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Clara Cell Protein (Club Cell Protein) is a New Diagnostic
Molecular Candidate Biomarker in Nosocomial Pneumonia
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Hosokomuanbnas nuesmonus (HII) ocraercst akTyanbHOi 1po01eMOil peaHuMaTOJ0rHH. SHAYUTEIbHBIMH TI€PCIIEKTHBAMA
B otHomennu nuarnoctuxu HIT o6nanaor moaekyaspusie 6uomapkepnt. Ieas uccnedosanus. Ouenntb uapOPMaTUBHOCTD
conepskanus 6enka kierok Kaapa (Club Cell Protein, CCP) B 1i1a3Me KpOBH B KaueCTBE JHarHOCTHYECKOTO KaHAHAATHOTO
MoJekyasipuoro 6uomapkepa npu HII. Mamepuanvt u memoovt. Uccaenosanue 6s110 nposeaeno 8 HUM OP PAMH B
2010—2013 rr. B uccaemosanue GbLIO BKIIOYEHO 85 GOJBHBIX B COOTBETCTBHH C KPUTEPHAMHU BKJIIOYEHHA M UCKIIOUEHHS, a
takske 30 monopos. {uarnocruka OPZIC u ero craamii npoBoaunack no kpurepusim HII1 OP PAMH. H3mepenue conep-
skanus Genka kiretok Kinapa (CCP) B IwW1agMe BBINOJHSIIM ¢ MOMOIIbI0 mMMyHodepmentroro merona Human Clara Cell
Protein ELISA, RD191022200, BioVendor, CIIIA. CraTucTiyecKuii aHaI1M3 MOJIYyYEHHBIX JAHHBIX NPOU3BOIUIM IPH TIOMO-
mu nakera Statistica 7,0. last onpeenenus yyscrButeabnocty u cnenuduynocry CCP 6ot nposeaed ROC-ananus. [lo-
CTOBepHbIM cunTaau pazamune npu p<0,05. Pesyromamoi. Conepxanne CCP B miazme 6ombubix HII 6bu10 B Teuenne 1, 3,
5 u 7 cyTOK uccienoBanus nuke, yeM y 6ombubix 6e3 HII. Conepskanue CCP B mwiazme Gosbubix HIT u Gosbubix 6e3 HIT
ObLIO B TEYEHHE BCEX CYTOK MCCIIE0BAHNS BbIIE, YeM Y 3/10POBbIX 0HOpoB. Hamu nokasaHo, 4to y GOJbHBIX, Y KOTOPHIX
HII 6bu1a BoizBana Pseudomonas aeruginosa (B accouuanuu ¢ ApyruMu Bo3Oyautensamu), coaepskanue CCP B mwiasme Kpo-
BU B 1-€ 1 3-1 CyT. GbLIO 3HAUMTENBHO HUKE, YeM y 60abHbIX Ge3 Pseudomonas aeruginosa. Conep:xxanue CCP B nepsbie
CYTKH HccaefoBanusa <17,5 Hr/mi o0Jaiaet 4yBCTBUTENBHOCTHIO 86,5% u cnenuduuHocTbio 66,7 % B OTHOIIEHHH AHATHOC-
tuku HII, BoizBannoii Pseudomonas aeruginosa (1iomaap nox kpusoii 0,74; 95% nosepurenbnsiii unrepsain 0,630—0,829;
p=0,0001). IIporHocTiyecKas EHHOCTD MMOJOKUTEIHHOrO Pe3yJbraTa JaHHOrO Tecta cocrasuia 81,8%, orpuiareabHoro
pesyabrata — 74,1%. 3axatouenue. 1I3yyeHa qUHAMHKA COIEPKAHUS B IUIa3Me KPOBH GOJIbHBIX HO30KOMHAIBHON THEBMO-
nuei 6eaxa kaerok Kaapa. Ilokasano, uro Genok knerok Knapa undopmaTuBen st IMarHOCTHKH HO30KOMUAJIbHOM ITHEB-
MOHUHM, BbI3BaHHOl Pseudomonas aeruginosa — conepsxaunue B wiazme kposu CCP B ieHb IHATHOCTUKH HO30KOMHAJIBHOI
nHeBMOHMH <17,5 Hr/MJ1 00J1aJaeT YyBCTBUTEILHOCTDIO 86,5% u cnenuduunoctbio 66,7% B orHOmenuu auarnoctuxu HII,
BbI3BaHHOI Pseudomonas aeruginosa. Knioueevie carosa. Hozoxomuanbnasi mieBMoOHus1, buomapkep, Genok kietox Knapa,
JUaTHOCTHKA, CEICHC.

Nosocomial pneumonia (NP) remains a relevant problem of resuscitation. Molecular biomarkers are significant promises
for diagnosing NP. Objective: to estimate the informative value of the plasma levels of Clara cell protein (Club Cell Protein,
CCP) as a diagnostic molecular candidate biomarker in NP. Subjects and methods. The investigation was conducted at the
Research Institute of General Reanimatology (RIGR), Russian Academy of Medical Sciences (RAMS), in 2010—2013. It
included 85 patients in accordance with the criteria of inclusion and exclusion and 30 donors. Acute respiratory distress
syndrome and its stages were diagnosed using the criteria of RIGR, RAMS. Plasma Clara cell protein (CCP) levels were
measured by the enzyme immunoassay Human Clara Cell Protein ELISA, RD191022200, BioVendor, USA. The findings
were statistically analyzed using the package Statistica 7.0. ROC curve analysis was made to determine the sensitivity and
specificity of CCP. The difference at p<0.05 was considered significant. Results. On days 1, 3, 5, and 7 of the investigation,
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the plasma CCP levels in patients with NP were lower than in those without this disease. Within all these days, the plasma
CCP concentrations in patients with and without NP were higher than in healthy donors. On days 1 and 3, the plasma con-
tent of CCP was much lower in patients in whom NP had been caused by Pseudomonas aeruginosa (in association with
other pathogens) than in those with NP uncaused by Pseudomonas aeruginosa. Within the first 24 hours, the CCP level of
<17.5 ng/ml had 86.5% sensitivity and 66.7% specificity in diagnosing Pseudomonas aeruginosa-induced NP (area under
curve, 0.74; 95% confidence interval, 0.630—0.829; p=0.0001). The prognostic value of the positive and negative results of
this test was 81.8 and 74.1%, respectively. Conclusion. The time course of changes in the plasma levels of Clara cell protein
was studied in the patients with nosocomial pneumonia. Clara cell protein was shown to be of informative value in the diag-
nosis of Pseudomonas aeruginosa-induced NP; on the day when nosocomial pneumonia was diagnosed, the plasma CCP
level of <17.5 ng/ml had 86.5% sensitivity and 66.7% specificity in diagnosing Pseudomonas aeruginosa-induced NP. Key
words: nosocomial pneumonia, biomarker, Clara cell protein, diagnosis, sepsis.
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BBenenue

Tsxenpie MHOEKINOHHBIE OCJOKHEHUS KPUTHYEC-
KHMX COCTOSIHUI, B YaCTHOCTU HO30KOMMAJIbHAS THEBMOHMUSI
(HII), siBstioTcsl akTyasibHBIMU TIPOOJIEMAME PEAHIMATO-
gorun [1—3]. HozokomnaibHas mHeBMOHNS — 3a00JeBa-
HUe, XapaKTepuaytolieecs MOsIBJICHUEM Ha PEHTreHOTpaM-
M€ HOBBIX 0YaroBO-MH(MDUIBTPATUBHBIX WM3MEHEHUN B
JIETKUX CIycTst 48 4 1 GoJiee 1ocjie roCuTaIu3aum B coue-
TaHWW € KIMHUYECKUMHU JAHHBIMH, TIO/ITBEPKIAIONIUMHU X
MHOEKIINOHHYIO TIPUPOJY (HOBAsI BOJIHA JIUXOPA/KHU, THOM-
Hast MOKPOTa MJIM THOWHOE OT/IE/IsIeMOe TPaxeoOpOHXHaIb-
HOTO JIEPEBA, JIEHKOIIMUTO3 U . ), TPU UCKIIOYEHUH NH(EK-
[1ii, KOTOPbIE UMEIUCh B WHKYOAIIMOHHOM II€PUOJE Ha
MOMEHT NOCTYILIeHHsT GOJIBHOTO B CTaliMoHap [4].

HosokoMuasibHast THEBMOHUS — camasi 4acTast HO30-
KOMHUaJIbHAsE MHQEKIUS B OTCJICHUSIX PEAaHNMATOJOTHH.
Yacrora HII y xupyprudeckux GoJbHBIX cocTaBisieT 6%
MoCsIe TUTAHOBBIX XUPYPTUYECKUX BMEIMATETbCTB U 15%
1ocJie 9KCTPEHHbIX. ATpuGyTHBHAs JieTalbHOCTh T1pu HIT
nocturaet 30%. Jlerampunocts mpu HII, BBI3BaHHON
Pseudomonas aeruginosa B acconmanuu ¢ IpyrumMu Bosoy-
nmuTessiMi, coctansieT 40—68% [5—6].

Caoespemennas aunartsoctuka HIT ompenensier pe-
3YJIBTATUBHOCTD JICYEHUST JAHHOTO TSIKEJIOTO MH(PEKITNOH-
HOTO OCJIOJKHeHUs. VMeronecst B HacTOsIIee BPeMsT KJIH-
HUYECKHEe M MHCTPYMEHTAJbHBIE METO/bl IMATHOCTUKH
HII o6sagaroT HUSKON 4yBCTBUTEIBHOCTBIO U crienuduy-
HOCTBI0. 3HAUNTEJIbHBIM TIOTEHIINATIOM B OTHOIIIEHUN PaH-
Hell JIMarHOCTUKH, MOHUTOpUHTA 3hdeKTUBHOCTH Jeve-
HUsT W TpoTHO3mMpoBanms wucxomoB HII obmamgaror
MOJIeKYJIsIpHbIe Oromapkepbl [7—12]

VpeanbHblii 6roMapkep JA0JKeH ObITh BKJIOUYEH B
naroreres HII, o6smagarh 10CTATOUHOI 4yBCTBUTENBHOC-
ThIO M CHENU(PUUHOCTBIO; Ba’KHA TaKKe JIEFKOCTh 3a00pa
MaTepHuasia ¥ TOYHOCTh METO/IMKK n3Mepenust. buomapkep
JTIOJKEH /1aBaTh BO3MOKHOCTD auarHoctukun HII panbie,
yeM OYyT JDOCTYIIHBI PE3YJBTaThl MUKPOOHOJOIUUECKUX
nceaenoBannii. B kagecTBe moTeHIManbHBIX OMOMapKEPOB
npu HIT o6cysknarorest poKaabIIMTOHUH, KOIIEIITHH, Pac-
TBOPUMBII TPUTTEPHBIN PEIENTOP MUETOUIHBIX KJIETOK
mepBoro tuma, C-peakTUBHBIN TPOTENH, MHTEPIEHKIH- 11,
UHrMOUTOP akTuBaropa miasmMuHoreHa 1 tuma, cypdax-
TaHTHbIE TIPOTENHBI U JIP.

MHoro4uc/jeHHble MCCIE0BAHNS HE TO/TBEPINIIN
JIUATHOCTUYECKON WJIM  TIPOTHOCTHYECKON 3HAYMMOCTH

Introduction

Severe infectious complications of critical states, e.g.
nosocomial pneumonia (NP) present a significant problem
[1—3]. Nosocomial pneumonia — is a disease which is char-
acterized by infiltration on chest X-ray 48 hrs. after hospi-
talization plus clinical data confirming the infectious
nature of these changes (new wave of fever, purulent
mucus, leucocytosis etc), excluding infections in incuba-
tion period at the time of admission [4].

Nosocomial pneumonia is the most prevalent nosoco-
mial infection in intensive care unit. Its incidence if 6%
after elective surgery and 15% after emergency. Attributive
mortality in NP is 30%. Mortality in NP caused by
Pseudomonas aeruginosa is up to 40—68% [5—6].

Prompt diagnosis of NP determines the outcome.
Current clinical and instrumental methods of NP diagno-
sis are of low sensitivity and specificity. Molecular bio-
markers present a great outlook for the diagnosis, monitor-
ing and prognostication of NP [7—12].

Ideal biomarker must be involved in the NP patho-
genesis, present good sensitivity and specificity. Molecular
biomarker should be informative before the obtaining of
the results of microbiological tests. Procalcitonin,
copeptin, soluble trigger receptor of myeloid cells type I,
C-reactive protein, interleukin-18, inhibitor of plasmino-
gen activator type I, surfactant protein were investigated
as candidate biomarkers of NP.

The diagnostic informativity of STREM-1 was not con-
firmed by the studies. Four large-scale studies of procalcitonin
as a biomarker of NP were highly heterogenic in design.
Procalcitonin sensitivity was 41—100%, specificity 97—100%.
Procalcitonin is important to make a decision to stop the
antibiotic therapy, but its use does not decrease the duration of
hospital stay or mortality [8—12]. No reliable data on C-reac-
tive protein exist [11—17]. None of the abovementioned bio-
markers is specific for the pulmonary inflammation. Search of
new molecular biomarkers of NP if of great importance.

The aim of investigation. To estimate the informativ-
ity of plasma Club Cell Protein (CCP) as a candidate mol-
ecular biomarker in NP,

Materials and Methods

This multicenter observation trial was performed at the
V. A. Negovsky research institute of general reanimatology in
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XapaKTepﬂCTI/IKI/I Tpynmn 1 noarpymnmn 00JIbHBIX HA MOMEHT BKJIIOUEHHS B HCCIeI0BaHuE

Patients characteristics

Parameters Value of parameters in the groups and subgroups
PNEUMONIA NO PNEUMONIA
Pseudomonas aeruginosa+  Pseudomonas aeruginosa —
Number of patients (7) 46 39
36 (78.2%) 10 (21.8%)
Sex (male/female) () 36/10 35/4
22/5 14/5
Mean age (years, M*o) 55.3+15.1 56.1+14.5
55.3+15.5 55.5£14.3
Nosologies (n) peritonitis 55% peritonitis 60%
pancreatitis 35% pancreatitis 32%
mediastinitis 10% mediastinitis 8%
APACHE 11 (scores, M+0) 15.0+4.1 14.4+3.9
16.0£4.9 16.8+£9.1
SOFA (scores, M+0) 7.0+2.6 5.5+2.4 %
6.7£2.2 7.1£2.7
Duration of intensive care unit stay, days 16.8+8.9 14.0+7.9
16.8+8.1 16.5£8.6
30-days mortality (n) 7 (15%) 6 (15%)
4 (8.6%) 3 (6.5%)

Note (npumeuanue). Parameters — mokasarenn; value of parameters in the groups and subgroups — 3nauerne mokasareseii B rpymmax
u noarpymniax; number of patients (n) — uucio 6ombHbIX (1); sex (male/female) (n) — mosn (MyskunHBI/sKeHIMHEBL) (77); Mean age
(year, M+0) — cpeanuii Bozpact (set, M*0); nosologies (n) — nozosorudeckast crpykrypa (n); APACHE II (scores, M+¢) — Gaibl
no mkaie APACHE IT; SOFA (scores, M*+¢) — 6asurbi 1o mikaiie SOFA; duration of intensive care unit stay, days — amreabHocTb 1ipe-
ObIBaHUS B OT/IEJIEHNH peaHnMarosioruu, cyT.; 30-days mortality (n) — 30-aueBHas neranprocts (7): PNEUMONIA — nHeBMOHUS;
NO PNEUMONTIA — et nueBMOHKH; peritonitis — nepuronuT; pancreatitis — mankpearut; mediastinitis — meauacrenut. * — P<0.05
reliable differences between groups, Newman-Keuls test (octoBepHOCTD pasnnauii MesKLy TPyTIamMn).

STREM-1 (pacTBOpMMBIil TPUTTEPHBII PEIENTOP, IKCIIPEc-
CHPYEMBbIiT Ha MUETOUAHBIX KJIeTKAX). YeTbIpe KPYIHBIX 1C-
CJIEI0BAHYS TI0 MH(MOPMATHBHOCTH TTPOKAIBIIITOHNHA TPH
HIT kpaiite pasHOPOAHBI 110 BBIOOPKaM OOJIBHBIX U UCTIOJb-
30BaHHBIM METOANKAM. UyBCTBUTETLHOCTD TPOKATBITUTOHH-
Ha 10 JAHHBIM 9THX HCCJEIOBaHWUI coctaBuiaa or 41 1o
100%, crnemmdrurocts 97—100%. TIpoKaJIbIIMTOHUH WH-
hopMaTHBeH [UIs TPUHSTHSI PEieHust 00 0TMEHe aHTHONO-
tukorepariu mpu HII, Ho ero ncrosb3oBate He MPUBOANT
K CHUKEHUIO TIPOJIOJIKUTETBHOCTH TIPeObIBAHMS GOTBHOTO B
cranmoHape wian JjetagbHocTH [8—12]. JlocToBepHBIX maH-
HbIX 110 C-pEeakTUBHOMY TIPOTEHNHY B Ka4ecTBe OHOMapKepa
npu HII menocrarouno [11—17] Kpome Toro, Hu oxuH U3
BBIIIENIEPEYNCICHHBIX OMOMAPKEPOB He SIBJISIETCS CTICI-
(OMYHBIM [UIST BOCIIATIEHUST HA TEPPUTOPHN JIETKHUX. AKTYaTb-
HOI sIBJIsIeTCsT TIPOGJIeMa TIOMCKA HOBBIX YYBCTBHTEIBHBIX 1
criennuIHBIX MOJIEKYJISIPHBIX GroMapkepos ripu HIL

ITestp nccse0BaHNsT — OIEHUTH MH(MDOPMATHBHOCTD
conepskanus Oenka kierok Kmapa (Club Cell Protein,
CCP) B 11a3me KpoBH B Ka4€CTBE HATHOCTHYECKOTO KaH-
JIMIATHOTO MOJIEKYJISIPHOTO GHOMapKepa [pH HO30KOMH-
AJTbHON TTHEBMOHUT.

Marepuan u MeTObI

JlarHoe MHOTOIEHTPOBOE 00CEPBAIMOHHOE HCCJIE0BAHIE
ObLI0 TIPOBE/IEHO Ha KImHNYecKnx Oazax HI o6meit peaHnMaro-
sorun uM. B. A. Herosckoro PAMH B 2010—2013 rr. Mccnenosa-
Huie ObIIIO 0106PEHO JTOKATBLHBIM DTHYECKUM KOMUTETOM | TIPOBE-
JIEHO B COOTBETCTBUM C MPUHIUNIAMK XeJbCUHCKON Jlekmmapariy,
HanuonanbubiMu ctanzapraMmu u pexomenpanusvu HUAMOP
PAMH. BoJibHble GbLIM BKIIOYEHBI B UCCAEI0BAHUE B COOTBETCT-
BUY ¢ KPUTEPUSIMU BKIIIOUECHUST U UCKJIIOUEHUST (CM. TabJIuILy ).

2010—2013. The investigation was approved by the local eth-
ical committee and was guided according to the Helsinki dec-
laration, national and intituet standards.

Inclusion and exlusion criteria and patients characteristics
(Table):

Inclusion criteria: age 30—60 y.o.; severe septic complications
(severe acute pancreatitis, peritonitis, mediatinitis), ventilated
patient. Patients were enrolled on the day of NP diagnosis.

Exclusion criteria;: APACHE II>26; trauma; severe immune
deficiency; contraindications for arterial catheterization,; left ven-
tricular insufficiency; pregnancy; simultaneous enrollment in
other clinical trials.

Healthy donors were enrolled into the comparison group
(Fig. 1). Eight ml of venous blood was performed in this group to
assess the physiological level of biomarker. Patients were split into
groups according to the NP diagnostic criteria. Nosocomial pneu-
monia was diagnosed according to the National criteria [4]. Figure
1 and Table 1 deal with patients characteristic.

Eight ml of venous blood was performed in enrolled patients
on day 1, 3, 5 and 7. Blood was centrifuged for 10 min under 2000
rpm. Three-four ml of plasma was frozen under -20°C.
Independent technicians measured CCP plasma concentration by
means of Human Clara Cell Protein ELISA, RD191022200,
BioVendor, USA).

Nosocomial pneumonia and sepsis was diagnosed in accor-
dance with international, National and institute guidelines [18-
19]. All patients were ventilated (Puritan Bennett 840 (Puritan-
Bennett Corporation, USA); SIMV and BiLevel modes),
experienced step-by-step recruitment maneuvers, N-acethylcys-
tein (300 mg BID), restrictive fluid strategy and diuretics, spe-
cialized nutrition support. Nutrition was performed by means of
adapted products, by enteral route through the nasogastric tube.
Parenteral nutrition was used when required.

Patients of all groups were assessed by APACHE 11, clinical
signs, blood gases, ventral hemodynamics, total blood count and
chest X-ray. Blood gases were analyzed by Bayer 865 Blood Gas
Analyzer (Bayer, Germany). Total blood count was made by Advia
60 (Bayer, Germany) automatic analyzer. Central hemodynamics
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Kpurepuu Bemouenus: sozpact 30—60 siet; Xupyprudeckimit
GOJIBHO € TSKETBIMU THOIHO-CENTHYECKIMI OCIOKHEHISIMI
(TTaHKPEOHEKPO3, NEePUTOHUT, MEJMACTUHUT), HAXO/SAIIMICS Ha
uckyccrBennoil Bentussiuu Jjerkux (MBJI). Boabnsix HIL
BKJIIOYAJIN B CCJIEJIOBAHKE B JIEHb IMATHOCTUKN THEBMOHUM.

Kpurepun uckmouenus: tsixectb cocrosuus 1o APACHE
11>26 6Gajs10B WK MIPe/ToaaraeMblii JJeTaJlbHbIi KCXO/ B TeYeHne
24 4.; TPaBMUPOBAHHDIE; TSKEITBIH NMMYHOe(DHUIINT; TIPOTHBOTIO-
KasaHWs K Karerepusaiuu OepeHHOIl aprepun (TsKeI0e aTepo-
CKJIEPOTHYECKOE MOpaKeHne MaruCTpaJbHBIX apTepuil, THIIOKOa-
ryaaunsas (AYTB > wmopmer B 2 pasa, MHO > 2),
tpomGoruTonenust Meree 50%10°/1); HEZOCTATOUHOCTD JIEBOTO
JKesyouka (KIMHIYeCKre JaHHble, OlleHKa TToKasareseil 00beM-
HOIl TIpeHATPY3KN); OePeMEHHOCTH; MapajIelbHOE ydacTue B
JIPYTUX KINHIYECKUX MCCIIE/I0BAHUSIX.

B rpynmy cpaBHeHUs ObLIN OTOGPAHBI 3[I0POBBIE JIOHOPBI,
JIABIITME CBOE COIJIacHe Ha ydyacTHe B JAHHOM MCCJIEJ0BAHUN
(puc. 1; He CTPaZAOT XPOHUUYECKUMHU 3a00JIEBAHUAME OPTaHOB
NIBIXAHUST; He KypsaT). B rpyrime cpaBHeHus: OGbLT BBITOTHEH OIHO-
KpaTHBII 3a00p 8 MJ1 BEHO3HOI KPOBH /ST NCCTE0BAHUSA (PU3NO-
JIOTMYECKOTO YPOBHS KaHAUAATHBIX GHOMapKepoB. Pactipenerie-
Hite GOJBHBIX MO TPYIaM MPOM3BOAUIOCH B COOTBETCTBHU C
auarnoctmdecknmu kputepuamn HILL /lnarnoctuka HIT mpous-
BOJINJIACh B COOTBETCTBMM ¢ HalMOHAIbHBIMI PEKOMEHAAIIAMU
[4]. XapakrepucTukn GOJILHBIX B UCCIEAOBAHHBIX TPYIITIAX TIPE/-
craBieHsl Ha puc. 1 u B Tabmie. AHAIN3 TMHAMUKN COEPIKAHIS
CCP B 3aBucuMOCTH OT Hajnuus/orcyrcrBust Pseudomonas
aeruginosa B TI0ceBaX MOKPOTBI IIPOBOJIUJICS B COOTBETCTBYIOMINX
oArpynmax 60abHbIX Tpysl «[THeBMonMs> (puc. 1, Tabmia).

Ilns uccnenosanus copepxanuss CCP BoinosiHsiau 3a60p
8 MJI BEHO3HOIT KDOBHU B CTaHAAPTHBIE TPOOUPKH C ITUIEHINA-
MUHTETPAAIETATOM IIPH BKJIOYEHNHU B HCCJIEOBaHKe, HA 3-1,
5-e u 7-e cyt. KpoBb nenrpudyruposasiu B redenue 10 MuH. co
ckopocTbio 2000 06/mun. [L1asmMy KpoBu B KoJimdecTBe 3—4 MJI
OT/IEJISLTN ¥ 3aMOPaKMBAIN B OTAEIBHBIX IPOOUpPKax 6e3 KOH-
cepBanTa 1npu temieparype -20°C. lamepenue cojepskaHus
CCP B 06pasnax KpoBU [POBO/IIN HE3aBUCHMbIE JTAOOPAHTBI,
He Biajefomne nHbopmalmein 0 60TbHBIX, BKIIOYEHHBIX B HC-
caenoBanune. Conepxxkanne CCP nsmepsiiin numMmmyHohepmMeHT-
HBIM MeToZ0M ¢ Tomolibio Habopa Human Clara Cell Protein
ELISA, RD191022200, BioVendor, CIITA).

Jleuenne HII u cerncuca 1npoBojnIoch B COOTBETCTBUU €
MeKIyHapoHbIME, HamonaabHbIMI peKOMeHJallusAMy 1 Hayd-
M paszpaborkamu HUWT OP PAMH [18—19]. ¥V Bcex 60ib-
Hpix OP/IC npuMeHsin pecrnupaTopHyIo HOAJEPKKY B COOTBET-
cTBUM ¢ KoHuenmueil 6esonmacnoii MBJI (anmaparsr Puritan
Bennett 840 (Puritan-Bennett Corporation, CIIIA), Bctomora-
TesbHble pexkuMbl BeHTwstinn SIMV u BiLevel B pexume ¢
KOHTPOJIEM 0 0ObeMY WU TIO IABJIEHHIO), TIPHEMBI «OTKPBITHE
JIETKUX» TI0 TIONIaroBOil MeTonKe (110 mokazanusam ), N-armeTni-
nucrens (300 mMr B/B 2 p/cyT.), orpanndenne nHdysuii/TpaHc-
dysuit u guyperuxu (bypocemun — 800—1000 mr B/B B Teuenune
24 4.), cnennan3sNpoBaHHyI0 HYTPUTHBHYIO MOJJEPKKY. Pam-
Hee HTEPANbHOE MUTAHNE HAYMHAIK Y BCeX GOJIbHBIX TTOCIE CTa-
GUITM3AINT TeMOMHAMUKY (B TedeHre 6—8 4. OT MoCTyIIEH S B
OT/leJIeHNe peaHuMaTosiorun). Vcnomp3oBanneh crennanan3upo-
Bauuble cmecn tuna Ilynsmo B obbeme 1,0—1,5 s1/cyr. + aure-
pajibHOe MuTaHie, 06oTaleHHoe OMera-3 KUPHBIMU KUCIOTAMU
(110 500 mur/cyT., cymmapuo 2000—2500 kxas/cyT.) + hapmako-
nytpuents! (rayramud 100 ma B/B 1 p/cyT., omerasen 100 mu
B/B 1 p/cyT.). DHTepabHOE MUTAHNE TIPOBOIUIN Yepe3 Ha3orac-
TPAJIbHBII 30H/] ¢ UCIIOJIb30BAHUEM TTOMII JIJISI 9HTEPAJIBHOTO TTH-
tanusi. Heckosbko pas B cyTku olleHnBasy a(heKTHBHOCTD IPO-
BOJIUMOIT HYTPUTUBHOII MOJJIEPKKHU ITyTeM OI[eHKU OCTaTOYHOTO
obbeMa COREPRUMOTO Keqyaka. [Iprm HeBO3ZMOKHOCTH IOJHO-
HEHHOTOo obecneyeHus IHePreTHIeCKX moTpedHoCTel 6OTBHOTO
[yTeM SHTEPAIHHOTO TUTAHMS €T0 KOMOMHUPOBAIN C MapeHTe-
panbHBIM ((HDOPMYJIBI «TPH B OZTHOM> ).

BosbHble Beex rpymin Obuii 00CAEI0BAHBI IO CIEAYIONIEMY
anroputMmy (JleHb BKJIIOYEHMsI B UCCJe/oBanue, 3-u, 5-e 1 7-e

280
patients screened

195
patients excluded

comparison 85
group patients enrolled
32,3+7,5 y.o.
n=30 ] !
(m/f20/10) PNEUMONIA NO PNEUMONIA
_— n=46 n=39
Pseud s | Pseud: s
aeruginosa+ | aeruginosa —
n=36 n=10

Puc. 1. Airopur™ BKII0YeHHs OOJIbHBIX B UCCJIEJOBAHUE.

Fig. 1. Patients enrollment in the study.

Note (npumeuanue): patients screened — umcso 06CaETOBAHHBIX
6onbnbix; patients excluded — uwmeno wuckmOUEHHBIX U3
ncceepoBanus 6onbHbIX; patients enrolled — wncmo 6onbHBIX
BKJTIOUEHHBIX B MCCIEOBAHNIE; COMPArison group — TPyIa cpas-
Henus (370pOBbIE JOHOPBI); PNeumonia — rpyImna ¢ nHesMonueti;
no pneumonia — rpymmna 6e3 THEBMOHNU.

and pulmonary volumetric indexes were assessed by transpul-
monary thermodilution by means of M1012A#C10 <«Pulsion
PiCCO Plus» (Pulsion Medical Systems, Germany). The arterial
catheter was in place for not more than 10 days. Arterial line was
flushed by heparin solution 1 U/ml. 15 ml of cold isotonic saline
solution was used for the calibration. Three injections were done
two times a day. The following indexes were recorded: heart rate,
arterial/ systolic/ diastolic and mean blood pressure, central
venous pressure, stroke volume, cardiac output, peripheral vascu-
lar resistance, global end-diastolic volume, intrathoracic volume,
extravascular lung water and correspondent indexes.

Statistical analysis was performed by Statistica 7,0.
Parametric methods were used (Newman-Keuls test); data were
presented as median *+ 25—75 IQR. ROC-analysis was used to
assess sensitivity and specificity of candidate biomarker. p<0.05
was considered significant.

Results and Discussion

There were no reliable differences between groups in
main indexes, excluding CPIS (Fig. 2).

CCP in healthy donors. The CCP plasma content in
healthy donors was 5,2 ng/ml (25—75 IQR 3.5—6.2
ng/ml). This CCP content represents the physiologic
process of diffusion of CCP into the blood through the
aerohematic barriers [20].

CCP in ARDS patients. There were no reliable
differences in CCP between ARDS and no-ARDS
groups. Therefore CCP is not informative as a biomark-
er of ARDS, but there are some data on it [21]. Taking
into account the location of Club cells in lungs (not in
the alveoli, but in the bronchiole) and their biological
function (participation in inflammation and regenera-
tion of bronchiolar epithelium, it is logical that CCP is
more informative as a biomarker for NP, but not for
ARDS. Surfactant proteins are of better perspective as
ARDS molecular biomarkers [22—23].

CCP in NP patients. CCP plasma content was
lower in all days in NP patients (Fig. 3), but it was high-
er than in healthy donors. There were also logical differ-
ences in CPIS scores (Fig. 2), body temperature on day
1 (38.5°C, 25—75 TQR 37.9—39.0°C vs. 38.0°C, 25—75
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cyt.): onerika 1o mkaine APACHE 11, ¢usukanbroe obcienosa-
HU€, OIleHKA Ia30B KPOBH, IEHTPATBHON TeMOANHAMUKH, OOIIEro
aHaJIM3a KPOBHU; PEHTreHOrpadust OpraHoB IPYHON KIETKH.

AHan3 ra3oBOTO COCTaBa apTepPHAJIbHON M CMENIaHHOH Be-
HO3HOH KpoBu ocymectasii Ha Bayer 865 Blood Gas Analyzer
(Bayer, Tepmanust). OGuuii aHaIu3 KPOBY BBIIOJIHSIIN HA aBTOMA-
THUYECKOM reMartoJsiorndeckom anaimsatope Advia 60 (Bayer, Tep-
mannst). [lapameTpsr eHTPaTbHOI TeMOANHAMUKYI ¥ WH/IEKC BHE-
COCYIUCTOIl ~ BOABI  JIETKUX  M3MEpSJIM 10 METO/UKe
TPAHCITYJIbMOHA/IBHO TePMO/IUIIIONNH C UCITOJIb30BAHIEM MO ISt
unsasusroro Monutopunra M1012A#C10 «Pulsion PiCCO Plus»
(Pulsion Medical Systems, Tepmanust). [lsis1 ocyiiecTBIeHUs] HHBA-
3UBHOTO MOHUTOPHHIA [TPOU3BO/IMIIN IIYHKIIUIO M KaTeTepU3aIinio
GenpernHoii aprepun (HaGop Pulsiocath PV20151.20 + PCCO
Monitoring kit 5uV,/V/mmHg PV8115). [linrenbHOCTh HAXOX-
JleHust Katerepa B Oeipertoii aprepun te npesbimagia 10 cyr. ITpo-
MbIBaHWE aPTEPUATBHO JIMHIN TIPOBOJIMIIN TIEPHOIMICCKUMU 00~
JirocaMu (HPU3MOJOTHIECKOTO PACTBOPA ¢ 00ABJIEHUEM TelnapuHa
1 EJTl/mu. Tlepen niepBoii kKaauOpoBKOii n3Mepsii pocT 1 Bec GOJIb-
HOTO € TIOMOIIBIO KPOBATHBIX 3JIEKTPOHHBIX BecoB (Seca,
Vogel&Halke, Tepmanust). B kauecTBe XOJIOIOBOTO UHIUKATOPA
MCII0JIb30BaIH 15 MJI DUBHOJIOrMYECKOro PACTBOPA HATPHS XJIOPHU-
na t 0°C. Tlpu kamnbpoBKe mMprOOPa BBIMOTHSIN TPH MOCTET0BA-
TeJIbHBIX XOJIOJ0BBIX TepMouItolmn. Kainbposky npubopa mpo-
BOMIN 2 Pa3a B CYT. WM Yallle TP HECTAOUILHOM COCTOSTHUN
6ospHOTO. VI3MEPSITH CITe/IyIoIIe TTAPAMETPBI: 9aCTOTA CEPACUHBIX
cokpamiennit (HCC), aprepuajibHOe JlaBJI€HUE CHCTOJHYECKOE
(A/lcucr), apTepuanbioe aaBienue auactoindeckoe (A/lmmact),
aprepuasbHoe fasienne cpeanee (Alcp), eHTpasbHOE BEHO3HOE
nasnenuie (IIB/T), ymapubiii oobem (YO), cepreunsiii BHIOPOC
(CB), obuee nepudepruyeckoe COCYAUCTOe COMPOTUBIICHIE
(OTICC), t106anmbHBIll  KOHEYHO-AMACTOJIMYIECKHHA  00beM
(TKIO), BryTpurpyaHoii o6bem kposu (BTOK), BHEcocyaucTast
Boza sierkux (BCBJI) u cooTBeTcTBYIONIME UHIEKCUPOBAHHbIE TIO-
Kas3aTeJsH, NHEKC IPOHUIAeMOCTH JIeTouHbIX cocynoB (UILJIC).

CrarucTuueckuit aHaIM3 MOJTyYeHHBIX JIaHHbBIX ITPOU3BOJIMIII
[IpH MOMOIIHM TTakeTa Statistica 7,0. VlcriosnbzoBasiu oOIIenpuHsIThie
MaTeMaTHKO-CTATHCTHUECKUE METO/IbI PACYeTa OCHOBHBIX XapaKTe-
PUCTHK BBIGOPOUHBIX PACIIPEIEICHUIT: TTAPAMETPUYECKUE METOIIbI
crarucriyeckoro anaausa (Newman-Keuls tect), panmnbie Obuim
NPEJICTAaBIeHbl B BUjle MefiManbl £ 25—75 neprenrunei (25—75
IQR). /lna ompesesiennst 4yBCTBUTENBHOCTH 1 CHEIN(UYHOCTH
MOJIEKYJISIPHOTO KaHAUIaTHOTO GrioMapkepa 6ot riposeerr ROC-
anasma. J[ocToBepHbIM cunTasnoch passmdue mpu p<0,05.

PesyibraThl U 00CyK/IEHHE

[To pe3ysbraTam aHaIKM3a OCHOBHBIX KIMHUKO-1a00-
PaTOPHBIX TIPU3HAKOB JIOCTOBEPHBIX PA3JIUUUN MEKLY
IPYIIIAMU U TIOATPYIIIAMU BBISIBJIEHO He ObLIO, 32 HCKJIIO-
YEHMEM OKUAAEMBIX PA3INUUil MO YPOBHIO OANIOB IO
mkase CPIS mexy rpymmnamu 6osbHbIX (puc. 2).

Conepskanue Geaka kietok Knapa (CCP) y 3mo0-
poBbIxX moHOpOB. Mennana copep:kannst CCP B mmasme
KPOBHU 30POBBIX JTOHOPOB cocTaBmia 5,2 ur/mi (25—75
IQR 3,5—6,2 ur/mi). Comep:xanne CCP B mmasme 310po-
BBIX JIOHOPOB OTpa)kaeT, BEPOSITHO, (HU3NOTOTUICCKUIT
IIpoIlecC TIPOHUKHOBEHME JIAHHOTO BEIecTBa B KPOBb ye-
pes asporeMaTHYecKil Gapbep, KOTOPOE OMUCAHO B PSifie
uccaenoBanmii [20].

Conepsxanue CCP y 6oabubix OPIC. {octosep-
HbIX pasmmunii mo copep:xkanmio CCP B miasme Kposm
mesky moarpymmamu 6opHbix «OPICs» u « HET OPZC»
BBIABIICHO He Ob110. TakuM 00pa3zoM, B NCCAEIOBAHHON BbI-
6opke Gosbhbix CCP HemH(popMaTuBeH B KauecTBe OGUO-
mapkepa OP/IC, HecMOTpst Ha TO, YTO 1O JIAHHBIM Psi/ia

IQR 37.7—38.5°C), leukocytosis on day 1 (20.5/mcl,
25-75 IQR 15.9—23.4/mcl vs. 18.0/mcl, 2575 IQR
15.0—21.7/mcl). There were no more differences
between groups.

Club cells are non-ciliated, mucus non-producing cells
located in terminal bronchiole. They compose 15—20% of
epitheliocytes in human lungs and up to 90% in mice lungs.
Club cells secrete some biologically active substances which
takes part in epithelial reparation, mucus degradation,
inflammation regulation, xenobiotics detoxication. Club
Cell Protein is a 16 kDa protein which expresses in some
small amounts in prostate, thyroid, breast, epiphysis and
uterus. The function of CCP is still not completely revealed.
It inhibits phospholipase A2 and macrophages and neu-
trophils chemotaxis, modulate the activity of interferon-y
and tumor necrosis factor «. Mice deficient in CCP present
a higher degree of inflammatory response to bacterial and
viral infection, but the bacterial killing remained
unchanged. Some investigations showed that CCP limits
pulmonary inflammation [24—27].

CCP plasma content is elevated in chronic pul-
monary diseases due to the destruction of Club cells,
but it is much more elevated in acute lung diseases.
CCP is widely discussed as a candidate molecular bio-
marker in ARDS and in NP [21, 29]. There are some
investigations with small amount of patients with con-
troversial results on the informativity of CCP for NP
diagnosis [27—30]. Vanspauwen M. Et al. [9] did not
prove CCP to be a biomarker of ventilator-associated
pneumonia. But the data of this study was obtained out
of bronchoalveolar lavage which is not comparable with
our data (plasma).

Taking into account the biological role of Club cells
and CCBP, its elevation in plasma of critically ill patients
without NP is caused by the activation of local immune
system, proliferation of Club cells and decrease of CCP
synthesis [21, 24—28].

CCP and Pseudomonas aeruginosa. It was con-
firmed that in patients in whom NP was caused by
Pseudomonas aeruginosa (in association) CCP on days 1
and 3 was reliably lower than in patients with no
Pseudomonas aeruginosa (Fig. 4).

ROC analysis (Fig. 5) confirmed a high diagnostic
informativity of CCP in NP caused by Pseudomonas aerug-
inosa. Club cell protein plasma content on the day of NP
diagnosis <17.5 ng/ml presents a sensitivity 86.5% and
specificity 66.7% for NP diagnosis (AUC 0.74; 95% confi-
dence interval 0.630—0.829; p=0.0001). Positive predic-
tive value was 81.8%, negative predictive value — 74.1%.
This it was shown that Club cell protein is a sensitive and
specific candidate molecular biomarker of NP caused by
Pseudomonas aeruginosa.

The investigated CCP decrease is caused not by the
destruction of Club cells, but by the inhibition of its syn-
thesis in Club cells. Our results are confirmed by some
experimental studies which prove that Pseudomonas
aeruginosa significantly inhibits the proximal part of CCP
gene promoter in alveolocytes. This is mediated by
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Puc. 2. [lunamuka 6amnos no mxane CPIS B rpynnax GoJbHbIX.
Fig. 2. Dynamics of CPIS in group of patients.

Note (npumeuanue): Clinical Pulmonary infection Score (CPIS)
— HIKajia KJIMHUYECKON onenku jerounoil undeknun. Here and
in fig. 3, 4 (3nech u Ha puc. 3, 4): Pneumonia — nnesmonust; No
pneumonia — HeT MHeBMOHUE; groups — rpymmsl. ¥ — reliability of
differences between groups (I0CTOBEPHOCTb pasaMUMil MEKLY
rpymmnamu) (Newman-Keuls test, P<0.05). Data are presented as
median £25—75 IQR (manmble NPeCTaBICHbl B BUJE MeHAHbI
+25—75 nepuenTuiieil).

IPYTHX WCCIEOBAHMIT TaKas BO3MOXKHOCTH CYIIECTBYET
[21]. YumureiBast pacmosokenue kiIeTok Kimapa B Jerkux
(6poHXMOJTa, 4 He aJIbBE0JIa), a TAKKE UX OUOJIOTHYECKYO
(yuxIo (yUacTie B perysiiiny BOCTIATECHYS U pereHepa-
UU OPOHXUOJSIPHOTO OMUTENNS), JOTUIHO TPEATOI0-
#uTh Oosibinyto uHbopmarusHocts CCP B oTHOIIEHUM
HII, a ne OP/IC. Ucnosnb3oBanue cypdakTaHTHBIX TIPOTe-
nHoB B KadecTBe Guomapkepos OP/[C obmamaer Gombummm
[PEUMYILECTBOM 110 CpaBHEeHHIO ¢ GeskoM KieTok Kiapa,
MOCKOJIbKY TIOCJIEAHMI ABJIsIeTCst HoJiee KPYITHOM MOJIEKY-
JIOH, KOTOpasi IPOHUKAET B KPOBb Ha (oJiee TO3HUX CTa-
musax OPJ[C, korma oBpesKaACHIE adpOreMaTHIeCKOro Ga-
pbepa GoJIblle U MPOHUIIAEMOCTh Bbie [22—23].
Conepsxanue CCP y 00JbHbIX HO30KOMHAJIbHON
nuesmonnei. Coxepxanne CCP B mmasme 6ombabx HIT
6110 B Tedenue 1, 3, 5 1 7 CYyTOK MCCIEIOBAHNS HITKE, YeM
y 6osbabix 6e3 HII (puc. 3). Copepsxatnue CCP B miasme
6osbhbIx HIT 1 Gosibabix 6e3 HIT 6bu10 B TeueHue Beex cy-
TOK WMCCJICIOBAHNUS BBIIIE, YeM Y 3/I0POBBIX JOHOPOB (pUC.
3). Takske ObLIK 3aPErUCTPUPOBAHBI 3aKOHOMEPHBIE PA3JIU-
st MESK/LY TPYIamMu GoJIbHbIX 110 Gasiam 1o mkase CPIS
(puc. 2), temreparype B TepBble CYTKH HCCJECTOBAHUS
(38,5°C, 25—75 IQR 37,9—39,0°C vs. 38,0°C, 25—75 IQR
37,7—38,5°C), MeHKONNTO3y B TIEPBLIE CYTKH WMCCJIEIOBA-
mus (20,5 Teic./Mi, 25—75 IQR 15,9—23,4 Tbic. /MK Vs.
18,0 toic./mMxi, 25—75 IQR 15,0—21,7 Thic. /M), Pasimu-
YK 110 IPYTHM [TOKA3aTEJISIM 3aPErUCTPUPOBAHO He ObLIIO.
Kurerku Knapa npezcrapistior coboii GespecHuTIYaTbIE
KJIETKH, He TIPOYITUPYIOIINE CTN3b, PACTIONOKEHHDIE B TEP-
MUHAJIbHBIX OPOHXMOJIAX. B JIErKUX YesioBeKa OHU COCTAB-
10T 15—20% SMUTETMOINTOB, B TO BPEMST KaK B JIETKUX
mbiiieit — 70—90%. Kaerku Kiapa cekperupytor psi 6uo-
JIOTHYECKN aKTUBHBIX BEIECTB, KOTOPBIE YIACTBYIOT B 3a-
mUTe ¥ perapanu OPOHXUOJSPHOTO SIUTENINS, [Ierpajia-
IUU  CJU3U, PETYJANNN BOCTAJIEHUS, AETOKCUKAINN
kcenobnotnkos. bemok knerox Knapa (Club Cell Protein,

Pneumonia No pneumonia Donors

Groups

Puc. 3. [lunamuka coxepskanus 6eaka knerok Kiapa (CCP) B
rpymmnax GOJbHBIX.

Fig. 3. CCP dynamics in groups of patients.

Note (npumevanue). Club Cell Protein (CCP) — Gesok KieTok
Kmapa (CCP); * — reliability of differences between groups
«Pneumonia» and «No pneumonia» (70CTOBEPHOCTb PasIAUUKi
Meskay rpynnamu «IInesmonus» n «Het nmaeBmonnn» ) (Newman-
Keuls test, P<0.05). ** — reliability of differences in comparison to
the controls (zocToBepHOCTH pasinumii MO CPABHEHUIO € TPYIIION
cpasuenust) (Newman-Keuls test, p<0,05). Data are presented as
median + 25—75 IQR (naHHbIe NPEACTABIEHBI B BUJE MEUAHbBI =
25—75 nepuentuieii). Here and in fig. 4 (3mech u Ha puc. 4):
donors — gonopsr; plasma — riasma; days — aun.

45
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Pseudomonas  geruginosa
aeruginosa
Subgroups of patients

Puc. 4. lunamuka coxmep:kanus Geinka kiaerok Kmapa (CCP) B
noArpynmnax GoJbHBIX B 3aBHCHMOCTH OT XapaKrepa BO30YIuTesl.
Fig. 4. CCP dynamics in subgroups of patients according to the
type of microbe.

Note (npumeuanue): subgroups of patients — noarpyist 60Jb-
ueix; * — reliable differences between groups (zocroBepHocTh pas-
munii mexy rpynmamn) (Newman-Keuls test, P<0.05). Data are
presented as median £25—75 IQR (mamutble npejcTaBaeHbl B BUAE
Meimanbl £25—75 mepreHTuIeii).

pseudomonal tumour necrosis factor-a which is signifi-
cantly elevated in plasma in pseudomonal infection.
Harrod K. et al. showed that tumour necrosis factor-« neu-
tralizing antibodies reverse this effect on CCP gene. Our
investigation is the first clinical confirmation of these
experimental data [31—33].
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CCP) upeacrasister cob0ii NPOTEMH MOJIEKYJISIPHON Mac-
coit 16 x/la. Besox kireTok Kiapa Tax:ke akcripeccupyercst B
HE3HAYNTETbHBIX KOJMIECTBAX B IPOCTATE, MIUTOBUIHON
JKeJIe3e, MOJIOUHON sKejiese, anuduse, B OepeMeHHON MaTKe.
B serkux CCP sBrsieTcss Hambosee pPacmpoCTPAHEHHBIM
Cpein OCTAJIBHBIX TIPOTEMHOB BHEKJIETOUHON JKUIKOCTH.
Oynkiust Genka knetok Kiapa 10 KOHIA He sCHA, HO 0de-
BUJIHO, YTO OH UTPAET BAKHYIO POJIb B aHTHOKCUAAHTHON 1
MTPOTHBOBOCTIAJTITEIFHON 3aIUTe JIETKUX. ET0 BBICBOOOK-
nerue uHruoupyer (ochonumnazy A2 1 XeMOTaKCHC MaKpo-
(haroB 1 HeATPODUIOB, MOLYIUPYET AKTUBHOCTH HHTEPE-
poHa-raMMa 1 ¢akTopa HeKposa ormyxosm anbda. B in vivo
UCC/IEIOBAHUAX OBLIO MOKA3aHO, YTO Yy MbIIIEH, aeuIuT-
HbIX 110 CCP, BBIpaKEHHOCTh BOCHAJIMTEIBHOTO OTBETA HA
GakTeprajbHYI0 U BUPYCHYIO MH(EKIHIO Oblia GoJiblie, HO
KUIMHT GaKTepuil B JIETKUX He m3Mensics. B psaae pador
nokaszano, uto CCP orpannymBaet crereHb BbIPAKEHHOCTH
BOCHAJINTEIBHOI PeakInu B Jierkux [24—27].

Conepkanne CCP B nasme KpoBU CHUKEHO TIPU
XPOHUUYECKUX 3a00JICBAHUSAX JIETKUX BCJEJACTBUE JIECT-
pykiuu kiaetok Kiapa, HO 3HaYMTENbHO MOBBIINIEHO TTPU
ocTpbIx 3aboseBanusX jgerkux. besaok kiaerok Kuapa mu-
POKO 00CysKIaeTCsl B KaueCTBe KaHAUIaTHOTO GuoMapKe-
pa kak ripu OP/IC, Tak u nipu HIT [21, 29]. ImeroTcs orT-
JIeJIbHbIE MCCIIeI0BaHUS Ha HeOOJBIINX TeTePOreHHbBIX
BbIGOPKaX GOJIBHBIX U C IIPOTHMBOPEYMBBIMU PE3yJIbTaTa-
mu oTHOCUTENbHO UHbopMmaruHoctn CCP B qarHocTu-
ke HIT [27—30]. B uccrenoBanmm Vanspauwen M. u co-
aBT. [9] He ObLIN TOJYYEHbI I0KA3ATEIbCTBA JOCTATOUHO
yyBCcTBUTENbHOCTU 1 criennduunoctn CCP s auarHo-
CTHKN BEHTUJISITOP-ACCOIMUPOBAHHOM mHeBMonnu. Ho
[PU aHAJIU3E PE3YJIbTATOB JAHHOIO MCCIIe0BaHI HEO0-
XOZMMO TTPUHUMATH BO BHUMAHUE TO, YTO aBTOPBI UCCJIE-
nosanu conepkanre CCP B GpPOHX0a/IbBEOJISIPHOM JIaBa-
ke, 3a60p KOTOPOTO He MOKET ObITh CTAHAPTU30BAH, UTO
CHUIKAET JIOCTOBEPHOCTH MOCJIEAYIONIEr0 UMMYHOJIOTHYE-
CKOro aHa/iu3a. B HallleM uccie0BaHny B KauecTBe O1o-
MmaTepuana Oblaa BeIOpaHa maasMa KPOBH.

Yuureias 6Guosiornyeckyto GpyHkuuio kierok Kiapa
u CCP, nossitienue copep:xanuss CCP B masme KpoBu
GOMBHBIX B KpUTHYECKNX cocTosnuax 6e3 HII cesasano, Be-
POSITHO, C aKTUBAIMeHl MECTHONH NMMYHHOW CHCTEMBI JieT-
KuX, rnpoJudepaineil kaetok Kiapa, a Takke ycuieHuem
cunreza CCP 21, 24—28].

Conep:xanue CCP B nuazme kposu u Pseudomonas
aeruginosa. Hamu 110ka3aHo, 4TO y OOJIbHBIX, Y KOTOPbIX
HII Gbuta BoizBana Pseudomonas aeruginosa (B accorua-
¢ apyrumu BosOyaurenasimu), cogepskanne CCP B
1asMe KpoBu B 1-€ 1 3-1 cyTKHU OBLIO 3HAYUTETHLHO HUIKE,
yeM y 6osibHbIX 6e3 Pseudomonas aeruginosa (puc. 4).

B pesyabrate nmposenentnoro ROC-amanusa (puc. 5)
ObLIIM TIOJTyYEHBI JIAHHBIE O BBICOKOI IMATHOCTUYECKOI MH-
dopmarusnoctu copepskanusi CCP B mrasme KpoBu B OT-
nomenun aunarsocTukn HII, BezBanuOi Pseudomonas
aeruginosa. Copepskanue CCP B niepBbie CyTKM MCCIe/10Ba-
Hust <17,5 Hr/mur 06J1aiaeT 4yBCTBUTEABHOCTBIO 86,5% 1
crenuduuHocThiO 66,7% B oTHOMEHNN ArarHocTuku HIT,
BbI3BaHHOU Pseudomonas aeruginosa (1uiomanb noj Kpu-

100

Sensitivity: 86,5
Specificity: 66,7
Criterion : <=17,5

80 [

60

Sensitivity

40 60 80 100
100-Specificity

Puc. 5. UyBCTBUTENBHOCTh U cHeNUpUYHOCTD (elKa KIETOK
Knapa (CCP) B nepBbie CyTKHU UCCJI€OBAaHUS JIsI AUATHOCTH-
KH HO30KOMHAJbHOI ITHEBMOHMH, BbI3BaHHON Pseudomonas
aeruginosa.

Fig. 5. ROC analysis of clara cell protein (CCP) sensitivity and
specificity in nosocomial pneumonia, caused by Pseudomonas
aeruginosa.

Note (mpumeuanue). Sensitivity — YyBCTBUTEJbHOCTD; SPeCi-
ficity — crerupuanocts; CCP — 6esox kirerox Kiapa.

Conclusion

Dynamics of Club cell protein in NP patients was
investigated. It was shown that Club cell protein is a sensi-
tive and specific candidate molecular biomarker of NP
caused by Pseudomonas aeruginosa — Club cell protein plas-
ma content on the day of NP diagnosis <17.5 ng/ml presents
a sensitivity 86.5% and specificity 66.7% for NP diagnosis.

Boit 0,74; 95% moseputenbHbiii naTepBan 0,630—0,829;
p=0,0001). IIpornocTdeckast IEHHOCTH TMOJTOXKUTETBHOTO
pesysbTaTa JaHHOTO TecTa coctaBmia 81,8%, orpuraresb-
HOTrO pesyabrata — 74,1%. Takum o6pasom, BliepBbie ObLia
nokasaHa HHGOPMATUBHOCTH Oesika Ki1eTok Kiapa B kaue-
CTBE MATHOCTUYECKOTO KAHAMUJATHOTO MOJIEKYJISIPHOTO
6roMapkepa HO30KOMHAILHON ITHEBMOHWH, BBI3BAHHON
Pseudomonas aeruginosa.

Ornucannoe cumxkenne comepskanust CCP B 1urazme
kposu GosbHbix HII, BhIzBaHHO# Pseudomonas aeruginosa,
CBSI3aHO He ¢ jiecTpykiueid kietok Kiapa, a co cHukeHreM
cunTe3a CCP B kietkax Kiapa. Pesysisrarsl Hatero uccie-
JIOBAHUS TIO/ITBEPSKIAIOTCS TAHHBIMU PSifla HKCIIEPUMEHTAIb-
HBIX PaboT, B KOTOPBIX MOKa3aHO, uto Pseudomonas aerugi-
70Sa BBIPAKEHHO YTHETAET HKCIPECCHIO0 TTPOKCUMAIBHOM
yactu mpomotopa rena CCP B asbBeosionrax. YrHeTeHue
AKTUBHOCTH TIPOMOTOPA JIAHHOTO I'eHa BBI3BAHO IJIaBHBIM 00-
pasom @HO-a, cekperupyembivM Pseudomonas aeruginosa.
W3BecTHO, 9TO MH(EKINS JETKNX, Bbi3Bantas Pseudomonas
aeruginosa, COTIPOBOJKIACTCS 3HAYUTEBHBIM TTOBBIIIEHIEM
conep:xarmst B mmasme u Mokpote MHO-a, KoTopbIit B CBOIO
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PepakymoHHASI CTATHS

ouepenp unrubupyer curres CCP B kierkax Kiapa. B paGo-
te Harrod K. 11 coaBT. mokazato, 4to HedTpaamsyorime anTy-

Tesa potuB uesioBedeckoro MHO-a BBISBIBAIOT peBepcHio
nanHoro agdexra Ha mpomoTop rera CCP. Harre nccnenosa-
HUe BIEPBbIE TOATBEPANIIO PE3YJIBTaThl JAHHBIX 9KCIEPU-
MEHTAJIbHBIX MCCIe0BaHNi B KinHuke [31—33].
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Role of Early Inmune Replacement Therapy in Reducing the Rate of Nosocomial
Pneumonia in Severe Polytrauma

A. K. Shabanov', G. V. Bulava', M. V. Androsova', A. N. Kuzovlev?, E. V. Kislukhina', M. Sh. Khubutia'
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Ienv uccnedosanus. Ouenka 3¢pHeKTHBHOCTH PpaHHEk IMMYHO3aMECTHTEIBHOM TePanuy y MOCTPAJABIIMX C TSIKEJIOl coue-
tannoit Tpasmoii (TCT). Mamepuan u memoowt. Uccrenosansi 225 nocrpagasuux B Boapacre 35,5+14,1 et ¢ TCT (ISS>30
6aJuIoB), U3 KOTOPBIX 158 ciryyaeB pa3BUTHSI HO30KOMHAIBHOI THEBMOHNMH. B 3aBHCHMOCTH OT IpHMEHEHHsI paHHEl HMMYHO-
samecrureabnoil repanun (PU3T) nonopckum nmmyHorao0yaunom IgG (ekeHeBHO B TeUeHHE NEPBBIX TPEX CYTOK) OOJIb-
Hble ObUIH pa3jiesieHbl Ha aBe rpymmst: 1-s1 (n=126), B KOTOPO#l cTanzapTHOE MHTEHCHBHOE Jedyenue aonoiusiu PU3T; 2-a
(n=99) — 6e3 PU3T. UMMyHOIOTHYECKOE UCCIeJ0BaHHE BHIOAHAIM B 1—3—6—9 cyTku mocie TpaBmbl. Onpeaesisiii 0THO-
cuTesbHOE U aGCOMOTHOE KOIMYECTBO JUM(OIHTOB 0CHOBHBIX nomyasuuii: (CD3*) — T-mumdonuros u (CD19*) — B-mm-
douuros, cyononyasuuii T-knerok: (CD4*) T-xeanepos u (CD8*) T-uurorokcnyeckux uMQpONHUTOB, KOHIEHTPALHIO M-
MyHOr100yaMHOB Kiaacca A, G, M (IgA, IgG, IgM); NOrIOTHTENbHYI0 M GAKTEPUIUAHYIO aKTHBHOCTh HEHTPODUIOB;
coJlepKaHue B CBIBOPOTKE KPOBU HUPKYJIHPYIOIMX HMMYHHBIX KoMiuiekcoB (6oapumx (BIIUK), cpeanux (CIIUK) u men-
kux (MIIUK)), a Takske kounenrpanuio C-peakrusnoro 6eiaxa (CPB) u npokanbiuuronnna (IIKT). B o6eux rpynnax ana-
JIM3MPOBAJIM YACTOTY PA3BUTHS HO30KOMHAJIbHOM ITHEBMOHHH H CEIICHCA, HCXOJ1 TPaBMbl. Pe3ynvmamut. IIpoBenenHoe uccie-
noBaHue moKasano, uro npumeHenne PU3T y nocrpagaBmmux 1 rpynmbl NPUBEJNO K YMEHbUIEHHIO YHCJIA OOJBHBIX €
nurensHoctbio IBJI 6osiee Tpex cyTok Ha 27,6%, CHU3UIO YACTOTY Pa3BUTHs IHEBMOHUM B PAHHHE CPOKH U cencuca Ha 24,3
1 5,2% COOTBETCTBEHHO; COKPATHJIO POIOKUTEIBHOCT NPeGIBaHNs B OTAeaeHnd peannmanuu ¢ 20,2 1o 12,5 cyTok, a je-
TaJdbHOCTh Ha 12,1% ymenbmmiacek. 3axmouenue. IlpumMeHenne panHeii MMMYHO3aMeCTHTEIBHON TEPANHHU TIPH JI€YEHUH MO-
CTPaJaBIIUX C TSKEJIO0N COUeTaHHON TPABMOIT IIO3BOJIMIIO COKPATUTD JIUTeabHOCTh VIBJI 1 yacToTy pasBuTHs HO30KOMHUAIb-
HOIl MHEBMOHHUH, YTO, B CBOIO OYepe/lb, CHU3WJIO JIETAIBHOCTh B MCCJIEIOBaHHBIX rpymnax. Knrouegvie cnoga: tsxenas
coyeTaHHas TPaBMa, HO30KOMHUAIbHASI THEBMOHHS, PAHHSSI HUMMYHO3aMeCTUTEJIbHASI Tepanus, UHQEKINOHHbIE OCJIO0KHEHHUS,
HUMMYHHBI aucOananc, npokaisuuoronut, ISS, BJI, retanpHocTs.

