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PUCK PA3BUTH A THEBMOHNU U ITIOJIUMOP®U3M I'EHOB
TLR2 1 TLR4: META-AHAJIN3

C. B. Cmupsosa', JI. E. Canpaukosa"?

! MHeruryT obuieit reneruku um. H. V1. BaBuiiosa,
Poccust, 117971, Mocksa, yu. IyOkuHa, . 3
? HUU obuieit peanumarosiorun um. B. A. Herosckoro,
Poccust, 107031, Mockga, yoi. [lerposka, 1. 25, ctp. 2

Risk for Pneumonia and TLR2 and TLR4 Gene Polymorphisms: a Meta-Analysis

S. V. Smirnova!, L. E. Salnikova'?

''V. N. Vavilov Institute of General Genetics
3, Gubkin St., Moscow 117971, Russia
* V. A. Negovsky Research Institute of General Reanimatology
25, Petrovka St., Build. 2, Moscow 107031, Russia

[THeBMOHUS sABIsSIETCS OZ[HOﬁ u3 Hanboee paciipoCTpaHE€HHbIX I/IH(beKIlI/IfI C BBICOKUM YPOBHEM CMEPTHOC-
TH. HO.HI/IMOp(bI/ISM reHoB TOJI]I-HOZIO6HI)IX penenTopoB, OTHOCANINXCA K HepBOfI JIMHUU 3alllUTbI I/IMMyHHOI>)I Cu-
CTeMbl, MOKE€T BHOCUTDH CyIIIeCTBeHHbII'/JI BRJIa/Jl B MHANBUAYAJbHYIO Bapna6ean0ch B CBA3U C PUCKOM pa3BU-
Tusg nHeBMonun. Ha CeI‘O/IHHLHHI/IfI JA€HDb 9TOT BOIIPOC HEAOCTATOYHO M3YYECH, a MMCIOIINECA JINTEPATypPHbIE
JaHHbIE TIPOTUBOPEYUBDI.

I_ICJ[I) HUCcJIeI0BaHuA. Mera-ananus accoliMaInuu HOJII/IMOpq)HI)IX BapuaHTOB I'eHOB TOJIJI-HOZIO6HI)IX penerTo-
POB 1 pUCKa Pa3BUTUA ITHEBMOHUN 1 COITYTCTBYIOIINX et I/IHCI)GKLH/IIL/'I.

Meroapt. /lJist 0GHAPYsKEeHMS] BOSMOKHOIT ACCOIMAIIMU PUCKA PA3BUTHSI THEBMOHUU M COILYTCTBYIOIIUX MH(bEK-
Ui ¢ oHOHYKJICOTHAHBIMU TosmmopdusMamu (SNP) B renax TLR2 rs5743708 (2258 G>A; Arg753GlIn) u TLR4
rs4986790 (896A>G; Asp299Gly) Gbi BbinOIHEH MeTa-aHau3. B ucciegosanue 6b110 BKaoueHo 2312 (682 ma-
menta / 1630 unanBuayymMoB KoHTposbHON rpymb) 1 3075 (910/2165) mpencraBureseil eBPOMEOUHON Pach!
st Kaxgoro SNP coorsercTBenno. Tak Kak 4acToTa MUHOPHBIX ajliesieii 000uX MoJIMMOP(HBIX BAPUAHTOB CO-
CTaBJISIET MeHee 5%, aHAIN3 BBIIOJTHEH TOJIbKO 17T JOMUHAHTHON reHeTHYeCKO# MO/IeNn.

Pesyasrarnt. [Ipu ananuse obuieit rpynmsl amieis A reda TLR2 (rs5743708) mokasasr accoIuaimio ¢ PUCKOM
passutust mHeeMounr (OR=1,90, 95% JI1: 1,02—3,54, p=0,042), B T0o Bpems Kak jist rera TLR4 (rs4986790) ac-
COIMAINY ¢ TTHEBMOHHUEHT BbIsIBIIEHO He Obuio. [Ipu ananuse moarpyni (JeTn,/B3pocibie 1 BHEOOJIbHUYHAS TTHEB-
MOHMS1/HO30KOMHUAJIbHAS THEBMOHNS ) 3HAYUMbIE 3(D(DEKTHI OTCYTCTBOBAJIN.

BoiBozpi. Astens A rena TLR2 (rs5743708) MoskeT OBITH (haKTOPOM PHCKA BOCTIPUIMIMBOCTH K TTHEBMOHUT.
JlaHHbIe Pe3yJIbTaThl UMEIOT TIEPCIIEKTUBDI JIJIS UX UCIIOJIb30BAHUS B KJIMHUYECKOI TIPAKTUKE, O/IHAKO, B CBSI3H C
BBICOKOI TeTepOreHHOCThIO U HEAOCTATOYHBIMU Pa3dMepaMiu BbIOOPOK, TPeOYeTcs TOATBEPKACHIE 9TUX PE3yIbra-
TOB B JIaJIbHEHTIINX UCCIIE0BAHMSIX.

Knrouesvie cnosa: TLR2; TLR4; nonumop@uam; nHeeMOHUSL; MEMA-AHANU3

Pneumonia is one of the most common infections with high mortality rates. The gene polymorphism of Toll-
like receptors that belong to the first line of defense of the immune system can make a considerable contribution
to individual variability due to the risk of pneumonia. Today this issue has not been adequately explored and the
data available in the literature are conflicting.

Objective: to carry out a meta-analysis of the association between Toll-like receptor gene polymorphic vari-
ants and the risk of pneumonias and its coinfections.

Methods. A meta-analysis was carried out to detect a possible association of the risk of pneumonia and coin-
fections with single nucleotide polymorphisms (SNP) in the TLR2 (rs5743708 (2258 G>A; Arg753GlIn) and TLR4

Azpec sl KOPPECTIOHIEHIIUM: Correspondence to:
Caetrsana CMupHOBa Svetlana Smirnova
E-mail: vsmirnov64@mail.ru E-mail: vsmirnov64@mail.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2015, 11; 6



DOI:10.15360,/1813-9779-2015-6-6-18

MeTa-amaans

(rs4986790 (896A>G; Asp299Gly) genes. The investigation enrolled 2312 (682 patients/1630 control individu-
als) and 3075 (910/2165) Caucasians for each SNP, respectively. As the rate of minor alleles of both polymorphic
variants was less than 5%; the analysis was made only for a dominant genetic model.

Results. Analysis of the study group showed that the A allele of TLR2 rs5743708 was associated with the risk of pneu-
monia (OR = 1.90; 95% CI: 1.02—3.54; P=0.042) while TLR4 rs4986790 was not associated with pneumonia. Analysis of
subgroups (children/adults and community-acquired /nosocomial pneumonia) revealed no significant effects.

Conclusion. The A allele of TLR2 rs5743708 may be a risk factor for susceptibility to pneumonia. These results
have promises for their clinical application; however, due to the high heterogeneity and insufficient sizes of sam-
ples, these results need to be confirmed by further investigations.

Key words: TLR2; TLR4; polymorphism; pneumonia; meta-analysis
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[THeBMOHMS SBJSETCS OCHOBHOM TPUYNHOU
CMEPTHOCTU CPei MHMEKIIMOHHBIX 3a00JI€BAHIN /ISt
MIPE/ICTaBUTENIEll BCEX BO3PACTHBIX TPYIII, MPU TOM
MOKa3aTesIn CMEPTHOCTH Bapbupyior ot 5 10 20% [ 1, 2].
HecmoTpsi Ha TIOCTOSTHHOE COBEPINIEHCTBOBAHUE METO-
JIOB JINATHOCTUKU, ITPUMEHEHNE BbICOKOI(DMEKTUBHBIX
AHTHOAKTEPUAJIbHBIX TIPENAPATOB, YPOBEHb CMEPTHOC-
TH OT TTHEBMOHWMM OCTaeTcst BBICOKUM |3, 4]. Pazmy-
Hble (haKTOPbI, XapaKTEPU3YIONTHe 0COOEHHOCTH OpTa-
HU3Ma TTAIUeHTa, MOTYT BJIUSATh HA BOCIPUUMYHUBOCTD
K ITHEBMOHUU; CPei TakuX (PaKTOPOB HA3BIBAIOT TIO-
JKUTON BO3PACT, COIMYTCTBYIONINE 3a00TEBAHNS, JIUC-
(byHKITHIO TJIOTaHUS, HyTPUTUBHBIN cTatyc U addek-
TUBHOCTH WMMYHHOTO OTBeTa Ha WHQEKINIO.
BposkieHHbIiT MMMYHHBIN OTBET MHUIIMUPYETCS MaK-
pocdaramu IyTeM pacro3HaBaHUs ATOTEHOB, UX (aro-
IIUTUPOBAHUS W CEKPEIMH MeIUaTOPOB BOCTIAJIEHUSI.
IAbheKTUBHOCTH OTBETA 3aBUCUT OT PACIIO3HABAHUS
MATOTEH-ACCONMUPOBAHHBIX MOJIEKYJISIPHBIX TIaTTep-
HoB (PAMPs), KoTOpBIE TTO3BOJISIOT OT/IMYATh HH(EK-
IIMOHHbIE aTEHTHI OT (PAKTOPOB BHYTPEHHEH CPEIbI OP-
raHM3Ma W pasjMyaTh MATOTEHBI MeXIy co0oit [5].
[TepBuuHoe pacniozHaBaHue WHMEKITMOHHBIX areHTOB
MMMYHHOM CHUCTEMOI OCYIIeCTBJISIeTCsl laTTepH-pac-
TTO3HAIONTUMU PETIENITOPAMU BPOKACHHOTO UMMYHUTE-
Ta. [eHeTHYecKas NU3MEHYMBOCTH TEHOB CHCTEMBI pac-
MO3HABAHMS TATOTEHOB, IPEAIIOJIOKUTENBLHO, MOKET
YaCTHYHO OOBSICHUTD HHINBHYaIbHbIE PA3JIMUKsT BOC-
MIPUUMYNBOCTH K MH(DEKITNSIM.

Haubosiee m3y4eHHBIM KJIACCOM TIaTTEpPH-pac-
MO3HAIONUX PEENTOPOB ABJSIOTCS TOJI-TIOOOHDIE
pentenrropsl (TLR), HassauHbIe B yectdb Toll perenrropa
Drosophila melanogaster, urpatoiiero BaskHyo poJib B
3all[iTe OPraHu3Ma MYXH TPOTUB IPUOKOBBIX MH(pEK-
1wii [6]. Toswr-nogoGHbie perterrroper (TLRs) npuHa-
JIeSKaT K TPYTITeE MaTTepH-PACIIO3HAIONINX PEIENTOPOB,
KOTOPBIE OMPEAEIISAIOT OaKTepUAIbHBIE, BUPYCHbIE UITH
pUOKOBbIE MOJIEKYJISIPHBIE CTPYKTYPhI WM HYKJIEH-
HOBBIE KUCJIOTBI 1 3aITyCKAIOT CUCTEMHOE BOCTIAIEHUE
[7]. Y wenoseka ommcano necats TLRs, koTopsie oTm-
YatoTCS CMOCOOHOCTHIO K PACTIO3HABAHWIO BHPYCOB,
Gakrepuii, rpprboB 1 npocreiimux [8—14]. SNPs B re-

Introduction

Pneumonia is an infectious disease that ranks in
the top-10 leading causes of death, with estimated
mortality rates varying between 5 and 20% [1, 2].
Despite the increasing development of diagnostic
techniques and the use of highly effective antibacte-
rial drugs, pneumonia fatality rate remains high [3,
4]. Many different host factors may play a role in the
variability in susceptibility to pneumonia, including
an increasing age, comorbidities, swallowing dys-
function, nutritional status and the effectiveness of
the immune responses to infection. The innate
immune response is initiated by macrophages via
recognizing pathogens, phagocytosing them, and
secreting inflammatory mediators. Effective
response requires the recognition of pathogen-asso-
ciated molecular patterns (PAMPs) to distinguish
the infectious agents from self, and discrimination
among pathogens [5]. An initial recognition of infec-
tious pathogens by the innate immune system is
mediated by germline-encoded pattern-recognition
receptors. Genetic variability in the pathogen recog-
nition system is thought to partially explain individ-
ual differences in the susceptibility to infections.

The first and most studied class of pattern-
recognition receptors is that of the Toll-like recep-
tors (TLRs), named after the Toll receptor of
Drosophila melanogaster, which is important in the
host defense of the fly against fungal infections [6].
Toll-like receptors (TLRs) are one class of pattern
recognition receptors that sense bacterial, viral or
fungal molecular structures or nucleic acids and
induce systemic inflammation [7]. There are ten
human TLRs that have been characterized by their
specific ability to recognize viruses, bacteria, fungi,
and protozoa [8—14]. SNPs in the toll-like receptor
genes might affect the transcription, synthesis, trans-
port and secretion of corresponding proteins, and
consequently influence susceptibility and outcomes
of infection. Genetic polymorphisms of toll-like
receptors have been shown to be associated with sev-
eral infectious and/or pulmonary diseases such as
tuberculosis [15], asthma [16] and respiratory syncy-
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Hax TOJUI-MTOAOOHBIX PEIENTOPOB MOTYT BJIMSATH Ha
TPAHCKPUIIINIO, CHHTE3, TPAHCIOPT U CEKPEINIO COOT-
BETCTBYIONINX OENKOB, W, CJIE0BATEBHO, HA BOCIPH-
MMYMBOCTH K MHGEKINN 1 ee ucxof. briro nokazaHo,
YTO TOJMMOP(GHBIE BAPUAHTHI T€HOB TOJLT TTO00HBIX
PEIIETITOPOB, ACCOIMUPOBAHBI C HECKOJIBKUMI MH(pEK-
[[IOHHBIMU, B TOM YKCJI€ U JIEFOYHBIMHU, 3a00I€BAHNsI-
M1, TAKUMU Kak TyOepKyJies [15], actma [16] u peciu-
paToOpHO-CUHIMTHAIbHAS BUpPycHas nHbexms [17].
Hepnasnue nccie1oBanus U3y4uiin aCCOLUALINIO MEXK-
ny TLR2 n TLR4 nomiMopdu3MOM U PUCKOM pa3BU-
st iHeBMOHUN [18—28], ofiffako pe3ysIbraThl ObLII
TTPOTUBOPEYNBHI.

B macTosmeMm ucciaefoBaHUU MBI ITPOBOINM
MeTa-aHaJN3 acCcolUanui MOJIUMOP(MHBIX BapuaH-
TOB T€HOB TOJIJI-ITOZIOOHBIX PEIENTOPOB U PUCKA Pas-
BUTHS THEBMOHUM U COITyTCTBYIOIINX €1l MH(EKITHI.

Marepuan u MeTObI

ITouck, BKIIOYEHHE H HCKIIOYEHHE ITy OJIUKALHA.

CucreMaTiyecKkuii MOMCK OPUTHHAIBHBIX aCCOIATHB-
HBIX FICCTIeZI0OBaHNI TosimMopduamMa reHoB « 1L R» 1 mHeBMO-
HIH, & TAKKE ITHEBMOKOKKOBO# MH(EKIUHU ObLI IPOM3BE/ICH
¢ nomotipio 6a3 nanHbix NCBI, Google Academia n HuGE
Navigator (1ocjeiHUil TOUCK OCYINECTBIIAJICS 24 WO
2015). B 1oucke MCIOJIB30BAIN TEPMUHBL <«ITHEBMOHUSI»,
«BOCTIaJIeHNe JIeTKuX», <«moanMopduam TLR». Cepuikny,
[PUBE/ICHHBIC B TIOA0OPAHHBIX CTATHX, TAKIKE TIPOBEPSITUCH
BPYUHYIO C IeJIbI0 HAXOXK/IEHUS JIONOJIHUTEIbHBIX CTaTeil.
IIpu aTOM KpuTepusiMu BKJtoueHust Obuiu: 1) uccsienoBanme
JOJIKHO UMETh JU3aliH CJIy4yali-KOHTPOJIb WJIM KOTOPTHBIN
THUI U U3YYaTh acconuaruu Mesxay noaumopduamom TLR u
ITHEBMOHWEN C COTTYTCTBYIOMUMHU WHMEKINAMHA, U 2) HAJU-
Yre JaHHBIX T€HOTUIMPOBAHNUS JUIST BBIUMCIECHNST OTHOIIIE-
mwst marcos (OR) ¢ 95% noBeputerbHbIM HHTEpBATIOM. 1715
KasK/[0i1 IyOJIMKaIuK, BKJIIOUEHHOI B MeTa-aHajus, Oblia
HoJTydena creyiontas urdopmarust: HaMuins mepBoro aB-
Topa, rox n3nanus, TLR SNP, komuuectBenuble u Kauect-
BeHHbIe XapPaKTEPUCTHKU MAIMeHTOB U KOHTPOJIBHOI IPyII-
IIBI, JIAHHBIE TEHOTUITMPOBAHMSL.

CraTucruyeckuii anams.

Cratucruyeckuii aHanus ObLI BBIIIOJIHEH € IOMO-
mpto GecriatHoro nakera nporpamMm WinPepi [29] u
CTATUCTUYECKOTrO mporpaMmmuoro obecnedenust R [30],
maker META [31]. [ls1s1 KOHTPOJBHBIX TPYTIT TIPOBOIM-
Jlach OlleHKa paBHOBecusi 110 Xapau-Baiinbepry ¢ wuc-
noJsb3oBaHueM Kputepus X’ IHderTs KaKg0ro reHe-
THUYECKOTO BapuUaHTa WCCJIEJ0BAJUCH TOJbKO IO
JNOMUHAHTHON Mojenun HacyaenoBanus (00 nporus 01 +
11, t.e. renorunn GG npotus GA+AA s rs5743708;
resotunn AA npotuB AG+GG nna rs4986790), mo-
CKOJIbKY yacToTa ajieneii usyyaembx SNP Gbiia cvmi-
KOM HU3KOIi, 4TOOBI IPOAHANU3UPOBATD U APYIHEe IeHe-
THUYECKUe Mojleiu. leTeporeHHOCTh HuCCaeJOBAHUIT
oreHuBasach ¢ momoiibio Q kpurepus Koxpena u I>. B
CBSI3U C BBICOKON HEOJXHOPONHOCTBIO HCCJAETOBAHUN
(I"250%) Bo Bcex cirydasix MPUMEHSIACH MOJENb CJIy-
yaiiHbiX 9 @PeKToB. YpoBeHb 3HAYMMOCTH ObLI yCTa-
nossen P-value <0,05 3a ucKIOUEHUEM 3HAYUMOCTH
npu oueHke rereporennoctu (P-value <0,10) [32]. Husa
uccnenyembrix SNP (rs5743708, rs4986790) mera-ana-

tial viral infection [17]. Recent investigations have
examined associations between TLR2 and TLR4
polymorphisms and the risk of pneumonia [18—28]
with inconsistent results.

In this study, we conducted a meta-analysis to
assess possible contribution of genetic variations in
toll-like receptors in the risk of infection and inva-
sion of pneumonia-related pathogens and the devel-
opment of pneumonia.

Materials and Methods

Publication search, inclusion and exclusion.

A systematic search for original research investigating
the association between TLR polymorphisms and pneumonia,
and/or pneumococcal infection was made by using the NCBI,
Google Academia and HuGE Navigator databases (the last
search was July 24, 2015). We used the terms: «pneumonias»
OR <«lung inflammation» and «TLR» and «polymorphism»
OR <«polymorphic» OR «variant> OR <«locus» OR <allele»
OR «SNP». References cited in the retrieved articles were
also screened manually to identify additional eligible stud-
ies.The inclusion criteria were: 1) a case-control study or a
cohort study focused on the association between the TLR
polymorphism and pneumonia, and/or pneumococcal infec-
tion, and 2) enough genotype data to calculate odds ratio
(OR) with its 95% confidence interval. The following infor-
mation was obtained from each publication included in the
meta-analysis: first author's name, the year of publication,
TLR SNPs, quantitative and qualitative characteristics of
cases and controls, genotype data.

Statistical analysis.

Statistical analysis was conducted by WinPepi free-
ware package of programs [29] and the package Meta [31]
of the R statistical software [30]. HWE (Hardy-Weinberg
Equilibrium) test in the healthy controls was conducted
with y” test. We examined the effect of each genetic variant
using only dominant model (00 vs. 01+11; GG vs. GA+AA
for rs5743708; AA vs. AG+GG for rs4986790), since the
frequency of variant alleles of the studied SNPs was too
low to analyze other genetic models. Heterogeneity of the
studies was assessed by Cochran's Q-statistic test and I*-
test. Since heterogeneity between studies was high
(I’>250%), a random model was applied. Significance was
set at a P-value of <0.05 except in heterogeneity estima-
tion (P value of <0.10) [32]. Meta-analysis was conducted
for the both analyzed SNPs (rs5743708, rs4986790) in the
overall group. We performed also a sensitivity analysis
exploring the overall effect after exclusion of each study in
turn. The subgroup analysis included the analysis in (i)
adult and pediatric groups, (ii) CAP and NP groups.
Publication bias has not been assessed because of low sen-
sitivity of these tests due to lower than ten the number of
studies [33].

Results and Discussion

A total of 11 full-text articles were included in our
meta-analysis. All the studies were performed in
Caucasian populations. Main characteristics, including
first author, publication year, studied genes and SNPs,
sample size, source and characteristics of controls, spe-
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MerTa-anaamns

|
Ta6amnna 1. XapakTeprcTHKH BKIIOYEHHBIX B aHAJIM3 CTaTel, u3yvaomux acconuanuu noaumopdusmos TLR2 u TLR4
C Pa3BUTHEM IHEBMOHHMHU PA3IMYHOrO reHe3a, CONYTCTBYIOIHUX HH(EKIHil i HHBA3UBHO MHEBMOKOKKOBOI 00JIE€3HBIO.
Table 1. Characteristics of the included articles that studied associations of TLR2 and TLR4 polymorphisms with
pneumonia-related infection and pneumonia development.

First author, year Genes (SNPs) Case (n), Control (), Source Controls Pneumonia Outcome
age age controls type
Hawn 2005 TLR2 (rs4986790, 102, adult 495, adult HB Healthy CAP Legionnaires' disease
1s4986791)
Moens 2007 TLR2 (rs5743708), 72, adult 178, adult PB Healthy CAP Pneumonia in patients with
TLR4 (rs4986790) invasive pneumococcal disease
Yuan 2008 TLR2 (rs5743708), 85, 409, NA NA Healthy — Diseases / complications
TLR4 (rs4986790, pediatric of various localization
rs4986791) caused by pneumococcus
Endeman 2009 TLR2 (rs5743708), 200, adult 313, adult HB Healthy CAP Community-acquired
TLR4 (1s4986790) pneumonia
Carvalho 2009 TLR2 (1s5743708), 87, adult 134, adult HB No viral infection NP Viral pneumonia
TLR4 (rs4986790) in allogeneic stem in allogeneic stem
cell transplantation cell transplantation
Kumpf 2010 TLR4 (1s4986790) 159, adult 176, adult NA Healthy VAP Ventilator associated
pneumonia
Esposito 2012 TLR2 (rs5743708), 18, 164, HB Healthy CAP Pneumonia in children
TLR4 (rs4986790, pediatric pediatric infected by the pandemic
1s4986791) A/H1N1,/2009 influenza virus
Telleria- TLR2 (rs5743708), 92, 66, HB Healthy —*  Pneumonia and sepsis in patients
Orriols 2013 TLRA4 (rs4986790) pediatric pediatric with Spreumoniae infections
Misch 2013 TLR2 (rs5743708) 94, adult 262, adult NA Healthy CAP Legionnaires' disease
Rodriguez- TLR4 (rs4986790, 44, adult 126, adult NA Healthy —* Intra-abdominal infection
Osorio 2013 154986791) and /or pneumonia
Schnetzke 2015 TLR2 (rs5743708), 51, adult 104, adult HB  Patients with NP Pneumonia in patients
TLR4 (rs4986790) acute myeloid with acute myeloid

leukemia after
induction chemotherapy

leukemia after
induction chemotherapy

Note: HB — Hospital-based; PB — Population-based; NA — Not available; CAP — Community-acquired Pneumonia; NP —
Nosocomial Pneumonia; VAP — Ventilator-Associated Pneumonia; * — mixed case groups.

IMpumevanue: First author year — nepsoiii aBrop, rog (to xe B Tabm. 2); Genes — rembl; Case — Gosbtbie (TO Ke B Taba. 2—4);
Control — koutpoab (1o xe B Tabn. 2—4); age — Bozpact; Source controls — mcrounuk Koutpoas; Controls — KOHTpoIb;
Pneumonia type — tun nuesmonunn; Outcome — nozonorudeckas ¢popma; adult — B3pocibie (1o ke B TabJr. 4); pediatric — gertu (To
ke B Tabu.4); HB — rociuranbupiii; PB — nonyasimonnsiii; NA — et pannbix; Healthy — snpopossie; No viral infection in allo-
geneic stem cell transplantation — orcyrerBue BupycHOI MHBEKIMK OCIE TPAHCIIAHTAIMN AJIJIOTEHHBIX CTBOJOBBIX KJETOK;
Patients with acute myeloid leukemia after induction chemotherapy — Gosbibie ¢ 0cTpoit MUeTOUAHOI NeiikeMuel TTOCIe MHIYK-
ronHoi xuMuoTeparniu; CAP — BHeGosmbHIYHAs THEBMOHNST; NP — Ho30KOMUabHAsI THeBMOHMST; VAP — BeHTHIISTOP-accommu-
poBanHast mHeBMOHUS; Legionnaires' disease — Gostesnb siernonepos; Pneumonia in patients with invasive pneumococcal disease —
MHEBMOHM y GOJNbHBIX ¢ MHBA3UBHON MHEBMOKOKKOBOI OoJesnbio; Diseases/complications of various localization caused by pneu-
mococcus — 3ab0JIeBaHNsI/0CIOKHEHUS PA3IHYHOI IOKATU3AIlII, BBI3BaHHbIE THEBMOKOKKOM; Community-acquired pneumonia —
BHeGobHIYHAsT THeBMOHMsT; Viral pneumonia in allogeneic stem cell transplantation — BupycHast mHeBMOHMSI MOCJIE TPAHCILIAH-
TalMU aJJIOTCHHBIX CTBOJOBBIX KJeTok; Ventilator associated pneumonia — BEHTHAATOP-acCONMUPOBAHHAs ITHEBMOHUS;
Pneumonia in children infected by the pandemic A/H1N1/2009 influenza virus — nueBmMonus y aereil, HHGUIMPOBAHHBIX BUPY-
com rpunma A/H1N1/ 2009; Pneumonia and sepsis in patients with S.prneumoniae infections — nueBMoHUS 1 cerncuc y GOMBHBIX €
undeknueii S.pneumoniae; Intra-abdominal infection and /or pneumonia — nnTpa-abaoMuHanbHasgs MHOEKIUS U / UM THEBMOHUS;
Pneumonia in patients with acute myeloid leukemia after induction chemotherapy — nneBMoHUS y GOJIBHBIX ¢ OCTPOH MUETON]I-
HOIT JiefikeMueil mocsie HHAYKIMOHHO# XuMuoTepanuu; * — mixed case groups — cMellaHHbIe TPYIITIBI OOJBHBIX.

JIU3 IPOBOJIMIICS B OOIIMX IPYTINax, a TAKKE B MOATPYII-
nax, o6beINHEHHBIX 110 BO3PACTY U TUIY TMHEBMOHUU:
netu/B3pocibie, BHebonbHnuHas (BII)/ Ho3oKOMMab-
Hasg nmaeBMoHus (HIT). Kpome Toro mMbl npoBesiv aHaius
YyBCTBUTEJIbHOCTH, U3y4asi uaMeHenue addexra myrem

cific type and characteristics of pneumonia are present-
ed in Table 1. The eleven studies were composed of eight
adult and three pediatric studies. Pneumonia was
addressed in the context of Legionnaires' disease, inva-

II0CJIE/IOBATE/JIbHOTIO MCKJIIOYEHUA JaHHbBIX KaX/10Tr0 nc-
ciaenoBaHud U3 obuiero ananusa. CucreMaruyeckas
omubKa, CBsI3aHHas C IPEANOYTUTETbHON MyOImKaIm-
ell 0JIOKUTENbHBIX Pe3YJIbTaToB nccyenaosanus (publi-
cation bias), He oueHUBaNach M3-3a HU3KOU UyBCTBU-
TEJbHOCTU TeCcTa MPU KOJUYECTBE WCCIeJOBAHUIT
MemblIre gecsatu [33].

sive pneumococcal disease, viral infection, and other
very heterogeneous clinical conditions. Five groups of
investigators studied CAP, three studied NP, and other
studies analyzed mixed cases or did not give any infor-
mation on which type of pneumonia was studied. For
outcomes with more than two available studies relevant
to selection criteria, a meta-analysis was performed for
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33 citations identified
through database searching
and literature analysis

| 33 records screened

e

16 records excluded:
® 2 meta-analisis,
¢ 5 not relevant to pneumonia,
e 3 animal studies,
® 4 reviews,
¢ 2 genotyping data are not available

17 full-text articles
retrieved for detailed
evaluation

6 full-text articles excluded:
e TLR 1, 3, 5, 9 polymorphism

11 studies included
in meta-anallysis

Puc. 1. ITocienoBaTenbHOCTb OAGOPA IUTEPATYPBI.
Fig. 1. Flowchart of literature search.

Ipumevanue: 33 citations identified through database searching and literature analysis — 33 nuTnpoBamusi, ONpPEAETCHHBIX C HOMOMILIO
noucka 6a3 AaHHBIX U aHaiusa aurepatypbl. 33 records screened — 33 paborsr npoananusuposanbl. 17 full-text articles retrieved for
detailed evaluation — 17 mo/HOTEKCTOBBIX cTaTel, BRIOPAHHBIX /Jist AeTaibHoil onenkn. 11 studies included in meta-anallysis — 11 wuc-
caieloBatmii BKIoYeHbl B MeTa-anaius. 16 records excluded: 2 meta-analisis, 5 not relevant to pneumonia, 3 animal studies, 4 reviews, 2
genotyping data are not available — 16 paGot uckoueHbl: 2 MeTa-aHaIN3a, 5 HE CBA3AHHBIX C MTHEBMOHUEH paboT, 3 CCIe0BaHus Ha
SKMBOTHBIX, 4 0030pa, 2 paboThl 6e3 gannbix renorunuposanus. 6 full-text articles excluded: TLR 1, 3, 5, 9 polymorphism — 6 nosHorex-

croBbix crareil uckimoyens: TLR 1, 3, 5, 9 nosmmophuam.

PesyabraThl U 00CyK/IEHHE

Beero B maHHBIN MeTa-aHam3 ObLIO BKJIOYEHO
11 mostHOTEKCTOBBIX cTaTell. Bee ncceiemoBanust ObLIn
[IPOBE/IEHBI HA MPEJICTABUTEJISIX eBPOTIEOUTHON PACHI.
OCHOBHBIE XapaKTEPUCTUKHU BKJIOUEHHBIX HCCJEO0-
BaHuil (hamMuiust IepBOTo aBTOPA, O/l U3AHUS, U3Y-
yeHHble TeHbl 1 SNP, pasmMepbl BBIGOPOK, HCTOUHUK U
XapaKTEePUCTUKN KOHTPOJBHBIX TPYTII, THUI W XapakK-
TEPUCTHKA [THEBMOHUH) IIPeJCTaBIeHbl B Tabsuie 1.
W3 naHHbIX HccsieoBannii 8 TpOBeIEHbI Ha B3POCIIBIX
BBIOOPKaAX, 3 — Ha JAeTCKUX. [THEBMOHMS paccMaTpH-
BajlaCh B KOHTEKCTEe OOJIE3HM JIETMOHEPOB, MHBA3KB-
HOM ITHEBMOKOKKOBOH MH(EKINH, BUPYCHON MH(EK-
OUU W JIPYTHX PasHOOOPA3HBIX KJIMHHUYECKIX
yeosuid. IIare pabot mocssieHsl uaydennto BIT, tpu
pabGotsl paccmarpuBanu HII, B ocTalbHBIX HCCJIEI0-
BaHUSIX aHAJINBUPOBAIUCH CMETIAHHbBIE TPYIITIHI MAITH-
€HTOB WJIM TUI TTHEBMOHWUW He yKasbIBasics. Merta-
aHaAJIN3 TIPOBOMJICS /I OlleHKH acconmannu SNP
rs5743708 (TLR2) u 154986790 (TLR4) ¢ pasButuem
ITHEBMOHUY ¥ COMTYTCTBYIOMNUX WH(EKITUH B TPYyTITAxX
6oJiee ueM ¢ JIBYMST IOCTYITHBIME HCCJIEOBAHUSIMU 0
KkpureprsiM otbopa. Yerbipe paboThl TAKKE COAEPIKa-
an  uapopmanuio ans  rs4986791  (1196C>T,
Thr3991le) rena TLR4, 01HaKO B JJaHHBIX UCCIIE0BA-
HUSIX B 00IIEl CJIOKHOCTH BCETO JIECSTh YeJIOBEK Obl-
JIN HOCUTEJIIMA MUHOPHOTO aJIJTIeJIsl, B CBS3U C 4eM
MeTa-aHanu3 17 TLR4 rs4986791 He mpoBoamcs.

Ha pucyrke 1 npezcrasiieH mpoiiecc mogdopa u
BKJIOUEHUST KCCIIEI0BAHUIT B BUIE OJIOK-CXEMbI B CO-
otBetcTBUM ¢ npuHimnamMn PRISMA [34]. Mera-
aHaau3 ObL1 npoBezeH At 682 marmentoB u 1630
Mpe/cTaBUTeNIell KOHTPOJBHOM TPYTIIIBI B MCCJIE/IO0-
Barnuu TLR2 rs5743708 u 910/2165 uuausumayymMoB
npu ananuse nosumopdusma TLR4 rs4986790. B

SNPs 1s5743708 (TLR2) and 14986790 (TLR4) and the
risk of pneumonia-related pathogens invasion and/or
pneumonia development. Four studies also included
information for rs4986791 (1196C>T, Thr3991le) in the
TLR4 gene, however, in four samples, only ten subjects
total carried minor genotype. Therefore, a meta-analysis
was not performed for TLR4 rs4986791.

Figure 1 outlines the study selection process in a
flowchart following PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines [34]. Meta-analysis was conducted for 682
patients and 1630 controls in the study of TLR2
rs5743708 and for 910 patients and 2165 controls in
the analysis of TLR4 rs4986790 polymorphisms. Table
2 lists the genotype frequencies for the studied SNPs.
The genotype distributions in the controls of all stud-
ies were consistent with HWE except for one study
(TLR4 1s4986790) [35].There was a variation in the
variant allele frequency in the different studies rang-
ing from 0.009 to 0.144 for rs5743708 and from 0.016
to 0.184 for rs4986790. Minor allele frequencies for
both studied SNPs were in line with the HapMap data
for Caucasian populations: 0.052 for rs5743708 allele
A and 0.033 for rs4986790 allele G (http://www.
ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=5743
708; http://www.ncbi.nlm.nih.gov/projects/SNP/
snp_ref.cgi?rs=4986790).

Figure 2 shows the summary effects across the
comparisons of the studied polymorphisms TLR2
(rs5743708) and TLR4 (rs4986790). Heterogeneity
was rather high with I’ varying in the range of
54.7—66.5%. In these conditions, we considered
only a random model. SNP rs5743708 (dominant
model) was associated with pneumonia risk
OR=1.90,95% CI: 1.02 — 3.54, P=0.042. Results for
rs4986790 were non-significant.
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Ta6Jmua 2. YacToThl TEHOTHIIOB BO BKJIIOUEHHBIX B METa-aHAJIN3 HUCCJIe/IOBAHUAX.

Table 2. Genotype frequencies in the included studies.

First author, year Case Control HWE
00 01 11 00 01 11

TLR2 (1s5743708)
Moens2007 67 5 0 169 9 0 0,729
Yuan2008 82 3 0 382 27 0 0,490
Endeman2009 144 38 1 287 26 0 0,443
Carvalho 2009 83 4 0 127 7 0 0,756
Esposito 2012 17 1 0 161 3 0 0,906(0,91)*
Telleria-Orriols 2013 37 46 9 49 15 2 0,527
Misch 2013 88 6 0 243 19 0 0,543(1,00)*
Schnetzke 2015 43 8 0 102 2 0 0,921

TLRA (1s4986790)
Hawn 20051 97 5 0 431 64 0 0,124
Moens2007 60 10 2 161 16 1 0,395
Yuan2008 82 3 0 364 44 1 0,785
Endeman2009 171 27 2 280 32 1 0,933
Carvalho 2009 81 6 0 116 18 0 0,405
Kumpf 2010 147 12 0 150 24 2 0,362
Esposito 2012 16 2 0 148 16 0 0,511(0,51)*
Tellerfa-Orriols 2013 76 13 3 60 4 2 0,0001
Rodriguez-Osorio 2013 43 1 0 122 4 0 0,856
Schnetzke 2015 40 11 0 96 8 0 0,683

TLR4 (rs4986791)
Hawn 20051 97 5 0 431 64 0 0,124
Yuan2008 82 3 0 365 43 1 0,821
Esposito 2012 17 1 0 148 16 0 0,511(0,51)*
Rodriguez-Osorio 2013 43 1 0 122 4 0 0,856

Note: HWE — Hardy-Weinberg Equilibrium; 0 — major allele (G for rs5743708, A for 4986790, C for 4986791), 1 — minor allele (A
for rs5743708, G for 4986790, T for 4986791).* Available data from articles are shown in brackets. ' Genotype data ate calculated

from haplotype data.

Mpumeuanne: HWE — pasnosecue Xapan Baitnbepra;, 0 — masopusiii amtens (G s rsS5743708, A pina 4986790, C st
4986791), 1 — munopHbiii amnens (A as rs5743708, G nas 4986790, T nusa 4986791). * — B ckoOKax yKasaHbl IaHHbIE, TOCTYII-
Hble u3 cTareil. ' YacTOThl pacCUMTaHbl, UCXO/S U3 JAHHBIX TATLJIOTUIINPOBAHS.

tabsuie 2 MoKa3aHbl JaHHbIe TEHOTUITMPOBAHUS TI0
U3YYEHHBIM MOJTMMOPGhHBIM BapuaHTaM. Pacripese-
JIEHUE TEHOTUIIOB B KOHTPOJIbHBIX BBIOOPKAX MCCJIE-
JIOBAaHWI COTJIACOBAHO C paBHOBeCHEM MO Xap/u-
BaiinGepry 3a MCKJIFOUEHHEM OHOTO HUCCJICIOBAHMUS
(TLR4 1s4986790) [25].HacToThl MUHODPHBIX aJijie-
Jieit B BBIOPaHHBIX UCCJEIOBAHUSIX BaPbUPOBAIU OT
0,009 10 0,144 na rs5743708 u ot 0,016 10 0,184 mia
rs4986790. CooTBeTCTBYIOIINE YaCTOTHI /17151 €BPOTIEO0-
WJTHOH TIOIYJISIIIMKA B COOTBETCTBUM ¢ TEHOMHOM Kap-
toii ramtorunos (HapMap) Haxomsrcst OJvzKe K HE-
JKHUM 3HaYeHUsIM yKazaHHoro jauanazona: 0,052 st
amensa A 1s5743708 u 0,033 g amnensa G rs4986790
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_re
f.cgi?rs=5743708; http://www. ncbinlm.nih.gov/pro-
jects/SNP/snp_ref.cgi?rs=4986790).

PucyHox 2 peMOHCTPUPYET pe3yJibTaThl MeTa-
anamuza SNPs renoB TLR2 (rs5743708) u TLR4
(rs4986790). TereporeHHOCTh UCCAEJOBaHUI ObLIa
JIOBOJIBHO BBICOKO#, I* BapphupoBas B AnMamasoHe
594,7—66,5%. SNP rs5743708 (momwHanTHAST MO-
JieJib) ObLI acCOIMUPOBaH ¢ puckoM nHesMonnn OR
=1,90,95% CI: 1,02—3,54, p=0,042. Pe3ybraTsl mis
rs4986790 ObLTM HE3HAUNMBIL.

[lajiee IPUMEHSIIIUCD JIBA METOJIA JIOTIOJTHUTEb-
HOIl OIEHKM DPe3yJBIaToB IO OOIIUM TpyInaM. Bbut

Next, we applied two treatments to the overall find-
ings. We performed sensitivity analysis to assess the influ-
ence of individual dataset on the pooled ORs by sequen-
tial removing each eligible study (Table 3). The result of
the sensitivity analysis showed that the OR value ranged
from 1.61 (95%CI: 0.81—3.21) to 2.27 (95%CIL: 1.26—
4.09) for rs5743708 and from 0.85 (95%CI: 0.47—1.51) to
1.05 (95%CI: 0.61—1.80) for rs4986790. After the omis-
sion of two papers, one of which studied invasive pneu-
mococcal disease [20] and the other dealt with
Legionnaires' disease [26], the effect size became larger.
Omission of several other studies [19, 21—25, 26] led to
non-significance of the overall effect. No pronounced
effects were seen in the sensitivity analysis for the SNPs in
the TLR4 gene. Further, we conducted subgroup analyses
that compared different subsets of patients: adult and
pediatric groups, CAP and NP (Table 4). Since subgroup
analyses always include fewer patients than does the over-
all analysis, they carry a greater risk of getting negative
results due to insufficient power for the reduced sample
size. Taken also into account the significant heterogeneity
among included studies, non-significant results in the
subgroup analyses were not unexpected.

We performed a systematic literature review to
establish the possible role of the germline genetic
variations in toll-like receptors in susceptibility to
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TLR2 (rs5743708)

Case Control
Study Events Total Events Total
Moens (2007) 5 72 9 178
Yuan (2008) 3 85 27 409
Endeman (2009) 39 183 26 313
Carvalho (2009) 4 87 7 134
Esposito (2012) 1 18 3 164
Tellera-Orriols (2013) 55 92 17 66
Misch (2013) 6 94 19 262
Schnetzke (2015) 8 51 2 104
Random effects model 682 1630

Heterogeneity: I-squared=64.9%, tau-squared=0.4625, p=0.0057

Odds Ratio

. OR 95%-Cl W(random)
——0— 1.40 [0.45; 4.33] 12.6%
—& 1 0.52 [0.15; 1.75] 11.8%
T 2.99 [1.75; 5.10] 18.6%
—F— 0.87 [0.25; 3.08] 11.4%
j 3.16 [0.31; 32.05] 5.4%
— 4.28 [2.15; 8.55] 17.0%
—a— 0.87 [0.34; 2.25] 14.3%
——— 9.49 [1.94; 46.53] 8.9%
<> 1.90 [1.02; 3.54] 100%

T T 1

01 051 2 10

TLR4 (rs4986790)

Case Control Odds Ratio

Study Events Total Events Total ' OR 95%-Cl W(random)
Hawn (2005) 5 102 64 495 —EB— 0.35 [0.14; 0.89] 10.7%
Moens (2007) 12 72 17 178 T 1.89 [0.85; 4.20] 11.8%
Yuan (2008) 3 85 45 409 ——— 0.30 [0.09; 0.98] 8.9%
Endeman (2009) 29 200 33 313 TR 1.44 [0.84; 2.45] 13.8%
Carvalho (2009) 6 87 18 134 —= 0.48 [0.18; 1.25] 10.5%
Kumpf (2010) 12 159 26 176 —E— 0.47 [0.23;0.97] 12.4%
Esposito (2012) 2 18 16 164 : 1.16 [0.24; 5.49] 6.8%
Tellera-Orriols (2013) 16 92 6 66 -— 2.11 [0.78; 5.71] 10.3%
Rodriguez-Osorio (2013) 1 44 4 126 - 0.71 [0.08; 6.52] 4.3%
Schnetzke (2015) 1 51 8 104 | —=—— 3.30 [1.24;8.82] 10.4%
Random effects model 910 2165 e 0.93 [0.55; 1.59] 100%
Heterogeneity: I-squared=67.8%, tau-squared=0.4608, p=0.001 !

I T T 1

0.1 05 1 2 10

Puc. 2. Pe3ynbrarsl MeTa-aHaIM3a accolanuu noaumMopdusix Bapuantos reioB TLR2 u TLR4 ¢ nueBMoHueii.

Fig. 2. The meta-analysis results on the association of TLR2 and TLR4 polymorphisms with pneumonia.

IIpumeuanne: Study — wuccienosanue. Events — 4ucso manueHToB ¢ MuHopHbiMu reHotunamu. Case — Gosbhbie. Total — Beero.
Control — xontposn. W(random) — pasmep caywaiinoro apdekra. Random effects model — moxens caydaitHbix s¢hhexTos.

Heterogeneity — reTeporeHHOCTb.

MIPOBEJIEH AHAJIM3 YYBCTBUTEJILHOCTH JIJISI OIpejiesie-
HUSI BJIUSTHUSL OT/IETbHBIX UCCJAEOBaHUN (ITyTeM WX
MOCJIEZI0BATEILHOTO  yaaleHus) Ha o0umii addekt
(1abur. 3). PesysisraT aHa/In3a 4y BCTBUTEIBHOCTH [IOKA-
3a1, uto 3Hauerre OR Bapwsuposaso ot 1,61 (95%CI:
0,81—3,21) 10 2,27 (95%CI: 1,26—4,09) mys1 1s5743708
u ot 0,85 (95%CI: 0,47—1,51) mo 1,05 (95%CI: 0,61—
1,80) mmst 1s4986790. Tocse nckimoderns IByxX pabor,
OJIHa U3 KOTOPBIX OblJIa MOCBSIIIIEHA U3YYECHUIO WHBA-
3MBHOI MHEBMOKOKKOBOU GosiesHu [20], a apyras —
GoJsiesHn JiernoHepos [26], BenmnmurHa sgdekra yBeau-
yrBaJiack. VICKIIIOUeHNe HECKOIBKIX JIPYTHX UCCJIE0-

pneumonia-related infection and pneumonia devel-
opment. It is assumed that each type of TLR can rec-
ognize the cellular patterns of different groups of
organisms, i.e. each type of TLR is able to detect dif-
ferent groups of harmful microorganisms. Among all
TLRs, TLR2 identifies all main pneumonia-related
pathogens. Despite high heterogeneity among stud-
ies, TLR2 functional polymorphism appeared to be
associated with susceptibility to pneumonia-related
infection and pneumonia development.

TLR2 recognizes a large array of pathogen-
associated molecular patterns (PAMPs), including
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Ta6auna 3. AHaIU3 YyBCTBUTEILHOCTH.

Table 3. Summary outcomes of sensitivity analysis.

Excluding group Sample size Test of association Test of heterogeneity
Case Control OR 95% CI p x p I’ (%)
TLR2 (rs5743708)
Moens 2007 610 1452 1.98 0.99—3.98 0.054 14.984 0.020 60.0
Yuan 2008 597 1221 2.27 1.26—4.09 0.006 10.449 0.107 42.6
Endeman 2009 499 1317 1.72 0.79—3.74 0.169 13.480 0.036 55.5
Carvalho 2009 595 1496 2.10 1.09—4.06 0.027 13.644 0.034 56.0
Esposito 2012 664 1466 1.84 0.95—3.56 0.069 15.294 0.018 60.8
Telleria-Orriols 2013 590 1564 1.61 0.81—3.21 0.174 14.564 0.024 58.8
Misch 2013 588 1368 2.18 1.14—4.16 0.019 12.008 0.062 50.0
Schnetzke 2015 631 1526 1.64 0.88—3.06 0.120 11.924 0.064 49.7
TLRA (rs4986790)

Hawn 2005 808 1670 1.05 0.61—1.80 0.855 21.618 0.006 63.0
Moens2007 838 1987 0.85 0.47—1.51 0.570 24.193 0.002 66.9
Yuan2008 825 1756 1.04 0.61—1.78 0.881 22.738 0.004 64.8
Endeman2009 710 1852 0.87 0.47—1.61 0.652 24.697 0.002 67.6
Carvalho 2009 823 2031 1.01 0.57—1.78 0.983 24.333 0.002 67.1
Kumpf 2010 751 1989 1.03 0.58—1.81 0.929 21.713 0.005 63.2
Esposito 2012 892 2001 0.91 0.52—1.62 0.759 26.854 0.001 70.2
Telleria-Orriols 2013 818 2099 0.85 0.48—1.50 0.568 24.780 0.002 67.7
Rodriguez-Osorio 2013 866 2039 0.94 0.54—1.65 0.832 26.772 0.001 70.1
Schnetzke 2015 859 2061 0.81 0.48—1.37 0.426 20.907 0.007 61.7

Note: OR — Odds Ratio; CI — Confidence interval; x> — a measure of heterogeneity; I’ — a measure of heterogeneity is

expressed in %.

IMpumeuanue: Excluding group — nckimovaemas rpyrnma; Sample size — o6bem Boi6opok; Test of association — TecT Ha acconuanmio;
Test of heterogeneity — Tect Ha rereporennocts. OR — otHomenue mancos; CI — goBepuTeIbHBIN UHTEPBAT; ¥° — OIEHKA reTepo-

FeHHOCTH HCccyefoBatuii; [2 — nmpolenTHas olleHKa TeTepOoreHHOCTH ecaeaoBanuil (1o ke aas 1abu. 4, puc. 2).

Tabauua 4. Anaius B noarpynnax accouuanun TLR2 rs5743708 u TLR4 rs4986790 ¢ nueBMonueii.
Table 4. Subgroup analysis of the association of the TLR2 rs5743708 and TLR4 rs4986790 with pneumonia.

Excluding group N Sample size Test of association Test of heterogeneity
Case Control OR 95% CI p x p I’ (%)

TLR2 (1s5743708)

Adult 5 487 991 1.87 0.89—3.93 0.100 9.997 0.040 60.0

Pediatric 3 195 639 1.88 0.40—8.92 0.425 5.450 0.066 63.3

CAP 6 544 1392 1.79 0.92—3.49 0.088 10.318 0.067 51.5

NP 2 138 238 2.74 0.26—28.41 0.399 5.113 0.024 80.4
TLR4 (rs4986790)

Adult 7 715 1526 0.93 0.50—1.76 0.834 20.986 0.002 71.4

Pediatric 3 195 639 0.91 0.26—3.23 0.883 5.891 0.053 66.0

CAP 7 613 1751 0.99 0.53—1.86 0.975 14.963 0.021 59.9

NP 3 297 414 0.88 0.26—2.95 0.841 11.214 0.004 82.2

Banuii [19, 21—25, 28] npuBoAMIIO K TIOTEPE 3HAYUMO-
ctu adhekra. BeipaskenHoro adexra B aHam3e qyB-
crutebHOCTH st SNP B reHe TLR4 we oGHapyske-
Ho. Kpome TOTO, MBI TIPOBEM aHA/IN3 B TIOATPYIITIAX,
CpaBHMBAsSI Pa3JUYHbIE MOIMHOXKECTBA MAIUEHTOB:
B3POCJIbIE U IETCKIE BBIOOPKH, maruenTos ¢ BIT u HIT
(1abu. 4). Bee pesysbraThl OKasauch HE3HAYUMBIMH,
YTO MOKET OBITh CBSI3aHO CO 3HAUMTEIbHBIM YMEHbIIIe-
HiteM 0011ero oGbeMa BEIGOPOK U BBICOKOI reTeporeH-
HOCTBIO BKJIIOUEHHBIX UCCIIEOBAHMUI.

Jlanuast paGoTta BBINOJHEHA IS OIPEIeTICHUsT
BO3MOJKHOI POJIN TePMUHAJILHBIX TEHETUYECKUX Ba-
PHUAHTOB TOJII-MOAOOHBIX PEIENTOPOB B IPEAPACIIO-
JIOKEHHOCTU K COITYTCTBYIONIMM TTHEBMOHUU WH(EK-
IIUSIM ¥ pa3BuTHEM TTHeBMOHMU. [Ipemmonaraercs, 4to
Kaxapiii Tum perenrtopoB TLR pacmosraer kietod-
HbIe TIATTEPHBI PA3HBIX TPYIIT OPTaHU3MOB, T.€. KaXK-

peptidoglycan, lipoproteins, lipopeptides, phenol-
soluble modulin, lipoteichoic acid, lipoarabinoman-
nan, atypical lipopolysaccharides (LPSs), porins,
glycoinositolphospholipids,  glycolipids, and
zymosan [5, 35]. To identify these numerous
PAMPs, TLR2 forms either homodimers or het-
erodimers with TLR1 or TLR6. TLR2 also cooper-
ates with TLR9 in sensing mycobacteria [36]. TLR2
has been identified as a key player in the recognition
of lipoteichoic acid and peptidoglycans of Gram-
positive bacteria [37—41], influencing on suscepti-
bility to these bacteria. TLR2 polymorphisms are
associated with the susceptibility to different infec-
tions, such as leprosy, tuberculosis, staphylococcal
infections, and sepsis [6, 42—46].

The TLR2 rs5743708 G to A transition leads to a
functional deficiency in heterodimerization with TLR6
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nbrii tai perienitopoB TLR criocoGer onpeaesisit pas-
JIMYHBIE TPYIIbl MUKpoopranmaMoB. Cpemu Bcex
TOJI-1I0100HBIX perientopoB TLR2 xapakrepusyercst
HanboJiee IMUPOKUM CIIEKTPOM Y3HABaEMbIX MAaTore-
HOB; OH Pacro3HaeT BCe OCHOBHBIE MATOTEHBI NH(DEK-
11111, ACCOIMMPOBAHHBIX ¢ THeBMoHUel. HecMoTps Ha
BBICOKYIO T'eTePOTeHHOCTh MCCIeIOBaHUH, (PYHKIMO-
HasbHBINA TToTMMopduaM TLR2 okazascst acconumnpo-
BaH C MPePACIIONIOKEHHOCTHIO K PA3BUTHIO TTHEBMO-
HUU ¥ COIMTYTCTBYIOINX THEBMOHUH WH(DEKITUIA.

TLR2 pacriostaeT 60J1bI110I HaOOP TTATOreH-acCo-
IIMMPOBAHHBIX MOJIEKY ISIPHBIX TTaTTepHOB (PAMPs), B
TOM YHWCJEe TIENTHIOTJINKAH, JUTTOIPOTEUHBI, JIAIIO-
MeTUbl, (heHOT-PACTBOPUMBIN MOJYJINH, JIATIOTEH-
XO€BbIE KHCJIOTHI, JUMOAPAOMHOMAHHAH, aTUITIYHbIE
smronionucaxapuasl (LPSs), mopunsl, rimko-nHO31-
TOJI-(hOCHOMUITUIBI, TITUKOIUII/IBI U 3UMO3aH |5, 35].
Jlna BBIABIEHUS 3TUX MHOrodnciaeHHbIXx PAMPs,
TLR2 obpasyer roMoAnMepbl WM TeTepoMMEPHbIE
dopmbr ¢ TLR1 1 TLR6. TLR2 Taxske MoxeT 00be/u-
HaTbest ¢ TLRY mia ysHaBanust MmukoGakTepuil [36].
TLR2 sBasieTcs KIIOUEBBIM PEIIENITOPOM, OTBETCTBEH-
HBIM 32 paclO3HABaHWE JINTIOTEHXOEBOW KUCIOTHI U
HENTUAOTINKAHOB TPaM-TIOJOKUTEIBHBIX GaKTepUil
[37—41]; mannbiii npouecc uMeer pelualolee 3Haye-
HUe B BOCIPUUMUYMBOCTH K 9TUM Oaxkrepusm. ITosu-
MopdhHbIe BapuaHTbl reHa ILR2 acconmmupoBaHbl C
MPEAPACIIONOKEHHOCTBIO K TAKKM OOJIE3HSIM/COCTOSI-
HUSIM, KaK TpoKasza, TyOepKyJies, cTapUIOKOKKOBbIE
nndeknun u cercuc |6, 42—46].

3amena G amemnst TLR2 rs5743708 na A mpuBo-
JT K (DyHKIIMOHATBLHON HEZOCTATOYHOCTH TIPH TeTEPO-
mumepusain ¢ TLR6 ¢ mocemytomumm ymeHbIieHueM
BO3MOKHOCTH aKTUBAIMW BHYTPUKJIETOUHBIX CUTHAJTb-
nbIx myTeit [47]. Bplio nokasato, 4To 110 CpaBHEHUIO C
JKuM TroM (2258 amens G), anienb A accormmpo-
BaH CO 3HAYMTEJIHHBIM CHIDKeHWeM akTuBaimn NF-kB
(haxTopa, KOHTPOJIMPYIONIETO IKCITPECCHIO TEHOB NM-
MYHHOTO OTBETa) B OTBET Ha OaKTepHaJbHbIE MEMTH/IbI
B kierkax 293T [6]. Munophbiii astess 2258 A acco-
1IMMPOBaH (Ha YPOBHE TEH/IEHIINH ) CO CHUKEHHOM 9KC-
mpeccueii [L-6 B otBer Ha smranaer TLR, a Takke Ha
MUKPOOPTAaHU3MbI B TiesioM [48]. 9To m3MeHenwue
¢ynxkmmm TLR2 koppesupyer ¢ BAUSIHUEM JaHHOTO
SNP na BocrpuumMuuBocTh K nHdekimsam. HrepecHo
OTMETHUTD, 4TO 2258 A ajuiesib MPUCYTCTBYET TOIHKO Y
€BPOIEON/IOB, B TOM YHCJie U Y TIPEICTaBUTENEN BOC-
TOYHO-eBporeiickoil nomyssimu Vlax-Roma, HO ¢
O4YeHb HM3KOM 4yacTOoTOH. /[pyrre XopoIno M3BecTHbIE
nosmmmopdusmbr TLR2 (1892C>A u 2029C>T) takxke
nmeroT g depeHnnantbHoe pactpesesieHne B pasJiimd-
HBIX TOMyIsvsx [48]. Habmomaemble pasnmdus B ya-
CTOTaX TEHOTHUIIOB MOTYT OOBSICHUTH HEKOTOPBIE OCO-
GEHHOCTH B BOCIPUUMYHBOCTU K WH(EKIMSIM MEKIY
STUMU IPYIITIAMU HACETECHMS.

