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Tsskenasi coueTaHHasi TPaBMa NMPEJCTABISET CEPbe3HYI0 Yrpo3y /ISl KH3HU 4YesoBeKa, NIPHYEM He TOJbKO BCJIEJCTBUE
NPSIMOTO IOBPE’K/IEHUS KU3HEHHO Ba’KHBIX OPraHOB, HO M M3-3a Pa3BUTHSA BbIPA’KEHHOTO OKUCJIHMTEJIBHOIO JHCTpecca,
NPUBO/ISILETO K PA3BUTHUIO MOJNOPraHHOil HegoctaToynocTu. [Ipu a3TOM Bo3pacraeTr puCK Pa3BUTHS SKU3HEYTPOSKAIOMIUX
uH}eKnnoHHbIX ociokHeHuil. [env uccnedosanus — n3ydeHne OKNCIUTENBHOIO AUCTPECCA B AHNHAMHUKE H €T0O CBSI3b C
pa3BuTHeM HH(EKIUOHHBIX JETOYHbIX OCJOKHEHUH B PaHHHE CPOKM Yy NMOCTPAJABIINX C TSAXKEJNOil COueTaHHOW TPaBMOii.
Mamepuan u memoost. O6caenoBanbl 35 MOCTPAAABIINX C TSAKENO0H COUETaHHOM TPaBMOii B iepBbie 6—12 yacos, 12—24
vaca, 3, 5—7 u 10-e cyTku mocje TpaBMbl U 25 370POBBIX N00POBOIbIEB. C yueTOM Pa3BUTUSI MH(DEKIHOHHBIX JETOYHBIX
ocaoxkHeHni ¢(OPMUPOBaAHBI /IBE TPYNIbI CPABHEHUs TOCTPagaBmux: rpymna I — 15 nanueHToB 6e3 MHEBMOHMH U TPYII-
na II — 20 manueHTOB ¢ NHeBMOHUE. [IJIs1 OLEHKH CTeNeHN Auchalanca MeXK/IY OKHCIUTEIbHBIMA OBPEKIEHUSIMU H Pa-
60TOi aHTHOKCHIAHTHBIX CHCTEM OpPranu3Ma B paGoTe GbLI HCIOJb30BaH aHTHOKCUAAHTHDIH nHAeke (AOW), yunThiBa-
mUii aKTHBHOCTH 3JPUTPOIUTAPHBIX (epMEHTOB (CyNepOKCHIAMCMYTa3bl, KaTaja3bl, INIyTaTHOHIEPOKCHAA3bl H
[JIyTATHOHPEAYKTa3bl) U CTENEHb MEePEKHCHOrO OKUCIEHHUs JHIHI0B B IUIa3Me KPOBH ([HeHOBbI€ KOHBIOTATHI U MAaJIOHO-
Bblii uanbaerun). Pesyaomamor. Illokasaresn HHTErpajJbHOTO aHTHOKCHAAHTHOTO nHAeKkca (AOU) o6enx rpymnn oTpasa-
10T COCTOSIHUE OKHCJIMTEJIBHOTO CTPECCa, YTO NMOATBEPKAAIOT OTpUIlaTeIbHble 3HaueHust AOV npu ero HopMaJbHOM 3Ha-
YyeHHH, paBHOM Hymo. OAHAKO NPH NPAKTHYECKH HapajiebHOM Xapakrepe uamenenus AOU mociae TpaBMbI y
MOCTPAJIaBIIMX C MHEBMOHHMENH 3HAYEHWsT HHAEKCa ObLIM JOCTOBEPHO HHKe B nmepBbie 6—12 yacos, 12—24 yaca u 5—7-¢
cytku (p<0,05), ueM P OTCYTCTBUH OCIOKHeHUit. 3akarouenue. B nacrosuieii paGore Gbu10 nokasano, uro AOU sBisi-
€TCs PAHHUM KaHJIWIaTHBIM GHOMapKepoOM PHCKa Pa3BUTHsI HH(EKINOHHBIX OCJIOKHEHN, H €0 3HAUEHHUS YK€ B IepBbIe
Yachl MOCJIE TPABMBI 00JIa/1aI0T IPOTHOCTHYECKOiT nHbOpMaTuBHOCTBIO. Katouesvie cnosa: Tsxxenas coueTanHasi TpaBMa,
AHTHOKCH/IAHTHBIN CTaTyC, OKUCJIUTEJbHBI qucTpecc, ISS, nHdeknuoHHbIe 0CI0KHEHNs, THEBMOHUS, JI€TATbHOCTD, UC-
KYCCTBEHHAs] BEHTHJISILUS JIETKHX.

Polytrauma is a serious threat to human life not only due to its direct damage to vital organs, but also to the develop-
ment of significant oxidative distress that gives rise to multiple organ dysfunction. At the same time, the risk of life-
threatening infectious complications increases. Objective: to study oxidative distress over time and its association
with early pulmonary infectious complications in patients with polytrauma. Subjects and methods. The authors exam-
ined 35 patients with polytrauma in the first 6—12 and 12—24 hours and 3, 5—7, and 10 days after injury and 25 healthy
volunteers. Having regard to the development of pulmonary infectious complications, they formed two comparison
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groups of patients: 1) 15 patients without pneumonia and 2) 20 patients with pneumonia. The investigation used the
antioxidant index (AOI) considering the activity of erythrocyte enzymes (superoxide dismutase, catalase, glu-
tathione peroxidase, and glutathione reductase) and the degree of lipid peroxidation in the plasma (dienic conjugates
and malonic dialdehyde) to estimate the balance between oxidative lesions and the performance of the body's antiox-
idant systems. Results. In both groups, the AOI reflects the oxidative stress state, as substantiated by negative val-
ues for the AOI with its normal value equal to zero. However, with the virtually parallel nature of AOI changes after
injury in the patients with pneumonia, the values of the index were significantly lower than in those without compli-
cations within the first 6—12 and 12—24 hours and 5—7 days (p<0.05). Conclusion. This investigation has indicated
that the AOI is an early candidate biomarker for the risk of infectious complications and its values are of prognostic
value just within the first hours after injury. Key words: polytrauma, antioxidant status, oxidative distress, ISS, infec-
tious complications, pneumonia, mortality, mechanical ventilation.