Objective: to evaluate the efficiency of early immune replacement therapy (EIRT) in patients with severe polytrauma
(SCI). Subjects and methods. Two hundred and twenty-five victims aged 35.5+14.1 years with SCI (ISS>30 scores), includ-
ing 158 cases of nosocomial pneumonia, were examined. According to the use of EIRT with donor immunoglobulin (IgG)
(daily within the first three days), the patients were divided into two groups: 1) standard intensive treatment was added by
EIRT (n=126) and 2) that without EIRT (2=99). Immunological examination was performed on days 1, 3, 6, and 9 after
injury. The investigators determined the relative and absolute counts of major lymphocyte populations: T (CD3*) and B
(CD19*) lymphocytes, those of T cell populations: (CD4*) helper T cells and (CD8*) cytotoxic T lymphocytes, the con-
centrations of the immunoglobulins A, O, and M classes (IgA, IgG and IgM), neutrophil absorptive and bactericidal activ-
ities, and the serum levels of large, middle, and small circulating immune complexes, C-reactive protein, and procalcitonin.
The incidence of nosocomial pneumonia and sepsis and the outcome of injury were analyzed in both groups. Results. The
performed investigation indicated that EIRT in Group 1 victims resulted in a 27.6% decline in the number of patients who
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had received mechanical ventilation (MV) for more than 3 days and reduced the rate of early-onset pneumonia and sepsis
by 24.3 and 5.2%, respectively, and the intensive care unit length of stay from 20.2 to 12.5 days, mortality rates by 12.1%,
and deaths by 1%. Conclusion. EIRT used to treat victims with SCI could decrease the duration of MV and the incidence
of nosocomial pneumonia, which in turn reduced mortality rates in the examined groups. Key words: severe concomitant
injury, nosocomial pneumonia, early immune replacement therapy, infectious complications, immune imbalance, procalci-

tonin, ISS, mechanical ventilation, mortality.
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HosokomuasbHasi THEBMOHUSI — OJTHO U3 YACTBIX WH-
(beKITIOHHBIX OCJIOKHEHUI KPUTHUECKNX COCTOSTHUI [ 1—3].

[TocTpamasmive ¢ TSPKECTBIO TOBPESKICHNT 110 IIKaJIe
ISS>30 OGamnoB u 00bBEMOM OCTPOH KPOBOMOTEPU
22000M7 OTHOCSITCS K TPYTITIE BBICOKOTO PUCKA Pa3BUTHS
MHOEKITMOHHBIX JierouHbIX ocyokHenuit (11J10), koropbie
peructpupyetcst y 65—90% MarnenToB 9TOH KaTerOpum.
ITpu aTOM ocHOBHOI TipanHON cMepTr B 50—70% ciryda-
eB apisorcs umerHo MJIO [4—6]. B obmeii cTpykType
BceX MH(MEKIIMOHHBIX OCTOKHEHUN Y MOCTPAJABIINX C TS-
skestoit couetannoit Tpasmoit (TCT) B oTienenusx peanu-
Maluy IepBoe MeCTO 3aHMMAIOT HO30KOMUAJIbHAs ITHEB-
MOHUSI ¥ THOMHBIN TpaxeoOpoHxuT [7—8].

VIMMyHHAsT cucTeMa — 9TO CJIOXKHAsST MHOTOKOMIIO-
HEHTHAs CCTeMa, OCHOBHOH (DYHKITHEH KOTOPOI SIBJISIETCS
HE TOJIbKO 00ecredeH e 3alUThl OT BHEAPUBIINXCS B Opra-
HU3M HMHQEKIMOHHBIX areHTOB, HO UM YHUYTOKEHUE T0-
BPEKACHHBIX M M3MEHEHHBIX COOCTBEHHBIX OENKOBBIX
CTPYKTYP, KOTOPbIe BO3HUKAIOT B IIPOIlecce HOPMAJTbHOMN
SKUBHEIEATETBHOCTA OPraHu3Ma, U B YBEJIMYEHHBIX KOJIU-
yecTBax — IMpHU TpaBMaX. VIMMyHHas crcteMa Urpaet Tak-
JKe OCHOBHYIO 9(h(heKTOPHYIO POJIb B peaM3alini CUCTEM-
HOTO BOCHAJTHTEJBHOTO OTBETAa Ha TSIXKEJAYI0 TPaBMY.
[ToaToMy 0COOEHHOCTH UMMYHHBIX HAPYIICHUI Ha PAHHUX
aTanax TpaBMaTHIECKON GOJIE3HN B 3aBUCHMOCTH OT TsIKe-
CTH TTOBPEKACHUI 1 00beMa IIePEeHeCEHHON 0CTPON KPOBO-
norepu y nocrpagasiux ¢ TCT npeacrasistior ocobblii
MHTEPeC JUISE MEIUIITHBI KPUTUYECKUX COCTOsTHMIA [9].

HecMmoTpst Ha TO, 9TO B HACTOSIIEE BPEMSI IOCTUTHY -
ThI 3HAUNTEJIbHBIE YCIIEXU B TEOPETHUECKON UMMYHOJIOTHI
U BPauU-UMMYHOJIOTH PACIIOJIATAI0T OOJbIIMM HabOpOM
MHOOPMATUBHBIX METO/INK, HAJIO IPU3HATD, YTO €IIle MaJio
CBeJIeHUH Kak 0 (YHKIIMOHUPOBAHUM UMMYHHOI CHCTEMbI
B 11€JIOM, TaK ¥ U3MEHEHUSIX B PA3JUUHBIX €€ 3BEHbSIX NPHU
KPUTUYECKUX COCTOSTHUAX opranusma [10].

Ha cerousininmii ieHb UMEIOTCS TOJIBKO €JIMHUYHbIE
paboThl, MOCBSIIEHHbIE UMMYHHOU HEOCTATOUHOCTH TIPH
MAaCCHUBHOI KpoBororepe 1 olieHKe a(hHEKTUBHOCTH PaH-
Hell MMMYHO3aMeCTUTEJIbHOI Teparnuy y NOCTPAJaBIINX C
OTKPBITBIMU paHeHusAMHE [11].

OreyTeTBYIOT PaboTHI 110 0GOCHOBAHUIO TIPOBEIECHUS
paHHell MMMYHO3aMEeCTUTEJBbHOIH Tepanuy y IMOCTPajlaB-
[IMX HA PAHHUX 9TalaX TPABMATHUYECKO OOJIE3HM, U OleH-
Ke ee BausHUS Ha pasBuTre MJIO n napameTpbl UMMYHHO#
cucrembl. /[0 HAaCTOSIIErO BpEMEHHU 3TOT METO/L UMMYHOTE-
panuu He SIBJSIETCS OOIIENPUHATHIM KOMIIOHEHTOM Jiede-
HIS TOCTPA/IABIINX C TSKETOH COueTaHHOH TPaBMOM.

Ileab paboTbr — omenka 3G(EKTUBHOCTH paHHEl
MMMYHO3aMECTUTEIBHON TePAluU B YMEHBIIEHUH YHCJIa
MHOEKITMOHHBIX JIETOYHBIX OCJOXKHEHU Y TTOCTPA/IABIINX
C TSIKEJION COYeTaHHOH TPaBMOTL.

Nosocomial pneumonia — one of the most frequent
infectious complications of critical states [1—3].

Patients with the severity of injuries on a scale ISS
>30 points and the amount of acute blood loss >2000ml are
at high risk of infectious pulmonary complications (IPC),
the frequency of which is recorded in 65—90% of patients in
this group. IPC is considered as a main cause of death in
intensive care units (ICU) in 50—70% of patients[4—6].

The nosocomial pneumonia and purulent tracheo-
bronchitis are at the first place within the overall structure
of infectious complications in patients with severe poly-
trauma in ICU [7, 8].

The immune system is considered as a vital system of
the body, the main function of which is not only to protect
against invading infectious agents, but also to destructal-
tered their own molecular structures, which arise during
the normal functioning of the body — the process that
might be increased in injury. The immune system also plays
a main effector role in the implementation of a systemic
inflammatory responses to serious injury. Therefore,
immune disorders are of particular interest to critical care
medicine particularly in patients with early stages of trau-
matic disease, severedamage and acute blood loss due [9].

Despite the fact that there is a considerable progress
in immunology and a large set of informative technologies
have been developed, the changes in various links of
immuno9logical parameters to mechanisms of developing
critical illness is still far from clarification [10]. To date,
there are only a few studies devoted to immune deficien-
cies due to massive blood loss, and the assessment of the
effectiveness of early immune therapy in patients with
open wounds has not been developed [11]. In addition,
there are no studies describing the effects of early immune
therapies in patients with early stages of traumatic disease
and evaluation of impact of trauma on the development of
IPC and status of the immune system. Moreover,
immunotherapies are not generally accepted component of
intensive treatment of patients with severe polytrauma.

The aim of study was to evaluate the efficacy of early
immune therapy in reducing the number of IPC in patients
with severe polytrauma.

Materials and Methods

The study included 225 patients with severe polytrauma
(ISS>30 points), who were treated in the ICU of the N. V. Skli-
fosofskiy Institute of Emergency Care in 2009—2014. Patients
who died within 12 hours after the injury, patients with combined
trauma, injuries of hollow organs, massive crushing of soft tissue
and purulent-septic focus of extrapulmonary localization, formed
in the early stages were excluded from the study.

The course of traumatic disease in 158 patients was compli-
cated by nosocomial pneumonia including a divisional group of
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TaGmuna 1. Xapakrepucruka rpymi nocTpajiaBiiuX, B 3aBUCUMOCTH OT PaHHEH UMMYHOTEPAIUK
Table 1. Groups, depending on the treatment of early immune therapy

Parameters Value of parameters in the groups
with early immune therapy without early immune therapy
Number of patients, n 126 99
Men, 7 (%) 93 (73.8%) 71 (71.7%)
Women, 7 (%) 33(26.2%) 28 (28.3%)
Average age (years) 36.2+14,4 35,7+14.4
Scores on a scale of ISS 41.748.9 42,0+8.5
Blood loss (ml.) 3208+1252 2811+£1084

Note (mpumeuanue): parameters — MccIe0BaHHbIE TIPU3HAKY; number of patients — KOJMYeCTBO NAIMEHTOB B TPYIIaX, #; men, 7 (%)
— MyKYnHbBL, women, 7 (%) — JKeHIINHLL; average age (years) — cpeanuii Bogpact (Jiet); scores on a scale of ISS — 6asrst o mikare
ISS; blood loss (ml.) — kposonorepst (ma); value of parameters in the groups — sHaueHue nokasareseil B rpynmnax; with early immune
therapy — rpynma ¢ panteii nMMyHO3aMeCTUTENBHON Tepamueil; without early immune therapy — rpymnma 6e3 panHeil uMMyHO3aMec-

TUTEJbHON Teparnm.

Marepuan u MeTO/bI

B uccrenopanve Briouetst 225 (164 mysxumnst u 61 sxentim-
Ha B Bogpacte 35,5+14,1 JjieT) nmocrpagaBIInx ¢ TIKENO0H coueTan-
Hoit rpamoit (ISS230 6asi10B), KOTOPbIE HAXOAUINCDH HA JICYCHUH
B otzesennu peanmmvaiun HUU ckopoit momoru nm. H. B. Cxiu-
docosckoro B 2009—2014 rr. B uccrenoBarnue He BKIIOYAIN TOCT-
PajIaBIINX, YMEPIINX B TedeHre 12 4acoB ¢ MOMEHTA TPABMBI, [IOCT-
palaBIminX ¢ KOMOMHUPOBAHHON TPaBMOM, ¢ TOBPEKAEHUSIMU
TIOJIBIX OPIaHOB, C MACCUBHBIMU PA3MO3KEHUSIMI MITKUX TKaHeH 1
PHOWHO-CENTHYECKUMI O4YaraMy BHEJIETOYHOI JIOKaJIM3aluu,
chopMUPOBABIIUMUCS B PaHHKE CPOKH. B 0poskHO-Tpancnopr-
ubix niporcuiectsusix (JITIT) mocrpagamu 137 (60,9%) nanuenros,
npu mazeHuu ¢ Boicotbl — 51 (22,7%); noesaHast TpaBma Gbiia y 18
(8%) moctpazmasiix, 6srroBast — y 10 (4,4%) 1 IponsBoICTBEHHAS
—v5(2,2%); B4 (1,8%) nabsmoaenusix MeXaHusM TPABMbI ObLI He-
U3BECTEH. Y OJIHOTO M TOTO JKe MOCTPAJIABIIEro OTMeYaIn CoYeTa-
HITe TPAaBM HECKOJIBKHUX aHATOMUYECKHX 00JIacTell Tesa, mpideM y
24 (44,4%) noctpaaBIiix — coYeTaHne TpaBM 4-X u GoJiee aHaTo-
Mudeckux obsacreil tesa. CpemHuil 6a TSKECTH TPABMbI 110
mkasie ISS onenuBazicst B 41,9%8,7 6amios. O6beM KpOBOIIOTEPH
cocrasuit 3033+1197 mur. UBJI nposossknTesibHOCTBIO /10 1 cyTOK
poBonn y 54 (24%) nocrpajasiuimx, 10 2 cytok — y 12 (5,3%),
10 3 cytok — y 16 (7,1%) u cBbinte 3 cytok — y 122 (54,2%). He-
VMHBA3MBHYIO BEHTHJISIIINIO JIETKUX nctiosbzoBasm y 10 (4,4%) na-
entos; B 11 (4,9%) nabmoaenusx nokasanuii k IBJI we 6bL10.

Teuenue TpaBMaTHUecKOi 6ose3Hn y 158 mannuenToB 0ca0K-
HUJIOCh HO30KOMHUAJIbHOIT ITHEBMOHUEH, CPe/Ii KOTOPBIX BbIIEIEHA
oTiesibHAsT TpyNa — 14 mocTpajaBInx, y KOTOpbIX Ha (doHe Tsi-
JKeJtoit aberenpyoneil THEBMOHIH TIPOU30IIIA TeHEPATU3AIINS
rporiecca, 1 pa3BIIICS TSKEJIbIN cenchc. J{narnocTnky Ho30KOMu-
AJIbHOI ITHEBMOHUU MPOBOAWJIN C HCIOJIb30BAHUEM KPUTEPUEB,
M3JI0KEHHBIX B POCCHIICKMX HAIMOHAJIBHBIX PEKOMEHIAIMIX:
«Hoszoxomuanpast maeBMonus y B3pocibix» |12]. Hozokomnains-
HYIO TTHEBMOHHUIO IMATHOCTHPOBAIH HA 3—5 CYTKH [OCJIE TPABMBI.
OCHOBHBIMU BO30OYIMTE/IAMU THEBMOHUK Y GoJIbHBIX Ha VIBJI siB-
JISTACH TpaMOTpUIaTeIbibie Oakrepun — 86,4%. Cpean HUX TIpe-
obaananu Acinetobacter sp. (30,5%), K.pneumoniae (22,0%),
B.cepacia (13,2%) n Paeruginosa (10,2%). Ocrasuinecs 10,5%
rpaMOTPHIATEIbHBIX GaKTepuii — ApyTHe dHTEPOOAKTEPHN. 30J10-
THCTBIIT cTadUIOKOKK BeTpevasicss B 11,9% u nposk. rpubsl poza
Candida — B 1,7% ciyyaes. [[narsos cercrica BbICTABJISIIN B COOT-
BETCTBUH C MEXK/YHAPOIHBIMU KpuTepusivmut [13].

[Ipu moCTyIIEHN ] MOCTPAIABIINX CITyIaiiHbIM 06pasoM (Me-
TOJl KOHBEPTOB) pasaesnin Ha 2 rpynmsl: 1-g (n=126), B KoTopoit
CTaH/IaPTHOE MHTEHCUBHOE JIEYeHIE JIOTIONHSIN PAHHENH HMMYHO-
3amectutenbuoit tepanueit (PU3T); 2-a (1=99), B koTOpOIi NH-
TEHCUBHOE JIedeH e MTPOBOANIIN B OJTHOM 0Gbeme, Ho 6e3 PII3T.

Ipynisl He pazaryaIich 1o jgeMorpaduueckuM rmokasare-
JISIM, TSZKECTH TPaBMBI U 00beMy KpooroTepu (Tabu. 1), a Tak-
JKe 110 KOJMYECTBY IAIMEHTOB C TPaBMOIl TOJIOBBI M TPY/H.
PU3MT npoBoauin myrteM BHYTPUBEHHOTO BJINBAHUS JJOHOP-
ckoro ummyHnoraoOyuna 1gG B gose 150—200 mur eskeIHEBHO

14 patients with generalization of the acute pneumonia and who
developed severe sepsis. Diagnosis of nosocomial pneumonia was
carried out using the criteria set out in the Russian national rec-
ommendations, <«Nosocomial pneumonia in adults» [12].
Nosocomial pneumonia diagnosed by 3—5 days after injury. The
diagnosis of sepsis was exhibited in accordance with the interna-
tional criteria [13].

Immunological evaluation was performed in 1—3 days and
6—9 days after injury and included determining the relative and
absolute number of lymphocyte populations: CD3*-T lympho-
cytes,CD19* B-lymphocytes, helper CD4* T cells,cytotoxic
CD8* T cells. The immunoregulatory index (IRI) evaluated as a
ratio of CD4" T cells to CD8" T cells and concentration of
immunoglobulins A, G, M (IgA, 1gG, IgM) were determined.
The absorption activity of neutrophils and bactericidal activity
(oxygen metabolism) were determined by a latex test and spon-
taneous and stimulated NBT test (nitroblue tetrazolium)
(sp.NBT and ind.NBT), correspondingly. Coefficient of activa-
tion (CA), reflecting reserve bactericidal capacity of phago-
cytes (ind.NBT/sp.NBT) was computed based on obtained
results for each sample. The profile of serum circulating immune
complexes included three parameters: high (BTSIK), medium
(STSIK) and small (MTSIK) determined by precipitation with
polyethylene glycol. as well as the Concentration of C-reactive
protein (CRP) and procalcitonin (PCT) were determined by
routine clinical commercially available tests.

Early immune therapy included donor immunoglobulin
for intravenous infusion (Nnormal Immunoglobulin for injec-
tions, Mikrogen, Moscow, Russia) at a dose of 150—200 ml
(7,5—10 g IgG) daily for the first three days Depending on the
treatment, all patients were divided into two groups: I group,
with 126 patients received standard intensive treatment, which
was supplemented by intravenous administration of
immunoglobulin on the first 12 hours of injury, and group II,
with 99 patients who received standard intensive treatment
without immune therapy (Table 1). Immunological criteria for
evaluation included 9 immune status parameters with proven
diagnostic value varying during the aseptic and bacterial
inflammations: total leukocytes count, relative amount of lym-
phocytes including subsets of T-cells, latex test, sp.NBT/
ind.NBT tests, concentrations of IgA, IgG, IgM. Our previous
studies identified ranges of variation of these parameters in
1—3 days in patients with a smooth flow of post-traumatic
period, which allowed them to be considered as an adequate
responses of the immune system to damaging factors [14, 15].

The results were statistically processed using the package
«SPSS 11.5». In characterizing the random variables, we pointed
out the average (M) of random variables, standard deviation (&)
and the sample size (n). For comparison of quantitative data non-
parametric Mann-Whitney U was employed due to character of
distribution of variables The statistical significance of differences
between groups was tested using Chi-square test for contingency
tables (2X2) [16 17].
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Ta6muua 2. Bimsinie paHHeil MIMMYHOTEPAIUK HA Pa3BUTHE UH(DEKIMOHHBIX OCIOKHEHUI U HCXO/IBI
Table 2. Influence of early immunotherapy on the development of infectious complications and outcomes

Parameters Value of parameters in the groups

I i © P
Number of patients in group, n 126 99
Mechanical ventilation over 3 days, n (%) 53 (42.1%)* 69 (69.7%)* 17.055 0.000
Pneumonia, n (%) 75 (59.5%)* 83 (83.8%)* 15.674 0.000
Sepsis, 7 (%) 5(3.9%) 9(9.1%) 2493 0.114
Died, n (mortality %) 14 (11.1%)* 23 (23.2%)* 5928 0.015
Average hospital stay 12,5% 20,2#

Note (npumeuanue). Parameters — nokasaresu; number of patients in group, n — xoaudecTBo GOJNBHBIX B rpyIiax, #; Mechanical
ventilation over 3 days, n (%) — ¢ IBJI cBbime 3 cyTok; pneumonia, n (%) — mHeBMoHUS; sepsis, n (%) — cencuc; died, n (mortali-
ty %) — ymepiio (cMmepTHOCTD %); Average hospital stay — mumreaprocts npeboiBatust 8 OPUT, value of parameters in the groups —

3HaYeHMe MoKasareseil B rpynmax. *

— the differences were significant between groups by chi-square test for contingency tables

(2X2) pasyums JOCTOBEPHBI MEXK/Ay rpynnaMu no kpurepuio y% # — the differences between the two groups were significant by
Mann-Whitney test, P<0.05 — pasamdust MeXIy AByMs TPYIIAaMi ObLIN 3HAYUMbBIMH 110 KpUTEPUI0 MaHH— YUTHIL.

B TeueHMe MEePBBIX TPEX CYTOK, HAYMHAs ¢ HepBbiX 12 yacos oT
MOMEHTA TPABMBI.

VIMmyHoOJIOTHYeCKOe HCCe/loBaHne BBITOMHSIN B 1—3 1
6—9-e cyTku 1ocsre TpaBMbl. OTPeNeNsUI OTHOCUTENBHOE U a0-
COJIIOTHOE KOJMYEeCTBO JUM(MOINTOB OCHOBHBIX ITOMYJISI-
nuit: (CD3%) — T-numdouuros u (CD19%) — B-mumdoru-
ToB, cyononyssiuii T-kierok: (CD4") T-xeanepos u (CD8T)
T-mroTokcnueckux JUMQOIUTOB C PACUETOM UMMYHOPETryJisi-
topuoro unzgekca CD41/CD8* (MUPU), kounenTpanuu mmMmy-
HoraobyanHoB kiaaccoB A, C, M (IgA, IgG, 1gM). UccrenoBaiu
TaK’Ke MOTJIOTUTEJIbHYI0 aKTUBHOCTh HEHTPO(MUIIOB C TTOMOIIBIO
JlaTeKc-TecTa U GaKTePUIUAHYIO0 AKTHBHOCTD (KUCJIOPOIHBII Me-
TabOMM3M) — C TIOMOIIBIO CIOHTAHHOTO ¥ WHIYIIMPOBAHHOTO
HCT-rectoB (c. HCT u una. HCT) ¢ pacuerom koaddutmenta
axrusaiuu (KA), orpaxkaioniero pesepsHoii 6akTepuIuaHoll 1mo-
tennuain daromutupyomux kiaetok (maA.HCT/ ci.HCT). Om-
pesesisiiin cojiepKanne B ChIBOPOTKE KPOBU IUPKYJIUPYIOIINX
UMMYHHBIX KOMILIEKCOB Tpex Besnnuuu: Oosbmux (BIIK),
cpennux (CIHIUK) n menxux (MILVIK) meTomom ocaxienus 1mo-
JINATUJIEHTJIMKOJIEM, a TakKe KOHIeHTpaluio C-peakTHBHOrO
6enka (CPB) u npokanpiuronnna (ITKT).

B kauyecTBe MMMYHOJIOTHYECKUX KPUTEPHEB JIJIST OIEHKU Xa-
paKTepa UMMYHHOTO OTBeTa B 1—3 CyTKuU 1ocsie TpaBMbl ObLIN BbI-
GpaHbl 9 MHTETPATbHBIX MAPAMETPOB UMMYHHOTO CTaTyca, H3Me-
HSTIONUXCST B XOJI€ Pa3BUTHS ACENTHYECKOTO U GaKTEpPUaIbHOTO
BOCHAJICHNS, 1 MMEIONINX JJOKA3aHHYO MArHOCTUYECKYIO 3HAYM-
MOCTB: 0011ee KOJINYECTBO JIEHKOIMTOB, OTHOCHUTENbHOE KOJIYe-
cTBO JIMMOIHITOB, B ToM uncie T- B-kierox, sateke, ci. HCT n
i HCT-recrsl, konnenrpanus IgA, IgG, IgM. Hammmu npessi-
JYIIME MCCJIEIOBAHUSIMU OIIpe/iesIeHbl INAa30Hbl M3MEHEHU T
9TUX TIapaMeTpoB B 1—3 CyTKHU y MOCTPA/IABIINX C IJIQ/IKUM Teyde-
HUEM ITOCTTPABMATUYECKOTO MEePHO/Ia, YTO MO3BOJINIIO UX CYUTATh
OTpaskeHreM aJeKBATHOTO OTBeTa MMMYHHOIH CHCTEMbI HA KOM-
JIEKCHOE JleficTBIe TOBpeskaaoniux ¢axkropos |14, 15].

[Tostyuennble pe3yJsrarTsl GbuI 06pabOTAHBI METOLAMHU Ma-
TEMAaTHYeCKOIl CTaTUCTHKHU C HcHoJb3oBaHmeM mnakera <«SPSS
11.5». Ilpu xapakTepucTrKe CIyYaiiHbIX BEJINYNH, YKa3bIBAIN Ma-
TeMaTHuyeckoe oxkuganue (M) ciyuaiinoit Besnunnsl (£) o (cTan-
JIapTHOE OTKJIOHEHUE) U 06beM BBIGOPKH 7. [[JIst CpaBHEHIIST KO-
YECTBEHHBIX JIAHHBIX HCIIOJIb30BAJICS HellapaMeTpUuecKuil
kputepuit U Manna-Yurau. Cratuctudeckast 3HaYUMOCTD CBSI3H
[IPU3HAKOB B TPYIIIAX POBEPSIIIH € MOMOIIbIO Xu-KkBajpara [Tip-
cona Jist Tabsuil conpsikentocTr (2X2) [16, 17].

PesyibraThl U 00CyK/IEHAE

Pannsiss MMMyHO3aMeCTUTEIbHAS Teparus oKasa-
nach 3hPEKTUBHON 1e4eOHO-TIPOPUIAKTIICCKON MEPO.
B 1-ii rpynmne nocrpamasiux (tabsr. 2) ObLIO MEHbIIE Ha-
GurozieHuii ¢ npoposskuTensHocThio IBJI Gosee 3 cyr., a
TaKkKe ObLIN HUIKE 4acTOTa Pa3BUTUS [THEBMOHUU W Jie-

Results and Discussion

Majority of patients (78.6%) with the severity of
damage on a scale ISS >30 points and the amount of acute
blood loss >2000ml from the first day of the injury experi-
enced of a disbalance of cellular and humoral immune sys-
tem parameters with a marked decrease of immunoglobu-
lins level that washe most significant for IgG. The analysis
of the dynamics of immune system parameters was per-
formed in post-traumatic period. The duration of mechan-
ical ventilation, incidence of infectious pulmonary compli-
cations, and outcomes were considered. Table 2
describestwo groups that included patients of comparable
age, sex, severity of damage assessment point on the scale
of ISS, and the volume of acute blood loss. Comparative
analysis show significant differences between patients with
standard thgerapy and immune therapy initiated on the
first day after the injury and with distinct in durations of
mechanical ventilation and infectious pulmonary and sep-
tic complications average value of bed-day stay in the ICU
and mortality (Table 2),

In group I there were 53 patients (42.1%), who car-
ried out the mechanical ventilation for more than three
days, whereas group II includedmore patients (69 patients,
or 69.7%). In group I, pneumonia 75 patients (59.5%)
developed pneumonia, 5 (3.9%) developed sepsis, whereas
in the comparison group 83 patients (83.8%) developed
pneumonia and 9 patients (9.1%) developed sepsis.
Fourteen patients of the I group died (11.1%) and 23
(23.2%).patients died in group II.

Comparative analysis of the dynamics of immuno-
logical parameters showed significant differences between
groups depending on the ongoing immunotherapy. Figure
1 demonstrates changes in the concentration of IgA, 1gM,
IgG during the observation period in both groups.

As can be seen from the data presented in Fig. 1,
changes in the concentration of immunoglobulin depended
on the ongoing immunotherapy. By 6—9 days patients of
group I a demonstrated significant (p<0.05) increase in the
concentration of immunoglobulin of all classes, while
patients in group II experienced significant decrease in
IgG concentration (p<0.05).

Fig. 1, b shows the changes in total number of leuko-
cytes and relative amount of lymphocytes influenced sub-
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Puc. 1. [Ilunamuka napaMeTpoB HMMYHOTPaMMBbI YPOBHSI Y IIOCTPA/IABIINX B HCC/IEJOBAHHBIX IPYIIAX:

Fig. 1. Dynamics of immunological parameters in patients depending on the inmunotherapy.

Note (npumeyanue): groups — rpymia; days — anu; * — Intergroup differences were significant by Mann-Whitney U-test (P<0.05)
(BHYTPHUTPYIIIOBBIE PA3INYUs HOCTOBEPHBI 10 kpureprio U-Manna-Yurnu, p<0,05). a — IgA, IgM, IgG — ummynornoGyunbr: 1gA,
IgM, IgG; b — the relative number of leukocytes and lymphocytes — orHOCHTEIBHOE KOMMYECTBO JefikormTOB 1 MbOLNTOB; ¢ — the
main populations of T- and B-lymphocytes — ocrosmbie nonyasaun T- u B-mmdonurtos; d — absorptive activity and oxygen metabo-
lism of phagocytic cells — morsorurenbHast akTHBHOCTD 1 KICTOPOAHBIN MeTab0M3M (haronnTHPYIONIX KIETOK; latex — JaTekc-TecT;
sp.NBT-test — spontaneous nitroblue tetrazolium test — conTanmbiii Tect ¢ HuTpocunum TerpasonneM; ind. NBT — induced nitrob-
lue tetrazolium test — WHIYIUPOBAHHBINA TECT C HUTPOCUHIM TETPAZOJIIEM.

TaJBPHOCTB. JacToTa pasBUTHS CelcHca He MMesa MeX-
TPYIIIOBBIX OTJINYHIL.

CpaBHUTEJIBHBII aHAJIN3 ANHAMUKHY [TAPAMETPOB M-
MYHOTPAMMBI Y TTOCTPA/IABIIIX CPABHUBAEMBIX TPYIII TaK-
’Ke BBIIBIJI CYIIECTBEHHbBIC PA3/INUUsl B 3aBUCUMOCTU OT
IPOBOANMOI MMMyHOTepanuu. VI3MeHeHUsT KOHIIEHTpa-
mn IgA, 1gG, 1gM 3a nepuo HabioieHus], B CpaBHIBae-
MBIX TPYTIIax, IPeCTaBaeHbI Ha puc. 1.

Kak cieztyet n3 1aHHBIX, TIPE/ICTABICHHBIX Ha puc. 1, a,
y octpajaBiux B rpynmax I u I, nsmenenne koHIeHTpaImm
UMMYHOTJIOOYJIMHOB UMEJIO Pa3HOHATIPABJICHHBINH XapaKTep
1 3aBHCEJIO OT MPOBOANMON MMMyHOoTeparmi. K 6—9 cytkam
B I rpynme ormevann nosbimenne (p<0,05) KoHIEHTpATIH
NMMYHOTJIOOYJIMHOB BCEX KJIACCOB, TOT/IA KAK Y MOCTPajiaB-
mx [T rpymmsr otmedamn camskenne 18G (p<0,05) u teren-
U0 K YMEHBIIEHNIO YPOBHsI IPYTHX UMMYHOTTIO0YJIMHOB.

VHTerpasbHBIMI [I0KA3aTeIIMH, XapaKTePU3YIOIH-
MU OTBET KJIETOUYHOTO 3BeHa MMMYHHOI CHCTEMBI Ha BOC-
HaJIeHne, SIBISIOTCsT 00IIee KOJTNYECTBO JEHKOIUTOB U M0~
myJsiuoHHbIH cocta JuMdoruto (CD3*-kietok). Ha
puc. 1, 6 mpecTaBIeHO U3MEHEeH e ODIIEro Yrcaa JeHKo-
IIUTOB 1 OTHOCUTETIBHOTO KOJINYECTBA JUMQOIITOB IO/
BJIMSTHIEM 3aMECTUTETBHON MMMYHOTEPAITHHL.

Kak ciemyer U3 JaHHBIX PUCYHKA, IPOBEJCHUE 3a-
MECTUTEJIbHON IMMYHOTEPAIINH He B0 HA JUHAMUKY

stitution immunotherapy. As follows from the figure, hold-
ing the immunotherapy substitution did not affect the
dynamics of the total number of leukocytes, but facilitated
a significant (p<0,05) increase in the proportion of lym-
phocytes. Basic regulatory populations — CD3* T lym-
phocytes were significantly increased. The relative amount
of CD19" B lymphocytes and their function was not
changed. In patients of group II there was a further decline
of relative number of lymphocytes (Fig. 1, b), including
CD3" T cells and a significant (p<0,05) increase in the
proportion of CD19% B cells (Fig. 1, ¢). The lack of
increase in the concentration of immunoglobulins in
patients of group 11, as reflected in Fig. 1, a, may indirect-
ly indicate the functional inferiority the population of
CD19" B lymphocytes.

The study of the dynamics of the absorption (Latex
test) and bactericidal activity of phagocyte cells (NBTsp
and NBTind tests) also revealed differences between two
groups (see Fig. 1, d).

In group I changes of all investigated parameters
presumably reflected the preservation of functional activi-
ty of neutrophils. Moreover, the normalization of the
absorptive activity of phagocytes accompanied by a
marked increase in the AC reflecting the reserve of bacte-
ricidal potential (Ind.NBT / Sp.NBT) in group I to 0.35,
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00111ero ymcsa JeHKOIUTOB, HO CII0COOCTBOBAIO YBEJIN-
gennio (p<0,05) mosau nmumbponuros. Ha puc. 1, 6 mpex-
CTaBJIEHO U3MEHEHUE MOIYJISIUOHHOTO cocTaBa JuMdo-
(p=<0,05)
OCHOBHOI1 perynupyiotreit nomyssnun — CD3*(T)-num-

IIUTOB, JIEMOHCTPUPYIONIETO yBEJUUYEHUE
ormroB. OtHOCHTENBPHOE KosMMdecTBO CD19%(B)-mmm-
(ormToB 1 uX GYHKIUS IPU HTOM HE MEHSJIUCH. Y TOCT-
pamaBmmx Il rpynmsr oTMedeHO manbHelIIee CHUKEHUE
OTHOCHTEJIBHOTO KoJimuecTBa Jumdonutos (puc. 1, 6), a B
ux yucie — ymenbierue goau CD3T u yBenmueHue
(p<0,05) momu CD19*-xaerox (puc. 1, 8). OTcyTcTBUEe
NPUPOCTA KOHI[EHTPAIIMU KMMYHOTJIOOYJIMHOB Y TIAIEH-
ToB Il Tpynmer, oTpaskennoe Ha puc. 1, a, KOCBeHHO yKa-
3bIBaeT Ha (DYHKITMOHAIBHYIO HEITOJTHOIICHHOCTD MOTTYJIsI-
un CD19%(B)-numdornuros.

Uccnenosanme muHaAMWUKHW ToriaoTuTeapHon (Jla-
TEKCT-TECT) U OAKTEPUIUIHON aKTUBHOCTH (DaroluTHpy-
fomux kjaetok (HCTen. m HCTunm.-tector) Takke BbIABU-
JIO Pa3aMuns B cpaBHMBaeMbIX rpynmax (puc. 1, 2). Ilpm
MIPOBE/ICHUH 3aMECTUTEIbHOI nMMyHoTepanuu (1-s rpyr-
11a) U3MEHEHHe BCEX MCCJEOBAHHBIX MOKa3aTeseil oTpa-
JKajIo coxpaHenue (PyHKIIMOHAIBHON aKTHBHOCTH HEHTPO-
dunos. Bonee TOTO, HOpMANU3AIUS TMOTTOTUTETBHON
AKTUBHOCTHU (haroiuTOB COMPOBOXK/IATACH 3aMETHBIM YBe-
smuenreM KA, orpaskaroniero pesepBHbIil GakTepUIHAHBIIT
morentan (Muan. HCT/Cn.HCT), 8 I rpymme ma 0,35, Tor-
na kak Bo II rpymme (6e3 uMmyHoTepanuu), Ha GhoHe co-
XpaHgIoNelcss HU3KOW TOTJIOTUTENHHOW aKTUBHOCTHU
(Hopma 55%2,5%) — Tosbko Ha 0,19.

Kax ciieryer 13 1anHBIX PUCYHKA 2, B 00€NX Ipymax
yiKe B [IePBbIe CYTKU ¢ MOMEHTA TPABMbI, OTMEUAJIM 3HAUN-
TebHOE TIOBBIIeHNe cpearero ypoBHs IIKT, ograxo mu-
HAMHKa €ro CYIIECTBEHHO Pa3/nyaiach B 3aBUCUMOCTH OT
MIPOBE/IEHUST PaHHEH MMMYHO3aMECTUTEJIbHOM Teparnuu.
Ha 6—9 cyrku B rpymie I (¢ panneit mMMyHOTeparueii)
orMmevasn 3HagrMoe (p<0,05) cHIKEHNe CPEAHET0 YPOBH
IIKT ¢ 3,3 10 0,7 ur/mui, B 10 Bpems kak B rpyie 11 (6e3
nmmyHortepanun) Ha 6—9 cytku yposenb ITKT nosbicui-
cst ¢ 3,4 10 4,9 ur/mi.

Takum 06pasoM, IMHAMUKA UCCJIEI0BAHHBIX UMMYHO-
JIOTMYECKUX APAMETPOB TOATBEPKAAECT O0OOCHOBAHHOCTh
IIPOBOJIMMOIl paHHEN MMMYHO3aMECTUTEJIbHON Teparuu,
a(hdHEKTUBHOCTD KOTOPO# TOATBEP:K/IEHA YMEHBIIICHUEM Ha
27,6% momu mocTpaaasimux, kKotopbiM MIBJI posoanmm 60-
Jiee Tpex CyTOK, Ha 24,3% — JOJIM MATINEHTOB ¢ THEBMOHH-
eif, pasBUBIIEHCS B paHHUE CPOKH, HA 5,2% — OGOJBHBIX C
cernicrcom 1 Ha 12,1% — gncima ymepinmx.

[TpencraBienne 0 TOM, YTO UMMYHHAsi CHCTEMA BblI-
TIOJIHSIET TOJIBKO OJIHY (DYHKIIMIO — 3alUTY OpraHU3Ma OT
BHEJ/IPEHUS BCETO YYKEPOJIHOTO, IABHO ycTapesa. B Hacro-
siiee BpeMsi JIOKa3aHo, YTO MMMYHHAsI CHCTEeMa TaKkKe pea-
JIN3YET U KOHTPOJIMPYET CUCTEMHYIO BOCIATIUTEBHYIO pPe-
AKIIMIO, PA3BUBAIONILYIOCS B OTBET Ha MOBPEK/IEHUE TKAHEI.
B aTtoM yyacTBYIOT [EHCTBYIOIINE COJPYKECTBEHHO Pas-
HbI€ PEryJISITOPHbBIE CETEBbIE CUCTEMbI OJIMHAKOBON CTerie-
HU caA0KHOCTH. C KJIMHUYECKOI TOUKHM 3PEHUS TsKesast
TpPaBMa PAacCTpanuBaeT HOPMasibHble UMMYHHbIE (DYHKITUI
U CO3/IaeT TPEANOCHIIKA K PA3BUTUIO OTIACHBIX MH(DEKIN-

whereas in group II (without immunotherapy-less values
were obtained (0.19).

Figure 2 shows a significant increase in the average
level of PCT in both groups, however, the dynamics of PCT
varied significantly depending on early immune therapy. On
6—9 days in group I (with early immunotherapy) patients
demonstrated significant (p<0.05) decrease of PCT values
(from 3.3 to 0.7 ng / ml), while in group II (no immunother-
apy) at the PCT level increased from 3.4 to 4.9 ng / ml.

ROC-analysis revealed the importance of the severi-
ty of damage to ISS scale and scope of acute blood loss for
the early prediction (within the first 12 hours after injury)
immune disbalance in patients with severe polytrauma, the
values of the area under the curve amounted to scale ISS —
0,844 and magnitude of acute blood loss — 0,759.

Significant dependence of infectious pulmonary com-
plications of immune disbalance was confirmed by contin-
gency tables (2X2), Pearson Chi-square = 49.505 (p<0.001).

Thus, the dynamics of the studied immunological para-
meters confirms the validity of ongoing early immune thera-
py, the effectiveness of which is confirmed by a decrease of
27.6% share of the patients, which was carried out over three
ventilator days, 24.3% — the proportion of patients with
pneumonia, in the early stages, to 5.2% — of patients with
sepsis, by 12.1% — the number of deaths. Average length of
stay in the ICU decreased from 20.2 to 12.5 bed-days.

Currently it is evident that the immune system not
only defends against infectious pathogens but implements
and monitors the systemic inflammatory response that
develops in response to tissue damage. From a clinical
point of view, a serious injury upsets normal immune func-
tion and predisposes to the development of infectious com-
plications in patients of post-traumatic period [18, 19].
Disbalance of immune function and access to the circula-
tion at early stages post-insult (first day after trauma or
major surgery) of pro-and/or nti-inflammatory cytokines,
acute phase proteins including C-reactive protein and pro-
calcitonin, have been repeatedly reported in the scientific
literature [20]. It is known that extensive tissue damage
accompanied the massive blood loss affects both adaptive
and innate immune system [21, 22]. Neutrophils play an
important role in the immune response to infection. To
protect the body, these phagocytic cells possess an impres-
sive array of bactericidal weapons, including a number of
toxic oxygen radicals and proteolytic enzymes involved in
defnse against pathogens. In early posttraumatic period,
when infectious infestation is not yet playing a determin-
ing role in the pathogenesis of systemic inflammatory
response, activated neutrophils penetrated into the focus
of damage or inflammation may further aggravate damag-
ing the tissues [23]. It has been shown that increased pro-
duction of reactive oxygen radicals by neutrophils in com-
bined injury correlates with the severity of damage on an
ISS and length of ISU stay [24]. It has been suggested that
the lungs of injured patients are the main target of both
reactive oxygen species and bacterial aggression during the
systemic inflammatory response in which the bactericidal
effector function of alveolar cells that contributes to the
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OHHBIX OCJIOKHEHHH Y MOCTPA/IABIINX B TOCTTPABMATHYEC-
koM ttepuoze [18, 19]. Aucbamanc UMMYHHBIX (YHKIMN 1
BBIXOJI B IUPKYJISIIIAIO B PAHHNE CPOKU (B MEPBBIE CYTKH
MOCJIe TPABMBI WK OOTIMPHOIT OTIEpaIti) TPpo- HJIH MPO-
THBOBOCIAJIMTEIHHBIX [IUTOKIMHOB, OEIKOB OCTPOH (hasbl,
Brutouast C-peakTUBHBIN G€JI0K U TPOKAIBIUTOHUH, IIU-
POKO OCBellleHbI B Hay4yHOIl medatn [20]. B menbImeii cre-
IIeHN 3aTPOHYTHI BOIIPOCHI, KACAIOIIIECS IPOIECCOB aKTH-
BaliN WM TI0/IaBjeHus] (DYHKIUKM KJIETOYHOTO 3BEHA
MMMYHHOW CHCTEMBI, B TOM YHCJIe HEHTPOMHIIOB, H3MEHE-
HUS HOMYJIAIIMOHHOTO COCTaBa TMM(OIIUTOB P TSIXKEITBIX
MIOBPEXX/ICHUSX TKaHell opranusma. TeM He MeHee, U3BECT-
HO, 4TO B pe3yJbrate OOIIMPHOTO MOBPEKAEHUS TKAHEI,
CONPOBOJKAAIONIETOCS MACCHBHOI KPOBOIIOTEpEl, cTpaga-
0T KaK CHCTEMBbI [AlITHBHOTO, TAK 1 BPOXKIEHHOTO HMMY-
nurera [21, 22]. Heiirpoduibl urpaior BaxKHYIO pOJib B
obecriedeHN UMMYHHOTO OTBETa OpraHu3Ma Ha nHpeK-
uio. Jlys 3amuTsl OpraHu3Ma 3TH (GaronuTHpyOe
KJIETKU O0JTa/Ial0T BHYHINTEIbHBIM HA0OPOM OaKTepHin/l-
HOTO OPY>KUS, BKJIIOUAS IIEJIBIH PSIJT TOKCHYHBIX PAJIUKAJIOB
KHCJIOPOJa U HPOTEOTUTUIECKUX (DEPMEHTOB, KOTODbIE
MOTYT OBITh 3a/1€iCTBOBAHBI TIPU BTOPJKEHHUHN [TATOTEHOB. B
paHHeM MOCTTPAaBMATHUECKOM IIE€PUOJe, KOria MHGEKIH-
OHHas MHBA3NUs ellle He UTpaeT OIpe/IesIIonieil PO B Ha-
TOTeHe3e CHCTEMHOTO BOCIAINTENBHOTO OTBETA, MPOHUK-
mpe B OYardM IOBPEKACHUN WM  BOCHAJCHUS
AKTHBHUPOBAHHBIE HEHTPOMUIIBI MOTYT IOMOJTHUTEIBHO MO~
Bpenuth Tkanu [23]. Ilokazano, 4To ycuieHue mpopyKInu
AKTHBHBIX KHCJIOPOIHBIX PA/IMKAIOB HefTpoduiamu mpu
COYETAHHOII TPaBMe KOPPEINPYeT C TSKECTBIO MOBPEK/e-
HUi 110 TKasie [SS, mpoIo/KUTEIBHOCTHIO TPEObIBAHNUS B
OPUT [24]. BeickazaHO IpPEANOJNIOKEHHUE, UTO JIETKUE
TPAaBMUPOBAHHBIX TTAIIMEHTOB SIBJISTIOTCST OCHOBHOI MHUIIIE-
HBIO KUCJIOPOHO-PANKAIBHON 1 GakTepHaibHON arpec-
CHH B XOJIe CUCTEMHOTO BOCIIAJIUTEIBHOTO OTBETA, IIPU KO-
pynxIma
3 HEKTOPHBIX ATBBEOJSIPHBIX KJIETOK, YTO CIOCOOCTBYET

TOPOM  MOJABJsAETCS  OaKTepUIMIHASL
Pa3BUTUIO HO30KOMUATBHON THeBMOHMH [25]. Hamu moka-
3aHO, YTO JIOJISI CIIOHTAHHO AKTUBUPOBAHHBIX HEHUTPO-
(bUIBHBIX JIEHKOIMTOB B IIUPKYJUPYIONIEil KPOBU YiKe B
MIePBbIE YaChl TIOCJIE€ TPABMbI B/IBOE TIPEBBICUIIA HOPMY.
VI3BeCTHO, 4TO MMMYHOTJIOOYJIMHBI CHOCOOHBI He
TOJIBKO CBSI3bIBATH OAKTEPUAJIbHbIE AHTUIEHBI 1 TOKCUHBI, HO
1 YMEHBINATh aKTUBHOCTD BOCIAJIMTE/IbHBIX PEAKITNI 32 CYET
HeUTpa/u3aluy aKTUBMPOBAHHOIO KOMILIeMeHTa, down-
HeWTpaIn3aiuy rUIePakKTUBHBIX KJIETOK, aKTUBAIMU KJe-
TOYHBIX MEXaHU3MOB HEHTPAIN3AIIMN AaHTUTEHOB, IUCCOIHA-
MM UMMYHHBIX KOMILJIEKCOB, a TaKXe BJIUSIOT Ha
riposindepalinio 1 co3peBaHKe KJIETOK UMMYHHOI CHCTEMBL.
TToaToMy BKJIIOUEHHE COEPIKANIUX UX MPENapaToB B KOM-
IIJIEKCHOE JIeYeHHe MOCTPAJIABIINX C TSKEI0H COYeTaHHO
TpaBMON M GOJIBINOI KPOBOMOTEPEH AOKHO CIOCOOCTBO-
BaTh OBICTPOMY BOCCTAHOBJIEHUIO (GaslaHCa KOMIIOHEHTOB UM-
MYHHOIH CHCTEMbI, YYACTBYIOIUX B Pean3allii BOCIAJIN-
TEJBHBIX PEAKIINIT 1 IPOTHBOMH(DEKITMOHHOTO IMMYHUTETA.
MO3KHO TIPEAIIOJIOKITh, YTO HAUOOJIbIIIee 3HAUCHUE
B o0ecrieyeHrH MPOTUBOMH(DEKIIMOHHOTO UMMYHUTETA, B
TOM 4HCJIe TTOJHOIEHHOTO (haronuTosa, urpaet 1gG. J{una-

development of nosocomial pneumonia is suppressed [25].
We have shown that the proportion of spontaneously acti-
vated neutrophils in the circulating blood in the first hours
after the injury exceeds the norm twice.

It is known that immunoglobulins are not only able
to bind bacterial antigens and toxins, but also reduce the
activity of inflammatory reactions due to the neutraliza-
tion of activated complement, down-neutralization of
hyperactive cells, activation of cellular mechanisms of neu-
tralization of antigens, through immune complex dissocia-
tion, as well as affect the proliferation and maturation of
cells of the immune system. Therefore, the inclusion of
preparations containing it in the complex treatment of
patients with severe polytrauma and a large blood loss
should contribute to the rapid recovery of the balance of
the components of the immune system involved in the
inflammatory responses and anti-infectious immunity.

Development of an immune imbalance in early post-
traumatic period is closely related to the severity of the
injury and the amount of acute blood loss, as evidenced by
performed ROC-analysis.

Significant dependence of IPC on immune imbal-
ances is confirmed by statistical anajyses as revealed by
contingency tables.

IgG possesses the hhe highest value in providing
anti-infectious immunity, including full phagocytosis.
Ppersistent deficit of IgG in the early posttraumatic peri-
od might be the base for the employment of substitution
immunotherapy.

The dynamics of the investigated immunological
parameters confirm the validity and effectiveness of this
therapy in patients with high risk of PLD from the first
day of their stay in the ICU.

During the first week of the beginning of the inten-
sive care unit, only victims who received transfusions of
donor immunoglobulin, experience significant increase of
levels of immunoglobulins of all classes, restoration of pop-
ulation of CD3* and CD19* lymphocytes and subpopula-
tions of T-lymphocytes (the ratio of CD4* and CD8" T
cells). Dynamics of PCT confirms the usefulness of immune
therapy (Fig. 2). If the first day of the injury provokes an
increase in CT level, the dynamics at 6th—9th day shows
considerabledependence on the holding of early immune
therapy. In group I there was a significant decrease in the
average PCT, while in group II PCT increased indicating
the continuation of the inflammatory process.

Positive dynamics of laboratory parameters are com-
pletely consistent with the clinical course of the dynamics
of a post-traumatic period. In group I, there were less
patients who required prolonged mechanical ventilation,
which in the early stages developed pneumonia and subse-
quently — septic complications.

Conclusion
Early immune therapy significantly reduced

(p<0.05) the number of patients with a duration of
mechanical ventilation for more than 3 days, and there was
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MHKa WCCIEeOBAaHHBIX MMMYHOJIOTUYECKUX TapaMeTpPoB
MOATBEPKIAET 0O0CHOBAHHOCTD 1 A(h(HEKTUBHOCTH TaKON
Tepanuy y TMOCTPAJABIINX C BBICOKUM PHUCKOM Pa3BUTHUS
NJIO ¢ nepBoix cyTok ux npeGoiBanust B8 OPUT.

B Teuenme mepBoii HemeM OT Havala WHTEHCHBHOM
Tepamuy TOJTBKO Y MOCTPAABIINX, MOJYYaBIINX TpaHChy-
31U JIOHOPCKOTO UMMYHOIJIOOYJIHA, OTMEUEHO TIOBBIILICHIE
YPOBHSI MMMYHOTIJIOOYJIMHOB BCEX KJACCOB, BOCCTAHOBJIE-
Hue TonyJsiuonHoro coctaBa CD3* u CD19*-nmmmdbonu-
TOB U CyOIOIYJISIMOHHOTO cocTaBa T-muMdonuTos (coot-
nomenusi CD4T u CDS8Y). Ha done 3amectutenbHOi
MMMYHOTEPAITNN He TIPOUCXOINII0 3HAYNMOTO YBEJINIEHUST
YHMCJIa aKTHBUPOBAHHBIX HEUTPO(MUIOB, OTHAKO, X Pe3epB-
HbIiT GAKTEPUIMAHBIN MOTEHIMA 3aMETHO YBEJMUYUIIC K
TeM CPOKaM, KOTJIa Pa3BUBAIOTCS THOWHO-CENITHYeCKHe OcC-
JIO’KHEHWS. Y TIAI[eHTOB TPYIIITBI CPABHEHMS B COOTBETCT-
BYIOTIIMIE CPOKH OTMEUEHO CHIKeHUe ypoBH: ISS, nedurmr
KOTOPOTO CBUIETENBCTBYET O €r0 3HAUMTEJbHOM T10Tpebiie-
HuM Ha (hoHe Hecrerubuueckoro Bocnasenus B 1—2 cyTku
u Ha (poHe pasBUBLINXCs B GoJIee MO3HNUE CPOKU UH(DEKITU-
OHHBIX  OCJOKHEeHUIA. OTHOCHTEJNbHOE  KOJUYECTBO
CD19%(B)-1mmbo1uToB 1pu 9TOM 0CTaBaJIOCh HA BBICOKOM
YPOBHE, UTO, TeM He MeHee, He 00eCIIeYnBAIO CUHTE3 HMMY -
HOTJIOOYJIMHOB, YTO KOCBEHHO YKa3bIBA€T Ha HEJOCTATOU-
HOCTb CHHTETHYECKON (DyHKIINH, peryanpyemoil B-kinerou-
HBIM 3BEHOM MMMYHHOI CHCTEMBI.

O cTUXaHUM aKTUBHOCTH BOCHATUTEIBHOTO TTPOIIeC-
ca Ha (oHe MPOBOAMMON MMMYHO3aMeCTUTEIHHON Tepa-
mnn cBuzeTeabcTByeT Takke AnHaMuKa [IKT (puc. 2). Ec-
JIN B TIEPBbI€ CYTKU TPaBMa IIPOBOIMPYET MOBbIIICHNUE
ypoBHst [TKT, To Ha 6—9 cyTku quHaMuKa ero cyIecTBeH-
HO pasjnyaeTcs B 3aBUCHMOCTH OT TIPOBEJICHUST paHHEH
MMMYyHO3aMeCcTUTeTbHON Tepannu. B rpymme I otmedeno
nmoctoBepHoe cHIDKeHne cpenHero yposHs [IKT, B To Bpe-
Md Kak B rpymme Il oTmevaercs moBbIieHMe ero YpoBHS,
YTO CBUIETEIBCTBYET O BOCTIAJIUTETIHHOM TIpoTIecce.

[TostoKuTeIbHAS IMHAMUKA JTAG0OPATOPHBIX [TAPAMETPOB
TIOJTHOCTBIO COBITA/IANIA € KIIMHNYECKON AMHAMUKON TEUCHVIST
TIOCTTPaBMaTHIeCKOTO Tiepriofia. B 1-11 rpymie moctpasaBimx
ObLIIO MEHbIIIE MTAIIUEHTOB, KOTOPBIM MOTPEOOBAIACH J/IUTE b
Hag VIBJI, y KoTOpbIX B paHHIEe CPOKH Pa3BUJIACH THEBMOHIIS
1 B TIOCTIE/LYTOTIEeM — HHQEKITNOHHO-JTIETOUHBIE OCJIO;KHEHNSI.
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Fig. 2. Dynamics of procalcitonin depending on immunothera-
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Note (nmpumewanue): procalcitonin (PCT) — HpoKaJbIUTOHUH,
groups — rpyrmna; days — auu; * — Intergroup differences were sig-
nificant by Mann-Whitney U test (P<0.05), and there was a signifi-
cant difference between groups T and IT (6—9 days) (U-test, P<0.05)
(pasmuumst mexxay rpynnamu [ u I1 gocToBepHbI MO0 KpuTEpHIo
U-Mamnwna-Yurnu p<0,05 na 6—9 guan).

a significant (p<0.05) decrease in the number of patients
with infectious pulmonary complications and a significant
reduction (p<0.05) of bed days in the ICU. These changes
were accompanied by a reduction in mortality in the group
of patients with severe polytrauma receiving intaravenous
immunoglobulin immunotherapy.

BoiBoasl

PanHsisi MMMyHO3aMeCTUTEJIbHAST Teparust JTOHOP-
ckuM nMmyHOTI00ymHOM IgG 7,5—10,0 B CyTKM ¢ TIepBBIX
12 vacoB nocsie TpaBmbl) siByisietcst ah(HEeKTUBHOI TTaTore-
HETUYECKU OOOCHOBAHHOI JIeueOHO-IIPO(DUIAKTUYECKOT
Mepoii y moctpagasmux ¢ TCT u compoBoskmaaeTcst Koppek-
ueii 1abopaTopHbIX IPU3HAKOB UMMYyHOzeduuTa. B pe-
3yJIbTaTe UMMYHO3aMECTUTEIbHON TePaIiii yMEHbIAeTCs
yueso HabsoneHuit ¢ auurenbiocteio UBJL Gostee 3 cyr,
YMEHBIIAETCST YaCTOTa HO30KOMUAIBHOI THEBMOHWUU U Jie-
TaJIbHOCTb, a TAKIKE YKOPAYMBAETCS KOMKO-/IEHb B OT/eJIe-
HUU peaHnMaIlnm.
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NBJI-MHAYIHNPOBAHHDIE IIOBPEK/IEHNA JIETKHUX
(9KCIIEPUMEHTAJIbHOE UCCJIEJOBAHMUE)
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Ventilator-Induced Lung Injuries (an Experimental Study)
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A. L. Rosstalnaya', S. E. Khaidarova', F. O. Parpibaev', Kh. D. Sultanov'
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Ienv uccnedosanus. Nsyunrs siusiane BUC UBJL u TUBJI ¢ II/IKB Ha okcureHaiuio KpoBH, Ta3000MeH U TeMOIMHAMUKY
Ha DKCIePUMEHTAILHONH MOJIEIM OCTPOro IOBPEX/AEHUs Jerkux. Mamepuan u memoovl. JUisi IPOBeEHUs UCCIIEJOBAHUIT HA
SKMBOTHBIX ObLIM OTOOPAHDI B CIyyaitHOM nopsake 30 caMios GeJibix 6ecnopoHbIX JadopaTopHbIx Kpbic Becom 200—300 1, ¢
NOCJIeAYIONMM paszieJenneM ux Ha rpynmst. 1 rpymna — st TUBJI (n=15). 2 rpymna — aast BUC UBJI (n=13). Kpsicsi ObI-
JIM HAPKOTH3UPOBAHbI BHY TPUOPIONINHHBIM BBeleHneM Ketamuna (6—8 mr/kr) u cuGazona (15—45 Mr). Anecresuio noauep-
SKMBaJIM 00JIOCHBIM BBeZleHreM kKetamuna (1 mMr/kr kaskapie 15—20 mun. ). Bblia npousseieHa TpaxeoCcTOMus /151 YCTAHOBKH
aHI0TpaxeanbHoi TpyOKku muamerpom 0,2—0,4 MM, KoTopas 3aTeM Obula (PMKCHPOBaHAa XMPYPTHYECKON HUTHIO Ha ITyOHHE
2—2,5 cM OT IepcTHEBUIHOTO Xpsitna. Pesynvmamuot. Ocrpoiii pecnuparopusiii gucrpecc-cunapom (OPIIC) umeer yeTkue ru-
CTOJIOTHYECKHE KPUTEPUH TOBPESKIEHUS CTPYKTYP TKAaHH JIETKOTO, IIHPOKO PACIPOCTPaHEH B KIMHHYECKOIl IPaKTHKE U CO-
TIPOBO’K/IaeTCsI BBICOKOI TeTaabHOCTBIO. B cTaThe onncana sxcnepumenTaibnHast moaenab OPIC, cymHoOCTs KOTOPOii COCTONT
B acnmupanuu 45—55% ot o0beMa upKyImMpywomeii kposu B Tedenue 10—15 munyt. OGbeM moTepu KPOBH BOCIOJHSIM PAC-
TBOpOM PeocopOunakta® ¢ nocieayonum BBeendeM ayrorpomoomiactuta (16—20 mr/kr Beca skuBotHoro). Ilposeaeno
HCCIIeZIOBaHNE BIMSIHUS OJIOKUTEILHOTO faBienns B KoHie Bpioxa (IIZIKB) Ha ra3000MeH, reMOAMHAMUKY 1 OKCHT€HALUIO
KPOBH IIPU BBICOKOYACTOTHOM cTpyiiHoii BenTHisiiuu Jerkux (BUC NBJI) u TpaauiiMmoHHON HCKYCCTBEHHO! BEHTUISIIIMY JIeT-
kux (TUBJI). IIpoBeneH cpaBHUTEIbHDIH aHAIU3 TapaMeTPOB razoooMena npu npumenennd TUBJI u BUC UBJIL. 3axaiouve-
nue. BeisiBieno, yro npumenenne II/IKB npu OPZIC yiyuymaer OKCHreHanuio KPOBH BCJIE/ICTBHE YMEHBIICHHSI JIETOYHOTO
HIyHTa, 00Jer4yeHusi paGoThl AbIXaTENbHBIX MBI, yMEHbIIEHUST 00bEMOB HH(PUIBTPHPOBAHHBIX U ATENEKTATHYECKUX TKAHEIH,
a Tak’Ke MoBbIlIeHUs (PYHKIMOHAIBHOI 0CTaTOYHON eMKocTH JerkuX. Kntouesvte cio6a: ocTpolii pecniupaTopHblii 1ucTpecc-
CHHJIPOM, BBICOKOYACTOTHASI CTPYifHAs BEHTHJIAIMS JETKUX, MOJOKUTEIbHOE /IaBJieHre B KOHIIe BbIIOXA.

