BAaHMEM MKCTOYHUKA TOKa

during 1-3 months at —28°C. The concentration of ex-
tracellular DNA in plasma was measured by means of
fluorescence with intercalating agent PicoGreen (Invit-
rogen, USA) using benchtop spectrofluorometer En-
Spire (Perkin Elmer, Finland) at excitation wavelength
of 480 nm and emission wavelength 520 nm.

DNA genotyping. For genotyping allelic variants C
and T of TLR9 rs352162, patient’s DNA was isolated from
fresh or preliminarily frozen samples of whole blood
using Diatom DNA Prep 200 kit following the enclosed
instruction (Isogen Laboratory LLC). Alleles were deter-
mined by means of tetraprimer PCR. The method allows
amplifying DNA fragments matching the alternative al-
leles in one tube. The PCR tetraprimer kit includes a pair
of outer primers: forward and reverse, and a pair of inner
allele-specific primers, which are also forward and re-
verse primers. Amplification was carried out in program-
mable thermostat Geneamp 9700 (Applied Biosystems,
USA). The amplification products were separated by
means of electrophoresis in 1-percent agarose gel using
current source Elf-4 (DNA-Technology, Russia). The fol-
lowing DNA fragments were used as primers:

1. Forward outer (F,) —

5"— CTGAGATAGTGGTGCGCGGCT-3",

2. Reverse outer (R;) —

5" — CCACTGTTGAGTGGCTCTGA-3",

3. Forward inner (F,) —

5" — GAAGGTCCACCAGGAACTGCT-3,

4. Reverse inner (R,) —

5" — ATTGCCAGGCCCACCCTCCG- 3°

Statistical analysis. Statistical processing of the re-
sults was carried out with the help of research statistical
software packages — GraphPad InStat (GraphPad Soft-
ware Inc., La Jolla, CA, USA) and SigmaStat 12.5 (Jandel
Scientific Software, San Jose, California, USA); for binary
indices, Fisher’s exact test (FET) was used, for quantita-
tive indices — Mann-Whitney test; multiple parameters
were assessed using One-Way ANOVA on Ranks, and
Dunn’s test if the distribution of variables was inconsis-
tent with normal distribution. The nature of distribution
of values under analysis was established using the Kol-
mogorov—-Smirnov’s test with the help of GraphPad InStat
software package (GraphPad Software Inc., La Jolla, CA,
USA). The same package was also used to determine the
odds ratio (OR). Differences between groups were con-
sidered significant at P<0.05.

Results and Discussion

To assess the informative value of the predic-
tion of mortality of patients with sepsis using a
combination of DNA markers, cfDNA concentra-
tion and variants of TLR9 gene encoding DNA re-
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«bd-4» (IHK-Texnosorus, Poccus). B kauecTBe npaii-
MEPOB UCIOJb30BAJH ciieayonime parmentsl JJHK:

1. TIpsamotii BHemHMH (F) —

5°— CTGAGATAGTGGTGCGCGGCT-3",

2. O6parubIii BHemTHUH (R;) —

5" — CCACTGTTGAGTGGCTCTGA-3",

3. Ilpsimoii BHyTpeHHui (F,) —

5"- GAAGGTCCACCAGGAACTGCT-3",

4. ObparubIii BHyTpeHHUN (R,) —

5" — ATTGCCAGGCCCACCCTCCG- 3°

CraTucTuueckuii anaau3. CTaTUCTUYECKYIO 00-
paboTKy pe3y/IBTaTOB OCYIIEeCTRIISAIN TP ITOMOIIN Ta-
KETOB CTAaTUCTUYECKUX ITPOrPAMM JJI1s1 HAYYHBIX UCCJIe-
poBaHuii GraphPad InStat (GraphPad Software Inc., La
Jolla, CA, CIIIA) u SigmaStat 12.5 (Jandel Scientific Soft-
ware, San Jose, California, USA); mpu aTom a5 6uHap-
HBIX IIOKa3aTreJsel IPUMeHI TOYHBIN MeTon Puliepa
(TM®), 111 KOJTMYECTBEHHBIX ITOKa3aTeJiell — KpuTe-
puii MaHHa- YUTHU, MHOKECTBEHHBIE TTapaMeTpPhI O11e-
HUBaJ/M ¢ momoIbio One-Way ANOVA on Ranks, meTo
Dunn, B cjlydyae HeCOOTBETCTBUS XapaKTepa pacipese-
JieHUus1 BapuabeTbHBIX 3HAYeHUH HOPMaJIbHOMY pac-
npejeseHNI0. XapaKTep paclpejeseHns aHaJIu3upye-
MBIX 3HAYE€HUH OIpedessasu C IOMOIIBI0 MeToAa
KonmoropoBa-CMUpPHOBA, UCII0JIb3YsI IPOTPAMMHBIN
naket GraphPad InStat (GraphPad Software Inc., La Jolla,
CA, USA). 3TOT ke makeT UCII0/Ib30BAJIY U /15 OIIpeie-
JIEHWsI COOTHOIIIeHus 1m1aHcoB (odds ratio, OR). 3Haun-
MBIMU CUATAJIU PA3JIMYHs MEKIY TPyIIIaMy TPy 3HaYe-
"M p<0,05.

Pe3ysnbrarhl U 00Cy:K/A€HHE

UT0OBI O11eHUTH NTH(OPMATUBHYIO IIEHHOCTh
IIPOTrHO3a CMEPTHOCTHU ITAIlMEHTOB C CEIICUCOM C
HCII0JIb30BaHNEM KOMOMHANu MapkepoB JJHK —
roHneutpanuu cfDNA u BapuanToB rena TLR9,
ronupytomero penentop JHK TLR9 — 6b110
11eJ1eCO000Pa3HO YBEJMYUTH BHIOOPKY F€HOTHUITH -
POBAHHBIX MANMEHTOB. YTOOBI OIIEHUTH, MOKHO
JIY UCIIOJIb30BaTh JaHHbIe IallUeHTOB, [IOCTYIINB-
mmx B pasuble OPUT (pa3Hble OOJIBHUIIBI),
cpaBHUBaIu copepskanue cfDNA y nmanueHTOB
pa3ubix OPUT. bpL10 IpenIonosKeHo, YTo OTCYT-
CTBUE PA3JIUYUH 110 JAHHOMY IOKA3aTeJII0 1acT
BO3MOYKHOCTb OO'BEJJUHUTH JIaHHBbIE U3 Pa3HBIX
6ospaUT/ pasubix OPUT niis1 yBesIm4eHUs1 KOTOP-
Thl IAMEHTOB C IeJbl0 IIOMCKa accouuanuu
nosumopduama TLR9 u ucxoma KpUTHUUECKOTO
COCTOSIHUSA.

Copnep:xanne Bk/IHK B m1a3ame 100poBoJIBb-
11€B KOHTPOJIGHOM I'PYIIIbI U TAIIHEHTOB C CETICH-
com (CEIICHC-3,2016). Konnentpanus Bg/JHK B
006pas1ax naa3Mbl KOHTPOJILHOU TPYNIIbI (KJIMHU-
YEeCKH 3/I0POBbIe TOOPOBOJIBLIIBI — JOHOPHI
KpoBH) cocTaBujia 278,5 (96,28; 457,0) Hr/ma
(3HaueHUa MeguaHbl 1 25-75 npoueHTun), n=30.
[TaneHToB ¢ IMarHOCTUPOBAHHBIM CEIICUCOM B
3aBUCHMOCTH OT JIOKaJIM3allAY IIEPBUYHOI0 o4ara
pasaesiuav Ha 2 TPYNIBL MalieHThl ¢ abmoMu-
HaJIbHBIM CEIICUCOM — KCTOYHUK IE€PBUYHON
UH@EeKIUH B OPIOIITHOM OJI0CTH (1=37) U Cencu-
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Puc. 1. Copep:ranue Bk/JHK B mi1adme naimjueHToB U3 pas-
HbeIX OPUT ¢ a0OMHHAJIBHBIM CEIICHCOM.

Fig. 1. The cf-DNA concentration in plasma of patients with
abdominal sepsis from different ICUs.

Note. For fig. 1, 2: Group 1 - healthy volunteers; Group 2 - ICU
1 patients; Group 3 — patients from ICU 2 + ICU 3 (combined
group); P- significance of difference between groups of patients
from different ICU and the control group and between groups
of ICU patients.

IIpumeuanue. 114 puc.1-5: groups — rpynnsl; Cf-DNA concen-
tration in plasma, ng/ml — konuenTpanus Bk/IK B miasme,
Hr/mi. s puc. 1, 2: 1 — KIMHAYECKA 3J,0POBBIE IOHOPBI; 2 —
namyenTsl OPUT 1; 3 — manumenTtsl OPUT 2 + OPUT 3 (KomOu-
HUPOBAHHAs TPYIIIIA); p— 3HAYUMOCTb PA3JIMYUN MEXKY IPYII-
namu nanuenToB pasHbix OPUT 1 KOHTPOJIBHOM rpymnnoi u
MesRay rpynnaMu nanueHToB OPUT.

ceptor TLR9, more genotyped patients should be
acquired. To evaluate whether it is possible to use
data from patients admitted to different ICUs the
difference in the content of cfDNA between groups
of ICU patients in critical illness from different hos-
pitals was compared. We hypothesized that if no
differences found it would be possible to combine
data from different hospitals/ICUs to increase the
cohort for TLR9 polymorphism association study.

The content of cfDNA in the plasma of con-
trol group volunteers and sepsis patients (SEPSIS-
3, 2016). The concentration of cfDNA in plasma
samples of the control group (clinically healthy vol-
unteers — blood donors) was equal to 278.5 (96.28;
457/0) ng/ml (the median and 25-75 percentiles),
n=30. The patients with diagnosed sepsis were split
into 2 groups depending on the primary focus lo-
cation: patients with abdominal sepsis — the
source of primary infection was located in the peri-
toneal cavity (n=37) and sepsis, and the source of
infection located elsewhere (n=44).

Determination of plasma cfDNA in abdominal
sepsis patients within each unit (ICU 1) or in aggre-
gate in two units (ICU 2+ICU 3) of three medical in-
stitutions (ICU 1-3) revealed statistically significant
difference between the control group (clinically
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Puc. 2. CpaBHeHune koHueHTpanuu Bk/ITHK B ni1asme cenrtu-
YeCKHX NalieHTOB 6e3 aGJ0OMHHAIBLHOTO Cencuca

Fig. 2. Comparison of the cf-DNA concentration in plasma of
sepsis patients (no abdominal sepsis)

COM ¥ UCTOYHMKOM MH(EKINU NHOW TTEPBUYHOMN
JIOKaJau3auuu (n=44).

Onpepnesienue yposHa BkJIHK B miasme
MaIMeHToB ¢ abJOMUHATBLHBIM CETICICOM BHYTPH
Kaxgoro orgenenus (OPUT 1) miau cymmapHO
nByx otaesenuit (OPUT 2+OPUT 3) BbIsiBUIIU CTa-
TUCTAUYECKU 3HAYMMBbIE PAa3JIM4YUA MEeKIy IPyll-
MO KOHTPOJISI (KJIMHUYECKU 3I0POBBIE TOHOPHI)
1 JTI000W M3 ABYX TPYNIl MMAIlUEHTOB C abIOMU-
HaJIbHBIM cericucoM (puc. 1, p<0,0001).

Mesxgy rpynnaMy IIalMEeHTOB M3 PasHbIX
OPUT 3HaYMMBIX PA3JIMUUU 1O COAEPKAHUIO
Bk/IHK B ms1adme He oOHapyskusu (puc. 1, p>0,05).

Kounenrpanuu BkJIHK manueHTOB 000UX
OPUT c cencucoM, Opu KOTOPOM HCTOUYHHUK
WHQEKIINY He HaXOAUJICS B OPIOITHOM ITOJIOCTH,
MesKIy COO0H He pa3InyaJifcCh, OJJHAKO, pa3jInda-
JIUCh TI0 CPAaBHEHUIO C KOHTPOJIBHOU TpymHIoi
(puc. 2, p<0,0001).

Kak 1 B npeapIymux rpymmax naiuyueHToB ¢
a0IOMHHA/TBHBIM CEIICHCOM, 3HAYUMBIX Pa3JTHINI
Mesky nanueHTamu pasubsix OPUT obHapyskeHO
He 661710 (p>0,05).

JIOOJTHUTEJIBHO ~ TIPOAHAJIU3UPOBATIHA
cogepsrkanne BK/IHK y manyeHTOB ABYX APYrux
JIe4eOHbIX yupeskgeHuil ¢ amarHosom OHMK
(OPUT 4 u OPUT 5). ITpu atom oT60p 06pasIos
KPOBY IIPOBOJIUJIM B T€YEHUE NIEePBBIX 2—-3 CYyTOK
rnocJje nocrymienus nanuenTos B OPUT, u nuar-
HO3 CellCcuca nanyeHTaM He cTaBuJIu. Takas rpy-
Ia CJysKuJja TpynIod cpaBHeHUs AJIsl TaHHOTO
HccjiefoBaHus. Pesynbrarhl MCCae0BaHUA IIPeL-
CTaBJIeHbI Ha puc. 3. Kak BUAHO U3 PUCYHKA, YPO-
BeHb conepskanus BK/IHK B mirazame nmammeHToOB C
OHMK (3nayenuss meguan 239,3 Hr/ma u 411,6
Hr/mu B OPUT4 u OPUT5, cooTBETCTBEHHO) MPaK-
TUYECKU He OTVINYAJICA OT TAKOBOTO B KOHTPOJIb-

E
W 2000+ P>0.05 P>0.05
nl\
[
2
& 1500
=
g
2 10004
£
(11
E
2 5004
2
=]
[ ¥]
g 0 1 | 1
A 1 2 3 groups
by
[ *)
L P05

Puc. 3. CpaBHeHne koHueHrpanuu Bk/IHK B niiaame naiu-
€HTOB C HHCYJIETOM.

Fig. 3. Comparison of the cf-DNA concentration in plasma of
the patients with stroke

Note. Group 1 - ICU 4; Group 2 - ICU 5; Group 3 - healthy vol-
unteers; P - significance of differences between the patients
from different hospitals or patients group vs. control group.
IIpumeuanwue. 1 — OPUT 4; 2 — OPUT 5; 3 — KIMHUYECKU 3]10-
POBBI€E TOHOPEI; p — 3HAYUMOCTD Pa3JIMYUN MRy HalfieH-
TaMU U3 PA3HBIX JleueOHBIX YUPEeRISHUH U MesK1y MalueH-
TaMU U KJIMHUYECKH 310POBBIMU JOHOPAMHU.

healthy donors) and the group of abdominal sepsis
patients (P<0.0001, fig. 1).

No significant difference in the plasma cfDNA
content was found between groups of patients from
different ICU (fig. 1, P>0.05).

Concentrations of cfDNA in sepsis patients
from both ICU, wherein the source of infection was
located other than in the abdominal cavity, did not
differ from the control group (fig. 2, P<0.0001).

Same as in previous groups of patients with
abdominal sepsis, there was no significant differ-
ence between patients from different ICU (P>0.05).

Additionally, the content of cfDNA in ACVE
patients from two other medical institutions (ICU
4 and ICU 5) was analyzed. Blood samples were
taken within the first 2-3 from patients’ admission
to ICU, and sepsis was not diagnosed in those pa-
tients. That group served as a comparison group
for this study. The study results are shown on fig.
3. As one can see from the figure, the content of
plasma cfDNA in ACVE patients (the median val-
ues were 239.3 ng/ml and 411.6 ng/ml in ICU4
and ICUS5, respectively) almost did not differ from
that in the control group (clinically healthy vol-
unteers, the median was equal to 278.5 ng/ml).
Comparison of the results between the patients
from ICU 4 (n=59) and ICU 5 (n=16) did not es-
tablish any significant difference in the plasma
cfDNA content of patients admitted to different
hospitals (P>0.05, fig. 3).
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HOW rpy1ne (RIMHUYECKU 3J0POBbIE JOOPOBOJIE-
IIbI, 3HaUEeHME MeauaHnsl 278,5 Hr/mi). [1pu stom
CpaBHeHUE pe3yJbraTOB MesKJy IMalueHTaMu
OPUT 4 (n=59) u OPUT 5 (n=16) He BBISABUJIO
3HAYMMBIX pa3JIMIuil o cogepskanuio BK/IHK B
njaasMe NalueHTOB, IOCHUTAJIU3UPOBAHHBIX B
pasHble KIVHUKHA (puc. 3, p>0,05).

OTCyTCTBUE 3HAYUMBIX PAIJIUUYUN MERITY
rpynmaMyd MalyueHTOB U3 Pas3HbIX JeuyeOHBIX
VUIpesKIeHUl, HO CO CXOJHBIM MCTOYHUKOM IIep-
BUYHON MHQEKINN (MJIN HECKOJTbKUX UCTOUYHU-
KOB, KaK IIpU CeIlCuCe, He CBA3aHHOM C O4YaroMm
MH(pEKINY B OPIONTHOM IOJOCTH (CM. TPYIIIHBI 3 HA
puc. 1 u puc. 2), uau manueHToB 6e3 SBHBIX IPU-
3HAKOB MH(PEKIINY (ITAI[EHTHI C MHCYJIETOM) TI03-
BOJIUJIA YKPYIHUTH TPYHOIbI, OOBETUHUB UX II0
WCTOYHUKY WH(EKIINY UJIU IIPYU €€ OTCYTCTBUU —
10 HO30JIOTUYECKOU hopMme.

Ha puc. 4 npeacraB/ieHbl JaHHbIE [10 CPaBHE-
Huio KoHneHTpannii Bk/IHK y mammmento OPUT
pu 00beJUHEHNU OJITN3KUX I10 UCTOYHUKY TPYIIIT
MMAIIMEeHTOB U3 PA3HBIX JIeYeOHBIX YUPEIKIeHUN.

Pesysibrarel, npencraBieHHbIE HA PUC. 4, YKa-
3bIBAIOT Ha COXpaHeHVe BBIPayKEHHOT0, 3HAYNUMO-
r'o NOBbIIIeHUA YpoBHA BK/IHK y nanueHTos ¢ cer-
CHCOM TI0 CPaBHEHMIO C KOHTPOJIBHON T'PYIIIIOHN
(p<0,0001). ITpm aTOM maAIUEHTbI C CEICHUCOM
OTJINYAJIUCH 110 TAHHOMY ITI0KA3aTeJIi0 ¥ OT I'PYyIIIbI
cpaBHeHusA (nmanmueHTsl ¢ OHMK), p<0,0001 (cm.
puc. 4). KoHTpoJibHaA rpymiia 1 rpyniia CpaBHEeHUs
110 TIOKasaresiio copepskanusa Brk/IHK B masme
3HAYMMO He OTJINYaJINCh (puc. 4, p>0,05).

30-1HeBHAaA BBIXKUBAEMOCTh IIPH CEeIICHCE.
[IpuHuMas BO BHUMaHUe, YTO JIeTAJbHOCTb IIPU
cerncuce (B TOM YUCJIE CENNITUYECKOM IIOKE) BBICO-
ka — OoJstee 40%, [21] MBI mpoaHATU3UPOBAIHN
cBsI3b MekAy 30 THEBHOW BBIKHMBAEMOCTHIO U
ypoBHeM BK/IHK B nyiazme narneHToOB € CEIICUCOM
(mo kmaccucdpuranuu CEIICHIC-3, 2016). Bersisuimy,
4TO TOBBINIeHWe KoHIeHTpanun BKIHK 6osee
1215 ar/ma accoruupoBano ¢ 30 JHEBHOM JIeTasIb-
HOCTBIO (p<0.0007, OR=49 (3,8-638,2), uyBCTBU-
TeabHOCTh 0,7778, cnenuduunocts 0,9333 CI
95%). Cpeny BBIDKMBIINX KOHIIeHTpanusa BK/JHK
ObljIa 3HAYMMO HIKe (3HadeHusd meauada 592,5
Hr/Mut vs. 2064,167 ur/mi, p<0,001). Takum o6pa-
30M, TIOITBEP/IUIH, 9YTO BEICOKUH ypoBeHBb BK/JHK
acconuupoBaH ¢ 30-THEBHOU JE€TATLHOCTBIO TPU
cercuce (CEIICHC-3). [laHHBIE COOTBETCTBYIOT
pesyabraraM, paHee MmoJydyeHHbIM Avriel A. et al.,
2014, mokasaBIlIUM, YTO YBeJIMYEHUE KOHIIEHTpa-
1y Bk/IHK B KpoBU sIBJISJIOCH BBICOKOUH(pOpMA-
THUBHBIM MapKepOM JIeTaJIbHOT'0 UCXO0/la Cercrca B
Teuenue 28 nHel mocJe nmocrymiaenus B OPUT [22].
Onpenesnienne BK/IHK B maHHOM nccienoBaHAn
obOJtamasio gaske 6OIbIIENH TPETUKTUBHON MOIII-
HOCTBIO, YeM OIlpeJieJieHre IPOKaJIbIIMTOHNHA. B
JMIaHHOU paboTe, OJHAKO, B OTJIMYHE OT HACTOSIIIIEe-
0 WCCJeN0OBaHUsI, IPU (POPMUPOBAHUU TPYIIII

[
P<0.0001
P<0.0001

% P<0.0001
ﬂn 3000 - — 1 n=37
m
E 2 n=44
E 3 n=75
= =
8 2000 4 730
=]
-% P>0.05
E I 1
2 10004
L*]
g
[ *]
ST I
20
=) | | | ]
“ 1 2 3 4 groups

1P>0.05)

. P<0.0001 |

Puc. 4. CpaBHenne koHueHTpauuu BK/IHK B nu1a3me nanu-
€HTOB C a0IOMHHAJIbHBIM CEIICHCOM, 0e3 a00MHHAJIHHOIO
cerncuca 1 OHMK (00 bequHeHHast BBIOOPKA MAIHEHTOB U3
Pa3HBIX KIIMHUYECKUX HCTOYHHUKOB).

Fig. 4. Comparison of the cf-DNA concentration in plasma of
the patients with abdominal sepsis, without abdominal sepsis
and with stroke (combined cohort).

Note. Group 1 - patients with abdominal sepsis from ICU 1, ICU
2 and ICU 3; Group 2 - patients without abdominal sepsis from
ICU 1, ICU 2 and ICU 3; Group 3 - patients with stroke from ICU
4 and ICU 5; Group 4 - healthy volunteers. P - significance of
differences between the patients from different hospitals or pa-
tients’ group and control group.

IIpumeuanwue. 1 — marueHTsI ¢ abOMUHAIBHBIM CETICCOM U3
OPUT 1, OPUT 2 u OPUT 3; 2 — marueHThl 6€3 abJOMHUHAIb-
Horo cencuca ud3 OPUT 1, OPUT 2 u OPUT 3; 3 — maniueHThI C
OHMK u3 OPUT 4 u OPUT 5; 4 — KIUHUYECKU 30POBBIE J10-
HOPBI; p— 3HAYUMOCTb Pa3INYUi MesKay MallMeHTaMU U3 pas-
HBIX JIEYEOHBIX YUPEKIEHNI 1 MEKY TAllMeHTaMH U KJINHU-
YECKH 3J0POBBIMU JOHOPAMHU.

Absence of significant difference between
groups of patients from different medical institu-
tions but with a similar source of primary infection
(or several sources like during sepsis not related to
a focus of infection in the abdominal cavity (see
groups 3 on fig. 1 and fig. 2), or patients without ob-
vious symptoms of infection (stroke patients) al-
lowed consolidating groups by pooling them up
based on the source of infection or, in the absence
thereof, by nosology.

The results shown on fig. 4 indicate persistence
of a prominent significant increase of the cfDNA
level in sepsis patients versus the control group
(P<0.0001). Sepsis patients different in this index
from the comparison group (ACVE patients), too,
P<0.0001 (see fig. 4). There was no significant differ-
ence between the control group and the compari-
son group by plasma cfDNA content (fig. 4, P>0.05).
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MaIeHTOB UCII0JIb30BaIN D0JIee paHHee OIpeie-
JIeHWe CeIlCcHuca, B COOTBETCTBHE C KOTOPBHIM B
BBIOOPKY OBIJTM BKJTIOYEHBI ¥ TAIIMEHTHI C CUCTEM -
HOM BOCIIQJTUTETLHOU peaKiyei 0e3 moJImopraH-
HbBIX HapyIIeHn!U.

INosmimopdHble BapuanTtbl reHa TLRY y
nanueHToB OPUT u JaeraasHocTh B OPUT.
BxJIHK o06J/1agaeT CBOMCTBAMU CUTHAJILHOM MOJIe-
KYJIbl, ABJIAACH JIMTAHOM pelenTopa OgHOIO U3
toll-1TomOOHBIX PEIENTOPOB CUCTEMBI BPOSKIEHHO-
ro ummyHurera TLRY [15]. [eneTnueckas Bapua-
0eJbHOCTE toll-TTOmOOHBIX PENEeNnToOpoB, B TOM
4yucjie — OJHOHYKJIEOTUIHBIH MNOIUMOpPhU3IM
TLR9, oTHOCHUTCSI K CYILIECTBEHHBIM (pakTopam,
KOHTPOJIMPYIOIINM KJIMHUYECKOE Pa3HOOOpasue
KC, gacToTy, 0cOOEHHOCTH TeUeHHs U ITPepacIio-
JIO’KEHHOCTDb K HebaronpusaTHbeIM ucxomam KC,
BKJIOYas1 cencuc [23-25]. I3BeCTHO, 4TO OOWH 13
reHetnyeckux BapuanToB TLRY, amnens C ogHO-
HYKJIeOTUAHOI0 nojaumMopduama rs352162, acco-
IMUPOBAJICS C PAa3BUTHUEM MOJIMOPTAHHOU HEJI0-
CTQTOYHOCTU ¥ IIOBBIIIEHHOH IpOgyKIIUen
npoBocnaauTesabHOro nutoknHa — TNF-anbda
rocsie cTuMyasun oakrepuanbaoit [JHK snetiko-
IIATOB KPOBU IIOCT-KPUTUYECKUX ITAIIUEeHTOB [19].

Hcxongss M3 aTUX MAHHBIX, OPEINOJI0KUIIH,
uyto u ipu KC, He CBA3aHHBIX C TPaBMOM, TaHHBIN
reHernyeckuit Bapuant C TLRI (rs352162) 6ymeT
ACCOIMUPOBATHCA C IJIOXUM HNPOTHO30M. BhLIO
TaKsKe IIPEeJII0JI0KEHO, YTO UMEHHO Y TallueHTOB-
"Hocuresien ajieas C TLR9 (rs352162) B HarOO0JIk-
el crerneHy OYAYT BBIPpa)KEHBI ATOTeHeTHYe-
ckre 3@dderThl, CBsI3aHHBIE C TMOBBIIIEHHON
KoHIleHTpaiuei Bk/JIHK — ecTtecTBeHHOrO0 JTUTaH-
na TLRY. ITapajienbHOe TeHOTUIIMPOBAHME 1Al -
€HTOB 10 BapHaHTaM OJHOHYKJICOTUIHOIO II0JI1-
mopduama TLR9 CC, CT, TT (rs352162) wu
onpejnesieHre KoHIleHTpanuu BKJIHK B miasme
TeX JKe MaIeHTOB BLISIBUJIO HANOOJIbIIIEe COMep-
skanue BKJIHK y nanuenTos resorumna TLR9 CC
(3Hauenust meguad 1373 Hr/mu versus 805 HI'/MJI,
cooTBeTcTBEHHO, p=0,030), YTO MOYKHO OOBSICHUTD
0oJiee BbIpAYKEHHBIM ITOCT-PEIEeNTOPHBIM CUTHA-
Jom nocse peuenunu BKIAHK knetkamuy, Hecymu-
MH BapUaHT TeHa pelenTopa, 00ecreYnBaloniero
JIYYIIMY CUTHAJIMHT, II0-BUAMMOMY, JIEKaIIUHA B
OCHOBE 0OJIBIIIEN MPOIYKIINU BOCIATUTETHHBIX
OUTOKWHOB OTBET Ha CTUMYJIALUIO JUTaHIOM —
¢parmenTom JTHK [19].

BoJibmas npogyknus NpoBOCIAIUTEIbHBIX
[IUTOKWHOB KJI€TKaMU MpeapacriojiaraeT K KJe-
TOYHOU rubeJTu, TPUBOIAIIEH K BLICBOOOKIEHUIO
OoJsiee 3HAUNTETLHOU KOJTMUecTBa MoJsiekyn JTHK
U ux pparmMeHToB. [109TOMY IpEIION0KUIH, YTO
nMeHHO nanueHThbl reHotuna TLRY C, cogepska-
e B OUPKYAANUN OOJbIINE KOHIIEHTPAIlUN
BK/IHK u reHetnuecku nmpenpacnoJiosKkeHHbIe K
JIydIIei peakliuy pelnenTopoB Ha auragj BKHK,
OynyT umeTs xyaiuii mporaos B OPUT, o cpaBHe-

30-day survival during sepsis. Taking into ac-
count that mortality from sepsis (including septic
shock) is high — more than 40% [21], we analyzed
the relation between 30-day survival and the level
of cfDNA in plasma of patients with sepsis (accord-
ing to SEPSIS-3 classification, 2016). It was found
out that increase of cfDNA concentration over 1215
ng/ml is associated with 30-day mortality
(P<0.0007, OR=49 (3.8-638.2), sensitivity 0.7778,
specificity 0.9333, CI 95%). Among the survived, the
cfDNA concentration was significantly lower (the
median was 592.5 ng/ml vs. 2064.167 ng/ml,
P<0.001). Thus, it has been confirmed that high
cfDNA content is associated with 30-day mortality
during sepsis (SEPSIS-3). The data are consistent
with the findings received earlier by Avriel A. et al.,
2014, which showed that increase of cfDNA con-
centration in blood was a highly informative
marker of the lethal outcome of sepsis within 28
days from admission to ICU [22]. In that study, de-
termination of cfDNA possessed even a higher pre-
dictive power than determination of procalcitonin.
However, in that study, in contrast to the present in-
vestigation, earlier diagnosis of sepsis was used in
forming patients’ groups, according to which the
sample included also patients with systemic in-
flammatory response without multiple organ dis-
turbances.

Polymorphic variants of gene TLR9 in ICU
patients and mortality in ICU. CfDNA is a signal
molecule being a ligand for one of toll-like recep-
tors of the congenital immunity system — TLR9
[15]. Genetic variability of toll-like receptors, in-
cluding single nucleotide polymorphism of TLR9,
is one of essential factors controlling the clinical di-
versity of critical conditions, incidence, peculiari-
ties of the course, and predisposition to adverse
outcomes of critical conditions including sepsis
[23-25]. It is known that one of genetic variants of
TLR9 — allele C of single nucleotide polymorphism
of rs352162 — was associated with development of
multiple organ failure and increased production of
anti-inflammatory cytokine TNF-alpha after stim-
ulation of post-critical patient’s blood leukocytes
with bacterial DNA [19].

Proceeding from those data we supposed that
during critical conditions not related to a trauma,
this genetic variant C of TLR9 (rs352162) would also
be associated with a poor prognosis. It was also sup-
posed that in the patients who are carriers of allele
C of TLR9 (rs352162), the pathogenic effects related
to increased concentration of cfDNA — a natural
ligand of TLR9, would manifest most prominently.
Parallel genotyping of patients by variants of single
nucleotide polymorphism: TLR9 CC, CT, TT
(rs352162), and determination of plasma cfDNA in
the patients revealed the highest content of cfDNA
in patients whose genotype was TLR9 CC (the me-
dian values were 1373 ng/ml versus 805 ng/ml, re-
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Tabsmna 3. 3HaueHust AUC U COOTBETCTBYIOIIHE HM TOYKH OTCeYeHHsI KoHIeHTpanuii Bk/IHK B niiaame nipu
oInpeje/ieHUU YyBCTBUTEJBHOCTHU U cienu(pU4HOCTH B rpynnax nauueHToB OPUT pasubix renorunos TLRI.
Table 3. AUC and corresponding cut-off values for plasma cfDNA concentrations in ICU patients of different geno-
types TLR9.

Patients with a TLR9 genotype n cfDNA AUC

Cut-off value M (95% CI) p
1 CC+CT+TT 166 516.0 0.705 (0.629-0.773) <0,0001
2CT+TT 104 554.0 0.652 (0.552-0.743) 0,005
3CC 62 413.6 0.795 (0.673-0.887) <0,0001

Note. Group 1 - ICU 2-5 patients of any genotype; Group 2 — patients with TLR9 CT or TT genotype; Group 3 - patients with
TLR9 CC genotype. AUC — area under the ROC curve.
IIpumeuanwue. 1 — nanuentsl OPUT sm060r0 reHornna; 2 — nanuedTsl renoruna TLRY CT, TT; 3 — nanuenTs! renorumna TLRI

CC; cfDNA cut-off value — Touka orceuenusi Bk/IHK; AUC — mutomans mog ROC-KpuBoOii.
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Puc. 5. CpaBHeHHe nnporuo3a y nanueHToB OPUT 2-5 Ha ocHoBe KoHIeHTpanuu BK/IHK 1 nonmumopduamos rena TLRI.

Fig. 5. Comparison of the ICU 2-5 patients outcomes based on cf-DNA concentration in plasma and TLR9 polymorphisms.
Note. a—ICU 2-5 patients; b - patients with genotypes TLR9 CT, TT; ¢ - patients with genotype TLR9 CC.

ITIpumeuanwue. a — nanuentsl OPUT 2-5; b — nauuenTts! renorunioB TLRI CT, TT; ¢ - nanuents! renotuna TLRI CC. Sensitivity —
YYBCTBUTEJIBHOCTB; specificity — cneruduunocts; AUC - ntomans mog ROC-kpuBoi; criterion — Todka oTCeYeHUs.

HUIO C TTAllMeHTaMU aJETepPHAaTUBHBIX TEHOTUIIOB
TLR9 CT, TT (rs352162).

JleiicTBUTENIBLHO, OIpejeleHe KOHIIEHTpa-
nuu BKIHK, nosmmmopdusma resa TLRI rs352162
u 30-THEeBHOU BHI)KMBAEMOCTH TP AaHAJIN3€E BCETO
MaccuBa JaHHBIX (71=166) BEIABUJ 3HAYMMbIE pa3-
JIMYWSA MEKIY IPYIIIaMU TAalEeHTOB 10 3HAYCHUIO
ROC, xapakTepusyomnue IpOrHOCTUYECKYIO IIeH-
HOCTb B TEPMUHAX YyBCTBUTEJIBbHOCTHU U CIIELU-
¢uuHOCTH uCXO0fa (J€eTaJbHOCTh) IAllMEHTOB
OPUT B Teuenue 30-THEBHOTO CPOKA HAOTIOIEHUS
(puc. 5). Bca rpymnna naneHToB XapaKTepu3oBa-
JIaCh OTHOCHUTEJILHO HeOoabIuM 3HauenneM ROC
KpuBbIX (0,705), Ipy 3HAYEHUAX YYBCTBUTEJILHO-
ctu 57,0% u cnenuduyunoctu 82,5% (puc. 5, a),
OfHaKo B rpymnmnax pasabix resorunos (TLRY CT,
TT versus TLR9 CC) ObL/IY BBISIBJIEHBI 3HAUYNTEJIh-
HO OTJIMYAIOIIYECs ONIIO3UTHBIC 3HAYCHUS, Ya-
Jgenable oT 3HaueHuss AUC njis Bcell BBIOOPKH
nanueHToB OPUT (n=166). Tak, 4yBCTBUTEJIBHOCTD
Tecta y manueHToB reHotunoB TLRY CT, TT 6s11a
HUKe, 4yeM y nanuenToB resorumna TLR9 CC (puc.
5, bu puc. 5, ¢, COOTBETCTBEHHO).

B Tabs1. 3 mpecTaBIeHbl 3HAYEHUS TIJI0IA-
nett mox ROC-kpuBoii (AUC) mpu pacyeTax 3Have-

spectively, P=0.030), which can be explained by a
stronger post-receptor signal after reception of
cfDNA by cells carrying the receptor variant provid-
ing better signaling that probably underlies higher
production of inflammatory cytokines in response
to stimulation with the ligand [19].

Higher production of anti-inflammatory cy-
tokines by cells predisposes to cell death leading to
release of a greater quantity of DNA molecules and
their fragments. Therefore, it was suggested that
these are the patients of genotype TLR9 C, contain-
ing higher concentrations of cfDNA in their circu-
lation and genetically predisposed to a better re-
sponse of receptors to the ligand to cfDNA, who
would have a worse prognosis in ICU compared to
patients of alternative genotypes TLR9 CT, TT
(rs352162).

In fact, determination of cfDNA content, poly-
morphism of gene TLR9 rs352162, and 30-day sur-
vival rate revealed, during pooled data analysis
(n=166), significant differences between groups of
patients in ROC figures, which characterized the
prognostic value in terms of sensitivity and speci-
ficity of the outcome (mortality) of ICU patients
during the 30-day follow-up period (fig. 5). The
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HUI YyBCTBUTEJBHOCTU U CHIEIU(PUUYHOCTHU U 95-
MIPOIIeHTHBIE TOBEepUTeIbHbIe MHTEPBAJIbI 3HAYE-
Huit AUC (95% CI), a Takke COOTBETCTBYIOIIIE
KaxgoMy 3HayeHnnio AUC u onTuMasibHbIE IJA
Ka’KI0Tr0 TeHOTHUIIAa TOUYKHU OTCEeUYeHUsI 3HAYeHUN
conepskanusi Bk/IHK.

3navenne AUC aJi malmyeHTOB TeHOTUIla
TLR9 CC mocCTOBEepHO BBIllIE, YeM y NaleHTOB
reHorunoB TLRY CT, TT npu cHUsKEHHOM 3Haue-
HUU TOYKU oTceueHus (cut-off value) mo koHIIEHT-
pamuu Bk/IHK.

Cerncuc xapakTepuayeTcs IOJAOPTaHHOU
HeIOCTaTOYHOCTHIO, BO3HHKIIEH BCJIEICTBUE
nH@EKITMOHHOTO ITpotiecca [20]. BoctianiuTeabHbIE
peaku¥, WHAYOIUPOBAaHHBIE  BO30yaUTEEM
WH(EKINH, CIIOCOOCTBYIOT YCUJIEHUIO KJIETOYHON
rubenu [26-27]. CiaeacTBUeM sIBJIETCS IIOBLIIIE-
Hue BbIxoma BKIHK B mupkynsaTropHoOe pycio.
N3BecTHO, uTO KoIndecTBO BK/IHK OakTepuasinb-
HOTO IPOUCXOKIEeHUS ITPU PAa3BUBIIIEMCS CETICUCe
PE3KO IOBBILICHO [17], OfHAKO ee 3HAYUTEJIbHO
MeHblile, yeM nupkynaupytomeit JTHK xo3suna [4].
Bo3MOKHO, 4YTO HMEHHO C IUPKYJIUPYIOIIen
Bk/IHK opranmama, a He OaktepuasbHOoil JTHK
CBsI3aHO ee JIeNCTBYE Ha OPTaHU3M, OIIOCPeJOBaH-
HOoe KJieTouHbIMH perjentopamu JIHK — TLRY,
STING, NLRP3 [4, 28-29]. [lpyrumu cj0Bamy, IIpu
BEPOSITHON MOJIEKYJIsIpHOU uaeHTuYHOCTU CpG-
cofepsKaInX JIMTAHI0B 3TUX PEIeITOPOB PA3HOTO
MIPOUCXOKAEHUA — MPOKAPUOTUYECKUX (TTAaTOTeH-
aCCOLMHUPOBAHHBIE MOJIEKYJIIDHBIE IIaTTEpPHBI,
niu PAMP) 1 syKapuoTU4YEeCKUX (MOJIEKYJIAPHbBIE
MaTTEPHBI, aCCOIIMUPOBAHHbBIE C TTOBPEKIEHUEM,
unu DAMP) — nipu nuaderimonnom KC nomMmuHm-
PYIOLIMMU JIUTaHJAMU ABJSIOTCA ITOCIeIHUE. ITO
MMOATBEPsKIAeTCs HUMEIIUMUCA JKCIIEpUMEH-
TaJIbHBIMU U KJIMHUYECKUMU JaHHBIMHU O TOM, YTO
BK/IHK nmpu KC, B TomM 4mciie U mpu Cercuce,
HaKallJIMBaeTCs B IUPKYJIALMY B pe3yJsrare aloll-
TO3a, HEKpo3a U Hero3a kKJjeToK [30]. Hesbaa
HUCKJIIOYNATH, BIIPOYEM, U AKTHUBHYIO CEKpPELHIO
muToxoHApuasabHo JIHK B cocTraBe ak3ocom B
peayJsbrare He3aBepIlIeHHbBIX IIPOLIECCOB MUTOdA-
TAU B KJETKax, II0ABEP)KCHHBIX 3HAYUTEJIbHOMY
OUTOIJIA3MaTUYECKOMY M OKHCJIUTEJIbHOMY CTpec-
cy, xapakrepaomy aJjs1 KC.

HccaemoBaHus ¢ UCIIOJIL30OBAHMEM B KaueCcTBE
Jguragnos MoJierys JITHK ¢ pasHbIM conepskaHueM
CpG pasnyHOro 6aKTepHaBLHOTO MTPOUCXOKIIE-
HUS BBIABWIN NOJIOKUTEJbHbIE KOPPEJIAINN
Mesky KoHIleHTpanue CpG-y4acTKOB B MOJIEKYJIe
JHK moJjiekyjie ¥ BBIPasKE€HHOCTH IIPOBOCIIAJIU-
TeJIBHOIO IOTeHIMasa nocjaenseii [16]. B apyrux
WCCJIEJOBAaHUAX (MOJeJb 9KCIIEPUMEHTATbHOTO
abOMIHAJILHOTO CETICHCA Y TPHI3YHOB) YCTAHOBH-
JIY, YTO Y HOKAyTHBIX TIr9-/- Mbllieil BBI)KMBaeMOCTb
MpY TTOJTNOAKTEPUAIHLHOM CeICHCe 3HAYUTETHLHO
BBIIIIE, 4YeM y Mblieli reHorumna T1r9+/+ [17]. Biokana
TIr9 ¢ nomopio MOIUMPUIMPOBAHHBIX TOJTUHYK-

merged group of patients was characterized by a
relatively small AUC value (0.705), sensitivity being
57.0% and specificity being 82.5% (fig. 5, a); how-
ever, in groups of different genotypes (TLR9 CT, TT
versus TLR9 CC), significantly different opposite
values remote from the AUC value for the pooled
sample of ICU patients (n=166) were discovered.
For instance, test sensitivity in patients of geno-
types TLR9 CT, TT was lower than in patients of
genotype TLR9 CC (fig. 5, b and fig. 5, ¢, respec-
tively).

Table 4 shows the values of areas under the
ROC curve (AUC) in sensitivity and specificity cal-
culations and 95-percent confidence intervals of
AUC values (95% CI), also cfDNA content cut-off
values corresponding to each AUC value and opti-
mal for each genotype.

Sepsis is characterized by multiple organ fail-
ure caused by an infection process [20]. Inflamma-
tory responses induced by an infectious agent pro-
mote intensified cell death [26-27], the
consequence being increased release of cfDNA into
the circulation stream. It is known that the quantity
of cfDNA of bacterial origin is drastically increased
during established sepsis [17], nevertheless, it is
much smaller than the quantity of circulating host
DNA [4]. Its action on the body mediated by cellular
receptors of DNA — TLR9, STING, NLRP3 — might
be possible related particularly to circulating
cfDNA of the body rather than bacterial DNA [4,
28-29]. In other words, in the context of probable
molecular identity of CpG-containing ligands of
these receptors of different origin — procaryotic
(pathogen-associated molecular patterns or PAMP)
and eucaryotic (damage-associated molecular pat-
ters or DAMP) — during an infectious critical con-
dition, the latter are the predominant ligands. This
is supported by the available experimental and
clinical data showing that during a critical condi-
tion including sepsis, cfDNA accumulates in circu-
lation as a result of apoptosis, necrosis, and NETo-
sis of cells [30]. Though active secretion of
mitochondrial DNA as part of exosomes as a result
of incomplete mitophagy in cells exposed to con-
siderable cytoplasmic and oxidative stress typical
for critical conditions is not inconceivable.

Investigations wherein DNA molecules with
different CpG content of various bacterial origin
were used as ligands revealed positive correlations
between the concentration of CpG-segments in a
DNA molecule and manifestation of the anti-inflam-
matory potential of the latter [16]. Other investiga-
tions (the model of experimental abdominal sepsis
in rodents) established that in knockout T1r9-/- mice,
survivability during polybacterial sepsis was signifi-
cantly higher than survivability of mice of genotype
TIr9++ [17]. Tlr9 blocking with the help of modified
polynucleotides assisted better survivability of sepsis
mice. Recent clinical studies in a group of patients

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 3



DOI:10.15360/1813-9779-2019-3-31-47

Knunudyeckue NpaKTHUKa U UCCJeJOBaHUA

JIEOTH/IOB CIIOCOOCTBOBAJIA JIy4IIIEH BHI?KIMBAEMO-
CTU MBIIIIEH C cercucoM. HemaBHue KIMHIYECKUE
HCCJIeJ0BaHMsl B IPYIIIe MAlMEHTOB C CElCHUCOM
BBIABWJIM 3HAaUeHWe ITOBBIIIEHHOTO COAep KaHMs
nUpKyupyloiiei BK/IHK Ha MOMeHT nocTynjieHust
60bHBIX B OPUT Kak BBICOKOMH(OPMATUBHOIO
Mapkepa 28-THeBHOH JieTaabHOCTH [22]. IHTEepecHO,
4TO aCCOIUAIMA JIETATBHOCTH IPHU CETICHCe U TTOBBI-
meHus1 KoHreHTpanyuu Bk/IHK (B yacTHOCTH MUTO-
XOHJIpUAJIbHOW) McYe3asia Ipu HU3KOH TIJIOTHOCTHA
peuernrropoB TLRY B KieTkax [28].

JlanHbIEe HaIllero HCCJeI0BaHUS ITOKa3bl-
BaloT, 4TO cojiepskanue BKIHK mpu abmoMuHa b-
HOM U HeabJOMMHA/JbHOM CeIICHCe, a TaKiKe
OHMEK B rpymmax naifieHToB U3 Pa3HbIX O0JTbLHHUI]
3HAYMMO He OTJIMYAIOTCA. OTO II03BOJIUJIO YBEJIN-
YATH BBIOOPKY, CYMMHPOBAaB JaHHbIE Pa3HBIX
6osbHUI, MccaenoBanue Ha 00JIbIIIEM KIXHAYE-
CKOM MarepuaJie BbIABUJIO, YTO HaIW4YMe y MTalu-
€HTOB C CeIICMCOM He TOJIbKO ITOBBIIIIEHHOTO
conmepskanusi BKJIHK, HO 1 — ogHOBpeMeHHO —
reHetTu4eckoro sapuanTa penenropa JIHK TLR9 ¢
MyTanuel (3aMeHa TUMUHA Ha ITUTO3UH) B TOMO-
3urorHoM coctossHum (CC) mpuBommiIa K Hau-
boJsibllielt WHAOPMATUBHOCTU IIpeACKasaHUs
JeTaJIbHOTO MCX0Ja, 3HAYNMMO OTJINYAIOIIEIiCsI OT
TaKOBOH y MallMeHTOB aJIbTePHATUBHbBIX T€HOTU-
nos (CT um TT). IlonydyeHHBIE pe3ysabTarbl, IIO
HaIlIUM CBeJeHUAM, ABJISAIOTCA NePBbIMU TaHHBI-
MW, CBUJIETETbCTBYIOIMMI O HAauOOJIbIIIEH TPo-
THOCTUYECKON MH(OPMATUBHOCTA KOMOMHAIINU
conpsiskeHHBIX [IHK-3aBUCHUMBIX MapKepoOB Npu
cencuce-aurasga — Modiexyssl JJHK 1 BapuanT-
HOro resa ero peuenropa TLR9.

Panee 6b110 mOKa3aHo, uro regorurl TLR9 CC
oInpepeJisieT HOBBIIIEHHYIO YYBCTBUTEJIbHOCTD K
nepejayve curHaJsa npu B3aumosericteuu TLRI ¢
auraggoM JTHK. MoskHO 1oJiaratb, 4YTO UMEHHO
9TO JIESKUT B OCHOBE MeXaHW3Ma 00HapY;KEHHOTO
a(pderra — KOMOMHAIWS IBYX TATOTEHETUYECKH
CBSI3aHHBIX, COMPSIYKEHHBIX MOJIEKYISAPHBIX OMO-
MapKepoB — reHeTUYEeCKOTO MapKepa perenTtopa
Y IIMPKYJINPYIOIIET0 MapKepa-Jnuranaa obramaer
HauboJjiee 3HAYUMBIM IIPOTHO30M JIETAJHLHOTO
ucxoja.

JIomOJTHUTETbHBIM MEXaHU3MOM, OIlpeje-
JIAIOIMM IaToreHeTudeckoe 3HauveHme TLR9-
JHK B3auMoneiicTBUsA /1 pa3BUTHUA KU3HEYTPO-
skaomiero KC B Xofe cenTH4eCcKOro Ipoliecca,
MO’KeT ABUTHCS ONHOBPEMEHHas IUIIepCTUMYJIs-
s kiaeTok BKJIHK u 6akTepraabHBIMU TPOIYK-
TaM# — 9HJIOTOKCUHAMHU, U3 KOTOPBIX HanboJiee
naydensl aunononucaxapunsl (JIIIC). [locnennue
B3aUMOJIeHCTBYIOT C IpyruM perientopoM — TLR4
[31], mpu aTOM Mepejlaya CUTHAJIA C KJIETOYHOU
IIOBEPXHOCTU ONOCPENyeTCs dyepes3 BHYTPUKJIE-
TOYHBIH 6esiok MyD88, o01mii 17151 Tepeiavy CUr-
HaJsoB ¢ TLR9 u TLR4. Ilo nanubiM Karin M et al
(2018), mpu gevictBum PAMPs in vitro Ha MbIIIIHU-

with sepsis have discovered increased content of cir-
culating cfDNA at the time of patient admission to
ICU as a highly informative marker of 28-day mor-
tality [22]. Interestingly, the association of mortality
during sepsis and increased concentration of cfDNA
(in particular, mitochondrial) disappeared at low
density of TLR9 receptors in cells [28].

Our data show that there is no significant dif-
ference in the content of cfDNA during abdominal
and non-abdominal sepsis also during ACVE in the
groups of patients from different hospitals. That al-
lowed enlarging the sample by summing up data
from different hospitals. The investigation on the
large clinical material revealed that when sepsis pa-
tients had not only an increased content of cfDNA,
but simultaneously the genetic mutation (substitu-
tion of adenosine with cytosine) of DNA TLR9 re-
ceptor in the homozygotic state (CC), the informa-
tive value of lethal outcome prediction was the
highest and significantly differed from that in pa-
tients of alternative genotypes (CA and AA). As far
as we know, the results obtained are the first data
evidencing the highest prognostic informative value
of the combination of related DNA-dependent
markers during sepsis — the ligand — DNA mole-
cule and the variant gene of its receptor — TLR9.

It was shown earlier that genotype TLR9 162
CC determined an increased sensitivity to signal
transduction during TLR9 interaction with the DNA
ligand. It can be assumed that this is what underlies
the mechanism of the effect discovered — the com-
bination of two pathogenically related, complimen-
tary molecular biomarkers — the genetic marker of
receptor and the circulating marker — the ligand,
which gives the most significant prognosis of the
lethal outcome.

An additional mechanism determining the
pathogenic value of TLR9-DNA interaction for the
development of a life-threatening critical condition
in the course of septic process might be the simulta-
neous hyperstimulation of cells by cfDNA and bac-
terial products — endotoxins, of which lipopolysac-
charides (LPS) being the most thoroughly studied.
The latter interact with a different receptor — TLR4
[31], wherein signal transduction from the cell sur-
face is mediated via intracellular protein MyD88,
which is common for transmitting signals from TLR9
and TLR4. According to Karin M et al. (2018), when
PAMPs act in vitroon mice macrophages, mitochon-
dria start active production of DNA fragments
(mtDNA), which, when they enter cytoplasm, acti-
vate inflammasome NLRP3 that subsequently acti-
vates caspase-1 facilitating transition of inactive
molecules of cytokines IL-1b and IL18 into active
state [28]. Interestingly, activation of inflammasome
NLRP3 might also be caused by other DNA se-
quences including nuclear DNA. In sepsis patients,
a parallel action of LPS and cfDNA on receptors TLR4
and TLR9, correspondingly, might possibly take
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Hble MaKpodaru MUTOXOHIPUM HAYUHAIOT AaKTHB-
HO npoayuupoBars (pparments! JHK (MT/JHK),
KOTOpBIe, BBIHJS B IIUTONJIA3MYy, aKTUBUPYIOT
uH@ammacomy NLRP3 ¢ nmocienyronieil akTuBa-
el Kacmhasbl-1, CIOCOOCTBYIOIIEH Mepexomy
HEaKTUBHBIX MOJIEKYJI HUTOKMHOB IL-1b 1 IL18 B
aKTUBHOE COCTOsAHUE [28]. IHTEpEeCHO, YTO aKTH-
Banuss wuH@aammMacombl NLRP3 MoskeT OBITH
BbI3BaHA W [PYTHMMM II0CJIef0BaTeJbHOCTIMU
IHK, B Tom uncie — saepHoui JITHK. BoamoskHo,
4TO y IAlEeHTOB C CEIICUCOM UMeeT MeCTO IapaJl-
aesibHOe nevicteue JITIC u Bk/IHK Ha perenTopsbl
TLR4 u TLRY, cOOTBETCTBEHHO, YTO IPUBOAUT K
4Ype3MepHOU aKTUBAIIMM MPOBOCIAJIUTEHHOTO
OTBeTa, MaCIITAOMPOBAHNUEM KJIETOUHOH rubesu
C TIOBTOPHBIM BBICBOOOKIEHUEM (parMeHTOB
JOHK, napymatomux (yHKIIMOHUPOBAHUE 9HJIOTe-
JIUA cocynoB. CUuTaeTcs, 4TO IMEHHO II0CJIeIHee
CITOCOOCTBYET HapYIIEHUIO TTepdy3un TKaHEH C
MOCJIEIYIOMNM YCyTryOJIeHneM TOJIMOPTaHHON
HEeJO0CTAaTOYHOCTH, HEIIOCPEICTBEHHO yIPOsKal0-
e sku3um [32].

B rpynne nanyenTos ¢ OHMK noseimenusa
koHneHTpanuu Bk/IHK B m1aame He 06HApYKH-
JIM, YTO MOKET OBITH CBSA3aHO C HECKOJIbKUMU
npuuynHaMmu. [lepBast — aT0 paHHee BpeMs 3a60-
pa kpoBu. M3BecTHO, 4TO B ocTpeiiiieii ¢ase
WHCYJIBTa TOJIbKO (DOPMUPYETCSI 0Yar HeKpo3a U,
OJraroapsi MECTHOMY OTEKY TKaHeH M OTHOCH-
TEeJIbHOM 11eJI0CTHOCTU reMaTO3HIle(paTndecKoro
bapnepa, nomamanne BK/HK n3 30HBI MHCY/IbTA
B OUPKYJIALMIO B IIepBble Yachl MAUHUMAJIbHO
[33]. B panbHelIeM HEKPOTHYECKHE MacCChl
JIM3UPYIOTCSI, ONHOBPEMEHHO (opMupyercs
30HA MEHYMOPHI, I7le KJIETKU r'OJIOBHOTO MO3Ta
TaKk)Ke II0OCTEINEeHHO II0ru0baioT, MOBBIIIAETCS
IIpOHULAeMOCTh I'9b, B peayJsibrare 4ero qUpKy-
aupylomasa BK/IHK Moxer yBesnuymBarbcs
[33-34]. IMeroTCcs eMTMHUYHBIE TAHHBIE O IIOBBI-
meHun kKoHneHntpanuu JTHK mo 1000 Hr/mJu B
IepBBle CYTKM IIOCJIe MHCyIbTa [12], ogHAaKo,
0CTaeTCsI HesICHbIM, BEJICS JIM OTCYET BpEMEHH OT
IIOCTYIJICHUA ITAlAEHTOB B CTAllMOHAP UJIU Ke
OT MOMeHTa BO3HUKHOBEHMS COCYJUCTOU KaTa-
cTpodbl. YYUTBIBasi HEOOXOAUMOCTh CJIeI0Ba-
HUS IPOTOKOJIAM BeJIeHUS NAIMEHTOB C UIIIeMU-
4eCKUM MHCYJIBTOM, 10 KOTOPBIM IIOKa3aHa (1pu
OTCYTCTBUM IIPOTUBOIIOKA3aHUI) peKaHaJ/13a-
¥ B TIEpBBIE 3 yaca NocJje MpeKpalleHus Kpo-
BooOpamenus [35], ypoBeHnb BK/IHK 11e/1ec0006-
pas3Ho ompenesATh HEOMHOKPATHO, HaIpuUMep,
0 U mocJie ynajienus Tpomba. K HegocTaTkam
JJAHHOTO HCCJed0BaHUsI OTHOCUTCSI, IOMHMO
OTHOCUTEJIbHO HEOOJILIIIOTO 00 beMa BBIOOPKHU C
Y4EeTOM T'PYIIN NaIMeHTOB, OTHOKPATHOCTH 3a60-
pa 06pasIoB KPOBH IJIA UCCIETOBAHUNA COmep-
skaHuA BK/IHK. C yueToM yske nMeromuxca naH-
HBIX O 3HAaUYE€HUU He HaTUBHOW, a OKHCJIEHHOH
¢opmbr JIHK B akTtuBamuu uHEPJIaMMaCOMbI

place leading to excessive activation of anti-inflam-
matory response, scaling up of cell death with re-
peated release of DNA fragments disturbing func-
tioning of vascular endothelium. The latter is
considered as assisting compromised perfusion of
tissues followed by aggravation of multiple organ
failure immediately threatening the life [32].

In the group of ACVE patients, no increase of
plasma cfDNA concentration was found, which can
be connected with several reasons. The first one is
the early time of blood sampling. It is known that
during the most acute phase of a stroke, the necro-
sis site is just being formed and, thanks to the local
edema of tissue and relative intactness of blood-
brain barrier, ingress of cfDNA from the stroke area
into circulation is minimal during the first few
hours [33]. Later, necrotic masses undergo lysis and
at the same time a penumbra area is formed where
brain cells die gradually too, permeability of the
blood-brain barrier rises, as a result of which circu-
lating cfDNA might increase [33-34]. There are spo-
radic data about increase of DNA concentration to
1000 ng/ml during the first 24 hrs. after stroke [12];
however, it remains unclear whether the time was
counted from admission to hospital or from occur-
rence of the vascular catastrophe. Given the neces-
sity to follow the management protocols for is-
chemic stroke patients, which prescribe (if there are
no counter-indications) recanalization within the
first 3 hours after stagnation of circulation [35], it
would be useful to determine the cfDNA level more
than once, for example, before and after thrombus
removal. The drawbacks of this study, in addition to
arelatively small sample considering groups of pa-
tients, is that blood for the analysis of cfDNA con-
tent was sampled only once. Taking into account al-
ready available data concerning the value of
oxidized rather than native DNA in the activation
of inflammasome NLRP3 [36], it is necessary to
modify the study protocol to optimize the strategy
of sepsis outcome prediction based on determina-
tion of cfDNA/oxidized cfDNA concentration.

Conclusion

The findings have shown that the increased
plasma cfDNA in patients with abdominal and
non-abdominal sepsis is a meaningful marker of
patient’s mortality prediction. It has been demon-
strated for the first time that the combination of
two complementary, pathogenically significant for
the development of life-threatening conditions
during infection complications of critical condi-
tions, biomarkers — genetic marker TLR9 (TLR9
CC) and increased plasma cfDNA — most fully in-
form about the risk of 30-day mortality of ICU pa-
tients. The data obtained can be used to optimize
selection of patients during clinical studies of the
effects of innovative targeted drugs — inhibitors of
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NLRP3 [36], HeoOxommMa MogudUKaIUASA IPOTO-
KOJIa UCCJIeTOBAHUA IJIsI ONITUMMU3AINU CTparTe-
TUU MIPOTHO3a MCXO0JA CeIlCHca Ha OCHOBAHUU
onpeneaeHus koHneHTpanuu BKJIHK/okucaen-
Hoit BK/IHK.

3akJaoueHnue

Pesysiprarsl nccaenoBanusa IOKa3ald, 4To
NOBBINIEHHOEe coneps:kaHue BKIHK B miasme
MaIMeHTOB ¢ a0IOMIHATBLHBIM 1 HEAOIOMUHAJTH-
HBIM CEIICUCOM AIBJISIETCA 3HAaYMMBbIM MapKepoM
NIPeIVKIINA JIETAJIbHOCTH NTallMeHTOB. BriepBrle
IIOKAa3aHO, YTO COYeTaHHue JBYX CONPAKEHHBIX,
IIaTOreHeTUYeCKU 3HAYMMBbIX JJI1 pa3BUTHSA YTPO-
SKAIOIIUX SKU3HU COCTOSIHUH TPU NH(EeKIIMOHHBIX
ocnosxkHeHUsix KC 6rnoMapkepoB — reHeTU4eCcKo-
ro mapkepa TLR9 (TLR9 CC) u moBBIIIIEHHOTO
comepskanns BK/IHK B mrasame — HaumboJsiee
NOJHO UH(POPMUPYIOT O pucke 30-mHEeBHOU
JgeranbHOocTH nanuentoB OPUT. IlosydeHHbIE
JTAHHBIE MOTYT OBITH NCIIOJTb30BaHBI /I OTITHUMU-
3aruu moadopa MaueHTOB MPU KJIMHUYECKUX
HCCJIeJOBAHUSX AW CTBUSI NHHOBALIMOHHBIX Tap-
TeTHBIX IIPENapaToB — UHTUOUTOPOB PEIENTOPOB
JHK — TLR9 kak yacTu cTpareruu nepcoHa n3a-
LMY JIeYeHU A [AaEHTOB C CEIICUCOM.

Jluteparypa

1. Jabaley C.S., Blum J.M., Groff R.E, O’Reilly-Shah V.N. Global trends in
the awareness of sepsis:insights from search engine data between
2012 and 2017. Crit Care. 2018; 22: 7. PMID: 29343292. DOIL:
10.1186/513054-017-1914-8.

2. Sandquist M., Wong H.R. Biomarkers of sepsis and their potential
value in diagnosis, prognosis and treatment. Expert Rev Clin Immu-
nol. 2014 Oct; 10(10): 1349-56. PMID:25142036. PMCID:
PMC4654927. DOI: 10.1586/1744666X.2014.949675.

3. Nakada TA., TakahashiW., Nakada E., Shimada T., Russell J.A., Walley
K.R. Genetic Polymorphisms in Sepsis and Cardiovascular Disease:
Do Similar Risk Genes Suggest Similar Drug Targets? Chest. 2019 Jan
17.  pii:  S0012-3692(19)30013-3. PMID: 30660782. DOI:
10.1016/j.chest.2019.01.003.

4. DwivediD.J., Toltl L.J., Swystun L.L., Pogue]., Liaw K.L., Weitz ].I., Cook
DJ, Fox-Robichaud AE, Liaw PC. Prognostic utility and characteriza-
tion of cell-free DNA in patients with severe sepsis. Crit Care. 2012;
16(4): R151. PMID: 22889177. PMCID: PMC3580740. DOI:
10.1186/cc11466.

