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Pe3rome

CucreMHOe BOCIIaJIeHHE SIBJISIETCS HeOThbeMIeMOol TaTo(hU3n0I0TNYeCKOM COCTaBIIAIONIEN MHOIUX KPU-
TUYECKUX COCTOSIHUI. B OCHOBE CHCTEMHOI'0 BOCHAJIMTE/BHOIO OTBETA JIESKUT KacKal B3auMOelCTBUH,
NIPUBOJAIINYI K TUIIEPIIUTOKUHEMUN, U, KaK CJIe/ICTBUE, K IIOJIMOPTaHHON HeJOCTaTOYHOCTU, KOTOpasi SIB-
JISIeTCs1 OGHOM U3 OCHOBHBIX IPUYUH JIETATLHOCTU B OTJe/IeHUX MHTEHCUBHOU Tepanuu.

Ilenb paGoThl. OIEHUTH AKTUBHOCTb CHCTEMbBI HETAaTHBHOU PETYJISIIIN T-KJIETOYHOTO OTBETA, OIIPE/IE/UB
IIJIa3MEHHYIO KOHIIeHTpaIuio MoJsiekys PD-1, PD-L1 u PD-1.2 y 60/1bHBIX THEBMOHUSMY Ha (poHe rpunma A/HIN1.

Marepuanbs u MeToabl. O0ciiefoBanu 85 60IbHBIX MTHEBMOHMEN Ha ¢oHe rpunma A/HIN1. V3 mux 30
[IalleHTOB C TSHKeJI0M THEBMOHUEH, 55 — ¢ HeTsyKeJIol THeBMOHMEeN. MeTo1oM IPOTOYHO ITUTO(IyOoMeT-
puu onpenesIsAIn J1a3MeHHYI0 KOHIIeHTpanuio MoJjiekysa PD-1, PD-L1, PD-L2.

Pe3yabTarhl. YCTAaHOBUIIY, YTO Y OOJIBHBIX TS)KEJION THeBMOHUeH Ha (pone rpunina A/HIN1 niasmeHHas
KOHLIeHTpanus peuenropa PD-1 nossiniasnace B 4,6 pasa, IIpy 9TOM KOHIIEHTpauusa ero gurasgos PD-L1 u
PD-L2 yBesmmunBasiace B 10,6 u B 2,2 pa3a, COOTBETCTBEHHO.

3ax/modenye. CTaTuCTUYECKU 3HAYNMOe yBeJInueHne KoHueHTpanuu PD-1 u ero siurannos PD-L1 u PD-1.2
y 00JIbHBIX ITHeBMOHMel Ha hoHe rpunma A/HIN1 cBueTeIbCTByeT 0 BOBJIEUEHUH B KACKa] UMMYHOJIOTMTYECKIX
peaknuii crucTeMbl HETaTUBHOU Pery/saiuy T-KJIeTOYHOTO OTBETAa U aCCOIMUPOBAHO C TSKECTHIO COCTOSIHUSI.
BoaMmoskHast KOppeKIsA UMMYHHBIX PeaklIii, peanadyeMbIx uepe3 kommsiekc PD-1/PD-L1/PD-1.2 y naniueHTOB
B KPUTUYECKOM COCTOSTHUM — 3TO [IepCIIEKTUBHOE Hay4yHOe HallpaBJIeHHe.

Karouesvte cnoea: PD-1; PD-L1; PD-L2; 2punn A/HINI1; nHeéMOHUs
KoH(INKT HHTEpeCcOoB. ABTOPHI 3asIBJISAIOT 00 OTCYTCTBUU KOH(MJINKTA HHTEPECOB.

Summary

Systemic inflammation is an integral pathophysiological component of many critical illnesses. The systemic
inflammatory response is based on a cascade of interactions leading to hypercytokinemia and, as a conse-
quence, multiple organ failure, which is one of the main causes of mortality in intensive care units.

Aim of the study. To evaluate the activity of the negative regulation system of T-cell response by determining
the plasma levels of PD-1, PD-L1 and PD-L2 molecules in pneumonia patients with influenza A (HIN1).

Materials and methods. 85 patients with pneumonia and underlying influenza A (H1N1) were examined.
Among them there were 30 patients with severe pneumonia, and 55 patients with non-severe pneumonia.
Plasma levels of PD-1, PD-L1, PD-L2 molecules was determined by flow cytofluorometry method.
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Knunudyeckue HCCJaeqoBaHuA

Results. In patients with severe pneumonia and underlying influenza A (H1N1), the plasma level of PD-1
receptor increased 4.6-fold, while the concentration of its ligands PD-L1 and PD-L2 increased 10.6 and 2.2-

fold, respectively.

Conclusion. Significant increase in levels of PD-1 and its ligands PD-L1 and PD-L2 in patients with pneu-
monia and underlying influenza A (H1N1) indicates the involvement of negative regulation system of T-cell
response in the cascade of immunological reactions and is associated with the severe disease. Possible cor-
rection of immune reactions realized through PD-1/PD-L1/PD-L2 complex in critically ill patients is a promis-

ing research avenue.

Keywords: PD-1; PD-L1; PD-L2; influenza A (HIN1); pneumonia
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BBenenue

CucreMHOe BOCIlaJieHne SIBJSIETCS HEOTheM-
JIeMO¥ IaTo(pU3n0JIOTUYECKON COCTaBJIAIONIIEH
MHOTUX KPUTUUYECKUX COCTOSIHMU. Kak n3BecTHO,
B OCHOBE CHUCTEMHOI'0 BOCHAJUTEIbHOTO OTBETa
JIESKUT KacKaJl B3BaUMOAeUCTBUU, TPUBOISAIINAN K
TUTIePIIUTOKMHEMUH, YTO BJeYeT 3a coO0il pas-
BUTHUE TIPO- U MPOTHBOBOCHAJUTEJILHBIX peaK-
uuii [1, 2]. CoBpeMeHHbIe TOJIX0/IbI U METO/bI
WHTEHCUBHOM Teparuu MO3BOJISIOT MTallieHTaM B
KPUTHUYECKOM COCTOSTHUU TIPE0[0JIeBaTh IePUO]]
peo0JIaTaHusI TUTIEPBOCIAINTETHLHBIX peaKIni
C JaJIbHEUIINM IlepexoloM B a3y UMMYHOCY-
npeccun [1, 3]. OpuH U3 NyTed peryasnuu
HUMMYHHOTI'O OTBeTa AaKTHUBUPYETCs IIOCpen-
CTBOM CBA3bIBaHUA peunenropa PD-1 c guras-
nom PD-L1/PD-L2. Programmed cell death-1
(PD-1) — KO-WHTHOMPYIOIIHH pEeNenTop u3
CUCTEMBI HETaTUBHOU peryisanuu T-KJIeTouHOoro
orBeTa [3-5]. KilroueBbIM MEXaHU3MOM UMMYHO-
CYyIIpECCUH SIBJISIETCS WHTUOUPYIOIee BIUSHUE
PD-1 Ha T-KJeTKH, YTO HPUBOIUT K UX UCTOIILe-
HHUIO, YTO OYEHb CXOJKE C IpeKJIeBpPeMeHHbIM
KJIETOYHBIM CTapEHMEM, TaK KaK U CTapelolue, 1
ucromieHubie T-TMM@OIUTHI He 9KCITPECCUPYIOT
b6esrok CD28, 13-3a 4ero TepsIIOT CIIOCOOHOCTH K
AHTUTEeHHOUW aKTUBAIIMU U HE CIIOCOOHBI CUHTE-
3UpOBaTh IUTOKUHEI [3, 5, 6]. Kpome Toro, B3au-
mopelictsue PD-1 ¢ auraggom PD-L1 croco6-
crByer nud@epenuuposke CD4+T-kJjeTok B
perynsaropable FOXP3+ KJIeTKH, YTO OKa3bIBaeT
BJIMSIHME Ha MPOAOJIKUTEJIbHOCT U CUJY
WUMMYHHOTO oTBeTa [3]. MMMyHOCylIpeccuBHas
akTUBHOCTH PD-1 cBsi3aHa TaKk’Ke C UHTUOUPYIO-
MM BO3/IeCTBHEM Ha KMHA3bl, BOBJI€UEHHbIE B
aktuBanuio T-kiaeTok yepeld pocdarasdnst SHP-1u
SHP-2, uarnbupys, Takum o6pasom nyth T-kite-
toyHoro penentopa (TCR) PI3K/AKT [5, 7, 8].
Mouieryia PD-L1 aBiigercd JJUTaHIoM IJIg IBYX
peneitopoB — B7-1 (CD80) u PD-1 (CD279), skc-
npeccupyercs Ha T- u B-nmum@onurax, makpoda-
rax, NeHJAPUTHBIX KJIEeTKaX, 9HJI0TeJUaTbHbBIX,
reMOIIO3TUYECKHUX 1 dIUTEeJIMAJIbHBIX KJIeTKax [9].
®akTop PD-L2, OTHOCUTCS K CEMEHNCTBY OEJTKOB
B7, orpaHuyeHHO aKCIIpeccCUpyeTcs Ha JeHIPUT-

Introduction

Systemic inflammation is an integral patho-
physiological component of many critical illnesses.
The systemic inflammatory response is based on a
cascade of interactions leading to hypercytokine-
mia, which entails the development of pro- and
anti-inflammatory reactions [1, 2]. Modern ap-
proaches and methods of intensive therapy allow
critically ill patients to overcome the period of pre-
dominant hyperinflammation and further transi-
tion to immunosuppression [1, 3]. One of the ways
of immune response regulation includes activation
of PD-1 receptor binding to PD-L1/PD-L2 ligand.
Programmed cell death-1 (PD-1) is a co-inhibitory
receptor, a component of the negative regulation of
T-cell response system [3-5]. PD-L1/PD-L2 — PD1
interactions represent the key mechanism of im-
munosuppression. The inhibitory effect of PD-1 on
T cells results in their exhaustion, similarly to pre-
mature cellular senescence. Both senescent and ex-
hausted T cells do not express the CD28 protein,
which is unvaluable for antigenic activation of cells
and production of cytokines [3, 5, 6]. In addition,
the interaction of PD-1 with the PD-L1 ligand pro-
motes the differentiation of CD4+ T cells into regu-
latory FOXP3+ cells, which affects the duration and
strength of the immune response [3]. The immuno-
suppressive activity of PD-1 is also associated with
an inhibitory effect on kinases involved in T-cell ac-
tivation via SHP-1 and SHP-2 phosphatases, thus
inhibiting the T-cell receptor (TCR)-linked
PI3K/AKT pathway [5, 7, 8]. The PD-L1 molecule is
a ligand for two receptors, B7-1 (CD80) and PD-1
(CD279), and is expressed on T- and B-lympho-
cytes, macrophages, dendritic cells, endothelial,
hematopoietic and epithelial cells [9]. Factor PD-12,
amember of the B7 protein family, has a limited ex-
pression on dendritic cells and activated
macrophages, and binds mainly to the PD-1 recep-
tor. The PD-1 receptor is known to play a key role
in the regulation of reactions in autoimmunity,
tumor immunity, transplant immunity, and im-
munopathology [3, 4, 6, 9]. Studying the role of the
PD-1 receptor system in the development of im-
munosuppression in various non-neoplastic con-

GENERAL REANIMATOLOGY, 2021, 17; 4
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HBIX KJIeTKaxX 1 aKTUBUPOBAHHBIX Makpodarax u
CBsI3BIBAETCsI, TVIAaBHLIM 00pa3oM, ¢ PD-1 permern-
TOpoM. M3BecTHO, yTO peuentop PD-1 urpaer
OJIHY U3 KJIIOYEBBIX pOJied B PEryisluy ayTo-
MMMYHHBIX peaKIIii OyX0JeBOro UMMYHUTETA,
TPaHCIJIaHTAIMOHHOI0 UMMYHHUTETA, UMMYHOIIA-
ToJIoruH [3, 4, 6, 9]. IHTEpec nipeacTraB/igeT nuayve-
HUe posau cucrteMsl PD-1 penentopa B pa3BUTuMn
MMMYHOCYIIPECCUHU IPU pa3/INYHON HEOHKOJIOT U -
YeCKOU IIaToJIOTUH y MAllMeHTOB B KPUTHUYECKOM
COCTOSTHUM, a TaK)Ke IIOMCK BO3MOYKHBIX ITyTel
KOPPEeKLIMUH IAaHHOIO cocTosAHuA. Kpome Toro,
MouieKyJabl PD-1/PD-L1 paccMarpuBaroTcsA B Kade-
CTBe OTEeHIINAJILHBIX OMOMapKepoB [10-12].

Ilesb rcciaenoBaHusaA —OLEHUTh aKTUBHOCTD
CHUCTeMBbl HETaTUBHOU perysisanuu T-KjIeTouHOTo
oTBeTa y O0JIbHBIX THEBMOHUSIMU Ha (DOHE TpHTITa
A/HINI.

MarepuaJa u MeToabI

O6cnenoBasu 85 60/ILHBIX THEBMOHUEHN Ha (hOHE
rpunmna A/HIN1. M3 Hux 30 mamueHToB C TAKeJI0H
IHEeBMOHUEH, 55 — ¢ HeTIKeJI0i MHEBMOHUEN. TTarm-
€HTbI HaXOIUJ/IMCh Ha CTAlIMOHAPHOM JIEY€HUU B [IEPUOT,
nogbema 3abosieBaemocty rpunmnom A/HINI B 2019 1.
VcciteoBaHme IPOBEIEHO C COOJTIONEHIEM IIPUHIIVITIOB
XeJIbCMHCKOM JieKkJIapanuu BceMupHOU MeTUITMHCKON
acconmanuu (WMA Declaration of Helsinki, 1964, pen.
2013 1.) 1 010OPEHO JIOKATBHBIM 9TUYECKUM KOMUTETOM
PI'BOY BO «UnuTHHCKaA rocygapcTBeHHas MeguIH-
CKas akaneMusi» Munagpasa Poccun. Bospact nmanuen-
TOB coCcTaBuJI 48+15 sieT. My»K4nHBI cocTaBAIu 47,8%,
a sKeHIUHbI — 52,2%. KpuTepusaMu UCKIIIOUYEHUS B-
JSAJINCH: HecTabuabHasA remonuHamuka, IMT>30, ca-
xapHbIi nuaber, BUY, TybepKysie3, OHKOMATOJIOTHS.
I'pynny KoHTpoJ1s1 chopMUpoBau U3 15 30POBLIX 10-
HOpOB. /Ilnarunoa rpunn A/H1N1 noarBepskaasics mojao-
SKATEJbHBIM pesynsraroM [111P-ananusa. lyia quarso-
CTUKU U OLIEHKU TSYKeCTU THEeBMOHUI UCI0JIb30BAIN
mkagbl CURB/CRB-65; SMART-COP, a Tak:ke Peje-
pa/iibHbIe KINHNUYECKUe pekoMeHaanuu M3 PO «Bue-
OoJIbHUYHASI THEBMOHUS Y B3POCJIBIX», 2019 T. M KpuTe-
puu IDSA/ATS (ipu HaJTUYUH OTHOTO «OOJIBITIOTO» UJTH
Tpex «MaJlbIx» KpUTepHeB IHEBMOHUS paclieHUBaIach
KaK «TssKeJIasi»).

CrangapTHas cxema Tepanuu BK/ovasa: O3essra-
MUBHP 75 Mr' 1 T 2 pa3a B CyTKY; aHTUOAKTepUA/IbHYIO Te-
parnuio: mpu HeTsHKeI0M TeueHnr — tedasocriopud Il mo-
kosienus (Lledrpuakcon/Ledarokcum) 2,0-3,0 r/cyTKy;
TIPY TSPKEJIOM Te4eHNY — KOMOWHAIINIO MHTHONTOP-3aIIIH-
1LIEHHOI'0 IIeHUIMJIJINHA/ e alocopruHa (AMOKCUIIUII-
JIMH/KJIaByaaHar 3,6 r/cyrtku Jimbo lledomepason/cy-
JpbaktaM  4,0-60 T/CyTKM) C  peCcIUpaToOpHBIM
dropxunosionoM (JleBodiokcarys 0,5-1,0 T B cyTku/ Mok-
cuditokcary 0,4 T/ cyTkn); nHQY3NOHHAsI Tepanusi coa-
JIAHCUPOBAHHBIMHU U30TOHUYECKUMU KPUCTAJJIONIHBIMU
pacTBOpaMu, aHTUKOATYJIATHTHASA TePANAA HUSKOMOJIEKY-
JIIDHBIMU IellapuHaMu B IPO(PUIAKTUYECKOM 103€, IpU
TAYKEJIOM T€YeHUH — KOHTPOJIApyeMas OKCUI'€HOTepa-
Yisi/ pecriipaTopHasi HOAepsKKa € ToI00pOM PesKIMa 1
rapaMeTpoB BEHTUJIALIVN.

MeTtonom npoTouHOH uTOdIyoMeTpUX Ha aHa-
smsatope Beckman Coulter (CIIIA), ucnons3yst Habop

ditions in critically ill patients and searching for pos-
sible ways to correct these conditions appears partic-
ularly interesting. In addition, PD-1/PD-L1 molecules
are considered to be potential biomarkers [10-12].

The aim of the study — to examine the activity
of system of negative regulation of T-cell response
in pneumonia patients with the underlying in-
fluenza A (HIN1).

Materials and Methods

85 patients with pneumonia and underlying in-
fluenza A (H1N1) were examined. Among them there
were 30 patients with severe pneumonia, 55 patients
with non-severe pneumonia. The patients were hospi-
talized during the period of increased influenza A
(HIN1) activity in 2019. The study was conducted in
compliance with the principles of the World Medical
Association (WMA Declaration of Helsinki, 1964, ed.
2013) and was approved by the local ethical committee
of the Federal State Budgetary Educational Institution
of Higher Professional Education «Chita State Medical
Academy» of the Russian Ministry of Health. The age of
the patients was 48+15 years. Males comprised 47.8%
and females constituted 52.2% of participants. The ex-
clusion criteria were unstable hemodynamic parame-
ters, BMI>30, diabetes mellitus, HIV, tuberculosis, neo-
plastic conditions. Fifteen healthy donors comprised
the control group. The diagnosis of influenza A (H1IN1)
was confirmed by a positive PCR assay. To assess the
pneumonia severity, CURB/CRB-65, SMART-COP
scores, as well as Federal clinical guidelines of the Min-
istry of Health of the Russian Federation on commu-
nity-acquired pneumonia in adults (2019) and
IDSA/ATS criteria (if one «major» or three «minor» cri-
teria were present, pneumonia was considered as «se-
vere») were used.

The standard therapy regimen included antiviral
Oseltamivir 75 mg 1 tablet 2 times a day. Antibacterial
therapy including 3 generation cephalosporin (Cef-
triaxone/Cefotaxim 2.0-3.0 g/day) in mild cases or a
combination of penicillin (cephalosporin) with a beta-
lactamase inhibitor (Amoxicillin/clavulanate 3.6 g/day
or Cefoperazone/Sulbactam 4.0-6.0 g/day) with a res-
piratory fluoroquinolone (Levofloxacin 0.5-1.0 g/day
or Moxifloxacin 0.4 g/day) was administered as a part
of standard therapy. Fluid therapy with balanced iso-
tonic crystalloid solutions, anticoagulation therapy
with low molecular weight heparin in a prophylactic
dose, and controlled oxygen therapy / respiratory sup-
port with adjusting mode and parameters of ventila-
tion were also used.

The plasma levels of PD-1, PD-L1, and PD-L2
molecules were determined by flow cytometry on a
Beckman Coulter analyzer (USA) using a LEGEND-
plex™ HU Immune Checkpoint Panel 1 multiplex assay
kit by Biolegend (USA). Statistical analysis was per-
formed using Microsoft Excel and Statistica 10 soft-
ware. The data were presented as median (Me) and in-
terquartile range (QI and Q3). Normality of data
distribution was assessed using Shapiro-Wilk test. To
assess significance of differences between the study
groups we used Kruskal-Wallis test and Mann-Whitney
test for pairwise comparison of the groups, using Bon-

ferroni correction for P-value estimation.
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KoHIeHTpanus ucciieyeMbIX HapaMeTpoB y 00TbHBIX THEBMOHUSIMHY Ha ¢oHe rpunna A/HIN1 (Me (Q1; Q3)).
The levels of studied parameters in patients with pneumonia and underlying influenza A (HIN1) (Me (QI; Q3)).

Parameter Values, pg/ml
Control, Patients with non-severe Patients with severe
n=15 pneumonia, n=55 pneumonia, n=30
PD-1 5.69 (4.21; 7.05) 13.37 (3.46; 36.19) 26.43 (10.11; 78.08)
P=0.03 P<0.001; P;=0.02
PD-L1 9.87 (6.84; 12.20) 66.02 (36.24; 117.58) 105.18 (50.34; 273.47)
P<0.001 P<0.001; P;=0.008
PD-L2 6658.00 (4891.50; 8064.00) 15038.50 (11957.25; 18335.50) 14854.50 (10961.50; 18331.50)

P<0.001 P<0.001; P;=0.53

Note. P— significance of differences compared with the healthy controls; P; — significance of differences between the group of
patients with non-severe pneumonia and the group of patients with severe pneumonia.

ITpumeuanmue. Values — 3HaueHus; patients with non-severe/severe pneumonia — HalleHTbI ¢ HETsKeJIOH / TAMKeJIOH THeB-
MOHHeH. p— CTaTUCTUYeCKass 3HaYMMOCTb PA3JIMYMiA 10 CPAaBHEHUIO CO 3JI0POBBIMHU; P; — CTATUCTUYECKasA 3HaYUMOCTh pas-
JIMYHUI MeKIy IPYIIIOHN aleHTOB C HeTsKeJI0 IHeBMOHUe! U IPYIIIoN MallieHTOB C TSAKeJI0H THeBMOHUeH.

J1s1 MyssruniekcHoro ananuaa LEGENDplex™ HU Im-
mune Checkpoint Panel 1 ¢upwmsbr Biolegend (CIIIA),
OIIpeesIsiii KOHIeHTpanuio MoJsiekysl PD-1, PD-L1, PD-1.2
B 11a3Me. CTaTUCTUYEeCKUH aHA/IN3 BBITIOJTHSIN C IIOMO-
mpIo makeTra mporpamm Microsoft Excel i Statistica 10.
JlaHHBIE NIpeICTaBUIN B BUAe MequaHsbl (Me) u naTep-
KBapTUJIbHOTO nHTepBaJsa (QI u Q3). OnieHKy HOpMaJib-
HOCTH pacrpeeseHust JaHHBIX OCYIIeCTBJISAINC TIOMO-
mpio kpurepus lllanupo-Yunka. [laa oneHkn
CTaTUCTUYECKON 3HAYMMOCTH PA3JIMINU MK Ty CCJIe-
JyeMBIMHU I'PyIIIaMU UCIIOJIb30BaNu Kputepuii Kpac-
KeJla—YO0JIJIACA, a TAaK)Ke KpuTepuil MaHHa-YUTHY, IpU
IIOMapHOM CpaBHEHUWU TIpyIlll, C IPUMEHEHUEM II0-
npaBku boHdeppoHu npu olleHKe 3HAYEHUS P.

Pe3ysnbrarhl U 00Cy:K/A€HHE

[Ipu ucciienoBaHUM UMMYHHON KOHTPOJIb-
HOH ToykH PD-1 ycTaHOBMJIH, 9TO ¥ OOJTHHBIX HETS -
sKesJIoM TTHeBMOHUed Ha ¢ouHe rpunma A/HINI
KOHIleHTpanuA PD-1 yBeauuuBasiacs B 2,3 pasa 1o
CPaBHEHUIO C KOHTPOJIbHOU I'PYHIION U COCTABJIS-
aa 13,37 (3,46; 36,19) or/mu (p=0,03). Berasuin, 4To
y OOJIBHBIX TSYKEJION THeBMOHMEN Ha (DOHE TPHUII-
ma A/HIN1 kornentpanus PD-1 yBesimumBasiach B
4,6 pasa (p<0,001) o cpaBHEHUIO C KOHTPOJIBHOU
TpyIIo# U cocTasJsiia 26,43 (10,11; 78,08) nr/mu
(Tabur.). ITpu aTOM, y 60TEHBIX HETSKEI0H THEBMO-
Huel Ha poHe rpunna A/HIN1 konuerTpanus PD-
1 okasasacs B 1,9 pasa HUKe OTHOCUTEJIBHO I1aly-
€HTOB C TsKeJsI01 MHeBMoHUeH (p=0,02).

[Ipu wucciaenoBaHuM JWraHga WMMYHHOU
KOHTpOJIbHOU Touku PD-1 — PD-L1 ycTanoBu/IY,
4YTO Y OOJTLHBIX HETSKEJION THEBMOHMEN Ha (poHe
rpunmna A/HIN1 comepskanue PD-L1 ObLJIO BhIIITE
B 6,6 pa3a mo CpaBHEHMIO CO 3[IOPOBBIMU U COCTAB-
J15J10 66,02 (36,24; 117,58) ir/ma1 (p<0,001). Okasa-
JIOCh, YTO y DOJbHBIX TSKEJI0H MTHEBMOHUEH Ha
¢one rpunna A/HIN1 konuenTtparnus PD-L1 yBe-
aunyusaznack B 10,6 pasa (p<0,001) u cocrasJiisaa
105,18 (50,34; 273,47) nr/ma (tabsa.). Taxxke
BBISABUJIM, YTO Y OOJIBHBIX TSKEJI0M THEBMOHUEH
Ha ¢one rpunmna A/HIN1 konnenTpanus PD-L1
yBeJIn4YnBasach B 1,6 pasa OTHOCUTETHHO HOJIb-
HBIX HeTsi3KeJI0M THeBMoHuel (p=0,008).

Results and Discussion

When studying the immune checkpoint PD-1
we found that in patients with non-severe pneumo-
nia with underlying influenza A (H1N1) the PD-1
concentration increased 2,3-fold compared to the
control group and was 13,37 (3,46; 36,19) pg/ml
(P=0,03). Patients with severe pneumonia and un-
derlying influenza A (H1N1) showed a 4.6-fold
(P<0.001) increase in PD-1 concentration com-
pared to the control group, amounting to 26.43
(10.11; 78.08) pg/ml (table). At the same time,
PD-1 concentration was 1.9 times lower in patients
with non-severe pneumonia and influenza A
(H1N1) compared to patients with severe pneumo-
nia (P=0.02).

While studying the PD-1 immune checkpoint
ligand, PD-L1, we found that in patients with non-
severe pneumonia and influenza A (H1N1), PD-L1
level was 6.6 times higher compared to the healthy
controls and was 66.02 (36.24; 117.58) pg/ml
(P<0.001). In patients with severe pneumonia and
influenza A (HIN1), the PD-L1 level increased 10.6-
fold (P<0.001) and was 105.18 (50.34; 273.47) pg/ml
(table). We also found that patients with severe
pneumonia with underlying influenza A (H1N1)
had a 1.6-fold increase in PD-L1 level vs the pa-
tients with non-severe pneumonia (P=0.008).

Quantification of the PD-1-PD-L2 immune
checkpoint ligand revealed that in patients with
non-severe pneumonia and underlying in-
fluenza A (H1N1) the PD-L2 level increased 2.2-
fold compared to the healthy controls and was
15,038.50 (11,957.25; 18,335.50) pg/ml (P<0.001)
We found that in patients with severe pneumo-
nia and underlying influenza A (HIN1) the PD-
L2 concentration increased 2.2-fold compared to
the healthy controls and was 14,854.50
(10,961.50; 18,331.50) pg/ml (P<0.001) (Table). At
the same time, no differences in PD-L2 level be-
tween patients with severe and non-severe
pneumonia with underlying influenza A (H1N1)
were found (P=0.53).
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[Ipu KoJIMYEeCTBEHHOM ONpe/ieJIeHUH JTUTAHAA
MMMYHHOU KOHTPOJIBHOU Touku PD-1 — PD-L2
BBISIBUJIH, YTO Y OOJTbHBIX HETS)KEJION ITHEBMOHHEH
Ha (¢one rpunmna A/HINI conepskanue PD-12 yBe-
JIMYMBAJIOCH B 2,2 pa3a OTHOCUTEJIBHO 3JOPOBBIX 1
cocranJisgs0 15038,50 (11957,25; 18335,50) nor/mJj
(p<0,001) YcTaHOBHUIU, YTO ¥ OOJIBHBIX TAKETON
nHeBMOHUeN HA oHe rpunma A/HIN1 KOHIIeHT-
panua PD-L2 yBennyuBasace B 2,2 pa3a OTHOCHU-
TeJbHO 3I0POBBIX U cocTaBjasga 14854,50
(10961,50; 18331,50) rir/ma1 (p<0,001) (Taba.). [Tpu
9TOM pa3JIM4Yuil B KOHUeHTparuu PD-1.2 y 60J1b-
HBIX TSIOKEJI0N U HeTsI3KeJIOU THEBMOHMEN Ha (poHe
rpunmna A/HIN1 He Berasuiu (p=0,53).

C MoMeHTa ITlepBOH (pOPMYJIMPOBKY Ompeie-
JIeHUsI CUHAPOMAa CUCTEMHOTO BOCIAJIUTEIbHOTO
otBeTa (SIRS), a Takke KOMIIEHCATOPHOTO MPOTH-
BoBocnanauTeabHoro cuaapoma (CARS) R. Bone
MIPOIILTIO, TPAKTUYECKHU, TPU JeCATUETHSA. 3a 9TOT
MepuoJl HAKOILJIEH OOJIBIIION OIBIT KaK B U3y4Ye-
HUU TIaTOTeHe3a, TaK U B UHTEHCUBHOU Tepanuu
KpUTHUYECKUX cocTtossHui [1, 2]. Kpome Toro,
TOCTUSKEHUST MOJIEKYIISIPHOM OMOJIOTHH, MOJIEKY-
JIIPHOU reHeTHUKH, UMMYHOJIOTHY, IIaToJI0THYe-
CKO¥ (hM3MOJIOTHH CliesTaIy B3I Ha IIPO0JIeMy
Opra”HHOM NUC(YHKIMY 3HAYNTEJBHO mupe. Pac-
KPBITHI pa3JIUYHbIe MEXaHN3MbI BJIUSIHUA HA MaK-
pOOpPraHu3M CHUCTEM PeLenTOPOB, y4aCTBYIOIINAX
B peasiu3aliy peakIiuii BpOXKJIEHHOTO U aJJallTUB-
HOI'O MMMYHHUTETa, BCJEACTBUE IOBPEKIEHUA
uau nHpexnmu [1, 13, 14]. OmHON U3 TAKUX CUCTEM
SIBJISIETCSI CUCTEMA HeraTUBHOU peryssinuu T-kiie-
TOYHBIX OTBETOB, perenropa PD-1 u ero surasnios
PD-L1u PD-L2 (3,9, 15, 16]. Poas PD-1 Ha KiInHNu-
YeCKOU Mojiesii cericuca BIlEpBbIe omnucaHa X.
Huang u kosieramu. Tak, y HOKayTHBIX 10 PD-1
MBIIIIEN MCCJIe0BATEIIMU TIPOJIEMOHCTPUPOBA-
HBI yBeJTMYEHNE BBDKUBAEMOCTH, YITy4IlleHre OaK-
TepHUaJbHOTO KJIMPEHCAa U YMEpPEeHHOe OpraHHoe
TOBpE’K/IeHNe Ha 7-€ CYTKH, IpUYeM He OBLIOo
3a(puKCUPOBAHO HU OJHOTO JIeTATBHOIO UCXO/Ia B
TedyeHHue MepBbIX 4-X CyTOK. MccaenoBaHue mom-
TBEpAUI0, uro nedunur PD-1 crnocoOcTByeT
3¢ dEeKTUBHOM 3aIUTE MBIITIEN OT PAHHETO JIeTa/Th-
HOro ucxonma mpu cercuce [3, 17]. YBequueHue
BBIKMBAEMOCTH ITPH CETICHICE TAKKe HAOITIOAIOCh
MbItiel, nedurutHbix o PD-L1 [3, 7]. Kpome Toro,
IIOKa3aHo yBeJIMYeHue YpoBHA akcnpeccuu PD-1
CD4+ u CD8+ T-rnerkamu u PD-L1 MoHOIIUTAMu y
CEeNITUYECKUX ImanueHTos [16-20]. Ipyras rpymnma
HccretoBaTesiel HadTIoaa yBeTndeHre aKCIpec-
cuu peuenropa PD-1 CD4+ T-kj1eTkaMu 1 yMeHb-
IeHre pasHooOpasusi T-KJIeTOYHOTO perenTopa y
MalyeHTOB HAa PAHHUX CTagusAX CENTUYECKOTO
mIoka (3, 20, 21].

MpbI 3a(pMKCUPOBAJIA CTATUCTUYECKU 3HAYUU -
MOe yBeJIM4YeHune KoHueHTpanuu PD-1 u ero
gmragnoB PD-L1 1 PD-1.2 y 60/1bHBIX THEBMOHHEN
Ha ¢one rpunna A/HINI, acconuupoBaHHOE C

Almost three decades have passed since the
first definition of the systemic inflammatory re-
sponse syndrome (SIRS) and the compensatory
anti-inflammatory syndrome (CARS) was formu-
lated by R. Bone. During this period a lot of experi-
ence has been accumulated both in the study of
pathogenesis and intensive therapy of critical con-
ditions [1, 2]. In addition, advances in molecular bi-
ology, molecular genetics, immunology, patholog-
ical physiology have led to a much broader view of
the problem of organ dysfunction. Various mecha-
nisms of effects of receptor systems participating in
the innate and adaptive immunity reactions caused
by damage or infection have been uncovered [1, 13,
14]. One such system is the negative regulation of
T-cell responses, the PD-1 receptor and its ligands
PD-L1 and PD-1.2 [3, 9, 15, 16]. The role of PD-1 in
a clinical model of sepsis was first described by X.
Huang and colleagues. Thus, in PD-1 knockout
mice, the researchers demonstrated increased sur-
vival, improved bacterial clearance and moderate
organ damage by day 7, and no deaths were re-
ported during the first 4 days. The study confirmed
that PD-1 deficiency contributes to the effective
protection of mice against early mortality in sepsis
[3, 17]. Increased survival in sepsis was also ob-
served in PD-L1-deficient mice [3, 7]. In addition,
increased levels of PD-1 expression by CD4+ and
CD8+ T cells and PD-L1 monocytes in septic pa-
tients have been shown [16-20]. Another group of
investigators observed an increase in PD-1 receptor
expression by CD4+ T cells and a decrease in T-cell
receptor diversity in patients in the early stages of
septic shock [3, 20, 21].

We observed significant increase in the levels
of PD-1 and its ligands PD-L1 and PD-1.2 in patients
with pneumonia with underlying influenza A
(H1N1), associated with the severity of disease. The
increase of PD-1 concentration, in our opinion, re-
flects the involvement of negative immunological
regulators in the systemic inflammatory response
with the initiation of a compensatory anti-inflam-
matory response, when immunosuppression is not
yet pronounced, however, active mechanisms are
included in the process, which fits into the concept
of systemic inflammation according to R. Bone. In
addition, a marked increase in PD-L1 ligand level,
especially in patients with severe pneumonia, indi-
cates the activation of inhibitory co-stimulatory
molecules, since PD-L1 is the ligand of two recep-
tors, B7-1 and PD-1 [9, 22, 23]. At the same time, an
increase in the concentration of PD-L2, which is a
PD-1 ligand, may indicate the transition of the im-
mune reaction cascade to the anti-inflammatory
phase [5, 6, 9].

Currently, the immunological cascade of pro-
and anti-inflammatory reactions is studied in detail
in critically ill patients with severe and extremely
severe COVID-19 [24, 25]. This allows to identify in-
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TSAYKECTHIO COCTOSTHUSA. YBeJUnYeHne KOHIEHTpa-
nyu PD-1, Ha Ham1 B3I, OTpa)kaeT BOBJIeUeHUe
B IIPOIIECC CUCTEMHOTO BOCITAJIMTEJILHOTO OTBETa
HeraTuBHbIX IMMYHOJIOTUYECKUX PEryJIATOPOB C
WHUIIMAIMeN KOMIIEHCAaTOPHOTO MMPOTUBOBOCIIA-
JIATEJIBHOI'O OTBETa, KOrja MMMYHOCYIpeccus
ellle He BBIPAYKEHA, OTHAKO aKTUBHbIE MEXaHU3MBbI
BRJIIOYAIOTCS B TIPOIIECC, YTO BIIMCHIBAETCA B KOH-
[ENIUI0 CuCTeMHOT0 BocniasieHus R. Bone. Kpome
TOTO, BBIPAsKEHHOE YBeJUYeHNe KOHIeHTpaluu
gmrannaa PD-L1, ocoOeHHO y TAalleHTOB C TsKe-
JIOW THEBMOHUEH, CBUJIETETbCTBYET 00 aKTHBa-
MY MHTIOUPYIONIUX KO-CTUMYIUPYIOIINX MOJIe-
KyJI, TOCKOJIBRY PD-L1 aBJigeTcs JIMraHg0M IBYX
peuenropoB — B7-1 u PD-1 [9, 22, 23]. [Ipu atom
yBeJInYeHne KoHLeHTpauuu PD-1L2, asidroniero-
cs1 uragom PD-1, MOYKeT CBUIETEJIbCTBOBATH O
repexojie KaCKaJa UMMYHHBIX peakluii B IPOTHU-
BOBOCIIAJIUTEBbHYIO a3y [5, 6, 9].

Ha cerogHAmHMM NeHb KINHUYECKU UMMY-
HOJIOTUYECKUH KACKaJI TIPO- U IPOTUBOBOCIIAJIM -
TeJIbHBIX peaKIi TOAPOOHO U3yyaeTcsi Ha MoJie-
JIY MAIUEeHTOB C TSKeJIbIM U KpallHe TsKeJIbIM
teueHrneM COVID-19, HaxogAImMuxcsa B KpUTHU4de-
CKOM COCTOSHUU [24, 25]. ITO 00CTOATEILCTBO
MO3BOJISIET OTIPeEJIesATh MoKa3aHus U 3PP eKTUB-
HO MPUMEHSTH Ha MPAKTUKE TeHHO-UH)KEHEPHbIe
JIEKapCTBEHHBIE CPEJICTBA — WHTHUOUTOPHI STHYC-
KWHAa3 ¥ IUTOKUHOBBIX PEIeNNTOPOB, aHTUIIATO-

KUHOBBIE ITpernaparhl, OJIOKUPYS TU3PETYIAIIAIO
MMMYHHOU CHCTEMBI, CHOCOOCTBYS YIIyUIIIEeHUIO
pe3y/1bTaTOB JIEYeHU U CHUKEHUIO JIeTaJbHO-
CTH y NMAallMEHTOB, HAXOAAUIUMXCA B KpUTHUYE-
CKOM cocTosiHHUH [25-28]. KoMIiekc penientopa
PD-1 c qurangamu PD-L1/PD-L2, kak MumieHb
nass  GapMaKoJIOTUYECKOTO  BO3JeHCTBUA
HCIOJIb3YEeTCA INPHA KOMIJIEKCHOM JIe4eHUU
pa3auvYHOM oHKoTmaroJsoruu [15, 29]. OxHako,
UMEeIOTCS [TaHHbIe, CBUAETEJbCTBYIOIIUE 00
3 HEeKTUBHOCTU MPUMEHEHUSI MOHOKJIOHAJb-
HbIX aHTUTEJ 111 PD-L1 (Are3onnaymad), cHH-
SKAIOIero MMMYHOCYIIPECCHUIO Ha MOZeJIN Cell-
cuca Mbllien. HMcciaemoBaTeaud OTMEYaloT
CHU’KEHUE CKOpPOCTH anonTo3da T-1uM@oIuToB
U yBeJIMYEeHUEe BbIKUBaeMoCTu [17].
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macrophages plays a pathologic role in altering microbial clearance and

dications for effective clinical use the genetically
engineered drugs such as Janus kinase, cytokine re-
ceptor inhibitors and anti-cytokine drugs, which
block immune dysregulation and contribute to im-
proved treatment outcomes and decreased mortal-
ity in critically ill patients [25-28]. The PD-1 recep-
tor complex and PD-L1/PD-L2 ligands are
established targets for pharmacological drugs em-
ployed in comprehensive treatment of various neo-
plastic diseases [15, 29]. However, there is evidence
that monoclonal antibodies against PD-L1 (Ate-
zolizumab) are effective in reducing immunosup-
pression in a mouse model of sepsis. Researchers
have noted a decrease in the rate of T-lymphocyte
apoptosis and an increase in survival [17].

Conclusion

A significant increase in the concentration of
PD-1 and its ligands PD-L1 and PD-L2 in plasma
from patients with influenza A (HIN1) pneumonia
is associated with the severity of disease and
demonstrates the involvement of negative regula-
tion of T-cell responses in cascade of immunologi-
cal reactions.

The correction of immune reactions con-
trolled by PD-1, PD-L1, PD-L2 molecules using
monoclonal antibodies could be a promising ap-
proach towards developing new treatment
modalities for critically ill patients.

3arJaoueHnue

3HauyuMoe yBesiMueHne KoHleHTpauuu PD-1
u ero muraggos PD-L1 u PD-L2 B n1a3Me y mmanu-
€HTOB ITHeBMOHUelN Ha ¢oHe rpunma A/HINI1
ACCOILMUPYETCA C TSAKECThI0 COCTOSTHUA U CBULE-
TeJIbCTBYET O BOBJIEYEHNHU B KaCKaJ UMMYHOJIOTH-
YeCKUX peakI[iil CUCTeMbl HETaTUBHOM peryJisi-
1y T-KJIETOYHOTO OTBETA.

KoppexkIiiyuss UMMYHHBIX peakiuii, KOHTPOJIU-
pyeMbIx MoJiekysiamu PD-1, PD-L1, PD-L2, ¢ momo-
1610 MOHOKJIOHAJTbHBIX aHTUTEJT SIBJISIETCS IIEPCIIEK-
TUBHBIM Hay4YHBIM HallpaB/IeHUEM, HallpaBJIeHHbIM
Ha pa3paboTKy HOBBIX METONIOB JIeUeHN I TAIIIEHTOB
B KPUTUYECKUX COCTOSTHUSIX.
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Pe3rome

Ilesb uccef0BaHUA: BEIABUTD 9(p(PEKTUBHOCTD CUCTEM IKCTPAKOPIIOPATBLHOMN NOAAEPIKKU eYeHU y
MMAIMEHTOB C OCTPOY MEYEHOYHOU HEJJOCTATOYHOCTHIO pa3/INYHOIO reHe3a.

MarepuaJn 1 MeTo/bl. B ricciieoBanre BRIIOYMIIN 117 TAIMeHTOB C OCTPOU MEYEHOYHOU HEJOCTATOY-
HOCTBIO Pa3/IMYHOro ree3a. OCHOBHYIO DYy COCTaBU/IU 71 MalyeHT, KOTOPhIe I0JIy4YaIl KOMIIJIEKCHYIO
WHTEHCHUBHYIO TepaIuio, BKJIo4as npuMmeHenne MARS-tepanuu u remoguaduisrpanyio. B rpynmny cpaBHe-
HUS1 BRIIIOYWJIY 46 TaIleHTOB, KOTOPBIM IPUMeHeHbI H30/IMPOBAaHHO aTbOYyMUHOBBIN AUaIN3 — 24 anenTa
u remopuaduasTpanus — 22 nanrenta. CpeJHUi BO3pacT NAlMEHTOB COCTaBU 34+5,6 JieT, DOJBIITUHCTBO
(56,4%) OBLIN MYKUYMHBI. [JMHAMUYECKYIO OIIEHKY TSIPKECTU COCTOSIHUS MaIleHTOB IIPOBOAMIN 10 OLleHOY-
HbIM IIKas1aM Sequential Organ Failure Assessment (SOFA) u Model for End-Stage Liver Disease (MELD).

PeayusraThl. boJiee cyliiecTBeHHOe CHUBKeHNe IToKa3arestel o mkaaam SOFA 1 MELD ormeueHo yyke k 10 cyT-
KaM UHTEHCHBHOH Tepanuy B OCHOBHOM I'pyTIIIe IPY IOCJIe[0BaTeIbHOM UCII0/Ib30BAHNN METOI0B 9KCTPAKOPIIO-
PpaJIbHOH [TeTOKCUKALMY IledyeHu 1o mkante SOFA — no 2,7+0,2 nporus 8,3+0,5 6assos (p=0,021) 1 MELD — 1o
16,7+0,4 nporus 23,4+1,4 6asoB (p=0,023). [IpyuMeHeHe KOMILJIEKCHOTO ITOX0/Ia K 9KCTPAKOPIOPAIbHON eTOK-
CHKAIIUH [TPY OCTPOY JIEKOMITEHCUPOBAHHOM IeYeHOYHOU HeI0CTaTOYHOCTH [T03BOJIMIIO YBEJIUMYUTD JI0JII0 pe-
rpecca IoJMOPraHHON HeI0CTaTOYHOCTH € 51,2 10 74,6%, COKPATUTh JIeTAIbHOCTD € 47,8 10 25,4% ((*=6,266; dle ;
p=0,013). IIpr 3TOM KyMyJIATUBHAsI 01 BBKUBIINX B 3aBUCUMOCTH OT THIIA OCJIOMKHEHUA B CPOKU 10 30 CyTOK
cocTraBuJia npu 88,4% — B OCHOBHOH rpymiie 1 69,0% — B rpyIine cpaBHeHus (x>=4,164; df:I; p=0,042).

3akarouyeHue. KoMIieKCHbBIHN TOIXO0]] K 9KCTPAKOPIIOPATBHOMN IeTOKCUKALINY UMeeT BBICOKYIO adhdek-
TUBHOCTB, 0becnieunBas 0oJjiee CylieCTBeHHOe CHUKeHUe 6assioB no mkanaaMm SOFA u MELD, nosBoJisieT
YBEJIMYUTH J0JII0 perpecca IoJu0praHHoN TUCHYHKIIUYU U COKPATUTD JIETAIbHOCTD.

Knrouesvle crosa: ocmpasi neueHounas Hedocmamounocmv; MARS-mepanusi; zemoouadurompauusy;
naasmadgbepes; ouenounvie wrkarovl SOFA; MELD

KoH(IHKT HHTEpeCcoB. ABTOPHI 3asIBJIAIOT 00 OTCYyTCTBUU KOH(MJINKTA HUHTEPECOB.

Summary

The aim of the study: to evaluate the efficacy of extracorporeal liver support systems in patients with acute
liver failure of various etiologies.

Anpec 119 KOPPECIIOHJeHIIHH: Correspondence to:
Cappop XampamoBud MI6parumos* Sardor Kh. Ibragimov*
E-mail: dr.sardor.ibragimov@gmail.com E-mail: dr.sardor.ibragimov@gmail.com
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Material and methods. The study included 117 patients with acute liver failure of various etiologies. The
main group consisted of 71 patients who received complex intensive therapy, including MARS-therapy and
hemodiafiltration. The comparison group included 46 patients who received albumin dialysis (24 patients)
and hemodiafiltration (22 patients) alone. The mean age of the patients was 34+5.6 years, the majority (56.4%)
were men. Dynamic assessment of patients' severity was performed using Sequential Organ Failure Assessment
(SOFA) and Model for End-Stage Liver Disease (MELD) scales.

Results. A more significant reduction of SOFA and MELD scores was noted as early as by day 10 of intensive
therapy in the main group with sequential use of extracorporeal liver detoxification methods — to 2.7+0.2 vs.
8.3+0.5 points (P=0.021) on SOFA and to 16.7+0.4 vs. 23.4+1.4 points (P=0.023) MELD scales. The use of a com-
prehensive approach to extracorporeal detoxification in acute decompensated liver failure increased the re-
gression rate of multiple organ failure from 51.2 to 74.6% and reduced mortality from 47.8 to 25.4% (x?=6.266;
d=1; P=0.013). At the same time, the cumulative proportion of survivors depending on the type of complication

within 30 days was 88.4% in the main group and 69.0% in the comparison group (x*=4.164; d=1; P=0.042).
Conclusion. A comprehensive approach to extracorporeal detoxification is highly effective, providing a
more significant reduction of SOFA and MELD scores, increasing the proportion of regression of multiple organ

dysfunction and reducing mortality.

Key words: acute liver failure; MARS therapy; hemodiafiltration; plasmapheresis; SOFA score; MELD score
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BBenenune

OcTpadg TmedyeHOYHAsA HEJOCTATOUYHOCTh
(OIIH), Takyke M3BECTHAasA KaK MOJIHHEHOCHas
Ie4yeHo4YHasA HeJJOCTaTOYHOCTh, XapaKTepu3yeTcs
notepei pynkimit 80-90% remnarouToB, Hopaske-
HHEM MHOTHUX CCTEM OPTaHOB U BHICOKUM YPOB-
HeM JeTtadbHOoCcTH [1, 2]. B 1mesiom HamboJiee
vacTble mpuynHbl OITH — 3T0 BUPYCHI, JIeKapCT-
BEHHBIE ITperaparbl ¥ TOKCUHBI [3].

3abosneBaemocTh OITH cocTaBssgeT npubIm-
3UTeJbHO 5,5-6,2 YeJI0BeK Ha 1 MUJIJIMOH HaceJ1e-
HUs B rof [4]. Ilokasareau BBDKUBAEMOCTH Mally-
enToB ¢ OITH B cranimonape 6e3 TpaHCIJIaHTAIINN
TI€YEeHU COCTaBJIAT 35-48% [5].