Hamr meta-ananms He TOKa3as accoIUaIy 1o-
gumopdusma TLR4 154986790 ¢ pazBuTHEeM TTHEBMO-
HUW ¥ COIYTCTBYIOIINUX MH(EKIIUIL, 9TO MOKET ObITh

with subsequent diminished activation of intracellular
signaling pathways [47]. Compared to the wild-type,
the 2258 A allele has been shown to be associated with
a significant decrease in NF-«B response against bacte-
rial peptides in 293T cells transfected with wild-type or
G2258A TLR2 constructs [6]. The 2258 A minor allele
was characterized (at a tendency level) by a reduced
capacity for IL-6 production in response to TLR lig-
ands as well as whole microorganisms [48]. This change
in TLR2 function correlates with the observed influ-
ence of this SNP on susceptibility to infections. It is
interesting to note that 2258 A allele is present only in
Europeans, including Vlax-Roma, but at a very low fre-
quency. Other well-known TLR2 polymorphisms
(1892C>A and 2029C>T) also had the differential pat-
tern of genotypes distribution in various populations
[48]. Differences in genotype frequencies may explain
some of the differences in susceptibility to infections
between these populations.

Our meta-analysis did not show association of
pneumonia-related infection development and TLR4
polymorphism rs4986790. This may be due to the high
heterogeneity of the studies. Taking into account the
differences of pathogen-associated molecular patterns
for TLR2 and TLR4 we may also speculate that the
TLR4 protein has less impact on pneumonia develop-
ment than the TLR2 protein. Hence, the genetic varia-
tions in the TLR4 gene may have less consequence
(compared with the TLR2 SNPs) for the susceptibility
to pneumonia-related infection. The recent meta-analy-
sis of the SNPs 154986790 and rs4986791 in the TLR4
gene has shown that TLR4 polymorphisms may be asso-
ciated with increased, decreased or no difference in
response to a wide range of infectious diseases [45].
Interestingly, the majority of significant associations
have been found among predominantly Asian popula-
tions being rare among Europeans [49]. One meta-
analysis on the role of the TLR4 SNPs has been con-
ducted just in relation to pneumonia [49]. The authors
found that the rs4986790 A/A genotype might be a risk
factor for the development of pneumonia. Compared
with the meta-analysis of Cai et al., we found three
additional studies published in 2009, 2013 and 2015
[21, 25, 28]. In the abovementioned meta-analysis, the
authors have also defined one paper, analyzing fever in
patients with Coxiella burnetii as the study of CAP [51].
This study was not considered in our meta-analysis.
Thus, our meta-analysis differed from that of Cai et al.
[50] by four studies and included more subjects (3075
versus 2520). Our updated meta-analysis did not con-
firm the results of Cai et al [50].

Limitations of our study include the following:
(i) all studies were underpowered due to low sample
sizes; (ii) studies were highly heterogeneous address-
ing infection and pneumonia development in different
context; (iii) most of the studies were hospital-based,
precluding extrapolation to the general population;
(iv) pooled effects in all comparisons were altered
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CBSI3aHO C BBICOKOI T€TepOreHHOCTHIO UCCJIEIOBAHNT.
OpHako, TpUHUMAas BO BHUMAaHWE Pa3Jndnsi COOTBET-
creyforux rpynt PAMPs nist TLR2 u TLR4, mbr Tak-
JKe MOKEM IIPEINON0KNUTD, 4To Genok TLR4 umeer
MeHee 3HAUYUTEJBbHYIO POJIb TIPU Pa3BUTUU ITHEBMO-
nun, yem Oesok TLR2, B ¢BA3M ¢ 4eM TreHeTHYeCKue
Bapuautel B rete TLR4 MoryT Memblie BIUATH (110
cpasraenuio ¢ TLR2 SNP) Ha mpeipacmono:KeHHOCTD K
PasBUTHIO WHQEKINH, aCCOIMUPOBAHHBIX C MTHEBMO-
nueil. Hemasuuii mera-anamms SNPs 1s4986790 n
154986791 rena TL R4 iokasa, 4To oJuMOpQHbIE Ba-
puantsl TLR4 MOTYT GBITH acCOIMUPOBAHBI C TTOBBI-
IIeHreM, TTOHWKEHUEM WJIA OTCYTCTBUEM U3MEHEHMI
B TIPE/IPACIIONIOKEHHOCTH K IIEJIOMY CIIEKTPY MH(DeK-
[MOHHBIX 3aboJeBanuii [49]. VIHTEpecHO, uTo (OB
[IMHCTBO 3HAUMMBIX aCCOIUAINIT OBLIO HAMIEHO Ipe-
WMYIIECTBEHHO B a3maTckux mnomyrsanusax [49]. B
CBI3M € M3ydeHueM poJin nojaumopdusma TLR4 B
[IPEAPACIONOKEHHOCTH K THEBMOHUU paHee ObLI TPo-
BeJIEH JIMIITh O/IIH MeTa-ananu3 [50]. ABTopbI obHapy-
JKHJIH, 9TO asisiesib 14986790 A moskeT GbITh (haKTo-
POM pHICKa Pa3BUTH MTHeBMOHUH. [lo cpaBHEHUIO C
mera-ananuzom Cai u coasropos [50], Mbl HAIILIK TPU
JIOTIOJTHUTEIBHBIX UCCIIEI0BAHNST, OITyOJIMKOBAaHHBIX B
2009, 2013 1 2015 T. [ 21, 25, 28]. Kpome TOTO, MBI 11C-
KJTIOYTJTH U3 HAIITETO MeTa-aHaiau3a pabory [51], ama-
JIM3UPYIONIYIO Posib iosimMopduama resa TLR4 B uyB-
CTBUTEJNBHOCTH K JIUXOPajZIKe Yy TAIUEHTOB,
unbunuposanubix Coxiella burnetii. Ita pabora ObLIa
OTHECEHa aBTOPaMK K TpyIie paboT, OIeHUBAOIINX
npezapacnonoxkennocts k BIT. Takum obpasom, Haiie
HCCIIeI0BAaHIE OTJIMYAETCS OT HeJaBHel pabotsl Cai ¢
coas. [50] o HaGopy mybsmKarmii (Ha yeTbipe my6JIu-
Karn) u GoJipieMy 00beMy Bbi6opok (3075 mporus
2520). Hait 06HOBJICHHBIIT MeTa-aHAIN3 He TOATBEP-
mut pedyasratsl Cai ¢ coas. [50].

[IpesicTaBieHHBIN HAMU MeTa-aHAJIN3 UMeeT He-
ckousbko orpanmuenuit: (I) Bce mccaemoBanms nvenn
HUBKYIO CTaTHUYECKYIO MOTITHOCTD U3-32 HEIOCTATOYHO-
ro pasmepa Bbi6opok; (II) uccrepoBanust ObLIM HEO/ -
HOPOJIHBI ¥ PACCMATPUBAJIM Pa3BUTHE MTHEBMOHUU W
uHdeKIy B pasHbix KoHTekcTax; (IIT) 60ombIMHCTBO
HCCIIeJOBaHII TPOBOAMINCH Ha Oase GOJIbHMIL, 4TO 3a-
TPYAHSIET HKCTPATOJAINIO HA TOMYJISAIUIO B I€JIOM;
(IV) nonydennbie apdeKThI CyliecTBEHHO BapbUPOBA-
JIW B T€CTaX HA UYBCTBUTEJNHHOCTD, YTO TIPEAIIOIAraeT
HecTaOIIBHOCTh Pe3ysibraTtoB. HecMoTpst Ha JaHHbIe
OrpaHWYeHNs], Halll MeTa-aHaJIN3 OCHOBAH Ha TIATeJb-
HOM 1o6ope JINTEpaTypbl ¢ COOMIOIEHIEM TPUHITI-
nos PRISMA, a nostyyennble pe3yJisraTbl SBJISIOTCS
Guosorneckn 000CHOBAHHBIMIL.

BoiBoasl

MeTtojr MeTa-aHaiIM3a IMUPOKO MCIIOJIb3YETCS
JUIST YBETMYEHUS MOIITHOCTH TeCTa W MoJTydeHust 6oJree
yOeNTENbHBIX BBIBOJOB O HAJIMYUKM WU OTCYTCTBHIU
uzydaemoro apderra. HecMoTpst Ha BaXXHYIO POJb

with sensitivity treatment suggesting instability of
the results. Despite these limitations, our meta-analy-
sis is based on adherence to PRISMA guidelines in
searching for literature, and the results seem to have a
biologic rationale. In view of these items, we believe in
the soundness and reliability of our findings.

Conclusion

It is well known that a meta-analysis is used to
increase power over individual studies, improve sum-
mary estimates and help to draw more convincing con-
clusions. Despite the crucial role of toll-like receptors in
the first line of immune response to infection and the
fact that pneumonia is one of the most common infec-
tions with high mortality rates, meta-analyses of TLR
polymorphisms association with pneumonia are scarce.
To the best of our knowledge, the current meta-analysis
is the first meta-analysis on the role of the TLR2 alleles
in pneumonia development. The TLR4 SNP rs4986790
has been studied previously in the context of pneumo-
nia however, that meta-analysis has had serious limita-
tions. We showed that the TLR2 SNP 2258 G/A
(rs5743708) is associated with the risk of pneumonia-
related infection and pneumonia development, while
the TLR4 SNP 896A>G (1s4986790) does not con-
tribute to the susceptibility to pneumonia. Taking into
account that the studies included in our meta-analysis
are highly heterogeneous and underpowered these
results should be interpreted as preliminary. Further
well-designed investigations are clearly warranted.

TOJLI-TIONOOHBIX PEIENTOPOB, KOHTPOJMPYIOIINX 3(h-
(beKTUBHOCTH IMMYHHOTO OTBeTa Ha WH(MEKINIO, U HA
TO, UTO ITHEBMOHWUSI SIBJISIETCST O/IHOM 13 HanboJiee pac-
MIPOCTPAHEHHBIX WHMEKINT € BBICOKUM YPOBHEM
CMEPTHOCTU, MeTa-aHAJM3bl ACCOIUAIMIT MTOJUMOP-
¢usmoB TLR c THEBMOHUEN, 32 OMHUM UCKITIOUEHUEM,
orcyTcTBytoT. [To HaMmMM CBeIEHUSIM, BBITTOJHEHHBIIA
HaMU MeTa-aHaju3 posiu rnosimMopgusma rena TLR2 B
Pa3BUTUM TTHEBMOHWU SBJsSeTCS TepBuIiM. SNP
rs4986790 panee m3yuasucs B KOHTEKCTe TTHEBMOHUH,
OJTHAKO TO UCCJIEJIOBAHIE UMEJIO CYIECTBEHHbIE HEIO-
geThl. MbI mokazamn, uto SNP 2258 G>A (rs5743708)
TLR2 accoruupoBaH ¢ PUCKOM Pa3BUTHS ITHEBMOHUM
U COLYTCTBYIOIMX MH(eKuii, B To Bpems kak SNP
896A>G TLR4 (rs4986790) He BnMsieT Ha TIPeIpacIio-
JIOKEHHOCTH K TTHeBMOHUU. [IprHMMAas BO BHUMaHUe
BBICOKYIO TETEPOTEHHOCTh BKJIIOUEHHBIX B HAIl MeTa-
aQHAJIN3 WCCJIEIOBAHUI U UX HU3KYIO CTAaTUCTHIECKYTO
MOIITHOCTb, TIOJTyYeHHBIE PE3YJIBTAThI CIETYeT PaccMa-
TPUBATH KaK MpeiBapuTesbhbie. st oaTBepKIeHUs
JIMarHOCTUYECKOTO TOTEHIINAa MOJIEKYJISIPHO-TeHe-
TUYECKOTO TecTHpoBaHus rena TLR2 B olleHKe Tper-
PACIONIOKEHHOCTA K PAa3BUTHIO THEBMOHUN ¥ COITYT-
CTBYIONINX WH(EKIINIT HEOOXOAUMBI IOTIOJTHUTETbHbIE
HCCTIEIOBAHUSI.
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Effect of Perfluorane on the Regulation of Skin Blood Flow
in Acute Blood Loss: Experimental Study

I. A. Ryzhkov, Yu. V. Zarzhetsky, 1. S. Novoderzhkina

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

Iens uccaenoanusi. VzydeHue ¢ moMoIIbio JiazepHOi AomiiepoBckoit haoymerpun (JIJMD) Biaustaus nepd-
TOpaHa Ha MUKPOT€MOIMPKYJISIINIO B KOXKE KPBICHI IIPU OCTPOI KPOBOIIOTEPE U TOCJIe ayToreMoTpancdysun.

MarepuaJibl 4 METOIbL. DKCIIEPUMEHTBI IPoBe/ieHbl Ha 31 GecriopoiHbIxX Kpbicax-camiiax Maccoit 300—400 r 1oz
Hapko3oM (HeMOyTau 45 Mr/Kr BHyTpubpromHHo). C 1esnbio usmepenust AJl, 3a6opa, pentdys3un KpoOBY U BBEAEHUS
nHY3MOHHBIX PACTBOPOB KATETEPU3NPOBAJIN XBOCTOBYIO apTeprio. KpoBOTOK B MUKPOCOCY/IaX BHYTPEHHEl OBEPX-
HOCTH TTPABOTO yXa PETUCTPUPOBAIN METOIOM JiazepHoil noriepoBckoit uioymerpun (JID) (ammapar JIAKK-02,
HIIIT «JTABMA», Poccust). Vcmomb3oBain MOZETb OCTPOH, (PUKCUPOBAHHOM 0 06beMy KposomoTepu. [lemesoit
06bem 3a60pa kposu cocrasust 30% OILK. Ha 10-it munyTe 1mocsie 3a60pa KpOBH KUBOTHBIM BBOAMIM pacTBop 0,9%
NaCl (®P, n=15) wu nepdropan (IID, n=16) B no3e 3 mi/kr maccol Tesa. Ha 60-ii MuryTe nocsie 3a60pa KpoBu
ITPOBOIUJIN Ay TOTeMOTPAHCDY3HIO, TIOCIEe Yero cienoBai perepdysuonubiii mepuoz (60 mumn). [Ipu ananuze JIJD-
IPaMMbI OTIPEJIEJISIIA CIIE/IYIONIHE TIApaMeTPhI: MoKazaresb MUKpormpkysiiuu (IIM); MakcuMasibHble aMILTATYIbI
KoJIebaHmiT KPOBOTOKA B 9HAOTETNATBHOM (A2), HeitporeHHOM (AH) 1 MHOTeHHOM (AM) IMana3oHax 9acTOT METOIOM
BeiiBaeT-anann3a. CratueTnaeckyio 06paboTKy JaHHBIX TTPOBOMIIN € CTOIB30BAHIEM MporpamMmb Statistica 7.0.

Pesyabratbl. B ncxoasom cocrostaun mesky rpyrmamu [1MD niau AP 110 mecseayeMbiM 0Ka3aTessiM PasJindnii
He Habmomann. Ha 1—10 MuH neprosia TunioBosieMun (10 BBEAEHUsI MPEMapaToB) MO CPABHEHUIO ¢ UCXOIHBIM CO-
CTOSIHUEM B 00enX TPYIITax MPOM30IILIN OMHAKOBbIe n3Menenust B Buje curkennst A/l (OP — na 58,3%, [1D — na
62,2%), IIM (DP — 1a 63,3%, 1O — 1a 69,2%) u ysennuenns Au (p<0,05). TTocse Benennst mpemaparos A/l u ITM
YBEJIMUUIUCH B 06enx rpyImnax, Ho B rpymie 1D B Gospiueit crenern (p<0,05), Takxke B 06eUX TPyIIAX yBEJIUUM-
Jmnch Aa, a AH IIPOZIOJIKAIIN OCTABATHCS HA MOBBIIICHHOM YPOBHE. B lajibHelieM Ha MPOTSKeHUN eprojia TUIT0BO-
JieMuu B 06eux rpyrnax 3uadenust AJl Obuir cxoKuMHU, a AH OCTaBAINCH TIOBIIIEHHBIMU I10 CPABHEHUIO C HCXOJIOM,
pu aToM Ad ocTaBajiach OBBIIEHHOH ToIbKO B Tpymie [1M. B nepuoze pernepdysuu B obenx rpymmnax [IM, As u
AH BepHYJICh K HCXOIHBIM 3HaueHnsIM. A/l B rpymie D P BepHyI0Ch K MICXOIHBIM 3HAUEHUSIM 1 OCTABATIOCH Ha TI0-
CTOSTHHOM YPOBHE, a B rpytme 1M na 50-60 MuH cHu3mI0Ch 10 cpaBHenuio ¢ 1—10 MuH meproma penepdy3nn u nc-
xo70M. Pasmmane B yposre A/l He 0OKa3aJio BANSHUS HA UCCIIeyeMble II0Ka3aTeIn MUKPOIUPKY SN,

3akmouenue. Beenenve I1D B cparennn ¢ OP 1mpu ocTpoil KpoBOTIOTEPE TIPUBOIUT K H0JIEE BHIPAIKEHHOMY
yeesmyennio A/l u IIM. Coxpansionieecss Ha IPOTSUKEHUN BCETO IIepHO/ia THIIOBOJIEMUN TTOBBIIIEHIE A3 B TpyIIIe
I1D, moskeT ykasbiBaTh Ha cTumyJupytoiee BiausHue [1M Ha aHg0TENNIT 3aBUCUMbIC MEXaHU3MBI (DIaKCMOIINI B
KO’Ke yXa KPBIC B YCJIOBUSX IMIIOBOJIEMUN.

Kntouesvie cnosa: xosxcnulil KpoBOMOK; 1a3epHasi OONNAEPOBCKAS (PIOYMEMPUS; BEUBLEM -AHALU3; OCMPAs. KPO-
sonomepsi; nepgpmopan

Objective: to use laser Doppler flowmetry (LDF) to investigate the effect of perfluorane on the time course of
microhemocirculatory changes in the rat skin in acute blood loss and after autohemotransfusion.
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Original Investigations

Materials and methods. Experiments were carried 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. The LDF (JIAKK-02 device, LAZMA,
Russia) method was used to record blood flow in the microvessels of the internal surface of the right ear. 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 with 0.9% NaCl solution (physiologic saline
(PS), n=15) or perfluorane, PF, n=16 at in a dose of 3 ml/kg body weight. At 60 minutes following blood sampling,
autohemotransfusion was carried out, after which there was a 60 min reperfusion period. The investigators ana-
lyzed LDF readings and determined the following indicators: microcirculation index (MI); the maximum ampli-
tudes of blood flow fluctuations in the endothelial (Ae), neurogenic (An), and myogenic (AM) frequency ranges
by a wavelet analysis. The data were statistically processed using Statistica 7.0 software.

Results. At baseline, no differences were found between the PF and PS groups in the examined indicators. At
1—10 min of hypovolemia (before drug administration), as compared with the baseline values, both groups showed
equal changes as reductions in blood pressure (BP) (by 58.3 and 62.2% in the PS and PF groups) and MI (by 63.3
and 69.2% in the PS and PF groups) and an increase in An (P<0.05). After drug injections, BP and MI were
increased in both groups, but to a greater extent in the PF group (P<0.05); Ae also rose in both groups, and An
continued to remain higher. During hypovolemia, BP values were thereafter similar in both groups and An
remained elevated as compared to its baseline values, at the same time Ae remained increased in the PF group only.
During reperfusion, MI, Ae, and An returned to their baseline values in both groups. BP returned to its baseline
values and was kept constant in the PS group and decreased in the PF group at 50—60 min versus 1—10 min of
reperfusion and outcome. The differences in BP had no impact on the microcirculatory parameters examined.

Conclusion. The administration of PF versus PS in acute blood loss causes a more pronounced increase in BP
and MI. The Ae increase persisting in the PF group throughout hypovolemia may point to the stimulating effect
of PF on the endothelium-dependent mechanisms of flux motions in the rat ear skin under hypovolemic conditions.

Key words: skin blood flow, laser Doppler flowmetry; wavelet analysis; acute blood loss; perfluorane
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BBenenne

IKCIIepPUMEHTATBHOE U3yY€eHNe OCTPON KPOBO-
MOTEPU CTABUT CBOE TIEJIBIO BBISIBJICHIE HOBBIX ac-
MEKTOB €€ TMaToreHe3a, a TakKe JIaeT BO3MOKHOCTD
orleHnTh 3(h@EKT TepaneBTUIeCKUX BO3IEHCTBUI,
MIPUMEHSEMBIX Ha OIpPE/IeJIEHHOM 3JTare Pa3BUTHUS
MATOJIOTUYECKOTO MPOIIecca.

[lenTpasusaius KpoBOOOPAIIEHNUS, HAPSLY C
MoOUIM3aIMell eMOHUPOBAaHHON KPOBU U ayTore-
MOJTUJTIOTIVEH, STBIISIETCST OCHOBHOIM KOMIIEHCATOPHO-
[PUCITOCOOMTEBHON peakiiieil opraHusMa Ha BO3-
HUKAIOIIYIO TTOCe KPOBOTOTEepH TuoBoseMuio [1].
CyTb ee 3aKII04aeTCs B TIepepacipe/ieIeHun ceped-
HOT'0 BBIOPOCA B TIOJIb3Y KU3HEHHO BasKHBIX OPraHOB
(cepiie 1 MO3T), 32 CYET BA30OKOHCTPUKITUU B PETHO-
HaxX MeHee YYBCTBUTETBHBIX K UTIEMUN (KOKa, MBITII-
1B, JKeJyZIOYHO-KUIIeuyHbli TpakT). [Ipm aToMm, B
UITEMU3UPOBAHHBIX TKAHSIX BO3HWKAIOT U MPOrpec-
CUPYIOT HAPYIIEHUS] MUKPOIIUPKYJISIIUN W PEOJIOTUN
KPOBH, TUTTOKCUYECKOE MTOBPEKIEHNE KIETOK, KOTO-
pbI€ B CBOTO OYEPE/Ib SIBJISIOTCS BEAYIIMMHU ITaTOTEH-
HBIMU (haKTOPAMU PA3BUTHS TeMOPPArnyeckKoro Imo-
Ka W TTOJIMOPTaHHOW HexocTaTouHoCTH [2]. BaxkHoe
naTopU3NOIOTIIecKOoe 3HAYEHNE UMEIOT TaKKe pe-
nephy3nOHHbBIE OCTOKHEHNS, KOATYJIOMaTHs U CUC-
TEeMHAas BOCIIAJIUTENbHAS PEaKIisl OpraHu3Ma Ha 11o-
Bpexaenue [3].

WNuTeHcuBHAs Tepamusi OCTPOIl KPOBOIIOTEPH
MOJIPa3yMeBaeT He TOJBKO TPaHC(hY3UIO MPernapaToB
JIOHOPCKOI KPOBH, HO U MCIIOJIb30BAHUE BCETO KOM-

Introduction

The goal of the experimental study of acute
blood loss was to elucidate new aspects of its patho-
genesis and the effect of perftoran as a therapeutic
intervention helpful at a certain stage of the patho-
logical process.

The centralization of circulation, along with
the mobilization of deposited blood and autohe-
modilution, are the main compensatory reactions to
hemorrhagic hypovolemia [1]. The centralization of
circulation is a redistribution of cardiac output in
favor of the vital organs (heart and brain), by vaso-
constriction in regions that are less sensitive to
ischemia (skin, muscle, gastrointestinal tract). At the
same time, alterations of microcirculation and blood
rheology, hypoxic cell damage are appearing and pro-
gressing in the ischemic tissues. Those, in turn, are
leading factors in the pathogenesis of hemorrhagic
shock and multiple organ failure [2]. Reperfusion
complications, coagulopathy and systemic inflamma-
tory response to injury have an important patho-
physiological significance as well [3].

The intensive care of acute blood loss involves
not only the transfusion of donor blood preparations,
but the whole set of measures aimed at correcting the
hypovolemia and the disorders of microcirculation
and blood rheology. This should lead to recovering the
oxygen transport to tissues and promoting cell metab-
olism [4, 5]. Clinical and experimental studies have
shown the efficiency of perftoran in fluid resuscitation
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TJIeKca Mep, HAPaBJIEHHBIX Ha KOPPEKIINIO THITOBO-
JIEMUHT, MUKDPOIUPKYJISTOPHBIX U T'eMOPE0JIOTHIEC-
KUX HapyHIeHWH, 4TO B UTOTE JOJUKHO MPUBECTH K
BOCCTAHOBJIEHUIO TPAHCIIOPTA KHUCJIOPOAA K TKAHIM
U KJIETOYHOTO MeTabosmaMa [4, 5]. B yacTHOCTH, Kak
B KJIMHUYECKUX, TaK ¥ B 9KCIIEPUMEHTAIBHBIX HCCIIe-
JIOBAaHUSX TIOKazaHa 3(h@EKTUBHOCTh HMCIOJIb30Ba-
Hus epdTopana B MH(PY3NOHHO-TPAHCHY3MOHHOM
Tepanuu OCTPOI KPOBOMOTEPH, UTO TPOSIBIISETCS B
€r0 CII0COOHOCTH YMEHBIIATh BBIPAsKEHHOCTh MIUKPO-
[UPKYJISTOPHBIX U METAOOJINYECKUX HapyIICHHIT 3a
CUYET aHTUTMITOKCUIECKUX U MeMOPaHOCTaOUIU3UPY-
TOIIUX CBOKUCTB [6, 7].

HecMmoTpst Ha TO, 4TO TIPU KPOBOTIOTEPE TIPE]I-
ToJIaTaeTcsl pe3koe orpaHIMIeHNe KOXKHOTO KPOBOTO-
Ka BCJEACTBUE IEHTPATU3ANNN KPOBOOOPAIIEHIST,
€T0 UCCJIEZIOBAHUE C TIOMOIIBIO Psijla HEMHBA3UBHbBIX
METOIOB TI03BOJISIET OIEHUTH AMHAMUKY TTPOTEKAHUS
KOMITEHCATOPHO-TTPUCIOCOCOUTENbHBIX PEAKIIHIA Op-
raHW3Ma, B3aUMOCBS3b HAPYIIEHUN MUKPOITUPKYJIs-
IUU C TIOKA3aTeJSIMU TIEHTPATbHON TeMOJAMHAMUKH,
a TaksKe BJIMSTHUE HA 9TH [IPOIIECCHI JIEUeOHBIX MEPO-
npusruii [8, 9]. OauuM U3 TakUX METOJI0B ABJISETCS
sazepras gommepoBckas Guoymerpust (JID), ko-
TOpast TIO3BOJISIET HE TOJBKO UCCIEI0BATD BEJUNIMHY
KPOBOTOKA HAa YPOBHE MUKPOIUPKYJISIITUH, HO U C TTO-
MOTI[HI0 MATEMATHYECKOTO aHAIN3a €To KorebaHuit
(makemonuii, ot aHrir. fluxmotion) oleHUTh Mexa-
HU3MBI PETYISANNNA MUKPOIIUPKYJISIINA U M3MEHEHHE
UX akTUBHOCTHU B iuHamuke [10].

Vcxonst U3 BBILMIEU3JI0KEHHOTO, GblIa TOCTAB-
JIeHa T1eJTb — U3YYUTD C TIOMOIIBIO JIA3ePHOI JIOTITLIe-
posckoit droymerpun (JID) Bausinue mepdropana
Ha IMHAMWKY TTaPaMeTPOB MUKPOTEMOITUPKYJISIIAN B
KO’Ke KPBICHI TP OCTPOI KPOBOTIOTEPE U TIOCIE ayTO-
reMOTpaHcQy3nu.

Marepuan u MeTO/bI

IKCHepuMeHThl 1poBegeHbl Ha 31 6GecrnopoaHbIX
Kkpbicax-camifax Maccoir 300—500 r mox Hapko3oM (HeM-
OyTas 45 Mr/Kr BHYTPUOPIOUIMHHO), B YCJOBUSX CIIOH-
TAHHOTO JIBIXaHUSI U TEMIIEPATYPbl OKPY;KAIOIIEH Cpejibl
20—22°C. AHecTe3uio TOAJEPKUBAIN TOBTOPHBIMU BHY-
TPUOPIOMINHHBIMU UHDBEKIUSAMEI aHecTeTHKa (HeMOyTal
10 mr/kr kaxasie 40—50 Mun nan o Tpebosanuio). C
1eJIbI0 MHBa3uBHOTO n3Mepenust AJl, 3abopa, pentdysuu
KPOBH M BBeJeHNsI MH(DY3MOHHBIX PACTBOPOB KaTETEPH-
3UPOBAJIM XBOCTOBasi aprepusi. Karerep mnepmopnyecku
MIPOMBIBAJIM PACTBOPOM HepPaKIIMOHUPOBAHHOTO Tela-
puna (0,1 mur, 50 EJI /™).

KpoBOoTOK B KOXe yXa PerucTpupoBajv MeTOIOM
JII®. Cytb metoma JIJID coctout B ONTUYECKOM HEMHBA-
3WBHOM 30HIMPOBAHUN TKAHEH MOHOXPOMATHYECKUM Jia-
3ePHBIM M3JIyYeHUEM U aHAJN3€e U3JIYYEeHUsI, OTPAKEHHOTO
OT JIBUIKYIIMXCS B TKAHSX 3PUTPOIUTOB. OTpakeHHOE OT
MOJBMKHBIX YACTHUI[ (3PUTPOIUTOB) W3JIyUYeHUEe HMeeT
JIOTITIJIEPOBCKOE CMeIEeHIEe YACTOTbI OTHOCUTELHO 30H 1~
PYIOIIETo CUTHAIA. DTa TIepeMeHHast COCTABJISIONIAast OTpa-
JKEeHHOTO CUTHAJIA TPOTIOPIIIOHAIBHA KOJIITIECTBY IPUTPO-

after acute blood loss, which has been manifested by
reduction in the severity of microcirculatory and
metabolic disorders due to antihypoxic and membrane
stabilizing properties of perftoran (PF) [6, 7].

The cutaneous blood flow is expected to
become sharply decreased following blood loss due
to the centralization of circulation. Non-invasive
methods allow assessing the dynamics of body's com-
pensatory reactions and links of microcirculatory
alterations to central hemodynamics, as well as the
impact of therapeutic interventions on these process-
es [8, 9]. One of methods of investigation includes
the laser Doppler flowmetry (LDF) that allows not
only to investigate the microcirculatory blood flow,
but also to assess the regulatory mechanisms of
microcirculation and dynamics of their activity
when assisted by mathematical analysis of oscilla-
tions (fluxmotions) [10].

The goal of current study was to characterize
effects of PF administration on the patterns of cuta-
neous microcirculatory blood flow in rats during a
fixed-volume 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
of General Reanimatology. Experiments were carried out
in 31 male outbred rats weighing 300g to 500g 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 anesthetic (pen-
tobarbital 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 withdrawal/ reinfusion and drugs infusion. The
catheter was flushed intermittently with saline solution
(0,1 ml) containing 50 IU/ml of unfractionated heparin.

The cutaneous blood flow in the rat's ear was record-
ed by LDF capable to non-invasive optical sensing of tissue
reactions 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 tis-
sue perfusion in the test volume (about 1 mm?) per unit
time and is measured in arbitrary perfusion units (PU).

The blood flow oscillations (fluxmotions) and their
changes might provide information on various regulatory
mechanisms of microcirculation. Oscillations of IP repre-
sent complex function that includes different harmonic
components. Using mathematical analysis based on
Fourier transforms, one can identify these harmonic com-
ponents. For this allotment the high resolution wavelet
analysis has been deployed [11, 12]. Spectral decomposi-
tion of LDF parameters into harmonic components enables
one to determine the contribution of various fluxmotion
components. Each component is characterized by a partic-
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[ITOB B 30HAMPYEMOii 006J1acTi U UX CKOpoCcTU. B pesyiib-
Tare KOMIIbIOTEPHOI 00pabOTKHM OTPasKEHHOIO CHUTHAJIA
dopmupyetcs nokasarerb Mukporupkysaiuu (IIM), ot-
paaionmii ypoBeHb mepdysun HCCIeayeMoro obbeMa
TKaHu (0K0J0 1 MM®) B eIMHUIY BPEMEHU 1 N3MEPSIeMbIil
B OTHOCHUTEJIbHBIX Nepdy3noHHbIX erHnax (md. ez.).

Kosebanust kpoBoToKa ((rakcMoIun) U Ux usMe-
HEHUS I03BOJIAIOT MOJYYUTb MHGOPMAIMIO O COCTOS-
HUM MEXaHU3MOB PEryJIAInn MUKPOIpKyasanuu. KoJe-
6anust IIM Bo BpeMeHM TIPEACTABISIOT COOOH CIIOKHYIO
(byHk1MIO, B KOTOPOIl NMPUCYTCTBYIOT pa3dHble TApMOHU-
yeckue cocTasisaomue. IIpn MmaTeMaTnyeckoM aHaIH3e,
OCHOBaHHOM Ha mpeobpazoBanusix Dypbe, MOKHO BbI-
SABUTH 3TU TapMOHMYECKHe cocrapisiomue. ug atux
1eseil MCIosb3yeTcs MaTeMaTH4YecKUil anmapar BeiB-
ger-npeobpasosanus [11, 12], oramuarommiicst BBICOKOI
paspermraiotieii crocobrocTio. CriekTpasbHOE PA3JIOKe-
une JI/IMD-rpamMMbl Ha TapMOHUYECKHE COCTABJISAIONINE
JIaeT BO3MOKHOCTH OIIPEICIUTH BKJIA/ PA3JIUYHBIX KOM-
MOHEHTOB (PJIAKCMOIMI, KasK/blil U3 KOTOPBIX Xapakre-
pusyercs onpeneneHHbM aAnanazonom dactoT (F [m) u
MaKCUMaJbHOI aMILINTYA0il KoseGaHUil KPOBOTOKa B
atoM nauanazone (A, . exn.). B cBoto ouepenp KakabIil
YACTOTHBII KOMIIOHEHT (hJIAKCMOIMI ONpefeasioTcs
[IPUPO/IOIT KOHKPETHOTO MEXaHU3Ma MO/LYJISAIINN KPOBO-
TOKA U €r0 OTHOCUTEJIbHOI aKTUBHOCTBIO BO BpeMs 11PO-
Benenust JIJ[D-merpun. Cpen MEXaHU3MOB PETYJISIIIHT
MUKPOTeMOIUPKYJIAINN PA3JNYaloT aKTUBHbIE U Iac-
cuBHble (akTOpbl. AKTUBHBIE (HAKTOPBI MOIYJISIUT
KPOBOTOKAa — 3TO 3HAOTEJHATbHBIN, HEHPOTeHHbIH U
CcOOCTBEHHO MUOTEHHbIII MEXaHU3Mbl DPETYJSIUU IPO-
cBeTa cocy/1oB. ITH (HAaKTOPbI MOLYJIUPYIOT TIOTOK KPO-
BM CO CTOPOHBI COCY/IUCTON CTEHKH, Peajn3yIoTcs yepe3
€e MBIIIEYHbI KOMITIOHEHT U CO3/IaI0T KOJTeGaHust KPOBO-
TOKa IIOCPECTBOM UEPEOBAHUS IMU30/I0B Ba3OKOHCT-
puKIuU U BazoauiaTanuu. [laccuBubie (hakTops, BHI3bI-
Bapliue KojiebaHUsT KPOBOTOKA BHE  CHCTEMBI
MUKPOIUPKYJIAINU, — 3TO IYJIbCOBAs BOJIHA CO CTOPO-
HBI apTEPHii U IIPHCcAChIBAIOIIee TeHCTBUE «/[BIXaTeIbHO-
rO HacOCa» CO CTOPOHBI BEH.

VY 1abopaTOpHBIX KUBOTHBIX (KPbIC) [JIsI KasKIOTO U3
IISITH [IPUBE/ICHHBIX MEXaHU3MOB PEryJISIIMYA KPOBOTOKA Xa-
PaKTEPHBIMHU /IMATIA30HAMK YACTOT SBJISIOTCS CJIE/LYIONINeE:
anstoreranbibiii (As) — 0,01—0,04 I, Heitporennbrii (Amn)
— 0,04—0,15 Tir, muorennsiii (Am) — 0,15—0,4 T, apixa-
tespubiit (An) — 0,4—2 Ty, mysscoBoit (Amr) — 2—5 T [13].
B ckoOKax npuBeIeHbI COKpalleHHbIe 0O03HAYEHIS MAKCH-
MaJIbHBIX aMIUIUTY/l KOJIeOaHUil KPOBOTOKA B COOTBETCTBY-
IOIIEM /IHala30He.

Caerooii 3onj armapata JIAKK-02 (HITIT «JIASMA»,
Mocksa, Pocenst) (amna Bosmast 0,63 MKM) ycTaHaBInuBa-
JI HaJl BHYTPEHHEN I0BEPXHOCTBIO MIPABOTO yXa, nsberas
HornajaHust B 06J1aCTh PErUCTPAIlMi KPOBOTOKA KPYITHBIX
cocyzos. 3amuch JI[JMD-TpaMMbl OCYTIECTBISIN HA Kak-
JIOM M3 3TANoB aKcnepumenTa B Tedenune 8—10 mun. [pu
HAJIMYUY BBIPAJKEHHBIX apTedakToB (BCJENCTBHE JIBIIKE-
HUI KPBICHI, BHEIIHMUX IIOMEX) BBIIEIAMN (PparMeHTb
JIJTD-rpaMMbl IPOJIOJKUTENBHOCTHIO HE MeHee 4 MuH 6e3
apredaxtos. [Tpu ananusze kaxmaoi JIJID-rpammbr ompesne-
JIM cJleflyIolliie TapaMeTpbl: cpefiHee 3HadeHue [IM B
MHTEpBaJe BPEMEHN PErUCTPaIMK; MAaKCUMAJIbHbIC aMILIU-
Ty/ibl KOJIeOaHUil KPOBOTOKA B COOTBETCTBYIOIINX JIHAlIA-
30Hax 4yacToT (Aa, AH, AM), TToJlydeHHbIE METOZIOM BEIB-
set-anasmsa JIJJD-rpamm.

ular 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 rel-
ative activity during the LDE The regulatory mechanisms
of microcirculation include active and passive factors.
Active blood flow modulation factors include endothelial,
neurogenic and myogenic (in the narrow sense) mecha-
nisms of vascular lumen regulation. These factors modu-
late the blood flow by affecting the vascular wall and are
released through muscular component of the latter creat-
ing oscillations in the blood flow through vasoconstriction
and vasodilation alternation. Passive factors cause oscilla-
tions of blood flow outside the microvasculature. These are
a pulse wave from the arteries and the «respiratory pump»
from the veins.

In laboratory animals (rats) the characteristic frequen-
cy ranges were as follows (for the skin): endothelial (Ae) —
0.01—0.04 Hz, neurogenic (An) — 0.04—0.15 Hz, myogenic
(Am) — 0.15—0.4 Hz, respiratory (Ar) — 0.4—2 Hz, pulse
(Ap) — 2—5 Hz [13]. In parentheses the abbreviations of
the maximum amplitude of blood flow oscillations and
appropriate ranges are shown.

The probe of the LDF device LAKK-02 (SPE
«LAZMA», Russia; wavelength 0.63 microns) was set over
the inner surface of the right ear with a minimal clearance.
Care was taken to place the probe at a skin area with min-
imal 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 move-
ments 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 parameters were ana-
lyzed: the mean value of IP in the time interval of registra-
tion; 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 experiment:

1. Abaseline.

2. Blood loss. We employed an acute fixed-volume
hemorrhage model that allow evaluating the natural course
of the pathological process and the dynamics of compen-
satory reactions in posthemorrhagic period [14]. The total
blood volume (TBV) was calculated as 6.5% of rat's body
weight [15, 16]. 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 (15t, 10th and 20th minute).

3. Hypovolemia (60 min). At the 10th minute of
hypovolemia the animals of control group (S — saline, n =
15) were administered 0.9% NaCl solution intraarterially
slowly (3 ml/kg); the animals of test group were adminis-
tered with PF (RPC «Perftoran», Russia) in the same vol-
ume (n=16).

4. Reinfusion (autohemotransfusion) of blood was
performed for 10 minutes (the 15, 5th and 10th minutes) in
three portions (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 parameters were observed at: a) a baseline (after 20
min of animal stabilization); (b) 1—10 minutes after the
third step of blood loss (before drug administration); (c)
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Iranbl KCIePHUMEHTA.

1. Mcxonnoe cocrosinue.

2. Kposomoreps. Vcmonb3oBamm Moeab ocTpoit
(ukcupoBanHoOil M0 06BEMY KPOBOTIOTEPH, MTO3BOJISIONIEH
OIIEHUTH €CTECTBEHHOE TEUEHME TTATOJIOTHYECKOTO MPOoIiec-
ca U JMHAMUKY KOMIEHCATOPHO-IIPUCIOCOOUTEIBHBIX Pe-
aKIUil opraHuaMa B IocTreMopparudeckom nepuoje [14].
OIIK kpbichl paccunThiBascs Kak 6,5% ot maccsl Tesia [ 15,
16]. Ilenesoii o6bem kposomotepu coctasua 30% OI[K.
Kposb 3abupasnu mimpuremM, cofgepkammm 0,5 MJIT remapu-
HU3MPOBAHHOTO (HU3MOTOTUYECKOTO PACTBOPA, TPEMSI PaB-
ubiMu noprusmu (1o 10% OILK) B Teuenne 20 mun (1-5,
10-5 u 20-a MuHYTHI).

3. Ilepuon runoBosemuu (60 mumn). Ha 10-it mumny-
Te JAHHOTO TIEPUOJA KMBOTHBIM KOHTPOJIBHOW TPYIIIIBI
(DP — dusnosmorndeckuit pactBop, #=15), TPOU3BOIIIN
MeieHHoe B/a Beegenue (3 mi/kr) 0,9% p-pa NaCl; sxu-
BOTHBIM OmbITHO# TpyTTel (ITMD — nepdropan, n=16) BBO-
mun iepdropan (OAO HIID «Ilepdropan», Poccust) B
TOM 3Ke 0ObeMe.

4. Penndysuio (ayroremoTpancdysunio) KpoBH OCY-
mectBisin B Tedenne 10 mun (1-s1, 5-s1 u 10-s1 MUHYTBI)
tpemst noprusivu (110 10% OTIK).

5. Pemnepdysuonusiii mepuoa (60 mum).

6. DBTaHA3WIO OCYIIECTBJISJIU JIETAIBHOU 103011
anectetrka (HemOyTana 150 mMr/xr).

Perucrpanuio cHCTeMHOTO apTepHATIbHOTO TaBJIEHS
(A1) u 3anuch JI/ID-rpamMMbl TIPOBOJUIN B UCXOAHOM CO-
crosganm (depe3 20 MUH CTaOMIM3AINU TIOCTIE TTOATOTOBH-
TeJIbHBIX T1potieyp); 1—10 MuHyTHI mocsI€e TpeThero 3abopa
KpoBH (10 BBenens mnperaparos); na 15—25-it, 30—40-it u
50—60-it MuHyTax nocrreMopparndeckoro repuosa; 1—10-it
n 50—60-it MutyTax pernepdy3HoOHHOTO TIEpHO/IA.

Craructiyeckyro 06pabOTKy AaHHBIX MPOBOIMIN B
nporpamme Statistica 7.0 /[J1s1 o1ieHKM 0CTOBEPHOCTH pas-
JIMYMIL MesKy IPyIIaMy UCIOb30Baau kputepuit U Bui-
KoKcoHa-ManHa- YUTHH, JUHAMUKHA JaHHOIO II0Ka3aTeJIst
BHYTPH Ipynn — mnapubiii kpurepuii T Buikokcona. Pas-
JINYUST CYUTAIH JTOCTOBEPHBIMU NPH YPOBHE 3HAYUMOCTU
p<0,05. AHasusupyembie BEJMUMHBI [TPECTABJICHBI B BU-
ne: Me (25%; 75%). Macca tena n 00beM KPOBOIIOTEPH
[pe/CTaBJIeHbl B Bujle cpeiHero 3uauenus: (M) u ommbxu
cpeaneit (m).

PesyubraThl 1 00CyKAEHUE

JKUBOTHBIE CPAaBHUBAEMBIX TPYIIN HE Pa3imya-
JIUCB TI0 Macce TeJia U yPOBHIO KpoBomnoTepu. Macca
tesa coctasuaa 379+10 r u 358+15 1, a 06beM Kpo-
Bonotepu — 6,5+0,2 mut u 6,4+0,2 Ma B rpymmax ¢
BeenenneM OP wm [1D coorBeTcTBEHHO.

B rcxoHOM COCTOSTHUN MEXK/TY IPYTITIAMHU C UC-
nosibzoBanveM 11D win OP 110 ncciexyeMbiM moka-
3aTesIsIM KPOBOTOKA 1 ypoBHIO A/l paznuunii He Ha-
6uoganoch. B obenx rpynmax mocie 3abopa 30%
OILK 1o cpaBHEHUIO C MCXOAHBIM COCTOSTHUEM TIPO-
M301IJI0 cyniecTBeHHOe ymeHbienne [IM u yBesnn-
yerne AH Ha (pore cHmkenns A/l, B cpentrem, Ha 58,3
u 62,2% B KOHTPOJIHHON TPYIINE U B IPYIIIIE C BBEJIE-
nuem 11D coorsercrBenno (Tabu.).

BBenenue nccnemyembix npenapatos Ha 10 mu-
HyTe TUIIOBOJIEMUU B MOC/eAyomue 15 MunyT mpu-

15—25 minutes, 30—40 minutes, and 50—60 minutes of
hypovolemia; (d) 5—15 minutes and 50—60 minutes of
reperfusion.

Statistical processing of the data was performed using
Statistica 7.0. To assess the significance of differences
between groups we used Mann-Whitney U test and a
paired ¢-test for the dynamics of indexes within the groups.
Differences at P<0.05 were considered as significant. The
analyzed values were reported as median and 25% and 75%
quartile ranges: Me (25%, 75%). Body weight and the
amount of blood loss were reported as a mean (M) and a
standard error of the mean (SE).

Results and Discussion

The animals of compared groups did not differ
in body weight and blood loss volume. Body weight
was 37910 g and 358+15 g, and the blood loss vol-
ume was 6.5+0.2 mL and 6.4+0.2 mL for the groups
with S or PF administration, respectively.

At a baseline the groups did not differ in all
investigated parameters of local cutaneous blood flow
as well as in the level of blood pressure (BP). 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 this background, in both groups there was a
significant decrease in IP and increase in An (Table 1).

10 minutes after S or PF administration (the
15—25 minutes of hypovolemia), BP and IP
increased in both groups compared to the previous
stage of the experiment (before drugs administra-
tion). In PF group this parameters was higher than
in the rats of comparing group (Table 1). At the
same stage, Ae increased in both groups compared
to the baseline and An continued to remain at an
elevated levels. Along with these changes in the PF
group, in contrast to the S group, An decreased
compared to the 1-10 minutes of hypovolemia
(before S and PF administration). Perhaps this
change was due to the higher elevation of BP in
response to the PF administration. This assumption
is based on the results of current study as well as
our earlier studies [9, 17, 18], which showed an
increase in An during BP decreasing.

At the 30—40 minutes of hypovolemia in the ani-
mals with PF administration there was a decrease in
BP to the level of the control group. In both groups,
similar BP values remained until the beginning of
reperfusion (Table 1). At the 30—40 and 50—60 min-
utes of hypovolemia An persisted at an elevated level
compared to the baseline in both groups. However, at
the same stages of the experiment in PF group (in con-
trast to the control group) Ae continued to exceed the
baseline values of this parameter. We hypothesize, this
is an evidence of PF stimulating effect on the endothe-
lium-dependent mechanisms of microcirculatory
blood flow regulation in the skin of ear during hypov-
olemia. Increasing the fluxmotions amplitudes in the
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JlMHaMuUKa apTepHAJIbHOIO /IaBJIEHHS U IapaMEeTPOB MUKPOLUPKYJISIIUH B KOJKe yXa B KOHTPoJbHOH (DP — dusunoo-
ruyeckuii pactsop) u onbiTHOI (IIM — nepdropan) rpynnax :xkuBoTHeIX. Me (25%; 75%).
Dynamics of blood pressure and local cutaneous 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=14) 6.0 0.07 0.07 0.07 110
(4.3;8.1) (0.06; 0.11) (0.07; 0.010) (0.06; 0.09) (100; 118)
PF (n=16) 6.5 0.09 0.08 0.08 103
(5.2,9.7) (0.06; 0.12) (0.07; 0.14) (0.06; 0.10) (98; 115)
1—10 minutes of Hyp S 2.2%% 0.11 0.28** 0.08 42%*
(before S and PF (1.9; 3.8) (0.08; 0.15) (0.13; 0.75) (0.04; 0.10) (38.5; 51.5)
administration) PF 2.0%* 0.10 0.52%* 0.06 40%*
(1.6; 2.6) (0.07; 0.15) (0.23; 0.77) (0.05; 0.09) (35; 45)
15—25 minutes of Hyp S 2.6%*# 0.15%* 0.21%* 0.1 60%**#
(1.9; 4.0) (0.08; 0.20) (0.11; 0.46) (0.07; 0.18) (50; 65)
PF 4.6%%%# 0.14%* 0.13**# 0.09 86%**#
(4.0; 5.6) (0.08; 0.17) (0.09; 0.18) (0.07;0.11) (80;91)
30—40 minutes of Hyp S 3.4%* 0.14 0.11%* 0.06 63%*
(2.3;5.3) (0.07;0.21) (0.05;0.22) (0.04; 0.14) (60; 80)
PF 4.4%* 0.11%* 0.12%* 0.09 65%*#
(2.9;6.1) (0.08; 0.31) (0.09; 0.41) (0.06; 0.10) (58; 74)
50—60 minutes of Hyp S 3.3%* 0.12 0.14%* 0.08 78%*
(2.9; 4.9) (0.11; 0.21) (0.10; 0.21) (0.05; 0.13) (68; 82)
PF 3.6%* 0.10** 0.10%* 0.07 70%*
(2.5;5.0) (0.08; 0.23) (0.07; 0.25) (0.06; 0.09) (66; 80)
1—10 minutes of Rep S 7.0% 0.09 0.09% 0.10 107#
(4.7, 8.7) (0.06; 0.16) (0.06; 0.12) 0.07;0.11) ((103; 130)
PF 7.8 0.08 0.09 0.10 105%
(5.5; 13.0) (0.05; 0.17) (0.07; 0.18) (0.07; 0.16) (100; 107)
50—60 minutes of Rep S 5.6 0.08 0.10 0.10 102.5
(3.9;8.1) (0.06; 0.12) (0.06; 0.14) (0.06;0.12) (99; 118)
PF 6.2 0.07 0.12 0.10 90 **#
(3.2;8.4) (0.05; 0.16) (0.06; 0.17) (0.06; 0.12) (85.5; 100)

Note: S — 0.9% NaCl solution; PF — perftoran; Hyp — hypovolemia; Rep — reperfusion period; PU — perfusion unit; IP — the
index of perfusion; Ae — flux motions amplitude in the range of 0.01—0.04 Hz; An — flux motions amplitude in the range of
0.04—0.15 Hz; Am — flux motions amplitude in the range of 0.15—0.4 Hz; BP — blood pressure, mm Hg. * — P<0.05 between
groups at the same stage of the experiment; ** — P<0.05 vs. Baseline; # — P<0.05 vs. the previous stage of the experiment.
IIpumeuanue: Stage of experiment — aran sxcepumenta; Groups — rpymmsr; S — 0.9% NaCl pactsop (dbus. pactsop); PF — mep-
¢ropan; Hyp — nepuon runosonemun; Rep — penepdysmonnsiiit nepuon; PU — nepdysnonnsie exuauisl; [P — nngexc nepdy-
3un (11oKasaTesb MUKPOUPKYIAnn); Ae — ammutyaa duakemonnii B ananaszone 0,01—0,04 I';; An — ammuuryga durakeMorit
B muamnazone 0,04—0,15 T'; Am — ammuuryaa guakemonwnii B quanasoune 0,15—0,4 T';; BP, mm Hg — aprepuanbhoe naBienue, MM
pr.cT. ¥ — P<0,05 Mesxay rpynnamMu B TOT ke eproz Habmogaenus; ** — P<0,05 mo cpaBHEHWIO ¢ MCXOAHBIM 3HAYEHHEM 9TOTO T10-
KaszaTeJist B TO ke rpymme; ¥ — P<0,05 10 cpaBHEHUIO ¢ MPEABIAYIUM ITAIIOM UCCIETOBAHIS B TOH JKe TPYIIIIe.

Besto K yBesmuenuto AJl u IIM B obeux Tpymiax.
[Tpu atom B rpyre ¢ ucnoabzoBanureM 1D moxbem
AJl u TIM 6bL1 BoIpaskeH B OOJIbIIEN CTEIEHM, YeM B
koHTposte (Tabu.). Ha aToM ke aTare HaOJIOICHUS B
0benx IpyIax Mo CPaBHEHHIO € MCXOA0OM OTMEUYaIn
yBeqmueHne As, a AH TIPOOJIKAJIA OCTaBaThCS HA
MOBBIIIIEHHOM ypoBHe. Hapsiy ¢ aTuMu nusmMeHneHus-
Mu B rpyimrme ¢ BBegennem 1D, B otmune 0T KOH-
TPOJBHOW TPYTIIBI, MTPOU3OIIIO0 CHIKeHHE AH 10
CpPaBHEHUIO C [IEPUO/IOM I'MIIOBOJIEMUHU /IO BBEIEHUSI
penapaToB. ITO U3MEHEHKE, BO3MOKHO, ObLIO CBs-
3aH0 ¢ 6oJ1ee BBICOKUM nobeMoM A/l B oTBeT Ha BBe-
nenne I[ID, uem OP (tab..). Takoe npepnoaoxenmne
Gasupyercsl Kak Ha pesyJibraraX HaCTOSIIErO UCCIe-
JIOBaHUsL, TaK U Oojiee paHHUX Halux padorax [9, 17,
18] 06 yBenmuenun AH npu camskeHu A/l

K 30—40 munyraMm ruroBojieMun y *KMBOTHBIX
¢ BBegernem 11D mpomsomnino cumwxkenme A/l 1o

«active» frequency band have been considered as a
compensatory response of microvessels, aimed at
maintaining both tissue perfusion and transcapillary
exchange [19—21]. PF is known to have a positive
effect on microcirculatory alterations [22, 23].
Therefore, we can assume that one of the mechanisms
of PF positive influence on the microcirculation is
associated with stimulating effect of the drug on the
functional activity of the endothelium.

At the 10th minute of reperfusion IP returns to
the baseline values in both groups. At the same time
parameters specific for Ae and An also did not differ
from the baseline values. Differences between the
groups were only in the dynamics of BP. At the 60th
minute of reperfusion in PF group BP decreased
compared to the previous stage of the experiment
(10 minutes of reperfusion) and the baseline. In the
control group, BP remained constant. Despite BP
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YPOBHSI KOHTPOJIBHOI TpyImibl. B obenx rpyrimax
GJIMBKIE 10 BeJUUnHe moKasaTesn AJl coXpaHsInch
1o Hauasa perepdysun (tabdsr.). Ha 30—40 u 50—60
MUHYTaX IMIIOBOJIEMIE OOIIHE JJIst TPYII U3MEHe-
HUS UCCTIelyeMbIX MTOKa3aTeseil 3aKII04aIiuch B CO-
xpaHeHu# AH Ha 6osiee BBICOKOM YPOBHE 110 CpaBHE-
HUI0 ¢ ucxogoM. OnHaKO Ha ATHX JKe 3Tarmax
HaOJfoieHust y Kpbic ¢ BBegenueM 1M, B otnnune
OT KUBOTHBIX KOHTPOJBHOU TPYIIIIbI, BEJTMUUHBI A9
MTPOJIOJIZKAITH TIPEBBINITATH UCXO/IHbIE 3HAYEHUS ITOTO
nokasarejist (TabJL.), 4TO CBUAETETbCTBOBAJIO O CTH-
mysnpyioieM Bianstauy 11D Ha supoTesmii-3aBucu-
Mble MEXaHU3MBbI PETYJISAINNA KPOBOTOKA HA MUKPO-
UPKYJISITOPHOM YPOBHE B KOJKE€ yXa BO BpeMs
TUIIOBOJIEMUH. YBEJTMUEHNE aMITUTYIbI KoJieOaHui
KPOBOTOKAa B YaCTOTHOM JIMAlia30He aKTUBHBIX CO-
CTaBASIONUX (BIAKCMOIMEH paccMaTPUBAIOT Kak
KOMIIEHCATOPHO-IIPUCIIOCOOUTENBHYIO  PEAKI[UI0
MUKPOCOCY/IOB, HAIPABJEHHYIO Ha TOJJIePsKaHue
Kak repy3uu TKaHH, TaKk 1 0OMEHa BEIIECTB MEKIY
KpoBbIo 1 TKaHbio [19—21]. VI3 iutepaTypsl n3sect-
HO 0 moJiokuTenbHoM Biusauu [1D na Mmukpoup-
KYJISIAIO B YCJI0BUSX ee Hapyinenus |22, 23]. Cie-
JI0OBAaTEJIbHO, MOXKHO TI0JIaTaTh, YTO OJUH W3
MEXaHU3MOB MOJIOKUTeNbHOTO Biustays [1M ma mu-
KPOIUPKYJISINIO CBSI3aH CO CTUMYJIUPYIONINM JIeii-
CTBMEM 3TOTO TpernapaTta Ha (GPyHKIMOHATBHYIO aK-
TUBHOCTb 9H/IOTEJIS.