Objective: to evaluate the impact of high-frequency jet ventilation (HFJV) and traditional positive end-expiratory
pressure (PEEP) ventilation on blood oxygenation, gas exchange, and hemodynamics on an experimental model of
acute lung injury. Material and methods. Thirty albino outbred laboratory male rats weighing 200—300 g were ran-
domly selected for investigations and further divided into groups: 1) traditional ventilation (TV) (n=13); 2) HFJV
(n=15). The rats were anesthetized with intraabdominal ketamine (6—8 mg/kg) and sibasone (15—45 mg). Anesthesia
was maintained by the bolus administration of ketamine (1 mg/kg every 15—20 min). Tracheostomy was carried out
with a 0.2—0.4 mm diameter endotracheal tube that was then fixed using surgical thread 2—2.5 cm deep to the cricoid
cartilage. Results. Acute respiratory distress syndrome (ARDS) has clear histological criteria for lung tissue struc-
tural injury; it is widely prevalent in clinical practice and associated with high mortality rates. The paper describes an
experimental ARDS model, the essence of which is 45—55% aspiration of the circulating blood volume for 10—15 min-
utes. A Reosorbilact® solution was used to compensate for the volume of blood loss, which was followed by the
administration of autothromboplastin (16—20 mg/kg animal weight). PEEP was studied for its impact on gas
exchange, hemodynamics, and blood oxygenation during HFJV and TV. Gas exchange parameters during TV and
HFJV were comparatively analyzed. Conclusion. The use of PEEP for ARDS was ascertained to improve blood oxy-
genation due to decreased pulmonary shunt, better respiratory muscle performance, lower infiltrated and atelectatic
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BBeaeunne

OcTphili pecTMpaTOPHBIN ANCTPECC-CUHAPOM SIBJIS-
ercsl BakHelIel 1pobieMoil aHeCTe3nONIOrnU-peaHnMa-
Tosornu [ 1—4].

B 1967 ronxy D.G. Ashbaugh [5] Buepsbie onuca
KJIMHIYECKYEe TTPOSIBIEHNS] OCTPOTO MTOBPEKACHMS JIETKUX
y 12 nanueHToB, XapaKTepU3yIOINuecs ABYXCTOPOHHEI MH-
(pusprparnmeit Jerkux M COMyTCTBYIONIEN TSKEJIOH THIIO-
KCeMUeil PH TTOJTHOM OTCYTCTBUY TIPU3HAKOB Kap/IHOTEH-
Horo oreka Jerkmx [6]. C 1994 roma mpemsnoxxeHo
0603HaUaTh aHHOE cOCTOsTHUE Kak «OcTpblii peciupaTop-
HbIH quctpecc-cuaapom» (OPIC) [7].

[Tpu OPZIC oTmeuaeTcs BbICOKas JeTATbHOCTD T /10
CETOJIHSIIIIHErO JIHsI He pa3paboTaHbl 3G (heKTUBHbIE METO-
ITBI €70 JiedeHus |8].

UckyccrBennaa Bentnssims erkux (VBJI) mopnep-
JKUBaeT ra3oBooOMeH y nanuenTos, crpagaonmx OP/IC. Kak
UBBECTHO, GOJIbIINE JIbIXaTeIbHbIe 0OBEMbI 1 BEHTUJISAIUS C
TIOJIO’KUTEIBHBIM  JIABJIEHHEM TIOBPEKIAIOT aJIbBEOJISIPHBIE
ATUTETNATIbHBIE KIIETKH, 9HI0TETMATbHBIE KIIETKH JIETOUHBIX
KanuuisapoB 1 GasaibHyro MemOpany. B utore a1o pusoaut
K aJIbBEOJISIPHOI BOJIFOMOTPABME U MOPOYHOMY KpPYTY JUTH-
TespHOTO TipoBesierns VIBJI, kotopas B cBoto odepens ycy-
ry6JIsieT OBPesKIeHUE JIETKUX U TIOBBILIAET JIETATbHOCTD [9].

Jluist petieHust 910l 1po6IeMbl paspadoTaHbl METOIbI
WBJI ¢ MaJIbIMU IbIXaTeIbHBIMU 00bEMaMHU, JOMYCTUMOM
TUTIEPKAITHUEN, COMYTCTBYIONUM PECITMPATOPHBIM allu/I0-
30M ¥ 00PATHBIMU COOTHOIICHUSIME BPEMEHU BOXA U BbI-
noxa. B akcriepumenTe u B JiedeGHOI IIPAKTUKE CYIIECTBY -
0T MeTO/bl, KoTopele MoryT momonHuth [TUBJI. Onm
PSIZIOM aBTOPOB OIEHUBAIOTCS KaK KINHNYeCKN d(hheKTHB-
Hble mpu Jgedenun 60ibHbIX ¢ OP/C n B yMeHbIIEHNH
OP/1C-cBsasannoit cmeptaocTH [10—12].

B orimumne ot TUBJI, BbicOKOUaCTOTHASI BEHTUJISATIMS
(BYB) 1npoBoautes abixaTebHbIME 00beMaMi MEHbILIMI,
yeM BeJIMYMHA «<MEPTBOTO TPOCTPAHCTBA» 1 YaCTOTAMH, TIpe-
BBIIIAIOIIMME (DUBKOJIOTHYECKIE 3HAaYeHUs. Takim 06pasoM,
B0 BpeMst BUB Jieroutbie 0GbeMbl OCTAIOTCS OTHOCUTEIBHO
CTaOUJIbHBIMU Ha TIPOTSIKEHIHU TIOJIHOTO JIBIXATEIbHOTO IHK-
J1a, YMEHbBIITaeTcs IOBPEesK/IeHe JIETKUX BCIIEICTBUE TeTepo-
TeHHOTO PACIITUPEHUs JIETKUX U CHIKEHUE ITUKOBOTO JIaBJie-
HUSI B JIBIXaTEJIbHBIX IYTSX, YJIYUIIAeTCsl Ta3OBbIil COCTaB
kposu [13—15]. Cymtectsyior Tpu Bapuaxta BUB. Bsicoko-
yactotHas cTpyiinas Bentuanms (BUC VIBJI), Beicokouac-
ToTHas ocruATopHas BeHTH A (BHOB) n Beicokoua-
CTOTHAs BEHTHJISIMS C TOCTOSHHO TOJOKUTETHHBIM
nmasrenneM (BUBIIIT) [16—19]. VI3 Hux TobKO TIepBhIe 1Ba
HAIIJIN ITUPOKOE ITPUMEHEHNE B KIMHIYECKON MTPAKTHKE.

Koraa mpoBoanTcs BcioMoraTeibHAs BEHTHIISIIUS Y
6ompabix ¢ OP/IC, mpumenenne IIJIKB MunmMusupyer
HEBEHTUJIUPYEMbII 0ObeM JIETKUX U yBeJMYuBaeT (hyHK-
IIMOHATIBHYIO OCTATOYHYIO €MKOCTh, 4TO MOKET YMEHb-
IIUTh JIETOYHBIN IIYHT, YJAYYIIUTh OKCUTEHAIUIO, YBEJIU-
YKUTh CATYPAIUIO TeMOIJIOOMHA U CHU3UTh «IOTPEGHOCTh>
BO BAIBIXaeMoM Kkucyopoze [20—21].

Coueranne BYB, mpm xotopoii ncmosb3yercs OT-
kpoITeii KOHTYP ¢ [I/IKB, B koHEUHOM cueTe yaydmmaeT ok-
cUreHaruio Kposu [22—24].

Introduction

Acute respiratory distress syndrome is considered as
important problem in anaestesiology-reanimatology[1—4].

In 1967, Ashbaugh DG [5] firstly described clinical
manifestations of acute lung injury in 12 patients, which
were characterized by bilateral pulmonary infiltration and
associated severe hypoxemia in the absence of signs of car-
diogenic pulmonary edema [6]. From 1994 it is proposed to
designate this condition as «acute respiratory distress syn-
drome» (ARDS) [7].

Even if these two conditions develop separately, they
have high mortality coefficient and there are no any effi-
cient methods of their treatment up to now [8].

Mechanical ventilation (MV) replaces one of the
vital functions of organism and supports gas exchange in
patients with aforesaid pathologies, and it plays an enor-
mous role in elimination of these disorders. It is known
that high tidal volumes and ventilation with positive end
expiratory pressure damage alveolar epithelial cells,
endothelial cells of pulmonary capillaries and basal mem-
brane. As a result, this leads to alveolar trauma and vicious
circle of prolonged mechanical ventilation of patients,
which in turn deteriorates the pulmonary damage and
increases the mortality [9].

To avoid these problems the mechanical ventilation
methods with small tidal volumes, permissible hypercarbia,
associated respiratory acidosis and reverse relations of
inspiratory and expiratory time was suggested. In addition,
several methods available for both experiments and clinical
practices can assist conventional mechanical ventilation
and its supportive modes. They have been evaluated as
clinically effective methods for the treatment of patients
with ARDS that lead to decrease in ARDS related mortal-
ity [10—12].

Unlike the CMV, which includes repeated increases
and decreases in high tidal volumes, high frequency venti-
lation (HFV) is performed with small tidal volumes that
are less than dead space, and with respiratory rate that
exceeds physiological ranges. Consequently, during HFV
the pulmonary volume stays relatively stable during the
complete respiratory cycle, and the pulmonary damage
lessens due to heterogeneous expansion of the lungs and
high pressure in airways, blood gases improve and inflam-
matory reaction is decreasing [13—15]. There are three
modes of HFV. They include high frequency jet ventilation
(HFJV), high frequency oscillatory ventilation (HFOV)
and high frequency ventilation with continuous positive
pressure (HFV+CPP) [16—19]. Of these modes only first
two ones are widely used in clinical practice.

During supportive ventilation of patients with
ARDS, application of PEEP minimizes non-ventilated vol-
ume of the lungs and increases functional residual capaci-
ty, which can reduce pulmonary shunt, improve oxygena-
tion, increase saturation of hemoglobin and decrease the
demand in inspired oxygen [20, 21].

Combination of HFV and PEEP, in which the open
circle system is used, optimizes the recovery of pulmonary
volume and improves oxygenation [22—24].
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[lenv uccnenoBanug — wudyuntb Biausinue BYUC
WBJI u TUBJI ¢ TI/IKB Ha okcureHaiuio KpoBH, raz006-
MEH 1 TeMO/INHAMUKY Ha 3KCIIEPUMEHTAIbHON MO/IEJIN OC-
TPOTO IOBPEK/IeHUS JIeTKUX.

Marepuan u MeTobI

IToaroroBka J1aGoOPATOPHBIX KUBOTHBIX. [lociie momydeHust
ono6penust HalimoHambHOTO 9THYECKOTO KOMUTETA Mpu MuHmC-
TepcTBe 3paBooxpanenust Pecry6uiku Y36ekuctaH st TipoBe-
JIEHUS VICCTIeIOBAHUIT HA JKUBOTHBIX OBIITH OTOGPAHBI B CITyYaitHOM
nopsizike 30 camioB Gestbix GeCopOIHBIX TaO0PATOPHBIX KPBIC Be-
com 200—300 rp, ¢ moceayIoNUM pas3aeseHneM X Ha TPYIIbL. 1
rpymma — TUBJIL (n=15). 2 rpynna — BUC UBJI (n=15).

Kpbichl GbUTH HAPKOTH3MPOBAHBI BHYTPHOPIONINHHBIM BBE-
nenvieM Keramuna (6—8 mr/kr) u cubasona (15—45 mr). Anecre-
3UsI TOJ/IEPAKUBATACH GOMIOCHBIM BBeeHneM Ketamnta (1 mMr/Kr
kaxbie 15—20 mun.). Bplia mponsseiena TpaxeocTOMuUst JIJIsT yC-
TaHOBKM dHIOTpaxea bHoil TpyOKu auamerpom 0,2—0,4 MM, KOTO-
past 3aTeM Gblia GUKCHPOBaHA XUPYPrUYECKON HUTHIO HA IIyOuHe
2—2,5 M OT MEPCTHEBU/THOTO XPSIIIA.

Ilospesxnenne merkux. CyliecTByeT HECKOJBKO CIHOCOOOB
monerpoBanusg OP/[C. OcyiiecTBasioTcs OHM Pa3IMYHbIMI
crmoco6aMi U UMEIOT OTPeleIeHHbIE TEXHUYECKHE CJIOKHOCTH
(tabm. 1) [25—28].

Hamre mopmenuposanue OP/[C 3axiiovaercst B acrnupanuu
45—55% ot obbema IUpKyJMpyionieil Kposu B tedenre 10—15
MUHYT, 1 BOCTIOJTHEHNT 00beMa TOTEPH KPOBU pacTBopoM Peocop-
Gumakta® c TOCAETYIONNM BBEIEHHEM ayTOTPOMOOIIACTIHA 13
pacuera 16—20 Mr/Kr Beca JKUBOTHOTO.

TMocse aHamM3a Pa3IMYHBIX CIOCOOOB MOJETMPOBAHUS
OPIIC, 1. e. Mopiesieit moBpeskerust jjerkux (tabs. 1), mpemiarae-
MBIl crocob, ¢ Hallell TOYKU 3peHusl, siBJsieTcst Gosee HU3MOII0-
IUYHBIM 1 HE UMEET TeXHUYECKUX CIIOKHOCTEI.

[Mosyyenne Tpomboriactuna. OTAessIeTCsT Cepoe BEIECTBO
TPYIHOTO OJIOBHOTO MO3Ta U U3MEJIbYAETCS B MUKCEPe B TeUeHHe
10 MuH 10 ToJyyeHus rpy6oit romorenHoil cmecu. Ee pasiusaior
BO (hs1akOHBI BMECTMOCTBIO 250 MJ1 110 50 MJI B KasK/Iblil, 3aTeM 3a-
mopaknBaioT 10 —40°C. [Tocsie 3aMOPO3KH TOTYAC TPOBOJIAT OTTA-
nuBanue pu +36°C 1 cHOBa 3aMOPAKUBAIOT IIPH TOH JKe TeMIepa-
type. IIOBTOPHO Pa3MOpOKEHHYIO CMeCh Pa3BOAST PABHBIM
06bEMOM OUHIEHHON BOJIBI, TIIATEIBHO MEPEMENICBAIOT 1 IIEHT-
pudyrupyior nipu 600g u remneparype +5°C B Teuenue 30 MuH.
CyrepHaTaHT OT/IENSETCS, & K OCTABIIEMYCST OCA/IKY CHOBA 100aB-
JISIETCST TAKOIH sKe 00BeM 0YeleHHOMN BO/IbI U TIOBTOPHO IEHTPU]Y-
rupyercsi B ToM ke peskume. CynepHaTtaHT CHUMAIOT, OCTaBIIYIOCS
CMeCh TIPoBepOT Ha pH M aKTUBHOCTH MPOTPOMOMHOBOTO KOM-
IJIEKCa KOHTPOJBHOU T1asmoii. Ecsm mosyuennble 3nauenust
YIOBJIETBOPSIIOT TPEGOBAHIIS, TO CMECh TOTOBSIT K IPHMEHEHUIO.

MeToabl UCKYCCTBEHHOH BEHTHJIALMM Jerkux. B obenx
rpymmnax VIBJI ocymiecTBIsuIn Ipu MOMOIIN anmapara cOGCTBEH-
HOiT KoHCTpyKInn (HoMmep roc. peructparmi Ne FAP 20130166),
[IPU 9TOM HAIPSIKEHHUE YIJIEKICIOr0 ra3a B apTepuasibHOi KPOBH
nojyiepskuBasn B rpesenax 35—40 mm pr. ct. IlepBoii rpyiiie mpo-
Boznin TUBJI co caexyomuMn 3HaueHUSIMI TTapaMeTPOB: JIbIXa-
TesbHbIi 00bem 0,008 M1/, yacTora abixanust 60 IUKJIOB B MU-
HYTY, cooTHouieHue BpeMenu Bpoxa u Bbigoxa (L:E) 1:1, m
paxmma Basixaemoro kucsoposaa (FiO,y) 1.0. Bo Bropoii rpymie
JKMBOTHBIM ObIJI yCTaHOBJIEH Karerep janamerpoM 0,2 MM B 9H/I0-
TpaxeasbHyo TPYOKY. BEHTHIIAINIO TIPOBOANIN CO CITEAYIONUMU
napameTpaMu: abixaTesibHbiii oobem 0,002 Mii/rp, yactora abixa-
nust 100—120 muxios B munyty, LE — 1:1 u ¢pakuns Basixaemo-
ro yBiakHeHHOro kucsaopoza (FiO,) 1.0.

MMocae noarsepxaenus Hamnuus OPIC B obenx rpynnax
6b10 npumeneno IIJTKB = 5 cm Boa. cr., a 3atem II/ITKB = 10 cm
BojL. c1. [luist cozpanust IIJJKB 6pasu tabopatopHblii cTakaH BbICO-
Toil 20 ¢M, MOJHOCTBIO HANOJIHEHHDBIA BOAOH, KOTOPBIA ObLI M0-
CTaBJIEH HA 9KCIEPUMEHTAIBHBIN CTOJI, Ha OJHOM YPOBHE C KPbI-
coil. 3areM K MIJAHTY BBIJOXA JBIXaTEJIBHOrO KOHTYpa ObLI
MOJKJIFOYEH APYTOil IIUIAHT, KOHEIl KOTOPOTO GBI TIOTPYKEH B BO-
1y B 1aOPATOPHOM CTaKaHe Ha 5 CM C IIEJIbI0 CO3/[aHMsT COOTBET-
cryiontero [1/IKB (puc. 1).

Objective. To study in comparative aspect the influ-
ence of HFV and CMV with PEEP on oxygenation, gas
exchange and hemodynamics in experimental model of
acute lung injury.

Materials and Methods

Preparing the laboratory animals. After receiving the
approval of the National Ethics Committee of Ministry of Public
Health of Republic of Uzbekistan for this study, 30 white male
outbred laboratory rats with weight of 200—300 g were randomly
selected and divided into two groups: 1st group — for CMV
(n=15) and 2nd group — for HFV (n=15).

Rats were anesthetized with intraperitoneal administration
of ketamine (6-8 mg/kg) and diazepam (15—45 mg). Duration of
operation was 1—2 hours. Anesthesia was maintained with bolus
administration of ketamine (1 mg/kg every 15—20 min).
Tracheostomy was performed for insertion of endotracheal tube
with the diameter of 0.2—0.4 mm, which was fixed with surgical
suture of 2—2.5 cm below the cricoid cartilage.

Lung injury. There are several methods of modeling ARDS of the
lungs. They can be performed with different ways and each one was
described to possess specific technical difficulties (Table 1) [25—28].

After analysis of various methods of ARDS modeling, i.e.
models of lung injury (Table 1), we suggest the following method
that is to our opinion more physiological and does not include
technical difficulties.

The suggested model of ARDS includes aspiration of 45—55%
of circulation blood volume during 10—15 min and replacing blood
loss by the solution of Rheosorbilact® followed by administration
of thromboplastin at the dose of 16—20 mg/kg.

Thromboplastin preparation. Grey matter of cadaver brain is
separated and ground in the mixer for 10 min till formation of
coarse homogeneous mixture. Bottles with the capacity of 250 ml
are each filled with 50 ml of this mixture and frozen to -40°C. After
freezing they must be immediately thawed in +36°C and then
again frozen. Then again they are thawed and diluted with equal
volume of distillated water, thoroughly mixed and centrifuged in
600g and +5°C for 30 min. Supernatant is deleted, and left sedi-
ment is diluted with the equal volume of distillated water and
again centrifuged in the same mode. Supernatant is deleted, and
left mixture is checked for its pH and activity of prothrombin
complex with control plasma. If derived results satisfy the require-
ments, then mixture will be prepared for application.

Methods of mechanical ventilation. Mechanical ventilation
in both groups was performed with the aid of a mechanical ventila-
tor of our own construction (Registration No. FAP 20130166).
Ppartial pressure of carbon dioxide in arterial blood was main-
tained within the range of 35—40 mmHg. Ventilation in 1st group
was done by CMV with the following settings: tidal volume (Vt) —
0.008 ml/kg, respiratory rate (f) — 60 per minute, relation of inspi-
ratory and expiratory time (I:E) — 1:1, and fraction of inspired
oxygen (FiOy) — 100%. Animals in 2nd group were intubated by a
catheter with diameter of 0.2 mm and connected to the humidified
respirator. Ventilation was carried out with the following settings:
tidal volume (Vt) — 0.002 ml/kg, respiratory rate (f) — 100—120
per minute, relation of inspiratory and expiratory time (L:E) — 1:1,
and fraction of inspired oxygen (FiOy) — 100%.

After the presence of ARDS was confirmed in both groups,
PEEP of 5 cm H,O was applied followed by PEEP of 10 ¢cm H,O.
To make PEEP we took a filled with water beaker 20 ¢cm high and
put it on the table at the same level with the rat. Then a tube from
the expiratory port of breathing circuit was dipped into 5 ¢cm to
make PEEP of 5 cm (Fig. 1).

During the experiment there were 4 stages:

1. Baseline values after all preparations were ready;

2. The stage at which ARDS is confirmed,;

3. The stage after PEEP of 5 cm H,O was applied;

4. The stage after PEEP of 10 cm H,O was applied.

In each group blood gases analysis of arterial and venous
blood was conducted. In addition the following parameters were
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OcTpoe moBpesKACHME AETKUX

Ta6imua 1. JKCIepPUMEHTAIbHbIE MOJIEIH OCTPOTO IIOBPEKIEHUST JIETKHX
Table 1. Experimental models of acute lung injury

Model Which feature of ARDS Difference from Technical difficulties
is represented ARDS in human
Oleic acid Acute phase and phase of reparation  Similar to ARDS in human that Well performed model. Oleic
are histopathologically develops due to fat embolism. acid must be intravenously
and physiologically similar Does not reflect the pathology administered, which may be
to ARDS of septic ARDS difficult in small animals
Lipopolysaccharide Inflammation with neutrophils Changes in alveolar-capillary Well performed experiment
(LPS) and increase in intrapulmonary permeability are not apparent
cytokines
Aspiration with acid Breach of alveolar and capillary In humans aspiration occurs with Well performed experiment.

barrier with infiltration of neutrophils = gastric content, not with pure acid ~ Small gap between damaging
and non-damaging doses

High fraction of oxygen Acute phase of epithelial injury is In human application of 100% Well performed experiment.
in inspired air replaced by proliferationof alveolar oxygen does not result in injury; Needs special equipment to
cells type II and fibrosis implication of hyperoxia in support and monitor desired
pathogenesis of ARDS is not known gas composition
Bleomycin Acute inflammatory injury followed ~ Hyaline membranes do not form in ~ Well performed experiment
by reversal fibrosis human ARDS. Physiological
similarity is not observed
Pulmonary ischemia-  Increase in pulmonary vessel Hemorrhagic injuries Needs complicated surgery
reperfusion permeability, infiltration with
polymorphous nuclear neutrophils
Ischemia-reperfusion  Increase in permeability of micro- Inflammatory component Needs surgical intervention
of other organs vessels and sequestration of polymor- is limited only to interstitial tissue
phous nuclear neutrophils in lungs
Intravenous Interstitial edema, sequestration Minimal apparent Choice of bacteria is important
administration of polymorphous nuclear neutrophilicalveolitis.
of bacteria neutrophils Hyaline membranes do not form
Intrapulmonary Increase in permeability of vessels, Culture isolation in the peak Choice of bacteria is important
administration interstitial edema, of ARDS is rare in human
of bacteria neutrophilicalveolitis
Ligation and puncture Increase in permeability of vessels, Formation of hyaline membranes Needs surgical intervention
of caecum neutrophilicalveolitis is minimal

Note (npumevanue). Model — mozesn; Which feature of ARDS is represented — kakue ocobernroctit OPIIC orpasxaer; difference from ARDS
in human — ormmaus or OPJIC wenoseka; technical difficulties — Texnnueckue coxuocty; oleic acid — osennosast kucsiora; acute phase and
phase of reparation are histopathologically and physiologically similar to ARDS — ocrtpast (hasa u hasa perapaipn ruCTonaToJorndecki u (u-
suosornyecku cxoxka ¢ OPIIC; similar to ARDS in human that develops due to fat embolism, does not reflect the pathology of septic ARDS —
nmeer cxoicTBo Tosbko ¢ OPIC yesoBeka, BHIBBAHHBIM JKUPOBOii aMOoJmeli, He oTpaskaer narosoruio centudeckoro OP/IC; well performed
model, oleic acid must be intravenously administered, which may be difficult in small animals — xoporo BocrponsBorMas MojieJib, Tpedyercst
BHYTPHBEHHOE BBEJICHUE OJIEMHOBOIT KICJIOTBI, YTO MOJKET OBITh CJIOKHO Y MEJKUX KUBOTHBIX; LPS — sumonomicaxapu; inflammation with
neutrophils and increase in intrapulmonary cytokines — seiirpodibHOe BoCTIATIEHIE ¢ YBEIUYEHITEM KOJITYECTBA BHY TPUIETOYHBIX [[UTOKIHOB;
changes in alveolar-capillary permeability are not apparent — u3MeHeHHs albBEOJISIPHO-KATIMUIAAPHOIT TpoHuiaeMocTu Hesesky; well per-
formed experiment — aKcriepuMeHT X0pomio TpousBoaM; Aspiration with acid — acrupanust kucaorsr; breach of alveolar and capillary barrier
with infiltration of neutrophils — HapyreHue aabBeOJSIPHOrO M KalMLIAPHOTo Gapbepa ¢ HeliTpoduiibHoii nHduIbrparmeii; in humans aspira-
tion occurs with gastric content, not with pure acid — y desoBeka IIPOUCXONT ACITUPAIIS JKETYIOYHOTO COIEPIKIMOTO, & He YHCTON KICJIOTBI;
well performed experiment. Small gap between damaging and non-damaging doses — akcriepumenT Xopoiio BociponssoanM. HeboubInoi n-
TepBaJl MEK/LY TIOBPEKAAIoNIel 1 mHenospekaaionieii gosoi; High fraction of oxygen in inspired air — nosblientoe coaepskanme KUCJI0poja B
Boayxe; acute phase of epithelial injury is replaced by proliferationof alveolar cells type IT and fibrosis — ocrpast haza snmTemanbHOTO TTOBPEK-
neHust cMensiercst postideparmeit ambseosormTos 11 tuma u dr6posom; in human application of 100% oxygen does not result in injury; impli-
cation of hyperoxia in pathogenesis of ARDS is not known — y uenoBeka nprmenetre 100% Kicopo/ia B JIETKHX He BbI3bIBAET TIOBPEKIECHIIS,
BosJieyena jiv runiepokenst B narorenes OP[C we sicho; well performed experiment. Needs special equipment to support and monitor desired gas
composition — Xoporast BOCIPOM3BOIMMOCTb IKcTiepiuMenTa. TpeGyeT criermarbHoro 060py0BaHust 7ist 06eCIieYeH s i MOHUTOPUPOBAHISI JKe-
JlaeMoro razoBoro coctasa; Bleomycin — 6aieomuiin; acute inflammatory injury followed by reversal fibrosis — octpoe BocnamrenbHoe noBpex-
JIEHKE € TTOCTIey oM oOpaTnMbiM hrGposom; hyaline membranes do not form in human ARDS. Physiological similarity is not observed — y ue-
soseka iprt OPJIC we hopmupyiorest rnamaoBbie MemOpanbl. Dusnorarosori-ueckoe cXofCTBO He yeranorieHo; well performed experiment —
XOpolliask BOCIPOU3BOANMOCTD; Pulmonary ischemia-reperfusion — sierounas winemusi-periepdysus; increase in pulmonary vessel permeability,
infiltration with polymorphous nuclear neutrophils — yBesmuernue npoHUIAEMOCTH COCYIOB JIETKUX, HHMUIBTPAIIS TOJUMOPHOHO-sIICPHBIMI
HeiiTpadiiamu; hemorrhagic injuries — remopparndeckue noBpeskertst; needs complicated surgery — Tpedyercst ClI0KHasT XUPYPrUYecKast orte-
panust; Ischemia-reperfusion of other organs — nnemusi-peniepgdysust Apyrux opratos; increase in permeability of microvessels and sequestration
of polymorphous nuclear neutrophils in lungs — yBesiraerHast mpoHuTIAEMOCTD MUKPOCOCYIOB 1 CEKBECTPAIHST TIOTMMOP(hHO-SIIEPHBIX HEHTPO-
(uios B Jierknx; inflammatory component is limited only to interstitial tissue — BocIoJIMTEbHbI KOMIIOHEHT OpraHnyer nHTepeTuieM; needs
surgical intervention — Tpebyercst XMpyprideckoe BMenareibeto; Intravenous administration of bacteria — BryTpuBentoe Beeerne Gakrepuii;
interstitial edema, sequestration of polymorphous nuclear neutrophils — nrTepcTuIANBHBIN OTEK, CEKBECTPAIMA MOMMMOPHOHOSAEPHBIX HEIT-
poduios; minimal apparent neutrophilicalveolitis. Hyaline membranes do not form — MutmnManbHO BbIpaKeHHBII HEATPODUIBHBIN aJIbBEOJIHT.
Tuammiosbie MeMOpatibl He o6pasyiorest; choice of bacteria is important — BakHoe 3Hauerue umeer Bbibop Gakrepu ; Intrapulmonary adminis-
tration of bacteria — BHyTprIerounoe Beezietvie Gakrepuii; increase in permeability of vessels, interstitial edema, neutrophilicalveolitis — yse-
JIAYeHre IPOHUIAEMOCTH COCY/IOB, MHTEPCTUIMATILHBIN 0TeK, HeliTpodmiib- Hblii anbeeosut; culture isolation in the peak of ARDS is rare in
human — BeiceBanue Kyssrypb B iebiore OPI[C y yesoBeka Berpedaercst pefiko; choice of bacteria is important — BakHOe 3HaYeHME UMEET Bbl-
6op Gaxrepun; Ligation and puncture of caecum — Jiernposatyie W IyHKIMsE CICHON KHIIKK; increase in permeability of vessels, neutrophili-
calveolitis — yBesmyena IpoOHNIIAEMOCTD COCYIOB, HeiiTpoduibHbIi anbaeosut; formation of hyaline membranes is minimal — dbopmuposanue
THATMHOBBIX MEMOPaH MUHIMATbHO; needs surgical intervention — He0GXOIMO XHPYPIUYECKOE BMEIIATETBCTBO.
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B xoe akcriepuMenTa ObITH OTMEYEHBI YETBIPE OCHOBHBIX
MOMEHTa:

1. MCXOJHbIE 3HAYEHTISI, KOT/IA OJTOTOBKA ObLIIa 3aKOHUYEHa;

2. momenT, Korga OPIIC 6bl1 HOATBEPKICH;

3. MomenT, Korja 6bio npumeneno IT/JKB 5 cm Bog. cr;

4. MmomenT, korga 6b110 nipuMeneno IT/TKB 10 e Boj. cT.

B kaxxz10if rpyiiie mpoBOAMIN aHAIU3 KUCJIOTHO-OCHOBHOTO
cocrostamst (KOC) aprepuabHOIl 1 cMeNTaHHO BEHO3HOI KPOBU.
Wamepsi: wactoty cepaeunsix cokpaniennii (YCC), cpemnee ap-
tepuasbioe aasienne (CA/l), pektaibHyio TeMIepaTypy, TaHHbe
IyJIbCOKCUMETPHU U ITHUKOBOE J[ABJIEHHE B JbIXATEIbHBIX ITyTSIX
(Paw), GbLJT BEIYHCIEH abBEOJISIPHO-aPTEePUATBHBII MPAJUEHT 110
kucaopony (AaDO,).

Crarucruka. Bee pesysisrarsl ObLIM COCTaBIIEHbI KAK CPejiHee
3HAYEHHUE + CTaHAAPTHAs OMMOKa, 1 OBLIM PACCMOTPEHBI KaK CTa-
tucrtnuecku sHaunmbie pu p<0,05 (koapduinent CrbrojieHTa).

Pe3yibrarhl 1 00CyKI€HHE

Bec xpoic rpymmax #ve otsimgasncs (200—300 r). Uec-
XOJIHbIE JaHHbIe: apTepranbHoe fasnenne (A/l), SpO,, HCC
U HaNpsDKeHMe KUcJaopoza B aprepuasibuoit kposu (PaO,)
T10CJIe TIOITOTOBKH K 9KCIIEPUMEHTY He Pa3/IMYaIich MEKILY
rpymmamu. AaDO, yBeamaniach B 00€UX TPYIIIAX TOCJe T0-
BPEXK/ICHUS] JIETKUX, M YMEHBIIUJIACh TI0CJe TIPUMEHEHUS
I[TAKB. Cratuctiyecku 3HAYNMBIX PA3INUNI MEK/LY JIBYMST
TPYIIIaMU TI0 ATOMY [TapamMeTpy He oTmedasi (Tadr. 2).

[Mocae dopmupoBanust OPIC nerkux, B nepsoit (1)
rpymire, PaO, BHauase caususocs 0 114,2 £ 33,9 mm pr. cT.,
a nocsie ipumenennst [IJIKB 5 ¢m Boji. cr. u 10 M Boj. cT.
PaO, ysemmauinocs 1o 318+23,7 mm pt. c1. 1 396,6+24,2 Mmm
PT. CT., COOTBETCTBEHHO (pHC. 2).

AHaJIOTMYHO BBINIEYKA3aHHOMY, I0CJE TIOBpEXK/ie-
HUg Jerknx Bo 2 rpymme, PaO, BHavase CHU3WIOCH /10
125,7+32,3 no nocsie npumenennst [IJ/IKB 5 cm Box. cT. 1
10 cm Bog. ct., PaO, yBemmuunmnocs 10 307,3£48,2 MM pT. CT.
n 384,6+34,7 MM pT. cT., cooTBeTCTBeHHO. OTMEUaNn 3Ha-
YUTEJbHYIO PasHUIly Mex1y 3Hadenusimu PaO, nocie mo-
BPEKJIEHUS JIEFKUX B CPAaBHEHUM C UCXOAHBIMU B 00€MX
rpymmax, 1 Xots 3Hadenus PaO, yBeImunimnch 3HaunTe b-
HO B o6Geux rpynmnax mocie npumenenus [TIIKB, smaun-
MBIX Pa3JIMYIN MEK/LY TPYIITIaMU He ObLIIO.

3HaunTeIbHBIX H3MeHeHuit yposusa PaCO, 1 rpymnne
He 6b110. Bo 2 rpymnme, yposernr PaCO, cuusuics mocie
npumenenust IIJITKB = 5 ¢M Boa. cr., u enie 6ojiee yMeHb-
mrusics rocse npumenenus [IJIKB = 10 cm Boj. ct. 3naue-
uus PaCO, Bo 2-0if TpyTine ObLIH HIDKe, 9eM B 1-i1 Ha Bcex
aTamnax akcrepumenta (puc. 3).

ventilator

Puc. 1. CxemaTnunoe u300paskeHne Mo aui BbICOKOYACTOTHOI
HCKYCCTBEHHOMN CTPYHHON BEHTHJISIMH JETKUX C IPUMEHEHHEM
N0JIOKUTENbHOTO JaBJIeHHs K KOHILY Bbiioxa 5—10 cM Boj. CT.
Fig. 1. Application of positive end-expiratory (PEEP) in rats.
Note (npumeuanue): water — Boza; mechanical ventilator — an-
Hapar MCKyCCTBEHHOIT BEHTH/ISAIINY JIETKUX.

monitored: heart rate (HR), mean arterial pressure (MAP), rectal
temperature, SpO,, peak pressure in airways (Paw), and alveolar-

arterial gradient (AaDO,) was calculated.

Statistics. All results were given as mean value + standard
error, and considered as statistically significant when p value was
<0.05 (Student's coefficient).

Results and Discussion

There was no significant difference in the weight of
rats in both groups (200—300 g). After preparation base-
line values of arterial blood pressure (BP), SpO,, HR,
PaO, did not differ between both groups. After lung injury
alveolar-arterial gradient of oxygen (AaDOQ,) increased
and it decreased after application of PEEP. There was no
statistically significant differences between both groups by
this parameter (Table 2).

After ARDS modeling, PaO, in Group 1 decreased
up to 114.2+33.9 mm Hg, and after application of PEEP of
5cm H,O and 10 cm H,O, it increased up to 318+23.7 mm
Hg and 396.6+24.2 mm Hg, respectively (Fig. 2).

Similarly to the above, PaO, Group 2 fell up to
125.7+32.3 after lung injury, and rose up to 307.3+48.2 mmHg
and 384.6+34.7 mmHg after application of PEEP of 5 cm H,O
and 10 cmH,O, respectively. There was significant difference
between PaO, at baseline and after lung injury. And although
PaO, increased significantly in both groups after application of
PEEP  there was no big difference in both groups.

As for PaCO,, in 15t group it did not change signifi-
cantly during the whole experiment. But in 27d group
PaCO, decreased after application of PEEP of 5 cm H,0,
and became more less with PEEP of 10 cm H,O. So during

Ta6Jmua 2. PecrmpaToprle NOoKa3aTeJid B UCCIIEAYEMBIX I'DYyIIIIaX Ha dTallaX IKCIIEPUMEHTa

Table 2. Respiratory measurements in both groups

Measurements Ventilation mode Without acute injury ARDS PEEP 5 cmH,O PEEP 10 cmH,0
PaO,, mm Hg CMV 376x£19.7 114.2+£33.9* 318£23.7* 396.6+24.2*
HEJV 320+48.4 125.7+£32.3* 307.2+48.2* 384.6+34.7*
PaCO,, mm Hg CMV 37.1+4.7 42.8+3.9 35.1+2.9 36.2+3.5
HEJV 14.9£4.4* 21,2+3,4* 15+2,4% 10.9+1*
AaDO, CMV 297.7+18 558+3.6 351.2+25.2 271.1£24.6
HEJV 298.2+23.1 534.7+38.6 313.9+58.3 221.3+42.6
SpO, (%) CMV 100+0 99.4+0.9 100+0 100+0
HEJV 1000 98.6+1.7 99.7+£0.9 99.8+0.5

Note (npumeuanue). Measurements — nokasarenu; Ventilation mode — peskum Bentussimu; Without acute injury — 6es3 mopeskaemnvist
aerkoro; ARDS — OP/IC; PEEP 5 emH,O — ITIKB 5 cm Boz. c1.; PEEP 10 cmH,O — ITJIKB 10 cMm Boa.ct.; PaO,y — Hanpsikenune Kuc-
soposia B aprepuanbHoit KpoBy; PaCO, — HampsikeHHe yrileKnucJIoro rasa B aprepuaibHoii kposu; AaDO,y — asibBeosisspHO-apTepualib-
HBII TPaIMenT 1o Kucaopoay; SpOy — HachIIIeHNe TeMOTIOONHA apTepHaTbHON KpoBH Kucaoponom; conventional mechanical ventilation
( CMV) — tpammmmonnas MBJI;  high frequency ventilation (HFJV) — BbicokoyacToTHas cTpyiiHas BeHTHIAINS JETKHX. * —
P<0.05 cpenHee 3HaueHKe B CPaBHEHUN ¢ TPyIIOii 6e3 nospesxkaerus aerkux, ¢ OPAC, ¢ IITKB 5 cm pr. ct. u IIJTKB 10 cM pr. cr.
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Puc. 2. Pazuuna PaO, B rpynmnax.

Fig. 2. PaO, in groups.

Note (npumeuanue): Here and in fig. 3 (3nech u Ha puc. 3): con-
ventional mechanical ventilation (CMV) — Tpaguumontas uc-
KycCTBeHHas BeHTHUsnms Jerkux; high frequency ventilation
(HFJV) — BblcOKOYACTOTHASI CTPYITHAS BEHTHIISINS JIETKUX; POS-
itive end-expiratory (PEEP 5 (10) — nosouresbHoe gaBieHue B
romrie Boizoxa (IIIKB 5 i 10 cM Boz. ct.); acute lung injury —
ocTpoe noBpeskaeHue Jerkux; without acute lung injury — 6e3 oc-
Tporo ToBpexxzenusi Jjerkux; PaO, — mapruanpHoe [aBieHue
KHCJIOPO/IAa B KPOBH.

AaDQO, yBesuniach B 06eHX IPYIINax MOCJIE MOBPEXK-
JICHUST JIETKUX, U YMEeHbIMIach rnocse npumenenus [1I/JKB,
XOTsI CTATUCTUYECKHM 3HAYMMBIX DPA3/IMUYMil MEXKIY BYMS
IPYIIIAMU 110 9TOMY TTapaMeTpy He 0TMedasoch (tabur. 2).

[Tocae momenuposanuss OP/IC PaO, 6bu10 HU3KOE,
HO TIOBBICKIOCH Tocste ipuMerenus [TIJIKB B obenx rpyii-
nax. AprepuasibHoOe jlaBjieHue B 06ernX rpyIinax CHU3UI0Ch
nocsie npumenenus [IJIKB = 10 cm Boj. cT.

Jleuennie OP/IC narnpassiieno Ha yJydiienue OKCUre-
HallMK, a Takke Ha NPEAYNPEXKIeHUEe JaJbHelero 1o-
BPEKAEHUsT JIETKUX. BbIOOp pecrnmpaTtopHOil MOAAEPKKN
quist naientos ¢ OPJIC tpeGyer npaBuiibHOro U 060CHO-
BaHHOTO ToAG0pa Takoro peskuma MBJI, koTopbiii nMeer
HAUMEHbLINE OCIIOKHEHUST, 00eCIIeYrBaAET aJIEKBATHOE 10~
CTYIUIEHNE KUCJIOPO/Ia, & TAKXKe SJMMUHAINIO YIJIEKUCIIO-
ro rasa [25, 27].

[Iposenenune TUBJI npu OP/IC conpsizkeHo ¢ Bbico-
KHUM /IaBJICHHEM BJI0XA, CPE/IHUM /IaBJIEHUEM B JIbIXaTeJIb-
HBIX ITyTAX, I0/IaBJIeHIEeM aKTUBHOCTH cypdaKTaHTa U pu-
CKOM PeCIMPaTOPHO-ACCOIMUPOBAHHOTO ITOBPEKICHUS
serkux TUBJI y 6oabrbix ¢ OPIIC umeer Takue mpobiie-
MBI, KaK BBICOKAas MHCIUPATOPHAS €MKOCTb M JIaBJICHUE,
BBICOKOE Cpe/[Hee /IaBJIEHUE B /IbIXaTeJIbHBIX Iy TSX, 10/[aB-
JIeHMe aKTUBHOCTH Cyp(daKTaHTa U BEPOSTHOCTb MEXaHU-
4eCcKOro rnoBpesk/enus ot pectiuparopa [12]. Ucnomnb3osa-
HUe JIONYCTUMON THUIIEPKAHUKM C COIYTCTBYIOIUIUM
KOHTPOJIUPYEMbIM [IbIXaTeJbHBIM allU[030M U 0OPATHO-
IO COOTHOIIIEHUS BPEMEHU BJI0XA M BbI/IOXA, IPEJ0TBPaIia-
€T BBICOKME YPOBHM WHCIIMPATOPHOTO JABJIEHUS M 4pes-
MEPHOE paCTsIKEHUE JIeTKUX, HO KPUTUKYETCS PS/IOM
aBtopoB [20]. Ilo aToit npuuynte peKOMeH/YeTCsl UCIIOJIb-
3oBarb BUC UBJI ¢ nenbio ymennsinenus: UBJI-accoruu-
POBAHHOTO MMOBPEK/EHMS JeTKuX [22].

[Ipeumyiecrso BUB y nanuento ¢ OP/[C 3akiio-
4aeTcst B TOM, YTO TypPOYJIEHTHBII IIOTOK 06eCIieYnBaeT He-
IIPEPBIBHYIO0 BEHTUJISAINIO aJIbBEOJI U OTKPBITHE PaHee 3a-
KPBITBIX  JIBIXaTEJIbHBIX  IyTell. IJTO  [PUBOIUT
YMEHBIIEHUIO BHYTPUJIETOYHOIO IIIYHTA W YBEJUYEHUIO
(bYyHKIIMOHAIBHOTO OCTaTOYHOrO 0ObeMa Jerkux [22].

injury

Puc. 3. Pazuuna PaCO, B rpynmax.

Fig. 3. PaCO, in groups.

Note (npumeuanue): Without lung injury — 6e3 mospexnenus;
with ARDS — ¢ OPIC; PEEP of 5 cm HyO — ¢ IIZTKB 5 cM Boa.
cr.; PEEP of 10 cm HyO — ITJIKB 10 cM Bog. c1.; CMV — Tpann-
LIMOHHAsI NCKYCCTBeHHasl BeHTuusinud jerkux; HEJV — Bwicoko-
YacTOTHAs CTPYiiHas BeHTuJ st jgerknx; PaCO, — naprmanbioe
JIaBJIEHNE YTJIEKICIIOTO Ta3a B KPOBH.

the whole experiment PaCO, in 2nd group was lower than
that in 15t group (Fig. 3).

The research included ARDS modeling by adminis-
tration of autothromboplastin. Gas exchange, oxygenation
and hemodynamic stability during application of PEEP in
HFV were compared to that in CMV.Although PaO, was
low after ARDS was modeled, it obviously increased after
application of PEEP in both groups. Blood pressure did not
change in both groups after application of PEEP of 5 cm
H,O0, but it decreased after PEEP was raised to 10 cm H,O.

Modern treatment of ARDS is aimed at oxygenation
improvement and prevention of further lung injury. Choice
of respiratory support for patients with ARDS demands cor-
rect and valid selection of ventilation mode that has less
complications, supports adequate oxygen supply and elimi-
nation of carbon dioxide [25, 27]. CMV in patients with
ARDS may cause problems such as high inspiratory volume
and high pressure, high mean pressure in airways, decrease
in surfactant activity and possibility of ventilator-associated
mechanical injury [12]. Several methods of mechanical ven-
tilation should be chosen to protect lungs, and permissive
hypercarbia with associated controlled respiratory acidosis
or reverse relation of inspiratory and expiratory time might
be employed. Besides, we can prevent high values of maxi-
mal inspiratory pressure and excessive expansion of the
lungs, but there is contradiction as to these effects [20].
Therefore, some authors recommend using HFV to decrease
ventilation-associated injury of the lungs [22].

Significant advantage of HFV in patients with
ARDS is that high frequency impulses result in turbulent
flow, continuous ventilation of alveoli and opening of
closed airways. These all lead to relative stable pulmonary
capacity, prevention of uneven alveolar expansion and
atelectasis, decrease in pulmonary shunt and increase in
oxygenation with low inspiratory pressure [22]. HFV is
the effective approach to the complex intensive care of
ARDS, and in this situation immune response to lung
injury changes and fluctuations in pressure are minimal

while hemodynamic stability is maintained.
In HFV gas exchange depends on the flow rate,

mechanical features of ventilator, catheter size, forcing pres-
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[Ipu BUC UBJI razoobMeH 3aBUCUT OT CKOPOCTH

BO3JIYIIHOW CTPYH, IMAMETPA U ITTMHBI KATETEPA, TABIEHUS
BIOXA, YACTOTHI AbIXauus, cootHomienuss I'E u ypoBms
[TAKB [21]. IIpumenenue [I/IKB yBesnuusaet pyHkimo-
HAJIBHBII OCTATOUYHbIA OOBEM U OTKPBIBAET <«3aKPbITHIE»
asbpBeodtnl [17].

[Tpu arom, abdexramu II/IKB gBigiorces: nosbiiie-

HUE BHYTPUIPYIHOTO /IaBJCHUS, YMEHbIIEHIE BEHO3HOTO
BO3BpaTa K Cepiilly, ¥ B UTOre — CHIKEHHE MUHYTHOTIO
obbema u runorensusi. Kpome Toro, stu addexrsl Hau-
Goublile BEIPasKeHbI y GOJBHBIX ¢ rurioBosiemueii [13]. Or-
MeyaJiy MajIeHue apTepruabHOTO JIaBJACHUS BO 2-ii rpyIiie
c mpumenenueM [TI/IKB = 5 cm Boj. cT. mocie MozieinpoBa-
nusg OP/C. [Tpumenenne IIJIKB = 10 cm Boz. ct. mpusesio
K TaJIEHUI0 apTePUAIBHOIO JaBJeHus] B 06euX TpyIIax.
BYB BbI3biBaeT MeHblllee U3MEHEHHE BHYTPUTPYIHOTO
nasyenust, uem TUBJI [24]. Onnako, B HalieM ucciesoBa-
HUU JKUBOTHBIC 2-i1 TPYIIIBI UMEJIN B CPEJHEM MEHbIIee
apTepuasbHOE [aBJieHue, yeM B 1-ii rpyrie. Mbl 00bsiCHsI-
eM 310 Habmonenue dbopmuposanuem ayto-11JIKB mpu
nposenennt BUC VUBJI [19].

3akaoueHne
[Tpumenenue IIJIKB y kpsic ¢ OPIIC apdexrusro

yJIydiiaeT okcureHanuio kposu, kak npu BUHC UBJI, Tak n
mpu TUBJIL TI/IKB = 5 ¢M Bof. CT. yuydIiaeT OKCUreHa-
LU0 KPOBU (€3 3HAUMTEJILHOTO TAJIEHUSI apTEPUATBHOIO
nassenust. Vicnonbzosanue [TJJKB Huskoro ypossst 6oiee
addexrusHO yayuinaer razoobmet, yem II/JKB Bbicokoro
YPOBHSI IIPY JIEYEHU U TUITOKCEMHH.
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sure, respiratory rate, LE relation and PEEP [21]. Out of
these parameters PEEP is used to improve oxygenation in
case of respiratory failure. In patients with ARDS application
of PEEP improves pulmonary shunt (despite of clinical con-
tradiction), helps respiratory muscles decreasing the work for
breathing, increases functional residual capacity and opens
closed alveoli to raise oxygenation [17]. In addition, PEEP
reduces surfactant loss and prevents pulmonary collapse.

Besides, side effects of PEEP are the increase in
intrathoracic pressure, decrease in venous return into the
heart, disturbance of cardiac filling and as a result, reduction
in cardiac output and hypotension. Furthermore, these side
effects are more severe in patients with hypovolemia [13].
Actually, we showed the decrease in arterial blood pressure in
group 2 with application of PEEP of 5 cm H,O after ARDS.
Moreover, when PEEP of 10 cm H,O was applied, both
groups had obvious drop in arterial pressure, which indicat-
ed that high values of PEEP reduced arterial pressure much
more. In addition, HFV resulted in less changing the
intrathoracic pressure compared to CMV, which in turn
should maintain hemodynamic stability [24]. However, we
could not reveal such effect in our research and in patients of
group 2there was less arterial blood pressure than in patients
of group 1. We explain this observation increased forcing
pressure in patients from group 2, and rise in expiratory pul-
monary volume with application of HFV possess similar
effects on arterial blood pressure as PEEP [19].

Conclusion

Application of PEEP in rats with ARDS effectively
improved oxygenation in both HFV and CMV. Moreover,
because PEEP of 5 cm H,O improved oxygenation with-
out significant drop in arterial blood pressure, we suggest-
ed that the use of PEEP of low values enhanced gas
exchange more effectively than that of high values in the
treatment of hypoxemia in ARDS.
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PE3VJBTATBI IPUMEHEHUA CEJEKTUBHOI
AJCOPBIINN OHAOTOKRCHUHA ITPU CEIICUCE
Y OHROJIOTHUYECKHUX BOJIbHbIX

H. /I. Yimakosa, A. H. [lleBuenko, M. B. HerBepuxkos, E. 1O. 3natnuk, T. A. 3pikoBa

PocroBcknit HayuHO-nCCIe/10BaTeIbCKUI OHKOTOrnuecknit nHCTuTyT Munszapasa Poccun, Poctos-na-/lony, Poccus
344037, r. Poctos-na-/lony, yi. 14-a nunwus, 1. 63

Results of Using Selective Endotoxin Adsorption in Cancer Patients with Sepsis

N. D. Ushakova, A. N. Shevchenko, M. V. Chetverikov, E. Yu. Zlatnik, T. A. Zykova

Rostov Cancer Research Institute, Ministry of Health of Russia, Rostov-on-Don, Russia
63, 14th Line, Rostov-on-Don 344037, Russia

Henv. N3yunth Kiuanyeckyio 3HGeKTUBHOCTD puMeHenus celekTuBHoi JITIC-acopOuuy npu rpaMoTpUIIATENBHOM Cell-
cuce, Pa3BUBIIAMCS B TIOCJIEOIEPANUOHHOM NEPUOJIE Y OHKOJOTHYECKUX GoabHbIX. Mamepuan u memoodst. O6cne0BaHO
47 GonbHBIX B Bo3pacTe oT 47 10 84 ner (11 keHmuH U 36 My»KUnH), OABEPrHYTHIX XHPYPrHUECKOMY BMELIATENbCTBY 110
MOBO/ly OHKOJIOTHYECKUX 3200 I€BaHHUIl, TOCIE0NEPANNOHHBIIT TEPHO KOTOPHIX OCIOKHIIICS Pa3BUTHEM IPAMOTPHUIIATE b~
HOTO cerncuca. BosbHbie GbLIM pa3/iesieHbl Ha 2 TPYIIbI — KOHTPOJIBHYIO U 0CHOBHYI0. KoHTposbHas rpynna — 15 yesnosek,
MOJIYYaBIINX CTAHAAPTHYIO TEPANHIO, OCHOBHAs rpynna — 32, kotopbiM Obuia npumenena JIIIC-ancopGuust ¢ ”MMOGUIN-
3UPOBAHHBIM MOJMMHKCHHOM B. Pe3ynvmamui. Ilocne 3aBepuieHus nporpammsi cexekruBHoii JIIIC-axcop6uun B 87,5%
cilyyaeB HaOII0ai Perpece KIMHUYECKUX MPU3HAKOB CENCHCa, CTATUCTHYECKH 3HAYMMOE CHUIKEHHE YPOBHS JEHKOIUTOR
u HeiitpoduioB B nepudepuueckoiil KpoBH, yayulleHne OHOXMMHYECKUX NOKa3areseil Kpou. Y 89% 00JIbHBIX perncTpu-
POBaJH CHH>KeHHe HCXOTHO BBICOKHX ITOKa3aTeieil akTHBHOCTH 9H0TOKcHHA 0T >0,6 ex. mo <0,4 ex. Ilocie 3akmoynTess-
Horo ceanca JITIC-azicopOuuu 0TMEYEHO CHUKEHHE NOTPEGHOCTH B Ba30NPECCOPHOI MOIEPIKKE B CBA3H C ONTHMH3AIHUEH
«reMojiuHaMu4eckoro npoduisi>. B 15 u3 26 ciayyaes mocie npoBeeHNs] KyPCOB CEJIEKTUBHON afcOPOIMU SHIOTOKCHHA
HEOOXOMMOCTH B IIPO/I0JIKEHHH OPTaHO3aMECTUTEIbHOM Tepanuu He Ob110. JletaabHocTb (28-1HeBHAS) B OCHOBHOI rpy -
ne cocraBuia 25,0%, B KoHTpoasHOU — 53,3%. 3axatouenue. BrioueHue B KOMIUIEKC HHTEHCUBHOM Tepanyy rpaMoOTpUIa-
TenpHOTO cencuca Merona JIIIC-ancopOuun sSBasieTCs NATOTEHETHYECKH 000CHOBAHHBIM M M03BOJIsieT 3¢ HEKTHBHO KymH-
pOBaTh MPOSIBJIEHHS CHCTEMHOTO BO3/EHCTBHS 0aKTepHATIHbHOIO SHAOTOKCHHA. PaHHee M CBOEBpeMeHHOe NMpUMEHEHHE
merona JIIIC-aacop6uun oGecneurBaeT MHrHOMPOBAHHE UHUIMUPYIOUMIETO CTUMYJIA, YTO MO3BOJSAET NPELYNPEAUTh NPO-
rpeccupoBaHUe CENTHYECKOro MPOLEecca, Pa3BUTHE TSAXKEIOTO CENCHCa U CENTHYECKOrO 0K, YIy4lIaeT pe3y IbTaThl Jeye-
HHSI TOCIIUTAJIBHOTO MEPUO/Ia OHKOJOTHYECKHX GoabHbIX. Katouesvie cnosa: rpamorpunarensusiii cencuc, JITIC-axcop6-
U ¢ MIMMOOHIM3HPOBAHHBIM MIOJUMHKCHHOM B.

Objective: to study the clinical efficiency of using selective lipopolysaccharide (LPS) adsorption in postoperative gram-
negative sepsis in cancer patients. Subjects and methods. Examinations were made in 47 patients (11 women and 36 men)
aged 47 to 84 years, who had been operated on for cancer and whose postoperative period had been complicated by gram-
negative sepsis. The patients were divided into 2 groups: 1) 15 patents who received standard therapy (a control group);
2) 32 who had LPS adsorption using immobilized polymyxin B (a study group). Results. Upon completion of the selective
LPS adsorption program, there was regression of the clinical signs of sepsis, statistically significantly lower peripheral
blood leukocyte and neutrophil levels, and better blood biochemical parameters in 87.5% of cases. High baseline endotox-
in activity decreased from >0.6 to <0.4 units in 89% of the patients. After the final session of LPS adsorption, the need for
vasopressor support reduced due to hemodynamic profile optimization. After selective endotoxin adsorption cycles, 15 of
26 cases did not need to continue organ replacement therapy. Twenty-eight-day mortality rates in the study and control
groups were 25.0 and 53.3%, respectively. Conclusion. Incorporation of LPS adsorption into a set of intensive therapy for
gram-negative sepsis is pathogenetically substantiated and can effectively abolish the manifestations of the systemic
effects of bacterial endotoxin. The early and timely use of LPS adsorption provides inhibition of an initiating stimulus,
which makes it possible to prevent the progression of a septic process and the development of severe sepsis and septic
shock and improves the results of therapy in cancer inpatients. Key words: gram-negative sepsis, lipopolysaccharide
adsorption using immobilized polymyxin B.
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BBenenue

Hecmotrpst Ha 3HaunTE/IBHBIE Yeriexu B o0actu (pyH-
JIAMEHTAJIBHBIX MCCIIEA0BAHUI, (HDAPMAKOJIOTHH, KIMHUIEC-
KO MeIMTIMHBI MH(PEKITMOHHBIE OCJIOKHEHNST 1 CETICHC OCTa-
I0TCST OJTHOI M3 OCHOBHBIX TIPHYMH CMEPTH TIPH KPUTUIECKIX
cocrostausix [ 1—4]. ITo raHHBIM COBPEMEHHOI JIUTEPaTyPhl B
MHUpPE perucTpupyercsi npumepHo 18 MiH ciaydaeB 1pu
cmeprroctr Gosiee 30% npu TsKesoM cercuce u Gosee 50%
TIPH CETTHIECKOM ToKe [ 5, 6]. BeTpegaemocTs cericrca y om-
KOJIOTHYECKUX OOJILHBIX B 4—8 pa3 vatlte, 4eM B 001Iel mory-
sty GOJIBHBIX, @ TOCIIUTANbHASL JIETAJIBHOCTh COCTABIISICT
10% cpemn Beex mpuant cMepti [ 7]. Tlpu sedenmu 3mokade-
CTBEHHBIX HOBOOOPA30BAHUI XUPYPIrUUECKIE BMELIATEbCT-
Ba SIBJISIIOTCS TJIABHBIM METO/IOM JIUCHUS Y TIOJIABJISTIONIETO
GoubiHeTBa GostbHBIX. 110 anabiv BO3 B Mupe B roj BbI-
nosiHsieTcst 31 MITH OHKOJIOTHYeCKuX orieparuii. B cBoto ove-
pejib, B UX CTPYKTYPE pacHIMpeHHbIe PAJUKaIbHbIE BMeIIa-
TEJILCTBA COCTABJISIOT OOJIBIIYIO YacTh, DTH OIEPAINH, KaK
MIPABUJIO, COTIPOBOJK/IAIOTCS MACCUBHBIM ITOBPEXK/ICHUEM
TKaHeit, OOJIBIIOIT KPOBOIOTEPEil. ArPeCCHBHOCTD POBO/IU-
MBIX XUPYPIUYECKUX BMEIIATEILCTB U aHECTE3UOIOTMYECKO-
'O IIOCOOMST; YACTOTA U3HAYATLHOIO MH(UIIMPOBAHUS OIIYXO-
JU B IIpOIlecce Pa3BUTUS OHKOJOTMYECKOTO MPOIlecca;
BTOPUYHBIN UMMYHO/E(DUIIUT, COTPOBOKAAIONINI €T0 Teve-
HI€; 3HAYUTEJIbHbII TTPOIEHT GOJIbHBIX TIOKUIIOTO U CTapye-
CKOTO BO3PACTa, MMEIOIINX TsDKeJIbIe COIyTCTBYIONINE COMa-
Trdyeckue 3aboJieBaHUsT; HEOOXOAUMOCTb POBEJICHUS B
TIPEIOTIEPAIIMOHHOM TIePHOJIE TTIOJIMXUMUOTEPAITUN 1 JIyde-
BOTO JIEYEHUS], & B PAHHEM TIOCJIE0NEPAIIMOHHOM TIepHojie —
BBICOKOUHBA3UBHOI'O MHTEHCHBHOTO JICUEHHST I KOMOUHUPO-
BaHHOU aHTUOMOTUKOTEPAIIMU OINPE/IEISAIOT BICOKUI PUCK
PasBUTHS Y OHKOJIOTUYECKHUX GOJIbHBIX THOMHO-CENTHYECKUX
ocnoxkHenuit [7—10].