OcJI0’KHEHUST TTIEYEHOUYHOU HEJOCTATOYHO-
CTH MOTYT BKJIIOYATh TeYeHOUYHYIO 9HIIedaIona-
THIO, OTEK MO3Ta, CEIICUC, [IOYEYHYI0 HEJOCTaTO4-
HOCTb, JKeJyI0YHO-KUIIIeYHbIE KPOBOTEUEHUS U
JIbIXaTeJIbHYIO HEJJOCTAaTOYHOCTD [6-8]. 3a mocen-
HUe TPU JECATUIETHUSI 3HAUYUMBbIe TOCTUKEHUS B
00J1acTV MHTEHCUBHOU Tepalluy U HEOTVIOSKHOU
TPAHCIJIAHTAIIMNA TI€YEeHN pPEe3KO0 HU3IMEHUJIN
KJroueBbie ocooennoctu OITH, ¢ 3ameTHBIM maje-
HHEM YaCTOThI OTeKa MO3Ta U BHYTPUUYEPETHON
runeprensuu (9, 10].

B HacrosIiee BpeMsa BasKHYIO POJIb B KOM-
IJIEKCHOM MHTeHcuBHOU Tepanuu OITH urpaior
METONIbI MCKYCCTBEHHOU! MONJEPKKU (PYHKRIIUN
Ie4YeHu, B YaCTHOCTH, METO/IbI 9KCTPAKOPIIOPaJIb-
Hoil merokcukanuu (AK]). dpdextuBHOCTS IK]I
OTIpeNIesIsIETCSI CHOCOOHOCTHIO AJIMMUHAIINU CBSI-
3aHHBIX C aTbOYMHUHOM I'UIPO(OOHBIX cyOCTaH-
IIUH, 4TO I03BOJIsIET OTPAHUYUTH 00bEM IOBPEsK-
JleHUsI TEMaTOIUTOB U 0OECIeYuTh BPEMs JIs
BOCCTaHOBJIEHUS (DYHKITUH OpTraHa UIU BITIOJTHE-
HUA TPAHCIJIAHTAlUY ITedeHu [11-16].

K coBpemenHbIM MeToguKkaM ORI, He BKJIIO-
YaroIuM OMOJIOTUYECKIEe KOMIIOHEHTBI, OTHOCSIT-

Introduction

Acute liver failure (ALF), also known as fulmi-
nant liver failure, is characterized by loss of func-
tion of 80-90% of hepatocytes, damage of many
organ systems and high mortality rate [1, 2]. In gen-
eral, the most common causes of ALF are viruses,
drugs and toxins [3].

The incidence of ALF is approximately 5.5-6.2
per 1 million population per year [4]. In-hospital
survival rates of patients with ALF without liver
transplantation are 35-48% [5].

Complications of liver failure may include he-
patic encephalopathy, cerebral edema, sepsis, renal
failure, gastrointestinal bleeding, and respiratory
failure [6-8]. Over the past three decades, signifi-
cant advances in intensive care and emergency
liver transplantation have dramatically changed the
key features of ALE with a remarkable drop in the
frequency of cerebral edema and intracranial hy-
pertension [9, 10].

Currently, the artificial liver support methods,
in particular, extracorporeal detoxification (ECD)
play an important role in the comprehensive inten-
sive therapy of ALE ECD effectiveness is based on
the ability to eliminate albumin-related hydropho-
bic substances, which allows to limit the hepato-
cyte injury and ensures enough time to recover the
functions of the organ or perform liver transplan-
tation [11-16].

Modern ECD techniques that do not include
biological components include high-volume
plasma exchange, albumin dialysis (molecular ad-
sorption recirculation system (MARS) and single-
pass albumin dialysis (SPAD)) and fractionated
plasma separation and adsorption systems
(Prometheus) [17-19].

Experimental and early clinical results have
been reported recently. The capacity of artificial
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Cs1 BBICOKOOOBEMHBIH 1171a3MO00MEH, aTb0yMu-
HOBBIH quaIn3 (MOJIEKYISIPHAs aicOpOMpyoIIas
peuupkynupytomas cucreMa (MARS) u single-
pass albumin dialysis (SPAD) u cucremsl paszeJie-
HUS U acOpOITUu PpaKIIMOHUPOBAHHOM IIJTA3MbI
(Prometheus) [17-19].

B mocseaymomiie rofsl coobmanock 00 aKc-
MMepUMeHTAIbHBIX PA00TaX U paHHUX KJIUHUYE-
CKUX IPHUMEHEHUSX HCKYCCTBEHHBIX CHCTEM,
KOTOpble MOTYT, I10 KpaliHell Mepe, YaCTUYHO
3aMelaTh JeTOKCUKAMOHHYIO (DYHKIUIO ITeve-
HU. Bbls1a mpogemMoHcTpupoBaHa ux apPeKTuB-
HOCTh B KOPPEKIINU M3MEeHEHHBIX OMOXUMUYe-
CKUX TapaMmeTpoB. OHAKO, MHOTOIIEHTPOBBIX
MMPOCHEKTUBHBIX UCCJIETOBAHUN 110 MCOJIb30Ba-
HUIO JaHHbIX MeToguk npu OITH HemHOrO, a
pe3ysbTaThl U KINHUYECKUE JaHHble 110 IOBbI-
HIeHUIO BbKUBaeMocTu 00JibHbIX OITH ocraror-
CA IIPpOTUBOpPEYUBbIMU [20-23].

[leJsrb HacTOSAIIErO MCC/IETOBAHUS — aHAJIN3
3 (PEKTUBHOCTU CUCTEM IKCTPAKOPIIOPATHHOU
MOAIEPSKKU IleUeH! Y NAIeHTOB C 1eKOMIIeHCH-
posanHo# OITH pasiuvyHoro resesa.

MarepuaJa u MeToabI

HVccnenoBanue BBIITOJHEHO B PAMKAX MEKIYHAPOLI-
HOTO COTpyJHMYECTBa Mexxay KaszaxCkuM HanuoHaJIb-
HbIM MeIMIIMHCKUM YHUBepcuTeToM uM. C. [1. Achenaus-
poBa (Anmarsl, Kasaxcran) u I'Y «PecrybimkaHCKII
CIlellMaIM3UPOBAHHbI HAayYHO-IIPAKTUYECKUU Meau-
LIMHCKUM LIeHTp XUPYPruu UM. akajeMuka B. Baxunosa»
(TamkeHT, Y30eKuCTaH).

B uccnenoBanue Brounsu 117 narmenToB ¢ OITH,
pasjeeHHbIX Ha IBe rpynibl. OCHOBHYIO IPYIITY COCTa-
BUJIM 71 marueHT, u3 KoTopbix OITH 6e3 XpoHU4YecKoro
nuddysnoro npouecca B neyenu (ALF) onpenesnuiny 43
60JIbHBIX, a Ha oHe 1uppo3a neyenu (ACLF) — 28 na-
nueHToB. [lanuenTsl noJydand KOMIVIEKCHYIO MHTEH-
CHBHYIO Tepaluio, BKJII0Yasl IpUMeHeHne ajJlbOyMuHO-
BOTO Auasnnia Ha annapare MARS (Gambro, Tepmanust) u
remoguagunsrpanuio (I[11P) Ha anmapare Multifiltrate
(Fresenius, epmanus).

B rpynny cpaBHeHHs BKJIIOYWAIA 46 IMalMEHTOB
(ALF — 29 60s1bHBIX 1 ACLF — 17 IaniieHToB), KOTOPBIM
npyuMeHUIU n3oaupoBanHo MARS tepanuio. CpegHuit
BO3pPACT MAlMEHTOB COCTaBUJI 34+5,6 jieT, OOJIBIINH-
cTBO (55,4%) OBLIN MY)KYHHBI. JTUOJIOTH ObLIA TP -
CTaBJIeHa JOBOJIBHO OOJBIION Tpynmoil (akTopos,
npusBeaux K pazsuruio OITH, Kak HenmocpeCTBEeHHbIX,
MOPAYKAIOUIUX IIeYeHOYHYIO TapEeHXUMY (TOKCUYeCKUn
renatuT — 15,5%; oCcTpbIN BUPYCHBIH renarut B — 6,5%;
nuppo3 nedyenu — 37,0%), Tak ¥ ONOCPEJOBAHHBIX (CeIl-
cuc — 10,9%; abgoMuHANBHBIN cericuc — 21,7%; 03ko-
roBasi 6oJsie3Hb — 8,7%).

JIMHaMUY€ECKY10 OLIEHKY TAKECTHU ITallHeHTOB IIPO-
BOJMJIA TI0 HamboJsiee MHPOPMATUBHBIM OI[€HOYHBIM
IIKaJjaM, IpUMeHUMBIM K 60/1bHBIM OITH — Sequential
Organ Failure Assessment (SOFA) u Model for End-Stage
Liver Disease (MELD).

CraructryecKkuil aHaIu3 IPOBOAUIM C UCIIO/Ib30-
BanueM rporpammbl STATISTICA 13.3 (StatSoft, Inc, CITIA).
HomuHa/IbHBIE JaHHBIE OIVCHIBAJIFICH C YKa3aHEM adco-

systems to at least partially replace the liver detox-
ification function has been proven, and their effec-
tiveness in the correction of various biochemical
parameters has been demonstrated. However, mul-
ticenter prospective studies on the use of these
techniques in ALF are few, and the results and clin-
ical data on the improvement of survival in ALF pa-
tients remain controversial [20-23].

The aim of the study is to examine the effec-
tiveness of extracorporeal liver support systems
in patients with decompensated ALF of various
etiologies.

Materials and Methods

The study was performed as a part of international
cooperation between the Asfendiyarov Kazakh National
Medical University (Almaty, Kazakhstan) and the «Vahi-
dov National Specialized Scientific and Practical Medical
Center of Surgery» (Tashkent, Uzbekistan).

The study included 117 patients with ALF divided
into two groups. The main group consisted of 71 patients,
43 of them had ALF without chronic diffuse liver process
(ALF) and 28 of them had cirrhosis (ACLF). Patients re-
ceived comprehensive intensive therapy, including albu-
min dialysis using MARS apparatus (Gambro, Germany)
and hemodiafiltration (GDF) using Multifiltrate appara-
tus (Fresenius, Germany).

The comparison group included 46 patients (29 pa-
tients with ALF and 17 patients with ACLF) who received
MARS therapy alone. The mean age of the patients was
34+5.6 years, the majority (55.4%) were men. A rather
large group of etiological factors leading to the develop-
ment of ALE both direct, affecting the liver parenchyma
(toxic hepatitis — 15.5%; acute viral hepatitis B — 6.5%;
cirrhosis — 37.0%), and indirect (sepsis — 10.9%; abdom-
inal sepsis — 21.7%; burn disease — 8.7%) were identi-
fied in the participants.

Dynamic assessment of patients' severity was per-
formed using the most informative assessment scales ap-
plicable to ALF patients such as Sequential Organ Failure
Assessment (SOFA) and Model for End-Stage Liver Dis-
ease (MELD).

Statistical analysis was performed using STATIS-
TICA 13.3 software (StatSoft Inc). Nominal data were re-
ported as absolute values and percentages. When com-
paring the mean values in normally distributed
populations of quantitative data, Student's t-test was cal-
culated. The values of Student's ¢-test were assessed by
comparing them with the critical values. The differences
were considered significant at the significance level
P<0.05. Paired Student's t-test was used to compare
mean values calculated for related samples (e. g., pre-
treatment and post-treatment values). When analyzing
the four-field tables, if the expected frequency of the phe-
nomenon in at least one cell was less than 10%, the Yates
correction for y? was used

Results and Discussion

The most commonly used systems for assess-
ing the ALF severity in practice include the MELD
scale, which was originally created to predict sur-
vival in patients with complications of portal hy-
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Puc. 1. luHaMuKa noka3areJiei mo mkasae SOFA (6a/1/1b1) M cTaTHCTHYECKasA SHAYUMOCTH OTJIMYH S MEKAY UCCIeAyeMbIMU

rpynnamH.

Fig. 1. Changes in SOFA scores and significance of the differences between the study group.
IMpumeuanue. SOFA score — 6asibl o mikase SOFA. [Ijis puc. 1-4 u tabs1. 1-3: main group — OCHOBHas TPYIINa; comparison

group — rpymnma cpaBHeHus; day — cyTky; baseline — ucxonHo.

JIIOTHBIX 3HAaYE€HUH U MPOLIEHTHBIX JoJiel. [Ipu cpaBHe-
HUW CpEIHUX BEJIMYUH B HOPMAJIbHO paclipeae/IeHHbIX
COBOKYIIHOCTSIX KOJINYECTBEHHBIX JAaHHBIX UCII0J/Ib30BAIN
t-kputepuii CtbiofeHTa. [TosrydeHHble 3HaUeHusI [-KpuTe-
pus CTblO[leHTa OLleHUBAJIU IIyTeM CPaBHEHUS C KPUTHU-
4eCKUMHU 3HAaYeHUAMHU. Pa3inyus nokasaresieil cuuTaim
CTaTUCTUYECKW 3HAYMMBIMU IIPU YPOBHE 3HAYMMOCTU
p<0,05. [Tpu cpaBHEHUM CpPeTHUX MOKa3aTesiel, paccuu-
TAHHBIX JIsI CBSI3aHHBIX BEIOOPOK (HamprMep, 3HAYEHIH
II0KasaTeJIsl JO JIeUeHUs U 110cJIe JIeYeHNUs), UCII0JIb30-
BaJ/IM IIapHBbIH -Kputepuil CTeiofeHTa. I1pu ananuse ye-
TBIPEXIIOJIbHBIX TaOJTUIT IICITOJTB30BAJIH Y? KPUTEPHH, TP
OJKHIA€MOIT YaCTOTe SIBJIEHUS XOTSI ObI B OTHOU sTUeiiKe
Menee 10% MCITO/Tb30BaJI TOMPaBKy Heiirca.

Pe3ysnbrarhl U 00Cy:K/AI€HHE

Ha nmpakTruke HanboJsee 4acTo UCHOJIb3ye-
Mble CUCTeMbI OIleHKH TsiskecTu OITH BKJO4aioT
mkany MELD, koropasi mepBoHadajabHO ObLIa
CcOo3JaHa JJis MPOTHO3UPOBAHUSA BBI’KUBAEMOCTH
MaIMEeHTOB C OCJIOKHEHUSIMHU ITOPTAJIbHOU TUTIEp-
TEH3UU I10CJIe [IOPTO-CUCTEMHOTO LIIYyHTUPOBAHUA
(HamboJiee 3HAYMMAsI TPAIAIUA TSYKECTH MTaIlieH-
TOB JJIsI TeIaTOJ0TUYECKUX [IEHTPOB, 3aHUMAIO-
IIUXCSA TPaHCIVIaHTanuen neyeHu) u meaay SOFA,
IpeJHa3HauYeHHYIO JJIs1 OLleHKU MOJMOPTaHHON
HeI0CTaTOYHOCTH.

Vike Ha 3-M CyTKH II0CJIe JIeUeHUsI B 00enx
CpaBHMBAEMBIX IPYIIIaX OTMeYa]u CHUYKCHUE
boaJsitoB mo mkKajsie SOFA. OgHako, B OCHOBHOH
rpyIIe NarnueHToB TUHAMUKA CHI)KEHNS 0aJIJIOB
OblJTa HaMHOTO BBIPA’KEHWH, YeM B TpyIIIe
cpaBHeHUs (puc. 1).

pertension after portosystemic bypass surgery (the
most significant patient severity grading for hepa-
tology centers performing liver transplantation)
and the SOFA scale, designed to assess multiple
organ failure.

As early as day 3 after treatment, a decrease in
the SOFA scores was noted in both compared
groups. However, in the main group of patients, the
rate of decrease was much more dramatic than in
the comparison group (Fig. 1).

The baseline mean SOFA scores in the main
and comparison groups were 13.2 and 12.1, re-
spectively. On day 3 post treatment, SOFA in the
main group of patients decreased down to 7.2,
whereas in the comparison group it was 11.2
(t=5.55; P=0.032); on day 5 post treatment, the
mean SOFA in the main group was 5.8, while in the
comparison group it was 10.1 (t=6.72; P=0.03); on
day 7 post treatment, SOFA in the main group was
4.1 and in the comparison group was 9.4 (t=9.09;
P=0.026) and on day 15 post treatment, the total
score in the main group was 1.8 and in the com-
parison group — 6.5 (t=10.51; P=0.014).

As shown in Fig. 2, on day 3 post treatment,
the MELD score in the main group of patients
dropped from the baseline of 33.1 to 27.4, while in
the comparison group it decreased from 30.6 to
29.2 (t=0.94; P=0.08). On day 5 post treatment, the
total score was 23.8 in the main group and 27.6
(t=2.28; P=0.034) in the comparison group; on day
7 post treatment, the mean MELD was 19.1 in the
main group and 25.7 in the comparison group, and

GENERAL REANIMATOLOGY, 2021, 17; 4

www.reanimatology.com

15



16

https://doi.org/10.15360/1813-9779-2021-4-12-21

Clinical Studies

Puc. 2. CraTucTHYeCcKasA 3HAYMMOCTh OTJIH4Mii 1o mKase MELD (6aJjiibl) Mesxay HccileyeMbIMH IPYIIIaMu.
Fig. 2. Differences in MELD scores between study groups and their significance.

IIpumeuanue. MELD score — 6asibl 1o mrkasie MELD.

Ncxonnbie cpename 3HaveHust SOFA B OCHOB-
HOU U rpynie cpaBHeHUs cocTaBuiu 13,2 u 12,1
0a/uToB cooTBeTCTBeHHO. Ha 3-u CyTKHM mocie
HayaJia JeueH!s1 B OCHOBHOMU IpyIlie IaleHToB
cpenHee 3HaueHne SOFA cHU3WJIOCH 10 7,2, TOTAA,
Kak B rpynmne cpaBHeHus — pno 11,2 (t=5,55;
p=0,032). Cpepguee sanauenue SOFA Ha 5-e CyTKu
1ocJjie JieueHUs B OCHOBHOMU I'pyIIIie COCTaBUIIO 5,8,
a B rpymne cpassenud — 10,1 (t=6,72; p=0,03); Ha
7-e CyTKU II0CJIe JIe4YeHUsI B OCHOBHOU IpyIiie —
4,1, a B rpynie cpasHenus — 9,4 (t=9,09; p=0,026)
1 Ha 15-e CyTKU [10cJIe JledeHNsI B OCHOBHOU I'pyIl-
ne — 1,8, a B rpynne cpaBHeHusa — 6,5 (t=10,51;
p=0,014).

Kak BumHO Ha puc. 2, Ha 3-U CyTKHU IIOCJIEe
JiedeHUsI B OCHOBHOU I'pyIlNie NaeHTOB OLleHKa
no mrage MELD ¢ ucxogubix 33,1 cHU3HWJIaCh OO
27,4, Torga kak B rpymmne cpasHenus — ¢ 30,6 1o
29,2 (t=0,94; p=0,08). Ha 5-e cyTku nmocJje jge4eHus,
cymMMma 0aJIJIoB B OCHOBHO¥ TPYIIIIE COCTaBHJIA
23,8, a B rpynmne cpaBHeHus — 27,6 (t=2,28;
p=0,034); Ha 7-e CyTKU II0CJIe JIeYeHUs, CpeJHee
3HaueHre MELD B 0OCHOBHOU rpyIIie COCTaBUJIO
19,1, a B rpymnie cpaBHeHusa — 25,7 KU Ha 15-€ CyTKu
IocJje Je4eHusi B OCHOBHOU rpymnne — 15,1, a B
rpyimme cpaBHeHusa — 21,2 (t=5,84; p=0,018).

B anasiornyaoMm, HO 60Jiee paHHEM HCCJIEN0-
BaHuu Jorg C. Gerlach gan ananua pesysnsraToB
SPAD n MARS-tepanuu namuentoB ¢ OITH Ha
OCHOBE JUHAMHUKH 0aJIJIOB II0 OIIEHOYHBIM IIIKa-
Jam [24]. ABTop oTMedaert, 4To oneHka mo SOFA
IMoKa3aJja CHUKeHHe MocJIe IecTu ceancoB SPAD
unu MARS-Tepanuu, oHaKO BBICOKHU TOKa3a-
Tesib SOFA coxpaHsijics Ha IPOTAYKEHNUH YeThbIpex

on day 15 post treatment, the mean MELD was 15.1
in the main group and 21.2 (t=5.84; P=0.018) in the
comparison group.

Earlier, Jorg C. Gerlach analyzed the results of
SPAD and MARS therapy in patients with ALF
based on the changes in scores of assessment
scales [24]. The author noted that the SOFA score
showed a decrease after six sessions of SPAD or
MARS therapy, but a high SOFA score persisted
throughout four sessions of ECD. The mean SOFA
score at the beginning of therapy was 15 and
showed no significant change compared to the
post treatment results. The mean MELD score de-
creased significantly from 25 to 23, representing a
decrease of 16.2%.

In a randomized controlled study by Sen S. et
al.,, MARS therapy in patients with ACLF resulted in
asignificant reduction of the MELD index, but sim-
ilar results were also observed in the group of pa-
tients with standard conservative treatment [25].

Our study revealed the progression of sys-
temic complications in some patients despite the
use of ECD (Table 1).

Table 1 demonstrates, that 15 (21.1%) patients
in the main group and 19 (41.3%) patients in the
comparison group exhibit progression of hepato-
cellular failure (y*=5.513; d=1; P=0.019); respiratory
failure has been progressed in 11 (15.5%) and 15
(32.6%) cases, respectively (x>=4.731; d=1; P=0.030);
progression of hepatorenal syndrome is revealed in
12 (16.9%) and 16 (34.8%) cases, respectively
(x*>=4.903 d=1; P=0.027); progression of hepatocar-
diac syndrome evidensed in 12 (16.9%) and 15

(32.6%) patients, respectively (x*=3.880; d=1;
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TaGunna 1. YacTora ¥ CTPYKTypa NPOrpecCHPOBAHM S CHCTEMHBIX OCJIO;KHEHHH Ha (poHe JieueHus1.
Table 1. The frequency and structure of systemic complications progression during treatment.

Complication Main group 7 (%) Comparison group n (%) x2 P

Liver failure 15 (21.1) 19 (41.3) 5.513 0.019
Acute respiratory distress syndrome 11 (15.5) 15 (32.6) 4.731 0.030
Renal failure 12 (16.9) 16 (34.8) 4.903 0.027
Heart failure 12 (16.9) 15 (32.6) 3.880 0.049
Disseminated intravascular coagulation (DIC) 8 (11.3) 12 (26.1) 4.326 0.038
Sepsis 5(7.0) 9 (19.6) 4.156 0.081

IIpumeuanue. Complication — ocyioyxHeHue; liver failure — nmeueHoYHast HeJOCTAaTOYHOCTH; acute respiratory distress syndrome —
OP/IG; renal failure — noueynas HemocratouHoCTh; heart failure — cepneunas HegocrarouHocTh; disseminated intravascular coag-

ulation (DIC) — JIBC-cunapowM; sepsis — cemncuc.

cearncoB JOK]I. Cpennauti 6a11 SOFA B Hadase Tepa-
UM COCTaBJISAA 15 M He MOKa3bIBaJa 3HAYUTEb-
HbIX U3MEHEeHHUU 110 CPaBHEHUIO C pe3y/bTaTaMu
nocye tepanuu. Cpegauii 6aa1 MELD HesHauu-
TEJbHO CHU3UJICA C 25 10 23, YTO IIPUBEJIO K CHU-
skeHuIo Ha 16,2%.

B panmomMm3upoBaHHOM KOHTPOJIAPYEMOM
uccaegoBanuu S. Sen et al MARS-Tepanus y naru-
enToB ¢ ACLF npusejia K 3Ha4MMOMY CHUYKECHHUIO
nokasaresss MELD, oqHaKo aHaJIOTUYHBIE PE3YJIb-
TaTbl OTMEYEHBI TAK)Ke B IPyIIe MMAalUeHTOB CO
CTaHJApPTHBIM KOHCEpPBAaTUBHBIM JieueHueM [25].

CirenmyeT OTMETHUTh, YTO, HECMOTPS Ha IIpUMe-
HeHue DK/, no pesynbsraTam Halllero UccaegoBa-
HUA Y HEKOTOPBIX NAlII€HTOB OTMETUJIN IIPOrpec-
CUpOBaHME CHUCTEMHBIX OCJIO0KHEHUU, KOTOpOe
OTpaskeHo B Ta0OJI. 1.

Tak, y maniieHTOB OCHOBHOU rpynnsl B 15
(21,1%), a y nauueHToB IPyIbl CpaBHEHUA B 19
(41,3%) caydasax OTMETHUJIA IIPOIPEeCCHpOBaHUE
renaroueI0JIIPHON HeTOCTaTOYHOCTU (KpUTe-
pui x*=5,513; di=1; p=0,019); nbIxarebHasA HEJ0-
CTaTOYHOCTH IIporpeccuposasa B 11 (15,5%) u 15
(32,6%) cJay4asx COOTBETCTBEHHO (KpUTepuiul
x?=4,731; d/:l ; p=0,030); nporpeccupoBaHue remna-
TOpPEHAJIbHOTO CUHApPpOMa OTMeTUIu B 12 (16,9%)
1 16 (34,8%) cirydasix COOTBETCTBEHHO (KpUTepui
¥?=4,903; d/:l ; p=0,027); mporpeccupoBaHue remna-
TOKapAuaJbHOIO CHHIPOMOB OTMEYEHO y 12
(16,9%) ny 15 (32,6%) manueHToB, COOTBETCTBEH-
HO (kpuTepun x*=3,880; d=1; p=0,049); IBC cun-
IpoMm pasBusicay 8 (11,3%) uy 12 (26,7%) nanuen-
TOB, COOTBETCTBEHHO (KpuUTepuil y?=4,326; d,:l;
p=0,038); mpucoeguHeHUE CeIcruca OTMETUIN Y 5
(7,0%) manueHTOB U3 OCHOBHOM I'pynnbl U y 9
(19,6%) manyeHToB U3 IPYHIILI CPaBHEHUA (KpU-
Tepuil x*=3,052; d=1; p=0,081) (Tabur. 1).

I[Io cpokaM JOCTHKEHUs CTaOuIM3anuu
COCTOSTHMSI M Ha4UaJla perpecca CMHApOMa IMMOJIUoP-
ransoi HegoctaTogyHoctu (CIIOH) oTMeTHIn, 94TO
Bcero y 53 (74,6%) nanyueHToOB OCHOBHOU I'PYIIIbI
nmeJst Mecto perpecc CITOH. Harmssgao cTabuiu-
3aIMI0 MATOJIOTUYECKOTO MPOoIiecca BO BDEMEHHOM
WHTEpBaJe MOKHO IPOCJeIUTh HA PUC. 3.

Tak, Ha 5-€ CyTKM B OCHOBHOM TPyTIIE CTa0U-
JIA3AIMI0 TTaTOJIOTUYECKOT0 MMPOoIecca OTMETUIIN

y 38,0% manueHToB, TOrJa Kak B IPYyIIIIe CpaBHe-

P=0.049); DIC syndrome is found in 8 (11.3%) and
12 (26.7%) patients, respectively (y*=4.326 d=1;
P=0.038); sepsis has developed in 5 (7.0%) patients
in the main group and in 9 (19.6%) patients in the
comparison group (x*=3.052; d=1; P=0.081) (Table 1).
Data show that the proportion of complications in
the main group is significantly less then in a com-
parison group (see Table 1).

As for the stabilization and regression of mul-
tiple organ failure syndrome (MOFS), we noted that
only 53 (74.6%) patients of the main group had re-
gression of MOFS. The timing of disease stabiliza-
tion can be clearly seen in Fig. 3.

Thus, on day 5 the disease stabilization was
found in 38.0% of patients in the study group, while
in the control group it was registered in 19.5%
(x*>=4.467; d=1; P=0.035). On day 10, 73.2% of pa-
tients in the main group and 45.7% of patients in
the comparison group (x?=9.054; d=1; P=0.003) had
disease stabilization. On day 15 in the main group
it was seen in 74.6% of patients, in the comparison
group — in 52.2% (x?=6.266; dle; P=0.013).

The relationship between MOEFS and the
number of sessions in the compared groups is pre-
sented in Table 2.

After the first session in the main group, sta-
bilization of MOFS was noted in 13 (18,3%) pa-
tients, after two sessions —in 26 (36,6%), after three
or more sessions — in 14 (19,7%) patients. At the
same time, progression of MOFS was noted in 18
(25,4) patients.

After the first session in the comparison
group, stabilization of MOFS was recorded in 3
(6.5%) patients, after two sessions —in 12 (26.1%),
after three or more sessions —in 9 (19.6%) patients.
At the same time, the progression of MOFS was
found in 22 (47,8%) patients. The significance of in-
tergroup differences was x?=7.914; d=3; P=0.048
(Table 2).

Reactivation of MOFS progression and status
improvement after several sessions were revealed
in 17 (23,9%) patients in the main group and in 13
(28,3%) patients in the comparison group. There
were 18 (25,4%) patients in the main group and 22
(47,8%) patients in the comparison group who had
reactivation of MOFS progression without any fur-
ther status improvement after several sessions. The
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Puc. 3. [lokazaTesb JOCTHKEHUA CTaﬁl/IJIPISaIIPIl/I IIaTOJIOrH4Y€eCKOro mnmponecca 1 HadaJjsia perpecca CIIOH B rpynmiax uccJje-

IOBaHUSA.

Fig. 3. Achieving stabilization and the beginning of MOFS regression in study groups.

Tabsauna 2. Cradbuausanusi u perpecc CIIOH B 3aBHCHMOCTH OT KOJIMUECTBA CEAHCOB.
Table 2. Relationship between disease stabilization with MOFS regression and the number of ECD sessions.

Parameter Main group n (%) Comparison group n (%)
Stabilization after 1 session 13 (18.3) 3(6.5)
Stabilization after 2 sessions 26 (36.6) 12 (26.1)
Stabilization after 3 and more sessions 14 (19.7) 9 (19.6)
Progressing of MODS 18 (25.4) 22 (47.8)

x° 7.914; df:3; P=0.048

Total 71 (100.0) 46 (100.0)

Note (mpumeuanme). Stabilization after ... session — crabunusanus nocJe ... ceanca; progressing of MODS — nporpeccupoBaHue

CIIOH; gyis TabJ1. 2, 3: total — Bcero.

HuUA — y 19,5% mnanuenrtoB (x2=4,467; dle;
p=0,035). Ha 10-e cyTK: B OCHOBHOMU Irpymne — y
73,2% NMauueHToB, B rpylIle CpaBHeHUA —y 45,7%
(x3=9,054; df:l; p=0,003). Ha 15-e CyTKH B OCHOB-
HOU rpynne — y 74,6% mauueHTOB, B rpylile
cpaBHeHUusa —Yy 52,2% (x*>=6,266; d,:l; p=0,013).
3aBucumocTthb CIIOH ot KoJiM4ecTBa ceaHCOB
B CpPaBHMBAEMBIX I'PyIIAX IIPECTABUIIH B TaOJI. 2.

Tak, ocJie mepBOro ceaHca B OCHOBHOU I'PyII-
e crabunusanuio CITIOH ormetnnu y 13 (18,3%)
[anreHToB, IIoCJIe IBYX ceaHCcoB — Y 26 (36,6%),
rocJsie Tpex u 6osee ceancoB — y 14 (19,7%). Ilpu
aroM nporpeccupoanue CIIOH ormerunu y 18
(25,4) manieHToB.

ITocsie mepBoOTO CeaHca B Ipyllie CpaBHEHUS
crabummaanuio CITOH ormetnn y 3 (6,5%) maru-
€HTa, I10CJIe IBYX ceaHcoB — Y 12 (26,1%), mociie
Tpex u 6ojee ceancoB —y 9 (19,6%). IIpu arom
nporpeccuposanue CIIOH BersaBuim y 22 (47,8%)
nanueHToB. CTaTUCTUYECKYI0 3HAYUMOCTb B MEK-
IPpyIIIOBOM OTJIWYHAY OTMETWUJIHA B IIpefesax —
X?=7,914; d=3; p=0,048 (Tabu. 2).

PeaktuBanuio nporpeccupoBanusi CITIOH n

significance of the intergroup differences was
within ¥?=7.914; d=2; P=0.048.

In the main group of patients 18 (25.4%) died,
while in the comparison group 22 (47.8%) patients
died. Changes in the frequency rates of fatal outcomes
with different causes of ALF are crucial (Table 3).

Five (11.6%) patients in the main group and 9
(31.0%) patients in the comparison group died
from ALF (x*=4.164; d=1; P=0.042), whereas 13
(46.4%) patients in the main group and 13 (76.5%)
patients in the comparison group died from ACLF
(x*=3.913; di=1; P=0.048).

Donati G. et al. analyzed the survival rate of
patients after different types of ALF treatment (liver
transplantation, albumin dialysis, conservative
therapy). It was shown that 21.3% of patients in the
emergency transplantation group survived after 12
months, while 90.9% of patients in the primary
MARS treatment group and 16.7% of patients in the
standard conservative therapy group survived. The
authors conclude that the clinical characteristics of
patients «starting» with MARS therapy were the
main factors predicting survival [26].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 4



https://doi.org/10.15360/1813-9779-2021-4-12-21
KianHu4eckue UCCIEeN0BaHUA

Tabsuia 3. YacToTa JIeTaJbHOCTH IPH Pa3JIMYHbIX npuunHax OITH.
Table 3. Mortality rate depending on the type of liver failure.

Complication Mortality in group, n (%) 212 p
Main group Comparison group n

ALF 5(11.6) 9 (31.0) 4.164 0.042

ACLF 13 (46.4) 13 (76.5) 3.913 0.048

Total 18 (25.4) 22 (47.8) 6.266 0.013

le/lMe‘-laHI/Ie. ALF — OoCTpad ne4yeHo4YHasi HEAOCTAaTOYHOCTb; ACLF — «OCTpasi Ha XpOHUYECKYIO» II€YEHOYHAasI HEJOCTATOYHOCTb.

Puc. 4. KyMmy/1ATHBHAs 101 BBIKUBIINX C IEKOMIIEHCHPO-
BaHHoI1 OITH B rpynmnax uccjeoBaHHUs.

Fig. 4. Cumulative proportion of survivors with decompen-
sated liver failure in study groups.

Note. Cum survival — cumulative survival.

IIpumeuanue. Cum Survival — KyMyJIATUBHASI 10JI BBIKUB-
mx; survival function — kpuBast BepruBaemocTy; censored —
[IeH3YPUPOBaHHBI.

yJIydllleHue cTaryca Ha (poHe IOBTOPHBIX CeaH-
COB BbIAABUIN Y 17 (23,9%) naneHTOB OCHOBHOU
rpynnsl 1 y 13 (28,3%) manumeHTOB TPYNIBI
cpaBHeHUs. PeakTUBaUIO IPOTPeCCUPOBAHUSA
CIIOH 6e3 maspHEHIIEro yayqIeHrneM cTaTyca
IocJie TMTOBTOPHBIX CeaHCOB HalOJomanu y 18
(25,4%) manueHTOB B OCHOBHOU rpyImie U y 22
(47,8%) manyeHTOB B rpynile cpaBHeHus. CraTu-
CTUYECKYI0 3HAYMMOCTD B MEKI'PyIIIIOBOM OTJIH-
4YUM OTMETHJIM B Iipenesax — x?=9,315; df=2;
p=0,010.

B ocHOBHOII rpyniie nanueHToB ymepJso 18
(25,4%), a B rpynne cpaBHeHusa — 22 (47,8%).
[IpuHIMNAILHBIM MOMEHTOM SIBJISIETCS U3MEHe-
HMeE YaCTOThI JIETATbHBIX NCXOIOB TPU PA3JIMYHBIX
npuyuHax OITH (TabJ. 3).

Ha ¢one ALF ymepJio 5 (11,6%) nanueHToB
OCHOBHOU rpynnbl 1 9 (31,0%) DaliieHTOB I'PYNIIbI
cpaBHeHusA (x*=4,164; dle; p=0,042), Torma Kak
npu ACLF — 13 (46,4%) manueHTOB OCHOBHOU
rpynnsl 1 13 (76,5%) nanueHToB IPYHIIbl CpaBHEe-
Hus (x*=3,913; d=1; p=0,048).

G. Donati 1 coaBT. IpOBeJIN aHAIN3 BBIXKU-

Puc. 5. CpaBHeHHe BBIDKMBAeMOCTH B I'pyNIiax uccjegoBa-
HHs C HCIIOJIb30BaHueM log rank test.

Fig. 5. Comparison of survival in the study groups using the
log rank test.

Note. log-rank test: z=2.62; P=0.00878; CI 95%.

IIpumeuanue. log-rank test: z=2,62; p=0,00878; /11 95%.

The use of the Kaplan-Meier method and log-
rank test to construct an actuarial survival curve for
patients with decompensated ALF in the study
groups showed that the cumulative proportion of
survivors in the main group was higher than in the
comparison group. Thus, by day 15 of follow-up,
the survival rate was 81.0% in the main group and
59.0% in the comparison group, and 75.0% and
52.0%, respectively, by day 30, z=2.62, P=0.00878, CI
95% (Fig. 4, 5).

Conclusion

Dynamic assessment of the severity of decom-
pensated ALF showed high efficacy of the compre-
hensive approach to ECD, which provided a more
significant decrease in scores as early as on day 10
of intensive therapy according to the SOFA (2.7+0.2
vs 8.3+0.5 points) and MELD (16.7+0.4 vs 23.4+1.4
points) scales.

A comprehensive approach to ECD in acute
decompensated liver failure allowed to increase the
regression rate of MOFS from 51.2% to 74.6%, re-
duce mortality rate from 47.8% to 25.4%, while the
cumulative percentage of survivors depending on
the type of complication within 30 days was 88.4%
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BAE€MOCTH MNAIMEHTOB IOCJe Pa3JUYHBIX BUJOB
seuenusi OITH (TpaHcnsaHTays neyeHw, aaboy-
MMWHOBBIU NMajin3, KOHCEpBaTUBHAs Teparus).
bbu10 mokasaHo, 4To yepes 12 MecsAneB BbIKUIN
21,3% mamyeHTOB B IpyMIle 9KCTPEHHOU TpaHCc-
IIJJAaHTAlMY, B TO BpeMs KakK B I'PyIIIe IePBAYHO
MARS-Tepanuu skuBbl octaauch 90,9%, a B rpymnie
CTaHJIapTHOM KOHCEPBAaTUBHOU Tepanuu — 16,7%.
ABTOpBI IIPUXOOAT K BBIBOAY, YTO KJIMHUYECKUE
XapPAKTEPUCTUKU MAIUEHTOB, «HAYWMHAIOIIAX» C
MARS-Tepanuu, 0BT OCHOBHBIMHU (paKTOpaMU,
IIPOTHO3UPYIOIIMMU BEIXKUBAEMOCTH [26].

[Ipumenenne Meroga Kamsmana—Meiiepa u
log-rank test 1151 TOCTpOEHUsI AKTyapHOU KpUBOM
BBDKMBAEMOCTH NAIMEHTOB C IEKOMIIEHCUPOBAH-
Hovi OITH B rpynnax ucciegoBaHus I0Ka3aso, YTo
KyMYJISITUBHAsA J0JIs1 BBDKMBIIUX B OCHOBHOH
rpyrmme Oblja BBINIE, YEM B T'PYIIIE CPAaBHEHUS.
Tak, k 15 cyTkaM HaOJTIOIEHN S 10JIsT BBPKUBIIINX B
OCHOBHOH rpymnmne cocraBuna 81,0%, B rpymime
cpaBHeHuda — 59,0%, a k 30 cyrkaM — 75,0% u
52,0%, cooTBeTCTBEHHO, z=2,62, p=0,00878, U1
95% (puc. 4, 5).
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ACLE

3akJaroueHue

JluHaMuuecKasi OlleHKa TASKECTH TeUYeHUs
nexomnencupoBanHoi OITH mokasasia BEICOKYIO
3¢ PeRTUBHOCTHh KOMILJIEKCHOTO moaxoma k K],
KOTOPBIN 00ecieuns O0Jiee CyleCTBEHHOE CHU-
JKeHHe TToKasaTesied yxke kK 10-M CyTKaM WHTEeH-
CUBHOU Tepanmu no mkamsam SOFA — mo 2,7+0,2
mpotuB 8,3+0,5 6a/umoB u MELD — 1o 16,7+0,4
npoTuB 23,4+1,4 6aJ1JI0B.

[IprnMeHeHne KoMIJIEeKCHOTO noaxona Kk K1
IIPY OCTPOU JAEKOMIIEHCUPOBAHHON MTeYeHOYHON
HeJOCTaTOYHOCTH MO3BOJIMJIO YBEJIUUUTH JJOJII0
perpecca CIIOH c 51,2 go 74,6%, cOKparuThb
4aCTOTy JIETaJAbHOCTHU C 47,8 10 25,4%, Ipu 9TOM
KYMYJIITUBHAs JOJISA BBODKUBIINX B 3aBUCUMOCTH
OT THUIIA OCJIOYKHEHUA B CpoKU 10 30 CyTOK cocTa-
Busa npu ALF 88,4% — B OCHOBHOU TpyIIe U
69,0% — B rpynne cpaBHenusi, a npu ACLF —
53,6% nipotuB 23,5%, COOTBETCTBEHHO.
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Pe3rome

[TpencraBu/In HAOTIOIEHUE KAPIUOTEHHOTO III0KA BCJIEICTBAE HEMPOTEHHO CTPECCOBOM KapJUOMHUOIIATUN
(HCKMII) y nanpieHTK ¢ HeTpaBMaTHYECKUM Cy0apaxHOUJaIbHBIM KPOBOUSJIUSIHUEM BCJIEACTBUE pa3phbIBa
apTepUaIbHOIN aHEBPU3MbI IIPABOI ITEPUKAIE3HON apTepu. B cBsidu ¢ peppakTepHBIM K KaTexoJaMIHaM
Te4YeHUEM II0Ka IPUHSIN PellleHre 00 UCTI0Ib30BaHNY JIEBOCMEHIAHA I10]] PaCIIMPEHHBIM reMOIUHAMITYe-
CKHM KOHTPOJIEM, BKJTIOYAOIIINM B ce0sI TPaHCITYJIbMOHAIBHYIO TEPMOFITIONUIO U 9X0Kapauorpaduo. Ha hone
Teparnuy OTMeYaJIH YIIy4IlIeHue COKPATUTETbHOM (DYHKIIMY CEPALIA, CHIYKEHKE IOTPeOHOCTH B KaTeX0/IaMUHAX.
[MosHO¥ cTabMIM3aK TEMOJMHAMUKH JOCTUIVIA K 5-M CyTKaM. B 00CysKIeHUN PacCMOTPESTH HaOJTIOeHUS
JIEYEeHUsI CTPECCOBOM KapIMOMHUONIIATHH C MICIIOJIb30BaHUEM JIEBOCMEHIaHa, TIPEICTaBJIEHHbBIE B JINTEPATYPE.

Karoueevie cnosa: neiipozeHHAs KapOUOMUONAMUSL; CYOAPAXHOUOANbHOE KPOBOUSNUSIHUE; 1€60CUMEH-
0aH; HellpOo2eHHbLIL OMek 1e2KUX

KoH(INKT HHTEpeCcOoB. ABTOPHI 3asIBJISAIOT 00 OTCYyTCTBUU KOH(MJINKTA HHTEPECOB.

Summary

We present a case of cardiogenic shock due to neurogenic stress cardiomyopathy (NSC) in a patient with nontrau-
matic subarachnoid hemorrhage caused by a ruptured aneurysm of the right pericallosal artery. Due to the cate-
cholamine-resistant shock, levosimendan was administered under advanced hemodynamic control, including
transpulmonary thermodilution and echocardiography. This resulted in an improved cardiac contractility and reduced
demand for catecholamines. Full stabilization of hemodynamic parameters was achieved by day 5. In the discussion
section we reviewed available published case reports of using levosimendan in stress cardiomyopathy treatment.

Keywords: neurogenic cardiomyopathy; subarachnoid hemorrhage; levosimendan; neurogenic pul-
monary edema
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B nomMomp NpaKTUKYIOLIIeny Bpauy

BBenenune

HeiiporenHnas crpeccoBas KapAHOMUONIATH A
(HCKMII) mpexacrasJisieT coOO0M 00paTUMyIo THC-
(pyHKIMIO MEOKap/Ia C BEIpasKeHHbIM HapyIIIeH!-
€M CUCTOJIMYECKON (PYHKIINH JIEBOTO JKETYI0UKa
(JI3K), pasBuBamwmiyiocsi Ha (oHE OoCTporo
MOBPEKIEHHUA TOJIOBHOIO MO3ra, 4Yallle BCero Ha
¢oHe HeTpaBMaTUUECKOTO CyOAapaxHOUIATBHOTO
kpoBouanusaHua (CAK) [1]. /lanHOe oc/i0KHEeHne
BcTpeuaercsa B 20-30% ciydaeB pa3pbIBOB apTe-
pHaNBHBIX aHEBPU3M I'OJIOBHOIO MO3Ta U, KaK
IIpaBUJIO, Pa3BUBAETCA B TEYEHUE IIepPBBIX 72
4acoB II0CJie KpoBousmAaHuA [2, 3]. Kimaccuye-
croit tpmamoit HCKMII cayskar HapymieHue
cokpatumoctu JIJK, ajektporapmuorpadude-
ckue (KI') namenenus (uaBepcus 3ybma T, ase-
BalluA WM Aenpeccusi cerMenTa ST, ynanHeHne
nHTepBasia QT) v MoBBINIEHNE MAPKEPOB ITOBPEsK-
JleHUs1 MUOKapJa IIPU OTCYTCTBUU aTepPOCKJIEPO-
THUYECKOTO MMOPA’KEHN I KOPOHAPHBIX apTepUi [4].
BrIpaskeHHOCTBb OpakeHust MuoKapaa npu CAK
MOKET BapbupOBaThb OT 0ecCUMIOTOMHBIX U3MEHe-
HUU TI0 JaHHBIM dxokapauorpaduu (IXO-KI') u
OKI npy MUHMMAJIbHOM IIOBBILIEHUN KapAUOCIIe-
upuIeckrx epMeHTOB J0 BIPasKEHHOU JIeBO-
SKeJIyJTOYKOBOM HEeJJOCTaTOYHOCTH, BIJIOTH JI0 Pa3-
BUTHSA OTEKA JIETKUX ¥ KapJAUOTeHHOTO II0Ka [5].

ITarorenea HCKMII npu aneBpu3MaTu4eCKUX
CAK usydeH HegocTarouyHo. OCHOBHAsA POJIb OTBO-
IUTCS TUNEPAKTHUBAINU CUMIIATOAIPEHATOBOMN
cucrembl. B octpeiitiiem nepuone CAK pa3BuBaet-
cs1 BbIpasKeHHasA BHyTpU4YepenHasi rulepTreHsus,
CUMIIATOAIpEHAJIOBASA TUIIEPAKTUBALMUA B 3TOM
cJIy4dae ABJISAETCS KOMIIEHCATOPHBIM MEXaHU3MOM,
HallpaBJIEHHBIM Ha IIOBbIIIEHHWE CEPAECYHOTO
BeIOpOca (CB) u apTrepua/bHOTO JaBJIE€HUA AJIA
TofIepsKaHUS aIeKBATHO 1lepedpatbHOU Tepdy-
3un. [ToBbIIIIEHHAsA aKTUBHOCTh CUMIATHYECKON
HEPBHOW CHCTeMbI 3aIlyCKaeT OMOXMMUYECKUH
KacKaJl, OJHUM U3 CJIeJICTBUI KOTOPOTO SBJISETCA
neperpyska KapAuOMHUOILIUTOB KaJIbLIEM, [IPUBO-
JSAIIAs K Ype3MEPHOMY COKPAILIEHUIO KapIHOMUO-
LUTOB, UCTOIIEHUIO 3allaca BBICOKOIHepreTuye-
ckux (ocdaros, pa3BUTHI0O MUTOXOHIPUATHHON
TUC(YHKINN U, B KOHEYHOM CYeTe, K BOSHIKHOBe-
HUIO, CTPYKTYPHBIX U3MEHEHN MUOKap/a [6].

B mosip3y TOTO (haKTa, YTO CUMIATUYECKast
runeparTuBalAa ABJAAETCA OCHOBHBIM ITYCKOBBIM
daxropom passutuss HCKMII cBueTe5CTBYIOT
JIaHHbIE UCCAEN0BAHNI Ha SKUBOTHBIX, B KOTOPBIX
OBLJIO TTOKAa3aHO, YTO JeCUMIIaTH3amus cepjla
IIpeJIoTBpaIliaeT pa3BUTHE MUOKapANaIbHON yC-
¢yurnuu npu saxcnepumenTtasbHoM CAK. Takske
B KJIMHUYECKUX UCCJIeI0BaHUAX OBIJIO0 ITPOJEMOH-
cTpupoBaHo, uTo y nanueaToB ¢ HCKMII Ha ¢pone
CAK oTMmedasoch NOBBINIEHWE KOHIIEHTpALAU
KaTexo/JIJaMHUHOB B IIJ1a3Me KPOBU 1 UX META00JIH-
TOB B Moue [7].

Introduction

Neurogenic stress cardiomyopathy (NSC) is a
reversible myocardial dysfunction with severe im-
pairment of left ventricular (LV) systolic function
developing in acute brain injury, most often due to
the non-traumatic subarachnoid hemorrhage
(SAH) [1]. This complication occurs in 20-30% of
ruptured cerebral arterial aneurysms and usually
develops during the first 72 hours after hemorrhage
[2, 3]. The classic triad of NSC includes impaired LV
contractility, electrocardiographic (ECG) changes
(T-wave inversion, ST-segment elevation or depres-
sion, QT prolongation) and elevated markers of my-
ocardial damage in the absence of atherosclerotic
coronary artery lesions [4]. The severity of myocar-
dial damage in SAH can vary from asymptomatic
changes found on echocardiography and ECG with
minimal elevation of cardiac enzymes to severe left
ventricular failure, up to pulmonary edema and
cardiogenic shock [5].

The pathogenesis of NSC in aneurysmal SAH
is poorly understood. The main role of NSC is given
to sympathetic hyperactivity. In the earliest phase
of SAH, a severe intracranial hypertension devel-
ops; the ensuing sympathetic hyperactivation is a
compensatory mechanism aimed at increasing car-
diac output (CO) and blood pressure to maintain
adequate cerebral perfusion. The increased sympa-
thetic activity triggers a biochemical cascade, re-
sulting in calcium overload of cardiomyocytes,
causing excessive contraction of cardiomyocytes,
depletion of high-energy phosphate stores, mito-
chondrial dysfunction and, finally, myocardial
structural changes [6].

Animal experiments have shown that cardiac
sympathetic denervation prevents myocardial dys-
function in experimental SAH, which suggests the
leading role of sympathetic hyperactivation as a
trigger factor for NSC development. The clinical
studies also demonstrated that in patients with
NSC with underlying SAH, increased levels of
plasma catecholamines and urine catecholamine
metabolites were observed [7].

Adrenergic agonists commonly used to main-
tain CO in cardiogenic shock are often ineffective
in NSC due to the underlying sympathetic hyper-
activity. Currently, there is no consensus on the
drug of choice to maintain the CO and, conse-
quently, systemic and cerebral perfusion in NSC.
This paper reports a case of successful use of lev-
osimendan for the treatment of cardiogenic shock
in NSC developed in a patient with an acute SAH
due to right pericallosal artery aneurysm rupture.

Clinical Case

Female patient P, 34 years old, was admitted to the
Burdenko Neurosurgery Center on the first day after SAH
due to rupture of aneurysm of the right pericallosal ar-
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AIlpEHOMUMETHUKHU, TPAJIUIMOHHO HCIOJIb-
3yeMmble A noguaep:xkanus CB npu KapauoreH-
HOM 1I0Ke, B ciaydae HCKMII 3auacTyro oka3sbl-
BalOTCA Hed(p(PeKTUBHBIMH, TaK KaK B OCHOBE
IaToreHesa JaHHOI'0 COCTOAHUA JIEKUT aJipeHep-
rU4YecKas ruIepcTuMyJsinyusA. B Hacrosee BpeMsa
HeT eINHOT0 MHEHUs O IIpenapare BeIOOpa AJIs
nongepskanusa CB 1, COOTBeTCTBEHHO, CUCTEMHOU
1 niepebpansHoi nepgysnn mpu HCKMII. B man-
HOI cTaThbe NpeCTAaBU/IN HA0JIIOleHHEe YCIIeITHO-
r'0 UCIIOJIb30BAHMSA JIEBOCUMEH/IaHa JiJ1d JIEYeHUA
KapJMOTEeHHOro IIOKa, padBUBIIerocsd Ha ¢GoHe
HCKMII y nanuenTku ¢ octpbiM CAK Bcaiencraue
pas3pblBa aHEBPU3MbI IIPABOU INePUKAIIE3HON
apTepuu.

KJuauHnyeckoe HabdJII0eHHe

ITanuenTka I1., 34 s1eT nocTynusa B eHTP HeNUpo-
xupypruu uM. akag. H. H. BypaeHko B mepBble CyTKHU
nocse CAK BciienicTBre pa3pbiBa apTepUaibHON aHEeB-
pU3MBbI IpaBOU nepukanie3noi aprepuu. [Ipu nocryr-
JIEHUH YPOBEHBb OOPCTBOBAHMS COOTBETCTBOBAJI OLUTY-
menuio (13 6aoB 1o IKajie koMbl [masro (IIKT)).
Cpenu KITMHUYECKUX MPOSIBJIEHUIH OTMeYaJI MEHUHT U -
QJIbHYI0 CUMTOMAaTUKY B BUJle BBIPQYKEHHOU PUTHIHO-
CTH 3aTHIJIOYHBIX MBIIIII], 04arOBOT'0 HEBPOJIOTUYECKOTO
neduruta He 6617T0. B 1eHb MOCTyTIIEHIA OBITIO BBITIOJI-
HWIN KJIMIIMPOBAHUE IIEHKN aHEBPU3MbI IIPABOM Iie-
pUKaJIJIe3HOH apTepuu B yCJIOBUSIX ee pa3pblBa C yCTa-
HOBKOH HAapy»KHOTO BEHTPUKJIYSIPHOIO [peHaska B
TepeIHUN POT JIEBOro 60KOBOTO sKesTyJouKa (puc. 1).

Tpaxelo akCTyOMpOBa/IU B paHHEM I10C/Ieolepa-
LIMOHHOM Hepuoge. Ha Bropsle cyTKH ITOC/Ie ollepanuu
y HalMeHTKU pa3BUjach KJINHUYECKasd KapTUHA OCT-
poyi cepJeYyHON HEeZOCTATOYHOCTU, OCJIOKHEHHOU
OTEKOM JIeTKUX. B CBSI3W ¢ pa3BUBIIENCS HA 3TOM
¢one runokcemueil Hayaau UCKYCCTBEHHYIO BEHTH-
asuio jgerkux (MBJI). B cBsA3M ¢ reMoguHAMHUYECKOM
HEeCTabMIbHOCTHIO HA3HAYUJIM HOPANUHEe(PUH B 103€

tery. On admission, the level of consciousness corre-
sponded to mild brain injury (13 points on the Glasgow
Coma Scale (GCS)). The clinical manifestations included
meningeal signs such as severe nuchal rigidity, however,
there was no focal neurological deficit. On the day of ad-
mission, clipping of the ruptured right pericallosal artery
aneurysm was performed and an external ventricular
drainage into the anterior horn of the left lateral ventricle
was placed (Fig. 1).

The patient was extubated in the early postopera-
tive period. On day 2 after surgery, the patient developed
acute heart failure complicated by pulmonary edema.
Due to hypoxemia, the mechanical lung ventilation was
started. In view of unstable hemodynamic parameters,
norepinephrine 0.2 mcg/kg/min was administered to
maintain the cerebral perfusion pressure at 60-80 mm
Hg. On echocardiography, minor dilatation of heart
chambers, no obvious areas of hypokinesia, and a mod-
erately reduced global cardiac contractility were re-
vealed. In the following hours, the heart failure wors-
ened, which required titration of norepinephrine
infusion rate up to 0.5 mcg/kg/min. Echocardiogram
showed left heart dilatation, increased left ventricular
end-diastolic volume (LVEDV) to 110 ml, LV basal akine-
sia, reduced ejection fraction (EF) down to 32%, severe
mitral regurgitation, mild pulmonary artery regurgita-
tion, while the estimated pulmonary artery pressure
(PAP) was 38 mm Hg. ECG showed nonspecific ST-seg-
ment changes (Fig. 2). Laboratory tests have shown in-
creased troponin I level (2 ng/ml).

Considering the serious hemodynamic decompen-
sation, an advanced hemodynamic monitoring using
PiCCO system (Phillips IntelliVue MP 60 cardiac monitor
with M1012A cardiac output module) was started. A de-
crease in cardiac index (CI) down to 1.88 I/minXxXm? was
recorded. Due to the significantly impaired cardiac con-
tractility, we started the inotropic support with levosi-
mendan. After aloading dose (6 pg/kg), there was a slight
increase in SI (up to 2.11 I/minXm?) and an increase in
EF up to 40% according to echocardiography. At the same
time, the akinesia of basal segments persisted, and the

increase in stroke volume (SV) and
EF was ensured by intensified con-

tractility of intact apical sections of
the LV. Levosimendan infusion was
continued for 24 hours at the rate of
0.1 pg/kg/min. The changes in main
hemodynamic parameters are
shown in the Table. Levosimendan
infusion resulted in gradual increase
of the heart contractile function and
decrease of peripheral vascular re-
sistance. The rate of norepinephrine
infusion was decreased in parallel.
After levosimendan infusion was
terminated, hemodynamic stabi-
lization continued. Norepinephrine
infusion was stopped on day 5, SI
reached the lower limit of normal
values and was 3.26 1/minxXm?. The
echocardiography performed on
day 5 showed a significant improve-
ment of myocardial contractile

Puc. 1. Ilocneonepanuonnas KT.
Fig. 1. Brain computed tomography performed post surgery.

function, EF was 59%, although
mild hypokinesia of LV basal seg-
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0,2 MKI/Kr/MUH IJis NOAJep Ka-
HUsA IepebpanbHOTO epdy3noH-
Horo nasjaenusda (LI1/]) Ha ypoBHe
60-80 MM pr. cT. [Ipn 3XO-KI BBI-
SABUJIM HEe3HA4YUTeJbHOE paclIu-
peHre KaMep ceparna, 0e3 IBHBIX
30H TUIIOKUHE3UHU, C YMEPEHHbIM
CHIT’KeHHEM IT100a/TbHOHM COKPaTH-
TeJbHOU QyHKIMU. B mocienyio-
1Iye 4ackl OTMedYasau HapacTaHue
CepeyHo-COCYIUCTON HenocTa-
TOYHOCTH, YTO MOTpeOdOoBaJIO TO-
CTEIIeHHOI'0 YBeJIMYeHUsI CKOPO-
cté uHQy3uu HopanuHedpurHA 10

0,5 MKr/kr/mMuH. [Ipu noBTOpHOHI
IXO-KI' BbpIABUAM OUJIATAIUIO
JIEBBIX OTJI€JIOB CepAlla, yBesaude-
HUE KOHEYHO-IMACTOJIMYECKOTO
o6beMa JieBoro skeaymouka (KO
JIJK) mo 110 mu1, akuHe3nio 0a3aabHbIX 0Taes0B JIJK,
cHImKeHune ppakiuu Beiopoca (PB) 10 32%, BEIpaskeH-
HYIO MUTPAJbHYIO PerypruTanuio, perypruTanuio Ha
JIETOYHOU apTepuu 1 CTENeH!, paACCYETHOE TaBJIeHIE B
saeroyHo aprepuu (JJIA) — 38 mm pT. cT. Ha KT — He-
crenuduyeckue uaMenenus cermenra ST (puc. 2). Jla-
60paTOpHO — MOBBIIIEHNE KOHIIEHTPAIIUH TPOTTOHWHA
[ 1o 2 Hr/ M.

Y4uTBIBas BEIPASKEHHYIO FeMOJUHAMUYECKYIO He-
CTaOMJIBHOCTD, HAYaJ U PaCIINpPEHHbINA TeMOIHaMuJe-
CKUU MOHUTOPUHT C UCII0JIb30BaHUeM cucteMbl PiICCO
(Kapmuomonutop Phillips IntelliVue MP 60 ¢ MmoxmyneMm aj1s
W3MepEeHUsi cepieyHoro Beibpoca M1012A). BeisiBun
CHUsKeHHe ceprevHoro uHaekca (CH1) oo 1,88 ji/mun/m2.
YuyuThIBasg 3HAYMMOE HApyIIeHNe COKpPaTUTEJTHbHOU
¢yHKIMYM cepAla, Ha4aau UHOTPOIHYIO MOIEPSKKY Jle-
BOcHUMeHJaHOM. [locsie BBeJleHUsI Harpy304YHOM TO3BI
(6 MKr/Kr) oTMedaJu HekoTopoe yBenndenune CU (mo
2,11 a/muaXm?) u yBesndyenue OB 1o 40% 110 JaHHBIM
IXO-KI. Ilpu aToM akuHe3usi 0a3aJbHBIX CETMEHTOB
cepIia COXpaHsIach, a yBeJnyeHe yIapHoro oobema
(YO) u ®B obecrnieunBaioch yCUIEHNEM COKPATUMOCTU
HMHTaKTHBIX BepXxyIieyHbIx oT1esnoB JIK. Mudyauio jieBo-
CHMeH/1aHa IPOJOJ/HKU/IN B TeYeHNe CYTOK CO CKOPOCTBIO
0,1 MKr/Kr/MuH. /IuHaMUKy OCHOBHBIX FeMOJJUHaMH14e-
CKUX IIOKa3areJsiell IpeCcTaBu/In B TabJIuIIe.

Ha ¢one nndysuu jeBocuMeHgaHa OTMeYasIu Mo-
CTelleHHOe NOBBIIIEHUE COKPATUTEJbHON (DyHKIINU

Puc. 2. 3KI.
Fig. 2. The patient’s

ECG.

ments persisted, heart chamber sizes returned to normal
values (LVEDV was 90 ml), minimal mitral regurgitation
was still observed.

Clinical improvement was also noted, and on day 10
the ventilation was discontinued, and on day 14 the pa-
tient was transferred from the ICU. On day 30 post surgery,
the patient was discharged from the neurosurgery center
without neurological deficits. The echocardiography prior
to discharge showed minor left ventricular dilatation, no
areas of hypo- and akinesia, and EF reaching 62%.

On follow-up examination three months after dis-
charge, the patient was stable with no symptoms.
Echocardiographic parameters were within normal refer-
ences. Myocardial contractility was normal with EF 69%.

Discussion

The inotropic effect of levosimendan is based
on sensitization of contractile proteins of cardiac
myocytes to calcium. Unlike adrenergic inotropic
drugs, levosimendan does not cause calcium over-
load of cardiomyocytes and does not increase my-
ocardial energy demand [11].

The pharmacological profile of levosimendan
makes it a promising drug for the treatment of NSC
associated with SAH. There are no large studies on
the use of levosimendan in NSC, the data on its effi-

cepana u CHUKeHue nepmbepnqecxoro COCyauCTOTO

3HaveHHs oKa3areJied B pa3JIMYHOe BpeMsL.

cacy are limited and based on case reports.

Main cardiac parameters of the patient at various time points.

Parameter Day

1 2 3 5

Baseline After theloa- 3hours 13 hours Measurement
dingdose ofinfusion ofinfusion  First Second

CL, I/min/m? 1.88 2.11 2.66 2.88 2.73 2.71 2.23 3.26
Stroke index, ml/m? 19.8 21.7 29.9 35.1 24.4 28.8 26.5 32.9
SVRI, dynXsXcm™/m? 3871 3489 2613 2333 2222 2596 2834 2085
EE % 32 40 46 45 52 59
LVEDV, ml 110 108 105 104 98 90
Norepinephrine dose, mg/kg/min 0.5 0.5 0.3 0.3 0.3 0.2 0.1 0.1
Troponin I, ng/ml 2 1.4 0.5

Note. CI — cardiac index; SVRI — systemic vascular resistance index; EF — ejection fraction; LVEDV — left ventricular end-

diastolic volume.

IIpumeuanue. Day — cyTky; baseline — ucxonno; after the loading dose — nocsie narpys. 1035y ... hours of infusion —yepes ... yaca
nH}y3nn; measurement — namepenue; first/second — nepsoe/Bropoe; CI — CH; stroke index — YU; SVRI — MCCC; EF — ®B;
LVEDV — K10 JI)K; norepinephrine dose — no3a HopanuHedpuHa.
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For Practitioner

conpoTuBJjieHus1. ITapajiesIbHO C 9TUM CHUMKAJIUA CKO-
poctb nH(py3un HopanuHedpuHa. [Tocsie npekpariie-
HUA WHQY3UHN JeBOCHMEHJaHa IIPOI0JIKaIach CTadu-
Ju3anus reMmoquHaMuku. Mudysuio HopanunedpuHa
MpeKpaTuIn Ha 5-e cyTky, CH mpu 9TOM JOCTUT HUXK-
Hell rpaHuIbl HOPMBI U cOCTaBJIAN 3,26 j1/MuH/M2. I1o
JAHHBIM KOHTPoJsIbHOU IXO-KI, BeIIOJIHEHHOU Ha 5-€
CYyTKH, COKparuTesjbHass (yHKLIHUA MUOKapza cylle-
CTBEHHO yJydiuiack, @B cocrasuia 59%, x0T coxpa-
HsJIach JIeTKasi TUTIOKNHe3Ws 6asaabHbIX 0TesnoB JIK,
pasMepnl KaMep cepjilla BEPHYINUCh K HOPMaJbHbIM
sgadyeHuaM (KO JIXK — 90 mu1), coxpaHsa/iacb MUHHU-
MaJjbHas MUTpaJjbHasl perypruTamus.

KiuHuYecku Takske oTMedaJsiyd I10JI0KUTEIbHYI0
JIUHaMHUKy, Ha 10-e cyTku npekparunau MBJI, Ha 14-e
CyTKM ITallMeHTKy nepesesau n3 OPUT. Ha 30-e cyTku
11ocJie oIlepaluy NanMeHTKY BbIUCAIN U3 [IeHTpa Hel-
PpOXHpPypruu 6€3 HeBPOJOTUYECKOTO JeUITHTa B YIOB-
JIETBOPUTEJIbHOM cocTOsIHUU. Ha KOHTposbHOI IXO-
KI' nepen BBINIUCKOM OTMedajd He3HAYUTEJbHYIO
JUJIaTaIyIo JIeBOIo YKeJIyJOUKa, 30H T'UII0- U aKUHEe3UU
BBISABJIEHO He 0b1710, PB=62%.

IIpu KOHTPOJBHOM OCMOTpE depes TPU Mecslia
110cJIe BBITUCKY U3 CTal[i0Hapa COCTOsIHYUE TAllueHTKU
VIIOBJIETBOPUTEIbHOE, 3kaio0 HeT. [Tpu IXO-KI pas-
Mephl KaMep cepAlia B IIpejesax HopMbl. HapyiieHuit
COKpaTuTeJIbHOU (PyHKIIMM MUOKapaa HeT, PB=69%.

OO6cy:kaeHue

NuorponHbii  apderT JgeBocHMeHIaHa
OCHOBaH Ha CEHCUOWMIN3AIUN COKPATUTETHHBIX
0eJTKOB KapAMOMHUOIIUTOB K KaTbIIHIO. B oTiiane
OT aJpeHepIruYeCKUX NHOTPOIIHBIX IIpenaparos,
JIEBOCUMEHIaH He BhI3bIBAeT KaJIbIIMEBYIO IIepe-
IrPy3Ky KapAMOMHOLIMTOB 1 He ITOBbILIAET dHepre-
THYeCKUe MoTpedbHocTr Muokapza [11].

dapMaKoJI0TUYECKUU TPOPUIIB JIEBOCUMEH-
JlaHa [eJiaeT ero NepClHeKTUBHBIM IIperapaTroM
s nevennsa HCKMII y nanuenTtos ¢ CAK. boub-
IIUX KUCCJIeJOBAHUMN, MOCBAIIEHHBIX U3Y4YEHUIO
npuMeHeHus JeBocuMeHgana npu HCKMII B
HacCTosIIIee BpeMsI HET, TaHHbIe 00 ero a3 heKTUB-
HOCTH OI'PaHUY€Hb] PANOM OIMCAHHBIX KJINHUYE-
CKHX CJIy4aesB.

Stefano Busani 1 coaBTopbI onucany KIUHU-
YyeCKUH ciTydall pa3BUTHUS KAPIUOT€HHOTO I0KA U
OTeKa JIETKUX IT0CJIe 9H/I0BACKYJISIPHON aMO0JTH -
3aI[My AaHEBPU3MBI y 38-J1eTHEH SKeHIIIUHBI C Mac-
CUBHBIM TapeHXWMAaTO3HO-CyDapXHOUIATbHBIM
KPOBOUBJIMAHUEM C IIPOPBIBOM B 3KEJIYI0YKOBYIO
CHUCTEMY BCJIEICTBUE pa3pbIBa aHEBPU3MBbI JIEBOU
3aJHel HU)KHEN Mo3keukoBou aptepuu [8]. I1o
JaHHBIM MOHUTOPUHIA FeMOJUHAMUKU C IIOMO-
b0 Karerepa CBaH-TaH11a, OTME4aJI0Ch 3HAYM-
Moe cHuskenre CU npu OGHOBPEMEHHOM IIOBBI-
IIEHUW [aBJIEHUs 3aKJIWHUBAHUA JIETOYHBIX
ranusasapoB ([3JIK), ¥To moaTBep kA0 Kap-
JUOTEHHBI TeHe3 IIOKa. Takske MO JaHHBIM
TpaHcTopakaabHoi IXO-KI' ormMeuasioch CHUKe-
Hue ®B 10 20%. Ha ¢oHe ucnoab3oBanus noda-
MWHA, HOpanuHe(pUHa, Jo0yTaMUHA JOOUTHCSA

Busani et al. reported a clinical case of cardio-
genic shock and pulmonary edema after endovas-
cular aneurysm embolization in a 38-year-old
woman with massive subarachnoid hemorrhage
with ventricular spread due to the ruptured left
posterior inferior cerebellar artery aneurysm [8].
According to hemodynamic monitoring with Swan-
Ganz catheter, there was a significant decrease in
SIwith a simultaneous increase in pulmonary cap-
illary wedge pressure (PCWP) suggesting the car-
diac origin of shock. Also, the transthoracic
echocardiogram revealed reduced EF (20%). The
use of dopamine, norepinephrine, dobutamine did
not improve the hemodynamic parameters, severe
hypotension and progressive deterioration of pul-
monary gas exchange parameters persisted. Due to
lack of effect of the common inotropic agents, lev-
osimendan infusion was started. Eight hours after
levosimendan infusion was started, SI increased
from 1.7 to 2.6 L/minxXm?, PCWP decreased from
20 to 10 mm Hg. The EF increased up to 35-40%.
There was a gradual normalization of the gas ex-
change function of the lungs. On day 7, the patient
was extubated and discharged from the intensive
care unit without neurological deficit.

Other authors (Papanikolaou et al., 2014) re-
ported two cases of NSC after SAH and microsurgical
clipping of aneurysms, which were associated with
severe hemodynamic instability. Early use of levosi-
mendan allowed to stabilize the arterial and cerebral
perfusion pressures [9]. Both patients had a critical
decrease of EF (less than 20%) and arterial hypoten-
sion resistant to high doses of norepinephrine.
Echocardiographic pattern corresponded to that of
the patient described in our case and included left
heart dilatation, severe basal akinesia, compensa-
tory hypercontractility of the apex. In both cases, lev-
osimendan infusion allowed to rapidly increase the
EF above 35% and achieve hemodynamic stabiliza-
tion. On day 3, both patients showed complete nor-
malization of cardiac function.

A clinical case presented by Taccone et al. de-
scribes the successful use of levosimendan to in-
crease the CO and improve organ blood flow in a
patient with NSC and underlying SAH, whose he-
modynamic changes were resistant to norepineph-
rine, dobutamine and milrinone [10].

Conclusion

Despite the fact that NSC develops in no less
than a quarter of patients with SAH, clinically sig-
nificant acute heart failure and cardiogenic shock
are not so frequent. To date, only anecdotal reports
on the successful use of levosimendan for the treat-
ment of cardiogenic shock in patients with SAH.
Critical reduction of CO, catecholamine-resistant
hypotension, hypoxemia with refractory pul-
monary edema can serve as factors of secondary
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yIIy4IlleHusI TeMOIMHAMNYeCKUX IIoKa3aresel He
YAaBaJIOCh, COXPAHAJIACh BbIpasKeHHas1 apTepu-
ajbHas TUIIOTEH3Ws U IIPOIPECCUBHO YXyZIIla-
JIFICh TIOKA3aTeJIl Ta3000MeHOH (PYHKITUY JIETKUX.
B cBsi3u ¢ HEa(P(PEKTUBHOCTHIO MCIOJIb3yeMBbIX
WHOTPOITHBIX ar€HTOB OBIJIO IPUHSTO PEIIeHe O
HayaJie UH(y3nH JieBocuMeH1aHa. Yepes 8 uacos
rocJie HavyaJia MH(Qy3uu JieBOCUMeH1aHa OTMeYa-
Jioch noBbrnenue CU c 1,7 no 2,6 j1/MmuH/M?, CHU-
skerue JI3JIK ¢ 20 mo 10 mMm pT. cT. @B no maHHBIM
IXO-KI Beipociaa 1o 35-40%. OTMeuasiack mocTe-
TeHHasi HOpMaJnu3alysi ra3000MeHHOU (pyHRIIUHT
Jerkux. Ha 7-e cyTku Tpaxesi 6b11a 9KCTyOUpOBa-
Ha Y NAallMeHTKY IlepeBeJIu U3 OTAeJICHUs peaHu-
Manuy 6e3 HeBPOJOTUYECKOT0 TepUITNTA.

Jpyrumu aBropamu (Papanikolaou et al. 2014)
on110 ontrcano aBa ciaydass HCKMIT ocite CAK n
MUKDPOXUPYPIrAYECKOIO KJUIMPOBAHUA aHEB-
pH3M, UTO COIIPOBOYKIATIOCH BbIPAsKEHHOU reMo-
OTUHAMUYECKONW  HecTabmJIbHOCTHIO. PaHHee
HCIIOJb30BaHUE JIEBOCUMEHaHa I103BOJIAJIO
MOOUTHCA CTAOMJIM3AMKA apTEepHAJBHOTO U
nepebpaabHOTO Nepgy3NOHHOTO JAaBjaeHu [9]. Y
06enx narnreHToOK OTMEeYaTNCh KPUTUYECKOe CHU-
skerre @B (meHee 20%) 1 apTepUa bHASA TUIOTEH-
3us1, peppakTepHass K BBICOKUM J103aM HOP3IU-
HedpuHa. IXO-KI' kapThUHa COOTBETCTBOBAJIA
TaKOBOU Y NMAIlUEHTKH, U3 OIIMCAHHOTO HAMU CJIy-
4as: IuJiaTanus JIeBbIX OTeJIOB CepAlld, BbIPaskeH-
HBIA akuHe3 0a3abHBIX OTIEJI0B, KOMIIEHCATOP-
Hasi TUIIEPKOHTPAKTUILHOCTD BEPXYIIKH. B 060mx
ciaydasax MHQY3us jJgeBOoCUMeHJaHa IT03BOJINJIA
6bICcTpO MOBBLICUTHL OB BhIIITe 35% U TOOUTHCS CTa-
dusn3aruy reMmoqHaMUKY. Ha 3-1 cyTKU y 06emx
MMAalMeHTOK OTMeYaJsioch I10JHAasA HopMaJIu3anus
cepliedHO (DYyHKIIMU.
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brain damage and worsen outcomes in patients
with SAH. In our case and in the observations de-
scribed in the literature, the use of levosimendan
allowed to rapidly achieve hemodynamic stabiliza-
tion in cardiogenic shock associated with NSC.

B KIMHUYECKOM cJjy4ae, IIpecTaBJIeHHOM
Taccone u coaBTOpaMmy, OIIMCBHIBAETCA OIIBIT
3 (HeKTUBHOTO NpPUMEHEeHHUs JIeBOCUMeHIaHa
o yBesqimueHusa CB U yydllleHHus OpPraHHOTIo
KpoBoToka y naruentku ¢ HCKMIT Ha pone CAK,
Yy KOTOPOH reMoiHaMU4YeCKUe HapyllleH!usI OKa-
3aJIMCh Pe3UCTEeHTHBIMU K HOpaApeHaaIuHy, 100y-
TaMUHY 1 MUJIPUHOHY [10].

3arJaouenue

Hecmorps Ha To, yto HCKMII pasBuBaercsa
He MeHee, UeM y ueTBepTHU naiuenTos ¢ CAK, riu-
HMYeCKU 3HaYMMas ocTpasi cepjieuHas HeJJoCTa-
TOYHOCTh U KapJUOTr'eHHbIN IIIOK BCTPeYaloTcs He
Tak yacTto. TakuMm o6pa3oM, B HacTosllee BpeMs
MMeIOTCA JIMIIb eJUHUYHbIe Cc000IIeHuda 00
yCIEIIHOM NpPUMEHEeHUU JIeBOCUMeHJaHa s
JledeHUsA KapAHOTeHHOIo II0Ka Yy MalleHTOB C
CAK. Kputnueckoe causkenue CB, pedpakrepHas
K KarexoJlaMUHaM apTepuaJbHasg T'UIIOTEH3Us,
rUnokceMus Ha (poHe pedpaKkTepHOIo OTeKa Jier-
KHUX MOIYT CJYKUTh (paKTOpaMu BTOPUYHOIO
MIOBpEsKAEHUA TOJOBHOIO MO3ra M YXyJIIaTh
ncxoas! y nanueHToB ¢ CAK. B npesncraBieHHOM
HaMU U B ONIMCAHHBIX B JIUTepaType KINHUYEeCKUX
cJIy4asx UCI0Jb30BaHNe JIeBOCHMeH1aHa I103BO-
JIS1JI0 OBICTPO JOOUTHCA CTAOMIN3AIUN FeMOIU-
HAMUKM IIpU KapJUOTeHHOM IIIOKe Ha (¢oHe
HCKMIL
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Pe3rome

V3osrpoBaHHasi HeliponaTusi HOBEPXHOCTHOT0 Masio0eprioBoro HepBa (IIMH) BcTpedaeTcst 10CTaTOYHO
peako. OHa pa3BUBaeTCA BCJIEICTBUE MexaHn4ecKoro 3aiemiiennsa [IMH B yA3BUMBIX MeCTax I10 X0y ero
ciienoBanusi. OCHOBHBIE IPOsIBJIEHUS 3a00/IeBaHMsI — 3aTPyJHEHUsI [IPU NOTHATUU JOP30JiaTepabHON
YaCTH CTOIIbI, HACTYIIAHUH Ha JIaTepaIbHbIN Kpail CTOIBbI ¥ BhIpaskeHHasi 00JIb B IPOEKIMU lepMaToMa yKa-
3aHHOI'0 HepBa.

Kumnnnyeckoe HaOmroneHue. [lairenTra 14 jier obparuiiack ¢ skajgo6aMu Ha 60JIb B IPABOI HIDKHEN
KOHEYHOCTHU Ha IPOTAKEHUHN II0CIeJHUX 2 JIET. PaHee MpOBOAUINCE MHOTOKPATHbIE KOHCYJIBTAllU HEBPO-
[1aTOJIOTOB, 10 JAHHBIM JIEKTPOMHOTpaduu aToJOTUH He BBISIBJIEHO. B CBsI3U C MOA03peHreM Ha MSATOY-
HyIO HINIOPY MalreHTKe poBesan onepanuio Ilreiingnepa (Steindler), koTopasi He nasa peaysnsrara. He-
CMOTPSI Ha KOMIIJIEKCHOE JIEKaPCTBEHHOE JIeYeHNe, Pa3BUJICSI XPOHUUECKUH 60J1eBOl cuHpoM. [TarmenTka
IoTepsija ClIOCOOHOCTD K CaMOCTOSITETbHOMY IlepeIBUKEHHIO U Obly1a IPUKOBaHA K MHBAIUTHOMY KPECJLY.
PaccmarpuBasicsi BApUaHT aMITyTalluy HUPKHEN KOHEYHOCTH Ha ypOBHe HIUKe KoJieHa. [Ipu (pusnkaabHOM
ucciaenosanuu B EuroPainClinics 6611 nocrasiieH quarnod 3amiemsienusi [IMH. B kinHUKe IpoBeieHa Jie-
rommpeccusi IIMH niox MecTHO aHecTe3UeN.

Peaynprarhl. CUMITOMATHKA YMEHbBIINIACH CPa3y IOCJIE BMEIIaTe/IbCTBA, a Yepe3 2 MecsIa peaduJiu-
TAI[MOHHBIX MEPOIPUATUI ObLJIa ITOJHOCTHIO KyIupoBaHa. KiimHUYeCcKoe COCTOSTHYE TAllUEHTKU OCTAeTCsI
HEU3MEHHBIM JI0 HACTOAIEr'0 BDEMEHU.

3arouenue. 3amemiienne [IMH — pefkas npryrHa CHHIpOMa XpoHUYeCcKoi 6osu. TeM He MeHee, ITO
3aboJieBaHMe HY;KHO BCerja BKJII0YaTh B 1 depeHnuanbHo-AuarHoCTUYeCKUM psif] IpU pa3BUTHH OoJie-
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BOT'O CUHJIpOMA C HapylleHrneM QyHKIUN 1aTepaabHOU I'PYNITbI MBI HUSKHUX KOHeYHocTel. [1pu 3aiem-
sgernu [IMH gaHHbIe 371€eKTpOMUOrpaduy MOTyT OBITH HEMH(POPMATHBHEI.

Knaroueevle croea: 3aujemnieHue Hepea; N0BEPXHOCHHbLIL MAI00epl,08bLil Hepa
KoHQINKT HHTEepecoB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUY KOH(PJINKTA UHTEPECOB.

Summary

Isolated neuropathy of the superficial peroneal nerve (SPN) is a relatively rare type of peripheral neuropa-
thy. It is linked to the mechanical entrapment of the SPN in predisposed locations of its anatomical pathway.
Associated clinical findings are insufficient lifting of the latero-dorsal part of the foot, stepping on the lateral
border of the foot, and commonly, a strong pain localized in the nerve dermatome.

Case report. We describe a case of a 14-year-old female patient with right leg pain lasting 24 months. Re-
peated neurological examinations with negative findings on electromyography (EMG) were performed. The
patient underwent a Steindler surgery for a suspected diagnosis of a heel spur, without any improvement. De-
spite complex pharmacotherapy, chronic pain developed. The patient was unable to walk, being bound to a
wheelchair. Amputation of her lower limb under the knee was also considered. SPN entrapment was diagnosed
at a physical examination at EuroPainClinics. Decompression of the SPN under local anaesthesia was per-
formed at the clinic.

Results. The symptoms improved immediately after the procedure, and following 2 months of rehabilita-
tion, the patient was completely symptom-free. Her clinical state remains unchanged until this day.

Conclusions. SPN entrapment is not a common diagnosis in the group of pain syndromes. Regarding the
lower limb, it is imperative to include it on the list of differential diagnoses in cases of pain and functional disor-
ders of the lateral muscle groups of the calf and leg. In the case of SPN entrapment, EMG findings may be negative.

Keywords: nerve entrapment; superficial peroneal nerve
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BBenenue

IleponeasibHasA HeBponaTus — camasi yacras
HEeBpoOMaTus HWKHUX KoHewyHocTeil. [lo udacTore
BCTpeYaeMOoCTH 3a00JIeBaHIE HAXOIUTCS Ha TPETHEM
MecTe Cpe/iv BceX HeBpOIaTUi, yCTyIasi JIUIIb IIopa-
SKeHUSIM CPEUHHOTO 1 JIOKTEBOT'O HEPBOB.

KimHnueckre mNposABJIEHUsT HEBPONATHUU
00111eTO MAJIOOEPIIOBOTO HEPBA XOPOIIIO U3BECT-
HBI, OTHAKO N30JIMPOBAHHAAA HEBPOIIATHA ITIOBEPX-
HOCTHOTO Masio0eprioBoro Hepsa (ITMH) moskeT
XapaKTepHU30BaThCs JOBOJIBHO HeollpeaesIeHHOU
CUMIITOMAaTUKOH U BLI3LIBATH ANAarHoCTU4YeCKue
3arpynHeHus [1, 2]. B 1945 romy T'erpu ony6iuko-
BaJl ONMCaHue KJIMHUYECKOTO CIydas 3auemie-
Hua IIMH B tunmyHom mecre. TouHOE MeCTO
3amemMJieHds1 ObLIO BBISIBJIEHO C IIOMOIIBIO
HeOOJTBIIION KoMITpeccruu KoHeYHOCTH. C TeX Top
MTOSIBJISLJINICH TTePUOINYECKHE ONMCAHUS T0100-
HBIX CJTy9aeB, KOTOpbIe o0paraan Ha ceOs1 BHIMA-
HUe Bpauei. TepMUH «HeBpoMaTus 3ameMaeHusI»
KacaeTcsd B OCHOBHOM CJly4aeB MEXaHU4YEeCKOI'o
cllaBjieHuA HepBa [3].

OO6muit MasI06epIOBBIN HEPB AEJUTCS Ha
IIOBEPXHOCTHYIO FJIY6OKYIO BETBU IPUMEPHO HaA
1-2 cM HUI?Ke TOJIOBKY Ma106epIioBoi koct [1, 4].
[ToBepxHOCTHasl BeTBb (IIOBEPXHOCTHBIN MaJjio-
0epIIoBBIi HEPB) CITYCKAETCS 1O JIaTepPaJIbHOMY
OTAEeJy HWKPBI, INe HHHEPBUPYET IJIHUHHYIO H
KOPOTKYIO Maj00epIioBble MBIMIIIEI ((PYHKITUS
KOTOPBIX 3aKJII0YAETCsI B CTU0AaHUM U TPOHAIINU
CTOHI)I) u obecrieunBaeT YYBCTBUTEJIbHYIO UHHED-
BaIUIO IMCTAJIbHOU JlaTepajJbHON YacTHU MKPHIL.

Introduction

Peroneal neuropathy is the most common
neuropathy of the lower limb and the third most
common neuropathy overall, after median nerve
neuropathy and ulnar nerve neuropathy.

While clinical symptoms of common peroneal
nerve neuropathy (CPN) are well known, isolated
superficial peroneal nerve (SPN) neuropathy may
cause indeterminate signs and the diagnostic
process could be more elusive [1, 2]. In 1945, Henry
published a clinical case of a patient with SPN en-
trapment in an anatomically predisposed location.
The entrapped location was verified with light com-
pression. This medical entity was sporadically en-
countered and since then, is in the focus of physi-
cians’ interest and is consecutively described in
literature. The term entrapment neuropathy de-
scribes mainly mechanical nerve compression [3].

The superficial peroneal nerve arises from the
common peroneal nerve by its division into SPN a
and deep peroneal nerve (DPN) around 1-2 cm
under the fibular head [1, 4]. SPN descends on the
lateral compartment of the calf, where it inner-
vates the peroneus longus and brevis muscles,
which evert the foot and provide sensitive inner-
vation of the distal lateral part of the calf. Approx-
imately 5-12 cm above the ankle, it exits the fascia
subcutaneously, where it divides into 2 terminal
branches — the intermediate dorsal cutaneous
nerve and the medial dorsal cutaneous nerve [1, 5].
The compression could be external, e. g. compres-
sion of a superficially located nerve on a bone, or
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[TpumepHo B 5-12 cm Haj JoabikKoi [IMH BbIxo-
IUT 13 (pacuu IO KOKY, Ile pa3fessieTcs Ha 2
TepMHUHAJIbHbIE BEeTBH, KOTOPbIe HA3bIBAIOTCSA IIPO-
MEYKyTOUHBIA U MeAuaIbHbIA Op3ajibHble MO[-
KOsKHBbIe HepBHI [1, 5]. CnaBiaeHne HEpBa MOYKET
MIPOUCXOIUTH NU3BHE (HAIIPUMeD, IPU NPUKATUN
[IOBEPXHOCTHOM 4acTH HepBa K KOCTH) UJIU U3HYT-
pu (B MecTe (pU3MOJIOTUUECKOrO CyskeHHs1) [1].
[ToMrMO MecTa aHaTOMUYECKOI'0 CysKeHUsI, HepB
MOJKET OBITH ITOBPEKIEH IIPU TPEHUU O OJIM3JIe-
sKalye CTPYKTYpPhI, NaBJEHUU OT CYXOKUJIUH,
OTEKe, OIIyX0JIM, aHOMaJbHOM CTPOCHUU MBIIIII]
HUJIA KPOBEHOCHBIX COCYHO0B, TPaBMeE U II0 IPYyTUM
npuunHaMm [6]. [Ipu Takmx 3ab0JeBaHUAX, KaK
caxapHbIN nrabeT, peBMaTOUIHBIA apTPUT, TUTIO-
THPE03, HapyLICHUI MUKPOLUUPKY/IANNA U APYTAX
CUCTEMHBIX COCTOSIHUSIX YacTOTa HeBPOIATUH
3aieMJiieHus Bo3pacraer [7]. [IMH unHepBupyer
IUIMHHYIO ¥ KOPOTKYIO Maj00epIioBbIe MBIIIIITHI,
KO’Ky Ha JlaTepaJIbHOU CTOPOHE UKPHI, JJaTepaib-
HOU 4aCTH JIOIBIYKKY U THLJI CTOIBI. [Ipy moBpesk-
JIeHUY HepBa MallueHT TePsIeT CIIOCOOHOCT K IO -
HATUIO JIaTepaJIbHOTO Kpas CTOIIbI, KOTOpas
npuobpeTaeT CyNMHUPOBAHHOE IOJIOJKEHUE, B
pe3yJsTrare 4ero alueHT MOKeT HaCTyIlaTh JIUIIb
Ha Ma/106epIIoBLIN ee Kpai [5]. [Tpu mopaskeHuH
HepBAa B 30HE KOYKHOW WHHEPBAIIUU PAa3BUBAETCS
6oseBoii cuaApoM. OCOOEHHOCTH MOHOHEHpoITa-
Tuu [IMH 3aK/11049ar0TCA B 3aTpyIHEHHOCTH JUar-
HOCTUKH, BBIPa’KEHHOM O0O0JIEBOM CHHIPOME U
JOCTaTOYHO IIPOCTOM JICUEHUH IIPU YCJIOBUU TOY-
HOTIO OIlpeJieJIeHN s MeXaH3Ma CiaBjieHud [2].

MarepuaJa 1 MeTOAbI

ITanmeHTKa 14 JeT oOparuaach C kajsodamMu Ha
00JIb 5KTy4Yero xapakTepa B IIPaBOH HIDKHEN KOHEYHO-
CTH AJIATEJIBHOCTBIO 24 MecAld, C paCIpOCTPaHEHUEM
110 JlaTepaJIbHOU U IlepeJHell CTOpOHe IIpaBOX HOTHU.
[TannenTka gajna UHMOPMUPOBAHHOE COIVIaCHe B IIUCh-
MeHHOU hopMe Ha IyOJ/IFKAITIIO JAHHOTO HabJTIOneHIs
¥ BKJIIOYEHHBIX B CTATHIO H300paKeHUH.

B aHamHe3e He OBLIO KAKWX-JTM00 YIIOMUHAHHH O
TpaBMe, IIPY 9TOM ITAIfeHTKAa C HeTaBHUX 0P ObILyIa MpH-
KOBaHa K MHBAJINJHOMY Kpeciy. Briepsble oTMeTrnsIa no-
sIBJIEHVE BBIIIIEYKa3aHHBIX CHMIITOMOB B 2016 rofy, 6b11a
KOHCYJIBTUPOBaHa HEBPOIIAaTOJI0I0OM, BbIPayKeHHOM 11aTo-
JIOTWH BBISBJIEHO He OBLIIO, a 3JIEKTpOMHUOrpadIdecKie
(BMI') manHBIE TaksKe ObLIN 6e3 ocobeHHOoCTel. B aBry-
cre 2016 rona mareHTKe 66110 MpoBeneHo MPT HIDKHUAX
KOHEYHOCTeH, BbISIBJIEHb]I H30/IMPOBAHHBIN OTEK ILJIIOC-
HEeBBIX KOCTel 1 HapyllleHre B3auMHOTI'0 PaCIIOJIOKeHU
TISITOYHOH M TApAHHOH KOCTEH, B CBSI3U C YeM OOJIHHYIO
HaIIPaBIIIH JJIs1 IOTIOJTHUTEJIEHOTO 00CJIeJOBaHUA K Op-
Tomey. [1o ero Ha3Ha4YeHMIO B ceHTsIOpe 2016 rona 661710
npoBeneHo KT-uccienoBanme 06enx HUSKHUX KOHEYHO-
creil. Bl MOCTaBJIeH NUAarHo3 BpOsKAeHHOU nedopma-
1IUM TapaHHOU KOCTU C IByXCTOPOHHUM aHOMAaJIbHBIM ee
pacnoJioskeHreM. IIpu ocMOTpe BBIAABJIEH BbIPAsKeHHbIN
00JIeBOY CHHAPOM, B CBSI3H C KOTOPBIM IAI[MEHTKA He
MOLJIa CTOSITh IIPSIMO Ha IIPABOU HOTe, II03TOMY OpPTOIIe]
czesias BbIBOJ, O HAJIMYNY IIATOYHOH IITIOPBL.

internal, e.g. in a physiological narrowing [1]. Ex-
cept for an anatomical narrowing, nerve damage
may be caused by the rubbing of a nerve on the
nearby structures, tendons pressing on the nerve,
swelling, tumour, anomalous muscles or blood
vessels, trauma, or other causes [6]. Illnesses such
as diabetes mellitus, rheumatoid arthritis, hy-
pothyroidism, microcirculation disorders, or other
systemic disorders are linked to an increased inci-
dence of entrapment syndromes [7]. SPN inner-
vates the fibularis longus and brevis muscles, the
skin on the lateral side of the calf, lateral part of the
ankle, and the dorsum of the foot. During nerve
damage, the patient cannot lift the lateral edge of
the foot, the foot is turned in (supinated) and they
step on the fibular edge of the foot [5]. Nerve im-
pairment is also associated with pain syndrome in
the innervated area of the skin. Mononeuropathy
of the SPN is interesting because of its difficult di-
agnostic process, the painful condition of the pa-
tient, and a very simple treatment intervention.
Treatment depends on the exact determination of
the compression mechanism [2].

Case report

Our patient is a 14-year-old female with a 24-month
lasting burning pain of her right lower limb, spreading
along the lateral and dorsal side of her right leg, without
history of trauma, even being wheelchair-bound for the
later stages of the disease. Written informed consent was
obtained from the patient for publication of this case re-
port and any accompanying images.

After experiencing the first symptoms in the year
2016, the patient underwent a neurological examination,
which did not reveal any significant neurological findings
and demonstrated physiological results on the EMG ex-
amination. In August 2016, the workup was completed
with an MRI exam of the lower limbs, where discrete
metatarsal edema was found, as well as an additional
finding of an abnormal calcaneotalar angle, which is the
reason why the patient was sent to an orthopedic special-
ist for an additional examination. The orthopedic special-
istrequested a CT examination of both lower limbs, which
the patient underwent in September 2016. The diagnosis
was set as bilateral congenital deformity of the talus and
steep positioning of the talus bilaterally. The clinical ex-
amination pointed to a pain condition, which did not en-
able the patient to stand on her right leg, and the ortho-
pedic specialist set the diagnosis to a calcaneal spur.

In September 2016, a Steindler surgery was per-
formed, extracting the calcaneal «fragments» of the right
foot, followed by physio-rehabilitation. Despite complex
treatment, the patient could not put weight on her right
lower limb, walking was unstable, markedly limited,
painful, and possible only with the aid of two crutches.
Pre-operative pain did not improve, moreover, it increased
in intensity. The condition was made worse by the new
pain, which appeared after the surgery. Non-steroidal anti-
inflammatory drugs (NSAIDs) and tramadol were added
to her treatment, with minimal improvement of the pain.

In November 2016, the patient returned for a post-
surgery follow-up, being bound to a wheelchair, unable
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B cenTsibpe 2016 roga nmamueHTKe Oblaa IpOBe-
nena onepanus [reiinanepa (Steindler), B xome KoTo-
poii 66T U3BJIEYEHBI «(PPAarMeHThI» IIPABOH IIATOYHOHN
KOCTH, 32 KOTOPO# ocJieioBaJl nepuon hbusuorepanuu
" peabuauTanuyu. HecMoTpsi Ha KOMIIJIEKCHOE JIedeHue,
TTanyeHTKa He MOIvIa II0JTHOCTBIO HACTYIIaTh Ha ITPaBYIo
HOTY, II0XOJIKa 0CTaBaJIaCh HEPOBHOH, IPOAOJIKAINCH
3aTpygHEeHNs U 00Je3HEeHHbIEe OIIYIIeHNs TP X0nb0e,
KOTOpasi OblJIa BO3MOYKHA JIMIITb IIPX OIIOpe Ha KO-
CTBLINA. VIHTEHCHBHOCTh 0OJIM IIOCJIE OIlepaluyd He
YMEHBIINJIACh, a Ja’ke YBeJIUINJIACh, TOCKOJIBKY I10-
SIBIJIAICH O0JIe3HEHHBIE OIIYIIEeHI TPYTOoro XapaKTepa,
4TO e1rfe 60JIbIIIe YCYTYOUIO COCTOSHIE NAIfieHTKU. K
JedeHnio ObpLTH nob6aBsiensl HIIBC (HecTepompmHbie
MIPOTHUBOBOCHAJINTEIbHEIE CPEICTBA) U TpaMaoJs 6es
ocoboro appekra.

B HOs16pe 2016 roja marpieHTKa IMoCceTHIa XUPyproB
J7IS1 TITAHOBOTO OCMOTPA, OyIy4Yr IPUKOBAaHHON K MTHBA-
JINTHOMY KpecJIy U HEeCIIOCOOHOH XOIWUTH BCJIEACTBHE
6oun. [Tpy pU3NKaTBEHOM 00CIEIOBAHIY BhISIBJIEHA T'U-
noTpocus 3agHel TPYIIBI MBIIII FOJIeHN cripasa. Ha
MPT — nipr3HaKy HEOOJIBIIIOTO OTeKa KOCTHOTO MO3Ta
BCeX KOCTeH MPEeAIIIOCHBI, POCTOBBIX IIJTACTUHOK MaJlo-
1 60J1BITIE0EPIIOBO KOCTEH, a TaKsKe BTOPOI IIJTIOCHEBOH
KOCTH ¥ yMepeHHOe yBeJInJeHe 00 beMa BHYTPHICYCTaB-
HOMH SKUIKOCTH. PEHTT€HOJIOT MHTEPIIPETHPOBAJI 9TH TaH-
HBIEe KaK [T0JJ03peHNe Ha OCTEOMHUEJIHT.

INamyreHTKa 6B11a BHOBB IIPOKOHCY/IETPOBaHA HEB-
pOIIaTOJIOTOM ¥ IICHXAATPOM, BBIPAKEHHOH ITaTOJIOT I
obHapy»keHO He O6b110. HadHAYeHO KOMIIJIEKCHOE Jiede-
He 60JIEBOTO CHHIPOMA C TIOBBIIIIEHNEM JI03bI OO/ -
HBIX aHAJIBTEeTUKOB, OTOJHATEIbHBIM IIPUMEHEeHHEM
TIPOTUBOCYAOPOKHBIX TIpernaparoB 1 (USMIECKUX
yrpakHeHnH. HecMOTpsi Ha KOMITJIEKCHYIO TEPAIIHIO, CO-
CTOsTHFIE TTAIIMEeHTKY He YyIy4Ianock. OpTones, IpOKOH-
CYJIETHPOBABIIIHH 60IBHYIO B arpese 2017 roxa, KOHCTa-
THPOBAJI, YTO BCE BO3MOKHOCTH KOHCEPBAaTHBHOM
Tepanuy FcuepraHbl, 60JeBOH CHHIPOM He KOHTPOJIH-
pyeTcsi IpY IIOMOIIY aHAIBT€TIKOB Ha (POHE 3HAUNTETh-
HOTO CHIKEHHsI KaueCTBa SKU3HH, 11 B Ka4eCcTBe BapraHTa
JIedeHUs MTPEeJIOKUIT aMITyTHPOBATh IIPABYI0 HUSKHIOKO
KOHEYHOCTB Ha YPOBHE KOJIEHHOTO cycTasa. B mone 2017
royia narfieHTKa I0CeTUIIa KIIMHUKY MTHTEPBEHITNOHHOTO
JieyeHrsi OOJIN 110 MTOBOJY BO3MOSKHON MMILTAHTAIINH
yCTpOMCTBA JAJIsI CTUMYJISIIAN CIIMHHOTO MO3Ta C IeJIhI0
YMEHBITIeHNsI BBIPAYKEHHOCTH 60JIEBOTO CHHIPOMA BBUTY
HeadderTUBHOCTU (hapMAKOJIOTUUECKHUX, XUPyprude-
CKUX U peadMJINTAIlMOHHBIX METOOB JieueHus1. bosbHas
XapaKTepr3oBasa 60JIb KaK KIYIYI0 ¥ UPPaSAAPYIOIYIO
K JlaTepaJIbHOU U 3ajHell II0BepXHOCTU IIPABON HOTHU.
Taxke Ob17I0 0OHAPY)KEHO HapyIIeHe YyBCTBUTEIHHO-
CTH Ha I0p30J1aTepajibHOM CTOPOHe IIPaBOI HUKHEH KO-
HEYHOCTH C OIIyIIIeHNEeM JIaBJIeHNs B 00JIaCTH JIaTepasb-
HOUW JionbDKKU. CIIOHTAHHOE yCWuJieHWe 60/
TIPOUCXOIMJIO B T€YEHNE BCEX CYTOK 1 OBIJI0 0COOEHHO He-
BBIHOCHMBIM HOYBI0. BOJIM Tak)ke YCHUIMBAINCH IIOT
BJIMSTHHEM HArpy3oK, B TOM YHCJIe KPaTKOBPEMEHHOTO
CTOSTHHISL ¥ XO[IbOBI C KOCTBIJISIMY, B CBSI3U C YeM O0JTbHAs
OBLIa IPIKOBaHA K MHBAJIMIHOMY Kpeciy. [Ipu rccieno-
BaHUU 00JIEBOH YyBCTBUTEITHHOCTH BBISABJIEHA AJIJIOTH-
HUS JOP3aJIbHOU MTOBEPXHOCTH HUYKHEN KOHEYHOCTH C
HeOOJIBITIIIM CEHCOPHBIM iecurirroM. [1pu yIsTpasByKo-
BOM HCCJIEZIOBAHNUH BBISIBJIEH OTEK TKaHEel 00J1acTy NH-
HepBaruu [IMH B o6s1acTé (pacpiaabHOTO CJIeTOBAHMUS
MaJsI06eprioBOro HepBa Ha MPABOM MKpe, a TAKKe yBe-

to walk because of the pain. The physical examination re-
vealed right calf muscle hypotrophy. Control MRI exam
showed signs of mild edema of the bone marrow in all
tarsal bones, tibial and fibular growth plates, and the 2nd
metatarsal, as well as a moderate increase in the intra-ar-
ticular fluid. The radiologist described these findings as
suspected osteomyelitis.

The patient underwent another neurological exam-
ination, as well as a psychiatric exam, with all findings
described as normal. Further therapy was focused on the
complex treatment of pain with increased opiate anal-
gesics, additional anti-convulsive medications and reha-
bilitation exercises. Despite this complex treatment ap-
proach, the patient’s clinical condition did not improve.
An orthopedic consultation in April 2017 determined the
options for maintenance treatment as exhausted and due
to badly controlled pain non-reactive to analgesic treat-
ment, which significantly affected the quality oflife of the
patient, even considered the radical option of amputa-
tion of the right leg below the knee. In June 2017, the pa-
tient visited the clinic of interventional pain manage-
ment for a consultation regarding the implantation of a
spinal cord stimulator, in hopes of more effective pain re-
lief due to the exhaustion of pharmacological, surgical,
and physio-rehabilitation treatment. She described the
pain as burning. radiating to her lateral and posterior
side of her right leg. Sensory damage on the dorsolateral
side of her right leg with a feeling of pressure near her lat-
eral ankle was also found. Spontaneous pain increased
throughout the day, being the worst at night time. The
negative factor during the day was loading, even short-
term standing, and walking with crutches, which is why
the patient was mostly wheelchair-bound. A general pain
examination showed allodynia of her dorsal side of the
leg with a light sensory deficit. Ultrasound examination
revealed edema of the nearby tissues of the SPN in the lo-
cation of the fascial pathway of the peroneal nerve of the
right calf, as well as a significantly bigger diameter of the
peroneal nerve in the fascial area. Superficial pressure on
the tissue caused by the light touch of the calf increased
the pain and discomfort of the leg. The examination di-
rectly pointed to the diagnosis of superficial peroneal
nerve entrapment of the right leg. Based on the clinical
findings, immediate decompression of the superficial
peroneal nerve was recommended. This was performed
under local anesthesia. Ultrasound guidance was used
for exact incision localization. A short incision on the skin
was followed by a careful dissection to locate the nerve
and the nerve entrance from the fascia to the superficial
tissue. Local thickening of the nerve was observed and
hemostasis was provided. After nerve decompression,
the wounds were closed with skin sutures. The leg was
bandaged with local compression and rest with leg ele-
vation overnight was recommended.

Results and Discussion

Directly after the procedure, the patient re-
ported 80% pain relief and was capable of walking
without the aid of crutches. The control EMG exam
showed damage of the superficial peroneal nerve
on therightleg. The patient started to gradually in-
crease her walking distance from the first post-pro-
cedure day, she even started to bike. Sutures were
removed after 2 weeks. The patient was allowed to
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JIMYeHre [raMeTpa HepBa B 9Toi obstactu. [loBepxHOCT-
HOe cJjaBJieHre HepBa C IIOMOIIbIO JIErKOW Majblialuu
WKPBI IPHUBEJIO K YCUIEHHIO 60711 1 frckoMdopTa. [Tpu
(pmsmranpHOM OCMOTpE OBITT Cpasy ITOCTABJIEH AUArHO3
3amemsenus [IMH npaBoit HuskHel koHeyHocTH. Ha oc-
HOBAaHUH KJIMHUYECKUX JaHHbIX ObLIa PEKOMEHI0BaHa
nexkomnpeccusa [IMH, KoTopyio IIpoBeJin 10 MECTHOM
aHecTe3Wel U YJIBTPa3BYKOBbIM KOHTpoJIeM. [TponsBenen
KOPOTKMH Hazipe3 Ha KOsKe, JIOKAJIN30BaH HePB U MeCTO
€ro MPOXOsKAeHUs U3 (pacnu B TOBEPXHOCTHBIE TKAHU.
OTMeueHO JIOKaJIbHOE YTOJIIIeHNe HepBa, IIPOBeeH re-
MocTas. ITocsie fekoMIipeccuu HepBa IIPOBeIeHO YIIIUBa-
HHe II0c/IeollepallMoOHHON paHbl. Hanoskena komipec-
CHOHHAsA  IIOBSI3KA, pPEKOMEHJOBAaH IIOKOU ¢
TIPUIIOOIHATHIM ITOJJIOKEHEM HOTHU B HOYHOU nepuom.

Pe3ynbTaThl ¥ 00CYyK/IEHHE

Cpasy mocje BMellaTeJbCTBa MaldeHTKa
OTMeTWJ/Ia CHUKEHWE BBIPa)KeHHOCTH 00/ Ha
80% u cMoria nepegBUrarbCsa CaMOCTOATEIbHO
0e3 moMoIy KoCThlel. Ha KOHTPOJIBLHO aJ/IeK-
TpoMuorpaduu BbISBJIIEHBI TPU3HAKU TTOpaske-
Husi [IMH npaBoii HUsKHeN KOHEYHOCTH. HaunHas
C IIepBBIX CYTOK IIOCJIe Ollepanyy, IalueHTKa
HayaJla IIOCTEIIeHHO yBeJMYMUBaTb PACCTOSHUE
CaMOCTOSITeJIbHOM XOAL0BI U Jaske Havyasia KaTaTh-
cs1 Ha Besocuniesie. CHSTHE IITBOB OBIJIO IIPOU3Be-
JieHo yepe3 2 Heniesid. boJibHOM paspeninim 3aHu-
MaTrbCs JIIOOBIMH BHUJAMHU [OeSATEJILHOCTH B
codeTaHuM ¢ pU3N0OTEPATIEBTUUECKUMHU PeadUI-
TAallMOHHBIMU MeponpuAaTusaMu. Ha ajmekTpoMuo-
rpaduu B ITMHAMUKe yepes3 2 Mecsilia MPU3HaKOB
MMOBPEKIeHNST HeEpBa BHISIBJIEHO He Ob110. Uepes
4 Mmecana (puc.), 1 u 2 roga mocsjae onepanuu y
MMaIMeHTKA OTCYTCTBYIOT pPeIuIuBbI 3aboJieBa-
HUS, OHA HE IPUHUMAaeT HU aHAJIbIeTUKYU, HU TIPO-
TUBOCYJOPO’KHBIE IIperaparsl.

JlaHHOe KJIMHUYECKOe HaOJIIoIeHe CBU/Ie-
TeJIbCTBYET O TPYAHOCTAX IPU AUATHOCTUKE U30-
JUpOBaHHOrO 3aiemienuda [IMH, HecMoTpsa Ha
TO YTO JIJAaHHOE COCTOSTHUE SIBJISIETCS HEPeIKOU
MMPUYUHOUN Pa3BUTHS 00JIEBOTO CUHIPOMA HUK-
HIX KOHEYHOCTEMH.

3aTpyqHeHUs B JUArHOCTHKE TaKsKe 00yCJIOB-
JIEHbI TOTIOrpapUIeCKUMU BapUaHTAMU ITPOXOSK-
IleHUdA HepBa, ONUCAHHBIMU B JiuTeparype [3, 5].
YacTo BCTpevaroTcs: pa3HooOpa3Hbie HEBPOJIOTH-
4YeCKUe MPOSABJIEHUS, CBSI3AHHbIE C PA3JIMUYHBIM
pacnpefesieHreM CEHCOPHBIX BOJIOKOH HepBa. [1o
Ia"HHBIM 11 Hccaeq0BaHUN Ha TPYITHOM Marepuaie
U C IpUMEHEHUEM YJIBTPa3ByKOBBIX MeETOOUK,
BBIJIEJIAIOT CJIeAyIolnye aHaTOMAYeCKUe BapyuaH-
ThI TIPOXOYKJIEHUSI HepBa: JiaTepaJIbHbIN, TIepe/-
HUM, nlepeJiHe-IaTepajbHbIi, a TaKkKe BapUaHT
pacrio/IosKeHUsI Ha MEKMbIIIIEYHON TTIEPErOpo/IKe.
HawnboJtee yacTbIil BApUaHT — JIaTepasibHbIH (69,8%),
cJIeAyIoNIni 1Mo yactore — nepensHuil (14,7%) [8].
OcHoBHas npuunHa 3amemiennsa [IMH — onepa-
THUBHOE BMEIIaTeJIbCTBO B 00J1aCTH OOIIEero MaJjio-
OepI10BOTO HEpBA (TPUMEPHO Y 78% MAIMEHTOB), YTO

Yepes 4 MecAIa IOCJIe XHPYPTrAYECKOTO BMeIaTe/IbCTBA.
4 months post-procedure.

perform any type of activity in combination with
physio-rehabilitation. Control EMG after 2 months
post-procedure did not show any signs of nerve
damage. 4 months (Fig.), 1 year, and 2 years post-
procedure, the patient is still without any clinical
findings of relapse, she does not use any analgesics
or anti-convulsants.

According to this clinical scenario, it is clear
that the diagnosis of isolated SPN entrapment is
sometimes difficult and omitted, despite the fact
that in the group of pain syndromes of the lower
limb, it is quite a common diagnosis.

Topographic variability of the anatomical lo-
cation of the nerve also contributes to the difficult
diagnostic process, as is noted in various case stud-
ies [3, 5]. Variable neurological manifestations are
common, linked with variable sensory distribution.
Based on literary sources from 11 cadaveric and
sonographic studies, they distinguish the incidence
of the nerve in the lateral, anterior, lateral and an-
terior compartment and the intermuscular septum
space with the highest average incidence in the lat-
eral compartment — 69.8%, followed by the second
highest incidence in the anterior compartment —
14.7% [8]. The most common causes of SPN entrap-
ment include previous surgery near the CPN in up
to 78% of patients [9], for example as a complica-
tion following total knee replacement. Other causes
described in case reports are trauma, compression
by mass lesions, e.g. varicose veins, entrapment
due to muscle herniation, ganglion cysts and also
possible idiopathic entrapment [9-12]. During dif-
ferential diagnostics of peripheral neuropathies, it
is important to distinguish clinical damage of CPN,
DPN, and SPN. DPN lesions manifest as weakening
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OBbIBaeT, HAIPUMeED, MOCJIe OTepaIiy 10 TTOJTHOM
3aMeHe KOJIeHHOro cycrasa. Cpeny Jpyrux IIpAYrH,
OIIMCAHHBIX B JINTEpaType, — TPaBMBbI, CIABJICHUE
Pa3TUYHBIMU 00Pa30BAHUSIMU (HAIIPUMED, BAPUKO3-
HO pacClIMpeHHbIMA BEHAMU), MBIIIEYHbIE KUCTHI,
rurpomsl [9-12]. IHOrIa BCTpevyaroTca uauonarnye-
ckue cirydau. [ pu muddepenmanbHO TUarHoCcTu-
Ke IeprugepuIecKix HeHporaTuii HeOOXOIIMO ITPO-
BOIUTH Pa3jU4ie MEKIy MOpa’keHWeM OOIIETO,
MTOBEPXHOCTHOTO U TUTyDOKOTO MaI00epIIOBbIX HEP-
BOB. [lopaskeHme WIyOOKOTO HepBa MPOSIBIISETCS
HapyIIeHneM TOpP3aJIbHOTO CTH0aHUs CTOMbBI 0e3
U3MEHEHUA ee IpoHarmu [13].

B ornmume oT mopaskeHusi IyOOKOW BETBU
Ma106epII0OBOTO HEPBA, P ITOBEPXHOCTHOU HETi-
ponaruy HabJIOAIOTCS YyBCTBUTEIbHBIE HApYyIIIe-
HUsA, 00JIb U TTapecTe3nH B 00JIACTH JIaTePATHLHOM
JIOOBIKKM, ThLJIA CTOIIBI U ITAJIbIIEB. Bce ykazaHHble
MIPOSIBJIEHNS OBLIM OOHAPY>KEeHbI Y HAIIIEH TaIeHT-
ku. Ha cienyromiem srane npoBogAT tuddepeHiu-
QJIBHBIN AUArHO3 MesKAY 3allleMJIeHUeM U PaTuKy-
Jonardeil 5-ro TOSICHUYHOTO TIO3BOHKA, IIPHU
KOTOPOU 0OBIYHO HAOJTIONAIOTCS 00JTH B TIO3BOHOY-
HUKe (BIIpOYEM, He BCera KOpPEIIKOBBIEe 00JH
WMEIOTCSI OMHOBPEMEHHO C ITOSICHUYHBIMM). [1aB-
HBII CUMITTOM — OCJIa0JIeHre pa3ruOaHusI O0JIBITIO-
'O TTAJIbITA B CPaBHEHUH C pa3TUOaHEM BCEH CTOIThI
BCJIEACTBHE TOTO, UYTO JAJIMHHAsT MBIIIIIA-pasrubda-
TeJIb OOJIBIIIOTO MasbIla CTOMBI MHHEPBUPYETCS B
OCHOBHOM Kopeumkamu L5. TpyoHO IepeoneHUThb
poJsib Budyanu3anuoHHbIX Meromuk (KT, MPT
MMOSICHUYHO-KPECTIIOBOT0 OT/lesia TO3BOHOYHHUKA) B
BBISIBJIEHUH MEKIIO3BOHKOBBIX IPBIK. DJIEKTPOMUO-
rpadryecKkoe uccei0BaHuE TAKKe C BLICOKOU BEPO-
ATHOCTBIO IOMOTaeT OTINYMTD 3aremiienre [ IMH ot
panukynonaru L5, Opu KOTOPOU BBIABJISIOT
TTOBPEYKIEeHIE MBI B 00s1acTyi MuoToMa L5. K maH-
HOMY MHMOTOMY OTHOCAITCSI MBIIIIIIb], MTHHEPBUPYEMbIe
KOpelKaMu L5: MpIIIa, HalpAraoas MUPOKYI0
dacruio 6empa, cpemHsis ATONUYHAsT, 3aTHSST 60JTh-
mrebepIioBasi M OKOJIOIIO3BOHOYHBIE  MBIIIIIIBI.
[ToBepXHOCTHBIN MaJI00EPITOBLIN HEPB WX HE MTHHEP-
BuUpyeT. C MOMOIIBIO 3JIEeKTpOMUOIrpauy MOYKHO
HalTHU TIpus3HaKku noBpesknenusi [IMH u 3amomo-
3pUTH pa3BUTHE €ro 3alemMyieHus [14].

[Tomumo nepupepudecKux MPpUINH, He00X0-
JIUMO HUCKJIIOUYUTH TAK Ha3bIBAEMBIU IeHTpaJIb-
HBIN TIape3 CTOIIbI, BHI3LIBAEMBIN HEOOJILITNM
04YaroM NMOBpEesKIeHUsI KOPbI TOJIOBHOTO MO3Ta.
[Ipu mopaskeHuu KOPHI OOBIYHO MMEETCsS CJja-
60CTb TOP3aTLHOTO CrUOAHMS U IIPOHAIINY CTOIIBI
B COYETAHUHU C 0CJIa0JIeHUEeM II0JOIIBEHHOI0 CTH-
0aHVsA ¥ CyTHALNY CTOTIBI [1]. 31€eCh B TOCTAaHOB-
K€ IMarHo3a OrPOMHYIO POJIb TAK)KE UT'PAET JIeK-
TpoMmuorpadusa. OcHOBHas1 3ajadya — IOJIYIUTH
MOTOpPHBIE ¥ CEHCOPHBIE HEPOrpaMMbI Maobep-
[IOBOTO HEPBAQ, 4 TAKJKE JaHHbIEe AKTUBHOCTH MBIIIIII,
WHHepBUpPYyeMbIX UM. VccaenoBanue Opyrux Hep-
BOB 1 MBIIII] ITO3BOJISET UCKJIIOYUTH Apyrre 3ab0-

of dorsal flexion of the foot, however, there is no re-
striction with eversion of the foot [13].

In comparison with the deep branch of the same
nerve, an SPN lesion manifests as sensory damage,
pain, and parenthesis in the area of the lateral ankle,
the dorsum of the foot, and the toes. These are all very
exact signs, which we reported during the clinical ex-
aminations of our patient. The next step in the differ-
ential diagnosis is distinguishing entrapment from L5
radiculopathy, which is usually combined with pain
of the lumbar spine (radicular pain does not always
have to exist together with back pain). The main
symptom is weakening of great toe extension com-
pared to foot extension, due to the fact that the exten-
sor hallucis longus muscle is mostly innervated from
the roots of L5. Neuroimaging methods such as CT,
MRI of the lumbosacral spine have an irreplaceable
position in diagnostics, detecting disc herniations as
the main cause of pain. EMG examination has a high
percentage rate of differentiation between confirming
L5 radiculopathy or SPN entrapment, which would
demonstrate damage to the muscle groups in the L5
myotome. It involves the muscles innervated by the
L5 nerve root: the tensor fasciae latae muscles, gluteus
medius muscle, tibialis posterior muscle, and the
paraspinal muscles - multifidi muscles L5. These
muscles are not innervated by the SPN. The EMG
exam can confirm SPN damage, thus diagnosing a
suspected entrapment [14]. Except for peripheral
causes, we have to exclude the so-called central pare-
sis of the foot, caused by a small cortical lesion of the
brain. Usually, in a cortical lesion, there is the weak-
ness of dorsal flexion and eversion of the foot, as well
as a weakened plantar flexion and foot inversion [1].
From the group of imaging methods, the EMG exam-
ination is irreplaceable. Its main role is to test the
motor and sensory neurograms of the peroneal nerve,
as well as to perform a needle EMG of the muscles in-
nervated by the peroneal nerve. Examining other
muscles and nerves excludes other possible diseases
imitating or accompanying peroneal neuropathies
(L5 radiculopathy, plexopathy, polyneuropathy). It
will determine the location and degree of damage, as
well as the anticipated time for recovering the dam-
aged nerve function(1, 5, 15].

In the case of SPN entrapment neuropathy in
a typical location, the needle EMG from muscles in-
nervated by SPN may demonstrate physiological
findings, due to the fact that a lesion of a nerve
caused by a narrowing in a typical location occurs
after the separation of the motor branches [16].

It is always important to consider that, as well
as clinical findings, the EMG exam results may be
modified by the presence of possible anatomic vari-
ations of the nerve pathway [8]. Motor conduction
studies of the peroneal nerve usually test the exten-
sor digitorum brevis muscles. The stimulation
points should be in the area of the ankle, the fibular

neck, and the popliteal fossa. However, it is also
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JIeBaHUs1, UMUTHUPYIOIIMEe UJIN COIIPOBOSKIAIOIIE
IepoHeaJsIbHbIe HellponaTuu (pajguKyJionaruio L5,
MOpasKeHue CIJIeTeHUsl WM MOJMHEeHPOIaTHIo).
JaHHOe nccief0BaHne I03BOJIAET JOKAJIU30BaATh
MOBpEsKIAEHNE U OIIPeeIUTh ero BEIPAsKeHHOCTh, &
TaKsKe IIpeJICKa3aTh BpeMs1 BOCCTAHOBJIEHUsI (DYHK-
MU [IOPasKeHHOoro Hepsa [1, 5, 15].

[Ipn Helipomaruu 3amemsieHus IIMH B
TUIIMYHOM MeCTe UTroJIbHas1 ajieKTpoMuorpadus
MBI, THHepBUpyeMbIx [IMH, 00bIYHO He TTOKa-
3bIBaeT IIaTOJIOTMHU, IIOCKOJIBKY IOBpEKIeHUe
HepBa BCJIECTBUE CY;KeHUsI B TUIIMYHOM MeCTe
IIPOUCXOUT IIOCJIe MeCTa OTXOKJIeHWs IBUTa-
TeJILHBIX BeTBeln [16].

Bcerpia BaskHO UMETh B BUJTY, YTO PE3YJIBTAThI
IOMI (Takyke Kak ¥ KJIMHAYECKOTO UCCIIEeNOBAHNA)
MOTYT OBITH MCKaKeHbI BCIEJCTBUE HATIMYNS aHa-
TOMHUYECKUX BAPUAHTOB IIPOXOKIAECHUA HepBa [8].
[Ipu wuccnegoBaHUAX NIPOBENEHUsT HEPBHOIO
MMIyJIbCA TI0 JBUTATEJbHBIM HEPBAM OOBIYHO
M3y4aloT aKTUBHOCTD MBIIII-KOPOTKUX pasruodare-
Jiell ajplieB CTONbL. TOUKY CTUMYJIALIMN HaXOHAT-
cs1 B 00J1aCTH JIOMBIKKY, TOJIOBKU MaJI00epIIOBOM
KOCTH U ITOIKOJIEHHOU AMKHU. MOKHO IIPOBECTHU U
JOTIOJTHUTETbHBIE MCCIIe0BaHMs ITepeHeN 00Tb-
1mre6epIioBoi (TOYKU CTUMYJISIIMUA 32 TOJIOBKOU
MaJI00epIIOBOI KOCTH U B TTOKOJIEHHOU sIMKE) U
JIPYTUX MBIIIII, THHEPBUPYEMBIX MaI00€EPIIOBBIM
HepBOM. be3yc/I0BHO, cjieflyeT IPOBOAUTH UCCJIe-
JIOBAHMeE MBI ¢ 00enx ctopoH. OWH 13 BapuaH-
TOB OMI'— Tak Ha3bIBaeMasi METO/IMKa II0IIIaroBO-
ro HCCJIEeAOBAaHUs, NPU KOTOPOH CTUMYJIALUU
MO/BEPraloTcsl MocjaefoBarebHble Y4aCTKU Ha
paccrosanuu 1,5-2 cMm [1, 15]. Ee ncnonb3yoor nja
BBISIBJIEHUS JIOKQJIBHOTO 3aMeJIeHusi W OJIoKa
MMIYJIECOB B 00J/IaCTM MOBPERIEHHOTO HeEpBa.
HccnenoBanme ¢ 11es1610 D0JI€€ TOYHOTO BBISIBJIE-
HUS IOTTOJTHUTETHHOTO MasT00epIioBOTO HepBa yoKe
YIIOMHHAJIOCh paHee. VicciaegoBaHus IPOBeIeHUS
YYBCTBUTEIbHBIX IMIYJIHCOB OOBIYHO TTOJIpa3yme-
BaIOT IIOJTyYeHHe CEHCOPHOM Heliporpammbl [IMH,
HO IIPU 3TOM MOSKHO U3Yy4YHUThb U JBE €r0 TepMU-
HaJIbHbIE BETBU, IPOMEKYTOYHBIA 1 MeIaIbHbIN
JOP3JIbHBIN KOJKHBIN HEPBBI, a TAK)Ke [IyOOKNUU
May100eproBbIi HepB. IIpu MmopaskeHnu 0O0IIero
MaJI00€epI[OBOTO HEPBa CEHCOPHBIE HEHPOTPAMMBI
[TMH moryT OBITE B HOpMe B OTJINYKE OT HeHpo-
rpamMM IyOOKOT0 MaJIo0epI[OBOT0 HEPBA, Ha KOTO-
PBIX OOBIYHO UMEIOTCS BBIPAsKEeHHbIE N3MEHEHUSI.
Bce 3TO CITysKUT 10Ka3aTeIbCTBOM TOTO, UTO BOJIOK-
Ha WIyOOKOro Masjg06epIioBOTO HepBa 06J/IaTal0T
CeJIEKTUBHOH YsI3BUMOCTBIO B OTHOIIIEHUH CIaBJIe-
HUA U pacTsreHus [17].

WronpHasa OMI' 11o3BoJigeT BBIABUTH Hapy-
IIIeHNsI PadOThI MBIIIII, MHHEPBUPYEMBIX OOIIIAM
Ma106epIi0OBBIM HEPBOM, U ero BeTBsIMH. KopoT-
Kasi rOJIOBKA ABYIVIaBOW MBIIIIIEI Oeipa — eH-
CTBEHHAasi MbIIIIIIA BepXHEeH YacT HUKHEN KOHeY-

HOCTH, UHHEepBUpyeMasi MaI00epIioBOH BETBBHIO

possible to examine the tibialis anterior muscle
(stimulation points behind the fibular neck and in
the popliteal fossa), alternatively, also other mus-
cles innervated by the peroneal nerve. It goes with-
out saying that the comparison of neurograms from
both lower limbs should be performed. Another op-
tion is the inching technique, during which stimu-
lation is performed in short intervals of 1,5-2 cm [1,
15]. It is used for detecting focal slowing and block-
age of current in the area of the damaged nerve. The
examination, or more precisely identification of the
accessory peroneal nerve was already mentioned
above. Sensory conduction studies include the ex-
amination of the sensory neurogram of SPN, but it
is also possible to examine its two terminal
branches — the intermediate dorsal cutaneous
nerve and the medial dorsal cutaneous nerve. It is
also possible to examine the sensory neurogram of
the DPN. Sensory neurograms of the SPN could
show physiological parameters even with a CPN le-
sion (during which DPN neurograms are signifi-
cantly pathological). This proves the selective vul-
nerability of the fibers of the deep peroneal nerve
to compression and stretch [17].

Needle EMG documents abnormal findings in
the muscles innervated by the CPN, or more pre-
cisely its individual branches. The short head of the
biceps femoris muscle is the only muscle of the
lower limb above the knee that is innervated by the
peroneal branch of the sciatic nerve. Therefore, an
abnormal EMG result of this muscle indicates a
proximally located neuropathy — a lesion of the
peroneal branch of the sciatic nerve (a sciatic nerve
lesion is also supported by abnormal results during
the examination of the tibial nerve and the muscles
itinnervates) [18]. In our patient, repeated EMG ex-
amination results in the initial stages of the disease
were negative. They were positive at the follow-up
visit after surgery. This finding is often present dur-
ing sensory peripheral nerves and non-myelinated
nerve fibers. Ultrasonography of the peroneal nerve
is an option for its direct visualization and its
course, as well as demonstrating the location of
conflict and the pathological diameter of the pe-
ripheral nerve [13].

Another imaging method is MRI examination
of the peripheral nerves. USG and MRI neurogra-
phy demonstrate the course and morphology of the
peripheral nerve as well as the surrounding tissues
and bone structures, which could be the cause of
entrapment syndrome [18]. The main advantage of
MRI neurography is its excellent anatomical
demonstration of nerves, however, it is a financially
demanding investigation that is quite time-con-
suming, which is problematic for patients with
claustrophobia. Moreover, it is contraindicated in
some patients. USG neurography is non-invasive
and relatively inexpensive. It demonstrates the
whole nerve in a relatively short amount of time
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CeJa/JIMIITHOIO HEepBa. BJIeKTpOMI/IOI‘pa(bI/I‘IeCKI/Ie

HapyHmieHuA IIPpU UCCIeIOBaHUU 9TOM MBIIIIIIBI, a

TaKKe€ MBIIII, THHEPBUPYEMBIX 60ﬂbu1e6epu0-

BBIM HEPBOM, B COUETAaHUU C KIIMHUYECKUMMU IIPU-

3HaKaMU ITOBPEKAEHUA 3TOTO HEpBAa CBUAETEJIb-

CTBYIOT O IIaTOJIOTUU CeNAJIMIIHOTO HepBa [18]. Y

HaIled narmueHTKI HEOOHOKpAaTHbIE IMI uccie-

OOBAaHHUA HE BbIABUJIN I1aTOJIOTHU B HAYaJI€ 3a00-

JIeBaHUA U OTJIMYAJHNCh OT HOPMBI JIMIIH I10CJIE

XUPYPTUYECKOr'0 BMeIIare/JbCTBa. Takoe ObIBaeT

IIPpU IOPpa*KEHU U YYBCTBUTEJbHBIX BOJIOKOH ITI€PU-

(bepI/I‘IeCKI/IX U HEMHEJIMHU3UPOBAHHBIX HEPBOB.

yJIpraSBYKOBOE uccJjegoBaHnue MaJIO6epI_LOBOFO

HepBa I103BOJIAET HEIIOCPEICTBEHHO €r0 BU3yaJin-

3UPOBAaTh HA IIYTU ITPOXOKIECHUA U 06Hapy>KI/ITL

KaK MeCTO IIOBpeXIeHusd, TaK U U3MEHEeHHUe ara-

MeTpa nepudepudeckoit yactu [13].

MaFHI/ITHO-pGSOHaHCHaH TOMOFpaq)I/IH —

JOIIOJTHUTEJIbHAA METOAWKA UCCJIeNOBaHUA II€PH -

(bepI/I‘IeCKI/IX HEPBOB. MaFHI/ITHO-pQSOHaHCHaH n

YJIBTPAa3BYROBAsA Heﬁporpa(bnﬂ IIO3BOJIAIOT BU3Yya-

JIN3UPOBATh XOO U MOpq)OJ'IOFI/IIO HepI/Iq)epI/I'-Ie-

CKHX HEPBOB HapAay C COCTOAHNEM OKPYKaAOIINX

TKaHeHd U KOCTHBIX CTPYKTYD, KOTOpbI€ MOTYT

BbI3BIBAaTh CUHAPOM 3aleMJjieHus [18]. InmmaBHOe

npeumyiiectso MPT-Heiiporpacduu — Brevar-

JIAIOIIIee Ka4eCTBO I/1306pa>KEHI/IH HEpPBOB, OJHAKO

BBICOKHE CTOUMOCTbD U JJIUTEJIbHOCTD (ITO IIpHUYH-

HAET CTpagaHuA IMarueHTaM C KJIaYCTPO(bOﬁPIeﬁ)

HCCJIeJOBAaHUA OTPAaHUYHBAIOT €TI0 HINPOKOE IIPU-

MmeHeHue. boJsiee TOrO, K 9TOMY HCCJIeIJOBAHUIO

HNMEIOTCA U IIPOTUBOIIOKA3aHMA. Heﬁporpa(bnﬂ

1o YJIBTPa3BYKOBBIM KOHTPOJIEM — HEHMHBA3UB-

HaA XU CpaBHUTEJIbHO HEeJOporasd MEeTOOMUKA, I103-

BOJIAIOIIAA BU3yaJIU3UPOBATh HEPB HA BCEM IIPO-

TAKEHNU B OHWHAMUKE B Te4YeHUE ITOBOJIBHO
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Conclusion

The basis of treating SPN entrapment is the
correct diagnosis and exclusion of other causes of
pain and neurological pathological findings in the
given anatomical area. The treatment options de-
pend on the causes of nerve damage. Pain is often
resistant to complex analgesic treatment. Surgical
treatment, except for the removal of the cause, con-
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don transfer and targeted physio-rehabilitation.

KOPOTKOTO IPOMEKYTKAa BPEMEHM, YTO BA’KHO
MIPU BBISIBJIEHUU MUO(]acIua bHbIX TPBIXK, TKA-
HEBBIX PYOIIOB WJIM YacTedl OpTOIeIuYecKUX
ycTpoiicTs [17, 19].
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Pe3rome

IleJsib MCC/IeTOBAHUS: U3YUYUTH TApAMETPhI KOMITPECCUH IPYTHOHN KIETKU MEIUITMHCKUMH pabOTHUKAMKA
TOPOJICKUX CTAIIOHAPOB B CUMYJINPOBAHHBIX YCJIOBUSAX O€3 IPUMEHEH! U ¢ IPUMeHeHNeM JaTInKa KOHT-
poJis KauecTBa KOMIIPECCHH.

Marepuasbl 1 MeTOABL. VccieJoBaHMe TPOBETN B MHOTONIPO(UITBHBIX CTAallMOHapax I. MOCKBBI. B uc-
cJIelOBaHNe BKJIIOUUIN 359 MEIUIIMHCKUX COTPYAHUKA. COTPYIHUKOB pa3e/Inju Ha 4 Tpynnbl: Bpadu (1n=97)
U MeIUIMHCKUE CeCTPhI (n=82) oTaenenuii peannmanuu (OPUT), Bpauu (n=92) 1 MeIUIIUHCKHE CECTPHI
(n=88) MpO(UIBHBIX OT/IeJIEHUN. YUaCTHUKHU BBIITOTHAIN 2 MUHYTBI KOMIIPECCUM IPYHOH KJIETKY 6e3 pu-
MeHeHHA JaTYyiKa KOHTPOJIS KauecTBa KoMITpeccuil rpyHoii kiaetku (KI'K), 3aTeM 2 MUHYTBI KOMITpECCHUH
TPYAHOH KJIETKH C IPUMeHeHNeM JJaTYiKa OT AeuOpUIIATOpa IPU BKIIOUYEHHBIX ayIM0BU3YaIbHBIX IO -
CKas3Kax Ipubopa. AHATHU3UPOBAJIU IIPOIIEHT IIeJIeBbIX KOMIIPECCUH, YaCTOTY U NIyOMHY KOMIIPECCHUH.

PesyusraThl. [TapaMeTpsl KoMnpeccuil B rpymme Bpadeit OPUT BBIXOAWIN 3a Ipeiestbl pedepeHCHBIX
3HaueHui (% 1eseBbix komnpeccuit — 0,5 (0,0; 14,5)%, yacrora 124,1+17,8 B MunyTY, riyomHa 5,6+1,1 cM), B
rpynme meauuHCKnX cectep OPUT — % 1esieBbix komnpeccuit — 0,0 (0,0; 3,5) %, yacrora 123,6+23,7 B MU-
HYTY, ITyouHa 5,3+1,2 cM, B rpynne Bpadeil IpodUIbHBIX OTAeaeHu — % esieBbIX Kommpeccuii — 0,0 (0,0;
1,2)%, uyacrora 123,8+23,2 B MHHYTY, INIyOMHA 5,8+1,2 cM, B IpyIIie MeIUITMHCKUX cecTep MPOQUIbHBIX OT-
JeseHn — % neseBbIx KoMipeccut 0,0 (0,0; 6,1)%, wacrora 119,7+29,5 B MUHYTY, IyOuHa 5,6+1,2 cMm. [Tpu
IIpUMeHEeHNHN JaTYrKa ITapaMeTphbl KOMIIPECCUH CTaTUCTHYECKH 3HAYMMO YIYYIININCh BO BCeX IpymIax:
Bpaun OPUT — % neseBbIx Kommpeccutii 81,6 (64,80; 87,90)%, vactoTa 124,1+17,8 B MUHYTY, ITyOmHAa 5,5+0,2
cM; MenunmHCKHe cecTpbl OPUT — % 1iesieBbIX KoMIIpeccuii 69,1 (47,4; 80,6), yacrora 123,6+23,7 B MUHYTY,
rybuna 5,3+0,3 cM, Bpaun IpoUIbHBIX OTAeIeHnH — % Iie/IeBbIX KoMIrpeccuii 69,30 (50,50; 78,70), uacToTa
123,8+23,2 B MUHyTY, IyonHa 5,4+0,3 ¢M, MEIUIIMHCKIE CECTPBI MPO(PUIBHBIX OTAeTeHUN — % IeJIeBBIX
rommpeccuii 63,70 (42,90; 75,80), uactora 119,7+29,5 B MunyTY, iiybuHa 5,4+0,3 cM. OTIHYUil aHATU3UpYe-
MBIX TapaMeTPOB KOMIIPECCUH MKy COTPYIHUKAMU PA3TNYHBIX OT/IeJIEHIH U JOKHOCTEH He BBISBUIIN.

3akrouenue. [Tapamerpsl koMipeccuid (% I1eIeBbIX KOMITPECCH, 9acTOTa, TTyOMHA) He 3aBUCEU OT
OTJieJIeHN s, B KOTOPOM paboTaeT COTPYIHUK, U 3aHUMaeMOH TO/LKHOCTH (Bpad, MeAUIIMHCKAs cecTpa). [Tpu-
MeHeHNe JaTyiKa KOHTPOJISI KauecTBa KOMIIPECCUN ITO3BOJIMJIO YIyYIIIUTh TapaMeTPhl KOMIIPECCHH 3a cueT
CHITKEHMSA UX YaCTOThI ¥ HOPMAJIU3AINH INTyONHEL. IIpuMeHeHne JaTYnKa He T03BOJIAEeT YBeJTHIUTh % Iie-
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JIEBBIX KOMITPECCHH 10 MaKCUMAaJIbHBIX 3HAYEHUI, YTO CBHIETEILCTBYET O HEOOXOIMMOCTH IIPOBEIeHUST 00-
y4eHUs IpeTiofiaBareseM.

Knaroueebvle croea: kKomnpeccuu 2pyoHOIL KIemKu; 4acmoima KOMnpeccuil; 21youna Kkomnpeccuii
KoHQUINKT HHTEpeCOB. ABTOPHI 3asIBJISIIOT 00 OCYTCTBUY KOH(JINKTA UHTEPECOB.

Summary

Aim of the study: to investigate chest compression parameters by city hospital staff under simulated con-
ditions with and without the use of a sensor device for quality control of chest compressions.

Materials and Methods. The study was conducted in Moscow's multidisciplinary hospitals. The study in-
cluded 359 medical staff members. The participants were divided into 4 groups: physicians (n=97) and nurses
(n=82) from intensive care units (ICU) and physicians (#=92) and nurses (n=88) from specialized departments.
Participants performed 2 minutes of chest compressions without a chest compressions quality control (CCQC)
sensor, followed by 2 minutes of chest compressions using a defibrillator sensor with audiovisual prompts from
the device turned on. The percentage of target compressions, rate and depth of compressions were analyzed.

Results. Compression parameters in the group of ICU doctors were outside the reference range (% target
compression — 0.5 (0.0; 14.5)%, rate 124.1+17.8 per minute, depth 5.6+1.1 cm), in the group of ICU nurses,
the percentage of target compressions was 0.0 (0.0; 3.5)%, rate — 123.6+23.7 per minute, depth — 5.3+1.2 cm,
in the group of specialist doctors the percentage of target compressions was 0.0 (0.0; 1.2) %, rate — 123.8+23.2
per minute, depth — 5.8+1.2 cm, in specialized nurses group the percentage of target compressions was 0.0
(0.0; 6.1)%, rate — 119.7+29.5 per minute, depth — 5.6+1.2 cm. There was a significant improvement in com-
pression performance in all groups when the sensor device was used: in ICU physicians the percentage of
target compressions was 81.6 (64.80; 87.90)%, rate — 124.1+17.8 per minute, depth — 5.5+0.2 cm; in ICU nurses
the percentage of target compressions was 69.1 (47.4; 80.6), rate — 123.6+23.7 per minute, depth — 5.3+0.3
cm, in specialist doctors the percentage of target compressions was 69.30 (50.50; 78.70), rate — 123.8+23.2 per
minute, depth — 5.4+0.3 cm, in specialized nurses the percentage of target compressions reached 63.70 (42.90;
75.80), rate — 119.7+29.5 per minute, depth — 5.4+0.3 cm. There were no differences in analysed compression
parameters between staff in different departments or positions.

Conclusion. Compression parameters (percentage of target compressions, rate, depth) were not influenced
by the department where the staff member worked and the position held (doctor or nurse). The use of a com-
pression quality sensor device has improved compression parameters by reducing rate and normalizing depth.
The use of the sensor does not increase the percentage of target compressions to the maximum values, indi-

cating the need for training by an instructor.

Keywords: chest compressions; rate of compressions; depth of compressions
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BBenenue

BHe- u BHyTpurocnurajgbHasg OCTaHOBKA
KpPOBOOOpAIIeH!sT 0CTAaeTCsA CEPbe3HOH MpobJe-
MO 3JI]paBOOXpaHEHUsI BO BCEM MHUPE B CBSI3H C
BBICOKOI 4aCTOTOH 1 HUBKUM YPOBHEM BBI)KIBae-
MocTH [1-3]. IIpu aTOM, HECMOTPS Ha CYILIeCTBEH-
HbI€e pa3Jinyusl B PUHAHCUPOBAHUYU U COCTOSTHUU
3IpaBOOXpaHeHMUsI B KasKIOW CTpaHe, YpPOBEHb
BBI)KMBAE€MOCTH OCTAETCsI HU3KUM U KOJIe0JIeTCs
oT 5 10 10% [4, 5]. OCHOBHBIMU NIPEeAUKTOPAMU
BBIJKMBAHUS SIBJISTIOTCSI: OCTAHOBKA KPOBOOOpa-
IIeHUs1 TIPU CBUJETENAX (Bpad, MeauIUHCKasi
cecTpa), BUJ OCTaHOBKHU KPOBOOOpAIEeHUs,
MECTO, TJie IPOM30IIlia OCTAHOBKA KPOBOOOpaIiie-
HUA (B OTOeJeHUU peaHMMalluu UK B I1aJjare) [6].
CaMble BBICOKME IIOKa3aTesJr BOCCTAaHOBJIEHUS
CIIOHTAHHOTO KPOBOOOpalieHusi ObIIU TOCTUTHY-
ThI IPU YACTOTE KOMIIPECCUU TPYTHOU KJIETKU OT
100 mo 120 B MUHYTY. YPOBEHb BBIXKMBAEMOCTU
HaXOOUTCSI B TUHEWHOUN 3aBUCUMOCTHU OT INIyOUHBI
komrmpeccuii. [Ipu aTOM HejocTaTroYHast TTyOMHA

Introduction

Out-of-hospital and in-hospital cardiac arrest
remains a serious public health issue worldwide due
to its high incidence and low survival rate [1-3]. At
the same time, despite significant differences in
funding and the condition of health care in different
countries, the survival rate remains low and varies
from 5 to 10% [4, 5]. The main predictors of survival
include witnessed cardiac arrest (by doctor or
nurse), type of cardiac arrest, the place where the
cardiac arrest occurred (in the intensive care unit or
in the ward) [6]. The highest rates of recovery of
spontaneous circulation were achieved when the
rate of chest compressions was 100 to 120 per
minute. The survival rate was directly related to the
depth of compression. An inadequate compression
depth of 2.5 cm results in a 50% reduction in sur-
vival. However, compression depths greater than 6
cm should be avoided because the risk of rib injury
increases [7]. Another important element is suffi-
cient recoil, when the thorax returns to a neutral po-
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KoMIIpeccu# Ha 2,5 CM NPUBOAUT K CHUKEHUIO
BbDKHBaeMocTH Ha 50%. OgHako, caeayer nsoe-
raTh TJIyOMHBI KOMIIpeccuii 6osiee 6 €M, Tak Kak
YBEJIMYMBAETCS PHUCK TpaBMbI pebep [7]. Ipyrum
Ba)KHBIM 3JIEMEHTOM fBJIAETCA JOCTaTO4YHas
JEKOMIIpECCHs, KOIja rpyiHasi KJIeTKa BO3Bpalla-
eTcsl B HeHTpasibHOE MOJI0KEeHNE TT0CIe KasKI0N
Komipeccuu. Hepgocrarounaa pexoMnpeccus

IIPUBOJHUT K YBEJIMYCHUIO BHYTPUTPYIHOIO IaBJIe-
HUsA, KOTOpOe, B CBOIO O4Yepedb, yBeJUYuBaeT
BHyTpHUYEpeIHOe JaBJIeHUEe U YMEeHbIIaeT BEHO3-
HBIM BO3BpAT K CEPJAIY C MOCTETYIOIUM OoJiee
HU3KUM CepJIEYHBIM BBIOPOCOM, UYTO YMEHbBIIIAET
MO3TOBOM KPOBOTOK [8]. JIJ1s1 MOBBIIIIEHUS Kade-
CTBa Cep/IeYHO-JIETOYHON peaHnManuy TpebyeTcs
nmpoBeseHue ooy4yenus [9-11].

TakuM 00pasoM, aKTyaJbHOW IPOOJIEMON
OCTaeTCs KAa4eCTBO BBIMOJIHEHUST KOMIIPECCUM
TCPYAHOM KJI€TKU MeIULIMHCKUMHU COTPYIHUKAMU.

lesb ncciaenoBanns — U3YYUTh TapaMeTPhbl
KOMIIpEeCCUU T'PyAHOU KJIETKU MeAUIIMHCKUMU
pabOTHMKaMU FTOPOJICKUX CTAIMIOHAPOB B CUMYJIH -
POBaHHBIX YCJIOBHUAX C NIPUMEHEHHEM NaTYhKa
KauecTBa KOMIIPeCCUH IPyJHOU KJIETKU.

MarepuaJja 1 MEeTOAbI

JlaHHOE MHOTOLIEHTPOBOE UCCJIeJOBAHNE IIPOBEJIN
B MHOIOIPO(UIBHBIX CTallMOHApax I. MOCKBEI B Ile-
puon ¢ 2017-2019 rr. Bce yyacTHUKH ObLIUA 3apaHee
NPOoUH(OPMUPOBAHBI 0 AU3aWHE UCCIeJOBAHMUS U ITO]I-
nvcanay "HOOPMHUPOBAHHOE T0OPOBOJIBHOE COIIACHE
Ha yJacTue B HeM. VcciiefoBaHue IPOBOAUIIN 11O CJle-
JYIOIIeMy aIrOPUTMY:

* 1Be MIHYTBI KOMIIPECCHH IPYIHON KIETKH 6€e3
NIpUMeHeHUsI JaTYNKa KOHTPOJIS KaueCcTBa KOMIIpeCCUui
rpyasHoii kietku (KI'K), aynuoBusyabHble II0JCKa3KU
npubopa BHIKJIIOYEHEI.

* Be MUHYTBI KOMIIPECCUH IPyAHON KJIETKU C
NPUMEHEHNEM JaT4nKa KOHTpoJid kadectsa KI'K ot ne-
¢ubpuansaTopa ZOLL R Series (aygroBuayanbHbIE IO -
CKa3KM ITprOopa BKJIOYEHBI).

* COXpaHeHMe U aHAJIU3 JaHHBIX C BblAeJeHreM
cJIydaeB IIOINIalaHUsl yYaCTHUKOM B PEKOMEHJOBAHHbIEe
napaMeTpbl KOMIIPeCCUH I'PyJHOM KJIETKHU (C IIOMOIIIBIO
nporpamMmMHoro obecrieuenusi ZOLL RescueNet Code Re-
view®, puc. 1).

B kauecTBe pedepeHCHBIX KpUTEPUEB UCIIOIb30-
Basu pekoMmeHganuu ECP 2015 . [12]. [TapameTpsl KOM-
Npeccuil rpyAHON KJIeTKU OLleHUBAJIU 110 CJIeyI0IIuM
KPUTEPUSIM:

® YacTOTa KOMIIpECCHUU TIPYAHON KJIETKU —
100-120 B MUHYTY,

* TIyOMHA KOMIIPECCUH I'PYJHOHN KJIETKH — He
MeHee 5 cM, HO He DoJiee 6 cM;

® TIPOLIEHT IeJIEBBIX KOMIPECCUH TPyTHOU
KJ1eTKHU (% 11eJ1eBBIX KOMIIPECCHH) — 9TO IMIPOIEHT KOM-
TIpeCcCHii, TIPU KOTOPBIX YaCTOTA, ITIyOWHA, a TAKKe BBI-
NOJIHeHUe JeKOMIIPeCCUM BXOOUT B pedepeHCHbIe
3HAYEHUs NPU KHKION BBINOJHEHHONH KOMIIPECCHUU.
ITpoueHT 1es1eBbIX KOMIIPECCUI PACCUUTHIBAJIMN aBTO-
MaTu4ecKy, U aHAJIU3UPOBA/IM BIIOCJIEACTBUH KaK KO-
JIN4eCTBEHHbIN ITapaMeTp.

sition after each compression. Incomplete recoil
leads to an increase in intrathoracic pressure, which
in turn raises intracranial pressure and decreases
venous return to the heart with a subsequent lower
cardiac output, which decreases cerebral blood
flow [8]. Training is required to improve the quality
of cardiopulmonary resuscitation [9-11].