5. Vajpeyee A., Wijatmiko T, Vajpeyee M., Taywade O. Cell free DNA: A
Novel Predictor of Neurological Outcome after Intravenous Throm-
bolysis and/or Mechanical Thrombectomy in Acute Ischemic Stroke
Patients. Neurointervention 2018 Mar;13(1): 13-19. PMID: 29535894.
DOI: 10.5469/neuroint.2018.13.1.13.

6. Sanchis J., Garcia-Blas S., Ortega-Paz L., Dantas A.R, Rodriguez E.,
Abelldn L., Brugaletta S., Valero E., Mifiana G., Garabito M., Corchén
A., Ntifiez J., Carratald A., Sabaté M. Cell-free DNA and Microvascular
Damage in ST-segment Elevation Myocardial Infarction Treated With
Primary Percutaneous Coronary Intervention. Rev Esp Cardiol (Engl
Ed). 2018 Apr 11. PMID: 29655768. DOI: 10.1016/j.rec.2018.03.005.

7. Xyoymus M.IIL, [llabanos A.K., Ckyraues M.B., Byaasa I'B., Cas-
uenko H.M., I'pebenuuros O.A., Cepzees A.A., 30pos /I.B., BuH08KUH
PA.MuToxoHipuasbHas u nepHa JIHK y mocrpagaBmux c tssxe-
JIOH coueTaHHO TpaBMoit. Obuwas pearnumamonozust.2013. (6): 24-
35.DOI: 10.15360/1813-9779-2013-6-24.

8. Likhvantsev V.V, Landoni G., Grebenchikov O.A., Skripkin Y.V,, Zabe-
lina T.S., Zinovkina L.A., Prikhodko A.S, Lomivorotov V.V., Zinovkin
R.A.Nuclear DNA as Predictor of Acute Kidney Injury in Patients Un-
dergoing Coronary Artery Bypass Graft: A Pilot Study. J Cardiothorac
Vasc Anesth. 2017 Dec; 31(6): 2080-2085. PMID: 28967626. DOI:
10.1053/j.jvca.2017.04.051.

9. Gilbert S. E, Barresi M.].B. Chapter 15 Neural Crest Cells and Axonal
Specificity. Developmental biology. Sunderland, MA, USA: Oxford
University Press; 2016: 509-510.

10. Tamkovich S.N., Cherepanova A.V., Kolesnikova E.V., Rykova E.Y,,
Pyshnyi D.V,, Vlassov V.V,, Laktionov PP, Circulating DNA and DNase

DNA receptors TLRY, as part of the strategy of per-
sonalization of sepsis patient management.

Acknowledgment. The authors express their
sincere gratitude to Dr. Med. Sci N. A. Karpun
(V. P Demikhov Municipal Clinical Hospital, Moscow
Health Department), Dr. Med. Sci A. V. Vlasenko
(S. P. Botkin Municipal Clinical Hospital), and
PhD Medicine I. N. Tyurin (V. M. Buyanov Munic-
ipal Clinical Hospital, Moscow Health Depart-
ment) for continuous administrative support in
collecting clinical material, doctor D. G. Moi-
seenko (S. P. Botkin Municipal Clinical Hospital)
for collection of patients’ biological specimens.

buarogapHocTb.  ABTOPBI BBIpaKaloT
WCKPEHHIOI IPU3HaTeJabHOCTH 1I. M. H. H. A. Kap-
nyny (I'Kb nm. B. I1. lemuxoBa [I3M), 1. M. H. A. B.
Biracenxko (I'KB um. C. II. borkuna) u k. M. H. 1. H.
Topuny (I'Kb um. B. M. byanosa [I3M) 3a nnocro-
AHHYIO aJMUHUCTPATUBHYIO IOAIEPKKY [IPUA OCY-
IEeCTBJIEHNN cOOpa KJIMHUYECKOTO MaTepuasa,
Bpauy /. I. Mounceenko (I'Kb nm. C. II. borkuHa) 3a
c60p 6M006Pa3IOB MAITUEHTOB.

References

1. Jabaley C.S., Blum J.M., Groff R.E, O’Reilly-Shah V.N. Global trends in
the awareness of sepsis:insights from search engine data between
2012 and 2017. Crit Care. 2018; 22: 7. PMID: 29343292. DOI:
10.1186/513054-017-1914-8.

2. Sandquist M., Wong H.R. Biomarkers of sepsis and their potential
value in diagnosis, prognosis and treatment. Expert Rev Clin Immu-
nol. 2014 Oct; 10(10): 1349-56. PMID:25142036. PMCID:
PMC4654927. DOI: 10.1586/1744666X.2014.949675.

3. Nakada TA., TakahashiW., Nakada E., Shimada T., Russell J.A., Walley
K.R. Genetic Polymorphisms in Sepsis and Cardiovascular Disease:
Do Similar Risk Genes Suggest Similar Drug Targets? Chest. 2019 Jan
17.  pii:  S0012-3692(19)30013-3. PMID: 30660782. DOI:
10.1016/j.chest.2019.01.003.

4. DuwivediD.J., Toltl L.J., Swystun L.L., Pogue]., Liaw K.L., Weitz J.I., Cook
DJ, Fox-Robichaud AE, Liaw PC. Prognostic utility and characteriza-
tion of cell-free DNA in patients with severe sepsis. Crit Care. 2012;
16(4): R151. PMID: 22889177. PMCID: PMC3580740. DOI:
10.1186/cc11466.

5. Vajpeyee A., Wijatmiko T., Vajpeyee M., Taywade O. Cell free DNA: A
Novel Predictor of Neurological Outcome after Intravenous Throm-
bolysis and/or Mechanical Thrombectomy in Acute Ischemic Stroke
Patients. Neurointervention 2018 Mar;13(1): 13-19. PMID: 29535894.
DOI: 10.5469/neuroint.2018.13.1.13.

6. Sanchis J., Garcia-Blas S., Ortega-Paz L., Dantas A.R, Rodriguez E.,
Abelldn L., Brugaletta S., Valero E., Mifiana G., Garabito M., Corchén
A, Nuifiez]., Carratald A., Sabaté M. Cell-free DNA and Microvascular
Damage in ST-segment Elevation Myocardial Infarction Treated With
Primary Percutaneous Coronary Intervention. Rev Esp Cardiol (Engl
Ed).2018 Apr 11. PMID: 29655768. DOI: 10.1016/j.rec.2018.03.005.

7.  Khubutia M.S., Shabanov A.K., Skulachev M.V., Bulava G.V., Sav-
chenko I.M., Grebenchikov O.A., Sergeev A.A., Zorov D.B., Zinovkin R.A.
Mitochondrial and Nuclear DNA in Patients with Severe Polytrauma.
Obshchya reanimatologiya = General Reanimatology. 2013;9(6): 24
[In Russ]. DOI: 10.15360/1813-9779-2013-6-24.

8. Likhvantsev V.V, Landoni G., Grebenchikov O.A., Skripkin Y.V., Zabe-
lina T.S., Zinovkina L.A., Prikhodko A.S, Lomivorotov V.V., Zinovkin
R.A.Nuclear DNA as Predictor of Acute Kidney Injury in Patients Un-
dergoing Coronary Artery Bypass Graft: A Pilot Study. J Cardiothorac
Vasc Anesth. 2017 Dec; 31(6): 2080-2085. PMID: 28967626. DOI:
10.1053/j.jvca.2017.04.051.

9. Gilbert S. E, Barresi M.J.B. Chapter 15 Neural Crest Cells and Axonal
Specificity. Developmental biology. Sunderland, MA, USA: Oxford
University Press; 2016: 509-510.

10. Tamkovich S.N., Cherepanova A.V., Kolesnikova E.V., Rykova E.Y,,
Pyshnyi D.V,, Vlassov V.V,, Laktionov PP, Circulating DNA and DNase

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com



46

DOI:10.15360/1813-9779-2019-3-31-47

Clinical Practice & Studies

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

activity in human blood. Ann N'Y Acad Sci. 2006 Sep;1075:191-6.
PMID: 17108211. DOI: 10.1196/annals.1368.026

Verhoven B., Schlegel R.A., Williamson P Mechanisms of phosphati-
dylserine exposure, a phagocyte recognition signal, on apoptotic T
lymphocytes. Journal of Experimental Medicine. Nov 1995, 182 (5)
1597-1601; PMID: 7595231. DOI:10.1084/jem.182.5.1597
van der Vaar M., Pretorius PJ. Circulating DNA. Its origin and fluctua-
tion. Ann N Y Acad Sci. 2008, 1137, P. 18-26. PMID:18837919.
DOI:10.1196/annals.1448.022
Hummel E.M., Hessas E., Miiller S., Beiter T., Fisch M., Eibl A., Wolf
O.T, Giebel B., Platen P, Kumsta R., Moser D.A. Cell-free DNA release
under psychosocial and physical stress conditions. Transl Psychiatry.
2018 Oct 29;8(1): 236. PMID: 30374018. DOI: 10.1038/s41398-018-
0264-x.

Fernando M.R., Jiang C, Krzyzanowski G.D., Ryan W.L. New evidence
that a large proportion of human blood plasma cell-free DNA is lo-
calized in exosomes. PLoS One. 2017; 12(8): PMID: 28850588. DOI:
10.1371/journal.pone.0183915.

Du X, Poltorak A., Wei Y., Beutler B. Three novel mammalian toll-like
receptors: gene structure, expression, and evolution. Eur Cytokine
Netw. 2000 Sep;11(3): 362-71. PMID:11022119.

Sabatel C., Radermecker C., Fievez L., Paulissen G., Chakarov S., Fer-
nandes C., Olivier S., Toussaint M., Pirottin D., Xiao X., Quatresooz P,
Sirard J.C., Cataldo D., Gillet L., Bouabe H, Desmet C.J., Ginhoux E,
Marichal T, Bureau E Exposure to Bacterial CpG DNA Protects from
Airway Allergic Inflammation by Expanding Regulatory Lung Inter-
stitial Macrophages. Immunity. 2017 Mar 21;46(3): 457-473. PMID:
28329706. DOI:10.1016/j.immuni.2017.02.016.

Plitas G., Burt B.M., Nguyen H.M., Bamboat Z.M., DeMatteo R.R Toll-
like receptor 9 inhibition reduces mortality in polymicrobial sepsis.
J Exp Med. 2008 Jun 9;205(6): 1277-83. PMID:18474631. DOIL:
10.1084/jem.20080162.

Weighardt H., Kaiser-Moore S., Vabulas R.M., Kirschning C.J., Wagner

H., Holzmann B. Cutting edge: myeloid differentiation factor 88 de-
ficiency improves resistance against sepsis caused by polymicrobial
infection. J Immunol. 2002 Sep 15;169(6): 2823-7. PMID: 12218091.
DOI: 10.4049/jimmunol.169.6.2823
Chen K.H., Zeng L, Gu W, Zhou J., Du D.Y,, Jiang J.X. Polymorphisms
in the toll-like receptor 9 gene associated with sepsis and multiple
organ dysfunction after major blunt trauma. PMID: 21633947. Br J
Surg. 2011 Sep;98(9): 1252-9. DOI: 10.1002/bjs.7532.
Singer M., Deutschman C.S., Seymour C.W.,, Shankar-Hari M., Annane
D, Bauer M., Bellomo R., Bernard G.R., Chiche J.D., Coopersmith C.M,
Hotchkiss R.S., Levy M.M., Marshall J.C., Martin G.S., Opal S.M., Ruben-
feld G.D., van der Poll, Vincent J.L., Angus D.C. The Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA.
2016;315(8): 801-810. PMID: 26903338. DOI:10.1001/jama.2016.0287.
Napolitano L.M. Sepsis 2018: Definitions and Guideline Changes.
Surg Infect (Larchmt). 2018 Feb/Mar;19(2): 117-125. PMID: 29447109
DOI: 10.1089/5ur.2017.278.

Avriel A., Wiessman M. P, AlmogY., PerlY., Novack V., Galante O., Klein
M., Pencina M. J., Douvdevani A. Admission Cell Free DNA Levels Pre-
dict 28-Day Mortality in Patients with Severe Sepsis in Intensive Care.
PLoS One. 2014; 9(6): e100514. PMID: 24955978. DOI:10.1371/jo-
urnal.pone.0100514
Bronkhorst M.W.,, Boyé N.D., Lomax M.A., Vossen R.H., Bakker J., Patka
P, Van Lieshout EM. Single-nucleotide polymorphisms in the Toll-like
receptor pathway increase susceptibility to infections in severely inj-
ured trauma patients. J Trauma Acute Care Surg. 2013 Mar;74(3): 862-
70. PMID: 23425749. DOI: 10.1097/TA.0b013e31827e1534.

Smelaya T.V,, Belopolskaya O.B., Smirnova S.V,, Kuzovlev A.N., Moroz
V.V, Golubev A.M., Pabalan N.A., Salnikova L.E. Genetic dissection of
host immune response in pneumonia development and progression.
Sci Rep. 2016 Oct 11;6:35021. PMID: 27725770. DOI: 10.1038/srep35021.
Yymauenro A.I', Masun A.E., Kysoenee A.H., [anonos A.M., Tymenvsan
A.B., I[lopoxosHuk JI.H., [ony6es A.M., ITucapee B.M. AniieibHbIe Ba-
puanTbl reHoB NRF2 1 TLR9 Ipy KpUTHYECKUX COCTOAHUSAX. Obujas
peanumamonozus, 2016, Tom 12, Ne4, c.8-23. DOI: 10.15360/1813-
9779-2016-4-8-23.

Ayala A., Herdon C.D., Lehman D.L., Ayala C.A., Chaudry LH. Diffe-
rential induction of apoptosis in lymphoid tissues during sepsis: va-
riation in onset, frequency, and the nature of the mediators. Blood.

1996 May 15;87(10): 4261-75. PMID: 8639785.

Galluzzi L., Vitale 1., Aaronson S.A., Abrams J.M., Adam D., Agostinis
P, Alnemri E.S., Altucci L., Amelio 1., Andrews D.W., Annicchiarico-Pet-
ruzzelli M., Antonov A.V, Arama E., Baehrecke E.H.,Barlev N.A., Bazan
N.G. Bernassola E, Bertrand M.J.M.,.Bianchi K., Blagosklonny M.V,
Blomgren K., Borner C.,Boya R, Brenner C., Campanella M.,Candi E.,
Carmona-Gutierrez D., Cecconi E, Chan EK., Chandel N.S.,.Cheng
E.H., Chipuk J.E., Cidlowski J.A., Ciechanover A., Cohen G.M., Conrad
M., Cubillos-Ruiz JR.,.Czabotar PE., DAngiolella V., Dawson T.M.,.
Dawson V.L., De Laurenzi V., De Maria R., Debatin K.M., DeBerardinis
R.J., Deshmukh M., Di Daniele N., Di Virgilio E, Dixit V.M., Dixon S.J.,.
Duckett C.S., Dynlacht B.D., El-Deiry W.S., Elrod J.W., Fimia G.M.,
Fulda S ,Garcia-Sdez A.J. Garg AD, Garrido C, Gavathiotis E, Golstein
B, Gottlieb E, Green DR, Greene LA, Gronemeyer H, Gross A, Hajnoczky
G, Hardwick JM, Harris IS, Hengartner MO, Hetz C, Ichijo H, Jéditteld
M, Joseph B, Jost PJ, Juin PR, Kaiser W]. Karin M, Kaufmann T, Kepp O,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

activity in human blood. Ann N'Y Acad Sci. 2006 Sep;1075:191-6.
PMID: 17108211. DOI: 10.1196/annals.1368.026
Verhoven B., Schlegel R.A., Williamson P Mechanisms of phosphati-
dylserine exposure, a phagocyte recognition signal, on apoptotic T
lymphocytes. Journal of Experimental Medicine. Nov 1995, 182 (5)
1597-1601; PMID: 7595231. DOI:10.1084/jem.182.5.1597
van der Vaar M., Pretorius PJ. Circulating DNA. Its origin and fluctua-
tion. Ann N Y Acad Sci. 2008, 1137, P. 18-26. PMID:18837919.
DOI:10.1196/annals.1448.022
Hummel E.M., Hessas E., Miiller S., Beiter T., Fisch M., Eibl A., Wolf
O.T, Giebel B., Platen R, Kumsta R., Moser D.A. Cell-free DNA release
under psychosocial and physical stress conditions. Transl Psychiatry.
2018 Oct 29;8(1): 236. PMID: 30374018. DOI: 10.1038/s41398-018-
0264-x.
Fernando M.R., Jiang C, Krzyzanowski G.D., Ryan W.L. New evidence
that a large proportion of human blood plasma cell-free DNA is lo-
calized in exosomes. PLoS One. 2017; 12(8): PMID: 28850588. DOI:
10.1371/journal.pone.0183915.

Du X, Poltorak A., Wei Y., Beutler B. Three novel mammalian toll-like
receptors: gene structure, expression, and evolution. Eur Cytokine
Netw. 2000 Sep;11(3): 362-71. PMID:11022119.

Sabatel C., Radermecker C., Fievez L., Paulissen G., Chakarov S., Fer-
nandes C., Olivier S., Toussaint M., Pirottin D., Xiao X., Quatresooz P,
Sirard J.C., Cataldo D., Gillet L., Bouabe H, Desmet C.J., Ginhoux E,
Marichal T, Bureau E Exposure to Bacterial CpG DNA Protects from
Airway Allergic Inflammation by Expanding Regulatory Lung Inter-
stitial Macrophages. Immunity. 2017 Mar 21;46(3): 457-473. PMID:
28329706. DOI:10.1016/j.immuni.2017.02.016.

Plitas G., Burt B.M., Nguyen H.M., Bamboat Z.M., DeMatteo R.R Toll-
like receptor 9 inhibition reduces mortality in polymicrobial sepsis.
J Exp Med. 2008 Jun 9;205(6): 1277-83. PMID:18474631. DOIL:
10.1084/jem.20080162.

Weighardt H., Kaiser-Moore S., Vabulas R.M., Kirschning C.J., Wagner
H., Holzmann B. Cutting edge: myeloid differentiation factor 88 de-
ficiency improves resistance against sepsis caused by polymicrobial
infection. J Immunol. 2002 Sep 15;169(6): 2823-7. PMID: 12218091.
DOI: 10.4049/jimmunol.169.6.2823
Chen K.H., Zeng L, Gu W, Zhou J., Du D.Y,, Jiang J.X. Polymorphisms
in the toll-like receptor 9 gene associated with sepsis and multiple
organ dysfunction after major blunt trauma. PMID: 21633947. Br J
Surg. 2011 Sep;98(9): 1252-9. DOI: 10.1002/bjs.7532.

Singer M., Deutschman C.S., Seymour C.W.,, Shankar-Hari M., Annane
D., Bauer M., Bellomo R., Bernard G.R., Chiche J.D., Coopersmith C.M,
Hotchkiss R.S., Levy M.M., Marshall J.C., Martin G.S., Opal S.M., Ruben-
feld G.D., van der Poll, Vincent J.L., Angus D.C. The Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA.
2016;315(8): 801-810. PMID: 26903338. DOI:10.1001/jama.2016.0287.
Napolitano L.M. Sepsis 2018: Definitions and Guideline Changes.
Surg Infect (Larchmt). 2018 Feb/Mar;19(2): 117-125. PMID: 29447109
DOI: 10.1089/sur.2017.278.

Avriel A., Wiessman M. R, AlmogY., PerlY., Novack V., Galante O., Klein
M., Pencina M. J., Douvdevani A. Admission Cell Free DNA Levels Pre-
dict 28-Day Mortality in Patients with Severe Sepsis in Intensive Care.
PLoS One. 2014; 9(6): e100514. PMID: 24955978. DOI:10.1371/jo-
urnal.pone.0100514
Bronkhorst M.W.,, Boyé N.D., Lomax M.A., Vossen R.H., Bakker J., Patka
P, Van Lieshout EM. Single-nucleotide polymorphisms in the Toll-like
receptor pathway increase susceptibility to infections in severely inj-
ured trauma patients. J Trauma Acute Care Surg. 2013 Mar;74(3): 862-
70. PMID: 23425749. DOI: 10.1097/TA.0b013e31827e1534.

Smelaya T.V,, Belopolskaya O.B., Smirnova S.V,, Kuzovlev A.N., Moroz
V.V, Golubev A.M., Pabalan N.A., Salnikova L.E. Genetic dissection of
host immune response in pneumonia development and progression.
Sci Rep. 2016 Oct 11;6:35021. PMID: 27725770. DOIL: 10.1038/srep35021.
Chumachenko A.G., Myazin A.E., Kuzovlev A.N., Gaponov A.M., Tute-
lyan A.V,, Porokhovnik L.N., Golubev A.M., Pisarev V.M. Allelic Variants
of NRF2 and TLR9 Genes in Critical Illness. Obshchaya reanimatolo-
giya=General Reanimatology. 2016;12(4): 8-23. DOI: 10.15360/1813-
9779-2016-4-8-23. [In Russ, In Engl].

Ayala A., Herdon C.D., Lehman D.L., Ayala C.A., Chaudry LH. Diffe-
rential induction of apoptosis in lymphoid tissues during sepsis: va-
riation in onset, frequency, and the nature of the mediators. Blood.

1996 May 15;87(10): 4261-75. PMID: 8639785.

Galluzzi L., Vitale 1., Aaronson S.A., Abrams J.M., Adam D., Agostinis
P, Alnemri E.S., Altucci L., Amelio 1., Andrews D.W., Annicchiarico-Pet-
ruzzelli M., Antonov A.V,, Arama E., Baehrecke E.H.,Barlev N.A., Bazan
N.G. Bernassola E, Bertrand M.J.M.,.Bianchi K., Blagosklonny M.V,
Blomgren K., Borner C.,Boya R, Brenner C., Campanella M.,Candi E.,
Carmona-Gutierrez D., Cecconi E, Chan EK., Chandel N.S.,.Cheng
E.H., Chipuk J.E., Cidlowski J.A., Ciechanover A., Cohen G.M., Conrad
M., Cubillos-Ruiz JR.,.Czabotar PE., DAngiolella V., Dawson T.M.,.
Dawson V.L., De Laurenzi V., De Maria R., Debatin K.M., DeBerardinis
R.J., Deshmukh M., Di Daniele N., Di Virgilio E, Dixit V.M., Dixon S.J.,.
Duckett C.S., Dynlacht B.D., El-Deiry W.S., Elrod J.W., Fimia G.M.,
Fulda S ,Garcia-Sdez A.J. Garg AD, Garrido C, Gavathiotis E, Golstein
P, Gottlieb E, Green DR, Greene LA, Gronemeyer H, Gross A, Hajnoczky
G, Hardwick JM, Harris IS, Hengartner MO, Hetz C, Ichijo H, Jdditteld
M, Joseph B, Jost PJ, Juin PR, Kaiser W]. Karin M, Kaufmann T, Kepp O,

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 3



DOI:10.15360/1813-9779-2019-3-31-47

Knunudyeckue NpaKTHUKa U UCCJeJOBaHUA

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kimchi A, Kitsis RN, Klionsky D], Knight RA, Kumar S, Lee SW, Lema-
sters JJ, Levine B, Linkermann A, Lipton SA, Lockshin RA, Lopez-Otin
C, Lowe SW, Luedde T, Lugli E, MacFarlane M, Madeo E Malewicz M,
Malorni W, Manic G, Marine JC, Martin S, Martinou JC, Medema J.R,
Mehlen B Meier P, Melino S., Miao EA, Molkentin JD, Moll UM,
Muiioz-Pinedo C,. Nagata S., Nufiez G., Oberst A., Oren , Overholtzer
M, Pagano M., Panaretakis T., Pasparakis M., Penninger JM, Pereira
DM, Pervaiz S., Peter M.E., Piacentini M., Pinton R, Prehn J.H.M., Put-
halakath H., Rabinovich G.A., Rehm M., Rizzuto R, Rodrigues C.M.P,
Rubinsztein D.C., Rudel T, Ryan K.M., Sayan E. Scorrano L, Shao E Shi
Y, Silke J, Simon HU, Sistigu A, Stockwell B.R., Strasser A., Szabadkai
G., Tait S.W.G., Tang D., Tavernarakis N, Thorburn A, Tsujimoto Y.,
Turk B. Vanden Berghe T, Vandenabeele P, Vander Heiden M.G., Vil-
lunger A. Virgin HW.,, Vousden K.H., Vucic D, Wagner E.E, Walczak H.,
Wallach D, WangY., Wells .JA., Wood W.,, Yuan J, Zakeri Z., Zhivotovsky
B., Zitvogel L, Melino G, Kroemer G. Molecular mechanisms of cell
death: recommendations of the Nomenclature Committee on Cell
Death 2018. Cell Death Differ. 2018 Mar; 25(3): 486-541.PMID:
29362479, doi: 10.1038/s41418-017-0012-4
Krychtiuk K.A., Ruhittel S., Hohensinner PJ., Koller L., Kaun C., Lenz
M., Bauer B., Wutzlhofer L., Draxler D.E, Maurer G., Huber K., Wojta
J., Heinz G., Niessner A., Speidl W.S. Mitochondrial DNA and Toll-Like
Receptor-9 Are Associated With Mortality in Critically Il Patients. Crit
Care Med. 2015 Dec;43(12): 2633-41. PMID: 26448617
doi:10.1097/CCM.0000000000001311.
Surpris G., Poltorak A. The expanding regulatory network of STING-
mediated signaling. Curr Opin Microbiol. 2016 Aug;32:144-150.
PMID: 27414485; PubMed Central DOI: 10.1016/j.mib.2016.05.014.
Hamaguchi S., Akeda Y., Yamamoto N., Seki M., Yamamoto K., Oishi
K., Tomono K. Origin of Circulating Free DNA in Sepsis: Analysis of
the CLP Mouse Model. Mediators Inflamm., 015: 614518. PMID:
26273139. DOI: 10.1155/2015/614518.
Seeley J.J. Ghosh S. Molecular mechanisms of innate memory and to-
lerance to LPS. J Leukoc Biol. 2017 Jan;101(1): 107-119. PMID:
27780875 DOI: 10.1189/jlb.3MR0316-118RR.
Johansson PL., Stensballe J., Ostrowski S.R. Shock induced endothe-
liopathy (SHINE) in acute critical illness - a unifying pathophysiolo-
gic mechanism. Crit Care. 2017 Feb 9;21(1): 25. PMID: 28179016. DOI:
10.1186/s13054-017-1605-5.
Xing C., Arai K., Lo E.H., Hommel M. Pathophysiologic cascades in
ischemic stroke. IntJ Stroke. 2012 Jul; 7(5): 378-385, PMID: 22712739.
DOI:10.1111/j.1747-4949.2012.00839.x
Khatri R., McKinney AM, Swenson B., Janardhan V. Blood-brain bar-
rier, reperfusion injury, and haemorrhagic transformation in acute
ischemic stroke. Neurology. 2012 Sep 25;79(13 Suppl 1): S52-7. PMID:
23008413 DOI: 10.1212/WNL.0b013e3182697€70.
Powers WJ., Rabinstein A.A., Ackerson T., Adeoye O.M., Bambakidis
N.C., Becker K., Biller J., Brown M., Demaerschalk B.M., Hoh B., Jauch
E.C., Kidwell C.S., Leslie-Mazwi T.M, Ovbiagele B., Scott PA., Sheth
K.N., Southerland A.M., Summers D.V, Tirschwell D.L American Heart
Association Stroke Council. 2018 Guidelines for the Early Manage-
ment of Patients With Acute Ischemic Stroke: A Guideline for Health-
care Professionals From the American Heart Association/American
Stroke  Association.  Stroke. 2018 Mar;49(3): e46-e110.
PMID:29367334. DOI: 10.1161/STR.0000000000000158.
Krychtiuk K.A., Ruhittel S., Hohensinner PJ., Koller L., Kaun C., Lenz
M., Bauer B., Wutzlhofer L., Draxler D.E, Maurer G., Huber K., Wojta
J., Heinz G., Niessner A., Speidl W.S. Mitochondrial DNA and Toll-Like
Receptor-9 Are Associated With Mortality in Critically Il Patients. Crit
Care Med. 2015 Dec; 43(12): 2633-41. PMID: 26448617 DOLI:
10.1097/CCM.0000000000001311.
Zhong Z., Liang S., Sanchez-Lopez E., He E, Shalapour S., Lin X.J.,
Wong J., Ding S., Seki E., Schnabl B., Hevener A.L, Greenberg H.B, Kis-
seleva T, Karin M. New mitochondrial DNA synthesis enables NLRP3
inflammasome activation. Nature. 2018 Aug;560(7717): 198-203.
PMID: 30046112, DOI: 10.1038/s41586-018-0372-z

IMocrynuia 14.04.19

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kimchi A, Kitsis RN, Klionsky D], Knight RA, Kumar S, Lee SW, Lema-
sters JJ, Levine B, Linkermann A, Lipton SA, Lockshin RA, Lopez-Otin
C, Lowe SW, Luedde T, Lugli E, MacFarlane M, Madeo E Malewicz M,
MalorniW, Manic G, Marine JC, Martin SJ, Martinou JC, Medema J.P,
Mehlen B Meier P, Melino S., Miao EA, Molkentin JD, Moll UM,
Muiioz-Pinedo C,. Nagata S., Nufiez G., Oberst A., Oren , Overholtzer
M, Pagano M., Panaretakis T., Pasparakis M., Penninger JM, Pereira
DM, Pervaiz S., Peter M.E., Piacentini M., Pinton R, Prehn J.H.M., Put-
halakath H., Rabinovich G.A., Rehm M., Rizzuto R, Rodrigues C.M.P,
Rubinsztein D.C., Rudel T, Ryan K.M., Sayan E. Scorrano L, Shao E Shi
Y, Silke J, Simon HU, Sistigu A, Stockwell B.R., Strasser A., Szabadkai
G., Tait S.W.G., Tang D., Tavernarakis N, Thorburn A, Tsujimoto Y.,
Turk B. Vanden Berghe T, Vandenabeele P, Vander Heiden M.G., Vil-
lunger A. Virgin HW,, Vousden K.H., Vucic D, Wagner E.E, Walczak H.,
Wallach D, WangY., Wells .JA., Wood W.,, Yuan J, Zakeri Z., Zhivotovsky
B., Zitvogel L, Melino G, Kroemer G. Molecular mechanisms of cell
death: recommendations of the Nomenclature Committee on Cell
Death 2018. Cell Death Differ. 2018 Mar; 25(3): 486-541.PMID:
29362479, doi: 10.1038/s41418-017-0012-4
Krychtiuk K.A., Ruhittel S., Hohensinner PJ., Koller L., Kaun C., Lenz
M., Bauer B., Wutzlhofer L., Draxler D.E, Maurer G., Huber K., Wojta
J., Heinz G., Niessner A., Speidl W.S. Mitochondrial DNA and Toll-Like
Receptor-9 Are Associated With Mortality in Critically Il Patients. Crit
Care Med. 2015 Dec;43(12): 2633-41. PMID: 26448617
doi:10.1097/CCM.0000000000001311.
Surpris G., Poltorak A. The expanding regulatory network of STING-
mediated signaling. Curr Opin Microbiol. 2016 Aug;32:144-150.
PMID: 27414485; PubMed Central DOI: 10.1016/j.mib.2016.05.014.
Hamaguchi S., Akeda Y., Yamamoto N., Seki M., Yamamoto K., Oishi
K., Tomono K. Origin of Circulating Free DNA in Sepsis: Analysis of
the CLP Mouse Model. Mediators Inflamm., 015: 614518. PMID:
26273139. DOI: 10.1155/2015/614518.
Seeley J.J. Ghosh S. Molecular mechanisms of innate memory and to-
lerance to LPS. J Leukoc Biol. 2017 Jan;101(1): 107-119. PMID:
27780875 DOI: 10.1189/jlb.3MR0316-118RR.
Johansson PL., Stensballe J., Ostrowski S.R. Shock induced endothe-
liopathy (SHINE) in acute critical illness — a unifying pathophysiolo-
gic mechanism. Crit Care. 2017 Feb 9;21(1): 25. PMID: 28179016. DOI:
10.1186/s13054-017-1605-5.
Xing C., Arai K., Lo E.H., Hommel M. Pathophysiologic cascades in
ischemic stroke. IntJ Stroke. 2012 Jul; 7(5): 378-385, PMID: 22712739.
DOI:10.1111/j.1747-4949.2012.00839.x
Khatri R., McKinney AM, Swenson B., Janardhan V. Blood-brain bar-
rier, reperfusion injury, and haemorrhagic transformation in acute
ischemic stroke. Neurology. 2012 Sep 25;79(13 Suppl 1): S52-7. PMID:
23008413 DOI: 10.1212/WNL.0b013e3182697€70.
Powers WJ., Rabinstein A.A., Ackerson T., Adeoye O.M., Bambakidis
N.C., Becker K., Biller J., Brown M., Demaerschalk B.M., Hoh B., Jauch
E.C, Kidwell C.S., Leslie-Mazwi T.M, Ovbiagele B., Scott PA., Sheth
K.N., Southerland A.M., Summers D.V, Tirschwell D.L American Heart
Association Stroke Council. 2018 Guidelines for the Early Manage-
ment of Patients With Acute Ischemic Stroke: A Guideline for Health-
care Professionals From the American Heart Association/American
Stroke  Association.  Stroke. 2018 Mar;49(3): e46-e110.
PMID:29367334. DOI: 10.1161/STR.0000000000000158.
Krychtiuk K.A., Ruhittel S., Hohensinner PJ., Koller L., Kaun C., Lenz
M., Bauer B., Wutzlhofer L., Draxler D.E, Maurer G., Huber K., Wojta
J., Heinz G., Niessner A., Speidl W.S. Mitochondrial DNA and Toll-Like
Receptor-9 Are Associated With Mortality in Critically Il Patients. Crit
Care Med. 2015 Dec; 43(12): 2633-41. PMID: 26448617 DOLI:
10.1097/CCM.0000000000001311.
Zhong Z., Liang S., Sanchez-Lopez E., He E, Shalapour S., Lin X.J.,
Wong J., Ding S., Seki E., Schnabl B., Hevener A.L, Greenberg H.B, Kis-
seleva T., Karin M. New mitochondrial DNA synthesis enables NLRP3
inflammasome activation. Nature. 2018 Aug;560(7717): 198-203.
PMID: 30046112, DOI: 10.1038/s41586-018-0372-z

Received 14.04.19

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com

47



DOI:10.15360/1813-9779-2019-3-48-60

Clinical Practice & Studies

|
PaCTB()pI/IMaH (I)OpMa TPUITEPHOTO penernTropa MUHCJIONTHBIX KJICTOK- 1
(STREM-1) u notumopgHubie BapuaHTbl TREM-1
IIpHU pa3BUTHHA HOJIPIOpl‘aHHOI‘/i HEeJOCTAaTOYHOCTH
mocJie onepany KOpoOHAPHOI'o IIYHTUPOBAHHU A
M. B. Xyropnas!, A. B. [lonacenko!, A. B. llertokuna!, A. C. Pagusuiko!, 1. U. JKugkosal,
A.T. Ryruxun!, C. C. Kpyruukuii', A. C. losjoBkun?, E. B. 'puropnes!
! HIIM KOMIJIEKCHBIX ITPOOJIEM CepIeYHO-COCYAUCTHIX 3a00JI€EBAHU,
Poccus, 650002, r. KemepoBo, CocHOBBIN Oy/IbBap, 1. 6
2 HanimoHaIbHBIN MEeIUITMHCKHH HCCIIeI0BaTeIbCKIN IeHTpP UM. B. A. AnimasoBa Munsapasa Poccuy,
Poccusi, 197341, 1. CaukT-IleTepOypr, yi1. AKKypaToBa, 1. 2
Soluble triggering receptor expressed on myeloid cells 1 (STREM-1)
and polymorphic variants of TREM-1 in the development
of multiple organ dysfunction syndrome after coronary
artery bypass grafting
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INosiBJIeHME TSKebIX OCJIOKHEHUH B BUe ToJimopranHoi Hegocrarounoctu (ITOH) nociie onepariuiit Kopo-
HapHoro myHTupoBanus (K1) siBjisieTcs pe3ysisraroM TsHKeJIoU CTpecc-peakiuy opranuama. KirroueBbIM aTHO-
[1aTOJIOTMYeCKUM (PAaKTOPOM MHAYKIIMOHHOH (pa3bl KOMILJIEKCHOTO [1aTOJIOTMYeCKOr0 IIpoLiecca, IPUBOJAILETO,
B KOHEYHOM CUeTe, K HapyIlIeHUIO (DyHKIIY OPraHOB U CUCTEM, SIBJISIETCsI HapylleHue (PyHKIM MIMMyHHOI'O pea-
rupoBaHusa. OCOOEHHOCTH peaKIii MUMMYHHOH CUCTEMBI Y KOHKPETHOT'O MHIMBHU/IyYMa B OIIpe/IeIeHHOH CTETTeHI
00yCJIOBJIEHBI TEHETUYECKU U PeayIu3YyI0TCsI Yepe3 aKTUBALIUIO BPOKIeHHOI0 IMMYHUTETA.

Ileas ucciiefoBaHUA: OLIpelesIUTh 3HaYeHue noauMopduama rena TREM-1 B cBs131 C U3MEHEHUEM Chbl-
BOpPOTOUYHBIX KOHIIeHTpauii sSTREM u ux BKJ1aJ B pa3BUTHE II0JMOPraHHON HeJOCTAaTOYHOCTH Y IIAlIIEHTOB
1ocJjie onepanyy KOpOHAPHOI'O LIYHTUPOBAHUS.

Marepuansl 1 MeTOABI. B ricciiefoBaHre BKIIOUMIIN 132 narueHTa ¢ aTepoCKIepo30M KOPOHAPHBIX apTe-
puii, IepeHecIIrX Ollepaliio KOPOHAPHOI'o IIyHTUPOBAHUs1. PaHHUI II0C/Ie0epaliOHHbIN epuo y 30 13 HUX
OCJIOYKHUJICS Pa3BUTHEM I10JIMOPraHHOoM HefocrarouHocTH. KonnenTpanuio STREM B cbIBOpOTKe KPOBU OIIpe-
JleJIsIIM MeTO,0M UMMYHO(EepMEeHTHOr0 aHaIu3a. [enorunuposanue noiuMop@dHbIx caiitoB rena TREM-1 ocy-
IIECTBJISIJIA METOIOM ajliesib-crenuduynoii [P B peasibHOM BpeMeHH 110 TexHosioru TagMan.

Peaynrerarsl. B peaysnbrare nucciaeqoBaHusi 00HAPYKUJIM CTAaTUCTUYECKU 3HAYNMble Pa3J/IM4usl B KOH-
nenTpanusax STREM y nanuenTtos ¢ [IOH u nanueHToB 0€3 0CJI05KHEHUH. YCTaHOBUJIN, UTO KOHIIEHTpalys
STREM 3aBUCHUT OT HOCUTEJILCTBA OIIpe/ie/IeHHbIX a/lyIeJIbHbIX BADUAHTOB B TPeX I0JIMMOP(HBIX caiiTax reHa
TREM-1 (rs1817537, rs2234246, rs3804277)

3akJroueHue. B maHHOIT paboTe BIepBbIe OIPeIeIIIN B3aNMOCBSI3b KOHIIEHTPAIWH IUPKYJIUPYIOIIen
pacrBopumoii popmel TREM-1 u nosiuMopdHbIX BapuaHToB Kogupytoniero rena TREM-1 ¢ BeIpayKeHHOCTbIO
ITOH y manmeHTOB € ueMu4yeckoi 6ose3Hbio cepana (MBC) B mocseonepannonHoM nepuone KIII.

Knrouesvle croea: uwiemuueckas 601e3Hb cep0ua; NoLUOPaHHas HedoCmamo4HoCNLb; KOPOHAPHOe ULYH-
muposarue, 8podicOeH bl ummyHumem; TREM-1

The onset of critical complications (multiple organ dysfunction syndrome, MODS) after coronary artery
bypass grafting is the result of severe stress response. The key etiopathological factor of the induction phase of
the complex pathological process, which ultimately leads to dysfunction of organs and systems, is the dys-
function of the immune response. The characteristics of reactions of the immune system in a particular indi-
vidual are genetically determined and realized through innate immunity activation.
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Aim. To determine the role of TREM-1 gene polymorphism through the changes of sSTREM serum levels
and their contribution to the development of multiple organ dysfunction syndrome after coronary artery by-
pass grafting.

Materials and Methods. 132 patients with coronary atherosclerosis who had undergone coronary artery by-
pass grafting were included in the study. Of them, 30 patients had multiple organ dysfunction syndrome in the
early postoperative period. sSTREM serum levels were measured using enzyme immunoassay. Genotyping of
polymorphic loci of the TREM-1 gene was performed with real-time allele-specific PCR using TagMan system.

Results. Significant differences in sSTREM levels among patients with and without MODS were found.
sTREM levels depend on the carriage of certain allelic variants in the three polymorphic loci of the TREM-1

gene (rs1817537, rs2234246, rs3804277)

Conclusion. The relationships of the levels of the circulating soluble form of TREM-1 and the polymorphic
variants of the coding TREM-1 gene with the severity of MODS were determined in coronary artery disease

patients after coronary artery bypass grafting.

Keywords: coronary artery disease; multiple organ dysfunction syndrome; coronary artery bypass grafting,

innate immunity; TREM-1
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BBenenue

HecMoTpst Ha JOCTUTHYTHIE yCIEXH B 00J1a-
CTH JIEYEHUsI CEPIETHO-COCYINCTHIX 3a00/IeBaHTI
C IPpUMEHEHNEM HOBBIX TUArHOCTUYECKUX U OIle-
paTuBHO-JIe4eOHBIX TEXHOJIOTHUH, 9acTOTa TsKe-
JIBIX IIOCJIEOIIepPAllMOHHBIX OCJIOKHEHUH y Iaiu-
€HTOB KapAuOXUpPypPrudecKoro npoduis
0CTaeTcsi BEICOKOM.

ITocsieonepaniioOHHBIE OCJIOKHEHUS Pa3BU-
BaroTCA B cpenHeM 10 30% ciiy4aeB BCeX KapAUOXU-
PYPTrU4EeCKUX BMEIIaTeIbCTB U 3a4acCTyI0 He CBA3a-
HbI C TEXHUKOU ornepanuu [1]. CaMbIM Ts3KeJIbIM U
OITACHBIM OCJIOYKHEHMEM SIBJIAETCS OJIMOPraHHas
HepocrarouHocTh (IIOH). IIOH xapakrepusyercsa
COBOKYITHBIM HapyII€eHUEeM (I)YHKIII/II/I HECKOJIbKUX
opraHoB (Tpex u 60Jiee) U MPOsIBJIEHNEM HEI0CTa-
TOYHOCTH KayKI0U U3 3aTPOHYTHIX CUCTEM OPTraHU3-
Ma. JlJaHHOe OCJIOYKHEHNE OTHOCUTCA K KpUTUYECKO-
My COCTOSIHMIO U OCTAaeTCs OCHOBHOM IPUYMHON
CMEepTH MallIeHTOB Ha F'OCHUTAIbHOM JTtare [1, 2].

O6s13aTeTbHBIM 371EMEHTOM B pa3puTuu [IOH
ABJSETCS CUCTEMHBIM BOCHAIUTEJILHBIA OTBET
(Systemic inflammatory response — SIRS, CBO).
YUpeaMepHOCTh aKTUBAIUA U OUCKOOPAUHAIUA
B3aumojiericTBus komnoneHToB CBO (kackaj mpo-
" IIPOTUBOBOCIA/JIUTE/IbLHBIX TUTOKNHOB, 0eJIKOB
ocTpo# (pa3pl Bocna/IeHu s, 9HIOKPUHHO-MeTabo-
JIMYEeCKUU OTBET U T.JI.) COIPOBOYKIAETCSI TPAHC-
dopmanueil MUKpOLMPKYJIAIMY, YTO peaanusyeT
pasBuTHE CUCTeMHOU ansreparuu. [3]. Hecmorps
Ha TO, YTO B paHHEM MOCJIe0NeparniOHHOM Iepro-
ne CBO saBasieTcss pU3NOJIOTUUECKUM MEXaHU3-
MOM aJanTallid K XUPYprU4YecKOod TpaBMe U
penepdy3nOHHBIM OBPEKIEHUSIM, Y HEKOTOPBIX
MaleHTOB OH IPOTEKAET ITaTOJIOTUYeCKA HEKOH-
TPOJIMPYEMO ¥ HPOHOJIKUTEIBHO, YTO IPUBOJIUT K
passutuio 110H, B HEKOTOPBIX Cay4Yasax 3aKaH4U-
BaloIIencsa JieTaJbHBIM HcxomoMm [2]. [y1aBHBIM
naroreHeTudyeckum 3BeHoM CBO saBisAwTCA
MMMYyHHBIE PEaKI1Y, a ero IPOsIBJIEHUE — Pe3YJlb-
TaT HapylleHusl (PyHKIIMOHUPOBAHMS KaK KJIeTOY-

HOTO, TaK ¥ TYMOPaJIbHOI0 UMMYHUTETA [4].

Introduction

The rate of major complications following car-
diac surgeries remains high despite recent ad-
vances in the treatment of cardiovascular diseases
with novel diagnostic and surgical technologies.

Postoperative complications occur in around
30% of cardiac surgery cases. The majority of them
are not related to the surgical technique [1]. Multi-
ple organ dysfunction syndrome (MODS) is one of
the most severe complications commonly associ-
ated with poor outcomes. MODS is defined as the
presence of cumulative dysfunction of several or-
gans (three and more). This complication requires
critical care and remains the main cause of death
among patients in the in-hospital period [1, 2].

MODS development is associated with sys-
temic inflammatory response syndrome (SIRS). Ex-
cessive activation and discoordination between
SIRS components (a cascade of pro- and anti-in-
flammatory cytokines, acute phase proteins, en-
docrine-metabolic response, etc.) accompanied by
alterations of microcirculation, contribute to the
development of systemic alterations [3]. Despite
the fact that SIRS is commonly regarded as a phys-
iological mechanism of adaptation to surgical
trauma and reperfusion injury in the early postop-
erative period, some patients experience its patho-
logical and uncontrollable progress, resulting in
MODS and subsequent death [2]. Immune reac-
tions are the main pathogenetic links of SIRS and
its onset represents the result of both cellular and
humoral immunity dysfunction [4].

Triggering receptor expressed on myeloid
cells-1 (TREM-1) is a key receptor of the innate im-
mune response, as well as an important participant
in the activation of early inflammatory reactions
and SIRS [5].

Soluble TREM-1 (sTREM-1) which may be
measured in biological fluids could act as an im-
mune regulator (tuning and integrating signals in
response to damage), rather than an initiator of in-
flammatory response. Expression of TREM-1 on the
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KitoueBbIM  perenTopoM  BPOKIIEHHOTO
MMMYHHOTI'O OTBET4, a TAKKe BAYKHBIM Y4aCTHUKOM
AKTUBAIIUY PaHHUX BOCHAJIUTEHLHBIX PEAKIUi 1
CBO sBJIsieTCS TPUTTEPHBIN PEIIETITOP, IKCIIPECCHU -
pyeMblii Ha MUeJIOUIHBIX KiaeTkax-1 (Triggering
receptor expressed on myeloid cells —TREM-1) [5].

B pactBopumoii popme (STREM-1), koTopast
MOKET OBITH KOJIMYECTBEHHO OIpeiesieHa B O10-
JIOTUYECKNX SKUAKOCTAX, TREM-1 BbIIOJHSAET
(yHKIMU HMYHHOperyiasTopa (HacTpoillka u
WHTErpanys CUTHAJIOB B OTBET HA IIOBPEsKIEHNE),
a He MHUIMHUPYeET BOCIAJIUTEJIbHBINA OTBET. JKC-
npeccust TREM-1 Ha moBepXHOCTHU JUMPOITUTOB
SIBJISIETCSI MOIIHBIM aKTUBUPYIOIIUM (PaKTOPOM
3alyCcKa Kackaja peakiuil BpOsKAEeHHOTO0 UMMY-
HUTETa, a yCUJIeHWe MMMYyHHOI'O OTBeTa 4depes
axtuBaiuio TREM-1 aBJigeTcss HEOOXOIUMBIM JIJIsI
YCIEeIIHOTO IPOTEKAHMsI UMMYHHBIX peakiuii [6].

JItoboe ycTOHYMBOE TTOBBINIIEHUE CONlEPIKa-
Hust STREM-1 MO>KeT yKa3bIBaTh Ha TO, YTO 001IIast
akcnpeccruda TREM-1 noCTOAHHO pacTeT BMeCTe C
BBICBOOOKIEHHEM OOJIBIIIETO KOJIUYECTBA IIPO-
BOCIHIQJINTEJAbHBIX MeauaropoB. Ilocse aToro
JI000€e anbHeHIlee yBeJUYEeHUE COJepsRaHus
STREM-1 mipennoJiaraet JJIMTENbHBIN BOCIIAJIM-
TeJIbHBIM OTBET, 0OBIYHO CBSI3aHHBIN C HebJ1aro-
MPUATHBIM KJIMHUYECKUM MCX0O0M. TeM He MeHee,
nocsencTsud crumynanuu TREM-1 B HacTodAlee
BpeMs U3y4eHbl HeJOCTaTOYHO, 4 MHOTHE UCCIIe-
JIOBAaHUSI NIPOTUBOPEUYNBO OIEHMBAIOT KJINHUYE-
croe 3HaueHue TREM-1. JIo cux nop HeUu3BeCTHO,
AasJssgerca copepskanue STREM-1 renermuyecku
peryJiupyeMbIM U BJUSIET JIU TOJIUMOP(U3M reHa
Ha ero sKCIpecCcuio.

[IprnHuMas BO BHUMaHUe y4acTue JaHHOIO
pellenTopa B peryasiliud IPOBOCHAIUTETbHOU
AKTUBHOCTH KJIETOK, IPEJICTABJISETCA MepCcHeK-
THUBHBIM HCCJIEIOBATh BO3MOKHOCTh UCIIOJIb30BA-
Hus pactBopumoit ¢popmbl TREM-1 (sTREM-1)
kak mapkepa [IOH B paHHeM mocJjeonepanuoH-
HOM IIepuojie y NalyeHTOoB [10CJIe KapIuOXUpyp-
TMYECKUX olleparuil. A TOHUMaHUe 3HAYUMOCTHU
nosnuMopdguaMa reHa, ero KOAupyImlero, B ero
OTHEeJNLHBIX Bapuabe/JbHBIX calTaX, MOSKeT
ITIOMOYb 00ECITEeUUTh MaIleHT-OPUEHTUPOBAHHBIN
MOOXO/I ellle Ha JTame IOATOTOBKM IallMeHTa K
OIlepaTuBHOMY JICYEHHUIO.

llenp — ompeneanThs 3HAYEHHUE MMOJIUMOP-
¢usma rera TREM-1 B cBsI3u C HM3MEHEHUEM
CBHIBOPOTOYHBIX KOHIeHTpaluii STREM u ux BkJa
B pa3BUTHE IOJIMOPTAHHON HEIOCTATOYHOCTHU Y
IMAallMEeHTOB II0CJIe Ollepaluyd KOPOHAPHOIO ITyH-
TUPOBAHUS.

MarepuaJa 1 MeToabI

B mcciienoBanye BRJIIOYMIIN TAIITEHTOB C IMArHO-
30M uInemMuyeckasi 6oae3nb cepana (MBC), moasepr-
IIUXCS XUPYPTUYECKOMY JIEYEHHIO B 00beMe KOpOoHap-
Horo myHTHpoBaHus (KIII) na 6aze ®IBHY «HUU

surface of lymphocytes is an important activating
factor triggering a cascade of innate immunity re-
actions. The enhancement of immune response
through activation of TREM-1 is essential for suc-
cessful immune responses.

Any sustained increase in sSTREM-1 levels may
indicate that the overall expression of TREM-1 is
constantly increasing with the release of more pro-
inflammatory mediators. Thereafter, any further in-
crease in STREM-1 suggests a prolonged inflamma-
tory response, commonly associated with poor
outcomes. However, the effects of TREM-1 stimu-
lation require further understanding, and many of
the studies provide inconsistent data on the clinical
significance of TREM-1. It is still unknown whether
STREM-1 levels are genetically regulated or whether
gene polymorphism affects expression levels.

Taking into account the participation of this
receptor in the regulation of pro-inflammatory ac-
tivity of cells, it seems to be relevant to assess the
potential of its soluble form to be the marker of
MODS in the early postoperative period in patients
who have undergone cardiac surgery. The under-
standing of significance of the gene polymorphism
encoding it in its individual variable sites can en-
sure the use of a patient-centered approach in the
preoperative period.

Aim: To determine the role of polymorphism
of the TREM-1 gene through the changes in sSTREM
serum levels and evaluate their contribution to the
development of MODS in patients after coronary
artery bypass grafting.

Materials and Methods

Patients with coronary artery disease (CAD) who
had undergone coronary artery bypass grafting (CABG) in
the period from 2011 to 2012 at the Research Institute of
Complex Issues of Cardiovascular Diseases were included
in the study. The diagnosis of coronary artery disease was
made in accordance with the national guidelines of the
Russian Society of Cardiology. The study was performed
using CABG Registry (certificate of the state registration
of the database N0.2012620868 «Electronic archive of pa-
tients undergoing coronary artery bypass grafting»).

The inclusion criteria were as follows: clinically and
instrumentally confirmed diagnosis of coronary artery
disease, angina pectoris, CHF; CABG; Caucasianrace and
permanent residency in the Kemerovo region; written in-
formed consent. The exclusion criteria were as follows: a
positive history of malignant tumors, autoimmune and
mental diseases, acute and exacerbation of chronic infec-
tions; surgical complications in the postoperative period.

132 patients (108 (81.8%) men and 24 (18.2%)
women) were included in the study group. The mean age
of patients was 62 years (from 47 to 74). All patients were
informed of the study design and provided written in-
formed consent to participate in it. The study design was
approved by the Local Ethics Committee of the Research
Institute of Complex Issues of Cardiovascular Diseases.

All patients were enrolled retrospectively in two
groups either with MODS or without it. The presence of
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KIICC3» B mepuog c 2011 o 2012 rr. /luarno3 UBC BbI-
CTaBUJIA B COOTBETCTBUU C HAllMOHAJIbHBIMU PEKOMEH-
JaruAMA POCCHIICKOTO KapI0/I0TMYeCcKOro o01IecTna.
PaboTy BEITTOJTHIIIH C MCIIOJIH30BAHEM PETTICTPa KOPO-
HapHOTO LIYHTUPOBAHUA (CBUIETEIBLCTBO O TOCYIAPCT-
BEHHOHM perucrpanuu 06a3bl TaHHBIX No2012620868
«JJIEKTPOHHBIN apXUB IAI[MEHTOB, IIepPEeHEeCIINX olepa-
1110 Q0PTOKOPOHAPHOIO LIIYHTUPOBAHUS»).

Kputepusamu BKJIIOUEHUS B UCCIelOBaHueE [TOCTY-
SKUJIN: KJIMHUYECKU U WHCTPYMEHTAIbHO YCTAaHOBJICH-
Heii nuarnod: MBC, crenokapaus XCH; npoBenenHast
oneparusa KIII; mpuHaaaeskHOCTh K €BPONEOUTHON
pace U Ipo)KuBaHUe Ha Teppuropuu KemepoBckoi
06J1acTH; HaTI4¥e TTOIMCAHHOTO HH(OPMUPOBAHHOTO
coryacusi Ha IpoBeJieHNe uccjenoBanusi. Kpurepuamu
WUCKJIIOYEHNs OBLIN: HAJW4YWe B aHaMHe3e 3JI0Kade-
CTBEHHBIX ONyX0JI€H, ayTOUMMYHHBIX U TICUXUYECKUX
3ab0JIeBaHUMH, OCTPBIX U 000CTPEHNE XPOHNYECKIX FH-
exuuil; XupypruyecKkux OCJI0KHEHUH B IocJieonepa-
LIMOHHOM IIepuoje.

B rpynny nccaegoBanus BRIIOYMAIN 132 manyenTa
(108 (81,8%) mysxunH 1 24 (18,2%) skeHInuHbI). CpeTHUN
BO3pacT NallieHTOB COCTaBMJI 62 roza (ot 47 1o 74). Bcex
MalMeHTOB IpeABapUTEbHO O3HAKOMUJIM C YCJIO-
BUSMU HUCCJIEIOBAHUS ¥ OJYIUIN UX JOOPOBOJIbHOE
nH(GOPMUPOBAHHOE COIVIACHe Ha yJacTue B HeM. PaboTa
ObLTa OlOOpeHa JIOKAJbHBIM 3TUYECKUM KOMHUTETOM
HWM KIICC3.

YuuThiBasi TedeHWe paHHero II0CJeoleparuoH-
HOTI'0 IIepUOo/ia, BCeX IAIlMeHTOB PETPOCIIEKTUBHO pasjie-
JIMJIY Ha IBE TPYIIIbI 10 HAJIWYUIO Un oTcyTcTBrIo [IOH
Ha OCHOBaHHUY 00'EKTUBHBIX KDUTEPHEB COCTOSTHUS Op-
raHuaMa B paHHeM I10cjIeolepalioHHOM nepuoge. [u-
HaMUU€eCKYIO OLIeHKY BbIPpasKeHHOCTHU OPraHHOU Hefl0-
CTaTOYHOCTU B  IIOCJIeONlepalliOHHOM  Ilepuoje
TIPOBOJWJIX C KCTIOJIb30BaHueM MKaJIbl SOFA (Sepsis-Re-
lated Organ Failure Assessment), B KOTOpOii cyMMapHas
OlleHKa CKJIablBaJIach U3 [I0Ka3aresiell BbIPayKeHHOCTU
HeIOCTAaTOYHOCTH Pas3JIMYHbIX CUCTEM (CepIeYHO-COoCy-
JIUCTOMH, bIXaTeIbHOU, HEPBHOH, BbIJIETUTETHLHOU, ITH-
IeBapuTEeJbHOM, TeMocTa3a 1 (PyHKIUU leueHn) (7, 8].

30 maneHToB (22,7%), y KOTOPBIX B paHHEM II0CJTe-
OIlepallMOHHOM IIepUOo/ie JUATHOCTUPOBAHO OCJIOKHEH -
HOe TeueHNe PaHHero II0CJIe0lepaliOHHOIO IIepuosa C
kynHUYeckoi kapTuHoi [TIOH (oneHka o mkane SOFA
4 1 6oJiee OAJIJIOB), COCTAaBUJIU IEPBYIO TPYIIITY (TPyIIIa
¢ IIOH), neraabHOCTD B 9T0H rpymie nocturia 50%. 102
nanueHToB (77,3%) ¢ HEeOCJIOKHEHHBIM TCYEHUEM paH-
HETO0 IT0CJIE0TIEPAIIOHHOTO ITepro/ia 1 6e3 KIIMHIYEeCKI
BBIPa)KEHHBIX IIPU3HAKOB I10JIMOPTAaHHOM HeJgoCTaTou-
"Hoctu (omeHka mo 1mkasie SOFA mMeHee 4 06asioB)
BKJIIOYMJIN BO BTOPYIO Tpymiy (rpymma 6e3 IIOH). Oc-
HOBHBI€ KJIMHUKO-aHAMHECTUYeCKUe XapaKTepUCTUKU
o6cJreyeMoii KOTOpTHI ITPEACTaBU/IM B TabJI. 1.

I'pymimel 00C/IefyeMbIX, OnpesiessieMble B 3aBUCH-
mocTu oT Hanmuus/ orcyrcerBus [I0H, B esiom Ha foomne-
palOHHOM 3Talle He OWIMYA/IMCh II0 OCHOBHBIM KJIU-
HUKO-aHAaMHECTUYECKUM XapaKTepUCTUKaM (Tabur. 1).
BMmecre ¢ TeM, cpefu IAIMEHTOB, Y KOTOPBIX B II0CJIe0Ie-
pamrioHHOM TIepuofie pasBuiiachk [IOH, 66110 cTaTucTh-
yecku 3HaYnMO (p=0,010) OoJIbIle JIUI] C HATMYHEM B
aHaMHe3e XPOHUYECKOH 00CTPYKTUBHON OOJIE3HN JIeT-
kux (XOBJI), mo cpaBHEHUIO ¢ Tpymioi 6es [IOH.

MarepuaJjioM AJ1s1 UCC/IeJOBAHUA NTOCITy;KUJIA Be-
HO3Has KPOBb, B3sITas Y IAleHTOB HATOIAK A0 ollepa-

MODS was confirmed using the objective criteria in the
early postoperative period. The serial assessment of the
severity of MODS in the postoperative period was per-
formed using the SOFA scale (Sequential Organ Failure
Assessment), where the total score consisted of the sever-
ity of failure of different organ systems (cardiovascular,
respiratory, nervous, excretory, digestive, hemostasis and
liver function) [7,8].

30 patients (22.7%) who had MODS in the early post-
operative period (>4 SOFA scores) were included in Group 1
(MODS group) with the 50% mortality rate. 102 patients
(77.3%) without any major complications in the early post-
operative period and without clinically significant signs of
MODS (<4 SOFA scores) were included in Group 2 (non-
MODS group). The main clinical and demographic data of
the study cohort are presented in table 1.

The data presented in Table 1 indicate that patients
with MODS and without it exhibited similar clinical and
demographic parameters. However, chronic obstructive
pulmonary disease was more frequently detected among
patients who had MODS in the postoperative period
(P=0.010) as compared to those who did not have MODS.

After overnight fasting (12 h), the venous blood was
collected using the standard technique that employs
K3EDTA vacuum tubes for subsequent DNA extraction
and serum clot activator tubes from all patients before
surgery and one day after it.

sTREM-1 serum levels were measured by enzyme-
linked immunosorbent assay using a commercial kit
(Human TREM-1, R&D Systems, USA) according to the
manufacturer's protocol. Optical density and concentra-
tions were assessed with the UNIPLAN semi-automatic
enzyme immunoassay analyzer (PIKON, Russia). The
measurements were performed twice, before and after
surgery.

Molecular genetic testing was performed with the
inclusion of 8 TREM-1 polymorphic sites (SNP)
(rs1817537,1rs3804277, rs6910730, rs7768162, rs6917537,
rs3804277, rs6910730, rs7768162, rs6917537, rs3804277,
1s6910730, rs7768162, rs6917537, rs3804277, rs6910730,
1s7768162, rs6917537, rs3804277; rs4711668, rs9471535,
1s2234237) to determine the relationships of sSTREM-1
levels with TREM-1 gene polymorphism and rare alleles
in separate polymorphic sites. The choice of single nu-
cleotide polymorphic sites was due to the sufficient fre-
quency of the alleles, the functional activity of the recep-
tor under study and the absence of studies evaluating the
role of specific polymorphic locus in the development of
early postoperative complications following CABG. DNA
was isolated using phenol-chloroform extraction [9].
Genotyping was performed using TagMan genotyping
assays with fluorescence-tagged probes (Applied Biosys-
tems, USA) in a real-time polymerase chain reaction
(PCR) on a ViiA™?7 analyzer (Applied Biosystems, USA)
according to the manufacturer’s protocol. The character-
istics of the TREM-1 gene polymorphic sites are pre-
sented in table 2.