B nepuoz perniepdysuu, ocsie BBeeHUS KPOBH,
B 06erx IpyIiax MPousoluio yseaunuenne 1IM 1o
MCXOMHBIX BenuduH. [Ipu aToMm As 1 AH Tak:Ke He OT-
JIMYAJICh OT WCXOJHBIX 3HAYEHUI HTUX IOKasare-
Jeit. Pazmmuus Mexkay rpynimamMu 3aKJII04aanuch
qumb B quHamuke AJl. K 60-if munyTe nepuosa pe-
nepdysun B rpyiie ¢ BBemenuem 1D mpousormio
camkenre A/l 10 CpaBHEHUIO € MPEIbIIYNUM dTa-
oM uccsenoBanusd (depe3 10 munyT mocsue penHdy-
3UW KPOBU) U UCXOIHBIM COCTOSTHUEM. B KOHTPOJTh-
Holi rpymnme A/l octaBasoch Ha TTOCTOSTHHOM yPOBHE
(tabum.). Cieyer OTMETUTb, YTO PasJnUYUe B YPOBHE
AJl Ha 60-i1 MmunyTe peniepdy3un He OKA3aI0 BITHS-
HUS Ha UCCJeyeMble TTOKa3aTen MUKPOIMPKYJIsi-
1. PesysibraThl paboThl MOKA3aIN TaKKe, YTO Ha
BCeX aTarax MCcJaeloBaHus BEJIMUNHbI AM He MeHs-
JIUCh, OCTABAsICh HAa OCTOSIHHOM ypOBHE (TabJL.).

Habmtonaemas B Hacrosieil pabore AuHaMU-
ka A/l B rpynne sxxuBotHbix ¢ BBegenuem 1O co-
IJIACyeTCs ¢ JaHHBIMU, TOJYYEeHHBIMU B IPYTOH pa-
60Te [24], TOCBAIIEHHOI HCCIEIOBAHUIO BJIUSHIS
pasubix 103 [TD Ha aunamuky AJl, 6MOaKTUBHOCTD
NO u ero npousBoAHBIX (S-HUTPO30THOJIOB) B yC-
JIOBUSIX AKCTIEPUMEHTA Ha aHECTE3UPOBAHHBIX KPbI-
cax. [Tokasano, uro BayTpusennoe Benenne [1OD B
mo3e 1 r/kr (OKOJIO 5 MJ/KT) COMPOBOKIAIOCH
nByxgasubpiM nsMenenneMm A/l: ero mepBoHauab-
HBII TTOIbEM B MTOCJIEAYIONEM CMEHSIICS CHUKEHMU-
€M 3TOTO TIoKa3aTessI HUKe NCXO/IHBIX 3HaueHuil. B
To BpeMst kak BBegeHne 1M B rose 0,14 r/kr (oKo-

differences at the 60th minute of reperfusion, there
were no differences in all investigated microcircula-
tory parameters between compared groups (Table).
The current study has showed that at all stages of the
experiment Am values had not changed, remaining at
a constant level (Table).

BP dynamics observed in the present study in a
group of animals with PF administration is consis-
tent with data obtained in another study [24] devot-
ed to investigation of PF effects in different doses on
BP dynamics, the bioactivity of NO and its deriva-
tives (S-nitrosothiols) in experimental settings on
anesthetized rats. It was shown that intravenous PF
administration in a dose of 1 g/kg (about 5 ml/kg)
was accompanied by a two-phase change in BP: its
initial increase then was followed by decreasing this
index to means lower than the baseline value. At the
same time, PF administration at a dose of 0.14 g / kg
(0.9 ml/kg) resulted in a moderate BP decrease from
the first minutes with no initial increase. A transient
increase in BP was explained by NO sorption on
drug's micelles, leading to vasoconstriction. When
PF was used in relatively small doses or after
decreasing its blood levels, NO oxidation in the
micelles of the drug was enhanced associated with
S-nitrosothiols production at high concentrations.
S-nitrosothiols are known to induce vasodilation
that explains the development of hypotension.

However, in the current study we investigated
the effect of PF on the microcirculation during hypo-
volemia, i.e. when skin vessels were vasoconstricted.
Also, an injection of PF led not only to a rise in BP,
but it doubled the blood flow values (IP) that hard-
ly could be explained by an increased vasoconstric-
tion. BP increase in the study [24] was explained by
vasoconstriction. Our data is likely indicate the par-
ticipation of other mechanisms of PF effect on BP
during hypovolemia. On the other hand, BP decrease
during the reperfusion without blood flow reduction
is consistent with the authors' conceptions on the
mechanisms of delayed BP lowering after PF admin-
istration in relatively high doses.

Conclusion

PF administration (3 ml/kg of body weight) in
rats during hemorrhagic hypovolemia (30% of the
TBV), in the first 15 minutes leads to a more pro-
nounced increase in BP and IP compared to the ani-
mals with S administration at the same dose. Both S
and PF administration leads to an increase of Ae
compared to baseline values of this parameter.
However, if in S group an increase of Ae was limited
to fifteen minutes after the injection, PF administra-
tion led to increased values of Ae maintained
throughout the period of hypovolemia. These results
demonstrate that PF stimulates endothelium-depen-
dent mechanisms of fluxmotions in the skin of rat ear
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70 0,9 MJ/KT) ¢ TepBBIX MUHYT TIPUBOJIAIIO K yMe-
perHoMy cHukenuto AJl 6e3 (hasbl ero IMOBBIIIe-
Hust. TIpexonsiiee nosbierre AJl aBTopbl 00bsic-
H0T copbuueii  Mosekyn NO  MuiemaMmu
npemapara, 4TO MPUBOAUT K BA30KOHCTPUKITNM.
[Tpu BBepenuu [1MD B OTHOCUTETHHO MAJIBIX [03aX
IV CHUKEHWW eTO0 KOHIEHTPAIMW B KPOBH, yCHU-
JuBaroTCcA Tporecchl okucyaerns NO B muiiesrax
npemnapara ¢ 00pazoBaHUEM MOBBIIIEHHBIX KOHICH-
Tpaluil S-HUTPO30THOJIOB, 00JAMAMIINX Ba3OMU-
JIATUPYIOMIMM JAeHCTBUEM, YeM U 00bSICHIETCS pas-
BUTHE apTepPUaJbHON TUTIOTEH3UN.

Bwmecte ¢ tem, B HacTosIell pabote HCCIenoBa-
Jsoch Biustaue 1M Ha MUKPOIMPKYJISINIO B TIEPHOL
TUITOBOJIEMIH, T.€. B YCJIOBUSIX BA30KOHCTPUKITUHN KOXK-
ubix cocynoB. [Tpu stom BBenenne [1M Beso He TOMBKO
Kk morbemy A/l, HO M IByKpaTHOMY YBEIMYEHNIO KPOBO-
toka (ITM), 4To Bpsi Jit MOKHO OOBSICHUTD YCUJICHH-
eM BasOKOHCTPUKIMU. Ho UMEHHO aTHM OOBSICHSIETCS
yBemmaerivie A/l B pabote [24]. YauTbiBast mosydeHmHbie
HaM¥ JIaHHBIE, TTO-BUMMOMY, CYIIECTBYIOT U JpPYyTHe
Mexaru3Mbl Binsiaust [1D #a A/l B yCI0BUSIX THTIOBO-
semun. C ipyroii cTopossl, cHkerne A/l B mepro pe-
nepdy3un, He COIMPOBOK/AIONIEeCS yMeHbIIeHUeM
KPOBOTOKA, COTJIACYETCsI C TIPE/ICTABJIEHISIMI aBTOPOB
0 MeXaHn3Max oTcpodeHHoro cHkenust A/l pu BBe-
nernu ITMD B 0THOCHTETBHO GOJIBIINX J03aX.
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during hypovolemia. After blood reinfusion all inves-
tigated microcirculatory parameters did not differ
from baseline values in both groups.

3akjoyeHue

Beenmenne 11D B mose 3 MJI/KI Macchl Tena
KpbICaM BO BPEMs 'MIIOBOJIEMUH, BbI3BAHHON KPO-
Bonorepeit B pazmepe 30% OILK, B mepsoie 15 mu-
HYT IOCJIe €er0 MPUMEHEHUsT IPUBOANUT K 6oJiee BbI-
paxkennomy yBeanuenuio A/l m IIM, uwem vy
JKUBOTHBIX ¢ mcmogab3oBanreM OP B Toit ke mose.
ITocae BBemennsa kak OP, tak u 1D nabdbiaogaercs
rnoBbinienre A 10 CpaBHEHUIO C UCXOAHBIMU 3Ha-
YeHUsIMU 9TOT0 TokasaTesst. OHaKo, ecin PU UC-
monpsoBanun DP mogbem As orpaHmumBancs
JIUNIb 15-10 MUHYTaMU TIOCJIe BBEIEHUs TIPenapara,
To mocJe BBegeHus [1M mopwieHHass As cOXpaHs-
Jlach Ha MPOTSIKEHUH BCETO IePUo/ia TUIOBOJIEMUH.
ITO CBUIETENBCTBYET O CTUMYJIUPYIOIIEM BJIUSI-
Hun 1D Ha sHAOTENNIT-3aBUCHMBIE MEXaHU3MBI
(brakemonmit MUKPOCOCYZIOB B KOKe yXa KPbIC B
ycaoBusx runoBosiemun. [locne penngysun kposu
uccjaenyemMble MOKa3aTen MWKPOIUPKYJISIIUA B
rpynmax ¢ BeegerneM 1D win OP e orsnmyanmcoy
OT UCXO/IHBIX.
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Perinatal triglyceride and cholesterol metabolic disturbances in newborn infants

S. A. Perepelitsa'?, O. V. Sednev?
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ue]lb pa60TI)I. I/ICCHBI[OBB.HI/IG BJIMAHUWA TE€HECHU A 6epeMeHHOCTI/I " PO/I0B Ha HEKOTOPbIE ITOKa3aTeJIN JIMITU/IHO-
ro obmMeHa Y HOBOPOJK/ICHHDbIX.

Marepuai u Metoasl. [[poBoANIIN aHAIM3 AHAMHECTUYECKUX JIAHHBIX TeueHus: bepemennocTu y 217 GepemeH-
HBIX, HA OCHOBAHUY KOTOPBIX BBICTABJIAJICH BBICOKUIT PUCK Pa3BUTUS HHTPAHATAIBHON IMIIOKCUN U POXKICHUS pe-
6eHKa B TsLKEJIOM cocTosiHiu. Kpome olleHKH cocTosiHust peOeHKa TIPU POKIEHUH, HOBOPOKIEHHBIM TIPOBOIIIN
oripe/iesieHIe KOJMYECTBA X0JIeCTepuHa ¥ TPUTJIUIIEPU/IOB B IIEHTPAJIbHON BEHO3HOI KPOBU CPa3y 10CJIe POKACHUS
1 Ha 5-€ CyTKHU JKI3HU.

Pesyabratel. Huskoe cojepskanne TpUIIIMIEPUIOB U XOJIECTEPUHA XaPaKTEPHbI /1711 HOBOPO3K JICHHBIX, POJIMB-
HIMXCA ITyTEeM SKCTPEHHOTO KecapeBa ce4eHus, BCIEACTBUE MTPe/JIeKaH NS IITAlEeHTbl, OTCJIONKU TJIAIEHTDI, OCJI0XK-
HUBIIIXCS KPOBOTEUEHHEM, a TaKKe BCJIEJCTBUE JAPYTHX aKyIIepcKux mpuanH. Hanbosee KpUTHYECKUME OBLIH
MOKA3aTeNIM TPUTIIUIIEPUIOB Y TITyOOKOHEIOHOTIEHHBIX JI€TEl € TECTAIMOHHBIM BO3PAcTOM 22—29 Heflesb U 9KC-
TpeMaJIbHO HU3KOI Maccoit Tesa npu poskaennn (OHMT), y HUX KOHIIEHTpPAIUs TPUTJIUIEPUIOB B I1J1a3Me KPOBU
6bura He 60see 0,01 — 0,2 Mmouib/J1. Ha IIPOAYKINIO TPUTIIUIIEPUIOB BIIUSIIOT TeCTAIIMOHHbINA BO3PACT, Macca TeJia
pu poxkaennn. Ocrpasi MHTpaHATAIbHAS TMITIOKCHS BJIMSET HA IIEPUHATAIBHYIO KOHIIEHTPAIMIO XOJIECTePUHA Yy
HOBOPOJK/JICHHBIX: YeM Tsi’KeJlee IMITIOKCHS, TeM MEHbIIIe CO/IePKaHe X0JIeCTePUHA B KPOBH.

3akimouenue. /7151 HOBOPOKIEHHBIX C IBIXaTEIbHOIN HEIOCTATOYHOCTHIO, POIUBIIUXCS MIyTEM 9KCTPEHHOTO Ke-
capeBa ceueHunAa BCJie/ICTBUe OTCJIONKU TUIAIEHTBI MJIN AUCKOOP/INHAITUAN pOLLOBOIZ JAEATEJbHOCTHU, XapaKTEPHbI 11€-
pUHATaJIbHbIE HAPYIIEHUsT 0OMeHa TPUTJIUIEPUIOB M XOJIeCTepPUHA Pa3JIUIHON cTenenn Tskectu. [Ipu poskaeHun
B KPOBH JIeTell BISIBJISIIIN HU3KOE COJIEPKaHNe UCCIIelyeMbIX BelllecTB. J[pyrumu akropamiu, BAUSIONIMM Ha KOH-
MEHTPAIAIO TPUTIUIEPU/IOB KPOBH, SIBJISIOTCS TECTAIIMOHHBIN BO3PACT W Macca Tesa P POKIACHUM. Haubomee
HU3KHE [TOKA3aTeJqn TPUTIUIIEPUIOB XapaKTEPHBI JJisi HOBOPOJKIEHHBIX C TeCTAI[MOHHBIM Bo3pacTtoMm 22—29 He-
JIeJTb U 9KCTPEMAJIbHO HU3KOW Maccoil Tea.

Knioueevte cnosa: nepunamaiviasi 2unokcust; IUNUOHbIL 00MeH; Mpuziuyepuobl; X0IeCmePut; HOBOPONCOeHHble

Objective. Investigate the impact of the course of pregnancy and labor on some lipid metabolic disturbances
in newborn infants.

Subjects and methods. The anamnestic data of the course of pregnancy, which were used to identify a high risk
for intranatal hypoxia and the birth of a critically ill baby, were analyzed in 217 pregnant women. In addition to
assessment of a baby's status at birth, the newborn infants underwent measurements of cholesterol and triglyc-
erides in their central venous blood just after birth and on day 5 of life.
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Results. The low levels of triglycerides and cholesterol are an inherent feature in the newborns born via an
emergency cesarean section due to bleeding-complicated placental presentation or abruption and other obstetric
causes. The most critical plasma level of triglycerides in extremely premature infants born at 22—29 weeks' gesta-
tion and in those having extremely low birth weight was no more than 0.01—0.2 mmol /1. Gestational age and birth
weight have an impact on the production of triglycerides. Acute intranatal hypoxia affects the perinatal concen-
tration of cholesterol in the newborns; the severer is hypoxia, the lower are blood cholesterol levels.

Conclusion. Varying perinatal triglyceride and cholesterol metabolic disturbances are specific in newborn
infants with respiratory failure who were born via an emergency cesarean section due to placental abruption or dis-
coordinated labor activity. The low blood levels of the test substances are detectable in babies at birth. Gestational
age and birth weight are another factors that influence blood triglyceride concentrations. The lowest triglyceride
levels are a characteristic feature in newborn infants at 22—29 weeks' gestation and in those having extremely low

birth weight.

Key words: perinatal hypoxia; lipid metabolism; triglycerides; cholesterol; newborn infants
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Beenenue

Hapymenus npoxykmnu xosnecrepuna (XC) n
tpurantepunoB (TT) y HOBOPOXIEHHBIX SBJSETCS
Cepbe3HOI TIPOGJIEMON TIEPUHATONOTHH, T. K. B PaH-
HEM HeOHaTaJIbHOM TIepuojie AucOaJaHc JUIUIOB Y
HOBOPOKJIEHHBIX MOKET CIIOCOOCTBOBATH Pa3BUTHIO
JIBIXATEJNbHOUM HeI0OCTaTOYHOCTH. XOJEeCTEPUH SIBJIS-
€TCsT BaXKHBIM KOMITOHEHTOM KJIETOYHBIX MeMOpaH U
BHYTPUKJIETOYHBIX OPTaHEJLT, UTPAET BaXKHYIO POJIb B
JlarepabHON auddysun JUIHI0B 1 6eIKOB, B (ha3o-
Boli opranusaruu Jeroynoro cypdakranra (JIC).
Hapymienwne cooTHOIIEHUS KOMIIOHEHTOB Cypdak-
TaHTa BBI3BIBAET U3MEHEHUE ero (hYHKIINI, UTO Ype3-
BBIYAIHO BayKHO JIJIST HEJIOHOIIEHHBIX U MOP)OJIOTH-
YecKH He3PesbIX HOBOPOXKAeHHBIX [ 1—6].

IMTocTHaTanbHbIiT 0OMEH BEIECTB 3aBUCHUT OT aH-
TeHATATBHOTO Pa3BuTUst peberka. Kaxmomy mepromy
AQHTEHATATBHOTO PA3BUTHUS CBOMCTBEHHBI OIPeeJieH-
HBIE 3aKOHOMEPHOCTH 0OMeHa JIMITUA0B. B HOpME OT
MaTepu Yepe3 IJIAIEHTY MPOUCXOIUT TPAHCIOPT
JKUPHBIX KUCJI0T K 1roy. C 10 Heme BHYTpUyTpOO-
HOTO Pa3BUTUS OH MOKET IIPOLYIIMPOBATH KETOHOBbIE
TeJla M3 areTara. B meyeHn mioma OKNCIeHne SKIPOB
MIPOUCXOIUT MEJIEHHO, CHMZKEHA MPOAYKIIUS KEeTO-
HOBBIX TeJT U TUIepo(ochONMUIUI0B, HO IS CUHTe-
3a XOJIECTEPUHA €CTh Bce HeoOXOoanMble (DEPMEHTHI.
WcxopHbIM MaTepuaioM [IJIsi CHHTE3a KUPHBIX KHC-
JIOT CJIY’KUT aKTUBHAs (opMa YKCYCHOH KHCJIOTBI,
KOTOPast He TOJIBKO CHHTE3UPYETCsI B OPTaHU3Me I1TI0-
114, HO M JIETKO IIPOHMKAET Yepes TIAIleHTy. XOTs ak-
TUBHOCTD (hepMenTa 3-THAPOKCU-3-METUII-TIIy TAPUJI-
KoA-penykraspr He Benuka, 1iox Ha 80%
obecrieunBaeT CBO MOTPEOHOCTh B XOJIECTEPHHE, a
20% ero mocTyIaeT TPaHCIIAIIEHTAPHO, T.€. IEPEHOC
JIUTIAJIOB Y€epe3 MJIAIleHTy orpannded. [[Jist mumuaHo-
ro o6MeHa IUIOIa XapaKTepHa HU3Kas aKTUBHOCTh
MIPOIECCOB JIMTIOIN3A. B TieueHn mioa ak THBHO TIPO-
TeKaeT jurnorenes. /sl cuHTE3a JUMU/O0B TIOJ UC-
MOTB3YeT TIIOKO3Y U ee Metaboanthl. Hakommenue
XOJIeCTEePUHA TIPOUCXOANUT B MEPUOJT MUETUHUBANN
1 yBeTnYeHNst Macchl Tesia. K KoHIly BHYTPUYTPOOHO-

Introduction

Alterations of cholesterol (LDL) and triglyc-
erides (TG) synthesis in neonates is a serious issue of
perinatology because in the early neonatal period the
imbalance of lipid level in newborns contributes to
respiratory failure. Cholesterol is an important com-
ponent of cell membranes and intracellular
organelles. Cholesterol significantly contributes to
the lateral diffusion of lipids and proteins in the
phase of lung surfactant (LS) organization.
Triglycerides are a component of a lung surfactant
and alteration of its components affect its functions
that might significantly impact the premature and
morphologically immature infants [1—6].

Postnatal metabolism depends on antenatal
development of the child. Each period of antenatal
development is characterized by certain patterns of
lipid metabolism. Normally, fatty acids are transport-
ed to the fetus through placenta by erythrocytes and
serum of the mother. The fetus produces ketone bod-
ies from acetate beginning from the gestational age of
10 weeks. Lipid oxidation in the liver of the fetus is
slow, and the production of ketone bodies and glyc-
erophospholipids is reduced, however, there are all
necessary enzymes required for the synthesis of cho-
lesterol. The active form of acetic acid is the base
matter for the synthesis of fatty acids, and it is not
only synthesized in the body of the fetus, but also
easily crosses the placenta. Although the activity of
the enzyme fS-hydroxy-g-methyl-glutaryl-COA
reductase is not high, the fetus implements its need
for cholesterol by 80%; 20% of cholesterol comes via
placenta. The transport of lipids through placenta is
limited. Lipid metabolism of the fetus is character-
ized by low activity of lipolysis. Lipogenesis is active
in the liver of the fetus. Glucose and its metabolites
are used for lipid synthesis of the fetus. The accumu-
lation of cholesterol occurs during period of myelina-
tion and increasing the body weight. By the end of
intrauterine development the total level of lipids in
the body of the fetus can reach 8—16%. The compo-
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TO Pa3BUTHsI 00ITEe KOJMIECTBO JUMHIOB B OPTAHN3-
Me 11012 MOJKeT focturath S—16%. CoctaB JKUPHBIX
KHUCTOT 1 (HOCHOTUNNIOB IO OTpeIessseTcs UX
cojiepxkanueM B opranusme Matepu [1, 2, 7]. Ha kon-
IIEHTPAITNIO JINTTH/IOB KPOBH TIJIOIA, HOBOPOSKIEHHOTO
BJIUSIIOT TeHeTHYecKre (haKTOPBI, XapaKTep MUTAHUS
MaTepH, SHIOKPUHHAST PETYJIAINS, 0COOEHHOCTH Ma-
TOYHO-TIAIIEHTAPHOTO KpoBoTOKa. ObpasoBariie JKii-
POBOH TKAHU TIPOUCXOJUT 3a CYET COOCTBEHHOTO CHTH-
Te3a JINMUIOB, T.K. UX TPAaHCIIAICHTAPHBIN TT€PEXO]T
OT MaTepH OpraHuveH.

Hapytenue TuraneHTanum, MaTOYHO-TIIAICH-
TapHOTO KPOBOTOKA BIHSIOT Ha JMITHIHBIN OOMEH.
Hanbosiee 9acThIMU OCTOKHEHMSIMU GEPEMEHHOCTH
SIBJISIIOTCST yTpO3a MpephIBaHusd, recto3. IIpn rectose
B TJIATIEHTE BBISBJISIOTCS HETIOJTHAS TTepecTpoiika Ma-
TOYHO-TIJIAIEHTAPHBIX apTepuii BO BpeMs MEPBOI U
BTOPOII BOJIH HHBA3UU CHHIIUTHOTPO(OBIACTA B CIIH-
pasbHOE ITPOCTPAHCTBO APTEPUH MATKH, AUCHYHKITHS
aHzoTesmst cocynos. Hapymenne dbyHkmm sHpoTe-
JINST COCYZIOB, MHBOTIOTUBHO-TUCTPOGUIECKUE N3Me-
HeHVIsI, pa3pyIieHie CHHIUTHOTPOhOGIACTA, MACCHB-
HblE OTJIOKeHWsT (HUOPUHOUIA, BOCTATUTENHHBIE
U3MEHEHUsT YXYAMIAI0T MeTaboTMIecKue TTPOTIECCH,
MPUBOJAT K PA3BUTHIO BHYTPUYTPOOHOI THIIOKCHH,
3ajIepKKe BHYTPUYTPOOHOTO PA3BUTHSI, AHTEHATATb-
HOMY TIOBDPEX/JIEHUIO TKaHel TIofa ¥ IpeskaeBpe-
MeHHBIM pojaM [8—10]. [lnsa recTo3a XapakTepHBI
aHATOMO-(DYHKIIMOHAJIbHbIE N3MEHEHUS TIaIleHThI,
VXYAIMAONNe MaTOYHO-TIIAIEHTApPHOEe KPOBOOOPa-
TeHne, COCTOSTHIE TTofIa. 3aepsKKa BHYTPHYTPOO-
HOTO Pa3BUTHS, ANCHYHKINS, KeJTyT0dHO-KNATIed-
HOTO TpaKTa, yrHeTeHWEe IeHTPaJbHOW HEPBHOM
CHUCTEMBI Y HOBOPOKJIEHHBIX B PaHHEM TIepUOjIe
AATITaIliy  COTIPOBOXKIAIOTCS CHYDKEHUEM OOTIHX
aununos kposu [11].

[TocTHaTaTBHAS TIEPECTPOIKA Y JIETEi, POK/IEH-
HBIX OT HeGIArOMPUATHO TPOTEKABIIEit HepeMeHHoC-
TH, & TaKXKe Y HeJIOHOMIEHHBIX HOBOPOK/IEHHBIX, BbI-
3BIBAET M3MEHEHWs ToKasaTesell oOMeHa, B TOM
qucje TPUTJIUIIEPUIOB U XOJIECTEPUHA, YTO Tpel-
CTaBJIsIeT HAYUHBIN MHTEPEC K 3TOM TeMe.

[Tenb paboOTHI — WCCTEMOBAHYIE BIUSHNSA TEYIEHHUST
GepeMeHHOCTH 1 POZIOB Ha HEKOTOPBIE TTOKA3aTeH JIH-
MHAHOTO OOMEHA Y HOBOPOKIEHHDIX.

Marepuan u MeTObI

ITpoBesien anann3 TeyeHus HePEMEHHOCTH, €€ UCXO-
Jla 7151 HOBOPOSKAEHHBIX y 217 JKEHIIUH, OT KOTOPbIX PO-
JJI0CHh 232 HOBOPOXKIEHHBIX pebeHKa, n3 Hux 31 aBoiiHs
u 5 tpoeH. Y 33,8% mnanueHTOK MPOUBOIILIN €CTeCTBEH-
HbIE POJIbI, B OCTAJIBHBIX CJIy4asiX — ONEPaTHUBHOE POJIO-
paspemnienne. OnepaTUBHBIE POJIBI PA3eIeHbl HA MIAHO-
Boe (IIKC) u akcrpennoe kecapeso ceuenne (DKC) mo
[ycakoBy. DKCTpeHHOE OINEPATHBHOE POIOpa3pelieHne
pacIpe/iesieHO B 3aBUCHMOCTH OT HMPUYHHBI POJOB HJIN
OCJIOKHEHUsT OepeMeHHOCTH. B 3aBUCHMOCTH OT Xapak-
Tepa poJopaspelieHnsi HOBOPOXKIAEHHbBIC pPacCIpe/eieHbl
o rpynmnam (puc. 1).

sition of fatty acids and phospholipids in the body of
the fetus is determined by their content in the moth-
er's body [1, 2, 7]. Blood level of lipids in the fetus
and in the newborn is affected by genetic factors, the
kind of maternal nutrition, endocrine regulation, and
the features of transplacental blood flow. The forma-
tion of adipose tissue occurs due to the own synthe-
sis of lipids since the transplacental crossing of the
latter from mother's body is limited.

Alterations of placentation, transplacental blood
flow affect lipid metabolism. The most frequent com-
plications of pregnancy are threatened abortion and
preeclampsia. In case of preeclampsia a partial restruc-
turing of the uteroplacental arteries is revealed in pla-
centa during the first and the second waves of inva-
sion of trophoblast into spiral arteries of the uterus, as
well as the dysfunction of vascular endothelium.
Endothelium dysfunction, involutive-degenerative
changes, destruction of syncitio-trophoblast, massive
fibrin-like deposits, inflammatory changes and
decrease of metabolic processes cause fetal hypoxia,
retardation of intrauterine growth, prenatal damage
to the fetal tissues and preterm birth [8—10].
Preeclampsia is characterized by anatomical and func-
tional changes of placenta, which impairs transplacen-
tal blood flow and the fetus itself. Intrauterine growth
retardation, dysfunction of gastrointestinal tract,
depression of central nervous system in newborns in
the early period of adaptation are associated with a
decreasing of total lipids in blood [11].

Postnatal alterations in newborns from women
with complicated pregnancies and in preterm infants
cause changes of metabolism including triglyceride
and cholesterol levels that represents scientific topic
of our study.

The aim of the study: to evaluate the effects of
course of pregnancy and delivery on parameters of
lipid metabolism in the newborns and to compare the
changes of triglyceride and cholesterol levels in
neonates of different groups.

Materials and Methods

The analysis of the pregnancy course and its outcome
for newborns was performed. The study included 217
women. 232 newborns were delivered including 31 twins
and 5 triplets. Vaginal delivery occurred in 33,8% of
patients. In all other cases surgical cesarean cessation was
performed, which was divided into planned (PCC) and
emergency (ECC) cesarean cessation. The cases of emer-
gence surgical delivery were divided into groups depend-
ing on the causes of the delivery and complications of preg-
nancy. Depending on the way of delivery the newborns
were divided into following groups (Fig. 1):

Group 1: neonates delivered vaginally.

Group 2: neonates delivered via Gusakov's cesarean
cessation.

Group 3: neonates delivered via Gusakov's cesarean
cessation due to placenta previa, abruption of placenta or
low placentation complicated by bleeding.
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Ipynna 1 — zmetn, poAUBIIHECST YEPE3 €CTECTBEHHBIE
DOJIOBBIE Ty TH.

Ipynna 2 — HOBOPOXKIEHHBIE, POIMBIINECS ITyTEM
1IKC mo [ycakony.

Ipymiia 3 — HOBOPOXK/IEHHbBIE, POAMUBIITHECS TTyTEM C
9KC no IycakoBy, BeiencTBue IpesiesKaHus TMJIAIEHTHI,
OTCJIOUKUA HOPMAJIBHO WJIM HU3KO PACIOJIOKCHHOU ILjIa-
IIEHTBHI, OCIOKHUBIITMECS KPOBOTEUEHUEM.

Ipynma 4 — HOBOpOKZEHHBIE OT MaTepeill ¢ IpeaK-
JIaMIICHEH TSDKETION cTereHu uian akjaamicueil. Pozbr my-
tem DKC o Tycakosy.

Ipynma 5 — HOBOPOXKIEHHBIE, POIUBITHECS ITYTEM
IKC no Iycakosy, BeaeacTBrEe HEPBUYHON €1abOCTH, [HC-
KOOPOJIMHAIIK POJIOBOI JIESITENIBHOCTH, JAPYTUX aKyIIep-
CKUX TIPIYIH.

Kpurepuii BKIIOUeHHS B uccieqoBaHue: Hebaaro-
HPUSATHOE TeueHne GePEeMEHHOCTH, TIPOTHO3MPYEMOE TsIKe-
JIoe cocTostHne peGeHKa PH POKAEHHUH.

Kpurepuii HCKIIOUEHHST: BDOK/IEHIbIE TOPOKU PA3BH-
THUST Y HOBOPOXKIIEHHOTO.

MDakTOphl NEPUHATAIBHOTO PHCKA /IS HOBOPOK-
J€HHOTO: TIPEIKACBPEMEHHBIC, CTPEMUTENbHBIE UK ObI-
CTpbIe POJibI, AHOMAJIMU POJIOBON /I€SITENIBHOCTH, JKC-
TPEHHOE KecapeBO ceyeHne; aHOMAJIUH TIJIAIlEHTAllnd 1
ee OCJIOKHEHUsT; TIPEIKTAMIICHS U IKITAMIICHS; U3MeHe-
Hue oObeMa OKOJIOIJIOAHBIX BOA (OJUTOTUIAPAMHIOH,
MOJIUTUIPAMHIIOH ), MEKOHHAJIbHBIE WM OKpalleHHbIe
KPOBBIO OKOJIOILIOAHBIE BOJbI; MHOTOILJIOAHAsT OGepe-
MEHHOCTD [4].

B paGore npUMEHSUIMCH CJIELyIOIe METObI HCCIe-
JIOBaHUS:

1. AHaiu3 aHAMHECTHYeCKUX [IaHHbIX TedeHus Oe-
PEMEHHOCTH, HA OCHOBAHUHU KOTOPBIX BBICTABJISIIICS BBICO-
KUl PUCK Pa3BUTHUSI UHTPAHATAJILHON TMIIOKCHH ¥ POKJIe-
HUs peGeHKa B TSHKEIOM COCTOSTHUM,

2. KiuHuueckast OLeHKa COCTOsIHUSI pebeHKa 1pu
POKIECHNH, BKJIOYalonas oneHky o mkaue Anrap (OA)
Ha 1-if MUHYTe TIOCJIe POJKIIeHMUST;

3. UYepe3 15—20 MunyT mocje OKazaHUsl PeaHMU-
MaIMOHHOH TTOMOTIM HOBOPOK/IEHHbBIE TTEPEBOJMIICH B
OT/IeJIeHNe peaHUMallid W MHTEHCUBHOUW Tepanuu. J[is
npoBefeHuss MHQPY3MOHHOI Teparnuu 1 1aboPaTOPHBIX
UCCTIeIOBAHMI, B ACENTUYECKUX YCJIOBUSIX BbBITTOJIHS-
sachk karerepusarus v. Umbilicalis TepMornmacTiuuHbiM
KaterepoM. JIJist MOJTHOTO GUOXMMUYECKOTO MCCIe[0Ba-
HUSI, BKJIOYAIONIETO Olpe/ie/ieHue KOHIIEHTPAIuK XoJie-
CTEpPUHA U TPUTJIUIEPUAOB, 3a00P KPOBH OCYIIECTBJISI-
cs1 B o0beme 2 MII;

4. Ormpesiesieniie KOHIEHTPAIUN TPUTJIUIIEPUIOB B
IIEHTPATIBHON BEHO3HOI KPOBU HOBOPOJK/IEHHBIX B TI€PBbIE
Yachl MOCTHATAIBHOM JKU3HU U HA 5-€ CYTKH KU3HU [TPOBO-
mui Ha annapare SAPPHIR 400, sepcus 1.8 (Tokyo
Boeki LTD, Japan). Wcnosb3oBajicsi (hepMeHTaTUBHbIN
doromerpuueckuii Tect ¢ TaUIEPOII-3-hochaToKCH1a301d,
nabop pearenton Triglycerides DiaS;

5. Ompezenenyie KOHIEHTPAIMN XOJECTEPUHA B
IIEHTPATIBHON BEHO3HOI KPOBU HOBOPOJK/IEHHBIX B TI€PBbIE
YJaChl TOCTHATATBHOM JKU3HU U Ha 5-€ CYTKH JKU3HU MTPOBO-
mami Ha annapare SAPPHIR 400, sepcus 1.8 (Tokyo
Boeki LTD, Japan). Ucnosb3oBaicsi hepMeHTaTUBHbIN
doromerpuuecknii tect «<CHODPAP», nabop peareHToB
Cholesterol DiaS;

6. Craructuueckast 06paboTKa JAHHBIX TPOBECHA
¢ nomotbio nporpammbl Statistaca 6 (USA). Oranuns

2,5

33,8

18,6

27,5

Group1 B Group3 H
Group2 [1 Group4 H

Group 5 [

Puc. 1. Pacnpenenenne HOBOPOK/IEHHBIX IO TPYNIAM HCCIEN0-
Banus (%).
Fig. 1. Distribution of the newborns into the groups of the
study (%).

IIpumeuanue: s puc. 1—3: Group — rpymmna

Group 4: neonates delivered from women with severe
preeclampsia or eclampsia. Deliveries were performed via
Gusakov 's cesarean cessation.

Group 5: neonates delivered via Gusakov's cesarean
cessation due to other obstetrical indications.

The criteria for the inclusion into the study: compli-
cated pregnancy and expected severe neonate's condition
at birth.

Exclusion criteria: congenital malformations in new-
borns.

The following research methods were used:

1. Analysis of anamnestic data of pregnancy, based
on which a high risk of intrapartum hypoxia and delivery
of a neonate in a severe condition was predicted.

2. Clinical evaluation of the child at birth.

3. Measurement of lactate level in central venous
blood immediately after the birth.

4. Measurement of cholesterol and triglyceride lev-
els in central venous blood immediately after birth and on
the day 5 of life.

5. Statistical data processing was performed using
the program Statistica 6.0 (StatSoft, Inc. USA). Statistical
processing of the data was performed using the methods of
descriptive and variation statistics and non-parametric
methods of estimation. The differences between groups
were considered significant at P<0.01.

All pregnant women included in the study were
provided by qualified medical care according to the
national guidelines of medical care in obstetrics and
gynecology. All newborns were also provided by profes-
sional medical care according to the national guidelines
in neonatology.
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Kiunuueckast XapaKTepUCTUKA HOBOPOSKIAEHHBIX (M*m).
Anthropometric data of the newborns (M=m).

Group Values of indicators
Gestational age, Body weight, Apgar scale The duration  Dose of surfactant,
weeks gramms scores Nel of ALV, hours mg/kg
15t (n=76) 33.3+£3.9 2214.6£840 4.6x1.6 106.2+£77 160.1+£30
2nd (n=7) 36.3+1.9 2242.8+712.9 6.1£2.3 95.5+32.3% —
3rd (n=44) 31.9+2.5*% 1933.2+585* 4.7+1.4 154.2+100* 161.3+32.7
4th (n=41) 32.6+£2.9* 1780.9£627.8* 5+1.7 114.5£85.7 151£43.2
5th (n=64) 33.4%3.4 2205.4+739.2 4.6+1.9 109.4+86.5 154.7+36.9

Note: ALV — artificial lung ventilation. * — P<0.01 — the significance of differences in comparison to the 2nd group.

IIpumeuanue: Group — rpymia; Values of indicators — 3nauenue nokasaresneii; Gestational age, weeks — cpok recranuu, Hejelb;
Body weight, gramms — macca Tesa, rpamm; Apgar scale scores Nel(Me, LQ—UQ), — mkana Anrap Nel, 6amnsr (Me, LQ—UQ);
The duration of ALV, hours — aAuTeabHOCT NCKYCCTBEHHOI BEHTUISAIINY JIETKUX, dac; Dose of surfactant, mg/kg — nosa cypdax-

taHTa, Mr/kr. ¥ — P<0,05 — 10CcTOBEPHOCTD PA3JIMUUI 110 CPABHEHUIO CO 2-U IPYMIIOiL.

CUUTAJIN IOCTOBEPHBIMHU TIPU YPOBHE CTATUCTUYECKO 3HA-
yumoctu p<0,01.

Bcem GepeMenHBIM, BKJIIOYEHHBIM B HCCJIETOBANUE,
Obl1a OKazaHa KBaAM(UIMPOBAHHAS MOMOIIb B MOJHOM
COOTBETCTBUU C MOPSIZKOM OKA3aHUS MEIUITUHCKON TOMO-
MM TI0 TPOIITIO «aKyIIepCTBO U THHEKOJIOTUsI». Beem HO-
BOPOKIEHHBIM TaksKe Obljla OKa3aHa KBaIM(pUIIMPOBAHHASA
MTOMOII[b B COOTBETCTBHUY € TIOPSIZIKOM OKa3aHUsI MEJAUIINH-
CKOM TIOMOIIN TI0 TTPOMUITIO «HEOHATOJIOTUST .

PesyabraThl 1 00CyKIEHHE

Cpennnit Bo3pacT Martepeii coctaBua 29,4+6
Jiet. TTapuTer 6epeMEHHOCTH 1 POIOB: MearaHa Gepe-
mennoctu — 2 [1;4], cpeatee KOIMYecTBO POJLOB —
1,7£0,9. Bo Bcex ciydasx UMeI0 MeCTO HeOIaronpu-
sTHoe TeueHre GepeMeHHocTH. B 85,3% ciryuaes Gepe-
MEHHOCTb 3aKOHYHUJIOCH TIPEKIEBPEMEHHBIMU POJIAMU
u 14,7% — cpoYHBIMU pOfaMiL. AHTPOITIOMETPUIECKIE
U HEKOTOPbIE KJIMHIYECKHE TaHHbIE HOBOPOKIEHHBIX
npejcTasieHsl B Tabauie. M3 tabauibl BUAHO, B 4-X
IpyNnax HOBOPOKIEHHbIE ObLIM HEIOHOUIEHHBIMH,
GJIMBKO K JIOHOIIEHHOMY CPOKY OBLIM HOBOPOJK/IEH-
Hble 2-11 TPYNIBI, MaTepu KOTOPBIX PO0Opa3peTIeHbI
ITyTeM TJIAHOBOTO KecapeBa ceuenust. Jluist nereft, pox-
JIEHHBIX OT MaTepell ¢ OTCJIOMKON TIareHThl (rpyTa
3), xapakTepHbl cratuctindecku 3Haunmble (p<0,01)
MEHbBIIMI TecTalMOHHbIA BO3pacT U HaubOOJIbIIAs
JUTATETBHOCTD TIPOBEIEHUS UCKYCCTBEHHON BEHTHUIIS-
1 jerkux (MBJI). Y HOBOPOK/I€HHBIX 4-11 TPYIIIBI
BBISIBJIEHA HaMMEHbBINAS Macca TeJa MPU POKICHUN
(p<0,01). Otsmuns pu oleHKe HOBOPOSKEHHBIX 110
nikasie Arirap Ha TIepBOil MUHYTE JKU3HH CTaTUCTHYe-
cku He 3Hauumbie (p>0,01). [Ipu poxnennu y 92%
HOBOPOJK/JICHHBIX ObLIM MPU3HAKW OCTPOU MHTpaHa-
TAJIBHOI TUTIOKCHH, B CBSI3U C Y€M, B POJIJIBHOM 3aJie
UM TIPOBOJIUJIMCEH TIEPBUYHbBIE PEAaHNMAIMOHHBIE Me-
ponpusTUs: UHTYOaIst Tpaxen, nepeBox Ha MBJL
YuuTbIBas BHICOKUN PUCK Pa3BUTHS PECITUPATOPHOTO
muctpecc-cuaapoma (PIICH), B poanabHOM 3a7e 42%
HEJIOHOTIIEHHBIM HOBOPOJKJIEHHBIM TIPOBE/IEHA 3aMec-
TUTEJbHAS Teparus KypocypdoM Wiu ambBeohaKkToM.
Cpennsis 1032 Kypocypda 10CTOBEPHO He OTJINYATACH

Results and Discussion

The mean age of the mothers was 29.4+6 years.
The parity of delivery and pregnancy: the median
pregnancy was 2 [ 1;4], the mean number of births was
1,7%0,9. All cases of pregnancy were complicated.

85.3 and 14.7% of pregnancies ended in prema-
ture birth and in-term birth, respectively.
Anthropometric data of the newborns is presented in
Table 1. The table shows, that the newborns of the
4th group 4 were premature. The newborns of the
group 2 were close to full-term. They were delivered
by planned cesarean cessation. The neonates born
from mothers with placental abruption, preeclampsia
and eclampsia were characterized by significantly
lower gestational age and weight at birth (P<0.01)
(groups 3 and 4). No significant differences in the
first minute of life Apgar scale score were observed
(P>0.01). Newborns at a high risk of respiratory dis-
tress syndrome (RDSN) were treated by surfactants
Curosurf or Aveofact 3—5 minutes after birth. The
average dose of Curosurf did not differ significantly
between groups (P>0.01). The mean dose of
Alveofact was 50 mg/kg.

76 newborns (8 multiple pregnancies) were
delivered as a result of vaginal delivery. Premature or
early rupture of membranes, fast and swift delivery,
delivery with uterine scar were observed in 57%,
7.1% and 2.9% of pregnant women, respectively.
Cases of delivery in women with bicornuate or sad-
dle uterus and in women with alcohol intoxication
were also observed. The deliveries were complicated
by retention of placenta parts; defects of the placen-
ta were diagnosed in 15.7% of patients. In 85.5% and
14.5% of women clear amniotic fluid and meconium
amniotic fluid, respectively, was observed. The dis-
tribution of newborns into groups by gestational age
and body weight was as follows: full-term infants —
23.7%, prematurity — 76,3%. Twenty-six percent of
newborns had a very low weight at birth (VLBW).
Ninety-two percent of newborns had signs of acute
intrapartum hypoxia at birth; they received full com-
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Mmexay rpynnamu (p>0,01). Hosa anbBeodakra co-
craBsiia 50 Mr/KT.

B pesysibraTe ecrectBeHHBIX pozioB (rpymma 1)
POAKUIOCH 76 HOBOPOMKAEHHDIX (8 MHOTOILIOAHBIX Ge-
pemenHocreit). IIpexaeBpeMenHOe UM paHHEEe W3-
JINTHE OKOJIOTLIOIHBIX BOJ OTMEYEHO y 57% poske-
HULL, OBICTPBIE U CTPEMUTEIbHbIE POJIbI IPOUIOLLIN B
7,1% ciy4daes, pojbl ¢ pyOiioM Ha Matke — y 2,9%, a
TaK)Ke MMEJIU MECTO POJIbI C JIBYPOTON WJIN CEeJIO-
BUIHON MAaTKOMW, aJIKOTOJIbHOE OIbsSTHEHNE MaTepH.
Ponpl ocsoxHUIICE 3a/1ePKKOH YacTel mocena, e-
(dhexrom mocaena y 15,7% manuentok. CBeTJibie OKO-
JIOTLTOIHbBIE BOJBI OBbLIH Y 85,5% HOBOPOKIEHHBIX, B
14,5% ciydaeB OTMEYATINCh MEKOHHMATBHBIE BOJIBL.
Pacripeniesienrie HOBOPOJKIEHHBIX IO CPOKY TecTa-
UK ¥ Macce TeJia: JOHOIIEHHBIX HOBOPOXKAEHHBIX —
23,7%, nenonolienublx — 76,3% nereil, us nux 26%
neteil ¢ ouenb HU3Koi Maccoit Tera (OHMT).

[Tranosoe KC (rpyma 2) BBIIOJHEHO 5 HAIlK-
enTkaM. [lokazaHus /I ONepaTUBHOTO PoOJIOpaspe-
eHust: pyberr Ha Marke, 3aJlepsKKa BHYTPUYTPOOHO-
ro pasBUTHUS I0/1a c HapylieHueM
MaTOYHO-TITAIIEHTAPHOTO KPOBOTOKA U MHOTOILJIOHE
(TpO¥HS, 3KCTPAKOPIOPATbHOE OILIOMOTBOPEHUE).
Pojuiioch 7 HOBOPOSKAEHHDBIX, X HUX TPOE POJIAJIOCH
C TSKeJION JibIxatesibHON HemocTaTtouHocThio (JIH),
YTO SIBUJIOCH TTOKa3aHueM 71 ipoBenenus VIBJI. Ee
MTPOIOJKUTENBHOCTD IocTOBepHO MeHbIie (P<0,01),
10 CPaBHEHWTO ¢ HOBOPOKIECHHBIMU JIPYTUX TPYIIIL.

Orciofika nimatieHTs! (Tpynna 3) B CTPYKType
OCJIOKHEHHBIX POJIOB 3aHUMAET TPeThe MecTo. boJiee
[TOJIOBUHBI TTAITMEHTOK HAXOAUJIUCh Ha CTAI[MOHAP-
HOM JIeYeHUH, B CBSI3U C MPeJIesKaHieM ILJIAleHThI 1
JIPYTUME aHOMAJIMSIMU TIATleHTanuu, y 46,2% mate-
peil IPoM30TILIa OTCIONKA HOPMAJIBLHO PACTIONIOXKEH-
HOU TarienThl. [lokazanueM 718 IOCPOYHOTO 9KC-
TPEHHOTO POJIOPA3PENIeHUs SBUIOCH KPOBOTEUEHNUE.
OKOJIOILTIOHBIE BOJIbI, OKPAIllEHHbIE KPOBbIO OBLIU Y
59% HOBOpOXKIEHHBIX. B pesyssrate poxmioch 44
HEJIOHOIIEHHBIX peOeHKa, 13 HUX 4 ABoiHY 1 1 Tpoii-
nst. Kaxapiii yerseproiii pebenok poauics ¢ OHMT.
C TsKeNBIMU IBIXaTeTbHBIMU PACCTPOICTBAMU, TITY-
GOKMMM HAaPYIIEHUSIMU KUCIOPOAHOTO CTaTyca U Me-
tabosusmMa poauaoch 90,9% nerei, B CBA3M ¢ 4eM, UM
nposouiach UBJI, u3 aux 22,5% HOBOPOXKIEHHBIM
— BbIcOKOYacToTHas ocnmysiTopras (BUO) MBJI.

[Ipeskmamricust n axmamiicus (rpymnma 4) ocra-
I0TCST OJIHOM M3 aKTyaJbHbIX [IPOOIEM aKyIIepCTBa U
TMHEKOJIOTUN. YEJbHBII BeC TAaHHOW HO30JIOTUU B
HaleM ucciaegosanuu cocrasiser 17,6%. Bee naiu-
E€HTKU TIOJy4Yajii CTallMOHApHOe JiedeHue, HaIlpaBs-
JIEHHOE Ha HOPMAJHM3allUI0 apTepUaJbHOTO JlaBJie-
HUs, OMOXUMIYECKUX [MOKasaTeJeidl W ToMeocTasa
MaTepu, yJIydlieHrne MaTOYHO-TIIAlleHTapHOTO KPO-
BOTOKa, BHYTPUYTPOOHOU TIeMOAMHAMUKH ILIOJA.
T TEeIbHOCTD JIEYeHUS 3aBHCEJIA OT TSKECTH COCTO-
SIHUS TTAIIMEHTKH, OTBETA Ha JiedeHue 1 TeMOIMHAMU-
yeckoro mpoduis mnoga. OTHOCUTEbHAS CTaOUIIH-

plex of initial resuscitation including intubation and
mechanical lung ventilation (MLV) in the delivery
room. Taking into account the high risk of ARDS
development, 42% of preterm infants received sur-
factant replacement therapy in the delivery room.

Planned cesarean cessation was performed in 5
patients. The indications for surgical delivery
included the scar on the uterus, the retention of
intrauterine development with impaired transpla-
cental blood flow, multiple pregnancy (triplets, in
vitro fertilization). Seven infants were born. Three
of them were born with severe respiratory insuffi-
ciency as an indication for MLV. Tts duration was
significantly shorter (P<0.01) compared to the new-
borns of other groups.

Placental abruption was the third place within
the structure of complications. More than a half of
the patients were taken into hospital due to placenta
previa and other abnormalities of placentation.
Placenta abruption was observed in 46.2% of women
with normal placentation. Bleeding was the indica-
tion for early emergency delivery. Amniotic fluid
contaminated with blood was observed in 59% of
newborns. As a result, 44 pre-term deliveries includ-
ing 4 twins and 1 triplet occured. A quarter of new-
born were born with VLBW. Severe respiratory dis-
orders, impaired oxygen status and altered
metabolism were observed in 90.9% of neonates,
whichwere under MVL.. In 22.5% of cases high-fre-
quency oscillator MVL was performed. Taken into
account the high risk of RDSN, 54.5% of preterm
infants were treated by replacement surfactants.

Preeclampsia and eclampsia remain among the
most important challenges in obstetrics and gyne-
cology. These diagnoses comprized 17.6% of all
cases in this study. All patients received inpatient
treatment in order to normalize blood pressure, bio-
chemical parameters, and homeostasis of the moth-
er, improve transplacental blood flow and intrauter-
ine fetal hemodynamics. The duration of the
treatment depended on the severity of patient's
condition, response to treatment and hemodinamic
profile of the fetus. Relative stability of the indica-
tors allowed to prolong the pregnancy, however, all
the newborns were delivered prematurely via emer-
gency cesarean cessation. As a result, 41 premature
infants, including 4 twins and 2 triplets, were born.
In 39% of these newborns VLBW was diagnosed. In
all cases the amniotic fluid was clear. Surfactant
replacement therapy was conducted in 53,7% of the
newborns. MLV was required in 70.7% of newborns.
The main mode of lung ventilation was the con-
trolled one. In 6,9% the newborns condition
required high-frequency lung ventilation (HFLV)
that was performed as needed.

Emergency cesarean cessation. The indications
for emergency surgical delivery included abnormal-
ities in the positon of the fetus, the primary weak-
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3arus TIoKasaTesieil Mo3BoJIsLIa Ipo-

157" Groups

JIOHTMPOBATh GEPEMEHHOCTD, OJHAKO, - #

= # #
BCe TAaIMEHTKU POAOpa3peIIeHbl J0- g - .

g
CPOYHO TTyTeM 3KCTPEHHOTO KecapeBa .
cedenusi. B pesynsrate pomusica 41 = s .
HeJIOHOTIIEHHBIN HOBOPOJKIEHHBIH, U3 2 0.
nux ¢c OHMT — 39% nereit, 4 nBoitHu éo .
u 2 tpotiau. CBeTJIble OKOJIOTIIOTHBIE 0 1 9 3 4 [
BOJIbI OBLIIM y Beex jereil. B mposese- O 15 day 0.44 0.52 0.36 0.51 0.32
uuu UBJI myxnanocs 70,7% nereit, B @ 5th day 1.1 0.98 0.78 1 0.88

OCHOBHOM TIPOBOJIUJIACH PECTTUPATOP-

Hasl Tepanus B BUJIe KOHTPOJIUPYEMOT
NBJIL, B mposenennn BUO NBJI ayx-
Janoch 6,9% mereii.

Ixcrpennoe KC (rpymnma 5).
AHOMAIMM TIONIOKEHUS TIJI0/Ia, Tep-
BUYHAs CJa0OCTh POJOBBIX CHJI, JUC-
KOOPIMHAITUS POJIOBOII 1€ TETHHOCTH,
MHOTOTIJIOJIE C TIPEXKIEBPEMEHHBIM
U3JIUTHEM OKOJIOTIIONHBIX BOJ SIBU-
JIUCh TOKAa3aHWeM [IJIST TIPOBEIEHMS
9KCTPEHHOTO OTIEPaTUBHOTO pojiopasperieHus. B pe-
3yJIbTaTe POJOB POAMIOCH 64 pebeHKa, u3 Hux 13 1Bo-
e u 2 tpoitau. C OHMT poannocs 12,5% HOBOPOK-
neHHbIX. CBeTJible OKOJIOIIOAHBIE BOIBI ObLIN Y
90,6% mnereit, B 9,4% ciydyaeB OTMEYAINCH MEKOH-
asbHble BoJbl. B mposenennu MBJI He Hyxmamoch
15,6% neteii, octambHBIM 84,4% TIPOBOAMIACH Pec-
nupaTopHas Tepamus B BUJAE KOHTPOJUPYEMOIA
UBJI — 77,8% n BUO UBJI — 22,2%. 3amecTtu-
TesbHas Tepanus cypdakTaHToM mnposegena 34,4%
HOBOPOK/IEHHBIM.

pyroil BaxHOH 3a7a4eil 1epuHaTOJOIUU SBJIS-
€TCsI OKazaHue KBaTU(PUIIMPOBAHHON TTOMOIINA HOBO-
POsKIeHHOMY, obeciieueHue Hanbojiee KOMMOPTHOI
MOCTHATAIbHOM aanTaliii, 0COOEHHO HOBOPOIKIEH-
HBIM U3 TPYIIb pucka. Hapsiay ¢ apyrumu Bugamu 06-
MeHa, JIMITUAHBIA OOMEH B JajlbHEMIIEM OmpeiessieT
PAHHIOIO U TO3/IHIO0 MOCTHATAJILHYIO QJIalTAIuI0 HO-
BOPOsK/IEHHOTO pebetka. Ha puc. 2. mpezcraBieHa 1u-
Hamuka TT y HOBOPOXK/IEHHBIX UCCJIELyEMbIX TPYTIIL.

[Tpu poskIeHNN TSI HOBOPOSKAEHHBIX 3-€i 1T 5-ii
IPYIII B TJTa3Me KPOBUM XapaKTEPHO CTATUCTHUYECKU
saaunmoe (P<0,01) mumskoe comepxxanue TI, 1o
CpPaBHEHUIO C HOBOPOXKIEHHBIMM 1-11, 2-i1 m 4-ii
IPYIIIL, Y4TO, BEPOSITHO, 00YCJIOBJIEHO BJIMSHIIEM aHTE-
HATaJIbHOU THIIOKCHM, PACCTPOICTBAMU METabOIN3-
Ma. [l1st 38,6% HOBOPOKIEHHDIX 3-€if TPYIIIIBI XapaK-
teper ypoBeHb TT menee 0,19 mmosb/m1, B ABYX
CIIyJasix OINpeessaach TOJTBKO CJIe0Bast KOHIEHT-
paumsg TI. Ing kaxaoro Tperbero pebeHka B 5-ii
rpyTie XapakTepHa HusKkoe conepskanue TT B miaz-
Me KPOBHU, Y HUX MTOPOTOBAST KOHIIEHTPAIHS COCTAB-
ssa 0,2 MMmoab /1 1 MeHee. [Ipu mpoBeneHnn Koppe-
JISTIAOHHOTO aHAJIM3a BBISBJIECHBI KOPPEISIIUOHHbIE
CBSI3U U TIOJIyY€HO YPaBHEHUE PETPeCcCUn:

* TpsMast KOPPEJSIMOHHAS CBSI3b CpE/IHEN
CHJIBI MEK/TY CPOKOM TecTanuu n cojiepskannem TT B

day — cyTkn.