B HacrosIiee BpeMsI CEICUC PacCMaTPUBAETCS KAk
«...IATOJIOTUYECKHIT MPOIlecc, B OCHOBE KOTOPOTO JIEKUT
peakiisi OpraHu3Ma B BHJIE TeHePaJM30BaHHOTO BOCHajle-
HUs HAa MHGEKINIO Pa3JIndHoil npupoasr» [11], KoTopbrit
COIPOBOJKAAETCS] HAPYIIEHUSIME TOMEOCTa3a, Kak HEeKOH-
TPOJIMPYEMOTO KacKa/la U3MEHEHUI B CHCTeMaX BocHajie-
HUS, KOAryJasiuu u (pubOPUHOIIN3a, IPOUCXOAIIUX OIHO-
BPEMEHHO, KaK IMKJ aBTOMATHYECKOTO HAJIOKEHUS
B3aUMOO00YCJIOBJIEHHBIX TIPOIIECCOB € MOCIEAYIONMME Ha-
PYIIEHUSIMA MUKPOIMPKYJISIIUN ¥ TKaHEBOW OKCHTIeHa-
11K, Pa3BUTHEM METabOJMUYECKUX PACCTPOUCTB BCJIEJACT-
BHe MUTOXOHJpHaNbHON auchynkiuu. Kak pesysbrart
YHUKAJIbHOM KOMOUHAIIMU B OTBET HA MH(MEKIIUIO KJIETOY-
HBIX, MeTabOJUUECKUX, COCYAUCTHIX U BOCHAJUTEIbHBIX
HapyllIeHWil pa3BUBAeTCs OpraHHas AUCHYHKIMS U TO-
smopranHas Hegocratounocts (ITOH) [12, 13].

CorylacHO COBPEMEHHBIM TPE/ICTABIEHUSIM, JH/I0-
TOKCMH — OakTepmanbHbiii aunonoancaxapug (JIIIC)
CUNTAETCS CaMbIM MOLIHBIM MEAUATOPOM MUKPOGHOIO
MIPOMCXOXK/IEHHUS] U UTPAET KJIIOUEBYIO POJIb B MATOr€HE3e
CeICuCa, SIBJISASICh Har00JIee BasKHBIM U3 IIaATOT€H-aCCOIUNU-
POBaHHBIX MOJIEKYJI curHaiusanuu (pathogen-associated
molecular pattern, PAMP). BaktepuaibHbIil SHIOTOKCUH —
TTOCTOSTHHBIN CTPYKTYPHBIH KOMIIOHEHT Hapy>KHOH KJie-

Introduction

Despite considerable progress in fundamental medi-
cine, pharmacology and clinical medicine infectious com-
plications and sepsis remains a major cause in critical con-
ditions [1—4]. Approximately 18 million cases with more
than 30% mortality from severe sepsis and 50% from septic
shock are reported each year worldwide [5, 6]. The inci-
dence of sepsis in patients with cancer is 4—8 times more
frequent than in general population of patients, and in-hos-
pital mortality is 10% of all causes of death [7]. Surgery is
the main method in the treatment of malignant tumors for
the vast majority of patients. According to the WHO, 31
million cancer surgeries are performed in the world per
year. In turn, extended radical interventions constitute the
majority of them. These operations are usually accompa-
nied by massive tissue damage and blood loss. The aggres-
siveness of the surgical procedures and anesthetic support;
frequency of the initial infection of the tumor in the
process of cancer development; accompanying secondary
immunodeficiency; significant percentage of patients of
elderly and senile age with severe medical comorbidity; the
need for preoperative chemotherapy and radiation therapy,
and in the early postoperative period — highly invasive
intensive treatment and combined antibiotic therapy
determine a high risk of developing of suppurative-septic
complications in cancer patients [7—10].

Currently, sepsis is seen as «...a pathological process,
based on the reaction of the organism in the form of gener-
alized inflammation due to infection of different nature»
[11], which is accompanied by disturbances of homeostasis
that ibclude uncontrolled cascade of changes occurs simul-
taneously in the inflammation, coagulation and fibrinolysis
systems,/ Pathogenesis of sepsis is considered as a a cycle of
automatic imposition of interrelated processes leading to
subsequent destruction of microcirculation, alteration of
tissue oxygenation and mitochondrial dysfunctionthat
results in development of metabolic disorders. Organ dys-
function and multiple organ failure develop as a result of
the unique combination of metabolic, vascular and inflam-
matory disorders in response to infection [12,13].

According to modern ideas, endotoxin — bacterial
lipopolysaccharide (LPS) — is the most potent mediator of
microbial origin and plays a key role in the pathogenesis of
sepsis, being the most known pathogen-associated molecu-
lar pattern(PAMP). Bacterial endotoxin is a permanent
structural component of the outer cell wall of gram-nega-
tive bacteria, which is necessary for vital activity of the lat-
ter. According to the chemical structure it is lipopolysac-
charide (LPS). The cell wall of each bacterium includes up
to 4 million LPS molecules. LPS acts as a signaling mole-
cule, which timely warns about the possibility of the imple-
mentation of gram-negative bacteria into the body.
Endotoxin has an extensive set of pathogenic qualities that
manifest themselves only when its concentration in the
general circulation exceeds the physiologically acceptable
norms and / or in case of failure of anti-endotoxin immuni-
ty. When endotoxin is released in the systemic circulation
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TOYHOI CTEHKU TPaMOTPHUILIATEIbHBIX GAKTEPUid, KOTOPbIii
HEOOXOMMM /TSI TIOIEPIKAHUS SKU3HEIESTETLHOCTHA T10-
caenunx. [lo ctpykrype ato mumnonommcaxapun (JIIIC).
Kirerounast creHKa KaskA0l OGakTepry BKIIOYAET 0 4 MJIH
mousexyst JIIIC. JIIIC BeicTynaeT B posii CHUTHATBHON MO-
JIEKYJIbI, CBOEBPEMEHHO MPEAYTIPEKIAIONIEH O BO3MOKHOC-
THU BHEZPEHUS TPAMOTPUIIATETbHBIX OAKTEPUI BO BHYTPEH-
HIOIO CPe/ly OPTaHu3Ma. DHAOTOKCHH 00/1a1aeT 00U PHBIM
HabOPOM MATOI€HHBIX KAueCTB, KOTOPBIE MPOSIBJSIOT cest
TOJIBKO TOTJIa, KOT/IA €r0 KOHI[EHTPAIUS B 0011eM KPOBOTO-
Ke TIpeBbIaeT (hU3MOJOTUYECKN OMYCTUMbIE HOPMBbI
U/UJU TIPU HEJIOCTATOYHOCTH aHTHIHIOTOKCUHOBOTO NM-
myHuTera. [Ipu BICBOOOKACHUN SHIOTOKCUHA B CUCTEM-
HBIII KPOBOTOK TIPOUCXOJIUT HE3aMe/TUTEIbHAST PEeaKIInst
MOHOIIUTOB, KOTOPBIE CBS3BIBAIOTCS C TIOCJIEIHUM U 3aITyC-
KaIOT BOCHAJIUTEJIbHBIN OTBET. B pesysibrare aKTHUBAIMI
MOHOIIUTOB B PEAKIUIO BCTYHAIOT JIMIOIPOTEUHBI, KOTO-
pbI€ C TIOMOIIIBIO JIUTTH/IA A TaKKe CBS3bIBAIOT HH/IOTOKCHH,
(bukcupoBaHHBII MOHOIUTAMU. JTa PEAKINs HAIPaBJIeHA
Ha UHrUOUPOBaHME PA3BUTHUS BOCHAJIUTENBHOIO OTBETA
[14]. TIpu us6piTouHOCTH BBhICBOGOK AeHUs JITIC B cucTem-
HBIIl KPOBOTOK PeaKIlis MOHOIUTOB TIPEBATIMPYET HAL JIn-
MOTIpoTenH-onocpeoBanubiM  yaanenuem JIIIC, uto B
CBOIO OY€epe/b UHYIIUPYET TeHEPAIN3aINI0 BOCTIAIUTEIb-
Horo orseta. Takum o6paszom, JITIC asigerca Kao4eBoi
CHUTHAJIBHOM MOJIEKYJION B TlaToreHe3e MH(MeKInn, Bocma-
genus, cencuca, [IOH n cenrtuyeckoro moka. Ciuenyer
MO/IYEPKHYTh, YTO TIOTEHIIMATbHbBIE MOCJEJCTBUS BBICBO-
6oskaerus JITIC o6ycioBeHbl peakiueil roMeocTasa Ha
JITIC, a He BHYTPEHHUMH CBONCTBAMHU CAMOTO 9H/IOTOKCH-
ma [15, 16]. Knunudeckue nccaeoBaHust MOCTETHUX JIET
CBUJIETEJILCTBYIOT, UTO BBICOKUI YPOBEHb aKTMBHOCTU JH-
JIOTOKCUHA B CUCTEMHOM KPOBOTOKE KOPpeaupyer y 60Jib-
HBIX CENICUCOM C XY/IIINMU KIMHUYeCKUMU ucxomamu [17].
ITO SABASETCS MATOTEHETHYECKUM 0OOCHOBAHUEM K BKJIIO-
YEHUIO B KOMILJIEKC MHTEHCUBHOTO JIEUEHUS] TPAMOTPHIIA-
TEJIBHOTO CETICHCA aHTUAH/IOTOKCUHOBOM TEpaInu.

HaxomsienHbIil K HacTOsIIleMY BPEMEHU B MHUPe
KJIMHUYECKU OIBIT CBUJETEJNBCTBYET, YTO reMoriepdy-
3US C TMMOJMMUKCUHOM-B npezacrasiger coboil HOBBIN 1
HEePCIEKTUBHBIA METO/| JIeYeHUsI, CIIOCOOHBIN OKa3bIBaTh
HOJIOKUTEIBHOE BJUSHUE HA BBIKUBAEMOCTb OOJIBHBIX
cernicucom [18—21].

[lesb nccoeoBanust — M3YYUTh KIMHUYECKYIO (-
(bextuBHOCTH pUMenenus ceaextusroit JIIC-ancopbumm
IIPU TPAMOTPUIATEIBHOM CEICUCe, PA3BUBIIEMCS B MOCJIE-
OIIEPAIIMOHHOM [IEPUOJIE Y OHKOJOTHYECKUX OOJIbHBIX.

Marepuan u MeTObI

B pamkax OHOIIEHTPOBOTO PAHJIOMHU3NPOBAHHOTO CJIETIOTO
nccsenoBanus oocnenosamu 47 GOJBHBIX B Bopacte oT 47 1o 84
siet (11 sxeHiun n 36 My»KUUH), TOABEPTHYTHIX XUPYPriYECKOMY
BMEIATETBCTBY 110 TIOBOAY OHKOJIOTHYECKUX 3a00IeBaHIil Ha Opra-
HaxX OPIONTHOI MOJOCTH ¥ 3a0PIONIMHHOTO MPOCTPAHCTBA, TOCTe-
OIePAIMOHHbII IEPUO/L KOTOPBIX OCJIOKHUJICS PA3BUTHEM CETICHCA.

Kpurepnu BKIIIOUEHNST B HCCIIE/[OBAHUE:

I.  Kuimnwnueckue npusHaku cerncuca [22]:

— perucTparys B TeYeHVe IPeAbIIy X 24 4acoB ABYX u 60-
see npusnakoB CCBO: temmeparypa Tesna>38,3°C nmu <36°C;

immediate response of monocytes occurs to bind to the lat-
ter and trigger an inflammatory response. Monocytes bind
lipoproteins via cel-surface lipid A. This reaction is direct-
ed to inhibit the inflammatory response [14]. In case of
excessive release of LPS into the systemic circulation
monocyte reaction predominates over lipoprotein-mediat-
ed removal of the LPS, which in turn induces generaliza-
tion of inflammatory response. Thus, LPS is a key-signal-
in the
inflammation, sepsis, septic shock and multiple organ fail-
ure. It should be emphasized that the potential conse-
quences of the LPS release are caused by a reaction of the

ing molecule pathogenesis of infection,

homeostasis, not by intrinsic properties of the endotoxin
[15, 16]. Clinical studies in recent years show that high
levels of endotoxin activity in the systemic circulation in
patients with sepsis correlate with worse clinical outcomes
[17]. This is a pathogenic rationale for inclusion of anti-
endotoxin therapy in the complex of gram-negative sepsis
intensive treatment.

Worldwide clinical experience to date suggests that
hemoperfusion with Polymyxin B is a new and promising
method of treatment that can have a positive effect on the
survival of patients with sepsis [18—21].

Aim of the study. To study the clinical efficacy of
using the selective LPS-adsorption in case of gram-nega-
tive sepsis, which developed in the postoperative period in
patients with cancer.

Materials and Methods

Within the framework of a single-site, randomized, blinded
study 47 patients aged 47 to 84 years (11 women and 36 men) who
underwent cancer surgery and their postoperative period was
complicated by the development of gram-negative sepsis were
examined.

Criteria for inclusion in the study:

I.  Clinical signs of sepsis [22]:

—  Two or more SIRS signs registered during last 24 hours:

Body temperature > 38.3°C or <36°C; heart rate > 90 / min;
tachypnea > 20 / min or the partial pressure of carbon dioxide in
arterial blood (PaCO,) less than 32 mm WG; leukocyte count —
more than 12X10° / L, or less than 4X10° / L, or more than 10% of
immature cell forms;

—  Clinical signs of organ dysfunction:

Arterial hypoxemia (PaO,/FiO, <300); acute oliguria (urine
output <0.5 mL / kg / h for at least 2 hours despite adequate fluid
resuscitation; increased creatinine level > 0.4 mM; violation of
coagulation parameters (INR > 1,5 or aPTT> 60s); intestinal paret-
ic manifestations; thrombocytopenia (platelet count <100x10° / L;
hyperbilirubinemia (total bilirubin level > 70 mM); violation of tis-
sue perfusion, hyperlactatemia > 1 mM); hemodynamic violations
(hypotension — SBP<90 mmHg, MAP<70 mmHg or decrease of
SBP>40 mmHg below normal values for this age.

II.  Blood level of procalcitonin (PCT) more than 2 ug/ml.

III. Endotoxin activity (EA) according to EAA-test — >
0.6 units.

Exclusion criteria: terminal condition of the patient, massive
bleeding, need for surgical treatment of purulent inflammation site.

The patients were divided into 2 groups — control and main.
The control group included 15 people who received standard ther-
apy, the main group comprised of 32 patients, in which LPS-
adsorption with immobilized Polymyxin B was employed.

Standard therapy was performed according to international
guidelines for the treatment of sepsis — Surviving Sepsis
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YCC> 90/mun.; Taxunios>20/MIH. WK HANPSIKEHUEe YTJIeKUC-
J10TeI B apTepuanbioil kposu (paCO,) MeHee 32 MM BOJIL. CT.; KO-
J4ecTBo JieiikornuTos 6osee 12X10°/n unn menee 4X10° /1, 6o
6ostee 10% He3pebIX KIETOUHBIX (HOPM;

—  HaJIn4Me KJIMHUYECKUX HPU3HAKOB OPraHHOW Juc-
bynxrym:

aprepuasbias runokcemst (Pa0O2/FiO2 < 300); octpas osu-
rypust (amypes <0,5 Mi/Kr/dac He MeHee 2 4acoB, HECMOTPSI Ha
Q/IeKBaTHYI0 MH(DY3HOHHYIO Teparuio; yBeJndYeHne KpeaTHHHHA
kpoBu > (0,4 MKMOJIb/JI; HapylleHue MoKazaTeseil KoaryJisinmn
(INR > 1,5 usm AYTB>60 ¢); maperudeckue mposiBIEHHsI CO CTOPO-
Hbl KHUIIEYHUKA; TPOMOOIUTONEHMsT (KOJMYECTBO TPOMOOIIUTOB
<100x10°/o1; runepoumipybunemust (06w 6uaUpyOoUH KpoBu >
70 MKMOJB/T); HapylieHus TKaHeBOH Tepdysun rumepiaaxkraTe-
MUs>1 MMOJIB/JT); TeMOIMHAMUYECKHE HAPYIeH!s (apTepuasbHast
runorensust — CAI<90 mum pt. ct., MAP<70 MM PT. CT. WJTH CHUKE-
nne CAJ/[>40 MM pT. CT. HIZKE HOPMBI /IJIST TAHHOTO BO3PACTa.

II.  ¥Yposens nporabiuronuta kposu (PCT) Gosee 2 Hr/miL.

III.  AxruBnoctb angorokcuna (AJ) mo ganubiMm EAA-Tec-
Ta— > 0,6 e

Kputepun MCKIIOUEHNUST: TEDMUHAIBHOE COCTOSIHIE OOIBHO-
0, MACCHBHOE KPOBOTEUEHNE, HEOOXOANMOCTD XUPYPIIYECKON ca-
HAIUK 0Yara THOMHOTO BOCITAJIEHMUSI.

Bcee 60JibHbBIE OBLIH PaszieJieHbl Ha 2 TPYIITIbI — KOHTPOJIbHYIO
1 ocHoBHyI0. KOHTPOJIBHYIO TPyIIIY cocTaBu/IM 15 YesoBek, 1moJy-
YaBIINX CTAH/[APTHYIO TEPAINIO CETICHCA, B OCHOBHYIO TPYIIILY BO-
1in 32 GOJIbHBIX, CTaHAAPTHAS TEPAIIS KOTOPHIM ObLIA I0TOJIHE-
HA 9KCTPAKOPIOPANbHON AHTUIHIOTOKCUHOBOI Teparnueii —
JITIC-azncopbiueii. CTaHAapTHYIO TEPATIMIO TPOBOMIIN COTIACHO
MESKIYHAPOJAHBIM PEKOMEH/IAIUSIM [0 JIEYEHUIO Cercuca —
Surviving Sepsis Campaign, Sepsis Compaign: International
Guidelines, 2012 [22]. Tpyst 60JIBbHBIX 110 MOJLY, BO3PACTY, HO30-
JlorndeckuM GopmMamM OHKOJIOTHYECKOTO TIPOIecca, XapakTepy U
06beMY XUPYPrUYeCKOTO BMEIIATENBCTBA, TSKECTH CENTHIECKOTO
mportecca 6s1n 0xHOPOAHBL. CllefiyeT OTMETHTb, 9TO ¥ 44 u3 47
(93,6%) uccaepyembix GosbHBIX auarHoctuposamu 111 cragmio
onkoJioriyeckoro 3abosesanust (y 30 u3 32 60JbHBIX OCHOBHOI 1
v 1 13 15 60JIbHBIX KOHTPOJIbHOI TpyTIE), B 3 (6,4%) caydasix pe-
ructpuposasu I cTajinio OHKOJIOrHYecKoro mporecca.

[Iprunnoii passutus cencuca y 15 6ompubix (31,9%) Gbit
neputonnt, 8 (17,0%) — nueBmonns, 8 (17,0%) — mMoueBast nu-
dekmus, 6 (12,8%) — nankpearur, 5 (10,7 %) — aMirema ries-
poL, 4 (8,5 %) — pauneBas undexuus, 1 (2,1%) — anruorennas
nHbeKnns.

IIpu OIlEHKE TSKECTU COCTOSTHUS OOJBHBIX 10 IIKAJIE
APACHE-II cpennuii Gamn cocrasisii 24,3+6,3 (B 0CHOBHOI
rpymme — 23,2+5,5; B KoHTpoJbHOI — 24,6%6,1). ¥ 38 u3 47
(80,9%) GombubIx peructpuposanu passurue [IOH (B ocHOBHOI
rpyiie — y 32 u3 44 GoJbHBIX; B KOHTPOJIbHON — y 6 u3 15 60J1b-
ubIx). Cpenmnit 6aswr mo mkaze SOFA 6sut 9,2+2,7 (B 0cHOBHOI
rpyiie — 9,4£2,5; B KouTposibHoil — 8,7+ 2,6). IIpu atom B 26 13
38 (55,3%) caryuaes (B ocHOBHOII TpyTiie — y 22 13 32 G0JIbHBIX; B
KOHTPOJIHON — Y 4 13 6 GOJIbHBIX) TsKECTh HapylleHnii (QyHK-
U JKU3HEHHO-BKHBIX OPraHOB OMNpEEisiia HeOOXOIUMOCTh
rpoBezienust opranodameraioteii repanuu (MBJI, remodusrpa-
1151/ TeMoinadIbTpaIys ).

BceM 60JIbHBIM TIPOBOIUIIN MUKPOOGHOJIOTUYECKIE UCCIEI0BA-
st V307151110 MUKPOOPTaHU3MOB OCYIIECTBIISLIN 110 CTAHAAPT-
HBIM MeTozinKaM. OTpe/iessiyin BU0BYIO TPUHA/IEIKHOCTD N30JI1-
POBAHHBIX MITAMMOB. UyBCTBUTEIBHOCTD BBIIETEHHBIX IITAMMOB
MUKPOOPTaHU3MOB K aHTHOAKTEPUATLHBIM TIPEMApaTaM OCYIIEeCTB-
JIsn nCKOo-nddy3noHHbM MeTo10M. VccmeioBanmst TpoBOANIII
C WCIIOJIb30BAHMEM aBTOMATUYECKOW OUOXMMUYECKON CHCTEMBbI
VITEK 2 (bioMerieux, ®@parius). Boisgsienue reHoB Kapoarere-
ma3z rpynn KPC n OXA-nopo6ubix, MeTtano-f-jiakramas Tpyri
VIM, IMP u NDM 1poBo/iniii METOZIOM TOJIMMEPA3HON IEITHOI
peakiiu (ITIIP) B peskuMe peaibHOro BpeMeH! ¢ THOPUAN3AIOH-
Ho-(ryopeciienTHON zmeTexiueil. VHTepnpeTanuio pe3yasTaToB
BBITIOJIHSJIM B COOTBETCTBUM C KPUTEPUSIMHU M PEKOMEH/AIMSIMHI
EUCAST (European Committee on Antimicrobial Susceptibility

Campaign, Sepsis Campaign: International Guidelines, 2012 [22].
Groups of patients were similar by sex, age, clinical entities of can-
cer process, nature and extent of surgical intervention, and sever-
ity of sepsis. It should be noted that in 44 of 47 (93.6%) studied
patients stage IIT cancer was diagnosed (30 out of 32 patients in
main and 1 of 15 patients in the control group), in three patients
(6.4%) stage II cancer was diagnosed.

In 15 patients (31.9%) sepsis was caused by peritonitis, in 8
patients (17.0%) pneumonia was diagnosed, 8 patients (17.0%)
were diagnosed with urinary infection, in 6 patinets (12.8%) pan-
creatitis was discovered, in 5 patients (10.7%) evidences for
empyema were obtained, in 4 patients (8.5%) wound infection was
a course of sepsis, whereas only one patient (2.1%) had sepsis due
to /angiogenic infection.

Severity of patient's state according to the APACHE-II was
24.3%6.3 (in main group — 23.2+5.5; in control — 24.6+6.1). In 38
of 47 (80.9%) patients the development of multiple organ failure
was evident (in main group — 32 of 44 patients, and in control
group — 6 out of 15 patients). Average SOFA score was 9.2+2.7 (in
main group — 9.4%2.5; in control — 8.7+2.6). At the same time in
26 of 38 (55.3%) patients (in main group — 22 of 32 patients, in
control group — 4 of 6 patients), the severity of disorders of the
vital organs determined the need for intensive care (mechanical
ventilation, hemofiltration/hemodiafiltration).

All patients underwent microbiological studies. Isolation of
microorganisms was carried out according to standard procedures.
Species of isolated strains were determined. The sensitivity of
microbial strains to antibiotics was studied using disk diffusion
method. Studies were performed using an automatic biochemical
system VITEK 2 (bioMerieux, France). Identification of genes of
KPC and OXA-like groups of carbapenemases, VIM, IMP and
NDM groups of meta-f-lactamases was performed by polymerase
chain reaction (PCR) in real time using fluorescence in situ
hybridization (FISH). Interpretation of the results was carried
out in accordance to the criteria and recommendations of the
EUCAST (European Committee on Antimicrobial Susceptibility
Testing). Microbiological confirmation of sepsis was obtained in
30 of 47 (63.8%) cases (in main group — 25 out of 32 patients and
in control group — in 5 of 15 patients). Gram-negative infections
were represented by K. pneumonia, Ps. aeruginosa, Acinetobacter
baum., Enterococcus fecalis.

Procalcitonin blood levels and endotoxin activity in whole
blood were studied in addition to general clinical studies.

Procalcitonin (PCT) blood level was determined by semi-
quantitative test Brahms PCT-Q of Brahms Diagnostica company
(Germany). The test for endotoxin activity in whole blood, based
on the reaction of endotoxin (lipopolysaccharide A) of the outer cell
membrane of gram-negative bacteria with monoclonal endotoxic
antibodies was performed by a chemiluminescent method with
Smart Line Tube Tlluminometer (Berthold Detection Systems
GmbH, Germany) using a set of immunodiagnostic reagents EAA
(EAATM). Endotoxin activity was classified as low (<0.4 units),
moderate (from 0.4 units to <0.6 units), and high (> 0.6 units) [23].

Clinical and laboratory studies were carried out within 24
hours after the registration of clinical signs of sepsis prior to the
LPS adsorption, 24 hours after the end of each procedure, 24—48
hours after completion of the anti-endotoxin extracorporeal ther-
apy program.

LPS adsorption was performed using «Toray» cartridge
with polystyrene fibers on which Polymyxin B was covalently
fixed. Procedure was initiated 4—24 hours after establishing the
diagnosis of sepsis. Vascular access was achieved by catheteriza-
tion of the main venous vessel with installation of double lumen
venous catheter. Blood flow rate was 120—250 mL / min,
heparinization — 800—1000 units/ hour, duration of the proce-
dure — from 120 to 240 minutes. Haemoperfusion was carried
out with an interval of 24 hours. In case of preservation / pro-
gression of clinical and laboratory signs of generalized inflamma-
tion and high levels of endotoxin activity (>0.6 units) LPS-
adsorption procedures were repeated. In 4 patients 1
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Testing). Mukpobuosiornueckoe moATBEPKACHIE Cercuca ToJryde-
Ho B 30 u3 47 (63,8 %) ciyuaes (B oCHOBHOH rpymie — y 25 u3 32
GOJIbHBIX; B KOHTPOJILHOI — y 5 13 15 6osibHbIX). [pamMoTpunaresib-
Hast wH(eknus Oblia npencrasaeHa Kpneumonia, Paeruginosa,
Acinetobacter baum., Enterococcus fecalis.

Hapsiy ¢ 06MEKIMHIIECKUMI UCCIEIOBAHUSMYI U3y YalIi
[OKa3aTeJH IPOKAJIBIIUTOHNHA KPOBU U aKTUBHOCTH 9HIOTOKCH-
Ha B IIeJBHON KPOBH.

Yposens npoxanbruronnna kposu (PCT) onpenesnsimm no-
sykonmuectsenubiM Tectom Brahms PCT-Q ¢upmbr Brahms
Diagnostica (Germany). Tect Ha aKTHBHOCTb SHIOTOKCHHA B
11eJIbHOM KPOBM, OCHOBAHHBIH HA peakiuy 3HA0TOKCUHA (JIUITUIIO-
Jmcaxapuia A) HapysKHOW KJIeTOYHOW MeMOpaHbl IpaMOTpHUILa-
TeJIbHBIX MUKPOOPTaHU3MOB C MOHOKJIOHAJTBHBIMU 9H/IOTOKCIYEC-
KUMH aHTUTEJTAMHU, BBITOJIHSIN XeMUTIOMUHECIIEHTHBIM METO/IOM
Ha JnomuHomerpe Smart Line Tube Illuminometer (Berthold
Detection Systems GmbI, Germany) ¢ ncronp3oBanuem Habopa
NMMYHO/IMarHOCTHYECKUX peareHToB EAATM, AKTHBHOCTB 9HJIO-
TOKCUHA KyaccupuimpoBain kak nuskyio (<0,4 ef.), yMepeHuyio
(o1 0,4 en. 1o 0,6 en.) u BeIcOKyTO (>0,6 ex.) [23].

KinHuko-mabopatopHbie MCCIeI0BAHUS TIPOBOIUIN B TEUe-
Hue 24 4acoB 110cjIe PEruCTPAK KIMHNYECKUX [IPU3HAKOB Cell-
cuca, no nposenerns JITIC-axcopbunm, uepes 24 waca mocse
OKOHUYAHUS KaX/I0H IIpoIe/yphl, uepes 24—48 yacos 11ocJie 3aBep-
MIEHUsST IPOrPAMMBbI OKCTPAKOPIOPAIBHON aHTUIH[OTOKCHHOBOI
TepaT.

JITIC-aacopOIuio BBIOMHSIN € UCIIOAb30BAHUEM KApPTPHI-
ska upmbl «Toray» ¢ HOJUCTHPOIOBBIMK BOJOKHAMM, HA KOTO-
PBIX KOBaJIeHTHO (huKcrpoBan nosmmukcrn-B. [porenypy naun-
Hasin 4yepe3 4—24 yaca 1ocje yCTAHOBKU JIMArHO3a CeIcHca.
CocyaucTblii 10cTyT 06eceYnBaIy yTeM KaTeTepU3aIii Mark-
CTPAJIBHOTO BEHO3HOTO COCY/Ia C YCTAHOBKOM JIBYTIPOCBETHOTO Be-
Ho3HOrO Katerepa. CKOpocTh KpoBoTOKa coctapiisia 120—250
mi/muH., renapuansans — 800—1000 en./yac, AIUTENBHOCTH
mporeypst — oT 120 10 240 mumyT. [emonepdysnn BbITOTHATN C
unrepBajsoM 24 vaca. IlokasaHueMm K IIPOBEAEHUIO MOBTOPHBIX
nporenyp JIIIC-axcopbuunu SBIsIOCH COXpaHeHUe,/ IPOrPeccrpo-
BaHMe KJINHUKO-TabOPATOPHBIX MPU3HAKOB TEHEPAIN30BAHHOTO
BOCHAJICHUS M BBICOKUX ITOKasaTeseil (>0,6 e/1.) akTHBHOCTH 3H-
norokcuna. Y 4 6osbHbIX Oblia BbinosHeHa 1 mpoueaypa JITIC-
azcopbrun, y 26 — 2 u B 2 cirydasix — 3 MPOIeLyphl.

Cratuctiueckyio 06paboTKy Pe3yJIbTaToB MPOBOIUIN C HC-
M0JIb30BAaHMeEM MTPOrpaMMBbl «Statistica 6.1» ¢ BerumcieneM Kpu-
Tepus pocrosepHocTn CThiofieHTa (¢). /lOCTOBEPHBIM CUNTATIOCH
passnuue mpu p<0,05.

PesyibraThl U 00CyK/IEHHE

[Ipu nposenenun JITIC-ancopbuum ¢ MCHonb3oBa-
HUEM KapTPHUKa ¢ MMMOOWIN3NPOBAHHBIM TOJTUMIKCH-
HOM B Kakux-m100 HeskesnaTe/bHbIX SIBJICHUNA HAMK OTMe-
YEHO He ObLIIO.

AHaJM3 NPOBEAEHHOTO KJIWHUKO-1ab0paTOPHOTO
HCCIIe/IOBAHMS TTOKA3AJI, YTO BKJIOUEHUE B KOMILJIEKC UH-
TEHCUBHOTO JedeHus cenextuHoit JIIIC-amcopbimn
€110co0CTBOBAJI ONTUMU3AIMK XapaKTepa TeUeHUs TeHe-
PaM30BaHHOTO BocHajdeHus. Tak y GOJbHBIX OCHOBHOIL
IPYIIIIbI, B KOMIIJIEKC MHTEHCUBHOTO JICYEHUSI CETICUca KO-
TOPBIM ObLJI BKJIOUYEH MeTo/ cejekTuBHoi JITIC-ancop6-
uu, Habmogau GoJiee paHHUI 1 BHIPAKEHHBIN perpecc
KJIMHUKO-1a00PAaTOPHBIX MIPOSIBICHUI reHepayIn30BaHHO-
TO BOCIIQJIEHUS 110 CPABHEHUIO C PE3yJIbTaTaMu, PErucT-
PUPYEMBIMU B KOHTPOJIBHOI TPYIIIIE UCCJIE0OBAHUS.

[Tocte 3aBepuienust mporpamMmel cestektrBHON JITTC-
azgcopbunn y 28 13 32 60JIbHBIX HAOJII0/1JIU ONITUMU3AIINIO
KJIMHUYECKOTO TEYEHUsI TeHePAIM30BAHHOTO BOCIIATICHUSI:

LPS-adsorption procedure was performed, in 26 patients- 2 pro-
cedures, and in 2 patients — 3 procedures.

Statistical analysis was performed using the program
«Statistica 6.1» with the calculation of statistical significance by
Student's t-test. Statistical differences wereconsidered significant
at p<0.05.

Results and Discussion

LPS-adsorption with cartridge with immobilized
Polymyxin B showed no adverse events.

Analysis of the conducted clinical and laboratory
study has shown that the inclusion of selective LPS-
adsorption in a set of intensive treatment optimized the
flow pattern of generalized inflammation. In the main
group, where the intensive treatment of sepsis included
selective LPS-adsorption, earlier and the apparent regres-
sion of clinical and laboratory manifestations of general-
ized inflammation compared with those recorded in the
control group was observed.

After completion of the selective LPS-adsorption
program in 28 of 32 patients there was optimization of the
clinical course of generalized inflammation: regression of
hyperthermia, statistically significant lowering of leuko-
cytes and neutrophils in the peripheral blood, improve-
ment of blood biochemical parameters. In 29 of 32 patients
the normalization of PCT levels and the reduction of endo-
toxin activity were noticed. EA values in these patients
were less than 0.4 units. Statistically significant decrease of
these parameters was observed only in 3 of 15 patients in
the control group. In other 12 patients from the control
group the levels of PCT and EA determined at the same
study day had no significant changes from baseline values.
After the final procedure of LPS-adsorption a significant
improvement in hemodynamic parameters was observed in
case of lower levels of EA. Against the background of inclu-
sion of LPS-adsorption in complex of intensive treatment
in 6 of 13 patients there was a reduction of more than 20%
of the demand in vasopressor support in connection with
the optimization of hemodynamic profile. Indicators of
mean arterial pressure and heart rate changed respectively
from 70.21£1.77 mmHg and 108.21+11.71 beats per min to
85.07+3.22 mmHg and 76.25%+11.71 beats per min
(p<0.05). White blood cell count and the percentage of
neutrophils decreased respectively from 17.6 + 6.17X10° /
L and 86.4+3.7% to 6.9+2.1x10° / L and 66.4+3.3%
(p<0.05). In the control group during the study day no sta-
tistically significant changes were recorded. After the final
procedure of sorption therapy in 15 of 26 patients with
severe sepsis and MOF there was no need in further inten-
sive care. At the same time a decrease in SOFA delta-score
by 3.6 points after 72 hours was registered. In patients of
control group the delta of this indicator after 72 hours was
lower in comparison with the results obtained in main
study group, and was 2.1 points (»p<0,05).

According to a treand, 28-day-long mortality in
main group was more optimistic than in control study
group. Only 8 of the 32 patients died in the main study
group, whereas 8 out of 15 patients died in the control
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perpecc TUTEPTEPMUN, CTATUCTUYECKU 3HAUMMOE CHUJKE-
HUE YPOBHS JIEHKOIIMTOB U HelTpoduios B repudepryec-
KOWl KpOBH, yJyullieHue OMOXUMUYECKUX TIOKa3aTeeli Kpo-
Bu. B 29 u3 32 cayyaes perncTprpoBasn HOPMATH3AIIIO
ypoBaa PCT u cHusKeHMe ypOBHST akKTUBHOCTH 9H/IOTOKCH-
Ha. [Tokazarenn A y atux GosbHbIX Obln HuxKe 0,4 ex. Y
6OJIBHBIX KOHTPOJIBHOM TPYIIIIBI TOJIBKO B 3 3 15 Habmoe-
HUI OTMEYATN CTATUCTUYECKU 3HAUYNMbBIC CHUKEHUE HTHX
nokazareseil. Y 12 uz 15 60JIbHBIX KOHTPOJBHOI IPYIIIIbI
ypoBar PCT 1 A9 B Te e CyTKH UCCIEOBAHUS CYIIECT-
BEHHBIX M3MEHEHUI TI0 CPABHEHUIO € UCXOJAHBIMU 3HAYCHU-
smu "He mMenn. [Tocse 3axmounTtensroil mporeypor JITIC-
azcopOIMu TIpU CHMIKEHWM 3HadeHnil AD mabmonann
CYIIECTBEHHOE YJIyullieHHe reMOJANHAMIYECKUX MToKa3aTe-
sieil. Ha hoHe BRITIOYEHUS B KOMILIIEKC MHTEHCUBHOTO Jieye-
must JITIC-ancopOiin y 6 3 13 60JIbHBIX OTMEYEHO CHIKE-
Hue Gosee yeM Ha 20% MOTPeGHOCTH B Ba3OIPECCOPHOIL
TIOJIZIEPSKKE B CBSI3M C OTITUMU3AIMEN «TeMOIMTHAMUYECKO-
ro npocuisi». [lokazarenn cperHero apTepuagIbHOTO JIaB-
sternst 1 YCC usmeHmmmich coorsercTBenHO 0T 70,21£1,77 Mm
pr. ct. m 108,21+11,71 ya. B Mum. 10 85,07+£3,22 MM pT. CT.
n 76,25£11,71 ya. B mun. (p<0,05). KosmaectBo seitkorm-
TOB M TIPOIEHTHOTO COJIEP;KAHUST HEHTPO(MUIOB YMEHBINHN-
J10ch cootBeTcTBeHHO oT 17,626,17X10°/1 11 86,4%3,7% 10
6,9£2,1xX10°/n1 u 66,4+3,3% (p<0,05). B KoHTpOILHOI
TpYIITE B IAaHHbIE CYTKU UCCJIEIOBAHUS CTATUCTUIECKN 3HA-
YUMbIX M3MEHEHUIT He perrctpupoBasiu. Ilocse 3akmoun-
TEJIBHOI TPOIeAyPbl COPOLMOHHOI Teparuu y 15 uz 26
60JbHBIX TsKeabM cericucoM U ITOH HeoOXxoanMocTH B
JIaJIbHEHIIeM MPOBEJICHUN OPraHO3aMeCTUTENbHON Tepa-
mu He 66110, [Ipu 9TOM perucTpupoBaI CHUKEHIE [1€Tb-
Ta oteHku 1o mkane SOFA na 3,6 6amios 3a 72 yaca. Y
GOMBHBIX KOHTPOJIBHOM TPYIINDI AEIbTa ATOTO MOKA3ATEST
3a 72 yaca ObljIa HUKE B CPABHEHUU C PE3YJIbTaTaMHU, TTOJLY-
YEHHBIMU B OCHOBHOI IPYIITIE UCCJIE/IOBAHUST, U COCTABIJIA
2,1 Gamnos (p<0,05).

[Tokazaresb 28-AHEBHOU JIETAIBHOCTH Y OOJBHBIX
OCHOBHOU IpyTIIibl GbLT 60JI€E ONTUMUCTHYEH B CPABHEHUH
C KOHTPOJIbHOI TpymIoil uccienosBanusi. B ocHOBHOI
rpyiine ucciegoBanus ymepan 8 u3 32 60JbHBIX, B KOH-
TPOJIbHOI — 8 13 15 GoJbHBIX. B3auMOCBsI31 JIETAIBHOTO
UCXO0/IA CEIICUCA C BBISIBJIEHHOU IIPH MUKPOOUOJIOTHUECKOM
uccseoBanu MUKPOMIOpoi He Obuno. Ciemyer Takke
OTMETUTh, YTO CPEAHErOA0Bast JIETAIBHOCTh Y OOJIbHBIX
THOMHO-CENITUYECKUMHU  OCJIOKHEHUSIMHU, JIeYeHne KOTO-
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ITHEBMOHUN y IOCTpa/laBIINX C TSZKEJION CoueTaHHOI 'I‘paBJVlOﬂ B OT/1e-

group of people. There was no relationship between sepsis
lethal outcome and microbial population identified in
microbiological research. It should also be noted that the
average annual mortality rate in patients with purulent-
septic complications, who received treatment without the
use of LPS-adsorption, was 46.9% (15 of 32 people died).
Our results are consistent with those of published studies
from the wirld literaturethat also showed a positive trens
toward a more favorable outcome in a cohort of patients
with severe sepsis, who were receiving hemoperfusion
therapy with Polymyxin B [18, 19].

Conclusion

Inclusion of the LPS-adsorption method in the
intensive care complex treatment option for gram-negative
sepsis is pathogenically justified and might effectively
arrest the manifestation of systemic exposure to the bacte-
rial endotoxin. Early and timely application of the LPS-
adsorption method provides inhibition of initiation stim-
uli; it prevents the progression of sepsis, development of
severe sepsis and septic shock, improves treatment out-
comes during in-hospital period in cancer patients.

pbiM npoBoaun Oe3 npumenenus JIIIC-agcopbuuu, co-
craBmia 46,9% (ymepan 15 us 32 gesnosek). [lonyuennsie
HAMU PE3YJIbTaThl COTJIACYIOTCS ¢ JAHHBIMU MUPOBOH JIn-
TepaTypbl, CBUETEILCTBYIONIEH 0 Gosee OIarompusITHBIX
MCXO/IaX B TIOMYJISIIAN GOJIbHBIX TSKEIBIM CEIICHCOM, KO-
TOPBIM OblTa MpUMeHeHa reMorepdy3uoHHas Teparnusi ¢
nosimmukcuHom B [18, 19].

BroiBoasl

BkuioueHue B KOMILIEKC MHTEHCUBHO Tepanuy rpa-
MOTpHIATeLHOTO cencuca Meroza JITIC-ancopbuuu obec-
neynBaeT UHrUOMPOBaHUE WHUIMUPYIONIErO0 CTUMYJIA Ie-
HEPAJIM30BAaHHOTO BOCHAJEHMsI, YTO MO3BOJIIO OoJee
(D HEKTUBHO B CPABHEHUU C TPAUITMOHHBIM KOMILJIEKCOM
MHTEHCUBHOTO JIEUEHUST KYITUPOBATD TIPOSIBJICHUS CUCTEM-
HOTO BO3/IEHCTBHSI OAKTEPUATBHOTO SHAOTOKCHHA, TIPE/LY-
IpeUTh ITPOTPECCHPOBAHUE CEINTUIECKOTO IIPOIlecca,
YIIYUIIATh PE3YJIBTAThl JIEUEHUS TOCIIUTATIBHOTO MEePUo/a
OHKOJIOTHYECKHUX OOJIBHBIX.
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BHYTPUYEPEITHOE TABJIEHUE
B YCJIOBUAX BBICOKOOBbEMHOU TEMO®UJIBTPAIINN
ITPU TAKEJIOM CEIICUCE

A. TI. Bepauukos'?, C. U. Tonuapenko?’, T. C. Mycaesa'?, 1. B. 3a6oioTckux'?
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Intracranial Pressure during High-Volume Hemofiltration in Severe Sepsis

A. P. Berdnikov'?, S. I. Goncharenko?, T. S. Musaeva'?, 1. B. Zabolotskikh'?

' Department of Anesthesiology, Reanimatology, and Transfusiology,
Faculty for Advanced Training and Professional Retraining
of Specialists, Kuban State Medical University, Ministry of Health of Russia, Krasnodar, Russia
4, Sedin St., Krasnodar 350063, Russia
? Krasnodar Clinical Hospital Two, Krasnodar, Russia
6/2, Krasnye Partizany St., Krasnodar 350063, Russia

ITenv uccnedosanus. Oupenenurs NPOrHocTHIECKOe 3Havenne quaaMukn BUJI B ycaoBusx BOT'® y GosbHbIX ¢ TsKe-
JIbIM CEIICHCOM U HOPMaJIbHbIM npe/nepdy3uOHHBIM YPOBHEM BHYTPHYEPENHOro AaBienusi. Mamepuan u memoouv. IIpo-
BeJIEHO PeTPOCHEKTHBHOE uccienoanne 50 0oipHbIX (Bcero 134 mpouemypbl) ¢ TSKENBIM CENCHCOM H HOPMAJTbHBIM
YPOBHeM BHyTpuuepenHoro aasiaenus: (BU/I) nmo nanupiM u3aMepeHus JaBlIeHNs B [EHTPAJbHON BeHe CeTYATKH, KOTOPBIM
NPOBOJMIN BbICOKOOODbeMHYI0 reModuibrpanuio (BOT®) no BHenoyeunsiM nokasanusM. Ha OCHOBaHHMM JIMHAMHUKH
BY/I 10 u nociae BOI'D Boineneno 2 rpynnst: 1-51 (n=81) — ¢ orcyrcrBuem aunamuku BU/I; 2-51 (n=53) — ¢ nosbiieHu-
em BU/L. 3axarouenue. BOT®D ne addextnBHa B cayyae yBeandenus npeanepdysnonno Hopmaipuoro BU/l y nanuen-
TOB C TSI’KEJIBIM CEIICHCOM, UMEIOIUX COYeTaHHe APTEPHOBEHO3HOMN Pa3HUIbI HANIPSIKEHUS! YIIEKHCIOro ra3a Gouee 8 Mm
PT. CT. ¥ YPOBHs N0 mKajie koM [nasro menee 10 6amnos. Kntouesvie cnoga: Tszxenslil cencuc, BBICOKOOObeMHas TeMO-
¢unbTpanus, BHyTpHuUEpenHoe JaBieHne

Objective: to define the prognostic value of intracranial pressure (ICP) changes in high-volume hemofiltration
(HVHF) in patients with severe sepsis and normal preperfusion ICP. Subjects and methods. A retrospective study
was conducted in 50 patients (a total of 134 sessions) with severe sepsis and normal baseline ICP who received ther-
apy using HVHF for extrarenal indications. Based on ICP changes before and after HVHEF, the investigators identi-
fied 2 groups: 1) no ICP changes (n=81); 2) elevated ICP (n=53). Conclusion. HVHF is ineffective when the normal
preperfusion ICP is increased in patients with severe sepsis who have a concurrence of an arteriovenous carbon diox-
ide difference of more than 8 mm Hg and a Glasgow coma score of less than 10. Key words: severe sepsis, high-vol-
ume hemofiltration, intracranial pressure.

DOI:10.15360/1813-9779-2014-6-39-45

BBenenue Introduction

HecmoTpst Ha BHezpeHUE COBPEMEHHBIX METOIOB Jie- In spite of recent therapeutic improvements, the
YEHWS JTeTATbHOCTD TIPU TSIKEJIOM CETICHCE OCTAeTCsT I0CTa- mortality rate in patients with severe sepsis remains high
To4yHO BBICOKOIT (0T 30 10 70%) [1, 2]. icomb3oBanue me- | and ranges from 30 to 70% [1, 2]. The use of extracorpore-
TOZIOB 9KCTPAKOPIIOPATBbHON meTokcukanumu 1mossosmao | al detoxification modalities allow us to interfere into the
BMEIIAThCS B CJOKHBIN [TATOrEHETUUECKUI MexaHu3M pas- | complex pathogenic mechanism of sepsis in order to stop
BUTHS CETICUCA C IIEJIbI0 OCTAHOBUTH KacKaj meanatopHoro | the mediator burst cascade. Currently, haemofiltration
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Extracorporeal Detoxification In Sepsis

Bertecka. /l7ist ocyecTBIeHUS SIMMUHAIITE TOKCUHOB, 11~
TOKUHOB W Tpeaynpesxaenns mporpeccupoBarns CIIOH
Hanbosiee 3(EKTUBHO B HACTOSIIEE BPEMSI PUMEHSIIOTCS
METOJIMKH TeMO(UIBTPAIIMN € MCIIOJb30BAHUEM BBICOKO-
npoHuiaeMbix MeMOpat [3, 4]. Vcnosib3oBaHue MeTOAMK
BbICOKOOOBEeMHOI Temoduibrpaiuu (BOT'D) criocobersy-
eT yBesmdeHnto uMboToka npubausutebHo B 20—40 pas,
C COITYTCTBYIOIIUM OTTOKOM MEIHATOPOB ¥ IUTOKUHOB B
KPOBb U TOCJEAYIONINM TOCTYITHBIM WX BhIBEICHUEM [5—7,
28, 29]. BkutoyeHue B KOMILIEKC MHTEHCUBHOI Teparuu
BOT'® yayumaer KIMHUYECKOE TEUEHNE U UCXOJ CeTTHYe-
CKOTO IPoIIecca, 0COOEHHO Ha PaHHUX cTaausx [8, 9].

JluchyHKINUS TOJOBHOTO MO3Ta, MPOSBISIONIASICS
passuTueM sHiedanonaTuy, Berpedaercst y 70% G0JbHBIX ¢
CETICUCOM, SIBJISISICh OJTHUM W3 TIEPBBIX KJIMHUYECKUX TIPHU-
3HAKOB PA3BUTHUS U IIPOTPECCUPOBAHIS OPraHHON HeloCTa-
touHoct [10—12], OgarM 13 MeXaHU3MOB Pa3BUTHS 9H-
1ehasionaTuy Mpu TPOrPECCUPOBAHUN CETICUCA SIBJISIETCS
HapylleHue TPOHUIIAEMOCTH TeMaTodHIeDaTnIecKoro
Gapbepa Ha (OHE TSKEJBIX PACCTPOUCTB MUKPOIIUPKYJIS-
1y u n3okeun [12, 13].

JuchyHnkius remarosHiedannueckoro Oapbepa,
PaBHO Kak U CHUKEHHE 1epeGpabHOTO 1nepy3nuoHHOTO
nasyerust (LITT/I) y GOJbHBIX € NPUBHAKAME TSIFKEJIOTO
Cercuca MOKET CBUJETEJIbCTBOBATh O IVIOOAIbHBIX HAPY-
HIEHUSIX TOJIOBHOTO MO3Ta, MPOSIBJSIONINXCS PAa3BUTHEM
sumnedanonatun [12, 14, 15]. Ha Beqwuuny u AMHAMUKY
I/ cymecTBeHHO BAMSET BHYTPUUYEpPENHOE aBJICHUE
(BY) [12, 16]. B cBOtO 0uepeab, 06a napamerpa, Kak rpa-
BUJIO, TTOJIBEP;KEHBI BJIUSHUIO SKCTPAKOPIIOPATBHBIX METO-
JIOB JIE3MHTOKCUKAIIMOHHOIT Tepanuu [17], 4to ocobenHo
nposiBiisiercst B ycaoBusix BOT®D y GOJIbHBIX ¢ TSIKETBIM
cercucoM u tpejnepdhy3noHHON BHYTPHUYEPEITHO ThIep-
tensueii [28].

[lesnbo paHHOU pPabOThI SABJISETCS OIpeAeseHUE
TIpoTHOCTHYeCcKOoTo 3HaueHns qunamnkn BY/L B ycrosu-
ax BOT®D y GoJbHBIX € TSIIKEJIBIM CEIICUCOM U HOPMaJib-
HbIM TIpe/nepdy3MOHHBIM YPOBHEM BHYTPUUYEPENTHOTO
JIABJICHMSI.

Marepuan u MeTObI

Bbuto npoBezieno perpociiekTHBHOE KccseoBane 50 naru-
eHToB (Bcero 134 mporeaypsr) ¢ TSIKEIBIM CEICHCOM U HOPMaJib-
HBIM UCXO/IHBIM YPOBHEM BHYTPHUYEPEITHOTO JIABJIEHIsI, KOTOPBIM B
KoMILIeKce Teparnu poBoansn BOT'D 1o «BHenoueyHbiM» 1moka-
3anusM [ 19]: TsoKesblil cencrc ¢ OTpHUIaTeIbHOM ANHAMUKON B Te-
yenue 24 4acoB 1o ganubM mkaabl SOFA (ysemnuenne 6asia ¢ 7,6
(6,9—8,4) mo 11,2 (10,8—12,6)) nau oTcyTCTBUE INHAMUKH B Teue-
Hue cyTok 1ipu Gamne 11,8 (10,9—13,1) npu ycnosun cobmonenns
YCJIOBUH IPOTOKOJIA JieYeHUsT TsKeJoro cericuca. Hapacranue
W/WJIM OTCYTCTBUE PETPECCHUU TIOJMOPIaHHON HEJ0CTATOUHOCTH
MPOUCXOIUIN TIPEUMYIIECTBEHHO 34 CUET JIBIXATENbHOI 1 1eped-
PAJIbHOI HEOCTATOUHOCTH, HAPYIIEHHII B CUCTEME TeMOCTAa3a.

Ha ocnosanun auaamukn BY/I 1o u nocie BOT'D Boienn-
s 2 rpynusl: 1-a (n=81) — ¢ orcyrcreuem punamukun BUJL; 2-a
(n=53) — c nosbieHriem BU/I.

VcenepoBanne BBITIOJIHSIN HA ABYX aTanax: 1-it — B Teuenne
3—12 gacos o mposexennst BOT'D; 2-it — wyepes3 12—24 vaca mo-
cJie BBIITOJIHEHUSI [IPOIE/YPbI.

VHTencnBHAs TepaIyst TSDKEJIOTO Celchca BKIIOYaIa a/IeKBaT-
HYI0 aHTUMUKPOOHYIO Teparuio, iH(PY3HOHHYIO U TeMOIMHAMUYEC-

modalities based on the use of high permeability mem-
branes are most effective ones for elimination of toxins,
cytokines and prevention of progression of MODS [3,4].
Implementation of high-volume hemofiltration (HVHF)
facilitates the increase of lymph flow 20—40-fold with a
concomitant outflow of mediators and cytokines into the
blood with its following elimination [5—7, 28, 29].
Inclusion of HVHF into the intensive care combinations
improves the clinical course and outcome of sepsis, espe-
cially at early stages [8—9].

Brain dysfunction, manifested by the development of
encephalopathy occurs in 70% of patients with sepsis,
being one of the first clinical signs of the development and
progression of organ failure [10—12]. One of the mecha-
nisms for encephalopathy development in the progression
of sepsis is a violation of the permeability of the blood-
brain barrier induced by severe disorders of microcircula-
tion and insufficient oxygen flow [12, 13].

Dysfunction of the blood-brain barrier, as well as a
decrease in cerebral perfusion pressure (CPP) in severe
septic patients, may be indicative of global brain disorders
manifested in the development of encephalopathy [12, 14,
15]. Intracranial pressure (ICP) significantly affects the
level and dynamics of CPP [12, 16]. In turn, both parame-
ters are generally affected by extracorporeal detoxification
therapy [17], which is particularly evident in patients
receiving HVHF for severe sepsis and pre-perfusion
intracranial hypertension [28].

The aim of this study is to define the prognostic
value of ICP dynamics in patients with severe sepsis and
normal pre-perfusion level of intracranial pressure, receiv-
ing HVHF.

Materials and Methods

Fifty patients (a total of 134 procedures) with severe sepsis
and normal baseline intracranial pressure were retrospectively
studied. All patients received HVHF as part of a complex therapy
for «extrarenal» indications [19] such as severe sepsis with nega-
tive dynamics within 24 hours according to the SOFA scale (ele-
vation from 7.6 points(6,9—8,4) to 11.2 (10,8—12,6) points), or no
changes during the day (11.8 points(10,9—13,1)) under the strict
protocolized approach used for the management of severe sepsis.
Augmenting and /or absence of regression in multiple organ failure
were mainly due to respiratory and cerebral insufficiency and dis-
turbances in the haemostatic system.

The main diagnosis was abdominal sepsis, mainly presented
as a consequence of acute pancreatitis in the stage of purulent
complications (86%), rarely it was associated with peritonitis
(14%). Renal replacement therapy was performed after a careful
debridement of a source of infection or application of minimally
invasive methods (puncture and drainage under ultrasound guid-
ance) or laparotomy not early than 24 hours after the surgery.

All patients were divided into two groups based on changes
in ICP before and after HVHE The first group (n=81) were the
patients with no changes in ICP, and the second group (n=53)
were the patients with increased intracranial pressure.

The study was performed in two stages. The first stage lasted
3—12 hours prior to HVHFE. The second stage lasted 12—24 hours
after HVHE.