Statistical analysis was performed with «Statistica
10.0» and «Prism 6» statistic software packages. Pearson's
Chi-squared test with Yates' continuity correction or
Fisher's exact test with a sample size of <5 were used for
the pair-wise comparison of the clinical and demo-
graphic data between the study groups. The Mann-Whit-
ney U-test was used to compare differences between two
independent groups, whereas the Wilcoxon test was used
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Tabsmna 1. OCHOBHBIE KIIMHUKO-aHAMHECTHYECKHE XapaKTePUCTHKY 00C/IeI0BaHHBIX 00JIbHBIX.
Table 1. Main clinical and demographic data of the study population.

Parameters Values of parameters in groups p
with MODS 7 (%) without MODS 7 (%)
Gender
Females 6 (20.0) 18 (17.6) 0,980
Males 24 (80.0) 84 (82.4)
Age, years
<60 11 (36.7) 42 (41.2) 0,817
>60 19 (63.3) 60 (58.8)
Current smokers 9 (30.0) 37 (36.3) 0.677
Obesity (BMI>30 kg/m?) 12 (40.0) 33(32.4) 0.577
Type 2 diabetes mellitus 9 (30.0) 32 (31.4) 0.935
Arterial hypertension 27 (90.0) 94 (92.2) 1.0
Myocardial infarction 23 (76.7) 74 (72.5) 0.831
Significant heart rhythm disturbances 8 (26.7) 23 (22.5) 0.824
Brachiocephalic artery stenoses >50% 7 (23.3) 21 (20.6) 0.945
Ischemic stroke 5(16.7) 9 (8.8) 0.374
Chronic cerebral ischemia 8 (26.7) 29 (28.4) 0.966
Chronic peripheral artery disease 13 (43.3) 31 (30.4) 0.271
Chronic obstructive pulmonary disease 4(13.3) 1(1.0) 0.010
Chronic renal failure 2 (6.7) 4 (3.9) 0.892
Patients in group 30 102

IIpumeuanue. Parameters — mapamerpsl; values of ... in groups — 3Hauenus B rpynmnax; MODS - CITIOH; with /without — c/6e3;
gender - moJt; females — skeHITUHEBL; males — My>KUNHBI; age, years — BO3pacT, JIeT; current smokers — kypsiue; obesity (BMI) —
oxxkupenne (MMT); type 2 diabetes mellitus — caxapusIii quabet 2-ro Tura; arterial hypertension — aprepuanbHas ruriepTeH3us;

myocardial infarction — uadaprr Mmuokappa; significant heart

rhythm disturbances — 3HaunMble HapylLIeHUsI pUTMa CEPIIIA;

brachiocephalic artery stenoses — creHo3b!I OpaxuiiedaabHbIX apTepuii; ischemic stroke ocTpoe — HapyllleHre MO3roBOT0 Kpo-

BooOparenus (umemmdeckoe); chronic cerebral ischemia — xp.

HIIeMUs TOJIOBHOTO M03ra; chronic peripheral artery disease —

Xp. MIIeMUsI HUSKHUX KOHeyHocTel; chronic obstructive pulmonary disease — xp. o6cTpykTuBHasi 60/1€3Hb Jerkux; chronic

renal failure — xp. moye4Hast HeITOCTaTOYHOCTb.

WY U B 1-e CyTKHU II0CJIe Ollepalii B BaKyyMHBIE IIPO-
6upku ¢ anTuroaryasarom K39/ITA (mis mocsemyro-
mero Beigesienus JJHK) u ¢ aktuBaropoM CBepThHIBAHUA
(15 TOJTy4eHU A1 CBIBOPOTKH).

KonuenTpanuio pactBopuMoii ¢popmbl STREM-1 B
CBIBOPOTKE KPOBHU OIIpefesIsiii MeTOIoM TBeprodas-
HOTO UMMYHO(epMEeHTHOIO aHajIu3a C UCIOJb30Ba-
HHEeM KoMMepuecKux HabopoB «Human TREM-1», R&D
Systems (CIIIA), npeqHasHaYeHHBIX JJI HAYYHBIX WC-
CJIeIOBAaHUM, COIVIACHO IIPOTOKOJIY IIPOU3BOLUTEJIS.
VY4eT oNTUYeCKOM IIJIOTHOCTH U pacueT KOHIIEHTpaluu
MPOBONWJIM HA IOJyaBTOMaTU4YEeCKOM HMMYHOdep-
MeHTHOM aHasmaarope «YHUITJIAH» («[TMKOH», Poc-
cus). laMepeHne NpoOU3BOAWIINA IBYKPATHO: 1-4 TOUKa
KOHTpPOJISI — Ha JI00IIepalliOHHOM JTalle, 2-1 TOYKa —
B IIepBble CyTKU [10CJIe OIlepaluu.

Jlns1 BBISABJIEHUS B3aMMOCBSA3U KOHIIEHTpAIUN
STREM-1 c nonumoppuamom rena TREM-1 u HocuTe/Ib-
CTBOM peJKUX ajljleled B OTesIbHBIX I0JIUMOP(HHBIX
caiiTax, IpoBeJid MOJIeKYJIPHO-IreHeTuYeCKoe TeCTH-
poBaHUe C BKJII04eHueM 8 IoIMMOpP@dHBIX caliToB (SNP)
TREM-1 (rs1817537, rs3804277, rs6910730, rs7768162,
1$2234246, rs4711668, 1s9471535, rs2234237). Beibop of1-
HOHYKJIEOTUIHBIX IMOJUMOP(HBIX CAWTOB OBLI 00-
YCJIOBJIEH IOCTAaTOYHOU JJ1 UCCAef0BaHUs 4aCTOTOMN
BCTPEYAEeMOCTU ajijiesed, PyHKIMOHAJIbHON aKTHUB-
HOCTBIO MCCJIelyeMOro pelenTopa U IOJHBIM OTCYT-
CTBHUEM HCCJIGILOB&HHfl, OII€EHMBAIOIMX POJIb TOTO UJIN
WHOI'0 IIOJUMOP(HOro JIOKyca B Pa3BUTUU PAaHHUX
nocsieonepanuoHHbix ocaokHernuit KIII. THK Bbine-
JISITIA METOIOM (peHOI-XTI0pO(POPMHOM SKCTpaKIH [9].
leHoTnnMpoBaHue OCYIIECTBJIAIN MeTonoM TagMan ¢
HUCI0JIb30BaHueM (JIyopecleHTHO-MeUeHHbIX 30H0B
npousBoacTBa KoMnaHuu «Applied Biosystems» (CIIIA)
B (popMmare nnosiMMepasHOU [EITHOM peaKIuU B pesKuMe

to compare differences within the groups. Data are pre-
sented as median and interquartile range (25 Q-75 Q).
ANOVA was used to compare the study groups and de-
termine the relationships between sTREM-1 levels and
the carriage of rare alleles in individual TREM-1 gene
polymorphic sites. A p value of <0.05 was considered sta-
tistically significant.

The following approach was used to adjust the
groups for sex and age [10]:

~ Y. -Y —
Y, =—2—1SD, +Y,
SD,

K

where — is the adjusted parameter score (Y) in
Group 1 for the ith person; — mean and standard devia-
tion for Group 1;, — the same for Group 2. The adjust-
ment for mean values,=; the adjustment for dispersions,

Results and Discussion

Preoperative sSTREM-1 levels differed among
patients who had and did not have MODS following
CABG. sTREM-1 serum levels were significantly
higher in patients who had MODS in the early post-
operative period in comparison to those patients
who did not have MODS (P<0.0001).

sTREM-1 serum levels increased in both
groups in the early postoperative period compared
to the baselines (P<0.0001 for the MODS group and
P<0.0001 for the non-MODS group) (one day after
the surgery). Thus, patients with MODS demon-
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peasbHOro BpeMEHHU Ha a"HanuaaTope «ViiA™7» («Ap-
plied Biosystems», CIIIA) B COOTBETCTBUU C UHCTPYK-
nyell Ipou3BOaUTe/Is1. XapaKTepUCTUKY IOJIUMOPGhHBIX
catitoB rena TREM-1 nipecraBusn B TadJ. 2.

CrarrcTi4ecKkyo 06paboTKy pe3ysIbEraToB BBIIIOJI-
HWJIM C IOMOIIBIO ITporpaMMel «Statistica 10.0», «Prism
6». [1714 TONIapHOT0 CPaBHEHM A KJIMHUKO-aHAMHECTHYe-
CKHUX XapaKTepUCTUK MesKy aHaJIU3UPyeMbIMU I'PyII-
1aMu UCIIoJIb30BaIu Kpurtepuil 2 [lupcona c nonpas-
Koii leTca Ha HeNpepLIBHOCTh WJIM TOYHBIH TECT
dwurmepa npu o6’beMe BEIOOPKH <5. 3HAYNMOCThH pas-
JIMYUH MeKIy ABYMsI He3aBUCUMBIMU I'PyIIIaMU OL[€HU-
eanu U-kpurepueM MaHHa-YWUTHH, a BHYTPUA TPYyNIl
KputepreM BuikokcoHa. [laHHBIE IIpeACTaBUIIN KaK
MeAuaHy U UHTepKBAPTUJIbHBIN pasdMax (25 Q-75 Q).
CpaBHEHHeE TPy, a TAKKe OIIpeieIeHre B3aUMOCBA3U
rourenTpanuii STREM-1 ¢ HOCUTETbCTBOM PEIKUX aJl-
JleJiell B OTJe/IbHBIX TOJIMMOPdHBIX caliTax reHa TREM-1
OIpeJesdan C MOMOIBIO JUCIEPCAOHHOTO aHAJ/JIM3a
(ANOVA). Paszmmuus cUUTaJIN CTAaTUCTUYECKN 3HAYM-
mbIiMu Iipu p<0,05.

1 ycTpaHeHus pasjuuuil MeskJy Ipylamy,
PpasyIM4aIIIMUCA 110 IT0JIy ¥ BO3PACTY, UCIIOIb30BaIN
caemytommi moaxop, [10]:

v Y, —Y, v
Y, =——SD, +Y,
SD,
H

rJie — CKOPPEeKTUPOBAaHHOE 3HAaYeHHE NMPU3HaKa
(Y) B nepBoil rpynne y i-ro MHJUBUA;, — COOTBET-
CTBEHHO CpejiHee 3HauYeHHe U CTaHJapTHOe OTKJIOHe-
HHe IIOKasareJisd B IepBOM rPyIIIie;, — TO ke BO BTOPOU
rpynie. [Ipr He06XOIUMOCTH YCTpaHEHUsT PA3JIHIAHI
TOJBKO CpPeTHUX 3HAYEeHUH,=; NMPHU HEeOOXOIUMOCTH
yCTpaHeHHUs PasJuduil TOJIbKO B JUCIEPCHUsX, =.

Pe3yibrarhl U 00Cy:K/A€HHE

O6Hapysku/Iy, 4TO elle Hepej Xupyprude-
CKHMM BMEIIATeJbCTBOM Y IAIUEHTOB IBYX OIU(D-
¢epennmpoBanubix rpynn (c IIOH u 6e3 TIOH)
CbIBOpPOTOYHBbIE KOHIleHTpanuu STREM-1 ominua-
JIUCH. Y TTAIMEHTOB C IPOsIBJIEHUEM KIIMHUYECKOHN
Kaptussbl [IOH B nnocjieonepaliiOHHOM IIepuoOze
KoHuleHTpanusa STREM-1 B CBIBOPOTKE KpOBU
3HAYMMO [IpPEeBBIMIAJO0 COJepsKaHue TAaHHOTO
6eska y manpenToB 6e3 TIOH (p<0,0001).

strated a 2-fold increase of STREM-1 levels (before
surgery: 307.5 (276.2; 452.7); one day after surgery:
655.3 (556.4; 782, 2), whereas patients in the non-
MODS group had a 1.5-fold increase (before sur-
gery: 155.3 (131.2; 200.6); one day after surgery:
238.9 (194.4; 326.1), respectively). The differences
in sSTREM-1 levels between patients in the study
groups in the early postoperative period was con-
sidered as significant (P<0.0001). Thus, the com-
parative analyses (both between the groups and
within the groups) of sTREM-1 secretion at two
time points revealed an increase in STREM-1 serum
levels in patients with and without MODS. These
results may indicate that sSTREM-1 has a prognostic
value since significant differences in its serum lev-
els have been observed at the preoperative period
and have been related with dynamic effects, partic-
ularly in patients who have had MODS in the early
postoperative period. Serial changes in sSTREM-1
levels among patients from two study groups are
presented in fig. 1.

The carriage of rare alleles in three polymor-
phic sites (rs2234246, rs3804277 and rs1817537) out
of 8 studied TREM-1 genes was associated with
high sSTREM-1 serum levels among patients in the
preoperative period and did not depend on the pa-
tients’ group, gender or age (P=0.0005). Homozy-
gous for the T (T/T) rs2234246 minor allele of the
TREM-1 gene was associated with higher sSTREM-1
serum levels as compared to the C/T genotypes
(P=0.0218) and C/C (P=0.0057) genotypes in the
total sample of patients. In addition, the presence
of homozygous minor alleles of two other polymor-
phic sites (T/T rs3804277 and G/G rs1817537) was
associated with increased sSTREM-1 serum levels as
compared to heterozygous genotypes and homozy-
gous genotypes — the carriers of a frequent alter-
native allele (P=0.0167 and P=0.0066, respectively).
There were no relationships between the carriage
of certain alleles of single nucleotide polymorphic
TREM-1 sites in the total cohort of patients and
STREM-1 serum levels one day after surgery
(P>0.05). We may assume that in the homozygous
state, the minor alleles of the three polymorphic

Tabsuma 2. XapakTeprucTHKa NouMop@HEIX caliToB reHa TREM-1(6p21.1).
Table 2. Characteristics of the TREM-1 gene polymorphic sites (6p21.1).

SNP Location Position within genes MAF Nucleotide substitution Amino acid substitution
rs1817537 41276829 intron 407-599 0.37 CCTTT [C/G] TGTTC -

rs3804277 41277434 intron 407-1204 0.37 AGTGC[C/T]CCACC -

rs6910730 41278895 intron 407-2665 0.27 GCAAG(A/G]AATCT -

1s7768162 41287773 intron-64-1054 0.29 AAAAA[A/G]TAACT -

1s2234246 41276002 3"UTRN/A 0.37 TCACC[C/T]GCTAT -

14711668 41278735 intron 407-2505 0.30 CTGGA[C/T]TTTGG -

1s9471535 41287752 intron -64-1033 0.16 ATTCCIC/T]ACTGC -

1s2234237 41282728 exon 73 0.16 AATTA[A/T]CTGAG Missense mutation Thr25Ser

Note. SNP - single nucleotide polymorphism; MAF — minor allele frequency in the «1000 Genomes».

IIpumeuanne. SNP (Single nucleotide polymorphism) — oqnonykaeoTuaHbIN nonuMopduam; location — nosunus; position
within genes — mo3unus B rene; MAF (Minor allele frequency) — yactora MUHOpPHOrO (peJKOro) ansess B mpoexre «1000
Genomes»; nucleotide substitution — HykJieoTugHAass 3amMeHa; amino acid substitution — aMMHOKHMCIOTHAs 3aMeHa; missense

mutation — MECCEHC-MyTanus.
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B panHeM nocsieonepaiioHHOM 1iepuoze (1-e
CYTKHM I10CJI€ OIIEPAaTUBHOI'0 BMellaTe/IbCTBa) KOH-
neHTpauuu STREM-1 B CBIBOPOTKE KPOBU ITallvieH-
TOB 00eWX rPyNIl YBEJIMYUINCH 110 CPAaBHEHUIO C
HUCXOAHBIM ypoBHeM (p<0,0001 gy rpynnsl ¢ [IOH
u p<0,0001 nnsa rpynmsl 6e3 TIOH). IIpu atom y
nanueHToB u3 rpynnsl ¢ IIOH konuenTpanuun
STREM-1 yBesmmamuivich O0J1ee 4yeM B 2 pa3a (110 ore-
pamuun: 307,5 (276,2; 452,7); mepBble CYTKU I10CTIE
oneparmu: 655,3 (556,4; 782,2)), a y manueHToB 0€e3
[TOH — B mosrTopa pasa (o onepanuu: 155,3 (131,2;
200,6); mepByle CyTKY ITOC1e onepaunu: 238,9 (194,4;
326,1) coorBeTCTBEHHO). Pa3HuIla B BeJIMYNHE KOH-
LleHTpaluuil y MayeHToB ABYX TPYIII B PaHHEM
MTOC/Ie0TIepaIMOHHOM ITeprojie ObLIa TOKe 3HAYH-
Moi1 (p<0,0001). Taknum 06pa3om, CpaBHEHNE CEKpe-
muu STREM-1 o AByM BpEMEHHBIM TOYKaM (KakK
MeyKIly 'PpylIIaMy, TaK U BHYTPHU IPYIIIl) BBIABUJIO
yBeJsinyeHne KoHneHTpanuu STREM-1 B CBIBOpOTKe
nanuenToB ¢ ITIOH nocsie onepanyuy Kak IIpu HOP-
MaJIbHOM Te4EeHUH [10C/Ie0NepaiOHHOIO IIepUOoa,
Tak 1 y nauueHTos ¢ ITIOH. ITosyyenHnble pesynsra-
Thbl MOI'YT YKa3bIBaTb Ha IIPOIrHOCTUYECKYIO IIEH-
HOCTb MapKepa, JeMOHCTPUPYIOILIEr0 BBIPAKEH-
Hble OTIMYYA B BeJWYUHE CHIBOPOTOYHBIX
KOHIIeHTpAIMH ellle Ha T00IepalliOHHOM JTalle 1
CBsI3aHHbIe C TUHAMUYeCKUMU 3(pheKTamu, UMeH-
HO y TIAIIMEHTOB, y KOTOPBIX B pAaHHEM II0C/IeoIepa-
IMOHHOM Tiepuoie pa3dpuiiack [IOH. I'pacduueckoe
Ipe/icTaBJeHNe  W3MEHeHUsl  KOHILeHTpanun
STREM-1 B guHaMHuKe B HCCJIE€NyeMBbIX I'pyIIiax
IpeJCTaBUJIx Ha puUC. 1.

Onpepnesniay, 4YTO HOCUTEJIbCTBO PEIKUX
assiesied B Tpex moJuMOp@HBIX caliTax (rs2234246,
rs3804277 u rs1817537) 3 8 M3y4yeHHBIX I'eHa
TREM-1 cBA3aHO C BBICOKUM COJepsKaHUueM
STREM-1 B CBIBOpOTKE KpPOBU IAIMEHTOB Ha
JOOIIepallMOHHOM JTalle ¥ He 3aBUCUT OT I'PYyIIIIbI,
IoJia ¥ Bo3pacra nauueHTos (p=0,0005). Ycrano-
BUWJIY, YTO TOMO3UTOTHBIN F€HOTHII 10 MUHOPHOMY
astesio T (T/T) rs2234246 rera TREM-1 cBs3aH ¢
6os1ee BbIcOKNM ypoBHEM STREM-1 B CBIBOPOTKE
KpOBHU B cpaBHeHuH c reHorunamu C/T (p=0,0218)
u C/C (p=0,0057) B 00111€i BEIDOPKE MAIMEHTOB.
Hanyuuue roMo3WTOTHBIX MHHOPHBIX aJijiesied
IBYX Apyrux mnojauMop¢pHbix caitoB (T/T
rs3804277 n G/G rs1817537) Takske acconmupoBa-
HO C IOBBILIEHNEM KOHIEHTPAIlMACBIBOPOTOYHO-
ro STREM-1 npu cpaBHEHUHU C reTepO3UrOTHBIMU
FeHOTHUIIaMU ¥ TOMO3UIOTHBIMU MeHOTUIIaMU —
HOCHTEJIAMU 4aCTOr'0 aJIbTepHATUBHOIO aJljIeJis
(p=0,0167 u p=0,0066, coorBeTcTBeHHO). CBA3NU
MEeYKly HOCUTEJIbCTBOM OIpeesIeHHBIX ajjesnen
OTHOHYKJIEOTUJHBIX TOJUMOP(MHBIX CalTOB
TREM-1 B 00111€#1 KOTOPTE MAIIEHTOB C CHIBOPO-
TOYHBIMU KOHUeHTpanuamMu STREM-1 1mocae
XUPYPru4vecKoro BMemarejabcrBa (l-e cyTku
IocJie onepanuu) He BeIABUIN (p>0,05). MoXHO
NIPEJIIOJ0KUTD, YTO B TOMO3UTIOTHOM COCTOSTHUU

STREM-1 pg/mL

1000- %
800 v *
3
600- l
400 - 7
N
200+ //
Before One day
surgery after surgery
MODS
e Without MODS
*  p<0.0001

Puc. 1. CeiBopoTouHble KoHIeHTpauuu STREM-1 y nanuen-
TOB c/0e3 CITOH.

Fig. 1. Serial changes in sSTREM-1 serum levels among patients
with and without MODS.

Ipumeuanwue. [lyis1 puc. 1, Tabut. 3: MODS — CITOH; without —
6es. [lns puc. 1, 2, Tada. 3: before surgery — 1o onepanumy; one
day after — 1-e cyTku nmocie.

loci of the TREM-1 gene can directly affect the ex-
pression of sSTREM-1, regardless of the stressful
damaging factor, including cardiac surgery.
STREM-1 serum levels of the examined patients,
depending on the carriage of allelic variants of the
TREM-1 gene at different time points are presented
in fig. 2.

However, the observed relationships of high
STREM-1 serum levels with the carriage of rare al-
leles in individual polymorphic sites of the TREM-
1 gene were not confirmed statistically (P>0.05) for
the preoperative and early postoperative periods
after all the patients were assigned into the study
groups according to the presence of MODS. The ob-
tained results are related to the fact that sSTREM-1
levels have not been changed significantly within
the groups. The relationship between the genotype
of the TREM-1 gene polymorphic variants and high
STREM-1 serum levels in the total cohort of pa-
tients at different time points (before surgery and
one day after surgery) has not been found either.
The obtained findings confirmed the hypothesis
that none of the genotypes of the eight polymor-
phic loci of the TREM-1 gene control reduction of
the increased sTREM-1 levels following CABG.

Nevertheless, patients with MODS who were
the carriers of homozygous and heterozygous geno-
types on the rare allele of rs2234246, rs1817537,
rs3804277 polymorphic variants had significantly
higher mean sTREM-1 serum levels in the preoper-
ative and early postoperative period as compared to

those patients without MODS. The dependence of
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Puc. 2. CBsA3b MKy reHOTHIIaMHU NTOJTUMOpP(dHBIX BapuaHTOB reHa TREM-1 u konyecTrBeHHBIM cofep:xanuemM sTREM-1 B

CbIBOPOTKE KPOBH.

Fig. 2. Relationships between the genotypes of the TREM-1 gene polymorphic variants and sSTREM-1 serum levels.

MUHOPHBIE aJIIeJIU TPeX MOJIUMOP(HBIX JTJOKYCOB
reta TREM-1 MOTyT HEIOCPEICTBEHHO BJIUATH Ha
akcnpeccuio STREM-1 He3aBUCUMO OT CTPECCOBO-
ro IoBpeskJarolero (pakTopa, B TOM 4HCIIe, Kap-
JIUOXUPYPrUYECKOI0 BMellare/bcTBa. KOHIeHT-
pamuu sTREM-1 B chIBOpPOTKe 00C/IeJOBaHHBIX
MIAallUEeHTOB B 3aBUCUMOCTH OT HOCHUTEJIbCTBA
asuIeJIbHBIX BapuaHToB reHa TREM-1 B pasHble
BpEeMEHHBIE TOUYKaM MCCJIeI0BaHUs IIPEICTaBIIe-
HBI Ha puUC. 2.

Onnako, moJryueHHas B3auMOCBSA3Eb BBICOKUX
CBIBOPOTOYHBIX KOoHIleHTparuii STREM-1 ¢ HocH-
TeJILCTBOM PEJKUX aJjljiesiedl B OT/leIbHBIX I10JIH-
MopdHbIX caliTax reHa TREM-1 He noaTBepskaa-
€TCA IIpU CTAaTUCTUYECKOM aHajmse (p>0,05)
nocsie quddeperpoBaHHOr0 pasiese s namu-
eHToB 1o rpynnam (c [TIOH unau 6e3 ITOH) kak Ha
JIO0OIIepalMOHHOM, TaK U B paHHEM I10CjIeonepa-
LUOHHOM Ilepuopax. IlosiyueHHBIE pe3y/braTbl
CBSA3aHHBI C T€M, 4YTO KOHIeHTpauuu STREM-1
BHYTPH IPYIII 3HAYUTEJIbHO HEe U3MeHsJINCh. He
BBIABUJIM 3HAUMMON CBSI3W MeKJY T€eHOTHUIIOM

STREM-1 serum levels on rs1817537, rs2234246 and
153804277 genotypes of the TREM-1 gene in patients
with a normal postoperative course and those with
MODS is presented in table 3.

Previous studies have shown that sSTREM-1
can be a valuable diagnostic biomarker for various
infectious diseases [11-16]. It is generally assumed
that receptor expression is modulated on the cell
surface during active infectious invasion, then
TREM-1 is released from the cell membrane by
shading and the formation of a freely circulating
soluble form of sSTREM-1.

It is well known that changes in STREM-1 lev-
els may predict the survival and mortality of pa-
tients with early signs of sepsis [17, 18, 28]. Gibot et
al. found that a moderate dose of circulating
STREM-1 contributes to the survival of patients
with sepsis, while high doses may predict activation
of a neutrophil respiratory burst and increase the
risk of death due to the hyperactivation of inflam-
matory mediators [19]. Thus, the authors substan-
tiate the assumption that TREM-1 actively partici-
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Tabmumna 3. CeiBopoTouyHbIe KOHIeHTpanuu STREM-1 y maniieHTOB ¢ HOpMaJIbHBIM Te€UeHHEM IT0cJIeonepa-
1roHHOro nepuoja u ¢ IIOH B 3aBHCHMOCTH OT HOCUTEJIBCTBA aJlJIeJIbHBIX BAPHAHTOB 1$1817537, rs2234246 n

1s3804277 rena TREM-1 .

Table 3. sSTREM-1 serum levels in patients with and without MODS, depending on rs1817537, rs2234246 and

rs3804277 of the TREM-1 genotype.

ID Genotype Values of parameters on the study stages in groups
Before surgery P One day after surgery p
MODS (n=30) without MODS (n=102) MODS (n=30) without MODS (n=102)
152234246 CcC 276.2 (266; 361.1) 158 (132.5; 194.6) 0.111 592.9 (495.8; 690) 239.5(191.5;359.4) 0.496
CT 303.4 (278.5; 444.3) 153.4 (128.4;200.5) <0.0001 721.1 (561.6;790.6) 220.2 (194.4;317.7) <0.0001
TT 415.3 (360.1;626)  176.6 (137.4;247.6) 0.045 566.5 (526.3;645.2)  320.9 (227;362.9)  0.956
rs1817537 CC 276.2 (269.4;513.1) 153.9 (131.2;191.9) 0.0143 690 (495.8; 795.5) 239.5(191.5;358.7)  0.078
CG 301.8 (270.6; 371.3)  155.3 (128.8; 202.5) <0.0001  696.7 (560.2; 787) 220 (194.9; 316.3)  <0.0001
GG 415.3 (360.1;626)  170.5 (136.4;255.9)  0.050  566.5 (526.3; 642.5) 322.3 (266.8; 376.4)  0.999
1s3804277 CcC 276.2 (269.4;513.1) 153.9(131.2;191.9) 0.0143 690 (495.8; 795.5) 239.5(191.5;358.7)  0.078
CT 301.8 (270.6; 371.3)  155.3 (128.8; 202.5) <0.0001  696.7 (560.2; 787) 220 (194.9; 316.3) <0.0001
TT 415.3 (360.1; 626)  170.5 (136.4; 255.9)  0.050  566.5 (526.3; 642.5) 322.3 (266.8;376.4) 0.999
1s7768162 GG 325.9 (277.9; 431) 155.7 (132.1; 202) < 0.0001 642.5 (560.2; 777.4) 291.8 (194.1; 338.4) <0.0001
AG 305.1 (266; 506.4)  153.9 (126.4;195.7) <0.0001 721.1(550.4;789.1) 222.6(190.8;311.2) <0.0001
AA - 160.3 (135.2; 199.6) - - 267.1 (205.2; 360) -
1s6910730 GG - 199.6 (101.7; 297.4) - - 268 (135; 401) -
AG 300.1 (269.4; 347.2) 151.8 (121.8;180.7) 0.0006 607.8 (494.3;715.5) 215.2(182.7;313.6) 0.0005
AA 346.9 (279.9; 527.4)  160.7 (131.9; 202.6) <0.0001 696.7 (565.8; 787) 243.3 (200.4; 344) < 0.0001
152234237 AA - 199.6 (101.7; 297.4) - - 268 (135; 401) -
AT 300.1 (269.4; 347.2) 153.4 (115.1;183.9) 0.001  607.8 (494.3; 715.5) 235.4 (183.5;309.4) 0.0009
TT 346.9 (279.9; 527.4)  160.4 (131.8;200.7) <0.0001 696.7 (565.8; 787)  239.5 (199.8; 349.5) <0.0001
1s9471535 CcC - 199.6 (101.7; 297.4) - - 268 (135; 401) -
CT 300.1 (269.4; 347.2) 153.4 (115.1;183.9) 0.001  607.8 (494.3; 715.5) 235.4 (183.5;309.4) 0.0009
TT 346.9 (279.9; 527.4)  160.4 (131.8;200.7) <0.0001 696.7 (565.8; 787)  239.5 (199.8; 349.5) <0.0001
154711668 CcC 325.9 (277.9;431)  151.8(129.9; 204.2) <0.0001 642.5 (560.2;777.4) 263.6 (192.7;323.6) < 0.0001
TC 305.1 (258.7; 465) 161.6 (130.202.7)  0.0001 696.7 (548.3; 776.4) 238.2 (198.1;316) < 0.0001
TT 456.5 (276.2; 636.7)  145.8 (134.3;193)  0.2827 - 239.5 (194.3; 356.1) -

rosiuMopHBIX BapuanToB rena TREM-1 u ypos-
HEM BBICOKUX CBIBOPOTOYHBIX KOHIIEHTPAIIUN
STREM-1 B 00111€11 KOrOpTE IMAIIeHTOB B OTHOIIIE-
HUM BpPEMEHHBIX TOYEK (HO omepanuu U B 1-e
CyTKM IIocJe onepaunuu). TemM cambIM IIOATBEp-
SKIaeTcsl TMIIOTe3a O TOM, YTO HU OIUH U3 'eHOTHU-
noB 8 moiuMopdHbIX caiiToB reHa TREM-1 He
cHusKaet ysesimdeHue yposHa STREM-1 B orser Ha
cTpecc olepanyu.

B To ske Bpemsi, IpU CpaBHEHUM TPYIIIOBBIX
ToKa3aresjiell 0OHAPYKWJIN, YTO y IaIllMEeHTOB
rpynusl ¢ [IOH, ABIAI0IINXCA HOCUTEJIAMUA IOMO-
3UTOTHBIX ¥ T€TEPO3UTOTHBIX TEHOTUIIOB T10 pe/l-
KOMY aJjesiio  TOJUMOP(MHBIX BapHAHTOB
rs2234246, rs1817537, rs3804277, kak 1o onepa-
LIUY, TAK U B 1-€ CyTKHU II0CJIe Ollepannu, CpefHee
3HaYeHWEe ChIBOPOTOYHBIX KoHIIeHTparmii STREM-1
JIOCTOBEPHO BbIIIe I10 CDABHEHHUIO C AaHAJIOTUYHbI-
Mmu y narueHaToB 6e3 [IOH. 3aBucuMocTh CHIBOPO-
TOYHBIX KoHIeHTpanuii STREM-1 oT reHOTUIIOB
rs1817537, rs2234246 u rs3804277 rena TREM-1y
MalreHTOB C HOpMaJbHbIM Te€YEHHEM I10Cseone-
paumnonHoro nepuosaa u ¢ IIOH nipencrasuau B
TabJr. 3.

Panee B mccieqoBaHUSX IPYrMX aBTOPOB
Ob1I0 TTOKasano, 4To STREM-1 MokeT ObITH I[eH-
HBIM TMAarHOCTUYECKUM OMOMapKepOM JJIsI pas-
JIMYHBIX WH(PEKINOHHBIX 3aboJsieBanuid [11-16].
[Ipenmosiaraercsi, 4TOo BO BpeMs aKTUBHOU
MH(EeKITMOHHON NHBA3UH 9KCITPECCHsI PETENTopa
Ha IIOBEPXHOCTU KJIETKU MOIYJIUPYETCH, 3areM

pates in the regulation of septic response. Despite
the obvious effects of over-stimulation through
TREM-1, recent evidences suggest that the release
of STREM-1 is necessary for successful antimicro-
bial responses.

Moreover, there are numerous studies com-
paring sSTREM-1 with CRP (C-reactive protein) and
PCT (procalcitonin) to determine a biomarker that
better predicts the onset of sepsis [20, 21].

To date, STREM-1 is actively involved in au-
toimmune diseases and inflammatory reactions.
The studies demonstrating the involvement of
TREM-1 in pathological conditions without under-
lying infectious process are of particular impor-
tance. Dai et al. focused on the estimation of the re-
lationships between sTREM-1 serum levels and
coronary artery disease. STREM-1 serum levels
were significantly lower in patients with coronary
artery disease than in the control group (P<0.001)
[22]. The authors suggested that TREM-1 may act
as a vascular protective factor.

Patients (n=280) undergoing coronary artery
bypass grafting were included in the study by Wang
et al. One year after CAG, 130 patients were diag-
nosed with restenosis. After STREM-1 serum levels
measurements, they found that patients with
restenosis had a 1.35-fold increase in STREM-1 lev-
els in comparison with patients without restenosis
(P=0.001) [23].

Golovkin et al. have studied the possibility of
using STREM-1 as a marker of the severity of SIRS
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poucxonuT BeicBoOokIeHe TREM-1 ¢ KyieTou-
HOII MeMOpaHBI ITyTeM IIEWTUHTA 1 00pa3oBaHNe
CBOOOIHO  NHMPKYJIUPYIONIEH  PacTBOPUMBIN
¢dopmbl STREM-1.

M3BecTHO, 4TO C IIOMOIUBIO ONpeAeseHUsI
U3MeHeHN!  KOHIEHTpaluu  PpacTBOPUMOTO
STREM-1 MOKHO HOpPOrHO3UPOBATH BBIKUBAE-
MOCTBb U CMEPTHOCTB ITAIIUEHTOB HA paHHEeU CTa-
nuu cericuca [17, 18, 28]. B uccimegosanuu Gibot ¢
coaBTOpaMu OOHApY’KEHO, YTO YMepeHHasl /103a
nupryaupytomtero sSTREM-1 ciocoOCTBYET BBIKU-
BaeMOCTH IIPU CEIICHCE, B TO BpeMs KaK BbICOKHE
J103bI IPOTHO3UPYIOT aKTUBAIIUIO HEUTPOUIb-
HOI'O0 peCIMpaTOpHOrO B3phIBA U IIOBBILICHUE
PHCKOB JleTaJIbHBIX NCXO0B 3a CUET THIlepPaKTHU-
Ball¥ BOCIIAJIMTEIbHBIX MeaguaTopos [19]. Takum
06pasoM, aBTOPHI 0O0CHOBBIBAIOT IPE/IIIOJIOKE-
Hre 00 aktuBHOM yuactuu TREM-1 B perynsanun
cenTu4decKkoro orsera. Hecmorpa Ha oueBugHbIC
MIOCJIEICTBUSI Ype3MepHOU CTUMY/ISLUU uyepes
TREM-1, nocienHue JaHHbIe CBUETEIbCTBYIOT O
TOM, 4TO BeICBOOOKAeHe STREM-1 HEo0XoauMo
JIJTST YCTIETITHBIX aHTUMUKPOOHBIX OTBETOB.

Takske aBTOPBI TPOBOIAT PabOTHI IO CPaBHE-
Huto STREM-1 ¢ CRP (C-peakTuBHbBIN 0eJIOK) U
PCT (IpoKaJIbIUTOHUH) [IJIsI OTIpeIesIeHusI O10-
MapKepa, KOTOPBIU Jyullle IpeCcKa3bIiBaeT Ipo-
rHo3 cemncuca [20, 21].

Ha ceronHsAmIHWE JeHb yCTAaHOBJIEHO, YTO
STREM-1 aKTUBHO y4aCTBYeT B ayTOMMMYHHBIX
3aboJieBaHUAX W BOCHIAJUTEbHBIX DPEaAKITUSX.
VHTepec mpecTaBIIsIOT paboThl, AEMOHCTPHUPYIO-
mue ydactue TREM-1 1npu NDarogoru4yecKux
COCTOSIHUSIX, He UMEIOIINX B CBOel OCHOBe BbIpa-
sKeHHOTO MH(EeKIMOHHOrO Tnpoiiecca. Tak B 2016
roxy D. Dai ¢ coaBTropamMu IIpoBeJin ucciaefoBaHue
10 OIIpEeJeJICHUIO CBA3M YPOBHSA ChIBOPOTOYHBIX
koHneHTpanui sTREM-1 ¢ wumemuveckou
00Js1e3HBI0 cep/la. BpLIO opeesieHo, YTo ChIBO-
porounblie KoHIleHTpanuu sTREM-1 6b111 3HAYH-
TeJIbHO HUyKe Yy ImanueHToB ¢ BC, yeM B KOHT-
poabHOU rpynme (p<0,001) [22]. ABTOpBI
NPEIION0KUIIN, YTO JaHHBIU pe3yabTaT JeMOH-
crpupyet posab TREM-1 B kayecTBe COCyAUCTOrO
3aIIUTHOTO (PaKTopa.

B 2017 rony Fang Wang ¢ coaBTopaMu 1poBe-
JI HCCeNOBaHUE C BKJIOYEHUEM IalieHTOB
(n=280), moaBepruuxcs onepanuu KOpOHapHOTro
HIYHTHUpOBaHusA. Uepes rofg nocse auruorpapuue-
CKOTO rccienoBanus y 130 maruenToB ObIJI quar-
HOCTHPOBaH pecTeHos. [lociie onpeeneHusa KOH-
neHTpanuu STREM-1 B CHIBOPOTKE YCTaHOBJIEHO,
4TO Y NAleHTOB C peCTeH030M ypoBeHb STREM-1
B 1, 35 pa3 BhIllle, UeM y ITaIfueHToB 0e3 pecTeHo3a
(p=0,001) [23].

PaHee OBIJIO TIPOBENEHO HCCJIEJOBAHUE O
BO3MOYKHOCTHU UCI0JIb30BaHusA STREM-1 Kak map-
Kepa BbIpaskeHHOCTH CBO u ero ocJjioskHeHUH B

IepuoIlepaliiOHHOM IIEPUOJE MPSIMOI peBacKy-

and its complications in the perioperative period
after direct myocardial revascularization under ex-
tracorporeal circulation [4]. They found increased
STREM-1 serum levels in the early postoperative
period. The obtained data on the levels increase
have proved its importance in the onset of non-in-
fectious SIRS and some other complications in pa-
tients who underwent on-pump CABG. However,
an increase in sSTREM-1 levels was found on day 1
and day 7 post CABG (74.98 pg/mL (58.99-107.9) vs.
101.20 pg/mL (68.45-162.55), respectively), as com-
pared with the preoperative values (58.06 pg/ml
(46.53-109.20) in patients enrolled in the group
with an uncomplicated postoperative period
(n=57). Patients with a complicated postoperative
period (n=5) had lower preoperative sSTREM-1 lev-
els as compared to the levels measured on days one
and seven after CABG (67.46 pg/ml (54.71-77.90)
vs. 131.10 pg/ml (130.50-135.10) and 157.50 pg/ml
(134.00-249.30), respectively). Despite a progres-
sive increase of STREM-1 serum levels in patients
with complications, there were no significant
differences found between its values on days 1 and
7 within the groups.

Nevertheless, we found that there were ob-
vious differences in sSTREM-1 levels in patients
with coronary atherosclerosis in the preoperative
period. The higher are sSTREM-1 levels before the
surgery, the greater is the likelihood of complica-
tions in the postoperative period. Moreover, we
found an active increase in sSTREM-1 levels in the
early postoperative period, regardless of its initial
levels. However, peak sSTREM-1 levels were ob-
served in patients with complicated postopera-
tive period.

Unfortunately, we could not estimate serial
changes in sSTREM-1 serum levels on day 7 post sur-
gery. The restrictions on statistical analysis were
caused by high mortality rate in the MODS group
accounting for 50%.

Several studies compared sTREM-1 serum
levels between patients admitted to the intensive
care unit with non-infectious SIRS and infection or
sepsis. STREM-1 serum levels in septic patients
were significantly higher than those in patients
with SIRS (P<0.05) [24]. Another study reported
that patients with infection also had significantly
higher sTREM-1 levels than patients with SIRS
(P<0.0001) [25]. Thus, the authors conclude that
sTREM-1 may be useful for early differentiation of
the systemic inflammatory response syndrome
from infection, assessment of the severity of the
disease and prediction of outcomes in ICU pa-
tients with sepsis and SIRS.

The number of studies to determine the rela-
tionship of high sTREM-1 levels with the TREM-1
gene polymorphism and the carriage of rare alleles
in individual polymorphic sites in any pathologi-
cal processes are limited. Su et al. studied the as-
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JApusauuu Muokapza B yciaosuax UK [4]. B nan-
HOM HCCJIeIOBaHNH OBLIO 3a(pMKCUPOBAHO yBe-
JIMYeHUe CbIBOPOTOYHBIX KOHIIeHTparuii STREM-
1 B paHHEeM MOCJeOoNeparuoOHHOM IIEPUO/IE,
KOTOpOe [EeMOHCTPUpPYeT CBOI0 3HAYUMMOCTbL B
oTHomIeHnu ocjioskHeHn CBO HenH(EKIIMOHHO-
r'0 TeHe3a ¥ BO3MOSKHBIX OYIyIIINX OCTI0KHEHUHN Y
nanueHToB nocsae onepanuu KII B ycaoBusax
HMCKYCCTBEHHOTO KpoBooOparmienus. OmHaKo, B
JaHHOM HCCJIeJOBaHUM yBeJN4YeHre KOHLIEHTpa-
iy STREM-1 66110 3ayMIKCUPOBAHO B 1-€ M HA 7-
e 1ocJseonepanyuoHHble CyTKH 74,98 nr/mi
(58,99-107,9) 1 101,20 rir/mu1 (68,45-162,55) cooT-
BETCTBEHHO, [10 CPABHEHHUIO C IOOTIEPAIIMOHHBIM
aTaromM, Ije 3HadyeHusi cocTtaBuam 58,06 mr/mi
(46,53-109,20) pgJyA TALUEHTOB T[PYHNIBL  C
HEOCJIO)KHEHHBIM MOCJIe0NepPallMOHHBIM ITIEPHO-
moM (n=57). 1A mMamueHTOB C OCJI0KHEHHBIN
MOCJIeONeparMoOHHbIM IEPUOIOM (1=5) 1o onepa-
muu 3HaueHuss STREM-1 coctaBuim 67,46 1r/mi
(54,71-77,90) B 1-e 1 Ha 7-e ocJieonepanioHHbIEe
cyrku 131,10 nr/ma (130,50-135,10) u 157,50
nr/mJa (134,00-249,30), coorBeTcTBeHHO. HecMmorT-
ps Ha TO, uTo copeps;kanue STREM-1 B cbIBOpOTKEe
KpOBH HamOoJee MHTEHCUBHO HAapacTaJso B TPyl-
Tie C OCJ0KHEHUSIMH, TEM HEe MeHee TOCTOBEPHBIX
OTJINYMU MesKAY 1-U U 7-U CyTKaMu BHYTPHU TPy
He Ha0JII01aI0Ch.

B Hamrewm ke nccaeno0BaHUM NPOJIEMOHCTPH-
pOBaHoO, YTO pa3anyud B cogepskanuu STREM-1y
MaIMEeHTOB C aTepPOCKIepPO30M KOPOHAPHBIX apTe-
puii HabJTIOIAIOTCSA ellle Ha dTale rociuTaan3a-
LMY B CTAMOHAP [JI1 XUPYPTUIECKOI0 JIeUeHUs
NBC. N uyem Bbile kKoHIeHTpauu sSTREM-1 no
onepanuy, TeM BbIIIe BEPOATHOCTh Pa3BUTHUSA
OCJIO’KHEHUU B MOCJe0oneparioHHOM MepHuoJIe.
[Tpu aTOM, MBI 0OHAPY’KUJIU, YTO HE 3aBUCUMO OT
MMEPBOHAYAIBLHOIO COep KaHMs, B paHHEM OCJIe-
OIlepaIloOHHOM Tepuoje HabJII0IaeTCsT aKTUBHBIN
npupocT koHreHTpanuit STREM-1. OgHako, u B
3TOM CJly4ae, MUKOBble KOHIleHTpauuu STREM-1
Ha0JTI0]aJT! Y TTIAI[MEeHTOB C OCJI0KHEHHBIM IT0CIe-
onepanoHHBIM TEPUOIOM.

MBI He CMOTIJIM OLIEHUTh Ka4eCTBO U3MEHe-
HusA cogepykanuda STREM-1 B cbIBOpOTKe KpPOBY,
IIPOUCXOAAIIEr0 K UCXONy 7-X CyTOK. Orpanude-
HME BO3MOKHOCTEN TPOBEJIEHUSI CTaTUCTUYECKO-
I'0 aHAJIN3a CBA3aHbl C BBICOKAM YPOBHEM JIETaJIb-
HoctH B rpynite ¢ IIOH, koropasa gocruria 50 %.

Ps1ioM aBTOPOB OBIIO ITPOBENIEHO MCCIEN0Ba-
HUE 110 CPABHEHUIO ChIBOPOTOYHBIX KOHI[EHTpa-
uuii STREM-1 meskay naniieHTaMu, TOCIIUTaIn3H1-
POBaHHBIMU B OTJleJIeHIe MHTEHCUBHOU Teparmy,
¢ HenHpermoHHbIM CBO u nH(peknuei/ cencu-
coM. CeiBopoTo4HOe cogepskanue STREM-1y cen-
TUYECKUX MAIEHTOB ObLI 3HAYUTEJbHO BHIIIIE,
yeM y nanueHToB ¢ CBO (p<0,05) [24]. B npyrom
HCCJIeIOBAHUU TAIIMEHThI C MH(PEKITUeN TakKe
MMeJIV 3HAYUTETLHO 60Jiee BLICOKHE KOHITEeHTpa-

sociations of sepsis prognosis with changes in
STREM-1 serum levels and its polymorphism. Sur-
vivors had lower sTREM-1 levels (P<0.001). The
single nucleotide polymorphic locus rs2234237 of
the TREM-1 gene was significantly associated with
a high risk of sepsis (P<0.05). Logistic regression
analysis reported that sTREM-1 and rs2234237
TREM-1 may be considered as markers of the sep-
sis onset. However, there were no associations
found between the polymorphic variant rs2234237
of the TREM-1 gene and an increase in sTREM-1
serum levels [26].

The first study [27] on the relationship of the
polymorphic locus rs2234246 of the TREM-1 gene
with sSTREM-1 levels has been recently published.
Among 10 SNPs of the TREM-1 gene studied by
the authors, the minor allele T rs2234246 was as-
sociated with an increase in STREM-1 levels in
the cohort of healthy European subjects
(P=0.003). Thus, the authors suggest that the car-
rying the T rs2234246 minor allele of the TREM-1
gene can be considered as a risk factor, while car-
rying the C allele can be considered as a protec-
tive factor.

Conclusion

This study is the first one to determine the re-
lationship between the level of the circulating sol-
uble TREM-1 and the polymorphic variants of the
coding TREM-1 gene with the severity of MODS in
patients with CAD following CABG.

This pilot study demonstrates that the levels
and serial changes in sSTREM-1 levels depending on
the carriage of certain allelic variants in the three
polymorphic loci of the TREM-1 gene (rs1817537,
1s2234246, rs3804277) significantly contributes to
the development of target organ dysfunctions, ul-
timately resulting in MODS in the early postopera-
tive period after CABG.
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nuu STREM-1, yem nmanuents! ¢ SIRS (p<0,0001)
[25]. TaknM 00pa3oM, aBTOPHI YTBEPIKIAIOT, YTO
STREM-1 MoskeT OBITH MOJIE3HBIM JIJIsI pPaHHEN
IuddepeHnanii CUCTEMHOI'O BOCIIAJIUTEIbHO-
ro OTBETA OT MH(EeKIUM, JJis1 OLeHKU TSIKEeCTU
3a00J1eBaHMs ¥ UCXO/Ia Y TTAIIIEHTOB B XUPypruye-
CKOM OT/eJIeHNYU NHTEHCUBHOU Tepanuu He TOJIb-
Ko c cerrcucoMm, Ho 1 ¢ CBO.

KosmmuecTBO paboT 1o onpe/ieIeHUI0 B3aur-
MOCBSI3M BBICOKUX KOHIleHTparuii STREM-1 c
nosuMmopduamom reia TREM-1 1 HOCUTEIHLCTBOM
peakux ajnjenedl B OTHAEJbHBIX MOJUMOPEQHBIX
caiiTax mpu JTIIOOBIX MAaTOJIOTHYECKUX TPOIleccax
KpatiHe orpanudeHo. B 2012 L. Su ¢ coaBropamu B
CBOEM HCCJIeJOBAaHUHU U3y4aJjy aCCOLUAINIO [IPO-
rHO3a Ccelcuca C M3MEHEHHEeM KOHIeHTpaluu
STREM-1 B CBIBOPOTKE KPOBU U MMOJTUMOP(PU3IMOM
ero resHa. Konnenrpanusa sTREM-1 B rpynmne
BBIKUBIINX ObLJIA CTATUCTUYECKH 3HAYNMO HIKE
(p<0,001). OTHOHYKJIEOTUIHBIN MOIUMOPQHBII
JIOKYC 152234237 rera TREM-1 Ob17 B 3HAYNUTEITh-
HOM cTeleHM CBsI3aH C BBICOKUM PUCKOM pa3BU-
TuA cerncuca (p<0,05). C IoMoIIbI0 JIOTUCTHYE-
CKOIi perpeccus 6b1J10 TTOKa3aHo, uTo STREM-1 u
rs2234237 TREM-1 aBJIAI0TCA MapKepaMu B IIPO-
rHO3e cericuca. TeM He MeHee, He ObLIIO 0OHapY Ke-
HO HUKAKOH CBsI3U MesKIY MOJIUMOP(HBIM Bapu-
auToM 152234237 rena TREM-1 u yBesnyeHueM
KoHneHTpanuu STREM-1 [26].

B omHOI 13 HemaBHUX padoT [27] ObII0 omyd-
JIMKOBAHO IIepBOe UCCJeJ0BaHue O B3aUMOCBA3HU
nosimMopgHoro jnokyca rs2234246 rena TREM-1 ¢
cogepskanreM STREM-1. Cpenu ucciieqoBaHHBIX
aBropamu 10 SNP rena TREM-1 omnpenesieHO, 4TO
MUHOPHBIH ajuiesb T 1s2234246 6bLT aCCOIMUPOBAH
cyBenuueHreM KoHIleHTparu STREM-1 B Koropre
3JI0POBOT0 HaceJIeH!sI eBPOIIeMCKOTO ITPOUCXOK-
nenus (p=0,003). Takum 06pa3om, aBTOPHI TPEJTIO-
JlararoT, YTO HOCUTEJIbCTBO MUHOPHOIO ajjens T
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B nmanHOW paboTe BIlepBbIE OIpPEAETUTU
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43 Mira Ave, 212000 Mogilev, Belarus

Ilesp HCCIEqOBAHUSA: OTIpEeJIeHIE BO3MOKHOCTH TpuMeHeHus1 C-peaktuBHoro 6eska (CPB) u xoJte-
CTepUHAa, KaK CKDUHUHT'OBBIX OMOXUMUYECKUX MapKepoOB pa3BUTUA CUHAPOMA HOHHOpFaHHOﬁ HeJ0CTaTo4-
HocTH (CIIOH) y manueHToB mocjie abfOMUHAIBHBIX XMPYPTrUYECKUX BMEIIaTe bCTB.

MarepuaJjsl 1 MeTOAbI. [TpOBesIi IPOCIIEKTUBHOE UCCIeoBaHue (C/Iydali-KOHTPOJIB) y 192 maIieHToB,
HaXOOUBIIUXCA Ha JIEYEHUHU B OTACJICHUUN aHEeCTEe3N0JIOTNU U peaHnuMaluu 1mocJjie 216,IIOMI/IHaJII)HI)IX XUpyp-
TUYeCKUX BMeINIaTe bCTB. [TarueHoB pasaenanau Ha 2 rpymnnsn: 1-a rpynmna (n=95) — namuenTts! 6e3 CITOH,
2-arpymnna (n=97) — nauuenTsl ¢ HasmuneM CITOH. Onpenesienne npusnakos CIIOH npoBoan/iv Ha 0OCHO-
BaHUU KPUTEPHEB, YCTAHOBJIEHHBIX COIACUTeIbHOU KoHpepennneir SCCM/ESICM B 2001 1. B mepBbIe 3-e
CYTOK IIOCJIe OIlepalliy OoNpeiesIsiin cojepskaHue obiero xosectepuHa u CPB, TAKeCTb COCTOSTHUSA Maly-
€HTOB I10 TporHocTudeckuM mrasaMm SOFA u Apache III. MeToj0M JIOTUCTHYECKOTO PETPECCUOHHOTO aHa-
JI3a OTeHW/IH 5 Mojiesieit mporuo3uposanusa CITOH ¢ ncnoib30BaHMEM ITOKA3aTe el coaep kanusi 001Iero
xosiectepuHa, CPB, xonecrepuna 1 CPb onHOBpeMeHHO, a Tak:ke Ikas SOFA u Apache III.

Pe3ysibTaThl. BEIABUIIN, YTO YPOBEHB XOJIECTEPHHA BO 2-1i TPYIIIIe CTATUCTUYECKHA 3HAUYNMO HIKe, YeM
B 1-i1 rpymme — 3,13 (2,6-3,74) mporus 4,09 (3,26-5,01) MMob/ 11 (p<0,05). OTMETHIN CTAaTUCTUYECKY 3HAYH-
Moe yBesnueHue copepsranusa CPB Bo 2-1 rpyIiiie Mo cpaBHEHMUIO ¢ 1-# rpymnmnoit — 168,7 (90,2-247,2) npo-
B 85,9 (35,6-172,6) mMr/a (p<0,05). YcranoBuIM 3HaYeHus rromaaeit AUC, YyBCTBUTEIBHOCTH U CIIEIIH-
¢uuHOCTH HCCileyeMbIX MojeJiedl U IIKaJd: C UCIOJIb30BaHMEM IToKa3aresiedl cofepskaHUSA OOIIero
xoaectepuHa — AUC 0,679; 95% moBepuTenbHbIN nHTEpBaJ (M) 0,625-0,732; CPB — AUC 0,67; 95%
N 0,6-0,74; xonecrepuna u CPb ognospemenno — AUC 0,819; 95% 11U 0,721-0,917; SOFA — AUC 0,786;
95% 1N 0,744-0,829 u Apache III — AUC 0,631; 95% IV 0,582—-0,68. OnTUMaJIbHBIA TOPOT COCTABUJI JIJI5I XO-
necrepuHa — 3,4 Mmmoub/ g1, g CPb — 96,5 mr/ 1.

3akiroueHue. KoHTpoJIb cofepskaHus obIiero xosecrepraa u CPB, mo3BoJisieT NCI0/IB30BaTh UX KaK
CKPHUHUHT JiJIs Tporao3upoBanusd pa3sutus CIIOH B nepssle 3-e CyTOK moc/ie abOMUHATBHBIX XUPYPTH-
YeCKUX BMelIaTesIbCTB. C IOMOIIBIO BCeX YKa3aHHBIX MOJiesIel MOsKeT OBITh pacCYNTaHa BEPOSTHOCTH pas-
Butusi CITIOH y manveHTa B 3aBUCUMOCTH OT YHCJIEHHOTO 3Ha4YeHUs (haKkTopa.

Knroueswle crosa: cunOpom noAUOP2aHHOL HedOCMAamoYHoCU; CKpUHUMe; Xoaecmeput; C-peakmueHblil
benox; Sequential Organ Failure Assessment; SOFA; Acute Physiology and Chronic Health Evaluation III; Apache ITT

Objective: to determine the feasibility of using C-reactive protein (CRP) and cholesterol levels as biochem-
ical screening markers for multiple organ dysfunction syndrome (MODS) in patients after abdominal surgery.

Materials and methods. A prospective case-control study was performed in 192 patients who received
treatment at the Intensive Care Unit (ICU) after abdominal surgery. Patients were classified into two groups:
Group 1 (n=95) of patients without MODS and Group 2 (n=97) of patients with MODS. The signs of MODS
were identified based on 2001 SCCM/ACCP consensus conference criteria. During the first three post-operative
days, total cholesterol and CRP levels were measured, and severity was assessed using prognostic scoring sys-
tems (SOFA and Apache III). Logistic regression analysis was used to evaluate five MODS prediction models
based on total cholesterol levels, CRP levels, a combination of cholesterol and CRP levels as well as SOFA and
Apache III scores.
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Results. Cholesterol levels in Group 2 were found to be significantly lower than those in Group 1 (3.13
(2.6-3.74) mmol/l vs 4.09 (3.26-5.01) mmol/l; P<0.05). Significantly increased CRP levels in Group 2 compared
to Group 1 were found (168.7 (90.2-247.2) mg/1 vs 85.9 (35.6-172.6) mg/1; P<0.05). AUC, sensitivity, and speci-
ficity values were determined for the study models and scales based on total cholesterol levels (AUC 0.679;
95% confidence interval (CI) 0.625-0.732), CRP levels (AUC 0.67; 95% CI 0.6-0.74), a combination of cholesterol
and CRP levels (AUC 0.819; 95% CI 0.721-0.917), SOFA score (AUC 0.786; 95% CI 0.744-0.829), and Apache III
score (AUC 0.631; 95% CI 0.582-0.68). The optimal threshold was 3.4 mmol/l and 96.5 mg/1 for cholesterol and

CRP levels, respectively.

Conclusion. Total cholesterol and CRP monitoring revealed them as screening biomarkers informative for
predicting MODS within the first three days after abdominal surgery. Using all these models, the probability
of MODS development in a patient can be calculated as a function of the numerical value of the biomarker.

Keywords: multiple organ dysfunction syndrome; screening, cholesterol; C-reactive protein; Sequential Organ
Failure Assessment; SOFA; Acute Physiology and Chronic Health Evaluation III; Apache IIT
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BBenenue

YBeJsinueHne KOJMYecTBa omeparyil y Juil
IIOKUJIOT0 ¥ CTap4Y€eCKOI0 BO3pacTa C COITyTCTBYIO-
UMY 3a00JI€EBAaHUAMU SIBJISIETCS MUPOBOU TEH-
JIeHIMeld B abOMUHAJIBHON XUpypruu. Bcien-
CTBHE 3TOT0 BO3PACTAET PUCK PAa3BUTHUA CUHAPOMA
nosjuopranHou HepocrarouHoctu (CITOH), koTo-
pBhIi  3HAYMTEJBHO TOBBINIAET BEPOSATHOCTH
JIETaJIbHOTO MCX0Ja, U OCTAETCS aKTyaJIbHOU Ipo-
6J1eMa BbIOOpa JJab0opaTOPHBIX MAPKEPOB JIJIA ITPO-
THO3UPOBAHUsA BeposATHOCTH padutusa CIIOH [1,
2]. PaHHee BbIsIBJIEHHE TAKMX AL[MEHTOB U OlLIEHKA
MMPOTHOCTUYECKUX PUCKOB 00eCIeYnBaET UX CBOE-
BPEMEHHYIO FOCIIUTAIN3alI0 B OTAeJIeHre aHe-
cre3uoJsiornu u peannmanuu (OAP) u He3amenin-
TeJIbHOE HayaJI0 MTHTEHCUBHOM Teparuu.

i onpenenenus pucka passutus CIIOH
CO3JaHbl TaKWe MPOTHOCTUYECKHUE IIKAJIbI, KaK
APACHE I-III, SUPPORT, HIS, TISS, POSSUM, SAPS
I-II, RAPS u gp. [3-9]. OgHako MX MpuUMeHeHUue
OTPAaHUYUBAIOT IKOHOMHUYECKHE MPUYUHBI U
HEeoOXOIUMOCTh OINpeeJeHusT OOJIBIIIOr0 YKCIa
KJIMTHUYECKUX U JJaO0paTOPHBIX IToKa3aresiei. i
9THIX JKE€ IIeJIEH CYIIECTBYET OOJIBIIIOE KOJIMIYECTBO
JTabOPaTOPHBIX TECTOB (HAIIPUMED, C UCITOJIb30Ba-
HHEM MoKa3areJjel cofepsKaHusi MPOKaJIbIIUTOHU-
Ha, C-peaktuBHOTO 6esika (CPB), ¢pubpuHOoTeHa,
(¢pakTOpa HEKPO3a OMYXOJH-a, JEHKOIIUTAPHOTO
WHJIeKca, aIbOYMIHA, XoJiecTeprHa u ap.) [10-18].
OnnHako ux H(GOPMATUBHOCTS Y TALIMEHTOB MOCJIE
a0IOMUHATBLHBIX XUPYPTUYECKUX BMEIIATEHCTB
OlleHHBaeTcsi HeogHO3HayHO [19-21]. PaHHue
nuarnoctudeckue kpurepuu CITOH vecnienmguy-
HbI M MOTYT OBITh paclieHeHbl KaK MPOsIBJIEeHUs
CTPeCcCcCOBOI0 OTBETA OpraHn3Ma Ha Xupyprudeckoe
BMeIIaTeJIbCTBO [22, 23]. CyliecTByeT He0OX0u-
MOCTbD BBISIBJIEHUSI CKDUHUHTOBBIX JJA00PAaTOPHBIX
MapkepoB CIIOH y marueHTOB mocJie abIoMu-
HaJIbHBIX OIlePaIlfii, KOTOPbIe OTIUYAJINCH ObI
pueMJjeMoil YyBCTBUTEJNBHOCTBIO U CIIeIuuy-
HOCTBIO. YUUTHIBAA IIPOCTOTY U 9KOHOMUYHOCTD
BBIIIOJIHEHN aHa/J M3a, HaMU B Ka4yecTBe I10J00-
HBIX KpuTepueB BbiOpadbl CPB u xosiecTepuH.

Introduction

The increasing number of surgical procedures
in elderly and senile patients with comorbidities is
a world-wide trend in abdominal surgery. It leads
to an increased risk of multiple organ dysfunction
syndrome (MODS), which results in a significantly
higher probability of death, therefore the issue of
selecting laboratory markers for predicting the
probability of MODS remains challenging [1, 2].
The early identification of such patients and prog-
nostic risk assessment ensures the timely admis-
sion to the intensive care unit (ICU) and immediate
initiation of intensive therapy.

To determine the risk of MODS, prognostic
scoring systems (e.g. APACHE I-III, SUPPORT, HIS,
TISS, POSSUM, SAPS I-1I, RAPS, etc.) have been de-
veloped [3-9]. However, their use is restricted by
both economic reasons and the need to measure a
large number of clinical and laboratory parameters.
Numerous laboratory tests are available for the
same purpose (e.g. using procalcitonin, C-reactive
protein (CRP), fibrinogen, or tumor necrosis factor-
a levels, leukocyte index, albumin or cholesterol
levels, etc.) [10-18]. However, their informative
value in patients after abdominal surgery is debat-
able [19-21]. Early diagnostic criteria for MODS are
non-specific and can be considered as manifesta-
tions of the body’s response to surgical stress [22,
23]. There is a need for establishing laboratory
screening markers for MODS in patients after ab-
dominal surgery that have acceptable sensitivity
and specificity. Given the simplicity and cost-effec-
tiveness of the assay, we chose CRP and cholesterol
levels as the possible criteria/biomarkers.