Puc. 2. [lunaMuKa TPUIIUIEPHIOB KPOBH Y HOBOPO3K/ICHHbIX.

Fig 2. The dynamics of triglyceride level in newborns during the treatment.
Note: * — P<0,01 — the significance of differences in comparison to the 2nd group;
# — P<0,01 — the significance of differences in comparison to the 1st day of life.
IIpumeuanue: Triglicerides — Tpurmumepuasr; ast puc. 2, 3: mmol/l — mmous/i1;

* — P<0,01 — mocTOBEpHOCTH OTIIMYMIA TI0 CPABHEHUIO O 2-i1 Tpyrtmoit; # — P<0,01 —
JIOCTOBEPHOCTD OTJIMYMIT T10 CPABHEHUIO € 1-MM CyTKaMU SKU3HU.

ness of labor contractions, discoordination of labor
activity, and multiple pregnancy. As a result, 64
neonates were delivered including 13 twins and 2
triplets. VLBW was diagnosed in 12,5% of neonates
at birth. Clear and meconium amniotic fluid was
observed in 90.6% and 9.4% of patients, respective-
ly. Only 15.6% of neonates did not require MLV, the
rest of them (84.4%) received MLV in the mode of
controlled ventilation (77.8%) and HFLV ( 22.2%).
Surfactant replacement therapy was performed in
34.4% of the neonates.

Another important aim of perinatology is to
provide professional care to newborns and most com-
fortable postnatal adaptation, especially in newborns
of risk groups. Lipid metabolism, along with other
kinds of metabolism, affects early and late postnatal
adaptation of a newborn. The dynamics of triglyc-
erides and cholesterol levels in studied groups of
infants is shown in Fig. 2.

The newborns of groups 3 and 5 were character-
ized by significantly lower level of perinatal synthesis
of triglycerides in plasma compared to the newborns
groups 1, 2 and 4 (P<0.01), presumably due to the
influence of antenatal hypoxia and metabolism disor-
ders. In 38,6% of infants of group 3 triglyceride level
was lower than 0,19 mmol/l. In two cases only trace
quantity of triglycerides was observed. Each third
child of group 5 possessed low concentration of
triglyceride in plasma with a threshold concentration
of 0.2 mM/I and lower. Correlation analysis demon-
strated the following regression equations:

o direct correlation of medium strength
between the gestational age and the level of
triglycerides in plasma at birth: 7=0.48; P=0,00005;
y=-0,666941249 + 0,0297279329*x.

o direct correlation of medium strength
between body weight at birth and the level of
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maasMe Kposu mpu pokaenum: 7=0,48; p=0,00005;
y=-0,666941249 + 0,0297279329*x.

° TpsMas KOPPEJSIMOHHAS CBSI3b CPEIHEN
CHUJIBI MESKITY MAaCCOU TeJia IPU POXKAEHUN 1 YPOBHEM
Tr' B mmasme xposu: 7=0,38; p=0,002;
y=0,0974118312 + 0,000104424085*x.

K 5-M cyTkam mocTHaTaIbHON JKU3HU COEPIKA-
uue TT y HOBOPOXKIEHHDIX 3-eit 1 S5-I TPYIII 10CTO-
BEPHO HE OTJIMYAJach OT JAeTell APYTuX TPy, B Iie-
JIOM, JIOCTUTHYB (DU3MOJOTUYECKUX BO3PACTHBIX
3HaueHwuii. /laipHelllee uccaeoBaHuEe MOKA3AJO0,
YTO Y HOBOPOKIEHHBIX 1-1i IPYTIIIBI CPETHSIS BeTMIu-
Ha TT B mna3me kpoBu coctassiia 0,44+0,3Mmorb /71,
HO HanboJiee KPUTHIECKUME OBLIM MTOKa3aTe M MPo-
nykimu TT y mereii ¢ recTallnOHHBIM BO3pacToM 22—
29 Henenb M 9KCTPEMATbHO HU3KOW MAcCoO Tesa Mpu
poxxaernu (QHMT), y aux conepskanne TT B mazme
kposu 66110 He Gosee 0,01—0,2 Mmoib/i. K 5-M cyT-
KaM TIOCTHATAJTbHON KU3HU TIPOM3OIIEN T0CTOBEP-
HBIN pocT KoHlleHTpanun TT B kposu. Temm mpupoc-
Ta Y HOBOPOXKJEHHBIX 9TOW TPYIIBI BapbUpyeT B
mupokux npezesnax. Meamana npupocta TT B mrazme
kpoBu cocrasuiaa 2,57 [1,7;4,7] mmoub /1. Hauboub-
mui poct KoHneHTparuu TT B paHHeM HeoHaTah-
HOM TIepHOJIe, OTHOCUTEIBHO HWCXOJHBIX 3HAUEHUI,
XapakTepeH [ist TJIyOOKOHEIOHOIIEHHBIX HOBOPOK-
nernbix ¢ OHMT. ¥V aToit KaTeropuu maiueHTos K 5-
M CyTKaM KU3HU TIPOM3OINIO yBeJIUIeHNe KOHIIEHT-
parmv TT B kpoBu B 5,1—9,9 pas.

VY nereit 2-i1 u 4-1 rpynn cpepnsis Bemnunaa TT
B IJTa3Me KPOBU TIPU POXKAEHUU COCTABJISIIA COOT-
BercTBeHHO 0,52+0,2 1 0,51+£0,4 MMOJIB/J1, UTO CTa-
tucTudeckn 3HaunMo (P<0,01), mo cpaBHeHMIO C JI€e-
TbMU ¥ 3-eil u 5-fi rpynn. B konie pannero
HEOHATAJBHOTO Tepuosia conepkanue TT B KpoBH
noctoBepHO yBesmuuioch (P<0,01), cpennsia Bemu-
YUHA [OKa3aTess JIOCTUTJIAa COOTBETCTBEHHO
0,98+0,4 n 0,88+0,3 mmousb/n1. Ha mocTHaTambHy0
koHIeHTpanuio T B mra3Me KpoBYU BIAUSET recTaln-
OHHBIN Bo3pacT. UeM MeHbIIle CPOK TeCTalliy, TeM
umxke mokaszaresnu TT npu poskaeHnn u K 5-M CyTKam
MMOCTHATATIBHOTO TIepro/ia. BasKHBIM TTapaMeTpOM SIB-
JsgeTcs Macca Tejia npu poskaeruu. CyiiecTByer
npsiMast yMepeHHast KOPPEJISIUs MKy MacCOll Tesia
n koutnenTpanureil TT KpoBM y HOBOPOKIEHHBIX B
noctHatarbHOM Tiepuoze: 1=0,3764, P=0,0004.

Yposerr XC 1npu poxgeHNN y HOBOPOK/EH-
HBIX 1-If TpyIIIBI OBLT JOCTOBEPHO HUIKE, TI0 CPaBHE-
uuio ¢ getbmu apyrux rpymr (P<0,01) (puc. 3). K 5-
M cyTkam ku3Hu BeamdnHa XC 10CTPOBEPHO
yBemmumiach (P<0,01) u gocturia dpusmosorndec-
KuX 3HadeHui. YpoBeHb XC TIa3Mbl KPOBU TIpH
POXKIEHUHU Y IeTEH OCTAIBHBIX TPYIIIT IOCTOBEPHO HE
OTJINYANICS ¥ OBLT CTAOMILHBIM, K 5-M CyTKaM MOCT-
HaTaJTbHON KM3HU KoHIleHTparus XC B KpoBH J0-
croBepHo yBeqmuniach (P<0,01).

Kpome TOTO, BBISIBIIEHO HAJUYKE TIPSMON yMe-
PEHHOU KOPPEJISIINT MeK/Iy OIIeHKOH 110 1rKaste Ar-

triglycerides in blood plasma: 7=0,38; P=0.002;
y=0,0974118312 + 0,000104424085*x.

By the 5th day of life triglycerides synthesis in
newborns of groups 3 and 5 did not differ signifi-
cantly from the neonates of other groups and corre-
sponded to physiological age values. Further
research showed that triglyceride level in plasma of
infants from group 1 was 0.44+0.3 mM/l. The most
critical indicators of triglyceride synthesis were
observed in neonates with gestational ages 22—29
weeks and ELBWnot exceeding 0.01—0.2 mmol/I. A
significant increase of triglyceride level in blood
occurred by day 5 of postnatal life. The rate of its
growth in infants of this group significantly varied
with a median of increase by 2.57 mmol/1 [1,7; 4,7].
The highest increase in triglyceride production in
early neonatal period was observed in extremely pre-
mature new-born with ELBW compared to the mean
values. The production of TG in the blood of these
neonates was increased 5.1-9.9-fold.

The mean value of triglycerides in plasma at
birth was 0.52+0.2 and 0.51£0.4 mmol/]l in
neonates of the groups 2 and 4, respectively, which
was higher (P<0.01 compared to the neonates of
groups 3 and 5 (P<0.01). At the end of the early
neonatal period, the production of triglycerides
increased significantly (P<0.01). The mean value
of the indicator reached 0.98+0.4 and 0.88+0.3
mmol/l, respectively. The postnatal production of
triglycerides in plasma is affected by gestational
age. The smaller the gestational age was, the lower
the triglycerides blood levels were as determined
at birth and on day 5 of life. The data was con-
firmed with a correlation analysis. A direct corre-
lation of medium strength between the gestational
age and the concentration of triglycerides in plas-
ma on day 5 of life was revealed. The following
regression equation was obtained: 7=0.6040;
P=0.0132; y=-3.04448276 + 0.125734355*x. The
body weight at birth is an important parameter.
There 1ds a direct correlation between body
weight and the production of triglycerides in new-
borns in postnatal period (Fig. 3).

The levels of cholesterol at birth was signifi-
cantly lower in infants of group 1 compared to the
neonates of other groups (P<0.01) (Fig. 2). The
amount of cholesterol increased significantly by day
5 of life(P<0.01) and reached physiological values.
Cholesterol level in plasma at birth in children of the
other groups did not vary significantly and was sta-
ble. Cholesterol synthesis increased significantly by
day 5 of life (P<0.01).

Evaluation of effects of acute intrapartum
hypoxia on perinatal production of cholesterol
revealed a direct correlation of medium strength
between the 1st minute of life Apgar score and cho-
lesterol production on day 1 of life. The following
regression equation was obtained: 7=0.38; P=0.01;
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Groups

y=3.00739044 + 1.17593447*x. An

Cholesterol, mmol/1l

inverse correlation of moderate
strength between cholesterol and
lactate level at birth was found: r=-
0.3; P=0.0003; y=6.88982939 —
1.84453518*x. The level of triglyc-
erides seemed to be marginally associ-
ated with the duration of artificial

[ 15t day 1.48 | 155 1.76 1.71

lung ventilation since aA trend toward

M 5th day 3.2 2.7 2.8 2.5

3.1 the inverse correlation of a weak

strength between triglyceride plasma

Puc. 3. /lunamMuka xoJiecTepiHa KPOBH Y HOBOPOK/IC€HHbIX.

Fig 3. The dynamics of cholesterol level in newborns during the treatment.
Note: * — P<0,01 — the significance of differences in comparison to the 15t day of life.
Ipumevanue: Cholesterol — xomecrepun.* — P<0,01 — 10CTOBEPHOCTH OTJIUYHIA 110

CPaBHECHUIO C 1-mu CYyTKaMU JKU3HU.

rap Ha 1-if MuHYyTe ku3Hu U cogepskanrem X C B Kpo-
B HOBOPOJKJICHHBIX B 1-€ CYTKM JKU3HU, MOJTYYEHO
ypaBHeHUE perpeccuu: =0,38; P=0,01;
y=3,00739044 + 1,17593447*x. Hapyuienus jumui-
HOTo 0OMeHa BJIMSIIOT Ha IPYTHe BUIBI OTMEHA, IOy -
yeHa yMepeHHas OTpHIlaTe/bHash KOPPEJSITHOHHAS
cBs3b Mesxly ypoBHeM XC u JjlakTata B KPOBU TIpU
poxxaenun: r=-0,3; p=0,0003; y=6,88982939 —
1,84453518*x.

[171s1 BceX HOBOPOK/IEHHBIX, BKITIOYEHHBIX B HC-
cJlefloBaHMe, XapaKTepbl OOIIne 3aKOHOMEPHOCTH.
OciosKHEeHHOE TeueHre OepeMeHHOCTH, BHYTPUYT-
poOHast W WHTpPaHATaJIbHAS TUIOKCHUS BJIMSIOT Ha
BHYTPUYTPOOHYIO U MOCTHATAJIBHYIO KOHI[EHTPAIIHIO
XC u TT y noopoxzaennnix. [lepunaranbnas KoH-
nenTpaius TT KpoBU CHIKEHA Y HOBOPOKIEHHBIX U
3aBHCUT OT MHOTHX (haKTOPOB: criocoba poaopaspe-
NIeHUs, TeCTAIMOHHOTO BO3PacTa, Macchl Tesa TpU
poxaennn. HanbGosee Huskue nokasareaun TT mpu
POKIIEHWHW XapaKTEePHBI JIJISI HOBOPOKIEHHBIX C
OHMT, npeanekanneM M OTCIOWKON TLIAIIEHTBI.
[TnanenTapHas HeJJOCTATOYHOCTh BBI3bIBAET THIIO-
KCHIO TLIOJIA, TIOSIBJIEHUEM B €0 KPOBOTOKE MPOIYK-
TOB JIeTPaJIalliy TKaHel ¢ ahherToM SHIOTOKCUHOB,
KOTOPBIE BIUSIOT HA SHIOTEJNUN COCYNOB TITAIIEHTHI
U IJT0/Ia, TEM CaMbIM YCyTyOJIsisi HapyIeHe KPOBO-
obpallleHus1, BcexX BUIOB 00OMEHA, U THIIOKCHIO TII0ZA
[5, 9]. C pannux cpokoB recraiuu eroriamenTap-
HBII KOMILJIEKC UTPAET CYIIECTBEHHYIO POJib B 0bec-
MEeYEHNN CTEPOUJHBIMU TOPMOHAMM KaK OPTaHU3M
Marepu, Tak u mioja. M3 docdonunmmos u XC cun-
TE3UPYIOTCS ACTPOTEHBI U TIporecTepoH. CUHTE3MPO-
BaHHBIH MartenTol u3 ochommmunos u TT mporec-
TEPOH YaCTUYHO TIOCTYTAET B HAATIOYETHUKH TLIO/IA,
SIBJISISICH  [TPOMEKYTOYHBIM 3BEHOM B 0OpasoBaHWUU
ACTPUOJIA U ACTPOHA. TeM caMbIM MOJIEPKUBAIOT
MPOAYKIIUIO TeCTareHHbIX TOPMOHOB, KOTOPBIE 0bec-
neyrBatoT pazsutre 6epemennoctu [8, 12]. Hapyime-
HUE TIPOIIECCOB TITAIIEHTAIUN ¢ PAHHUX CPOKOB BbI-
3BIBAIOT AUCOAIAHC JIMIMUAHOTO OOMEHAa W CHHTe3a

level at birth and the duration of MVL
was observed: r=-0.1363; P=0.0608;
y=132.104305 — 38.1887038*x.

Several common features were
typical for all neonates and mothers
included in the study. They included
complications during pregnancy, prena-
tal and intrapartum hypoxia affect fetal and postnatal
production of cholesterol and triglycerides. Perinatal
synthesis of triglycerides was reduced in all neonates
and depended on the way of delivery, gestational age,
body weight at birth. The lowest triglyceride level at
birth was typical of the newborns with ELBW, placen-
ta previa and placental abruption. Placental insuffi-
ciency causes fetal hypoxia and the appearance of tis-
sue degradation products in the bloodstream that
possesed effect of endotoxins. These products of cell
damage are capable to affect the endothelium of blood
vessels of the placenta and fetus and worsen the alter-
ations of blood circulation, metabolism, and hypoxia
of the fetus [5, 9]. From the early gestational ages, the
feto-placental complex plays an essential role in
transferring steroid hormones from the mother's
body to the fetus. Progesterone and estrogens are
synthesized from cholesterol and phospholipids.
Synthesized by the placenta from phospholipids and
triglycerides, progesterone partially enters the adren-
al glands of the fetus, as an intermediate stage of estri-
ol and estrone formation. This process supports the
synthesis of progestins, which ensure the prolonga-
tion of pregnancy [8, 12]. Alteration of placentation
at early geststational ages causes an imbalance of lipid
metabolism and synthesis of hormones, which
increases the risk of premature birth.

Placenta previa and placenta abruption are
direct indications for emergency surgical delivery.
However, most frequently the RDSN occurs in
preterm infants born by surgery compared to vaginal
birth. Sometimes, the surgical delivery is performed
too early and there is no opportunity to perform
RDSN antenatal prevention in fetus with drugs and
other methods [4, 13].

Conclusion

Alteration of lipid metabolism is an important
issue of neonatology. Perinatal synthesis of triglyc-
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TOPMOHOB, YTO, B CBOIO OYepe/ib, YBEJIMUNBAET PUCK
MIPEKIEBPEMEHHBIX POJIOB.

[Tpennesxanue, OTCAONKA TIAIEHTHI SBJSIOTCS
npsAMbIM TIoKazanneM g nposeneHns IKC. Ho
P/ICH HauboJsiee 4acTO BCTPEYAETCsT Y HEIAOHOIIEH-
HBIX HOBOPOKJIEHHBIX, POKICHHBIX OINEPATHBHBIM
MyTeM, MO0 CPABHEHWIO C BJATAJIUIIHBIMU POJIAMU.
Nnorpa 9KC BRITIOMHSIETCS CAUTTKOM PAHO U OTCYT-
CTBYeT BO3MOXHOCTb IPOBECTH aHTEHATAJIbHHYTO
npobumaktuky PJICH y niona meamkamMeHTO3HBIM
U He MeJIMKaMeHTO3HbIM I1yTeM [4, 13, 14].

3akiaouyeHue

[17151 HOBOPOXK/IEHHBIX C JIbIXaTeJbHOI HefocTa-
TOYHOCTBIO, POJIMBIINXCS ITyTeM 3KCTPEHHOTO Keca-
peBa ceueHUus BCJIECTBUE OTCJIOMKU TIJIAIEHTHI WA
JIMCKOOPJIMHAINAY POJOBON JIeSITETbHOCTH, Xapak-
TEPHBI TIePUHATAIBHbBIE HAPYIIEHNsT OOMEHA TPUTJIK-
1IEPU/IOB U XOJIECTEPUHA PA3JIMYHON CTETIeH! TsIKec-
. IIpm poxpeHnn B KPOBU [eTell BBISIBJISIOTCS
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JIEHHBIX B HOpME U [IPU PAZBUTUN HprLL[CHMﬂ aJlanTanu B paHHEeM
nocTHatanbHoM Tiepuoae. Kuun. na6. duaznocmuxa. 2013; 1: 22—24.
PMID: 23807989

12, Iepemsmxo JLIL., Kyauoa JI.B., [Ipoyenxo E.B. Mopdosorust mionos u
HOBOPOK/ICHHBIX € 9KCTPeMaslbHO HM3KOH Maccoil Tena. VBanoso;
2005: 384.

13. [dessmosa E.A., Ilamyposa K.A., dcmypsuesa 3.U., Bapmansn 3.B.
IIpexaespemennble pojsl. Axywepcmeo u eunexonoeus. 2015; 3 (9):
60—69.

ITocrynuna 20.06.15

erides and cholesterol in newborns is affected by
abnormality of placentation, placental abruption,
preterm birth, and the way of delivery. There is a
direct correlation of gestational age, body weight at
birth and triglyceride level. Acute intrapartum hypox-
ia affects lipid metabolism: more severe hypoxia is
negatively correlated with the level of cholesterol in
plasma. Lipid metabolism disorders in newborns in the
perinatal period influence the lactate production and
the duration of mechanical ventilation.

HU3KOe cofiepKaHue NCCelyeMbIX BellecTB. Jpyrum
daxkTopoM, BAUSIONIUM Ha KOHIIEHTPAIIAIO TPUTJINTIE-
PUZIOB KPOBH, SIBJISIOTCSI TECTAIIMOHHBIN BO3PacT U
Macca Tesia npu poskaenun. Haubosee Huskue 1moka-
3aTeTN TPUTJIUATIEPUIOB XapaKTEPHBI 7IT HOBOPOIK-
JIEHHBIX C TeCTAITHOHHBIM Bo3pacToM 22—29 Heneb 1
IKCTPEMaIbHO HU3KO# Maccoil Tesma. K 5-M cyTkam
TTOCTHATAJBHOTO BO3PacTa MPOUCXOAUT HOPMAIN3a-
11T MICCJIEyeMBIX TIOKa3aTesei.
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HEOJTHOPOTHOCTDb PACOPEJIEJTEHUS DJIEKTPUYECKUX
TPAHCMEMBPAHHBIX IIOTEHITUAJIOB
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Non-Uniformity of the Distribution of Electrical Transmembrane
Potentials in Cardiac Defibrillation

O. E. Gudkova', A. P. Kozlov*

''V. A. Negovsky Research Institute of General Reanimatology
25, Petrovka St, Build. 2, Moscow 107031, Russia
1. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia
8, Trubetskaya St., Build. 2, Moscow 119991, Russia

OpxHOiT U3 pobJIeM COBPEMEHHOW PEAHNMATOJIOTHH SIBJISIETCSI HEOOXOMMOCTD IKCTPEHHOTO MTPEKpaIeH st (-
OPUJLISIIIIN JKEJIYZ0YKOB cepiia. HecMOTpst Ha MOMCKN HOBBIX METOJIOB, CYIIECTBYET JIUID €ANHCTBEHHbIN ac-
(bexTUBHBIIT MeTO/ — BJIeKTpUUeCcKast AePUOPHILISIINS CepALa.

HCJIIJ pa60TbI — HCceloBaHue JIeUCTBUST UMITYJIbCOB Pa3JIMYHbIX (bOpM Ha MeM6paHbI KJIETOK B MO/I€/IbHOM
IKCIIEPUMEHTE U Oll€HKa UX UCIIOJb30BaHUA /1JI51 IIPOBEACHUSA 3(1)(1)6KTI/IBIIOI>1 [[e(i)I/I6pI/IJI]IHIlI/II/I cepaua.

Marepuaibt 1 MeTOAbI. [Jisi TEOPETHYECKOTO aHAIN3A TPOCTPAHCTBEHHOTO PACIIPE/IesIEHUsT dJIEKTPIYec-
KOTO 10Jis1 B MeMOpaHe 3pPUTPOIMTOB UCI0JIb30Balach MOJeb MaKkcBesia. PacueT aJeKTpU4ecKoro BO3jiei-
CTBUS HA OTJEJbHYIO KJIETKY POBEECH MO MOTYYEHHBIM HKCIIEPUMEHTAIBHBIM JAHHBIM U UCXO/s U3 DKBUBA-
JIETHOI HJIEKTPUYECKON CXeMbl CTPYKTYPbl MUOKapjia HPU HPOBEACHUU HPOUEAYPbl AeDUOPUIISII.
PaccuynTbiBaiy MOTEHIMAJ, HABOAUMBIIT Ha MeMOpaHe Kap/IMOMUOIITA [TPU BO3/eHCTBIY paspsijia nehubpu-
asitopa. V3ydasu Bo3ielcTBIE MOHOTIOJISIPHOTO, IBYX OJHOMOJISPHBIX U IBYX PA3HOIOJISAPHBIX UMITYJIbCOB Ha
MeMOpaHbl 9PUTPOIUTOB.

Pesyabrarel. Habmoaercst HeainTUBHOCTb CKOPOCTEN TIPU JIBYXKPATHOM JEHCTBUH [0 CPAaBHEHHIO C OJIHO-
KkpaTHbIM. OINHOYHbBII UMITYJILC BBI3bIBACT MEHbIINI 9(dEKT asieKTponopaiinu, uem jisa 1Boinbix. [Ipu anexrpu-
TecKoil AeUOPILIANNE CepALa TOCIEAOBATEIBHO PEATH3YIOTCS MIPOIECCH! THIIEPIOSIPU3AIIN U JCOIIPH3a-
1y MeMOPaH KapAuOMUOIUTOB.

3axuoueHue. /[Ba pa3HOMOJSIPHBIX UMITYJIbCa ¢ GOTBIIEI BEPOSATHOCTHIO BBI3BIBAIOT A((HEKT DJIEKTPOTIOPAIIUH
6UOJIOTHYECKIX MeMOPAH 10 CPABHEHHIO € ABYMST OIHOTIOJISIPHBIMU.

Kntouesvie cnosa: snexkmpuueckas depubpuiisiyus cepoyd; UMNYibCHOE IeKMPUIecKoe noe; CYCNeH3us spu-
MPOUUMOB; MEMOPAHA; KUHEMUUECKAsL KPUBASL

The need for emergency cessation of ventricular fibrillation is one of the problems of modern reanimatology. In
spite of searches for novel methods, there is the only effective method — electrical cardiac defibrillation.

Objective: to investigate the effect of different forms of pulses on cell membranes in a model experiment and
to assess their use for effective cardiac defibrillation.

Materials and methods. The Maxwell model was used for theoretical analysis of the spatial distribution of an
electric field in the red blood cell membrane. The electric effect on a single cell was calculated using the experi-
mental findings and the equivalent electrical circuit of the myocardial structure during a defibrillation procedure.
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E-mail: orbf@mail.ru E-mail: orbf@mail.ru

38 www.reanimatology.com GENERAL REANIMATOLOGY, 2015, 11; 6



DOI:10.15360,/1813-9779-2015-6-38-47

OPMI‘TAHQ,ABHBIC MCCACAOBAHM I

The cardiomyocyte membrane potential upon exposure to defibrillator discharge was estimated. Exposure of the
red blood cell membrane to single, two unipolar and two heteropolar pulses was examined.

Results. There is non-additivity of speeds upon double exposure as compared to single one. Single pulse caus-
es a lower effect of electroporation than two double pulses. Hyperpolarization and depolarization processes in the
cardiomyocyte membranes occur successively during electrical cardiac defibrillation.

Conclusion. Two heteropolar pulses cause an effect of biological membrane electroporation with a greater

probability than two unipolar ones.

Key words: electrical cardiac defibrillation; pulsed electric field; red blood cell suspension; membrane; kinetic curve
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BBenenue

OpnHoll 13 TPobIEeM PeaHUMATOJIOTHH OCTAETCSI
HEOOXOAUMOCTh HKCTPEHHOTO TIPEKparieHnst hruopuI-
JISIIIAY JKeJTy/IOUKOB cepjiiia. HecMoTpst Ha TIOMCKM HO-
BBIX METOJIOB, CYIIECTBYET JIUIIb €IUHCTBEHHbIH (-
(beKTUBHBIN MeTO/ — 2J1eKTpUdecKas AeUOPUILIAINS
cepana [1] — akcrpeHHOe NpekparieHie GUOPHILIs-
IIUU JKEJTYZI0YKOB CEP/IIIA C TIOMOIITHIO BBICOKOBOJIBTHO-
TO UMITYJIBCHOTO 3JIEKTPUYECKOTO OIS [2].

[Tporecc pelicTBUS HIEKTPUYECKOTO TTOJST HA
MeMOpaHy KapJAMOMUOIIUTA MTPEACTABISET GOJBIION
WHTEPEC U MCCIeyeTCsT KaK 9KCIIEPUMEHTATbHO, TaK
u TeopeTnyecku [3].

DyHpaMeHTaIbHbIE PAOOTHI 10 U3YYEHUIO 3(-
dberTBHOCTH NeGUOPUIIISIINNA B 3aBUCUMOCTH OT
AMILIATY/II UMITYJIbCA, €T0 (OPMBI U JJTUTETHbHOC-
TH ObLIK MpoBefieHbl B VIHCTUTYTE 001Ieil peanu-
matosorun PAMH H. JI. Typsuuem, B. {. Tabakom,
M. C. BorymeBuu m ux coaBTopamu. IJhdexTs
NEHCTBUS JEKTPUIECKOTO TIOJISI 3aBUCAT OT Ha-
MPSI)KEHHOCTH TI0JISI, CO3/1aBaeMOi Pa3psjioM B
CTPYKTYpe KapArnoMuoiuToB. C TOMOIIbIO MaTeMa-
TUYECKOU MOJIEJTN MCCIIeI0BAJIACH HEOJTHOPOIHOCTD
3JIEKTPUIECKOTO MOJIsT B MeMOpaHe KapAuOMUOIIH-
Ta npu gebpubpuisanuun [3].

B macrosieit crarbe B MOJEJBHOM 9KCIIEPH-
MEHTE Ha CYCIIEH3UN PUTPOITUTOB TIOKA3AHBI PE3YJIh-
TaThl Pa3JIMYHBIX CIIOCOOOB BO3AEHCTBUS MMITYJIbC-
HOTO 3JIEKTPUYECKOTO TI0JIsT Ha MeMOpaHbl KPACHBIX
KJIeTOK KpoBH. C TIOMOIIHIO MATEMATHYECKON MOJIEJTH
MMOKA3aHO BO3HUKHOBEHWE TUTIEP- W JEMOJISIPU3AINN
KapHOMUOIITA [TPU JeDUOPUIIIAIIN,

IbdeKT seKTPOIOpaIuy 3aBUCUT HE TOJIHKO
OT HANPSKEHHOCTH 9JIEKTPUIECKOTO 0 [4, 5], HO
u o1 hopMbl HeUOPUIIUPYIONIEro uMIyibca [6].
Kinunnueckue [7—9] u axcnepumenranbpubie [10,
11—14] uccrenoBanus MOKA3bIBAIOT, 4TO A(DHEKTUB-
HOCTDH OUITOJISIPHOTO MMTTybca [ypBuda [15] Boirme
3(hdEKTUBHOCTH OIHOIOISIpHOTO UMITyJibca Edmark
[15], XOTs1 9TH pasauymsi HOCSAT CTATUCTUYECKUIN Xa-
pakrep [16].

ITesb paGoThl — HCCIeMOBaHNE ICHCTBHS M-
YJIbCOB Pa3JINYHBIX (HOPM Ha MeMOpaHbI KJIETOK B
MOJIETTHHOM 9KCIIEPUMEHTE U OTIeHKA UX MCITOJIh30Ba-
Hug g nposegenus a(pdexTusHoi gedubpuis-
IUU Cepia.

Introduction

One of the problems of reanimatology is a need
in emergency termination of ventricular fibrillation.
Despite the search for new methods, there is only one
effective method, electrical heart defibrillation [1].
Electrical heart defibrillation is an extraordinary ter-
mination of ventricular fibrillation using high volt-
age impulse electric field [2].

Mechanisms of action of electric field on the
cardiomyocyte membrane are of great interest and
are studied in experimental and theoretical direc-
tions [3].

Fundamental studies on effectiveness of defib-
rillation, which depends on the amplitude of the
impulse, its, shape and duration were conducted in
the Institute of General Reanimatology of RAMS by
N. L. Gurvich, V. Y. Tobacco, M. S. Bogushevich and
their co-authors. Also the effects of action of electric
field depend on the field tension generated by dis-
charge in the structure of cardiomyocytes.
Heterogeneity of electric field in cardiomyocyte
membrane during defibrillation was investigated
using a mathematical model [3].

The results of different ways of impact of
impulse electric field on red blood cell membranes
are shown in this article in a model experiment on
erythrocyte suspension. Appearance of cardiomy-
ocyte hyper- and depolarization during defibrillation
drmonstrated also in a mathematical model [3].

Effect of electroporation depends not only on
the tension of electric field [4, 5], but also on the
shape of defibrillating impulse [6]. Clinical [7—9]
and experimental [10, 11—14] studies have demon-
strated that the efficiency of the bipolar Gurvich
impulse [15] is higher than the efficiency of unipolar
Edmark impulse [15], although these differences are
statistical in nature [16].

The purpose of the investigation was to study the
action of impulses of different forms on the cell mem-
branes in a model experiment and evaluate their suit-
ability for performing the effective heart defibrillation.

Materials and Methods

Method of calibrated electroporation.
The idea of a method of calibrated electroporation is
that the cell placed in solution is applied to external elec-
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Marepuan u MeTObI

Mertoa kKaauGPOBAHHOI SIEKTPOIOPALUH.

Wpest MeToma KannbpOBaHHON 2JIEKTPOIOPAIUU CO-
CTOWT B TOM, 4TO Ha KJIETKY, IOMEIIEHHYIO B PacTBOP, 10-
JaeTcs BHelHee asiekTpudeckoe mose E,. HaBenennsrit Ha
MeMOpaHe MOTEHIUAN BbI3bIBAET €€ 3JIEKTPUIECKUN TIPO-
60ii. KosmuectBo 06pasoBaBIinxcst mop siisiercst (hyHK-
Uil OT BeJMYUHBI TPAHCMEMOPAHHOTO ToTeHImana Ap,,
U KOJIMYECTBA aKTWBHBIX IEHTPOB Ha MeMOpane. dbdext
AJIEKTPONIOPAIINY OIIEHUBAETCS TT0 KNHETHYECKIM KPUBBIM
remosza D=f(t) npu ganHoii sesuunte E,.

Bcero 6b110 mpoBeseHo 87 ONbITOB 10 BO3AEHCTBUIO
UMITYJIbCOB PAa3JINyYHOi (hOPMBI Ha MeMOPAHbI SPUTPOLIU-
TOB B cycrieHsnu. Bce mpejicTaBiienibie 9KCIIepUMEHTATb-
Hble JIaHHbIE 00Pa0OTAHbI C MCIOIb30BAHUEM CTAHIAPTHDIX
IIPOTPaMM BapHAIMOHHOM CTATHCTHKH.

B kauecTBe MCTOYHUKA UMITYJIBCHOTO AJIEKTPUYECKOTO
nosis npumensiiu gebubpumstops «Lifepak-7» (CIIHA)
u «/I1-03» (PD). DireKkTpudecKuii MMITYJIbC TTOIBOANII K
TUTAHOBBIM 3JIEKTPOJIAM, KOTOPbIE MOMEIIATH B KBapIle-
ByIO KioBeTy. B Hee mammBamm 3 mu cycnensun. Paccros-
HHUE MEKIY CHJIOBBIME 9JIEKTPOJIAMH COCTABJSATO 17 MM.
DJIEKTPO/IBI MOJIHOCTBIO MOKPbIBaIU GOKOBbIE CTOPOHBI
KIOBETbI, 4YTO 0OECHEeYNBAIO OJHOPOAHOCTD CO3/aBAEMOTO
9JIEKTPUYECKOro 10t B pactBope. CompoTusienue cyc-
nersun cocrapysizio 100+£5 Owm. [lis aHeprum uMmiryjibca
230 [Ix aMminTyza HaANpPsKEHWs MUMITYJIbCa COCTaBHIIA
2900 B, arto cootBetctByet 1700 B/cMm B cycmensnm. ITOT
UMITYJIbC ObLI BBIOPAH B KauecTBe KaaubposBaHHoro [1, 6].

OPUTPOLUTHI TTOABEPTATN BO3AECHCTBUIO OJAMHOYHO-
TO UMITYJIbCA, IBYX OJHOIOJISIPHBIX U IBYX PA3HOMOJISIP-
HBIX MMITYJIbCOB, TIPEJICTaBIeHHbIX HA puc. 1. Juinrennb-
HOCTb OJMHOYHOTO WMIyJbca Obia 10 Mc, MBOWHBIX
OJIHOTIOJISIPHBIX ¥ PAa3HOTIOJISIPHBIX UMITYJIbCOB 6 Mc, Bpe-
MST MEKTY IBOMHBIMU uMmyabcamu 0,5 ¢, aMITUTYIa M-
myJsbcoB cocraBisina 3100 B. Ilpu BoszelicTBUU 371€KT-
PHUYECKOTO TI0JIsT TPOUCXOUT TEMOJIU3 IPUTPOIIUTOB, YTO
[IPUBOINT K YMEHBIIEHHUIO ONTUYECKO MIoTHOCTH D cy-
criensun. [pacduk 3aBucumoctu D(t) HaspiBaeTcs KuHe-
TUYECKOI KPUBO. DTY 3aBUCUMOCTb PETMCTPUPOBAIIN C
nomoltbio doroasekrporosopumerpa «KMK-2». Mame-
peHue ONTHYECKON IIIOTHOCTU CYCIIEH3UH TPOBOIMIIN Ha
JTiHe BOJIHBI A=750 1M, Tak KaK Ha TaHHOI JIJTIHe BOJ-
HBI OcsiabJieHne MHTEHCUBHOCTU UCXOHOTO MyYKa CBeTa
OTIPENIeNISITIOCh TOJIBKO PAacCesTHUEM CBETA Ha 9PUTPOIIN-
tax. [Ipy MaJbIX KOHIEHTPAIMSAX IPUTPOIUTOB OTITHYEC-
Kasl IJIOTHOCTh CyCIeH3uu D TIpsiMO MPOIOpIMOHATbHA
ux kontenrpauuu D=kn (k-koapdunuent ocaabienus,
N-KOHIleHTpalug aputpoiutos). [Tloatomy, usmepsis on-
TUYECKYIO MJIOTHOCTh CYCIEH3UU B MOMEHT BpeMeHH t
(Beanuuny D(t)), MOXHO TOJYYUTH WHPOPMAIUIO O
KOHTIeHTparuu aputporutos n(t). as xkaxkmoro Buaa
HMITYyJIbCca TIOCTPOEHBI KNHeTHYeckue KpuBbie D(t).

Pacnpeesienne 31€KTPUYECKOTO MOJsI B MeMOpaHe
KapIuOMHOIUTA.

[l1s1 TeOpeTHYecKoro aHaiM3a MPOCTPAHCTBEHHOTO
pacrpezie/ieHusi 3JEKTPUYECKOro TI0JisT B MeMOpane Kap-
JIMOMHUOITUTOB UCITOJIb30BAIN MOJiesib MakcBesiia.

B Moztesn yauThIBaJICS MOTEHIIUAT TTOKOS KapAANOKap-
JIMOMUOIIUTA ¥ HABEIEHHbII TPaHCMeMOPAHHBIN TOTEHIU-
aJl OT BHEINIHETO JJeKTPUYeCKOro noJst. [IpurnManach BO
BHUMAaHHUE HEOHOPOJHOCTD HJIEKTPHUUECKOTO MOJIST BO Bpe-
MeHH /17151 OUITOJISIPHOTO UMITYJIbCa. YUUTHIBATACH €TO AMII-

tric field E. Potential induced on the membrane causes its
electrical breakdown. A number of formed pores is a func-
tion of the value of transmembrane potential Ag,, and the
number of active centers on the membrane. The effect of
electroporation is estimated by kinetic curves of hemolysis
D = f (t) for a given value E,.

87 experiments on the effects of impact of impulses of
different forms on the red blood cells in suspension were
conducted. Experimental data were processed using stan-
dard programs of variation statistics.

Defibrillators «Lifepak-7> (USA) and <«DI-03»
(Russia) were used as the sources of pulsed electric field.
The source of electric impulse were titanium electrodes
placed in a quartz cuvette. Three ml of suspension were
poured into the cuvette. The distance between the power
electrodes was 17 mm. The electrodes completely covered
the sides of the cuvette thus ensuring homogeneity of the
electric field in the solution. Resistance of this suspension
was 100+5 ohms. For the energy of impulse of 230 J the
amplitude of impulse was 2900 V corresponded to 1700
V/sm in the suspension. This impulse was selected as cali-
brated one [1, 6].

Red blood cells were exposed to a single impulse,
two monopolar and two bipolar impulses as shown on the
Fig. 1. Single impulse duration was 10 ms, durations of
two unipolar and two bipolar double impulses were 6 ms
each, time between two double impulses was 0.5 s. Under
an impact of a pulse field the hemolysis occured resulting
in a decrease of optical density D of the suspension.
Graph of D (t) is called kinetic curve. This dependence
was lifted with the use of photoelectrocalorimeter
«KFK-2». Measurement of optical density of suspension
was carried out at the suspension wavelength of 1=750
nm because at a given wavelength an attenuation of
intensity of the initial light beam determined only by
the absorption of light by red blood cells. At low con-
centrations of erythrocytes, the optical density of sus-
pension D is directly proportional to their concentra-
tion D = kn (k-attenuation coefficient, n-concentration
of red blood cells). Therefore, by measuring the optical
density of suspension at time t (value D (t)) it is possi-
ble to collect data on concentration of erythrocytes n
(t). For each kind of impulses the graphs of kinetic
curves D (t) were built [1,3].

Distribution of electrical field in cardiomiocyte
membrane.

Maxwell model was used for theoretical analysis of
spatial distribution of the electric field in erythrocyte
membrane.

The model takes into account the resting potential of
cardiomiocyte and the induced transmembrane potential
by an external electric field. This takes into account the
heterogeneity of the electric field in time for the bipolar
impulse. It considers its amplitude and duration of the pos-
itive and negative half-wave.

Calculation of electrical effect in a single cell was car-
ried out based on the experimental data and on the base of
equivalent electrical scheme of myocardium structure. It is
known that the contractile myocard is represented by syn-
cytia cardiomyocytes and complicated network of blood
vessels. The whole system is surrounded by blood, the con-
ductivity of which is =0.6 sm/m. Parametrs between the
outer and inner surface walls of the left ventricular (in par-
allel) include: conductivity of the blood gbl, conductivity
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Puc. 1. ®opMbI UMITYJIBCOB IEKTPUYECKOTO MOJISI.
Fig. 1. Forms of impulses of electric field.
Note: a — single t;=10 ms; b — two monopolar; time between impulses t,=0.5 s; ¢ — two bipolar; time between impulses t,=0.5 s; d —

Electrical impulse in solution, registered with the use of measuring needles. Calibration of the axis OX — 5 ms on a cell, of the axis OY-

1000 V on a cell. Coefficient of compression 22000.

IIpumevanue: ¢ — oxuHOYHbIH t,=10 Mc; b — JBa OIHOMOJISAPHBIX; BPEMS MEXKLY UMITyIbcami t,=0,5 ¢; ¢ — [1Ba PA3HOMOJISPHBIX; BPEMSI
Mexkay ummysabcam t,=0,5 ¢; d — DJIeKTpuuecKuil UMITyIbC B PACTBOPE, PETHCTPUPYEMBIN € MOMOIIBIO M3MEPHUTETHHBIX HTOJIOK.
Kamm6poska o ocu OX — 5 Mc Ha kiretke, 10 ocu OY — 1000 B na knerxe. Koapdunment cixarmsa 22000.

JIUTY/IA U JTTATETBHOCTD TOJOKUTETBHBIX U OTPHUIIATEIb-
HBIX TIOJTYBOJTH.

Pacyer sjieKTpHUUECKOrO BO3/IEHCTBUS HA OT/EJIBbHYIO
KJIETKY TPOBOJWJICS IO TOJYYEHHBIM 9KCIIEPUMEHTAJIb-
HBIM JIaHHBIM U MCXO/IS1 U3 9KBUBAJIETHOH 3JIEKTPUUECKOH
CXeMbI CTPYKTYPbI MHOKapza. VI3BeCTHO, YTO COKpaTH-
TEJIBHBII MHOKAp/ MpejCcTaBisier co0oil CHHIMTHI Kap-
JMOMHOIINTOB M CJIOXKHOI CEeTH KPOBEHOCHBIX COCYIIOB.
JTa CUCTEMa OMBIBAETCSI KPOBBIO, y/eJIbHAsI TTPOBOIM-
MOCTb KOTOPOii cocrasisier =0,6 Cm/M. Mexay BHelHei
1 BHYTPEHHEN 1MOBepXHOCTHIO cTeHKn JIJK BKirtoueHb! na-
PAJIIENIBHO: TIPOBOJIMMOCTD KPOBHU g, POBOMMOCTD CO-
eIMHUTEIBHBIX OE/IKOB g ¥ COCYNIOB & &, > 85 >g., KPOBb
SIBJISIETCST MIYHTOM BO Beeil cucreme. Iloatomy miist cosa-
HUS HeOOXOMMOIT HATIPSIDKEHHOCTH T10JIs1 Ha MeMOpate He-
00XO0IMMO OABATh UMITYJIbChI OT AepubOpUIIATOpa, UMe-
forue Bbicokne HampspkeHuss — ot 1010 1o 5¢10° B, u
6ospinue suepriun ot -100 1o 400 /[x. Tak kak conpoTHB-
senne cepaia coctanisier 40—50 Owm, To Toku gedubpu-
JISIIUY JIOCTUTAIOT IECSITKOB aMIIep, 4TO ITOKA3aHO B dKCIIE-
PUMEHTE U KJIMHUKE.

Jl1 paccMOTpeHnsT BO3MOKHBIX MEXaHU3MOB J1e(puo-
PUJLISAIY HEOOXOAMMO PACCUMTATH MOTEHI[UAJ, HABOJU-

of connecting proteins g, and vessels g, g,>g.,>8,.
Blood itself represents a shunt across the system.
Therefore, for the creation of the necessary field tension on
the membrane it is required to apply impulses from defib-
rillator at a high voltage — from 1+10* V to 5¢10° V and
increased energy from -100 to 400 J. Since the resistance of
a heart is only 40—50 ohms, defibrillation currents reaches
tens of amperes, as has been shown in experiments and
clinical settings.

To consider the possible mechanisms of defibrillation,
it is necessary to calculate the potential induced on a mem-
brane of cardiomyocyte under the influence of defibrillator
discharge. Cardiomyocyte is usually represented a sphere
or that is closer to the real object, specifically, a rotating
ellipsoid. The induced field for the dielectric rotating ellip-
soid placed into the external uniform electric field depends
on dielectric values of the medium and the dielectrics. The
amplitude of voltage ¢, induced at the cardiomyocyte
membrane as a result of action of the alternating electric
field E, in view of the dielectric properties of the mem-
brane and the environment is calculated as follows:

aq,cosVE,

P TN (g V@]
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MBI Ha MeMOpaHe KapaAuOMHOLUTA TIPU BO3AEHCTBIM Pas-
psia pedubprisitopa. KapaunoMuorur mpeacrapisiercst
cdepoit wim, 9To GJIIEKE K PeATbHOMY 00BEKTY, JIITUIICOU-
noM BpamteHus. HaBenenHoe mmosie sl INa/IeKTPUIECKOTO
AJUINTICOU/IA BPAIlEHMs, TIOMEIIIEHHOTO BO BHEIITHEE OJIHO-
POJIHOE AJIEKTPUYECKOE T10JIe, 3aBUCUT OT BEJIMYUH J[UDJIE-
KTPUYECKUX TPOHUIIAEMOCTEN CpPeibl W IUITEKTPUKA.
AMILIMTYIa HANPSIKEHUST ¢, HABEJIEHHOTO HA MeMOpaHe
Kap/INOMUOIIUTA B Pe3yJbTare [eicTBUs MePEMEHHOTO
aJekTpuueckoro 1ot Ej ¢ y4eToM IMaIeKTPHUECKUX
CBOIICTB MeMOPaHbI U OKPYIKAIOIIEN Cpebl
_ aq,cosdE, {

P TN, g V@]

rlie . — JAMAJIEKTPUYECKask IPOHUIIAEMOCTh BHEIITHE
Cpellbl; q,, — AUBJIEKTPUYECKAsT TPOHUIAEMOCTh MeMOpa-
Hbl; N — 00001IeHHBIN €TI0 pUsYIOIIHil hakTop; a — Ho-
JIOBMHA TJIABHOI OCH 9JUIUTICOM/IA; @ — KPYroBast 4acToTa
TIOJIST IEPEMEHHOTO TOKA; T — BPEMsI PeJIaKCcaIi; 0 — yroJ
MEXK/Iy HOPMAJIBIO K IIJIOCKOCTH MeMOPaHbI U HAIIPaBJICHU-
€M BEKTOPa HaIPSI’KEHHOCTH TOJIS.

Ecait KapAMOMUOIUT TIPUHATD 32 ¢Hepy € PAANyCoM T,
TO HaBeJleHHbIN TPaHCMeMOPAHHbIN OTEHIIHA BBIYNCIISI-
eTcst 1o hopmy.ie:

o= 1,5Eyr cosf (2)

Ilast =15 mxMm, Eg=80 B/cMm Benmunna HaBEIEHHOTO
TpaHcMeMOpaHHOoro norenrmana ¢, =180 mMB. Tak kax 6u-
MOJISTPHBIN UMITYJIBC UMEET COOTHOTIeHue mosyBosu 1:0.5,
TO TIOJIOKUTEIbHASI TTOJIYBOJIHA CO3/IaeT pu aToM ¢,=120
MB, a orpumnarensnas ¢, =60 mB. [/lng xkapanommonura,
nMeronero (hopMmy SJIITHIICON/IA BPAIIEHNS C TJIaBHOI 0ChIO
a=50 MKM 1 1060YHOIT c=25 MKM, 4TO GJIM3KO K €ro pealib-
HBIM pazMepam, M PACIOJI0KEHHOTO TJIABHOM OChIO MapaJi-
JIEJIBHO BEKTOPY HapstkeHHoctu nouas, Eg=80 B/cw,
¢1=248 MB. C y4eTom COOTHOMIEHWS MOJIYBOJH, ¢,=165
MB, ¢,=83 MB. B 0611em ciyuae ¢, Oyaer 3aBuceTh OT 10~
JIOKEHUSI TJIABHOI OCH 9JITTUIICOM/IA TIO OTHOIIEHUIO K TIPH-
JIOKEHHOMY TI0JTI0. B paccmaTtpuBaeMoM cirydae, Kapmo-
MUOIIUT  PACIOJIOKEH  IEePHEeHANKYJISIPHO  BEKTOPY
HanpsskeHHocTH nodst, 1 N=0,6, 1 u3mMeHenue ¢, cocras-
asier menee 3%. Takum o6pasoM, HaBe/leHHbII Ha MeMOpa-
He KJIeTKU MOTEHI[NAJ MPAKTHYECKH He 3aBUCHT OT MeCTa
MIPUJIOKEHIS JIEKTPOAOB HA ITOBEPXHOCTH HHTAKTHOTO
cep/iiia, uTo 1 HabJII0AAeTCsT B 9KCIIEPUMEHTE.

PesyabraThl 1 00CyKIEHHE

Peructpamnus umimyibca B pactBope.

M3meHeHre nMIeianca HapysKHOTO PacTBOpa Cy-
IIECTBEHHO BJIMSIET HA TIOKa3aTeln mpobost MeMOPaH.
[Toaromy Tpu HccreIOBaHUN BO3EHCTBIS MMITYJIbC-
HOTO 9JIEKTPUUYECKOTO TI0JIs1 Ha GHOIOTHYecKre MeMO-
PaHBI C 1IeJIbI0 UX 9JIEKTPOIIOPAIIII HEOOXOIIMO PErH-
CTPUPOBATh HAMPSKEHHOCTh AJIEKTPIUYECKOTO TOJIS,
JUTATETLHOCTD U (hOPMY UMITYJIbCa, KOTOpbie (hopMu-
pyfoTCs B 00beMe KJIeTOUHOI cycrensun. st cosma-
HUSI MTOPOrOBOTO TPaHCMEMOPAHHOTO MOTEHI[HAa
0,3—0,5 B HeoOxoaumo (hopMUpPOBaTh JJIEKTPUYECKOE
rioJie B pactBope ¢ HanpsikeHHOCTHIO 1000—2000 B/cm
JUTUTETBHOCTEIO MMITy Ibca 5— 10 Mc.

DopMbI IEHCTBYIOMNX UMITYJIbCOB 9JIEKTPUYe-
CKOTO T0JIsI TIPe/ICTaBIeHbl Ha puc. 1 a, b, ¢, a pe3yJib-
TUpPYyIoMas GopMa MOHOMOJSPHOTO UMITYJIbCA B MO-

where q, — dielectric constant of external environ-
ment, q,, — dielectric permeability of membrane, N — gen-
eralized depolarizing factor, a — half of major axis of ellip-
soid, @ — angular frequency of alternating current, T —
relaxation time, § — the angle between normal to the mem-
brane surface and direction of the vector of field tension. If
cardiomyocyte is considered as a sphere with a radius r, the
induced transmembrane potential should be calculated as
follows:

o,= 1,5E,r cosd (2)

For, =15 mkm, E;=80 V/cm, the value of induced
potencial ¢;'=180 mV. Since the bipolar impulse has a half-
wave ratio of 1:0.5, the positive half-wave at the same time
creates ¢,=120 mV, and negative ¢,=60 mV. For car-
diomyocyte, as a rotating ellipsoid with main axis of a=50
mkm and an indirect axis ¢=25 mkm (that isclose to its
actual dimensions), the principal axis disposes parallel to
the vector of voltage field, E,=80 V/cm, ¢;=248 mV.
Taking into account the ratio of half-waves ¢,=165 mV,
0,=83 mV, ¢, will depend on the position of the main axis
of the ellipsoid with respect to the applied field. In this case
cardiomyocyte is disposed perpendicularly to the vector of
the field intensity, and at N=0.6 the change of ¢,js less than
3%. Thus, the potential induced on a cell membrane is
practically independent on the site of application of elec-
trodes on the surface of intact heart, as has been observed
in an experiment.

Results and Discussion

Registration of impulse in solution.

Change of impedance of the external solution
greatly affects on performance of membranes break-
down. Therefore, during study of pulsed electric field
on biological membrane for the purpose of electropo-
ration it is necessary to record the intensity of elec-
tric field, duration and shape of the impulse, which
are formed in a cell suspension. To create a threshold
transmembrane potential of 0.3—0.5V, it is necessary
to form an electric field in a solution at a strength of
1000—2000 V / c¢m and duration of the impulse of
5-10 ms [3].

Forms of acting impulse of electric field are
shown in Fig. 1 a, b, ¢, and the resulting shape of
monopolar impulses in modulating solution is shown
in Fig. 1d. Values of transmembrane potentials Ag,
and potencials ¢, induced under the action of bipolar
impulse are shown in Table 1.

During holding experiments at the time of
application of pulsed electric field on the test sam-
ples in suspension the amplitude Um and the form of
impulse were registered directly in the solution. This
made it possible to control the induced transmem-
brane potential in each series of experiments. To
obtain an image of the electric impulse in solution,
high-impedance dividers and analog signal comput-
er-assisted processing program were deployed [17].
An example of a defibrillator impulse in a blood sus-
pension is presented in Fig. 1.

It is shown that the electric field across the vol-
ume was homogeneous. The differences of amplitude
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Besmuunbl TpAHCMEMOPAHHBIX TIOTEHIIUAIOB HA KapIMOMHUOIUTE NPH GUIOIAPHOM Je(UOPULIMPYIOIEM UMIYJIbCE.
Values of transmembrane potential on cardiomyocyte under bipolar defibrillated impulse.

Value )
Apy, mV ¢',mV ¢;,mV @i ,mV
Positive halfwave Apk -255 -90 165
AR 75 90 165
Negative halfwave Apk -7 -90 -83
ApR -173 -90 83

Note: Ap,, — transmembrane potencial on cardyomyocyte; Apk — transmembrane potential of left side of cardyomyocyte in the
moment of maximum of positive halfwave; ApR — transmembrane potential of right side of cardyomyocyte in the moment of maxi-
mum of positive halfwave; ¢ — resting potencial; g7 — induced potential of positive halfwave; ¢; — induced potential of negative

halfwave.

Ipumeuanue: Value — Besmuuna; Positive halfwave — nonoskurenbras monysosna; Negative halfwave — orpunarenbras nosysoJi-
Ha. A@,, — TpaHcMeMOpaHHbIA TOTEHIMAT Ha KapAnoMuonute; Agk — tpancMeMOpaHHbIil MOTEHIMA JEBOIT CTOPOHbBI KapAHOMKO-
[[MTa B MOMEHT MAaKCUMYyMa T10JOKUTEIbHON 110J1yBOJIHBL; AR — TpancMeMOpaHHBII MOTEHIMAI IPABOH CTOPOHBI KAPANOMUOIINTA
B MOMEHT MAKCUMYMa [OJOKUTEIbHOI MONYBOIHbL, ¢ — MOTEHIUAT [OKOS; ¢f — HABEJAEHHbIH TOTEHIIUAT OJI0KUTENbHON moJTy-

BOJIHDBI; (pT - IIaBEHeIIIIbIP’I IIoTeHIIruaJ OTpI/IHaTeJIbIIOﬁ MOJTYBOJIHBI.

neaupyorieM pactBope Ha puc. 1, d. Benmuuutb
TpaHCMEMOPAHHBIX A, U HABEJCHHBIX 0, IOTEHIH-
aJIOB TIPK JeHCTBUU OUIIOJIIPHOTO MMILYJIbCa TIPel-
CTaBJIEHBI B TabJIHIIE.