CoxkpanieHust

ADK — aktuszble dhopmbr kuciaopona; AOU — an-
TUOKCUAAHTHBIN MHACKC; [SS — mKanma TsskecTwn TpaBMBbI
(Injury Severity Score); IIOJI — nepexucnoe oxucieHue
sunnaos; [IK — auenossie konbiorater; M/IA — MajioHO-
Beiit auampaerng; CO/l — cymepokenmmmemyTasa;, KT —
katanasa; ['TIl — royratnmonnepokcugasa; I'TP — rayra-
TnoHpeaykTasa; VIBJI — nckyccTBenHas BeHTHIISAIINS JieT-
knx; HBJI — HenHBa3uBHAsT BEHTUJISAIINS JICTKUX.

BBenenne

B Hacrosiiee BpeMst TpaBMa SIBJISIETCST He TOJIBKO Me-
JMIUHCKOI, HO M CEPbe3HOH CONMATbHO-9KOHOMIYECKON
po0JIEMOH, Tak Kak HapsLy ¢ GOJIE3HSIMU CHCTEMBI KPOBO-
obparieHust 1 HoBOOOPA30BAHUSAMU OHA SIBJISIETCS O[HOM 13
TPEX OCHOBHBIX IIPUYNH CMEPTHOCTU BO BceM Mupe. Vimen-
HO TpaBMa CTOMT Ha MEPBOM MeCTe TI0 CMEPTHOCTU CPEJI
JIuTL B Bo3pacte 710 45 et [1, 2]. Tskemast coueTaHHas TPaB-
Ma ¢ KPOBOIIOTepeil COMPOBOJKAAETCS THIOKCHEI ¢ Hoce-
Iyoliell peoKCUTeHAINEH, 9TO COIIPOBOKAAETCS CYIIECT-
BEHHBIMU M3MEHEHUSAMU MeTab0/IM3Ma KJIETOK, Pa3BUTHEM
OKHCJIUTEJBHOTO CTPecca, IPUBOJSIIETO K HapyIICHUSIM
(yHKITII OPraHoB 1 TKaHEeH 1 MOJNOPTaHHON HE0CTaTou-
HocTh [3—6]. PasBuTHe OKHCIUTENBHOTO AHCTPEcca Mpo-
ncxXoauT Ha (hOHE HENOCTATOYHOCTH (HEPMEHTATUBHOH ¥
HedhepMEHTATUBHOM aHTHOKCHIAHTHBIX cHCTeM [7].

[Tpr KpUTUYECKUX COCTOSIHUSIX, TAKUX KAK CETICHUC,
TpaBMa 1 OOIIUPHbBIE 05KOTH, OBBIIEHHbBII YPOBEHb OKKC-
JINTEJIBHOTO JINCTPECCa NN TIOHMKEHHBI aHTHOKCU/IAHT-
HBII CTaTyC CBUIETEJIbCTBYIOT O HEOJIArONPUATHOM TIPO-
rHo3e [8]. /111 KoJmuecTBeHHO OI[eHKH OKUCIUTEIBHOTO
JcTpecca HeOOXOAMMO, € OJHON CTOPOHBI, OTIPEAETHUThH
M3MEHEHUSI B HAKOIJIEHUU TIPOJYKTOB OKHUCJIEHUS, a C
JIPyroii — OIEHUTh M3MEHEHUE AKTUBHOCTH AHTHOKCHU-
JIAHTHBIX (hEPMEHTOB.

[Ipu 1IOBBIIEHHOM OOpPa30BaHUU AKTUBHBIX (HOPM
kucsoposa (ADK) mporcxoauT 3HAUNTEIbHAST AaKTHBAIINS
CBOOO/IHO-PA/INKATBHBIX TIPOIIECCOB TTEPEKUCHOTO OKUCIe-
uus unuzos (IIOJT) [9]. Ilpn kosmuecTBeHHON OIEHKe
ITOJI Hanbosiee 4acTo UCIONB3YIOT TAKHE TIPOLYKTHI, KaK
nuenoBble Koubloratel (/IK), a Takske oJiuH U3 €ro KoHeu-
HBIX ITPO/LYKTOB — MaJIOHOBBIN snasbaerus (MIA).

BaxkHyio posib B TojjiepsKaHun pefokc-6ananca B
opranusme urpaet (epMeHTaTHBHAs AHTHOKCHUIAHTHAS
cHCTeMa PUTPOLUTOB, KOTOPAst HEPBOI CTAJIKUBACTCS C
OKHUCJIUTEbHBIM JincTpeccoM. OCHOBHBIMU KOMITOHEHTA-
MU 39TOHl CHCTEMBI SIBJSIOTCS CYIEPOKCHIAMCMYTa3a

Abbreviations

ROS — reactive oxygen species; AOI — antioxidant
index; AOS — antioxidant status; ISS — Injury Severity
Score; LPO — lipid peroxidation; DC — diene conjugates;
MDA — malondialdehyde; SOD — superoxide dismutase;
CT — catalase; GTP — glutathione peroxidase; GTR —
glutathione reductase; NIV — non invasive ventilation.

Introduction

Currently the polytrauma is not only medical but
also a serious social and economic problem, since in addi-
tion to circulatory system diseases and cancer, it is one of
the three leading causes of death worldwide. Precisely
Polytrauma is at the first place of death among the people
under the age of 45 years [1, 2]. Severe polytrauma with
blood loss is accompanied by hypoxia followed by reoxy-
genation, which is followed by significant changes in cell
metabolism and development of oxidative stress, leading
to organ and tissue dysfunction and multiple organ fail-
ure [3—6]. Development of oxidative stress occurs in
deficiency of enzymatic and non-enzymatic antioxidant
systems [7].