This study was performed to determine the
feasibility of using CRP and cholesterol levels as
biochemical screening markers for MODS in pa-
tients after abdominal surgery.

Materials and Methods

A prospective case-control study was performed in
patients who received treatment at the ICU of the Health-
care Institution «Mogilev Regional Hospital» in the period
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Knunudyeckue IpaKTHUKa U UCCJeJOBaHUA

[lesbI0 MCCIETOBAHUS — OTIpeieIeHIe BO3-
MoskHOCTH TpuMeHeHus CPB u xostectepuna, Kak
CKPUHUHTOBBIX OMOXUMHUYECKUX MapKEPOB pas-
Butus CITOH y nanueHTOB mocyie abJoMUHaAIb-
HBIX XUPYPTUYECKUX BMEIIaTeTbCTB.

MarepuaJ 1 MeTobI

[IpoBesn IpOCIEKTUBHOE HCCJIefOBaHUE (CIIy-
4aii-KOHTPOJIb) y IIAIMEHTOB, HAXOIUBIINXCS Ha Jleue-
uun B OAP V3 «MoruiieBckast ob1actHast 00JIbHULIA» C
deBpansa 2014 r. no oktAOpH 2017 1. VccnenoBanue
OBLI0 0JOOPEHO KOMUTETOM 10 ATHKE (IIPOTOKOJI Nel OT
6.02.2014 1), y Bcex IallMeHTOB I0JIY4YUJId UH(POPMUpPO-
BaHHOE COIVIaCHe.

Kpurepun Br/IO4eHHUA: 1) IepeHeceHHbIe onepa-
THUBHBIE BMelllaTe/IbCTBA Ha OpraHax OpIOIIHON II0JIOCTYH;
2) manueHThl 060€ro 1MoJ1a; 3) Bo3pacT crapiie 18 jeT; 4)
TFOCHUTAIU3ALMA B ITOC/I€0NIepPalliOHHOM IIEPUOJIE B OT-
JleJleHre aHecTe3noJioruu U peanuManuu (OAP).

Kpurepun nckiodeHus: 1) XxpoHndeckas HeJo-
CTaTOYHOCTh CepJeYHO-COCYIUCTON CUCTEMBI B CTalUU
JEeKOMIIeHCaluHu, 2) XpOHUYeCKasg HegOoCTaTOYHOCThb
JbIXaTeJIbHOUM CUCTEMBI B CTaJUU JAeKOMIleHcauuu, 3)
BHETOCIIUTA/IbHAS THEBMOHUS WU TyOepKyJie3 JIerKux,
4) XxpoHUYecKasa 60J1e3Hb IMOYEK 5 CTaIUU C TIPOBeEe-
HHMEM reMOMa/In3a, 5) [UpPpO3 IeYeHN U XPOHUYeCKasa
IleyeHOYHasl Hel0CTaTOYHOCTh, 6) UMMYHOe(UITUTHBIE
COCTOSIHUA, 7) IPAEM INIIOKOKOPTUKOMHBIX IIpenapa-
TOB, 8) BUU-uHdeknus, 9) OHKoIOTHYeCcKre 3ab0JIeBa-
HusA, 10) reMarosiorudeckue 3aboseBanus (TuMdoma,
JIEKO03, MUeJIOMHasI 60JIe3HB).

Ha cooTBercTBHE KPUTEPHUAM BKJIIOYEHUA/UC-
KJIIOUEeHUsI OlleHU 1M 233 rmarueHnTa. B urore, B ucciaeno-
BaHMe BK/II0YMIM 192 nanuenta, u3 Hux 102 (53%) My»k-
yuH 1 90 (47%) skeHIIWH, B Bo3pacTte 57,6+15,6 ser,
Macca TeJsia B cpegHem cocrasuda 80,4+18,2 Kr, pocT —
168,5+6,1 cM. PeTpocIieKTUBHO BCIO BBIOOPKY pasfe-
JINJIYA HA JIBE IPyNIbl: 1-4 rpynmna (7=95) — mamueHTsl
06e3 pa3BUTHUS NOJNOPTaHHON HEJOCTATOYHOCTH; 2-51
rpynna (n=97) — mnanueHTsl ¢ HaguuneM CIIOH.
I'pynnel He pasjan4adtuch IIO IIOJY, BO3PACTy, Macce
TeJa, POCTY, NIOKa3aTeJIAAM 9KCTPEHHBIX U IIJIAHOBBIX
OIlepaTUBHBIX BMEIIATEIHCTB (TabJI. 1).

Hosoutoruio B rpynnax npeicTaBu/In B Ta0JI. 2.

B 1-ii rpynme manpieHTaM ObI7I0 BBITIOJTHEHO 87 J1a-
[1apOTOMUM, 3 JIalapOCKONIMYeCKre Ollepaliy U 5 TyHK-
IIMOHHBIX TPEHUPOBAHUH JKUJKOCTHBIX 00pa3oBaHUN
o, Y3V KOHTpoJIeM, BO 2-# rpymIie nanueHTaM 056110
BBINIOJIHEHO 4 IyHKIIMOHHBIX IPEHUPOBAHUA YKUIKOCT-
HBIX 00pasoBaHui mop Y3 KOHTpOJIeM, 4 JlamapoCKo-
NUYeCcKUe ornepanuu u 89 jarnapoToMui, U3 KOTOPhIX 4
IanyreHTaM IoTpeboBaIoCh POBeIeHNEe PeJaropoTo-
mui |, 1 manuenTty — pesnanaporomuu I1, a 8 manuentam
NpeABAPUTEBHO BBIIIOIHAINA YPE3KOYKHOE ITYHKIIAOH-
HOE JpEHUPOBAHUE.

W3 manueHToB 2-i rpynmnsl 36 yesnoBek (37,1%)
yMepJiH, B 1-1i rpymne yMepInx He ObLIO0.

[Ipnanaku CITOH onpenesisiiu Ha OCHOBaHUU Ha-
Jau4us 2 1 00Jiee KPUTEPUEB, yCTAHOBJIEHHBIX COIVIACH-
TesbHOM KoH(pepenmmeit SCCM/ESICM B 2001 1. [24], a
MMEHHO: apTepHaJibHasg TUIOTOHUA (CHCTOJUYECKOe
apTrepuasibHOe naBjieHue <90 MM PT. CT.) MJIT HEOOXO-
JAMOCTb B Ba30IIPECCOPHON/MHOTPOIHOM IO IEPSKKeE;
aprepuanbHass runokcemus (PaO,/FiO, menee 300

from February 2014 to October 2017. The study was ap-
proved by the Ethics Committee (Minutes No. 1 dated
06.02.2014), and all patients had provided written in-
formed consents.

The inclusion criteria were: 1) abdominal surgery
undergone; 2) patients of both sexes; 3) aged >18 years;
4) post-operative stay at the ICU.

The exclusion criteria were: 1) chronic decompen-
sated cardiovascular failure; 2) chronic decompensated
respiratory failure; 3) community-acquired pneumonia
or pulmonary tuberculosis; 4) stage 5 chronic kidney dis-
ease and undergoing haemodialysis; 5) liver cirrhosis or
chronic hepatic failure; 6) immunodeficiencies; 7) gluco-
corticoid therapy; 8) HIV infection; 9) oncological dis-
eases; or 10) hematological diseases (lymphoma,
leukaemia, or myeloma).

233 patients were evaluated for inclusion. Of these,
192 patients were enrolled: 102 (53%) males and 90 (47%)
females aged 57.6+15.6 years; the mean body weight was
80.4+18.2 kg, and the mean height was 168.5+6.1 cm. The
entire study population was divided into two groups:
Group 1 (n=95) of patients without MODS and Group 2
(n=97) of patients with MODS (table 1).

Table 2 shows medical conditions in the groups.

In Group 1, patients underwent 87 laparotomies,
three laparoscopic surgeries and five US-guided punc-
ture drainages of fluid-filled lesions; in Group 2, patients
underwent four US-guided puncture drainages of fluid-
filled lesions, four laparoscopic surgeries, and 89 laparo-
tomies, of which four patients required re-laparotomy I,
one patient required re-laparotomy II, and 8 patients un-
derwent previous transcutaneous puncture drainage.

There were 36 (37.1%) fatal cases and no fatal cases
in Group 2 and Group 1, respectively.

The features of MODS were identified based on the
presence of two or more criteria according to 2001
SCCM/ACCP consensus conference [24], namely: arterial
hypotension (systolic blood pressure < 90 mmHg) or the
need for inotropes/vasodilators; arterial hypoxemia
(Pa0,/FiO, < 300 mmHg); oliguria (urine output < 0.5
ml/kg/h for two hours) or creatinine > 180 pmol/l; coag-
ulation abnormalities (international normalized ratio >
1.5 or activated partial thromboplastin time (APTT) > 60
s); thrombocytopenia (<100%10°/1); ileus; hyperbiliru-
binemia (total bilirubin > 70 nmol/l); persistent hyper-
glycaemia > 7.7 mmol/l in the absence of diabetes; or al-
tered mental status.

During the first three days of post-operative ICU
stay, total cholesterol and CRP levels were daily meas-
ured. Blood samples from the peripheral vein were har-
vested between 8 A.M. and 9 A.M. in the fasting state. In-
fusion therapy, parenteral nutrition, and hypolipidemic
medication were excluded. AU 680 clinical chemistry an-
alyzer (Beckman Coulter, USA) was used. The severity of
the patient’s condition was evaluated using two prognos-
tic scales: Sequential Organ Failure Assessment (SOFA)
and Acute Physiology and Chronic Health Evaluation III
(Apache III). To measure the clinical and laboratory pa-
rameters included in the abovementioned scales, med-
ical monitor «Integral 12-06» (Integral, Republic of Be-
larus), XP-300 (Sysmex Corporation, Japan), AU 680
(Beckman Coulter, USA), and ABL 800 FLEX (Radiometer
Medical, Denmark) analyzers were used.

All patients received the intensive therapy accord-
ing to clinical protocols, and in Group 2 treatment of pa-
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Tabsuia 1. XapakTepucTHKA MAIUEHTOB.
Table 1. Characteristics of the patients.

Parameters Values of parameters in groups p
1%, n=95 2nd, p=97
Gender
male, 1 (%) 53 (51.5) 47 (52.8) 0.85
female, n (%) 50 (48.5) 42 (47.2)
Age, years (M+SD) 55.1+14.1 56.6+£15.4 0.55
Body weight, kg ( M=SD) 80.4+19.2 79.3+17.8 0.65
Height, cm ( M+SD) 169.1+£6.5 167.4+5.9 0.1
Surgeries
planned (n,%) 42 (40,8) 32 (36,0) 0.49
emergency (1, %) 61 (59,2) 57 (64,0)
SOFA, points (Me [25% 75%]) 2 (1-3) 3 (2-6)* <0.0001
Apache III, points (Me [25% 75%]) 33.5 (23.9-43.1) 40.5 (35.7-61.6)* <0.0001

Note. * — statistically significant differences vs. the 1%t group (P<0.05)

IIpumeuanme. Parameters — mapamerpsl; value of...in the groups — 3Hauenus ...

B rpynnax; gender, male/female - mour,

MY>KCKOW/yKEHCKUI; age, years — Bo3pacr, jieT; body weight — macca tesa; height — poct; surgeries — onepanuy; planned/emergency
— IIJITAHOBBIE/ 9KCTPEHHBIE; Points — 6asIIbl. * — CTATUCTUYECKHU 3HAYUMBble OTVIMYMA OT 1-1 rpynisl (p<0,05).

Tabsuna 2. Pacnipe/iesieHyie NalHeHTOB 10 HO30JIOTHH.
Table 2. Patient distribution by nosology.

Nosology Number of patients per group
1%, n=95 2nd, p=97
Gastric ulcer and/or duodenal ulcer complicated by bleeding, perforation, or penetration 8 12
Pyloric stenosis 3 3
Acute and chronic cholecystitis 20 21
Choledocholithiasis and obstructive jaundice 16 7
Postcholecystectomy syndrome 5 3
Acute and chronic pancreatitis 15 34
Post-operative ventral hernia, including incarcerated hernia 15 5
Acute intestinal obstruction 8 3
Peritonitis - 5
Other 5 4

IIpumeuanue. Number of patients per group — uncsio nanueHToB B rpynne; gastric ulcer and/or duodenal ulcer complicated
by bleeding, perforation, or penetration — si3BeHHas 00J1€3Hb JKeJyIKa/ JBEHAIATUIIEPCTHON KUIIIKY, OCJI0’KHEHHAs KPOBO-
TeuyeHHeM, epdopalyeil uau neHerpamnuei; pyloric stenosis — cTeH03 BBIXOAHOTO OT/eJIa skeJyKa; acute and chronic chole-
cystitis — ocTpeIil u xpoHUUyeckuii xosnenuctut; choledocholithiasis and obstructive jaundice — xoJsiefoxonuTHas u MexaHuye-
cKas skeJityxa; postcholecystectomy syndrome — mocTxoenucTokToMuYeckuit cuuapom; acute and chronic pancreatitis —

OCTPBIN U XpPOHUYECKU TAaHKPeaTUT; post-operative ventral

hernia, including incarcerated hernia — nocieonepanuonnas

BeHTpaJsIbHasi IPbIKa, B T. 4. yIIeMJIeHHasT; acute intestinal obstruction — ocTpas KuIIeyHass HEIPOXOAUMOCTE; peritonitis —

IIepUTOHUT; other — mpoune.

MM.PT.CT.); 0JIUrypus (quypes MeHee 0,5 MJjI/Kr/4ac B
Te4YeHHUe IBYX YaCOB) UJIA KpeaTuHUH >180 MKMOJIb/JT;
KOaryJIAlJMOHHbIE HapylleHus (MeKIyHapoJHOe HOp-
MaJIM30BaHHOE OTHOIIIeHHe >1,5 NI akTUBUPOBAaHHOE
YaCTUYHOE TPOMOOIITACTUHOBOE BpeMsI >60 CeK); TPOM-
6oruronienust (<100xX10°/1); sHTepaIbHAsI HEAOCTATOY-
HOCTB; TUIIepOUInpydornHeMus (001l 6uIupyouH >70
MKMOJIb/JI); CTONKAasA TUIePIIUKeMUsi >7,7 MMOJIb/JI
IIPY OTCYTCTBUU CaxapHOro nuabeTra; HapyIIeHUsI MeH-
TaJIbHOIO CTaryca.

B niepBeie 3-e cyTok siedeHus B OAP nocae onepa-
I[UY €KeTHEBHO OMPENEIsIH CoJep KaHrue 00IIEero Xo-
snecrepuHa u CPB. Basitue KpoBu U3 nepudepudeckoi
BEHBI IIPOU3BOAUIN B IPOMeEsKYTKe Mexxay 8.00 7o 9.00
JacaMu, Harolak. [Ipu aToM UCK/II0YaIu IpoBeieHne
MH(MY3NOHHOH Tepanuu U NapeHTepaIbHOro NUTaHUs,
a Taky)Ke NpYeM FUIoJIMIIAIeMUYeCKUX Ipernaparos. Vc-
MMOJb30BAJIM OMOXMMUYECKUN aHaiaudarop AU 680
(Beckman Coulter, CIIIA). Takske MIpOU3BOLUIN OLIEHKY
TAKECTU COCTOSIHUA MTAIlUEHTOB I10 JBYM IIPOTHOCTUYe-
ckuM mkanaMm: Sequential Organ Failure Assessment
(SOFA) u Acute Physiology and Chronic Health Evalua-
tion III (Apache III). /Tyist usMepeHUs1 KITUHUKO-J1abopa-

tients followed the international recommendations [25,
26]. Patients with localized sites of infection were admit-
ted to the ICU after surgical sanitation. Thereafter, they
underwent daily examinations by the surgeon, and meas-
ures were taken to further treat the source of infection.
The biomaterial for bacterial culturing was collected in-
traoperatively before the antibacterial therapy initiation.
For instant pathogen detection, bacterioscopy of the bio-
material was performed on the first day. Empirical antibi-
otic therapy was prescribed in accordance to clinical pro-
tocols. After no more than five days, it was replaced by
targeted antibacterial therapy based on bacteriological
findings. The patients showing signs of hypovolaemia
and hypoperfusion on the first day received infusion
therapy until hemodynamic targets were achieved; crys-
talloids and albumin were administered. Subsequently,
infusion therapy and parenteral nutrition were pre-
scribed to the extent necessary to maintain a zero fluid
balance. Norepinephrine was a drug of choice in unsta-
ble haemodynamics. Epinephrine and dobutamine were
also used where medically required. During mechanical
ventilation, a «recruitment maneuver» was regularly per-
formed, and sedation and anesthesia were provided.
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TOPHBIX HOK&SaTeJIefI, BXOJANINX B YKa3aHHbIE IIKAJIbI,
NPUMEHSIIN MeJUIUHCKUI MOHUTOp «[HTerpas 12-06»
(MuTerpasn, Pecriybsimka Besnapych), anaimmaaropsl XP-
300 (Sysmex Corporation, fIinonwus), AU 680 (Beckman
Coulter, CIITA), ABL 800 FLEX (Radiometer Medical,
Jlanust).

VHTEeHCHBHYIO Tepanunio NanueHTaM IPOBOIUIN B
COOTBETCTBUU C KIIMHUYECKUMHU ITPOTOKOJIAMH, a ITalu-
€HTaM 2-1 IPYIIIbl — TAKKe C y4eTOM MesKIyHapOJHbIX
pexomenaanuii [25, 26]. [TarueHThI C HAJIMYKMEM Oodara
uHpexnuu nocrynanu B OAP riocsie Xupyprudeckou ca-
Hanuu. B majpHeNIeM OHM e)KeIHEeBHO OCMaTpuBa-
JINCh XUPYPTOM U BBITIOJTHAJNCH MEPbI, HallpaBJIE€HHbIE
Ha TaTbHeHIIee JeyeHre oyara MHpeKIuu. 3adop 6mo-
Marepuasa Iy 6aKTepPHUOJIOTrTIECKOT0 UCCIeT0BaAHMSA
TIPOM3BOUJIN MHTPAOIIEPAIIOHHO 10 Hayasla aHTHOAaK-
TeprualbHOU Tepanuu. C 1eJIbI0 IKCIIpecc-IUarHoCTUKN
BO30yIHTEI ST TH(EKIINH B 1-€ CYTKY IMTPOM3BOIMIHN OAK-
TEPUOCKONHIO OroMareprasa. OMINPUIECKYIO aHTH-
OGakTepHaIbHYIO TEPANINIO HA3HAYAIN B COOTBETCTBUU
C KIIMHUYECKIMU IpoToKoaMu. He 6osiee 5 CyToOK ciy-
CTsI ee CMEHsJIN [leJIeHalIpaBJIeHHOM aHTHOAaKTeprasTb-
HOH Tepamnwuew, C y9eTOM pe3ysIETaToB OaKTepHoJIoTHYe-
CKUX wuccienoBaHuil. [lanueHTaM ¢ INpU3HAKaMu
TUIIOBOJIEMUH U runonep@ysuu B 1-e CyTKU IPOBOIU/IN
UH(}Y3MOHHYIO Tepaluio 10 JOCTUKEHUs 1eJIeBbIX 110-
KasaTeJiell reMOJUHAMUKHY, IPUMEH /I KPUCTAJJIONI-
HBIe IIpemnapaTsl U anbOyMUH. B manbHeinieM mHQY-
3UOHHYI0 Tepalui0 U IapeHTepajJibHOe IHUTaHUe
MMPOBOAMJIA B 00beMe, He0OXOMUMOM JIJIsT TIOJIep Ka-
HUA HyJIeBOT0 OajlaHca SKUAKOCTH. [1pn HecTabnibHOM
reMoAFTHAMIKe 0a30BBIM IIperapaToM ObIJI HopagpeHa-
JuH. Takske, 110 TIOKA3aHUAM, IPUMEHS/IN aJpeHaINH U
noOyTamuH. [Ipu IpoBeIeHUH NCKYCCTBEHHON BEHTH-
JaAnun jgerkux (MBJI) peryiasapHO NPOBOAWIIA «PEKPYT-
MEHT-MaHeBp», a TaKKe 00eCIeyrnBa/d CENaIvio U
ob6e3bosmmBanue. [Ipy HATMYNY TOKA3aHU ITAIEHTaM
TIPUMEHs1JIA MEeTObI 9KCTPOKOPIIOPAIbHOU IEeTOKCUKA-
nuu (IOCTOSIHHAsI BeHO-BeHO3Hasl reMOuIIbTpanus,
reMoauanua, miasmadgepes).

CrarucTrueckyio 060paboTKy TaHHBIX IIPOBOIUIIH
npu nnomouu nporpamm Ms Excel u Statistica 7.0. Coot-
BETCTBUeE II0Ka3aTesel 3aKOHY HOPMaJIbHOI'O pacipe-
[leJIeHns onpenesisian o kpurepuam llannpo-Yuikca
u Konmoroposa-CmupHoOBa. /laHHbIE IIPEICTABUIN B
BUJIe CpeJHero 3Ha4yeHus1 U CTaHJapPTHOI'O OTKJIOHEHUs
(HOpMaJTbHOE pacrpe/iesieHre), MeINAHbI U KBAPTUJIEN
(pacnpenesieHre OTJIMYHOE OT HOPMAJIbHOTO), KOJIMYe-
CTBa M J0JU (KareropuajgbHble BeJWYUHBI). [l1a
CpaBHEHHUA HE3aBUCHUMbIX BI)I60pOK IpUMeHAJIN KpUuTe-
puun T-TeCT UJjaIn MaHHa—yI/ITHI/I, IJIA KaTeropuajabHbIX
BeJIMUUH — KpUTepuil Xu-KBaapar. Y pOBeHb CTaTUCTHU-
4eCKOH 3HaYMMOCTHU CYUTaIX Kak p<0,05.

J17151 OLleHKU alloCTePUOPHOU BEPOSTHOCTU IIPU-
HaJJIe)KHOCTU IIalleHTa K OIIpeJie/IeHHOU I'pyIIie Ipu-
MEeHs1JI UHCTPYMEHT JIOTUCTUYecKoU perpeccui. C 11o-
MOIIBI0 MeETOJa MaKCHMAaJIbHOTO IIPaBIONOL00MsA
OIeHI 1 K03 PUITUEHTHI ITSATU YyPaBHEHUH JIOTUCTUYE-
CKOU perpeccuu.

OneHuBaIu MOJe/IU JIOTUCTUYECKOU perpeccuu
BUJA:

1

l1+e

2

P(Z)=

-z

e Z SIBJISIeTCSI TUHENHON (DYHKITNENH 00 bSCHSIIO-

OIX IIepeMEeHHbIX:

Where medically required, extracorporeal blood purifi-
cation was used (continuous veno-venous haemofiltra-
tion, haemodialysis, or plasmapheresis).

Statistical data processing was performed using the
Excel and Statistica 7.0 software package. Normal distri-
bution of the data was verified by Shapiro-Wilk and Kol-
mogorov-Smirnov tests. Data is shown as mean values
and standard deviations (normal distribution of vari-
ables), median values and quartiles (distribution of vari-
ables distinct from normal), and numbers and percent-
ages (for categorical data).The t-test or Mann—Whitney
test were used to compare independent samples; for cat-
egorical data, the Chi-square test was employed. The dif-
ferences were considered significant at P<0.05.

To assess a posterior probability of a patient be-
longing to a specific group, a logistic regression tool was
used. The coefficients of five logistic regression equations
were estimated by maximum likelihood.

A logistic regression model written as

1

P(Z)=
l1+e*

>

was estimated, where Z is a linear function of ex-
plicative variables:

Z =c + B -Chol,
Z,=c,+f,-CRP;
Z,=c;+ B, -Chol + p, - CRP;
Z,=c¢,+p, - Sofa,
Zs=c5+ B - Ap3.

To introduce factors into the equation, we used the
following notation: Const — constant term of the model;
Chol — total cholesterol level; CRP — C-reactive protein
level; Sofa — SOFA score; Ap3 — Apache-III score.

The goodness-of-fit of the models with the ob-
served rates in the study population was evaluated using
the Hosmer-Lemeshow test. To determine the diagnostic
utility, a receiver operating characteristic (ROC) curve
was plotted, and an area under the curve (AUC), sensitiv-

ity, specificity, and the optimal threshold were calculated
for each marker.

Results and Discussion

Apache III and SOFA scores during the first
three post-operative days were significantly higher
in Group 2 (P<0.05, table 1).

Patients in Group 2 required treatment for
organ dysfunction. Unstable haemodynamics oc-
curred in 39 patients (40.2%). They received norepi-
nephrine at an average dose of 0.08+0.05 pg/kg/min
and/or dobutamine at 2.6+0.4 pg/kg/min, and/or
epinephrine at 0.06+0.04 pg/kg/min. 12 patients re-
quired two medicinal products, and one patient re-
quired three medicinal products. In Group 2, me-
chanical ventilation was performed in 45 patients
(46.4%). In Group 1, 15 patients (15.8%) required
short-term (less than 24 hours) mechanical ventila-
tion in the post-operative period. Renal replacement
therapy was used in 24 patients in Group 2 (24.7%).
Signs of hepatic dysfunction were seen in 14 patients
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Z =c + B -Chol,
Z,=c,+f,-CRP;
Z,=c;+ B, -Chol + p, - CRP;
Z,=c,+p, - Sofa,
Zs=c5+ B - Ap3.

Vcnonb3oBanu cieayiomye 0003HaAYeHUs AJIs
BBeJleHUs1 (aKTOPOB B ypaBHeHHE: Const — cBOOOAHBIN
uwjieH B Mojiesiy; Chol — peaysibraT aHanusa Ha 001U
xoJiectepuH; CRP — pesysbrar ananuaa Ha C-peakTuB-
HbIHN OeJIoK; Sofa — KosIMYecTBO 6AJJIOB IPU OIIEHKE 110
mikaJe Sofa; Ap3 — kosimuecTBO 0a/1JI0B IPU OIIEHKE 110
mikaJse Apache-III.

OmeHKy comacusi Mojesiell ¢ peajibHO Cylile-
CTBYIOIIMMHU B BBIOOPKE YaCTOTaMU OCYILIECTBJISIN C
MMOMOIIbI0 KpuTepuss Xocmepa-JlemeroBa. C 1eJibio
OIIpeJie/IEHUS IMAarHOCTUYECKO 3HAYUMOCTH JIJTsT KasK-
JIOTO W3 TMOKasaTeJsied MPOU3BOIUJIN TTOCTPOEHUE Xa-
pakrepuctudecko kpuBoil (ROC-kpuBOI), ompee-
JISTH TII01aAb noj kpuBoi (AUC), 4yBCTBUTEIBHOCTD
U crieru(pUYHOCTh, ONITUMAIbHBIN ITOPOT.

Pe3ysbTaThl U 00CY:KI€HUE

KosnmuecTBO 0a/1710B 110 IPOTHOCTUYECKUM
mkasnaM Apache III u SOFA B nepBble 3-e CyTOK
1ocJie ollepaTUBHOrO BMellaTeIbCTBA OBLJIO CTa-
TUCTAYECKU 3HAYMMO BhIIIIe (p<0,05) BO 2-ii rpym-
e (tadJ. 1).

[NTarrenTam Bo 2-1i rpynie TpeboBaJstachk Kop-
peKIusA opraHHOU HejlocTaToyHOCTH. HecTabuiib-
HYI0 TEMOJWHAMUKY OTMedasu y 39 ManueHToB
(40,2%). IM poBOOU/IA TUTPOBAHUE HOPaJgpeHa-
JiHa B cpenHeit nose 0,08+0,05 MKT/ KT/ MUH U/ AN
nobyramuHa — 2,6+0,4 MKI/Kr/MUH U/WIU agpe-
HajimHa — 0,06+0,04 MKr/Kr/MuH. TuTpoBanue 2-x
JIeKapCTBEHHBIX CPeJICTB TOTpeboBaioch 12 naru-
€HTaM, 3-X JICKapCTBEHHBIX CPEACTB — 1 ITaI[UEHTY.
WBJI Bo 2-#i rpymme mpoBoguiau 45 manueHTaM
(46,4%). B 1-i1 rpynne 15 maruentam (15,8%) B
IocJieoNepallioOHHOM Iepuoje NoTpeboBasach
KparkoBpeMeHHasa VBJI — wMeHee 24 4Yacos.
[ToueuHy10 3aMECTUTEJIBHYIO TePAIUI0 OCYILECTB-
JIIN Y 24 alieHToB 2-i rpynnsl (24,7%). I1pu-
3HAKU MeYeHOUYHOH AucyHKINN oT™Mevuanu y 14
nanueHToB (14,4%), us Hux 9 (9,3%) HyKJaInucCh B
npoBeAeHnN Iy1a3Madepesa. [laHkpeaTHuecKyio
IucyHKIUIO Hab/monan u y 41 namuenTa (42,3%),
HapylIeHUA MEHTAIbHOr0 cTaryca — Yy 20 manueH-
TOB (20,6%). KoarynsanuoHHbIe HapyIIEHUs YCTa-
HOBUJIU y 4 manueHToB (4,1%), a TpoMOOIIUTOIE-
HUI0 —y 10 manuenTos (10,3%).

KosmnuecTtBo Koiiko-gHel B OAP cocTtaBuio B
1-#t rpymnme 2 (2-3) CyTOK, YTO CTaTUCTHUYECKU
3HaunMo Hpke (p<0,05), uem Bo 2- rpytre 6 (4-12)
CYTOK. YCTaHOBUJIU, YTO B TEUECHUE IIEPBBIX 3 CYTOK
II0CJIe OIlepaTUBHOTO BMeIllaTe/IbcTBa B 1-1 rpytie
84 nanuenTa (88,4%) ObLIU IlepeBeleHbl B XUPYP-
rudeckoe otaesnenune. Takum obpasom, tabopaTop-
HbIe MapKepbl Iporao3uposanusa CIIOH u ucxona

(14.4%), of which 9 patients (9.3%) required plasma-
pheresis. Pancreatic dysfunction was observed in 41
patients (42.3%), and altered mental status was seen
in 20 patients (20.6%). Coagulation abnormalities
and thrombocytopenia were seen in four patients
(4.1%) and 10 patients (10.3%), respectively.

The number of inpatient days at the ICU in
Group 1 was significantly lower than that in Group
2 (2 (2-3) days vs 6 (4-12) days; P<0.05). During the
first three post-operative days 84 patients (88.4%)
in Group 1 were transferred to Surgery Department.
Therefore, laboratory markers for prediction of
MODS and the outcome of the disease were most
informative during the first three post-operative
days considering that later the patients developed
clinical sings of MODS rendering laboratory predic-
tion unnecessary.

Cholesterol levels in Group 2 were found to be
significantly lower than those in Group 1 (3.13
(2.6-3.74) mmol/l vs 4.09 (3.26 5.01) mmol/];
P<0.05). A significant increase in CRP levels in
Group 2 compared to Group 1 was found (168.7
(90.2-247.2) mg/l vs 85.9 (35.6-172.6) mg/];
P<0.05).

In addition, patients in the study groups sta-
tistically differed in a number of clinical and labo-
ratory findings. In Group 2, decreased mean arterial
pressure (93.0 (84.3-105.0) mmHg vs 104.0
(96.7-114.0) mmHg), increased heart rate (91.0
(76.0-103.0) BPM vs 78.0 (70.0-90.0) BPM), and in-
creased body temperature (37.0 (36.6-37.5)°C vs
36.7 (36.6-36.9)°C) were found (P<0.0001). In
Group 2, decreased haematocrit (33.7 (30.3-38.8)%
vs 37.9 (33.5-40.8)%; P=0.0002), decreased total
protein levels (58.7 (53.8-67.5) g/l vs 65.3
(59.8-70.8) g/1; P<0.0001), increased glucose levels
(8.3 (6.1-10.6) mmol/l vs 6.6 (5.5-8.6) mmol/l;
P=0.0002), increased lactate levels (2.4 (1.7-3.9)
mmol/lvs 1.9 (1.5-2.6) mmol/l; P=0.004), increased
APTT (32.8 (27.6-41.4) s vs 28.3 (25.8-30.7) s;
P=0,0005), increased urea levels (7.7 (4.7-15.2)
mmol/l vs 5.1 (3.7-6.8) mmol/l; P<0.0001), and in-
creased creatinine levels (107.0 (71.0-163.0) pymol/1
vs 84.5 (67.6-103.0 ymol/l; P=0.006) were seen.
Leukocytosis was reported in Group 1 patients 13.9
(10.0-17.3)X10%/1 and in the Group 2 patients as
12.4 (9.6-18.0)x10°/1 with no significant differences
(P=0.35). There were also no differences in platelet
counts and bilirubin levels. Therefore, the observed
changes in clinical and laboratory findings were
non-specific, provided low clinical significance as
a screening method for MODS when taken inde-
pendently, and could only be used as a part of prog-
nostic scales.

To assess the MODS prediction biomarkers,
logistic regression models were generated. The re-
suts are shown in Table 3.

Five logistic regression models were estimated

(Z,—Z5). All models were found to be suitable for
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3abosieBaHMsI HanboJIee MH(OPMATUBHBI B IIEPBbIE
TpOe CyTOK II0CJIe OIlepalluy, IIOCKOJBKY B JaJlb-
HelI11eM y TallueHTOB IIPOSIBJISIIOTCA KIIMHAYECKYe
npusnaku CITOH, u 1aboparopHoOe MPOTHO3UPO-
BaHUeE yTPavYnBaeT HEOOXOTUMOCTD.

YCTaHOBWJIY, UTO KOHIIEHTPAIHSI XOJIeCTePU-
Ha BO 2-1 rpynne — 3,13 (2,6-3,74) MMoJIBb/JI CcTa-
TUCTUYECKU 3HAYMMO HUKe, 4eM B 1-Ii rpymmne —
4,09 (3,26-5,01) mmouin/ a1 (p<0,05). OTmMeTHIHU CTa-
TUCTUYECKU 3HAYMMOE YBeJIMYCHUE COLePIKaHusA
CPb Bo 2-11 rpynine — 168,7 (90,2-247,2) Mr/Jj1 1o
cpaBHeHU1o c 1-ii rpynnoii — 85,9 (35,6-172,6)
mr/a (p<0,05).

Kpome Toro, manueHTsl B UCCJIeAyeMbIX IPYyII-
Max UMeJu CTaTUCTUYECKU 3HAYMMble Pa3Inuus
10 Py KJIMHUKO-1a00paTOPHBIX MTOKa3aTeJIex.
Bo 2-ii rpynne oTMeTHJIM CHUSKEHHE CpegHero
aprepuaJibHOro nasjaenud 93,0 (84,3-105,0) MM pT.
cT. npotuB 104,0 (96,7-114,0) MM PT. CT., yBeJI4e-
HHE YacTOThl CEpJleYHbIX COoKpalneHuii — 91,0
(76,0-103,0) yn/mmu nporusB 78,0 (70,0-90,0)
yI/MUH U IOBBIIIEHUE TeMIlleparypsl Tejaa — 37,0
(36,6-37,5)°C MIPOTHUB 36,7 (36,6-36,9)°C
(p<0,0001). Bo 2-ii rpynmne 3aperucTpupoBaiu
CHUYKeHHMe remarokpura — 33,7 (30,3-38,8)% npo-
B 37,9 (33,5-40,8)% (p=0,0002), ob111eTO OETKa —
58,7 (53,8-67,5) r/n1 nporus 65,3 (59,8-70,8) r/a
(p<0,0001), yBemnuyenue rimroxko3bl — 8,3 (6,1-10,6)
MMOJIB/J1  TpoTtuB 6,6 (5,5-8,6) MMOJB/J
(p=0,0002), naktara — 2,4 (1,7-3,9) MMOJIb/JI IPO-
tuB 1,9 (1,5-2,6) mmoJib/a (p=0,004), AUTB — 32,8
(27,6-41,4) c nporus 28,3 (25,8-30,7) ¢ (p=0,0005),
MO4YeBUHBbI — 7,7 (4,7-15,2) MMOJIB/JI IPOTUB 5,1
(3,7-6,8) mmoab/a (p<0,0001), KpeaTHHHUHA —
107,0 (71,0-163,0) mnporuB 84,5 (67,6-103,0
MEKMOJIB/J1 (p=0,006). Y TTaIriieHTOB OTMEeYaJIu Jiek-
kouuToa: 13,9 (10,0-17,3)X10°%/ 41 B 1-ii rpynne u
12,4 (9,6-18,0)X10°/ 1 BO 2-#1 rpymnme, 6e3 3HAYM-
MBbIX CTaTUCTUYeCKUX padnuduil (p=0,35). Takske
OTCYTCTBOBAJIM PA3/IA4USA 110 KOJIUYECTBY TPOM-
00IMTOB M copepskaHuIo OmmpybonHa. Takum
o0pa3oM, WMeIoNIecss W3MeHEeHUsI KJIUHUKO-
JabopaToOpHBIX TOKasaTresjel Hecnenu(pUIHbI,
HMMEIOT I10 PasAesIbHOCTH HU3KYIO KJIMHUYECKYIO
3HAUYUMOCTh B KadecTBe ckpuHuHra CIIOH u
MOTYT IIPAUMEHATHCS TOJBKO B COCTABE IIPOTHO-
CTHUYEeCKHUX IIKaJI.

J1J11 O1leHKW BO3MOYKHOCTH IPOTHO3UPOBA-
Husa CIIOH nmocTtponan Mojesin JIOTUCTAYEeCKUX
perpeccuii, Ko3(QPUIMEHTHI U CTaHJAAPTHBIE
OIMUOKYM KOTOPBIX MMPEACTABUIN B TA0J. 3.

[IpoananuaupoBaau 5 MofeJiel JOTuCTAYIE-
CKol perpeccuu (Z,—Zs). YCTaHOBUJIU, YTO TPU-
eMJIeMbIMU JIJI1 IIPOTHO3a 0 KPUTEPUIo XoCcMe-
pa-JlememoBa MOTYT OBITH NIpU3HAHBI BCe
mopnesin. [Ipu aToM B Mofiesiu Z, TIpU OIleHKE Bepo-
atHoctu pasputusa CIIOH acumMnroTrnyeckas
3HAUUMOCTh KpuTepusi XocMmepa-JlemenioBa

BBIIIIE, YeM B MOJeJIsAX Z, U Z,. C TOMOIILIO BCEX

prediction based on the Hosmer-Lemeshow test.
However, when estimating the probability of
MODS, the asymptotic significance of the Hosmer-
Lemeshov test in Model Z; was higher than that in
Models Z, and Z,. Using all of these models, the
probability of MODS in a patient can be calculated
as a function of the numerical value of the factor.
To compare the diagnostic yield of the tests as
markers for MODS, ROC curves were plotted for
each model (fig. 1, a, b).

Table 4 shows AUC, sensitivity, and specificity
values obtained for the models. The optimal thresh-
old was 3.4 mmol/l and 96.5 mg/1 for cholesterol
and CRP levels, respectively.

Measuring the severity of the patient’s condi-
tion and disease prognosis is one of the important
challenges of intensive care [9, 22, 23, 25]. Over the
past 20-30 years, attempts have been made to iden-
tify the optimal criteria indicative of the severity of
the condition and outcome of the disease [3 18, 27].
In post-operative patients, prediction is compli-
cated by the need to differentiate the body’s surgi-
cal stress response from the development of infec-
tious sequalae, systemic inflammatory response
syndrome, and MODS [22, 28].

A number of papers have described the use of
prognostic markers in post-operative patients. For
example, Nazaretyan et al. [12] found CRP fibrino-
gen, albumin, and tumor necrosis factor-a levels to
be predictors of unfavorable outcome in patients
with abdominal sepsis. Gumanenko et al. [29]
showed that a decrease in CRP levels on the third
day was indicative of a favorable disease progres-
sion in patients with polytrauma, whereas CRP lev-
els > 120 mg/l during the first week were typical in
patients who subsequently developed sepsis. This
is comparable to our findings. Surovikina et al. [10]
studied plasma CRP levels in surgical and thera-
peutic patients and reported an association be-
tween increased CRP levels and abnormal total
protein, albumin, AST, ALT, CPK, LDH, and choles-
terol levels. Recently, papers were published on the
prognostic value of decreased cholesterol levels in
critical patients [11, 19, 30]. Total cholesterol and
high density lipoproteins were found to be involved
in regulation of the body’s response to inflamma-
tion. An increase in mortality in sepsis is accompa-
nied by a decrease in their levels [11, 19, 30]. Os-
ipenko [31] reported a decrease in polyunsaturated
fatty acids and an increase in monounsaturated
fatty acids in blood plasma and erythrocytes in pa-
tients with MODS. The use of various combinations
of prognostic markers is discussed. Yang et al. [32]
proposed a combination of CRP, procalcitonin and
SOFA score for prediction of sepsis and MODS.

A well established practice is to use prognostic
scoring systems to assess the severity of a patient’s
condition. The most commonly used of them are
Apache II/1II, SOFA, LODS, MODS, and SAPS II

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com



68

DOI:10.15360/1813-9779-2019-3-61-72

Clinical Practice & Studies

Tabsauiia 3. Moie/ia JIOTHCTUYECKHX Perpeccuii.
Table 3. Logistic regression models.

Model Variable Regression coefficients Standard errors 14
Z1 Const 1.4860 0.0828 <0.0001
Chol -0.3029 0.005 <0.0001
72 Const 0.0049 <0.0001 0.003
CRP -0.3736 0.1176 0.138
73 Const -2.64038 1.0827 0.006
CRP 0.0119 <0.0001 <0.0001
Chol 0.1025 0.0316 0.28
74 Const -1.9349 0.1620 <0.0001
SOFA 0.5149 0.0092 <0.0001
75 Const -0.9066 0.1298 0.006
Apache III 0.0219 <0.0001 0.004

Note. Const — constant term of the model; for table 3, fig.: Chol - cholesterol; CRP — C-reactive protein.
IIpumeuyanue. Model — Mmoziesib; variable — mepemennas; regression coefficients — koaddunuents! perpeccuy; standard errors —
CTaHJapTHBIE OMIUOKY; cOnst — CBOOOAHBIH 4iieH B Monesiu. J{jis1 Tab. 3, puc.: chol — xonectepun; CRP — C-peakTUBHBIN OeJIOK.

TaGsuma 4. Peaybrarsl aHanan3a ROC-KpHUBBIX pa3IHYHBIX MOJEJIEMH.
Table 4. The results of the analysis of the ROC curves of various models.

Model AUC 95% confidence interval P Se, % Sp, %
7, 0.679 0.625-0.732 <0.0001 65.1 67.5
Z, 0.670 0.600-0.740 0.0009 73.9 54.5
Zg 0.819 0.721-0.917 <0.0001 70.3 68.6
Zy 0.786 0.744-0.829 <0.0001 74.1 70.8
Zs 0.631 0.582-0.680 <0.0001 61.2 55.7

Note. AUC - area under the ROC curve.

IIpumeuanne. AUC — mitomans nox ROC-kpuBoit; confidence interval — moBepuTeIbHBIN HHTEPBAJ.

YKa3aHHBIX MOJeJIell MOKeT OBITh paccyuTaHa
BepoATHOCTh pa3Butusa CIIOH y nanuenra B
3aBUCUMOCTH OT YUCJIEHHOT0 3HaYeHus (pakTopa.
751 cpaBHUTEJBHOU XapaKTEPUCTUKU THUATHO-
CTUYECKON MOIIHOCTU TECTOB, KaK KPUTEPUEB
pa3Butusi CITOH, njist kKask104 MOIes I TIOCTPOU-
au ROC-kpusbsle (puc.).

3navenus miomanei AUC, 9yBCTBUTEJIBHO-
CTU U CIIelIU(PUIHOCTU MOJIeJIel MpeICTaBUIU B
TabJ1. 4. ONTUMAIBLHBIN TOPOT COCTABUJI JIJI5I XOJIe-
crepuna 3,4 MMmoJib/J1, ajist CPb — 96,5 mr/ 1.

KosmyecTBeHHas1 OlleHKa CTEeNEeHU TSYKEeCTU
COCTOSsTHHS TAIIUEHTOB U IIPOTHO3a 3a00JIeBaHUSA
SIBJISIETCSI OMMHOM M3 BayKHBIX TPOOJIEM MHTEHCHUB-
HOU Tepanuu [9, 22 23, 25]. [IonbITKY onpeaesie-
HUA OITHUMaJbHBIX KPDUTEPUEB, XapaKTepU3ylo-
IIUX TAXKECTh COCTOSTHUS U UCX0JI 3a00JIeBaHUS,
IIPOBOIATCA HA NPOTsAYKEeHUM nocjiegHux 20-30
Jert [3-18, 27]. C10KHOCTb IPOTHO3a Y I10CJIeoIIe-
PaIMOHHBIX NAITUEHTOB 3AKJI0YAETCS B TOM, UTO
HeoOxogumo nuddepeHpoBaTh CTpecc-peak-
LMI0 OpraHu3Ma Ha Xupypru4eckoe BMeulare/ib-
CTBO C pa3BUTHEM UH(PEKITMOHHBIX OCJIOKHEHUH,
CUHPOMA CUCTEMHOTO BOCITQJIMTEJILHOTO OTBETa
u CIIOH [22, 28].

B psie nyOsuKanuii oNMcaHo MCIIOJb30Ba-
HMe IPOTHOCTUYECKUX MapKepoB Yy Ilocjeonepa-
IIMOHHBIX 60JbHBIX. Tak B. B. HasapeTbssHOM C
CoaBT. [12] ycTaHOBJIEHO, YTO IpegUKTOpaMu
HeOJIaroNMPUsTHOTO MCXO0/A Y MTAIllueHTOB C abI0-
MUHAJIBHBIM ceTlcucoM sABJIsiIoTcst CPB, hubpuHo-
reH, aabOyMUH M (aKTOpP HEKPO3a OMYXOJIH-

[3-7]. They are notable for their high sensitivity,
specificity, and predictive value. For example, ac-
cording to various authors [3-8, 27], when predict-
ing mortality, AUCis 0.62 to 0.92 for Apache II scale,
0.771 to 0.825 for Apache III scale, 0.61 to 0.897 for
SOFA scale, 0.73 to 0.88 for LODS scale, 0.62 to 0.869
for MODS scale, and 0.77 to 0.89 for SAPS II scale.
Various studies found no significant differences in
diagnostic strength between these scales. For one,
Shrestha et al. [8] compared Apache III and SOFA
scales with regard to predicting the risk of death
and reported AUCs of 0.885 and 0.879, respectively.
A positive Spearman correlation was found be-
tween the estimates based on these scales, where R
equaled 0.866 (P<0.001). Godinjak et al. [4] ana-
lyzed the prediction of the disease outcome in ICU
patients using SAPS II and Apache Il scales; no sta-
tistically significant differences in the predictive
value were found (P=0.501). A positive Spearman
correlation was found between the scores, where R
equaled 0.708 (P=0.001). According to 2016
SCCM/ESICM consensus (Sepsis-3) [9], SOFA (AUC
0.74) and quick-SOFA (AUC 0.66) scales can be used
to screen for sepsis and septic shock. According to
ameta-analysis of 50 observational studies [33], the
use of sepsis screening and implementation of
treatment protocols were associated with a signifi-
cant decrease in mortality (odds ratio 0.66; 95% CI
0.610.72).

These prognostic scales are used depending
on the preferences adopted by a specific medical
institution. However, in our opinion, cost-effective-
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anb@da. E. K. ['yMaHeHKo ¢ coaBT.
[29] mokasaHo, YTO CHHUKEHUE
ypoBaa CPB ¢ 3-mx cyrTok
XapakTepHO [Jisi OJjarompu-
SATHOTO Te4YeHUsi 0OO0JIe3HU Y
MalMeHTOB C IOJIUTPaBMOH, a
ypoBeHb CPbL B 1-10 HegeJsro
bosiee 120 Mr/J xapakTepeH
V1S ITAMEeHTOB C IIOCJeNylO-
IIUM pasBUTHEM cellcuca. ITo
COIIOCTAaBUMO C II0JIy4YCHHBIMU
HaMu peayiasraramMu. M. C.
CypoBUKMHOH € coaBT. [10]
n3y4yeHo cogepskanne CPb 0
I1J1a3MBbl Y IAIIEHTOB XUPYPIU-
YEeCKOIr0 U TepaleBTUYeCKOIO
po@uJis U BbIsIBJIEHA B3AUMO-
CBA3b MEKAY IOBBILIEHUEM
ypoBHs CPb u oTR/I0HEHUAMU
OT HOPMBI TaKuX Jaboparop-
HbIX [TOKa3areJjei, Kak OOl
besiok, anpbymmH, ACT, AJIT,
K®K, JIAI, xonecrtepuH. B
IocJIeJHUE IOAbl IOSABUJINCH
myOJ/IMKamuyu O MPOTHOCTUYe-
CKOU 3HAQYMMOCTHU CHUSKEHWUsI
YPOBHS XOJiecTeprHa y 00JIb-
HBIX B KPUTHUYECKHUX COCTOA-
Husax [11, 19, 30]. YcTanoBJieHo, 10
4YTO OOIIUI XOJIeCTEPUH U 0
JIMIIONIPOTEU 1bI BBICOKOH IJIOT-
HOCTH 33/1eliCTBOBAHbI B pery-
JALWM OTBeTa OpraHu3Ma Ha
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Bocrnajenue. PocT jietaibHOCTH

IIPU CeTiCHCe CONPOBOKIAETCA
CHUKEHHEM HUX COJIEePsKAHUA B
opranusame [11, 19, 30]. A.

ROC-kpussble s 1-3 mopeaetii (a) u mopaeJeii 3-5 (b).

Fig. ROC curves for Models 1-3 (a) and Models 3-5 (b).

Note. For fig., table 4: Se — sensitivity; Sp — specificity.

IIpumeuanwue. J[714 puc., TabJ. 4: Se — I9yBCTBUTEIBHOCTD; Sp — CIENU(PUIHOCTB.

Osipenko [31] nmokasaJ, 4TO y
nanueHToB ¢ CITOH ormeueno
CHU’KEHHE IOoJMHeHaChIIeH-
HBbIX U yBeJIMYCHHE MOHOHEHACBIIIEHHbIX KUP-
HBIX KUCJIOT B IJ1a3Me U apuTponuTax. Obcysxa-
ercs TpUMeHeHWe Pas3JUuYHbIX KOMOWHAIIMN
IIPOTHOCTHYECKUX MapKepoB. Yang Y. et al. [32]
npejJiaraeT Ojsi MPOTHO3UPOBAHUS CelCcuca u
CIIOH rkom6wuHaruio CPB, mpokaJabIIUTOHUHA U
mraJjbl SOFA.

OOIIETPUHATHIM SIBJISIETCSI IPUMEHEHME JJTsT
OLIEHKU TSYKECTH COCTOSIHUS MalfueHTOB NPOTHO-
CTUYecKUX 1IKkaj. HanboJsiee monysisipHble U3 HUX
— arto Apache II/11I, SOFA, LODS, MODS u SAPS 11
[3-7]. OHU OTIMYAIOTCS BBICOKON YyBCTBUTEJIb-
HOCTBIO, CIIENU(PUIYHOCTBIO U MPOTHOCTUYECKOH
3HAYMMOCTBIO. Tak, IO JAaHHBIM PAa3JIMYHBIX ABTO-
poB [3-8, 27], 11py IPOTrHO3MPOBAHUY JICTAJIbHOCTA
AUC pgis mikasibel Apache II cocrasaiisiet ot 0,62 10
0,92, nuisa mkasbl Apache III — or 0,771 o 0,825,
s mkaabl SOFA — or 0,61 7o 0,897, mJ1s IKAJIBI

LODS — ot 0,73 mo 0,88, 14 mkaabl MODS — ot

ness should also be considered. When used simul-
taneously, the proposed biochemical markers are
not inferior to the main prognostic scales (SOFA
and Apache III) in terms of sensitivity and speci-
ficity. However, the cost of reagents used for assay
of total cholesterol and CRP levels is only 34.18
rubles.

Conclusion

Total cholesterol and CRP monitoring may be
used as a screening method for predicting MODS
(AUC 0.819; 95% CI1 0.721-0.917) in patients within
the first three days after abdominal surgery.

When using these laboratory tests, additional
assay of procalcitonin and other MODS markers as
well risk assessment by other prognostic scales
should be considered in patients with decreased
total cholesterol levels <3.4 mmol/l and increased
CRP levels >96.5 mg/1.
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0,62 1o 0,869, gy mkaabsl — SAPS I1 ot 0,77 o 0,89.
B pasimuHBIX HCCIEOBAaHUAX HE BBISBJIECHO
3HAYMTEJIbHBIX Pa3JUYUN B JUArHOCTUYECKOU
3(p(PEeKTUBHOCTH MEK]Y YKA3aHHBIMU IIIKAJIaMU.
Tak G. S. Shrestha et al. [8] mpoBelieHO cpaBHEHUE
mikas Apache III u SOFA nj1s1i nporHO3upoBaHus
PHCKa JIeTaJbHOI'0 HUCXONA U YCTAHOBJICHO, YTO
AUC 651712 0,885 1 0,879 cooTBeTCTBEHHO. Mesray
OLIEHKaMU 110 9TUM IIKaJIaM yCTaHOBJIEHA I10JI0-
SKUTEJIbHASA  KOPPEeJIAMOHHAS  3aBUCHUMOCTH
CrniupmeHa, rae R pasen 0,866 (p<0,001). A. Godin-
jak et al. [4] mpoBesin aHA/JIM3 MPOrHO3a MCXOAA
3aboseBanus y nanreHToB OAP ¢ TOMOIIIBIO IITKAT
SAPS II u Apache II, craTucTuyeckd 3HAYMMBIX
pasIUYNiA B TPOrHOCTUYECKOU IEHHOCTH He OOHa-
pyxeHo (p=0,501). Mexay 3HaYeHUAMHU 110 JaH-
HBIM IIIKaJIaM UMeJIach MOJIOKUTEIbHASI KOPppeJsi-
nusa Cnmpmena, roe R pasen 0,708 (p=0,001).
CornacHo noJsoykenussM Koucencyca SCCM/ESICM
2016 r. (Cenicuc-3) [9] 111 CKpUHUMHTA CEIICUCa U
CEeNTUYECKOr0 IIOKa MOTYT IPUMEHATHCS IIKAJIbI
SOFA (AUC 0,74) u quick-SOFA (AUC 0,66). Meta-
a"asmm3 50 o6cepBaIlMOHHBIX UCCIET0BAaHNN [33]
MMOKAa3aJI, 4YTO IPUMEeHeHe CKDUHUHTA Cerncuca 1
BHEJpeHUe MPOTOKOJIOB JIeYeHUs CBSI3aHbI CO CTa-
TUCTUYECKU 3HAYUMbIM CHUKEHHEM JIETAJIbHOCTHU
(otHOMIEHUE 1IAHCOB 0,66; 95% HOBEpPUTETbHBIN
uHrepsaJi 0,61-0,72).

YKasaHHbIe IPOTHOCTUYECKHE IITKAJIbI IPU-
MEHSIOTCS B 3aBUCHUMOCTH OT TIPEeINOYTeHUH,
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MIPUHATHIX B TOM WJIM HTHOM JieueOHOM yUupeskie-
Huu. OgHaKo, Ha HAIl B3TISI, BaYKHBIM MOMEHTOM
ABJSETCS 9KOHOMUYecKas 9(PEPeKTUBHOCTb.
[TpencraBiieHHbIE HAMU OMOXUMHUYECKHE MapKe-
PBl IIpU UX OJHOBPEMEHHOM IIPUMEHEHNUH He YCTY-
Mal0T OCHOBHBIM NPOTHOCTUYECKUM IIKajIaM
(SOFA u Apache III) B 4yBCTBUTEILHOCTH U CHEIU-
¢duyHOCTHU. B TO 7K€ BpeMsi CTOUMOCTh PEAKTUBOB
IUIsT oTipefeJieHus 001ero xosecrepuna u CPb
cocraBJsieT Bcero 34,18 pyo.

3akJrouenue

KoHTpoJIb cofiepskaHusi 0OIIETO X0JIeCTEPH-
Ha 1 CPB MOKeT OBITH MCITOIb30BAaH KaK CKPU-
HUHTOBBIN MeTOJ JIJisl MPOTHO3UPOBAHUS PA3BU-
tuss CIIOH (AUC 0,819; 95% noBepuTeabHbIN
nHTepsat 0,721-0,917) y naneHToB B IepBLIe 3-€
CYTOK Tocje abJOMUHAJIbHBIX XUPYPTUYECKUX
BMeIIaTeJILCTB.

IIpu ncnoJib30BaHWM yKa3aHHBIX Jtabopa-
TOPHBIX TECTOB y ITAIMEHTOB CO CHUYKEHUEM
comepskaHUsA OOIIero xoJjiecrTepuHa MeHee 3,4
MMOJIB/JI 1 noBbIIeHreM CPB 6oJiee 96,5 mr/a
HeoOX0IMMO pacCMOTPETH BOTIPOC 00 M3MEeHEHU U
CTPYKTYpbl MHTEHCUBHOU Tepamnuu, JONOJHU-
TeJbHOM ONpeleJIeHUN COAepP KaHUusA MPOKAJIb-
nuToHuHA U npyrux mapkepos CIIOH, a Taxske
OIleHKe PUCKOB IO TOIIOJIHUTEJbHBIM MTPOTHO-
CTUYECKHUM IIKaJIaM.
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ObIIAA PEAHUMATOJIOI'U A

HayuyHo-TipakTHYeckuii ;kypHas «O011ass peaHuMaToJIOTHsI»,
BXOI AN B lepedeHb BAK P®, B Scopus u apyrre 6a3bl JaHHBIX,
TpeHa3HavYeH JJIs Bpadeli-peaHnMaTosI0T0B U HayYHBIX COTPYTHUKOB

TemaTuka )KypHaJia: IaTOTeHe3, KJIWHNAKA, UarHOCTUKA, JIedeHre, TPO(MHUIaKTUKA U [TaTOJIOTMYeCKast
aHaTOMUA KPUTUYECKUX, TEPMUHAJIBbHBIX U ITIOCTPEAaHNMAIINOHHBIX COCTOHHPIfI; OKa3aHue JOroCIIuTaJb-
HOH IOMOIIY IIPYU KPUTUYECKUX COCAHUSAK; 00yueHre HaceJeHUs U MeJUIITHCKOTO IIepCcoHaIa IprueMaM
OKa3aH¥s HEOTJIOKHON ITOMOIIY TP KPUTHYECKUX COCTOSHUSAX; onTUMu3anusa padborer OPUT; opugmnde-
CKUe€ ¥ 3TUYECKUE BOIIPOCHI B ACTH aHECTE3MO0JIOI MU -PEeaHMAaTO/JIOI UK.

AyauTopust: TedeOHbIe yUpesKkIeHUs; BbICIINe yueOHble 3aBeJJeHIsA MEJUIITHCKOTO IPOdUIIS; Mean-
LMHCKHE YIpesKIeHHs II0CTIeJUIIJIOMHOTO 0Opas3oBanus, PefepanbHble U PETHOHAIbHBIE OPTAHbI YIIPaB-
JIeHUs 3/IpaBOOXpaHeHNeM, MeIUIIMHCKIEe HayYHO-UCCIeJ0BaTeIbCKIe HHCTUTYThI; MEIUIIMHCKIEe 610-

MOJMNUCKA

B J1Ir000M IMOYTOBOM OT/I€JIEHUH CBSI3H O KaTajory «Kaura-CepBuc»

JIMOTEKH.
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BKCHepI/IMeHTaJILHLIe HCCJHedOBaAaHHUA

HeﬁPOHPOTeKTHBHOC ﬂeﬁCTBI/Ie XJiopuaa JIMTUA
Ha MOJ€J/JI1 OCTAHOBRKHU C€EpAlia y KPpbIC

U. B. Octpoga, O. A. I'pebenunkos, H. B. TosiybeBa

HUU o61eit peanumarosioruu uM. B. A. Herosckoro ®HKI] PP
Poccus, 107031, r. Mocksa, ya. IleTpoBKa, 1. 25, cTp. 2

Neuroprotective Effect of Lithium Chloride in Rat Model of Cardiac Arrest
Irina V. Ostrova, Oleg A. Grebenchikov, Natalya V. Golubeva
V. A. Negovsky Research Institute of General Reanimatology,

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

XJI0pU[I IUTHSI, UCTIOJb3YEMBIN [JIsT KOPPEKINHU OUTIOJISIPHBIX PACCTPONCTB, 00JIa1aeT HEUPOIPOTEK-
TUBHBIM 3(p(hEeKTOM IIPU COCTOSTHUAX, CBA3AHHBIX C OCTPBIM U XPOHUYECKUM HapyIlleHreM KpoBooOpariie-
HHA B 'OJIOBHOM MO3re.

IleJss ccIeOBAHUA — OIEHUTD 3(p(PeKTUBHOCTE XI0pUA JUTHUS /IS IPeIOTBPAIeHNs THOe/N BbI-
COKOYYBCTBUTEJIHHBIX K THIIOKCUY HEMPOHOB HIINIOKaMIIa B TOCTPeaHNMAallMOHHOM IIepHofie II0CJIe Bpe-
MEHHOU OCTAaHOBKU Cep/lia.

MarepwuaJ u MeToAbl. OCTAaHOBKY Cep/ilia Y B3POCJIBbIX KPbIC-CAMIIOB Ha 10 MUHYT BbI3bIBAJIA IIyTEM BHYT-
PUTOPAKATBHOTO MepeskaThsI COCYIUCTOro IyyKa cepIia ¢ Iocaeayoleli peaHuMaIuel. 9-Tu >KUBOTHBIM
BBOIMIIH pacTBop 4,2% LiCl 3a 1 yac 1o octaHoBKU cep/na (40 Mr/kr B/0), Ha 1-e 1 Ha 2-e CYTKU OCJIe pea-
HUMaImu (20 Mr/Kr B/6, COOTBETCTBEHHO). 9 HeJIeUeHBIX SKUBOTHBIX B T€ YK€ CPOKHU IOJTyYa/Id 9KBUBAJIEHTHbIE
J103bI (DU3M0JIOTMYECKOT0 PAcTBOPA XJI0pU A HaTpus. KOHTposeM Ciry;Ru/In JIOXKHOIIePIPOBaHHBIE KPBICHI
(n=10). Yepes 7 nHelt MeTOq0M MOP(HOMETPUIECKOTO aHATN3A OLEHUJIN YUCJI0 YKU3HECTIOCOOHBIX HEHPOHOB
B rtosiax CAl u CA3/CA4 runmokaMIia Ha cpeaax, OKpalleHHbIX Kpe3UI0BbIM (hroJieToBBIM 1o Hucciio. B oT-
JIeJIbHOH cepry aKCIIEPIMEHTOB ¢ IToMolrbio Western-Blot aHasm3a B 9TH yke CPOKU MCCJIeJOBAJIN BIUSHIE
XJIOpHJIA TUTHS Ha cofeprkanue Oesika GSK3f (kmHa3a IMKOTreHCUHTAa3bl KWHA3bI-3) B TKAHU MO3TA.