[Ipy mpoBeseHUN IKCIIEPUMEHTOB B MOMEHT
MOJIAYM UMITYJIBCHOTO 3JIEKTPUYECKOTO TIOJIST HA HUC-
ciretyemble 06pasIibl CYCIIEH3UU 1 ¢ TIOMOIIIBIO H3Me-
PUTENbHBIX UTOJIOK PerucTpupoBaiu amrmryay U,
u (HopMy UMITYJIbCa HEMOCPENCTBEHHO B PACTBOPE.
ITO J1aJI0 BO3MOKHOCTH KOHTPOJMPOBATH HaBe/IE€H-
HBII TpaHCMeMOPaHHBII TIOTEHIIUAT B KAsKI0i cepuun
OIBITOB. JIJIs1 OJTyYeH s N300PaKEH IS DIEKTPUIEC-
KOTO UMIIYJIbCa B PACTBOPE MCIIOJbH30BATU BBICOKO-
OMHBIE JIEJIUTENIN ¥ IPOrpaMMy 0OpabOTKH aHAJIOT0-
BBIX cuTHANI0B KommbioTepa [17]. [Ipumep nmiysibca
neubpUIIATOPa B CYCIEH3UM KPOBHU MPEACTABJICH
Ha puc. 1.

[TokazaHo, 4TO aIEKTpUUECKOE TIOJE IO BCEMY
06beMy OBITTO OAHOPOIHO. Pasinuust aMIUTUTY/IBI He
npesbiianu 3Hadenust ~10%, 4To onpenessiocs cym-
MapHOH MOTPENTHOCTHIO 9KCIepUMeHTa. TakuM obOpa-
30M, TIOTEHITHAJT TIOJIST TTa/1aJT TIPAKTIYECKU JIMHEITHO OT
aMeKTpozia K ayekTpoxy. CpaBHEHNE TeopeTHIecKoi
KPUBOI 3aBUCUMOCTU aMILIUTY/bI MMITYJIbCA OT CO-
MIPOTUBJIEHHS PACTBOPA C HKCIIEPUMEHTATTBHBIMU JIaH-
HBIME TIOKA3aJ10, YTO OTJIM4ust He TipeBbiain 20%.
Kak cireryer n3 akcriepuMeHTaIbHBIX JJAHHBIX, OCHOB-
Hasl 9acTh HANPSKEHMS TaJlaeT UMEHHO B PacTBOPE, a
HE «CaUTCs» Ha 9JEKTPOJAX, Yero MOKHO ObLIO Obl
OKMJIaTh MTPU TAKUX OOJIBIIIX HATIPSIIKEHUSIX.

ITpouecc mossipusanuu MeMOpaHbl KapIOMU-
OIIUTA, HAXOSIIErocst B TIOKOE, TIPH A€HCTBUN OUITO-
JISPHOTO UMITYJIbCA TIPEJICTABJIEH HA PUC. 2.

Ha puc. 2, a npencrasiena ¢hopma OUIIOISAPHOTO
UMITYJIbCA: TIIOCOM OTMeYeHa TTOJIOKHUTETbHAS TIOJTy-
BOJIHA, MUHYCOM OTMeUeHa OTPHUIIATeTbHAS IOy BOJTHA.
Ha puc. 2, b u ¢ npezcraBiieHo paciipesieJieHie TPaHc-
MeMOpPaHHBIX MOTEIUAIOB HAa KapAHOMUOIIUTE IPU
JEHCTBUI OUIIOJISIPHOTO UMITYJIbCA, A — MOJIOKUTEb-
Hasl TIOJTYBOJTHA, B — oTpuraresbaas mosyBosiHa, L —
JieBasi MOJIOBMHA KJIETKH, R — TipaBast 1oJioBUHA KJieT-

do not exceed the value of the amplitude of ~10%,
which was determined by the total error of experi-
ment. Threfore, the potential of thr field falled
almost linearly from electrode to electrode.
Comparison of theoretical curve of amplitude of
impulse from resistance of solution with the experi-
mental data showed that the differences did not
exceed 20%. As follows from the experimental data,
the main part of voltage drops in solution rather than
«sits» on the electrodes, which would be expected at
such high voltages.

The process of cardiomyocyte membrane polar-
ization at a rest under the action of bipolar pulse is
shown in Fig. 2.

Figure 2 shows a form of bipolar impulse: pos-
itive half-wave marked with a plus, whereas a neg-
ative half-wave marked with a minus. Figure 2b
and 2c¢ show the distribution of transmembrane
potentials on cardiomyocytes under the influence
of the bipolar impulse, A — positive half-wave, B —
negative half-wave, L — left side of the cell, R —
right side of the cell. Fig. 2 demonstrates induced
voltage ¢, resting potential ¢,, and membrane
potential, whereas Agp,, is a transmembrane poten-
tial of the cell, Ap} — transmembrane potential of
the right side, Ag,; — transmembrane potencial of
the left side of cardiomyocyte, when the positive
half-wave is at its maximum value. Fig. 2b demon-
strates the same values at the time of a maximum
negative half-wave. Under the action of a positive
half-wave on the myocardium (A) the left side of
myocyte is hyperpolarizing (A;), and the
myocyte's right side is depolarizing (Ay). Negative
half-wave (B) inverses polarization: left one is
depolarized (B;), and the right one is hyperpolar-
ized (Bg). Wherein, maximum of transmembrane
potential difference Ag,, for myocyte at rest is
defined by the equation:

Awm = A‘pr_A(pn (3)

Thus, if we assume ¢, equal to -90 mV, left side

is first hyperpolarizing to -255 mV (A,), and then is
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Puc. 2. Pacnpesenenne TpaHCMEMOPaHHBIX MOTEHINAJIOB HAa KapANOMHUOIMTE NPH J€HCTBAN OUIIOISPHOTO HMITYJIbCa.
Fig. 2. Distribution of transmembrane potential on cardyomyocyte under the influence of bipolar impulses.

Note: a — form of bipolar impulse, plus marks positive halfwave, minus marks negative halfwave; t, t, time of impulse, ms, Ag,,, trans-
mebrane potencial in the moment of maximum of halfwave, mV; b — distribution of transmembrane potential for positive halfwave: A;
— left side of a cell, Ag — right side of a cell, where ¢f — induced voltage of positive halfwave, ¢; — induced voltage of negative halfwave,
¢, — resing potential, Ag, — transmembrane potential in the moment of maximum of halfwave, Apl — transmembrane potencial of left
side, ApR — transmembrane potential of right side; ¢ — distribution of transmembrane potential for negative halfwave — B: By — left
side of a cell, Bg — right side of a cell.

Ipumeuanue: a — Hopma GUITOJIAPHOrO UMITYJILCA, IIIOCOM OTMEUEHA TTOJI0KUTEIbHAS OLYBOJIHA, MUHYCOM OTPUIATEIbHAS 0Ly BOJI-
Ha; t, BpeMsl UMITYJIbca, MC; A@,,, TPAHCMeMOPaHHbBIN MOTEHIMAT B MOMEHT MaKCUMYyMa MOJLyBOJIHbIL, MB; b — pacupesenerne TpatncMem-
GpaHHBIX [IOTCHIMAJIOB /LIS TIOJIOKUTEIBHON MOLYBOJIHbBL Ay — JIeBas MOJOBUHA KJIETKY; AR — I1paBast OJOBUHA KJICTKU; I/E o — Ha-
BEJIEHHOE HATPSKEHUE T10JI0KUTEIbHOI [OJIYBOJIHDL, @), — HABEJCHHOE HAIPSKEHUE OTPULIATEILHOI MOJLYBOJHDL, @), — HOTEHI[UAL
OKOsT; Ay, — TpaHCMeMOPaHHbIH MOTEHIMAT B MOMEHT MaKCUMyMa MOJyBOJIHbI, A@Lk — TpaHcMeMOpaHHbIH HOTEHIMAT JIEBOIT CTOPO-
Hbl, ApR — TpancMeMOpaHHbIi TOTEHIMAN IPABOIi CTOPOHBL; ¢ — PACIPE/IEICHUE TPAHCMEMOPAHHBIX [TOTCHIMAJIOB /sl OTPUIATEbHON

nosryBosiHbl — B; By — sieBas nosoBuHa kietky; By — 1paBast 10JI0BMHA KJIETKIL

ku. Ha puc. 2, a moka3anbl HaBeZIeHHOE HATIPSDKEHUE @,
HOTEHIMAJT TTOKOST 0, 1 TPAHCMEMOPaHHBII TIOTEHITHAI
A, Ha KJIIeTKe, A@.: — TpaHCMeMOPaHHBIN TIOTEHITHAI
JIEBOH CTOPOHBI, AL — TpaHCMeMOPaHHbIN TOTEHIH-
aJT TIPaBOM CTOPOHBI B MOMEHT MaKCUMyMa TIOJIOXKH-
TEJIHOM TIOJIYBOJIHBL, HA PUC. 2, b — B MOMEHT MaKCH-
MyMa OTpUIIaTeIbHON TOMyBOJHBL [Ipn geficTBum Ha
MUOKaP/I TIOJIOKUTETTBHON TIOTYBOJHBI (A) JieBast CTO-
poHa MHoIHTa rutnieprossipusyercst (A;), a mpaBas —
nerosisipusyetcst (Ag). OTpuraresbHast MOJTYyBOJHA
(B) BbI3BIBAaET OOPATHYIO MOJISIPU3AIINIO: JIEBAsT CTOPO-
Ha fiertosigpusyercs (B,), a mpaBast — Tumepnossipusy-
ercst (By). TIpu 9TOM MakCHMyM TpaHCMeMOPaHHOI
PasHOCTH MOTEHITNAJIOB /\@,, /IJIsI MHOTIATA, HAXO/ISIITe-
TOCSI B TTOKOE, OIPEJIE/ISIETCS YPABHEHUEM:

A<)DM=‘pH_()0H'

Taxum 06pa3oM, eCJIi CIUTaTh ¢, paBHbIM -90 MB,
JieBasi CTOPOHA BHAYAJIE TUTIEPIIOJISIPUBYETCS 110 -255 MB

depolarized to -7 mV (B,), whereas the right side is
first depolarizing to +75 mV (Ay), and then it is
hyperpolarizing to -173 mV (By).

In experiments [3] when applying these values
EO the most calculated transmembrane voltage
appearing at the hyperpolarization during the posi-
tive half-action, was equal to -255 mV. This voltage
might not be sufficient to break the membrane
because the value of the breakdown voltage for a
pulse duration of 10 ms is 400—600 mV.

The above facts provided reasons to believe
that under the influence of external fields on the
membrane at a tension 70—100 V /cm, the phenome-
non of direct electrical breakdown of membranes can
not yet be realized. For the occurrence of a direct
electric breakdown phenomena, the voltage should
be applied to the membrane at a greater than a cer-
tain value. This value of the voltage on the mem-
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(A,), a 3arem zrenossgpusyetcst fio -7 MB (B,), a mpaBast
CTOpOHA BHaYaJIe IenoJistpusyercs 10 +75 MB (Ag) u 3a-
TeM TuTepriossipusyercs 1o -173 mB (By).

B ombrtax mpu mojiade yKasaHHbIX BesnduH E,
HarboJIblllee PAacCUNTAHHOE TpaHCMEMOpPaHHOEe Ha-
MpsDKeHNe, BO3HUKAIOIIEe MPY TUTIEPTIOJISPU3AIAN
BO BpeMs JIEHCTBUS TOJOKUTENbHON TTOTYBOJHBI,
paBHsLIOCH -255 MB. ITO HampsuKeHre MOKET OKa-
3aThCsl HEAOCTATOYHBIM JIJIsT TPOGOst MEMOPaHbI, TaK
KaK BeJIMUMHA HAIIPSKEHUSE TIPOOOST IPU [TTHTEBHO-
ctu umityabca 10 mc cocrasisier 400—600 mB.

YkazaHHbIe Bbillle (haKThl AI0T OCHOBAHUE MTPe/I-
[0JIaraTh, YTO MPU BO3AECHCTBIM HA MeMOpaHy BHEII-
Hux noJiett 70—100 B/cM sBreHre TPSIMOTO 2JIEKTPH-
yeckoro mpo6osi  MeMmOpaH MOXKeT —elle  He
peanuzoBarbest. J1yisi BOSHUKHOBEHUS SIBJIEHUST TIPSi-
MOTO BJIEKTPHYECKOTO MPOOOsT HY;KHO, YTOOBI HAIPSI-
JKEHIe, MmojlaBaeMoe Ha MeMOpaHy, ObLI0 GoJIbIIe He-
KOTOPOTO 3HaueHWs. JTO 3HAYEHME HANPSIKEHUsS Ha
MeMOpaHe, IPU KOTOPOM IPOUCXOJNT 3JIEKTPUIECKUT
po0Oi, HasbIBAETCS KPUTHYECKUM HAMPSIKEHIEM
po6ost. Eciii HanpsikeHue, mogaBaeMoe Ha MeMOpa-
Hy, 60JIbIIIe KPUTHIECKOTO 3HAUEHUSI, TO Ha MeMOpaHe
IIPOUCXOHT MPOOOIL, U B Hell 06PasyoTcst MOPHL

I dexThl AEUCTBUS 2JEKTPUUECKUX T0JIEN OIl-
PENeJISTIOTCS. CIOKHBIMU  TIPOTIECCAMU, TIPOUCXO/IS-
UMY Ha MeMOpaHe 1pu JeiicTBum paspsa gaeduod-
puiisSTopa. Bo-TepBBIX, 9TO TOCJaen0BaTEIbHAS
TUTIEPIIOJIIPU3AITisl BHAUae OJHON CTOPOHBI, a 3a-
TEeM JIPYToii CTOPOHBI MeMOpaHbl. Bo-BTOPBIX, 9TO 0/1-
HOBPEMEHHAsI TIPOTUBOIIOJIOKHAS TOJSPU3AIs Ha
Pa3HBIX CTOPOHAX KJIETKHU, C OTHON CTOPOHBI TUTIEP-, a
¢ JIpyToii cTOpoHbI — fenossgpusaiun. [Ipu aTom Ha
MOBEPXHOCTH MeMOPaHbI KJIETKU B II€I0OM BO3HHKAIOT
BbIpa)keHHas TororpadudecKkas ¥ MOTeHI[MaIbHAS He-
PaBHOMEPHOCTH PaCIpe/ie/ieHHsT TPaHCMeMOPaHHOTO
noreHImamna (puc. 2). BHenrHee aseKTpryecKkoe ToJe,
JETOJIIPU3Yst MEMOPaHY € OIHOI CTOPOHBI KAPIHOMHU-
OIIMTA, MOKET TIPUKJIA/IBIBATHCS K BHYTPEHHUM CHUCTe-
MaM KJIETKU — CapPKOILIa3MaTHUECKOMY PETUKYJIYMY
MEO(GUOPHILIAM, HAPYIITast UX COKPATUTEIbHYIO (QYHK-
uio. B paccMoTpeHHOM TIpoliecce AEHCTBHS HA Kap-
JIMOMUOLIUT GUIIOJISIPHOTO UMITYJIbCA TIOJIOKUTETbHAST
U OTPHIIATEJIbHAS TIOJYBOJHA TIOOYEPETHO JIETTOJISIPH-
30BaJI COOTBETCTBYIONINE CTOPOHBI KJIETKHU, BbI3bIBAS
ee TIOJTHYTO JienoJistpusanuio (puc. 2).

Pesyubrat Bo3eiicTBusi Tpex (hopM UMITYJIbCA
HMITYJIbCHOTO 9JIEKTPUYECKOTO MOJISI HA CYCIIEH3UIO
PUTPOLUTOB.

Pesyabrar 1eficTBUS ABYX UMITYJIBCOB HE SIBJISI-
€TCsl YZIBOEHHBIM PE3YJILTaTOM BO3JIEUCTBUS OJIHOTO
nMITyIbca. Kak mokaspiBaeT KunetTudeckasi Kpunast 1
U TUCTOTPaMMa, TIPHU BO3/ICHCTBUY JIBYMSI UMITYJIbCA-
MW CKOPOCTb YMEHBIIEHUS YMCJTIa IPUTPOIUTOB
6OoJIBIIE IO CPABHEHUIO CO CKOPOCTHIO YMEHbBIICHIS
rocJie BO3IEUCTBUS OJTHOTO UMITyJibca. Kak mokasbi-
BalOT KMHETUYECKUEe KPUBBIE 2 U 3, TTPU BO3/IEHICTBUNU
JIBYMsI Pa3HOTIOJSPHBIMA HMITYJIbCAMH CKOPOCTb

brane, in which the electric breakdown occurs is
called «critical voltage of breakdowns. If the voltage
applied to the membrane exceeds a certain critical
value, breakdown of the membrane occurs and pores
are formed.

The effects of action of electric fields are deter-
mined by complex processes occurring in membrane
under the action of defibrillator. Firstly, its a serial
hyperpolarization of first one side and then the other
side of membrane. Secondly, this is a simultaneous
opposite polarization on different sides of a cell, with
one side of hyper- and on the other hand — depolar-
ization. Wherein on the surface of cell membrane as a
whole there are pronounced topographic and poten-
tial unevenness distributions of transmembrane
potential (Fig. 2). The external electric field, depolar-
izing membrane on one side of cardiomyocyte can be
applied to the internal systems of a cell — the sar-
coplasmic reticulum and myofibrils, altering their
contractile function. In the above process of effect of
bipolar impulses on cardiomyocyte the positive and
negative half-waves alternately depolarized relevant
parties of the cell causing its complete depolarization.

The result of influence of three forms of
impulse of pulsed electric field in erythrocytes sus-
pension.

The result of the exposure of two impulses does
not represent a double action of one impulse. As the
kinetic curve 1 and the histogram show, under action
of two impulses the speed of decrease of the number
of erythrocytes is higher than the speed of reduction
after exposure to a singleimpulses. As the kinetic
curves 2 and 3 shows that when membrane is
exposed to two different impulses of different polari-
ties, the rate of decreasing of number of erythrocytes
is higher compared to reduction of speed after expo-
sure to two unipolar impulses.

The graphs and the kinetic curves show that
when the membrane is exposed to two impulses of
different polarities, the number of erythrocytes
punch is greater than under the impact of two unipo-
lar or one single pulse.

Conclusion

Thus, the following processes are sequentially
realized under electrical heart defibrillation:

1. In a first phase, in 1—3 ms from the dis-
charge, the external electric field is applied to the
membrane of cardiomyocytes, hyperpolarizing its
negative side. Defibrillation occurring via the mech-
anism of electrical breakdown is possible. Since the
time of effect of the field on the cell is small, the
breakdown voltage must be significant, exceeding 3-
4-fold the threshold of defibrillation.

2. In a second stage, after the depolarization
occured, if the latter exceeded the time required to
homogeneously repolarize myocardial cells, after a
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Fig. 3. Kinetic curves (a) and effect of impact of different forms of impulses: monopolar impulse, two monopolar and two bipolar

impulses (b, Histogramm).
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BIUIMSAHUA UMITYJIBCHOTO SJIEKTPUYECKOTO I10JIA.

YMEHBIMEHUS YHCIa 9PUTPOIUTOB OOIDBINE TI0 CPaB-
HEHMIO CO CKOPOCTBIO YMEHDBIIEHH T10CJIe BO3/eHCT-
BU JIByMSA OJHOIOJISIPHBIMMU.

W3 rpadmkoB 1 KNHETHYECKIX KPUBBIX CJIEY-
€T, UTO TIPU BO3MENHCTBUN HA MeMOPAHDI IBYMsI Pa3-
HOTIOJITPHBIMI UMITYJTbCAMH, KOJTHYECTBO MTPOOUTHIX
OPUTPOIUTOB OKa3bIBAaeTCs OOJIbIIE, YeM IMIPU BO3-
JefcTBUM ABYMS OJJHONOJIAPHBIMU WU OJUHOYHBIM
VMITYJIBCOM.

3akjaoyeHue

Takum 00pasoM, IIpU JIEKTPUYECKOr peduod-
PUJLISIINN CEPJIA MOCJIEI0BATEIBHO PEaTN3yIOTCs
CJIeIyTOIITHEe TTPOIECCHI.

Ha mepBom atarre, B mepuon 10 1—3 Mc ¢ Mo-
MEHTa TO/IaUM Paspsi/ia BHEITHEE 9JIEKTPUUECKOE T10-
Jie IPUJIOJKEHO K MeMOpaHe KapIiOMUOIITa, THIIeP-
noJsisipusyst ee. [Tpu 9ToM Bo3MOKHA 1eDUOPUILIATIIS
[0 MeXaHU3My aJieKTpraeckoro mpodost. Ho Tak xax
BpeMsl JIENCTBUS TOJIST HA KJIETKY B I[EJIOM MaJio, TO
HalpsiKeHue 1po0ost J0JKHO ObITh 3HAYNTENbHBIM, B
3—4 pasza npeBbIIAIIAM TOPOr AeUOPUILISIININ.

Ha BTopowMm aTarte, 1mocJjie IenoJsipu3aliy, ec-
JIM OHA IIPEBBIIIAET BpeMsl, HeoOX0UMOe JIJIs IIPU-
BeJleHUs KJETOK MHWOKap/a B COCTOSIHWE aleKBaT-
HOU TOMOTEHHOI PENoIAPU3aIni, T0CIe 3a[€PKKA
300—500 mc cepaile BoccTaHaBIMBAaeT pPaboTy, T.e.
peayuayercs apdext aedpubpusisiyn. [Toporossie
U yMepeHHbIe Ha/ITOPOrOBble BEJUMYNHBI Pa3PsIoOB
CTOJb K€ 3((HEKTUBHBI, HO HE BBI3bIBAIOT CYIIECT-
BEHHBIX MOBPEXKIEHNN MUOKapaa. B atom ciyuae,

delay of 300—500 ms the restoration of heart activi-
ty occured, i.e. the effect of defibrillation was suc-
cessfull. Threshold and moderate pulse magnitudes
are equally effective but do not cause significant
damage to myocardium. In this case, presumably, the
main mechanism of cardiomyocyte membrane depo-
larization is initiated, and this defibrillation can be
considered as an optimal one.

The effects of electrical impact of a single, two
monopolar and two bipolar impulses are different, as
shown in experiments (Fig. 3). Non-additivity of
speeds at a double impact compared to single effect is
observed. A single impulse causes less effect of elec-
troporation than two double impulses. Two bipolar
impulses more likely cause an effect of electropora-
tion of biological membranes than two unipolar ones.

MO-BUINMOMY, Peann3yeTcsi MeXaHu3M JIeToJsipu-
3anuy MeMOpaH KapAnOMUOIIUTOB, M UMEHHO TaKast
neGUOPHILISAIINS MOKET CYUTATHCS ONTHMAIBHOI.

IPDEKTBI ATEKTPUUECKOTO BOBAEUCTBUS OJTH-
HOYHOTO, /IBYX OJHOMOJIIPHBIX W JIBYX Pa3HOIOJSIP-
HBIX UMITYJTbCOB PA3JInyaroTCs, YTO TOKA3aHO B 9KCIIe-
pumenrax (puc. 3). Habmongaercs HeajuTUBHOCTD
CKOPOCTe TIPU JIBYXKPATHOM JIEVCTBUM TI0 CpaBHe-
HUIO ¢ OIHOKPATHBIM. OJIMHOUHBIN UMITYJIbC BHI3bIBA-
eT MeHbINNI 3(hHeKT ATeKTPOTIOPAITNH, YeM /[BA IBOI-
HbIX. /[Ba PasHOMOJSIPHBIX UMITYJbca € OOJIbIIEi
BEPOSTHOCTBIO BBI3BIBAIOT 3(h(PeKT aseKTporropanun
OUOJIOTIYECKIX MeMOPaH M0 CPAaBHEHUIO C IBYMsI O/I-
HOTIOJISIPHBIMU.
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in Ischemic Brain Lesion: a Review
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0630p MOCBAIIEH OHOMY U3 HanboJIee N3BECTHDIX TIPEACTABUTENEl ceMelicTBa HepoTpoduyecknx (hakTopoB —
ocHoBHOMY (hakTopy pocta pubpobiaacros bFGE O6cyxnatorcs ero pynkimu B IIHC B HOpMe 1 11py natosioruye-
CKOM BO3/IEHCTBUH, HEKOTOPHIE MEXaHU3MbI HEHPOIPOTEKTUBHOTO ACHCTBYS, TepaneBTndeckuii nmoteniman bFGF
JUIs JiedeHust (DYHKIIMOHAIBHBIX M CTPYKTYPHBIX HAPYIIEHUE HEPBHOI CUCTEMBI TIPU UIIEMIH TOJIOBHOTO MO3Ta pas-
JIMYHOM 9THOJIOTUH, a TAK/KE TIPY HEHPOJIEreHepaTUBHLIX 3a00JIeBannaX. PacCMOTPEHbI a/IbTePHATUBHDIE CIIOCOODI
JIOCTaBKK 9TOTO OeJIKa K MOBPEKAECHHBIM 00JIaCTSM TOJIOBHOTO MO3Ta.
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UMMYHOZUCTOXUMUS

The review deals with basic fibroblast growth factor (bFGF), one of the most known representatives of the
family of neutrotrophic factors. It discusses its function in the central nervous system in health and disease, some
mechanisms of neuroprotective action, the therapeutic potential of bFGF for the treatment of functional and
structural disorders of the nervous system in brain ischemia of different etiologies, and in neurodegenerative dis-
eases. Alternative routes for delivery of this protein to injured cerebral regions are considered.
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BBenenne

Heifiporiporekius sBJsieTcst BA)KHON COCTaBJIS -
fo1ell HelipopeaHnMaIMOHHON MHTEHCUBHOW Tepa-
nuu. JlokazaHHBIM U OYEBUIHBIM HEHPOTPOTEKTOP-
HBIM JleficTBreM 06JaflaeT TOJBKO THIIOTEPMUS,
OpUYeM 9TO abCOTOTHO CTPABEIUBO TOJBKO LIS
MAIMIEHTOB C OCTAHOBKOM ceplia 1 HOBOPOKIEHHBIX
C WINEeMWYECKU-TUTIOKCUYECKUM TIePUHATAJIbHBIM
noBpekeHrneM mosra [1].

Cpemn 06MIMPHOTO TOJST UCCTEAOBAHUTH, TMO-
CBSIIIEHHBIX TOUCKY 2 MEKTUBHBIX CIIOCOGOB GOPh-
6L ¢ TTOCTTUTIOKCHYECKUMU DHIIeDATOTATUAMI, CY-
[IECTBYEeT MHOKeCTBO paboT, HampaBJIEHHBIX Ha

Introduction

Neuroprotection is an impotant component of
neurocare. Only hypothermia has demonstrated
proven and obvious neuroprotective potential. This
is absolutely true only for patients with cardiac
arrest and neonatal hypoxic-ischemic perinatal brain
injury [1].

Among numerous studies dedicated to search-
ing effective ways to fight posthypoxic encephalopa-
thy, there are many investigations dealing with vari-
ous neurotrophic factors (neurotrophins) and their
participation in the protection of neurons during
ischemic brain injury.
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U3yuyeHrne Pa3IuIHbIX HelpoTrpoduueckux ¢haxrto-
POB, X y4acTHs B 3alUTe HEHPOHOB TIPU UITEMUYe-
CKOM TIOBPEKJIEHUH FOJIOBHOTO MO3Ta.

HetipoTpoduueckne pakTopbl — 3TO SHIOTEH-
Hble OeJIKH, KOTOPBIE UTPAIOT CYIIECTBEHHYIO POJIb B
MoJI/Iep;KaHnM, BbUKUBaHUM W AnddepeHnnpoBKe
Pa3JINIHBIX HEUPOHAJIBHBIX OIS B PAa3BUBAIO-
eMest 1 3peiom Mosre. OHU HEOOXOAUMBI It HOP-
MaJbHOTO (DYHKIIMOHUPOBAHUS HEPBHON CHUCTEMBI,
YYacTBYIOT B BBICIIENl HEPBHOI JesATeabHOCTH. M3-
MEHEHUST YPOBHS HEHPOTPO(DUHOB CBSI3AHBI C PSIOM
HelipojiereHepaTUBHBIX 3a00JI€BaHII, TAKUX KakK (0-
se3ub Asbrreiimepa, 6osesnb ITapkuncona, xopes
XaHTuHTTOHA [2].

B uiccaeoBanusIx in vitro u in vivo OBLIO MOKa-
3aHO, UTO Helporpoduyeckre (GHaKTOPbl MOTYT OC-
JIabJISITh MOBPEsKAatoIee eHCTBIE UIIEMUH, a TAKKe
YYacTBYIOT B PernapaTuBHBIX TPOTECCaX, TAKUX KaK
aKCOHAJIbHAS pereHepalns, HelpoHAJIbHAS TIIaCTUY-
HOCTH ¥ Heiporenes [3].

B cBs3u ¢ atum npuMmeHeHne HepoTpodmIec-
KuX (haKTOPOB BeCbMa IMEPCIEKTUBHO JJIS TIPELy-
MIPEKACHUST W KOPPEKIIMY HAPYIIEHU!, BHI3BAHHBIX
ntemuen-pernepdysnei.

CemeiictBo paxkTopos pocra (pubpobiaacToB
(fibroblast growth factors — FGF) orHocuTcst K Heil-
porpodudeckuM (akTOpaM U MPEACTaBJseT coOOi
IPYTITYy MHOTO(MYHKITMOHATBHBIX CUTHAJIBHBIX MOJIe-
KYJI C caMbIM Pa3HOOOPasHBIM JIeCTBHEM. Y MJIEKO-
nurafonmx cemeiictBo FGF cocrout n3 22-x cTpyk-
TYPHO POJICTBEHHBIX GEJIKOB, KOTOPbIE YUACTBYIOT B
OpraHoreHese, peMoJIeTMPOBAHUN TKAaHU, KOHTPOJE
HEPBHOW CHUCTEMbI, aHTHOTE€HEe3e U PeryJnpPOBaHUN
obMeHa BelecTB. B 3aBucuMOoCTH OT criocoba aeicT-
BUsI, MEXaHU3Ma CEKPEIH U KOHEYHOTO OHOJIOTHYE-
ckoro pesdynbrata cemeiictBo FGF npemar na He-
ckoabKO mojcemeiictB. B moacemeiicteBo FGF1
Bxogat 6enku FGF1 u FGF2 [4]. OcHoBHoI (hakTop
pocra ubpobaactos — the basic fibroblast growth
factor (bFGF umu FGF2) nauboJiee pacipocTpaseH
B I[EHTPAJIbHON HEPBHOW CHCTEME 0 CPaBHEHUIO C
apyrumu uiexnamu cemeiictea FGF [5]. On mpen-
crasaster coboit nonmnernruzs 18kDa ¢ MOHBIM TPO-
duuecknM feicTBIEM Ha HEHPOHBI, TTUIO W 9HAOTE-
smmanbibie KiaeTkn. Kiowesoie dymkimu bFGF B
HEPBHOH cHUCTeMe CXOJHBI ¢ (PyHKIMSIMHI HEHPOTPO-
(unos. bFGF yuactsyer B Heliporerese, quddepen-
IIUPOBKE HEHPOHOB, TJINOTEHE3E, CTUMYJISIINI POCTA
akcornos. B nopme bFGF yuacTByeT B cuHamnTnyec-
KOIl IJTaCTUYHOCTH MO3ra M Ipolieccax 00ydeHust u
namsatu |5, 6]. Ilpu HelipoHAILHOM TOBPEKIEHITH
bFGF moBbimaeT BUKUBAEMOCTh HEHPOHOB, yIyd-
11aeT PEernOHAJIBHBIN MO3TOBOI KPOBOTOK W CIIPay-
TUHT HeWpOHOB (OT aHTJ. sprouting, T.e. «IIpopacTa-
Hue» akcoHoB) [7-10]. CmpayTtuHT — 2TO TIpoIlecc
BOCCTaHOBJIEHUSI B TieprdepniecKoil HepBHON CHC-
TeMe, XapaKTepPU3YyIOIUIics OTpacTaHMeM HOBBIX
BETBEH OT aKCOHOB HEPBHBIX BOJIOKOH, YTO 00YCIOB-

Neurotrophins are endogenous proteins playing
essential role in proliferation, differentiation, sur-
vival and death of neurons. Neurotrophins are indis-
pensable for normal functioning of the nervous sys-
tem and involved in activities of CNS. Quantitative
changes of neurotrophins have been shown to be
associated with a number of neurodegenerative dis-
eases including Alzheimer's disease, Parkinson's dis-
ease, Huntington's chorea [2].

In vitro and in vivo studies shown that trophic
factors may attenuate ischemic injury, also partici-
pate in brain repair-associated processes such as neu-
rogenesis, gliogenesis, oligodendrogenesis, synapto-
genesis and angiogenesis. Therefore the use of
neurotrophic factors seems very promising for the
prevention and correction of disorders caused by
ischemia-reperfusion.

The fibroblast growth factor (FGF) family is a
group of multifunctional signaling molecules pos-
sessing different activities. In mammals, the FGF
family is comprised of 22 structurally related pro-
teins with a wide variety of functions contributing
to organogenesis, tissue modeling, nervous system
control, angiogenesis and regulation of metabolism.
Although structurally related, FGFs exhibit diverse
modes of action, mechanisms of secretion and ulti-
mate biological consequences. The proteins have
been grouped into several subfamilies, each sharing
both genetic and functional similarity. FGF1 and
FGF2 belong to FGF1 subfamily [4]. The basic
fibroblast growth factor (bFGF or FGF-2) is most
common in the central nervous system [5]. It repre-
sents a 18 kDa polypeptide with potent trophic
effects on brain neurons, glia and endothelial cells.
Key functions of bFGF in the nervous system are
similar to the neurotrophins. They participate in
neurogenesis, differentiation, gliogenesis, stimula-
tion of neurite outgrowth. Normally bFGF is
involved in the synaptic plasticity of the brain,
learning and memory [5, 6]. In neuronal damage
bFGF improves regional cerebral blood flow and
sprouting of axons and survival of neurons [7—10].
In ischemic brain damage bFGF plays a pilot role.

Role of bFGF During Ischemia

Endogenous bFGF. Ischemia induces the acti-
vation of bEFGF expression. It was shown that in nor-
mal brain tissue bFGF is expressed at low levels but
several hours after focal cerebral ischemia the bFGF
protein levels are increasing in the peri-infarct brain
regions [11—13].

Immunohistochemical studies demonstrated
increases of bFGF expression in both striatum and
fronto-parietal cortex after focal cerebral ischemia
(2-hour middle cerebral artery occlusion — MCAQ)
and 24-h reperfusion [13]. Interestingly, in the stria-
tum bFGF-like immunoreactivity was mainly locat-
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JIMBAeT TJIACTUYHOCTD HEHPOHAIBHON TKaHU U (HOp-
MUPYeT MeXaHW3Mbl, y4aCTBYIOIINE B BOCCTAHOBJIE-
HUU HapyUIeHHBIX HEeBPOJOTHYECKUX (HYHKINM.
bFGF wurpaer BakHYIO POJIb IIPU UIIEMUYECKOM T10-
BPEKIEHNN MO3Ta.

Poab bFGF npu unemun

Auporennsiii bFGE. TIpu uiieMuueckoM BO3-
JEHCTBUM TPOUCXOAUT aKTUBAIUS 3JKCIPECCUU
bFGF. Tak, nanpumep, ObLIO II0KA3aHO, YTO B HOPME
B TKaHU TOJIOBHOTO Mo3sra yposerb bFGF 1oBosibHO
HU30K, HO y’Ke 4epe3 HECKOJIbKO YacOB TIOCTIe 0Yaro-
BOIl UIIEMUN €TO YPOBEHb PE3KO BO3PACTAET B MEPH-
uHbpapKTHBIX o6acTsax [11-13].

NMMyHOTUCTOXUMUYECKUE UCCIETOBAHUS BbI-
sIBUJIN TTOBbIIeHHe aKcnpeccut bFGF B crpuaTyme
U J1I00HO-TeMEHHOI Kope uepes 24-4 noce (PoKaib-
HOH 1iepeOpasibHOI uieMun (2-X 4acoBast OKKJIFO3HsI
cpenneir mosrosoii aprepun — MCAQ) [13]. UrTe-
PECHO, UTO B CTPUATYME B OCHOBHOM OBLITH HMMYHO-
PEaKTUBHBI aCTPOIUTHI, a B Kope — HelpoHbl. [Ipes-
MOJIATAETCs, YTO B CTPUATYME ACTPOIUTHI MOTYT
UTPaTh Ba)KHYIO POJIb B 3alllUTe HEHPOHOB, Bhipaba-
TbIBasl HOBbINIeHHOE KonuectBo bFGF; B T0o Bpems
KaK B KOpe HEIPOHbI, BEPOSTHO, TIPOSIBIISIIOT CBONCT-
BO camosaIuThl (self-repare), yBesmuusast BBIpabOT-
Ky 9TOTO OeJIKa.

C nomomipio Northern-blot-anamisa 6b10 BbI-
steriero mosbimene yposus bFGF MPHK u Gesrka
bFGF B kope 1 ruiImoKamIie Kpbic, IEPEHECIIINX HIlie-
MUYECKUN MHCYJIBT, BbI3BaHHbIM 60 MUH OKK/IIO3Ueil
[IPaBOil MOBTOBOM apTepry 1 OOIINX KAPOTUIHBIX ap-
tepuit. [Tpu atom yposetsb akcrpeccut bFGF MPHK
OCTaBAJICS TIOBBIIIIEHHBIM B TeUeHUE 2-X HeJleJIb MoCe
nntemuu [12]. C noMoubio pasHblX METOLOB (MMMY-
HOGJIOTTYHT, THOPUIMBAIINS i1 Sitil, UMMYHOTHCTOX M-
mus) uceaegosain sxcipeccuio bEGFE B Mosre B3poc-
JIBIX KPBIC 1Tocie (DOKaTbHOTO WH(pAPKTA, BBIZBAHHOTO
nepmarerTHOt MCAQO [11]. Uepes 1 cyTku ObLIO BbI-
stBIIeHO 4-x kpatHoe yBeamdenne bFGF MPHK B Tka-
HU, OKpYy’Katolei obracts nadapkra (mepunHbapKT-
Hag obsactp). Tubpuausanus in situ 1okasaja, 4To
POCT HKCIPECCUU TTPOUCXOIMI B HECKOJBKUX CTPYK-
Typax WICHIATEPATHHOTO MOJYIIAPHUsI, B TOM YHUCTIE B
JI0OHO-TEMEHHOM, BUCOYHOMN 1 MOSICHON KOPE, a TAKKe
B XBOCTATOM sijipe, OJIEZIHOM MIape, siipax Meperopo-
KU, TIpUJIeXKaIieM siipe, U O0DOHSTENBHOM OYTOPKE.
IMosbimennas axcnpeccuss bFGF MPHK B 11X
CTPYKTypax ObljIa CBsI3aHA C KJIETKaMM, MMEIOIIMU
OTYeTJIBble MOP(OJOTHIYECKIE MPU3HAKU acTPOT-
Jun. [Ipy IMMYHOTHCTOXUMUYECKOM KCCIIEOBAHUN
ObLI0 OOHAPYKEHO YBeJUYeHUEe pasMepa ¥ 4nciia
bF GF-uMMyHOpeakTUBHBIX SI/iep B 9THX CTPYKTYpax,
a TakKe MePeXo]l OT SJIEPHON K SePHO-IIUTOIIa3Ma-
TUYECKOW JIOKATM3AIM WMMYHOPEAKTHBHOCTH, Ha-
yuHas ¢ 1 cyToK, ocTuras mUKa K 3 CyTKaM Iocje
nmemnn. /[BoitHOE MMMYHOTHCTOXUMHWYECKOE OKpa-

ed in astrocytes, whereas in frontoparietal cortex
strong induction of bFGF-like immunoreactivity
was mostly observed in neurons. It is assumed that in
striatum, astrocytes may play an important role in
the protection of neurons via the overexpression of
bFGF; whereas in cortex, neurons probably exert an
autoprotection through expressing bFGFE.

Northern blot analysis showed an increase in
bFGF mRNA and protein bFGF within the ischemic
cortex and hippocampus of rats subjected to 60 min
ischemic insult induced by transient occlusion of the
right middle cerebral artery and both common
carotid arteries. bFGF mRNA remained elevated for
up to 2 weeks after the onset of reperfusion [12].

Northern blotting, in situ hybridization, and
immunohistochemical techniques were used to
examine bFGF expression in brain following focal
infarction due to permanent occlusion of the proxi-
mal middle cerebral artery in mature rats [11]. After
1 day a 4-fold increase in bFGF mRNA in the tissue
surrounding the infarct area (peri-infarction area)
was revealed. In situ hybridization showed that this
increase was found throughout several structures in
the ipsilateral hemisphere, including frontoparietal,
temporal, and cingulate cortex, as well as in caudop-
utamen, globus pallidus, septal nuclei, nucleus
accumbens, and olfactory tubercle. Increased bFGF
mRNA expression was associated with cells possess-
ing distinct morphological appearance of astroglia in
these structures. Immunohistochemistry showed an
increase in the size and number of bFGF-immunore-
active nuclei in these same structures, as well as a
shift from nuclear to nuclear plus cytoplasmic local-
ization of immunoreactivity beginning on day 1 and
peaking on day 3 after ischemia. Double immunos-
taining identified bFGF-immunoreactive cells as
astroglia in these structures. An exception was the
piriform cortex, in which both increased. bFGF
mRNA levels and increased bFGF-immunoreactivi-
ty were found in neurons on day 1 after ischemia.
Overall, the peak of increased bFGF expression pre-
ceded the peak in expression of the astroglial marker
GFAP within the ipsilateral hemisphere. Increased
bFGF expression may play an important role in the
glial, neuronal, and vascular changes occurring after
focal infarction.

Significance of bFGF in neuronal protection has
been shown recently in a rat model of cardiac arrest
[14]. Histological study revealed cerebellar Purkinje
cell death on the 7th day after resuscitation, as evi-
denced by a decrease in the total density by 13.2%.
Immunohistochemical study demonstrated that the
number of bFGF-negative Purkinje cells in resusci-
tated rats was reduced by 68.8%, and the total num-
ber of bFGF-positive cells did not differ from the con-
trol level. The number of moderately positive neurons
was reduced by 26.0%, while the number of strongly
positive Purkinje cells increased by 40.7%. We
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MIMBAHWE BBISBUJIO HAJIMYME UMMYHOPEKTUBHOCTU K
bFGF B kierkax acrporiuu. ckiouennem Oblia 11e-
pudopMHasg Kopa, B HEHPOHAaX KOTOPOil HabJrofaics
nosbirenbiit yposens bFGF MPHK u 6emka bFGFE
B nesom, ik sxcnpeccun bFGF npeaiecrsosas -
Ky aKcrpeccun actporamanbHoro mapkepa GFAP B
UTICUJIATEPATIBHOM TTOJTyTIapun. JTU JIaHHBIE CBHIE-
TEJIBCTBYIOT O TOM, YTO TOBBINIEHHAS JKCIPECCUS
bFGF MmoseT urparth BaKHYIO PONb B TIHATBHBIX,
HEUPOHAJILHBIX M COCYIUCTHIX N3MEHEHUSX, TTPOUCXO-
JISTIAX TTPA 04aroBOM MH(pApPKTe.

3nauenve bFGF g 3a1uThl HEAPOHOB HeAB-
HO OBLJIO MOKa3aHO U Ha MOJIEJIM BPEMEHHOI OCTaHOB-
kU cepana y kpoic [14]. Tucrosornaeckoe nccienona-
HI€ BbISIBIJIO THOEIb KIeTOK TTypKUHbE MO3KEUKa Ha
7-e cyTku noce peaHuMarui, O0 9TOM CBUIETEIBCT-
BOBAJIO CHYZKEHMeE UX obiiero uncaa Ha 13,2% B cpas-
HEHWW C KOHTPOJieM. VIMMyHOTHCTOXUMHUYECKOE HC-
ciefoBaHe ypoBHs akcrnpeccun Oenka bFGF
MOKA3aJI0, YTO Y PEAHUMUPOBAHHBIX KPBIC B CpaBHe-
HuK ¢ KourposeMm uncyio bFGF-neratuBHbIX KIeTOK
[Typkunbe cHiKasoch Ha 68,8%, a obiiee umciio
bFGF-1103UTHBHBIX KJIETOK HE OTJIUYAJIOCH OT KOH-
TPOJIBHOTO YPOBHSL. [Ipu aTOM UrCI0 yMEpEeHHO 031 -
TUBHBIX HEIPOHOB GbLIO yMeHblieHO (Ha 26,0%), a
YUCJIO CUJIBHO TTO3UTUBHBIX KJIeToK [TypkuHbe yBesu-
yerno (Ha 40,7%). Y4uTbiBas MOJy4YeHHbIE TaHHBIE,
MOJKHO 3aKJIIOUYUTD, UYTO Y PEAHUMUPOBAHHBIX JKIBOT-
HBIX TPOMCXOANI «IEPEXO» CIab0 HKCIPECCUPYIO-
MIUX KJIETOK B KATETOPUIO CUITBHO KCIIPECCUPYIOTITHUX,
BCJIEJICTBIE Yero ypoBeHb sKkcrpeccurt y bFGF B mo-
myJistin Kietok [IypkuHbe BozpacTtasi. JTH JTaHHbIE
MO3BOJISTIOT TIPE/IIIOJIOKUTD, UYTO BBIMAJEHNE HEHPO-
HOB B ITOCTPEAHUMAIIMOHHOM TIEPHOJIE CBSI3aHO C TI0-
tepeil bFGF-HeraTuBHBIX, T.e. He 9KCIPECCUPYIOIINX
bFGE, neiiponos. CiegoBaTebHo, CIOCOGHOCTD Hell-
ponos K akcipeccun bFGF asiistercs BaxHbiM (hakTo-
POM HX YCTOWIMBOCTH K UIIEMUHU-PETephy3nn.

B 110163y 9TOTO TIPEATIONOKEHUS CBUIETENBCT-
BYIOT W JaHHbIE, TIOJYyYeHHbIE HA JPYTUX MOJENSIX
umemun. Tak, cHukeHue yposHs akcripeccun bFGF
B cekTope CA1 rumnmokamiia mocje BpeMeHHOH ullie-
MHUE TEPEIHEr0 MO3Ta COIPOBOKAAIOCH THOETBIO
nmupamMuAHbIX HeliponoB [15]. Ha monenn 2-x yaco-
Boit aBycTopornHeil MCAQ y Kpbic OBLIO TIOKA3aHO,
YTO BHYTPUBEHHOE BBEJIEHUE aHECTETHKA TTPOTTOhO-
Jia 1o pernepdysur MPUBOAUT K YMEHbIIEHHIO 00be-
Ma MH(paAPKTa U 0TEKA MO3Ta, & TAKKe HEBPOJIOTHYeC-
koro gedurura. [Tpu atom skcnpeccus bFGF MPHK
n 6enka bFGF B 06acTsIx, OKPYKaloNix 30HY WH-
(apxTa, y Kpbic ¢ BBe[eHUEeM mpottodoia Oblia Bbl-
1re, 4YeM y JKUBOTHBIX ¢ BBeleHueM 1uraiebo [16]. C
aktuBanueit skcnpeccun bFGF, a takke psia apy-
rux ¢akropos pocra (IGF1, TGFbetal, EGF and
PDGF-A), cBA3BIBAIOT U MOJOKUTENbHBIE 9D(DEKTHI
UIIEMUYECKOTO TTPeKOHANIIMoHnpoBanud [17]. 3ua-
yuMocTb aHoredHoro bFGF npu uiiemun roosHo-
ro mosra (MCAQ) Oblia MpOJEMOHCTPUPOBAHA Y

assumed that the «transition» of poorly expressing
cells to the category of strongly expressing occurred
in resuscitated animals that resulted in increased
bFGF expression in the Purkinje cell population.
These data suggested that the loss of neurons postresus-
citation associated with the loss of bFGF-negative,
i.e., not expressing bFGF, neurons. Consequently, the
ability of neurons to express bFGF is important for
their resistance to ischemia-reperfusion.

This assumption evidenced by data obtained in
other models of ischemia. Thus, the reduced expres-
sion of bFGF in the hippocampal CA1 sector follow-
ing transient forebrain ischemia was accompanied by
pyramidal neurons loss [15].

In a bilateral carotid artery occlusion model in
rats anesthetic propofol was shown to reduce infarct
volume, cerebral edema, and neurological deficits.
Expression of bFGF mRNA and protein bFGF in
peri-infarcted areas in rats with administration of
propofol was higher than in animals with administra-
tion of placebo [16]. Positive effects of ischemic pre-
conditioning were also associated with activation of
the expression of bGF as well as other growth factors
— IGF1, TGFbetal, EGF and PDGF-A [17]. The
importance of endogenous bFGF in cerebral
ischemia (MCAQ) was demonstrated in mice with
null mutation of the bFGF gene [18]. bFGF knock-
out mice have higher mortality and increased infarct
volume versus wild type littermates.

Exogenous bFGF. Tt was shown that exogenous
bFGF improved the structural and functional brain
state after ischemia [19—21]. Fujiwara et al. [22]
evaluated effects of grafting encapsulated bFGF-
secreting cells in rat brains 7 days prior to permanent
right MCAO. The authors found that the infarct vol-
ume in the group with transplantation was reduced
compared to control. The number of apoptotic cells in
the penumbral ischemic zone also decreased.

Infusion of bFGF into the common carotid
artery after left MCAO in rats resulted in a signifi-
cant decrease in infarct size and increase in cerebral
blood flow [10]. Intraventricular infusion of recom-
binant adenovirus vector expressing bFGF on day 2
after after focal cerebral ischemia in rats reduced
infarct volume and improved neurological function
[20]. bFGF injection to rats with MCAO improved
neurological recovery and promoted the preserva-
tion of cholinergic neurons in the hippocampus [21].

Together, the data provide the evidence that
bFGF is important for neuroprotection suggesting the
bFGF as crucial target gene for developing new thera-
peutic strategies in brain ischemia.

The Mechanisms
of bFGF Neuroprotection

Positive effects of bFGF are related to its abili-
ty to inhibit the activity of pro-inflammatory factors
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MbITIel ¢ HymeBoit myTarmeit rena bFGF [18]. Oxka-
3aJ10Ch, uTO ¥ bFGF-HOKayTHBIX MBIIIEH 110 CpaBHE-
HUIO C MBIIIAMK JIMKOTO THIA ObLIa BBIIIE CMEPT-
HOCTB 1 OOJTBITTE Pa3MepPh! 0OTacTH HH(pAPKTa.

Ix3orennsiii bFGFE. [Tokasano, 4To 9K30TeHHOE
BBesierrie bFGF yayuinaer crpykTypHO-(DYHKIINO-
HajJbHOE cocTosinue Mo3ra Iocie uiemun [19-21].
Fujiwara et al. [22] npoBeseHo uccienoBaHue st
orleHKN adderTa mepecasiki WHKACYJIUPOBAHHBIX
bubpobaactos, cexperupyonux bFGF, B Mo3r kpbic
3a 7 cyrok g0 npasocroponreiit MCAO. O6Hapyske-
HO, 4TO 00beM MH(APKTA B IPYIIIE C TIEPECAAKON ObLI
CHWKEH 10 CPaBHEHWIO ¢ KOHTPOJIBHBIMU TPYIIIAMU.
Takske yMEHBITIAJIOCh YMCJIO AMONTOTHYECKUX KJle-
TOK B 30HE UIIEMUYECKOI MOy TEHN.

Beenenne bFGF B KapoTHIHYIO apTepuio Io-
cJie OKKJIFO3UU JIEBOW CPe/HENl MO3TOBON apTepuu y
KPbIC TIPUBOJUIO K 3HAUUTETHLHOMY YMEHbBIIEHHTO
30HBI MH(MAPKTA U K YBEJIUYEHUIO MO3TOBOTO KPOBO-
toka [10]. BayTpuskemyioukoBoe BBeZieHNE acCOIN-
upoBaHHoro ¢ ajgeroBupycom bFGF uepes 2 4 mocie
0YaroBO#l MIIEMUN MO3Ta TaK:Ke CHIIKATIO pasMephl
oyara MOPKEHWsS 1 YJIydIIaJo HEBPOJOTUIECKYIO
dyukimio y kpoic [20]. Uaneknus bFGF kpoicam,
MepeHeCIIM UIIeMUI0 (IBYCTOPOHHSS OKKJIIO3MS
OOIIMX COHHBIX apTepuii) yJIydlliaja HeBPOJOrnIec-
KO€ BOCCTAHOBJIEHUE 1 CTIOCOOCTBOBATIA COXPAHEHUTO
XOJIMHEPTUUEeCKUX HEWpPOHOB Tummokamma [21].
[IpuBesieHHbIe BBIlIE JaHHBIE CBUAETEIHCTBYIOT O
HelponpoTeKTUBHBIX cBolictBax bFGE

Mexanu3Mbl HeHPONPOTEKTUBHOTO
nericreua bFGF

[MosutusHbIie ad et bFGF cBasbiBatoT ¢ ero
CIIOCOGHOCTHIO MHTHOUPOBATh AKTUBHOCTD TIPOBOCIIA-
JINTEJbHBIX (DaKTOPOB [23], a TakkKe YCUIMBATH HEH-
porenes CTBOJIOBBIX KJIETOK ItocJse uiemuu [19, 24].
IMomaratot, uro bFGF criocobcTBYeT BOCCTAHOBJIEHIIO
MO3Ta TIocjIe UIIeMUH, YBeJNUNBas Mposndepariro
HEPBHBIX CTBOJIOBBIX KJIETOK 1 UX TU(hHEPEHITNPOBKY
B HEHPOHBI, aCTPOIUTHI U oJurofaeHAporuTel. bFGF
UTpaeT BKHYIO POJIb B KOMITEHCATOPHOH DPEeaKITIH
«self-repair» pu TpaBMe U MIIEMUH TOJIOBHOTO MO3Ta
1 y4acTBYeT B BOCCTAaHOBJIEHUU MMOBPEKICHHON TKAHN
[25]. C kmmHnYecKoil TOUKN 3peHust, er0 BhIpasKeHHast
POJIb B TTO/IZIEPsKAHIH TIOBPEK/IEHHBIX HEMPOHOB (Ha-
[IPUMEP, MOCJIe UIIEMUH WJIN TIEPEPE3KU HEPBHBIX BO-
JIOKOH) MMeeT ocoboe 3Havenne. [Ipu nccrenoBanun
MEeXaHU3MOB, JIeKAITUX B OCHOBE HEMPOTPODUIECKO-
ro u 3amuTHOro AeiictBust bFGF, 6b110 ycTaHOBJIEHO,
YTO OH CTAaOUIM3UPYET BHYTPUKJIETOUHBIN TOMEOCTa3
MOHOB KaJIbIIUs, aKTUBUPYET aHTUOKCHIAHTHBIE (hep-
MEHTBI U CHIDKAeT IJIyTaMaT-0loCPe/IOBaHHYTO 9Kcali-
ToTOKCHIHOCTD [26]. TTokasano, uto bFGF mogasstet
akcrnpeccrto perienrtopoB NMDA, ymenbInaer usObi-
TOYHOE HAKOIIeHNe BHYTPHUKJIETOUYHOTO KaJbIINS W
cBOOOHBIX paznkanos [7-10]. 3amuTHble cBOiiCTBA

[23], as well as enhance stem cell neurogenesis after
ischemia [19, 24]. Tt is believed that bFGF promotes
recovery after cerebral ischemia, increasing prolifer-
ation of neural stem cells and their differentiation
into neurons, astrocytes and oligodendrocytes.
bFGF plays an important role in the <self-repair»
responses that follow injuries such as trauma and
brain ischemia and that bFGF contributes to the
repair of damaged tissue [25]. From a clinical stand-
point, its pronounced role in maintaining damaged
neurons (e.g., after ischemia or nerve fibers transec-
tion) has aspecial significance.Studies of mechanisms
underlying the protective and neurotrophic action of
bFGF have revealed that bFGF stabilizes intracellu-
lar calcium homeostasis, activates antioxidant
enzymes and reduces glutamate excitotoxicity [26].
It inhibits the expression of NMDA receptors,
reduces excessive accumulation of intracellular calci-
um and free radicals [7—10]. The protective proper-
ties of bFGF are also associated with its ability to
inhibit the activity of inflammatory factors [23] and
to enhance neurogenesis [19, 24].

Some other neurotrophic factors may be media-
tors of bFGF neuroprotective action [9, 18]. Using
glutamate-treated cultured hippocampal neurons
Lenhard et al. [9] have shown that bFGF shares its
neuroprotective capacity with glia-derived neu-
rotrophic factor (GDNF). Hippocampal neurons
express GDNEF, its receptors c-Ret and the lipid-
anchored GDNF family receptor-alphal (GFRalpha-
1), and the bFGF receptor 1 (FGFR I). bFGF pro-
tected neurons from excitotoxic action of glutamate.
Thus neutralizing antibodies to GDNF abolished the
neuroprotective effect of bFGFE. bFGF up-regulated
GDNF and GFRalpha-1 in hippocampal neurons that
caused enhanced phosphorylation of c-Ret and the
signaling components Akt and Erk. It is believed that
a putative downstream target of bFGF and GDNF
are bel-2 gene family members, whose mRNAs are dif-
ferentially up-regulated by the two factors.

It was found that activation of PI3K/Akt sig-
naling pathway protects the brain from ischemic
injury by inhibiting the expression of genes involved
in vascular permeability, apoptosis and inflammation
[27-29]. Akt blocks BAD and Bax translocation
across the mitochondrial membrane, thereby pre-
venting release of mitochondrial cytochrome C and
caspase activation [29, 30]. Akt substrate was identi-
fied as proline-rich Akt substrate (PRAS). Its inter-
action with Akt can inhibit the process of apoptotic
death of neurons induced by focal cerebral ischemia
[31]. There was no activation of brain-derived neu-
rotrophic factor BDNF expression and its receptor
TrkB in the hippocampus during cerebral ischemia
(MCAO) in mice with deletion of the bFGF gene
[18]. This caused higher mortality and a large infarc-
tion area in bFGF-knock-out mice versus wild type
littermates.
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bFGF c¢Bs3bIBAIOT TaKKe € €ro CIOCOGHOCTBIO WHTH-
O6UPOBaTh AKTUBHOCTH BOCHATUTENBHBIX (DAKTOPOB
[23], a Takke akTuBU3UpOBaTh HeliporeHes [19, 24].

MenmnaTopamu HEMPOTIPOTEKTUBHOTO JIEHCTBUS
bFGF moryT ObITh HEKOTOPBIE APYyTHe HEUPOTPOPH-
yeckue (akropsl [9, 18]. Lenhard et al. [9] Ha obpa-
6OTaHOIT rTyTaMaTOM KYJIBTYPe HeHPOHOB THITIIOKAM-
na TOKa3aju, 4TO TJIMAJIbHBI HEHPOTPO(hUIeCKUii
¢axrop GDNF omocpenyer HellpompoTeKTHBHOE
neiicrue bFGFE. Hellponbl ruiinokamiia aKCIpeccu-
pytor GDNF, ero pemnernrropsi ¢-Ret u GFRalpha-1, a
takxe perenrop bFGF (FGFR1). bFGF szawmuian
HENPOHBI OT IKCAUTOTOKCUYECKOTO JIEHCTBUS TIyTa-
Mmarta. [Ipu atom anturena k GDNF ormensiim veiipo-
nporekrusHbiil et bFGFE Bsenenue bFGF mpu-
Boamo K yBesmyeHuto yposass GDNF u GFRalpha-1
B HEIPOHAX TUMTIOKAMIIA, YTO B CBOIO OUEPEIb BBI3bI-
BaJI0 noBbineHHoe ¢pochopunnposanue Genka C-Ret
U CUTHAJIbHBIX KOMIIOHEHTOB HpoTenH-kuHa3 Akt u
Erk. ITonarator, uro Mumensio aiasa bFGF u GDNF
SIBJISIOTCS WiieHbl cemelictBa Bel-2 renos, skcrpec-
CHsI KOTOPBIX WM30HMPATeJbHO IMOBBIIIAETCS ITUMU
nByMsi (hakTOpaMu. YCTaHOBJIEHO, YTO aKTHBAIUS
PI3K/Akt curHampbHOTO MyTH 3alIUIAET MO3T OT
HIIEMUYECKOTO TIOBPEKACHUS MyTeM WHIHOMPOBa-
HUS 9KCIPECCUH TE€HOB, OTBEYAIOIINX 32 MPOHUIIAE-
MOCTB COCY/IOB, alonTo3 U BocnaieHue [27-29]. Akt
6sokupyer Tparcirokannio BAD and Bax uepes mem-
OpaHy MUTOXOH/IPU, TeM CaMbIM ITPEAOTBPAIasi Bbl-
cBOGOKIEHIE MUTOXOHAPHAIbHOrO 1nToxpoMa C u
aktuBaiio Kacras [29, 30]. Beur BeisiBiieH cyGeTpat
Akt — proline-rich-Akt substrate (PRAS). Ero B3au-
Mmozeicreue ¢ Akt MokeT MHrHOMPOBATDH IPOLECC
AlONTOTUYECKOM THOeIN HeHPOHOB, BbI3BAHHON (O-
KaJIbHOM uilleMueli rososHoro mosra [31]. Borsasaeno,
qT0 y Mbliieil ¢ geerneii reia bFGF [18] He nipouc-
XO/IUT aKTUBAIUU HKCIIPECCUU MO3TOBOTO HEHPOTPO-
(puueckoro dakropa BDNF u ero penenropa TrkB B
TUNIIOKAMIIe TIPU  WINEMUW TOJOBHOTO MO3Ta
(MCAO). C a1uM cBsi3aHa, 110 MHEHUIO aBTOPOB, 60-
Jiee BBICOKAasi CMEPTHOCTh ¥ OOJIbINast IJIOMIaAb UH-
(hapkTa y HOKayTHBIX MBIIIEN MO CPABHEHUIO C MBbI-
ITaMU JIMKOTO TUTIA.

Kak ObLJI0 yCTAaHOBJIEHO paHee, CIIOCOGHOCTD K
skcnpeccun 6exkoB BDNF u GDNF gasiasercs dak-
TOPOM, TIOBBIIIAIOIIEM YCTOHYUBOCTh HEMPOHOB I'M-
6enm B moctuneMuueckoM mepuoze [32, 33]. Toay-
YeHHble AaHHbIe NokasbBaioT, yto BDNF u TrkB
MOTYT 6BITh TeHamu-mutiersivu 1715t bFGF 1 Bmecte
¢ GDNF onocpeznosars sauurhoe jeiicrsue bFGF
Ha KJIETKU TOJIOBHOTO MO3Ta.

Poub bFGF B Heiiporenese

M3BecTHO, YTO CTBOJIOBBIE/TIPOT€HUTOPHDIE
kietku coxpansiorcs B [IITHC B3pocioro opranmsma.
B 3pestom Mo3re HeliporeHes IpOUCXOAUT B ABYX 00-
JIACTSX, @ UMEHHO, CYOBEHTPUKYJISIPHOI 30He (sub-

As stated previously, the capacity for proteins
expression of BDNF and GDNF is a factor that increas-
es the resistance of neurons to death in postischemic
period [32, 33]. These data indicate that BDNF and
TrkB as target genes for bFGF in concert with GDNF
may mediate protective effect of bFGF in brain cells.

The Role of bFGF in Neurogenesis

It is known that stem/progenitor cells reside
throughout the adult CNS. Neurogenesis occurs in
two regions of the adult brain, namely, the subven-
tricular zone (SVZ) throughout the wall of the later-
al ventricle and the subgranular zone (SGZ) of the
dentate gyrus (DG) in hippocampal formation.
Adult neurogenesis requires several neurotrophic
factors to sustain and regulate the proliferation and
differentiation of the adult stem cell population.
Mudo al. [34] examined the cellular and functional
aspects of a trophic system mediated by bFGF and
its receptors (FGFRs) related to neurogenesis in the
SVZ and SGZ of the adult rat brain. In the SVZ
bFGF expressed in GFAP-positive cells (i.e. mature
astrocytes), but not in proliferating progenitor cells,
which express receptors FGFR1 and FGFR2.
Apparently, astrocytes produce bFGF, which in turn
acts on the proliferating progenitor cells. With aging,
their proliferation in the SVZ and SGZ reduced. The
authors believe that this may be due to alterations of
fibroblast growth factor levels. The trophic system
mediated by bFGF and its receptors contributes to
creating micro-environmental niche that promotes
neurogenesis in the adult and aged brain [34].

It has been found that neurogenic capacity is
enhanced following traumatic brain injury and brain
ischemia. For example, focal brain ischemia causes
proliferation of neural progenitors in the SVZ and
SGZ and neurogenesis in the peri-infarcted cortex of
monkeys and rats [35, 36]. Therefore, the adult brain
has the inherent potential to restore neuronal popu-
lations lost in injury. This raises the possibility of
developing strategies aimed at harnessing the neuro-
genic capacity of these regions to repair the damaged
brain. One strategy is enchancing neurogenesis with
mitogenic factors.

Since bFGF is a potent stem cell mitogen, its
role in neurogenesis during brain ischemia is inten-
sively studied [8, 19, 37, 38].

To determine the effect of bFGF on the prolifer-
ation and differentiation of neural stem cells after
cerebral ischemia-induced cellular changes, a model
of bilateral occlusion of the carotid arteries in the
SVZ of 3-day-old rats was deployed [8]. It was found
that the number of proliferating cells in rats following
administration of bFGF increased compared with
control animals with no bFGF administration. In this
study, bFGF also promoted differentiation of stem
cells into neurons, astrocytes and oligodendrocytes.
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ventricular zone — SVZ) creHKH OOKOBOTO JKery-
JI0uKa 1 cyOrpany sipHOi 30He (subgranular zone —
SGZ) sy6uaroii ussuiutsbl (dentate gyrus — DG) B
runnokamrie, [Tpu HeliporeHese TpebyeTcst HECKOJIb-
KO HelipoTpodudecknx GakToOPOB s TOEPKAHUS
U peryaupoBaHus nposudepanu u auddepeHtm-
POBKHU TOMYJISAIMKE CTBOJIOBBIX KJETOK. B pabore
Mudo ap. [34] paccMOTpeHBI KJIeTOUHBIE U (DYHKIIN-
OHAJIbHBIE ACTIEKTH TPODUIECKON CUCTEMBI, OTIOCPE-
nosantoil bFGF u ero penenrropamu (FGFRS), cBa-
3aHHble ¢ HeliporeHe3oM B SVZ u SGZ wmosra
B3pociioit kpeickl. B SVZ bFGF akcnipeccupyercs B
GFAP-11o3uTuBHBIX KJeTKaxX (T.e. B 3PEJIBIX acTpo-
1IATax), HO He B Mposndepupyomnx KiIeTKax-1mpej-
NIECTBEHHUKAX, KOTOPbIE IKCIPECCUPYIOT PEIENTO-
pet FGFR1 u FGFR2. Ilo-Bumumomy, MMeHHO
actpouuTsl BhipabarbiBatoT bFGFE, koTopbIii B cBOIO
ouepesib JAENCTBYeT Ha PO epupyoniue KIeTKu-
npesirecTBeHHUKH. C BO3pacToM UX MpoJindeparius
B SVZ u SGZ cumxkaetcs. 1lo MHEHITIO aBTOPOB, 9TO
MOKeT OBITh CJIEICTBUEM H3MEHEHWil YPOBHS 9KC-
npeccun pakropa pocra pubpodiaacros. Tpoduuec-
Kas cuctema, onocpegosantast bFGF u ero penernro-
pamu, crocobceTByeT (OPMUPOBAHUIO YCJIOBHIA,
obecrieunBaroNIMX HelporeHes B 3pesioM Moare [34].

OG6HapysKeHo, 4TO CIIOCOOHOCTH K HEliporeHesy
MOBBIIITAETCS MTOCJIEe TPABMATUIECKOTO TIOBPEKIEHUS
TOJIOBHOTO MO3Ta, a TaksKe mocJjie uinemMun mosra. [1o-
Ka3aHo, HaIpuMep, 4To (hOKAJbHAS UIIEMUS MO3Ta
BBI3BIBAET MPOJIH(epaInio HePOHAJIBHBIX TIPOTEHM-
TopoB B SVZ 1 SGZ u Heiiporenes B repunHpapKT-
HOH Kope Kpbic 1 00e3bsH [35, 36]. CiemoBaresibHO,
3peJIbIii MO3I MMeET BHYTPEHHWI MOTEHIIUA IS
BOCCTAHOBJIEHUSI HEWPOHANbHBIX momysasmuid. C
STUM IIPEAIIOIOKEHIEM CBsI3aHa Pa3padoOTKa cTpare-
Ui, HAITPABJIEHHBIX HA YCUJIEHNE CIIOCOOHOCTH JIaH-
HBIX 00JIacTell K perapaiuu HOBPEKIEHHOTO MO3Ta.
OnHOI U3 TaKUX CTPATErnil ABJSIETCS yCUuIeHne Helli-
poreHesa ¢ TOMOIIHI0O MUTOTEHHBIX (DAaKTOPOB.

B c¢Bs3u ¢ tem, uto bFGF gBiigerca MUTOreHoM
11t cTBosIoBBIX KieTok ITHC, ero posh B HeliporeHe-
3€ MPU UIIEMUN TOJIOBHOTO MO3Ta aKTUBHO UCCJIEY-
erca [8, 19, 37, 38]. Tak, nns nsyueHus nencTBUS
bFGF Ha nposudepaiuio u auddepeHInpoBKy
HEPBHBIX CTBOJIOBBIX KJETOK TIOCJTE WITEMUU MO3Ta
nccJeoBaJIN KJIeTOYHble u3MeHeHusT B SVZ 3-x
JTHEBHBIX KPBICAT ¢ OUJIaTepaibHON OKKJIO3MEN Ka-
porunsbix aprepuii [8]. Oxazanock, 4TO YUCIO TPO-
JuGepUpPyONUX KJIETOK y KPBICSAT C BBeJEHHEM
bFGF yBenmumBaioch 1o CpaBHEHUIO ¢ TPYIIIOit Ge3
seesienuss bFGE. bFGF rakske ciioco6ersoBan aud-
(bepeHITMPOBKE CTBOJIOBBIX KJIETOK B HEHPOHBI, acT-
POIUTBI U oJuroeHaAponuThl. [Tokazano, 4To BHYT-
pukenynoukosast nHgpysus bFGF B teuenue 7 queit
MocJie TPaBMbl TOJOBHOTO MO3Ta Y B3POCJBIX KPbIC
yBemunBasia mposmdepanuio kiretok B SVZ u DG
[37]. CymecrBenno, uro ycusienue HeliporeHesa c
nomoIibio bFGF yckopsisio BocCTaHOBJIEHIE KOTHI-

Intraventricular infusion of bFGF for 7 days
immediately following traumatic brain injury in adult
rats increased cell proliferation in the SVZ and DG
[37]. Additionally, animals infused with bFGF showed
significant cognitive improvement. In another study,
rats with permanent MCAO were administered with
the adenovirus encoding bFGF directly to the damaged
area [19]. This resulted in increased bFGF expression
in the damaged area, raising the number of proliferating
cells in the SVZ, corpus callosum, and peri-infarction
zone, and led to improved motor behavior in rats.
Studies have found that the progenitor cells first divid-
ed in the SVZ, then migrate into the infarct zone, where
they continue to divide for a long time (90 days).

Considerable importance is the question of
whether bFGF retains capability to enhance neuro-
genesis in the aged ischemic brain. Since stroke in
human is much more common in older people than
among younger adults, addressing this problem is
most clinically important issue in elderly.

Neuroprotective properties of bFGF depend on
the age. In a study by Won et al. [38] aged (24-month-
old) rats were treated with intracerebroventricular
infusion of bFGF or vehicle for 3 days, beginning 48hr
before (pre-ischemia), 24 hr after (early post-
ischemia), or 96 hr after (late post-ischemia) 60 min
MCAO and were killed 10 days after ischemia. Young
adult (3-month-old) rats were administered with
bFGF for 3 days starting 24 hours after MCAO. Aged
rats given bFGF pre-ischemia showed improved
behavioral and histological parameters compared to
rats treated with vehicle, but no significant improve-
ment was found in aged rats given bFGF after focal
ischemia. In contrast, young adult rats treated with
bFGF post-ischemia showed significant neurobehav-
ioral improvement and better histological outcome.
The numbers of «<newborn» neurons in the SVZ were
also found to be increased in aged rats treated with
bFGF prior to ischemia. However, unlike in young
adult ischemic rats, only a few of newly generated cells
migrated into the damaged region in aged brain after
focal ischemia. Therefore, the positive effects of bFGF
in aged rats are associated with neuroprotection, but
not with the ability to enhance neurogenesis. Such age
differences in the response of aged versus young adult
rats to bFGF in cerebral ischemia need to be consid-
ered in developing novel neuroprotective agents to
prevent and/or fight stroke.

Therapeutic Potential of bFGF

Despite the encouraging results obtained in
experimental studies of bFGF, the problem of its
clinical use remains unsolved. Clinical trials with
bFGF were not very successful. 15 years ago a multi-
center randomized trial of bFGF (European-
Australian phase II/III trial with bFGF (5—10 mg,
i.v. infusion over 24 h) started. It was planned to
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TUBHBIX (QYHKITUN MO3ra. Y KPbIC C MEPMAHEHTHOM
MCAO B 06J1acTb OBPEXKIEHUS BBOIUIN aJ€HOBH-
pyc co Berpoentsiv teom bFGF [19]. 310 BBI3bIBa-
Jio niosbitenne axcipeccun bFGF B moBpeskieHHOM
o0sracTH, yBeJIMYeHUE YHUCa TPOJUBEPUPYIONIX
KJIeToK B SVZ, M030J1CTOM Tesie M repunH(papKT-
HO¥ 30He, a TaKKe yJIydllieHre IBUTaTebHOM aKTUB-
HOCTH y KpbIc. B xo/1e nccienosanuii 6p11o oGHApy-
JKEHO, UYTO TIPOTEHUTOPHBIE KJIETKU BHAYAJIE JIETISATCS
B SVZ, 3areM MUTPUPYIOT B 30HY WH(]APKTa, T/Ie TTpo-
JIOJIKATOT JIeJIeHWEe B TeYeHHe JITTUTEbHOTO TEPUoa
BpeMenu (710 90 cyToK).

CyliecTBeHHOE 3HAYEHHUE NMEET BOTIPOC O TOM,
coxpanstet i bFGF crmoco6mocTh yenamsaTh Heli-
poreHes npu crapeHuy. 3HAYMMOCTD HTOM IPOOIEMbI
IUIs KIMHUKA OOYCJIOBJIEHA TEM, YTO HapylIeHUs
MO3TOBOT0 KPOBOOOPAIIEHUsSI TOPA3/I0 vallle PasBu-
BAIOTCS Y MOKUJIBIX JITOJIEH.

WNuTepecHo, 4TO, B 3aBUCUMOCTU OT BO3PACTa,
HelipornporekTuBHbie cBoiicTBa bFGF mpossisirorcst
no-pasHomy. Tak, B uccienoBanuun Won et al. [38]
24-mecstaHbIM (CTapbIM) KPbICAaM TTPOBOIUIN BHYT-
puskenynoukosyto nHbpysuo bFGF wn mranebo B
TeyeHue 3 jHel, HauumHag ¢ 48 u no 60-T MUH
MCAO, unn nocne Hee (uepes 24 4 nam 96 9). 3-x
MECSTYHBIM (MOJIO/IBIM MTOJIOBO3PEJIBIM ) KPbICAM BBO-
nun bFGF B Tedenue 3 quell, HaunHag ¢ 24 4 rmocJe
MCAO. CyiecTBeHHO, UTO y CTapbIX KPBIC yJIydliie-
HU€ TOBEJIEHYECKUX W TMCTOJIOTMYECKUX ToKa3aTe-
Jieit GbLJIO BBISIBJIEHO TOJIBKO B TPYIIIE € TIPeABapH-
teabHbiM BBegenneM bFGE ¥V Mosonbix Kpbic
MO3UTHUBHBIE A(P(DEKTHI BBISIBJIEHBI TPU BBEJEHUU
bFGF nociie umiemun. Y cTapbix KpbIC ¢ BBEJCHUEM
bFGF 1o umemun 4ncio HOBOOGPA3OBAHHBIX Heli-
poHOB B SVZ yBesIMunBaIOCh, OTHAKO, B OTJINYNE OT
MOJIOJIBIX KPBIC, TOJbKO HEMHOTHE U3 HOBBIX KJIETOK
MUTPUPOBAIN B 0o6jacTh noBpeskaeHus. Ciemnosa-
TEJTHHO, Y CTapPbIX KPBIC TOJOXUTEIbHBIN A(hherT
bFGF cBsizaH MMEHHO C €r0 HEHPONPOTEKTUBHBIMU
CBOHCTBaMM, a He CO CIOCOOHOCTHIO K YCHIICHHIO
HeliporeHe3a. BoIssBiIeHHBIE BO3PACTHBIE PAa3TNINs B
apdekrax bFGF 10oJKHBI yUUTHIBATHCS TIPH Paspa-
60TKe HEHPONPOTEKTUBHON Tepariu HHCYJIBTOB.

Tepanesruueckmuii morennuan bFGF

HecMmoTpst Ha BAOXHOBJISIONINE PE3YJIBTATHI, TT0-
JIydeHHbIE TTPU IKCTIEPUMEHTATIBHBIX UCCIETOBAHUSIX
bFGE, npobiiema ero ucroib30BaHus B KIMHUYECKON
IpakTuKe ocraercs Hepewennoit. Vcnbrranus bFGF
B KJIMHUKE OKA3aJICh HE 04eHb ycremubiMu. Tak, 15
JieT Hasajl ObLJIO HAYaTO MHOTOIIEHTPOBOE PaHIOMHU-
supoBanHoe uccieposarre bFGF (Esporneiicko-AB-
crpammiickag ucnbitanue, ¢dasza 11/111), B kotopoe
TTaHupoBaTu BKIIOUYNTh 900 ManmeHToB ¢ CHUMIITO-
MaMHU OCTPOTO HINEMHUYECKOTO WHCYJbTa. B Tpyrme
GOJIBHBIX C OCTPBIM HIIEMUYECKUM HHCYILTOM (286
YeJioBeK) BHyTpuBeHHOe BBeseHue bFGF He mpuBo-

include 900 patients with symptoms of acute
ischemic stroke. Intravenous administration of
bFGF to 286 patients did not produce any signifi-
cant neuroprotection; instead it caused dose-depen-
dent hypotension and high mortality rate. This study
was stopped by sponsors due to negative effects [39].

It should be noted that bFGE, as well as other
neurotrophic factors (nerve growth factor, glia-
derived neurotrophic factor), possesses side effects,
such as hyperalgesia [40]. Another problem is the
delivery of bFGF into the brain to achieve a pharma-
cologically significant level of therapeutics in the
brain while minimizing side effects in the periphery.
bFGF is a cationic peptide that undergoes transport
across the BBB at a modest rate via absorptive-medi-
ated transcytosis after intravenous administration.
The objectives of researchers are to develop a BBB
targeting strategy of drug delivery to the brain.

One of these strategies is the use of a chimeric
peptide, wherein a nontransportable peptide drug,
such as a neurotrophin, is conjugated to another pep-
tide or protein that functions as a brain drug delivery
carrier or vector. The model vector is a monoclonal
antibody against transferrin receptor. The transferrin
receptors are expressed on the brain capillary
endothelial cells, which make up of the BBB. The
binding of a conjugate of this antibody and neu-
rotrophin to the transferrin receptor triggers recep-
tor-mediated transcytosis through the BBB. This
strategy has been successfully used for BBB delivery
of several neurotrophins or peptide drugs, for which
enhanced CNS pharmacologic effects or neuroprotec-
tion have been consistently demonstrated in a variety
of animal models including brain ischemia [41].

In experiments with intravenous administra-
tion of bFGF-chimeric peptide (biotinylated recom-
binant human protein bFGF, preserving affinity to
receptor and having improved pharmacokinetics in
plasma and BBB permeability) in rats with perma-
nent MCAO the therapeutic dose bFGF was reduced
from 135—200g/kg to 25g/kg, and its neuroprotec-
tive effect was significantly increased (80% reduc-
tion in infarct volume) [41].

Although the results of chimeric peptide
approach to the treatment of experimental brain
ischemia are very promising, there is still a gap
between the laboratory studies and clinical applica-
tion of the chimeric neurotrophin peptide for treat-
ment of patients with acute ischemic stroke. One of
the concerns is the immunogenicity of the anti-trans-
ferrin receptor antibody that is used as the BBB pep-
tide drug delivery vector. This problem can be solved
or ameliorated by the use of humanized antibody via
genetic engineering. Humanized antibodies are less
likely to provoke an immune reaction in human sub-
jects compared to murine-derived antibodies.

The intranasal route of bFGF administration
could provide an alternative to intracerebroventricular
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JINJI0 K 3HAYMMOW HEWPOTPOTEKINHN, TTPU ITOM Ha-
GJIrO/IaIach J10303aBUCHMAs] THUITOTEH3USI U BBICOKUI
YPOBEHb CMEPTHOCTHU. B ¢BsI3u ¢ 9TUM unccieoBanme
OBLJIO OCTAHOBJIEHO crIoHCOpamu [39].

Heunbssa ve ormeruts, uto y bFGF, Takske kak u
y Apyrux Heliporpoduueckux ¢hakTopoB (hakTop
pocTa HEPBOB, IMIUATBHBIN HepoTpoddeckuii hak-
TOP) UMEIOTCS T0O60UYHBIE D((EKTHI, B YaCTHOCTH, TH-
nepasre3us [40].

Jlpyroit ipobaemoii apisiercst nocraska bFGF
B MO3T JIJTS1 IOCTVKEHUS (hapMaKOJIOTHIECKH 3HAUM-
MOTO YPOBHS B TOJIOBHOM MO3Te TP MUHUMU3AIINN
no6ouHbIX addexros Ha nepudepun. bFGF — katu-
OHHBIN TIENTU/, KOTOPbII TP BHYTPUBEHHOM BBe/le-
HUU TLIOXO TPAHCTIOPTUPYETCS Yepe3 reMatoaniieda-
smueckuii 6apeep (I'9B). B 3azaun rcciepoBaTeseit
BxoauT paspaborka ['DB-HalpaBiIeHHON cTpaTeruu
JIOCTABKW TperapaTa B MO3T.

OpnHOM U3 TaKUX CTPATETUH SIBJISETCS CO37aHNe
XUMEPHBIX GETKOB — TEXHOJIOTHsI, IPU KOTOPOU He-
TpaHcoprabenbHble TENTH/IbI, TaKue Kak, HeHTpo-
(buHBI, KOHBIOTUPYIOTCS C APYTUMU TTENTUAAMU WJIH
GeJIKaMu, KOTOPbIe OCYIIECTBIISIOT MX MEPEHOC N
JoCTaBKy B MO3T. OJTHIM UX TaKUX BEKTOPOB JIOCTaB-
KU SIBJISIETCS aHTUTEJIO K PENenTopy TpanchepprHa.
TparchepprHOBBIE PEIENTOPHI HKCIIPECCUPYIOTCS B
IH/IOTEJUATBHBIX KJETKaX TOJIOBHOTO MO3ra, KOTO-
poie BXomsaT B cocTaB '9b. CBsizpiBaHme KOHBIOTATA
ATOTO aHTUTEJNA U HEWPOTPOhUHA C PEIEnTOPOM
TpaHcheppruHa BBI3BIBAET PEIENTOP-OTOCPEI0BAH-
HBII TpaHciuTo3 yepes I'IB. Takas crpaterust Oblia
YCIIENTHO MCIOJb30BaHA Ha PA3JIUYHBIX JKUBOTHBIX
MOJIEJISIX, BKJTIOYAsT UIEMHUIO MO3Ta, JIJIST IOCTAaBKU B
MO3T HEKOTOPBIX HEHPOTPO(MUHOB U MENTUIHBIX MTpe-
MaparoB. DTO BBI3BIBAJIO YCUIeHHE (DapMaKoJIorude-
ckoTo 2hdeKTa U HEHPOIPOTEKTUBHOTO AEHCTBUS
aTUX BellecTs [41].

Tak, B ompITax ¢ BHYTPUBEHHBIM BBeICHUEM
bFGF-xumepnoro nentuma (6enox bFGF, konbroru-
POBaHHBIN € PErenTopoM TpaHchepprHa) KpbicaM ¢
nepmatentnoit MCAO ynanoch CHUBUTD TepalleBTH-
yeckyto 103y bFGF ¢ 135—200 r/kr g0 25 r/kT, a
TaK)Ke 3HAYUTENBHO YBEJIUYUTH €r0 HEeWpPONpPOTEK-
TuBHBI 3 dert (80%-¢ yMeHblneHne o0beMa WH-
daprra) [41]. DTO 0OBSICHSETCS €0 BBHICOKOH ad-
(urHOCTBIO K CcrenuUIECKOMY  PEIenTopy,
YIIyUIIeHHO! (DapMaKOKMHETUKON B MJ1a3Me KPOBH U
nporuiaemoctsio I'9b.

Hecmorpst Ha TO, UTO Pe3yJIBTAThI UCIIOJH30BA-
HUSI XUMEPHBIX TETTH/IOB JIJIST JIEYeHUST HKCTIePUMEH-
TAJBHOU WIIEMUH TOJIOBHOTO MO3Ta BeCbMa TTepCIIeK-
TUBHBI, CYIIECTBYET OOJIBIION Pas3PhiB MEKLY ITHMU
JIabOPATOPHBIMU MCCIEOBAHUAMU W KIMHUIECCKIM
[IpUMeHEHNEM XUMEPHBIX METTH/IOB JIJIS JIEYeH NS T1a-
IIUEHTOB € OCTPHIM UIIEMUYECKUM UHCYJIbTOM. OfiHa
U3 mpobsieM — 9TO0 UMMYHOTE€HHOCTb aHTUTEN A K pe-
[ENTOpy TpaHchepprHa, KOTOPBI HMCIONb3YETCS B
KaJyecTBe BEeKTOPa OCTABKY JIEKAPCTBEHHOTO CPEZICT-

infusion. Thus, intranasal administration of bFGF in
rats for 1—6 days following MCAQO resulted in
improved behavioral performance, increased prolifera-
tion of progenitor cells in the SGZ and SVZ, although
it had no effect on infarct volume. Interestingly, prolif-
erating cells in the striatum and dentate gyrus differ-
entiated into neurons at 28 days after MCAO.
Intranasal administration of bFGF is considered as a
non-invasive method for the treatment of stroke [24].

bFGF nasal spray appears to be an emerging
potential therapeutic approach to neurodegenerative
diseases, such as Alzheimer's disease. Intranasal admin-
istration of bFGF nasal spray was an effective means of
delivering bFGF to the brain. Its penetration into the
brain was improved, that reduced the severity of neu-
rological disorders caused by co-administration of
B-amyloid and ibotenic acid into the hippocampus of
rats [42]. In addition, bFGF improved spatial memory,
recovered acetylcholinesterase and choline acetyl-
transferase activity to the sham control level, and alle-
viated neuronal degeneration in rat hippocampus.

Delivery of neurotrophic factors to the brain may
also be improved by using nanoparticles. Chitosan
nanoparticles were loaded with peptide like bEGF and
then functionalized by conjugating with antibodies
directed against the transferrin receptor-1 on brain
endothelia to induce receptor-mediated transcytosis
across the BBB [43]. Pre-ischemic systemic adminis-
tration of bFGF-loaded nanoparticles significantly
decreased the infarct volume after 2-hour middle cere-
bral artery occlusion and 22-hour reperfusion in mice.

A study was conducted to evaluate the effects of
grafting encapsulated bFGF-secreting cells in rat
brains 7 day before permanent right MCAO. The
authors found that the infarct volume in bFGF group
was reduced by approximately 30% compared with
that in the control groups. In the ischemic penumbral
area, the number of apoptotic cells in the bFGF group
was significantly decreased compared with that in the
other groups. Thus, the grafting encapsulated bFGF-
secreting cells protected neurons against ischemic
brain damage [22]. The use of bFGF is very promis-
ing for the development of alternative therapeutic
strategies in treatment of Parkinson's disease. In ani-
mal model of Parkinson's disease, co-transplantation
of bFGF-expressing cells with fetal dopaminergic
cells increased survival and functional integration of
the grafted dopaminergic neurons resulting in
improved behavioral performance [44].

Conclusion

Over the past two decades a large number of
experimental studies of neuroprotective potential of
bFGF was performed. It was discovered that the abil-
ity of neurons to express bFGF is important for their
resistance to ischemia-reperfusion. Administration of
bFGF improves the functional and structural state of
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Ba yepes I'DB. Dra npobiema MoKeT ObITh PellieHa 3a
CYET WCIOJIb30BAHUST YEJIOBEUECKUX aHTHUTEJ, KOTO-
pbl€ C MEHBINEN BEPOSITHOCTHIO BBI3OBYT UMMYHHYTO
PEaKITNIo y YeJIOBEeKa, YeM MBITITUHBIE aHTUTEJIA.

ABTEepHATHBON BHYTPVIKETY0YKOBON MHDY-
3u bFGF Moser ObITh €ro MHTpaHa3aIbHOE BBE/e-
Hue. Tak, naTpanasaibHoe BeegeHne bFGF kpbicam
B Tevenue 1—6 cyrox nociae MCAO npusoausio K
VIIYUIIEHUIO TTOBE/IEHUYECKUX MTOKa3aTeseil, K ycuie-
HUTO TTposindepanny MPOreHUTOPHBIX KIeTok SVZ n
SGZ, xoTst u He BiusI0 HA pasMepbl HbapkrTa. 1H-
TePEeCHO, YTO B CTPUATYMe 1 3yOUaToi 3BUINHE K 28
cytkam nociie MCAO mnpommdepupytomiye KaeTKu
nuddepennmpoBasiich B HelipoHbl. VHTpaHazamb-
noe Beegenne bFGF paccmarpusaercss Kak HeMHBa-
3MBHBIN C110CO0 JIeueHust MHCyIbra [24].

bFGF nasanbHblil crpeil 00JafaeT BbICOKUM
MOTEHIUAJIOM ISt JiedeHust OoJie3Hn AJibIreiiMepa.
I[Tpu sToMm criocobe BBeaerust bFGF yuyuianoch ero
MIPOHUKHOBEHUE B MO3T, YTO YMEHBIIATIO BbIPAKEH-
HOCTh HEBPOJIOTMYECKUX HapPYyIIEeHU!, BbI3BAHHBIX
COBMECTHBIM BBeJICHUEM fB-aMuJIonaa 1 nO0TEHOBOI
KHCJOTBI B Tummokamn kpwic [42]. Kpome TorO,
bFGF yuryuian mpocTpaHCTBEHHYIO TaMsITh, BOCCTa-
HOBJTMBAJ aKTUBHOCTD All€TUIIXOJUHACTEPA3hl U XO-
JuHaIeTuaATpancdepasbl, CHUXKAJ JeTeHepalnio
HEPOHOB TUIITOKAMIIA.

JlocraBka HelipoTpodudecKnx (PaKTOPOB B MO3T
MOKET OBITh TaKsKe YJIydllieHa ¢ MOMOIIbI0 HaHOYac-
T, Yemisci et al. [43] 3arpyskain XuTo3aHOBbBIE Ha-
Houactuibl mentigoMm bFGFE sareM ux KOHBIOIHPO-
B C aHTUTEJAMU TPOTUB TpaHCHEpPPUHOBOTO
perentopa. Ilpexsapurenbroe Beesenne bFGF-3a-
IPY’KEHHBIX HAHOYACTUI] TPUBOJIUIIO K 3HAYUTETTHHO-
My yMeHbIIeHHIO o0beMa MHpapKkTa uepes 22 yaca
nocie 24 MCAO y mbliieil.

[IpoBeneno wucciemoBanue AJsi ONEHKH -
(hbexra mepeca ik MHKAICYTUPOBAHHBIX KJIETOK, Ce-
kperupytomux bFGF, B Mo3r kpbic 3a 7 ¢yT 10 npa-
BoctopoHHeii MCAQO. O6HapyskeHo, 4TO 0ObeM
nH(bapKTa B IPYIIIe ¢ Mepecagkoil Obl CHUKEH Ha
30% 10 cpaBHEHUIO C KOHTPOJBHHBIMHU TPYIIaMH,
TaKyKe YMEHbIAJIOCh YHUCJIO AMOMTOTUIECKUX KJie-
TOK B 30HE HINEMUYECKON mosyTeHu. Takum oGpa-
30M, Tepecajika MHKATICYJINPOBAHHBIX KJIETOK, CEK-
perupytonux bFGF, samuiana HelipoHbl MO3Ta OT
nieMnueckoro mospeskaenust [22]. Vcnosp3osa-
nue bFGF BecbMa neperekTuBHO U /15 Pa3padoTKK
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the brain in the post-ischemic period. bFGF is a
promising candidate for the development of alterna-
tive treatments for neurodegenerative diseases such as
Parkinson's disease and Alzheimer's disease. One of
the key functions of bFGF is its involvement in the
processes of neurogenesis. However, the questions are
remained that include which neurons are generated
during ischemia, whether they migrate into the dam-
aged areas, and how these processes are associated
with the restoration of brain function. One of the
major remaining problems is improving the delivery of
bFGF into the brain while minimizing its side effects.

aJTePHATUBHON TepameBTHYECKOI CTpaTeTuu MpH
nevennn Oonesnn Ilapkuucona. Ha skcmepumen-
TAJIHHBIX MOZIETSIX Ooe3nn [TapKkuHCoHa MOKa3amo,
41O coBMecTHast TpaHcmiaantanus bFGF-akcnpec-
CUPYIONUX KJIETOK ¢ (heTaTbHBIMU H0(haMUHIPIH-
YeCKMMHU KJeTKaMU IIOBBIIATa BBIKMBAHUE U
(byHKIIMOHATRHYI0 MHTETpayio 1ohaMUHIPrIIec-
KIMH HEHPOHOB, YTO MPUBONIIO K YIYUIIEHHUIO TT0-
BeJleHYecKux 1okasareseit [44].

3akiouyeHue

3a mocJeiHIe Ba AeCcATUIeTHsT ObLIO TIPOBe-
JIEHO OOJIBIIOE KOJUYECTBO HKCIEPUMEHTAIbHBIX
nccyIeJOBaHNN HEHPOTPOTEKTUBHOIO TIOTEHITNAA
bFGF. YcranoBjieHo, 4To CI10COOHOCTh HEHPOHOB K
skcnpeccun bFGF sBiisiercst BaskHBIM (DakTOPOM MX
YCTOMYMBOCTU K uiiemun-periepdysun. Ero akso-
TeHHOe BBeJeHUe yiaydinaeT (GyHKIIMOHATIHHOE U
CTPYKTYPHOE COCTOSIHHE MO3Ta B TOCTUIIEMUYEC-
koM tepuoge. bFGF — mepcrnekTuBHBIN KaHANWIAT
TSt pPa3pabOTKK aJIbTEPHATUBHBIX METOIOB JIEUEHUST
HelipojiereHepaTuBHbIX 3a00JIeBAaHNH, TAKKX Kak 60-
nesupb IMapkuncona u 6osesnnb Anbnreiimepa. Op-
HOM u3 kimioveBbix ¢yuknnii bFGF saBagercsa ero
ydJacTtue B mpolieccax Hefiporenesda. OHaKoO ocTaert-
CsI HEpeIeHHBIMKU BOIIPOCHI O TOM, KaKhe WMEHHO
HEWPOHBI TeHEPUPYIOTCS MPU UIEMUN, MUTPUPYIOT
JIU OHM B TIOBPEK/CHHBIE 00JIACTH, W KaK 3TH IPO-
IIECCHI CBSI3aHBI C BOCCTAHOBJICHUEM (DYHKITUN MO3-
ra. OnHON M3 TJIaBHBIX 33j1a4 B HACTOSIIIEE BPeMs
SIBJISIETCS Pa3paboTKa CIOCO60B YJIyUIICHUS J[0-
crasku bFGF B roioBHOIT MO3r IpU MUHUMU3AIIMK
ero o60YHBIX d(DPEKTOB.
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]_ICJII). ITokasarh ciaoxHOCTH Z[H(i)(bepeHHHaﬂbHOﬂ JUArHOCTUKU U JIeYEeHUA aTUITMYHOTO TEMOJIMTUKO-YPEMU -
YECKOro CMH/IpoMa Ha ITpuMepe MalneHTKN 23 ner.

Pesyabrarsl. [Tlokazana apdexruBHocTs npuMenenust npenapara Ikyausymad (Conupuce, JICM Dapmachio-
turic VHk., CIITA) (rinko3uiupoBaHHble 'yMaHU3UPOBAHHBIE MOHOKJIOHAIbHBIE AHTUTENA K MMMYHOTJIO0YJIH-
nam 1gG2/4Kk) nipu siederHnu 9Toro 3a60I€BAHMS.

3akioueHne. ATUIIMYHBINA TEMOJUTUKO-YPEMUYECKUN CUHIPOM GEPEMEHHbBIX — 3a00JIeBaHUE, CIIOKHOCTD Jie-
YeHHUS KOTOrOTO BO MHOTOM CBsi3aHa ¢ nmpobseMaMu [uddepeHnnaabHol AMarHOCTUKU ¢ TPOMOOTUIECKON TPOM-
GOIUTONEHNYECKOH Ty PITYPOI U IPOSIBICHUSMHU TOJUOPraHHON HeZIocTaTOuHOCTH. B teuennn panmoro 3abosesa-
HUS KJI0Y€eBast POJib OTBOAUTCS Mpenapary JKyJIu3ymad.

Knroueevte cnoea: amunuunwlii 2eMOLUMUKO-YPEMULECKUTL CUHOPOM; MPOMOOMUUECKAS: MPOMOOUUMOneHuyec-
Kast nypnypa; Ixyausymad (Conupuc); bepemennocmy

Objective: to show the problems of differential diagnosis and treatment of atypical hemolytic-uremic syn-
drome in a 23-year-old patient.

Results. Eculizumab (Soliris), (Alexon Pharmaceuticals Inc., USA) that is a glycosylated humanized mono-
clonal antibody to immunoglobulins (IgG2/4k) is shown to be effective in treating this disease.

Conclusion. Atypical hemolytical-uremic syndrome in pregnancy is a disease, whose treatment difficulties are
largely associated with the problem of differential diagnosis with thrombotic thrombocytopenic purpura and man-
ifestations of multiple organ dysfunction. The treatment for this disease gives a key role to Eculizumab.

Key words: atypical hemolytic-uremic syndrome, thrombotic thrombocytopenic purpura, Eculizumab (Soliris),
pregnancy
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BBenenne

ATHUIWYHBIN TeMOJUTHKO-YPEMUYECKIH CUHI-
pom (aI'YC) — xpoHuueckoe cucteMHoe 3ab0jieBaHue
TeHETHYECKOW TIPUPOJIBI, B OCHOBE KOTOPOTO JIEKHUT
HEKOHTPOJMPYeMasi aKTUBAIUs aJbTePHATUBHOTO
IIyTH KOMILJIEMEHTA, BEAYIAsI K TeHEPATU30BAaHHOMY
TPoMGOOOPA3OBAHUIO B COCYAAX MUKPOIUPKYJISATOP-
HOTO pyciia (KOMILIEMEHT-0MoCpe[0BaHHas TPOMOO-
THYecKass MUKpoaHruomnarns). Hapsamy ¢ TunmnaHbiM
I'YC u tpoMbOTHYECKO# TPOMOOIIUTOIIEHUYECKOI
nypirypoii (TTIID), al'YC saBasiercst kaccmaeckum 3a-
6oJieBaHIEM 13 TPYIIIBI TPOMOOTHYECKUX MUKDPOAH-
ruonatuii (TMA). B nmacrosimee Bpemss TMA pac-
CMaTpPUBAIOT KaK  KJIWHUKO-MOP(OJIOrHIeCcKuii
CUHJIPOM, XapaKTePU3YIONIMICS TOPasKEHUEM COCYy-
JIOB MUKPOTIMPKYJIITOPHOTO pyca [1].

ATYC xapaxkrTepusyeTcst OCTPbIM Ha4aJIoM, Jac-
TBIMH PEIMINBAMHU, KpaifHe TSKEJIbIM TedeHUueM U
OTHOCHTEJBHO HEOJIATONPHUSATHBIM ITPOrHO30M. B
75% coydaeB neGOT 3a00JIeBaHUST 3aKaHUYHMBAETCS
JIeTAIbHBIM UCX0/10M. B 25% ciydaeB — 1poucxouT
Pa3BUTHE MOYEUHON HEJIOCTATOUHOCTH, B TEUEHHUE TO-
JIa OT Havyaja OOJIE3HU JOCTHUTAoIeil CTENeHU Tep-
munanbpuoit XITH [2—4].

Menee 20% cayuaeB al'YC sBisrorcst cemeii-
HBIMU, T.e. Pa3BUBAOIIMMUCS, TI0 KpaitHeil Mepe, y
JBYX 4eHoB ofiHol cembl [2]. AT'YC, nnarnoctupo-
BAHHBIM y TAIMEHTOB, HE WMEIOMNX CEMEIHOTO
aHaMHe3a, KJIacCUPUIUPYIOT KaK CHOpaJnyecKuil.
ITociennunii, kKak MpaBUJIo, pa3BUBaeTCs Ha (hoHEe MH-
(exuumii, 3/10KaYECTBEHHBIX HOBOOOpPa3OBaHUN U
pueMa HEKOTOPBIX JIEKAPCTBEHHBIX CPEJCTB
(opaJsibHble KOHTPAIENITHBbI, aHTHOMOTHKY, HHIHOU-
TOPBI KaJbIMIHENPUHA, TUKJIOMUAWHLL U 1p.) [5].
Passutue al'YC BO3MOKHO IIPU PsAJIE CUCTEMHBIX OO~
sesneit (anTudochoyunugAHbI CUHIPOM, CHUCTEM-
Hasl KpacHast BOJTYAHKA, CUCTEMHAS CKIIEPOJIEPMUS ).

B 12—31% coryuaes al'YC cBsi3aH ¢ GepeMeHHOC-
TBIO WM POJIAMU. YCTAHOBJIEHO, YTO YaCcTOTa BCTPeya-
emoctu al'YC, accolmupoBaHHOTO ¢ 6ePeMEHHOCTHIO
(B-aI'YC). coctasisiet: 74% B 111 TpuMecTpe 1 paHHEM
nocseponoBoM nepuoze, 11% Bo II tpumectpe Gepe-
MmeHHocTH, 15% B I TpuMecTpe GepemertocTu [6].

[To coBpeMeHHBIM TPe/ICTABIEHUSIM, TIPH JIfa-
rHoctuke al'YC, kak u apyrux TMA, ocHOBHBIMU
KPUTEPUSIMU SIBJISTIOTCS TPOMOOIUTONEHIS 1 MUK-
pOAHTUOINATUYECKAs] TEeMOJUTUYECKAsT aHEeMUS
(MATA) [2]. B cBsasu ¢ atum B-aT'YC wacto 6piBaer
CJIOKHO OTJIMYUTH OT MPEIKJAMIICHUA U OCOOEHHO
HELLP-cunapoma (H — hemolysis (remosus);
EL — elevated liver enzymes (moBbItenne akTHB-
Hoctu (epmenToB meuenn); LP — low platelet
count (TpoMOOIUTONEHUS)), I KOTOPLIX TaKikKe
XapaKTepPHO MOSIBJIECHUE TPOMOOIIUTOIEHUH U MUK-
POAHTHONATHYECKOTO reMOJIn3a. DTO 00y CIaBIBa-
eT KpaifHioio peakocth auarHoctukn al'YC Bo Bpe-
Ms1 OepeMEeHHOCTH.

Introduction

Atypical hemolytic uremic syndrome (AHUS)
is a chronic systemic disease of the genetic nature
which is developed due to uncontrollable activation
of an alternative pathway of complement leading to
endothelial cell damage and trombotic microan-
giopathy. Along with typical hemolytic uremic syn-
drome and thrombotic thrombocytopenic purpura
(TTP) AHUS belong to classic group of thrombotic
microangiopathies (TMA). Novadays TMA are con-
sidered as clinico-morphological syndromes that are
characterized by alterations of vessels of microcircu-
lation [1].

AHUS is characterized by frequent recurrence
and the adverse prognosis: 75% of patients are
dying at the time of a sharp episode, or exhibit fast
development of the renal failure reaching degree of
terminal HPN within a year from an onset of the ill-
ness [2—4]. Less than 20% of cases of AHUS are
family cases, i.e. they are developing at least in two
family members [2]. AHUS diagnosed with no fam-
ily cases is classified as sporadic one. The latter as a
rule is developing following «starting» factors that
include infections, malignancy, some drugs (oral
contraceptives, antibiotics, inhibitors of a cal-
cineurin, ticlopidines etc.) [5]. Development of
AHUS is possible in autoimmune syndrome or dis-
ease (antiphospholipid syndrome, systemic lupus
erythematosus, scleroderma).

In 12—31% of cases AHUS is associated with
pregnancy or delivery. Tt has been established that
AHUS associated with pregnancy (p-AGUS) is
developing in 74% of cases in the trimester IIT and
early postnatal period, in 11% of cases in trimester I,
in 15% of p-AGUS cases — in trimester II [6].
Currently, diagnostics of AGUS, as well as other
TMA, is performed by observing thrombocytopenia
and microangiopathic haemolytic anemia (MAHA).
In this regard it is frequently difficult to distinguish
p-AGUS from a pre-eclampsia and especially HELLP
syndrome, for which the emergence of thrombocy-
topenia and a microangiopathic hemolysis is also typ-
ical that causes an extreme rarity of statement of the
diagnosis of AGUS during pregnancy.

Laboratory signs of TMA include thrombocy-
topenia due to consumption of thrombocytes during
trombosis, microangiopathic haemolytic Coombs-
negative anemia (mechanical hemolysis). In a clini-
cal picture the fever and multiorgan failure (mostly,
of kidneys and CNS) is dominating.

Clinical Case

Patient T,, 23 years, admitted at the intensive care unit
(ICU) and intensive therapy of MRCRI on 14.07.2015.
The day before patient was admitted at the perinatal cen-
ter of the city of Balashikha where the following diagnosis
was established: first pregnancy, 35—36 weeks, HEELP
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KamHnueckoe HabaOAEHUE .

Crermndpuueckumut 1abopaTOPHBIMU TIPU3HA-
kamMu TMA gBJIS0TCST TPOMOOIIMTONEH S, Pa3BIBa-
OIAsICS BCJEACTBUE <«ITOTPeOJIeHHsI> TPOMOOIIUTOB
B IPOIeccax PacipoCTPaHEeHHOTo TPoMO00OpasoBa-
HUSI, MWKPOAHTUONATUYECKAs TEeMOJUTHIECKAs
KymOc-HeratupHas aHeMusi (MeXaHWYECKUH TreMo-
guz) [7]. B kauHWYecKol kapTuHe MpeodsasaioT
JIUXOpaZika ¥ TOJHOPTaHHAas HeIOCTaTOYHOCTD,
npeskae Bcero — nopakenne mouek u [{THC. Knwnn-
YecKue MPOsIBJICHUs TPOMOOTHYECKOI MIUKPOAHTHO-
MATHUU 3aBUCST OT JIOKAJTUBAIMH MTOBPEKICHUS MUK-
POCOCYZIOB U OT BOBJIEYEHUS B TATOJOTUIECKUI
TTpoTiecc pa3InIHbIX OPraHoB [7].

KanHuueckoe Ha0oeHue

[TammenTtka T. 23 sieT mocTynuia B nepuHaATAIbHBIINA
1enTp r. Bamamuxu, riae 6611 yeranosien auarnos: [lep-
Bast 6epeMeHHOCTh 35—36 Hezmesb. [o0BHOE TIpeIeKa-
une. HEELP-cungpowm. Ilpeskmamrcust Tsxemnoit ctene-
Hu. Ilocse omnepaTuBHOrO pojopaspelneHust oHa ObLia
NOCTAaBJIeHA B OTJeJIeHUe PeaHuMaIiil U WHTeHCHBHON
tepan (OPUT) MOHUNKU 14.07.2015 r. Cocrosinue
IIPY MOCTYIIJIEHUH KpaiiHe TsiKesjoe. YPOBEHb CO3HAHUS
1o urkasie kom Imasro — 3 6asnna. KoxHbIl TIOKPOB 1 BU-
JIUMbI€ CJU3UCTBIE JKEJITYIIHBI, CKJIEPbl HKTepu4HbI. [1a-
crto3HocTh TKaHed. IIposoguan MBJI yepes opotrpaxe-
anbHyto TpyOKy B peskume Synchronized Intermittent
Mandatory Ventilation (SIMV) ¢ dpaxiueii kuciaopoaa
0,4. Mnnekc okcurenanuu — 284 MM pT. cT. B slerkux BoI-
CHIYIINBAJIN JKECTKOE JIBIXaHWe, PAaBHOMEPHO ocabiieH-
Hoe ¢ 06enx cTopoH, SpO, — 98%. ToHbI cep/a IPUTITy-
IICHbI, PUTM T[PaBUJIBHBIN, YacTOTa CEPACYHBIX
cokpamennii (HCC) — 110 yx B 1 MuH; aprepuaibHoe
nasienne (AJl) — 145/85 mm pt. cr. JKupor msarkwmii,
B3/IyT, Ha €r0 MAJbIAIII0 PEaKI[UK He ObLI0, TIePUCTallb-
THUKa KUIIeYHUKa Bsiiast. Omurypust (TeMm amypesa Me-
Hee 1 mi/Kr/4ac).

OO6mumii aHaIM3 KPOBU: TeMOTJIO0MH — 54 T/71, TpoMb0-
uTbl — 36X10°/1, ypoBens Jefikoruroza — 22.16X10°/11.
Buoxummdeckuii anaims KpoBu: OUIMPYOUH OOIUN —
141,7 mxmoub /a1, kpeaTuauH — 206 MKMOJIB /T, ajlaHUHA-
munotpancdepaza (AJIT) — 176 E/l /x, acmaprataMuHOT-
panchepaza (ACT) — 470 EJ[/JI, nakraTaerugporeHasa
(JIAT) — 2625 E/l /.

ITpoBesieH KOHCUJIMYM CIEIHATUCTOB: AHECTE3UO0JIO-
rOB — PEAHMMATOJIOTOB, IelaToJIOr0B, aKylllepOB-THHEKO-
JIOTOB, He(DPOJIOTOB, TEPANIEBTOB, BPAUyell OTHeJeHUs] XU-
PYPTrUYecKOll TeMOKOPPEKINH ¥ JAeTOKCHKAINu. Bblr
noaTBepskaen quario3: HELLP cunapowm. [Ipeskmammcus
TsKesioll crenienn. CocTOsHME TIOCJE JIaapoTOMHUH 110
[banenttiiio, KecapeBa CeveHrs B HIKHEM MaTOYHOM
cermenrte ot 13.07.20151. B cpoke Gepemennoctu 35—36
Henesab. OcTpasi IMeYeHOYHO-IIOYEUHAsT HEJOCTATOYHOCTb.
Otex ceporo u GeJIOBOTO BEIECTBA TOJOBHOTO MO3Ta. AHe-
MU TSIKEJION CTeleHn, AHIMONATHS CeTYaTK 00erX a3
10 TUTIEPTOHUYECKOMY THITY.

DBblio pUHATO pelienue MPOIOJIKUTh BBeIeHUe
IJIIOKOKOPTUKOUIOB (METHIIITPEH30JI0H B 7103e 500 MT B
CYTKH B T€UeHue Tpex JHeil), 106aBuTh Tpancdysuio Ka-
PAaHTHHHU3WPOBAHHON CBEKE3aMOPOKEHHON IJIa3MBbl
(KC3II) B nose 20 MJ/Kr/CyT., 3aMECTUTEJBHYIO 1TOYEY-

syndrome, preeclampsia. On the same day the childbirth
by Cesarean section was executed.

Considering condition of the patient and potential
threat for life the patient was transferred to ICU of
MRCRL

The patient's status at admittance was considered as
very severe. Consciousness: level 3 points, Glasgow coma
scale. Prolonged mechanical lung ventilation (MLV)
through an orotracheal tube in the SIMV+PCV regimen
at Fi0, mode, 40%.Oxigenation index — 284. Rigid breath
in lungs evenly weakened in both parts, SpO, 98%. Tones
of heart are muffled, rhythm is correct; heart rate: 110 per
1 min; arterial pressure 145/85 mm Hg. Patient does not
react to a palpation, peristaltics is sluggish. Oliguria. Blood
test: Hb 54 g/1, platelets 36x10° leukocytosis 22.16X10°.
Biochemical blood test: bilirubin 141,7 pumol/l, creatinine
206 umol/l, ALT 176 U/I, aspartate aminotransferrase of
470 U/1, LDH 2625 U/

14.07.2015. Diagnosis by consilium: HELLP syn-
drome. Severe preeclampsia. Pfanenshtil laparotomy and
Cesarean section at the lower uterine segment were per-
formed. Severe hepatorenal failure. Brain oedema. Acute
anemia. Angiopathy of a retina of both eyes of a hyperten-
sive type.

The decision was to continue administration of
glucocorticosteroids (methylprednisolone, 500 mg per
day for three days), transfusion of fresh frozen plasma
(20 ml/kg/day), replacement kidney therapy, plasma-
pheresis, symptomatic therapy (antibiotics: meropenem
6 g/days, linezolid 1200 mg/dayse; oxytocin: 1.0 ml 3
times per day intramuscularly; human albumin, antico-
agulants, omeprazole (80 mg/day), hypotensive drug:
niphedipine (0,3—0,7 mg/hour).

22.07.2015. due to respiratory insufficiency and
because of a need in prolonged MLV the tracheostoma was
imposed.

On day 9 of admittance at ICU, the inefficiency of treat-
ment became obvious. The condition of the patient wors-
ened, polyorgan insufficiency progressed as demonstrated by
functions of brain, respiratory system, liver, intestinal and
kidney function. Blood tests demonstrated alterations: Hb
61 g/l1, platelets 39x10° bilirubin 83,1 umol/l, creatinine
256 pmol/l, ALT of 47 U/1, aspartate aminotransferrase 71
U/l, LDH 451 U/l Earlier Negative ANF and level anti-
phospholipids at 0,9 allowed to exclude autoimmune syn-
drome, low activity (39%) of plasma ADAMS-13 metallo-
proteinase did not confirm suggested TTP.

At the same time, C3 component of complement was
found to be decreased to 0,71 g/l (compared to normal
level at 0,83—1,93), C4 component was determined as 0,17
g/l (compared to 0,15—0,57 g/1 in norm). It allowed to
diagnose the AHUS. Consilium confirmed the existence of
microangiopathic hemolytic thrombocytopenia and poly-
organ insufficiency and stated the thrombotic microan-
giopathy. Resistance to a plasmatherapy forced to doubt
the diagnosis of HELLP syndrome as an independent form
of a preeclampsia. The diagnosis of AHUS was issued as
the most probable one. These considerations justified the
need for a treatment with antibodies to terminal enzyme of
an alternative pathway (C5) of activation of a comple-
ment, Ekulizumab (Soliris).