Thus, the quality of chest compressions per-
formed by medical staff remains a crucial problem.

Puc. 1. O6pasen rpaduyeckoro oTodpakeHHA KadecTBa
KOMIIPECCHI TPyAHOM KJIETKH.

Fig. 1. Sample graphical representation of the quality of chest
compressions.

Note. a— within the required rate and depth limits; b— param-
eters measured (compressions in target, mean compression
depth, in [subsequently converted to cm], mean compression
rate). Cpm — compressions per minute, in — inches.
IIpumeuanne. a — B TpeOyeMbIX T'PAHUIIAX YACTOTHI U LUIy-
6uHbl; b — mapaMeTpshl: compressions in target — IeJieBbIX
KOMIIpeccHii; mean compression depth, in — cpeguee 3Haue-
HYe€ ITyOMHBI KOMIIPECCUT, TIOMMBI C TEPEBOJIOM JAHHBIX B CM;
mean compression rate, cpm — cpefiHee 3HaYeHHe YaCTOThI
KOMIIPECCUI B MUHYTY.
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ITonyuenHble JaHHble NIOABepPraayd CTaTUCTUYe-
CKO¥1 00pabOoTKe C MCIT0JIb30BAHUEM ITPOTPAMMEI Statis-
tica 7.0 (StatSoft, Inc.). JIsisT olleHKH XapakTepa pacrpe-
JleJIEHU B COBOKYITHOCTH IT0 BBIOOPOYHBIM JaHHBIM
WCII0JIB30BaAM TeCThl JInsmedopca n Koamoroposa-
CMmupHoBa. CpaBHeHUs CpeJHUX 3HAYeHUH ImapaMmer-
POB B JBYX I'PyIIIaX U3 COBOKYIIHOCTEH C HOPMaJIbHBIM
pacnpezeseHreM IPOBOAUIN C IIOMOIIBIO [-KPUTEpUs
CTBIO[EHTA, a TAKsKe ero MogupUKaIuuy 1151 ABYX 3aBU-
CHMBIX HJTH IBYX HE3aBUCHUMBIX BBIOOPOK. J1JIs1 aHa/m3a
BBIOOPOYHBIX JAHHBIX M3 COBOKYITHOCTEH, OTIMYAIO-
IIMXCsA OT HOPMaJIBHOI'O paclipefiesieHusl, UCI0JIb30-
BaJIK HellapaMeTpUu4yecKue MeTobl (KpUTepuil YUJIKOK-
coHa). CpaBHeHUe II0OKa3aTesell KOMIIpecCuil Bpauei u
MejicecTep JBYX Pa3/IMYHbIX OTAeJeHUN IPOBOAUIIHU C
noMo1ipsio kputepusa Kpackena—Yosmca. Onucaresib-
HYIO CTaTUCTHUKY IIPe[CTaBUJIMN B BUJe cpefHell apud-
METHUUYeCKOU BeJIUUUHBI U ee CTAHAAPTHOrO OTKJIOHE-
HUA (M+SD), a Takske B BHAe MeauaHbl, 25-U1 75-1
npoueHTuIed. ITpu cooTBeTCTBUU NAHHBIX 3aKOHY HOP-
MaJIbHOI'O paclipe/ie/IeHNs UCII0/Ib30BAIM IIpefiCTaBJIe-
HUeE JaHHBIX B BUjae M+SD, B IPOTUBHOM ciy4dae — Me
(QL;Q3).

XapakTepHucTHKA rPyHIL B rcciie10BaHuy IPUHU-
MaJIo ydactre 359 MeIUIIMHCKAX COTPYIHUKOB pas3Jinyg-
HBIX TOPOJCKUX KJIMHIYECKHUX OOJIBLHUI] TOpoa MOCKBEL.
JlaHHOe paHJOMHOe HCCJeJOBaHue IPOXOIUJIO B ITapasl-
JIeJIbHBIX Tpymiax. Becex corpygHuKoB (ob61mas rpymma)
pasne/uiy Ha CJlefyloliye IPyIIbl: Bpauu OTAesIeHuild
peaHuMalyuy U aHeCTe3NO0JIOIMH, MEeJUIIMHCKUE CeCTPbI
OTJeJIeHUH peaHuMalluy U aHeCTe31U0JI0IMH, Bpaydu I1po-
(puiIbHBIX OTJeIeHUl (TepanleBTUYeCKUe, 9HI0KPUHOJIO-
ruyecKye, KapJuoJIorudeckue, OTie/IeHUsI JIy4eBOU -
ArHOCTHKY, OT[e/IeHus (PyHKIUOHAIbHON TUAarHOCTUKY),
Y MeIUIVHCKYE CeCTPBI TeX sKe IPO(PUIIbHBIX OTJeIeHUH.

Kpome TOTO, OIlEHKY IMapamMeTpoB KOMIIPECCUI
TIPOBOAVIN B 3aBHCHUMOCTH OT OTJeJIeHHH, riae pado-
TAIOT COTPYJHUKU. Brifesniu 4 rpymmsl COTPyJHUKOB,
paboTaroIyx B OTeJeHNN KapANOJIOru, IPHEMHOM
oTJeseHny, Opruragax CKOpoi MeIUIIMTHCKOHN IIOMOIITH,
a TaKsKe B IPYTUX OTJEeJIeHUAX, [e 4acTOTa OCTAHOBOK
KpOBOOOpaIeHns HU3Kas (Teparuy, 9HI0KPHHOJIOTHH,
HEBPOJIOTUM, TPABMATOJIOTUHU, XUPYPIUU, OTAe/IeHUuU
JIy4eBOU TUarHOCTUKHU, OTesIeHUN (PyHKIMOHAJIbHON
Jrarsoctuky). COTpyIHUKOB peaHNMallMOHHO-aHeCTe-
3MOJIOTMYECKON CIIy’KOBI Takske pasfgequan Ha 4
TPYyIIBI B 3aBUCHMOCTH OT MecTa paborer: OPUT 1o
npreMy 60JIbHBIX JTI060T0 Tpoduiss, OPUT no mpuemy
KapIUOJOTUYECKUX OOJIBbHBIX, aHECTE3NO0JIOTHYecKast
cayx6a, OPUT npyrux npocusei (ypoJIorudecKui, Te-
paneBTHYeCKU MPOoPuIb 60a6HBIX, OPUT 1151 marueH-
TOB IIOCJI€ OIl€PAaTUBHBIX BMEIIATeJbCTB). Uucao co-
TPYOJHUKOB B Ka)KJOU IpyIllle, a TakKe JaHHbIE II0
rnapaMeTpaM KOMIIPeCCUU I'PyJHON KJIETKU IIpeicTa-
BWJIA B TabJI. 1-3.

Pe3ynbTaThl M 00CY:K/IEHHE

XapakTepucTuka 0011e# rpynmnsl. B o01ryro
TPYIIITY BOIILTH BCE METUIIMHCKYE PAOOTHUKY pas-
JINYHBIX OTJEeJEeHWN cTalumoHapoB. Ha pwuc. 2
MOKAa3aHOo pacrpe/esieHre MeJIUIMHCKUX paboT-
HUKOB B 3aBUCUMOCTH OT % I1€JIEBBIX KOMITPECCHHA
6e3 U c TpUMeHeHNEeM JaTYMKa KOHTPOJIS Kade-
ctBa Kommpeccuii. [Tpu BeimosineHun KI'K Ges

The aim of this study was to examine the pa-
rameters of chest compressions by medical workers
in city hospitals under simulated conditions using
a chest compressions quality sensor device.

Materials and Methods

This multicenter study was conducted in multidis-
ciplinary hospitals in Moscow between 2017 and 2019. All
participants were informed in advance about the study de-
sign and signed informed consent to participate. The
study was conducted according to the following algorithm:

e two minutes of chest compressions without
using the chest compressions quality control (CCQC)
sensor device with audio-visual prompts of the simulator
switched off.

e two minutes of chest compressions using the
CCQC sensor from the ZOLL R Series defibrillator (with
the audio-visual prompts from the device switched on).

e - data storage and analysis, highlighting cases
where the participant fell within the recommended tho-
racic compression parameters (using ZOLL RescueNet
Code Review® software, Fig. 1).

The 2015 ECR guidelines were used as reference cri-
teria [12]. Thoracic compression parameters were as-
sessed according to the following criteria:

¢ the rate of chest compressions is 100-120 per
minute;

¢ depth of chest compressions — at least 5 cm,
but no more than 6 cm;

e The percentage of target chest compressions is
the percentage of compressions where the rate, depth,
and decompression performance were within the refer-
ence values for each compression performed. The per-
centage of target compressions was calculated automat-
ically and analyzed later as a quantitative parameter.

The data were statistically processed using Statis-
tica 7.0 software (StatSoft, Inc.). Lilliefors and Kol-
mogorov-Smirnov tests were used to assess the distribu-
tion normality in the population according to sample
data. Comparisons of mean values of parameters in two
groups from populations with normal distribution were
performed using Student's t test and its modification for
two dependent or two independent samples. Nonpara-
metric methods (Wilcoxon criterion) were used to ana-
lyze sample data from populations with distribution
other than normal. Compression rates of doctors and
nurses from two different departments were compared
using the Kruskal-Wallis criterion. Descriptive statistics
were presented as arithmetic mean and its standard de-
viation (M+SD) and median with 25" and 75" percentile.
Data were presented as M+SD if they were normally dis-
tributed, otherwise, they were presented as Me (Q1I; Q3).

Group characteristics. The study involved 359
medical staff members from various city clinical hospi-
tals in Moscow. This randomized study was conducted in
parallel groups. All participants were divided into the fol-
lowing groups: physicians from intensive care and anes-
thesiology departments, nurses from intensive care and
anesthesiology departments, physicians from specialized
departments (therapeutic, endocrinology, cardiology, ra-
diology, and functional diagnostics departments), and
nurses from the same specialized departments.

In addition, compression parameters were assessed
according to the departments where the employees work.
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TaGunia 1. [TapaMeTpbl KOMIIpecCUii FPYIHOM KJIeTKH (0e3 mpuMeHeHus1/ ¢ IPUMEHEeHHEeM JaTYiKa KOHTPOJIS
KadecTBa KOMIIPECCHIi I'PyIHOI KJIETKH) Y Bpadei ¥ MeJHIIMHCKHX CecTep peaHHMallMOHHBIX H MPO(HIBHBIX
OTJEeJICHHIA.

Table 1. Parameters of chest compressions (without/with the use of the chest compressions quality control sensor)
in physicians and nurses of intensive care and specialized departments.

Group Percentage of target compressions. % Depth of compressions. cm Rate of compressions
CCQC sensor P-value CCQCsensor P-value CCQC sensor P-value
without with without with without with
ICU physicians (n=97) 0.5 (0.0; 14.5) 81.6 (64.8; 87.9) P<0.001 5.6+£1.1 5.5+0.2 P=0.277 124.1+17.8 111.6+4.5 P<0.001
ICU nurses (n=82) 0.0 (0.0; 3.5) 69.1 (47.4;80.6) P<0.001 5.3+1.2 5.3+0.3 P=0.987 123.6+23.7 112.245.7 P<0.001

Doctors of specialized 0.0 (0.0; 1.2) 69.3 (50.5; 78.7) P<0.001 5.8+1.2 5.4+0.3 P=0.342 123.8+23.2 112.6+6.1 P<0.001
departments (n=92)
Nurses of specialized 0.0 (0.0; 6.1) 63.7 (42.9; 75.8) P<0.001 5.6+1.2 5.4+0.3 P=1.999 119.7+29.5 109.4+15.6 P=0.783
departments (1n=88)

Note. For tables 1-3: data presented as medians (lower quartile 25%, upper quartile 75%) and as M+SD.

Ipumeuanwue. [I7s Tabs. 1-3: JaHHBIE IPECTABUINA KaK MeAuaHy (HU)KHUN KBapTUJIb 25%, BEpXHUN KBapTUJIb 75%), a
Takke Kak M+SD; percentage of target compressions — nporeHT 1eJsieBbIX kKoMmrpeccuii; depth of compressions — riryouna
KoMIpeccuii; rate of compressions — yacrora kommnpeccuii; without/with CCQC sensor — 6e3 npuMeHeHUs1/ C IPpUMEHEHNEM
nmaruynka KoHTpoJis kadecTBa KI'K; physicians/nurses — Bpauu/mencectpsl; ICU/ specialized departments — OPUT/mpo-
(UIBHBIX OT/IEIEHUI.

Tabsuna 2. [lTapaMeTpbI KOMIIPECCUI I'PYIHOM KJIETKH (0e3 IpuMeHeHHs1/c IPpUMeHeHHeM JaTYHKa KOHTPOJISA
Ka4ecTBa KOMIIPECCHH I'PYyTHOH KJIETKH) Y Bpadeid U MeTHIIHHCKUX CecTep Pa3IMYHbIX HE peaHUMAaIlHOHHBIX
OT/JEeJIeHHUM.

Table 2. Chest compression parameters (without/with the use of a chest compression quality control sensor) in
physicians and nurses of various non-intensive care units.

Group Percentage of target compressions. % Depth of compressions. cm Rate of compressions
CCQC sensor P-value CCQCsensor P-value CCQC sensor P-value
without with without with without with
Cardiology 0.0 (0.0; 3.57) 61.5 (45.8; 71.8) P<0.001 5.6+£1.2 5.3+0.4 P=0.333 124.0+28.3 110.7+6.1 P=0.004
department (n=85)
Emergency 3.9 (0.0; 17.3) 43.5 (34.9; 61.0) P<0.001  5.8+1.1 5.3+0.5 P=0.049 115.2+23.6 105.7+24.9 P=0.722

department (n=47)

Accident and emergency 28.7 (0.5; 53.5)77.9 (68.6; 83.8) P=0.001 5.7+0.6 5.6+0.2 P=0.330 114.1+8.6 111.1+5.5 P=0.025
team members (n=44)

Other specialized 0 (0;0.48) 68.4 (49.6; 78.6) P<0.001 5.8+1.3 5.4+0.3 P=0.002 124.2+24.4 112.945.8 P<0.001
departments (n=112)

ITpumeuanwue. Cardiology department — oTmesieHne KapAMOJIOTHH; emergency department — nmpuemMHoe OT/ieleHne; accident
and emergency team members — corpygauxku CMIT; other specialized departments — apyrue npoduibHbIe OTAETEHHUA.

TaGumna 3. [lapamMeTphI KOMITPECCHH IPYIHOM KJIETKH (0e3 mpUMeHeHH1/C IPUMeHEeHHEM aTYHKA KOHTPOJISA
Ka4ecTBa KOMITPECCUI TPYyAHOM KJIETKH) Y Bpaueil 1 MeJUIIHHCKUX CeCTep Pa3IHYHBIX peaHUMAIHOHHBIX
OTJeJIEHHH.

Table 3. Chest compression parameters (without/with thoracic compression quality control sensor) in physicians
and nurses of various intensive care units.

Group Percentage of target compressions. % Depth of compressions. cm Rate of compressions

CCQC sensor P-value CCQCsensor P-value CCQC sensor P-value
without with without with without with

Admission ICU (n=9) 0.1 (0.0;0.3) 77.4 (75.0; 81.8) P=0.040 5.0+0.5 5.4+0.3 P=0.138 141.8+15.0 110.4+6.2 P=0.040

Specialized depart- 0.0 (0.0; 15.2) 78.8 (63.7; 87.2) P<0.001 5.1+1.2 5.4+0.3 P=0.111 128.7+£15.3 110.0£5.2 P<0.001

ments ICU (n=35)

Cardiological ICU 1.63 (0.0; 7.03)76.4 (71.1; 79.1) P=0.003 5.4+1.3 5.5+0.2 P=0.722 132.5+22.7 111.945.8 P=0.020

(n=15)

Anesthesiology 0.0 (0.0; 20.0) 82.6 (64.1; 87.0) P=0.011  4.2+0.9 5.4+0.2 P=0.011 142.3+19.6 111.4+5.3 P=0.011

service (n=10)

IIpumeuanue. ICU — OPUT; admission — npuemHoe; specialized departments — npoduabHbIX oTesnenui; cardiological —
KapjuoJiornyeckoro npodus; anesthesiology service — anecresmoJiorundeckas ciayxoa.

JlaTYMKa KOHTPOJISI KadyecTBa KoMmpeccuil y 269 | We identified 4 groups of employees working in the cardi-
(75%) pabOTHUKOB IIPOIEHT IIeJIEBBIX KOMIIPEC- ology department, emergency department, accident and
cuit TPyIHOM KiIeTKH Obli Menee 10. Tosbko y 4 | €mergency teams, and other departments where the fre-

(1%) COTPYHUKOB IPOLEHT HENeBbIX KOMIPECCHit quency of cardiac arrest is low (therapy, endocrinology,
cocrau 6ostee 90. [Ipy NPUMEHEHHH [ATIHKA neurology, traumatology, surgery, radiology department,

and functional diagnostics department). The intensive
Ka41ecTBa KOMIPECCUN CUTYALNA MSMEHUIIACD, ¥ | care and anesthesia service staff were also divided into 4

149 (41?%) COTPYAHMKOB IIPOLEHT LEIEBLIX KOM- | oroups according to their place of work: ICU for admission
npeccu coctaBud 70-90. of any profile patients, ICU for admission of cardiological
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[1pu olieHKE TapaMeT-
POB KOMIIpeCcCu#l rpyIHOHN
KJIETKU B OOIIel rpyimire
0e3 mpuUMeHeHHUs U C TIPU-
MEHEHHEM JaTdyhKa KOHT-
poJisi BBISIBUJIN CTAaTUCTU-
YeCKHU 3HAYMMBbIe OTIMYUSI
no % IieJieBbIX KOMIIpec-
cuti [0,0 (0,0; 10,8) mpoTuB
71,5 (53,4; 84,1), p<0,001, 10
royoune (5,6+1,2 mpoTuB
5,4+0,3, p=0,031) u yacrore

rommpeccuit  (123,0+22,4
nporus 110,7+10,8, p<0,001)
(puc. 3).

ITpu ananmmuse rayou-

HbI KOMIIpeccuii 6e3 Ipu-
MEHEHUSI U C TpUMEeHEeHneM
marumka KadectBa KI'K
YCTAaHOBWJIH, 4TO Oe3 Jar-
ynKa pedepeHcHas ryon-

Puc. 2. Pacnipeiesienne MeJHIMHCKUX PAOOTHUKOB B 3aBHCHMOCTH OT % IIeJIEBBIX KOM-
NpeccHuii c NpUMeHeHHueM H 0e3 IpHMeHeHH I AaTYNKa KOHTPOJIS KauecTBa KOMIIPeCCHIA.
Fig. 2. Distribution of health care professionals according to percentage of target compres-
sions with and without the use of a CCQC sensor device.

IIpumeuanue. % of participants — % coTpygHukoB; chest compression quality, % — kaue-
CTBO KOMIIPECCUY IPYIHOM KJIETKH; AJ1s1 puc. 2—-4: without/with the feedback sensor — 6e3/c

Ha KoMmpeccui ObLIa
pocturHyra 117 - (33%) JaTIMKOM 0OPaTHOH CBA3H.
COTpYyIHHNKAaMU, I10CJI€ IIpU -
MEeHEeHHusI gaTrymka — 321

(89,4%) corpygaukoM. [Ipu aHa/M3€e 4aCTOThI KOM-
MIpeccuii TPyIHON KJIETKY Oe3 MpUMeHEHMs TaTIu-
Ka pedepeHCHbIe 3HAYEHUSA OBLIN JOCTUTHYTHI
108 (30%) corpygHuKamMy, C IPpUMEHEHUEeM JaT4u-
Ka— 333 (93%) coTpyIHUKAMU.

C npuMeHeHUEM JaTYWKa KOHTPOJA Kade-
cTBa KoMIIpeccuil % 11eJIeBbIX KOMITPECCUU 3HAY M-
MO YBEJIMYMJICA 3a CUET CHUYKEHHUS YaCTOThI KOM-
MIpeCcCUil 1 HOpMaJIU3aIuHy [TyOMHBI KOMITPECCUT.
[Tpu aToM mJIsA BCEX METUITMHCKUX PAOOTHUKOB
XapaKTepHO BBHIMOJHEHNE KOMIIPECCHUI C 0O0JIb-
ey 4aCTOTOM MO0 CpaBHEHUIO C pepepeHCHBIMU
3HAYEeHUSIMHU.

XapakTepuCTHKA I'PYNIIBI Bpadei U Mejce-
crep OPUT. I1pu cpaBHeHNH KayecTBa KOMIIpeC-
cuil rpygHoO KjaeTku rpynnoi Bpaueit OPUT no u
MocJie IPUMEHEHM TaTYNKa Ka4eCTBAa KOMIIpec-
CUH NMOJIYyYMJIN CTaTUCTUYECKU 3HAYUMBble Pa3JIn-
yus 1mo % I1iesieBbIx kommpeccuii (0,45 (0,0;14,5)
nporus 81,6 (64,8; 87,9), p=0,001] 1 yacToTe KOM-
npeccuit [124,1+17,8 npotus 111,6+4,5, p=0,001],
110 UTyOWHE KOMITpecCUii pa3HuIia Obla He 3HAYH-
Mo (TabJr. 1, puc. 4).

[Ipu npuMeHeHUU IaTyuKa Komipeccuit %
1ieJIeBBIX KOMIIPECCUI CYIIIeCTBEHHO YBeJINYNBaJI-
cs1. B rpynne Bpaueit OPUTy 72% coTpynHUKOB (48
4eJi0BeK) % IIeJIEeBBIX KOMIIPECCHUI OBLI HUKe
10%. I1ocsie npuMeneHus garuukay 52,2% coTpyn-
HUKOB (35 4esioBeK) % IleJIEBBIX KOMIIpECCUH
coctraBua 70-90%.

IIpu aHa;M3e pabOThl METUITUHCKUX CECTED
OPUT noJry4yeHsbI CX0yKue JaHHble. BEIABUIIN CTa-
TUCTUYECKHN 3HAUMUMbIe OTJINYUA 110 % IieJieBbIX
rommpeccuti [0,0 (0,0; 3,5) mporus 69,1 (47,4; 80,6),

patients, anesthesiology service, ICU for other specializa-
tions (urology, therapy, postoperative ICU). The number
of staff members in each group, as well as data on chest
compression parameters are presented in Tables 1-3.

Results and Discussion

General group characteristics. The general
group consisted of all healthcare workers from var-
ious hospital departments. Figure 2 shows the dis-
tribution of healthcare workers according to the
percentage of target compressions without and
with the use of the CCQC sensor device. When per-
forming CC without a quality control sensor, 269
(75%) employees had a percentage of target chest
compressions less than 10. Only 4 (1%) employees
had a percentage of target compressions greater
than 90. The situation changed when the compres-
sion quality sensor was used, with 149 (41.5%)
workers having the percentage of target compres-
sions of 70-90.

Assessment of chest compressions parameters
in the general group without and with the control
sensor revealed significant differences in percent-
age of target compressions [0.0 (0.0; 10.8) vs 71.5
(53.4; 84.1), P<0.001, in depth [5.6+1.2 vs 5.4+0.3,
P=0.031] and rate of compressions [123.0+22.4 vs
110.7+10.8, P<0.001] (Fig. 3).

When analyzing the depth of compression
without and with the use of the CCQC sensor, we
found that 117 (33%) workers achieved the refer-
ence depth of compressions without the sensor and
321 (89.4%) workers achieved it after the use of the
sensor. When analyzing the rate of chest compres-
sions without the use of the sensor, we revealed that
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Puc. 3. HccaegyemMble mapaMeTpbl KOMIIPECCHH TPyaHOI
KJIETKH B O01IIeii rpymie.

Fig. 3. The studied parameters of chest compressions in the
general group.

Note. a— % of target compressions, * — P=0.000 when compar-
ing groups using Wilcoxon criterion. b, c — depth and rate of
compressions, *— P=0.031 and * — P=0.000, respectively, when
comparing groups using Student's #-test for related samples.
IIpumeuanue. a — % 1e7€BbIX KOMIIpeccuid, * — p=0,000 ripu
CpaBHEHUH T'PYIII 110 KPUTEPHUIO YUIKOKCOHA. b, c— IyOrHa
1 yacToTa kommnpeccuii, * — p=0,031 u * — p=0,000, cooTBeT-
CTBEHHO, IIPU CPaBHEHUU T'PYI 110 {-KpuTepuio CThIOEeHTa
IJIS1 CBSA3aHHBIX BEIOOPOK.

108 (30%) employees achieved the reference values
and 333 (93%) employees achieved the reference
values with the use of the sensor.

With the use of the CCQC sensor, the percent-
age of target compressions increased significantly
due to a decrease in the rate of compressions and
normalized compression depth. At the same time,
all healthcare workers were characterized by a
higher rate of compressions compared to the refer-
ence values.

Characteristics of the ICU doctors and
nurses group. When comparing the quality of chest
compressions by a group of ICU physicians before
and after the use of the chest compressions sensor,
we obtained significant differences for the percent-
age of target compressions [0.45 (0.0; 14.5) vs 81.6
(64.8; 87.9), P=0.001] and rate of compres-
sions [124.1+17.8 vs 111.6+4.5, P=0.001], no signifi-
cant differences for depth of compressions were re-
vealed (Table 1, Fig. 4).

When the compression sensor was used, the
percentage of target compressions increased signif-
icantly. In the ICU group 72% of the staff (48 per-
sons) had target compression percentage below
10%. After the use of sensor, 52.2% of professionals
(35 persons) had 70%-90% of target compressions.

When analyzing the performance of the ICU
nurses, similar data were obtained. There were sig-
nificant differences in percentage of target com-
pressions [0.0 (0.0; 3.5) vs 69.1 (47.4; 80.6), P<0.001]
and rate of compressions [123.6+23.7 vs 112.2+5.7,
P<0.001] when using the sensor. The percentage of
target compressions increased, and the rate of
compressions decreased with the use of the sensor.

When comparing percentages of target com-
pressions, depth and rate of compressions between
groups of nurses and intensive care unit physicians
before and after the use of the CCQC sensor, no sig-
nificant differences were found.

Characteristics of the group of specialized
hospital departments professionals. An analysis of
the specialized department physician group re-
vealed significant differences in percentage of tar-
get chest compressions [0.0 (0.0; 1.2) versus 69.3
(50.5; 78.7), P<0.001], rate [123.8+23.2 versus
112.616.1, P<0.001] and depth [5.8+1.2 versus
5.4+0.3, P=0.048] before and after using the CCQC
sensor (Table 1).

Analysis of the specialized nurses' parameters
demonstrated significant differences in percentage of
target compressions [0.0 (0.0; 6.1) vs. 63.7 (42.9; 75.8),
P<0.001] without CCQC sensor and after using it.

When comparing the percentages of target
compressions, depth and rate of compressions be-
tween the groups of nurses and physicians of the
specialized departments before and after the use of
the feedback sensor, no significant differences were
found. The majority of the staff in these groups had
less than 10 target compressions.
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p<0,001] 1 yacrore kommpeccui [123,6+23,7 mpo-
TuB 112,2+5,7, p<0,001] npu IprMeHEHNY TaTYNKaA
KavecTBa KoMIrpeccuil. [1pu ncrnob30BaHUM JaT-
yuka % 1ieJIeBbIX KOMIIpeCcCHH yBeJnduJicH,
YaCcTOTa KOMIIPECCHUH YMEHBIINIACh.

[Ipu cpaBHeHUU % IleJIEBBIX KOMIIPECCHUH,
TJTyOMHBI ¥ 9aCTOTHI KOMITPECCUI MESK Ty TpyIIa-
MU MEIUITMHCKUX CeCcTep U Bpauel OTheseHUuu
peaHnManuu 10 U IocJje MPUMeHeHUs TaTYnKa
KOHTPOJIsI KaueCTBa KOMIIPEeCCUI IPYIHOU KJIeTKU
CTaTUCTUYECKH 3HAYUMBIX OTJIMYNH HE BBIABUJIN.

XapakTepHUCTHKA I'PYNIIBI Bpadel U Mejce-
crep NpodUIBHBIX OTHAeJEeHHI CTAaliOHAPOB.
[Tpu aHanu3e rpynisl Bpayeil 1po(puabHbIX OTIe-
JIEHWH BBISABUJIN CTaTUCTUYECKH 3HAYUMbIE OT/IN-
unusi B % IlesIeBbIX KOMIIDECCUU I'PyJHOU KJeT-
ku (0,0 (0,0; 1,2) mporus 69,3 (50,5; 78,7), p<0,001],
yacrore [123,8+23,2 nporus 112,6+6,1, p<0,001] u
rmyoune [5,8+1,2 mporus 5,4+0,3, p=0,048] no n
MocJie TPUMEeHEeHUs aTYNKa KOHTPOJIS KadyecTBa
KI'K (TtadJ. 1).

[Ipu ananuide Mmokasaresied MeTUITMHCKUX
cectep NpodUJILHBIX OT/AeJIEHUH BbISIBUJIN CTATHU-
CTUYECKU 3HAYUMBble pa3jandus B % IeJIeBbIX KOM-
npeccuit (0,0 (0,0;6,1) mpotus 63,7 (42,9; 75,8),
p<0,001] 6e3 u ToCJIe TpUMEHEeHUST TaTYNKa KOHT-
poJIsg KauecTBa KOMIIPECCUH TPyJHOU KJIETKU.

[Ipu cpaBHeHUU % I1eJIEBBIX KOMIIPECCHUH,
TJTyOMHBI ¥ 9aCTOTHI KOMITPECCUI MESK Ty TpyTIa-
MU MEIUIIMHCKUX CECTEP U Bpadel mpodUIbHBIX
OTJleJIEHUN 70 U II0CJie MPpUMEHEHUs JaT4yuKa
00paTHOM CBSI3U CTATUCTUYECKN 3HAYNMBIX OTJIH-
YW He 00HAPY)KUIH. Y OOJIBIITMHCTBA COTPYIHU-
KOB [TaHHBIX I'PYIII IIPOLIEHT IIeJIeBBIX KOMIIpEC-
cuii 011 MeHee 10.

[Ipu cpaBHeHUU rPyNIIbl Bpayei U MeJUIH-
CKHX CecTep OTAeJIeHUl peaHUMAaIlUu C IPYNIoN
Bpauell M MeIUIIMHCKUX CecTep NpPOoPUIbHBIX
OTJleJIEHUH [0 IPUMEHEHU S JaTYhKa KOHTPOJIs
kavecTtBa KI'K cTarucTryecky 3HaAUMMBIX Pa3Jiv-
yuii He noJiyyniau. OJHAKO, IPU CpPaBHEHUM TeX
SKe TPYILI II0CJIe IPUMEHEHUA JaTYnKa KOHTPOJIA
Ka4yecTBa IIOJyYUJIA CTaTUCTUYECKU 3HAYMMBbIe
pasauyusa MeXIy BpadaMH peaHMMalMOHHBIX
OTJeJIeHUH U BpadyaMu NPOQUILHBIX OTIeJIeHUN
110 % 11eJIeBbIX KOMIIpeCCUH rpyaHOM KieTKu [81,6
(64,8; 87,9) nporus 69,3 (50,5; 78,7), p=0,001].

Takoke BbISIBUJIU CTaTUCTUYECKU 3HAYNMBbIE
pasyingus MesKIy IpyInnoi Bpadeil Npo@puIbHbIX
OTJeJIEHU W MEJUIMHCKUX CecTep peaHuMa-
[IMOHHBIX OTAEJEHUU M0 WIyOMHEe KOMIIPECCUH
rpyaHOH KieTku [5,8+1,2 mpotus 5,311,2, p=0,048]
JI0 TPUMEHEHU TaTYMKa KOHTPOJISI KadyecTBa. Y
Bpauell MpoUJIbHBIX OTJeJIeHNH [IyOMHA KOM-
Ipeccuii ObLIa CUJIBHO 3aBbIIIEHA.

Kpowme Toro, nosy4nim CraTuCTAYeCKU 3HAYN-
Mble pas3/In4us MesKIy FPYNIoi Bpauell peaHUMa-
[IMOHHOTO OTHEJIEHUSA U MEAUIIMHCKIMM CeCTPaMU
NpoUIbHBIX OTAeSIeHUH 110 % I1eJIEBBIX KOMITPeC-

Puc. 4. Hccaeayemble mapaMeTrpbl KOMIIPECCHH I'PYJHOM
KJIETKH B rpymme Bpaydeit OPUT.

Fig. 4. The studied parameters of chest compressions in the
group of ICU physicians.

Note. a— percentage of target compressions, * — P<0.001 using
Wilcoxon criterion. b — frequency of compressions, * —
P<0.001 when comparing groups using Student's ¢-test for re-
lated samples.

IIpumeuyanue. a— % 1ieJIeBBIX KOMIIpeccui, ¥ — p<0,001 mpu
CpPaBHEHMHU T'PYINII 10 KPUTEPUIO YUJIKOKCOHA. b — 4acToTa
KoMIpeccuy, * — p<0,001 mpy CpaBHEHUU TPYIIIL IIO {-KPHUTe-
puto CTbIOJEHTa [JI CBSI3aHHBIX BBIOOPOK.

When comparing the group of intensive care
unit physicians and nurses with the group of physi-
cians and nurses from the specialized departments
before the use of CCQC sensor, no significant differ-
ences were obtained. However, when comparing
the same groups after the use of the CCQC sensor,
we found significant differences between the ICU
physicians and the physicians of the specialized de-
partments in the percentage of target chest com-
pressions [81.6 (64.8; 87.9) vs. 69.3 (50.5; 78.7),
P=0.001].

Also, we found significant differences between
the group of specialized department physicians
and intensive care unit nurses in depth of chest
compressions [5.8+1.2 vs. 5.3+1.2, P=0.048] before

the quality control sensor was used. The depth of
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CUil C TIpUMEHEHWEM JaTYMKa KOHTPOJIsI Kade-

crBa [81,6 (64,8; 87,9) nporus 63,7 (42,9; 75,8), p=0,048].
XapaKkTepuCcTHKAa Ipynn CIenuajicTOB B

3aBHCHMOCTH OT IPO(PHJIS OTAeIEHUS

[Ipu aHanM3e rpyni COTPyLHUKOB PO UIb-
HBIX OT/ieJIeHUU BBISIBUJIM CJIeAYIOIIe CTaTUCTHU-
YeCKU 3HaUYMMble pa3indus (TadJ. 2). Jlo nmpuMe-
HEHUsI NaTYNKa KOHTPOJA KadecTBa % IleJIeBbIX
KOMIIPECCUU B I'PYIIIe CIelUaJUCTOB OTAe/IeHNs
CKOPOU MEeIUITMHCKON MOMOIIU 3HAYUMO OTJIM-
yaJscs oT % LieJieBbIX KOMIIPeCCU B I'pyIIIIe Clie-
IMAJIMCTOB OTAeJIeHus rapauoJsaoruu (28,7 (0,5;
53,5) npotrus 0,0 (0,0; 3,6), p=0,027] 1 ocTaJIBbHBIX
npoduabHbIX OTAeaeHut [28,7 (0,5; 53,5) mpoTUB
0,0 (0,0; 0,5), p=0,019]. Kpome ToOro, noay4unau cra-
TUCTUYECKU 3HAYNMbIe OTJINYM S TTOCJIe TPUMeHe-
HUA JaTdyukKa KOHTpoJiA kKadectBa KI'K mesxny
TPYIIION CIIEIIMAINCTOB OTAe/eHUsI CKOPOU Me-
IMHCKON MOMOIIM M TpyHIlaMU CIIeNUaINuCTOB
OTIeJIeHUsI KapauoJoruu no % IeseBbIX KOM-
npeccutii (77,9 (68,6; 83,8) nporus 61,5 (45,8; 71,8),
p=0,013] u rmybuHe KoMpeccuii [5,6+0,2 cM TIpo-
TuB 5,310,4 cM, p=0,030], a Tak)Ke rpynmnoi ce-
[IMAJIMNCTOB IIPUEMHOTO OT/IeJIeHUA 110 % IeJIeBbIX
KoMmIipeccuit [77,9 (68,6; 83,8) mporus 43,5 (34,9;
61,0), p=0,001]. ITosryuyeHHBIE pa3/INUUs, I0-BUIU-
MOMY, 00yCJIOBJIEHBI OOJBIINM TPAKTHYECKAM
OIBITOM CHEeIUAJMCTOB CKOPOU MeIUITUHCKOU
IIOMOIIIYA B NPOBEJEHUU KOMIpecCUil IpymsHON
KJIETKH.

IIpn ana/m3e pes3yjabraToB COTPYIHUKOB
OTAeJIEHUN peaHUMaly BBISIBUJIN CJenyIoliue
CTAaTUCTUYECKU 3HAYUMbIEe pasanuus (TadJr. 3). Ilo
MMpUMEeHEeHUs aTYMKa KOHTPoJisA KadecTBa KI'K
MOJYUYUJU Pa3JINUUsA MO 4YacTOTe KOMIIpeCCUH
TPYAHOU KJIETKHU MesKIy COTPYJHUKAMU Kapauo-
peaHnManvyu U NPUEMHOTO PeaHWMAIMOHHOTO
oraenenusa [132,5+22,7 unporus 141,8+15,0,
p=0,043]. Takxke OTMETUIN CTATUCTUYECKY 3HAYU-
Mble OTJINYHS 10 TPUMEHEeHUs JaTunKa KOHTPOJISA
kavectBa KI'K Mesxkay rpynmoil cnenuanucToB
AHECTe3WOJIOTUYECKOU CIYKOBI M CIelnaaIncTa-
mu OPUT npoduabHBIX OTAENEHUN 110 TIIyONHE
koMmIiipeccuit [4,2+0,9 cm mporuB 5,1+1,2 cwm,
p=0,017] u KapauopeaHUMAlLU 110 YACTOTE KOM-
npeccuii [142,3+19,6 mpoTus 132,5+22,7, p=0,043].

Y MHOTHX METUITUHCKUX PAaOOTHUKOB TTOKa-
3aTreJi KOMIIpeccuil rpyJHOU KiaeTKU (% 1ejieBbIX
KOMITPECCUH, YacTOTa, IIyOMHA) BBIXOAWJIN 3a
npejebl pedepeHCHbIX 3HAYEeHUH, YTO COOTBET-
CTBYET JaHHBIM 3apy0OesKHOH JiuTepaTypsl [13].

IIpennoJsiarasocs, 4TO y TeX COTPYLHUKOB,
KOTOpbIE CTAJTKUBAIOTCSI C OCTAaHOBKOM KPOBOOO-
palleHus yaie Apyrux napameTpbl KOMIPeccuil
OymyT MMeTh TEHJEHIWI0O K HOpMasjau3aluu, 3a
CUEeT UMEIIIerocs KIMHUYEeCKOT0 ONbITa IPOBe-
JIEHUs cep/IevYHO0-/I1eroyHol peanumaruu [14]. K
TaKOU KaTeropuu COTPyJHUKOB OTHOCSITCS Bpauu

peaHnuMaroJIoru, MEJUIMHCKHE CECTPDI, pa60Tan-

compressions was severely overestimated in the
physicians of the specialized departments.

In addition, we obtained significant differ-
ences between the group of intensive care unit
physicians and the nurses of specialized depart-
ments in the percentage of target compressions
when using the quality control sensor [81.6 (64.8;
87.9) versus 63.7 (42.9; 75.8), P=0.048].

Characteristics of groups of medical profes-
sionals in the specialized departments. The fol-
lowing significant differences were found when an-
alyzing the groups of staff in the specialized
departments (Table 2). Prior to the use of the qual-
ity control sensor, the percentage of target com-
pressions in the accident and emergency depart-
ment staff was significantly different from the
percentage of target compressions in the cardiology
group [28.7 (0.5; 53.5) vs 0.0 (0.0; 3.6), P=0.027] and
in all other departments [28.7 (0.5; 53.5) vs 0.0 (0.0;
0.5), P=0.019]. In addition, we found significant dif-
ferences after using the CCQC sensor between the
accident and emergency department specialist
group and the cardiology department specialist
groups in the percentage of target compres-
sions [77.9 (68.6; 83.8) vs 61.5 (45.8; 71.8), P=0.013]
and depth of compressions [5.6+0.2 cm vs 5.31£0.4
cm, P=0.030], and the emergency department spe-
cialist group in the percentage of target compres-
sions [77.9 (68.6; 83.8) vs 43.5 (34.9; 61.0), P=0.001].
The differences seem to be due to the greater prac-
tical experience of the accident and emergency de-
partment specialists in chest compressions.

The following significant differences (Table 3)
were found when analyzing the results of the inten-
sive care unit staff. Before the use of the CCQC sen-
sor, we found significant differences in the rate of
chest compressions between cardiac intensive care
unit and emergency room staff [132.5+22.7 versus
141.8+15.0, P=0.043]. We also noted statistically dif-
ferences without the use of CCQC sensor between
the anesthesiology service group and the special-
ized intensive care unit staff in the depth of chest
compressions [4.2+0.9 cm vs 5.1+1.2 cm, P=0.017]
and with cardiac ICU in the rate of compres-
sions [142.3+19.6 vs 132.5+22.7, P=0.043].

The performance of many healthcare profes-
sionals in chest compressions (percentage of target
compressions, rate, depth) was outside the refer-
ence values, which is consistent with the interna-
tional data [13].

Those medical professionals who encounter
cardiac arrest more frequently were expected to
have a trend to better compression performance
due to their clinical expertise in cardiopulmonary
resuscitation [14]. This category of staff includes in-
tensive care physicians, nurses working in the in-
tensive care unit and cardiac care unit staff, as well
as the accident and emergency staff. Before and
with the use of the feedback tools, the percentage
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1¥e B OTJeJeHUU peaHWMalluu U COTPYAHUKU
KapIMO0JO0TUYECKUX OTAeJIeHUU, COTPYIHUKHU CKO-
po¥ MeTUIIMHCKOU moMoIiu. Jlo NnpuMeHeHus 1
MIPY MCIIOJTb30BAHUU CPEICTB 00paTHOM CBSA3U %
1eJIeBbIX KOMIIpecCUMl B [IaHHOM Kareropuu
COTPYIHUKOB OBLI 3HAYMMO BBIIIIE, YTO MOSKET
CBUJIETEJILCTBOBATh O YACTUYHOM COXpPaHEHUU
HaBBIKA BCJIEICTBHE OTbITA paboThI. OTHAKO, JaH-
HOe 3aKJII04YeHne TpeOyeT MpoBeIeHNs JOTIOTHH -
TeJIbHBIX UCCJIEIOBAHUH.

[Tocsie mpuMeHeHUs TaTYNKA KOHTPOJISA Kade-
cTBa KoMmmpeccuit % 11eJIeBbIX KOMIIPECCU 3HAYM -
Mo yBemanBasics. CKope Bcero, 3T0 00bsICHAETCS
TeM, 4TO ObIja MpaBUIbHAsI OpraHu3anus obpar-
HOM CBSI3U (ayAMIOBU3yaIbHBIE ITOJICKa3KU Tprbopa
BKJIIOYEHBI) — OTHO U3 YCJI0BUH 3()(PEeKTUBHOCTU
BBINIOJIHsIEMBIX yIIpaskHeHni [15-18]. [1pu BbIOJI-
HEeHUHU KOMIIPpeCCUH IpyaHON KJIETKHU C UCIIOIb30-
BaHMEM JIaTYMKA KOHTPOJISI KaueCTBAa KOMITPEeCCUH
YYaCTHUKY UCCJIeI0BAHNS MOIVIN BU/IETh 3SHAUeHUST
(gacrora, TyOMHA KOMIIPECCHIT) U KOPPEKTUPOBATH
cBoM JielicTBUsA. OJlHAaKO IpUMEHEHUE TOJIBKO JIaT-
4rKa KOHTPOJISI Ka4eCTBA KOMITPECCUU He TIPUBEJIO
K MAaKCHUMaJIbHO BO3MOKHOMY YyBeJUYEHUIO %
1IeJIEBBIX KOMIIPECCUH, TaK KaK % IeJIeBhIX KOM-
MIPECCH 3aBUCUT HE TOJTHKO OT NIYOMHBI ¥ YaCTOTHI
KOMIIPECCUHY, HO TAK)Ke OT IEKOMIIPECCUU U TIpa-
BUJIBHOT'O TIOJIOSKEHUS TeJsla U PYK IIPU BBITIOJIHE-
HUW KOMITPECCU TPYTHOHN KJIETKH. TaknM 06pasom,
TIOMUMO TPUMEHEHUSI TaTYNKa KOHTPOJISI KauyeCcTBa
KOMIIpeCCUli IpyAHON KJIeTKH, AJIs1 JaJbHeUIIero
COBEPIIIEHCTBOBAHUS HaBbIKA TPEOYETCsI IPOBe/Ie-
HUe 00y4eHHsI C KOHTPOJIEM ITPaBUJIBHOCTH BBITIOJ -
HEHUsI KOMITPECCUH OT IperioiaBaresis.

B xopne niccenoBaHUs Takke 0OHAPYKUIIH,
4T0 % 11eJIEBbIX KOMIIPECCUI He 3aBHCEJI OT OT/Ie-
JIEHUsI, B KOTOPOM paboTaeT COTPYAHUK, ¥ 3aHU-
MaeMOU JO/PKHOCTH (Bpay, METUIIMHCKAs CecTpa).

3akJrouenue

[IpuMeHeHUe TaTyrKa KOHTPOJsS Ka4ecTBa
KT'K mo3BOIMII0 3HAYNMO YBETUYUTD % I€JI€BBIX
rommpeccuii. OHaKo, % I1eJIEBBIX KOMITPECCHM HEe
JOCTUTAJI MaKCUMaJIbHBIX 3HAYEHUH, UTO MOKET
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of target compressions in this category was signifi-
cantly higher, which may indicate a partial reten-
tion of the skill due to work experience. However,
this conclusion requires additional research.

After using the CCQC sensor, the percentage
of the target compressions increased significantly.
This is most likely due to the fact that feedback was
properly organized (audiovisual prompts of the de-
vice were switched on) which is one of the prereq-
uisites for the efficacious performance [15-18].
When performing chest compressions with the use
of the CCQC sensor, the study participants could
see the key parameters such as rate and depth of
compressions and adjust their actions. However,
the use of the QC sensor alone did not result in the
highest possible percentage of target compressions
because it depends not only on depth and rate but
also on recoil and the correct body and hand posi-
tion when performing chest compressions. Thus, in
addition to the use of a CCQC sensor, further im-
provement of the skills requires training with con-
trol of correct compression by an instructor.

The study also found that the percentage of
target compressions was independent of the de-
partment where the staff member worked and the
position held (doctor or nurse).

Conclusion

The use of the quality control sensor for chest
compressions resulted in a significant increase in
percentage of target compressions. However, the
percentage of target compressions did not reach
the maximum values, which may indicate the need
for a training course. The compression perform-
ance was independent of the department where the
staff member worked and the position held (physi-
cian or nurse).

CBUIETEJILCTBOBATh O HEOOXOAUMOCTH MPOBEJIie-
HUs Kypca oOyuenusi. [Ipu aToMm mokasareau KOM-
Mpeccuil He 3aBUCEJU OT OT/IeJIEHUS, B KOTOPOM
paboTaeT COTpyIHUK, U 3aHUMAEMOMN JOJISKHOCTU
(Bpa4, MeqUIIMHCKAA CECTPA).
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Experimental Studies

BiaunsaHue reMoauJIlOIUHU in vitro i in vivo
Ha CUCTeMYy reMocTa3a
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Pe3rome

ITess uccaeqoBaHMusI — ONPENEIUTD B 9KCIIEPUMEHTe, Kak FeMOUJIIONNsI PACTBOPOM cTepodyHIuH/Te-
saodysut (C/I') B cooTHOIIEHUH 2:1 BJAUSAET in Vitro W in vivo Ha IapaMeTphbl CUCTEMBI FeMOCTasa.

Marepuas u MeTOAbI. JKCIIEPUMEHTHI IPOBEJIU HA 75 KpbIcax-camiiax suHuu Wistar maccoit 270-380 1,
HAapKOTU3WUPOBaHHBIX TUJIETaMUH/30/1a3eniaMoM (40 MI/KI BHYTPUMBIIIEYHO) + KCUJIa3WuHOM (10 MI/Kr
BHYTPUMBIIIEYHO). JKMBOTHBIX pa3e/niin cjIydyaiiHbIM 00pa3oM Ha 4 rpynnsl: rpymnna | — pasBegenue 00-
pasuoB KpoBU u3 conHolt aprepun C/I' in vitro na 25% (n=12), rpymnmna II — pasBejieHue KpoBU in vitro HA
37,5% (n=11), rpynna III — pasBenenue in vivo Ha 25% (n=10), rpynna IV — koHTposibHas (n=42) — 6e3 pas-
BesneHusi. Ha mepBoM aTarie uccje0BaHMsI CPAaBHUBAJIY IPYIIBI pa3BeeHUs in Vitro ¢ KOHTPOJIbHOMN IPyII-
IO U MesKTy CO001i, Ha BTOPOM aTalle — IPYIIITy pa3BeleHusI i Vivo CPaBHUBAJIU C KOHTPOJIbHOU TPYIIIIOMN.
JUJ1s1 OLIeHKY BJIMSIHUS TeMOIUJIIOIIUY MCCJIeJOBA/IU ITapaMeTpbl HU3KOYaCTOTHOM IIbe30TPOMO0aIacTorpa-
¢uu (HIITIAT'), TeCTOB 11O OIlEHKE CBEPTHIBAHUS KPOBU U OOIIIETO aHAIN3a KPOBH.

