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Acute Poisonings and Intoxications

OIIEHKA MOP®OJIOTUYECKIX U3MEHEHUI
B JIETRKUX IIPU OCTPbIX OTPABJIEHUAX RJIO3AIINHOM,
ITNJIOBBIM AROTOJIEM U UX COYETAHUEM

A. M. Tony6es', /1. B. Cyumxykos?, O. JI. Pomanosa’

' HWM ob6meit peannmatosoruu um. B. A. Herosckoro, Mocksa, Poccust
Poccust, 107031, Mockga, ya1. [TerpoBka, 1. 25, cTp. 2
? Poccuiickuii yHusepcuret ApyKObl Haponos, Mocksa, Poccust
Poccus, 117198, Mocksa, yi1. Mukiyxo-Maxmnast, 1. 6

Assessment of Lung Morphological Changes in Acute Intoxications with Clozapine,
Ethanol and Their Combination

A. M. Golubev'?, D. V. Sundukov?, O. L. Romanova®

"V. A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
25, Petrovka St., Build. 2, Moscow 107031, Russia
? Peoples' Friendship University of Russia, Moscow, Russia
6, Miklukho-Maklai St., Moscow 117198, Russia

Ienv uccaedosanus. Boisiienne MOpGOIOTHYECKIX NI3MEHEHHIH B JIETKUX MPU OCTPBIX OTPABJIEHNSIX KIO3AIIMHOM, STAHOJIOM H KOM-
GMHMPOBAHHBIX OTPABJIEHHSIX DTAHOJIOM U KJIO3AIMHOM 4Yepe3 3 u 24 yaca nocie orpasienusi. Mamepuanvt u memoost. OnbITbl no-
CTaBJIeHbI Ha GeCIOPOIHBIX KpbIcax-camiax Maccoii 270—300 rp. Kirosanun BBomIuM B 103€ 250 MILTMIPAMM Ha KHJIOTPaMM MacChl
JKMBOTHOTO 110/l HAPKO30M (XxsI0posia3a). Uepes 3 u 24 yaca ;KHBOTHbIE BbIBE/I€HbI 3 IKCIIepHMeHTa feKarmTanyeil. FccieioBanb! ri-
CTOJIOTHYECKHE CPe3bl JIETKHX 6 KPBIC, IOy YUBIINIX KIO3AIMH EPOPAIBHO B 103€e 250 MI/KI, 6 KpbIC, HOTYYHBIINX STAHOJ IIePOPATIb-
HO B 7103€ 8,6 MJI/KT, 6 KpbIC, OIYYHBIIMX STAHOJ H KJIO3AIMH EPOPAIHHO B BbIIEYKa3aHHbIX /103aX Yepe3 3 yaca Iocie OTpaBiie-
Hust. TaksKke vcclieZI0BaHbI THCTOIOTHYECKHE CPe3bl JIeTKUX Kpbic (18), mosmyyaBumx aHaJIOrHyHbIe MPENapaThl B BbIIIEYKA3aHHBIX
J103aX M BbIBEICHHBIX U3 ONbITa Yepe3 24 yaca nocjie BBezieHus npenaparos. CpaBHeHHe NPOBOIMIH € THCTOJIOTHYECKUMH CPe3aMu
Jerkux Kpbic (6), He MOJTyYaBIIX BbIIEyKa3aHHBIX BelnecTB. CTaTuCTHYeCKyI0 06paboTKy NPOBOIIM HEAPAMETPHIECKHMH METO-
navu (Kpurepuii x*). Ouenrsam cireayionye MopQoIOrHIeCKHe PU3HAKH: PACCTPOMCTBA KPOBOOGpanierus (OJHOKPOBHE, KPOBO-
HBJIMSTHIS ), HHTEPCTHIMAIIBHBIA U aJIbBEOJSIPHBIN OTEK, OBPEXK/ieHe OPOHXHAIBHOIO U aJIbBEOISIPHOTO SIUTENS], DHIOTEIHsI, Kile-
TOYHYIO peakiuio. Pazimuus cuuraau nocroBepubivu npu p<0,05. Pesynvmamot uccnedosanus. B KOHTPOJILHOI rpyIie sKUBOTHBIX
TP THCTOJIOTHYECKOM HCCIE/I0BAHNHN KaKie-TH00 PACcCTPOIiCTBa KPOBOOGPAIEHHUS], TIOBPESKACHUS GPOHXHATBHOTO H AJIbBEOJISIPHOIO
SMUTENHs], DHAOTEIHs] He OOHAPYKUBAIOTCS. Y JKUBOTHBIX, NOJyYaBIINX KJIO3AIMH Yepe3 3 yaca 110ciIe BBe/IeH s IpenapaTa Habumo-
JlaJIi Pe3KHe PACCTPOICTBA KPOBOOGPALIEHNS B JIETKHX (IIOJIHOKPOBHE B CHCTEME JIETOYHOM apTEPUH, 04ar0BOE MOJIHOKPOBHE KAIlII-
JISIPOB ME3KAJIbBEOJISIPHBIX IIEPETOPO/IOK, BEH), KOTOPbIe YCWIMBAJIICH Yepes CYTKH NOCJIe BBe/IeHHs peniapara. B ciyyae cmepru ye-
pes 3 yaca 1ocJie BBe/IeH s AIKOT0JIsi 00HAPYKeH BbIPAsKEHHbII IEPUBACKYJISIPHBIA OTEK, NOJIHOKPOBHE U KPOBOUSJIHMSIHUS; B YACTH
aJIbBEOJI COZIEPIKATIACH OTEYHas SKHAKOCTh. Yepes 24 yaca mOCie BBEIEHHUsI AJIKOT0JIS HAGIIOA i YMEPEHHOE BEHO3HOE MOJIHOKPO-
pre. CeKpeTopHasi akTHBHOCTb CJIMBHCTON 000JI04YKH GPOHXOB CHIzKaach. Uepes 3 yaca nmocsie COYETAaHHOTO BBEICHUS KJI03aIMHA 1
QJIKOTOJIsI OTMEYAIIH PE3KHE PACCTPOICTBA KPOBOOOPAIEHHSI B JIETKHX (BbIPAsKEHHOE MOJIHOKPOBHE, MHOTOUHC/IEHHbIE KPOBOMS/IMSI-
HUSI, AJIbBEOJISIPHBII OTEK), MOBPEsK/IeHHe (CITyIMBaHue) GPOHXHAIBHOTO SMUTENHSI, OTCYTCTBUE OKPAIUBAHUS SIJIEP DHIOTEHAb-
HBIX KJIeTOK. BOKpYT BeH 1 apTepHOBEHO3HBIX aHACTOMO30B Ha0 01/ cKowieHye mMboruros. IlepuBacky IsipHbIil OTEK OTCYTCT-
BoBaJl. Yepes 24 yaca nocJjie COYETAHHOTO BBEICHNS KJIO3AIMHA H AJIKOT0JIs IOBPEKACHHS YCHIIMBAIUCD. 3aktouenue. VIsmenenus,
BBISIBJIEHHbIE IPH TUCTOIOTHYECKOM HCCIIEZI0BAHNN JIETKUX Y KUBOTHBIX, MOJIYYABIINX KJIO3AINMMH U KOMOUHAIIMIO STAHOJIA M KJI03aIH-
Ha, B COBOKYIHOCTH C Pe3yJIbraTaMH Cy1eGHO-XMMHYECKOTO AHAJIM3a MOT'YT GbITh HCIIOJIb30BAHBI /ISl IATHOCTHKU COOTBETCTBYIOMMX
OTpaBJICHHUIT M ISl yCTAaHOBJIEHHS X aBHOCTH. Ktoueevie cnosa: Mopdosornyeckue H3MeHeHHs! B JIETKUX, KPUMHHAIbHbIE OTPaBJIe-
HHSs1, KJIO3II1H, STAHOJL.

Objective: to detect lung morphological changes in acute intoxications with clozapine, ethanol, and their combination 3 and 24 hours
after poisoning. Materials and methods. Experiments were carried out in outbred male rats weighing 270—300 g. Clozapine was given
in a dose of 250 mg per kg animal body weight under chloralose anesthesia. Following 3 and 24 hours, the animals were withdrawn
from the experiment by decapitation. Lung histological sections from 6 rats that had received oral clozapine 250 mg/kg, 6 rats that
had oral ethanol 8.6 ml/kg, and 6 rats that had a combination of ethanol and clozapine orally in the above doses were examined 3
hours after intoxication. Those from 18 rats that had been orally given the similar agents in the above doses and withdrawn from the
experiment were also investigated 24 hours after drug administration. The sections were compared with those from 6 rats that had
not received the above agents. Nonparametric methods ()’ test) were used for statistical processing. The investigators assessed the

Anpec 11si KOPPECIIOHEHIUM: Correspondence to:
Oubra Pomanosa Olga Romanova
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following morphological signs: circulatory disorders (plethora, hemorrhages), interstitial and alveolar edema, damage to the
bronchial and alveolar epithelium and to the endothelium, and a cell reaction. The differences were considered significant at p<0.05.
Results. In the control animal group, histological examination did not reveal any circulatory disorders and damage to the bronchial
and alveolar epithelium and to the endothelium. Three hours after its administration, the animals that had received clozapine were
observed to have acute pulmonary circulatory disorders (plethora in the pulmonary artery system, focal plethora of the capillaries of
interalveolar septa and that of veins) that increased 24 hours after its ingestion. If death occurred 3 hours after ethanol intake, there
was obvious perivascular edema, plethora, and hemorrhage; some alveoli contained transudate. Moderate venous plethora was seen
24 hours following ethanol administration. The secretory activity of the bronchial mucosa decreased. Three hours after coadminis-
tration of clozapine and ethanol, there were acute pulmonary circulatory disorders (marked plethora, multiple hemorrhages, and
alveolar edema), bronchial epithelial lesion (desquamation), and no staining of endothelial cell nuclei. Lymphocyte accumulation
was observed around the veins and arteriovenous anastomoses. Perivascular edema was absent. The lesions increased 24 hours after
coadministration of clozapine and ethanol. Conclusion. The changes found at lung histological examination of the animals receiving
clozapine alone and its combination with ethanol in conjunction with the results of forensic chemical analysis may be used to diag-
nose relevant intoxications and to establish their duration. Key words: lung morphological changes, criminal intoxications, clozap-
ine, ethanol.
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Beenenue

OTpaBJieHNs SIBJSIIOTCS aKTyaIbHOI IPo6JIeMoii Cy-
ne6Hoi MeautuHbl [1—4].

B mnocsennee BpeMsi HAOJIIOMAETCST pE3KOe yBesInIe-
HHUe YHcIa CIydaeB HCIOIb30BAHMS KJIO3AIIHA C IeJIBI0
IIPeIHAMEPEHHOTO ONbSHEHUS TPAKIAH /IS OCYIIECTBIIE-
HUS KPUMUHATLHBIX ACHCTBUHI TI0 OTHOMIEHUTO K HUM [5].
JleTasbHOCTh TIPU OTPABJEHUU KJIO3AMIUHOM COCTABJISIET
12—18%, mo panubM 3apybesxkHbix aBropoB — 10% [6].
IIpu ogHOBpEMEHHOM TIPUEME KJI03aMNHA € HTAHOJIOM OT-
MeyaeTcsT BO3pacTaHMe TsPKECTH €r0 CYIPecCHBHOTO Jieii-
CTBWS Ha OPTaHU3M YeJIOBeKa, TaKhe OTPaBJICHHS XapaKTe-
pusytoTcst 6oJiee BBICOKOIT JteTaibHOCTbio (30%).

Knozanun (8-xmop-11-(4-metni-1-nunepaseHn)-
SH-pubenso[b,e]-muasenun (azasenTu, JemoHeKe, aje-
MOKCaH, WITPOKC ¥ JIP.) TMPEACTABIISET cOO0H aTUITUIHDIN
HEHPOJIENTHK; IO XUMUUECKOMY CTPOEHUIO — 3TO TPUITHK-
JIMYECKOe COeAANHEHNe, SBJLIONIeecs] MIPOU3BOAHBIM 1,4-
Genzoauasernua [7].

Kiozanuu 1npuMeHsieTcst Ipu OCTPBIX M XPOHUYEC-
kX hopmax muszodpeHnn, Cuxo3ax, MaHMAKaJIbHBIX CO-
CTOSTHUSIX, MAHMAKAJIbHO-/IETTPECCUBHOM TICHX03€, Pa3JIiy-
HBIX TICUXOTHYECKUX COCTOSTHUSX, TCUXOMOTOPHOM
BO30Y/K/IEHUU, IPU arPECCUBHOCTHU, PACCTPOICTBA CHA.

E2keroHo Kypc JiedeHust 9TUM TIPEnapaToM Mpoxo-
JSIT 0K0JI0 1 MUTH. TarrenToB Gostee, 4eM B 60 cTpamax Mu-
pa [8], 4To ompeziessIeT BHICOKHI PUCK OTPABICHHS KJI03a-
MUHOM. JTOMY CIIOCOOCTBYET TaKkKe HaJIU4ue y3KOTrO
JIMATa30Ha MEXK/Y €ro TepareBTUYECKOW M TOKCHYECKON
no3amH (BbIcIIas cyTouHas nosa — 0,9 T, cMepTesbHas 10-
3a Juist B3pocJibix — 2 1) [7, 9].

[leficTBue kjo3anuHa MHOTOTpaHHO. BenencrBue
GJIOKAJIBI (t-aJIPEHOPEIIENITOPOB, OH TPOSIBJISIET BBIPAKEH-
HbII cemaTuBHbIil addext. O6muil ycnokaupawomuii s¢h-
ekt coueraercsa ¢ yrHereHumeM ycsi0BHOpeIeKTOPHOM
JIESTEJIBHOCTH W JIBUTATEJIbHO-3AIUTHBIX PedJIeKCOB,
YMEHbIIIEHUEM CIIOHTAHHO JIBUTATEJIbHOM aKTUBHOCTH,
paccyiabyieHreM CKeJEeTHOH MYCKYJaTypbl, MOHUKEHHEM
PEaKTHBHOCTU K HHJIOTEHHBIM U 3K30T€HHBIM CTUMYJaM
1pu coxpanennn coznanus [10].

B kauecTBe 0CHOBHBIX M0O0UHBIX d(D(HEKTOB K032~
MMHA MOYKHO BBIJIEJTUTH COHJIMBOCTb, CITyTAHHOCTH CO3HA-

Introduction

Poisoning is an important issue of forensic medicine
[1—4].

The number of clozapine poisonings in order to per-
form criminal actions against citizens has increased
recently [5]. The mortality in case of clozapine poisoning
is 12—18% and 10%, as have been reported in Russia and
other countries, respectively [6].

In the case of combined clozapine — ethanol intoxi-
cation a marked increase in the severity of clozapine sup-
pressive action on the human body was detected, such poi-
soning had a higher mortality rate (30%).

Clozapine (8-chloro-11-(4-methyl-1-piperazinyl)-
5H-dibenzo[b,e] -diazepin (azaleptin, leponeks, alemoxan,
Ibrox, etc.) is a atypical neuroleptic; according chemical
structure, it is a tricyclic compound, a derivative of 1,4-
benzodiazepines [7].

Clozapine is indicated in acute and chronic forms of
schizophrenia, psychosis, manic conditions, bipolar psy-
chosis, various psychotic diseases, psychomotor agitation,
aggressiveness, sleep disorders.

Approximately one million patients in more than 60
countries undergo the treatment with this drug annually
[8], which determines a high risk of clozapine poisoning.
This is also due to the narrow therapeutic threshold — the
difference between therapeutic dose and toxic dose is small
(the highest daily dose is 0.9 g whereas the lethal dose for
adults is 2 g) [7, 9].

The effect of clozapine is multi-faceted. It has a pro-
nounced sedative effect due to the blockade of a-adrener-
gic receptors that represents one of the main features of
this drug compared with other antipsychotics. General
sedative effect is combined with the inhibition of condi-
tioned reflex activity and motor-protective reflexes,
decrease of spontaneous motor activity, relaxation of skele-
tal muscles, decreased reactivity to endogenous and exoge-
nous stimuli while maintaining consciousness [10].

The main side effects of clozapine include drowsi-
ness, confusion, muscle relaxation, fainting and others [9].
The use of this drug may be accompanied by weight gain
[11] even within the first days after the start of the treat-
ment [12]. A number of cases of eosinophilia [13] and
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HISI, MEOPeJIAaKCHUpYIolee IeHCcTBIe, 0OMOPOYHBIE COCTO-
sauus u apyrue [9]. [Ipumenenne sToro mpenapara MoxeT
CONPOBOXKIATHCS yBeJamueHneM Beca [11] yike B mepBble
IHU nocse Havasa Jjedenust [12]. Coobmaercst Takxke o
caydasix pazsutuu so3uHoduann [13] u arpanyonurosa
[14] mpu ero npuMeHeHNH.

Kimandeckne MPOSIBICHUS OTPAaBJICHHUI KJIO3AIH-
HOM XapaKTepusyloTCsl yTHETEHHEM IEHTPATbHOIl HepB-
Hoii cuctemsl [15]. CrerneHb BBIPaKEHHOCTN YTHETCHUS 3a-
BHCHUT OT KOHIIEHTPAIUU TIperiapara B Kposu [15—16].

Pacmpenesienue kro3annHa IO opraHaM IIPOUCXO-
T B 3 ctaguu: 1-5 XapakTepusyeTcs HajeHIeM KOHI[eH-
TPAIH BEIIECTBA B KPOBY M HAKOIJICHUEM B APEHXMMA-
TO3HBIX OpraHax; BO 2-H HAET HAKOIJIEHWME BO BCEX
opraHax; 3-s XapaKTepH3yeTcsl HaKOIJICHHEM COeIIHe-
HUS B OPraHax BblJeseHnst (IeYeHH, TOYKaX) C OJHOBpe-
MEHHBIM YMEHBIIEHNEM KOHIIEHTPAIINK B APYTUX Opra-
Hax u Tkadsax [17—19]. HawuGombiree KogmdyecTBo
BEI[ECTBA KOHIIEHTPUPYETCSI B JKEJIYJOYHO- KUIIECYHOM
TPaKTe, IIEYCHH, TOYKAX.

WccnenoBanue, MpoBeJieHHOE HA KPBICAX, 110KA3aJI0,
YTO Yepe3 4ac mocjie BHy TPHOPIONTMHHOTO BBeIeH!sT (/1032
20 Mr/Kr) KOHIIEHTPAIIMK ITperapaTa B JIETKUX, CeJIe3eHKe,
rmevyenn U Mo3re coctasiisiiim oT 16 1o 64 mxr/T). Uepes 6
YacoB IOCJIe BBE/ICHUS, KOHIIEHTPAINS KJIO3AIIMHA B JIeT-
KHX COCTABMJIA D2 MT /KT, & B IPYTUX OPraHax CHU3NJIACH /10
7 MT'/KT. DTO TO3BOJIIJIO CIEIATh BBIBOJ, UTO IIperapat Ky-
MyJinpyer B jierkux [20].

B cuity cBoeit HEOUEBUIHOCTH, BCe CIIydaH, HO03PH-
TeJIbHBIC Ha OTPaBJIEHNE KIO3AIIMHOM, MOJIEKAT CyeOHO-
MEIMIIMHCKOMY HccJieioBannio. Bmecre ¢ Tem, cynebHO-
MEIMIINHCKAST INArHOCTHUKA OTPABJICHNI 9THM MTPErapaTom
JIO HACTOSTIETO BpeMenu 3arpyHera. OGbIYHO, yCTaHOBIIE-
HHe JIarHo3a B TAaKNX CJIyYaeB IPOU3BOAUTCS KOMIJIEKCHO
C YYETOM KJIMHUKO-aHAMHECTHYECKHUX, CEKIIMOHHBIX, THCTO-
JIOTWYECKIX, GHOXUMUYECKUX JAHHBIX U KOJTUYECTBEHHOTO
OTIPEIETIEHNST COIEPIKAHNST KIO3ANHA B GHOJIOTHYECKUX
cpeiax opraHusma.

Mopdosornyeckie M3MeHEHNsT HPH OTPABICHUSIX
KJIO3AIIMHOM He SIBJISTIOTCSI CTIenn(UIHBIME U [IPOSIBIISIIOT-
Cs1 INCIINPKYJISITOPHBIMU PACCTPONCTBAME U AncTpoduye-
CKUMU U3MEHEHUSIMU TTAPEHXUMATO3HBIX OpraHoB [21].

[To pannsim HU um. H. B. Cxindocosckoro, mpu
MOP(}OJIOrNYECKOM NCCIEOBAHIN Y BCEX YMEPIIUX OT OT-
PaBJIEHUST KIO3ATIMHOM OBLIN BBISIBJIEHBI U3MEHEHUST TIe-
YeHH, KOTOPBIE XapaKTePU30BAINCh OYArOBBIM MJIH And-
(dbysubim  creatozom. JKupoBas auctpodusi HocuIa
KPYITHO- M MEJIKOKAIIEIbHBII XapakTep. BoipaskeHHbIe 13-
MEHEHUs TIeYeHU B Psijie HabJoeHnii oTMedanuch Ha (o-
He JArarHoCTUpPOBaHHOTO remaruta (B ToM umcie HCV-
atuosioruu). Yacth MAIMEHTOB JIUTEIbHO yIOTpebisiia
HCHUXOTPOITHBIE MPENnapaTsl € TeparneBTUYECKOil IeJIbio,
Y4acTh yMepIux 3joynorpebusiin amkoroieM. OaHako B
MOJIOBUHE HAOJIOEHUIT MEJTKOKAIebHbBII CTeaTo3 meve-
HI He Obl 00yCJIOBJIEH YKAa3aHHBIMHU BbIIIE TIPHINHAMH,
MOITOMY MOJKHO JIyMaTh O €r0 PasBUTHH BCJEJCTBHE O]-
HOKPATHOTO YIMOTPEOIEHNsT TOKCHYHBIX 103 TICHXOTPOII-
HBIX TIperiapaTosB [21].

agranulocytosis during clozapine treatment have been
reported [14].

Clinical manifestations of clozapine poisonings are
characterized by the depression of central nervous system
[15]. The degree of this depression depends on the concen-
tration of the drug in the blood [15—16].

There are three stages of clozapine distribution in
the body. The first one is characterized by a decrease of the
substance concentration in blood and its accumulation in
parenchymal organs; the second one includes its accumula-
tion in all organs; the third one is characterized by the
accumulation of the substance in the organs of excretion
(liver, kidneys) with a simultaneous decrease of the con-
centration in other organs and tissues [17—19]. The great-
est amount of the substance is concentrated in the gas-
trointestinal tract, liver and kidneys.

A study conducted on rats showed that one hour
after intraperitoneal injection of clozapine (20 mg/kg) the
concentration of this drug in lungs, spleen, liver and brain
ranged from 16 to 64 ug/g. Six hours after administration
the concentration of clozapine in lungs was 52 mg/kg, and
in other organs it decreased to 7 mg/kg. These data suggest
that the drug accumulates in lungs [20].

Because of non-obviousness, all cases of suspected
clozapine poisoning are the subject to forensic medical
research. However, the establishing of forensic medical
diagnosis in case of clozapine poisoning is complicated.
The diagnosis in such cases is usually based on the integra-
tive results of clinical, anamnestic, sectional, histological,
and biochemical data for quantitative determination of
clozapine in biological fluids of the body.

Morphological changes in case of clozapine poison-
ing are not specific and include discirculatory disorders
and degenerative changes in parenchymatous organs [21].

According to the results of morphological study of
liver in N. 1. Sklifosovsky Institute of Emergency Medicine
(Moscow), the revealed changes included focal or diffuse
steatosis. The fatty degeneration was either atomized or
globular. In a number of cases, the background of liver
changes the hepatitis was diagnosed (including the one of
HCV etiology). Some patients used psychotropic drugs
with therapeutic purpose, some patients had an alcohol
abuse. However, in half of the observations atomized
hepatic steatosis was not due to the reasons mentioned
above, therefore, it might develop due to one-time admin-
istration of toxic doses of psychotropic drugs [21].

There are data on the so-called clozapine-associat-
ed eosinophilic myocarditis in the literature [22—23].
Other data demonstrate that the clozapine poisoning is
accompanied by brain changes (decrease of the basal
ganglia and gray matter volume in the cerebral cortex
and reduced blood flow) [24]. Recent study [25] showed
that clozapine had a direct effect on endothelial cells of
the blood-brain barrier (BBB) accompanied with
impairment of brain functions. The latter presumably
occured due to oxidative stress and was accompanied by
condensation and fragmentation of chromatin in the
BBB endothelium cells.
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B nutepatype MMEIoTCsI CBEAICHS O TaK Ha3bIBAEMOM
KJTO3ATTMH-aCCOMMUPOBAHHOM 303MHOMDUILHOM MHOKap-
mure [22—23].

OTpaByieHNsT KITO3AIMTMHOM COTIPOBOKIAIOTCST N3MEHE-
HUSIMH B TOJIOBHOM Mo3re (YMeHbIlleHHe obbeMa (asasib-
HBIX TAHTJINEB, yMEHbIIIEHHE 00beMa CePoro BEIEeCTBa B KO-
pe GOJIbIINX MOJTYMIAPHIi 1 CHUKEHIEM KPOBOTOKA) [24].

B HemasHem wuccaenosanuu [25] ObLIO TIOKa3aHo,
YTO KJIO3AMNH OKA3bIBAET HEMOCPEACTBEHHOE EHCTBIE Ha
SHJIOTEINAJIbHbIE KJIETKU reMaTo-aHIIe(haninueckoro 6apb-
epa (I'DB) ¢ nHapymennem ero GyHKIUKU. ITO CBI3AHO C
Pa3BUTHEM OKCHIATUBHOTO CTPECCa M COMPOBOMKIACTCS
KOHeHcannell n (parMeHTanmeil XpoMaTiHa B KJIETKaX
anztotenust I'9B.

B ciyuasx cMepT OT 0CTPOro KOMOUHUPOBAHHOIO
OTPABJECHUS KJIO3AMMHOM U ITUIOBBIM ATKOTOJIEM, YTO
TaK/Ke TaCTO BCTPEUAETCS B CYAOHO-MEIUITITHCKON MpaK-
THKE, BBISBISIOTCS OCTPbIE HECTIeNU(MUIHbIE TOBPEK/IE-
HUS HEIIPOHOB I'OJIOBHOTO MO3ra (Kak 0OpaTvMble, TaK U
HeoOpaTuMble) M HApyIUIeHHs KPOBOOOPAIIEHUS: MOJHO-
KPOBHUE COCY/IOB MUKPOIUPKYISITOPHOTO PYCJIa, TIEPUBAC-
KYJISTPHBIN U TTePUIIEITIOIISIPHBIN OTEK, YTO TIOATBEPIKAaeT-
Cs pe3yJbTaTaMi  THCTOJOTUYECKUX —HUCCIETOBAHUN
TOJIOBHOTO MO3Ta TMAIMHETOB, YMEPITUX OT COYETAHHOTO
OTPaBJIEHUS KIO3AMUHOM U 3TaHOJIOM (26 UeloBeK B BO3-
pacre ot 22 5o 63 7net) [26].

Moposorndyecke U3MEHEHUS B JIETKUX TIPH OCTPHIX
OTPABJECHUAX KJIO3AMITHOM M3YIEHbI HEJOCTATOUHO. B 3a-
PyOEKHOU JIuTepaType BCTPEYAlOTCs NI PA3PO3HEHHBIE
nanublie. Hanpumep, coobiaercss 0 pasButun JTuMQoIu-
TApHOTO ATHBEOJIUTA, TIPEAMOJOKUTENHLHO CBSI3AHHOTO C
CUCTeMATUYEeCKUM MpUMeHeHue Kio3anuna [27]. Onucan
ciTy4ait pa3BUTHS HHTEPCTUIINATLHON THEBMOHUH Y TTAT[H-
eHTa, paboTaBIIero B IIPOM3BOACTBEHHOM OT/IEJIE AlITEKU 1
KOHTAaKTHPOBABITETO € TOPOIIKOM KJIO3AIMHA B TEUCHIE
HECKOLKUX JIET. ABTOPBI C/IE/TAIA BBIBO O TOM, YTO Pas-
BUTHE TTHEBMOHUN CBSI3aHO € WHTASIIHOHHBIM BO3IEHCT-
BHEM KJo3arnHa [28].

[Tesp wiccmeIOBanmsT — BbIsTBIEHNTE MOPGhOTIOTIIEC-
KX M3MEHEHMH B JIETKUX TP OCTPBIX OTPABJIEHUSIX KIT03a-
[IHOM, STAaHOJIOM U KOMOUHUPOBAHHBIX OTPABJIECHUIX JTa-
HOJIOM U KJIO3AITIHOM Yepe3 3 1 24 gaca Tocjie OTPABIEHISL.

Marepuan u MeTO/bI

OmBITH TIOCTABIEHBI HA GECTTOPOHBIX KPBICAX-CAMIAX Mac-
coit 270—300 r. Kirozanun BBomIICs B 103¢ 250 MUJUIUTPAMM Ha
KUJIOTPaMM MacChl JKUBOTHOTO T10j1 HAPKO30M (XJ10poJiasa). Yepes
3 1 24 yaca KMBOTHBIE BbIBEJIEHBI U3 HKCIIEPUMEHTA JI€KAIUTAIlN-
eil. VcenenoBanbl THCTOIOTHYECKHE CPE3bI JIETKUX 6 KPBIC, MOJTY-
YUBIIMX KJIO3AMUH [EPOPAIbHO B f103e 250 MI/KT, 6 KpbIC, T0JIy-
YUBIINX 3JTAHOJ TepopasbHo B 103e 8,6 Mi/kr, 6 Kpbic,
MOJIYYUBIIIX 9TAHOJ ¥ KJIO3AIIMH ME€POPATHHO B BBIIEYKA3AHHBIX
J103ax yepe3 3 yaca 1nocJjie oTpasiieHnst. Takke nccie[oBaHbl THCTO-
JIOTHYECKIEe CPe3bl JeTKUX Kpbic (18), moyyaBImmx aHaJIOTHYHbIE
[IPerapaThl B BbIINIEYKA3aHHBIX /[03aX M BbIBE/IEHHBIX 13 OIIBITA Ye-
pes 24 vaca 11ocJie BBejieH s rpenaparoB. CpaBHeHUe MPOBONIIN C
IUCTOJIOTMYECKUMH CPe3aMK JIETKUX Kpbic (6), He MoJydaBIInx
BBIIIEYKa3aHHbIX BenlecTB. CTaTueTIecKyo 06paboTKy POBOIN-
JIM HerapameTpudyeckumMu Metogamu (kpurtepuit x°). OneHuBann
caeyione MOpdoIorniecKie MPU3HAKK: PACCTPOHCTBA KPOBO-

In cases of death caused by combined clozapine-
ethanol poisoning, which are frequently seen in foren-
sic practice, acute non-specific damage to the brain
neurons (reversible and irreversible) and circulatory
disorders occur, such as plethora of microcirculatory
vessels, and perivascular pericellular edema. The latter
features have been confirmed by the results of histo-
logical brain examination of the patients who died
because of combined clozapine- ethanol poisoning (26
people aged 22 to 63) [26].

Morphologically changes in lungs in cases of acute
clozapine poisoning have not been studied enough. There
was only some scattered data in the scientific literature.
For example, development of lymphocytic alveolitis pre-
sumably associated with systematic clozapine use has been
reported [27]. There was a reported case of interstitial
pneumonitis in a patient who had been working in a phar-
macy under the exposure to powder clozapine for several
years. The authors concluded that the development of
pneumonia might be associated with inhalation exposure
to clozapine [28].

The aim of the study — the estimation of morpholog-
ical changes in the lungs in case of acute clozapine, ethanol
and the combined clozapine-ethanol poisoning 3 and 24
hours after the intoxication of rats.

Materials and Methods

The study was conducted in outbreed male rats. The dosage of
clozapine was 250 mg/kg. The weight of the rats was 270—300 g.
The study included six rats treated with clozapine (250 mg/kg per
0s), 6 rats treated with ethanol (8,6 ml/kg), 6 rats treated with
clozapine (250 mg/kg) and ethanol (8,6 ml/kg). Three and 24
hours after drug administration the animals were decapitated, lung
sectioning performed, and the histological slides of rat lungs pre-
pared. The following morphological features were evaluated by
observing each slide: circulatory disorders (hyperemia, hemor-
rhage), interstitial and alveolar edema, damage to the bronchial
and alveolar epithelium, endothelium, the cellular response. Data
were statistically processed with the aid of nonparametric methods
(criterion x?). The differences were considered as significant at
P<0.05. The results of the study:

In the control group no disorders of blood circulation, damage
to the bronchial and alveolar epithelium, endothelium were found.

The alveoli were expanded, and their lumens remained free.
The interalveolar septa were thin, clusters of cells (lymphocytes,
segmented leukocytes, macrophages) were not seen.

Three hours after clozapine administration stenosis in the
pulmonary artery became evident. The arteries were expanded,
the RSCs formed aggregates, their contours could not be clear-
ly defined. Focal hyperemia of capillaries of the interalveolar
septa had become prominent. Some of the interalveolar septa
were swollen and thickened; numbers of lymphocytes and gran-
ulocytes were increased. The veins were moderately plethoric.
Distelectasis located predominantly subpleuraly was defined.
Focal hemorrhages in interalveolar septa and alveoli were also
clearly defined. There was a perivascular (mostly perivenular)
accumulation of lymphocytes. RBCs were abundant in the lumi-
na of the bronchi.

A day after clozapine administration circulatory disturbances
became more severe accompanied by perivascular edema.
Edematous fluid appeared in alveoli.

Three days after ethanol administration the histological
changes were characterized by moderate arterial hyperemia and
increased secreting function of bronchial mucous membrane. In
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Puc. Tucronornyeckue cpesbl JerKUX KPbIChI yepe3 3 yaca nocie BBexenus: Kiosanuna.
Fig. Histological sections of rat lungs after 3 hours after administration of Clozapine.

Note (nmpumeuanwue):

a — subpleural atelectasis — cy6mieBpasnbibie arenekrasbl, X100; b — thrombosis of arteriole — Tpom603

aprepuoJibr, X200; ¢ — alveolar edema — anpseossapubrii otek, X400; d — desquamation of bronchial epithelium — crymusanne sturemms
6ponxa, X400. Histological sections stained with hematoxylin and eosin — rucronornyeckue cpesbl OKpamieHbl TEMATOKCHIMHOM 1

D03UMHOM.

obparenns (MOJHOKPOBUE, KPOBOM3JIMSHUS), WHTEPCTUIHAD-
HBII 1 aJIbBEOJISIPHBIIA OTEK, MOBPEK/ACHNE OPOHXUATBHOTO U allb-
BEOJIAPHOTO SIUTEJNS, SHAOTENNS, KJIeTOYHYI0 peakiuio. Pasim-
qist canTasm octoBepusivMu ipu p<0,05.

Pe3ybraThbl 1 00CYsK/I€HHE

B xonTpomBpHOI TpyIIIE JKUBOTHBIX TIPU THCTOJIOTH-
YECKOM HCCJIEJIOBAHUE PACCTPOHCTBA KPOBOOOPAIIEHIS,
MOBPEKAEHUST OPOHXUATBHOTO W aJbBEOJIIPHOTO JIUTE-
JIVIsT, 9HIOTEIHST He 0OHAPYKUBAIOTCS. AJbBEOJIBI PACIIPaB-
JIEHBI, WX TTPOCBETHI CBOOOIHBL. MeKaibBeoSIPHbIE Tiepe-
TOPO/IKM TOHKHE, CKOILUIEHUS KJeTOK (auMdoIuTos,
CETMEHTOSI/IEPHBIX JICHKOIIUTOB, Makpodaros) Ha ux Tep-
PUTOPHUH He OTMEYAETCSI.

Uepes 3 waca mocjie BBe/ICHUS KJIO3AIIMHA PETHCTPH-
pyeTcs TIOJHOKPOBUE B CUCTEMe JIETOUHOI apTepuil. Apre-
PUH PACIITUPEHDBI, BPUTPOITATHI 0OPA3YIOT arperaThl, X KOH-
TYpel HE OIpeeNsIOTCS.  BBIABISAETCS — 04aroBoe
IIOJTHOKPOBHE KallMJUIIPOB MEKAJIbBEOJLIPHBIX EPETOPO-
nok. Hekotopble MeskalbBeOJIIPHBIE TIEPETOPOIKY OTEUHEL,
YTOJIIIEHB], B HUX IOBBIIIEHO cofiepskaHne KIeTok (mmdo-

case of death within three hours after alcohol administration a
pronounced perivascular edema, hyperemia and hemorrhage were
detected. Some alveoli contained edematous fluid.

24 hours after alcohol administration there was a moderate
venous plethora. The secretory activity of bronchial mucous mem-
brane was reduced. There was no perivascular edema.

Three hours after combined clozapine — ethanol adminis-
tration a significant hyperemia, numerous hemorrhages and
alveolar edema were defined. A damage (desquamation) of the
bronchial epithelium and the, absence of staining of the nuclei
of endothelial cells were observed. There was significant accu-
mulation of lymphocytes around veins and arteriovenous anas-
tomoses.

24 hours after the combined administration of clozapine and
alcohol hyperemia, the most observed features included hemor-
rhage, damage to the bronchial epithelium, thickening of the
interalveolar septa, cellular reaction, accumulation of RBCs in the
lumen of the bronchi.

Results and Discussion

The presence of perivascular edema in lungs, plethora
and hemorrhage were observed in groups of animals, which
received clozapine, ethanol and a combination of these sub-
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IIUTBHI, CETMEHTOSCPHBIC JECHKOMUTHI). BeHbl yMepeHHo
MOJHOKPOBHBL. OOHAPY/KMBAIOTCS IMCTENEKTA3bI, PACIIONO-
JKEHHbIE TTPEMMYIIECTBEHHO CyOTIeBpatbHO. BerpeuaroTest
OYaroBble KPOBOMBIMSHUS B MEKAJIbBEOJISIPHBIE TIEPEro-
pozky u anbBeosbl. [lepuBacKyIsapHO (MPEMMYIIECTBEHHO
MEPUBEHYISIPHO) HabmoaaeTest ckorerne aumdormtos. B
npocseTax OPOHXOB OOHAPYKUBAIOTCST IPUTPOIIUTHIL

VI3MeHeHus1, perncTpupyemMbie uepes 3 vaca mocse
BBE/ICHUST KJIO3AITNHA, TOKA3aHbl Ha pUCyHKe (4, b, ¢, d).

Yepes CyTKHU MOCTIE BBEICHUS KJIO3AMMHA PACCTPOIi-
CTBa KPOBOOOPANIEHNsT yCHINBAOTCA. PasBuBaercs mepu-
BACKyJIAPHBIH oTek. OTeuHas KUAKOCTh TOSBISETCS B
AbBEOJTAX, PACTIONOKEHHBIX B TOJIIIE JETKUX.

[Ipy MB0MMPOBAHHOM BBEICHUH TKOTOJSI THCTOJIO-
IMYECKUE M3MEHEHNUS Yepes 3 uaca mocie Havaaa SKCIepu-
MEHTa XapaKTePU3YIOTCS YMEPEHHBIM apTePUATBHBIM MOJ-
cekperupytotieil  GyHxium
camM3nCTON 060M0uKM OPOHXOB. B cayuae cmepTu uepes

HOKPOBHEM, YCUJICHUCM

TPU Yaca [ocjie BBeICHUS alKOr0Jisi 00HAPYKEH BbIPasKeH-
HBIH TePUBACKYJISIPHBIN OTEK, TTOJTHOKPOBUE W KPOBOW3JIH-
sSHUSL. B yacTyt anbBeos CoepKUTCst OTeuHas 5KUJIKOCTb.

Yepes 24 yaca 1ocjie BBeJICHUS aJIKOTOJISI OTMEYAET-
Cs yMEpPEHHOe BeHO3HOe MoJHOKpoBue. CexpeTopHas ax-
TUBHOCTD CJIM3UCTON 000109KN OPOHXOB cHMKaeTcs. OT-
CYTCTBYET 1E€PUBACKYJISIPHBII OTEK.

Yepes 3 yaca mocje coOYeTaHHOTO BBEJCHUS KJI03a-
MUHA ¥ aJIKOTOJISI OTMEUAETCS BBIPAKEHHOE MTOJIHOKPOBHE,
MHOTOUNCJIEHHBIE KPOBOM3JIUSHUS, aJIbBEOJISIPHBIN OTEK.
Perucrpupyercst nospexzaerue (ciayuuBaHue) OGPOHXHU-
AJTBHOTO AMUTEJINSI, OTCYTCTBUE OKPANIMBAHUS SiJIEp 9H/I0-
TeJINATBHBIX KJIE€TOK. BOKPYT BEH 1 apTePUOBEHO3HBIX aHA-
CTOMO30B OTMEYAETCS CKOILIEHNE JTNM(BOIIUTOB.

Yepes 24 yaca 110cjie COYETAHHOTO BBEJICHUS KJI03a-
[IHA U JIKOTOJIsi 0OHAPYKUBAKOTCS [IOJHOKPOBUE, KPOBO-
UBJIUSIHUSL, TIOBPEXKIeHUE OPOHXUAJBHOIO 3JIUTEJIUS,
YTOJIIEHUE MEKAIbBEOJISIPHBIX TIEPErOpO/IOK, KJIETOUHAs
PeaKxiust, 5PUTPOLUTHI B IPOCBETE OPOHXOB.

[TosiByieHre B JIErKUX TEPUBACKYJISIPHBIX OTEKOB,
HOJIHOKPOBUSI U KPOBOUBJIUSIHUIA HAOJIOAIOCHh B TPYIIIAX
JKUBOTHBIX, H30JIUPOBAHHO TIOJIYYaBIINX KIO3AITIH, HTAHOJ
U KOMOUHAIIMIO 9TUX BEHIeCTB. ITO 00YCIIOBJIEHO MOBbIIIE-
HUEM TIPOHUIAEMOCTH COCY/I0B TEMOMHUKPOIIMPKYJISITOPHO-
IO pycCJia, B TOM YMCJIe TUIIOKCUENH KOMOMHUPOBAHHOIO Tre-
Hesa. HaOmopaemoe 1IpU H30JUPOBAHHOM BBEIECHUM
KJIO3allMHA 1 KOMOMHUPOBAHHOM BBEJICHUU KJIO3ANMHA U
HTAHOJIA TIOBPEKACHUE DIUTENUST 00YCJIOBIEHO HEMOCPE/-
CTBEHHBIM TOKCMYECKUM BJIMSTHUEM KJIO3AIMHA HA KJIETKH
AIUTENS C PE3KUM YCHUJIEHHUEM IPOIecca IePEKCHOTO
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stances. This occured because of increased vascular perme-
ability of blood vessels due to hypoxia of complex genesis.

In case of clozapine and combined clozapine-ethanol
administration the damage of epithelium occured due to
the direct toxic effect of clozapine on epithelial cells
accompanied by an acute increase of the lipid peroxidation
process (LPO) and damage of antioxidant defense system
of blood [29—30].

The increase in the LPO intensity and the develop-
ment of oxidative stress causes the increase of degenerative
processes, the damage bronchoalveolar epithelium, andloss
of its barrier function. Increased aggregation activity of
RBCs and platelets observed in case of clozapine and com-
bined clozapine — ethanol poisonings might be related to
the blockade of 5-HT3 receptors in platelets, as described
in previous studies [7,9—10, 31].

Conclusion

The changes revealed by histological examination of
lungs of the animals treated with clozapine, ethanol or a
combination of these substances, along with the results of
forensic chemical analysis could be used to diagnose poi-
soning and to determine the exact time of the poisoning.

okncaenns gunuznoB (IIOJI) n mapymermeMm aHTHOKCH-
JIAHTHON cuCTeMbI 3a1uThl KpoBH [29—30].

[Toswimenne nateacuroctu [1OJI u pasBuTne ok-
CUJIATUBHOTO CTPecca MPUBOJALT K YCHIIEHUIO TUCTPodhu-
YECKUX TPOIECCOB, TIOBPEKACHUIO OPOHX0ATBBEOJISIPHOTO
snuTeNMs, yrpaTe ero 6apbepHoil pyHkuuu. [losbimenue
arperalnuoHHON aKTUBHOCTH 3PUTPOIUTOB U TPOMOOLU-
TOB, HalbJIOaeMble NPU U30JMPOBAHHOM OTPABJIECHUM
KJIO3AIIMTHOM ¥ KOMOMHMPOBAHHOM OTPABJICHUN KJIO3AIN-
HOM M 3TaHOJIOM IPEIIIOJOKUTETbHO CBSA3aHbI ¢ OJOKa-
noii 5-HT3 perentopos B TpOMOOIHMTAX, YTO COTJIACYETCS
¢ iurepatypHbiMu lanabivu [7, 9—10, 31].

3akiouyeHue

I/ISMCHCHI/IH, BBIABJICHHBIC TIPW THUCTOJIOTUYCCKOM
HCCHACIOBAHNN JIETKUX Y JKUBOTHBIX, ITIOJy4YaBIINX KJ03a-
IINH, 9TAaHOJI 1N KOM6I/IH21L[I/IIO 9TaHOJIa U KJIO3allMHa, B CO-
BOKYITHOCTH C pe3yJabTaTaM1 Cyl[C6HO‘XI/IMI/I‘{CCKOI‘O aHa-
Jin3a MOTYT 6bITb NCITOJb30BaHbl AJIA JAUArHOCTUKN
COOTBETCTBYIOIINX OTpaBJICHI/II';I " Ui yCTAaHOBJICHUA UX
JTaBHOCTH.
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BJIUAHUE IIEPOTOPAHA HA AMILIUTYITHO-YACTOTHBIM
CIIERTP KOJIEBAHNHN MO3TrOBOI'O KPOBOTOKA
INPU TEMOPPATUYECKOU TNIIOTEH3UU
1 B PEITEP®Y3VOHHOM ITEPNO/IE

N. A. Peixxkos, 10. B. 3apxenknii, . C. HoBogep:xknna

HUMN obmeit pearnmmatonornu uM. B. A. Herosckoro, Mocksa, Poccust
Poccus, 107031, Mocksa, yi1. [TetpoBka, 1. 25, cTp. 2

Effect of Perfluorane on the Amplitude-Frequency Spectrum of Fluctuations
in Cerebral Blood Flow in Hemorrhagic Hypotension
and During the Reperfusion Period

I. A. Ryzhkov, Yu. V. Zarzhetsky, I. S. Novoderzhkina

V. A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
25, Petrovka St., Build. 2, Moscow 107031, Russia

Iens uccnedosanus. I3yuenvie ¢ ioMoNIpIo JiazepHoi somuiepoBckoi pioymerpun (JIIM) pmsiimst nepdropana Ha IMHAMUKY napa-
METPOB MHKPOTEMOLMPKYJISIIMN B IMATBHBIX COCY/IAX KPBICHI IIPH OCTPOii KPOBONOTEpe H 1ocJie ayroreMoTpancdysuu. Mamepuaiot u
Memoovl. IKCepPUMEHTDI IPoBe/ieHbI Ha 31 6ecnopoaHbIX Kpbicax-camuax Maccoit 300—400 r 1o Hapko3oM (HeMOYTa 45 MI/KI BHY-
Tpuépionmino). C nesmio uamepennst AJl, 3a6opa, peundyaun KpoBu U BBe/IeHUst MH(DY3UOHHBIX PACTBOPOB KATETEPU3UPOBAIM XBOC-
TOBYIO apreprio. KpoBOTOK B IMAJIBHBIX COCY/aX JIEBOI TEMEHHOI 061acTH (KOOPIMHATHI LIEHTpa: 3 MM KayJaibHO oT JmHuu Bperma, 2
MM JIeBee OT CATHTTAJIBHOIO IIBa) PErMCTPUPOBAM METOIOM Jia3depHoii romuieposckoit dnoymerpun (JIID) (ammapar JIAKK-02,
HIIIT «JTA3BMA», Poccus). Hcnionb3osamm Moziesh OCTPOH, (prKCHpoBanHoii o 00beMy kposonorepu. Ilenesoit 0Gbem kposonorepu
661 30% ot OLTK. Ha 10-if MunyTe nocsie 3a6opa kpoBu xkuBotHbiM BBomam pactBop NaCl 0,9% (PP, n=15) wm nepdropan (11D,
n=16) B no3e 3 mi1/kr maccp! Tesa. Ha 60-it MunyTe nocsie 3a6opa KpoBU NPOBOMIACH ayToreMoTpancdysusi, OCe Yero cie0Ba pe-
nepdyauonsbii nepuoy (60 mun). Ipu anammze JI/IM-rpammb! onpe/iesisi clieayonye napaMeTpsl: MOKa3aTe b MUKPOIMPKYJISILHI;
MaKCHMaJIbHbIE AMILIUTY/[bI KOJIE0AHMIT KPOBOTOKA B 9HIOTEMAILHOM, HEIPOreHHOM U MHOTE€HHOM /MANIA30HAX YACTOT METO/IOM BeiiB-
Jer-anamza. CratucTHuecKyio 06paGoTKy JaHHbIX IPOBOMIHM B Iporpamme Statistica 7.0. Pesyiomamupt. TunoBoseMusi pUBOIIA K
crkerio AJl Gosee yem Ha 50%, P 9TOM KPOBOTOK B IMMAJIBHBIX COCY/aX YMEHBIIAICS MeHee yeM Ha 20% OT MCXO/HOTO YPOBHS
(p<0,05). B 310T 3)€ NIEPHO/ HAGMONAIOCH YBEMUEHHE AMILUTATY/IbI (DIIAKCMOIIMIA, B OCHOBHOM, B HEHPOTEHHOM (AH) YaCTOTHOM JMana-
30He. Pagmiuusi B napaMeTpax MUKPOILMPKY.istiuu Mesxay rpymmavu OP wm IID 3axmoyaimich B COXpaHEHUH HA TPOTSKEHHH BCETO
nepro/ia ruoBosieMun Gosee Bbicokoil An B rpyne AP, npu 91oM rpymibt He pasimryamics no yposuio IIM, pCO, 1 aktara B aprepu-
anbHoit kposu. Ilocsie penndyany kposu 1 yBesnryenust A/l uccieyemble napaMeTpbl MUKPOLMPKYJISIIMY He Pa3JIHYAICh MESKLY IPyII-
TIAMU U 110 CPABHEHHIO C HCXO/IOM, YTO YKa3bIBAJIO HA KOMIIEHCATOPHBII XapaKTep U3MEeHeHHsT aMIUIUTY/IbI (DIaKCMOLMIA B OTBET Ha pa3-
BUTHE KPOBomoTepu. 3akovenue. IlomyyeHHbie pe3yssraTsl CBHAETENbCTBYIOT 0 ToM, uto IIM, no cpaBrenuro ¢ MP, npusomur
CHILKEHHIO HANPSKEeHHs] KOMIICHCATOPHBIX MEXaHU3MOB B PETyJISIMH MO3TOBOTO KPOBOTOKA B YCJIOBUSIX PHCKA PA3BUTHSI THIIOKCHH BO
BpeMsi runoBosieMun. Knrouegwte ciosa: Mo3rooii kpoBotok, JIJIMD, BeiiBier-anams, octpasi KpoBomnorepsi, nepdropan.

Objective: to use laser Doppler flowmetry (LDF) to investigate the effect of perfluorane on the time course of microhemocirculato-
ry changes in the rat pial vessels in acute blood loss and after autohemotransfusion. Material and methods. Experiments were car-
ried out on 31 outbred male rats weighing 300—400 g under anesthesia with intraperitoneal Nembutal 45 mg/kg. The caudal artery
was catheterized to measure blood pressure (BP), to sample and reinfuse blood, and to administer infusion solutions. LDF (JIAKK-
02 device, LAZMA, Russia) was used to record blood flow in the pial vessels of the left parietal region (the center coordinates were
3 mm caudal to bregma and 2 mm left of the sagittal suture. A volume-fixed acute blood loss model was applied. The goal amount of
blood loss was 30% of the circulating blood volume. At 10 minutes after blood sampling, the animals were administered 0.9% NaCl
solution (physiologic saline (PS), #=15) or perfluorane (PF), n=16)) in a dose of 3 ml/kg body weight. At 60 minutes following
blood sampling, autohemotransfusion was used, after which there was a 60-min reperfusion period. The investigators analyzed LDF
readings and determined the following indicators: microcirculation index; the maximum amplitudes of blood flow fluctuations in the
endothelial, neurogenic, and myogenic frequency ranges by a wavelet analysis. The data were statistically processed using Statistica
7.0 software. Results. Hypovolemia caused a more than 50% reduction in BP; moreover, blood flow in the pial vessels decreased by
less than 20% of its baseline level (p<0.05). In the same period, there was an increase in the amplitude of flux motions mainly in the
neurogenic (NA) frequency. The differences in microcirculatory parameters between the PS or PF groups were in the retention of
higher NA in the PS group throughout hypovolemia; at the same time the groups did not differ in the arterial blood levels of the index
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of perfusion (IP), pCO,, and lactate. After blood reinfusion and BP elevation, the examined microcirculatory parameters did not dif-
fer between the groups and were similar to the baseline values, suggesting that there were compensatory changes in the amplitude
of flux motions in response to evolving blood loss. Conclusion. The findings suggest that PF versus PS leads to the reduced tension
of compensatory mechanisms for cerebral blood flow regulation at a risk for hypoxia during hypovolemia. Key words: cerebral blood
flow, laser Doppler flowmetry, wavelet analysis, acute blood loss, perfluorane.
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BBenenue

OTymanTeIBHON 0COOEHHOCTBIO MO3TOBOTO KPOBO-
o06pallleHusT SIBJISIETCs BhIPasKEHHAsT CIIOCOOHOCTH K ayTo-
PeryJIsIuy B MINUPOKOM HANa30HE N3MEHEHUST CHUCTEMHO-
ro aprepuanbroro pasienus (A/l) [1, 2]. Ioxnepskanue
JIOKQJIBHOTO MO3TOBOTO KPOBOTOKA HA OTHOCHUTEJIBHO IIO-
CTOSIHHOM yPOBHE TIpH CHIKeHHN A/l 10 HIDKHEN rpaHuIbl
ayroperyannn (1o pasubiM ganubM 40—70 MM pT. CT.)
006eCTIeYrBaETCST CTOKHBIM KOMIIJIEKCOM KOMIIEHCATOPHO-
MPHUCIIOCOOUTETHHBIX PeakIil (TIPEsK/e BCETO BA3O/MIIs-
Tanueil) MUaJIbHBIX COCYZOB [3], B TOM 4HCIIe 3MEHEHNEM
AMJIATYIHO-YACTOTHOTO CIIEKTPa KosieOaHnuii KPOBOTOKA Ha
YPOBHE MUKPOIUPKYJIsiiun [4—6].

