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Cerebral Circulation and Metabolism of Patients with Cerebral Injury
Ekaterina A. Abramova', Oleg V. Voennov?, Gennadii A. Boyarinov?, Alexei O. Trofimov'?
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ITess uccaeoBanusi — U3YYUTh U3MEHEHNUST [TOKa3aTesell nepebpaabHON MAKPOIUPKY SN U MeTab0IN3Ma Y
noctpazasimx ¢ codetantoit YMT npu nHdysnoHHOM BBeIEHUN STUIMETHIITUIPOKCUTTMPUIMHA CYKIINHATA B 032X
ot 12,5 10 100 Mr/4ac B 3aBUCHMOCTH OT UCXO/IHOTO MATTEPHA MO3TOBOTO KPOBOTOKA.

Marepuasst u MeToabl. O6ceoBasi 25 MaUeHToB ¢ TsKeI0i codetannoil YM T, KOTOPBIM IOTIOTHUTETHHO K
CTaHIAPTHOMY JIeYeHUIO BHYTPUBEHHO BBOAMJIN STUAMeTHATHApOoKcunupuania cykiimuar (OMTTIC) B noze 12,5
MT/4ac B Teuenue 1 yaca, mocsie 4ero yBeJmanuBasIu 103y 70 25 Mr/4ac B Tedenue 1 yaca, 3aTem 710 50 Mr/4yac B Teuenue
1 vaca, 3arem ocytectBisiy nHdy3mio B 103e 100 mMr/uac B Teuenne 1 yaca. Kaxzprit uac, mepe/| yBesimueHueM JI03bl,
U3MEPSIIIA TIOKas3aTe I 1epedpanbHON MakpOIUpPKyJIsaiuu. MeTonoM TpanckpanuaabHoii gommieporpaduu (TAT)
n3yvaau rmokasaresnu auneiinoi ckopoctu kKpoBotoka (JICK): cucrommueckyio (V,,,,), anacromndeckyio (V,i,),
cpenHioo ckopocTh kpoBotoka (V ), myabcarmonnbsiii unnexc (Pl) n ungexc conporusnenus (RI), n onenusanu
cojiepskaHue TJII0KO03bl, JTakTarta, akTuBHOCTb JI/IT' n 3nHauenne pH BeHO3HOIT KPOBY 13 SAPEMHOIT BEHDI.

Pesyasratel. Mudysus IMITIC B no3e ot 12,5/4ac no 100 Mr/yac rnpu naTrepHe 3aTpyHeHHOM nepdy3un u
runonepdy3un CopOBOXKIAIACH GJIAronpusiTHBIMU u3MeHenusMu nokaszareseil JICK B Buzie yBesmuenust mepeb-
pasbHoi iepdysun. [Ipu marrepre MITKOro aHTHOCTIa3Ma OTMeYaJIn GJIaroprusTHbIE n3MeHeH s mokaszaresneit JICK
B BH/Ie CHUJKEHVSI CKOPOCTHBIX TIOKa3aTes e, HOpMAJIM3AIIUH ITyJIbCOBOTO MHEKCA U MHEKCA COTIPOTHBIIEHMUS, UTO
CBU/IETEILCTBOBAJIO O HOPMAJIM3AIUHU COCYINCTOTO TOHYCA U pa3pellienus anrnocnasma. [Ipu marrepue rumnepmep-
¢dysuu perucrpuposaiu 6aaronpusitHbie nuaMeHeHus mokaszareseil JICK B Bujie yMeHbIIeHYsI SIBJIEHUI TUIIEPEMUT
M HOPMAJIM3AIIH COCYMCTOTO ToHyca. [Ipu maTTepHe BHIPAsKEHHOTO AaHTHOCTIA3MA OTMEYATH HOPMAJIU3AIIHMIO COCY-
nuctoro Tonyca. Hopmanuzarus JICK conpoBosknanack Hopmanusaryeil cogepskanus JakraTta, aktusaoctu JIT
u 3unuenus: pH BeHo3HOI kpoBu. OTITUMAJIbHbBIE Pe3yJIbTaThl OTMeYau npu nHdysun B go3e 50—100 mr/gac.

3akuouenne. Y nainentos ¢ couetanHoit YMT npumenenne IMITIC B Buzie nundysuii B 103e 12,5—100 mr/yac
HPUBOIUT K OJIAroNpUsITHBIM H3MeHeHusiM nokazareseil JICK u metabosmsma B Brjie HOPMAIM3AIME X 3HAYEHU T
[PH JII0OOM TIATTEPHE MO3TOBOTO KPOBOTOKA.

Kantouesvte cnosa: couemannas uepento-mo3z08asi mpasma; SMUiMemuizuopOKCUnUPUOUHa CYKYUHam; nokasa-
menu uepebparvbHoOl MAKPOUUPKYISUUL; 2IH0KO3A; IAKMAm

The purpose of the study was to asses changes in cerebral macrocirculation and metabolism parameters in pa-
tients with concomitant cerebral injury during infusions of ethylmethylhydroxypyridine succinate at a dose of 12.5
to 100 mg/h depending on a source pattern of the cerebral blood flow.

Materials and methods. The study included 25 patients with severe concomitant cerebral injury who admini-
stered ethylmethylhydroxypyridine succinate (EMHPS) intravenously in addition to the standard therapy at a dose
of 12.5 mg/h for 1 hour, then the dose was increased up to 25 mg/h within 1 hour, then up to 50 mg/h within 1 hour
followed by an infusion at a dose of 100 mg/h for 1 hour. Cerebral macrocirculation parameters were analyzed every
hour before each dose increase. Transcranial dopplerography (TDG) was used to assess the following linear blood
flow velocity (LBFV) parameters: systolic (V,,,), diastolic (V,;,), medium (V) LBFV, pulsation index (PI) and
resistance index (RI), as well as glucose and lactate levels, lactate dehydrogenase (LDH) activity and the pH level
in venous blood from a jugular vein.

Results. Positive changes of LBFV parameters in the form of cerebral perfusion increase were recorded in pati-
ents with hindered perfusion and hypoperfusion patterns after EMHPS infusions at a dose of 12.5 to 100 mg/h. Pa-
tients with a mild vasospasm pattern presented favorable changes in LBFV parameters including a decrease in
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velocity parameters, normalization of the pulsation index and the resistance index which confirmed normalization
of the vascular tone and vasospasm elimination. Positive changes in LBFV parameters in patients with a hyperper-
fusion pattern were noticed in the form of the reduction of hyperemia manifestations and normalization of the vas-
cular tone. Patients with a severe vasospasm pattern presented normalization of the vascular tone. Normalization of
LBFV parameters was accompanied by normalization of the lactate level, lactate dehydrogenase activity and the
pH level in venous blood. Optimal values were found in infusions at a dose of 50—100 mg/h.

Conclusion. Infusions of EMHPS at a dose of 12.5—100 mg/h to patients with concomitant cerebral trauma re-
sulted in normalization of LBFV and metabolism parameters in patients with all kinds of CBF patterns.