24.07.2015. Treatment with Eculizumab (Soliris), 900
mg once a week, for 4 weeks, followed by increasing the
dose to 1200mg once had been initiated, with further
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nyio teparuio (3IIT), ceancnr miazmadepesa. Kpome ro-
ro, IPOBO/IMJIN Jiedenue rpeaknammncun (MgSO, — 25%
1 r/4ac; aganar — 0,3—0,7 Mr/4ac), anHtubGaKkrepuasbHyIo
Tepamnuio (MepoHeM — 6 1/cyT, 3amBokc — 1200 mr/cyT.);
PECTPUKTUBHYIO MH(DY3UOHHYIO TEPaNuio KOJJIOUTAMHI
(anbbymuH) u kpuctawiougamu (crepodyHanun) B 06be-
Me 2 MJI/KT/CyT.

[l yrounenus auarnos3a MpoBesin crennduieckue
HCCJIE/IOBAHUS HA HAJIMUKe ayTOMMMYHHbBIX 3a00JIeBaHuUiT
(antudochomumuaneiii cungapom (ADJIC), cucremuas
kpacnas omvanka (CKB), pomboTrdeckast TpoMOOIUTO-
nenndeckas mypmypa (TTII)).

22.07.2015 1. B CBSI3U € COXPAHSIONIUMHUCS SIBJIEHISIMU
JIbIXaTeJIbHON HEJ0CTATOYHOCTU ¥ HEOOXOAUMOCTH IIPOBe-
nenust juiurenbroil VIBJT Gblia BBITOTHEHA TPAXEOCTOMHUSI.

BBumy oTCyTCTBHS MTOJIOKUTENBHOM ANHAMUKY TIPHU-
HSUIM PellieHne 0 HeoOX0AUMOTH BapuUKaIlMK JUATHO-
3a ¢ KOppeKIunei MeJIuKaMeHTO3HO! Tepanuu. B anamu-
3aX KPOBM COXPAHSJINCH BBIPAKEHHDbIE U3MEHEHUS:
aHeMusl, HeCMOTPSI Ha IEPUOJIUYECKYIO TpaHcdysuio
APUTPOIUTOB, TpoMOOIUTONIEHUsT (KOJUYECTBO TPOMOO-
nutoB — 39x10°/1), Gunupyburemus (o6muii Guaupy-
6un — 83,1 MKMOJIb/J1), IPU3HAKU [IEYEHOUHO — TI0YeU-
HOW HeIoCTaTOYHOCTH (KpeaTwHWH — 256 MKMOJIb/J,
AJIT — 47 EA/n, ACT — 71 E[l/n, JIAT — 451 E/l/m).
Caenyronue nabopaToOpHble JaHHBIE: OTPHUIIATENbHBIN
antunykigeapubiii daktop (AHD) u Huskuii ypoeHb
antuten (IgG n IgM — 0,9 Ex/mir) mo3Boaman uckiio-
quth ADC 1 CKB, HU3Kast ak THBHOCTH METAJJIOTPOTEH-
naspt ADAMS — 13 B mmasme (39%) — tpombonuTorne-
Huveckyto nypiypy (TTII).

BbLIo ycTaHOBJIEHO TaKyKe, Y4TO YPOBEHb AHTHUTEN K
daxropy H B cbiBopoTke GoubHOI cocTasisier 39% 0T cooT-
BETCTBYIOIIETO YPOBHS B KOHTPOJIBHOI CBIBOPOTKE, a IIpU
HCCJIeJIOBAHUN KOMITIOHEHTOB CHUCTEMbI KOMILJIEMEHTA yPO-
Benb C3 cocrasui 0,71 r/n (N 0,83—1,93), C4 — 0,17 v/
(N 0,15—0,57). DT0 MO3BOJMIO 3ATMOMO3PUTH HATUULE
ATUIIYHOTO TEMOJIMTUKO-YPEMUYECKOTO CHHIPOMa Oepe-
MenubIx. Xotst al'YC — 570 reHernveckoe 3abosieBanue, y
30—50% manueHToB TEHETUYECKYIO MYTAIMIO BBISIBUTH HE
yaaercs. [ToaToMy reHeTHUecKuil aHAIU3 TPEICTABISETCS
HEHA/[EKHBIM METOJOM JAUArHOCTHKK 3aboJeBanus. He
KaK/IasT U3BECTHAS TeHETHYECKast MYTAIUST IMEET MTPOTHOC-
Tiueckoe 3Hauenve. [locientee coobpaskeHue, B COY€TAaHNI
C OTPAaHUYEHHOH I0CTYITHOCTHIO TEHETHYECKOTO AHAJIN3A 13-
32 €r0 BBICOKOII CTOMMOCTH U JUINTEJIBHOTO OKUIAHHS pe-
3YJIBTATOB, TO3BOJISIET CUUTATh, UTO JIJISI MIEPBOHAYAIBLHON
JIMarHOCTUKK 1 BhIGopa TakTuku jedennst al' YC renernyec-
KUl aHa/mM3 He siBJsieTcst HeoOxoxumbim [11].

BBujty BblllieyKa3aHHBIX JIAO0PATOPHBIX JAHHBIX ObLIO
[PUHAITO PelieHre 0 HEOOXOAUMOCTH TOBTOPHOTO KOHCHU-
JIMYMa, KOTOPBIIi TPUIITEJT K CIEAYIONIM BbIBOJIAM: CUMIITO-
MOKOMIIJIEKC B BHJIE MUKDPOAHTHONATUYECKOTO TeMOJIN3a,
TPOMOOLUTONEHNH, OJIMOPTaHHOI HEIOCTATOUHOCTHU 1103~
BOJISIET IMATHOCTHPOBATH y MAIUEHTKU TPOMOOTUYECKYIO
MUKPOAHTHOTIATHIO. BMecTe ¢ TeM, Pe3UCTEHTHOCTD K I171a3-
MOTEpaNnK 3acTaBsieT ycOMHUThCs B nuarnoze HELLP-
CUH/IPOMA, KaK CaMOCTOSITEIbHON (DOPMBI TTPEIKTAMIICHH.
HawuGosiee BEpOSTHBIM MPEJACTABJISIETCS IMATHO3 aTUIINY-
HOTO TeMOJINTUKO-YPEMUUYECKOTO CUHAPOMA OGepeMEHHBIX.
Bouiu chopmyipoBaHbl aGCOMIOTHbIE IOKA3AHIS s BBE-
JIeHVST TIperapara, CoJepsKaliero KOMIIEKC aHTUTEN K Tep-
MUHAJTBHBIM (DEPMEHTAM aJBTEPHATUBHOTO IyTH aKTHUBA-
u KoMiieMenTa — JKyausymab (Commpuc).

changing the dose to 1200 mg each 2 weeks, as recom-
mended by manufacturer (DSM Pharmaceiticals Inc.,
Greenville, NC, USA).

Although the use of Eculizumab required urgent anti-
meningococcal vaccination, it could not be performed due
to severe condition of the patient. Instead, ciprofloxacin
was added to the protocol replacing the need in an anti-
bacterial support.

Administration of Eculizumab (Soliris) resulted in
positive clinical and biochemical tests dynamics. Clear
consciousness was restored and signs of paresis of intestine
disappeared quickly, on 25.07.2015. On the same day kid-
ney function and diuresis were normalized. Next day
(26.07.2015) patients was transferred to independent
breath through a tracheostoma. On day 10 starting from a
Soliris treatment (23th day from the admittance) laborato-
ry parameters returned to norm: level of bilirubin
decreased to 17,6/1, LDH 151 U/I, platelets 221x10°.For
rehabilitation the patient was transferred to a local med-
ical office.

Discussion

AHUS is an orphan disease, which is remem-
bered in the last turn and the diagnosis of which is
made by exclusion other diseases. In compliance
with standards of clinical recommendations on diag-
nosis and treatment of AHUS, diagnosis of TMA is
based on existence of thrombocytopenia and a
microangiopathic hemolytic anemia (MAHA) in
combination with signs of damage of kidneys and /or
extrarenal alterations of CNS, intestine, lungs.
Development of MAHA without thrombocytopenia
occur rarely. MAHA could be identified in patients
with anemia by shizocytosis (when numbers of shizo-
cytes in peripheral blood is higher than 0,1%) and /or
by the increased level of LDH and/or decrease in a
haptoglobin concentration in plasma. When TMA is
under suspect, all three above specified markers
should be determined since the lack of changes in
any of these markers it would be impossible to diag-
nose TMA. All patients with suspected TMA should
be checked for a Coombs reaction to exclude the
autoimmune nature of a hemolysis. In patients with
MAHA and thrombocytopenia existence of any signs
of the damage of kidneys (isolated or in combination
with symptoms of alteration of CNS, heart, gastroin-
testinal tract, and/or lungs) provides a base for diag-
nosis of TMA.

When doubts in diagnosis of TMA disappeared,
further differential diagnostics was performed to dif-
ferentiate STEC — HUS and TTP. The former was
excluded by a lack of shiga-toxin in blood and stool,
whereas the latter was excluded following checking
the activity of metalloproteinase ADAMTS-13. The
quantitative analysis of components of a complement
system confirmed the diagnosis of AHUS and, in
connection with an inefficiency of a plasmotherapy,
it justified the administration of antibodies specifi-
cally inhibiting C5 component of complement —
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Puc. 1. Cxema nuarnoctuxu al'VC 1 [1, 8].
Fig. 1. Diagnostics of AHUS (schemes 1) [1, 8].

24.07.2015 r. nauata Tepanusi conupucom (Cosupuc,
JICM Dapmacpioturic Wk., 5900 Maprtun Jliorep Kunr
JIx. Xatiseit, IpunBumib, CeBepnas Kaposwna, 27834,
CIHIA), mo cxeme — 900 mr 1 pa3 B Heneso, B TeueHue 4 He-
nenb, gasnee o 1200 mr 1 pas B mezesio, 3atem 1200 mr
Kask/Ible 2 HeleJIn.

[Tpumenenuio mpernapata CoJMpuc, COTJIIACHO WHCT-
PYKIIUH, [OJDKHA HPEIIIeCTBOBATh BAKIMHAIMS (B TOM
yucae — 9KCTPeHHas ) TPOTUB MEHUMHTOKOKKOBOH MH(peK-
1M, TAK KaK BBeJeHre JKyan3yMaba BbI3bIBAET AeUIIUT
TEPMUHAJIBHOTO KOMILJIEKCA KOMIIJICMEHTA, YTO COITPOBOK-
JIAeTCsl MOBBIMIEHHON YacTOTON pa3BUTUST WH(MEKIUN UH-
KaICyJIMPOBAHHBIMI MUKPOOPraHIM3MaMU, TJIABHBIM 06pa-
30M MEHUHTOKOKKOBOU ntdekiu. [Ipu atom akyninszymabd
MOJJIEPKUBAET COJIepKaHnue PAHHUX MPOIYKTOB aKTHBa-
1K KOMILJIEMEHTa, HeOOXOAUMBIX JIJIsl OTICOHU3AIIUU MUK-
POOPraHU3MOB M BBIBEJCHUS MMMYHHBIX KOMILICKCOB..
O1HAKO, YIUTHIBAS TSIKEJIOE COCTOSTHUE TIAIIMEHTKH, U, KaK
CJIeJICTBYE, HEBO3MOKHOCTD BBITIOJIHEHUST IAHHOTO ITYHKTA,

Eculizumab (Soliris, DSM Pharmacuticals Inc.,
Greenville, NC, USA).

The effect did not keep itself waiting. Fast
regress of symptomatology in combination with nor-
malization of laboratory indicators validated the
chosen tactics.

Unfortunately, AHUS remains an incurable
disease and long remission can be reached only by
regularly repeated courses of therapy with
Eculizumab. The decision to terminate treatment
with Eculizumab can be considered in 12 months of
continuous treatment. At recurrence happened after
cancellation of an Eculizumab the treatment should
be resumed immediately.

Currently the development of effective bio-
markers of early endothelial damage seems crucial to
predict development of AHUS recurrence. It might
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MuKpoaHTHOIIATHYECKUIT TeMOJTU3
Tpombowuronenust ITosbimennsiii yposens JI/IT,
<150 000w + | u/wiu cHUXKeHUey POBHS ralTorI00MHa,
VUM CHIDKCHIE 1/WJTM HAJINYKe U301 TOB,

Thrombocytopenia Microangiopathic hemolysis
<150,000 / Elevated levels of LDH and/or reduction
microliter + of haptoglobin level and /or presence

or decrease shizotsitov and/or a reduction

>25% /W CHIDKEHUE YPOBHSI reMoriobuna (a) > 925% in hemoglobin level (a)

BoJiee 0IHOTO 13 CJIEYIONIX PU3HAKOB More than one of the following features
Hesposornyeckue || Bopieuenne noyek: Kenynouno- Neurological The involvement Gastrointestinal
CHMITOMBI: MOBBIIIIEHNE YPOBHS KHIIEYHbIE symptoms: of the kidneys: disorders:

CIIyTAaHHOCTh KpeaTnHuHa, paccrpoiicTBa: confusion increased creatinine, diarrhea

CO3HAHUS U/WITH CHIKEHTE nmapest and/or and/or decrease and/or nausea/

n/unm CKO, U/ TOUTHOTA/ convulsions in GFR and/or vomiting,

CyIOpOTH /T U3MEHEHUsT pBOTa, changes in urine stomach pain,

MOYU 60J1b B KUBOTE, gastroenteritis
racTpPOSHTEPUT
L T | T |
Orennts aktuBHOCTH ADAMTS13 Rate ADAMTS13 activity
u nposectu tect Ha muratokeud/STEC (b) and test for shiga toxin /STEC (b)

{ ! } ! ! ]
AKTHBHOCTD AKTHBHOCTD [TomoxurenpHbIit Activity Activity Positive test
ADAMTS13 ADAMTS13 TeCT Ha MUTATOKCUH/ ADAMTS13 ADAMTS13 for Shigatoxin /

<k3% >5% STEC <Kk 5% >5% STEC
Bropuunas Secondary
- TTP >
TTIL al'yC TMA STEC-TYC (c¢) aHUS TMA STEC-HUS (c)

Puc. 2. Cxema muarnoctuxu al'yYC 2 [1, 8].
Fig. 2. Diagnostics of AHUS (schemes 2) [1, 8].

[0 PeIleHnI0 KOHCUINYMa K Teparnuu Obll 1o0aBJieH -
PO IOKCATIHH.

Ha ¢done tepanmun Commpricom oTMedeHa BBIPasKeH-
Has MOJIOXKUTENbHAS AMHAMUKA. BOCCTaHOBIIEHE SICHOTO
cosHanus Hactynuiao 25.07.2015 r., pasperieHue mapesa
kuiredynnka — 25.07.2015 1., BoccraHoBIeHUE TOYEYHON
(dbyuknmu, HopManusaius quypesa — 25.07.2015 r., nepe-
BOJI HA CAMOCTOSITEJILHOE JIBIXaHHE Yepe3 TPAXeoCTOMY —
26.07.2015 r. K 10 M cytram (23 cyTku ot Havasa 3abose-
BaHUs) HOPMAJU30BAJIUCH JTabOpaTOPHBIE OKA3aTelu:
ypoBsenb Oumupyouna causuaca 1o 17,6 mxmoun/n, JIAT
— 151 E/I /0, conepsxanue TpombonuToB — 221xX10°/1.

Jlist peabusmranuu 60sibHas Oblia epeBezieHa B Mpo-
(usbHOE OTHENIEHNE, 3aTEM BBIMIICAHA JIJIST TOJIEPIKIBAIO-
el Teparnuu Mo MeCTy KUTeTbCTBA.

OO6cyskaenne

B cooTBeTCcTBUE KAIMHNYECKUMI PEKOMEHIAITN-
samu 1o quarsoctrke u sedernio al'YC [9, 10], ana-
ruoctuka TMA ocHoBaHa Ha BBISIBJACHUHI TPOMOOLM-
TOIEHUM U MUKPOAHTHOIATUYECKOTO0 TI'eMOJIn3a
(MATA) B couetannu ¢ Ipu3HAKaMU MTOBPEKICHUS
MOYeK 1/MIN IKCTPAPEHAIBHOTO MOPAKEHUST TIeHT-
PaJIbHOI HEPBHOU CUCTEMBI, JKEJTYI0YHO-KUIIIEYHOTO
TPaKTa, JeTKUX. B pe/IKnX cirydasx BO3MOKHO Pa3BU-
tue MATA 6e3 tpombonronennu. Hannune MATA
YCTaHABJIWBAIOT HA OCHOBAHWW BBISBJICHUS Y TMaIU-
€HTOB C aHeMHUell IHU30IUTo3a (YUCJIO IU30IUTOB B
Maske mepudepnyeckoit kposu Bbirte 0,1%) n/mmm

possess a special value for protocols on cancellation
of treatment with Eculizumab. Optimum duration of
therapy with the new drug and a way to cancel the
Eculizumab certainly deserve further studies. [6]

Conclusion

On the basis of the analysis of literature and
own experience, the following principles of diagnos-
tics and treatment of AHUS are suggested:

1. All pregnant women with signs of TMA and
non-effective delivery should be examined for a pos-
sibility of an AHUS.

2. Diagnostics of AHUS is performed in two
stages according to described scheme [8]. Differential
diagnosis of thrombotic microangiopathy is per-
formed by described algorithm [1, 8].

3. When the plasmotherapy is ineffective, it is
necessary to come back to diagnostic stage and, if the
AHUS is confirmed, the treatment with Eculizumab
should be initiated according to the scheme as
described in this paper.

noBbimenHoro yposus JI/IT n/nmm cHuskenns rar-
torsobuna. I[Tpu nogospernun Ha TMA HeoOXoauMo
oTIpe/ieJIeHre BceX TPeX yKa3aHHBIX MapKepoB, IO-
CKOJIBKY B OTCYTCTBUE U3MEHEHUW OJTHOTO M3 HUX U

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 11; 6



DOI:10.15360,/1813-9779-2015-6-61-68

KamHnueckoe HabaOAEHUE .

He BBITIOJIHEHHBIX UCCJIE0BAHUSX [IBYX APYTUX, Ha-
rH03 TMA ycTaHOBUTH HEBO3MOKHO (JIOKHOOTPHU-
naresbHbIi pesysbrar!). Beem 6obabiM ¢ TMA He-
00XOIMMO TaKyKe BBITIOJHATH peakimio Kymbea ast
UCKJIIOYEHNS UMMYHHOUM MTPUPOBI reMon3a. ¥ Ta-
uentos ¢ MATA u tpombGouuToneHueil Hajaudue
OIIIl mmm apyruxX NMPU3HAKOB MOPAKEHUS TIOYEK,
M30JIMPOBAHHOIO WJIM B COYETAHUU C CUMIITOMaMMU
nopaskennst [THC, cepana, JKKT, merkux cory:kut oc-
HOBaHUEM [Jis fnarHocTuKu TMA.

B obcyskmaeMoM ciydae OCHOBAHMEM JIJIs Ha-
yaJia MMOBTOPHOTO JIMAarHOCTUYECKOTO IIpoliecca Io-
CIYKUJIN  yXyALNIEHUE KJINHUKO-J1ad0paTOPHBIX
JIAHHBIX W PE3UCTEHTHOCTb K MPOBOIUMOMY Jieue-
auio. Korga comuennsa B Haanunu TMA uncyesnn,
nanbHenyo auddepeHnaIbHy0 JUAaTHOCTUKY
npoBoguin co STEC — I'VC u TTII. Ilepsoe cocTo-
stHie ObLIO UCKJIFOUYEHO B CBSI3U C OTCYTCTBUEM M-
ra-TOKCWHA B KPOBU U CTYJie, BTOPOE Ha OCHOBAHUM
nusyuenus aktusHoctu ADAMTS-13. Ananus xom-
[TOHEHTOB CUCTEMbI KOMIIJIEMEHTA MOATBEPAIII [ha-
rao3 al'YC u, B cBsi3u ¢ Hea(pPeKTUBHOCTHIO TLIa3-
MOTepaIiK, ObLJIO PEIeHO MPUOETHYTh K BBEICHUIO
mpernapara TPYIIbl KOMIIEMEHT-UHIHOUPYIOIIIX
anTures — Ixyausymady (Conupuc, JCM Dapma-
cpiotukic Uuk., CIIA).

K coxanenuio, al'YC neussmeunmoe 3aboJe-
BaHWe U JJIUTENbHAS PEMUCCUS MOXKET ObITh J10-
CTUTHYTA TOJIBKO PETYJISIPHBIM ITOBTOPEHUEM KYP-
coB Tepamuu IKyamsymabom. Bompoc o
[peKpaleHuy Tepanuu IJKyJTU3yMadoM MOKET
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OBITH TIOCTaBJIeH Yepe3 12 MecseB MOCTOSTHHOTO
Jgedenus. [Ipw pasBuTHU peruanBa MOcjae OTMEHBI
9KyJInM3yMaba, JieueHue CJefyeT HeMeIJeHHO BO-
300HOBUTH. B HacTosIIIee BpeMsST KDUTHYECKU BasK-
HBIM TIpejcTaBisieTcss pa3paboTKa AeiiCTBEHHOIO
GroMapKepa HIOTeTMATbHOTO TIOBPEKIEHUSI, KO-
TOPBIN CMOKET HAa PAHHUX CPOKAX M TOYHO MTPOTHO-
3upoBath pa3putue penuausa a-I'YCa. Ito nmeer
0cobeHHOE 3HAUeHHE JIJIsT pa3paboTKU IPOTOKOJIOB
o oT™MeHe sKyausymMaba. Bormpockl onTuMabHOI
JUTUTEJTBHOCTH TEPAIUU U CII0C006a OTMEHBI 9KYJIH-
3ymMaba, Ge3yCJIOBHO, 3aCJyKUBAIOT IPOBEICHUS
JNAJbHENTINX nccyenoBannil [6].

3akiaouyeHue

Ha ocHoBanuu aHayim3a JUTEPATYPhl U KITMHU-
YeCKOr0 HaOJIOAEHNs], Mbl CUMTAEM TIPUHIIUIIATb-
HBIM CJIIYIOIIME TPUHITAIIBI IUArHOCTHKUA ¥ Jiede-
st AI'YC:

1. Bce Gepemennbie, ¢ npusnakamu TMA, B
cydyae MPOrPECCHPOBAHUU CUMITTOMATHKNA MUKPO-
COCYIUCTOTO TPOMOO03a, OJKHBI OBITh 06CTEI0BaHBI
Ha Hasmume al YC.

2. Cxewmsl tunarnoctuku al'YC, mpensioskeHHbIe
npodeccopom M. M. Bartomunsim [1, 8], moarsep-
AU CBOIO a(DPEKTUBHOCTD B HACTOSIIEM HAbI01e-
Hum (cxema 1, 2).

3. B cayuae noarsep:xaenus auarnosa al'yYC,
ceryeT HeMeJIEeHHO HaYMHATh TEPANUio JKYJIHU3Y-
MabOM 110 cxeMe, OITUCAaHHOI B HacTosIIel pabore.
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14 mapTa — 08 ampess

Cumnosuym «Dapmakorepanust KpUTHYECKIX COCTOSHIIT» B paMKax
XXIIT Poccuiickoro HaIMOHAJIBHOTO KOHTpecca «HesioBek u jiekapcTBo»
11—14 anpens

Mesxaynapoanas Kondepenius
«AKTyaJibHbIe BOIIPOCHI AHECTE3UOJIOTHH, PEAHUMATOJIOTUU 1 TOKCUKOJIOTUN»
21—22 anpesst

XII exxeromnas Beepoccuiickas KoH(bepeHIIUS ¢ MEXK/IYHAPOIHBIM YIacTUEM
«IIpoGiema HHGEKIMY TIPH KPUTHIECKUX COCTOSTHUSIX>
02—03 nions

CepTuduKamoHHBIN ITUKJI TOBBIIEHNS KBATUMUKAIINT Bpadel
10 CHEIUATBHOCTH «AHECTE3NOJIOTUSI-PEAHUMATOTIOT US>
07 nos6psa — 02 nexabpst

Bcepoccuiickast koH(bepeHIHsT MOJIO/IBIX YUYEeHbIX
«CoBpeMeHHbIe METO/[bI AUATHOCTUKU U JIEUEHHSI B PEAHUMATOJIOTUN >
16 Hoa6ps

XVIII Beepoccuiickag koH(pepeHInI ¢ MEKIYHAPOAHBIM Y4acTHEM
«Kusneobecneuenve npu KPUTUYECKUX COCTOSTHUAX>
17—18 Host6pst

www.reanimatology.com GENERAL REANIMATOLOGY, 2015, 11; 6



DOI:10.15360,/1813-9779-2015-6-69-78

B noMomp mpakTukymoIiemMy Bpayvy

OCOBEHHOCTHU UHTEHCUBHOTIO JIEYEHWA bOJIbHbBIX,
ITEPEHECHINX TPAXEOCTOMUIO

E. A. Kupacuposa'’, H. B. Jlapyrkuna', O. K. [ITumunumn’,
P. ®. Mamenos', E. A. Kyzuna’

' Hayuno-ucciieioBaTeIbeKuil KIMHUYECKUit HHCTUTYT OTOPUHOJIAPUHTOJIOT N
M. JI. 1. CepskeBckoro /lemapramMenTa 3paBoOXpaHeHus r. MOCKBHI,
Ornen «PeKoHCTPYKTUBHON XUPYPIUH MOJIBIX OPTaHOB IIEN,
Poccus, 117152, 1. MockBa, 3aropojHoe 1occe, 1. 18-A, ctp. 2
? HarnonasbHblil VcenepoBarebckiii MeAnIIMHCKUN YHUBEPCHTET
um. H. 1. TIuporosa Munszapasa Poccun, Kadenpa oropunosmapunrosorin gedebHOTO (haKyabreTa,
Poccus, 117997, . Mocksa, yi. OcTpoBUTSHOBS, 1. 1

Features of Intensive Treatment in Patients after Tracheostomy

E. A. Kirasirova'?, N. V. Lafutkina', O. K. Piminidi', R. F Mamedov', E. A. Kuzina®

'L. I. Sverzhevsky Research Clinical Institute of Otorhinolaryngology, Moscow Healthcare Department,
Department of Reconstructive Surgery for Hollow Organs of the Neck,
18-A, Zagorodnoe Shosse, Build. 2, Moscow 117152, Russia
*N. I. Pirogov Russian National Medical Research University, Ministry of Health of Russia,
Department of Otorhinolaryngology, Faculty of Therapeutics,
1, Ostrovityanov St., Moscow 117997, Russia

He]lb HCCIe10BaHuA — IIOBbIIIEHUE 3(1)(1)6KTI/IBHOCTI/I Me[[I/IHI/IHCKOﬁ pea6I/I.HI/IT'(1IlI/II/I 60.7II)HI)IX, IepeHectmnx
NBJI n TPaxeoCTOMUIO B OTAEJIEHNN WHTEHCUBHOU Tepalnu, nocpeaACTBOM JNHAMHUYECKOI0O KJII/IHI/IKO']I360paTOp-
HOT'0, SHAOCKOIIMYECKOTO KOHTPOJIA 1N a]IeKBaTHOﬁ Tepalmn BBISIBJIEHHOM TIATOJIOTHU.

Marepuaist u Metoast. O6¢cienoBano 120 60sbHbIX B pasHbie cpoku VIBJL, KOTOPBIM B OT/eJIEHIH PeaHnMa-
1IMU U MTHTEHCUBHON Teparuu 1poBeieHa olepanus — TpPaxeoCTOMUs, U3 HUX MYK4nH — 76, KeHuuH — 44 B BO3-
pacte ot 15 10 78 sret. Onncana TeXHUKA TPOBEAEHNS OTIEPAIITH — TPAXEOCTOMUM, MTPEICTaBIEHA KIMHUKO-9H/I0-
CKOTIMYeCcKast KaPTHHA COCTOSTHUS CJAMBUCTOM 060JIOUKY TOPTAHN 1 Tpaxen y 60bHBIX. [IpoBesieHO THITHpOBaHue
GakTepuil, BbIICJACHHBIX Y GOJMbHBIX, HaxoauBInuxcst Ha VIBJI; naromopdoiornyeckoe ucciaeoBatnue xpsiiieii me-
pejiHell cTeHKY Tpaxen GOJIbHBIM B pasHbie cpoku BJL.

Pesyabrarbl. PesyibraTbl MUKPOOHOJIOTHYECKOTO HCCACOBAHMS TIOKA3aIH MPeodIalaHie COUueTaHHON MUK-
podIOpLL: cTaQHUIOKOKK, CHHETHOMHAS MaJI0uKa, poTeil. VIHTpaonepaiinoHHOe 1aToMopgoI0ornieckoe Necaeao-
BaHuUe Xpsililell nepeHeil creHku Tpaxen 610 1poseaeHo 30 GosbHbIM B pasHble cpoku MBJI. OTMmeueHo, uTo na-
JKe IIPH TIPOJIOJIKUTEIBHOCTH MHTYOALUY TPAXeu 10 3 CYTOK PA3BUBAIOTCS MATOJIOTMYECKUE M3MEHEHUST CIIU3UCTON
000JI0YKU TOPTAHU U TPAXeu, IeCTPYKTUBHbIE U AUCTPODUUeCcKre n3MeHeHust Xpsitieii Tpaxen. Mopdosornueckoe
uccseloBanue Xpsiiieil Tpaxen 60bHbIX, Haxopsuxcest Ha VIBJL ot 4 10 7 cyTKu, BBISIBUIIO HApACTAHUE JIECTPYK-
TUBHBIX W JANCTPOMUIECKIX MTPOIIECCOB B TI€PETPAXeaTbHON COeMHUTEIBHON TKAHMU, CKOIJIEHHE JEHKOIUTOB 1
04YaroBbie KPoBoM3JHstHUL. [Ipr mpooknTebHOCTH HHTYOAnK 6oJiee 7 CYTOK ONPEAEISIach YacTHYHAsT THOEIb
Xpsilia, 3aMeHa €ro TPaHyJISAIMOHHON TKaHBIO, IIOSIBIEHHE YUYaCTKOB CEKBeCTpallui MepTBOro xpsma. IIpu suzuo-
ckonmyeckom ocMotpe y Beex (120) obcefoBaHHBIX O0IbHBIX BHIABIEHDI TOCTUHTYOAIIMOHHbIE U3MEHEHUsI TOpTa-
HU U TPaxen PasaMyHO CTeIeH! BhIPAsKEHHOCTH.

3akimouenue. B pesysisraTe npoBeAeHHOTO JiedeHus Jekanoauposano 111 6osbHbIx; 16 naimeHTam mposese-
HbI 9HZOCKOITMYECKNE BMeHIaTe/JIbCTBa Ha TOPTAaHU 1 TPpaxee, 4 6OJII>HI)IM C HOCTI/IHTy6aLII/IOHHI>IM CTE€HO30M ropTa-
HU ¥ Tpaxen BBINOJHEHBI PEKOHCTPYKTUBHBIE OIEPAIIK C MOCJEAYIONIEl JeKaHIoNsAnneii, 5 G0JbHBIX ¢ TIKEN0N
COIYTCTBYIOIIEN TTaTOJOTHEN OCTAINCH XPOHUYECKUMHU KaHIOJIEHOCUTEISIMU.

Knioueesvte caosa: VBJI; mpaxeocmomusi; Mukpogiopa; Mmophonozust; OuazHoCmuKa; leueHue

Agnpec /1151 KOPPEeCIIOH/IEHIUH: Correspondence to:
Exarepuna Kysuna Ekaterina Kuzina
E-mail: 43lor@mail.ru E-mail: 43lor@mail.ru

OBIIAJ PEAHMUMATOAOTMS, 2015, 11; 6 www.reanimatology.com

69



70

DOI:10.15360,/1813-9779-2015-6-69-78

Guidelines for Practitioner

Objective: to enhance the efficiency of medical rehabilitation in patients who have undergone mechanical ven-
tilation (MV) and tracheostomy in an intensive care unit through dynamic clinical, laboratory, endoscopic control
and adequate therapy for detected pathology. A total of 120 intensive care unit patients who had undergone tra-
cheostomy in different MV periods were examined.

Subjects and methods. A total of 120 patients (76 men and 44 women) aged 15 to 78 years were examined in
different MV periods. All the patients were operated on in intensive care units. The surgical techniques of tra-
cheostomy were described; the clinical and endoscopic pattern of the laryngeal and tracheal mucosa in patients on
MV was presented. The bacteria isolated from the patients on MV were typed; the cartilages of the anterior tra-
cheal wall were pathomorphologically studied in different MV periods.

Results. Microbiological examination indicated the predominance of the mixed microflora: Staphylococcus,
Pseudomonas aeruginosa and Proteus. Intraoperative postmortem examination of the cartilages of the anterior tra-
cheal wall was made in 30 patients in different MV periods who were noted to develop pathological changes in the
laryngeal and tracheal mucosa and destructive and dystrophic alterations in the tracheal cartilage even if their intu-
bation lasted as long as 3 days. Morphological examination of tracheal cartilages in patients who were on MV for 4
to 7 days revealed progressive destructive and dystrophic processes in peretracheal connective tissue, leukocyte
accumulation, and focal bleeding. During intubation for more 7 days, there was partial death of the cartilage, its
replacement by granulation tissue, and appearance of regions of sequestration of the dead cartilage. Endoscopic
examination showed varying degrees of postintubation laryngeal and tracheal changes in all (r=120) the examinees.

Conclusion. The performed treatment permitted decannulation of 111 patients; 16 patients underwent endo-
scopic intervention into the larynx and trachea; reconstructive operations followed by decannulaton were per-
formed in 4 patients with postintubation laryngeal and tracheal stenosis; 5 patients with severe comorbidity

remained to be chronic cannula carriers.

Key words: mechanical ventilation; tracheostoma; microflora; morphology; diagnosis; treatment
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BBenenne

B nacrosgiiee Bpems B pe3yJibTaTe aBTOKaTacT-
pod, TEXHOTEHHBIX aBapwii, BOEHHBIX KOH(MIMKTOB
OTMEYEH POCT 4Yncjia GOJNBHBIX, HYKIAIIUXCS B
MPOBE/IEHNW  PEeaHNMAIMOHHBIX  MepPOINpPUATHH,
BKJIIOUAOIINX WHTYOAIMIO TpaxeH, HCKYCCTBEHHYIO
BEHTUJISIIIAIO JIETKUX M TpaxeocTtoMuio. Kpome Toro,
CTAQJI0O BO3MOKHBIM BBITIOJTHEHWE XUPYPTHUYECKUX
omiepanii Ha cep/ille, KPYMHBIX COCY/aX, TOJIOBHOM
MO3Te Y HCXOIHO TSKEIOM Kareropun GOJBHBIX, 4TO
B TIOCJIEOTIEPATIMOHHOM TIEPUOJIE YACTO TPeGYeT Tpo-
BeseHud puurenbHoit UBJI u Tpaxeoctromun [1—8].

YcranoBiieHo, 4To Jaxe HeNpOJOJLKUTeIbHas
o Bpemenu MBJI, morpentHocTy B TeEXHUKE Tpaxeo-
CTOMWY OKa3bIBAIOT OTPUIIATEIbHOE BO3/IeCTBIE HA
COCTOSIHME CJIUBUCTOM 0GOJOUKY TOPTAaHKU W TPAXEH,
coco6CeTBYIOT 06pa3oBaHIIo 9po3uil u HhopMupoBa-
HUIO B IIOCJIEeLyIOleM CTeHO3a Pas/IMYHOi cTeleHu
BBIpaskeHHOCTH [9—13].

B mmTeparype MasiouncieHHbI CBEJIEHUS O KITH-
HUKO-9H/IOCKOIIUYECKOIl KapTUHE COCTOSAHUS CJIU3U-
CTOI 060IOYKHU TOPTaHN U Tpaxer y GOJbHbIX, TTOJY-
yaommunx WBJI, TpakToBKe 3TWX MAaHHBIX U WX
BJIUSIHUM Ha PasBUTHE MOCTHUHTYOAIIMOHHBIX I10-
BPEeXIEHNIN BEPXHUX /IBIXaTeJqbHbIX myTel. OcTaroT-
¢S TUCKYTabeTbHBIMI BOTIPOCHI O CPOKAX TIPOBETIE-
Hust Tpaxeoctomuu npu WBJI, crocobe mopbopa
HEOOXOMMBIX TPAXEOCTOMUUYECKUX TPYOOK 1 TaKTH-
KU BefleHust GOTbHBIX Mocte Tpaxeocromun [ 14, 15].

KomrutekcHoe nsyuerne mpoOaeMbl MOCTHHTY -
Gal[MOHHBIX CTEHO30B TOPTAHU U TPaxeu HEOOXOIH-

Introduction

Currently, due to increases in road accidents,
technological accidents and military conflicts signifi-
cant number of patients require resuscitation proce-
dures including intubation, mechanical ventilation and
tracheostomy. In addition, surgeries of the heart, major
vessels, and brain often require postoperative mechan-
ical ventilation of lungs and tracheostomy [1—8].

It has been found that a short duration of
mechanical ventilation and tracheostomy technique
errors negatively impacts on the mucous membrane
of the larynx and trachea, contribute to the forma-
tion of erosions and the formation of subsequent
stenosis of varying severity [9—13].

In the literature there are few data on clinical
and endoscopic evaluation of the mucous membrane
of the larynx and trachea in patients undergoing
mechanical ventilation. Interpretations of the data
related to the development of postintubation dam-
age of the upper airways remain poor. Questions on
the timing of tracheostomy during mechanical venti-
lation, selecting the required tracheostomy tubes
and management of patients after tracheostomy are
debated [14, 15].

A comprehensive study of the problem of
postintubation stenosis of the larynx and trachea is
necessary for early detection of postintubation
changes, developing tactics of patients who under-
went tracheostomy in the ICU and strategy of ade-
quate medical and social rehabilitation of this cate-
gory patients.
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B momomp mpakTuKyomemy spauy .

Ta6iuna 1. Pacnpezenerue 00cie10BaHHbIX GOJIBHBIX HA TPYNIIBI B 3aBUCUMOCTH OT IpookureasHoctn UBJI (n=120).
Table 1. Distribution of patients examined in groups depending on the duration of mechanical ventilation (n=120).

Groups of patients Duration of mechanical The Number of patients %
ventilation, days

1 up to 3 32 27

2 4—17 56 46

3 more 7 32 27

Ipumeuanue: Groups of patients — rpymnmnsl 60bHbIX; Duration of mechanical ventilation, days — npogosskuTeIbHOCTD UCKYCCT-
BEHHOI BEHTUJSAINN JIeTKUX, cyTKW; The number of patients — umcsmo 6oabpHBIX (TO ke ATt Tabaui 3—5); up to — 10; more — Goee.

MO KakK JIJISI PAHHETO BbISIBICHUS MOCTHHTYOAI[OH-
HbIX U3MEHEHWH, BbIPAOOTKM TAKTUKU BeJeHUs
GOJIbHBIX, IEPEHECHINX TPAXEOCTOMUIO B OTJECJCHIN
WHTEHCUBHOHM Tepanuu, Tak W JIJIS OCYIIeCTBIEHUS
UX aJIeKBATHON MeJUKO-COLUAIbHON peabuinTainnu.

enp nccnenoBanus — moBbImeHne P dex-
TUBHOCTU MEJUIMHCKOI peabuanranuy GOJbHBIX,
nepenecmux VBJI u TpaxeocTOMUIO B OT/EeTEeHUA
WHTEHCUBHON TepaIuu, MOCPEeICTBOM ANHAMHUYEC-
KOr0 KJIMHUKO-1a00paTOPHOTO, SHAOCKOINYECKO-
TO KOHTPOJISI U aJleKBaTHOU Tepaliuy BHISIBIECHHOU
MMaTOJIOTUM.

Marepuan u MeTOIbI

C 11eJ1b10 OTIpeieseHysl BJAUSHIS [TPOJOHTUPOBAHHOM
UHTYOAIMN TPAXeW W TPAXeOCTOMHM Ha CJIU3UCTYIO 000-
JIOUKY TOPTaHu U Tpaxen obcsenosain 120 60JabHBIX B pas-
Heie cpokn MBJI, u3 Hux myskunn — 76, skeHIuH — 44, B
Bospacte ot 15 10 78 sier. Bee GosbHble GbLIM OlIEpUpOBa-
HBI B OT/IEJIEHUSIX PEAHUMAIUH U MHTEHCUBHOI TEPAITHHL.

B 3aBucumocTi ot npopoJkuTeasioctu MBJI, 60iib-
HbI€ PACIIPE/IEJUIINCH Ha 3 TPYTIIIBL.

Kak cremyer m3 Tabauirsl, y 60JIBIMIMHCTBA GOJBHBIX
npososkuTeabHocts UBJI cocrasuia ot 1 10 7 cyTok.

OCHOBHOH TPUYMHON peaHUMAIMOHHBIX BMellla-
TesabeTB U npoBesienusi VUBJI aBumach Tsskesasd codyeTaH-
nast rpaBma (41%).

[Tpu mpoBeneHNN TPAXeOCTOMUH, YUUTHIBAIN MHIN-
BHIyaJIbHbIe KOHCTHTYIIMOHAIBHBIE MTAPAMETPBI TEJIOCTIO-
sxenust GompHoro. Ilepenieek muUTOBMAHOMN Keme3nl B 60%
CJTy4aeB CMETAN KBepXy, B 34% — KHU3Y; B 6% — mpemna-
PHUPOBAJIN U PACCEKAIN MEXK/IY JUraTypamir. Tpaxeoctomy
¢opmupoBasin Ha ypoBHE 2—4 1oyKoJiel] Tpaxeu. Bemnu-
YIHA pa3pe3a TPaxeu COOTBETCTBOBAJIA Pa3Mepy KaHIOJNN.
B mpocBet Tpaxen BBOMJIN TPaXeOCTOMHYECKUE OHO —
WM IByXMAH)KETOUHbIE TPYOKHM COOTBETCTBYIOIIETO [IHa-
Mmerpa ¢upmbr Portex miu Rusch (d — 8 mm), auamerp
TPYOKM COCTABJISLI IPUMEPHO 2/3 JinaMeTpa Tpaxeu.

Kimnnueckoe obGciieoBatiie 1 JAUHAMUYECKOE Ha-
6urrozierivie GOTBHBIX TIPOBO/IIIN 110 CIEIMATBHO pa3pado-
TaHHOI cXeMe, B KoTopoii yunTteiBasu: npuuntisl UBJI; na-
JIYue COMYTCTBYIONEH MaToJOTny; AanuTeabHoCTh VBJI
JI0 TPAXeOCTOMUU; BUJI TPAXEOCTOMUH, pa3Mep TPaxeocTo-
MUUECKO TPYyOKH; CPOKH nepeBoja H0JIbHOTO ¢ yIpaBJisie-
MOro Ha crioHTanHoe jbixanue. OCyIecTBIsSIN TaTOMOP-
omormyeckoe U MUKPOOMOJIOTHYECKOE HCCIIE0BAHUE
XpsAllell U CAMBUCTOI 000JOUKN TPaxeu B PasHble CPOKH
WBJI (3, 5, 7 cyTKN); 9HIOCKOTINIO BEPXHUX JBIXATETHHBIX
MmyTell ¢ BUAEOJOKYMEHTHPOBAHMEM; PEHTTEHOTOMOIpA-
¢uio ropTanu U Tpaxeu; IMHAMUYECKUI dHIOCKOTTUYECKII

Objective: to improve the efficiency of medical
rehabilitation of patients after tracheostomy and
mechanical ventilation in the ICU through a dynam-
ic clinical and laboratory, endoscopic control and
adequate therapy revealed pathology.

Materials and Methods

To determine the effect of prolonged intubation and
tracheostomy on the mucous membrane of the larynx and
trachea, we examined 120 patients at different periods of
mechanical ventilation, including 76 men and 44 women at
age from 15 to 78 years. All patients were operated in
emergency departments and intensive care.

Depending on the duration of mechanical ventilation,
patients were divided into 3 groups

As the table shows, for the majority of patients the
duration of mechanical ventilation ranged from 1 to 7 days.

The Table demonstrates that the main cause of a need
in resuscitation with interventions and mechanical venti-
lation was severe concomitant injury (41%).

In a tracheostomy step, we take into account the indi-
vidual parameters of the patient. The isthmus of the thy-
roid gland in 60% of cases have displaced upwards, in 34%
— downwards; 6% — dissected between the ligatures.
Tracheostomy was formed at the level of 2—4 rings of the
trachea. The magnitude of the cut size corresponded tra-
cheal cannula. In the lumen of the trachea was introduced
tracheostomy tubes of appropriate diameter, Portex or
Rusch (d=8 mm), the diameter of the tube is about 2/3 the
diameter of the trachea.

Clinical examination and follow-up of patients was
carried out by a specially developed circuit, which took
into account the causes of mechanical ventilation; presence
of comorbidities; duration of mechanical ventilation; tra-
cheostomy view, the size of the tracheostomy tube; terms
of transfer of the patient from a managed to spontaneous
breathing. We made pathology and microbiological exami-
nation of cartilage and tracheal mucosa in different periods
of mechanical ventilation (3, 5, 7 days); endoscopy of the
upper respiratory tract with computerized tomography of
larynx and trachea; dynamic endoscopic control of the lar-
ynx and trachea after 1.5 months, 3 months, 6 months after
decannulation.

Results and Discussion

Clinical observation of 120 patients who under-
went tracheostomy and mechanical ventilation in
the intensive care unit, revealed features of the
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Ta6uuna 2. IlpuunHbl, NPUBE/IINE K HEOOXOAMMOCTH PEAHNMALMOHHBIX BMENIATEbCTB U nposeaenus UBJI (n=120).
Table 2. The reasons that led to the need for intensive care interventions and mechanical ventilation (n=120).

The character of the pathology The absolute number %
Severe concomitant injury 49 41
Patients who have undergone surgery 26 22
Infectious disease (botulism, tetanus, etc.). 12 10
Acute ischemic attack 8 7
Cardiac infarction 7 6
Pathology in childbirth (eclampsia, disseminated intravascular coagulation syndrome) 5 4
Kussmaul's coma 5 4
Status asthmaticus 4 3
Poisoning by chemicals 4 3

IIpumeuanue: The character of the pathology — xapakrep naronoruu; Severe concomitant injury — TsiKesible cOYeTaHHbIE TPABMBI;
Patients who have undergone surgery — GoJiblble, Nepeneciiie XuUpyprudeckie Bmerarenabersa; Infectious disease (botulism,
tetanus, etc.) — nndekmonnsie 3aboesanus (6oTynusM, ctonbHsIK U 1p.); Acute ischemic attack — ocTpoe HapyleHe MO3TOBOTO
kposoobparenust; Cardiac infarction — undapkr muokapaa; Pathology in childbirth (eclampsia, disseminated intravascular coagu-
lation syndrome) — matosorusi B pomax (dKJAMIICHSI, CHHAPOM [IMCCEMUHUPOBAHHOTO BHYTPHUCOCYIHMCTOTO CBEPTHIBAHUN);
Kussmaul's coma — puabernueckas koma; Status asthmaticus — acrmatuueckuii craryc; Poisoning by chemicals — orpasienue xu-
MuyecknMu BemjectBamu; The absolute number — abcomoTHOE UnCIO.

KOHTPOJIb COCTOAHUA TOPTAHU U TpaXen 4epe3 1,5 Mecsdala,
3 Mecdla, 6 MECAIEB IOCJIE NEKAHYJJIAIUN TPaxXeu.

PesyabraThl U 00CyK/IEHHE

Anaims kamHrdeckux Habmogennin 120 6ouib-
HDBIX [103BOJIMJI BBIABUTH OCOOEHHOCTHU PA3BUTHUS U Te-
JeHUs TIaTOJOTMYEeCKUX MTPOIIECCOB B TOPTAaHU U Tpa-
Xee, CBSI3aHHBIX ¢ TpojoHrupoBanHoi MBJI n
Tpaxeocromueil. OTMETH/IM, YTO XapaKTep TeYeHUsI
[10CJIE0TIEPAIIMOHHOIO TIEPUO/Ia BO MHOIOM 3aBHUCE
OT BHU/Ia MUKPOMJIOPHI U €€ TyBCTBUTENLHOCTH K aH-
TrbaKTepuanbHOi Teparmu. IIpu nHMEKI BhI3BaH-
HOU accorpanusiMu OakTepHii, 3a:KUBJICHUE TIPOUC-
XO/IUJIO, B OCHOBHOM, BTOPUUYHDBIM HATSIZKEHUEM.

[Tepen TpaxeocToMuel MbI IIPOBEIN TUITHPOBA-
Hue Gakrepuii, BbieaeHHBIX y 80 06CIe10BaHHBIX
60JIbHBIX, HaxouBIIuXcst Ha VIBJL B otnenennsx un-
TEHCUBHOW Tepanmuu. B pesyJsbraTe MCCIEI0OBAHUS
OTMEUEHO MpeobiajaHue CoueTaHHOR MUKPODIIOPDIL.
B wactHocTr cuM6OM03 cTapUIOKOKKA U CUHErHOI-
HOW Taso4yku, J1ub0 IPOTes, T. €. TUIIMYHASA MUKPO-
dopa oTneneHNt THTEHCUBHON TepaIii.

V¥ 30 60J1bHBIX IIPOBEJIM UCCAEA0BAHNE MUKPO-
(aropbl cAU3KUCTOI 000J0YKKM TpPaxew B JAUHAMUKE
Ha 3, 5 1 7 CyTKU OCJIe TPOBEAEHUS TPAXEOCTOMUM.
PesybraThl GaKTEPHOJIOTHYECKOTO WCCIIEI0BAHMS
[OKa3aJi, YTO Ha 3 CYTKH U3 TPaxeoOPOHXUATbHO-
ro JiepeBa BbICeBajlaCh B OCHOBHOM I'DaMIIOJIOKM-
TeJibHast hJropa: anuaepMasibHbIi cTaUIOKOKK, 30-
JotucTbii cradpumokokk. Ha 5 cyrku npeobiiagana
cuHerHoiinas nanodyka (77% 60abHbBIX), Kaebcue-
J1a, cTaUIOKOKKY (B OCHOBHOM B aCCOIMAIINAX ), K
7 cyTKaM OTMeYaJoCh CHWKEHHWE TUTPOB
Pseudomonas aeruginosa (46% 0OJBHBIX), MOSBJIE-
HUE JPOAKIKENOL00HbIX IPrUbOB.

[TpoBeneHHbI aHAIN3 AHTHOMOTUKOYYBCTBHU-
TEJIbHOCTH BbIJIEJIEHHBIX I'PAMIIOJIOKUTENbHBIX TOC-
[UTAJIbHBIX IITAMMOB IOKa3au, uto 90% mrramMMoB

development and course of pathological processes in
the larynx and trachea, associated with prolonged
mechanical ventilation and tracheostomy. It is noted
that the nature of postoperative period depends
largely on the type of microflora and its sensitivity to
antibacterial therapy.

Typing of bacteria isolated from 80 examined
patients on mechanical ventilation in the ICU was
performed prior to tracheostomy. The prevalence of
concomitant microflora was determined. In particu-
lar, symbiosis of Staphylococcus aureus and
Pseudomonas aeruginosa or Proteus, i.e. typical
microflora ICU, were typical for these patients.

In 30 patients microflora derived from the
mucous membrane of the trachea was studied in
dynamics on days 3, 5 and 7 post-tracheostomy. The
results of bacteriological studies have shown that on
day 3 mainly gram-positive  microflora
(Staphylococcus epidermidis, Staphylococcus aureus)
were determined. On day 5, Pseudomonas aeruginosa
(77% patients) prevailed, and Klebsiella and
Staphylococcus aureus associated frequently. On day
7, a decrease in Pseudomonas aeruginosa (occured
only in 46% patients) became associated with the
appearance of yeasts.

The analysis of antibiotic susceptibility of
gram-positive nosocomial isolated strains showed
that 90% of Staphylococcus aureus strains were resis-
tant to methicillin and other 8-lactams. According to
drug sensitivity monitoring, the sensitivity to van-
comycin remained at a high level (100%).

Highlighted in the examined patients,
Pseudomonas aeruginosa strains were highly sensi-
tive only to imipenem (88, 7%) and meropenem
(93.9%), whereas 68.4% of microorganisms were sen-
sitive to ceftazidime.

Klebsiella pneumoniae was characterized by a
high level of resistance to IIT generation
cephalosporins except cephamycins that produced -
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Staphylococcus aureus ObLTN PE3UCTEHTHBI K METH-
uuHy u Apyrum B-naxramam. [lo graHHbIM 11poOBe-
JIEHHOTO MOHUTOPUHTA, YYBCTBUTEIHHOCTH K BAaHKO-
MUIIMHY OCTAeTCsl Ha BhICOKOM yposHe — 100%.

Beigenernnbie y  06ciae10BaHHBIX GOJTBHBIX
[ITAMMBI CHHETHOWHOM TTaJIOuKK 06JIaaid BBICOKOI
YYBCTBUTEJHHOCTHIO JINIITh K nMutieHeMy (88, 7%) u
Mmeponernemy (93,9%), k 1edrasuauMy ObLIH YyBCT-
BUTEIBbHBI 68,4% MUKPOOPTaHU3MOB.

Cuekrp antuOnotrkopesucrentaoctu Klebsiella
prneumoniae XapaKTePU30BAJICS BLICOKMM YDPOBHEM
ycroitunBoctu K ledanocnoputam IIT noxosenus,
3a UCKJI0YeHreM 11ehaMUIInHOB, YTO CBSI3aHO C TIPO-
OYKIMEN 9TUM MHUKPOOPTAHH3MOM [3-TaKTaMa3s pac-
[IUPEHHOTO crieKTpa AeiicTerst. HanborbIeil akTiB-
HOCTBIO B orHoweHnun K.pneumoniae oGiaamanu
MMUTIEHEM, aMUKAITUH ¥ 11eoTeTaH.

WNuTpaonepainonHoe maToMopdoaoTuIecKoe
HccJieloBaHye XPsiieil epeiHeil CTeHKU Tpaxen Obl-
Jio iposeieHo 30 6osibHbIM B pasHbie cpoku VBJI.

VY 6osbHbIx 1 rpyrmmer (1-3 cyrok IBJT) pesy.ib-
TaThI TIPOBEJIEHHOTO MOP(hOJIOTHIECKOTO UCCIe/I0Ba-
HUS XPSIIIeil Tpaxeu, MoKa3ain, uTo yxke K 1 cyTkam
NBJI onpenensiorcss auctpodrieckre N3MEHEHUS €
noTepeit xpsnieBbix kietok. Ha 2 cytku NBJI B xps-
I[aX TPaXeH BBISBJIEHBI 3HAUNTEIbHBIE TUCTPOdUIec-
KHe U3MEHEHWST, OCHOBHOE BENIECTBO TIIIOXO OKPAIITH-
BAJIOCh, MECTaMU OBLJIO MPONMUTAHO TLIA3MEHHBIMU
GesIKaMu, B XOHJPOIMTAX OTMedeH MUKHO3 siep. K 3
cytkam MBJI mactynama orcioiika mepuxoHapa, mo-
BEPXHOCTh JIMIIEHHOTO MEPUXOHpa Xpsiia Oblia
y3yPHUPOBaHa, MOKPbITa (PUOPUHO3HBIMU HAJIOKEHH-
SIMU, XPSITL HE COJIePKal XPSIIEBBIX KJIETOK.

CiiezioBaTesbHO, MPOAOJIKUTEIBHOCTD HHTYOA-
MU TPaxew /10 3 CYTOK BbI3bIBAET MATOJOTHIECKHE
M3MEHEHUS He TOJIBKO B CJIM3UCTON 000JI0YKe ropTa-
HU W Tpaxeu, HO U JIECTPYKTUBHBIE U AUCTpOdIUec-
KHe U3MEHEHUs B XPSIIaxX TPaxeu.

AHayu3 pe3ysibTaToB MPOBEIEHHOTO MOP(hOIIO-
IUYECKOT0 MCCIeA0BaHUS OONBHBIX 2 TPYIINbI TTOKA-
3ay, yto Ha 4—7 cytku VIBJI B xpsmiax Tpaxen BO3-
HUKaoT OoJsiee riybokue AUCTPOGUUECKHE U
JIECTPYKTUBHBIE M3MEHEHUST — MEPUXOAPHIT OOBIYHO
OTCYTCTBOBAJI, TIOBEPXHOCTH XPsiliia Obljia y3ypUpPO-
BaHa, HaGJIIOIAJIN OYard XOHAPOHEKPO3a B y4acTKaxX
MIPUJIEKAINX K TTOBPEKICHHOMY MEPUXOHIPHIO. Y
HEKOTOPBIX GOJIBHBIX Ha (DOHE BBIPASKEHHBIX TUCTPO-
(pugeckux MpoIecCcoB, TTPOUCXOSAIIUX B XPSIIEBOI
TKaHW, OTMEYAJIN ee 3aMeHYy TPaHyJSIUOHHON TKa-
HbI0. Mopdosornyeckoe wucciaenoBaHue Xpsmien
Tpaxer G0JbHBIX, HosydaBux WBJI 4—7 cyTok,
MTO3BOJTMJIO BBISIBUTH HapacTaHWe TeCTPYKTUBHBIX W
nucTpouiecKnx IMpoieccoB. B mepuTpaxeanbHON
COEIMHUTEJIbHOM TKAHU BBISBUJIM 09aroBOe CKOILIe-
HUe€ JIEWKOIUTOB ¥ OYarOBbie KPOBOUBJIUSHUS.