Peayarrathl. [Ipu remoguimioniuu Ha 25% in vitrou in vivo C/T" B cooTHOLIeHNH 2:1 n3y4yaeMble TapameTphl
CHCTeMbI reMOCTa3a He BBIXOWJIN 32 PAMKU pedepeHCHbBIX TPaHUll, HO i7 Vitro OTMevasiy TeHIeHINIO K YCH-
JIEHUIO MHTEHCUBHOCTU (hepMEHTATUBHOTIO JTalna CBepThIBAaHUS U 3HAUUMOe YCUJIeHNe I0JNMepr3aIiu
CTYCTKAa 10 IPpUYNHE OTHOCUTEIbHOU HEeJOCTaTOYHOCTH aHTUKOATY/ISIHTOB. Pa3dBeieHrie KpOBU in vitro HA
37,5% 3HaUYUMO COKPAIIaJI0 B KPOBU KOJINYeCTBO (hMOpUHOTreHa U TPOMOOIIUTOB, MHTMONPOBAIO MHTEHCUB-
HOCTb IIPOTE0JIUTUYECKOTO dTalla CBEPThIBAHMSI, yMEHBIIIAJIO IIJIOTHOCTh TPOMOa B TOUKe skeJiupoBanus T3,
Ha 5-11 MUHYyTe II0CJIe ee JOCTHYKEeHUS M MaKCUMaJsIbHYI0 aMIUTyny (MA) kpuBoit HITTOI, a Takske 3HaYUMO
YMEHBIIIAI0 aHTUKOATYJITHTHYIO0 aKTUBHOCTh KPOBU. BbIsAB/IEHHBIE N3MEHEHN A TapaMeTpOB CUCTEMBI F'eMOo-
CTa3a 3HaUYUTEeJIbHO BBIXOAWIM 3a TPAHUIIbI pepepeHCHbIX 3HaueHu . [lokasaHo, 4YTo IpU pa3BeleHuu in vivo
Ha 25% 3HauyeHus1 IoKasareJisi IJIOTHOCTH TpoM0Oa OTpuliaTe IbHO KOPPEJIUPOBAJIN C MHTEHCUBHOCTBIO KOH-
TaKTHOU KOAryJisinuu (BeJIMUMHA OTPUIlaTesIbHas), a IPY pasBeieHuH in vitro Ha 37,5% 9TH 3HaYeHUsI [10J10-
SKUTEJIbHO KOPPEeJIMPOBAJIU TaK)Ke U C KOJIMYeCTBOM TPOMOOILIUTOB U collepskaHueM (puOprHOreHa.

3akmouenue. [emonumonus pactBopoM C/T' B cooTHoienun 2:1 Ha 25% 110 00’beMy MUHUMAJIBHO U3-
MeHsIeT [TapaMeTpbl FeMoCTasa in Vitro U siBJIsIeTCsI OTHOCUTEIbHO 6e30IacHOM 1151 CUCTEMBI T'eMOCTasa.

Kntoueevte croea: kpuicot tunuu Wistar; Ounroyuonnas Koazyionamust; HU3K04acmomHuast nve3om-
pomboanacmozpadhusi; ceepmuléanue Kposu

KoH(IHKT HHTEpecoB. ABTOPHI 3asIBJIAIOT 00 OTCYTCTBUY KOH(JINKTAa NHTEPECOB.
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SKCHepI/IMeHTaJ'IbeIe HCCJJaeqOoBaHuA

Summary

The aim of the study was to determine experimentally the effect of hemodilution by the 2:1
sterofundin/gelofusine (SG) solution on hemostatic parameters in vitro and in vivo.

Material and methods. Experiments were carried out on 75 male Wistar rats weighing 270-380 g and anes-
thetized with intramuscular tiletamine-zolazepam (40 mg/kg) + xylazine (10 mg/kg). Animals were divided
randomly into 4 groups: Group 1 — in vitro 25-percent dilution of carotid blood samples by the SG solution
(n=12), Group 2 — in vitro 37.5-percent dilution of similar samples (n=11), Group 3 — in vivo 25-percent di-
lution (n=10), Group 4 — the controls (n=42) with no dilution. The first stage of the study compared the in
vitro dilution groups with the control group and with each other; the second stage compared the in vivo dilu-
tion group with the control group. The parameters of low-frequency piezoelectric tromboelastography (LF-
PTEG), clotting tests and complete blood count were studied to evaluate the effect of hemodilution.

Results. At a 25-percent hemodilution with 2:1 CG solution in vitro and in vivo, the hemostatic parameters
retained within the reference limits, but a trend to increased intensity of the enzymatic reactions of the coag-
ulation cascade and a significant increase in clot polymerization in vitro due to relative anticoagulant defi-
ciency became evident. In vitro 37.5-percent blood dilution significantly reduced the blood level of fibrinogen
and platelet count, inhibited the intensity of the proteolytic stage of coagulation, reduced the clot density at
the T3 gelation point, at 5 minutes after reaching it and the maximum amplitude (MA) of the LFPTEG curve,
as well as significantly reduced anticoagulant activity of the blood. The observed changes in hemostatic pa-
rameters were significantly outside the reference limits, which may affect the interpretation of the experimental
results and be clinically important. We found negative correlation between clot density and platelet activity at
25-percent dilution in vivo, whereas at 37.5-percent dilution in vitro an additional positive correlations be-

tween platelet count and fibrinogen levels were determined.
Conclusion. A 25-percent hemodilution with 2:1 CG solution should be considered «safe» for the in vivo
hemostatic system providing minimal effect on the in vitro parameters in the exper-iment.

Keywords: Wistar rats; dilutional coagulopathy; low-frequency piezoelectric thromboelastography; blood

coagulation
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BBenenune

Ha JOTOCIIUTA/JIBHOM 3JTalle IIalpeHTaM C
TSSKeJION TPaBMOH B COCTOSTHUY TPAaBMaTHYECKOT0
moka [1, 2] HeobxoguMa Majioo6beMHass UHPY-
3MOHHAas MOJIepsKKa 10 MOMEHTa JOCTaBKH B CTa-
IIMOHAp ¥ OKOHYATeJIbHON OCTAaHOBKU KpOBOTEYe-
uus [3]. Leap Mamoob6beMHOW wWHPY3UU —
TIOTIBITKA N30eKaTh N30BITOYHOTO MObEMA apTe-
pPHUaJIBHOTO JaBJIeHNs 1 YCUJIeHUsI KPOBOTeUeHNUs,
a TaksKe pa3BUTHUA IUJIIOIMOHHOM Koarysjona-
tiH (4, 5]. O6beM nHGY3UHN Ha JOTOCHUTATHHOM
aralne He JoJiKeH npessimarb 1000-1500 mur niiu
20% o0beMa IUPKYIUpyIoIei kposu [3]. Beene-
Hue OoJIbIlleT0 00beMa WH(QY3UOHHBIX Cpel Y
MalleHTOB C apTepHualbHON IUIIOTeH3Mel ocie
TPpaBMbI MOKET YBEJIMIUBATH HOTpe6HOCTB BTremMo-
TpaHcdysuu o TpubLITUM B CcTaroHap [4, 6], a
OTCYTCTBUE UH(PY3UU CIIOCOOCTBYET POCTY JIeTalb-
HoCTH [7]. ONTUMAJILHBIM YPOBHEM CUCTOJINYECKO-
ro aprepuanbHoro gasjaeHust (CAJl) Ha morocmu-
TaJbHOM JTalle peKoOMeH10BaHo cuuTarb 80-90 MM
PT. CT., ay ITallU€HTOB C COYeTaHHOH YepernmHo-Mo3-
roBoii TpaBMOit — 6oJsiee 90 MM PT. cT. [3].

Br160op uH(py3nOHHOH Cpeabl TaKsKe SBJISAET-
s KJII0YeBbIM BOIIPOCOM. [13BeCTHO, UTO KOJITIOU/T-
HbI€ KPOBE3aMEHUTEJIN, B YaCTHOCTHU, IIPOU3BO -
Hble THApoKcuaTHAKpaxmasaa (['9K), cnocobHBI
BJIMATH Ha CTPYKTYPY (popMupyloiiero Tpomoa,

Introduction

In prehospital patients with severe trauma
and traumatic shock [1, 2], low-volume fluid ther-
apy is necessary until hospitalization and ultimate
control of bleeding [3]. The purpose of low-volume
fluid therapy is to avoid excessive blood pressure
rise and increased bleeding, as well as to prevent
dilutional coagulopathy [4, 5]. Prehospital fluid vol-
ume should not exceed 1,000-1,500 ml or 20% of
circulating blood volume [3]. Administration of a
larger volume of fluids in hypotensive post-trauma
patients may increase the need for blood transfu-
sion on arrival to the hospital [4, 6], while lack of
fluid therapy associates with increased mortal-
ity [7]. The optimal pre-hospital systolic blood pres-
sure (SBP) is suggested to be kept at 80-90 mm Hg
level, whereas in patients with traumatic brain in-
jury it should exceed 90 mm Hg [3].

The choice of fluid is also a key issue. The col-
loidal blood substitutes, such as hydroxyethyl
starch (HES) products, can affect the structure of
the developing clot, cause platelet dysfunction and
renal damage [8]. For this reason, the role of col-
loids in the current fluid therapy guidelines has
been greatly reduced in favor of balanced salt solu-
tions combined with a minor volume of colloids,
such as gelatine preparations. The 2:1 or 1.5:1
salt/gelatine ratio is considered to be the safest and
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BBI3BIBATH AUCQYHKITUIO TPOMOOIIUTOB U IIOBPESK-
nenue novek [8]. [1o aToil mpuYnHE B COBpEMEH-
HbBIX pEKOMEHJAIUsX 110 UH(PY3UOHHON Tepanuu
JOJIg KOJIJIOWJOB 3HAQYUTEJbHO YMEHBbIIEHa, U
BBIOOD CJIEJIaH B IT0JIb3Y COJIEBBIX COATAaHCHUPOBAH-
HBIX PAaCTBOPOB, COYETAIONIUXCS C HeGOJbIITNM
KOJIMYECTBOM KOJIJIOUJIOB, B YaCTHOCTH, ITpenapa-
TaMu skesaruHa. COOTHOIIIEHWE COJIeBOM pac-
TBOp/TIpenapar skesatuHa 2:1 uau 1,5:1 npusHaHo
HanOoJiee 6e30I1aCHBIM 1 ONTUMAaIbHBIM 110 BJIHSI-
HUIO Ha CUCTeMy remocTasa [3, 9]. besonacHocTb
MIpUMEeHEeHUsI IPOU3BOHBIX SKeJlaTHHA 00yCJIOB-
JIeHa TeM, YTO reMOJUJIIOIMOHHAA KOaryJIoaTHs,
BbI3BaHHaA 20-40% pasBeeHreM KpOoBU IIpenapa-
TaMH sKeJIaTHHA, oOpaTruMa Ipu TpaHcdysuu cper,
comepskamux (pUOPUHOTEH, YTO HETOCTHKUMO
npu ucrnoab3oBanuu ['OK [9, 10].

Ecsin B KIIMHUYECKOH MTPAKTUKE CYIIECTBYIOT
paspaboTaHHbIE AITOPUTMBI U CXEMBI JIEYEHUsI, TO
B 9KCIIepUMEHTAJbHON XUPYPruu TaKUX CTaHIap-
TOB HeT, 00'beM MH(PY3NOHHOM MTOJJIEPSKKY OTIpeie-
JISIeTCA SMIIMPUUECKHU M 3aBUCUT OT BUA IKCIIEPH-
MEHTAJIbHOT'O SKMBOTHOTO, BBIOpAHHOM
MH(}Y3NOHHOHN cpebl MM COOTHOILIEHUs Cpel U
MOJIeJINPyeMOI ITaTOJIOrYecKol cutyaruu (11, 12].
B muTeparype UMeloTcA IPOTUBOPEeYrBEIe JaHHbIE:
OIMCAaHO HapylleHWe CBepTbIBaHUS KPOBU Y
SKABOTHBIX ysKke npu 7-50% reMogu/Ionuu Kpu-
crasongamMu U 5-10% — kostoungamu (13, 14].
PesysbraThl MOIOOHBIX MCCIEIOBAHUM 3aBUCST KaK
OT YPOBHSA TEXHUYECKOI'0 OCHAILCHUS, TaK U YyB-
CTBUTEJbHOCTH MeTOAa WCCJieoBaHusl. Takum
00pa3oM, 0CTAeTCsT OTKPBITHLIM BOIIPOC «0€30MmacHO-
TO» JIJISI CHCTEMBI TeMOoCTa3a MH(Y3UPyeMoro oobe-
Ma cOaTaHCUPOBAHHOTO KPUCTAJJIOUTHOTO U KOJT-
JIOWTHOTO pacTBOpa (Opemapara >KeJjiaThHA) B
COOTHOILIIeHUY 2:1 B 9KCIIEpUMEHTE.

OnHMM 13 TepCEKTUBHBIX METOAOB OIleHKHU
CHUCTEMBI TeEMOCTAa3a, KOTOPbIM TPUMEHSIETCS B pa3-
JIMYHBIX 00JIACTAX XUPYPTHUH, SIBJISETCS HU3KOYa-
CcToTHas1 mbe3oTpoMboastactorpadust (HIITIAT) [15,
16]. JIJaHHBIA METOJ MO3BOJISIET KOJMYECTBEHHO
OIIEHUTDH TTapaMeTPhl CBEPTHIBAIOIIEN U TPOTUBO-
CBEPTHIBAIOIIEN CUCTEMbBI KDOBY OT MOMEHTA aKTH-
Ballil TPOMOOITUTOB 10 (PUOPUHOTUTHIECKOTO
paspylLIeHnus CIyCTKA. ITa METOAUKA He UCII0/Ib30-
BaJIach 11 U3YYEHUS NUIIOIMOHHOMN KoaryJiomna-
TUH Y TPAaBMUPOBAHHBIX MAIlMEHTOB, HO MOJKET
OBITH TIOJIE3HA BBUJIy CBOEW BBHICOKOUN YYBCTBU-
TeJIbHOCTH JIJISI PAHHETrO BbISBJIEHUS TUJIIOIAOH-
HBIX HapyllIeHUH CBepThIBAHMSI KPOBHU.

VuureiBasd, 4To cnoco0 BeinoaHenus HITTIT
ObBLT aganTUPOBAH [IJs SKCIEPUMEHTATbHBIX
KUBOTHBIX (KpbIc) [17, 18], HamMu IlOCTaBJIeHA
1eJb — OTIPe/IeIUTh B 9KCIIePUMEHTE KaK reMo-
JUJTIOIUS PACTBOPOM CTepOodyHIUH/Tes10hy3nH
(C/T) B cooTHOIIEHUU 2:1 BJIUAET in vitrou in vivo
Ha nmapamMmeTpsl cucteMsl remocrasa [19]. ITosy-
YeHHbIE TaHHbIE MTO3BOJIAT BLIOPATh ONTUMAJIb-

optimal in terms of the effect on the hemostasis
system [3, 9]. Safety of gelatine preparations is ex-
plained by the fact that hemodilution coagulopathy
caused by 20-40% dilution of blood with gelatine
preparations is reversible upon infusion of fluids
containing fibrinogen, which is not feasible when
using HES [9, 10].

While in clinical practice well-developed algo-
rithms and treatment regimens exist, there are no
such standards in experimental surgery; the vol-
ume of fluid therapy is determined empirically and
depends on the type of experimental animal, the
selected fluid or simulated condition [11, 12]. The
literature data are conflicting: blood coagulation
disorders have been described in animals at 7-50%
hemodilution with crystalloids, and 5-10% dilution
with colloids [13, 14]. The results of such studies de-
pend on both the level of technical equipment and
sensitivity of the research method. Thus, the search
for an optimal volume of a balanced 2:1 cristalloid-
colloid (gelatine preparation) intravenous solution
which could be «safe» for the hemostatic system in
an experiment remains relevant.

The low-frequency piezoelectric thromboelas-
tography (LFPTEGQG) is one of the promising meth-
ods of hemostasis assessment, which is used in var-
ious surgical areas [15, 16]. This method allows
quantitative assessment of blood coagulation and
anti-coagulation systems from the moment of
platelet activation until fibrinolytic clot destruc-
tion. This technique has not been used to study di-
lutional coagulopathy in trauma patients but might
be useful due to its high sensitivity for early detec-
tion of dilutional clotting disorders.

This method has already been modified for
use in experimental animals (rats) [17, 18]; our aim
was to determine experimentally the effect of he-
modilution with 2:1 sterofundin/gelofusine (SG)
solution on hemostatic parameters in vitro and in
vivo [19]. The obtained data will enable to choose
the optimal volume of fluid therapy when modeling
a particular pathological condition in experimental
animals without any significant risk of affecting the
hemostatic parameters.

Materials and Methods

The experiments were performed on 75 male Wistar
rats weighing 270-380 g, anesthetized with tiletamine/zo-
lazepam (40 mg/kg intramuscularly) + xylazine (10 mg/kg
intramuscularly) at the Department of Pathological Phys-
iology, Omsk State Medical University. The study was per-
formed according to the requirements of the European
Convention for the Protection of Experimental Animals
(86/609/EEC, 1986) and the World Society for the Protec-
tion of Animals (WSPA), as well as the current legislation
of the Russian Federation [20]. During the experiment, the
animals were kept normothermic (37°C) by warming with
an infrared lamp and fixed to the operating table. The an-
imals were randomly divided into 4 groups: in group 1,

blood samples from the carotid artery were diluted by

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 4



https://doi.org/10.15360/1813-9779-2021-4-1-0
JKCIlepUMEHTAaJJbHble UCCJEJO0BaHUS

HBIH 00'beM HH(PY3MOHHOU TepanTuy ITPU MOJIETH -
POBaHMY TOTO WA MHOT'O TATOJIOTHYECKOTO TTPO-
Iecca y 9KCIIepUMEHTAJbHBIX JKHUBOTHBIX 0€3
pHICKa 3HAYMMO TTOBJIMATH Ha TapaMeTpPhI CUCTe-
MBI TEMOCTA3a.

MarepuaJ 1 MeToabI

OKCIIEPUMEHTHI IIPOBEJIM Ha 75 KpbICax-caMIlax
auann Wistar maccoit 270-380 1, HAPKOTU3UPOBAHHBIX
TUJIeTaMAH/30/1a3en1aMoM (40 MI'/ KT BHYTPAMBIIIEYHO)
+ KCu1a3uHOM (10 MI'/KI BHyTPUMBIIIIEYHO) Ha 6a3e Ka-
denpsl narosoruueckoil pusnosoruu OMCKOro rocy-
JapCTBEHHOI'0 MEAUIIMHCKOr0 yHUBepcureTa. Vccieno-
BaHUe BBHIITOJIHUJIN B COOTBETCTBUH C TpeOOBaHUAMU
EBporeiickoii KOHBEHIIUH I10 3alUTe 9KCIIepUMEHTaIb-
HBIX KMBOTHBIX (86/609/EEC; 1986) u BcemupHoro 06-
1leCTBa 3aUTHI sKUBOTHBIX (WSPA), a Takske neiicTByIO-
UM 3akoHogarejabcTBOM Pd [20]. Bo Bpemsa
9KCIIEPUMEHTA y JKUBOTHBIX ITOAIePyKUBA/IA HOPMOTEP-
muio (37°C) corpeBaHueM HH(pPAKPACHOU JIaMIIOH, a
TaKsKe BBIIOJIHAIN (QUKCALMIO K OllepalliOHHOMY CTO-
JIUKY. JKMBOTHBIX CITy4aiiHBIM 00pa3oM pas3estrin Ha 4
rpynmnsl: B I rpynmne o6pasisl KpOBY M3 COHHOM apTeprn
in vitropassoguiu C/I"Ha 25% (n=12), Bo Il rpyninie — Ha
37,5% (n=11), B IlI rpynie — pasBonu.u in vivo Ha 25%
(n=10), B IV rpynmne pa3seJeHue He BbINOJHANN (1n=42).
Ha nepBoMm aramne ucciaeqoBaHus CpaBHUBAJA I1apa-
MeTpbl cucTeMbl remocTasda Meskay I, I u IV rpynmnoi, a
Ha BTopoM arane — Mexxay 11 u IV rpynmoii.

J1J11 OlleHKY BJIMSTHUS TeMOIUJIIONUY N Vitro U in
vivo C/T' Ha cucteMy reMocrasa uccjaeqoBaJv mapa-
MeTpbl HITTIT, KJIOTTUHTOBBIX TECTOB U OOIIEro aHa-
au3sa kpou (OAR). HITTOT BbIMOIHAMN HA OTe4eCTBEeH-
HOM npubope APII-0IM  «Menmuopm» (OO0
«Mepnopn-Texnuka», Poccust) c utHGOpMaOHHON KOM-
neporepHoit cucremonn (MKC) «I'emo-3». TTapameTrpsl
OAK: mmokasareJib FeMaTOKpUTa M KOJIMYEeCTBO TPOMOO-
OUTOB OLIEHMBAJIM HA aBTOMaTU4YE€CKOM reMaToJIoTnye-
ckoMm aHasnusatope ABX Micros ES 60 (Horiba Medical,
flmonus). IlapaMeTphl KOaryJIorpaMMbl: YpOBEHb (huod-
PUHOT€HA U 3HAaYEeHNE aKTUBMPOBAHHOI'O YaCTUYHOTO
TPpOMOOILTACTHHOBOTO BpeMenu (AUTB), mpoTpoMOUHO-
Boro BpeMen# (I1B), TpomOuHOBOTrO Bpemenu (TB), ak-
TUBHOCTH auTuTpomMOuMHa III (AT III) onpeesisiiam Ha To-
JlyaBTOMarudeckoM Kkoaryjaomerpe Thrombotimer 4
(Behnk Elektronik, lepmanusi) u Ha aBTOMarniecKOM aHa-
JIM3aTope KoaryaAanuu Kposu Sysmex CA 600 (Sysmex Eu-
rope GmbH, I'epmanusi) coorBercTBeHHO. B I u Il rpynne
OLIeHUBA/IM TOJIBKO KOHIIEHTpaUIo (rOpUHOreHa U aK-
tuBHOCTB AT III. B nccieqoBanny NCNoJ/Ib30BAIN peak-
tuBbI PpupMbl OO0 «Texnosorus-Crangapt» (Poccusi).

3anuce kpusbIx HITTII ocyiecTBsa/M 110 aBTOP-
ckoii metoauke [17, 18]. B Hactpoiikax MKC ucnosb3so-
BaJIU eJIBTY AJ1s1 IPUHATUA TOYKU MaKCUMaJIbHOH, paB-
HylI0 1, U BpeMs OKUJAHUs IOoLbeMa KpuUBouM — 20
MuHyT. Hauano rpadukoB He IPUBOAUJIUA K OZHOMY
YPOBHIO, a pacueT IJIOTHOCTH crycTKa (I1C) BeImoHnIN
o popmyite: I[IC=A, -A,, e n — HeoOX0aUMasI TOUKA
BpemeHu. OneHnBaJIM CjleAyoliie CTaHIapTHbIE Be-
auyuHbl HIITII: Bpems koHTakTHOU Koaryasanuu (T,
MUH.), UHTEHCUBHOCTb KOHTaKTHOU Koarynsanuu (MKK,
BeJINYMHA B HOPME OTpHUIlaTe/IbHasA, U3MepsieMasi B OT-
HOCUTEJbHBIX €QUHUIIAX, O. €.), BpeMs JTOCTHKEHUS
KOHCTaHTBI TPOMOWHOBOM akTUBHOCTH (T,, MUH), KOH-

25% with SG in vitro (n=12), in group 2 —by 37.5% (n=11),
in group 3 the blood was diluted by 25% in vivo (n=10),
while in group 4 no dilution was performed (n=42). The
first stage of the study compared the parameters of the
hemostasis system between groups 1, 2 and 4, and the
second stage — between groups 3 and 4.

To assess the effect of in vitro and in vivo hemodi-
lution by SG solution on the hemostasis system, the pa-
rameters of LFPTEG, clotting tests and complete blood
count (CBC) were studied. LFPTEG was performed on
ARP-01M apparatus «Mednord» («Mednord-Tekhnika,
Russia) device with the Hemo-3 computer-based infor-
mation system. Blood count parameters such as hemat-
ocrit and platelet count were measured using the auto-
matic hematology analyzer ABX Micros ES 60 (Horiba
Medical, Japan). Coagulation parameters including fib-
rinogen level and activated partial thromboplastin time
(APTT), prothrombin time (PT), thrombin time (TT), an-
tithrombin III (AT III) activity were determined using a
semi-automatic coagulometer Thrombotimer 4 (Behnk
Elektronik, Germany) and automatic blood coagulation
analyzer Sysmex CA 600 (Sysmex Europe GmbH, Ger-
many), respectively. In groups 1 and 2, only fibrinogen
level and AT III activity were evaluated. The reagents
manufactured by Technologia-Standart Company (Rus-
sia) were used in the study.

The LFPTEG curves were recorded according to an
original technique [17, 18]. In the software settings, we
used a delta for taking the maximum point equal to 1 and
the time to curve rise equal to 20 minutes. The starting
areas of the plots were not adjusted to the same point,
and clot density (CD) was calculated using the formula:
CD=A,-A,, where n is the required time point. The fol-
lowing standard values of LFPTEG were assessed: contact
coagulation time (T}, min), contact coagulation intensity
(CCD in relative units (r. u.) (normally negative value),
time to reach thrombin activity constant (T,, min),
thrombin activity constant (TAC, r. u.), blood clotting
time (T3, min), coagulation drive intensity (CDI, r. u.),
clot polymerization intensity (CP], r. u.), fibrin-platelet
structure formation time (T5, min), maximum clot den-
sity (MA, r. u.), total blood clotting intensity (TBCI, r. u.),
retraction and lysis of clot intensity (RLCI, %), total anti-
coagulation activity coefficient (TAAC, r. u.). Besides the
standard LFPTEG values, the temporal and structural
changes in clot formation using the clot density at min-
utes 0, 5, 10, and 15 (CDT;, CDT4+5, CDT,+10, CDT4+15)
from the moment of reaching the gelation point by the
curve (T3) which corresponds to the clotting time [21].

Blood sampling was performed 20 minutes after
surgical access and placement of a 24G fluorinated eth-
ylene propylene (FEP) catheter in the left carotid artery,
when the effect of surgical exposure of the neurovascular
bundle on systemic hemodynamics was neutralized.
Blood exfusion was performed within 1 minute after pre-
liminary flushing the catheter with 300 L of 0.9%
sodium chloride solution. Blood dilution in vitro and in
vivowas performed with 2:1 SG solution. The dilution so-
lution was added to the test tube immediately before the
study. In vivo 25% dilution was performed according to
the following procedure. Through a 24G FEP catheter
placed in the right femoral vein, 16 ml of dilution solution
was injected at a rate of 1 ml/min, while blood was simul-
taneously drawn from the left carotid artery at a rate of
0.3 ml/min for 16 min. Systolic blood pressure (SBP) was
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craHTy TpoMOmHOBOH akTHBHOCTH (KTA, 0. €.), Bpems
cBepThiBaHus KpoBHU (T;, MUH), THTEHCUBHOCTb KOary-
asanuoHHoro apaiisa (MKJ, o. e.), ”YHTEHCUBHOCTH T10-
sumepuaanuu cryctka (UTIC, o. e.), Bpems ¢opmupoBa-
HUA GUOpUH-TpoMObOIUTapHOH CTPYKTYPHI (T5, MuH),
MaKCUMaJIbHYIO INIOTHOCTH cryctka (MA, o. e.), HUHTeH-
CABHOCTB TOTaJIbHOTO CBepThiBaHuA Kposu (UTC, o. e.),
WHTEHCUBHOCTb peTpaknuu u jymauca crycrka (MPJIC,
%), kK0a(pdULHEHT CyMMapHOU NIPOTUBOCBEPTHIBAIO-
el aktuBHOcTH (KCIIA, 0. e.). KpoMme cTaHIapTHBIX
nokasaresieid HIITIT, onpenennain BpeMeHHO-CTPYK-
TYpPHYIO JUHAMUKY TPOMO00Opa30BaHMA 110 IIJIOTHOCTH
cryctka Ha 0-1, 5-1, 10-1 u 15-11 munyTe (IICT;, TICT4+5,
I1CT;3+10, IICT4+15) oT MOMEHTa NOCTU)KEeHUsI KPUBOK
HIITAT Toukm skesmpoBaHus T;, COOTBETCTBYIOIIEH
BpPEMEHHU CBepThIBaHUA [21].

3a60p KpOBU OCYIIECTBJsIA 4depe3 20 MUHYT
1ocJie XUpypPru4ecKoro JOCTyIla U yCTaHOBKU KaTeTepa
u3 GTOPITU/IEHIIpONIUIeHa AuaMeTpoM 24 G B JIEBYIO
COHHYIO apTepUI0, KOIJJa HUBEJUPOBAJIOCh BJIUSHUE XU-
PYPru4ecKoro BblieJIeHUsI COCYJUCTO-HEPBHOTO ITyYKa
Ha CUCTEMHYIO FeMOIUHAMUKY. DKC(Y3UI0 KPOBU BbI-
MOJIHAJN B TedeHre 1 MUHYTBI II0C/Ie IIpeJBapuTesIb-
HOro npoMeiBaHusAa Karetepa 300 Mka 0,9% pactBopa
HaTpuA xJopuna. Pazsenenne KpoBu in vitro v in vivo
ocymecTBJs/M pactBopoM C/I'B cooTHoennu 2:1. Jlo-
OaBJyieHME Pa3BOASAIIETO0 PacTBOpa B IPOOHPKY OCY-
11IeCTBJISLJIM HEIIOCPEACTBEHHO Ilepe]l UCC/IelOBaHUEeM.
PasBenenwue in vivo Ha 25% BBITIOJHSAJIM M0 CJIETYIOIIEeH
MmeTonuke. Uepes kareTep U3 (PTOPITUIEHIPONIUIEHA
JquameTpoM 24 G, yCTaHOBJIEHHBIH B IIPABYIO OeIpEeHHYIO
BeHY, BBOIWJIM 16 MJI pa3BOAAILEr0 pacTBOPaA CO CKOPO-
CTBIO 1 MJI/MHH C OJHOBPEMEHHBIM 3a00pOM U3 JIEBOU
COHHOM apTepuH CO CKOpPOCThIO 0,3 MJI/MUH KPOBU B
TedyeHue 16 MmyuH. Kaskaple 5 MUHYT KOHTPOJIMPOBAJIU CU-
cToIn4YecKoe apTepruanbHoe naBseHue (CAJl) u rocsie
pasBeJeHUs ONIpeleJIslyId CoAepIKaHue JIAaKTaTa KPOBHU.

st onenku mapameTpoB HITTAI KpoBh O€3 KOH-
cepBaHTa 3a0MpaJsy B TedeHNe 8 CEeKyH/ IIIIPUIIEM B
caenyoiiem oowveme: I rpynmna — 0,3 mu, II rpynma —
0,25 mu, III u IV rpynna — 0,4 mo1. PasBenenue in vitro
Tiepe]] ccieJoBaHNEM OCYIIECTBJISIN J0OABIEHNEM B
k1oBetry pactsopa C/I' B coorHomenuu 2:1 y I rpymnmsl
0,1 i my II rpynner — 0,15 mut.

Jitst OAK KpoBB 3a0Mpaii B MUKPOKIOBETY C 9TH-
JIeHIUaMUHTeTpayKCcycHOU kucsoToii (3ITA) y I rpynnsl
0,15 ma, I rpynimer — 0,125 mut, 11T u IV rpyninet B o0beMe
0,2 mJs1. PadBenieHue in vitro miepes UCCaeI0OBaHUEM OCY-
mecTBasAIN qobaBsiernneM pacrsopa C/I' y I rpymmsr
0,05 M1 1 0,075 M1 — y Il rpynimer.

11 uccaeqoBaHMsA IapaMeTPOB KOAryJIorpaMMBbl
KpOBb 3abupasu B o6beme 0,9 mut ¢ 0,1 mu 3,8% pac-
TBOpa IiuTpara HaTpusl. Iloc/ie nepemMeInBaHusa KPOBU
¢ KoHcepBaHTOM y | rpynmnel k 0,75 mMu1 kpoBy, y II
rpynnbsl — K 0,625 mu1 qobasiisin 0,25 mut 1 0,375 Mot
pactBopa C/I. V III u IV rpynmns!r 3abop KpoBHU OCY-
IEeCTBJSINA B 00beMe 4,5 it mmpurieM ¢ 0,5 mit 3,8%
uuTpaToM Harpus. [lepes ucciaeqoBaHueM napaMeTpoB
KOaryJI0rpaMMbI Bce 00pasnbl KPOBU IEHTPUPYTUPO-
BaJsm 15 muH ipu 3000 06/ MuH.

Tak Kak KOJMYECTBO HAOJIONEHUH B KasKIOH
rpy1re ObIIO HEOOIIBIITNM, TO JJI AHAIN3a PE3YJIETaTOB
HUCCIeJOBaHNA NIPUMEHU/IN HellapaMeTpUYecKue Me-
TOJbI CTATUCTUKMU. [I711 CpaBHEHU S HECKOJIBKUX I'PYIIII I10
MHO3KeCTBY 3aBUCUMBIX lIepeMeHHbIX IPUMEeHU/IN Hella-

monitored every 5 minutes and blood lactate levels were
determined after dilution.

To evaluate the LFPTEG parameters, the following
volumes of blood were drawn for 8 seconds using a syringe
without anticoagulant: group 1 — 0.3 ml, group 2 — 0.25
ml, group 3 and group 4 — 0.4 ml. The pre-test in vitro di-
lution was performed by adding the following volumes of
2:1 SG solution to the cuvette: in group 1 — 0.1 ml, in
group 2—0.15ml.

Blood for CBC was collected in a microcuvette with
ethylenediaminetetraacetic acid (EDTA) in the following
volumes: group 1 — 0.15 ml, group 2 — 0.125 ml, and
groups 3 and 4 — 0.2 ml. The pre-test in vitro dilution was
performed by adding 0.05 ml (group 1) and 0.075 ml
(group 2) of SG solution.

To study coagulation parameters, 0.9 ml of blood
were drawn in a syringe containing 0.1 ml of 3.8% sodium
citrate solution. After adding the preservative to blood,
0.25 and 0.375 mL of SG solution were added to 0.75 ml
of blood in group 1 and to 0.625 ml of blood in group 2.
In groups 3 and 4, 4.5 ml blood was collected in a syringe
containing 0.5 ml of 3.8% sodium citrate. All blood sam-
ples were centrifuged for 15 min at 3000 rpm before the
measurement of coagulation parameters.

Since the number of observations in each group
was small, we applied nonparametric statistical methods
to analyze the study results. Nonparametric multivariate
M. J. Anderson permutational analysis (perMANOVA)
was used to compare several groups on multiple depend-
ent variables. The p-level correction for multiple pairwise
comparisons of the groups was performed using the Ben-
jamini-Yekutieli method. To clearly demonstrate the dif-
ferences between the groups for all compared parame-
ters, we used the principal coordinate method with the
construction of an ordinal diagram and the principal
component method with a graph. The nonparametric
Kruskal-Wallis analysis of variance was performed to
elaborate the differences between independent groups
on the compared variables. Mann-Whitney test with the
Bonferroni correction for multiple comparisons was used
for pairwise comparisons for each variable between the
independent groups. Spearman's rho test was used for
correlation analysis. Statistical analysis of the results was
performed using R programming language designed for
statistical data processing and graphical representa-
tion [22]. Baseline data were entered into Microsoft Excel
2010 tables, and then tables in txt format were imported
into RStudio, a free and open-source software develop-
ment environment for the R programming language. In
addition to the basic statistical packages, the packages
«ggplot2», «ggpubr», «rstatix», «gridExtra», «cowplot»,
«ade4», «vegany, «ellipse» were installed and used. The
packages «ade4» and «vegan» were used to perform per-
MANOVA, as well as principal component analysis and
its visualization. The packages «ggplot2», «ggpubr», «rsta-
tix», «gridExtra», «cowplot» were used to construct
graphs. The «Hmisc» and «ellipse» packages were used
for correlation analysis.

Results and Discussion

Nonparametric multivariate analysis of vari-
ance revealed a significant effect of blood dilution
with SG solution in vitro, indicating that groups 1,
2, and 4 were not identical in the compared param-
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paMeTpu4ecKuil MHOroMepHbIi anainus M. 1. AunepceH
c nepmyTanueit (perMANOVA). Koppekiusi ypoBHs p Ha
MHO>KeCTBEHHBI€ TI0ITIapHble CPAaBHEHUS TPYII BbINOJI-
HAJII MeTofioM BeHpavuar-—exyTum. [l HarTAaHoH
JIEMOHCTPAIMU Pa3JINYUN MEKIy TPYIIaMy 10 BCEM
CpaBHMBAEMbIM IapaMeTpaM WCII0JIb30BAJIN METO[
VIABHBIX KOOPJWHAT C MIOCTPOEHUEM OPAUHAIIMOHHON
JrarpaMMbl U METOJI IVIABHBIX KOMIIOHEHT C Tpa(uKoM.
C 1esIpi0 KOHKPEeTU3aluy pas3InYuil MeKy He3aBUCH-
MBIMU T'PYIIIIAMU 110 CPABHUBAEMbIM ITOKA3aTeJsIsIM BbI-
TIOJTHSJIA HEeTlapaMEeTPUYECKUH JUCIIEPCUOHHbBIN aHAINA3
Kpackemna—Yosuca. [[1s1 monapHbIX CpaBHEHUH 10 KasK-
JIOMy TIOKa3aTesi0 MEYKy HE3aBUCHUMbBIMU TPYIIIaMHU
MIPUMEHUIU TecT MaHHa—YUTHU C KOPPEKIIUEN YPOBHS
3HAYMMOCTH C YYETOM MHOKECTBEHHOCTHU CPABHEHUH 110
Merony Bondepponu. 1151 KoppessAIMOHHOIO aHaIu3a
npuMeHusIu kpurepuili Cnupmena (rho). Craructuye-
CKYI0 00pabOTKY ITOJTyYE€HHBIX PE3YJIETAaTOB BHITIOTHUTN
C IIpUMeHEHNEM SI3bIKa IPOrpaMMUpPOBaHus R, KOTOpbIi
TpeHa3HAYeH JIJIST CTAaTUCTHYECKON 00pabOTKY TAHHBIX
1 rpaUUeCcKOro IpeCcTaB/IeHNs Pe3y/IBETaTOB CTaTUCTH-
YeCKHUX TecToB [22]. VIcxomHbIe JaHHbIE BHOCUJIU B Ta0-
anubl Microsoft Exel 2010, mocsie 4ero tabJ/auIbl B txt
¢opmare 3arpyskanauch B RStudio — cBobogHYIO cpemy
paspaboTKH MPOrpaMMHOTO 00eCIIeYeHHsI C OTKPBITHIM
HUCXOAHBIM KOIOM JI/1A A3bIKA IporpaMMupoBanus R. Jlo-
TTOJTHUTEJIEHO K 0a3MCHBIM CTaTUCTUYECKY ITAKeTaM 3a-
Ipy>KaJId U UCII0JIb30BaJIU ITAKeThI «ggplot2», «ggpubry»,
«rstatix», «gridExtra», «cowplot», «ade4», «vegan», «ellipse».
IMTakeTtsI «aded» U «vegan» TPUMEHUJTH /15T BEITTOJTHEHUS
perMANOVA, a Takske JJ1s1 aHa/IM3a IJITaBHbIX KOMIIOHEHT
U ero Budyasnuaarnus. [TakeTs! «ggplot2», «ggpubr», «rsta-
tix», «gridExtra», «cowplot» mpuMeHnIU /151 TOCTPOEHUS
rpaukos. [I11 KOPpesIALMOHHOIO aHAJIN3a UCII0JIb30-
Basu nakeT «Hmisc» u «ellipse».

Pe3ysnbrarhl U 00Cy:KA€HHE

HenmapameTpuiyeckuii MHOTOMEPHBIA OHC-
NIEPCUOHHBIA aHAJIN3 BBIABUJI CTATUCTUUYECKU
3HA4YMMOe BJHAHNE pa3dBeJeHnsd KpOBU PacTBO-
pom C/T in vitro kak ¢dakTopa, yka3blBas Ha TO,
uTo rpynusl I, II u IV He UAeHTUYHEI 110 COBOKYII-
HOCTHU CpaBHUBaeMBbIX IToka3areseil (p=0,00009).
I'pynmoBoe nonapHoe CpaBHEeHYE BBIABUJIO CTaTU-
CTUYECKU 3Ha4YMMble pa3JIMYUs 110 COBOKYIIHOCTHU
aHaJIU3UpyeMBbIX IIapaMeTpPOB MesKAy IpylIiaMu
pasBenenus in vitro (I u lI) 1 KOHTPOJIBLHOU TpyII-
o (IV) (Tabsuira). MeToq IJTaBHBIX KOOPAWHAT U

eters (P=0.00009). Group pairwise comparison re-
vealed significant differences between the in vitro
dilution groups (1 and 2) and the control group (4)
based on the totality of analyzed parameters seen in
Table. The method of principal coordinates and
construction of the ordination diagram illustrate the
results obtained above (Fig. 1, 2). Centroids of the
dilution groups are plotted close to each other, but
at a considerable unequal distance from the cen-
troid of the control group. These differences be-
tween the dilution groups can be clearly seen on the
principal component plot, where the groups are vi-
sualized as three ellipses oriented in space. Despite
the significant distance of the dilution groups from
the control, group 1 stands closer and deviates from
the control group plane by a smaller angle than
group 2. This indicates an increase in the differences
in some of the studied hemostasis parameters when
the percentage of blood dilution increases, which
may significantly affect the hemostasis system
when simulating a particular pathological condition
and using fluid therapy with the specified combined
crystalloid/colloid solution.

The results of nonparametric Kruskal-Wallis
analysis of variance and pairwise comparison by
Mann-Whitney test with the Bonferroni correction
for multiple comparisons revealed significant dif-
ferences between the groups in specific parameters
(Fig. 3, 4).

A paradoxical increase of intensity of enzy-
matic and polymerization stages of clotting mani-
fested as reduced clotting time T; (P=0.042) and in-
creased intensity of clot polymerization (P=0.049)
along with the decrease of AT III activity (P=0.0017)
despite significant decrease of clot density at CDT3
gelation point (P=0.0074) and platelet count
(P=0.0022) were observed in the 25% in vitro he-
modilution.

No significant correlation between clot den-
sity at CDT;, CDT;+5, CDT;3+10, CDT5+15, MA, and
LFPTEG parameters (CCI and T,) characterizing
the initial platelet activation was found at 25% in
vitro dilution. Also, there was no significant corre-
lation between the clot density at the above time
points and platelet count. The paradoxical en-

3HaYeHUsA BepPOATHOCTEH /I HellapaMeTPUIeCKOro AUCIePpCHOHHOro aHaau3a M. /1. AugepcoH (perMANOVA)
M IIPH NIOTIAPHOM CPaBHEHHH I'PYII, OTJIHYAIOIIHMXCSA 110 pa3BeleHHIO KPOBH in vitro.
Probability values for the M. J. Anderson nonparametric analysis of variance (perMANOVA) and in vitro pairwise

comparison of groups differed in blood dilution.

The null hypothesis P, p, Py
Dilution does not affect the parameters 0.00009 — —
No differences between Groups 0 and 25% — 0.0003 0.0008
No differences between Groups 0 and 37.5% — 0.0001 0.0006
No differences between Groups 25 and 37.5% — 0.03 0.06

Note. P; — probability of null hypothesis rejection error by perMANOVA; P,, P; — probability of null hypothesis rejection error
in pairwise comparison of groups without correction and with correction for multiple comparisons by Benjamini-Yekutieli
method.

ITpumeuanmue. The null hypothesis — HyneBas runoresa; dilution does not affect the parameters — pa3BegeHue He BiIHUAET Ha
mapameTpsl; no differences — He omIn4yaTCs. P; — BEPOATHOCTD OMINOKY OTKJIOHEHUsI HYJIEBOIl TUIIOTE3bI IPU TPOBEAEHUHI
perMANOVA; P, P;— BepOsITHOCTH OIIMOKY OTKJIOHEHUsI HYJIEBOU IT'MIIOTE3bI IIPY IPOBEIEHUH IIOIIAPHOI0 CPaBHEHUS I'PYIIIT
63 KOPPEKIUH U C KOPPeKIel Ha MHOKeCTBeHHbIe CPAaBHEHUs 110 MeTony Benbamuun—exkyrum.
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Puc. 1. OpauHauoHHaA AUarpaMMa: HeHTPOHABI TPYI B IPOCTPAHCTBeE ABYX INIaBHBIX KoopauHaT (PCoA).

Fig. 1. Ordination diagram: centroids of groups in the space of two principal coordinates (PCoA).

Note. 0 — Group 4 without dilution at studied parameters (°), 25 — Group 1 with the in vitro 25-percent dilution at studied param-
eters (A\), 37.5% — Group 2 with the in vitro 37.5-percent dilu-tion at studied parameters (+).

IIpumeuanwue. 0 — IV rpynma 6e3 passenenus 0 % ¢ u3ydaeMbIMU mapaMmeTrpamu (°), 25 — [ rpymnma ¢ pasBefieHUeM in vitro Ha
25% ¢ ndyyaeMbIMuU apameTpamu (A), 37,5% — Il rpynmna c passegenueM in vitro Ha 37,5% ¢ u3ydyaeMbIMU IapaMeTpamu (+).

Puc. 2. BusyaJjibHas OlleHKa pa3JIMYMi B IPOCTPAHCTBE NEPBBIX IBYX INIABHBIX KOMIIOHEHT /U1 I'PYIII 10 HCCJIeyeMbIM Ia-
pamerpam.

Fig. 2. Visual assessment of spatial differences of the two major components for the groups in the studied parameters.

Note. 0 — Group 4 without dilution, 25 — Group 1 at 25-percent dilution, 37.5 — Group 2 at 37.5-percent dilution; vertical axis —
first principal component (PC1); horizontal axis — second principal component (PC2).

IIpumeuanwue. 0 — IV rpymnmna 6e3 passenenusi 0%. 25 — I rpynna c pazsenenuem 25%, 37,5 — Il rpynma ¢ pasBegenuem 37,5%;
OChb OpIHAT — IlepBasi IaBHast komnoHenTta (PC1); ock abciuce — Bropas rmaBHas KomrmonenTa (PC2).

ITOCTPOEHNE OPIWHAIMOHHON MrarpamMmbl WJLTIO- | hancement of the enzymatic and polymerization
CTPUPYIOT ITOJTy4eHHbIe BBIIIIe pe3y/srarsl (puc. 1,2). | phases can be explained in this study by the rela-
[leHTpouabI TpyII pa3BefeHUs pacmojoskeHbl | tive lack of anticoagulants. We revealed an inverse
0JIM3KO IPYT K IPYTY, HO Ha 3HAYMTEIHLHOM HepaB- | strong significant correlation (rho=-0.76, P=0.004)
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HOM yJlaJIeHUH OT IIeHTPON/1a KOHTPOJIbHOH IpyII-
IIbl. DTU Pa3JIn4usA MeK Iy IPylIlaMy pa3BeeHus
XOPOIIIO 3aMeTHbI Ha rpadMKe TJIaBHbIX KOMIIO-
HEHT, [Jie Pyl BU3yaJU3UPOBaHbl B BUJIE TPEX
OPHUEHTUPOBAHHBIX B MIPOCTPAHCTBE 3JIJTUIICOB.
HecmoTrps Ha 3HaunTeIbHOE yIaleHue Pyl pas-
BeJIEHUsI OT KOHTPOJBHOMH, Tpymma I ctouT 6/mske
1 Ha MEHBIIUH YyT0JI OTKJIOHSAETCS OT IJIOCKOCTH
KOHTPOJIbHOMU I'pyIIibel, yueM rpymmna II. 3To ykasbl-
BaeT Ha POCT Pa3JUYUH 10 HEKOTOPBIM U3y4dae-
MBIM I10Ka3aTeJIAM CUCTeMBbI reMOoCTa3a [Py yBe-
JAYEHUHN TMPOIeHTA pa3BeJleHusA KPOBH, 4YTO
MOSKeT 3HAUYUTEJIbHO BJIUSTH HA COCTOSIHUE CHCTe-
MBI TEMOCTa3a MPU MOJEJHUPOBAHNUMN TOTO WJIU
WHOTO MTaTOJIOTUYECKOTO ITPOoIiecca, Korja IpoBo-
IUTCSA MHQY3UOHHAS Tepamnus npecTaBJeHHbIM
codyeTaHWeM KPHUCTATIOUAHOTO U KOJIIOUTHOTO
pacTtBopa.

ITo pesysbraram HenmapameTpHU4eCcKOro JUC-
MMepCUOHHOro aHanuni3a Kpackena-Yosauuca u
MOMMapHOTO CpaBHEHUA TeCTOM MaHHAa-YUTHHU C
KOppEeKInel Ha MHOKeCTBEHHbIe CPAaBHEHUS 110
MeTony BoH(peppoHH onpenenuan 3HAYMMBble
pasauyusa MeKAy IpylnIaMu [0 KOHKPETHBIM
napamerpam (puc. 3, 4).