Keywords: combined cerebral injury; ethylmethylhydroxypyridine succinate; cerebral macrocirculation parameter;

glucose; lactate
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BBeneunne

JleueHne moCTpaABIIIX C COYETAHHOI YePeITHO-
Mo3rooii TpaBmoil (UMT) siBisiercs ofHOI U3 Bask-
HEWITUX 3a7a4 HEOTJOXKHON Memauiuubl [1-5].
HeoTsosxHbIe MEPOTIPUSATHS TIPEXK/IE BCETO TIPECe-
IYIOT 1[eJIbI0 BBIBE/IEHUE TIOCTPAMABIINX W3 IIOKA,
obecrieyeHre TOMEOCTasa 1 peleHne Borpoca 06 ore-
paTuBHOM JieueHun [6—8].

Bmecre ¢ TeM, HeyTeNIUTENbHbIE PE3YJIBTATHI
CTAHJAPTHON Tepanmuu MoOYKIAIOT K MOUCKY Jeued-
HBIX TEXHOJIOTHIA, TIO3BOJISTIONTINX MUHUMHU3UPOBATH
PHCK Pa3BUTHUsI BTOPUYHBIX UIIIEMUYECKUX ITOBPESKIIE-
HUIT rosioBHOTO Mo3ra [9—11].

OJHUM U3 JIEKAPCTBEHHBIX CPEICTB, 00Ja/1at0-
MIUX [OKa3aHHBIM YHUBEPCAJIBHBIM ITUTONPOTEKTHB-
HBIM JIeICTBHEM, SIBJISIETCS STUIMETHIITHIPOKCHITH-
puauHa cykiunat (OMITIC) [12, 13].

OpHako, B iuTepaType HET JaHHBIX O BIMIHUU
IMITIC nHa nokasarejiu LepedpajibHOI MAaKPOIIUPKY -
JISIIIAY B 3aBUCHMOCTH OT €€ MCXOJHOTO maTTepHa 1
criocoba BBeACHUS: OOJOCHOTO WM MOCTOSHHOM
nHaby3uu.

B aroit cBsI3M m3ydeHue BIAUSHUS WHDY3UN
IOMITIC B moze 12,5-100 mMr/dac Ha TOKasaTesn
JINHEIHOI CKOPOCTH KPOBOTOKA M CO/IEPKAHIE TJII0-
KO03bl, akTaTa, aktusHoctu JIJII 1 nmokaszarenn KOC
B BEHO3HOI KPOBHY TIPU PA3TMYHBIX TATTEPHAX MO3TO-
BOTO KPOBOTOKA y YKa3aHHOI KaTeropuu OOJBHBIX
MPEICTABIIAET TIPAKTUYECKUI UHTEPeC.

e viccieIoBaHMs — U3YYUTH U3MEHEHHS TTOKA-
3aTesieil 1epebpanTbHON MAKPOTIUPKYJISIIIUE U MeTabo-
JIM3Ma y octpajiaBimx ¢ couetannoit YMT npu unby-
3MOHHOM BBEJIEHUN 3THJIMETUITUAPOKCUTTHPUINHA
cykimHaTa B 103ax ot 12,5 10 100 Mr/4ac B 3aBHCHMO-
CTU OT UCXO/IHOTO MATTePHA MO3TOBOTO KPOBOTOKA.

Marepuaa u MeTO/IbI

B wucciemoBanne BKIIOYHIN 25 TIOCTPAIABIINX
(tabur. 1), u3 aux 9 sKenuwH u 16 My>RUnH, ¢ TSKEI0 code-
tannoit YMT. Kpurepnn Briiodenns B uccieoBanme: Bo3-
pact ot 21 o 60 mer (cpemnuit Bo3pacT cocTtaBua 42,3
(28;53) met), UMT cpemmeil 1 TSKETON CTEMEHHN, COYETaH-
Hast ¢ BHEYEPEITHBIMHU TTOBPEKACHUSMI JJTMHHBIX TPYGUa-
TBIX KOCTEN U/VJIF OPTaHOB TPYAHON 1 OPIOIITHOI TTOJIOCTH,
ypoBeHb cosHaHus 4—13 GajioB 1o 1kajge koM [J1asro

Introduction

Treatment of patients with cerebral injury (CI) is
considered to be one of the most important tasks of the
emergency medicine [1-5]. First of all, emergency care
is needed to recover patients from shock, to ensure he-
mostasis and to decide on surgical intervention [6—8].

However, unfavorable results of the standard
therapy encourage searching for treatment technolo-
gies that allow to minimize the risk of secondary is-
chemic brain injury [9-11].

Ethylmethylhydroxypyridine succinate (EMHPS)
represents one of medications with a confirmed universal
cytoprotective effect [12, 13].

However, research literature contains no infor-
mation concerning the EMHPS effect on cerebral
macrocirculation parameters depending on a source
pattern and the route of administration: bolus dosing
or the continuous infusion.

In this connection, the study of the effect of
EMHPS infusions at a dose of 12.5-100 mg/h on lin-
ear blood flow velocity parameters, glucose and lactate
levels, LDH activity and the acid-base balance in ve-
nous blood is of a practical interest.

The purpose of the study was to asses changes in
cerebral macrocirculation and metabolism parameters
in patients with concomitant cerebral injury during
infusions of ethylmethylhydroxypyridine succinate at
adose of 12.5 to 100 mg/h depending on a source pat-
tern of the cerebral blood flow.

Materials and Methods

The study included 25 patients with severe concomi-
tant CI (table 1). There were 9 female and 16 male patients.
The inclusion criteria were as follows: age between 21 and
60 years (the average age was 42.3 (28; 53) years)., moderate
and severe CI combined with extracranial damage of long
bones and /or thoracic and abdominal organs (with the con-
sciousness depression of 4—13 points according to the Glas-
gow Coma Scale, GCS), the need in treatment in the ICU,
patient’s or patient's legal representative’s consent for an
EMHPS prescription.

The exclusion criteria were as follows: the conscious-
ness depression of 3 points of the GCS, the simultaneous use
of other agents affecting the cerebral vascular tone, diabetes
mellitus, intolerance to the drug, the need for urgent neuro-
surgery intervention.

GENERAL REANIMATOLOGY, 2018, 14; 1
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Ta6imua 1. XapakrepucTuka 00cie10BaHHbIX 00JIbHBIX.
Table 1. Characteristics of Patients.