PeayubraThl. [Ipy rucTO/IOTMYECKOM UCC/IENOBAHNY YCTAHOBMIIM, YTO 10-MUHYTHAA OCTAaHOBKA CepALa
MIPUBOJIAT K CHIYKEHUIO YHCJIA }KU3HECTIOCOOHBIX HeHpOoHOB B mosie CAl runmokammna — Ha 37,5% (p<0,001),
B moste CA3/CA4 — Ha 12,9% (p<0,05). [Tpumenenune LiCl IpUBOAMNIO K YBETHMYEHHIO YHCIA SKU3HECIIOCO0-
HBIX HeIPOHOB TUIIIIOKAMIIA y PeaHNMHUPOBAHHBIX KPBIC B ToJsie CAl Ha 37% (p<0,01), B moJsie CA3/CA4 —Ha
11,5% (p<0,1) 110 cCpaBHEHUIO C HeJIeUEHbIMU KUBOTHBIMU.

ITpu uccnenoBanuu 6enka GSK3f ycTaHOBMIIN, UYTO Y pEAHUMHUPOBAHHBIX ;KUBOTHBIX, TOJTYIaBIIHX XJI0-
puj IuTHA, cofepskaHue ero hochopunupoBanHol GopMBI B TKAHU MO3Ta OB17I0 BhIIIe Ha 180% 110 cpaBHe-
HUIO ¢ KOHTpoJieM (p<0,05), n Ha 150% BhIllIe, YeM y HeJIeYeHHBIX sKUBOTHBIX (p<0,05).

3aksrroueHne. BBeqeHne XJ10pyu/a JUTHA B TOCTPeaHNMAI[IOHHOM IIepHUojie IPUBOAIIIO K BIPASKEeHHOU
HeUPOIPOTEKINY B HeHPOHAJIbHBIX MOMIANMAX TUNIIOKaMIIa. ITOT 3P eKT MoKeT OBITh 00YCIOBJIEH I0-
BBIIIIEHHEM coniepskanus pocdopunmmpoBannoil popmel 0emka GSK3[. ITosrydeHHbIE pe3y/IbTaThl CBUIE-
TeJIbCTBYIOT O BBICOKOM IIOTEHITHAJsIe JIUTHUA A1 TPOMUIaKTUKY U JIedeHNs HeHpoJereHepaTuBHbIX Hapy-
[IIeHUH, BLISBAHHBIX BDEMEHHOH OCTAHOBKOUM KPOBOOOPAIIEHHUS.

Knrouesvte croea: ocmanoska cepoya; uiemusi-penep@ysu;, 20J108HOLL MO3;, 2UNNOKAMN, AUMULL Helipo-
npomeryusi; GSK3

Lithium chloride, which is used for the treatment of bipolar disorders, has a neuroprotective effect in con-
ditions associated with acute and chronic circulatory disorders.

The purpose of the study: to investigate the efficacy of lithium chloride for the prevention of post-resus-
citation death of hippocampal neurons during the post-resuscitation period.

Material and methods. Cardiac arrest for 10 minutes was evoked in mature male rats by intrathoracic
clumping of the vascular bundle of the heart, followed by resuscitation. 40 mg/kg or 20 mg/kg of 4,2% lithium
chloride (LiCl) was injected intraperitoneally 1 hour before cardiac arrest, on the 1st and 2nd day after resus-
citation (n=9). Untreated animals received equivalent doses of saline (n=9). Rats after a sham surgery served
as areference group (n=10). The number of viable neurons in the CA1 and CA3/CA4 fields of the hippocampus
was estimated in slides stained with cresyl violet by day 6 or 7 postresuscitation. In a separate series of exper-
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iments, at the same terms, we studied the effect of lithium chloride on the protein content of GSK3 (glycogen
synthase kinase) in brain tissue using Western-Blot analysis.

Results. Histological assay showed that a 10-minute cardiac arrest resulted in a decrease in the number of
viable neurons in the hippocampal CALl field — by 37.5% (P<0.001), in the CA3/CA4 field — by 12.9% (P<0.05)
vs. the reference group. Lithium treatment increased the number of viable neurons in resuscitated rats — in
the CAl field by 37% (P<0.01), in the CA3/CA4 field — by 11.5% (P<0.1) vs. the untreated animals. It was found
that lithium caused an increase in phosphorylated form of GSK3f: by 180% vs. the reference group (P<0.05),

and by 150% vs. the untreated animals (P<0.05).

Conclusion. Lithium treatment leads to a pronounced neuroprotection in the neuronal populations of the
hippocampus post-resuscitation. This effect may be due to an increase in the content of the phosphorylated
form of GSK3p protein. The results indicate a high potential of lithium for the prevention and treatment of
neurodegenerative disorders caused by a temporary arrest of blood circulation.

Keywords: cardiac arrest; ischemia-reperfusion; brain; hippocampus; lithium; neuroprotection; GSK3

DOI:10.15360/1813-9779-2019-3-73-82

BBenenue

IIpemnaparb! Jiutust 6osiee 60 JIET yCIIENTHO
MMPUMEHSIIOTCSA B ICUXUATPUU JIs1 JIeUeHUsI MaHUa-
KaJbHO-JeTPECCUBHBIX IICUX030B U OUIIOJSIPHBIX
paccTpoiicTs (1, 2]. Bpuio 3aMedeHo, 4To y maryeH-
TOB C OUTIOJIIPHBIMU PACCTPOUCTBAMU, MIPUHUMAIO-
WX JIUTAY, CHUYKEH PUCK BOSHUKHOBEHUS UHCYJ/Tb-
Ta (3, 4]. 1 neiicTBUTEIbHO, 0Ka3a/I0Ch, YTO JINTHUIA
00J1a1aeT HEUPOTPOTEKTOPHBIMU CBOCTBAMU, YTO
MMOATBEPIUIA MHOTOUHCJIEHHbIE 9KCIIEPUMEHTAJTb-
HbIE UCCJeIOBaHUA in vitro u in vivo [5, 6]. JIutui
YMeEHbIIIaJI BBIPaYKEHHOCTh II0BPEKIEeHU MO3Ta 1
yiy4dinai (PyHKIMOHAJIbHOEe BOCCTAaHOBJIEHUE HA
pa3/IMuHBbIX MOJIEJISIX HeWpojereHepaTuBHbBIX
OoJie3Hel, TaKUX Kak UHCYJIBT [7-11], Xxopest XaH-
TUHT'TOHA [5], 60J1e3Hb AJtblirelimepa [12].

[ToJstyueHbl TakKe [OJIOKUTEJIbHBIE Pe3yJib-
TaThl DU BBEJIEHUH JINTUSI OOJIBHBIM C WHCYJIb-
TOM, YTO IIPOABJIAJNOCH B YIYyYII€eHUH MOTOPHBIX
(pyHKk1Mit ¥ BepOasbHOM namsTu [13, 14]. BeisiBie-
Ha IpsMasi CBSA3b MeKIY JJUTHEBOU Tepanueil u
00'bEMOM CepoTo BellecTBa IOJIOBHOTO MO3ra y
Jgiopett [14, 15], UTO yKas3bIBaeT Ha CIOCOOHOCTh
JIUTUSI CHUSKATh PUCK JIeMEHIINU. ITOT (paKT moj-
TBEPIKIAEeTCA U JpyTrUMU naHHbIMU [16]. Kinnan-
YyecKUe WUCCJIeJOBAaHUsI CBUAETEIbCTBYIOT 00
3¢ HEeKTUBHOCTY JINTUSA U JIJIs JJeUeHUsT 00JIe3HU
Anbrireiimepa u 6oJ1e3uu ITapkuacoHa [17-19].

Bb110 0OHapyskeHO, YTO JIMTUH 00JIagaeT
MMPOTUBOCIAJUTEILHOW, aHTUATIONMTOTUYECKOHN
AKTUBHOCTBIO, yCUJIMBaET IIPOLeCChl aHTMOTreHe3a
U HelporeHesa [4, 20, 21]. MuIieHsIMU €TO Jel-
CTBUsI CYUTAIOTCA ABA PA3JUUYHBIX CUTHAJIBHBIX
yTH, 6EPYIINX HAYaJI0 OT AKTUBHOCTH JIBYX pas-
HbIX (hepMeHTOB. VcTopruecKku MepBBIM ITyTEM
peanusanuu 3¢p@HEeKTOB NOHOB JIMTUS CYUTAIOCH
IeiicTBue HA nHO3UTMOHO(pochaTasy (MMP) u,
COOTBETCTBEHHO, (POChHaTUIUIUHOSUTHBIN CHUT-
HaJIbHBIN NyTh [2]. OgHAKO B HACTOsIIlee BpeMs
OHVM M3 OCHOBOMOJIATAIONINX MEXAaHU3MOB pea-
JIM3alUU JeUCTBUS JINTUS HA OPTaHU3M CUNUTAET-
cs1 UHTUOMpoBaHue (pepMeHTa NIMKOTeHCUHTA3bl
kmHa3bIl-3 (GSK-3) [11, 22, 23], uTO, B CBOIO O4Ye-

Introduction

Lithium preparations have been successfully
used in mental medicine for over 60 years to treat
maniac depressive psychosis and bipolar disorders
[1, 2]. It has been noticed that patients with bipolar
disorders who take lithium have a reduced risk of
stroke [3, 4]. It turned out in fact that lithium pos-
sesses neuroprotective properties as supported by
numerous experimental studies in vitro and in vivo
[5, 6]. Lithium abated brain damage and improved
functional recover in various animal models of neu-
rodegenerative diseases, such as stroke [7-11],
Huntington chorea [5], Alzheimer’s disease [12].

Positive results were obtained when lithium
had been administered to patients with stroke. The
results were manifested in the improvement of
motor functions and verbal memory [13, 14]. A direct
relation between lithium therapy and gray matter in
humans has been established [14, 15], which indi-
cates the ability of lithium to reduce the risk of de-
mentia. This fact is supported by other data as well
[16]. Clinical studies evidence lithium efficacy for
Alzheimer’s disease and Parkinson’s disease [17-19].

Lithium was found to possess anti-inflamma-
tory, anti-apoptotic activities, to intensify angio-
genesis and neurogenesis processes [4, 20, 21]. Its
effect is believed to be targeted at two different sig-
naling pathways originating from the activity of two
different enzymes. Historically, the action on inos-
itol monophosphatase (IMP) and, correspondingly,
phosphatidylinositol signaling pathway was con-
sidered the first pathway of realization of lithium
ion effects [2]. Currently, however, inhibition of
glycogen synthase kinase-3 (GSK-3) [11, 22, 23],
which, in turn, leads to activation of different sig-
naling cascades aimed at cell survival [12], is re-
garded as one of the essential mechanisms of
lithium action.

All experimental investigations dedicated to
neuroprotective properties of lithium salts are
based on the modeling of focal or global brain is-
chemia [24]. However, in clinical practice, the most
common cause of total cerebral ischemia is circula-
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penb, IPUBOAUT K AKTUBALIUM PA3JIUYHBIX CUT-
HaJIbHBIX KaCKaJI0B, HAIIPABJIEHHBIX HA BbI)KUBA-
HUeE KJEeTOK [12].

Bce skcrepuMeHTaIbHBIE PabOTHI, MOCBSI-
IIIeHHbIe N3y4YeHUIO HeHPOIIPOTEeKTOPHBIX CBOMCTB
coJie JINTUS, BBITIOJHEHBI HA MOJIEJISAX (pOKaJIb-
HOM MU IJI00AJBHOM UIIIEMUH FOJIOBHOT'O MO3Ta
[24]. OmHAaKO, B KIIMHUYECKOU ITPaKTUKe HauboJiee
JacTas IpUYMHA TOTATHLHOU IlepedpaibHON HIIle-
MUH — OCTaHOBKA KpoBooOparenusi [25]. FI3BecT-
HO, KJIMHAYECKasi CMePTh CyIIeCTBEHHO OT/INYaeT-
CA IO IIaTOreHe3dy WU  IIOCJENCTBUAM  OT
M30JIMPOBAHHOM MIIIEMUM MO3Ta, U MPEsKIE BCETO
HAJIUYMEM I[IaTOTeHHBIX 9KCTparepedbpasTbHbIX
¢parxTopoB [26-28], uTo 00yC/IOBIMBAET HEOOXOIM-
MOCTB U3y4Y€HN MEXaHN3MOB Pa3BUTHUA IIOCTpea-
HUMAaIMOHHOM TIaTOJIOTMKX MO3ra Ha MOJIEJIsax
TOTAJIBHOU WIIIEMUH OpraHu3Ma. B nmpeapIaymx
HCCJIETOBAHMSIX OBLIIO TIOKA3aHO, YTO MMPaMUTHbIE
KJIETKU TUIIIIOKaMIIa, UTPAIOIero BasKHyI0 poJib B
BBICIIE HEPBHOU JeATeJIbHOCTA OPraHu3Ma, B
BBICOKOU CTeIleHU MOABEPSKEHBI JIEUCTBUIO UIIle-
MUU-penepdysnu Nocjae BpeMeHHOU OCTaHOBKU
cepana [27, 29, 30]. CHukaeT Jid JIMTAMN BbIpasKeH-
HOCTb TMOBPEKIEHUS HEWUPOHOB THUIIIIOKaMIIa B
MOCTPEAHNUMAIIMOHHOM TIepro/ie, U UMeeT JIU TIPU
9TOM 3HAUeHWe BJIMSAHUE JUTHS Ha aKTUBHOCTH
6enka GSK3[3, ocTaercss HEBBISICHEHHBIM.

Llesb vccienoBaHusi — OIeHUTD 3P PEeKTUB-
HOCTh IPUMEHEHUS XJOPUAA JIUTUSA OJI Mpem-
OTBpAIIeHUs TIOCTPeaHNMAIIMOHHONU TnOesT Hell-
POHOB THIIIOKAaMNa B ITOCTPeaHUMAaIMOHHOM
nepuoe.

MarepuaJ ¥ MeToAbI

MopnenupoBaHue KIHHUYECKOH CMepTH. JKCIle-
PUMEHTBI IPOBEJIM COIIACHO PEKOMEHAANUAM JTHYe-
ckoro komutera PI'BHY HVU 06111€i peaHnMaToI0TUN
uM. B. A. HeroBckoro B cooTBeTcTBUH C «IIpaBniaamu
IpoBeieHNsT paboT C UCIIOJIb30BAaHUEM IKCIIEPUMEH-
TaJbHBIX 3KUBOTHBIX» (ITprka3 Munsnpasa CCCP Ne755
ot 12.08.1977) Ha OeJIbIX HEJTMHEHHBIX TI0JI0BO3PETTBIX
KpbIcax-caMmIax (macca 180-280 r). ¥V »KUBOTHBIX IIOT,
HapKo30M (6% xmnopasnaruapar 0,8—-1 mu1) Bei3biBaan 10-
MHHYTHYIO OCTaHOBKY CepJilia ITyTeM BHYTPUTOPAKaJIb-
HOTO IIepesKaTus COCYAUCTOrO IMy4dKa ceppna [31, 32].
PeaHmManoHHbIe MEPOTIPUATHS BKIIIOYAJIN B ce0sI He-
NIPAAMOM Maccask cepAla B COYeTaHUU C UCKYCCTBEHHON
BEHTUJIALIMEN JIETKUX BO3AYXOM B pesKHUMe TUIlepBeH-
TUJIAUY annaparoM «Animal Respirator» pupmbl «SMT
Geratehandel» ¢ BHyTpuTpaxeaabHBIM BBeJleHEM pac-
TBOpa afpeHannHa B fo3e 0,1 Mr/Kr. 9-Tu Kppicam BBO-
nuau pactsop 4,2% LiCl 3a 1 yac 10 ocTaHOBKY cep/ra
(40 Mr/Kr BHYTPUOPIOMIMHHO), HA 1-e ¥ Ha 2-e CyTKHU
mocJie peaHuMaruu (o 20 Mr/Kr B/0, COOTBETCTBEHHO).
9 HeJIeYeHBIX KMBOTHBIX IIOJy4Ya/ld IKBUBAJIEHTHBIE
006BeMbI (PU3HMOJIOTHIECKOT0 PaCcTBOPA XJIOpH/Ia HaT-
pus Ha l-e n 2-e CyTKM ITocJie peaHuManuu. Konrposem
CJIYSKUJIA JIOKHOOIIEPUPOBAHHbIE KPBICHI (1=10), KOTO-
PBIM IIOf, HAPKO30M BBINOJIHANNA pa3pe3 KOKU U ee
yImBaHMe 6e3 mepeskaTHs COCYAUCTOTo ITyYKa Cep/ra.

tory arrest [25]. It is known that clinical death differs
substantially in its pathogenesis and consequences
fromisolated brain ischemia, first of all, by presence
of pathogenic extracerebral factors [26-28], which
warrants studying the mechanisms of post-resusci-
tation brain pathology development on total body
ischemia models. Previous investigations have
shown that pyramidal cells of hippocampus, which
plays an important role in the higher nervous func-
tion of the body, are largely exposed to the effects of
ischemia-reperfusion after a temporary cardiac ar-
rest [27, 29, 30]. It remains unclear whether lithium
lessens the severity of post-resuscitation damage of
hippocampal neurons or whether its influence on
GSK3p activity is important.

The purpose of this study was to investigate
the efficacy of lithium chloride for the prevention
of post-resuscitation death of hippocampal neu-
rons during the post-resuscitation period.

Materials and Methods

Clinical death model. The experiments were car-
ried out in line with the recommendations of the Ethics
Committee of Federal State Budgetary Scientific Institu-
tion V. A. Negovsky Research Institute of General Reani-
matology, according to the Rules of Carrying Out Work
Using Experimental Animals (USSR Health Ministry
Order No.755 dated 12.08.1977), on white randombred
sexually mature male rats weighing 180-280 g. The ani-
mals under anesthesia with 6% chloral hydrate, 0.8-1 ml,
were subjected to 10-minute cardiac arrest by intra-
toracic compression of vascular fascicle of the heart [31,
32]. Resuscitation measures included closed-chest car-
diac massage combined with artificial ventilation of
lungs with air in the hyperventilation mode using Animal
Respirator apparatus (SMT Geratehandel GmbH, Ger-
many), and intratracehal administration of adrenalin so-
lution ata dose 0of 0.1 mg/kg. In an experiment, 4.2% LiCl
solution was administered into 9 rats intraperitoneally
(i.p.) 1 hour before cardiac arrest at a dose of 40 mg/kg
and on day 1 and day 2 after resuscitation at a dose of 20
mg/kg each day. Nine untreated animals received equiv-
alent volumes of sodium chloride saline on day 1 and day
2 after resuscitation. Sham-operated rats served as con-
trol animals (n=10), which were subjected to skin dissec-
tion and closure under anesthesia without compression
of vascular fascicle of the heart.

Histological analysis. 6-7 days after resuscitation,
the animals were pulled out from the experiment by de-
capitation under anesthesia (chloral hydrate). Brain was
removed immediately, its hippocampus-containing seg-
ments were isolated and fixed in Carnoy solution during
3.5 hrs., and thereafter embedded in paraffin using stan-
dard techniques. For morphometric analysis, 5-6 pm
thick frontal sections (Bregma -4,2+0,4 mm according to
Paxinos G. and Watson C. atlas, 1986) were stained with
cresyl violet following the Nissl method. From each ani-
mal, 2-3 sections were analyzed. On the images of hip-
pocampal sections obtained with the help of light micro-
scope AXIO Imager.A2 and digital camera AxioCamMRc5
(Carl Zeiss, Germany) at X40, using ImageScopeM soft-
ware (Systems for Microscopy and Analysis LLC, Russia),
the number of normal pyramidal neurons in hippocam-
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I'mcronorudyeckoe ucciaegopaHue. Yepes 6-7
JHell IocJie peaHUMAallUH KMBOTHBIX BBIBOJUJIN U3 9KC-
IepuMeHTa JeKanuTanuen og HApKo30M (XJIOpaJITUI-
par). Hemej1eHHO U3BJIeKaJIA MOS3T, BbIJEJISIJIA €r0 CeT-
MEHTB], CoflepsKalllie TUNIOKaMII, U PUKCUPOBAJIM UX B
pactBope Kapnya 3,5 4 u 3astmBa/iu B mapaduH 1o CTaH-
JapTHOU MeToguKe. [1j1s1 MOpdoMeTprdecKoro uccJe-
JOBaHUA (PPOHTAIbHBIE Cpe3bl TOJIIIUHON 5-6 MKM
(Bregma -4,2+0,4 MM comtacHo aTiacy Paxinos G. and
Watson C., 1986), okpainBaad Kpe3uaoBbIM (PHOJIETO-
BBIM I10 MeToay Hucciis. ¥ Kakgoro sKUBOTHOTO aHAJIN-
3UpoBaJsu 1o 2-3 cpeda. Ha u3oOpaskeHusx Cpe3oB I'Ull-
IIOKaMIla, IIOJIyYeHHBIX C IIOMOIIBIO CBETOBOIO
mukpockormna AXIO Imager.A2 u mudpoBoit kamepsl AX-
ioCamMRCc5 (Carl Zeiss, Tepmanwst) mpu yBeJTudeHUH 00.
X40, ¢ ucrnoab3oBaHUeM INporpammel ImageScopeM
(OO0 «CucteMsl 111 MUKPOCKOIINU M aHaJIM3a», Poc-
CHsl) CJIeNIbIM MeTOJOM BPYYHYIO ITOICUUTBIBAIN YUCJIO
HOPMaJIbHBIX IMPAaMUIHBIX HEHPOHOB B noJisix CAl u
CA3/CA4 runnokamia jieBoro noJtymapus (puc. 1). Io-
JIy4eHHBIH II0Ka3aTeJb IepeCYUThIBAIM Ha 1 MM JJINHBI
NUPAMUIHOIO CJI0A Tunnokammna. K kareropum Hop-
MaJIbHBIX, COXPaHUBIINX SKN3HECIIOCOOHOCTH, HEHPO-
HOB OTHOCHJIU KJIETKU C YETKO O4ePUYEHHBIM SIIPOM 3JI-
JUIICOUJHON WJAU Kpymwio ¢GOpMBI U SICHO
Ppas3JIMYUMBIM AAPBIIIKOM, PACIIOJIOKEHHBIM B IIeHTpe
simpa [33]. CTaTucTrieckyio 06paboTKY JaHHBIX ITPOBO-
JAJIY B IporpaMmme Statistica 7.0 ¢ ©CIIO/Ib30BaHUEM Me-
toga ANOVA 1151 MHOYKeCTBEHHBIX cpaBHeHU# (Post-
hog comparisons of means).

BecTepH-0JIOTTHHT aHAJH3. [[JI OLIEHKH coep-
skanus 6eska GSK3f B TKaHU MO3ra BBITIOJTHUIHN OT-
JIETTBHYIO CEPHUIO0 9KCIIEPUMEHTOB. Y OeJIbIX HeJTMHEHHBIX
T0JIOBO3PeJIbIX KpbIcax-caMIoB (Macca 180-280 r) BbI-
IIIEONMCAHHBIM CIOCOOOM BBHI3BIBAIN 10-MUHYTHYIO
OCTaHOBKY cepJlia ¢ TocjaeAylolel peaHuManyei. 5-tu
kpbicaMm BBonusu pactBop LiCl 3a 1 yac 10 ocTaHOBKHU
cepana (40 mr/kr B/06), Ha 1-€, Ha 2-e U HA 3-U CyTKU
rrocjie peaHUMAaIuu (1o 20 Mr/Kr B/6, COOTBETCTBEHHO).
5 HeJleYyeHBIX >KUBOTHBIX IIOJYyYa/Iu 9KBUBAaJEHTHBIE
00'beMBI (PM3MOJIOTTYECKOTO PACTBOPA XJIOPHAA HATPHS
Ha 1-3-u cyTKu nocse peanuManuu. KonrpoJsem ciy-
SKAJIN JIOKHOOIIEpUPOBAHHbIE KPBICHI (n=5). Uepes 7
CYTOK I10CJIe peaHUMali1 KPbIC BBIBOAU/IU U3 9KCIIEPH-
MEHTa, U3BJIeKAJIA Y HUX MO3T U U3MeJIb4asIi ero CKaJjb-
nesjeM B TedeHue 30 cekyHI. [oMmoreHaTr pacTBOpsi/Iu B
oydepe, cogepskamem 0,125 M Tpuc-HCI (pH 6,8), 4%
noneruiicysibgara Harpus (Sigma Chemical Co., CIIIA),
20% runeprHa, 0,005% 6pomdenona cuHero (Sigma
Chemical Co., CIIA) u 10% 2p-meprarnroaraHoJia
(Merck, l'epmanwst). O6pasIibl KUIISATHIN 2 MIH Ha BOJIS-
HOU OaHe M BHOCHJIH B 15% TpHC-IVINIITHOBBIIN TOJIH-
AKpUJIAaMUIHBIN TeJTb B KOHIIeHTparuu 50 Mr 6esika Ha
JIYHKY. JJieKTpodopes NPOBOLUIN IIPU IIOCTOSHHOM
TOKe 10 MA B peskrMe KOHIIEeHTPUPOBaHUsA 1 15 MA B pe-
sKUMe pasnesienust. Ilo okoHuaHuu ajiekTpodopesa me-
peHocuu 6enkn Ha PVDF mem6pany (Amersham Phar-
macia Biotech, UK). Memb6paHnbl 6J10kupoBaiu B 5%
obe3xrpeHHOM MoJIoKe Ha 0,1% docdarHom bydepe u
3aTeM WHKYOMPOBAJIH C TIEPBUYHBIMHU aHTUTEIaMH ITPO-
tuB GSK3P (mouse monoclonal anti-total-GSK3{ 1:1000,
Cell Signaling, USA) niu ¢ochopunupoBanHoit popmbl
GSK3p (mouse monoclonal anti-P-GSK3( 1:1000, Cell Sig-
naling, USA). 3arem MeMOpaHbI HTHKYOUPOBAJIH C BTO-
PUYHBIMU aHTUTEJIaMU, KOHbIOTMPOBAHHBIMU C IIEPOK-

Puc. 1. Mukpodororpadusi 06/1acTH runmoKamiia.

Fig. 1. Photomicrograph of the hippocampus area.

Note: X4 (ob.). PCL is the pyramidal cell layer; CA1, CA3, CA4 -
hippocampal subfields.

ITpumeuanwme: V8. 06. X4. PCL (pyramidal cell layer) — cioi -
pPaMUIHBIX HeHpoHOB. [l71a puc. 1, 2: CAl, CA3, CA4 - moJsa

TUIIIIOKaMIIa.

pus fields CA1 and CA3/CA4 of the left hemisphere were
counted manually in blind design conditions (fig. 1). The
figure obtained was reduced to 1 mm of the length of hip-
pocampal pyramidal layer. The category of normal, still
viable neurons included cells with a sharply marginated
nucleus of ellipsoidal or round shape and a distinct
karyosome located in the nucleus center [33]. Statistical
processing of the data was carried out by Statistica 7.0
software pack using ANOVA post-hoc comparisons of
means.

Western blotting analysis. To evaluate the content
of GSK3p in brain tissue, a separate series of experiments
were carried out. Ten-minute cardiac arrest followed by
resuscitation of rats was performed as described in Ma-
terials and Methods. In five rats, 4.2% LiCl solution was
administered 1 hour before the cardiac arrest (40 mg/kg
i.p.), on days 1, 2, and 3 after resuscitation (20 mg/kg i.p.
each day). Five untreated animals received equivalent vol-
umes of sodium chloride saline on days 1-3 after resusci-
tation. Sham operated rats (n=5) served as a control.
Seven days after resuscitation, the rats were pulled out
from the experiment, their brains were removed and
minced with a scalpel during 30 seconds. The ho-
mogenate was dissolved in a buffer containing 0.125 M
Tris-HCl (pH 6.8), 4% sodium dodecyl sulfate (Sigma
Chemical Co., USA), 20% glycerol, 0.005% bromophenol
blue (Sigma Chemical Co., USA), and 10% 2f-mercap-
toethanol (Merck, Germany). The specimens were boiled
for 2 min in water bath and added into 15% Tris-glycerol
polyacrylamide gel in a concentration of 50 mg of protein
per well. Electrophoresis was carried out at direct current
of 10 mA in the concentration mode and 15 mA in the sep-
aration mode. Upon completion of electrophoresis, pro-
teins were transferred onto a PVDF membrane (Amer-
sham Pharmacia Biotech, UK). Membranes were blocked
in 5% defatted milk on 0.1% phosphate buffer and there-
after incubated with mouse monoclonal anti-total-GSK3(3
1:1000 (Cell Signaling, USA) or mouse monoclonal anti-
P-GSK3p 1:1000, (Cell Signaling, USA). After that, the
membranes were incubated with secondary antibodies
conjugated with horseradish peroxidase (Calbiochem,
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Fig. 2. Decrease in viable neurons density in CA1 (a) and CA4 (b) hippocampal fields in the post-resuscitation period.

Note. Micrographs of hippocampus histological sections. Nissl staining. X40 (ob.). The neuronal density in the study groups, M+m.
For fig. 2, 3: Control — a sham surgery rats (n=10); Resuscitation — resuscitated untreated rats (n=9); Resuscitation + Lithium — resus-
citated rats with lithium treatment (n=9); Groups — rpynmslL. ** — P<0.001 vs. the Control; * — P<0,01 vs. Resuscitation; * — P<0.05 vs.

the Control; # — P<0.1 vs. Resuscitation.

ITIpumeuanue. MukpodoTorpaduu rucToorndecKux cpe3on runnokammna. Okpacka no Huccio. VB. 06. X40. Il1oTHOCTD
HENPOHOB B UCCJIelyeMbIX rpymnmnax, M+m. [las puc. 2, 3: Control — jioskHO onepupoBaHHble KpbIChI (1=10), Resuscitation —
peaHnMUpOBaHHBIE HeJleueHbIe KPbICHI (1=9), Resuscitation + Lithium — peannMupoBaHHBIE KPBICHI C BB EHUEM JINTHUS (1=9).
Groups — rpynmnsl. ** — p<0,001 B cpaBHEeHUH C KOHTpoJeM; * — p<0,01 B CpDaBHEHUU C HeJIeYeHbIMUA PEAHUMUPOBAHHBIMU JKU-
BOTHBIMHU. *# — p<0,05 B cpaBHEHUHU C KOHTpoJieM; * — p<0,]1 B cpaBHEHHUU C HeJIeYeHbIMU PeaHUMUPOBAHHBIMU KMBOTHBIMU.

cumasoii xpena (Calbiochem, USA), B pa3sBejeHuu
1:10000. JleTeKyio CBA3aHHBIX aHTUTEJI IIPOBOIUIIN C
TIOMOIITHI0 XEMUJTIOMUHECIIEHTHOTO CyOCTpara MepoKCH-
nasel xpeHa ECL (Enhanced chemiluminescence system,
Amersham Pharmacia Biotech, UK). XemuiromuHecieH-
¥ TeTEKTUPOBaIach Ha hOTOTIEHKY. OTCKaHMPOBAH-
HbIe N300pasKeHNsT AHAJM3UPOBAJIH C IIOMOIIIBIO MTPO-
rpammbl  Image] (NIH, Bethesda, MD, USA).
HNHTeHCMBHOCTH curHasta 6enka P-GSK3[ Hopmanmuao-
BaJIA K MHTEHCUBHOCTH 06111ero 6esrka GSK3[ a1s kak-
JTO¥ T010ChI. CTaTUCTHYECKYI0 00PabOTKY TAHHBIX IPO-
BOJWJIM B IIporpaMMe Statistica 7.0 ¢ uCII0JIb30BAHUEM
U-tecta ManHa- YUTHH.

Pe3ysnbrarhl U 00Cy:K/AI€HHE

I'ucrosiornyeckoe mccjaegoBaHue IOKa3aso,
4TO yepes 7 CyTOK nocsie 10-MUHYTHOU OCTaHOBKU
cepAma MPOUCXOIUT CHUKEHUE YHCJTIA SKU3HEeCHOo-
COOHBIX HEHPOHOB y HEJIeYEHBIX PeaHNMHUPOBaH-
HBIX YKUBOTHBIX B CDABHEHUH C IPYIIION JIO3KHOOIIEe-
PYPOBaHHBIX KPbIC — B nojie CAl runmnokamma —
Ha 37,55% (p=0,0007) (puc. 2, a). B mone CA3/CA4
uiemMusi-pernep@ysus IpuBoanUsa K MeHee BbIpa-
SKEHHOMY IIOBPEKIECHUIO II0 CPAaBHEHUIO C II0JIEM
CA1l — 4mCJI0 YKU3HECTIOCOOHBIX HEUPOHOB OBLIO
yMeHbIleHo Ha 12,9% (p=0,04) B cpaBHEHUH C JIOK-
HOOIIEPHUPOBAHHBIMHU (pHC. 2, D).

B rpymnne peaHMMHpPOBAaHHBIX KPBIC C BBEe-
HUEeM XJIOPU/IA JIUTHUS 00HAPYKUIN HESHAYNTETh-
HOE€ CHIKEHNE YHCJIa SKU3HECTIOCOOHBIX HEHPOHOB
B 1tosie CAl o CpaBHEHMIO C JIOSKHOOIIEPUPOBAH-

USA), 1:10000. Bound antibodies were detected with the
help of horseradish peroxidase chemiluminescent sub-
strate — ECL (Enhanced chemiluminescence system,
Amersham Pharmacia Biotech, UK). Chemiluminescence
was recorded on a photo film. Scanned images were ana-
lyzed using Image] software (NIH, Bethesda, MD, USA).
The intensity of P-GSK3( protein signal was normalized
to the intensity of GSK3 total protein for each band. Sta-
tistical processing of the data was carried out by Statistica
7.0 software using Mann-Whitney U-test.

Results and Discussion

Histological analysis has shown that seven
days after a 10-minute cardiac arrest there is a de-
crease in the number of viable neurons in un-
treated resuscitated animals compared to the
group of sham operated rats — in hippocampal
field CA1 — by 37.55% (P=0.0007) (fig. 2, a@). In field
CA3/CA4, ischemia-reperfusion led to a less severe
damage than in field CAl: the number of viable
neurons was reduced by 12.9% (P=0.04) compared
to sham operated animals (fig. 2, b).

In the group of resuscitated rats with lithium
chloride administration, a non-significant ten-
dency to a minor decrease of the number of viable
neurons in field CA1 versus sham operated animals
was found (P=0.07) (fig. 2, a). At the same time, in
the treated vs. untreated animals, the number of vi-
able neurons was significantly increased in a field
CA1 by 37.0% (P=0.008) (fig. 2, a). In hippocampal
fields CA3/CA4, there were no difference in the
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HBIMHU KUBOTHBIMU. OTHAKO 3TO OTJIMYHME ObLIO
HeJIoCTOBepHBIM (p=0,07) (puc. 2, a). Ilpu aTtoM y
JIeYeHbIX )KUBOTHBIX B CDABHEHUHU C HeJIeYeHbIMU
YHCJIO YKU3HECTTOCOOHBIX HEHPOHOB OBLIO MOBBI-
meHo B nose CAl — ua 37,0% (p=0,008) (puc. 2, a).
B nosie CA3/CA4 runiiokamna He BBISIBUJIU OTJIH-
YW 110 YHUCTY 5KU3HECITOCOOHBIX HEHPOHOB MEKTY
KOHTPOJIbHOU I'PYNIION U TPYNIION JIedeHbIX pea-
HUMUPOBaHHBIX KpbIC (p=0,62) (puc. 2, b). V jeue-
HbIX SKMBOTHBIX OTMeYaJ/d IIOBBIIIEHUE 3TOTO
MOKa3areJisi, 10 CPAaBHEHUIO C HeJIeYeHbIMU KPbI-
camy, Ha 11,5% (p=0,1) (puc. 2, b).

TakuM o6pasoM, NTpUMeHEHUe XJIopuIa
JIUTUA NIO3BOJINJIO IIPENyIpeJUuTh IOBPEKIeHUE
1 rubesb MUPAMUIHBIX HEHPOHOB TUIIIIOKaMIIa B
MMOCTEPaHNUMAIMOHHOM MepHuoJIe.

HccnenoBanme conepskanus 6emka GSK3[ B
TKAaHU TOJIOBHOT'O MO3Ta KPBIC, IEpEHeCIINX Bpe-
MEHHYIO OCTAaHOBKY CepAlla, METOAOM BeCTepH-
OJIOTTHMHTA IMOKas3aJio, YTO peaHWMUPOBAHHBIE
SKUBOTHbBIE 0€3 JieueHUs He OTVIMYaJIICh OT JIOMK-
HOOIIEPUPOBAHHBIX II0 3TOMY IIOKa3aTeJIlo. YCTa-
HOBWJIY, YTO B I'PyIIIIE peaHUMHUPOBaHHBIX SKUBOT-
HBIX C BBeJeHHEM XJIOpHUIA JIMTUSA COJlep KaHue
¢ochopunuposannoii dpopmbr GSK3[ 6b1710
BbIIIe Ha 180% (p<0,05) MO CpaBHEHUIO C JIOKHO-
nepupoBaHHBIMUA U Ha 150% (p<0,05) BeILIE IO
CPaBHEHMIO C HeJIeYeHHBIMU PEaHUMUPOBAHHbI-
MU KpbICaMH (TabJiuIia, puc. 3).

number of viable neurons between the control
group and the group of treated resuscitated rats
(P=0.62) (fig. 2, b). In the treated animals, this fea-
ture had a trend for a slight increase by 11.5% com-
pared to untreated rats (P=0.1) (fig. 2, b).

Hence, use of lithium chloride has allowed
preventing damage and death of pyramidal neu-
rons of hippocampus during the post-resuscitation
period.

Western blotting assay of protein GSK3p con-
tent in the brain tissue of rats subjected to a tem-
porary cardiac arrest has shown that resuscitated
animals that had not received treatment did not
differ from sham operated animals. It has been es-
tablished that in the group of resuscitated animals
to which lithium chloride was administered, the
content of phosphorylated GSK3f was 180% higher
(P<0.05) versus sham operated animals and 150%
higher (P<0.05) versus the untreated resuscitated
rats (fig. 3).

Thereby, administration of lithium chloride
during the post-resuscitation period resulted in in-
creased content of the phosphorylated form of en-
zyme GSK3p.

The data presented here agree with the results
of other experimental studies evidencing neuro-
protective properties of lithium ions [34, 35]. On the
model of temporary occlusion of medial cerebral

Takum o6pa:30M, BBE€JIEHHUE XJIO0- P
pyuaga JUTHUA B IOCTPEAaHNMAIITMOHHOM 2

Iepuojie TpUBOJUJIO K MOBBIIIEHUIO 18
cogepskanus ¢ochopuaupoBaHHOU 16
¢opmel pepmenTta GSK3p. 14

[lonyyeHHble HaMu  JaHHBIE 12
COIIACYIOTCSI C pe3yJibraTaMM IpyTux 1
3KCIIEpUMEHTAJIBHBIX UCCIeJOBaHUN, 0.8
CBUJIETEeJIbCTBYIOIINX O HEHPOIIPOTEK- 0.6
TUBHBIX CBOMCTBaX MOHOB JIUTUA [34, 0.4
35]. Tak, Ha M™Momeaun BpeMeHHOU 0.2

OKKJII03UU CpeHell MO3TOBOU apTe- -
pUM Y MBIIIed ObLIO MTOKa3aHO, YTO
BBeJleHUe XJIOpUa JuThs (B/6 B 103e

B GSK-3 O pGSK-3p *#

Control Resuscitation Resusdtation + Lithium

Groups

1 Mr/Kr yepes 6 yacos nocse penepdy-

Parameters Values of parameters in groups, CU, Me; [25-75%]; (%)

Control Resuscitation  Resuscitation + Lithium
3WM U €KeTHEBHO B TeUeHHe 7 CYyT B/O oS =80 805750 =071
B J103€ 2 MI'/KT), IPUBOJUT K YMEHbIIIe- [770256-790934]  [790343-815857] [740828-790925]
HUIO 30HBI MH(MAPKTA, YMEHbIIEHUIO (100) (104) 97)
OoTeKa TroJIOBHOI'O MO3ra, a Takyke K pGSK-35 1146780 1310790 2050921
YCKOPEHHMIO HEBPOJIOTHYECKOTO BOC- [1138756-1158957] [1108956-1380850]  [1958821-2158929]*
(100) (114) (179)

CTaHOBJIEHUA [35]. ABTOpPBI OTMEYaloT,

4TO HEeUpPONpOTEeKTUBHBIN adderT
JIMTUS COXPaHSAJICS 00 56 THel 1moce
WIIeMHUH, O 4YeM CBHUAETeJIbCTBYET
MOBBIIIEHWE MJOTHOCTU BBIKUBIINX
HEHpOHOB B CTpUAaTyMe Yy MBbIIIeHd C
BBelleHUeM xyiopua gutusi. Ha moge-
g mHcyasra (MCAO) y KpbIC OBLIO
[I0KA3aHO, YTO UH'bEKLIUSA JTUTUA (esKe-
JHEBHO uepe3 24 4 IocCje UIIeMUu-

Puc. 3. lencuroMmerpuyeckuii anaau3 BecrepH 6s0ToB 6eska ICK-38 u
ero (pocpopumpoBaHHOM (hOPMEL.

Fig. 3. Densitometric analysis of Western blots of GSK-38 protein and its
phosphorylated form.

Note: CU -
#— P<0.05 vs. Resuscitation + Lithium.

IIpumeuyanue: CU — yc/I0BHBIE eJUHUIIBI XeMuItoMuHecueHnuu. GSK-34 —
I'CK-33; pGSK-3p — pI'CK-34. Parameters — mapameTpsl; Values of ... in — 3Haue-
HUA...B. *—
HUH C TPYINIION peaHNMMUPOBAHHBIX HeJIEeYeHHBIX YKUBOTHBIX.

chemiluminescence conventional units. * — P<0.05 vs. Control;

p<0,05 B cpaBHEHHUH C KOHTPOJIBHOH rPymIol; *— p<0,05 B cpaBHe-
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BKCHepI/IMeHTaJ'IbeIe HCCJJaeqoBaHuA

peniepdysnu 1 B Teuenre 1 Hefew B/0 B 1o3e 40 1
60 MI'/Kr) IpUBOJXJIA K CYIIEeCTBEHHOMY YMEHbIIIe-
HUIO BBIPA)KEHHOCTU TIOBPEKIEHUS HEWPOHOB,
IIpenoTBpallasa HapyleHus NoseneHus [36].

OpHako, kKak OBLIO IIOKAa3aHO Ha MOIeJaH
IVIyTaMaTHOTI'O CTpecca B KyJIbTypaxX 3epHUCTBIX
HEPOHOB MO3’KeYKa, ropasao 60j1ee BHIpaKeH-
HBIM HeHPONPOTEKTUBHBIM MelCTBHEM 00Jia-
JAIOT OpTAaHWYECKUE COJIU JINTHUS, B YaCTHOCTH,
nuTpat auTuA. [losaraioT, YToO aHMOHBI 9H/IOTEH-
HBIX OpPraHUYeCKUX KUCJIOT, TaKKWe Kak ackopoar,
OUTpaT JIMTUS W JAp. CHOCOOCTBYIOT OoJjiee
3¢ (PeKTUBHOMY TpPAHCHOPTYy WOHOB JIUTUSA
BHYTPb HEPOHOB OCPEACTBOM COOTBETCTBYIO-
X MOHHBIX KAHAJIOB [IJ11 TPAHCIOPTa OPTAHU-
YyeCKHuX KucJor [37].

PeaynpraTrel HacTOAIIEro MCCAELOBAHUA
MMOKa3aJu, YTO XPOHUYECKOe BBeJeHME XJIOpUIa
JUTHS TPeaynpeskraeT Tudesb TUPaAMUTHBIX
HEWPOHOB TUMIIOKaMIIa B IOCTPEAHUMAIIMOHHOM
Iepuo/ie, YTO MOKeT OBITH 0OYCIOBJIEHO MHAK-
TuBanueil pepmenrta GSK3f, o ueM cBuneresb-
CTBYyeT IOBBINIEHUE cofiepykaHue pochopuiin-
poBaHHO¥ (popMBI 9TOTO OejiKka B TKAaHU MO3ra
peaHUMHUPOBAHHBIX SKHUBOTHBIX C BBeJEHUEM
autusa. IlonydyeHHble HaMU JaHHBbIE IIOATBEp-
SKIAIOTCA U IPYTMMU MCCJIefJOoBaHuAMU. B vacr-
HOCTH, Ha MOJieJI TeMOPpParudecKoro HHCyJIbTa
OBLJI0 TTOKA3aHO, YTO XJIOPU JIUTUSI UHTUOUPO-
BaJs aktuBanuio GSK3f, 4To cOnpoBOXKIAIOCH
yMeHbIIIeHneM Tu0eu HeHPOHOB, CHU)KEHUEM
HEBPOJIOTUYECKOro Jeduuura y MOJONbITHBIX
*KUBOTHBIX [11].

3aluTHOE OeliCTBUE JIMTHUSA MOMKeT ObITh
CBsI3aHO C YCUJIEHUEM IIPOIIeCCOB aHTUO- U Hell-
poreHesa, yJay4lleHreM aKCOHAJbHOU MJI1acTU4-
HOCTHU, CHUPKEHHEM NHQPUJIBTPAIIUN JIEUKOIIUTOB
¥ aKTUBAIlUM MUKPOTJIMHA B TOJIOBHOM MO3re [35,
38]. Ha MmoJieky/IspHOM ypOBHe HellpoTpoduue-
CKU# 3 EKT JUTHUS MOKET OBITH 00yCJIOBJIEH
CHI)KEHHEM YPOBHS OKCHUIATUBHOIO CTpecca U
IIPOBOCHAJIUTEJILHBIX IMTOKUHOB [36], MHaKTHUBa-
et NMDA (N-meTuii-D-acnaprar)-perenTopos,
CHIYKEHHEM BHYTPUKJIETOYHOI'O YPOBHS HOHOB
kanbiua [39], nayH-peryausuuu (down-regula-
tion) mpoanonTU4YeCcKON aKTUBHOCTH, 32 CYET CHU-
SKEeHUs TpoAyKnuu 6eakoB p53, Bax, kacmassl,
0eTa-aMUJIOUIHOIO IENTHIa, BLICBOOOMKIEHUE
nuroxpoma c, akrtupanmeit PI3K/AKT curnanbHo-
r'0 IIyTH, OTBEYAIOILEr0 3a BbKUBAHKE KJIETOK [40]
Kpome Toro, MUTUN NPUBOAUT K MOBBIIIEHUIO
BBIPAOOTKU IUTOINPOTEKTUBHBLIX OeskoB Bcl-2,
HSP70 (6eJsiok TemsioBoro moka), BDNF (Mmo3ro-
BOI Hetiporpoduueckuii pakrop), GRP78 (rmoko-
30-perysmpyemsiii 6esiok) [36, 37, 41].

Takum 00pa3om, IoJTydeHHbIe HAaMU TaHHbIE
MOJITBEP K IAI0OT HEUPONIPOTEKTUBHBIE CBOMCTBA
JUTHA. B HacToslee BpeMs B JIUTeparype MInupo-

KO O6CY)K,I[aIOTCH MNEPCHEKTUBbI KIMHUYIECKOIO

artery in mice, it has been shown that i.p. adminis-
tration of lithium chloride a dose of 1 mg/kg 6
hours after reperfusion and every day during 7 days
at a dose of 2 mg/kg, leads to lessening of the in-
farction area, brain edema and acceleration of neu-
rological restoration [35]. The authors note that the
neuroprotective effect of lithium was maintained
for up to 56 days after ischemia, as evidenced by in-
creased density of survived neurons in striatum of
mice to which lithium chloride had been adminis-
tered. Using the stroke model (MSAO) in rats, it was
shown that lithium i.p. injection every day after 24
hrs from ischemia-reperfusion and during 1 week
at a dose of 40 mg/kg and 60mg/kg led to consid-
erable lessening of neuron damage severity and
prevented behavioral disorder [36].

However, as was shown in a model of gluta-
mate stress in the cultures of granular neurons of
cerebellum, organic lithium salts (particularly,
lithium citrate) induced much more significant
neuroprotection. Anions of endogenous organic
acids, such as ascorbate, lithium citrate, etc. are as-
sumed to promote more effective transport of
lithium ions into neurons by means of respective
ionic channels for organic acids transport [37].

The results of this study have demonstrated
that chronic administration of lithium chloride pre-
vents death of pyramidal neurons of hippocampus
during the post-resuscitation period, which might
be related to inactivation of GSK3f enzyme as evi-
denced by the increased content of the phosphory-
lated form of this protein in the brain tissue of re-
suscitated animals that received lithium. Our
results are supported by previous studies obtained
in different experimental model. In a hemorrhagic
stroke model, it was shown that lithium chloride in-
hibited activation of GSK3p, which was accompa-
nied by a lesser rate of death of neurons and de-
creased neurological deficit in experimental
animals [11].

The protective action of lithium might be con-
nected with intensification of the angiogenesis and
neurogenesis processes, improvement of axonal
plasticity, reduction of infiltration of leukocytes, and
activation of microglial cells in the brain [35, 38]. At
the molecular level, the neurotrophic effect of
lithium might be related to oxidative stress lessen-
ing and reduction of anti-inflammatory cytokines
[36], inactivation of NMDA (N-methyl-D-aspar-
tate)-receptors, decrease of intracellular calcium
ions [39], down-regulation of proaptotic activity
thanks to decreased production of proteins p53,
Bax, caspase, beta-amyloid peptide, release of cy-
tochrome c, activation of PI3K/AKT signaling path-
way responsible for cell survival [40]. Besides,
lithium leads to increased production of cytopro-
tective proteins Bcl-2, HSP70 (heat shock protein),
BDNF (brain-derived neurotrophic factor), GRP78
(glucose-regulated protein) [36, 37, 41].

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com



80

DOI:10.15360/1813-9779-2019-3-73-82

Experimental Studies

NpUMEeHEeHUs JIUTUS AJIs JeUYeHnsi HelpojiereHe-
paTuBHBIX 3a0oJieBaHmi [15, 18, 42].

3akJrouenue

VYCTaHOBUJIM, YTO XJIOPHJ JIUTHAS 00JIaTaeT
BBbIPa’KeHHBIM HEHPOIIPOTEKTUBHBIM JIEHICTBUEM,
KOTOPOE MPOSIBJISIETCSI B COXpaHEHUH YKU3HECIIO-
COOHOCTH TMPaMUIHBIX HeHpoHOB nosieit CAl n
CA3/CA4 runnokamIiia B TOCTpeaHUMaIMOHHOM
Iepuojie TOCJe OCTAHOBKU CEPAIA, YTO MOSKET
OBITH O00YCJIOBJIEHO WHTHOWpPOBaHWEM OeJika
GSK3p oyrem ero ¢ochopusinpoBaHus.

[TonyuyeHHBIE pe3yibraThl YKa3bIBAIOT Ha
BBICOKH TOTEHITNAJI JINTHSI JIJISI €70 UCITOJIb30Ba-
HUS B KIIMHUYECKOH MTPaKTUKE B KA4eCTBE Tepa-
MeBTUYECKOTO Tpernapara st TpopuIakTUKA 1
JIeYeHUsI TIOCTUIIIEMUYECKHX 9HITehaTOTTaTHH.
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Therefore, the obtained data prove the neuropro-
tective properties of lithium. Currently, the prospects
of clinical application of lithium for neurodegenerative
diseases are widely discussed [15, 18, 42].

Conclusion

It has been established that lithium chloride
features a prominent neuroprotective action that
manifests in maintaining viability of pyramidal
neurons in fields CA1 and CA3/CA4 of hippocam-
pus during the post-resuscitation period after a car-
diac arrest, which might be related to inhibition of
GSK3p protein through its phosphorylation.

The results we obtained demonstrate a high
potential of lithium for its employment in clinical
practice as a therapeutic aid for prophylaxis and
treatment of post-ischemic encephalopathies.
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Part 2. Reduction of the Risk of Perioperative Cardiac Complications
by Pharmacological Measures and Optimization
of Anesthetic and Critical Care Support (Review)
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Bo Bropoii yactu 0630pa JIuTEPATyphl NPEJOCTABUIA U IPOAHAITU3UPOBAJIA COBPEMEHHBIE IaHHbBIE O
MeTO/1aX a/{bIOBAaHTHOM (papMaKOJIOrHYeCKON KapIUOIPOTEKIIMHI 1 BOSMOYKHOCTSIX OIITUMHU3AI[IU METO/IOB
AQHEeCTe3N0JIOTUYECKOr0 00eclieYeHNsT ¥ IIePUOIEePAIIMIOHHOT0 MOHUTOPUHTA Y O0JIbHBIX BBICOKOTO Kap/Iu-
aJIbHOTO pHcKa. [I[poaHaIn3npoBaiy U3MEHEHNUs], BHECEHHbIE B MEKIyHAPOAHbIE PEKOMEHAINH 32 I10-
caenHue 2-3 rojia Ha OCHOBE JJOKa3aTeJIbHbIX CCIIeJOBAaHUI U MeTa-aHAIN30B. [[poaHaIM3poBaI Mexa-
HU3MBI KapIMOIMPOTEKITUY U CBEJIeHNsI 00 ee pean3aly B peaTbHOU KIIMHUYECKOH pakTuKe. [Tokasasim,
YTO JIaJIEKO HE BCe pacCMaTpUBaeMble JIeKapCTBEHHbIE CPeICTBA MOTYT IIMPOKO UCII0/Ib30BATHCS C IPOdu-
JIAKTHYECKOH 11eJ1b10. [IpefocTaBuIv COBpeMeHHbIE JOKa3aTesIbHbIe PEKOMEH/IAIMH 110 OIITUMHU3AINY aHe-
CTE3MOJIOTUYECKOr0 00€eCIIeYeH s ¥ IEPUOIIEePAIMOHHOI0 MOHUTOPHHTA. Clies1aai BHIBOJ, YTO IpaKTUYe-
CKas peanu3alnys KOMIUIEKCHOUN CTpaTeryuy, HanpaBjeHHON Ha CHUKEHHEe pPHCKA KapAHaIbHbIX
OCJIOYKHEHHI MOKET 00eCIeunTh CHUKEHNE KaK 4aCTOTHI TsKeJIbIX KapIualbHbIX OC/I0’KHEHUH, Tak U 00-
YCJIOBJIEHHOW UMU JIETATBbHOCTH.

Kntoueswle croea: nepuonepayionHble kapOuaibHble 0CL0NHCHeHUs,;, HekapOuaaivbHble onepayul; apma-
KOJL02UYeckas Kapouonpomexyusi; MeXanuambvl Kapouonpomexyuu; nNpoPuiarmuka uemuy Mmuokapoa;
anecmemuueckoe nPekoOHOULUOHUPOBAH U

The second part of the overview presents and analyzes the current data on the methods of adjuvant phar-
macological cardioprotection and possibilities of optimizing the anesthetic support and perioperative moni-
toring in high cardiac risk patients. Amendments made in international guidelines for the last 2-3 years on the
basis of conclusive studies and meta-analyses have been examined. Cardioprotection mechanisms and infor-
mation about its implementation in real clinical practice have been analysed. It has been shown that by no
means all drugs under discussion can be widely used for prophytlactic purposes. Contemporary evidence-
based recommendations concerning the optimization of anesthetic support and perioperative monitoring are
given. A conclusion has been made that practical implementation of a comprehensive strategy aimed at re-
duction of the risk of cardiac complications might ensure decrease of both the incidence of severe cardiac
complications and mortality due to them.

Keywords: perioperative cardiac complications; non-cardiac surgeries; pharmacological cardioprotection;
cardioprotection mechanisms; myocardial ischemia prophylaxis; anesthetic preconditioning
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BBenenue

[MpodunakTrka mepuoIepanunoHHOTO MUO-
KapauabHOTO TOBPEYKIeHNS TPU HEKaPINOXH-
pyprudeckux onpanuax (MITHO) aBisieTs ogHoi
M3 aKTYaJIbHBIX TPOOJEM COBPEMEHHOUN MeTUIII-
Hbl [1-5]. IleprnomnepamunoHHBIE KapauajibHbIE
ocnoskHenus (IIOKO) B sBuge MITHO n/wuan cep-
neunoir HegocTtaTouHocTu (CH) siBJISTIOTCS BEy-
el MPUYUHON JIeTaTbHBIX MCXOIOB Y O0JTBHBIX C
BBICOKUM KapAuaIbHBIM PUCKOM, OTIEPUPYEMBIX
10 CaMbIM pa3JIMYHBIM IIOKa3aHusaM (2, 3, 6, 7].

3a pyOeskoM U B HallleH cTpaHe OITy0JIMKOBa-
HBI JIeTAJIbHBbIE PEKOMEHIAIINHY 110 ONITUMAIbHON
IUArHOCTUYECKU-1e9e0HON TAKTUKE, HAITPABJIEH-
HOM Ha cHusKkeHHe pucka [TOKO [8-16]. BmecTe ¢
TeM, UJET TPOIECC MOCTOSTHHOTO OOHOBJIEHUS
JIOKa3aTeJIbHBIX PEKOMEH/IAINY Ha OCHOBE HOBEM-
X PaHIOMU3WUPOBAHHBIX WCCJAENOBAHUN U
MeTa-aHaJInu30B. 3a NocjaegHue 2-3 To/la B PEKO-
MEHJaIluM BHECEH DS BaKHBIX MU3MEHEHUU U
JOTIOJTHEHUH, CBUAETETbCTBYIONINX, YTO TAJIEKO
He BCe pacCMaTpUBaeMble JIEKAPCTBEHHbBIE CPE/I-
CTBA MOTYT MIMPOKO MCHOJb30BaThHCS B IPOPU-
JAKTUYECKOM I1eJIBIO.

BTopas gacTs 0030pa IuTepaTyphI MOCBSIIIE-
Ha npodpumirakture [IOKO (MITHO u/unu CH) 3a
CUeT UCIOJb30BAHUS MEP A bIOBAaHTHOH (papma-
KOJIOTHYECKON KapIUOIMPOTEKIIUN W ONTUMHU3a-
WA AHECTEe3WOJIOTO-PEeaHNMATOJIOTUUECKOTO
obecniedeHms1 60JIbHBIX C BHICOKUM KapAraaIbHbIM
PUCKOM.

dapmakoTepanusi
Kak Mepa npo(pUIIaKTHKH
KapIHaJIbHbIX OCJIOKHEHHH

Y 606HBIX € BEICOKUM prickoM [TOKO HeoOxo-
MO HCIIOJTE30BATh BeCh apceHasT 3(p(heKTUBHBIX
Mep II0 TIepuOoNePaIMOHHON 3aluTe MHUOKAp/a,
BXOJAIINX B PUCK-CHWYKAIOIIYIO CTpareruw [9].
dapmaKoJIOrHYeCKe Mephl 10 TTeproIepaIioH-
HOMH 3ammuTe MUOKapa y 00JIbHBIX BEICOKOTO pHCKa
MO>KHO pa3iesIuTh Ha JiBe Ipymmsl. [lepBas — pas-
JINYHBIE TIepopasbHble ITpernaparkl, KoTopble 60J1b-
HOH TIOJTy4aeT WX JOJIKEH IOJy4aTh B CBSA3H C
OCHOBHBIM 3a0o0JieBaHreM. [ IpuMeHNTeTHHO K Hllle-
mudeckour Oosesnu ceppamna (MBC) aro, mpexie
BCEro, aHTHaHTMHAJIbHbBIE, TUIIOTEH3UBHBIE CPEJI-
CTBa, -aIpeH00I0OKATOPEI, AHTUATPETAHTHI, CTATH-
HbI U Ap. bBosabpHble xpornmdeckoit CH (XCH), kak
MPaBUJIO, MTOJTYYAIOT JUYPETUKH, TUIIOTEH3UBHbBIE
rpenaparbl U3 FPYIITbl KHTUOUTOPOB aHTMOTEH3WH-
npespartaiorero pepmenra (AI1P) nau aHTaroHu-
CTOB penenTopoB aHruorensuHa II (APAII), anTu-
apUTMHUYECKUE IIperaparbl, WHOTAA CeplevYHbIe
[JINKO3U/BI, a B CaMOe ITOCJIeJHee BpeMsI OTHHM M3
IIperaparoB MIePBOTO PsA/ia CUUTAIOT KOMOMHUPO-
BaHHBIH Iperiapar, cocrosuii 3 APAIl Bancaprana

Introduction

Prophylaxis of perioperative myocardial dam-
age during noncardiac operations (NOMD) is a
challenging issue of contemporary medicine [1-5].
Perioperative cardiac complications (POCC) such as
NOMD and/or heart failure (HF) is a leading cause
of lethal outcomes in high cardiac risk patients un-
dergoing surgeries for various indications [2, 3, 6, 7].

In this country and abroad, detailed guide-
lines on optimal diagnostic and treatment policy
aimed at reduction of the risk of POCC have been
published [8-16]. At the same time, evidence-based
guidelines are continuously updated in line with
latest randomized studies and meta-analyses. For
the last 2-3 years, a number of important amend-
ments and addenda have been added to guidelines,
which evidence that by no means all drugs under
discussion can be widely used for the purpose of
prophylaxis.

The second part of the overview is dedicated
to prophylaxis of POCC (NOMD and/or HF) by
means of adjuvant pharmacological cardioprotec-
tion and optimization of aensthetic and critical care
support of high cardiac risk patients.

Pharmacotherapy as an Approach
to Cardiac Complication Prophylaxis

In high POCC risk patients, it is necessary to
use the full range of effective measures aimed at pe-
rioperative myocardiac protection, which are in-
cluded in the risk-reducing strategy [9]. The phar-
macological measures aimed at perioperative
myocardiac protection in high-risk patients can be
divided into two groups. The first group includes
various oral drugs that a patient receives or should
receive in connection with the main disease. In the
context of ischemic heart disease (IHD), these are,
first of all, antianginal drugs, 3-adrenergic receptor
blocking agents, antiaggregants, statins, antihyper-
tensive agents, etc. Patients suffering from chronic
HF (CHF) receive, as a rule, diuretics, antihyperten-
sive drugs from the group of angiotensin-convert-
ing enzyme (ACE) inhibitors or angiotensin II re-
ceptor antagonists (AIIRA), antiarrhythmic drugs,
sometimes cardiac glycosides, and most recently,
the combined drug consisting of AIIRA valsartan
and inhibitor of neprilysin, the enzyme cleaving B-
natriuretic peptide (BNP), — sacubitril — is re-
garded as one of the first-line drugs [17, 18].

The second group are drugs that can be used
for the purpose of cardioprotection immediately
before and during operative intervention. The list
of such pharmacological agents is rather limited
and continuously adjusted to take care of latest
data [9-12, 14, 19]; itincludes oral and intravenous
forms of $-adrenergic receptor blocking agents and
calcium channel blockers, nitrates, «,-adrenergic
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1 MHTUOWUTOpA Hempuim3uHa — pepMeHTa, pac-
LIeTVIAIONIero HaTpuilypeTuueckuil netuy B-tuna
(BNP) caryourpwmia [17, 18].

Bropas rpynmna — aTo npernaparsl, KOTOpbIe
MOTYT OBITH MCIIOJIB30BAHBI C I[EJIBI0 KapAuOomIp-
TOTEKIIUU HEMOCPEeJCTBEHHO Tepesl U BO Bpems
OMepaTUBHOTO BMeIIaTeJIbCTBA. [lepeueHb Takux
¢dhapMaKoJIOTUUYECKUX aT€HTOB B IOCTAaTOYHOU CTe-
IIEHY OIPaHUYEeH U [IOCTOSTHHO KOPPEKTUPYETCA B
COOTBETCTBUHU C HOBEHUIIIMMHU JaHHLIMHU [9-12, 14,
19] u BK/IIOYaeT nnepopajibHble U BHYTPUBEHHBIE
BHYTPUBEHHBIE (DOPMEBI [3-aIpeH0OIOKATOPOB U
0JI0KaTOPOB KaJIBITUEBBIX KAHAIOB, HUTPATHI, ¢y-
arOHUCTHI, JieBocuMeHAaH u ¢docdokpearus. K
3TOMU sKe I'pyIlIle MOKHO OTHECTH U COBpEMEHHbIe
rajoreHcoiepsKalie aHeCTETUKH.

CiieyeT OTMETUTH, YTO B peasibHOU KIWHU-
4YeCKOH NpPaKTHKe yKasaHHOe pa3jieseHre OTHO-
CHUTEJIBHO YCJI0BHO, T.K. MHOTHE IIpenaparbl 3TUX
T'PYIII IIOKA3aHbl U 1715 JICYEHUsI CepAeYHO-COCy-
JIUCTOTO 3a00JI€BaHUS, U [JTSI IEPUOITePAITTOHHON
KapAUOMpPOTEKIINU. BO3MOKHOCTh IPUMEHEHU S
(HasMuMe COOTBETCTBYIOIIUX ITIOKA3aHUH), CXeMbI
HasHayeHUss U 3(PPEKTUBHOCTb, COOTHOIIIEHUE
PUCK/II0J1b33, & TAKKE TOCTYIHOCTh B PyTUHHOU
KJIMHUYECKOH IIpaKTHKe y BCeX 9TUX IIpelapaToB
3HA4YMMO BapbUPYIOTCA.

(-agpeHobsiokaToprl. Hanbosee xoporro
M3yUYeHHBbIM B acleKTe paccMaTpuBaeMoU IIpo-
0J1eMBI TIpEICTABJISIETCS UCIIOIb30BaHue B-aape-
HobGs0karopoB. CoBpeMeHHBIE CeJIeKTUBHBIE
AHTArOHUCTHI [3,-alepeHepruYeCKUX pelenTopoB
XapaKTepU3yIOTCA MaKCUMAaJbHON M30MpaTe hb-
HOCTBIO, KOPOTKOU UJIU CpegHEN TPOAOIKUTEIIb-
HOCTBIO JIecTBUSA. MexaHU3M KapJUOIpPOTEKIINH,
B OCHOBHOM, BKJItodaer [20,21]:

* OTpuUIlaTe/ibHble MHOTPOIHBIA U XPOHOT-
pornHbIi 3P eKThI U, KaK CJIeJCTBUE, CHUKEHNE
MOTPpeOHOCTH MUOKap/Ia B KMCJIOPOle U MaKpPO-
9pPruvecKux cybcTparax;

* yBeJHUYCHHE KOPOHAPHOI'O KPOBOTOKA B
pe3yJibrare yIJINHeHU JUACTOJIBI.

* CHIKEHHE BHYTPUKJIETOYHOU KOHIIEHT-
panuy MOHOB KaJIbIYA B KApAUOMHUOLUTAX ITyTEM
TOpMOskeHUs [B,-HAM®P-3aBUCUMOT0 BHYTPUKJIE-
TOYHOI'0 OMOXMMUYECKOI0 KacKaa,;

°* BOCCTAaHOBJIEHME CHUKEHHOTO, Ha (oHe
BBIpAKEHHOM rurepkraTexo/ilaMUHeMUN, CPOJICTBA
-agpeHOperenTOpoOB K KaTeX0JIaMUHAM.

JlokasaTespHbIe PEKOMEHIAIIUY 10 UCHOJIb-
30BaHMIO MEPOPATbHBIX (DOPM ITUX ITPenapaToB
[9-12, 14, 19, 22] efUHOAYIIIHO CBOIATCA K TOMY,
YTO MMPUHUMAOIIHE UX O60JbHBIE TOKHBI ITPO-
JIOJI3KaTh MMPUEM B TTepHUOTIepaAIlMOHHBIN ITEPUO,.
[IpemornepanrioHHOE Ha3HAYeHNE (-aIpeHo010-
KaTOPOB IIOKA3aHO TOJIBKO IIPU XAPYPTUUECKUX
BMeIlIaTeJJbCTBaX BBICOKOTO PUCKA, TIPEsKIe BCEro
COCYIOUCTBIX, Y OOJBHBIX C NTMAarHOCTHPOBAHHON

NBC, c 2 1 6ostee pakTopamu pucka IIOKO 1o Lee

receptor agonists, Levosimendan, and phosphocre-
atine. Modern halogenated anesthetics can be in-
cluded in this group, too.

It should be noted that in real clinical practice,
the said segregation is relatively conventional be-
cause many drugs of these groups are indicated
both for treatment of a cardiovascular disease and
for perioperative cardioprotection. The possibility
of application (presence of respective indications),
prescription regimens and efficacy, risk-benefit
ratio, also availability in routine clinical practice
vary considerably between all these drugs.

[-adrenergic receptor blocking agents. Use
of B-adrenergic receptor blocking agents appears
to be best of all studied in the aspect of the issue
under discussion. Modern selective antagonists of
B,-adrenergic receptors are characterized by the
maximal selectivity, short or medium time of ac-
tion. The cardioprotection mechanism includes fol-
lowing [20, 21]:

* negative ionotropic and chronotropic ef-
fects and, as a consequence, reduction of my-
ocardium requirement of oxygen and high-energy
substrates;

* increase of coronary blood flow as a result
of elongation of diastole.

* decrease of intracellular concentration of
calcium ions in cardiomyocytes through suppres-
sion of f1-cAMP-dependent intracellular biochem-
ical cascade;

* restoration of reduced, at the background
of manifested hypercatecholaminemia, affinity of
-adrenergic receptors to catecholamines.

Evidence-based guidelines on use of oral
forms of these drugs [9-12, 14, 19, 22] reduce unan-
imously to that patients who are taking them must
continue their intake during the perioperative pe-
riod. Preoperative prescription of B-adrenergic re-
ceptor blocking agents is indicated only in case of
high-risk operative interventions, first of all, vascu-
lar, in patients with diagnosed IHD, 2 and more
POCCrrisk factors according to Lee [23]. [tis recom-
mended to commence the therapy not later than 2
days (within the range of 30 to 2 days) before an op-
eration, using small doses and titrating the effect.
The target values are heart rate (HR) at rest equal to
60-70 min'! at systolic arterial pressure (ABPs)
higher than 100 mm Hg. The drugs of choice for
oral administration are selective anttagonists of 3;-
adrenergic receptors free of their own sympath-
omimetic activity — atenolol and bisoprolol, which
have advantages versus metoptolol [12, 19].

Canadian clinicists offer a special opinion
finding prescription of B-adrenergic receptor block-
ing agents one day before an operation as not indi-
cated and usefulness of such prescription two and
more days before an operation as not proven [12].

In the 1990s, several randomized studies of the
efficacy of perioperative prescription of 3-adrener-
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[23]. ITpu 3TOM Tepanuio peKOMEeHIyIOT HAaYNHATh
He MeHee, 4eM 3a 2 CyTOK (B uHtepsaJie ot 30 7o 2
CyTOK) [0 OIlepalyu, UCII0JIb3ysl MaJleHbKHE J03bI
u tutpysa a3¢pdext. lleseBbIMHU 3HAYEHUSMU
ABJSIOTCS 4YacTOTAa CepAeYHbIX COKpaIeHuin
(UCC) B mokoe 60-70 MUH! IPU CUCTOJTUYECKOM
aprepuanbHOM maBsenuu (Allc) 6osiee 100 MM PT.
ct. IIpenapaTramu BbIOOpa OJIsT MEPOPATHLHOTO
Ha3HaYeHHUs CYUTAIOT CeJIEKTUBHbIE aHTAarOHUCThI
B1-amepeHepruyueckyx perenTopoB 6e3 COOCTBEH-
HOM CUMIIaTOMUMETUYECKOM aKTUBHOCTU aTe€HO-
JIOJI ¥ OHCOIIPOJIOJI, KOTOPhIE MMEIOT ITpenMyIIe-
CTBa Iepej MeTonpoJioJioM [12, 19].

Ocoboe MHEHHE BBICKA3bIBAIOT KaHAICKUE
KJUHUIIUCTBI, CYMTAasA, HellOKa3aHHbIM Ha3HauYeH1e
[-ampeHOOSIOKATOPOB 3a CYTKU /IO ONepanud, a
11eJ1eCO00PA3HOCTh TAKOTO Ha3HAYEHUS 3a JBOE U
OoJiee CyTOK Iepe] onieparuy HeJJOKka3aHHoM [12].

B 1990-x rogax OBLJIO TPOBEEHO HECKOJIBKO
paHIOMU3HUPOBAHHBIX UCCIeqOBaHUN 110 3 Pek-
TUBHOCTHU NEpUOIIepallMOHHOTO Ha3Ha4YeHus [3-
aIpeHo0JIOKATOPOB JIJIsI CHUYKEHUS YaCTOThI
ITOKO [24, 25]. VcciieqoBaHusI JAJIU IIOJIOKUTE b-
HBIe pe3y/IbraThl 1 000CHOBAJIM Ha3HAYEHWE ITUX
IperaparoB B IIepUOIEPANMOHHBIN Iepuon y
6ospHBIX UBC. OiHaKOo ciemyionye myoTuKanui
3aCTaBUJIU, B ONpeJieJIeHHON CTeNIeHH, TeEPECMOT-
peTh KOHIENIMIO IeprUoIepaiuoHHON B-agpeHo-
pernenTopHoii 6JI0Kaabl. B yacTHOCTH, OBLIO MTOKA-
3aHO, YTO [3-aIpeHOOJIOKATOPHI MOTYT HE CHUKATh
IocJjieonepanuoHHy0 30-THEBHYIO J1€TaJIbHOCTD
[74]. BuccnenoBannu POISE y 60/IbHBIX BBICOKOTO
pHUCKa NIPUMEHSJIN IIPOJIOHTUPOBAHHYIO (OpMY
MetorpoJoJsa (100 mr 3a 2—-4 4 1o onepauuu, 100
MT 4epes 6 4 IocJie onepanuu uim pasee npu YCC
6osee 80 B MuH, 200 MT yepes 12 4 mocjie BTOpOi
Io3bl U 3aTreM 1o 200 Mr B cyTKu B TeueHue 30
nHei). McciieqoBaresu mokKasaJjiv, YTO METOTIPO-
JI0JI, CHUKasA pUCK mHGapKTa MuUoKapaa (M),
YBEeJIMYMBAET OOIYI0 JIeTATbHOCTH M YaCTOTY
HWHCYJIBTA [5].

CoBpeMeHHbIe aBTOPHI  MMOAYEPKUBAIOT
Heo0X0aUMOCTh Tu( dhepeHITMPOBAHHOTO ITOIX0IA
K HasHa4eHWIo (-ampeHoOs0karopoB [14]. Nme-
eTCcA pAl KOHTapIyMEeHTOB K UX UCII0JIb30BaHUIO.
[lokasano, 4TO 9TH IIpenaparbl MOI'yT IIOBBIIIATH
JIETaTbHOCTH Y O0JIBHBIX C HU3KAM KapAua/IbHbIM
puckoMm [26]. YcTaHOBJIEHO, YTO y OOJIBHBIX C
XUPYpruuecKoil aHeMuei, IoayyaBmux 3-agpe-
HoOJtokaropskl, puck [TOKO BeIlle, 4em y 00JIb-
HBIX, He [10JIy4aBIINX 9T IIpenaparbl. ITO MOKET
OOBACHATHLCS TEM, YTO aipeHepruyecKas 6JioKama
NpensATCTBYeT aJeKBAaTHONH KOMIIEHCAaTOPHOMU
peaknuu B OTBeT Ha KpoBoTeueHue [27]. [lepuone-
parMoHHOEe NpUMeHeHre NPenaparoB NOBHIIIAET
PUCK TeMOTUHAMUYECKY 3HAYUMOI OpamuKapIumu
[26,28]. BoaMokHBI 1 Jpyrye moboyHbIe 3 dek-
ThI: TUIIOTEH3UsI, OPOHXOCIIAa3M, JTIEKOMITEHCAITHST
CH [27]. OmHO3HA4YHO, Ha3HAUYEeHNe IIperapaToB

gic receptor blocking agents for reducing the POCC
incidence were carried out [24, 25]. The studies pro-
vided positive results and substantiated prescrip-
tions of these drugs during the perioperative perion
in IHD patients. However, several publications to
some extent revised the concept of perioperative 3-
adrenergic receptor block. In particular, it was
shown that [-adrenergic receptor blocking agents
might not decrease the postoperative 30-day mor-
tality [74]. In POISE study, in high-risk patients, a
prolonged form of metoprolol was used (100 mg
2-4 hrs. before an operation, 100 mg 6 hrs. after an
operation or earlier when HR exceeded 80 per
minute, 200 mg 12 hrs. after the second dose, and
thereafter, 200 mg a day for 30 days). The investiga-
tors demonstrated that metoprolol, though reduc-
ing the risk of myocardial infarction (MI), incresed
the total mortality and stroke incidence [5].

Contemporary authors point out the necessity
of a differential approach to prescribing $-adrener-
gic receptor blocking agents [14]. There is a number
of counter-arguments concerning their use. It has
been shown that these drugs might increase mor-
tality in patients with low cardiac risk [26]. In pa-
tients with surgical anemia who received -adren-
ergic receptor blocking agents, the risk of POCCwas
higher than in patients who did not receive the said
drugs. It can be explained that adrenergic block
prevents adequate compensatory response to
bleeding [27]. Perioperative use of the drugs in-
creases the risk of hemodynamically significant
bradycardia [26, 28]. There might be other side ef-
fects, too: hypotension, bronchial spasm, HF de-
compensation [27]. Drugs of this class are definitely
not indicated without a careful selection of doses
for all patients, inclusing those patients who will
presumably be subjected to low-risk operative in-
terventions.

There are grounds to assume that the said
complications might take place in case of intraop-
erative administration of intravenous p-adrenergic
receptor blocking agents (propranolol, metoprolol,
esmolol). Moreover, in contrast to the well-studied
issue of oral perioperative administration of the
drugs under discussion, there are no data about ef-
ficacy of prophylaxis of acute myocardial ischemia
of MI with the aid of intravenous B-adrenergic re-
ceptor blocking agents.

Statins. Statins are considered an effective
measure of reducing POCC during non-cardiac, es-
pecially, vascular, surgeries. These drugs possess
anti-inflammatory, endothelium-stabilizing, and
antioxidant effects; they prevent the progress of
atheromatous plaques, cause their stabilization and
regress [19]. Number of studies showed that statins
reduced the incidence of perioperative myocardial
ischemia, troponin concentration, intensity of oxi-
dation-nitrosation stress, and prevalence of cardiac
complications in patients undergoing vascular surg-
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9TOrO0 KJjacca He I0Ka3aHo 0e3 TIaTeJabHOI0 10 -
Oopa J03UPOBOK, a TaK)Ke Y O0JBHBIX, KOTOPHIM
IIJIAHUPYIOTCA OllepaTHBHbIE BMeIlaTe/bCTBa
HU3KOT'0 PUCKA.

EcTb ocHOBaHuA noJsiararh, 4YTO yKa3aHHbIE
OCJIOKHEHUS MOTYT peajn30BBIBAaTHCA U IIPU
WHTpPAoIllepallMOHHOM Ha3HA4Y€HUW BHYTPUBEH-
HBIX (popM [-aapeHo6I0KaTOPOB (ITPOTPAHOJIOT,
MeTONpPOJI0JI, 3CMOJION). bosee Toro, B oTinyne ot
XOPOIIO HM3y4YEHHOTO BOIIPOCA O IIepOpPaJbHOM
MepruoIepaliMOHHOM ITpUeMe pacCMaTpUBaeMbIX
Mpenaparos, TaHHbIe 00 3¢ PeKTUBHOCTU TPOPU-
JIAKTUKU OCTPOU MIlleMUn MUoKapja uiau MM c
IIOMOIIIbI0 BHYTPUBEHHBIX JIEKAPCTBEHHBIX (popM
[-ampeHO6JIOKATOPOB OTCYTCTBYIOT.

CraruHbl. HasdHaueHNe CTaTUHOB CUUTAIOT
adpdexkTuBHOU Mepol cHukeHus [IOKO mpu
HeKapaAuaJIbHBIX, 0COOEHHO COCYJUCTHIX OTepa-
OUAX. ITH Mpernaparbl 06J1a4a10T IPOTUBOBOC-
MMaJIUTEJIBHBIM, 9H/IOTETUH -CTAO NITN3UPYIOTITAM
U aHTHUOKCHUJIAHTHBIM 3¢ eKTaMu, OHU Ipe/-
OTBpAIlaloT MIPOrpecCUpOBaHUE aTEpPOMATO3-
HBIX OJIANIEK, BBI3LIBAIOT UX CTAOMJIM3AIIHI0 U
perpecc [19]. B psne ucciaenoBaHuii moka3aHo,
4TO CTAaTHUHBl CHUIKAIOT 4YacTOTy Iiepuolepa-
IIMOHHOW UIIIEMUU MHUOKap/ia, KOHIIEHTPAIHUIo
TPONOHWHA, BBIPAYKEHHOCTh OKHUCJIUTEJbHO-
HUTPO3MWHOBOIO CTpecca U 4acTOTy KapAuaJb-
HBIX OCJIO’KHEHUH Y 60JIbHBIX, KOTOPBIM BBITIOJ -
HAITCA cocynucTble omnepanum [29]. OpHako
pesyabraTbl COBPEMEHHBIX MCJeJ0BAHUU I10
BJAUSHUIO NEPUONEPANMOHHBIX CTAaTUHOB Ha
FOCIUTAJIBHYIO JIETAJIbHOCTb, B TOM 4YHCJE OT
I[TOKO, B 10CTaTOYHOU CTENEHU IIPOTUBOPEUM-
BbI [19,30]. BMecTe ¢ TeMm, nmpemnaparbl MOTYT
BbI3BIBATh HEKOTOPHBIE OCJ0kHeHuA. OQHAKO,
BO3MOJKHOCTbH HanboJiee OacHOI U3 HUX Iieve-
HOYHOHN NUCQYHKIUN y HEKapAuOXupypruue-
CckuX 00JILHBIX He noKkasaHa [30].

CraruHbl BKJIOYEHbl B COOTBETCTBYIOIIME
3apyOesKHbIe pEKOMEeH AN, HO C OTPaHUYeHHbI-
MU nIokasaHusmu [9, 14, 19]. OqHo3HAYHO, Y 60JIB-
HBIX, IPUHUMAIOIINX CTaTUHBI, IPAEM 3TUX ITperna-
paroB IOJIKeH OBITH MIPOAOJIKEH B
IepUoIepPauOHHBIN TTepuo. Y 60IbHBIX, KOTO-
PBIM IJIAHUPYIOT COCYAUCTBIE ONlepauuu (OTKpPbI-
Thbl€ UJIX 9HJOBACKYJIAPHbIE), Ha3HAYEHUE CTaTu-
HOB TaK)Ke CUMTAIOT IOKa3aHbIM, HE3aBUCUMO OT
Ha/n4usi (PaKTOPOB PUCKA KapAUaIbHBIX 0CJIOXK-
HEHUMH, IPUYeM UX IIpUeM J0JIKEH TPOI0IKATHCSA
rocsie onepaiui. [IpearnoyTuTesbHO UCIIOJIB30Ba-
HHe IPenaparoB € MPOIOIKUATETbHBIM ePUOA0M
rnoJiypacrajna (aropsactarut, po3dyBacTaruH). Mx
PEKOMEHIyI0T HadHavaTb KaK MUHUMYM 3a HeJe-
JIIO, a JIy4llle 3a 2 Hefle I 0 BMellare/JabCTBa, [IPHU-
4yeM MpHUeM JTOJKeH MOPOJOJIKAThCA He MeHee
MecALa nocse onepauuu [19]. Bmecre ¢ TeM, B Heco-
CYAMCTOU XUPYPTUH, B TOM UHCJIE BBICOKOI'O PUCKA,
OJIHO3HAYHbIE TaHHbIE, TOATBEPsKIAI0NTHE 9D PeK-

eries [29]. However, findings of contemporary inves-
tigations of the influence of perioperative statins on
nosocomial mortality, including caused by POCC,
are rather contradictory [19, 30]. At the same time,
the drugs can cause some complications. However,
the possibility of the most serious complication, the
hepatic dysfunction, in non-cardiosurgery patients
has not been proven [30].

Statins are included in respective internation-
ally recognised guidelines, but with limited indica-
tions [9, 14, 19]. In patients taking statins, adminis-
tration of these drugs must definitely be continued
during the perioperative period. In patients to whom
vascular surgeries (open or endovascular) are
planned, prescription of statins is also considered in-
dicated regardless of the presence of cardiac compli-
cation risk factors, and their administration must
continue after operations. Drugs with an extended
half-life (atorvastatin, rosuvastatin) are preferrable.
Itis recommended to prescribe them at least for one
week, better — for two weeks, before an interven-
tion, and their administration must continue for at
least one month after an operation [19]. At the same
time, in non-vascular surgery including high-risk
surgery, there are no conclusive data proving the effi-
cacy of preoperative prescription of statins up to the
present day [19].

Nitrates. Nitrates fall, unbdoubtedly, into the
category of drugs capable of arresting acute my-
ocardial ischemia. Intravenous infusion of these
drugs during the perioperative period is easy to im-
plement. Neverthell, the attitude to their preventive
prescription during non-cardiac operations is cur-
rently negative. If the European guidelines of 2014
[9] still allowed preventive prescription of nitrates,
itis now [19] underlined that routine perioperative
prescription of nitrates to reduce the risk of POCC
is not effective, not indicated, and can increase the
risk of hemodynamic disturbances [19].

Nitrates decrease the preload due to vasodila-
tion, which is also a side effect of many anesthetic
drugs. The synergy of the effects of nitrates and
anesthetics results in persistent hemodynamic dis-
turbances, arterial hypotension and tachicardia,
which might cause or aggravate myocardial is-
chemia [9, 13, 19].

Calcium channel blockers. Theoretically, the
effect of some calcium channel blockers on the my-
ocardial oxygen balance is favorable. However, the
role of drugs of this heterogenous pharmacological
group in the decrease of POCC remains controver-
sial. Depending on the influence on HR and sympa-
tic nervous system tone, calcium antagonists are di-
vided into two subgroups: drugs that have no direct
influence on HR and are capable of increasing it re-
flexibly (dihydropyridine derivatives — nifedipine,
amlodipine, etc.), and drugs decreasing HR (vera-
pamil and ditiazem), which action is largely similar
to that of B-adrenergic receptor blocking agents.
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TUBHOCTB NPEAONEPAMOHHOTO HA3HAYEHU S CTa-
THUHOB, 10 HACTOALLIEI0 BpEMEHU OTCYTCTBYIOT [19].

Hwutpatsl. HutpaTsl, HECOMHEHHO, OTHOCAT-
cs K IIpemaparaM, CHOCOOHBIM KyIHUPOBATh
OCTPYyI0 MIIEMHI0 MHOKapza. BHyTpuBeHHas
MH()Y3Us1 ITUX IIpernapaToB B IepUONepalliOHHbBIN
IIEpUOL JIErKO peanudyema. OJHaKO OTHOLIIEHNE K
UX Ipo(dUIAKTUUECKOMY Ha3HAYeHUIO IIpU
HeKapAuaJIbHBIX OTlepallusX B HACTOsIIIee BpeMs
oTpuriaresibHOe. Ec/ii B eBpOIecKUX peKkoMeH1a-
nusix 2014 r. [9] npodusakTUYecKoe Ha3HAYEeHN e
HUTPATOB elle JONYCKaJd0Ch, TO B HaCTOsALlee
BpeMd [19] mogyepKUBaIOT, YTO PyTUHHOE IIEPUO-
nepanvoHHOe Ha3HAYeHNE HUTPATOB JJII CHAYKE-
Husi pucka [IOKO HeaddekTUBHO, HEe TOKA3aHO U
MOYKET yBeJIMYMBATh PUCK I'eMOJUHAMWUYECKUX
HapylleHui [19].

Hutparsl CHM)KAIOT NIpegHarpysKy 3a c4eT
Ba3oIUJIATAIINM, KOTOPasi TAaKKe SABJISIETCS IT000Y-
HBbIM 3(h(PEeKTOM MHOTUX aHECTEIUOJIOTUUECKUX
npenaparoB. CuHepruaM a¢eKToB HUTPATOB U
AHECTETUKOB MOSKET PE3YIBTUPOBATHCSA B CTOMKUX
reMOoIMHaMUYeCKUX HapyIIeHUsIX, apTepraJlbHON
TUMOTEH3UH U TaXUKAPAWH, YTO MOYKET BbI3BATh
WJIH YCYTYOUTH UIIeMHIo MUOKapaa [9, 13, 19].

Biokaropsl KaJabIIMeBbIX KAHAJIOB. Teope-
THYeCKH, 3P (PEeKT HEKOTOPHIX HJIOKATOPOB KAJIb-
[IMEeBBIX KAHAJIOB Ha OaJIaHC KMCJI0PO/Ia B MUOKap-
ne 6utaronpusTeH. OMHAKO POJIb MPerapaToB 9TOM
HEOTHOPOAHOU (papMaKOJOTMUeCcKON TpymIlibl B
camxennu [TIOKO ocraercs ciopHoil. B 3aBucu-
MocTH 0T BiimsAHNAA HAa YCC 1 TOHyC cuMItaTu4de-
CKOU HEpPBHOW CHCTEMbI aHTAarOHUCTHI KaJbIIUs
JeJIAT Ha 2 IO PYIIBL: Ipernaparsl, He UMelolue
npsimoro BiausiHus Ha UCC u criocoOHbIE ee ped-
JIEKTOPHO yBeJIU4YUBATh (IIPOM3BOAHbIE JUTHUIPO-
NUpUINHA — HUMEIUNNH, aMJIOIUIINH U NIP.) U
npenaparsl, ymenblnaromue YCC (BepanaMus 1
IUJITHA3€eM), 10 TIEHCTBHUIO BO MHOTOM CXOJIHBIE C
B-ampenobisiokaropamu.

JlaHHbIE MeTa-aHA/IN3a, OIyOJTMKOBAHHBIE B
2003 r., ITIOKa3aJjay, 4YTo JUATHA3EeM 00ecleuYnBaeT
CHUM’KEHME YaCTOThI IEPHUOTIEPAITMOHHON UITIEMUHU
U CyIpPaBEHTPUKYJISAPHOU TaXUKapAUU, a TaKKe
TEHIEHIUI0 K YMEHBIICHUIO 4acToThl VM u
JeranbHOCTH [31]. Bepamamusa cmocoOCTBOBA
TOJIBKO YMEHBIIIEHUIO YaCTOTHI CyIIpaBEHTPUKY-
JISPHBIX TAXUKAP/AWH, a MPOU3BOIHBIE TUTUIPO-
NMUPUANHA, BOOOIIE, He BBI3BIBAJIM 0OJIaronpu-
ATHBIX a(dderToB. [To3gHee ObBLIM TOJyYEHBI
JlaHHbIE, YTO Y OOJIBHBIX, KOTOPHIM BBITIOJTHAIN
TpaBMaTU4YHbIE COCYAUCTHIE Ollepaluy, UCII0JIb-
30BaHMe HU(deIUNUHA MOBBINIAET IepuoIepa-
IIMOHHYIO JIETAJIbHOCTD [32].

B cooTBeTCTBUM C ITOCJIETHUMU 3apyOesKHbI-
MH pPEeKOMEHIAIUAMHU, 6JIOKATOPhI KaJbIMEBBIX
KaHaJIOB He OTHOCATCS K IpenaparaM C T0Ka3aH-
HOU 3(h(HEeKTUBHOCTHIO B CHUsKeHUH pucka [IOKO.
X mpuMeHeHHe He CYUTAIOT MOKAa3aHHBIM, a

The meta-analysis data published in 2003
showed than ditiazem provides reduction of the in-
cidence of perioperative ischemia and supraven-
tricular tachycardia, and a tendency to reduction of
MI incidence and mortality [31]. Verapamil pro-
moted decreased prevalence of supraventricular
tachycardias only, while dihydropyridine derivative
did not cause favorable effects at all. Later, data
were obtained that in patients subjected to trau-
matic vascular operations, nifedipine rised periop-
erative mortality [32].

According to the latest foreign guidelines, cal-
cium channel blockers do not belong to drugs with
proven efficacy in reducing the risk of POCC. Their
application is not considered indicated and it is rec-
ommended to exclude use of nifedipine [19]. Use of
any calcium channel blockers is not indicated in
patients with cardiac insufficiency and systolic dys-
function of the left ventricle (LV) [9]. The expedi-
ency of continuing or starting their administration
before an operation might be rarely consideredin
case of intolerance to [3-adrenergic receptor block-
ing agents in patients with high risk of cardiac com-
plications or vasospastic angina pectoris [9].

There are no large-scale investigations of em-
ployment of intravenous calcium channel blockers
for prophylaxis of perioperative cardiac complica-
tions, but there is good reason to believe that all of
the above is true to intravenous forms of these
drugs, too.

Agonsists of a,-adrenergic receptors. The po-
tential cardioprotective effect of drugs of this group
is associated with the complex of effects recorded
in clinical and experimental studies [33]: sympa-
tholisis manifesting in heart rate fall, moderate de-
crease of arterial blood pressure and, as a conse-
quence, reduction of myocardium requirement of
oxygen and high-energy phosphates; increase of
coronary blood flow as a result of diastole elonga-
tion, NO- and adenosine-determined coronary di-
lation; reduction of the coronary steal effect in the
initially ischemic myocardial areas; anti-inflamma-
tory, antioxidant, and anti-apoptotic effects.

However, data about the ability of drugs of this
group to reduce the risk of POCC are controversial.
The systemic Cochrane review of 2009 [34] showed
that perioperative administration of various «,-
adrenergic receptor agonists during and after non-
cardiac operative interventions decreases patients’
mortality and perioperative myocardial ischemia;
after vascular operations, decreased incidence of
perioperative MY was recorded. On the contrary,
the Cochrane review of 2018 [35] failed to note any
positive influence of perioperative administration
of a,-adrenergic receptor agonists on nosocomial
mortality and POCC incidence. Moreover, it was
noted that application of these drugs increases the
risk of clinically significant bradycardia and arterial
hypotension.
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npueM HU(peIUIUHA PEKOMEHAYIOT HMCKJIYaTh
[19]. Victiosib30oBaHMe JIFOOBIX 6JI0KATOPOB KaJjlb-
IIMEBBIX KAaHAJIOB HE TTOKA3aHO y O0JIBHBIX C Cep-
IEeYHOH HeJOCTaTOYHOCTHI0 M CHCTOJIMYECKOU
nucyHKiuen geporo skeaynouka (JIXK) [9]. Lesne-
C000pa3HOCTh TPOAOJIKEHUsT WV Hadaga UX
npueMa Iiepej olnepaiueid MOKEeT paccMaTpu-
BaThCSl PeKO: IPU HEIIepEeHOCUMOCTH [-aJpeHo-
0J10KaTOPOB y OOJIBHBIX C BELICOKMM PHUCKOM Kap-
IUaJbHBIX OCJIOKHEHWH, a Tak)ke y OOJbHBIX
BA30CIIACTUYECKOU CTeHOKapauew [9].

PasBepHyTbIE HCC/IeqOBaHusA 110 IPUMEHe-
HUIO BHYTPUBEHHBIX (OPM OJIOKATOPOB KaJbIHe-
BBIX KaQHAJIOB C 11eJ1bI0 NPO(MUIAKTUKY TIepromne-
PallMOHHBIX KapAuaabHBIX OCJIO’KHEHUN
OTCYTCTBYIOT, HO €CTh BCe OCHOBAHHUA [10J1ararhb,
4YTO BCE BBIIICU3JI0KEHHOE OTHOCUTCA U K BHYT-
PYBEHHbBIM (pOpMaM ITUX ITpenapaToB.

AroHucTbI Q,-agpeHopenenTopoB. [loTeHIN-
QIBHBIN KapIUOTTPOTEKTOPHLIN 3 eKT mpemapa-
TOB 9TOH TPyHIbl CBS3BIBAIOT C KOMILJIEKCOM
3¢ (DEeKTOB, 3aperuCTPUPOBAHHBIX B KITUHUYECKUX
U 9KCIIEpUMEHTAIbHbIX UCCAeJ0BaHUAX [33]: cuM-
MaTOJIN3WCOM, TIPOSABJIEHUSIMU KOTOPOTO SABJISIOT-
ca ypeskenue UCC, ymepeHHoe cHuskenue AJl u,
KakK CJIeJICTBUE, YMEHbIIIEHNE TOTPeOHOCTH MUO-
KapJia B KUCJIOPOJIe M MaKpOoaprudeckux ¢ocda-
TaxX; yBeJIMYCHHEM KOPOHAPHOI'O KPOBOTOKA B
pesyJisrare yaJIMHeHus nuacroJibl, NO- u aneHo-
3WH-/IETEPMUHUPOBAHHON KOPOHAPOAUIATAIINH;
yMeHbIeHreM 3¢ deKTa KOPpOHAPHOTO «00KPaIbI-
BaHUI» UCXOIHO UIIIeMU3UPOBAHHBIX 30H MUOKap-
J1a; TIPOTHUBOBOCIIAJIUTEJIbHBIM, AHTHOKCHUIAHT-
HTBIM ¥ TPOTUBOATIONTOTUYECKUM 3P heKTamMu.

OmHaKo MaHHbBIE O CIICOOHOCTHU ITpernapaToB
3TOU rpynnsl cHUKaTh puck ITOKO nporuBopeun-
BBI. B cuctemarnmyeckom KoxpeitHOBCKOM 0030pe
2009 1. [34] 6B17TI0 TTOKA3aHO, YTO ITEePUOIIEPAIINOH-
HO€e Ha3HayeHHWe pas3JIMYHbIX aTOHUCTOB (,-aJpe-
HOpPEeILenTOPOB BO BpeMsi U IOCJIe HeEKapAuaJb-
HBIX OIIEPAaTUBHBIX BMeNIaTeJbCTB CHUYKAET
JIETAJIBHOCTh OOJBHBIX W TEPUOIEePANOHHYIO
HIIEMHUI0O MUOKApJa; II0CJae COCYJUCTBIX Ollepa-
MU 3aperucTpUpoOBaAIU CHUYKEHHE YaCTOTHI
nepuonepanruoHubix M. HanipoTtus, B Koxpeii-
HOBCKOM 0030pe 2018 1. [35] He yJa/I0Ch OTMETUTH
KaKUX-TU00 MOJIOKUTETbHBIX BJIUSIHUHA ITepPUO0-
MEePIIMOHHOr0 HAa3HAYEHW S arOHUCTOB ,-aIPEHO-
peLenTopoB Ha IOCHUTAJIBHYIO JIETaJbHOCTh U
gacrtory ITOKO. boJsiee TOro orMeTnIu, 9To IIpuMe-
HEeHUeE 9TUX IpernaparoB ITOBbINIAeT PUCK KJIUHU-
YeCKU 3HAYMMOU OpaguKapauu U apTepuabHON
TUIIOTEH3UU.

Obcykmass BO3MOYKHOCTH A bIOBAaHTHOM
¢dapMakoJIOTUYEeCKON KapIUOTIPOTEKITUM C TTIOMO-
IIBIO ATOHUCTOB ,-aIPEHOPELEeNTOPOB, CaeayeT
TIOMHUTB, YTO B HacTosIIee BpeMsi B Poccum 3ape-
TUCTPUPOBAHBI JABa IIpenapara 3TOW T'pPyMIbI,

HMeEIre BHYTPUBEHHYIO (bopMy: YaCTUYHBIA

Discussing the possibility of adjuvant phar-
macological cardioprotection with the help of a,-
adrenergic receptor agonists, one should remem-
ber that today in Russia two drugs of this group
having the intravenous form are registered: partial
agonist of a,-adrenergic receptors Clophelin, and
selective — Dexmedetomidinum. Their pharmaco-
dynamics differ considerably. The American guide-
lines of 2009 consider Clophelin indicated only for
perioperative control of arterial hypertension in pa-
tients with diagnosed IHD or one and more cardiac
complication risk factors [14]. This recommenda-
tion is consistent with the sole officially registered
domestic indication for intravenous Clophelin dur-
ing hypertensive crisis, which precludes its periop-
erative prescription for the purpose of cardiopro-
tection. The multi-center study [36] that involved
10,010 patients showed that Clophelin does not re-
duce the MI risk or mortality during non-cardiac
operations including vascular surgeries. Moreover,
administration of the drug was associated with se-
vere arterial hypotension and reversible cardiac ar-
rests. Consequently, Clophelin was no longer be-
lieved to be indicated [12, 19].

Some hope was put on a more advanced se-
lective agonist of a,-adrenergic receptos —
Dexmedetomidinum, which was initially intended
for use in anesthesiology and critical care. Single-
center studies demonstrated a cardioprotective ef-
fect of this drug, for example, in in patients under-
gone high-risk operations on aorta [37]. However,
latest meta-analyses [38, 39] did not find decrease
in nosocomial mortality, incidence of perioperative
ischemia and MI. Dexmedetomidinum, same as
other agonsits of a,-adrenergic receptors, increased
the risk of bradycardia and arterial hypotension.

Hence, although the European guidelines of
2014 allowed administration of a,-adrenergic re-
ceptor agonists for the purpose of cardioprotection
during vascular operations, at present, prescription
of all these drugs to reduce the incidence of POCC
is considered definitely not indicated [19].

ACE and AIIRA inhibitors (sartans). Drugs of
these groups, which possess a considerable phar-
macodynamics similarity, are widely used not only
during primary hypertension, but for treatment of
CHEF as well. The issue of their rational use during
non-cardiac operations in patients with high risk of
POCC is undoubtedly relevant. Preoperative use of
ACE and AIIRA inhibitors significantly increases the
risk of severe arterial hypotension after induction
of general anesthesia, especially in patients receiv-
ing B-adrenergic receptor blocking agents; in this
case, sensitivity to vasopressors might fall [9, 19].
Besides, it was shown that ACE inhibitors do not re-
duce POCC incidence, 30-day and 1-year mortality
after vascular operations in high-risk patients [40].

Currently, on the basis of conclusive studies
(8,12, 19], temporary (24 hrs beforehand) interrup-
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ATOHUCT «,-aIPEHOPENENTOPOB KJIOPEJUH U
CEeJIEKTUBHBIN — JleKMeleTOMUANH. PapMaKkoam-
HaMUKa UX CYIIEeCTBEHHO OwIn4daeTrcs. B amepu-
KaHCKUX pekoMeHaanuax 2009 r. ucroJib3oBaHue
KkjI0(deJIMHA CYUTAIOT MMOKA3aHHBIM TOJIBKO JIJIs
MepuoneparuoHHOTr0 KOHTPOJIS apTepuaJbHOU
TUTIEPTEH3WHN Y OOJBHBIX C IUATHOCTUPOBAHHON
NBC nu c omHuM u 60Jiee (haKTOPOM pHUCKA Kap-
IUAJIbHBIX OCJA0KHEeHUH [14]. Takass pekoMeHa-
Ml COBMAJIaeT C eJUHCTBEHHBIM OMUITUATBHO
3aperucTpUpPOBAaHHBIM OTe4eCTBEHHBIM ITOKa3a-
HHUEM K BHYTPUBEHHOMY Ha3HAYEHUIO KJI0(deanHa
IIPU TUIIEPTOHUYECKUX KPU3ax, UTO HE JAeT BO3-
MOYKHOCTH €r0 NepruoIepallMOHHOTO Ha3HAYEHU A
C IeJIbI0 KapIuONpPOTEeKIIMU. MHOTOIIEHTPOBOE
ucciaenoBanue [36], oxsarusiiee 10 010 00JbHBIX,
MOKa3aJio, 4To KJI0(eJIMH He CHU)KaeT puck UM u
JIeTaJbHOCTD IIPU HEKApANaJIbHbBIX, B TOM YHUCJE
COCYIHCTBIX, onlepanuax. boJiee Toro, Ha3Ha4eHue
rpernapara ObLJI0 aCCOIMUPOBAHO C BHIPAYKEHHOM
apTepUaJbHON TUIIOTEH3WEH U O0OpaTUMbIMU
OCTaHOBKaMU ceppra. Kak cieacTBue ncnoJib3o-
BaHUe KJ0(esMHA CTAJM CUMTATh He MOKa3aH-
HbIM [12,19].

OnpenesieHHbIe HaJlesKIbl BO3JIaraJiuch Ha
0oJiee COBpeMEHHBIN CEJIEKTUBHBIN arOHUCT ¢,-
AIPEHOPENENTOPOB TEKCMeNeTOMUINH, UCXOTHO
MpeJHa3HAa4YeHHBIM JJIsI UCI0JIb30BAaHUS B aHE-
CTe3U0JIOTUN-PEAHNMATOJIOTUHU. B OMHOIIEHTPO-
BBIX UCCJIEJOBAHUAX NPOIEMOHCTPUPOBAH Kap-
IUOMPOTEKTOPHBIN 3ddeKT aToro mnpemnapara,
HanmpuMep OpHu olepanusax BBICOKOTO PUCKa Ha
aopre [37]. OgHAKO TTOCIeJHNE MeTa-aHAJIN3bI TT0
npobsieme [38,39] He BBIABUIN CHUYKEHUS TOCIIHT-
TaJIbHOU JIeTaTbHOCTH, YaCTOThI IIEPUOTIEPAIINOH-
Hou mmemuu u VMIM. JlekcMeIeTOMUINH, TaKKe
KaK M Jpyrue aroHUCThbI ¢,-agpeHOPenenTopoB
MOBBIIIAJ PUCK OpaguKapaIuu U apTepuaTbHON
TUIIOTEH3UU.

Takum 00pa3oM, ecjii B eBPOIEHCKUX PEKO-
MeHmanuAax 2014 r. Ha3HaYeHUe aroHUCTOB ,-
AAPEHOPENEenTOPOB C [eJbI0 KapAUOTIPOTEeKIIUN
JOIyCKaJI0Ch IIPY COCYOUCTBIX OIlepalusx, TO B
HAaCTOsIIIee BpeMsI Ha3HAauYeHMe BCeX 9TUX Mpera-
paroB AJiAg cHuskeHUs 4acTtoThl [IOKO cumraror
OJTHO3HAYHO He ITOKa3aHHbIM [19].

HNuarun6uropei AII® u APAII (capranbl). [Tpe-
naparbl 9THUX CpYI, UMEINIUX 3HA4YUTEJIbHOE
dapmMakonMHaMUYeCKOe CXOACTBO, IIUPOKO
HCIOJIB3YIOT He TOJIBKO IIPU TUIIEPTOHUYECKON
bonesnu, HO u i1 JedeHuss XCH. IToatomy
BONPOC WX pPAllMOHAJbHOTO NPUMEHEHUs MNpHU
HeKapUaabHBIX OTlepaIusax y 00JIBHBIX C BBICO-
kuM puckoM IIOKO nMeeT HECOMHEHHYIO aKTy-
aJIBHOCTB. [IpenonepannoHHOe NCHOJIb30BaHUE
nHrI6uTOpOoB ATID 1 APAIIl 3HAYMMO MTOBHIINIAET
PHYCK BBIpa)KEHHOW apTepuajibHOW TUIIOTEH3UU
1ocJie MHAYKIUA 00IIel aHecTe3nH, 0COOEHHO Y
OOJBHBIX, TOJYYAIOIUX [3-aIpeH0OI0KATOPE;

tion of administration of ACE inhibitors and sartans
before non-cardiac operations in partients receiv-
ing such drugs is recommended. In CHF patients
with LV dysfunction, administration of these drugs
may be resumed as soon as possible during the
postoperative period subject to thorough monitor-
ing. Administration of these drugs may be resumed
only after full stabilization of the circulating blood
volume and vascular tone. When indicated, ACE in-
hibitors can be prescribed to hemodynamically sta-
ble patients with CHF and LV dysfunction at least
one week before a non-cardiac operation [9].

Most recently, combined drug valsartan/sacu-
bitril has become the first-line drug in the treat-
ment of CHF [17, 18]. However, there are no sub-
stantiated recommendations in respect of the
tactics of perioperative use of this drug, yet. There
is reason to believe that the above recommenda-
tions concerning use of ACE inhibitors and sartans
will be true in respect of valsartan/ sacubitril, too.

Antiaggregants. Antiaggregants are an impor-
tant component of treatment of IHD patients; how-
ever, as regards prophylaxis and treatment of peri-
operative myocardial infaction, usefulness and
admissibility of their preoperative discontinuation
rather than their targeted prescription is consid-
ered. The possibility of maintaining their intake, the
risk of intraoperative bleeding and the time of pos-
sible discontinuation are discussed [9, 12, 14].

Maintenance of administration of antiaggre-
gants during the perioperative period in some pa-
tients, specifically those who have coronary stents,
is undoubtedly a measure of prophylaxis of periop-
erative ischemia and/or MI [9, 14, 19]. At present,
in many observations discontinuation of acetylsal-
icylic acid is considered inexpedient, but the issue
of drug discontinuation should be addressed indi-
vidually taking into account possible consequences
for a particular patient [12]. It is recommended to
correlate very thoroughly the risks and potential
danger of perioperative bleeding and thrombus
complications. When there is a risk of a hard-to-
control bleeding, it is unambiguously recom-
mended to discontinue administration of acetylsal-
icylic acid [12, 19]. Taking into account the
particular danger of bleeding into a confined cavity
during some operative interventions (intracranial,
on the central canal of spinal cord, ophthalmolog-
ical on posterior segment of the eye), acetylsalicylic
acid should be discontinued 7 days before such op-
erations [19].

There are no clear-cut recommendations in
respect of a double antiaggregant therapy (acetyl-
salicylic acid, Clopidogrel). An individual approach
based on comprehensive analysis of surgical and
cardiological peculiarities of a particular patient
would be appropriate [19].

Clinicists’ strive to reduce the risk of vascular

complications due to postoperative hypercoagula-
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4yBCTBUTEJBHOCTH K Ba30IIPECCOPHBIM IIpernapa-
TaM IIPU 9TOM MOKeT ObITh CHIKeHa [9,19]. Kpome
TOTO, TTIOKAa3aHo, YTO UHru6uTOphl AIIP He cHU-
skaror yactory [IOKO, 30-cyTouHyIO 1 TOOUYHYIO
JIETAJIbHOCTh IIOCJIe COCYAMCTBIX OIlepanuil y
06O0JIBHBIX BBICOKOTO prcKa [40].

B HacTosIIEe BpeMs HA OCHOBE [I0Ka3aTeJb-
HBIX UCCJIeJJOBaHUHN peKoMeHayIoT [8, 12, 19] Bpe-
MeHHOe (3a 24 4) peKpalieHre mpruemMa UHruou-
TOpOoB All® 1 capTaHOB Nepe HeKapAuaIbHbIMU
omnepanusaMu y 00JbHBIX, KOTOPBIE ITOJIYYaiOT 9TH
npemapathbl. Y 60bHbIX XCH ¢ nuchyakimein JIMK
TIpYeM 3THUX ITperapaToB MOYKET ObITh MaKCUMAJTh-
HO OBICTPO BO30OHOBJIEH B IMOCJIETEPAITMOHHBIN
Tepuoj Ipu o0ecredYeHu Y TIIaTeTbHOI0 MOHUTO-
puHra. Bo306HOBJIATEH MPUEM 3THUX JIEKAPCTBEH-
HBIX CPEJNICTB IIOCJIe OIepaliyd MOYKHO TOJBKO
TTocJIe TMOJTHOH cTabmm3anuu oo’beMa MUPKYIu-
pyIoliieil KpoBU U COCYIUCTOro ToHYca. Eciiu ecTh
ToKasaHusi, WHTHOUTOpPbl AII® MOryT OBITH
HasHa4YeHbl TeMOJUHAMUYECKH CTa0UJIbLHBIM
6onpabIM XCH u nuchyuknueir JI)K HEe MeHee,
4eM 3a HeJleJTIo 10 HeKapIuaabHOU onepanuu [9].

B camoe mocenHee BpeMs mpemapaToM mep-
BorO psga mpu jJedyennn XCH cTaja KoMOMHUPO-
BaHHBIN TIperapar BajicapTaH/cakyoutpuia [17,
18]. OmHakKo 0OOCHOBAHHBIX PEKOMEHIAIUi B
OTHOIIIEHWHY TAKTUKU MMePUOTIEPAIMOHHOTO TPH-
MEeHEeHHUsI 9TOTO Mpemnapara IIoka HeT. ECTb 0cHO-
BAHUA CYUTATh, YTO BBIMIENIPUBEIEHHBIE PEKO-
MEHIAIluM TI0 WCIOJb30BAaHUIO HHTHUOUTOPOB
AII® u capTaHoB OyAyT CIIpaBeaIUBBI U B OTHO-
IIIeHN Y BaJICapTaH/cakyOuTpuIIa.

AHTHarperaHTbl. AHTHArPEraHThI ABJIAIOTCA
Ba’KHBIM KOMIIOHEHTOM JiedeHus: 00JabHbIX BC,
OJTHAKO B aclieKTe NMPO(MUIAKTUKUA U JeUYeHUs
MepuonepanyvoHHON HWIIeMUM MUOKapja pac-
CMaTpUBAIOT He BO3MOYKHOCTh UX IleJleHalpaB-
JIEHHOTO HasHaYeHWs, a IeJieco00pasHOCTb U
JOIIyCTUMOCTh IIpelolepaliiOHHON OTMEHBI.
O6cy:x1al0T BO3MOYKHOCTH COXpaHEHUsI UX Ipue-
Ma, PUCK OIEePaAIlMOHHBIX KPOBOTEUEHUH U CPOKU
BO3MOYKHOM OTMEHEI [9, 12, 14].

CoxpaHeHuWe m0OpueMa AaHTHATPETraHTOB B
MeproNePANIIOHHBIN TEPHO] Y OT/IeTbHBIX O0JTh-
HBIX, B YaCTHOCTU UMEMIINX KOPOHAPHBIE CTEH-
Thl, HECOMHEHHO, IBJISIETCS Mepoi TpoUuIaKTh-
KM IepUOoNpaliMoOHHbIX uillemMuu u/wim MM [9, 14,
19]. B Hacrosmiee BpeMs CUUTAIOT, YTO BO MHOTUX
HaOJII0IEeHUAX OTMEHa alleTUJICAJIUIINIOBOM KHC-
JIOTBI HelleJecoobpasHa, HO Bompoc 06 oTMeHe
npenapara JOJLKEeH pelrarbCcsa UHIUBUAYAJIBHO C
y4€TOM BO3MOSKHBIX ITOCJIECTBUH AJIs1 KOHKPET-
HOro 60sibHOTO [12]. PEKOMEHAYIOT O4YeHb TIIA-
TeJIbHO COOTHECTH PHUCKU U IIOTEHIHAJIbHYIO
OMMaCHOCTBb NePUOTNEePAITMOHHOT0 KPOBOTEYEHUA 1
TPOMOOTHYECKHUX OCJOKHEeHUH. EMu ecTh puCK
TPYAHO KOHTPOJIMPYEeMOI'0 KPOBOTEYEHU S, [IPUEM
alleTUJICATUIINIOBOM  KHCJOTHI  OJHO3HAYHO

tion, including M], is quite predictable. However,
most drugs featuring anticoagulant activity in-
crease the risk of perioperative bleeding, which lim-
its their wide use for prophylaxis. According to the
findings of the most recent studies, postoperative
prescription of direct thrombin inhibitor dabiga-
tran in patients with clinical and functional and/or
laboratory signs of NOMD detected within 35 days
after non-cardiac operations does not increase the
risk of significant bleeding and decreases the inci-
dence of vascular complications (total vascular
morbidity, non-fatal MI, ischemic strokes, periph-
eral arterial thromobosis and venous thrombus
embolization) [41]. These data open prospects for
prescribing latest anticoagulants for prophylaxis of
serious cardiovascular complications after non-car-
diac surgeries.

Levosimendan. Levosimendan belongs to a
new group of drugs — calcium sensitization agents —
and possesses potent inotropic and moderate va-
sodilatory effects. The drug increases the affinity of
myocardial myofilaments to intracellular calcium,
raising inotropism without incremental growth of
intracellular concentration of this ion, so heart
compliance is not compromised. The inotropic ef-
fect is delayed and prolonged due to activity of
long-existing metabolites. Besides, Levosimendan
causes vasodilation by opening ATP-sensitive
potassium channels (K*-ATP-channels). The effects
of Levosimendan are related to several mecha-
nisms including [42]:

e cardiohemodynamics optimization: im-
provement of inotropism without raising the my-
ocardial oxygen requirement;

e improvement of myocardial
metabolism;

e pharmacological preconditioning (im-
provement of ischemia tolerance) due to opening
of K*-ATP-channels of mitochondrias;

e anti-inflammatory effect.

An extensive positive experience of Levosi-
mendan administration has been accumulated in
cardiology and cardiosurgery. The overview of
meta-analysis published in 2016 [43] points out
that in the global literature, on the basis of over
6000 cases, it has been established that administra-
tion of Levosimendan in different clinical situations
reduces mortality. The drug is included in Europ-
eran guidelines on CHF diagnosis and manage-
ment as an effective inotropic aid [17].

The combined effects of Levosimendan have
attracted attention to the possibility of using it to re-
duce the risk of cardiac complications in non-car-
diac surgery [44]. It has been demonstrated that in
patients with severely decreased LV ejection fraction
(EF), who are going to experience low- and medium-
risk non-cardiac operations, the preoperative prepa-
ration with the help of Levosimendan is accompa-
nied with increased cardiac index, decreased
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peroMeHAyIoT mpekpaiuarb [12, 19]. YuursiBas
0Cc00yI0 OTIACHOCTH KPOBOTEUEHUS B 3aMKHYTYIO
MMOJIOCTh MPU OTJEJIbHBIX ONEePAaTUBHBIX BMEIIIa-
TeJIbCTBAX (MHTPAaKpaHUAJIbHbIE, HA CHUHHOMO3-
rOBOM KaHaJse, opTaabMOJIOTHYECKHE HA 3aJHEM
CerMeHTe rjasa), NMpueM areTUICAJTUINI0BON
KHCJIOTHI CJIeAyeT IPEKPaTUTh 3a 7 CYTOK 10 TAKUX
omneparuii [19].

YeTKkne peKOMeHJAIU B OTHOIIIEHUU IBOM-
HOU aHTHArperaHTHOM Tepanuu (aleTuJICaJInuII-
JI0OBasg KMCJOTA, KJIONHUIOIpPeJ) OTCYyTCTBYIOT.
[lesrecoobpa3eH WHAMBUIYATbHBIA ITOAXOM Ha
OCHOBE BCECTOPOHHEr0 aHa/In3a XUpPypru4ecKux
U KapIUOJI0THIECKUX 0COOEHHOCTEN KOHKPETHO-
ro doJibHOTrO [19].

CrpeMJjieHMEe KJIUHUIMCTOB CHU3UTHh PUCK
COCYOUCTBIX  OCJIOKHEHWH, O0O0yCJIOBJIEHHBIX
[I0CJIe0IepaOHHOU TUIlepKoaryssinuei, B ToM
yucje VIM, BrioJiHe 3aKOHOMepHO. OgHaK0 00JIb-
IIMHCTBO IIpelapaToB C aHTUKOATYJISHTHON
AKTUBHOCTH MOBBIIIAIOT PUCK MMEePUOINEepPAITUOH-
HBIX KDOBOTEUEHUH, UTO OTPAHUYHUBAET UX AKTUB-
HOoe MpoduIaKTUIeCKoe HadHaueHne. CoriacHo
pe3yJabraTM CaMbIX IOCJAeTHUX HCCAeJOBaHUMH,
MOCJIeoIIepallMOHHOEe Ha3HaYeHe TPSAMOTO UHTH -
duTopa TpoMOUHA JaburarpaHa y 60/IbHBIX C KITU-
HUKO-(PYHKIIMOHAJIBHBIMA /WU J1ab0paTOPHBI-
mu npusHakamu MIIHO, BbIABJIIEHHBIMU B
TeyeHue 35 CyTOK II0CJIe HeKapAuaJbHbIX ollepa-
LU, He YBeJIMYMBAET PUCK 3HAYNUTEJIbHBIX KDOBO-
TeueHUH U CHUIKAeT YaCTOTY COCYAUCTBIX OCJIOK-
HeHUH (00I11ast YaCTOTa COCYANCTON CMEPTHOCTH,
He(daranbHbIM VM, ulIeMUYeCKUX HHCYJIBTOB,
nepudepruueckux apTepUuaTbHBIX TPOMOO30B U
BEHO3HBIX TpoMOoOaMbosuit) [41]. OTU maHHBIE
OTKPBIBAIOT TMEPCHEeKTUBbI [JI1 HA3HAYEHUS
HOBEHNIIINX aHTUKOATYJISTHTOB C I1eJ1bI0 PO UIIAK-
THUKHU CEPBbE3HBIX CePAEYHO-COCYIUCTHIX OCJIOMK-
HEHUH TTocjIe HeKapIuaabHbIX OTlepaIyii.

JleBocumeHaaH. /IeBocuMeH1aH OTHOCHUTCSI
K HOBOMU I'pyIIie JiIeKapCTBEHHbBIX CPEICTB — KaJlb-
[IMEBBIM CEHCUTH3aTopam, 00JIaaeT BhIpaKeH-
HBIM MHOTPOIIHBIM U YMEPEHHBIM Ba3OAWJaTH-
pylomuM addexkroMm. IlpenapaT yBeanuuBaeT
CpoACTBO MUO(UIAMEHTOB MUOKAapa K BHYTPU-
KJIETOYHOMY KaJIbLIYIO, IIOBBIIIAsI MHOTPOIU3M
0e3 IpupocTa BHYTPUKJIETOYHOU KOHIIEHT DA
9TOT0 MOHA, BCJIEACTBHUE Yero He HapyllaeTCs nua-
cToJIMuecKoe pacciiadbsenue. MIHOTpomHOe Mei-
CTBHE HACTyllaeT OTCPOYCHO U ABJISACTCA IPOA0JI-
SKUTEJbHBIM 34 CYET aKTUBHOCTH IJNTEJIbHO
CylIecTByIOIUX MeTabosimToB. KpoMme Toro, 1eBo-
CUMEHIaH, OTKpbIBasi ATP-3aBrCcHMbIe KaJleBbIe
kaHaJbl (K+-AT®d-kaHaJibl), BbI3bIBAET Ba30oguIa-
Tanuio. dPPEKTHI JIEBOCHMeH1aHa 00yCIOBIEHBI
HECKOJIbKMMU MeXaHU3MaMU, Cpeay KOTOPBIX [42]:

* OOTUMHU3AUUHUA KapAUOTEeMOOUHAMUKHU:
yJIydllleHrne WHOTponu3Ma 0e3 IIOBBIIIEHUS
MOTPeOHOCTH MUOKapAa B KHUCJIOPOIE;

systemic vascular resistance, improved echocardio-
graphy parameters, and lowered B-natriuretic pep-
tide [45,46]. Domestic authors have shown that such
preparation reduces the requirement of periopera-
tive sympathomimetic cardiotonic agents, shortens
the patients’ period in intensive care units (ICU) and
inpatient time in general [47].

Nevertheless, as regards non-cardiac opera-
tive interventions in high-risk patients, application
of this drug is not fully developed yet, although it
has been included in Spanish guidelines on thera-
peutic management during non-cardiac surgery in
CHEF patients [10]. These guidelines underline use-
fulness of preoperative administration of Levosi-
mendan to patients with decreased LVEE first of all,
for the purpose of pharmacological precondition-
ing. However, it appears that in patients with severe
CHE to which non-cardiac operations are planned,
the ionotropic effect, optimization of hemodynam-
ics and prophylaxis of cardiac ejection decrease
might play a role in prophylaxis of perioperative
cardiac complications that is not lower than the ef-
fect of pharmacological preconditioning.

Administration of Levosimendan might have
side effects (arterial hypotension and tachycardia)
[10, 42, 43]; hence, its safe use requires fulfillment
of a number of conditions:

e transfer of patients to ICU at least 24 hours
before the operation;

* the necessity of slow, during 24 hrs., infu-
sion of the drug, which must be carried out under
careful medical control (fast administration with a
loading dose rises drastically the probability of side
effects and complications);

* monitoring of vital functions.

It should be taken into account the post-
pointed clinical effect of Levosimendan that takes
at least 6 hrs., more often — 12 hrs; therefore, it
must be administered before an operation. Besides,
the drug has a rather wide range of counter-indica-
tions (heart valve stenosis, some tachyarrhythmias,
etc.). In particular, Levosimendan is counter-indi-
cated to patients with aortic stenosis — the most
common valve defect in elderly and senile patients,
and this disease is a proven risk factor of perioper-
ative myocardial infarction and mortality, espe-
cially in case of emergency surgeries [9].

Halogenated inhaled anesthetics. A possible
mechanism of intraoperative cardioprotection dur-
ing anesthesia maintenance using modern halo-
genated inhaled agents (Sevoflurane, Desflurane)
is anesthetic (pre- and post-) conditioning as
metabolic adaptation of myocardium to ischemic
damage [48]. This effect occurs as a result of a num-
ber of cell effects [49]:

e production of ‘signaling’ quantities of reac-
tive oxygen intermediates;

* phosphorylation of glycogen synthase ki-
nase-3p;
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° yAyd4IIeHWe MUOKapAUaIbHOrO a3poOHO-
ro meraboJiu3ma;

* (papmakoJOruueCKUM MPEKOHIUIMOHU-
poBaHue (y1y4lleHne IepeHOCUMOCTH UIIEMUN),
pasBuBaleecs 3a cueT OTKpbITUsI K*-ATd-kanHa-
JIOB MUTOXOH/IPU;

* TIPOTHUBOBOCIAJUTELHBIN 3D PEKT.

B kapauoJioruu U KapauoOXupypruu HaKoI-
JIeH OOJIBIIION TTOJIOMKUTETbHBIA OMBIT IPUMEHE-
HUs JIeBOCUMeHIaHa. B 0630pe MeTa-aHaIU30B,
ony0sIMKOBaHHOM B 2016 1. [43], TOTUepKUBaeTcs,
YTO B MUPOBOU JIUTEPAType HA OCHOBAHUU OoJTee,
yeM 6000 HaOIIOAEHWH YCTAaHOBJEHO, YTO
Ha3HauveHNe JIEeBOCUMEHIaHa B PA3JIMYHBIX KJIHU-
HUYECKUX CUTyalusAX CHHUYKAeT JIETAJIbHOCTb.
[Ipenapar BKJIIOUEH B KauyecTBe 3 PEeKTUBHOTO
WHOTPOITHOT'O CPEJICTBA B €eBPOTIEHCKIE pEKOMEH-
JalMM 110 JUarHoCTUKe u Jiedenuio XCH [17].