[lepdropan — aT0 MIazMo3aMeHUTENb, 06JajaI0-
MM HE TOJBKO XOPOIIel Ta30TPanCHOPTHON COCOOHOC-
TBIO, HO U PS/IOM JIPYTUX MOJIE3HBIX (DapMaKoANHAMITIEC-
KUX CBOHCTB (peosiormueckue, TeMOJANHAMHUYECKIE,
MeMOPaHOCTAGMITU3UPYIONINE U P.). DTOT Tpernapar wc-
MOJIb3YETCS IPH IMHUPOKOM CIIEKTPe 3a00JIeBAHNH, BKJIIO-
4aro OCTPYI0 KPOBOIIOTEPIO U YEPEHO-MO3TOBYIO TPABMY,
IIpM KOTOPBIX JIOKa3aHa ero BBICOKAs KJAMHIYECKas -
(extuBHOCTD [7, 8]. B axcnepuMenTe mokasaHo, 4TO 3a
cUeT yJIydnieHus (QyHKIHOHAILHOTO COCTOSIHUS 9PUTPO-
UTOB, MephTOpaH OKA3bIBAET OJATONPHUITHOE BJIMSHUE
Ha PeoJIOTHUECKUe CBOMCTBA KPOBH, TEM CaMbBIM YJIydIlast
mukporupkysanuio [9—11]. Ectb equHIuHBIE 9KCIIEPH-
MEHTAIbHbIE W KJIMHIYEeCKHe PabOThl TOCBSIIEHHbBIE HC-
CJIeZIOBAHUIO BIMSAHUS ITepdTopaHa Ha MO3TOBON KPOBO-
TOK [12] u okcurenanuio [13] B yc0BUsIX KPOBOTIOTEPU 1
periepdysun. OHAKO B JOCTYITHOM JIUTEPAType HET JlaH-
HBIX O BJMSHUU Nep@TopaHa Ha PEeTYJIAINI0 MUKPOIUP-
KYJISIIIUHU B MO3Te NP KpoBornoTepe. Llepio TaHHOTO 9KC-
MIEePUMEHTATBHOTO HCCJIEJOBAHUS CTAJ0 HU3YdeHHe ¢
momortpio JI/ID u BeliBaeT-anannsa BAUAHUS UHOY3UN
nepdTopaHa Ha ANHAMEKY [TapaMeTPOB MUKPOTE€MOIUP-
KYJISIIUH B THATBHBIX COCY/IaX KPBICHI IIPU OCTPOI KPOBO-
moTepe ¥ MOoCJe ayToreMoTpanchy3un.

Marepuan u MeTO/bI

IKCIepuMeHThI TPoBeieHbl Ha 31 6eCcropoIHBIX KpbICax-
camiax Maccoil 300—400 r nox napkozom (HemOyTan 45 Mr/Kr
BHYTPUOPIOIIMHHO), B YCJIOBUSX CIIOHTAHHOTO JIBIXAHUST 1 TEMIIEe-
patypsl okpyskaiotieil cpenpr 20—22°C. Anecte3nst moJiep;KuBa-
JIACh TTOBTOPHBIMY BHYTPUOPIONTHMHHBIMU HHBEKIIUAME aHECTETH-
ka (HemOyTas 10 Mr/Kr kaxabie 40—50 MUH WK 110 TPEOOBAHUIO ).
C 1esipio nHBasuBHOTO naMeperust AJl, 3abopa, perHby3un KpoBu
1 BBeJleHs MH(Y3HMOHHBIX PACTBOPOB KaTETEPU3NPOBAIACH XBOC-
ToBast aprepusi. Katerep neproanyeckut IpoMBIBAJICS PACTBOPOM
nedpakimonnposansoro renapuna (0,1 mu, 50 EJ/l/mor). TonoBy
JKMBOTHOTO (DMKCHPOBAJIN B crieninaabioM cranke. [locie cpeaun-
HOTO pa3pe3a KOKU U MATKUX TKaHeil TOJIOBbI, ¢ TIOMOIIb0 Gypa
BBITIOJIHSTACH KPAHUOTOMHUSI B JIEBOW TeMeHHOI obractu (mma-

Introduction

Significant capability to implement blood flow
autoregulation in a wide range of systemic blood pressure
(BP) values is a distinctive feature of the cerebral circula-
tion [1, 2]. Maintaining of local cerebral blood flow at a rel-
atively constant level during lowering blood pressure to
the lower limit of autoregulation (40—70 mm Hg accord-
ing to different sources) is provided by a complex set of
compensatory reactions of pial vessels (mainly, vasodila-
tion) [3], including changes in the oscillations spectrum of
microvascular blood flow [4—6].

Perfluorane (Perftoran, PF) is a fluorocarbon deriva-
tive with numerous useful patterns.PF serves as plasma
substitute, potent gas transport system, product with phar-
macodynamic properties (rheologic, hemodynamic, mem-
brane stabilizing and others). This drug is used in a wide
range of diseases, including acute blood loss and traumatic
brain injury, in which its high clinical efficiency has been
proved [7, 8]. PF had a beneficial effect on the rheological
properties of the blood, improving the functional state of
erythrocytes, and thereby improving microcirculation in
experimental settings [9—11]. There are only few experi-
mental and clinical studies devoted to the study of PF
effects on the cerebral blood flow [12] and oxygenation [13]
during blood loss and reperfusion. Data on PF influence on
the regulation of cerebral microcirculation in blood loss are
absent. The goal of current study was to characterize effects
of PF administration the patterns of pial vessels microcir-
culation in rats during blood loss and post-resuscitation
with the aid of LDF and wavelet analysis.

Materials and Methods

Experimental studies were started after the approval of the
Ethical Committee of the V. A. Negovsky Institute for General
Reanimatology. Experiments were carried out on 31 male outbred
rats weighing 300g to 400g during spontaneous breathing and
room temperature of 20—22°C. The animals were anesthetized by
intraperitoneal injection of pentobarbital (45 mg/kg). Anesthesia
was maintained by additional intraperitoneal injections of anes-
thetic (pentobarbital 15 mg/kg at intervals of 40 to 50 min or as
required). Polyethylene catheter was advanced through the tail
artery for invasive measurement of blood pressure, blood with-
drawal/ reinfusion and drugs infusion. The catheter was flushed
intermittently with saline solution (0,1 ml) containing 50 IU/ml
of unfractionated heparin. Heads of anesthetized rats were firmly
fixed using a special device. After middle incision of a head skin
and soft tissues, a burr hole was drilled in the left site of the pari-
etal bone (hole diameter was 2 mm, the coordinates of the center
were as follows: 3 mm caudal from Bregma and 2 mm to the left
from the sagittal suture). The dura and thin inner layer of the bone
remained intact and moistened with saline.

The cerebral blood flow in the rat neocortex was recorded by
LDE. The purpose of the LDF is a non-invasive optical sensing tis-

OBIJAA PEAHMUMATOAOI M, 2015, 11; 4

www.reanimatology.com

15



16

Blood Loss

DOI:10.15360,/1813-9779-2015-4-14-22

MeTp OTBepcTus 2 MM, KOOPJMHATHI IIEHTPA: 3 MM Kay/aJbHO OT
smann Bperma, 2 MM JieBee OT caruTTajbHOTO 1iBa). TBepaast Mo3-
rosast 060JI0YKa U TOHKUIT BHYTPEHHUII CJIOW KOCTU OCTaBaJIUCh
MHTAKTHBIMH, YBJIKHSINCH (PU3NOJIOTTYECKIM PACTBOPOM.

KpoBOTOK B HEOKOPTEKCE KPBICHI PETUCTPUPOBAIN METO/IOM
JiazepHoii ioreposekoit hoymerpru (JI/ID). Cytb metoaa JID
COCTOWT B ONITHYECKOM HEMHBA3MBHOM 30H/INPOBAHUY TKaHEH MO-
HOXPOMATHYECKUM JIA3ePHBIM M3JTydeHNEeM 1 aHAJIN3€e U3JIyIeH s,
OTPaKEHHOTO OT JABMIKYIINXCS B TKAHSAX 3pUTPOIUTOB. OTpakeH-
HOEe OT TIOJBIDKHBIX YacTHUIl (IPUTPOIUTOB) M3JIydeHHEe HMeeT
JIONTIJIEPOBCKOE CMEIIEHIe YaCTOThl OTHOCUTETBHO 30HANPYIOIIe-
TO CUTHAJIA. DTa epeMeHHas COCTABJIAIONIAst OTPasKEHHOTO CUTHA-
Jla TIPOTIOPIIMOHAIbHA KOJIMYECTBY 3PUTPOIUTOB B 30H/UPYEMOIT
006JTacTH M MX CKOPOCTH. B pesyJibrate KOMIIBIOTEPHON 06pabOTKN
OTPaKEHHOTo CHUTrHAsIa (OPMUPYETCs 110Ka3aTeslb MUKPOIUPKY-
s (IIM), oTpaskaiomuii ypoBeHb 1epdysun MCCIeyeMoro
obbema Tkaun (0kos0 1 MM®) B eMHKIy BPEMEHU U U3MEpPsIeMbIi
B OTHOCUTEJIbHBIX 11ep(y3NOHHBIX enHunax (1d. ez.).

KoJiebanust kpoBoToKa ((hJIaKCMOIMI) Y UX U3MEHEHHsI 1103~
BOJISTIOT TTOJIYYNTh NH(MOPMAIIIO O COCTOSTHUN MEXaHU3MOB pery-
ssuy Mukpouupkysiun. Kosebanust IIM Bo BpeMeHU Tpes-
CTaBISIIOT COGOIT CIOKHYIO QYHKIMIO, B KOTOPOU MPUCYTCTBYIOT
pasHble rapMOHHYecKHe cocrtasisionne. [Ipy mMaremarnueckom
aHaJIM3e, OCHOBAHHOM Ha mpeoOpasoBanussx Dypbe, MOKHO BbI-
SABUTH 3TN TapMOHMYECKUe cocTaBsiomue. /1 atux memeit uc-
MOJIb3YETCSl MATEMATHYECKHUIT armapaT BeiBIeT-1peo6pasoBaHust
[14, 15]. CnexrpasnbHoe pasiosxkenue JIJID-rpammpl Ha rapMOHU-
YeCcKHe COCTABJIAIONINE AaeT BO3MOXKHOCTD OIPEAETUTh BKJIA[
Pa3INYHBIX KOMITOHEHTOB (DJIAKCMOITHH, KasK/blil U3 KOTOPBIX Xa-
paxTepusyetcs onpesiesieHHbIM guanazonoM yactot (F I1) n max-
CUMAJIFHON aMILTUTYI0N KosieGaHiT KPOBOTOKA B 9TOM JIHAIA30-
He (A, . en.). B cBoto ouepesb, KasKAbIN YACTOTHBIN KOMIIOHEHT
(brakemonuit onpesessieTcst IPUPOION KOHKPETHOTO MEeXaHU3Ma
MOJLYJISIIIUU KPOBOTOKA M €r0 OTHOCHUTEJIbHOI aKTHBHOCTBIO BO
Bpems nposezenns JIJID-merpun. Cpean MexaHU3MOB PeryJisi-
1MUY MUKPOTEeMOIMPKYJIAIMY PA3JINYalOT aKTUBHBIE ¥ TACCUBHbIC
(haxropbl. AKTHBHBIE (haKTOPBI MOZYJISIIINN KPOBOTOKA — 3TO JH-
NOTEJTMATbHBIN, HEHPOTEHHBIN 1 COOCTBEHHO MUOTEHHBIH Mexa-
HU3MBI PETYJISINN IIPOCBETA COCYI0B. DTU (DAKTOPBI MOJLYIUPYIOT
IIOTOK KPOBU CO CTOPOHBI COCY/INCTOI CTEHKH, PeaTu3yIOTCs 4Yepes
ee MBIIIEYHBIIT KOMITOHEHT U CO3/IAI0T KOJIeOaHusi KPOBOTOKA MO~
CPEJ/ICTBOM UYepe/IOBaHMs 3IM30/10B BA30KOHCTPUKIIMU M Ba30/IH-
sararmn. [TaccuBrbie GaKkTOPDI, BHI3BIBAIOIIIE KOTEOAHUST KPOBO-
TOKA BHE CHCTEMBI MUKPOIINPKYJISIIIIN, — 9TO MYJIbCOBAst BOJTHA CO
CTOPOHBI apTepuil U IpHcachiBaoliee JAeHCTBUE «/IbIXaTeJIbHOIO
Hacoca» CO CTOPOHBI BEH.

VY ma6opaTopHbIX JKMBOTHBIX IS KaKAOTO M3 TIATH TPUBe-
JICHHBIX MEXaHU3MOB PETryJIsAIIHN KPOBOTOKA (B KOXKe) XapakTep-
HBIMH /INAIIa30HaMK YaCTOT SBJISAIOTCS CIIeYIONINe: SH/[0TeTAb-
werii (As) — 0,01—0,04 Ty, veitporennsrii (Au) — 0,04—0,15 Ty,
muorensbiil (Am) — 0,15—0,4 Ty, auixarensnsiit (Ax) — 0,4—2 Ty,
nysbeoBoit (An) — 2—5 Tt [16]. B ckoGkax npuBeaeHbl CoKpa-
eHHbIE 0003HAYEHNS MAKCUMATBHBIX AMIUIATY /] KOIEOaHUIT KPO-
BOTOKA B COOTBETCTBYIOLIEM JualasoHe. B uccienosanuu B. B.
Austekcanapuna [17] kosebanust MO3TOBOTO KPOBOTOKA HeiiporeH-
HOTO (CHMITATUYECKOTO a[PEHEPIIYeCKOr0) reHe3a PerrucTpupo-
Basuch B auanaszone 0,04—0,126 'y, a ocrajibHbIe AUalla30HbI yac-
TOT HE OTJINYATINCh OT HPUBEJEHHBIX 3HAUEHUI /TSI KOXKM KPBIC
(cooTBetcTBenHO, MuOTeHHBIH coctaBut 0,126—0,4 Iir).

Cserosoii 3ouy anmapara JIJAKK-02 HITIT «/ TASMA», Poc-
cust (qumna Bosiibl 0,63 MKM) yCTaHABJINBAIM HAJl IOJTOTOBJIEH-
HBIM TPETaHAIINOHHBIM OTBEPCTHEM C MUHIMAJIbHBIM 3a30POM, 110
BO3MOKHOCTH, M30€rast MOMajiaust B 00IacTh PETUCTPAIUN KPO-
BOTOKAa KpynHbIX cocyoB. 3anuch JIIM-rpammbl ocyuiecTsiis-
JIach Ha KQK/IOM U3 9TAINOB 9KCIepuMeHTa B TeueHne 8—10 mMuH.
[Tpu HasMuNy BBIPAsKEHHBIX apTedakToB (BCJIEICTBUE ABIKEHUIT
KPBICHI, BHEIITHUX ITOMeX ) Bbi/iesisiich hparmentot JI[D-rpammbr
NPOJIOJKUTENBHOCTBIO He MeHee 4 MuH Ge3 apredakTos. B HacTo-
sieii paboTe MCCIeI0BANNCH aKTHBHbBIE COCTaBJstionue (hiake-
moruit. [Ipu anamse kaxaoit JI/IMD-rpaMmbl onpeesisincs cie-

sue by monochromatic laser and analyzing the light reflected from
moving red blood cells. Backscattered light from moving red
blood cells has a Doppler shift relative to the probe beam. This
variable component of the reflected signal is proportional to the
number of red blood cells in the probed area and to their velocity.
Then the computer calculates the index of perfusion (IP) that
reflects the tissue perfusion in the test volume (about 1 mm?) per
unit time and is measured in arbitrary perfusion units (PU).

The blood flow oscillations (flux motions) and their changes
might provide information on various regulatory mechanisms of
microcirculation. Oscillations of TP represent complex function
that includes different harmonic components. Using mathemati-
cal analysis based on Fourier transforms, one can identify these
harmonic components. For this allotment the wavelet analysis
have been increasingly used [14, 15]. Spectral decomposition of
LDF-gram into harmonic components enables one to determine
the contribution of various fluxmotion components. Each compo-
nent is characterized by a particular frequency range (F, Hz) and
maximum amplitude (A, PU), which both in turn are determined
by the nature of the specific blood flow modulation mechanism
and its relative activity during the LDF-metry. The regulatory
mechanisms of microcirculation include active and passive factors.
Active blood flow modulation factors are endothelial, neurogenic
and myogenic (in the narrow sense) mechanisms of vascular
lumen regulation. These factors modulate the blood flow by affect-
ing the vascular wall and are released through muscular compo-
nent of the latter creating oscillations in the blood flow through
vasoconstriction and vasodilation alternation. Passive factors
cause oscillations of blood flow outside the microvasculature.
These are a pulse wave from the arteries and the <respiratory
pump» from the veins. They provide longitudinal oscillations of
blood flow that lead to a periodic change in the volume of blood in
the vessel.

In laboratory animals (rats) the characteristic frequency ranges
were as follows (for the skin): endothelial (Ae) — 0.01—0.04 Hz, neu-
rogenic (An) — 0.04—0.15 Hz, myogenic (Am) — 0.15—0.4 Hz, res-
piratory (Ar) — 0.4—2 Hz, pulse (Ap) — 2—5 Hz [16]. In parenthe-
ses the abbreviations of the maximum amplitude of blood flow
oscillations in the appropriate range are presented. In a study by
V. V. Alexandrin [17] the cerebral blood flow oscillations of neuro-
genic (sympathetic adrenergic) origin were recorded within the
range 0.04—0.126 Hz, whereas remaining frequency ranges did not
differ from the specified values acquired from the rat's skin (respec-
tively, myogenic range was 0.126—0.4 Hz).

The probe of device LAKK-02 (SPE «LAZMA», Russia;
wavelength 0.63 microns) was set over the dura with a minimal
clearance. Care was taken to place the probe at a brain area with
minimal vascularization. The LDF-gram registration was per-
forming for 8 min at each stage of the experiment. When there
were significant «noise factors» (due to the movements of the rat,
external noise etc.) LDF-gram fragments that lasted at least for 4
minutes (without «noise») were allocated. In the present study we
investigated active flux motion components. The following para-
meters were analyzed: the mean value of IP in the time interval of
registration; the maximum oscillation amplitudes of the local cere-
bral blood flow in the respective frequency bands (Ae, An, Am)
obtained by the wavelet analysis.

The stages of the experiment:

1. Abaseline.

2. Blood loss. We employed an acute fixed-volume hemor-
rhage model that allow evaluating the natural course of the patho-
logical process and the dynamics of compensatory reactions in
posthemorrhagic period [18]. The total blood volume (TBV) was
calculated as 6.5% of rat's body weight [19, 20]. The target blood
loss volume was 30% of TBV. Blood was withdrawn by a syringe
containing 0.5 ml of heparinized saline, in three equal portions
(10% of the TBV) during 20 min (1st, 10th and 20th minute).

3. Hypovolemia (60 min). At the 10th minute of hypov-
olemia the animals of control group (S — saline, n=15) were
administered 0.9% NaCl solution intraarterially slowly (3 ml/kg);
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Kposomoreps .

JlyIoliue apamMeTpbl: cpejtee 3nadenve [IM B unrepsase Bpeme-
HU PErUCTPAIMU; MAKCUMAJIbHbBIE aMIUIUTY/IbI KOJIeOaHmii KPOBO-
TOKa B COOTBETCTBYIOIIMX JianaszoHax yactot (Aa, A, Am), osy-
4yeHHbIe MeTojIoM Beiipiier-anasm3a JI/[D-rpamm.

ITaIbl 9KCIePUMEHTA.

1. Hcxonanoe cocrosuue.

2. Kposomoreps. Mbl HCIIOJB30BANIM MOJIENb OCTPOIL,
(bUKCHPOBAHHON 110 06BbEMY KPOBOIOTEPH, O3BOJISIIONICH O1le-
HUTDb €CTECTBEHHOE TeUeHHe TTATOJOTNYECKOTO MPOoIlecca U JIiHa-
MUKY KOMITEHCATOPHO-TTPUCIOCOOUTENBHBIX PEAKIINiT OpraHu3Ma
B noctreMopparmdeckoM mepuoze [18]. OLLK kpoicsl paccanTsi-
Basicst Kak 6,5% ot maccest Tesa [19, 20]. IleneBoii 06beM KPOBO-
notepu 6611 30% ot OIK. Kposb 3abmpasach HIpuIieM, coiep-
xkampM 0,5 MJI TermapuHU3UPOBAHHOTO  (DU3UOTOTHIECKOTO
pactBopa, Tpemst pasHbiMu Ttopiusimu (110 10% OILK) B Teuenue
20 mun (1-s1, 10-51 1 20-51 MUHYTBI).

3. Tlepuox rumosonemyn (60 mum). Ha 10-it MunyTe nan-
HOTO 1epHO/Ia KMUBOTHBIM KOHTPOJIbHOI rpyrmel (DP — ¢usmno-
JIOTYeCKUi pacTBOp, n=15), IPOU3BO/IIIN Me/IJIEHHOE B/a BBejle-
uue (3 ma/kr) 0,9% p-pa NaCl; KMBOTHBIM OTIBITHOI TPYIIITBI
(ITd — nepdropan, n=16) Boanicsa nepdropan (OAO HIID
«ITepdropan», Poccust) B ToM ke oObeme.

4.  Penndysusa (ayroremorpancdysns) KpoBH OCYIIECTB-
sistnach B ederrie 10 mun (1-51, 5-51 u 10-51 MEHYTBI) TPEMsI OPIIU-
amu (110 10% OILK).

5. Penepdysnonnstii neprox (60 mum).

6.  DBraHas3Ms OCYIIECTBJISIACD JIETATBHOI 7103011 aHecTe-
Tuka (nembyTas 150 mMr/Kr).

Perucrpannio cucremuoro aprepnanbnoro gasienne (All)
u 3anuch JIJID-rpaMMbl TPOBOANIIN B UCXOJAHOM COCTOSTHUY (ue-
pe3 20 MHUH CTaOUIM3AIUN TOCJE MOATOTOBUTENBHBIX TPOIIE-
nyp); 1—10 MunyTHI OCsIE TPEThero 3a60pa KpoBH (/10 BBEIACHSI
npenaparoB); Ha 15—25-i1, 30—40-it u 50—60-if MuHyTax nepu-
ona rurnoposiemun; 5—15-it u 50—60-it MmuHyTax penepdys3noH-
Horo mepuoaa. 3abop mpod kposn (0,5 MJT) IS MCCTEOBAHNS
kucsaotTHO-ocHOBHOTO coctositust (KOC: pH, pCO,, pO,y, BE) u
YPOBHSI JIAKTATA C OMOII[BIO HOPTATUBHOIO MIPOTOYHOTO aAHAJIN-
3atopa i-STAT-300 (CIIIA) mpoBOANIN B NCXOAHOM COCTOSTHIN,
Ha 60-it MuHyTe runoBosiemMun 1 Ha 60-it MunyTe perepdysnoH-
HOTO [epHo/a.

Craructideckyto 06paboTKy JAHHBIX TIPOBOAMIIHN B IIPOTPaM-
me Statistica 7.0 merogom ANOVA u kpurepues U (Ju1s He3aBucH-
MbIX BBIOOPOK) ¥ T (Juisi 3aBUCHMBIX BBIOOPOK) Buikokcona-
Mawnna-YutHu. AHanusupyemble BeJUYUHBI MPEICTABIEHBI B
Bujie: Me (25%; 75%).

PesyubraThl 1 00CyKAEHUE

B ucxomHom cocrostuuu Tpytibl ¢ BBegeHuem OP
niu [1OD 110 BceM ncceielyeMbIM TTapaMeTpaM KPOBOTOKA B
MMUATBHBIX COCY/IaX Ha MUKPOIUPKYJISTOPHOM YPOBHE U
A/l He pasnuuanich (Tabu.).

[Tocne 3abopa kposu B o6beme 30% OILK B o6enx
rpynmax A/l cHU3MIOCH OT MCXOAHOTO YPOBHS, B Cpel-
meMm, #Ha 58,3 1 62,2% B KOHTPOJDLHOI IPYTITE U B TPYTITIE
¢ Beenennem I1®D coorBerctBenno (p<0,01). Ha done
3HAUYUTEIBHOTO yMeHbIeHus A/l mpousoniio cHuKeHue
IIM B numajbHBIX COCyJaX 1O CPABHEHHWIO C MCXOJHBIM
yposHem Ha 15,7 u 15,6% B rpymmnax c Beexernnem OP
nau [ID coorerctBento (p<0,05). IIpu atom AH yBe-
JIMYNJIACh B 06EUX TPYIIax, B TO BPEMsl KaK aMILIHTY bl
(hraxcmonuii B 9HAOTEIMAIBHOM U MUOTEHHOM YacTOT-
HOM /IMala3oHaX OCTaBaJNCh HA HMCXOJIHOM YPOBHE
(tabur). [IpuMepsl TUTUYHON (/IS JAHHOTO JTAlla dKCIIe-
pumenTa) JI/IMD-rpammbl 1 ee BeiiBieT-aHagn3a mpe-
craBJjieHbl Ha puc. 1 n 2.

the animals of test group (PF — perftoran, n=16) were adminis-
tered with PF (RPC «Perftoran», Russia) in the same volume.

4. Reinfusion (autohemotransfusion) of blood was per-
formed for 10 minutes (the 15, 5th and 10th minutes) in three por-
tions (10% of TBV).

5. Reperfusion period (60 min).

6.  The animals were euthanized by injection of a lethal
dose of Nembutal (150 mg/kg ip).

Registration of systemic blood pressure (BP) and the LDF-
gram was performed at a baseline (after 20 min of animal stabi-
lization ); at 1—10 minutes after the third step of blood loss
(before drug administration); at 15—25 minutes, 30—40 minutes,
and 50—60 minutes of hypovolemia; at 5—15 minutes and 50—60
minutes of reperfusion. Blood samples (0.5 ml) to study the acid-
base state (ABS: pH, pCO,, pO,, BE) and lactate level with the
aid of a portable analyzer i-STAT-300 (Abbott, USA) was per-
formed at a baseline, at 60th minute of hypovolemia and 60th
minute of reperfusion.

Statistical processing of the data was performed using
Statistica 7.0 by a One-Way ANOVA test and Mann-Whitney U
test (for independent samples) and a ¢-test (for dependent sam-
ples). The analyzed values were reported as median and 25% and
75% quartile ranges: Me (25%, 75%). Differences between groups
at P<0.05 were considered as significant.

Results and Discussion

At a baseline, the groups with saline (S) or PF
administration did not differ in all investigated parameters
of local cerebral blood flow as well as in the level of blood
pressure (BP) (Table).

After the blood had been withdrawn (30% of TBV),
BP decreased in both groups on average by 58.3% (S) and
62.2% (PF) compared to the baseline (P<0.01). Against the
background of significant decrease in BP, in the pial vessels
IP decreased by 15.7% (S) and 15.6% (PF) compared to the
baseline (P<0.05). At the same time, An increased in both
groups, while flux motions amplitudes in the endothelial and
myogenic ranges remained at the baseline (Table). Examples
of typical (for this stage of the experiment) LDF-gram and
its wavelet analysis are presented in Figures 1 and 2.

10 minutes after S or PF administration (the 15—25
minutes of hypovolemia), BP increased in both groups
compared to the previous stage of the experiment (before
drugs administration). In PF group BP was higher than in
the rats of comparing group (Table). At this stage of the
experiment IP significantly increased in PF group, as well
as in the control group, but as a trend (Table). Against this
background, the values of Ae, An and Am in S group were
greater in comparison with the baseline, while in PF group
amplitutes of flux motions in the investigated frequency
ranges did not differ from the baseline; Ae and An values
were lower than in the control group (Table).

By the 30th minute of hypovolemia the BP increased
in S group and decreased in PF group compared with the
previous stage, so the BP in both groups was kept at the
same level (Table). The values of IP did not differ between
the groups as well, but values of An in S group remained
greater than in PF group. In both groups An values were
higher than at the baseline (Table).

By the end of hypovolemia (50—60 minutes) the
compared groups did not differ in BP, IP and Ae. However,
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JlMHaMuKa apTepHajbHOTO JABJIEHUS] U NAPAMETPOB MUKDOIMPKYJISIMA B JIEBOH TEMEHHOW 00JacTH HEOKOPTEKca
KPbICHI B KOHTPOJIBHOI1 ¥ ONBITHOM Ipynnax ;KMBOTHBIX, Me (25%; 75%).
Dynamics of blood pressure and local cerebral blood flow in groups of rats received saline or perftoran, Me

(25%; 75%).

Stage of experiment Groups 1P, PU Ae, PU An, PU Am, PU BP, mm Hg
Baseline S (n=15) 18,5 0,17 0,18 0,17 110,0
(16,4; 21,9) (0,14; 0,18) (0,14; 0,21) (0,16; 0,20) (100; 118)
PF (n=16) 19,4 0,14 0,16 0,17 103,5
(17,3; 23,4) (0,12; 0,22) (0,15; 0,24) (0,16; 0,24) (98; 115)
1—10 minutes of Hyp (before S S 15,1%%* 0,16 1,14%** 0,19 42F**
and PF administration) (13,6; 20,0) (0,13; 0,23) (0,73; 1,79) (0,15; 0,25) (38,5; 51,5)
PF 16,1%** 0,17 0,95%** 0,2 40,0%**
(13,3; 20,1) (0,14; 0,28) (0,81; 1,28) (0,19; 0,24) (35,0; 45,0)
15—25 minutes of Hyp S 18,1### 0,23%** 1,90%** 0,23%** 60,0%**:##
(13,9; 20,2) (0,19; 0,38) (0,92; 2,13) (0,18; 0,27) (50; 65)
PF 17,9## 0,18* 0,21%## 0,17 86,0% ¥, ##
(16,3; 22) (0,15; 0,21) (0,15; 0,4) (0,14; 0,26) (80;91)
30—40 minutes of Hyp S 19,0 0,18 0,96%**,## 0,21%** 63,0%#*,##
(14,6; 21,0) (0,16; 0,22) (0,29; 1,57) (0,205 0,23) (60; 80)
PF 18,0 0,20 0,34%, %% 0,20 65,0%**:##
(15,9; 24,0) (0,16; 0,26) (0,28; 0,42) (0,16; 0,22) (58;74)
50—60 minutes of Hyp S 19,5 0,21 0,54%** 0,23%** 78,0%**
(15,0; 21,0) (0,15; 0,25) (0,265 1,09) (0,18; 0,37) (68; 82)
PF 18,9 0,16 (0,29%%,*** 0,18* 70,0%%*
(16,7; 24,4) (0,12; 0,28) (0,23; 0,52) (0,16; 0,22) (66; 80)
1—10 minutes of Rep S 21,0 0,18 0,18 0,18 107,0%#
(17,9; 21,9) (0,12; 0,19) (0,16; 0,20) (0,16; 0,20) (103; 130)
PF 18,2 0,14 0,17 0,18 105,0%#
(18,2; 23,0) (0,11; 0,18) (0,15; 0,23) (0,16; 0,19) (1005 107)
50—60 minutes of Rep S 19,2 0,15 0,18 0,20 102,5
(18,3; 21,0) (0,13; 0,17) (0,16; 0,20) (0,18; 0,21) (99; 118)
PF 19,2 0,12 0,21 0,18 90,0 ***,#4
(17,0; 22,8) (0,10; 0,16) (0,14; 0,26) (0,16; 0,20) (85,5; 100)

Note (npumevanue): Stage of experiment — crajus sxcriepuMenTa; Baseline — ucxonnoe 3nadenue; minutes — munyTsr; Hyp (hypov-
olemia period) — nepuon runososnemuu; Rep (reperfusion period) — penepdysuonnsiii nepuon; Groups — rpymumsr; S (0.9% NaCl solu-
tion) — 0.9% pacteop NaCl; PF (perftoran) — nepdropan; PU (perfusion unit) — nepdysuonnsie exunuip; [P (the index of perfusion)
— ungekc nepdysuu; Ae (flux motions amplitude in the range of 0,01—0,04 Hz) — ammumtyaa durakemoruii 8 ananazone 0,01—0,04 Tiy;
An (flux motions amplitude in the range of 0,04—0,15 Hz) — ammiutyna duiakemonuii B nuanasone 0,04—0,15 Ti; Am (flux motions
amplitude in the range of 0,15—0,4 Hz) — ammuuryna doakemoruii 8 quanasone 0,15—0,4 T';; BP (blood pressure, mm Hg) — aprepu-
AJIBHOE JTABJIEHHE, MM PT. CT. * — between groups at the same stage of the experiment — MeskIy TpyIImaMi B TOT ke MEPHO/ HAOTIOAEHIUST
(P<0,05); ** — between groups at the same stage of the experiment — mexay rpynnamu B Tt ke nepuoz Habmonenus (P<0,1); *** —
vs. Baseline — 1o cpaBHEeHMIO ¢ HCXOIHBIM 3HAYEHUEM 9TOTO MOKazatesis B Toii ske rpymie (P<0,05); # — vs. Baseline — no cpasrenuio ¢
MCXO/IHBIM 3HAYEHUEM TOTO TIoKaszaTesst B Toil ske rpyrme (P<0,1); ## — vs. the previous stage of the experiment — 1o cpaBHenuio ¢ mpe-
JBILYIIIM DTATIOM UCCaef0Banus B Toii ke rpynme (P<0,05); ### — vs. the previous stage of the experiment — o cpaBHeHuIO ¢ TIpeBI-
JIYTITAM 3TANOM UCCJIeIoBaHus B Toii ke Tpymme (P<0.1).

Uepes 10 munyT nocaie eeaerns OGP wmm 1O orme-
yajioch Oosiee Boicokoe AJl B 0Genx rpymiax 1o cpaBHe-
HUIO C BEJIMUNHON 9TOTO MTOKA3aTeJIsi B MOMEHT, ITPEIIecT-
BYIOIIHI BBeieHUIO npenapaTos. Ho, pu aTOM, B rpyiime ¢
seegenreM [1M A/l 6bLI0 BbIlIE, YeM Y KPbIC CPaBHUBAE-
Moii rpyrmet (tabu.). B ator ke nepuoa HaboneHsT OT-
MeJasIoch 10cToBepHOe Bo3pactanue [IM B rpymrie ¢ BBe-
nearem 1D, a Takke B KOHTPOJBHOU TpyIire B BUjie
teHaeHimn (Tabir.). IIpu 9ToM KpPBIChI KOHTPOJIBHOI TPyII-
Il XapaKTePU30BAIUCh G0JIee BBICOKUMY BeJTMInHaMK Ad,
AH 1 AM 110 CPaBHEHUIO C 3HAUYCHUSIMH 9TUX MTOKa3aTeei
B UCXOJTHOM COCTOSTHUHM, B TO BPeMs KaK B IPYIITIE C BBeJie-
nuem 1@ ammmty sl haakeMoImii B UCCIEAyeMbIX yac-
TOTHBIX /INATIA30HAX HE OTJINYATUCH OT UCXOIHOTO YPOBHS,
a Ao 1 AH ObLIN HIIKE, YeM B KOHTPOJIbHOU Tpy1iiie (TabJL.).

K 30-it munyTe ieprozia ruroBosiemun A/l yBesudu-
JIOCh B KOHTPOJIBHOI TPYIIIe U CHU3UJIOCH B IPYIITE JKU-
BOTHBIX ¢ BBefieHreM 1M Mo cpaBHEHUIO ¢ TPEIBIAYIITIM

in the control group An and Am parameters were higher
compared to PF group. Parameters An in both groups and
Am in the control group were higher than at the baseline
(Table 1).

At the 10th minute of reperfusion all investigated
parameters did not differ from the corresponding baseline
values in both groups (Table 1). At the 60th minute of
reperfusion in PF group BP decreased compared with the
previous stage of the experiment (10 minutes of reperfu-
sion) and the baseline. In the control group, BP was
remaining constant (Table 1). Between compared groups
there were no differences in all investigated cerebral blood
flow parameters, and they did not differ from the corre-
sponding values at the baseline (Table 1).

ABS indices and lactate levels in arterial blood did
not differ between compared groups in all stages of the
experiment. However, in both groups after 60 minutes of
hypovolemia lactate concentration increased (S — 1.31
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Puc. 1. IIpumep rucrorpaMmbl JIa3epHOH TONILIEPOBCKOIi (h1oyme-
Tpud Ha 1—10-ii MuUHyTaX nepuoia runoBosieMuu (10 BBEEHUS
0,9-npoiieHTHOrO pacTBOpa XJIopHaa HaTpHsl Win nepdropaHa).
Fig. 1. An example of laser Doppler flowmetry histogram acquired
at time interval of 1—10 minof hypovolemia (before saline or
perftoran administration).

Note (npumeuanue): The abscissa: time, minute — 110 ocu a6-
crree: Bpemst, munyThl; the ordinate: the index of perfusion
(IP), perfusion units — no ocu opauHaT: WHIAEKC Mepdy3un
(nokazaresnb Mukpouupkysaiuu, IIM), nepdysuonbie eunu-
el One can see the patterns of major IP oscillations that reflect
the oscillations of blood flow (fluxmotions) in pial microvessels
of rat's neocortex — BUHBI KPYIHOAMILUIUTY/AHbIE KOJIeOaH st
ITM, orpaxkaronue KoiebaHus KpOBOTOKA B MUATbHBIX MUKPO-
cocyax HeOKOPTEKca KpbIchl ((hrakemorunm).

BpeMeHeM HaOJMIOIeHKs TaKuM 00pa3soM, YTO BEJIUYUHBI
AJl B 06erx rpymax oKa3aluch Ha OJMHAKOBOM YPOBHE
(1aba.). Bemmuunbl [IM Takske Meskay rpylnaMu He pas-
JINYAJINCH, B TO BPeMst Kak AH B rpyie ¢ BejeHrueM OP
TAaKKe KaK 1 B IPEIbIIYIIEM IIEPUO/E NCCTeIOBAHNUS Oblia
6o0ITbINe, YeM B CpaBHUBaeMON rpyrre. [Ipyn aToM amIim-
Tyl (hJIAKCMOITNI B HEHHPOTEHHOM YaCTOTHOM JTMANla30He
OKa3aJIuCh BBIIIE, YeM B HCXOJAHOM COCTOSIHUM B 00€MX
rpymmnax (tabir).

K xonmy mepmona rumososemun (60-1 MunyTa)
CpaBHUBAEMbIe TPYIIbI HE OTJIMYAINUCH TT0 YpPoBHIO A/,
IIM u As. OHaKO B KOHTPOJBHOM rpyIme AH u AM ObLu
BBIIIIE TI0 cpaBHEHMIO ¢ rpymmnoil ¢ Begenuem [1D. TIpu
ToM AH B 00eux rpynmax u AM y KPbIC KOHTPOJIbHOIL
TPYIIIIBI TIPEBBIIIAIT 3HAYECHUS 9TUX ITOKa3aTesel B UCXO/I-
HOM cocTosiHuuU (TabIL.).

Yepes 10 MunyT nocsie penHdysuu 3abpaHHON KPOBU
B 00€nX TPyIIIaxX BCE UCCHIElyeMble OKA3aTe Il He OTJIYa-
JIUCh OT COOTBETCTBYIOIINX UCXOIHBIX BesinurH (TabJL.).

K 60-it munyTe niepriosia perr@ysun B TpyIiiie ¢ BBe-
nennem [1D mpousonuio camkenne AJl Mo cpaBHEHHIO ¢
TIPEBILYIIUM ATAToM uccyeioBanus (depes 10 MunyT 1o-
cre pernH(Y3UH KPOBM) M UCXO/IHBIM COCTOSIHUEM. B KOH-
TpospHO# Tpymie A/l octaBasoch Ha TOCTOSTHHOM yPOBHE
(1abu.). Mexay cpaBHUBaeMbIMU IPyNIaMu He HabJIro/1a-
JIOCh PA3JIMYUI TI0 BCEM MCCJIEYEMbIM TTOKA3ATENISIM 1 X
3HAYEHUSI HEe OTJIMYAJINCH OT COOTBETCTBYIOIINX BEJIMYMH B
MCXOAHOM cocTosHnn (Tabur.).

[Mokazaresn KOC 1 ypoBeHb JlakTata B apTepuasib-
HOI1 KPOBU HE PA3/IMYaInCh MEXK/y CPABHUBAEMbBIMU IPYII-
[aMu Ha BCeX dTalax skciepuMenTa. [Ipu atom B 06erx

i e e
A

2 2 & 3 2383"

Puc. 2. IIpumep BeiiBieT-aHaIM3a THCTOTPAMMBI JIA3€PHOIT J10MII-
nepoBckoii proymerpun Ha 1—10-it MUHyTaX IEpHO/Ia THIIOBOJIE-
muu (710 BBesteHust 0,9-pOIEHTHOTO pacTBOpa XJIOPW/IA HATPUs
win nepgropana).

Fig. 2. An example of laser Doppler flowmetry histogram
wavelet analysis at time interval of 1—10 minutes of hypov-
olemia (before saline or perftoran administration).

Note (npumeuanue): The abscissa: flux motion's frequency, Hz —
1o ocu abenuec: yacrora urakemorid, Ty the ordinate: fluxmo-
tion's amplitude, perfusion units — 1Mo ocu opaMHAT: aMIIUTYAAQ
(urakemoruit, epdysnonnsie equanibl. One can see the maxi-
mum amplitudes of the blood flow oscillations in pial microvessels
of rat's neocortex (in the endothelial, neurogenic and myogenic
ranges) — BbIIEJIEHBI MAKCUMAJIbHbIE AMILTUTY/IbI KOJIEOAHUI KPO-
BOTOKA B ITHAIBHBIX MIUKPOCOCY/IAX HEOKOPTEKCA KPBICHI (B 9HIIO-
TETNATBHOM, HEPOTEHHOM 1 MHOTE€HHOM /[HATTa30HaX ).

[0.84; 1.92] mmol/L; PF — 1.70 [1.22; 2.08] mmol /L) com-
pared to the lower values of this parameter at the baseline
(less than 1 mmol/L).

Results of the present study confirm the data
obtained by us earlier [6], that flux motions amplitudes in
pial vessels are increasing during hemorrhagic hypoten-
sion. It should be noted that the data of other authors also
indicate the activation of vasomotions as a result of blood
loss [21, 22]. Results of our studies confirm the fact that
one of the key factors in flux motions amplitudes alter-
ations during blood loss is the level of BP. Indeed, flux
motions amplitudes sharply increases with a decrease in
BP to the lower limit of cerebral blood flow autoregula-
tion, but returned to the baseline values after the reinfu-
sion of withdrawn blood and an increase in BP.

The difference in flux motions amplitudes between
the compared groups of animals can be explained by differ-
ent levels of BP at the 10th minute of hypovolemia.
However, at the 30th and 60th minutes of hypovolemia flux
motions amplitudes in the control group continued to
remain at a higher level compared to PF group, but the
groups did not differ in the levels of BP.

Vasomotions were reported to be suppressed in a res-
piratory acidosis and potentiated during hypocapnia [23].
In the present study after 60 minutes of hypovolemia pCO,
values in the control and test groups did not differ and was
47.2 (34.1; 59.7) and 50.0 (46.0, 54.8) mmHg, respectively.
Therefore, this factor could not lead to a difference in flux-
motions amplitudes between the study groups.

Increased activity of vasomotions was reported to be
accompanied by the improvement of perfusion and oxy-
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rpymmax kK 60-if MUHyTe epruojia THIIOBOJIEMUH YBETHUH-
Jach KoHrentpanus jakrata (OP — 1,31 [0,84; 1,92]
mmoab/im; [ID — 1,70 [1,22; 2,08] Mmmosib/a) 110 cpaBHe-
HUIO ¢ HUBKUMU 3HAYEHUSIMU 9TOTO MTOKA3aTeJisl B UCXO/Ee
(menee 1 MMoJIB /1),

PesynbraThl HACTOSIIEH PabOThI TOATBEPIKIAIOT TIO-
JIydeHHble HaMu paHee [6] qaHubie 00 yBeJMYeHN aMILIH-
Tyl (GITAKCMOTINIA TTHAJIBHBIX COCY/IOB B YCJIOBUSX THIIO-
TEH3WH, BBI3BAHHON KpoBoroTepeil. Cieayer OTMETHTb,
410 06 YCUJIEHUU Ba3sOMOIMH B Pe3yJIbTaTe KPOBOIOTEPU
CBUJIETEJBCTBYIOT JIaHHbIE APYTHX aBTopoB [21, 22]. Cob-
CTBEHHBIE PE3YJIBTATHI UCCJAEOBAHNIN MOJTBEPKIAIOT, YTO
OJITHUM U3 pernaonux GakTopoB B U3MEHEHUN aMIIJTUTY bl
(hmakcMonnii B yCJIOBUSIX KPOBOTIOTEPH SIBJISIETCSI YPOBEHD
AJl. [leiicTBuTesIbHO, aMIIUTY /1A (hJIAKCMOIIH PE3KO yBe-
JimauBaeTcs npu cHmkennn A/l 10 ypoBHS HIKHEH rpaHu-
I[bI AYTOPETYJISAIINY MO3TOBOTO KPOBOTOKA, HO MOCJIE PENH-
(ysun Boinynennoit kposu u ysesndenns A/l amnumryna
drakeMoIii BO3BpAIIaeTcs K NCXOHBIM 3HAYCHUSIM.

Pazmmunem 1o ypoBHIO A/l Mexay rpynmnamu c
BeegeHueM OP uan I1D MoKHO OOBSICHUTD PA3HUILY B
aMIIuTy/ie (hJIaKCMOIMI MEK/y 9THUMHU TPyINaMyu Ha
10-it munyte runoBosiemuu. Opnako, Ha 30-it u 60-it
MUHYTaX TUIOBOJIEMUU aMILTUTY /1A (hJIAKCMOTIUI B KOH-
TPOJIBHOII TPyIIle MPOAOJIKANA OCTaBaThbcs Ha GoJiee
BBICOKOM YPOBHE T10 CPAaBHEHHIO C KPbICAMHU, KOTOPHIM
BBoausH 11D, HO TPU 9TOM TPYIIIBI HE PA3TUIAINCH IO
peanunne AJl.

B sureparype ecth coo01IeHNsT O TIOJABJIEHIH Ba30-
MOIIMI B YCJOBUSIX PECITUPATOPHOTO AIM/103a U UX TTOTEH-
IUPOBaHMs B ycjaoBusx rurnokaruun [23]. B Hacrosiem
nccsepoBaiuu Ha 60-ii MUHYTE THUIOBOJIEMUH 3HAYECHUS
pCO, B KOHTPOJIBHOII TpyIITe U B rpytiie ¢ BBegeHueM 11D
He pasjndannch u cocraBuan 47,2 (34,1; 59,7) u 50,0
(46,0; 54,8) coorBerctBenHo. CremoBaTeIbHO, MEHCTBHS
ATHX (hAaKTOPOB HE MOTJIO IPUBECTU K PA3IUYHIO B aMILIU-
Tyze hIaKCMOITII MeKIY MCCIeYEeMbIMU TPYTITTaMA.

EcTh nmanHbBIe, 4TO ycHUJIeHHE Ba3OMOTOPHON akK-
TUBHOCTU CONPOBOXKIAETCS yJaydiieHueM tepdysuu u
OKCHUTEHAIUN JIAHHOTO COCYAMCTOro peruona [24—26].
[ToaToMy yBesinueHne aMILITUTY/IbI (DIAKCMOIIUI B YCJIO-
BHSIX PUCKA PA3BUTHS TUIIOKCUM TKAHEH SIBJISIETCS KOM-
TeHCaTOPHOU peakiueil. B HacTosmem mcciaemoBaHUT
BO BpEMsI T'MIIOBOJIEMUM He HabGJI0JAloch pPasinduii
MEK/y CPaBHUBAeMbIMU rpyrinaMu mo Beanyune [IM u
YPOBHIO JIaKTaTa.

CobcTBeHHbIE UCCIEIOBAHNS U JAHHbIE JIUTEPATY PhI
MTO3BOJISTIOT 3aKJII0UNTh, 4yTO BBegaeHue [1M, o cpaBHeHno
DP, npuBOAUT K CHIIKEHHUIO HAMPSIKEHUST KOMIIEHCATOP-
HBIX MEXaHU3MOB B PETYJISIIMA MO3TOBOTO KPOBOTOKA B YC-
JIOBUSIX TUTTOBOJIEMUH.

3akiaoyeHue

Takum 06pasoM, pasBUTHE THIIOBOJEMUK B PE3YJib-
Tate ocTpoit kpoBomorepu B pazmepe 30% ot OLLK mpuso-
Ut K 60stee, uem 50% cHuzkeruo AJl, Tpr 5TOM KPOBOTOK
B IIMAJIbHBIX COCYaX yMEHbIIAeTCst MeHee, yeM Ha 20% oT

genation of the respective vascular region [24—26].
Therefore, increasing of the flux motions amplitudes in a
risk of tissue hypoxia is a compensatory response. In the
present study during hypovolemia there were no differ-
ences between compared groups on the values of IP and
lactate.

Our studies and published data suggest that PF, but
not S administration, leads to reduction of compensatory
mechanisms activity in regulation of cerebral blood flow
during hypovolemia.

Conclusion

Data demonstrated, that development of hypov-
olemia due to acute blood loss (30% of TBV) resulted in
more than 50% decrease in BP, at that the blood flow in pial
vessels was decreased by less than 20% from a baseline. In
this experimental model, the development of the patholog-
ical process was accompanied by the alterations in micro-
circulation regulation parameters in the form of increased
flux motions amplitudes, mainly in the neurogenic frequen-
cy range. During hypovolemia differences in the parameters
of microcirculation between the groups with S or PF
administration (3 ml/kg) were associated with changes in
the neurogenic component of flux motions: during the
whole hypovolemia period the «neurogenic» flux motions
amplitude in pial vessels ramained higher in the animals
with S administration, than in the rats with PF administra-
tion. During reperfusion the groups did not differ in the
investigated parameters of cerebral blood flow, despite a
moderate decrease in BP in the group with PF administra-
tion. These results suggest that PF reduces compensatory
mechanisms activity in the regulation of cerebral blood
flow in a risk of tissue hypoxia during hypovolemia.