Parameters Values of parameters
Male, n 16
Female, n 9
Grave condition, n 19
Very grave condition, n 6
Isolated CI, n 5
Concomitant CI with skeletal trauma, n 2
Concomitant CI with skeletal trauma and thoracic and /or abdominal organs injuries, n 18
Consciousness level of 11—13 GCS points, n 15
Consciousness level of 8—10 GCS points, n 8
Consciousness level of 4—7 GCS points, n 2
Condition severity acc. to APACHE II, points Me (P25; P75) 23 (19; 25)

IIpumeuanue. /s Tabu. 1, 2: Parameters — nmokasaresu; Values of — snauenus. Male — myskuun; Female — senuun; Grave/ Very grave
condition — Tskesnoe/ Kpaitue-tszkenoe cocrosane; Isolated CI — nzonmposannas YMT; Concomitant CI with skeletal trauma — coue-
tanHasgs YMT co ckenetHoii TpaBmoit; and thoracic and/or abdominal organs injuries — u nmoBpesxaeHneM OpPraHOB IPYAHON KIETKN
u/unn xusora; Consciousness level of ... GCS points — yposenb cosnanus ... 6Gajuibl o IITKT Condition severity acc. to — TskecTb co-

CTOAHMA TI0.

(IIIKT), Heo6GX0AMMOCTD TIPOBEJICHUS JICYEHUS B OT/IEIEHU I
peaHuMalifu, corjiacue nareHTa ik ero 3aKOHHBIX TPeJi-
craBuTeseil Ha HazHaueHne DMITIC.

Kpurepun nckimodenust: ypoBeHb co3anust 3 6asuia
o IIIKT, mamusuayampnas nenepenocnmocts DMITIC, ox-
HOBPEMEHHOE MCIOJIb30BAHUE JIPYTUX TIPEIApPaToB, BIUSIO-
HIMX HAa TOHYC COCY/IOB TOJIOBHOTO MO3Ta, caxapHblii uaber,
HEeOoOXOAMMOCTD B [IPOBEICHUI SKCTPEHHOTO HEIPOXUPYPri-
YeCKOTO BMEIATETbCTBA.

BosbHble ObLIN TOCTTUTAIM3UPOBAHBI B CTALIMOHAP He-
MIOCPEICTBEHHO C MeCTa JIOPOKHO-TPAHCIIOPTHOTO IIPOUCITIE-
crBus ([ATII) nmm B Tedyenne 1-3-x cyTok nocjie TpaBMbl
ObLIN TI€peBe/leHbl U3 IIEHTPAJbHBIX PAiOHHBIX GOJBHUIL
(IIPB) Huskeropoackoit obmactu. [Ipu nocTyrienun B cTa-
[IMOHAP ¥ OT/IeJIEHUE PeaHnMAIK 1 MHTEHCUBHOI Teparnm
(OPUT) Hmkeropozickoro pernoHaIbHOTO TPABMATOJIOTH -
yeckoro nentpa (HPTIL) GosbHbIX 06Cae10BaIM COTIACHO
CTaHJIAPTaM — U3YYaJu TTOKA3ATEN TeMOJAMHAMUKH, JIbIXa-
HWSI, TPOBOJINIIN yIBTPa3ByKoBbIe uccaenoBanus (Y 31),
ocyTiecTBI AN anekTpokapanorpaduio (IKI), kommrexe
HEOOXOAUMBIX PEHTTEHOJIOTMYECKUX UCCIeloBaHmii (peHT-
rerorpadus, KomnbiotepHast tomorpabus, AMPT), 3abu-
pasn KpPOBb [T aHAJIW3a U MPOBOAMJIN CTAHIAAPTHYIO
UHTEHCUBHHYIO TEPAIUIO C HEeJIbI0 CTAOUIM3AINN COCTOS-
HUst GOJIBHBIX.

Cocrosiiue Kak TsKesIoe oreHuBaan y 16 GoJbHbIX,
KkpaiiHe-Tskesoe — y 9 6osbHbIX (Tabsr. 1). Y naiueHTos B
KpaifHe-TsI’KeIOM COCTOSTHUHM OTMEYaJIH sIBJIEHUSI TPAaBMaTH-
YECKOTO WJTH FeMOPPATHYECKOT0 MI0Ka, UMEIAch HeOOXO/H-
MOCTb B ITPOBEJIEHUN UCKYCCTBEHHON BEHTHJISIIINH JIETKUX
(MIBJT), 6b1110 HApyIIEHO CO3HAHUE.

CrangaprHoe JieueHre BKIoYaio B ceds 06e3boinBa-
HHE U CeIAINIO, PECTTNPATOPHYTO HOIEPIKKY TT0 MOKA3aHHSIM,
aHTHOAKTEPUAJIbHY IO TEPAIINIO, UH(Y3HMOHHO-TPAHCHY3UOH-
HYIO TEPAIHNIO C I1eJIbI0 KOPPEKIINU BOHO-3IEKTPOTUTHOTO
Gasrarca, KMCIOPOIHON €MKOCTH KPOBHU, OHKOTHYECKOTO
nassenus u npoduaaktku cungapoma /IBC, antepanproe
U TapeHTepasbHOoe TMUTaHue, TPOOUIAKTUKY CTPeC-s3B,
xoppexknmio BY/L.

C nesnpio onenkn Baustans nadysun IMITIC B moze
12,5-100 mr/uac na nokasaresu JICK u nepeGpasibHblii Me-
tabosnam ocymiectisin wHbysun IMITIC B poze 12,5
MT/dac B TeueHUN 1 gaca, mocJsie 4ero yBeJInuInBaIn 103y 0
25 mr/4gac B Teuenne 1 gaca, 3aTeM 70 50 MT/9ac B TeUCHIE
1 waca, 3aTem ocymiectBsiau nudysnio B 103e 100 mr/49ac B

The patients were admitted to the Inpatient Depart-
ment directly from road traffic accident (RTA) sites or
transferred from central district hospitals (CDH) of Nizhny
Novgorod region within the period of 1-3 days after the
trauma. At the admission to the Inpatient Department and
the Intensive Care Unit (ICU) of the Nizhny Novgorod Re-
gional Traumatology Center (NRTS) the patients were ex-
amined in accordance with a standard procedure:
hemodynamic and respiration parameters were assessed, ul-
trasound investigation (USI) and electrocardiography
(ECG) were conducted along with the complex of radiologic
examinations (X-ray studies, computed tomography, mag-
netic resonance imaging (MRI)), blood tests were done and
the general intensive care was carried out to stabilize the pa-
tients’ condition.

16 of 25 patients were at a grave condition, 9 patients
were classified as very grave (table 1). Traumatic and hem-
orrhagic shock developments were found in patients at a
very grave condition, there were indications for the mechan-
ical ventilation (MV) and the consciousness was impaired.

The standard treatment included analgesia and seda-
tion, respiratory support as indicated, antibiotics, infusion-
transfusion therapy to correct the water and electrolyte
balance, arterial oxygen content, and oncotic pressure and
to prevent disseminated intravascular coagulation syn-
drome, the enteral and parenteral nutrition, prevention of
stress ulcers and correction of intracranial pressure (ICP).

In order to study the influence of EMHPS infusions
at a dose of 12.5-100 mg/h on LBFV parameters and cere-
bral metabolism parameters, the enrolled patients received
EMHPS infusions at a dose of 12.5 mg/h for 1 hour, then
the dose was increased up to 25 mg/h within 1 hour, then
up to 50 mg/h within 1 hour followed by an infusion at a
dose of 100 mg/h for one hour. LBFV parameters were an-
alyzed every hour before the increase of the dose as well as
glucose and lactate levels, LDH activity and the pH level in
venous blood from a jugular vein.