KommnsekcHubie adgerTbl JieBOCMMEH1aHa
MPUBJIEKJIM BHUMAaHHE K BO3MOYKHOCTH €ro
HCII0/Ib30BAHUA JJI1 CHUSKEHUSI PUCKA KapauaJib-
HBIX OCJIO’KHEHUH B HeKapAUaJIbHOU XUPYypruu
[44]. TIpomeMOHCTPUPOBAJIA, YTO Y OOJIBHBIX C
pesKko cHUsKeHHOU ppakimeii uarnanus (ON1) JIZK,
KOTOPBIM IIJIAHUPYIOT HEeKapAhaJIbHble Ollepanuyn
HU3KOr0 U CpelHero pucKa IMpenolepanuoHHas
MOJITOTOBKA C IIOMOIIBIO JIEBOCUMEHIaHa COIIPO-
BOSKIAETCA TOBBIIIEHUEM CEPJIEYHOT0 MHIEKCA,
CHUJKEHUEM CHCTEMHOI'0 COCYAUCTOTO COIIPOTUB-
JIeHUs], YJIydllleHueM 3X0Kapauorpaguyeckux
II0KasareJieil U CHUKeHEeM YPOBHsI HAaTpUypeTu-
Yeckoro nentuga B-tuna [45, 46]. OTedyecTBeHHbIE
ABTOPHI MOKA3AJIH, YTO TAKAA IMTOATOTOBKA COKpa-
I[aeT TOTPeOHOCTh B IIEPHUOIEPAIIMOHHOM
Ha3HaYeHNH CUMITATOMUMETUYECKUX KapIUOTOHU -
KOB, COKpaIIlaeT BpeMs NMpeObIBaHUsI O0OJIBHBIX B
peaHuManuu u nHTeHcuBHOU Tepanuu (OPUT) u
YKOpaduBaeT rOCIUTAIN3alNIo B IIeJIoM [47].

Tem He MeHee, IPU BHINOJHEHUU HEKAPIU-
JIBHBIX XUPYPTUYECKUX BMEIIATEIHCTB 00JTbHBIM
BBICOKOTO PHUCKA UCII0Jb30BaHUE 3TOTO IIpenapa-
Ta ocTaeTcs pa3pabOTaHHBIM He B IIOJTHOU Mepe,
XOTS1 OH BKJIFOYEH B UCITAHCKHE PEKOMEHIalNH 10
JieyeOHON TaKTUKe P HeKapaua bHBIX Ollepa-
usax 'y 6oapHBIX XCH [10]. B 9THX pekOMeHzamnumsax
MOAYEePKUBAETCS 11e1eCO00Pa3HOCTh IIpeIonepa-
IIMOHHOTO Ha3dHaveHue JJeBOCUMeHJaHa 00/IbHbIM
co cumkeHHot ®NJIK, nipeskjie Bcero, ¢ 1Meablo
¢hapMaKoJIOTMYeCKOTr0 MPEKOHIUIMOHUPOBAHUS.
OnHaKo, peCTaBsIeTC s, 9YTO Y OOJbHBIX TsIKe-
J0ii XCH, KOTOpBIM IJIAHUPYIOT HEKApIUaJIbHbIe
orepaluu, HHOTPOITHbIN 3 eKT, ONTUMU3ALUSA
reMOJIMHAMUKHU U IPO(PUTAKTHAKA CHUKEHUS Cep-
JIEYHOTO BBIOpOCA MOTYT WIPaTh HE MEHBIIYIO
PpOJib B PO UJIaKTUKeE TIepUOoIepallMOHHBIX Kap-
IUATbHBIX OCJIOKHEHUH, yeM adeKT papmMako-
JIOTUYeCKOr0 NPEKOHIUITMOHUPOBAHUS.

[Ipu BBeneHWHU JIeBOCUMEHTaHA BO3MOSKHBI
ro6ouHbIe 3P eKThI (apTepruaabHasi TUIOTEH3US

* phosphorylation of proteinkinase-C;

* suppression of intracellular enzymatic cas-
cades realizing reperfusion damage;

* prophylaxis of apoptosis, etc.

Existence of anesthetic conditioning does not
cause any doubts today [9, 10, 14]. Domestic inves-
tigators have demonstrated significance of this ef-
fect in high cardiac risk patients for decrease of HF
incidence and total mortality during a year after
various non-cardiac surgeries [50]. At the same
time, conditioning implementation requires deliv-
ery of certain concentration of anesthetic, which is
not always feasible [51]. All contemporary recom-
mendations concerning reduction of the risk of car-
diac complications in non-cardiac surgeries point
out their usefulness in IHD patients when there is
arisk of ischemia in the absence of hemodynamic
counter-indications [9, 10, 14].

Phosphocreatine. Exogenous phosphocrea-
tine as a drug for adjuvant cardioprotection in dif-
ferent clinical situations [52, 53] has been used in
Russia for over 30 years. However, the meta-analy-
sis that confirmed the drug efficacy has been pub-
lished just recently [54]. The authors have con-
cluded that in total population of patients with
cardiac disorders (more than 3000 clinical cases),
phosphocreatine provides: decreased total mortal-
ity, decreased incidence of severe arrhythmias, less-
ened requirement of sympathomimetic drugs, and
other cardioprotective effects.

It has been established nowadays that the car-
dioprotective action of phosphocreatine is only
partially explained by its intracellular effects as a
high-energy compound providing adenosine
triphosphate resynthesis; regulatory influences on
sarcolemma enzymatic systems providing
metabolism of adenine nucleotides and mainte-
nance of intracellular concentration of adenosine
monophosphate (the intracellular action of the
drug) play an important role, as well as intracellular
effects of small quantities of phosphocreatine or its
metabolite creatine on mitochondria-associated
signaling pathways responsible for cell bioenergy
and apoptosis [53]. The proven antiarrhythmic ef-
fect of the drug is apparently related to mainte-
nance of the intactness of cardiomyocyte sar-
colemma, prevention of phospholipid degradation,
glycocalyx destruction and accumulation of
lysophosphoglycerides representing combined
biochemical and electrochemical mechanism [53].

However, the experience of using exogenous
phosphocreatine in high-risk patients undergoing
non-cardiac operative interventions remains lim-
ited though in case of vascular surgeries and onco-
logical surgeirs its undoubtful cardioprotective ef-
fects have been proved [55, 56]. Given excellent
drug tolerance and easiness of its use during the
perioperative period, phosphocreatine cardiopro-
tection can be considered promising for reduction
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u taxukapaus) [10,42,43], moatomy Ge3omacHoe
ero MCIoJb30BaHUe TPebyeT coOJIIoIeHus psAaa
YCJIOBUIA:

e mnepeson 60bHEIX B OPUT He MeHee yeM
3a CyTKH [0 Ollepaluy;

e HeoOXOIMMOCTH MeJIEHHOU B TeueHue 24
4 uH(QY3UHU [Ipenapara, KoTopas 10oJKHa IIPOBO-
IUTBCA MO TIaTeAbHBIM MEJUIIMHCKUM KOHTPO-
JeM (OBICTpOe BBeJEHHE C HAarpPy30YHOH H030H
pE3KO TIOBBINIAET BEPOSITHOCTH ITOOOYHBIX
3dPeKrToB 1 OCJIOKHEHUT);

e obecrieyeHe MOHHUTOPHWHTA SKU3HEHHO
Ba’KHBIX (DYHKIIWH.

Cioegyer y4uTBIBaTh, YTO IJIA peann3anuu
addekra ieBocuMeHTaHa He0OX0TUMO HE MeHee
6 4, a yare 12 4, m03TOMY BBEJEHUE €T0 JOJIKHO
BBIIOJIHATBLCA A0 onepauuu. Kpome toro, y nipe-
rapara ecTh JOCTATOYHO IIUPOKUM CIIEKTP MPOTHU-
BOIIOKa3aHUH (CTEHO3bI KJIANAHOB CepP/illa, HEKO-
TOpble TaxWapuTMUM U 1p.). B dYacTHOCTH,
JIEBOCUMEHIaH IIPOTHUBOIIOKAa3aH OOJILHBIM C
A0pTaJbHBIM CTEHO30M, CAMBIM pacCOpPOCTPaHEeH-
HBIM KJIAITAaHHBIM ITIOPOKOM Y 60JIBHBIX TTOSKUAJIOTO
M CTap4YeCKOro BO3pacra, a 9To 3aboJieBaHUeE
SABJISIETCSA IOKa3aHHBIM (PAKTOPOM pHCKa IeprOo-
MepanroHHOro nHgapKTa MUOKap/ia U JeTaJbHO-
CTH, 0COOEHHO TIPHW BBIMOJHEHUU IKCTPEHHBIX
OonepaTUBHBIX BMEIIATeJIbCTB [9].

lanorencoaep:xaniye UHraJaIAMOHHbBIE aHe-
CTeTUKH. BO3SMOKHBIM MEXaHN3MOM UHTpaonepa-
IMOHHOU KapJMOINPOTEKINU TIPU MOAAepsKaHUN
aHeCcTe3UH COBPEMEHHBIMHU I'aJIOTeHCOoePsKallH-
MU MHTQIAIUOHHBIMU areHTaMu (ceBo(uiypaH,
JecJrypan) ABJIsieTcs aHeCTETUYECKOe KOHIUITNO-
HUpOBaHUeE (IIpe- U MOCT-) KaKk MeTaboJImYecKast
ajanTramnysa MUOKapaa K UIIeMAYeCKOMY IIOBPEesK-
JIeHuio [48]. 3ToT apeKT BO3SHUKAET B pe3yJIbTaTe
psna KiIeTouyHbIX 3 HeKToB [49]:

* BBIPAOOTKA «CUTHAJBHBIX» KOJUYECTB
AKTUBHBIX (POPM KUCI0PO/IA;

* (ochopunrpoBaHue NIMKOT€H-CUHTa3bI-
KUHa3bI-3[;

* (ochopunupoBanue mnpoTeuHKNUHa3bI-C;

* yrHeTeHHe BHYTPUKJIETOUHBIX (pepMeHT-
HBIX KaCKaJ0B, peajin3ylolux peneppy3srnoHHOe
MMOBPEYK/IEHUE;

* mpoduIAKTHKA alIONTO3a U AP.

Hanmune anecTeTH4€CKOTO KOHAUIIMOHUPO-
BaHUsI B HACTOsIIIee BpeMs He BbI3bIBA€T COMHE-
Hu# [9, 10, 14]. OTeyecTBEHHBIE UCCJIETOBATE I
MPOJIEMOHCTPUPOBAIN 3HAYUMOCTh 3TOT0 3hPeK-
Ta 'y 00JIBHBIX BBICOKOTO KapUaJIbHOTO PHCKA [IJTS
cHmykeHue yactorbl CH 1 o0111ei 1eTaJbHOCTH B
TeyeHHe ToJa MOCJIe Pa3JINUYHbIX HEKapANaTbHBIX
onepamuii [50]. BMecTe ¢ Tem, peanuaaiysi KOHIU-
[IMOHUPOBAHUS TpebyeT Moauy ONpe e IeHHBIX
KOHIIEHTpaIMi aHeCTETHUKA, YTO He BCETA peastn-
3yeMo [51]. Bce coBpeMeHHbIe peKOMEHIaluy 110
CHU)KEHMIO PUCKA KapIUaJIbHbIX OCI0KHEHUN B

of the risk of cardiac complications in non-cardiac
surgery.

Optimization of Anesthetic
and Critical Care Support

Selecting the anesthetic support option. As-
surance of hemodynamic stability in high cardiac
risk patients undergoing medium- and high-risk
operative intervention is not an easy task. Its intri-
cacy evidently determines the ongoing discussion
concerning the choice of optimal anesthesiological
methods [9, 10, 14]. Most options of support de-
crease the activity of sympathoadrenal system and
might cause clinically important changes of hemo-
dynamics in patients with low functional reserves
of their cardiovascular system, first of all, decrease
of ABP [9, 14]. Hence, there are no definite clinical
recommendations regulating the choice of anes-
thesia methods, particular drugs and their doses.
When there is a risk of type 2 MI development, it
become essential to maintain the myocardial bal-
ance of oxygen delivery/consumption. In this con-
nection, the anesthesiologist should ensure pro-
phylaxis of tachycardia and arterial hypotension.

Current guidelines in this clinical situation
come down to that in hemodynamically stable pa-
tients with a risk of myocardial ischemia, modern
halogenated anesthetics, first of all, sevoflurane,
should be used [9, 14]. When opioids are pre-
scribed, it is recommended to avoid high doses
thereof and, especially, ‘central anesthesia’ [14]. In
using halogenated anesthetics, one should take
into account the anesthetic conditioning as a pos-
sible positive effect [10, 14].

Experts’ opinions of neuroaxial blocks vary.
American authors are reserved in respect of such
methods [14], wary of possible hemodynamic dis-
turbances while European ones highly conclusively
recommend applying epidural anesthesia or other
options of neuroaxial blocks during high-risk surg-
eries in patients with cardiac diseases [9, 10]. Based
on the data about adverse prognostic role of com-
bined use of inhaled anesthetics and opioids during
vascular surgeries [57], they recommend minimized
use of general anesthesia components [9, 10]. At the
same time, American experts do not recommend
the use of a combination of local anesthesia and
controlled sedation in the clinical situation [14].

In CHF patients, the choice of anesthetic sup-
port depends on the disease etiopathogenesis and
severity, the level of LVEF decrease and specific
hemodynamic status. Taking into account the ne-
cessity of prophylaxis of manifested sympathec-
tomy of the cardiovascular system, special attention
is paid to avoidance of high doses of opioids and ex-
cessively high level of epidural block. It is pointed
out that spinal anesthesia is counter-inidicated in
patients with significant aortal stenosis [14].
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HeKapAuaJIbHON XUPYPrUuy yKa3bIBAIOT Ha IieJse-
€c0006pa3HOCTh UX MpuMeHeHus y 60abpHBIX TBC
IIpU PUCKe UIIIEMUU B OTCYTCTBHE TeMOANHaMuYe-
CKMX OpPOTUBONOKa3anuii [9, 10, 14].

®dochorpeaTuH. DK30reHHBIN (pochorpea-
THH, KaK Openapar AJjs aJbIOBAaHTHONU KapJauo-
IIPOTEKIUY B PA3JUYHBIX KJIMHUUYECKUX CUTYya-
nusax [52, 53], ucnosbayercst B Poccuu 6ostee 30
Jet. OJHaKO JIUIIH HEeJaBHO OIyOJIMKOBAH MeTa-
aHaJIM3, TTOATBEPAUBIINYI 3 HEKTUBHOCTH ITpena-
para [54]. ABTOpBI yKa3aJsu, 9YTO B OOIIEH MOITyJIsi-
nuu 00JIBHBIX ¢ 3aboJsieBaHUAMU cepria (6oJee
3000 kTuHUYECKHUX HabJIoneHni) hochorpeaTuH
obecrieunBaeT: CHIUKeHNe 0011el JeTaTbHOCTH,
CHU’KEHMeEe YaCTOTBI TSKeJbIX apUTMUU, YMEHb-
IIIeHre TOTPeOHOCTH B Ha3HAYeHNH CUMIIaTOMMU-
MeTHYEeCKUX IIpenapaToB U Apyrue KapIuoIpo-
TEKTOPHBIE 3P PEKTHI.

B HacTos1Iee BpeMsl yCTaHOBJIEHO, YTO Kap-
IUOTIPOTEKTOPpHOE JeilcTBUsA  (docdorpearrnHa
JINIIIH YaCTUYHO 0OYCTIOBJIEHO €r0 BHYTPHUKJIETOY-
HbIMU 3(pheKTaMi KaK MaKpOIPTUIECKOIO COeI1-
HeHHsA, 00eCIeunBaIIero pecuHTe3 aJeHO3MH-
Tpudocdara; O0JIBIITYIO poJib UTPAIOT
peryaupyloliye BJAUsHUS Ha CapKoJieMMaJIbHbIE
(pepmeHTHBIE CHICTEMBI, O0ECTIeYnBaoIIre MeTabo-
JIU3M aJJeHUHHYKJIEOTUI0B U ITOfJIepsKaHNe BHYT-
PUKJIETOYHON KOHIIEHTPAIMY aleHO3UHMOHOpOC-
¢ara (BHeKJeTOUHOE HeWCTBUE Ipemnapara), a
TaKKe BHYTPHUKJIETOYHBbIE 3(P(PEKTHI HEOOTBITNX
KoJT4ecTB (pochOKpeaTrHa WA ero MeTadoIITa
KpeaTuHa Ha MUTOXOHJPUH-aCCOIUUPOBAHHBIE
CUTHAJIbHBIE ITyTH, OTBETCTBEHHBIE 32 OMOHepre-
TUKY KJIETKMU U anonTtoa [53]. [loka3aHHBIN aHTU-
apuTMuueckuil ag@eKT mnpenapara, O4YE€BUIHO,
00yCJIOBJIEH TTOIEP;KAHUEM [IeJIOCTHOCTH CapKO-
JeMMbl KapAWUOMUOLIUTA, IIpenylnpeskieHrneM
Jerpaganuu pochonunuaoB, pa3pylieHus IIINKO-
KaJINKCA ¥ HAKOIJIEHH 1 JIN30(h0COIINIIEpUIOB, B
OCHOBE KOTOPOTO JIESKUT KOMILIEKCHBIN OMOXIMU-
YEeCKUH U 3JIEKTPOXUMUYECKUU MeXaHU3M [53].

OnHaKo ONBIT IPUMEHEeHUsI 3K30reHOT0 (hoc-
¢orpearrHa y 60/IbHBIX BBICOKOTO PHCKA, KOTO-
PBIM BBIIOJHSAIOT HEKapAUaJbHble OllepaTHBHbIE
BMelllaTeJIbCTBA, OCTAETCs1 OTpaHUYEHBbIM, XOTs
IIPU COCYAUCTBIX ONEPALUsIX U OHKOJIOTUYECKUX
oIepalysix BbIsIBJIEHbI €70 HECOMHEHHbIe KapIUo-
nporekTopHbIe 3(pdeKThI [55, 56]. YIUTHIBAS XOPO-
ILIyI0 IepEHOCUMOCTH IIpernapara 1 IIpoCcTOTy ero
IIpUMeHeHMsI B [IepuoNepaloHHbIN Tepuof, hoc-
(pOKpeaTuHOBYIO KAPAUONPOTEKLINIO MOYKHO CUU-
TaTh IePCIEKTUBHOM /151 CHUKEHUSI pUCKa KapIiu-
JIBHBIX OCJIOYKHEHUH B HeKapIUaIbHON XUPYPTUM.

OnTuMHu3alMs aHeCTE3Hn0JI0r0-
PEaHNMAaTOJIOTHYECKOT0 00ecTIedeHH T

BbIGOp BapHaHTa dAHECTE3nOJOTrHI€eCKrOoro
obecreyeHu . Baﬂaqa obecrieueHust reMmogvHa-

In a case of ischemic genesis of CHE stable
hemodynamics and myocardial ischemia risk, it is
quite possible to use inhaled anesthetics [10]. In a
case of CHF of myocardial genesis, one should
avoid not only excessive sympathectomy, but direct
cardiodepression as well. It is recommended to take
into account that a negative ionotropic effectis typ-
ical to a greater or lesser extent for most halo-
genated anesthetics [9]. Therefore, in some pa-
tients, epidural anesthesia might be preferable [10].

A particularly important component of anes-
thetic support in the clinical situation under dis-
cussion is the maximally effective correction of pe-
rioperative hypothermia and prophylaxis of
postoperative shivering [14]. It has been shown that
hypothermia is an independent predictor of POCC
(myocardial ischemia, MI, cardiac arrest); warming,
on the contrary, reduces the risk of complications
by 55% [58].

For pain relief during the postoperative pe-
riod, epidural analgesia is useful. It is possible to
apply multimodal pain relief based on lessened
doses of opioids, a,-adrenergic receptor agonists
and non-steroidal anti-inflammatory drugs
(NSAID) [9, 10]. However, NSAID and COX-2 in-
hibitors are not recommended for patients with
CHE renal failure, myocardial ischemia, also at the
background of diuretic therapy and during unsta-
ble hemodynamics [9, 10].

Perioperative monitoring. In addition to con-
ventional measures of non-invasive monitoring,
additional intraoperative ECG monitoring in one of
chest leads (V4 or V5), if feasible, complemented
with ST segment monitoring, is indicated in pa-
tients with high risk of cardiac complications.

When there is a high risk of NOMD, periop-
erative 12-lead ECG recording is useful [9,14]. To
detect LV segmental contractility disorders dur-
ing ischemia or MI, to control the cardiac func-
tion in case of a risk or development of hemody-
namic instability, cardiac valve defects, also in
case of any diagnostic difficulties, echocardiog-
raphy is indicated.

Routine use of pulmonary artery catherization
with the help of Swan-Ganz catheter, also applica-
tion of non-ivasive techniques to determine the
cardiac ejection are not indicated [9, 14]. Recently,
the expediency of transpulmonary thermodilution
[9] as a method to control the hemodynamics and
infusion therapy adequacy within the target-ori-
ented therapy concept providing oxygen transport
adequacy has been considered [59]. One of the lat-
est meta-analyses has shown that in high-risk pa-
tients of non-cardiac surgery, a target-oriented
therapy does not rise the risk of myocardial is-
chemia and decreases the overall prevalence of
POCC [60]. At the same time, it must be kept in
mind that in CHF patients, restrictive infusion
management is indicated [9, 10].
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MHUYECKOHN CTAOUIBHOCTH Y OOJBHBIX BHICOKOTO
KapINaJbHOTO PUCKA, KOTOPBIM BBIMOJIHSIOT OIle-
paTuBHBIE BMeEIIaTeJbCTBA CPETHETO U BBICOKOTO
pUCKa, sBJisseTcs HenpocTo. OYeBUIHO, YTO ee
CJIO’KHOCTB OIIpefeJIsseT IIPONOJIKAOIYI0C IUC-
KYCCHIO TI0 BBIOOPY ONTHMAJIBHBIX aHECTE3NO0JI0-
rudyecknx metoguk (9, 10, 14]. BoJbUIMHCTBO
BapHaHTOB MMOCOOUSI CHIPKAIOT aKTUBHOCTDH CHM-
rnaToagpeHaa0BON CHCTEMBI U MOTYT BbI3BAaTh y
0OJBHUX C HUBKUMU (PYHKIIMOHATBHBIMA pe3ep-
BaMU CepAeYHO-COCYAUCTON CUCTEeMBbI KJIMHUYe-
CKM 3HayuMble H3MeHeHHsI TeMOJIUHAMUKU,
npexne Bcero cHumwxrenue All [9,14]. Iloatomy
OTCYTCTBYIOT YeTKHME KJIMHUYECKHAE PEKOMEH/1a-
MY HOPMUPYIOIIE BEIOOP METOINK aHECTE3NH,
KOHKPETHBIX IPenapaToB U UX JO3UPOBOK. [Ipu
pucke pa3zsutuda UM 2-ro Tuna KpUTUYEeCKU Bak-
HOU 3ajiauel CTaHOBUTCS MOJIJIEPsKAHUE MUOKaP-
IUaIbHOTO OaJlaHca JOCTaBKa /IoTpebJieHe KIC-
Jopoja. B aToll cBsi3W, aHECTE3WOJIOT JOJIKEH
obecneynTh MPOUIAKTURY TaXUKAPAUU U apTe-
pyaIbHOU TUIIOTEH3UMN.

CoBpeMeHHbIE PEKOMEHIAIIMU B 9TOW KJIU-
HUYEeCKOI CUTYalluU CBOAATCS K TOMY, 4YTO Y TeMO-
IUHAMUYECKH CTaOUJIbHBIX OOJIBHBIX C PUCKOM
AIIeMUHA MHOKapaa cjenyeT MCI0JIb30BaTh
COBpEMeHHBIe FaJIoreHCcolepsKallire aHeCTeTUKH,
npeske Bcero ceBoduiypas [9,14]. Ilpu HazHaue-
HUM ONIMOUA0B PEKOMEHAYIOT N30eraTh UX BbICO-
KHUX JIO3UPOBOK U, TeM OoJiee, «IIeHTPATbHON aHe-
cresun» [14]. Mcnosib3dyd rajoreHcomepsraliue
AaHEeCTEeTHUKH, B Ka4yeCTBe BO3MOYKHOT0 MOJIOMKHU-
TeJIbHOTO 3(p(peKTa ciienyeT y4uTbIBaTh aHECTEeTH-
4yecKkoe KoHauimonuposaunue [10,14].

MHeHU 9KCIIEPTOB 10 OTHOIIIEHUIO K HEUPO-
aKCcHaJIbHBIM OJIOKagaM BapbUPYIOTCA. AMepH-
KaHCKVE aBTOPHI CIEPKAHHO OTHOCATCH K 9TUM
MeToauKaMm [14], ommacasicb BO3MOKHBIX T€MOIH -
HaMHUYeCKUX HapyllleHUi, a eBpomneiickue — C
BBICOKHAM YPOBHEM JOKa3aTeJIbHOCTH PEKOMEH-
JIyIOT TPU BBIINOJHEHUU OIllepaluii BBICOKOIO
puckay 60JIBHBIX ¢ 3a00/IeBaHUAMU CEPATIA TPU-
MEHATh JMUAYPAJbHYIO aHEeCTEe3UI0 UJIN Ipyrue
BapUaHTHI HelpoaKkCcUaTbHBIX Os1oKar [9,10]. Omu-
pasich Ha TaHHbIE O HEOJIATONMPUATHON MPOTHO-
CTUY€eCKOU POJIM COBMECTHOTO IIPUMEHEHM ST MHTa-
JSIAOHHBIX AHECTETUKOB M OINWOUJIO0B NpHU
COCYAUCTBIX Ollepanusx [57], peKOMEeHIyIOT CBO-
JUTH C MUHUMYMY MCII0JIb30BaHNE KOMIIOHCHTOB
obO1eit anectesuw [9,10]. BMmecTe ¢ TeM, aMepUKaH-
CKHeE 9KCIEepThl He PEKOMEHIYIOT IIDUMEHATH B
pacMaTpuBaeMoil KIMHUYECKOU CUTYaI[UU KOM-
OMHAIMIO MECTHOUM aHeCTe3WH W YIIPaBJIsIeMOU
cegauuu [14].

VY 6oabHBIX XCH BBIOOP METOTUKH aHeCTe-
3M0JIOTMYECKOr0o MMOCOOMA 3aBUCUT OT 3TUOIIATO-
reHesa 1 TSYKeCTH 3a00J1eBaHts, CTEIIEHH CHIKe-
HusA PUJIK 1 KOHKPETHOTO TeMOIUHAMUYECKOTO
craryca. Y4uTbIBast HEOOXOAUMOCTD IIPOodrIIaK-

Most experts [9, 14] pay special attention to
glycemia monitoring. Indeed, during the perioper-
ative period, hyperglycemia correction with insulin
to maintain glucose within the range of 6-10
mmol/lis indicated, pointing out the maximal dan-
ger of iatrogenic hypoglycemia.

Over recent years, indications to laboratory
monitoring of cardiospecific troponins have been
extended: now it is recommended to check them in
high-risk patients before and 48-72 hrs. after major
surgeries [11, 12]. Previously, this biomarker in the
absence of clinical symptoms of ischemia or MI
was not indicated as informative [9, 14]. However,
growing attention to NOMD hazard, including pos-
sible increase of troponing without clinical presen-
tation [4, 16, 61], plays an important role in the ex-
tension of indications for perioperative
determination of this myocardial damage marker.
The most specific is the recommendation to mon-
itor cardiospecific troponin 48-72 hrs. after surg-
eries in patients with increased preoperative BNP,
or in patients aged 65 years and older, or in patients
aged 45-64 years who have concomitant cardiovas-
cular diseases, or in patients having the revised car-
diacrisk index (Lee’s index) >1 [12]. In the same cat-
egories of patients, mandatory postoperative ECG
recording is recommended [12].

Conclusion

POCC prophylaxis in non-cardiac surgery is
one of challenging issues of contemporary medi-
cine. Search for optimal management ensuring re-
duction of the risk of cardiac complications (a risk-
reducing strategy) with the help of latest methods
of anesthesia and critical care support and adjuvant
pharmacological cardioprotection is continuously
underway. A number of effective tableted drugs (-
adrenergic receptor blocking agents, statins) might
be prescribed to high cardiac risk patients 1-2
weeks in advance of high-risk operative interven-
tions. At the same time, by no means all drugs con-
sidered in this aspect can be widely used, especially
taking into account the risk-benefit ratio when pos-
sible side effects of the drug are taken into account.
Rational pharmacotherapy, adequate anesthetic
support and perioperative monitoring are to reduce
the risk of POCC as much as possible in all patients,
including elderly and senile patients.

TUKU BbIPA’KEHHOU JleCUMIIaTU3allu1 CepIeYHO-
COCYIUCTON CcHUCTeMBbI, oco00oe BHUMaHUE yie-
JIAIOT OTKa3y OT BBICOKMX JO3UPOBOK OIIMOUI 0B 1
M30BITOYHO BBICOKOTO YPOBHS SMHUAYPATbHOHN
OJI0KabI. YKA3bIBAIOT, UYTO CIIMHAIbHAS aHECTe-
37 MPOTUBOIIOKAa3aHa O0JTBHBIM CO 3HAYMMbBIM
aopTaJIbHBIM CTEHO30M [14].

IIpu umemuvyeckom renese XCH, cTabmiib-
HOU U reMOIMHAMMKE 1 PUCKE UIIIeMUU MUOKapIa
BIIOJIHE JOITIyCTAMO MCIIOJIb30BAHNE NHTAJIAIINOH-
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HbIX aHecTeTUKOB [10]. [Tpu XCH muokapauaib-
HOI'0 reHesa HeoOXOOMMO H30erarb He TOJbKO
4ype3MEePHOU JeCuMIIaTh3aluy, HO U MIPSIMOU Kap-
Juofenpeccud. PeKOMeHAYyI0T y4uTHIBATH, 4YTO
TOU WJIM UHOM CTENIeHU OTPUIIATeTbHBIA MHOTPOII-
HBI 9(deKT XapakTepeH 51 OOJBITUHCTBA
rajioreHcoJepsKaliux aHecTeTukos [9]. IToaToMy y
HEKOTOPBIX OOJBHBIX MOKET OBITh MPENIOYTH-
TesJbHEN sanuypalibHas anecresus [10].

0Oco000 BayKHBIM KOMIIOHEHTOM aHeCTe3H10JI0-
TUYECKOT0 ITOCOOUST B paCCMaTPUBAEMON KJIUHITYE-
CKOH CUTYyaluH SIBJISETCS MAaKCUMAJIBHO 3 (HeKTUB-
Hasi KOPPEKIUS NepuoneparmoHHON THIIOTEPMUU
1 MPOo(UTAKTHKA TTOCIe0TIEPAIIMOHHON IPOsKY [14].
[Toka3aHo, YTO TUTIOTEPMUS SIBJIAETCS HE3ABUCH-
MbIM TipegukTopoM [TOKO (umemusa Mmorappa,
WM, ocraHOBKa cepjla); corpeBaHue, HallpOTUB,
CHUYKAET PUCK OCJIOsKHEeHnH Ha 55% [58].

Jl1s1 06e360JIMBAHMS B IIOCJIEOTIEPAITTOHHBIN
Meproy 11eJIecCO00PasHO MCIOIb30BAHUE ITUIY-
paJibHOM aHaiTre3uu. BO3MOMKHO TpUMEHEeHUe
MYJIBTEIMO/IJTHOTO 00€300/TMBaHNsI HA OCHOBE CHU-
SKEHHBIX JTO3WPOBOK OIMOUJOB, ATOHUCTOB Q-
QIpeHepruYeCcKuX PelenTOPOB U HECTEPOUITHBIX
MPOTUBOBOCHANINTENbHBIX cpencts (HITBC) [9,10].
Onnako HazHaveHue HITBC v ”HTHOUTOPOB IUKJIO-
OKCHUTEeHAa3bI-2 HEe PEKOMEHJOBAHO MallieHTaM C
XCH, moyeyHOM HENOCTATOYHOCTHIO, HINEMUEHn
MUOKApP/[Ia, a TAK:Ke Ha (POHe TUypeTUdeCKOH Tepa-
MUY U IPU HeCTabuIbHIT0 TeMonrHaMuke [9,10].

IMepuonepaniiOHHBIH MOHUTOPHUHT. [ToMu-
MO CTAaHJApPTHBIX Mep HEMHBA3WBHOTO MOHUTO-
puHra, 60JILHBIM C BBICOKMM PUCKOM Kapauasb-
HBIX OCJIO}KHEHUH ITOKa3aH JIOIMOJJHUTEIbHBIN
WHTPaOIepParuoOHHbIN KOHTPOoJIb DKI B oyHOM U3
rpyaHbIX oTBegeHuH (V4 uiau V5), Ipu HaIU4YUU
TEXHUYECKOM BO3MOKHOCTHU JOITOJTHEHHBII MOHH-
TOpuHrom cermenTa ST.

ITpu BeICOKOM prcke MITHO 11esiecoo6pa3Ha
nepuoneparnronHas perucrpanust IKI' B 12 orse-
neHusx (9, 14]. Jlyis BeIsiBJIeHUsI HapyllIeHUH cer-
MeHTapHOM cokparuMocTu JIXK mpu uiemMun niu
WM, nys KoHTpoJIsA (PYHKIIUU Cep/lia IpU pUCKe
WJTU PA3BUTHU FeMOTMHAMUYECKOH HeCTaOUIBLHO-
CTH, TP KJIAMMaHHBIX MOPOKAaX CepAlia, a TaKKe
MIpH JIFOOBIX TUATHOCTHYECKUX TPYJHOCTSIX TTOKa-
3aHO BBINOJIHEHUE 3XOKapaAuorpadmuiecKkoro
o0cJieqoBaHus.

PyrunHOe ncnoJib3oBaHue KaTeTepusalnuu
JIETOYHOM apTepuu C MOMOIIbI0 kaTeTepa CBaH-
laH3a, a Takke NpUMeHeEHNWE HEWHBAa3WBHBIX
METOMINK OTIpe/ieJIEeHUsI CepIeYHOro BhIOpoca He
Iokasaso [9, 14]. B nocsiegHee Bpems cTaJjau pac-
CMaTpuBaTh 11€J1eCCOOPA3HOCTh TPAHCITYJIBMO-
HaJILHOM TEPMOJIUIIONUY [9] KaK MeTo/1a KOHTPO-
A 3a TEeMOOWHAMUKOW U aJeKBaTHOCTBLIO
WH(QY3UOHHOU Tepanmuu B paMKaxX KOHIIeNIHNU
«I1eJTb-OPUEHTHPOBAHHON Tepanuu», 00ecIequ-
BAIOIIMI aJlEeKBAaTHOCTh TpaclopTra KUCJI0pojaa

[59]. B ogHOM 13 ITOCJIEHUX META-aHAJIM30B MTOKa-
3aHO, YTO Y O0JIbHBIX BLICOKOTO PHICKa B HEKApIU-
QJIBHOU XUPYPTUH «I1€JIb-OpUEHTUPOBAHHASI TEPA-
nvsi» He TOJbKO He IOBBIINIAeT PUCK HIIEMUU
MHOKap[a, HO ¥ CHUKaeT o6y yactory IIOKO
[60]. BMecTe ¢ TeM, ciaenyeT UMeTb B BULY, YTO Y
6onpHBIX XCH 1MoKa3aHa pecTpUKTUBHAs UHPY-
3HMOHHAA TaKkTuka (9, 10].

boapmMHCTBO 9KkcmepToB [9, 14] ymendror
ocoboe BHIMaHNE MOHUTOPUHTY INIMKEMUH, TIOT-
YepKHUBasi, YTO B MepPUONEePAIMOHHBIN TEepUo/I
MMOKa3aHa KOPPEKIUs TUIEPIIIMKEMUAN C TIOMO-
IIbIO MHCYJIMHA I YAepsKaHUA YPOBHA INIIOKO3bI
B quanasoHe 6-10 MMoJib/J1. [Ipu aTOM TOgUepKU-
BaeTCsi MaKCUMaJibHasA OMACHOCTh SITPOTeHHOU
TUIIOTVIMKEMUHU.

B nmocsiegHmMe rogbl pacInpuiIv IOKA3aHUA K
J1abopaTOPpHOMY MOHUTOPUHTY KapaAuocnenudu-
YEeCKUX TPOIIOHUHOB, KOHTPOJIb KOTOPBIX y 00JIb-
HBIX BBICOKOTO pHUCKa PEKOMEHIYIOT Ilepen U
Jepes3 48-72 4 1mocse oOIITUPHBIX oreparuit [11,
12]. Panee B OTCTYTCTBUE KJIMHUYECKUX IIPU3HA-
KOM mIlleMuu uiau VIM omnpejeJieHre 3TOro 61o-
MapKepa paHee CYATAIU He MOKa3aHHbIM [9, 14].
OnHako Bo3pacTrawlilee BHUMaHKE K OMMaCHOCTHU
MITIHO, B TOM 4HcJie BO3MOYKHOCTD ITOBBINIEHU ST
YPOBHsI TPOIIOHNHA 0€3 KINHUYECKUX IPOsIBJIE-
HuUii [4, 16, 61], UTpaeT BaYKHYIO POJIb B paclIupe-
HUU IOKA3aHUU K OTpeieJIeHUIO 9TOTO MapKepa
MOBPERIEHUSI MUOKap/ia B IepuonepanuoHHbIN
nepuoyi. Hanbosiee KOHKPETHOU BJISIETCS PEKO-
MeHIAlNs MOHUTOPUPOBATH KapAuocIenuduye-
CKUU TPONIOHUH uepe3 48-72 4 mocJjie onepanui y
OOJIBHBIX C TOBBINIEHHBIM ITPEONePAIIMOHHBIM
ypoBHeM BNP nmu y 607bHBIX 65 JIeT 1 cTapille,
uau y O0JBHBIX B Bo3pacTe 45-64 roga ¢ comyT-
CTBYIOIIIUMU CEPIEYHO-COCYIUCTHIMU 3ab0s1eBa-
HUAMU, WIN y OOJIbHBIX, IMEIONNX 3HAYEeHUS
IIepecMOTPEHHOTO UHIeKCa KapAUuaJbHOIO PHUCKa
(uamexc Lee) >1 [12]. V aTuX sKe KaTeropui 00JIb-
HBIX PEKOMEHAYIOT 00513aTeJIbHYIO TIOC/IeoTepa-
nuoHHYI0 peructpanuio OKI [12].

3akJaouenue

ITpodunakrurkau ITOKO B HekapauaabHOM
XUPYPIUU sIBJISETCS ONHOMN U3 aKTyasIbHbIX 3a1a4
COBpeMeHHON MeAuUMHBI. [ToCcTOAHHO BejaeTcsA
IIOMCK ONTUMAJIbHOH JiedeOHOU TaKTUKH, obec-
IeYnBaloONlell CHM)KEHNE PHCKAa KapAuaTbHBIX
OCJIO’KHEHHUH (PUCK-CHUIKAIOIIAsl CTpaTerus) C
ITOMOIIBI0 COBPEMEHHBIX METOTUK aHECTE3NOJIO-
ro-peaHuMaToJIOTUYecKOoro obecrevyeHus U alb-
IOBAaHTHOU (papMaKOJOTUYECKOU KapANOIPOTEK-
nuu. Pan ad@deKTUBHBIX TabJeTHPOBAHHBIX
JIEKapPCTBEHHBIX CpelCcTB (B-agpeH06I0KaToOPH],
CTaTWHBI) MOTYT Ha3HA4YaThCsA OOJIBHBIM C BBICO-
KUM KapauaJbHBIM PUCKOM 3a 1-2 HeJle 1 0 oI1e-
paTUBHBIX BMeIlaTe/ bCTBAMU BBICOKOTO PHCKA.
BmecrTe c TeM, 1aieko He BCe paccMaTpuBaeMble B
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BapuaHTBI IONIEPEYHO-TIJIOCKOCTHON OJIOKAAbI
U 0JIOKAbI KBaJPATHON MBIIIIIBI (0030P)

O.A. Maxapuu'?, B.M. JKeaumo!, M.JI. Cko6710?
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Variants of the Transverse Plane Block
and Quadratus Lumborum Block (Review)

Oleg A. Makharin'?, Vladimir M. Zhenilo!, Mikhail L. Skoblo?

! Rostov State Medical University,
29 Nakhichevansky Per., Rostov-on-Don, 344022, Russia
2 City Hospital Ne 6,
85/38 Sarian Str., Rostov-on-Don, 344025, Russia

ddderTruBHasA peanusanys KoHIennuu fast track (6bIcTpast akTUBU3aIWsI AIMEHTA) TI0CJIe XUPYPTHU-
YeCKOTO JIeueHUsI HEBO3MOKHA 6€3 KOHTPOJISI HaJl 60JIBI0 B PAHHEM II0CJIe0NIepaliuoHHOM nepuose. Vc-
MT0JIb30BaHKE PErHOHAPHBIX METOIOB KaK KOMITOHEHTA MYJIETUMOIAIFHOM Tepanuy 601 I03BOJISIET CYIIIe-
CTBEHHO YJIYYIIUTH Ka4€CTBO IIOCJIE0NePAIMOHHOT0 00€300/IMBAHUS U YCKOPUTH aKTUBU3AIIHIO ITAIIEHTA.
BHenpeHue yIBTPa3BYKOBOI HABUTAIMH IIPU IIPUMEHEHNH OJI0Ka TeprdepriecKuX HEPBOB CYIIIECTBEHHO
MTOBBICHUJIO 3(P(PEKTUBHOCTD U OE30IIaCHOCTH OCIeAHUX. TeM He MeHee, KasK bl METOJl PETHOHAPHOT0 00€3-
OOoJIMBaHUS UMEET CBOU IIOKA3aHM s, IPOTUBOIIOKA3aHUS U 0CJIO)KHEHUsI. Llesth JaHHOT0 06030pa — IIOMOYb
¢ BBIOOPOM THUIIa OJI0KABI ITepeIHel OPIONIHON CTEHKH B 3aBUCUMOCTH OT BBIIIOJHEHHOI'O OIIEPaTUBHOTO
BMeIIIaTe/IbCTBA.

Knrouesvle croea: mecmHas avecmesust; nonepe1vHoO-nJjaoCkoCmHas b6s0ka0a; b610kada nsa@pamnoﬁ
MblULYbL IHCUBOMA

Effective implementation of the fast track concept after surgical treatment is impossible without control
of pain in the early postoperative period. Regional methods might significantly improve the quality of post-
operative analgesia and accelerate patient recovery as a component of multimodal pain therapy. The imple-
mentation of ultrasonic navigation in peripheral nerve blockade protocols has significantly increased the effi-
ciency and safety of the blockade. Nevertheless, each method of regional anesthesia has its own indications,
contraindications, and complications. The purpose of this review is to help with the right choice of the type of
blockade of the anterior abdominal wall, depending on the surgery performed.

Keywords: local anesthesia; transversus abdominis plane block; quadratus lumborum block
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BBenenue

KosnyecTBO XUpyprudecKux BMearejabCTB
YBEJIMYMBAETCS C KAYKIbIM I'OI0M, OlTHOBPEMEHHO
C 9TUIM HEYKJIOHHO PACTyT TPEOOBAHUS KaK K Kayue-
CTBY XUPYPTrAYECKON TEXHUKY, TaK U K Ka4eCTBY
Te4yeHUs IepUoIlepalMOHHOI0 Iepruojia, I03BO-
JISTIOIIETO MAaKCUMAJTLHO OBICTPO aKTUBU3UPOBATH
nanuenTa [1]. OgHako peanusanys KOHIEIIAN
Fast Track («OBICTpBIH yTh» UJIU PAHHSIS aKTUBU-
3arysi marreHTa) HeBO3MOKHA 0e3 KOHTPOJISI Hall

Introduction

The number of surgeries is growing from year
to year; simultaneously, requirements for high-
quality performance of surgical techniques and the
perioperative course allowing patient activation as
soon as practicable are increasing [1]. However, im-
plementation of the fast track concept (fast way or
early patient activation) is impossible without pain
control because intensive pain syndrome slows
down patient activation, promotes various compli-
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00JbI0, T. K. UHTEHCUBHBIA 00JI€BOW CHUHAPOM
3aMe[IsieT aKTUBHU3AIMIO TTAIIEeHTa, CIIOCOOCTBY-
€T BO3HUKHOBEHMIO PA3JIUYHBIX OCJIOKHEHUU,
TpaHcdopmupyercs B XpoHnueckuii B 12-30% city-
4aeB BCEX XUPYPrHYeCKUX BMeEILIaTeJIbCTB, 4YTO
NIPUBOJUT K 3HAYNUTEJIbHBIM COLIMAIBbHO-9KOHOMU-
vyeckuM morepsMm [2-4]. K ¢akTopam, cmocob-
CTBYIOIIINM «XpOHHM3ANWN» 60JIEBOTO0 CHHAPOMA,
OTHOCHUTCH CEHCUTHU3alUs HOLUIENTOPOB odyara
NnoBpekJIeHus (nepudepuyeckasl) U HeHpPOHOB
3aJHUX POrOB CIMHHOI'O MO3ra (LeHTpaJjbHasd).
OpHUM M3 BapUaHTOB BO3JENCTBUS Ha MpoIecc
LIeHTPAJIbHOU CEHCUTU3AINU SIBJISIETCS IPUMEHe-
HUE periOHApHOU aHeCcTe3UH B paHHEM I10CJ/Ieole-
panuoOHHOM IIepruoje (HeoTbeMJieMasd 4aCTh MYJIb-
TUMOJAJIbHOU aHaJIbre3un), KOTOpasi I03BOJIsIET
3P erTUBHO BO3/IEHICTBOBATh HA TPAHCMUCCUIO
HOIIMLIENITUBHOIO UMIIYJIbCA [2].

ITessb 0630pa — MOMOYH C BHIOOPOM THIIA
OJ10KaIbI IEpeHEe OPIONTHON CTEHKY B 3aBUCH-
MOCTH OT BBIIIOJITHEHHOI'O OIIepaTUBHOI0 BMella-
TeJIbCTBA.

ITpu GJioKkaax rmepegHed OPIOIITHON CTEHKU
BBEJIeHVE MECTHOTO AaHECTETUKA MTO3BOJISIET 0JI0-
KHUPOBATh IIepelHNe BeTBU I'PyJUHONOACHUYHBIX
HEPBOB, KOTOpPblEe UHHEPBUPYIOT KOYKY NepeHen
¥ JlaTepanbHON OPIONIHOW CTEHKW, MBIIIIBI 1
nmapueranbHy0 Opiomwuny [6]. [lepegHue BeTBH
Th7-Thll cnuHaJBHBIX HEPBOB IIPOXOAAT MEKIY
BHYTPEeHHEH KOCOW U IIONEepevYHOU MBIIIIaMU
SKUBOTA U 3aTeM NeppOpUPYIOT IPSIMYIO MBIIIIY
SKUBOTA U IIePEeXOJAT B KOYKHbIE BETBU, KOTOpPBIE
WHHEPBUPYIOT KOYKY ITepeTHel OPIOITHOM CTEHKU.
Hepsbl Th7-Th9, ciuBasce, "HHepBUPYIOT CBOU-
MU BETBAMH KOKY OKOJIOITYIIOYHOHW 00JIacTH.
Heps Th10 naHepBupyert nynok, a Th11 u koskHas
BeTBb Th12, a Takske MOJIB3OIITHO-TTOTYPEBHBIN U
MOAB3AO0IIHO-TIAX0OBbII HEPBBI AAIOT UYyBCTBU-
TeJIbHYIO MHHepBalyio KoK HUyKe nynka. Ilon-
B3JIOIITHO-TIOAYPEBHBIN HEPB OepeT CBOe Ha4aso
OT HepBHOTO Kopelka L1 u obecneynBaeT ceH-
COpHYIO MHHEPBAIMIO KOKU MAaXOBOHU 00J1acTH.
JTOT HepB TaK)Ke 3ajieraeT B IPOCTPAHCTBE
MeYKly IOIlepeYHO U BHyTpeHHel KOCON MBIIII-
[[aMU JKUBOTA, 3aTeM IPO0OOaeT MOCIeTHIO0, 1
UJIeT MeKy Hell 1 Hapy’KHOU KOCOH MBIIIIEN,
pacnazasch Ha KOKHbIe BeTBU. [logB3noImiHO-
[1aXOBBIN HEPB TaKsKe HaUMHAaeTCs1 OT HEPBHOTO
KopenIka L1 ¥ NpoXoouT HUsKe NOAB3JOLIHO- 10 -
4YPEBHOI'0 HEepBa, IPOHUKAA Yyepes II0IIePEeYHYIo
MBIIIITY 3KUBOTA Ha YPOBHE IPeOHs MMOAB3AOIIHOMN
KOCTH, M Jajiee CTPEeMUTCA B MeauaJbHOM
HamnpaBJIeHWH, TIy0sKe, YeM ITOAB3OIIHO-TIO-
ypeBHBbII HepB. [lOIB3MOLIHO-IIAXOBBIA HEPB
OTBeYaeT 3a MHHEPBALWIO I'PbDKEBOr0 MEIKa,
MennaJIbHOW IIOBEPXHOCTU Oenpa, IepegHei
YaCcTH MOIIIOHKY U TTOJIOBBIX Ty [6].

B abnomuHanbHOU Xupypruu [7-11], yposto-

ruu [12], nerckoii xupypruu [13, 14] u akyuiepcr-

cations, and transforms into a chronic syndrome in
12-30% of all surgical interventions, entailing con-
siderable social and economic losses [2—4]. Factors
provoking pain syndrome ‘chronization’ include
sensitization of lesion (peripheral) and neurons of
posterior horns (central). One of the variants of ren-
dering an impact on the central sensitization pro-
cess is regional anesthesia in the early postopera-
tive period (a component of the multimodal
analgesia), enabling an effective action on nocicep-
tive impulse transmission [2].The purpose of this
review is to help with the right choice of the type of
blockade of the anterior abdominal wall, depend-
ing on the surgery performed.

During blockade of the anterior abdominal
wall, administration of a local anesthetic allows
blocking anterior divisions of sternolumbar nerves
that innervate the skin of anterior and lateral mus-
cles and parietal peritoneum [6]. Anterior divisions
Th7-Th11 of spinal nerves pass between the internal
oblique and transverse muscles of the abdomen and
then perforate rectus muscle of the abdomen and go
into skin divisions that innervate the skin of the an-
terior abdominal wall. Nerves Th7-Th9, merging, in-
nervate with their divisions the skin of the paraum-
bilical region. Nerve Th10 innervates the umbillicus,
while Th11 and skin division Th12, as well as ilio-hy-
pogastric and ilio-inguinal nerves produce sensitive
innervation of the skin below umbillicus. Ilio-hy-
pogastric nerve originates from nerve rootlet L1 and
provides sensory innervation of the inguinal region
skin. This nerve also lies in the space between trans-
verse and internal oblique muscles of the abdomen,
then perforates the latter and runs between it and
external oblique muscle, breaking down into skin di-
visions. Ilio-inguinal nerve also originates from
nerve rootlet L1 and runs beneath ilio-hypogastric
nerve, penetrating through transverse muscle of the
abdomen at the level of iliac bone and thereafter
runs in the medial direction deeper than ilio-hy-
pogastric nerve. Ilio-inguinal nerve is responsible for
innervation of hernial sac, medial surface of femur,
the anterior and vulvar lips [6].

In the abdominal surgery [7-11], urology [12],
pediatric surgery [13, 14], and obstetrics and gyne-
cology [15-21], the transverse plane block is most
frequently used for the blockade of nerves of the
anterior abdominal wall.

Transverse plane block
(TAP block, fig. 1, a—c)

Taking into account innervation of the ante-
rior abdominal wall, to achieve a good-quality anal-
gesia depending on the surgical approach, three
types of transverse plane block have been de-
scribed (table 1).

The first type of transverse plain block (sub-
costal) is most frequently used after cholecystec-

GENERAL REANIMATOLOGY, 2019, 15; 3

www.reanimatology.com



104

DOI:10.15360/1813-9779-2019-3-102-113

Reviews

Be-TUHEKoJI0THH [15-21] myist 6J10KaabI Hep-
BOB MepeIHel OPIOIIHON CTEHKU HanuboJIee
4acTO NPUMEHSIOT MOMEePEeYHO-IIJI0CKOCT-
HYI0 OJIOKaTy.

ITonepeyHO-NJIOCKOCTHAS OJ10-
kaga (TAP-6s0kaja, puc. 1, a-c)
YuuTbiBasgs WHHEpPBALMIO TlepegHen

6pIOH.IHOI>i CTE€HKH, JId JOCTUKEHUA Kade-
CTBEHHOM aHaJ/JIbre3nd B 3aBUCHUMOCTU OT

XUPYPTUYECKOTO I0CTyTIa OBIIN OMCAHbBI 3
THIIA TTOIIEPEYHO-IIJIOCKOCTHON 6JI0KaIbI
(radJi. 1).

[lepBBIii THUN TOIEPEYHO-TIIIOCKOCT-
HOU 0JI0Kanb! (MoapebepHEBIil) Yale BCero
MIPUMEHSIETCS MOCJe XOJeIUCTIKTOMUN U
OoTepanusx B OKOJOMYyIOYHOM obs1acTu [23].
[Tpu faHHOM THUIIE TOCTYTIA YJIETPAa3BYKOBON
JIaTYMK pacriojaraeTrcs rnoj pebpamu Jiare-
pajibHee 0eJIoH JTUHUM $KUBOTA. I[Ipu 9TOM MecT-
HBIM aHAJIbIeTHUK BBONUTCS MEKIY OpPsSIMON U
MOTIePEeYHBIMH MBIIIIAMHU $KUBOTA [24]. JlaHHBIN
JIOCTYTI CTAHOBUTCS BCe OOJIee oIy IsIPHBIM METO-
oM 00€300/TMBaHYS B PAHHEM ITOCJIe0IIepaIlioH-
HOM IIepHrOoJe MOCJIE XOJEeIUCTIKTOMUH U TPhIKe-
CEeYeHUU BBIIIe IyIIKa [23, 25].

[Ipu BBITIOJTHEHUY BTOPOTO TUIA IOTIEPEYHO-
TJIOCKOCTHOI 6JIOKAIbI aHAaTOMHYECKUEe OPUEHTH -
pbl (Hapy)KHas, BHYTPEHHAA KOCbI€ MBIIIIBI,
IonepevYHas MbIIIA KUBOTA) XOPOILIO BU3yaJIn-
3UPYIOTCA C IIOMOIIBIO VIBTpa3ByKa (puc. 2, a). B
9TOM CJIy4yae JaT4MK pacliojlaraeTcsl Ha YpOBHeE
MepeaHENOAMBIIIIEYHON NN CPEeTHEIOIMBIIIIEY -
HOW JIUHWUM, TPUOJUSUTEIHHO Ha CEPEUHE pac-
CTOSTHUSI MEKIY HIKHUM KpaeM 12-ro pebpa u
rpeOHEM MMOAB3IONTHON KOCTH. MeCTHBIHN aHecTe-
THUK BBOJUTCS Me)KIy BHYTPEHHeH Kocoi u
MOTIEPEeYHOUN MBIIIIAMU KUBOTA (puUc. 2, b), Tak
KaK B JAHHOM IIPOCTPAHCTBE MTPOXOIAT IepegHne
BETBU II€CTU HUYKHUX I'PYyAHBIX HEPBOB (T7-T12)
U nepsoro nosacHu4yHoro (L1) HepBa, UHHEPBU-
PYIOIIUX KO3KY, MBIIIIBI U TapUETATBHYI0 OpIo-

Tabiuna 1. TUNBI IONEePeYHO-IIJIOCKOCTHOH OJI0OKAIbI.
Table 1. Types of transverse plane block.

Puc. 1. Bemmouaenue TAP-0/10kaabI.

Fig. 1. Performance of TAP Block.

Note. a — ultrasound probe position; b — needle injection in the ultra-
sound probe plane; ¢ - positioning the probe to perform the transverse
plane block using the posterior approach.

IIpumeuyaHue. a — MOJOKEHUE YIBTapa3ByKOBOI'0 JaTYHKa; b — BBee-
HY€ UIVIbI B IVIOCKOCTH YJIBTPa3ByKOBOIO JATYMKA; ¢ — YyCTAHOBKA JIaT-
YPKa JJIs BBIIOJTHEHHUA [I0IIePeYHO-IIJIOCKOCTHOH 6J/I0KaAbl 3aJHIM
IIOCTYIIOM.

tomy and surgeries in the paraumbilical region [23].
In case of this type of approach, the ultrasound
probe is placed under ribs laterally of the white line.
In such instance, a local analgesic is administered
between the rectus and transverse muscles of ab-
domen [24]. This approach is becoming an increas-
ingly more popular method of anesthesia in the
early postoperative period after cholecystectomy
and herniotomy above umbilicus [23, 25].

During the second type of transverse plane
block, anatomic reference points (external, internal
oblique muscles, transverse muscle of the ab-
domen) are well visualized by ultrasound (fig. 2, a).
In this case, a probe is placed at the level of anterior
axillary or mid axillary line, approximately midway
between the lower margin of the 12" rib and iliac
bone crest. A local anesthetic is administered be-
tween the internal oblique and transverse muscles
of abdomen (fig. 2, b), because in this space the an-
terior divisions of six lower thoracic nerves
(T7-T12) and the first lumbar (L1) nerve innerving
the skin, muscle and parietal peritoneumy are lo-
cated [26]. This approach is easy to implement, and

Approach Nerves Blocked Analgesia Zone [22]
in the Blockage [22]
Subcostal [23-25] Th6-9 Upper abdomen, a bit lower than xypoid process and parallel to the costal margin
Lateral [26, 27] Th10-12 Anterior abdominal wall in the paraumbilical region,
from the midline to medioclavicular line
Posterior [26, 28] Th9-12 Anterior abdominal wall of the paraumbilical region and, possibly,

lateral abdominal wall between the lower margin of the 12 rib and iliac crest.

Mpumeuanmue. /{5 Tabu. 1, 2: approach — nocryr; nerves blocked in the blockage — HepBbI, Gs10kHpyeMbie ipu OJ10Kame. [1is
Tabu. 1, 2, puc. 3: lateral — y1arepanbHbBIH; posterior — 3agHU; analgesia zone — 30Ha aHabre3ny; subcostal — nogpebdepHbI;
upper abdomen, a bit lower than xypoid process and parallel to the costal margin — BepxHss 4acTh KMBOTA 4yTh HUKE Meue-
BUJHOTO OTPOCTKA U IapaJsieabHO pedbepHOMy Kpalo; anterior abdominal wall in the paraumbilical region, from the midline
to medioclavicular line — mepenHsisi OproIIHAasi CTEHKA B OKOJIOIIYIIOYHOMN 30HE OT CpeJHEN 10 CpeJHEKITIOUNYHOH JIMHUY; an-
terior abdominal wall of the paraumbilical region and, possibly, lateral abdominal wall between the lower margin of the 12t
rib and iliac crest — mepegHsisi OpIOIIHAs CTEHKA OKOJIOTYIIOYHOM 30HBI M BO3MOYKHO JlaTepaJibHasi OPIOIIHAas CTEHKA MEXKTY

HISKHUM KpaeM 12 pe6pa U IIO/IB3I0IIHBIM IpeGHEeM.
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IKUHY [26]. JlaHHBINA TOCTYII JIETKO BBIIOJI-
HHUM, MOSKET OBIThH BBITIOJTHEH ITPU TIOJIOMKE -
HUM [TaleHTa Ha CIINHE U [I03BOJIseT 00ec-
IIEYUTh Ka4eCTBEHHYIO aHAJIbIe3UI0 I10CJIe
TUHEKOJIOTUYECKUX Olepanuil u Tpblke-
CeYEeHNM HUIKe IIyIIOYHOI'O0 KOJIblA, T. K.
30Ha aHAJbIe3WH PACHPOCTPAHAETCS OT
cpeJiHel JIMHUU KMBOTA JI0 TepeHeno-
MBIIIIEYHOH JINHUHA [27].

Tpetuii TUN MOTIEPEYHO-TIJIOCKOCTHOM
OJIOKaIbl, MJIM 3aJHUHI TUII, BBIIIOJHSIETCS
n3 TpeyroJbpHuKa Petit (puc. 1, ¢). B atom

cJlydae JaTYMK CMeIaeTcs OT CpefHel Moj-
MBIIIIEYHOH [0 3aJHed ITOJIMBIIIeYHON
JIMHUU [26]. JlaHHBIA AOCTYH TEXHUYECKU
boJiee CI0’KeH B CpaBHEHUU C JiaTepaJib-
HBIM JIOCTYTIOM (MHOT/Ia TPebyeTCs MOIKIIa-

Puc. 2. YIsTpa3ByKOBOI KOHTPOJIb BhINOTHEeHUsA TAP-0/10KafbI.

Fig. 2. Ultrasound check of TAP block performance.

Note. a — anatomic reference points. 1 — external oblique muscle; 2 — in-
ternal oblique muscle; 3 — abdominal transverse muscle; b — anesthetic
administration: the line shows the needle direction; the oval shows the

local anesthetic administered.

IbIBATh BAJIUK MOJ ATOIUITY MAllUeHTa I
Jydlllefi BH3yaJu3allid aHaTOMUYECKUX
OpPHUEHTHPOB), HO B TOKE BpeMsl HMeeT
0oslee IIMPOKYI0 30HY aHAJbre3w (OT
0eJIoi JIMHUM ;KUBOTA /10 3aTHEN TOIMBbI-
HIeYHOH JUHUN) [26, 28].

ITpu OOIIMPHBIX OTIEPATUBHBIX BMeEIIaTe Ib-
CTBax, Korga Tpedyercs 3a0JIOKUPOBATh HEPBBI
BEPXHEr0 W HUYKHETO 3Ta’ka OPIONIHON CTEHKH,
OIIMCaHa, TaK Ha3bIBaeMasi, JBOMHAs IIOIlepeYHO-
IUIOCKOCTHAsi OJIOKaza, T. €. COUYeTaHue Iojpe-
OepHOM U jaTepaJibHON Miu 3amgHeit TAP-6/10Ka-
b1 [29-31].

Hu ogyH u3 BapUaHTOB IIONEPEYHO-IIJIOC-
KOCTHOH OJIOKAJbI He BIUSIET Ha BUCIEPATHHBIN
KOMITOHEHT 060JTM, HO CYII[eCTBEHHO YMEHbIIIAeT
WHTEHCUBHOCTh COMaTUYECKOr0 KOMIIOHEHTAa
00J1€BOTO CUHIPOMA.

BJyokaga KBaApaTHOU MbBIIIIIIBI
nosicHu1bI (QL-0/10kana, puc. 3, 4)

JlasbHelIIee COBEPIIIEHCTBOBAHUE METOU -
KM TIpUBEJIO K TOSBJEHUIO KBaJIpPaTHOTO
MMOSICHUYHOTO 6Ji0ka — OJIOK 3aHell OpIONIHOM
CTeHKH, «BHYTpU(acHuaabHbIl» MTOIEepeYHbIN
6s10k. OH BuepBbIe ObLI ontrcaH Padaaiem biiaH-
KO KaK 3aJJHUI BApUAHT MOTIEPEUYHO-TIJIOCKOCTHOM
6Js10Kkagnl B 2007 1. [32]. B 2013 r. BstaHko geTajabHO
oTrcaJsl TEXHUKY TAaHHOH OJIOKA[IbI, JaB el Ha3Ba-
HUEe KBAJPaHTHOHN MOSCHUYHOU OJ0Kambl (QL-
61okampl) [33]. BecHoti Toro ke roga Jens Borglum
U3 yHHuBepcuTeTa KomeHrareHa omucasa «3HaK
TPUJIUCTHUKAY, 00pa3oBaHHOTO 0OJIBIION
MOSICHUYHOM MBIIIIIEH (M. psoas major), MbIIIIeiH,
BBINPAMJISIONIE TI03BOHOYHUK (M. erector
spinae), KBaJipaTHOUW MBIIIIENH MOSICHUIBI (M.
Quadratus lumburum) njs onpenesieHus MecTa
BKOJIa UTJIBIL. [Ipy 9TOM aBTOpPBI pEKOMEH10BAIHA
BBOJUTh MECTHBIN aHECTETUK MesKIy OOJbIION
MOSICHUYHOUW MBIIIIEH U KBaJipaTHOU MBIIIIEN
NOSICHUIIBI [34].