HCXOJHOTO YPOBHI. PasBuTHe MOAETMPYEMOTO HATOJNOTH-
YeCKOTO TIPOIecca COIPOBOKAACTCS N3MEHEHUEM TTapaMe-
TPOB PETYJIAIUN KPOBOTOKA HA MUKPOIUPKYIATOPHOM
YPOBHE B BUjI€ YBEJUYEHUS aMILIUTY/IbI (DIAKCMOIIMIL, B
OCHOBHOM, B HEHPOTEHHOM YacTOTHOM /uanasone. B me-
PHO/I THITOBOJIEMUH PA3THIII MEKIY TTOKA3aTeSIMI KPO-
BOTOKA HAa MHKPOIIMPKYJISTOPHOM YPOBHE MESKY IPYIIIa-
mu ¢ Beezerrem OP niu [1D B 103e 3 MJ1/KT Macchl Tesra
CBSI3aHBl C W3MEHEHHEM HEHPOTeHHOH COCTaBJSIONIeH
AMIIUTY/IHBIX XapaKTepPUCTUK (PIaKCMOIMI 1 3aKJII0va-
I0TCSI B COXPAaHEHWH Ha MPOTSIKEHUH BCETO MEPUO/Ia THITO-
BoJieMuu GoJiee BHICOKOH aMIUTUTYABI (hrakcMomuii mu-
AJBHBIX COCY/IOB Y JKUBOTHBIX, ¢ BBeneHueM DP, uem y
kpoic nocsie BBesienust [1M B Toii ske nose. B penepdysu-
OHHOM TIEPUOJIe TPYIIIbI JKUBOTHBIX HE PA3JIMYaINCh T10
HCCJIe[yeMbIM TOKa3aTesIsIM MO3TOBOTO KPOBOTOKA, He-
CMOTps Ha yMepeHHoe cHIDKeHne A/l B rpytie ¢ BBeZeHN-
em TIMD. ITu pe3yabraThl CBUAETETBCTBYIOT O TOM, UTO
T, o cpasuennio ¢ MP, IpUBOAUT K CHIKEHUTIO HATTPSI-
SKEHUST KOMITEHCATOPHBIX MEXaHU3MOB B PETYJISIINN MO3-
TOBOTO KPOBOTOKA B YCJIOBUSAX PHCKA PA3BUTUS TUIIOKCUN
BO BPEMSI TUTTOBOJIEMUH.
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ITHeBMOHMSA

HEHTPAJIbHAA TEMOJIMHAMHNKA 1 UHAEKC .
BHECOCYAHNCTOU BOAbI JIETKUX TP BHEBOJIbHUYHOU
ITHEBMOHUU PA3/INYHOU TAKECTU TEUEHUA

C. H. Aspeiikun’, V. H. Tiopun', H. A. Kapnyn®, A. B.Canukos'
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Central Hemodynamics and Extravascular Lung Water Index
in Varying Degrees of Community-Acquired Pneumonia

S.N. Avdeykin', I. N. Tyurin', N. A. Karpun? A. V. Salikov'

' City Clinical Hospital Twelve, Moscow, Russia
26, Bakinskaya St., Moscow 115516, Russia
?V.A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
25, Petrovka St., Build. 2, Moscow 107031, Russia

ITeav uccredosanus — oueHutb 0codeHHocTu neHrpaiboii remomunavuru (ITT), uHaekc BHECOCYMCTON BOIBI H OKCHIEHHPYIO-
11y10 (DYHKIHIO JIETKUX Y GOJIbHBIX € Pa3/IMYHbIM HCXO/IOM JIEYEHHUsI TsLKeJI0i BHeGobHnyHOil HeBMony (BIT). Mamepuanvt u me-
moobvt. B perpocrekTuBHOe HccienoBanue BKIouwm 57 6osbHbix BIL B 3aBucumoctu or ucxoza BII sbiaemam 2 rpymibe: 1-s1
(n=44) — 60ubHbIe (33 My>kynHbI 1 11 JKeHIuH), 3a00JeBaHHe KOTOPHIX 3AKOHYWIOCH BbI3I0pOBIeHHeM; 2-51 (n=13) — GosbHbie (8
My>KumH U 5 skennun), BIT 'y KoTOpbIX nprBesa K JieTalbHOMY HCXO/1y. Bbiiesiennbie rpymmst He pasimyasmich (p>0,05) no Bospacry
(48,1%2,3 u 53,3+4,1 ner), TsKecT 06uero cocrosaus no mkaiam APACHE II (21,5+0,8 u 25,2+2,1 6amios) u SOFA (8,7+0,2 u
9,7+1,0 6awoB). BII Gbuia Tskenee (p<0,05) Bo 2-ii rpymie: 3,5+0,1 u 4,4+0,27 6amna no CURB-65. Bee GonbHble 10Tyyamm uieH-
THYHYIO AHTHOMOTHKOTEPAIHIO. Y BCeX GONBHBIX OCYIECTBIISUIM TPAHCILY IbMOHAIBHYIO TEPMOMIOLHMIO 110 CTAHAAPTHOI METO/IMKE.
Perucrpaiyio nokasareieii OCynecTBIsUM 10 cyTKaM. /laHHble 00paGaThiBaji CTATUCTHYECKU. BHIIOIHIIN KOPPEJISIMOHHBIIT aHa-
13 ¢ pacyeroM K0aduimenToB koppessiiuu (r). JlocroBepHOCTS OT/IMYMIA O11eHUBAH N0 t-KpuTepuio CThIOIEHTa WM 10 KPUTEPHIO
Mauua-Yurnu. Pesyavmamot. B 1-e cyrku HaGmoaenust 1ist 60JIbHbIX 06€UX Py GbUIM XapaKTePHbI TEHIEHIMSI K apTepPUaIbHON
TMIIOTEH3UH, TAXUKAP/Isl, CHUSKEHHbIE WM OJIM3KHEe K HOPMAJIbHBIM 3HAUEHHUSI IIEHTPAIbHOTO BeHo3Horo Aasienusi (IIB/I). ¥ 6oub-
HbIX 1-i rpynmbl b Bome (p<0,05) cepmeunsiii unaexc (2,9+0,2 u 2,1+0,1 1/mMun/M*) 1 m06aIbHast (PPaKIMs M3THAHKS CEPIA
(T®UC) (22,5+1 1 15,8%1,7%), a LIBT (4,1£0,2 u 5,6+0,4 MM pr. ct.) — Huske (p<0,05). C 3-X cyTOK y GOIBHBIX 2-if rpyIIIbI GbLIU
6ouee Boicokumu (p<0,05), uyem B 1-i1, s3nayenns [IB/I, a CH, T®UC u HekoTOpbIE APYTHE NOKA3ATEIN HACOCHOMH (DYHKIMH cepaua
— cawkennbivi. Muziexce Buecocyauctoit Bozipl jierkux (MBCBJI) B 06enx rpynmax Gbul IPAKTHYECKH OJIUHAKOBO MOBBIILIEH MPH 110~
crywienny. B nasibueiimem y 6osbHbIX 1- rpyIibI noKasaTelb CHIDKAICS M K 6-7-M CyTKaM JieueHus IPHOIIKAICS K HOPMAJIBHBIM
3HayeHnsM. ¥ Goubnbix 2-if rpynmb UTBCBJI ocraBasicsi BICOKMM U IPAKTHYECKH He CHIbKasIcs. Yeranosuwm, uro UBCBJI o6patHo
koppesmposai ¢ TOUC B 1—2-e (r=-0,35 — -0,58 npu p<0,01) u 6—7-e cyrku nevennst (r=-0,67 — -0,43 npu p<0,0001). 3axmoue-
nue. Y GOJbHBIX ¢ HEGIATONPHUSTHBIM TeueHneM Tsukeloit BII, HaunHasi ¢ epBbIX CYTOK JiedeHust, iMardoctupyores npustaxu OPIIC
u Hapyuenus III'/I, koTopbie MOJKHO TPaKTOBaTh, KaK MPOrPECCHPYIONLYIO NMPABOKeTyA04YKOBYIO muchyHKimio. Onpeesionas
poss OPIIC B narorenese napymrennii III'/T noarepskaaeTcs CToiKoii 06paTHOi KOPPeJISIMORHOH cBsi3bio Meskxy TBCBJI u unTe-
rPaJIbHBIM [OKa3aTeleM cucroimyeckoii pynxuuu cepaua TOUC. Kntouesvie cioéa: BHeGOIHIHASI THEBMOHUSI, LIEHTPAIbHASI T'e-
MOJMHAMHKA, TPAHCITYIbMOHAIbHASI TEPMO/ULIIOLMST, HHTEHCUBHOE JIeYeHHe.

Objective: to assess the specific features of central hemodynamics (CH), extravascular lung water index (EVLWTI), and pulmonary
oxygenizing function in patients with different outcomes of treatment for severe community-acquired pneumonia (CAP). Subjects
and methods. The retrospective study enrolled 57 patients with CAP. According to its outcome, there were 2 groups: 1) 44 patients
(33 men and 11 women), whose disease ended in recovery; 2) 13 patients (8 men and 5 women), whose CAP resulted in a fatal out-
come. The groups did not differ in age (48.1+2.3 and 55.3+4.1 years) and overall disease severity according to the APACHE II
(21.5£0.8 and 25.2+2.1 scores) and SOFA (8.7£0.2 and 9.7+1.0 scores) scales (p<0.05). CAP was more severe in Group 2: 3.5+0.1
and 4.4+0.27 CURB-65 scores (p>0.05). All the patients received identical antibiotic therapy. They underwent transpulmonary ther-
modilution according to the standard procedure. The indicators were daily recorded. The data were statistically processed. A corre-
lation analysis was made calculating the correlation coefficients (7). The significance of differences was estimated by the Student's
t-test or Mann-Whitney test. Results. On day 1 of follow-up, the patients in both groups were prone to arterial hypotension, had
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tachycardia, lower or near-normal central venous pressure (CVP). Group 1 versus Group 2 had higher cardiac index (CI) (2.9+0.2
and 2.1+0.1 1/min/m?) and global ejection fraction (GEF) (22.5+1 and 15.8+1.7%) (p<0.03) and lower CVP (4.1+0.2 and 5.6+0.4
mm Hg) (»p<0.05). On day 3, Group 2 versus Group 1 had higher CVP (»p<0.05) and lower CI, GEFE, and some other cardiac pump
function indicators. Admission EVIWI was virtually equally elevated in both groups. In Group 1, the indicator decreased later on
and approached the normal values at 6-7 days of treatment. In Group 2, EVLWI remained high and did not virtually decrease. The
indicator was ascertained to be inversely correlated with GEF on treatment days 1—2 (=-0.35 to -0.58; p<0.01) and 6—7 (r=-0.67
to -0.43; p<0.001). Conclusion. In the first 24 hours of treatment, the patients with the unfavorable course of severe CAP are diag-
nosed as having signs of acute respiratory distress syndrome (ARDS) and impaired CH, which can be interpreted as progressive
right ventricular dysfunction. The pivotal role of ARDS in the pathogenesis of CH disorders is borne out by the inverse correlation
between EVIWI and integral cardiac systolic function indicator and GEE. Key words: community-acquired pneumonia, central
hemodynamics, transpulmonary thermodilution, intensive treatment.
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BBenenne

YiydiieHue pe3yJsibTaToB JICUEHUST TSKEJIbIX (HopM
[HEBMOHUY TPeOyeT KOMILIEKCHOTO TIOXO0/Ia K M3YYEHUIO
3THONATOTeHEe3a KPUTHIECKOTO COCTOSTHNS, Pa3BUBAIOIIETO-
st y aToil kKareropuu 6osbHBIX [1—5]. B mocaentee Bpemst
BCe aKTHUBHEH OOCYKIAIOT MaTOTEHETHYECKYIO POJIb Hapy-
meHnii neHTpasbHol remoanHamukn (II/]) n xapamasms-
HbBIX OCJIOKHEHUI B OCJIOKHEHHOM TEYeHUM 1 HeGIaronpu-
STHBIX MCXOaX TSKEJOW BHEOOJbHUYHON TTHEBMOHUN
(BIT) [6—8]. IIponemoHcTpHpOBaHa BBICOKAS YacTOTa pac-
crpoiicts 1T/ u yrpokatomux apurmuii y 6ombrbix BII ¢
OTSATOIIECHHBIM KapANOJOTUYECKUM aHAMHE30M, HATIPUMED,
npu unremmraeckoii 6onesnmn cepana (MBC), nexoanpix Ha-
PYIIEHUSIX PUTMA U XPOHUYECKOI HEOCTATOUHOCTH KPOBO-
obpamenust (XHK) [6—9]. Bmecre ¢ Tem, coobmaoT, uto
Pa3BUTHE TSIKEJBIX KAPAMATbHBIX OCTOKHEHUN BO3MOMKHO
y GosbHbIX BII ¢ HEOTATONIEHHBIM aHAMHE30M, O€3 aHaMHe-
CTUYECKUX JIAHHBIX O CEPAEYHO-COCYUCTHIX 3a00JIEBAHMSX
[6, 11]. YkasbIBaloT, 4TO PUCK TAKUX OCJIOKHEHHIT BO3pacTa-
et nipu Tskesiom teuennn BIT [6, 10, 11].

[TaroreHes HapyuieHUii KPOBOOOPAIIEHKS TIPU Tsi-
skesioil BIT ciioskeH u usyueH He B moJiHOM Mepe. O6cyxk-
JIAI0T M30JUPOBAaHHOE WM COBMECTHOE BIIMSHHUE DPsifia
(hakTopoB: runokcemMun, ruriepKAITHUK, HApYIIEHUIT BEH-
TUJISIUK, UHTOKCUKAIIMK MPOAYKTAMU U3MEHEHHOTO Me-
TaboJIM3Ma TKaHe, MTATOJOTHYECKOe BO3/elicTBIE O1O0JI0-
IMYECKU aKTUBHBIX BEIIECTB, HAPYIIEHUS PEOJIOTHUECKUX
cBoiicTB KpoBH u 1p. [12—15].

Uccaenosanust 1I1 y GosbHbIX Tsikenbimu BII
KpaiiHe HeMHOTOYMCJICHHDI, & Pe3YJIBTaThl UX HEOJHO3HAY-
Hbl [10]. B acrekre o6cyskaaemMoii 1pobieMbl IeperieKTHB-
HBIM TIPE/ICTABJISIETCS] UCTIOIB30BAHUE TPAHCITYIbMOHAJIb-
(TIITID),
3apeKoMeH/10Basa ce0sl B PA3IUUHbBIX KINHUIECKUX CUTYa-

HOW  TEPMOJUJIIONNN KOTOpasi  XOPOIIo
nusix [16]. Hamr onbit npogemoncrpuposas, uro TIIT/I
o06JaiaeT BbICOKOU MH(POPMATUBHOCTBIO 1 TI03BOJISIET OI1e-
HUBaTh ocobenrocTu Hapyienuii [T/ npu BIT [17].
Ilens nccmemoBaHua — OIeHnTh ocodennoctu IIT7T,
MHJIEKC BHECOCY/ICTOI BOJIBI M OKCUTEHUPYIONIYIO (hyHK-
[0 JIETKUX Y GOJIBHBIX € PA3JIUUHBIM MCXOAOM JICUECHHUST

skeson BIT.

Marepuan u MeTObI

B perpocriekTrBHOE HeceoBanie BKIounim 57 6osbibix BT,
MOITBEPIKACHHON PEHTTEHOJIOTHIeCKIM  HccaenoBanneM i KT.

Introduction

Improved results of treatment of severe pneumonia
requires an integrated approach to the study of ethiology
and pathogenesis in critical conditions developing in
these patients [1—5]. Novadays, the pathogenetic role of
alterations of central hemodynamics (CHD) and cardiac
complications in morbidity and adverse outcomes of
severe community-acquired pneumonia (CAP) are dis-
cussing [6—8]. High incidences of CHD disorders and
threatening arrhythmias in patients with a history of car-
diac CAP history, for example, coronary heart disease
(CHD), the original rhythm disturbances, and chronic
circulatory failure (CHF) have been reported [6—9].
Development of serious cardiac events in patients with
CAP, however, has been reported to occur in patients with
no anamnestic data of cardiovascular diseases [6, 11]. Risk
of cardiac complications was demonstrated to be
increased in severe CAP [6, 10, 11].

The pathogenesis of circulatory disorders in severe
CAP is complicated and has not been thoroughly studied.
The impact of isolated or combinational influences of sev-
eral factors such as hypoxemia, hypercapnia, disorders of
ventilation, toxic products of metabolism, biologically
active substances, alterations of rheological parameters of
blood and other factors have been discussed so far [12—15].

Studies of CHD in patients with severe CAP are
rather limited, and results results are ambiguous [10].
Several studies underlined the promise of transpulmonary
thermodilution (TPTD) proved in clinics [16]. Our previ-
uos study has confirmed that TPTD is highly informative
and allows evaluating the features of alterations of CHD in
the CAP [17].

Objective — to assess the specific features of CH,
extravascular lung water index and pulmonary oxygenir-
ing function in patients with different outcomes treatment
for CAP.

Materials and Methods

The retrospective study included 57 patients with CAP, con-
firmed by X-ray or CT. At admission to the Intensive Care Unit
(ICU) all patients provided written informed consent to the use of
invasive monitoring of CHD and measures of intensive treatment.

Criteria for the selection of patients for clinical observations
and inclusion in the study were as follows:

. age from 18 to 70 years;

«  confirmed diagnosis of CAP;
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[THeBMOHM A .

[Ipu mocTynyieHd B OTAe/IeHHe PeaHMaTOIOTMK Y BCeX OOJIbHbIX
GBI TIOJTyYeHO NH(HOPMUPOBAHHOE COTJIACKE HA NCTIOJIb30BAHNE HH-
BazuBHoro Monuropura I/l u Mepbl HHTEHCUBHOTO JIeUEHUSL.

Kpurepuun orbopa KaMHUYeCKUX HaOI0AeHUiT ObLIN caie/y-
TOTINMI:

. Bospact ot 18 1o 70 seT;

. noATBepKAeHHbI quarno3 Bl

. navasio VIBJI B 1-e cyTKN MHTEHCUBHOTO JIEUEHNST;
. HCIIOJIb30BaHNe MHBAa3UBHOTO MoHUTOpUHra III'/] ¢ 1o-
momipio TTI/T.

Kpurepnun mckioueHns: XpOHUYECKasT HETOCTATOYHOCTH
KPOBOOGpAIleHUs B aHAMHe3e; TskeeTh coctosiaust o APACHE
11 6ostee 26 GaioB; TsIKesas COMYTCTRYIONAsA XPOHUYECKast 1aTo-
JIOTHSA JIETKWX, TIOYEK, IeYeHN, CAXapHbIN [rabeT, OHKOJIOTHIECKUe
3a00JIeBaHUs], CUHJIPOM TIPUOOPETEHHOTO UMMYHOAeduIITa, Ge-
PEMEHHOCTb.

B 3aBucumoctn ot mcxoza BII Beimemumm 2 rpymmer 1-a
(n=44) — 6ombublie (33 myskuunbl 1 11 KeHmun), 3abojeBaHe
KOTOPBIX 3aKOHUMJIOCH BBI3ZIOpOBJeHHeM; 2-1 (n=13) — GoJibHble
(8 mysxumH 1 5 xenmun), BII y KOTOPBIX MpHBea K JIETATBHOMY
ucxony Ha 18-22 (20+1,2) cyTku nocJjie HOCTyILIEHHS B OT/eJIeHUe
peaHuMaroJorun. BpigeseHnnple TIPYINb  He Pa3invyaIuch
(p>0,05) mo Bospacty (48,1£2,3 u 55,3+4,1 ner), Ts:KECTH O00IIE-
ro cocrognus no mkansam APACHE 1T (21,5+0,8 u 25,2+2,1 Gan-
soB) 1 SOFA (8,7£0,2 u 9,7+1,0 6amios). BIT Obuia Tsikenee
(p<0,05) Bo 2-ii rpymme: 3,5+0,1 n 4,4%0,27 6ama mo CURB-65.

Bce 6osibHBIE MOJIyYad UICHTUYHOE JIEYEHUE: CTAPTOBYIO
NBYXKOMITOHEHTHYIO aHTHOMOTHKOTEPANIO (AMOKCHIIIILINH C
KJIABYJIOHOBOI KUCJIOTOH ¥ KJIapUTPOMUIIMH), MHDY3U0 chHa-
JIAHCUPOBAHHBIX KPUCTAJLIIOM/IHBIX PACTBOPOB, TeMoTpaHcdysui
He 6BLIIO.

V¥ Bcex GOJIBHBIX MTPU MOCTYIVICHUH B OT/IETICHUE PEaHMAaTO-
JIOTUH BBITIOJIHSIM KATETEPU3AIMIO MArUCTPAILHON BeHbl (IOJI-
KJIIOYIYHAST U/WJIH BHYTPEHHSS sIpeMHast) 1 GeJIpeHHOiT apTepun
karetepom Pulsiocath PV2015L204F (dbupma «Pulsion Medical
Systems»), KOTOPBIil COEAMHSIN C MOHUTOPHOW CHCTEMOI
PiCCO-plus (¢pupma «Pulsion Medical Systems»). TIIT/I ocyiue-
CTBJISJIN TIO CTAH/[APTHOI METO/INKE.

Wudysuu 1 Ha3HAYeHHE CUMIIATOMUMETHIECKUX MTPerapaToB
BBITIOJTHSITH B COOTBETCTBHH C TIPOTOKOJIOM KOPPEKITHH KPOBOOOPa-
IEeHNs IPY paHHel IeJieHanpaBIeHHoll Tepanni cericuca | 18] u pe-
syasratamu TIIT/I. CtpeMuIich 06ecrieunBaTh CpeiHee apTepu-
anpbHoe jaBrienvie (A/lcp) Bbime 65 MM PT. CT. TIpU 3HAYEHUSIX
uHAEKCa  TJI00ATBHOTO0  KOHEYHO-AMACTONMIECKOro  obbeMa
(UTK/10) B penenax 680—800 mii/M’ oKazaHueM K Ha3HAYECHUIO
CHUMIIATOMUMETHYECKUX IPerapaToB (HOPAJPEeHAINH) CUUTAIN
CHIDKEHIE MH/IEKCa O0IIETO MeprudepIIecKoro COCYANCTOrO COPO-
tussienus: (MOIICC) o 3nauennuii menee 1700 qunececm’ /Mm% 10-
(hamuH 1 azpeHaIH Ha3HAYaIM IPH CHUYKEHUHN CepIedHOr0 NHIEK-
ca (CW) 1o yposHst Menee 2,5 Ji/Mut/ M,

Perucrpanuio mokasateseil OCyIIECTBIISIN MO cyTKam: 1-e
CYTKH — TIPH TIOCTYIUIEHNH GOJIBHBIX B OT/EJEHIE PEAHIMATOJIO-
run nocse Havana VIBJI, nanee 2—7-e cyTku MHTEHCUBHOTO Jiede-
nust. PerucrpupoBain AJlcp, 1neHTpaibHOE BEHO3HOE JABJIEHUE
(IIBA), wactoty cepueunnix cokpamienuii (UYCC), CU, ungexc
yaapaoro obvema (MYO), UTKIO u UMOIICC, riobanbuyio
dpaknuio usrnanus cepana (FOUC), ungeke GyHKIwH cepaia
(MDC), ungerc Bruecocyuctoii Bobl jserkux (MBCBJI) u wn-
nexc Mornoctn cepatna (MMC), KoTopslii paccunThIBAIM 110 (hOp-
myute: CUxA/lep/451 [19].

AHanM3MPOBAIM YACTOTY HA3HAYEHUS] CUMIIATOMUMETHYEC-
KHX ITPENapaToB M TSKeCTh cocTosiHus 110 mkase SOFA. B mepssie
CYTKH HabumoieHus oreHnBann Tskectb BII o mkane CURB-65
u obee cocrosire 6ommbHbx Mo APACHE I1.

Jlammbie 00pabaTBIBAIN CTATUCTIHIECKH C PACIETOM CPETHIX
Besnuunn (M), cpeinux 4acToT npusHakos (P) u ommboK cpeHux
(m). BeimoHnm KOppessiiTmoHHbIN aHaIu3 ¢ pacyeToM Koaddu-
IIMEHTOB TApHOH JmHeliHoi Koppessannn (7). Ilpn sHauenmsax »
menee 0,3 KOppeJSIMOHHY0 CBsI3b cunTasu ciaaboii, 0,3—0,69 —
ymepennoii, 0,7 u 6osiee — TecHoil. JIocToBEpHOCTL OTIMYMIT B 3a-

*  starting the mechanical ventilation on the 15t day of
intensive treatment;

. invasive monitoring of CHD using TPDT.

Exclusion criteria were as folows: chronic circulatory failure
in past history; severity of the condition by APACHE II score of
more than 26; severe concomitant chronic pathology of lung, kid-
ney or liver; diabetes;cancer; acquired immune deficiency syn-
drome; pregnancy.

Depending on the outcome of the CAP 2 groups were identi-
fied: group 1 (n=44, 33 men and 11 women) that included patients
with a disease that ended in recovery; group 2 (n=13, 8 men and 5
women), comprising of patients with fatal CAP that led to death
in 18—22 (20+1.2) hours after the admission to the Intensive Care
Unit (ICU).

The groups did not differ in age (48.1+2.3 and 55.3+4.1 years,
P>0.05), scaling by APACHE II (21.5+0.8 and 25, 2+2.1 points,
P>0.05) and SOFA (8.7+0.2 and 9.7+1.0 points, P>0.05). CAP
was heavier in group 2: 3.5£0.1 and 4.4+0.27 points, CURB-65
scale (P<0.05). All patients received identical antibiotics. In all
patients transpulmonary thermodilution was performed by stan-
dard methods. 11 patients received identical treatment: starting
with two antibiotics (amoxicillin with clavulanic acid and clar-
ithromycin), balanced crystalloid infusion solutions. No blood
transfusions were performed.

All the patients at admission to the ICU were performed
catheterization of the trunk vein (subclavian and/or internal
jugular) and femoral artery catheter Pulsiocath PV2015L204F
(«Pulsion Medical Systems SE, Germany» ), which was connected
to a monitoring system PiCCO-plus («Pulsion Medical Systems
SE, Germany»). TPTD was performed by standard methods.

Infusion and administration of sympathomimetic drugs were
performed in accordance to the protocol for correcting the circu-
lation in early targeted therapy of sepsis [18] and the results of
TPTD. Therapy was directed to provide a mean arterial pressure
(MAP) above 65 mm Hg for values of the index of global end-dias-
tolic volume (GEDI) within 680—800 ml/m? the indication for
sympathomimetic drug (noradrenaline) administration included
decreased total peripheral vascular resistance index (SVRI) val-
ues to less than 1700 dyn *sec *sm*/m? dopamine and epinephrine
was administered when the cardiac index (CI) was decreased to a
level of less than 2.5 liters/min,/m?’,

The parameters were recordered on day 1 on admission of
patients at the department of critical care medicine after starting
the mechanical ventilationand days 2—7 following the beginning of
intensive treatment. MAP was recorded, central venous pressure
(CVP), heart rate (HR), CI, stroke volume index (SVI), GEDI
and SVRI, global ejection fraction of the heart (GFT), the index of
cardiac function (CFT), extravascular lung water index (EVLWT)
and the index of cardiac power (CPI), which is calculated by the
formula: mean arterial pressure x cardiac output/451 [19].

We analyzed the frequency of prescription of sympath-
omimetic drugs and evaluated the severity of the condition by
SOFA scale. On the first day of observation the severity of CAP
was evaluated by CURB-65 and the general condition of patients
was evaluated by APACHE I1.

Data were statistically processed following calculation of
averages (M), errors of the mean (m) and significance. Correlation
coefficients were calculated (7). For values of r less than 0.3 the
correlation was considered as a weak one, values of r within the
ranges 0.3—0.69 were considered as moderate, 0.7 or more —
strong correlation. Significant differences depending on the
nature of the data distribution were evaluated by Student ¢-test or
nonparametric Mann-Whitney test.

Results and Discussion

Patients in both groups on the first day of observa-
tion were characterized by a tendency to hypotension,
tachycardia, reduced or close to normal values of CVP
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H3yuenHble NOKa3aTeIH HA STANAX UCCJIEOBAHUS.
Parameters on the stages of the study.

Parameters Groups Parameters at the stages of study, days
1st 9nd 3d 4th 5th 6th 7th
Frequency of prescription 90.9 79.5 79.5 70.5 59.1 40.9 15.9
of sympatomimetic,% 100 100 69.2 69.2 69.2 69.2 76.9
MAP, mmHg 67.2+2.6 83.5+1.3% 92+1.4% 90+1.3# 89.8+1.2#% 93.3+1.3% 93.8+1.4%
72.9+2.1 87+2.5% 87.5£2.5% 86.8£1.7# 86+1.5% 89.2£2.4% 78.5£2%
HR, per min 116.7£3.4 95.5+2.5% 85.5+1.4% 85.9+1.8% 86.6+2% 89.5+1.8% 89.4+2.4%
103.6+£5.4*  111.6£5.5% 99.6+£5.5%  103.7£5.4*  106.8+5.3*  107.6+8.7* 100.3+4.5*
CVP, mmHg 4.1+0.2 5.8+0.1% 6.1+0.1% 6.6x0.1% 6.8+0.1% 6.8+0.2% 7.1+0.2%
5.6+0.4* 8.1£0.2%# 8.5£0.2%# 8.9£0.2%# 9.3£0.1%# 9.4£0.2*%%  10.3£0.3*#
CI, I/min/m* 2.9+0.2 3.5+0.1 3.8%0.1 4.1+0.1% 4.2+0.1% 4.8+0.1% 4.3+0.1%
2.1+0.1* 3.1£0.2% 2.5%0.2* 2.4%0.1* 2.4%0.1* 2.1£0.1* 2.1+0.1*
SVI, ml/m? 25.9+1.3 37.9+0.97 46.2+1.8% 48.3+1.97 50.4+2.0% 54.6+1.9% 50.3+2.2%
21.8x1.6 29.1+3.1%# 27.0£3.0* 26.0£2.8* 24.1+£2.5% 21.3£2.4* 21.9+1.9*

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

SVRI, dynesecesm?/m’ 1636.0£106.3 1875.1+£38.3% 1771.3£36.0 1760.3+39.0 1725.1+46.9 1615.1£36.5 1665.5+28.9
1889.2+214.2 1780.2£126.0 1955.7+69.6* 1992.7+81* 2089.5+69.3* 2112.3+220* 1988.5+226.3

GEDI, ml/m’ 716.1+21 748.3+19 731.9+8 730.6+10 729.6x9 716.8+12 728.8+11
673.3+50 745+34 802.6+32%# 817.3+30*#  830.1+24*#  841+£31*#  873.3£22*#

GEFE % 22.5+1.0 21.1+0.8 24.3%0.6% 26.4%0.6% 28.1+0.6% 27.6x0.6% 29.5%0.4%
15.8+1.7* 18.1+1.6 21.3+1.2%%  20.1+1.1%# 19+1.1%# 21.4+1.0%%  17.61+1.2%#

CFI, min 3.4+0.1 3.4%0.1 3.9%0.1 4.4%+0.1% 4.6+0.1% 4.6+0.1% 4.7+0.1%

3.2+0.4 3.9+0.3 3.8+0.3 3.7£0.2% 3.5%0.2% 3.7£0.2% 3.3+£0.2*

CPI, wt/m’ 0.49+0.03  0.67+0.02% 0.75+0.03  0.79£0.03*  0.85+0.03% 1.0£0.04%  0.90%0.02#
0.34+0.01* 0.60£0.05*# 0.55£0.05*# 0.51+0.05*# 0.45+0.02*# 0.43£0.02*# 0.37+0.02*

EVLWI, ml/kg 13.1+1.5 11.6+1.4 10.1+1.1 9.1+0.8% 8.6+0.5% 7.8+0.5% 7.1+0.7#
12.4%2.0 14.3+2.0 12.8+1.8 12.5+1.3* 12.2+0.8* 10.5£0.4* 12.7+1.5*

Pa0O,/FiO,, mmHg 251.8+17 280.6+31 299.6£16%  302.5+20% 313£24# 323.4+18*  333.6£10%
187+19* 197.8+10* 190.4x12*  193.4+17* 196.9+11* 189.9£12*  190.9+16*

SOFA, balls 8.7+0.2 7.5+0.2% 6.2+0.3# 5.8+0.3# 5+0.3% 4.1%0.3% 2.5+0.2#

9.6+1.0 10.3£0.5% 7.5£0.6* 7.1£0.6%# 6.7+0.7%# 6.1+1.2# 9.5+0.6*

Note (npumeuanue): Parameters — nokasaresu; Frequency of prescription of sympatomimetic — yactoTa HazHaYeHKsT CUMITATOMUME-
tkoB; MAP (mean arterial pressure) mmHg — cpeanee aprepuanibroe aasienue, mm pr.ct.; HR (heart rate), per min — gacrora cep-
neunbix cokpamiennii B munyty; CVP (central venous pressure), mm Hg — menTpasbHoe BeHo3HOe gaBieHue, MM pr. ct.; CI (cardiac
index) — cepaeunniii unzgexe, 1/mun/m% SVI (stroke volume index), ml/m? — unnekc yaaproro oobema, ma/m* SVRI (system vascu-
lar resistance index), dyn *sec*sm”/m?* — nnaekc o6uero mepudepuuecKoro COCYAMCTOr0 CONpoTuBAeHus, H *c*cvm”’ /M GEDI (glob-
al end-diastolic index), ml/m* — uHmEKC II1062TBLHOTO KOHEYHOTO AUACTOMIIECKOrO 00bema, Mir/M* GEF (global ejection fraction), %
— robanbHas dpakiust usrnanus, %; CFI (cardiac function index), min — uuekc byuxmunn cepna, mut; CPI (cardiac power index),
wt/m* — unjekce MorHoctu cepaia, BT/M% EVIWT (extravascular lung water index), ml/kg — unuekc Buecocyancroil Bojibl JErkux,
mu/kr; SOFA, score — SOFA, 6asuibt; groups — rpyiinbl; parameters at the stages of study, days — napamerpsr Ha cTagusx uccienosa-

HUd, Iou. ¥

— intergroup differences by Student's test — meskrpymmossie oranuns no kpurepuio Croionenta (P<0,05); # — differ-

ences compared with the phase 1 by Student's test — otamuuns no cpasrenuio ¢ stanom 1 1o kpurepuio Creronenta (P<0,05).

BUCHMOCTH OT XapaKTepa pacipe/ie/ieHnst JaHHbIX OIEeHUBAIIN 110
t-kpurepnio CThIOJIEHTa WK TI0 HellapaMeTPUIeCKOMY KPUTEPHIO
ManHa- YuTHu.

PesyibraThl U 00CyK/IEHHE

B 1-e cyrkn uabimonenus s GOJBHBIX 06€nX
IpyIII ObLIN XapaKTePHbI TEHIEHIINUS K apTePUaNbHOL TH-
MOTEH3UH, TAXUKAPAUS, CHUKCHHbBIE NN OJIU3KNIE K HOP-
MasbHbIM 3HaueHus [[B/I (tabauna). Yacrora HasHaue-
HUS CUMIIATOMUMETUYECKUX TIPErapaToB B TPYIIax
cocrasura 90 u 100%, mpu aToM y GOIBHBIX 1-i TPyIIIH
Obin Boiie YCC, CU, TONC u UMC, a IIB/] — nuxe.
He o6bimo  mexrpynmoBbix  otawmunit Allep, YO,
HNOIICC, UTKIO u NDC.

Ha 2-e cyTKu MHTEHCUBHOTO JieueHus B 00enx TpyIi-
max cocrostave IT/] yayumanocs. Y 60abHBIX 1-# TpyTITs!
nosermasich Allep, 1B/, YO, NOIICC, UMC a HCC,
HAIPOTUB, CHUIKAIach. Bo 2-i TpyIie yBeJNYMBAINCH
Allcp, B/l u UMC. MexXrpynmoBbie OTJIUYHS CTAaHOBU-

(Table). Frequency of prescriptions of sympathomimetic
drugs in both groups were 90—100%, whereas patients in
group 1 experienced higher heart ratevalues of CI, GEF
and CPI, whereas IMS, CVP values were lower. There
were no intergroup differences in MAP, SVI, SVRI, GEDI
and CFI values.

On the 2nd day of intensive treatment in both
groups the parametrs of CVD became improved. Patients
in group 1 were characterized by increased MAP, CVP,
SVI, SVRI, CPI whereas the heart rate, on the contrary,
was decreased. In patients from group 2 values of MAP,
CVP and CPI were increasing compared to patients
from group 1. Intergroup differences were minimal:
patients in group 2 exhibited higher heart rate, CVP and
SVI vs. group 1.

Starting from day 3, the intergroup differences in
circulation parameters began to increase, and the hemody-
namic profile in group 2 became less favorable. During
days 3—5 during the treatment in ICU, patients from
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JIMCh MUHUMAJIbHBIMU: Y GOJIBHBIX 2-1 TPYIIIIbl ObLIM BhILIE
YUCC, B/l u 1YO.

Hauunast ¢ 3-X CyTOK, MEKIPYIIIIOBbIE OTJIMYUS T10-
KasaTejsieil KpoBOOOpallleHUsT HauMHAIU HapacTaTh, [PU-
4eM «reMOJIMHaMUYecKuit mpoduiib» BO 2-if rpyIie cTaHo-
BUJICSI MeHee OarompusTHBIM. Ha mpoTsukeHnnm 3—5-X
CYTOK MHTEHCUBHOTO JiedeHusl, y OOJIbHBIX 2-i IPpyIbl Obl-
gm Gosee BhICOKMMH, yeM B 1-1, snauenmsa YCC, IIB/I,
NOIICC u UTK/LO, a CU, YO, TOUC, UDC (¢ 4-x cy-
tok) 1 UIMC — cHmwxkenHbiMH. CHMIIATOMUMETHYECKIIE
npernaparsl HazHadanu 70% GOJIbHBIX 2-if TPYIIBE B OC-
TanpHbix 30% HabIOAEHIIT MTOKA3aHUi K UCTTOIB30BAHIIO
Kap/MoBa30TPOIHBIX Mpenapatos He 6b110: CU npesbimma
2,5 n/mun/m?, a Allcp — 70 MM pT. CT.

MOKHO KOHCTaTHPOBATH, YTO BILIOTH 0 5-X CYTOK
seuerust Tskea0i BITy 60/bHBIX ¢ HEOIAronpusiTHbIM Te-
yeHueM 3aboseBanus (2-s1 rpymia) ¢ nomouibio TII T/ pe-
THCTPUPYIOTCS TIPU3HAKU CHUZKEHMS 9(hheKTHBHOCTH Ha-
cocuoil ¢dynkiuu cepana (cumkenune MYO, TOUC,
NDC, rerpentus x nosoimernio UTK/O), onqnako onn
elie He COTPOBOKIAIOTCS BBIPAKECHHBIM YMEHbIIEHUEM
CU u aprepuanbHoil runorensueii, xorss UMC crabuibHO
cHUKeH. B rpyrie GoJbHBIX ¢ GJIarONPUSATHBIM TeYeHHEM
3a00JI€BaHMsT B TEUEHNE HTOTO JK€ TEPHOa MHTEHCUBHOTO
seuerust mokaszareu LT/ mocreneHHO NpUOINKAIOTCS K
pedepeHCHBIM 3HAUEHUAM, X0Ts1 Gosiee ueM B 50% HabJ1o-
JIEHUI COXpaHsIeTcst MOTPeOHOCTh B Ha3HAYEHUMU CUMIIATO-
MUMETUYECKUX TTperaparax.

Ha 6—7-¢ cTykn siedyeHnss MEXTPYTIIOBBIE OTJINUNS
III'/] cTaHOBMINCH MAaKCHMAJIBHO BBIPAKEHHBIMU. Y OOJIb-
HBIX 1-i1 TPYIITIBI BCe MOKa3aTes I MPAaKTHIECKH HOPMAJI30-
BaJICh Ha (DOHE TIOCTENEHHOTO CHUKEHUs TOTPEGHOCTH B
CUMITATOMUMETHYECKO# Teparuu. Bo 2-it rpyrine perucrpu-
POBJIM TEHJIEHIMIO K YXY/IIEHUIO MapaMeTpPOB HACOCHOI
(byHKIIMU cep/ilia ¢ OTYETJIMBBIM YMEHBIIEHUEM He TOJIbKO
pacueTtHbIX mokazaresieit, Ho u CUl, HecMOTpst Ha UHTEHCUB-
HYI0 CHMIIATOMUMETHUYECKYIO Tepanuio. Haunnano chu-
sxatbest Allep, napacrats 1IB/I, a UMC npubamskancs K nc-
XO/IHBIM KpaiiHe HU3KMM 3HAYCHUSIM.

MBCBJI B 06eux rpymimax OblJ MPAKTUUECKU OJU-
HAKOBO TOBBINIEH MPHU TOCTYIUICHUW. B panbHeiiem y
6osbHBIX 1-i1 TPYIIIBI TOKA3aTe b HAYMHAJ CHUKATHCS 1
K 6—7-M CyTKaM JieueHust IPUOINKAICS K HOPMAJIbHBIM
sHadeHusiM. Y 6osrbHbIX 2-if rpynsl UBCBJI ocraBasics
BBICOKMM M TIPAKTHYECKN HE CHIIKAJICS, B Pe3yJibTare ue-
r0, HAUYMHas ¢ 4-X CyTOK, HAPACTal0 MEKIPYIIIOBOE pas-
Jin4yue B YPOBHE TIOKa3aTes.

Kimnuko-naboparopsbie mokasarenu y GosbHbIX 1-ii
IPyIIIbl ObLIM 3HAYUTENBHO JIyUllie, YeM BO 2-ii, HAUMHas ¢
1-x cyrok Habmogenus (tabsuia). CpeaHue 3HAUCHUS
PO,/FiO, y 60sbHbBIX 1-if TpyTIIBI HCXOAHO ObLN BbIIe 250
MM PT. CT. M, HAUNHAS C 4-X CyTOK JieueHusI, mpesbiiann 300
MM PT. ¢T. Bo 2-ii rpymie nokaszaresb 661 Huske 200 MM pT.
CT. U HE UBMEHSIJICS B TTPOIIECcce JICYEHUSI.

OrnucanHble MEKTPYIIOBbIE OTIMYUST CHCTEMbBI KPO-
BOOOPAIEHNST U KJIMHUKO-Tab0paTOPHBIX MOKazareseil
OIpe/Ie/ I/ Pa3HOHAIIPABICHHYO INHAMUKY TSIKECTH 00-
MIEr0 CcOCTOSAHUST OOMbHBIX, omeHennoi mo SOFA (cm.

group 2 had higher values heart rate, CVP, SVRI, GEDI
and CI, SVI, GEE, CFI (the latter — from day 4), whereas
CPI values were decreasing. Sympathomimetic drugs were
prescribed in 70% of patients in group 2; in the remaining
30% of patients there were no indications for prescription
of sympathomimetics since CI exceeded 2.5 L / min / m?
and MAP was not less than 70 mm Hg.

Therefore, up to the fifth day of treatment of patients
with unfavorable course of the disease and severe CAP
(group 2) the parameters of reduced pumping function of
the heart (reduction SVI, GEF, CFI, uptrend GEDI) as
evaluated with the aid of TPTD were evident. However,
these alterations were not accompanied by significant
decrease in CI and hypotension, although CPI values were
steadily reduced. In patients with a favorable course of the
disease during the same period of intensive treatment,
CHD values gradually approached the reference values,
although more than 50% of patients required prescribed
sympathomimetic drugs.

During days 6—7 of treatment the intergroup differ-
ences in CVD parameters became the most severe. In
patients of group 1 almost all indicators were normalized
with a gradual reduction of the need in sympathomimetic
therapy. In patients of group 2 a tendency to worsen the
pumping function of the heart was accompanied by
decrease in CI values, despite intensive sympathomimetic
therapyValues of MAP were decreasing, whereas CVP val-
ues were increasing, and CPI was approaching to extreme-
ly low values compared to initial ones.

Values of EVIWI in both groups were similarly
increased on admission. Then, in patients in group 1
EVIWI values began declining to normal values up to day
6—7 of treatment. Patients from group 2 exhibited higher
values of EVIWI with no decrease, and beginning from
day 4 the intergroup differences (group 1 vs. group 2) in
the level of this parameter became a significant trend.

Clinical and laboratory findings in patients in
group 1 were significantly improved compared to
patients of group 2 started from the 1st day of observa-
tion (Table). The average values of PO,/FiO, in patients
in group 1 were initially above 250 mmHg. Starting from
day 4 days, PO,/FiO, values exceeded 300 mm Hg in
group 1, whereas imn patients from group 2 this index
was below 200 mmHg and was not changing during the
course of treatment.

Described intergroup differences in dynamics of cir-
culatory system parameters were reflected in changes of
SOFA (Table). On day 1 the severity in both groups was
similar according to a SOFA scale (Table), however, start-
ing from day 2 of treatment, the intergroup differences
became clear In group 1, the integral index decreased sig-
nificantly and on day 7 its values were minimized. In group
2, on days 3—6 there was a trend in decreased overall
severity of the condition of patients, however, the SOFA
index remained above 6, and on day 7 the SOVA values
returned to original values.

Correlation analysis of indicators of CHD demon-
strated that the most stable was an inverse correlative rela-
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Tabsuiy). B 1-e cyTku TsKeCTh COCTOSTHUS OOJIBHBIX 00€-
ux rpymn 1o mkage SOFA 6buta cxoaHoi (cM. Tabuumiry),
HO, HAYMHASL CO 2-X CYTOK JICYCHUS], MEKTPYIIIIOBbIE OTJIU-
YUS CTAHOBUJIMCH OTYETJAUBBIMU. B 1-if rpyrine uHTerpasib-
HBIIi TIOKA3aTe/Ib 3HAYMMO CHIZKAJICS U K 7-M CyTKaM CTa-
HOBWJICSI MUHUMATBHBIM. Bo 2-it Tpymme Ha 3—6-e cyTkn
Ha0JII0/1aJTi HEKOTOPOE CHUKEHUE 00MIEHT TSZKECTH COCTOSI-
nud, no nokasareab SOFA ocrasasics Boimie 6 6anios, a Ha
7-e CyTKU BO3BPAIIAJICS K MCXO[HBIM 3HAUCHUSIM.

[Ipu xoppensumonHoM aHanuae mokasareseir 111/]
YCTAHOBUJIH, 4TO HamboJiee YCTOWYNBOI Obliia oOpaTHast
cBsa3b Mesky [V C u [IB/I, koTopast nposiBIIsiiach yxe B
1-e cyrku HabmoaeHust (puc. 1) u craHOBUIACh 0COGEHHO
BbIpaXKeHHOH K 7-M cytkam (7=-0,68; p=0,0004). CU,
NYO u UMC umenn obpaTHBIC CpeHEN CTENEHN KOppe-
sgsonnble cBsizu ¢ [IB/l, kotopeie nposiBisiiuch co 2-x
CYTOK uccieioBanusi. B Teuenue Beero nepuoga Haburoie-
HUSI 3aPErMCTPUPOBAIM 3aKOHOMEPHYIO YMEPEHHYIO 00-
parnyio 3aBucuMocts Meskry IBCBJI u PaO,/FiO,, koTo-
past TOCTEIEHHO YCUIMBAIAch 1 OblIa MAKCUMAJIbHON Ha
5—7-e cytku neuenns (r=-0,35 — -0,6; p<0,01).

Taxum 06pasoM, y 6OJIbHBIX ¢ HEOIATOTIPUSITHBIM HC-
xoziom BII, HaunHast ¢ 1-X CyTOK Jie4eHust, OTJIUUNTEIbHBI-
mu ocobernocTsiMu LIT/] ABASAIOTCS IPU3HAKU HAPY LIEHUST
HacocHOH dyuaKINN cepama (ymensinenne M1YO, UMC) n
ero obuieit cucrosmueckoi pyukuuu (caukenue [OUC)
na ¢one 6omee BoicOKnx sHadenuit 1[B/l m mocrenenno
yeesmmuuBatoierocs: UTK/1O. Ectb ocHOBanus moJsiarath,
YTO ONMKMCAHHBIE U3MEHEHUS OTPAKAIOT TTPABOXKETYI0UKO-
BYIO CEPJCYHYIO HEJOCTATOYHOCTh Ha (hOHE OCTPOTO pec-
nuparopHoro auctpecc-cungapoma (OP/[C) n xapaxrep-
HOH 711 9TOTO CUHZPOMA JIeTOYHOI runeprensu [20, 21].
CaunerenscrBoM Hammanst OPJC y 60JbHBIX 2-if TPYIIIbI
B TEUEHKE BCEro Teproaa HabJIIoAeHUS SIBJSIETCS BBICOKUIL
ypoerb UBCBJI [22, 23], He cHMKalomuiics B mpoiecce
MHTEHCUBHOTO JICUEHUSI.

YeranoBuB onmcannbie ortanuus LI/], BbImoaHmIm
JIOTIOJIHUTEJIBHBII aHamm3 B3anMocssseil Mexxxy IBCBJI n
napameTpaMu KpoBoobpamienus. Yeranosuim, uto MBCBJI
obpatno xoppeauposan ¢ TOUC B 1—2-¢ (=-0,35 — -0,58
ipu p<0,01) u 6—7-e (=-0,67 — -0,43 pu p<0,0001) cyTrm
siedennst (puc. 2 u 3). Haunnas ¢ 3-x cyrok UBCBJI takke
HaxoauIcs B o6patHoit B3aumocsssu ¢ UMC (=-0,3 — -0,44
pu p<0,01). OcrasbHble KOPPEJISIIMOHHBIE CBSI3U MEKILY
MBCBJI u nokasaresisimu 1[T]] He Oblin yCTOMUYUBBIMU U
MIPOSIBJISIITUCH TOJIBKO SMTU30IMYECKH.

O6paTHast 3aBUCUMOCTD MESK/Ly TIOBBIIIEHHBIMU 3HA-
yennssvu IBCBJI u camskennbivu TOVIC noaTBepskaaer,
uto akTopom, onpesessonmumM cocrosaue LTy 6oJib-
HpIx ¢ HebmaronpusaTaeiM Tedennem BII asnanca OPIC,
Pa3BUBIINIICS, BEPOSITHO, HA IOTOCITUTAIbHOM aTare. Yac-
tota OP/IC B nepBble HECKOJIBKO CYTOK IOCJIE TOCTYTLIe-
Hust GosbHBbIX BII B OTzte/ieHre PeaHMMATOJIOTHU COCTAB-
asier 20—33% nabogenuii [23, 24]. TIpuyeM JieTaabHOCTD
y 3TOM Kareropuu GOJIbHBIX B 3—5 pas Bblllle, YeM IIPH He-
ocioxkuentHoM tedennn OP/IC [23—25]. Ormeuaror, 4TO
Tsikectb BII u o6ero cocrosiius y 6osbhbix ¢ OPJ[C 3Ha-
quTenbHo BbIte [25]. [IpUBOSAT HaHHbIe, 9YTO PUCK PA3BHU-

r=-0.3; P<0.0001
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Puc. 1. BaanmocBa3b MKy I706aabHOi Ppakiueil M3rHanus
cep/Ila U IEHTPAIbHbIM BEHO3HBIM JaBJEHHEM B 1-€ CyTKH Je-
YeHHUs.

Fig. 1. Relationship between the global ejection fraction (GEF)
and central venous pressure (CVP) on the 15t day of treatment.
Note (upumeuanue): (r) coefficient of the pair of linear corre-
lation — koaddunment mapuoii auHeliHol Koppessuuu; (P)
statistical level of significance — crarucriyeckuii yposeHp 3Ha-
YUMOCTH.

tionship between GEF and CVP, which became evident
from day 1 of observation (Fig. 1). This correlation
strength was mostly prominent day 7 (r=-0.68; P=0.0004).
CI, SVI and IMSmoderately negatively correlated with
CVP that became evident starting from day 2 of the
study.During the observation period the moderate inverse
relationship between EVIWI and PO,/FiO, was defined
that reached maximal values of r on days 5—7 of treatment
(r=-0.35 — -0.6; P<0.01).

Therefore, in patients with unfavorable outcome of
CAP, starting from the 15t day of treatment, the distin-
guishing feature of CHD included impaired pumping
function of the heart (reduction SVI, CPI) and overall
systolic function (reduced GEF) due to higher values of
CVP and gradually increasing GEDI. There is a reason to
consider the described changes as a result of right ven-
tricular heart failure in acute respiratory distress syn-
drome (ARDS) accompanied by pulmonary hypertension
[20, 21]. High level EVILWI] that was not reduced during
the course of intensive treatment in similar patients [22,
23] not directly confirms existence of ARDS in patients
from group 2.

After the differences in CHD parameters were
established, an additional analysis of the relationships
between circulation parameters and EVLWI was per-
formed. results demonstrated that EVLWI inversely
correlated with GEF on days 1—2 (#=-0.35 — -0.58
P<0.01) and days 6—7 (r=-0.67 — -0.43, P<0.0001) of
treatment (Figs. 2 and 3). Beginning from the day 3,
EVLWI negatively correlated with CPI (r=-0.3 — -0,44
P<0.01). Other correlations between EVLWI and indi-
cators of CHD were not sustainable, and appeared only
occasionally.

The inverse relationship between high values of
EVLWTI and reduced GEF values confirms that ARDS
(probably, pre-hospital developed) is the major force of
alterations in CHD parameters in patients with unfavor-
able course of the CAP. The frequency of ARDS diag-
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Puc. 2. B3aumMocBA3b Me:KIy HHIEKCOM BHECOCYIUCTOH BOIBI
JIETKUX U [7100abHOM (ppaKiueii HSrHaHUs cep/la Ha 2-€ CYyTKU
JieveHus.

Fig. 2. Relationship between index of extravascular lung water
(EVLWI) and the global ejection fraction (GEF) on the 2nd day of
treatment.

Note (npumeuanue): (7) coefficient of the pair of linear correlation —
koa(hduIMeHT napHoii JuHelHoi Koppensuuy; (P) statistical level
of significance — crarucTnueckuii ypoBeHb 3HAYMMOCTH.

tns opranno# auchynxmun u OP/IC B Tom uncie maxcu-
MaJieH y GoJbHBIX ¢ TskeabiMu hopmamu BIT [23]. B Ha-
CTOSIIIIEM PETPOCIIEKTUBHOM HCCJEOBAHUN yMepIue
6oJIbHBIE ¢ OCJIOKHEHHBIM TeueHneM BII ObLiu BbieIeHbI
B OT/IEJIBHYTO TPYIIITY, JIJIsI KOTOPOii OKAa3aJINCh XapaKTEPHbI
He TosbKO Gostbinas Tsikects BII o mkane CURB-65, Ho
u orgersubie mpusHaku OP/C II cragnm mo xraccndu-
karu B. B. Moposa u A. M. Tosry6esa [2007] ysxe B iep-
Bbie cyTkr Habmozxenus: UBCBJI 6osee 10 mit/Kr 1 0THO-
menne PaO,/FiO, menee 200 MM pT. CT.

Briore 3akonomepno, uto OPZ[C 1 comyTeTByI0mas
eMy JerouHas runeptensus [20, 21| ompepennan BbIsB-
nernable nuaMmenenus [[I/], koTopele TPOSBISAINCDH, TIPEKIE
BCETO, TPaBOKEIYA0YKOBOH auchynkmmeir. O Haawanm
TOCJIe/THEH CBU/IETEBCTBYET PAHHEE M BbIPAKEHHOE CHU-
sxenne TOUC — uHTErpasbHOTO TIOKA3aTelis, XapaKkTepu-
3YIOIIET0 CUCTOINYECKYIO (DYHKIIMIO U JIEBOTO U TIPABOTO
JKesyzouka. B HactosmeM nceaenosannn Meskay ['OUC n
IIB/l mmenmach cToiikas oOpaTHas KOPPEAAINOHHAS CBI3b
Ha BCeX aTamnax uccjaemoBanus (cM. puc. 1). ITo 3aBucu-
MOCTb TaKKe CBH/IETEJIbCTBYET O MPEUMYIIECTBEHHON Po-
JIN HapyTIeHs (DYyHKIIMU [TPABOTO JKeTyI0YKA B CHUKEHUN
TOUC. IIpaBoxenynouroBasi AUCHYHKIUS I HEJOCTA-
TouHocTh ocaoxkuser OP/IC B 22—25% nabmonenuii [26].
YKa3bIBAIOT, YTO IIPABOXKEIYIOYKOBAS HEJOCTATOYHOCTD
110 THITY <«JIETOUHOTO CEP/Iay ABJsieTcss (GakTOpoM pUcKa
HeGaaronpusitHoro ucxona BII, ocioskuennoit OPIC [20,
21, 26, 27]. JIornIHBIM MPEACTABISETCS MPEATIONOKEHHE,
YTO B BBIIEJEHHOW TpyIiie GOJIbHBIX € JIETAJIbHbIM HCXO-
nom BII takoit Bapuant mHapymenus I/l nrpan Basknyio
POJIb B TAHATOTEHESE.

[Ipu tskenbix Gopmax BIT Hapyierust KpoBooGpa-
MIEHUS] MOTYT SBJSATHCS CJENCTBUEM 3HHAOTEJIUAIBHOMN
JMUCchYHKITH, HAPYIIEHUI MUKPOIUPKYJISIIANA U TeMOCTa-
3a, UHMEKIMOHHOTO U MeTabOoJIMYeCcKOTO MOBPEKICHUS
MHOKap/ia ¢ MUOKapANAIbHON 1 apUTMOTEHHON CepIedHOM
HesocTaTouHOCThIO [28—31]. Bee 3T MexaHU3MBI MOTYT
PeaM30BbIBATHCS U HA HAYAJIbHOM 9Talle JIeYeHUsT, TPUBO-
NIl TIPEUMYIIECTBEHHO K TIPABOKEJIYI0YKOBON HEJ0CTa-

Puc. 3. B3aaumocBsA3b Me:KIy HHIEKCOM BHECOCYIUCTOUH BOIBI
JIETKUX U [7100a1bHOM (ppaKuueil H3rHaHus cep/ua Ha 7- CyTKU
JieueHus.

Fig. 3. Relationship between index of extravascular lung water
(EVLWI) and the global ejection fraction (GEF) on the 7th day of
treatment.