Transcranial Doppler was performed using an ultra-
sonic diagnostic system Sonomed 300V (Spectromed,
Moscow, Russia) with a 2 MHz sensor. The standard method
of R. Aaslid et al. [14] was used to probe the medial cerebral
artery (MCA) and other vessels of the circle of Willis
through the temporal «window». The systolic blood flow
velocity (V,,.), diastolic blood flow velocity (V,,), PT and
RI were studied. When analyzing LBFV the following pa-
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teuenne 1 gaca. Kakplit yac nepez yBeamueHneM 1035l U3-
Mepsanu nokasatesan JICK u onennBanu cogeprkanue ro-
K03BI, TakTata, akTuBHOCTh JI/II' 1 3Hauenne pH Benosnoit
KPOBU 13 SIPEMHOH BEHDI.

Tpanckpannanpiyio jonmeporpaduio BITOJHSIN
OTEYeCTBEHHON YIIBTPa3ByKOBOI IMArHOCTHYECKOI CHCTEMO
«Conomen 300B» mpousBoacta pupmbr «CriekTpomen»
(r. Mocksa) garuukom 2 mIiL. Vcnosb3oBaiu oOmenprHs-
tyio metoauky R. Aaslid et al. [14] sonauposanus CMA u
IPYTUX COCY/IOB BIUITN31EBA KPYTa Yepe3 BICOUHOE <OKHO».
Wsyyanm cucronmdeckyio ckopocTb KpoBOTOKA (V ,.,), INa-
CTOJIUECKYI0 CKOpocTh KpoBoToKa (V i), Pl m RI. [Ipm ana-
smze JICK 3a HopMy Gpastn caeyrorue mokasaTen: V. —
80—100 cm/cex, Vi, — 30-50 em/cex, PT — 0,7-1,0, RT —
0,5 (B. B. Taiimap c coast., 1987) [15].

Craructudeckyio 06paGoTKy MaTepuaia OCyIecTs-
JISLITH ¢ IOMOIITBIO iporpaMmbt «Excels» mociie mposepku ri-
MOTe3bl Ha HOPMATBHOCTH PACIPE/IECHIsT B BHIGOPKAX MO
o6menpuaaTeiv dopmyaam (Ilnmko I1./1., Biracos M. 1L,
2003, JTakuna [.D., 1990) [16, 17]. Cpenxue 3HaYeHUs TIPe/-
craBuin B Bune M+o nimmn Me (Pys;P45). [loctoBeprHocTh
MPe/ICTaBJICHHBIX JAHHBIX HEllapaMeTPUYCCKUX IT0Ka3aTe-
sieit onpenesisiiiu kKpurepuem Dumiepa. Pazmuaus cunrasim
nocrosepubivu ipu p<0,05.

Pe3yibTarhl 1 00CYy:KIEHHE

[Tpw madysnonnom BBesennn IMITIC B Hapac-
taforeit gose: 12,5 — 25 — 50 — 100 mr/uac 3aperu-
crpupoBasin  3(PMEKTH U3MEHEHWH ToKas3aTesei
JuHelHOM cropoctr MK, TysibcallmOHHOTO WHAEKCA
U WH/IEKCA COTTPOTUBIICHISI.

VY 60JIbHBIX ¢ 3aTPyAHEHHON TTepdy3ueii roJIOBHO-
T0 MO3Ta IMHAMUKY [TOKazareJieil oTpasuiv B tabr. 2.

Kax caemyer us Tabir. 2, uepes 1 gac nocse nHdy-
3nm 12,5 mr OMTITIC ormerniu camskenne Pl ¢ 0,85
1o 0,79 ex, uto cocraBusio 7%. [locse yacoBoit nuby-
3un 25 mr IMTITIC perucrpuposanu yenudenue V.
Ha 7%, V., — Ha 14,1%, a takxke ymenninenune RI Ha
5,5% ot ucxoxubix 3navenunit. [locse vacosoit nudy-
3un 50 mr IMTITIC perucrpupoBanu yenudenue V.
Ha 21,2%, V., — na 36,7%, a Taxxke ymenpinenue Pl
ua 18% u RI ma 11% ot ucxomubix suavenuii. [Toce
gacoBoit madysun 100 mr IMITIC perucrpupoBaiu
yBesmuenne V. Ha 42,5%, V., — Ha 60,4%, a takxe
ymenbienne Pl ua 14,1 % u Rl na 11,1% ot ncxoaabix
3HAYEHWH.

B nunamuke HaOJIIOICHUN coepKaHue TIIOKO-
3bI KPOBU 3HAYUTEHLHO HE UBMEHSJIOCh U COCTaBUJIO
5,5-5,7 mmonb/n. ComepskaHue JakTaTa KPOBHU
ymenbInanoch ¢ 2,2+0,01 xo 1,3£0,01 Mmmomb/J1, 4To
cocrasuio 40,1%. Axktusnocts JI/JI' cHusuiach Ha
20,5%, a pH yBemmunmocs ¢ 7,29 mo 7,38.

Mumamuky nokasareneit JICK u metabommsma y
GOJIBHBIX € MSIKTFIM QHTHOCTIAa3MOM OTPa3WJIu B TabI. 2.

Kax caemyer us tabir. 2, uepes 1 uac nocsie nudy-
sun 12,5 mr OMITIC ormeriu camkenue Pl c 0,93 1o
0,83 en, uto cocrasmmo 10,7%. Ilocse gyacoBoit umdy-
3un 25 mr IMITIC perncrpupoBain ymenninenne V.,
Ha 21,3%, a taxke ymenbinenne RI na 12% ot nexon-
ubix 3uavernit. [Tocme wacosoit nrdysmm 50 vr IMTTIC

min

rameters were considered as normal: V,,,, of 80—100 cm/s,
Vinin 30-50 cm /s, P10.7—1.0 and RI 0.5 (Gaidar B. V. et al.,
1987) [15].

The statistical analysis of the findings was carried out
using the Excel software after testing the values distribution
for normality by the standard formulas (Shimko P.D.,
Vlasov M. P, 2003, Lakina G. E, 1990) [16, 17]. Mean values
were presented as M+o or Me (P,5P5). Significance of the
presented data of nonparametric indices was assessed by Fis-
cher test. A difference was considered significant at p<0,05.

Results and Discussion

The effect of changes of linear cerebral blood
flow velocity, pulsation index and resistance index was
recorded in cases of EMHPS infusions in an ascending
dose of 12.5 — 25 — 50 — 100 mg/h.

Table 2 shows the dynamics of parameters in pa-
tients with a hindered perfusion pattern.