[Ipu remomwtionyu in vitro Ha 25% IPOU301II-
JIO ITapaJoKCaJbHOE yCUJIEHHWEe WHTEHCUBHOCTHU
¢depMEeHTAaTUBHOTO U TOJUMEPUIAITMOHHHOTO
arana CBepThIBaHMs: YMEHBIINJIOCh BpEMs CBep-
TeIBaHuA T, (p=0,042) 1 BEIpOCIa UHTEHCUBHOCTU
nosuMepusanuu cryctka (p=0,049) Ha ¢oHe
yMeHbllleHusa aktusHoctu AT III (p=0,0017),
HEeCMOTPSI Ha TO, YTO 3HAYMMO CHU3UJIACh TJIOT-
HOCTb Tpomba B TOukKe kequpoBaHus I[ICT3
(p=0,0074) 1 KOTMYECTBO TPOMOOTIUTOB (P=0,0022).

[Ipu 25% pasBeneHUU in vitro 3HAYUMOU
KOpPEeJIAIUA MeKIy IJIOTHOCTBIO CI'yCTKA B TOY-
kax Bpemenu [ICT;, I[ICT;+5, IICT;+10, TICT;+15,
MA u napamerpamu HITTOI' UKK u T,, xapakTepu-
3YIOIIUX HAaYaIbHYI0 aKTUBAIUI0 TPOMOOIINTOB,
He BBIABWJIN. 3HAUYNMasi KOPPeJIAIUs IIJIOTHOCTHU
CI'yCTKa B IIEPEYMCJICHHBIX TOYKAX BPEMEHU C
KOJIMYECTBOM TPOMOOIIUTOB OTCYyTCTBOBAJIA.
[TapamokcanbHOe ycuieHne (pepMeHTaTUBHOIO U
MTOJTUMEPUSAITMOHHOIO 9Talla MOYKHO OObSICHUTH
B JAHHOM HCCJIeJOBAaHUU OTHOCUTEJILHOM Hem0-
CTaTOYHOCTBIO AHTHUKOAryJIAHTOB. Bbiasuin
00paTHYI0 CHITFHYIO 3HAYNMYIO KOPPEJISIIIMOHHYTO
cBsA3b (rho=-0,76, p=0,004) mesxay UIIC u KCIIA,
OTpa’Kaloliero CyMMapHYyl0 aHTHKOArYJIATHYIO
AKTUBHOCTH KPOBH.

[Ipu remogusronuu in vitro Ha 37,5% 3Ha4m-
MO CHHU3UJACh KOHIleHTpanus ¢(uOpuHOTEHA
(p=4,2e-05) 1 KOJTUYECTBO TPOMOOIIMTOB B 3aJaH-
HOM 00beMe (p=3,3e-05) 3HaYNMO YMEHBIIINIACH
WHTEHCUBHOCTh NPOTEOJIMTUUYECKOTO 9Tama CBep-
teiBaunus — VIK]I (p=0,01) ¥ IoTHOCTHL TpOMOa B
Touke skenupoBanusa [ICT; (p=0,00053), yepes 5

MUHYT nocJe ee gocrukenus [1CT;+5 (p=0,0051)

between CPI and TAAC, reflecting total blood anti-
coagulant activity.

The in vitro 37.5% hemodilution significantly
reduced the fibrinogen level (P=4.2e-05) and the
platelet count in a specified volume (P=3.3e-05).
Significant decrease of the proteolytic clotting stage
intensity (CDI) (P=0.01) and clot density at the gela-
tion point CDT; (P=0.00053), CDT;+5 (P=0.0051)
and MA (P=0.0022) was found. The AT III activity
(P=2e-06) and TAAC (P=0.00014) also significantly
decreased indicating changes in total anticoagulant
activity of serine protease inhibitors, non-specific
serine protease inhibitors (a,-macroglobulin), pro-
tein C system, active complex inhibitors (tissue fac-
tor pathway inhibitor), fibrin degradation products
(FDP) and antiaggregants (cyclic adenosine
monophosphate (cAMP), cyclic guanosine
monophosphate (cGMP), prostaglandin I,, nitric
oxide). Although there was no significant change in
T,, Ty and TAC, a significant very strong negative
(rho=-0.91 and rho=-0.87; P=0.0001 and P=0.0005)
and moderate positive correlation (rho=0.65;
P=0.032) with CDI, respectively, was found. Inhibi-
tion of the proteolytic phase occurred along with a
trend to reduced thrombin activity due to dilution.
We also found that, at this dilution, clot density at
CDT; (rho=-0.64; P=0.036), CDT;+5 (rho=-0.73;
P=0.011), CDT4+10 (rho=-0.72; P=0.013), CDT,+15
(rho=-0.65; P=0.031) and MA (rho=-0.66; P=0.029)
had negative correlation with contact coagulation
time T,. Contact coagulation intensity, which is
normally negative —-3.57; -10.0 (Q1, Q3), signifi-
cantly correlated only with the clot density at
CDT;+15 (rho=-0.65, P=0.032). A strong significant
positive correlation between the platelet count and
clot density at CDT;+5 (rho=0.7; P=0.016) and
CDT;+10 (rho=0.64; P=0.033) was revealed. Similar
correlations were found between the fibrinogen
level and clot density at CDT;+15 (rho=0.65;
P=0.029) and MA (rho=0.64; P=0.033). Thus, the clot
density at 37.5% dilution in vitro is affected by
platelet activity and count as well as the fibrinogen
level. The 37.5% dilution begins to significantly af-
fect the density of the forming clot by decreasing
the platelet count and activity, as well as by reduc-
ing the fibrinogen level.

When comparing group 1 with group 2, a pro-
gressive decrease in the coagulation drive intensity
(P=0.0084) was observed, which represents a de-
crease in the level and/or activity of coagulation fac-
tors and reduced thrombin activity. Correspond-
ingly, coagulation time was prolonged (P=0.024),
approaching that of the control group (P=0.88). At
the same time, the clot density did not change sig-
nificantly at all control points (Fig. 3), similarly to the
platelet count (P=0.15) and fibrinogen level (P=0.44).

Although the 25% dilution group (group 1) in
vitro was significantly different from the control
group (group 4) in platelet count, AT III activity,
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Puc. 3. luHaMHu4YecKoe H3MEHEeHHe IIVIOTHOCTH TPOMOa OT TOUYKH keTupoBanua — T3 10 moaHoH perpaknuu crycrka (MA)
IIpHU pa3BeeHuH in vitro 1o 25% (I) u 37,5% (II) B cpaBHEHHUH € KOHTPOJILHOM rpynmnoii 0% (IV).

Fig. 3. Changes in clot density from T; gelation point to complete clot retraction (MA) at the in vitro 25-percent dilution (1) and
37.5-percent dilution (2) compared with «no dilu-tion» control group (4).

Note. For fig. 3, 4, 7: r. u. — relative units. For fig. 3, 7: CDTpt — the clot density LFTEG achieving the point Tpt to characterize the
clotting time; CDTpt+5/+10/+15 — the clot density 5/10/15 min after LFTEG achieving the point T to characterize the clotting
time; MA — the maximum clot density. The significance level determined by the Mann-Whitney pairwise test was corrected for
multiple comparisons using the Bonferroni method.

Ipumeuanue. [[jis1 puc. 3, 4, 7: r.u. — OTHOCUTeJIbHBIE equHULBL. [[151 puc. 3, 7: CDTpt, r.u. — IJIOTHOCTB CrycTKa (Tpomba) mpu
poctuskeHnH Kpusoi HITTOT Touku Tpt, xapakTepuaymouiell BpeMs cBepTbiBaHusd; CDTpt+5/+10/+15 — MJIOTHOCTB CIyCTKA
(TrpoM0a) uepes 5, 10, 15 MmunyT nocse gocruskenust kpupoit HIITIT Touku Tpt, xapakTepuayioleil BpeMsi CBepThIBaHusT; MA —
MaKCHMaJIbHas IJIOTHOCTB CTyCTKa. Y POBEHb 3HAYUMOCTH IIPU IPOBEAeHUH [TOIIapHOTro TecTa MaHHa—YUTHU CKOPPEKTUPOBAH
Ha MHOKeCTBEHHbIe CPaBHEHU: MeToioM BoHdeppoHu.

u MA (p=0,0022). Takxke 3HaunMo cHu3uUJach | clotting time, clot density at the gelation point and
aktuBHOCTH AT III (p=2e-06) u KCIIA (p=0,00014), | polymerization intensity, these parameters remain
XapaKTepHU3YIOIIEro 00IyI0 aHTUKoAryassHTHYI0 | within the reference limits [17, 18], except for CPI,
aKTUBHOCTHh MHTUOWTOPOB CEpPUHOBBIX mpoTteas, | which is ultimately negligible, since no differences
Hecnenn(pUiecKux WHTHONTOPOB CEPUHOBBIX | were seen between groups in the time of the fibrin-
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Puc. 4. 3HaunMble U3MEHEHHU TAPAMETPOB CUCTEMbI FeMOCTa3a IPHU pa3BeaeHuM in vitroHa 25% (I) u 37% (II) B cpaBHeHUn
¢ KOHTPOJILHOH rpynmoii 0% (IV).

Fig. 4. Significant changes in hemostatic parameters at the 25-percent in vitro dilution (1) and 37-percent in vitro dilution (2)
compared with «no dilution» control group (4).

Note. For fig. 4, 7: CDI — the coagulation drive intensity; CPI — the clot polymerization intensity; T,, min — the time of reaching
the thrombin activity constant; T3, min — the clotting time; AT III, % — activity of antithrombin IIT; TAAC — the total anticoagulant
activity coefficient. The significance level determined by the Mann-Whitney pairwise test was corrected for multiple comparisons
using the Bonferroni method.

IIpumeuanwue. /111 puc. 4, 7: Platelets — Tpom6onuTsr; CDI, 1. U. — HHTEHCUBHOCTB KOATrYJISIIIMOHHOTO JipaiiBa; CPl — nHTEHCUB-
HOCTb ITOJIIMePU3aIuu cryctka; T,, min — BpeMsi JOCTH;KeHHsI KOHCTaHTHI TPOMOMHOBO akTUBHOCTH; T3, min — BpeMsi cBep-
ThiBaHUs1 KpoBy; AT 11, % — akTuBHOCTH aHTUTpOoMOUHA IIT; TAAC, 1. u. — K0a(pPUIMEeHT CyMMapHO# IPOTUBOCBEPTHIBAIOIIEH
AKTHUBHOCTHU. Y POBEHb 3HAYMMOCTH IIPU MPOBEJEHNY NTONAPHOTO TecTa MaHHa- YUTHU CKOPPEKTUPOBAH HA MHOKECTBEHHBIE
cpaBHeHUsI MeToioM BoH(eppoHwU.
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npoteas (¢,-MaKporIo0yInHa), CHCTEMBI ITPOTEN -
Ha C, UHTUOUTOPOB aKTUBHBIX KOMIIJIEKCOB
(mEHTEOUTOpP MyTHU TKaHEBOTO (phakTopa — TFPI),
MPOYKTOB ferpanannu pudprra (I1J1P) u nesa-
rperaHToB (IUKJIAYECKUN aileH03uHMOHOdocdar
(UAM®), nUKJINYeCKU ryaHO3MHMOHOpochaT
(ufI'M®), mnpocrarmanauH [,, okcupg asora).
HecmoTps Ha oTCyTCTBHE 3HAYUMOI'O U3MEHEHU
T,, Ty 1 KTA 00Hapy>KUI COOTBETCTBEHHO 3HAYM -
MyI0 OY€Hb CHUJIBHYIO OTpHUIaTesibHy10 (rho=-0,91
u rho=-0,87; p=0,0001 u p=0,0005) U cpegHIOIO
MIOJIOSKUTEIbHYIO KOPPEJISIUOHHYIO CBsA3U (tho=
0,65; p=0,032) c UK/]. THTHOMpOBaHMeE ITPOTEOTH -
THUYECKOTO 3Tana MpoTeKasso Ha (POHE TEHJEeHIINN
K CHUYKEHUIO aKTUBHOCTH TPOMOWHA BCJIEICTBUE
passenenus. Ilpy maHHOM ypOBHe pas3BeleHUusA
KpOBH, IJIOTHOCTh crycTka B Toukax [ICT3 (rho
=-0,64; p=0,036), [ICT;+5 (rtho =-0,73; p=0,011),
I[ICT4+10 (rho =-0,72; p=0,013), I1ICT;+15 (rho
=-0,65; p=0,031) u MA (rho =-0,66; p=0,029) oTpu-
1aTeJbHO KOpPEeJaUpoBaja ¢ BpeMEHEM KOHTAKT-
Ho Koaryssanuu T,. IHTeHCHBHOCTb KOHTAaKTHON
KOaryaAanuu (mapaMeTp B HOpMe UMeeT OTpuIa-
TeJIbHbIEe 3HAa4YeHust: -3,57; -10,0 (Q1; Q3)) 3HaYUMO
KOppeJIMpoBaJjia TOJNBKO C INIOTHOCTBIO CTYCTKA B
touke BpeMmeHH [ICT;+15 (rho=-0,65, p=0,032).
IIpu aTOM BBIABMJIN BBIPA’KEHHYIO I10JIOKUATEIIb-
HYIO, 3HAaYUMYIO KOPPE/IANUOHHYIO CBA3b MEXKIY
KOJTTYECTBOM TPOMOOIIUTOB U MIJIOTHOCTBIO CTYCT-
Ka B Toukax [1CT,;+5 (rho=0,7; p=0,016) u [1CT,+10
(rtho=0,64; p=0,033). AHATOTUYHOH CHJIBI KOPPeJIs-
IIMOHHbBIE CBSA3U 00HAPYKUJIN MKy KOHIIEHTPa-
et pubprHOTeHAa U IJIOTHOCTHIO CI'YCTKA B TOY-
kax [ICT5+15 (rho=0,65; p=0,029) u MA (rho=0,64;
p=0,033). Taknum 00pa3oM, Ha MJIOTHOCTh CTyCTKA
in vitro ipu pa3BedeHuu Ha 37,5% BJIUsIET aKTUB-
HOCTBH TPOMOOIIUTOB, UX KOJIMYECTBO U COepsKa-
Hue (ubpuHOreHa. /[aHHBIE TTOKA3BIBAIOT, YTO
passengeHue Ha 37,5% HadyuHaeT CYILIECTBEHHO
BJIMSITH Ha TIJIOTHOCTH (POPMUPYIOIIETOCsS TpoMba
BCJIE[ICTBHE YMEHBIIIEHUsI KOJIMYeCTBa TPOMOOITH -
TOB, UX AKTUBHOCTHU U CHUYKEHUSI KOHI[eHTPAIU1
¢dubpuHOTEHA.

[Tpu cpaBHernuu I u Il rpynn mMesxay coboi
OTMeYaJ/Ii IPOrPeCcCUBHOE YMEHbIIICHUEe UHTEH-
CUBHOCTH KOaryJsiliuOHHOIO apaiiBa (p=0,0084),
4TO OTpaskaeT yMEHbIICHHE KOHIEHTpaluu
/WM aKTUBHOCTU (PAKTOPOB CBEPTHIBAHUA U
aKTUBHOCTU TPpoMOUHA. COOTBETCTBEHHO C 9TUM
YAJUHAETCA BpeMs cBepThiBanusa (p=0,024), npu-
OJIMsKRAsICh 110 3HAYEHWIO K KOHTPOJIBHOM TpyIIrne
(p=0,88). ITpu aToM IIOTHOCTH TpoMba BO BCeX
KOHTPOJIBHBIX TOYKAaX 3HAYMMO He MeHsSeTCA (pUC.
3), Tak)Ke, KaK M KOJIMUYECTBO TPOMOOIIMTOB
(p=0,15) u koHIeHTpanus pudpuHOoTeHa (p=0,44).

Hecmotps Ha TO, 4TO rpynIa ¢ pa3BeieHueM
Ha 25% (1) in vitro craTnyecku 3HAYUMO OT/IMYa-
JIach OT KOHTPOJIbHOH rpynisl (IV) mo KosindecTBy
TpoMmbo1uToB, aktTuBHOCTHU AT III, BpemeHu cBep-

platelet structure formation (T;) (Fig. 3). Fibrino-
gen, platelets, CDI, CDT;, CDT;+5, MA, AT III, and
TAAC continue to decrease significantly with in-
creasing dilution to 37.5%, going beyond the refer-
ence ranges [17, 18], which may affect the interpre-
tation of the experimental results and be clinically
relevant. Thus, 25% hemodilution can be consid-
ered to have the least impact on the hemostatic sys-
tem in vitro.

Given that in vitrono compensation for coag-
ulation abnormalities occurring in dilution is pos-
sible, an in vivo evaluation of the impact of 25% he-
modilution on the hemostatic system was
warranted. According to the results of the experi-
ment, the reference values of hematocrit
(M+1.96*SD) in the 25% dilution in vivo group
(group 3) were 31.16+3.64%, while in the control
group (group 4) they were 41.98+5.04%. The refer-
ence values of lactate level in group 3 were
1.19+0.96 mmol/l and 1.24+1.04 mmol/] in group
4.The Mann-Whitney test (P=0.98) and the permu-
tational test with 10,000 iterations found no signifi-
cant differences in lactate level between the two
groups (P=0.76). The systolic BP did not fall below
100 mm Hg. Thus, simulation of 25% hemodilution
in vivo in experimental animals was accomplished
without signs of shock.

As in the case of the in vitro dilution, the in
vivo dilution had a significant impact on the stud-
ied parameters characterizing the hemostatic sys-
tem (P=0.015), which is clearly illustrated in the or-
dinal diagram (Fig. 5).

This can be seen by analyzing the principal
component graph, where the ellipses reflecting the
groups with 25% (group 3) and 0% (group 4) dilu-
tion overlap with a slight deviation in angle though
(Fig. 6).

In vivoblood dilution did not result in signifi-
cant changes in LFPTEG parameters and did not af-
fect the clot density at all time points (Fig. 7). APTT
and PT tended to decrease, which contradicts the
concept of dilutional coagulopathy. A 25% in vivo
dilution caused a significant decrease in fibrinogen
level, AT III activity, reduced platelet count, and
prolonged TT (Fig. 7). All parameters remained
within the reference ranges even though their sig-
nificant (albeit clinically non relevant) changes
were recorded [17, 18]. Thus, the use of low-volume
fluid therapy when modeling a particular patholog-
ical condition in experimental animals (rats) with
avolume of up to 16 ml 2:1 SG solution and achiev-
ing hematocrit of approximately 30% can be con-
sidered feasible, safe and not affecting the critical
coagulation and anticoagulation parameters.

As in the in vitro study, a strong to medium
significant negative correlation between CD at
CDT; (rho=-0.74; P=0.015), CDT;+5 (rho=-0.8;
P=0.006), CDT3+10 (rtho=-0.74; P=0.015), CDT;+15

(rho=-0.63; P=0.049), MA (rho=-0.63; P=0.049) and
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Puc. 5. OpguHanyoHHasA AUarpaMMma: eHTPOH/IbI IPYIII B IPOCTPAHCTBE ABYX INIaBHBIX KoopauHaT (PCoA).

Fig. 5. Ordination diagram: centroids of groups in the space of two principal coordinates (PCoA).

Note. 0 — Group 4 with no dilution at studied parameters (°); 25 — Group 3 with in vivo 25-percent dilution at studied parameters (/).
IIpumeuanue. 0 — IV rpynmna 6e3 passenenHua 0% c udydaeMmbIMu mapamerpamu (°); 25 — III rpynmna ¢ pasBefeHueM in vivo Ha

25% c usydyaeMbIMU ITapaMeTpamu ().

TBhIBaHUs, IIJIOTHOCTHU CI'YCTKA B TOYKE KeJINPOBa-
HMS 1 NHTCHCUBHOCTU II0JIMMEpU3allui, YKa3daH-
HbIe TapaMeTPhI He BLIXOJSAT 3a paMKU pedepeHc-
HbIX rpaHul] [17, 18], kpome UTIC, 4TO, B KOHEUHOM
WUTOTe, He3HAYMMO, TaK KaK pasjIMuuil MesKkIy
rpynInaM# 1o BpeMeHu ¢opMupoBanus GpudpuH-
TpoMbomuTapHO! CTPYKTYpHI (T5) He moJsryaeHo
(puc. 3). C yBesquueHueM passegeHust 1o 37,5%
CyLIIECTBEHHO IIPOA0JIKAeT YMEHBINAThCA KOJIM-
JecTBO (pubpuHOTEHA, TpoMbonmToB, K], TICT,,
[ICT4+5, MA, AT III, KCIIA, 3HaUYMTEJIbHO BBIXOAS
3a pedepeHcHbIe TpaHullbl [17, 18], yTO MOKeT
IOBJIUATH HA UHTEPIPETALUIO PE3YJIBTaTOB 9KC-
IIEPUMEHTOB U OBITh KJIMHUYECKU 3HAYUMBIM.
TakuM 06pasoM, reMOIUJIIONHIO Ha 25% MOKHO
CUNTaTh HaMMeHee BJIUAIOIIEN Ha CUCTEMY reMO-
cTasa in vitro.

Y4uuThIBasi, YTO BHE OPraHU3Ma OTCYTCTBYET
BO3MOKHAsI KOMIIeHCAIIMsI TeX MU UHBIX OTKJIO-
HEHUU B CUCTEME reMOCTasa IpU pa3BeIeHNuH B
poOmMpKe, TpedyeTcst OIleHKa BAUSHUS 25% remMo-
JWIIONYMM Ha CHCTeMy remocrasa in vivo. Ilo
pesyJibraTaM aKcIlepuMeHTa pedepeHCcHbIe 3Haue-
HuA remarokpura (M=1,96*SD) B rpynne ¢ 25%
pasBenenueM in vivo (III) coctaBuna 31,16+3,64%,
a B KOHTpoJibHOU rpynme (IV) — 41,98+5,04%.
PedepeHcHbIe 3HaUYEHUsI COIepIKaHU JIaKTaTa B
IIT rpynme cocrasuiu 1,19+0,96 Mmouis/J1, B IV —
1,24+1,04 mMouss/sa. Ilpu mpoBefeHWU TecTa
Maunna-YurtHu (p=0,98) u Tecta nmepmyTanuu C

contact coagulation time (T,), as well as a negative
correlation between CCI and CD at CDT,
(tho=-0.59; P=0.012), CDT;+5 (tho=-0.66; P=0.012),
CDT;+10 (rho=-0.57; P=0.012) were revealed in
vivo. No significant correlation between fibrinogen
level, platelet count and CD at CDT,;, CDT4+5,
CDT;+10, CDT;+15, and MA was found. Thus, in
vivo clot density at 25% dilution is primarily af-
fected by platelet activity rather than their count
and fibrinogen level.

As a diagnostic criterion of dilutional coagulopa-
thy, 1.5-fold PT and APTT prolongation [23] is used.
In our study, PT and APTT tended to decrease, and TT
was significantly shorter in 25% dilution in vivo. The
decrease of TT is associated with accelerated fibrin
monomer formation from fibrinogen under the ac-
tion of thrombin and reduced anticoagulant system
activity [24] with a significant decrease of its key com-
ponent (AT III). According to LFPTEG, at 25% dilution
there was a trend to increased fibrin monomer poly-
merization (CPI) and enhanced proteolytic phase of
blood coagulation (CDI) in vivo, as well as a signifi-
cant enhancement of these phases (CPI, T,) in vitro.
Imbalance between pro- and anticoagulants at a
minor 25% blood dilution, which results in prevailing
procoagulation, may be useful for early control of
bleeding in low-volume fluid infusions, that is consis-
tent with the previous findings [25].

Reduced clot density at minutes 5, 10, 15 after
reaching the gelation point and maximum clot den-
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10000 mrepanuAMM CTATUCTUYECKU 3HAYMMBIX
pas/uuuii 0 KOHIEHTpAlM{ JIaKTaTa MEeMKIy
IByMs TpyniiamMu He obHapy:kuu (p=0,76). CAJ]
He CHIKaJI0Ch Hiske 100 MM pT. cT. Takum obpa-
30M, MOJIeJIMPOBAaHNE TeMOIUJIIONNA i Vivo Ha
25% y 9KCIIepAMEHTaJIbHBIX SKUBOTHBIX JIOCTUTHY-
TO 6€3 MMPU3HAKOB ITI0Ka.

Kak u B ciiyyae pasBeneHus in vitro, passe-
JIeHHe in Vivo CTaTUCTUYeCKH 3HAUYMMO BJIUSJIO Ha
n3y4yaeMble ITapaMeTphl, BajKHbIE s OLIEHKU
cucreMbl remocrasa (p=0,015), 4yTo HaWIAIHO
UJUJTIOCTPUPOBAHO Ha OPAWHAIIMOHHOU JUarpam-
Me (puc. 5).

BuayanbHO B 9TOM MOKHO YOEIUTHCH, MPO-
AHAIM3UPOBaB I'PadUK IJTABHBIX KOMIIOHEHT, TJIe
3JIJIMIICHI, OTpa)kaolue rpynmnsl ¢ 25% (III) u 0%
(IV) passeneHueM, HaKJAIBIBAIOTCA ApPyr Ha
JIpyra, HO ¢ HeOOJIBIINM OTKJIOHEHHUEM II0 YTy
(puc. 6).

PasBeneHre KpoBU in Vivo He TIPUBEJIO K CTa-
TUYEeCKU 3HAYMMBIM HM3MEHEHUsIM IapaMeTpOB
HIITII' 1 He 0Tpa3nJIOCh HaA IJIOTHOCTH CTyCTKa
BO BCeX BPEMEHHBIX TouKax (puc. 7). AYTB u IIB
HAMeJIY TeHIEeHIINIO K YMEeHbIICHUIO, YTO [IPOTHUBO-
PEYUT IIOHATUIO «JUIIOIAOHHAs KOATYyJI0IaTUsI».
PasBenenue in vivo Ha 25% BBI3BAJIO 3HAUHUMOE
CHIDKeHUe KOHIIEHTpaIuu (uOpUHOTreHa, akTUB-
HocTu AT 111, yMEHBITTNIIO KOJTUYECTBO TPOMOOIIH -
TOB U yajmmHuI0 TB (puc. 7). HecMoTps Ha craru-
YEeCKyl0 3HAa4YMMOCTb OTHUX IIepeMeH, Bce
MOKAa3aTeJIn OCTAJIMCh B paMKax pedepeHCHBIX

sity (MA or MCF) according to rotational thromboe-
lastometry (ROTEM) and thromboelastography
(TEG) is used as a diagnostic marker of coagulopa-
thy [26]. Hemodilution coagulopathy can be accu-
rately diagnosed using ROTEM and TEG by reduced
clot density at the CDT;+10 and MA time points in
33-40% dilution with isotonic crystalloid solu-
tions [9, 27-29] and in 20-35% dilution with gelatine
preparations [30]. At these points, a strong correla-
tion between clot density and fibrinogen level was
noted. No significant changes in other TEG param-
eters such as R-time, K-time, o angle or similar
ROTEM parameters representing the proteolytic and
partly polymerization phases of clotting were
found [27, 29]. Significant changes in these parame-
ters were recorded only at 40% dilution with gelatine
preparations [30]. Our study using LFPTEG has
found that as early as at 25-37.5% dilution with 2:1
mixed crystalloid/colloid solution in vitro, areduced
density at the gelation point of CDT; and CDT;+5,
increased clot polymerization (CPI), reduced inten-
sity of proteolytic phase of clotting (CDI) and de-
creased activity of anticoagulant system (TAAC)
occur. In addition, LFPTEG was used to discover the
key contribution of platelet activity to clot com-
paction and a less significant role of platelet count
at a 25% dilution. The subsequent decrease of clot
density is associated with both low platelet activity
and reduced platelet count and fibrinogen level.
We can conclude that LFPTEG method is
highly sensitive and informative when compared

Puc.6. BPISyaJIBHaH OII€HKa pas.zmquﬁ B IIPOCTPAHCTBE NNEPBBIX ABYX IVIABHbIX KOMIIOHEHT IIPH CPABHEHHH I'PYIIII 110 H3y4Yae-

MBIM [TapaMeTpaM.

Fig. 6. Visual assessment of spatial differences in the first two major components when comparing groups by the studied pa-

rameters.

Note. 0 — Group 4 with no dilution; 25 — Group 3 with the 25-percent dilution in vivo; horizontal axis — first principal component

(PC1); vertical axis — second principal component (PC2).

ITIpumeuanue. 0 — IV rpynna 6e3 pasBenenus 0%; 25 — III rpymnma ¢ pasBefeHneM in vivo Ha 25%; 110 OcH abcuucc — IepBas
m1aBHasA koMmnoHeHTa (PC1); mo ocu opAauHaT — BTOopas IVIaBHast KoMIoHeHTa (PC2).
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Puc. 7. CpaBHenue rpynnsi pa3segenus 25% (III) in vivo c koHTpobHOM rpynnoii (IV).

Fig. 7. Comparison of the 25-percent dilution group (3) in vivo with the control group (4).

Note. CCI, r. u. — the contact coagulation intensity; T}, min — the contact coagulation time; TAC, r. u. — the thrombin activity con-
stant; T5, min — the time of forming the fibrin-platelet structure; TBCI, r. u. — the total blood clotting intensity; RLCI, % — the re-
traction and lysis of clot intensity; TAAC, r. u. — the total anticoagulant activity coefficient; APTT — activated partial thromboplastin
time; PT — prothrombin time thrombin time; TT — thrombin time.

ITpumeuanwue. T;, min — BpeMs KOHTaKTHOH KoarynAanuu; CCI — HHTeHCUBHOCTh KOHTAaKTHOH Koarynanuy; TAC — KOHCTaHTa
TpoMOUHOBOH akTUBHOCTY; T5, min — BpeMs hopmupoBanusi GubpUH-TpoMOOIIUTapHON CTPYKTYPhL; TBCI — MHTEHCHBHOCTH
TOTAJBHOTO CBEePThIBaHMSA KpoBH; RLCI — MHTEHCUBHOCTH PETPAKIUU U JI3uca crycTka; TAAC — K03 dUIIMEeHT CyMMapHOH
MIPOTUBOCBEPTHIBaIONIEN akTUBHOCTH; APTT — aKTUBHPOBAHHOE YaCTUYHOE TPOMOOIIAaCTUHOBOE BpeMsi; PT — nmpoTpomMOuHO-
Boe Bpemsi; TT — TpoMOMHOBOE BpeMmsi.
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rpanuil [17, 18] U KIMHUYECKU He3HAaYMMbI. TakuM
06pasoM, UCIoJIb30BaHUE MaT000beMON UHPY-
3UH TPU MOJIEJTUPOBAHUM TOTO UJIU UHOTO I1aTO-
JIOTMYECKOI'0 COCTOSIHUSA Y 9KCIIEPUMEHTAJIbHBIX
SKMBOTHBIX (KpbIC) 10 16 mu1 pactBopa C/T' B cooT-
HOIlleHU!U 2:1 U JOCTUIKEeHUsI TIOKa3aTessd reMa-
TOKpUTa B npepesiax 30% MOKHO CUMUTATh BO3-
MOJKHBIM, 0€30MacHbIM U He BJIHUSIOLIAM
KPUTUYECKU Ha TapaMeTPhl CBEPTHIBAHUSA U TPO-
THUBOCBEPTBHIBAHUS CIIOCOOOM.

Kaxk u B uccienoBanuu in vitro, in vivo npu
passeneHuun Ha 25% BBIABUJIN CUJIBHYIO U CPEJl-
HIOIO T10 CHJle 3HaYUMble OTPUIAaTeJIbHbIE KOppe-
Jgsauu Mesxay [1CT3 (tho=-0,74; p=0,015), IICT;+5
(rho=-0,8; p=0,006), IICT;+10 (rtho=-0,74; p=0,015),
[1CT;+15 (rtho=-0,63; p=0,049), MA (rho=-0,63;
p=0,049) u BpeMeHeM KOHTAKTHOU KOATyJIsAIUU
(T), a TakyKke OTPULATEJbHYIO KOPpPEJIAUIO
MHTEHCUBHOCTU KOHTAKTHOH Koaryssiuuu u [1CT;
(rho=-0,59; p=0,012), [ICT;+5 (rho=-0,66; p=0,012),
[1CT5+10 (rho=-0,57; p=0,012). 3HauuMOii Koppe-
JIATIUA MEXKJy KOHIleHTpamueidl (uOpUHOTEHa,
KOJIMYECTBOM TPOMOOIIUTOB C IJIOTHOCTHIO TPOM-
6a B Toukax I1CT,, [ICT;+5, IICT;+10, [ICT,+15 u
MA He BbIssBHJIH. TakuM 06pa3oM, Ha IJIOTHOCTH
CT'yCTKa in Vivo Ipu pasBeneHnu Ha 25%, B IIEPBYIO
odepe[b, BIUSIET aKTUBHOCTh TPOMOOITUTOB, a He
MX KOJTUYECTBO U KOHIIeHTpanus GpuOopUHOTEHA.

B kauecTBe MMarHOCTHUYECKOTO KPUTEPUS
JUTIOIMOHHOM KOaryJIoaTUU UCIIOIb3YIOT YIJIN-
Henue [IB u AUTB B 1,5 pasa or HOpMBI [23]. B
Hamrem uccjaenoBanuu [ 1B u AYTB nmesiu TeH1eH-
LIMIO K yMeHbIIeHMIo, a TB craTucTrnyecku 3Havu-
MO YKOpadMBaJIOCh IIPA pPas3BeNeHUHU in Vivo Ha
25%. YMeHnsbuieHue TB CBA3BIBAIOT C yCKOPEHUEM
obpasoBanus GUOPUH-MOHOMEpPA U3 PUOpUHOTE-
Ha MO/ IeHiCTBUEM TPOMOWHA W YMEHbIIIeHVEeM
AKTUBHOCTU AHTUKOATYJISHTHON CUCTEMBI [24],
OJIVH U3 Ba)KHEUIITNX KOMIIOHEHTOB KOTOPOH (AT
III) smaunmo cHuskamncA. [lo gaaaeim HITTIT, ipu
pasBedeHun Ha 25% oTMedasiach TEHAEHIUS K
YCHUJIEHUIO TIOJTUMepU3aIuu (uOPUH-MOHOMEPOB
(UTIC) m mpOTe0TUTUYECKOTO 3Talla CBePThIBAHUSA
(MK) in vivo, a Tak)Ke 3HAYMMOE YCUJICHHUE 9THUX
aranos in vitro (UI1C, T;). luciponiopuus npo- u
AHTHUKOATYJIAHTOB IIPX He3HAYNUTEJIbHOM pa3Befe-
HUM KPOBU Ha 25%, IPUBOLSAIIAA K IPeBaJIMPOBa-
HUIO MEPBBIX, MOYKET OBITH TIOJIE3HOH JIsT paHHEN
OCTAaHOBKHM KPOBOTEUYEHWUs MPU MaT000HEMHOMN
WH(PY3UH, 9TO COTTIACYeTCs C pe3yabraraMu boJiee
paHHuX pabdor [25].

YMeHbIIleHue IIJI0THOCTH TpoMOa Ha 5-1, 10-1,
15-#1 MUHYyTe [TOCJI€e TOCTUKEHM ST TOUKU YKeJIUPO-
BaHUS U MaKCUMaJIbHOU IJIOTHOCTH TpoMmbOa (MA
nau MCF) 1o JaHHbIM POTAallMOHHOM TpoMO03JIa-
cromerpuu (POTOM) u TpomboasacTorpaduu
(T3I'), mucnosab3dyeTcsi Kak JUATHOCTUYECKUU
Mapkep kKoaryjaonaruu [26]. lemoguIonnoHHas
KOaryJjonarus BeIABJseTcA foctoBepHo POTOM

with ROTEM and TEG, with the advantage of using
native blood for sampling, while in ROTEM and TEG
the blood samples require additional activation.

Conclusion

Thus, the 25-percent blood dilution with 2:1
SG solution should be considered as a relatively
safe for the hemostatic system in vivo dilution that
minimally affects the in vitro parameters in the ex-
periment.

u TII' Mo CHUKEHMIO TIJIOTHOCTU TPOMOa B TOUKE
Ha 10-#i muHyTe 1 MA mpu pas3BeJeHUM Ha
33-40% M30TOHUYHBIMU KPUCTA/VIOUIHBIMU pac-
TBOpaMmu [9, 27-29] u nipu 20-35% pasBeneHUU
npemnaparamMu skesaruHa [30]. B aTux TOuYkax
OTME€YeHa CUJIbHAsA KOPPeJALUsA MEXAY IJI0T-
HOCTBHIO TpoMba U KOHIIEHTpanuel pudpuHore-
Ha. [Ipy 3TOM 3HAYMMOrO U3MEHEHUS JPYrUX
napaMmeTpos TOI: R-Bpemenn, K-spemenu, a-yria
WJIM aHaJaoru4dHelx napamerpos POTOM, orpa-
SKAIOIIUX MIPOTEOJUTUYECKUH U 0TYaCTH HOJIH-
MepU3alMoHHbIN aTall CBepThIBAaHUS, He peru-
CTPUPYIOT [27, 29]. 3HaUMMBble U3MEHEHUS 9TUX
rnapaMeTpoB (PUKCUPYIOT TOJIBKO ITpu 40% pa3Be-
JleHus IpernaparaMmu skejsatuHa [30]. B Hamem
uccjaegosanuu ¢ nomomso HITTIT yske nipu pas-
BeJgeHnn Ha 25-37,5% CMellaHHBIM KpPHUCTAJI-
Jouj/KOJUIOUAHBIM pacTBopoM (2:1) in vitro
BbIABUJINM CHUKEHUE IIJIOTHOCTU B TOYKE JKeJIU-
poBanus [ICT; u IICT,+5, ycuneHue nosmuMmepu-
danuu cryctka (MIIC), cHusKeHrne NHTEeHCUBHO-
CTA IIPOTEOJIMTUYECKOrO JTalla CBEpPTbIBAHUSA
(MK/I) u cHM)KeHne aKTUBHOCTU aHTUKOATYJIsIHT-
"ot cucrembl (KCITA). KpoMe TOT0, C TOMOIIIBIO
HIIT3I onpenenuan mepoBOCTEeNEeHHBIN BKJIAL
AKTUBHOCTU TPOMOOIIMTOB B YIIJIOTHEHUE TpoMba
U MeHee 3HaUYMMBIN BKJIQJ KOJIMYeCcTBa TpoMOo-
LIUTOB IIpU passeneHuu Ha 25%. Ilocienyrolee
CHIKeHMe IIJIOTHOCTH TpoMba CBsI3aHO HE TOJIb-
KO CO CHIYKeHHeM aKTHUBHOCTH TPOMOOIIUTOB, HO
U C YMEHbIIEHUEM UX KOJIMYECTBA U CHUKEHUEM
KOHIleHTpanuu pudpuHoreHa. Takum o6pasom,
MOKHO KOHCTaTupoBaTh, 4Tto Meron HIITIT
OTJINYaeTCsd BBICOKOM YYBCTBUTEJBHOCTHIO U
nH(popMaTUBHOCTHIO Tpu cpaBHeHUHU ¢ POTOM u
T3I, yuuTsiBasi TOT (paKT, YTO NPHU BBHINOJHEHUN
HIIT3I' ucnosib3yeTcsas HaTUBHAsA KPOBb, a JJis
POTOM u TOI' — KpoOBB, aKTUBUPOBAHHAS TEM
WUJIA UHBIM areHTOM.

3akJarouenue

CyMMUpYysi, MOSKHO TIPUUTHU K 3aKJII0OUYEHUIO,
4T0 HanOoJIee «0e30IIacCHbIM» AJII CHUCTEMBI F€MO-
CTasa in vivo U MUHUMAJIBHO BJIMAIOIIAM Ha [1apa-
METPBHI i7 VilT0 B 9KCIIEPUMEHTE CJlelyeT IPU3HATh
remonuIonuio pactsopoMm C/I' B COOTHOIIEHNH
2:1 Ha 25%.
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Pe3rome

KimHnveckasi KapTHHA II0KA XapaKTEPU3YeTCs] PAa3BUTHEM CHCTEMHBIX FeMOJIMHAMUYECKUX, TEMOPEO-
JIOTHYECKHUX, TUIIOKCUYECKUX U MeTaboJIMUYEeCKUX Hapy[HeHHﬁ. B nmarorenese Pa3BUTUA TPABMATUYECKOTO
IIIOKA, KaK BapraHTa TUIIOBOJIEMUYECKOT0 III0KA, BeyIIle POJIM OTBOIATCS BIPAXKEHHOCTH IIOBPEXKAAI0-
IIIEr0 BO3/IENCTBUsI, BDEMEHHOMY MHTEPBAJIY, JOCTATOYHOMY JJIsI PA3BUTHS [1ATOJIOTUYECKUX PEaKIUii, He-
COOTBETCTBUIO TKAHEBOI ITepy3nun MeTabOTNIECKUM IIOTPEOHOCTAM OpraHN3Ma, HapyIIeHUIo adpoOHOTro
OKHCJIeHUsI B TKaHX. KoMIIeKCHasI TpUMeHeHne MHOTOKOMITIOHEHTHON MHTEHCUBHOM Tepaliy, BpEMEHHOE
COOTBETCTBHE MAaTO()U3NOIOTUUECKIM N3MEHEHUAM — JIOCTAaTOYHO CJI0KHAsA 3a7jada B aCIIeKTe IpaKkTude-
CKOT0 IPUMeHEeH!s aHeCTe310JI0TOM-PeaHNMaTOI0rOM.

Ilens 0630pa. [TokasaTs 0COOEHHOCTH U IIOCJIE0BaTeIbHOCTh U3MEeHEeHN ], BO3HNKAIOIINX B Opra-
HU3Me [IPY Pa3BUTHHU TPABMaTUYECKOTO III0KA, 3aKOHOMEPHOCTD ITPOSIBJIEHUS KTNHUYECKUX IPU3HAKOB,
BO3MOXHOCTHU METOAOB IIPUMEHEHUA MHTEHCUBHOH Tepannu C Yy4eTOM IIaTOJIOTrnIeCKUX pealﬂmﬁ npu
TPaBMaTUYECKOM IIOKe.

MarepwuaJt. [Touck nHpOpMaIuu TpoBoAMJICcs B 6a3ax qanabix PubMed, PTHL], 3 KOTOPBIX OKOHYA-
TEJIbHO 0TOOPaHO 80 UCTOYHUKOB, OTPAKAIOIINX COBPEMEHHBIE JiedeOHbIe [TOXO0/Ibl, Pe3YJIBTaThl HAyYHbIX
HccIeOBaHUN 110 TeMe JaHHOT0 0630pa, a TakKe KIMHUYECKIe PeKOMeHJaIiN.

Peayserarhl. PaccMOTpe i OCHOBHBIE 3TallbI [TATOreHe3a TPaBMaTHIeCKOro IoKa. [IpoaHamM3npoBaIm oc-
HOBHBIE 3aKOHOMEPHOCTH Pa3BUTHSI CEPIEYHO-COCYJUCTON U IbIXaTeIbHON HE0CTaTOYHOCTH, OL|EHU/TN KPH-
TepUHU CTEIICHU X BBIPAMKEHHOCTH, ITI0OKAa3aJIU CJIOKHOCTb Bmﬁopa CIoco00B 1 METOO0B HHTEHCUBHON Teparuun.

3akJodenne. PeciupaTopHas MoffepiKKa, HOpMaTu3anusa KapANOTeMOANHAMUKY U ONTUMU3aINs
KHUCJIOPOAHOTO CTaTyca ABJIAIOTCS SIBJIAETCS BaXKHEHIIMMU COCTABJIAIONINMH JIedeHNs TallNeHTOB C TPaB-
MaTH4ecKUM moKOoM. COBpeMeHHBIE CIIOCOObI KOHTPOJIS JbIXaTeIbHON HEe0CTATOYHOCTH [T03BOJISIIOT OIle-
PpaTHUBHO OLIEHUTH CTETIeHb PACCTPOHCTB (PYHKIIUU NbIXaHUs, BEIABUTH IPUINHY U MHIUBUAYATN3UPOBAHO
MOZOWTHU K KOPPEKIIUY UMEIOIIMXCsI HAPYIIIEHHH C y4€TOM BO3POCIIMX BO3MOKHOCTEN MCKYCCTBEHHOM BEH-
TUJIANNAY JIETKUX. 3aMeleHre 06beMa NUPKYINPYIoIeil KpOBU HAaIIpaBJ/IEHO KaK Ha JOCTIKEHNEe TeMO/IH-
HaMHU4YecKoro adeKTa, Tak ¥ Ha BOCCTAaHOBJIEHHUE COIEeP;KaHUs HCTOYHIKOB IEPEHOCYUKOB KUCI0PO/A 1
IMJIA3MEHHBIX IIPO- 1 aHTUKOAT'YJITHTHBIX (baKTOpOB. MaxkcumaJibHO paHHAA 1 TOJHOLIEHHAasA THTEeHCUBHaA
Teparund IM03BOJIAET YIYYIIUTb IPOTrHO3 U UCXOA Y TAlTMEHTOB C TPABMAaTUY€CKUM IIIOKOM.

Knroueevte cnosa: mpasmamuuecnuﬁ WOK; OblxamenbHas HedoCmanmouHoCmy; UHMEHCUBHASL mepanusi

KoH(INKT HHTEpeCcOoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MJINKTA NHTEPECOB.

Anpec JJis KOpPEeCIIOHAEHIIHH: Correspondence to:
Jmurtpuii AHaTosibeBruY OcTamyeHko* Dmitry A. Ostapchenko*
E-mail: daostapchenko@yandex.ru E-mail: daostapchenko@yandex.ru

GENERAL REANIMATOLOGY, 2021, 17; 4 www.reanimatology.com



https://doi.org/10.15360/1813-9779-2021-4-65-76

Reviews

Summary

The clinical manifestation of shock is characterized by systemic circulatory disturbances andblood flow,
hypoxic and metabolic disorders. The leading role in the pathogenesis of traumatic shock (the subtype of a
hypovolemic shock), is assigned to the severity of the damaging effect, the time interval sufficient for the de-
velopment of a pathophysiological response, mismatch between body tissue perfusion and the metabolic re-
quirements, and impaired aerobic oxidation in tissues. The use of a comprehensive multicomponent intensive
care strategy matching the pathophysiological changes is a difficult challenge for a critical care physician.

The aim of the review is to demonstrate the specific features and sequence of events occurring in the body
during the development of traumatic shock, the pattern of manifestations of clinical signs, and potential use
of intensive therapy methods tailored to the pathophysiological responses in traumatic shock.

Material. The information search was carried out in the PubMed and RSCI databases, among which 80
sources were finally selected, representing current therapeutic approaches, the results of scientific research
and clinical guidelines related to the scope of this review.

Results. The main stages of traumatic shock pathogenesis were reviewed. The basic patterns of cardiovas-
cular and respiratory failure development were analyzed, the criteria of their severity were evaluated, and the
complexity of the selection of intensive therapy was shown.

Conclusion. Respiratory support, stabilization of cardiac and circulatory parameters and optimization of
oxygen status are the most important components of treatment of patients with traumatic shock. Current
methods of respiratory failure control allow to estimate promptly the severity of respiratory dysfunction, reveal
the cause and correct existing disorders in an individualized way taking into account the better availability of
mechanical ventilation. Replacement of circulating blood volume is aimed both at achieving hemodynamic
effect and restoring the concentration of sources of oxygen carriers and plasma pro- and anticoagulant factors.
The earliest and most comprehensive intensive therapy can improve the prognosis and outcome in patients
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with traumatic shock.

Keywords: traumatic shock; respiratory failure; intensive care
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BBenenue

[ITok — aTo mpoIlecc, XapakTepUu3yIUNCA
CHCTEMHBIMH TeMOIMHAMUYECKIMHU, TeMOPEO0JIO-
TUYECKUMU, THIIOKCHYECKUMH U METa00JINYECKH -
MM PacCTPOMCTBAaMH, OCTPO BO3HUKAIOIUHU B
pe3yJibraTe UCTOIIEHNsI KOMIIEHCAaTOPHBIX peak-
MU OpraHM3Ma Ha BO3JeUCTBUE ITOKOT€HHBIX
¢akTOpOB IIpH psijie HO30JI0TUYeCKUX (popm [1-3].
TepMUHOJIOTUUECKH ITIOK HEJIB3sI paCCMaTPUBATh
KaK JUarHo3, CHHIPOM WJIX CUMIITOM, OH Pa3BUBa-
eTCs KaK OCJIO’KHEeHVEe OCHOBHOIO 3a00JIeBaHUS,
II09TOMY HEe MO>KET OBITh PUYNHON cMepTH [1].

7151 pa3BUTHUS COCTOSTHUS IIOKA HEOOXOIMMO
coyeTaHMe psijla He3aBUCUMBbIX (DAKTOPOB:

1. BeIpaskeHHOCTH TOBPEYKIAIOIIETO BO3 e -
CTBUS (IIOTEHITUATLHO CMEPTETLHBIN XapaKTep).

2. CyuiecTBOBaHUS IIPOMESKYTKA BpEMEHU,
JIOCTaTOYHOTO JJIsI Pa3BUTHUA MATOJOTAYECKOH
peakIuy opraHruama.

3. HecoorBeTcTBHE reMOIUPKYJIALINY U TKA-
HeBOU mepdy3uy MeTaboJNYeCKUM MOTPeOHO-
CTSIM OpraHU3Ma.

4. Hapy1reHue aapo6HOTO OKUCJIEHUS B TKa-
HsX. KpaTko 110K MOYKHO OXapaKTepru30BaTh Kak
«KPU3UC MUKPOLUPKYJIAIUN» (2, 4, 5].

Bce BUABI IIIOKA C IPUHSATO YCJIOBHO JEJUTH
Ha KapIMOTeHHble — IEPBUYHO CBsI3aHHbBIE HECO-
CTOSITEJIBHOCTBIO HACOCHON (PYHKIIMU cepjla, U
TUIIOBOJIEMUYECKe — 00yCJIOBJIEHHBIE CHUKE-

Introduction

Shock is a process characterized by systemic
circulatory abnormalities, blood flow, hypoxic and
metabolic disorders. Shock is developing acutely as
aresult of altered body compensatory responses to
the shockogenic factors in various patholo-
gies [1-3]. Terminologically, shock cannot be con-
sidered as a diagnosis, a syndrome or a sign; it de-
velops as a complication of the underlying disease,
and therefore it cannot be considered as a direct
cause of death [1].