Note (npumeuanue): (7) coefficient of the pair of linear correlation —
koahbUIMEHT MapHoii JuHelHoii Koppensuuy; (P) statistical level
of significance — crarucriueckuii ypoBeHb 3HAUMMOCTH.

nosed during the first few days after the receipt of CAP
patients in the resuscitation department is 20—33% [23,
24]. The mortality rate in CAP patients with ARDS is
3—5 times higher than in patients with uncomplicated
ARDS [23—25]. It is known that the severity of the CAP
and general condition of patients with ARDS is much
higher [25]. In addition, the risk of both organ failure
and ARDS is maximal in patients with severe forms of
the CAP [23]. In this retrospective study, patients who
died from a complicated course of CAP, were identified
as a separate group of patients characterized by both
severity of the CAP (by CURB-65 scale) and signs of
stage I ARDS (according to classification V. V.
Morozov and A. M. Golubev [2007]) as evaluated on day
1 of observation by EVLWT that is more than 10 ml/kg
and the ratio PO,/FiO, that is less than 200 mm Hg.

Therefore, ARDS and concomitant pulmonary
hypertension [20, 21] have identified CHD alterations
that are mainly manifested by right ventricular dysfunc-
tion. The presence of the latter suggests an early and
marked reduction of GEF — integral index characteriz-
ing the systolic function of both left and right ventri-
cles. In the present study the negative correlation
between GEFand CVP persisted at all stages of the
research (see. Fig. 1). This correlation demonstrate the
preferential role of right ventricular dysfunction in
reducing GEF. Right ventricular dysfunction or failure
complicates ARDS in 22—25% of cases [26]. It has been
stated that the right ventricular failure of a «pulmonary
heart» type represents a risk factor for adverse outcome
of CAP complicated by ARDS [20, 21, 26, 27]. It seems
logical to suggest that in the selected group of patients
with lethal CAP this CHD option contributes signifi-
cantly to tanatogenesis.

In severe forms of CAP, circulatory disorders may be
the result of endothelial dysfunction, disorders of micro-
circulation and hemostasis, infectious and metabolic dam-
age to myocard accompanied by arrhythmogenic heart fail-
ure [28—31]. All of these mechanisms can be implemented
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tounoctu 6e3 camskenvst CY, kak Mbl HabJTIOa I Ha TIPO-
TSDKEHWH TIEPBBIX TPEX CYTOK, Tak U B GoJiee TO3/HIEe CPO-
K, Korzia otyeranso ymenbinaercss CY u UMC. Tlocaen-
HAM TeMOAMHAMUYECKNI TOKa3aTelb MOJKET SBJSITHCSI
6oJiee 3HAUUMBIM TIPEAUKTOPOM JIETATBHOCTH, YeM JPYTrUe
mapametpst LIT/] [19].

[ToyuyenHsble pe3ysIbTaThl MPEACTABISAIOTCS BasKHBI-
MU JIJIST ONTHUMU3AINN TIPUHITMIIOB MHTEHCUBHOTO JICUCHUS
60ubHBIX TsKen0il BIT. MOKHO TIPEATIONOKUTD, YTO MIPU-
3HAKU IIPABOXKETY0UKOBOI HEIOCTATOUHOCTH, BBISIBJISIC-
MblI€ Ha PAHHIX CPOKAX HAOIIOEHYsI, CO3/IAI0T TIOKA3AH ST K
HA3HAYCHUIO JICKAPCTBEHHBIX CPEJICTB C BHIPAKEHHBIM HHO-
TPOIHBIM 3 hEKTOM, Hapumep A00yTaMUHA UK JIEBOCHU-
MEH/IaHa, KOTOPbII HAYMHAIOT Bce Oojiee aKTHUBHO MPUMe-
HATb TIPU TSDKEJIBIX CENTUYECKUX COCTOSTHUSAX [32—33].
Oruernuseie npustakun OP/IC npu BII cospaior nokasa-
HIST K UCTIOJIb30BaHIIO Oe30macHbix peskumon UBJI [1] wru
MHTAJISIIMOHHOMY HazHaueHuio epdropana [34].

3akjaoyeHue

Taxum 06pazoM, y GOJIBHBIX ¢ HEOJATOIIPUSTHBIM Te-
yeHueM Tskesoit B, HaunHas ¢ nepBbIX CyTOK MHTEHCUB-
HOTO JeueHus, quarnoctupytores npusHakn OP/[C u Ha-
pymenus III/],
MIPOTPECCUPYIONIYIO TIPABOXKETYTOYKOBYIO TUCHYHKITHIO.
Omnpepensionast pors OP/[C B maTorenese HapymeHNi
IIT/] moaTBepsKaaeTcs: CTOMKOI 0O6paTHOW KOPPESIIOH-
HOH cBsA3bIo Mexkay VIBCBJI n mHTerpasbHBIM ITOKa3aTe-

KOTOpbIE MOXHO TpaKTOBATh, KaK

JieM cucrosndeckoit pynkimu cepana FOUC.
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(a) at the initial stage of treatment leading to a predomi-
nantly right heart failure without reducing CI, as was
observed during the first three days of this study, and (b)
at a later date, when CI and CPI were clearly reduced. The
latter hemodynamic parameter might serve as a more sig-
nificant predictor of mortality than other parameters of
CHD [19].

The results are important for optimizing the princi-
ples of intensive treatment of patients with severe CAP.
Data suggest that the symptoms of right heart failure,
detected in the early stages of observation, provide indi-
cations for drugs with significant inotropic effect, such as
dobutamine or levosimendan, which are becoming
increasingly used in severe septic conditions [32—33].
Distinct signs of ARDS in CAP create indications for
employing the safe modes of mechanical ventilation [15]
or inhalation of clinicaly approved fluorocarbon-based
drug Perftoran [34].

Conclusion

In patients with unfavorable course of severe
CAP strating from the first days of intensive treatment
the signs of ARDS and alteration of CHD are diag-
nosed. Appearance of these patterns are considered as a
result of a progressive right ventricular dysfunction.
The decisive role of ARDS in pathogenesis of CHD is
confirmed by persistent negative correlation between
EVLWI and GEF, the integral indicator of systolic
function of the heart.
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ITenw. Ananus 3¢ EKTHBHOCTH Ha3HAYEHHOM aHTHOAKTEPHAIBHOM Tepanuu y 60JIbHBIX BUPYCHO-0aKTePHaIbHON ITHEBMOHHEH
C pas3Hoii CTENEHbIO TSKECTH B SNMAEMHYECKHUIl U oCTIangeMuyeckuil mepuos (okrsa6pn 2009 — despainn 2011 roga). Mame-
puanvt u memoowvt. [IpoBeeH peTpocneKTUBHBII aHaM3 85 HCTOPHii GOJIe3HH NAMEHTOB ¢ CPEHMM BodpacToM 35,92+13,3 ro-
1, U3 KOTopbix — 31 HaGmonancs u npoxoaui jJeyenue B ycaosusix OPUT. /lenenne nanuenToB Ha rPyIibl IPOU3BEIEHO 110
kpurepuio Pa0,/FiO,: Pa0,/FiO, >300: 54 nauuenta; Pa0,/Fi0, <300: 26 naiuenros; Pa0,/Fi0, < 200: 5 nauuenros. Pe-
3ynvmamot. MeTOIOM PErpEeCCHOHHOTO aHAJIN3A [0Ka3aHa BaXKHOCTh HCIOJIb30BAaHUsT AaHTHOAKTEPHATIBHOMN TePANH Y MOCTY-
NHBIINX NAIMEHTOB, OTATOIIEHHBIX (pakTopamu pucka ¢ ypoHem Pa0,/Fi0,>300. lcxoas u3 pe3yibraToB AMHAMHYECKOTO
6aKTepPHOJIOTHYECKOTO UCCIEI0BaNNs, Y BCeX nanuenToB ¢ Pa0,/Fi0,< 200 ¢ setanbubiM ucxonom B yeaosusax OPUT Boisis-
JieH (pakT BHyTPHrOCIHTAIbHON penH(EeKINH NOIHpPe3uCTeHTHOI MUKPOGIOPOii ¢ HEBO3MOKHOCTBIO OCYIECTBICHHUS LeIeHa-
NpaBJIEHHON aHTHOAKTEPUANBHOM Tepanuu. 3axatouenue. Pannee NCIOIb30BaHNe aHTHOAKTEPHAIBHON TEPaIH y TAIMEHTOB
¢ Pa0,/Fi0, >300, otsromenHbix (akTopaMu PUCKa yJIydmaer NporHo3 3aGonesanusi. Y Bcex namuentos ¢ Pa0,/Fi0,< 300
npu Hea(hHEKTHBHOCTH aHTHOAKTEPUAIbHOI THEBMOHHMH CJIEYET IPOBOUTD AUHAMHYECKHII aHAIN3 OPOHXO0-aJIbBEOISPHOTO
JIaBaIKHOTO CO/IEPIKUMOTO C IIEPEXO0I0M Ha IieJIeHANPABIEHHYI0 aHTHOAKTEPUAIBHYIO Tepanuio. ¥ nanueHToB ¢ Pa0,/Fi0,<
200 cyuecTByeT MAaKCUMAJIBHO BBICOKHI PHCK HO30KOMHAIBHOTO PeMH(HUIIMPOBAHUS C TPYJHOCTIAMHU 10A60Pa aJIeKBaTHOI aH-
THOaKTepuaNbHOii Tepamun. IIpociekuBaeTcsi 1OCTOBEPHAs B3AMMOCBSI3b BbISBJIEHHUS OJHPE3HCTEHTHOI (DIOPBHI U JIeTaIbHO-
ctb10 B ycnosusix OPUT. Kntoueevte caosa: BupycHo-6aKktepuasibHas nieBMonns, nanaemusi, OPIIC, antn6akrepuaibHas Te-
panus, aHaiu3 MUKPOQJIOpbI, peHH(]eKIHs, JeTaIbHOCTh

Objective: to analyze the efficiency of prescribed antibiotic therapy in patients with viral and bacterial pneumonia of variable sever-
ity in the epidemic and postpandemic periods (October 2009 to February 2011). Subjects and methods. Case histories of 85 patients
(mean age, 35.92+13.3 years) were retrospectively analyzed; out of them 31 patients were followed up and treated in intensive care
units (ICU). The patients were grouped according to PaO,/FiO,: 1) Pa0,/FiO, >300 (n=54); 2) Pa0,/FiO, <300 (n=26); 3)
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Pa0,/Fi0, < 200 (n=5). Results. Regression analysis proved the importance of antimicrobial therapy used in admitted patients hav-
ing risk factors and Pa0O,/FiO, > 300. Bacteriological follow-up revealed that all the patients who had PaO,/FiO, <200 and died
in ICU had been nosocomially reinfected with polyresistant microorganisms and targeted antimicrobial therapy could not be per-
formed. Conclusion. Early antibiotic therapy in patients with PaO,/FiO, >300 and risk factors improves the prognosis of the dis-
ease. All the patients who have PaO,/FiO, >300 and are ineffectively treated for antibacterial pneumonia should undergo follow-
up analysis of bronchoalveolar lavage to be switched to targeted antibiotic therapy. The patients who have Pa0O,/Fi0,< 200 are at
the highest risk for nosocomial reinfection and pose difficulties in choosing adequate antibiotic therapy. There is a significant rela-
tionship between the detection of polyresistant microorganisms and ICU mortality rates. Key words: viral and bacterial pneumonia,
pandemic, acute respiratory distress syndrome, antibiotic therapy, microbial assay, reinfection, mortality.
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BBenenne

I'punm 1 OPBU coctaBistior 95% Beex nHOEKITNOH-
HBIX 3200JI€BAHIIT 1 3aHIMAIOT TIEPBOE MECTO O YaCTOTE U
KOJIMYECTBY CJydaeB B Mupe. ExxerogHo B Mupe 3aboJieBa-
et 10 500 MJTH. 9eTTOBeK, 2 MITH. U3 KOTOPBIX YMUPAIOT. B
Poccun esxxeronno peructpupyior ot 27,3 1o 41,2 muiH. 3a-
6osesiuux rpummnoM u apyrumu OPBU [3].

11 mora 2009 r. BO3 o6baBuaa o Hadane odepe-
HOM mangemun rpumnmna A, onpenenenibiv, kak AHINT swl
(1.e. swine-like) [5, 6]. C nauasa mangeMun BbleaeHO 60-
siee 551 THICSIM BUPYCOB TPUTITIA, M3 HUX 78% OTHOCHUJINCD
k rpury AHINT swl.

[To nannbiv DetepaIbHOTO EHTPA, TAHAEMUS TPHUII-
na AHIN1 swl nopasuna nacenenne Poccum B 1,6 pasa
6oubiire (8,3%), uem cesonnbiii rpunn 2008 r. (5,2%) [1, 2].

CHukeHne ypoBHsT 3a00JI€BIIMX B TIOCTIAHIEMUYEC-
KOM TI€PUOJI€ HE YMEHBIITAET YPOBEHbD JIETATBHOCTH OT CIO-
pamnueckux cayuaes AHINT swl (30,1% nporus 21,8%, ot-
nomenne marcos (OIID): 1,5, ot 1,1 x 2,1; [8]). HecmoTpst
Ha HAJIMYUE METO/IMYECKUX M HAIMOHAJBHBIX PEKOMEH]Ia-
it 3, 4], He pacKpbIBAIOTCS BCe MATOTCHETUUECKUE 3BEHBST
Pa3BUTHUS TSPKEJIOTO TAHAEMUYECKOTO TPUIITA, a HATIPaBJIe-
HUST JICICHUST He CTOMb 3((DEKTUBHBI, KaK XOTETOCH ObI.

[lenb uccnegnoBanusi — ananus ahheKTHBHOCTH aH-
TubakrepuasibHoil Tepanuu (ABT) y 60/bHBIX BUPYCHO-
GakTepuasbHOI THEBMOHUEl ¢ PA3HON CTEIEHBIO TSKECTH
B SMUAEMUYECKUN W TMOCTHAHAEMUYeCKUl mepuos (OK-
Ta6pn 2009 — despanb 2011 roma).

Marepuan u MeTObI

ITpoBe/ieH peTpoCeKTUBHBINA aHamu3 85 ucTopuil HoIe3Hu.
W3 nux — 31 manmenT nepesezien moj HabJIojIeHe 1 JiedeHre B
OPUT. Cpennuii Bo3pactT UCCIEAYEMOI TPYIIIBI MAIIEHTOB CO-
craBui 35,92+13,3 roga. Myskuun B rpymnie — 5 (5,9%), ux cpef-
nuii Bozpact 33+11,32 rona. BeisiBiienbie pakTopbl prcKa y My»K-
yun: BUT-undexuus (20%), caxapusiii guabdet (20%), osxkupenue
(20%). Y mysxuun dhakTopsl prucka BcTpedasnnch B 40% ciydaes,
[IPOTPECCUBHO YBEJIMYMBASICh C BO3PACTOM.

CpenHuii Bospact skenus coctasui 36,62+13,9 ser. Makro-
pamu prcKa y sKeHmmH Obin: Gepemennoctsd (66,6%), oxuperne
(42,8%), caxapupiii guader (19%). MakTopbl prcKa MPOCIEKUBA-
JICH Y KKI0H U3 HOCTYMUBIINX sKeHInH. CpesiHnii CPOK ¢ MOMEH-
Ta HavaIa 3a60JIEBAHNS 10 TIOCTYIIEHNSI B CTAIIMOHAP TI0 NCCIIENy-
eMoii rpyrime GObHBIX cocTaBmI 7,92+4,29 nHa. 11 My/KUMH 9TOT
cpok 7+1,41 151, y GepeMeHHbIX sKeHtmH — 6,5+3,18.

Jlesienie maineHToB HA TPYIIILI IIPOM3BEIEHO 1O KPUTEPHIO:
PaO,/FiO, (unznexc okcurenaru, MO). 1O > 300% coorseTcT-
BOBaJI IPUHAIEX)KHOCTH TaieHToB K 1 rpymme. Camxkenne V1O
110 200% 1 HUDKe SIBJISITIOCh OCHOBAHMEM K OTHECEHHIO TIAIINeHTOB
COOTBETCTBEHHO KO 2 1y 3 rpymie (tabauia 1).

Introduction

Influenza and acute respiratory viral infection
(ARVTI) make up 95% of all infectious diseases, and occu-
py the first place in frequency and the number of cases
worldwide. Each year worldwide up to 500 million of peo-
ple get sick, 2 million of them die. From 27.3 to 41.2 mil-
lion cases of influenza and other ARVT are registered in
Russia every year [3].

On June, 11, 2009, WHO announced the start of the
next pandemia of influenza A, identified as AHIN1 swl
(swine-like) [5, 6]. From the beginning of the pandemia,
more than 551 thousands of influenza viruses were allocat-
ed, of which 78% were classified as influenza AHIN1 swl.

According to the Federal Center data, in Russia the
number of cases of pandemic influenza AHIN1 was 1.6
times (8.3%) higher than the number of cases of seasonal
flu in 2008 (5.2%) [1, 2].

Reduction in number of sick patients in post-pan-
demic period do not reduce mortality rate due to sporadic
cases of AHIN1 swl (30.1% versus 21.8%, odds ratio (OR):
1.5, from 1.1 to 2.1) [8]. Despite the availability of method-
ological and national guidelines [3, 4], not all of patho-
genetic links of severe pandemic influenza are known, and
the courses of the treatment are not as effective as we
wished them to be.

The purpose of study was to analyze the effectiveness
of antimicrobial therapy (AMT) in patients with viral and
bacterial pneumonia in the post-pandemic and pandemic
period (October 2009 — February 2011).

Materials and Methods

We performed a retrospective analysis of 85 case records.
From them 31 patients were transferred under observation and
treatment in the Intensive Care Unit (ICU). The average age of
the study patients group was 35.9+13.3 years. There were five
(5.9%) males in group, their average age was 33+11.3 years.
Identified risk factors among men included: HIV infection (20%),
diabetes mellitus (20%), obesity (20%). In men, the risk factors
were encountered in 40% of cases, their number increased pro-
gressively with age.

The average age of females was 36.6+13.9 ser. The risk fac-
tors among women were as folows: pregnancy (66,6%), obesity
(42.8%), diabetes mellitus (19%). For each of the admitted women
had been found risk factors have been found. The average time
from the onset of the disease to admission to the in-patient clinic
in the study group of patients was 7.92+4.29 days. For men, this
period was 7+1.41 days, for pregnant women 6.5%3.18 days.

Division of the patients into groups was conducted by the
criterion PaO,/Fi0, (Oxygenation index, OT). O > 300% indi-
cated compliance of patients to group 1. Reduction in OI to 200%
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B nepByio wuccienyemyto rpymiy Bouum 54 marenta. M3
Hux 52 Gepemennbie xeumuubl. Cpeanuii Bospact 26,4+5,31,
cpok 6epemennoctu 30,6+4,86 nepenn, Cxkpunnur-ITIP AHINT
UMeJI MOJIOKUTENbHbIe pe3ysbsratel y 20% mnocrynusiiumx. J[im-
TEJIBHOCTH GOJIE3HU JI0 MOCTYTIIeHNs 5,8%2,53 JHS, MHAEKC MACCh
tesa (MMT) cocrasur 23,9+1,39 kr/m” Otenka mo mkauam Tsi-
skecti: SOFA 2,3£0,35, APACHE 11 5,7+1,2 6ajios. IlokazaTesu
apIxateqpHOTO0  MOHHTOpuHTA: SpO, 97,3£24 006%, PaO,
114,55+18,6 mm pr. cr., 1O 382,91£26,1 mm pr. cr. [lauumenTs
MTPOXO/TUJIA CKPUHIHT-UCCIIEI0BAHIS, METUITITHCKYIO COPTHUPOBKY
C TOCJIEYIONIMM ANHAMUICCKUM HaOJIOIEHUEM B YCIIOBUSIX OTIE-
senus. JlanrenbHocTs npedpiBanus B otaeaennn — 11,4+2,3 s
JletanbHbIX MCX010B He 6bL10. OHO 9KCTPEHHOE Pojopaspelie-
HUe ITyTeM KecapeBa CeueHusl B CBSI3M C PA3BUTHEM POJIOBOIL Jiesi-
TEJBHOCTU Ha cpoke 39 Heesb ¢ MocAeonepaioHHbIM TpedbiBa-
nuem B OPUT B Teuenue 4 cyrok u IBJI B Teuenue 6 yacos.

Bropas nccneryemast Tpyina — MaiueHThl, HOCTYMUBIINE TT0
knHndecknM rokasanusiMm B OPUT mocsie meAninHCKoit copTu-
poBku B Kimmnukax (IIpreMHbIii MOKOI, OT/eJIeHUs TTyIbMOHOJIO-
run 1 nndexiponHoe). Ipymma cocraBuia 26 manneHToB, N3 HUX
22 skeninuHbl, 18 u3 koTopbix Gepementbie. Bee B 3-eM TpuMecTpe
6epementoct — 36+2,1 wepenn. Cpearuii BO3pacT MaiueHToB
nanuoii rpynmel — 38,2+14,4 roga. UMT — 28,83+6,16 kr/m”
JlmiTesbHOCTh GOJIe3HU 710 TIOCTYIUIeHust cocTaBuia 8,37+3,88
nust, 1o ocryruterust B OPUT — 1,57+0,97 iust. Pesyuibrat ckpu-
nunra [TIIP AHIN1 nonoxurenen y 47,4% nanuentos. Onenka
o mkanam Tsokect: SOFA 4,2+0,12, APACHE 11 11,3+0,4 6an-
sioB. [lokazaresnn jpixaresbioro mouuropunra: SpOy 95,34+4,1
06%, PaO, 100,45+12,4 mwm pr. ct., 1O 267,37+ 31,3 MM pT. CT.

Tperbs uccseyemMast rpyiia — 5 HaleHTOB, HOCTYITHBIITNX
B OPUT us ornenennii mo KIMHUYECKUM IMOKa3aHUsAM. Bee xeH-
muHbl, 2 13 Hux Oepemennbie (37,5+0,5 Hemenn). Cpennnii Bo3-
pact — 41,8+6,64 rona. JliuteabHOCTb GOJIE3HU [0 MOCTYILIEHUS
cocraBuia 11,8+6,56 mus. JlinTeabHOCTD MpeObIBAHUS B OT/IETe-
nnn o nocrymirennss B OPUT cocrasur 2,4+1,28 nusa, UMT —
27,28%2,69 kr/m”. Pesyasrar ckpununra [TI[IP AHIN1 mosoxu-
TesieH y Bcex marmenTtok. Orenka mo mkamam Tsokect: SOFA
5,3+1,23, APACHE 11 15,95+1,6 6amnos. ITokazarenn apixaTenb-
Horo MoHuTOopuHra: SpOy 90,12+6,12 06%, PaO, 89,11£21,2 mm
pr. cr., MO 185,27+£14,1 MM pr. CT.

WBJI B neyennn ucrnosnb3oBana B 73% caydasx (19 narmen-
TOB) BO 2 TPyIIIE U Y BCEX NalneHToB 3 rpyiisl. Bo 2 rpymie nanm-
eHTOB cpemHsst mpomosskuTeabuocTs VBJI cocraBmma 126,7+124
vaca, B 3 rpymie 283,2+36,4 gaca. Cpeziine BeJNUNHBI JBIXATETb-
HOTO MOHUTOPUHTA BO 2 rpyIiie nainuenTos: Ppik — 27,3+6,02 cm B.
cr., PEEP — 11,46+3 cm B.ct., Cls 43,5+20,11 mu1/cm B. c1. B 3 rpymi-
ne: Ppik — 30,95+14 cm B. c1., PEEP — 13,54+6,48 cm B. ct., Cls —
38,5+11,14 mui/cm B. 1. Bo 2 rpyiire 6b110 BITOIHEHO 12 Tpaxeo-
CTOM, B 3 TPYTIIE TPAXeOCTOMUPOBAHDI BCE TIAIUEHTBI.

Cpennmuii cpox npebsiBarnst B OPUT y marenToB 2 rpyIib!
cocraBust 9,8%4,62 cyTok, ietasnbHocTs — 7,7% (2 nanmenta). st
nainuenToB 3 rpymnmbl cpok npebpiBanus B OPUT cocrasui
14,4+3,44 cyrok ¢ netanpHOCTBIO 40% (2 marmeHTa).

PesyubraThl U 00CyKA€eHUE

[IpoBeneHHBIN perpecCHOHHBIN aHAIN3 MEXKIY He3a-
BucMoOiT repemenrnoit — ABT u 3aBucnmoit — mexom 3a60-
sesanust B ycaoBusx OPUT (mas 1 rpynmsl — Koii-
KO/JIEHb) BBISIBUJI CJIEYIONIIE 3aBUCUMOCTH (Tab1. 2).

3HaunMocTh BansHus npoBogarMoit ABT B uccaeny-
eMBIX IpyTiax u ncxozgom 3abosesanust B OPUT ompene-
JICHO TIyTeM HeJIMHEITHOH OIIeHKN NCCIIelyeMOil 3aBICHMO-
ctu (Tabm. 3).

WcnonbzoBanne ABT y nannentos ¢ OPIC — I cra-
i 6e3 I0Ka3aHHOCTH OaKTePHaTbHOTO KOMIIOHEHTA Y Ta-
[MEHTOB ¢ OJIATOIONYYHBIM TIPEMOPOUIHBIM CTATYCOM B

Ta6muua 1. Kpurepuu jiesienust ncciieyeMpix nanieHToB
Ha TPy

Table 1. Criteria for dividing the study patients into
groups.

Groups (0)}

1 >300

2 300—200
3 <200

Note (npumeuanue): OI (oxygenation index) — uHueKC OKCH-
reHaIuu; groups — rPyIIbL.

and lower was the ground for inclusion the patients in groups 2 or
3, respectively (table 1).

There were 54 patients in the first study group. From them
52 patients were the pregnant woman. Average age — 26.4+5.31,
gestational age — 30.6+4.86 weeks, PCR-screening for AHIN1
was positive in 20% of patients. Duration of illness before admis-
sion — 5.842.53 days, body mass index (BMI) was 23.9+1.39
kg/m* Characterization of patients by severity was performed
according to severity scales: SOFA 2.3£0.35, APACHE II 5.7+1.2
points. Respiratory monitoring measures: SpO, 97.3+2.4 vol-
ume%, PaO, 114.55+18.6 mmHg., OI 382.91£26.1 mmHg.
Patients underwent screening studies and a medical triage with
subsequent follow-up at a hospital. Average length of hospital stay
— 11.4£2.3 days. There were no fatal cases. There was one case of
extra delivery by caesarean section in connection with the start of
uterine activity in the term of 39 weeks with post-operative stay
in the ICU for 4 days and mechanical ventilation for six hours.

Second study group included patients admitted by clinical
indications at ICU after medical triage in the clinics (emergency
room, department of pulmonology and infectious disease ward).
The amount of patients in group was 26 patients, from them — 22
women, 18 of them were pregnant. All women were in the 3rd
trimester of pregnancy — 36+2.1 weeks of gestation. The average
age of patients in this group — 38.2+14.4 yeas. BMI —
28.83%6.16 kg/m” Duration of illness before admission was
8.37£3.88 days, before admission in the ICU — 1.57+0.97 days.
PCR-screening for AHIN1 was positive in 47.4% of patients.
Characterization according to severity scales: SOFA 4.2+0.12,
APACHE II 11.3£0.4 points. Respiratory monitoring measures:
SpO, 95.34+4.1 volume%, PaO, 100,45+12.4 mmHg, OI —
267.37+ 31.3 mmHg.

Third study group — 5 patients, admitted at ICU by clinical
indications. All of them were women, two of them were pregnant
(37.5%0.5 weeks). Average age — 41.8+6.64 years. Duration of ill-
ness before admission was 11.8%6.56 days, duration of stay before
admission in the ICU 2.4+1.28 days, BMI — 27.28+2.69 kg/m*
PCR-screening for AHIN1 was positive in all patients.
Characterization of severity according to severity scales: SOFA
5.3+1.23, APACHE II 15.95+1.6 points. Respiratory monitoring
measures: SpO,y 90.12+6.12 volume%, PaO, 89.11+21.2 mmHg,
OI — 185.27+14.1 mmHg.

Mechanical lung ventilation (MLV) was employed as a
treatment option in 73% of cases (19 patients) in group 2 and in
all patients of group 3. For the patients from the group 2 average
duration of MLV was 126.7+12.4 hours, in group 3 patients —
283.2+36.4 hours. Average respiratory monitoring of patients
from the group 2 provided following values: Ppik — 27.3+6.02
cm HyO, PEEP — 11.46£3 cm H,0, Cls 43.5+20.11 ml/cm H,O.
In group 1: Ppik — 30.95+14 cm H,O, PEEP — 13.54£6.48 cm
H,O, Cls — 38.5+11.14 ml/cm H,O. In group 2 12 tra-
cheostomes were performed, all of the patients in the group 3
were tracheostomized.

The average length of stay in ICU for patients from group 2
was 9.8+4.62 days, mortality rate — 7.7% (2 patients). For the 3rd
group of patients length of stay in the ICU was 14.4+3.44 days
with mortality rates — 40% (2 patients).
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Ta6auua 2. PerpeccHoHHbI aHAIN3 3aBUCUMOCTH Mcxo/a 3aboseBanusi B OPUT or HazHayeHHs1 aHTUOAKTEPUATLHOU

Tepanun.

Table 2. Data of regression analysis with dependent variable — disease outcome in ICU.

Groups Beta Std.Err. P

2 0.202152 0.163226 0.223553
3 0.895533 0.123419 0.000006

Note (npumeuanue): Groups — rpynusr; Beta (standardized regression rates) — cranmapruzoBannbie K09(hGUIMEHTHI perpeccu;
Std.Err (standart error) — cranpapraas omnbka; (P) statistical level of significance — crarucriyeckuii ypoBeHb 3HAUMMOCTH.

Ta6auua 3. Cessb ucxona sabonesannsi B OPUT ¢ nHaznauenneM anTHOAKTEPHAIbHON Tepanuy (OTHOLIEHHE IIAHCOB,

JIOTHCTHYECKAs PErpeccus ).

Table 3. Antimicrobial therapy & disease outcome in ICU (odds ratio, logistic regression).

Groups OR (95% CI) 4
2 0.860 0.19443
3 3.85 0.0002

Note (npumeuanue): Groups — rpymnis;; OR (Odds ratio) — ornomenue mancos; CI (Confidence interval) —aoBepurenbmblii nH-
tepsar;) (P) statistical level of significance — craTuctuuecknit yposeHb 3HAUNMOCTH.

nepBbie JHU 3a00JI€BaHUS He ABJIsieTCst 00s13aTe IbHbIM [3].
MpbI ofiZIepsKUBaeM TaHHbIe PEKOMEH/IAIINN B CBSI3U C TEM,
qT0 uMeeM Jesao B 69—90,5% ¢ HmepBUYHBIM BUPYCHBIM
MHeBMOHUTOM [7, 8]. OnHako, s MCCaeayeMOi TpyTIIbI
nonoxkuTeabHslil adexr ABT y mammentoB 1 rpynisl
HOATBEPK A [IPUCYTCTBIE OaKTEPUATbHOTO KOMIIOHEHTA
y TMOCTYMUBINNX TTAITMEHTOB. MBI CBSI3BIBaeM 3TOT (HaKT ¢
MMEBIIUMUCS B MCCIELYEMOTl TPYIITe MannenTos (haxro-
paMK PUCKA: JTUTEIbHBIM JOTOCIUTAIbHBIM TIEPUOA0OM Oe3
NPOTHBOBUPYCHOI TEpaIu, COIyTCTBYOMMME 3a00J1eBa-
HusMU (OKUPEHUE, caxapHblii guadeT), 6epeMeHHOCThIO.
¥V narenros 2 rpymmst ¢ OPI[C II 6e3 npusHakos
cericuca poraisi ABT B cooTBercTBHE € pesdysbrataMu
GAKTEPHOJIOTHYECKOTO UCCIIEIOBAHNS, UCTIOIB30BAHIE Me-
POTIPUATHI, TPEAYTPEKIAONNX HO30KOMUATHLHOE PEH-
durposanue (yBIa)KHEHUE IbIXaTeJbHOU cMmecu, GakTe-
pUaTbHbIE BIXaTeNbHbIE (DUIBTPBI, CHCTEMbI 3aKPLITON
acrupanuu, CBOeBPeMeHHble OPOHXOCAHAIIUU, BO3MOK-
HOCTD OCYIIECTBICHUS TPOTEKTUBHON BEHTUJISIIINN U T.II.)
HO3BOJISIOT CTaOMIN3UPOBATh COCTOSIHUE TAIMEHTOB. B
CpaBHEHUN ¢ ApyruMu Hanpasiensmu gedenus ABT oxa-
3BIBACT MUHIMAJIBHOE BJIUSHIE Ha BBIKUBAEMOCTD.

Jlnst Haubosiee TsKeI0M 3 TPYIINbI TAIUEHTOB € CO-
nyrcrByomuM OP/IC IIT u cencucom ABT nmeer 3na-
YUMOE BJUSHIE Ha BLDKHBAEMOCTH. BakTepmoJsormyaec-
K¥€e UCCJIeIOBAHYIS, BHITIOTHEHHBIE B TEUCHUE TTOCTCTHUX
24—32 yacoB TIpU JIETATBHBIX MCXO/AaX, MTO3BOJIMUJIN BbI-
SIBUTH CJEAYIOIUI CIEKTP MUKPOOPTAaHU3MOB U3 OPOH-
X0aJIbBEOJISIPHOTO JIABAKHOTO COZIEPKIMOTO:
aeruginosae  Klebsiella  pneumonii,
Raoultella ornithinolytica, Candida albicans. Ilonupesuc-

Pseudomonas

TEHTHBIN XapaKTep BbISBJICHHON HO30KOMHWAJbHON MUK-
poIOpBI HE TTO3BOIMIO HaM 00ECHEeYnTh IeIeHanpaB-
aeanyio ABT. [lautenpHbIll Tepuoa peKkpyTMeHTa, B
CBSI3W C HepaspemaioneMcsl OCTPBIM PeCTTUPATOPHBIM
muctpecc-curapomom (OPIC), 61 IPUHIMITHATLHBIM
OTJINYMEM B JICUEHUN MAIMEHTOB 2 u 3 rpyIibl. Takum

Results and Discussion

Regression analysis employing the independent vari-
ables — antimicrobial therapy (AMT), and dependent
variables — the outcome of the disease in the ICU (for
group 1 — bed-days) revealed the following correlations
(table 2).

The significance of the impact of ongoing AMT in
the studied groups with outcome of the disease in the ICU
was determined by nonlinear estimation of investigated
correlation (table 3).

The use of AMT in patients with a stage I acute res-
piratory distress syndrome (ARDS) without proof of pre-
sense of a bacteria in patients with satisfactory premorbid
status in the first days of the disease is not required. [3] We
support these recommendations due to the fact that we are
dealing with primary viral pneumonitis in 69—90.5% of
cases [7, 8]. However, in the studied group the positive
effect of AMT in patients from group 1 confirmed the pres-
ence of bacterial components in admitted patients. We link
this fact to risk factors in the studied group: long prehospi-
tal period without antiviral therapy, concomitant diseases
(obesity, diabetes mellitus), pregnancy.

In patients of group 2 with a stage I ARDS with no
signs of sepsis, rotation of AMT in accordance with the
results of bacteriological tests, the use of measures that
prevent nosocomial reinfection (humidification of respira-
tory gas, bacterial respiratory filters, closed aspiration,
timeous bronchial sanation, feasibility of protective venti-
lation, etc.) make stabilization of the patient possible. In
comparison with other areas of treatment, AMT has a min-
imal effect on survival rate.

For patients of most severe group 3 with concomi-
tant sepsis and stage IIT ARDS, AMT has a significant
influence on survival. Bacteriological studies, performed
over the last 24—32 hours in the case of negative care
patient outcomes, revealed following microorganisms
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[THeBMOHM A .

obpasom, OPIIC u BeHTUJIATOP-UHAYLHUPOBAHHOE I10-
BPEXK/IEHUE JIETKUX TTOBBIIIAET PUCK BBISIBJICHUS MOJHUPE-
3UCTEHTHON MUKPOMJIOPHI y MAIMEHTOB, BJIUSS HA HCXO/]
3a00JI€BAHMSL.

Vmeromuecst uccsienoBaHus OPOHXOJIETOUHOTO Jia-
BakHOTO coziepskuMoro (BAJI) mpu mocTymieHnn nanmeH-
TOB BUPYCHO-OAaKTEPUATbHBIMU [THEBMOHUSAMU B EPHUO]L
MAHIEMIH, TTOJATBEPKAAI0T (haKT HETOCITUTAIBHON (hIIOPbHI
[9—14]: Streptococcus Pneumoniae, Streptococcus pyogenes
u Staphylococcus aureus. IIpy IMHAMIYECKOM HCCITEI0BA-
nuu BAJI B nporiecce sedenun psig aBropos [15—18] 06-
HApY/KUBAIOT TOCIUTAJIbHbIE TaMMbl: Enterococcus fae-
calis Pseudomonas aeruginosa, Candida. albicans, Serratia
marcenses, Aspergillus fumigatus.

[Iprunaer HapacTaouell MyJIBTHOPTAaHHON HeEO-
CTaTOYHOCTHU, KaK MPUYMHBI CMEPTHU, Y Psia GOJBHBIX C
TSIKEJIOW BUPYCHO-GaKTepHaJbHOI MHEBMOHMEH ocCTa-
I0TCSI HE COBCEeM MOHSATHBIMU. VIMeeT 3HayeHue reHeTu-
yeckne 0COOGEHHOCTH MMMyHHUTeTa maruenta [19—44],
Pa3BUBAIONIUIICS BUPYC-aCCOIMUPOBAHHBIH (haTaabHbII
remodarorurapusiit cuagapom (VAHS) [45—49]. Haum
CKPOMHBIE MCCJIEJIOBAHUST 3aCTABJSIOT AKIEHTUPOBATH
BHMMaHUE Ha POJIb 0COOEHHOCTEH MUKPOMIOPHI U IesIe-
HalPaBJIEHHONH aHTUOAKTEPUAJIbHOI NMHEBMOHUM B UC-
xo/1e 3a60JIeBaHusI.

BoiBoasl

1. AntmbaxTepmasbHas TEPANus SBISICTCS BaKHEH-
UM HallpaBJIeHUeM JiedeHUs: OOJIbHBIX ¢ BUPYCHO-GaKTe-
PHAJIBHBIMU TTHEBMOHUSIMH.

2. Y nanueHToB ¢ BUPYCHBIM ITHEBMOHUTOM, UMEIO-
MIUX JUTATEIbHBII JOTOCIIUTAIbHbIN aHaMHE3 6e3 TIPOTUBO-
BUPYCHOIT Tepanmuu u (pakropbl pucka (6epeMEHHOCTb,
OKMPEHUeE, caxapHblii aunaber) paHHee HasHadeHus ABT
YIIyYIIaeT POrHo3 3a00IeBaHuS.

3. HUcnosb3oBaHue AUHAMUYECKOTO GAKTEPUOJIOTH-
YECKOr0 KOHTPOJIST OPOHXO0ATBBEOJISIPHOTO JTABAKHOTO CO-
JIeP>KIMOTO TI03BOJIsIeT KoppeKTnposath cxemy ABT B cBs-
3H C BBICOKON 9aCTOTOH CynepuH(pEKIIN.

4. BryrpurocnurampHOe pemHOUIIPOBAaHNE TTAIN-
€HTOB ¢ BUPYCHO-0aKTepHaIbHbIMU THEBMOHUSIME OJIU-
pesucrenTHeiME mTamMMamu (ESKAPE — mrammamn
[49]) cBsi3ZaHO C BBIHYKAECHHBIM <KECTKUM» DPEKUMOM
BEHTHJISIIMH, PAa3BUTHEM BEHTHJISTOP-UHIYIIMPOBAHHOTO
TTOBPEK/ICHUE JIETKUX U SBJISICTCST OJIHO M3 BasKHBIX TIPHU-
YKH HEOIATOIPUSATHOTO UCXO/IA.
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exhibited growth from the specimens harvested from the
bronchoalveolar lavage: aeruginosa,
Klebsiella pneumonii, Raoultella ornithinolytica, Candida
albicans. Multiresistant specificity of founded nosocomial
microflora did not allow us to provide targeted AMT. A
long period of recruitment, due to the unresolved ARDS,
had been a principal difference in treatment of patients
from groups 2 and 3. Thus, ARDS and ventilator-induced
lung injury increase the risk of detection of multiresistant

Pseudomonas

microbial flora in patients, and that affects the outcome.

Available studies of the bronchopulmonary lavage
content (BLC) at admission of patients with viral and bac-
terial pneumonia during the pandemia, confirm that the
community-acquired flora includes a number of species:
Streptococcus Pneumoniae, Streptococcus pyogenes and
Staphylococcus aureus [9—14]. Dynamic study oth BAL
during treatment revealed most common hospital strains:
Enterococcus faecalis, Pseudomonas aeruginosa, Candida.
albicans, Serratia marcenses, Aspergillus fumigatus [15—18].

The reasons for the growing multiorgan failure,
whicht is the main cause of death in a number of patients
with severe viral and bacterial pneumonia, are not entire-
ly clear. Genetic traits of the patient's immune system
[19—44], developmental virus-associated fatal hemo-
phagocytic syndrome (VAHS) [45—49] have a matter.
Our modest study contributes to further focusing on
characteristics of flora and targeted antimicrobial treat-
ment of pneumonia affecting the disease outcome.

Conclusion

1. Patients with viral and bacterial pneumonia
require AMT.

2. In patients with viral pneumonitis, which have
both long prehospital history withno antiviral therapy and
high risk factors (pregnancy, obesity, diabetes mellitus),
the early beginning of AMT improves the outcome of the
disease.

3. Dynamic bacteriological monitoring of bron-
choalveolar lavage content allows correcting the AMT
protocol due to high frequency of superinfection.

4. Intra-hospital reinfection of patients with viral-
bacterial pneumonia induced by multidrug-resistant
strains (ESKAPE strains [49]) is associated with com-
pelled «hard» mode of ventilation and the development of
ventilator-induced lung injury that is the one of the impor-
tant causes of adverse outcome.
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Blood Coagulation and Acid-Base Balance at Craniocerebral Hypothermia
in Patients with Severe Traumatic Brain Injury

V. E. Avakov, I. A. Shakhova

Tashkent Medical Academy, Tashkent, Republic of Uzbekistan
2, Farobi St., Almazar District, Tashkent 100109, Republic of Uzbekistan

OGuast TepaneBTHYECKasi THIIOTEPMHSI «3apaboTana> HETaTHBHYIO PENyTAlMIO B J€YEHHH MYJIbTUTPABMATHYECKUX ALy~
€HTOB, U pacCMaTpUBaeTCs Kak OJuH U3 (PaKTOPOB B «JIETAJbHON TpHaJe» LIOKa, anuao3a u runorepmuu. lanubiii pakr
00BSICHSIETCS OTCYTCTBHEM B3AHMOIEHCTBHS MESKIY allI030M U rUnotepmueii; s HeKThl TMIOTEPMUN Ha KOATYJISIIUIO SIB-
HbI€ M CJIOKHO 00paTHMble B IPUCYTCTBHHU auuno3a. Ilens paGomvr — onpeaeneHue BIUsAHNS JOKAIbHOTO HEMHBA3HBHOIO
OXJIasK/I€HUsI TOJIOBHOTO MO3Ta HAa META00MYECKHE U TEMOKOATry ISI{UOHHbIE TIOKA3aTeNH GOJbHBIX C CHHIPOMOM OCTPOii
uniemun Mmosra. Mamepuan u memoovt. Marepuanom uccienoBanust iBLIMCH 113 manueHToB ¢ TsKeN0i YepenHo-M0o3ro-
BOi TPaBMOIi, B TOM YHCJIe OCIOKHEHHOIi TOPaskeHHeM CTBOJIOBBIX CTPYKTYP, KOTOPBIM B Pa3JINYHbIX MOAU(DUKAHUAX PO-
BOIMJIM OXJIA3K/I€HHE r0JI0OBHOTO Mo3ra. [Ipy aToM nayyaauch 3HauyeHHs1 KHCIOTHO-OCHOBHOTO COCTOSIHHS U CBePThIBAIOII e
CHCTEMBI apTepHAIbHON U BEHO3HOIT KPOBH. Pe3yibmamut. YCTaHOBIEHO, YTO HUKAKHX BO3/I€HCTBHUIl IOKaIbHOI rUNOTEP-
MHH TOJIOBHOIO MO3ra Ha KOAryJsifio0 He MPONCXOIUT, B TO BpeMs KaK HCXOJHO OTPHIATEIbHbIe 3HAYEHNUS N30BITKA OY-
¢epHBIX OCHOBaHUIl IOKA3BIBAIOT MOJIOKUTEIbHbIE IU(PHI (CABUT BIPABO) K KOHIY OXJask/AeHus. IIpuBeseHbl pekoMeH-
JAIMH 110 IPEAYIPEKAEHHIO META00IMIEeCKUX CABUTOB. 3aKII0YEHHE: MAlHEHTOB C OY€Hb BHICOKUM PHCKOM KPOBOTEYEHHS
MO3KHO 6€30NacHO OXJIasKAaTh 10 TEMIIEPATYPbI TOJOBHOTO Mo3ra 32—34°C, nake B IPUCYTCTBUH allu03a OT YMEPEHHOM
CTENEHN /10 TSAKeNO0H. ITO sABJIAETCA GOMBUINM IPEUMYIIECTBOM JOKAIbHOM runotepmuu nepea obuieii. Knoueswvie crosa:
KHCJIOTHO-OCHOBHOE COCTOSIHHE, CBEPTHIBAIONIAS CHCTEMA, OXJIaK/eHHe FOJIOBHOTO MO3ra, Ha30(apuHreaibHoe OXJIaK/e-
HHEe, 00IIasi THIIOTEPMHSI.

Systemic therapeutic hypothermia has gained a negative reputation in treating multiple trauma patients and is regarded as one of
the factors in the lethal triad of shock, acidosis, and hypothermia. This fact owes to no relationship between acidosis and
hypothermia; the effects of the latter on coagulation are evident and complexly reversible in the presence of acidosis. Objective:
to determine the impact of noninvasive local brain cooling on the metabolic and blood coagulation indicators of a patient with
acute cerebral ischemia. Subjects and methods. The subjects of the study were 113 patients with severe brain injury, including that
complicated by the involvement of stem structures, who underwent brain cooling in different modifications. In so doing, the val-
ues of acid-base balance and coagulation system in arterial and venous blood were investigated. Results. Local brain hypother-
mia was not found to affect coagulation while the baseline negative values of excess buffer bases showed positive values (a right
shift) by the end of cooling. Recommendations were given to prevent metabolic shifts. Conclusion. Patients at very high risk for
bleeding may be safely cooled to a brain temperature of 32—34°C even in the presence of moderate-to-severe acidosis. This is a
great advantage of local hypothermia over systemic one. Key words: acid-base balance, coagulation system, brain cooling,
nasopharyngeal cooling, systemic hypothermia.
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BBenenue Introduction
OO0 M3MEHEHUSIX KHUCIOTHO-OCHOBHOIO COCTOSTHUS There are few data on changes of acid-base balance
(KOC) B ycnoBusix nepebpanboro nospesxaenus ume- | (ABB) following a cerebral damage. For example, the
eTcst MaJio JanHbix. Hanpumep, Mmoesns asyxdacosoit ok- | model of a two-hour occlusion of the middle cerebral
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KJIIO3UU CPEJIHEI MO3TOBOM apTepuu y KPbIC C TOCIe/y-
foneil penepdysnell W MATUYACOBON THUHOTEepMUeEH
(33°C) nokazana cHukeHue oobemMa 1epebpaabHOTO UH-
(apkra u oTexa, yBeJImueHIE MO3TOBOTO KPOBOTOKA [1].
Jlpyroe uccrienoBaHue CBUETENbCTBOBANO O BBIPASKEH-
HO¥l KOPPEJISIIIUN B CHUKEHUN KPOBOTOKA M HATIPSZKEHUSI
yraexucyaoro raza (pCO,) B KpoBH, HO HE C TeMIIepaTy-
poii resa [2]. Eme B 1959 r. coobuianock, 4To OKOHYA-
TeJbHAsT OTIEHKA TPSIMOTO JEHCTBUS KUCIOT U IEI0Yeit
Ha MO3TOBOE KPOBOOOPAIEHIEe 3aTPYIHEHO 13-32 00bIU-
HOI'O BTOPMYHOTO IIOCTOPOHHETO BJAUSAHUS, 0COOEHHO 13-
3a seiicteust CO, [3].

BiusHue obuieil TepaneBTHYecKOl TUIIOTEPMUK Ha
CBEPTBIBAHUE KPOBU Y MAIIMEHTOB C OCTPBIM MOBPEKICHU-
€M MO3Ta MOJKHO MPEJICTABUTD B BUJIE <ITAJIKH O JIBYX KOH-
1ax». C 0/1HOIT CTOPOHBI, TOPMOKEHIE KOATYJISIIUN MOJKET
UMETb MOJIOKUTENbHBbIE 3 (DEKTHI B BUJIE yIydIIeHUS] MU-
KPOLUPKYJISIUKA U TOfaBjieHus 00pasoBaHust MaryOHbIX
MUKPOTPOMGOB B TOI0BHOM Mo3re [4]. C apyroii cTOpOHBI,
ATO MOJKET TIPUBECTH K YBEJIMYEHUIO PUCKA KPOBOTEYECHUS
U, TeM CaMbIM, IPUYUHUTD BPE/I ITalleHTaM, 0COOEHHO, ec-
JIN OHU TIEPEHECJU TPABMY WJIM AKTUBHOE KPOBOTEUCHUE
0 IPYTHM TIPHITHAM.

BiusgHue runotepMur Ha KOAryJsiiuio ObLIO U3y-
YeHO, IJIaBHBIM 06pa3oM, in vitro. Markas rumoTepmust
(temmeparypa 10 35°C) He BIMSAET HU Ha KaKoe 3BEHO
KOATyJISIMOHHOTO Kackamga. Temmepatypa nmke 35°C B
HEKOTOPBIX CJIy4asiXx MOKET BBI3bIBATh YMEPEHHYIO JIUC-
dyHKIUIO TPOMOOIUTOB U, MHOTAA, HE3HAUUTETbHOE
CHUIKEHUE MX KoJnmdecTBa. HekoTopbie aTarbl KoaryJis-
IIMOHHOTO KACKaJla, TAKNE KaK CMHTE3 U KUHETUKA CBep-
THIBAIONIUX DH3UMOB M HHTUOUTOPOB aKTUBATOPOB I1J1a3-
MUHOTE€Ha, MOTIYT OBITb 3aTPOHYTHI DU CHUKCHUU
temmeparypsr nmxke 33°C [5—9].

[IpoBeeH MOHMTOPUHI JAHHBIX TPOMGOIJIACTO-
rpaMMbl y BOJIOHTEPOB ¢ OOUIMM TEMIIEPATyPHBIM JUa-
nazonoMm ot 38°C no 12°C [10]. [Tokazano, 4To cHUKe-
HUE TeMIepaTypbl MPUBOAUT K HPOrPECCUBHOM
3ajepikke Havasa (HopMUpoBaHus TpomOa, a TakKe K
CHUJKEHUIO CKOPOCTU CO3/IaHUS CTYCTKOB M MX POCTA.
[Tpu aTOM 3HAUYMTETBHOE BJIMSHUE TUIIOTEPMUU HA 3TH
napameTpbl HauuHaauch Juib npu 30°C, 6bICTPO HPO-
rpeccupysi HUXKe TOTO 3HAYEHUS, U JIOCTUTAST CTATHUC-
TUYECKOU 3HaumMocTu TosibKo mpu 24°C. Kpome Toro,
OBLIIO 3aMEYEHO, UTO OJMH pa3 GOPMUPOBAHUE CIyCTKA
OBLIIO 3aBEPIIEHO, HO €ro CTabUJIBHOCTh HE MOTJIA CO-
XPaHSThCS 10/] BJAUsIHUEM 0011ell rutorepmun. ToabKO
Te CTYCTKH, KOTOpble chopMUPOBAIUCH MPEXK/E, OCTa-
BaJIMCh CTaOUIbHBIMU HE3ABUCUMO OT TeMIiepaTypbl. 13
BBIIIECKA3aHHOTO BW/IHO, UYTO CYIIECTBYET 3HAUMTE]b-
Hasl UHAMBU/yaJbHas BapuabebHOCTh CBEPTHIBAIOIINX
IapaMeTpoB B OTBET Ha OXJIAXK/EHUE.

B paGote A. A. Hanke et al. coobiaercst, uto anTu-
KOAryJIsIUOHHBIA 9P (hEKT TUnoTepMur 0COOEHHO BbI-
COK B IIPUCYTCTBUHU AI[U/103a; 3TOT 3 (HEKT MOKHO KyTTH-
poBaTh HazHaueHUeM TPOMOOUUTOB U (UOPUHOTEHA,
KOTOPbIE, OJIHAKO, «XOPOIIO PabOTAIT» NPU OTCYTCTBUM
anuzosa [11].

artery in rats, followed by five hours of reperfusion, and
hypothermia (33°C) showed a decrease in a volume of
cerebral infarction and edema, and an increase in cerebral
blood flow [1]. Another study demonstrated the correla-
tion of blood flow reduction and partial tension of carbon
dioxide (pCO,) in the blood, but not a body temperature
[2]. In 1959 it was reported that the final assessment of
direct action of acids and alkalis in the cerebral blood flow
might be difficult because of usual secondary outside influ-
ences, especially due to effects of CO, [3].

Effect of therapeutic hypothermia on blood clotting
in patients with acute brain damage can be represented as
a «double-edged sword». On the one hand, inhibition of
coagulation may have beneficial effects in terms of improv-
ing microcirculation and suppressing the formation of
harmful microclots in the brain [4]. On the other hand, it
may result in increased risk of bleeding and thus harm
patients, particularly if they have suffered from injury or
active bleeding from other causes.

Effects of hypothermia on coagulation were exam-
ined mainly in oitro. Mild hypothermia (temperature
35°C) had no effect on any link in the coagulation cascade.
Temperatures below 35°C in some cases induced mild
platelet dysfunction and slight decrease in their numbers.
Some stages of the coagulation cascade, such as the syn-
thesis and kinetics of clotting enzymes and inhibitors of
plasminogen activators, might be affected, when the tem-
perature drops below 33°C [5—9].

Thromboelastogram monitoring of volunteers experi-
encing temperature range from 38°C to 12°C demonstrated
that the reduction in temperature causes a progressive
delayed onset of clot formation, as well as a reduction of
speed forming clots and their growth [10]. This significant
effect of hypothermia on above-mentioned parameters only
begins at 30°C, rapidly progressing below this value and
reaching statistical significance only at 24°C. Furthermore,
it was observed that once clot formation had been complet-
ed, its stability could not be maintained under the influence
of general hypothermia. Only those clots that have formed
before remained stable irrespective of the temperature.
Therefore, there are considerable individual variations in
clotting parameters in response to cooling.

The paper by A. A. Hanke et al. reported particular-
ly high anticoagulant effect of hypothermia in the presence
of acidosis[11]. Described effect could be stopped by
administering platelets and fibrinogen; however, these
approaches provide «good work» only in the absence of
acidosis [11].

Preliminary clinical studies even suggest the use of
hypothermia in combination with thrombolytic therapy.
Results of a prospective, controlled clinical trial in 58
patients with acute ischemic stroke, 28 of which were carried
out under general hypothermia (33°C) in combination with
thrombolytic therapy had been reported [12]. It was found
that the risk did not increase bleeding in patients treated
with both methods compared with patients who received
only thrombolytic therapy; in addition, the risk of sympto-
matic intracranial bleeding was lower in cooled patients [12].
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[IpenruMuHapHble KJIMHUYECKUE MCCJIETOBAHUS
MIPE/IJIATAI0T JIaXke UCIOJIb30BaTh TMIIOTEPMHIO B COYeTa-
HUM ¢ TPOMOOINTIYECKOM Tepanneit. [IpoBeneHo mpociek-
THUBHOE KOHTPOJIIpyeMoe KJIWHUYECKOe HCCAeOBaHUE Y
58 TMAIMEHTOB ¢ OCTPHIM HITEMIUYECKUM THCYIBTOM, 28 13
KOTOPBIX 11poBoAuaack o6mas runorepmus (33°C) B coue-
TaHUK ¢ TPOMOOJUTHYECKOI Tepanueii [12]. OGHapykeHo,
YTO TEMOPPATrUYECKUil PUCK HE YBEJIUYMBAJICS Y MAI[UCH-
TOB, MOJIYYaBIIUX 00a METO/Ia JICYCHUS 1O CPABHEHUIO C
HalUeHTaMU, MOJYYaBUIMMU TOJBKO TPOMOOJUTHUUECKYIO
Teparuio, KpoMe TOTro, PUCK CUMITOMATUYECKOTO BHYTPH-
YeperrHoro KpPOBOTEUEHHST OKA3aJICS HIDKE Y OXJTaK/ICHHBIX
narenTos [12].

B npyrom wmccienoBaHuM TPOBEJEH PETPOCIEK-
TUBHBIII aHAJN3 TAIMEHTOB C YepPEnmHO-MO3TOBBIMU
tpaBmamu (UMT), y KoTOpBIX pa3BWIach OCTAaHOBKA
KPOBOOOPAIIEHUST M KOTOPBIE TIOJIyYajd TUIIOTEPMUYEC-
Kyio Tepanuio [13]. ABTOpbI He HaAlUIN Yy HUX yBeJude-
HUSI OCJIOKHEHUI OT 00IIell TUIIOTEPMUU, B YACTHOCTH
KpoBoTtedenus. B aroil ¢z W. Z. Martini et al. yxasbi-
BAIOT HA TO, YTO TUIIOTEPMHUS «3apaboTasa» HeraTUBHYIO
peryTanuio B JeYeHUH MYJbTHUTPaBMATUUYECKUX TTalu-
€HTOB, W PaccMaTpuBaeTcs Kak OAWH u3 (HakTOpoB B
«JIETAJIbHOM TpHUaZe» I0Ka, alujo3a U TUIIOTEPMUU
[14]. HecooTBeTcTBrE MOKET OOBSICHATHCS B3AMMOIEii-
CTBHMEM MEKIY alli/030M ¥ TUIIOTepMueii; ahdexTor ru-
[OTEPMUY HAa KOATYJISIIUIO IBHBIE U CJIOKHO 0OpaTUMbIe
B cJjlyyae, €CJU OJIHOBPEMEHHO MPHUCYTCTBYET alU/03.
OnHaKo, B OTCYTCTBUE alli/103a TUIIOKOATYJISIIMOHHBII
3(hdEKT rUmoTepMUN CTAHOBUTCS MEHee sIBHBIM, GoJiee
yIpaB/IsieMbIM ¥ O00paTUMbIM. BOJIBIIMHCTBO NalMeH-
TOB, [IEPEHECIINX JIeUeHUe yMEPEHHON 0011eii TuoTep-
MUeEii, He UMEJIN TSKEJIOTO alulo3a u, IMO3TOMY, B JlaH-
HOM cJly4yae, BJIMSHUE TUIOTEPMUHM Ha KOATrYJSIIHIO
OBLIIO MUHUMAJIbHBIM.

Ilesp nccieoBaHUS — ONIPEENUTh BIUSHUE JIO-
KaJIbHOTO HEMHBA3UBHOTO OXJIAXK/IEHUS] TOJOBHOTO MO3Ta
Ha KOC u cBepThIBAIOIYIO CHCTEMY KPOBU HAIIMEHTOB C
CUH/IPOMOM OCTPOW UIIIEMHUH MO3Ta.

Marepuan u MeTObI

Kinnnaeckuii matepuas paborsl ipeacrasien 113 maruen-
tamu ¢ Tskenoit YMT. McenenoBanus ocymecTBasinch B mepu-
on ¢ 2010 o 2014 rr. B OT/I€/IEHUSX PEAHUMAIIMY U UHTEHCUBHO
teparmut (OPUT) aByx KpyMHBIX CHeNUaIN3UPOBAHHBIX MHOTO-
NpOMUIBHBIX KINHUK: PecrnyOauKaHCKOTO HAyYHOTO II€HTpa
akcrperHoil Mepunrackoit momoru (PHIIDMII, Tamkent) u
Bropoit kaunwmkm TamkeHTCKON MeIUIIMHCKON aKazeMuu
(TMA-II, TamkenT).

BosIbHBIX pas3ie/iiin 1o cJeyOIIM TPYIHaM B COOTBETCT-
BUU C OIIPE/IETIEHHBIM KOMITOHEHTOM OXJIAK/ICHNUSI:

I)  KOHTPOJBHOIT IPyTIIIE OCYIECTBIAINCH Hanboee mpu-
eMJIeMbI€e U YaCTO MCII0JIb3yeMble TPUEMbl HEHHBA3UBHOTO OXJIasK-
nenvst rosoBHoro mosra (HOTM) (o6kJajipiBatie cBojia yeperna
XJT/IO9JIEMEHTaMU U OXJIKeHUE TIPOeKInu OudypKaum CoH-
HbIx aprepuii), (puc. 1—3). KosmmuectBo GOJIBHBIX B 9TOii rpyiine
COCTaBUJIO 42 YesioBeKa, 52 Cirydast 10 COUETAHNUSIM METOIMK OX-
Javkiennd n 62 ceanca OXJIaXKICHUS;

II) Wcenenyemyio rpyiiy coctaBusin 71 GOIbHBIX € TAXKe-
101t YMT, KOoTOpbIM B pa3InIHBIX MOAMGMUKAIIASIX TPOBOIUIIH Ha-
3otapurreansnoe oxnaxaerne (HDO) B coorBeTcTBUM ¢ pas3pa-

In another study, a retrospective analysis of patients
with traumatic brain injuries (TBI), who developed cardiac
arrest and received hypothermic therapy was perfomed [13].
The authors found no increase in complications of general
hypothermia, including no bleeding. In this regard, W. Z.
Martini et al. indicated that hypothermia «earned» a nega-
tive reputation in the treatment of multitrauma patients,
and could be considered as one of the factors in the «lethal
triad» of shock, acidosis and hypothermia [14]. This contro-
versy can be explained by the interaction between acidosis
and hypothermia; effects of hypothermia on coagulation are
obvious and difficultly reversible if acidosis is present simul-
taneously. However, in the absence of acidosis, hypocoagula-
tion effect of hypothermia becomes less evident, more man-
ageable and reversible. Most of the patients undergoing
treatment for moderate hypothermia, do not experience
severe acidosis and, therefore, the effect of hypothermia on
coagulation should be minimal.

Purpose of the study. To determine the effect of the
local non-invasive brain cooling on ABB and blood clot-
ting in patients with acute cerebral ischemia.

Materials and Methods

The clinical material includes data of 113 patients with severe
head injury. The research was carried out during period from 2010
to 2014 in Intensive Care Units (ICUs) of two large specialized
multidisciplinary clinics, the Republican Research Center for
Emergency Medicine (RRCEM, Tashkent) and clinic of the
Tashkent' Medical Academy (TMA-II, Tashkent, Uzbekistan).

Patients were divided into the following groups in accor-
dance with a particular component of cooling:

I) The control group patients underwent most suitable
and commonly used non-invasive methods of brain cooling
(NIBC) (cranial vault encasing with ice packs and cooling of pro-
jections of carotid bifurcation) (Fig. 1—3). The number of patients
in this group comprised of 42 patients (52 cases of combinations of
cooling methods, total of 62 cooling sessions.

II) The studied (main) group comprised of 71 patients
with severe traumatic brain injury underwent nasopharyngeal
cooling (NFC) in various modifications performed in accordance
with the method developed by us' (Fig. 4—7) in 80 cases and 100
sessions [19].

' The prototype device was RhinoChill® System developed by
BeneChill Int, San Diego (California, USA) [15]. The main differ-
ence of our approach to employ this device was is the use of water as
a coolant and an inert substance, instead of a fluorocarbon system by
RhinoChill, which is contraindicated in pregnacy and fractures of the
base of the brain. Besides, originally, the RhinoChill system is used for
a short time — in prehospital, followed by subsequent transition to
the general (systemic) hypothermia. Originally employed perfluoro-
carbons (perfluoropropane or perfluorobutane) belong to the group
of freons, are mixed with oxygen, helium or air. To avoid drying out
the mucous membranes of the upper respiratory tract, the coolant
mixture is fed in batches, alternating its gas components, and the
water or isotonic sodium chloride solution is added [16]. Thermal
conductivity of the components of RhinoChill, like all gases, is ten
times lower than most liquids, particularly, the water. For example,
the thermal conductivity of perfluoropropane is 0.0138 W m* K",
perfluorobutane — 0.01381 W m™ K, oxygen, helium, and air - 0.024,
0.142 and 0.026 W m™ K", respectively), whereas for the water the
values are higher — (0.58 W m" K") or 42-fold higher than that of
perfluorocarbons [17, 18].
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Puc. 1. OxnaxkeHne cBo/Ia Yyepemna XJja/03JeMeHTaMHU.
Fig. 1. Cranial vault cooling with icepacks.

6oranHoit Hamn MeToanKoit' (prc. 4—7) B 80 caryuasx u 3a 100 ce-
ancos [19].

OT160p GONBHBIX TPOBOAUIICS PAHIOMU3UPOBAHHBIM IPO-
CIIEKTUBHBIM KOHTPOJIMPOBAHHBIM CIIOCOO0M, KPUTEPHUSIMU BKJTIO-
YEeHUsT KOTOPOTO TTOCIY KU CIIe/LyoIIne:

. Bospact 6oabHbix o1 18 10 75 JeT;

. Tsoxesast ueperHo-Mo3roBast TpaBMa;

. VYrHeTeHre YPOBHS CO3HAHUSA NalueHTa <8 6asLioB 1o
mkasie koM [masro (IIIKT), T.e. koma I cremenn u Hipke, npu no-
CTYIUIEHUU WJIN HOCTENIeHHOe HapacTaHue YyrHeTeHHs I0CTIe roc-
TUTAIU3AINH.

' TIpototunom wHamero crocoba SBHJAOCH YCTPOHWCTBO

RhinoChill® System kommanuu BeneChill Int. [15], ocHoBarHOIT
B San Diego (California, USA) ¢ eBporeiickim ronoBHbIM 0bu-
com B Lausanne (Switzerland). OcHOBHBIM OT/IMYMEM SIBJISIETCS
TO, UTO B HAIIIEM CIIOCO0E OXJIAKACHIS XJIQIATEHTOM CITYKUT BOJIA
— HHEPTHOE BEeIeCTBO He TOJBKO B CHJIY CBOMX (husnueckux
CBOIICTB, HO M B CBSI3M C 3aAMKHYTOCTBIO CUCTEMBI, B KOTOPOI 1INp-
KyJIUPYET, 110 CPaBHEHHIO C 1ephTOPYTIEBOIOPOIOM CHCTEMbL
RhinoChill, mporuBomnokaszanubiM 6epEMEHHBIM U TIPU MEPETOMAX
ocrnosanus Moara. K tomy e, RhinoChill mpumensior menpomos-
JKUTEJIBHOE BPEMsI — Ha JIOTOCIIUTAJIBHOM JTalle, C TIOCIIE/LYIONNM
nepexonoM Ha obIiyo (cucreMHyio) runorepmuio. 13 nepdro-
PYIJIEBOOPOIOB HCTIOIb3YETCst TIephTOPIPOTIaH Wik mephTopoy-
TaH, OTHOCSIIIECS K TPyIie (DPEOHOB, B CMECH ¢ KUCJIOPOJIOM, re-
JIEM WJIM BO3ZYXOM. Bo m3bekaHue TepechiXaHus CIU3UCTON
000JIOUKM BEPXHUX JBIXATEJNbHBIX MyTell OXJIaKAAIONLYI0 CMECh
MOJIAIOT TIOPIIUOHHO, YEPE/Lys €e COCTABJISIONINE ra30Bble KOMIIO-
HEHTBI, a TakKe J0GABJSIIOT BOAY WM M30TOHUYECKUII PacTBOP
warpusi  xgopuga [16]. TenmonpoBogHOCTH KOMIIOHEHTOB
RhinoChill, kak u y Bcex ra3oB, B I€CATKY pa3 HUKE KUIKOCTEIT,
M, B YACTHOCTH, BOJbL K 1puMepy, TEIIOnpoBoAHOCTD T1ephTop-
nporana coctasaster 0,0138 Bt M K, nepdropbyrana — 0,01381
(xkucopona, resmst u Bozayxa — 0,024, 0,142 1 0,026 Br m™ K™ co-
orBeTcTBeHHO), a Bojbl — 0,58 Bt M K, uTo 11peBbIiaeT TakoByio
y nepdTopyraeBoaopoaoB B 42 pasza [17, 18].

Puc. 2. OxnakaeHue KapoTHaHON GudypKanuu XjaaaosJeMeH-
TaMu.
Fig. 2. Carotid bifurcation cooling with icepacks.

Puc. 3. Oxnaxkaenne cBoja yepena H NMPOEKIMH KapOTHIHOMH
6udypKauuy XJIa1091eMEHTAMH.

Fig. 3. Cranial vault and carotid bifurcation cooling with
icepacks.

The selection of patients was conducted in a randomized
prospective controlled manner. The inclusion criteria were as follows:

»  Age of patients from 18 to 75 years;

. Severe traumatic brain injury;

*  Inhibition of the level of consciousness of the patient
<8 points on a Glasgow coma scale (GCS), i.e., degree I coma and
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Puc. 4. HazodapunreanpHoe oxJakaeHue.
Fig. 4. Nasopharyngeal cooling

Puc. 6. HazodapunreansHoe oxiaskaeHne U OXJIaK/eHHe Kapo-
THHOIE OndypKaLMK X1a/[09I€eMEHTaMH.
Fig. 6. Nasopharyngeal hypothermia and cranial vault cooling.

. OTCyTCTBHE BBIPAKEHHBIX TPABMATHYECKUX OCITIOKHE-
Huil (HanpuMep, KPOBOTEUEHUE, CHHKOIIA);

. He Gouiee 6 4acoB 0T MOMEHTA MOTYY€EHST TPABMBI 10
rociranusaiun B crannonap. HOI'M waumnanu B mpemenax
2—3 4 u He nozaHee 6 4 1OCJIE TPABMBL

KpurepueM He BKIOUEHUST B 00CI€0BAHUE SBUIICSA OYEBU/I-
HBIIT/HEOUEBU/IHBIN JIeTATIBHBIH MCX0/ OOJBHOTO B TeYeHHe Tiep-
BbIX 2—3 4acoB ¢ MOMEHTA IIOCTYILJIEHUS B CTAI[HOHAP.

Puc. 5. HazodapunreaibHoe oxJiask/eHUe U OXJIAKIEHHE CBO/IA
yepena XJIaz03J1eMEeHTAMH.

Fig. 5. Nasopharyngeal hypothermia and cranial vault cooling-
with icepacks.

Puc. 7. MHOrOKOMIIOHEHTHOE OXJIAK/IEHHE: coueTaHne Hazoda-

PUHIEeaJIbHOr0 OXJAXKIAEHUS C OXJAKAEHHEM CBOJA yepena U
NPOEKIHH KapOTHAHOH GudypKranuy X1a1091eMeHTaMu.

Fig. 7. Multicomponent cooling: nasopharyngeal hypothermia
and cranial vault and carotid bifurcation cooling with icepacks.

lower values on admission, or a gradually increased depression
after the hospitalization.

*  No significant traumatic complications (bleeding, syn-
cope etc.);
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HOTM mnauunaznoch ciycrst 140,3+20,5 Mun 1mocsie npuobl-
THSI B CTAI[MOHAP B KOHTPOJBbHOI rpymme u 158,3£16,9 mun — B
nccaeayemoil. [lnnrensrocts ogHoro ceanca HOI'M 3annmana
18,3%1,4 u B koHTpOILHOI TpyIIe U 15,2+0,4 — B nccieryemoii.

MeTtosaMn ncCIeI0BaHNUS SIBUJIMCH MHCTPYMEHTATbHBII
(Temneparypa y 6apabaHHOIT TIePEMOHKH ¢ 00enX CTOPOH (TUMIIA-
HU4ecKast), B MOAMbIIIEYHO 06JacTn), JabopaTopHbiil (CoCTOs-
nne KOC xpoBu apTepun 1 IpeMHOI BEHBI, TIOKAa3aTeJI CBEPTHI-
BAEMOCTH KPOBM) M KJIMHUYECKUii (OleHKa o0Ield 1 o4aroBoii
HEeBPOJIOTMYECKOI HeJIOCTaTOYHOCTH, YPOBHS CO3HAHMS, peCIpa-
TOPHBIX 1 TEMOANHAMUYECKNX MTOKa3aTeell).

IMockosbky Gosee 80% aHATMBUPYEMbBIX KOJMYECTBEHHBIX
[PI3HAKOB GBI HOPMaJIBHO PACIIPEIETIEHHBIMIT, B OCHOBY CTaTH-
CTUYECKOTO aHAIN3a ITOJIOKEHBI METO/bl TTaPAMETPUUECKOil CTa-
THUCTUKU.

[Tosyuennble npu ncce0BaHNN JaHHbIE OIBEPIJIN CTATHC-
THYECKOI 06paboTKe Ha MepCcoOHATBHOM KoMIbioTepe Pentium-IV
¢ moMoIIbI0 Tiporpammuoro nakera Microsoft Office Excel-2012,
BKJIIOYAs! MCHOJIb30BaHNEe BCTPOECHHBIX (DYHKIIHIT CTAaTHCTHYECKOI
06paboTKu.

3a CTaTHCTHYECKU 3HAUYMMble M3MEHEHUsS! IPUHUMAJIN ypo-
BeHb joctoBepHoctu p<0,05.

CrarucTryeckasi 3HAaYNMOCTD [IJIsI KAYeCTBEHHBIX BEJUYNH
BBIYNCJISITIACH € IOMOIIBIO ° KpUTepuil (XnU-KBajpaT) u z-Kpure-
puit (Tmam, 1998) no caeytomeii hopmyaie:

ny -y
p(l=p)-(n +ny)

z=(p —Pz}\/

TIE Py=H1/Ny U Pr=[ly/Ny CPABHUBAEMBIE OTIBITHBIC YACTOTHI,
a p=(lytio)/(ny+n,y) CPELHSS YACTOTA MOSIBJICHHS TIPU3HAKA 110
06€enM rpyImam.

PesyabraThl U 00CyK/IEHHE

V nanuenTos ¢ Taxkenoit YUMT, 0coO6eHHO 0CI0KHEH-
HOIi MOpa’keHUEM CTBOJIOBBIX CTPYKTYP, ABIXaHUE PE3KO
YTHETEHO WJIM OTCYTCTBYET U JIUIIb TIOCJIE TIPOBEECHUS pe-
AHUMAIMOHHBIX MEPONPUATHI (MCKYCCTBEHHAS BEHTUJIS-
st serkux (MBJI), apeHask TpaxeoOpOHXUAIBHOTO Jepe-
Ba, OlleJIAYMBAHUE OPTAaHU3Ma, BbBIXOJ M3 KOMaTO3HOTO
COCTOSTHUSI) TIPOMCXO/UT BOCCTAHOBJICHUE JIBIXATEIHHOM
ynkunn.

BBuay yruerenusi cosHanust <8 0 10 miKaie KOM
[masro (IIKT) BceM GOJIBHBIM yoKe TIPU TTOCTYIICHUN Ha-
ynHanach VIBJI B peskrive HOPMOBEHTUIISIINY W TIPUHY TN -
TEJIbHO-BCIIOMOTATEIbHOM BEHTHIISITIHH.

B xontposbHoitl rpymie g0 Havama HOI'M pH kak
apTepUaIbHON, TAK ¥ BEHO3HOI KPOBH, KaK MPABHJIO, MeE-
eT HOpMaJIbHbIe 3HAYECHMS, YTO, BEPOSITHO, CBSI3aHO C MPO-
Bozumoit UBJI (taba. 1).

[Tocre HOT'M B aprepmanbHOi KpOBH HaOIIOAACTCS
HEe3HAUNTENIbHBIN c/iBUT pH aprepuaibHOil KPOBH BIIPABO
(B cropony ankanosza) — c¢ 7,408+0,129 no 7,463+0,123
(p>0,05) (cMm. Taba. 1). [okasareab BE (yposenb Oydep-
HBIX OCHOBAHUI B apTEePUAIbHON KPOBHM) TIPU 9TOM MEHSI-
ercs ¢ -3,62+0,41 mm pr. ct. — 10 HOTM 110 +4,82+0,5 Mmm
pT. c1. — nocsie HOTM (p<0,01).

B snavennsax pH n BE Benosnoit kpoBn Hameuasiach
TEHJICHIIUS K HE3HAYNTEJIbHOMY CJIBUTY BIIPABO TOKa3arte-
s pH (¢ 7,348%0,131 1o HOTM po 7,365%0,119 — niocire
mero) (p>0,05) u B cTopony runonpoaykinu (¢ -3,27+0,12

*  No more than 6 hours passed from the time of injury to
hospitalization. NIBC began within 2—3 hours and no later than
six hours after the injury.

The exlusion criteria from the study was the obvious / unob-
vious death of the patient within the first 2—3 hours of admission.

NIBC began after 140.3£20.5 minutes after arriving at the
hospital in the control group and 158.3£16.9 min in the study
group. The duration of a single session NIBC were as follows:
18.3%1.4 h (control group) and 15.2+0.4 (study group).

The methods of the study included instrumental approach
(measuring the temperature at the tympanic membrane on both
sides (tympanic), and in the axillary region), laboratory tests
(ABB in specimens from blood artery and jugular vein and routine
parameters of blood coagulation), clinical data evaluation of gen-
eral and focal neurological deficiency, level of consciousness, res-
piratory and hemodynamic parameters).

Statistical data processing was carried out at two levels; 1)
preparation for statistical analysis; 2) proper statistical analysis.
Since more than 80% of the analyzed quantitative traits were nor-
mally distributed, thepreferential method of statics was the para-
metric statistics.

Data obtained in the study were processed using the built-in
functions of statistical processing of software package Microsoft
Office Excel-2012. For statistically significant changes the confi-
dence intervals of 95% at P<0.05 were chosen.

For qualitative variables, the sStatistical significance was
calculated using y* test (chi-square) and the z-test (Glantz 1998)
as follows:

n - m,
p(l=p)-(n +ny)

z=(p —Pz}\/

where py=u,/n; and py=u,/n, experienced comparable fre-
quency and p=(u;tus)/(n;+tn,) — the average frequency of
occurrence of signs of both groups.

Results and Discussion

In patients with severe TBI, especially complicated
by alteration of stem structures, the breathing was sharply
depressed or absent, and only after resuscitation proce-
dures (mechanical lung ventilation (MLV), drainage of the
tracheobronchial tree, alkalization of the body, exit from
coma) the respiratory function was restored.

Because of the suppressed consciousness (<8 scores
on as Glasgow coma scale, GCS), all patients upon admis-
sion underwent ventilation therapy in a normoventilation
mode and force-assisted ventilation.

In the control group, prior to NIBC, the pH values of
both arterial and venous blood usually have normal values,
which is probably due to ongoing ventilation therapy
(Table 1).

After NIBC there is a slight trend of shifting of
pH of arterial blood towards alkalosis (7.408+0.129
toward 7.463%0.123, P>0.05) (Table. 1). Parameter BE
(base buffer level in the arterial blood) levels varied
from -3.62+0.41 mm Hg (Art.) before NIBC to 4.82+0.5
mm Hg. (Art.) after NIBC (P<0.01).

The pH and BE values in venous blood exhibited a ten-
dency to a slight shift to the right in the former case (from
7.348£0.131 prior to NIBC to 7.365%£0.119 after NIBC,
P>0.05), and toward hypoproduction: from -3.27%0.12 mm
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Ta6muua 1. Kucrorno-ocuosnoe cocrosinne (KOC) kpoBu GOJIbHBIX IPH HEMHBA3UBHOM METO/€ OXJIAKIEHHS TOJIO-

BHOTO Mo3ra, M*m.

Table 1. Acid-base balance (ABB) of blood of patients at non-invasive methods of brain cooling, M*m.

ABB indicators Control group (n=45) 4 Group of NFC (n=54) P
before cooling after cooling before cooling after cooling
Arterial blood
pH 7.408=0.129 7.463+0.123 >0.05 7.430+0.053 7.410%0.048 >0.05
pO, (mm Hg) 95.5+1.2 133.4+1.3 >0.05 79.8+6.6 109.5+1.7 >0.05
pCO, (mm Hg) 32.0+0.5 28.6+0.5 >0.05 32.5+1.1 35.8+1.3 >0.05
HCO; (mm Hg) 20.9+0.6 22.6+0.6 >0.05 22.1+1.1 22.1+1.0 >(.05
BE(mm Hg) -3.62+0.41 +4.82+0.5 <0.01 -2.06+0.20 -0.91+0.24 <0.001
Venous blood
pH 7.348+0.131 7.365+0.119 >0.05 7.364%0.078 7.384%0.085 >(.05
pO, (mm Hg) 75.241.5 49.0+1.2 >0.05 37.6+1.5 47317 >0.05
pCO, (mm Hg) 44.2+1.2 35.4%1.0 >0.05 36.9+1.5 41.4+1.4 >0.05
HCO; (mm Hg) 22.6+0.8 20.4+0.7 >0.05 23.141.0 25.6+1.2 >0.05
BE (mm Hg) -3.27+0.12 +2.90+0.19 >0.05 -2.81+0.70 -0.27+0.06 <0.001

Note (npumeuanue): ABB indicators — nokasarenn KOC; control group — xonrposbhas rpymnmna; group of NFC (nasopharyngeal
cooling) — rpymma ¢ HazodapuHTeanTbHbIM OXTakaeHneM; before cooling — mo oxmaskaenus; after cooling — mocsie oxmaskrenus; arte-
rial blood — aprepnanbuas kposb; venous blood — BenosHast KpoBb.

Ta6.7mua 2. Cocrosinue CBeprIBalO].l.leﬁ CHUCTEMbI KPOBA 60JIbHBIX NIpU HEUHBA3UBHOM METO/I€ OXJIAKAE€HUS TOJIOBHOT'O

mo3sra, M+m.

Table 2. State of blood coagulation of patients during non-invasive methods of brain cooling, M*m.

Clotting indicators Control group (n=52)

before cooling after cooling

P Group of NFC (n=80) P
before cooling after cooling

Blood clotting time (min):

start 3.8%0.8 4.1%1.0

end 4.5+0.9 4.5+0.9
Fibrinogen (g /1) 4.6£1.0 4.4%0.9
Platelets (x10° / L) 223.7+7.2 173.0£6.1
Fibrinolytic activity (mg /%) 161.8+5.63 122.1£5.15
Prothrombin index (%) 70.2+3.6 77.5%3.8
Retraction of the bunch (%)  38.7+2.7 37.0+£2.6
Hemoglobin (g / L) 107.9+4.5 107.7+4.3
Hematocrit (%) 36.1+£1.4 35.4+1.2
Trombotest (degree) 5.3+0.5 4.940.5

>0.05 4.0x0.5 4.4%0.5 >0.05
>0.05 4.1+0.5 4.5%0.5 >0.05
>0.05 3.2+0.5 3.1£0.4 >0.05
>0.05 246.4%3.8 236.5+4.0 >0.05
>0.05 134.5%3.0 154.5+3.0 >0.05
>0.05 77.6£2.3 79.4%2.4 >0.05
>0.05 44.0£1.7 46.6+1.7 >0.05
>0.05 97.0£1.9 98.5+2.0 >0.05
>0.05 33.4%1.0 33.4+0.9 >0.05
>0.05 4.3+0.4 4.2+0.4 >0.05

Note (npumeuanue): Clotting indicators — nokasarenu cseproiBaemMoctu; blood clotting time (min) — BpeMmsi cBepTBIBAEMOCTH
kpoBu (Mun); start — mavasno; end — konerr; fibrinogen — ¢ubpunoren; platelets — rpomGonmrsr; fibrinolytic activity — ¢ubputo-
JIUTHYECKast aKTUBHOCTD; prothrombin index — mporpom6uHOBEI nHAEKC; retraction of the bunch — perpakuus crycrka; hemo-
globin — remorsobun; hematocrit — remaroxpur; trombotest (degree) — Tpom6Gorect (crenenn); control group — KOHTpoOJIbHAs
rpymma; group of NFC (nasopharyngeal cooling) — rpynna ¢ nasodapunreanbubim oxsaxaernnem; before cooling — mo oxmasxie-

nust; after cooling — nocie oxuaskaeHus.

MM pT. cT. — 10 HOI'M mo +2,90+0,19 — mocse nero) — B
snauennu BE (p>0,05).

V3 Tabsuipl 2 BUAHO, YTO B KOHTPOJIBHON IPYIIIE He
OTMeYaeTcs CTaTUCTHYecKn 3Haunmoro Biangaus HOI'M
Ha CBEPTHIBAOIIYIO CUCTEMY KPOBH.

[Tox Bmuganem HOI'M B uccseyemotii rpyme mpo-
HCXOANT n3MeHenue yposHs BE, xak B aprepuaibpHOii, Tak
¥ BEHO3HOW KPOBU MIPH He3HaunuTeIbHOM casure pH Brpa-
BO, KOTOPBIN He BBIXOAUT 3 MPeeIbl HOPMATHHBIX (hr3u-
OJIOTMYECKNX 3HadeHuit (tabor. 1).

Tax, mokazarens BE B aprepuaspHOll KpoBU cMec-
tuiics ¢ -2,06+0,20 mm pr. ct. 10 HOTM 10 -0,91£0,24 Mmm
pt. ct. (p<0,001) — mocxe wmero, mpu pH 7,430+0,053 u
7,410+0,048 (p>0,05) cooTBeTCTBEHHO.

B Benosnoit kpoBu mapamerpsl BE cocraBuan
-2,81+0,70 u -0,27+0,06 mm pr. cT. 10 1 tocie HOI'M co-

Hg (Art.) before NIBC up to 2.90+0.19 after NIBC
(P>0.05).

Table 2 shows that in the control group thre is no
statistically significant effect of NIBC on blood clotting.

In study group, NIBC affected BE level changes in
both arterial and venous blood, with a slight (not signifi-
cant) right shift in pH, which, however, corresponded to
the normal physiological values (Table 1).

Thus, the rate of arterial BE shifted from -2.06+0.20
mm Hg before NIBC to -0.91+0.24 mm Hg (P<0.001) —
after NIBC at pH 7.43020.053 and 7.410+0.048 (P>0.05),
respectively.

In venous blood BE values were: -2.81+0.70 and
-0.27+0.06 mm Hg, before and after NIBC, respectively
(P<0.001) at pH 7.364%0.078 and 7.384+0.085, before and
after NIBC, respectively (P>0.05).

OBIJAA PEAHMUMATOAOI M, 2015, 11; 4

www.reanimatology.com

47



48

. Brain Injury

DOI:10.15360,/1813-9779-2015-4-41-50

orBercTBeHHO (p<0,001) npu pH 7,364+0,078 — no
HOTM u 7,384+0,085 — mocse oxmakaenus (p>0,05).

B uccaeyemoii Tpyiiie He OTMEUAETCS CTAaTHCTHYEC-
KM 3HAYMMbIX H3MEHEHUIT CBEPTHIBAIOIIEH CHUCTEMbI KPOBH
npu HOT'M (tabua. 2).

[Toyemy B MiccaeOBAaHIY Mbl M3yYaJil OCHOBHbIE Ta-
pametpsl cBeprbiBaeMocT 1 KOP y GOJIbHBIX ¢ TsKeJI0i
YMT npu ocymecrsaennn HOTM?

B nanHoe Bpems 1pobiieMa COCTOSIHUS CBEPTHIBAO-
el U KMCJIOTHO-OCHOBHOW CHUCTEM KPOBM IIPH THUIIOTEP-
MHUHU OCTAeTCsI HEPEMIEHHOH, T.K. UMEIOTCSI BeCbMa TPOTHU-
BOpeuUMBbIe JaHHble uccaenoBanuii [1, 4—14], a nannsie o
BJIMSIHUM JIOKQJbHON THUIOTEPMUU TOJOBHOTO MO3ra Ha
YKa3aHHBIE TaPaMETPBI B JIOCTYITHOH MUPOBOI JINTEpaType
BOBCE OTCYTCTBYIOT, HECMOTPSI Ha TO, YTO Pa3BUTHE TPOM-
6GOTHUECKUX WU, HA0OOPOT, reMOPPArHYECKUX OCIIOKHE-
HUI BecbMa vyacroe siaenue [20].

B npuBenennbix Tabmiax orpaskeHa auHamuka pH,
razoBoro cocraBa (cM. Tabs. 1, 3) W KoaryJsIIHOHHBIX
CBOICTB KpoBU (CM. Tabil. 2, 4) B 3aBUCUMOCTH OT YPOBHS
CHIKEHMS TeMIIepaTypbl MO3Ta TIPU PA3JIMYHbBIX METOJMKAX
HOTI'M. Ykazanbl cpe/iHie 3HaY€HUsT KaxK/I0T0 TTOKa3aTeIst
B Hayvase M KOHIle rurorepMun. J[ocTOBEPHOCTh CTATUCTH-
yecku 06pabOTaHHbIX JJaOOPATOPHBIX MTOKA3aATEJIEeH CBEpPThI-
BaoIel CHCTEeMbl KPOBH OOJIbHBIX KAK KOHTPOJIbHOM IPyII-
nbl 6e3 npumerernss HOO (Msrkoil runorepMun), Tak u
nccaenyemoii ¢ mpumvenerrem HDO cocrasmma >0,05 (te-
JIOCTOBEPHBII 110KA3aTENb), T. €. TIPOBOJIUMAsT THUIIOTEPMHUS
TOJIOBHOTO MO3Ta HM B OJIHOM CJIyyae He BbI3bIBACT KAKUX-
J00 U3MEHEHUH B CBEPTHIBAIOIIEH cUCTEeME KPOBU.

B KOC BbisiBIIeHbI caeiytonie usMenenus. B kon-
TPOJIBHOI 1 uccaexyemoii rpynnax HOI'M npusoanio x
casury pH aprepmanpHOil KpoBU BIIPaBoO, T.€. B CTOPOHY
yMepeHHOTro ankasiosa. Orpurnaresnbuble 3HaueHuss BE
CTAHOBSITCS MOJIOKUTEIbHBIMU KaK B apTePUaJIbHOI KPO-
BM B KOHTPOJIBHOU TPYIITIE, TAK U aPTEPUANbHON U BEHO3-
HOIl — B HCCJIeyeMOll, TIepeXo/sl U3 COCTOSTHUS leDUIIn-
Ta U MOBBINIEHHOrO 00pa30BaHUs IS TIPEAOTBPAIEHUS
alUIeMYECKHX SIBJIEHUI B COCTOSIHUE JIOCTaTKa U CHU-
SKEHHOM MPOJAYKINU. ITOT (HAKT CBUAETENBCTBYET O TOM,
4yto B nporecce HOI'M npoucxoaut TopMOKeHUe Mpo-
1eccoB 06pa3oBaHUs MOHOB BOAOPOJA BCJIEJICTBUE CHU-
SKEHUST UHTEHCUBHOCTH MeTab0JIMueCKUX IIPOIECCOB, pe-
nyrupyeTcs Koag@uImneHT KUCIOPOJHON TOCTYITHOCTH
[21, 22]. Cuukenne MeTaboM3Ma CBSI3aHO € yMEHbIITe-
Huem npoaykiun CO,, 4TO MPUBOJUT K PECITUPATOPHO-
MY QJIKaJIo3y in 0ivo, KOTAA Y OXJIAXK/CHHBIX MalIeHTOB
MUHYTHAasl BEHTUJISIINS He U3MEHEeHa, HeCMOTPs Ha (hakT,
YTO Tas3bl aPTEPUAIbHOIN KPOBHU, U3MEPEHHbBIE TIPU KOM-
HATHOI TeMIeparype u HeKOPPUTUPOBAHHBIE /IS TEMITE-
paTypsl Teja, TTOKA3bIBAlOT HOPMATbHBIN ypoBeHb pH
[3]. Kpome Toro, npu cCHUMKEHUU YPOBHST OOMEHHBIX IIPO-
IIECCOB B COCTOSTHUHN TUTIOTEPMUN TPEOYETCST 3HAUNTEb-
HO MEHDIIee KOJUIECTBO IHEPTUU s 00ECTTeTeHST
JKU3HEESITeJIbHOCTH OPraHu3Ma, BCJIECTBUE Yer0 OTHO-
CUTEJTPHO YBEJUYUBACTCS YEJbHBIN BeC PEaKIMil MeH-
To30(ocdaTHOro IMUKIA B IUTOIITIA3Me KJIETOK U TJIHKO-
Jin3a B MUTOXOHApUsX [23].

In the study group there were no statistically signif-
icant changes in blood coagulation during NIBC (Table 2).

Discussion. Why in this study the basic parameters
of coagulation and ABB in patients with severe TBI dur-
ing the implementation NIBC were observed?

At this time, the clinical problems connected to the
state of coagulation and acid-base systems of blood during
hypothermia remain unsolved because of conflicting
research data [1, 4—14]. Moreover, data clearly demon-
strating impact of local cerebral hypothermia on these
parameters are scarse, despite the fact that the develop-
ment of thrombotic or, conversely, hemorrhagic complica-
tions very common events [20].

Presented data reflect the dynamics of the pH and
gas composition (see Table 1) and the coagulation prop-
erties of blood (see. Table 2) depending on the tempera-
ture reduction of the brain under different techniques of
NIBC (said average values of each index at the beginning
and end of hypothermia). Since statisticaltreatment of
laboratory data did not rveal differences between study
and control groups, one might conclude that the brain
hypothermia in no case caused any changes in the blood
coagulation system.

Following changes were revealed when the ABB
values were evaluated. In the control and study groups
the NIBC skewed the pH of arterial blood to the right, ie,
towards the moderate alkalosis. Negative BE values were
converted to positive ones in arterial blood (control
group) and arterial and venous blood (study group).
These data demonstrate moving from deficient and to
increased BE formation to prevent acidemia. This fact
shows that the during the process of NIBC the formation
of hydrogen ions is inhibited due to decreased metabolic
rate and the availabily of oxygen is reduced [21, 22].
Reduced metabolism is associated with a reduction of
CO, production that leads to respiratory alkalosis in vivo,
when in cooled patient the minute ventilation is not
changing despite the fact that arterial blood gases, mea-
sured at room temperature and uncorrected for a body
temperature, display normal values leading to normal pH
values [3]. Furthermore, when the level of metabolic
processes in hypothermia is decreased and requires signif-
icantly less energy to ensure the viability of the organism,
the proportion of the pentose phosphate cycle reactions
in the cell cytoplasm and mitochondria glycolysis is rela-
tively increasing [23].

In this regard, alkalizing infusion therapy for
patients with severe head injury should be carried out
strictly under the control of ABB. Despite the increase in
the excess acid in the blood, alkalizing agents should not be
administered, since this can cause alkalosis after NIBC and
occurrence of a number of disorders that significantly
hardly to block [24] than acidemia states.

Thus, the analysis of ABB in patients with severe
TBI demonstrate a need to prevent further development of
alterations by adjusting the composition of the gas mixture
during ventilation by changing such parameters as respira-
tory rate and oxygen content of the breathing mixture.
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I‘Iepel'[HO—l\/\OSI‘OBa}I TpaBma

B cBs3u ¢ aTMM MHDY3MOHHYTO OIIETAYUBAIOILYIO Te-
panuio 60JbHBIM ¢ TsKes10i M T Heo6X0ANMO TIPOBOAKTH
crporo nox KoHTposeM KOC. HecmoTpst Ha Bo3pacTanme
u30bITKA KMCIOT B KPOBHU, BBOAUTH OIIEJAYNBAONINE TIPE-
TapaThl He CJIEYET, TIOCKOJIBKY 3TO MOKET MPUBECTH K aJi-
kamozy mocse HOI'M-BmermarebcTBa ¢ BOSHUKHOBEHHEM
psijia PacCTPOICTB, KYNUPYIONUXCS 3HAYUTETBHO TPY/IHEEe
[24], yem anmpeMuvecKyIe COCTOSTHUS.

Takum o6pazom, ananuz KOC GOIbHBIX ¢ TSKENON
YMT ykasbiBaeT Ha HEOOXOAMMOCTb MPEAYIPEKICHUS
pasBUTHUSI B HEM M3MEHEHMIi TTyTeM KOPPEKIUU Ta30BOTO
COCTaBa MOJAABAEMON JIBIXATEIBHOI CMECH 3a CYeT M3MeHe-
HreM Takux nmapametpos VIBJI, kak yacToTa ApIxanuii n co-
JiepKaHue KUCJOPO/ia B JIbIXaTEeTbHON CMECH.
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Yeranosneno, yto mpu ocymectsirernn HOI'M
GosbHbIM TsKeI0l UMT s npeaynpeskiaeHuss Metabo-
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Conclusion

It was found that when implementating the NIBC in
severe TBI patients for preventing metabolic disorders, it
is necessary performing the correction of gas composition
of the breathing gas by changing such parameters of
mechanical ventilation as respiratory rate and oxygen con-
tent in the mixture in advance. Local cooling of the brain
to 32—34°C does not affect the blood clotting.

JIMYECKUX PACCTPONCTB yIKe 3apaHee HEOOXOIMMO TIPOBO-
JUTH KOPPEKIMIO Ta30BOTO COCTaBa IIO/aBaeMOIl [IbIXa-
TEJIbHOI CMECH MyTeM U3MEHEHUs TaKUX TapaMeTpoB HC-
KYCCTBEHHOW BEHTHJISIIIIH JIETKUX, KAK YaCTOTA IbIXaHUSI 1
coziepKaHue KUCIOpoaa B cMecH. JIokalbHOe OXJIasKIeHIe
ToJI0BHOTO Mo3ra 710 32—34°C He BJWseT HAa CBEPTHIBAIO-
IIYI0 CUCTEMY KPOBH.
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nMm. A. . EBroxumoBa Munsapasa Poccun, Mocksa, Poccust
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° HarmoHaJ IbHbII HCC/Ie0BATEIbCKUI MEUIINHCKUN YHUBEPCUTET
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$ Hay4mbIil eHTp cepaedno-cocyaucroit xupypruu um. A. H. Bakynesa, Mocksa, Poccust
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Diagnosis of Impairments in the Hemostatic System
in the Use of Warfarin in Cardiac Surgical Patients
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Ileaw paGomot. Boisiienne paHHIX U3MEHEHHIT B CHCTEMe reMOCTasa PU Tepaniy BaphapuHoOM y KapHOXUPYPIUYeCKUX GOIBHBIX
IyTeM KOMILIEKCHOIi OLIeHKH FeMOCTATHYECKOTO CTaTyca nauyenros. Mamepuaist u memoowt. VicciaeoBato 75 nauyeHTos, poxo-
IIMBIINX Kap/IMOXUPYpPridecKoe Jeyetne. Bee nanpentnt nomyyam apdapuH (IIPOIOLKUTEIBHOCTH JIeYeHus! GoMbHBIX — 51,5 cy-
TOK). JUJI51 OLIEHKH F€MOCTATHYECKOTO CTaTyca GOJIbHBIX HCIIOIb30BAN JaG0PATOPHBIE METO/Ibl, BKIIOYAIONIME ONpe/ieIeHHe PYTHH-
HBIX NOKasareleil koaryJorpammsl, TpombomHamuky (Bpemst 3anep:xku Tlag u cxopocru pocra crycrka (Vs), HccienoBanust
kouuenrpamun II, VI, IX, X dakropos). Pesyaomamo:. YcraHoBIeHO, uTo Y 28% GoibHbIX nokasareas MHO Haxomuics B o6ractu
cebme 3.0. Yeranosnena koppensimust Tlag ¢ MHO (R?=0,66). O6a nokasareJisi (MEIOT CPABHUTEIBHO BHICOKYIO KOPPEJISIIHIO € KOH-
uenrpamueit FIT u FX (R*=0,50 u 0,40 nns Tlag, R*=0,53 u 0,48 1yt MHO) u He koppempyior ¢ konnentpanueii FIX (R*=0,20 s
Tlag u 0,34 s MHO). Onnako HaGmoznaercst pacxoskaeHue B ciaydae kouuenrpaiuu FVILE: koppensmus s Tlag orcyrerByer
(R*=0,20), Torna kak aast MHO ona nocrarouno Beicoka (R*=0,42). ITapamerp Vs He koppemmpyer ¢ MHO (R’=0,24) u koHeHTpa-
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Hemostatic System

mueii paxropos ceeproBanus (R’<0,1). OGHapy:keHa BbICOKasi KOppeJsiusi Mexay komuenrpamusivu gaxropos FII u FX
(R?=0,87), Koppesiusi MEK/Ty KOHIEHTPAIMSIMU BCeX APYruX nap (akropos ceeprbiBanus cymecrsenno Huske (R’<0,45). Oteyr-
CTBUE KOPPEJISINH TAKOTO IIOKA3aTEs TPOMOOIMHAMUKH KAK CKOPOCTh POCTA CTYCTKA OT KOHIIEHTPAIUU (haKTOPOB YKa3bIBaET Ha TO,
yro Bap(apHH JeiCTBYeT PeUMyIecTBeHHO Ha (a3y aKTHBAIMH CBEPTbIBaHKsI, HO He Ha (ha3y PaclpoCTPaHeHHsI CTyCTKa. 3aKiio-
uenue. Cabast Koppessiuysi paKTopoB cBepTHIBAHMSI MEK/LY c000ii (3a nckmouenrem napol dakrop II — dakrop X) ykassiBaer Ha
HH/IUBH/Iy AJIbHBIA OTBET GOJbHBIX HA JieueHue Bap(hapuHOM U HEOOXOUMOCTh MOHHTOPHHIA COCTOSIHIS TEMOCTa3a He M0 OTAEJbHbIM
OeskaM, a rodanbHbiMu Tectamu. Ilapamerp Tlag B tpomGoanHamuke otpakaer apdekr Bapdapuna nponopiponanmsio MHO. Bap-
¢apuH npakTHYECKH He BIMSIET Ha CKOPOCTh POCTA CTYCTKa VS, I09TOMY /IAaHHBII TapaMeTp MOKHO HCIIOJIb30BATb /IS OLIEHKH POKO-
aryJISIHTHOTO COCTOSIHYSI NIAIMEHTa, He KoMIleHcupyemoro npremoM Bapdapuna. Knouegoie cnosa: Bapdapu, remocras, pakropbt
CBEPTBIBaHHU, TPOMOOIUHAMUKA.

Objective: to reveal early changes in the hemostatic system during warfarin therapy in cardiac surgical patients, by comprehensive-
ly evaluating their hemostatic status. Subjects and methods. Seventy-five patients receiving cardiac surgical treatment were exam-
ined. All the patients took warfarin for 5+1.5 days. Laboratory studies involving the determination of routine coagulogram readings
and thrombodynamic indicators (lag time (Tlag) and rate (Vs) of clot growth, and concentrations of individual Factors II, VI, IX,
and X) were used to evaluate the patients' hemostatic status. Results. 28% of the patients were found to have an international nor-
malized ratio (INR) of above 3.0. There was a correlation of Tlag with INR (R*=0.66). Both indicators were comparatively highly
correlated with Factor IT and Factor X concentrations (R*=0.50 and 0.40 for Tlag; R*=0.53 and 0.48 for INR) and were uncorrelat-
ed with Factor IX levels (R?=0.20 for Tlag and 0.34 for INR). However, there was a difference in Factor VII concentrations: no cor-
relation for Tlag (R?=0.20) whereas it for INR was rather high (R*=0.42). The index Vs was uncorrelated with INR (R*=0.24) and
the concentration of blood coagulation factors (R’<0.1). There was a high correlation between Factor IT and Factor X concentra-
tions (R*=0.87); the correlation between the concentrations of all other pairs of coagulation factors was substantially lower
(R?<0.45). The lack of correlation of a thrombodynamic indicator, such as clot growth rate, with the concentration of coagulation
factors points to the fact that warfarin acts mainly on the phase of coagulation activation rather than that of clot propagation.
Conclusion. The weak correlation between coagulation factors (except that of a pair of Factor IT and Factor X) is indicative of the
individual response of the patients to warfarin treatment and the need to monitor the hemostatic status by global hemostatic tests
rather than by individual proteins. The thrombodynamic indicator Tlag reflects the effect of warfarin in proportion to INR. Warfarin
virtually fails to affect the rate of clot growth so this indicator may be used to evaluate the patient's procoagulant status uncompen-
sated for with warfarin intake. Key words: warfarin, hemostasis, coagulation factors, thrombodynamics.
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BBenenne

AHTUTPOMOOTHYECKAST TEPAITUS IUPOKO IPUMEHSIET-
Cs1 B KJIMHUYECKOI TIPAKTUKE [ TPOMUIAKTUKY U Jiede-
Hust TpoMboambonnueckux ocnoxuenuii (TIO). C nesbio
poBe/ieHnst nTeabHoi npoduaktukn TIO mmpoko
NCTIONB3YIOTCST HenpsiMble aHTukoary istHTel (HAK). Han-
6ouiee apexTuBHbII Tpenapar us rpynmnsl HAK — Bapda-
puH. COrJacHO COBPEMEHHBIM KJIMHUYECKUM PEKOMEH/1a-
usiM, HAK mimpoko npuMeHsiioTest B JiedeHun OOJIbHBIX ¢
MIPOTE3UPOBAHNEM KJIAMTAHOB CEP/IIA, /IJIsI KOTOPBIX OH SIB-
ssiercst GesabrepHATUBHBIM IpenapatoM [ 1, 2, 4—9].

OCHOBHYI0 ONACHOCTb VISt KU3HU GOJIBHBIX C HC-
KYCCTBEHHBIMH KJIallaHAMU CEP/Ia MPECTABISIOT TPOM-
6oambosmueckre ocaokHeHus. Puck passurus Tpom6o-
32 MCKYCCTBEHHOTO KJallaHa — JKM3HEYTPO’KAIOIIero
ocsiokHeHwus, npu otcytcTBun Tepanun ABK nocturaer
8—22% o1 001ero 4ucjaa BBIIOJIHEHHBIX OlEPATUBHBIX
BMeIaTesabeTB B rog [10—12].

B macrosmee BpeMs 0Ka3aHo, 4To JedeHue Bapda-
PUHOM pEAYIUPYET PUCK BO3HUKHOBEHMS] CHUCTEMHBIX
TpoMO0aMOboIMii Ha 75% TI0C/Ie epecagkn MEXaHnIeCKUX
kyamanos [2, 5, 6]. BmecTe ¢ TeM, CTOJTH ke OUeBUIHO, UTO
MMEHHO YKa3aHHas IPYIINa OCJAOXKHEHUI B 3HAUNTETbHOM
CTETEeHN yXY/IIIAeT IPOTHO3 TeUEHUSI TIOCIe0NePAIIMOHHO-
IO II€PUOJIA BCIEACTBUE 0OBEKTUBHOIL CIOKHOCTU BBITIOJI-
HEHUS TIOBTOPHBIX XUPYPruuecKux BMmerartesnbcT. Ciie-
JIyeT OTMETHUTH, 4TO y OOJbHBIX ¢ Guonporesamn 6e3
dhakTopoB pucka TPOMGOIMOOTIUIECKUX OCJHOKHEHUH,
murenbHocTh Tepanun ABK cocraBisier ne menee 3 me-

carnes [3, 10, 13—15].

Introduction

Antithrombotic therapy is commonly employed in
clinical practice in order to prevent and treat thromboem-
bolic complications. Indirect anticoagulants (IAC) are
commonly used for the long-term prophylaxis. The most
effective drug from the TAC group is warfarin. According
to current clinical guidelines TAC are commonly used for
treatment of patients with artificial heart valves; in these
cases only warfarin is indicated [1, 2, 4—9].

The main risk factor for the life of patients with arti-
ficial heart valves is thromboembolic complications. The
risk of thrombosis of artificial valve without anticoagula-
tion therapy reaches 8—22% of the total number of surgi-
cal interventions per year [10—12].

Warfarin therapy has been proven to reduce the risk
of systemic embolism by 75% after the transplantation of
artificial valves [2, 5, 6]. However, it has become clear that
this group of complications significantly worsens the prog-
nosis of postoperative period because of the objective diffi-
culties of performing of repeated surgical interventions.
The anticoagulation therapy with TAC is to last not short-
er than 3 months in patients with bioprotesis without
additional risk factors of thromboembolic complications
[3, 10, 13—15].

The effectiveness and safety of the early stages of
warfatin therapy is bound to the issues of adequate control
of hemostasis system condition. To minimize the risk of
haemorrhagic and thromboembolic complications when
selecting the initial warfarin dose, the correct methods of
laboratory diagnostics should be used indicating the
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Cucrema remocrasa .

Bonpocer addexTuBHOCTH 1 6E30MaCHOCTH PaHHUX
ATANoB BaphapuHOTEPAITII TECHO COTIPSIKEHBI ¢ BOIIPOCa-
MU a/IEKBATHOTO KOHTPOJISI COCTOSTHUS CHCTEMbI TEMOCTa3a.
C 11e/1b10 MUHUMU3AIUN PUCKA PA3BUTUS TeMOpparmiec-
KMX U TPOMOOIMOOIMYECKUX OCTOKHEHUI mpy moabope
HavyaJIbHOI 7103bl Bap(apuHa 11e1eco000pasHo UCIOIb30Ba-
HUE KOPPEKTHBIX METOAO0B JabOPATOPHON AMArHOCTHKM
M3MEHEHWIT B CHCTEME TEMOCTa3a, CBUECTENBCTBYIOMNX 06
0COGEHHOCTSX MHAMBUYATIbHOI UYBCTBUTEIbHOCTH O0JIb-
HOTO K npernapary. VI3BecTHO, Ipu JOCTUKEHIE He0OXO01u-
MOTO YPOBHsI TUIIOKOAryJIsIU TpebyeT HasHaueHne OKOH-
yaTeJSbHON JIO3UPOBKHU TIperiapaTa, XapakTepU3yIOIIXCs
20-KpaTHBIM TIPEBBITIIeHIEM HCXoaHoM (0T 1,25 10 25 MT B
cytkn) [7-9, 15—17].

B nacrosmuii BpeMs B 1aG0paTOPHON MPAKTHKE HC-
MOJIB3YIOTCSl TECTBI CHCTEMBI TEMOCTAa3a, KOTOPBIE MOXKHO
pasziesuTh Ha Ba BuAA. [1epBblii — <«JIOKaJIbHbBIE» TECTHI,
pe3yJIBTaThl KOTOPBIX MO3BOJISIOT OXapaKTePU30BaTh CO-
CTOSIHUE OT/IETIbHBIX (DAKTOPOB MJIN 3BEHbEB KACKA/THOH pe-
akiuu. B ¥X 4KcI0 BXOAST PYTUHHBIE, €3Ke/THEBHO UCTIOJIb-
3yembie TecTbl, Takue kak AUTB, nporpoMOuHOBOE BpeMst
(IIB), nporpomburossbiii unaexc (ITTI), mexkayHapoaHoOe
HopMmas3oBaHHoe otHomieHre (MHO), ¢ubputoren u
Psill IpyTUX noKazareseid. Bropoit — «roGasnbHbie» Koary-
JIOTMYECKHE TECThI, Pe3YJIBTaThl KOTOPBIX TO3BOJISIOT OIle-
HUTb PabOTy CUCTEMBI reMOoCTa3a B 1eioM [18—25].

[IpoBenennbrit HaMy JTUTEPATYPHBIN MTONCK TIO pac-
cMaTpuBaeMoil 1pobieMe IOKa3a, 4TO IMePCIeKTUBbI
HOBBILIEHUS] 00BEKTUBHOCTH M KAUECTBa B OIIEHKE COCTO-
SIHUSI CUCTEMbl T€MOCTa3a BO3MOXKHO TIPU BbITIOJHEHUN
KOMILJIEKCa JJaDOPATOPHBIX UCCIEA0BAHUN, BKIIOUAOIIIX
KakK IHPOKO MCIIOJb3yeMble B PYTUHHOI MTPAKTUKE «JIO-
KaJIbHbIE» TECThI, TAK U «IJI00AIbHBIE» KOATYJOINYECKUE
metosl [18—25].

[TpuHuMasi BO BHUMaHUE W3JIOKEHHOE, 1€JIbI0 Ha-
crostiieil paboThI SIBJISIIOCH BBISIBJICHHE PAHHUX U3MEHE-
HUI B CHCTEME TeMOCTa3a IMpH JiedeH BaphapuHOM y
KapAUOXUPYPIrUUECKUX OOJIbHBIX MyTeM KOMILIEKCHOI
OIIEHKU X TeMOCTATUYECKOTO CTATyCA.

Marepuan u MeTObI

BbIMmoTHEeHO MHOTOIEHTPOBOE KJIMHUKO-Tab0PaTOpHOE TIC-
CJIEJIOBAHUE COCTOSTHUSI CUCTEMBI TEMOCTasa y 75 GOJBHBIX Kap-
JMOXUPYPTHIECKOT0 TPOGUIIS B CTAMMHU TTOA60PA CTAPTOBOIA 10351
BapdaprHa B MOCTONEpaliioHHOM Tiepuoze. VccsenoBanme BbI-
[OJIHEHO Ha CJeAYIOMIX KianHndecknx 6asax: GITBHY «Hayu-
HBII TIEHTP cepevHo-cocyaucToit xupypruu um. A. H. Bakyuse-
Ba», (OIBY «3-ii 1eHTpaTbHBI BOEHHBIN KIMHUYECKUIT
rocrimtanb uM. A. A. Buimnesckoro» MunncrepcerBa 060pOHbI
Poccuiickoit Mepepanuu, OI'BY «Denepaibhblii HaydHO-KJIH-
HUYECKHIT IIEHTP AETCKOI TeMaTOJIOTHI, OHKOJIOTUN 1 IMMYHOJIO-
run umenu J[mutpus PoraueBa» MuHUCTEPCTBA 3/[paBOOXpaHe-
nust Poccuiickoit Menepariui.

[TokazanmeM K TOCITUTAIU3AINI SIBJSLTACH HEOOXOINMOCTh
MPOBE/ICHUS OTIEPATUBHOTO BMEIIATEIBCTBA B 0OBEME MTPOTEZNPO-
BaHU KJIAllaHOB (A0PTaJIbHOTO, MUTPAJIbHOTO), COYETAHHBIX Olle-
panuii KOpOHApHOTO NIYHTUPOBAHUSA W TIPOTE3NPOBAHUS Kjarla-
nos. Cpeanmii Bozpact GosbHbIX coctaBui 59,7£9,75 ner. Bee
GoJIbHbIE BIIEPBbIE HAYAIM MOJYYaTh BaphapuH IO CYIIECTBYIO-
memy crangapry [1].

patient's individual sensitivity to the drug. Sometimes a
dosage of warfarin needed to achieve the anticoagulation
effect is 20 times greater than the initial one (ranging from
1,25 mg to 25 mg per day) [7—9, 15—17].

The laboratory tests of the hemostasis system that
are employed nowadays can be divided into two types. The
first group includes so-called «local» tests. They indicate
the condition of individual coagulation factors or definite
stages of cascade coagulation reaction. These tests include
such routine tests as APTT, prothrombin time (PT), pro-
thrombin index (PTI), international normalized ratio
(INR), fibrinogen, and several other indicators. The sec-
ond group includes «global» tests that allow evaluating the
function of the whole coagulation system [18—25].

According to published data, the prospects for
improving the accuracy and quality of the assessment of
hemostasis is performing complex laboratory tests, includ-
ing both «local» tests commonly used in routine practice
and «global» coagulation tests [18—25].

Therefore, the aim of this study was to detect early
changes in the coagulation system during warfarin therapy
in cardiac surgery patients through a comprehensive
assessment of their hemostatic status.

Materials and Methods

A multicenter clinicaland laboratory study of hemostasis was
performed in 75 cardiac surgery patients initiated at the stage of
selection of the initial warfarin dose in postoperative period. The
patients for the study were collected from thefollowing clinical
institutions: Scientific center of cardiovascular surgery named after
A. N. Bakulev, The Third Central military clinical hospital named
after A. A. Vishnevsky, Federal scientific clinical centre of pediatric
Hematology, Oncology and immunology named after Dmitry
Rogachev.

The main indication for hospitalization was the need in valve
replacement (either aortic, or mitral), combined coronary bypass
grafting and valve replacement. The mean age of the patients was
59.7£9.75 years. All the patients started warfarin therapy accord-
ing to the existing guidelines [1].

All the patients were divided into three groups in accordance
to. The first group (with INR values lower than 2) included 24
patients; the second (values of INR varied from 2,0 to 3,0) included
30 patients, and the third (INR values were greater than 3,0) includ-
ed 21 patients. The duration of warfarin therapy was 5+1,5 days.

All the patients underwent complex clinical, instrumental and
laboratory examinations during the postoperative period. The labora-
tory tests included determination of coagulation indicators (APTT,
INR, fibrinogen level) in dynamics; thrombodynamics (estimated
parameters of spatial fibrin clot growth: the delay time of clot growth
(lag-period, Tlag), the initial and stationary rates of clot growth (Vi
and V5s), clot size after 30 minutes (CS) and intensity of light scatter-
ing from fibrin clot (D); laboratory analysis of concentrations of
selected coagulation factors (11, VII, IX, X). Statistical processing of
the data was performed using the program STATISTICA 7.0.

Results and Discussion

In 28% of patients (21 of 75) INR values were
greater than 3,0 that exceeded the limits of the reference
values. In 9,5% of patients (2 of 21 patients) had boundary
values of INR (varied from 3.5 to 4). In all the patients the
time of delayed clot growth was either normal, or hypoco-
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B saBucumocTu or 3HaveHuil mokasarenss MHO 6brio
copmupoBano Tpu rpymibl 6osabHBIX: HepBast rpynmna ¢ MHO
Menee 2 — 24 GoabHbIX; Bropas — ¢ MHO or 2,0 x0 3,0 — 30
6osbHBIX 1 TpeThbs — ¢ MHO 6osee 3,0 — 21 6osbHoii. [Tpogoi-
SKUTEJIbHOCTD JiedeHnst Bap(MapuHOM TIPU TIPOBEIEHIH NCCIIE0-
BaHUs coctaBuia 5+1,5 cyTok.

BosbHbBIM TPOBOINIIOCH KOMIIJIEKCHOE KJIMHUKO-HHCTPYMEH-
TasxbHOE, TabopaTopHOE 0OCIEOBAHNE B T€UEHNE TOCTOEPAIII-
OHHOTO HepHo/a.

JlaGopaTopHOE UCC/IeIOBAHNE CHCTEMBI TEMOCTA3a IPOU3BOII-
s Ha aBToMaTndeckoM koaryiaomerpe ACL 9000 (Instrumentation
Laboratory, CIITA) ¢ ucrosib3oBatuem peareHtos Instrumentation
Laboratory, CIITA. BoirosiseHo uccseioBaine cTaHAapTHBIX TTOKa-
3areseii koarymorpammsl (AYTB, MHO, ¢hubpnnorena); KOHIEHT-
paruu oTesbHbIX (hakTtopoB ceprhiBanust — 11, VII, IX, X; npoana-
JIM3UPOBAHBI  TTOKA3aTeq  TPOMOOAUHAMUKN  (OIEHUBAJNCDH
MapaMeTphbl MPOCTPAHCTBEHHOTO pocTa (hUOPHMHOBOTO CIyCTKA: Bpe-
Msl 33JIEPJKKH POCTa crycTka (Jar-iepuot, Tlag), cKopocTb pocta
crycrka (V). Tect TpoMOOMHAMUKK BBINOJIHEH Ha «Perucrparope
Tpomboamuammkn T-2» (Temakop, Poccnst). Cratnctundeckast o6pa-
6orka 1 posoro Marepuasa Boinosisena Ha I1K ¢ ncnosp3oBanuem
mporpammbl OriginPro 8.5, Bbranc/isiim cpejiHee 3HaYeHe BeJTNYN-
Hel (M), cTaHmapTHOE OTKJIOHEHHE OT cpefHero (o), KoadhuImenT
koppessituu Criipmena (7) u koaddurment aerepmunanmu (RY).
JL1s1 cpaBHEHUS KOIMYeCTBEHHBIX TT0Ka3aTelell B TPYIIIaX 1 olpeie-
JIEHUST PA3INYIil MEXKLy HUMH HMCIIOJb30BATN HETTAPAMETPUYECKIIT
U xpurepuit Manna- Yutnu. Pasinuuus cuntany J0CTOBEPHBIMU IIPU
yposte 3uaunmoctu p<0,05.

[Tpu ycraHOBIIEHIH KOPPEJISIIINU PYKOBO/JICTBOBAJIIICH CTaH-
naptHoit kiaacendukanueit: 7 or 0,0 1o -0,25 u 1o +0,25 — orcyr-
creue cBsizu; r ot 0,26 no 0,5 (or -0,26 o -0,5) — ymepennas
cBs3b; 70T 0,51 10 0,75 (o1 -0,51 710 -0,75) — cpe/Heii CuIIbl CBA3D;
ror 0,76 no 1,0 (ot -0,76 no -1,0) — cusbHast CBSA3b.

PesyabraThl U 00CyK/IEHHE

VY 28% 60mbmbix (21 13 75) mokazarens MHO naxo-
auiicst B o6sactu egbiie 3.0, UTO NPEBbIIIAIO TIPEAEbl pe-
dbepencroro snavennsa. Cpean atoit rpynmst st 9,5% ma-
nueHToB (2 OGOJIbHBIX) JOCTUTAINCH IOTPAaHUYHbBIE
sagennss MHO — ot 3.5 10 4. Y Bcex GOJBHBIX BpeMs 3a-
JEPKKH POCTA CIyCTKa HaXOAUIOCh OO0 B TIpeesax Hop-
MblI, 1160 B 06stactu runokoaryJstiuu. OHaKo 1Mo CKOpo-
CTH POCTA CTYCTKA BBISABIEHO 5% GObHBIX (1 marmuent) ¢
TUIEPKOAryYJISIKell; B YKa3aHHOU rpyiine O0JbHbBIX ObLia
BBITIOJTHEHA KOPPEKINST JICUCHMS.

[Ipn mpoBeseHNN aHajIM3a M3JI0KEHHOTO HAMU
(hakra ciemyer OTMETUTH, UYTO B COOTBETCTBUY C BEJIUYH-
noit MHO na done npuema Baphapuna BbiesieTcst TPU
YPOBHS WMHTEHCHUBHOCTU THIIOKOATYJSIUU: BBICOKUI
(MHO 2,5-3,5), cpennuit (MHO 2,0—3,0) u nusxuit
(MHO ot 1,6 no 2,0). IlepeuncienHble KpUTEpUN SIBIIS-
foTcs MHAUKaTopaMu 2¢hGEKTUBHOCTH BaphapuHOTEpa-
nuu: B epuos noabopa ao0sbi (1—3 Hegenn) u B Hecra-
OUITBHBIIA TIeproJT (MOKET ITTUTCs 110 12 Hezesib 0T Havasa
npuemMa BapdapuHa), B CTaOUIbHbIN HEPHOJ UJIU TIEPUO/L
noJyiepskUBatonieil 103l (mocsie 12 Hemenb OT Havasa
mpuema mipenapara) [3, 4—9, 15, 16].

[Tpu npumenennn BapdaprHa 1eJ1eBoii ypOBEeHb aH-
TUKOAryJISIUKA B TOAABJISIONEM OOJBIITMHCTBE CJyYaeB
JOJKEH COOTBETCTBOBAThH amamazony MHO 2,5—35, 3a
UCKJII0UeHHEM OOJIbHBIX T10CJIE€ UMILIAHTAIIUN COBPEMEH-
HOTO JIBYCTBOPUYATOTO MPOTE3a A0PTATBHOTO KJIATIaHA TP
OTCYTCTBUY Yy HUX APYruX (hakToOpoB prucka TpomM60aM6G0-

agulation was observed. However, there were 5% of
patients (1 patient of 21) with a tendency to hypercoagu-
lation; in these cases the correction of the treatment was
performed.

Analyzing the above mentioned fact, there were
three levels of anticoagulation intensity: high (INR 2.5
to 3.5), medium (INR 2.0—3.0) and low (INR of 1.6 to
2.0). These criteria served as indicators of the effective-
ness of warfarin therapy when selecting the dose (1—3
weeks), during unstable period (may take up to 12
weeks from initiation of a warfarin therary) and in a sta-
ble period (after 12 weeks from the start of a therapy)
[3,4—9, 15, 16].

In majority of patients receiving waefarin the target
level of INR varied within the range of 2.5—3.5 except the
patients after the implantation of modern bileaflet pros-
thetic aortic valve without additional risk factors of
thromboembolism. For the latter group of patients the tar-
get range of INR was 2.0—3.0 [3, 4—9, 15, 16].

The errors of laboratory tests caused a deviation of
INR from the therapeutic range: insufficient anticoagulant
effect (INR less than 2) increased the risk of thromboem-
bolic complications, and excessive one (INR more than 3)
increased the risk of bleedings, including intracranial ones.
According to the literature, the annual frequency of life-
threatening bleeding in patients receiving anticoagulation
therapy ranged from 0.2 to 5.2%; the frequency of fatal
bleeding was from 0.07 to 0.7%. The frequency of bleeding
depends on the intensity of anticoagulation, which reflects
the level of the INR [17].

This kind of errors is known to occur when INR is
above the therapeutic range. According to the study SPIR-
IT, the increase of INR by 0.5 units above the therapeutic
range increases the risk of hemorrhagic stroke 1.37 times
[17]. Another problem is the instability of INR even in the
case of a good laboratory control [15].

Our analysis of mean values showed a two-fold
decrease in the concentration of factor IT (from 44£16% to
23+9%), factor IX (from 86+26% to 48+21%), factor X
(35£19 to 15+8) and a three-fold increase in the concen-
tration of factor VII (32+15% to 11+5%) with associated
increase of INR higher than 3.0. Thus, the greatest
decrease in the concentrations of all four coagulation fac-
tors was observed in the group of patients with INR above
3,0 (table 1).

Taking into account the risk of development of dis-
turbances in the haemostatic system, we consider that it is
necessary to pay attention to the tendency of two-fold
increase in the initial phase of clot formation indicator
(Tlag), which was found in the study; clot growth rate Vs
tended to decrease. The initial clot growth rate (Vi), the
integral indicator of plasma level of coagulation (CS) and
the density of fibrin clot (D) with increasing INR above
3,0 remained within the reference values. It is important,
that routine indicators of coagulation, such as APTT and
fibrinogen concentration, with increasing INR above 3,0
changed slightly: APTT decreased from 33+5 sec. for INR
1—2 to 3948 sec. for INR greater than 3,0 respectively, and
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Ta6Jmua 1. [lokasaTenn remMmocrasza Y nNaneHToB B 3aBUCUMOCTHU OT 3HAYEHUA MEKAYHAPOAHOI0O HOPMAJIU30BAaHHOTO

otHomenusa (MHO) (M=o).

Table 1. The indices of haemostasis in patients depending on international normalized ratio (INR) (M=0).

Parameters INR

<2 (n=24) 2—3 (n=30) >3 (n=21)
APTT, sec 33%5 36£6 39+8
Fibrinogen, g/1 5,0+1,6 50+1,4 53+1,2
Factor II, % 44+16 29+8* 23+9%*
Factor VII, % 32+15 22+10* 114£5%*
Factor IX, % 86+26 69+22%* 48+21%*
Factor X, % 35+19 20+£7* 15+8%*
Tlag, min 1,3+0,3 1,8+0,4* 2,8+1,0%*
Vi, um/min 55+6 50+6* 44+9%*
Vs, um /min 26+4 24+4* 21+5%*
CS 30, um 1107+127 1017+£140* 883+193%*
D, units 26167+4484 26174+4184 26868+4641

Note (npumeuanne): For Tables 1—3 (mas TaGauu 1—3): Parameters — mapamerpsr; INR — MHO; APTT, sec — AUTB, cek;
Fibrinogen, g/1 — dubpunores, r/x; factor — paxrop; Tlag (the delay time of clot growth), min — Bpemst 3azepkku pocra crycrka,
mui; Vs (the stationary rate of clot growth), pm/min — cramronapuas ckopocTh pocta cryctka, Mkm/Mun; Vi (initial clot growth
rate), um/min — HavaJbHasg CKOPOCTh pocta crycrka, Mmkm/mMul; CS 30 (clot size after 30 minutes), pm — pasmep crycrka yepes 30
MUHYT [0cJe Hauasa ucciaeposanus, mkm; D (the density of fibrin clot), units — motaocTh GUOPUHOBOTO CTyCcTKa, eanHuUIBL. Mean
values and standard deviations from the mean values are presented — npuBesenbl cpeanne 3HaYeHUsI U CTaHAAPTHBIE OTKJIOHEHUST OT
cpeanero.* — P<0.05 between groups with INR<2 and INR 2—3 — mesxkay rpynmamu ¢ MHO<2 u MHO 2—3; ** — P<0.05 between
groups with INR>3 u INR 2—3 — mexay rpynunamu ¢ MHO>3 n MHO 2-3.
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Puc. 1. Koppensiuys MeKy moKa3aTeIsiMi MesKIAyHapoaHOro HopMaausosanHoro orHomenusi (MHO) u tpoMOoauHaMuKu.

Fig. 1. The correlation between international normalized ratio (INR) and indicators of thrombodynamics.

Note (npumeuanue): Tlag (the delay time of clot growth), min — Bpems 3amgepiku pocra crycrka, mus; V (the rate of clot growth),
pm/min — cKkopocTh pocTa cryctka, MkM/Mui; INR (relative units) — MHO (oTHOCHTEIbIbBIE €ANHUIIBL).

JIWiA; IS TIOCTI€IHE TPYIIIbl GOJIbHBIX 1IEJICBOIl uara3oH
MHO — 2,0-3,0 [3—9, 15, 16].

[TorpentHocTH 1a6OPATOPHOIO KOHTPOJISI BIEKYT OT-
KJIOHEHUe OT TepareBTHYeckoro auarazona MHO: neno-
CcTaTouHbIil anTUKOAryIssHTHBIN addext (MHO menee 2)
HOBBIIIAET PUCK TPOMOO0IMOOIMIECKUX OCTIOKHEHNH, a U3~
6brtounblii — MHO 6ostee 3 — yBesmumrBaeT PUCK KPOBO-
TeueHuil, BKoYast BHyTpuuepernnbie. 1o aurepatypHbiM
JTAHHBIM €3KETOJIHASI YACTOTA JKUBHEYTPOKAIONINX KPOBOTE-
venuii Ha dome mpuema HAK cocrasiser ot 0,2 10 5,2%, B
WX CTPYKType 4acToTa (haTajabHbIX KPOBOTEYEHUN — OT
0,07 n0 0,7%. JacTora BOSHUKHOBEHUSI KPOBOTEUEHIT Ha-
MPSIMYIO 3aBHCUT OT MHTEHCUBHOCTU AHTUKOATYJISIUH, KO-
Topyio oTpaxkaior 3Hauernss MHO [17].

X0poIIo U3BECTHO, UTO HAUGOJIEe YA3BUMOMN 110 HECO-
OTBETCTBUIO JIAHHBIX siBJsietcst 3oHa MHO Bbittie TepareBTu-

the concentration of fibrinogen grew from 5.0£1.6 (INR
1—2) to 5.3+1.2 g/1 (INR greater than 3.0) (table 1).

The correlation between Tlag and INR was defined
(7=0.66) (fig. 1). Both the indicators have a relatively high
correlation with the concentration of FII and FX (=0.50
and 0.40 for Tlag, 7”=0.48 and 0.53 for INR, respectively)
and do not correlate with the concentration of F IX
(7=0.20 for Tlag and 0.34 for INR). However, there is a
discrepancy in case of F VII concentration: the correlation
for T lg is absent (7=0.20), whereas for INR it is high
enough (*=0.42). The parameter Vs did not correlate with
INR (*=0.24) and the concentration of coagulation factors
(#<0.1) (Fig. 2).

A high correlation between the concentrations of fac-
tors FII and FX (°=0.87) was found, the correlation between
the concentrations of all the other pairs of coagulation factors
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4yeckoro uHTepsasa. [1o ranHbIM rccse-
nosaamst SPIRIT, mpn xaskmom yBesm-
vennu 3Hadenna MHO na 0,5 equamis
BBIIIIE TEPATIEBTUYECKOTO /[MATTa30Ha
PHCK TeMOPParnyecKoro HHCYJIbTa BO3-
pacraer B 1,37 pasza [17]. Eme ozxHoit
po6GIEeMON ABJIACTCS HeCTAOMIBHOCTD
MHO nmaxe mipu XopoIeM KOHTPOJE U
TIPOBeIeHNH M3Meperntii [15].

[IpoBenennslit HaMU aHATU3
CPEIHUX 3HAYEHUI BBISIBUJI J[BYKpaT-
HOE CHUIKEHME KOHIIEHTPAIK (hakTo-
pa II (c 44£16% no 23+9%), haktopa
IX (¢ 86£26% mo 48+21%), dakropa
X (¢ 35£19% mo 15+8%) u Tpexkpat-
Hoe cHWKenne daxrtopa VII (c
32+15% mo 11+5%) npu yBesmuenun
MHO Bbme 3.0. Takum o6pasom, Ha-
uboJsiee BBIPAKEHHOE T1ajleHUE KOH-
IEHTPAIMKU BCEX 4YeThIpex (HaKTOPOB
CBEPTHIBAHUS HAOJIOAIOCH B IPYIIIE
¢ MHO Bpmme 3.0 (tabar. 1).

C nosuium MporHO3MPOBAHUS
PasBUTHUSI HAPYIIEHUN B CUCTEME Tre-
MOCTa3a CYUTAeM HEOOXOAMMBIM 00-
paTuTh BHUMaHME HA BbISIBJCHHYIO B
pesyJiprate MCCJIE0BAaHUN TEHJICH-
M0 JIBYKPATHOTO Y/UIMHEHUS] Ha-
JabHON (ha3bl GOPMUPOBAHMS CTYCT-
ka (Tlag); ckopoctb pocta crycrka Vs
nMeJia TEHJEHINIO K CHIKeHuto. Ha-
yaJsibHas CKopocThb pocta crycrka (Vi),
UHTErpajibHbIl 1OKa3aTesb paboThl
IJIA3MEHHOTO 3BEHA CBEPTHIBAHUS
(CS) u nokasaresb 1mi0THOCTU (HUO-
putosoro cryctka (D) mpu ysesnue-
unu MHO Bbimie 3.0 ocraBanuch B
npesiesiax pedepeHCHbIX 3HAYEHUI.
Cy111ecTBeHHO, UTO PYTHHHbBIE MTOKA3a-
TeJIU KOATyJOrPaMMbl, TaKuUe Kak
AYTB u xonnenrtpaums hubpuHoTE-
Ha, npu ysernyennun MHO sorre 3.0
U3MeHsINCh HesHaunTeabHo: AUTB
CHIKAIIOCH ¢ 33£5 cek. it MHO 1—
2 110 39+8cek. g MHO 6Goaee 3.0, a
KOHIeHTpalust (pMOPUHOreHa Pociia ¢
5,0+1,6 mpu MHO 1—2 no 5,3+1,2
r/a upu MHO 6oasee 3.0 (taba. 1).

YcraHoBieHa cuyibHas Koppe-
asuus Tlag ¢ MHO (R*=0,66;
r=0,80) (puc. 1). Oba nokasareins
HUMEIOT CPEHIO KOPPEJISIHUIO ¢ KOH-
mentpanmein FII u FX (R’=0,50;

=-0,67 u R*=0,40; =-0,62 pys Tlag,
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Puc. 2. Koppeusiiysi MekAy MOKa3aTelsiMH MeKIyHapOJHOr0 HOPMAIH30BAHHOTO
ornourennsi (MHO) u koHnenTpaimeii paxtopoB cBepThIBaHHUS.

Fig. 2. The correlation between international normalized ratio (INR) and the concen-
tration of coagulation factors.

Note (npumeuyanue): 1/INR (relative units) — 1/MHO (oTHOCHTENbHbIE €IUHUIIB).
For Figures 2—3 (ns Pucynkos 2—3): F (factor) — ¢axrop.
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Puc. 3. Koppesinus MKy CTAMOHAPHOI CKOPOCTBIO POCTA CTYCTKA H KOHIEHTPAIH-
eit pakTOpPOB CBEPTHIBAHHUS.

Fig. 3. The correlation between the stationary clot growth rate and the concentration
of coagulation factors.

Note (npumevanue): Vs (the stationary rate of clot growth), um/min — cranmonapuas
CKOPOCTH POCTA CIYCTKA, MKM,/MHH.

R*=0,53; r=-0,62 u R*=0,48; r=-0,60 a1 MHO cootserct- | was considerably lower (7°<0.45). The lack of the correlation
BeHHO) (puc. 2) Boissiiena ymepertas Koppessiius ypos- | of such indicator of thrombodynamics as the rate of clot
Ha FIX ¢ Tlag (r=-0,43) u cpeansist koppessuus ¢ nokasa- | growth and the concentration of coagulation factors indi-

terem MHO  (r=-0,57). Opxnako

Habuonaercst | cates that warfarin acts primarily on the activation phase of
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Ta6mmnua 2. Koppeusiiusi CTaHAAPTHBIX TECTOB € TPOMOOIMHAMUKOM.
Table 2. Correlation between the results of standard tests and thrombodynamics.

Parameters Tlag Vi Vs CS D
INR 0,80 -0,60 -0,50 -0,55 —
APTT 0,41 -0,44 -0,35 -0,45 —
Fibrinogen — — — — 0,65
Factor 11 -0,67 0,51 0,37 0,45 —
Factor VII -0,38 0,28 0,31 0,31 —
Factor IX -0,43 0,36 0,31 0,36 -
Factor X -0,62 0,39 0,28 0,35 —

Note (npumeuanue). Here and in Table 3 (3gech u B Ta6a. 3): P<0.05 the Spearman rank coefficients — npusenennr KoauimenTs

koppesain CriimpMmeHa.

Ta6muua 3. Koppessiius cTaHzapTHbIX TECTOB MESKLy COOOiA.

Table 3. Correlation between the results of standard tests.

Parameters INR APTT Fibrinogen Factor II Factor VII Factor IX Factor IX
INR 1 0,42 — -0,62 -0,62 -0,57 -0,60
APTT 1 - -0,48 — -0,39 -0,46
Fibrinogen 1 — — — —
Factor 11 1 0,40 0,61 0,91
Factor VII 1 0,70 0,37
Factor IX 1 0,51
Factor X 1

pacxosknenne B ciaydae kounentparuu FVII: ymepennas
koppessinus ¢ Tlag (r=-0,38), Torna kak ansa MHO Bbisas-
JeHa cBa3b cpemHedl cuabl (1=-0,62). [lapametp Vs yme-
penrro koppeaupyer ¢ MHO (r=-0,50) u xomHIeHTparmei
(axropos ceepreBanus (r=0,37 nas daxropa II; =0,31
st dakropa VII 7=0,31 mns daxropa [X; 7=0,28 mas
(dakropa X). OGHapyKeHa CUJIbHAS KOPPEJSIUS MEKILY
romtenTpanusavu daxropos FII u FX (R*=0,87; =0,91),
KOPPEJISIUS MEXK/IY KOHIIEHTPAIUSIMHU BCEX JAPYTHX Tiap
(axTopoB cBepThIBaHUA cymecTBeHHO HIKe (R’<0,45):
CBA3b cpemHell cmibl ypoBHS (daxrtopa X ¢ ypoBHAMEI
daxropos II, VIT u X (=0,61; 7=0,70; 7=0,51 cooTBeTCTBEH-
HO) (Tabu. 2, 3 u puc. 3) IlomyuyeHa cpeaHsist KOPPEIAIUs
(axropa VII ¢ pakropom IX (7=0,70) u ymepeHHast cBsi3b
¢ akropom X (r=0,31). Yposuu dakropos IX u X koppe-
JUpoBaIU MeXIy coboil co cpemted cuioi (r=0,51)
(Tabu. 3)

Cirabasi KOppeJISIIiUU CKOPOCTH POCTA CIYCTKA OT
KOHIIeHTpanuu (hakTopoB, 110 HAllleMy MHEHUIO, YKa3bIBAET
Ha TO, 4TO BaphapuH AeiCTBYET NPEUMYIIECTBEHHO Ha (ha-
3y aKTUBAIIMU CBEPTBIBAHUS, HO He Ha (ha3y pacrpocrpaHe-
HUs pocta cryctka. [IpuHumas Bo BHUMaHUE U3JI0KEHHOE,
C IIEJIbI0 BCECTOPOHHETO KOHTPOJISI COCTOSIHUS CHCTEMBI T'e-
MOCTa3a B MOCTONEPAIMOHHOM TIePHOjie MPU KapAHOXu-
PYPTHUECKUX BMEIIATEIbCTBAX CYIIECTBEHHON SIBJISETCS
JIOTIOJIHUTEIbHASL OI[eHKaA Ipoliecca TpoMO00OpasoBaHusT B
(asy pocra crycrka (puc. 3).

Baskno, uto Mesxay co0oii (hakTopbl CBEpThIBAHUS
KPOBH KOPPEJIUPYIOT ¢/1ab0 3a UCKJIIOUEHUEM Tapbl: (hak-
Top II — daxrop X, n305keHHOE CBUIETETBCTBYET O BBIpA-
JKEHHOM WHIUBH/YaJbHOM OTBeTe OOJIbHBIX Ha JIeUeHUe
Bap(hapuHOM U HEOOXOAMMOCTH MOHUTOPHHIA COCTOSIHUS
reMoCTa3a He 110 OTAEJIbHBIM (DaKTOPaM CBEPTHIBAHUS, & C

coagulation, but not on the phase of the bunch spread.
Therefore, in order to control the state of the hemostatic sys-
tem in the postoperative period after cardiosurgical inter-
ventions, it is important to evaluate additionally the process
of thrombosis in the growth phase of the clot (Fig. 3).

It is important that the concentrations of coagula-
tion factors correlate very poorly except the pair of factor
I1, factor X, which indicate individual responses of patients
to warfarin therapy and the need for monitoring of hemo-
stasis state not only by individual coagulation tests, but
using laboratory methods — «global» coagulation tests.
The individuality of the patient response dictates the need
for complex use of «local» and «global» methods of clinical
assessment of the status of the hemostasis system.

Conclusion

Our study has shown that routine laboratory tests
have significant limitations in early diagnosis of distur-
bances in the haemostatic system. For the prevention of
complications in patients upon cardiac surgery, who starts
warfarin therapy, comprehensive laboratory monitoring is
needed, including the use of «local> and «system» meth-
ods, clinical and laboratory evaluation of changes in the
hemostasis system.

UCIIOJIb30BaHKEM JTAGOPATOPHBIX METOJ0B — IIOOAIbHbIX
KOaryJOTMYeCKUX TeCTOB. TakuM 06pa3oM MOHHUTOPUHT
UHIMBUYAJTbHOCTH OTBeTa OOJIBHBIX JAUKTYET HEOOXOAuU-
MOCTb KOMILJIEKCHOTO HCIOJb30BAHUS <«JIOKAJTBHBIX> U
«IJI06AJIBHBIX> METOJ0B KIMHUYECKOI OIEHKU COCTOSTHUS
CUCTEMBI TEMOCTA3a.
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3akiaoyeHue

PyTuHHbIe 1aGOpaTOPHbIE METO/IbI UMEIOT CYIIECTBEH-
HBIE OTPAHNYEHUS B PaHHEH AMarHOCTHKe HApYIIEHIH B CH-
creMe remocraza. C 1esbio TPOoMUIAKTUKN OCJIOKHEHUH Y
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Ilenv — paspaboratb TeXHOJOTHIO NOTy4enns popmosanHoro copoenra BHUUTY -1, nccenoBarb €ro (pM3HKO-XUMHYECKHE U M€~
JMKO-GHOJIOTYeCKHe CBOICTBA 1 OLeHUTh 9 PEKTUBHOCTH HCIIOIb30BaHMSI /15t IPO(UIAKTHKH U JIeYEHUS! THOHHO-BOCIAIMTEIbHBIX
OCJIOKHEeHUH B akymieperse. Mamepuanvt u memoowt. Cosnan popmosannbiii copoent BHUUTY -1 U3 yriepoHoro nopucroro Ma-
TepUaja, MOJyYeHHOTO Ha OCHOBE HAHOMCIIEPCHOTO YIJIEPO/A IyTeM CMELICHHS CO CBSI3YIONIMM BEIeCTBOM, SKCTPY3Hell CMecH,
CYIIKOIi 9KCTPy/IaTa B UHEPTHOIA Cpejie, TepMOOOPaGOTKOI U aKTUBALMEN BOJISTHBIM IAPOM, C NOCTEYIONMEN OTMBIBKOI B IMCTHILIA-
posanHoii Boze u cymkoi (TY 9398-043-71069834-2013). Mopmosaunbiii copoent BHUUTY -1 anmporeneH, He TOKCHYEH (3aKJI0-
YeHue 110 pe3yJIbraraM TOKCUKoaorndeckux uenbrranuii Ne 1998.013.P or 14.08.2013 r., 3akmoyenne 00 OlEeHKH Pe3yJIETaTOB TEXHH-
yeckux ucnbrranmii Ne 12.404 OPTI /2013 ot 26.08.2013 r.), npeHa3HayeH JJIsi OMHOKPATHOrO MPHMMEHEHUs1, CTEPHJIEH, TIOMEIIEeH B
KaIPOHOBbI CETYATOM KOHTeHHepe ¢ HUTBIO [V IOC/IEYIONIEro YATeHHs U UCIIOIb3YeTCs U JledeHus] H NPOQIIAKTHKY THOMHO-
CENTIYECKIX OCTOKHEHNH Y POIIbHILL HHEKIMOHHOTO PHCKA — OCTPOro HecneupuIecKoro nociepoaosoro suaomerpura. 00-
CJIEIOBAHO U MPOJIEYEHO 52 PONUIBHHIIBI BHICOKOTO MH(EKIMOHHOTO PUCKA, KOTOPbIe ObLIM pasjiesieHbl Ha 2 TPYIIIbl: OCHOBHAS
(n=37) u rpymmna cpasuenusi (n=15). PoqiisHUIAM OCHOBHOI IPYTIIIBI B II0JIOCTh MATKH B IIOCJIEPOIOBOM NEPHOJIE IS TPODHIAKTH-
Ku MH(EKIMOHHBIX OCJI0KHeHuiT BBomuIics reMocopoent BHUNTY-1 B Bujie IOPUCTOrO YIJIEPOAHOTrO alMIMKaTOPa OJHOBPEMEHHO
C IIPOBE/IEHHEM TPAMIMOHHOI AaHTHOHOTHKOTEpAIH. POMIbHUIBI TPYIIIBI CPABHEHUS! TIOJLy YA TOIBKO TPAAMIMOHHYIO aHTHOAK-
TepUajIbHyI0 poduaakTiky. B acnmpare u3 nosoctu Matku onpenessim coaepskanue IL-18 u IL-6, ero MuxkpoGHbIii npoduib u xa-
paKTep pocTa MEKPOOPraHM3MOB HA IMTATENbHBIX cpeaax. O6paGoTKa JaHHBIX OCYLIECTBISUIACH € OMOUIBIO NAKETa MPHKJIAHBIX
nporpamm «STATISTIKA-6.1» u crannaptHbix Matemartuyeckux taGmn <Microsoft Excel»>. Mciob30BaHbI METObI ONMCATENBHOI
¥ BapHaIlMoHHOIi cratuctuky. /lannbie npencrasienst kak Me (LQ; HQ), cpaBHeHHe BYX 3aBUCHMBIX IIepEMEHHBIX (/10 ¥ 1ocJIe Jie-
YeHHs1 ) IPOBO/IWIH € TIOMOIIBI0 KputepueB Bikokcona n Mauna-Yurau. Pesyavmamuot. YeraHoBiaeHo, uyto popMOBaHHbII yTiiepos-
ubii copobent BHUUTY-1 o6aa5aeT BbIpaskeHHbIME aHTHOAKTEPUATIHBIME CBOICTBAMH 10 OTHOIIEHMIO K S.aureus, P.aeroginosa,
K.pneumonia, E.coli, S.agalactiae. ViccnenoBanye cMbIBOB € IOBEPXHOCTH COPGEHTA TTOCJIE €10 U3BJIEYEHUS U3 IOJIOCTH MATKH C 10~
MOUIBIO NPOCBEYHBAIONIETO IEKTPOHHOTO MUKPOCKONA BBISIBUIO KJIETKH CIIYIIEHHOTO SIUTEHsI, JIEHKOIMTBI, MaKkpogari 1 MUKpO-
OpPraHu3Mbl, YTO 00YCJIOBIMBAET CIIOCOGHOCT COPOEHTA DIIMMHHUPOBATH HE TOJIBKO PACTBOPUMBIE TOKCHHBI, HO U MUKPOOPIAHU3MBI,
a TakyKe Pa3pyIIaloIHecst KJIETOYHbIE dJIEMEHTbL. 3akitoueHue. IIpeiokeHHblil cioco6 npodIakTHKH IIOCIEPOIOBOTO SHIOMETPH-
Ta 'y POAWIbHHUIL ¢ HH(EKIMOHHBIM PHCKOM C OMOIIBIO BHYTPHMATOYHOTO BBE/IEHHSI TIOPHCTOTO yriepoaHoro amumkaropa BHUN-
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Hosbit copbeHT

TY-1 sBrsiercst Gosee 3(HEKTUBHBIM 110 CPABHEHUIO C TPAUIMOHHBIM MOIXO0/IOM U MO3BOJISIET YIIYYNIMTH PE3YJIbTAThI JIEUEHHUS 3a
CYeT MOJHO} D/IMMUHAIIY [TATOTEHHBIX BO30Y/AUTe el 13 MOJIOTH MATKH M CHI’KEHHS YPOBHS MECTHBIX IPOBOCIIA/INTEBHBIX IIUTOKH-
HOB. Kimouesvie cnoea: nocineponossiii sunoMerpur, GopMoBaHHbIii yraepoausiii copoent BHUNTY -1, antnGakrepraibHbie CBOM-
CTBa COPOEHTa, IPOBOCHAHTEBHbIE IINTOKHHBI.

Objective: to develop a technology for obtaining the molded sorbent VNIITU-1, to study its physicochemical and biomedical prop-
erties, and to evaluate its efficacy in preventing and treating pyoinflammatory complications in obstetrics. Materials and methods.
The molded sorbent VNIITU-1 was designed from the carbon porous material based on nanodispersed carbon by mixing with a vehi-
cle, extruding the mixture, drying the extrudate in an inert atmosphere, thermally treating and activating by steam, followed by
washing with distilled water and drying (TU 9398-043-71069834-2013). The molded sorbent VNIITU-1 is apyrogenic and nontoxic
(Toxicity Study Conclusion No. 1998.013.P dated 14.08.2013; Engineering Testing Assessment No. 12.404 ORTI/2013 dated
26.08.2013), it is destined for single administration, sterile, placed in a removable thread capron mesh container, and used to treat
and prevent pyoseptic complications in puerperas at risk for infection, such as acute nonspecific postpartum endometritis. A total of
52 puerperas were examined and treated. They had been divided into 2 groups: a study group (7=37) and a comparison group
(n=15). In the study group, the hemosorbent VNIITU-1 as a porous carbon applicator was postpartum inserted into the uterine cav-
ity, by concurrently performing traditional antibiotic therapy to prevent infectious complications. The comparison group received
only traditional antibiotic therapy. The uterine cavity aspirate was examined for IL-1f and IL-6 levels, its microbial profile, and
microbial growth patterns in culture media. The data were processed using a package of applied STATISTICA-6.1 programs and
standard mathematical tables in Microsoft Excel. Descriptive and variation statistical methods were applied. The data were pre-
sented as Me [low quartile-high quartile (LQ-HQ)]; two pre- and posttreatment dependent variables were compared using the
Wilcoxon and Mann-Whitney tests. Results. The molded carbon sorbent VNIITU-1 was found to have pronounced antibacterial
activity against S.aureus, P.aeroginosa, K.pneumonia, E.coli and S.agalactiae. Examination of lavages from the surface of the sor-
bent after its removal from the uterine cavity, by using a transmission electron microscope, revealed cast-off epithelial cells, leuko-
cytes, macrophages, and microorganisms, which determines the capacity of the sorbent to eliminate not only soluble toxins, but also
microorganisms and disintegrating cell elements. Conclusion. The proposed procedure to prevent postpartum endometritis in puer-
peras at risk for infection via insertion of the porous carbon applicator VNIITU-1 into the uterine cavity is more effective than the
traditional approach and it can improve treatment results, by completely eliminating pathogens from the uterus and by reducing the
level of local proinflammatory cytokines. Key words: postpartum endometritis, molded carbon sorbent VNIITU-1, antibacterial
properties, proinflammatory cytokines.
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Beenenue

[TocneponoBoii aamomerput (I19) aBasgercs oxHOMU
13 TIPUYNH Pa3BUTHS TEHEPATH30BAHHLIX (hOPM MHGDEKITH-
OHHOTO TIpoIiecca, O0OYCIOBIUBAIONINX MATEPUHCKYIO
CcMepTHOCTD [1, 2]. ¥ sKeHIUH ¢ BBICOKUM PUCKOM Pa3Bu-
Tust nHbeKnuii yncio caydaes 19 nmocie camocrositesnb-
HBIX POJIOB JOCTHTAET 25%, a TOCJIe KecapeBa CeYeHus] —
80%. [lIupokoe nmprMeHeHre aHTUOMOTUKOITPO(DUITAKTHKI
U aHTUOUOTHKOTEPAIIUY He peraer npodjeMy cenTuyec-
KMX OCJIOKHEHUHN Iyaplus: dactora passutus 119 B na-
crosiee BpeMst He CHIpKaeTcs [3—5]. DTo 00ycIoBIeHO
HEraTUBHBIM BJIUSHEEM IHPOKOTO IIPUMEHEHUST aHTUOHO-
TUKOB U aHTUOAKTEPUAJIbHBIX TIPEIAPATOB, BIUSIONIUX HA
MUKPOOUOIIEHO3 OPraHU3Ma U TIPUBOSIIKUX K HOSABICHUIO
AHTUOMOTUKOPE3UCTEHTHBIX IITAMMOB MUKPOOPraHM3MOB.
OueBuiHO, pa3paboTKa HOBBIX IMOAXOJ0B U IPENapaTtoB
st Jiedennst W mpodurakTuku 119, oTandaommxest mo
MEXaHU3MY JEHCTBUS OT aHTHMOMOTHKOB U OOJIAJAIOIIIX
BBICOKOH aHTUMUKPOGHOW aKTHBHOCTBIO, SIBJISIETCST aKTy-
AJIBHOM 3a/1aveil.

B nacrosiiiee BpeMsi OJIHUM M3 MPUOPUTETHBIX Ha-
[paBJIEHUI MEUIIUHBI SIBJISIETCST COPOIIMOHHAS TepPAIusl, B
YaCTHOCTH allIMKanonHas copoiwst [6, 7]. Ocobbrit n-
Tepec MPEACTABISIOT cO00M YrrepoaHbie cOpOeHThI, 06.1a-
JIAIOIHE BBICOKOH OMOCOBMECTUMOCTBIO YTIIEPO/Ia, a TAKKeE
HATMYUEM Y HUX Pa3BUTOM CTPYKTYPBI C PETYIUPYEMBIMU
pasmepami Top, 4To 00yCITOBINBAET MX BBICOKYIO aIcoPh-
[UOHHYIO CIIOCOOHOCTD 10 OTHOIIEHHMIO K TOKCUYHBIM Be-
mectsam [8]. B ucTuTyTe 11pobiem nepepaboTKH yIiieBo-
noponos CO PAH paspaboTana KOHIENIINAS MaTPUYHOTO

Introduction

Postpartum endometritis (PE) is one of the causes of
the generalized infection stipulating the maternal mortali-
ty [1, 2]. In women with a high risk of infection the PE
incidence is reached 25% after the vaginal delivery and
80% after cesarean section. The use of antibiotic prophy-
laxis and therapy does not solve the problem of septic com-
plications: incidence of PE is not reduced [3—5]. This is
due to the negative impact of antibiotics and antibacterial
drugs effecting body microbiocenosis and leading to the
emergence of antibiotic-resistant strains. Evidently, the
development of new approaches and drugs for PE treat-
ment and prevention that are differed from antibiotics by
mechanism of action and provided high antimicrobial
activity is an urgent task.

Currently, sorption therapy is one of the priorities in
medicine, in particular, application-sorption therapy [6, 7].
Carbon sorbents are a subject of a special interest having
high carbon biocompatibility and well-developed struc-
ture with a pore-controlled sizes stipulating their high
adsorption capacity towards the toxic substances [8]. The
concept of matrix synthesis of carbon-carbon materials
based on pyrolytic black carbon granule compaction fol-
lowed by steam-gas treatment was developed at the
Institute of Hydrocarbons Processing, Siberian Branch of
the Russian Academy of Sciences. The external surface of
the carbon-carbon materials was covered by pyrolytic car-
bon, which is chemically inert, non-toxic and biocompati-
ble. These properties became crucial for producing of gran-
ulated carbon sorbents for medicine. Nowadays, sterile
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Puc. 1. OGpasipl rpanyIMPOBAHHOTO YII€POAHOro remocopbenta BHUUTY-1.

Fig. 1. Samples of granulated carbon hemosorbent VNIITU-1.

Note (npumevanue): 7 — molded sorbent VNIITU-1 — dopmosannbiii copbent BHUUTY-1; 2 — appearance without packaging —
BHeNTHNUI By Ge3 yrmakosky; 3 — in a sterile package — B crepumbHoOit hopme.

CHHTe3a YTJIEPOJ-YIJIEPOJAHBIX MaTepHaJIOB, OCHOBAHHAS
Ha MUPOJUTUIECKOM YIUIOTHEHUH TPAHyJ TEXHHYECKOTO
yriepoja ¢ JajabHeiiieii naporazosoii 06paborkoil. BHer-
HSISI TIOBEPXHOCTD YTIJIEPO/I-YIJIEPOHBIX MaTEePHAIOB J[aH-
HOTO THIIA IOKPBITA MUPOYTIEPOIOM, KOTOPBII SABJIACTCS
XUMHWYECKHM UHEPTHBIM, HETOKCUYHBIM 1 OMOCOBMECTUMBIM
MarepuajoM. JTH CBOWCTBA MHUPOYIJIEPOa OIPEeIIINn
cO3/[aHe TPaHYINPOBAHHbBIX YTJIEPOJHBIX COPOEHTOB ISt
MeanimHbl. B Hacrosimee Bpemsi B Vnctutyte mpobiem
nepepaborku yriaesogopoaos CO PAH paspaGoras u mu-
POKO HCIOJIB3YeTCsT CTEPUJIBHBIN YIJIEPOIHBIH TeMOCOp-
6ertr BHUNTY-1 B pusuonsornueckom pacrsope [9, 10].
B axymepckoit 1 THHEKOJIOTHIeCKOH PAKTHKe HCIOb3Y-
10T COPOEHTBI B BUJIE TPAHYJI, KOTOPbIE OMEIAIOT B MEMO-
panHble KOHTeitHepsl, B yactHoctn BHUNWTY-1 (nmarent
PO Ne 2516878 ot 09.04.2013).

[lenp uccnenoBanusi — pazpaboTaTh TEXHOJOTHIO
nosyuenust popmoBanHoro copbenra BHUNTY -1, uccie-
JI0BaTh €ero (hU3UKO-XUMHUYECKHE U MEIMKO-GHOOTIYec-
KM€ CBOMCTBA U OIEHUTD 3(h(PeKTUBHOCTH NCTIOJIb30BAHNS
JUIsT TPOGUIAKTHKY U JIEU€HHS THOMHO-BOCIIAINTEIbHBIX
OCJIO’KHEHUI B aKyIIEPCTBe.

Marepuan u METObI

Ha mepBom srame Gbli co3man (GoOpMOBAHHBIN cOpOEHT
BHUUWTY-1 u3 yriepogHoro mopucToro Marepuaa, MoaydeH-
HOTO Ha OCHOBE HAHO/IUCIIEPCHOTO YTJIEPOJIa Iy TeM CMEIIEHUS CO
CBSI3YIOIINM BEIECTBOM, 9KCTPY3HUeil CMECH, CYIIKON 9KCTpy/Ia-
Ta B MHEPTHOM cpe/ie, TepMOoOPabOTKON 1 aKTUBAIMElT BOASHBIM
apoM, € MOCJIeYIOIIEeil OTMBIBKON B IMCTUJLIMPOBAHHON BOJE 1
cymkoir (TY 9398-043-71069834-2013) [11]. DopmoBanHbrii
YIJIEPOAHBIN COPOEHT — IMUIMHAPBI YEPHOTO IBETA THAMETPOM
8—10 MM ¢ BHYTpEHHUM KaHAJIOM 3—4 MM, JUTnHO#T 0T 40 /10 65 MM
(puc. 1). Copbent obsasaer pasBUTON ME30MOPUCTOI CTPYKTY-
POil ¢ y/eNbHOI TIONA/IbIO TOBEPXHOCTH MO aCcOPOIMU a30Ta
220—320 m*/1, MaccoBas 105 307161 He Gosee 0,3%, mMaccoBast

carbon hemosorbent VNIITU-1 in saline solution elabo-
rated at the Institute of Hydrocarbon Processing has been
widely used [9, 10]. The granulated sorbent, in particular
VNIITU-1 placed in the special membrane containers
(Patent RF Ne 2516878 dated 09.04.2013), is successfully
exploited in obstetric and gynecological practice.

Objective: To develop the technology for producing
a molded sorbent VNIITU-1, investigate its physicochem-
ical and biomedical properties and evaluate the efficacy of
its application for prevention and treatment of pyoinflam-
matory complications in obstetrics.

Materials and Methods

Molded sorbent VNIITU-1 was made of the porous carbon
material derived from nano-dispersed carbon by blending with an
adhesive agent, mixture extruding, inert extrudate drying, heat
treatment and steam activation followed by washing in distilled
water and drying (TU 9398-043 -71069834-2013) [11]. Molded
sorbent VNIITU-1 is the black cylinders in @8—10 mm with the
internal channel @3—4 mm, and 40—65 mm length (Fig. 1). The
sorbent has a developed meso-porous structure with a specific sur-
face area by nitrogen adsorption 220—320 m?*/g, ash concentration
is not more than 0.3%, mass fraction of total sulfur content is not
exceeded 0.3%, the crushing strength is not less than 20 kgf/cm?,
pH 6.0—8.0. Sorbent is sterile, autoclaved at T134°C under the
pressure of 2 atm. for 45 min.

Molded sorbent VNIITU-1 is pyrogen-free and non-toxic (as
per conclusion on the results of toxicological tests Ne 1998.013.P
dated 08/14,/2013; and as per conclusion on the results of techni-
cal tests Ne 12.404 ORTT / 2013 dated 08,/26,/2013) for single use
only, sterile, packed in a nylon mesh container with a thread for its
further removal and is used for the treatment and prevention of
septic complications in new mothers under the risk of acute non-
specific postpartum endometritis.

The morphology and topography of the carbon sorbent sur-
face was investigated by scanning electron microscopy using JSM-
6460LV «JEOL» electron microscope; a method of low-tempera-
ture nitrogen adsorption was implemented to study the sorbent
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Hossimt copbenT

nouist obiieit cepol He Gomee 0,3%, TIPOYHOCTD HA Pa3IaBINBaHIe
He menee 20 krc/cm?, pH 6,0—8,0. CopGenT cTepusieH, moasepr-
HyT naposoit crepususanuu npu 134°C n raBiaeHnn 2 aT™. B Te-
yenue 45 MUH.

Dopmosannbrii copbentr BHUNTY-1 anuporenen, HETOKCH-
deH (3aK/II0YEHME 110 Pe3yJbraTaM TOKCHKOJOTMYEeCKUX HMCIIbITa-
nuit Ne 1998.013.P or 14.08.2013 1., 3akouenne 06 OlEHKH pe-
3yJBTaTOB TexHW4decknx ncnbtanmii Ne 12.404 OPTI/2013 ot
26.08.2013 r.), mpesHa3HAa4YeH Il OJIHOKPATHOTO IIPUMEHEHUs,
CTepHJIeH, TIOMEIIeH B KallPOHOBBII CeTYaThIil KOHTEHHep ¢ HUTDIO
1 UCTIOJIB3YETCS JIUIS JIeUeHUsT 1 PO UIAKTHKY THOMHO-cenTuye-
CKUX OCJIO)KHEHUI Y POJIMJIBHUIL UH(MEKIMOHHOTO PUCKA — OCTPO-
rO HecHennu4ecKoro MocaAepo0BOr0 3HAOMETPHUTA.

Mopdosornio 1 pesbed TOBEPXHOCTH YIIEPOTHOTO COPOEH-
Ta UCCJIEJI0BAIN METOIOM PACTPOBOIL 3JIEKTPOHHON MUKPOCKOIIIH
C WUCIOJIb30BAHUEM 3JIEKTPOHHOTO MUKpockoma JSM-6460LV
<«JEOL», 111 n3yuenns ero TeKCTYPHBIX XapaKTePUCTHK MTPUMe-
HSUJIH METOJ[ HU3KOTEMIIepaTypHOIl ajcopbuuu azora. M130TepMbl
azicopbrmn-gecopbimu azora (Tane.=77,4K) noayyanu wa npubo-
pe Gemini-2380 «Micromeritics». PeHTreHOBCKMM MHUKpOaHaIn-
30M M3YYeH HJIEMEHTHBIII COCTAaB COPOEHTA HA €TO OIPE/IENEHHBIX
YYacTKax, MCIOJb3YsT 2JEKTPOHHBIN Mukpockon JSM-6460LV
«JEOL». KauecTBeHHBIIT cOcTaB QyHKIIMOHATBHBIX TPYIIT 06pas-
1a onpesessiin mH(pakpacHoil crekrpockonueil. MK-crexrpsr
nporyckanus perucrpuposasn na crexkrpomerpe NICOLET-
5700 «Thermo Fisher Scientific». ITpeacrasienubie crnekTpsr 06-
pabarbiBanu B iporpammuom nakere «ORIGIN» st Koppekimn
6a30BOM JIMHUK U CryIaKUBaHUsA (POHOBBIX (IIyKTyaIMid.

MukpoOHOIOTHIECKIE UCTBITAHNS «in Vitro» IO OIeHKe
aHTHOAKTEPUATLHBIX CBOICTB YIJEPOIHOrO0 COPOEHTA 110 OTHO-
eHnio K marorennoit mukpodrope nposoamin B [ITHWJI Owm-
CKOTO TOCY/IAPCTBEHHOTO MEIUIIMHCKOTO YHUBEPCUTETA, COTTIAC-
HO  paspaborannoit  meroguke [12]. B kauecrse
YCJIOBHO-TIATOTEHHOI U MATOreHHO# MUKPOMIIOPHI ObLII BHIOPA-
HBI CJEAYIONIe MHKPOOpranmaMel: Staphylococcus aureus,
Pseudomonas aeroginosa, Klebsiella pneumonia, Escherichia coli,
Streptococcus agalactiae, a taxxe cmech Kyabryp 1 (S.aureus u
E.coli) n emech kyabryp 2 (S.aureus w P.aeruginosa). Beibpanbre
KYyJIBTYPbl — KJIMHUYECKIE [ITAMMBI, BbIIECJCHHBIE OT GOJIbHBIX.
Unentudukanuio GakTepuii MPOBOAUIN € MOMOIIBIO TECT-CHUC-
tem nipousBogctBa PLIVA — Lachema Diagnostica (Yexust) u
komibiorepHoil mporpamMmbl «MUKPODB Asromars. Ilpeasapu-
TEJbHO TeCT-MHUKPOOPTaHU3MBI HCCJIe/JOBAIN HA YyBCTBUTEIIb-
HOCTb K COBPEMEHHBIM aHTHOUOTHKAM.

B wucciesioBanme BKIIOYEHO 52 POAMIIBHUIILI BBICOKOTO MH-
(beKIIMOHHOTO PICKA, KOTOPbIE OBLII Pa3IeNeHbl Ha 2 TPYIIIIBL OC-
HoBHYI0 (n=37) u rpymnmny cpashenus (n=15). Poauabnunam oc-
HOBHOI I'PYIIIBI B IOJIOCTh MATKU B IIOCJIEPO/IOBOM IIE€PUOJIE JIJISt
IPOPUIAKTHKN NH(PEKIIMOHHBIX OCJI0KHEHNI BBOJIIIN TeMOCOP-
6err BHUNWTY-1 B Bujie IOPHCTOroO YIIEPOAHOTO ANMIMKATOPa
(onna u3 a3 KIMHIYECKOTO UCTIBITAHUS ) OTHOBPEMEHHO C TPAJIH-
[IMOHHON aHTHOMOTHKOTEpaIeil. POXNIBbHUIIB TPYIITIBI CPaBHE-
HIIS TIOJIYYaJIN TOTBKO TPAANINOHHYIO aHTHOAKTEPHATBHYIO [PO-
bunakruxy.

Buyrtpumarounoe mprMeHerne «DopMoBaHHOTO copbeHTa
BHUUTY-1» B xauecTBe MECTHOTO aNTJINKAIINOHHOTO CPEJICTBA
ono6pero AtudeckuM KoMuTeToM OMCKOTO TOCYIapCTBEHHOTO
MeJMIMHCKOTO yHuBepcureTa (Hporokos 3acemannst NeS1 ot
10.10.12 r.). Cananuio noJI0CTH MAaTKH y POJMJIBHUIL ¢ MH(DEKITN-
OHHBIM PUCKOM OCYIIECTBJIAJIN IIyTeM HOMelleHs B Hee (hopMo-
BarHoro copbenra BHUNWTY-1 B kanpoHoBoM KOHTeiiHepe ¢
IIPUKPEIJIEHHON HUTBIO IS OCJIELYIOIero U3BIedeHns yepes 24
yaca (ToMelast KOHTelHep OJTHOKPATHO, IBAJK/Ibl MJIN TPUIK/IBI /IO
[IOJTHOTO OTCYTCTBHUSI POCTa MATOT€HHOH MUKPOQIIOPDI).

Jlaee TIPOBOAIIIN MUKPOOMOIOTHYECKUIT AHAIII3 acIipaTa
U3 MOJIOCTH MATKH, B3SITOTO B CTEPUIILHBIX YCIOBUSX, B 1a00PaTO-
pun OMCKOI 06J1aCTHON KIMHUYECKOU GOJIbHUIIBI Ha MUKPODJIO-
py. 3a60p Mareprana OCyHIECTBISIIN B aCEITUYCCKUX yCIOBUSIX.
UCIIOJIb3YsI CTEPIJIbHBIE TIPOBOHUKH B BUJIE€ CUIIMKOHOBOI TPYO-
KU, HCKJTIOYAONIITEe BO3MOKHOCTD 3arpsi3HEHNUST TTPOOBI BArMHAIb-

textural characteristics. Nitrogen adsorption-desorption
isotherms (Tads.=77.4K) was obtained by means of Gemini-2380
«Micromeritics». Sorbent element composition at its definite sites
was explored by X-ray microanalysis using JSM-6460LV «JEOL»
electron microscope. The qualitative composition of the sample
functional groups was determined by infrared spectroscopy. IR-
transmission spectra were recorded by NICOLET-5700 «Thermo
Fisher Scientific» spectrometer. The spectra obtained were treat-
ed by software package «ORIGIN» for baseline correction and
background fluctuation smoothing.

Microbiological tests «in vitro» for assessment of carbon sor-
bent antibacterial properties towards to the pathogenic microflo-
ra were carried out in Central Research Laboratory of the Omsk
State Medical University according to the developed technique
[12]. As opportunistic and pathogenic microorganisms the follow-
ing microorganisms were selected: Staphylococcus aureus,
Pseudomonas aeroginosa, Klebsiella pneumonia, Escherichia coli,
Streptococcus agalactiae, as well as the mixture of cultures 1
(S.aureus and E.coli) and the mixture of cultures 2 (S.aureus and
Paeruginosa). The cultures selected were the clinical strains iso-
lated from the patients. The bacteria identification was performed
by applying the test systems PLIVA — Lachema Diagnostica (the
Czech Republic) and a computer program «MICROB Avtomat».
Pre-test microorganisms were examined for sensitivity to modern
antibiotics.

Fifty two puerperants with high infectious risk divided into
2 groups were examined and treated: a main group (n=37) and a
comparison (control) group (n=15). VNIITU-1, as a porous car-
bon applicator, combined with a convenient antibiotic therapy
was inserted into the uterine cavity in postpartum period to pre-
vent the infectious complications in patients in group I (this study
represents one of the phases of clinical trials). Patients from the
comparison group were treated by traditional antibacterial pre-
ventive therapy only.

Intrauterine usage of «molded sorbent VNIITU-1» as an
applicator was approved by the Ethics Committee of the Omsk
State Medical University (Protocol Ne 51 dated 10/10/12).
Sanation of the uterine cavity in postpartum women under a risk
of infection was carried out by intrauterine insertion of a molded
sorbent VNIITU-1 in a nylon container with a thread for further
removal in 24 hours (placing the container once, twice or three
times till a full stop of pathogenic microflora growth).

The microbiological analysis of the intrauterine aspirate was
carried out in the laboratory of the Omsk Regional Clinical
Hospital. The sampling was performed in aseptic conditions using
sterile silicone guides to avoid the possibility of sample contami-
nation by cervical and vaginal microflora. Bacteria identification
was performed with the aid of test systems and computer program
«MICROB Avtomat». The levels of pro-inflammatory cytokines
(IL-18; IL-6) were determined in the aspirate before sorption and
after preventive therapy by ELISA exploiting «Multiscan EX»
photometer and Pro Con IL-18, Pro Con IL-6 kits (LLC «Protein
contour», Saint-Petersburg).

Sorbent surface investigation by atomic force microscopy
(AFM) was performed by Solver P47Bio («NT-MDT», Russia) in
the tapping mode. NSG 30 («NT-MDT», Russia) probes with the
tip radius of 10 nm were applied. Immediately after removal from
the uterus the sorbent was placed into 10% formalin phosphate
solution, pH 7.2—7.4. All reagents were from «Sigma» (USA).
Before studies the sorbent was air-dried at the ambient conditions
and subjected to mechanical destruction, and then the fragments
were fixed on the glass slide surface using cyanoacrylate cement.
These studies were performed at the National Research Center for
Virology and Biotechnology «Vector».

Samples for investigation using TEM with high resolution
were a suspension obtained by flushing the aspirate from the car-
bon sorbent surface. The suspension was precipitated by cen-
trifugation for 5 min. at 3000 r/min. The precipitate was fixed
with 4% paraformaldehyde, contrasted by 1% osmic acid and
dehydrated by the standard method. The samples were embed-
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HOI ¥ lepBUKaIbHON MUKPOhIIopoit. VzenTudukarmio 6akrepuii
MIPOBO/INITH € TIOMOIIHIO TECT-CHCTEM U KOMIBIOTEPHOI TPOTPaM-
Mbl «<MUKPOB Asromar». B actimpare GoJbHBIX 10 COPOIMN 1
rocJie TPOMUIAKTUKH OIIPEAENIAICS YPOBEHb MPOBOCIAINTE/b-
ueix 1utoknnos (IL-14; 1L-6) meromom mMmyHObDEpMEHTHOTO
anasmsa Ha (poromerpe «Multiscan EX» ¢ ncnosibzoBanuem Habo-
pos pearentoB Pro Con IL-18, Pro Con IL-6 (OOO «IIporenHo-
BbIIT KOHTYP», Cankt-IletepOypr).

VccnenoBanue moBEPXHOCTU COPOEHTA METOAOM aTOMHO-CHU-
soBoil Mukpockonuu (ACM) nposoauau Ha npubope Solver
P47Bio («<NT-MDT», Poccust) B mosmykontaktHOM pesknme. -
nosb3oBasin 301716l Mapku NSG 30 («NT-MDT», Poccnst), nmeto-
mgue paayc octpust 10 um. Jlist uccsienoBanusi COpOEHT Cpasy mo-
cjle M3BJIEYEHHMS M3 IOJIOCTH Marku repenocusn B 10% p-p
dbopmasnuna Ha Gocdarrom 6ydeprom pacrsope, pH 7,2—7,4. Vc-
MOJIb30BAJIM PEAKTUBBI pon3Bo/icTBa «Sigmayr (CIIA). ITlepex
MCC/IEIOBAHMSIME COPOEHT BBICYIIMBAIN HA BO3yXe MPH KOMHAT-
HBIX YCJIOBUSX U [OJIBEPrajii MEXaHNUECKOMY Pa3pyLICHHIO, 110-
cJe 4ero (MKCUPOBAIIHM TTOJIy4eHHbIe (hparMeHThbl Ha HOBEPXHOCTH
IIPEIMETHOTO CTEKJIA TIPY MTOMOIIHN I[HaHOAKPHIATHOTO KJrest. [lan-
HbIE FCCJIe/I0BAHIS TPOBO/IIN B [OCy/1apCTBEHHOM HAYYHOM I1€H-
TpPe BUPYCOJIOTHU U GUOTEXHOIOTHH «BekTop».

OOG6pasipl s MCCAEA0BAHUIT METOIOM IIPOCBEYUBAIONIECTT
3JIEKTPOHHON MHKPOCKOIINN BBICOKOTO Pa3pelieH s Ipe/ICTaBIIs-
st cob0il CyCIIeH3UIO, OMYYEHHYIO ITyTEM CMbIBA C YIIEPOIHOTO
copbenTa, acopOHPOBAHHOTO acnupaTa u3 rnosjoctu Marku. Cyc-
MEH3UI0 OCAKIAIN T1yTeM eHTPUhYTUPOBaHUS B TeYeHIEe 5 MUH.
npu 3000 06/Mun. Ocanok dburcupoBain 4% pacTBOPOM Iapa-
opmaspieria 1 KoHTpacTHpoBain 1% pacTBOPOM OCMUEBOI
KUCJIOTBI 1 00€3BOKUBAIN CTaHIAPTHBIM MeTosoM. O6pasiibl 3a-
KJTIOYAJI B CMECH STIOH-aPAJIIUT, MOTYYali TBep/ble GJIOKHU, ¢ KO-
TOPBIX TOTOBUJIN YJIBTPATOHKIE CPE3bI N M3YYasil NX B TPOCBEYN-
BalolleM 2JIeKTPOHHOM Mukpockone Jem 1400 <«JEOL»
(Anonust). DoTOCHEMKY TIPOUZBOJIILI C TIOMOIIBIO KaMepbl GOKO-
Boro BBoaa Veleta «SIS» (Tepmanmust). /laHHOE NCCIEI0BAHIE TIPO-
BeJleHO B VIHCTUTYTE XUMUUECKOiT 61oJIoTUN 1 dbyHnamenTanibHOI
mexununsl CO PAH.

O6paboTKa JaHHBIX OCYIECTBIISIN € TIOMOIBIO TTAKETa MPH-
ksa/iHbIX iporpaMM «STATISTIKA-6.1» u cranapTHBIX MaTeMa-
tuyeckux Tabauil «Microsoft Excel». Tlpu ananmuse pesyssratos
MCCJIEIOBAHNST MCTIOJIb30BAHIN METO/IBI OMICATETBHON 1 Bapua-
IIMOHHOIT cTaTucTuky. /lannble npescrasiensl kak Me (LQ; HQ),
riae Me — mepuana, LQ — nuwknnii (25-it) kBapruib, HQ — Bepx-
Huit (75-it) kBapTHib. CpaBHEHME JIBYX 3aBUCUMBIX ITePEMEHHBIX
(710 ¥ TI0CJIE JIeYEeH NS ) TIPOBOJIMJIM C TOMOIIIBIO KprUTeprst BHiKkok-
cona 1 Manna-Yutuu. HyseBoii cunrann runoresy o COBIaZeHIN
MeIMaHHBIX 3HAYEHUIT BYX HE3aBUCHMbBIX BBHIOOPOK. Kpurnuec-
KMM YPOBHEM 3HAYMMOCTH IIPH IIPOBEPKE CTATUCTUYECKUX THIIO-
re3 nipuanManu p=0,05.

PesyibraThl U 00CyK/IEHHE

Ha aJ1eKTpOHHO-MUKPOCKOIIMYECKUX CHIMKaX H300pa-
JKEHa [OBEPXHOCT yI/IepoiHbIx copbentos BHUUTY-1 rpa-
HYJIMPOBAHHOTO 1 (DOPMOBAHHOTO copGeHTOB (puc. 2). BujiHo,
YTO MOBEPXHOCTh (POPMOBAHHOTO copOeHTa (oJiee CriraKeHa
110 CPaBHEHUIO € TPAHYIMPOBAHHON (HOPMOit, 4TO 0OBICHSIET-
CsT PA3JITIHOMN TEXHOMIOTHEH U3TOTOBIECHIST MATEPHATIOB.

AHaJIu3 9JIEMEHTOB Ha MOBEPXHOCTH U B COCTaBe 00-
PasIoB TOKa3all, 4To COPOEHTHI He PA3IMIAIOTCS 110 Pac-
npe/eIeHIIo 3JIEMEHTOB Ha TToBepXHOCTH. Tak, B o6pasiax
rpanysmpoBanHoro remocopbeata BHUMTY-1 comepaxa-
Hue yriaepoma coctasmio 96,85+0,31% (macc.), a Kicaopo-
ma — 3,18+0,22% (macc.). s o6pasios GopMOBaHHOTO
copbeHTa comepskanue yriepoaa cocrasuno 96,85+0,31%
(macc.), kuciopona — 2,97+0,08% (macc.).

ded in epone-araldite mixture to obtain the solid blocks from
which the ultra-thin sections were prepared and examined using
the transmission electron microscope Jem 1400 <«JEOL»
(Japan). Images were acquired by the side camera Veleta «SIS»
(Germany). The study was conducted at the Institute of
Chemical Biology and Fundamental, Siberian Branch of the
Russian Academy of Sciences.

Data processing was carried out using «STATISTIKA-6.1»
software and the standard mathematical tables «Microsoft Excel».
The methods of descriptive and variation statistics were applied.
Data were presented as Me (LQ; HQ), where Me — median, LQ is
a low (25th) quartile, HQ is an upper (75th) quartile. Wilcoxon
and Mann Whitney criteria were exploited to compare two
dependent variables (before and after treatment). The hypothesis
about the median values coincidence of two independent samples
was considered as a zero hypothesis. The critical level of signifi-
cance in statistical hypotheses test was p=0.05.

Results and Discussion

At the electron microscopic images the surface of car-
bon granulated and molded sorbents VNIITU 1 is demon-
strated (Fig. 2). It is evident that the surface of the molded
sorbent is smoother in comparison with the granulated form
due to distinct technology for material manufacturing.

Analysis of the elements on the surface and in the
composition of the samples showed that the sorbents do
not differ in distribution of their surface elements. Thus,
carbon content in granular hemosorbent VNIITU-1 was
96.85+0.31% (wt.), oxygen — 3.18+0.22% (wt.). For mold-
ed sorbent the carbon ratio was 96.85+0.31% (wt.), oxygen
— 2.97+0.08% (wt.).

IR spectroscopic analysis revealed no significant
differences in the composition of the functional groups on
the surface between the granulated and molded sorbents
(Fig. 3). IR spectra revealed fluctuation of absorption
bands (a.b.), which is typical for C-O bonds in lactones
and esters (1200—1225 cm™), as well as in phenolic and
alcoholic structures (1000-1200 cm™). C=C bonds in pol-
yaromatic systems are clearly displayed in a.b. spectra
(1550—1590 cm™). C=0 (1728 cm™) valent vibrations and
a.b. at 970—995 cm™ are additionally recorded in IR spec-
tra. Recent a.b. may correspond to the out-of-plane defor-
mation vibrations of C=C-H in the structural fragments
RCH=HCR u RCH=HC-OR in transconfiguration. Low-
intensity a.b. at 1445 and 1385 cm™ are also observed,
which may correspond to CO32- ions arising in case of
contact the sorbent surface with atmospheric oxygen.

According to the microbiological test «in vitro»
results, the granulated and molded sorbents possess
antibacterial activity against gram-positive and gram-neg-
ative microorganisms. While studying the sorbent efficien-
cy in respect to the test microorganisms, the following was
found: firstly, a gradual descent in gram-positive bacteria
growth S.aureus (after 6 hours of exposure) was observed
during the contact with the mixture 1 (E.coli and
S.aureus); secondly, a slight reduction of P.aeroginosa
colonies growth after 6 hours of exposure was marked in
contact with the mixture 2 (P.aeruginosa and S.aureus);
and, thirdly, «<a poor growth» of pathogens in mixtures 1
and 2 after 24 hours of exposure was recordered.
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Puc. 2. D1eKTPOHHO-MUKPOCKONNYECKHE H300PasKeHHs] YYACTKOB MOBEPXHOCTH YIJIEPOJHOrO MaTepuaia rPaHyIMPOBAHHOIO COP-
6enta BHUUTY -1 npu yseauuenuu 300 (a) u popmoBannoro copéenra BHUUTY -1 npu yseanuenuu 200 (b).
Fig. 2. Electron microscopic images of VNIITU-1 carbon granular sorbent surface in magnification X300 (a) and molded sorbent

VNIITU-1 in magnification X200 (b).

NK-criekTpocKonnyecKknii aHain3 He BbISBUJ 3Ha-
YIMBIX Pa3indnii B cocTase (HyHKINOHAIBHBIX TPYIII HA
MIOBEPXHOCTH MEKIY MCCIIEYEeMBbIMH TPAHYIMPOBAHHBIM 1
dopmosanubiM copbertamu (puc. 3). B MK-cnekrpax ma-
TEPUAJIOB MPOSBISIOTCS KOJEGAHUS MOJIOC MOTTOMEHIST
(m.11.), xapakrepubie aist C-O cBsizeil B akToHax n adu-
pax (o6mactp 1200—1225 cm™), a Takke (HEHOJIBHBIX U
ciuproBbIX cTpyKTypax (obaacts 1000—1200 cm™). Or-
YETJIMBO B CIEKTpax nposiBistiores 1.1 ¢Bs3u C=C B 1mo-
smapomarngeckux cucteMax (1550—1590 em™). lomosnmu-
TerpHO B VK-cHexTpax perncTpupyioTrcsl BaJeHTHBIE
kostebanust rpynnbl C=0 (1728 em™) u mar. ipu 970—995 em
'. Ilocyennue ILI. MOTYT COOTBETCTBOBATH BHEIJIOCKOCT-
HbIM JiehopMalinoHHbIM Kosebanusm cBsiseit C=C-H B
crpykrypHbix parmentrax RCH=HCR u RCH=HC-OR
B TpaHc-kKoH(Murypaiuu. Takke HaOMIOQAIOTCS MaJOMH-
TeHcuBHBIE TLIL. Tipn 1445 1 1385 cM™!, KOTOpbIE MOTYT CO-
orBetcTBOBaTh HOHAM CO32-, BO3HUKAIONUM TIPU KOHTAK-
Te MOBEPXHOCTH COPOEHTA € KUCJIOPOIOM BO3/yXa.

CorzacHo pesyisraTaM MUKPOGHOJOTHYECKIX HCITbI-
TaHWIT «in Vitro», TPAHYJIUPOBAHHBIN 1 (POPMOBAHHBIN COP-
GeHTbl 00/ 1a1at0T aHTUOAKTEPUATIbHOM aKTMBHOCTBIO B OT-
HOIIEHUH T'PaMIIOJIOKHUTEIBHBIX W TIPaMOTPHUIIATEIbHBIX
MukpooprauusmoB. [Ipu usyuenun addexruBHOCTH COP-
GEHTOB IO OTHOIIEHUIO K TECT-MUKPOOPTaHI3MaM YCTAHOB-
JICHO CJIeflyloliee: BO-TIEPBBIX, NIPH KOHTAKTE CO CMEChIO
kyasryp 1 (E.coli u S.aureus) wabiogaeTcsi OCTEIIEHHOE
CHUKEHUE POCTA KOJIOHUH MPaMIIOJIOKUTEbHBIX OaKTepuil
S.aureus (110 uctedennn 6 4acoB MOCe KOHTAKTA); BO-BTO-
PBIX, IIPU KOHTAKTE CO cMechio Kyabryp 2 (Paeruginosa n
S.aureus) ormedaercst HeOOJBIIOE CHIKEHNE POCTA KOJIO-
Huit 1 Paeroginosa o uicredennn 6 4acoB 1mocJie KOHTaK-
Ta; B-TPETBUX, «CKYIHBIN POCT» ITATOTeHHON MUKPOGIOPHI
1t eMeceil KyasTyp 1 u 2 1o ncredenun 24 4acos Tocse
KOHTAaKTa.

ITpu mcce0BaHNT ACTTHPATOB M3 TTOJOCTH MATKH JI0
Hauyasa NPOPUIAKTUUECKON Tepanuu OblLIN BbIAEIEHbI

-0-C-0-
-C=C-
0,012

0,010 -

0,008 -

Absortion

0,006 -

0,004 -

0,002 -

0,000

1200 1400 1600 1800

Wave number, em-!

800 1000

Puc. 3. UK-cnekrpsl rpanyuposannoro oopasua (1) u popmo-
BaHHOTO copOenTa (2).

Fig. 3. IR spectra of granulated (7) and molded sorbents (2).
Note (npumeuanue): absortion — morsomnienue; wave number,
cm’ — BOJHOBOE YNCJIO, CM .

While investigation of aspirates from the uterus
before starting the preventive therapy, the following
pathogens have been identified: Ureaplasma urealyticum in
26.9% postpartum women, Staphylococcus epidermidis (a
hemolytic strain sensitive to clindamycin, levofloxacinum,
moxifloxacinum, sextafag, and staphylococcal bacterio-
phage) in 21.2% women, Enterococcus faecalis (sensitive to
amoxicillin-clavulanate and levofloxacin) in 19.2% puer-
perants, E.coli in 17.3% patients, Enterococcus faecium in
9.6% women, Candida albicans in 7.7% postpartum
women, and Pseudomonas aeruginosae in 3 8% patients.

In 86.5% cases a combination of microorganisms has
been determined in the aspirate. The most frequent associ-
ations were: Ureaplasma urealyticum and Enterococcus,
Enterococcus and Staphylococcus, Enterococcus and E.coli.
As per results of the first tests that revealed the massive
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caenywomue BosOyaurenu: Ureaplasma urealyticum y
26,9% pomuabhutl, Staphylococcus epidermidis (remomuru-
YeCKUH IMTaMM, 9yBCTBUTEBHBIN K KIMHAAMUIIHY, JTEBO-
(daokcarny, MokcudIIoKcanuHy, cekcradary, craduiio-
KOKKOBOMY Oaktepuodary) y 21,2% poausbHuUIL,
Enterococcus faecalis (4yBCTBUTENbHBIN K aMOKCUIVIH-
KJIaByJIaHaTy ¥ JeBodsokcannuy) y 19,2% poanabHu,
E.coliy 17,3% pomunbhutt, Enterococcus faecium y 9,6% po-
Candida albicans y 7,7%

Pseudomonas aeruginosae y 3,8% pOaUIbHHUIL

JIUJIBHUIL, POJIMJIbHUIL,
B 86,5% ciyuaeB B ToceBax acmupara U3 TOJOCTH
MAaTKH MMEJIOCh COYETaHUEe HECKOJbKUX MHKPOOPTaHM3-
mMoB. Hawmbosnee wacto HaOMIOMAINCH ACCOTUAIINN:
Ureaplasma urealyticum w Enterococcus, Enterococcus n
Staphylococcus, Enterococcus u E.coli. Tlo pesyibratam
MIEPBUYHBIX MOCEBOB, B COOTBETCTBUU C TIOJYUYEHHBIM 3a-
KJIIOYEHUEM U BBISBIEHUEM MACCHBHOTO POCTA TATOTEH-
HOI MUKPOGIIOPBI, POAMIBHUIIBL 0G0UX IPYIII ObLIN OTHE-
CeHbl B TPYIIY BBICOKOTO WHQDEKIIMOHHOTO PUCKA.
BbisiBJIeHHBIE TTATOT€HHBIE MUKPOOPTaHU3MBI, OYEBH/HO,
MOTYT ObITh IPUYUHO HAPYIIEHNsT MUKPOOUOIIEHO3a MaT-
KM ¥ 9HJIOMETPUS U TIPUBOJIUTH K PA3BUTHIO arpPeCCUBHBIX
dbopM GaxTepuasbHOU MHMEKIUN BCIEACTBUEC HATMUUS
AHTUOMOTUKOPE3UCTEHTHBIX ITAMMOB GaKTepuUid.

[TocJie uzBJIeueHUs 1IEPBOrO COPOEHTA CKY IHBIN POCT
MUKPO(JIOPHl Ha MUTATEJNBHBIX CPeax ObLI BbISBJICH Yy
21,6% mannentok, y 43,2% BBIABIAICS YMEPEHHDII POCT
Bo3Oyauteneit u y 35,1% JKeHIIUH COXPAHWJICS MaCCUB-
HbIi pocT. [locse moBTOPHOTO BBEIEHNST TOPUCTOTO yTJIe-
POJIHOTO AlIJIMKATOPA B MOJOCTh MATKU POIUJIbHUIIAM
JIAHHOM TIO/rPYIIIBI B KOHTPOJIE TIOCEBOB POCTA TTATOTEH-
HOI MUKPO(DJIOPBI BbisiBJIeHO He OblIO B 51,4% ciyuaes,
yYMepeHHbIH pocT coxpansiicss y 40,5% JKeHIH U CKy/-
oIt poct ormeuer B 8,1%. ITocse TpeThero M3BACYEHUS
copGeHTa, BBEIEHHOIO B II0JOCTh MATKH, Y POMJIbHUIL
JIAHHOM TPYIIIBI B KOHTPOJIE IOCEBOB POCT MIATOTEHHOI MU-
kpodopsl orcyreTBoBan B 100% coydaes.

[TpodunakTka M JiedeHne THOWHO-BOCHATIUTEb-
HbIX [I0CJIEPOOBBIX 3a00JI€BAHMIT OCJIOKHSIIETCS 1 TEM, UTO
HAKAITMBAIONIMECS TIPU BOCIAJIEHUU B TIOJIOCTH MaTKH
IIPOBOCHAJIUTEIbHbIE IIMTOKUHBI,  TAK)KE TOKCUHbBI, BbJIE-
JisseMble MMKPOOPTraHM3MaMU, HAPYIIAIOT JIOKAJTbHbBIN Te-
MOCTa3, CHWKAIOT 11ephy3ui0 TKAHU U BbI3bIBAIOT THUIIO-
KCHUIO TKaHW, 3aTPY/HSISI PEreHepainio 1 3MUTeNTU3aInIo
AH/IOMETPUS. B CBSI3U € TUM, ONPEAETSIN Co/iepKaHue
mpoBocTaTnTeNbHBIX 1TTOKIHOB (1L-15, IL-6) B actiupate
U3 10JI0CTU MaTKU. 3a60p Marepuasa POBOAMICS /10 Ha-
yajia U 1ocJje 3aBepiieHns npohuIaKTHIeCKON Teparmm.
[TostyueHHbIe Pe3yJIBTaThl PEACTABIECHBI B TAOJIUILE.

[Turoknu IL-15 3a cyeT KOHCTUTYUTHBHON 9KCIIPEC-
CHU CBOUX PEIENTOPOB OYeHb OBICTPO aKTHUBUPYET MPaK-
THUYECKN BCE TUIIbI KJIETOK, yyacTByolue B (hopMuposa-
HUU JIOKQJIBHOTO BOCIAJTUTENBHOTO TIPOIECCa, BKIIOYAst
(pubpobmacTel, sHAOTENNH, PE3UACHTHBIE Makpodarn u
JseiikoruTel eprudepnaeckoit kposw [ 13]. IL-148 crumym-
pPYeT W peryJimpyer BOCHAJUTEJbHbIE ¥ UMMYHHbBIE IPO-
recceol, aktusupyer T- n B-mmmdorutsl, ctumynupyer
cuHTe3 OEIKOB 0CTPOil (pasbl, akTuBUpyeT (haroruros [14].

growth of pathogenic organisms women of both groups
were considered as groups at a high risk of infection. The
pathogens detected have apparently been a course of micro-
biocenosis disturbance in the uterus and endometrium and
led to the development of aggressive forms of bacterial
infection due to the presence of antibiotic-resistant strains.

After removing the first sorbent from the uterus a
poor microflora growth on the nutrient media was detect-
ed in 21.6% of patients, a moderate pathogen growth was
registered in 43.2% women, and a massive growth was
observed in 35.1% of women. After re-insertion of the
porous carbon applicator into the uterus of women after
childbirth, in this subgroup no growth of pathogenic
organisms was identified in 51.4% of cases, moderate
growth was maintained in 40.5% of women and poor
growth was registered in 8.1% of cases. After the remov-
ing of third sorbent applicator in postpartum women
from this group the growth of pathogenic microflora was
absent in 100% cases.

Prevention and treatment of pyoinflammatory dis-
eases during the postpartum period are complicated by the
fact that proinflammatory cytokines are accumulated into
the uterus together with toxins which are secreted by
microorganisms; these changes alter local hemostasis,
reduce tissue perfusion and cause tissue hypoxia hamper-
ing the regeneration and epithelialization of the
endometrium. Thereby, the levels of proinflammatory
cytokines (IL-18, IL-6) were evaluated in aspirate from
the uterus. Sampling was provided before and after the
preventive therapy. The results of the study are presented
in Table.

IL-18 cytokine due to constitutive expression of its
receptors rapidly activates almost all types of cells
involved in developing local inflammatory process,
including fibroblasts, endothelial, resident macrophages
and peripheral blood leukocytes [13]. IL-18 stimulates
and regulates the inflammatory and immune processes,
activates T- and B-lymphocytes, induces synthesis of
acute phase proteins, and activates phagocytosis [14].
The level of IL-18 cytokine, a main mediator of the local
inflammatory process and acute phase response, was sev-
eral times higher than the standard values before start-up
of preventive treatment. During the traditional antibiot-
ic therapy an average value of the pro-inflammatory
cytokine IL-18 in aspirate of patients was slightly
exceeded the original value. After preventive therapy
with a molded sorbent VNIITU-1 its level in the aspirate
of patients has dropped down by 2.3 times.

The level of IL-6 in aspirate after treatment with
molded sorbent VNIITU-1 is significantly changed in con-
trast to the comparison group, which can be explained as
follows. At the early stage of the pathological process 1L-6
induces the proliferation of B-lymphocytes activated by
bacterial antigens, intensifies the antibody synthesis and
enhances the functional activity of killer T cells. Sorbent
action reduces the pathogens amount and accelerates the
recovery process of micro-bicenosis in the uterus and
endometrium. In conventional therapy the efficacy of
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Bimsinue popmosanHoro copoenta BHUUTY -1 Ha copep:kanue IL-18 u IL-6 B acimpare u3 nosocru matku, Me (QL; QH).
The impact of the molded sorbent VNIITU-1 on IL-18 and IL-6 concentration in aspirate from the uterine cavity, ME

(QL; QH).
Parameter Level of pro-inflammatory cytokine Statistics criteria
in aspirate, pg/ml (significance value, P-value)
Before the Main group  Comparison Wilcoxon Mann Whitney
preventive therapy  (n=37) group (n=13) 1 2 3
IL-18 205.3 88.50 2471 0.028* 0.105 0.012*
(76.8;333.8)  (16.1;160.8)  (80.4; 259.9)
IL-6 367.7 334.3 362.33 0.033* 0.087 0.067

(245.2; 492.2)

(223.2; 445.4)  (294.0; 528.1)

Note (npumeuanue): parameter — nokasaresn; IL-18 — unrepaeiikun 15; [L-6 — unrepaeiikun-6; level of pro-inflammatory cytokine
in aspirate, pg/ml — ypoBeHb IpOBOCHATNTENBHOTO IINTOKMHA B actiupare, ir/mi; Before the preventive therapy — 1o nauana npodu-
JIAKTHYECKON Tepanuu; main group — 0CHOBHas IPyIIIa; comparison group — rpyiia cpaBHeHus; statistics criteria (significance value,
P-value) — crarucruyeckue kpurepun (YpoBeHb 3HAYUMOCTH, p-ypoBenb); Wilcoxon — Bukmokcona; Mann Whitney — Manna- Yur-
Hu. * — statistically significant P value for compared parameters — cratucTuueckn sHaunMble P 711 cpaBHUBAEMbIX TApaMeTPOB (Cri-
teria are significant at the level of statistical significance — Kpurepuu sBISIOTCS 3HAYUMBIMU Ha YPOBHE CTATUCTHYECKON 3HAYMMOC-
T, P<0.05): 1 — before preventive therapy and after the third application of the sorbent — xo npodurakrnyeckoii repanuu u moce
3-ro npumenenus copbenta; 2 — before preventive therapy and after the 3rd intake of antibiotics — 10 npodurakTyeckoii Tepanun
u nocJie 3-ro nprema aHTu6noTuKoB; 3 — the main group and the comparison group — ocHOBHast rpyIiia i rpymia CpPaBHEHUSL.

VYposenb ruroxuna 1L-14, SBISIONET0CS TITaBHBIM Mera-
TOPOM MECTHOTO BOCHAJIHTEIBHOTO Tpoliecca u octpoda-
30BOTO OTBETA Ha YPOBHE OPTaHU3Ma, /10 TIPOBEICHUS M1PO-
(pmmakTUYECKOTO JIeYeHUsI B HECKOJIBKO Pa3 TIPEBBIIIAT
HOpMaTuBHbIe 3HaueHus. [Ipu mpoBemeHUM TpagUIIMOH-
HOIl aHTMOMOTUKOTEPAIINU CPeHEe 3HAYEHHUE MPOBOCIIA-
suTenabHoro TMToknHa IL-14 B acmmpare manmueHToK He-
CKOJIBKO TIPEBBICUJI UCXO/HOEe 3HaueHue. [locse cearncon
MPOMUIAKTHYECKOI Tepanuu ¢ mpuMeHennemM hopMoBaH-
Horo copbenta BHUUTY-1 ero yposets B acniupare 60J1b-
HBIX YMEHBITHJICS B 2,3 pasa.

Yposens [L-6 B acmmpare mocJie Je4eHms ¢ NCMOJIb-
soBanmeM Gpopmosanaoro copbenta BHUUNTY -1 smaunmo
M3MEHUJICS B OTJIMYME OT TPYIINbI CPABHEHUS, YTO MOKHO
00bsICHUTD crepytomum o6pasoM. Ha panHeil craauu 1ia-
Tosiorndyeckoro Tmporecca 1L-6 axktuBmpyer mposmdepa-
U0 aKTUBUPOBAHHBIX OAKTEPUAIbHBIM AHTUTEHOM B-
JUM(DOIUTOB, YCUJIMBAET CUHTE3 AHTUTEJ] W YCUIUBAET
(ynknonanmpayo aktuBHOCTh T-xumepos. [leficTBue
copGeHTa YMEHbIIAET KOJUUYECTBO TTATOTEHHBIX MUKPOOP-
TaHU3MOB M TE€M CaMbIM YCKOPSIET TPOIECC BOCCTAHOBIIE-
HUS MUKPOOMIIMHO3a MaTKU U dHpoMeTpus. [Ipu Tpaguiiu-
OHHOI Tepanuu Masass 3(hOEKTUBHOCTb MPUMEHSIEMbIX
MIPENapaToB CBsI3aHa C TEM, YTO BbISIBJICHHbIE TATOT€HHBIE
MUKPOOPraHU3Mbl — arpeccuBHbie (POPMbI OaKTepHATbHOIT
uHQEKINE, CPEeAU KOTOPIX ObLINM 0OHAPYIKEHbI aHTUOUO-
TUKOPE3UCTEHTHBIE IITAMMbI OaKTEPHd.

[IpeaoxeHHbIi cr1ocob TPOGUNAKTUKY TOCAEPOI0-
BOTO HH/IOMETPUTA Y POAMJIBHUIL C UH(DEKITMOHHBIM PUC-
KOM C ITOMOII[bI0O BHYTPUMATOUHOTO BBEJICHUS TTOPUCTOTO
yraepoaHoro amnkaropa BHUNUTY-1 asisercst Gosee
2(GEKTUBHBIM 110 CPABHEHUIO C TPAJAMUIMOHHBIM TOJXO-
JIOM U TIO3BOJISIET YJIYUIIUTh PE3YJIBTAThI JICUCHUS 34 CUET
HOJIHOM 9JIMMUHAIIUY [TATOTEHHbBIX BO30YAUTEEH 13 110J10-
TH MAaTKW ¥ CHUYKEHUST YPOBHSI MECTHBIX TTPOBOCIIAJINTEIb-
HBIX IIUTOKMHOB. J[JIsT MOHUMaHUS MEXaHU3Ma JIeHCTBUS
copGeHTa ObLIO POBEAEHO UCCIEI0OBAHIE €r0 OBEPXHOC-
T [OCJIE HAXOXK/IEHHs B TIOJOCTU MATKU OOJIbHBIX METO-

using drugs is low due to the fact that the identified
pathogens are aggressive forms of bacterial infection with
the antibiotic-resistant strains.

The method proposed for prevention of postpar-
tum endometritis in women at high risk of infection
via intrauterine insertion of porous carbon applicator
VNIITU-1 is more effective than the traditional
approach since it improves the results of treatment by
complete elimination of pathogens from the uterus and
reduces the rate of local pro-inflammatory cytokines. To
understand the mechanism of action the sorbent surface
after withdrawal from the uterus was studied by atomic
force microscopy. A layer of biomolecules covering the
sorbent surface complicated the study making specific
<«blurring» of the surface relief in the images. The impact
of this effect was minimized by means of optimum scan
settings. Fig. 4 presents the images of sorbent surface
samples removed from the uterine cavity. The data are
presented in two-dimensional and three-dimensional for-
mats. The surface images of 5X5 and 10X10 mm represent
the most informative ones. In 2D image the relief height
is marked by coloration (the scale is in the right of the
image); in 3D format the height of the relief is shown on
the vertical axis. The external surface relief of the sorbent
rod has no differences from the surface internal channels
topography of the square cross-section. The depth of
relief is 0.2—0.5 um, the lateral dimensions of the over-
hangs are 0.4—1.2 pm. Protruding elements shape is close
to spherical. Small (diameter 10—50 pm), smooth, free
from organic film spots are found on the sorbent surface.
Apparently, the rounded relief elements are micro-organ-
isms or their fragments.

Thus, investigation of the internal and external
(square channels) sorbent rod surfaces by atomic force
microscopy revealed the presence of a large number of pro-
truding elements (up to 0.5 microns length) with a shape
close to spherical. These objects are apparently microor-
ganisms forming a dense microbial film on the external sur-
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Puc. 4. CHumku noBepxHocTu copGenra popmoBannoro copoenta BHUNTY -1, 9KCIIOHHPOBAHHOTO B MIOJOCTH MATKU GOJBHOM 9H/0-
METPHO30M. [OJIYYEHHbIE METO/LOM ATOMHO-CHIOBO MUKPOCKOIIMH B IOJIyKOHTAKTHOM PEKHMeE.
Fig. 4. Images of VNIITU-1 sorbent surface exposed in the uterus of a patient with endometriosis taken by atomic force microscopy

in tapping mode.

Note (npumeuanue): The size of the scan area is 10X10 mem (a top row) and 5X5 mem (a bottom row) — pasmep obsacT cKaHUPOBa-
nusg 10X10 (Bepxuuii psaa) u 5X5 MM (HuskHuit psin). Visible accumulation of the spherical objects (microbial film) on the sorbent sur-
face — BuHBI CKOILIEHUST chepryecKiX 00beKTOB (MUKPOOHas IIeHKa) Ha TIoBepxHocTH copOenTa. Image of bacteria on the sorbent sur-
face obtained by light microscopy is in the upper left corner — B JIeBOM BepxHeM yrury MpUBEEH CHUMOK GaKTepuii Ha IIOBEPXHOCTH

cop6eHTa, HO]Iy‘{eHHbeI METO/IOM CBETOBOI MUKPOCKOITHU.

JIOM aTOMHO-CUJIOBOIT MuKpockonuu. Cioii GuoMosexy.,
MOKPBIBABIIKX [OBEPXHOCTh COPOEHTA, 3aTPYAHII JaHHOE
HCCIeI0OBAHNE, BHOCST XapaKTepHOe «Pa3MBITHE» pebeda
MMOBEPXHOCTU Ha CHUMKaX. Bimsnwe mannoro addexra
YAAJI0Ch MUHUMU3UPOBATD MOAGOPOM ONTUMAJIbHBIX MApa-
METPOB CKaHMpoBaHus. Ha prc. 4 TpuBeIeHbI CHUMKH TT0-
BepxHOCTH 00pasioB (OPMOBAHHBIX COPOEHTOB IOCJE
KOHTAKTa CO CPEIOit mosocTn MaTku. [ToTydeHHbIe JaHHbie
MIPE/ICTABIEHBI B IBYMEPHOM 1 TpexmepHoM dopmare. Ha-
ubosee MHGOPMATUBHBIMU OKa3aJIMCh CHUMKHU yJYaCTKOB
MOBEPXHOCTH pazmepom 5X5 n 10X10 Mmxm. B iByxmMeprOoM
NpeJCTaBJIeHIN BbicOTa pesbeda 0603HaUeHA PACIIBETKO
(TKasa TPUBOAUTCS CTIPaBa OT CHUMKA), B TPEXMEPHOM
dopmare BoicoTa pebeda yrazaHa Ha BEPTUKAIBHON OCH.

Penped BHEIHENH MOBEPXHOCTH CTEPKHS cOpOEHTa
He OTJIMYAETCS OT pesibetha TTOBEPXHOCTH BHYTPEHHUX Ka-
HAJIOB KBaJpaTHOro cevyeHust. [iybuna penbeda 0,2—0,5
MKM, JIaTepaJbHble Pa3MepPbl BBICTYTAIONINX JJIEMEHTOB
0,4—1,2 mxm. Dopma BBICTYIAIONINX 9JIEMEHTOB OJIM3KA K
cepuueckoii. Ha nmosepxHocTH COpOEHTA BCTPEYAOTCS
HeGosbuime (auamerp 10—50 MKM) IJlafikue [sITHa, CBO-

face of the sorbent rod including the surface of its internal
channels.

Visual observations showed that the sorbent
extracted from the uterus of patients is covered by
noticeable yellowish material which is evidently a mix-
ture of endometrial mucus, endometrial cells, microor-
ganisms, and cell debris.

To clarify the sediment composition and qualitative
evaluation of the molded carbon sorbent VNIITU-1 effica-
cy the transmission electron microscopy of ultrathin sec-
tions was exploited.

The results of investigation of the ultrathin sections
demonstrated that the sediment composition was modified
in different patients; however, the exfoliated endometrial
cells with signs of destruction, leukocytes (mainly neu-
trophils), macrophages, cell debris and microorganisms
were detected in the sediment (Fig. 5). The microorgan-
isms were dominantly localized among the cellular debris
and between cells, and often found in the phagosomes of
macrophages and neutrophils, where they were destroyed.
Thus, the sorbent absorbs not only toxins secreted by
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Hossimt copbenT

Puc. 5. Pasnoo6pa3sue Gaktepuii B MaTepuaje acnupaTa NanuenTKy.

Fig. 5. Bacterial diversity in aspirate of patient.

Note (mpumeuanue): Swab test of the ultrathin sections of the molded sorbent VNIITU-1 surface by transmission electron
MiCToSCOpy — YJIBTPATOHKHE CPE3bl CMbIBA ¢ MoBepXHOCTH copbenTa hopmoBarnoro copberta BHUNTY -1, cHsATbIE METOZOM IPOCBE-
YHMBAIIEH 2IEeKTPOHHOI MuKpockonuu: (a, b, ¢) Gram-negative bacteria in the extracellular space — rpamorpunarenbabie Gakrepun
B MEKKJIeTOUHOM IpocTpancTse; (d) — neutrophils with different destruction degree containing bacteria in phagosomes — neiirpodu-
JIBI PA3HOII CTETTEeHN TeCTPYKIIH, COepsKaIie B harocoMax GakTepi.

GO/IHBbIE OT OpPraHMYecKoil TIeHKHU. [lo-BuarMomy, OKpyT-
JIbIE BJIEMEHTBI pesibeha MPeCTaBIsIoT co00i MUKpOOpra-
HU3MBI WJIN UX (PPAarMeHTHI.

Takum 06pas3oM, WCCIeOBaHUE BHEIIHUX W BHYT-
peHHUX (KaHAJIbl KBAJPATHOTO CEYEHUS) IMOBEPXHOCTEH
cTepKHel copOeHTa METO0M aTOMHO-CUJIOBOM MUKPOCKO-
A [IOKA3a710 HAJI4ne OOJIBIIOTO KOJIMYECTBA BBICTYIIAIO-
MUX AJIEMEHTOB BBICOTOH 0 0,5 MKM, UMEIOMNX (HopMmy,
6susKyI0 K cheprdeckoii. [lanHble 00BEKTHI, 110 BCEH BU-
JIUMOCTH, SIBJISIOTCST MUKPOOPTAHU3MaMU, 00Pa3yIONiIMi
IUIOTHYIO MUKPOOHYIO TIJIEHKY KaK Ha BHEIIHEH TTOBEPXHO-
CTH CTEPKHsI COPOEHTa, TAK M Ha TIOBEPXHOCTSIX €r0 BHYT-
PEHHIX KaHAJIOB.

BusyasbHble HaGII0EHUS TIOKA3AJIH, YTO U3BJICYEH-
HBIH U3 MOJTOCTH MATKU GOTBHBIX JKEHIIINH COPOEHT TTIOKPBIT
3aMETHBIM CJI0EM JKeJITOBATOTO MaTepHasa, KOTOPBIi, oue-
BUJHO, TIPEACTABJSAET COOOIT CMeCh BHYTPUMATOUHOM CJIU-
31, KJIETOK 9H/IOMETPHS, MUKPOOPTaHU3MOB M KJIETOUHOTO
netputa. [l yTouHeHns cocTaBa ocajika M KaueCTBEHHOH

destructed microorganisms and cells, but also cell debris
and free microorganisms.

Conclusion

Thus, we have developed a technology for manufac-
turing a new type of medical products «<molded carbon sor-
bent VNIITU-1» and studied numerous physicochemical
properties of the sorbent product. Characteristics of the
molded sorbent are comparable with the features of carbon
hemosorbent VNIITU-1 in sterile saline solution that is
widely used in medical practice. Microbiological «in vitro»
tests allowed determining the antibacterial properties of
carbon sorbents against S.aureus, P.aeroginosa, K.pneumo-
nia, E.coli, S.agalactiae and their mixtures. It has been
determined that the elaborated molded carbon sorbent
VNIITU-1 with its properties has not been inferior to
granulated carbon hemosorbent VNIITU-1, which has
been well-exploited and positively proven in medicine. It
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o1ieHKH 3(hGeKTUBHOCTH (HOPMOBAHHOTO YTIEPOTHOTO COP-
6erra BHUUTY-1 6bl1 MCIOMB30BaH METOJL POCBEUYMBa-
T0TIelt 9IeKTPOHHON MUKPOCKOIINN YJIBTPATOHKHUX CPE30B.

PesympraTer mnccieoBannil yIBTPATOHKUX CPE30B
TTOKA3aJI1, YTO COCTAB OCA/IKa BAPhUPYyeT Y PA3HbIX MMaIleH-
TOK, O/THAKO, B OCAJKe BCErJa MPUCYTCTBYIOT CIyICHHBIE
KJIETKW 9HAOMETPHS ¢ TPU3HAKAMMT JeCTPYKIINH, JIeHKOIH-
Tbl (B OCHOBHOM HeNTpPO(hMIbI) U Makpodaru, KJIeTOUHbII
JETPUT ¥ MUKPOOPTAaHU3MBI (pHC. 5). MUKPOOPTAHN3MBI B
OCHOBHOM JIOKQJIN3YIOTCSI CPEAN KJIETOYHOTO [eTpuTa M
MEKTy KJIeTKaMH, HePEeIKO MIKPOOPTaHN3MBI BCTPEYAIOTCST
B ¢harocomax MaxpodaroB u HEUTPOMUIOB, I7ie OHU IOI-
Bepraorcst paspyuienuto. Takum 06pasoM, COPOEHT TIOrJI0-
IaeT He TOJIbKO TOKCHHBI, BBIJIE/ISIeMbIe Pa3PYIIAIOMINMUCST
KJIETKAMK U MUKPOOPraHU3MaMH, HO U COPOMPYET KJIeTOU-
HbIiT IeTPUT 1 CBOOOIHBIE MUKPOOPIaHU3MBbI.

3akjaoyeHue

Takum 06paszoM, HaMu pazpaboTaHa TEXHOJIOTUS T10-
JIydeHUs] HOBOW (hOPMBI M3/Ie/THsT METUITTHCKOTO Ha3Have-
Hust «DopmoBaHHblii yrirepoanbiii copbertr BHUNUTY-1»
1 U3YYeHBI ero (DU3NKO-XIMUUECKIe CBOMCTBA. XapaKTe-
pUCTHKH (GOPMOBAHHOTO COPOEHTA COMTOCTABUMBI C Xapak-
TEPUCTUKAMH TIUPOKO HCIIOJb3YEMOTO B MEIUIIMHCKOM
MPpaKTHKE TeMOCOPOEHTa YTIEPOAHOTO B (DU3MOJIOTHYEC-
koM pactBope crepuiabioro BHUNTY-1. Mexnnunckue
MHUKPOOUOJIOTMYECKUE UCIIBITAHUSL «in 0itr0» MO3BOJIMIIM
YCTaHOBUTh aHTUOAKTEPUAIbHBIE CBOICTBA YIJIEPOIHBIX
copGeHTOB 110 OTHOIIeHU O S.aureus, P.aeroginosa, K.pneu-
monia, E.coli, S.agalactiae u ux cmecsim. [TokasaHo, 4To
paspaboTaHHbIii (POPMOBAHHBIN YTJIEPOAHbI COPOEHT
BHUUTY-1 no cBonM cBoiicTBaM He yCTyTaeT IMIMPOKO
MPUMEHSIEMOMY U TTOJIOKUTEIBHO 3aPEKOMEH/I0BABIIIEMY
cebsT B MEAMIIMHCKON TMPAaKTUKE TPAHYJINPOBAHHOMY yT-
gepoptomy remocopbenty BHUUTY-1. YceranosieHo,
4TO B Pa3BUTUHM THONHO-BOCHANUTEIbHBIX 3a00JI€BaHIIT Y
POJMJIBHUIL TPYIIBI BBICOKOTO MHQEKIIMOHHOTO PHCKA
6OoJIbIIIOE 3HAYCHIE UMEIOT MUKCT-MHMEKIUH, TIPH 9TOM
Beyliast pojb B (GOPMUPOBAHUU TIATOJIOTUN TIPUHAJLJIE-
skuT coueranuto Ureaplasma urealyticum w Gakrepuaiib-
HOH TPaMIOJIOKUTETbHON MUKpPOdIope (9HTEPOKOKKY T
cTaUIOKOKKY).

VcenepoBanue OBEpXHOCTH cOPOEHTA, HAXO[UBIIIE-
roCs B TI0JIOCTH MAaTKH, METOJIOM aTOMHO-CUJIOBOW MUKPO-
CKOIIMH, TOKa3aji0 copOIuio GroMarepraia He TOJbKO Ha
NOBEPXHOCTH, HO W KaHajaX copbenta. Mccaenosanue
CMBIBOB C MOBEPXHOCTU COPOEHTOB MOCJIE UX U3BJICUCHUS
U3 TOJIOCTH MATKU C TIOMOIIBIO TTPOCBEYUBAIOIIETO AJIEK-
TPOHHOTO MUKPOCKOTIA BBISIBUJIO KJIETKH CJIYIIIEHHOTO 31U~
TEeJIUS, JIEMKOIMTHI, MaKpodaru U MUKPOOPTaHU3MBI, YTO
00ycJIoB/IMBAET COCOOHOCTh COPOEHTA BJIMMUHUPOBATH

JlurepaTtypa

1. Awnamazan 3.K., Kynaxos B.1., Padsunckuii B.E., Casenvesa I'M. Akyuiep-
crBo: Hanmonasbroe pykoBozcrso. M.: TOOTAP-Menua; 2009: 1218.

2. Gursu M., Aydin Z., Pehlivanoglu F., Ozturk S., Karadag S., Uzun S., Tatli
E., Kazancioglu R. Citrobacter peritonitis: two cases and review of the
literature. Perit. Dial. Int. 2011; 31 (4): 409—411. http://dx.doi.org/
10.3747/pdi.2010.00114. PMID: 21799055

has been revealed that the mixed infection has a consider-
able importance, and a combination of Ureaplasma ure-
alyticum and gram-positive bacterial microflora (entero-
cocci and staphylococci) plays a leading role in the
development of pyoinflammatory diseases in postpartum
women under high risk of infection.

Investigation of the surface of sorbent applicator by
the atomic force microscopy after removal from the uterine
cavity revealed the sorption of biomaterial not only on the
surface but also in the channels of the sorbent. Swab tests
from the sorbent surface after removal of the applicator
from the uterus detected exfoliated epithelial cells, leuko-
cytes, macrophages and microorganisms using the trans-
mission electron microscope. Thse data demonstrate the
sorbent ability to eliminate not only soluble toxins and
microorganisms, but also the destructing cell components.

After the traditional antibiotic therapy the patho-
genic microflora in uterine culture is detected in more
than 50% cases, including a rather high level of local pro-
inflammatory cytokines creating a threat for development
of delayed, low-grade inapparent forms of endometritis
with a trend for chronization. The method proposed for
PE prevention in postpartum women at a high risk of
infection via intrauterine insertion of porous carbon appli-
cator VNIITU-1 is more effective than the traditional
approach and improves the results of treatment by com-
plete elimination of pathogens from the uterine cavity and
reduces the level of the local pro-inflammatory cytokines.
The advantages of molded sorbent VNIITU-1 are its con-
venient size and form specifically designed to fit its
exploitation in obstetrics.

HE TOJIbKO PACTBOPUMbIE TOKCUHBI, HO U MUKPOOPTaHU3MBI,
a Tak’Ke paspylIalouecs: KJIeTOYHbIE AJIEMEHTHI.

[Tocne npoBeIeHUs TPAAUIIMOHHON aHTHOUOTUKOIIPO-
(bunaxkTukyM B oceBax U3 MOJOCTH MATKU MTPOJIOJIKAET OTIpe-
JIeJISIThCST TTaToreHHast MUKpoduiopa Gostee yem B 50% curyya-
€B, a TaKXKe COXPAHSETCS JOCTATOUYHO BBICOKHIT YPOBEHb
MECTHBIX TIPOBOCTIAIUTEIBHBIX IIUTOKIMHOB, UYTO CO3/IaeT yT-
PO3Y Pa3BUTHSI OTCPOUCHHBIX, BSJIOTEKYIINX, CTEPTHIX (hopm
SHIOMETPUTOB € XPOHM3armel Tmportecca. [IpenmoskeHHbIit
cnocob npoduakTuky [19 y poausibHULL ¢ HHOEKITUOHHBIM
PHCKOM € TIOMOIIBIO BHYTPUMATOUYHOTO BBE/ICHUS TOPUCTOTO
yrueponroro armuikaropa BHUNTY -1 asnsiercs 6oaee agh-
(beKTHBHBIM TI0 CPAaBHEHUIO € TPAAUIIMOHHBIM TIOJIXOIOM 1
TIO3BOJISIET YJIYUIIATh PE3YJIBTAThI JICUCHUS 32 CUET TIOJTHOM
SIIMMUHAIIUK [TATOTEHHBIX BO30YUTENEH 13 TIOJIOTH MATKH 1
CHUIKEHMS YPOBHSI MECTHBIX TIPOBOCIIAIUTEIBbHBIX TUTOKU-
HOB. [IpenmyectBom hopmosattoro copberta BHUNTY-
1 siByIstI0TCA €10 y06Has (hopMa 1 pasMepsbl, CIIEIUATILHO Pas-
paboTaHHbI€ JIJIsT €r0 IPUMEHEHHUST B aKyIIEPCTBE.
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MMAMSITH TTIPO®ECCOPA
A3bl CEMEHOBHBI 3AP3AP
(1927—2015)

15 mionst 2015 roga Ha 88-M romy yiia U3 JKu3-
HU Bpay, yYeHbIl, [1e/Iaror, O/iHa U3 OCHOBOIIOJIOKHU-
KOB COBPEMEHHON aHECTE3MOJIOTHHN U PEaHNMAaTOJIO-
run, mpocdeccop 3apsap A. C.

Asa CemenoBna 3apsap poauiach 19 HosOpst
1927 ronma B ctapunnoM ropoze-tiopte Kumms (bec-
capabust), PacIioI0KeHHOM TaM, rie yHail 3akaHduu-
BaeT CBOM IyTh U pacTBopsiercss B YepHoMm mope. B
rojbl BOIHBI CeMbsl Iiepeexajia B Y30eKucTaH, IJIe,
OKOHYMB IIKOJIY C 30JI0TOI Mejiasibio, A3a CemenoBHa
noctynuia B TalmKeHTCKUI MEeANTTUHCKUN UHCTUTYT.
Yueby ona coBMellaia ¢ paboToil MeJUIMHCKON cec-
Tpbl. K OKOHYaHWIO MHCTUTYTA MPUIILJIO TBEPJOE pe-
HIeHUE CTaTh XUPYPIOM.

[Tocse okonuanus BY3a B 1953 roay Aza Ce-
MEHOBHA TIPOIILTA CJIABHBIN ITyTh OT y4aCTKOBOTO Bpa-
4a, XHUPYpra-opJIMHATOPa, 3aBEIYIONIero KJINHUYEC-
KUM OT/JeJeHUeM, aclMpaHTa, acCUCTEHTa [0
3aBemytomiero kadeapoii XUpyprumu.

A. C. 3apsap B 1964 roxy B TamkenTe 3ammrmia
KaH/IUIATCKYTO IUCCEPTAIIMIO IO/l HAYYHBIM PYKOBO/I-
ctBoM 1ipoheccopa C. A. MacymoBa, a B 1969 Tony B
WHCTUTYTe XUpypruu uM. A. B. BuiiineBckoro rnpu Ha-
YYHOM KOHCYJIbTUpOBaHuu 1podeccopa B. B. Buno-
rpajioBa 3alUTHIA JOKTOPCKYIO AUCCEPTAITHIO.

B 1971 roxy A. C. 3apsap 1o mpuriaiennio
MUHUCTPA 3/[paBOOXpaHeHus nepeiiia B Tanrkent-
CKUI MHCTUTYT yCOBEPIIEHCTBOBAHUSA BpaueH, rie
peopranu30Basia Kypc aHeCTe3M0J0TUN U PeaHnMa-
tosioruu B Kadeapy u 6eccMenHo mpopaboTana ee
sasenyionreii 6oee 20 jer: ¢ 1971 no 1992 roxsl. B
1974 rony Asze CemeHOBHe ObLIO TIPUCBOEHO 3Ba-
Hue — npodeccop.

C 1975 roxa B Teuenuu 15 ner Aza Cemenosna
Oblyla BHEIITATHBIM TJIABHBIM aHECTE3UO0JOTOM-Pea-
HUMATOJIOTOM MWHHCTEPCTBA 3/[PAaBOOXPaHEHUT ¥3-
Gekucrana. Byydu TJABHBIM CIIEI[HAIUCTOM, OHa
BHECJIA OTPOMHBIN TUYHBIN BKJIAJ B OPTaHU3AIINIO OT-
JIeIeHN aHeCTe3NOJIOTMI-PeaHUMATOJIOTUA U CIIO-
coOCTBOBAJIA PA3BUTHIO aHHON CJIyKObI B Y30eKuc-
tane. Aza CeMEHOBHA aKTUBHO BHeApsiia B paboTy
JiedeOHDBIX YUPEKIEHUI COBPEMEHHBIE U TIEPEIOBbIE
JUIs TOTO BpeMeHH MeTo/bl 00e300/MBaHus, 1oce-

OIIEPAITMOHHOTO BEACHMA 6OJIbeIX 1 aKTUBHO 3aHU-
MaJIach MOJTOTOBKON CIIEIMANCTOB [IJisi BHOBb Opra-
HU3YEMOH CITyKOBL.

C 1971 rona Aza CemeHoBHA SIBJISIJIACH YJIEHOM
mpaByeHust BcecoiosHoro o0iecTBa aHECTe3n0JI0-
ros u peanumarosuoros CCCP, a ¢ 1073 roga — 6bI-
JIa OPraHU3aToOPOM | IIpejiceiaTesieM 00IecTBa aHe-
CTE3MOJIOTOB M PEaHMMaTOJIOroB Y30ekucrana. OHa
BXOAWJIA B PENAKIIMOHHYIO KOJIJIETUIO KypHAJIa
«Anecre3nosiorusi 1 PeaHuMatoJiorus».

ITpodeccop A. C. 3apsap — aBrop 110 nevar-
HbIX pabor u 1 monorpaduu. OHa HEOJHOKPATHO
BBICTYIIAJA C AOKJIQJAMU HAa KPYIHEUIIIX MEXIy-
HapOJHBIX HayUYHBIX (hopymax. [Tox ee HayuyHBIM py-
KOBOJICTBOM YCIEITHO 3AIUIIEHbI 6 KaHAMIATCKUX
u 1 1oKTOpCKas AUCCepTaIuu.

Hagscerga octaHeTcst B HAIIUX CepAIax MaMsITh
o mpodeccope Asze CemeHoBHe 3ap3sap, HEOOBIKHO-
BEHHOM ¥ CaMOOBITHOM YeJIOBEKe, Bpaue, YUEHOM,
ejiarore.

MbI ri1y60KO CKOPOMM 0 HEBOCIIOJTHUMON yTpa-
Te HAIIIEero JOPOrOro YYUTe sl U MyIPOTO HACTABHUKA.

Tawxenmcexkuii uncmumym ycosepuLencmeo8anis
epauetl, Pecnybnuxanckuil nayunvlil uenmp sKcmpen-
HOU MeOUUUNCKOLL nomowu, Accouuayus Anecmesuo-
710206 u Peanumamonozos Ysbexucmana, Accoyuauus
spauetl sKcmpennou meourunckoi nomouwu Pecnyoau-
Ku Yabexucman.

Pedaxyus acypnanra «Obwas peanumamonozuss>
NPUHOCUM UCKPeHHUe COO0Ne3H08ANUS POOHBIM U
Onuskum Asvt Cemenosnvt u 2iy6oko ckopoum 6 cessu
¢ ee KOHYuHou.

www.reanimatology.com
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IIpaBuaa AAsT aBTOpPOB

Hndopmaius 1 aBTopoB skypHaita «O01mas peaHMMaToIOTHs»

IIpaBuia nogauu U MyGIMKAIMH PYKONUCH, AOIOIHEHHbIE B COOTBETCTBUU
c pexomenaausamu ICMJE (International Committee of Medical Journal Editors)
IS HAYYHBIX M3/IaHUi, BXOAANIMX B MEKIYHAPOIHbIE 0a3bl JaHHbIX

IIpaBoBble acneKThI IyOJMKAIMH PYKOIUCH

Yenosus nybnuxayuu pyxonucu

—  Pyxkomnucu myGankyiotest npu 06s3aTenbHoM cobIioze-
HUU aBTOPOM TUKHU U TPaBII mybsukaiuu (onpobHee Ha calite
JKypHaa www.reanimatology.com ).

—  Pyxkomnucu myGanKyioTest ¢ coOIoAeHneM HOPM aBTop-
CKOTO TIPaBa U KOHDUIEHIIMATBHOTO OTHOIIEHUS K TIEPCOHATLHBIM
JIAHHBIM aBTOPOB.

— Pyxormucu my6amKyioTest 6ecIiiaTHo.

— Pykormicy, IpUHATBIE B 5KYPHAI, TIPOXOAT PEIEH3UPO-
BaHMe Ha OPUTHHAIBHOCTD, ITHYHOCTD, 3HAYNMOCTb, AIEKBATHOCTD
CTaTUCTUYECKON 06pabOTKM JaHHBIX HA YCJIOBHUIX KOH(MUICHIIU-
AJIIBHOCTH 32 VCKJIIOUEHNEM BbistBJIeHUs (panbcuuKany JaHHBIX.

— Penxomrernst octaBmisier 3a cob0il TIPaBO COKPAIIATH 1
PEaKTHPOBATh PYKOIIHCH.

IIpuuno: cusimust ¢ newamu u 3a0eparcky nyoIUKAUUU PYKONUCY

— Pykoriici, He COOTBETCTBYIOIIHE MPOGDIIIIO KypHATIA,
He IPUHUMAIOTC.

— Pykomicy, patee omyGJIMKOBaHHBIE, @ TaK/Ke HAIPaB-
JIEHHBIE B IPYTOI Ky PHAT WK COOPHIK, He TPHHIMAIOTCST.

— 3a HekoppekTHOoe O(GOopMIEHHE W HEIOCTOBEPHOCTD
[PEICTaBISIEMBIX OUOIMOrpadUUECKIX JAHHBIX @BTOPBI HECYT OT-
BETCTBEHHOCTD BILIOTD [0 CHSITHS PYKOTIHCH C TTeYaTH.

— Hapymenne npasui odopmieHns pyKOINCH, HeCBoe-
BPEMEHHBIIl, a TaKKe HeaJeKBATHBI OTBET HA 3aMEYAHUS PelleH-
3€HTOB 1 HAYYHbBIX PEIAKTOPOB TPUBOIST K 3aI€PIKKE MyOIHKAIINT
ZI0 MCIIPABJIEHUST YKA3aHHBIX HEJOCTATKOB. IIpM HrHOpHpOBaHUK
3aMeyaHuil PEIeH3eHTOB 1 HAYYHBIX PEIAKTOPOB PYKOIUCH CHU-
MaeTcst ¢ TaTbHEHIIero pacCMOTPEHHMSI.

— PyKkomucH OTKJIOHEHHBIX paboT pefakiueii He Bo3Bpa-
IAIOTCSL.

Humepecvr cmopon: Aemop,/Pedaxiyus

Penakiust ocrasisieT 3a co00ii IPaBO CUNUTATH, UTO ABTOPHI,
[PEZI0CTABUBIINE PYKOMUCH ISt IyOsuKanuu B skypHai «O0imas
PEaHNMAaTOJIOTHST», COTJIACHBI C YCIOBHSIMHE Ty OJIMKAIINIT I OTKJIO-
HEHUST PYKOIINCH, A TAKIKeE C IPABIIAMHI ee 0hOPMIICHIISL.

Penakiust ocraBisieT 3a co60ii MPaBO CYUTATH, YTO ABTOD,
OTBETCTBEHHBII 32 MEPEIICKY C PeIaKIfieil, BhIpaKaeT MO3UIHIO
BCETO ABTOPCKOTO KOJLTIEKTHBA.

ABTOp T0/yYaeT nHMGOPMAIMOHHbIE HJIEKTPOHHBIE MTHCHMA
0060 Bcex aTamnax MpoABIKEHNsT PYKOTNCH, BKITIOYasT yBEIOMIEHNE
0 HECOOTBETCTBHU PYKOIMCH NPOMUII0 JKypHATA ¥ IMPaBUIAM
0(OPMIIEHNS; TEKCTBI PEIIEH3UI; PEleHIe PEIKOJIErHH O My0iu-
KaIliH UM OTKJIOHEHUH PYKOTIHCH; BEPCTKY OTPENAKTHPOBAHHOTO
BapHaHTa PYKOIIICH /IS TTOJIyYE€HUsT aBTOPCKOTO JI0ITYCKa K Ieva-
Ti. JlononHuTENbHY0 HHGOPMAIIUIO O TPOABUKEHIU PYKOIHUCH
aBTOD MOXET MOJAyYnTh 1o azapecy: journal_or@mail.ru;
www.reanimatology.com.

Tapantuu ABTopa

ABTOPBI JIOJKHBI TapaHTHPOBATH, YTO OHM HANNCAJIH TI0JI-
HOCTBIO OPUTHHAIBHYIO PaboTy. Vcnonp3oBanue JOObIX MaTepHa-
JIOB JIPYTUX aBTOPOB JIOIYCKAeTCs TOJIBKO C MX Pa3peleHus u mpu
006513aTeTbHOIT CCHITKE Ha THX aBTOPOB.

ABTOPBI JIOJDKHBI TAPAHTHPOBATD, YTO CIIMCOK AaBTOPOB COZIEP-
JKHUT TOJIBKO TEX JIUII, KOTOPbIE BHEC/IN OLIYTUMBIIT BKJIA/ B KOHIIETI-
IO, TIPOEKT, MCIIOHEHNE WM WHTEPIIPETAIIIO 3asBJIEHHON pabo-
TBI, TO €CTh T€X JIUII, KOTOPBIE COOTBETCTBYIOT KPUTEPHSIM aBTOPCTBA.

ABTOpI)I JOJIZKHBI TaPAaHTUPOBATH COOTBETCTBUE KadeCTBa I1e-
PEBO/ZIa CTATHbU HA AHTJIMICKUI SI3BIK MEKAYHAPOAHBIM Tpe6OBaHI/I§{M.

Tlapantuu pegakmmm

Penakiqust 10JKHA TaPAHTHPOBATD, YTO JIOObIE PYKOIUCH,
TOJTYYeHHBIE [UIST PENeH3UPOBAHNUS, OYIyT BOCIPHHIMATHCS Kak
KOHCI)I/II[CHLII/IHJII)HI)IC JOKYMCHTBI. OHI/I HE MOTYT 6bITI) ITOKa3aHbI
NIPYTHM JIUIAM U 0OCYIKIEHBI ¢ HIMI, 32 UCKIIIOYEHIEM JIUIIL, YIIOJI-
HOMOYEHHBIX Pe/IaKIHEl.

PCI[aKLII/IH JIOJIKHA TapaHTUPOBATh, YTO HCOHy6JII/IKOBaHHbIC
MaTepuabl, HaXOISIIMECS B PEJOCTABIEHHO cTaThe, He OyayT
MCIIOJIB30BAHBI B COOCTBEHHOM HMCCIEIOBAHNN HAYIHOTO PEAKTO-
Pa U PEIEH3EHTOB 6e3 MUCbMEHHOrO PaspelieHust aBTopa.

Peakius 0JKHA TapaHTHPOBATH, YTO PEIEH3EHT He GyeT
JIOTYIIEH K PACCMOTPEHMIO PYKOITMCH, €CJIM MMeeT MeCTO KOH-
kT nHTEPECOB B pe3yJibrare ero KOHKYPEHTHBIX, NapTHEPCKUX
60 APYTUX OTHOIIEHWH WK CBsI3€il ¢ KeM-JT00 13 aBTOPOB, KOM-
TAHWH HJIM OPTAaHM3AIIH, CBSIBAHHBIX ¢ MATEPHATOM TTYOIMKAINL.

Kongpnuxm unmepecos cmopon: Aemop,/Pedakyus

Kondaukr nnrepecos cropon ABTop/Pemaxius peraercs
IIyTeM I1ePEroBOPOB CTOPOH B COOTBETCTBHH C JIEHCTBYIONINM 3aKO0-
HozaresbetBOM PD 1 MEK/yHAPOAHBIMEI HOPMATHBHO-IIPABOBbI-
MU aKTaMH, PEryJUPYIOMUMI TTyGIUKAINIO PYKOIHCEil B Men-
IITHCKUX JKypHAJIaX.

Coryiacue WM HECOTJIACKE HA MyOJUKAIMIO OTPEAAKTHPO-
BAHHOTO BapUaHTa PYKOITMCH BBIPAKAETCS B 9JIEKTPOHHOM TTHCHME
ABTOPA, OTBETCTBEHHOTO 32 MEPEINCKY € PeIaKIHeil.

PCI[aKLII/IH 1 MU31aTEJIbCTBO HE HECYT OTBETCTBCHHOCTU 3a
MHEHUSI, U3JIOKEHHbIE B MyOIMKAIMSX, a TAKXKe 3a COJEpPIKaHUe
PEKJIaMBbI.

Cpoxu npoABUKeHUs pyKOIIUCH

— IKCIepTu3a Ha COOTBETCTBHE TIPOMUIIIO JKypHAIA U IIpa-
BustaM oopMITeHNsT — He 6oJtee 3-X IHel ¢ MOMEHTa TTOCTYTLIEHTST
PYKOIINCH B PEAKIIHIO.

— Penensuposanne — He 6osee 20-u aHeii ¢ MOMEHTa dJIeK-
TPOHHOI OTTIPABKH PEIEH3EHTY PYKOINCH.

— Orser aBTopa pereHsenTaM — He Gosee 7-u gHeil ¢ Mo-
MEHTA 3JIEKTPOHHON OTIIPABKU aBTOPY PEIleH3UHU.

— 3acezanue pekosternun — 1 pa3 B 2 MecsIa He T03/1Hee,
4eM 3a 1 MecsIl /10 BBIIYCKA THPasKa JKypHAJIA.

— OmnoBelenne aBTopa 0O pPelleHuy PeIKOJIIErny 1 O3Ha-
KOMJIEHIE C BEPCTKOI OTPeJaKTHPOBAHHOTO BapuaHTa — He T0371-
Hee 3-X JIHEll ¢ MOMEHTA BBIX0/Ia COOTBETCTBYIOMIEN HH(MOPMAITHHL.

Marepuasbl it myOJIUKAIMU PYKOMUCH TIOAAOTCS B pe-
NAKIMIO HA PYCCKOM 1 aHTJIMICKOM SI3BIKaX B BHIE OYMaKHBIX JIHi-
CTOB U WJIEHTHYHBIX UM TI0 COJEPIKAHMIO HJIEKTPOHHBIX (DAIIIOB.
Marepuait craTeil BKJIIOYaeT 110-0T/Ie/IbHOCTH:

1) TUTYABHBII JUCT;

2) pesioMe U KII0YeBBIE CII0BA;

3) Ha3BaHUe U HOJIHBII TEKCT PYKOIINCH C ITOJITUCSIMU BCEX
aBTOPOB, Kak B OYMasKHOM, Tak U B 9JIEKTPOHHON Bepcun (B BUjE
CKaHa CTPAHMIIBI), TTOJTBEPKAAIONIMMHI yYacTue B BBIITOJIHEHUN
[IPEICTaBIISIEMON PaGOThI U YIOCTOBEPSIONIMMU COTJIACKE C COIEP-
JKaHueM PyKOMHCH;

4) TabamIbl ¢ HOMEPOM, Ha3BaHMUEM U TIPUMEYaHueM (ecIn
OHO MIMeeTCs );

5) wwnoctpanun (rpacduku, auarpamMmer, dororpacdun,
PUCYHKM) — JUISI KasKI0H WJLTIOCTPAINK OTACIbHBIH OyMasKHbINH
JIUCT ¥ AJIEKTPOHHBII (haii;
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6) TOAMUCH K MILTIOCTPALIUSIM;

7) OGubmorpaduuecKkuil CImcox;

8) conpoBOAUTENLHOE MUCHMO HA PYCCKOM SI3bIKE HA MMSI
[JIABHOTO PeIaKTopa JKypHAJIA, MOAMNCAHHOE PYKOBOJMTENEM YU-
PEKIIEHNST, B KOTOPOM BBITIOJIHEHA paboTa.

(I)opMa COIIPOBO/IUTEJIbHOTO IMTUCbMa
K MaTepuaixy Ajasd Hy6JII/IKaIH/II/l

[maBHOMYy pemakTopy skypHaia «O61ras peaHiMaToIoT s>
3acuyskeHHOMY ZiesiTenmo Hayku Poceun,
unen-koppecronzienty PAH, nmpodeccopy B. B. Moposy

TIpocnM paccMOTPeTh BOMPOC O MYOIUKAINH ... (BUI PYKO-
mucn; Gamuimn, Vmena, OtyecTBa BcexX aBTOPOB; HA3BaHNE PYKO-
UCH ).

ABTOpBI pyKoTmHcu o3HakoMJieHbl ¢ Vndopmarneit s aB-
TOPOB, TPEAOCTABICHHON KypHanoM «O0Ias peaHuMaToIor s>,
U COTJIACHBI € MTPABUJIAMU TIOJITOTOBKHU, TTOIAYM 1 TIyOIUKAIIY PY-
KOTIHCH.

JlaHHast PyKOMICHh He AyOIupyeT MpebiiyIe myOamKa-
1IUY, B HEll He 3aTParuBalOTCsI NHTEPECHI TPETHHUX CTOPOH U HE Ha-
PYIIAIOTCS ATHYECKUE HOPMBI Ty OJIMKATIIIL.

OTBeTcTBEHHBII 3a nepenucky ¢ pegakiyeit: Mms, Oruecrt-
B0, Mamuiust oHOTO U3 aBTOPOB pyKomucH, e-mail, TesiedoH, moy-
TOBBIN asipec.

[Toanuch pyKOBOAUTEIST yUPEKIAECHS.

CompoBOUTENBHOE MHCHMO JOJZKHO OBITh HAIIEYATAHO HA
GJTaHKe yUIpeskIeHns, B KOTOPOM BBITIOJIHEHA paboTa.

Anpec oTIIpaBKU MaTepHAJIOB
LIS Ty GIIMKAIAH PYKOHCH

Jlns 6Gymaskroii Bepenu: Pocenst, 107031, Mocksa, ya. Iler-
poBKa, 25, ctp. 2, Pepaxuus sxypuana «OBIIASA PEAHVMATO-
JIOT VS ».

JIist 2J1eKTPOHHON Bepeuu: caiiT sKypHaia: www.reanimatol-
0gy.com; WJIH peflakius skypHasa: journal or@mail.ru.

Tpe6GoBanus K neyaTu

Ileuamv

OHOCTOPOHHSISI, OPUEHTAINST KHVIKHAS, BBIDABHUBAHIE 110
HIUpUHe

bymaza

benag, bopmar A4

HIpugm

Times New Roman 12-ro pa3mepa uepHoro msera

Hnmepesanovt u omemynovl

MeskeTpouHblil nHTepBas 1,5; HHTEpBaI 10 1 TT0c/Ie ab3ara —
HET; OTCTYII 1epBoi cTpoku 1, 25 cm

lona

2,5 cM co Bcex CTOpoH

Hymepayus cmpanuy,

B npaBom HukHeM yriy

Dopmam paiinos

Tekcrt, TabJMIbL, TOATKMCH K WTIOCTpausam — Word;

Ipaduru, guarpammnr — Exel;

Pucynkn n ¢potorpadun — jpeg BBICOKOTO pa3pereHust

Paspewenue npu ckanuposanuu

PucyHkn u ipyrue n306paskeHust ¢ UCTOIb30BAHUEM JTMHUIT
— 1200 dpi;

Dororpadus, paguorpadus — ne menee 300 dpi;

Dororpadus, pamrorpadus ¢ rekerom — He mMeree 600 dpi.

Edunuuypr usmepenus

Bemmuunsl n3mepeHuil 10JBKHBI COOTBETCTBOBATE Mesxy-
naponuoii cucreme exunut] (CH), remneparypa — mrkasne Ileabers.

Dopmynvt

B dopmysiax 101KHBL OBITh YETKO PA3MEUYCHBI BCE DIEMEH-
TBI: CTPOYHbIE ¥ TIPOIHCHBIE, & TAKIKE JIATHHCKIE 1 TpedecKie GyK-
BbI; MOJCTPOYHBIE U HAJCTPOUHBIE MHJEKCHL. B cayuae mmdp n
OykB, cxozHbIx 110 Hanmcauuo (0 — mudpa, O — GykBa), TOJKHbI
GBITH C/IETTAHBI COOTBETCTBYIOIINE TIOMETKH.

Haseanus

TIpu yrmomuHanuu anmapatypbl B CKOOKaX YKas3blBAIOTCS
(bupma 1 crpana IpoOU3BOUTEb.

Hanpumep: CBeToBoil 30H] OJHOKAHAJIBLHOIO afiapara
JIAKK-02 (HIIIT «JTA3SMA>», Poccust).

B skypHajie UCI0Ib3YIOTCsT MEK/Ly HAPO/IHbIE HEIIATEeHTOBAH-
nbie nazBanus (INN) sekapers u npenaparos. Toprosoie (maten-
TOBaHHbIE) HA3BaHUsI, 1MOJI KOTOPBIMHU ITPENAPAThl BBITYCKAIOTCS
pa3aMYHBIMK (DUPMAMHE, MTPUBOSATCS € yKa3aHueM (hUpMbI-U3ro-
TOBUTEJISI U UX MEXK/YHAPOAHOIO HElaTeHTOBAHHOTrO (TeHepuyec-
KOTO) Ha3BaHUS.

Hamnpuwmep: tapusuj (oduokcanns, «Xexcr Mapuon Pyc-
cemb» ).

JlaTuHCcKMe Ha3BaHMSI MIKPOOPTAHU3MOB ITPUBOJISITCS B CO-
OTBETCTBUM C COBPEMEHHOIl Kiaccudukaiueil, kypcusom. Ilpn
1ePBOM YIIOMUHAHUN Ha3BaHUe MUKPOOPTraHU3Ma J[AeTCsl TIOJHO-
CTHIO — POJL M BUJI, TPH TIOBTOPHOM YIIOMUHAHUHU POJIOBOE Ha3Ba-
HIE COKPAIAETCsI /IO OJIHOI OYKBBL.

Hanpumep: Escherichia coli, Staphylococcus aureus,
Streptomyces lividans; E.coli, S.aureus, S.lividans.

HasBaHusi reHeTUYECKUX 9JIEMEHTOB JIAI0TCS B TPEXOYKBEH-
HOM 0603HAYEHHUH JTATHHCKOTO aihaBUTa CTPOYHBIMU OYKBaMI, KYyP-
crBOM (tet), KOAMPYEMBIMU COOTBETCTBYIONMMH T€HETHYECKUMI
HJIEMEHTAMU TIPOJLYKTHI — TIPOINUCHBIMU TIpsiMbiMu OykBamu (TET).

Bubi 1 00beM pyKonucu

Ob3opnas cmamvs

He 6osee 25 crpanrutl. CiMCOK UTHPYEMON JINTEPATYPBI —
ne menee 100 HarMeHOBaHUI.

Sakaszannas cmamos

ITo noroBopennocTu.

Opuzunanvuas cmamost

He 6otee 17 crpammii, BRoYast TabIUIBI U MITIOCTPAITH.
O6mmee KomgecTBo Tabn 1 uimocTpanuii — me 6osee 7. Crimcok
IUTUPYEMOH JINTEPATYPbl — He MeHee 25 HalMeHOBaHUil.

Kpamxas cmamovs

He Gosnee 8 cranmiy, BKIo4yas TaGIMIbl U WILIIOCTPAIIUN.
O61ee KomuecTBO TabJIMI] U WILIOCTpalii — He GoJiee 2.

Juckyccuonnas cmamos (8xai0uaem chopmyiuposanmvie
onst 0bcyacdenus 6onpocoL)

He Gozee 5 crpanu, BIOYas TaGJIUIbI M VIUTFOCTPALIHU.
O6r11iee KOMYecTBO TabJIMI] U MITIOCTPaIii — He GoJtee 2.

Crmcok nutupyemoit uteparypsl — He Gosee 16 HanmeHo-
Banuii. KosmaecTBo BOIPOCOB /st 06Cy:kaeHust — He Goee 3.

Pesiome (vacmo cmamou)

He Gouee 250 ciios.

ITucvmo 6 pedaxuutio

He Gostee 600 cooB. ITrcbma, agpecoBaHHbIE COTPYIHIKAM
pefakium, He myoJInKyoTCs.

Cmpyxmypa cmameii:

1) TUTYIBHBLIL JTUCT; 2) pe3loMe U KJTI0UEBbIe CJIOBA; 3) TEKCT
CTaTbH, COCTOSINIT M3 paszienon: «BBenennes», «Marepuasbl u Me-
TO/BI>, «PesynbraTei», «O0cyKaCHNEe>, «3aKkm0ueHne>; 4) Tab/m-
161 U TIOATMCH K HUM; 5) WJLIIOCTPAIIMN U TIOAMUCH K HIM; 6) 616-
smorpadust.

Cucremariieckye 0030pbl PEKOMEH/LYETCsI TOTOBUTD 10 CTaH-
napram PRISMA (1onpo6GHee Ha caiite www.reanimatology.com)

Tpebosanus k cmpykmyphvim pasdeiam cmamei

TumyavnoLil aucm COREPKUT:

1) 10JIHOE Ha3BaHUE CTATHI, KOTOPOE JOJKHO ObITh HHMOP-
MaTHBHBIM, JIOCTATOUHO KPATKHMM, He BKJIOUAaTh aO0peBuaryp;

2) MHUTHAATBL 1 (PaMIJINN BCEX aBTOPOB;

3) 1oJiHOe Ha3BaHUE U [IOYTOBBII a/[pec YUpexk/eHuil, OTKY-
JTa TIPEICTaBIIsIeTCsT paboTa;

4) azipec AJIEKTPOHHOII TIOUTBI, HOMEP TesteoHa, (haMUInIo,
MMSI, OTIECTBO aBTOPA, OTBETCTBEHHOTO 32 MEPETTNCKY C PEaKIIHEN.

Pesiome — naunbosiee yntaeMas 4acTh pabOThI, OCHOBbIBAIO-
masicst Ha (hakrax. TekcT pe3ioMe He TOJUKEH cofepRaTh abOpeBu-
aTyp W COKpAIIEeHUIl, 32 NCKIIOYEHIEM e/IITHNI] U3MEPEHNUSsI, MaTe-
MaTHYECKUX BEJIUYMH U TEPMUHOB.

www.reanimatology.com
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[TpaBmaa pArs aBTOPOB .

Pestome [I0JKHO BRIIIOYATH 4 00s13aTeIbHBIX Pas/iesia, Bbije-
JIEHHBIX KyPCUBOM: 1) T1esIb MCCIeIOBaHNST; 2) MaTepUasIbl M METO-
JbI; 3) pe3yJIsTaThl (M3JI05KeHNe OCHOBHBIX MOJIyYE€HHbIX Pe3yJibTa-
TOB U UX CTATUCTUYECKOI 3HAUMMOCTH ); 4) 3aKJiouenie (BbIBOIbI,
OCHOBAaHHBIE HA COOCTBEHHBIX PE3yJIbTATaX NCCIEIOBAHNU ).

Kmouesvie cnosa (1o 6), npeHazHadyeHHbIe 1JIsT HHIEKCUPO-
BaHU CTaThbl B MH(OPMAIMOHHO-TTIONCKOBBIX crcTeMax. OHM pas-
MEIIAIOTCST B OTAEMBHOM ab3arie Ha cTpanuiie ¢ pesiome. OT ajex-
BATHOTO T0A00Pa KIKYEBBIX CJIOB 3aBUCAT 3(DHEKTUBHOCTD
IIONCKA CTaTbU U ee MocJe/ylollee IUTrpoBanue. B cBa3u ¢ aTum
PEKOMEH/LYEeTCsI HCIOJIb30BATh B KAU4eCTBE KJIOUEBBIX CJIOB 00IIe-
[PUHATBIE B HAYYHOU U MPAKTHYECKON cpejie TepPMUHbI 1 130€eraTh
JIEKCHKH, PEJIKO YIOTPeOIIsIeMOil B HAYYHOM JINTEPATYPE.

Bsedenue pacKpbIBaeT aKTyalbHOCTD HCCIIEOBAHMS 1 OCBe-
[IAET COCTOSIHME BOTIPOCA CO CChUIKAMU Ha HauboJiee 3HAYUMBbIE
nybsukarnuu. B KoHile BBeeHnst HOPMYIHPYETCS ENTb, OTPAKAIO-
1mast HeOOXOAMMOCTD MTPOBEICHUST UCCIIEIOBAHUSI.

Mamepuanvt u memoowvl cofepxaT 060CHOBaHUE BbIOOPA Ma-
Tepuaja ¥ METO/IOB HCCJIeJIOBAHUS; BKJIOYAOT MHMOPMAINIO O
(haxkropax, orpaHnYMBaIONINX ¥ccaeoBanme. Ecin nccnenosanme
IIPOBO/INJIM B PAMKAX OIIPe/IeJICHHON TPOTPAMMBI, TO 3/1eCh YKa3bl-
BaeTcs ee Ha3BaHue. ECim KIMHIYECKas U HayYHast 9acTu paboTh
OB BBITIOJIHEHBI Ha Ha3e PasHbIX YUPEKACHUIT, TO B 9TOM pasjie-
Jie YKa3bIBAIOT Ha3BaHUE YUPEK/ICHMUs, Ha Haze KOTOPOTo ObLI T10-
JIy4eH Martepuas Ui uccjeoBaHus. B aToM pasjesie OIIChIBAIOT
KOJIMYECTBEHHbIE U KAYECTBEHHBIX XapaKTePUCTHKAX BKIIOYEHHBIX
B HCCJIeI0BaHUE OOIBHBIX /00CIEI0BAHHBIX MM IKCTIEPUMEHTATb-
HBIX JKIBOTHBIX; IN3AIH MCCJIe/[0BAaHNS, UCIIOJIb30BAHHbIE KJIMHU-
4eckue, 1abopaTopHble, HHCTPYMEHTAIbHbIE, IKCTIEPUMEHTATBHBIE
U TIPOYUE METOAUKH, B TOM YHCJIE METObI CTATUCTUYECKOIT 06pa-
OOTKU JJaHHBIX.

Pesynvmamvi — OCHOBHast 4acTh pykomucu. VX ciaemyer
IIPE/ICTABIIATD B JIOTMYECKON T10CIIEI0BATEIBHOCTI B BUJIE TEKCTa,
Tabaui u wnmoctpanuii. [Ipu aToM ybinpoBanie JaHHBIX B Tab-
JINTAX ¥ WIUTIOCTPAIMSIX He [0y cKaeTcst. B ekcre coeyer yrmomu-
HaTh TOJIbKO HanboJiee BaKHbBIE [aHHbIEC U3 TAOJIMI] U MILTIOCTPA-
mil. Mecto, r7ie B TEKCTe TOJKHBI OBITh PACIIONOKEHD TabJIHITbI
WJTA WITIOCTPAITAN, OTMEYAETCS Ha CTPAHUILE IYCTON CTPOKOM, B Ce-
pelHe KOTOPBIN MOMEIIAETCsT HOMEP TaOJIHIbl MJIU UILTIOCTPAIIUH.

Hanpuwmep:

Puc. 1.

O6cyacdenue BRIOYAET B ceOs MHTEPIPETAIMIO PE3YJIbTa-
TOB ¥ WX 3HAYMMOCTH CO CCBUTKOI Ha COOTBETCTBYIOIINE PabOThI
npyrux aBropos. Cojepkanue pasjiesia JOJKHO ObITh YETKUM W
kpaTkiM. Hajio BbI1es1sITh HOBBIE U BasKHbBIE aCIIEKThI Pe3YJIbTaTOB
CBOETO HCCJIE/IOBAHIS 1 110 BO3MOKHOCTH COIOCTABIATD UX C JlaH-
HBIMU JIPYTHX nccaefoBaTeneil. He ciemyer moBTopsaTh cBesienms,
ysKe NPUBOAMBIINECS B pasjieie «Bpenenne», u nmoapoOHbie JaH-
Hble u3 paszena «Pesyibrarsy. Heo6X0AMMO OTMETHTD OTpaHiTye-
HUS MCCITEIOBAHUST M €T0 MPAKTHIECKYI0 3HAUMMOCTbh. B o6cyske-
HIE MOKHO BKJIIOUMTH 0OOCHOBAHHBIE PEKOMEH/IAI[HN.

3axaouenue CONEPKUT Te3WUChl U BBIBOJLI MCCIIETOBAHNU,
OCHOBAaHHBIE HA COOCTBEHHBIX TAHHBIX.

Brazodapnocmu 3a GUHAHCOBYIO WM JIMYHYIO MOMOIIb
IIOJUKHBI GBITH TIOMEIIEHb! B KOHIle TekcTa. JInia, BHecIIe cyiie-
CTBEHHBII MHTEJUICKTYAJIbHBIN BKJIA/] B PAOOTY, HO HE OTBEYAIOIIIE
KPUTEPUSIM aBTOPCTBA U He BOIIIE/IIIIE B CIINCOK COABTOPOB, MOTYT
GBITH OTMEUYEHBI B 9TOM pasjielie.

Tabnuipr TOTKHBI IOTIOMHSATH, HO He {yOampoBathb TekcT. Kask-
nast Tabimia J0JKHA MMETh TIOPSIIKOBBI HOMEP COOTBETCTBEHHO
[IepBOMY YIIOMUHAHUIO ee B TEKCTe 1 KPaTKUIT 3ar0JI0BOK, pa3Meliiae-
MBIt Hax Tabammeit. Kaskabrii cronGent B Tab/mIe 10JKEeH MMETh Kpat-
KUl 3aroJioBOK (MOKHO UCTIONb30BaTh ab0pesuarypsi). Bee pasbsic-
HeHust 1 00si3aTebHast paciubpoBKa UCIIOTIb3YEMbIX B TaOJIHIIAX
ab0peBUaTyp MPUBOATCS B IPUMEYAHUH HA PYCCKOM UM aHTJIMHCKOM
aspikax. Tam ke Ha PyCCKOM M aHIVIMHCKOM fA3bIKaX YKa3bIBalOTCS
CTATUCTUYECKUE METOZIbI, MCIIOIb30BAHHbBIE /I IIPE/ICTaBICHNS Ba-
PprabeIbHOCTH IAHHBIX ¥ IOCTOBEPHOCTH PAsJINUMIL.

Unmocmpauuu (rpadbuxu, nuarpammoi, ¢ortorpacduu, pu-
CYHKH)

B 6ymaskHoii Bepcuu Ha 060pOTHOI CTOPOHE WILIIOCTPAI
MATKMM KapaHAAIIOM JOJKHBI OBITh MOMEIEHbI (haMUJIHST TIEPBO-
IO aBTOPA, TEKCTOBBIN HOMEP WJLIIOCTPAIUK, 0003HAYCHUE BEPXa
uzobpaskenust. Mororpadun 1 PUCYHKH He JOJKHbBI OBITH Tepe-
TPY’KEHBI TEKCTOBBIMI HAJITNCSIMI.

TMoanucy K MTIOCTPAIUSAM 1 TAOIUIAM [IEYaTaloTCst Ha OT-
nesibHOI crpanutie yepe3 1,5 unrepsana. [loamucs k Kaxoi ni-
JIOCTPAIK ¥ TabJIHIE COCTOUT M3 ee HOMepa, Ha3BaHUsl U ITPUMe-
yanust (0ObACHEHUs YacTeil u300pakeH st, CHMBOJIOB, CTPEJIOK U
JIpyTUX ero jgetaseit). B moamucsx k Mukpodororpadusiv cienyer
YKa3bIBaTh CTeNeHb yBeandenust. [list rpadukoB 06s13aTesIbHO OT-
MeuaeTcs, YTO JIaHO 110 0CSIM KOOP/IMHAT.

HasBanue TabIuIl 1 MIUTIOCTPAIIIIA, & TAKKe TIPUMEYaHHsT K
HUM 0(OPMIISTIOTCST B aHTJIO-PYCCKOM BapuanTe. AHIJIO-PYCCKUN
BapHMAHT TEKCTa MoJiell TabJIUIbl U PUCYHKA CJIEyeT Pa3MellaTh B
MIPUMEYAHU TIePe]] APYTUMU HEOOXOANMBIMHU PA3bsICHEHISIMIL

Hanpuwmep:
Ta6uuna 2. Ilokazaren HHTPAOIEPAHOHHOTO IEPUOA
Table 2. Parameters of intraoperative period

Indicators Values of indicators in the groups
Ster Gel Tetr P value
(n=31) (n=29) (n=31)
Number of grafts 2505 2+0.5 3+06  0.01
Endarterectomy, n (%) 4 (13) 13)  4(13) 0.42
CPB time (min) 60£15,5 52+12 6519  0.007
Aortic cross clamp time (min) 36 28 37 0.004
[28-45] [24-35] [29-48]
Ventilation time (h) 5+2 5.5+2 6+3 0.79
Inotropic support, n (%) 6(19) 4(13) 4(12) 0.74

Note (mpumeuanne): Indicators — ITokaszarenu; Number of
grafts — Kosraecto mynToB; Endarterectomy — 9nzmaprepakro-
must; CPB time (min) — Bpemst K (uckycerBenHOe KpoBooOpaiie-
Hue, MuH); Aortic cross clamp time (min) — Bpems okkJo3nu aop-
el (mum); Ventilation time (h) — dmuremsnocts WBJI
(MCKyCCTBEHHAsI BEHTHJIAINA JIeTKUX, 41); Inotropic support — Ilo-
TpebHocTh B MHOTpOIHON Tozepskke; Values of indicators in the
groups — 3HavyeHust nokasareseil B rpymax; P value — 3nauenue P.

anee 6 maxoii sce popme, npu 1eo6x00UMOCTIL, NOMEUAIOM -
CsL KOMMenmapuu K mabuyge.

35
30 -
25 1
20

15 ¢
10
5_
0 T T

cic TIC T
ABCB1 genotypes

Daysin ICU + SE

Puc. 1. Ienoruns rera ABCB1, acconmipoBaHHbI€ C IIUTEIbHO-
cTbi0 npebbiBanus 8 OPUT.
Fig. 1. ABCB1 genotypes associations with the number of days
in ICU.
Note (npumevanus): Days in ISU — Yucro aueit 8 OPUT; geno-
types — TeHOTHUIIbI.

anee 6 maxoii yxce popme, npu HeodX00UMOCU, NOMEUAIOM -
CSL KOMMENMAPUU K PUCYHKY.

Bubanorpadust (CIUCOK JIMTEpPaTyphl) MeyaTaeTcss Ha OT-
neTbHOM(BIX) JHcTe(ax) uyepe3 2 MHTEepPBAIa, KaXK/Iblil HCTOYHUK C
HOBOIi CTPOKHU TIOJI TIOPSZIKOBBIM HOMEPOM. B crinicke Bce paboTh
MePeynCcIAIoTCS B IOPS/IKe INTHPOBaHUS (CCBITIOK HA HUX B TEKC-
Te), a He 1o andasuTy dhamMuniil mepBeIx aBTopoB. IIpu ymomuma-
HUU OT/IEJIBHBIX (haMUINii aBTOPOB B TEKCTE MM JIOJUKHBI TIpe/iie-
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CTBOBATh MHUIMAIBI ((HDaMIINN HHOCTPAHHBIX ABTOPOB IIPUBO/LST-
cs1 B OPUTUHAIBHOM TPAHCKPHIIII ).

B rtekcre crarbu Gubauorpaduueckue CChUIKH JA0TCs
apabekumu udpamMu B KBaJPaTHBIX CKOOKAX.

B crimcok mmreparypst HE JOIIYCKAETCA sritodenue
JIUCCEPTAIMOHHBIX PaboT u aBropedepaTos ArccepTaiiii, OCHOB-
HO€ COJIEPKaHIe KOTOPHIX U3JI0KEHO B MPUBOANMBIX TaM my6Jin-
Karusix. CCBUTIKM Ha IAHHBIE Iy OJIMKAIINH [IPEACTABIISIIOTCS Hosee
koppektHbiMIL. HE JIOITYCKAIOTCSI Takske CCbUIKM Ha T€3UCHI
JIOKJIA/IOB 1 MaTepHaJIbl KOH(pepeHIii, cofepkanne KOTOPBIX, KaK
MPABUJIO, SABJISIETCS TIOATOTOBUTENIBHBIM HMJIM 3aKJIIOUNTEIbHBIM
3TAIOM HAIIMCAHUS CTAThM, CChLIKA HA KOTOPYIO IIPE/ICTABISAETCS
6oJiee YMECTHOIL. ITH MOTOKEHHSI COOTBETCTBYIOT MEKIYHAPO/I-
HOM IpaKTUKe HpuBeAeHns Gubanorpadmueckux cChblIOK.

Ilopsitox cocraByienus crmcka cieayomuit: a) aBTop(br)
KHUTH WK ctatbil (KypcuBoM). Bruiouaioress BCE (1) aBropst (¢
MHUINATAMN Tocste pamMninit); 6) HazBaHie KHIUTH WM CTATBI; B)
BBIXO/[HbIE JIaHHBIE. B HEKOTOPBIX cily4asiX B KayecTBe aBTOPOB
KHUT BBICTYNAIOT UX PEIaKTOPbI M coctaButenu. Ilocie dammu-
JIVI TIOCTIE/THETO M3 HUX B CKOOKAX CJIEAYeT CTAaBUTh (Pez.), B MHO-
cTpaHHbIX ceblikax (ed.).

B 6ubmorpadudeckoM ONMUCAHIN KHUTH TIOCTE €€ Ha3Ba-
HUSL TIPUBOJIATCSL: TOPO/I, T/le OHA M3/[aHa, TTOCJIe JIBOETOUNST — Ha-
3BaHME U3/IATEJIbCTBA, IT0CJIe TOYKH C 3aIATON — ToJi n3jianus (110-
cJle ToZla M3/IaHMs CTaBUTCS J[BOETOUYME), cTpaHuUIbL lopon, rie
M3JIaHa KHUTA, TPUBOIUTCS TTOJHOCTBIO 32 NCKIII0YeHHeM MOCKBBI
(M.) u Cankr-ITerepGypra (CII6.). Ecaut ccblika gaetcst Ha riiaBy
13 KHUTH, CHA4YaIa YIIOMUHAIOTCS aBTOPBI I HAa3BaHME IJIaBbl, 110-
cJle TOYKN — € 3aryaBHOiT OYKBBI cTaBuUTCS «B kit» («In»:) u da-
Munsi(1) aBTopa(oB) MK BBICTYIIAIONIETO B €r0 KAYeCTBe Pejlak-
TOpa, 3aTeM Ha3BaHNe KHUTU U BBIXO/HbIE JAHHDIE ee.

B 6ubsmorpadnaeckoM OIICAHNHN CTAThU U3 JKyPHATIA yKa-
3piBatorest pamusnu 1 nHunuanasl BCEX (1) aBropoB kypcusom,
Ha3BaHMeE CTATbU, KypHasa (Ha3BaHHe )KypHasla — KyPCHBOM), TOJI,
tom (ykasbiBaercs: Tobko APABCKMMU tmdpamu), nomep
JKYPHAJIa, HOMepa CTPAHUIL «0T» U «/10». [locsie Ha3Baumii cratbu u
JKypHasa craBsTcs Touki. COKpaIiéHHble Ha3BaHH NHOCTPAHHBIX
JKYPHAJIOB IPUBOJIATCS B COOTBETCTBHM ¢ Ga3oil ganubix PubMed
(cwm. IIpumepsr).

CcblJIKM HAa MHOCTPAHHbIE MCTOYHUKHU JIOJDKHBI COJIEPsKaTh
a7IeKTPOHHBIN azpec pasmernienus (PMID) n nndposoit ngentn-
duxarop obbvekta (doi), KOTOpBIE ONpeAensioTea Ha caliTax
http://www.ncbi.nih.gov/entrez/query.fcgi?db=PubMed "
http://www.crossref.org/guestquery/, cOOTBETCTBEHHO. IDTH XKe
PEKBUBUTHI [OJLKHBI OBITh MPUBEACHBI TAKAKE [T OTEUECTBEHHBIX
M3/IAHII, BKIOYAEMBIX B MEXKIYHAPOIHbIE HA3bl TAHHDIX.
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