As it appears from the data in table 2, one hour
after the EMHPS infusion at a dose of 12.5 mg pa-
tients had PI decreased from 0.85 to 0.79 units which
is a 7% decrease. After the infusion at a dose of 25 mg
during another hour there were a 7% rise of V., a
14.1% increase of V;,, as well as a 5.5% decrease of RI
as compared to the baseline. The EMHPS infusion at
a dose of 50 mg for an hour led to a 21.2% rise of V.,
a 36.7% increase of V;,, as well as a 18% decrease of
PI and a 11% drop of RI as compared to the baseline.
The EMHPS infusion at a dose of 100 mg within the
period of one hour resulted in a 42.5% rise of V., a
60.4% increase of V,;, as well as a 14.1% decrease of
PIand a 11.1% drop of RI as compared to the baseline.

The dynamics of observation didn’t show any
significant changes of the glucose level in blood which
amounted to 5.5-5.7 mmol/l. The lactate level in
blood went lower from 2.2+0.01 to 1.3+0.01 mmol/I
which was equal to a 40.1% decrease. The LDH activ-
ity dropped by 20.5% and the pH level increased from
7.29 to 7.38.

The dynamics of LBVF and metabolism param-
eters of patients with a mild vasospasm pattern is pre-
sented in table 2.

According to table 2, one hour after the EMHPS
infusion at a dose of 12.5 mg a value of PI decrease from
0.93 to 0.83 units, jr a drop by 10.7%, became evident.
After the EMHPS infusion at a dose of 25 mg during
another hour, there was a 21.3% decrease of V.,
whereas RIdropped to 12 % compared to the baseline.
The EMHPS infusion at a dose of 50 mg for an hour
led to a 21.8% reduction of V., a 10.9% decrease of
V.im and a 16.1% drop of PI with a decrease of RI to
10.3% comparing to their initial level. The EMHPS
infusion at a dose of 100 mg within the period of one
hour resulted in a 26.3% decrease of V., a 19.3% drop
of Vi as well as a 10.7% reduction of PI and a 8.6%
decrease of RI comparing to their initial level.

The dynamics of observation showed a certain
decrease of the glucose level from 5.7+0.2 to 5.1%0.2
mmol/l. The lactate blood level decreased from
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Ta6imua 2. /lunaMuka uccjeayeMbIX noKasareneii.
Table 2. The dynamics of study parameters.

Parameters Values of parameters upon the EMHPS infusion at a dose of 12.5-100 mg/h in study patterns
Baseline 12.5 25 50 100
Pattern Hindered perfusion
Vinax M/s 67.9+2.4 81.3+1.9* 105.7+3.1* 104.3£3.2* 98.5+2.9%
Vi ML/ 28.820.9 348511 4575137 56.041.0% 4465127
PI,U 0.93+0.02 0.92+0.03 0.91+0.04 0.66=0.02* 0.82+0.02*
RL U 0.57+0.01 0.57+0.01 0.56+0.02 0.46+0.01* 0.54+0.02
Glucose, mmol /1 5.9£0.02 5.2+0.04 4.9+0.02* 5.6+0.05 5.7+0.04
Lactate, mmol /1 2.2+0.01 1.9£0.01 1.6+£0.01* 1.5+0.01* 1.3+0.01*
LDH, U/1 399.7+14.5 353.3£10.1 335.3£12.3 327.3+11.6* 317.6+10.8*
pH 7.29+0.23 7.31£0.32 7.34%0.26 7.36=0.29 7.38+0.33*
Pattern Mild vasospasm
Vnax M/s 146.7+4.6 131.4+3.8 115.5+3.6* 114.7+2.7* 108.4+4.1*
Vi ML/ 623514 60.9£1.6 570421 555518 50.322.37
PI,U 0.93+0.03 0.83£0.03* 0.76+0.02* 0.78+0.03* 0.83+0.02*
RL U 0.58+0.02 0.54+0.02 0.51+0.01* 0.52+0.02* 0.53+0.01*
Glucose, mmol /1 5.7£0.2 5.5%0.2 5.4+0.15 5.2+0.18 5.1+0.2
Lactate, mmol /1 1.95%0.01 1.8£0.01 1.7£0.01 1.7£0.01 1.5+0.01*
LDH, U/1 453.3£11.4 468.7£12.8 411.4+15.4 398.8+9.6* 377.2+10.3*
pH 7.31+£0.22 7.32+0.28 7.34%0.31 7.35%0.32 7.36x0.28
Pattern Severe vasospasm
Voo ml/s 181.745.1 178.747.9 162.545.4* 145.0+4.6* 141.146.3*
Vi ML/ 585529 61.322.6 52.9:2.3% 51.6£2.8 524521
PI,U 1.23+0.04 1.17£0.04 1.22+0.03 1.13£0.02* 1.08+0.02*
RL U 0.67+0.03 0.65+0.02 0.67+0.03 0.64%0.02 0.62+0.02
Glucose, mmol /1 5.9+0.26 5.8+0.24 5.5+0.22 5.5+0.27 5.6+0.25
Lactate, mmol /1 2.25%0.06 1.95%0.07 1.85+0.05* 1.7£0.04* 1.6+0.08*
LDH, U/1 497.3£16.7 483.4%21.2 464.7+19.4 433.3+14.2* 435.7£10.9*
pH 7.25%0.31 7.33£0.28 7.34%0.22 7.35£0.25 7.33%£0.38
Pattern Hypoperfusion
Voo ml/s 62.312.8 635+2.2 66.7+2.4 755531 88839
Vi ML/ 28.3%1.3 20,6514 323515 387177 454521
PI,U 0.85%0.02 0.79£0.01* 0.78+0.01* 0.72%0.02* 0.73+0.02*
RI, U 0.54%0.01 0.52+0.01 0.51+0.01 0.48+0.01* 0.48+0.01*
Glucose, mmol /1 5.5%0.24 5.4+0.22 5.5+0.11 5.6+0.18 5.7+0.21
Lactate, mmol /1 2.1£0.01 1.95%0.02 1.9+0.01 1.7£0.01 1.5+0.01*
LDH, U/1 453.3£10.5 457.3+9.3 417.3£7.7 397.4+8.4* 375.7+6.9%
pH 7.32+0.12 7.33+0.1 7.34%0.15 7.35x0.14 7.35£0.17
Pattern Hyperperfusion
Voo /S 118.622.1 1155+2.2 109.9+2.4* 105.321.8% 96.8:1.9%
Vi ML/ 58.4%138 573+14 562413 535517 48.9+1.67
PI,U 0.76+0.02 0.75%0.01 0.72+0.02 0.73+0.01 0.74+0.01
RI, U 0.51+0.02 0.5+0.01 0.48+0.01 0.49%0.02 0.49%0.01
Glucose, mmol /1 5.9%0.11 5.840.2 6.05+0.14 5.6+0.12 5.7+0.09
Lactate, mmol /1 1.9+0.01 1.9£0.01 1.9+0.01 1.7£0.01 1.6x0.01
LDH, U/1 403.6+8.1 393.7+5.5 357.9+4.6* 353.3£3.9* 345.2+4.5%
pH 7.33+0.18 7.33£0.12 7.34%0.08 7.35£0.13 7.35£0.15

Note. * — result is significantly different from the baseline, P<0.05.