Intensive therapy of severe sepsis included adequate antimi-
crobial therapy, infusion and hemodynamic support, respiratory
support, and sedation of myoplegia, if necessary, methods of extra-
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BKCTpaKOPHOpaAI)Haﬂ ACTOKCMKALOMS IIPNU CCIICHUCE

KYIO TIOJJIEPKKY, PECITIPATOPHYIO HO/IEPIKKY, CEAIII0 1 MUOILIE-
IMI0 TO TIOKA3aHHSM, METO/bl HKCTPAKOPHOPATIBLHOTO OYMIIEHMs
KPOBH, IPOGIIAKTUKY TpoMG03a TIIyOOKUX BeH 1 cTpecc-si38 [17].
BOT® mpoBoniii ¢ UCMOIb30BaHIEM OHMKapOOHATHOTO [~
ammsupytomero pactgopa Ha high-flux amammsaropax: FX 800
(«Fresenius», Tepmanuist) ¢ mosucyibHOHOBON MeMOPAHON Ha arfi-
naparax 4008S («Fresenius», Iepmanmst) u Xevonta («B-Brauny,
Tepmanmst) ¢ mosmcyrboHoBoit MeMGpanoii Ha armapatax Dialog
(«B-Braun», lepmanus). /lnurtespHOCTD IIPOIELYP COCTABIIAIA
360- 480 muH, co ckopoctbio 100 mur/kr/4ac — 120 mui/kr/qac [5].
Bo Bcex cirygasix 3aMenaouii pacTBOP BBOIAMIIN 10 TeMObUIBT-
pa. [lus yaydineHuss cTaOUIBHOCTU TeMOAMHAMUKY 3HAUYEHUS
TeMIIepaTypbl yCTAaHABIMBAIU B Hpeleiax orT 33,5 1o 36 rpaj.
YpoBeHb HATPHS YCTAHABIMBAJIN HA allliapate BPYYHYIO, M OH Ha-
xoxuiicst B mpenesax ot 138 no 140 mmosb/i1. YpoBeHb Kauust,
KasbIius 1 GMKapboHATa PEryIMPOBAII WHIMBUIYATLHO B 3aBH-
CHMOCTH OT YPOBHSI B CBIBOPOTKE KPOBH KAXKIOTO OOIBHOTO.
Ha sramnax uccienoBanust Obljia MPOBEIEHA OIEHKA COCTOS-
HUS NAIMEHTOB 10 OCHOBHBIM IIIKAJIaM OI[eHKH TS’KeCTH COCTOS-
nusa (APACHE III, SAPS 3 m SOFA). /locToBepHbBIX OTIHYMI
MESKLY TPYTIIIAMU IO TSZKECTH COCTOSIHUST OOHAPYKEHO He GbLIIO.
BY/1 onpesessiiin myTeM M3MepeHUs IaBI€HIS B IIEHTPaJIb-
noii Bere ceryatku (JIIIBC) [18]. Ilepebpanbhoe niepdysnontoe
nassierne (II1/1) paccunrsisanu o hopmyate HIT=CA/I-BY/I.
YacroTta npuMeHeHHs Ba3OIPECCOPOB MEXK/Y IPYIIIaMH He
Pas3IMuaIaCh, IPEnapaToM BbIOOpa IS CTAOUIN3AINK apTePHaIlb-
HOTO zlaBJieHus1 ObLI HOpaapeHanuH B pose 150 (120,0—200,0)
nr/kr/mun. Ilo mannbiv Johnston A. [20] He oTmeueHo 3Hauu-
TEeJIHOTO BJIMSTHUSI IPUMeHeHnsT HopajipeHannaa #a BU/I, moaTo-
MY JIAaHHBIE TPYIIIBI NAIIMEHTOB OT/EIbHO HE BBI/ICJISINC.
[TanenTsI ¢ KIAMHUYECKIMH MTPU3HAKAME CEITUYECKOTrO 110~
Ka, HAJIMYKMEM 3JI0KaueCTBEHHBIX HOBOOOPA30BaHIi, XDOHUYECKON
[OYEYHON HEJI0CTATOUHOCTHI0, 6EPEMEHHOCTHIO, OCTPBIM HH(bAPK-
ToM MUoKapza (<7 [Heii), ¢ IepBUYHON TPABMOU WJIH MTOPAsKEHU-
SIMU TOJIOBHOTO MO3Ta, a TakKe ¢ mpe/nepdy3noHHbIM YPOBHEM
BY/I Gosiee 15 MM PT. CT. ObLIM UCKJIIOUEHDI U3 UCCIEI0BAHSL.
KonTtposmpyemble HaMu B TIpoliecce UCCJIe/JOBAaHMS MOKa3a-
Tesn Gl BHeceHbl B (aiin 6asbl ganubix nporpammbl Excel XP
(Microsoft Corp., CIITA). ITpou3BoANIN BbIYKCIECHUE MeIUAHBI
(Me) u nepcentuist (P25, P75). Cratucruyeckie pacqeTsl mpo-
BozinuH ¢ momontbio mporpamM IBM, SPSS Statistics, version 20 i
Statistica 5.0 (StatSoft Inc., CIITA) na [IT9BM Ha Gase nporiecco-
pa Intel Celeron 2400 MT'u. [Tosry4ennbie ganmbie ObLIN IIPOBEpE-
HBI Ha HOPMAJIBHOCTb PACIIPE/leJIeHHs. YUUTBIBAsI XapaKkTep pac-
1peJlesIeHns], HMCIO0Jb30BAJINCh HENapaMeTPUUeCKue MeTO/Ibl
cTartuctuyeckoro ananmsa. OmnpejesieHre JOCTOBEPHOCTH Pa3JIn-
YUl 110 OTHOIIEHNIO K MCXOHOMY YPOBHIO IPYII TTPOM3BOMIIN
o kputeputo HplomeHna-Keitsica, Ha aranax Mesxy rpyrninaMu Ha
ocnoBannu kputepusi Kpyckamna-Yosiuca. /i BorsiBiennst dax-
TOPOB pHCKa Hea(DHEKTHBHOCTH BHICOKOOOBEMHON reMO(BHIBTpa-
1Y B OT/EJIbHBIX Tpymax Obut mposenes ROC-aHamus ¢ oreH-
KOH  «TOYKM oTcedeHus:» (Hamaydmiuii  Gajanc —Mekpy
YYBCTBUTEIBHOCTBIO U CHENN(DUIHOCTHIO).

PesyubraThl 1 00CyKAEHUE

VY Bcex 60JIbHBIX HAOJMIOa I MUHUMAJIbHbIE CABUTH
CAJl u IIIT/] B Teuenne mporemypsi (Taba. 1).

WcenenoBanne mnHaMUKN KUCTOPOATPAHCIOPTHON
(DYHKIMK KPOBU BBIABUIIO HEGJIArONPUSTHbIE 3aKOHOMEP-
HOCTH JIJISI TPYIIIIBI ¢ TToBbineHneM BY/L (tabo. 2).

HecmoTpst Ha TO, 9TO YPOBEHD JIAKTaTa UCXOMHO OBLT
HOBBIILIEH B 00€KX IPYIIAX, TOJBKO B IPYIIIIE C OBBIIIEHUEM
BY/1 mporierypa BOT'® He nipuBesia K CHUKEHHIO JIAKTATA J10
HOpPMaJTBHBIX 3HaYenuil. [Ipu aunamirdeckoit oreHke nHEK-
ca OKCHIeHAIU HabJIofali ero CHUKEHe BO 2-i rpymme.
Ho ocoberHo apamaTuueckue U3MeHeHHst HabOAaINCh B

corporeal blood purification, prevention of deep vein thrombosis
and stress ulcers [29,30].

HVHF was performed using a bicarbonate dialysate for high-
flux dialyzers: FX 800 («Fresenius», Germany) with a polysulfone
membrane on devices 4008S («Fresenius», Germany) and
Xevonta («B-Braun», Germany) with a polysulfone membrane on
devices Dialog («B-Braun», Germany). HVHF was performed
360—480 min at a rate of 100 ml/kg/hr — 120 ml/kg/h [5]. In all
cases, the replacement solution was administered before the
hemo-filter. To improve hemodynamic stability, the temperature
was maintained between 35.5—36 degrees.

Sodium level was adjusted on the machine manually, and
ranged from 138 to 140 mmol/l. The level of potassium, calcium
and bicarbonate was adjusted individually, depending on the
serum level of each patient.

All patients were assessed using different scoring systems
(APACHE III, SAPS 3 and SOFA). There was no significant dif-
ference in patients' severity between the groups.

ICP was defined by measuring the pressure in the central
retinal vein (DTSVS) [31].

Cerebral perfusion pressure (CPP) was calculated according
to the formula CPP = MAP-ICP.

The frequency of vasopressor administration did not differ between
the groups. Norepinephrine at a dose of 150 (120,0—200,0) ng/ kg/min was
the agent of choice to stabilize arterial blood pressure. According to
Johnston A. [20], norepinephrine has no marked effect on ICP, so these
groups of patients were not subdivided into a separate group.

Patients with clinical signs of septic shock, with malignant
neoplasms, chronic renal failure, pregnancy, acute myocardial
infarction (<7 days), the primary injury or brain lesions, as well as
patients with the level of pre-perfusion ICP more than 15 mm Hg
were excluded from the study.

The obtained values were entered into the program database
file Excel XP (Microsoft Corp., USA).The calculations of median
(Me) and percentile (P25, P75) were performed. Statistical calcu-
lations were performed using the programs IBM, SPSS Statistics,
version 20 and Statistica 5.0 (StatSoft Inc., USA) on a PC with a
processor Intel Celeron 2400 MHz. The obtained data were
checked for normality.

Due to character of distribution of variables, we used non-
parametric methods of statistical analysis. The Newman-Keuls
criterion was used to define the significance of differences in rela-
tion to the initial level in groups. The Kruskal-Wallis test was
used at the stages to define the significance of differences between
the groups. To identify risk factors for inefficacy of high-volume
hemofiltration in certain groups we used a ROC-analysis with
assessment of a «cut-off point» (the optimal balance between sen-
sitivity and specificity). The working area under Receiver
Operator Curve (AUROC — Area Under Receiver Operator
Curve) should be >0.9 for the reliable resolution.

Results and Discussion

All patients had minimal changes in MAP and CPP
during the procedure (Table 1).

Study of the dynamics of oxygen transport function
revealed adverse patterns for the group with increased
intracranial pressure (Table. 2).

Despite the fact that the lactate level was initially
elevated in both groups, HVHF did not lead to a reduc-
tion of lactate to normal values only in the group with
increased ICP. The dynamic assessment of the oxygena-
tion index showed its decline in the second group
(ApO,/FiO, — 171,2), as compared to baseline values,
despite the increase in the fraction of inspired oxygen
(AFi0,=5%). There were also regularities regarding the
dynamics of pCO, [32] in the group with increased
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Ta6muua 1. IlapamMeTpsl reMOJIMHAMHKH U BHYTPHYEPENHOTO JABJIEHUS B IPYNIIAX
Table 1. Basic hemodynamic and intracranial pressure variables before and after high-volume hemofiltration

Parameters Value of parameters in groups
Before/after the procedure 1 (n=81) 2 (n=53)
BPs (mmHg) before 126,5 (115,0—150,0) 1225 (117,5-128,7)
after 131,0 (119,5—145,0) 125,0 (113,7—141,2)
BPd (mmHg) before 70,0 (60,0—75,0) 62,5 (50,0—76,2)
after 70,0 (65,0—75,0) 70,0 (65,0—75,0)
BPa (mmHg) before 90,0 (80,0—98,7) 82,5 (74,6—95,0)
after 88,6 (81,2-98,3) 86,7 (80,4—94,6)
HR (beats/min.) before 98,0 (85,7—107,7) 99,0 (93,7—105,5)
after 93,0 (86,0—107,7) 98,0 (90,7—112,2)
CPP (mmHg) before 78,0 (68,3—88,9) 72,0 (62,0—82,0)
after 76,7 (69,3—88,8) 75,2 (67,9—79,4)
IP (mmHg) before 12 (10—14) 11,5 (9,0-13,3)
after 12 (9,8—14) 15,5 (12—17)*#

Note (npumeuanue). Parameters — nokasaresn; blood pressure sistolic (BPs) — aprepuasibioe nasienue cucroandeckoe; blood pres-
sure diastolic (BPd) — aprepuasnbHoe gaBjenue auacrtojadeckoe; mean arterial pressure (BPa) — aprepuajiibHoe jaBjieHne cpeitee;
heartbeat rate (HIR) — uncsio cepaednnix cokpamennii; cerebral perfussion pressure (CPP) — nepe6panbroe nephy3noHHOE TaBIeHNE;
intracranial pressure (IP) — Buyrpuuepennoe nasiaenue. Here and in table 2 (3mech u B 1a6a 2): value of parameters in groups —
3HaueHue Tokasaresieil B rpynmnax; before/after the procedure — no/mocae nporemypor. ¥ — P<0.05; Newman-Keuls with dynamic eval-
uation in the second group at the stages of the study (mo kpureputo Heromena-Keiisca npu auHaMuueckoii oleHKe BO BTOPOI rpyie
Ha sTanax uccaenosanus); ¥ — P<0.05; Kruskal-Wallis test between the second group versus first group (o kpurepuio Kpyckasna-
Yosutnca Mesx/ty 2 TPYIIIOil 0 CPAaBHEHUIO C MIEPBOIT).

TaGauna 2. JluHaMHUKa KUCJAOTHO-OCHOBHOTO UM Ta30BOTO FOMEOCTa3a /10 U MOCJEe BbICOKOOGHEMHON TeMO(uiIbTpanuu
BOT®
Table 2. Dynamics of the acid-base and gas homeostasis before and after high-volume hemofiltration (HVHF)

Value of parameters in groups
Before/after the procedure 1 (n=81)

Parameters

2 (n=53)

pCO, (mmIig) before 40,0 (39,7—45,4) 39,0 (32,7—39,0)
after 39,8 (37,7—42,8) 29,8 (27,7—33,8)*#
pH (mmHg) before 7,4 (7,4—17,5) 74 (74—17,5)
after 7,5 (7,4—17,5) 7,4 (74—1,5)
Lactate (mmol / L) before 1,6 (1,5—1,8) 1,9 (1,7-2,1)
after 1,4 (1,4-1,6) 1,7 (1,5-1,8)
pO,/FiO, before 299,0 (264,5—327,5) A74,5 (423,6—525,3)
after 340 (251,4—384,0) 303,2 (268,0—338,5)*

Note (npumeuanne). Parameters — nokasaresu; pCO, — napiuansroe HanpspkeHue COo; pH — Bogopoauslit nokasaresp; Lactate —
nakrar; pO,y/FiOy — unnexc okcurenanum; * — P<0.05; Newman-Keuls with dynamic evaluation in the second group on the stages of
the study (mo xkpurtepuio Hpiomena-Keiiica npu auHaMuyeckoii orieHke Bo BTOPOH rpyIiiie Ha aTanax uccieposanus); ¥ — P<0.05;
Kruskal-Wallis test second group versus first group (o kpurepuio Kpyckasia-Yosmica Mesxkay 2 rpymnoii 110 ¢CpaBHEHHIO ¢ IEPBOIA).

rpymme ¢ nosbmiennemM BY/[ — ApO,/FiO, cocrasuma
171,2, HecMoTpsI HA yBeIMYeHNe B IMHAMUKE (DPAKIIN BIIbI-
xaemoro kuciopona (AFiO, = 5%). Takke MMeICh 3aKOHO-
MepHoctH auHamukn pCO, [32] B rpymme ¢ MOBBIIIEHHEM
BY/1 mocae mporieyper. [1o namemy MaeHmIO, CHIKEHHE pa-
CO, Ha 10 MM PT. CT. CBSI3aHO € KOMITEHCATOPHBIMHU TIPOSIBJIE-
HUSIMU B BUJI€ BA30OKOHCTPUKITUH COCY/IOB TOJIOBHOTO MO3Ta B
OTBET Ha TUTIOKAITHUIO, YTO TPOTHBO/eHCTBYeT pocTy BU/L.
Ucnonpzyas ROC-ananns, MBI ONEHUJIN B3aUMO-
CBsI3b UCXOHOTO GaJiia 1Mo mikaje KoM [J1asro ¢ puckom
BO3HUKHOBEHUS] BHYTPHUYEPEITHON T'MIIEPTEH3UHU TOCJIE
NPOLE/LyPbL: UCXOAHO naMepeHHbii Gamt o KT mpose-
MOHCTPUPOBAJ OY€Hb XOPOIITYIO UyBCTBUTEIBHOCTD U CIIE-
mupnunocts (AUROC = 0,91), ¢ «Toukoii oTceueHus»
(HamsTyunmil GasaHC MEKILY 1yBCTBUTEIBHOCTBIO U CIIEIU-
(uanocteio) mpu peructpanun snadennii IKT < 10 6az-
JIOB. JIaHHBII TTOKa3aTesIb YKa3bIBAET HA TO, YTO MAIIMEHTHI
¢ peructpupyembivu 3uadenusMu < 10 6ammos mo HIKT
MIPEICTABJISIOT TPYIINY C BBICOKUM PHCKOM BHYTpHYEpEII-
HOIi Tunieprensun mnocJe mnporeaypsl BOI'®. Cxoxnbie 3a-
KOHOMEPHOCTH oTMevasiu 1pu BbinosiHeHnn ROC-ananus

intracranial pressure after HVHE. In our opinion, reduc-
ing of paCO, by 10 mmHg is associated with compensato-
ry events such as vasoconstriction of cerebral vessels in
response to hypocapnia that prevents the increase of ICP.

Using the ROC-analysis, we assessed the relation-
ship of baseline score on the Glasgow coma scale with the
risk of intracranial hypertension after the procedure. The
initially measured GCS score showed a very good sensi-
tivity and specificity (AUROC = 0,91) with the «cut-off
point» (the best balance between sensitivity and speci-
ficity) at GCS values <10 points. This value indicates
that the patients with the recorded values of <10 points
according to GCS represent a group of high risk for the
development of intracranial hypertension after HVHE
The ROC-analysis that was used to evaluate the effect of
the increase of arteriovenous difference of pCO, and the
risk of intracranial hypertension after the procedure
showed the similar pattern. The initially measured arteri-
ovenous difference of pCO, demonstrated the acceptable
sensitivity and specificity (AUROC = 0,89) with the
«cut-off point>> 8 mm Hg.
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C 1IEJTBIO OIEHUTD BJIMSHIE YBEJIUUEHIS apTEPUOBEHO3HOI
pasuuibl pCO, U PUCKOM BO3HMKHOBEHUSI BHYTpPUYEpEII-
HOI THUTIEPTEH3UH MOCJEe TIPOIE/yPbl: UCXOIHO N3MEPEH-
Hasl apTeproBeHo3Has pasHuna pCO, IpoIeMoHCTPIPOBa-
Jla TPUEMJIEMYIO YyBCTBUTEJIBHOCTh U CIENN(PUIHOCTD
(AUROC = 0,89), ¢ «Toukoii oTceueHuss» > 8 MM PT. CT.

B panee nposeneHHbIxX uccsenoBanusx Esnault et al.
[21] mpomeMOHCTPUPOBATIM TPEUMYIIECTBA MOHUTOPHHTA
BY/l y marmenToB HeiipopeaHNMaMOHHOTO PO, KO-
TOPBIM OBLIIO HEOOXOANUMO MPOBEIEHIE 3aMECTUTENBHOM 110~
YeYyHOU Teparuu. BajKHO OTMETUTD, YTO TIPU TSIKETIOM CeTl-
crce MeXaHW3M PasBUTUSL AUCIKBUIUOPIYM-CHHAPOMA
MOJKET OBITh CBSI3AH HE TOJBKO C ATUMUHAIEH MOYEBUHBIL.
Bagshaw et al. [22] coob1masn o jiletabHOM UCXo/e Y MalieH-
Ta C CETICUCOM TIOCJIe TIEPBOTO CeaHca TeMOINAII3a BCIIECT-
BU€ UCIKBUINOPUYM-CHHIPOMA, Y KOTOPOTo He ObLIO TIpH-
3HAKOB HapymreHusi cosHanms. Mexanmsm pocra BY/[ y
HAIMEHTOB JAHHON TPYIIIBI MOKET ObITH 00YCIIOBIIEH, TIPEK-
JIe BCETro, BBIPAKEHHBIMU HAPYIIEHUSMI MUKPOIUPKYJIs-
IIUH, O KOTOPBIX, C OIHON CTOPOHBI, CBU/ICTE/ILCTBYET MOBBI-
IieHre apreproBeHo3Hon pasuuipl pCO, Gosee 8 MM PT.CT.
TI0CJIe TIPOIIE/LYPBI,  TAK)KE YTHETEHNE CO3HAHIS, KaK ITPOSIB-
JIEHUE CENTUYECKON aHIle(aIonaTu, pu KOTOPoi HabIto-
JIATOTCST HAPYHIEHWsT KPOBOOOPAIIEHUSI B TOJOBHOM MO3Te
[23, 24], m3meneHne TPOHMITAEMOCTH TeMaTodHIedamiec-
Koro Gapbepa [25], 4TO MOKET TPUBOAUTH K HAPYIIEHUIO
TPaHCIOPTa BO/BI U (HOPMHUPOBAHUIO OTEKA TOJIOBHOTO MO3-
ra. HecMOTpst Ha IOCTUTHYTBIE yCIIEXU, MHOTHE MEXaHM3MbI
pu TpuMeHeHnn a(hHEPEHTHBIX METOIOB JICICHUST TIPH KPH-
THUYECKUX COCTOSTHUSIX OCTAIOTCST He U3ydeHHbIMU [33].

Boree Toro, aTH aHHbBIE COTTIACYIOTCS C Pe3yJIbTarta-
MU, TOJYIEHHBIMIA Y TAIMEHTOB C MCXOAHOW BHYTpHUE-
peTHON TUTIepTeH3nel, KOTOPBIM TJIAHNPOBAJIACH BBICOKO-
A0BC

conpoBoKaanoch Kputndeckumu nmdpavu [I1/1, Hapac-

obbemMHasg  reMO(UABTPAIMA:  MOBBINICHUE
TaHUeM HEBPOJIOTHYECKOTO Ae(DUINTA C YTHETECHHEM YPOB-
HST CO3HAHMS 0 KOMBI 1, a TakiKe BBIPAKEHHBIMU HapyTITe-
HUSMHU MUKPOIUPKYJISIIIUA U OTCYTCTBUEM Pa3perieHus
TKaHeBoil rumnonepdysun. OAHAKO B Cydae UCXOAHO TI0-
BBINIIEHHOTO BHYTPUYEPETHOTO AABJIEHUST «MOPOT» Heah-
dexrusHocTH BOTD 110 TaHHBIM OT[EHKT MUKPOITHPKYJIsT-
TOPHBIX HapylieHuii ¢ ucrosabzoBanueM ROC-ananmmnsa
6bL1 HeckoJIbKO Huke — ApCO, > 59 MM pT. CT., 4TO 00b-
SICHSIETCSI 3HAUUTEIbHO MEHBIINM KOMIIEHCATOPHBIM pe-
3€PBOM B TAHHOM CJIyYae.

BoiBoasl

Boicokoobbemuas remoduasrpanys e a(hGeKTnBHa
B cJydae yBeJndyeHus mnpeanepdysnoHHO HOPMaJIbHOTO
BHYTPUYEPEITHOTO JIABJICHUS Y TTAIIMEHTOB C TSKEJIBIM Cell-
CHCOM, UMEIOINX COYEeTAaHNE aPTEPUOBEHO3HON Pa3HUIIbI
HATPSKEHUST YTIEKUCIOTO Ta3a 6osee 8 MM PT. CT. U YPOB-
H 110 mKase KoM Imasro menee 10 6aios.

Jlureparypa

1. Apycmoscxuiit M.B., Abpamsn M.B., Ilonox 3.B., Hasaposa E.I., Cmyn-
yenxo O.C., Ilonos /I.A., [lnow, M.I'., Camconosa H.H. TlepBoiii onbIT
MIPUMEHEHUST CEJIEKTUBHBIX COPOEHTOB B KOMILICKCHOW MHTEHCUBHON

In previous studies Esnault et al. [21] demonstrat-
ed the benefit of ICP monitoring of patients treated in
the neurointensive care unit, in whom renal replace-
ment therapy was mandatory. It is important to note
that mechanism responsible for the development of dis-
equilibrium syndrome in patients with severe sepsis may
be associated not only with urea elimination. Bagshaw
et al. [22] reported a fatal outcome in a patient with sep-
sis after the first hemodialysis due to disequilibrium
syndrome. This patient had no evidence of impaired
consciousness.

First of all, the mechanism for ICP increase in this
group of patients may depend on marked disturbances of
microcirculation, that, from the one part, is confirmed by
the increase of pCO, arteriovenous difference for more
than 8 mm Hg after the procedure, as well as the depres-
sion of consciousness, as a manifestation of septic
encephalopathy, in which circulatory disorders in the brain
are observed [23, 24], and the change in permeability of the
blood-brain barrier [25] that may lead to a violation of
water transport and the formation of cerebral edema.
Despite this progress, many of the mechanisms in the
application of efferent therapies in critical conditions
remain unexplored [33].

Moreover, these data are consistent with the results
obtained in patients with initial intracranial hyperten-
sion, in which high volume haemofiltration was planned.
DTSVS increase was accompanied by critical values of
CPP, increase of neurological deficit with the inhibition
of level of consciousness to coma 1, as well as severe
impaired microcirculation and the lack of resolution of
tissue hypoperfusion. However, in the case of initially ele-
vated intracranial pressure a «threshold» of inefficiency
of HVHE, according to the evaluation of microcirculato-
ry disorders using ROC-analysis was somewhat lower —
ApCO, > 5,9 mm Hg, due to a significantly low compen-
satory reserve in this case.

Conclusion

High volume hemofiltration was not effective in the
cases with increased pre-perfusion normal intracranial
pressure in patients with severe sepsis having a combina-
tion of arteriovenous difference of carbon dioxide tension
greater than 8 mm Hg and consciousness level less than 10
points according to the Glasgow coma scale.

The increase of pre-perfusion normal intracranial
pressure after HVHF that occurs when the increase of
arteriovenous difference of carbon dioxide tension is
greater than 8 mm Hg and the level of consciousness is less
than 10 points according to the Glasgow coma scale is an
unfavorable prognostic sign of HVHF inefficiency.
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ObIMIAA PEAHUMATOJOI'UA

Hayuno-npaxktuueckuii sxypHai «O011ast peaHuMaToJIOT s>,
Bxozsuii B mepeuedb BAK P, nipesinasnaven [71s1 Bpaueil aHeCTe3M0JI0TOB-PEAHNMATOIOTOB
U HAyYHBIX COTPYTHUKOB.

Tematuka JKypHaJja: 1atoretes, KJIMH1uKa, InarnocTrkKa, Jieyenume, HpO(l)I/IHaKTI/IKa 1 I1aTOJIOMYeCKasA aHaTo-
MUA KPUTUYECKUX, TEPMUHAJBHBIX 1 ITIOCTPEAHUMAIITOHHBIX COCTOSTHUIA. BOHpOCI)I OKa3aHusd I[OI‘OCHI/IT&JII)HOﬁ 110~
MO IIPU KPUTUYECKUX COCTOAHUAX. BOHpOCbI O6y‘{CHI/IH HaceJICHUA 1 MEIUIIMHCKOTO IIepcoHajIa IIprueMamM OKa-

3aHUS HEOTJIOKHOUM TTOMOIIIN TP KPUTUYECKUX COCTOAHUAX.

Aynuropust: jieueOHbIe YUPEKAEHUS; BbICIINE yueOHbIe 3aBeICHIsI MEUIIUHCKOTO TIPODUIIST; MEUIUHCKIE
YUPESKIEHUS TOCIEUIIIOMHOTO 0OpasoBatusi, DeepaiibHble U PErMOHAIBHBIE OPTAHbI YIIPABJIECHUS 3[PABOOXPa-
HeHMeM, MeMIIMHCKIE HayYHO-UCCAe0BATENbCKIUE HHCTUTYThI; MEAUIIMHCKIE GUOTMOTEKN.
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Critical Conditions In Neonatology

COCTOAHUE MEMBPAHbBI OPUTPOLIUTOB HEJOHOIIEHHbBIX
HOBOPORAEHHbIX B PAHHEM HEOHATAJIbHOM ITEPUO/JIE

C. A. Ilepenenmia'?, B. A. Ceprynoga', O. E. [yakosa'

' HUU obmeit peanmmaTonornn uM. B. A. Herosckoro, Mocksa, Poccns
107031, . MockBa, yu. IletpoBka, . 25, cTp. 2
* Banruiickuit Menepanbhbiit yuusepcurer nM. immanyniaa Kanra, Kamununrpaz, Poccust
236016, r. Kamununrpan, yi. A.Hesckoro, 1.14

The Red Blood Cell Membrane of Preterm Infants in the Early Neonatal Period

S. A. Perepelitsa'?, V. A. Sergunova', O. E. Gudkova'

' V. A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
25, Petrovka St., Build. 2, Moscow 107031
? Tmmanuel Kant Baltic Federal University, Kaliningrad, Russia
14, A. Nevsky St., Kaliningrad 236041

Ilenv — uccienoBaHue HAHOCTPYKTYPBI IPUTPOLUTOB U SPUTPOLUTAPHBIX HHEKCOB HEIOHOMIEHHBIX HOBOPOSKAEHHbIX. Ma-
mepuan u memoosi. B uccienoBanne BKIOYEHO 47 HOBOPOKIEHHBIX, U3 HUX 33 HEIOHONIEHHDIX JIETEl, COCTABUBIINX IPYII-
Ny MccleloBanus, U 14 TOHOIEHHbIX HOBOPO:KIEHHbIX IPYIIBI CPaBHEHHUsI. [eCTalOHHbIi BO3PACT HEIOHONIEHHBIX HOBO-
poskaennsix cocrasisin 33,3+1,9 Henmenb, Macca tena mpu poxxaenun — 2065,4+304,8 rpamm. IlpoBogmmmcs moacuer
KOJINYECTBA IPUTPOIUTOB, ONPEENeHNE TEMOrIO0UHA, PACYET IPUTPOLUTAPHBIX UHAEKCOB, & TAKKE UCCIIEI0BAHUE IPUTPO-
IIMTOB B T0JIe aTOMHO-CHIOBOr0o Mukpockona (ACM). Pesyavmamot. Ilpu poskeHuN i1 HEJJOHOIEHHBIX HOBOPO:K/IEHHBIX
XapakTepeH MaKpOLHTO3, BHYTPUYTPOOHbIN MOHKHIONHUTO3, HAPYIIEHHEe MAKPOCTPYKTYPbI MeMOpaH spuTpouuTos. BayTpu-
YTPOGHASI TMIIOKCHS BJAMSIET HA HAHOCTPYKTYPbI MeMOPanbl 3puTpouuTa: Gpocd oaunuanblii GUCIoii 1 CIEKTPUHOBBII MaTPHUKC,
0€e3 moBpeskIeHHsT GEJIKOBOr0 KOMIIOHEHTa MeMOpPaHbl. BbisiBIeHHbIE H3MEHEHNSI SIBISIOTCS 0OPaTHMbIMH M HANPABJIEHBI HA
coxpanenne QyHKIHNOHATIBHOH CIIOCOGHOCTH 9PUTPOLMTOB B KPUTHYECKOii curyanuu. Ha nokasarenun spuTponurapHoro 3se-
Ha NIPU POK/IEHUH BIUSIOT reCTAlMOHHBII BO3pacT, Macca Tejia pebeHKa, KOJMYECTBO FeMOTJIOOUHA, CO/IEPIKAHNE XO0IECTEPU-
Ha U CTaHAAPTHOTO OuKapOoHaTa B KpoBH. TeueHne paHHEro HEOHATAIFHOTO IEPHO/IA XaPAKTEPH30BAIOCH AKTHBHBIM IIPOLEC-
COM Ha MeMOpaHax JPUTPOLUTOB, CMEHOW Mopdoiaornyeckux ¢GopM, UTO CBHAETENHCTBYET O NPOAOJIKAOIIECs
NOCTHATAJbHOIT IEPECTPOKe IPUTPON0I3a, aJIaNTAIH HEJOHONIEHHOTO Pe0EeHKa K HOBBIM YCJIOBUSIM BHeNIHeH cpenbl. Kuro-
ueegvle C106a: MEMOPaHa SPUTPOIUTA, HAHOCTPYKTYPA, IPUTPOLUTAPHBIE HHIEKCHI, HE[OHONIEHHbIE HOBOPOK/I€HHbIE.

Objective: to study the nanostructure of red blood cell membranes and erythrocyte index in preterm neonatal infants.
Subjects and methods. The trial enrolled 47 neonatal infants, including 33 preterm infants who were included in a study
group and 14 full-term infants who formed a comparative group. The gestational age of the preterm infants was 33.3+1.9
weeks and the birth weight was 2065.4+304.8 g. Red blood cell counts, hemoglobin, and erythrocyte indices were estimat-
ed and the red blood cells were examined using an atomic-force microscope. Results. At birth, the preterm infants showed
macrocytosis, intrauterine poikylocytosis, and the impaired nanostructure of red blood cell membranes. Intrauterine
hypoxia affects the red blood cell membrane nanostructures: a phospholipid bilayer and a spectrin matrix, without damag-
ing the membrane protein component. The detected changes are reversible and directed to maintaining the functional abil-
ity of red blood cells in a critical situation. At birth, gestational age, a baby's weight, hemoglobin, and blood cholesterol and
standard bicarbonate levels influence the parameters of a red blood cell component. The early neonatal period was charac-
terized by an active process on the red blood cell membranes and a change of morphological forms, suggesting the contin-
uing postnatal rearrangement of erythropoiesis and a preterm infant's adaptation to new environmental conditions. Key
words: red blood cell membrane, nanostructure, erythrocyte indices, preterm neonatal infants.
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AHTeHaTaJbHAs U MHTPAHATAIbHAS TMIIOKCHSI TJI0/IA Antenatal and intrapartum hypoxia is a subject of
OCTAIOTCS TIPEIMETOM TIPUCTAMBHOTO M3Y4eHHUs, T.K. MOo- | extensive research because the consequences of hypoxia
CIIEJICTBYsI TIEPEHECEHHOI TMIIOKCUU Herpenckasyembl 1 | are not predictable both in full-term and preterm neonates.
JUIST JTOHOIIEHHBIX, W JUIsT HeJOHONIeHHbIX HOBOpokaeH- | The violation of placenta morphological structure leading
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Kpurnueckmne cocTOIHMA B HEOHATOAOTUN

Hbix. Hapymienne Mophosornueckoil CTpyKTyphbl MJIalleH-
ThI, IPUBOJISAIIEE K PASBUTHIO BHYTPUYTPOOHON THIIOKCHH,
YaCTO BLI3BIBAET TEMATOJIOTHUECKIE HAPYIICHYS Y IO U
HOBOPOKIEHHOTO [ 1]. TMTOKCHS BBI3BIBAECT PA3INIHDIE U3-
MEHEHHsI 9PUTPOTIOI3A: TPU BHYTPUYTPOOHON THUTIOKCUN B
IYIOBMHHOW KPOBU OIPEE/ISIeTCs YBeJndeHrne HopMoO-
JIACTOB, TIPH OCTPOH TUTIOKCUH ATOT (DEHOMEH OTCYTCTBYET,
T.€. HOPMOOJIACTO3 HOSBJISIETCSI TOJBKO TIPH JJIUTEIbHOL
BHYTPHYTPOOHOU runokcuu [2].

JKenesonedunurHas anemust y GepeMEHHBIX OKa3bi-
BaeT BJIMsIHIE Ha MeMOPaHbI 9PUTPOIMTOB 11J10/1a. B mocTHa-
TAJIBHOM BO3PACTe ¥ HOBOPO/KACHHBIX HAPYIIAETCS MPOCT-
paHcTBeHHas KoHburypaiuss u Ttonorpadus OeJKOB
MeMOpaHbI ¢ MX CMEIIEHUEM B Hapy KHbIE CJIOM MEMOPaHBI,
CHUKEHMEM KaJIbIIUI — CBSI3bIBAIOIIEH CIIOCOOHOCTH MeMO-
pam. [leurur keresa y MaTepu CrocoOCTBYeT AeUIIUTHO-
MY 9PUTPOTIOd3Y Y HOBOPOJKIACHHBIX, 3aTPYAHEHUIO TEMO-
r7100MHOOOPA30BAHUS, TIOSIBJIEHUIO XPOHUUECKO THIIOKCUH
u uchaaHey B CUCTEME SPUTPOHA, YTO [POSIBJISIETCS HAPY-
meHussMu  (PUBUKO-XUMHUYECKUX TOKasaTeJel MeMOpaH
SPUTPOIUTOB 1 MeTabOIM3Ma KJIETOUHbBIX CTPYKTYP [3].

PasButne TecTo3a COMPOBOKIACTCS BBIPAKEHHBIMI
HAPYTIEHISIMI MOP(MOTOTHIECKOTO CTPOCHUS IHIOTEIUS
apTepuil M BEHDLI MYMOBUHBL. [IpM 3TOM MPOMCXOIUT TI0-
BpEXKIEHNE DHAOTETNONUTOB U B TEX COCYAX, T/I€ TIPOX0-
JIAT TIPOTIECChl 0OMEHa MEsKLY KPOBbIO U TKaHsMu. [1not-
HOCTH COTPUKOCHOBEHUST JHIOTETUOIUTOB OTIPEIESIET
MTPOHUIIAEMOCTD COCYINCTON CTEHKU, TEKYIeCTh KPOBHU, CO-
XpaHEHHsT TOMEOCTaTHYECKOTO paBHoBecust. Mopdomorn-
YecKne M3MEHEHUsT, BBISIBJICHHBIC B 9HAOTENNU COCY/IOB
MYTOBUHBI KOPPETUPYIOT C TSIKECTHIO COCTOSTHUST HOBO-
POKIEHHOTO TP POSKACHUHN [4].

B HOpMe cogepskaHue reMorJio0MHa B KPOBH HOBO-
POKAEHHBIX BBITIE, Y€M ¥ B3POCTLIX. OHTOTEHETHIECKON
OTJIMYUTEJBHONU OCOOGEHHOCTBIO IeMOTJIO0MHA SIBJISETCS
CMEHa eTo TUTIOB, YTO OTPEIENISIETCST MAPIHATbHBIM aBJie-
HUEM KHICTIOPO/Ia U CMEHON OPTaHOB KPOBETBOPeHNsT. B Ha-
yajie npeHatajibHoro passutus (7—14 Hemesnn) B KPoBU
SMOPUOHOB OOHAPY’KMBAIOTCST OMOPUOHA/IBHBIE T€MOIJIO-
6unbr: Tosep 1, Tosep 2, ITopriaana 1.0Hu 06Ja1a10T BbICO-
KUM CPOJICTBOM K KHCJIOPOIY, YTO BasKHO [IJIsI PA3BUTHS
mioga. MeranbHbll TeMOIJIOOMH HAYMHAET CUHTE3MPO-
Barbes ¢ 14 Henesmu GEPeMEHHOCTU U JIOCTHIAET MAKCHU-
MaJIbHOT'O COZIEPIKAHUS K MOMEHTY poskaeHus. lemornobun
B3POCJIOTO TUIIA TIOSBJISIETCS €lle B IEPHOJI BHYTPUYTPOO-
HOTO Pa3BUTHUS W CTAHOBUTCS OCHOBHBIM Ha TEPBOM TOIY
skusHu, DeTasbHbLil U B3POC/IbIil FeMOTIOOUHBI OTJIMYAIOT-
Cs1 IO CTPOEHUI0 OGEIKOBOI YaCTh MOJIEKYJIbI, YTO OIpe/Ie-
JISIET UX Pas3JIMYHbIe CBOHCTBA, HEOOXOAMMbIE JIJISI TPAHC-
mopTta Kucaoposa [5].

Kimnndeckoe nccsie[oBaHie 3pUTPOIIUTAPHOTO 3B€-
Ha SIBJISIETCST HEOOXOAUMBIM YCIOBUEM [P JICYEHUU HOBO-
POKIEHHDBIX, HAXOMAMINXCS B KPUTHIECKOM COCTOSTHUM.
VcememoBaHust TIOKA3aJIM, YTO Y HOBOPOJKIEHHBIX € CUH/I-
POMOM TTOJTHOPTaHHOH HEOCTATOYHOCTH UMEET MECTO pe-
akTuBanma cunTe3a remornobuna F 4ro, BeposaTho, obec-
neunBaer Gosee 3(GGHEKTUBHBI Ta3000MEH B yCIOBUSIX
runioniepdysuu Tkaneit [6].

to the development of intrauterine hypoxia often causes
hematological disturbances of fetus and newborn [1].
Hypoxia results indifferent changes of RBC during preg-
nancy: in cord blood it causes the increase of normoblast
content. The latter phenomenonis not observed inacute
hypoxia, i.e. normoblasts appear only during prolonged
fetal hypoxia [2].

Iron deficiency anemia in mothers affects the RBC
membranes of the fetus. The topography of the proteins is
alteredin thesenewborns in post-partum period.The pro-
teins are transferred to the outer layers of the membranes
resulting in reduction of a calcium — binding capacity of
the membrane. The iron deficiency in pregnant women
promotes deficient erythropoiesis in their newborns, the
violation of hemoglobin formation, chronic hypoxia and
imbalance in the erythron system, which all cause viola-
tions of physico-chemical properties of RBC membranes
and metabolism of cellular structures [3].

Pre-eclampsia development is accompanied by
severe disturbances of morphological structure of endothe-
lium of umbilical cord arteries and veins. This causes the
damage of endothelial cells in the vessels, where the
processes of exchange between blood and tissues occur.
The density of the contraction between endothelial cells is
determined by the permeability of vascular wall and blood
flowcontributing tohomeostatic balance. Morphological
changes detected in the endothelium of blood vessels of the
umbilical cord correlate with the severity of the newborn
condition at birth [4].

Normal hemoglobin content in blood of newborns is
higher than in adults. Ontogenetic distinctive feature
ofthehemoglobin is changing of its type, which is deter-
mined by the partial pressure of oxygen and the chan-
gesinblood-forming organs. In early prenatal period (at
7—14 weeks) embryonic hemoglobins (gover 1, gover 2,
Portland 1) are detected in embryonal blood. Hemoglobin
molecules possesshigh affinity for oxygenthatis important
for fetal development. Fetal hemoglobin is synthesized
starting fromweek 14 of pregnancy and reaches its maxi-
mum content by the time of birth. Hemoglobin of adult
type appears in utero and becomes the principal one on
the first year of life. Fetal and adult hemoglobins differ by
the structure of the protein part of the molecule, which is
determined by their various properties required for nor-
mal transport of oxygen [5].

Clinical study of the RBC level is importantwhen
choosing thetreatment of critically illinfants. According to
previous studies the reactivation of hemoglobin F synthe-
sis is observed in newborns with multiple organ failure,
which probably provides a more efficient gas exchange in
cases of hypoperfusion of tissues [6].

The study performed usingthe atomic force
microscopy (AFM) showed the damage of RBC membrane
nanostructure in preterm infants from multiple pregnan-
cies withunfavourable conditions of pregnancy.The early
period of adaptation is characterized by changing of RBC
morphological forms: planocytosis is followed by stomato-
cytosis. Other RBC forms, which appear due to an active
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Metonom aToMHO-cUI0BOI Mukpockornuu (ACM)
MOKa3aHo, YTO Y HEOHOTIEHHBIX HOBOPOKICHHBIX TIPH He-
GJIArONPUATHO [IPOTEKAIOIIEH MHOTOILIOAHON GepeMeHHOC-
TH TMPOUCXOIUT aHTEHATATbHOE TIOBPEKACHIE HAHOCTPYK-
Typbl MeMOpaH pUTPOLUTOB. TeueHre paHHEroO MEepUoOAA
AMIATITAIINN  XapaKTEPU3YETCsT CMEHONH MOP(hOTOTHIECKIX
(hopM apUTPOIIUTOB: TTAHOTINTO3 CMEHSIETCST CTOMATOITITO-
30M, a TaKyKe OMPENEIOTCS Apyrue (HhOPMBI, TOSBICHIE
KOTOPBIX 00YCIOBJIEHO aKTHBHBIM IIPOIIECCOM Ha MeMOpaHe
sputpoitos. Membpannbiii flickering HanGosiee Boipaken
y BTOpOro peGeHKa U3 JABONHMU, He 3aBUCUMO OT XOPUAIbHO-
CTU IUIALIEHTBI, BTOPOTO U TPEThero peGeHKa U3 TPOWHH,
IpUYeM BeTNYNHA TTOKA3aTe s YBETUIUBACTCS OT TIEPBOTO
K TperbeMy. Kosumiaus G1M3HEI0B COIPOBOKAAETCS MeMO-
panubiM flickering Bbicokoit unTencuBHOCTH y 060UX JeTEl
1 BBICOKUM CTOMATOIIMTO30M |7, 8].

Jl7isT FeOHOMIEHHBIX HOBOPOKICHHBIX € PECTHpa-
TopHbIM auctpecc-cungpomom (PICH) xapakrepen BHYT-
puyTpobOHbIii T0liKuIOINTO3. TeueHue 3abosieBaHUs Xa-
paKTepusyercst HapylIeHUeM MUKPOCTPYKTYPbl MeMOpaH
HPUTPOIUTOB Ha YPOBHE BBICOT EPBOTO M BTOPOTO TMOPSII-
koB. HanboJiee uyBCTBUTEIBHOIL SIBJISIETCS BEIMUMHA TIEP-
BOTO TOPSAJIKA, OTpakalomas apjaenue memOpannoro flick-
ering, HOPMAJM3AIMsI ATOT TOKA3ATENsT TPOUCXOANUT
MeieHHO. CTPYKTYpPHOE COCTOsiHUE OeJIKOB MeMOpaHbI
APUTPOIUTOB He U3MeHsietcs [7, 8].

Jl7ist TIPOBENIEHUST MCCIEOBAHUI TTPUMEHSIIOTCST CO-
BpEMEHHbIE AHATI3ATOPbI, TTO3BOJISTIONINE OTPEIETUTH MaK-
CUMATbHOE KOJIMYECTBO TMOKA3aTeIeHl ¥ HOBOPOKICHHBIX
neteil. B macTostiiiee BpeMst Bee yarie UCIOTb3YIOTCsT IPUT-
pOLMTAPHbIE UHIEKCHI, C TOMOIIBI0 KOTOPBIX MOKHO GoJiee
TOYHO OIEHUTH MOP(hOTOTHIECKUE XaPAKTEPUCTUKI IPUT-
pouutoB. K HUM OTHOCAT cpefHUil 00beM 3PUTPOIUTOB
(MCYV), cpeaniee copepKanue reMorJioOMHa B 9PUTPOIIN-
tax (MCHC), mmpuny pacripejieJieHust SpuTpOIUTOB 110
0o6bemy (RDW-SD, RDW-CV). B paGorax nokasaHo, uto
HEKOTOPBIE 9PUTPOIUTAPHBIE WHIEKCH 3aBUCSIT OT CPOKA
recraiuy, Tak, MCV y HOBOPOXX/JIEHHBIX YMEHbIIAETCS C
YBEJIMUEHUEM TeCTAIMOHHOTO BO3PACTa, T. €. y yOOKOHe-
JIOHOIIEHHBIX fieTell oH coctasasier 119+7 fl, k koniy Gepe-
merHocTn — 106%4 fl. Camkenne MCV y HeIOHOITEHHBIX
JeTeil MOKeT ObITh IIPU3HAKOM PAHHETO JeUIIUTA JKETIe3a,
KOTOPBII 110Ka HE TIPUBOAUT K aHEMUU. AHAJIOTUYHBIM 00-
pasom uamensiercss MCH. Ha MCHC ne Biinsiet cpok rec-
tarun. Cumkernre MCH, oTpaskaiotiiee THITOXPOMHIO 9PUT-
POTINTOB, MOJKET TaKsKe UCTTOMB30BATHCS JIJIST IMATHOCTUKI
skenesoneduiaTaoil anemun [9—11]. Oxnaxo, HeoOXOMH-
MbI YeTKHeE J1a00PATOPHbBIE KPUTEPUU [IJIS1 UCCJIETY EMBbIX 110~
Kazaresiell, 0COOEHHO B HEOHATOJIOTMH, T.K. BO3MOJKHA He-
[IPaBUJIbHASI MHTEPIIPETAIMS TTOJyUYeHHBIX JaHHbIX [12].

Oco6bIM 0OBEKTOM HCCJEOBAHUS SIBJSIETCST OCTa-
TOYHAS MYTTOBUHHAS KPOBB, T.K. MOJyYeHIe (GIU3NOTOTIHYE-
CKUX 3HAYEHUH JIJIST TTapaMeTPOB KPOBU HOBOPOIKIEHHBIX
MAaJIOZIOCTYITHBI, B CBSI3U C TEM, UTO €€ MCCIEIOBAHNE Y 3710-
POBBIX HOBOPOJKIEHHBIX He MPOU3BOANUTCS, & TTOJIYICHHDIE
Pe3yIIBTaThl OT OOIBHBIX IETEN CJI0KHO OlleHnTh. [ToaTomy,
YCUJTHST MHOTUX CIIEIUATNCTOB HATIPABJIECHDLI HA CO3/IAHIE
GaHka 1abopaTOpPHBIX AaHHbIX [12, 13].

process on RBC membrane, are also observed.Membrane
flickering is more often observed in the second infant of
twins and the second and the third infant of triplets,
regardless placenta chorionality. The value of the index
increases from the first to the third infant. Collision of
twins is also accompanied by intensive membrane flicker-
ing and high stomatocytosisin both infants [7, 8].

Intrauterine poikilocytesaretypical for premature
infants with respiratory distress syndrome (RDS). The
disease is characterized by the violations of RBC mem-
brane microstructure at the level of heights of the first and
second orders. The value of the first order is the most sen-
sitive one. It reflects the phenomenon of membrane flick-
ering. The normalization of this index is slow. The struc-
tural state of the proteins of the RBC membrane remains
stable [7, 8].

Current analyzing tools, which allowdeterminingthe
maximum number of parameters in newborn infants, were
used for the study. Currently,RBC indices, which allow
obtaining the data of RBCs morphological characteristics
more accurately are increasingly used. Theindices include
the average volume of RSCs (MCV), mean hemoglobin
content in RBCs (MCHC), the width of RBC distribution
by volume (RDW-SD, RDW-CV). Several studies showed
that some RBC indices depend on the gestational age;thus
theMCV values in newborns decrease with the increasin-
gof gestational age ( it is less than 119%7 fl in infants with
extremely low gestational age and it is 1064 fl by the end
of pregnancy). The decrease in MCV valuesin premature
infants may be a sign of early iron deficiency, which does
not cause anemia. MCH is changingin a similar way.
MCHC does not depend on the gestational age. The
decrease in MCH, reflecting RBC hypochromia, can also
be used as a patternfor the diagnosis of iron-deficiency ane-
mia [9—11]. However, a clear-cut laboratory criteriaare-
neededfor the studied indicatorsin neonatology because
ofincorrect interpretation of the data [12].

Umbilical cord blood is a specialobject of a research
because there areonly few studies in healthy newborns, and
the results obtained from sick infants arevaries. Therefore,
the efforts of numerous specialists are focused on develop-
ingbanks of laboratory samples [12, 13]

Objective: toevaluateRBC nanostructure and RBC
indices in preterm infants in the early neonatal period.

Materials and Methods

Fourty seven newborns were enrolled in the study. The
cohortincluded 33 pre-term (study group) and 14 full-term (group
of comparison). The gestational age of the pre-term neonates was
33.3%1.9 weeks, their birthweight was 2065,4+304,8 grams.

The samples of umbilical blood of 14 in-term infants with
favorable course of pregnancyurgent delivery weretaken to obtain
normal RBCs in the area of AFM microscope.

The mean gestational age of the infants was 39,4+0.5 weeks,
their birth weight was 3131,7£588,8 grams, Apgar scale score was
8 £0.4 points (first-minute measurement).

The following methods were employed:

1. RBCs of the newborns were studied by atomic force
microscopy(AFM). The objects of the study includedresidual
umbilical cord blood (RUCB) of pre-mature infants, central
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Kpurnueckme cocTOSHMSA B HEOHATOAOTUNU

[Lesb paboOTBI — HCCIIEA0BAHIE HAHOCTPYKTYPBI OPH-
TPOIUTOB U HPUTPOIUTAPHBIX MHAEKCOB HEIOHOIICHHBIX
HOBOPOJK/ICHHBIX B PAHHEM HEOHATAJILHOM TIEPHO/IE.

Marepuan u MeTObI

B nccnenoBanme Bririounsim 47 HOBOPOKIEHHBIX, N3 HUX 33 He-
JIOHOIIEHHBIX HOBOPOKIEHHBIX, COCTABUBIINX IPYIILY HCCJIE/I0BaA-
Hst, 1 14 TOHONIEHHBIX HOBOPOIK/IEHHBIX IPYIINIbI CpaBHeHMsI. [ecTa-
IMOHHbII BO3PACT HEJOHOMIEHHBIX HOBOPOJKIEHHBIX COCTABJISLI
33,3+1,9 nenesrn, Macca tesa pu poskaenun — 2065,4+304,8 rpam.

JLis1 1oJydeHust HOpMasIbHbIX apUTPOITOB B 1ojie ACM wc-
CJIEJIOBAIN OCTATOYHYIO TTyIOBHHHYIO KPOBb 14 JIOHOIIEHHBIX HO-
BOPOK/IEHHBIX € OIArOMPUATHBIM TeUeHeM GEPEMEHHOCTHU 1 CPOU-
HbIMU pofiamu. CpeiHuil TecTalIOHHbIN BO3PACT JIeTeil COCTaBUII
39,4+0,5 rezesn, Macca tesia npu poskaennu —3131,7+588,8 rpamm,
OIleHKa 110 mKaste Anrap Ha 1-it munyTe skusan — 8+0,4 Gana.

VIcriosib30BasIu CJELyIOIIe METO/IBI:

1. UccaenoBanye apuTpoIMTOB HOBOPOXK/IEHHBIX B MOJIE
aTOMHO-C1I0BOro Mukpockona (ACM). OGbeKTOM nccieoBaHus
SIBIJIMCD: ocTaTo4Hast mynosunnas kposb (OIIK) negonormenpix
HOBOPOXK/IEHHBIX, IIEHTPAJIbHASI BEHO3HAST KPOBb Yepes 7 4acoB Io-
CcJ1e POSK/IEHMS ¥ BEHO3HASI KPOBb HOBOPOKEHHBIX 7-X CYTOK K13~
uu. OITK 3abupanach cpasy mocJje nepecedeHus: mymnoBuHbl. 130-
GpaskeHre IPUTPOIUTOB MOJYYATH C IIOMOIIBI0 ATOMHOTO
custoBoro Mukpockona «<NTEGRA prima» (Poccust) B mosrykon-
TaKTHOM peknMe. B kauecTBe 30H/I0B HCIOJIL30BAIN KAHTHJIEBE-
pbt NSGO1-A. TTogpobrasi MeToAMKa NCCTE0BAHUS OIFCaHa Ha-
MU B ApyTUX myOaukanusx [7, 8].

2. OmpezelieHrie ra30Boro CoCTaBa, KUCJOTHO-OCHOBHOTO
COCTOSIHUSI M JIAKTATa KPOBHW IIPOBOJMJIM HA aHAJIN3AaTOpE
GemPremier 3000 (USA).

3. Ompelesienne spuTPOIUTOB, FEMOTIOOIHA, & TAKKE T10-
KasaTeJieil:

A.  Cpennuii 06bem aputporutos (MCV) paccunrbiBain
o hopmye:

MCV (fl) = Hematocrit (11')*1000/Erythrocyte count
(* 1012 171)

B. Cpennee comepskaHue reMOrJIOOMHA B 9PUTPOILINITE:

MCH (pg) = Hemoglobin (g dI')/ Erythrocyte count
(* 1012 171)

C.  CpezHsist KOHIIEHTPAIIUS FeMOTTIOOUHA B 9PUTPOIIUTE:

MCHC (g dI-1) = Hemoglobin (g dI"")/ Hematocrit (117)

D. Ilupuna pacrpejpesieHusi 9pUTPOLUTOB 10 0OBEMY-
RDW, BrJIfOUIONIast Ba mapameTpa: MPOLEHT OTKJIOHEHUsI 00beMa
APUTPOIUTOB OT CpeiHero 3Hadenst B nomyJsiimn — RSW-CV (%) =
(SD*100%) / MCV, riie SD-cranzaptHoe cpejie-KBajipaTHaHoe OT-
KJIOHEHHE 0ObeMa SPUTPOIIUTA OT CPEIHETO 3HAUEHYIST; OTHOCUTEb-
Hast IUPHHA PacIpeieIeHIs 9PUTPOIUTOB 10 06bemy — RDW-SD.

VccenenoBanre mpoBoauan Ha aHanusatope «Hemolux»
(Kurait) B 1-€, 3-u, 7-€ CyTKU MOCTHATAJILHOTO BO3PACTA.

4. Crartucruyeckyio oo6paboTky ganubx ACM mpoBoanin
¢ TIOMOIIIBIO CTaHapTHOI mporpammer Origin 6.1., koTopast BXo-
qut B coctaB Microsoft Office (USA). JloctoBepHocTb pasinunii
OIEHUBAIH C MOMOIIBIO OZAHO(DAKTOPHOTO JANUCIIEPCHOHHOTO aHa-
smza (One-way ANOVA). Ornuust cautain 0CTOBEPHBIMU TIPH
ypoBHe cratuctnueckoil 3naunmoctu p<0,05. Ilosydennsie pe-
3YJIBTATHl KIMHAYECKUX 1 JTAOOPATOPHBIX HMCCIeI0BaHil 06pabo-
TaJIN METOJIAMHU JIECKPUIITUBHO 1 HEITapaMeTPUYeCKON CTaTHCTH-
K ¢ MCIIOJb30BaHUEM IMakeTa mporpamm «Statistica 6.0».
IIpoBoanN KOPPEAINOHHbIH aHATI3 ¢ pacueToM Koahduimen-
Ta Koppessiiiun (7) 1 ero jgocroBepHocTn. OTINYNS cYuTaNn 10-
CTOBEPHBIMU IIPU YPOBHE CTATUCTHYECKON 3HaunMocTu p<0,05.

PesyubraThl U 00CyKA€HUE

B mammx paGorax paHee MoKasaHo, 4ToO Tpu OJjaro-
MPUSATHO TIPOTEKaBIIeil GEPEMEHHOCTH 1 CPOUHBIX POJIaX B

venous blood 7 hours after the birth and venous blood of new-
borns 7 days after the birth. The samples of RUCB were taken
immediately after crossing the umbilical cord. The image of RBCs
was obtained with the aid ofthe atomic force microscope «NTE-
GRA prima» (Russia) in tapping mode. Cantilevers NSGO01-A
were used as probes. Detailed research methodologyhas beende-
scribed in our previous publications |7, 8].

2. Gas composition, acid-base status and lactate blood
level weredeterminedby analyzer GemPremier 3000 (USA).

3. The quantitative indices such as RBCs, hemoglobin
level, and the following indiceswere evaluated:

A.  the mean RBC volume (MCV) calculated by the for-
mula: MCV (fl) = Hematocrit (11")*1000 / Erythrocyte count
(*1012 1'1)

B. The mean level of hemoglobin in RBCs: MCH (pg),
Hemoglobin (g dI'')/ Erythrocyte count (¥10*1")

C. The mean concentration of hemoglobin in RBCs;

MCHC (g dI'") = Hemoglobin (g dI'")/ Hematocrit (117)

D. The distribution of RBCs by volume-RDW, which
includes two indices: the percentage deviation of RBC volume
from the mean one in the population-RSW-CV (%) =
(SD*100%)/MCV(where SD is the standard deviation of the
RBC volume mean ) and the relative width of RBC distribution
by volume — RDW-SD.

The study was performedusing the analyzer Hemolux»
(China) on the 1st, 3rd and 7th days after the birth.

4. Statistical processing of data was carried out using a
standard program Origin 6.1 (Microsoft Office). The significance
of differences was estimatedby the factor analysis of variance
(One-way ANOVA).The results of clinical and laboratory stud-
iesobtained by the methods of descriptive and non-parametric sta-
tistics were processed using software package «Statistica 6.0».
Correlation analysis with the calculation of the correlation coeffi-
cient (r) and its validitywas performed. All the differencesbetween
groupswereconsidered to be significant at P<0.05.

Results and Discussion

Our previous works showed, that 85% of flat-shaped
RBCs and 15% of transformed RBCs circulate in PCR of
newborns in case of favorable pregnancy conditions and in-
term birth: 3% of them are represented by echinocytes and
stomatocytes, 9% by other cells, intermediate RBC forms
caused by intrauterine poikilocytosis [7, 8].

Premature infants were characterized by polymor-
phism of RBCs. Taking into account the great variability
among cells in the study, the statistical data were present-
ed as median (Me, LQ-UQ). The results of the study are
represented in table 1. The following types of erythrocytes
were discovered in the PCR: discocytes, planocytes, stom-
atocytes, echinocyte, other (transitional) forms.
Planocytes are the main RBC form in preterm infants, but
the frequency of their occurrence is different.

Discocyteswerediscoveredin 39.4 percent of prema-
ture infants. In case of favorable course of pregnancy and
developing of acute hypoxia most of the RBCs were rep-
resented by discocytes (Fig. 1), and the morphological
composition of blood was closer to the one of full-term
infants.In premature infants, stomatocyteswere found in
80% of pre-term infants, their number varied from 8% to
95% of the total RBC number. The study revealed that
the pre-term infants with a gestational age of 31—36
weeks were characterized by specificRBC forms, which
variedsignificantly.
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. Critical Conditions In Neonatology
TaGauna 1. Mopdonornueckue GopMbl IPUTPOLUTOR HEOHOIIEHHBIX HOBOPOK/IEHHBIX HA PA3JIUYHBIX ITANAX UCCIIe-
noBanus (Me, LQ—UQ)

Table 1. Various red blood cells (RBC) forms in preterm infants on different stages of the research (Me, LQ—UQ)

RBC forms The level of the indices in the stages of investigation

UB 7 hours 7 days
Discocytes 13 (10—21) 14.1 (4—14.1) 35.5 (6.5—57.5)
Planocytes 53 (17.7—178) 49.5 (12—81) 20 (10—46)
Stomatocytes 20 (9—37) 22 (10—44) 49 (25-76)*
Echinocytes 8 (3.2-28) 11 (5-20.7) 5(2-30)
Others 20 (5—33) 14 (6—30.3) 14 (8—42)

Note (npumeuanue). RBC forms — ¢opmbr apurpormros; discocytes — auckonutsl; planocytes — nuanonuTsl; stomatocytes — croma-
toruTel; echinocytes — axunorutsr; others — apyrue; the level of the indices in the stages of investigation— 3nauenue nokasareseii Ha
aranax uccaegosanust; UB (umbilical cord blood) — ocratounas mynosunnas kposs. * — P<0.01 the significance of the difference com-

pared to UB (Z0CTOBEPHOCTD OTJINYHIT TT0 CPABHEHUIO C OCTATOUHOIT Iy TOBHHHON KPOBbBIO).
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Puc. 1. 306paskenne spuTPOIMTOB HeAOHOMERHOTro pedenka B ¢popmare 3D B mose 100X100 mrm u 10X10 MrMm.
Fig. 1. The image of red blood cells of a preterm infant in 3D format; the area 100X100 mcm and 10X10 mem.

OTIK IOHOMIEHHBIX HOBOPOKAEHHBIX THPKYINPYIOT 85%
PUTPONUTOB TIOCKOH (hopMbl — TmaHonutoBu 15%
TpaHCcHOPMUPOBAHHBIX IPUTPOIIUTOB, UX HUX: O 3% KJIe-
TOK TIPEICTABJICHDI 9XUHOIUTAMH 1 CTOMATOTIUTaMu, 9% —
IPYTUMHU KJIETKAMHU, TPEICTABJISIONINAE MTPOMEKYTOTHDIE
(bopMBI BPUTPOIUTOB, 00YCIOBJIEHHbBIE BHYTPUYTPOOHBIM
noiikusoruToMm |7, 8J.

Jl7ist HEeOHOMIEHHBIX HOBOPOKACHHBIX TIPU POKIE-
HUW XapaKTepeH TMOMNMOPMOU3M 9PUTPOINTOB. YIUTHIBAST
60JIbIIIYI0 BApUaOEIbHOCTD KJIETOK MPU UX HCCAE0BAHIH,
CTaTUCTUYECKUE TAHHBIE MPEACTABICHDLI B BUIE MEIMAHBI
(Me, LQ—UQ). PesynbraTbl UCCIEIOBAHUS MTPEICTABICHBI
B 1abu. 1. B OIIK BbisiBJICHBI CJICYOIIIE BUABI SPUTPOLIU-
TOB: JINCKOIINTHI, TUIAHOTINTHI, CTOMATOIINTHI, 9XIHOIINTHI,
apyrue (mepexoanbie) KAeTKu. [IIanomnuTh SIBISIIOTCST OC-
HOBHOH Mopdosorndeckoil (hopMoit SpUTPOTIUTOB U Y He-
JOHOTIEHHBIX HOBOPOKAECHHBIX, HO YaCTOTA UX BCTpEUae-
MOCTHU Pa3JIMIHasT.

JICKOTIATBI OTpeesisiiinch ¥ 39,4% HeTOHOMIEHHBIX
nereid. [Ipu GaaronpusiTHOM TeueHun GepeMeHHOCTH, 1 OC-
TPO Pa3BUBIIENCS TUIIOKCHH 1071, GOJIBIIUHCTBO PUTPO-
IIUTOB TPEACTABICHO AnCKoIuTamMu (puc. 1), u, B 1es0M,
MOP(hOJIOTHYECKHI COCTaB MPUOJIMKAICA K TOKA3ATEIISAM
JIOHOIIEeHHBIX jieTeid. CToMaToIUThl XapakTepHbl s 80%
HEOHOTIEHHBIX HOBOPOJKIAECHHBIX, UX KOJMIECTBO BapbU-
PyeT B 3HAUUTEJIbHBIX Mpejeax: 8—95% ot 001ero Koiu-

The analysis of RBC membrane nanostructure
revealed that the height of the first order (h) was signifi-
cantly higher in pre-term infants than in full-term infants
(P<0.05). Individual variability of h1 patternwas detected.
This index was 3.8—10 times and1.5—3.2 times higher in
pre-term infants than in full-term infants in 6 and 4 cases,
respectively. Only in 3 children this pattern figures did not
differ from the ones of full-term newborns. The height of
the 2nd order (hy) was 1,5—2,5 times higher in pre-term
than in full-term infants in 50% of cases. The change
ofspectrin matrix is affected by multiple pregnancy, a
severe form of preeclampsia, placenta previa. In 5 children
the changeof spectrin matrix was combined with the sig-
nificant increase of h;. The height of the 3-th order (h3) in
two groups did not differ significantly, i.e. protein condi-
tion remainedstable at birth in all infants (p>0.05).

The data of the main RBC patterns in neonates is pre-
sented in table 2. It was established, that there were no any
sgns of anemia at birth in neonates of both groups, the total
RBC number corresponded to physiological norm. The aver-
age MCV values in premature infants weresignificantly high-
er in pre-term than in in-term infants (»p<0.01), i.e. macrocy-
tosis was observed. It was discovered in 69.7% of cases in the
group of pre-term infants, mainly in case of multiple pregnan-
cies. Planocytes were the main form of RBCs in newborns.
Planocytosiscorresponded to the value of MCV = 96—117 fl.
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4ecTBa APUTPOIUTOB. B Mcce/[oBaHNH BBISIBJICHO, UTO IS
HEJIOHOIIEHHBIX JIeTel ¢ TeCTallMOHHBIM Bo3pacToMm 31—36
HeJlesTb XapaKTepHbI ipyrue (hopMbl 9pPUTPOIUTOB, KOTO-
Pbl€ UMEIOT BBICOKYIO BapuabebHOCTb.

[Ipu aHaM3e HAHOCTPYKTYPBI MeMOPaH SPUTPOLIUTOB
BBISIBUJIM, YTO Y HEJOHONIEHHBIX HOBOPOK/IEHHBIX BBICOTA
1-ro nopsiaka (h,) mocToBepHO TpeBbIIIALA OKA3aTeb 10-
HomeHHbx geteit (p<0,05). BoisaBuanm WHANBUAYATHHYTO
BaprabesibHOCTh hy. Y 6 HEIOHOIIEHHBIX HOBOPOKIECHHBIX
BEJIMYMHA HTOTO TOPSI/IKA TPEBBINIAIA TTOKA3aTeb JIOHO-
meHHbix gereil B 3,8—10 pas, B 4-x ciyyasax BeswunHa hg
6bLma ToBbIieHa B 1,5—3,2 pasa, ToMbKo y 3-X [eTeil aToT
10Ka3aresib He OTJMYAJICS OT JIOHOMIEHHBIX HOBOPOK/ICH-
HbIX. Beicora 2-ro nopsizka (hy) y 50% HemoHONIEHHBIX Jie-
Teil TIPeBbIIaa MOKa3aTe b JOHOIEHHBIX HOBOPOSK/IEHHbBIX
B 1,5—2,5 pasa. Ha u3MeHeHUe CIEKTPUHHOTO MaTPHKCA
BJIMSIIOT MHOTOILJIOJINE, TsKesiask hopMa rectosa, Ipejiieka-
HUe TIANeHThl. Y 5 eTell U3MEHEHUsT CIIEKTPUHHOTO MaT-
PHKCA COYETAIUCH CO 3HAUUTEIBHBIM YBEJIUUCHUEM BBICOTHI
h; memGpanbl apurporuTos. Beicora 3-ro nopszaka (hs) xo-
CTOBEPHO HE OTJIMYAJINCH MEK/LY TPYIIIIaMHU, T.€. TIPU POsKIIe-
HUU Y BCEX HOBOPOKIEHHBIX CTPYKTYPHOE COCTOsIHUE Oe-
KOB 0bL10 cTabusibHbiM (p>0,05).

JlanHble MccaeI0BaHNs OCHOBHBIX TIOKa3aTeseil apu-
TPOIMUTAPHOTO 3BEHA Y HOBOPOKIECHHBIX TIPE/ICTABICHBI B
TabJ. 2. YCTAaHOBUJIM, UTO TIPU POKACHUU Y HOBOPOKICH-
HBIX 00€UX IPYIII IIPU3HAKOB aHEeMUK He ObLI0, 00Iee Ko-
JIMYECTBO HPUTPOIMTOB M IeMOIVIOOMH COOTBETCTBOBAIU
(usnosnornueckum snauenmnsm. Cpeanss seanunna MCV
Y HEIOHOIIEHHBIX JeTell OblIa J0CTOBEPHO BBILIE, YeM Y
nmonomenHbx (p<<0,01), T.e. xapakTepen Makporurto3. B
TpyIITe HeOHOIEHHBIX /IeTel oH BeTpedascst B 69,7% ciry-
4aes, MPEUMYIIECTBEHHO Y HOBOPOXKAEHHBIX OT MHOTO-
I0AHON GepeMeHHOCTH. IIIaHOINTHI ABIAINCH OCHOBHON
(opmoii KIeTOK y HOBOPOKIEHHBIX. [lmaHoIuTO3y coot-
BercrBoBasia BesmunHa MCV = 96—117 fl. [Tokaszarenu
MCH, MCHC, RDW-SD Tax:e 611 TOCTOBEPHO BBIIIE
y neponomenusix gereit (p<<0,01). Borasaennbie nuamene-
HUS SIBISIOTCS (PU3NOJIOTHUECKUM SIBJICHUEM JIJISI HEJIOHO-
IIEHHBIX HOBOPOJKJEHHBIX, T.K. CYIIECTBYET 3aKOHOMEp-
HOCTb, YeM MEHbIIIEe T'eCTAIlMOHHBII BO3PACT, TEM BbIIIE

The indicators of MCH, MCHC, RDW-SD were also signifi-
cantly higher in preterm infants (p<0.01). Specific changes are
physiological phenomenon,which is typical for premature
infants, in which the smaller the gestational age is, the higher
is the MCVindex. That means thatthe smaller the gestational
age of the child is, the more extensive is macrocytosis. The lat-
terdetermines the transport of oxygen to the tissues of the
fetus at a certain stage of ontogenesis. The data obtained
match the results of the studies of other authors [10].

The early neonatal period was characterized by
poykilocytosis;the morphological composition of RBCs
wasnot changedby the 7th hour of postnatal life (table 2).
In some cases, changes of nanostructure of RBC mem-
braneswere detected: increase of h1 was observed in 3 new-
borns, i.e. flickering of RBC membrane remained, the
height of h, was increased in only one child, the decrease of
corresponding indices was observed in other cases.
Significantly stomacytosis was observed on the 7th day
after the birth (p<0.05), h; increased in 4 premature
infants, i.e. the RBC membrane flickering increased.

A significant decrease of RBC number and hemoglo-
bin occurred on the 7th day of life (p<0.05), which is a phys-
iological process, reflecting the neonatal period in new-
borns. The mean RDW-CV was stable within the whole
time of the study. The dynamics of other RBC indicators
levelsarepresented in figure 2. The mean MCV, MCHC in
premature infants had no tendency to decrease, i.e. macro-
cytosisremained, there has been a significant decrease in
MCH and RDW-SD, which is the pattern, since both indi-
cator depend on the level of hemoglobin (p<0.05).

By the end of the early neonatal period, the clinical
condition of 94% ofpremature infants improved, respirato-
ry failure resolved, ventilaton and infusion therapy were
terminated. Twolethal cases were due to the severe con-
genital pneumonia.

Correlation analysis showed multiple correlations
between metabolism indicatorsand RBCindicesand the
resulting regression equation was obtained:

A feedback linkof medium strength between body
weight and MCH at birth (=—0,4, p=0,049); MCH =
44,382-0,0028*x

Ta6mmua 2. IlokazaTesu 3pUTPOIUTAPHOTO 3BE€HA Y HOBOPOIKIEHHBIX IIPH POKIEHHH

Table 2. Red blood cells (RBC) indices in newborns at birth

Parameters Value of parameters in the groups P
preterm full-term

Er*10”/L 4.96+0.9 5.38+0.65 0.12
Hb, g/1 192.4+31.9 177.6+26.2 0.14
MCV, fl 98.5+8.9 90.7+1.8% 0.003
MCH, pg 38.6+2.5 32.8+1.9* 0.000000
MCHC, g/1 395.6+£39 361.7+13.1* 0.003
RDW-CV, % 15.4+0.5 15.3+0.7 0.66
RDW-SD, fl 53.8£3.3 50.6+2.2*% 0.002

Note (npumeuanue): parameters — nokasaresy; value of parameters in the groups — snauenue nokasareJieii B rpyriax; preterm — Hei0HO-
mennbie; full-term — ponomennsie; Er*10"/L — red blood cells (kommuectso apurpormros); Hb, g/l — hemoglobin (remorno6un); MCV, fl
— mean cell volume (cpennuii o6bem spurpormtos); MCH, pg — mean corpuscular hemoglobin (cpeaniee cogepskarune reMorsioduta B apu-
tpormte); MCHC, g/l — hemoglobin concentration in a given volume of habed erythrocytes (cpeamsisi KoHieHTpaiysi reMorso6uHa B
3amanHOM oOBeme apuTporToB); RDW-CV, % — coefficient variable of red blood cell distribution (mporent otkmoneHns obGbema spuTpo-
ITOB OT cpeziHero snauenust B nomyasaimu); RDW-SD, fl — red blood cell distribution width with standard devration (oTHocuTeBHAS 1IN~
PUHa pacrpe/iesieHus SpUTPOIUTOB 110 00bemy); ¥ — P<0.01— the significance of the difference between the groups (nocroseprocTs oriim-
YMIi MEKLY TPYIITIaMM).
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mokasareab MCV. Te. uem MeHbIe TeCcTaIMOHHBIN BO3-
pact pebeHKa, TeM (oJIblie BhIPAKEH MAKPOIIUTO3, YTO HA
OTIpe/ICIEHHOM JTale OHTOTeHe3a OMPEAEsSeT TPAHCIIOPT
KHCJIOPO/Ia K TKaHgaM 1iofa. [losydennbie ganHbie coot-
BETCTBYIOT UCCJIEIOBAHUSIM JPYTHX aBTOPoB [10].

Teuyenue paHHEr0 HEOHATATHHOTO MEPHOJA XapaK-
TEPU30BATIOCh COXPAHEHUEM MOHKUJIONKUTO3a, K 7 dacam
MTOCTHATATBHOH JKM3HU MOP(HOJIOTUICCKUH COCTaB PUT-
pouuToB He uamenusicst (tabur. 2). B oraenbHbIX caydasix
BBISIBJISLIM U3MEHEHMsI HAHOCTPYKTYPbI MeMOpaH: y 3-X
HOBOPOJKIEHHBIX OTMeYai POCT Beauuuubl hy, T.e. co-
xpanstics flickering memGpanbl apuTpOUTOB, BbicoTa hy
YBEJUUUIACH TOJBKO y OAHOTO pebGeHKa, B OCTaJbHBIX
CIIyYasix MPOU30ILI0 CHUKEHUE UCCIIEelyeMOTOo oKasaTte-
sist. K 7-M cyTKaM JKM3HU TOCTOBEPHO YBEJUYHUIICS CTOMA-
toruros (p<0,05), Bbicora hy Bozpocia y 4 HeIOHOIIEH-
HBIX HOBOPOKAEHHBIX, T.e. ycuauics flickering
MeMOPaHbl 9PUTPOIIUTOB.

K 7-M cyTKkam JKM3HU TIPOU3OIILIO JI0CTOBEPHOE CHH-
JKEHUE  KOJMYECTBAa 9PUTPOIUTOB M IeMOrJIoOuHa
(p<0,05), uTo ABISTETCST PUINOTOTHUECKI TTPOTIECCOM, OT-
PAKAIONUM TeUeHHe HEOHATAIBHOTO NMEPUO/IAa Y HOBOPOK-
nennbix. Cpensas semmunaa RDW-CV 6blia crabuabpnoit
B Te€UEHHE BCETO BPEMEHU MCCIeoBanus. /IluHamMuka npy-
IUX TOKa3aTeseil apUTPOIMTAPHOTO 3BEHA MPEICTaBIeHA
Ha puc. 2. Cpennsis Besimunna MCV, MCHC, y nenono-
HIEHHBIX JIETeHl He MMesa TeHICHIINN K CHIKEHUIO, T.€. CO-
XPAHSIJICS. MAKPOIIUTO3, TIPH 9TOM TIPOU3OIIIO JIOCTOBEP-
voe cHmkeane MCH un RDW-SD,
3aKOHOMEPHOCTBIO, T.K. 002 OKa3aTesl 3aBUCST OT YPOBHS
remoryiobuna (p<0,05).

K KOHITY paHHETO HEOHATAJIbHOTO TIEPpro/ia KJIMHNYIC-

4TO ABJAECTCA

ckoe coctostare 94% HEeTOHOMIEHHBIX HOBOPOKACHHBIX
VIIYUIINJIOCh, Pa3peliniach bIXaTeJbHas HEJI0CTaTOu-
HoCTb, nipekpaiiensl UBJI, nndysuonnas tepanus. B 2-x
CIlyYasixX HACTYIIUJI JIETAJIbHbII UCXO/, 00YCJIOBIEHHbI Te-
YEHHUEM BPO’KIEHHON ITHEBMOHUH.

KoppesisiiinoHHbII aHaIu3 1MoKasas, 4To Y HEJOHO-
HIEHHBIX HOBOPOJK/ICHHBIX CYIIECTBYIOT MHOKECTBEHHbBIE
KOPPEJISAIIMOHHbBIE CBSA3U MEXKIY IOKasaTeJasMu MeTabo-
JIN3Ma U SPUTPOIMTAPHBIMU MH/IEKCAMH, & TAKKE MOJIyde-
HO ypaBHEHUE PErpecCHi:

e OO0parHast CBsA3b CPEAHEN CHJIbI MEKIY MacCoi
tena 1 MCH npu poxaenun (=-0,4, p=0,049); MCH =
44,382-0,0028*x

* OO0parHast CBsA3b CPEAHEN CHJIbI MEKIY MacCoi
teta 1 RDW-SD mpu poxzaenun (r=-0,5, p=0,008);
RDW-SD = 62,5803-0,0044*x

e Tlpsimasi cBSI3b CPEHEN CUJIBI MEKLY XOJIeCTepu-
oM (XC) m MCV mpu posxaenun (r=0,5; p=0,01); XC =
—-2,3552+0,0436*x.

* OOparHast CBSA3b CPEAHEN CUJIbI MEXK/Y T€MOTJIO-
6unom u MCV npu poxaennn (=—0,5, p=0,01); MCV =
129,468-0,1538*x.

e Ilpsamast cBsI3b cpemHell CHJIBI MEKIy BBICOTON
MeMOpaHbl SPUTPOIUTOB 1-r0 TTOPsIIKA U BEJIMYNHOIT CTaH-
naprraoro 6ukapbonara (SBC) uepes 7 wacos mocse posxk-
nenust (r=0,5; p=0,04); h, 7 vacos + = 2,8327+0,0983*x

395 Tl M at birth
370 I Day 3
345 M Day 7
320
295
270
245
220 i
195
170
145
120

95

70

il %
33 | mm i
Hb,g/l  MCHC, MCV,fl RDW-SD, MCH,pg

g/l fl

Puc. 2. OcHoBHbIE TIOKa3aTeJ I IPUTPOILHTAPHOTO 3B€HA y HEJ[0-
HOIIEHHBIX HOBOPO3K/I€HHbIX.

Fig. 2. The main red blood cells (RBC) indices in preterm infants.
Note (upumeuanue): at birth — upu poxaenun; days — nuu;
gemoglobin (Hb) — remorno6un; MCHC — mean corpuscular
hemoglobin concentration (cpemnee cozpepskanye reMoroOnHa B
sputporurax); MCV — mean cell volume (cpeanuii o6bem aput-
poiroB); RDW-SD — red blood cell distribution width with
standard devration (mmpuHa pacrpemesneHns IPUTPOIUTOB IO
o6bemy); MCH — mean hemoglobin concentration in erythrocyte
(cpennee copepskanue reMorsiobuna B apurpormre). * — P<0.05
versus umbilical red blood (mocroseprocts oTmumii 110 cpaBHe-
nuio ¢ OIIK).

* A feedback linkofmedium strength between body
weight and RDW-SD at birth (=—0.5, and p=0.008);
RDW-SD = 62,5803-0,0044%x

* A direct linkof medium strength between choles-
terol (LDL) and MCV at birth (+=0,5; p=0.01); XC =
—2,3552+0,0436%x.

o A feedback link of medium strength between
hemoglobin and MCV at birth (+=0,5, p=0.01); MCV =
129,468-0,1538*H.

e A directlink of medium strength between the
height of the erythrocyte membrane 1-th order and the
value of the standard bicarbonate (SBC) after 7 hours of
birth (r=0,5; p= 0.04); h, 7 hours + = 2,8327+0,0983*x

* A directlink of medium strength between hemo-
globin and MCHC on the first day of life (=—0.5, and
p=0.01); MCHC = 262,7947+0,6705%*H.

Thus,macrocytosis, intrauterine poikilocytes, viola-
tion of the macro-structure of RBC membranes weretypi-
cal for the preterm infants. Intrauterine hypoxia affects
two nanostructuralcomonentsof theRBC membrane,phos-
pholipid bilayer and spectrin matrix. The damage of the
protein component of the membrane, however, does not
occur. The changes are reversible and their aim is to pre-
serve the RBCs functional capacity in the early period of
adaptation. Gestational age, infants'sbirth weight, hemo-
globin, cholesterol and standard bicarbonate blood level
affect the RBC indices.

The early neonatal period was characterized by
an active process within theRBCmembraneswhen
their morphological forms are changingthat demon-
stratehe ongoing reorganization of erythropoiesis and
adaptation of a premature infant to a new environ-
mental conditions.
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Kpurnueckme cocTOSHMSA B HEOHATOAOTUNU

o IlpsiMast CBSI3b Cpe/IHelt CUITbI MEKLY reMOTIo0u-
mom 1 MCHC B mepBoie cytikn sxusnu (r=—0,5, p=0,01);
MCHC = 262,7947+0,6705*x.

Taxum 06pa3oM, TIPU POKACHUN 1T HELOHOMICHHBIX
HOBOPOJKJICHHBIX XapaKTepeH MaKPOIUTO3, BHYTPUYTPOO-
HBIII TTOUKUJIONUTO3, HAPYLIEHHE MAKPOCTPYKTYPbl MeMO-
paH 9pUTPOIMTOB. BHYTPryTPOOHAS TUIIOKCUS BJIUSIET HA
JIBE HAHOCTPYKTYPbl MeMOpaHbl aspurpoiura: (Hocdom-
MUAHBIN OMCTON M CHEeKTPUHOBBIM Matpukc. [ToBpexie-
Hust GEJTKOBOTO KOMIIOHEHTa MEMOpPaHbl HE MPOMCXOJIMNT.
BoIABICHHDBIC M3MEHEHUS ABJIAIOTCA OOpPaTMMBIMU W Ha-
[IpaBJIeHbl Ha COXPaHeHUe PYHKIIMOHAIBHON CIIOCOOHOCTH
PUTPOIUTOB B paHHeM Teproe aganrtainun. Ha mokasare-
JIV 9PUTPOIUTAPHOTO 3BEHA TIPU POYKIECHUH BIIUSIOT TECTa-
IIMOHHBIA BO3PAcT, Macca Teaa pebeHKa, KOTM9ecTBO TeMO-
rnobuna, cojaep/KaHue XOJeCTepuHa M CTaHZaPTHOTO
O6ukapbonara B KpoBH. TeyeHme paHHEro HEOHATAILHOTO
Mepuoja XapaKTepU30BaJOCh AKTUBHBIM ITPOIECCOM Ha
MeMOpaHax 3PUTPOIUTOB, CMEHONH MOP(POJOTHICCKUX
(hopm, 4TO CBUIETENBCTBYET O TIPOJOJIKAIOIIEHCS TTOCTHA-
TaJbHOU MEPECTPONKe HPUTPOII0I3a, AJANTAIUN HEIOHO-
[IEHHOTO peOEHKA K HOBBIM YCJIOBUSIM BHEIIHEH CPE/IbL.

3akiaouyeHue

HeGnaronpusitHoe TedeHne G6epeMEHHOCTH, OCTOXK-
HEHHOE BHYTPUYTPOOHON THIOKCHEH IJIO/A, BJMSET Ha
MOP(OTIOTHUECKYIO CTPYKTYPY 3PUTPOIUTOB, BHI3BIBACT
(yHKIMOHATBHBIE U3MEHEHUST HAHOCTPYKTYPBI MeMOpaH,
YTO MPOSBJSETCS Y HEJJOHONIEHHBIX HOBOPOKJCHHBIX BbI-
PaKEHHBIM OWKUIIONUTO30M, yenseHHbM flickering mem-
GpaHbl HPUTPOIUTOB U M3MEHEHHUSIMI CTIEKTPUHHOTO Mart-
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Conclusion

Unfavorable course of pregnancy complicated by
intrauterine fetal hypoxiaaffects the RBC morphological
features andcauses functional changes of RBC membranes
nanostructure leading to extensive poikilocytosis, strong
flickering in RBC membranes and changes of spectrin
matrix in premature neonate. The revealed changes
demonstrate the influence of hypoxia on the nanostructure
of RBC membranes. The early neonatal period is charac-
terized by postnatal reorganization of circulation, active
RBC membranesand poikilocytosis.
Macrocytosis andplanocytosis reflect the state of compen-

process in

satory erythropoiesis. It is a physiological condition of
RBCs in premature babies. Normalization of RBC mor-
phological composition does not occur till the end of the
early neonatal period, and therefore, further clinical obser-
vation and laboratory control are needed.

puKca. BoisiBJIeHHbIE MI3MEHEHUST CBUIETEJILCTBYIOT O BJIU-
SIHUU CTEIIeHU TUIIOKCUK Ha HAHOCTPYKTYPY MeMOpaH apu-
TPOIMTOB. TeueHne paHHEr0 HEOHATATIBHOTO TIEPUOJIa Xa-
pakTepusyercs
KPOBOOOPAICHNs, aKTUBHBIM ITIPOLECCOM Ha MeMOpaHax

MMOCTHATATbHOMN epecTPONKOMI

PUTPOIUTOB, COXPaHEHUEM IMONKMJIONNTO3a. Makporm-
TO3 ¥ MJIAHOIIUTO3 OTPAYKAIOT KOMIIEHCATOPHOE COCTOSTHUE
APUTPOII0I3A, SABJISAIOTCS (HUHOTOTUIECKUM COCTOSTHUEM
APUTPOIUTOB /IJIsI HEJIOHOIIEHHBIX aeTeil. Hopmanusamm
MOP(hOTOTHYECKOTO COCTABA HPUTPOIMTOB K KOHILY paHHE-
rO HEOHATAIBHOTO MEPHUOJIA He TPOUCXOINT, B CBSI3U C YeM,
HEe0oOXOMMO JasibHeliIIee KIMHNYeCKoe HabJTIoIeHIe U Jia-
6OPAaTOPHBIN KOHTPOJIb.
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New Aspects of Resuscitation in Neurology and Neurosurgery

K. A. Popugaev, I. A. Savin, A. V. Oshorov

Academician N.N. Burdenko Research Institute of Neurosurgery, Moscow, Russia
16, Fourth Tverskaya-Yamskaya St., Moscow 125047

Teuyenne KPUTUYECKUX COCTOSHUIA B HEBPOJIOTHH U HEHPOXUPYPruM 061a1aeT 0COGEHHOCTSIMH, CBSI3AHHBIME CO CJIOKHOCTBIO
naToreHesa 1epeGpajbHOrO MOBPEXK/IEHUs, YTO, B CBOIO OYepe/b, 00ycaaBiIuBaer crenuduky peaHuMaluoOHHOI OMOH.
JL1st KPaTKOCTH M3JI03KEHHSI METOIbI 00II€li peaHHMATOIOTHH B HEBPOJIOTHI H HEHPOXUPYPIHH HENECO00PA3HO XapaKTePH30-
BaTh TEPMHHOM HelipopeaHumartosorus. B cratbe ocBeneHsl noceHue TeHIEHIMN B IPOBEAEHUH MY JIbTUMO/IaIbHOTO MOHH-
TOPHUHTIa U crielinduYecKoii Tepanuu B HelipopeanumaTosiorui. Kpome aroro, npuse/ieHbl 1aHHbIe, IOKa3bIBAIOIINE HCKIIOYH-
TEJbHYIO Ba’KHOCTb OCYIIECTBJIEHHS HH(QEKIMOHHOIO KOHTPOJS NPH JieYeHHH MNAIHEHTOB HEBPOJOTHYECKOro H
HeHpPOXUPYPrUYecKoro npoduisi, HaXOA[IMUXCSI B KPUTHYECKOM cocrosinuu. Knroueevie cnoga: HeiipopeaHUMaTOJIOTHS,
MYJIBTUMO/IJIbHBIi MOHUTOPUHT, HE{POMOHUTOPHHT, HePONPOTEKINs, HH(PEKINOHHDI KOHTPOJIb.

The course of critical conditions in neurology and neurosurgery has specific features associated with the complex pathogen-
esis of brain injury, which in turn determines the specificity of resuscitation care. For a brief description, general resuscita-
tion methods in neurology and neurosurgery should be characterized by the term of neuroresuscitation. The paper presents
the latest trends in multimodality monitoring and specific therapy in neuroresuscitation. Furthermore, it gives the data show-
ing the great importance of infection monitoring for the treatment of critically ill neurological and neurosurgical patients. Key
words: neuroresuscitation, multimodality monitoring, neuromonitoring, neuroprotection, infection monitoring.
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Beenenue

bBa3oBble TIPUHIINTIBI BECHUST HEBPOJOTHUECKUX T
HEMPOXUPYPTUUECKUX TMAINEHTOB TIPU PAa3BUTUU Y HUX
KPUTUIECKOTO COCTOSIHUST HE OTJIMYAIOTCS OT TaKOBBIX Y
IPYTHX PEAHNMAIMOHHBIX mannenToB. OHaKo maToTeHes
nepebpasIbHbIX KaTacTpod 00aa1aeT PSIOM 0COOCHHOCTEN
[1—4], xoTOpBle MHOT[A CTOJIb BasKHBI, YTO UMEHHO OHU
OIIPEIEJIIOT NCX0]] 3a00JIeBaHNUSI.

[Tesreco06pasHoCTb CO3MAHMST CIIETNATN3UPOBAHHBIX
OTZIETIEHIH PEAHNMAINH JIJIST TTAIINEHTOB HEBPOJIOTHIECKO-
0 U HePOXUPYPrudeckoro npodusist OblIa J0Ka3aHa IpH
MPOBEICHIN MeTa-aHaIN3a, OCHOBAHHOTO Ha PE3yJbTaTax
sedennst outn 25000 manmentos. TocmuTamm3anus sTux
NAIMEHTOB B HEHPOPEaHUMAIlMOHHOE, a He B OOlepeaHu-
MAaIMoHHOE OTAETEHNE, CHIKACT PUCK PA3BUTHS JI€TATh-
HOT'O UCXO/A U MOBBIIIAET IIAHCHI HA OJIATOIPHUATHBII HC-
xoxm [5].

HEHPOPEAHNMATOIOTOM YJIYYIIAEeT MCXO/bI 3a00JIeBaHMSI.

BCI[CHI/IC HCﬁpOpC&HI/IMaHI/IOHHOI‘O IHarueHTa

Introduction

The basic principles for management of neurological
and neurosurgical patients in a critical condition do not
differ from those for other critical care patients. However,
the pathogenesis of cerebral accidents has a number of fea-
tures that are sometimes so important that they determine
the disease outcome. In this regard, the critical care in neu-
rology and neurosurgery is considered as a neurocritical
care [1—4].

The reasonability of establishing specialized critical
care units for neurological and neurosurgical patients was
proved by the meta-analysis based on the results of treat-
ment of almost 25,000 patients. Admission of these
patients to a neurocritical care unit, rather than to usual
critical care unit, reduces the risk of death and increases
the chances of a favorable outcome [5]. Management of the
neurocritical care patient by the neurointensivist improves
disease outcomes. This effect is most evident in the popu-
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J1otr ahdext Hanbosiee OUEBUIEH B TOMYJISAIMN MAllUeH-
TOB ¢ cybapaxHouganbHbiM KpoBousausaueM (CAK) u Ha-
UMEeHee OYeBH/ICH B TPYIITe OONbHBIX ¢ TUIIEPTOHKE! U re-
MopparuueckuM uHcyJabroM [6]. Takske 1mokazaHo, 4to
YMEHbIIEHUE BPEMEHM MpPeObIBAHUS Mal[MeHTa B OT/e/e-
HUU PEAHUMAIUU U PACXOJI0B MPOMCXO/ANUT B TOM CJIydae,
ecyii KOMaH/ly Bpadeii, 3aHUMAIONUXCS JIedeHUeM Helpo-
pPEaHUMAIMOHHOTO TAIMEeHTa, BO3IJIABJSET HelipopeaHu-
maroior [5]. HefipopeaHNMaTOIOTHST SBJISIETCST OHUM U3
HanGoJiee MOJIOABIX U JAWHAMMYHO PasBUBAMOIIUXCS Ha-
mpaBiaeHnii peannmarosornn. Hiwke 00CyKIaOTCs TMO0-
CJIeJTHME TEH/IEHITNH B MEXaHU3MaX OIEHKU YPOBHSI CO3HA-
HUS U HEBPOJOTUYECKOH  TSIKECTH  COCTOSTHUS
HEHPOPEAHNMAIIMOHHOTO TAIIMEHTa, PAa3BUTUN HEHPOMO-
HATOPWHTA, crenndudeckoil HelpopeaHNMAIMOHHOH MH-
TEHCUBHOH Tepanuy 1 NHPEKITNOHHOTO KOHTPOJIS.

OneHka ypOBHS CO3HaHUSI U HEBPOJIOTHYECKOIT TS-
JKECTH COCTOSIHMSI HelpOpeaHHMMalHOHHOTO IMallMeHTa.
TpaauIIMOHHBIM UHCTPYMEHTOM OTIEHKH YPOBHSI CO3HAHUS
U HEBPOJIOTHYECKON TSIPKECTU COCTOSIHUSI HEHpOpeaHuMa-
[MOHHOTO MallUeHTa sIBJASIOTC 1Kasbl. Haunbosee ussecr-
HOHM W TWPOKO MCIOJB3yeMoil mrkanoil sasisercsa [lxara
Kowmpr Imasro (IITKT), koTopas 6bL1a paspaboTana u BHE-
peHa B KJIMHUYECKYIO TPaKTUKY B cepeante 70-x To10B
nporioro croserus [7, 8]. KT onenusaer ciocoGHOCT
OTKPBIBATH 7133, & TAKXKE PEUEBYIO U IBUTATEJIbHYIO PeaK-
o nanuenta. VMsuauanbuo KT Obuia cospana s
OIIEHKU COCTOSIHUSI MOCTPAJABIINX C Y€PernHO-MO3TOBOM
tpaBmoit (UMT) mapameamkaMn n NCIOJIB30BAMACH OTHO-
KPaTHO, MCKJIOUUTEJNbHO TPU MOCTYIJICHUN TalleHTa B
cTalroHap. 3a CYeT CBOEH MPOCTOTHI ¥ BOCIIPOU3BOINMOC-
tn [IIKT B maspHelieM cTaia UCIoIb30BaThCs (hakTHIec-
KU y BCEX OIS HelipopeaHMMAIMOHHBIX OOJIbHbIX 1
He TOJIBKO TPH MOCTYTIJICHUN TAIIMEHTA B CTAIMOHAP.

B 1980-x rozax ObLI0 CO3AHO €lile BE IIKaJIbI, Olle-
HUBAIOIME YPOBEHb CO3HAHUS W HEBPOJIOTMYECKYIO TS-
JKECThb COCTOSIHUMSI HEHPOPEeaHMMAIMOHHBIX NAIlMEHTOB —
3TO mKajga KoMmbl VIHCOpYKa W, TaKk HasblBaeMasi, IIKajla
RLS85 [9, 10]. TTo pasHbM TPUYUHAM OHU HE TTOJYIVIN
HIMPOKOTO PACIIPOCTPAHEHUSI.

B 2005 romy Oblia BrepBble OIyOJMKOBAHA TITKAJA
FOUR [11]. OHa olieHUBaeT BbIPAKEHHOCTD TJ1a30/IBUTa-
TEJIbHBIX HAPYIIEHWIT U 3PaYKOBBIX PehJIeKCOB, a TaKKe
JIBUTATEJIbHBIE PEAKIUU TAIMEHTA U €ero JIbIXaTeJbHbII
natrept. Kak u IITKT, mkanma FOUR npocta B ucnosb3o-
BaHUU, OHA XOPOIIO BOCIIPOM3BO/INMA, HO B OTJIMYKE OT
IITKT oHa MOKeT ¢ yCIIeXOM HCIIOJIb30BAThCS Y MAIEHTOB
¢ aasueil, HTYOUPOBAHHBIX GOJIBHBIX U TIPU CHHAPOME
saneproro 4denoseka (locked-in cungpome). Kpome storo,
mkrasa FOUR omennBaer cerMeHTapHO-CTBOJIOBBIE pe-
(harekcnr, uto Takske BeiroziHo ee otanyaet ot HIKI. Pyrun-
HO 9Ta IIKaJIa UCII0Jb3yeTcsl B KIuMHUKe Mayo, rjie oHa Obl-
nanzobperena, u eme B paze rocnuraneiit CIITA. Oanako B
TeUeHUe ITIOCTIEHUX JIET MOsBJsieTcst Bee GoJiblie pabor,
CBUJIETEJILCTBYIOMKUX O BBICOKOW BAJTUIAHOCTU ITKAJIbI
FOUR y cambIx pasHbIX TPYHI HEHPOPEAHUMAIMOHHBIX
narrenToB [12—14]. 3tu mybauKamu JaioT OCHOBAHMS
nperoJaraTh, uTo B 6skaiiem Oyayuiem mkana FOUR

lation of patients with subarachnoid hemorrhage (SAH)
and is least evident in the group of patients with hyperten-
sion and hemorrhagic stroke [6]. It was also demonstrated
that a reduction in both longevity of patient's staying at a
critical care unit and expenses occurs, when a team of doc-
tors who treat the neurocritical care patient is headed by
the neurointensivist [5]. Neurocritical care is one of the
youngest and fastest growing branches of critical care.
Below, we will discuss the latest trends in the mechanisms
of assessing the consciousness level and neurological sever-
ity of the neurocritical care patient condition, the develop-
ment of neuromonitoring, and specific neurocritical care
and infection control.

Assessment of the consciousness level and neuro-
logical severity of a neurocritical care patient condition.
Scales are a traditional tool to assess the consciousness
level and neurological severity of the neurocritical care
patient condition. The most famous and widely used scale
is the Glasgow Coma Scale (GCS), which was developed
and introduced into the clinical practice in the mid-70s of
the last century [7, 8]. The GCS assesses the ability to
open eyes as well as the patient verbal and motor response.
Originally, the GCS was developed to assess the condition
of patients with traumatic brain injury (TBI) and was used
by paramedics on a single occasion, solely at patient admis-
sion to the hospital. Due to its simplicity and reproducibil-
ity, the GCS was further used virtually in all populations of
neurocritical care patients, and not only at patient admis-
sion to the hospital.

In the 1980s, two more scales were developed that
assessed the consciousness level and neurological severity
of the neurocritical care patient condition. These are the
Innsbruck Coma Scale and the so-called RLS85 scale
[9,10]. For a number of reasons, they are not widespread.

In 2005, the FOUR scale was first published [11]. It
assesses severity of oculomotor disorders and the pupillary
reflexes as well as the patient motor responses and breath-
ing pattern. Like the GCS, the FOUR scale is easy to use,
it is reproducible, but in contrast to the GCS, it can be
used successfully in aphasia patients, intubated patients,
and in the locked-in syndrome. In addition, the FOUR
scale assesses the segmental brainstem reflexes, which also
sets it apart from the GCS. This scale is routinely used at
the Mayo clinic, where it was invented, and also in a num-
ber of US hospitals. However, a growing number of papers
have appeared in recent years that indicate high validity of
the FOUR scale in very different groups of neurocritical
care patients [12—14]. These publications provided rea-
sons to believe that the FOUR scale should replace the
GCS in near future to assess better both the consciousness
level and neurological severity of the neurocritical care
patient condition.

Monitoring. The main aim of neurocritical care is
the prevention and earliest correction of secondary brain
injury factors (ischemia and hypoxia) that develop as a
result of hypotension, hypoxemia, intracranial hyperten-
sion, seizures, fever, hypoglycemia, dysnatremia, and a
number of other clinical conditions. Ischemia and hypoxia,
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3aiimer mecto HIKI 17151 onteHk#m ypoBHS CO3HAHUS W He-
BPOJIOTUYECKON TSIKECTH COCTOSTHUS HellpopeaHnMaIinoH-
HBIX TAINCHTOB.

Mownutopunr. OCHOBHOM TIeJIbI0 HEHPOPEaHNMaTOJIO-
TUH SIBJSIETCS MPOMIIAKTAKA T MAKCUMAJIBHO PAHHSIS KOp-
pekiust (HakTOpoB BTOPUYHOTO TMOBPEXKICHUS TOJOBHOTO
MO3Ta — UIIEeMIH 1 THTTOKCHH, PAa3BUBAIOIINXCS BCIEICTBIE
apTepHATbHON TUITOTEH3NUN, TUTIOKCEMUH, BHY TPUYEPEITHOMN
TUTIePTEH3WH, CY/IOPOT, TNXOPA/IKH, THTIOTJINKEMNN, TUCHAT-
pUEMUN W TIeJIOTO PSiia APYTUX KIMHWYECKIX COCTOSHUIA
Wimemust 1 TMIIOKCHS, B CBOIO O4epe/ib, TIPUBOJIAT K OTEKY,
HePOBOCHAJICHNIO, MUTOXOH/IPUAJIbHO TUCHYHKIINH, CHH-
Te3y TJyTamaTa U JAPYTHX BO3OYKAAOIMX aMHHOKHUCIIOT,
KOPTUKATBHOM JIeTOIpU3aIiii. B KoHeYHOM nTOTe, 9TH T1a-
TOTEHETUYECKIE KACKa/bl BbI3bIBAIOT rubesb HeHpOHAb-
HBIX KJIETOK BCJIEICTBYE HEKPO3a, allONTO3a MJIN CIIYIaitHON
HEeKpOTHIeCcKoit Tnbesn [15].

[Ipodumraktka 1 MakCMMaJbHO PaHHSS KOPPEK-
1ust (pakTOPOB BTOPUUYHOTO TTOBPEK/CHISI MO3Ta HEMbBIC-
JIUMbL 6€3 MCIIOJIb30BaHUsT MYJIBTUMOIAJBbHOTO MOHHUTO-
pUHTa, KOTOPbIl IpeacTaBisier co000 KOMOUHAIUIO
CHUCTEMHOTO MOHUTOpPUHIa U Helipomonutopunra. Cuc-
TEMHbII KIMHUKO-1a60PATOPHbIA MOHUTOPHUHI OlleHUBA-
€T MOJIATTbHOCTH, TOTEHIINATHHO MPUBOAIINE K PAa3BH-
TUIO 1epebpasibHON HUINEeMUU WU THIOKCUU. ITO
MOHUTOPUHT apTepUaJbHOTO /aBJEHNS, OKCUTEHAIINH,
YPOBHSI TJIMKeMUH 1 Tak jpajnee. HeifipoMmoHuTopwHr pas-
JleJisieTcsl Ha TI00asbHbIi U peruoHapHbiil. [o6aibHbIi
HEPOMOHUTOPUHT BKJIOUAeT B ceOs Takue OIIUH, Kak
BHYTpUUYEpEIHOe U 1iepedpasibHoe 1epdy3uoHHOE JaBiie-
Hue, ajiekTpoaHiedanorpadus, caTypaius oTTeKaronei
OT MO3Ta KPOBH, HEMHBa3WBHast MH(pPaKpacHas CIeKTpo-
CKOTIVSI, MHAEKC PEeaKTHUBHOCTH JAaBJeHus u apyrue. Pe-
THOHAPHBI HEHPOMOHWTOPUHT — 3TO MOHWTOPUHT Ha-
TIPSKEHNsT KMCJIOPoJa B TKAHW MO3Ta, MUKDPOIMAJINS,
MOHUTOPHHT 11epeOpPaJbHOTO KPOBOTOKA, 3JIEKTPOKOPTHU-
korpacdusi. Kak pernoHaphbiii, Tak 1 riobaibHbIil Heiipo-
MOHHMTOPHMHT HAlPaBJIeH Ha BbIsBIeHHE MOpdoJornyec-
KX, MeTabOJMUECKUX WU DJIEKTPOPUZUOJOTMUECKIX
HOCJIEACTBUN 11epebpaibHON MIIEMUK U TUTIOKCUU,

OpHa MOHMTOPUHIOBasl OIIMsI CIOCOOHA OIEHUTb
JIMLIb OIHY MOJIAJIbHOCT: WJIM KJIMHUKO-Tab0PaTOPHYIO,
CIIOCOOHYIO CTaTh IPUYUHON 1epeOPaIbHON MIIEMUY, HJIK
aTO(U3MONOTHUECKYIO, SIBJISIONLYIOCS TIOCJIE/ICTBUEM Tie-
pebpanbHOil niemun. Tak, MOHUTOPUHI apTepUAbHOIO
JTABJICHNST OTIEHUBAET TOJIBKO apTepPHasbHOE JaBJIeHNe, MO-
HATOPUHT caTypaliiyl — OKCUTEHAINIO, & MUKPOANAIN3 —
MapKepbl KiIeToyHo! wmemMud. [lonbITky noKasaTh Mo3u-
TUBHBIE A (DEKTDI TOI MJIN WHOH MOHUTOPUHTOBOI OIIUKI
Ha UCX0/1bl 3a00/I€BaHKsI HEHPOPEAHUMAIIMOHHBIX TIAIUEH-
TOB HEM3MEHHO TEePIIAT KPax, MOCKOJbKY JAPyTHe MOHUTO-
PUHTOBBIE ONINH WJIN He TPIHIMAIOTCST BO BHUMaHNe, NN
MX BOBCE HE UCTIOJIB3YIOT. DTO SIBJISIETCS IPUUNHON (hopmu-
POBaHNS HUTWJINCTUYECKOTO OTHOIIEHNS K TeM WJIN WHBIM
OTIIUSIM MYJIBTUMO/IATIBHOTO MOHUTOpUHTA. Kpome atoro,
He CTOUT 3a0bIBAThH, UTO CaM 10 cebe MOHUTOPUHT HUKAK He
BJIMSIET HU Ha MPOIIECC JIeYeH s, HU Ha UCXO/bI 3a00/eBa-
Hug. Ha HUX BAMSIOT peleHMs 1O W3MEHEHUIO IPOBOJN-

in turn, lead to edema, neuroinflammation, mitochondrial
dysfunction, synthesis of glutamate and other excitatory
amino acids, and cortical depolarization. Ultimately, these
pathogenetic cascades cause neuronal cell death due to
necrosis, apoptosis, or accidental necrotic death [15].

The prevention and earliest correction of possible
secondary brain injury factors are impossible without the
use of multimodal monitoring that is a combination of sys-
tematic monitoring and neuromonitoring. Systematic clin-
ical and laboratory monitoring evaluates the modalities
potentially leading to the development of cerebral
ischemia or hypoxia. This monitoring includes evaluation
of blood pressure, oxygenation, glycemic level et cetera.
Neuromonitoring is divided into global and regional.
Global neuromonitoring includes options such as the
intracranial and cerebral perfusion pressure, electroen-
cephalography, saturation of blood out flowing from the
brain, noninvasive infrared spectroscopy, the pressure
reactivity index, and others. Regional neuromonitoring is
monitoring of the oxygen tension in the brain tissue,
microdialysis, monitoring of cerebral blood flow, and elec-
trocorticography. Both regional and global neuromonitor-
ing is oriented on identification of the morphological,
metabolic, and electrophysiological effects of cerebral
ischemia or hypoxia.

One monitoring option is capable of assessing only
one modality: either clinical laboratory one, which may
lead to cerebral ischemia, or pathophysiological one, which
is a consequence of cerebral ischemia. For example, blood
pressure monitoring evaluates only the blood pressure,
oxygen saturation monitoring evaluates oxygenation, and
microdialysis evaluates cellular ischemia markers.
Attempts to prove the positive effects of a certain monitor-
ing option on disease outcomes in neurocritical care
patients fail invariably, because other monitoring options
are neither taken into account nor used at all. This is the
reason for the formation of a nihilistic attitude to different
options of multimodal monitoring. Also, it should be
remembered that monitoring by itself has no effect either
on the treatment process or on disease outcomes. They are
affected by decisions to change ongoing intensive therapy
that are, in turn, based on the monitoring data.

A new trend in the development of multimodal mon-
itoring in neurocritical care is widespread implementation
of information technologies. The philosophy of this trend
is based on simple logics. If the development of isolated
monitoring options did not improve outcomes, then it is
reasonable to use the maximum possible number of moni-
toring options, to save the obtained data on a single server,
to process the data as fast as possible, to create decision-
making algorithms for each of the possible combinations of
the obtained data, and to provide the attending neuroin-
tensivist with several possible variants of the treatment
correction. As a result, a personalized approach to ongoing
intensive therapy, which is based on multimodal monitor-
ing and advanced information technologies, is formed [16].

A striking example of using a combination of moni-
toring and information technologies is application of the
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MOl MHTEHCUBHOI Tepami, KOTOPbIE, B CBOIO OYepe/ib, OC-
HOBAHbBI HA JIAHHBIX TIPOBOIMMOTO MOHUTOPUHTA.

HoBoil Tennenmmeil pa3BuUTHS MYJIBTUMOIATBHOTO
MOHUTOPUHTA B HEHpPOpPEaHUMAIUH SIBJISIETCS HMIMPOKOE
BHezipeHre MHGOPMAIMOHHBIX TexHomoruil. Dunocodus
ATOTO HAIPaBJIEHUSI OCHOBaHA HAa MPOCTOi joruke. Eciu
pasBUTHE M30JUPOBAHHBIX MOHUTOPUHTOBBIX OIIUI He
NPUBEJIO K YJIYYIIEHUIO UCXO/I0B, TO HEIeCO0OPa3HbIM SB-
JISIETCST MCTIOJIb30BAHNE MAaKCUMATBHO BO3MOMKHOTO KOJIU-
YecTBA MOHUTOPHHTOBBIX OIIIMIA, COXpaHEHUE IOJYYeH-
HBIX JIaHHBIX Ha €IMHOM CepBepe, MAKCUMAJIbHO ObICTpast
ux 06paboTKa, CO3/1aHKe AJITOPUTMOB TIPUHATHS PEICHUT
JUIST KaKJIOTO M3 BO3MOJKHBIX KOMOMHAIMIT T10JIy4aeMbIX
JIAHHBIX U TPEJIOCTABJICHHUE JieUalieMy HelpopeaHuMaTo-
JIOTY HECKOJIBKO BO3MOKHBIX BAPUAHTOB KOPPEKITUH TEpa-
nuu. B pesyabrate dhopMupyercs WHAMBUIYaTU3UPOBAH-
HBIM TOAXOM K TPOBOAWMON WHTEHCUBHOW Teparuu,
OCHOBAHHBII HA MYJBTUMOAAJILHOM MOHHTOPUHTE U CO-
BpPEMEHHBIX MH(HOPMAIIMOHHBIX TEXHOJIOTHSIX [16].

SIpKUM TIPUMEPOM UCIIOJIb30BAHUST KOMOMHAIIUK MO-
HUTOPUHTA U MHMDOPMAIMOHHBIX TEXHOJIOTHI SIBJISIETCS
TIpUMEHEHNe WHAeKca peakTuBHOcTH faBieHns (PRx).
ITOT mapamerp MpeACTaB/sieT COO0K KOPPEJsIMOHHbIN
koo duimenT Mexay QIIOKTyalnusMi MeJIEHHBIX BOJH
BHYTPHUYEPEITHOTO U apTepuayibHOrO aBienus [17, 18]. B
pesyJibTate MOHUTOPUHTA BHYTPUYEPEITHOTO U apTepualib-
HOTO JIABJIEHUS ¥ JIAJIbHEHIIETO CIEIMaJbHOrO MaTeMaTu-
YEeCKOTO aHAJIN3a IPOUCXO/IUT pacyeT MH/EKCA PEaKTHBHO-
cTi jaBjenus. Ha ocHOBaHMM TIOJTyYEHHBIX PE3YJIbTaTOB
MOJKHO CJIEJIATh BBIBOJL O COXPAHHOCTH Ay TOPETYJISIIINN NI
ee yrpate. B pesysibrate He TOJIBKO TPOUCXONT KOPPEKIIUS
MHTEHCUBHON Teparui, HO U BO3MOXKHO IPUHSTHE TaKTH-
YeCKUX PEIleHMH, HApUMep, 0 HeOOXOAMMOCTH BbIIIOJIHE-
HUS HApY’KHOM JIGKOMIIPECCUBHOM TPeTaHaIy Yeperna.

CyecTtByer psii 1IpobjieM, KOTOPbIE TPEISTCTBYIOT
ObICTPOIT peaiu3alu Ha npakTuke Guaocopun KOMOUHA-
UM MYJIBTUMOJIJIbHOTO MOHUTOPUHTA U MH(DOPMAIMOH-
HBIX TexHosoruil [16]. Bo-nepBbIX, pasjnuHble MOHHUTO-
PUHTOBbIE CHCTEMBbI MMEIOT clelu@uuecKne CUTHAIbI,
KOTOPbIE CJIOKHO TPUBECTH K 00ILIEMY 3HAMEHATEJIO TIPH
UX COXPaHEHWM Ha eIMHOM cepBepe. Bo-BTOPBIX, cepbes-
HOIT TTPOGJIEMON SIBJISIETCS <3AITYMJIEHHOCTD» TTEPBUYHOL
nndopmaruu. [Ipu anasmse MOHUTOPUPYEMBIX TTApaMET-
poB y mnocresnu 6OJLHOrO Bpau (Ge3 0coObIX 3aTpPyIHEHUIT
C110CcOGEH MOHSITh, KAKUE 3HAUCHUS ABJISIFOTCSI UCTUHHBIMU,
a Kakue M3 HUX SBJSIOTCS apTedakToM MM BOZHUKIM B
pesyJibraTe, HAPUMED, CAHAIMK MAIUeHTa WJIW KAl 1
He TpebyT Kakol-inbo koppekiuu., Korga MoHuTOpUpY-
eMble TTapaMeTPhl MOCTYIAIT HA cepBep U yTpadeHa CBsI3b
C peasbHON KIIMHIMYECKOH CUTYaIlel, Ype3BhIIaitHO CITOXK-
HOM TeXHNYIeCKOI 3a1auell SIBISeTCS OT/e/IeHNe NCTHHHBIX
3Ha4eHuit oT apredakTHBIX. TpeTheil cepbesnoi mpodie-
MOl SIBJISIETCS TaK HasbiBaeMast 11podsieMa «HOpM». V3Be-
CTHO, 4TO JIJIs1 IAIIMEHTOB C CaXapHbIM JUabeTOM HOPMaJib-
HbIil yPOBEHb IJIMKeMUU Oy/IE€T BBILIIE, YEM Y TTAlIMEHTOB, He
UMEIIUX TIPEMOPOUIHOTO caxapHoro auadera. JocTuxe-
HUE «HOPMaJIbHOTO» YPOBHS IVIIOKO3bI Y HEHpOpeaHuMa-
[OHHOTO TAI[MEHTa, CTPAJABIIErO CaXapHbIM AnabeToM

pressure reactivity index (PRx). This parameter includes a
correlation coefficient between fluctuations of slow waves
of the intracranial and blood pressure [17, 18]. The pres-
sure reactivity index calculation is based on monitoring of
the intracranial and blood pressure and a further special
mathematical analysis. Based on the obtained results, it is
possible to conclude about the preservation or loss of
autoregulation. As a result, not only the correction of
intensive care occurs, but also making tactical decisions,
such as the need to perform external decompressive cran-
iotomy, are becoming possible.

There are several problems that interfere with rapid
implementation of the philosophy of a combination of mul-
timodal monitoring and information technologies [16].
First, different monitoring systems possess specific signals
that are difficult to be brought to a common standard,
when they are stored on a single server. Second, a serious
problem is the «noisiness» of primary information. When
analyzing monitored parameters at the bedside, the physi-
cian is capable of easy understanding which values are true
and which ones are an artifact or result from, for example,
patient sanitation or cough and do not require any correc-
tion. When monitored parameters arrive at the server and
the connection with the real clinical situation is lost, sepa-
ration of the true values from artifacts is an extremely dif-
ficult technical problem. The third serious problem is the
so-called problem of «<norms». It is known that the normal
glycemia level in patients with diabetes will be higher than
that in patients without premorbid diabetes. Achieving the
«normal» glucose level in a neurocritical care patient who
had suffered diabetes for many years before the critical
condition developed will lead to a decrease in the glucose
level in brain cells and will be a factor of secondary brain
injury. This is also true for the blood pressure in patients
with hypertension, the carbon dioxide level in patients
with bronchial asthma, the sodium level in patients with
diabetes insipidus, and so on. Therefore, despite the bright
prospects for developing the philosophy to use a combina-
tion of multimodal monitoring and information technolo-
gies in neurocritical care, this approach requires serious
efforts and further development.

Specific neurocritical care. In neurocritical care, as
in other branches of critical care, new drugs are intro-
duced. For example, an antiepileptic drug Lacosamide
(Vimpat). Highly effective drugs present in the market of
Western countries for a long time come to the Russian
pharmaceutical market. These are Dexmedetomidine
(Dexdor) and Acupan (Nefopam). However, a discussion
of new drugs is beyond the scope of this review. This sec-
tion will focus on new trends in neuroprotection.

Neuroprotection is the process of impact on the
ischemic penumbra resulting in its cell survival or delayed
death [19]. The penumbra, separating the ischemic necro-
sis area and the intact brain tissue, is comprised of living
cells not affected by the powerful pathological event.
Death of these cells may result from pathological event or
insult. In fact, all neurocritical care procedures are some-
how aimed at penumbra cells survival.
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MHOTO JIeT JI0 Pa3BUTHS Y HETO KPUTHUYECKOTO COCTOSTHUS,
MPUBE/IET K CHUYKEHUIO YPOBHSI IVIIOKO3bI B KJIETKAaX MO3Ta
u Oyzer sBAATbCS (PAKTOPOM €ro BTOPUYHOTO TTOBPEKIIE-
HUs. DTO TaKKe CIPABEJINBO JIJISI APTEPUATBHOTO JaBJie-
HUS Y TMAIWEHTOB ¢ TUTIEPTOHNIECKON OOIE3HBIO, YPOBHS
YIJIEKUCIIOTHI Y HAIMEHTOB ¢ OGPOHXUATBHON aCTMOI, ypOB-
H$1 HATPUS Y NAIMEHTOB ¢ HecaXapHbIM AMabeToM 1 TaK Jla-
see. Takum 06paszoM, HECMOTPSI Ha Py KHbIE TIEPCIIEKTH-
Bbl pasBuTUsl (HUIOCOMUN HCTIOIb30BAHUS KOMOMHALINY
MYJIBTUMOJIAJIBHOTO MOHUTOPUHTAa M MHOOPMAIMOHHBIX
TEXHOJIOTUI B HEHPOPEAHUMATOJIOTHH, ITOT MOAXO TPpeDy-
€T Cepbe3HON paboThl U JAIbHEHIIETO PasBUTHSL.

Cunenuduyeckasi HelipopeaHUMAIMOHHASI UHTEH-
cHUBHag Tepanud. B HellpopeaHnMaTosoTnn, Kak U B IpY-
I'MX HAINpaBJIEHUSX WHTEHCUBHOM TEPaInu, MOSBISIOTCS
HOBBIE TIpenapaTbl. Hanpumep, aHTHAUIEN THYECKUT TIpe-
mapat Jlakocamun (Bummar). Ha Poccuiickuit hapmaries-
TUYECKUI PBIHOK TIPUXOJSAT BBICOKOI((DEKTUBHBIE Tperna-
paTbl, CYIIECTBYIONME HA PbIHKE 3ala/HbIX CTPaH yKe B
TedeHne JIUTEeJbHOTO BpeMeHn. IJTo JlekcmeneToMeatH
(Hexcnop) u Axynan (Hedonam). Ognako obcyskaeHue
HOBBIX [IPEIAapaToB HE BXOAMT B 3a/[a4l HACTOSIIIETO 0030~
pa. DToT pasnes OyAeT MOCBAIIEH HOBBIM TEHJICHIIUSM B
HEHPOIIPOTEKITNH.

HeitpompoTexiuss — aTo Tporiecc BO3ZAEHCTBUS Ha
UIIEMIYECKYIO TIEHYMOPY, B PE3yJIbTate KOTOPOro ee KJeT-
KU WK BBIKUBAIOT, UJIM UX TUOEb IPOUCXOIUT OTCPOUCH-
1o [19]. TTernym6pa, pasiesisist 30HbI HITEMUYECKOTO HEKPO-
32 ¥ UHTAKTHOU MO3TOBOIl TKaHW, IPEACTABJISIET COOOI0
JKUBBIE, HO UCIBITBIBAMOIINE Ha cebe MOILIHOE MATOJIOTHYe-
CKOe BO3/IeliCTBIE KJIeTKU. B pesysibraTe matooruueckoro
BO3JEHCTBUS MOKET MPOU30UTH THOEb 9THX KJIEeTOK. 110
CyTH, BCe HelipopeaHnMaIoOHHble MEPOIIPUSTHST TaK NN
MHAYe HANPABJICHbI HA BBIKUBAHKE KJIETOK IIEHYMOPBL.

Tunorepmust 06/1aaeT JOKa3aHHBIM U OYEBUIHBIM
HEPONPOTEKTOPHBIM MOTEHIUATIOM. IJTO abCOMIOTHO
CIIPABEJINBO JIJIS TTIAIIMEHTOB ¢ OCTAHOBKOI CePIeYHOi Jie-
STEJILHOCTH ¥ HOBOPOJKJIEHHBIX C UIIEMUYECKU-TUIIOKCH-
YECKUM TT€PUHATAIbHBIM MTOBPEK/ICHUEM MO3ra. JTUM T1a-
[[EHTaM TUIIOTEPMUI0 HEOOXOAMMO HauyaTh, KAaK MOKHO
paubiie. /[y OCTAJIbHBIX TPYIIT HEHPOPEAHUMAIMOHHBIX
MAIMEeHTOB HePONPOTEKTUBHBII TTOTEHIINAT THIIOTEPMUKT
Ha JIAHHBIX MOMEHT He JIOKa3aH, OJIHAKO, BEYTCS aKTUB-
HbIE MCCJI/IOBAHUS, HAIIPABJIEHHbIE HA TTOMCK ONTHUMAJIb-
HBIX PEKMMOB Tunorepmun. [Ipnunna HeiiporpoTekTepHo-
ro addekra
BEPOSITHOCTH, B TOM, U4TO OHa OJIOKUPYET GOJBLUINHCTBO U3

IUIIOTEPMUM  3AKJIOYAETCS, 1[0 BCE
U3BECTHBIX ITATOIEHETHMYECKUX KACKAJIOB, 3allyCKaeMbIX
1iepebpasIbHOIl uiemueii 1 runokcueit [20].

Ha nporskeHUn OCIEAHIX HECKOMBKUX JeKa/] Obl-
JIO TIPOBEIEHO GOJIBINOE KOJINYECTBO KIMHUYECKUX HCCIIe-
JIOBAHW, M3y4YaBIINX HEHPONPOTEKTOPHBIN MOTEHITHAT
PasJIMYHBIX METOAUK U (PAPMAKOIOIUYECKUX [IPENapaTos:
NPUMEHEHNUEe MHAYIMPOBAHHON apTepuaibHOl IUIepPTeH-
3UU; YMEPEHHON reMOMIoIMY; HH(Pa-KPACHOTO M3JIyde-
Hust; OI0KaAbl CBOOOJHBIX PAAMKAIOB IpU perepdysuu;
6JI0Ka/Ibl HEHPOHAJIBHOTO ATIONITO3a; UCIIOJIb30BAHUE MHIU-
6UTOPOB TPOMOOKCAHA, JAHTPOJIEHA; IMKIOCTIOPUHA; AaHTH-

Hypothermia has a proven and obvious neuroprotec-
tive potential. This is absolutely true for patients with car-
diac arrest and neonatal hypoxic-ischemic perinatal brain
injury. Hypothermia in these patients should start as early
as possible. For other groups of neurocritical care patients,
the neuroprotective potential of hypothermia is currently
not proved, however, active studies are conducted, which
are aimed at searching for the optimal hypothermia regi-
mens. The neuroprotective effect of hypothermia is likely
caused by blockade of most of the known pathogenic cas-
cades triggered by cerebral ischemia and hypoxia [20].

Over the past few decades, a large number of clinical
trials have been conducted that have investigated the neu-
roprotective potential of different techniques and pharma-
ceutical drugs: application of induced hypertension, mod-
erate hemodilution, infra-red radiation, blockade of free
radicals during reperfusion, blockade of neuronal apopto-
sis; the use of thromboxane and dantrolene inhibitors,
cyclosporine, anticoagulants, the granulocyte stimulating
factor, ketamine, barbiturates, and beta-blockers.
Virtually, none of the drugs and none of the techniques
were able to demonstrate the neuroprotective effects in
clinical trials, even though they had been demonstrated in
laboratory preclinical studies [21, 22]. The only exception
that rather proves the rule is nimodipine. It was demon-
strated that nimodipine given orally starting the first day
of the disease at a dose of 60 mg every 4 hours for 14 days
resulted in neuroprotective effect in patients with sponta-
neous subarachnoid hemorrhage of brain aneurysm [23].

The most likely reason for the lack of the proven neu-
roprotective potential in a variety of pharmaceutical drugs
and therapeutic techniques is the consideration that one
drug or technique affects one certain cascade of patho-
genetic events triggered by cerebral ischemia and hypoxia.
Blockade of one cascade is probably not able to signifi-
cantly affect outcomes of ischemic and hypoxic damage to
brain cells, because there are a large number of these cas-
cades and pathways that cause cell death. Based on this
prerequisite, a new hypothesis was put forward that the
creation of specific «cocktails» consisting of a certain set of
pharmaceutical drugs may have the neuroprotective
potential [24]. Since different pathogenetic cascades are
realized in the genesis of various cerebral accidents, a set of
pharmaceutical drugs should be different. Therefore, a
«TBI cocktail», «vasospasm cocktail», «ischemic stroke
cocktail», and so on, should appear. This philosophy is at
the very beginning of its development, a large number of
studies on this topic should be conducted. However, this
philosophy gives a second wind to such an important
branch of neurocritical care as neuroprotection.

Infection control in neurocritical care. The signifi-
cance of infectious complications for neurocritical care
patients can not be overemphasized. The discussed patient
population has not only all risk factors typical of critical
care patients but also specific ones typical of brain injury
patients only. The critical care risk factors include the use
of a number of drugs, such as sympathomimetics, and the
presence of a large number of catheters, drains, tubes, and
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KOaTyJITHTOB; TPaHyJIOIUT-CTUMYJIUPYIOMero (haKkTopa;
KeTaMuHa, GapOutyparos; Oera-610katopos. IIpakruuec-
KM HU OHOMY M3 TPENapaToB M HU OMHON U3 METOANK He
YAAJTIOCh
CBOWCTB B KIMHUYCCKAX NCCIETOBAHMUX, TaKe CCIIM TaKO-

MPOJIEMOHCTPUPOBATD  HEHPONPOTEKTOPHBIX
Bble ObLIN MOKa3aHbl B TaOOPATOPHBIX JOKJIMHUYECKUX Pa-
6orax [21, 22]. EAuHCTBEHHBIM HMCKJIIOUEHUEM, KOTOPOE,
cKopee, TOJTBEP;KIAET TPABUIIO, SBJSETCS HUMOJMIIHH.
B0 mokaszaHo, 4To 3HTEPAIbHO MCIIOJIb3YEMbIil C TIEPBBIX
CyTOK 3a00JieBaHKsl HUMOAMIIMH B 03¢ 60 MI Kaskable 4
yaca Ha MpoTsiKeHun 14 cyTok ob1asaer HelipoIPOTEeKTUB-
HbIM 3P PEKTOM y MALUEHTOB CO CIIOHTAHHBIM CyOapaxHO-
UJQJIBHBIM KPOBOUBJIUSIHUEM U3 aHEBPHU3MbI COCY/IOB TO-
JIOBHOTO Mo3Ta [23].

HawuGosiee BepOATHOIT IPUUMHON OTCYTCTBUS JOKa-
3aHHOTO HEHPONPOTEKTUBHOTO MOTEHITHANA Y PA3JIUIHBIX
(hapmaxosiornueckux npenapaToB U TEPareBTUYECKUX Me-
TOJMK SIBJSIETCS TOT (DAKT, YTO OJIMH TIPerapar Wil MeTo-
JIMKa BO3/EHCTBYET Ha KaKOW-IMOO OIMH MaToreHeTuyec-
KUH KacKaj, 3allylleHHbII HepeOpaibHON HIIeMUeld |
runokcueil. biokasa oiHOTO Kackaja, BEpOSITHO, He CIO-
cOOHa CYIIECTBEHHO TIOBJIUATh Ha UCXO/bI IIEMUYECKOTO
U THIIOKCUYECKOTO TTOBPEKAECHUST KIETOK MO3Ta, TTOCKOJIb-
Ky CYLIECTBYET OOJIbIIIOE KOJUUYECTBO TAKUX KACKAIOB U
IyTeid, BBI3BIBAIONIIX KIETOUHYIO rubesb. Vexozst u3 aToii
TIPE/TTOCHIIKH, TTOSIBUJIACH HOBAsl TUIIOTE3a O TOM, YTO CO-
3/1aH1e CBOCOOPA3HBIX «KOKTEHIEli», COCTOSIIMX U3 OIIpe-
JIeJIEHHOTO Habopa (hapMaKOJOrMUECKUX MPENapaTtos, MO-
JKET HMMEeTh HEWPONPOTEKTOPHBIN TmoTeHuan [24].
ITocko/IbKY B TeHe3e PasiuuHbIX IepeOpalbHbIX KaTacT-
pod peannsyioTcsl pasJiMuHbIe TaTOTEHETHYECKe KacKa-
J1ibl, HAGOP (HapPMAKOJOTUUECKUX TIPENAPATOB JOJIKEH OT-
Jmyatbest. Takum 06pasoM, 0JIKHbI TIOSIBUTHCST <KOKTEIHIIb
YUMT», «<KOKTeI/Ib Ba30CcazMy, «KOKTEHIb NITeMUYECKUI
MHCYJIBT> U Tak janee. Jta Ghuaocodust HaXoAnTes B ca-
MOM Hayajie CBOErO PasBUTHSL, ¥ JI0JKHO ObITh TIPOBELEHO
OTPOMHOE KOJTMYECTBO MCCIeI0BAHNH, TOCBSIEHHBIX 3TOH
tematuke. OaHako ata punocodus MpuaaeT BTOpoe AbIXa-
HUE TAKOMY Ba)KHOMY HAllPaBJIEHUIO HEHPOPEaHUMaTOJIO-
THH, KaK HeMPOTIPOTEKITHSI.

NudexunonHpii KOHTPOJIb B HElpOpeaHUMaToJIo-
rui. 3HAYMMOCTh NH(PEKITMOHHBIX OCJIOKHEHUI s Hell-
POpPeaHNMAIMOHHBIX TIAIIMEHTOB HEBO3MOXKHO Iepeolie-
HuTh, O0CysKIaeMasi MOMyJIsIUs MalUueHTOB 00JIalaeT He
TOJIBKO BCeMU (DaKTOpaMU PUCKA, TUIMYHBIME J1Jis1 00111e-
PEAHUMAIIMOHHBIX OOJIbHBIX, HO TaKiKe CIIeln(UIECKUMH,
XapaKTePHBIMU HMCKJIOUNTEIBHO JUJIS MAIMEHTOB € T10-
BPEKIEHUEM TOJIOBHOrO Mosra. K ofiiepeaHuMaimoHHbIM
(haxTopam pucka OTHOCSTCS MCIIOJIb3OBaHME Psijia Mpera-
PaToB, HAIPUMEpP, CUMIATOMUMETHKOB, 1 Hajamdue 00Jib-
[IOr0 KOJIMYECTBA KaTETEPOB, JAPEHAKEN, TPyOOK 1 APYTHUX
UHBa3UBHBIX YCTPOICTB, CO3AI0NINX COOOUIEHNE OKPYIKa-
I01IEel cpe/ibl ¢ BHYTPEHHUMU OPTaHaMHU, TOJIOCTSIMU, M1PO-
CBETOM KPOBEHOCHBIX COCYI0B [25]. Ciieyer yaeauTs 0co-
GeHHOEe BHUMaHKE XapaKTEePUCTUKAM CPEJIbl, OKPYIKatoIieil
HeHPOpeaHMAIMOHHBIX TTAIIMEHTOB. Bo-TiepBbIX, BHICOKAs
KOHIIEHTPAIUS TSIKEJBIX MAIMEHTOB B YCJIOBUSIX OTPAHU-
YEHHOTO Pecypca CPeHero MEIMIIMHCKOTO TepcoHala, a

other invasive devices creating a contact between the envi-
ronment and the internal organs, cavities, and the lumen of
blood vessels [25]. Special attention should be paid to
characteristics of the environment surrounding neurocrit-
ical care patients. First, a high concentration of serious
patients under conditions of a limited resource of the nurs-
ing staff as well as insufficient compliance with the hand
hygiene and infection control at the time of patient care
leads to transmission of bacteria from patient to patient by
the staff and to the infection with hospital-acquired strains
of microorganisms. Second, the nosocomial flora has an
increased virulence and pan-resistance to antibacterial
drugs. These factors make the environment of the neuro-
critical care patient extremely aggressive.

The risk factor of infectious complications, which is
specific to neurocritical care patients, is the immune sys-
tem suppression due to alteration of neutrophils, decrease
in the production of immunoglobulins, and inhibition of T
lymphocyte functions. In addition, glucocorticosteroid
hormones often used in neurocritical care also possess the
immunosuppressive effects [26—31]. There is a direct rela-
tionship between the degree of a brain injury and the inci-
dence rate and severity of nosocomial infections. However,
infectious complications alone occupy leading positions in
the structure of all somatic complications in neurocritical
care patients. One of the recent studies conducted in
patients with traumatic brain injury demonstrated that the
systemic inflammation response syndrome was developed
in 60% of the patients, pneumonia in 41%, sepsis and sep-
tic shock in 36%, ventilator-associated pneumonia in 18%,
and the infection of the urinary system in 13%. For com-
parison, the lowest frequency of somatic complications was
accounted for acute myocardial infarction (2%), and the
highest one was accounted for hyperglycemia (79%) [32].
According to other authors, the incidence rate of infectious
complications may be much higher. For example, accord-
ing to one study, pneumonia was developed in 72% of neu-
rocritical care patients [33].

Another relevant and specific problem of neurocriti-
cal care is intracranial nosocomial infectious complications.
6% of patients who underwent craniotomy developed
meningitis [34]. The risk factors include the duration of
surgery longer than 6 hours, repeated operations, inflam-
mation at the site of a surgical approach as well as approach
features associated with exposing the paranasal sinuses.

The incidence rate of ventriculitis and meningitis in
patients with an external ventricular drainage is even
higher (up to 22%) [35]. It is not known, how the duration
of an external ventricular drainage affects the incidence
rate of intracranial infectious complications, despite cer-
tain evidence that elongating the external drainage time
should result in an increased incidence of meningitis [36].
The significant risk factors for the development of
intracranial infectious complications upon an external
ventricular drainage include liquorrhea from the drainage
point, administration of drugs into the drainage or its sim-
ple flushing, often cerebrospinal fluid sampling and
drainage displacement [37—40)].
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TAKIKe HEJOCTATOYHOTO COOJIIOIEHUST TIPABUJI TUTHEHBI PYK
7 WHGEKITMOHHOTO KOHTPOJIST BO BPEMsT yX0/1a 32 GOTHHDI-
M, TIPUBOIUT K [IEPEHOCY TIePCOHANIOM GaKTePUii OT maru-
eHTa K MAlUeHTY M 3apPaKEHUI0 BHYTPUOOJbHUYHBIMIE
MITAMMaMU MUKPOOPTaHU3MOB. BO-BTOPBIX, HO30KOMHAJIb-
Hast (yiopa 06JIazaeT MOBBINIEHHOW BUPYJEHTHOCTBIO M
MAHPE3UCTEHTHOCTBIO K aHTUOAKTEPUATbHBIM Iperapa-
TaM. DTN (HaKTOPHI EJATOT CPey MpeObIBaHmsT Helpopea-
HUMAITMOHHOTO TIalTHeHTa KpaifHe arpecCuBHOMI.
CrenunduueckumMu st HeHpOpeaHUMAIMOHHBIX
MarueHToB (haKToOpaMu PUCKa Pa3BUTUS MH(MEKITMOHHBIX
OCJIO)KHEHUI SIBJSIETCSI YTHETEHHE MUMMYHHOU CHUCTEMbI
3a CYeT CHWKEHUS CEKPeIun HelTpohuaaMu cyepoKkcu-
J1a3bl, YMEHbUICHUS MPOAYKIMK UMMYHOIJIOOYJUHOB U
yraerenus gynknunii T-mmmdormro. Kpome atoro, dac-
TO MCIOJIb3YEeMbIE B HEHPOPEAHUMATOJOTHH TJIIOKOKOP-
TUKOCTEPOU/IHbIE TOPMOHBI TaKkKe 00JaJaioT UMMYHHO-
CymiectByer
NpsiMast 3aBUCUMOCTb MEK/LY CTENEHBIO TOBPEKIEHUS IO~

cynpecuBubiMu 3¢ dexramn  [26—31].

JIOBHOTO MO3Ta M YacTOTOMH, a TaKKe TSIKEeCThI0 HO30KO-
MuaabHbIX HHMeKuit. [Ipu atom camu 110 cebe nHbeKIu-
OHHbBIE OCJIOKHEHUST 3aHUMAIOT JIMIUPYIOIINAE TO3UIUN B
CTPYKTYPE BCEX COMaTHUECKUX OCJIOKHEHUN Y Helipopea-
HUMAIMOHHDBIX MAlMeHTOB. B OHOM M3 TOCTEAHUX HC-
CJIeIOBAHWH, TTPOBEIEHHOM Y MOCTPA/IABIINX C YePEITHO-
MO3TrOBOW TpaBMOM, ObLIO IOKAa3aHO, YTO CHHIPOM
CUCTEMHON BOCTTATUTEIBHON peakimy pazsuBaics y 60%
MaNNeHToB, MHeBMOHMS — y 41%, cercnc n cenTuveckuii
oK — y 36%, BEHTHISITOP-aCCOTTMUPOBAHHAST TTHEBMOHUST
— y 18%, a untdeKnns MOUYEBBIAECTUTETHHON CHCTEMBI — ¥
13%. Jlist cpaBHEHUS, HANMEHBINAS 9aCcTOTa COMATHYEC-
KHUX OCJIOKHEHWH TTPUXOINIACHh HA OCTPBIN HH(MAPKT MUO-
kapaa (2%), a HauboJbinas — Ha runepriaukemuto (79%)
[32]. TIo maHHBIM PYTUX aBTOPOB, YaCTOTa UHQPEKIMOH-
HBIX OCJIOKHEHMH MOKeT ObITh ropasjio Bbilie. Tak, Ha-
MIpUMep, B OTHOM U3 MCCJIeIOBAHUI THEBMOHUS Pa3BUBa-
Jach y 72% meipopeaHMMaIlMOHHbBIX TarinenTos [33].

Eme ognolt akTyanbHOM 1 crienindudeckoi 17s Hell-
POPEaHUMATOJIOTUU TIPOOJIEMO SIBJISIOTCS MHTPAKPaHU-
aJIbHble HO30KOMHUAJbHbIE MH(EKIMOHHBIE OCTOKHEHUSI.
VY 6% mannenTtos, mepeHecimx KPAaHHOTOMIIO, PA3BUBAET-
cst MeHUHTUT [34]. DakTOpamMmu prUCKa SIBISTIOTCS JTUTENh-
HOCTb oneparuu 6osiee 6 4acoB, MOBTOPHbIE ONEPAIUH, Ha-
JIn4Ke BOCHAJIEHUS] B MECTE€ XUPYPrHMYECKOro JOCTYIIa, a
TaKsKe 0COOEHHOCTHU JIOCTYIIA, CBSI3aHHbIE ¢ OOHAKEHHEM
MPUAATOYHBIX TTa3yX HOCA.

YacToTa BEHTPUKYINTA 1 MEHIMHTUTA Y TATINEHTOB C
HAPY/KHBIM BEHTPUKYJSPHBIM PEHAKEM €I1e BBIIIE U JI0-
cruraer 22% [35]. He u3BecTHO, KaK UINTEIBHOCTD HAPYIK-
HOTO BEHTPUKYJISIPHOTO JIDEHUPOBAHUS BJIUSIET HA YaCTOTY
Pa3BUTHS WHTPAKPAHUATHLHBIX WH(MEKITMOHHBIX OCIOKHE-
HUI, HECMOTPSI Ha OTIPE/IEJIEHHYIO OUEBUIHOCTD TOTO, YTO C
YUIMHEHUEM BPEMEHU HApY’KHOTO J[PEHUPOBAHUS JI0JKHA
YBEJIMUUBATHCS 3a00/1€BaeMoCcTh MeHuHTUTOM [36]. [ocTo-
BepHBIMI (haKTOPAMU PUCKA PA3BUTHS NHTPAKPAHUATHHBIX
MHGDEKTTMOHHBIX OCJAOKHEHUH TPU HAPY/KHOM BEHTPUKY-
JISPHOM JIPEHUPOBAHUY SIBJISIOTCS] JINKBOPESI U3 MECTA CTO-
SIHUSI JIPEHa’Ka, BBEICHUE B IPEHaK Kakux-nbo mpenapa-

The significance of the nosocomial infection problem
is determined by the effect of nosocomial infections on the
course and outcome of disease. The duration of critical care
unit stay for patients with nosocomial infectious complica-
tions is significantly longer than that for patients without
these complications. The development of severe infectious
somatic complications or sepsis is an independent predic-
tor of chronic organ dysfunctions, persistent cognitive
impairments, gross disability, and even death [41—44].
Intracranial nosocomial infections also significantly
lengthen the time of patient's stay at the neurocritical care
unit, significantly aggravate the condition of patients, and
may be the direct cause of death.

The infection control includes a number of impor-
tant procedures such as the hand hygiene, preventing staff
mediated transmission of the microflora from patient to
patient, logistics of intraunit rotation of patients, daily
monitoring of infectious complications and the spectrum
of pathogens at the unit, timely detection of infection
episodes, and antibacterial policy (containment, rotation,
timely escalation, de-escalation) [45]. To prevent the
development of nosocomial infectious complications, in
parallel with the infection control, a special emphasis
should be laid on the ratio of the number of patients to the
number of nurses. The 1 : 1 ratio is optimal for the preven-
tion of infectious complications.

Firm commitment to the principles of the infection
control, daily and thorough compliance with all its aspects
enables not only to reduce the incidence rate of both intra-
and extracranial nosocomial infectious complications but also
to change in principle the microflora spectrum in the neuro-
critical care unit with a predominance of the Gram-positive
flora over the Gram-negative one [46]. Unfortunately, the
infection control has not become routine for domestic neuro-
critical care yet, and the ratio of the number of patients to the
number of critical care nurses is far from ideal. However, it
should be emphasized that the lack of the infection control in
the critical care unit not only leads to increasing the time of a
patient's stay and to worsening outcomes of disease but also
makes the employment of new methods of multimodal moni-
toring and intensive care useless.

Conclusion

Critical care in neurology and neurosurgery, being
part of a general critical care, has its own features.
Sophisticated organization of the critical care unit for neu-
rological and neurosurgical patients as well as training the
intensivists capablr to professional managing these
patients might significantly improve outcomes.
Multimodal monitoring, new information technologies,
the use of pharmaceutical drugs and therapeutic tech-
niques with allowance for the pathogenetic cascades trig-
gered by cerebral ischemia and hypoxia can significantly
improve the results of treatment and disease outcomes.
However, without the rigorous infection control, outcomes
of neurocritical care patients worsen significantly due to
severe nosocomial infectious complications.
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TOB WJIU MIPOCTOE €T0 MPOMbIBAHUE, YaCThlil 3a00D JUKBOPA
U TIepeycTaHoBKa apeHaka [37—40].

3HAUUMOCTh TIPOOIEMbl HO30KOMUAJBHBIX HMH(pEK-
[MOHHBIX 3a00JIEBAHUIT OTIPEAEISAETCS BIUSTHUEM T10CTIe/[-
HUX Ha TeyeHue 3a00JIeBaHus 1 HA €ro UCXObl. [aurens-
HOCTb TIPeObIBAHUS B OT/IEJICHUM PEaHUMAI[MK MAlMeHTOB
C HO30KOMUATBHBIMA MHOEKITMOHHBIMU OCJIOKHEHUSIMEI
JIOCTOBEPHO TOJIBINE, YeM Y OOJBHBIX, HEe MMEIOMINX ITHX
ocJoxHeHni. Pa3BuTre TKeIbIX MH(DEKITMOHHBIX COMa-
TUYECKUX OCJIOKHEHWI UJIM Cercuca siBJISeTCS] He3aBUCH-
MBIM TIPEJIUKTOPOM Pa3BUTHS XPOHMUYECKUX OPTAHHBIX
MUCHYHKITNH, YCTOWYUBBIX KOTHUTHBHBIX HApyHICHUI,
rpy6oil nHBaMAM3AMY U Haxe cMepTu [41—44]. Mutpa-
KpaHWaJIbHbIe HO30KOMUATbHBIE MH(MEKIMOHHbIE 3a601e-
BaHIST TAK/KE CYIECTBEHHO YTTMHSIOT BPEMST TTPEOLIBAH IS
MaIeHTa B OT/EJEHUN HEHPOpeaHNMaIlnu, J[OCTOBEPHO
YTSKEJISIOT COCTOsIHUE GOJIBHBIX, U MOTYT SIBUTHCSI HETO-
CPeICTBEHHOU TPUYMHON JIETAIbHOTO UCXO/IA.

VHGEKIMOHHBIN KOHTPOJIb BKJIKOYAET B ceOst Psijl Ta-
KHMX BaKHBIX MEPOTIPUSATUN, KaK TUTHEHA PYK, HEJOIYyIIie-
HUE TIepeHoca MepcoHAIOM MUKPO(MJIOPB OT TTalMeHTa K
MAIMEHTY, JIOTHCTUKA BHYTPUOT/IEJIEHYECKOH POTAINH T1a-
IUEHTOB, €KEHEBHBII MOHUTOPUHT MH(EKIMOHHBIX OC-
JIO)KHEHUI U crieKTpa Bo3OyauTesell B OTAeJIeHUH, CBOe-
BPEMEHHOE  BBISBJEHUS  BCHBINIEK MHPEKIUU 1
aHTHOaKTepraIbHas MOJUTUKA (CAepKUBAHUE, POTAIUS,
CBOEBPEMEHHAST dCKAIAINS, ie-dcKananust) [45]. Jl7st mpo-
(brnmakTUKM PazBUTHS HO30KOMHUAJIBHBIX MH(MEKITMOHHBIX
OCJIOXKHEHUI TTapaJIJIeJIbHO ¢ MHPEKITMOHHBIM KOHTPOJIEM
caeqyer ocoboe 3HaueHUE YIEJISTh COOTHOIIEHUIO YnCJIa
MAIMEHTOB K YUCJY MEAUIIMHCKUX cecTep. ONTHUMaIbHbIM
JUIst TPOUIIAKTUKY MH(MEKIIMOHHBIX OCJIOXKHEHU SIBJISI-
etcst cootHomenue 1 : 1.

Crporasi puBEpP;KEHHOCTb MPUHITMIIAM WH(MEKINOH-
HOTO KOHTPOJIsl, €KEJIHEBHOE W TIIATEIbHOE CJIeJI0BAHUE
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BCEM €TO aCMeKTaM IT03BOJISIET HE TOJBKO CHU3UTh YacTOTY
KaK MHTpa-, TaK U HKCTPAKPAHMATHLHBIX HO30KOMHUATBHBIX
UHAPEKITNOHHBIX OCJTOKHEHUH, HO W TTPUHITUTTHATHLHO U3Me-
HUTD CTIEKTP MUKPOGDIOPHI OTAETEHIUST HEHPOPEAHNMAITIH C
peodIIalaHiieM TPAMITOIOKUTETLHON (hJIOphI Hajl TPaMoT-
punatesnbroii [46]. K coxanenuto, it oTeuecTBEHHOI Hell-
POPEAHNMATOJIOTHHN IO CUX TIOP WHMEKITHOHHBIN KOHTPOIh
He cTaj PYTHHHBIM, a COOTHOIIEHWME YHMCTa TAIllMeHTOB K
YHCJy PEAHVMAIMOHHBIX CECTep AAJIEKO OT HEATbHOTO.
Bwmecte ¢ 9TUM cIeIyeT TOMUepKHyTh, YTO OTCYTCTBUE MH-
(heKITMOHHOTO KOHTPOJIST B OTAETEHNHT HE TOJTHKO TIPHBOIAT
K YBEJIMUEHUIO BPEMEHHU NPeObIBAHYSI TIAIIMEHTA B PeaHnMa-
WU U YXYJIIEHUIO HCXOI0B 3a00JI€BAHUSI, HO 1 JIeJTaeT UC-
MOJTE30BAHIE HOBBIX METOMK MYJIBTUMOIATBHOTO MOHUTO-
PUHIa U UHTEHCUBHOU Tepanuu 6eCCMbICJIEHHBIM.

3akjoyeHue

Peannmaromorus B HeBpOJIOTUN 1 HEHPOXUPYPTHUH,
SIBJISISICH 9acThI0 00Iell peaHnMaTOJOTHH, UMEET CBOH
ocobennoctu. llpogymanHasi opraHusanus OTIEJICHUS
peaHnMaIny 7151 HeBPOJIOTUIECKUX ¥ HeMpOXupypruyec-
KUX MAIMEHTOB, a Takxke 00yvYeHne aHeCTe3noIora-pea-
HUMaToJoTa crenuduke BefeHUsT 3TUX MAI[MEeHTOB T103-

BOJIAET yay4duinuTb NCXO/bI. MyJIbTI/IMOI[aJIBHBII;'I

MOHUTOPUWHTI, HOBbIC I/IH(I)OpMaLII/IOHHBIC TEXHOJIOTUH, UC-
IIOJIb3OBaHHEC Cl)apMaKOJIOFI/I'-ICCKI/IX IpemnapaToB n Tepa-
NIEBTUYCCKUX METOANK C YYETOM IMATOTCHETUYECCKUX KaC-

KaJ0B, 3allyCKaeMbiX IepeOpaibHON uieMueld u

IUIOKCHEH, CIIOCOOHBI CYLIECTBEHHO YJYUIIUTh PE3YJib-
TaThl JIEYCHUsT 1 UCXO/BI 3aboaeBanust. OHako 6e3 ckpy-
MyJIe3HOTO HHGEKIIMOHHOTO KOHTPOJISI HCXO/IbI 3a00I€Ba-
HUHM HeHpOpeaHNMAITMOHHBIX MAlMeHTOB CYIIECTBEHHO
YXYAIIAIOTCA B CBSA3U C TAKEIBIMA HO30KOMMATbHBIMU
MHMEKIMOHHBIMU OCTIOKHEHUSIMU.
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Role of Succinates in Critical Conditions

Yu. P. Orlov, N. V. Govorova

Omsk Sate Medical Academy, Russian Ministry of Health, Omsk, Russia
12, Lenin St., Omsk 644043, Russia

B 0630pe amTepaTypbl OTpakeH COBPEMEHHBII B35/ Ha MAaTO(U3NOIOTNYECKHE MEXaHU3MbI PA3BUTHSI MUTOXOHAPHAILHON
IUCOYHKIMU NPU TUIMIOKCUM KPUTHYECKUX cocTosiHuii. OTMedeHa poJib CYKIMHATOB B Pa3BHUTHUM MHTOXOHJPHUAJBHOI JHC-
byHKIMY, TOCTEAYIOMHUX OPTaHHbIX PACCTPOICTB M MOJMOPTaHHONW HETOCTATOYHOCTH NPH PA3JIMYHON MATOJOTHU B MEPUOT
CPOYHOM a/IANTAIMU K THIOKCHH, KOTOPAsl OCYIIECTBISIETCS 32 CYET MOOMIN3ALMH SHEPrOPECYPCOB: X LEHTPAT3ALMH, HH-
teHcudUKanuu KaTaG0IN3Ma YIJIEBO/OB, )KUPOB 1 GEJIKOB, a TAKKe NO/ABJIEHUs AHAG0INYECKUX IIPOLECCOB B TKaHsx. Me-
XaHHM3M CPOYHOI a/JaNTalliH K THIIOKCHHU IIPU KPUTHYECKHUX COCTOSHUAX Pa3BUBAETCS C XapaKTePHBIM yMEHbIIEHHEM KOJInye-
crBa cykuuHarta (cyGcrpara auisi ¢pepmeHTta), 4TO NMO3BOJSAET NPOBOAUTH KOPPEKUMIO ero Aeduuura ¢ nepcrnekTUBOR
yBeJIMYeHHsl NOTPeGIIeHNs KHCI0PO/a, aKTHBALMH IIPOLECCOB a9POGHOr0 OKHCIEHHs] U BOCCTAHOBJIEHHUS IIPOLLECCOB BHYTPH-
KJIETOYHOTO a3po0HOro Merabomama. Kitoueguie c106a: KpUTHIECKHE COCTOSIHUSI, MUTOXOH/IPUAIbHAS TUCOYHKIUS, TUIIO-
KCHsI, CyKIIMHAT.

The literature review reflects the present view of pathological mechanisms for mitochondrial dysfunction in hypoxia
during critical conditions. It notes the role of succinates in the development of mitochondrial dysfunction, further organ
disorders, and multiple organ dysfunctions in different diseases during emergency hypoxia adaptation only due to the
mobilization of energy resources: their centralization, intensified carbohydrate, fat, and protein catabolism, as well as
to suppressed anabolic processes in tissues. The mechanism of emergency adaptation to hypoxia during critical condi-
tions develops with a characteristic decrease in the amount of succinate (as a substrate for the enzyme), which enables
the correction of its deficiency with the promising increase of oxygen consumption, the activation of aerobic oxygena-
tion processes, and the reduction of intracellular aerobic metabolic processes. Key words: critical conditions, mito-
chondrial dysfunction, hypoxia, succinate.
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B Teyenue mocseHUX ECATUIETUI B MEAUIINHE WH-
TEHCUBHO Pa3BUBACTCSI TAK HA3BIBAEMOE «MeTab0IMIECKOes
HalpaBJIeHNe, CTaBsIiee CBOEH IIEbI0 TEOPETUYeCKUH 1
NPUKJIAIHON aHaIM3 POJIu OOMEHHBIX TIPOIECCOB B Pa3BU-
TUM MHOTMX KPUTHUYECKMX COCTOSIHUI, BO3HMKAIOMINX Ha
(one runokcun. Kak nsBecTHo, 1pu HOpMaJIbHOM obectiede-
HUU KUCJIOPOJIOM BCE TIUTATEIbHBIE BEIIECTBA TTO/[BEPTaiOT-
¢ psity MeTabOJIMIeCKUX TIPEBPAIeHui, B X0/1e KOTOPhIX
obpasyercst aHeprus, Heobxoaumast 1Jist paboThl Beex (DyHK-
[MOHAJBHBIX CUCTEM OpraHusMa. M3 riokossl o6pasyercs
MIPOBUHOTPA/IHAS KHCJIOTA, BBICBOOOKIAIOTCS OKUCJIHU-
tespHble aKBUBaeHTH (HA/IH), xoTopbie nepenocsites B
MaTPUKC MUTOXOH/IPUI U Jlajiee BKIIOYAIOTCS B IIUKJ TPHU-
KapOOHOBBIX KucioT miu 1k Kpebea [1]. MuTtoxouapuu

During the last decades, the so-called «metabolic»
field is intensively developing in medicine. Its objective is
theoretical and practical analysis of the role of metabolic
processes in the development and maintaining of numer-
ous critical conditions associated with hypoxia. In case of
normal oxygen supply, all nutrients are subjected to sever-
al metabolic transformations resulted in energy production
(ATP) required for the functioning of body systems.
Pyruvic acid is formed from glucose, the oxidative equiva-
lents (NADH) are released, which are transferred to the
mitochondrial matrix and included in the tricarboxylic
acid (Krebs) cycle. Mitochondria represent the «power
plants» of cells. Energy production depends on three inter-
related pathways: glycolysis in the cytoplasm, the Krebs
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— <AJIEKTPOCTAHINI» KJIETOK. BhIpaboTKa SHEpPruu 3aBUCHT
OT TPeX B3aMMOCBSI3AHHBIX MyTell: TIIMKOJIN3a B IUTOTLIA3-
Me, 1KTa Kpebca v 1ieri Tpanciiopra aJieKTpOHOB B MUTO-
XOHIpUsiX. TakuM 00Pa3oM, OCHOBHBIE PEAKINKH OUOTpaHC-
popmanum
obpasyercst aHeprus, 3aMbIKaioTcs Ha Tukiae Kpebca miru

MUTATETHHBIX  BEIMIECTB, TPU  KOTOPHIX
A9POOHOM TIIMKOJIM3€, KOTOPBI TECHO CBSI3aH € OKUCJIU-
TebHBIM (DochHOPUIHPOBAHIEM — CaMbiM (P (HEKTUBHBIM
criocobom cunTesa ATD, B pesyJibrare KOTOPOTrO KOMIIOHEH-
TBI JBIXaTETBHON TEMN OCYIIECTBISIIOT TTEPEHOC HIEKTPO-
HOB. ITO MOCTOSIHHO JieficTBYOIMii 1 Haubosee apdhexTus-
HbIIT Iy Th 9HEProoOPa3OBaHKs B KJIETKAX BCEX THUIIOB.

CyxrmHat HaTpust (STHTapHAS KUCI0Ta) B OPTaHu3Me
TECHO CBSI3aH C <TIPOM3BOICTBOM> HHEPTHN, HEOOXOAMMON
11T 06ecTiedeH st JKUSHEEATETbHOCTH, TaK KaK OHA SIBJIsI-
eTCsl MPOLYKTOM IATON U cyOGCTPaTOM IIECTOi peakiny B
nukse KpeGea. B dpynnamentanbhoii pabore H. A. Kpebea
«O630p npeobpaszoBaHysd JHEPTUN B KUBOI MaTEPUN» OT-
MEYEHO, YTO OKUCJEHUE CYKIMHATA SBJSETCS] HeOOXOMH-
MbIM YCJIOBUEM KaTaJIUTHUYECKOTO JeiicTBUst JM000H apy-
roil u3 KapGoOHOBBIX Kucsaor [1]. MomtHocTs cucTeMbl
HHEPTOTPOYKITH, 3AMBIKATOTIEHCST Ha STHTAPHON KUCJIOTE,
B COTHU Pa3 MPEBOCXOMT BCE JAPYIUe CUCTEMbI 9HEProod-
pasoBaHus opranuama [1].

Pa6Goramu Kpebca B 50-€ roibl 1pouwioro Bexa ObLio
JTOKA3aHOo, YTO KOHETHOM TOUKON MPUTOKEHIST MOJEKYJIBI
KHCJIOPO/IA SIBJISIETCS. MUTOXOH/[PUAJIBHAS TIETTb [IEPEHOCA
9JIEKTPOHOB, T7ie Oy BLICTYIAET B POJIN CyOCTpaTa TEPMI-
HaJIBHOTO (pepMEHTa — IUTOXPOMOKCHAa3bl. Takum obpa-
30M, MUTOXOHApUH, Kak ATO-mpoayupyomas KieTou-
Hast OpraHesijia, sIBJASIOTCS OCHOBHBIM MECTOM DPa3BUTHS
TUIOKCHYECKOTO Kackaga OUOXUMHYECKUX IMPOIECCOB,
NPUBOAAIINX K Tubesn Kiaetku [2].

Opnaxo, B 50-x roiax GbLI0 OOHAPYIKEHO sIBJICHME,
Ha3BAHHOE «THITOKCUYECKUM TapasokcoM». CyTh ero 3a-
KJIFOYAETCsI B TOM, YTO HaPYIIEHUS] SHEPIeTUYECKOro 0OMe-
Ha HAYMHAIOTCST TOPA3JI0 PaHbINe, YeM Ha YPOBHE TKaHen
JOCTUTAETCS] KPUTHYECKAST KOHIIEHTPAIMS KHCJIOPOJIA,
NPUBOAAIIAS K CHUKEHUIO ero MoTpebJIeHus], TO eCTh 3a-
JIOJITO IO YMEHBIEHUsT aKTUBHOCTH TTUTOXPOMOKCH/IA3BI
[3, 4]. DToT bakT a7 OCHOBAHME NPE/ITOTIOKUTD, YTO €CTh
WHbIE, HE)KETN TIMTOXPOMOKCH/IA3a, JUMUTHPYIOMINE yda-
CTKU a9poOHOTo 0OpazoBaHus 9HEPrUu 1pu Tunokcuu. Ho
B CHJTY TPAIUIIMOHHBIX TTPEICTABICHUI O ee BeAyIIel poin
B PETYJISINUN aHHOTO TPOTIECCa, «TUTMTOKCUIECKUH Tapa-
JIOKC» He MOT ObITh OObSICHEH B TO BPEMSL.

B nasbHeiitem GbLJIO BBISICHEHO, YTO GHOXMMUYEC-
KM 9KBUBAJIEHTOM TUITOKCUU SIBJISICTCST M3MEHEHNE KOH-
HeHTpaluu CyOGCTPaTOB B OCHOBHBIX METaOOJIMYECKUX I1y-
TSX KJIETOK,
SIBJISIETCST CJICZICTBUEM HapyrmeHust (hochopraInpyonmx
MTPOTIECCOB ¥ XMMUYECKOTO CHHTE3a dHEPTHH [5]. ITO KITio-

a CHMJKECHHC OSHEPTOIPOAYKIIMN B HUX

yeBas OMOXMMUUECKAs «II0JIOMKa», KOTOpPasi IPUBOAUT K
3aMe/JICHUIO HEe TOJIbKO MHUTOXOHJPHUAJIBHOTO CHHTE3a
AT®, Ho 1 K paccTPOICTBY BCero 0OMeHa BEIeCTB B Opra-
HeJIJIe B 11€JIOM, YTO ¥ BKJIOYAET B celsl MOHSITHE <MHUTO-
xoHapuanbHas anchyukiusas. ATD cosmaercss B MUTO-
XOHJIPUU € mpoiecce

ITOMOIIBIO TJINKOJIn3a B

cycle, and mitochondrial electron transport chain. Thus,
the basic nutrient biotransformation reactions, which
result in energy production, converge in the Krebs cycle or
aerobic glycolysis which is closely associated with oxida-
tive phosphorylation, i.e. the most effective way for ATP
synthesis, as a result of which the respiratory chain com-
ponents catalyze the electron transfer. This is the perma-
nently acting and the most effective pathway for energy
production in the cells of all types.

In the body, sodium succinate (succinic acid) is
closely associated with the <«production» of energy
required for the vital activity, since it is the product of the
fifth reaction and the substrate of the sixth reaction in the
Krebs cycle. In the fundamental work «Review of Energy
Transformation in the Living Matter», it is noted that suc-
cinate oxidation is a necessary condition for the catalytic
effect of any other carboxylic acid. The power of the suc-
cinic acid-based energy production system is hundreds of
times higher than the power of all other energy production
systems [1].

In the 50s of the last century, Krebs's works proved
that the mitochondrial electron transfer chain was the final
point for utilization of the oxygen molecule; in this chain,
O, plays the role of the substrate for the terminal enzyme,
cytochrome oxidase. Thus, the mitochondria, as the ATP-
producing cellular organelle, are the basic area for the
development of the hypoxic cascade of biochemical
processes resulting in the cell death [2].

However, in the 1950s, a phenomenon called
<hypoxic paradox» was discovered. Its essence consists in
the fact that energy metabolism disturbances start much
earlier than the critical oxygen concentration is reached at
the tissue level, which results in lowered oxygen consump-
tion prior to shock development and decreasing the
cytochrome oxidase activity [3, 4]. This fact suggested that
there were limiting elements in aerobic energy production
in hypoxia, other than cytochrome oxidase. However, the
<hypoxic paradox» could not be explained at that time
because of traditional concepts of its leading role in the
regulation of this process.

Later, it was found that the change in the substrate
concentration in the basic cellular metabolic paths was
the biochemical equivalent of hypoxia, and the lowered
energy production in cells was associated with disturbed
phosphorylation processes and chemical energy syntheses
[5]. This is the key biochemical «breakage» which results
in slowing down not only the mitochondrial ATP synthe-
sis, but also in disturbance of the organelle metabolism
that corresponds to the concept of «mitochondrial dys-
function». ATP is produced in the mitochondrion via gly-
colysis in the process of oxidative phosphorylation and
due to electron transfer from the Krebs cycle along the
electron transport chain through NADH and FADH,. The
chain (Fig. 1) consists of four enzyme complexes (com-
plexes I—IV) and two transporters (ubiquinone and
cytochrome C). While electrons move down along the
chain, protons are pumped over on the internal mitochon-
drial membrane thereby generating the electric potential.
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Fig. 1. Sources of ATP production.

Adapted from: Singer M. The role of mitochondrial dysfunction in sepsis-induced multi-organ failure. Virulence. 2014; 5 (1):

66—72. doi: 10.4161 /viru.26907. Epub 2013 Nov 1.

Note (npumeuanue): glucose — rmokosa; pyruvate — nupysar; lactate — akrar; acetyl CoA — anerun KOA,; electron transport chain —
9JIEKTPOH-TPAHCIIOPTHASI Ttemb; mitochondrion — mutoxonapus; cytoplasm — rmroriasma; free fatty — cBoGomaHble KUPHbBIE KHCIOTHI;
Krebs cycle — muka Kpebea; ATP synthase — AT®-cunrasza; ADP (adenosine diphosphate) — AI® (anenosun gudocdar); ATP (adeno-

sine trephosphate) — AT® (azenosun Tpucocdar).

OKUCTUTETBHOTO (hoCHOPUINPOBAHIS M OCYIIECTBISETCS
3a CYer mepeHoca JIEKTPOHOB U3 nukia Kpebcea mo nemnu
tpancnopra asnekrpoHos yepes NADH u FADH,. Ilens
(puc. 1) cocrout u3 4yerbipex (GepMEHTHBIX KOMILIEKCOB
(xomriekesl I—IV) u aByx Tpancrnoprepos (yOUXUHOH U
IIUTOXPOM €). B TO BpeMst Kak aJIeKTPOHBI TIePEMEIAI0TCS
«BHU3» TI0 TIEMIOYKE, TIPOTOHBI MEPEKAYMBAIOTCS 110 BHYT-
PEHHell MUTOXOHAPHATIbHON MeMOpaHe, co3aBast 9JIeKT-
PUYECKHUI MOTEHIHAN. DTOT «XEMHUOCMOTHYECKAsT TPaJi-
eHT» Tpenocrasisier sHepruio st AT@D-cuntasel B
komiieke V. AT®D ne cuntesupyercs BHe 1ukia Kpebea.
AT® He cuntesupyercst 6e3 kucaopoga. Kuciopon He yc-
BarBaercs €3 YHEPreTUYecKOro dKBUBAJICHTA. DTO €u-
HBIN JKU3HEHHBIN K [1].

Takum 06pasoM, cyOGeTpar s nepegadll aJeKTpo-
HOB ¥ nocaeaytoeil Boipabotkn ATD cuHTesupyercs B
OCHOBHOM U3 TJIIOKO3bI (Yepe3 TIMKOJN3) WIN S-OKUCIIe-
HUS KUPOB uepes 1k Kpebca u pu yyactuu cyKiuHaTa
HATPUs B 3JIEKTPOH-TPAHCIIOPTHOI 1temnu [1].

O/HaKO HEMOJHOEe BOCCTAHOBJIEHHE KUCJI0poa (Mu-
TOXOHZIPUY HCIOJB3YIOT Tpubiusuresbio 98% obiero
00bemMa noTpebIIsIEMOro KUCI0POo/ia) CrocoOCTBYET YBEIU-
YEHUIO TTPOU3BOJICTBA CYTIEPOKCUIHOTO PajinKasa (B OCHOB-
HoMm KoMmiuiekcoM III, Ho Takke komruiekcom I). VI yem
GoJIbIIIE 33/I0JI7KEHHOCTD KUCIOPO/A ISl KJIETKH, TeM 6OJIb-

This «chemiosmotic gradient> provides energy for ATP-
synthase in complex V. ATP is not synthesized outside the
Krebs cycle and is not synthesized without oxygen.
Oxygen will not be consumed without the energy equiva-
lent. This is a single life cycle [1].

Thus, the substrate for the electron transfer and sub-
sequent ATP production is derived, mainly, from glucose
(via glycolysis) or as a result of f-oxidation of fats via the
Krebs cycle and with involvement of sodium succinate in
the electron transport chain [1].

However, incomplete reduction of oxygen (mito-
chondria use approximately 98% of the total volume of
consumed oxygen) favors increased superoxide radical
production (mainly, by complex I11, but also by complex T).
Besides, the higher the need of the cell in oxygen, the high-
er the production of active oxygen by mitochondria and
the higher the involvement of antioxidants (e.g., superox-
ide dismutase, glutathione) required to protect mitochon-
dria from damages caused by reactive oxygen species [6].
This results in the development of antioxidant insufficien-
cy of own mitochondrial enzymes.

As of today, it has been found that emergency adap-
tation (which lasts from several hours to several days) to
hypoxia takes place only due to energy resource mobiliza-
tion: their centralization, carbohydrate, fat and protein
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1€ aKTUBHBIX (DOPM KUCIOPOIA TTPOAYITMPYIOT MUTOXOH/I-
pun, uTo TpeOyeT ydacTus aHTUOKCHUAAHTOB (HAIIPUMED,
CYTIEPOKCUTMCMYTa3bl, TIyTATHOHA) IS 3aIUTBI OT TI0-
BPEKICHNIT, BHI3BAHHBIX aKTHBHBIMU (hOPMAMU KHCTIOPO/A
(ADK) [6]. Tak dpopmupyercst aHTHOKCHIAHTHAST HEZOCTA-
TOYHOCTb COOCTBEHHBIX MUTOXOHIPUAILHBIX (DePMEHTOB.

Ha ceropmsamnnii 1edph yCTaHOBJIEHO, YTO peain3a-
IUST CPOYHON afanTaiuu (KOTopast AJINTCS OT HECKOJBKUX
YaCcOB /10 HECKOJIBKUX CYTOK) K THIIOKCUU OCYIIECTBIISIOT-
Cs1 TOJIBKO 3a CYeT MOOUIIU3AIIUN SHEPrOPECYPCOB: X IEH-
TpasU3alny, WHTeHCH(UKAIUU KaTabou3Ma yIJIeBOI0B,
SKMPOB M OEJKOB, a TakKe IMOJABJEHUS aHA0OJNYECKUX
IIPOIeCCOB B TKaHsX [7]. OHAKO, TIPU TSIKEJIOM TIOKE ATH
MTPOTIECCHI HE MOTYT B TIOJTHON Mepe KOMITEHCUPOBATH CHI-
sKeHKe 00Iell 9HEePronpOAYKIUU U TEILIONPOLYKIIUHI, YTO
BJIeYeT 3a COOON PasBUTHE TUIIOTEPMUM KAK «IIOCJIEIHEr0
3alUTHOTO MexaHu3Ma» [8]. Pambiie canrast, 4To aspob-
HBIH CUHTE3 SHEPTUN SIBJISIETCS MUIMIEHBIO TSI THITOKCUN
3a CYET KUHETUYECKUX OCOOEHHOCTEH IIUTOXPOMOKCHUIA3HI
(ITXO), T.e. mpuunHa sHeprojeUIUTa KPOETCS B TEPMHU-
HAJIbHOM 3BeHe JibIxaTebHoil 1enu [4]. Ho ceromus ysxe
JIOKA3aHo, 9TO <..MPUYNHON CHIKEHWSI CUHTE3a DHEPTUN
IPU TUTIOKCUU SIBJISTIOTCST U3MEHEHUST aKTHUBHOCTH MUTO-
XOH/IpUaJIbHbIX (hepMeHTOB Ha cybcrparHoM (II) yuactke
JIBIXaTeJbHOM 11eTH, T7e Beayryio posb urpaet HIF-1 (tn-
MOKCHUST — MHAYIUPOBAHHBIH (DAKTOP), CUHTE3 KOTOPOTO
HAYMHAETCST 10 CUTHAIY OT CYKIIMHAT-3aBUCUMOTO periert-
topa GPR91» [8—10]. ITo muenuto JI. [I. JIykbsiHOBO¥
«KJIIOYEBBIM MOMEHTOM B Pa3BUTHH THTIOKCUH BCET/A SIB-
JISIETCS HapyllleHre CyOCTPaTHOrO 3BEHA B IbIXATEJbHON
TIeN MUTOXOHIPHIL, & UMEHHO JeUTUT CyKimHaTas [7].

B konmne XX cromerns paGoramn E N. Gellerich
(1999) GbLIO TIOATBEPIKACHO MHEHHKE O TOM, UTO B CEIITHYE-
CKUX OpraHax GUOSHEpPreTHYeCKuii IPOBaJl BbI3BaH HE W3-
3a HEJIOCTATOUHOTO CHAGKEHUsT KUCIOPOJIOM, a HApY LIEHMU -
AMU  (QYHKIIUHA MUTOXOHAPUH, B KOTOPBIX KHUCIOPOJ
UCIIOJIB3YETCsT st CuHTe3a dHepruu. YToObl OTBETUTh Ha
BOIIPOC Kakue ke (hepMEHTbI SHEPreTUUECKOro 0OMeHa SIB-
JISTIOTCST KJTIOYEBBIMU 1 UMEIOT TTPEUMYTIECTBO B PA3BUTUN
MUTOXOHIPUATLHON MUCHYHKITMN MHOKApAa Y IKCIepH-
MEHTAITHHBIX JKUBOTHBIX B YCJIOBUSIX CETICUCA, aBTOPHI UC-
[OJIb30BAJIM MOJIEJIb cericrca y 6abyuHOB, KOTOPBIM T10/L
00UMM HApKO30M BHYTPUOPIOUIMHHO BBOJWJIU B3BEChH
Escherichia coli. TTocsie pasButust cenTuyeckoro moka uc-
CJIeTOBAJT HAPYIIIEHNE TIyTaMaT- U CYyKIINHAT-3aBUCUMBIX
MUTOXOHIPUATBHBIX IBIXaTETBHBIX KOHTPOJIBHBIX COOTHO-
menuii (RCR) B neuenu [11]. B 6osee nosanux paborax
oTMeueHo, uTo BbipaboTka ATM Oblia HapylleHa TOJbKO
[PU CYKIMHAT-3aBUCKMOM JIBIXaHUU, TO €CTh Ha cyOcTpar-
HoMm (IT) yuacTke mpixartesnbHoi 1ienn [12]. Anamornusoe
MHEHHUEe U TIePCIEKTUBDI NCTIONB30BAHUST CYKIIMHATA OTPa-
skeHbl B pabote J. L. Vincent et al. (2000) [13] B my6umka-
uuu T. M. Zhang (1997), riae oTMedeHo, 4To IpuMeHeHue
pacTBopa SIHTAPHOI KHUCJOTbI, BO3MOXKHO, IMPEJACTABJISET
co0OI HOBBI MOAXOJL B JICYEHUU IHOTOKCEMHUU U OPTaH-
HOIi HesocTatouHoCcTH [14].

B akcniepumenTanbHbix padorax A. Rudiger, M. Singer,
(2004, 2007, 2013) oTMe4€eHO, UTO Y KUBOTHBIX C TSDKEJIBIM

catabolism intensification, and anabolic process inhibition
in tissues [7]. For example, in severe shock, these process-
es cannot compensate in full the decrease in the total ener-
gy production and thermogenesis that leads to the devel-
opment of hypothermia as a last protective mechanism
[8]. It was believed that aerobic energy synthesis was a
target for hypoxia due to kinetic features of cytochrome
oxidase (CChO), i.e. the cause for energy deficit lies in the
terminal link of the respiratory chain [4]. However, as of
today, it has been already proven that «...the cause for the
lowered energy synthesis in hypoxia consists in the
changed activity of mitochondrial enzymes in the sub-
strate (II) segment of the respiratory chain where the
leading role is played by HIF-1 (hypoxia-induced factor),
the synthesis of which is induced by succinate-dependent
receptor GPR91» [8—10]. According to L.D. Lukyanova,
an authoritative researcher in the field of hypoxia, «the
key point in the development of hypoxia always consists
in disturbed substrate stage in the mitochondrial respira-
tory chain, namely in succinate deficit» [7] that supports
the function of the respiratory chain I segment.

At the end of the XX century, the studies performed
by E N. Gellerich (1999) confirmed the opinion that bioen-
ergy collapse in septic organs was caused not by insufficient
oxygen supply, but by disturbed function of mitochondria
where oxygen was consumed for energy synthesis.
Therefore, the objective of the above study was to identify
the key enzymes of the energy metabolism in the develop-
ment of mitochondrial dysfunction in the myocardium of
experimental animals with sepsis. To answer this question,
the authors used a model of sepsis in baboons, which
received an intraperitoneal injection of Escherichia coli
suspension under general anesthesia. Disturbances in gluta-
mate- and succinate-dependent mitochondrial respiratory
control ratios (RCR) in the liver were studied after the
development of septic shock [11]. In the later reports the
authors also note that the maximum ATP production was
disturbed only in the succinate-dependent respiration, i.e.
in the substrate (II) respiratory chain segment [12]. Similar
opinions and perspectives for use of succinate were present-
ed in the report of J. L. Vincent et al. (2000) [13] and in the
article by T. M. Zhang (1997) demonstrated that succinic
acid solution could be a new therapeutic method for the
treatment of endotoxemia and organ failure [ 14].

The experimental studies performed by A. Rudiger
and M. Singer (2004, 2007, 2013) showed that mitochon-
drial oxygen consumption in the muscular tissue was
anomalously low in the presence of glutamate in combina-
tion with malate in the animals with severe sepsis in com-
parison with the group with mild sepsis and the control
group (p<0.01). However, the addition of succinate result-
ed in increased mitochondrial respiration in all animal
groups, especially in the group with severe sepsis [15—17].
However, in this case, such situation was typical not only
for sepsis. According to W. L. Sivitz (2011), the combina-
tion of melatonin and succinate in the therapeutic program
for experimental diabetes mellitus in rats reduced mito-
chondrial dysfunction in hepatic cells [18].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2014, 10; 6



DOI:10.15360,/1813-9779-2014-6-65-78

O63opm

CETICUCOM B TIPUCYTCTBUY TJIyTAMATa B COYCTAHUN C MAJIATOM
MUTOXOH/IPUAJIbHOE MOTpeOJIEHUE KUCIOPOAa B MBIIIEYHOIT
TKaHU ObIJI0 AHOMAIBHO HU3KUM, B OTJIYME OT TPYIIIIbI C He-
BBIPQKEHHBIM CENICUCOM M OT Tpymiel KouTposst (p<0,01).
JlobasiieHune CyKIMHATA TPUBOAUIIO K IOBBIIIEHUIO AKTHBHO-
CTU MUTOXOH/IPUAJIBHOTO JIBIXaHUSI BO BCEX TPYIIIAX KUBOT-
HbIX, 0COOEHHO B TPYIIIIE ¢ TsKeabiM cericricoM [15—17]. Ho
B JIAHHOM CJIy4ae 9Ta CUTYyallsi XapaKTepHast He TOJIbKO HC-
KJIIOYATENbHO Ui cencuca. Tak, mo manaeiM W. 1. Sivitz
(2011), couetanHOE IPUMEHEHNE MEJIATOHMHA M CYKIINHATA B
IIPOrpaMMe TEPATTUHN MTPU HKCIIEPUMEHTATIBHOM CaXapHOM JIU-
abeTe y KPbIC TAK/KE YMEHBIIAET BbIPAKEHHOCTh MUTOXOH/I-
pHATIbHOI incyHKINN B KiteTKax rnedenu [18].

[To mannbiM Protti A., Carré J., Frost M. T, Taylor V.
(2007)Taxke cienyer, 4TO CYKIIMHAT YBETMYUBAET MUTO-
XOHIpUAIbHOE TOTPebJeHre KUCA0POLa B CKEJETHBIX
MBIIIIAX CEMTUYECKUX KUBOTHBIX, KOMIIEHCUDYsI HapyIIie-
HUS, TPoUCXosAmre B I KoMIiekce prxaTebHOM Ternu. B
3TOM paboTe aBTOPBI OL[EHUBAJIU JIEHiCTBUE IJIyTaMaTa U Ma-
sara (kak akTusatopos I komiuiekca) u cykiunara (cyoer-
pata Il xommIekca) Ha aKTUBHOCTh MUTOXOH/IPUATBHOTO
JIBIXaHUs Yepe3 48 4acoB y KUBOTHBIX C KAJIOBBIM TIEPUTO-
HUTOM. B nipucyTcTBUM TIyTaMaTa U Majiata, MUTOXOH/IPHU-
aJIbHOE NOTPEOJIEHNE KUCIOPO/A B MbIIIEYHON TKAHU ObLIO
AHAJIOTMYHO aHOMAJIbHO HU3KKUM I10 CPAaBHEHUIO ¢ KOHTPO-
siem (p<0,01). Ho 1ipu 1o110/1HEHUY K JIEUeHUIO CYKI[MHATA
MUTOXOH/IPUAJIBHOE JIbIXaHKEe YBEJINYMIJIOCh BO BCEX IPYII-
1ax, U BHOBb, 0COOEHHO CUJIBHO Y CENTUYECKHN JKUBOTHBIX
(39%) 1o cpasuenuio ¢ Koutposem (11%, p<0,01) [19].