A combination of several independent factors
necessary for the development of shock includes:

1. Severity of the damaging effect (potentially
lethal nature).

2. Time interval sufficient for the develop-
ment of the body's pathophysiological response.

3. Mismatch between blood tissue perfusion
and metabolic needs of the body.

4. Abnormal aerobic oxidation in the tissues.
Briefly, shock can be described as «microcirculatory
crisis» [2, 4, 5].

All types of shock are conventionally divided
into cardiogenic (primarily associated with failure
of cardiac pump function) and hypovolemic
(caused by reduced circulating blood volume, fol-
lowed by a decrease in venous return, cardiac out-
put, systemic blood pressure and perfusion of or-
gans and tissues) [4, 6].
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HHEeM oO0beMa nmupkyaupyomei kposu (OLK), ¢
IIOCJIEAYIOIIM yMEHbIIEHNEM BEHO3HOI'O BO3-
BpaTa, CepAeYHOT0 BLIOPOCA, CHCTEMHOTO apTeEPH-
QJIBHOTO JIaBJIE€HUs U runonepdysueidl OpraHos U
TKaHelu [4, 6].

ITarou3unosiornyeckue Npouecchl
IPH TPAaBMaTH4€CKOM LIIOKe

TpaBMaTU4YeCKU IIOK SBJISIETCS PA3HOBU/L-
HOCThIO THMIIOBOJIEMHYECKOTO IIIOKA, OJHAKO
MMeeT P BaKHBIX 0COOEHHOCTEH maToreHesa u
KJIMHUYECKOTo TeueHus [3, 4, 7]. Ero BayKHeUIIIum
IIyCKOBBIM 3BEHOM CJIY>KUT OCTpas KPOBONIIOTEPH.
[Tog TepMUHOM KPOBOMOTEPS IIOHUMAETCS UHIH-
BHAyaJbHAas peaknus OpraHu3Ma Ha I[O0Teplo
KpOBH, a He 00'beM KPOBH, «BBIKJTIOUEHHBIN» U3
KpoBooOpailienusi. BHauaje aTa peakusi HOCUT
KOMIIEHCATOPHO-IIPUCIIOCOOUTETHHBIN XapaKTep,
IyTeM Ilepepacupe/esieHusi KpoBH, obecriednBast
COXPAHHOCTb CTPYKTYPHI U (DYHKIIUIO YKU3HEHHO-
Ba’KHBIX OPTaHOB. PelyKI1si 00'b€EMHOTO KPOBO-
TOKA MPOUCXOJUT B ONpeaeIeHHON MocJie/I0Ba-
TeJIbHOCTHU: KO’Ka 1 CKeJIeTHbIe MBIIIIIBI, II0YKH,
JierKue, ieYeHb, cep/ile U TOJI0BHOU MO3T (4, 8].

OpHako, IpooJIKAOITIEECs B TPOIIecce IIoKa
KpPOBOTEYEHME, HECOCTOATETbHOCTh KOMITEHCATOP-
HBIX PeaKINi OpraHu3Ma U JieueOHbIX MEPOIPHUSI-
TUH OPUBOJAT K PA3BUTUIO «IIOPOYHBIX KPYTOB»
MaToreHe3a, NMPOrPecCUPOBAaHUI0 TUIIOKCUM CMe-
IIIAHHOTO TUMA, aKTUBAIMH ITIEPEKNUCHOTO OKUCJIe-
HUA JIMIIUAOB, cTady apurpounutos [9]. CreneHb
Cy’KeHHUA IPEeKaANIAPHBIX apTepUOJI OIIpeeJIsieT
YUCI0 (PYHKIIMOHUPYIOIINX KallUIJISIPOB, a reMa-
TOKPUT — BSA3KOCTHbIE ¥ MUKPOPEOJOTUYECKHE
XapaKTEePUCTUKHU KPOBU (CIIOCOOHOCTDH 3PUTPOILIH-
TOB «IIPOTHUCKUBATHCSI» Yyepe3 (PyHKIIMOHUPYIOIIe
KalmuJLISIpbI, 00eclieunBas Mmaccayk KUCI0poaa B
TkaHm) [10]. Hapymmenns KpoBooOpaleHnst Ha MUK-
POLMPKYJIATOPHOM YPOBHE, BO3HUKAIOIIWE IIpU
OCTpOM KPOBOIIOTEPE U BCET/IA TSXKeJIbIe TIPU TPaB-
MaTU4YeCKOM IIOKe, SIBJISIIOTCS KJIIOUEeBbIM I1aTore-
HETHYeCKUM (haKTOPOM PA3BUTUS TUTIOKCUU U JTUC-
(pyHKIIMU OpraHOB, TSKEJBIX MeTabOTUIeCKIX
HapyIIeHUA 1 THOeJH KJIETOK TI0 MEXaHU3My HeK-
po3auiu anorrosa [11].

BaskHbIM ITaToreHeTUYEeCKUM (paKkTopam pas-
BUTHS TPAaBMATUYECKOTO IIOKA TAKKe ABJIAETCS
00Jb, TOTEHHUPYIOIIAsi HEeHPOIHTOKPUHHbBIE
n3MeHeHHs B BUJe aKTUBAIMU, a 3aTeM MCTOIIle-
HUs (PYHKIIUU TUN0(HU3apHO-HAAIOUYeYHUKOBON
CHCTEMBI, YTO COITPOBOJKTAETCSI BBIOPOCOM 3HJI0-
TFeHHBIX KaTeX0JIaMUHOB, NIIOKArOHA, yTHETECHUEM
CeKpelnu NHCYINHA, «CTPECCOBOM» rUNepiInKe-
MHel, HapylleHusIMA MHUHEPAIbHOIO U BOIHO-
3JIEKTPOJIUTHOTO 0OMeHa. B oTcpoyeHHOM Iepuo-
Jle IIOKa pa3BUBAIOTCA W3MEHEHWsI CeKpeluu
TUPOKCHUHA, TOPMOHA POCTa, CIIEKTpa u nepude-
pUYeCKOM KOHBEPCUU MOJIOBBIX TOPMOHOB [12].

Pathophysiology of traumatic shock

Traumatic shock is a type of hypovolemic
shock with several important pathogenetic and clin-
ical features [3, 4, 7]. Most commonly it is triggered
by acute blood loss. The term blood loss refers to the
individual response of a body to blood loss, not the
volume of blood removed from circulation. Initially,
these responses represent compensatory and adap-
tive reaction ensuring maintenance of structure and
function of vital organs by blood redistribution. Vol-
ume blood flow reduction occurs in a certain suc-
cession: first skin and skeletal muscles, then kid-
neys, lungs, liver, heart and brain [4, 8].

However, continuing bleeding during shock,
failure of compensatory reactions of the body and
unsuccessful therapeutic measures cause abnor-
mal «vicious circles», the progression of mixed-type
hypoxia, activation of lipid peroxidation, red blood
cell stasis [9]. The degree of pre-capillary arterioles
constriction is responsible for the amount of func-
tioning capillaries, and hematocrit is responsible
for viscosity and microcirculatory blood properties
(the ability of red blood cells to «<squeeze through»
functioning capillaries, providing oxygen passage
to tissues) [10]. Microcirculatory disorders occur-
ring in acute blood loss and always being severe in
traumatic shock, are a key pathogenetic factor of
hypoxia and organ dysfunction, severe metabolic
disorders and necrotic or apoptotic cell death [11].

Pain is another important pathogenetic factor
of traumatic shock, potentiating neuroendocrine
activation followed by depletion of pituitary-adrenal
system function, accompanied by the release of en-
dogenous catecholamines, glucagon, inhibition of
insulin secretion, stress-induced hyperglycemia,
disorders of mineral and water-electrolyte metabo-
lism. Later in shock altered secretion of thyroxine,
growth hormone, range and peripheral conversion
of sex hormones appears [12].

Massive injuries of soft tissues and bones
cause release of cytolysis products into the blood-
stream, which contributes to toxemia, renal epithe-
lium damage and acute fat embolism syndrome,
which occurs in 30% of multiple fractures of long
bones and pelvis [13].

Classically, traumatic shock has several
phases. The pioneering Russian surgeon Nikolay
Pirogov gave an accurate description of its erectile
and torpid phases. In numerous attempts to de-
velop classifications of traumatic shock, four
groups of parameters were used to describe the fol-
lowing aspects: reduced hemodynamic efficiency;
extent and character of injuries; severity of blood
loss and degree of loss of consciousness. Based on
the combination of these characteristics, traumatic
shock is traditionally classified according to its
severity into mild, moderate, severe, and terminal
(Stages I, 11, 111, and IV, respectively).

GENERAL REANIMATOLOGY, 2021, 17; 4

www.reanimatology.com



68

https://doi.org/10.15360/1813-9779-2021-4-65-76

Reviews

OO6mmpHbIe TOBPEKIEHNUs MATKIX TKAaHEH 1
KOCTeH 00yCI0BIMBAIOT IOCTYIIJIEHE B KPOBOTOK
MPOAYKTOB ITUTOJIN3a, KOTOPBbIE CIOCOOCTBYIOT
Pas3BUTHIO TOKCEMUM, IOBPEKAEHUIO [IOUEYHOI0
AMUTEUS U OCTPO (DOPMBI CUHJpOMA KUPOBOH
aM00JIMH, YacTOTa Pa3BUTHS KOTOPOTO IIPH TPaB-
Max C MHOKEeCTBEHHBIMU IT€PEJIOMaMM TPyOUIaThIX
KocTel u Ta3a mocturaet 30% [13].

B ks1accuueckoM npefcTaBJIeHUN TpaBMaTU-
4ecKui 1Mok nMmeet pa3doBoe Teuenue. H. . ITupo-
T'OB J1aJ1 aKTyaJIbHOE JI0 HACTOSIIIIEr0 BpeMeH! OIn-
CaHUe ero apeKTUJIbHOU U TopnuaHOH ¢asbl. [Ipu
MHOTOYHMCIEHHBIX TONBITKaX pa3paboTKM! KIacCu-
(pukanuii TpaBMaTUYECKOTO III0KA UCIIOJIb30BAJIH,
KaK IIPaBUJIO, YEThIpe IPYIIbI IOKa3areJsiel, onu-
CHIBAIOIINX CHUKeHe 3(D(PeKTUBHOCTU reMOu-
HaMHKH; OOIIMPHOCTH U XapaKTep MOBPEsKIEHUL;
BBIPQYKEHHOCTh KPOBOIIOTEPU U CTEIIeHb yTPaThl
CO3HaHUs. V13 COBOKYITHOCTH 9TUX XapPAKTEPUCTUK
MIPUHSATO JeJIUTh TPaBMaTUYeCKUH LIOK I10 CTele-
HU TSPKECTHU Ha JIETKUU, CpelHEel TSKeCTH, TsKe-
gl 1 TepmuHanbHbIi (I, I, IIT u IV cT. cooTBeT-
CTBEHHO).

OnHako, mogo0HbIe KIaccupUKaIuy Hanbo-
Jiee TPUTOMHBI JINIIb AJs TPUOJIU3UTETbHON
OIIEHKU TSPKECTHU I10Ka, Pa3BUBIIEr0OCSI B OCHOB-
HOM Y 3/I0POBBIX MOJIOJIBIX JIIOJIeH C COXpaHEeHHOH
PE3UCTEHTHOCTBIO OPraHu3Ma.

Ba)kHOW 0COOEHHOCTHIO PA3BUTHSA TOJH-
TPaBMbI SIBJISIETCS «B3AUMHOE OTATOIIEHUE» COBO-
KYITHOCTU MeXaHNYeCKUX IIOBPEsKIEeHUH 1 IIaToJI0-
TAYECKUX BO3JiercTBUI. OCHOBHBIMU (DaKTOpaMU,
OIlpefieJIII0IIUMUA  TeuyeHre TpPaBMaTUYeCKOIo
III0KA, SIBJISIIOTCS: CTPYKTYPa U TAYKECTh I10JIy4eH-
HOU TpaBMBbl, HUMelONIecsd KOMIIEHCATOpHbIe
pe3epBBI OpraHmu3Ma, UHANBUAyaJIbHbIE 0COOEeH-
HOCTH NIaTO(PH3NO0JIOTNUECKUX PeaKIUil, CDOKU U
Ka4yecTBO JedyeHus [14-16]. [loaTromy a4 onpene-
JIEHUs PHCKa TPABMBI, TSIPKECTH I110Ka, (passl ero
pa3Butusi, 3PEPHEeKTUBHOCTHA JeUeOHBIX BO3IEN-
CTBWH ¥ IOCTPOEHUsI IPOTHO3a pa3pabaThIBaOTCS
U UCTIOJIb3YIOTCSI MHOTO(DAKTOPHBIE IIKAJIBI, KOTO-
PpbIe JeJIsITCS Ha IBE OCHOBHbIE KaTerOpUU:

1. [IkaJspl OLIEHKHU TAKEeCTU IOBPEYKIeHNH.

2. lIkaapl OLEHKU TSAYKECTU COCTOSIHUA U
rmocTpoenus nmporuosa. O6paboTka psiga yaeabpHoO-
B3BellIeHHbIX [IapAMETPOB I1I03BOJIsIET CUCTEMHO, C
BBICOKOU 4yBCTBUTEJIBHOCTBIO U IIPeACKa3aTesIb-
HOCTBIO JAWHAMHYECKH OIeHMBATh COCTOsSIHUE
OosbHOTO B Oasax Kak MHANBHUIYATbHO, TAK U B
uccaegyeMou rpymune [16, 17].

CTpyKkTypa TpaBMbI, B CBOIO O4Yepenp,
00ycJaBIMBaeT Kak BBIPASKEHHOCTH PAa3JIMYHBIX
MaTo(pU3NOJOTUIECKHUX peaKInii, Tak U 0COOeH-
HOCTHU KJIMHUYECKUX NIPOsIBJIeHUN TpaBMaruye-
ckoro 11oka. CKkesieTHas1 TpaBMa 4acTO COYeTaeTCsI
C YeperHo-M03TroBOM TPaBMOMU, TpaBMOU JIUIEBO-
r'o CKeJIieTa, IOBPesKIeHUsIMU OPraHoB IPyJHOU U
OpPIONTHOM TOJIOCTH, KPYITHBIX cocymoB [18, 19].

However, such classifications are most suit-
able for approximate estimation of shock severity,
which develops mainly in healthy young people
with intact body reactivity.

Multiple trauma is characterized by mutually
dependent mechanical injuries and abnormal ef-
fects. The main factors determining the course of
traumatic shock include the structure and severity
of the trauma, available compensatory capabilities
of the body, features of pathophysiological reac-
tions, and timing and quality of treatment [14-16].
Therefore, multifactorial scales have been devel-
oped and used to determine the risk of injury, the
severity and phase of shock, the effectiveness of
treatment, and to predict the outcome, which fall
into two major categories: scales assessing the
severity of injuries and scales assessing the illness
severity and predicting prognosis. Using several key
parameters allows a systematic, highly sensitive
and predictive, score-based assessment of the pa-
tient's condition both individually and in the
group [16, 17].

The structure of trauma affects both the sever-
ity of various pathophysiological responses and
clinical manifestations of traumatic shock. Skeletal
trauma is often combined with traumatic brain in-
jury, facial skeletal trauma, injury of thoracic and
abdominal organs, as well as major blood ves-
sels [18, 19]. The contusion and compression of the
brain by intracranial hematoma usually associates
with a loss of consciousness, impaired central reg-
ulation of respiratory function and vascular tone,
suppression of productive cough followed by
oropharyngeal aspiration occurring in up to 60% of
coma patients [19]. Facial skeletal trauma impairs
pulmonary ventilation due to upper airway ob-
struction [20]. Disrupted integrity of the thoracic
skeleton and damage to the respiratory muscles in
severe chest trauma can be accompanied by
pneumo- and hemothorax, lung and heart contu-
sion/rupture [21, 22]. In addition to blood loss,
splanchnic organ injuries result in increased intra-
abdominal pressure, decreased mesenteric blood
flow, and restricted diaphragmatic excursion [23].
Nevertheless, pathophysiological disorders occur-
ring in patients with traumatic shock have some
common features in different patients. They are
characterized by impaired gas exchange in lungs,
which causes pulmonary hypertension, and, if
compensation mechanisms are preserved, by in-
creased cardiac performance [24, 25]. In patients
with massive blood loss systemic hypotension can
associate with altered function of both the right and
the left ventricles. Reduced coronary perfusion in
severe acute anemia leads to exhaustion of com-
pensatory myocardial capacities and circulatory
hypoxia [26]. Simultaneously, oxygen capacity of
blood decreases, peripheral blood flow and oxygen

utilization change. Loss of platelets and plasma co-
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Viub ¥ caaBjeHre TOJIOBHOTO MO3Ta BHyTpUYe-
penHoi TeMaToMON OOBIYHO CONPOBOKIAETCS
yTpaToll CO3HAHUs, HApYyIIeHNueM I[eHTpaJbHOU
perysisinuu (pyHKIIUY BHELTHETO IbIXaHUs U COCY-
JUCTOTO TOHYCA, IIOJAaBJIEHMEM IPOLYKTHUBHOIO
KalllJIs C HoCc/IeAyIollel acnupanueii cogepsKuMo-
0 POTOIVIOTKH, YaCTOTA KOTOPOH nocturaet 60%
y 6071bHBIX B KOMe [19]. TpaBMa JIUIIEBOTO CKeJIeTa
HapyllaeT JEerOYHYI BEHTWJIALMIO 3a CYeT
O0OCTPYKIIMY BEPXHUX JIbIXaTeJIbHBIX TyTel [20].
Hapymenune 1eJJOCTHOCTH I'PyJHOIO Kapkaca 1
MIOBPEsKIeHNs JbIXaTeIbHBIX MBIIIIIL [IPU TAKEJION
TpaBMe I'PyJyd MOI'YT COIIPOBOKIATHCS Pa3BUTHEM
ITHEBMO- ¥ TEMOTOPAaKca, yIrmda/ pa3pbiBa JETKUX
u cepaua [21, 22]. IloBpeskaeHus ClJIaHXHUYECKUX
OpraHoB, IIOMHMO IIOTEPHA KPOBH, IIPUBOIAT K
TTOBBIIIIEHUIO BHYTPUOPIOIITHOTO aBJIeHNs], CHU-
SKEHHUIO ME3eHTepUaJIbHOI0O KpPOBOTOKA U
OrpPaHUYEHMIO dKCKypcuu nuapparmsl [23]. Tem
He MeHee, TaTo(pU3N0JIOTNYECKHE PACCTPOMCTBA,
BO3HUKAIOIMKE y OOJbHBIX C TPaBMATHYECKUM
IITOKOM, IMEIOT ¥ Pa3TMYHBIX O0TBHBIX PSIT OOTITIX
4epT. OHU XapaKTepU3YyIOTCA HapylLlIeHueM ra3o-
oOMeHa B JIETKHX, YTO 00YCJIOBJINBAET Pa3BUTHE
JIETOYHOW TUIEPTeH3UH, M, NPU COXPAHEHUU
MEXaHM3MOB KOMIIEHCAlluY, YBeJIUYEeHUEeM IIPOo-
M3BOJIUTEJLHOCTH cepara [24, 25]. Y 60JbHBIX C
00JBIION TI0 00'bEMY KPOBOIIOTEPEH pa3BUTHE
CHUCTEMHOU r'IMOTeH3UHN MOSKET COIIPOBOKAATHCS
n3MeHeHneM (PyHKIIMOHAJIbHOU aKTUBHOCTH, KaK
IIpaBBbIX, TaK U JIEBBIX OTIeJI0B cepana. CHuKeHue
KOpPOHApHOH nepdy3nu Ipu BbIPAKEHHOU OCT-
poil aHeMuU NPUBOJIUT K UCTOILIEHUIO KOMIIeHCa-
TOPHBIX BO3MOKHOCTEH MHUOKapjaa U pa3BUTHUIO
LUPKYJIATOPHOU TUNIOKCUH [26]. OqHOBpEMEHHO
YMEHBIIIAETCA KHUCJIOPOAHAsA €MKOCTb KpOBH,
naMeHsiercs nepudepruieckuii KpoOBOTOK U yTHU-
Jua3anus Kucaopoja. Ilorepss TpoMOOIMTOB U
IJIa3MeHHBIX (PaKTOPOB CBEPTHIBAEMOCTH, HAPY-
LIEHUAA MUKPOLYPKYJIALINA KPOBHU C IIOCJIEAYI0-
el arperaryeii ee GpopMeHHbIX 3JIEMEHTOB POp-
MHPYIOT  KOaryJomaruio, CIOCOOCTBYIOIIYIO
IIPOJIOJIYKEHUIO KpOBOTeueHus [27, 28].

B aTuX yC/JI0BUSIX IIOK, CONPOBOKIAIOIINN
TpaBMy, pa3BUBaeTCA CTPEMUTEJBHO U TAXKEJI0, a
TedyeHUe TpaBMaTU4YeCKOU 00JiIe3HN B OOJIBIIIIH-
CTBe HaOJIIOJIEHNH OTATOIIAETCSA Pa3BUTHEM MHO-
TUX OCJIOSKHEHUU CO CTOPOHBI BHYTPEHHUX Opra-
HOB, B TOM YHCJIe CUCTEMHOIN BOCHIAJIUTEIbHON
peakinu B OCTPOM Iepuojie TpaBMbI [29].

HNHTeHcuBHasA Tepanus
TPaBMaTH4Y€CKOI0 IOKa

Kaunnveckue IIPpU3HAKHU TPABMATHUYIE€CKOI'O
IOKA IIpHu BCEM MHOI‘OO6pa31/II/I nx HpOHBJ’IeHI/If/i n
Pa3/INYHBbIX CPOKAX pEerucrpanyu HMEIOT pPAN
O6H.[HOCTefI, YTO 0COOEHHO BaskKHO B YCJI0BUAX
MNpUHATHA peI_HeHI/Iﬁ y OOJIBHBIX C HeOo4YeBUIHbIMU

agulation factors, abnormal microcirculation with
resulting cell aggregation cause coagulopathy,
which prevents hemorrhage from stopping [27, 28].

Thus, trauma-associated shock develops rap-
idly and critically, and traumatic disease in most
cases is aggravated by many complications of inter-
nal organs, including acute phase systemic inflam-
matory response [29].

Intensive care of traumatic shock

Clinical signs of traumatic shock, with all the
variety of their manifestations and different timing
of registration, have several specific patterns that
are crucial for decision-making in patients with
non-obvious decompensationThe early period is
manifested by compensatory response aimed at
carbon dioxide elimination and pH normalization
through the increase of respiration rate and depth,
pulse rate, systolic (rarely mean) blood pres-
sure [30]. At the same time the initial signs of skin
hypoperfusion (pallor, sweating) are manifested.
The signs of tissue hypoperfusion is accompanied
by changes in pulse oximetry waveform and SpO,
reduction down to 93% and below, the latter de-
pending on both red cell oxygen saturation in cap-
illary blood, and peripheral blood volume flow
rate [31]. The glomerular filtration rate and urine
production decrease simultaneously, and the gra-
dient between external and internal body temper-
ature increases [32, 33]. Venous blood acidosis ap-
pears in laboratory tests (compensated at first),
lactate level increases [34]. Changes in hemoglobin
and hematocrit values, especially in capillary
blood, tend to be delayed and do not always appear
in the initial period of shock [35].

In decompensated pathophysiological re-
sponses, clinical manifestations of traumatic shock
become «classical»: marbling and palpable de-
crease in skin temperature, acrocyanosis, disor-
dered consciousness, changes in respiration rate
(up to bradypnea), severe tachycardia or bradycar-
dia, hypotension, oligo- or anuria, marked changes
in the above and some other laboratory parameters
develop [36].

Control of hemodynamic parameters and
oxygen status optimization are the most impor-
tant treatmernt issues of the acute phase of
trauma. Complications and mortality in the post-
trauma period depend on the severity and dura-
tion of hypoxia, including increased sensitivity of
cells to inflammatory mediators [37, 38]. There-
fore, targeted correction of hypoxia can prevent
complications and reduce mortality in severe
traumatic injuries [39].

Intensive care of trauma complicated by shock
is a multidimensional challenge that requires a
multidisciplinary approach involving a trauma sur-
geon, intensive care physician, neurosurgeon, and
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MIpU3HAKaMM JeKOMIIEHCAlluU. B panHeM nepuo-
Jle OHU IPOSABJIAAIOTCA KOMIIEHCATOPHBIM, HAIIPAB-
JIEHHBIM Ha 3JIMMUHAIVIO YIJICKUCJIOTHI K HOpMa-
ausanuio pH-KpoBu yBeJanW4YeHHWEM 4YacCTOTHI U
TJIyOWHBI IbIXaHWs, YYAIleHUEM IYJIbCa, IO be-
MOM CHACTOJIMYECKOT0, pesKe — CPeJHEro apTepu-
asmpHOTO nasjeHus [30]. OgHOBpeMeHHO Hpo-
AIBJISIIOTCSI Ha4aJIbHbIE IPU3HAKY runonepgysnu
KOsKkH (0JIeTHOCTD, IT0sABJIeHKe n0oTa). CUMIITOMO-
KOMILJIEKC TKaHeBOU runonep@ysuu COmpoBOsK-
JlaeTcsi U3MeHeHUsIMU (POPMBI IYJIbCOKCUMETPHU-
YeCKOM BOJHBI U CHIJKEHHEM IoKa3aress
nynbcokcumerpun — SpO,, 1o 93% u HUXKe,
BeJIMYMHA KOTOPOTO 3aBUCUT KaK OT HACHIIEeHUS
KHCJOPOJIOM 3PUTPOIUTOB B KaANUJIISPHOHU
KPOBH, TaK U OT 00'bEMHOY CKOPOCTHU Tepudepu-
4EeCKOro KpoBoTOKa [31]. OmHOBpeMeHHO yMEHb-
IIIaeTCsI CKOPOCTH KIAYOOYKOBON (DUIIBTPALINN U
NPOAYKIMYU MOYH, yBEJIWYMWBAETCSA I'pafUuCHT
Hapy>KHOU 1 BHYTpeHHEN TeMIlepaTypsl Tedqa [32,
33]. B s1abopaTopHBIX aHAJIN3AX MTOSIBJISIETCS allh-
JI03 B BEHO3HOU KPOBU (BHa4aJie — KOMIIEHCUPO-
BAHHBIN), NOBBIIIAETCS KOHIIEHTpAIUs JIaKTa-
Ta [34]. [Tokasare i reMOTJI00MHA ¥ TeMaTOKPUTA
KpPOBH, 0COOEHHO KaNUJJIIPHOU, UMEIOT OIIpeie-
JIEHHYIO JIATEHTHOCTb U HE BCerna U3MEHAIOTCA B
HavyaJbHOM IIepuofe moka [35].

B mponiecce pa3BuTHSA JeKOMIIEHCAIIAN 1ATO-
($pU3M0TOTUYECKUX PeaKIUi KIUHUYECKUE ITPOo-
ABJIEHUSI TPABMATUYECKOTO IITOKA NPUHUMAIOT
«KJIACCUYECKMU» XapaKTep, MOSBJISIOTCA: Mpa-
MOPHOCTH ¥ OLIIyTUMOE CHUKEHHE TeMIleparyphl
KO’KM, aKPOLIMAaHO3, HApyLICHU CO3HAHUS, U3Me-
HEHUs PUTMA IbIXaHUs (BIJIOTH A0 OpamUITHOE),
BhIpaKeHHasl TaXUKapaus, JJuO0 OpamuKapaus,
TAIIOTEH3Us, OJINTOAaHYPUs, BBIPa’KCHHbIC U3Me-
HEHUs BBINICIICPEYNCICHHBIX W pAfa APYTrux
JTabopaTOPHBIX ITOKa3aTese [36].

BaskHel11ium HalipaBJieHUEM Tepalivuy B OCT-
pBI TIepuoj TpaBMbI SIBJISETCS NpPUMEHEHUe
METOJI0OB HOPMAJIU3aluy KapaIuOreMOINHAMUKHA
Y OITUMHU3ALAYN KUCJIOPOIHOIO CTAaTyCa OpraHu3-
Ma. YCTaHOBJIEHO, YTO PA3BUTHE OCJO0KHEHUU U
JeTaJbHOCTh B MOCTTPAaBMAaTU4YE€CKOM MepUoe
3aBUCUT OT BBIPAYKEHHOCTU M JJINTEJIBHOCTHU
TAIIOKCHY, B TOM YHCJIEe 3a CYEeT IIOBBIIICHUA YyB-
CTBUTEJBHOCTHU KJIETOK K MeraTopaM BocIaJlie-
Hud [37, 38]. [losTOMy 1ieJIeHAaNIpaBJIeHHAs KOP-
peKnus TUIOKCUM MOKeT IpenylnpeguThb
pasBUTHE OCJOKHEHUNW U CHU3UTh YPOBEHb
JeTAJTbHOCTA IIPUA TAMKEJbIX TPaBMaTUYECKUX
IOBpEXACHUAX [39].

NHTeHCcnBHAsA Tepanus TPaBMbI, OCJI0KHUB-
IIelcs pa3BUTHUEM III0KA, 9TO MHOTOKOMITOHEHT-
HasI 3a/1a4a, TpebyroIas MyJIBTUAUCITATIITHAPHO-
ro MOAXOAa C TIPpUBJIEYEHHWEM TpPaBMAaTOJIOTA,
AHeCTe3M0JI0Ta-peaHnMaroJIora, Helipoxupypra u
Xupypra (perfiaMeHTUpPOBAaHO IIpUKa3aMu), IIPpA
HeOoOXOAMMOCTH — APYTHX CHENUATNCTOB [39, 40].

surgeon (as regulated by directives), and other spe-
cialists, if necessary [39, 40]. It should be, firstly, in-
dividualized, i.e., based on the specific individual
clinical presentations, and, secondly, consistent
with the general principles.

These include measures aimed at eliminating
(if possible) the factors causing and maintaining
shock such as stopping bleeding (by using tourni-
quets, initial surgical debridement, laparotomy,
clamping and stapling vessels, etc.) [41].

Simultaneously (not sequentially!), the sever-
ity of respiratory and circulatory disturbances
should be assessed and corrected. If there are phys-
ical signs of a massive pneumo-or hemothorax, ur-
gent pleural drainage is necessary (before radiolog-
ical diagnosis which is mandatory in patients with
thoracic trauma) [42, 43]. Upper airway obstruc-
tion, reduced consciousness and massive aspira-
tion cause ventilation-type acute respiratory failure
(ARF) [44]. The signs of parenchymal ARF include
tachypnea, dyspnea in conscious people, develop-
ment of hypocapnia (ARF Grade 2), hypoxemia
(ARF Grade 3), reduced oxygenation index
(pa0,/FiO,, i. e., the ratio of arterial oxygen pressure
to its fraction in the inspired gas mixture) [44]. ARF
requires intubation and mechanical ventila-
tion [45]. Besides obvious therapeutic effects, me-
chanical lung ventilation directly affects hemody-
namics [46]. The increase of mean pressure in
thoracic cavity reduces venous return to right heart
and cardiac output which is especially important in
blood circulatory volume deficit [47].

Restoration of the circulating blood volume is
a pathogenetic line of shock treatment [47].
Catheterization of several veins, including major
ones, is often necessary for rapid administration of
high volume of fluids [47]. The characteristics of the
fluid therapy regimen include time of initiation,
rate of infusion, composition, ratio of crystalloids
and colloids [47, 48]. These characteristics are al-
ways individual, which is due to unique manifesta-
tions of blood loss in a specific patient, but also to
the time of bleeding control and side effects of flu-
ids [49]. Hemodilution prior to surgical bleeding
control results in decreased platelet count and level
of plasma coagulation factors, which stimulates co-
agulopathic cascade causing hypocoagulation [27,
50]. Administration of high volumes of crystalloids,
especially sodium chloride 0.9%, having lower pH
in relation to blood, leads to dilutional acidosis,
which potentiates disorders of oxyhemoglobin dis-
sociation, capillary failure, damage of renal tubular
epithelium, etc. [51, 52]. In addition, transfusion of
high volumes of dissociating solutions can lead to
their translocation through damaged capillary en-
dothelium according to Starling's law, which is re-
ferred to as «capillary leak syndrome» [53]. Col-
loidal solutions (dextrans, hydroxyethyl starch

preparations, modified gelatine solutions) have
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Ona moskHa OBITH, BO-TIEPBBIX, MHIUBUIYAJIA3H-
POBAHHOM, T. €. OCHOBBIBATHCsI Ha 0COOEHHOCTSIX
TeYeHUsI Y KOHKPETHOTO0 OOJBHOTO, BO-BTOPBIX,
COOTBETCTBOBATH OOIITUM ITPUHITUIIAM.

K HuUM OTHOCATCA MepONIPpUATHS, HalIpaBJIeH-
Hbl€ Ha yCTpaHeHue (110 BO3SMOKHOCTH) IIPUYHH,
BBI3BABIINX M TMONJEPKUBAOIINAX COCTOSTHUE
IIIOKAa: OCTAHOBKA KPOBOTeUYEHUs (HAJIOKeHUe
SKTYTOB, TIEpBUYHAsI XUPypTrUYeckasi oOpadoTka
paH, JIallapoTOMUus, IlepesKarue U CIINBaHue COCy-
JIOB, IIp.) [41].

OnHOBpEMEHHO (He MocJeI0BaTebHO!),
HeoOXo/IrMa OIleHKa CTEeTIeH! PacCTPONCTB (PyHK-
WY IBIXaHUST U KPOBOOOPAIIIeHNsI, IX KOPPEKIIHA.
[Tpu (pusnkaIbHBIX MPHU3HAKAX PA3BUTH S MAaCCUB-
HOTO ITHEBMO/TeMOTOpAaKca HE0OXOIMMO CPOYHOE
(1o ocyIecTBIEHUS JYy4EBON JUArHOCTUKH, 00sI-
3aTeJIbHON JJIs1 OOJIBHBIX C TOpPaKaJabHON TpaB-
MOM), IpeHUPOBAHUE TIJIEBPATBHON MOJIOCTH [42,
43]. HapylieHnue poxoguMOCTH BEPXHUX IbIXa-
TeJIbHBIX ITyTeH, yrHeTeHue CO3HaHUs1, MaCCUBHAsI
acnupanus sBJISIOTCA TPUYUHON OCTPOU NibIXa-
TeJsbHOU HemocTtarounocTH (O/IH) BeHTHIAIMOH-
Horo Tuna [44]. I[lpusnakamu OJIH mapeHxuMaTo3-
HOT'O THUIIA CJIysKaT TaXWUITHOE, OfBIIIKA Yy JIIoJel B
co3HaHuu, nosipjaeHue runokanauu (OH 2 ct.),
runokcemuu (OJIH 3 cT.), CHH)KeHUe HHIeKca
OKCHUT€HAIIN¥ (COOTHOIIEeHVE HAPsyKeHU S KUCJI0-
pojla B apTepuaibHOM KPOBU K ero ppakIinuu BO
BIBIXaeMOM rasoBoii cmecu) [44]. Hammaue OTH
TpeOyeT MPOTe3NPOBAHUSI AbIXaTeIbHBIX MyTEH U
HauvaJsia nposeneHusa MBJI [45]. MckyccTBeHHas
BEHTHJIALNSA JIETKUX 00J1a7aeT, IIOMUMO OYeBU/I-
HBIX J1e4eOHBIX 9(P(EKTOB, HETTOCPEICTBEHHBIM
BJIMAHMEM HA reMOAVHAaMUKRY [46]. [loBblmenus
CpeJHero JaBJeHUs B IPyJHON IT0JIOCTU YMEHbIIIa-
€T BeHO3HbII BO3BpaT KPOBU K IPABOMY Ceplly U
cepIeYHbBIN BRIOPOC, YTO 0COOEHHO BasKHO B yCJIO-
Busx gedurnmura OLIK [47].

Boccranosiienne OILIK — nmaroreHeTuvyeckoe
HaIpaBJIeHUe JIeUeHusI IoKa [47]. [[7s1 6bICTPOTO
BBeJeHUs OOJIBIIIOTO KOJIMYECTBA PacTBOPOB
3a4acTyio HeoOXoArMa KaTepru3alisi HECKOJbKIX
B€H, B T. 4. — MarucrpaJjbHbIX [47]. [Iporpamma
WH(QY3UOHHOU Tepanuu UMeeT psifi XapaKTepu-
CTHUK: BpeMs ee HadaJsa, TeEMII (CKOPOCTh BBeJie-
HUS), COCTaB, COOTHOIIIEHNE KPUCTAJJIOUI0B U
KOJIJIOUJIOB [47, 48]. 3TH XapaKTEpPUCTUKHU BCerna
WHIWBUYaJIbHbI, YTO CBSA3aHO HE TOJIBKO C 0CO-
OEHHOCTSIMU KPOBOIIOTEPH Y HOJIBHOTO, HO U CO
BpeMeHEeM OCTAaHOBKH KPOBOTEUYEHUs, PsIOM
Mo00YHBIX 3 (PeKTOB MHPY3UOHHBIX cpern [49].
[IpoBeneHne reMONUJIIOLUN 10 XUPYPrudecKOn
OCTaHOBKM KPOBOTE€YEHUsI IPUBOAUT K CHUKE-
HUIO KOHITEHTPAITUH TPOMOOITUTOB U MJITa3MEHHBIX
(pakTOpPOB CBEPTHIBAEMOCTH, UYTO CTUMYJIUPYET
TUTOKOATYJISIIMOHHBIN KOAryJaonaTundeckui Kac-
kagn [27, 50]. BBegeHue OOJIBIIIOIO KOJIMYECTBaA
KPUCTAJLIOUIOB, ocobeHHo 0,9% p-pa xJopumga

rapid and strong hemodynamic effect [51, 54].
However, all of them can have various adverse ef-
fects such as nephrotoxicity, impairment of blood
coagulation and red blood cell plasticity, secondary
immunosuppression, which is especially important
in patients with ARF and coagulopathy [55]. There-
fore, dextrans and hydroxyethyl starch preparations
are not currently recommended for routine use in
patients with traumatic shock [51, 52].

Transfusion therapy is the most important el-
ement in the correction of vital functions in trauma
and blood loss. In addition to blood volume
restoration, it helps transfer oxygen carriers and
plasma pro- and anticoagulation factors [56-58].
Transfusion regimens involve blood replacement
with both own blood (obtained from externally
and/or internally drained blood using Cell-Saver
apparatus) and donor red blood cells or fresh
frozen plasma [59, 60]. Transfusions are strictly reg-
ulated by the federal legislation, they should be ini-
tiated under time restrictions related to the need to
identify the recipient's blood group [61, 62]. For
vital indications and lack of time, it is possible to
transfuse two units of group I, Rh-packed RBCs
prior to the determination of recipient's blood
group [61]. To improve the quality of transfusion
media and bring them to a temperature of 37°C the
use of special devices (plasma defrosters) is advis-
able. Among other complications of blood and es-
pecially plasma transfusions particular emphasis
should be given to transfusion-associated acute
lung injury (TRALI) associated with immune-in-
duced damage of pulmonary capillaries [62-65].
Reduced platelet count below 60x10°/1 is a relative
(and below 40%109/1 is an absolute) indication for
platelet transfusion in patients with trauma [66]. In
the USA, it is a common practice to perform
platelet transfusion after transfusion of 10 units of
packed red blood cells regardless of their count [63,
66]. Indications for correction of the coagulation
system can be specified using «extended» coagula-
tion study, and, especially, thromboelastogra-
phy [67, 68]. Blood synthetic factors available as
ready-made preparations can serve as a resource
for correction of coagulation disorders, especially
in initial vitamin K deficiency [69].

The efferent pain impulses are eliminated
based on the principles of multimodal analgesia,
where narcotic analgesics have the most powerful
analgesic effect [70, 71]. In depleted blood volume
their vasoplegic and suppressive effects on central
respiratory regulation and consciousness should be
considered [71, 72]. Due to the difficulties in rapid
performance, impact on systemic pressure param-
eters, and delayed development of analgesic effect,
local and conduction anesthesia in traumatic shock
are virtually not used (70, 72].

Bone fragment stabilization is an important
aspect of shock therapy, which significantly reduces
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HaTpwusl, 00JIaIAIOINX CHUKEHHBIM 10 OTHOIIIEe-
HUI0O K KPOBHU TNOKasaresemM pH, mpuBoguT K
JUJIIOIMOHHOMY alli103y, KOTOPbIH MOTeHIUpyeT
HapyIIeHUsl TUCCOIUAIUA OKCUTEeMOIJIOOWHA,
KaUJJIIPOTPOPUUECKYIO HeJI0CTaTOYHOCTb,
MMOBPEKIEHUsT KAHAJBIIEBOTO 3MUTEJUS IOYEK U
np. [51, 52]. Kpome Toro, mepeuBaHue 60JILIIIOTO
KOJINYECTBA AU CCOLMUPYIOIIUX PACTBOPOB MOSKET
MIPUBOJNUTH K UX TPAHCJIOKAIIAN Yepe3 MOBPEK-
JIeHHBIN 9HI0TeJINI KalUIJISApOB 110 3aKoHy Crap-
JUHTa — Pa3BUTHUIO «CHUHAPOMA KAMUJJISAPHOU
yreukn» [53]. KossongHable pacTBOpEI (BeKcTpa-
HBI, Ipenaparsl TUAPOKCUITUIKPAXMAJIa, MOJIH-
(purpoBaHHOI KeJTaTUHBI) 001aTaI0T OBICTPHIM
U MOIITHBIM reMoguHamMmuyeckuM apdertom (51,
54]. OgHaKo BCe OHU B PA3JIMYHOU CTETIEHU UMEIOT
pAn MOOOYHBIX BJIUSHHUNA. ITO HePPOTOKCUY-
HOCTb, HapylleHHe KOary/siiuOHHBIX CBOMCTB
KPOBH M IJTACTUYHOCTH 3PUTPOILIUTOB, BTOPUYHAS
MMMYHHOCYIIPECCHSI, YTO OCOOEHHO BaKHO ¥
60sbHBIX ¢ OITH u koarymomarueit [55]. [ToaTomy
JIEKCTPaHbI U NIpenaparbl TUIPOKCUITUIKPAXMa-
Jla B HACTOsAIlEe BPEMsI He PEKOMEH/IOBAHbI K
PYTUHHOMY IPUMEHEHUIO Y O0JIBHBIX C TPaBMaTH -
YeCKHUM IIOKOM [51, 52].

BaskHeUIInM 9JIEMEHTOM KOPPEKIIUU SKU3-
HEHHO-BaKHBIX (DYHKIIMH ITPU TPaBMe U KPOBOIIO-
Tepe sIBJIsIeTCs] TpaHC(Yy3MOHHAs Tepalus, KOTo-
pasi TOMHMO, TeMOJUHaMH4YecKoro 3addekrTta
3amerenust OLIK, cayskuT crroco6oM TpaHCILIaH-
Tal¥ MePeHOCUYNKOB KMUCJI0PO/ia U MJIa3MeHHBIX
NIPO- U aHTUKOATYIAIUOHHBIX (haKTOPOB [56-58].
TpancdysnoHHbIE TPOrPaMMBbI TOAPA3YMEBAIOT
3aMelreHre KpoBU Kak COOCTBEHHBIMU (TIOJTy4eH-
HBIMU U3 HAPY’KHO U/UJIW BHyTPEeHHe U3JIUBIIEN-
csl KpOBH C TTomoIiibio anmapara Cell-Saver), Tak u
TOHOPCKMMU 9PUTPOLIUTAMU, CBEKE3AMOPOIKEH-
Hoil tadmoii [59, 60]. [TpoBenenue Tpancdysuit
CTPOTO periaMeHTHPOBaHO (efiepaabHbIM 3aKO-
HONATeJbCTBOM, HA4YaJO0 WX OCYIIEeCTBJIEHUA
MMeeT BpeMEeHHble OTPAaHUYEHNS, CBSI3aHHBIE C
HEOOXOIUMOCTBIO HAEHTH(PUKAIINY KPOBU PeITr-
nueHTa 1o pAxy ¢gaxkropos [61, 62]. ITo sk1u3HEH-
HBIM TOKa3aHUM U Jie(pUItiTe BpeMeHU BO3MOYKHA
TpaHcdysusa nByx no3 I, Rh — spurponurapHoil
MaccChbl 4O OIlpeJle/IeHUs I'PYIIbI KPOBU PeLUIIn-
eHTa [61]. [ljs ynyulieHus1 KadyecTBa TpaHcy-
3UOHHBIX Cpel U JOBEJEeHUs UX 10 TeMIlepaTyphl
37°C skeJjiaTeJbHO HCIOJIb30BaTh CHelUaJbHbIE
ycTpolicTBa (maasMapasmopaskubarenu). Cpenu
MIPOYUX OCJIO}KHEHUH TeMOo- B, 0COOEeHHO, Iy1a3Ma-
TpaHcdy3uil 0c060e MECTO 3aHUMAaeT TpaHCcy-
3UOHHOE OCTpoe noBpexaeHue jgerkux (TRALI —
B aHIVIOSI3BIYHOU abOpeBmWaType), CBI3aHHOE C
MMMYHHOUHIYINPOBAaHHBIM MOBpEKIeHUEeM
JIETOYHBIX KaMUJJISIPOB [62-65]. CHUKeHNne KOH-
LIEHTpal TPOMOOITUTOB HIKe 60X 10°/ 71 ABJISIET-
C OTHOCUTEJNBHBIM, a Huke 40X10°/,1 — abCcoJTIoT-
HBIM IIOKa3aHUEM K TpaHC)y3uu TPOMOOIIUTOB y

the risk of fat embolism [73, 74]. Along with other
surgical interventions, it is performed according to
the «damage control» principle, which implies per-
forming operations based on their urgency and the
patient's body reaction to surgical and anesthetic
intervention [74-78].

Conclusion

Due to the high risk of progression, patients
with severe trauma complicated by shock need
continuous monitoring of pulmonary function,
blood gas composition, cardiac hemodynamic pa-
rameters (including direct ones), laboratory param-
eters, transport and oxygen consumption val-
ues [79]. The use of comprehensive monitoring
makes it possible to outline the main directions of
therapy and assess its effectiveness.

The earliest and most comprehensive treat-
ment can reduce the time of systemic tissue hypop-
erfusion, significantly decrease the risk of systemic
inflammatory response in the late phase of trauma
and improve its prognosis [14, 28, 38, 76-78, 80].

0oabHBIX ¢ TpaBMoi [66]. B CIIIA nmpuHATO OCy-
IIECTBJATHh TPAHC(PY3UI0 TPOMOOIHUTOB TMOCTE
TpaHcdysuu 10 103 spUTPOLUTAPHON MACCHI BHE
3aBHCHUMOCTH OT X KOHIleHTpanuu [63, 66]. [Toka-
3aHUA K KOPpPEKIUHU CBepThIBAIOIIENH CHUCTEMBbI
MOKHO YTOYHHUTH, HCHOJb3yd «Pa3BEPHYTYIO»
KoaryJiorpamMmy, 4, 0coOeHHO, TpoM6oajacTo-
rpamMmy [67, 68]. PeaepBoM KOpPpPEKIINHU CBEPTHI-
BaeMOCTH KPOBH, 0COOEHHO ITPH UCXOTHOM Jieu-
uTe BUTaMuHa-K, ABJIAIOTCA ee CUHTeTHYeCKue
darTophI, comepsraIIrecs B psiae OPUIIMTHATBHBIX
npernaparos [69].

Ycrpanenue apdepeHTHOI 60JIEBOI UMITYITh-
Caluy OCYIIEeCTBJsIETCs, UCXOsl U3 MPUHIIUIIOB
MyJIETUMOJIAIbHOU aHA/ITe3UH, B COCTaBe KOTOPOM
0cob0e MecTo 3aHMMAaIOT 00JIamaole HanboJsee
MOIITHBIM aHAJITeTUYECKUM 3(P(HeKTOM HapKOTHYE-
CKme a"asreTuku [70, 71]. B ycioBuAX HeBO3Me-
menHoro OLIK Heo6X0MUMO yYUTHIBATh Ba3oILIe-
rudeckuii 9 (PeKT X IpUMeHeHNs, CyIIPECCIBHOE
BJIMAAHME HAa HEHTPAJBbHYIO PETYJIANNIO IbIXaHUA U
cosHanme (71, 72]. BBuay ciaokHOCTH OBICTPOTO
BBIIIOJIHEHH I, BJINAHWA HA IIOKa3aTeJIN CUCTEMHO-
T'0 1aBJIEHUs U 3aMelJIeHHO! pean3aluy aHajre-
THYECKOTo d(perTa MeToIbI MECTHOU U IIPOBO]I-
HUKOBOU aHecTe3uu NpU TpaBMaTUUEeCKOM IIIOKe
NIPaKTU4YECKU He UCI0Jb3YI0TCA [70, 72].

Crabunmsanuss KOCTHBIX (parMeHTOB —
Ba)KHBIN (DparMeHT IIPOTUBOIIOKOBOM Tepanuy,
3HAYMMO CHUSKAIONIUUN PUCK PA3BUTHUSA SKUPOBOH
ambosuu (73, 74]. OHa, HapsAIy C IPYyTUMU XUPYP-
TMYeCKNMMHU BMeluIaTe/JIibCTBaMu, IPOU3BOAUTCA I10
npuHnuny «damage control» KOHTPOJIA
TIOBpEKIEeHNN, KOTOPBIH I10pa3yMeBaeT BBINOJI-
HeHUe olepanuii UCX0A A U3 UX CDOYHOCTH U peak-
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MM OpraHm3Ma OOJBHOTO Ha ONEPATHUBHYIO U
AHEeCTEe3UO0JIOTUYECKYIO arpeccuio [74-78].
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’KEHHOM MOHHTOPUHTE IOKa3aresell 6nopyHK-
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