In critical conditions, such as sepsis, polytrauma,
extensive burns, the elevated levels of oxidative stress or
reduced antioxidant status indicate a poor prognosis [8].
To quantify oxidative stress it is necessary, on the one
hand, to determine the accumulation of oxidation prod-
ucts, and on the another hand — to evaluate the activity of
antioxidant enzymes.

When formation of reactive oxygen species (ROS) is
increasing, there is a significant activation of free radical
production because of lipid peroxidation (LPO) [9]. When
quantifying ROS products diene conjugates (DC) and one
of its end products — malondialdehyde (MDA) are most
commonly determing.

Erythrocyte enzymatic antioxidant system takes
an important role in maintaining the redox balance in
the human body system, which is first to face the sys-
temic oxidative stress. The main components of this
system are superoxide dismutase (SOD), catalase
(CT), glutathione peroxidase (GTR) and glutathione
reductase (GAD).

The object of this study was to investigate the
dynamics of oxidative stress and its relationship with
the development of infectious pulmonary complica-
tions in the early period in patients with severe poly-
trauma.
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(COMN), xaranasa (KT), rmyrarnonnepokcnmasa (I'T1I) n
raytatnonpenykrasa (I'TP).

[esnb mccnenoBanns — M3ydeHHE OKUCIUTETHHOTO
JIICTPecca B IUHAMUKE U €T0 CBSI3Db C Pa3BUTHEM NH(EKIN-
OHHBIX JIETOUHBIX OCJIOKHEHUI B PAHHUE CPOKH Y TOCTPa-
JIaBIINX C TSKEJION COUeTaHHOUW TPAaBMO.

Marepuan u MeTObI

XapakTepucTrKa TalMeHTOB € TSKeJI0i COueTaHHOI Tpas-
Moi. O6cseioBaibl 35 MOCTPAAABIIMX € TSKEJONH COUETAHHOI
TPaBMOH, KOTOPble HAXOUJINCDH HA JIEYEHUH B OT/IeJIEHUH PeaHu-
Mmarn n unteracusaoi Teparmmt HUU CIT um. H. B. Cxiudocos-
ckoro B 2012—2013 rr., u 25 3/10pOBBIX 110 KJIMHUYECKUM 1 OOXH-
MUYECKUM TIapaMeTpaM [T0OPOBOJIbIIEB U3 4KCJIa Bpadeil st
orrpe/iesIeHHsI TPAHUIL HOPMAJIbHBIX 3HAYEHHI HCCIIe/[yeMbIX TTapa-
MeTpoB. VccireioBane BbInoJHsIN B iepBbie 6—12 vacos, 12—24
vaca, 3, 5—7 u 10-e cyTKu 1OCIE TPABMBL.

B unccreoBanne He BRIIOYAIN TIAIIMEHTOB, YMEPIIHX B Teve-
Hue 12 4acoB ¢ MOMEHTa TPABMBbI, TIAIIMEHTOB ¢ KOMOMHUPOBAHHON
TPaBMOH, TAIIMEHTOB € MOBPEKAECHUSMH TOJIBIX OPraHOB, C Mac-
CHBHBIMH Pa3MO3KEHUSIMU MSATKUX TKAHel 1 ¢ THOHHO-CcenTnyec-
KMMHU 04araMi BHEJIETOUHOI JIOKalIn3aruu, chopMupOBaBIINMU-
cs B paHHHE CPOKU. TsKecTh TPaBMbl OIEHMBAIN 110 IIKaJe
TspKecTH ToBpeskaennii — Injury Severity Score (ISS), ¢ yuetom
MX JIOKAJIM3AINN: TOJI0BA, TPY/Ib, ’KUBOT, T03BOHOYHHK, Ta3 U KO-
neunoctu [10]. ¥ mocTpasaBiux yuuTHIBAIN M10JI, BO3PACT, HAJIU-
Yie acIUpalii KPOBU M JKEJIY/I0UHOTO CO/IEPKUMOTO, BBITIOJIHE-
HUe TPAXEOCTOMUH, CPOKU BEHTUJISIIIIN U CPEAHUIT KOIKO-/IeHb.

XapaKkTepucTrKa MoCTPaJaBIINX [pe/cTaBeHa B TabiL. 1.

JlMarHo3 MHeBMOHUH BBICTABJISIM HA OCHOBAHUH MOSIBJICHUST
«CBEXKHX» 0YaroBO-MH(MDUIBTPATUBHBIX M3MEHEHUIT HA PEHTIeHO-
rpamMMe IpYIHON KJIETKH COBMECTHO C TAKUMHU HPH3HAKAME MH-
hekIMOHHOTO 3a60TEBAHSI, KaK JIITXOPA/IKA, BbIIEIEHIE THONHON
MOKPOTHI U (MJIN) JIEWKOINTO3, B COYETAHUN ¢ MUKPOOUOJIOTHYEC-
KUMU JIAHHBIMHE aCIUPaTa U3 TpaxeoOPOHXUAIBHOTO iepeBa. 3a60p
Marepuaia MPOBOJUIN C MCHOJb30BAHIEM OJHOPA30BBIX CHCTEM
«Tracheal — Absaugsatz». TloceB nmepBUYHOTO MaTepuaza MPoOBO-
JUAJIA Ha TJIOTHBIE M JKUJIKUE TIHTaTeIbHbIe CPe/ibl B COOTBETCTBUI
¢ obutenpunsaThiMu ctargaptami [11]. C yuerom passurus nndex-
IIMOHHBIX JIETOUHBIX OCJTIOKHEHNI chOPMUPOBATIH /IBE CJICIYIONINE
IPYIIBI CPaBHEHNs TIOCTpagaBuux: rpymma I — 15 naruentos 6e3
nHeBMoHTH U rpymma 11 — 20 marmenToB ¢ mHeBMOHMET.

Buoxumuueckue Metopl ucciaenoBanus. Cozepikanue jue-
HOBBIX KOHbIOraToB B 1a3me (JIKIur) onennsasiy ¢ momMolpio Me-
Tojta, paspaborannoro Placer (1968) B Mmoaudukannu Taspriosa
c coant. (1983) [12, 13]. Konnenrpaiiio MaIoHOBOTO IHAIb/IeTH-
na B mmasme (M/IAmn) onpegensiaun o meromy Mihara et al.
(1980) [14, 15], B aputporurax — (M/[Aap) omeHrBaII METOOM
Ernster et al. [17]. Cozmeprkanust 11€HOBBIX KOHBIOTATOB B 9PUTPO-
murax (JIKap) nposoxuiu ¢ nomornisio Metoga Placer B Mmopudu-
karn TaBpmtoBa u ap. (1983) [16]. B apurtpormrax ompenemsiian
AKTUBHOCTH CJIEAYIOMMUX (EPMEHTOB: TIIyTaTHOHPELYKTA3bl
(T'TP), ucniosibays meros Tilbotsen et al. B ananranuu s anas-
saropa DI1-901 (JTabeucremce, @unmstnans) [18, 19], rayrarion-
nepokcuzasbl ([TIT) ¢ nomomntbio metona Mille B Mmomupurarmn
st anamusaropa DI1-901 (JTabeucreme, Ounianaus) [20, 21],
katanasbl (KT) o metomy Oshino et al. (1987) [22], cynepokcu-
auemyTassl (COJMT) ¢ nomomnibio Metoza Niashikimi et al. [23].

AHTHOKCHAAHTHBII cTaTyc. [[Jis1 OlleHKN aHTHOKCHIAHTHOTO
cTaTyca UCIoIb30BaIN aHTHOKCHAAHTHBIN mHeke (AOU 1) — ko-
TOPBII OIEHUBAJIN KaK cpejiHee apudMeTnieckoe OTHOIIEHNH T10-
kaszatesieit [IOJI (conepskanue JIK u M/IA B ntasme u aputporiu-
Tax) K CpefHeMy 3HAYEHUIO HTHX JKe IOoKasaresell y 3/10pOBbIX
moneit, npunsitoe 3a 1. AOW1 = (AKmn/AKuaN + /1Kap//IKapN
+ MJAmwn/MIAnaN + M/IAsp/M/IAapN) /4. UurerpanbHbiii
nH/eKC (hepMeHTATUBHOM aHTHOKCHIAHTHOMN 3aIUThl (AHTHOKCH-
nanTHbI nHAekc-2, AOV2) Bbranc/isiiin Kak apudmMeTndeckoe ot-
HOILIEHVEe AKTHBHOCTEH aHTHOKCHIAHTHBIX (DEPMEHTOB APUTPOILU-

Materials and methods

Characteristics of severe polytrauma patients. The study
included 35 severe polytrauma patients, who were treated at the
intensive care unity of Sklifosofskiy Research Institute of
Emergency Medicine in 2012—2013, and 25 healthy by clinical
and biochemical parameters volunteers to determine the normal
values of investigated parameters. The study was performed in the
first 6—12 hours, 12—24 hours, 3, 5—7, and 10 days after injury.

The study excluded: patients who died within 12 hours after
the injury; combined trauma patients; hollow viscous injuries;
severe soft-tissue crushing; pyo-septic foci non pulmonary local-
ization, formed in the early stages. The severity of injury was eval-
uated on a scale of Injury Severity Score (ISS) with regard to
their localization: head, chest, abdomen, spine, pelvis and extrem-
ities [10]. Sex, age, presence of blood and aspiration of gastric con-
tents, performance of a tracheostomy, ventilation time and the
average hospital stay were determined.

Characteristics of patients are given in Table 1.

The diagnosis of pneumonia was made on the basis of the
appearance of «fresh» focal and infiltrative changes on chest X-
ray, and signs of infection such as fever, purulent sputum and (or)
leukocytosis, in combination with microbiological of an aspirate
from a tracheobronchial tree. Biopsy specimens were harvested
using disposable systems «Tracheal — Absaugsatz». Sowing was
performed on the dence liquid culture medium in accordance with
generally accepted standards [11]. Two patient groups were
formed taking in consideration the development of infectious pul-
monary complications. First group — 15 patients without pneu-
monia and second group — 20 patients with pneumonia.

Biochemical research methods. The content of diene conju-
gates in plasma (DCpl) was evaluated using the method devel-
oped by Placer (1968) in the modification of Gavrilova et al.
(1983) [12, 13]. The concentration of malondialdehyde (MDApl)
in plasma was determined by the method of Mihara et al. (1980)
[14, 15], in erythrocytes (ERpl) assessed by Ernster et al. [17].
Diene conjugates in erythrocytes (DCer) was performed using a
modification of the method of Placer Gavrilova et al (1983) [16].
The activity of the following enzymes was determined in erythro-
cytes: glutathione reductase (GAD) using the Tilbotsen et al.
method, in adaptation for Analyzer OP-901 (Labsistems, Finland)
[18, 19], glutathione peroxidase (GTR) using the Mille modifica-
tion for Analyzer OP- 901 (Labsistems, Finland) [20, 21], catalase
(CT) Oshino et al. method (1987) [22. Superoxide dismutase
(SOD) by the method Niashikimi et al. [23].

Antioxidant status. To evaluate the antioxidant status the
antioxidant index (AOI1) was used. It was calculated as the arith-
metic average relationship of LP (DC and MDA content in plas-
ma and erythrocytes) to the average value of the same parameters
in healthy volunteers, taken as 1. AOI1 = (DCpl / DCpIN DCer +
/ DCerN MDApl + / + MDApIN MDAer / MDAerN) / 4.
Integral index of enzymatic antioxidant defenses (antioxidant
index 2 AOI2) was calculated as an arithmetic ratio of the activi-
ties of erythrocyte antioxidant enzymes (SOD, CT, GTR and
GAD) adopted as 1 in healthy volunteers: AOI2 = (GTP / GTPN
+ GTR / GTRN + SOD / SODN + CT / CTN) / 4). «N» in the
denominator — the values obtained in a group of healthy volun-
teers of 25 people aged between 22 to 45 years. The difference
between these two factors, AOI = AOI2 — AOI1 was proposed to
consider as an integral index of the total antioxidant status [24].

Statistical processing. The obtained results were statistical-
ly processed using the «Statistica 6.0» and «SPSS 11.5» programs.

Results and Discussion

Dynamics of antioxidant index (AOI1) in the group
of patients with infectious pulmonary complications, and in
the non-infectious complications is presented in Figure 1.
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Ta6umnua. XapakTepucTUKa OCTPaJaBIIHX
Table. Characteristics of patients

Parameters Number of patients
Total 35
Died 8
Mortality rate 22.9%
Male 88,6%
Female 11,4%
Age 37+15 years
Average stay 8,3
Mechanism of injury
Traffic accident 44%
Fall from height 36%
Train injury 8%
Home accident 4%
Work-connected injury 4%
Injury under unclear circumstances 4%
Tracheostomy performed 45,7% (16)
Without tracheostomy 54,3% (19)
Mechanical ventilation
No MV 1
1 day 9
2 days 3
3 days 4
Over 3 days 15
NIV 3
Aspiration of gastric contents and blood 28,6%
Injury Severity Score 41,2+11,6
1SS <30 7 (20%)
ISS =30 28 (80%)
Nosocomial pneumonia 57,1% (20)
Without pneumonia 42,9% (15)

IIpumeyanue. Parameters — mokaszaresn; Number of patients — umncsio narenros; Total — Beero; Died — ymepaio; Mortality rate —
setanbHoCcTh; Male — myskunnst; Female — sxenmunbl; Age — Bospact; Average stay — cpeuii Koiiko-zenn; Mechanism of injury —
Bu tpasmbl; Traffic accident — goposxno-rpancnoprroe npoucinectsue; Fall from height — nagenmue ¢ Boicorsr; Train injury — mnoess-
Hast tpaBma; Home accident — 6orroBast paBma; Work-connected injury — npousBojctsennas Tpasma; Injury under unclear circum-
stances — TpaBMa IpU HEBBIICHEHHBIX 0OCTOsITENbCTBAX; Tracheostomy performed — BoinosHena Tpaxeocromust; Without tracheosto-
my — 6e3 Tpaxeoctomun; Mechanical ventilation — uckyccrennas Benruisiius jgerkux (MBJT) u ee cpoku; No MV — Ges IBJI; 1 day
— VIBJI B teuenue 1 cyrok; 2 days — UBJI B teuenue 2 cyrok; 3 days — UBJI B teuenue 3 cyrok; Over 3 days — VUBJI cBbime 3 cyTok;
NIV — HenHBa3uBaHast BEHTUJIAINA Jerkux; Aspiration of gastric contents and blood — actuparst KpoBH 1 KTy IOUHOTO COAEPKU-
Moro; Injury Severity Score — TsikecTb oBpekaenui o mkase ISS; Nosocomial pneumonia — nozokomuanbhas niuesmonus; Without

pneumonia — 6€3 THEBMOHUTL.

toB (CO/L, KT, I'TIl u I'TP), npunsrsie 3a 1 y 3/10pOBBIX JO/EH:
AON2 = (I'TI/TTIIN + ITP/TTPN + COJ/COJN +
KT/KTN)/4). llokasatenu c «N» B 3HaMeHaTeJsie — 3HAYECHIS, [10-
JIydeHHble HAMU paHee B TPYIITIE 30POBBIX T0OPOBOJIBIIEB B KOJIH-
yecTBe 25 uesoBeK B Bozpacte oT 22 10 45 jer. PasHoCTh 9THX
1ByX dakropos (AOU = AON2 — AOI1) GbLI0 npesiosKeHo pac-
CMaTpUBaTh KAK MHTETPAJIBHBII MOKa3aTesqb, OTPAKAIONIN 00-
NI AaHTHOKCH/IAHTHBII cTaTyc [24].

Crartucrnyeckas 06paboTka. [loydeHHbie pe3yasraTsl 06-
paboTanyu CTaTHCTHYECKW C WCIIOJB30BAHNEM IIPOTPAMM
«Statistica 6.0» u «SPSS 11.5». B paGote 1npuBeieHbl 3HAYCHUS
cpenneii (M), (£) m (ommbku cpenneit) u o6beM BHIOOPKHU (7).
[Ipu cpaBHEHNM JAHHBIX TTOCJIE TPOBEPKH XapaKTepa pacipesiesie-
HUSI UCHOJIB30BaIn Kputepuil y* u t-xpurepuii Croiofenta [25,
26]. [locroBepubiMu cuntanu paziudust mpu p<0,05.

PesyibraThl U 00CyK/IEHAE

JlnnamMuka 4acTHOTO aHTHOKCUAHTHOTO NHEKCA
(AON1) y mocTpagaBOINX B TPYIIE C PA3BUBIINMUCS
NHGEKINOHHBIMU JIETOUHBIMH OCJOXHEHUSIMU U B
rpyimie 6e3 nHGEKIMOHHBIX OCAOKHEHUIT TIpe/icTaBe-
Ha Ha puc. 1.

As follows from the data presented in Figure 1, signif-
icant differences (p<0.05) between the groups were
observed only in the first few hours after injury, while in the
group with pneumonia higher levels of lipid peroxidation
products were detected. Studies of the dynamics of the
AOI1 index found that the minimal deviation are observed
in the first 24 hours and the maximal at 5—7 days, while on
the 3 and 5—7 days the significant differences compearing
to the values in the control group, considered as 1 were
determined. After 5—7 days in both groups, there some
reduction level of lipid peroxidation of in the metabolites.

Dynamics of enzymatic antioxidant protection index
(AOI12) in groups with infectious pulmonary complications,
and no infectious complications is presented in Figure 2.

As follows from Figure 2: in the group of patients
with pneumonia, in the first 6 hours there was a slight
increase in AOI2, compared to the values of the control
group (1.0), then, after the first 24 hours slight the signif-
icant reduction of level of AOI2 to 0.95 was started which
returned to normal values after 5—7 days.In the group

www.reanimatology.com

GENERAL REANIMATOLOGY, 2014, 10; 2



Tpasma

— 4~ Group-l (without p-Il (with ---4&-- Control group

2,1

1,9 1,87,

18 f— ¥
17 166T _ / 1iﬂ\‘Ns 171
16 ' T\\ 159 /’/ # N
s 151
: \ - 4 /I’1,47
1,3 % , ’ ‘ #
12 > 4

11 1,134~ = =

1 3 £ £ 3

0,9 )
before 12 hours 12-24 hours 3rdday 5-7th day 10thday

= &= Group-I (without
1,25

0,95 0,9

5

before 12 hours 12-24 hours 3rdday 5-7th day 10thday

Puc. 1. [lunamuka antnokcugantHoro unaekca 1 (AOI1) B rpym-
nax NaiieHToB ¢ MHEBMOHUEH U 6€3 THEBMOHUH.

ITo ocu opaunar ykasaubl otHocutesbHbie exaunuie AOIL. Tlo
ocu abCrmee — BPeMsI TTOCJie TPABMBI. * — JOCTOBEPHO IIPH CPaB-
HeHnu Meskay rpymmami(p<0,03); # — 10CTOBEPHO MO CPABHEHHIO
¢ rpymmoit korrposist (p<0,05).

Fig. 1. AOI-1 dynamics in groups of patients with and without
pneumonia.

On the ordinate: relative units AOT1. Absciss: time after the injury.
* — differences between groups, AOI1 (P<0.05, median test);

# — controlgroup differences, AOT (P<0.05, Moses test).

Kak cemyer 3 laHHbBIX, IPE/ICTABJIECHHBIX HA puUC. 1,
noctoBepHbie pasiuans (p<0,05) MesxIy TPYImaMu OTMe-
YaJINCh JINMIb B MEPBbIe HECKOJBKO YACOB TIOCJIE TPaBMbI,
[IPY BTOM B TPYIIIIE ¢ THEBMOHKeEH 0OHapysKeHbl GoJiee Bbl-
coxue yposaH poaykToB [1OJIL. VccrenoBanns nunaMnkm
nnziekca AOV1 ycTaHOBUIIH, YTO MUHUMAJIbHbBIE OTKJIOHE-
HUsE HabJIOIA/INCh B TIEPBbIEe CYTKH, & MAKCUMAJIbHbIE — HA
5—7 CyTKH, TPU 9TOM Ha 3 1 5—7-¢ CYTKH BBISIBUJIN TOCTO-
BEPHbIE PA3JNYNs CO 3HAYCHUSIMU B TPYIIIE KOHTPOJIS,
npusATbiMu 32 1. [Tocie 5—7-X cyTOK B 06erX rpyInax Ha-
GJIrO I/ HEKOTOPOE CHUKEHUE YPOBHSI METa0OIUTOB 1[EITH
MIEPEKNCHOTO OKUCIIEHUS JIUTTAIOB.

JlmHammka wHAEKca (hepMEHTATUBHOW aHTHUOKCHU-
nanTHOM 3amuTel (AOW2) B rpymnmax moctpagaBliux ¢
Pa3BUBIIMMUCS MHQEKITMOHHBIMU JIETOUHBIMU OCJIOJKHE-
HUAMU 1 0e3 HHPEKIMOHHBIX OCJI0KHEHUIT MpecTaBaeHa
Ha puc. 2.

Kak ciemyer n3 JaHHBIX PUC. 2, €CIM B TPYIIIE MOCT-
paaBIINX ¢ THEBMOHUEI B IepBbie 6 4acOB OTMEYAJIOCh
HesHauuTesbHOE ToBbIeHNe ypoBHs AOWN2, no cpashe-
HUIO CO 3HAYEHUSIMU B KOHTposbHOM Tpytie (1,0), To mo-
CcJie TIePBBIX CYTOK HAYMHAJIOCh HE3HAUNTEJIbHOE, HO JI0CTO-
Beproe (p<0,05) cumwxkenune ypous AOU2 mo 0,95,
KOTOPBIH TOCJIE 5—7-X CYTOK BO3BPAIIAJICS K HOPMATHHBIM
3HAYCHUSIM.

B rpymie nocrpagasinx 6e3 IMHEBMOHUN BeJMYMHA
AOW2 mtporpeccuBHO TMOBBIMIANIACH U JOCTUTATA MaKCHU-
MasbHBIX 3HadeHnit — 1,23 Ha 5—7 cyrtkn, k 10 cyrkam
cHmKasmach 710 1,14, ocraBasics Boiiie HopMbl (p<0,01).

JluHaMuKa pe3yJIbTUPYIONIEr0 WHJEKCA, OTpaXKaro-
1mero o6t aHTHOKCUIAHTHBIH craryc (AOWN), npencras-
JieHa Ha puc. 3.

DopMaTbHO MOKA3ATETN WHTETPATHHOTO AHTHOK-
cuganTHoro utaekca (AOI) oberx rpymi oTpaKaT co-
CTOSIHUE OKUCJUTEJBHOTO CTPECCa, YTO TOATBEPIKAAIOT
orpunaresbubie 3HadeHuss AOV npu ero HOpMaJIbHOM

Puc. 2. [lunamMunka aHTHOKCHIaHTHOTO UHIeKca 2 (AOI2) B rpyn-
[ax MaIyeHTOB ¢ MHEBMOHMeElT 1 6€3 THEBMOHHH.

ITo ocn opauHaT yKazausl oTHOCHTEbHBIE eanibl AOI2. ITo ocu
abeIce — BPeMst TI0CJIe TPABMBbL. * — JI0CTOBEPHO TIPU CPaBHEHUN
meskay rpymmamu (p<0,05).

Fig. 2. AOI2 index dynamics in groups of patients with pneu-
monia and no pneumonia.

On the ordinate is the relative unit AOI2. Abscissa — time after
injury. * — Intergroup differences were significant (P<0.05).

without pneumonia AOI2 value progressively increased
and reached maximum values — 1.23 at 5—7 days. At 10
days it was reduced to 1.14, remaining above normal val-
ues (p<0,01).

The dynamics of the resulting index, that reflects the
total antioxidant status (AOS) is shown in Figure 3.

Formally, the integral antioxidant index (AOI) in
both groups reflects the state of oxidative stress. This is
confirmed by the negative values of AOI when its normal
value is equal zero. Despite obtained parallel nature of AOI
after trauma, the index values were significantly lower in
the first 6—12 hours, 12—24 hours and 5—7 days (p<0.05)
in patients with pneumonia, than in patients with no com-
plications. At 5—7 days after injury amplitude of shift in
the negative direction of the index was ranged from 20 to
50% (Fig. 3).

Thus, in the state of antioxidant system of patients
two critical periods associated with increased oxidative
stress can be noted: the first hours and 5—7 days after
injury, and further joining of infection intensifies oxidative
stress.

In order to analyze the prognostic value of the AOI
in the development of infectious pulmonary complications
in patients, ROC-curves for the level of AOI, measured at
different time intervals after injury were obtained. The
prognostic effect of the AOT was the highest in the range
of 12—24 hours from the value of the area under the ROC-
curve. Square value was 0.730 which is a «<good» indicator
according to an expert evaluation.

Thus, the ROC-analysis performed in the range of
12—24 hours, showed that the AOI predicted the develop-
ment of infectious pulmonary complications in patients
with severe polytrauma in the first 24 hours.

In the group of patients with infectious pulmonary
complications, in contrast to the group without complica-
tions, there is a significant (p<0,05) inhibition of the
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Injury

3HaUeHNHU, paBHOM HYJ10. OJIHAKO TIPU MPAKTUYECKH T1a-
paysesibHOM XapakTepe nameHeHnst AOU mocie TpaBMbI
y HOCTPAJABIINX C ITHEBMOHUEH 3HAUCHUST MHIeKca ObLIN
JIOCTOBEPHO HuUKe B nepBbie 6—12 yacos, 12—24 vaca n
5—7-¢ cytkn (p<0,05), 9eM TPU OTCYTCTBUU OCJOKHE-
uuii. Ha 5—7-¢ cyTKHN mocjie TpaBMbI aMILIATYIa CABUTA
MHJIEKCA B OTPUIIATETIBHYIO CTOPOHY cocTaBiisiyia oT 20 10
50% (puc. 3).

Taxum 06pasoM, B COCTOSTHUM aHTUOKCUAHTHOMN CH-
cTeMbl O0JIbHBIX MOYKHO OTMETHTD 1B KPUTHUYECKHX TT€PU-
0/1a, CBSI3AHHBIX C YCUJICHHMEM OKHCJIUTEJNHbHOTO CTpecca:
TIepBBIE YaChl U 5—7-€ CYTKHU TTOCJIE TPABMBI, TPUIEM JajTh-
Helflee npucoeHeHne WHQMEKIUN YCUTUBAET OKHCJIU-
TeJIbHBIN CTpecc.

C 1estpio anasm3a mpornocTuaeckon mennoctu AOU
B Pa3BUTHH UH(EKITMOHHBIX JIETOUHBIX OCJIOXKHEHNN Y T10-
crpazaBux Obun octpoerbl ROC-KpuBbIe ISt YPOBHS
AOW, u3MepeHHOTO B pa3Hble BPEMEHHbBIE MTPOMEKYTKH C
MoOMeHTa TpaBMbl. [Ipu aTOM Tpornoctnyeckuii apdexr
AOMU oxkazajicst MakcUMaJbHbIM B mHTEepBasie 12—24 vaca,
MCXO/ISt U3 BEJMUNHBI 3HaueHus romaan mox ROC kpu-
Boil. 3uavenue momaan cocrauio 0,730, uyro aBisercs
110 HKCIIEPTHOI OlleHKe « XOPOIINM TIOKa3aTeIeM».

Taknm o6paszom, Bemoanenubiii ROC-ananus B u-
tepBasie 12—24 wgaca, nokasan, yto AOU nporuosupyer
pasBuTHE NH(OEKIIMOHHBIX JIETOYHBIX OCTOKHEHUH Y 1TOCT-
PaJIaBIINX C TSIKEJIOH COUETaHHOW TPAaBMOIi B niepBbie 24
yaca.

B rpymie nocTpasiaBiuix ¢ pa3BUBHIMMUCS MHDEK-
IIMOHHBIMU JIETOYHBIMHU OCJIO)KHEHUSIMU, B OTJIMYUE OT
rpymmbl  6e3  OCJHOKHEHUI, OTMeYaJu JI0CTOBEPHOE
(p<0,05) yrueremme aHTUOKCUAHTHON CUCTEMBI B ITEPBBIE
6—12 gacoB, 12—24 yaca u Ha 5—7-€ CyTKHU, 9TO yKa3bIBa-
€T Ha ero BO3MOXKHYIO PAHHIOIO TIPOTHOCTHYECKYTO 3HAUU-
MOCTb B Pa3BUTUU WH(MEKIIMOHHBIX JIETOYHBIX OCJIOKHE-
HuUil B iepbie 6—12 yacos.

3akjaoyeHue

W3BecTHO, YTO MAIMEHTHI C TSKEJIOW COYETAaHHOI
TPaBMOIl MCHBITBIBAIOT OKUCJIUTEbHBII cTpecc [27, 28].
OHAKO MOMBITKY OIKCATh PEIOKC-CTATyC ObLIM, KaK Mpa-
BUJIO, OTPAHWYEHBI M3MEPEHUSIMU EINHIIHBIX MapaMeT-
POB, TAKWMX KaK KOHIEHTPAIINN HHANBUAYATLHBIX aHTHOK-
CUIAHTOB WJIM YPOBHSI OKWCJIECHWS JUMHUIOB. XOTS 9TH
napameTpbl Jaxe 110 OTAEJIbHOCTU MOTYT ObITh MOJIE3HBI-
M, OHH HE MOTYT [IPeJOCTaBUTh OOBEKTUBHYIO KJIMHUYEC-
KYIO KaPTUHY OKHCJIUTEIBHOTO CTPecca y MaIlMeHToB ¢ Ts-
JKeJIoN coueTaHHOHN TpaBMOH. MBI mpemmosaraem, 4To
unzgere AOU mMoskeT Goiee aIeKBATHO OTPAKATH PEIOKC-
COCTOSIHUE OPraHU3Ma TMAIMeHTa, YeM OT/IeJIbHBIE MTOKa3a-
TeJIM, OJIHAKO 9TO yTBEPIKAeHUE TPeOyeT MONOTHUTETIbHO
MIPOBEPKU € y4acTUeM OOJIbIIEN IPYIIIIbI UCTIBITYEMBIX.

[Torck paHHUX IPOTHOCTUYECKUX OGUOMAPKEPOB pas-
BUTHS THEBMOHUH TIPU TSKETONW COYETAHHON TPaBMe MPo-
JIOJKAETCs yKe MHOTO JieT [29], oHaKo /10 CUX TOp OH He
YBEHUAJICS yerexoM. Bo MHOIMX MCC/IeA0BAHUSX ObLI OT-
MeYeH OKUCTUTETbHBIN TUCTPECC ¥ TIOCTPAIABIINX C TPAB-
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Puc. 3. lunamuka antnokcunantHoro unznekca (AOI) B rpynmax
[AN}EeHTOB C MHEBMOHUEIT 1 6€3 THEBMOHUI

ITo ocu opamHar ykaszanst otHocuTesbhble eaunuibl AOL ITo ocu
abcIrce — BPeMsI TIOCJIe TPABMBbL. * — JI0CTOBEPHO TIPU CPaBHEHUN
mesky rpyrmamu (p<0,05); # — 10CcTOBEPHO MO OTHOMIEHHIO K
KOHTPOJIbHO# BBIGOpKe (p<0,05).

Fig. 3. AOI dynamics in groups of patients with and without
pneumonia.

On the ordinate: relative units AOI. Absciss: time after the injury.
* — differences between groups, AOI (P<0.05, median test);

# — controlgroup differences, AOT (P<0.05, Moses test).

antioxidant system in the first 6—12 hours, 12—24 hours
and 5—7 days that demostrate to its early prognostic sig-
nificance in the development of infectious pulmonary com-
plications in the first 6—12 hours.

Conclusion

It is known that patients with severe polytrauma suf-
fer severe oxidative stress [27, 28]. However, attempts to
describe the redox status were generally limited to indi-
vidual measurements of parameters such as the concentra-
tion of individual antioxidants or lipid level. Although
these parameters can be useful individually, they cannot
provide objective clinical picture of oxidative stress in
patients with severe polytrauma. We assume that the AOI
can reflect the redox state of the patient than the single
indicators, however, this statement requires further verifi-
cation in larger group of patients.

Search for early predictors of pneumonia in severe
polytrauma continues for many years [29], but it is still not
successful. Many studies revealed increased oxidative
stress in trauma patients with pneumonia, but an attempt
to use antioxidants (alpha-tocopherol and ascorbate) in
trauma was statistically not significant, and it reduced
probability of development of pneumonia [30]. In the pre-
sent work it was shown that the AOT at the initial period of
traumatic stress was highly correlated with the risk of
infectious pulmonary complications. So pronounced
imbalance between the accumulation of lipid peroxidation
and antioxidant enzyme activity, as shown by the results of
this study, was found in patients, which further develop
infectious pulmonary complications in the early posttrau-
matic period. Therefore the index of the AOI can be
included in the complex of early prognostic markers of
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MOIi IPU Pa3BUTHH THEBMOHUH, OJTHAKO TTOTIBITKA MCITOJIb-
30BaHMsT AaHTHOKCUAAHTOB (aabha-Tokodeposa n ackopba-
Ta) TIPU TPAaBMe HE OKa3ajia BIUSHIS Ha BEPOSITHOCTH pas-
sutusi mHeBMonuu [30]. B Hacrosieit pabore ObLITO
nokasano, 9to AOV B HauaJbHOM TIepHroie TPaBMaTHIeC-
KOTO CTpecca 3HAUNMO CBSI3aH € PUCKOM Pa3BUTHS MH(EK-
IIMOHHBIX JIETOUHBIX OCJIOKHEHMIT. Tak, BBIpasKeHHOE Hapy-
menune Gananca Mexy HakorsienueM [TOJI 1 akTuBHOCTH
AHTHOKCUJIAHTHBIX (DEPMEHTOB BBISIBJICHO Y TIOCTPa/laB-
IIHUX, Y KOTOPBIX B IAJIbHENIIIEM Pa3BUBAIOTCS MH(MEKITNOH-
HBIE JIETOYHBIE OCJIOKHEHUSI B PAHHEM MOCTTpaBMaTUyec-
koM nepuoze. Taknm o6pasom, ungexe AOV moxer ObITh
BKJTIOYEH B KOMIIJIEKC PAHHUX ITPOTHOCTUYECKUX MAPKEPOB
pasBuTHst MHGEKITMOHHBIX JIETOYHBIX OCJIOXKHEHUI Y 1TOCT-
palaBIINX C TSUKEION coueTanHoil TpaBMoit. C yyeToM ax-
TUBHOTO BJIMSIHUSI PA3JINYHBIX MOJIEKYJISIPHBIX (hOPM KHC-
Joposa Ha mnporecchl Maraboausma [31—34] ama
BBISICHEHUSI MEXaHM3MOB HUX TIOBPEXK/IAIONIETO JIeHCTBUS
HEOOXOMMO TIPOBEIEHNE AATbHEHIITNX NCCACOBAHN.
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infectious pulmonary complications in patients with

severe polytrauma. Since different reactive oxygen species
(ROS) affect the cell metabolism [31—34] the clarification
of mechanisms of alteration of cell function by ROS needs
further investigation.
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