Mopdomoruyeckoe wuccaegoBaHme XpSIIen
Tpaxen OOMBHBIX 3 TPymel, moxydasmux MBJI 6o-
Jiee 7 CYTOK, BBISIBUJIO Hapsify ¢ THOEJIbIO Xpslia U

lactamase. Maximum antibacterial activity against
K.pneumoniae had imipenem, amikacin and tsefotetan.

Intraoperative pathological examination of
cartilage anterior wall of the trachea was per-
formed in 30 patients at different periods of
mechanical ventilation.

In Group 1 (mechanical ventilation for 1—3
days) the results of morphological examination of
tracheal cartilage showed the degenerative changes
with loss of cartilage cells on the first day of ventila-
tion. On day 2 of mechanical ventilation histological
observarions of the cartilage of the trachea revealed
significant degenerative changes, the basic substance
was stained poorly, marked pyknosis of nuclei was
observed in chondrocytes. After 3 days of mechanical
ventilation the advanced detachment of perichondri-
um surface devoided of cartilage perichondrium cov-
ered fibrinous deposits became evident, and cartilage
lost cartilage cells.

Consequently, the length of intubation to 3
days led to pathological changes not only in the
mucosa of the larynx and trachea. Destructive and
dystrophic changes in the cartilage of the trachea
were easily observed starting from day 3.

Morphological studies of patients from group 2
showed that 4—7 hours of mechanical ventilation
revealed deeper dystrophic and destructive changes
in the cartilage of the trachea that included absence
of perihodry and necrotic foci in areas adjacent to the
damaged perichondrium. In peritraheal connective
tissue focal accumulation of leukocytes and focal
hemorrhage were revealed.

Morphological examination of the tracheal
cartilage in group 3 (patients were on mechanical
ventilation for more than 7 days) revealed the loss
of cartilage and its replacement by granulation tis-
sue, along with the presence of regeneration
processes as demonstrated by focal chondrocyte
proliferation, thickening and fibrosis perichondri-
um, and the emergence of sequestration of dead
cartilage tissue.

Development of destructive and degenerative
processes was associated with the severity of the gen-
eral condition of the patient that included function-
al disorders of the respiratory, cardiovascular and
central nervous systems, accompanied by nosocomi-
al infection (tracheobronchitis, pneumonia, sepsis).

All patients of the first group after transferring
to a spontaneous breathing were performed by
endoscopy of larynx and trachea. To perform
endoscopy of the trachea, the tracheostomy tube was
removed and different parts of the larynx, followed
by cervical and thoracic trachea were examined. At
the same time the state of the mucous membrane of
the larynx and trachea were thoroughly assessed.

It was found that 100% of the patients had
postintubation changes in the larynx and trachea of
different degrees of severity.
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Ta6muna 3. [ocTuHTyGanMoOHHbIE U3MEHEHHSI TOPTAHU U TPaxeu y 60JbHbIX, noxy4aBmmx Ha VIBJI B nepBbie 3-e cyTok

(n=32).

Table 3. Postintubation changes in the larynx and trachea in patients on mechanical ventilation in the first 3 days (n=32).

The results of endofibrotraheoscopy

The number of patients

Damage to the cervical trachea 24
Edematous laryngitis with stenosis of the larynx I—IT degrees 5
Scar-granulation «canopy» over the top edge of the tracheostomy 2
Postintubation unilateral paresis of the larynx with stenosis I—1I1 degree 1

Ipumeuanue: The results of endofibrotraheoscopy — pesynbraTsl angodubporpaxeockonuu; Damage to the cervical trachea — 1o-
BpeReHNs TeiiHoro otzesa Tpaxen; Edematous laryngitis with stenosis of the larynx I—II degrees — oreunsrii TapuHTHT CO CTEHO-
3oMm ropranu I—IT crenenu; Scar-granulation «canopy» over the top edge of the tracheostomy — py6110Bo-rpanyJIsIIHOHHBLH «KO3bI-
peK» Haja BEepPXHUM KpaeMm Tpaxeoctombl; Postintubation unilateral paresis of the larynx with stenosis I—II degree —
MOCTUHTYOAIMOHHBII OJIHOCTOPOHHUI Tape3 ropTanu co crenozom [—I1 crenenn.

3aMEHOIl ero TPaHyJSIMOHHON TKaHbIO, HAJTUUME
IIPOIIECCOB PETeHEPAINH, YTO BBIPAKAIOCH B OYArO-
BOIl TpoJmdepaniui XOHAPOIUTOB, YTOJIIEHUN U
(bubpose MepUXOHAPHS, a TAaKKe TTOSIBJICHHEM CEKBe-
CTPAIUK MEPTBOTO XPSIIA.

OueBH/IHO, YTO B XPSAIIEBOH TKaHU Tpaxeu
6ombHBIX, ToydaBnx VBJI, B pasiudHbie CPOKH
Pa3BUTHE JECTPYKTUBHBIX U JAUCTPODUUECKUX TTPO-
[[ECCOB CBSI3aHO C TSKECTHIO OOIIEro COCTOSTHHS
60JIbHOTO, PYHKIIMOHAJBHBIMU HAPYIIECHUSIMU OpTa-
HOB JIBIXaHUS, CEP/IEYHO-COCYAUCTON U IEHTPATBHOM
HEPBHOW CHUCTEM, C PAHHUM <ITPUCOEINHEHNEM> HO-
30KOMHUANbHON MHpeKI (TpaxeOGPOHXHT, MTHEB-
MOHUSI, CETICHC).

Bcem o06ciieoBaHHBIM MalMeHTaM EPBOI
rpynmsl mocie nx nepesosga ¢ VMIBJI va crioHTanHOE
IBIXaHUe [POBOAMIN  dHAODUOPOCKOIMUECKOE
(9DOBC) uccaenosanue ropranu u Tpaxen. Bo Bpe-
MsI 9HIOCKOITMYECKOTO OCMOTPA TPaxeu TPaxeocTo-
MHUUECKY0 TpyOKy yaassiin. OcMaTpuBaiu BecTuiy-
JIIPHBIA, CKIAAKOBBIM W TMOACKIAAKOBBIN OTAEIIBI
TOPTaHM, 3aTeM IMeWHBI W TPYAHON OTAes Tpaxeu.
ITpu 3TOM OlLIEHWBAM COCTOSIHKE CJU3BUCTOI 000-
Jlouky Topranu u Tpaxen. Obs3aTesbHOE 9HAOCKO-
MMIYeCKOe UCCIeIOBAHIE TIPOBOIUIN TaKKe TPHU Jie-
KaHIOJISIIUI GOJIBHOTO.

Bouto ycranosieno, uto y 100% obcremoBan-
HBIX OOJIBHBIX HMEJIM MECTO MOCTHHTYOAIMOHHBIE
M3MEHEHUs] TOPTaHU M TPaxXeW PasJUIHOl CTeleHU
BBIPAKEHHOCTH.

B rabaune 3 npexacrasienst ganmbie DDBC 1
rpytibt 6osbHbIX (MBJI 1—3 cyTok).

B mannoil rpymie mpeobiaagann MopaskeHst
CJTUBUCTOI 00OJIOUKHU TIEHHOTO OT/Ie/Ia TPAXEU HPO-
3UBHO-SI3BEHHOTO XapaKTepa B COYETAaHWM C TPaHy-
JISTTTUSIMU.

JlmarHocTpoBaHHbIE B PE3YJIbTaTe 9HIOCKOIH-
YEeCKOTO WMCCJIeIOBAHMS TIOCTUHTYOAIMOHHbBIE H3Me-
HEHUSI B TOPTaHU M Tpaxee y OOJBHBIX 2 TPYIIIIBI
[peJcTaBIeHbl B TabuIie 4.

B mamnoii rpymime 60gbHBIX Tpeobrafara Kin-
HUKA OTEYHOTO JIADUHTUTA CO CTEHO30M TOPTaHU
[—II crenienu, apo3uBHO-S3BEHHOTO TPAaXenTa M CO-
yeTaHue MaToJOTui.

Table 3 presents data of endoscopy study in
group 1 (mechanical ventilation for 1—3 hours).

The table above shows that in this group of
patients with predominant mucosal lesions of the
cervical trachea the erosive and ulcerative lesions
were combined with granulation.

The average term of patients on mechanical
ventilation from the moment of transfer to tra-
cheostomy to spontaneous breathing in this group
was 12—17 days.

Postintubation changes in the larynx and tra-
chea in patients are shown in Table 4.

Table 4 shows that in this group of patients ede-
matous laryngitis with stenosis of the larynx of 1—2
degree dominated accompanied by erosive and ulcer-
ative tracheitis and other pathological features.The
average term of patients on mechanical ventilation
from the moment of transfer to a tracheostomy to
spontaneous breathing in this group was 10—15 days.

Results of endoscopy of mucosa of the larynx
and trachea in group 3 (mechanical ventilation over
7 days) are shown in Table 5.

Table 5 shows that in this group postintubation
damage of larynx and cervical trachea tissues domi-
nated accompanied by lesions of vocal part of the lar-
ynx. This feature can be explained by trauma of car-
tilage skeleton of the larynx during intubation,
followed by developing inflammation in the mucous
membrane and cartilage of the larynx due to pro-
longed mechanical action of the endotracheal
tube.The average term of patients on mechanical
ventilation from the moment of transfer to a tra-
cheostomy to spontaneous breathing in this group
was 5—11 days.

Methods of treatment of patients with postin-
tubation alterations of larynx and trachea.

Clinical managing the patients undergoing
mechanical ventilation and tracheostomy includes
preventive measures, the implementation of which
should be carried out during the surgery and post-
operative care and directed to reduce inflammation
and injury elements in laryngotracheal complex to
ensure postoperative wound healing, early detection
and treatment of pathological changes.
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B momomp mpakTuKyomemy spauy .

Ta6iuna 4. IlocTHHTYGAIIMOHHDbIE K3MEHEHHUS TOPTAHH U TPaxeH y 00bHbIX, nosxyyaBmux Ha UBJI 4—7 cyrok (n=56).
Table 4. Postintubation changes in the larynx and trachea in patients on mechanical ventilation in the 4—7 days (n=56).

The results of endofibrotracheoscopy The number of patients

Erosive and ulcerative tracheitis varying severity

Edematous laryngitis with stenosis of the larynx I—1IT degrees
Postintubation unilateral paresis of the larynx with stenosis I—II degree
Granulation of the mucous membrane of the cervical trachea
Scar-granulation «canopy» over the top edge of the tracheostomy

A granuloma of the larynx

=N
I\J%%UI@M

IIpumeuanue: The results of endofibrotraheoscopy — pesyabrarsl sugodubdporpaxeockonuu; Damage to the cervical trachea — mo-
BpeskAeHus meitnoro otaena rpaxen; Edematous laryngitis with stenosis of the larynx I—IT degrees — oTeunplii TapuHIUT CO CTEHO-
3oM ropranu [—II crenenu; Scar-granulation «canopy» over the top edge of the tracheostomy — py6110Bo-rpany ISIIINOHHBIN <KO3bI-
peK» Hal BEPXHUM KpaeM TpaxeocToMbl; Postintubation unilateral paresis of the larynx with stenosis I—I1 degree —
MOCTHHTYOAIIMOHHBIN OIHOCTOPOHHIH Tape3 ropTamit co crenosom [—II crememnm.

Ta6una 5. [locTunTy GanMoHHbIe H3MEHEHHS TOPTaHU U Tpaxen y 00JIbHbIX, noryyasmux Ha UBJI 6osee 7 cytok (n=32).
Table 5. Postintubation changes in the larynx and trachea in patients on mechanical ventilation more then 7 days (n=32).

The results of endofibrotracheoscopy The number of patients

Combined postintubation changes in the larynx and cervical trachea 17
Erosive edematous laryngitis with stenosis of the larynx 11—III degree 5
Violation of separating function of the larynx TI—IIT degree 3
Scar membrane glottis 3
2
1

Scar-granulation «canopy» over the top edge of the tracheostomy
Postintubation bilateral paresis of the larynx with stenosis of IIT degree
Subluxation of the right cricoarytenoidea joint 1

ITpumeuanne: The results of endofibrotraheoscopy — pesyasrarst sngoduéporpaxeockonnu; Combined postintubation changes in
the larynx and cervical trachea — couerantbie TOCTUHTYGAIIMOHHBIE U3MEHEHMSI TOPTAHU ¥ TIEHHOTO oTHea Tpaxen; Erosive ede-
matous laryngitis with stenosis of the larynx II—IIT degree — oTe4Ho-9po3UBHBIN JTapuHTHUT cO cTero3oM ropranu [I—IIT crenenu;
Violation of separating function of the larynx IT—IIT degree — napymenue pasneaurenbuoil pyukimu ropranu [I—I11 crenenn; Scar
membrane glottis — py6iosas MemOpana rosocoBoil meau; Scar-granulation «canopy» over the top edge of the tracheostomy —
PyOIOBO-TPaHyIANMOHHBIN «KO3bIPEK» Hajl BEDXHUM KpaeM TpaxeoctoMbl; Postintubation bilateral paresis of the larynx with steno-
sis of ITT degree — mocTUHTYGaMOHHBII ABYCTOPOHHUIT Tapes ropranu, co ctenosom 111 crenenu; Subluxation of the right cricoary-

tenoidea joint — MoABBIBUX MPABOTO MEPCTHEYEPIATOBUIHOTO CYCTABA.

PesynbraThl 9HIOCKOMMYECKOTO HCCIE0BaA-
HUST CJIMBUCTON 000JI0UKI TOPTaHU U Tpaxen OOJIb-
Hbix 3 rpynmsl (UBJI 6ostee 7 cyTOK) mpejcraBJie-
HBI B TabsAIE 5.

B maHHOH rpyiie mpeobiafaiu coueTaHHbIE
MOCTUHTYOAIIMOHHBIE TOBPEKICHUST TOPTAHK U Ieki-
HOTO OT/IeJIa TPaxeu, a TakKe TMOPAKEHUS CKIAIKO-
BOTO OT/IeJIa TOPTaHU. DTO MOKHO OOBSICHUTH TPaB-
MaTHU3alKell XPSIeBOr0 OCTOBA TOPTAHW BO BPeMs
MHTYOAIMH, PA3BUTHEM BOCITAJIMTEIBHOTO MPOIiecca
B CJIMBUCTON 000JI0UKE ¥ XPSAIIAX TOPTAHU BCIIEACT-
BH€ JJINTEILHOTO MEXaHUYECKOTO BO3/IEHCTBUS WH-
TYOAI[MOHHOI TPYOKH Ha €€ 9JIeMEHTHIL.

Cpeanuil cpok HaxoxaeHus 6oabHbIX Ha VIBJI
OT MOMEHTA MIPOBEJICHUST TPAXEOCTOMUU JI0 TIEPEBO-
Jla Ha CIIOHTaHHOE JIBIXaHUE B 9TOM TPYIIE COCTABHII
5—11 cyroxk.

Meropl jieyeHust 6OJbHBIX C MOCTHHTYOAIM-
OHHBIMU H3MEHEHHSIMU TOPTAHU M TPAXEH.

TakTrka BesieHnst OOIbHBIX, iepeHecinnx VBJI
U TPAXeoCTOMUIO, 3aKI0YaIach B TPOBEIEHUN TIPO-
(pumakTUIECKMX MEpONPUSTHIA, BBIIIOJIHEHNE KOTO-
PBIX OCYIIECTBJISLIA B XOJI€ OTI€PAIfy, U TOoceore-
PAIMOHHBIN yXO0JI, HAIIPaBJIEHHBIN HA yMEHbIICHHE

Depending on the identified pathological
processes in the larynx and trachea the conducted
treatment might be different. Methods of treatment
include drug therapy, physical therapy, phonetician
exercises, and if indicated endoscopy and plastic
surgery (laringotraheoplastics).

The scheme of medical treatment involves
type-specific antibiotics, general and local anti-
inflammatory therapy, drugs improving microcircu-
lation.

The combination of antimicrobial drugs as ini-
tial therapy in the ICU is deployed to fight polybac-
terial infection as a complication when its probabili-
ty is high. The most appropriate combination of
antibiotics were as follows: carbapenems with gly-
copeptides, fluoroquinolones with aminoglycosides
and metronidazole, cephalosporins, III—IV genera-
tion amikacin.

When hondroperihondritis of larynx and tra-
chea was diagnosed, the local preparations like oint-
ment (levomekol, baktroban, olazol, solkoseril) was
deployed. This strategy was accompanied by a phys-
ical therapy to the area of the larynx and tracheosto-
my: electrophoresis, lydasum and neostigmine
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TPaBMbI U BOCIAJIEHUS 9JIEMEHTOB TOPTAHHO-Tpaxe-
ATTPHOTO KOMILJIEKCA, KOHTPOJIB 32 ITPOIIECCOM 32 KIB-
JIEHUS TIOCJIEOTIEPAITMOHHON PaHbl, PaHHEe BbISIBJIE-
HUE ¥ JieYeHNe TTaTOJOTMIECKUX N3MEeHEHU .

B 3aBUCHMOCTH OT BBISIBJIEHHBIX MATOJIOTHYEC-
KHUX TIPOIECCOB B TOPTAHU W TPAXEW TTPOBOIUIH Pa3-
JINYHBIE BUJIBI JIEIEHUS.

Crioco06bl JTedenus BKIOYATN B ce0sa: MeTrKa-
MEHTO3HYIO Tepanuio, (hu3noTepareBTHIecKue mpo-
ey phl, GoHOTIeINYECKIe YIPA)KHEHUS, TI0 TTOKa3a-
HUSIM — 9HJIOCKOITUYECKOEe W OTIePATUBHOE JieUeHHe
(JIapWHTOTPAXEOIJIACTHKA).

Cxema MeJIMKaMeHTO3HOTO JieueHUsT BKI0Yaia
B ce0st aHTHOAKTEPHAIbHYIO TEPAITUIO C YIeTOM BHIA
MHUKPOQIIOPBI, OOIIYI0 1 MECTHYIO TIPOTHBOBOCITAJIH-
TEJTHHYIO TEPAIHIo, TIPeNapaThl, YIydIalone MUK-
POITIPKYJISAIHIO.

KombuHaimo aHTUMUKPOOHBIX MPENapartoB B
KayecTBe «CTAPTOBOI» Teparuu B OT/EJEHUN PeaHu-
Maliy Ha3HaYal TIPU BBICOKOH BEPOSITHOCTH TOJIH-
ATUOJIOTUYHOCTH WH(EKITMOHHOTO ocoxHeHns. V-
MOJTB30BAJIH CJIEAYIONINE KOMOWHAITMH aHTHOMOTHKOB:
KapOareHeMbl ¢ TIMKONENTHAAME; (DTOPXUHOJIOHBI €
AMUHOTJIMKO3U/IAMU U METPOHU/1a30JI0M; Tiehaioctio-
punbt [II-IV moxosiennst c aMuKamHOM.

[Tpu sABIEHUSAX XOHIPONEPUXOHAPUTA TOPTAHU
U Tpaxew C TeJdblo JIMKBUIAIMA BOCIATUTETBHOTO
mpoiiecca TTPUMEHSIA TIPenapaTbl MECTHOTO JleliCcT-
BUSI HA TIATOTeHHY0 (DJIopy — Masu (JIEBOMEKOJIb, Oa-
KTpo6aH, 07a30b, coikocepun). Obs3aTenbHo Ha-
3Havyaau (hU3NOTEpPaANIeBTUUECKIE TPOIELyPhl HA
06JIaCTb TOPTAHW W TPAXEOCTOMBL: 3JIeKTpodopes ¢
JINZIA301 W TTPO3EPUHOM, MCIIOTH30BAIHM TAaK)Ke Mar-
uutorepanuio — 7—10 ceancos. Dusnorepanus
CIIOCOOCTBOBAIA YMEHBIIEHUI0 MECTHBIX BOCITAJIH-
TEJIBHBIX SIBJEHUH B 00JIACTH TPaxeoCTOMBbI, IPodu-
JIAKTHKE TIPOIECCOB PYOIIeBAHIS.

[Tpu 5pO3WBHO-SI3BEHHOM TPaXeuTe BBITIOJIHS-
JIU CAHAIIMOHHYI0 OPOHXOCKOIIUIO, BO BPEMST KOTOPO
BBOJIWJIM Pa3JIMdHble TI0 MEXaHU3MY JeHCTBUS Jie-
KapCTBEHHbIE BEIECTBA HEMOCPENCTBEHHO B OYar
BOCTIAJTIEHNSI.

IHJIOCKOMTNYECKIE OTlepaTUBHbBIE METO/IBI B Ka-
YeCTBE CAMOCTOSTEBHOTO CIT0CO0a JIEUEHSI TIOCTHH-
TyOAI[MOHHBIX M3MEHEHUH BEPXHUX JbIXaTeJbHBIX
MyTeil WMCIOJb30BAJIN TPU HAJTUYUKM TPAHYJISITUI,
BHYTPUIIPOCBETHBIX TEPETrOPOJOK (MIPUCTEHOUHBIX,
CEPIIOBU/IHBIX, MOJIYJIYHHBIX, KOJIBIEBUIHBIX «MeMO-
paH»), pyOIIOBO-TPaHyIAIMOHHOTO «KO3bIPbKay HAall
TPaxeocTOMOM.

Meroauka ymajieHus: pyOIOBO-TPaHYJISIIINOH-
HBIX 00pa30BaHMil TOPTAHU U TPaXer 3aBKCesa OT KO-
JInYecTBa W pazMepoB rpanyssiuii. Ecin nx pasme-
pBl He TIPEBBINAJN 3 MM, TO TIPOU3BOIUIIN
3JIEKTPOKOATYJIAIINIO C TIOMOIIBIO JHATePMUIECKO
MeTIn WK Koaryasatopa. Ecin pasmeps o6paszosa-
HUIl TIpeBbIIIann 3 MM, TO Ha UX OCHOBaHHe HaOpa-
CBIBAIM W 3aTATUBAIN JAMATEPMHUUECKYIO TIETJIO, U

methylsulfate, magnetic devices were employed for
7—10 sessions. Physiotherapy contributed to the
reduction of local inflammation in the tracheostomy
and prevention of scarring processes.

Bronchoscopy was performed in erosive and
ulcerative tracheitis, during which various drugs
were deployed directly to the local place of inflam-
mation. Endoscopic surgical methods were employed
to treat postintubation changes in the upper respira-
tory tract such as granulation, intraluminal walls
(parietal, sickle-shaped, semilunar, annular «mem-
branes»), over-the-tracheostomy scar-granulation
«canopy».Methods of removing scars following gran-
ulation of larynx and trachea tissues depended on the
number and size of granulations. If the size does not
exceed 3 mm, then electrocoagulation or loop
diathermy coagulator are employed. If the dimen-
sions of altered area exceeds 3 mm, high-frequency
current short bits were deployed.

Ulcers formed at the site of granulation were
cuticulized in 3—5 day, thus the control endoscopy
was performed not earlier than this period expired.

Scar-granulated «canopy» over the tracheosto-
my was an indication for removal if the size was larg-
er than 0.5 cm in diameter.

Surgical treatment as the laringotraheoplastics
was performed in 4 patients. Postoperatively, the for-
mation of the airways were performed with the aid of
various stents including protectors individually
selected for each patient. T-shaped tubes of two
major dimensions and thermoplastic tracheotomy
tube served as base prostheses.

The effectiveness of treatment of patients in
each group with the postintubation alterations of
larynx and cervical trachea was assessed by decannu-
lation, elimination of tracheal defects, and restora-
tion of voice and respiratory functions.

Conclusion

1. Prolonged intubation and mechanical venti-
lation is the cause of postintubation complications of
varying severity within the larynx and trachea.
Spreading of inflammatory processes in the respira-
tory system occured in 100% of examined patients.

2. Severity of pathological changes in cartilage
of trachea depended on duration of intubation: 1—3
hours of mechanical ventilation led to destructive
and degenerative processes; 7 days of mechanical
ventilation on the background of the destructive and
degenerative processes resaulted in a replacement of
cartilage tissue with granulations; after 10 days of
mechanical ventilation the pathological picture
showed destruction of cartilage and its replacement
by granulation tissue with areas of sequestration.

3. The spectrum of pathogens found in speci-
mens harvested from the from the tracheobronchial
tree material was presented predominantly by gram-
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B momomp mpakTuKyomemy spauy .

MyTeM TI0Z[aul KOPOTKUX PaspsiioB BBICOKOYACTOT-
HOTO TOKa OTCEKAJN 1 M3BJIEKATN 3T 00PA30BaHUS.

SI13BbI, 0OpasoBaBIIUECsT HA MECTE yIaJeHHBIX
TPAHyJLANUN, STMUTEIU3NPOBATICh HA 3—5 CYTKH,
[109TOMY KOHTPOJIbHOE HJO0CKOIINYeCKOoe HCCJIe/lo-
BaHue BBIIIOJIHAIN He patee 9TOI0 CPOoKa.

Pasmepbl  pyOIIOBO-IPaHYISIIHOHHOTO <KO-
3bIPbKa» HaJl TPaxeocToMoi Gomee 0,5¢M B TrmameTpe
CYMTAJIN II0Ka3aHUEM K ero yJajJleHuIo.

JlapuHTOoTpaxeomnjiacTuka MpoBeieHa 4 mainu-
eHTaM. B mocieonepamonHoM mepuoze (opmupo-
BaHMe TPOCBETA /IBIXaTeJbHbBIX MyTel MPON3BOININ
Ha PasJIMYHBIX CTEHTaX — IPOTEKTOpaX, KOTOpHIe
MoAOMpa HHAUBUAYATbHO IS KasKJ0T0 OOJBHOTO.
BaszosbiMu mporesamu iBUJICH T-00pasHbie TPYOKH
JIByX OCHOBHBIX Pa3MepoOB M TEePMOIJIACTUYECKUe
TPAaXeOTOMUYECKHUE TPYOKIL.

IPPeKTUBHOCTD JledeHnust OOJIbHBIX KaK0M
IPYIIBI ¢ HOCTHHTYOAIMOHHBIMU U3MEHEHUSIMU TOP-
TaHU ¥ TEHHOTO OT/IesIa TPaxen OIeHNBAJIN TI0 (DaKTy
JIEKAHIOJISAIINY, JINKBU/IAIUN TPAaxeaJbHOro JlehexTa,
BOCCTaHOBJICHUIO (DOHATINH U JBIXaTeTBHON (QYHKITHN.

BoiBoasl

1. Tponnenmas untybarus Tpaxen u VIBJI saB-
JISTETCST IPUYUHON BOSHUKHOBEHMsSI MOCTHHTYOAIM-
OHHBIX OCJOKHEHUI Pa3JINIHON CTETIeHN TSIKECTU B
TOPTaHU U Tpaxee, PacpoCTPaHeHNs THOWHO-BOCTIA-
JIUTEJIBHBIX MTPOIIECCOB B GPOHXOJIETOYHOI CHUCTEME Y
100% GOJTBHBIX.

2. BpIpaxeHHOCTH MTaTOMOP(MOJIOTHIECKUX U3-
MEHEeHUH Xpsiiieil Tpaxer 00y CI0BIeHa ITUTETbHOC-
Thio uuTyOarmn: B 1—3 cytkn MIBJI pasBuBaiorcs
JIECTPYKTUBHbBIE U AUCTPO(PUIECKHE TPOIECChl; K 7
cyrkam VM BJI Ha oHe AeCTPYKTUBHBIX U IUCTPODU-
YECKUX MPOIECCOB, TPOUCXOIUT 3aMeHa XPSIIEBOI
TKaHu Ha rpanysanuonnyio; k 10 cyrkam MBJI maro-
MopoJsiornueckasi KapTuHa CBUAETETHCTBYET O T'H-
Gesivt Xpsillla ¥ 3aMeHe €ro IPaHyJISIHOHHON TKAaHbIO
€ yJacTKaM# CEKBECTPAIIHH.

3. B cnekrpe Bo30OyauTeNEl, BbICEBAEMBIX U3
TPaxeoOPOHXUAIBHOTO JIepeBa MpeodiagaeT rpaMoT-
punaresbHast diopa (77%), KoTopasi BBICOKOPE3UC-
TEHTHA K aMUHO-, KapOOKCHUTTEHUIIIIMHAM, T1ehajio-
criopunaMm [, 11, medamocnopuram 111 mokomermsM,
He 00JTajiarolast aHTUIICEBAOMOHAIHON aKTUBHOCTHIO
BolgesieHHble mtaMMbl CHHETHOMHON aJToyKku 00J1a-
JIAJTA BBICOKOUM 4YBCTBUTEIBHOCTDIO JIUITh K UMHUTIE-
nemy (88,7%) u mepornienemy (93,9%).
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peannmanuu. Meroanueckue pekomenzannu. M.: 1977: 14—17.
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negative flora (77%) highly resistant to amino/ car-
boxypenicillinum, and I, II, III generation
cephalosporins with no activity against P.aeruginosa;
the latter was sensitive only to imipenem (88, 7%)
and meropenem (93.9%).

4. Dynamic endoscopic control allows identi-
fying early signs of postintubation damage in the lar-
ynx and trachea, and determine the optimal manage-
ment of patients in order to restore respiratory
function without surgery, and thereby reduce the
time of medical rehabilitation of patients.

5. Formation of tracheostomy stand at the
level of 2-4 half-rings of the trachea, the use of tra-
cheostomy tubes of required diameter, endoscopic
examinations and treatment of alterations in larynx
and trachea, represents an optimal management of
patients undergoing mechanical ventilation and tra-
cheostomy.

6. Designed and implemented therapeutic
algorithm of treatment of patients under mechanical
ventilation and undergone tracheostomy allowed
decannullation in 92.5% of patients. Postintubation
stenosis of the larynx and trachea occurred in 3.3% of
patients, which required reconstructive surgery of
these organs. 4.2% of patients constantly remained
with tracheostomic tube.

4. JlmHaMUYeCKUI DSHIOCKOTMNYECKUN KOH-
TPOJIb TI03BOJISIET BBISIBUTH PAHHUE TIPOSIBIEHUS 110-
CTUHTYOAIIMOHHBIX TIOBPESKACHII TOPTAaHN U TPAXEH,
OIPEIEIUTD ONITUMAJIBHYIO TAKTUKY BEACHHUS 0OJIb-
HBIX, BOCCTAHOBUTD JIbIXaTEJIbHYI0 (QDYHKIIUIO Ge3 Xi-
PYPTUYECKOTO BMEIATEIbCTBA.

5. MDopMmupoBaHme <«CTOHKOI» TPaxeoCTOMBI
Ha YPOBHE 2—4 TIOJyKOJIEeI TPaxew, UCIIOJIb30BaAHIE
TPAXeOCTOMUYECKHX TPYOOK HEOOXOANMOTO AUAMET-
pa, DHOCKOITMYECKUN KOHTPOJb U JieYeHHe BbISIB-
JIEHHOW TIaTOJIOTUM TOPTaHU U TPaxew, IOKa3aHO
BceM OOJIBHBIM, TIEPEHECITUM HCKYCCTBEHHYIO BEH-
TUJISIIIUIO JIETKUX U TPAXeOCTOMUIO.

6. PaspaboTaHHbII U BHEAPEHHBIH JieueOHbIN
AJITOPUTM TO3BOJIAJI JIeKaHIOAUpoBath 92,5% 60Jib-
ubeIxX, mepenecmux UBJI n Tpaxeoctommuio. ITocTnn-
TyOAIl[MOHHBIN CTEHO3 TOPTAaHK M Tpaxeu, mMoTpe6o-
BaBIUI PEKOHCTPYKTUBHBIX BMEIIATEIBCTB HA ATUX
opranax, pasBujics y 3,3% 60JbHBIX. XPOHUYECKIMU
KaHIOJIAPaMu OCTaauch 4,2% GOJbHBIX.
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JlaTa MEJUTINHCKUX HaYK:

*  Obwas peanumamonozusi.

*  Anecmesuonozus u peanumamoioeust;

uccepranuy Ha COUCKAHUE YYEHOH CTENEHH JOKTOPA HayK 6e3 omyGIuKOBaHuUs
OCHOBHBIX HAyYHBIX Pe3yJbTaTOB B BeAyIIHMX KypHAaJaxX U U3JAHUSIX, lepeyeHb KOTO-
phIX yTBEp:KAeH Bpicuieil arTecTanuoHHOil KoMuccHeil, OyayT OTKIOHEHBI B CBSI3U C Ha-
pyumenueM 1. 10 ITosokeHus o nopsAaKe NPUCY>KIeHHUs yUEHBIX CTeNeHeil.

[Tepeuens xxypuanoB BAK, uznaBaembix B Poccuiickoii Degeparyu 1o crierajibHOC-
i 14.01.20 «AHecTe3nonorust 1 PeaHMMaTOJIOTHsI», B KOTOPbIX PEKOMEH/yeTCst IyOmKa-
11151 OCHOBHBIX PE3YJIBTATOB JIUCCEPTAIUI Ha COUCKAHNE YYCHOH CTEereHN JOKTOpa U KaH/1-
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CoOpIiTHU A

IMamsatu 3aciay:keHHOTO AesTens Boicineii MKOJbI, TOKTOPa MEIUIIMHCKUX HAYK,
npocdeccopa Paucs UBanosust HOBUKOBOU

In Memory of Professor Raisa I. Novikova

Paunca MBanosna HoBukoBa poauiach 27 stHBa-
pst 1930 ropa.

Oxonunna /loHeNKnii MeIMTIIMHCKUTT WHCTUTY'T
B 1955 roay. C 1955 o 1959 rox paboTaia Xupyprom
Xapupizckoit paitonnoit 6osbnuil. C 1959 paGorana
BPAYOM-XHUPYPrOM B OOJTACTHON KIMHUYECKOM OOJIb-
Hutle r. JloHeIka.

C 1965 roza paboTasia 3aBeyolieil aHeCcTe31o-
sioro-peannmarmonubiM otaenernemM OKDB um. Ka-
suauHa. C aTOor0o BpeMeHnu npodeccroHalbHast jies-
TeJbHOCTh Paumchl VBaHOBHBI Obla CBs3aHa C
00J1aCTHON KJIMHUYECKOU OGosbHuleir u xadeapoit
(hakyibTETCKON XWPYPrUm, I/le OHA CTaja OJHON U3
MIEPBBIX 3aHUMATHCS AHECTE3NOIOTHEN.

B 1965 rony Pauca VBanoBHa 3ammurnia KaH-
JIUATCKYIO TUCCepPTAIio Ha TeMy: «Bompocsl anec-
TE3MOJIOTYECKOr0 0GeciedeHusT Py Ollepannsx Ha
TIE€YEHU U JKEJTYHBIX TTYTSIX>.

B 1972 rony sammrnia JOKTOPCKYIO JUCCepTa-
U0 «AHECTE3MOJOTHYeCKoe MocoOue W MHTEHCHB-
Hast Teparnust y GOJbHBIX MEXaHUYECKOM JKEJATYXO0M».

B 1973 rony oprannsoBasia u Bo3riaBuia Kade-
JIPY aHECTE3UOJIOTUN U PEAHUMATOJIOTHH.

ITpodeccop HoBukosa P. 1. 3aBeoBaa kade-
poii 25 Jiet u cosznasa JJoHeIKyo aHeCcTe3N0I0TnIec-
Kyto tkoaty. [Tos ee pyKoBOZICTBOM Ha yPOBHE MUPO-
BBIX CTaHAApTOB IIOATOTOBJEHO OoJjiee 4 ThICSY
AHeCTe3M0JIOroB, paboTaIINX Ha YKpauHe, B CTpa-
Hax OJMKHEro W jgajibHero sapybesxbs. M3 50 jer
BpaueOHOM, HAYYHOIT U MeJarornuecKoil aesTebHOC-
T 40 ner P. V1. HoBukoBa Oblia TJIaBHbIM BHELITAT-
HBIM aHEeCTe3WOJIOTOM YIIPABJIEHUS 3/IpaBOOXpaHe-
nus Jlonenkoil o0IacTu.

Omna chopmmpoBasa 4eTKo (HYHKITHOHUPYIOILYTO
AHECTE3NOJIOTMYECKYIO CIY/KOY, OPraHU30BaIa OTKPbI-
THE 55-U OT/IeNeHNI AHECTE3NOIOTHY U UHTEHCUBHOI
Tepanuy B ropojiax u paitonax Jonerkoi obaactu, 15
OT/IeJIEHUI MHTEHCUBHOU Tepariy B OOJIACTHBIX Jie-
YeGHBIX YUPEKICHUSX, 24 OTIETIEHNST — B TOPOJIax 00-
Jactu, 16 oTesiernii B KpYIHBIX PalOHHbBIX IIeHTpax. B
JETCKUX JieueOHBIX yupeskaeHusx JJoHenkoi obmactu
OPTraHW30BaHbI 4 OT/IeJICHUSI MHTEHCUBHOM Teparmu.

[Tpoeccop Hosukonra P. U. Boruioruiia B ;KU3Hb
CBOIO OJIECTSIILYIO H/IC0 OOBEIMHEHMSI B €IMHBIN Hayd-
HO-TIPAKTHYECKUI TIeHTP Kahepbl aHeCTE3NOTIOTHH 1
KJIMHUYECKUX TIO/[PA3JIETIEHUI: OT/Ie/IeHNs] aHeCTe3UO-
JIOTWHW, PEAHUMAIM ¥ WHTEHCWBHOW Teparuu, TYMO-
PAIIBHOM 1 (PYyHKITMOHAIIBHOM TMarHOCTHKH, 9 depenT-
HOI MEIMIMHDI U THIepOaprYeCKOil OKCUTeHAI M.

ITo nuurmatuse npodeccopa Hosukosoii P. .
B CTPYKType 00JIACTHOTO PeaHWMAIMOHHOTO I[EHTPa
OBLIIN CO3/JAHbL:

— B 1985 roay mepBoe Ha YKpauHe OT/esieHIe
3¢ depenTHBIX METO/IOB,;

— B 1988 rogy — otmenenue HelipopeaHnMa-
yy;

— B 1992 rogy — otnesnenue akyIepckoii pea-
HUMAIINN;

— B 1998 rogy — otnenenue KapauoJoTHIec-
KOI peaHnMaIlnu.

Pauca Msanosua HoBukosa — asrop 6osee 30-u
nusobpereruii, 6-u yueOHUKoB, 10-u MoHOTpadwmii, a
Takske 6osiee 520-1 HayIHBIX paboT, 43 13 KOTOPHIX ObI-
JIM OIyOJTUKOBAHBI 32 PYOEsKOM.

[Tox ee pyKOBOICTBOM 3alIUIIEHO 3 IOKTOPCKHE
u 38 KaHAMAATCKUX JIUCCEPTALIMIL.

Panca MBanosrna HoBukoBa Oblia 4eHOM pe-
NAKIIMOHHOTO COBETA HAYYHO-TPAKTUYECKOTO JKypHa-
sa «O01ast peaHuMaTOJIOTHS».

B 1991 roxy Panca VBaHoBHa Obliia HarpakieHa
noyetHoit rpamotoii [Tpesuamyma Bepxosroro Coseta
CCCP. B 1993 rony eit nprcBoeHO 3BaHue 3acIysKeH-
noro Jearena Boiciueii mkosbt. B centatpe 2004 roga
npodeccop Hosukosa P. 1. 6buna Harpaskaena ITouer-
HOI rpamMoToit MunucrepcTBa 3ApaBooOXpaHeHust YK-
paunbl, opaerom Ilaxrepckoit Ciaser 11 cremnemnm.

Panca VBanosna HoBuxosa ymuma u3 KusHU
17.11.2015.

Koanexmue pedaxuuu acypnana «Obwas peanu-
MAMONOZUS> GIPANCACT UCKPEHHUE CODOLe3HOBANUS
POOHbIM, Onuskum u koarezam P. Y. Hosuxosoii u ckop-
6um emecme ¢ HUMU.

OBIJAA PEAHMUMATOAOTI M, 2015, 11; 6
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Instructions for the author

Undopmaius s aBTopoB skypHaia «O01mas peaHMMaToIOTHsI»

IIpaBuia nojgayu U Iy GAMKANMH PYKONUCH, AOIOIHEHHbIE B COOTBETCTBHU
¢ pexomenaausmu ICMJE (International Committee of Medical Journal Editors)
IS HAY4YHBIX M3/IaHUi, BXOAAIIMX B MEKIYHAPOIHbIE 0a3bl JaHHbIX

IIpaBoBbl€e acHEKThI IIyOJMKAIMH PYKOIUCH

Yenosus nybauxayuu pykonucu

— Pyxomucn my6ankyiotest npu 06s3aTenbHoM cobIiioze-
HUM aBTOPOM STUKU U NIPaBUI myOJmKanin (oapobHee Ha caiite
JKypHasa www.reanimatology.com ).

— Pyxkomucu myGanKyioTest ¢ cobIoieHneM HopM aBTop-
CKOTO TIPaBa 1 KOHMUAEHIMATBHOTO OTHOIIEHHS! K [TEPCOHATBHBIM
JIAHHBIM aBTOPOB.

—  Pyxomucu my6anKyoTest 6ecIiaTHo.

— Pykomnucu, IPUHATBIE B 5KYPHAJ, TIPOXOAAT PELEH3HPO-
BaHIe Ha OPUTHHAIBHOCTD, STHIHOCTD, 3HAYMMOCTD, aleKBATHOCTD
CTATUCTUYECKON 06pabOTKN JaHHBIX HA YCJIOBHUX KOH(MUICHIIU-
QJIBHOCTH 32 UCKJIIOYEHHUEM BbIsIBIeHNs! (haibeuduKaiim JaHHbIX.

— Peznkosuternsi octapiisieT 3a co60ii PABO COKpAIIATh 1
PEIAKTHPOBATH PYKOIHCH.

Tpuunvl cisimust ¢ newamu u 3a0epicku nyoRuKauuU PYKONUCU

— Pykomucn, He coorBeTcTBYIONIME NPOGUIIIO JKypHAIa,
He ITPUHUMAIOTCA.

— Pykonucn, panee oryGIMKOBaHHBIE, @ TAK/Ke HAlPaB-
JIEHHBIE B JIPYTOIi 5Ky PHAI HJIH COOPHHUK, He TIPHHUMAIOTCS.

— 3a HekoppekTHoe O(GOpMICHNE W HEIOCTOBEPHOCTDH
HPe/ICTaB/IsIEMbIX GHOIMOrpadUUecKiX TaHHBIX aBTOPbI HECYT OT-
BETCTBEHHOCTH BILIOTH /10 CHSITHS PYKOIMCH C TI€YaTH.

— Hapymenue npasua ohopmIeHnsT PYKOIUCH, HECBOE-
BPEMEHHBIIT, a TakKe HeaJeKBATHBI OTBET HA 3aMeUaHUs PelleH-
3€HTOB 1 HAYYHbIX PEAKTOPOB MPUBOAT K 33/[EPIKKeE Iy CTHKaI[HIT
JI0 MCTIPABJICHMs] YKa3aHHBIX HEAOCTATKOB. IIpy UrHOPUpPOBaHUK
3aMeYaHUil PEIeH3EHTOB U HAyYHBIX PEJAKTOPOB PYKOIKMCH CHHU-
MaeTcsi ¢ JIAJIbHEHIIIero pacCMOTPEHHSI.

— Pyxkomnucu OTKJIOHEHHBIX paboT pefakiueii He Bo3Bpa-
IIAFOTCSI.

Humepecvr cmopon: Aemop,/Pedaxyus

Pepakims octayisger 3a co00ii MpaBo CYUTATh, YTO aBTOPHI,
[PEJOCTABUBIINE PYKOIUCH st TyOauKannu B sKypHan «Oomas
PEAHMMATOJIOTHST>, COTIACHBI C YCJIOBHSIMU ITYOIMKAINH U OTKJIO-
HEHUsI PYKOIIMCH, & TAKJKE € IPAaBUIaMK e 0hOPMIICHHSI.

Pepakiust octaBiisier 3a co0oif IIPaBo CUUTATB, YTO ABTOP,
OTBETCTBEHHbII 32 MEPENICKY ¢ PEAAKIIEN, BBIPAKAET MO3UIHIO
BCEro aBTOPCKOTO KOJLIEKTHBA.

ABTOp nosyuaer HHGOPMAIMOHHbIE HJIEKTPOHHBIE THCHMa
000 Beex aTanax IPOJBIKEHNUSI PYKOIIHCH, BRIIOYAs! yBeAOMIIEHIe
0 HECOOTBETCTBUM PYKOIUCH MPOGUII0 KypHala U IpaBUIaM
0(OPMIIEHHST; TEKCTBI PELIEH3HI; PElIeHIE PEAKOJIETHH O Iy Ou-
KaIMi WK OTKJIOHEHIH PYKOIIMCH; BEPCTKY OTPEIAKTHPOBAHHOTO
BapuanTa pyKOIMUCH JJIsl TIOJyYeHHsT aBTOPCKOTO JOTYCKa K Tie-
varu. JIOMOJTHUTENbHYI0 MHGOPMAIMIO O TIPOABIKEHUU PYKO-
[HCH aBTOP MOKET MOJYYHTb 1o ajgpecy: journal_or@mail.ru;
www.reanimatology.com.

Tapantuu ABTOpa

ABTOpBI JIOJDKHBI TapaHTUPOBATD, YTO OHM HANNCAJIHN TI0JI-
HOCTBIO OPUTMHAIBHYIO paboTy. VIcnosnb3oBanue Jo0bIX MaTepra-
JIOB JIPYTUX aBTOPOB JIOILYCKAETCS TOJIBKO C MX paspelieHus 1 Ipu
00513aTeIbHOIT CCHIIKE Ha ATHX aBTOPOB.

ABTOpr JOJIZKHBI TaPAHTUPOBATh, YTO CIIMCOK aBTOPOB CO/IEP-
JKUT TOJIBKO TEX JIUIl, KOTOPbIC BHECIN OLI.lyTl/lelﬁ BKJ1a/l B KOHIIEII-
1110, MPOEKT, NCIIOJIHEHNE NI UHTEPIPETAINIO 3as1BJIEHHOM pa60—
ThbI, TO €CTb TEX JIUIL, KOTOPbIE COOTBETCTBYIOT KPUTEPHUAM aBTOPCTBA.
ABTOpbl JOJIKHBI TaPAaHTUPOBATH COOTBETCTBUE KadeCTBa I1e-
PeBOZIa CTaTbU Ha AHTJIMICKUIL SI3BIK MEKyHAPOHBIM Tpe6OBaHI/I${M.

lapanTuu pemakiyumn

Pejlaximst 0JKHA TapaHTHPOBATH, YTO JIIOObIE PYKOIIMCH,
[OJIYYEHHBIE ST PELeH3NPOBAHUs, OYIyT BOCIPUHUMATHCS KAk
kombuaeHIanbible T0KyMeHTsl. OMHIT fle MOTYT OBITh MOKA3aHbI
JIPYTUM JIUIAM U 00CYK/IEHBI ¢ HUMHU, 32 UCKJIIOYEHIEM JIHIL, YTIOJI-
HOMOYEHHBIX PeZIaKINeil.

Penakimist 10JKHA TAPAHTHPOBATH, YTO HEOITYOIMKOBAHITBIE
Marepuasibl, HAXO/SIIMECsT B PEIOCTABJIEHHON cTaThe, He OyayT
UCIOJIb30BAHBI B COOCTBEHHOM MCCJIEIOBAHUN HAYYHOTO PEJAKTO-
pa 1 perensenToB 6e3 MHCHMENHOTO Pa3pENIeHs aBTOPA.

Peplakiust 10JKHA TapaHTHPOBATD, YTO PEIEH3EHT He OyeT
JIOIYIIEH K PACCMOTPEHUIO PYKOIMCH, €CJU HNMeeT MEeCTO KOH-
amkT nATEpEcoB B pe3yJsbTaTe ero KOHKYPeHTHBIX, MapTHEPCKUX
60 APYTUX OTHOIIEHUHN WM CBsI3€ii ¢ KeM-JTn00 U3 aBTOPOB, KOM-
MaHUI WM OPraHU3aIMi, CBSI3aHHBIX ¢ MATEPHAIOM MYOINKAIUHL.

Konguxm unmepecos cmopon: Aemop,/Pedaxuyus

Konduaukt marepecos ctopor ABTop/Pemaxituis peraercst
IIyTeM IIeperoBOPOB CTOPOH B COOTBETCTBUH C JIEHCTBYIOMINM 3aK0-
nozaresibetBoM PD 1 MeKyHAPOAHBIMU HOPMATHBHO-TIPABOBbI-
MU aKTaMH, PETYJUPYIONUMHU TyOJIUKAIUIO PYKOIMCEH B MeJH-
IIUHCKUX JKypHaJIax.

Coracrie WM Hecoracie Ha MyOJHKAINIO OTPEIAKTIPO-
BAaHHOTO BapuaHTa PYKOIIUCU BbIPAKACTCA B 9JICKTPOHHOM ITHUCbME
aBTOPA, OTBETCTBEHHOTO 3a MEPEINCKY C PelaKIlieit.

Pemakunsa u n3gatesbcTBO He HECYT OTBETCTBEHHOCTH 3a
MHEHUsI, U3JI0KEHHBIE B MyOJINKAIMAX, a TAKKE 3a COAEPIKAHUE
PEKJIaMBbl.

Cpoxku npo/ABM:KeHUs PYKOIUCH

— DKCIIepTH3a Ha COOTBETCTBIE TPOMIIIIO JKypHaa 1 mpa-
Busiam opopmiienust — He GoJiee 3-X JiHel ¢ MOMEHTa OCTYIICHUST
PYKOIUCH B PEIAKIIHIO.

— Penensupoanue — He 6osee 20-1 [Heil ¢ MOMEHTa dJIeK-
TPOHHOI OTIIPABKH PEIEH3EHTY PYKOINCH.

— Orser aBTOpa pereHsenTaM — He Gojee 7-u el ¢ Mo-
MEHTA AJEKTPOHHON OTITPABKU aBTOPY PEIEH3UH.

— 3acemanue peakosuiernn — 1 pa3 B 2 Mecsiia He mo3jmee,
yeM 3a 1 MecsiI 10 BBIITyCKa THpaska JKypHaJa.

— OroBerenre aBTopa O PEIIEHNN PEIKOJIJIErHN U 03Ha-
KOMJIEHUE C BEPCTKON OTPEAAKTUPOBAHHOTO BAPUAHTA — HE TTO3]I-
Hee 3-X JIHell ¢ MOMEHTa BBIXOJIa COOTBETCTBYIONIEH niopmarum.

Matepuassl st myGaMKaIMl PYKOMMCH TOAAIOTCS B pe-
JIAKITUIO HA PYCCKOM U aHIJIMIHCKOM SI3bIKAX B BUIE OYMAKHBIX JIH-
CTOB M WIEHTUYHBIX MM TI0 COJIEPKAHUIO DJIEKTPOHHBIX (hailioB.

[Toxpoburee 0 MaTepuasax st yOJINKAIUN U TPeOOBAHUSIX
K CTPYKTYPHBIM pasjie/iaM cTaTell cM. Ha caiite www.reanimatol-
ogy.com.

www.reanimatology.com
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BbicTpoe BbipaXXeHHbIi Xopowuuii
Ha4yano o0e30omBaloLUN npoduib
aencTeug’ apdPekr? Ge3onacHocTu®
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Aekcanryy®

Aexceeronpogen
NMokasaHnA K NpIMeHeHMI0: St 2 e sy ! »
v !"":,”2’9355@5«9: 25 mrun s
% KynupoBaHune 60neBoro cMHapomMa 3
pa3nnyHoOro reHesa (B T. u. i
nocsieonepaunoHHble 60nu, 6onv Npu 3, [N
MeTacTasax B KOCTW, MOCTTPaBMaTUyecKme &f
6011, 60511 NPV NMOYEUHDBIX KOJMKAX, B2 pevcar
anbrogncMeHopes, UWNaNrna, PaguKymuT, = =8

HeBpanruu, 3yoHas 6onb);

% cuMnToMaTMuecKoe sleyeHne oCTpbIX
1 XPOHNYECKNX BOCMANNTENbHbIX,
BOCNANNTEsNIbHO-AereHepaTuBHbIX
N meTabonnuecKknx saboneBaHuin
OMOPHO-ABUraTe/NIbHOro annapara

v 1. UHcmpyKyus no MedUYUHCKOMY NpuMeHeHuto npenapama Jlexkcanzu®
(B T. 4. pEBMATONAHbBIV apTPUT, 2. Peat S, 10th World Congress on Pain 2002, San Diego: 945-P215
CMOHAWJI0APTPUT, apTPO3, OCTEOXOHO p03) 5 3.Zippel, Clin Drug Invest, 2006, 26(9), 517-528

CokpalleHHasa nHpopmaLua No NpUMeHeHNIo npenapara [lekcanrnH®: [lpomugonokazaHus: MNoBbllEeHHaAA YyBCTBUTENBbHOCTb K AeKcKeTonpodeHy unm agpyrum HIBM vau K nio6omy m3
BCMOMOraTeibHbIX BELLECTB, BXOAALMX B COCTaB Npenapata; A3BeHHan 601e3Hb KenyaKa 1 ABeHaALaTUNepCTHON KULWLKM B dpase 060CTPEHUA; KeNyAOUHO-KMLILEYHbIe KPOBOTEYEHNA B aHaMHe3e,
[pyrvie akTMBHble KPOBOTEUYEHUs, aHTUKOArynAaHTHaA Tepanws; BocnanutesbHble 3aboneBaHusa KulleuyHvka B ¢pase 060CTpeHUs; TaKesble HapyleHUa GYHKLUUM NeyeHn; ymepeHHble nau
TsKenble HapyLeHua GyHKLMM NoYeK; neyeHre 601eBoro CMHAPOMA NPU a0PTOKOPOHAPHOM LUYHTMPOBAHWI; MepUof, Noc/e NpoBeeHUs a0PTOKOPOHAPHOTO LWYHTUPOBaHUSA; 6poHXManbHas
acTMa, B T.U. — B aHaMHe3e€; MOJIHOe UM HEMoJIHOe coyeTaHve BPOHXMaNbHON acTMbl, PELMAVBUPYIOLLErO MONMNO3a HOCa U OKOJIOHOCOBbIX MasyX W HEMepPeHOCHMOCTMN aLeTUNCaNNLIUIOBO
Kucnotbl unu ap. HMBIT; TaXenasa cepaeyHas He[OCTaTOYHOCTb; reMOpPpParMyeckunii avates Unu Apyrue HapyLeHus Koarynauuu; Bo3pacT Ao 18 net; 6epeMeHHOCTb U 1 Nepuog nakTaumu.
[lekcanrmH® NpoTMBOMOKasaH A/1A HeBpaKcmanbHoro BeefeHuA. C ocmopoxHocmeto: BC; LepebpoBackynapHble 3a6oneBaHus; caxapHblii Anaber, A3BeHHoe nopaxeHve KKT B aHamHese;
AnvtenbHoe npumeHeHne HIBI; noxwnon Bo3pacT (ctaplue 65 neT).

Cnoco6 npumeHeHNA U f03bl. Pacmeop 071 uHveKyul: [lekcanrH® npeaHasHayeH AnA BHYTPUBEHHOTO U BHYTPVMbILIEYHOrO BBeAeHUs. PekomeHayemas fo3a [4J1A B3pOC/bix: 50 Mr Kaxable
8-12 u. CytouHas go3a 150 mr. [lekcanrvH® npefiHa3HaueH As KPaTKoCPOUHOro (He 6onee 2-x iHEN) NPUMEHEHUA B NEPUOS OCTPOro 6os1eBoro cuHapoma. Tabnemku [lekcaneuH® 25 npuHUMaloT
BHYTpPb BO Bpems efbl. PekomeHyemas fo3a 451 B3pocsbix cocTaBnsaeT 12,5 mr (1/2 Tabnetkun) kaxgble 4 - 6 4 unu 25 mr (1 Tabnetka) Kaxable 8 u. MakcumanbHas cyTouHas fo3a — 75 mr. Kypc

JIeYEHNA MpenapaTom He JO/KEH NPeBbIWaTh 3-5 aHen. Haubonee yacmo ecmpeyarowuecs noboYHble 3hhekmel Npu npumeHeHUU npenapama JlekcanzuH®: Ana HbeKUMoHHOW Gopmbi: 60/1b B
MecTe UHbEKLMY, TOWHOTA, PBOTa. [InA TabneTnpoBaHHO GOpMbI: TOWHOTA, PBOTa, abfoMyHanbHas 60Mb, aucnencus, arapes.

000 «bepnuH-Xemn/A.MeHapuHm», 123317, MockBa, lMpecHeHckas HabepexkHas, .10, BL| «bawHsa Ha HabepexHoit», 650k b.

Ten.: (495) 785-01-00, paxc: (495) 785-01-01; http://www.berlin-chemie.ru M BEPJIUH-XEMU

VHpopmauwa Ana cneurannctos 3apaBooxpaHenus. OTnyckaeTcs no peuenty. MoapobHasa MHGopMaLIMA COAEPKUTCA B UHCTPYKLIMAX MO MPUMEHEHMIO
(Oekcanruu® ot 30.11.11, dekcanruH® 25 o1 22.10.12)

MEHAPUHUN
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