ITo muenuto A. P. Lin et al. (2011) npu runokcuu zibi-
XareJibHast 1ellb MUTOXOHAPUH He MOKET TIPUHSATh Ha ceOst
BOJIOPOJL OT KAKOTO-JINO0 HHOTO CyOCTpaTa, KpoMe KakK OT MO-
JIEKYJIbl STHTAPHOM KNCJI0ThI. /lesio B TOM, UTO 1pU OKHUCJIe-
HUU SIHTAPHOII KUCJOTBI BOAOPO/ MOCTYNAeT Ha Hanbosiee
GJIM3KUIT K KUCJIOPO/LY YYACTOK JibiXaTesibHOM 1eru [20].

B nenashem uccaenosanuu S. P. Whelan (2014) or-
MEUEHO, U4TO IPU Celcuce MeTaboMuecKie paccTpoucTBa
U TOBbILIEHHE aHAPPOOHOTO JIBIXAHUS IPOMCXOIUIIO €llle
JI0 3HAYMMBIX C/IBUTOB T'eMOJMHAMUKU. ABTOPBI JIEJAiOT
BBIBOJI, UTO MeTabOJIMUECKUE PeakiuK B KJIeTKaX 1 Opra-
HAaX B I1€JIOM MOTYT ObITb Ba)KHBIMU a/[alI TUBHBIMU MEPAMU
MIPEIOTBPAIIEHUST PA3BUTHS OJUOPTAHHON HEI0CTaTOu-
HOCTH U cMepTH [21]. DTO 10Ka3BIBAET TO, UTO IIEPUOT PaH-
Hell ajianTtaliyy K TUIIOKCUU TIPEIIIEeCTBYET reMOMHaMuU-
YECKUM PACCTPONCTBAM U YCTPAHSTH MUTOXOH/IPUAJIbHYIO
nuchyYHKIIO (KaK CJe/ICTBUE TUIIOKCUN U 9HEPreTHYECKO-
ro neduIuTa) Hy’KHO /10 TeMOJIMHAMIYECKON KaTacTpodbl
WJIM B PaHHUE CPOKHM T0CJ]e TakoBO (puc. 2) [22].

Kak m3BecTHO, Ype3MepHbBINl CHUCTEMHBIN BOCIAJIN-
TEJIbHBIN OTBET TIPH TSKEJIOM OCTPOM [TAHKPEATHTE TTPUBO-
JIUT K OPraHHbIM JIUCHYHKIMAM, UYTO SBJSETCS OCHOBHOMN
TIPUUNHON cMepTH. B X071 n3ydeHns1 aKCIepiuMeHTaTIbHOTO
OCTPOrO MAaHKpeaTuTa ObLJIO OTMEUEHO, UTO TAKUE KU3HEH-
HO Ba’KHbIE OPTaHbl, KaK MOYKH, JIETKHE U MeYeHb M0/[Bep-
JKEHbI HAPYIIEHUSIM MUTOXOH/[PUATTBHOTO SHEPTETHYECKOTO
oOMeHa yske B TeueHue 1epBbix 48 yacos [23], uro urpaer
BKHYIO POJIb B JIAJIbHENIIIEM Pa3BUTHU TTAHKPEOHEKPO3a.
HenaBrue mccse10BaHus MOKa3aJIi, 4T0 HarboJsIee pacipo-

According to Protti A. and collaborators (2007),
succinate increases mitochondrial oxygen consumption in
the skeletal muscles of animals with sepsis leaving aside
the predominant inhibition which takes place in respirato-
ry chain complex I. This study assessed the effect of gluta-
mate and malate (as activators of complex I) and succinate
(substrate for complex II) on the mitochondrial respira-
tion intensity in 48 hours in the animals with fecal peri-
tonitis. The mitochondrial oxygen consumption in the
muscular tissue was anomalously low in presence of gluta-
mate and malate in comparison with the control group
(p<0.01). However, addition of succinate to the treatment
resulted in more intensive mitochondrial respiration in all
groups, especially in septic animals (39% vs. 11%, p<0,05,
in sepsis animals and controls,correspondingly [19].

According to A. P. Lin et al. (2011), in case of hypox-
ia the mitochondrial respiratory chain cannot accept
hydrogen from any substrate other than succinic acid. The
point is that hydrogen enters the respiratory chain seg-
ment, which is significantly closer to oxygen, during oxi-
dation of succinic acid [20]. This is convenient and eco-
nomical for the organism in terms of energy metabolism.

The recent study performed by S. P. Whelan (2014)
shows that metabolic disorders and increased anaerobic
respiration are observed in sepsis prior to significant hemo-
dynamic changes. The authors conclude that metabolic
reactions in cells and organs on the whole might represent
the adaptive responses preventing polyorgan failure and
death [21]. This conclusion has been proven by the discov-
ery that the period of early adaptation to hypoxia precedes
hemodynamic disorders, and mitochondrial dysfunction
(as a result of hypoxia and energy deficit) should be elimi-
nated before hemodynamic catastrophe or early after its
development (Fig. 2) [22].

As it is known, the excessive systemic inflammatory
response in severe acute pancreatitis results in several
organ dysfunctions that is the main cause of death. This
may be also associated with mitochondrial disorders. In
inducing experimental acute pancreatitis, it was observed
that such vitally important organs as kidneys, lungs and
liver were subject to disturbances in the mitochondrial
energy metabolism already within the first 48 hours [23]
and played an important role in the further development
and progression of acute pancreatitis with outcome in the
form of pancreonecrosis. Recent studies showed that
depleted ATP synthesis most frequently associated withof
mitochondrial damage and bioenergetics crisis in acute
pancreatitis [24].

Recently succinatewas identified as the main signal-
ing metabolite of the innate immune system which intensi-
fied interleukin-18 production during inflammation [8].
Tannahill et al. (2013) demonstrated that macrophages
accumulated succinate (intermediate metabolite in the tri-
carboxylic acid cycle) and thereby stabilized transcription
of the HIF-1A factor which, in its turn, led to activation of
pro-inflammatory cytokines such as IL-14 [8].

Studying the mechanisms of the neuroprotective
effect caused by ischemic postconditioning is now consid-
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RESOLUTION OF ORGAN FAILURE

Puc. 2. IlepcnexTiBa NOTEHIMAIBHBIX TEPANIEBTHYECKHX BMEIIATETbCTB

Fig. 2. Perspective of potential therapeutic interventions (adapted from A. Protti, M. Singer. Potential strategies to protect or reverse
mitochondrial dysfunction in sepsis-induced organ failure. Crit.Care. 2006; 10 (5): 228.)

Note (npumeuanue): MOP — mitochondrial oxidative phosphorylation; acute illness — octpoe 3abosieBanue; recovery — BoccTaHOBIIE-
Hue; insult (e.g. sepsis, trauma) — uncyasr (cencuc, TpaBma); endocrine downreguletion — cHuKeHME SHIOKPUHHON PEryJIsAIIy; Mito-
chondrial protein downexpression — cuuzKernue BbIpaGOTKH MUTOXOHIPUAILHBIX GeikoB; systemic inflammation — cucremnoe Bocrase-
nue; early hypoxia — pammsist runokcnst; mitochondrial dysfunction — muroxonapuanbras muchynkms; bioenergetic «failure» —
GuosHepreTuueckuii «mapaamnd»; metabolic shutdown — meraGonmueckas usosnsuus; biochemical /functional abnormalities characteris-
tic of MOP — Guoxumudeckue/GpyHKIMOHATbHbIE HAPYIIEHUS MUTOXOHAPUAIBHOIO OKUCIUTENbHOTO (hocoprmnposanus ); mitochon-
drial recovery/repair (biogenesis) — muroxonpuasbioe Bocctanopsierue (6uorenes); restoration of energy supply &metabolism — Boc-
CTaHOBJICHUE DHEPreTUYECKOTO TInTaHus /Metabosmama; resolution of organ failure — BoccTanoBIEHNE TOBPEKIEHHOTO OpraHa; putative
mitochondrial-targetted strategies — Bo3MOKHBIE [Ty TH BJIMSHNA Ha MUTOXOHAPUAIbHbIE KIeTKU-MuUleHu; oxygen delivery Antioxidants
glycemia control — okuc/muTENBHOE BHICBOOOKICHIE AHTHOKCHAAHTOB [JIMKEMUYECKOTO KOHTPOJIst; substrates (succinate) — cybcerpar
(cykmunar); hypothermia — runorepmus; hydrogen sulphide — cyabdua Bogopona; nitric oxide (low dose) — oxenz azora (Masbie 10-

3b1); anabolic hormones — anaGonmyeckue TOpMOHBDI; resuscitation promoters — KJIETOYHAS TPOTEKIIIS ).

CTpPaHEHHBIM (DAaKTOPOM TTOBPEIKICHNS MUTOXOH/IPUI C T10-
CJIEIYIONIMM KPH3UCOM OMOSHEPTETHKU TIPU OCTPOM TIaH-
KpeaTHTe sBisieTcs ucromenne cuaresa AT kak B aKc-
KPETOPHBIX, TaK ¥ B UHKPETOPHBIX KJIETKAX, YTO BBI3BIBACT
MaHudecTanuio BocraizeHus [24].

B xxypnane «Nature» onmcan ¢hakT HHIYITIPOBAHUS
CYKIIMHATOM JIMIOIOJINCAXapyuaa. ABTOPBI HICHTH(DUIIH-
PYIOT CYKIIMHAT B KaueCcTBE OCHOBHOTO CUTHAJIBHOTO MeTa-
6oJITa BPOKICHHON HMMYHHOI CHCTEMBI, KOTOPAsT TIOBBI-
MIPOAYKIINIO mporecce
BOCHAJIEHNST U CYHUTAIOT, YTO MakKpodard HaKaIlINBaIOT

maeT uHTepseiikuna-1f B
CyKIHAT (IIPOMEXKYTOYHBIN METAbOIUT B IIUKJIE TPUKAp-
GOHOBBIX KHCJIOTBI), CTAOUIN3UPYIONHH TPAHCKPHUIIIHIO
(haxropa HIF-1A, xoTopblii, B CBOIO 04Yepe/ib, AKTUBUPYET
[IPOBOCTIATNTEIbHBIE IINTOKUHEI, B T.4. VJI-15 [8].

ered as a perspective field possesing a potentiaql for devel-
oping effective neuroprotectors of a new class. As it is
known, ischemia-reperfusion results in shifts in the cell
energy metabolism that may be manifested in the form of
mitochondrial dysfunction and changed mitochondrial
enzyme activity. The role of succinate dehydrogenase
(SDH) in formation of the cerebral tolerance to reperfusion
damage also remains unclear in using ischemic postcondi-
tioning with different sensitivity to ischemia-reperfusion in
different cerebral regions. N. S. Shcherbak et al. modeled
cerebral ischemia by bilateral occlusion of the common
carotid arteries for 7 minutes. The ischemic postcondition-
ing was presented in the form of 3 episodes of reperfu-
sion/reocclusion for 15s/15 s after ischemia. After 48 hours
of reperfusion, the authors performed the morphometric
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Kak wusBectHo, umiemusi-periepdysusi MPUBOAUT K
CIIBUTaM 9HEPreTHYECKOr0 MeTabosIn3Ma KJIETKH, KOTOPbIE
MOTYT BbIPa’KaThCsl B BUJIE MUTOXOHAPUAIBHON TUCHYHK-
IIUU U U3MEHEHUI aKTUBHOCTH MHUTOXOHIPUATBHBIX (ep-
MenToB. Posib cyknmunataernaporenasst (C/IY) B hopmupo-
BaHUU TOJIEPAHTHOCTH TOJIOBHOTO MO3ra K
periepy3HOHHOMY TIOBPEKIAECHUIO TIPU UIIEMHYECKOM TO-
CTKOH/MI[MOHUPOBAHUN B PA3JIMYHBIX 00JIACTSAX TOJTOBHOTO
MO3Ta € PA3JMYHON YYBCTBUTEIbHOCTBIO K UIIIEMUU-peETiep-
(ysun takke ocraercst HensyueHHOI. B nccnenosannm H.
C. Illepbak ¢ coaBT. MIIEMIIO TOJOBHOIO MO3Ta MOJIEIUPO-
BaJI JIBYCTOPOHHE! OKKJII031el 00LINX COHHBIX apTepuii Ha
7 munyt. Vimemuyeckoe MOCTKOHAUIIMOHUPOBAHUE ObLIO
MIPEICTABJIEHO B BUjie 3 aNU30/10B 110 15-cex/15-cek perep-
(ysun/peokxmosun nocse uiemun. Yepes 48 uacos nociie
periepdysun IPOBOIIN MOP(HOMETPUYECKYIO OIIEHKY | HC-
crenoBanue aktusHocT C/IT kietok rurnmokamma. Pesyib-
TaThl MOKA3JIU, YTO WINEMHUSI MPUBOJMJIA K 3HAUUMOMY
(p<0,05) yMEHbBIIEHUIO MIOTHOCTH JKU3HECIIOCOOHBIX HEM-
POHOB B CPaBHEHHH C TPYIIION JIOKHOOTIEPUPOBAHHBIX JKHU-
BOTHBIX. AktuBHOCTE C/IT 11pn wieMun yBesmvuBaiach
(p<0,05) B COXpaHUBIINX KU3HECIIOCOOHOCTh HEHPOHAX
BCeX ToJieit tunmokamiia. [IpuMeneHue uieMmuyecKkoro mo-
CTKOHAUITHOHNPOBAHIST TIPUBOAIIIO K 3HaunMomy (p<0,05)
YBEJIMUEHUIO TIJIOTHOCTU JKU3HECTIOCOOHBIX HEMPOHOB U K
ymenbirernio (p<0,05) axrusroctu C/IT' B Heiiponax Bcex
TToJIell TUIITIOKAMITa B CpaBHEHNN ¢ rpymioil umiemudn. [Ipu
ATOM CTelleHb TTOHMKEHUS 3aBUCEA OT JIOKAIN3aIK Hell-
POHOB OTHOCHUTEJIBHO TIOJISI THUIIIOKAMIIa. ABTOPBI JIEJIAI0T
BBIBOJI, uTO nHrnOnposanue aktuHoctn C/IT aBasercs of-
HUM U3 BO3MOKHBIX MEXaHU3MOB HEHPONPOTEKTUBHOTO 3h-
(hexra UIIEMITYECKOTO MTOCTKOHANIIMOHUPOBAHKS JIJIsT Heli-
POHOB THUIIIIOKAMIA Y HKCIEPUMEHTAJNbHBIX JKMUBOTHBIX
(MOHTOJILCKHX TIECYAHOK) TIPU UIEMUYECKOM U periepdy-
3MOHHOM TIOBPEKIEHIN TOJOBHOTO Mo3ra [25].

Jlpyrumu cioBaMu, B OTBET Ha FUIIOKCHIO TIPU UIIIe-
MUK cpabaThiBaeT MEXaHU3M CPOYHON ajalTalluu ¢ Xa-
PAaKTePHBIM yMeHbIIEHHEM CyKinHata (Kak cybcrpara
st hepMeHTa), KOHIIEHTPAIMs KOTOPOro, HAaIPOTHUB,
yBesnuuBaercs. [leproibl nieMudeckoro moCTKOHUIIN-
OHUPOBAHUS SBJSIOTCS IO CBOEH CYTH MEXaHU3MOM
«aBapUUHOIO BKJIIOUEHMs» aHadPOOHOTO TIJIMKOJIM3a C
KOMITEHCATOPHBIM CUHTE30M CYKIIMHATA B IIMKJIE TPUKAP-
GOHOBBIX KHCJIOT 1151 obecniedenus gesrepaoct C/AT u
npogpomxenns Gecriepeboiinoro cunreza ATD. T. Kpebe B
1953 romy mucam: «YuukaabHas GYHKIN CYyKITTHATIE-
THJIPOTEHA3bl 3aKJI0YAETCS B TOM, YTO B YCJOBMSIX Ha-
npsoKkeHnust MexannsmoB cuHTesa AT@D (rumokcus, pas-
JUYHBIE CTPECCOpPHBIE BO3/EHCTBUA), KOT/AA APYyTHe
OKHUCJIUTEJIbHBIE Tpollecchl Iukaa Kpebca yrHeTeHbl,
CYKIIMHAT/[ETUIPOreHa3a aKTUBHO IPOIMYCKAeT MOTOK
MIPOTOHOB U AJIEKTPOHOB Ha /IbIXATEJIbHYIO 11€11b, MUHY S
HA/I-3aBucumMoe 3BeHO. DTO UMEET OTPOMHBIHN (hU3n0JI0-
PUYECKUI CMBICJI B IIJIaHE aJ@nTalid K TUIIOKCUM Ha
ypoBHe kjietku» [2]. HyHO TONbKO 0becreduTs 9TOT
(dbepmeHT cybeTpaTom, Beiib YeM ObicTpee u TryGxKe pas-
BUBAETCSI TUIIOKCHsI, TeM ObICTPEE TPATUTCS CYKI[MHAT, a
(bepMeHT Henb3s 0CTaBAATH 6e3 «pabOThI».

assessment of all hippocampus fields where they investigat-
ed the SDH activity. The results showed that ischemia led
to a significant (p<0.05) decrease in the density of viable
neurons in comparison with the group of false-operated
animals. In ischemia, the SDH activity increased (p<0.05)
in the still viable neurons in all hippocampus fields. The use
of ischemic postconditioning resulted in a significant
(p<0.05) increase in the viable neuron density and a
decrease (p<0.05) in the SDH activity in the neurons of all
hippocampus fields in comparison with the ischemia group.
The degree of decrease depended on neuron localization rel-
ative to the hippocampus fields. Thus, the authors conclude
that inhibition of the SDH activity is one of the possible
mechanisms of the neuroprotective effect caused by
ischemic postconditioning for hippocampus neurons in the
experimental animals (Mongolian gerbils) with ischemic
and reperfusion cerebral damage [25].

In other words, the mechanism of emergency adapta-
tion is activated in response to hypoxia caused by ischemia;
it is characterized by decreased quantity of succinate as the
substrate for the enzyme the concentration of which is on
the contrary increased. In their essence, the ischemic post-
conditioning represents the mechanism of emergency acti-
vation of anaerobic glycolysis with the attempt of compen-
satory succinate synthesis within the tricarboxylic acid
cycle to boost the SDH activity and continue the uninter-
rupted ATP synthesis. Back in 1953, the great biochemist
G. Krebs wrote that «the unique function of succinate
dehydrogenase consists in the fact that succinate dehydro-
genase actively lets pass the proton and electron flow to
the respiratory chain leaving aside the NAD-dependent
link, under conditions of stressed ATP synthesis mecha-
nisms (hypoxia, different stress stimulation), when other
oxidative processes in the Krebs cycle are inhibited. This
has the very important physiological meaning in terms of
adaptation to hypoxia at the cellular level» [2]. This
enzyme should be only provided with the substrate
because the more rapidly and deeper hypoxia develops, the
quicker succinate is utilized, and the enzyme may not be
left without the «works.

In experimental study, Leach R. M., Hill H. M,
Snetkov V. A. (2001) confirmed the opinion on the effi-
ciency of the timely use of succinate in hypoxia with the
purpose of adaptation to hypoxia, but succinate should be
used within the first 3-5 days after manifestation of
hypoxia and perhaps even earlier [26]. Surely, the timeli-
ness of administration of succinate as a substrate for the
Krebs cycle and as an antioxidant is beyond any doubt.
However, Helen, F. Galley (2010) and M. Everton
Andrades, A. Morina, S. Spasic¢ (2011) mentioned one fea-
ture with a proper justification. According to the authors,
it is important to take into account the high reactivity of
active oxygen species, their short lifetime, their uninter-
rupted production in immediate proximity to biological
targets, as well as their ability to be transformed into
other, even more active species. Therefore, in order to con-
trol these harmful metabolites, an antioxidant should be
administered early, continuously, in high concentrations,
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Leach R. M., Hill H. M., Snetkov V. A. (2001) B cBo-
€M 9KCIIEPUMEHTAIIbHOM MCCJIEIOBAHUN TAKIKe TTO/TBEPIK-
naroT MHeHUE 0 3(h(HEKTUBHOCTH MPU TUIIOKCUH CBOEBPE-
MEHHOTO MCITOJIb30BAHUS CYKITIHATA C T[EJIBIO a/IAlITAIluN K
runokcun. Memomb3o0BaTh CYKIMHAT HYKHO B TEPBbLIE 3—5
CYTOK TT0CJIe TIPOSIBJISIETCS] TUIIOKCUYECKOTO BO3/IEHCTBUS,
aMozket ObiTh 1 panbiie [26]. ITo muenmio Helen, F. Galley
(2010) u M. Everton Andrades, A. Morina, S. Spasié
(2011) Ba’KHO IPUHUMATH BO BHIMaHIE BEICOKYIO PEaKIIN-
OHHYIO CIIOCOOHOCTh AKTUBHBIX (DOPM KHCIOPOJA, UX KO-
POTKHUIA CPOK CJIyKOBI, UX HEIIPEPBIBHOE 00pa3oBaHue B He-
MOCPECTBEHHON OIM30CTH OT GUOJIOTUYECKUX MUIIEHEH, a
TaKsKe MX CIIOCOOHOCTD MPEBPALIaThCs B Apyrue, GoJee ak-
TuBHBIE (hOpMBL. [109TOMY, /7151 TOrO UTOOBI CIIPABUTHCS C
STUMHU BPEAHBIMU MeTa0ONUTAMU, AHTUOKCU/IAHT CJIELYET
BBO/IUTH B OPTAaHU3M PaHO, HEMPEPBIBHO, B BBICOKMX KOH-
HEHTPAIMX, KOTOPbIE I0JKHBI ObITh HAIIPaBJIEHbI Ha GUO-
JIOTUYECKUH CalT, TIOABEPKEHHBIH OKMCJIUTEIbHOMY TIO-
Bpeskenuio [27, 28].

Heo6xoauMoCcTh aleKBATHOCTH [03bI CYKIIMHATA
orIepKuBaeTcs B HegaBHeM nccienoBannu X.L. Tang et
al. (2013), r1e aBTOPBI OTMEYAIOT, YTO SIHTAPHAS KUCJIOTA B
koHtenTpanum 400 Mr/s1 MoKeT rmyTem aktTuBaiu dhocho-
puIMpoBaHusa 3aMeTHO yBeanmuuBath (mpu p<0,05) axc-
npeccuo 6eIka KapJuOMHOIUTOB U TEM CaMbIM MHTUOKPO-
BaTh HEKPO3 M alloMNTO3, BBI3BAHHBIN TMIIOKCUEH U
peokcurenanueit [29].

D. Hamel et al. (2014) ormeuator GeicTpoe BopacTa-
HUE KOJIMYECTBA CYKIIMHATA B TKAHSX MTPU AKCIIEPUMEHTAJIb-
HOU NIIEMUN U TUTIOKCUY Ha (hOHE YePErTHO-MO3TOBOM TPaB-
peanusyer
6nonormaeckne ahdeKTh Yepes crnennduuecKuii perer-

Mbl.  CyxkmuHar CBOU  IIOJIOXKUTEJIbHBIC
top-cyknuHat/GPRI1. ABTOPBI OCTYINPYIOT, YTO CYKITH-
Hat/GPRI1 ycuimBaer moct-uieMnyeckyio BacKyJIsipusa-
pasMep HH}pApKTa B MOJEIN
4yeperrHo-M03roBoii TpaBmbl [30]. B nanHoM acriekre ciemy-

I "  yMCHbIIACT

€T OTMETHUTb, YTO Ha CETOIHSIIHUIA JIeHb TOUCK B3aMMO/Iei -
CTBUSI MESK/Ly UMMYHUTETOM, BOCITAJIEHUEM 1 MeTabo myec-
KUMU U3MEHEHUSIMU, SIBJISIETCsI HanboJiee pa3BUBAKOIICHCsT
006J1aCThI0 MEIMIIMHCKUX MCCIeA0BaHuil. Vceenosanust B
YKa3aHHOM HAllPaBJIEeHUN CBUJIETEIIbCTBYIOT, UTO TaKK1e Me-
TabosmThl, Kak NAD(+) u cyKiHat (KOTOPbIil peryaupyer
TUTIOKCUST-UHYIIUPYyeMblil (hakTop 1A) — 3TO cUrHasbI, KO-
TOpPbIE BJIUSIOT HA PETYJISINIO BPOKJAECHHOTO UMMYHUTETA
[31]. Apyrue uccaenosaresnu [22] noguepKuBaoT, 4TO OyIy-
IIM€ YCIIeXH B JICYEHUN CETICUCA MOTYT 3aBUCETh UMEHHO OT
MeTaboJMYECKUX BMELIATEIbCTB € MOMOLIBI0 TAKUX Be-
IIECTB KaK IMUPYBAT, CYKIIHAT.

B 4em cyTb pasnnunoii adHeKTUBHOCTH MTPUMEHe-
HUS CYKIIMHATOB B AKCIIepUMeHTe 1 KianHuke? TpyaHo 3a-
IO/IO3PUTh, UTO Y AKCIIEPUMEHTABHBIX KUCJIOPO03aBUCH -
MBIX JKMBOTHBIX CYHIECTBYIOT JIpyTH€ MeXaHU3MbI
TKAHEBOTO JIbIXaHus1 pu rurokcuu [32]. B Gosbueii cre-
MeHN Hey/laul CBSI3aHbI C HECBOEBPEMEHHOCTBIO Ha3Haue-
Hus cykimHatoB. [To manabiM A, A. Qutub (2007) mexa-
HuaMbl gerpaganuu HIF-1 B ycioBuax XpoHmdeckoit
TUIIOKCUY WJIM B YCJIOBUSIX 3aBEPIIEHUS] CPOUHOIL ajiarra-
1Y K TUIIOKCHU — 3TO CHUKEHUE OKUCTUTEIbHON Cr1oco0-

which should target the biological site subjected to oxida-
tive damage [27, 28].

The necessity of adequate succinate dose is empha-
sized in a recent study performed by X. L. Tang et al.
(2013), in which the authors state that succinic acid in a
concentration of 400 mg/l can significantly increase
(p<0.05) protein expression in cardiomyocytes due to acti-
vation of phosphorylation and thereby inhibit necrosis and
apoptosis caused by hypoxia and reoxygenation [29].

In their report D. Hamel et al. (2014) mention a rapid
increase in the succinate quantity in tissues during experi-
mental ischemia and hypoxia on the background of trau-
matic brain injury, which has its positive biological effects
vie the specific receptor-succinate/GPR91. The authors
state that succinate/GPR91 intensifies the post-ischemic
vascularization and reduces the infarction region in a model
of traumatic brain injury [30]. It should be noted in this
aspect that today the search for interaction between the
immunity, inflammation and metabolic changes is the most
rapidly developing field of medical studies. The studies in
this field indicate that such metabolites as NAD (+) and
succinate (which regulates hypoxia-induced factor 1A) are
the signals which influence the regulation of the innate
immunity [31]. Other studies [22] emphasize that advances
of future successes in the treatment of sepsis may be associ-
ated with metabolic interventions with the use of such sub-
stances as pyruvate and succinate.

Why the use of succinates in practical health care is
not effective, while everything seems right in the experi-
ments? It is difficult to suspect that experimental oxygen-
dependent animals have other mechanisms of the tissue res-
piration in hypoxia [32]. To a greater extent, the failures are
associated with untimely administration of succinates.
According to A. A. Qutub (2007), under conditions of
chronic hypoxia or completion of emergency adaptation to
hypoxia, the mechanisms of HIF-1 degradation include low-
ered oxidizing ability, increased production of free radicals,
respiratory chain enzyme mutation, since succinate is not
involved in the formation of the long-term adaptation mech-
anisms [33]. In his recent report, A. C. Ariza (2012) propos-
es mechanisms which favor the influence of hypoxia and aci-
dosis during the completion of emergency adaptation on the
normal functioning of the tricarboxylic acid cycle and the
possibility to reverse a certain part of the cycle [34].

Undoubtedly, all these potentially beneficial con-
cepts require the thorough testing before implementation
in the routine clinical practice. For example, the study per-
formed by Yu. V Zarzhetsky et al. (1994) assessed the role
of succinates in critical conditions (in the early post-resus-
citation period) [35]. The general conclusions made by the
authors were more than positive, because the administra-
tion of 10% sodium succinate at a dose of 20 mg/kg to
experimental animals in the early post-resuscitation period
stopped or completely prevented manifestations of oxida-
tive stress associated with decreased dystrophic changes in
the cerebral cortex and cerebellum. According to the
authors (and it coincides with the above mentioned stud-
ies), obtained results were due to lowered free radical oxi-
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HOCTH (DEPMEHTOB, YBEJMYEHHE MPOAYKIUU CBOOOIHBIX
paauKanos, MyTanuu GepMeHTOB JbIXaTeJIbHON e, T.K.
CYKITMHAT HE y4acTByeT B (hOPMHPOBAHUU JIOJTOCPOUHBIX
MmexanuamoB aganranun [33]. B pabore A. C. Ariza (2012)
YKa3bIBAIOTCS MEXAHU3MbI, KOTOPbIE CIIOCOOCTBYIOT TOMY,
YTO TUMOKCUS M allU/I03 B 3aBEPIICHUN CPOYHON ajlanTa-
MU MOTYT BJIMSTH HAa HOPMajbHOE (DYHKIIMOHMPOBAHUE
[UKJIA TPUKAPOOHOBBIX KUCJIOT U «II0OYAUTh YACTh MK
BpallaThCs B 0OPaTHOM HalpaBJeHun» [34].

[O. B. 3apxernkuit u coast. (1994) onenuBanu ad-
(heKTTHI CYKIIMHATOB B PAHHEM ITOCTPEAHUMAIIMOHHOM TI€pHU-
one [35]. Beemenne 10% cyxmmHaTa HATPHUS SKCIEPUMEH-
TaJIbHBIM JKUBOTHBIM B /103¢ 20 MI/KI KyIHUPOBAJIO WU
TIOJTHOCTBIO TIPEZOTBPAIIAJIO TIPOSIBJICHUE OKUCIUTETBHOTO
cTpecca U XapaKTepU30BaJIOCh MEHBIITIMHU JNCTPOPUUECKU-
MU U3MEHEHUSIMH B KOPE MO3Ta U B MO3KeUKe. ITO ITPOUCXO-
JIAT, TI0 MHEHUIO aBTOPOB (M OHO COBIIAZIAET C BBIIIEIIPUBE-
JICHHBIMU  3apyOEKHBIMU ~ MCCJICIOBAHUSIMKI) 34  CUET
CHUZKEHUST YPOBHSI CBOOOIHO-PAIMKAIBHOTO OKUCJIEHHUST, UTO
CII0CcOOCTBYET MUHUMAJIU3AIUU JAECTPYKIUU KJIETOUHOI
MeMOpaHbl HEUPOHOB U CHIOCOOCTBYET (oJiee MOTHOMY BOC-
CTAHOBJIEHWIO CTPYKTYP U hyHKIHit Mo3ra [35]. OxmHako, He
BCE /103bl BBOJIMMOTO CYKIIMHTA UMEIOT OJIMHAKOBBIN T10JI0-
JKUTENIbHBIH a(hexT. Bo3MOIKHO, 5TO CBSI3aHO € MCIOJIb30BA-
HueM BbicoKuX /103 (100 1 200 Mr/Kr) ¥ KOHIIEHTPUPOBAHHO-
ro (10%) pactBopa. Beemenne uenmoBeky 1,5% cyximmara
natpus B jo3e 100 s 200 mr/kr (uto coorBercTByeT 2—10
JINTPOB P-pa) TIPEBbIIIAET B 2—4 pasa IMOJHbIA CyTOYHBIN
CHMHTE3 9HIOTeHHOTO CYKIMHATa, 4TO BPsi/l Jin OyAeT crocob-
CTBOBATh YCTPAHEHUIO MUTOXOHIPUAJIBHOM TNCHYHKITUN.

U tem He MeHee, «reorpadusiy NCIIOJIB30BAHKS TIPeria-
paTOB HA OCHOBE STHTAPHOI KUCJIOTHI B ME/IMITIHE KPUTHYEC-
KHMX COCTOSIHUI JIOBOJIBHO TITUPOKA, YTO MOAYEPKUBACT BOC-
TPeOOBAHHOCTh CYKIIMHATOB NPU TUIIOKCUU Pa3JIUYHOLL
ATUOJIOTUH, TaK KaK MEXaHU3M YCBOEHHSI KHCJIOPOJA Ha
YPOBHE TKaHeili crpazaer B iobom caydae. b. H. Ilax u co-
aBT. (2014) ormeuaror, uto y 30 TOCTPAIABIIIX, TIEPEHECTITIX
AIM30/1 TSKEJIOH THITOKCUU CMETIIAHHOTO TeHe3a, BKITIOUeHNe
B COCTaB CTaHAAPTHOW MH(MY3NOHHON MTPOTPAMMBI CYKITU-
HAT-COZIEPIKAILEro TIpenapaTa — peaMOeprHa COMPOBOIK/IA-
JIOCh JIOCTOBEPHBIM YBEJIUYEHHEM MUHYTHOTO TOTPebIeHUs
kucaopopa ¢ 281,5+21,2 mur/mun 10 310,4+24,4 Mi/MuH
[36]. Boiienernne CO, 1ipu 9TOM CHUSWIIOCH (B CPEHEM C
223,3£6,5 o 206,5+7,59 mi1/mun). BuyTpusentast nHbysms
800 mur 1,5% pacrBopa peamGeprHa ToBbIIIaIa OyhepHyIO
€MKOCTb apTEPUATIbHOI KPOBH, UTO TIPOSIBJISTIOCH U3MEHEHNU-
em pH, BE u HCO3. ABTOpBI OTMEYasIH TaK3Ke TEHICHITHIO K
CHIDKCHUIO COJIEP;KAHMS JIAKTAaTa B CMENIaHHOH BEHO3HOI
xposu. U, HarpoTuB, mpu BHyTpuBeHHOM BBezieHnn 400 M
10% pacTBOpa TJIIOKO3bI JOCTOBEPHBIX M3MEHEHUN OCHOB-
HbBIX TI0Ka3aTesiell KUCJIOTHO-OCHOBHOTO OOMEHA OTMEUYEHO
He ObL10 [36], 4TO TTOATBEPIKAAET TIPENIOIOKEHUE O PASIIU-
yuu B MeTabOIM3ME 9TUX CyOCTPATOB,

B npyrom kiminmdeckom rcesenoBannn (A. FO. Sxosnes
u coasT., 2011), npoBezienHOM y 326 My>KunH B Bo3pacte oT 36
110 68 JIET € PAKOM JIETKOTO, OTMEYAETCS TTOJIOKUTETbHbII a(h-
(beKT KOPPEKIUK [IEPHOIIEPAIIMOHHBIX METAOOIIYECKUX HAPY-
IIEHUH ¢ TTOMOIIIBIO TIEPUOTIEPAIIMOHHOTO CUTIMHTA ITUTATe b-

dation level favoring the minimum destruction of the neu-
ronal cell membrane and promoting more complete recov-
ery of the cerebral functions and structures [35]. However,
the authors note that not all doses of administered succi-
nate have an equal positive effect. It is possible that the
negative effect is associated with the use of high doses (100
and 200 mg/kg) and a concentrated (10%) solution. This
emphasizes once more the known postulate that «<any drug
is poison and any poison is drug, all depends on the dose».
Of course, the administration of 1.5% sodium succinate in
a dose of 100 or 200 mg/kg (that is equal to 2—10 liters) in
humans will exceed the full daily synthesis of endogenous
succinate 2 or 4 times that will hardly favor the elimina-
tion of mitochondrial dysfunction.

Nevertheless, the «geography» of the use of drugs
based on succinic acid in critical care medicine is quite
wide that emphasizes the relevance of succinates in hypox-
ia of different etiology, since the mechanism of oxygen con-
sumption at the tissue level is affected in any case. The
recently published clinical study performed by B.N. Shakh
et al. (2014) included 30 patients who had a severe hypox-
ia episode of mixed genesis. The standard infusion program
for this group included succinate-containing drug
Reamberin 1.5% in a total daily dose of 800 ml [36]. The
infusion of a 1.5% Reamberin solution was associated with
a significant increase in the minute oxygen consumption,
from 281.5+21.2 ml/min to 310.4+24.4 ml/min. At the
same time, the release of CO, lowered (on average from
223.3+6.5 to 206.5+7.59 ml/min). The intravenous infu-
sion of 800 ml of a 1.5% Reamberin solution increased the
buffer capacity of the arterial blood that was manifested by
the changes in pH, BE and HCOs3. The authors noted an
evident trend in decreasing the lactate level in the mixed
venous blood. On the contrary, any confident changes in
the main parameters of the acid-base metabolism were not
observed after the intravenous infusion of 400 ml of a 10%
glucose solution [36] that confirmed the assumption on the
difference in the metabolism of these substrates.

Another clinical study (A. Yu. Yakovlev et al, 2011),
which included 326 men aged 36 to 68 years with lung can-
cer, shows a positive corrective effect on perioperative
metabolic disorders in the case of use of the perioperative
sip feeding with nutritive mixtures of the «Standard’ class
and postoperative
Cytoflavin (5 days prior to surgery and 12 days after
surgery, respectively) [37].

G. A. Livanov et al. (2013) treated 84 patients with
severe acute intoxications caused by a psychotropic drug

intravenous administration of

mixture and observed that inclusion of Reamberin in the
intensive care was associated with reduced tissue hypoxia,
more rapid recovery of the antioxidant protection system
and lowered lipid peroxidation activity; and the correction
of metabolic disorders, in its turn, resulted in improved
clinical course of acute intoxications caused by a neu-
rotropic poison. This was manifested in a decrease in the
duration of the coma period, a decrease in the length of the
patients' stay at the resuscitation and critical care depart-
ment, and a reduction in mortality [38]. The above authors
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HBIMU cMecsiMi Kitacca «CtanzapT» ¥ MOCTIe0ePaIiiOHHOTO
BHYTPUBEHHOTO BBeIeHUs TinToduiaBuHa (5 IHed 110 oneparmi
n 12 fHeii mocsie oneparmm cOOTBeTCTBEHHO) [37].

I A. JluBanos u coast. (2013) oTmevaroT, 9TO BKJIIO-
YeHne B MHTEHCUBHYIO Tepamuio B Ipoilecce JiedeHns 84
GOJIBHBIX C OCTPBIMU TSIKEIBIMU OTPABJECHUSAMU CMECHIO
NCUXOTPOIHBIX BEIIECTB peaMOepuHa COTPOBOKAACTCS
YMEHBIIEHHEM THIIOKCHU TKaHeil, 6ojiee ObICTPHIM BOCCTA-
HOBJIEHHEM CHCTEMbI aHTUOKCU/IAHTHO 3aIIIUThI N CHUKEHU-
€M aKTHBHOCTHU TIPOIECCOB MEPEKUCHOTO OKHMCJIEHUS JIUTIN-
JI0B, a KOPPEKIUS MeTabOJNIEeCKUX PacCTPOICTB, B CBOIO
o4epe/ib, MPUBOAUT K YJIYUIIEHHIO KIUHUIECKOTO TEYEHUS
OCTPBIX OTPABJICHUI HEHPOTPOITHBIMU SITAMU. ITO TPOSIBJISI-
€TCsl COKpAIEHUEM JITUTEIBHOCTH KOMATO3HOTO TEPHO/IA,
yMeHbIleHneM BpeMeHn npebbiBanus 6osbHbix B OPUT u
CHIDKEHHUEM JIeTaJIbHOCTH [38]. ABTOPBI CUNTAIOT, YTO IIpera-
paTbl, COZEP/KAIIE B CBOEM COCTaBe CYKITIHAT, CIOCOOHBI
KOMIIEHCHPOBATh METabO0JIMUECKUIT all1I03, TAK KaK MX TIPHU-
MEHEHUE COIPOBOKAAETCST YBEJMUCHUEM TIOTPEOJICHNsT KUC-
JIOPOIa U AKTUBAIMEIl TIPOIECCOB adPOOHOrO OKUCJICHUSI.
Mmuorue aBTopsI [36—38] mosraratot, 4To OCHOBY aHTUTHIIOK-
CaHTHBIX KaueCTB CYKIIMHATOB (peaMOeprH U IUTO(DIIABUH)
COCTABJISIET UX CIHOCOOHOCTh BOCCTAHOBJIMBATH IPOLECCHI
BHYTPHUKJIETOUHOIO a9POOHOTO MeTaboama GJraroaapst Kop-
PEKIUK BHYTPUKJIETOYHOTO METabOJMUYECKOrO alugo3a |
yBesueHust GydepHoii eMkocTH KpoBu. B To jke Bpemst, MHO-
rue BOIIPOCHI HAPYIIEHUI MeTOOOIM3MA TIPU KPUTHIECKUX
COCTOSTHUSX TPEOYIOT fasibHeINX uccenosanuii [61—63).

[To Bcelt BUANMOCTH, MEXaHU3M CPOYHON aIanTaIiun
K THUTIOKCUU TIPU KPUTHUYECKUX COCTOSTHUSIX PA3BUBAETCS C
XapaKTEePHBIM YMEHbIIIEHIEM KOJIMYeCTBA CyKIMHATA (KaK
cyberpata st (pepMeHTa, KOJIUYECTBO KOTOPOrO HAIPO-
TUB, YBEJIMYUBAETCS ). ITO MO3BOJISIET TTPOBOAUTH KOPPEK-
1UIO ero JlehuInTa PACTBOPAMU CYKIIMHATOB C TIEPCIIEKTH-
BOW yBeJuueHUs: MOTPeOJCHUST KUCJAOPO/A, aKTHBAIUK
[POIECCOB a9POOGHOTO OKUCIEHHST U BOCCTAHOBJIEHUST TIPO-
[IECCOB  BHYTPHUKJIETOYHOTO adpoOHOTro MeTaboJmM3Ma 3a
cuer obecrieueHust (PepMeHTa CyKIIMHATAETUIPOTEHAZbI He-
00XOIMMBIM KOJMYECTBOM CybcTpaTa.

ITo mMHenwio Gorbinoro Yrcsa aBropos [39—60] mab-
Helilliee n3y4eHre MoJ0KUTETbHBIX a(D(HEeKTOB NpUMeHEHMst
CYKI[HATOB TIPH Pa3JIMYHBIX KDUTHUECKUX COCTOSIHUSIX NMe-
€T XOpollhe KJIMHUYECKHe TepcreKTuBbl. Hy:KHO TOJIBKO
BBOJIUTH CYKIIMHATBI CBOEBPEMEHHO (B 1EPHO/] PaHHEH asari-
TAIUK K TUIIOKCHN ), B COOTBETCTBYIOIINX /[03aX M CO3/1aBATh
UM ycsioBust (YCTPaHEHUE «KPU3KMCa MUKPOIUPKYJISIIMNAY> 1
a/IeKBaTHAsI JIOCTABKA KUCJIOPO/IA HA YPOBHE TKAHEH ) /1J1s1 BbI-
TIOJTHEHUST TIOCTABJIEHHOM 33/Ia4ll — BOCCTAHOBJIEHUS OKHC-
JIUTETLHOTO (HhOCHOPUIMPOBAHUS U YCTPAHEHUST, TEM CAMBIM,
MUTOXOH/IPHATIBHOM ANChYHKITNN.
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3. Stoner H.B., Threlfall C.J. The effect of nucleotide and ischaemic shock
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58 (1): 115-222. PMID: 13198861

supported that the drugs containing succinate can com-
pensate metabolic acidosis, since the use of them is associ-
ated with an increase in oxygen consumption and activa-
tion of aerobic oxidation processes. Several other studies
[36—38] provided similar conclusions that antihypoxant
properties of succinates (Reamberin and Cytoflavin)
derived from the recovery of intracellular aerobic metabo-
lism processes due to the correction of intracellular meta-
bolic acidosis and an increase in the blood buffer capacity.
This is very closely associated with the results of the stud-
ies performed by other authors and confirms once more the
rightfulness of B. Krebs's opinion expressed as far back as
1953. However, numerous problems of altered metabolism
in critical illness remain unclarified and need intensive
studies [61—63].

Thus, the development of mitochondrial dysfunc-
tion, subsequent organ disorders and polyorgan failure in
patients with different pathology in the period of emer-
gency adaptation to hypoxia may occur only due to energy
resource mobilization: their centralization, intensification
of carbohydrate, fat and protein catabolism, as well as inhi-
bition of anabolic processes in tissues. Evidently, the mech-
anism of emergency adaptation to hypoxia in critical con-
ditions develops with a typical decrease in the succinate
quantity (as the substrate for the enzyme the concentra-
tion of which is on the contrary increases). This makes it
possible to correct its deficit with the use of succinate solu-
tions with the evident perspective of increased oxygen
consumption, activated aerobic oxidation processes, and
recovery of intracellular aerobic metabolism processes due
to providing the enzyme succinate dehydrogenase with the
required substrate quantity.

According to many authors [39—60], the positive
effect of the administration of succinates in several critical
conditions opens good prospects and should be further
studied. The results of the use of succinates in different
critical conditions (surgery, therapy, endocrinology, neu-
rology and neurosurgery, infections, gynecology, obstetrics
and perinatology) in the Russian practice allow to con-
clude that the experimental findings are confirmed by clin-
ical studies published in authoritative Russian journals.
However, succinates should be administered in proper
time (during the early adaptation to hypoxia), in appropri-
ate doses, and it is necessary to develop specific conditions
(elimination of microcirculation crisis and adequate oxy-
gen supply at the tissue level) for fulfilling the set task, i. e.
for the recovery of oxidative phosphorylation and elimina-
tion of mitochondrial dysfunction.
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JlaTa MEAMIMHCKUX HAyK:

*  O6was peanumamonozus.

e Anecmesuonozus u peanumamoioeusd;

Jliccepranum Ha COUCKAHHE YYEHON CTENEeHH JOKTOPa HayKk 0e3 oIy IMKOBaHWUS
OCHOBHBIX HAyYHBIX Pe3yJbTaTOB B BeAYIIUX SKypHaJIax U M3JAAHUSIX, MepeyeHb KOTO-
PBIX yTBep:KA€eH Bbicuieii aTrecTannoHHON KoMuccueil, 6y/1yT OTKIOHEHbI B CBSI3H C Ha-
pyumenueM 1. 10 IToso:keHus o nopsaKe NPUCYSKIEHHUS yUeHBIX cTeneHeil.

Ilepeuens xxypuanoB BAK, usnaBaembix B Poccuiickoit Meeparynt 1o crieruaibHOC-
1 14.01.20 «AHecTe3noI0rusT 1 PEaHUMATOJIOTUS», B KOTOPBIX PEKOMEH/yeTcst myOmKa-
{151 OCHOBHBIX PE3YJIbTaTOB JMCCEPTAIN Ha COMCKAHUE YYCHOH CTEIeHN JOKTOPa U KaH -

www.reanimatology.com

GENERAL REANIMATOLOGY, 2014, 10; 6



=8 Arctic ¢’ Medivance:

Committed to Restoring Life™

HoseHwasa cucteMa TepaneBTM4E€CKOM KOHTPONMPYEMOM rMNoTe pMUM -

Medivance (CLUA) okasbisaet npotektueHoe aeicTBUE HA KUIHEHHO BAXHBIE OPrAHbI, MO3BONSET CHAIMTL
CKOPOCTb U MHTEHCMBHOCTb METABONMYECKMX NPOLIECCOB, YMEHbLUAS NOTPEBHOCTL TKAHEN B KUCTIOPOAE.

Ha ceropHsWHMI eHb TEXHONOIUS CUCTEMBI obecneunBaeT HaMbonee TOUHbIN

1 BLICTPLIA YPOBEHb KOHTPOSIS TEMNEPATYPbI NALMEHTA 3 CHET LUPKYISLMM BOAbI B KAHANAX MAHXET

HQ FMBPOreneBol OCHOBE, MMUTUPYIOLLMX 3P EKT MOrpyXEHUs TeNa NaUMEHTa B BOAY M 0becneynBaioLwmx
BbICOKO3bDEKTUBHBIN, BbICTPLIM TENTOOOMEH, 30 CYET NOMHOIO U HENPEPLIBHOTO KOHTAKTA MAHXETbI C KOXEM
nauMeHTa.

MNprMeHeHUe UCKYCCTBEHHOM MNOTEPMMM
NO3BONSIET YNYYLWMUTb UCXOA Y NALMEHTOB C:
OcraHoBko# cepaua (noctpeaHnmaumoHHas 6onesHs)
TpaBMaTH4ECKMMM NOBPEXAEHUSIMMU FOSIOBHOrO MO3rd
MHcynbtom
lNeyeHouHoM 3HUEedanonaTuei
MegunkameHTosHo He KynMpyemo#n
NUXOPALKOM
NudbapkTom mMokapaa ¢ nogbemom ST

hovalung

Cucrema skcTpakopropanbHoi MeMbpaHHOM BeHTUAsLMK ILA
(interventional Lung Assist) — Novalung

Cuctema iLA obecneunsaet apdekTnBHyIo okeureHaumio u anumuHaumio CO,,
30 cyeT BbIcOKOTeXHONornYHoi Membparel Novalung ¢ yHukanbHbiM NoKpbITHEM,
NO3BONSIOWMM B TeueHHe 29 aHel NpoTe3upoBaTh GYHKLMIO Nerkux y NauMeHToB
C TSXenbIMK POPMAMM AbIXATENBHOM HEAOCTATOYHOCTH, HE MOAACIOLMMMUCS ) (

e
NEYEHMIO TPAAULIMOHHBIMU pexmnmamm MBI —
Cucrema iLA cnyxut MOCTOM K BbI3HOPOBIEHHMIO y nauueHTos ¢ Tsxensim: POCB, <
He npuberas K arpeccUBHBIM PEXMMAM BEHTUISLMM.
iLA noseonsieT ycnewHo ne4unTb NALMEHTOB C HE KYNMPYEMbIM OCTMATUYECKUM

@ - === ===

cratycom, a¢pdektusHo yaanss CO, U3 OpraHM3ma B NPOTEKTUBHLIX PEeXMMaX
BEHTUNSLMM.

MoncoenuHeHune cuctemsl iLA ocylecTBnsieTcs MyHKUMOHHBIM METOAOM Yepes
6enpeHHyio apTepuio/ benpeHHyio BeHy, NOTOK KPOBM obecneunBaeTcs 3a cyeT

apTEPUO-BEHO3HOM PA3HMLbI AABNEHMH, 6€3 HOCOCQ, YTO AENaeT AaHHYIO (3
npoueaypy OTHOCUTENIbHO NPOCTOM U AOCTYMHOM B LUMPOKOM KIIMHMYECKOM
NPaKTUKe.

4
O6beMm sanonHenus cuctembl coctasnser 250 mn. 2ol
Motok kpoeu perynupyemsiit: ot 0,5 go 4,5 n/MuH. /

WA

www.schag.ru

Peknama

— 3KCKM03MBHbIN AUCTPUbLIOTOP B Poccum

3A0 «LAM 00O «AT CeBepo-3anag» 000 «WAT-Or»
119002, r. MocKBa, 193318, 1. CaHKT-leTepbypr, 344091,
Kapmanuukuia nep., a. 9 yn. Bopowwnoga, 4. 2 r. PoctoB-Ha-[loHy,
Apbat buzHec LieHTp, odmc 501A busHec LleHTp «OxTa», oduc 206 np-kT Crauky, . 245
T.+7 (495) 956-13-09, T.+7 (812) 440-92-21, T.+7 (863) 298-00-76,

. +7 (495) 956-13-10 . +7 (812) 440-73-90 /. +7 (863) 266-74-36



HABCTPEYY HN3HN.PEAMBEPUH"

® DopMa BbINYcKa:
’ % Pacteop ans uHoysuii 1.5% B ByThinkax

no 200 nnn 400 MA. UnKn B KOHTeliHepax
15 NET HA PblHKE. NPUMEHAETCA B 15 CTPAHAX. nonvmepHbix no 250 nan 500 mn.

C6anaHCcMpoBaHHbIN UHPY3UOHHbLIA PacTBOpP
(Ha OCHOBe AHTAPHOW KUCNOTbI U 3NIEKTPONNTOB).

OKa3blBaeT NONoHUTEbHbIN 3PHEKT Ha a3pobHble Npouecchl B KNeTKe. [=]; :ﬁlﬂﬁ
a -

YMeHbLUaeT NpoayKuuio CBO6OAHbLIX padunKkanos. Ewﬂt

BoccraHaBnuBaeTt 3HepFETVI‘-I6CHVII7I noTeHuwuaa KNeToHx.

WMHTenneKT Ha 3awuTte
3A0pOBbA

' pacTaop An BV JS
y

e polysan EX

000 «HAY4YHO-TEXHONOMMNYECKAA
®APMALIEBTUYECKAA
OUPMA «NOJTUCAH»
INFO@POLYSAN.RU WWW.POLYSAN.RU

Poccua 192102, CaHkT-MeTepbypr,
yn. CanoBa, . 72, K. 2, nUT. A

Ten.: +7(812) 710-82-25 ‘

®dakKc: +7(812) 764-62-84 .




BEMWIMNAPUH

2

CospemeHHbIlU 8b160p ON1A npohunaKkmuku
8eHO3HoU mpomb6osmbonuu

@ OnTManbHbIN
dapmakonornyeckmm
npodwmb*

@ BbipaXKeHHbIl
aHTUTpoMbOOTUYEeCKUN 3P PeKT.
MWHUManNbHbIN PUCK Pa3BUTUA
KpOBOTequm‘il*

® Ypo6¢cTBO NnpMeHeHunn
B KJINHUYECKON NpaKTuKe

"% NOAXOXNOrO 880ACHUS 3500 ME

e Zwnpwuano 02mn pacre

LUun6op® 3500
o s u ” 6 Op

||||||||

* Planes A; Expert Opin Pharmacother 2003; 4(9):1551-61

M BEPJINH-XEMU
N4l MEHAPUHU

Moapo6Has uHcopmauus o npenapare COAePXXUTCA B MHCTPYKLIMK Nno npumeHenuio (07.06.2012)
Otnyckaetcsa no peuenTy Bpaya

cibor.mod. yTBepxel



eKxcajirm

‘ I HekcketonpodeH

Crxopasi nomoLyb
CTP0 60

X

BbicTpoe BbipaXXeHHbI Xopowmii
Havyano o6e30o0nuBaloLLUiA npodunb
aencreua’ adpPekT? 6e3onacHocTK®

e

Aekcanruy®

Aexcreronpopey

MNokasaHuA K npuMeHeHMIo: 2t s s o ! *
Sl —E’!‘L"Q’B}l&‘lﬁﬁw 25 mr/un s
> KynmposaHue 6051eBOro cMHapoMa 3
pasnnuHoro reHesa (B T. U. L
nocneonepauyoHHble 6onu, 6onu npu
MeTacTasax B KOCTH, MOCTTPaBMaTU4eckue ii
60nu, 6011 NPY NOYEYHBIX KONIMKaX, ﬂl.jfn?n_g,xw

anbrogUCMEeHOPER, ULLINAJITUA, PagUKyIuT,
HeBpanruw, 3ybHas 6onb);

v

CMMMTOMAaTUYECKOR JIeYeHNe OCTPbIX
M XpPOHNYECKMX BOCNANNTENbHbBIX,
BOCNaNUTEeNbHO-AereHepaTMBHbIX

M metabonuuecknx sabonesaHui
ONOPHO-ABMIraTeNbHOro annapara

~ 1. UHcmpykuus no MeBuUUHCKOMY npuMeHeHuIo npenapamd flexcanaun®
(BT. u. peBMaTOMAHbIN APTPMUT, 2. Peat S, 10th World Congress on Pain 2002, San Diego: 945-P215
CNOHAWNOAPTPUT, apTPO3, OCTGOXOHHpOS). 3.Zippel, Clin Drug Invest, 2006, 26(9), 517-528

CokpaleHHas uH¢opMalMA No NpUMeHeHHIo Nnpenaparta JlekcanruK®: [lpomuaonoxasaHuA: MoBbILEHHaA YyBCTBUTENbHOCTb K AeKCKeTonpodeHy v apyrm HIBM wim K nio6omy 13
BCNOMOTATENbHBIX BELECTB, BXOAALUMX B COCTAaB NpenapaTa; A3BeHHas 601e3Hb XenyAKa U ABEHaALATINEPCTHON KULIKK B pase 060CTPEHMA; MeNyAOUHO-KULIEYHbIE KPOBOTEUEHWA B aHaMHe3e,
[pyrie aKTMBHble KPOBOTEUEHMUA, aHTUKOAryNAHTHaA Tepanus; BoCnanuTeNbHble 3a60eBaHUA KueUHUKa B ¢pase o6OCTPeHUs; TAXeNble HapyweHUsa GYHKLMM NevyeHU; ymepeHHble unn
THXKenble HapyLeHus GyHKLUM NoYeK; neyeHne 601eBOro CMHAPOMa NPU A0PTOKOPOHAPHOM LIYHTUROBaHUW; NEPMOA NOC/E NPOBEAEHUA a0OPTOKOPOHAPHOTO LYHTUPOBAHUSA; 6pOHXUaNbHas
acTMa, B T.U. — B aHAMHE3e; NOMHOE MAM HenosHOe coveTaHWe 6pOHXMANbHON acTMbl, PELMAMBUPYIOLWENO NOMMMNO3a HOCA W OKONIOHOCOBLIX Na3yX U HEMEPEHOCUMOCTHU aLETUNCANLUIIOBOMA
kucnoTbl wnu ap. HMBM; Taxenaa cepfeyHan HEAOCTATOYHOCTb; FEMOPParniecknin UaTes UM Opyrue HapyLeHUA Koarynauvu; BospacT Ao 18 net; 6epeMeHHOCTL U M NEPUOA NakTaLum.
[eKcanrMH® nNpoTMBONOKa3aH 1A HeBpaKcuanbHoro BBeAeHUA. C ocmopoxHocmeio: UBC; LepebpoBackynApHbie 3a6oneBaHus; caxapHblil Auabet, A3BeHHoe nopaxeHue KKT B aHaMHese;
AnuTenbHoe npumeHeHwe HIBIT; noxunoii Bo3pacT (cTapuie 65 net).

Cnoco6 npumeHeHuns u f03bl. Pacmaop 0/1A uHbexkyul: lekcanrvH® npeaHasHayeH AN BHYTPMBEHHOMO M BHYTPMMbILLEYHOTO BBEAEHWA. PekomeHyeman 4o3a ANA B3POCHbIX: 50 MI Kaxable
8-12 u. CytouHas ao3a 150 mr. [lekcanruH® npefHasHaueH Ans KpaTtkocpouHoro (He 6onee 2-x fHei) NpMMeHEHUA B Nepuog, ocTporo Gonesoro cuHapoma. Ta6nemku flexcanauH® 25 npuHAMaIOT
BHYTPb BO BpemA efbl. PekomeHgyemasn fio3a Ans B3pocnbix cocTaBnaer 12,5 mr (1/2 tabnetku) Kaxable 4 - 6 4 wimn 25 mr (1 Tabnetka) kaxable 8 4. MakcuManbHas cyTodHas fosa — 75 mr. Kypc
neuyeHus NperaparoM He AOMMKeH NpeBbllwaTth 3-5 AHel. Haubosiee yacmo scmpedaioujuecsi no6oyHble 3ghpekmel npu npumereHuu npenapama flekcanzut®: pns UHbeKLMOHHO| hopMbl: 6onb B
MECTE UHBEKLIMM, TOILHOTA, PBOTA. [nA TabnetTmpoBaHHOI pOPMbIE: TOWHOTa, PBOT], abpoMuHanbHas 6onb, Avcnencus, auapes.

000 «bepnuH-Xemu/A.MeHapuHu», 123317, Mocksa, MpecHeHckan HabepexHas, A.10, BL| «bawHa Ha HabepexHoii», 6nok b.
Ten.: (495) 785-01-00, dakc: {495) 785-01-01; http://www.berlin-chemie.ru ! BEPJINNH-XEMU
WHdbopmaLma ana cneLuanvcTos 3apasooxpaHeHus. OTnyckaeTca no peuenty. Moapo6Has MHGOPMAaLIMA COREPXKMUTCA B UHCTPYKLIMAX MO NPUMEHEHIO

(Aekcanrun® ot 30.11.11, flekcanrmH® 25 ot 22.10.12) MEHAPI/IHI/I





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