IIpumeyaHue. a — aHATOMUYECKIE OPUEHTUPHI. 1 — Hapy’KHAsT Kocast
MBIIIINA; 2 — BHYTPEHHSIS KOCasi MBIIINIE; 3 — IONIepeYHasi MBIIIIA SKU-
BOTQ; b — BBeJleHe aHECTETUKA: JIMHUS — HAallPpaBJIEHUE UIJIbI; OBAJI —
BBEJE€HHBIH MECTHBIN aHECTETUK.

3
>
| Anterior )
o (AR
© . latera 1
Posterior

Puc. 3. Bapuantsi Ql-0/10kaabI (cxema).

Fig. 3. QL block variants (scheme).

Note. PM - greater lumbar muscle; ES - spinal erector muscle;
QL — quadrate lumbar muscle. 1 — external oblique muscle; 2 —
internal oblique muscle; 3 — abdominal transverse muscle.
Ipumeuanne. PM — GoJsibliias mosicHUYHasi MbIina; ES —
MBIIIIA, pas3rudaroiias MO3BOHOYHUEK; Ql — KBajgparHas
MbIIIIa nosscHunbl; kidney — mouka; asis puc. 3, Tada. 2: ante-
rior —epenHss. 1 — Hapy)KHasi KOcas MBIIIIA; 2 — BHYTPEHHSSA
KOCasi MBIIIIIQ; 3 — [MONepevYHasi MbIIIIIa JKUBOTA.

it can be carried out on a supine patient, and allows
providing a good-quality analgesia after gynecolog-
ical surgeries and herniotomy below the umbilical
ring because analgesia covers a zone from the ab-
dominal midline to the anterior axillary line [27].
The third type of transverse plane block, or the
posterior type, is carried out from the Petit triangle
(fig.1, ¢). In this instance, a probe is moved from the
mid axillary to the posterior axillary line [26]. This
approach is technically more complex compared to
the lateral approach (sometimes it is necessary to
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Puc. 4. YneTpa3ByKOBbIE OPHEHTHPHI JJIs BBINIOJHEHUA Ql-
0/10Ka/ABI (JIaTepaIBHBIN JOCTYII).

Fig. 4. Ultrasound reference points for performance of a Ql
block (lateral approach).

Note. 1 —external oblique abdominal muscle; 2 —internal oblique
abdominal muscle; 3 — transverse abdominal muscle; 4 —
quadrate lumbar muscle.

IIpumeuanme. 1 — HapysKHasA KOCasd MBIIIIA YKUBOTA; 2 — BHYT-
PEeHHsIs Kocasi MBIIIIA KUBOTA; 3 — [TOTIIepevHasi MBIIIIIA SKH-
BOTAQ; 4 — KBa/ipaTHasi MBIIIIIA TOSICHUIIBL.

KioyeBbIMH yJIBTPa3ByKOBBIMU OPUEHTH-
paM¥ AJisi BBIIOJTHEHHSI 9TOTO THUIA OJIOKAIbI
CJIy?KaT KBaJpaHTHAsI MBIIIIA TOSICHUIIBI, 00JIb-
1Iasi NOsICHUYHASA MBIIIIA, MBINIIA, BBIIPSAM-
JISIOIIasi TO3BOHOYHUK U MOSICHUYHO-IPyIHASA
dacnusa [34]. IlogscauyHo-rpynHas gacuusa —
CBsI3yIOlllee 3BEHO MEsKIy IepeHe-Jarepasib-
HO¥ OPIOITHOYM CTEHKOU U mapaBepTedpaibHOMN
00J1acThI0. B TOSICHUYHOM OT/iejie OHa COCTOUT
U3 [BYX JIUCTKOB: IOBEPXHOCTHBIN (3agHMI)
JIUCTOK CBOEN MeJuaIbHON CTOPOHOMU NPUKpPETI-
JISIETCSI K TPYJHBIM, HOSICHUYHBIM U KPECTIIOBBIM
ITO3BOHKAaM, 110 60KaM — K yIiaM pedep, a BHU3Y —
K rpeOHSAM MOAB3IONIHOW KOCTH; HAa OHOKOBOM
Kpae MBIIIIIbI, BEIIPAMIIAIONeN M03BOHOYHUK,
[IOBEPXHOCTHBIN JINCTOK CPACTAETCS C NIYOOKUM,
o0pasys ¢pubpo3HOe Barasuiie, B KOTOPOM U
HaXO[IUTCSI MBIIIIA, BEITPSIMJISIIONIAS IO3BOHOY-
HUK. [IryOoKWMiA (IepeHUi) TUCTOK HATSATUBAET-
Cs1 MesKly ITIoIlepeYHbIMU OTPOCTKAMU ITOSICHUY-
HBIX TI03BOHKOB, TpeOHEM TIOAB3/IOITHON
ob6Jutactu u XII pedpom [35]. MexaHU3M pPa3BUTUSA
aHaJIBTe31H T10CJIEe BBITIOJTHEHUST 6JI0OKaIbI KBAJI-
paTHOM MBIl IOSICHUIIBI HM3y4yaeTcs [0
HacTosIllero BpeMeHU. PaHee cumTasOCh, YTO
MECTHBI aHECTeTUK PpacIpOoCTpaHsaeTcs IIo
MOSICHUYHO-TPYIHOU W BHYTpeHHel TI'PyIHOMU

put a pad under the patient’s clunis for better visu-
alization of anatomic reference points), but at the
same time it has a wider analgesia coverage (from
the abdominal white line to the posterior axillary
line) [26, 28].

In a case of major surgical interventions when
it is required to block nerves of the abdominal wall
upper and lower, a so-called double transverse plane
block, i.e. a combination of subcostal and lateral or
posterior TAP block, has been recommended [29-31].

None of the transverse plane block variants af-
fect the visceral pain component, but significantly
reduce intensity of the somatic component of pain
syndrome.

Quadratus Lumborum Block
(QL block, fig. 3, 4)

Further improvement of the method gave rise
to the quadratus lumborum block — posterior ab-
dominal wall block, ‘intrafascial’ transverse block.
For the first time, it was described by Rafael Blanco
as a posterior variant of the transverse plane block
in 2007. [32]. In 2013 Blanco described the tech-
nique for this block in full detail and named it the
quadratus lumborum block (QL block) [33]. In the
spring of the same year, Jens Borglum from the
Copenhagen University described the ‘trefoil sign’
formed by the greater lumbar muscle (m. psoas
major), spinal erector muscle (m. erector spinae),
quadrate lumbar muscle (m. Quadratus lumbu-
rum) to identify the needle injection point. The au-
thors recommended administration of alocal anes-
thetic between the greater lumbar muscle and
quadrate lumbar muscle [34].

The key ultrasound reference points for imple-
mentation of this type of block is the quadrate lum-
bar muscle, greater lumbar muscle, spinal erector
muscle, and lumbar thoracic fascia [34]. The lumbar
thoracic fascia connects the anterior lateral abdom-
inal wall and paravertebral region. In the lumbar
segment, it consists of two leaves: the surface (pos-
terior) leafis attached to thoracic, lumbar, and sacral
vertebrae with its medial side, laterally — to rib cor-
ners, and at the bottom — to the iliac bone crests; at
the lateral margin of spinal erector muscle, the sur-
face leaf joins the deep leaf to form a fibrous sheath
accommodating the spinal erector muscle. The deep
(anterior) leaf stretches between transverse pro-
cesses of lumbar vertebrae, iliac crest, and rib XII
[35]. The mechanism of analgesia development after
completion of the quadratus lumborum block is still
unclarified and studied novadays. Earlier, it was as-
sumed that alocal anesthetic is spreading over lum-
bar thoracic and internal thoracic fascia in the par-
avertebral space [36]. Recent publications, however,
have shown that an anesthetic administered around
quadrate lumbar muscle does not spread into the
paravertebral space [37]. Hence, it was surmised that
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¢acusam B mapaBepTeO6paTLHOM IPOCTPAHCTBE
[36], oHaKO TOCJIEeTHME TYOJIUKAIINY TOKa3aJIH,
4YTO aHEeCTETHUK, BBEeIEHHBIH BOKPYT KBaApaTHOU
MBIILIIbI TTOSICHUIIBI, HEe PacIpoCTpaHseTCcAd B
rmapaBepTeOpaaIbHOM IpocTpaHcTBe [37]. OTcro-
Jla BOBHUKJIO IIPEJII0J0KEHNE, YTO BUCIEPATIb-
HBII KOMIIOHEHT aHaJIbIe€3UHU SIBJISIETCSI PE3YJIb-
TaTOM pacIpoCTpaHEHWsl aHecTeTHKa Ha
YpeBHBIN rAaHIVIMUI UM Ha CUMITIaTHYEeCKHUe CTBO-
JIbl CIIJIAHXHUUYECKUX HEePBOB, KaK B CJydae C
rmapaBepTeOpasbHBIMH OJI0Kamamu. [lociegHue
myO/ITMKAIUY, TTOCBSATIEHHBIE TAHHOMY BOIIPOCY,
IIOKa3aJI1, YTO MECTHBIN aHECTEeTUK pacIpocTpa-
HAeTCA KpaHuaabHO, 0o T10 cermenrta [38]. B
JIOTIOJIHEHNE K 9TOMY, aHa/IbreTuueckuii appext
MECTHOTO aHeCTeTHKa TaK)Ke MOKeT OBITh CBS-
3aH C aHATOMO-TUCTOJIOTUYECKUMU XapaKTepu-
CTUKaMU IOSICHUYHO-TpyaHOU ¢acnuu. Tak, B
BepXHEeM cJj10e 9TOH acuu NpPOXOaAT BOJOKHA
CUMIIAaTUYEeCKOM HEPBHOU CHUCTEMBI, a TaKKe B
dacyu pacnososKkeHbl MeXaHo- U HOIUIEeITO-
PpBl, YYBCTBUTEJIbHbIE K MECTHBIM aHECTETUKAM.
OTHU pelenTOPhl YYACTBYIOT B BOCIIPUSATUHU OCT-
poii u (OPMUPOBAHUHM XPOHUYECKOU OOJIH.
TakuM 00pa3oM, aHaIbTeTUYeCKUi 3hPeKT 6710-
KaJbl KBAJPAaTHOU MBIMIIBI HOSICHUILIBI TaKKe
MOSKeT OBITh 00'bsICHEH 6JI0KAION 9TUX PEIENTO-
POB MECTHBIM aHEeCTEeTUKOM [39].

B HacTosiIIIee BpeMsi BBIJIEJISIOT 4 Tuna 6J10-
KaJIbl KBaJPaTHOU MBIIIIIIBI TTOSICHUIIBI (TA0JI. 2).

IlepBbIii THUO OJIOKAObl KBaJApaTHOU
MBIIIIIBI TOSICHUIBI (JIaTepaJbHbIN) ITogpasyme-
BaeT BBeJIeHUE aHeCTeTHKA JaTepajbHee KBal-
paTHON MOSICHUYHON MBIIIIBI B 30He, IJe
IolnepeyvHasi MbIIIIA 3KUBOTA IIEPEXOAUT B allo-
HeBpPO3. B aTOU 30He jaTepajbHbIN Kpail KBa/I-
PaHTHOH MBIIIIBI IOSCHUIIBI HpHUJeraeT K
nonepeyHo# pacuuu [40]. OgHa rpynmna aBTOpoB
CUHMTAET, UYTO aHEeCTEeTUK JOJI’KEeH pacnpocTpa-
HATHCS MeskAy dacnueil u Mplireii (41]. [Ipyras
rpyIna aBTOPOB CUUTAET, YTO AaHECTETUK J10JI-
sKeH paclpoCTPaHATHCA MeKAY allOHEeBPO3aMU
IIOIlepeYHOU U BHYTpPeHHell KOCOU MBbIIII U
nonepeyHoit dacuuein [42]. IIpeumyiiecTBoM
JIAHHOT'O THUIIA SIBJISIETCSI TO, UTO NAIIUEHT JIESKUT
Ha CIIMHE, YTO KpalHe yIoO0HO B paHHEM IocJIe-
OIlepallMOHHOM Mepuoje.

BTopoii Tum 6/10KaIbI KBaAPATHOW MBIIIIITHI
MOSICHUIIBI (3agHUI) MOoJgpa3yMeBaeT BBeJeHUe
aHeCTeTUKa MesKAy 3aJHell 4acThlo KBaJpaTHOU
MBIIIIBI MOSICHUIBI U BHYTPEHHUM JIUCTKOM
MOSICHUYHO-T'PYAHOH (paciiyy, KOTOPBIi OTAeIsIeT
KBaJIPATHYIO MBIIIIY IIOsICHUILIBI OT IIIMPOYanIen
MBIIIIIBI CTUHBI ¥ MBIl Pa3ru0arIei 103Bo-
HOYHUK (erector spinae muscle) [32, 33].

IIpu TpeTbeM THIle OJIOKAABI KBaApaTHON
MBIIIIBI CIMHBI (IepejHeM) aHeCTeTUK BBOJUT-
csl repej KBaJPaHTHOMN MBIIIIel ITOSICHUIIBI B

30HE€, I/1e OHAa JOCTUTA€T IIOIIEPEYHOI0 OTPOCT-

Tabsuia 2. TunbI 010Kaabl KBaAPATHONH MBITIIIHI.
Table 2. Types of quadratus lumborum block.

Approach Nerves blocked by the blockade
Lateral Th7-L1 [33]

Posterior Th7-L1 [33]

Anterior Th10-L1 [34]
Intramuscular Th7-Th12 [43]

IIpumeuanue. Intramuscular — BHyTpUMBIII€YHBIHN.

the visceral component of analgesia results from
anesthetic spreading over celiac ganglion or sympa-
thetic trunks of splanchnic nerves as in case of par-
avertebral blocks. Latest publications on the issue
have demonstrated that a local anesthetic spreads
cranially to segment T10 [38]. Further, the analgesic
effect of alocal anesthetic might also be connected
with anatomic and histological characteristics of
the lumbar thoracic fascia: in the upper layer of this
fascia there are sympathetic nervous system fibers
and mechanic nociceptors sensitive to local anes-
thetics. These receptors are involved in perception
of acute and formation of chronic pain. Hence, the
analgesic effect of quadratus lumborum block may
also be explained by local anesthetic blocking these
receptors [39].

Currently, four types of quadratus lumborum
block are considered (table 2).

The first type of quadratus lumborum block
(lateral) implies anesthetic administration laterally
of quadrate lumbar muscle in the zone where
transverse abdominal muscle passes into aponeu-
rosis. In this zone, the lateral margin of quadrate
lumbar muscle is adjacent to transverse fascia [40].
A group of authors believes that an anesthetic
should spread between the fascia and muscle [41].
Another group of authors thinks that an anesthetic
should spread between aponeuroses of the trans-
verse and internal oblique muscles and the trans-
verse fascia [42]. The advantage of this type of block
is the supine position of a patient, which is most
convenient during the early postoperative period.

The second type of quadratus lumborum
block (posterior) implies anesthetic administration
between posterior quadrate lumbar muscle and in-
ternal leaf of lumbar thoracic fascia that separates
quadrate lumbar muscle from latissimus dorsi and
erector spinae muscles [32, 33].

In case of the third type of quadratus lumbo-
rum block (anterior), anesthetic is administered
before quadrate lumbar muscle in the zone where
it reaches the transverse process of the fourth
lumbar vertebra. During QL block of this type,
anesthetic spreads between quadrate lumbar
muscle and greater lumbar muscle. This approach
exposes a classical trefoil: transverse process of
the fourth lumbar vertebra looks like a stem,
greater lumbar muscle — anterior leaf, spinal
erector muscle — posterior leaf, and quadrate
muscle — a lateral leaf [34, 42].
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Ka 4YeTBEePTOro MOSICHUYHOTO MO3BOHKA. [Ipu
manHoM tumne QL-6Ji0ka aHeCTETHMK pacmpo-
CTpaHsieTCsd MeXKAy KBaJpaHTHOU MBbILIIEeN
MOSICHUIILI U OOJILIION ITOSACHUYHOMN MBIMIIEH.
[Ipu aToM mocTyle BUAEH KJIACCUUYECKUN Tpu-
JIUCTHUK: TOMEPEYHBIH OTPOCTOK YE€TBEPTOTO
MOSICHUYHOTO IIO3BOHKA BBIIVIATUT KaK CTe-
06esb, O0JIbINIAS TOSICHUYHAS MBIIIIA — Tepe/-
HUU JUCTOK, MBIIIIIIA, Pa3rubaroniasi T03BOHOY-
HUK — 3aJIHAU JINCTOK, a2 KBaJ[paHTHAS MbIIIIIA —
JarepanbHbIN [34, 42].

YeTBepThIA THIT OJIOKAALI KBaJgpaTHOMU
MBIIIIIBI CIIMHBI ITPE/INoJiaraeT BBeJeHrE aHecTe-
THKa HEeIIOCPeICTBEHHO B KBaJAPAHTHYIO ITOSICHU Y-
HYIO MBIy [43].

ITo apeKTUBHOCTH aHAJIbIe3UN OJIOKAIbBI
KBaJPaTHOW MBIIIIbI MOSICHUIIBI Pa3JIAYar0TCs
MesK/Ty COOOM.

IToka3aHue K BBITIOJTHEHHIO OJIOKabI
KBaJPAaTHOMN MBIIIIIHI TOSICHUAIIBI

BeillosiHEHNE  MONMEPEYHO-TJI0OCKOCTHOU
OJI0KaIbI TOKA3aHO B TOM CJIy4ae, KOTaa Heo6xo-
IuMo 3(pHeKTUBHO BO3IeliICTBOBATh HA COMATHU-
YeCKU KOMIIOHeHT 6ojin. Tak, mogpebepHBIH
BapUaHT IIONEPEYHO-IIJIOCKOCTHOU OJI0KaIbI
[I0KAa3aH I0CJe FepHUONACTUKU MMapayMOuJIn-
KaJIbHOW MJIU BEHTPAJbHOM T'PBI’KU, PACIOJIO-
SKeHHBIX BBIIIE IIYIIKA, a TAKKe [10CJIe Jlanapo-
CKOTIMYECKOU XOJIEINUCTIKTOMUU. JlaTepasbHbIN
WU 3aJHUUN TOCTYIl HONEepevyHOo-IJIOCKOCTHON
0JIOKaIbI MOSKHO IMTPUMEHATH II0CJIE JIAaCTUKU
HEOCJIOKHEeHHOU MMax0BOU I'PbIKU UJIU ITapayM-
OMJIMKAJILHOW TPBI’KU, PACIIOJIOKEHHOU HUKE
IIYIIOYHOTO KOJIbIIA.

BrinmoJsiHeHune 0J10KaIbI KBaJIpaTHOU
MBIIIIbI ITOSICHUIIBI IIOKa3aHO I0OCJe IeJoro
psifa onepaTUBHBIX BMeIIATeJAbCTB, IIPU KOTO-
pBIX TpebyeTcsa BO3MelCTBOBATh He TOJIBKO Ha
coMaTU4eCKUi, HO U Ha BUCIEPATbHBIA KOMIIO-
HeHT 0ouin. K mmocjaeHIM MOKHO OTHECTHU Keca-
peBo ceueHue [44—-49], THHEKOJIOTUYECKUE OIle-
panuu, B IIEpBYyIO OYepedb 9KCTAPIIAAI0 MaTKU
[50], pe3ekIUI0 TOHKOMU [51] ¥ TOJCTOU KUIIKHU
[52, 53], HedpakTOMUIO [54-56], 3aKPBITHE KOJIO-
CTOMBI [52], anneHagdKTOMUIO [53], racTpakTo-
Muio [57], repHuonacTuky [58-59]. Onucano
IpUMeHeHue OJIOKaabl KBAAPaTHOW MBI
JKUBOTA Tocse O0ndemMopasbHOTO IMIYHTUPOBA-
Hus [60] 1 xosenucTokTOMUM [61]. Bee 6oablie u
OoJIbIIIe aBTOPOB IIPeaJaraloT HCIOJIb30BaTh
QL-6siorany mocJsie omeparnuii Ha Oempe [42,
62—-66], a Tak)Ke IIpU ollepalUAX Ha HOACHUYHOM
oTJieJie IO3BOHOYHUKA [67, 68].

Bce aBTOpBI yKas3bIBAIOT HA TO, YTO IIOCJIE
BBITIOJIHEHUSI [TaHHOU OJIOKAAbl Yy TAlMEHTOB
OTMeYaeTcs CyleCTBeHHOEe CHUYKEeHYEe UHTEeHCUB-
HOCTU 60JIEBOTO CHHApOMa A0 1-2 0ajJIoB IO

The forth type of quadratus lumborum block
implies administration of anesthetic directly into
the quadrate lumbar muscle [43].

There is a difference in the efficacy between
analgesia and quadratus lumborum block.

Indications for Quadratus
Lumborum Block

A transverse plane block is indicated when it is
necessary to render an effective action on the so-
matic component of pain. For instance, the sub-
costal variant of transverse plane block is indicated
after hernioplasty of paraumbilical or ventral hernia
located above umbillicus, also after laparoscopic
cholecystectomy. The lateral or posterior approach
of a transverse plane block can be used after plasty
of uncomplicated inguinal hernia and paraumbeli-
cal hernia located below the umbilical ring.

Quadratus lumborum block is indicated after a
wide range of operative interventions that require
action not only on the somatic pain component but
on visceral as well. The latter include Cesarean op-
eration [44-49], gynecological surgeries, first of all,
total hysterectomy [50], enterectomy [51] and colon
resection [52, 53], nephrectomy [54-56], colostomy
closure [52], appendectomy [53], gastrectomy [57],
hernioplasty [58-59]. Quadratus lumborum block
application after bifemoral shunting [60] and chole-
cystectomy was described [61]. More and more au-
thors suggest using the QL block after femur [42,
62-66] and lumbar spine surgeries [67, 68].

All authors pointed out that after completion
of this block, all patients displayed a considerable
decrease of pain syndrome intensity down to 1-2
points according to the visual analogue scale,
which lasted longer than 24 hours. Authors ob-
served that the pain syndrome intensity decreased
both at rest and during movements, which facili-
tated early activation of patients [43, 59].

Up to now, there is no consensus concerning a
recommended anesthetic, its concentration and vol-
ume for performance of either the transverse plane
block or quadratus lumborum block. This block is car-
ried out by bilateral administration of 15-30 ml of a
local anesthetic based on (0.2-0.4 ml/kg). Most au-
thors use Bupivacaine, Levobupivacaine, or Ropiva-
caine in a concentration of 0.125-0.375% combined
with 24 mg of Dexamethasone bilaterally. According
to the latest data, addition of Dexamethasone to alocal
anesthetic in the course of perineural blocks increases
the block duration and amplifies analgesia [69].

Complications of the Quadratus
Lumborum Block and Transverse
Plane Block

Complications related to abdominal wall
blocks occur very rarely. During performance of a
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BHU3yaJIbHO-aHAJIOTOBOU IIKaJe, KOTOPOe AJIUTCS
boJtee 24 yacoB. ABTOPHI OTMEYAIOT, YTO MHTEH-
CUBHOCTH 60JIEBOTO CHHIpPOMA CHHUYKAETCS KaK B
TTIOKO€, TaK U MPH IBUKEHUSX, YTO CIIOCOOCTBYET
paHHel akTUBU3aluy ManueHToB [43, 59].

[lo HacToAIero BpeMeHu HeT KOHCEHCyca
OTHOCHUTEJIbHO PEKOMEHJIOBAHHOT'0 aHECTETUKA,
€ro KOHIleHTpaluu U o6 bemMa JJIsT BhITIOJTHEHUS
KaK IIOMEepevYHO-TIJIOCKOCTHON 6JI0Kambl, Tak U
OJIOKaIbI KBAIPATHOM MBIIIITEI TOSCHUATIBL. [laH-
Hasg OJioOKaJa BBITIOJHSETCS TYTeM BBEIEHUS
15-30 MJI MECTHOTO aHECTeTUKA OMJIaTepaibHO U3
pacuyeta (0,2-0,4 My1/Kr). BOJABIIMHCTBO aBTOPOB
HCIIOJTH3YIOT OyITMBaKawH, JJ€BOOYITUBAKAWH WJIA
ponuBakamH B KoHueHTpauuu 0,125-0,375% B
COYeTaHUM C 2—4 MT leKkcaMeTa30Ha C KayKI0H CTO-
poHsl. ITo mocaeqHUM JaHHBIM TO0OaBJIEHUE JTEK-
caMeTa3oHa K MECTHOMY aHeCTEeTHUKY BO BpeMs
BBITIOJTHEHUSI TEPUHEBPATHHBIX OJI0KA[T YBETUYH -
BaeT MPOJOJIKUTETBHOCTh OJIOKA W YCUJIUBAET
a”HaJbre3uio [69].

OcJio;kHeHUsI 0JI0KabI KBAIPATHOM
MBIIIIbI IIOSICHHUIIBI
U NOTIEPEYHO-TIJIOCKOCTHOM 0JI0KaIbI

OcJjiokHeHusI, CBSAI3aHHBIE C OJIOKaJaMH
OpIOIIHOM CTEHKHU, BCTPEYAIOTCS OYeHb PeIaKoO.
[Ipy BBINOJHEHUU TOIEPEUYHO-IIJIOCKOCTHOHN
0J0KaIbl OBLIM OIMCAHBI IIONaJgaHUe WIVIbI B
OPIOIIHYIO TIOJIOCTh ¥ TPAaBMbI OPTaHOB OPIOII-
HO¥ mojioctu [70], TpaH3uTOpHas1 6/10Kama Oe-
peHHOro HepBa [71], a TakKe OCJIOKHEHUs, CBH-
3aHHbIE C BHYTPUCOCYOUCTBIM BBeJeHUEM
npenaparos [72-75]. B nocTynHoil sutepaTrype
MBI HE BCTPETUJIN ONIMCAHUS OCJIOKHEHUH, CBSI-
3aHHBIX C OJIOKaAOM KBaJpaTHOW MBIIIIbI
MMOsICHUITBI. BeposiTHee BCero, aTo CBSA3aHO C TEM,
YTO IIOJIO}KEHUE HUIJIbI JOCTAaTOYHO Jajieko OT

OpPIONTHOM MTOJIOCTH M KPYITHBIX COCY/IOB, B CBS3H
C 4eM TpaBMa HUIVIOH MeYeHu, IT0YeK, KUIIIEeUYHH-
Ka, OpIOIUHBI MaJIOBEPOSITHEL. Takske He 0OHA-
PY’KHJIN UCCJIeIOBAaHUH, ITOCBSAIIEHHBIX HEBPO-
JIOTUYECKUM OCJOKHEHHSIM TIOCJe IaHHOU
OJs10kanbl. B muTeparype onmcanbl 610Kkana 6ex-
pEeHHOTO HepBa, BO3HUKAIOIIAsA, KaK MPaBUJoO,
IocJie BBITTOJHEHUSI TPEThero Tuila O6JI0Kabl
KBaJpaTHOW MBIIIILI ITOSICHUIBI. BeposiTHee
BCET0, 3TO CBSI3aHO C pacHpoCTpPaHEeHHEM aHe-
CTeTHKa 110 TOAB3I0ITHOMN pacuum [37].

BeposATHOCTH pa3BUTHUS CUCTEMHBIX TOKCH-
YEeCKUX peakIlNii, CBSI3aHHBIX C BBeIEeHUEM
BBICOKHMX J103 MECTHOTO aHeCTeTHUKa, TaKiKe
CYIIECTBEHHO HI’KE B CDAaBHEHUM C TIOIIEPEYHO-
TJIOCKOCTHOM OJiokanoii. B moctymHo# utepa-
Type MBI He BCTPETHJHM HU OJHOTO CJjydas
CHUCTEMHOU TOKCHUYECKOW peaKIuu TMOocCJje
BBITIOJTHEHUSI OJIOKAObl KBaJAPaTHOU MBIIIITBI
MMOSICHUIIBL.

transverse plane block, needle penetrating the ab-
dominal cavity and injuring abdominal organs [70],
transient femur nerve block [71], and complica-
tions related to intravascular administration of
drugs have been described [72-75]. We have not
found a description of complications related to the
quadratus lumborum block in the available litera-
ture. This is most probably explained by that the
needle is positioned far enough from the abdomi-
nal cavity and major vessels so it is hardly possible
for a needle to injure the liver, kidneys, bowels, or
peritoneum. Neither did we find investigations
dedicated to neurological complications of this
block. There are descriptions in literature of a femur
nerve block, as a rule, occurring after quadratus
lumborum block of the third type, which is, most
probably, connected with anesthetic spreading over
the iliac fascia [37].

The probability of development of systemic
toxic responses caused by administration of high
doses of alocal anesthetic is also significantly lower
compared to the transverse plane block. We have
not found in the literature available any cases of
systemic toxic response after a quadratus lumbo-
rum block.

Currently, a physician has in its arsenal several
variants of neuraxial methods of anterior abdomi-
nal wall analgesia. The advantage of each particular
method needs to be clarified. Nevertheless, any one
of these methods, as a component of multimodal
analgesia, decreases considerably the pain syn-
drome intensity in the early postoperative period,
reduces the incidence of nausea and vomiting [1],
lowers the deepness of sedation [76, 77], and facil-
itates earlier removal of a urethral catheter [78] and
shorter in-patient time [79].

The authors declare absence of a conflict of
interests.

TakuMm o0Opas3oM, B HACTOsIee BpeMs B
apceHaJsie y Bpada eCThb HEeCKOJIbKO BApUAHTOB
HelpoaKkCcuaJIbHbIX METOJIOB aHAIbI€31U ITepe/I-
Hell OPIOITHOM CTEHKH. [IpenMymiecTBO Kaskao-
ro KOHKPETHOTO MeToja elle NpPeICcTOUT
BBIACHUTE. OJHAKO JI000M U3 3TUX METOL0B KaK
KOMIIOHEHT MYJBbTUMOJAJbHON aHaJbre3uu
CYIIECTBEHHO CHM)KAET MHTEHCUBHOCTH DOJIEBO-
ro CHHApPOMAa B pPaHHEM MOCJEONepPaAnUOHHOM
IIepruose, YyMEHbIIAaeT YaCTOTy BOSHUKHOBEHUSA
TOITHOTHI M PBOTHI [1], yMeHbIIaeT TIyOUHY
cemarnuu [76, 77], cmoco6cTBYeT 60J1ee paHHEMY
yoajJeHUI0 YypeTpajbHOro Karerepa [78] u
YMEHBIIIEHUIO BpeMeH! MpeObIBaHU MalfeHTa
B cTanuoHape [79].

ABTOpBI 3asiBJISIOT 00 OTCYTCTBHH KOH-
¢yukTa MHTEPECOB.
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ITpaBuJIa 1151 pyCCKOSI3BIYHBIX ABTOPOB
sKypHaJa «0011ass peaHUMaToJIOTHsI»

C y4eTOM peKOMeHJaluil poCcCUiiCKo# Accoliuauy HayYHbIX peJaKkTopoB u usnareseii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) penakuus 25.09.2018

IIpaBOBbI€ U 3THYECKHE ACTIEKTHI ITy0JIMKA-
IIUM PYKOIUCH

YcnoBust ny0JIMKAIUY PYKOITHCH

— Pykornucu myOmKyIoTcst Ipu 06513aTe/IbHOM
COOJTFOTIEHNH aBTOPOM 3THUKH U TIPABUJT ITyOJTUKAIII
(mogpobGHee Ha caliTe sKypHaJia: www.reanimatol-
ogy.com).

— Pykonucu ny0JIMKYIOTCS ¢ cOOJIIOleHreM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEHIINATIbHOIO
OTHOIIIeHUsI K IepCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvicu ny0JIMKYIOTCST O€CIIaTHO.

— Pykonucu, OpuHsATHIE B KYpHaJ, IPOXO-
ISIT pelieH3upoBaHue Ha OPUTUHATBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJeKBAaTHOCThb CTAaTUCTHYe-
Ckoll 00pabOTKM  JAaHHBIX HaA  YCJIOBUSX
KOH(PUIEHINAIbHOCTH 32 MCKJII0YEeHUEM BbI-
siBJIeHUs paabcuUKAIUU JAaHHBIX.

— PenkoJyierusi ocTaBJisieT 3a COO0OU mpaBo
COKpAaIlaTh U PeJJaKTUPOBATh PYKOIIUCH.

I[IpuYMHBI CHATHUS C NI€YaTH U 3aJepP5KKHU
MyOJTUKAIUH PYKOIIHMCH

— Pykomnucu, He COOTBETCTBYIOIINE IIPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykomnucu, paHee ONyOJWKOBaHHBIE, a
TaK’Ke HalpaBJ/eHHble B APYrod SKypHaJ WJIN
COOpHUK, He MPUHUMAIOTCS. VICK/II0UeHNe coCTaB-
JISTIOT IIepeBO/Ibl Ha PYCCKUM/AHTTIUMCKUN SI3BIK
OTAEJbHBIX CTaTell, UMEIOIINX O0JIbII0E IPAKTHU-
JecKoe 3HaueHue 1/WUjau NpeCcTaBJIsIONIUX 0CO-
OBII HAYYHBIN UHTEPEC, OTIPE/IeISIEMbII aKTyaJIh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
IUTHUPOBAHMUS, 3AIIPOCOM II0 KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe o(popMJeHUe U HeOO-
CTOBEPHOCTH IIPEACTaBJsIEMbIX OMOMorpaguye-
CKHUX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTB JO CHATHSI PyKOIIUCH C II€YaTHU.

— Hapymenue npasua opopMIeHus: pyKo-
MNCH, HeCBOEBPEMEHHBIH, a TaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUsI pelleH3eHTOB U HAayYHbIX pe-
JIAKTOPOB IPUBOJAT K 3aieprKKe MyOIuKauy 10
HCIIpaBJIeHNs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUU 3aMevaHuil pelieH3eHTOB U HayUYHbBIX
PEelaKkTOpOB PyKONIMCh CHUMAETCS C AaJbHENIIero
paccMoTpeHus.

— PykomucH OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHTepecskI cTopoH: ABTOp/Penakuius

Penakiysi ocTaBJisieT 3a COOOM PaBO CUUTATH,
YTO:

— aBTOPBHI, IPeJOCTABUBIINE PYKOIIUCH IJI5I
nyouKauu B sKypHan «O011as peaHuMaroso-
TUsI», COIJIACHBI C YCJIOBUSIMU MyOJUKALIUU U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IPaBUJIaMU ee
odopmIieHHS.

— aBTOP, OTBETCTBEHHBIN 3a IMEPEMUCKY C
penakiire, BbIpaskaeT MO3UITHI0 BCETO aBTOP-
CKOT'0 KOJLJIEKTUBA.

Pefaknus v M3aTe/IbCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJIHKA-
[UX, a TAaKJKe 3a COoJlepIKaHue PeKJIaMbI.

TapaHnTuH pegaKkiuu

JIroObIe pyKOIMCH, TIOJTyYEHHbBIE pelaKIreit
IUIST pelleH3UpOBaHusl, OyAyT BOCHPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMEHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 32 UCKJIIOUeHNEM JIHI], YTIOJTHOMO-
YEeHHBIX PeJaKIne.

Heomy6yimkoBaHHBIE MaTepUasbl, HAXOMsI-
IIrecst B IPeIOCTaBJIEHHON CTaTbe, He OymyT uc-
I10JIb30BAHbI B COOCTBEHHOM HCCJI€IOBAHUN Ha-
VYHOTO pefaKkTopa U  peIeH3eHTOB 0e3
MUCbMEHHOTO pa3pereHunst aBTopa.

PerieH3eHT He OYIET IOMYIIEeH K pacCCMOTpe-
HUIO PYKOIIUCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEPECOB B €r0 KOHKYPEHTHBIX, TAPTHEPCKUX JTUOO
JIPYTHX OTHOIIIEHUSIX C KEM-JTN00 13 aBTOPOB, KOM-
MMaHUH UM OpTaHU3aIlNii, CBSI3aHHBIX C MaTepua-
JIOM TYOJTUKAIIVH.

ABTOpBI UMEIOT MPABO TOJIYYUTH TI0 3AMPOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O IO~
TOTOBKe, 0(pOPMJIEHUH U TIPOJBUKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 33 MEPETHUCKY C PEIAKITINEN, TTOTY-
YaeT I10 3JIEKTPOHHOI TOYTE TEKCThI PEIIeH3U; pe-
IIIEHUE PETKOJIIETU O TyOJIUKAIIHN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IIPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BapUAHTA PYKOIIUCH [IJISI T10-
JIy4€eHUsI aBTOPCKOT'O COTVIACHsT Ha ITyOJIMKAITUIO.

TlapanTuu ABTOpa
[IpemocraBiaeHHass B pelaKUI0 PYKOIUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepUAJIOB, 3AIIUIIIEHHBIX TUIIEH3UEH OT
HECaAHKIINO- HUPOBAaHHOTO BOCIIPOU3BENEHUS, 10-
ITyCKAEeTCs TOJBKO C TUChbMEHHOT'0 Pa3pereHust
npaBpoobOJiafaresisi(eif) W TpU 0053aTeTbHOM
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIUII,
KOTOpbIE BHECJIU OIIYTUMBINA BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U UHTEPIIPETAINIO
3asIBJIEHHOM pabOThI, TO €CTh TeX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PyKOIIUCH HE COIEPIKUT MaTEPUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOH [T€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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IIpaBuJa aJjisga aBTOPOB

KoH@umkT nHTEpecoB cTopoH: ABTOp/Penak-
1y

KongaukT nuntepecoB ctopoH ABTop/Penak-
LM pelIaeTcs yTeM IIeperoBoOpoB CTOPOH, B CIIy-
4Jae HeyperyJaMpOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOIVIACUHl — B COOTBETCTBUU C HEUCTBYIOIIUM
3aKOHOJATeJIbCTBOM PD 1 MesKIyHapOgHbIMU HOP-
MaTHBHO-IIPABOBBIMM aKTaMU, PeryJupyloliMy
MyOJIMKAIIIIO PYKOITUCEH B HAYYHO-TTPAKTUYECKUX
MeUIMHCKUX YKypHaJIax.

Comracue Ha IyOJIMKAIAIO0 OTPEJaKTUPOBaH-
HOI'0 MaTrepuaJjia BbIpajkaeT aBTOp, OTBETCTBEH-
HBIH 3a IepenucKy ¢ pegakuueil. [locsie o3HakoM-
JIEHHsI C BEPCTKON OH HAIpaBJIsIET B pPeNaKINIO
3JIEKTPOHHOE ITHCHhMO I10 OAHOM U3 IIpeiCTaBJIeH-
HBIX POpM:

1) ABTOpPBI* COWTaCHBI HA ITyOJIUKAITIIO PYKO-
mUCcU™** B TIpeICTaBJIEHHOM BUJE.

2) ABTOpBI* COVIACHBI HA MYOJTUKALIIIO PYKO-
NuCcKU™** 1mocjie BHECEHUs B BEPCTKY CJIEAYIOLINX
IIPaBOK:... (Iajiee caenyeT lepedeHb C YyKadaHueM
HOMepa CTpPaHMUIIbl TPAHOK BEPCTKU, HOMepa ad-
3arra, HoMepa CTPOKH B ab3alie ¥ caMoil IPaBKH).

*YkasbIBaeTcss BeCb aBTOPCKHUU cocTaB. **
‘YKa3bIBaeTCs Ha3BaHUe PYKOIIUCH.

Cpoxk omnoselieHus pefaKuu O IPUHATOM
aBTOpaMu pelnleHuu — He 6oJjee 3-X qHEH ¢ MoO-
MEHTa OTIIPaBKM BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a [IepPeNuCKY C peJaKiuei.

Buumanme! Ha cTaguy BepCTKU TOIyCKAETCS
MpaBKa ONE€YaTOK, OMIMOOYHBIX TGP U cJIoB. Pe-
JaKTHpOBaHue MarepraJia (3aMeHa, UCKJII0YeHNe,
nmob6aBsIeHre TPeJIoYKeHNH, ab3alieB 1 UJLTIOCTPa-
THUBHBIX OJIOKOB) He mpuHUMaeTcsi. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOJAT K €e YA0po-
SKAQaHUI0O U 3aJiepyKKe BBIIYCKAa B CBA3U C
nepedopMarupoBaHreM U OOHOBJIEHUEM Ilepe-
BOJIa TEKCTA HAa aHIVIMMCKUU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepuadl ¢ ieYaTy U IIepeHo-
CUT ero myoJUKaIUIO B APYroil HoMep B OTpeaK-
TUPOBAHHOM aBTOPaMU BHUE.

CpoOKH IPOABUIKEHH I PYKOIIUCH

— JKCIepTU3a Ha COOTBETCTBUE MPOQUIIIO
’KYpHaJsa v npaBuiaM opopmieHuss — He DoJjee
3-x pabouux JHEN C MOMEHTa MTOCTYIJIEHUST PYKO-
IIMCU B PeJaKIHUIO.

— PeniensupoBanue — He 0oJjiee 20-u pado-
YUX THEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKU pe-
LIEH3eHTY PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOU OTIIPABKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIETUU B OYHO-3a0YHOMN
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
uioJie, ceHTsiOpe 1 HOsIOpe) He TIO3/THEE, YeM 3a
1 MecAn Jo BBIITYCKA TUpaska KypHaJa.

OTnpaBKka MaTepHaJIoOB JJIsI HyO KA

MarepwuaJibl Jjis1 TIyOJUKAIA Ha PyCCKOM U
AHIVIUICKOM SI3BIKAX CJIelyeT HAIPaBJIsITh B BUJIE

lIEaH0OE
TEKCT TEKCT
OI022018 1022018

3JIEKTPOHHBIX (paiijioB HA cCaliT sKypHaJIa: WWw.Te-
animatology.com, niu o agpecy peJakiiiu: jour-
nal_or@mail.ru. @opmar nognucu daitsios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAaYeHHe MaTepuasia
(TEKCT, WIJIIOCTPALUU U Ip.), 1aTa (4MUCJI0, MecsL],
ron). ITpu 0OHOBJIEHUW BEpPCHUH PYKOIUCH U €€
MPUJIOKEHUH (TabJIUITbI, HJLTIOCTpAIuu) B (op-
MaTe noAnucyu GailyioB MeHsIeTCsI TOJIBKO Jara.

IIpumep:

Baumanwue! [1o/THOCTBIO aBTOMAaTU3UPOBAH-
HBIU IEPEBOJ] C PYCCKOTO sI3bIKAa HAa aHIVIMHCKUM
nMeeT HU3KOE Ka4eCTBO M He NPUHUMAETCS.
HKO donng «MengunuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVCTBHE B TIEPEBOJE MaTe-
pHaJIOB Js MyOJUKAIIUK C PYCCKOTO SI3bIKa Ha
AHIVIMHCKUH (COpaBKHU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIO4aeT: 1) TUTYIbHBIN
JIUCT 2) pe3ioMe U KJI0UYeBble CJI0BA; 3) MOJHBIN
TEKCT PYKOIIUCH C IOJIIUCAMHU BCeX aBTOPOB Ha I10-
cJieiHel CTpaHuIle, TOATBEP KIAIOIIIUMHU UX aBTOP-
CTBO U COIJIacHe C COoIepsKaHueM PyKOIHUCH (I10-
CJeHsIA CTpPaHWIA TPEJOCTABJSETCA B BHUIE
CKaHa); 4) TabJUIbI U WIIIOCTPanuu (rpaduky,
JIuarpaMmel, poTorpaduu, puCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHWEM U NMPUMeYaHueM; 5) Oudarorpa-
¢duyeckuii cCrcok; 6) COMPOBOAUTETBHOE MUCHMO.

IE3HOE pﬁc.
1=4
0025015

|1eatios

(pOpMél COﬂpOGOaumeﬂbHOZO nucema:

[naBHOMY pegaxkTopy sKypHaJ/a

«Ob11ass peaHuMaToJIOTHSI»
3acyy)KeHHOMY JeATeJsro Hayku Poccun,
yjieH-KoppecnoHgenTy PAH, npodeccopy
B. B. Mopoay

[Ipocum Bac paccMoTpeTb BO3MOYKHOCTH
myOJIMKaIuN (Bun pykonucuy; Pamuiuy,
Nmena, OTyecTBa BCex aBTOPOB; Ha3BaHUE PYKO-
nucH) B skypHaJie «O0111as peaHuMaToa0TusI».

ABTODPBI PYKOIIMCH O3HAKOMJIEHEI ¢ THpOP-
Manuei 1Js1 aBTOPOB sKypHaJa «O0b1as peanu-
MAaroJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKY, MIOJJa9¥ U yOJTUKAIINU PYKOTIHACH.

laHHasi pyKOIINCH He AyOJIMPYeT mpeabIay-
mue myo/ITMKaIyY, B Hell He 3aTparuBalTCs UH-
Tepechbl TPETbUX CTOPOH U He HApyLIAalOTCs 9TU-
YeCKHe HOPMBI IyOJTUKAIAH.

OTBETCTBEHHBI 3a IEPENUCKYy C pelak-
nueit: ims, OtyectBo, PamMuans OgJHOTO U3 aB-
TOpPOB pyKoONucH, e-mail, TesedoH.

[Tognuce pyKOBOZUTEA YUPEIKACHUA.
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ComnpoBOIUTEIbHOE MTHUCHMO JTOJISKHO OBITH
HaleyaTraHo Ha OJIaHKe yUYPesKJAeHNs], B KOTOPOM
BBINTOJIHEHA pabora.

TpeboBaHUA K mMeYaTH

Buo: opueHTalnys KHUKHasi, BBIpaBHUBaHUE
o mupuHe, popmar A4.

HIpugm: Times New Roman 12-ro paamepa
4epHOTOo IBETA.

Hnmepsanvl u omcmynsvl: MeKCTPOUHBIN
WHTEpPBaJI B TeKCTe — 1,5; MEXKCTPOUHBINA UHTEP-
BaJI B IIOAIMCAX K TAOJHUIIAM U UJLTIOCTPAIIHSIM,
B MPpUMeYaHUsIX — 1; UHTepBaJ 10 U IocJje ab-
3ala — HeT; OTCTyH IepBoO¥ cTpoku — 1,25 cMm;
moJist — 2,5 CM Co BCeX CTOPOH.

Hymepayus cmpanuy: B IpaBOM HUYKHEM
YIIy.

Dopmam @atinos: TEKCT, TAOINIIBI, TTONITICH
K TabsuiaM u wintoctpanusm — Word; rpaduky,
nuarpaMmmbl — Exel, Power Point; pucynaku — jpeg;
cxembl — TOJIBKO B PEJAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadum — BbI-
COKOr0 pasperieHusi, COXpaHeHHbIe B JIIOOOM
¢dopmare.

PexomennyemMoe paspelienue py CKaHApOBa-
HUU: N300Pa’keHUsI C UCIOJIb30BaHUEM JIMHUUA U
pucynku — 1200 dpi; pororpaduu, paguorpadumn
— He meHee 300 dpi; ¢poTtorpacdumn, paguorpaduu c
TekcToM — He MeHee 600 dpi.

Equannbel m3MepeHUs MOJIKHBI COOTBET-
CTBOBAaTh MesKAYHAPOAHON CHUCTEME eIUHUI]
(CH), remneparypa — mxkaJe Lleascus.

DopmyNblL [OJIKHBI UMEThb YETKYIO Pa3METKY
BCeX 3JIEMEHTOB: CTPOYHBIX M IPOIMCHBIX, a
TaK’Ke JIATUHCKUX U IPeYeCKUX OYKB; IOJCTPOY-
HBIX U Ha/ICTPOYHBIX UHJIEKCOB. B ciayuae mudp u
OyKB, CXOmHBIX 10 Hanmcaauo (0 — mudpa, O —
OykBa), JOJKHBI OBITH ClleJIaHbI COOTBETCTBYIO-
Ire MOMEeTKHU.

HassaHus

ITpu onrcaHWY anmmaparypbl B CKOOKax yKa-
3bIBAIOTCS (PUpPMa U CTpaHaA IPOU3BOJUTEb.

ITpumep: CBeTOBOU 30H]] OMHOKAHAJIBHOTO
anmapara JIAKK-02 (HIIIT «JTASMA», Poccus).

[Ipn ynomrHaHUM JIEKAPCTB U IIpPeraparoB UC-
IIOJIB3YIOTCS MesKAyHapOIHble HellaTeHTOBaHHBIE
Ha3BaHuA (INN). Toprossble (maTeHTOBaHHbIE) HA3Ba-
HWS, 1107, KOTOPBIMU [Ipelaparbl BBITYCKAIOTCA pas-
JUYHBIMU (pUpMaMy, NPUBOIATCA C yKasaHUEM
(PUPMBI-U3TOTOBUTEJISI U HX MEKIYHApPOIHOIO
HEIAaTEeHTOBAaHHOTO (FeHepUYeCKOro) Ha3BaHUSA.

Ilpumep: tapuBuj (oduaokcanut, «XexcT
MoapuoH Pyccenb»).

JlaTuHCKUe Ha3BaHUSI MUKPOOPTAHU3MOB
MIPUBOJATCA B COOTBETCTBHUU C COBPEMEHHOU
kJjaccudukanueil, kypcusoM. [1pu nepsom yro-
MUHAaHWUM HAa3BaHWE MHUKPOOPraHWU3Ma [aeTcs
IIOJIHOCTBIO — POJ ¥ BUJ, IIPXA IIOBTOPHOM yIIO-
MUHAaHUM POJOBOE HAa3BaHME COKpAIIAETCs J0
OITHO¥ OYKBBHI.

Ipumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S.
lividans.

HasBanus reHeTUYeCKNX  9JIEMEeHTOB
JTaloTCs B TPeXOYKBEHHOM 0003HAaYeHUH JIATUH-
CKOro ajihaBUTA CTPOYHBIMU OYKBaMU, KypPCH-
BOM (tet); KOGUPYyeMbIMU COOTBETCTBYIOIIMMU I'e-
HETUYEeCKUMHU 3JIeMEHTaMU I POAYKTBI
MIPONUCHBIMA TPAMbIMU OykBamu (TET).

Buabpl U1 pekoMeHAyeMbBIH 00BEM PYKO-
MUCcH

O0630pHas cTaThs, MeTa-aHaIN3: He OoJiee
25-¥ CTpaHUII BKJII0Yast He OoJiee 10-u TabJIuIl 1
WJLTIOCTPAUA B 0OII[EM KOJTUYECTBE; CITUCOK ITH-
TUPYyeMOU inTeparypbl — He MeHee 80-U HauMe-
HOBaHUMN.

3akaszanHas uiu nepesooHas cCMamuvs: no
002080peHHOCTMU.

OpueuHanvHas cmambs: He OoJsee 15-u
CTpaHMUII, BKJOYAss He OoJiee 6-u TaGIUIl U
WJLTIOCTPAUA B 0OII[EM KOJTUYECTBE; CITUCOK ITH-
TUPYeMOM JInTeparypbl — He MeHee 25-1 HauMe-
HOBaHUMN.

Kpamrkas cmamos: He 60Jee 10-U CTaHMUII,
BKJIIOUasi He OoJiee 4-X TaOJIUI] U UILTIOCTPAIUI
B 00ImeM KOJIMYeCTBe; CIHUCOK IUTUPYEeMOU
JIUTEpATypbl — He MeHeel5-1 HauMeHOBaHUM.

Auckyccuonnas cmambuvsa (BRJIOYaeT 1—2
BOTIpOCa AJIs1 00CyKIeHns): He DoJiee 5-U cTpa-
HWUII, BKJTIOYasi He 6oJiee 2-X TaOJIUIT ¥ UILTI0CTPa-
Wi B 00IIIeM KOJIMYECTBE; CIIMCOK IUTUPYEMOH
JuTepaTypbl — He 6oJsiee 20-1 HAMMEHOBaHUH.

Hucvmo 8 pedakyuro: He 6oJiee 600-a cI0B.
IluceMma, agpecoBaHHBIE COTPYLHHUKAM pelrak-
MY, He TyOJIMKYIOTCH.

Buumanmue! B 6ubianorpaduu pekoMeHIy-
eTcda npuBoguTh He MeHee 30% MCTOYHUKOB 5-
JeTHel aBHOCTH, BKJIIOYasi TEKYIIUN IO,

CTpyKTypHBIE pa3jesabl CTaTed U PeKo-
MEHJAIlUM 10 UX HAITMCAHUIO

Bce cTpyKTypHBIE pa3aesbl HAYUHAKTCA C
HOBOTO ab3ara. lix Ha3BaHUs BBIIESIOTCS SKUP-
HBIM HMIPpUEPTOM.

TUTYJIBHBIH JIUCT COLEPYKUT:

1) mosHOe Ha3BaHME CTaThbH, KOTOpOE
TTOJI3KHO: OBITH MH(POPMATUBHBIM, KPATKUM (OKOJIO
80 3HAKOB), HE BKJIIOYATh a00peBHaTyp (3a UCKJIIO-
YyeHreM OOIIENPUHATHIX B HAYYHOU JINTEPAType),
Hale4yaTaHHBIM KaK MpeJiosKeHre (C TPOMMCHON
OYKBBI, Jajiee CTPOYHBIMU OYKBaMU), ITOCJIE Ha3Ba-
HHs B CKOOKaX CofiepsKaTh MOsICHEHHE 0 (hopMaTe
HccaenoBanuss (0030p, MeTa-aHAIU3, KJIUHUYE-
CKoe Ha0JTIoTeHNe; 9KCIIepUMEHTaIbHOE UCCJIe0-
BaHue; Ipyroe);

2) UHUITAAJIbI UMEH, OTYECTB U (haMUTIUU BCEX
aABTOPOB;

3) kparkymo nHpopmanuo 06 aBTopax (ImoJi-
Hble UM€EHA, OTYECTBA U (paMUJINU BCEX aBTOPOB
IOJOKHOCTD, yYeHOe 3BaHue);
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4) MoJIHOe Ha3BaHUE U MOYTOBBIN ajpec yu-
PEe’KIIeHUH, OTKY 1A TPEeCTaBIsIeTCs: paboTa, BRITIO-
4asg UHJEKC;

5) aapec 2/1eKTPOHHOU IIOYTHI, HOMEp TeJe-
¢oHna, pamMuanio, UMs, OTYECTBO ABTOPA, OTBET-
CTBEHHOTO 3a [TIepPENUCKY C pelaKIiuei.

Baumanue! B aHmIMiiCKOM BapuaHTe HMs
YKa3bIBaeTCA IIOJHOCTBIO, aJpeC YKa3blBaeTCs B
0o6paTHOM MOPSKe, /ST HA3BAHWH YJIUI] TPUMe-
HAETCS TPaHC/JIUuTepalus.

CBsI3b aBTOPOB C MECTOM WX paboThl OCy-
IIECTBJISIETCS Yyepes I10C/Iel0BaTeIbHyI0 HyMepa-
[IMI0, YKa3aHHYI0 B BEPXHEM pEerucrpe B KOHIE
(pamMmIUM KayKI0r0 aBTOpA U 1epej Ha3BaHNeM y4-
peskienHus, rae paboraer qaHHBIA aBTOp. [{UdpHI,
IIpOCTaBJIEHHbIE y (PaMUIUU aBTOpPA U YUPEsK-
JIEHUSI C €r0 MECTOM PadOTHI JOJKHBI COBITAIATh.
Ecnm aBTOp MMeEeT HECKOTBKO MECT pabOoThI, TO IO
OTZIeJIbHBIMY HOMEpPaMH YKa3bIBAIOTCsI BCE YUPEK-
JeHHs1, UMeloIe OTHOLIEHNE K BbIIIOJTHEHHOMY
nccaenoBanuio. IlocienoBare/ lbHOCT HyMepanuu
yUpesKIeHUN HaXOIUTCS B IPSIMOU 3aBUCUMOCTH
OT ITOPAAKA CJIeJOBAHUS aBTOPOB.

[Tpumep odbopmaenus . 1. 1, 2, 4:

IVIFOK030-MHCYJIMHOBAsA CMECh
KaK KapAHOIIPOTEKTOP
B KapJAHOJIOTUH
U Kapauoxupypruu (0063op)

H. A. KosJjios!?, T. B. Kuibimia®
! MOCKOBCKHI 00J1aCTHOHM HAyYHO-UCCIIeI0BATETbCKIHI
KJIUHUYECKUH MHCTUTYT UM. M. @. BjraguMupCcKoro,
Poccus, 129110, . Mocksa, ya1. [llenkuHa, a. 61/2
2 HUU obuieit peannmatosioruu uM. B. A. Herosckoro,
deiepasibHbIN HAYYHO-KIMHUYECKUIN [IEHTP
peaHrMaroJIOTUH U peabUIUTOIOTUH,
Poccus, 10703, . MockBa, ya1. IleTpoBka, a. 25, cTp. 2
3 denepasbHbINA HAYYHO-KJIMHUYECKUH IIEHTP
denepasibHOTO METUKO-OMOJIOTTYECKOr0 areHTcTBa Poccuu,
Poccus, 115682, 1. MockBa, OpexoBblii Oys1bBap, 1. 28

Glucose-insulin Mixture as
a Cardioprotective Agent
in Cardiology and Cardiac Surgery
(Review)

Igor A. Kozlov!, 2, Tatiana V. Klypa3

' M. F. Vladimirsky Moscow
Regional Research Clinical Institute,
61/2 Shchepkin Str., Moscow 129110, Russia
2V. A. Negovsky Research Institute of General Reanimatology,
Federal Scientific and Clinical Center of Reanimatology
and Reabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia
3 Federal Scientific and Clinical Center,

Federal Medico-Biological Agency of the Russia,

28 Orekhoviy bulvar, Moscow 115682, Russia

PesioMe — HanbosIe€ YnTaeMasi 4acTh paboThI,
o0nseMoM He boJtee 260 ciioB. OHO HE JOJIMKHO CO-
JlepsraTh ab0peBHUATYP ¥ COKPAIIIEHHH 32 UCKJITIOYe-
HUEM eQUHUI] WN3MepeHus, MaTeMaTU4eCKUX
BEeJIMYMH U TEPMUHOB. Pe3ioMe BRJTIOUAeT 4 00513a-
TeJIbHBIX pa3feJia: 1) 1esib uccjieoBaHus; 2) Mare-
puaabl U METOnbl;, 3) pe3yJbrarbl (U3JIOKEHUE
OCHOBHBIX II0JTy4€HHBIX PE3YJIBTaToOB U UX CTaTH-
CTUYECKOU 3HAUYNMOCTH); 4) 3aKJII0UeHIe (BBIBOJIBI,
OCHOBaHHBIE Ha COOCTBEHHBIX Pe3YJIBTaTax ucce-
IOBaHUSA /KJIMHUYECKOT0 HAOJIIONEHMS).

KiroueBble cioBa (o 6), mpeiHa3HAYeHbI AJI
WHJIEKCUPOBAHUSA CTaThd B MH(POPMAIIMOHHO-TIO-
HUCKOBBIX cucTemMax. OHU pa3MeIalTcs Ha CTpa-
HUIlE C pe3loMe KYpCHBOM, Yepes3 TOUKY C 3aATON
u 6e3 ToOYkH B KoHIle. OT ameKBaTHOrO Imombopa
KJIIOYEBBIX CJIOB 3aBUCAT 3(h(EKTUBHOCTD IMMOUCKA
CTaTbU U ee IocJIeNyollee [UTHPoBanue. B cBasu ¢
3TUM pEeKOMeHAyeTCsl n30erarb JIEKCUKU, PEIKO
yrnoTpebJisieMol B HayYHOH JINTepaType, IIMHHBIX
CJIOBOCOYETAHUY, 3aTPyAHAIONINX aBTOMAaTUYeCKUN
IIOUCK, IIOBTOPA CJI0B U3 Ha3BaHUs PYKOIIUCH.

BBeneHue pacKpbIBaeT aKTyaJIbHOCTb UCCJIe-
JIOBAHUS U OCBEIIAeT COCTOSTHUE BOIIPOCA CO CChLI-
KaMHM Ha HaumboJjiee 3HAYMMble MyOJWKAruu. B
KOHIIe BBeJleHUs1 (POPMYJINPYeTCs 11eJ1b, OTPAsKAIo-
1ast HeoOXOIUMOCTD ITPOBEIEHUST MCCJIeTIOBAHMUS.
PopMyJIMpPOBKA 1€/ B pe3loMe JOJIKHA COBIIa-
J1aTh ¢ (DOPMYJIMPOBKOU 11€JIM BO BBEJIEHUU.

MarepuaJsbl 1 METOABI CONEPsKAT KPUTEPUU
BKJIIOYEHMsT/ NCKTIOYEHUsT MaTeprajia 1 000CHOBA-
HHEe BbIOOPA METOMIOB MCCJIEIOBAHMUS; BKJIIOYAIOT
nHdopmManuio o pakTopax, OrpaHUUYUBAIOIINX HC-
ciaenoBanue. Ecim mccienoBaHve TPOBOOUIUA B
paMKax onpezeseHHOU IporpaMMBl, TO 3[1eCh YKa-
3bIBaeTCsi ee Ha3BaHue. Ec/iu KJIMHUYecKas: U Ha-
y4Hasi 4acTu paboThl OBLIM BBITIOJHEHBI Ha Oase
Pa3HBIX YUpEsKIEHUH, TO B 9TOM pa3jieJsie YKa3bl-
BaIOT Ha3BaHUeE yUYpesKIAeHNs, Ha 6a3e KOTOPOTro
OBLJI MOJTyYeH MaTepHaJl /I McCaeoBaHus. B
3TOM pa3feJse ONMMUCHIBAIOT KOJUYECTBEHHBIE U
KavyeCTBEHHbBIX XapaKTePUCTUKAX BKJIIOUEHHBIX B
HhccenoBaHre 0O0JbHBIX/00CIeI0BaAHHBIX WJIN
9KCIIEpUMEHTAbHBIX YKMBOTHBIX; IM3alH UCCJTIe-
JTOBaHMUS, MCITOJIb30BaHHbIE KJIMHUYECKUE, Jabopa-
TOPHBIE, UHCTPYMEHTAJIbHbIE, 9KCIIepUMEHTa/IbHbIC
U TIPOYME METOAVKY, B TOM YHCJIE METOABI CTATH-
CTUYECKOU 00pabOTKY JaHHBIX.

Hanee cM. Ha caliTe www.reanimatology.com.
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HABCTPEYY MM3HW. PeambepuH’

Mopma BbINYcKa:

®
P e a M 6 e M H Pacteop ans uHpysuii 1,5 %, B byTeinKax
cTeKknaHHbIx no 200 unn 400 Mn, B
KOHTelHepax U3 NNEHKW MHOrOCI0MHOM
nonvoneduHosoi no 250 nnun 500 Mn

NPUMEHEHWNE MNPWN HEOT/TIOMHbBIX COCTOAHMNAX
1 B NMePUONePALINOHHOM MNEPNOAE

0

1
1
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€) CBAJIAHCVNPOBAHHAA 3NEKTPO/INTHAA
CTPYKTYPA
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