Ipumeuanue. upon the EMHPS infusion at a dose of ... in study groups — npu ckopoctu uadysun IMTITIC B uccaemyeMbIx rpyInax;
Baseline — ucxoznnoe snauenue; Pattern — narrepn; Hindered perfusion — ¢ sarpyanennoii nepdysueii; Mild vasospasm — ¢ msarkum
aHTHOCTIa3MOM; Severe vasospasm — ¢ rpyObiM anruoctiasmoM; Hypoperfusion/ Hyperperfusion — runonepdysuu/runiepriepdysun;
Glucose — rmokosa; Lactate — makrar; LDH — JI/IT. * — pe3ysbrat 10CTOBEPHO OTJIMYAETCS OT HCXOAHOTO 3HadeHust, p<0.05.

perucTpupoBasi ymenbinenue V, . #Ha 21,8%, V., — Ha
10,9%, a takxke ymenbirenue PI ma 16,1% u RI Ha
10,3% ot ucxonneix 3nauenuii. [locse vacosoii undgy-
3uu 100 mr OMITIC peructpupoBain ymMeHbllIeHIe
Ve Ha 26,3%, V.. — Ha 19,3%, a TakKe yMeHbIeHne
Pl ua 10,7 % u RI na 8,6% oT MCXOAHBIX 3HAYECHUIA

B aunamuke HabJo1eHmil CofepsKaHue TI0KO3bI
KPOBHU HECKOJIBKO YMEHBIIIIOCH ¢ 5,7+0,2 10 5,1+0,2
MMOJTb /7. CoziepskaHue JJakTaTa KPOBU YMEHBITAT0Ch
¢ 1,9%0,01 10 1,5£0,01 Mmmoub/J1, 4O cocraBuio 21%.
Axrusnoctsb JI/II' ymensimnacsk va 17,1%, a pH yBe-
Jmyniaocs ¢ 7,31 o 7,36.

1.940.01 to 1.5£0.01mmol /I which was equal to a 21%
decrease. The LDH activity dropped by 17.1% and the
pH level increased from 7.31 to 7.36.

The dynamics of LBVF and metabolism param-
eters of patients with a severe vasospasm pattern is
presented in table 2.

According to table 2, one hour after the EMHPS
infusion at a dose of 12.5 mg, no significant changes
were recorded. After the infusion at a dose of 25 mg
for 1 hour, there was a 10.5% decrease of V., 2 9.6%
drop of V,;, as compared to the baseline. The EMHPS
infusion at a dose of 50 mg for an hour led to a 20.1%
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Junamuky nokasareneii JICK u merabosmsma y
GOJILHBIX € TPYOBIM AHTHOCTIA3MOM OTPa3UIU B TabI. 2.

Kax cienyer us Tabi1. 2, uepes 1 yac nociue undy-
sun 12,5 Mmr IMITIC kakux-1mu60 J0CTOBEPHBIX U3ME-
HeHwuii He peructpuposaii. [locie yacoBoii undysun
25 mr IMITIC perucrpupoBajiu ymenbinetue V, . Ha
10,5%, Vi — Ha 9,6% 0T ncxoaubix snavenuit. [Tocse
yacooit uHdy3uun 50 mr IMITIC perucrpupoBasin
ymenbinenue V.. #a 20,1%, V,, — #a 11,8%, a takxe
ymenbitenne Pl wa 11,7% oT MCXOMHBIX 3HAYEHUIA.
[Tocae wacosoii undysuu 100 mr IMTITIC perucrpupo-
Basii ymenbinenue V. Ha 22%, V.. — Ha 10,4%, a Takxe
ymenbienne Pl #a 12,1 % OT UCXOMHBIX 3HAYEHHIA.

B nunamuke HabJOl€HAN COJIEPKAHIE TIIIOKO3bI
KPOBU 3HAYUTEJIBHO HE U3MEHSJIOCh U COCTABUJIO
5,9-5,6 mmosb/in.  CojepskaHue JlakTata KPOBH
yMmenbInaioch ¢ 2,25+0,06 go 1,6=0,08 MmmoJib/J1, 4TO
cocrasuio 28,8%. Axrtusnocts JI/II' causkanack Ha
12,4%, pH cocrasusin 7,25-7,33.

Y 60JIbHBIX € TATTEPHOM TUonepQy3HU TOJTOBHO-
IO MO3ra JIMHAMUKY TI0Ka3aTeJieii orpasuiu B Tabi. 2.

Kak cienyer us tabu. 2, uepes 1 gac nocie uudy-
aun 12,5 mr IMITIC ormernim camxenue PI ¢ 0,85 no
0,79 ez, uto cocraBuiio 7%. [locsie yacoBoit undysun 25
mr IMITIC perucrpupoBanu yseiudenue V. Ha 7%,
V.in — Ha 14,1%, a Taxoke ymenbinenve RI Ha 5,5% ot
ncxoanbix 3uavenwil. [Tocie yacoBoil undysun 50 Mr
IOMITIC perucrpuposasnu yseauuenne V, . Ha 21,2%,
Vi — Ha 36,7%, a Takske ymenbiiienne Pl na 18% u Rl
Ha 11% ot ucxonnbix 3Hauenuii. [locse yacoBoit undy-
3un 100 mr OMITIC perucrpupoBasin yBesndenue V.,
Ha 42,5%, V., — Ha 60,4%, a Takxe ymenbinenne Pl na
14,1 % n RI na 11,1% oT MCXO/{HBIX 3HAYEHUII.

B nunamuke HabJIOIeHUT COJIEPIKAHITE TITIOKO3bI
KPOBU 3HAYUTEIBHO HE U3MEHSJIOCh U COCTABUJIO
5,5-5,7 mmouib /1. CoziepskaHue JaKTata KPOBH YMEHb-
masoch ¢ 2,1 1o 1,5 mmoub /a1, akruroctsb JIAT — Ha
17,2%, pH cocrasisir 7,32-7,35.

Y 60JIbHBIX € TIATTEPHOM TUTIepTiepy3Un roJI0B-
HOTO MO3Ta IMHAMUKY [TOKa3artesiell OTpasuiu B TabJL. 2.

Kax cienyer us tabi1. 2, uepes 1 yac nocse undy-
sun 12,5 mr OMITIC gocToBepHBIX M3MEHEHUN He
ormevasu. [Tocie gacoBoit undysun 25 mr IMITIC
perucTpupoBasiu yMeHbienue V. Ha 7,6% OT mcxo-
Horo sHayenus. Ilocie wacoBoil mHdysum 50 mr
IOMITIC perucrpupoBaiu ymenbinenue V. #a 11,3%
ot ucxojHoro 3navenus. [Tocse yacoBoit undysuu 100
Mr OMITIC perucrpupoBanu ymenbiienue V, . Ha
18,3%, Vin — Ha 17,2% 0T vcxonnbix 3navenuii. PI u
RI ocraBucs B npesiesiax HOpPMATUBHBIX 3HAUEHUI.

B nunamuke HabJoleHAN COIepKaHe TIIIOKO3bI
KPOBU 3HAYUTEJIBHO HE U3MEHSJIOCh U COCTABUIIO
5,9-5,7 mmonb/in.  CojepskaHue JlakTaTa KPOBH
ymenbIasocsk ¢ 1,9 o 1,6 mmoub /i1, aktuBrHocTs JIJIT
cumsuiack Ha 14,4%, pH cocrasisin 7,33—-7,35.

Kak ciemyer u3 IOJy4eHHBIX PE3YJIBTATOB
unpysus IMITIC B nosze ot 12,5/49ac no 100 mr/gac
[pY [ATTePHE 3aTPYAHEHHOI TTep(Y3HH COTPOBOXK/IA-
Jach GJArONPUATHBIMU U3MEHEHUSIMU MTOKa3areieil

reduction of V., a 11.8% decrease of V,,,, as well as
a 11.7% drop of PI as compared to the baseline. The
EMHPS infusion at a dose of 100 mg within the pe-
riod of one hour resulted in a 22% decrease of V., a
10.4% drop of V,,;,, as well as a 12.1% reduction of PI
comparing to their initial level.

The dynamics of observation didn’t show any sig-
nificant changes in the glucose blood level which
amounted to 5.9-5.6 mmol /1. The lactate blood level de-
creased from 2.25+0.06 to 1.6£0.08 mmol/l which was
equal to a 28.8% decrease. The LDH activity dropped
by 12.4% and the pH level amounted to 7.25-7.33.

Table 2 shows the dynamics of parameters of pa-
tients with a cerebral hypoperfusion pattern.

According to table 2, one hour after the EMHPS
infusion at a dose of 12.5 mg a PI decrease from 0.85 to
0.79 units was recorded which is equal to a 7% drop.
After the infusion at a dose of 25 mg for 1 hour there was
a 7% rise of V., a 14.1% increase of V;,, as well as a
5.5% decrease of RI as compared to the baseline. The
EMHPS infusion at a dose of 50 mg for an hour led to a
21.2% rise of V,,,, a 36.7% increase of V,,;,, as well as a
18% decrease of PT and a 11% drop of RI as compared to
the baseline. The EMHPS infusion at a dose of 100 mg
within the period of one hour resulted in a 42.5% rise of
Vo @ 60.4% increase of V,;,, as well as a 14.1% decrease
of PTand a 11.1% drop of RI as compared to the baseline.

The dynamics of observation didn’t show any
significant changes in the glucose blood level which
amounted to 5.5—5.7 mmol/l. The lactate blood level
decreased from 2.1 to 1.5 mmol/l, the LDH activity
dropped by 17.2% and the pH level amounted to
7.32-7.35.

The dynamics of LBVF and metabolism param-
eters of patients with a cerebral hyperperfusion pat-
tern is reflected in table 2.

According to table 2, one hour after the EMHPS
infusion at a dose of 12.5 mg no significant changes
were recorded. After the infusion at a dose of 25 mg
for 1 hour there was a 7.6% decrease of V., noticed as
compared to the baseline. The EMHPS infusion at a
dose of 50 mg for an hour led to a 11.3% reduction of
Vnax as compared to the baseline. The EMHPS infu-
sion at a dose of 100 mg within the period of one hour
resulted in a 18.3% decrease of V., a 17.2% drop of
V min s compared to the baseline. PI and RI remained
within reference limits.

The dynamics of observation did not show any
significant changes of the glucose blood level which
amounted to 5.9-5.7 mmol/l. The lactate blood level
decreased from 1.9 to 1.6 mmol/l, the LDH activity
dropped by 14.4% and the pH level amounted to
7.33-7.35.

The findings show that the EMHPS infusion at
adose of 12.5mg/h to 100 mg/h in cases of a hindered
perfusion pattern was followed by positive changes of
LBFV parameters in the form of cerebral perfusion in-
crease and normalization of the vascular tone. More-
over, a distinct tendency towards the rise of linear
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JICK B Buzie yBesandeHus mnepebpanbHoil nepysuu u
HOpMaJIM3aluell cocyauctoro Tonyca. IIpuyem 1o
Mepe yBeJMYeHus 103bl OTMeYaIach OTYETINBasd TeH-
JeHIIMS K YBEJNYEHUIO JIMHEHHBIX TI0Ka3aTesel CKO-
pocti KpoBoToka. [Tog06HbIe H3MEHEHSI MOXKHO CYH-
TaThb I[IOJIE3HBIMU Y MAIMEHTOB C W3HAYAJIbHOM
runornepdysueit, 4To MOATBEPKAAIOCH AMHAMUKON
coJiepskanus Jakrtata Kposu u Hopmasuzarueit KOC.

Nudysus IMITIC B noze ot 12,5/4ac g0 100
MT/4ac [Ipu HaTTepHe MATKOTO aHTHOCIIa3Ma COIIPO-
BOJK/IA/IACH OJIArOTIPUSITHBIMU U3MEHEHUSIME [TOKa3a-
teseit JICK B Bujie cHUKEHUS CKOPOCTHBIX [TOKa3are-
Jiell, HOpMaJIn3aluu I1yJIbCOBOTO UHJIEKCA U MHEKCa
COIIPOTUBJIEHUS, YTO CBUIETEIHCTBOBAJIO O HOPMAJIH-
3alMM COCYIUCTOTO TOHYCA U Pa3pelleHns aHrnocias-
Mma. [Ipuyem MakcumasnbHOe CHUKEHHUE CKOPOCTHBIX
nmokasaresieit ormedanu 1pu jgo3e 25—100 mr/gac.
[Momo6HbIE U3MEHEHUST MOJKHO CUMTATh MOJIE3HBIMU Y
HAIMEHTOB C MATKUM aHTHOCIIA3MOM, 4TO IIOJATBEP-
JKAAJIOCh AMHAMUKON CO/lepsKaHus JlakTaTa KPOBU U
HopMmasinsanueii pH BeHO3HOIT KPOBH.

AnanornunsiM o6pasoM, uHdysus IMITIC B
no3e ot 12,5 o 100 Mr/4ac 1pu narrepHe BHIPasKEHHOTO
AHTHOCIIa3Ma XOTS ¥ He KyIIMPOBaJla aHMOCIIa3M, HO
COTIPOBOK/IANACH ONATONPUATHBIMU  U3MEHEHUSIMU
nokazaresieit JICK B Busie ymenbinenus nmokasareseit
JICK u HOopMasiM3aIuu cocy/IuCToro TOHyca, 4To CIio-
coOCTBOBAJIO YJIYUIIEHWIO TiepebpabHoil nepdysun.
[Tpryem MakcMasbHble CHUYKEHUST CKOPOCTHBIX TIOKa-
saresieil ormevanu npu gose 50—100 mr/gac. IlogoGuble
M3MEHEHNS MOKHO CUNTATD MOJIE3HBIMU Y TIAIIMEHTOB C
BBIPAKEHHBIM aHTHOCHA3MOM, YTO IIO/TBEPIKIAIOCDH
JIMHAMUKOW cofiepKaHust jakraTa, aktusHoctu JI/IT u
pH BenosHoli KpoBH.

Wndysus OMTITIC B gose ot 12,5 g0 100 mr/yac
IIpU HIaTTepHe rUIonep@y3un roJI0BHOIO MO3ra TakxkKe
COIPOBOKIAIACE OJIATOTTPUSITHBIMU U3MEHEHHSIMU TTOKA-
saresieit JICK B Buzie yuryuiiieHst riepebpaibHoi nepdy-
31K 1 HOPMAJIM3AIUK COCYIMCTOro ToHyca. [Ipuyem, 1o
Mepe yBeJIn4eHU JI03bl, OTMEYAI OTYETIUBYIO TEH/IEH-
IIUIO K YBEJMYEHUIO JIMHEHHBIX [T0Ka3aTesell CKopocTu
KpoBoTOKa. [To00HbIE M3MEHEHUS] MOKHO CYUHUTAThH
OJIE3HBIMU Y NAIIMEHTOB € U3HAYAILHOU rutionepdysu-
eif, 4To TOJTBEPKIAIOCH ANHAMUKON COJIEPKAHNS JTaK-
taTa, aktusHocTH JI/II" v 3Hauenust pH BeHO3HOIT KPOBHL.

Ananornuno, undysus IMITIC B nose ot 12,5
no 100 mr/gac nipu natrepHe runepriepdysnu rojgos-
HOTO MO3Ta COTIPOBOK/IAIACH OIATONPUSI THBIMU U3Me-
Henuamu noxasateseit JICK B Buje ymeHblIeHus
SIBJIEHUT 11epebPaIbHON TUTIEPEMIH U HOPMAJIU3AIN
cocyaucroro ronyca. [Ipuuem MmakcumasbHble CHUXKe-
HUS 3HAYEHUN CKOPOCTHBIX IOKa3aTesell oTMedaiu
npu gose 50—-100 mr/gac. ITogoOHbie M3MEHEHMS
MOZKHO CYMTATD MOJIE3HBIMU Y AIIMEHTOB C U3HAYAIb-
HOI1 runepiiepdysueil, 4To MOATBEPKAAIOCH TUMHAMMU-
KO cojiepskanust Jakrara, aktusnoctu JI/[T u 3nave-
nug pH BenosHoii kposu.

CuretoBatesibHO, y AIIMEHTOB B OCTPOM IIepHO/Ie
UMT npumenenue IMITIC B Buse undysuii B 103e

parameters of blood flow velocity was noticed with the
increase of the dose. Such changes may be considered
favorable in patients with initial hypoperfusion which
was confirmed by the dynamics of the lactate level and
ABB normalization.

The EMHPS infusions at a dose of 12.5 mg/h to
100 mg/h to patients with a mild vasospasm pattern
had favorable changes in LBFV parameters including
a decrease in velocity parameters, normalization of the
pulsation index and the resistance index which con-
firmed normalization of the vascular tone and va-
sospasm elimination. The most significant decrease of
velocity parameters was recorded during infusions at
a dose of 25—100 mg/h. Such changes may be consid-
ered favorable in patients with a mild vasospasm,
which was confirmed by the dynamics of the lactate
level and normalization of pH level in venous blood.

Similarly, the EMHPS infusion at a dose of
12.5-100 mg/h in cases of a severe vasospasm pattern
was followed by decreasing the LBFV parameters and
normalization of the vascular tone, thus enhancing
cerebral perfusion, even though vasospasm itself was
not arrested. The most significant decrease of velocity
parameters was recorded during infusions at a dose of
50—100 mg/h. The latter changes might be consid-
ered as favorable in patients with a severe vasospasm,
which was confirmed by the dynamics of the lactate
level, LDH activity and the pH level in venous blood.

The EMHPS infusion at a dose of 12.5 mg/h to
100 mg/h in cases of a hypoperfusion pattern was also
followed by positive changes of LBFV parameters like
cerebral perfusion enhancement and normalization of
the vascular tone. Moreover, a distinct tendency to-
wards the rise of linear indices of blood flow velocity
was noticed with increasing the dose. Such changes
may be considered favorable in patients with initial
hypoperfusion which was confirmed by the dynamics
of the lactate level and the pH level in venous blood.

Similarly, the EMHPS infusion at a dose of
12.5-100 mg/h in cases of a hyperperfusion pattern
was followed by positive changes of LBFV parameters
in the form of the reduction of hyperemia changes and
normalization of the vascular tone. The most signifi-
cant decrease of velocity parameters was recorded
during infusions at a dose of 50—100 mg/h. The above
changes may be considered favorable in patients with
initial hyperperfusion which was confirmed by the
dynamics of the lactate level, LDH activity and the
pH level in venous blood.

Therefore, EMHPS infusions at a dose of
12.5-100 mg/h in patients with acute CI result in
favorable changes in LBFV parameters in the form
of normalization of their values in all types of CBF
patterns. The above results are likely to be ex-
plained by a vasomodulatory effect of EMHPS re-
lated to the enhancement of arterial compliance and
normalization of its tone. Such vascular effects, in
their turn, may be explained by the influence of
EMHPS on vessel wall metabolism and this also
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Tpasma

12,5-100 Mr/yac npuBOAUT K OJIATOIPUSTHBIM U3Me-
HenusamM nokasareseit JICK B Bujie Hopmaausaium ux
3HAYEHUIT TIPH JIOOGOM MAaTTEpPHE MO3TOBOIO KPOBOTO-
Ka. YKazanHoe, BEPOATHO, 00y CIOBJIEHO BA3OMOIY -
pytomum acpdexrom IMITIC, cBga3annbiM ¢ yiryuiie-
HUEM TIOJIATJUBOCTU  COCYAMCTOI  CTEHKH WU
HOpMaJIM3aIuu ee TOHyca. B cBoio ouepens manHbie
cocyauctbie  3(PeKTl  0OYCHOBJIECHBI  BIMSHUEM
IMIIIC na MeraGoaU3M COCYAUCTOI CTEHKM, 4TO
cornacyercs ¢ fanHbiMu JuTepatypsl [ 18, 19]. Bepo-
SITHO, 4TO TUTOonpoTekTuBHble ahderTsr IMITIC
peanusyioTcst Kak 4yepe3 COCYAUCTbINI KOMIIOHEHT —
yJIydllleHre KPOBOTOKA, TaK U 4epe3 UX Hernocpen-
CTBEHHOE HENPOIIPOTEKTUBHOE JIeHICTBHE.
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corresponds to information reflected in research lit-
erature [18, 19]. Cytoprotective effects of EMHPS
are presumably implemented through a vascular
component (enhancement of the blood flow), as
well as through their neuroprotective action.

3akjaoyeHue

Y namuentoB ