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Neurotropic Effects of Hepatoprotectors
During Alcohol Poisoning

Rustam N. Akalaev, Visolathon Kh. Sharipova, Amir A. Stopnitsky, Khusnitdin Sh. Khodzhiev

Republican Research Centre of Emergency Medicine,
2 Farhad Str., Chilanzar district, 100115 Tashkent, Republic of Uzbekistan
Tashkent Medical Refresher Institute
51A Parkentskaya Str., 100007 Tashkent, Republic of Uzbekistan

Ileas. CpaBHUTH 39(p(PEeKTUBHOCTH MeTabOJIMIECKHX TellaTOIPOTEKTOPOB Ha paHHEM IJTalle OCTPBIX
OTpaBJIEHU aJIKOT0JIeM, OCJIOSKHEHHbBIX TOKCUYECKUM I'ellaTUTOM.

Marepuana u MeToabl. O6ctenoBann 80 60IBHBIX C OCTPBIM OTPABJIEHNEM AJIKOT0JIEM, OCJIOKHEHHBIM
pasBUTHEM TOKCHYECKOIO TellaTuTa, HaXOAUBIINXCSI Ha JIeYEHUU B OTAeseHnH Tokcnkojgornu PHIIOMII B
2015-2017 rr. BosbHBIX pa3genuian Ha 3 rpynnbl. Ha (pore 6a3ncHoii Tepanmu 6osbHBIE I Tpynns! (1n=30) mo-
Jly4aJsiy relaTolpoTeKTOp Ha OCHOBE NHO3WHA, MEIVIIOMIUHA, MEeTUOHNHA, HUKOTUHAMU/IA U SIHTapHOU KUC-
JIOTBI, OoJsTbHBIE 11 TpymIe! (7=20) — mpemnapaT Ha OCHOBe DeTanHa IIOKOPOHATa (ITIOKOMeTaMUHA), TNITa-
HOJIaMHWHA (NTIOKOIMaMUHA) K HUKOTHHaMu 1a ackop6ara. bosbasie 111 rpymib (7=30) moay4yaiu 6a3ucHyIo
Tepanuio. Y BCex IallieHTOB N3y4aJsIl Coep Kanre (pepMeHTOB IedeHy, OnIupyorHa, CBOOOIHOTO aMMHAKa,
JIaKTaTa KPOBH, COCTOSTHHAE BET€TaTUBHOI'O HEPBHOTO cTaryca. Hapylenna nHTessIeKTa U3y4aJau ¢ UCIO0JIb-
3oBanmeM 1ikaabl MMSE, mikassl FAB u Tecta PeiiTana.

Pe3ysnbraThl. Yepes 48 yacoB y 60/IbHBIX I PyIIIBI KOHIIEHTPANHA JaKTaTa B KDOBHU IIPAKTHYECKN HOP-
MaJIM30BaJIOCH, ¥ 00JIBHBIX I rpymImmber — CHU3MIACH 10 2,6+0,9 MMOJIB/ 71, y 60J1bHBIX 111 rpyIer — cocTaBmIa
2,7+0,9 MMoJib/J1. Ha 5-e cyTku y manuenTosB I u Il rpynn KOTHUTUBHBIN NeUIUAT IPAKTUYEeCKU OTCYTCTBO-
Ba1, y nanueHnToB III rpynmbe! nokasaresn mkaasl MMSE 66111 B 1,3 1 1,4 pa3a HU)Ke, 4eM y TalueHToB | u
II rpymI, cCOOTBETCTBEHHO.

3akaroueHue. [Ipenapar, mpuMeHeHHbBIH B I rpytiie, 0671a7aeT 60JbITUMHA aHTUTUTTOKCAHTHBIMH CBOM -
CTBaMH, 4eM IIpernapar, IpuMeHeHHbIN BO Il rpynne, HO MEHbIIIMMHU I'elIaTOIIPOTeKTUBHBIMU CBOXCTBAMU.
Vicxonsa m3 9TOTO, B CiIy4ae Ipeodsafanus IPU3HAKOB TOKCHYECKOTO TellaTUTa IIpeAIoYTUTeTbHee HC-
M0JIB30BAHMeE IIpenapara, IpuMeHeHHOTO Bo I rpyme, B ciaydae mpeobiafanms IpU3HAKOB TKAHEBOM I'i-
TMOKCHAM — IIpernapara, IpUMEeHEeHHOro B | rpymre.

Karouesvte croea: ocmpbole ompasjaeHUs; ailko2ojlb, ANK020JIbHbLLL 2eNamum; aik0201bHblll ADCMUHEH N -
HbLLL CuH@pOM,' KOMNJIeKCHAA mepanus; 2UNnokcus; AHmapHas kucioma, adememuoHUuH; bemauHa 2JIIOKYpO-
Ham, 2aAKRYPOHO8As KUCioma, kOZHUMueHbvle gﬁyl—muuu; gezemamueHuole gﬁynnuuu

Purpose. To compare the efficacy of metabolic hepatoprotectors at an early stage of acute alcohol poisoning
complicated by toxic hepatitis.

Material and methods. 80 patients with acute alcohol poisoning complicated by toxic hepatitis who re-
ceived medical treatment in the toxicology unit of the Republican Research Center of Emergency Medicine
during 2015-2017 were examined. The patients were split into 3 groups. At the background of backbone ther-
apy, patients of group I (n=30) received a hepatoprotectors on the basis of inosine, meglumine, methionine,
nicotinamide, and succinic acid; patients of group II (n=20) were prescribed to receive drugs based on betaine
glucuronate (glucomethamine), diethanol amine (glucodiamine), and nicotinamide ascorbate. Patients of
group III (n=30) received the backbone therapy. In all patients, the concentrations of liver enzymes, bilirubin,
free ammonia, blood lactate, the condition of vegetative nervous status were analyzed. Psychoastenics was
examined using the MMSE score, FAB score and Reitan test.

Results. After 48 hours, in group I patients, the concentration of blood lactate became almost normal, in
group II patients it decreased to 2.6+0.9 mmol/l, and in group III patients it was equal to 2.7+0.9 mmol/l. On

Anpecc 111 KOpPECIIOHXEHITHH: Correspondence to:
Pycram HypmyxamenoBud Akajiaes Rustam N. Akalaev
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day 5, in patients of groups I and II the cognitive deficit was almost absent, in patients of group III the MMSE
scores were 1.3-fold and 1.4-fold lower than in patients of groups I and II, respectively.

Conclusion. The drug used in group I possessed increased antihypoxant properties but smaller hepato-
protective properties than the drug used in group II. When signs of toxic hepatitis are predominant it would
be more preferable to use the drug applied in group II and when the signs of tissue hypoxia are predominant

the drug applied in group I should be used.

Keywords: acute poisoning; alcohol; alcoholic hepatitis; alcohol withdrawal syndrome; combined therapy; hy-
poxia; succinic acid; ademethionine; betaine glucuronate; glucuronic acid; cognitive functions; vegetative functions
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BBenenue

B ormeneHus ToKcuKoJioruu PecnyO/uku
V30eKHCTaH eKeroJHO MOCTYIAIOT ThICAYN O0JTh-
HBIX C OCTPBIMHU OTPaBJIEHUSAMHU aJIKOrOJIEM, IIPU
9TOM HX NOJIA B CTPYKTYPE XUMNYECKUX NHTOKCU-
KAl COCTaBJIsAET B cpegHeM 55-64% oT ob1iero
4ycJsa COCIUTAJIM3UPOBAHHBIX IAIlMEHTOB [1].
AJTKOTOJTB, B pe3ybrare 0COOEHHOCTEN OMOJIOTH-
YEeCKOTr'0 ¥ TOKCUYECKOTO JIEMCTBUSA, BbIJIEJISETCSA
U3 TUPOKOT0 KPyra ICUXOAKTUBHBIX COeTMHEHNH,
00J1aTaToNINX CIIOCOOHOCTBIO BBISBIBAThH OCTPHIE
orpasJierus [1-5]. Cucremarnyeckoe yrorpeodJe-
HUE 3TUJIOBOTO CIIMPTA, B OTVYIMYKUE OT OOJILIIINH-
CTBa APYTUX IICUXOAKTUBHBIX BEIIECTB, C BBICOKOM
JloJiel BEpOSAATHOCTU MPUBOJIUT K Pa3BUTHUIO CIle-
1 (UUECKUX MTaTOJOTUYECKUX ITPOIIECCOB B pas-
HBIX OpraHax 4 TKaHsAx opranusma [1, 3, 5-7].

OnmauM n3 HanboJiee OTTACHBIX OCTIOKHEHUH
39TAaHOJIOBOU MHTOKCHUKAIIUM SABJISIETCS TOKCUKO-
runokcuydeckas sHiedanonarusa (TT'9), Bo3HU-
Kalollasi B pe3yJibrare pa3BUTUs KakK crienuduye-
CKUX, TaKk H Hecneumbnqecxnx MEeXaHnu3MOB
MMOpaskeHns TOJI0BHOTO Mo3ra [1-4, 8]. OCHOBHBIE
MpOSABJIEHUsI U TssKeCcThb 11D ompenessaioTcs,
npeske BCcero, HeCcrenu@uiecKkuM Bo31eicTBUEM
JTaHOJIa Ha MeMOpaHbl KJETOK IeHTPaIbHOU
HEPBHOU cuCcTeMbI. 113 HECKOIBKUX OTTIOCPEJOBaH-
HBIX MEXaHU3MOB TOKCUYECKOTO BO3IEMCTBUS B
rnocJjejHee BpeMs BbIJIEJISAIOT 1Ba. [lepBbIii — pas-
BUTHE TKAHEBOU TUIOKCUY U MeTab0IMUeCKOTO
anu03a BCJENCTBUE HAKOIIJIEHUS IPOAYKTOB
MeTabosm3Ma aTUI0BoOro cupra [1, 2, 7-12]. Bro-
poil — HapylleHue JeTOKCULIUPYIOel (PyHKIUHN
revYeHu Ha (hoHE JJIUTEJTHHOTO 3JI0YIIOTPeO IeHUs
AJIKOTOJIbHBIX HATUTKOB ¥ PE3KOTO ITOBBINIEHUS
ypoBHA cBobogHOrO ammmuaka [3, 4, 10, 12-15].
IIpoBeneHHBIE B HAYyYHO-KJIMHUYECKOM OTIEJIe
TokcukoJioruu PHILIDMII ucciiegoBanus mokasaJjim
OrpPOMHOE 3HaYeHNe TAHHOTO MeTabOo/INTa B AT
HOCTUKE TSKECTU AJIKOTOJTbHOU MHTOKCUKAIINK, Ha
¢ oHe XpOHUUYECKOTO 3JI0YTIOTPEOJIEHUS ITPOTYKTa-
MU 9TaHoJ1a [1]. Hamu BeIsABJI€HA 3HAUMMasA Koppe-
JATAS  MeXKIy KOHIIeHTpamued CBOOOIHOTO
aMMMaKa B KPOBU U CTENEHbIO HAPYIIIeHN KOTHU-
TUBHBIX (PYHKIMH, a TaksKe (PyHKIIUN BereTaTus-
HOU HEpBHOU cucTeMbl opranuama [1]. IToatomy
JU1s1 9 (PEeKRTUBHOTO JIeUeHNs AJTKOTOJIbHOU 9HIle-

(pasomaTuy; B KOMIJIEKCHYIO MHTEHCUBHYIO Tepa-

Introduction

Thousands of patients with acute alcohol poi-
soning are admitted to toxicology units of clinical
facilities in the Republic of Uzbekistan. Their frac-
tion in the structure of chemical intoxication rep-
resent 55-64% of the total number of hospitalized
patients [1]. Due to peculiarities of its biological
and toxic effects, alcohol is notable among a wide
range of psychoactive compounds capable of caus-
ing acute poisoning [1-5]. In contrast to most other
psychoactive substances, chronic use of ethyl alco-
hol commonly lead to development of specific
pathological processes in different organs and tis-
sues of the body [1, 3, 5-7].

One of the most dangerous complications of
ethanol intoxication is toxic hypoxic encephalopathy
(THE), occurring as a result of development of both
specific and non-specific mechanisms of brain dam-
age [1-4, 8]. The main manifestations and severity of
THE are determined, first of all, by non-specific ac-
tion of ethanol on the membranes of cells of the cen-
tral nervous system. Out of several mechanisms of
toxic impact, two mechanisms have been clarified
recently. The first one is the development of tissue
hypoxia and metabolic acidosis due to accumulation
of ethyl alcohol metabolites [1, 2, 7-12]. The second
one is impairment of the detoxication function of the
liver at the background of long-term abuse of alco-
holic beverages and drastic increase of the free am-
monia level [3, 4, 10, 12-15]. Investigations carried
out in the Toxicology Research & Clinical Unit of the
Republican Research Center of Emergency Medicine
have shown high importance of the latter metabolite
in the diagnosis if alcohol intoxication severity at the
background of chronic abuse of ethanol products
[1]. We have established significant correlation be-
tween the concentration of free ammonia in blood
and the degree of impairment of cognitive functions
and functions of the vegetative nervous system of
the body [1]. Therefore, for effective treatment of al-
coholic encephalopathy the combined intensive
therapy should include metabolic drugs possessing
both antihypoxant and hepatoprotective, ammonia-
binding properties [1, 7,9, 13, 14, 16-19].

The purpose of the study is to compare the ef-
ficacy of metabolic hepatoprotectors at an early
stage of acute alcohol poisoning complicated with
toxic hepatitis.

GENERAL REANIMATOLOGY, 2019, 15; 4
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MU0 HEOOXOAMMO BKJIIOYAaTh METab0JIMYeCKIe ITpe-
rmaparhbl, 00J1aao1e KaKk aHTUTUTTIOKCAHTHBIMU,
TaK ¥ renaToNnpOTEKTOPHBIMU, aMMHUAKCBA3bIBAIO-
IIIUMH CBOMcTBamH [1, 7,9, 13, 14, 16-19].

Llesib UcciieJoBaHUsI — CPaBHUTH 3 dek-
TUBHOCTb METa00JMYECKUX relmaTopPOTEKTOPOB
Ha paHHEM JTalle OCTPbhIX OTPABJEHUN aJIKOTOJIEM,
OCJIO}KHEHHBIX TOKCUYECKUM T'ellaTUTOM.

MarepuaJa u MeToAbI

O6cnnenoBamu 80 6OJIBHBIX C OCTPBIM OTPABJIEHUEM
JIKOr0JIeM, OCJIOSKHEHHBIM Pa3BUTHEM TOKCUYECKOTO
renaTuTa, HAXONWUBIINXCSA HA JIEUEHUU B OTHeJIeHUU TOK-
cuKoJIoruu Pecry6/IMKaHCKOT0 HAYYHOTO IIEHTPA 9KC-
TpeHHOU MeauuuHCcKou oMoy (PHIIOMII), r. Tam-
KeHT, B 2015-2017 rT. (Bo3dpact — oT 35 10 55 J1€eT).

bosnbnbIX pasgenunnn Ha 3 rpynnsl. boabable |
rpymsl (n=30), moctynusire B 2016 1., Ha poHe Haswc-
HOU Teparuu IoJIy4aliy refiarolpoTeKTop, CogepsKalui
WHO3WH, MEIVIIOMUH, METHOHWH, HUKOTUHAMU/, U SIHTAp-
HyI0 KUCI0Ty («Pemakcos», 000 «HTPD «ITTOJIMICAH»,
r. Cankr-IletepOypr, Poccus, PerrcrpaliioHHBIN HOMeDP:
JICP-009341/09), mo 400,0 MJ1 BHyTPUBEHHO KalleJIbHO
1 pas B CyTKM, HaUMHAsA OT MOMEHTa IIOCTYILJIEHUsI B
Teyenue 5 nHell. BosibHble I rpynnel (1=20), IOCTYIUB-
mue B 2017 r,, Ha poHe OA3UCHOU Tepanuy noJsydasiu
TIperapar, CoflepsKalpi 6eTarH IIOKOPOHAT (IVIIOKOMe-
TaMUH), JUSTAHOJIaMUH (WIIOKOAUAMUH) U HUKOTUHAMMUL
ackopoOar («/I>xererap», Popular Chemical Works (Pvt.)
Ltd, Pakistan, o Jiunensun: Rotta ReasearchLaborato-
rium, Musas, Mtanus), BHyTPAUBEHHO KaleJabHO 110 10
mJ1, B 200,0 mut 0,9% Hatpusa xjgopuja 2 pasa B IeHb, B
TeyeHue 5 nHell. Bospnble III rpynmnsl (7=30), IOCTyIUB-
mue B 2015-2016 rr., mosTy4any 0asMCHYIO Teparwio,
BKJIIOYAIOIIYI0 NH(Y3UOHHYIO Tepaluio KpUCTAIIOU -
HBIMM PacTBOpPaMU, BUTAMUHOTEPAIIHIO, CeJaTalluIo.

BceM 60JIBHBIM IIPOBEJIM KOMILIIEKCHOE 0bce-
JOBaHMeE C UCII0/Ib30BAHUEM MHCTPYMEHTAJbHBIX U
JTabopaTOpPHBIX METOIOB. M3yuasnu conep:xanue dep-
MeHTOB reueHu (AT, AcT), 6unupybuHa, CBOOOIHOTO
aMMMaKa IpU IOCTYNJIeHUU IallMeHTOB U B JUHA-
MHKe — Ha 5 cyTKU. [Ipu3HaK r'uIoKCUu BO BCeX IPyII-
nax onpeJeJisiyid 10 KOHLIEHTPAIUuuU JaKTaTa KpOBU
[P OCTYIJIeHNUU [TAIJUEHTOB U B IMHAMUKe — uepes3
24 n 48 yacos.

BereraTtuBHbIi HepBHBIN cTaryc (BHC) onenu-
BaJId reMoJMHaMHU4YeCKUMU Ilapamerpamu. Onpene-
JISLJIA 4acCTOTY cepAedHbIX cokpaienuii (HCC), cucto-
audeckoe (CAJI) wu  puacronumuveckoe (Al
apTepuajbHOe JaBJieHHe, BereTaTUBHBIA HHIEKC
Keppo (BU1) o popmysne BU = (1—D/P), rne D — nua-
crosmmueckoe AJll, P—4dacrora nynbca B MuH. [IpoBesin
aHaJIU3 Cep/ledHOro pUTMa MEeTO0M KapAuONHTEepPBa-
gorpaduu (KUI') no P. M. Baesckomy (1986). Ananu-
3upoBanu Mo (monma) u AMo (aMmyuTyga Monel), a
Takske AX (BapuanuoHHbIN padmax) 1 MTH (uHmekc Ha-
NpsI’KeHUs1) NIPU MIOCTYIJIEHUHU NAlMeHTOB U Ha 5-e
CYTKU JIeeHUS.

Hapy1iieHus uHTe JIeKTa U3y4aJsiu C UCII0JIb30Ba-
HueM mkaasl MMSE no 10 mo3unusam, mkaJnbl FAB o 6
NO3UIUsAM U TecTa PeiiTana Ha 3-e 1 5-e CyTKU.

O6paboTKy JaHHBIX IIPOBOMIIH C IIOMOIIIBIO ITPO-
rpaMMHOTro obecrneuenusi ¢pupmel Microsoft u asek-
TpOHHBIX Tabsu1 Excel-2003.

Materials and Methods

80 patients (35 to 55 years of age) with acute alcohol
poisoning complicated by toxic hepatitis who received
medical treatment in the toxicology unit of the Republi-
can Research Center of Emergency Medical Assistance,
Tashkent, during 2015-2017 were examined.

The patients were split into 3 groups. Patients of
group I (n=30), who were admitted in 2016, received, in
addition to conventional therapy, a hepatoprotectors
containing inosine, meglumine, methionine, nicoti-
namide, and succinic acidy (Remaxol, Scientific and
Technological Pharmaceutical Firm ‘Polysan’, Russia,
Marketing Authorization number: LSR-009341/09), 400.0
ml per dose, administered intravenously by drop infusion
once a day starting from admission, for 5 days. Patients
of group II (n=20), who were admitted in 2017, received,
in addition to conventional therapy, a drug containing
betaine glucuronate (glucomethamine), diethanol amine
(glucodiamine), and nicotinamide ascorbate (Jetepar,
Popular Chemical Works (Pvt.) Ltd, Pakistan, based on
the license from Rotta Reasearch Laboratorium, Milan,
Italy), 10 ml per dose, administered intravenously by
drop infusion in 200.0 ml of 0.9% sodium chloride, twice
a day, for 5 days. Patients of group III (n=30), who were
admitted in 2015-2016, received the conventional ther-
apy that included infusion therapy with crystalloid solu-
tions, vitamin therapy, and sedation.

All patients underwent a comprehensive examina-
tion using instrumental and laboratory methods. The pa-
rameters analyzed included liver enzymes (ALT, AST),
bilirubin, free ammonia at admission of patients and in
dynamics on day 5. In all groups, hypoxia was deter-
mined based on blood lactate on admission and in dy-
namics after 24 and 48 hours.

The status of vegetative nervous system (SVNS) was
assessed based on hemodynamics. Heart rate (HR), sys-
tolic (ABPs) and diastolic (ABPd) arterial blood pressure,
vegetative index of Kerdo (VI) according to formula: VI =
(1 — D/R), where D is diastolic ABP, R is heart rate per
minute. Cardiac rhythm was analyzed by the method of
cardiointervalgraphy (CIG) according to R.M. Baevsky
(1986). Mo (mode) and MoA (mode amplitude) as well as
AX (range) and TI (tension index) at patients’ admission
and on day 5 were analyzed.

Psychoastenics was examined using the MMSE
score based on 10 items, FAB score based on 6 items, and
Reitan test on days 3 and 5.

The findings were processed using Microsoft soft-
ware (Excel-2003).

Results and Discussion

In all patients examined, the baseline indices
evidenced serious alteration of the homeostasis
system that resulted from poisoning. In all groups,
alcohol concentration amounted to 2.1+0.9 g/1 on
average. The influence of pharmacological hepato-
protection on the liver function dynamics in pa-
tients with acute alcohol poisoning is shown in
table 1.

Following the Remaxol infusions, group I pa-
tients displayed the dynamics of decrease of ALT,
AST, bilirubin, free ammonia 2.1-fold, 2.2-fold, 1.4-

fold, and 1.7-fold, respectively, versus the baseline
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Tabmuna 1. /luHaMuKka mokasaTesieil GyHKIMH IeYeHN y 00IBHBIX C OCTPBIMH OTPABJIEHUSIMH AJTKOT0JIEM.
Table 1. Liver function dynamics in patients with acute alcohol poisoning.

Indexes, reference values Groups Index values at study stages
at admission A %! Day 5 A %?
ALT, u/10-42 I 184.2+41* 438 87.5+9.3* -52.5
jii 304.2471% 723 58.2+16* -80.9
111 177.9+63.3 421 136.1+11.2 -23.5
AST, u/10-37 I 165.7£52 445 80.4x11.2 -51.5
II 285.7+34* 767 55.1+12*% -80.7
111 159.5+£55 429 137.5+6.5 -13.8
Bilirubin Total, mmol/I 8.55-20.5 I 28.3+4.2 38.7 20.2+0.8 -4.9
II 37.0+3.2 35.1 21.4+1.05 -42.2
111 24.2+3.7 18.7 22.1+1.1 -8.7
Free ammonia, mmol/l 18-33 I 66.2+9.5* 200 38.9+2.8* -41.2
I 69.4+16.5* 209 29.6+2.8* -57.3
1II 61.7+11.2 186 56.1+3.1 -9.1
Note. ! — A% — data at admission relative to reference values; 2— A% — day 5 data relative to baseline; * — aa statistically sig-

nificant difference between baseline and day 5 values (P<0.05).

ITIpumeuanwue. /I71s1 TabJ1. 1-3: Indexes, reference values — rnokasaresi, HopMma; groups — rpynibl; values at study stages — 3Haue-
HUS Ha CTAIUsIX UcCaenoBanust; at admission — npu nmocrymienuun; day — cytky; total — o61uit; free ammonia — cBoOOIHBIN
aMMHak. ! — A% — NaHHbIe IPU IOCTYIJIEHUH 110 OTHOLLIEHUIO K HOpMe; 2 — A% — JaHHbIe Ha 5-€ CYTKU 10 OTHOLIEHUIO K
HCXOJIHBIM IIOKa3aTeJIsIM; * — CTaTUCTUYEeCKU 3HaYMMasi pa3HMIlA Ha4aIbHbIX 3HAYEHNH U 3HAYeHU 17151 5 cyToK (p<0,05).

Pe3yibrarhl U 00CysKAE€HUE

VcxonHble ToKasaTesn y Bcex 006cie oBaH-
HBIX 0OJIBHBIX CBUOETEJbCTBOBAJN O CEPHLEIHBIX
HapyLIECHUAX CUCTEMbI TOME0CTa3a, HACTYIIUBIINAX
B pe3yJisTare OTpaBJjieHus. KOHIeHTpanus ajaKo-
roJil B KPOBU BO BCEX I'PYIIIIAX COCTABJIANIA B CPEJl-
HeMm — 2,1+0,9 r/J1. Bnusiaue papmakosoruieckomn
renarolpoTeKINN Ha AWHAMUKY II0KasaTesei
(pyHKIIUY IeYeH! Y 60JIbHBIX C OCTPBIMH OTpaBJIe-
HUSMU aJIKOT0JIeM IIPeICTaBU/IN B Ta0JI. 1.

Ha ¢one ungysuii «Pemaxcosa» y 60JbHBIX |
IPyIIbI B JUHAMUKe HaOJfofanu cHmKenne AT,
AcT, bunupyobuHa, cB060JHOT0 aMMIaKa COOTBET-
CTBEHHO B 2,1, 2,2, 1,4, 1,7 pa3a 10 OTHOIIIEHUIO K
HUCXOTHBIM JaHHbIM. Ha done nndysuii «/[sxere-
rapa» 9TU I0Ka3aTeJIu CHUSUJIUCh COOTBETCTBEH-
HO B 5,2, 5,1, 1,7, 2,3 pasa, B TO BpemA Kak B Il
IpyIIe ypoBeHb aHAJOTUYHBIX ITOKa3aTesei Ob11
HIUKE MCXOOHBIX ToJbBKO B 1,3, 1,2, 1,1, 1,1 pasa
COOTBETCTBEHHO (Tab1. 1).

HpI/I IMMOCTYIIJICHUU B CTAlTMOHAP y TallUEHTOB
I rpynnsl oTMedanu peskoe yBeJn4eHue 3Hade-
Huit CAJl no 165,5+21,9, JAl 1o 102,1+9,1, UCC no
128,2+11,2, unperca Kepzno mo 0,25+0,07, AMo 1o
41,75+2,87, UH 10 998,5+134,0 u cHuxkeHue Mo 10
0,57+0,03, AX 10 0,07+0,002. Bo II rpynre nanHbie
ToKas3are v ObLIN TaK)Ke pe3Kko n3MmeneHbl: CAJ/l —
171,2+26,6, JAJl — 108,7+£10,4, UCC — 118,2+11,2,
nHaekca Kepno —0,22+0,04, AMo —48,5+2,6, UH —
1004,5+130,0 u Mo — 0,52+0,05, AX — 0,05+0,002,
YTO COOTBETCTBOBAJIO BHICOKOU CTENleHU Hamps-
sKeHus cuMnarudeckoro orgesna BHC. B Il rpynme
HaOsonanu ciaenyioriue 3uaveHus:: CAJl —
172,5+12,1, JAI — 104,2+7,9, UCC — 124,5+9,9,
nHaexc Kepno—0,28+0,03, Mo — 0,544+0,02, AMo —
43,65+3,2, AX— 0,06+0,002, IH — 1018+155,0.

Ha 5-e cyrku jieuenusa y mauueHToB I u II

I'PYIIII BBIIIIeyKa3aHHbIe II0Ka3aTeIu HOpMaIu30-

values. Following the Jetepar infusions, these in-
dices decreased 5.2-fold, 5.1-fold, 1.7-fold, and 2.3-
fold, respectively, while in group III the same values
were lower than those at the baseline by 1.3-fold,
1.2-fold, 1.1-fold, and 1.1-fold, respectively (table 1).

At the time of admission to the hospital, in
group I patients exhibited drastic increase of ABPs
to 165.5+21.9, ABPd to 102.1+9.1, HR to
128.2+11.2, Kerdo index to 0.25+0.07, MoA to
41.75+2.87, TI to 998.5+134.0 and decrease of Mo
to 0.57+0.03, AX to 0.07+0.002. In group II, these
values changed significantly, too: ABPs
171.2+26.6, ABPd — 108.7+10.4, HR — 118.2+11.2,
Kerdo index — 0.22+0.04, MoA — 48.5+2.6, TI —
1004.5+130.0, and Mo — 0.52+0.05, AX —
0.05+0.002, which corresponded to high tension of
the sympathetic part of VNS. In group I1I, the fol-
lowing values were observed: ABPs — 172.5+12.1,
ABPd —104.2+7.9, HR — 124.5+9.9, Kerdo index —
0.28+0.03, Mo — 0.544+0.02, MoA — 43.65+3.2,
AX —0.06+£0.002, TT— 1018+155.0.

On therapy day 5, the above values came to
norm in patients of groups I and II. In patients of
group III, ABPs, ABPd, HR, Kerdo index, MoA, and
TI decreased only 1.1-fold, 1.1-fold, 1.2-fold, 1.2-
fold, 1.1-fold while Mo and AX increased only to
0.64+0.06 and 0.09+0.037 relative to the initial data,
respectively, which evidenced persistent tension of
the sympathetic part of VNS (table 2).

Increased concentration of lactate in the ve-
nous blood reflected development of tissue hypoxia
in all patients admitted with acute alcohol poison-
ing. Lactic acid concentration in patients’ blood
was equal to as follows: group [ — 5.6+1.1 mmol/l,
II —5.7+0.9 mmol/l, III — 5.7+1.5 mmol/l. Follow-
ing the Remaxol infusions, as early as 24 hours after
the drug administration was discontinued , a con-
siderable decrease of lactate concentration to
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TaGuuna 2. lnHaMHuKa HOKa3aTeJiell BereTaTHBHOT'O CTaTyca y 00/IbHBIX C OCTPHIMH OTPAaBJIEHHAMH aJIKOTOJIEM.
Table 2. Vegetative status dynamics in patients with acute alcohol poisoning.

Indexes, reference values Groups Index values at study stages
at admission A%! Day 5 A %?
ABPs, mm Hg 110-120 I 165.5+21.9* 38 124.3+8.7* -24.9
II 171.2+26.6* 42.5 123.8+£10.2* -27.7
111 172.5+12.1* 41 149.5+11.2* -13.3
ABPd, mm Hg 70-80 I 102.1£9.1 22 82.7+5.8 -19
II 108.7+10.4* 35 80.5+5.4* -25.9
111 104.2+7.9 24 96.2+8.1 -7.7
HR 65-90 I 128.2+11.2* 42.2 90.3+4.8* -29.6
II 118.2+11.2* 31.1 96.2+6.1* -18.6
111 124.5+9.9* 40.7 104.1+5.1% -16.4
VI, (1-D/R) 0-0.1 I 0.25+0.07* 152 0.12+0.02* -52
II 0.22+0.04* 220 0.14+0.02* -36.4
111 0.28+0.03* 184 0.22+0.03* -21.4
Mo, sec 0.7-0.8 I 0.57+0.03* -21 0.78+0.08* +36.8
I 0.52+0.05* -28 0.77+0.05* +48.1
111 0.544+0.02* -26 0.64+0.06* +17.6
MoA, % 25-30 I 41.75+2.87* 36 31.3+2.5* -25.3
I 48.5+2.6* 61 30.0+2.4* -38.1
111 43.65+3.2 45.3 38.3+2.9 -12.3
AX, sec 0.12-0.15 I 0.07+0.002* -43 0.12+0.001* +71.4
I 0.05+0.002* - 45 0.13+0.002* +160
111 0.06+0.002 -50 0.09+0.002 +50
TI, 160-200 U I 998.5+134* 484 238.5+62* -76.1
II 1004.5+130* 501 255.8+55.6* -74.5
I 1018+155* 504 534+92.5% -47.5
Note. ' — A% — data at admission relative to reference values; 2— A% — day 5 data relative to baseline; * — a statistically sig-

nificant difference between baseline and day 5 values (P<0.05).

IIpumeuanue. ABPs — cucrosimueckoe CAJl; ABPd — nuacrosmueckoe CAJl; HR—YCC; VI— BU; T — UH. ' — A% — naHHbIE
IPY IOCTYNJIEHUH 110 OTHOIIIEHUIO K HOpMe; > — A% — JaHHBIE Ha 5-e CYTKH 110 OTHOIIIEHUIO K UCXOJHBIM ITOKa3aTe IsIM; * —
CTAaTUCTUYECKH 3HAYMMasl pa3HUIA HA4aIbHBIX 3HAUEHUI U 3HAYeHU Ha 5 cyTKU (p<0,05).

Basuck. ¥ 6oabHbIX 111 rpynmer CAJL, AT, YCC,
nHaekrc Kepno, AMo n UH cHU3WIUCH TOJIBKO B
1,1,1,1,1,2, 1,2, 1,1 pada, a Mo u AX NOBBICUJINCH
TOJIBKO 110 0,64+0,06, 1 0,090,037 110 OTHOIIIEHUIO
K MCXOJHBIM IMOKa3aTeJisIM COOTBETCTBEHHO, YTO
CBU/JIETEJILCTBOBAJIO O COXPAHSIOIEMCS Hanps-
SKeHUU cuMIitaTndeckoro oraesia BHC (tabJ. 2).

[loBpIlleHWEe KOHIEHTpPAlMM JaKTaTra B
BEHO3HOU KPOBU OTPAKaAJIO PAa3BUTHE TKAHEBOU
TANIOKCHY Y BCEX IOCTYNUBIINX C OCTPBIMU OTPaB-
JEeHUsIMH aJKorojeM. [Ipyu aToM KOHIIEeHTpaIus
MOJIOYHOM KMCJIOTHI B KPOBU OOJIBHBIX COCTaBHUJIA
B I rpynne — 5,6+1,1 mmouas/a, II — 5,7+0,9
MMoJb/ 1, III — 5,7+1,5 MMmous/J1. Ha dpone undpy-
3uii «PeMakcoJia» y:ke yepes 24 yaca oTMevasu
CyLIeCTBEHHOE CHU)KCHUE KOHILIEHTPAaIX JIaKTa-
Ta, B cpeaHeM 1o 2,6+0,4 MMoJib/ 1. Yepes 48 yacos
€ero conepskaHue MPUOJN3UTIOCHh TPAKTUIYECKU K
HOopMe — 1,8+0,2 MMoOJs1b/J1. B peayiisrare npume-
HeHUus1 «/[skeTemapa» KOHIlEHTpalnus JiaKTara
Jepes 24 yaca CHU3UJAACh 10 3,2+0,7 MMOJIB/J1, @
4yepes 48 yacoB — 110 2,6+0,9 mmoJib/J1. Ha done
0a30BOI TepanTy KOHIIEHTPAITHSI MOJIOYHOM KHC-
JIOTBI cocTaBuia 3,5+0,7 MMOJIb/J1 Yepe3 24 yaca u
2,7+0,9 —yepes 48 yacoB, YTO IIPEBHIIIATIO aHAJIO-
ruyHble nokasaresau B [ u ll rpynnax s 1,3, 1,4 pasa
uB1,1,0,7 pada COOTBETCTBEHHO.

OneHka KOTHUTUBHBIX (YHKIUH IIpU
MTOCTYTJIEHUH TTAI[MeHTOB ObLIa HEBO3MOYKHA M3-

2.6+£0.4 mmol/l on average was observed. After 48
hours, its content was nearly normal — 1.8+0.2
mmol/l. As result of Jetepar application, lactate
concentration decreased to 3.2+0.7 mmol/] after 24
hours and to 2.6+0.9 mmol/] after 48 hours. At the
background of backbone therapy, lactic acid con-
centration was equal to 3.5£0.7 mmol/l after 24
hours and 2.7+0.9 after 48 hours, which exceeded
the same indices in groups I and II 1.3-fold, 1.4-
fold, and 1.1-fold, 0.7-fold, correspondingly.

It was impossible to assess cognitive functions
at the time of patients’ admission due to severity of
their condition. Based on the intellect screening by
MMSE scoring, in patients of groups I and II, mild
cognitive disturbance was noted on day 3: 22+1.4
and 24+1.6 points, respectively. On day 5, cognitive
deficit was almost absent and the average aggregate
score was equal to 28+1.6 and 27.8+1.4 points, re-
spectively. In the patients of group III, the MMSE
score on day 3 and 5 was 1.4-fold, 1.5-fold, and 1.3-
fold, 1.4-fold lower for all items than in groups I and
II, respectively (table 3).

At the background of hepatoprotective ther-
apy in group I and II patients, almost full recovery
of cognitive functions was observed as early as day
3 of admission to hospital while in group III, distur-
bances of conceptualization and dynamic praxis
continued. The aggregate FAB score in group III pa-
tients on day 5 did not exceed 13.4+1.1 points on
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TaﬁJmua 3. ,ZII/IHaM]/IKa BOCCTAHOBJICHHU A HHTeJIJIeKTyaJIbHOﬁ C(pepbl Y HallM€HTOB C OCTPBIMH OTPABJIEHUAMU

AJIKOT0JIEM.

Table 3. Intellectual recovery dynamics in patients with acute alcohol poisoning.

Indexes, reference values

Index values in groups at study stages

I 11 111

Day 3 Day5 Day 3 Day5 Day 3 Day 5
MMSE (28-30 points) 22+1.4 28+1.6 24+1.6 27.8+x1.4  16£1.2 23+0.7
FAB (16-18 points) 13.2+0.8 17.7#0.1 12.5¢1.1 16.5+0.5 11.3+0.4 13.4+1.1
Reitan test (up to 100 sec) 118+12 78+11 102+9 66+8 138+14 112+11

IIpumeuanue. MMSE, FAB — mikasibl; Reitan test — tect PeifTana; up to — go.

3a TSAYKECTHU MX coCcTOsTHUA. COIaCHO TTPOBeNieH-
HOMY CKPUHUHIY YPOBHsI UHTEJJIEKTA 110 IIKaJle
MMSE y nanuenTtoB I u II rpynn Ha 3-e cyTku
OTMeYaJsy JIETKUEe KOTHUTHUBHbIE HAPYIIEHUA —
22+1,4 u 24+1,6 GaJsy1a, COOTBETCTBEHHO. Ha 5-e
CyTKU KOTHUTUBHBIA OePUIUT NPaAKTUYECKU
OTCYTCTBOBAJ, & CyMMapHBIN 6ajlJI COCTAaBUJI B
cpenneM 28+1,6 u 27,8+1,4 6ajj1a, COOTBETCTBEH-
HO. Y nanueHnToB III rpynnbl moKasaTe/y IIKaJbl
MMSE 1o BceM no3uIusiM Ha 3 ¥ 5 CyTKH ObLJIH B
1,4,1,5u 1,3, 1,4 pasa Huxe, yeM B [ u Il rpymie,
COOTBETCTBEHHO (TabJI. 3).

¥ nanuenTos I u Il rpynn Ha ¢poHE TpoBOAY-
MO¥ remaToNpOTEeKTOPHOU Tepanuu HabJJI0aaau
IIPAKTUYECKU [10JIHOE BOCCTaHOBJICHUE KOTHUTHUB-
HBIX (PYHKIUH ysKe Ha 3-e CYTKU C MOMEHTa IIOCTYTI-
JIEHUA B CTAllOHap, Torga Kak B 11 rpymmne nmponoJi-
SKaJIU COXPAHATHCA HAPYIIIeHUA KOHIENTYaJIn3alun
1 AMHAMUYeCcKoro npakcrca. CyMMapHbIi pe3ysisrar
TecTa 1o 1kKase FAB y manuenTos III rpynnel Ha 5-€
CYTKH He TPeBbIIIal B cpeqHeM 13,4+1,1 6ara, 4to
1,2 pasaHmxe, yeM B I rpynime u B 1,1 pasa Huxe, yeM
Bo Il rpymre (Taba. 3).

[To Tecty PeiiTana, 103BOJIAIOLIEMY OIIpe[ie-
JIUTH IPU3HAKY [TeYeHOYHOH 9HIIeaIonaTuy, Hau-
JIYUIIIUN pe3yJIBTaT BbISABUJIM Y ITAIIEHTOB, I10JTY-
4YaBIINUX Npenapar «/»xeremap». Yske Ha 3 CyTKU
nanueHTsl I rpynnel BeINOHSAIU TecT PeliTaHa B
npeneaax HopMel — 3a 102+9 cerkyHz, HECKOJIBKO
XysKe pe3ysIsraT ObLTy 00bHBIX [ TPYIIIEI, TTOJTyYaB-

mux «Pemakcos» — 118+12 cekynp, B Il rpymrie nas-
HBIE TeCTa Ha 3-e CyTKY ObLTN Xy>Ke, ueM B [ u I rpym-
nax B 1,2 u 1,4 pasa, COOTBETCTBEHHO.

3akJoueHnue

OCprIe OTpaBJIEHUA a/JIKOT0JIEM COIIPOBOYK-
JAI0TCA Bpra)KeHHoﬁ TOKCUKO-TUIIOKCUYECKON
aHIedanmonaTuei, 00ycI0BJIEHHON COYeTaHHBIM
IMopaKeHeM IIeYeH 1 TAXKEJION TKaHeBO TUIIO0-
KCHEMH. HpI/IMeHeHI/Ie COBPEMEHHLIX I'€IIaTOIIPO-
TEKTOPOB «PemakcoJga» u «,H;KeTenapa» 3(1)(1)61(-
TUBHO RyIIUpyeT MeTa60J‘II/I‘IeCKI/Ie, KOTHUTUBHBIE
U BererTarnuBHbIE paCCTpof/'ICTBa N 0O0JILHBIX C aJIKO-
Jluteparypa
1. Akanaes PH., Cmonnuuruti A.A., Xoxcues X.I1I. ParimoHanbHast Heil-

pomeTabosuecKast Tepanus PU OCTPHIX OTPABJIEHUAX AJIKOr0-
neM. Meronguueckne pekomernganuu. Tamkent 2017. C. 19-20.

2. benenuues H.D., Ilasniok H.B., Kyuepenro JI.H., Abpamos A.B. Pap-
MaKOKOPPEKIUsI [TOC/IEJCTBUN HEHPOTOKCUYECKUX ITOPAKEHUI

average which is 1.2-fold lower than in group I and
1.1-fold lower than in group II (table 3).

As determined by the Reitan test that estab-
lishes level of hepatic encephalopathy, the best ther-
apeutic effect was found in patients who received
Jetepar. As early as day 3, group II patients com-
pleted the Reitan test within the normal range:
10249 seconds; the result of group I patients who re-
ceived Remaxol was a bit worse: 118+12 seconds; in
group III the test results on day 3 were worse than
in groups I and I1 1.2-fold and 1.4-fold, respectively.

Conclusion

Acute alcohol poisoning is accompanied by
significant toxical hypoxic encephalopathy caused
by combined liver damage and severe tissue hy-
poxia. Administration of contemporary hepatopro-
tectors Remaxol and Jetepar effectively jugulates
metabolic, cognitive and vegetative disorders in pa-
tients with alcohol intoxication. The clinical and
laboratory findings obtained, screening of the VNS
and cognitive functions in patients with alcohol
poisoning have demonstrated that Remaxol pos-
sesses greater antihypoxant properties than Jetepar
but smaller hepatoprotective properties. In conclu-
sion, when signs of toxic hepatitis are predominant
it is recommended to use Jetepar and when the
signs of tissue hypoxia are predominant it seems
better to administer Remaxol.

roJIbHOM MHTOKcUKanuel. ITosyuyeHHble KINHN-
KO-J/1a00paTopHble JaHHbIe, CKDUHUHT BereTaTuB-
HOU CHICTEMBI M KOTHUTUBHBIX (PYHKIIUHA Y 00JIb-
HBIX C OTPaBJIEHUSMH AJIKOT0JIEM IIOKA3aJ/IH, YTO
npenapar «Pemakcos» o0J1agaer 60/IbIINMY AaHTH-
TUIIOKCAaHTHBIMHM CBOMCTBaMH, 4YeM IIperapar
«[IsreTemniap», HO MEHBIINMHU I'€lIaTOIIPOTEKTUBHBI-
MU cBOHcTBaMu. Mcxons us aToro, B ciydae mpe-
o6/1aaHysI IPU3HAKOB TOKCUYECKOI'O rellaTUTa
IIpeIIoYTHTeIbHEee HCII0JIb30BaHUeE IIperapara
«[I>xeremnap», B cirydae peobiiafanus IpU3HAKOB
TKaHeBOU TMIIOKCUY — IIpenapara «Pemakcos».
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BausHue ceraniuu JeKCMeIeTOMUIUHOM
Ha BBIPA’KEHHOCTh OKMCJIUTEJIBHOTO TUCTpecca
MpH JeJTUPUU HA (DOHE TAKEJION COUeTaHHOM TPaBMBbI
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Ilestb — OLIEHUTH BJIMsTHME BHYTPUBEHHOU Celalliy JeKCMeIeTOMIINHA U ITPoTogoJia Ha BEIPASKEHHOCTD
OKHCJINTETFHOTO JUCTPECCa, TAKECTh U JJIUTETbHOCTD AeJIUPHA Y TAIMEHTOB C TAKeJI0N COYeTaHHOH TPaBMOM.

Marepuaj 1 MeToAbl. B rccienosanue Briaoyuan 100 mocrpagasmux (Bo3pact 18-50 jiet, TpaBmMa IByX
u 6os1ee obJtacTeld, orjeHKa 1o 1kase ISS nmpu mocrynenun 16-50 6a/1oB). IlanineHTOB, B 3aBUCUMOCTHU OT
MEeTOJIa CeJlalni, pacupeaenausan Ha rpynmny I (n=51) u rpynmy II (n=49), B KOMIIEKCHOU Tepanui KOTOPbBIX
HCIIOJIb30BAJIM IIPOTIO(OJT U IEKCMeIeTOMUANH, COOTBETCTBEHHO. [IOMIMO CTaHIapTHBIX UCCIeI0BAHUH, ¥
BCeX MAIMEHTOB OIPeeIsIIN CoiepikaHne KapOOHUINPOBAHHbIX IENTHUIOB B IJ1a3Me KPOBU.

Pe3yabTaThbl. YCTAaHOBUJ/IY, YTO KOJIMYECTBEHHOE COJlepsKaHle KapOOHUINPOBAHHBIX IIENITU/I0B B KPOBU
MOSKET OTpaKaTh TAXKECTh COUeTaHHOU TpaBMbl. [Iokasaiu cBA3b BEIPAYKEHHOCTU OKUCAUTEIbHOTO JU-
cTpecca ¢ AIUTebHOCTBIO (7=0,34; p<0,05) u TsRecThio (1=0,38, p<0,05) neaupus y MarveHTOB C TSHKeJI0N
COUYETAHHOU TPABMOH, UTO MOJKET MOATBEPKIATH POJIb OKUCIUTETHLHOTO AUCTPECCa B MEXaHU3MaX Pa3BUTHUSA
JIenupus. He BBIABMIIN BAMAHUA Ha BBIPAYKEHHOCTb OKMCUJIATEIBHOIO JUCTPecca CPaBHUBAEMBbIX IIpela-
paroB AJ1A cefanuy (IeKcMeIeTOMUIUH U IPorodoJ1) Ha BCeX aTarax UCCiel0BaHusl.

3akJjroueHne. BeIpa)keHHOCTb OKUCIUTEIHFHOTO JUCTPecca CIOCOOCTBYeT OoJIee IJINTeIbHOMY U TsIKe-
JIOMY T€YEHUIO IeJIUPUS Y MAIMEeHTOB C TAXKEeJI0M COYeTaHHON TPABMOH, a cojiepsKaHue B IIJIa3Me KPOBH Kap-
OOHMIMPOBAHHBIX ENTUIOB OoJiee 0,78 HMOJIB/MT C YYBCTBUTEIBHOCTHIO 62% U CIIenu(UIHOCTHIO 67%
MOKeT CBUEeTeIbCTBOBATh O PA3BUTUU KOTHUTUBHOU AUC(YHKIUY Yepe3 1 Mecsll IToc/ie TAKeJI0H coue-
TaHHOH TpaBMbL. HecMOTpSA Ha KIMHUYECKYIO 9(D(HEeKTUBHOCTE, JeKCMeIeTOMUIMH 1 ITPOTI0(oJI JOCTOBEPHO
He CHIJKAIOT YPOBEHDb OKUCJIUTENBHOTO TUCTPECcca y HAIeHTOB C TSYKEJION COueTaHHON TPaBMOM.

Knatouesvle crosa: okcudamustulli cmpecc; nponogos; 0ekcmedemomMudum; msiceras couemantas
mpaema; deaupuii

Purpose is to evaluate the influence of intravenous sedation with dexmedetomidine and propofol on the
intensity of oxidative distress, delirium severity and duration in severe polytrauma patients.

Material and methods. 100 victims (18 to 50 years of age, trauma of two regions and more, ISS score at ad-
mission equal to 16-50) were included in the study. Depending on sedation method, the patients were split
into group I (n=51) and group II (n=49), in the combined therapy of whom propofol and dexmedetomidine
were used, respectively. In addition to standard examinations, the blood plasma carbonylated peptides were
assayed in all patients.

Results. It has been established that the assay content of carbonylated peptides in blood might reflect poly-
trauma severity. A link between the oxidative distress intensity and delirium duration (r=0.34; P<0.05) and
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severity (r=0.38, P<0.05) in severe polytrauma patients has been demonstrated, which might support the role
of oxidative distress in delirium development. Influence of the sedation drugs dexmedetomidine or propofol
on oxidative distress intensity was not evident in all stages of the study.

Conclusion. Significant oxidative distress promotes longer and more severe course of delirium in severe
polytrauma patients. The content of carbonylated proteins over 0.78 nmol/mg predicts the development of cog-
nitive dysfunction one month after severe polytrauma with 62% sensitivity and 67% specificity. In spite of clinical
efficacy, neither dexmedetomidine nor propofol reliably reduce oxidative distress in severe polytrauma patients.

Keywords: oxidative stress; propofol; dexmedetomidine; severe polytrauma; delirium
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BBenenue

Tsskesiasi coueTaHHas TpaBMa COMPOBOSK/IA-
eTCsl BbIpa’KeHHBbIM CUCTEMHBIM BOCIAJIUTENb-
HBIM OTBETOM M OKMCJHUTEJbHBIM JUCTPECCOM
[1-3], npuyeM, cHUKeHME 3P (PEKRTUBHOCTHU aHTH-
OKCHJAaHTHBIX CUCTEM OpPraHU3Ma MOYKET UT'PATh
Ba)KHYIO POJIb B Pa3BUTHU OCJIOKHEHUU JTaHHOU
naroJioruu [2, 3]. Jleupuii JOCTATOYHO YaCTO pa3-
BUBAETCS y NAIMEHTOB C TSKEeJIONM COYeTaHHOU
TPaBMOW, OJHAKO HAyYHbIE MyOJIUKALINH IO 9TON
npobJjieMe KpaiiHe OrpaHWYEHbI W, IT0 MHEHUIO
ABTOPOB, 3AHUMAIOIIUXCA UCCJEeI0BAaHUEM ITOM
mpo06JIeMbl, OHA OCTAeTCsI HeJOOIleHeHHOU [4].
BaskHOCTH U3y4YeHMsI OCIe0IEePAIIMOHHOTO JIeT1-
pusa nogYyepKuUBajiaCb HEOTHOKpATHO [5, 6] u
nocjieguee EBporielickoe PyKOBOJICTBO TOJIBKO
MOJTBEP/INJIO aKTyaJIbHOCTh 9TOM BeChbMa Cephe3-
HOW TIpo6JieMbt [7].

He BbI3bIBaeT COMHEHUU HETraTUBHOE BJIUSA-
HUEe JeJTUPUsI Ha CDOKY JIEUeHHUsT OCHOBHOTO 3260-
JieBaHUs, MOCJeOoneparioHHYI0 JeTaJbHOCTbD,
JUTUTETbHBIA KOTHUTUBHBIN Je(UIUT U He0O0X0-
IUMOCTh B COIIMAJIbHOM ajanranuu [8, 9]. B
HacTosimee BpeMsi ODOJIBIIMHCTBO MCCJeq0BaTe-
Jiel, u3yJalole MeXxaHu3Mbl pa3BUTH S HECIIEIU-
¢duyueckoro geaupusi, IpUIEP>KUBAIOTCS TEOPUU
HelipoBocnasienusi. CucTeMHOe BOCIaJieHHEe U
9HJIOTeJIUAJIbHASA TUCPYHKIIMS YaCTO BO3HUKAIOT
y TalUeHTOB B KPUTUYECKUX COCTOSTHUAX U
COIPOBOKIAIOTCS YBEJINUEHNEM MPOHUKHOBEHU S
MMPOBOCHAJUTENbHBIX ITUTOKUHOB Yepe3 rema-
ToaHIlepaTnIYecKuil Oapbep, HapyIIeHNEeM ero
1IeJIOCTHOCTH, U OcJIenyioeil nHuIsrpanuen
IIEHTPAJTbHOU HEPBHOU CUCTEMBI JIEUKOIIUTAMU U
nuTokuHamu [7, 10, 11], 4TO MOKET IIPUBECTHU K
UIIeMUU HEUPOHOB, UX allONTO3Y, ITOCAETYIOIIEMY
HeWpoBOCHAIEHUIO, ¥ KIUHUYECKU MaHUGeCcTr-
poBaTh Kak geaupui [12-14].

B coBpeMeHHOU KJIMHUYeCKOU TPAKTUKE [T
ceJlaliuy MaIeHToB, B TOM YK CJIE ¥ C Da3BUBIIIEM-
Cs1 IeJIMPUEM, JIOCTATOYHO YCIEITHO UCIIOJIb3YeTCs
BHYTPHWBEHHBIA OOIINI aHeCTEeTHK Iporod o —
npenapar ¢ JOKa3aHHbIMUA aHTUOKCUIAHTHBIMU
cBorictBamu (15, 16]. Ho B mocJyiegHME Toabl BCe
OoJbIIIee BHUMAaHUE VCCIIeIOBaTeeN U KITMHUITI-
CTOB IIPUBJIEKAET JIEKCMEETOMUJINH, CeJTaTUBHBIN
nperapar u3 Ipymiibl HeHTPATbHBIX aTbda2-aape-
HOArOHUCTOB, OTJIUYUTESTHLHON O0COOEHHOCTHIO

Introduction

Severe polytrauma is accompanied by signifi-
cant systemic inflammatory response and oxidative
distress [1-3], wherein suppression of antioxidant
systems of the body might play an important role
in the development of complications of this pathol-
ogy [2, 3]. Development of delirium occurs quite
frequently in severe polytrauma patients; however,
scientific publications on the issue are scarce and,
according to authors investigating this issue, it re-
mains underestimated [4]. The importance of
studying postoperative delirium has been empha-
sized more than once [5, 6], and the latest European
Guideline has just confirmed the relevance of this
quite serious problem [7].

Negative influence of delirium on the duration
of main disease treatment, postoperative mortality,
long-term cognitive deficit and requirement for social
adaptation causes no doubt [8, 9]. Currently, most re-
searchers investigating the mechanisms of non-spe-
cific delirium development entertain the neuroin-
flammation theory. Systemic inflammation and
endothelial dysfunction occur often in critical pa-
tients and are accompanied by the increased pene-
tration of pro-inflammatory cytokines through the
blood-brain barrier, compromising its integrity, fol-
lowed by infiltration of nervous system by leukocytes
and cytokines [7, 10, 11], which might lead to neurons
ischemia, apoptosis, subsequent neuroinflammation,
and clinically manifest as delirium [12-14].

In the current clinical practice, for sedation of
patients including those who developed delirium,
intravenous general anesthetic propofol, a drug
featuring proven antioxidant properties, is used
quite successfully [15, 16]. However, in recent years,
the attention of researchers and clinicians is in-
creasingly attracted by dexmedetomidine, a seda-
tive drug from the group of central alpha2-
adrenoagonists, which specific feature is its organ
protective properties [17, 18] and, according to
some studies, antioxidant properties [19, 20].

In this connection, it seems relevant to com-
pare these drugs for treatment of non-specific
delirium that has complicated a severe polytrauma,
which is almost always accompanied by prominent
oxidative distress.

The purpose of the study is to evaluate the in-
fluence of intravenous sedation using dexmedeto-
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KOTOPOTO, SIBJISIOTCS OPTaHOINPOTEKTOPHbBIE CBOM-
cTBa [17, 18] 1, Kak OTMEYEeHO B psAJe UCCIe0Ba-
HUM, aHTUOKCUJAaHTHBIE CBOIcTBa [19, 20].

B aroil cBsA3U TIpeNiCcTaBJsIETCSA BasKHBIM
CpaBHUTH JIaHHbIEe Mperaparbl [Js JedyeHUus
Hecnenu@UIeckoro AeJupusi, OCJOKHUBIIETO
TedeHUe TSKeJ0N CoOueTaHHOW TPaBMOM, KOTopasi
MPaKTUY€eCKH BCETa COMMPOBOKIAETCS BhIPAYKEH-
HBIM OKCUJIaTUBHBIM JUCTPECCOM.

Ilenbp mccienoBaHUsI — OIEHUTH BJIUSHUE
BHYTPUBEHHOH ceJaluu JeKCMeJeTOMUINHA U
nporodoJsia Ha BIPAKEHHOCTh OKUCJIUTEILHOTO
JUCTpecca, TSXKeCTh U NJIUTeIbHOCTh JAeJIUpUsl y
MaIlMeHTOB C TSXKeJI0H COueTaHHON TPaBMOH.

MarepuaJ 1 MeToAbI

HccnemoBanne HOCUIIO PETPOCHEKTHUBHO-IIPO-
CIIEKTUBHBIN XapakTep, I'PyIIly CpaBHeHUsl HaOpaiu
PeTPOCIEeKTUBHO. Bcero B uccienoBanue BKJIIOYUIIN
172 nmocrpagaBmux. Ilocse OmeHKM MO KpUTEPUAM
BKJIIOYEHU A/ UCKJIIOYEHU B 3aKJIIOYUTEIbHYIO 4aCTh
nccyaenopanusa Beeau 100 moctpagasmmx. [lamyueHTos,
B 3aBUCHMOCTH OT METOJa CeJalyy, paclpeieniay Ha
JaBe rpymnnsl: rpynna I (n=51) u rpynna II (n=49, B xom-
IJIEKCHOH Tepanuy KOTOPbIX UCII0JIb30BAJINA IPONIOd0JI
U JeKCMeeTOMUAVH, COOTBETCTBEHHO (puc. 1). KoHT-
POJIbHOM I'PYNIION OBITH 3J0POBBIE JOOPOBOJIBITHI 10-
HOpBEI (n=20).

Kpurepun BKIIOYEHU B UCCIIELOBAHUE:

1. Boapacr ot 18 o 50 JieT;

2. TpaBma AByX u OoJsiee obJiacTedl IpUMeHU-
TeJIbHO K UCII0/Ib3yeMO IIPU OLleHKe TSKEeCTU TPABMBbI
COKpAIlleHHOH 1IKaJie moBpekaeHuit AlS (ot anmi. Ab-
breviated Injury Scale) [21];

3. Onenka o mxkaste ISS (ot anri. Injury Severity
Score) [22] mpu noctyrieHny: 16-50 6asI0B (TsKetas
1 OYEHb TsYKesas TpaBMa).

midine or propofol on oxidative distress promi-
nence and delirium severity and duration in severe
polytrauma patients.

Materials and Methods

The study had a retrospective-prospective nature,
the comparison group was selected retrospectively. In
total, 172 victims were included in the study. After evalu-
ation according to inclusion/exclusion criteria, 100 vic-
tims were included in the final stage of the study. De-
pending on the method of sedation, the patients were
divided into two groups: group I (n=51) and group II
(n=49), in whose combined therapy propofol or
dexmedetomidine was used, respectively (fig. 1). The
control group was composed of of healthy volunteer
donors (n=20).

Inclusion criteria:

1. Age of 18 to 50 years of age;

2. Trauma of two regions or more as applied to as-
sessment according to the Abbreviated Injury Scale (AIS)
utilized [21];

3. Assessment according to the Injury Severity
Score (ISS) [22] at the time of admission: 16-50 points (a
severe and a very severe injury).

Non-inclusion criteria:

1. Presence of acquired immune deficiency syn-
drome (AIDS), active phases of viral hepatitis;

2. Presence of alcohol or drug addiction;

Brain injury;

History of mental diseases;

Neurodegenerative diseases;

Dementia;

. Injury with ISS score over 50 (the risk of lethal
outcome exceeds 75%).

Exclusion criterion:

1. Delirium recurrence in the course of treatment.

In the study groups there were no differences in
gender, age, injury severity at the time of admission

No o ew

Admitted patients
n=172
Presence of non-inclusion criteria
> n=68
> Recurrence
n=4
A
Included in the study
n=100
Included in Dexmedetomidine group l Included in Propofol group
n=49 — n=51

Puc. 1. Cxema 0TOOpa al[eHTOB B MCCJIeIOBAHHE.
Fig. 1. Scheme of selection of patients into the study.

IIpumeuanue. Admitted patients — mocTynuBIIre manueHTsl; presence of non-inclusion criteria — Hamu4Me KpuTEpHUEB He-
BrioueHus; Included in... the study/group — BkJIIO4YeHBI B... UccieqoBanue/rpymmy; dexmedetomidine — 1ekcMe1eTOMUINH;

propofol — mpomnodor.
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Tabauna 1. KinnHu4Yeckas XxapakTepuCTHKA MAIUeHTOoB (M+0).

Table 1. Clinical characterization of patients (M+0).

Parameters Value of parameters in groups P
Propofol Dexmedetomidine

Number of patients 51 49 >0.05
Number of men, abs. (%) 38 (74.5%) 40 (81.6%) >0.05
Number of women, abs. (%) 13 (25.5%) 9 (18.4%) >0.05
Height, cm 172.1£7.3 176.2+6.0 >0.05
Weight, kg 74.8+12.9 73.4+12.5 >0.05
Age, years 35.1+9.0 33.5+9.1 >0.05
Hospital mortality, abs. (%) 5(9.8%) 6 (12.3%) >0.05
Yearly mortality, abs. (%) 7 (13.7%) 8 (16.3%) >0.05
ISS 33.3+3.7 32.6x4.1 >0.05
VIS 7.0£2.8 7.5%2.5 >0.05
SAPS baseline 32.745.0 30.7+3.3 0.86
SAPS in the beginning of delirium 32.1+4.1 27.8%3.6 0.646

Cognitive dysfunction, 1 month 17/46 (37%) 14/43 (33%) >0.05
Type of Trauma

Battle, abs. (%) 37 (72.6%) 36 (73.5%) >0.05

Railroad, abs. (%) 9 (17.7%) 7 (14.3%) >0.05

Motor-vehicle, abs. (%) 3(5.9%) 5(10.2%) >0.05

Civilian, abs. (%) 2 (3.9%) 1 (2.0%) >0.05

Note. ISS — Injury Severity Score; VIS — Vasopressor Inotropes Score; SAPS — Simplified Acute Physiology Score. Trauma severity

was assessed by ISS (Beaker S. et al., 1974).

IIpumeuanue. Parameters — napameTpsl; value of ...in groups — 3HadeHu4 ... B rpymnmnax; number of — guciio; patients/ men/
women — HaIMeHTOB/ MyKUMH/ keHIINH; height — poct; weight — Bec; age, years — Bo3apacrt, jeT; mortality — cMepTHOCTB;
hospital/yearly — rocnuranbHnas /ronosas; ISS, VIS, SAPS — mikausisl; baseline — ucxonso; in the beginning of delirium — B na-
yasie nesaupus; cognitive dysfunction, month — koruutuBHas gucdysknus, mecsi; type of trauma — Tun TpaBmbl; battle —
6oeBas; railroad — skene3HogOpOsKHAST; motor-vehicle — aBTroMoOuMIIbHAS; civilian — O6bITOBast. OleHKA TSYKECTH TPABMBI ITPO-

BoJMJIACh 10 mikaJie ISS (Beaker S. et al., 1974).

Kpurtepun HeBRJIIOUEHUSA B UCCJIEJOBAHUE:

1. Hanmuwme cuHIpOMa MpHOOPETEHHOTO NMMY-
Hopedunura (CIIV/I), BUPYyCHBIX I'ellaTUTOB B aKTUBHOMN
dasze;

2. Hanuywme ajakOTOJbHOU MM HAPKOTHUYECKOU
3aBHCHUMOCTH;

3. TpaBma roJloBHOTO MO3ra;

4. Hajuuume ncuxuyecKux 3a00JIEBaHUM B aHAM-

5. HeliponerenepaTruBHEIe 3a00I€BaHUS;

6. JlemeHmus;

7. TpaBMa c OIleHKOH 110 mkase ISS 6osee 50 6ast-
JIOB (PHCK HACTYIVIEHUA JIeTaJIbHOTO rcxoa boJtee 75%).

Kpurepuii HCKIIOYEHUS:

1. IloBTOpHOE pa3BuUTHE [eJUPUSA B IIpolecce
JledeHusl.

B nccsiegyeMbIx IpyIax He BbIABUJINA OIMYUAY 110
TreHJepHO IIPUHAJJIEeKHOCTH, BO3PaACTy, TXKECTU
TpaBMbI B MOMEHT IIOCTYIIJIEHHA (OLeHKa Mo 1mKaJe ISS)
U 10 BBIPA)KEHHOCTHU IOJIMOPTaHHOM Juc@yHKIUU
(otreHka 1o mkasie SAPS) (Ta6J1. 1). [IpecraBieHHbIE TaH-
Hble II03BOJIMJIA CYUTATH UCCIefyeMble MPYIIIbI COIIOCTa-
BUMBIMH, @ pe3yJIbrarbl IPOBEeHHOIO0 CpaBHEHUs —
KOPPEeKTHBbIMU Pacnipe/iesieHrie IOCTPAJaBIINX B IPYNITax
B 3aBUCUMOCTH OT MeXaHH3Ma TPaBMbI IIpeACTaBUIIN B
Tabs1. 1. JlocTaTOYHO MOJIOOH CpeIHUI BO3PacT, Bepo-
SITHO, TIpeIoNpeesuI mpeobiraganme 60eBOi TPaBMBI
(6ostee 70%) y IOCTpaTaBIINX, BKIIOYEHHBIX B HACTOSIIIIEE
Hcc/eloBaHue.

INocse moCTyTIIIEHU B JiedeOHOe yupeskjeHue na-
IIMEeHTHI ITPOXOIUJIN IT0JTHOE 06C/IeJOBaHNE B COOTBET-
CTBUE C XapaKTepOM BbISIBJIEHHOT'O ITOBpeskaeHus1. I1o
BO3MOSKHOCTH, XUPYPI'H UCIIOIb30BAIN TAKTUKY aKTHB-
HOT'0 XMPYPru4uecKoro jedeHus nocrpagasmux. Ilocie
NOCTYIIJIEHUS B I1aj1aTy MHTEHCUBHOMN Tepaluu Bce Ia-

(based on ISS score), or prominence of multiple organ
dysfunction (assessed according to SAPS). Distribution
of victims in groups depending on the injury mechanism
is shown in table 1.

After admission to a medicinal institution, patients
were subjected to complete examination according to the
nature of injury detected. As far as possible, surgeons ap-
plied the tactics of active surgical treatment of victims.
After admission to the intensive care unit, all patients re-
ceived the full scope of medical care in accordance with
the principles of severe polytrauma management [23].

Patient safety monitoring included: electrocardio-
graphy, non-invasive measurement of arterial blood
pressure, pulse oximetry, measurement of respiratory
rate and minute volume [23, 24]. Delirium was diagnosed
using the confusion assessment method in intensive care
unit (CAM-ICU) [25]. Screening was carried out on a daily
basis during the whole period of patients’ staying in ICU.
When the result was positive, the delirium intensity was
evaluated according to the ICDSC protocol (Intensive
Care Delirium Screening Checklist) [26]. In group I, seda-
tion was achieved using propofol; the drug infusion was
commenced with the starter dose of 1 mg/kg/hr. There-
after, the infusion speed was adjusted depending on the
patient’s response (the maximum dose was 4 mg/kg/hr.),
trying to maintain sedation at score 1-3 according to the
Richmond sedation scale [27]. In group II, sedation with
dexmedetomidine was performed according to the fol-
lowing regimen: the starter dose of the drug was equal to
0.7 mg/kg/hr.; thereafter, the infusion speed was ad-
justed depending on the patient’s response, in order to
maintain sedation at score 1-3 according to the Rich-
mond sedation scale, too [27]. In both groups, sedation
of patients was interrupted at least twice a day to repeat
assessment of the patient’s mental status.
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IIMEHTBHI TTOJYYaJTU TTOJTHBIA 00'beM MeTUITMHCKOMN T10-
MOIIN B COOTBETCTBUU C NTPUHIOUIIAMU JIECUEHUA TAKE-
JIOM COYeTaHHOU TpaBMHI [23].

MOHUTOPUHT 6€30ITACHOCTH COCTOSTHUS ITAITeHTa
BKJIIOYAJI: 3JIEKTPOKapaAuorpaduio, HeMHBA3UBHOE 13-
MepeHHe apTepuaJbHOr0 NaBJIEHUs, IIYJIbCOKCUMET-
pHIo, U3MepeHre YaCTOThI 1 MEHYTHOTO 00beMa JibIxa-
HUA (23, 24]. [I7151 TMaTHOCTUKHU JeJINPUSA VCI0JIb30BaIN
MeTOJl OIleHKH cryTaHHOCTH co3dHaHusA CAM-ICU (ot
aarn. Confusion assessment method in intensive care
unit) [25]. CKpUHUHT IPOBOIWJIA €KETHEBHO B TCUCHNE
BCEro BpeMeHu Hpe6bIBaHI/IH IIAaIIMEeHTOB B IIaJIaTe MH-
TeHCUBHOU Tepanuu. [Ipu moJI0KUTEeTbHOM pe3ysisTaTe
OLIEHKY BBIPAYKEHHOCTH JIeJIMPUs IPOBOJUIUA B COOT-
BETCTBHH C IPOTOKOJIOM CKPHHUHTOBOTO 00CIeI0Ba-
HusA Ha genaupuii ICDSC (ot ann. Intensive Care Delir-
ium Screening Checklist) [26]. B rpynme I cemanuio
TIPOBOUIIH MTPOTNI0(0JIOM — MHPY3UIO TIpernapara Ha-
4YMHAJIA B CTAapTOBOM no3e 1 mr/kr/4vac. [lajiee, cko-
pocTh UH(PY3UU KOPPEKTUPOBAJIU B 3aBUCUMOCTHU OT
peakyu nanreHTa (MakCuMaabHO — 4 Mr/Kr/4ac), cra-
Ppasichk OJIepsKUBATh CeJAIMI0 Ha ypoBHe 1-3 6asiia mmo
IIKaJje OIeHKH cTenmeHHW cemanmuu Richmond [27]. B
rpynne Il cemanuio neKCMeneTOMUAUHOM ITPOBOIUIIN
110 cJlelyIolel cxeMe: CTapToBasd 034 Ipernapara co-
crasJsaia 0,7 MKr/Kr/4ac, fjajnee, CKOpocTb UH(Qy3uu
KOPPEKTUPOBAIN B 3aBUCUMOCTU OT PeaKIUM Ialu-
€HTA, YTOOBI IO Iep>KUBATh CEJAIMIO TAKKe Ha YPOBHE
1-3 6aJi1a, 10 MIKaJie OI[eHKU CTeleHu ceaanuu Rich-
mond [27]. [TaruenTaM 06eux TPyII, MUHAMYM, JBa
pasa B CyTKU ceJallydIo IIpeKpallaiyd U IIOBTOPHO Olle-
HUBAJIM IICUXUYECKUH CTATyC IMalexTa.

IToMuMO CTaHIAPTHBIX UCCIEIOBAHUN, Y BCEX Ma-
IMEHTOB ONpeJesIsiia clepskaHre KapOOHUINPOBaH-
HBIX IEeNTHJIO0B B IIJIadMe KpoBU. KpoBb moJsydanu
nyTeM NyHKOUNU JIOKTEBOU BEHBI U ImoMeIgaJiu B IIpo-
OMpKH, copmepsKaliye 3THIEHINAMHHTETPAYKCYCHYIO
rucaoty (9ITA). HermocpencTBeHHO MocC/Ie mepeMelie-
HUsI B IPOOUPKU MMPOOKI TEHTPUMPYTHPOBAJIH CO CKOPO-
cTeio 1500 g B Teuenne 20 muH. [11a3amy coxpanaam npu
temneparype —20°C 1o nposenenns ananusa. Cogepsra-
HYe KapOOHMJINPOBAHHBIX O€JIKOB B IJIa3Me KPOBH U3-
MepsiJid MeToJoM crekTpodoromerpuu. ITocsie ocax-
JleHus1 0eJIKOB TJIa3MbI C PaBHBIM 00beMoM 1%-HOU
TPUXJIOPYKCYCHON KHUCJIOTBI, OCaJ0K pPeCcyCIeH3UpO-
Basu B 10 MM TH®TI' (nuHuTpodenuarugpasut) B 2N
HCl, nm ¢ momomibio 2N HCI B kauecTBe KOHTPOJIBHOU
3aroTOBKU. ['paHyJsIbl IPOMBIBAINA TP pas3a cMechio 1:1
9TaHOJI/9TUJIALeTaT ¥ KOHEYHBIN 0CaJJOK PACTBOPSLIIU B
6 M runpoxnopuaa ryanuanHa. Conepskanne Kapoo-
HWJIBHOU T'PYIIITBI OTIPEEJISA/IN 110 ONITUYECKOU IIJIOTHO-
CTH IIpU JJINHE BOJHBI 370 HM ¢ KO3 (PUIIMEHTOM IKC-
THHKIIA 22000 M~! cM~!. OBIIIyI0 KOHIIEHTPAIHIO OesTka
ONpelesIAad 10 IOWIOLIEHUIO IIPU JJInHEe BOJIHBL 280
HM, UCIIOJIB3YA CTaHOAPTHBIEC KPUBbIE NJIA OBIYLETO ChI-
BOPOTOYHOTO anb0OyMuHA. Pe3yisrarsl BBIpaskaadl B
BHUJE HMOJIb Kap6OHI/IJII)HLIX TPyl Ha MUJJIUTPaAMM
OeJika mIas3Mel [28, 29];

Haburonenme 3a 60/IbHBIMY IIPOIOJIKAJN B TeUe-
HYE BCEro Ieproja NpeObIBaHMSA B CTAllMOHApe. B masb-
HEeWIIMY aHaJIN3 BKJIIOYAJIU CJIeIyIoIIre mapaMeTphbl:

1. OueHKa 110 IIKaJje OLEeHKU TSKeCTU IIOBPEK-
nenuii ISS npu noctynseHuy;

2. Onenka no mkaJsie SAPS [30] npu nocryrienny,
Ha MOMEHT Havajia ¥ Ha MOMEHT OKOHYAHUS JIeJTUPUST;

In addition to standard examinations, blood
plasma carbonylated proteins were assayed in all pa-
tients. Blood was sampled by vein puncture and trans-
ferred into tubes containing ethylenediaminetetraacetic
acid (EDTA). Immediately after transfer into tubes, sam-
ples were centrifuged at 1500g for 20 min. Plasma was
kept at —20°C until analysis. The content of carbonylated
proteins in blood plasma was measured by spectropho-
tometry. After deposition of plasma proteins with an
equal volume of 1% trichloroacetic acid; the sediment
was resuspended in 10 mM DNPH (dinitrophenylhy-
drazine) in 2N HC], or with the help of 2N HCl as the con-
trol blanc. Granules were washed three times with 1:1
ethanol/ethyl acetate mixture, and the resultant sedi-
ment was dissolved in 6 M guanidine hydrochloride. The
carbonyl group content was established based on optical
density at the wavelength equal to 370 nm, the extinction
coefficient being 22000 M-' cm™'. Total protein concen-
tration was determined based on absorption at the wave-
length equal to 280 nm using standard curves for bovine
serum albumin. The results were presented as nmol of
carbonyl groups per milligram of plasma protein [28, 29];

Patients were observed during the whole inpatient
period. Subsequent analysis included the following pa-
rameters:

1. Injury severity assessment based on ISS at the
time of admission;

2. Assessment according to SAPS [30] at admis-
sion, at the beginning and at the end of delirium;

3. Delirium duration (days);

4. Hospital mortality (up to 30 days or the real time
if a patient stayed in hospital longer than 30 days).

5. A cognitive dysfunction event evaluated based
on the MoCA test 1 and 3 months after a severe poly-
trauma.

Infusion therapy was done using balanced solu-
tions of crystalloids (Sterofundin, Ionosteril) in the vol-
ume of 30 ml/kg during the first hours after diagnosis;
later — after the infusion requirement test (the PLR test).
As necessary, 10% albumin solution was used.

Noradrenalin, at a starter dose of 0.02 mg/kg/min
(0.3 mg/kg/min maximum), was used upon septic shock
development to maintain mean ABP > 65 mm Hg. In case
of myocardial dysfunction manifesting as increased fill-
ing pressure and reduced ejection fraction and/or per-
sistent hypoperfusion symptoms in spite of achieved ad-
equate intravascular volume and normal mean arterial
pressure, the therapy was complemented with dobuta-
min infusion at a starter dose of 5 mg/kg/min (12
mg/kg/min maximum).

Upon occurrence of respiratory failure (pO,/FiO,
index being less than 250), invasive assisted ventilation
was initiated following the principles of ‘safe’ artificial
lung ventilation. In case of renal failure, renal replace-
ment therapy, most often — continuous veno-venous he-
modiafiltration, was carried out.

Daily screening for development of non-specific
delirium was performed using the CAM-ICU method.

In the course of statistical processing, quantitative pa-
rameters were preliminarily analyzed for distribution nor-
mality using the D’Agostino and Pearson test. Mean values
of normally distributed quantitative parameters were pre-
sented in the paper as the arithmetic mean with standard
deviation (M+6), and non-normally distributed — as the
median with interquartile interval (Me [25-75%]). For com-
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3. IIpomoJKUTEeTbHOCTD AeJUPU (CYTKH);

4. TocnuTajbHas JIETAIBHOCTH (10 30 CYyTOK, UIu
peasibHOE BpeMs, eCJIN TAeHT MPOOBLI B CTaI[IOHApe
60s1ee 30 CyTOK).

5. CoObITHEe KOTHUTUBHOU TUC(YHKITNU, OTIeHEH -
Hoe 1o MOCA-Tecty uepe3 1 u 3 MecsIia 1ocJie TsKea0H
COYeTaHHOH TPaBMBI.

VH}Y3UOHHYIO Tepanuio MPOBOIUIN COATAHCH-
POBaHHBIMU PACTBOPAaMU KPUCTAJJIOUIOB (CTepodyH-
JIWH, TOHOCTepJI) B 00'beMe 30 MJI/KT B IIepBbIe Yachl
rnocje IOCTAaHOBKU [MarHos3a. B mocaenymomemM —
TIocJie IPOBeJIeHNsI TeCTa Ha IOTPeOHOCTH B NH(Y3UH
(PLR-TecT). ITo Mepe HeOOXOMMMOCTHA MCIOJIb30BaTN
10% pacTBop anpOyMHUHA.

Hopanpenanu B Haya/ibHOH 103€ 0,02 MKT/KT/MUH
(MakcuManbHO 0,3 MKT/KI'/ MYH) ACIOJIb30BAJIM IIPU pas-
BUTHUU CEIITUYECKOTO III0KA J1J11 IO iep>KaHusl CPeIHero
AJl > 65 MM pT. cT. B citydae nucyHKIIMM MUOKAp/a, BbI-
pakarolieiics B BUJe poCTa JaBJIeHUsI HAllOJHEeHUs U
HHU3KOTO CEP/IEYHOr0 BHIOPOCA M/ AJIA COXPAHAIOIINXCS
CHMIITOMOB runonep@ysuy, HeCMOTPS Ha JOCTUTHYThII
aZieKBaTHBIN BHYTPHUCOCYIUCTBIM 00'beM ¥ HOpMaJIbHOe
cpefHee apTepHabHOE aBJIeHHE K JIeYeHNIo J0OaB-
Jsyn wHGy3nio gobyraMrHa B CTApTOBOW 1o3e 5
MKI'/KT'/MUH (MaKCUMaJIbHO 12 MKT/KT/MUH).

IIpyu BOBHUKHOBEHUHU [1bIXaTeJIbHON HeJ0CTaTOu-
"Hoctu (mugexc pO,/FiO, menee 250), HaUMHaIU IPpOBe-
JleHre NHBA3UBHOU UCKYCCTBEHHOU BEeHTUJIALINN JIeT-
KHUX BO BCIIOMOTaTeJIbHOM pe)KUMe, PYKOBOZACTBYSACH
MPUHIOATIAMHU «0e30IMacHON» UCKYCCTBEHHOW BEHTHUJISI-
nueil jerkux. [Ipy BOSHUKHOBEHMH II0YE€YHOH HeJJoCTa-
TOYHOCTH IIPOBOAUJIN 3aAMECTUTEJIBHYIO [I0YEYHYIO Te-
pamnuio, 4daiie BCero, IPOAJIEHHYI0O BEeHO-BEHO3HYIO
reMouapUIBTPaLHIO.

Meronom CAM-ICU mnpoBonuau eskeJHEBHbBIN
CKPUHUHTI Ha pa3BUTHeE HeCllelu(pUIeCKOro NeIupuUsl.

IIpu cTaTHCTIYeCKOI 00pabOTKe KOTMYECTBEeHHbIE
napameTphbl IpeBApUTeIbHO aHAJIU3UPOBAJIA HA HOP-
MaJIbHOCTh pacupefesneHus tecroM J’Aroctuno-ITup-
cona. Cpe[iHre 3HaYeHUsI HOPMAJIBHO paclpeie/IeHHbIX
KOJIMYECTBEHHBIX ITapaMeTpoB B paboTe IIpeCTaBUII
CpeHuM apu(pMeTHYecKUM CO CTaHIAPTHBIM OTKJIOHEe-
HUeM (M+0), a HeHOpMaJIbHO pacupe/ie/IeHHbIX — MeIra-
HOU C MEKKBAPTU/IbHBIM UHTepBajsioM (Me [25-75%]).
JlJ1s1 cpaBHEHUsI KOJIMYeCTBEHHBIX BEJIMYUH C HOpMaJib-
HBIM paclpejiesleHeM UCII0JIb30BaId KpuTepuii CTbio-
JIeHTa. Iyl cpaBHEHUsI KOJIMYeCTBeHHBIX BeJINYNH, He
MMeIOLIUX HOPMaJIbHOIO pacupefeseHus1, IpUMeHs1In
U-kpurtepuil YutHrn-ManHa. [[J1s1 OIleHKU KavecTBa Ipe-
JUKTOPOB KJIWHUYECKUX UCXOI0B UCII0JIb30BAIU METOT,
panrosoii koppesisinuu CriupMmena u ROC-ananus. Pas-
JUYWS TPUHUMATNA CTATUCTUYECKU 3HAYUMBIMHU TIPHU
ypoBHe p<0,05. [Iy1A pacdyeToB HCIOIB30BAJU IIPO-
rpammel Statistica 10.0 (StatSoft, Inc.) u MedCalc 12.5.0.0
(MedCalc Software bvba).

Pe3ynbTaThl M 00CYK/IEHHE

Tsiskestast coueTaHHasi TpaBMa COMMPOBOsKIA-
eTCsA BBIPA’KeHHBbIM OKMCJIMUTEJbHBIM THUCTPEC-
COM, KOTOPBIU OIIEHMBAJIHU 110 COJePKaHUI0 Kap-
OOHUTMPOBAHHBIX ITENTHUIOB B KPOBU IMAIIEHTOB.
PedepeHcHBIE 3HAUEHUSA Y 3[I0POBBIX TOOPOBOJIH-
11eB MOJIOAOT0 Bo3pacra cocrasuiuau 0,55 [0,51;
0,59] umoab/Mr. Comepskanre KapOOHUIUPOBAH-

parison of normally distributed quantitative values, the Stu-
dent’s test was used. For comparison of quantitative values
that did not have normal distribution, Mann-Whitney U'test
was used. For evaluation of the quality of clinical outcome
predictors, Spearman rank correlation and ROC analysis
were used. Differences were regarded statistically significant
at P<0.05. Calculations were performed using Statistica 10.0
(StatSoft, Inc.) and MedCalc 12.5.0.0 (MedCalc Software).

Results and Discussion

Severe polytrauma is accompanied by promi-
nent oxidative distress, which was assessed based
on the content of carbonylated proteins in patients’
blood. Reference values in healthy young volun-
teers were equal to 0.55 [0.51; 0.59] nmol/mg. The
content of carbonylated peptides in severe poly-
trauma patients 12 hours after admission to the in-
tensive care unit had no significant differences be-
tween the groups (table 2).

Oxidative distress was most significant on day
3 after a severe polytrauma. It remained quite se-
vere on day 5 of the post-trauma period, too. At
that, there was no significant difference between
groups (table 2).

Importantly, the content of carbonyls in
plasma proteins from patients at delirium onset, 24
and 72 hours after its manifestation was statistically
significantly increased compared to baseline values,
as assessed 12 hours after admission (P<0.05) (fig. 2).

The study findings have shown that the choice
of a drug for sedation in all stages of the study did
not affect the oxidative distress severity assessed by
determining of content of carbonylated proteins.

It has been revealed that the quantity of car-
bonylated proteins reflects the trauma severity as-
sessed by ISS. The content of carbonylated proteins
in severe polytrauma patients measured 12 hours
after admission to the intensive care unit and the
trauma severity assessed by ISS have a reliable posi-
tive correlation relationship (r=0.39, P<0.05) (fig. 3, a).

Oxidative distress appears to play a certain role
in delirium development mechanisms. This is evi-
denced by existence of a positive correlation relation-
ship between the index under discussion and delir-
ium duration (=0.34; P<0.05) (fig. 3, b), as well as its
severity assessed by ISDSC (7=0.38, P<0.05) (fig. 3, ¢).

An attempt was made to trace the influence of
oxidative distress presentation on the incidence of
cognitive dysfunction evaluated by the MoCA test at
1 months and 3 months after a severe polytrauma.
Based on ROC analysis, the content of carbonyls as-
sayed 24 hours after onset of delirium demonstrated
satisfactory capability of forecasting cognitive dys-
function evaluated by the MoCA test 1 months after
a severe polytrauma (AUC 0.67, P<0.05) (fig. 4). Car-
bonyl content in proteins exceeding 0.78 nmol/mg
with 62% sensitivity and 67% specificity might evi-
dence development of cognitive dysfunction 1
month after a severe polytrauma.
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Tabmmmna 2. /luHaMHKa coJiep>KaHusI KapOOHUIHPOBAHHBIX ITENTH/IOB B KPOBH Y NMAIHEHTOB C Ts2KEJION cove-
TaHHOI TPaBMOI IIpH pa3BUTHH Jeanpusa, Me [LQ-HQ].

Table 2. Dynamics of the content of carbonylated proteins in the blood of severe polytrauma patients in case of
delirium development, Me [LQ-HQ)].

Study Stages Content of carbonylated proteins in groups, nmol/mg p
Propofol, n=51 Dexmedetomidine, n=49

12 hrs. after admission 0.70 [0.67-0.81] 0.69 [0.67-0.80] 0.740

Delirium onset 0.80 [0.68-0.83] 0.79 [0.67-0.82] 0.360

24 hrs. after trauma 0.79 [0.67-0.85] 0.78 [0.72-0.82] 0.710

72 hrs. after trauma 0.79 [0.67-0.85] 0.82 [0.68-0.92] 0.213

5 days after trauma 0.73 [0.62-0.83] 0.72 [0.62-0.82] 0.740

IIpumeuanwue. Study stages — aramnbl uccaenoBanus; content of carbonylated proteins in groups — cozepskanue kKapOOHUJIU-
POBaHHBIX NENTU/IOB B Tpymnax; after — mocsie; admission/trauma — nocrymienust/ Tpasmel. st Tabur. 2, puc. 1: hrs. — vacos;

days — cyTok; Delirium onset — Ha4aJo qeupus.

HBIX TIETITUJOB Y TaIu-
EHTOB C Tﬂmeﬂofl code- 0.85 - * * B Dexdor
TaHHOU TPaBMOU Yepes
12 9acoB MOCJIe TOCTYII- 0.80 - Propofol
JeHUs B OT/AeJIeHue
peaHuManuu U UHTEH- 075
CABHOH Tepanuud He % 0.70 -
MMeJI0 3HAYUMBIX OT/TH- E
YU MeKIy IpynnamMu 'g 0.65 -
(Taba. 2). g
OKuCAUTEJbHBIN 0.60 -
nucTpecc ObLT HambO- il - Volunteers
jJee BBIpa)KeH Ha 3 0.55 -
CYTKM TIOCJIE TSKEJON
COYETAaHHOW TpaBMBbI. 0.50 - - - - -
OH COXpaHsAJICA J0CTa- Outcome Delirium 24 hrs. 72hrs. 5days
TOYHO BBIPA’KEHHBIM U onset

Ha 5 CyTKH IIOCTTpaBMa-
TUYECKOTO  Iepuoja.
IIpu sToM moOKasareJiu
obeux rpynn He UMeJu
3HAYMMBbIX  OTIMYUUN
MEsKTy COOOM.

BaskHO OTMETHUTD, YTO COTiEPIKaHIE KapOOHU-
JIOB Ha MOMEHT HadaJja JIeJINpusd, yepes 24 u 72
yaca nocJje ero MaHudecranuy B 00enx rpymnmiax
OBLJIO CTAaTUCTUYECKW 3HAYMMO OOJIbIIE TIO
CPpaBHEHUIO C UCXOOHBIMU 3HAYEHUAMU, KOTOPbIE
OlleHUBaJIN Yepesd 12 4acoB I10c/Ie HOCTYIIeHUA
(p<0,05) (puc. 2).

PesynpraThl HMccae10BaHUSA MOKA3aJH, 4TO
BBIOOD TIperapara JAJjs cefalliyl Ha BCEX dTarax
HCCJIeIOBAHUS He BJIMSJ Ha TAYKECTb OKHUCJIU-
TeJIbHOI'0 JUCTpPecca, OLeHEeHHYI0 10 COofepsKa-
HHIO Kap6OHI/IJ'II/IpOBaHHbIX IIerITua0B.

BbIABMIIH, YTO KOJTMYECTBO KAPOOHMITUPOBAH-
HBIX [IENITU/IOB OTPAKAET TS3KEeCTh TPABMbI, OLIeHEeH-
Hyto 110 kate ISS. Conepsranme KapOOHMIPOBaH-
HBIX IENTUIOB Y IAIIMEHTOB C TSXKEJION COueTaHHOM
TpaBMOM, HM3MepeHHOe dYepe3 12 YacoB mocie
MIOCTYIVIEHUS B OTJleJIeHHe PeaHuMallui U UHTeH-
CUBHOHI Teparuu, 1 TAKeCTb TPaBMbI, OLIEHEHHAasA 110
mKase ISS, nMerT JOCTOBEePHYIO NOJI0KATEIBHYIO
KOppeJIALMOHHYIO ¢BA3b (1=0,39, p<0,05) (puc. 3, a).

OTHOIIIEHUIO K UCXOOY.

Puc. 2. lmHaMHKa coep;KaHusA KapOOHUIMPOBAHHBIX MENITH0B B KPOBH MAIEHTOB.

Fig. 2. Dynamics of the content of carbonylated proteins in the patients’ blood.

Note. * — significant differences in respect of the outcome.

IIpumeuanue. Outcome — ucxop; volunteers — HOOPOBOJBIIBL. ¥ — 3HAYNUMbBIE PA3JIMYUS 110

Our previous study has shown that employ-
ment of dexmedetomidine to stop delirium vs.
propofol allows reducing the time required to cure
this complication on day 1 and does not affect the
30 day mortality [31].

It is known from literature that severe poly-
trauma is accompanied with prominent oxidative
distress [2, 3], which severity increases the inci-
dence of infective pulmonary complications [3]. At
the same time, the influence of oxidative distress of
the duration and severity of delirium complicating
the post-trauma period remains unknown. We have
evaluated the oxidative distress severity based on
the content of carbonylated proteins in the pa-
tients' blood. It has been shown recently that the
investigation of blood carbonylated proteins dy-
namics in patients after cardiac and coronary vas-
cular surgeries provides significant prognostic
power for early diagnosis of organ disturbances
during the early postoperative period [32]. Our
findings have confirmed the hypothesis that car-
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Fig. 4. ROC analysis of the content of carbonyls measured 24 0.4 p [
hours after onset of delirium and cognitive dysfunction 1 I 1 l
month after a severe polytrauma (AUC 0.67, P<0.05). 0.2 . - - -
IIpumeuanue. Sensitivity — 4yBCTBUTEILHOCTB; specificity — 2 3 . 4 . 5 6
CremupuIHOCTE Delirium duration, days c
’ 1.6
o o 1.4 .
OKuCINTEIbHBINA JAUCTPECC, 110 BCEN BUIU- . .
MOCTH, UT'PaA€T OIIPENEJIEHHYIO POJIb B MEXdHU3- 1.2 1 . i
Max pa3BUTHUA OEJIUPUA. 00 aTom CBUOETEJILCTBY- ¥ 10 H .
eT HaJU4Yue MOJIOKUTEIbHOU KOppeJ’[HHHOHHOﬁ § * * 1 o aen-
o 3 PP b
CBSI3U 00CY>KRIaeMOTO MTOKa3aTeJsIs C MPOHOJIKU-- g 0.8 . ' L PP 3 H
o tieeem . 3 .
TeJIbHOCTBIO fenupus (r=0,34; p<0,05) (puc. 3, b), 06 - i . s .
d TaK>Ke C ero Ta»KXecCTblo, OHeHeHHOﬁ II0 OIKaJIe ) . : !
ISDSC (r=0,38, p<0,05) (puc. 3, c). 0.4 ' | | ]
[IpepnprHAMM NONBITKY IPOCIEIUTH BJINAA- 0.2 ' 1 .
HUE BbIPasKEHHOCTU OKUCJIUTETLHOTO JUCTPecca 3 4 5 Icgsc 7 8 9

Ha 4aCTOTy pa3BUTHsI KOTHUTUBHOU AUCHYHKINHY,
oneHeHHOH 110 MOCA-TecTy B Ilepuonbl: 1 MecsIl
U 3 Mecsila nocJje TSAKeJI0U COUeTaHHON TPaBMBbl.
Ilo pesynbsraram ROC-anHanusa cogepskaHue Kap-
OOHUJIOB, OIleHEHHOE Yepe3 24 Tocsie pa3BUTHSA
JeJupus, II0Ka3aJno yaOBJIEeTBOPUTEIbHbIEC BO3-
MOSKHOCTH [IJIs1 IPOTHO3WPOBAHN ST KOTHUTUBHON
nucgysknuy, oneHeHHoil nmo MOCA-tecTy B
nepuop yepes 1 Mecsr] ocJjie TSKeJI0U coueTaH-
Hoii TpaBMBI (AUC 0,67, p<0,05) (puc. 4). Conepsxa-
Hre KapOoHMIIOB 60J1ee 0,78 HMOJIB/MT C YyBCTBU-
TEJbHOCTBIO 62% 1 cienin(pUIHOCTHIO 67% MOSKET
CBUJIETEJILCTBOBATh O PA3BUTUU KOTHUTUBHOMU
IUCHYHKIIMU yepe3 1 MecsI] II0cJIe TsI3KeJI0M coue-
TaHHOU TPaBMBbI.

B Hamre#t npeabiaymei pabore 6170 TOKA-
3aHO, YTO MCIIOJIb30BaHUE JEeKCMedeTOMHINHA
[J18 KyIIAPOBAaHUA IeJIMPUs B CDABHEHUH C IIpO-
1o 010M TO3BOJISIET YMEHBIIIUTH BpeMsi, HE00XO0-
JUMoOe [JIs JIEYeHHUs TaHHOT'0 OCJIOKHEeHU:A Ha 1

Puc. 3. KoppenssunoHHasi CBSI3b COJAEP KaHUsI KapOOHHJIH-
POBaHHBIX MENTHAOB B KPOBH IALIMEHTOB C (a) TAKECTHIO
TpaBMBbl, (b) IJINTETBHOCTHIO U (€) TAMKECTHIO NeJTUPHSI.

Fig. 3. Correlation relationship between the content of car-
bonylated proteins in the patients' blood and (a) trauma
severity, (b) delirium duration, and (¢) delirium severity.
IIpumeuanmue. ISS, ICDSC — mikaJbl.

bonylated proteins represent an oxidative distress
bystander of polytrauma severity assessed by ISS.
Importantly, no influence on oxidation distress of
sedation drugs (dexmedetomidine vs. propofol)
was found at all stages of the study.

Conclusion

Therefore, our findings of positive correlation
between blood carbonylated proteins and delirium
duration (r=0.34; P<0.05) and severity assessed by
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Knuuudeckue uccjaegoBaHud U IIpaKTUKaA

CyTKM U He OKasbIBaeT BaUAHUA Ha 30-IHEBHYIO
JIeTaJIbHOCTD [31].

W3 naHHbIX JIMTEpaTyphbl U3BECTHO, YTO TsKe-
Jasg coueTaHHasl TpaBMa COMMPOBOKIAETCS BhIpa-
KEHHBIM OKMCJIMTEJIbHBIM IOucrpeccom [2, 3],
TSPKECTh KOTOPOTO yBEJINUUBAET 4aCTOTy UH(EK-
IIMOHHBIX JIETOYHBIX OCJOKHEeHUH [3]. B TO ke
BpeMsi, BJIMSTHUE OKUCIUTEIbHOTO JUCTpecca Ha
IJIUTEJIbHOCTD U TAKECThb JeJIUPUsd, OCIOKHUB-
[Iero Te4yeHne MOCTTPABMATUYEeCKOTO Mepruoa,
OCTaeTCs HEBBIICHEHHOU. MBI OII€HUJIN TAKECTh
OKHMCJIMTEJBHOTO JUCTPECca IO COIepyKaHUIo0 Kap-
OOHUIMPOBAHHBIX ITENTHUIOB B KPOBU IMAITEHTOB.
HenmaBHO moKa3aHO, YTO UCCJIeIOBaHNE JUHAMUKU
comepskaHusl KapOOHMJIIMPOBAHHBIX MENTUIOB B
KPOBU MAaI[MEHTOB MOCJe ONepanuii Ha ceplie U
KOPOHApHBIX COCYJaxX UMeeT 3Ha4uMble IIPOTHO-
CTUYEeCKHE BO3MOKHOCTH [IJIs paHHEU JUarHo-
CTUKU OPTaHHBIX HapyIIeHUU B paHHEM IIOCJe-
onepauuoHHM nepuoge [32]. IlosyuyeHHbIEe HAMU
pe3yabTarsbl IOATBEPIUJIN TUIIOTe3y O KOoJude-
CTBEHHOM COJIepKaHUM KapOOHUIUPOBAHHBIX
MEeNTHUI0B, KaK ITOKa3aTeJse BbIPAYKEHHOCTU OKUC-
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ISDSC (r=0.38, P<0.05) clearly demonstrate the
contribution of oxidative distress to the delirium
development mechanisms.

JINTETLHOTO TUCTPECCA, OTPAKAIOIIETO TSKECTD
COYEeTaHHOI TPABMBI, OTIEHEHHOM 110 mrKaJie ISS.

3akJrouenue

PesynbraThl UccaenoBaHUsA MMOKa3aJau, 4TO
OKUCJIUTEIbHBIN AUCTpece, 10 Bcell BUAUMOCTH,
urpaer onpejeJeHHYI0 POJb B MEXaHN3MAaX pas-
BUTHS JeJIMPUs], O YEM CBUJIETEJILCTBYET MOJIOMKU-
TeJIbHasi KOpPeJISIMOHHAsA CBsI3b CONlEpP)KaHUS
KapOOHMWJINPOBAHHBIX 0€JTKOB B KPOBH C IIPOJTOJI-
SKUTEJIbHOCTBIO feaupus (r=0,34; p<0,05) u c ero
TAKECTBbIO, olleHeHHou 1o mkaJie ISDSC (r=0,38,
p<0,05).

BaskHO OTMETHUTD, YTO PA3HUIIBI BJIUSHUA HA
BBIPA’KEHHOCTh OKUCJIMTEIbHOTO AJUCTpecca pu
MIPUMEHEHUN CPaBHUBAeMbIX IIPernaparoB JJis
cefanumu (IeKCMeIeTOMUJAMH U nponodos) He
BBISIBUJIY Ha BCEX dTaIax UCCJIeTOBaHUS.
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BinsiHHE MeTOI0B HEHHBAa3MBHOM PeCITHPATOPHOH MOIEPIKKH
Ha ra3000MeH y KapAHOXHPYPruIeCcKMX 00JbHBIX
C MocJIeoNnepaniOHHON JbIXaTeJIbHON HEeJJOCTaTOYHOCTBIO
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Influence of Noninvasive Respiratory Support Techniques on Gas Exchange
in Cardiac Surgical Patients Suffering from Post-Operative Respiratory Failure
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JlpIxaTeTbHAsT HEAOCTATOYHOCTH (JIH) mociie 9kcTyOarum Tpaxeu BOSHUKAET Y 5-25% KapIuoXupypruye-
CKUX 00BHBIX. J[71s1 Tedenwnst [IH TOCTyITHBI pas3/IMmYHbIe METOIbI HEMHBA3UBHOU PEeCIIMPATOPHON MOIEPSKKH.

IeJss McciiefoBaHUA — CPaBHUTEJIbHAS OIIEHKA BJAUSHNS Ha Ta3000MeH MHT AN KUCI0PO/ia Yepes
MacCRy C IpeaBapuTeJIbHbIM O6’I)eMOM, HEeMHBa3UBHOW MaCOYHOU BEHTUJIANU C IIOJIOKUTEJIbHBIM TaBJIe-
HHEM B IbIXaTeJ/IbHBIX ITYTAX U BBICOKOIIOTOYHOM BEHTU/IAIVU JIETKUX ITPU HOCTBKCTy6aHHOHHOﬁ AbIXaTeJib-
HOI HEeJJOCTaTOYHOCTH Y KapINOXUPYPIUIECKUAX O0THHBIX.

MarepuaJjsl 1 MeTOAbI. B 1iccienoBanre BRIIOYUIIN 52 KapIUOXUPYPrUYeCKUX NAUEeHTa C IIOCTIKCTY-
OaIMOHHOM TBIXaTeTbHOM HEI0CTaTOYHOCTRIO (CpeaHuil Bo3pacT 61 (55-67) siet). KputepusiMu JbIxaTesTb-
HOW HEeJJOCTaTOYHOCTU AIBJISLJIUCE: cooTHOoLIeHue Pa0,/FiO, < 300 MM pT. cT. uiu SpO, < 88% npu IbIXaHUU
aTMOC(bepHI)IM BO3IyXOM. KpI/ITepI/IHMI/I HUCKJIIOYEHUsI OBLII0 HAJTUYNEe Y Ialf€eHTOB IIJIEBPaJIbHOI'O BBINIOTA,
IIHEBMOTOpakKca, lapeaa guadparmsel. KaskioMy namyeHTy 1ocsenoBaTeIbHO IPOBOJUIINA aHAJIN3 Fa30BOI0
COCTaBa apTepHuaJbHON KPOBU IIPU AbIXaHUU aTMOCKhepPHBIM BO3yXOM, HU3KOIIOTOYHOM Tepaluy KUCJI0-
POIOM C IIOMOIIBIO MACKH C IPeBAPUTETLHBIM 00'b€MOM, BBICOKOTIOTOYHOU BeHTU Isinmu (BI1B) 1 HenHBa-
3UBHOM MaCOYHOW BEHTUJISAIUM JIETKUX C MOJIOKUTEIbHBIM naBiaenneM (HVUMBJI). ITpono/sxkuTe IbHOCTD
IIpUMEHEeHUs KayK0r0 MeToa A0 B3sATUSA aHaJIM3a cocTaB/isAna 1 yac. YacToTy AbIXaTeIbHbIX ABUYKEHUN
(Y 0) u carypanuio KanusaasipHoit KposH (SpO,) MOHUTOPUPOBAJIN HA TPOTSSKEHUHU BCETO UCCJIETIOBAHMS.

PesyubraThl. CooTHOLIeHUe PaO,/FiO, BO BpeMsi HU3KOIIOTOYHOM OKCUTeHOTepalluy cocTaBuiIo 171 (137—
243) MM pT. cT. Ha pone BIIB nanHbIl IOKa3aTes b yBeanduiics a0 235 (183-305) MM pT. cT. (p=0,00004), a npu
nepexone Ha HYUMBJI — no 228 (180-288) MM prt. cT. (p=0,000028). IIpn stom SpO, Ha BIIB u HUMBJI yBe-
An4IUBaIock ¢ 95 (93-98)% mo 98 (96-99)% (p=0,000006) n 97 (95-98)% coorBercTBeHHO (pP=0,000006 1
p=0,000069). PaCO, OBL10 BBIIIIE NIPH JbIXaHUU KUCIOPOTHON MacCKOM, 4eM Ha Bo3ayxe — 41 (37-44) MM pT.
CT. 1 38 (34-42) MM PT. CT., cooTBeTCTBeHHO, p=0,0017. ITpn nepexone Ha BIIB PaCO, cHn»xanocs, B cpegHeM,
Ha 10% (37 (33-39) MM pT. cT., p=0,0000001), Ha HUMBJI — Ha 7% (38 (36-42) MM pT. CT., p=0,0015). Tak:xe
pasau4aus 661N 3HAYUMBIMU ITPU cpaBHeHNU Y /1] Ha KucI0poaHo# macke (20 (16-24) [I/1/mun) ¢ BIIB (16
(12-20) AJ1/mun, p=0,0) u c HUMBJI (18 (16-20) I1/muH, p=0,018). IIpu cpaBaenun BIIB ¢c HUMBJI BbI-
AIBJIEHBI JOCTOBepHBIe padanausa B Y/ (16 (12-20) I/1/mun nportus 18 (16-20) J1/1/muH, p=0,016), PaCO, (37
(33-39) MM pT. cT. mpoTuB 38 (36-42) MM PT. CT., p=0,0034) u SpO, (98 (96-99)% npotus 97 (95-98)%, p=0,022).

3akarouyenue. BI1B u HUMBJI 06/1a1a10T CXOAHBIM ITOJIOSKUTETBHBIM 3(p(hEeKTOM Ha OKCUTEHUPYIOIIYIO
(PYHKITHIO JIETKUX ¥ Ta3000MeH Y KapANOXUPYPTHYECKUX OOJIBHBIX C TOCTIKCTYOAMOHHON bIXaTeIbHOH
HEeJI0CTATOYHOCTHIO. BRICKOIIOTOYHAST BEHTUJIAIMS, TI0 cpaBHeHUI0 ¢ HUMBJI, okasbiBaeT 60Jiee BEIpasKeH-
HBIN TOJIOKUTEJIBHBIN 9 ekt Ha snmumuHanuio CO,, Y1 u SpO, u jiydiie nepeHoCHUTCs NaryeHTaMu.

Kntoueswte croea: OvixamenvHasi HeOOCMAmo4HOCMy; HeUHBA3UBHAS PECRUPAMOPHAsL N000epPIHCKa; 8bl-
COKONOMOYUHASI BEHMUNSYUSL NEKUX; UH2ANAUUSL KUCTOPOOa Yepe3 MACKY ¢ npedsapumenbHuim 006emom; He-
UHBA3UBHAS MACOUHASL BEHMUNSIYUSL Ie2KUX C NOJIONCUTNENbHBIM 0asaeHuem

Respiratory failure (RF) after tracheal extubation occurs in 5-25% of cardiac surgical patients. Various non-
invasive respiratory support techniques are available for RF treatment.

Anpecc A1 KOppeCcIOH e HIIHH: Correspondence to:
TTosmmua BiragumuposHa I[TossikoBa Polina V. Polyakova
E-mail: polyakova_polina@mail.ru E-mail: polyakova_polina@mail.ru

GENERAL REANIMATOLOGY, 2019, 15; 4 www.reanimatology.com

21



22

DOI:10.15360/1813-9779-2019-4-21-31

Clinical Studies and Practice

The purpose of the study is a comparative assessment of the effect on gas exchange of oxygen inhalation
through a mask with noninvasive airway positive pressure mask ventilation, and high-flow lung ventilation
during post-extubation respiratory failure in cardiac surgical patients.

Materials and methods. 52 cardiac surgical patients with post-extubation respiratory failure (mean age 61
(55-67) years) were included in the study. Respiratory failure critera were as follows: PaO,/FiO, < 300 mm Hg
or SpO, < 88% during room air breathing. Exclusion criteria included presentation of pleural effusion in pa-
tients, pneumothorax, diaphragm paresis. Every patient was subjected consecutively to arterial blood gases
test during room air breathing, low-flow oxygen therapy using a mask with a pre-volume bag, high-flow ven-
tilation (HFNC), and noninvasive positive pressure mask ventilation (NIPPV). Each method was applied during
1 hour prior to the test. Respiratory rate (RR) and capillary blood saturation (SpO,) were monitored throughout
the whole study.

Results. PaO,/FiO, during low-flow oxygen therapy was equal to 171 (137-243) mm Hg. At the background
of HFNC, this index increased to 235 (183-305) mm Hg (P=0.00004), and upon transfer to NIPPV — to 228
(180-288) mm Hg (P=0.000028). SpO, during HFNC and NIPPV increased from 95 (93-98)% to 98 (96-99)%
(P=0.000006) and 97 (95-98)%, respectively (P=0.000006 and P=0.000069). PaCO2 was higher during oxygen
mask breathing compared to air breathing: 41 (37-44) mm Hg and 38 (34-42) mm Hg, correspondingly,
P=0.0017. Upon transfer to HFNC, PaCO, lowered on average by 10% (37 (33-39) mm Hg, P=0.0000001), to
NIPPV — by 7% (38 (36-42) mm Hg, P=0,0015). Differences were also significant when compred RR during
oxygen mask breathing (20 (16-24) respirations/minute) vs. HFNC (16 (12-20) respirations/minute, P=0.0) and
vs. NIPPV (18 (16-20) respirations/minute, P=0.018). Comparison of HFNC vs. NIPPV revealed reliable differ-
ence in RR (16 (12-20) respirations/minute against 18 (16-20) respirations/minute, P=0.016), PaCO, (37 (33-39)
mm Hg against 38 (36-42) mm Hg, P=0.0034), and SpO, (98 (96-99)% against 97 (95-98)%, P=0.022).

Conclusion. HFNC and NIPPV exert a similar positive effect on the oxygenating function of lungs and gas
exchange in cardiac surgical patients with post-extubation respiratory failure. Compared to NIPPV, high-flow
ventilation renders most significant positive effect on elimination of CO,, RR and SpO,, and is better tolerated

by patients.

Keywords: respiratory failure; noninvasive respiratory support; high-flow ventilation; oxygen inhalation
through a mask with a pre-volume bag; noninvasive positive pressure mask ventilation
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BBenenue

OcTpass [bIxaTeJbHAsA HEIOCTATOYHOCTh
(OJIH) siBasieTcsi cepbe3HBIM OCJIO’KHEHUEM OJT1-
sKalIIero IMmocJeonepamoHHOT0 Iepuoia Ipu
KapINOXUPYPruuecKux BMeIIaTe bCTBAX U OJHON
13 OCHOBHBIX OpUUUH cMepTHOCTA B OPUT [1-3].
Hapymenue anbBeossipHON OKCUTeHALIMU OCJTIe
JTAHHBIX OIepanuil HabJII0JaeTCsl MIPAKTHYECKH Y
BceX OOJIBHBIX, ¥ YaCTOTA BOSHUKHOBEHUS KJIMHH-
yecku 3HaumMmoil JIH HaxomuTcs B auarasoHe
5-25% [4, 5], cocTaB/AA IPpU MHOTOKJIAllIaHHBIX
BMeEIIIaTeTbCTBAX OKOJIO 17%, a Ipu onleparusax Ha
aoprte — 22% [5]. Cpeny npenornepaliioOHHbIX PUC-
KOB BO3SHMKHOBEHUSI JbIXaTeJIbHOM HEeJOCTaTOYHO-
CTH cjenyeT OTMeTUTh: KypeHnue, XOBJI, Bodpact
6oJsiee 70 JieT, HeHpPOMBIIIIeUHbIe 3a00JIeBaHUSA,
3aTparuBampollye [bIXaTeJbHYI0 MYCKYJIaTypy,
caxapHbIi nuabeT, XxpOHUYeCcKasl cepaedHast uiu
ToYevyHasi HeJIOCTaTOYHOCTb, KapIMOTE€HHbBIH IIIOK,
CUHIPOM HU3KOTO CePIETHOT0 BhIOpoca [4].

HNuTpaonepaiiondble (aKToOpbl pHUCKaA
BRJIIOYAIOT B ce0s1: TOBTOPHOE ONIEPATUBHOE BMe-
[1aTeJbCTBO, IIOBBILIEHHYIO BOJIEMHUYECKYIO
HarpysKy BO BpeMs ollepaliuy, IpoBeJeHne HHOT-
POITHOM WU/ MeXaHU4YeCKOH MOAAepKKU KPOBO-
obOpalreHus, orepayuy Ha a0OpTe, MOTPeOHOCTH B
LUPKYJIATOPHOM apecTe, CPOYHOE OllepaTuBHOE
BMeIIaTeJbCTBO. [locieonepanoHHble PUCKU:
MeJMacTUHAJIbHOE KPOBOTEUYEHUE U HEOOXOIM-
MOCTh PECTEPHOTOMUHY, BHOBb BO3HUKIIINE HEB-

Introduction

Acute respiratory failure (ARF) is a serious
complication of the early post-operative period
during cardiac surgeries and one of the main
causes of lethality in ICU [1-3]. Altered alveolar oxy-
genation after such operations is observed almost
in all patients and the incidence of clinically signifi-
cant RF is within 5-25% [4, 5], accounting for 17%
approximately in case of multivalve interventions
and 22% in case of aorta surgeries [5]. Among pre-
operative risks of respiratory failure, the following
should be noted: smoking, COPD, age over 70 years,
neuromuscular diseases involving respiratory mus-
cles, diabetes mellitus, chronic cardiac or renal in-
sufficiency, cardiogenic shock, low cardiac output
syndrome [4].

Intra-operative risk factors include: repeated
surgery, increased volemic load during operation,
ionotropic or mechanical circulation support, aorta
operations, requirement for circulatory arrest,
emergency operative intervention. Post-operative
risks are: mediastinal bleeding and reexploration
requirement, new neurological disorders, unstable
hemodynamics, gastrointestinal hemorrhage,
acute renal failure, mediastinitis, infective endo-
carditis, sepsis. ALV during cardiac surgery and
after some time thereof is also an additional dam-
aging factor for the lung tissue. Components of ven-
tilator-associated lung injury include barotrauma,
volutrauma, oxygen toxicity, desynchronization
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poJIorH4YecKre pacCTPOMCTBA, HECTAOUIBHOCTD
reMOAUHAMUKH, SKeJIyIOYHO-KHAIIIeYHOe KPOBO-
TedyeHue, OCTpasi ModedyHasi HeJOCTAaTOYHOCTH,
MeIUaCTUHUT, TH(PEKIIMOHHbBIN 9HTOKAP/IUT, CEIl-
cuc. Ocymecrsaenue VIBJI Bo Bpems KapAuOXu-
PYPTrHU4YECKOIrO BMeIlareJIbCTBA M HEKOTOopoe
BpeMs MOCJIe HEro TakyKe SIBJSAETCS JTOIOJIHU-
TeJIbHBIM MMOBPEKTAIONTUM (haKTOPOM JJIs1 JIerod-
HOW TKaHu. KoMOOHEHTaMM BEHTUJISITOP-ACCO-
MU POBAHHOTO MOBPEKAECHUS JIETKUX SIBJISTIOTCA:
6aporpaBMa, BOJTIOMOTPaBMa, TOKCUYHOCTD KYC-
J0opoa, feCUHXpoHuaanus c amnmaparom VBJI, a
TaK)Ke BO3HUKHOBeHue ayTo-I1/IKB B npixaress-
HBIX IYTAX [6].

WHransanyuoHHasi KUCJIOpPOJHAsl Tepanus
SIBJISIETCSI OCHOBHBIM METOJIOM HEMHBA3UBHOU pec-
MUPATOPHOU NOJAEPIKKYU P JIEYeHUH TallUEHTOB
C YMEepEHHOU CTeNeHbI0 TUITOKCEMUYECKOU IbIXa-
TeJIbHOM HEeJIOCTaTOYHOCTH. JIJIs TofIauy KUCJI0pOoia
B JbIXareJIbHbIe ITyTU NalleHTa MOYKHO HUCII0/Ib30-
BaTh HECKOJIBKO BUOB YCTPONCTB, TAKUX KaK HU3-
KOIIOTOYHBbIE HOCOBBIE KAHIOJIN, TPOCThIE JIUIEBBIE
MAaCKH, MaCKU BeHTypu 1 MacKu C pe3epByapoM I
Mojayd KHUCJOPOJA BBICOKOM KOHIIEHTpPAIMU.
OO6BIYHBIE KUCTOPOIHBIE MHTAIATOPHI, HCIIOJIb3Ye-
MbI B OTJIeJIEHUSIX MTHTEHCUBHOM Teparuu, paccyu-
TaHbl HAa MAKCUMAJIbHYIO CKOPOCTB II0OTOKA, COCTaB-
JISTIOITYIO 1571/ MFH, 4TO, B JTIOOOM CJTy4yae, MeHbIIe
WHCIIMPATOpHOTo notoka nanuenTa ¢ O/IH. Kpome
TOr'0, HeIOCTAaTOYHOE yBJIa’KHEHUE U COIpeBaHue
JIbIXaTeJIbHON CMeCH MOI'YT BbI3bIBaTh BbICHIXaHUE
CITU3UCTON 0OOJIOYKH JbIXaTeTbHBIX ITyTEH U OIITy-
IIeHNe TUCKOMPOpPTa y MAlMEeHTOB, HYKIAIOIIIXCS
B JIOIIOJIHUTEJIBHOM KUCJI0poze [7].

Korna repamnusi ¢ TOMOIIBI0 HU3KOTOTOYHBIX
YCTPOUCTB HeNOCTAaTOYHA [Jis1 IOAAep >KaHUs
aJeKBaTHOT0 ra3000MeHa, MCI0/Ib3yeTCs HEMHBA-
3WBHAas Maco4yHas BeHTuaAnus Jerkux (HHMIMBJI)
[8, 9]. buiarogapsa CO3oaHUIO ITOJIOMKUTEIBHOIO
JTaBJIEHUIO B JIbIXaTEIbHBIX ITyTSX OHA CITOCOOCTBY-
eT PaCKPBITUIO KOJIJTaOMPOBAHHBIX aJIbBEOJI,
yYMeHbIIIeHUI0 (PyHKIIMOHAJIBHOTO MEPTBOTO IPO-
CTPAaHCTBA U YBEJUYEHUIO BEHTUJISIIIMOHHON
TMOBEPXHOCTH JIETKUX, & TAKKe MO3BOJISIET MOM-
JIEp>KUBATh aJbBE0JIbI B OTKPBITOM COCTOSTHUU B
¢asy Bbioxa 3a cuet [1[IKB. [lanHbIi MeTO IPU-
3HAH «30JI0ThIM CTaHaapToM» jJedeHus OJIH npu
KapIMOTEHHOM OTeKe JIETKUX, a TaKyKe SIBJISeTCS
JTOKa3aHHBIM HEMHBA3WBHBIM METOA0M JieUeHUs
OJTH, ctocoOCTBYIOMINM CHUSKEHUIO JIETAJTHHOCTH
y nanueHToB ¢ XObJI [10]. HeuHBa3uBHAaA BeHTH-
JISIIAST JIETKUX MOSKET BBI3BIBATh PAM OCJIOKHE-
HUU, TAKUX KaK J1e(hEeKTHI KOKHOTO MOKPOBA JIUIIA
10 KOHTYPY MacKy, aspodarusi, cjieoreduerue. K
HeJoCTaTKaM JTaHHON METOIWKU MOSKHO TaKyKe
OTHECTU 3HAYUTEJbHYIO0 YTEeUKY [bIXaTeJIbHON
CMEeCH U3 JbIXaTeJIbHOI0 KOHTYPa, KOTOpasi JOCTU-
raet nHOrAA 90-95%, HEBO3MOKHOCTh aJ€KBAaTHOTO
YBJIGSKHEHUS AbIXaTeJIbHOM CMeCH, OITyIIleHUe JTUC-

with ALV machine, and occurrence of auto -positive
end-expiratory pressure in airways [6].

Inhalation oxygen therapy is the main method
of noninvasive respiratory support in the manage-
ment of patients with moderate hypoxemic respi-
ratory failure. To force the oxygen into patient’s air-
ways several types of devices can be used, such as
low-flow nasal cannulas, simple face masks, Venturi
masks, and masks with a bag to feed with highly
concentrated oxygen. Common oxygen inhalers
used in intensive care units are designed for a flow
rate of 15 I/min maximum, which is in any case less
than the ARF patient’s inspiration flow. Besides, in-
sufficient moistening and warming of a respiratory
mixture might cause airways mucous membrane
drying and sense of discomfort in patients who may
need an additional oxygen feeding [7].

When therapy utilizing low-flow devices are not
enough to maintain adequate gas exchange, nonin-
vasive mask ventilation (NIPPV) is used [8, 9]. Due to
creation of positive pressure in airways, it assists
opening of collapsed alveoli, reduction of functional
dead space, and increase of the ventilation surface of
lungs; it also allows keeping alveoli opened during the
expiration phase due to positive end-expiratory pres-
sure. This method is a recognized ‘gold standard’ of
ARF management during cardiogenic pulmonary
edema and a proven effective noninvasive method of
ARF treatment facilitating reduction of mortality in
COPD patients [10]. Noninvasive ventilation might
cause a number of complications such as face skin
defects along the mask contour, aerophagy, tearing.
Considerable leakage of respiratory mixture from the
breathing circuit that sometimes reaches 90-95%, im-
possibility of adequate moistening of the respiratory
mixture, sense of discomfort in patients for whom this
method of respiratory support is applied can be re-
garded the method drawbacks, too. In 20% of cases
approximately it is impossible to carry out noninva-
sive positive-pressure mask ventilation for many rea-
sons including patient’s poor compliance [9, 11, 23].

Relatively recently, high-flow ventilation (HFV)
through a nasal cannula (High-Flow Nasal Cannula—
HFNC), which was first mentioned in literature in
2001, came into use in the treatment of acute respi-
ratory failure [12]. HFNC was developed for treat-
ment of apnea in premature infants, but now it be-
comes increasingly more popular for ARF in adult
patients due to its convenience of usage, high effi-
cacy, and patients’ tolerance to this therapy. The
machines and breathing circuit for high-flow venti-
lation provide not only high flow rate (up to 60
1/min), but also efficient moistening and warming
of the gas mixture with the capability of regulating
oxygen fraction therein. High flow and adequate
moistening of the respiratory mixture assures a
number of positive effects such as: carbon dioxide
‘washout’ from the dead space [13, 14], mainte-
nance of continuous positive pressure in airways
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KoM((popTa y naneHToB, y KOTOPBIX IPUMEHSETCS
JIAHHBIN METO]] peclIupaTOPHON NoAIepsKKU. [Tpu-
O6am3uTesbHO B 20% CTydaeB ITPOBECTH HENHBA3WB-
HYIO MAaCOYHYIO BEHTUJIALNIO C IIOJIOKUTEIbHBIM
JlaBJIeHWeM He TPENCTaBJIAeTC BO3MOKHBIM 10
MHOTUM IIPUYMHAM, B TOM YHCJIE U3-3a CHUYKEHHOM
KOMILJIaeHTHOCTH IanueHTa (9, 11, 12].

OTHOCUTEJIbHO HEJABHO B JIEUEHUU OCTPOU
IbIXaTeJbHOI HeIOCTaTOYHOCTH CTaJjia UCII0Ib30-
BaTbCA BBICOKONIOTOYHAA BeHTUIAnMA (BIIB) yepes
HasaJjbHyI0 kaHwoJ0 (High-Flow Nasal Cannula —
HFNC), nepBble yIOMUHAHUSI O KOTOPOU IOSIBU-
Jmch B muTeparype B 2001 romy [13]. Ona 6b11a pas-
paboraHa AJjs1 JieYeHHsI allHO3 HeJOHOIIEeHHBIX
JeTel, OMHAKO B HACTOsIIIlee BpeMsI TpruodpeTaeT
BCe OO0JTBIITYT0 IOMYJISIPHOCTH ITpu jieuernu OJTH y
B3POCJIBIX MAIMEHTOB II0 TpPUYWHE YH00CTBa
WCIIOJIb30BaHMs, BBICOKOU 3(p(PEeKTUBHOCTU U
TOJIEPAHTHOCTH MAllMEHTOB K IPOBOAMMON Tepa-
NUM. AIIIapaThl U AbIXaTeJIbHBIN KOHTYP [JIs1 BBICO-
KOIIOTOYHOI BEHTUJIAIIN 00€CIIeUBAIOT HE TOJIb-
KO BBICOKYI0 CKOPOCTB IIOTOKA (10 60 J1/MUH), HO 1
a(ppexTUBHOE yBIAKHEHNE U COTPEeBaHNe ra30BON
CMecHU C BO3MOYKHOCTBIO PEryJIsiiiiuy (ppaKIuy KHUc-
Jopoia B Hel. BbICOKUI TIOTOK U ajeKBaTHOE
VBJIQ)KHEHUE JbIXaTeJTbHOU CMeCU 00ecrieYnBaeT
pAA TOJOKUTENbHBIX 3(@EKTOB, TaKUX Kak:
«BBIMBIBaHUE» YIVICKUCJIOTO I'a3da U3 MEepTBOIO IIPO-
cTpanctBa [14, 15], obecreueHre IMTOCTOSTHHOTO
IIOJIOKUTEJILHOTO TaBJIEHUA B JbIXaTe/IbHBIX ITyTAX
[15, 16], OTHOCUTEJIHLHO IMTOCTOSTHHOM (hpaKITiM KUC-
JIOpOJia BO BABIXaeMoM cMecH [17], a Takyke coxpa-
HeHUe U yayullleHue (DyHKINU MyKOITUJINAPHOTO
ariTe ivs [18]. bosbItoe KOJMYeCTBO UCCJIeq0Ba-
HUM, IPOBEIEHHBIX Y Pa3/INYHbIX KaTETOpXii maIy-
€HTOB, II0Ka3aJIyd, YTO BbICOKOIIOTOYHAsI BEHTUJISI-
uus sABjasgerca 9IP@GEeKTUBHBIM U XOPOIIO
IepeHOCUMbIM METO/IOM HEMHBA3UBHOU pecrunpa-
TOPHOU TOJJIEPIKKHU TIPU JIbIXaTeJTbHONU HEeI0CTa-
TOYHOCTHU pas3jIMYHOro resesa [19-21].

Ciiegyer OTMETUTH, YTO B JiMTeparype HeT
eTMHOTO MHEHUS 00 3(p(PeKTUBHOCTU PASTUIHBIX
METOJIOB PECIIMPATOPHOU TOJIJIEPIKKH, a B KapIUO0-
XUPypPryu 912 TpobiiemMa n3ydeHa HeJJOCTaTOqHO.

Ilesb nccnenoBaHusA: CpaBHUTEJIbHAS OIeH-
Ka BJIUSTHUS HAa ra3000MeH WHTAJISINU KUCJI0PO-
Jla 9Yepe3 MacKy C IpeIBapuUTebHBIM 00 bEMOM,
HEWHBAa3WBHOI MAaCOYHON BEHTUJIAIUU C IOJIO0-
SKATEJIbHBIM TaBJICHUEM B IbIXaTe/IbHbIX IYTAX U
BBICOKOIIOTOYHOU BEHTUJAIUU JIETKUX TIPU
MTOCTIKCTYOAIMOHHON [TbIXaTeIbHON HEeIOCTaTOY -
HOCTH Y KapIUOXUPYPTrUYECKUX O0JIHHBIX.

MarepuaJa u MeToabI

B uccnenoBanue BRJIIOUMIN 52 manueHTOB (30
MYKYUH U 22 KEHINWHBI) II0CJIe KapAUuOXUpypruye-
CKOI'0 BMellaTeIbCTBa Bo3pacToMm 61 (55-67) Jier ¢ abl-
XaTeJIbHOM HeJOCTaTOYHOCTHIO B I10CJ/Ie0NIepalliOHHOM
nepuojie, HabJIIOABIIENCSA Mocie mpekpameHus: NBJI

[14, 15], a relatively constant oxygen fraction in the
inhaled mixture [16], preservation and improve-
ment of the mucociliary epithelium function [17]. A
great number of investigations carried out in differ-
ent categories of patients have shown that high-flow
ventilation is an efficient and well-tolerated method
of noninvasive respiratory support during respira-
tory failure of various origins [19-21].

It should be noted that there is no consensus
in literature about efficacy of different respiratory
support methods and in cardiac surgery this prob-
lem is understudied.

Purpose of the study: a comparative assess-
ment of the influence rendered on gas exchange by
oxygen inhalation through a mask with a pre-vol-
ume bag, noninvasive airways positive pressure
mask ventilation, and high-flow ventilation during
post-extubation respiratory failure in cardiac sur-
gical patients.

Materials and Methods

52 patients (30 men and 22 women) after cardiac
surgical intervention, aged 61 (55-67) years, suffering
from post-operative respiratory failure observed after
ALV termination and tracheal extubation were included
in the study. The study protocol was approved by the
Ethics Committee of Academician B.V. Petrovsky Russian
Scientific Center of Surgery, Federal State Budgetary Sci-
entific Institution.

Distribution of patients by types of operative inter-
vention is given in table 1.

The inclusion criteria were: age older than 18 years,
completed cardiac surgery, postoperative tracheal extu-
bation, mild or moderate postoperative respiratory fail-
ure (PaO,/FiO, at air < 300 mm Hg or SpO, < 88%). The
exclusion criteria were: acute postoperative mental dis-
turbance (delirium, psychosis), compromised nasal
breathing, diaphragm paresis, pneumo-, hydro-, or he-
mothorax, elevated intra-abdominal pressure syndrome.

The study included four consecutive stages in the
sole group of patients. At the first stage of the study, pa-
tients breathed room air without any respiratory support.
After that, the noninvasive respiratory support methods
under study were applied for 1 hour. The second stage of
the study included oxygen inhalation with the help of a
face mask with a bag. Then, the patients were transferred
to the third stage of the study during which high-flow ven-
tilation (HFNC) was carried out. After gas exchange regis-
tration at the third stage, the fourth stage of the study —
noninvasive mask ventilation in BiPAP mode (NIPPV) —
followed. 1 hour after usage of the above ventilation meth-
ods, every patient was consecutively subjected to arterial
blood gases test (PaO,, PaCO,), and PaO,/FiO, relation was
calculated where FiO, was the inhaled oxygen fraction. In
the course of the study, respiratory rate (RR) and satura-
tion using pulse oximeter (SpO,) were monitored.

During mask breathing of highly concentrated oxy-
gen (oxygen bag mask), the oxygen flow value was set ini-
tially at 7 1/min, which corresponded to the inhaled oxy-
gen fraction of 60% according to the manufacturer’s
information leaflet. In the most severe cases, the flow rate
was increased to 10 1/min, which corresponded to the in-

haled oxygen fraction of 80%.
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TaGuuna 1. Bubl XUPYyPruI€CcKOro BMeIIaTeJ bCTBa.
Table 1. Types of surgery.

Type of surgery, quantity of surgery

Mean duration of mechanical ventilation
in perioperative period, min

All, n=52 945 (642.5-1545)
Coronary artery bypass

CPB, n=4 540-645
Non CPB, n=6 530-850
Heart valve surgery, n=13 460-5760
+coronary bypass, n=5 1020-1920
Aortic prosthetics:

Ascending aorta, n=1 960
Aortic arch, n=10 660-27360
Thoracoabdominal aorta, n=6 1410-4260
Infrarenal aorta, n=1 530
Brachiocephalic branches, n=1 720
Hybrid operation (descending aorta stenting, ascending and aortic arch prosthesis), n=4 825-1290
Lungs neo resection + CAB, n=1 1440

ITpumeuanue. Type of surgery — BuJ XMpyprudecKoro BMeIlIaTeIbCTBA; quantity of surgery — uucsio onepanuii; mean duration
of mechanical ventilation in perioperative period, min — murensHOCTH VIBJI B mepuoneparuoHHOM fiepuoje, MuH; all — Bce;
coronary artery bypass — AKIII; CPB — ¢ MK; non CPB — 6e3 UK; heart valve surgery — kJiarianable BMellIaTe/IbCTBa; a0rtic pros-
thetics — mporeaupoBaHue aopTsl; aortic arch — gyra aopTsl; aorta — aopTa; ascending — Bocxopsmias; thoracoabdominal —
TopakoabromuHanabHasg; infrarenal — nngpapenansaast; brachiocephalic branches — 6paxuonedansubie BeTBy; hybrid operation
(descending aorta stenting, ascending and aortic arch prosthesis) — rubpunnas oneparus (CTeHTHPOBaHNe HUCXOJAIIEH a0pThI,
IIpOTe3NpOBAHUE BOCXOAIIEl U yru aopThl); lungs neo resection + CAB — pesexiusa HOBOOOpa3oBaHUM JIerkux + AKIII

¥ 9KCcTyOanuu Tpaxeu. [IpOTOKOJ MCCaeOBAHUS YTBEP-
skaeH aTnueckuM komutetoM PI'BHY PHIIX nMm. akan.
b. B. IlerpoBckoro.

PacnipefiesieHrie 6OJBHBIX 110 BUAM OIEPaTHB-
HOTO BMeENIaTeIbCTBA MPEACTABUIN B TAOI. 1.

KputepusimMu BKJIIOYEHUsT OBLIN: BO3PACT CTapIIe
18 Js1eT, BBINOJIHEHWE KapANOXUPYPrUYeCKOro BMella-
TeJIbCTBA, IKCTYOAIINSI TOCTIE ONIEPAIH, HaTUYUe JbIXa-
TeJIbHOU HeJIOCTAaTOYHOCTH JIETKOU WJIA CPeTHEN CTeTeHN
TSKECTH B IIOc/IeonepanuoHHoM nepuogpe (Pa0,/FiO, Ha
Bo3ayxe < 300 MM pT. cT. uu SpO, < 88%). Kpurepusamu
HUCKJIIOUEeHHSI ObLIM: Pa3BUTHE OCTPOTO IMCUXHYECKOTO
paccTpoiicTBa B OC/IE0NEPAIMOHHOM TTepUOoe (Ieu-
puii, IcMX03), 3aTpyJHEHNEe HOCOBOTO AbIXaHUs, Iape3
nuagparMbl, MTHEBMO-, TUIPO- U T€MOTOPAKC, CHHIIPOM
TIOBBIIIIEHHOTO BHYTPUOPIOIIHOTO JaBJIEHHUS.

HccnepoBanue BKJ/OYAI0 4 rocjaeqoBaTebHbBIX
aTama B eIUHCTBEHHOU rpyIiie namueHToB. Ha nepsom
aTare UCCae0BAHNA MAMEHTHI ABIIIAIA aTMOC(HEPHBIM
BO3yX0OM 0e3 KaKoi-I1ub0 pecIupaTopHON MOIIepsKKU.
Hasnee B TeyeHue 1 yaca NpUMeHAJN UCCIeayeMble pe-
SKUMBl HEMHBA3WBHOM pPeCHUpPaTOPHOHN IOAJEPIKKU.
Bropoii aTan ucciieoBaHus BRIOYAT MHTAISIIAIO KUC-
JIOPOJIOM TIOCPEICTBOM JIMIIEBOM MAaCKU C pe3epBYapOM.
3areM MPOM3BOANIYN IEPEXO]] Ha TPETHUH TAIl UCCIENO0-
BaHMs, B paMKaX KOTOPOIo IPOU3BOAMJIACH BBICOKOIIO-
TouHas BeHTUIAnUA (BIIB). ITocse perncrpanuu raso-
oOMeHa Ha TpeThbeM 3JTare MPOU3BOIUIIH Tepexof Ha
4eTBEPTHIN 9Tall UCCAEJOBAHNUS — HEMHBA3UBHYIO Ma-
couHy10 BeHTUAIMIo Jierkux (HUMBJI) B peskume BiPAP.
KasknoMmy mamueHTy mHocJjefoBaTe/IbHO CIycTA 1 dac
T0CJIe MCII0JIb30BaHU BhIIIeNepeYrCc/IeHHbIX METO/I0B
BEHTUJIAIIUY BBIIIOJIHAIM aHAJ/IN3 ra30BOr0 COCTaBa ap-
TepuanbHOil KpoBu (Pa0,, PaCO,) u pacdeT coOOTHOIIIEe-
uus Pa0,/FiO,, rne FiO, — ¢paknus BAbIXaeMOro Kuc-
jJopojga. Bo BpemMsa wucciieoBaHUs — [IPOBOAUIIN
MOHUTOPHUHT YaCTOTHI AbIXaTeTbHbIX NBMKeHnH (Y1) 1
caTypauuu I10 IyJIbCoOKcUMeTpy (SpO,).

[Ipu JbIXaHUU KUCJIOPOJIOM Yepe3 MacKy BBICOKOM

KOHIIEHTpaluuu (KUCJI0pOAHAasA MacKa C pe3epByapoM),

For HENC, machines feeding pure oxygen at a flow
rate of up to 60 1/min, moistener capable of adequate mois-
tening the respiratory mixture with such high flow rate, and
a heated breathing circuit providing delivery of condi-
tioned high-flow gas mixture with a specific oxygen con-
centration therein were used. In 41 patients, HFNC was
performed using Airvo-2 machine (Fisher&Paykel, New Ze-
land), in 11 patients — Hamilton G-5 machine (Hamilton,
USA). In 48 patients, HFNC was performed through nasal
and in 4 patients — through tracheostomy cannulas.

During HENC, the initial flow rate was set at 40
1/min and FiO, — 40% regardless of the baseline gas ex-
change parameters. Thereafter, those parameters were
chosen for every patient individually depending on the
clinical efficacy of the procedure (PaO,/FiO,, PaCO,,
SpO,, RR dynamics) and patient’s comfort. The optimal
flow rate during HFNC was 40 (30-45) 1/min, the inhaled
oxygen fraction — 49 (40-60)%.

During NIPPV, a naso-oral mask and BiPAP (two-
phase pressure) mode modification were used in all pa-
tients. In the beginning of procedure, ventilation param-
eters were set regardless of the initial clinical presentation:
positive end-expiratory pressure — 5 cm H,0O, inspiratory
pressure — 5 cm H,0, FiO, — 40%. Later, the said param-
eters were adjusted to achieve the target gas exchange, RR
and RV (6-8 ml/kg of the ideal body weight). In our series,
the mean optimal positive end-expiratory pressure was
equal to 6 (5-8) cm H,0, the optimal peak inspiratory
pressure — 13 (10-17.5) cm H,0, RV—7 (6-8) ml/kg. The
inhaled oxygen fraction averaged to 50 (45-60)%.

Among the leading reasons for post-extubation res-
piratory failure, the following should be noted: functional
atelectasis (26 patients), exacerbation of chronic obstruc-
tive lung disease (7 patients), mild acute respiratory dis-
tress syndrome (6 patients), pulmonary circulation hyper-
volemia (5 patients), nosocomial pneumonia (4 patients),
pulmonary fibrosis (3 paients), lithicosis (1 patient).

Statistical analysis of data was carried out by Statis-
tica 8.0 software. All data were checked for numbers dis-
tribution normality by Kolmogorov-Smirnov and
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BEJIMYMHY [TI0TOKA KUCJI0POJA UCXOAHO BbICTABJIAJIN HA
YPOBHE 7 JI/MUH, YTO COOTBETCTBYeT (DpPaKIIUU BlbIXae-
MOro KucJsopoga 60%, cornacHO UH(pOpMaOHHOMY
JINCTy TIPOM3BONNTEIsSI. B HanboJiee TSKEJIBIX CITydasix
MOTOK yBeJIW4YUBaIu 40 10/1/MUAH, 4YTO COOTBETCTBYET
80% (ppakium BABIXaeMOT0 KHUCI0POJIA.

s mpoBenenusa BIIB ncronb3oBany anmnaparel,
OCYIIeCTBJIAIOIINE II0jaYy YUCTOI0 KUCJI0POa C II0TO-
KOM 10 60 JI/MWH, yBJIQ)KHUTETb, CIIOCOOHBIN aneK-
BaTHO YBJIQXKHATH IbIXaT€JIbHYIO CMECh C TAKHUM BBICO-
KUM IIOTOKOM, a TaKKe [bIXaTeJbHBbIH KOHTYp C
TIOIOIPEBOM, 00€CIIeYNBAIONINI JOCTaBKY KOHIUITHO-
HUPOBAHHOU BBICOKOIIOTOYHOM I'a30BOI CMECH C OIlpe-
JleJIeHHOU KOHIleHTpalel Kucaopoa B Hell. ¥ 41 na-
nuenTa BIIB npoBoau/u ¢ momoIipio anmnapara Airvo-2
(Fisher&Paykel, HoBast 3estanus) y 11 marueHTOB € TIO-
Morsio ammapara Hamilton G-5 (Hamilton, CIIIA). V 48
6ospHBIX BIIB mpoBOonn/m 4epe3 HasajdbHBIE, § 4 —
uepes TPaxeoCTOMUYECKUe KaHIOJIH.

IIpu nposenenun BIIB HavanbHYI0O CKOPOCTH IO-
TOKa BBICTABJISJIN HA ypoBHe 40J1/MuH, a FiO, — 40%,
HEe3aBHCUMO OT MCXOHBIX ITapaMeTpOB razoobMeHa.
JlaJsiee aT! TapaMeTphl MOAOMPAJIH [T KaXK0TO TalIfi-
€HTa UHOIUBUAYaJIbHO B 3aBUCUMOCTHU OT KJIMHIYECKOM
acpderTBHOCTH ITpOTIEAYPHI (IMHAMHUKY ITOKa3aresien
Pa0,/Fi0,, PaCO,, SpO,, YJI/1) u kompopTa nauueHTa.
OnTnmasnbHas BeJudynHa ITotoka npu BIIB cocraBuia
40 (30-45) j1/MuH, ppakIMsA BABIXaeMOT0 KUCJI0pPOIa —
49 (40-60)%.

ITpu nposenernn HUMBJI Bo Beex CiTy4asax UCIIOMb-
30BaJIM HOCO-POTOBYIO MAacKy 1 MOIM(PUKAINIO PesKIMa
BiPAP (mByxdasHoro naBJsieHus1). [lapaMeTpbl BeHTHIA-
O B HaYaJIe IIPoI1eayphbl BBICTABJIAIN HE3aBUCUMO OT
HUCXOAHOM KiMHN4YecKoi kaptulbl — [TJJKB 5 cm H,O, uH-
criparopHoe nasjenne — 5 cm H,0O, FiO, — 40%. Janee
YKa3aHHbIe IapaMeTphl PeTrYJIMPOBAIN /I JOCTHKEHUS
meJieBoro razooomena, YJI u 10 (6-8 MJ1/Kr uueaJ nLHON
Maccel Tes1a). Cpennee ontumasbHoe [1JIKB cocrasniio 6
(5-8) cm H, 0, onTManbHOE MMKOBOE JaBJIEHUE BIOXAa —
13 (10-17,5) cm H,O, 10 — 7 (6-8) mur/kr. Pparuus BObI-
XaeMOoro K1CJI0pofa B cpegHeM paBHsuIack 50 (45-60)%.

Cpenu BemyImuX MPUYWH MOCTIKCTYOAIIMOHHOM
HLIXﬂTGJH)HOI?I HEeIOCTAaTOYHOCTH CJjieAyeT OTMETHUTL:
JIMCTeH3NOHHBIE aTeJIeKTa3bl (26 manueHToB), 060cTpe-
HHE XPOHUYECKOU 0OCTPYKTUBHOU 00JIE3HU JIETKUX (7
naruentoB), OPJIC Jierkoi creneHu TsoKkecTH (6 marm-
€HTOB), TUIIEPBOJIEMHSA MaJIOr0 Kpyra KpoBoobparie-
HYA (5 TaIlMeHTOB), BHYTPUOOJIbHUYHAS THEBMOHUS (4
raryenTa), mHeBMoubOpo3 (3 marrenTa), THEBMOKO-
HUO3 (1 alueHT).

CrarucTuyecKUi aHaJIu3 JAaHHBIX BBIINIOJIHAJJIN Ha
IIepCOHAIBHOM KOMIIBIOTEpE C IIOMOIIBIO ITaKeTa Ipu-
KJIAAHBIX TporpaMm Statistica 8.0. Bce manHble mpoBe-
PpeHbI Ha HOPMaJIbHOCTb PACIIpeesIeHIs YniceJI C y4eToM
kpurepues Konmoroposa-CmupHoBa 1 [llanmmpo-Yuiika.
Jl71s cpaBHEHUST HOPMAJIBHBIX pacipe/iesIeHui UCII0b-
30BaJICA t-KpuTepuil CTIOIEHTA, /11 HEHOPMAJTbHBIX —
KpUTEPUI BUITKOKCOHA UJTH TOYHBIN KpuTepuii Purrepa.
Pagnyus cunTaay CTaTUCTUYECKHU QOCTOBEPHBLIMU ITIPU
p<0,05. B 3aBUCMMOCTH OT BHJ1a paclipeie/IeHusI KoJIuJe-
CTBEHHbIE JaHHbIe IIPeICTAaBUJINA KaK cpeHee apudme-
TUYECKOe * CpeJlHee KBalpaTUYHOe OTKJIOHEHUe B CJIy-
Yasax HOPMAJIBHOTO paclipesiesieHus 1 Kak Me (25-75) —
MepaHa (BepXHUH U HIKHUN KBAPTUJIN) B CIyYasixX He-
HOPMAJIBHOI'O paclpezeseHus.

Shapiro-Wilk tests. For comparison of normal distribu-
tions, Student’s #-test was used; for a distribution distinct
from the normal one the Wilcoxon test or Fisher’s exact test
were employed. Differences were judged reliable at P<0.05.
Depending on the type of distribution, quantitative data
were presented as the arithmetic mean + root-mean-
square deviation in cases of normal distribution, and as
Me (25-75) — median (upper and lower quartiles) — in
cases of distribution distinct from the normal one.

Results and Discussion

Compared to room air breathing, all respiratory
support methods resulted in statistically significant
elevation of PaO, and SpO, (tables 2, 3, fig. 1). During
HFNC and NIPPV, the increment of those indices
was approximately similar and PaO,/FiO, ration and
SpO, were reliably higher than during oxygen inhala-
tion through a mask with a pre-volume bag.

During oxygen mask inhalation, PaO,/FiO,
ratio was equal to 171 (137-243) mm Hg. Transition
to HENC therapy was accompanied with increase
of this index to 235 (183-305) mm Hg (P=0.00004),
and to NIPPV — to 228 (180-288) mm Hg
(P=0.000028). Hence, both methods of assisted ven-
tilation were considerably more efficient than in-
halation though a mask with a bag and improved
the oxygenating function of lungs almost similarly
(differences between them were statistically in-
significant, P=0.6). Saturation according to pulse
oximeter (SpO,) reliably increased both in the com-
parison of oxygen inhalation through a face mask
versus HFNC and NIPPV: 95 (93-98)% against 98
(96-99)% and 97 (95-98)%, P=0.000006 and
P=0.000069, respectively, and in the comparison of
HFNC versus NIPPV (98 (96-99)% and 97 (95-98)%,
P=0.022). Arterial carbon dioxide saturation during
therapy using a mask with a bag was reliably higher
than during air breathing — 41 (37-44) and 38
(34-42), respectively, P=0.0017, i.e. the mask with a
bag facilitated CO, accumulation. At the same time,
there was no reliable difference between PaCO, in
case of air and PaCO, during high-flow ventilation
—38(34-42) and 37 (33-39), respectively (P=0.088).
Upon transition from breathing through a mask
with a bag to assisted ventilation, PaCO, lowered to
10% (P=0.000001) during HFNC and by 7%
(P=0.0015) following the NIPPV. During HFNC, a re-
liably lower PaCO, than during NIPPV (P=0.0034)
was recorded, which evidenced better carbon diox-
ide elimination by means of high flow.

A mask with a bag did not result in a lower res-
piratory rate. However, reliable RR differences were
found during room air breathing or usage of mask
with a bag compared to high-flow ventilation — 20
(16-26) respirations/minute, 20 (16-24) respira-
tions/minute, and 16 (12-20) respirations/minute,
P=0.0 and P=0.0, respectively). In case of RR in-
crease over 18 per minute during mask use, there
was no reliable difference between RR decrease
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Tabsmna 2. PeciupaTopHbIe TOKAa3aTeJM B 3aBUCHMOCTH OT METO/Ia BCIIOMOTaTeJIbHOH BEHTHIISIMH.
Table 2. Respiratory parameters depending on the method of noninvasive ventilation.

Parameters Values of parameters on the stage of study

Room air 1t Mask with pre-volume bag 2nd HENC 3¢ NIPPV 4
PaO,, mmHg 63 (59-68) 94 (80-126) 104 (88-120) 111 (88-133)
Pa0,/FiO,, mmHg 303 (283-324) 171 (137-243) 235 (183-305) 228 (180-288)
SpO,, % 86 (84-88) 95 (93-98) 98 (96-99) 97 (95-98)
PaCO,, mmHg 38 (34-42) 41 (37-44) 37 (33-39) 38 (36-42)
RR, bpm 20 (16-26) 20 (16-24) 16 (12-20) 18 (16-20)

IIpumeuanwue. /{5 Tabsu 1, 2: Parameters — nmokasaresiy; values of ... on the stage of study — 3HaueHus... Ha 9Tanax uccie-
noBanus. [{is tabu.1, puc: room air — Bo3ayx; mask with pre-volume bag — macka ¢ npeaBapuresnbHbIM 00'beMoM; HENC —
BBICOKOTIOTOYHAA BeHTU 1M A; NIPPV — HenmnBasuBHas macoyHas BeHTuaAnusg; RR, bpm — YJ1J1, B MuH.

TaGunna 3. 3Ha4YeHUs1 JOCTOBEPHOCTH (p) IPH CPAaBHEHHUH HCCJIeyeMBbIX IPYIII HallHEHTOB.
Table 3. Values of authenticity (P) comparing the groups of patients.

Parameters 14

15t-2nd st_3rd 1st—4th 2nd_3rd 2nd_4th 3rd_4th
PaO,, mmHg 0.0 0.0 0.000001 0.51 0.026 0.24
PaO,/FiO,, mmHg 0.0 0.000045 0.000097 0.00004 0.000028 0.6
SpO,, % 0.0 0.0 0.0 0.000006 0.000069 0.022
PaCO,, mmHg 0.0017 0.088 0.58 0.000001 0.0015 0.0034
RR, bpm 0.053 0.0 0.0031 0.0 0.018 0.016

Pe3ysnbrarhl U 00CysKAeHUE

ITo cpaBHEHMHIO C JbIXaHUEeM aTMOC(epHBIM
BO3/IyXOM BC€ METO/Ibl PECIIMPATOPHOM MO IePsK-
KM NIIpUBOAUJIM K CTAaTUCTUYECKU 3ZHAYUMOMY
nosslienuio Pa0, u SpO, (tabu. 2, 3, puc. 1). Bo
BpeMsa BIIB u HVMIMBJI creneHb IpUpocTa 9TUX
rnmokasateJjiell ObL1a MPUOJIM3UTETHHO OJUHAKO-
BoH, a coortHomenmue Pa0,/FiO, u SpO, 6v11M
JOCTOBEPHO BBIIIIE, YEM IIPDU MHTAJIATTUU KUCJIO-
poJia uepes MacKy C IIpe/iBapUTeIbHBIM 00 beMOM.

[Ipu MHTrAIANNU KUCJIOPOJA Yepe3 KUCJIO-
poIHYI0 MacKy cooTHouieHnue PaO,/FiO, cocTas-
Jasuno 171 (137-243) mMm pr. cT. Ilepexon Ha Tepa-
nuio BIIB conpoBOKaacs yBeJIUYEeHUEM ITOIO
nokasaresna po 235 (183-305) MM pT. CT.
(p=0,00004), a Ha HUMBJI — 10 228 (180-288) MM
pT. cT. (p=0.000028). Takum o6pa3oM, oba MeTozaa
BCIIOMOTaTeJIbHON BEHTUJIAIIIN OBbILJIM 3HAYUTEIb-
HO 3¢ (eKTrBHEee, UeM NHTA/IAIMS Yepe3 MacKy ¢
MEIIIKOM U YJIy4Illa/Iii OKCUTeHUPYIOUyIo (hyHK-
[IUIO JIETKUX IPAaKTUYECKU B OTUHAKOBOH CTelleH!
(pasmuuusa MeskIy HUMU OBLIM CTaTUCTUYECKU
He3HauynMbIMH, p=0,6). Carypanus 1o nyjabCOKCH-
MetTpy (SpO,) DOCTOBEPHO yBeIMYUBAJIACh KaK
IIPY CPAaBHEHUU UHTAIALNNN KUCJIOPOAOM Yepes
JjuneBylo Macky ¢ BIIB u HMMBJI: 95 (93-98)%
nporus 98 (96-99)% u 97 (95-98)%, p=0,000006 1
p=0,000069 COOTBETCTBEHHO, TaK U IIPU CPABHEHUU
BIIB c HUMBJI (98 (96-99)% 1 97 (95-98) %, p=0,022).
Haceimmienve apreprasbHON KPOBU YIVIEKUCIIBIM
ra3oM IpU Teparnuy MacKoH ¢ MelKoM Ob1JI0 TOCTO-
BEPHO BBIIIIE, YeM Ha Bo3ayxe — 41 (37-44) u 38
(34-42) coorBeTrcTBEeHHO, p=0,0017, T. €. Macka c
MEIIKOM crioco0cTBoBaJIa HakoIienuo CO,. B o
’Ke BpeMs He OBIJIO JOCTOBEPHOIO pas3Indus
mesxay PaCO, na Bosayxe u PaCO, ipu BBICOKOIIO-
TOYHOH BeHTHJIAnmuu — 38 (34-42) u 37 (33-39)
COOTBETCTBEHHO, p=0,088). PaCO, ipu nepexoje ¢

during high-flow therapy and NIPPV — ARR
(mask-HFNC) = 3 (0-7) respirations/minute, ARR
(mask-NIPPV) = 3 (0-10) respirations/minute,
P=0.96. At baseline mask RR > 25 per minute, no re-
liable difference was found between RR decrease
during usage of high-flow therapy and NIPPV —
ARR (mask-HFNC) =7 (0-12) respirations/minute,
ARR (mask-NIPPV) =10 (2-13) respirations/minute,
P=0.39, either. However, high-flow ventilation reli-
ably better assisted RR decrease compared to non-
invasive mask ventilation: 16 (12-20) against 18
(16-20) respirations/minute, P=0.016 (fig. 2).

It should be noted that in a number of cases,
patients developed a significant sense of discom-
fort from the performed respiratory support: dur-
ing HENC, 1 case (2% of the total number of pa-
tients) of therapy intolerance was observed; during
NIPPV, 9 cases (18% of the total number of patients)
of therapy intolerance were observed, which re-
quired return to high-flow ventilation (P=0.014).

The presented study was carried out during
the early postoperative period in cardiac surgical
patients suffering from disturbed oxygenating
function of lungs (PaO,/FiO, < 300 mm Hg or SpO,
< 88% during room air breathing). The undertaken
comparison of application of three modes of non-
invasive respiratory support in 52 patients has
demonstrated that high-flow ventilation is not
worse than noninvasive mask ventilation per-
formed in BiPAP mode when considering gas ex-
change and influence on respiratory rate. Com-
pared to oxygen therapy through a mask with a
bag, significant growth of PaO,/FiO, during both
noninvasive mask ventilation and high-flow venti-
lation (by 27% and 25%, respectively) was
achieved. This disagrees with findings of limited
number of studies, in which any significant differ-
ence regarding the gas exchange and RR between

GENERAL REANIMATOLOGY, 2019, 15; 4

www.reanimatology.com



28

DOI:10.15360/1813-9779-2019-4-21-31

Clinical Studies and Practice

|

IBIXaHUsI yepe3 MAacKy C a

pe3epByapoM Ha BCIIOMO- M pa0,, mmHg UJ SpO,, mmHg

rareJibHbLIE METOILI BEHTH- 120 111

JIAIAM ~ CHUKAJOCh, B 104

cpegHeM, Ha 10% | 100 86 9% B 7

(p=0,000001) mpu mpose- -

nesuu BIIB u Ha 7% 80

(p=0,0015) — Ha d¢oHe 63

HUMBJI. Ilpu BIIB peru- 60

CTPUPOBAJIA JTOCTOBEPHO

Mmensbiee PaCO,, yem npu 40

HUBMJI (p=0,0034), uto 20

CBHUETEJIbCTBOBAJIO o

JIyYIIen JIMMUHAIIUN

YIJIEKUCJIOTO Ta3a MoCpeI- 0 - - T o

CTBOM BBICOKOTO ITOTOKA. Room air Mask with pre- HENC NIPPV
[IprMeHeHe MACKH C volume bag b

MEIITKOM He IIPUBOIHJIO K

CHIKEHMIO YaCTOTBI JIbIXa- i W PaCO, mmHg  [IRR,bpm

HuA. OJHAKO BBIABUIN 41

JIOCTOBEPHBIE PA3JIMYUS B 40 38 37 38

YJI/] nmpu ObIXaHUU aTMO-

cepHBIM BO3IYyXOM WU 35

MacKoOW C MEeIIKOM II0 30

CpaBHEHUIO C BBICOKOIIO-

TOYHOW BEHTUJIANUEN — 25 20 20

20 (16-26) JJ/mMun, 20 20 — — - 18

(16-24) JOI/mua wu 16

(12-20) OJI/muH, p=0,0 u 15

p=0,0, COOTBETCTBEHHO). 10

IIpu yBeaunuyenun Y1/ Ha

Macke 0oJjiee 18 B MUH He 5

BBISIBUJIU  JOCTOBEPHBIX 0

pas3Iuuui MeKIy CHUKE- . .

HueM UJIJT Ha BBHICOKOIIO- Room air Mask with pre- HENC NIPPV

TOYHOU Tepamuu u volume bag

HUMBJI — AYIJI (Macka-
BIIB) = 3 (0-7) JI/mMuH,
AU (macka—HVUBMJI) =
3 (0-10) OA/muH, p=0,96.
[Ipu wncxognom Yl Ha
Macke > 25 B MUH TaKKe He
BBISIBUJIU I0CTOBEPHBIX PA3JIUUUI MESKITY CHIKE-
Huem YJIJI Ha BBICOKOIIOTOYHOW Tepanuu u
HUMBJI — AU (Macka-BIIB) = 7 (0-12)
I /vun, AYIAI (macka-HMMBJI) = 10 (2-13)
I /muH, p=0,39. OnHaKo, BBICOKOIIOTOYHA BEH-
THJISIIASA TOCTOBEPHO JIydIlle CHOCOOCTBOBaJsIA
cHmskeHuo Y/1J] mo cpaBHEHUIO C HEMHBA3UBHOU
MaCOYHOU BeHTUJ/IsALMeN Jjierkux: 16 (12-20) mpo-
TuB 18 (16-20) J1/Mmun, p=0,016 (puc. 2).
Ciegyer OTMETUTB, YTO B psAle CJIydaes y
00JTbHBIX BOSHMKAJIO YYBCTBO BBHIPASKEHHOT'O JIVIC-
koMdopTa OT TPOBOAUMON pecCIupaTOPHON MO~
JIepskku — BO BpeMs BIIB ormeuasncs 1 ciydail
HeTepeHOCUMOCTH Tepanuu (2% oT 00IIero 4mucsia
6o0sbHBIX), Bo BpeMss HUMBJI ormevasnocsk 9 ciy-
4yaeB (18% ot 00111er0 yrcia 00JbHBIX) HellepeHo-
CHUMOCTH Tepalnuu, 4To TpeboBaJio BO3BpaTa K

TOIEPIKKH.

support method.

Junamuka PaO, u SpO, (a) u PaCO, u Y/1 /1 (b) B 3aBHCHMOCTH OT M€TO/Ia peCIPAaTOPHOM

Pa0, and SpO, dynamics (a) and changes in PaCO, and RR (b) depending on the respiratory

use of a mask with a bag or high-flow ventilation
were observed [18, 20]. A number of studies [17, 22,
23, 25] have shown a higher growth of PaO, during
noninvasive mask ventilation in BiPAP mode com-
pared to high-flow ventilation. Most likely, differ-
ent findings of studies can be explained by differ-
ent levels of inspiratory and expiratory pressure
employed in different studies. In patients with a
higher or two-phase pressure during ventilation in
BiPAP mode, higher arterial oxygenation figures
are usually obtained. Also, flow values used during
HFNC vary between studies. In our series, we
chose NIPPV parameters individually for every pa-
tient. Thus, a correct comparison with results of
other authors could have been possible subject to
identical study protocol and similar respiratory
support parameters.
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BBICOKOTIOTOYHOM BEHTUJISILIUY (PA3JIUYUS CTATU-
CTUYEeCKYU 3Ha4YuMbl, p=0,014).

IIpencrasiieHHOE HCCIeA0BaHNE BBIIIOJHEHO
B paHHEM [10CJIe0NepalMOHHOM IIepuoje y Kap-
TUOXAPYPTUYECKUX OOJBHBIX C HApPyIIEHUEM
okcureHupymomeil pynkuuu Jjerkux (PaO,/FiO, <
300 MM pT. cT. unu Sp0,<88% mpu IbIXaHUU ATMO-
cdepHBIM Bo3ayxoMm). [IpoBeneHHOE cpaBHEHUe
IIpUMEHEeHUsI TpexX PesKMMOB HEMHBAa3UBHON pec-
NUPATOPHOU NOJJEPsKKHU y 52 MaIleHTOB I10Ka3a-
J10, YTO BBICOKOIIOTOYHAS BEHTUJIALIAA He YCTyIa-
eT HEeWHBA3WBHOU MAacOYHON BEHTUJISILIUU,
npoBoaumMou B pekume BiPAP mo mapameTrpam
razooOMeHa v BJIMSHUIO HA YaCTOTY JbIxaHus. [1o
CpaBHEHMUIO C KMUCJIOPOAoTepalueil uepe3 MacKy C
pe3epByapoM MBI ITOJIyYUJIN CYLleCTBEeHHbIH IpU-
pocrt PaO,/FiO, npu npoBeieHNN KaK HEMHBA3WB-
HOU MAaCOYHOU BEHTUJIAIIUH, TaK ¥ BBICOKOIIOTOY-
HOU BeHTUJIAIMHU (Ha 27 1 25%, COOTBETCTBEHHO).
ITO OTJIMYAETCS OT PE3YJIBTaTOB HEKOTOPBIX aBTO-
POB, KOTOpbIE B PaHAOMUA3NPOBAHHBIX UCCJIEN0BA-
HUSIX He MOJIYYUJIN CYIleCTBeHHBIX pa3JjInuuil B
ToKasareJisix rasoobmena u YJIJ] mpu uCI0JIb30-
BaHUU MACKU C Pe3epByapOM U BICOKOIIOTOYHON
BeHTUaANNU (20, 22].

B psine uccaenoBanuii [12, 18, 23, 24] oka-
3aH 6osiee BrIcOKUH mpupoct PaO, mpu HenwHBa-
3WBHOU MaCOYHOU BEHTU/IAIINU B peskume BiPAP
10 CPAaBHEHUIO C BBICOKOTIOTOYHO!M BEHTUJIAIEH.
Ckopee BCero, pa3Hble pe3yJIbraTbl UCCAeq0BAHUN
MOYKHO OOBSICHUTH Pa3JIMTYHBIMU YPOBHSIMHU J1aB-
JIEHUs Ha BJOXE U BbIJ0XE, IPUMEHAEMbIMU pas3-
HBIMH aBTOpaMU. Y MAIMeHTOB ¢ 60Jiee BBICOKUM
U 1Byx(¢a3HbIM YPOBHEM JIaBJI€HUsI IIPU IIpOBeie-
HUM BEHTWIATNH B peskrMe BiPAP 0661900 T10TY-
yaroT 60Jiee BEICOKYE TTOKA3aTe TN apTepUaIbHON
okcuresHauuu. Takske B pasHbIX UCCJIELOBAHUAX
BapbUPYIOT 3HAYCHUA IIOTOKA, IPUMEHsAEeMbIe IIPU
BIIB. B Hareli cepuyt MbI IOIOUPAJIH TapaMeTPhI
HHYIMBJI nHAUBUAYAIbHO AJIA KaXXO0r0 HaueH-
Ta. TakuM 00OpasoM, KOpPpPEKTHOE CpaBHEHHE C
pes3yJIBTaTaMu JPYTUX aBTOPOB OBITI0 OBI BOSMOSK-
HBIM [IPU UIEHTHYHOM IIPOTOKOJIE IIPOBENEHUA
HCCJIeJOBaHUA U CXOOHBIX ITapaMeTpax pecuupa-
TOPHOU NMOJIEP>KKU.

B psime 3apyOeskHBIX WCCIENOBAaHUN TIPU
TUMIOKCUYECKOH IbIXaTeJIbHON HEeJJOCTATOYHOCTH,
He CBSI3aHHOU C IIPOBeleHNEeM XUPYPTUUecKOro
BMeEIIATETbCTBA, OBLIN 0OHAPY>KEHBI TPEUMYyIIe-
cTBa BIIB o cpaBHeHUIO ¢ IPYyrUMU METOLaMU
BCIIOMOTraTeJIbHOU BeHTUJ/IAUM. Tak, mpu ucce-
noBaHuu naneHToB ¢ XOBJI, oTMeuaeTcsi CHUKe-
HHEe 0OCTPYKIMY JbIXaTeJbHbBIX IIyTeH U PaOOTHI
IbIxaHuA pu nposeneHuu BIIB 1o cpaBHEHUIO CO
CTaHJIapPTHOU OKCUTEeHOTepanueu [25]. Y namueH-
ToB ¢ OJIH ObULIO TIOKa3aHO, YTO ra3ooOMeH
JIyYIlle, YacToTa PEWHTYO0AUWid W CMEPTHOCTH
HIYKe Ipu npoBegeHuu BIIB, ueM 1ipu ctaHmapT-
HOl okcureHorepanuu u HUMBJI [18, 24]. Takske

In various studies, during hypoxic respiratory
failure not related to surgery, HFNC advantages
compared to other methods of assisted ventilation
were found. The investigation of COPD patients re-
vealed decrease of obstruction of airways and
breathing work during HFNC compared to standard
oxygen therapy [24]. It has been shown that in ARF
patients, gas exchange is better, prevalence of re-in-
tubation and mortality are lower during HFNC than
during standard oxygen therapy and NIPPV [17, 25].
It has also been noted that high respiratory rate is
an early predictor of HFENC inefficacy [26]. In the
study of patients with acute respiratory distress syn-
drome, the high-flow therapy was not successful in
40% of cases, wherein treatment failure predictors
were identified: refractory shock, low PaO,/FiO,,
high SAPS II score [27]. A high percentage of treat-
ment failure appears to be connected with a severity
of the condition of patients included in the study.
Taking into account the clinical experience of other
researchers, in our work we did not include patients
with neurological disorders, pneumothorax, hemo-
and hydrothorax, and diaphragm paresis.

Our study has shown reliable difference in
PaCO, and RR during NIPPV and high-flow ventila-
tion. This agrees with data of a number of authors
whose studies [17, 23] have shown a faster elimina-
tion of CO, during HFNC compared to NIPPV. The
transition from oxygen inhalation through a pre-
volume mask both to HFNC and to NIPPV led to a
statistically reliable decrease of PaCO, compared to
oxygen therapy by means of a mask with a bag (by
10%, P=0.000001 and 7%, P=0.0015), which evi-
denced a more effective elimination of carbon diox-
ide when this respiratory support method was
used. Reliable decrease of respiratory rate upon
transition from oxygen inhalation to high-flow ven-
tilation and NIPPV has been also revealed.

Importantly, during NIPPV the sense of dis-
comfort occurred in 9 (18%) patients while high-
flow ventilation was well tolerated by 98% patients.

Conclusion

Compared to oxygen inhalation through a
high-concentration oxygen face mask, high-flow
ventilation and noninvasive mask ventilation lead
to a similar positive effect on the oxygenating pul-
monary function and gas exchange in cardiac sur-
gical patients suffering from post-extubation respi-
ratory failure.

High-flow ventilation renders a more positive
influence on arterial oxygen saturation measured
by pulse oximeter, respiratory rate, and CO, elimi-
nation than noninvasive mask ventilation.

High-flow ventilation causes the sense of dis-
comfort considerably rarer than noninvasive mask
ventilation and is better tolerated by patients in
general.
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OBLJIO OTMEYEHO, YTO BHICOKAS YaCTOTa JbIXaHUS
SABJISIETCS pAaHHUM IIPEIUKTOPOM HeapeKTUBHO-
ctu BIIB [26]. ITpu ucciegoBaHuy NanyieHToB C
OPJIC BBICOKOIIOTOYHASA Tepanus He IPUBOINIIA K
ycrexy B 40% ciy4daes, Ipu4YeM BbISIBJIEHBI IIpe-
JUKTOPBI HEylauu JJeuyeHUsI: peppakTepHbIH 10K,
HHu3Koe cooTHoIenue PaO,/FiO,, BbICOKUI OasI
nio mkasie SAPS 11 [27]. Bosib1oii mpoLieHT Heya-
YU JIeYeHUs], O-BUANMOMY, CBSI3aH C OOJbIIEH
TSYKECThIO COCTOSTHUSA MAIMEeHTOB, BKJIIOUEHHBIX B
WcCJiefOBaHe. YUUTHIBASI KJIMHUYECKUN OIIBIT
JIpyTux HccjefoBaTesiell, Mbl He BKJIOYaJU B
Hamry paboTry OOJIBHBIX C HEBPOJIOTHUYECKUMH
HapyLICHUAMH, TIHEBMOTOPAKCOM, I'eMO- TUAPOTO-
pakcoM u rape3oMm auadparmal.

[Tpun HUMBJI 1 BBICOKOTIOTOYHOU BEHTHJISA-
VM Mbl BBIIBUJIA [TOCTOBEPHBIE pa3JIM4YUsA B
nokasaresiax PaCO, u Y/I/l. 9To coOoTBETCTBYET
JIAHHBIM psijla aBTOPOB, B YbUX MCCJIEIOBAHUSIX
[12, 18] moka3aHa 6oJiee OBICTpAsA 9TUMUHAIIUS
CO, npu BIIB no cpaBHenuto ¢c HUMBJI. [Tepexon
C MHTAJIANAN KUCJIOPOoAa Yepes MacKy C IpeiBa-
puTeabHBIM 00beMOoM Kak Ha BIIB, Tak m Ha
HUWMBJI puBOAMJI K CTaTUCTUYECKU JOCTOBEP-
HOMYy cHUKeHuI0 PaCO, 110 cpaBHEHUIO C OKCUre-
HOTeparnuell mocpeICTBOM MAaCKU C MEIIKOM (Ha
10%, p=0,000001 u 7%, p=0,0015), 4TO CBHUAETE/IH-
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cTByeT 0 6osee a(pPEeKTUBHOM ITMMUHAIIAN YTIe-
KHMCJIOTO ra3a IIPU UCIOJAb30BAHUN 9TOIO METOAA
pecnpaTopHOH monaepsKEn. Takke 00HAPYKUIN
JIOCTOBEPHOE CHUKEHWEe YaCTOThI JbIXaHUA NPU
nepexojie OT MHTAJIANNHA KMCJI0POo/ia K BBICOKOIIO-
TOYHOU BeHTHJIanuu 1 HUMBJI.

BaskHO OTMETWUTH, UYTO TIpU MPOBEIEHUU
HUWMBJI gyyBCcTBO AuckoM@opTa BO3HHKAJIO Yy 9
(18%) OOJIBHBIX, B TO BpeMsI KaK BHICOKOIIOTOYHYIO
BEHTUJIALMIO XOPOLIIO ITepeHoCHIn 98% IarveHToB.

Takum 06pa3oMm, TI0 CpaBHEHHUIO C MHTAJIAITEN
KUCJIOPOJIOM Uepe3 JIUIEBYI0 MACKY BBICOKOW KOH-
IEHTPAIN KUCJIOPOAA, BEICOKOITOTOYHASI BEHTUJIS-
Vsl © HEMHBAa3WBHAsI MACOYHAsI BEHTUJIAIMA TIPU-
BOJSIT K CXOTHOMY IIOJIOSKUTEJIbHOMY 3 (peKTy Ha
OKCHUTEHHPYIOIIYIO (PYHKIIMIO JIETKUX ¥ Ta3000MeH
V KapANOXUPYPTUYECKIX OOJIBHBIX C IIOCTIKCTYOA-
IIMOHHOH JIbIXaTeJIbHON HE0CTaTOYHOCTHIO.

BbicokomoTOUYHAsT BEHTUJIAILMSA OKa3bIBAeT
OoJiee TOSUTHUBHOE BIIMSTHYE HAa U3MEPSIEMOE ITyJTh-
COKCHMETPOM HaCHIIeHNEe TeMOTTIOOMHA KUCIOPO-
IIOM, 4aCTOTy AbIxaHusA U anuMmuHanuo CO,, yeM
HeWHBA3WBHAsI MACOYHAsI BEHTUJISAIAY JIETKUX.

BbICcOKOTIOTOYHAS BEHTUJIAINS 3HAUYUTEJTHHO
peske, YeM HeMHBAa3WBHAs MaCOYHAsI BEHTUJISIIV-
eil JIerkux, BbI3bIBaeT YyBCTBO IUCKOM@OpTa U B
11€JIOM JIy4Ille [IEPEHOCUTCS TallueHTaMu.
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CocTosTHHE HMMMYHHUTETA U €r0 BIIUsIHHUE
HA YaCTOTYy Pa3BUTHS IIOTHOPTAHHOMN HEIOCTATOYHOCTH
y IAIIMEeHTOB II0CJIe ONepaluii Ha cepaie

E. A. ITapteLnosal, 10. U. Ilerpumies!, U. B. Kynpsasues?, O. [. Mankosa!, A. JI. Jlesut!
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Immunity and Its Effect on the Incidence
of Multiple Organ Failure in Patients after the Heart Surgery

Elena A. Partylova!, Yury I. Petrishchev!,
Igor V. Kudryavtsev?, Olga G. Malkova!, Alexander L. Levit!

! Sverdlovsk Regional Clinical Hospital Nel 185 Volgogradskaya Str., 62000 Yekaterinburg, Russia
2 Experimental Medicine Institute, I. P. Pavlov First Saint-Petersburg State Medical University, Ministry of Health of Russia,
12 Academician Pavlova Str., 197376 Saint Petersburg, Russia

I.[e.m: HCCJIEAOBAHUA — BbIAABUTH KOMIIOHEHTbBI I/IMMYHI/ITeTa, II03BOJIAIOIIIME npe;[cxasaTb pa3BI/ITI/Ie I10-
JIMOPTAHHOHN HEJOCTATOYHOCTH Y MMAIMEHTOB ITOCJIe OTIepaIliii Ha CEPIIE.

MarepuaJj 1 MeTOAbI. B ncciiefoBanye BRIIOUYNIIN 40 TAIMEeHTOB, OIePUPOBAHHBIX B IIJIAHOBOM I10-
pAanke. KpurepreM BRIIOYEHUS CIIYKUI0 HATUYKE TTOKA3aHUH JIJIs1 POBEIeHUsI KapINOXUPYPrAU€ECKOTO
BMelllaTeJIbCTBA. KpuTeprueM MCKIIIOUEeHU 1 — HaJW4re y allueHTOB NH(EKIIMOHHOTO 9H10KapauTa. Jlo
olepanuy U yepes 24 yaca UCCeI0BAIN OO aHATN3 KPOBH, C ITOACYETOM KOJTMYECTBA JIEHKOIUTOB
nu JII/IMCI)OIII/ITOB, CI)eHOTI/IH I/IMMYHOKOMHCTCHTHLIX KJIETOK C UCIIOJIb30BaHUEM MOHOKJIOHAJIBHBIX aHTU-
TeJI, 4 TAKKe MPOBOJUIIN KOJINYECTBEHHYIO OIleHKY KOMIIOHEHTOB KOMIIJIEMEHTa 3 U 4, U IPOKAJIBIIUTO-
HHUHA. BceM nmanu-eHTaM IpoBOAUIIN OLIeHKY IOJIMOpranHoi HepocrarouHocTtu (ITOH) ¢ ucnosib3oBanueM
mkaJabl SOFA.

PesynbraTsl. Pe3ynbrarsl okasasy, 4TO KapAUOXUPYypPrudecKoe BMelIaTe/ IbCTBO IPUBONUJIO K PA3BU-
TUIO HOH, CTAaTUCTUYECKU 3HAYNUMBIM pa3HOHaHpaBJIeHHI)IM N3MEHEHHUAM KaK B KOJIMYECTBEHHOM, TAK U B
Ka4eCTBEHHOM COCTaBe BCeX KJIETOK UMMYHHOU CUCTEMbI, 3HAUNMOMY U3MeHeHMI0 KoHleHTparuu C3 u C4
KOMIIOHEHTOB KaCKaJla KOMIIJIEMEHTA U IJIa3MEeHHOTO COJepyKaHusA NPOKaJIbIUTOHNHA. [Ipu npoBenennun
ROC anasim3a BBISIBUJIH, YTO OTHOCUTEJHHOE COfIepPKaHue MOHOITUTOB MeHee 7,1% OT KOJIMYeCcTBa JIEHKO-
IIUTOB TaK jKe, Kak 1 aDCOJTI0THOE cofiepkaHre MOHOITUTOB ¢ peHoTHIOM CD14+HLA-DR+ MeHee 0,32X10°/51
B JIOOIepaiiOHHOM IIeproJie, U KoHIleHTpanusa C3 KOMIIOHeHTa KoMIlJieMeHTa MeHee 0,52 T/J1 TaksKe, Kak 1
MakCHMaJIbHBIN 6a/1 SOFA B mocseonepanioHHOM ITepHOo/ie SIBJISJINCH TpeJuKTopaMu passutus IIOH B
TOCJIEOIIEePALMOHHOM IIepro/Ie.

3akaroueHre. KOMIOHEHTBI BPOYKIEHHOTO NMMYHHUTETa IIO3BOJIAIOT paHblle, 4yeM mkasaa SOFA mo-
CTPOUTH MMPOTHO3 MCXO/Ia OTIepAIINH Ha Cep/IIIe.

Knrouesvle c1o8a: MOHOUUMDBL, KOMNOHEeHMbL Kackada komnaemenma, henomun CD14+HLA-DR+; 8posic-
OdenHbLll ummyHumem; SOFA

The purpose of the study is to identify the components of immunity, which might predict the development
of multiple organ failure in patients after heart surgery.

Material and methods. The study included 40 patients who were operated in cardiac surgery Department.
The inclusion criteria were the presence of indications for cardiac surgery. The exclusion criteria were the pres-
ence of infective endocarditis in patients. Before the operation and after 24 hours we studied the blood level
of leukocytes and lymphocytes. We analyzed the phenotype of immune cells using monoclonal antibodies,
serum levels of procalcitonin and C3 and C4 complement components. All patients were evaluated for multiple
organ disfunction (MOD) using the SOFA scale.

The results showed that cardiac surgery leads to the development of MOD, statistically significant multi-
directional changes in both quantitative and qualitative composition of all cells of the immune system,

Anpecc AJ1s1 KOPPEeCIIOH/{eHIHH: Correspondence to:

IOputii MiBaHoBud IleTpuies YuriI. Petrishchev
E-mail: jurpetr76@rambler.ru E-mail: jurpetr76@rambler.ru
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significant changes in the level of C3 and C4 components of the cascade of complement and plasma level of
pro-calcitonin. ROC analysis was revealed that the relative content of monocytes is less than 7.1% of the num-
ber of leukocytes as well as the absolute content of monocytes with the CD14 + HLA-DR + phenotype less than
0.32X10°/1 in the preoperative period, and the C3 level of the complement component less than 0.52 g/1, as
well as the maximum SOFA score in the postoperative period, were the best predictors of MOD after the pro-

cedures.

Conclusion. The components of innate immunity make it possible to predict the complication of the car-

diac surgery, earlier than the SOFA scale.

Keywords: Monocytes; components of the complement cascade; phenotype CD14 + HLA-DR +; innate immu-

nity; SOFA
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BBenenue

CUHJIpPOM MOJUOPTraHHON HEIOCTAaTOYHOCTHU
(ITOH), x0T 1 OBLJI OIMMCAaH OTHOCUTEJbHO HEJaB-
HO, BBIAABJIAJICA y IAIIMEHTOB B OTJEJIEHUAX UHTEH-
cuBHoU Tepanuu (OPUT) B TeueHre HECKOIBKUX
IeCATUTIETUNA. ITO CUHAPOM, IPU KOTOpOM OoJiee
4yeM OfHa CHCTeMa OPTaHOB BBIXOOUT U3 CTPOS.
[Tpu 3TOM OTKA3 3TUX CUCTEM MOSKET OBIThH U HE CBSI-
3aH C IepBOHAYATbHBIM ITOBPEKIEHUEM UIH 3a00-
JIeBaHWEM, T10 MPUYMHE KOTOPOIro MaIlueHT OBbLI
nomeittied B OPUT. TIOH siBsisieTcst OCHOBHOM TIPU-
YMHOU U CMEPTHOCTH B COBPEMEHHOU IIPaKTHKE
WHTeHCUBHOU Tepanuu. [larodusuosorus [TOH
IIOJTHOCTBIO He U3BECTHA, HO MHOTHE TaHHbIE yKa-
3BIBAIOT HA TO, YTO BO BpeMs IIePBOHAYAIBHOTO
MOBpEKIEeHUsT WHULIUUPYETCS 1Lelb COOBITUU,
KOTOpasi MPUBOIUT K aKTUBAIIUU HECKOJbKUX
9HJOTeHHbIX MeTa00JIMUEeCKUX MyTel U Pa3BUTHIO
CUCTeMHOU BocmnanutesbHOU peaknmu (CBP) u
[TOH [1, 2]. Hukakas Tepanus He 0Ka3ajaach MOJ-
HOCTBIO 9(p(peKTUBHOM /151 MOAYJIMPOBAHUS 9TON
BOCITAJINTETLHON pPEAKIIUM, a TaK)Ke YacCTOThI U
Taskectd ITOH [3]. Bo3MOKHO, CAMbIA BasKHBIU
MeXaHU3M, JIeKAITIi B ocHOBe pa3Butusi [I0H, ato
WMMYHHas TUCperyaanus [4, 5].

Cucrema BPOSKIEHHOTO HUMMYHHUTETa
SIBJISIETCSI IEPBBIM OapbepoM Ha MyTU HMH(PeEeK-
IIMOHHOTO areHTa NpU ero MPOHUKHOBEHUU B
opraHusMm [6, 7]. [Ipuyem, ecsiu HeUTPODUIIBI, B
OCHOBHOM, OTBEYAIOT HETIOCPEICTBEHHO 3a 3JIU-
MUMHAIWIO [IaToreHa, TO HUPKYIUPYIOLIie MOHO-
IIUTHI, TKaHEeBble MakKpodaru U [IeHIPUTHBIE
KJIETKY UTPAIOT KJIYEBYIO POJb B 3allyCKe KJle-
TOYHBIX U TYMOPAJIbHBIX peaKIuii MprUoOpeTeHHO-
o UMMYHUTETA. JTHU [IB€ BasKHeHIIINe MOy IsIIN
KJETOK 00J1a7al0T CIIOCOOHOCTBIO HE TOJbKO
IIOIJIOIATh U IIOJBeprarb OrpaHUYeHHOMY IIpO-
TE0JIN3y YysKepOLHbIEe YaCTULIbI, HO U OCYILeCTB-
JISATH TIPe3eHTalni0 aHTUTreHoB T-TuMdoiuTam.
Bousee Toro, akTuBUpOBaHHbIE (paroIUTHPYIOIIE
JIEUKOIIUTHI BBICBOOOYKIAIOT MIUPOKUU CIEKTP
IIPOBOCIIAJIUTEJIbHBIX MEAUATOPOB, K YUCJy KOTO-
PBIX OTHOCSITCSI PA3JIMYHbIE IIUTOKWHBI, XeMOKH-
HbI, TIPOU3BOHbIE APAXUIOHOBOU KHUCJIOTHI, a
TaK)Ke OKCHUJI a30Ta U Pa3JIUYHbIE KUCJIOPOIHbIE

paauKraJlbl, 06J1a,ua10ume MOIIHBIMHA ITPOBOCIIA-

Introduction

The syndrome of multiple organ dysfunction
(MOD), though described relatively recently, has
been identified in patients of intensive care units
(ICU) for several decades. It is a syndrome where
more than one organ system fails, at that, the failure
of those systems might be not related to the initial
injury or disease that was the reason for patient’s
admission to ICU. MOD is the main cause of mor-
bidity and mortality in the contemporary intensive
care practice. The pathophysiology of MOD has not
been fully studied yet; however, quite a lot of data
indicate that the initial injury initiates a chain of
events leading to activation of several endogenous
metabolic pathways and development of the sys-
temic inflammatory response (SIR) and MOD [1, 2].
No therapy has proven to be fully effective to mod-
ulate this inflammatory response or incidence and
severity of MOD [3]. The most important mecha-
nism underlying MOD development might proba-
bly be immune dysregulation [4, 5].

The innate immunity system is the first barrier
on the path of an infective agents at the time of its
penetration into the body [6, 7]. Neutrophils are
mostly responsible for direct elimination of a
pathogen while circulating monocytes, tissue
macrophages and dendritic cells play a key role in
starting cellular and antibody response of acquired
immunity. Those two most significant populations
of cells feature the capability of not only absorbing
foreign particles and subjecting them to limited
proteolysis but performing presentation of anti-
gens to T-lymphocytes. Moreover, activated phago-
cytizing leukocytes release a wide range of proin-
flammatory mediators among which there are
various cytokines, chemokines, arachidonic acid
derivatives as well as nitrogen oxide and different
oxygen radicals possessing potent proinflamma-
tory properties. This mechanism aimed at fast and
efficient elimination of a pathogen from the body
is capable of leading to the inflammatory response
generalization and surrounding tissue damage due
to arespiratory ‘explosion), and to increased perme-
ability of microvasculature vessels [8]. Release of in-
flammation mediators leads usually to activation of
cellular and antibody mechanisms, the main pur-
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JUTEJbHBIMUA CBOHMCTBAMU. OTOT MEXaHU3M,
HalpaBJIEeHHBIM Ha OBICTPYIO0 U 3(PPEeKTUBHYIO
3JINMMUHAIIUIO TTAaTOTeHa U3 OPTaHU3Ma, CII0CO0eH
MIPUBOJINTH K reHepaau3aluyd BOCIAJIUTETbHON
peakuuy 1 NOBPESKIEHUIO OKPYSKAIOIINX TKaHel
3a CUET pPecCnupaToOpHOTrO «B3PbIBA», a TAKKe K
IIOBBILIEHUIO IIPOHUIIAEMOCTHA COCYIOB MHUKPO-
UPKYIATOPHOTO pycaa [8]. BricBobOOKIEHUE
MeIUaToOPOB BOCIAJIEHUsI OOBLIYHO IMPUBOIUT K
AKTUBALAM KJIETOYHBIX ¥ TyMOPa/IbHbIX MEXaHU3-
MOB, OCHOBHOU IIeJIbI0 KOTOPBIX SIBJISIETCSA
OorpaHWYeHre BOCHAJUTETbHOU pearkmuu [9].
CiiencTBrEeM JaHHOIO IIPOLIECCa ABJIAETCS yTHeTe-
HUe (PpyHKIMOHAJbHON aKTUBHOCTU KJIETOK BPOYK-
JIEHHOTO W NMPHOOpPETEHHOTO WMMYHHUTETa, YTO
COMPOBOKIAaeTCs CHUKeHHEM 3(pPEeKTUBHOCTHU
3JIMMHUHAILIMY ITaTOT€HOB ¥ CUCTEMHBIMHU HapyIIle-
HUSIMH B paboTe NMMYHHO¥ cucTeMbl. MHOTO(aK-
TOpHasi MMMyHogenpeccuss cosmecTHo ¢ CBP
npenonpeaesnser dopmupoBanue [IOH. MokHO
roJiaraTh, YTO TsXKesiasi AUCHYHKIUSI UMMYHHON
CHUCTEMbI JIETTPECCUBHOU HATPABJIEHHOCTH OKa3bI-
BAETCA He MPOCTO PAHHUM U HAJIesKHBIM IIPU3HA-
KoM pasBuBatotieticss IIOH, Ho Bo MHOTOM obOec-
neynBaeT GopMHUPOBAHUE U TIPOTPECCUPOBAHME
3TOTO COCTOSTHUS, CITOCOOHOT0 ITPUBECTH K Pa3BU-
THIO JIETAJIBHOTO ncxoaa [10-12].

B kappuoxupypruu npeglpuHUMaloTCA eln-
HUYHBbIE TOIILITKU WCIIOJb30BaTh MOHOIIMThI
nepudepuvecKoii KpoBU OOTBHBIX JJTsI TPOTHO3U-
POBaHMsI TeUEHUs ITOCIE0NEPAITMOHHOTO NEPUO/IA,
IIOCKOJIbKY U3MEHEeHMe IIOIYJIAIMOHHOIO COCTaBa
MOHOLIATOB I10CJIE OIlepallAy IIpU OTCYyTCTBUH Cell-
TUYECKUX OCJIO}KHEHUU yKa3bIBAeT Ha BBIPAYKEH-
HOCTBh CUCTEMHOTI'O BocnajeHus [13-15].

JI7151 RIMHUYECKOM OLIEHKU TSKECTU TTOJIUOP-
FaHHOM HeJOCTATOYHOCTU IMIMPOKO UCHOJIb3YeTCsI
mkana SOFA, nsHavyaabHO paspaboTaHHas I
OLIEHKU ITaIIMEeHTOB C a0JOMUHAIbHBIM CEIICHCOM.
Ha ceromHAITHMI TeHb OHA XOPOIIIO ceds1 3apeKo-
MeHJOBajla B Ka4eCTBe NHCTPYMEHTa Jij1 IIOCTpoe-
HUA TPOTHO3a TeYeHWs MOCJAe0neparuoOHHOrO
Iepruota U y KapAuOXUpPYprudeCKux IalueHTOB
[16, 17]. be3ayCca0BHO, MEX Y ITAIUEHTAMU C CEIICU-
COM ¥ MaIMeHTAMHU MOCJe MJIAaHOBBIX KapINOXU-
PYPTAYECKUX OTIEPAIIHI CYIIIeCTBYET OOJIbIIIast pas-
HUIA. TeM He MeHee, HEKOTOPbIe UCCJIe0BATEN
Cercrca CYMTAIOT, YTO BCE TO, YTO HPOUCXOJUT C
MManyeHTOM BO BpeMs OIepaIluy Ha Cep/le, O4eHb
CUJILHO HAallIOMHUHAET TO, YTO MPOUCXOAUT C Talu-
€HTOM, CTpajamlumM cercucom [18, 19]. BoJaee
TOT'0, OHU OTMEYAIOT, YTO M0 Mepe HAKOMJIEHU I 3HA-
HUH, BCe 0OJIbIle BHUMAHUs CJEAyeT YIeJSTh
MMEHHO UCCJIeJOBAaHUIO UNMMYyHUTETa Y KAPAUOXH-
pypru4eckux namyeHTos [20, 21].

Lleab nccaeqoBaHusA — BbISIBUTh KOMIIOHEH-
Tl MMMYHHTETA, IIO3BOJIAIOLINE IpeacKa3aTh
pa3BUTHE IOJHOPTraHHON HEeZOCTAaTOYHOCTU ¥
MaleHTOoB T0CJe ollepalyii Ha ceprle.

pose of which comprises the limitation of the in-
flammatory responses [9]. The consequence of this
process is suppressed functional activity of cells of
the innate and acquired immunity, which is accom-
panied by a reduced efficacy of pathogen elimina-
tion and systemic disturbances in the immune sys-
tem functioning. Multiple factors of immune
suppression combined with SIR predisposes to the
development of MOD. It can be assumed that se-
vere immune system dysfunction of suppressive
nature is not just an early and reliable symptom of
developing MOD, but mainly supports develop-
ment and progress of this condition that can lead
to development of fatal outcome [10-12].

In cardiac surgery, sporadic attempts are
made to use patients’ peripheral blood for postop-
erative prognosis because an altered composition
of monocyte population after a surgery in the ab-
sence of septic complications indicates systemic
inflammation presentation [13-15].

For clinical assessment of MOD severity, SOFA
scores are employed, which were originally devel-
oped for the evaluation of abdominal sepsis pa-
tients. Today, it is widely recognized as a tool for
building a postoperative prognosis in cardiac sur-
gery patients, too [16, 17]. There is, of course, a large
difference between sepsis patients and patients
after elective cardiac surgery. Nevertheless, some
researchers of sepsis think that everything that hap-
pen to patients during a cardiac surgery is very
much alike what happens to patients suffering from
sepsis [18, 19]. Moreover, they note that as knowl-
edge is accumulated more attention should be paid
specifically to investigation of immunity in cardiac
surgery patients [20, 21].

Purpose of the study. To identify immunity
components allowing predicting development of
multiple organ failure in patients after heart surgery.

Materials and Methods

Every year the cardiac surgery clinic of Sverdlovsk
Regional Clinical Hospital No. 1 performs about 1500
heart surgeries. The study included 40 patients operated
electively in the Heart and Vessels Center during the pe-
riod of September to November 2016. The criterion for
inclusion into the study was the presence of indications
for cardiac surgical intervention. The exclusion criterion
was the presence of infective endocarditis in patients.

The anesthetic support (combined anesthesia: Fen-
tanyl 10 mg/kg/hr., Midazolam 0.03-0.1 mg/kg/hr.,
Rocuronium 0.3-0.6 mg/kg/hr., isoflurane MAC
1.05-1.28%) and normothermic cardiopulmonary bypass
(apparatus «Stockert 5», membrane oxygenators, perfu-
sion flow rate 2.5 1/min/m? of body area and hypothermic
pharmaco-blood cardioplegia at 10°C) was carried out
following the methodology employed in the clinic. No
complications related to the surgery, anesthesia or car-
diopulmonary bypass were noted.

Peripheral blood analysis was done before and 24
hours after surgery. In all patients, peripheral vein blood
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MaTepnaJI H ME€TOAbI

ExXerogHo B KapJUOXUPYPrudecKoi KnHuKe CBep-
JIOBCKOM 00/1aCTHOM KJIMHUYECKOL 00 ILHUITHI Ne 1 BBIIOJ-
HsieTcsi mopsiaka 1500 omepariuii Ha cepie. B uccienoBa-
HYe BRIIOYIIN 40 TAI[eHTOoB, OllePHUPOBAaHHBIX B IIEHTpe
«Cepauie 1 Cocybl» B IIJTAHOBOM HOPSIKE B IIEPUOJ C CEH-
TAOP# 1o HOoAOPB MecsAl 2016 rona. KpurepueM BrJTIOUe-
HUSA B HCCJIeJ0BaHUe CIIYKUJIO HaTM4Ye TOKa3aHuH 111
MPOBeAEHNUA KapAUOXUPYPrUYecKoro BMeIIaTeIbCTBa.
Kputeprem UCK/IIOYEHUS U3 UCC/IeI0OBAaHNA — HaJIU4Me
y MaIeHTOB UH(MEKIIMOHHOTO 9HI0KAPANTA.

AHecTe3noJIOTHYECKOE TTOCOOHE (KOMOMHUPOBAH-
Has aHecTe3ust: (peHTaHMIT 10 MKT/KT/49ac, MUAA30J1aM
0,03-0,1 Mkr/kr/gac, pokypoHuit 0,3-0,6 Mr/Kr/d4ac,
unsoduopas (MAK 1,05-1,28%) u HOpMOTepMUUYeCcKoe
HCKyCCTBEHHOe KpoBooOpateHue (ammapar «Stockert 5»,
MeMOpaHHbIe OKCUTeHATOPhI, 06 beMHast CKOPOCTh Iep-
dysun 2,5 j1/MUH/M? TUIOIIAIN TeJIa U X0JI0A0Bast pap-
MaKO-KpOBsIHasA KapAUOILIerusa TeMineparypoil 10°C)
NPOBOAWJINA IO HPUHATON B KJIMHUKE METOAUKE.
OcJ105kHEeHHH, CBA3AHHBIX C ONlepanyeil, anecTe3nel u
HUCKYCCTBEHHBIM KPOBOOOpallieHreM He OTMEeTHJIH.

VccnenoBaHue nepugepudeckoil KpoBU MPOBO-
JIWJIN 0 Ollepalluu 1 yepes 24 yaca IocJie onepanuu. ¥y
BCeX ITaI[eHTOB U3 MepudepruiecKoy BeHbI OCYIIeCTB-
JIsJIA 3200 KPOBU B BAaKyyMHbIe IPOOUPKU € JoOaBe-
HueM K339/ITA u yckopuTesis cBepThIBaHUA (TPOMOUH)
JJIS TIOJTyYeHUsI CBIBOPOTKU. VcciemoBaHUsA BBINOJ-
HAJH B IeHb 3abopa kpoBu. OOIIUH aHATN3 KPOBU C
MO CYETOM KOJNYECTBA JEUKOIUTOB U JTUMQOIUTOB
MPOBOJUJIM HAa aBTOMATUYECKOM IeMaTOJIOTHYeCKOM
ananuaarope ACT 5 diff (Beckman Coulter, CIIIA).

V3ydyenue (heHOTUIIa IYMMYHOKOMIIETEHTHBIX KJIe-
TOK IIPOBOJU/IM Ha MIPOTOYHOM JIa3epPHOM IIUTOMETpe
Navius (Beckman Coulter, CIITA) ¢ UCIIOJIb30BaHHEM MO-
HORJIOHAJIBHBIX aHTuTe)1 Beckmann Coulter. JTjist ucce-
JIOBaHUS NOMY/IAIINY MOHOIIUTOB HCI0J/Ib30BaIN MOHO-
KJIOHAJIbHBIE aHTUTeaa CD14, HLA-DR.

KommonenTb! koMmiiumeHnTa 3 (C3) u 4 (C4) one-
HUBAIN KOJMYECTBEHHO HMMYHOTypOUgUMeTpHude-
CKHUM METOJIOM B CBIBOPOTKE KPOBHU C UCIO/IH30BAaHUEM
a"anuaaropa Beckman Coulter cepuu AU.

ITpoKaJIbIUTOHIH OLIEHUBAJIH C UCIIOIb30BaHUEM
OPUTMHAJIBHBIX PEareHTOB U PACXOIHBIX MaTepHasIoB Ha
aBTOMAaTHYECKOM 3JIEKTPOXeMUTIOMUHECIIEHTHOM aHa-
smsarope «Elecsys 2010» (Roche).

IMomMuMO 1a6OPaATOPHBIX UCCIEeI0BAaHUM, IPOBO-
aunau eskeqHeBHYI0 oneHKy [IOH mo mkane SOFA nHa
MIPOTSYKEHUHU BCEro Nepruo/ia Hax0K AeHN A allUeHTOB B
OPUT.

CraTHCTHYECKYI0O 00pabOTKy MOJIyYeHHBIX JaH-
HBIX IIPOBOAUIH C UCIOJ/IH30BAaHNEM IPUJIOKEHU I
Excel AtteStat 1 TUIIeH3MOHHOM MporpaMMBb! Statistica 6.
JlaHHBIe aHATU3UPOBAJIN HAa HOPMAIBLHOCTE pacIpee-
JIEHUs C UCIOJIb30BaHUeM KpuTepus KoJsiMmoroposa.
CpaBHUTEJIbHBIN aHAIN3 KOJIMYEeCTBEHHBIX IPU3HAKOB
BBIINIOJIHUJIM C IOMOIIBI0 Kputepues dumepa-IInt-
MaHa, MaHHa-YUTHU U YWJIKOKCOHA. HopmasibHOro
pacmnpejeseHNs IPU3HAKOB He HAO/II0Ma/MH, TI03TOMY
HCIOJ/IL30BATIN METOAbl HellapaMeTpPUYecKoll cTaTu-
cTuku. HemapaMmeTrpudeckue KOJUYEeCTBEHHbIE MPU-
3HAKM U IPU3HAKH C MAaJIbIM KOJIMYECTBOM HaOJIofe-
HUU (n<30) OpUBeJM B BUJE MeAWAHBI U TPAHUIL
MEe)KKBapTUJIBHOTO MHTepBaJsa (B ckobkax). [l Bcex

was sampled into vacuum tubes containing K3EDTA and
clotting accelerator (thrombin) to obtain serum. Tests
were carried out on the day of blood sampling. Total
blood count including leukocytes and lymphocytes was
performed using automatic hematological analyzer ACT
5 diff (Beckman Coulter, USA).

Phenotyping of immune competent cells was car-
ried out with the help of flow laser cytometer Navius
(Beckman Coulter, USA) using Beckmann Coulter mon-
oclonal antibodies. To analyze the monocyte population,
monoclonal antibodies CD14, HLA-DR were used.

Complement components 3 (C3) and 4 (C4) were
assayed by immunoturbidimetry in blood serum using
AU series Beckman Coulter analyzer.

Procalcitonin was assayed using original reagents
and consumables by electrochemiluminescence with the
help of analyzer «Elecsys 2010» (Roche).

In addition to laboratory tests, MOD was assessed
according to SOFA on a daily basis during the whole pe-
riod for which patients stayed in ICU.

Statistical processing of data obtained was carried
out using AtteStat application for Excel and licensed soft-
ware Statistica 6. Data were analyzed for distribution nor-
mality using the Kolmogorov test. Comparative analysis
of quantitative attributes was performed with the help of
Fisher-Pitman, Mann-Whitney and Wilcoxon tests. As
normal distribution of parameters was not observed,
non-parametric statistics methods were applied. Non-
parametric quantitative attributes and attributes with a
small number of observations (1n<30) were presented as
a median and interquartile interval (in brackets). For all
statistical criteria, type 1 error was adopted equal to 0.05.
Null hypothesis (absence of difference) was discarded if
probability (P) did not exceed type 1 error. A hypothesis
was regarded significant at P<0.05.

Results and Discussion

The study included 20 men and 20 women.
The age of patients was equal to 61.5 years (26; 79).
Euro SCORE II was 2.35% (0.4; 13.3). The types of
surgical intervention are presented in table 1. The
duration of cardiopulmonary bypass amounted to
102.5 minutes (0; 190). The ICU period lasted for 2
days (1; 26). The mortality in ICU was consistent
with the intrahospital mortality and was equal to
5% (2 patients).

Analysis of hematological parameters have
shown that the absolute content of leukocytes cir-
culating in peripheral blood increased statistically
significantly (P<0.001) after an operation from
5.3X10°%/1 (1.7; 11) to 14X10%/1 (4; 35).

The absolute content of lymphocytes in pe-
ripheral blood reliably did not change while their
relative content in the composition of the total
leukocyte count after an operation significantly de-
creased compared to the baseline value more than
three-fold (P<0.001): from 30.85% (12; 47.7) t0 9.45%
(3.4; 44.7). The concentration of monocytes signifi-
cantly increased after an operation from 0.78x10%/1
(0.16; 1.62) to 1.65x10°/1(0.27; 4.8) (P<0.001). Inves-
tigation of the content of circulating neutrophilic
granulocytes have shown a significant increase of
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Ta6Jmua 1. XapaKTepl/ICTI/IKa BH/A0B OII€PATHBHOI0 BMelIaTe/JbCTBA.

Table 1. Characteristics of modes of surgery.

Modes of surgery Number of patients
Myocardial revascularization off pump 1
Myocardial revascularization on pump 9
Myocardial revascularization with simultaneous valve correction 10
Valve correction 15

Intervention on the ascending aorta

5

IIpumeuanue. Modes of surgery — 06beM oniepaTuBHOI0 BMelIaTesIbCcTBa; number of patients —uunciio nanuenTos; myocardial
revascularization — peBackyssspusanust Muokapaa; off pump — 6e3 UCKyCCTBEHHOT0 KPOBOOOPAIIIEHHsT; ON pump — C UCKYC-
CTBEHHBIM KpoBooOpatenueM; with simultaneous valve correction — ¢ ofHOBpeMeHHOM KJIallaHHOM KOppeKIuel; intervention
on the ascending aorta — BMeIIaTesIbCTBO Ha BOCXOZAIIIEH aopTe.

CTAaTHCTUYECKUX KPUTEPHEB OIMOKY IIEpBOTO poja
ycTa"aBJauBaau paBHou 0,05. HyseByio rumnoresy (0T-
CYTCTBHE Pa3JINYNI) OTBEPTaJIH, €CJITU BEPOSTHOCTB (p)
He TIpeBBIIIajIa OMHUOKY ITepBoro pona. I'mmoresy pac-
cMarpuBa/y Kak 3Ha4YuMylo nipu p<0,05.

Pe3ynbTaThl ¥ 00CY:K/IEHHE

B uccnenosanue BRIOYUIN 20 My>K4uH U 20
SKeHINVH. Bo3pacT manueHToB cocTaBui 61,5 (26;
79) roga. Euro SCORE II — 2,35 % (0,4; 13,3). Buab1
ONepaTUBHOTO BMeNIaTe/IbCTBA MPEJCTABUIN B
Tab6s. 1. [IpomOIKUTETHBHOCTh UCKYCCTBEHHOTO
KpoBooOpartenusi coctaBuna 102,5 muHyTHI (0;
190). ITpogomskuTeabHOCTh HaxoskaeHus1i B OPUT
cocraBmia 2 cyrok (1; 26). PeanumanuoHHas
JIeTaJIbHOCTh PaBHAJACH TOCHUTATBHOU JIeTaTb-
HOCTH U cocTaBuJia 5 % (2 maryeHTa).

AHaM3 TEeMaTOJIOTUYECKUX IIoKas3aresen
TOKasaJl, YTo abCOJTIOTHOE COoMlepsKaHmMe JIEHKOITH -
TOB, IUPKYJIUPYIOIINX B TepudeprudecKkoii KpoBH,
CTaTUCTUYECKU 3Hauumo (p<0,001) yBenuuuBa-
JOCh mocje omepanuu ¢ 5,3X10%a (1,7; 11) mo
14X10%/ 71 (4; 35).

AbcosoTHOE cofepskanue JUMQOINTOB B
nepudepuyveckoil KPoBU JOCTOBEPHO HE U3Me-
HSIJIOCh, TOTTIA KAK UX OTHOCUTEJbHOE COJlepsKa-
HUE B COCTaBe 00IIel JIeMKOITUTapHOU (ppaKkIuu
IocJjie OIEepalnuu TOCTOBEPHO CHUYKAJIOCH MO
CpaBHEHUIO C UCXOTHLIM 3HaYEeHNEM 00Jiee YeM B
TpHu pasa (p<0,001) — ¢ 30,85% (12; 47,7) 10 9,45%
(3,4; 44,7). KoHIIeHTpauyss MOHOIIUTOB TOCTOBEP-
HO YBeJIMYMBaJIACh ocJe onepanuu ¢ 0,78X10%/1
(0,16; 1,62) mol,65X10% 7 (0,27; 4,8)(p<0,001).
HcciemoBanue copepsKaHUA HUPKYIUPYIOIINX
HEUTPO(MUIbHBIX TPaHYJIOLUTOB II0Ka3aJo
CyllecTBeHHOe YyBeJMYeHUe KJIETOK JaHHOU
dpakimu Kak B OTHOCUTEJbHBIX (€ 52,55% (34,2;
77,2) no 76,7% (39,5; 88) nipu p<0,001), Tak u B
abcoJroTHbIx (c 2,75X10%°/a1 (0,79; 6,75) mo
9,95X10%/ 21 (1,96; 29) ipu p<0,001) BeTuuMHAX B
paHHeM nocJjeoliepaliioHHOM nepuonae. OTHOCHU-
TeJbHOE CONlepsKaHue APYTUX MONY/IsIUN IpaHy-
JIOIIUTOB — 903WHOPUIOB U 06a3oPpusoB —
JIOCTOBEPHO CHUSKAJIOCh IOCJIe TIPOBEIeHUs O1e-
panuu (¢ 2,3% (0; 7,2) mo 1,0% (0; 6)uipu p<0,001 u
¢ 0,2% (0,0; 0,7) mo 0,1% (0,0; 0,06) npu p=0,001).
IlocTOBEpPHBIX U3BMEHEHUH B aOCOJTIOTHOM COJTep-

cells of this fraction in relative (from 52.55% (34.2;
77.2) to 76.7% (39.5; 88) at P<0.001), and absolute
(from 2.75X10%/1 (0.79; 6.75) to 9.95X10°/1 (1.96; 29)
at 1<0.001) values during the early postoperative pe-
riod. The relative content of other populations of
granulocytes — eosinophils and basophils — signif-
icantly decreased after surgery (from 2.3% (0; 7.2) to
1.0% (0; 6) at P<0.001 and from 0.2% (0.0; 0.7) to
0.1% (0.0; 0.06) at P=0.001). No significant changes
in the absolute content of those cells in the patients’
peripheral blood were noted.

Hence, the level of leukocytes in postoperative
patients increased through neutrophilic granulo-
cytes and monocytes while the content of other
populations of leukocytes almost did not change.

Among the humoral factors of innate immu-
nity, the complement cascade components occupy
a special place because its key components per-
form a wide range of defensive functions linked to
pathogen opsonization, activation and attraction
of phagocytizing cells to penetrating pathogen, for-
mation of non-regulated ion channels in the mem-
branes of target cells. C3 and C4 components are
involved if the formation of C-envelopes of the clas-
sical and alternative pathways of complement ac-
tivation while products of limited proteolysis of C3
are most potent opsonins (C3b and its derivatives)
and chemoattractants (anaphylotoxin C3a) for neu-
trophils and monocytes. Moreover, C3 and C4 rep-
resent reactants of acute phase of inflammation
and, like procalcitonin, are convenient markers for
assessment of the level of inflammatory responses
in the body. In our study, C3 concentration signifi-
cantly (P<0.001) decreased from 1.1 (0.34; 1.43) to
1.02 (0.33; 1.33) g/1 during the postoperative period.
A similar dynamics was also observed for C4 com-
plement cascade component when after surgery its
concentration (P<0.001) decreased from 0.3 (0.11;
0.47) t0 0.27 (0.08; 0.41) g/1. In case of procalcitonin,
opposite dynamics was found: after an operative
intervention, concentration of this protein in blood
significantly increased from 0.032 (0.02; 0.142) to
1.0465 (0.176; 95.35) ng/ml (P<0.001).

The results of immunological tests are pre-
sented in table 2.

Dynamics of the main populations of lym-

phocytes in the peripheral blood. During the post-
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Tabsuna 2. JHuHaMHKa CyONmONyJISIHOHHOIO COCTaBa TUM(GpOLMTOB.
Table 2. Dynamic of changes of lymphocyte subpopulation composition.

Parameters Values of parameters at the study stages P Normal values
Before surgery After surgery
CD3+, % 78,5 (32; 89) 70,5 (21;93) <0,001 61-85
CD3+, X10°%/ 21 1,16 (0,43; 2,5) 0,92 (0,24; 3,6) 0,074 0,95-2,08
CD19+, % 9,5 (2; 56) 16,5 (1; 65) <0,001 7-17
CD19+, X10°/ 21 0,14 (0,03; 0,89) 0,19 (0,017; 2,2) 0,003 0,11-0,38
CD3+CD4+, % 47,5 17;71) 41,5 (15; 68) 0,009 35-55
CD3+CD4+, X10°%/ 71 0,695 (0,1; 1,79) 0,58 (0,12; 2,2) 0,247 0,58-1,34
CD3+CD8+, % 26 (7;69) 24 (3;47) 0,015 19-35
CD3+CD8+, X109/ 0,365 (0,11; 1,1) 0,275 (0,045; 1,31) 0,324 0,37-0,97
Ratio of CD3+CD4+/CD3+CD8+ 1,9 (0,25; 7,1) 1,65 (0,85; 5,66) 0,756 1,5-2,6
CD3-CD16+CD56+, % 8,5 (1; 28) 9,5 (1; 28) 0,460 8-18
CD3-CD16+CD56+, X10°%/J1 0,12 (0,01; 0,58) 0,1675 (0,014; 0,6) 0,641 0,12-0,4
CD3+16+56+, % 1,65 (0,1; 17,8) 1,25 (0,1; 12,2) 0,600 0-6
CD3+16+56+, X10%/71 0,022 (0,001; 0,2) 0,0175 (0,0017; 0,95) 0,234 0,07-0,17

IIpumeuanwue. [yis Tabu. 1, 2: parameters — rnokasaresiy; values of... at the study stages — 3Ha4eHUs... Ha CTAIUAX UCCIEH0-
BaHus; before/after — no/mocae; surgery — oneparnuu; normal values — HopMma.

SKaHUU 9TUX KJIETOK B Iepudepudeckoil KpoBU
0OJIbHBIX HE OTMETHJIH.

TakuMm oOpasoMm, yBeJmueHNe YPOBHS JIEHKO-
IUTOB ¥ OOJILHBIX ITOCJIE OTIEPALINU ITPOUCXOTUIIO
3a cueT HEUTPOPUIHLHBIX TPAHYIOIIUTOB ¥ MOHO-
IIUTOB, TOITIA KAK COJepyKaHne OCTAJIbHBIX ITOMYJIsI-
LU JIEHKOIINTOB MPaKTUYeCKU HE U3MEHSJIOCH.

Cpenu ryMopabHbBIX (PaKTOPOB BPOKIEH-
HOI'0O UMMYHUTETa KOMIIOHEHTHI KackKaJga KOM-
IJIEMEHTa 3aHUMAalT 0C000e MEeCTOo, TaKk KaK ero
KJII0YeBble KOMIIOHEHTHI BBITIOTHSIOT HIUPOKUT
CIIEKTP 3AIIUTHBIX (PYHKINH, CBSI3aHHBIX C OIICO-
HHU3alliel ImaToreHa, akTUBaIuel U mpuBJede-
HueM haroIUTUPYIONINX KJIETOK B O4ar ero mpo-
HUKHOBEHUsI, a Takke (HOPMUPOBAHUEM
HeperyJInpyeMbIX NIOHHBIX KaHAJIOB B MeMOpaHax
KJIeToK-MumieHeil. KomnonenTs! C3 1 C4 npuHU-
MaloT yuyactue B popmupoBanuu C-KOHBEpPTax
KJIACCUYECKOTO0 U aJbTepHATUBHOIO ITyTeH aKTHU-
BallMU KOMILJIEMEHTA, a IPOLYKThI OTPAaHUYEHHO-
ro mporeosuda C3 SABJIAIOTCA MOUIHEHITUMU
ornconnHamu (C3b u ero mpou3BOIHBIE) U XEMO-
arTpakTanTamu (aHadumorokcud C3a) i1 HEH-
TpodmioB U MoHOIUTOB. bosee Toro, C3 u C4
OTHOCSITCSI B peaKTaHTaM OCTPO# (paswl Bocmase-
HUS U, TOA00HO MPOKAJBIUTOHUHY, SABJISIOTCS
BecbMa YyOOOHBIMU MapKepaMu AJisi OILIeHKU
YPOBHSI BOCHAJIUTENbHBIX PeaKI[Uii, TpOTeKar0-
X B OpraHu3Me. B HallleMm HcC/Ief0BaHUU B
II0CJIEONIEPAlIMOHHOM Iepuoie KOHIEHTpalus
C3 cratuctuvyecku 3HauuMo (p<0,001) cHmxKa-
Jace ¢ 1,1 (0,34; 1,43) mo 1,02 (0,33; 1,33) r/a.
CXOJHYIO JUHAMUKY OTMeTU/IU U AJ1s1 C4 KOMIIO-
HEHTa KacKaja KOMILJIEMeHTAa, KOrjaa I10cJje ome-
pauuu ero KoHneHTpanusa (p<0,001) cHukamach
c0,3(0,11; 0,47) mo 0,27 (0,08; 0,41) r/;a. OGHApPY-
SKUJIA TaK)Ke 00paTHYIO NMHAMUKY IIPOKAIbIN-
TOHMHA: II0CJIE OIIePallMOHHOI0 BMeIlaTeJabCTBa
KOHI[EeHTPaNUs 9TOTo 6esika B KPOBU CTATUCTHU-
4eCKU 3HaYUMO BoapacTaJa c 0,032 (0,02; 0,142)

1o 1,0465 (0,176; 95,35) ar/ma (p<0,001).

operative period, there was a statistically significant
decrease of the relative content of T-lymphocytes
as percent of the quantity of lymphocytes versus
the preoperative level without statistically signifi-
cant change in their absolute value. Significant
changes were observed during analysis of CD19+ B-
lymphocytes playing a leading role in the realiza-
tion of antibody defense responses of acquired im-
munity. During the postoperative period, a
statistically significant increase of both the relative
and absolute content of B cells were observed.
Analysis of the quantity of NK (Natural Killer) of
CD3-CD56+ phenotype — the third main popula-
tion of peripheral blood lymphocytes — did not re-
veal any differences between the preoperative and
postoperative values.

Dynamics of the main subpopulations of pe-
ripheral blood T-lymphocytes — T-helpers. On the
basis of CD4 and CD8 expression, T-helpers of
CD3+CD4+ phenotype and cytotoxic T-lympho-
cytes of CD3+CD8+ phenotype were quantified.
Cells of the first population possess a leading role
in the regulation of functional activity of lympho-
cytes and leukocytes involved in defense response.
It has been shown that the relative content of T-
helpers decreased (P=0.009) after the surgery while
no significant differences in their blood concentra-
tion in patients before and after surgery were
found, though concentrations varied within a wide
range. In case of quantitative assessment of the dy-
namics of cytotoxic T-lymphocytes of phenotype
CD3+CD8+, similar tendencies were noted: the
postoperative percentage of those cells was some-
what lower vs. pre-surgery (P=0.015), but signifi-
cant difference in their relative content was absent.
Significant changes in CD4/CD8 ratio, which is re-
ferred to as ‘immunoregulatory index’, have been
not observed either. Analysis of CD3+CD56+ NK
did not reveal any differences in any study stage.

The above differences have allowed to suppose
presence of changes in the subpopulation and phe-
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PesysbsraTbl HUMMYHOJIOTMYECKUX UCCJIEA0BA-
HUH IPUBEJH B Ta0JI. 2.

JInHaMHMKa OCHOBHBIX IONMYJISANUi TuMQ0-
IIUTOB Nepu(epuyecKoi KpoBH. B mocsieonepa-
IIMOHHOM ITepuojie HaOJI0JaIN CTaTUCTUYECKHI
3HAYMMOE CHU’KEHMEe OTHOCHUTEJILHOIO CofepsKa-
HUA T-TMM@POIUTOB B HPOIEHTHOM OTHOIIIEHUH K
KOJINYeCTBY JUM@OIUTOB II0 CPaBHEHUIO C
JIOOTIepaIlMOHHBIM YPOBHEM 0€3 CTaTHUCTUYECKHU
3HAYMMOT0 U3MEHEeHUs UX aDCOJIOTHOTO 3HaYe-
HuA. CyllleCTBeHHbIEe N3MEHEHUA OTMETUJIN IIPU
anasuse CD19+ B-nmuM@onuToB, Urparommx Bey-
IIYIO POJIb B peajiM3aliy I'yMOpaJIbHbIX 3alIUT-
HBIX peaKIui MpruoOpeTeHHOro NMMYHHTeTa. Tak,
B IIOCJIEOTIEPAIIMOHHOM TIEPHO/ie HAaOTI0/Ia ! CTa-
TUCTUYECKU 3HAYNMOE YBeJIMYeHre KaK OTHOCH-
TeJIHOTO, TaK ¥ a0COJTIOTHOTO COfIEPIKAHUS JIM -
¢oIUTOB 3TOM NOMYJIANMHU. AHAIN3 KOJINYECTBA
NK (Natural Killer) ¢ ¢enorunom CD3-CD56+ —
TpeTbel OCHOBHOU MONYIALUU JUM@OIUTOB
nepugepuyeckoil KpoBY, He BBISIBUJ JOCTOBEP-
HBIX Pa3/INUUi MeKly ToKa3aTessiMH, II0JTy4eH-
HBIMH [10 ¥ IIOCJIE Ollepaluu.

JInHaMuKa OCHOBHBIX CyOTTOMyJIAIuii T-1mm-
¢omToB nepugepudeckoii KpoBu — T-xeJmepsl.
Ha ocnoBannm sxkcnpeccuu CD4 n CD8 BoisiBIum T-
xesnepsbl ¢ penoruniom CD3+CD4+ 1 ITUTOTOKCUYE-
ckue T-mumdorurel ¢ derorunom CD3+CD8+.
Kierkam nepBoii HOMy/IAIMY IPUHAJIESKAT BeTy-
I11as1 POJIb B Pery/IsAuu (DyHKIIMOHAIBHON aKTUBHO-
CcTU JIUMPOIUTOB U JIEUKOIIUTOB, TPUHUMAIOIINUX
y4yacTue B peaiM3alyy 3allUTHBIX peakuuil. Tak,
IIOKAa3aJ/Id, YTO OTHOCUTEJIbHOE copepskanue T-xeJ-
IIepOB CHUKAIOCH (p=0,009) rmocJie oneparuu, Torga
KaK MX KOHIIEHTpAIWsl B KPOBH Yy OOJBHBIX O U
II0CJIe Ollepanyy XO0Th U BapbupoBaJjia B IINPOKUX
IpeJiesIax, HO JOCTOBEPHO He pasymndasack. B cirydae
KOJIM4eCTBEHHOU OLIeHKU TUHAMUKY [IUTOTOKCUYe-
ckux T-mumoruToB ¢ perorunom CD3+CD8+ orme-
THUJIA CXONHBIE TeHICHIIUN: IIPOLIEHTHOE COLepsKa-
HUE 39THX KJIETOK OBLJIO HECKOJIbKO CHIKEHO
(p=0,015) mocse onepanuy, HO JOCTOBEPHBIX OTJIN-
YW B X OTHOCUTEJILHOM COJIEPsKaHUU HE OTMETHUJIN.
JlocroBepHBIX U3MeHeHuH cooTHoITIeHust CD4/CD8,
KOTOpOE B JiATEpPaType 0003HAYATOCH KaK «MMMYH-
HOPETYJISITOPHBIA UHJIEKC», TaK)Ke He OTMEeTUJIU.
Anamus NK ¢ ¢peroruniom CD3+CD56+ He BBIABUJ
JIOCTOBEPHBIX Pa3/INYM Ha STallaxX NCCIIETOBAHMA.

[IpuBeneHHbIE BbIIIE Pe3YJIBraTbl [I0O3BOJIMIIA
MIPE/IITOJIOKUTh HATNYe U3MEeHEeHU B CyOIIoITy-
JIIIMOHHOM U (DeHOTUIINYECKOM COCTaBe MOHOLIU-
TOB U HeHTpoduaos. Tak, ¢ HUCIOJb30BAaHUEM
anTuTesa npotuB CD14 u HLA-DR npoBesnu aHammn3
CTeleHu 3peI0CTH MOHOIIUTOB (TabJr. 3). [Tokasa-
JIM, YTO B paMKax OO0IIeH MOIysIsiIuy MOHOIIUTOB
nepudepriecKoil KpoBH, BbIsIBJIEHHBIX HA OCHO-
BaHUU MoOp(poJiornyecKkux KpurepueB (OTHOCHU-
TeJIbHBIN pa3Mep U YPOBEHb I'PaHY/ISAPHOCTH IIUTO-
I1J1a3Mbl), OTHOCHUTEJIbHOE COIEpsKaHHue 3PeJIbIX

notype composition of monocytes and neutrophils.
So, with the help of CD14 and HLA-DR antibodies,
monocyte maturity was analyzed (table 3), which
showed that within the total population of periph-
eral blood monocytes identified based on morpho-
logical criteria (the relative size and granularity of cy-
toplasm), the relative content of mature monocytes
of phenotype CD14+HLA-DR+ decreased after sur-
gery from 94.20% (56.50; 98.85) to 90.80% (28.5; 99)
at P=0.004; however, the absolute content of cells of
that type increased from 0.67X10°/1 (0.15; 1.5) to
1.54X10%/1 (0.04; 4.3). During the postoperative pe-
riod, there was no dynamics in the relative content
of ‘activated’ neutrophils of CD24+CD64+ pheno-
type as percentage of the total count of neutrophils
versus the preoperative level; however, their absolute
value increased significantly. Thus, it could be con-
cluded that the quantity of ‘activated’ neutrophils of
phenotype CD24+CD64+ were changed non-pro-
portionally to the total count of neutrophils. There
were no significant changes in the functional activity
of phagocytizing cells in peripheral blood (mono-
cytes and neutrophils), based on evaluation of the
capability of cells to produce active oxygen species.

MOD severity analysis has shown that during
the first 24 hrs. in ICU, the SOFA score value in pa-
tients was equal to 7 (2;16), with the maximum of 7
(2;,19). In the survived patients, significantly lower
SOFA score values were observed during the first 24
hrs. (P=0.018) and when evaluating the maximum
score value (P=0.015). The dynamics of MOD
changes is shown on figure 1.

Findings of the study have demonstrated that
cardiac surgery is accompanied by the develop-
ment of MOD and significant, multidirectional
quantitative and qualitative changes of the im-
mune system cells and humoral parameters of in-
nate immunity. However, we have failed to establish
relation between the immunity changes detected
and MOD development based on the obtained clin-
ical data that warrants further studies.

Both monocytes and complement cascade are
part of the innate immunity, which principle of ac-
tion is based on recognition of molecular patterns
common for different pathogens. Hence, the innate
immunity does not feature high specificity typical for
the acquired immunity. Innate immunity factors are
coded by germline genes and do not change during
the life, its receptors are evolutionally preserved. In
contrast to the acquired immunity that requires a few
days to start functioning, the innate immunity begins
acting almost instantly after impact of a damaging
factors, which is testified by other findings [22].

C3 complement component is an acute phase
reactant [23] and might be presumably promising
in terms of diagnostics, which has been proven in
our study.

Decrease of peripheral blood monocytes rep-
resents, in our opinion, a manifestation of immune
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Tabauna 3. lHHaMHKa CoJep>KaHusl MOHOLMTOB H HeHTpodHIoB.
Table 3. Dynamic of changes of the level of monocytes and neutrophils.

Parameters Values of parameters at the study stages P Normal values
Before surgery After surgery

Monocytes, (CD14+HLA-DR+) % 94,195 (56,5; 98,85) 90,8 (28,5; 99) <0,01 90-100

Monocytes, (CD14+HLA-DR+) X10%/1 0,67 (0,15; 1,5) 1,54 (0,038; 4,3) <0,001

Neutrophils, (CD24+CD64+) % 3,33 (0,64; 26,5) 2,09 (0,69; 30,08) 0,6

Neutrophils, (CD24+CD64+) X109/1 0,0855 (0,023; 1,44) 0,25 (0,054; 8,9) <0,001
Phagocytosis Indicators

Production of reactive oxygen species 22,335 (4,58; 72,28) 21,9 (5,91; 100) 0,4 80-100

ITpumeuanue. Phagocytosis Indicators — mokasaresin darorurosa; production of reactive oxygen species — npoayknus ax-
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Dynamics changes of MOD on the SOFA scale.

ITpumeuanue. SOFA score — 6aJ11 o mkasie SOFA; for surviving/deceased patients — y BBIDKUBIINX/ yMepIINX TAIMEHTOB; NUM-
ber of patients — uncso nanmenTos; day in the ICU — cyrok B OPUT; value of — 3nauenne.

MOHOIUTOB ¢ peroruniom CD14+HLA-DR+ mocJe
onepanuu cHukaercsa ¢ 94,20% (56,50; 98,85) mo
90,80% (28,5; 99) mpu p=0,004. OgHaKO abCOTIOT-
HOe coJieps;KaHue KIeTOK JaHHOTO (DeHOTHUIIa yBe-
Ju4yuBaJjock ¢ 0,67x10°/ 1 (0,15; 1,5) mo 1,54X10%/ 71
(0,04; 4,3). B mocJseornepalioHHOM IIepuoe He
HaO0JTIOIa/IN TMHAMUKY OTHOCUTETBHOTO COepsKa-
HUSI «QKTUBUPOBAHHBIX» HEUTPO(PUIIOB ¢ peHOoTH-
noM CD24+CD64+ B MPOIEHTHOM OTHOIIIEHUU K
00111eEMY KOJIMYECTBY HEUTPO(UIOB IO CpaBHE-
HHUIO C JOOIlepallMOHHBIM YpoBHeM. [Ipu aTom nx
a0COJTIOTHOE 3HAYEHME CTATHUCTUYECKHU 3HAYNMO
YBEeIUYMUIOCHh. TakuM 00pa3oM, MOSKHO 3aKJIIO-
YUTh, YTO KOJUYECTBO «aKTUBHUPOBAHHBIX» HEH-
TpodumioB ¢ penorunom CD24+CD64+ namMeHsi-
JIOCh HE MPOTMOPIHOHAIBHO 00IIEMY KOJIMYECTBY
HelTpopnaoB. CyllecCTBeHHbIX HN3MEeHEHUN B
(PYHKIIMOHAJIBHOU aKTUBHOCTU (DAarOLUTUPYIOIINX
KJIETOK mepudepruieckoil KpoBU (MOHOIIMTOB U

suppression in response to an operative injury, and
this is supported by literature [24].

Immune suppression after cardiac surgery
leads to MOD development and adverse outcome
of treatment [25], which is proven by our study.

In case of sepsis, immune suppression is ob-
served for a long period of time and affects long-
term surviving; however, intervention into the im-
mune system has not yet led to improvement of the
outcome of treatment [26]. In cardiosurgical pa-
tients, immunity can be ‘treated’ not only by inter-
fering with the immune system functioning [27],
but also by improving the pre-existent periopera-
tive defense mechanisms [28, 29] that should be a
reason for future investigations.

Conclusion

Latent defects of the innate immunity in the
patients, which manifested in a relative deficiency
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HEUTPOo(dUIOB), OCHOBAHHOI Ha OIEHKE CITOCO0-
HOCTHU KJIETOK K IIPOYKIIMY aKTUBHBIX (DOPM KU C-
JI0pOfa, He OTMETUJIN.

Ananua BeipaskeHHocTH [IOH mokasaut, 4To B
IepBble CYTKH HaxOoKIeHus nanueHTos B OPUT
0aJs1 no mkase SOFA cocraBua 7 (2; 16), Makcu-
MaJibHbIA — 7 (2; 19). IIpu aTOM y BBIKUBIIIUX
MMayeHToB Ha0JII0gaIl CTaTUCTUYECKH 3HAYNMO
MeHbINUH 6ast 1o mrasie SOFA Kak B IepBbIe
cyTKH (p=0,018), Tak 1 eT0 MaKCUMaJIbHOE 3HAYe-
Hue (p=0,015). Iunamury uamenenuii [IOH npen-
CTaBUJIY HA PUCYHKE.

PesysieraThl nccaenoBaHuA IIOKA3aau, 4TO
onepanys Ha Cep/ilie COIMPOBOKIAETCA Pa3BUTH-
€M TMOJTMOPTaHHOU HEJJOCTATOYHOCTU U CTATUCTH-
4eCKU 3HAYUMbIMU pa3HOHANPaBJIEHHBIMU U3Me-
HEHUSIMU KaK B KOJMYECTBEHHOM, TaK M B
Ka4eCTBEHHOM COCTaBe BCeX KJIeTOK UMMYHHOMN
CHCTEMBI, U HEKOTOPBIX I'yMOPa/JIbHbIX UMMYHHBIX
(pakTopoB. OTHAKO CBSI3U MESKAY BbISIBJIEHHBIMU
U3MeHeHUsAMU UMMyHuTeTa 1 pa3suruem [IOH na
MMpeACTAaBJIEHHOM MaTepHuajie HaM BBIIBUTH He
yIQJIOCh, 9TO TpeOyeT NaTbHEeHIIero n3y4eHus.

Kak MOHOIIUTHI, TaK U KacKajJl KOMILJIeMeHTa
OTHOCATCSA K BPOKICHHOMY UMMYHUTETY, [IPUHIIUIL
JeICTBUsI KOTOPOrO0 OCHOBAH HAa «y3HABAaHUN»
TUMTUYHBIX MOJIEKYJISIPHBIX CTPYKTYP, OOIINX MJIs
PasIUYHBIX TaTOTeHOB. TakuM 06pasoM, BPOKIeH-
HBIIl UMMYHUTET He 00J1a/1aeT BEICOKOH crierndud-
HOCTBIO, XapaKTePHOH JIJIsI TPHOOPETEHHOTO UMMY-
HuTeTa. PaKTOpPbl BPOKIEHHOIO HMMYHUTETA
KOJUPYIOTCSI TeHaMU 3apOJbIIIeBON JUHUU U He
MEHSIOTCSI B TeUEHMe KU3HHU, er0 pPelenTopbl 3BO-
JIIOIIMOHHO 3aKOHCEPBUPOBAHBL. B oTyInune ot npu-
00peTeHHOT0 NMMYHUTETA, /IJIs1 Hayasa (PyHKIIAO-
HUPOBAHMS KOTOPOTO TpeOyeTCs HECKOJIBKO [THEH,
BPOSKJIEHHBII WMMYHUTET HaYMHAeT paboTarh
MIPAKTUYECKU CPa3dy I0CJse BO3IeNCTBUS IIOBPEK-
jJamoomiero ¢akrTopa, 0 4YeM CBHAETEJbCTBYIOT
pes3yJbTaThl UCCIeA0BAaHUM APYTUX aBTOPOB [22].

C3 KOMIIOHEHT KacKajia KOMIIJIEMEeHTa TaKKe
OTHOCHUTCS K peakTaHTaM OCTPOU a3kl Bocnase-
HUA [23] ¥, BEpOATHO, MOKET IIPEeACTABJIATh UHTE-
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pec ¢ AUarHOCTUYECKOU TOYKW 3pEeHHUsl, UTo
HAIIJIO MMOATBEP KAeHNE B HAIIIEM UCCJIEJOBAHUN.

CHU KeHMe YPOBHSI MOHOITUTOB B Ilepudepu-
4YeCKON KpOBH fBJISIETCs, [0 HallleMy MHEHUIO,
NIPOsABJICHWEM UMMYHOCYIIPECCUU B OTBET Ha OIle-
PpaTUBHYIO TPABMY, YTO IIOATBEPsKAACTCS JIATEPa-
TYPHBIMU NAaHHBIMHU [24].

NMmMmyHOCynpeccuss 1ocje onepanuil Ha
cepare mpuBoguT k passurtuio [IOH u Heb1aro-
MPUATHOMY UCXONY JieYeHUA [25], YTO IMOATBED-
JKIaeTCsI HallluM MCCJIeJOBAaHUEM.

ITpu cemncrice UMMyHOCYIIpeCCHs HaOJTIOTaeT-
Cc B Te4yeHHe MPOJOJIKUTEeJbHOT0O BPEMEHU U
BJIMSIET HA BBKMBAEMOCTH B OTJAJIEHHOM ITepUO-
Jle, HO BMeIlaTe/IbCTBO B UMMYHHYIO CUCTEMY IIOKa
He IIPUBEJIO K YIYYLIEHHUIO Pe3yJIbraToB JICYCHUs
[26]. UMMYHUTET Y KapAUOXUPYPTUUECKUX MTaAIU-
€HTOB MOYKHO «JI€UYUTh», HE TOJIbKO BMEIIINBAsICh B
paboTy IMMYHHOW CHUCTEMBI [27], HO U yIydInas
ysKe CyIIeCTBYIOIIME METONUKH IIpOBEeINCHUS
epuoIiepaTuBHOM 3aMIUTHI [28, 29], YTO JOJIKHO
SIBUTBHCSI IIOBOJIOM JI/ISI OYAYIIINX UCCIIETOBAHMI.

3akJrouenue

ITo Bcel BUAMMOCTH, Y UCCJIEJOBAHHBIX HAMU
MaIleHTOB, CKPBITbIe Ne(eKThl BPOYKIEHHOTO
VMMYHUTETA, TPOSBUBIINECS OTHOCUTEJIHHBIM
ne(UINTOM HEKOTOPBIX €r0 KOHKPETHBIX KOMITO-
HEHTOB, MOTYT BJUATH Ha pa3surue [IOH u, B
KOHEYHOM CUeTe, Ha MCXO0J 3a00JIeBaHMUsI.

KoH@IuKT HHTEpecoB. ABTOPHI 3asIBJISIOT
00 OTCYTCTBUHU KOH(JIUKTA HHTEPECOB.

dunaHcupoBaHue. liccienoBaHue MmpoBee-
HO 6e3 MPUBJIeYeHUsI CIIOHCOPOB.
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00JIBHBIX, TOCTYIUBIINX B OP MHOTOIIPO(UIIFHOTO CTAlFIOHAPA C AUATHO30M «CeTicuc» B 2014 1 2016 1. Cen-
CHC IMAarHOCTUPOBAJIU B COOTBETCTBUHU C peKoMeHanusaMu «Cerncuc-2» U Bepu@uUIpoBaIn ¢ IOMOIIbIO
oIpeJe/IeHNs COfePyKaHusI IPOKaJbIIUTOHNHA B KPOBU. VI3yunsIu I0JI0BOM COCTAaB, BO3PACT, OCHOBHOM -
ar’os, TAPKeCTh COCTOSTHUSI OOJIBHBIX IPH TOCTyIIeHn: B OB, niuTesIbHOCTE HaxokaeHus B OB, ocobeHHOCTH
MHTEHCUBHOI'O JICUCHUS U MCXOIBI.

Peaynbrarsl. Cencuc mpu MOCTYIVIEHNH ObLI fnarHocTrpoBaH B 2014 1. y 361 (8,6%) 60sibHOTO M3 4175
60J1bHBIX, B 2016 T. — y 499 (10,5%) 113 4726 60/IHHBIX, TOCIUTAIN3NPOBAHHBIX B OP 1 NMeBIINX NH(EKITNOH-
HbI€ OYaru pa3jInyHOH JoKaIn3anur. AGTOMUHAIBHBIHA CETICHC TUarHOCTUPOBAIHN Y 72,3% OOJIbHBIX, ITYJIh-
MOHOTEeHHBIN — Yy 19,7%; ¥ 8% OOJIbHBIX CETICHC OCIOKHIJ TEPMUHAJIBHYIO CTAIUI0 PA3TNYHBIX, TPEUMYIIe-
CTBEHHO OHKOJIOTMYeCKUX, 3abosieBaHuil. B 2016 I. BBIABJIAEMOCTb Cellcuca IpU nocrynjaeHuu B OP
yBeJU4YuIack Ha 22,1% ot ypoBHs 2014 1., mpuHsToro 3a 100% (x>=9,281; p=0,003). IIpu abroMIHAIEHOM CeTl-
CHCe JIETAJIbHOCTh cocTaBmia 50,3% U He oTIMYasnach OT JIETAJIbHOCTH NPU IIyJIbMOHOT€HHOM — 52,1%
(x?=0,163; p=0,687). lmuTeIbHOCTH rocrinTaau3anui B OP Ipu myJTsbMOHOT€HHOM CeIlCuce Oblia 3HAYUTETHHO
MIPOJIOJIKUTEIBHEH, YeM ITpH a6OMIHAILHOM. Bo3pacT 611 IPeIUKTOPOM JIETAIbHOCTH ITPU a6IOMUHAITb-
HOM CeIICHCe (BO3pacT CTaplIe 65 JieT IpeIcKas3biBajl PAUCK JI€TAJTBHOI0 UCX0/1a C 9yBCTBUTEIBHOCTBIO 58,8%
u cneruduaHOCTHI0 59,9%), HO HE IIPH ITyJTbMOHOTEHHOM. YJIyYIIIeHHe IPOTHO3a JIeTaIbHOCTH IIPY abI0MU-
HaJILHOM CeIlcrce 00eCIevn/I COBMECTHBIHN aHaIu3 orleHKH 1o SOFA mpu rmocTyyieHny 1 Bo3pacTa 60J/IbHBIX:
rommaab moa ROC-kpuBoii 00beTMHEHHOTO TTOKa3areJisi cocraBusia 0,816 (95%-HbIH TOBepPUTETbHBIN WH-
TepBaJ 0,783-0,846). B 3aBUCIMOCTH OT JIOKQJIM3AIIUH O4ara MHMEKITUA OTMeYeHbI 0COOEHHOCTH BIIASTHUS
Ha JIeTaJIbHOCTh PAa3/IMYHbIX KJIMHUYECKUX [I0Ka3areJieil 1 MeTOI0B JledeHNsl.

3akaroyeHue. bosibHble, nocTynaiomuye B OP ¢ cercucoM, sIBJISIOTCA IPYNIION BBICOKOTO PUCKA JIeTaJjlb-
HOCTH, COCTaBJIAIONIEN 0K0J10 50%. [Tpr XpOHOJIOTMYEeCKOM aHa/Iu3€e BbIABJISIEMOCTh CEIICUCa BO3PACTaeT,
a JIETAJIbHOCTH He U3MeHsieTcs. [Iy1s1 D0JIBHBIX C TYJIbMOHOT€HHBIM CETICCOM ITPH ITOCTYIIeHnH B OP xapak-
TepHa O60JIbIIIas TYKECTh COCTOSIHUSA, 00YCI0BJIeHHAS TIOJIMOPTAaHHOM NUCYHKIMEH, 4eM mpu abTOMIHAIb-
HOM CETICHCE; Y 9TUX OOJbHBIX HEBO3SMOKHO IIPOrHO3MPOBATH PUCK JIETAJHHOCTH Ha OCHOBAHUU IITKAJ
APACHE II 1 SOFA. Y4HuTBIBasi reTepOTeHHOCTD ITONYIISIIUY O0JIBHBIX C CETICHICOM, YITTyOJIeHHE TIPeICTaBIIe-
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HHIT 00 0COOEHHOCTSIX MaTOreHe3a U KIIMHUYECKOTO TEYEHUST a6}10MI/IHaJILHOFO U ITYJIbMOHOT'€HHOT'O Cericruca
ABJIAETCA Ba’KHBIM YCJIOBUEM YIYUIIECHUA PE3YJIBTATOB JIEYEHUA 9TOI'0 OCJIOKHEHUA.

Knroueebvte croea: cencuc; anudemuonous; ab00OMUHANbHbLLL CeNCUC; NYLbMOHOEHHLI CeCRCUC; IeMalb-
HOCMb,; PUCK JemanvHocmu,; ungekyuorntsLii ouaz; SOFA; APACHE I1

Purpose of the study: to investigate the epidemiology of sepsis in patients with different locations of the in-
fection focus, who were admitted to the intensive care unit (ICU) of a multi-specialty hospital in 2014 and 2016.

Material and methods. A retrospective analysis of examination and treatment of 860 patients admitted to
ICU of a multi-specialty hospital with the diagnosis ‘sepsis’ in 2014 and 2016 was carried out. Sepsis was diag-
nosed pursuant to the Sepsis-2 Guidelines and verified by blood procalcitonin test. The gender, age, main di-
agnosis, patient’s severity at the time of admission to ICU, duration in ICU, and peculiarities of intensive care
and outcomes were studied.

Results. Sepsis was diagnosed at admission in 2014 in 361 (8.6%) patients out of 4175 patients, in 2016 —
in 499 (10.5%) out of 4726 patients who were admitted to ICU and had infection foci of different location. Ab-
dominal sepsis was diagnosed in 72.3% of patients, pulmonary — in 19.7%; in 8% of patients, sepsis compli-
cated the terminal stage of various, mostly oncological, diseases. In 2016, sepsis detectability at admission to
ICU increased by 22.1% vs. the 2014 level assumed as 100% (x?=9.281; P=0.003). In case of the abdominal sepsis,
mortality amounted to 50.3% and was not different from mortality in pulmonary sepsis — 52.1% (}?>=0,163;
P=0.687). The ICU in-patient duration in case of pulmonary sepsis was considerably longer than in case of ab-
dominal. The age was a predictor of mortality in case of abdominal sepsis (the age older than 65 years predicted
the risk of lethal outcome with sensitivity equal to 58.8% and specificity equal to 59.9%), which was not true
for pulmonary sepsis. The mortality prognosis during abdominal sepsis was improved by combined analysis
of the SOFA score and patient’s age at admission: AUROC of the combined index was equal to 0.816 (95%-con-
fidence interval: 0.783-0.846). Depending on the infection focus location, specificity of influence rendered on
mortality by different clinical indices and management methods was determined.

Conclusion. Patients admitted to ICU with sepsis represent a group of a high mortality risk amounting to
50% approximately. During chronological analysis, sepsis detectability increases but mortality does not change.
Patients with pulmonary sepsis at admission to ICU are characterized by a greater severity of condition due to
multiple organ failure than in case of abdominal sepsis; in such patients it is impossible to predict the risk of
mortality based on APACHE II and SOFA score. Taking into account heterogeneity of the sepsis patient popu-
lation, deepening of the knowledge about peculiarities of pathogenesis and clinical pattern of abdominal and
pulmonary sepsis is the basic requirement for improvement of the results of treatment of this complication.

Keywords: sepsis; epidemiology; abdominal sepsis; pulmonary sepsis; mortality; mortality risk; focus of in-
fection; SOFA; APACHE II
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BBenenue

Hecmotpst Ha ymiyOJeHue TpeCcTaBJIeHn 0
00X MeXaH3MaX MaTo(r3n0JI0OTUH cercrca [1-4],
camble, Ka3aJI0Ch ObI, 000CHOBaHHBIE 1 TIEPCIIEKTHB-
HbIe BApMaHThI THTEHCUBHOW TEPAIvH, alrpooupye-
MbIE B MHOFOHGHTpOBbIX HCCJ/IeJOBAHUSX, HE HpI/IBO-
JAT K CYILLIECTBEHHOMY CHIYKEHUIO JIeTaJIbHOCTH (3,
5-7]. BeICKa3bIBAIOT MHEHUE, YTO BO3MOYKHOU MPU-
UYMHOU 9THUX Heyay IBJIIeTCS TeTepOreHHOCTh BKJIIO-
YaeMBbIX B MICCJIEIOBaHMs O0TBHBIX, 00YCJIOBJIEHHAST,
PAIOM HMHIWBUIYAJIbHBIX 0COOEHHOCTEH, B TOM
4ucse ¥ pa3JAYHON JIOKaIu3alei ouara nuagex-
v [1, 8]. /les1aroT ONBITKY BBIAEIUTD «ITOAKJIACCHI»
Cercuca, OIMYAKINecs: BOBJIeUYeHNEM B OJIUOP-
TaHHYI0 HEJIOCTaTOYHOCTh PA3JIUYHBIX OPTraHOB U
CHCTEM, COCTOSTHEM KPOBOOOpAIIIeHUs], peaKITuen
Ha HauYaJIbHYIO NH(Y3UOHHYIO HAarPy3KY U JeTajlb-
HOCTBIO [8]. IIpenosiararor, 4To BeIAe/IeHHUE pa3Jjing-
HBIX BAPUAHTOB CETICHCa MOKET CTaTh OCHOBOU [1J1s1
WHIVBUTYaTA3aIAN JIeYeOHBIX aJTTOPUTMOB [1].

HeomHOpOgHOCTE MOMYITAINY OOTBHBIX C CETl-
CHCOM OTYETIMBO IPOCJIE;KUBAETCA B COBPEMEHHBIX
HnCccJIe10BaHUAX, ITIOCBAIIEHHBIX 3IINUIEMHNOJIOTNU

Introduction

In spite of deepening of knowledge about the
general mechanisms of sepsis pathophysiology
[1-4], the seemingly most substantiated and prom-
ising intensive care options tested in multi-center
studies failed to significantly reduce mortality [3,
5-7]. There is an opinion that the probable reason
for these failures is heterogeneity of patients in-
cluded in studies which is caused by a number of
individual peculiarities including a different loca-
tion of the focus of infection [1, 8]. Attempts have
been performed to differentiate sepsis 'sub-types'
by the involvement of different organs and systems
in multiple organ failure, blood circulation condi-
tion, response to the initial infusion load and mor-
tality [8]. Identification of different sepsis variants
might presumably become the basis for algorithm
of personalization [1].

Heterogeneity of sepsis patient population is
clearly observed in contemporary studies dedi-
cated to epidemiology of this complication [1, 5, 9].
In the global literation there are many publications
presenting data of a general audit of sepsis in differ-
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aTOro OcJ0KHeHus (1, 5, 9]. B MupoBoii muteparype
OTyOJTMKOBAHO 3HAYUTETLHOE YMCJI0 PaboT, B KOTO-
PBIX IpeJICTaBJIEHbI TAHHBIE OOIIETO ayIuTa CEeTICH-
ca B pa3J/IMYHBIX CTpaHax [9, 10], pe3yJibrarbl udyye-
HUS 9NUIEMHOJIOTUM W 9THUOJIOTHM Celcuca y
OOJIBHBIX, TTOCTYTIAIIINX B OT/IeJIEHNE PeaHNMaTo-
goruu (OP) [11], CTPYKTypBl U 3THOJIOTUYECKUAX
aCIIeKTOB JIeTaJbHOCTU IIpu cencuce [12, 13],
adderTuBHOCTU KpUTepueB «Cercuc-2» 1 «Cercuc-
3» B IMAarHOCTUKE CelCcrca U CeNTUYeCKOro IIoKa
[12, 14]. B oreyecTBEHHOU MeIUIMHE IIOHOOHBIE
HCCJIeIOBAaHMS KpaiiHe HEMHOTOYHCJIEHHBI [15-18].
B cBsI3M C U3J10)KEeHHBIM, 11eJIb HACTOSIIIero
HCCJIeJOBAaHUS — U3YYUTh SNUJLEMUOJIOTHIO Cell-
cruca y OOBHBIX C Pa3JIMYHON JIOKAJIM3aIuei
MH(EeKIMOHHOTO ovyara, nocTynuBmux B OP MHO-
ronpoduabHOro craimonapa B 2014 1 2016 rr.

MarepuaJa u MeToabI

PeTpocnieKTUBHO IPOAHAIN3UPOBAIM JaHHBIE 00-
cefoBaHus U JieyeHus 860 OOJIBHBIX, TIOCTYITUBIIINX B
OP MHOTONIpO(MJILHOTO CTAllOHApa C cerncucom: 361
6osibHOTO (201 My>Kk4rHA ¥ 160 skeHIITIH) B Bo3pacTe 18-
97 (64 [50,5; 78]) ter — B 2014 1. 1 499 O0ABHBIX (254
MY>KYMHBI 1 245 sKeH1rH) B Bo3pacre 20-98 (67 [55; 78])
aetr — B 2016 1. Cerncuc AUarHOCTAPOBATUA B COOTBET-
cTBUM ¢ peroMmeHanusamu «Cemncuc-2» [19] u Bepudu-
YPOBAaH B TEUYECHHE NEPBBIX 24 4YaCOB HAXOKICHUA B
OPHUT c nomoipio omnpenesieHus CONep KaHus IpPo-
ranpiurToHrHa (ITKT) B kpoBu. JlmarHoctuuecku
3HAYMMBIM cunTanu yposeHb [TKT > 2 ur/mi1. Jlanubie
00 o6111eM ymcJie 60JbHBIX, ITpoJiedeHHbIX B OP B 2014
u 2016 rT., IO/Iy4YeHb] U3 KIMHUKO-CTaTUCTUYECKUX OT-
4YETOB 3a COOTBETCTBYIOIIME TOMIBI.

AHayM3upoBaJIM II0JIOBOHU COCTaB, BO3pacT, OC-
HOBHOM IMAarHos, TAYKeCTb COCTOsSIHUA OOJIBHBIX IIpU
nocrymiennu B OP no mkanam APACHE II u SOFA, num-
TEeJBbHOCTDb HaxoxaeHus B OP, ucnosb3oBaHue UCKYC-
CTBEHHOW BeHTUJIAIMHY Jerkux (MBJI) u/wmiu s3amecTu-
TeJIbHOU IIOYeYHOH Tepanuu, KANHUYEeCKUH HCXO[
(rocrurajibHasA J1€TaJIbLHOCTE).

XpaHeHre U CTaTUCTUYECKYI0 00pabOoTKy TaHHBIX
BBIITOJTHAJIY C TIOMOIIBIO IIEPCOHAIBHOIO KOMITBIOTEPA C
onepanuoHHo# cucremoit Windows 10. [Iyis1 XxpaHeHUst 1
00paboTKM JaHHBIX FCIIOIH30BaJIN 06a3y JaHHBIX, CHOP-
MUpOBaHHYIO0 B nporpamme Microsoft Office Excel. Pasep-
HYTbIN CTaTUCTUYECKNAN aHAJIN3 BBIIIOTHU/IM C IOMOIIBIO
nporpaMMHbIX takeToB «Microsoft Office Excel», u «Med-
Calc 15». HopMasibHOCTB pacrpejie/ieHusI JaHHbIX OIlpe-
JeJIAVIM € ITIoMOoIIbIo Kputepues KosmmMoroposa—-Cmup-
HoBa u [[lannpo-Yuika. /lanHble IPeACTaBUAINA B BUAE B
BUjle MeiuaHbl, 25% u 75% kBapTusei. Yactory nprusHa-
KOB IIPeJICTaBJIsI/IN B BUJe cpefHeil yacToTel (p). JocTto-
BEpPHOCTH OTIMYN TAHHBIX HECBSI3aHHBIX BBIOOPOK OIIpe-
JIeJIAJI C IIOMOIBIO KpuTepyusa MaHHa—YUTHH C pacdeToM
KpUTepHUA Z 1 ypPOoBHA p. OINYKA YaCTOTHBIX IPU3HAKOB
B BBIOOPKAX OITPe/IeIsIIIH C IIOMOIIBI0 KpruTepus [ InpcoHa
¥2. OTIM4MA CYUTAIM 3HAYMMBIMMU IIPU BEPOATHOCTH
ommbku MeHee 5% (p<0,05).

BinsaHye He3aBUCUMBIX IEPEMEHHbBIX Ha 3aBUCHU-
My10 (MCXOJI) OLIEHUBAJIM C [IOMOIIBIO METOJA JIOTUCTHYe-
CKoli perpeccuu. [Tpu BeIIIOJIHEHUY JIOTUCTUYECKOU pe-
TPECCUU PAaCCYUTBHIBAJM OTHoLIeHue IraHcos (OIII),

ent countries [9, 10], findings of investigations of
sepsis epidemiology and etiology in patients admit-
ted to intensive care units (ICU) [11], structure and
etiologic aspects of mortality during sepsis [12, 13],
efficacy of Sepsis-2 and Sepsis-3 criteria in the di-
agnosis of sepsis and septic shock [12, 14]. In the
domestic medicine, such investigations are ex-
tremely scarce [15-18].

In view of the above, the purpose of this study
is to investigate sepsis epidemiology in patients
with different location of the focus of infection, who
were admitted to ICU of a multi-specialty hospital
in 2014 and 2016.

Materials and Methods

A retrospective analysis of data of examination and
treatment of 860 sepsis patients admitted to the ICU of a
multi-specialty hospital was carried out: 361 patients (201
men and 160 women) aged 18-97 (64 [50,5; 78]) years —
in 2014; and 499 patients (254 men and 245 women) aged
20-98 (67 [55; 78]) years — in 2016. Sepsis was diagnosed
pursuant to Sepsis-2 Guidelines [19] and verified within
the first 24 hours in ICU by blood procalcitonin test (BPT).
BPT >2 ng/ml was regarded diagnostically significant. In-
formation about the total number of patients treated in
ICU in 2014 and 2016 were obtained from the clinical sta-
tistical reports for the respective years.

The data analyzed included gender, age, main diag-
nosis, patient’s severity at the time of admission to ICU
based on APACHE II and SOFA scores, ICU duration, uti-
lization of artificial lung ventilation (ALV) and/or substi-
tutive renal therapy, clinical outcome (hospital mortality).

Storage and statistical processing of data was per-
formed with the help of PC with Windows 10. For storage
and processing of data, a data base formed in Microsoft
Office Excel was used. A detailed statistical analysis was
carried out using Microsoft Office Excel and MedCalc 15
software. Normality of distribution of variables was de-
termined by the Kolmogorov-Smirnov and Shapiro-Wilk
tests. Findings were presented as the median, 25% and
75% quartiles. The frequency of variables was presented
as the mean frequency (P). Significance of differences in
variables between the groups composed of non-related
patients was determined by the Mann-Whitney test in-
cluding calculation of Z and P. Differences in frequency
of attributes were determined using criterion y2. Differ-
ences were considered significant at probability of an
error less than 5% (P<0.05).

The influence of independent variables on a de-
pendent variable (outcome) was estimated by the logistic
regression method. In performing logistic regression, the
odds ratio (OR), 95% confidence interval (CI), and signifi-
cance of a difference (P) were calculated. To assess the
separating power of the model (distinction between pa-
tients with favorable and unfavorable outcomes), ROC
analysis was carried out. The latter included only those
indices that affected the outcome according to logistic
regression. ROC curve characteristics including calcula-
tion of the area under curve (AUC) and statistical relia-
bility (p) of dependence revealed were analyzed. The
model quality was regarded: at AUC > 0.9 — excellent,
0.8-0.9 — very good, 0.7-0.8 — good, 0.6-0.7 — average,
0.5-0.6 — unsatisfactory. Comparison of AUC was carried
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TaﬁJmua 1. OcHOBHBIE SaGOHeBaHH}I, OCJIO’KHHUBIINECA CEIICUCOM, THAITrHOCTHPOBAHHBIM IIPH IIOCTYIIJICHUU B

OPUT.

Table 1. Main diseases complicated by sepsis that was diagnosed at the time of admission to ICU.

Diseases Number of cases, n (%)
Acute appendicitis 46 (5.3)
Acute cholecystitis 36 (4.2)
Intestinal obstruction 57 (6.6)
Necrotizing pancreatitis 65 (7.6)
Perforated gastric or duodenal ulcer 145 (16.9)
Mesenteric thrombosis 100 (11.6)
Cirrhosis 53 (6.2)
Abdominal abscess 16 (1.9)
Renal neoplasm 20 (2.3)
Urolithiasis 16 (1.9)
Multicystic kidney disease 5(0.6)
Purulent prostatitis 7(0.8)
Purulent pyelonephritis 51 (5.9)
Hydronephrosis 5(0.6)
Community-acquired pneumonia 122 (14.2)
Congestive pneumonia 22 (2.6)
Post-infarction pneumonia 7 (0.8)
Lung neoplasm 15 (1.7)
Lung injury 3(0.3)
Metastatic cancer 31 (3.6)
Terminal stage of cirrhosis 5(0.6)
Other 33 (3.8)
Total 860 (100)

IIpumeuanue. Diseases — 3abosieBanus; acute — ocTpslif; appendicitis — annenaumuT; cholecystitis — xoserucTuT; intestinal
obstruction — KuIIeYHasE HEIPOXOJUMOCTD; hecrotizing pancreatitis — nankpeonekpos; perforated gastric or duodenal ulcer —
nepgoparuBHas A3Ba JKeJyIKa UK 12-11epcTHOHN KUIIKY; mesenteric thrombosis — Me3eHTepuasbHBIN TPoMO03; cirrhosis —
nuppos; abdominal abscess — adcuecc 6piorrHoii mosiocTy; renal neoplasm — HoBooOpas3oBanue novek; urolithiasis — Moueka-
MekaMeHHas1 OoJsie3Hb; multicystic kidney disease — nmosmmkucTo3 noyek; purulent prostatitis — ruHoiHbIN TpocTaruT; purulent
pyelonephritis — ruoiinbiii nuesonedpurt; hydronephrosis — rugponedpos; pneumonia — nHeBMOHUS; community-acquired —
BHeDOOJIbHUYHAS; congestive — 3acToiinasi; post-infarction — nocrundapkrHas; lung — jerkue; neoplasm — HOBooOpa3oBaHuUe;
injury — TpaBma; metastatic cancer — meracraruyeckuil pak; terminal stage of cirrhosis — TepMuHa/bHAs CTaAUSA IUPPO3a;
other — mpouee; total — Bcero; number of cases — 4ymcJi0 HaOOAEHUIA.

95%-HbI1 JOBepUTe/IbHBIN nHTepBaJl ([I11) 1 3HaUUMOCTb
BIAUAHUSA (p). JI715 OLIEHKH pase/IuTeIbHON CIIOCOOHO-
CTU Mojenu (pasrpaHrmveHue OOJBHBIX € OJIarompu-
ATHBIMU U He6JIaFOHpI/IHTHLIMI/I I/ICXOILaMI/I) BBIIIOJIHAJIN
ROC-ananu3. B mocjiequui BRIIOYAIN TOJIBKO Te TTOKa-
3areJiv, KOTOPhIe BJIMSAIN Ha UCXOJ 110 JJAHHBIM JIOTUCTH-
YEeCKOU perpeccuy. AHQJIM3UPOBAIN XapaKTEPUCTUKU
ROC-kpuBbIX ¢ pacueToMm motiaau nog kpusoi (IITK) u
CTaTUCTUYECKOU JOCTOBEPHOCTH (p) BBIABJIEHHON 3aBU-
cumoctu. KayectBo monesnu cuuranu: npu [ITIK > 0,9 —
owin4Hbel, 0,8-0,9 — ouensb xopomuny, 0,7-0,8 — xopo-
mum, 0,6-0,7 — cpenaum, 0,5-0,6 — HEyIOBJIETBOPUTEIb-
HbIM. Beimosiaanu cpasaenue [1I1K; ommmaue [TTK cun-
TaJu 3Ha4uMMbIM nipu p<0,05. IloporoBoe 3HaudeHue
TIepeMeHHOH (ITOpor OTcedeHus, Touka «cut-off»), T. e.
3HaYeHre ITepeMeHHOM, YKa3bIBalollee Ha PUCK HebJIa-
TOIIPUATHOIO UCXO0Ja, OIIpelesIslJId 110 nHIeKcy IOnena
(TpeboBaHIe MAKCIMAJIBHOH CyMMBI YyBCTBUTETEHOCTH
¥ crnenudUIHOCTH), TPEOOBAHUIO YYBCTBUTEIHLHOCTH
TecTa, puoOJIIsKaronieics k 80%, 1 TpebOBaHUIO OaTaHca
MEYKY YyBCTBUTEHLHOCTBIO ¥ CIENU(PUIHOCTHIO (MUHH-
MaJIbHas Pa3HOCTb MEKAY 9TUMU 3HAYEHUAMH). 3a I10-
pOroBoe MpUHUMAJIH 3HAYEeHNE, B HAaNOOJIbIIIEN CTelTeHN
COOTBETCTBYIOITEE BCEM TPEM TPeOOBAHUSIM.

Pe3ynbrarhl U 00Cy:K/A€HHE

Cericuc ripu noctyrieHud B OP quarsoctupo-
Basm B 2014 1. y 361 (8,6%) 60s1bHOTO U3 4175 601H-

out; AUC difference was regarded significant at P<0.05.
The threshold value of a variable (cutoff threshold), i.e.
the variable value indicating the risk of unfavorable out-
come, was determined based on Youden’s Index (the re-
quirement of the maximal sum of sensitivity and speci-
ficity), requirement of test sensitivity approaching 80%,
and requirement of balance between sensitivity and
specificity (a minimal difference between these values).
The threshold value was the value that fulfills all three re-
quirements best of all.

Results and Discussion

Upon admission to ICU, sepsis was diagnosed
in 361 (8.6%) patients out of 4175 patients in 2014,
and in 2016 — in 499 (10.5%) out of 4726 patients.
So, in 2016, sepsis detectability at the time of ad-
mission to ICU increased by 22.1% vs. 2014 adopted
equal to 100% (x?=9.281; P=0.003). In the popula-
tion of sepsis patients, men were predominant in
general: 5.9% (y?=5.814; P=0.016). Main diseases
complicated by sepsis are shown in table 1.

The most frequent diseases complicated by
sepsis were perforated gastric or duodenal ulcer,
community-acquired pneumonia, mesenteric
thrombosis, necrotizing pancreatitis, acute intes-
tinal obstruction, and acute appendicitis. The range
of surgical diseases of abdominal organs, which
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Tabsmna 2. BapuaHThI cencruca B 3aBUCHMOCTH OT JIOKAJIH3alUH o4ara HH¢eKIun y 60asHbIX B OPUT.
Table 2. Sepsis variants depending on location of the focus of infection in ICU patients.

Sepsis Variants Study period Total, n (%)
2014 2016

Abdominal, 7 (%) 271 (75.1) 351 (70.3) 622 (72.3)

Pulmonary, n (%) 56 (15.5) 113 (22.7) 169 (19.7)

Other, n (%) 34 (9.4) 35 (7.0) 69 (8.0)

Total, n (%) 361 (100) 499 (100) 860 (100)

IIpumeuanwue. /115 Tab1. 2, 4: sepsis variants — BapuaHTsl cericuca; abdominal — a6romMuHambHbIN; pulmonary — 1myJIbMOHO-
reHHbIl; other — npouee; total — Bcero; study period — cpoku ucciaenoBanus.

HBIX, B 2016 . — y 499 (10,5%) 13 4726 G0JTHHBIX.
TakuMm 06pas3om, B 2016 T. BEISBJISIEMOCTE CEIICHCa
npu nocrynsienuu B OP ysBesmnmumiiace Ha 22,1% ot
ypoBHA 2014 r., npuHAToro 3a 100% (x2=9,281;
p=0,003). B momysisanmy OOJBHBIX C CEIICHCOM, B
11eJI0M, TpeobJraany My KUnHbL: 52,9% (}*=5,814;
p=0,016). OcHOBHBI€ 3a00JIEBAHUST, OCJIOKHUBIIIHE-
Cs1 CETICHCOM, TTpeJICTaBJIeHbI B Ta0J. 1.

HaunboJjiee 4acTo CEncucoM OCJOMKHSINCH
nepgopaTUBHBIE SI3BbI jKeJIyIKa WU 12-11epcT-
HOM KUIIKYM, BHEOOJbHUYHBIE ITHEBMOHUMH,
Me3eHTepuaIbHbI TpPOoMO03, ITaHKPEHEKPO3,
oCTpasi KUIlledyHasi HeTPOXOAUMOCTh U OCTPBIU
ammeHauuT. CIIeKTp XUPypruyecknx 3adoseBa-
HUH OPraHOB OPIOITHOM MTOJIOCTH, OCJIOKHUBITTHAX-
CsI CETICHCOM, B I1€JI0M COOTBETCTBOBAJI JAHHBIM O
CTPYKType abJOMUHATBLHOTO CETNICHCa, OMTyOJIUKO-
BaHHBIM B OTeueCTBEHHOU siuTeparype [19].

B pesyabrare mepBUYHOIO aHaJIM3a YCTAHO-
BUJIH, YTO BCEX OOJIbHBIX, BKIIOYEHHBIX B HACTOSI -
IIee uccjieJ0BaHre, B 3aBUCUMOCTH OT JIOKAJIM3a-
MU TIEPBUYHOTO oOvara UHEPEKIUA MOYKHO
pas3aesuTh Ha TPU TPYHIIBL: O0JIBHBIE C A0IOMMU-
HaJIbHBIM CEIICUCOM (BKJIIOUYASl YPOJOTUYECKU),
0OJBbHBIE C MYIBMOHOTEHHBIM CETICHCOM U 00JIh-
HBIE C CETICHCOM JIPYTOH 9THOJIOTUH (TadJI. 2).

IMocenHIO0 cCOCTAaBUIN 69 OOJIBHBIX, Y KOTO-
PBIX CEIICUC OCJI0KHUJ TEPMUHANBHYIO CTagUIO
Pas3J/IMYHBIX, IIPEUMYIIECTBEHHO OHKOJIOTUYe-
CKUX, 3a00s1eBaHN. B 9TO¥ TpymIe JeTasbHOCTD
mocturna 86,9% (60 OGOJBHBIX), IpUYeM y 52
(75,4%) OOJILHBIX J€TaJIbHbBINA HCXO/I HACTyIINJI B
IepBbIe-BTOpbIe CyTKU HaxokaeHus B OP. [Toaro-
My YKa3aHHbIe KJIWMHUYECKHe HabOJIIofeHus u3
TaJbHEHIIero aHaJan3a UCKIIOYMIIH.

B cTpykType ociokHEHUs IpeodJiamasn
a0mOMUHATHLHBIHN CETICUC (Ta0J1. 3), KOTOPBIN B 2014 T.
BBIABJIAJICA B 5 pa3 dvale IyJbMOHOI€HHOI'O
(x3=147,1; p<0,001), a B 2016 r. — B 3,3 pasa vaue
(x?=128,38; p<0,001). B 2016 1. My IbMOHOT€HHBIHI
CEIICUC CTaJIN INarHoCTUpOBaTh B 1,85 pasa vaite,
4eM B 2014 I.; TEHIEeHIUSA K YBEJIMYEHUIO BbIABJIsAE-
MOCTHU a0IOMWHAJIFHOTO celcuca B 1,2 pasa He
JOCTHIJIA CTEeIIeHN 3Ha4YnMOCTH (x°=2,988; p=0,084).

ITos10BO¥ cocTaB rpynm 60JBHBIX C aOIOMU-
HaJILHBIM U ITIYJIbLMOHOT€HHBIM CEIICHCOM, a TAaKKe
KX BO3PACT He UMeJIU MEKIPYIIIIOBBIX U XPOHOJIO0-
ruyeckux ominuui. TeHAeHIUA K yBeJIWYeHUIO

were complicated by sepsis, was in general consis-
tent with the data about abdominal sepsis structure
published in domestic literature [19].

As a result of initial analysis it was estab-
lished that all patients included in this study can be
split into three groups depending on the location
of the primary focus of infection: patients with ab-
dominal sepsis (including urological), patients with
pulmonary sepsis, and patients with sepsis of a dif-
ferent etiology (table 2).

The latter were 69 patients in whom sepsis
complicated the terminal stage of different, mostly,
oncological, diseases. In that group, mortality
reached 86.9% (60 patients), wherein in 52 (75.4%)
patients the lethal outcome occurred within the
first-second day in ICU. Therefore, the said clinical
cases were excluded from further analysis.

In the structure of complication, abdomi-
nal sepsis was predominant (table 3), which was
detected in 2014 5 times more frequently than pul-
monary (x?=147.1; P<0.001), and in 2016 — 3.3
times more frequently (x?>=128.38; P<0.001). In
2016, pulmonary sepsis was diagnosed 1.85 times
more frequently than in 2014; the tendency towards
1.2-fold higher detectability of abdominal sepsis
has not reached significance (}?=2.988; P=0.084).

There was no inter-group or chronological dif-
ference in the gender composition of groups of pa-
tients with abdominal and pulmonary sepsis or
their age. The trend to a greater age of patients suf-
fering from pulmonary sepsis in 2016 did not reach
the level of significance.

In 2016, the condition of patients at the time
of admission to ICU was graver than in 2014: in case
of abdominal sepsis — according to APACHE II
score, in case of pulmonary sepsis — SOFA score.
Bothin 2014 (fig. 1, @) and in 2016 (fig. 1, b), the pul-
monary sepsis patients were characterized by a
graver severity of condition vs. abdominal sepsis
based on both scores.

The ICU duration of abdominal sepsis patients
was virtually the same in 2014 and 2016. There was
no chronological difference in case of pulmonary
sepsis either. At the same time, it was noted that in
case of pulmonary sepsis, both in 2014 and in 2016
the intensive care period was much longer than in
case of abdominal sepsis. The same regularity was
confirmed during evaluation of the ICU inpatient
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Puc. 1. OT/IMYHA B TAKECTH COCTOSTHUSI O0JIBHBIX € a0 J0MHHAJIBHBIM U IyJIbMOHOT€HHBIM cecricucoM B (a) 2014 u (b) 2016 rr.
Fig. 1. Differences in the severity of patients with abdominal and pulmonary sepsis (a) in 2014 and (b) in 2016.

Note. a— according to APACHE Il score (Z=5.771; P<0.0001) and SOFA score (Z=5.614; P<0.0001) in 2014; b— according to APACHE
II score (Z=6.673; P<0.0001) and SOFA score (Z=6.158; P<0.0001) in 2016.

IIpumeuanme. a — ripu orieHke 1o mrane APACHE II (Z=5,771; p<0,0001) u SOFA (Z=5,614; p<0,0001) B 2014 r.; b — 1ipu O1leHKe
no mkasne APACHE II (Z=6,673; p<0,0001) u SOFA (Z=6,158; p<0,0001) B 2016 T.

BO3pacTa O0JIBHBIX C TYJIbMOHOTEHHBIM CETICUCOM
B 2016 I. He JOCTHUIIA CTeIIeH! 3HAYUMOCTH.

B 2016 1. cocTosiHUE 6OJTBHBIX ITPU MTOCTYILIIE-
uuu B OP crajio Tsokesiee, 4eM Ob110 B 2014 In.: mpu
abmoMuHaJIBLHOM celicuce 10 mkaJjie APACHE II,
IIpU IyJIbMOHOTEHHOM cencuce 110 mkaJsue SOFA.
Jl1s1 GOJIBHBIX C IyJIbMOHOTEHHBIM CECIICHICOM U B
2014 (puc. 1, @), u B 2016 1. (puc. 1, b) ObL1a XapakK-
TepHa 00JIbIIIasI, YeM Ipu a6JOMUHAJIHLHOM CETICH-
Ce TSPKECTh COCTOSIHHS 110 00EUM IITKaJIaM.

[IpomomkUTETFHOCTD TocnuTam3anuu B OP
0OJIBHBIX C aOJOMUHAIBHBIM cerncrucoM B 2014 u
2016 rr. OBLIA TMPAKTHYECKU OMWHAKOBOM. Ilpu
IIyJIbMOHOT€HHOM CeIICHCe TaKyKe XpPOHOJIOThYe-
CKUX OTJIMYUH He ObLI10. BMecTe ¢ TeM, oTMeTHIIH,
4TO IIPU IYJIbMOHOTEHHOM cericuce U B 2014, u B
2016 IT. Tepuo THTEHCUBHOL TepaTiy ObLT 3HAYH-
TeJIbHO IPOIO/IKUTETbHEN, YeM TTPU a0TOMUHAITb-
HOM. JTa YK€ 3aKOHOMEPHOCTb MNOITBEPAUIACH TIPU

period of survived patients (fig. 2). In 2014, this
index was equal to 3 [2; 5] days in case of abdominal
sepsis and 8[4;24] days in case of pulmonary sepsis,
(Z=3.387; P=0.0007); in 2016 — 3 [2; 4] and 5.5 [3;
9,6] days, respectively, (Z=5.863; P<0.0001).

Hospital mortality in case of different variants
of sepsis remained the same in 2014 and 2016. On the
whole, the abdominal sepsis mortality amounted to
50.3% and was not different from pulmonary sepsis
mortality — 52.1% (}?=0.163; P=0.687).

In the patient population analyzed, the attrib-
ute of gender rendered no influence on the mortal-
ity risk either during abdominal or during pul-
monary sepsis (table 4).

The age was a predictor of mortality in case of
abdominal sepsis, but not in case of pulmonary
sepsis. The separating power of age in respect of
lethal outcome during abdominal sepsis corre-
sponded to the model of average quality (fig. 3, @)
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Puc. 2. JlniureabHOCTH (CyTKH) rocnuTanu3anuy B OPUT BBLKUBIINX 0OJTBHBIX € a0 JOMHHAIBHBIM U ITYJIbBMOHOT€HHBIM CeIl-

cucom B (a) 2014 ., (b) 2016 1.

Fig. 2. Duration (days) of ICU period of survived abdominal and pulmonary sepsis patients in (a) 2014, (b) 2016.

Ta6Jmua 4. Biusaaue H3y4Y€HHbIX q)m(TOpOB Ha BEPOATHOCTD JIETAJIBHOI'O HCXO0/1A IIPH PA3JIHYHbIX BApHAHTAX

cercuca (JIOTuCTH4YeCKas perpeccus).

Table 4. Influence of factors studied on the lethal outcome probability in case of different variants of sepsis (logistic

regression).
Indices Sepsis Variant OR 95% CI P
Gender Abdominal 1.2380 0.9033-1.6966 0.1841
Pulmonary 0.7737 0.4178-1.4327 0.4139
Age Abdominal 1.0287 1.0189-1.0387 <0.0001
Pulmonary 1.0058 0.9874-1.0245 0.538
APACHE II score at admission Abdominal 1.2056 1.1627-1.2501 <0.0001
Pulmonary 1.0015 0.9546-1.0506 0.9516
SOFA score at admission Abdominal 1.7017 1.5425-1.8772 <0.0001
Pulmonary 1.0862 0.9802-1.2037 0.1089
Usage of ALV Abdominal 9.8470 6.5078-14.8995 <0.0001
Pulmonary 5.9614 2.9593-12.0091 <0.0001
Usage of substitutive renal therapy Abdominal 2.4549 1.3351-4.5139 0.0026
Pulmonary 2.7350 0.6998-10.6892 0.1269

IIpumeuanue. Gender — 1oJ1; age — Bo3pacT; at admission — npu nocrymienuy; usage of — ucnons3osanue; ALV — MBJI;
substitutive renal therapy — 3amecTturesibHO# modyeunoit Tepanuu; OR — OII; CI — TN

OIleHKe TPOJOJIKUTEJIbHOCTH TOCHUATAIN3AAN B
OP BBDKUBIIHX OOJIBHBIX (puc. 2). B 2014 r. aTor
TTOKa3aTesIh COCTABIJI ITpY a0IOMUHATLHOM CETICH-
ce 3 [2; 5] CYyTOK, IIpu IIyJIbMOHOT€HHOM — 8 [4; 24]
CcyTOK (£=3,387; p=0,0007); B 2016 . — 3 [2; 4] 1
5,5 [3;9,6] cyTok (Z=5,863; p<0,0001).

lTocnuranbHAA JTETaTBHOCTD ITPY Pa3JIMYHBIX
BapuaHTax cercuca B 2014 u 2016 rT. ocraBaJiacb
ONMHAKOBOM. B 11e/10M, mpu a6 J0MUHAITBEHOM CeTl-
CHCe JIeTaJIbHOCTH cocTtaBuJia 50,3% 1 He oT/In4a-
JIach OT JIETAJBbHOCTHU IIPU IIYJIbBMOHOI€HHOM —
52,1% (x*=0,163; p=0,687).

B mpoaHann3MpoOBaHHON NOMYIAIAN O0Th-
HbIX OP reHiepHbIil MPU3HAK HE BJUJI HA PUCK
JIETAaJTbHOCTH HU MPU abJOMUHAJIBLHOM, HU TIPHU
IYJIBMOHOTEHHOM cericuce (Tabur. 4).

BospacT OBLI MPEeTUKTOPOM JIETATHLHOCTU
pu abIOMUHAIBEHOM CETICHCE, HO He TTPH ITYJIbMO-
HOTeHHOM. PasnesmnTeTbHAasI CIOCOOHOCTH BO3pac-
Ta B OTHOIIIEHWM PUCKA JIETAJTIBHOIO UCX0Ma IPpHU

with AUC=0.628 (P<0.0001); an age older than 65
years predicted the risk of lethal outcome with sen-
sitivity of 58.8% and specificity of 59.9%.

In abdominal sepsis patients, the APACHE II
and SOFA scores were predictors of lethal outcome.
The separating power of the APACHE II score cor-
responded to the model of good quality (fig. 3, b):
AUC=0.774 (P<0.0001); a score over 9 predicted the
lethal outcome with sensitivity of 69.5% and speci-
ficity of 74%. The separating power of the SOFA
score provided a very good quality of model (fig. 3
¢): AUC=0.803 (P<0.0001). Condition severity >3
predicted the lethal outcome with sensitivity of
74.9% and specificity of 75.3%. Better separating of
SOFA compared to APACHE II was confirmed sta-
tistically (fig. 3, d): the difference of AUC amounted
to0 0.0122 (Z£=2.37; P=0.0178).

Improvement of the mortality prognosis qual-
ity in case of abdominal sepsis was achieved

through combined analysis of the SOFA score and

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 4



DOI:10.15360/1813-9779-2019-4-42-57

Knuuudeckue uccjaegoBaHud U IIpaKTUKaA

Age

100

80

Sensitivity
(0]
o

N
<)

20

100-Specificity

SOFA c
100

80

Sensitivity
(92}
o

S
o

20

100-Specificity

APACHEII

100

80

[0}
o

Sensitivity

N
o

20

100-Specificity

100

80

(o2}
(=]

Sensitivity

N
o

20

40 60
100-Specificity

100

Puc. 3. ROC-KpHBasi, OTpasKaroIIasA pas/ieJuTeTbHYIO0 CIOCOOHOCTh B OTHOLIIEHUH JIeTAIbLHOT0 HCX0/1a MPU a0 JOMHHATEHOM
cercuce: (a) Bo3pacra, (b) ouenku no APACHE 11, (¢) onernku o SOFA, (d) onieHoxk o mkasam APACHE II u SOFA.
Fig. 3. ROC curve reflecting the separating power, in respect of abdominal sepsis lethal outcome, of: (a) age, (b) APACHE Il score,

(c) SOFA score, (d) APACHE II plus SOFA scores.

IIpumeuanwue. Specificity — cienndu4HOCTS; sensitivity — 4yBCTBUTEJIBHOCTD; age — BO3PACT.

a0IOMUHAIBLHOM CEIICHCE COOTBETCTBOBAIA MOJIe-
JU cpenHero Kavectsa (puc. 3, a) c I1ITK=0,628
(p<0,0001); BO3pacT crapliie 65 jeT npeacKasbiBall
PHCK JIETAJBHOTO UCXO4a C YYBCTBUTEJbHOCTBIO
58,8% u crienupuaHOCTHIO 59,9%.

V 060/bHBIX C a0HOMUHAJILHBIM CEICHCOM
orenka mo mkajgam APACHE IT u SOFA 6b11a mpe-
JIUKTOPOM JIeTaJbHOTO UCX0Aa. PagnenurenbHas
cnocobuocTh orenku mo APACHE II coorBeTcTBO-
Bajia MOJIeJIM XOpOIllero kavectBa (puc. 3, b):
[TI1K=0,774 (p<0,0001); omenka 60Jee 9 H6aLI0B
IpeJcKas3blBasia JeTaJbHbIA HCXOH C YyBCTBU-

patient’s age. AUC of the combined index grew to
0.816 (95% CI — 0.783-0.846), the predictor signifi-
cance of SOFA (OR 1.663; 95% CI = 1.508-1.834)
and age (OR 1.023; 95% CI — 1.012-1.035) being
preserved.

In case of pulmonary sepsis, APACHE II and
SOFA scores at admission to ICU rendered no influ-
ence on the risk of lethal outcome.

During investigation of mortality predictors,
significance of usage of ALV and substitutive renal
therapy was analyzed. In case of abdominal sepsis,
ALV was used in 407 (65.4%) out of 622 patients, in
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TEJbHOCTBIO 69,5% U crieninpuaHoCTbIO 74%. Pas-
JeJiiTeJbHas CIOCOOHOCTH oOmeHKH 1o SOFA
obecrmeunsia 04YeHb XOpOIllee KauyeCTBO MOJeIn
(puc. 3, ¢): IIIIK=0,803 (p<0,0001). TaskecTb
cocTosTHUSA > 3 6aJIJIOB MPeICKa3bIBasIa JIeTAh-
HBIN UCXOJ, C YYBCTBUTEIbHOCTBIO 74,9% U clieru-
¢uuyHOCTBIO 75,3%. Jlyuiiasg pasjgesuTesbHast
criocooHocTh SOFA B cpaBHenuu ¢ APACHE I1 mogi-
TBEPIUIACH CTaTUCTUYECKH (pucC. 3, d): pa3HOCTH
IITIK cocrasmiia 0,0122 (Z£=2,37; p=0,0178).

VYilydllleHue KadecTBa IPOrHo3a JIeTaJbHO-
CTH TpU abJOMUHAJIBLHOM Celcuce 00ecIreduI
COBMECTHBIU aHa/u3 o1leHku 1o SOFA 1 Bo3pacTta
60bHBIX. [ITTK 00beIMHEHHOT0 II0Ka3aTeJsIsl BO3-
pociaa no 0,816 (95%-ubii JIM 0,783-0,846) c
COXpaHeHHEeM MpeauKTOpHON 3HauumMocTu SOFA
(OII 1,663; 95%-ub1ii /I 1,508-1,834) 1 Bo3pacTa
(OIII 1,023; 95%-usb1i1 1M1 1,012-1,035).

[Ipy nmyJIbMOHOI€HHOM CeIlCHUCe OLIEHKU I10
mkanam APACHE II u SOFA npu nocryniesHuu B
OP He BIMAJIM HA PUCK JIETAJIbHOTO UCXOAA.

WN3yyaa npensuKTOpHl JeTalbHOCTH, MpPO-
AHAJIU3WUPOBAJIN 3HAYUMOCTH HCHOJb30BaHUS
NBJI u 3amMecTUTEeSbHOU IOYEYHOU Tepanumu.
[Tpu abmomuHATBLHOM cernicuce MBJI mpuMeHsaIU
y 407 (65,4%) n3 622 GOJILHBIX, IPU MYJIBMOHO-
reHHoM — y 103 (62,05%) 13 169 60abHBIX. [Ipn
obowux BapuaHTax cerncuca MBJI ucnosb3oBaiu
oavHAaKoBO 4acTo (x?=1,168; p=0,280), npuyem ee

HUCIIOJIb30BaHUe ABJISLJIIOCH NpeIuKTOPOM
JleTaJbHOro ucxoja (tabJ. 4).
3aMeCTUTeJIbHYI0  IIOYEYHYI0  Tepaluio

HCTOJIb30BaMu y 53 U3 622 (8,52%) GOJIBHBIX C
abmoMuHAJIBHBIM cericucoM uy 11 (6,51%) u3 169.
YacToTa mprMeHeHHsI METOIUKY TP 000UX BapHh-
aHTax cercuca ObLIa OXWHAKOBOHW (x?=0,723;
p=0,396). Bmecre ¢ TeM, 3Ta 0OCOOEHHOCTH MHTEH-
CUBHOU Tepanuu nMpu abJoMUHAIBHOM CEIICHCE
ObLIa MPEeIUKTOPOM JIETATBHOTO MCX0/a, a MPU
My TbMOHOTEHHOM — HeT (Ta0J1. 4).

ComracHO COBpEMEHHBIM JaHHBIM, I10J1y4eH-
HBIM B peaysbrare 10-cyrounoro ayagura OP pas-
JIMYHBIX cTpaH Mupa (10 069 60JbHBIX) [9], mOJISA
OOJIBHBIX C CEIICUCOM COCTaBJISIET, B CPEIHEM,
29,5%, mpuueM B 18% HaOJIONEHUIT — 3TO CEIICHUC,
JUarHOCTUPOBAHHBIN IPU MNOCTYIJIEHUH B OTJie-
jaenue. [IpoananusupoBas uH@opmaluio Mo 56
673 60bHBIX, ccaeqoBaresau [11] yrasanu, npu
nocrynseaun B OP TssKesbld cemcuc  ObLT
BBISABJIEH Y 27,1% O0bHBIX. Takas 4acToTa OC/I0K-
HEHUsA B 2-2,5 pasa [peBbllIaeT YCTAaHOBJIEHHYIO
Hamu. OOCy’k[ast pe3yJsIbraThl HACTOSIIETO PET-
POCIIEKTUBHOTO WCCJIEIOBAHUsI, HEOOXOTUMO
OTMETUTh OIpe/ieJeHHble OTPAaHUYEHUsl €ero
Iun3aiiHa, BasKHbIe [IJ1s1 IPaBUJIbHOU MHTEPIIpeTa-
WU [I0JTyY€HHBIX JaHHbIX. AHAJIM3UPOBAJIU TOJIb-
KO Te KJIWHWYEeCKHe HaOJIIofeHUs], B KOTOPBIX,
COIVIACHO MEeMIIMHCKOUN JOKYMEeHTAIH, CEeTICUC
JUarHOCTUPOBAJIY IIPU ITOCTYIIJICHUY UJIN B Tede-

case of pulmonary sepsis — in 103 (62.05%) out of
169 patients. During both variants of sepsis, ALV
was used equally frequently (y?>=1.168; P=0.280), its
use being a predictor of lethal outcome (table 5).

Substitutive renal therapy was employed in 53
out of 622 (8.52%) patients with abdominal sepsis
and in 11 (6.51%) out of 169 patients with pul-
monary sepsis. The frequency of therapeutic
method employment was the same in both variants
of sepsis (x?=0.723; P=0.396). At the same time, this
peculiarity of intensive care during abdominal sep-
sis was a predictor of lethal outcome and it was not
in case of pulmonary sepsis.

According to current data obtained as a result
of 10-day audit of ICU in different countries of the
world (10,069 patients) [9], the fraction of sepsis pa-
tients is equal to 29.5% on average, wherein in 18%
of cases this is sepsis diagnosed at the time of ad-
mission to the unit. Having analyzed information
about 56,673 patients, the researchers [11] pointed
out that at the time of admission of ICU, severe sep-
sis was identified in 27.1% of patients. Such inci-
dence of the complication is 2-2.5 times higher
than that established by us. Discussing the results
of this retrospective study, it is necessary to note
certain limitations of its design, which are impor-
tant for correct interpretation of findings. Only
those clinical cases were analyzed, in which, ac-
cording to medical documentation, sepsis was di-
agnosed at the time of patient’s admission or within
the first 24 hours. Patients with nosocomial infec-
tions who were already ICU inpatients were not
taken into account. Besides, data about sepsis inci-
dence were calculated in relation to the total num-
ber of patients treated during a year. This can ex-
plain the considerably lower incidence of the
complication compared not only with global data
but with the data of domestic multi-center two-
step one-day study RIORITA [16], which demon-
strated that during 24 hours in ICU in Russia there
are 34.1% patients with infection including about
7% in the septic shock condition. The closest to the
yearly incidence of the complication that was es-
tablished in this study are the data received by V.A.
Rudnev et al. [16] resulted from investigation of the
medical documentation of the Sverdlovsk Region.
According to analysis of that statistic material, for
ayear, sepsis patients account for 15.7% among all
patients admitted to ICU of different hospitals.

The said limitations of the study might prob-
ably explain why in the population analyzed, the
source of infections was most frequently abdomi-
nal and urogenital organs rather than respiratory
organs as most researchers say [16, 20]. It has been
shown that lungs are a source of infection in ICU
2.5-3 times more frequently than abdominal or-
gans [16, 20, 21]. There is no doubt that in case of
combined analysis of community-acquired and
nosocomial infections, the main reason of sepsis in
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HUE TTIePBbIX 24 4aCOB HaX0KIeHUsI 00JbHBIX B OP.
[Tpu aTOM He yYUTHIBAJIN OOJTHLHBIX C HO30OKOMMU-
QIBHBIMU UHQEKIMAMHY, yoKe Haxofsamuxcsa B OP.
Kpowme Toro, maHHble 0 BCTPEYaeMOCTH Cercuca
PpacCUYUTHIBAIU 110 OTHOIIIEHUIO K OOIIEMY YHCTTY
MIPOJIEYeHHBIX 3a rofl 60JTBHBIX. ITO MOYKET 00h-
SICHUTH 3HAYUTEJIbHO MEHBIIYIO YaCTOTY OCJIOMK-
HEHUsI 110 CPAaBHEHUIO He TOJbKO C MHUPOBBIMU
JTAHHBIMH, HO U C JAHHBIMU OT€YE€CTBEHHOI'0 MHO-
FOLIEHTPOBOIO  [IBYX3TAIIHOIO ONHOAHEBHOI'O
nccaenosanusa PUOPUTA [16], B KOTOpoM TIpojie-
MOHCTPHUPOBAHO, 4TO B TeyeHue cyTox B OP Poc-
cuu HaxoguTcs 34,1% O0JbHBIX ¢ UH(EKITNEH, B
TOM YHCJIe OKOJIO 7% B COCTOSTHUU CENITUYECKOI0
moka. Hanbosiee OJM3KKA K TOOUYHOM 4YaCTOTE
OCJIO’KHEHMsI, YCTAaHOBJIEHHOW B HAcCTOSIIEM
HCCJIef0BaHNY, JaHHbIE, II0JIy4YeHHbIe B. A. PynHo-
BbIM U 1Ip. [16] B pe3ysibTare n3y4eHus1 MeIuIiH-
ckoll nmokyMmeHTaruu CBEPIJIOBCKON 00J1acTH.
ComracHO aHaJU3y 3TOr0 CTATUCTUYECKOIO MaTe-
puasa 3a rog 00JbHbBIE C CETICUCOM COCTaBJISTIOT
15,7% cpenu BcexX rOCIUTAJIU3UPOBAHHBIX B OP
Pa3JINYHBIX CTAITMOHAPOB.

YKa3aHHble OTPAaHUYEHUS MCCJIEeIOBAHUSA,
BEPOSTHO, OOBACHSIOT, IOYEMY HWCTOYHHUKOM
WHQEKINU B IpOaHATU3NPOBAHHON MONY/ISIUN
3HAYUTETbHO Yallle sIBJISIJINCh OPTaHbl OPIOITHOM
MIOJIOCTU ¥ yPOT€HUTAJbHOM CUCTEMBI, a He Opra-
HBI [IBIXaHUWs, KaK YKa3bIBAIOT OOJIBITMHCTBO
nccyaenoBaresiei [16, 20]. [lokasaHo, 4YTO JIETKUE
ABJISIIOTCS UCTOYHUKOM nHpekrnuu B OP B 2,5-3
pasa Jariie, YeM OpraHbl OPIONIHOM MOJI0CTH [16,
20, 21]. He BbI3bIBa€T COMHEHHWH, YTO TIpHU
COBMECTHOM aHaJ/I13e BHEOOJIbHUYHBIX I HO30KO-
MUaJbHbIX HH(QEKITUI OCHOBHOU MPUYHUHOH Cell-
crca B OP cTaHOBATCS THEBMOHUH U JIpyTHe 3a00-
JieBaHUs bIXaTeJbHbIX IyTel [16, 21]. BmecTe ¢
TeM, OTMEYAIOT, YTO €CJIU aHAJTU3UPOBATh CETICHUC,
JUarHOCTUPyeMbIH pu noctyiieHuu B OP, oTHO-
cUTeJbHAasl 4acTOTa IYyJIbMOHOI€HHOI'O Cellcuca
CHUKAeTcs, a abgOMHUHAAbHOTO IOBBIIIaercs [9].
OTeuecTBeHHbBIE aBTOPbI, U3y4aBIIUe IIUAEMUO0-
JIOTHIO CETICHICA Y XUPYPTHUECKUX OO0JIBHBIX, OTME-
YaloT, YTO HanboJiee YacTo MePBUYHBIN MHPEK-
[IMOHHBIM OYar JIOKAJU3yeTcss B OPIOMIHON
MOJIOCTU U MOoYKax [18].

MoskHO moJiaraTh, 4TO B paMKaxX BBITIOJTHEH-
HOI'0 aHaJIM3a COOTHOIIIeHNe a0JOMUHAJIbHOTO U
IIyJIbMOHOT€HHOI'0 CeIICUCA OTPasKaeT He CTOJIBKO
0OIIYIO CTPYKTYPY MH(QPEKIMOHHBIX OCJIOKHEHUH
B OP, CKOJIbKO COOTHOIIIEHME YacTOThI 3a00JeBa-
HUI, HanOOoJIee YacTO OCJIOMKHSIOIIMXCS CEICH-
coM, cpein O0JTBHBIX, TOCITUTATN3UPYyeMbIX B OP
MHOTOTIPO(UIBHOTO CTAIIMOHApPA.

B siuTeparype He ynanoch HAWTH ONHUCAHUSA
CpaBHUTEJbHBIX 0COOEHHOCTEN 9MUTIEMUOIOTUN
MyJIbMOHOTEHHOTO W abJJOMUHAJBHOTO CETICHCA,
XOTA 3NUAEMHUOJIOTHS TTOCJEHEro MIPOaHaIn3u-
poBaHa ocTaTo4Ho moapobHo [18]. BMecTe ¢ TeMm,

ICU becomes pneumonia and other diseases of res-
piratory organs [16, 21]. At the same time, they re-
mark that if one analyzes sepsis diagnosed at the
time of admission to ICU, the relative incidence of
pulmonary sepsis decreases and that of abdominal
rises [9]. Domestic authors who studied sepsis epi-
demiology in surgical patients note that the pri-
mary focus of infection is most frequently located
in the abdominal cavity and kidneys [18].

It can be assumed that within the analysis un-
dertaken, the correlation between abdominal and
pulmonary sepsis reflects not so much the general
structure of infectious complications in ICU as the
correlation of incidence of diseases most frequently
complicated by sepsis among patients admitted to
ICU of a multi-specialty hospital.

We have failed to find in literature a descrip-
tion of comparative peculiarities of pulmonary vs.
abdominal sepsis epidemiology, though epidemiol-
ogy of the latter is analyzed in sufficient detail [18].
At the same time, the issue of possible differences
in the epidemiology and pathophysiology of differ-
ent variants of sepsis appears important. We sup-
pose that the location of the primary focus of infec-
tion might render influence on the formation of
some pathophysiological processes or other that re-
quire targeted correction with the help of intensive
care measures. There is no doubt that during most
severe forms of sepsis and septic shock, general
pathophysiological mechanisms are realized, which
are already almost independent on the location of
the source of infection, respond poorly to intensive
care measures and, hence, contribute to high mor-
tality [2, 6, 22]. At the same time, at earlier stages of
complication development, the range of patho-
physiological processes may depend on the primary
location of infection, being accompanied with pre-
dominant disturbances of some organ functions or
other and different hemodynamic responses [8].

There is very little scientific work carried out
in this direction. One of such studies [8], which in-
cluded 14,993 patients, distinguishes, for instance,
the sepsis variant (‘profile’) with predominant dis-
turbance of the oxygenating function of lungs when
the volume of initial infusion therapy should be
limited, the variant with multiple organ failure
characterized by a greater demand for infusions
and sympathomimetics, which usage allows some
improvement of the prognosis, and, finally, the
variant with multiple organ failure and neurological
dysfunction when an active infusion therapy wors-
ens the prognosis. In this divide, certain parallels
with findings of our earlier publications dedicated
to mortality predictors and optimized principles of
management of a severe community-acquired
pneumonia [23, 24] and hemodynamic predictors
of mortality during abdominal sepsis [25] can be
noted. Without undertaking direct extrapolations,
we would like to observe that patients suffering
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BOIIPOC O BO3MO>KHBIX OTVIMYUAX 3NUAEMUOJIOTUN
1 1aTo(U3U0JOTUN Pa3JTUIHBIX BADUAHTOB CeTl-
cHca NPeJICTABISETC BAKHBIM. BbICKaykeM TIpe-
MOJIOsKEHNE, UTO JIOKAJIU3AIHs IEPBUYHOTO O4Yara
UHQEKIIUU MOSKET BJAUATH Ha POPMUPOBAHME TEX
UJU WHBIX MaTO(PU3UOJJOTUUYECKUX MPOIECCOB,
TpeOyoIuX IieJeHapaBIeHHON KOPPEKINU C
TOMOIIIbIO Mep UHTEHCUBHOU Tepanuu. He BBI3bI-
BaeT COMHEHWUH, YTO ITpU HauboJIee TKeJIbIX (hop-
Max CeIICHCa U CeNTUYECKOM IIIOKe pealnu3yloTCsA
0011TMEe TTaTOJIOTUYECKYe MEXaHU3MBI, Y3Ke ITpak-
TUYECKHU He 3aBUCSAIINE OT JJOKaJAN3aliuu UCTOY-
HUKa WHQEKINHY, TJI0X0 IMOJIaloluecss Mepam
MHTEHCUBHOTO JiedeHUsI U, COOTBETCTBEHHO,
00yCJIOBJIMBAIOIIMIE BBICOKYIO JIETATBLHOCTS [2, 6,
22]. BMmecre ¢ TeM, Ha 60Jiee paHHUX CTaIUsX Pas-
BUTHUS OCJIOMKHEHUS CIIEKTP NaTo(U3U0I0TAYe-
CKUX ITPOIIECCOB MOJKET 3aBUCETh OT MEPBUYHON
JIOKAJIN3aIuY UH(PEKIINU, COMTPOBOYKIATHCA TIpe-
MMYIeCTBEHHbIMU HAPYIICHUAMU TeX UJIU UHBIX
OpraHHbIX (PYHKIMHI 1 Pa3HBIMU reMOUHAMUYe-
CKUMM pearuusaMu [8].

HayuHble paboThl, BBITTOJTHSIOMINECS B 9TOM
HalpaBJieHUW, KpallHe HEeMHOTOYMUCJIeHHbI. B
OTHOM M3 TaKHUX HUCCJAeqOBaHUH [8], OXBaTHUBIIIEM
14 993 60JILHBIX, HAIPUMED, BBIJEISIOT BApUaHT
(«mpodusb») cemcuca € MIPEeUMYIIeCTBEHHBIM
HapylleHueM OKCUTeHHpYIollell (pyHKIUU Jer-
KUX, IPY KOTOPOM 00'beM Ha4aabHON NH(PY3NOH-
HOU Teparuu J0J/KEH OrPaHUYNBATHCS, BApUAHT
C MOJTMOPTAHHOU HEJTIOCTATOYHOCTHIO, XapaKTepu-
3YIOIIUICS O0JIBIION TOTPEOHOCTHIO B MH(Y3UAX
W CUMIIATOMUMETHUKAX, UCIOJIb30BaAHNE KOTOPBIX
II03BOJIAET HECKOJIBKO YJIYYIIUTH IIPOTHO3, H,
HaKOHEIl, BApUAHT C OJIMOPTAaHHOM HEJ0CTAaTO4-
HOCTBIO ¥ HEBPOJIOTUYECKOH TUCHYHKIMEeH, Ipu
KOTOPOM AaKTUBHAsI NH(PY3UOHHASA Tepanusl yXyIi-
[1aeT IpoTHO3. B aTOM pas3geseHn MOYKHO OTMe-
TUTH OIIpeJesIeHHbIe ITapaJljiesid C pe3yJasraTaMmu
HAIlIUX paHee ONMyOJIMKOBAHHBIX pabOT, MOCBS-
[IeHHBIX TTPEeIUKTOPaM JIETAaJIbHOCTHA U OTITUMHU-
3WPOBAHHBIM MPUHIIMIIAM WHTEHCUBHOTO Jieue-
HUA TSAKeEJION BHEOOJILbHUYHOM MHEBMOHUU [23,
24] ¥ reMOAVHAMWUYECKUM NPETUKTOPAM JIETAIb-
HOCTH ITPU abIoMUHAJIBHOM cericrce [25]. He ocy-
IIECTBJISASA MPSAMBIX 3KCTPAIMOJAIUNA, OTMETUM,
YTO ¥ OOJIBHBIX C CETICHICOM, OCJIO>KHUBIIIAM TSKeE-
JIyI0 BHEOOJIbHUYHYIO THEBMOHMUIO C OCTPBIM pec-
MMPATOPHBIM JUCTPECC-CUHIPOMOM, B Y 60JTBHBIX
C abmOMHUHAJILHBIM CEIICCOM F'eMOIMHaAMUYeCKHe
Npo(pUJIU MOTYT 3HAUUMO OTJINYAThCS B 3aBUCHUC-
MOCTH OT U3MEHEHUs YCJIOBUHU /115 KpoBOoOoOpa-
IIIeHNs B OOJIBIIIOM U MAJIOM KpyTax. ITH 0COOeH-
HOCTHU TPEJICTABJISIIOTCA BeChbMa BEPOATHBIMA U
3aCJIY>KUBAIOT JAJIbHENIIINX NUCCIeJOBAaHUN.

BospacT 1 mos10B0o1 cocTaB 00JIBHBIX C a0/I0-
MHHAaJBHBIM W IIyJIbMOHOT€HHBIM CEIICHUCOM He
pasymyanuck. HeoOXoquMo OTMETHUTh, YTO BO3-
pacT 60JIbHBIX B pa3JINYHBIX ITyOJIUKAIIIAX T0CTa-

from sepsis complicating severe community-ac-
quired pneumonia with acute respiratory distress
syndrome, and patients suffering from abdominal
sepsis might have significantly different hemody-
namic profiles depending on the change of condi-
tions for blood circulation in the systemic circuit
and pulmonary circuit. These peculiarities appear
quite probable and deserve further investigation.

There was no difference in the age and gender
composition between patients with abdominal vs.
pulmonary sepsis. It should be noted that the age
of patients varies rather widely in different publica-
tions. In domestic study RIORITA [16], the mean
age of patients with infection was 47 years approx-
imately while according to the international audit
of 2018 [9] it was 59-61.5 years. The closest to our
data about the age of patients (the median is 60-70
years) are data in the studies from China [8] and
Great Britain [11]. Typically, the said studies were
carried out in different countries at an interval of
15 years. This gives ground to state that no notice-
able changes in the age of ICU sepsis patients have
occurred during recent years. So, the tendency to
increase of age by 2016, which we have observed,
has most likely a random nature.

In case of abdominal sepsis, an elderly age
(older than 65 years) was a predictor of lethal out-
come wherein the combination of patient’s age and
condition severity according to SOFA score pro-
vided an excellent predictive power. Age determi-
nacy of the mortality risk during in a mixed popu-
lation [9] and during abdominal sepsis [25] is an
established fact. On the contrary, in case of severe
community-acquired pneumonia, age renders no
influence on mortality [23, 24]. Possibility of age-
related peculiarities aggravating the course of sep-
sis in elderly and senile patients is beyond question
[26]. Nevertheless, there are no age-related ‘adjust-
ments’ in sepsis management guidelines. Special
investigations in this field seem to be expedient.

A little greater percentage of men in different
populations of sepsis patients is voiced by many
authors [9, 11, 16, 21]. We noted the same regularity,
too. Data about absence of gender differences are
published rarer [8]. It is important that the gender
attribute does not render any influence on the
probability of lethal outcome of sepsis.

The condition severity according to SOFA
score varied in our study between the distinguished
sepsis variants and different years, but on the
whole, corresponded to severity of score 4-8 de-
scribed [8] during different sepsis 'profiles'. Accord-
ing to the international audit [9], the severity of pa-
tients suffering from sepsis without shock was
equal to 7.4 on average, which is close to the maxi-
mal values recorded in our study; evaluation ac-
cording to APACHE II (especially in 2016) basically
corresponded to the level described in the clinical
situation under discussion, too [27].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 4



DOI:10.15360/1813-9779-2019-4-42-57

Knuuudeckue uccjaegoBaHud U IIpaKTUKaA

TOYHO LIMPOKO Bapbupyercs. Tak, B oTe4ecTBeH-
HoMm ucciaenoBanumu PUOPUTA [16] cpennuii BO3-
pacT 00JIBHBIX C MH(MEKINEN COCTaBUI OKOJIO 47
JIeT, a 110 JaHHBIM MesKIyHapogHoro ayaura 2018
roga [9] — 59-61,5 ser. Hainu manubie HanboJiee
0JIM3KU K BO3pacTy O0JIBHBIX (MeIaHa Ha YDOBHE
60-70 Jj1eT) B uccaenoBanusax n3 Kuras [8] u Beju-
kobpuranuu [11]. XapakTepHO, YTO YKa3aHHbIE
HWCCJIeJOBAHUS BBIMOJHEHBI B PA3HBIX CTPAHAX C
WHTEpBaJJOM B 15 j1eT. ITO 1aeT OCHOBAHUSA KOH-
CTaTUpPOBATh, YTO 3aMETHBIX U3MEHEHHUH BO3pacTa
60sbHBIX C cerncucoM B OP Ha mpoOTSAKeHUU
NOCJIeAHUX JIET He Tpoucxonut. IlosToMy oTmMedeH-
Hasl HAMU TeHJEeHIMA K YBeJIMYEHHUIO BO3pacra B
2016 1., CKOpee BCero, MMeeT CJIy4aliHbIi XapakTep.

I[Ipu abagoMHHAJIBHOM CelCHUCe IOKUION
Bo3pacT (crapine 65 JieT) ObLI MPETUKTOPOM
JIeTaJabHOro ucxona. [IpuyeM KOMOMHAIIUS BO3-
pacTa 1 OlleHKHU TS3KeCTH COCTOSTHUSI OOJTBHBIX T10
SOFA obecrieunBasia OVIMYHYIO TIPEICKA3aTe Ih-
HyI0 CIIocOOHOCTh. Bo3pacTHasi JeTepMUHHUPO-
BAHHOCTH PHUCKa JIETATbHOCTHU IIPH CETICHCE B CMe-
MIaHHOW TOMyAANNH [9] ¥ mTpy abIOMIUHATLHOM
cericuce [25] sIBJIIETCS YCTAHOBJIEHHBIM (PAKTOM.
Hampotus, mpu TsoKe 0% BHEOOJTLHUYHOU ITHEB-
MOHMHU BO3PAaCT He BJUAET Ha JIeTaJbHOCTH [23,
24]. Bo3MOKHOCTb BO3pPAaCTHBIX OCOOEHHOCTEM,
KOTOPBIE YCYTYOJISIOT TSSKECTD TEYEHUsI CETICHCca Y
JIAI] TOKUJIOTO0 M CTAap4YecKOro BO3pacTa, He
BBLI3bIBAaeT COMHEeHUH [26]. BMecTe ¢ TeM, kakue-
JIO0 BO3PACTHBIE «ITOMPAaBKU» B PEKOMEH TAITASIX
I10 JIEYEHUIO CeIICuca OTCYTCTBYIOT. Bunumo, neJse-
Cc0o00pasHbI crienuaJIbHbIE UCCAEOBAHUS B 9TOM
HanpaBJIEHUH.

HeckoJsIbKO OOJIBININI ITPOIEHT MY’KYHUH B
Pas3JIMIHBIX TOMYIAIUAX OOJBHBIX C CECITCOM
KOHCTaTUupYyIOT MHOTHeE aBTopHI [9, 11, 16, 21]. 3Ty
’Ke 3aKOHOMEPHOCTH OTMETHUJIN U MBI Pesxe 1my6-
JIMKYIOT JaHHBIE 00 OTCYTCTBUY T'€H/IePHBIX OTIIH -
ynii [8]. BaskHO, 4TO, reHIepHBIH MPHU3HAK HE OKa-
3bIBa€T KAKOT0-JIM00 BJIMSHUS Ha BEPOSTHOCTD
JleTaJbHOTO UCX0/Ia Cerncuca.

TaskecTb cocTosinusi 1o mikajgae SOFA B
HaIlleM MCCJIeJOBaHNH BapbUPOBAJIACh IIPY BbIfle-
JIEHHBIX BAPUAHTAX CelCHUca U B pa3HbIe TOfbI, HO,
B II€JIOM, COOTBETCTBOBAJIA TAMKECTH 4—8 0aJIIOB,
OMNMCaHHOMH [8] mpU pa3HbBIX «ITPODUIISTX» CETICUCA.
[To maHHBIM MEXXIYHAPOIHOI0 ayauTa [9] TAKEeCTh
COCTOSIHUS O0OJIbHBIX C CEIICKCOM 0e3 III0Ka COCTa-
BWJIa B cpeHeM 7,4 6asiia, 4To OJIU3KO K MaKCH-
MaJIbHbIM 3HAUEeHUsIM, 3aPeTUCTPUPOBAHHBIMU B
HallleM uccjeaoBaHuu, a oneHka mo APACHE II
(ocobenHo B 2016 rojy) Tak)Ke MPaKTUYECKU COOT-
BETCTBOBAJIa yPOBHIO, OIIMCAHHOMY B paccMarpu-
BaeMOU KJIMHUYECKON cuTyanuu [27].

TsorecThb cocTossHUs 110 mikajgaM APACHE 11 u
SOFA ipu mocryrieanu B OP y 60JTbHBIX C ITyJTbMO-
HOTEeHHBIM CETICCOM ObLTa 00JIbIIIE, YeM ITpH abIo-

MHHAJIbBHOM, 3TN 00JIbHBIE JOJIbIIIE€ HAXOANJINCH B

The condition severity according to APACHE
IT and SOFA scores at the time of admission to ICU
was higher in pulmonary sepsis patients than in ab-
dominal sepsis patients and the latter stayed longer
in ICU. Mortality among patients with different
variants of sepsis turned out the same. As a rule, pe-
culiarities of the clinical course of sepsis in case of
different locations of the primary focus of infection
are not discussed in literature. One can only as-
sume that prominent disturbances of cardiohemo-
dynamics that are possible during severe commu-
nity-acquired pneumonia [24, 28-30], combined
with arterial hypoxemia, might develop in advance
of or in parallel with septic process, creating pre-
conditions for a faster formation of multiple organ
failure and higher SOFA score at early stages of sep-
sis. During abdominal sepsis, dysfunction of differ-
ent organs and systems develop typically for sepsis
as aresult of inadequate dysregulatory response of
the macro-organism to an infection [1, 31].

The foregoing probably explains why in case
of abdominal sepsis, the score at admission to ICU
was a predictor of mortality and was not in case of
pulmonary sepsis. We noted this peculiarity of the
predictive power of scores in case of different loca-
tions of the focus of infection earlier [23-25].

The duration in ICU established by us was
close to that recorded in a number of contemporary
foreign studies [8, 9], but turned out much shorter
than given in study RIORITA [16]. This discrepancy
in data might also be explained by the afore-men-
tioned differences in the study design and non-in-
clusion of patients with nosocomial infections into
the study.

The level of hospital mortality recorded in this
study is higher than global average (35.3%) and typ-
ical for countries of the Eastern Europe, South
America, Middle East and Africa where the inci-
dence of lethal outcomes during sepsis reaches
44.8-47.2% [9]. A high level of mortality during sep-
sis, which exceeds 40%, remains in a number of
countries up to the most recent years [6]. The min-
imal hospital mortality in this clinical situation
(25.2%) is observed in the North America [9].

The frequency of usage of ALV and substitutive
renal therapy in our study almost coincided with the
current global data (68% and 9,2%, respectively) [9].
Like in the mixed population of sepsis patients [9],
in our study, ALV and substitutive renal therapy dur-
ing abdominal sepsis were lethal outcome predic-
tors. In case of pulmonary sepsis, only use of ALV,
but not of extracorporeal hemocorrection was a pre-
dictor of mortality. This also indicates peculiarity of
the clinical course of pulmonary sepsis.

Starting relation of findings of the study, we
noted that in 7-9% of cases, patients are admitted
to ICU who have sepsis that has complicated ter-
minal stages of some diseases, mostly oncological.
This category of patients characteristically exhibits
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OP. JleTaJIbHOCTb Ccpeau OOJIbHBIX C pasHBIMU
BapuaHTaMM celcrca oKasaJjiach OJJMHAaKOBOU. B
JINTeparype, Kak IMIPaBUJI0, He 00CYKIAI0T 0CODEH-
HOCTH KJIMHUYECKOTO TeYeHUs CeTicrca IpU pas-
JIMYHOH JIOKAJIN3AIMY IEPBUYHOTO WH(EKITMOH-
HOTO o4dara. MO’KHO JIWIIb TPEeINOoJIOKNUTD, YTO
BBIpayKEHHbIE HApYLLIeHUA KapAuOreMOIUHAMUKY,
BEPOSITHBIE IPU TSYKEJIOM TeYeHUN BHEOOJIbHUY-
HOU MHeBMOHMH (24, 28-30], B COYETaHUH C apTEPU-
QJIBHOI TUIIOKCEMUEeN MOTYT Pa3BUBaThCsl, OIlepe-
sKasg WK ITapaJljiesIbHO C CEITUYEeCKUM MTPOIEeCCOM,
YTO CO3AIOT IIPEIIOCHLIKY AJIsI 00j1ee OBICTPOTO
¢dhopmMHpOBaAHYS TOJTUOPTAHHON HEJOCTATOYHOCTH
u 60Jtee BEICOKO# o1leHKu 1o SOFA Ha paHHUX CTa-
ousIX cericuca. [Ipw abmoMUHAIBHOM CeTcHce
HapylleHUs1 (PyHKIUN Pa3JIMYHbIX OPraHOB U
CHUCTEM PA3BUBAIOTCS TUOWYHO [JIs1 CElCHUca B
peayJjibrare HealeKBaTHOI'O IHU3PeryisaTOPHOrOo
OTBeTa MaKpoopraHuama Ha nHgexmuio [1, 31].

N3J10keHHOE, BEPOSTHO, 00BACHSET, TOUYEMY
py aOTOMUHAILHOM CETICHICE OIleHKa I10 IITKajIaM
npu nocryivieHuu B OP ABJIAIach NpefuKTOPOM
JIeTaJbHOCTH, a IIPYU ITyJIbMOHOT€HHOM — HeT. Ty
0COOEHHOCTh TpeJCcKa3aTeJbHOU CIOCOOHOCTHU
IIKaJ TPU PaAl3JUYHOU JOKaJIM3alnuu MHGEK-
IIMOHHOTI'0 oYara Mbl OTMe4daJsu paHee [23-25].

JdnuresnbHOCTh rocmranusanuu B OP, ycra-
HOBJIEHHasI HaMH, ObLj1a OJTM3Ka K 3aperuCcTpUpPO-
BaHHOM B psiJie COBPEMEHHBIX 3apyOesKHBIX UCCJIe-
JloBaHUH [8, 9], HO OKa3asach 3HAYMTEJILHO KOPOYE,
4eM NpuBeieHHas1 B uccaenoBann PUOPUTA [16].
B03MOKHO, Takoe pacxosK/IeHUE TAaHHBIX TaKKe
00BSICHSIETCST  BBINIIEYKA3aHHBIMU  OTJIUYUSIMUA
Ir3aiiHa UCccaeN0BaHui 1 HEBKJIIOUYEHNEM B aHa-
Jn3 OOJIBHBIX C HO30KOMHAJTbHBIMU WH(EKITUAMMU.

YpoBeHb rOCHUTAJILHOU JIETAJTBHOCTH, 3ape-
TUCTPUPOBAHHBIN B HACTOSIIEM MCCJIEJOBAHUH,
BBIILIE CPEeIHEeMUPOBOTO (35,3%) U XapaKkTepeH JIJ1s
crpan BocrouHno#t EBpomnbi, OskHOU AMepukwu,
Cpennero Boctoka u Adpukm, rie uacrora
JeTaJbHbIX MCXOAOB TIPU CENCHUCE [TOCTUTAET
44,8-47,2% [9]. Beicokuil ypoBeHb JIeTAJIbHOCTHU
TIPH CeTicuce, npeBbImamiuii 40%, coxpaHseTcs
B pAJle CTPaH BIIOTh 10 CAMBbIX IIOCJIeJHUX JIeT [6].
MuHuMaJibHasi rocluTajJbHasg JieTaJIbHOCTh B
9TO KJIIMHUYECKOU cuTyanuu (25,2%) HabJromaer-
cs1 B CeBepHOU AMepuke [9].

Yacrora ncnoJsb3oBanusa MBJI u 3amecTu-
TeJIbHOU TOYeYHOM Tepalluy B HAIlIEM UCCJIeI0Ba-
HUM IIPAKTUYECKU COBIIajJa C COBPEMEHHBIMU
MUPOBBIMU TaHHBIMU (COOTBETCTBEHHO, 68% u
9,2%) [9]. Kak 1 B CMeIIaHHOM OIS 60JTh-
HBIX C CEeIICUCOM [9], B HallleM UCCJIeJOBAaHUY IPU
abmomuHaabHOM cencuce MIBJI 1 samecTuresibHas
rnovyevyHasl Tepanus ABJAIUCH NPeJUKTOpPaMu
JIeTaJIbHOIO ucxona. I1pyu myJIbMOHOT€HHOM Cell-
cHCe TIPEUKTOPOM JIETATbHOCTHU SIBJISAJIOCH TOJIb-
KO ucnoJjb3oBanue MBJI, HO He aKCTpakopIio-
pajbHON reMOKOPPEKIUU. ITO TaKKE YKa3bIBAET

extremely high mortality within 1-2 days. Accord-
ing to collaborative international data [9], patients
with sepsis complicating metastatic cancer account
for 3.7%, of all sepsis cases in ICU. In RIORITA
study, the incidence of cancer in sepsis patients
amounted to 2.5%, and cancer with metastases —
3.2% [16]. In one of recent investigations, occur-
rence of patients with metastatic cancer among
those admitted to ICU reached 6% [27], which fig-
ure is the closest to our data. It is necessary to note
that the issue of ICU patients with metastatic can-
cer begins to attract international attention [32, 33].
Its complex clinical and ethical aspects and neces-
sity of further studies are pointed out. Patients are
often admitted to ICU who have terminal stages of
other chronic diseases, for example, the incidence
of combination of liver cirrhosis and sepsis equals
to0 2.1-4.4% [9, 16]. It is quite evident that this cate-
gory of sepsis patients features principal clinical
differences and needs a separate analysis going be-
yond the scope of this publication.

Ending discussion of findings, we would like
to observe that the possible reason for discrepancy
in data of particular studies dedicated to epidemi-
ology of sepsis in ICU might be a change in the
opinion about sepsis definition and criteria that
has been taking place recently [31]. A considerable
number of papers are dedicated to comparative in-
vestigation of different definitions and criteria of
sepsis [12, 14, 17, 20], which are highly relevant.
Transition from some diagnostic criteria to other
might, of course, change detectability of sepsis, but
investigation of this aspect of the problem was be-
yond the scope of our study. The data under discus-
sion have been obtained within a relatively short
period of time when Sepsis-2 criteria, respective
protocols of diagnostics and intensive care were in
force [19]. Incremented incidence of sepsis among
patients hospitalized to multipartial ICU was
noted, mortality remaining stable at a high level.
Management of such patients is certainly not only
extremely complicated but very expensive as well
(13,22, 27, 34]. The afore-stated underlines high rel-
evance of the issue of sepsis in domestic healthcare.
It is fair to assume that improvement of the treat-
ment outcome requires not only optimization of
currently standardized intensive care measures but
also finding new approaches to management of
this complication including implementation of the
individualized treatment principles.

Conclusion

Patients admitted to ICU with sepsis consti-
tute a group of high risk of mortality amounting to
50% approximately. Chronological analysis has
shown that sepsis detectability at the time of ad-
mission to ICU grows while mortality does not
change. Patients with surgical diseases complicated

by abdominal sepsis are hospitalized to ICU 3-5
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Knuuudeckue uccjaegoBaHud U IIpaKTUKaA

Ha cBoeoOpasue KINHNYECKOTO TeYeHH s TYJIbMO-
HOTEHHOTO CceIlcHuca.

Hauwunas nsjioskeHue pesyssTaroB UCCIeno-
BaHMs, OTMETUJIHU, YTO B 7-9% Habaomenuii B OP
MTOCTYTIAIOT O0JIBHBIE C CECITICOM, OCJIOKHUBIIIAM
TepMUHAJIbHBIE CTAINU HEKOTOPBIX 3a00I€BaHUH,
NIPEUMYIeCTBEHHO OHKOJIOTMYECKUX. JTY KaTero-
puio OOJBHBIX OTINYAET KpaliHe BHICOKAs JIETAJTb-
HOCTb B TeueHue 1-2 cyToK. [To kooneparuBHbIM
MesKIyHApOIHBIM TaHHBIM [9], HOJIBHBIE C CeTicu-
COM, OCJIOKHUBIIIUM MeETaCTaTUYeCKUN pak,
COCTaBJIAIOT 3,7%, OT BCcex caydaes cerncuca B OP.
B uccnenoanuu PUOPUTA yactora paka y 60J1b-
HBIX C CEIICUCOM cocTaBuia 2,5%, a paka c MeTa-
cradamMu — 3,2% [16]. B ogHOM M3 IIOCJETHUX
HCCJIeTOBAaHUN BCTPEYAEMOCTh OOJBHBIX C MeTa-
CTaTUYeCKUM paKoOM cpenu nocrymnaromux B OP
mocturia 6% [27], YTO MaKCUMaJbHO OJIM3KO K
HAIITUM JTaHHBIM. He06X0IMMO OTMETHUTH, YTO ITPO-
6JteMa OOJIBHBIX C METAaCTaTUYECKUM pakoM B OP
HayMHAaeT IIPUBJIEKATh MEXIyYHapOIHOe BHUMa-
Hue [32, 33]. OTMeualoT ee CJIOKHbIE KIINHUYECKHe
U 9TUYECKIE aCIeKThl, HEOOXOIUMOCTD JaJIbHEeH-
mux uccjaenoBanuii. Hepegko B OP mocTynaior
00JIbHBIE C TEPMUHAIBHBIMY CTAIMH IPYTUX XPO-
HUYeCKUX 3abojieBaHUI, HaAmpUMep, 4YacToTa
COYeTaHUsI IUPPO3a MeYeHU U CEelcHuca COCTaB-
Jser 2,1-4,4% (9, 16]. BriosiHe 04eBUIHO, 4TO 3Ta
Kareropusi 60JILHBIX C CEIICICOM MMeeT ITPUHITU-
NuajbHble KIIMHUYECKUAE OTVIMYNA U HY)K1aeTCA B
OT[IeJJbHOM aHaJIM3e, BBIXOAAINEM 3a pPaMKHU
HACTOSAIEeH TyOINKAITIH.

3aBepmiass  00Cy>KIeHHE  IOJIYYE€HHBIX
pe3yJbraToB, OTMETHUM, YTO BO3MOKHOU IpUYU-
HOW pacxosKJeHUs TaHHbBIX OT/IEJIbHBIX UCCIIE0-
BaHUH, IMTOCBANIEHHBIX 3IIHUIEMHUOJOTUU CEIICHCA
B OP, MOsKkeT sAABJIsIeTCA IPOUCXOAIee Ha TPOTSI-
JKEeHUU MOCJeJHUX JIeT U3MeHeHle B3IISI0B Ha
onpeneseHne U KpuTepuu cerncuca [31]. CpaBHU-
TeJIbHOMY U3YUEeHUIO pa3InYHbIX Ne(UHUIINN U
KPUTEPUEB CeTICHCa MOCBAIIEHO 3HAUYUTEJIbHOE
yucsao pabor [12, 14, 17, 20], uMeromux O0JIbIIYIO
aKTyaJbHOCTb. be3yC/J0BHO, IIepexos OT OSHUX
JUArHOCTUYECKUX KPUTEPUEB K JPYIUM MOJKET
W3MEHATH BbIABJIAEMOCTb CEIICHCa, HO U3y4YeHue
3TOT0 acmeKTa mpobJieMbl He BXOIWJIO B 3ama4yu
Harero ucciaenoBanus. O6CykaaeMble TaHHBIE
OBLJIN MTOJTYyYEHBI Ha TPOTSYKEHUN OTHOCUTETHHO
HETPOAOJKUTEJIbHOTO BPEMEHHOTO OTpe3Ka,
Korja JieicTBoBa/u Kputepum «Cercuc-2», CoOT-
BETCTBYIOIME IPOTOKOJIBI JUATHOCTUKY U UHTEH-
CUBHOTO JeuyeHus [19]. [Ipu 9T0M OTMETUIIV IIPU-
pOCT dYacTOTBI CelcHca Ccpeau OOJbHBIX,
FOCHUATANU3UPYEMBIX B IoJuBajieHTHBIe OP ¢
COXpaHeHNeM JIETATbHOCTH Ha CTaOUIBHO BBICO-
KOM ypoBHe. HecoMHEHHO, jie4yeHre aTuX 00JIb-
HBIX SIBJISIETCS HE TOJIbKO KpaliHe CJI0KHBIM, HO U
JoporocrodamuMm [13, 22, 27, 34]. V3joskeHHOE
IIOAYEepKHUBaeT MaKCHMAJIbHYI0 aKTyaJbHOCTb

times more frequently than patients with pul-
monary sepsis that has complicated lung diseases
or injuries. The comparative assessment of abdom-
inal vs. pulmonary sepsis patients reveals a number
of differences:

— the condition severity according to
APACHE 1II and SOFA scores at the time of admis-
sion is higher in pulmonary sepsis patients; the
same category of patients is characterized by a
longer period in ICU;

— in case of abdominal sepsis, the age,
APACHE II and SOFA scores, usage of ALV and sub-
stitutive renal therapy are predictors of lethal out-
come; in case of pulmonary sepsis, the said indices,
except for ALV, do not predict an increased risk of
mortality.

It can be assumed that because of the hetero-
geneity of the sepsis patient population, advances
in the knowledge about peculiarities of the patho-
genesis and clinical course of abdominal and pul-
monary sepsis are essential to improve the sepsis
outcome management.

npo06JieMBbl Cercrca B OT€YeCTBEHHOM 3JpaBo-
oxpaHeHHH. MOKHO TPENNOJI0KUATh, YTO A
VIIyYIIleHUs] Pe3yJIbTaToB JiedeHuss HeoOxoauma
He TOJIBKO ONTHUMU3AIWs CTaHJapPTU30BAHHBIX B
HAcCTOsIllee BpeMsi Mep WHTEHCUBHOU Teparny,
HO ¥ IIOWCK HOBBIX ITOAXOJ0OB K JIEUEHUIO 9TOTO
OCJIOKHEHU I, B TOM YHCJIe PeaTnu3yIoNuX IpUH-
[ATBI THANBUAYAJN3NPOBAHHOTO JIEYEHUS.

3akJrouenue

Takum 06pa3oM, 60/IbHBIE, TOCTYHAIOIINE B
OP c cemncucoM, sIBJISIIOTCSI TPYIIIIOA BBICOKOTO
PpUCKa JIETAJILHOCTH, COCTABJISIIONIEH 0K0JI0 50%.
XpoHOJIOTUUECKUN  aHaJW3 TOKas3aj, dYTo
BBIABJIIEMOCTD Celcuca npu nocrynyiaesnu B OP
BO3pacTaeT, a JIeTaJbHOCTb HE W3MEHSETCH.
BosbpHBIE ¢ XUPYPrUYEeCKUMHU 3a00JIEBAaHUSIMU,
OCJIOKHSTIOIITUMUCST a0IOMUHAJIBHBIM CETICHICOM,
rocriuranusupyrorcsa B OP B 3-5 pas yaine, yem
0OJIBHBIE C ITyJIbMOHOTEHHBIM CETICHICOM, OCJI0MK-
HUBIIUM 3a0oJieBaHus WJIHN TpaBMBbI JIETKHX.
CpaBHUTEJIFHAS OTIeHKA O0JTEHBIX C a0IOMIHATE-
HBIM U IMYJIBMOHOT€HHBLIM CEIICMCOM BBIABJIAET
PAL OTVIMYH:

— TSYKeCTb cocTossHMA no mkaaam APACHE
[T SOFA ipu mocTymieHnH y 60JIbHBIX C TYJIbMO-
HOT€HHBIM CETICICOM BBIIIIE; Y 3TOH 5Ke KaTerOpUn
0OJIBHBIX TPOIOIKUTEJIFHEN CPOK TOCTTUTAIN3a-
muu B OP;

— TIpu abJOMUHAJILHOM CECIICHCe BO3PacT,
onienka no mkaJjgaM APACHE II u SOFA, ucnoJib30-
Banue VBJI u 3aMecTUTETLHON TTIOYEYHOU Tepa-
MUY SBJIAIOTCSA IPEAUKTOPAMU JIETAJILHOTO UCXO-
na; nmpu nyJbMOHOI'€HHOM CeIICHMCe YKa3aHHbIE
MOKa3areJsiv, 3a UCKJIIOYEeHUEM HCII0Jb30BaHUSA
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NBJI, He mpeAcKa3bIBAIOT IOBBIINIEHHBIA PUCK
JIeTaJIbHOCTH.

MoskHO 110J1ararh, 4TO Y4UTbIBAA IreTEPOreH-

HOCTD IIOIMJIALINN OOJIBHBIX C Ccericucom, YI‘JIY6J'I€-
HHE Hpe,HCTaBJIeHI/IIjI 00 0COOEHHOCTSIX ITaToreHe3a
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Early Ultrasound Signs of Splenomegaly in Neonates
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IeJsb MccireqOBaHM A — ITOMCK PAHHUX HEMHBA3UBHBIX (Y/IBIPa3BYKOBBIX) TMArHOCTUYECKUX KPUTEPUEB CILJIe-
HOMeTaJIuy Y HOBOPOSKIIEHHBIX C BBICOKUM PHICKOM Pa3BUTHSA BPOXKIEHHOM UJIN [TOCTHATAIbHOU NH(EKIUH.

MarepHaJsbl 1 METOABI. B IPOCIIEKTUBHOE MCCIE0BaHIE BRJIIOYMIN 163 HOBOPOIKIEHHBIX peOeHKa
IIepBOI HeJlesn sKU3HU. Bcex HOBOPOJKIeHHBIX, BK/IIOUEHHBIX B MCCJIeJOBAHME, OTHEC/IU B IPYIIITY BEICOKOTO
pUCKa 110 peanu3anuy BHyTpuyTpoOHoU nHdexiuu (BYU). [letell, B 3aBUCUMOCTU OT MaCChI TeJjia IIPU POSK-
JIeHUH, pa3/e/IU/Iu Ha IBe IPYIIIbL: rpyma «A» — 80 JOHOIIIEHHBIX HOBOPOSKIEHHBIX C HOPMaJIbHON Maccoi
TeJla IIPY POKIEHUH U rpymmna «B» — 83 1oHOIIIeHHBIX HOBOPOYKIEHHBIX C 3a/1ePKKON BHYTPUYTPOOHOTO
pasButus (3BYP). [IpoBoaunn KOMILJIEKCHOe 006cye0BaHNe HOBOPOYKIEHHBIX, BKJ/IIOYAsl yJIBTPa3ByKOBOE
HCCJIeJOBaHNE CeJIe3EHKH.

Pe3ynbraThl. YBesauueHne koagpuirenTa Maccol cesedeHkr (Km) oOHapyKUIN Y HOBOPOSKIEHHBIX C
BBICOKUM PUCKOM Pa3BUTHS UH(PEKIIMOHHOTO IPOIlecca: BPOsKAEeHHBIMU IIOPOKAMU Pa3BUTHUS YeJIIOCTHO-
JINIEBOM 00J1aCTH, SKeJTYI0YHO-KUIIIEYHOT0 TPAKTA, a TAaK)Ke IIPU IePUHATAIbHOM KOHTAKTe C pa3IUYHbIMU
MHMKPOOpraHu3MaMH. YBeJMYeHNEe MACChI CeJIe3eHKU 1 Km oTpa)kaloT COCTOSHHE MMMYHHOT'O OpraHa Ho-
BOPOSK/IEHHOTO B OTBET Ha HEOJIarONIPUATHOE, B TOM YHCIIe, MH(PEeKIIMOHHOE BO3/IefICTBUE.

3akJrodeHue. YJIbTPa3ByKOBOe UCCIeloBaHne MOP(hOMETPUYECKIX XapaKTEPHUCTHUK Cesle3eHKU y HOBO-
POSKIIEHHBIX C PA3JIMYHBIMU HO30JIOTUYECKUMU (DOPMaMU SIBJISIETCSI JOCTYIIHBIM METO/I0M paHHe 11uarto-
CTUKHU cIJleHoMeranuu. Hanbosiee 4yBCTBUTE/ILHBIM [TI0Ka3aTesieM sIBJIsieTCsT KO3 UIIMEHT MacChl ceJjie-
3eHkn (Km), oTpaskamomuii peaknwi0 HWMMYHHOTO OpraHa Ha HeOJarompusiTHOE IepuHaTaJbHOe
BO3/IeJICTBHE, B TOM YK CJIe KOHTAKT C TH(MEKIIMOHHBIM areHToM. CpellHss BeJJnYrHa Koad duipienTa Maccol
ceJie3eHKU HaXOJQUTCs B quana3oHe oT 1,1 mo 3,0. [Tpu yBesimueHnU nokasareJisi 6oJee 4, yBeJInuUBaeTCs
PUCK pa3BUTUA NHPEKIMOHHOIO 3a00/eBaHusl. [laHHbII MeTOJ, MOKET UCII0JIb30BaThCs B KAUeCTBE CKPU-
HUHTA Yy HOBOPOSKAEHHBIX Pa3HOI'0 reCTallMOHHOI0 BO3PacTa, BKJIIOYEHHbBIX B IPYIIY BBICOKOTO PHUCKA I10
BPOKJIEHHOU WJTU paHHEN TTOCTHATAITLHOU MHQEKITUM.

Kntoueevte croea: cenieseHka; KO3 Puyuerm maccol cese3eHku; UMMYHUMem; YAbmpaseykoeoe uccaiedo-
8anue; 6HYMpuympobHas unperyust

The purpose of the study is to determine early non-invasive (ultrasound) diagnostic criteria of
splenomegaly in neonates with a high risk of congenital or postnatal infection.

Materials and methods. In the prospective study, 163 newborn infants of the first week of live were in-
cluded. All neonates included in the study were classified as possessing a high risk of an intra-uterine infection
(IUD. Depending on the birth weight, the infants were split into two groups: group «A» — 80 full-term newborns
with normal birth weight, and group «B» — 83 full-term newborns with fetal growth restriction (FGR). A com-
prehensive examination of newborns including spleen ultrasound was carried out.

Anpecc 111 KOppeCIOHAeHIIHH: Correspondence to:
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Results. An increased spleen weight coefficient (Km) was found in newborns with high risk of infection
development that included congenital oromaxillofacial and gastrointestinal defects, perinatal contacts with
various microorganism. The increased spleen weight and Km reflected conditions of the immune system organ
of the newborn in response to an adverse exposure including infection.

Conclusion. Ultrasound examination of morphometrical characteristics of the spleen in newborns with
various medical conditions represents a convenient and simple method of early diagnosis of splenomegaly.
The most sensitive index is the spleen weight coefficient (Km), which reflects the immune system organ re-
sponse to an adverse perinatal exposure including contact with an infectious agent. The mean spleen weight
coefficient is within the range of 1.1 to 3.0. When the index exceeds 4, the risk of development of an infectious
disease increases. This method can be used as a screening approach for newborns of different gestation age
who have been included in the high-risk group based on a congenital or early postnatal infection.

Keywords: spleen; spleen weight coefficient; immunity; ultrasound examination, intra-uterine infection
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BBenenune

BposkienHble, BHyTPUYTPOOHBIe, MH(PEKINU
(BYW) u cencuc ABJAIOTCA OCHOBHOU NpUYMHOMN
3a00J1eBaeMOCTH 1 CMEPTHOCTU HOBOPOSKIEHHBIX,
T.K. OHU HanboJiee BOCOPUUMYMBBI K PA3JIMYHBIM
IIaTOreHHbIM MUKpoopranuamam [1-3]. IssecTHO,
YTO NepuHaTaIbHble NH(MEKIINH ABJISIOTCA OCHOB-
HOM IPUYMHON NpeskIeBpeMeHHBIX pPOJOB, a
TaK)Ke YCTaHOBJIEHA CBA3b MEK/Iy aHTeHaTaJlb-
HBIM BOCITajJleHreM U HeOJIaronpusaTHBIMU UCXO-
JlaMH JJ71s1 HOBOPOSKAEHHBIX. B ciryuasx pasBuUTUA
BYU, mumenssMu MHQEKITUN sIBJISTIOTCS JIETKUE,
SKeJTyI0YHO-KUIIIeYHBIN TPaKT U KOsKa 1101, U B
HUX HanboJiee 4acTo pa3BUBaeTCs aHTeHaTaJIbHOe
BocnasieHue [3]. B cBsA3M ¢ ueM, Hay4YHBIN ITOUCK
pPaHHUX [MArHOCTUYECKUX KPUTepHeB BHYTPU-
yTPOOHBIX NH(MEKIUN oCcTaeTcsl IPUOPUTETHBIM
HalpaBJieHUeM [4-6].

CumTaercsi, YTO HOBOPOsKIEHHbIe 00J1aJal0T
He COBepIIIeHHON NMMYHHOI CCTeMOH, 4To Aea-
€T VX YsI3BUMBIMU JJ1s1 UH(EKINH, ¥ 3TO ABJISETCS
NPUYMHOM TsAKeJIoro TedeHUs 3abosieBaHUU U
reHepajin3anuy nHQEKITMOHHOTO mporiecca [1, 7].
Bce 0OoJbIle OMOMEIUIIMHCKUX HCCJAEI0BaHUN
cocpesloToueHo Ha 0oJjiee MOJHOM IOHMMaHUH
MMMYHUTeTa ¥ (PyHKIUMN UMMYHOKOMIIETEHTHBIX
OpraHoB Ha paHHeM aJTalle >KU3HU. [lomoOHbBIE
HCCJIeIOBAaHUA MOTYT He TOJIBKO BBISIBUTH HOBOE
B UMMYHHOM OHTOT'€He3€e, HO 1 CITIOCOOCTBYIOT pas-
pabdOoTKe HOBBIX METOJI0OB paHHEN AUAarHOCTUKU U
JIeueHusI.

deTasnbHble UMMYHHbBIE PEaKIINK B 3HAYM-
TeJIbHOU CTelleH! 3aBUCHAT OT BPOSK/IEHHOT'0 UMMY-
HUTETa, IIOCKOJIBKY aJalTUBHBI WMMYHHBIH
OTBET He IT0JIHOCTBIO CO3PeJ B paHHEM HeoHaTaIb-
HOM Ilepuojie. AHTeHaTa/lbHas BoCHIaauTe IbHasA
peaknysa Ha UH(QEKITNOHHbIe pa3paskUTes N OKa-
3bIBaeT Pa3HOCTOPOHHee BO3/ieicTBYe Ha IJI0H, U
MOKeT TOTeHIMaJIbHO BJIUATH HAa €ro BHYTPH-
yTPOOHBIH, a 3aTeM U IOCTHATaIbHBIN UMMYHHBIH
oTBeT. IMMyHHas cucTeMa, KaK IJI0fa, TaK U Hesl0-
HOIIIEHHOT'0 HOBOPOYKIEHHOI'0 U3-3a MOP(OJIOTH-
4eCcKOU U (PyHKIMOHAJIBHOU HE3PEJIOCTH UMEET

OTPaHUYEHHYI0 CIIOCOOHOCTBb IIOJIHOLIEHHOI'O

Introduction

Congenital intra-uterine infections (IUT) and
sepsis are the main causes of newborns’ morbidity
and mortality because neonates are most suscepti-
ble to various pathogenic microorganisms [1-3]. It
is known that perinatal infections represent the
main cause of premature delivery; a link between
antenatal inflammation and unfavorable outcomes
for newborns has been established. In IUI, the in-
fection targets are the fetus lungs, gastrointestinal
tract and skin where an antenatal inflammation de-
velops most frequently [3]. In this connection, re-
search for early diagnostic criteria of intra-uterine
infections remains a priority [4-6].

Newborns are believed to possess an imper-
fect immune system, which makes them suscepti-
ble to an infection, thus being the cause of disease
severity and infectious process generalization [1,7].
Increasingly more biomedical studies focus on
more comprehensive understanding of the immu-
nity and function of immunocompetent organs at
an early stage of life. These studies might not only
find something new in the immunity ontogenesis,
but also assist development of new methods of
early diagnosis and treatment.

Fetal immune responses largely depend on
the congenital (innate) immunity since the adap-
tive immune response is not yet fully mature in an
early neonatal period. The antenatal inflammatory
response to infective stimuli renders a versatile im-
pact on the fetus and can potentially influence on
its intra-uterine and later postnatal immune re-
sponses. The immune system both of the fetus and
preterm newborn has a limited capability for a
complete immune responses due to the morpho-
logical and functional immaturity [8, 9]. Therefore,
the immune responses of both the fetus and new-
born largely depends on two essential factors: peri-
natal conditions for its physiological development
since early gestation process and the level of matu-
rity of the innate immune system [9, 10].

The immune response of infants younger than
2 months of age is characterized by congenital po-
larization of Th-2- and Th-17 cells, weak Th1 polar-
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UMMyHHOro orBeTa [8, 9]. IloaToMy MMMYyHHBIN
OTBeT ILJI0/1a ¥ HOBOPOYKIEHHOTO B 3HAUUTEJIbHON
CTelleH! 3aBUCUT OT JIBYX BasKHEHIINX (paKTOpOB:
IeprHaTAJIbHBIX YCJIOBUH 1JIs ee (puanosioruye-
CKOI'0 Pa3BUTHs C pAHHUX CPOKOB IreCTalluOHHOTO
IpoIiecca; CTeleHW 3PeJIOCTU BPOKIEeHHON
MMMYHHOH cucTeMsl [9, 10].

VMMyHHBIA OTBeT JeTeill 40 2-X MecsIeB
SKU3HU XapaKTepUayeTcsi BpOKIeHHOM oJIsIpU-
sanue kjerok Th-2- m Th-17, cmaaboin Thl-
noJjsipu3alnueil 1 HU3KUM BPOSKAEHHBIM aHTU-
BUPYCHbBIM oTBeTOoM uHTeppepona (IFN).
Hapymennbiii uMmMyHHBI# oTBeT Th-17 y HeoHO-
IIIEHHBIX HOBOPOSKIEHHBIX CIIOCOOCTBYET TTOBBI-
IIEHHOH BOCIPUUMUYMBOCTA K UHQPEKIUAM,
BBI3BAHHBIMHY BHEKJIETOYHBIMY MUKPOOPIraHU3-
Mamu, TakuMu Kak E. coli u Candida spp. [7].
Hapymenns Thl-oTBeToB crioCOOCTBYIOT TOBBI-
IIEHHOMY pHUCKYy WuHuUIUupoBaHusa Listeria
monocytogenes, Mycobacterium tuberculosis n
BHPYCOM IIPOCTOTO r'epIlieca, KOTOphle sBJIAIOTCA
BHYTPUKJIETOYHBIMU IIaTOr€HAMH.

CeJsle3eHKa, KaK UMMYHHBII OpraH, urpaet
Ba)KHYIO POJIb B MOIY/ISIIIUM UMMYHHOU cucTte-
MBI, TuddepeHnpoBKe U akTUBanuu T- u B-
KJIETOK, TIPOYKIINY aHTHUTE] B 0eJI0N IysbIle.
CeJsie3eHOUYHBIE MaKpO(daru CrrocoOHBI YIAIATh
0akTepuu M3 KPOBU, TEM CAMBIM MPEMSATCTBYIOT
reHepanu3anuu MHQPEKIIMOHHOr0 mpoljecca U
passutuio cercuca [11].

KpomMme Toro, cesieseHKa akTUBHO pearupyer
Ha MOsABJIEHYE IMPOKOIr0 CIEeKTpa I1aToJIorude-
CKHX pacCcTpoicTB. K HUM OTHOCATCA BpPOYKIIEH-
Hble AHOMaJINU, UH(EKIIMOHHbIE U BOCIIAIUTEb-
Hble 3a00JIeBaHUs, COCYAUCThIE PACCTPOMCTBA,
I0OpOKavYeCcTBEHHbBIE U 3JTOKaYECTBEHHBIE OITyXO0-
Jau. KpaiiHe Ba’KHO pacno3HaBaTh U IPaBUJIBHO
WHTEPIPETUPOBATH BapUAIIMOHHBIHN CIIEKTP aHO-
MaJjuii, KOTOpble MOTYT BKJIIOUATh CeJIE3EHKY, BO
n3beskaHVe HEHYKHBIX MHBAa3WBHBIX TPOTEAYP U
IJIs1 BhIOOpa a(p(peKTUBHOTO JeueHus [12].

CeJie3eHKA CUMTAETCSI «3a0BITHIM OPTaHOM»
cpefyu panuoJIoroB W KJIMHUIKACTOB, XOTS OHA
XOPOIIO BHU3YaJIU3UPYETCsI IPU KOMIIBIOTEPHOU
ToMorpacduu OPIONTHON IMOJIOCTH M MarHUTHO-
pe3oHaHcHOU Tomorpadum [11].

Hawnbosiee mepCrieKTUBHBIM SIBJISIETCS TIPHU-
MeHeHNe HEeMHBAa3UBHBIX, YJIBTPa3ByKOBBIX METO-
JIOB AUArHOCTUKM AJis1 paHHed Bepuduramuu
MH(QEKIIMOHHOTO IIpolecca y HOBOPOSKAEHHBIX
[13, 14]. YasrpacoHoTrpaduyueckas olleHKa pa3me-
POB ceJIe3eHKH SIBJISIETCS HaIe3KHBIM 1 00'bEKTHUB-
HbIM KpUTepueM peaKkliMi OpraHa Ha BO3MOKHBIN
nH@EKIMOHHBIN nporecc [15-17].

Ilesb ucciaenoBaHusa — IOMCK PAHHUX HEVH-
Ba3WUBHBIX (YJIBTPa3BYKOBBIX) JUArHOCTUYECKUX
KpUTEpHUEB CIIJICHOMEraJuy Y HOBOPOKAEHHBIX C
BBICOKMM PHUCKOM Pa3BUTHUS BPOSKAEHHON WU
IIOCTHATAJIbHOU UH(EKIUHN.

ization, and low congenital antiviral response of in-
terferon (IFN). The disturbed immune response of
Th-17 in preterm infants promotes higher suscep-
tibility to infections caused by extracellular mi-
croorganisms such as E. coli and Candida spp [7].
Th1 response disturbances facilitate the increased
risk of infection by Listeria monocytogenes, My-
cobacterium tuberculosis and herpes simplex virus,
which are intracellular pathogens.

The spleen, being an organ of immunity, plays
an important role in the immune system modula-
tion, differentiation and activation of T- and B-
cells, production of antibodies in the white pulp.
Splenic macrophages are capable of eliminating
bacteria from blood preventing infection process
generalization and development of sepsis [11].

Besides, the spleen responses may lead to ap-
pearance of a wide range of pathological disorders,
such as congenital abnormalities, infectious and
inflammatory diseases, vascular disorders, benign
and malignant tumors. It is important to recognize
and interpret correctly the variation range of abnor-
malities related to spleen functioning in order to
avoid unnecessary invasive procedures and choose
an effective treatment [12].

The spleen is regarded a ‘forgotten’ organ
among radiologists and clinicians though it is well
visualized by abdominal computer tomography
and magnetic resonance tomography. [11].

Implementation of non-invasive ultrasound
diagnostic techniques for early verification of an in-
fective process in newborns is the most promising
[13, 14]. Ultrasonographic assessment of the spleen
size has been demonstrated as a reliable and objec-
tive criterion of the organ’s response to a possible
infection in children [15-17].

Purpose of the study: to determine early non-
invasive (ultrasound) diagnostic criteria of
splenomegaly in newborns with a high risk of a
congenital or postnatal infection.

Materials and Methods

A prospective ultrasound study was carried out in
2016-2018. The study included 163 neonates of the first
week of age. Depending on the birth weight, the infants
were split into two groups: group A’ — 80 full-term new-
borns with normal birth weight, and group ‘B’ — 83 full-
term newborns with fetal growth restriction (FGR). Basic
clinical characteristics of the infants are given in table 1. At
birth, the group ‘A’ infants had a greater weight, height, and
body surface area versus the group ‘B’ infants (P<0.001). No
statistically significant differences in the parity of preg-
nancy and delivery, gestation age, or Apgar score on the 1st
and 5" minutes of life were found between the groups.

In group A, 30% of newborns did not have diseases
during the early neonatal period, but, based on their peri-
natal anamnesis, they were included in the risk group as
possessing signs of adaptation disturbance and IUI devel-
opment. Newborns from this group were subjected to a
comprehensive examination including ultrasound. In
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Tabauia 1. OCHOBHbIE KIMHUYECKHE XapaKTepPHUCTHKHA HOBOPOKAeHHbIX, M+SD, Me (Q1;Q3).
Table 1. Basic clinical characteristics of newborns, M+SD, Me (Q1; Q3).

Indices Index values in groups p
«A», n=80 «B», n=83
Gestation age, weeks 38.6+1.3 37.6+1.5 0.1
Birth weight, gram 3557+408 2582+290* 0.0001
Birth height, cm 51+2 46.9+2* 0.0001
Body surface area (S), m? 0.225+0.02 0.183+0.01* 0.0001
Pregnancy parity 1.5[1; 3] 2[1; 4] 0.6
Delivery parity 1(1;2] 211;3] 0.1
Apgar score at the 1% minute 8 8 0.3
Apgar score at the 5 minute 9[8;9] 9[8;9] 0.6

Note.* — P<0.05 — statistically significant differences between the groups.

IIpumeuanwue. [lyis1 TabJ1. 1, 2: Indices — nmokasaresy; index values in groups — 3HaueHUs 1OKa3areJsiei B rpymmnax; gestation
age, weeks — cpok recraruu, Heziesb; birth — mpu posgnennn; weight/height — macca tesa/poct; body surface area — nomane
IIOBEPXHOCTU TeJIa; parity — mapurert; pregnancy/delivery — 6epeMeHHOCTH/pOJOB; apgar score — 6a/Ibl 10 IIKase Anrap. *
— p<0,05 — cTaTUCTUYECKHU 3HAYMMBbIE OTJINYUS MEXKIY IPYIIIaMU.

MaTepnaJI H ME€TOAbI

ITpoBOAMIN IPOCHEKTUBHOE YIBETPAa3ByKOBOE UC-
ciaegoBanue B 2016-2018 romax. B wucciaemoBaHue
BKJIIOUEHO 163 HOBOPOSKIEHHBIX pebeHKa MepBOH He-
Jleu YKU3HU. JleTeld, B 3aBUCUMOCTH OT MaccChl Tesia Ipu
PpOXKIEHNUHY, pa3fe/uiIn Ha IBe TPYIIbL: TPYIIa «A» —
80 MOHOIIEHHBIX HOBOPOKIEHHBIX C HOPMAJILHON Mac-
COMi TeJs1a MPU POSKIIEHUH U rpy1na «B» — 83 qoHomeH-
HBIX HOBOPOJKIEHHBIX C 3a/IEPKKON BHYTPUYTPOOHOTO
pasButus (3BYP). OcHOBHBIE KJIMHUYECKHUE XapaKTe-
PUCTUKY JeTel ipeacTaBuu B Tabsuie 1. [Tpu poskie-
HUU HOBOPOXKJEHHBbIE TPYIIHI «A», 10 CPAaBHEHUIO C
JeTbMU IPYIIEI «By, MMesn 60JIbIIIIe Maccy Tesa, pOCT
U IJIOLIAAb ITOoBepxHOCTHU Tesa (p<0,001). Craructuye-
CKY 3HAYHUMBbIX OTIMYUU 10 TAPUTETY O€pEMEHHOCTH U
PpOIOB, FeCTAaIlUOHHOMY BO3PACTy U OIleHKe M0 IIKaje
Anrap Ha 1-% 1 5-11 MUHYTax YKU3HUA MEKY IPyIIaMu
He BBIBUJIN.

B rpynme «A» 30% HOBOPOKAEHHBIX HE UMEJIU 3a-
0oJieBaHUll B paHHEM HEOHATaJIbHOM Ilepuojie, HO Ha
OCHOBAHHUU NepUHATAJbHOTO aHaMHe3a UX OTHEC/IU B
TPYIILy pHCKa 10 HapyIIeHUIO aJalTallud U Pa3BUTHIO
BV, B cBSI3U C 4eM, UM IIPOBEJIU MTOJHOE 00C/Ie10Ba-
HHe, BKJIOYas YIBTPA3BYKOBOe WHCCIefoBaHUe. B
OCTAJIbHBIX CJy4asAX paHHUN Iepuof aJanTaiuu
OCJIO)KHUJICA Pa3BUTHEM HeOHATAJIbHOM sKeJITyXH y 40%
HOBOPOKIEHHBIX, IlepebpaabHoi uieMun — y 8,7%,
unsonMmyHusanuei mo ABO-cucreme — y 7,5%, keda-
JIOTeMaTOMOU ¥ HeIOHOIIIEHHOCTBIO — Y 5%, BpOXKIeH-
HBIMU IIOPOKaMU Pa3BUTHUS, TPeOYIOIIeMH ollepaTuB-
HOU KoppeKuu —y 3,8%.

B rpymre «B» 3ab60/1eBaeMOCTb ObLIa IPECTaBaeHa
CIeAyIOIINMHU Ho30JiorndeckuMu dopmamu: 3BYP —
71,1%, Mmoposioruyeckas He3pesaocTsb Ha (hoOHe HeJJOHO-
IIEHHOCTU — 26,5%, BPOYKIEHHbIE IIOPOKU Pa3BUTHUS,
Tpebyrolue oepaTuBHON KoppeKkuny — 2,4%.

@DaKTOPBI HePUHATAIBHOIO PUCKA JIJIsT HOBOPOSK-
JEHHOro 1o pa3sutuio BYU: yrposa npepnsiBaHusA B
pasauYHble CPOKH, AHOMAJIUHU IJIalleHTalluu, HHpeK-
IMOHHBIE 3a00JIeBaHUsI MaTepy BO BpeMsi OepeMeHHO-
CTH, IpeskIeBpeMeHHbIe POAibl, OJINTOTUPAaMHUOH, IT0-
JIMTUPaMHUOH, MEKOHHUAIbHbIE OKOJIOIJIONHbIE BOJIBIL.
Ha ocHOBaHUM 3THUX (paKTOPOB, BCEX HOBOPOIKIEHHBIX,
BKJIIOUEHHBIX B CCJIelOBaHUe, OTHECIU B IPYIIY BbI-
COKOT'0 PHCKa IT0 peajmm3auuu BYU.

ITpu poskAeHNN HOBOPOKIEHHBIM OKa3asu mep-
BUYHYIO WJIM PeaHMMAIlMOHHYIO IOMOIIb, B COOTBET-

other cases, the early period of adaptation was compli-
cated by the development of neonatal jaundice in 40% of
newborns, cerebral ischemia — 8.7%, ABO isoimmuniza-
tion — 7.5%, blood tumor of head and prematurity — 5%,
congenital defects requiring operative correction — 3.8%.

In group ‘B’, morbidity represented the following
nosological forms: FGR — 71.1%, morphological imma-
turity at the background of prematurity — 26.5%, con-
genital defects requiring operative correction — 2.4%.

Perinatal risk factors for a newborn as regards IUT in-
cluded: threatened miscarriage at different gestation pe-
riods, placentation abnormalities, infectious diseases of
the mother during pregnancy, premature delivery, oligo-
hydramnios, polyhydramnios, meconium amniotic fluid.
On the basis of those factors, all newborns included in the
study were classified as high risk of IUI development.

At birth, all newborns received primary or resusci-
tation aid according to the profile of «<neonatology» med-
ical care procedure [18].

The following analytical methods were utilized in
the study:

1. Analysis of the pregnancy anamnesis data, on
the basis of which the risk of intra-uterine infection was
established;

2. Clinical evaluation of the infant’s condition in-
cluding the Apgar score (AS) at the 1st and 5th minute
after birth;

3. Clinical evaluation of the infant’s condition in-
cluding daily visual examination, identification of signs
of diseases typical for the early neonatal period;

4. Standard ultrasound examination of the spleen
using Accuvix XG expert-class ultrasound scanner
equipped with an 8 MHz sensor, during which the echo
structure of the body and its homogeneity were assessed,
and 3 linear sizes of the organ were measured: length,
width, and thickness of the spleen;

5. Mathematical calculation of the spleen weight
according to formula: m=0.34XL?h, where L is the spleen
length, h is the spleen thickness (cm);

6. Mathematical calculation of the spleen weight
coefficient (Km) according to formula: 1000m/infant’s
weight (gram);

7. Mathematical calculation of the relation of
spleen weight to height (KI) according to formula: spleen
weight (g) / infant’s height (cm);

8. Mathematical calculation of the relation of spleen
weight to body surface area (Ks) according to formula:
spleen weight (g) / infant’s body surface area (m?) [19];
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CTBUHU C IOPSIKOM OKa3aHUs MeAULIMHCKON IOMOIIU
110 TTPOUJTIO «HEOHATOJIOTHsI» [18].

B pabore mpuMeHsIHN CIeIyIoNIre MeTObI HCCJIe-
JIOBAHUS:

1. AHa/IM3 aHAMHECTUYECKUX TaHHBIX TeYEeHUs
GepeMeHHOCTH, Ha OCHOBAHUH KOTOPBIX BBICTABJISIN
PUCK peain3any BHYTPUYTPOOHOUN NHDEKITU;

2. KavHWYeckas OIleHKA COCTOSTHUA pebeHKa
NIPU POSKJIEHUY, BKJIIOYAIOIIAs OLIeHKY I10 IIIKaJjIe Anrap
(OA) Ha 1-#1 1 5-11 MUHYTaX IIOCJIE POYKIEHUST;

3. KauHM4Yeckass oIeHKa COCTOSTHUs peOeHKa,
BKJIIOYAIOIAs esKeJHEeBHbIN 0CMOTD, BbIsIBJIEHHUE IIpU-
3HaKOB 3a00JI€BaHMI, XapaKTePHBIX [IJIsI PAHHETO Heo-
HaTaJbHOTO IIepUOJa;

4. CraHIapTHOe YJIBTPa3BYKOBOE HUCCJIeOBAaHNE
ceJle3eHKU Ha YJIBTPa3ByKOBOM CKaHepe 9KCIepTHOTO
kJjacca «Accuvix XG» ¢ gactoroir matumka 8 MI'1, Bo
BpeMsl KOTOPOI'O OLleHUBAJIU 9XOCTPYKTYpy OpraHa, ee
OIIHOPOJHOCTh, U3MePsiId 3 JIMHEHHBbIX padMepa op-
rasa: IMHY, IUPUHY U TOJIIUHY CeJle3eHKY;

5. MaremaTuyecKuil pacyeT MacChl CesIe3eHKU 110
dopmyne: m=0,34X1? h, rne L — anunHa cesesenku, h —
TOJIIIAHA CEJIe3E€HKHU (B CM);

6. Maremarnueckuil pacdeT Koaddunuenra
maccel cenesenku (Km) nmo ¢popmysie: 1000 m/macca
TeJsia pebeHKa (B rpaMMax);

7. MaremaTrnuecKuil pacyeT OTHOIIEHUsI MacChl
cesieseHku K pocty (KI) o ¢popmysie: Macca cejieseHKU
(r) / poct pebenka (cm);

8. MaremaTnuecKuil pacyeT OTHOIIEHUSI MacChl
ceJIe3eHKHU K IIoaay nosepxuoctu Teqa (Ks) o gop-
MyJie: Macca cesie3eHKH (r) / IJIoIajgb IOBEPXHOCTU
TeJsia pebenka (mM?) [19];

9. Maremaruyeckuii pacuer IJIOIIAIU IIOBEPXHO-
cta Tesia o popmysie Mocresiepa (1987 r.)

10. CTaTuCTUYECKYI0O 00pabOTKY JaHHBIX MPOBETH
C IIoMOUIBIO TporpamMmel Statistaca 6 (USA). IIpu cpashe-
HUU TIOJIYYEeHHBIX JaHHBIX HMCIIOJIB30BAIA KPUTEPUI
Konmoroposa — CmupHoOBa. /1 TaHHBIX, pacupeesie-
HHe KOTOPBIX B BApUALIMOHHOM PsIly HOCUJIO HOpMaJib-
HBIU XapaKTep, UCII0/Ib30BAIU CpeiHee apu(MeTUIecKoe
(M) u crangapTHOe OTKJIOHeHue (SD). /114 Kosim4ecTBeH-
HBIX IPU3HAKOB, OIMYHBIX OT HOPMAJILHOTO pacipee-
JIEHUH, OIIpeiesiAnn Meauany (Me) 1 MeKIyKBapTUJ/Ib-
HbIN padmax (Q1; Q3).0Omimyus cuuTa I JTO0CTOBEPHBIMU
IIpU YPOBHE CTaTUCTUYECKOM 3HAaUUMOCTH p<0,05.

Pe3ybTaThl M 00CYK/IEHHE

IIpu mpoBeeHNY YIBTPA3BYKOBOTO CKaHU-
pOBaHUS BBISIBUJIU, YTO Y BCEX HOBOPOSKIEHHBIX,
BRKJIIOYEHHBIX B HICCJIEIOBAHUE, CeJIe3eHKA NUMEET
YeTKUH KOHTYP, TapeHXUMa OJHOPOIHOM CTPYK-
TYPBI, U303X0TeHHAasl, MEJTKO3epHUCTasl. Pe3ysbra-
TBI  yJABTPAa3BYKOBOTO  MOP(OMETPUIECKOTO
HCCJIe0OBaHUsI OpTraHa MpeACTaBUIA B TaOJ. 2.
[Tpu uccaeqo0BaHUU BBIIBUIIU, YTO JIJIMHA U TOJI-
IIIMHA CeJle3eHKU JIOCTOBEPHO OOJIbINIE Y HOBO-
POSKIEHHBIX TPYIIIBI «A», IO CPABHEHUIO C MaIlK-
eHTaMu rpynnbl «B». TIpu aHannW3e pacyeTHBIX
TOKa3areJiel yCTAaHOBUJIH, YTO Macca CeJIe3eHKH,
Kl 1 Ks craTucTiyeckyn 3HAYMMO BBIIIE Y TeTei
TPYHIBI «A», IO CPABHEHHIO C HOBOPOSKIEHHBIMI
rpynnsl «By, T.e. 3T TOKa3aTe I 3aBUCAT OT aHT-

9. Mathematical calculation of the body surface
area according to the Mosteller formula (1987);

10. Statistical processing of data was carried out
with the aid of Statistica 6 (USA) software. To determine
the distribution of variables, the Kolmogorov-Smirnov
test was used. For variables, distribution of which was de-
termined as normal, the arithmetic mean (M) and stan-
dard deviation (SD) were computed. For quantitative
variables that differed from normal distribution the me-
dian (Me) and interquartile range (Q1; Q3) were calcu-
lated. Differences were considered significant at a signifi-
cance level of P<0.05.

Results and Discussion

Ultrasound scanning established that in all
newborns included in the study the spleen poss-
eses a clear contour, the parenchyma has a homog-
enous structure and is isoechoic, fine granular. The
findings of ultrasound morphometric analysis of
the organ are presented in table 2. The study re-
vealed that the spleen length and thickness are sig-
nificantly larger in the newborns of group ‘A’ com-
pared to the newborns of group ‘B’ Analysis of
calculated indices established that the spleen
weight — Kl and Ks — is significantly increased in
the infants of group ‘A’ versus the infants of group
‘B’ because these indices depend on the anthropo-
metric data of a newborn (P<0.001). There were no
significant differences in Km between patients of
both groups, the suggested evaluation criterion was
not dependent on the birth weight or height of an
infant (P=0.2).

The incidence of Km in the groups is shown
on fig. 1. Km < 1 occurred in 5% of infants of group
‘A’ and in 1.2% of infants of group ‘B’ The index
value within the range of 1.1 to 3 occurred in 72.5%
of newborns of group ‘A’ and 83.1% of newborns of
group ‘B’. Km increase over 4 was recorded in 3.8%
and 4.8% of infants, respectively. Significant differ-
ences between the groups were not found (P>0,05).

The morphometric indices of the spleen of
group A’ newborns related to nosology are given in
table 3. There was no difference in morphometric
indices of the spleen between nosology groups.

However, individual changes of the figures
under analysis were discovered. In group A, in the
infants with adverse perinatal infection anamnesis
(during pregnancy mothers experienced ARVI, in
one case, exacerbation of herpes virus infection
was noted), increase of Km over 4 (4.8 and 8.9), Kl
to 0.4 and 0.6, and Ks to 78.2 and 144.6 was found.
In one newborn, the early neonatal period was
complicated by development of conjugated jaun-
dice; in the other, a congenital defect of the anterior
abdominal wall — embryonal hernia that required
surgery — was found. Both infants were in the
group of risk of a congenital or early postnatal in-
fection, the analyzed morphometric indices of the
spleen (Km, KI, and Ks) were increased, which

proved the fact of the organ’s immune response at
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TaGsma 2. CpaBHHUTEIBHBIH aHATN3 MOP()OMETPHIECKHX ITOKa3aTe el cesie3eHKH Y HOBOPOKAEeHHBIX (M+SD,
min-max).
Table 2. Comparative analysis of morphometric parameters of the spleen in newborns (M+SD, min-max).
Indices Value of indexes in groups P
«A», n=80 «B», n=83
Spleen length, cm 3.7+0.5% (2.2-5.5) 3.3+0.5 (2.4-4.6) 0.0001
Spleen thickness, cm 1.7+0.3* (1.1-2.5) 1.5+0.3 (0.8-2.7) 0.0008
Spleen weight, gram 8.6+4.3* (2.2-36) 5.9+2.4 (2.1-15.1) 0.0001
Km 2.4+1.1 (0.6-8.8) 2.3+0.9 (0.9-5.8) 0.2
Kl 0.16+0.07* (0.04-0.64) 0.12+0.04 (0.04-0.32) 0.00002
Ks 37.8+17.4* (9.8-144.6) 32.1+12.7 (12.9-78.7) 0.004

Note.* — P<0.05 — statistically significant differences between the groups.
IIpumeuanwue. [Ij1s1 Tab1. 2, 3: Spleen — cenesenka; length — nuna; thickness — Tosmuna; weight — macca.* — p<0,05 — cra-

TUCTUYECKU 3HAYMMbIC OTVINYUA MEKIY FPyIIIIaMu.

. «A»

«B»

al

<1 1.1-2.0 2.1-3.0 3.1-3.9 >4 Km

pOIOMETPHUYECKHX JJaHHBIX HOBO-
posknenHoro pebenka (p<0,001). 50
JlocTOBEpHBIX OTJINYHH o )
BesnurHe Km Mesk Ty marreHTaMu 45 7
00€enX IpyIII He BLISIBUJIY, TIPeJIJIa- 40 |
raeMblii KpHUTEPUH OIEHKU He
3aBHCeJI OT Macchl M pocta peben- | & 3517
Ka mpu poskeHun (p=0,2). g 307
Yacroty BcTpedaemMocTu Km 2
B I'pylax npeacTaBU/Id Ha puc. 1. ; 25 7
Besnunna Km < 1 6b11a y 5% aereii s 20+
rpynnst «A» u 1,2% B rpymre «By. g 5
BesuunHa nokasaTeJis B [uamaso- §
He ot 1,1 1o 3 BcTpewanacby 72,5% Z 10
HOBOPOJKJIECHHBIX IPYNIBI «A» U i
83,1% rpynmbl «B». IloBbIIeHUE °
Km 6oJsee 4 3aperucTpupoBan y 0
3,8% u 4,8% nereli, COOTBETCTBEH-

HO. CTaTUCTUYECKN 3HAYUMBIX
OTIMYMN MEMKJy TpylnnaMu He
BbIABUIIU (p>0,05).

MopdomeTrpudeckre ToKasa-
TeJIN CeJIe3EHKH HOBOPOYKIEHHBIX
I'pyHIIbI «A», B 3aBUCUMOCTH OT HO30-
JIOTIYeCcKUX (popMm, TTpeicTaBusIu B Ta0J. 3. Msydae-
MbIe MOp(OMeTPIYECKHE TOKA3ATEH CETe3€HKY HEe
OTIMYATINCh MESKTY TPYIIIIaMH HO30JI0OTHH.

OnHaKo BBIABU/INA UHAVBUIYAJIbHbIE H3Me-
HEHUs UCCJIeyeMbIX BeJIUYUH. B rpynme «A» y
neTeli C HeOJJArONMpPUATHBIM TepUHATATbHBIM
VH(EKINOHHBIM aHAaMHE30M (MaTepy BO BpeMs
bepemennoctu nepedosies OPBH, B ogHOM CITy-
yae oTMedanu OOOCTpeHHe Teplec-BUPYyCHOHN
vH(peKrnnn) BeIABUIN yBeandenue Km 6osee 4
(4,81 8,9), Kl 10 0,4 n 0,6 m Ks 10 78,2 1 144,6. Y
OJTHOT'O0 HOBOPO>KAEHHOIO TeYeHHe PAaHHETO Heo-
HaTaJbHOTO MEepPHOo/a OCTI0KHUIOCH Pa3BUTHEM
KOH'BIOTAIIMOHHOM KeJITYXH, B TPYTOM — BBHISIBU-
JIN BPOSKJEHHBIN TOPOK Pa3BUTHA INepeaHel
OPIOITHOM CTEHKU — TPhIKA MMyTIOYHOT0 KaHATH-
Ka, TpeOyoIuil omepatruBHOTO JsedeHus. Oba
pebeHKa HaXOAUJINCH B TPYIIIIE PHUCKA 10 pa3BH-
THIO BPOKJ€HHOUN WJIM PaHHEH MOCTHATaIbHOMN
nH(peKrnny, uccaegyemMble MopdomMeTpuIecKre
nokasaresi cesedeHkH (Km, Kl u Ks) 661711 mOBBI-

CEJIE3CHKH.

III€HbI, YTO MOATBEPMIAET (l)aKT UMMYHHOT'O OTBEe-

Pacnpe):le.nenne HOBOPOKJIE€HHBIX B 3aBUCHUMOCTH OT KOS(i)(blfll.lP[eHTa MaccChbl

Distribution of newborns by the spleen weight coefficient.
ITpumeuanne. Number of newborns —4rci0 HOBOPOK/I€HHBIX.

the preclinical level, i.e. there was an early response
of the spleen to an infective agent.

Increased spleen weight and Ks were also
found in 2.5% of cases. In one case, there was ABO-
isoimmunization, jaundice, the spleen weight was
equal to 16.5 g, Km=4, and Ks=66.6; the other had a
congenital left ovary cyst of a large size, the spleen
weight was equal to 12 g, Km=3.4, Ks=52.8. With the
help of ultrasonography, early enlargement of the
spleen was detected.

All newborns were subjected to an early exam-
ination, comprehensive treatment including anti-
bacterial therapy preventing development of a con-
genital infection or postnatal complications.

In group ‘B’, in 4.8% of newborns, increase of
all calculated indices of the spleen, which were
studied, was revealed. The greatest changes of the
indices studied were discovered in the newborn
with an inferior jaw neoplasm. The birth weight of
the infant was 2830 g, the spleen weight amounted
to 15.1 g, Km was equal to 5.34, K — 0.32, and Ks -
78.7. Histological analysis of the section identified
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Ta OpraHa Ha JOKJIUMHUYECKOM YPOBHE, T. €. UMeJia
MECTO paHHss peaKIus CeJie3eHKU Ha MHpeEK-
IIMOHHBIN areHT.

YBeJindyeHne Macchl cejiedeHKU U Ks BbIsSIBU-
JIY Takske B 2,5% ciiy4aes. B oqHOM ciy4dae umesa
MeCTO u3ouMMyHuaanusa 1no ABO-cucreme, yxeJ-
TylIHas1 (hopMa, Macca cejie3eHKU COCTaBIsIa 16,51,
Km=4, a Ks=66,6, B 1pyroM — BpOXJeHHas1 KUCTa
JIEBOTO IMYHUKA OOJIBITTUX pa3MepPOB, Macca ceJie-
3eHKHU cocTasJisgia 12 T, Km = 3,4, Ks=52,8. C momo-
IIBIO YIBTpacoHOTrpad UM BbIABJIAIN PAHHEE yBe-
JUYeHue ceJe3eHKH.

BceM HOBOPOK/I€eHHBIM MPOBOIWJIN PaHHEE
oOcJieoBaHre, KOMILJIEKCHOE JIeYeHHe, B TOM
YuCje aHTHOAKTepHaJIbHYIO TePaIuio, MPemnsiT-
CTBYIOILIYIO PAa3BUTUIO BPOKIEHHOU WH(peEKINU
WJIN TIOCTHATAJIbHBIX OCJIOKHEHUH.

B rpynme «B» y 4,8% HOBOPOMXIEHHBIX
BBISIBUJIY YBeJIMYEHM e BCEeX UCCIIeyeMbIX pacyerT-
HBIX IIOKasaTesell ceJjeseHku. HaumboJbiine
M3MeHEeHUs UCCJIelyeMblX [T0Ka3aTesiei BbIABUIN
Y HOBOPOSKIEHHOTO C HOBOOOpPa30BaHWEM HUK-
Hell 4eJIIOCTU. PeOEHOK poausICs C Maccou Tesa
2830 1, mMacca ceJjqe3eHKM cocTaBJsjaa 15,1 T,
BesimunHbl Km — 5,34, Kl — 0,32, Ks — 78,7. [Ipu
TUCTOJIOTUYECKOM HWCCJeJOBAHUM IIperapara
BBISIBUJIY 3€PHUCTO-KJIETOYHYIO OIIyXO0JIb C IIPU-
3HaKaMM 04aroBO-MH(pUJIBTPATUBHOTO U 3PO3UB-
HOI'O BOCHIAJIeHUsA. B aTOM cilyyae umMes0 MecTo
codeTaHue IPU3HAKOB BOCajieHrs1 Ha (POHE OIy-
X0JIEBOTO TIpPOIlecca W OTBET CeJIe3eHKH, KakK
MMMYHHOI'O OpraHa.

VYBeqnueHUe WUCCIEAyeMbIX IOKasaTeJsen
00HAPYKUIN Y HOBOPOYKIEHHBIX C BBICOKUM PHC-
KOM pa3BUTHS UH(EKIMOHHOTO MPoIlecca: mepu-
HaTaJIbHBIA KOHTAKT 110 BUPyCHOMY Trenaturty C;
BUPYC-BblJeJIeHHe IIPOCTOro repmeca 1 m 2-ro
Tuna. B aTux ciaydasax MHIUBHAYAJIbHBIE UCCIIE-
JyeMble II0Ka3aTeJiy IPeBhIIIadtu CpeJHre 3Hade-
HUS B IPyIIIe U COCTaBJIAJINA: Macca CeJIe3eHKU —
12,1-13,8 r, Km — 5,2-5,9, Kl — 0,26-0,29, Ks —
73,8-75,2.

Bce HOBOpOsKIeHHBIE C TTIEPBBIX YaCOB KU3HU
IOJIy4aJiy 9TUOJIOTUYECKOE U IaTOTEHETUYeCKOoe
JiedyeHue, U pa3BUTUSA UHGPEKIIMOHHOTO 3aboJTe-
BaHWs, WM WHQPEKIIMOHHOTO OCJOKHEHUS He
MIPOU3OIILTI0. BLIIBJIeHHBIE W3MEHEHUs ObLIU
ACCOLIMMPOBAHBI C BEPOATHOCTHIO PA3BUTHUSA
WHPEKITMOHHOTO0 TIpoliecca.

Takum oOpasoMm, yBeJTMYEeHNE MaCChI ceJsie-
3€HKM M YMCJEeHHOT0 3HaYeHUs1 KO3 PUITMeHTOB
OTpayKaIOT IIepHUHATAIbHOE COCTOSTHUE UMMYHHO-
r'o OpraHa HOBOPOKJIEHHOTO B OTBET Ha HebJ1aro-
NPUSATHOE TIepUHaTaJIbHOE BO3/IENCTBUE, B TOM
ynciie THPEKIIMOHHOE.

Y 3I0pOBBIX HOBOPOSKJIEHHBIX, BKJIIOUYEH-
HBIX B HCCJIeJOBaHNE, YIBTPA3BYKOBbIE MOP(dO-
MeTpUYeCKHe MOKa3aTeJu CeJie3eHKU COOTBET-
CTBOBaJIM (PUIUOJOTUUYECKUM 3HAUYEHUSAM U

a granular-cell tumor with signs of focal-infiltrative
and erosive inflammation. In that case, there was a
combination of signs of inflammation due to ma-
lignancy and tumor-induced responses of the
spleen as an organ of immunity.

Increased indices under study were found in
newborns with a high risk of infection development:
perinatal contact with viral hepatitis C; type 1 and 2
herpes simplex shedding. In those cases, the individ-
ual indices exceeded the mean values for the group
representing as follows: spleen weight — 12.1-13.8 g,
Km —5.2-5.9, KI— 0.26-0.29, and Ks — 73.8-75.2.

From the first hours of life, all newborns re-
ceived causal and pathogenic treatment, and the
development of an infectious disease or infectious
complication did not occur. The identified changes
were associated with the probability of invection
development.

Hence, the increase of the spleen weight and
numerical values of coefficients reflects the perina-
tal condition of the newborn’s immunity organ in
response to an adverse perinatal exposure includ-
ing infection.

In healthy newborns included in the study the
ultrasound morphometric parameters of the spleen
corresponded to physiological values and were
consistent with results of other studies [12, 20]. An-
tenatal inflammation and infective diseases might
potentially affect the immune responses of a fetus
and newborn during the early postnatal period [8].
The immune response to a perinatal contact with
an infective agent depends on many factors, first of
all, on the immune system maturity. The spleen is
the immune organ responding to infectious and in-
flammatory diseases of a newborn [12,16]. The
study has shown that when there are congenital de-
fects of the anterior abdominal wall, maxillofacial
region, perinatal contact with different viruses, the
infant’s spleen weight and spleen weight coefficient
is increasing. In cases of contact with infective
agents, splenomegaly in a fetus and newborn has a
secondary nature [12, 14]. Ultrasound examination
and calculation of morphometric indices have al-
lowed detecting splenomegaly at an early stage
when it is not yet clinically significant, and this re-
action reflects early organ increase in response to
inflammation.

Conclusion

Ultrasound analysis of morphometric param-
eters of the spleen in newborns with different spe-
cific diseases is a convenient method of early diag-
nosis of splenomegaly. The spleen weight
coefficient (Km) that reflects the immunity organ's
response to an adverse perinatal exposure includ-
ing a contact with an infective agent is the most
sensitive index. The mean value of the spleen
weight coefficient is within the range of 1.1 to 3.0.
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Knuuudeckue uccjaegoBaHud U IIpaKTUKaA

COBIIaJaJIM C JAHHBIMU APYIrUX aBTOPOB [12, 20].
AHTeHaTa/JIbHOE BOCIIa/ieHe U UH(EKITMOHHbIE
3ab6oJeBaHUsA MOTYT NOTEHITUAIBHO BJIUATH Ha
MMMYHHBIE PEaKlUH IJI0fa U HOBOPOKIEHHOT O
B paHHEM IIOCTHATaJbHOM Iiepuozne [8]. UMMyH-
HBI OTBET Ha IepUHATAJbHBIM KOHTAKT C
UH(QEKIIMOHHBIM areHTOM 3aBUCUT OT MHOTHUX
¢daKkTOpoOB, U, B NEPBYI0 OUeEpPedb OT 3PesIoCTU
UMMYHHOU cucrteMmbl. Cejie3eHKa SBJISIETCS
UMMYHHBIM OPraHOM, KOTOpPBIA pearupyer Ha
WH(pEKIINOHHbBIE U BOCHAIUTETbHBIE 3a00/IeBa-
HUsI HOBOPOKIeHHOro pebenka [12, 16]. B uccie-
JIOBAaHWU MMOKA3aHO, YTO ITPU HAJTUUYNH BPOSKIEH-
HBIX TIOPOKOB Pas3BUTHSA IlepeaHell OPIONIHOMN
CTEHKU, YeJIIOCTHO-JIUIEBON 00JIacTH, IepuHa-
TaJbHOM KOHTAKTe C Pa3/IMYHbIMU BUPyCaMU y
HOBOPOK/IEHHOTO YBeJIMUNBAEeTCsI Macca U Koad-
(pUIIMEHT MacCChI cesie3eHKU. B ciTydasix KOHTaKTa
C UH(EKIIMOHHBIMU areHTaMu CIIJIEHOMeTraaus y
1JI0Jla 1 HOBOPOSKJIEHHOTO MUMEET BTOPUYHBIN
xapakrep [12, 14]. ITpoBeneHue yIETPa3BYKOBOTO
HUCCTeOBaHUA U pacuyeT MOpPGpOMETPUUECKUX
MOKa3aTeJiel IT03BOJINJIO BBISABUTH CIIJIEHOMeETa-
JIVIIO, ellle KJIMHUYECKHU He 3HaYUMYIO, T. €. UMeeT
MEeCTO pPaHH:ASA IMarHOCTUKA yBeJIMYEeHNs OpraHa
B OTBET Ha BOCHaJIeHHE.
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When the index exceeds 4, the risk of an infectious
disease is significantly increased. This method can
be used as a screening test in newborns of different
gestation age possessing high risk for a congenital
or early postnatal infection.

3akJarouenue

VIIBrpa3BYKOBOE HCCIIEI0BaHIE MOPGOMETPH-
YECKUX XapaAKTEPUCTUK CeJIe3€HKH Y HOBOPOSKIEH-
HBIX C pa3/INYHBIMHI HO30JIOTHYECKUMH (hopMaMu
SIBJISIETCSI IOCTYITHBIM METOOM PaHHeH TuarHOCTH-
KU ciuieHoMerasiny. HauboJsiee 9yBCTBUTEIHHBIM
TOKa3aTesieMH SIBJISAeTCS KOI(M(MUIIMEHT MacChl
cesie3eHku (Km), oTpaskaromuii peakiinio UMMYyH-
HOTO OpraHa Ha He0JIaroNpusATHOE TIepUHATAIBLHOE
BO3JIENICTBHE, B TOM YHCJIe KOHTAKT C MH(MEKINOH-
HBbIM areHToM. CpeqHssi BesinunHa KoadduipenTa
MAacCChI ceJIe3eHKM HaXOOUTCs B [uanasoHe or 1,1 o
3,0. [Tpu yBesImueHnH ITOKa3areJisi 0oJiee 4 yBeman-
BaeTCsA PUCK Pa3BUTHUA HH(PEKIIMOHHOTO 3a00J1eBa-
HUsl. JIaHHBIA METOI MOKET HCIOJIb30BaThCS B
KavyecTBe CKPUHUHIA Y HOBOPO)KIEHHBIX PA3HOTO
reCcTalliOHHOTO BO3PACTa, BKJIIOYEHHBIX B IPYIIITY
BBICOKOTO PHCKa II0 BPO)KIEHHON WM paHHEU
ITOCTHATATbHON NH(EKIIH.
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Morphological and Functional Alterations
of the Cardiovascular System during Acute Clozapine Poisoning
(Experimental Study)
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IeJss ucciaenoBanus. ONeHUTH BIMAHIE CyOJIeTaTHHOM TO3BI KJI03aNTMHA Ha (PYHKIIMOHAJIBHBIE 1 MOP-
doJsiornyeckue napaMeTpsl CepPAEYHO-COCYAUCTON CUCTEMBI KPBICHI Yepes 4 4 1ocJie BBeJeHUs IIpernapara.

MarepuaJjibl 1 MeTOAbI. JKCIIEPUMEHTHI BBIIIOJIHUJIN HA KpbIcax-camiax JuHuu Wistar Becom 200-250 r
(n=14). 1 rpymnme sHTepasbHO Yepe3 30H/ Iof 001Ie anecTe3nel ceBoduriopanoM Beoausan pactsop NaCl
0,9%, II rpynne — kJo3anuH B 703e 150 mr/kr B pactBope NaCl 0,9%, III rpymnne — kJjio3anuH B go3e 150
MI/KI B pacTBope 40% crupra sTU/I0BOro. Uepes 4 4 11ocJjie BBeJleHUA IIpelapara OLeHuBa/Iu apTepuaabHOe
nassienue (AJl), yactory cepaeunbix cokpaimeHuii (YCC), MUKPOIUPKYJIAIMIO B KOYKE METOJIOM JIa3epPHOU
JOTIIEPOBCKOI (hsroymerpun (JIIP), MHTEHCHBHOCTH (aryopectieHnn kopepmernTos HA/TH, PAJL. ITocse
9BTAHA3WUM NTPOBOIMIIM AYTOIICHIO ¢ 3a00POM BHYTPEHHUX OPTraHOB KPBIC I MOP(OJIOrHIecKoro uccie-
JoBaHUs. Jlajiee M3rOTaB/INBAIH TapaHOBBIE CPE3BI Cep/Iel] C TOCeAyIoNiel OKPaCKOH reMaTOKCUIIMHOM
U 303UMHOM, KOTOPBIE UCCJIe0BAJIX C IOMOIIBIO CBETOBOI'O MUKPOCKOIIA.

Pe3ysberaThl. B 06€mx rpyIax ¢ BBeJleHreM KJjI03annHa A/l 1 KpOBOTOK B KOYKe OBI/IM HIKE, YeM B KOHT-
poJte: Al B rpynine [ —Ha 12% , B rpynne Il — Ha 15%; kpoBoTOK — Ha 48 1 37%, cooTBeTCTBEeHHO. [10 nccie-
JTlyeMBbIM ITOKAa3aTeJIsIM MUKPOIUPKYJIIAIUHN CYIIIeCTBEHHBIX PA3JIMYAHI MEK Ty TpyIaMu He HaOTIo1astd. Bei-
SIBUJTY TIOBBINIIEHHYI0 HHTEHCUBHOCTH (pJrioopeciieHuu kopepmenta HAJTH B Koske B Ipynax ¢ BBeJIeHUEM
KJIO3aIlMHAa 110 CPaBHEHMIO C KOHTPoJeM (B 2,3 pasa B rpyne I u B 1,9 pasa B rpynme II). IIpu rucrosorude-
CKOM HCCJIeIOBaHUM cepJell SJKUBOTHBIX, [10/Iy4aBIINX KJI03alINH, BbIIBU/IM HEPAaBHOMEPHOE KPOBEHAII0JI-
HeHUe, 9pUTPOIUTAPHBIE CJIAIKU, MEJIKOOYArOBbIe KPOBOMIIMAHNSA, IEPIEHANKYIAPHYIO 0a3aJbHON MeM-
OpaHe OpHEHTAITHIO AeP 9HO0TEIFOIUTOB, HEPAaBHOMEPHYIO OKPACKy MHOKAap/ia C THIIEP303NHO(MUIHHBIMI
ydacTkaM#, ¢pparMeHTaIlio ¥ BOJTHO0Opa3HyIo AeopMaIiiio MBIIIEYHBIX BOJIOKOH.

3aksroueHue. [Ipy 0OCTPOM OTpaBJIEHUH KJIO3AIIMHOM B Cep/IIie BBIABJISIOTCSA MOP(OJIOTrHIecKue Ipu-
3HaK{ HapyIIeHUsI KPOBOOOPAIIeHNs 1 TOBPEKIEHNST MIOKAP/Ia, YTO CONPOBOKAETCS PAa3BUTHEM JIIC-
(yHKIIIN MIOKap/a ¢ apTepraTbHON r'MIOTeH3NeH 1 CHISKeHIEM ITepr(epruIecKoro KPOBOTOKA, a TAaK:Ke
HapyIIeHNsIMU OKUCINUTEIBHOT0 MeTaboIm3Ma B eprudepruecKix TKAHAX.

Kntoueswte cnosa: k103anut; Muokapo; 2eMOOUHAMUKA; MUKPOYUPKYISYUS

Purpose of the study. To evaluate the influence of sublethal dose of Clozapine on the functional and mor-
phological parameters of the cardiovascular system in rats 4 hrs. after the drug administration.

Materials and methods. The experiments were carried out on male Wistar rats weighing 200-250g (n=14).
Group I received 0.9% NaCl solution administered via enteral feeding tubing under general anesthesia using
Sevoflurane; group I — Clozapine dosed at 150 mg/kg in 0.9% NacCl solution; group III — Clozapine dosed at
150 mg/kg in 40% ethyl alcohol solution. 4 hrs. after drug administration, arterial blood pressure (ABP), heart
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rate (HR), microcirculation in the skin using laser Doppler flowmetry (LSF), fluorescence intensity of coen-
zymes NADH and FAD were evaluated. After euthanasia, autopsy including withdrawal of the internal organs
of rats for morphological analysis was performed. Thereafter, paraffin sections of hearts were made and sub-
sequently stained with hematoxylin and eosin, which were later examined with the help of light microscope
Nikon Eclipse Ni-U.

Results. In both Clozapine groups, ABP and blood flow in the skin were lower than in the control group:
ABP — by 12% in group I and by 15% in group II; blood flow — by 48% and 37%, respectively. No significant
difference between the groups was observed in respect of the microcirculation indices studied. Increased flu-
orescence intensity of coenzyme NADH in the skin was found in the Clozapine groups compared to the control
group (2.3-fold in group I and 1.9-fold in group II). Histological analysis of the hearts of animals that received
Clozapine established uneven blood filling, erythrocyte sludges, fine-focal hemorrhaging, endotheliocyte nu-
clei oriented perpendicular to the basal membrane, uneven staining of myocardium with hypereosinophilic
segments, fragmentation and undulating deformity of muscle fibers.

Conclusion. During acute Clozapine poisoning, morphological signs of disturbed circulation and my-
ocardium damage are found in the heart, which are accompanied with development of myocardium dysfunc-
tion with arterial hypotension and decreased peripheral blood flow, also disturbed oxidative metabolism in

peripheral tissues.

Keywords: Clozapine; myocardium; hemodynamics; microcirculation
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BBenenue

Ksto3anmH — nmpous3BogHOE TUOEH30I1a3err-
Ha, aTUMWYHBLIA HEWpPOJIENTUYECKUHN IIperapar,
HCIIOJIb3yeMbIU B IICUXUATPUYECKOM ITPAKTHKE IIpe-
MMYIIEeCTBEHHO MJIsI JIeueHUs PEe3UCTeHTHBIX K
OOJIBIITITHCTBY HEUPOJIETITUKOB 3aboseBanwii [1, 2].
BeIpaskeHHOe yrHeTeHHe IeHTPaJbHOU HEepBHOU
CHCTeMbI ¥ BBICOKU PUCK JI€TaJIbHOI0 NCX0Aa IIpU
repeI03NPOBKeE KI03aHa 00yCIOBIUBAIOT CITy-
Yau ero UuCrioJib30BaHUA B KPpUMUHAJIbHBIX, CYUITH-
HAJbHBIX 11eJIsIX [3, 4]. 1o JTaHHBIM KJIMHUYECKUX U
CyneOHO-MeIUITMHCKUX UCTOYHUKOB, OTPaBJIEHUS
KJIO3AIITHOM B OOJIBIIIMHCTBE CIy9aeB COYETAIOTCS
C aJIKOTOJIbHBIM onbAgHeHueM [3-5]. TanaToreHnes
IIpYA OCTPOM OTPaBJIEHNH KJIO3AIIUHOM JI0 KOHIIA He
BbIACHEH. VI3BeCTHO, YTO IIpU ITpHeMe BBICOKUX 103
KJIO3allMHA IPUYMHOH JIeTaJIbHOTO UCXO/IA SIBJISIEeT-
Cs1 OCTpasi cepJieyHasi He0CTATOYHOCTD WJIU Tapa-
JINY JbIXaTeJbHOTO IleHTpa [6]. Bo3HUKHOBEeHUE
SKU3HEYTPOSKAIOIINX TOOO0YHBIX 3(pheKTOB oTMEUe-
HO TaK>Ke 1 [IPU IIpHeMe TepalleBTUIeCKUX J03 Ipe-
napara. Cpeny HUX 3HAUMMOE MeCTO 3aHMMAaioT
He0JIaronpusATHBIE KapauaabHbIe 3(D(EKTHI, TaKNe
KaK MUOKapJUThl, KapAUOMUONIATUH, IIEPUKAPIU-
ThI, CEp/ieYHasi HeJJOCTaTOUHOCTh, BHE3aITHas cep-
JeyHasi cMepTh [7-11]. A. Al-Wahab u coaBT. B 9Kc-
IepuMeHTa/JIbHOM HCCJIE€NJOBAHUN OBIJIO BLIAABJIEHO
NIOBBIIIIEHVE YPOBHEW HOpaipeHaJsIiHa, ajpeHaJsn-
Ha, TPONIOHMHOB, MB (¢ pakuum kpearnHpocoku-
Ha3bl, UHTEPJIEUKUHOB, (haKTOpa HEKPO3a OITyX0JIN
asb(a, TUTOKWHOB B KPOBU MBIIIEH, TOJTyYaBIINX
KJ103anuH (12, 13].

Cy1iecTByeT MHOYKeCTBO T'MIIOTE3 MEXAaHU3MOB
KapInoTOKcuYecKux 3 (PeKToB KiIo3anuHa, cop-
MUPOBABIIIMXCS B pe3y/isTare KIMHUYEeCKUX U 9KC-
IMepuMeHTaJJbHbIX I/ICCJ'Ie,IIOBaHI/IIL/’I. Cpe)m HUX —
MMMYHHOOIIOCPEJJOBAHHOE ITOBPEesKAeHNe Kapauo-
MUOITUTOB PEAKTUBHBIMH META00TUTaMH KJIO3aTIH-
Ha, HUTPEHUBBLIMU MOHAMU, [IOBPEXKIEHVEe Kapa1o-

Introduction

Clozapine is a derivative of dibenzodiazepine,
an atypical neuroleptic drug used in psychiatric
practice mostly for diseases resistant to a majority
of neuroleptics [1, 2]. Pronounced suppression of
the central nervous system and high risk of lethal
outcome in case of Clozapine overdosing explain
cases of its use for criminal and suicidal purposes
[3, 4]. According to clinical and forensic sources,
Clozapine poisoning is combined with alcohol in-
toxication in most cases [3-5]. The thanatogenesis
during acute Clozapine poisoning has not been
fully clarified. It is known that in case of intake of
high doses of Clozapine, the cause of lethal out-
come is acute cardiac failure or respiratory center
paralysis [6]. Occurrence of life-threatening side ef-
fects was also noted during intake of therapeutic
doses of the drug. An important role among them
belongs to adverse cardiac effects such as my-
ocarditis, cardiomyopathy, pericarditis, heart fail-
ure, sudden cardiac death [7-11]. A. Al-Wahab et al.
revealed in an experimental study the increased
levels of noradrenaline, adrenaline, troponins, cre-
atine phosphokinase-MB, interleukins, tumor
necrosis factor alpha, cytokines in the blood of
mice that received Clozapine [12, 13].

There are numerous hypotheses concerning
the mechanisms of cardiotoxicity of Clozapine,
which have been suggested based on clinical and
experimental studies. They include immune medi-
ated damage of cardiomyocytes by reactive
metabolites of Clozapine, nitrene ions formation,
damage of cardiomyocytes due to accumulation of
adrenaline therein, blocking the potassium chan-
nels and slow down cell membrane repolarization
by the drug, which causes the arrhythmogenic side
effects [13-16].

The mechanisms of acute alcohol intoxication

are well characterized. The toxic action of ethanol
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MMOIIUTOB BCJIE/ICTBUE HAKOILJIEHUsI B HUX a/ipeHa-
JIMHA, & TaKKe CITOCOOHOCTH KJI03aTuHa OJIOKMPO-
BaTh KaJIMeBble KaHAJIbI 1 3aMeJIJIAATh PEI0JIApr3a-
U0 MeMOpaHbI KJIETOK, OOYyCJIOBJIUBAasi €ro
apUTMOreHHbIe ToO0oYHbIe a(pdekTrI [13-16].

MexaHu3MbI OCTPOH aJTKOTOJIbHON MHTOKCH-
Kallu¥ M3y4YeHbl AOCTAaTOYHO xopomio. Tokcuye-
CKOe BO3JIeHCTBHE 3TAaHOJIA U IPOAYKTOB €ro
MeTaboJIM3Ma TPUBOIUT K HAPYIIEHUIO COKPaTH-
TeJIbHOU (DyHKLIMY MUOKapAa, pUTMa 1 IPOBOIU-
mocTH [17, 18]. OmHako, maTo- U TaHATOTeHe3 TIPU
OCTPOM KOMOMHUPOBAHHOM OTPABJIEHUU KJI03a-
NIMHOM U aJIKOT0JIEM U3y4eHbI HeJOCTAaTOYHO.

Ilenp ucciienoBaHUs — OIIEHUTDH BJIUSTHUE
cyOJieTa/IbHON JT03BI KJI03alMHA Ha (PyHKINO-
HaJIbHbIE U MOP(]OJI0THUYECKE TTapAMETPHI CEP-
JIe4HO-COCYIUCTOH CHUCTEMbI KPBICHI 4yepe3 4 4
IocJie BBeeHUs pernapara.

MarepuaJ 1 MeTobI

IKCIIEpUMEHTBI IIPOBEJIA Ha KPbICaX-CaMIlax JIMHUN
Wistar maccoit 200-250 T (n=14). 3a 12 4 10 9KCIEpUMeHTa
SKMBOTHBIE He I10JTy4a/Ii KOPM, HO IMeJIi CBOOOAHBIN 10-
CTYII K BOZEe. DKCIIEPUMEHTHI IIPOBOIA/IN B COOTBETCTBUN
c tpeboBanusimu [lupertusbl 2010/63/EU EBponeiickoro
IapJiaMeHTa 1 COBeTa eBPOIIeHiCKOro colo3a 110 oXpaHe
SKUBOTHBIX, MCII0JIb3YEMbIX B HAyYHBIX LeJIAX [19].

IMop ob11elt MHraIAIMOHHON aHecTe3nel (ceBog-
Jopal 4 00% € IIOTOKOM KUCJIOpOoJa 2 JI/MUH B UHIYK-
LIMOHHOH KaMepe) 9HTepaJIbHO Yepes sKesTyJOYHbIH 30H],
BBOJWJIM HCCJIEAyeMble PacTBOPHI B 00beMe 10 MJI/KrT
MAaCCBI KUBOTHOT'0. B 3aBMCMMOCTH OT COCTaBa BBOOUMOIO
pacTBOpa BbIIEJIAIN CAeAyIOIIHAE TPYIIIbI SKUBOTHBIX:

I rpynna (koHTpOosbHAs), n=5— pactBop NaCl 0,9%;

II rpynna («kJj103anuH»), n=5 — KJI03alluH B J03€e
150 mr/kr B pactBope NaCl 0,9%.

III rpynma («k103auH+aJIKOT0JIb»), =4 — KJI103a-
uH B 103e 150 Mr/Kr B pactBope 40% cimpTa STUI0BOTO.

[TocJie BBejeHNA NIpenapaToB >KUBOTHbBIE HAXOA Y-
JINCH TI0J] HAOJIIOIeHNEM B BIUBAapHUU B TeueHNUe 4 4 B
YCJIOBHSIX CBOOOTHOTO JOCTYNA K BOJie, HO 6e3 IMUIIH.
UYepes 4 4 IpOBOAMIIN NOBTOPHYIO MHIYKIIAIO aHECTe-
3uu (ceBoduiopan 4 00% C MOTOKOM KHCJIOpoaa 2
JI/MUH B UHAYKIIMOHHOH Kamepe). [longepskaHue aHe-
CTe3UM OCYIIeCTBJISIN Iojavel ceBodopana 1,5-2,5
006% yepes KOHYCOBUIHYIO MacKY C [IOTOKOM KHCJIOPOZa
1 n/muH. C 1ebl0 U3MEPEHUs CPeJHero apTepruasb-
Horo naBisieHns (All) m 3abopa mpob aprepuaIbHOU
KPOBU KaTeTePU3UPOBAJIT JIEBYIO OEIPEHHYIO apTEPUIO
IIOJIMATUJIEHOBBIM KaTteTepoM 23G. [lyia nonuepyKaHusa
NIPOXOJUMOCTH KaTeTep npoMbiBaiu 0,2 MJI pacTBopa
He(dpakmonupoBanHoro renapuna (50 EJl/mut) mocsie
YCTaHOBKHY ¥ IOBTOPHO TP HEOOXOAMMOCTH.

Kpricy ¢ukcupoBanu Ha moporpeBaemMoi mJjar-
¢dopme moruropa MouseMonitor S (INDUS Instruments,
CHIA). C uesipio KOHTPOJIS LIeHTPaJbHOU TeMIlepaTyphl
TeJIa yCTaHABJIMBAJIN PeKTa/IbHBII TepMoMeTp. LleneBas
LeHTpaJIbHasgd TeMIleparypa Tejda »KUBOTHOIO
36,5-37°C. [lepen Haya/10M U3MEPEHUH OB ITEPUO]] CTa-
OMIM3aIH SKIBOTHOTO B TeueHne 20 MIH.

Hamepenue AJl IpOBOAMJIN C MCIIOJIB30BaHUEM
Tpancabocepa Deltran DPT-100 (Utah Medical Products,

CIIIA) nmpubopom BP-100 (CWE, Inc., CIIIA). YacToTy cep-

and products of its metabolism leads to distur-
bance of myocardium contractile function, rhythm
and conduction [17, 18]. However, patho- and
thanatogenesis during acute combined poisoning
by Clozapine and alcohol have been understudied.

The purpose of this study is to assess the in-
fluence of sublethal dose of Clozapine on the func-
tional and morphological parameters of the cardio-
vascular system in rats 4 hours after the drug
administration.

Materials and Methods

The experiments were carried out on male Wistar
rats weighing 200-250 g (n=14). Twelve hrs. before the ex-
periment, the animals did not receive feeding but re-
tained free access to water. The experiments were carried
out in compliance with Directive 2010/63/EU of the Eu-
ropean Parliament and EU Council on the protection of
animals used for scientific purposes [19].

The solutions under study were administered
under general inhalation anesthesia (Sevoflurane 4% vol.
with oxygen flow at 2 1/min in the induction chamber),
via enteral feeding tubing at a dose of 10 ml/kg of the an-
imal weight. The following groups of animals were dis-
tinguished depending on the composition of adminis-
tered solution:

Group I (control), n=5 — 0.9% NaCl solution;

Group II (Clozapine), n=5 — Clozapine at a dose of
150 mg/kg in 0.9% NaCl solution;

Group III (Clozapine+alcohol), n=4 — Clozapine at
a dose of 150 mg/kg in 40% ethyl alcohol solution.

After administration of the drugs, the animals were
kept in the vivarium under observation for 4 hrs. in the
environment of free access to water and no feeding. 4
hours later, the induction anesthesia was repeated
(Sevoflurane 4% vol. with oxygen flow at 2 1/min in the
induction chamber). Anesthesia was maintained by de-
livery of Sevoflurane 1.5-2.5% vol. via a tapered mask
with oxygen flow at 1 1/min. To measure mean arterial
blood pressure (ABP) and harvest arterial blood samples,
the left femoral artery was catheterized using polyethyl-
ene catheter 23G. To maintain patency, the catheter was
washed with 0.2 ml of unfractionated heparin solution
(50 U/ml) after catheterization and again as necessary.

The animals were immobilized on the heated plat-
form of MouseMonitor S (INDUS Instruments, USA). For
the purpose of monitoring the central temperature of the
body, a rectal thermometer was inserted. The target cen-
tral temperature of the animal body was 36.5-37°C. Prior
to commencement of measurements, there was a 20-
minute period of animal stabilization.

ABP was measured using transducer Deltran DPT-
100 (Utah Medical Products, USA) with the help of instru-
ment BP-100 (CWE, Inc., USA). The heart rate was deter-
mined based on ECG using subcutaneous needle
electrodes of MouseMonitor S (INDUS Instruments, USA).
The microcirculation condition was evaluated using the
laser Doppler flowmetry technique (LSF); the condition of
tissue oxidative metabolism coenzymes (NADH and FAD)
was assessed with the aid of laser fluorescent diagnostics
(LFD). The sensor of LASMA MC instrument (LASMA NPP
LLC, Russia) was positioned on the ventral surface of prox-
imal part of the tail with a minimal gap. LSF-gramma was
recorded during 8 min. The values analyzed were the
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JleYHbIX COKpaleHuil onpenessnu no IKI' ¢ npumene-
HUEM IIOJKOKHBIX UT0JIbYAThIX 3JIEKTPOJOB MOHATOPA
MouseMonitor S (INDUS Instruments, CIIIA). [isa
OLIEHKA COCTOSHUA MUKPOLUMPKYJIALIUUA HPUMEHAIN
MeToJI JIa3epHOIi JonmiepoBckoi (roymerpun (JIAPD),
JIJTsT OTIEHKH COCTOSTHUST KO()EePMEHTOB OKUCTUTETHHOTO
metabosmmama Tkanedt (HAJTH u ®AJT) — meToj 1a3ep-
HOU (ayopecueHTHON guarHoctuku (JIO). Jarunk
npubopa JIASMA MII (OO0 HIIIT «JIABMA», Poccus)
yCTaHaBJIMBAJIA HA BEHTPAJIbHOU [IOBEPXHOCTHU ITPOKCH-
MaJIbHOTO OT/leJIa XBOCTA C MUHMMAaJIbHBIM 3a30poM. Pe-
rucrpauuio JIJIP-rpaMmMbl IPOBOANIIN B TEUEHNE 8 MUH.
AHanmm3upoBa/in cpefHee 3HaUeHUE NMePPy3UN KOKU
(1111 TOKa3aTes1b MUKPOLUPKYIAINN — M, nepdysuon-
Hble eJUHULBI [1(. e1.]), cpeiHee KBaApaTUYHOE OTKJIO-
HeHUe aMILUIUTYAbI KosleOaHuil KpoBoTOKa (0, d.en.);
ko3 dumuent sapuanun nepdysuu (Kv, %). B moce-
QYIOIIIEM METOOM BEWBJIET-aHAIN3A UCCIETOBATN KO-
JiebaHusT MUKPOKPOBOTOKA B nuamnasone 0,01-0,4 T,
AMnuTybpl Kosle6baHUH KPOBOTOKA B JAHHOM 4YacTOT-
HOM JiMalia3oHe y KpPbIC HeCyT UH(OPMALUIO O COCTOSI-
HUU MEeXaHU3MOB PeTyJIAIUA MUKPOLUPKYJ/IALNN: 9H/I0-
TeJIMATHEHOM (A3), HeipOreHHOM (AH) 1 MUOT€HHOM (AM)
[20]. Takske cpeny sTUX aMIIUTY]L ONIPenessiiii MaKCH-
MaJbHYI0 aMIIATYIy KoJeDaHWuH MUKPOKPOBOTOKA
(Amax, 1. ef1.) ¥ COOTBETCTBYIOLIYIO elf yactory (Fmax,
I'y). 3a aTOT ke ITepuojl BpeMeH! OLleHUBaJIM MHTEHCUB-
HOCTb H3JiydeHUsi dayopecuenuun HAJI-H (UV —
IJIMHA BOJIHBI 30HAUPYIOIIEro u3JiyueHus 365 HM —
«ynsrpaduoser») u PAJl (B — asrHa BOTHBI 30HIUPYIO-
mero uaaydeHust 450 HM — «CUHUI»), a TAKKe TaK Ha-
3bIBaeMoe «peloKc-oTHoIeHue» (PO=UV/B).

Iocse perucTpanym uccieayeMbIX (PyHKITNOHATb-
HBIX IapaMeTPOB KUBOTHBIX I1O/IBEprajy 3BTaHa3uu Me-
TOIOM IIEHHOM JUCTOKAIIAY ITI0, OOIIIel aHecTe3nuel ce-
BoduropaHoM. IIpoBomuim ayroncuio ¢ 3abopoM
BHYTPEHHHUX OPTaHOB KPbIC [1/1s1 MOP(OJIOTHTYECKOT0 HC-
cienoBaHus. Marepuast ¢pukcupoBatu B 10% HelTpaib-
HOM pacTBope popmasnuHa. [Tocste prkcanyy mpoBOIUIN
BBIPE3Ky KYCOYKOB OPTaHOB JIJIsI TUCTOJIOTHYECKOTO UC-
cJlefoBaHuUs 10 cieayollell metonuke. Cepana pacce-
KaJIu yepe3 cepeHy Bo (PpOHTATBHON IJIOCKOCTU Yepes
BCe OT[eJIbl Ha 2 YacTH, B KOTOPBIX COAEP)KaIUCh 00a
npefcepAus, IPaBBIN U JIEBBIH SKeJTyJOUKU, MEYKSKeITy-
JIOYKOBAsI IEPETrOPOJIKA. 3aTeM Marepuas 00e3BOKIUBAIIN
B CIIUPTaX BO3paCTAIOIIel KOHIIEHTPAIIUU U 3aTMBAJIN B
napacus. ITapaduHOBbIE cpe3bl 17151 MOP(HOIOTHTIECKOTO
WCCJIeJOBAHNA OKPAIIMBAIN IT€eMaTOKCUIMHOM-903WHOM.
HccnenoBanre TMCTOJIOTUYECKUX IIpenaparoB IPOBO-
Uy ¢ omolnbio Mmukpockona Nikon Eclipse Ni-U (SImo-
Hus1). CTaTUCTUYECKYIO 00padOTKY JaHHBIX IPOBOIUIH C
MOMOIIBIO MaKeTa Iporpamm Statistica 7.0. 111 oneHKn
JIOCTOBEPHOCTH Pa3IMYUi COOTBETCTBYIOIIMX ITOKA3aTe-
JIe MesKy TpyrramMu UCIOoIb30Bai KpuTtepuii U Buit-
KOKCOHa-MaHHa-YUTHU. Pa3nuuna cuurany JOCTOBEP-
HBIMU IIPY YPOBHE 3HAYNMOCTHU p<0,05. AHaIU3upyemMble
BeJIMYMHBI IPEACTaBAIN B Buze: Me (25%; 75%).

Pe3ynbTaThl ¥ 00CYK/IEHHE

HecmoTrps Ha moTeHIMaIbHOE apUTMOT€HHOE
JelicTBue KJjo3anuHa [7], mo maHHbIM OKI He
BBISIBUJIM aDUTMUU cep/1ia (9KCTPaCUCTOJIbL, ITay3bl,
SKEJTYJI0YKOBasI TAXUKAP/I¥s1) BO BCEX IPyIIIax.

B o6enx rpymnmax ¢ BBeJileHHeM KJio3anuHa AJ]
OBILTI0 HUSKE, UeM B KOHTpoJIe (Ha 12% B rpymme [ u

mean skin perfusion (or microcirculation index— M, per-
fusion units [pf.u.]), mean root square deviation of the am-
plitude of blood flow oscillations (o, pf.u.); perfusion vari-
ation coefficient (Kv, %). Later, using the wavelet analysis,
oscillations of micro blood flow within the range of
0.01-0.4 Hz were analyzed. Amplitudes of blood flow os-
cillations in this frequency range in rats provide informa-
tion on the mechanisms of microcirculation regulation:
endothelial (Ae), neurogenic (An), or myogenic (Am)
one[20]. Also, among these amplitudes, the maximal am-
plitude of micro blood flow oscillations was determined
(Amax, pf.u.) and corresponding thereto frequency (Fmax,
Hz). For the same period of time, fluorescence intensity of
NADH (UV — the probing radiation wavelength was 365
nm — ‘ultraviolet’) and FAD (B — the probing radiation
wavelength was 450 nm — ‘blue’), as well as the so-called
‘redox relation’ (RR=UV/B).

After the functional parameters were recorded in
the study, the animals were subjected to euthanasia by
cervical dislocation under general anesthesia with
Sevoflurane. Autopsy was performed and internal organs
of the rats were harvested for morphological examina-
tion. The material was fixed with 10% neutral formade-
hyde solution. After fixation, the pieces were cut out from
organs for histological analysis according to the following
methodology. Hearts were dissected through the middle
in the frontal plane through all compartments into two
parts containing both atria, right and left ventricles, in-
terventricular septum. Then the material was dehydrated
with increasing concentrations of alcohol and embedded
into paraffin. Paraffin sections for morphological analysis
were stained with hematoxylin-eosin. Histological spec-
imens were examined using microscope Nikon Eclipse
Ni-U (Japan). Statistical processing of data was per-
formed using software package Statistica 7.0. To evaluate
the significance of differences between the groups,
Wilcoxon-Mann-Whitney U-test was used. Differences
were considered reliable at P<0.05. The analyzed values
were presented as Me (25%; 75%).

Results and Discussion

In spite of the potential pro-arrhythmogenic
effect of Clozapine [7], ECG did not detect heart ar-
rhythmias (extra-systoles, pauses, ventricular
tachycardia) in any group.

In both Clozapine groups, ABP was lower than
in the control group (by 12% in group I and by 15%
in group II). At the same time, there was no differ-
ence between groups II and III as regards this index.
HR in group II was 31% lower than in the control
group, which was not observed in III (table). Blood
flow in the skin (M) of animals in both Clozapine
groups was lower compared to the control (by 48%
in group I and by 37% in group II). Also, in Clozap-
ine groups, a minor increase of Kv was noted (by
1.5% in group [ and by 1.2% in group II), which was
due to decreased blood flow in those groups rather
than increase of its variability: value o was not in-
creased but even decreased versus the control by
17% in both groups. In respect of a number of other
microcirculation parameters evaluated under the
study, such as oscillation amplitudes of blood flow
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CucreMHasi TeMOAMHAMHKA, IIapaMeTPbl MUKPOIUPKYJIAIMA U ITIOKAa3aTeJIN OKMCJIUTEIHFHOT0 MeTaboIu3Ma
4Yepes 4 4 110cJie BHYTPHIKEJIYA0YHOI0 BBeIeHHsI pAaCTBOPOB Kjo3anuHa uiau pacrsopa NaCl 0,9%.
Systemic hemodynamics, microcirculation parameters and oxidative metabolism indices 4 hrs. after intragastric

administration of Clozapine solutions or 0.9% NaCl solution.

Parameters Parameter values in groups

0.9% NaCl, n=5 Clozapine + 0.9%NaCl, n=5 Clozapine + Ethyl alcohol, n=4
HR, 1/min 355 (342; 361) 246* (243; 308) 320 (260; 347)
ABP, mm Hg 124.0 (121.0; 129.5) 109.0* (91.5; 110.0) 105.0* (100.5; 108.0)
M, pf.u. 18.2 (16.8; 18.9) 9.5%(9.3; 9.6) 11.5% (9.6; 12.6)
o, pf.u. 0.72 (0.70; 0.85) 0.60* (0.56; 0.60) 0.60* (0.54; 0.60)
Kv, pf.u. 4.5 (4.2;4.5) 6.0% (5.9; 6.6) 5.7% (5.2; 5.8)
Ae, pf.u. 0.14 (0.11; 0.14) 0.10 (0.09; 0.12) 0.10 (0.09; 0.105)
An, pf.u. 0.18 (0.16; 0.21) 0.12 (0.12; 0.17) 0.14 (0.10; 0.18)
Am, pf.u. 0.17 (0.16; 0.18) 0.10 (0.10; 0.11) 0.10 (0.08; 0.14)
Amax, pf.u. 0.20 (0.18; 0.21) 0.12 (0.12; 0.17) 0.14 (0.10; 0.18)
Fmax, Hz 0.12 (0.11; 0.15) 0.09 (0.09; 0.27) 0.08* (0.07; 0.08)
uv 0.56 (0.44; 0.66) 1.29%(0.82; 2.80) 1.05* (0.84; 2.39)
B 0.71 (0.69; 1.38) 1.60 (1.20; 2.31) 1.21 (0.80; 3.40)
RR 0.62 (0.49; 0.64) 0.72 (0.56; 0.72) 0.93 (0.59; 1.32)

Note. * — P<0.01 in comparison with the control group; * — P<0.05 in comparison with the control group. M is the mean skin
perfusion (microcirculation index); ¢ is the mean root square deviation of blood flow oscillation amplitude; Kv is the perfusion
variation coefficient; Ae is the maximal amplitude of oscillations of the micro blood flow of endothelial origin; An is the maximal
amplitude of oscillations of the micro blood flow of neurogenic origin; Am is the maximal amplitude of oscillations of the micro
blood flow of myogenic origin; Amax is the maximal amplitude of oscillations of the micro blood flow in the range of 0.01-0.4
Hz; Fmax is the frequency corresponding to Amax. UV is the NADH fluorescence intensity; B is the FAD fluorescence intensity;
RR is the redox relation.

IIpumeuanue. Parameters — nmokasareJy; ...values in groups — ...3HaueHus B rpymnmnax; HR — YCC; ABP — AJl; M — cpennee
3HaueHue nepys3nn KOXKHU (I0Ka3aTe/ b MUKPOLMPKYJISIUN); 0 — CPeJHEee KBAJPaTUYHOE OTKJIOHEHHE aMIIJIUTYAbI KOJIeOaHu!
KpOBOTOKA; Kv — koapunmenT Bapuanum nepdysnn; Ae — MakCUMaJIbHasi aMILIUTyAa KolebaHu MUKPOKPOBOTOKA 9HJI0-
TeJINAJIBHOTO IPONCXOKAEHUS; AN — MaKCHMaJsIbHasl aMIIJIUTYA KoIebaHWi MEKPOKPOBOTOKA HEHPOTEHHOTO IPOUCXOsKIe-
HUST; AmM — MaKCUMaJ/IbHAsI aMIITUTY/1a KoJIeOaHIUH MUKPOKPOBOTOKA COOCTBEHHO MUOTE€HHOT'0 ITPOUCXOKIEHNST; Amax — MakK-
cuMaJsbHas aMIIMTYJa KoJlebaHUi MUKPOKPOBOTOKA B quanasoHne 0,01-0,4 I'n; Fmax — yacToTa, COOTBETCTBYIOIIAst Amax;
UV — naTeHCUBHOCTH N3J1ydeHus1 payopecnennnu HAJ[-H; B— uHTeHCcHBHOCTH n3mny4yenus ¢uryopectenun PAJl; RR — pe-
JIOKC-OTHOIIeHue. * — p<0,01 npu cpaBHEHUHU C KOHTPOJIbHOM Ipymnioi; * — p<0,05 1pu CpaBHEHUH C KOHTPOJIbHOH I'PYIIIOHN.

Ha 15% B rpynne II). Bmecre ¢ Tem, rpynmst 11 u 111
II0 9TOMY IIOKa3aTeJso He pasdnaudanuck. YCC B
rpynne II 6611a Ha 31% HUKe, YeM B KOHTPOJIE,
yero He Habsoganock B rpymme I (Tabmuma).
KpoBoTok B koske (M) y SKUBOTHBIX 00€HX TPYIII C
BBEJIEHMEM KJIO3aMIHA ObLJI HUKE TI0 CDABHEHUTO
c KoHTpoJeM (Ha 48% B rpynre I u Ha 37% B rpyI-
e II). Takske B rpymmnax ¢ BBeJeHUEM KJIO3allnHa
IIPOUCXOAUJIO He3HAauYuTeJbHOEe yBeaudeHune Kv
(ma 1,5% B rpynne I u Ha 1,2% B rpynne II), uro
OB1710 00YCJIOBJIEHO CHISKEHNEM KPOBOTOKA B 9THX
rpynmax, a He yBeJW4YeHUeM IIoKasaress ero
N3MEHYUBOCTU: BEJINYMNHA 0 HE YBEJININJIaCh, a
JayKe CHUKAJIACh II0 CPaBHEHUIO C KOHTPOJIEM Ha
17% B 06enx rpymnmnax. [1o psigy Ipyrux ucciaenye-
MBIX ITapaMeTPOB MUKPOLUPKY/IALNNN, TAKAX KaK
aAMILTATYIBI KOJIeOaHNH KPOBOTOKA 9H0TETAATh-
HOT'0, HEIpOIreHHOTO U MUOT€HHOTO IIPOUCXOK/Ie-
HMsI, a TakKe II0 MaKCUMaJIbHON aMILJIUTYy[e
(Amax) pasn4auii MesKIy TpyInamMu He Ha0Joa-
JI¥I, HO JOMUHUPYIOIAasi 4acToTa Kojae0aHui Kpo-
Boroka (Fmax) B rpynme III ObLTa HUKE, YEM B
KOHTpOJIe. MOKHO IPEAII0JIOMUTD, YTO BBISABJICH-
HOe 3aMeJIeHre KoJiebaHWil MUKPOKPOBOTOKA
(psrarkcmornuii) cBsa3aHo ¢ runonepdysueii uccie-
JyEMOTO permnoHa TKaH!, OJHAKO OOBIYHO TaHHBIN
(peHOMEH CONPOBOKIAETCS YBEJINYEHUEM aMI1JIN-
TYIbI TAKUX KOJIeOaHmM [21], ero He OTMETHUIIN B

HaCTOAIIEM MCCJIeJOBaHUN.

of endothelial, neurogenic or myogenic origin, and
maximal amplitude (Amax), no difference was
noted between the groups. However, the predomi-
nant frequency of blood flow oscillations (Fmax) in
group III was lower than in the control group. It can
be assumed that the observed slowing down of
micro blood flow oscillations (flux motions) is re-
lated to hypoperfusion of the tissue region under
study; however, this phenomenon is usually ac-
companied by the increase of the amplitude of such
oscillations [21], which has not been demonstrated
in this study.

Laser fluorescent diagnostics revealed in-
creased fluorescence intensity of coenzyme NADH
in the skin in Clozapine groups compared to the
control (2.3-fold in group I and 1.9-fold in group II).
However, there was no inter-group difference in the
FAD fluorescence intensity and RR.

Histological examination of heart sections of
Clozapine group animals found uneven blood fill-
ing, interstitial edema, sludge, endotheliocyte nu-
clei oriented perpendicularly to the basal mem-
brane, uneven staining of myocardium with
hypereosinophilic areas, fragmentation and undu-
lating deformity of muscle fibers (Fig. 1-4).

All animals of group ‘Clozapine + alcohol’ dis-
played uneven blood filling, fine-focal hemorrhag-
ing, uneven staining of myocardium with hypere-
osinophilic areas, undulating deformity of muscle

GENERAL REANIMATOLOGY, 2019, 15; 4

www.reanimatology.com

71



72

DOI:10.15360/1813-9779-2019-4-67-75
Experimental Studies

T'ucToJiornyecKue npenaparsl cepAia KpbIChI Yepes 4 4 1ocJie BBeJeHUsI KJI03aNuHa.

Histological preparations of rat heart 4 hrs. after Clozapine administration.

Note. Staining with hematoxylin and eosin. X400. a— fragmentation of muscle fibers in the rat heart; b— endotheliocyte nuclei
oriented perpendicularly to the basal membrane; c— sludge; d — interstitial edema and eosinophilia.

ITIpumeuanue. OKpacka reMaTOKCHJIMHOM U 903WHOM. YB. X400. a — (pparMeHTaIHs MBIIIEYHBIX BOJIOKOH B CEPJIIie KPBICH;
b — nepneHAUKYJIspHaA Oa3aapbHOM MeMOpaHe OpUEHTAIUs s1ep 9HAOTEJNOIUTOB; ¢ — CJIAIK; d — WHTEePCTUIINATbHBIH

OTEeK U 303I/IHO(I)I/IJ'II/IH.

MertonoM j1a3epHO# (pJIyOopecrieHTHON quar-
HOCTHKU BBISIBUJIY IOBBIIIIEHHYIO0 NHTEHCHBHOCTh
dumoopecnennun kopepmenta HAJTH B kKoske B
rpymnnax ¢ BBeJeHueM KJI03alliHa 10 CPaBHEHUIO
Cc KOHTpoJIeM (B 2,3 pasda Brpynne I u B 1,9 pasa B
rpymre II). OgHAKO MEKTPYIIOBBIX Pa3ININM 110
WHTEeHCUBHOCTH (purioopectienuu ®AJl 1 3Hade-
HUAM PO He BBISIBUJIN.

[Ipu rucTo0rNYeCcKOM UCCIeJOBAHUU Cpe-
30B cepjel] >KUBOTHBIX TIPYIIbI «KJI03AMNUH»,
BBISIBUJIM HEpPAaBHOMEPHOe KpOBEHAIlOJHEHUE,

fibers. The morphological alterations found in
groups 'Clozapine’ and ‘Clozapine + alcohol’ were
not observed in the control group of animals.

As it was mentioned above, in the groups of
animals that received Clozapine, the simultaneous
decreases of both ABP and peripheral blood flow
(in the skin) were observed. At the same time, in
those groups there was no significant difference in
the microcirculation parameters reflecting the os-
cillatory component of vessel tone regulation,

which evidences absence of a substantial effect of
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WHTEPCTUIINAJIBHBIN OTEK, CJIaIyKH, IepIeHIuKY-
JISIpHYIO0 6a3a/IbHOM MeMOpaHe OpHUEHTAITHIO sIeP
9HJIOTEIMOLUTOB, HEPaBHOMEPHYIO OKPACKY MUO-
KapAa C TUnepao3nHO(PUIBHBIMU Y4YaCTKaAMU,
¢pparmMenTaIno ¥ BOJTHOOOPa3HYIO 1eOopMaIIUIo
MBIIIIEYHbBIX BOJIOKOH (PUCYHOK).

Y BCeX KMBOTHBIX I'PYIIIbI «KJI03aIIAH+AJIKO-
TOJIb» BBISIBUJIA HEPaBHOMEPHOE KPOBEHAIIOJTHEHHE,
MEJIKOOYaroBble KPOBOU3JIUAHMS, HEPABHOMEPHYIO
OKpacKy MHOKapjJa C THUIIep303uHO(PUIBHBIMU
y4acCTKaMu, BOJIHOOOPA3HYIO nedopMaliiio
MBIITIEYHBIX BOJIOKOH. MOpdoJiorniecKre nu3MeHe-
HY1, BbIABJICHHBIE B IPYIIIAX «KJIO3AINH» U «KJI03a-
MMTH+AJIKOTOJIb», He HAOJIIOMa I B KOHTPOJILHOM
T'pyIlIe Y)KUBOTHBIX.

Kaxk ykaspIBas10Ch BhIIIE, B IPYIIIAX YKUBOT-
HBIX C BBEJJeHHEM KJIO3allnHa OTMEeYaJIv OTHOBpe-
MeHHOe CHUKeHMe Kak AJl, Tak u nepudepuye-
CKOTO0 KpOBOTOKa (B Koke). [Ipu aTtoM B aTux
rpynnax He BbIABUJIN CyIeCTBEHHBIX pa3Inuui
II0 TapaMeTpaM MUKPOUUPKY/IALUY, OTpasKao-
UM KOJIe0aTeJbHBIH KOMIIOHEHT PEeryIsaIiuu
TOHyCa COCY/IOB, YTO CBHAETEIHCTBYET 00 OTCYT-
CTBUM 3HAYMMOI'O BO3JEHCTBUS KJIO3aIlMHa Ha
OCHOBHBIE AKTUBHBIE MEXaHU3MbI €I0 PeTyJIAlnn
B KOsKe. TeM He MeHee, HeJIb351 UCKJIIOYUTh OTPU-
[aTeJIbHOE BJAWsIHWE KJI03alMHA HA pPeoJorude-
CKHe TMMOoKa3aTeJil KPOBU U TeMOCTa3, KOTOPbIe
Tak)ke B 3HAUYUTEJIbHOW CTENeHU OIpPeJesisioT
COCTOSTHUE MUKPOLMPKYJIALNNA.

WameHenus pyHKIIMOHAIbHBIX IIOKa3aTesen
CepieYHO-COCYIUCTON CUCTEMBI, BbISIBJIEHHbIE Y
SKUBOTHBIX, II0OJIy4aBIINX KJO3allMH, I[OATBEp-
SKJIAI0TCA  MOP(OJIOTUYECKUMU  TIpU3HAKaMU
HapyIIeHns1 KpoBooOpaleHus B cepiie (Hepas-
HOMEepHOe KPOBeHANOJIHeHNE, CJIasKU, THTEePCTHU-
[IUaTbHBIN OTEK, IePIEeHINKY/IsIpHasA 6a3aabHON
MeMOpaHe OpHWEeHTanus sAep 9HIOTEJTHUOINTOB,
MeJIKOOYaroBble KPOBOUIJIUAHUA) U TOBPEKIE-
HUS MHUOKapja (HepaBHOMepHasi OKpacKa MHUO-
Kapja C TUNEep303UHO(MUIBHBIMUA YyYacTKaMU,
¢parmenTarys u BoJITHoOoOpasHasi gJedopMariust
MbIIII€YHbBIX BOJIOKOH).

TakuM 0OpasomM, MmoJrydeHHbIe TaHHbIE CBU-
JleTeJIbCTBYIOT O TOM, 4TO JeiCTBHE KJIO3allnHa Ha
KpoBooOparterre 00ycJI0BJIEHO, TPEKIE BCETO,
MMOBPEYKJAeHNEM MUOKap/ia U CHUKEHUEeM Cepied-
HOro BBIOpOCa, a He COCYAMCTON HeIOCTaTo4-
HOCTbhI0. OTHOCUTEIbHAST OpamuKapausi, Ha0JII0-
Jasurascsa B rpynme I, Takyke MOKeT yKa3bIBaTh
Ha IPsIMOe KapJIUOTOKCUYECKOEe MeHCTBUN O0JTh-
IIUX 103 KJI03anurHa.

[ToBbIlIeHHAsA MTHTEHCUBHOCTD (DJIIOOPECITEH-
nuu kodgepmenta HAIH B rpynnax II u III mo
CpaBHEHUIO C KOHTPOJIEM CBUIETEIbCTBYET O CHU-
SKEHUU CKOPOCTHU OKUCUTETLHOTO MeTabom3Ma
B KJIETKaX MCCJIELyeMOr0 peruoHa TKaHu [22].
Takoe HapyllleHNE KJIETOYHOTO a3pOOHOr0 MeTa-

60JIM3Ma MOKET OBITh CJIEACTBUEM KAK IUPKYJIA-

Clozapine on the main active mechanisms of its
regulation in the skin. Nevertheless, Clozapine’s ad-
verse influence on rheological indices of the blood
and hemostasis, which also largely determine the
condition of microcirculation, cannot be ruled out.

The alterations of functional parameters of the
cardiovascular system found in animals that re-
ceived Clozapine are supported by morphological
signs of disturbed circulation in the heart (uneven
blood filling, sludge, interstitial edema, endothelio-
cyte nuclei oriented perpendicularly to the basal
membrane, fine-focal hemorrhaging) and my-
ocardium damages (uneven myocardium staining
with hypereosinophilic areas, fragmentation, and
undulating deformity of muscle fibers).

Hence, the data demonstrate that the effect of
Clozapine on blood circulation is, first of all, due to
myocardium damage and cardiac output reduction
rather than vascular insufficiency. Relative brady-
cardia observed in group II might also indicate di-
rect cardiotoxic action of large doses of Clozapine.

Increased fluorescence intensity of coen-
zyme NADH in groups II and III versus the control
testifies for the reduced rate of oxidative metabo-
lism in the cells of the tissue region [22]. Such dis-
turbance of the cellular aerobic metabolism might
result both from circulatory hypoxia (decreased
skin perfusion) and tissue hypoxia (direct influ-
ence of Clozapine on the processes of oxidative
phosphorylation in the mitochondria). Fluores-
cence parameters were registered at the back-
ground of inhalation anesthesia with delivery of
100% oxygen in all groups of animals. Therefore, it
is hardly probable that hypoxemia could be the
reason for aerobic metabolism changes observed.
Besides, absence of difference between the groups
under study in the FAD fluorescence intensity and
RR figures makes it somewhat difficult to find out
the mechanisms of oxidative metabolism changes
in this study [23].

It is also interesting to note that administra-
tion of ethyl alcohol combined with Clozapine to
animals did not significantly alter the effects of the
latter on the functional parameters with the excep-
tion of bradycardia in the Clozapine group.

Conclusion

In case of acute Clozapine poisoning, mor-
phological signs of circulation disturbance and my-
ocardium damage were found in the heart, which
is accompanied by the development of my-
ocardium dysfunction with arterial hypotension
and peripheral blood flow lessening as well as dis-
turbed oxidative metabolism in peripheral tissues.
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TOPHOI I'MIOKCUU (CHUKEHUe ITepdy3un KOKN),
TaK ¥ TKAHEBOU TMIIOKCUH (IIPSIMOe BJIUSTHUE KJIO-
3aMnrHa Ha [IPOLeCChl OKUCIUTENbHOT0 pochopu-
JIMPOBAaHUA B MHUTOXOHIPUAX). Perucrpanuio
rnapamMeTpoB (JII0OpeCcHeHIIU MPOBOJUIN Ha
¢doHe UHTAJIAIMOHHON aHecTe3nH ¢ toaveit 100%
KHCJIOPOZA BO BCeX I'PyIIax )KUBOTHBIX. [loaTomy
MaJIOBEPOATHO, YTO TMITIOKCEMM I MOLJIA CTaTh IIPU-
YUHON HAOJII0JaeMbIX M3MEHEHUH adpoOHOTO
MeTtaboanama. Kpome TOro, OTCYyTCTBHE Pa3/TMIUi
MEYKTy UCCJIelyeMbIMY I'PYIIIIAMU I10 UHTEHCUBHO-
ctu Quoopecteniiuu PAJ] u 3navenussim PO, B
oIpefieJIeHHOU CTelleHU 3aTPyJHsET BbIsBJIEeHUE
MEXaHN3MOB U3MEHECHU OKUCJIUTEJIBHOIO MeTa-
OoJiri3Ma B JaHHOM HCC/eJoBaHuu [23].
HNHTEepecHO TakKe OTMETUTD, YTO BBEJCHUE
SKABOTHBIM pacTBOpPa 3TUJI0BOT'O CIIMPTA B COYeTa-
HUM C KJIO3AaIIMHOM CYIECTBEHHO HE MEHAJIO
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Prevention of Gut Barrier Dysfunction
During Acute Massive Blood Loss
(Experimental Study)
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Ilesas HMCccaeAOBAHUA: U3YUYUTh BJINAHUE HH(PY3MOHHOU KOPPEKIIUY TUII0BOJIEMUN MaJIaTCOepsKallliMU
TperapaTaMy 1 IOCJIeAyIoIel [ITyTaMIHOOOraleHHO HyTPUTUBHOH IOAIePSKKY Ha IO iepsKaHue 6aph-
€pHOM (pyHKIIMM KUIIIeYHUKA U FUIIepTrUIpaTaluIo y YJKUBOTHBIX C OCTPOM MaCCUBHOI KPOBOIIOTEPEH.

Marepuaibl 1 MeToabl. Y 100 KpBIC ITOCsIe 0cTpoii kKpoBomnoTepu (30% OIIK) mpoBesin OakTepraIbHbIE
«I10CEeBbI» KPOBH, UCCJIeJOBaHUe JIMIIONOINCAXapyuia U IIpeceliCiHa B KPOBU XBOCTOBOY U BOPOTHOU BEH,
CTPYKTYpPBI TOJICTOM KUIIIKYU U Beca SKUBOTHBIX Yepe3 1 Jac, CyTKU U 3 CYTOK I10CJIe BOCIIOJIHEHUS TUII0OBO-
Jemuu. B 1-i1 cepuu NpuMeHs1JId pacTBOp PuHrepa 1 cTaHAapTHYIO IUTAaTeIbHAs CMeCh, BO 2-11 cepun — Ma-
JlarcojepsKallluil pacTBOP U CTaHAAPTHYIO ITUTaTe/IbHasA CMECh, B 3-1 Cepuy — MaJIaTCoiepsKalliiii pac-TBOP
¥ UIyTaMUHOOO0TaIleHHYIO MIUTATeIbHYIO CMECH.

PesyJII)TaTI)I. Y MHTAKTHBIX 'KUBOTHBIX B KpoBu BOpOTHOfI BEHbI 3HAYEHUA OJHIOTOKCHHA COCTABJIAJIIHN
17,843,9 nr/mu1, npecencuna — 405,6+80,1 nir/mi1. «[ToceBbl» KpOBU U3 XBOCTOBOM U BOPOTHOI BEeH Ha BCeX
9Ta-I1ax IIOKAa3aJId OTCYTCTBHE OAKTEPHAIBLHOTO POCTA, YTO ITOATBEPIKIAET COXpAaHEeHNe KUIIIEYHOT0 bapbepa
JUIS1 JKUBBIX MUKPOOPraHu3MoB. Uepes 1 yac 1ocsie BOCIOJIHEHUs TUII0BOJIeMUH U perH(y3uu KPOBU OT-
MeyaJi MHOFOKpaTHbIﬁ POCT 3HJIOTOKCHHA B KPOBU BOpOTHOfI M XBOCTOBOM BEHBI C JOCTOBEPHBIM yBeJIN4Ye-
HUEM YPOBHs IpecenicuHa. Uepea CyTKU IOC/Ie KPOBOIIOTEPH BO 2-i U 3-1i CEPUSAX YKUBOTHBIX 3HAYEHUSI 9H-
JIOTOKCHUHA, IIPECEITICHHA, OTeKa CAU3NCTON 000JI0YKHU U MOACTU3NCTOTO0 IPOCTPAHCTBA TOJICTON KUIITKU
OBLTM MeHbIIle, 4YeM B 1-i ceprn. Yepes 3 CYyTOK ONpee/THIN ITPENMYIIecTBa IyTAMITHCOAEePsKaIlero -
TaHuUs B 3-1 cepUU sKCIIepUMEeHTa: Cllep>KUBaHKUe HapacTaHUs 9HJI0TOKCUHA U IIpeceliCuHa B KPOBU BOPOT-
HOM ¥ XBOCTOBOU BE€HbI, UHTEPCTUIINATIBHOT'O OTEKA TOJICTON KHUIIIKH, YBEJIMYEHHS Beca JKUBOTHOTO.

3akJrouenue. [[ppMeHeHe MaJIaTCOMEePsKaAITUX MH(PY3MOHHBIX ITPENapaToB v TyTaMIHOOOTalleHHOTO
MIUTAHMSA II0CJIe OCTPOI MaCCUBHOU KPOBOIIOTEPH CIIOCOOCTBYET CHUSKEHHIO BBIPAOOTKH IIpecerchHa B 0p-
raHax sKeJIyJoYHO-KUIIeYHOI'0 TPAKTA, TPAHCJIOKALNY 9HAO0TOKCHHA B BOPOTHYIO BEHY U CUCTEMHBIN KpoO-
BOTOK, YMEHBIIIEHUIO CTEITIEHN BEIPAYKEHHOCTH OTeKa CIIU3UCTOH 000/I0YKH, ITOICAN3NCTOTO IIPOCTPAHCTBA
TOJICTOH KUIIIKY U HApACTaHUs BeCa YKUBOTHBIX.

Kntoueswte cnosa: kposonomepsi; IUNONOAUCAXAPUOD; NPECENCUH; 2Ty MAMUH; MALA
Purpose of the study: to investigate the influence of hypovolemia correction by infusion of malate-con-

taining preparations and subsequent glutamine-enriched nutritional support on the maintenance of gut bar-
rier and overhydration in animals with acute massive blood loss.

Anpecc 111 KOpPECIIOHXEHITHH: Correspondence to:
Anexceit IOppeBud SIKOB/IEB Alexey Yu. Yakovlev
E-mail: aritnnru@list.ru E-mail: aritnnru@list.ru
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Materials and methods. Blood samples were harvested from the tail and portal veins of rats (n=100) at
different time points after the acute blood loss (>30% V/V) . Bacterial blood cultures for growth, lipopolysac-
charide and presepsin concentrations, colon structures and animal weight were analyzed in blood and plasma
specimens 1 hour, one day and 3 days after the hypovolemia correction. To correct the hypovolemia, in the 1%t
series of experiments, the Ringer’s solution and standard nutrient mixture were used; in the 2nd series malate-
containing solution and standard nutrient mixture were administered; in the 3rd series a malate-containing
solution and glutamine-enriched nutrient mixture were employed.

Results. In the portal vein blood of intact animals, endotoxin measurement was equal to 17.8+3.9 pg/ml,
that of presepsin — 405.6+80.1 pg/ml. At all stages, tail and portal blood bacterial cultures were negative
demonstrating an absence of bacterial growth and gut barrier intactness for live microorganisms. One hour
after hypovolemia correction and blood reinfusion, multifold increase in endotoxin concentration in the blood
from both portal and tail veins was accompanied by significant increase of presepsin concentration. 24 hours
after the blood loss, in the animals of the 2" and 3" series, the levels of endotoxin, presepsin, and edema of
the colon mucous membrane and submucosal space has become lower than those in the 1st series. Three days
later, the advantages of glutamine-containing nutrition in the 3 series of the experiment were determined
that revealed decreasing the endotoxin and presepsin concentrations in the portal and tail vein blood and di-
minishing the levels of interstitial edema of colon and animal weight growth.

Conclusion. Administration of malate-containing infusion preparations and glutamine-enriched nutrition
after an acute massive blood loss contributes to decreasing presepsin production in GIT organs, abrogating
endotoxin translocation into the portal vein and systemic circulation, lessening severity of edema of the mu-
cous membrane and submucosal space of the colon, and reducing the previously increased animal body mass.

Keywords: blood loss; lipopolysaccharide; presepsin; glutamine; malate
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BBenenue

BosHuKkamye npu KpUTAYEeCKUX COCTOSTHUAX
HapyuieHusi nep@y3uu KUIIIeYHNKa BbI3bIBAIOT €r0
uieMudeckue, pernep@ysnoHHbIE U B IIOCJIEAYIO-
II1eM — BoCHaJIuTe JIbHbIe ITOBpeskaeHus. [IponoJi-
SKUTeJIbHOe HapylleHue OapbepHOil (yHKIIUU
KUIIIEYHUKA TpeOyeT pa3paboTKu 3(p(eKTUBHBIX
METOZ0B IIpeylpesKAeHNs TPaHCJIOKAUA MUKPO-
OpPraHU3MOB U OMOJIOTUYECKU aKTUBHBIX IPOIYK-
TOB UX ’KHU3HEJeATeJbHOCTH [1, 2]. Pe3auieHTHBIE
Makpogaru KUleqYHuKa MOTyT ObICTPO pearupo-
BaTh Ha JAefCTBUE CTUMYJIOB OKpYKalollleil cpenbl
[3]. AkTHBaIMsI MaKpO(daroB MIPUBOIUT K yBeJIMUe-
HUIO BBIPAOOTKY UMU HUTOKUHOB, XEMOKUHOB U
JpyTuX MeIUaTOpPOB BOCIIAJIeHUs, B TOM 4YHCJe U
IpeceriCrHA IPYU B3aUMOJEUCTBUH C SKUBBIMU MUK-
poopranusMamu [4].

B aTuX yCJIOBUAX MOJIOMKUTEJBHOE IIOCTO-
SIHHOE BJIMSTHHE HU3KUX KOHIIEHTPAIUil 9HA0TOK-
cHHa Ha (DYHKI[MOHUPOBAHNE UIMMYHHOU CUCTEMBbI
3JIOPOBBIX JIIOAEl CMEHsIeTCsT pe3K0 YBeJINYNBalo-
IIUMCS IIOTOKOM TPaHCJIOLPYEeMOr0 JIUIIOIIOJIKCa-
xapuna (JITIC) rpaMoTpuIiaTeIbHBIX OAKTepUil B
HacceitH BOPOTHO# BEHBI C ITOCIIEAYIOTIIM TIOTTa1a-
HHUEM B CUCTEeMHBIN KPOBOTOK, YTO MOJKeT aKTUBHO
BJIMSITH KaK Ha TSPKECTDb Pa3BUBAIOIIENCSI TOJIUOP-
FaHHON MUCHYHKIWU, TaK U Ha Ja00paTOpPHYIO
OIIEHKY BBISIBJIEHHBIX HAPYIIIEHUI C Pa3padOTKOMI
MEPONPUATUH, BJMUSOIMIUX HAa MeXaHU3MbI
BBIsSIBJIEHHBIX HapymeHui [5-7]. PagBuBaromiasics
IIpY IIOBPEKAEHUN U BOCIAJIeHUU I1OBBIILIEHHAsA
MIPOHUIIAEMOCTh KHUIIIEYHOro Oapbepa MOSKeT
OTpHUILIaTeJJbHO OTPAa3WUThCA Ha OUHAMHUKE SKUJ-
KOCTHOTO OaJlaHca ¥ TUTlepruiparaii He TOJTbKO

Introduction

Gut perfusion alterations occurring during
critical conditions cause ischemia, reperfusion, and
later — inflammatory damage. Prolonged gut bar-
rier dysfunction requires development of effective
methods of preventing the translocation of mi-
croorganisms and biologically active products of
their vital activity into the circulation[1, 2]. Resident
macrophages of the gut might respond fast to the
effects of environmental stimuli [3]. Following in-
teractions with live microorganisms, activation of
macrophages leads to increased production cy-
tokines, chemokines and other mediators of in-
flammation, including presepsin [4].

Under these circumstances, the positive im-
munostimulating effect of low concentrations of
endotoxin on immune system in healthy people is
changing, due to drastically increased flow of
translocated lipopolysaccharide (LPS) of gram-neg-
ative bacteria into the portal vein and systemic cir-
culation, to overhelming concentration of endo-
toxin. That may intensively affect both the severity
of multiple organ dysfunction and the laboratory
assessment of consequences of increased endo-
toxin concentration [5-7]. Increased gut barrier
permeability during damage and inflammation
might adversely affect the fluid balance dynamics
and overhydration not only in the gut but in other
vital organs as well. Preventing acute intestinal fail-
ure and endotoxemia in experimental animals after
an acute massive bleeding seems highly promising
in increasing surviving following blood loss..

Purpose of the study: to investigate the influ-
ence of correction of hypovolemia using infusion of
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B KHIIIEYHUKE, HO U B IPYTUX KU3HEHHO Ba’KHBIX
OpraHax.

B cBsA3M C 9TUM IIpeCTaBJSETCS MEePCIeK-
TUBHBIM ITOMCK HOBBIX HAaITPABJIEHUH ITPETYTIPEsK-
JIeHUsI OCTPOM KHUIIIEYHOU HEeJOCTAaTOYHOCTHA U
9HJIOTOKCEMUH Y 9KCIIEPUMEHTATbHBIX }KIBOTHBIX
IT0CJIe OCTPOU MAaCCUBHOH KPOBOTIOTEPH.

Iless wcciieloBaHUA — M3YYUTh BJIMSHUE
MH(PY3NOHHON KOPPEKITNY TUTIOBOJIEMHUH MaJiar-
Collep KaIMMK TIperapaTaMu U TOCJIenyIomiei
[JTyTaMHUHOOOTAIEHHON HYTPUTHUBHOM MO/ IEPSK-
KM Ha TmoajaepskaHue OapbepHOU (QYHKIIUA
KUIIIEYHUKA ¥ TUTIEPTUAPATAINIO § S KUBOTHBIX C
OCTPOM MacCUBHOU KPOBOIIOTEPEA.

MarepuaJua u MeToabI

IkcriepuMeHTHI poBoawsu B LIHWJI ®I'BOY BITO
«TpUBOJIPKCKUM HMCC/I€0BATETbCKUN MEIUITMHCKUNA
yHuUBepcuTeT» Ha 100 m0JIOBO3PeJIbIX KphICax caMIiax
suanu Wistar, maccoit 220-250 r. CogepskaHue sKUBOT-
HBIX, OIlepaTBHbIe BMeIIaTeIbCTBA U 9BTAHA3UIO OCY-
1IeCTBJISVIM B COOTBETCTBUU C HOPMaTUBaMU, TaHHBIM
B pykoBozacTse Guide for care and use of laboratory ani-
mals. ILAR publication, 1996, National Academy Press. u
c TpeboBanusimu [Tpukasda Munanpasa Poccum Ne 267
ot 19.06.2003 «O06 yTBep KIeHIH IIPaBUJI JaO0paTOPHOU
npaktuku B Poccuiickoii ®enepanumn». Hapkos ocy-
IIEeCTBJISI/I BHYTPHUOPIOIINHHBIM BBeIeHIEM HEMOY-
Tasa B 103e 45 Mr/Kr. C 11eJ1bI0 UHBAa3UBHOI'O KOHTPOJISA
reMOIMHAMUKY, 3a00pa 1 penH(pY3UH KPOBHU, BBEJIEHUST
ucciaeayeMbIX NH(Y3UOHHBIX pACTBOPOB B HayaJle 9KC-
IepuMeHTa KaTeTepu3upoBajIy XBOCTOBYIO apTepUIO U
BeHy. KaTeTepusanuio ocyliecTBJIs/IN IIOCJIE Bblesie-
HUsI COCyJUCTOrO ITyYKa U NOABEeHUs JIUraTyp Bblllle
U HU3Ke MecTa IIpeIiosiaraeMoii karetepusanuu. Bee-
JeHue karerepoB 30 G B BeHy U apTepUIO IPOBOLUIN
110CJIe pacceyeHusl CTEHKU COCyia C IOMOIIBIO COCYIU-
CTBIX HOJKHUII. YCTAHOBJIEHHBIH KaTeTep ejkedacHO
NIPOMBIBaJIM € IToMo111b10 0,1 MJI pacTBOpa HepaKIUo-
HUpoBaHHOTrO renapuHa (50 EJI/mu1). BeiOpaHHas akc-
IepuMeHTaJsbHasi MOJeJlb OCTPOH (PUKCUPOBAHHOM 110
006beMy KPOBOIIOTEPH IT03BOJISIJIA OIEHUTH KaK [TUHA-
MHKY IIOCTTeMOPpPArn4ecKux IIOBPesKIeHU BHyTPEeH-
HUX OpPraHoB, TaK U 9(P(PeKTUBHOCTb IPUMEHSIEMBbIX
KOMIIOHEHTOB JieueHus [8, 9].

IKCIIepUMEHT IIPOBOAU/IN B HECKOJIBKO 9TAIlOB!

1. Hcxoguoe cocrossnue. [IpoBoau/iyu B3BelIUBa-
HHe U HAapKOTHU3Aal1Io JKUBOTHOI'0, KaTeTepu3alHIo COo-
CYZIOB IIOJl MeCTHOH aHecTe3uel 0,5% pacTBOPOM HOBO-
kawHa 10 0,5 M1 11 3a00p KPOBU Ha HCC/IeI0BaHUE U3
XBOCTOBOMU BeHbI. [Tocsie HapkoTuaauu y 10 s9KUBOTHBIX
1ocJie JIaapoTOMHUM W3 BOPOTHOM BEHBI 3a0mpanu
KpOBBb Ha UCCJIeIOBaHUeE.

2. ITpoBonuiau puKCHPOBAaHHOE KPOBOITyCKAHUE
3 XBOCTOBOM apTepuu B o0bemMe 30% OLIK co ckopo-
cThio 2 MJ1/MuH. OLIK KpBICHI pacCUUTHIBAIN KaK 6,5%
oT Macchl TeJsia. KpoBs 3abmpastu B MIIPUII, COTepsKa-
muii 0,5 M1 pacTBopa renapuna (50 EJI/mit) s nocoe-
nyiolieii peuHdy3uu.

3. Ilepuopn rumnoBoJieMud IpoAoJBKaJIcsa 1 yac
TI0CJIe KPOBOIIOTEPH. BRIOpaHHBIH 00 BEM KPOBOTIOTEPH,
ee CKOPOCTh U JJIUTEJIbHOCTD JI0 Hadasia Jede0HbIX Me-
PpOIpUATHUI CO3NAI0T KPUTUYECKU 3HAYUMYIO0 TUII0BOJIe-

malate-containing preparations and subsequent
glutamine-enriched nutritional support on the
maintenance of gut barrier and overhydration in
animals with acute massive blood loss.

Materials and Methods

The experiments were carried out at the Central Re-
search Laboratory of Federal State Budgetary Educa-
tional Institution of Higher Professional Education, The
Volga Research Medical University using 100 adult Wistar
male rats weighing 220-250 g. The animal husbandry, op-
erative interventions and euthanasia were performed ac-
cording to the norms given in the Guide for Care and Use
of Laboratory Animals. ILAR publication, 1996, National
Academy Press, and requirements of Order No. 267 of the
Russian Ministry of Health dated 19.06.2003 «On Ap-
proval of the Laboratory Practice Rules in the Russian
Federation». Animals were anesthetized by intraperi-
toneal administration of Nembutal at a dose of 45 mg/kg.
For the purpose of invasive monitoring of hemodynam-
ics, blood sampling and reinfusion, administration of in-
fusion solutions under study, tail artery and vein
catheterization were performed at the beginning of the
experiment. The catheterization was carried out after the
vascular bundle had been singled out and ligatures had
been placed above and below the point of contemplated
catheterization. 30 G catheters were placed in the vein
and artery after the vessel wall had been cut with the help
of vessels scissors. The placed catheter was washed every
hour with 0.1 ml of non-fractionated heparin solution (50
U/ml). The selected experimental model of a volume-
limited acute blood loss allowed evaluating both the dy-
namics of post-hemorrhagic damages of internal organs
and the efficacy of the therapeutic components [8, 9].

The experiments were carried out in several stages:

1. Baseline. The animal was weighted and anes-
thetized, catheterization of vessels was carried out under
topical anesthesia with 0.5% Novocain solution up to 0.5
ml, and blood was sampled from the tail vein for analysis.
After anesthetization, in 10 post-laparotomy animals,
blood was sampled for analysis.

2. Limited blood loss by harvesting the 30% blood
(V/V) from the tail artery at a rate of 2 ml/min was im-
plemented. The rat circulation volume was calculated as
6.5% of the body weight. Blood was taken into a syringe
containing 0.5 ml of heparin solution (50 U/ml) for sub-
sequent reinfusion.

3. The period of hypovolemia lasted for 1 hour
after the blood loss. The chosen blood loss volume, its
speed and duration before commencement of therapeu-
tic measures create a critically significant hypovolemia
suitable for developing irreversible ischemic damages
and reperfusion alterations later during hypovolemia re-
placement [8, 9].

4. The period of hypovolemia correction. In the 1*
series of experiments (30 rats), hypovolemia correction
was performed using the Ringer’s solution (Biokhimik,
Russia) in a volume equal to 2X of blood loss as follows:
1, of the calculated dose of Ringer’s solution was admin-
istered as a bolus within 5 minutes using an infusion
pump, thereafter, the remainder of the calculated dose of
the preparation was administered within 55 minutes. In
the 2nd and 3rd series (30 rats in each), hypovolemia re-
placement was performed using a malate-containing so-
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MHUIO IS pa3BUTHsI HEOOPATHUMBIX WIIIEMUYECKUX I10-
Bpe)KIEeHUH, a B I0C/IeAyI0IeM IIpYU BOCIIOJTHEHUY T'UII0-
BoJIeMUU — pernepdy3UOHHBIX IOBPeskAeHuH (8, 9].

4. Tlepyop KOppekKIUM THUIOBOJeMuu. B 1-i
CepUM 9KCIIepUMEHTOB (30 KPbIC) KOPPEKIIUIO TUII0BO-
JIleMUH NPOBOAUJIU pacTBOpoM Punrepa (Buoxumuk,
Poccus) B o0beMe 200% OT KPOBOIIOTEPH CJIEYIOIIUM
oOpasom: Y2 4acTh pacyeTHOU J03bI pacTBopa PuHrepa
BBOJIMJIA C TIOMOIIIBI0 MH(Y30MaTa 60II0CHO B TEUEHHE
5 MUHYT, 3aTeM 3a 55 MUHYT BBOJUJIN OCTaBIIYIOCA I10-
JIOBHHY pacueTHOH 103kl Ipemnapara. Bo 2-ii u 3-i ce-
pusx (1o 30 KpbIC B KaKA01) BOCIIOJIHEHUE TUIIOBOJIe-
MHH IIPOBOJWJIM C IIOMOUIBI0O MaJsaTColepsKallero
pactBopa («Crepodynnns nsoronndecknii», 000 «Te-
Marek», Poccus) o cxeme, ipuMeHsieMoil B 1-ii cepuu
akcriepuMeHTa. O6'beM, CKOPOCTH MHPY3UHN U HUCIOJTh-
30BaHUe TOJIBKO KPUCTAJVIOUIHBIX KpOBe3aMeHUuTe el
BBIOPAJIA UCXOJIST U3 PEKOMEH IAIn i, (POPMUPYIOIIIXCS
110 Mepe HAKOIIJIeHUsI TPOBepeHHON nH(popMaIuu 06
adexTrBHOCTH U GE30MTACHOCTH TPUMEHAEMOH TaK-
THUKH BOCIOJIHEHUSA runoBoJiemMun (10, 11].

5. Ilepuon penH(py3un KPOBU HAUUHAJICA C MO-
MeHTa OKOHYaHUs BBefleHUs1 pacTBopa Punrepa u npo-
JoJpkascs B TedeHue 1 yaca. C 11eJ1bI0 COXpaHeHUsI yMe-
PEHHOM TreMOOWIIOIUM B IOCTTeMOpParuyecKoM
nepuofe pemHQy3uss cocraBiadna 70% oT obObema
KpOBH, 3a0paHHOH Ha 2-M JTale 9KcIepuMeHTa. Yepes
1 gac mocjie OKOHYaHUs penH(py3nu U 3abopa KPOBU
JJIs1 1ab0opaTOpHOTO aHAIM3a XBOCTOBYIO apTepHIo U
BEeHy IlepeBA3bIBA/IM, paHy XBOCTA yIIMBaJIaIU Y3J10-
BbIMHM IIBaMM (KanpoH Nel). Ilocsie mamaporomuu B
KaKI01 cepud ¥ 10 YKMBOTHBIX, OTOOPAHHBIX C TIOMO-
IIIHI0 METO/1a <KOHBEPTOB», TPOBOININ 3a00P KPOBU U3
BOPOTHOU BEHBI C IIOCIEYIOIINM BbIBEIeHUEeM U3 9KC-
nepuMeHTa. OCTaBIINXCS YKUBOTHBIX IIOMeIIla]d B OT-
JIeJIbHYTO KJIETKY 10/ HabJTIojeHue.

6. Tlepmon HYTpUTUBHOUM mopaepskku. Yepes 8
YacoB IOCJI€ KPOBOIIOTEPH OCYIIECTBJISIN CBOOOTHBIH
JIOCTYTI ;JKUBOTHBIX K €]ie ¥ Bojie. B 1-11 u 2-1i cepusix aKc-
IepuMeHTa KUBOTHBIE CAMOCTOSITEIbHO IIUTAJINCH HYT-
PUTUBHBIM IIperaparom « HyTpUKOMII CTaHJapT JTUKBUI»
(Bbraun, I'epmanwusi), B 3-i cepuu — IyTaMHUHOOOTAITEH-
HBIM HyTPUTUBHBIM IIpeniapaToM «HyTpHUKOMI UMMYHH
JMKBUy (Bbraun, lepmanmis). Be16op skuaKoi muraTesin-
HOH cMecH ObIT 00yCI0BIEH HEOOXOIMMOCTHIO PaHHETO
OIIHOBPEMEHHOI'0 BOCCTAHOBJIEHUSI pesKUMaA NUThS U
eJlbl, OIITUMAJIBHOU OCMOJIIDHOCTBIO CMECH, a TaKKe
npeaynpeskIeHuss MeXaHu4eCKoro MOBPeKIeHUsA Ku-
IIeYHUKa CyXOH IUTaTesJbHOH cMechlo. [IpoBopuiu
B3BellINUBaHUe KUBOTHBIX, a TAKKe OILIEHKY KOJIMYeCTBa
noTpeb/IeHHOH UIIY, 9HEPrOeMKOCTb KOTOPOH BO BCEX
CepusIX SKUBOTHBIX CTaTUCTUYECKU He 0TInYasiach 1 co-
craBuJjIa B cpenHeM 309 KKaJl 3a 3 CyTOK UCC/IeIOBAHUSA.

7. BbIBefeHUe U3 9KCIIEPUMEHTA OCYILeCTBIISIIIN
yepes 4 yaca, 1 1 3 CyTOK 11ocjie KpOBOIIOTEPU C IIOMO-
IO BHYTPUBEHHOTO BBE/IeHNA HeMOyTasa B 1o3e 150
MT/KT TTocjIe 3abopa KpOBH Ha 1ab0paTOpPHEIN aHAIHNS.
dran 3abopa KpOBH Ha HCC/eloBaHUe depe3 4 daca
1ocJje KPOBOIIOTEPU BBIIEJNUIN JJIs1 OLeHKU 3 dek-
TUBHOCTHU IIPUMeEHsIeMbIX IIperiapaToB B paHHEM peliep-
¢y3MOHHOM IMOCTreMopparnyeckoMm repuoje. Ha kasx-
JIOM dTalle UCCJIeJOBaHUA U3 9KCIIEPUMEHTA BBIBOAUIN
110 10 YKUBOTHBIX.

PacnipesiesieHne sKMBOTHBIX I10 CePUsIM IIpesCTa-
BWJIH B TA0OJI. 1.

lution (Sterofundin Isotonic, Hematek LLC, Russia) ac-
cording to the regimen as described for the 1st series of
experiment. The volume, infusion speed and utilization
of crystalloid blood substitutes were chosen based on ex-
isted recommendations on the efficacy and safety of hy-
povolemia replacement management accumulated in re-
centyears [10,11].

5. The blood reinfusion period commenced from
the end of Ringer’s solution administration and contin-
ued for 1 hour. To maintain moderate hemodilution dur-
ing the post-hemorrhagic period, the reinfusion equaled
to 70% of the blood volume was undertaken at the 24
stage of the experiment. 1 hour before the end of reinfu-
sion and blood sampling for the laboratory analysis, the
tail artery and vein were dressed and the tail wound was
sealed with interrupted sutures (Capron No.1). After la-
parotomy, in each series, in 10 animals selected using the
‘envelope’ method, blood was taken from the portal vein,
and the animals were subsequently withdrawn from the
experiment. The remaining animals were put in a sepa-
rate cage for monitoring.

6. The nutritive support period. 8 hours after the
blood loss, the animals were allowed free access to food
and water. In the 15t and 27 series of the experiment, the
animals fed themselves with a nutrient mixture ‘Nutri-
comp standard liquid’ (Bbraun, Germany), in the 3% se-
ries animals were fed with glutamine-enriched nutrient
mixture ‘Nutricomp immune liquid’ (Bbraun, Germany).
The liquid nutrient mixture was chosen because of the
necessity to restore simultaneously the pattern of drink-
ing and eating, the optimal osmolality of the mixture, and
prevention of mechanical damage to the gut caused by a
dry nutrient mixture. Animal weighing was carried out as
well as assessment of the quantity of food consumed, the
energy of which did not differ statistically between all an-
imals and amounted to 309 kcal on average for the 3 days
of the study.

7. Withdrawal from the experiment was done 4
hours, 1 and 3 days after the blood loss using intravenous
Nembutal at a dose of 150 mg/kg after the blood sam-
pling for the laboratory analysis. The stage of blood sam-
pling for analysis 4 hours after blood loss was selected for
evaluating the efficacy of preparations administered dur-
ing the early reperfusion post-hemorrhagic period. 10
animals were withdrawn at each stage of the experiment.

Distribution of animals by series of experiments is
shown in table 1.

Blood harvested from tail and poertal veins was an-
alyzed for for content of LPS of gram-negative bacteria
(endotoxin) at the premises of Clinical Laboratory De-
partment of Nizhny Novgorod Regional Clinical Hospital
named after N. A. Semashko uisng diagnostic kit ‘MACH-
endotox.spp.test’ manufactured by ROKHAT Research &
Production Company, LLC, jointly with A. N. Bakulev Re-
search Center of Cardiovascular Surgery (Russia). Pre-
sepsin, a soluble marker of bacterial phagocytosis cells,
was determined by PATHFAST Presepsin kit (Mitsubishi
Chemical Medience Corporation, Japan). At all stages, tail
and portal vein blood cultures for bacteria were analyzed.

Specimens for light-optical microscopy were pre-
pared after 24-72 hrs. of fixation in 10% neutral buffered
formalin solution, desiccation in alcohols of ascending
concentrations, and paraffin embedding. 7um-thick
slices were made using microtome Leica SM 2000R and
stained with hematoxylin-eosin. Histological specimens
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Tabsuna 1. Pacnipe/iesieHre ;JKUBOTHBIX IO CEPUSIM.
Table 1. Distribution of animals by series.

Experiment series

Preparations

for hypovolemia replacement

for nutritive support

st Ringer’s solution

Nutricomp standard liquid

2nd

Sterofundin Isotonic

Nutricomp standard liquid

3rd

Sterofundin Isotonic

Nutricomp immune liquid

ITpumeuanwue. Experiment series — cepus onsITOB; preparations — npemnaparsr; for hypovolemia replacement — 151 BocmoJt-
HeHUs runoBoJieMuy; for nutritive support — A1 HyTpUTUBHOU oA AepsKKuU. [l Taba1. 1, 2: Ringer’s solution — pactBop Pun-
repa; Sterofundin isotonic — Crepodynaun ndoronnyeckuit; Nutricomp standard/immune liquid — Hyrpukomn cranjgapr

/AMMYHH JTUKBHU/L.

B kagecTBe MEKPOOHOTO MapKepa 9HJ0TOKCUKO3a
Y KPBIC B KDOBU XBOCTOBOM U BOPOTHOU BEHBI B OT/ieJIe-
HUU KINHUKO-TaboparopHoi quarHoctuky ['BY3 HO
«Hwmskeropopckas obJiacTHasI KIMHUYECKas 00IbHATIA
uM. H. A. Cemamuko» ucciaenosanu JIIIC rpamorpuna-
TeJIbHBIX OaKTEPH (9HTOTOKCHUH) C ITOMOIILIO JHArHO-
cTrdeckoro Habopa «MAY-endotox.Spp.TeCT», BBIIYC-
raemoro OO0 HIT® «POXAT» coBmectHO ¢ [OY «HIICCX
uM. A.H. BakyneBa» (Poccus). [IpecenicuH, kak Mapkep
AKTUBHOCTH (haroIyrosa B OTHOIIEHWN OaKTepwHii,
oTIpeJiesIsH ¢ oMoITbio Habopa «PATHFAST Presepsin»
(Mitsubishi Chemical Medience Corporation, fInoxwus).
Ha Bcex gramax mpoBOIUJIN «[T0CEB» KPOBU M3 XBOCTOBOM
¥ BOPOTHBIX BeH Ha OaKTepHUaIbHBIN aHAINS.

[Ipemnaparsl J1s1 CBETOOIITUYECKON MUKPOCKOIINYI
MIPUTOTaBJIUBAJIN TIocye 24-72 4 ¢pukcanun B 10% pac-
TBOpe HEUTpaJbHOTO (hopMaInHa, 00€3BOSKMBAHNUS B
CIIUPTaxX BOCXOAAIIEH KOHIIEeHTPalluyu U 3aJIMBKU B I1a-
padun. Cpesbl TOMIUHON B 7 MKM M3TrOTaBJIUBAIA HA
mukporome Leica SM 2000R 1 okpalmBa/m reMaToOKCH -
JINH-303UHOM. [IpOCMOTp IrUCTOJIOrNYeCKUX IIpenapa-
TOB, PETUCTPAIHIO N300pakeHn 1 IIoficyeT MopgoMeT-
puYecKux IokKasarejieil IpOBOIU/IN HA MUKPOBU30pe
uVizo-103 (JIOMO, Poccus).

CrarucTuyeckyio 00paboTKy pe3ysIsTaToB Hccie-
JIOBAHUS OCYLIECTBJISJIUA C IOMOIIBIO ITaKeTa IPUKJIAL-
HbIX nporpamMm Microsoft Exel 2007 u StatSoft Statistica
6.0. B craTucTU4ecKoM aHa/IM3e UCII0JIb30BAIU Hella-
pameTpuyecKye MeTOoibl CpaBHeHus1 MaHHa—-YUTHU U
YHAJIKOKCOHA. 3HAYEHUsA CYUATAJIA JOCTOBEPHBIMHA IIPHA
3aJlaHHOM KpuTepuu BepoAaTHocTU p<0,05.

Pe3ynbTaThl U 00CYK/IEHHE

B3asAThIe HA OaKTEPUATBLHBIN «IIOCEB» IPOOKI
KPOBH M3 XBOCTOBOU 1 BOPOTHOM BEHBI IOKA3aIU
OTpHUIIaTeIbHBIN Pe3yJIbTaT Y BCeX SKUBOTHBIX, UTO
CBUJIETETLCTBOBAJIO 00 OTCYTCTBUSI MUKPOOHOM
TPAHCJIOKAIlUY B BOPOTHYIO BEHY U CUCTEMHBIHI
KPOBOTOK [JII MUKPO(JIOPhI KUIIEYHUKA IIPU
Kkposonorepe 1o 30% OLK. Ilo surepaTypHBIM
JMaHHBIM V1T HapylmieHus1 6apbepHOi (QyHKINU
KHIIIEYHUKA B OTHOIICHUU >KMBBIX MUKPOOpTa-
HU3MOB TpebyeTcs 6osiee AIUTETHHOE UIJIF MHTEH -
CHUBHOE BO3[IeliCTBUEe MOBPEKIAOIINX (DAKTOPOB,
4eM BhIOpaHHBIE HAMU B 9KCIlepuMenTe [12-14].

1o kpoBonotepu 3HaveHus JIIIC u npecern-
CHHA B KPOBU M3 XBOCTOBOI BEHbI COOTBETCTBOBA-
JIV YPOBHIO JOJIKHBIX BEJIMUUH Y JII0oiel], HO Ipu
9TOM 3HA4YEHUSA 9HIOTOKCHHA B KPOBU U3 BOPOT-

were viewed, images were recorded, and morphometric
parameters were counted with the aid of microvisor
uVizo-103 (LOMO, Russia).

Statistical treatment of the data was performed
using software packages Microsoft Exel 2007 and StatSoft
Statistica 6.0 to calculate medians and significance by
Mann-Whitney-Wilcoxon nonparametric tests. Differ-
ences between groups were considered significant at
P<0.05.

Results and Discussion

Blood samples taken from the tail and portal
veins for bacterial culture showed absence of
growth in all specimens, which evidenced absence
of microbial translocation into the portal vein and
systemic circulation for intestinal microflora in
case of blood loss up to 30% of the circulation vol-
ume. According to literature, gut barrier dysfunc-
tion in respect of live microorganisms requires a
longer or more intensive impact of damaging fac-
tors than chosen in our experiment [12-14].

Before the blood loss, the values of LPS and
presepsin concentration in the tail vein blood was
within the norm values; however, the endotoxin
values of the portal vein blood were 2.6 higher than
those of the tail vein blood (table 2). This supports
the essential detoxifying function of the liver,
specifically, by Kupffer cells, in respect to LPS me-
tabolism [15, 16]. There was no statistical difference
in blood presepsin concentration between tail and
portal veins, which indirectly proved an absence of
baseline activation of tissue macrophages located
in the abdominal cavity by intestinal microflora.

However, 1 hour after blood reinfusion in the
1st series animals, LPS in blood from the tail vein
and portal vein exceeded the baseline figures 20.6
and 32.8 times, respectively. The correlation be-
tween the significantly different content of LPS in
the portal and tail veins grew from baseline 2.6 to
4.6 times.

Mean presepsin in blood of the portal and tail
veins increased vs. baseline by 266% and 135%, cor-
respondingly. The significant difference in the pre-
sepsin content between the portal and systemic cir-
culation was equal to 84.6%.

In the 2" and 3™ series of experiments, during
the early post-hemorrhagic period, similar dynam-
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Tabauna 2. Junamuka JIIIC u npecencuna (M+0).
Table 2. LPS and presepsin dynamics (MzJd).

Indexes Blood Index values at study stages

sampling point Baseline 1 hr. after 24 hrs. after 3 days after

blood reinfusion blood loss blood loss

1t series (Ringer’s solution + Nutricomp standard liquid)

LPS, pg/ml Portal vein 17.84£3.9 583.5+£107.4% 206.4+23.1% 254.3+31.0%
Tail vein 6.8+1.8%* 140.0+44.7## 72.3+24.0%# 94.1+29.7##

Presepsin, pg/ml Portal vein 405.6+80.1 1484.7+196.1% 651.4+66.27 697.6+63.2%
Tail vein 342.1+31.2 804.4+74.3## 483.6+59.5% 579.2+50.6%#

2nd series (Sterofundin Isotonic + Nutricomp standard liquid)

LPS, pg/ml Portal vein 18.5+4.1 489.3+113.2* 124.2+21.5% 128.0+24.5%*
Tail vein 6.7+1.5" 112.1+33.0%# 38.0+12.1###* 41.6£10.3##*

Presepsin, pg/ml Portal vein 402.9+£74.0 1195.3+202.9% 467.4+60.8%* 513.3+52.1#*
Tail vein 355.8+25.4 771.6+80.5"* 415.3+53.5%* 431.8+40.6"#*

3 series (Sterofundin Isotonic + Nutricomp immune liquid)

LPS, pg/ml Portal vein 16.9+3.7 492.4+93.7% 109.8+22.6** 79.7420.2%% %%
Tail vein 6.2+1.7% 105.6+37.0%# 35.5+10.3%##* 27695775 %

Presepsin, pg/ml Portal vein 397.5+65.4 1253.5+152.7* 484.1+82.0%* 408.3+42.7#%**
Tail vein 339.3+£39.7 759.2+68.4%# 383.8+40.5%#* 363.14£32.9%## % %%

Note. * — significance of differences vs. baseline; #* — significance of differences vs. venous blood from the portal veil at the same
stages of the study; * — significance of differences vs. the 1 series; ** — significance of differences vs. the 27 series.

ITpumeuanwue. [I71s TabJr. 2, puc.: Indexes — nmokasaresn; values at experimental stages — 3HaueHHUA Ha aTanax UCCIe[0Ba-
Hus; Baseline — ucxonnable 3HaueHus; after — gepes; blood reinfusion — peundysuu kposy; blood loss — kposonorepy;
hrs./days — yacoB/cyTok; blood sampling point — mecrto 3a6opa kposu; LPS — JITIC; Presepsin — IIpecerncun; vein — BeHa;
portal, tail - BopoTHas/xBocToBas. ¥ — crarucTudeckas 3HAYUMOCTh PA3IMYNNA OTHOCUTEJBHO UCXOIHBIX 3HAYeHUN; # —
CTaTUCTUYEeCKasA 3HAUUMOCTD PA3JIMYNI OTHOCUTEIbHO 3HAYeHUI BEHO3HOU KPOBU M3 BOPOTHON BeHBI HA ONMHAKOBBIX 3Ta-
[ax UCCJIe0BAHMS; ¥ — CTATHUCTUYECKasi 3HAYMMOCTh Pa3/IMYMi OTHOCUTEJILHOM 3HAUYEHUN 1-1i cepu; ** — cTaTUCTUYecKast

3HAYMMOCTD Pa3JIMYNA OTHOCUTEIbHOU 3HAYEHUH 2-1 CEpUM.

HOU BeHBI ObLIM B 2,6 pa3a BBIIIIE TAKOBBIX B
KpOBU U3 XBOCTOBOU BeHHI (TabJ1. 2). Tem cambIiM
MOATBEP KIAETCSI BasKHeUIasi MeTOKCUIIUPYIO-
I1as1 poJib IIeYeHN U B YaCTHOCTHU KJyIeTok Kymidepa
B otHouteHuwm JIIIC [15, 16]. 3HaueHuA npecerncu-
Ha B KPOBU XBOCTOBOW M BOPOTHOU BEHBI He
UMeJIN CTaTUCTUYECKUX Pa3JIMIUM, YTO CIYKUIO
KOCBEHHBIM [OKa3areJbCTBOM OTCYTCTBUA B
MCXOOHOM COCTOSHHUM aKTUBAIlMM KUIIEYHON
MHUKPO(}JIOpOH TKAHEBBIX MAKPO(AroB, PACIIOJIO-
SKEHHBIX B OPIOIITHOM MTOJIOCTH.

Opuako uepes3 1 yac mocse penHPy3UU
KPOBH Y SKUBOTHBIX 1-i1 cepun conepskanue JITIC
B KPOBU M3 XBOCTOBOU BEHBI 1 BOPOTHOU BEHBI
IIPEBBIIIAI0 UCXOAHbIE 3HAYEHUS COOTBETCTBEH-
HO B 20,6 1 32,8 pasda. CoOTHOILIEHHEe MeXKIy CTa-
TUCTUYECKU pa3JU4YHBbIM conepskaHuem JIIIC B
BOPOTHOM M XBOCTOBOM BeHax HapocJo ¢ 2,6 B
HUCXOJHOM COCTOSAHUU 10 4, 6 pas.

CpenHue 3HaueHHUs IpecelcruHa B KPOBU
BOPOTHOM ¥ XBOCTOBOU BEHBI OTHOCUTEJHHO
HCXOIHBIX 3HAYeHUN YBETMYMUINCH COOTBETCTBEH-
HO Ha 266 1 135%. CTaTucTU4eCcKU 3HAYUMasI pas-
HUIA COAEPsKaHUA IIpecercruHa B IIOPTaJAbHOM U
CHCTEMHOU KPOBOTOKe cocTaBua 84,6%.

Bo 2-#1 u 3-fi cepusAx OMBITOB B pPaHHEM
IIOCTreMOpparundyeCcKoM Iepruojie oOTMedasu aHa-
Jgorununymo guHamury JII1C u npecencuna. Caeny-
€T OTMETUTBH, YTO Y5KE Ha 9TOM IJTale BeJIUYUHBI
M3y4dyaeMbIX IMoKa3aTesiell ObIIM HE3HAYUTEIHHO
HIKe, YeM B 1-1 cepuu, YTO MOYKET OBITh CBSI3AHO

C HavaJiOM pea/jm3alu IIPOTEKTUBHOTO ,I(efICTBPIH

ics of LPS and presepsin were observed. It should
be noted that already at this stage, the figures of in-
dices under study were insignificantly lower than
in the 1st series, which might be related to onset of
protective effect of the malate-containing solution
used, which we had described earlier [17].

The main mechanism of LPS increase is appar-
ently the endotoxin translocation into vasculature
from the intestinal lumen and failure of the detoxi-
fying function of the liver in preventing its penetra-
tion into systemic circulation. The second mecha-
nism is mediated, in our opinion, by the increased
fraction of the porta-caval shunt in the case of alter-
ations of intrahepatic microcirculation due to hypo-
volemia and reperfusion. The third mechanism is
the transfer of substances under study into the sys-
temic circulation and Kupfer cells of the liver via
lymph, directly or with the aid of exosomes [18, 19].

All this might lead in future to early manifes-
tation of endotoxin aggression, infectious compli-
cations, additional damages of the liver, kidneys,
and gram-negative sepsis [20, 21].

The increasing concentration of presepsin in
the portal vein in the absence of bacterial growth in
blood cultures, might evidence penetration of mi-
croorganisms into the interstitial space of the gut
and their complete absorption by macrophages, i.e.
competence of the local cell immunity. Hence, al-
ready at the level of gut microcirculation, antimi-
crobial preservation remained competent at that
and subsequent stages of the early post-hemor-
rhagic period. However, it should be taken into ac-
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HCIIOJb3yEeMOI0 MaJjaTcoiepsKallero pacrBsopa,
ONMCAaHHOI'0 HaMU paHee [17].
OCHOBHBIM ME€XaHM3MOM HapacTaHUsA 3Ha4e-
Huii JITIC, no-BuaguMoMy, sIBJISIETCS [TepeXxo 9HI0-
TOKCHHA B COCYAMCTOH PYCJI0 13 IPOCBETA KUIIIEY-
HHUKAa U HECOCTOSITeIbHOCTh IeTOKCULIUPYIOIIeN
(pyHKIMU TIeYeHU B MpenynpeskIeHUn ero Ipo-
HUKHOBEHUSI B CUCTEMHBI KPOBOTOK. BTOopoi
MexXaHM3M, Ha Halll B3IAL, peajlnsdyeTcs depes
yBeJIM4eHue JO0JIU IIOPTOKaBaJbHOIO ITyHTUPOBa-
HUsI B YCJIOBUSAX TUIIOBOJIEMUU U peniepdy3noH-
HbBIX HApyIIeHU BHYTPUIIEYeHOYHOU MUKPOLIMP-
KyJAnuu. TpeTbuUM MeXaHU3MOM SABJISIETCA
IIepeHoC U3y4aeMblIX BelleCTB ¢ JUM@Oii, B TOM
4KCJie U C 9K30COMAaMHM, B CUCTEMHBIN KPOBOTOK,
Takke MUHYs KieTku Kyndepa neyenu (18, 19].
Bce aTo B nnocsenyomem MosKeT IPUBOJUTh
K paHHeld MaHu@ecTaruu 3SHAOTOKCUHOBOU
arpeccuy, WHMEKIMOHHBIM  OCJIOKHEHUSM,
JIOTIOJTHUTEJIbHBIM ~ TIOBPEKJIEHUAM IIeYeHHU,
II0YEeK U rpaMoTpULiaTeIbHOMY cercucy [20, 21].
Poct mpecericiHa B BOpPOTHOU BeHE IIpU
OTCYTCTBHY MOJIOKUTEJBHBIX PE3yJIbTaTOB I10Ce-
BOB KPOBH MOJKET CBUAETEJIbCTBOBATH O MPOHUK-
HOBEHUHU MUKPOOPTAHU3MOB B MHTEPCTUIAATb-
HO€e TMPOCTPAHCTBO KHUIIIEYHWKA U WX ITOJHOTO
MOWIOIEeHNsI Makpodaramu, T. €. 0 COCTOSITE/IbHO-
CTH MECTHOTI'0 KJICTOYHOr0 uMMyHHuTeTa. CiienoBa-
TeJIbHO, aHTHMOAKTepua bHas 3alyTa y>Ke Ha
YPOBHE MUKPOUUPKYISAINN KUIIEYHON TPYOKU
0CTaBaJIach JIEeCIIOCOOHOI Ha 3TOM U TOCJIEAYIO-
X JTallaX pPaHHEro MNOCTreMOPParunvecKoro
nepuona. Ho ciaenyer yuuTbIBaTh, 4YTO IOBPEKAL-
HUsI KUIIeYHUKa NIpU penepdysuu NIpUBOIAT K
POCTY ero NpOHUIAeMOCTH, aKTUBHOCTH TPAHC-
[eJUTIOJIIPHON MUTpAIuy 6aKTepUi ¢ 3aXBaTOM
WX Cy0amuTeTMaTbHBIMA MakpodaramM U JIJIH-
TeJIbHO MPOTEKAIOITHX BOCIIAJINTE/ILHBIX PeaKIINi
B KUINIEUYHUKe [22, 23]. 3HaUeHUsI IIpeceliChHa B
KPOBU U3 XBOCTOBOH BEHBI OBLIN CTATUCTUYECKU
3HAYMMO HUKE, YeM B KPOBU M3 BOPOTHOU BEHHBI.
BsanMocBsi3p HapymieHW MeTaboar3Ma B
CTEeHKe KUIIIeYHUKA, TPAHCJOKAIIUU, 9HTOTOKCH-
K03a U pPa3BUTHS OPTaHHBIX NMOBPEXKIEHUN TIPU
kpoBoroTepe 6osiee 30% OIIK B HacTosiIIiee BpeMst
MMONTBEPSKIAIOT ONpefeseHre KUIIeYHUKA, KaK
«aBurareJsiss uau moropa IT1OH» [24, 25], yTto mox-
YEepKUBAET BAKHOCTh CBOEBPEMEHHOTO IIPUMeHe-
HUSI MeTa00JTMYEeCKH OPUEHTHPOBAHHOM TEPATTHH.
Uepes CyTKU MOCJIe OCTPOH KpPOBOIIOTEPU
OTMEeYaJIoCh CHU)KeHWEe MapKepOB MUKPOOHOTO
9HJIOTOKCHKO3a B KPOBU M3 NOPTATBLHOMN U XBOCTO-
BOH BEeH, HO IPU 9TOM OHH OCTaBAJ/IVCh ITOBBIIIIEH-
HBIMH OTHOCHUTEJILHO MCXOOHBIX 3HaUeHul. B 1-1
cepum onbITOB BeanunHsbl JIIIC 1 nmpecerncuHa B
XBOCTOBOM BeHe MPEBBIIIAINA UCXOIHbIE 3HAYEHUST
B 10,6 pasa u Ha 41,2% cooTBeTcTBeHO. Comepska-
HMe€ 9HJOTOKCHUHA U TIpecericiHa B BOPDOTHOM BeHe
npessbIIano Ha 186% u 34,8% COOTBETCTBEHHO €10

count that intestinal damage during reperfusion in-
creases intestinal permeability, and transcellularly
migrating bacteria might be captured by sub-ep-
ithelial macrophages that leads to prolonged in-
flammatory responses in the bowels [22, 23]. In-
deed, the presepsin values in the tail vein blood
were significantly lower than those in the portal
vein blood.

The relation between disturbed metabolism in
the intestinal wall, translocation, endotoxicosis and
development of organ damages in case of blood
loss exceeding 30% of the circulation volume is cur-
rently confirm the intestine definition as ‘the en-
gine or motor of multiple organ failure’ [24, 25],
which underlines the importance of timely use of a
metabolically oriented therapy.

24 hours after an acute blood loss, decrease of
microbial endotoxicosis markers in blood from the
portal and tail veins was noted; however, they re-
mained increased vs. baseline figures. In the 1 se-
ries of experiments, tail vein LPS and presepsin were
higher than the baseline figures 10.6-fold and by
41.2%, respectively. Portal vein endotoxin and pre-
sepsin were higher than in the blood taken from the
tail vein by 186% and 34.8%, respectively. In the 24
series, the tail vein endotoxin and presepsin were
higher than the baseline 5.7-fold and by 16.9%, and
in the portal vein — 6.7-fold and by 16.1%, respec-
tively. In the 3 series, the figures of indices under
study had no statistically significant difference from
the figures of the 2 series of experiments.

The peak of values of indices under study,
which was observed at the previous stage of inves-
tigation during early reperfusion, might be repre-
sentative of the fact of massive «washing» into the
hepatic and systemic blood flow of LPS and pre-
sepsin accumulated during ischemia in the intes-
tinal microcirculation system. It is known that
blood loss is associated with reduced perfusion of
the gastrointestinal tract accompanied with vaso-
constriction of mesenterial arterioles and de-
creased microvascular blood flow during several
hours after hypovolemia replacement and blood re-
infusion [26, 27]. Intensified adhesion and extrava-
sation of neutrophil leukocytes and macrophages
is an additional long-acting factor of damage dur-
ing the post-hemorrhagic period [28]. That could
also affect the peak and persistent later high pre-
sepsin values in the blood of portal and tail veins
because presepsin production is related to the in-
tensity of phagocytosis in macrophages of the bow-
els, blood circulation and lymphatic systems of the
abdominal cavity [29-31].

Endotoxemia, in turn, might render an inde-
pendent influence on the intestinal microcircula-
tion, portal hypertension, reducing the portal blood
flow to form vicious circle: intestine damage — en-
dotoxemia — intestine damage. The administration

of a balanced malate-containing solution to replace
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3Ha4YeHHUs B KPOBH, B3SITON M3 XBOCTOBOU BEHBI.
Bo 2-ii cepum — B XBOCTOBOU BeHe 3HAYEHUS
9HJIOTOKCHHA U TpecercruHa ObIJIU BIIIE UCXOT-
HBIX B 5,7 pa3a u Ha 16,9%, a B BOPOTHOU BeHe —
COOTBETCTBEHHO B 6,7 pasa u Ha 16,1%. B 3-i
cepumn — 3Ha4YeHUs1 UCCIeAyeMbIX ITI0Ka3areJsieli He
MMeJIN CTaTUCTUYECKU 3HAYMMBIX OTIMYHHA OT
TaKOBBIX BO 2-U CEpUU 9KCIIEPUMEHTOB.

HabuiromaemMblii Ha TpPEABIAYIIEM IJTame
HCcJIeloBaHUsI BO BpeMsl paHHell penepdysuu
NIMK 3HAaYEeHUU U3ydyaeMbIX II0Ka3aTejael MosKeT
CJYKUTh NONTBepsKAeHueM (aKTa OCHOBHOTO
BBIMBIBAHUS B IE€Y€HOYHbBIN U CUCTEMHBIN KPOBO-
ToK JIIIC 1 mpecencrHa, HAKONIUBIINXCA 32 BpeMs
HWIIEMHUHU B CUCTeMe MUKPOLUUPKYIALUY KUIIeY-
HUKa. FI3BeCTHO, YTO IPU KPOBOMIOTEPE CHUKAET-
cs1 nepdysus sKeJyJOYHO-KUIIIeYHOr0 TPaKTa C
BA30KOHCTPUKIIMEN Me3eHTEePUATbHBIX APTEPUOJI
Y CHUKEHHEM KPOBOTOKA B MUKPOLMPKYJIATOP-
HOM pyCJjle B Te4eHHe HECKOJIbKO 4acOB II0CJje
BOCIIOJIHEHN s TUTIOBOJIEMUU U perH(y3UH KPOBU
(26, 27]. 1OTIOJTHUTEIBHBIM JAJIUTEJIBHO JeHCTBYIO-
UM (PaKTOPOM TIOBPEKIEHUS B TOCTTeMOpparu-
YecKUU MepuoJ sIBJISAETCs yCUuJleHue aiare3uu u
9KCTpaBasaluu HEUTPODUIBbHBIX JIEWKOIIUTOB U
Makpo@aros [28]. ITO Tak)ke MOTJIO OBJUATH Ha
IIMKOBbIE U COXPAHAIOIINECA B IIOCJIeRyoIeM
BBICOKHE 3HAYEeHUs NpeCcerncruHa B KPOBU TOP-
TaJbHON U XBOCTOBOH BEHBI, TAK KaK IPOAYKIIUSI
IIpecericiHa NpsAMO MPONOPIIMOHA/JIbHA WHTEH-
CUBHOCTH (paronmurosa B Makpodarax KUIeyHmn-
Ka, KPOBEHOCHOU " JMM@aTUIECKON CUCTEM
OprorTHOM TToJtocTH [29-31].

B cBOIO 0Yepenb 9HAOTOKCEMUS MOKET CaAMO-
CTOATEJIBHO BJIUATH HAa KAIIEYHYIO MUKPOLUPKY-
JIAIINIO, IOPTAJIbHYIO THIIEPTEeH3UI0, CHAYKASA ITOP-
TaJbHBIE  KPOBOTOK C  (opMHUpOBaAHUEM
IIOPOYHOI'0 KpyTra «IIOBpesKJeHNe KUIIeYHUKa —
39HJIOTOKCEMUS — MOBpEKIeHUEe KUIIIeYHUKA».
[TpuMeHeHue cOATaHCUPOBAHHOTO MaJIaTCOEDP-
sKalllero pacTBOpa IJs1 BOCIIOJTHEHUS TUIIOBOJIe-
MHHM CIIOCOOCTBOBAIO CHUKEHUIO IUPKYIAIAN
JITIC, oT KOTOPO¥ 3aBUCUT HEKPO3 U AIIOITO3 KJIe-
TOK OPraHOB MMMYHHOU CUCTeMBbI OpTaHU3Ma, a
TaK>Ke BBIXKMBAEMOCTD IPU Pa3JINYHBIX KPUTHUYe-
CKUX COCTOSIHUSAX [32-36].

Uepes 3 CyTOK B XBOCTOBOI BeHe 5KMBOTHBIX
1-#1 cepum perucTpupoBaJi BO3pacTaHUe 9H]I0-
TOKCEMUH U [IPeCerICHa OTHOCUTEJIBHO IIPeIbITy-
IIero arama MHCCAeSOBaHusA, YTO MOKeT ObIThb
00yCJIOBJIEHO CAMOCTOSITETLHBIM BO3/IEHICTBHEM
JITIC Ha IPOHUIIAeMOCTh KUIIIEYHOTO Oapbepa, C
pas3BUTHEM MECTHOTO BOCITAJIEHUSI U THTEPCTHUII-
aJIbHOrO OoTeKa [37]. B mopTasmbHON KPOBU COflEP-
skanue JII1C u npecerncruHa ocTaBajJoCh Ha ypOBHE
Npenployliero arama uccaenoBaHusa. Ha aTtom
aTare UCcjeJoBaHUS OTMeYad CTaTUCTUYEeCKU
3HAUMMble IIPEMMYIEeCTBA MaJaTcolepsKallen
nH(QY3Uu BO 2-1 CEpHUU ONBITOB U JONOJIHUTEb-

hypovolemia contributes to lessening the LPS cir-
culation thus decreasing the necrosis and apoptosis
of cells of different organs including the immune
system cells and enchancing surviving in critical ill-
nesses [32-36].

After 3 days, in the tail vein of animals of the
1st series, increased endotoxemia and presepsin vs.
the previous stage of the study were recorded,
which might be caused by an independent effect of
LPS on the gut barrier permeability accompanied
by development of local inflammation and intersti-
tial edema [37]. In the portal blood, the content of
LPS and presepsin remained at the level of the pre-
vious stage of the study. At this stage of the study,
statistically significant advantages of the malate-
containing infusion during the 274 series of experi-
ments and additional positive effects of the gluta-
mine-enriched feeding with Nutricomp immune
mixture during the 3% series of experiments were
observed. In the 3" series, the portal and tail vein
LPS content was lower than the LPS values of the
1st series by 68.5% and 71.2%, respectively, and pre-
sepsin values were decterased by 41.4% and 37.3%.

It is known that metabolism of anti-inflamma-
tory activated M2 macrophages is maintained
thanks to oxidative phosphorylation, therefore,
supplementary administration of malate and glut-
amine could affect their responses by restoring the
altered polarization parameters including signaling
cascades and epigenetic reprogramming of M2
macrophages. Energy deficit replenishment via
compensation by hypercatabolic processes in in-
testinal tissues is, in turn, accompanied by normal-
ization of the amino acid balance of the portal and
venous blood, which allows suppressing the in-
flammatory response in the bowels, support the
barrier function of interstitial macrophages in re-
spect to microorganisms penetrating into the intes-
tinal microcirculatory system, and reduce the in-
flammatory response to lipopolysaccharide or live
microorganisms in the interstitial space of the
colon [38, 39].

Morphometric investigations of the colon mu-
cous membrane and submucosal space 1 and 3
days after the acute blood loss demonstrated sta-
tistically significant differences between the series
of experiments (table 3), which testified on the in-
fluence of the preparations under study on severity
of their edema.

On the 1%t day after blood loss, in animals of
the 2n and 3" series, these indices were signifi-
cantly lower than the values of the 1st series of an-
imals by 40% on average.

After 3 days, statistically significant advan-
tages of glutamine-containing feeding were deter-
mined: the mucous membrane and submucosal
space thickness in animals of the 3 series was less
than that of animals of the 2" series by 17.1% and
26.2%, respectively.
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Tabauiia 3. MopgomeTpruuecKkue MoKa3aTeJ y TOJICTON
Table 3. Morphometric indices of the colon (M+J).

KHIIKHA (M#0).

Indexes

Index values after blood loss

15t Day 3 Day
1t Series 2nd Series 3r! Series 1t Series 2nd Series 3rdSeries
Mucous membrane thickness, um 44.3+3.7 26.5+3.0* 25.4+4.3 50.6+4.3 31.4+3.5* 26.0+3.1*
Submucosal space thickness, um 18.5+2.0 10.1+1.3% 10.8+2.1 20.1+3.5 12.6+1.6* 9.3+1.7%

Note. * — significance of difference vs. the 1stseries at the same stages of the study; * — significance of difference vs. the 2nd

series at the same stages of the study.
IIpumeuanue. Indexes — nmokasaresu; values after blood loss —

3Ha4YeHus 1ocje KpoBonoTepy; day — cyTky; thickness — tos-

IIWHa;, mucous membrane — CIU3UCTON 060JIO‘IKI/I; submucosal Space — InoACJN3UCTOrO IPOCTPAaHCTBA. * — cTaTucTUYecKas
3HAYMMOCTb pasnnqm‘/i OTHOCHUTEJIbHO 1-# CepuU Ha OAMHAKOBBIX 3TallaX UCCJIeJOBaHUA; # — cTaTUCTHUYeCKasi 3HAYMMOCThb
pa3JII/I‘{I/Iﬁ OTHOCHUTEJIBHO 2-H CE€pHH HAa OAMHAKOBBIX 9Talax uCCjaeJOBaHUSA.

HbIE TIOJIOKUTEbHBIE 3P PEeKThI TyTaMuHOOOTa-
IIIEHHOTO MTUTAHMA CMeChI0 « HyTpHKOMI IMMYHH»
B 3-1i cepuu. B 3-i1 cepuu — 3nauvenus JIIIC B
BOPOTHOU ¥ XBOCTOBOI BEHe OBITH HIKE TAKOBBIX
B 1-i1 cepuu Ha 68,5 u 71,2% COOTBETCTBEHHO, a
npecercuHa —Ha 41,4 1 37,3%

M3BecTHO, yTO META00/IM3M ITPOTUBOBOCIIA-
JINTEJIbHBIX aKTHBHUPOBAHHBIX M2 Makpogaros
MOAIEPSKUBAETCS 32 CUEeT OKUCJIUTEJIBHOTO (poc-
¢ opunmpoBanus, I03TOMY JOIOJHUTEIbHOE BBe-
JleHre MaJiaTa ¥ IJTyTaMUHAa MOIJIO IIOBJIUATH HA UX
peakuy, BOCCTaHABJIMBAasI HapyIlleHHble HACTPOi-
KU TIPOIECCOB MOJISAPU3allUy, BKJIIOYAsd CUTHAJIb-
HbIe KacCKaJbl U 3NIMTeHeTUYecKoe Iepernporpam-
MupoBanue M2 makpodgaroB. B cBoio odepens,
BOCIIOJTHEHUE 9HEProiepUIinTa ¢ KoMIeHcaren
MPOIIECCOB THIEPKATab0I3Ma B TKAHAX KUAIITKHA
COIIPOBOSKIAETCSI HOpMa/IU3auueil aMUHOKUCIIOT-

In animals of the 1¢ series, the severity of
edema within the submucosal space and mucous
membrane increased which might be probably re-
lated not only to ischemic damage during blood loss
but also to the persistent disturbance of colon me-
tabolism during reperfusion and growing influence
of inflammatory damage of the bowels [40, 41].

Colon edema was accompanied by the in-
creased weight of experimental animals, which in-
directly reflected overhydration and post-hypoxic
interstitial edema of tissues during the post-hem-
orrhagic period [42].

The amount of calories consumed with the
nutrient mixture remained the same, by day 3 the
mean weight of animals increased in all series: to a
greater degree, in the 1st series, and significantly
less in animals that received the supplementary
balanced malate-containing solution for hypov-

265
=&— 1stseries =i~ 2"series == 3dseries .
260 /
255
w . / .
- 250
=
o *#
]
240 -
235
230 | | T )
Baseline 1 hr. after blood 1 day after blood 3 days after
reinfusion loss blood loss
Index Series Index values at study stages
Baseline 1 hr. after blood reinfusion 1 day after blood loss 3 days after blood loss
1st 237.2+14.1 244.3+18.7 249.5+20.7* 259.3+16.3*
Weight, g 2nd 235.1+12.2 242.4+16.1 245.9+17.0 249.8+14.5*
3rd 234.3%£10.7 240.3%£13.5 243.4+15.3 244.0+12.1*

JInHaMHKa Beca ;JKHUBOTHBIX Ha 3Tallax HCCaexoBaHusA, I (M+0).

Animal weight dynamics at study stages, g (M+0).

Note. * — significance of difference vs. baseline; ¥ — significance of difference vs. 1% series at the same study stages.
IIpumevaHue. * — CTATUCTUYECKAS] 3HAYUMOCTD Pa3IU4Mii OTHOCUTEIBHO HUCXOIHBIX 3HAYEHUH; ¥ — CTaTHCTUYECKasi 3HAYU-
MOCTb Pa3JIn4YMil OTHOCUTEJILHO 3HAUEeHU! 1-1 CEpUH Ha OMHAKOBBIX 9TAIaxX UCCIIEJOBAHMUS.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 4



DOI:10.15360/1813-9779-2019-4-76-87

BKCHepI/IMeHTaJ'II)HbIe HCCJJaeqoBaHuA

HOTO OaJlaHca MOPTaJTbHON U BEHO3HON KPOBH, YTO
MIO3BOJISIET CHU3UTh aKTUBHOCTH BOCITAJIUTEIHHO-
T'O OTBETA B KUIIIEYHUKE, ITOIJIEPKATh DapbepHYIO
(PYHKIMIO UHTECTUHAIBHBIX MAKPO(aroB B OTHO-
IIEHWW MUKPOOPTraHM3MOB, NPOHUKAIOIINX B
CUCTeMY MUKPOLMPKY/IALUNA KUIIEYHUKA U CHU-
3UTh 9KCHPECCUIO BOCIIAJUTEJIHHOTO OTBETA Ha
KOHTAKT C JIUIIONOJIMCAXapUIOM WA KUBBIMU
MHUKPOOPraHU3MaMU B UHTEPCTULNAIBLHOM IIPO-
CTPaHCTBE TOJICTOU KUIITKY [38, 39].
MopdomeTpuyeckre UCCaeIOBAaHUSA CIIN3U-
CTOIT 000JIOUYKH W TOJCIU3UCTOrO IMPOCTPAHCTBA
TOJICTOU KUIIIKU Yepe3 1 U 3 CYyTOK II0cjie OCTPOi
KPOBOIIOTEPU ITIOKA3AJIN CTATUCTUYECKU 3HAUNMbIe
pasamYus MEXIY CEepUAMU KUBOTHBIX (TAbJI. 3),
4YTO CBUJETEJIHCTBOBAJIO O BJIMSAHUYU UCCIEAyeMbIX
MpernaparoB Ha BBIPAKEHHOCTD MX OTeKa.

3HaueHusI 9TUX IOKa3aTesel y JKUBOTHBIX 2-1
u 3-i cepuil B l-e CyTKU IIOCJIE KPOBOIIOTEPU
OBLTM CTaTUCTUYECKH 3HAYNMO MEHBIIIE B CPE/I-
HeM Ha 40% OTHOCUTEJIbHO 3HAYEHUH Y JKUBOTHBIX
1-1 cepum.

UYepes 3 CyTOK OIlpenesisin CTaTUCTUYEeCKA
3HaYMMbIe IIPEMMYIIeCTBa [NIyTaMUHCOAepsKale-
ro IMUTAHUSA: TOJIIMHA CJIU3UCTONH OOO0JIOUKH U
MO CJIM3UCTOTO IPOCTPAHCTBA Y SKUBOTHBIX 3-U
cepuu OBLJIM MEHBIIIE, YeM Y SKUBOTHBIX 2-11 CEPUH,
COOTBETCTBeHHO Ha 17,1 u 26,2%.

VY SKUBOTHBIX 1-i cepum CTereHb BhIpaskeH-
HOCTHA OTeKa MOJCJIU3UCTOr0 NPOCTPAHCTBA U
CJIM3UCTOUN 000JI0YKU HapacTaJsa, YTO BepOSITHO
CBSI3aHO He TOJIbKO C UIIIEMUYECKUMU ITOBPEKIE-
HUSIMU BO BpeMs KPOBOIIOTEPH, HO U C MIPOJOJI-
SKAIOIIIMICS HApyIIEHUsIMA META00JIM3Ma B TOJI-
CTOH KHIIIKe B Hepuoj penepdysuu, a TakKe
YBEJIMUMUBAIOMIENCS POJIBI0  BOCIHAJUTEJIBHBIX
MOBpesKIeHNU kullevynnka (40, 41].

OTek TOJICTOU KUILIKU COIIPOBOYKIAJICS YBe-
JAYEeHHUEeM Beca dKCIIEPUMEHTATbHBIX YKUBOTHBIX,
4TO ABUJIOCh KOCBEHHBIM OTPasKeHWeM TUIepPTi/l-
paTanyn U MOCTTUTTOKCUYEeCKOTO MHTEPCTUITNATD-
HOTO OTeKa TKaHel B IMOCTTeMOpparudeckoMm
nepuoze [42].
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olemia replacement and glutamine-enriched feed-
ing (fig.). Hence, the glutamine-enriched diet
helped reducing not only the interstitial edema of
colon but animal overhydration as well, which was
indirectly assessed by animal weighing [43].

Conclusion

Use of malate-containing infusion prepara-
tion and a glutamine-enriched diet after an acute
massive blood loss contributes to reducing pre-
sepsin production in GIT organs, diminishing the
endotoxin translocation to the portal vein and sys-
temic circulation, abating the severity of edema
within the mucous membrane and submucosal
space of the colon, and lessening animal weight
growth.

ITpu oqHAKOBOM KOJIMYECTBE IIOTPeOJIEHHBIX
KaJIOpU{ C IHUTaTeJbHOH CMeChI0 K 3-M CyTKaMm
CpelHUN BeC SKUBOTHBIX YBEJUYHUJICS BO BCEX
cepusax: B OoJIbliIeli cTelleHu B 1-1 cepuu U JOCTo-
BEpPHO MEeHBIIIEe Y SKMBOTHBIX, TOTIOJTHUTE/IBHO ITOJTy-
YaBIUX COATAHCUPOBAHHBIN MaJIaTCoIEP KTl
PpacTBOP 151 BOCIIOJIEHU S TUIIOBOJIEMUN U [Ty TAMH-
HoOoraIieHHoe nuTanye (pucyHok). CiiegoBare)ib-
HO, INIyTaMUHOOOTaIleHHasI IieTa CIoCOOCTBOBAJIA
CHIPKEHUIO He TOJIbKO UHTepCTUIIMAIBLHOIO OTeKa
TOJICTOH KUIIIKY, HO ¥ TUIIEPTHUIpaTaIii ;KUBOTHO-
TO, 77151 KOCBEHHOU OIIEHKU KOTOPOH MCIOJIB3YIOT
B3BelnuBaHue [43].

3akJrouenue

[TpuMeHeHVe MaTaTCOMEePIKAIITUX MH(PY3UOH-
HBIX ITpeIlapaToB U IyTaMUHOOOraIl|eHHOTO ITNUTa-
HUSI TI0CJIE OCTPOM MAaCCUBHOU KPOBOTIOTEPH CITO-
COOCTBYeT CHM)KEHUIO BBIPAOOTKY IpeCceriCuHa B
OpraHax >KeJyIOYHO-KUIIeYHOT0 TPaKTa, TPAHC-
JIOKAIIUM 9HJIOTOKCMHA B BOPOTHYIO BEHy W
CHCTEMHBIH KPOBOTOK, YMEHBIIIEHUIO CTEMEeHU
BBIPAYKEHHOCTHU OTeKa CIM3UCTOIN 000JI0UKY, IO -
CJIVBUCTOTO IMPOCTPAHCTBA TOJICTOM KUIIKU H
HapacTaHUs Beca SKUBOTHBIX.

References

1. Petrova M.V., Butrov A.V., Grechko A.V, Stepanova N.V., Nakade M.,
Storchai M.N., Mohan R., Mahmutova G.R. Infusion Effect on Posto-
perative Intestinal Failure. Obshchaya reanimatologiya=General Rea-
nimatology. 2018; 14 (1): 50-57. [In Russ., In Engl] DOI
10.15360/1813-9779-2016-2-56-65

2. Bobrinskaya I.G., Moroz V.V,, Yakovenko V.N., Kudryakov O.N., Spirido-
nova E.A., Soldatova VY. Selective Polygraphy and Resonant Stimula-
tion of Digestive Tract in Early Postoperative Period in Peritonitis. Ob-
shchaya reanimatologiya= General Reanimatology. 2016; 12 (2): 90-99.
[In Russ., In Engl.] DOI: 10.15360/1813-9779-2016-2-90-99

3. LangR., Patel D., Morris ].J., Rutschman R.L., Murray PJ. Shaping gene
expression in activated and resting primary macrophages by IL-10.
J. Immunol. 2002; 169: 2253-2263. DOI: 10.4049/jimmunol.169.5.2253

4. Martinez EO., Gordon S., Locati M., Mantovani A. Transcriptional Pro-
filing of the Human Monocyte-to-Macrophage Differentiation and
Polarization: New Molecules and Patterns of Gene Expression. J. Im-
munol. 2006; 177: 7303-7311 DOI: 10.4049/jimmunol.177.10.7303

5. Heine H., Rietschel E.T,, Ulmer A. The biology of endotoxin. J. Mol Bio-
technol. 2001; Nov; 19 (3): 279-296. DOI: 10.1385/MB: 19: 3: 279.
PMID: 11721624

GENERAL REANIMATOLOGY, 2019, 15; 4

www.reanimatology.com



86

DOI:10.15360/1813-9779-2019-4-76-87

Experimental Studies

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Balzan S., de Almeida Quadros C., de Cleva R., Zilberstein B., Cecco-
nello 1., Bacterial translocation: overview of mechanisms and clinical
impact. J Gastroenterol. Hepatol. 2007; Apr; 22 (4): 464-471. DOIL
10.1111/.1440-1746.2007.04933. PMID: 17376034

Yepnesckas E.A., Benobopodosa H.B. MUKpPOOHOTA KUIIIEYHHUKA ITPU
KPUTUYECKUX COCTOSAHUAX (0630p). Obujas peanHumamonozus.
2018; 14 (5): 96-119. DOI: 10.15360/1813-9779-2018-5-96-119
Fulop A., Turoczi Z., Garbaidsz D., Harsdnyi L., Szijdrio A. Experimen-
tal models of hemorrhagic shock: a review. Eur. Surg. Res. 2013; 50
(2): 57-70 DOI: 10.1159/000348808

Lomas-Niera].L., Perl M, Chung CS, Ayala A. Shock and hemorrhage:
an overview of animal models. Shock. 2005; 24 (1): 33-39 PMID:
16374370

Lundsgaard-Hansen P. Component therapy of surgical hemorrhage:
red cell concentrates, colloids and crystalloids. Bibl Haematol. 1980;
(46): 147-169. PMID: 7378036.

Medby C.Ts There a Place for Crystalloids and Colloids in Remote Da-
mage Control Resuscitation? Shock. 2014; 41: 47-50. DOI: 10.1097/shk.
0000000000000117

Magnotti L.J., Upperman J.S., Xu D.Z., Lu Q., Deitch E.A. Gut-derived
mesenteric lymph but not portal blood increases endothelial cell per-
meability and promotes lung injury after hemorrhagic shock. Ann.
Surg. 1998; Oct; 228 (4): 518-527. PMID: 9790341

Wang Z.T., Yao Y.M., Xiao G.X., Sheng Z.Y. Improvement of bifidobac-
terial supplement on the barrier function of intestinal mucosa and
microbe flora induced by thermal injury in rats. Zhongguo Wei Zhong
Bing Ji Jiu Yi Xue. 2003; Mar; 15 (3): 154-158. PMID: 12831619
Garcia-Hernandez V., Quiros M., Nusrat A. Intestinal epithelial clau-
dins: expression and regulation in homeostasis and inflammation.
Ann. NY Acad. Sci. 2017; Jun; 1397 (1): 66-79. DOI: : 10.1111/nyas.
13360. PMID: 28493289

Baxevanos N., Giamarellos-Bourboulis E.J., Pistiki A., Korre M., Drog-
giti D.I., Tsaganos T. Bacterial translocation induces proinflamma-
tory responses and is associated with early death in experimental se-
vere injury. J. Surg. Res. 2013; Dec; 185 (2): 844-850 DOI: 10.1016/j.jss.
2013.07.026. PMID: 23953792

Zhang Y., Zhang J., Xu T.,, Wu W.,, Huang F.F., Yu W.Q., Zhang S.Y.,
Liang T.B. Allicin ameliorates intraintestinal bacterial translocation
after trauma/hemorrhagic shock in rats: The role of mesenteric
lymph node dendritic cell. Surgery. 2017 Feb; 161 (2): 546-555. DOI:
10.1016/j.surg.2016.08.029.

Aroenes A.JO., Kuuun B.B., Hukoavckuii B.O., Karenmues I'B., Ps-
6uros /I.B., Pabukosa M.A., IIpomacos /I.M., [aranuna TA., Cmop-
kanos A.IO., Esdorumosa O.C. D HeKTUBHOCTH IPUMEHEHUS CTe-
podyHIUHA HM30TOHUYECKOIO IIOCJe OCTPOH MacCCUBHOMU
KPOBOIIOTEpHU B 9Kkcriepumente. Obwas peanumamonozus. 2013; 9
(3): 24. DOI: 10.15360/1813-9779-2013-3-24

Kojima M., Gimenes-Junior J.A., Chan T.W., Eliceiri B.P., Baird A., Co-
stantini T.W., Coimbra R. Exosomes in postshock mesenteric lymph
are key mediators of acute lung injury triggering the macrophage ac-
tivation via Toll-like receptor 4. FASEB J. 2018; Jan; 32 (1): 97-110.
DOI: 10.1096/1j.201700488R. PMID: 28855278

Kojima M., Gimenes-Junior J.A., Langness S., Morishita K., Lavoie-
Gagne O., Eliceiri B., Costantini T.W., Coimbra R. Exosomes, not pro-
tein or lipids, in mesenteric lymph activate inflammation: Unlocking
the mystery of post-shock multiple organ failure. J. Trauma Acute
Care Surg. 2017; Jan; 82 (1): 42-50. DOI: 10.1097/TA.000000
0000001296. PMID: 27779585

Renner L., Kahlert S., Tesch T., Bannert E., Frahm J., Barta-Bészor-
ményi A., Kluess J., Kersten S., Schonfeld P., Rothkotter H.J., Déiinicke
S. Chronic DON exposure and acute LPS challenge: effects on por-
cine liver morphology and function. Mycotoxin Res. 2017; Aug; 33 (3):
207-218. DOI: 10.1007/512550-017-0279-9. PMID: 28474303
Depboylu B., Giris M., Olgac V., Dodru-Abbasoolu S., Uysal M. Res-
ponse of liver to lipopolysaccharide treatment in male and female
rats. Exp. Toxicol. Pathol. 2013; 65: 645-650. DOI: 10.1016/j.etp.
2012.07.004. PMID: 22884257

Zhou G., Dada L.A., Wu M., Kelly A., Trejo H., Zhou K., Varga J., Sznaj-
der J.1. Hypoxia-induced alveolar epithelial-mesenchymal transition
requires mitochondrial ROS and hypoxia-inducible factor 1. Am. J.
Physiol. Lung. Cell. Mol. Physiol. 2009; 297 (6): 1120-1130. DOI:
10.1152/ajplung.00007.2009.

Kaistha A., Levine J. Inflammatory bowel disease: the classic gastroin-
testinal autoimmune disease. Curr. Probl. Pediatr. Adolesc. Health
Care. 2014; Dec; 44 (11): 328-334. DOI: 10.1016/j.cppeds.2014.10.003.
PMID: 25499459

Mopo3 B.B., Powickos H.A. OcTpast KPOBOIIOTePSI: perMOHAPHBIH KPO-
BOTOK 1 MUKpoUupKyssius (063op, Yacts I). Obwas peanumamo-
s0eus. 2016; 12 (2): 66-89. DOI: 10.15360/1813-9779-2016-2-56-65
Mopos B.B., Pviockos H.A. OcTpasi KpOBOIIOTEPSI: PETUOHAPHBIA
KPOBOTOK U MUKPOLUPKY/IAUs (0630p, yacTs II). Obwas pea-
Humamonozus. 2016; 12 (5): 65-94. DOI: 10.15360/1813-9779-
2016-5-65-94

Zhao J., Yan C., Xu L., Yan K., Feng B., Zhao M., Niu G., Wu M., Chen
C., Zhu H. The effect of pPolyHb on hemodynamic stability and me-
senteric microcirculation in a rat model of hemorrhagic shock. Artif
Cells Nanomed Biotechnol. 2017 Jun; 45 (4): 677-685. DOI: 10.1080/
21691401.2017.1282869

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Balzan S., de Almeida Quadros C., de Cleva R., Zilberstein B., Cecco-
nello I, Bacterial translocation: overview of mechanisms and clinical
impact. J Gastroenterol. Hepatol. 2007; Apr; 22 (4): 464-471. DOIL
10.1111/j.1440-1746.2007.04933. PMID: 17376034

Chernevskaya E.A., Beloborodova N.V.Gut Microbiome in Critical Illness
(Review). Obshchaya reanimatologiya= General Reanimatology. 2018;
14 (5): 96-119. [In Russ.] DOI: 10.15360/1813-9779-2018-5-96-119
Fulop A., Turoczi Z., Garbaidsz D., Harsdnyi L., Szijdrio A. Experimen-
tal models of hemorrhagic shock: a review. Eur. Surg. Res. 2013; 50 (2):
57-70 DOI: 10.1159/000348808

Lomas-NieraJ.L., Perl M, Chung CS, Ayala A. Shock and hemorrhage:
an overview of animal models. Shock. 2005; 24 (1): 33-39 PMID:
16374370

Lundsgaard-Hansen P Component therapy of surgical hemorrhage:
red cell concentrates, colloids and crystalloids. Bibl Haematol. 1980;
(46): 147-69 PMID: 7378036

Medby C.1s There a Place for Crystalloids and Colloids in Remote Da-
mage Control Resuscitation? Shock. 2014; 41: 47-50. DOI: 10.1097/shk.
0000000000000117

Magnotti L.J., Upperman J.S., Xu D.Z., Lu Q., Deitch E.A. Gut-derived
mesenteric lymph but not portal blood increases endothelial cell per-
meability and promotes lung injury after hemorrhagic shock. Ann.
Surg. 1998; Oct; 228 (4): 518-527. PMID: 9790341

Wang Z.T, Yao Y.M., Xiao G.X., Sheng Z.Y. Improvement of bifidobac-
terial supplement on the barrier function of intestinal mucosa and
microbe flora induced by thermal injury in rats. Zhongguo Wei Zhong
Bing Ji Jiu Yi Xue. 2003; Mar; 15 (3): 154-158. PMID: 12831619
Garcia-Hernandez V., Quiros M., Nusrat A. Intestinal epithelial clau-
dins: expression and regulation in homeostasis and inflammation.
Ann. NY Acad. Sci. 2017; Jun; 1397 (1): 66-79. DOI: : 10.1111/nyas.
13360. PMID: 28493289

Baxevanos N., Giamarellos-Bourboulis E.J., Pistiki A., Korre M., Drog-
giti D.I., Tsaganos T. Bacterial translocation induces proinflammatory
responses and is associated with early death in experimental severe
injury. J. Surg. Res. 2013; Dec; 185 (2): 844-850 DOI: 10.1016/j.jss.
2013.07.026. PMID: 23953792

Zhang Y, Zhang J, Xu T, Wu W, Huang EE, Yu W.Q., Zhang S.Y., Liang
T.B. Allicin ameliorates intraintestinal bacterial translocation after
trauma/hemorrhagic shock in rats: The role of mesenteric lymph
node dendritic cell. Surgery. 2017 Feb; 161 (2): 546-555. DOI:
10.1016/j.surg.2016.08.029.

Yakovlev A.Y.,, Kichin V.V,, Nikolsky V.O., Kalentyev G.V,, Ryabikov D.V,,
Ryabikova M.A., Protasov D.M., Galanina T.A., Smerkalov A.Y., Evdo-
kimova O.S. Efficacy of Employment of Isotonic Sterofundin after Ex-
perimental Hemorrhagic Shock. Obshchaya reanimatiligiya=General
Reanimatology. 2013; 9 (3): 24. [In Russ.]

Kojima M., Gimenes-Junior J.A., Chan T.W,, Eliceiri B.R, Baird A., Co-
stantini TW,, Coimbra R. Exosomes in postshock mesenteric lymph
are key mediators of acute lung injury triggering the macrophage ac-
tivation via Toll-like receptor 4. FASEBJ. 2018; Jan; 32 (1): 97-110. DOL:
10.1096/1).201700488R. PMID: 28855278

Kojima M., Gimenes-Junior J.A., Langness S., Morishita K., Lavoie-
Gagne O., Eliceiri B., Costantini T.W., Coimbra R. Exosomes, not pro-
tein or lipids, in mesenteric lymph activate inflammation: Unlocking
the mystery of post-shock multiple organ failure. J. Trauma Acute
Care Surg. 2017; Jan; 82 (1): 42-50. DOI: 10.1097/TA.000000
0000001296. PMID: 27779585

Renner L., Kahlert S., Tesch T., Bannert E., Frahm J., Barta-Bészor-
ményi A., Kluess ., Kersten S., Schonfeld P, Rothkotter H.J., Dénicke S.
Chronic DON exposure and acute LPS challenge: effects on porcine
liver morphology and function. Mycotoxin Res. 2017; Aug; 33 (3): 207-
218. DOI: 10.1007/s12550-017-0279-9. PMID: 28474303

Depboylu B., Giris M., Olgac V., Dodru-Abbasodlu S., Uysal M. Res-
ponse of liver to lipopolysaccharide treatment in male and female
rats. Exp. Toxicol. Pathol. 2013; 65: 645-650. DOI: 10.1016/j.etp.
2012.07.004. PMID: 22884257

Zhou G., Dada L.A., Wu M., Kelly A., Trejo H., Zhou K., Varga J., Sznaj-
der J.1. Hypoxia-induced alveolar epithelial-mesenchymal transition
requires mitochondrial ROS and hypoxia-inducible factor 1. Am. J.
Physiol. Lung. Cell. Mol. Physiol. 2009; 297 (6): 1120-1130. DOI:
10.1152/ajplung.00007.2009.

Kaistha A., Levine J. Inflammatory bowel disease: the classic gastroin-
testinal autoimmune disease. Curr. Probl. Pediatr. Adolesc. Health
Care. 2014; Dec; 44 (11): 328-334. DOI: 10.1016/j.cppeds.2014.10.003.
PMID: 25499459

Moroz V.V, Ryzhkov I.A. Acute Blood Loss: Regional Blood Flow and
Microcirculation (Review, Part I). Obshchaya renimatologiya =Gene-
ral Reanimatology. 2016; 12 (2): 66-89. [In Russ., In Engl.] DOIL:
10.15360/1813-9779-2016-2-56-65

Moroz V.V,, Ryzhkov I.A. Acute Blood Loss: Regional Blood Flow and
Microcirculation (Review, Part IT). Obshchaya reanimatologiya=Ge-
neral Reanimatology. 2016; 12 (5): 65-94. [In Russ., In Engl.] DOI:
10.15360/1813-9779-2016-5-65-94

Zhao ], Yan Cl, Xu L, Yan K1, Feng B, Zhao M, Niu G, Wu M, Chen C,
Zhu H. The effect of pPolyHb on hemodynamic stability and mesen-
teric microcirculation in a rat model of hemorrhagic shock. Artif Cells
Nanomed Biotechnol. 2017 Jun; 45 (4): 677-685. DOI: 10.1080/
21691401.2017.1282869

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 4



DOI:10.15360/1813-9779-2019-4-76-87

BKCHepI/IMeHTa.HI)HbIe HCCJJaeqoBaHuA

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Torres Filho I. Hemorrhagic Shock and the Microvasculature. Compr
Physiol. 2017 Dec 12; 8 (1): 61-101. DOI: 10.1002/cphy.c170006.
PMID: 29357125
Balogh Z., Wolfird A., Szalay L., Orosz E., Simonka J.A., Boros M. Dal-
teparin sodium treatment during resuscitation inhibits hemorrhagic
shock induced leukocyte rolling and adhesion in the mesenteric mic-
rocirculation. J. Trauma. 2002; 52 (6): 1062-1069. DOI: 10.1097/0000
537320020600000007. PMID: 12045631
Arai Y., Mizugishi K., Nonomura K., Naitoh K., Takaori-Kondo A., Ya-
mashita K.Phagocytosis by human monocytesis required for the sec-
retion of presepsin. J. Infect. Chemother. 2015; Aug; 21 (8): 564-569
DOI:10.1016/j.jiac.2015.04.011.
Chenevier-Gobeaux C., Bardet V., Poupet H., Poyart C., Borderie D.,
Claessens Y. Presepsin (sCD14-ST) secretion and kinetics by periphe-
ral blood mononuclear cells and monocytic THP-1 cell line. Clin.
Chim. Acta. 2016; 74 (1): 93-97 DOI: 10.1684/abc.2015.1112
Bamba Y., Moro H., Aoki N., Koizumi T., Ohshima Y., Watanabe S. In-
creased presepsin levels are associated with the severity of fungal
bloodstream infections. PLoS ONE 2018; Oct. 31, 13 (10): e0206089.
DOI: 10.1371/journal.pone.0206089
Stavrou G., Arvanitidis K., Filidou E., Fotiadis K., Grosomanidis V., loan-
nidis A., Tsaousi G., Michalopoulos A., Kolios G., Kotzampassi K. Com-
bined Enteral and Parenteral Glutamine Supplementation in Endoto-
xaemic Swine: Effects on Portal and Systemic Circulation Levels. Med.
Princ. Pract. 2018; Sep 5. DOI: 10.1159/000493481. PMID: 30184534
Fan]., Wu]., Wu L.D., Li G.P., Xiong M., Chen X., Meng Q.Y. Effect of-
parenteral glutamine supplementation combined with enteral nut-
rition on Hsp90 expression and lymphoid organ apoptosis in severely
burned rats. Burns. 2016; Nov; 42 (7): 1494-1506. DOI:
10.1016/j.burns.2016.02.009. Epub 2016 Sep 6. PMID: 27613477
Meng]., Wang Q., Liu K., Yang S., Fan X., Liu B., He C., Wu X. Systemic
and Splanchnic Lipopolysaccharide and Endothelin-1 Plasma Levels
in Liver Cirrhosis before and after Transjugular Intrahepatic Porto-
systemic Shunt. Gastroenterol. Res. Pract. 2016; 2016: 8341030. DOTI:
10.1155/2016/8341030. Epub 2016 Jan 31. PMID: 26941788
Wu C.Y., Yeh Y.C., Chien C.T., Chao A., Sun W.Z., Cheng Y.J. Laser
speckle contrast imaging forassessing microcirculatory changes in
multiple splanchnic organs and the gracilismuscle during hemorr-
hagic shock and fluid resuscitation. Microvasc. Res. 2015; 101: 55-61.
DOI: 10.1016/j.mvr.2015.06.003. PMID: 26093177
Gao F., Fu X, Qian M, Zhang Y, Li G, Hu J. Changes of small intestinal
villi microcirculation in sidestream dark-field imaging with different
target blood pressure in rabbits during endotoxin shock. Zhonghua
Wei Zhong Bing Ji Jiu Yi Xue. 2017 Apr; 29 (4): 311-315. doi:
10.3760/cma.j.issn.2095-4352.2017.04.005.
Schulz K., Sommer O., Jargon D., Utzolino S., Clement HW., Strate T.,
von Dobschuetz E. Cytokine and radical inhibition in septic intestinal
barrier failure. J. Surg. Res. 2015; Feb; 193 (2): 831-840. DOI:
10.1016/j.j5.2014.08.056. PMID: 25277359
Liu P.S., Ho P.C. Determining Macrophage Polarization upon Meta-
bolic Perturbation. Methods Mol. Biol. 2019; 1862: 173-186. DOI:
10.1007/978-1-4939-8769-6_13. PMID: 30315468
McNeil C.J., Hoskin S.O., Bremner D.M., Holtrop G., Lobley G.E.
Whole-body and splanchnic amino acid metabolism in sheep during
an acute endotoxin challenge. Br. J.Nutr. 2016 Jul; 116 (2): 211-222.
DOI:10.1017/S0007114516001860. PMID: 27189533
Kao R.L.C., Xu X., Xenocostas A., Parry N., Mele T., Martin C.M., Rui T.
Cpeptide attenuates acute lung inflammation in a murine model of
hemorrhagic shock and resuscitation by reducing gut injury. Trauma
Acute Care Surg. 2017; Aug; 83 (2): 256-262. DOI: 10.1097/TA.00000
00000001539. PMID: 28452895
YiJ., Slaughter A., Kotter C.V., Moore E.E., Hauser C.J., Itagaki K., Woh-
lauer M., Frank D.N., Silliman C., Banerjee A., Peltz E. A «clean case»
of systemic injury: 13 mesenteric lymph after hemorrhagic shock eli-
cits a sterile inflammatory response. Shock. 2015; Oct; 44 (4):
336-340. DOI: 10.1097/SHK.0000000000000431
Kontouli Z., Staikou C., Iacovidou N., Mamais I., Kouskouni E., Papa-
lois A., Papapanagiotou P., Gulati A., Chalkias A., Xanthos T. Resus-
citation with centhaquin and 6% hydroxyethyl starch 130/0.4 impro-
ves survival in a swine model of hemorrhagic shock: a randomized
experimental study. Eur. J. Trauma Emerg. Surg. 2018; Jul 13. DOI:
10.1007/s00068-018-0980-1 PMID: 30006694
Busuito C.M., Ledgerwood A.M., Lucas C.E. Colloid with high fresh
frozen plasma/red blood cell resuscitation does not reduce postope-
rative fluid needs. J. Trauma Acute Care Surg. 2014 Apr.; 76 (4):
1008-1012. DOI: 10.1097/TA.0000000000000183 PMID: 24662864
Mocrynuia 07.12.18

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Torres Filho I. Hemorrhagic Shock and the Microvasculature. Compr
Physiol. 2017 Dec 12; 8 (1): 61-101. DOI: 10.1002/cphy.c170006.
PMID: 29357125
Balogh Z., Wolfdrd A., Szalay L., Orosz E., Simonka J.A., Boros M. Dal-
teparin sodium treatment during resuscitation inhibits hemorrhagic
shock induced leukocyte rolling and adhesion in the mesenteric mic-
rocirculation. J. Trauma. 2002; 52 (6): 1062-1069. DOI: 10.1097/0000
537320020600000007. PMID: 12045631
Arai Y, Mizugishi K., Nonomura K., Naitoh K., Takaori-Kondo A., Ya-
mashita K. Phagocytosis by human monocytesis required for the sec-
retion of presepsin. J. Infect. Chemother. 2015; Aug; 21 (8): 564-569
DOI: 10.1016/j.jiac.2015.04.011.
Chenevier-Gobeaux C., Bardet V., Poupet H., Poyart C., Borderie D.,
ClaessensY. Presepsin (sCD14-ST) secretion and kinetics by periphe-
ral blood mononuclear cells and monocytic THP-1 cell line. Clin.
Chim. Acta. 2016; 74 (1): 93-97 DOI: 10.1684/abc.2015.1112
Bamba Y., Moro H., Aoki N., Koizumi T., Ohshima Y., Watanabe S. In-
creased presepsin levels are associated with the severity of fungal
bloodstream infections. PLoS ONE 2018; Oct. 31, 13 (10): e0206089.
DOI: 10.1371/journal.pone.0206089
Stavrou G., Arvanitidis K., Filidou E., Fotiadis K., Grosomanidis V., Ioan-
nidis A., Tsaousi G., Michalopoulos A., Kolios G., Kotzampassi K. Com-
bined Enteral and Parenteral Glutamine Supplementation in Endoto-
xaemic Swine: Effects on Portal and Systemic Circulation Levels. Med.
Princ. Pract. 2018; Sep 5. DOI: 10.1159/000493481. PMID: 30184534
Fan ., Wu J., Wu L.D., Li G.P, Xiong M., Chen X., Meng Q.Y. Effect of-
parenteral glutamine supplementation combined with enteral nut-
rition on Hsp90 expression and lymphoid organ apoptosis in severely
burned rats. Burns. 2016; Nov; 42 (7): 1494-1506. DOI:
10.1016/j.burns.2016.02.009. Epub 2016 Sep 6. PMID: 27613477
Meng]J., Wang Q., Liu K, Yang S., Fan X., Liu B., He C., Wu X. Systemic
and Splanchnic Lipopolysaccharide and Endothelin-1 Plasma Levels
in Liver Cirrhosis before and after Transjugular Intrahepatic Porto-
systemic Shunt. Gastroenterol. Res. Pract. 2016; 2016: 8341030. DOI:
10.1155/2016/8341030. Epub 2016 Jan 31. PMID: 26941788
Wu C.Y, Yeh Y.C., Chien C.T, Chao A., Sun W.Z., Cheng Y.J. Laser spec-
kle contrast imaging forassessing microcirculatory changes in mul-
tiple splanchnic organs and the gracilismuscle during hemorrhagic
shock and fluid resuscitation. Microvasc. Res. 2015; 101: 55-61. DOI:
10.1016/j.mvr.2015.06.003. PMID: 26093177
Gao E, Fu X, Qian M, Zhang, Li G, Hu J. Changes of small intestinal
villi microcirculation in sidestream dark-field imaging with different
target blood pressure in rabbits during endotoxin shock. Zhonghua
Wei Zhong Bing Ji Jiu Yi Xue. 2017 Apr; 29 (4): 311-315. doi:
10.3760/cma.j.issn.2095-4352.2017.04.005.
Schulz K., Sommer O., Jargon D., Utzolino S., Clement HW,, Strate T,
von Dobschuetz E. Cytokine and radical inhibition in septic intestinal
barrier failure. J. Surg. Res. 2015; Feb; 193 (2): 831-840. DOI:
10.1016/j.jss.2014.08.056. PMID: 25277359
Liu PS., Ho PC. Determining Macrophage Polarization upon Meta-
bolic Perturbation. Methods Mol. Biol. 2019; 1862: 173-186. DOI:
10.1007/978-1-4939-8769-6_13. PMID: 30315468
McNeil C.J., Hoskin S.O., Bremner D.M., Holtrop G., Lobley G.E.
Whole-body and splanchnic amino acid metabolism in sheep during
an acute endotoxin challenge. Br. J.Nutr. 2016 Jul; 116 (2): 211-22.
DOI:10.1017/S0007114516001860. PMID: 27189533
Kao R.L.C., Xu X., Xenocostas A., Parry N., Mele T., Martin C.M., Rui T.
Cpeptide attenuates acute lung inflammation in a murine model of
hemorrhagic shock and resuscitation by reducing gut injury. Trauma
Acute Care Surg. 2017; Aug; 83 (2): 256-262. DOI: 10.1097/TA.0000
000000001539. PMID: 28452895
YiJ., Slaughter A., Kotter C.V,, Moore E.E., Hauser C.J., Itagaki K., Woh-
lauer M., Frank D.N., Silliman C., Banerjee A., Peltz E. A «clean case»
of systemic injury: 13 mesenteric lymph after hemorrhagic shock eli-
cits a sterile inflammatory response. Shock. 2015; Oct; 44 (4): 336-
340. DOI: 10.1097/SHK.0000000000000431
Kontouli Z., Staikou C., Iacovidou N., Mamais I., Kouskouni E., Papa-
lois A., Papapanagiotou R, Gulati A., Chalkias A., Xanthos T. Resusci-
tation with centhaquin and 6% hydroxyethyl starch 130/0.4 improves
survival in a swine model of hemorrhagic shock: a randomized ex-
perimental study. Eur. J. Trauma Emerg. Surg. 2018; Jul 13. DOI:
10.1007/s00068-018-0980-1 PMID: 30006694
Busuito C.M., Ledgerwood A.M., Lucas C.E. Colloid with high fresh
frozen plasma/red blood cell resuscitation does not reduce postope-
rative fluid needs. J. Trauma Acute Care Surg. 2014 Apr.; 76 (4): 1008-
1012. DOI: 10.1097/TA.0000000000000183 PMID: 24662864
Received 07.12.18

GENERAL REANIMATOLOGY, 2019, 15; 4

www.reanimatology.com

87



88

IIpaBusIa JJIsA pyCCKOSI3BIMHBIX ABTOPOB JKypHaJIa «001ass peaHnMaTOJIOTHsD»

C y4eToM peKOMeHAIHil pOCCUIICKoI Acconialiuy HayYHbIX pefakTopoB u uanareseii (PAHPU)
u International Committee of Medical Journal Editors (ICMJE) pexakus 25.09.2018

IIpaBoBbI€ U ITUYECKHUE ACTIEKTHI MyOJIUKA-
IIMH PYKOIIMCH

YcioBusA NyOTUKAIUMU PYKOIHCH

— PykonucH myO/IMKYIOTCS IPY 06513aTeTHBHOM
COOJTIOZIEHNH aBTOPOM 9THKY Y TIPABHJI ITyOJTUKATIIN
(mompobHee Ha caliTe sKypHaJIa: www.reanimatol-
ogy.com).

— Pykonucu myOJIMKYIOTCST C COOJTIOIEHEM
HOPM aBTOPCKOTO MpaBa U KOHMHUIEHITUATHHOTO
OTHOIIIEHMA K TIEepCOHAJTbHBIM JdaHHBIM aBTOPOB.

— Pyronucu ny0IMKyOTCS OecriaTHO.

— Pyxkonucy, npuHATHIE B KypHAJ, IPOXO-
JSAT pelleH3npoBaHue Ha OPUTHHAJIBHOCTD, 9THY-
HOCTb, 3BHAYUMOCTH, aJ€KBATHOCTb CTAaTUCTHUYE-
CKO 00paboOTKM MaHHBIX Ha  YCJOBUAX
KOH(UJIEHIINATBHOCTH 33 HCKJIIOYEHHEM BbI-
sIBJIEHUS (PaTbCUDUKAITUN JTAHHBIX.

— Penkosuterust ocraBJisieT 3a cCO00# IpaBo
COKpAIATh ¥ PEeJAKTHPOBATh PYKOIIHCH.

HpI/I‘—II/IHBI CHATHUA C IeYaTu U 3aJCP:KKHU
MyOJTMKaUH PYKOIIMCH

— Pykomucu, He COOTBETCTBYIOIIWE IIPO-
¢utio sRypHaIa, He TPUHUMAIOTCH.

— Pykomnucy, paHee onyOJIMKOBaHHBIE, a
TaK’Ke HalpaBJIeHHbIE B JPYroil >KypHaJI WA
cOOPHUK, He MPUHUMAIOTCA. VICK/TIOUeHe COCTaB-
JISTIOT TIepPEeBObI Ha PYCCKUM/aHTTTUHUCKAHN SI3BIK
OTEJIbHBIX CTaTeH, UMEIOIINX OOJIBIIIOE TTPAKTH-
YecKkoe 3HAYEHVe W/WJIM TPEeCTaBIISIONINX 0CO-
OBII HAYYHBIN HHTEPEC, OTIPe/IeIsIEMbIH AKTyaJIb-
HOCTBIO TeMaTukKu, BBICOKMMHU NHOEKCOM
IATUPOBAHUS, 3AITPOCOM IO KJIFOYEBBIM CJIOBAM.

— 3a HekoppekTHOe 0pOpMJIeHNE U HENO-
CTOBEPHOCTH ITpe/ICTaB/IsIEMBIX Onbrorpadmnde-
CKUX OAaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTDH
BIIJIOTH 1O CHATUA PYKOIIMCHU C IIedaTu.

— Hapymenve npaBusi oOpMJIEHUST PYKO-
TIVICH, HECBOEBPEMEHHBIH, a TAKKe HealeKBaTHBIN
OTBET Ha 3aM€YaHUA PEIEH3€HTOB 1 HAYYHbBIX pe-
JAKTOPOB MPUBOJIAT K 3a/IEPKKE MYOJIHKAIINH 10
VICIIPaBJIEHHST YKa3aHHBIX HEJOCTATKOB. [Ipu UrHO-
PUPOBaHUM 3aMeYaHUN peleH3eHTOB U Hay4YHbIX
PETAKTOPOB PYKOITUCH CHUMAETCS C JATbHEHNIIIEro
pacCMOTpEHHUS.

— Pykomucu OTKJIOHEHHBIX PadoT pemak-
el He BO3BPAIIAIOTCS.

HNHTepecsl ctopoH: ABTOp/Pegakuus

Penmaxiyisi octaBsisieT 3a OO0 MPaBo CUNUTATH,
YTo:

— aBTOPBI, IPEJ0CTABUBIIIHE PYKOIUCH IS
myoJIMKanuu B skypHas «O0Iasi peaHnuMaroJio-
rus», COrJIaCHbI C YCJIOBUAMU HY6JII/IKaHI/II/I " OT-

KJIOHEHUST PYKOIIMCH, a TaKKe C IpaBUJIaMU ee
odopmIieHHs.

— aBTOp, OTBETCTBEHHBIN 32 MEPENUCKY C
penakIe, BhIpaskaeT MO3UIINI0 BCETO aBTOP-
CKOTO KOJIJIEKTHUBA.

Pemaxiius v n3maTe/IbCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHWUSI, N3JI0’KEeHHBIE B ITy0JIIKa-
WX, @ TAKIKE 32 COJlepIKaHue PeKJIaMBI.

l'apanTnu pegakuuu

JIt06bIe PYKOTIMCH, TIOJTyYeHHBIE PeJaKITuei
IUIS pereHsupoBaHusi, OyIyT BOCIPUHUMATHLCS
Kak KOH(UIeHIMaIbHbIe JOKYMEHTHI. OHH He
MOTYT OBITH ITOKA3aHbI IPYTUM JIUIIAM U 00CYK-
MIeHbI C HUMHY, 32 MCKJIIOYEHNEM JIUII, YIIOJTHOMO-
YeHHBIX peJaKIe.

HeomyOsimkoBaHHBIE MaTepwWabl, HAXOIsI-
Imyecsi B IPeI0CTaBJIeHHOU cTaThbe, He OYIyT HC-
MM0JIb30BaHbI B COOCTBEHHOM HCCJIEJOBAHNY Ha-
VYHOTO pemakTopa U peleH3eHTOB 0e3
MMICbMEHHOTO pa3pereHust aBTopa.

Perien3eHT He OyJeT MOIYIIEH K pacCMOTpe-
HUIO PyKOTIMCH, €CJTA IMEET MEeCTO KOH(MDJIUKT WH-
TepPeCcOB B €r0 KOHKYPEHTHBIX, TAPTHEPCKUX JIMOO
JPYTUX OTHOIIIEHUSIX C KEM-JTN00 13 aBTOPOB, KOM-
MMaHWH U OPTaHU3AINH, CBSI3aHHBIX C MaTepua-
JIOM TTyOJTUKAITAT.

ABTOpPBI UMEIOT TTPABO MOJYYUTH IO 3AMPOCY
MHGOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O TIOJI-
TOTOBKe, 0(pOPMJIEHNH Y TIPOABUKEHUN PYKOTIVICH:
journal_or@mail.ru; www.reanimatology.com. ABTop,
OTBETCTBEHHBIN 34 TIEPETHCKY C peaaKIne, oJTy-
YaeT I10 3JIEKTPOHHOU TIOYTE TEKCTHI PEIleH3U; pe-
IIIeHVe PEIKOJIJIETTH O TyOJIMKAINY U OTKJIOHE-
HUY PYKOITCH C 000CHOBAHVEM ITPUYUHEI; BEPCTKY
OTpeNaKTUPOBAHHOTO BapraHTa PyKOIMCH IJISI TI0-
JIy9eHUST aBTOPCKOTO COTVIACHSI Ha ITyOJTUKAITHIO.

l'apanTnu ABTOpa
IIpemocraBieHHasAs B PeJaKIAI0 PYKOIMUCH
IIOJIHOCTBIO  OpurnHasbHa. Mcnoab3oBaHue

JIIOOBIX MATEPHUAJIOB, 3ATUIIEHHBIX JIMIIEH3UEH OT
HECaHKIM0- HUPOBAHHOTO BOCIIPOU3BEJIEHUS, J10-
MyCKaeTcsl TOJBKO C TUCbMEHHOTO pa3perieHust
npaBooOJiagaressi(eir) M Tpu  00sA3aTeTbHOU
CCBLJTKE Ha aBTOPOB.

CHuCOK aBTOPOB COJEPIKUT TOJBKO TEX JIHII,
KOTOpbI€ BHECJIN OHIYTI/IMLIfI BRKJIad B KOHIIEII-
W10, IIPOEKT, NCIIOJTHEHNE NI UHTEePIIPpETAIIUIO
3asABJIEHHOU PabOTHI, TO €CTh TEX JIUI], KOTOPbIE
COOTBETCTBYIOT KPUTEPHUSIM aBTOPCTBA.

PyKOTIHCH HE CONIEP?KUT MaTepHAaJIOB, 3arpe-
IIIEHHBIX B OTKPBITOH ITeYaTH IeHCTBYIOITAM 3aKO0-
HojaTe ibcTBOM Poccumu.

www.reanimatology.com
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I[IpaBuJia nas aBTOpPOB

KoH@uuKT nHTEpecoB cTopoH: ABTOp/Penak-
1y

KongukT naTepecoB cTopoH ABTOp/Penak-
LM pelIaeTcs IyTeM IIeperoBopoB CTOPOH, B CIIy-
4ae HeyperyJIupOBaHHBIX IIyTeM IIeperoBOPOB
pasHoOIIACUl — B COOTBETCTBUU C 1€ CTBYIOIINM
3aKOHOJATeJIbCTBOM PD 1 MesKIyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMU aKTaMU, PeryjJupylolMu
MyOJIMKANIAIO PYKOITUCEH B HAYYHO-TTPAKTUYECKUX
MeUIMHCKUX YKypHaJIax.

Comracue Ha IyOJIMKAIAIO OTPEJaKTUPOBaH-
HOI'0 MaTepuaJjia BbIpa)kaeT aBTOp, OTBETCTBEH-
HBII 3a Iepenucky ¢ pegakuueil. Ilocse
03HAKOMJIEHUSI C BepCTKOI OH HaIlpaBJisieT B pe-
JAKITUIO 3JIEKTPOHHOE IMChbMO 10 OAHOU U3 IpeJ-
CTaBJIEHHBIX OPM:

1) ABTOpPBI* COWTACHBI HA ITyOJIUKAITIIO PYKO-
mUCcKU** B TIpeICTaBJIEHHOM BHJIE.

2) ABTOpBI* COIVIACHBI HA MYOJTUKAIINIO PYKO-
nucu™** 1mocjie BHECEHUs B BEPCTKY CJIEAYIOIIUX
IIPaBOK:... (ajiee caenyeT epedeHb C YyKadaHueM
HOMepa CTpaHUIlbI TPAHOK BEPCTKHU, HOMepa a0-
3arra, HoMepa CTPOKH B ab3alie ¥ caMoil ITPaBKH).

*YKkasbpIBaeTcs BeCchb aBTOPCKHUU cocTaB. **
‘YKa3bIBaeTCsl Ha3BaHUe PYKOIIUCH.

Cpoxk omnoselieHus pelfakKuu O IPUHATOM
aBTOpaMu pelnreHnn — He 0oJjiee 3-X THEN C MO-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a [IepeNuCKy C peJaKiuei.

Buumanme! Ha cTaguy BepCTKU TOIyCKACTCSA
MpaBKa ONE€YaTOK, OMIMOOYHBIX ITU(p U cJIoB. Pe-
JaKTHpOBaHue MarepraJia (3aMeHa, UCKJII04YEeHNe,
nmobaBJIeHre TPeJIoYKeHNH, ab3arieB 1 MILTIOCTPa-
THUBHBIX OJIOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble H3MEHEHHs BEpPCTKU IIPpUBOAAT K ee
YIOPOYKAaHUIO U 3aJlepPsKKe BBIIIYCKA B CBA3U C IIe-
pedopmaTrpoBaHreM U 0OHOBJIEHVEM ITEPEBOA
TeKCTa Ha aHVIMACKUH s13bIK. B TakoM ciydae pe-
JaKIKs CHUMaeT Mareprall C ledaTu ¥ IIepeHOCUT
€ero Imy0JIMKAIMIO B IPYTO HOMEP B OTPEIaKTUPO-
BaHHOM aBTOpaMH BHUJIE.

CpoOKH IpOABHIKEHH 1 PyKOIIUCH

— JKCIlepTHU3a Ha COOTBETCTBHE MPOQUIIIO
’KYpHaJsa v npaBuiaMm odopmieHus — He DoJjee
3-X pabouux THEN C MOMEHTa MTOCTYIJIEHUST PYKO-
IIMCU B PeJAKIHUIO.

— PeniensupoBanue — He 0oJjee 20-u pado-
4YUX THEN C MOMEHTA 3JIEKTPOHHOHN OTIIPABKU pe-
LIEH3€HTY PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOM OTITPABKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIETUU B OYHO-3a0YHOU
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
nioJie, ceHTsiIOpe 1 HosIOpe) He TIO3/IHEE, YeM 3a
1 MecAn [0 BBINTYCKA TUpaska KypHaJa.

OTnpaBKka MaTepHaJIoOB JJIsI HyO KA

MarepwuaJibl Jjisi TIyOJUKAIMA Ha PyCCKOM U
AHIVIMMCKOM SI3BIKAX CJIelyeT HAIPaBJIsATh B BUJIE

\ INIEN
EGHOE] e
1=4
0025015

lIEaH0OE
TEKCT TEKCT

OI022018 1022018
3JIEKTPOHHBIX (paiijioB HA CAliT sKypHAJIA: WWW.Te-
animatology.com, niu 1o agpecy peJakiuu: jour-
nal_or@mail.ru. dPopmar mnoanucu GHanIoB:
¢damuausa mepBoro aBTopa, 0603HaUYEHHE MaTe-
puaJsa (TeKCT, WJII0CTPpalUy U Ap.), AaTa (4UCIIo,
MecsIl, rox). [Ipu 0oOHOBJIEHNH BepCuil pyKOIUCH
U ee IPUJIOKEHUN (TabJIUIIbI, UJLIOCTPAIIUN) B
¢opmare moanucu ¢aiJIoB MEHSETCS TOJbKO
mara.

IIpumep:

Baumanwue! [1o/THOCTHIO aBTOMAaTU3UPOBAH-
HBIU IEPEBOT C PYCCKOTO sI3bIKA Ha aHTTIUHCKUMI
nMeeT HU3KOE KAa4eCTBO M He NPUHUMAETCH.
HKO donng «MengunmuHa KPpUTHUYECKUX COCTOSI-
HUI» OKa3bIBAET COJIEVCTBUE B TIEPEBOEe MaTe-
pHUAJIOB 7151 MyOJUKAIIUK C PYCCKOTO SI3bIKA HA
AHIVIMMCKUHM (COpaBKU IO aApecy pemaKkI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIo4aeT: 1) TUTYJIbHBIN
JIUCT 2) pe3ioMe U KJI0YeBbIe CJI0BA; 3) MOJHBIA
TEKCT PyKOIIUCH C IOJIIMCAMHU BCEX aBTOPOB Ha I10-
cJieTHEN CTPaHMIIE, TTOTBEP KIAIOIIUMHA UX aBTOP-
CTBO M COLIJIaCHe C COfepsKaHueM pyKOINUCHU
(mocJsieiHsIsI CTpPAHUIIA TPENOCTABJISIETCS B BUJE
CKkaHa); 4) TabJUIbI U WIIIOCTPanuu (rpaduku,
IrarpaMmel, poTorpaduu, pUCyHKHU U T. I1.) C HOMe-
pOM, Ha3BaHWEM U NIPUMeYaHueM; 5) Oubdarorpa-
¢duveckuii CMCcoK; 6) COMPOBOAUTETBHOE MUCHMO.

|1eatios

cDopma conpoeoaumeﬂbnoeo nucema:

[naBHOMY pefakTopy sKypHaJ/a
«O0111as1 peaHUMAaTOJIOTHSI»
3acJyy)KeHHOMY AeATeJsr0 Hayku Poccun,
wieH-KoppecnoHaenTy PAH, npodeccopy
B. B. Mopoay
[Ipocum Bac paccMmoTpeTb BO3MOYKHOCTH
nyoJIuKanum (Bupg pykonucu; Pamuiuy,
Nmena, OTuecTBa Bcex aBTOPOB; Ha3BaHUe PYKO-
nucH) B skypHaJie «O0111as peaHuMaToJa0TUsI».
ABTOPBI PYKONIMCU O3HAKOMJIEHEI ¢ THpOP-
Maluel AJ8 aBTOPOB sKypHaJa «O01as peaHu-
MaroJIoThs» U COIJIaCHBI C IIpaBUJaMu
MOJTOTOBKY, MOAAYM U NyOIUKALIUU PYKOIIHCH.
laHHasi pyKOIUCHh He TyOJIMPYeT IpeabIIy-
mue nyOJuKaluy, B Hell He 3aTparuBaloTCs UH-
Tepechl TPeTbUX CTOPOH M He HapylawTcsA
9TUYeCKre HOPMBI TyO/IUKALINH.
OTBETCTBEHHBI 3a IEPENUCKY C pelak-
nueit: ims, OtyectBo, PamMuans OGHOTO U3 aB-
TOPOB pyKonucH, e-mail, TesedoH.
HManee cM. Ha caiiTe www.reanimatology.com.
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PeMmaKkcon ana nevyeHu -

MpenapaT vHuunans:
NPV NOparKeHUsx

oV Tepanuu

pa3nn4yHoro reHesa: N
N o
Bo3pgencTByeT Ha OCHOBHbIE MEXaHW3Mbl pa3BUTUA :\L: g
NOBPEMAEHUA NeYeHu: Pevarcort \\ 8
- MUTOXOHOPWANbHYI0 AUCOYHKLIMIO Q;\
- NOBPEMKAEHME KNETOYHbIX MeMbpaH N PemaKCOﬂ®

- OKCMOATUBHbIN CcTpecc

pactaop ana MHY3MA

dKTUBUPYET KJIeETOYHOE ObiXaHue, NoBbILLaeT
3Heproo6ecnequme

/",

CTUMYNIUPYET CUHTE3 HYKIIE0TMA0B U 06MeHHbIe
NpoL,ecchbl B KNeTKax

CrnocobCTBYET YBESIMYEHMIO TEKYYECTU MeMbBpaH
renaToLMTOB, BOCMOJIHAET 3anachl FyTaTMoHa

ﬂ NonucaH

www.polysan.ru
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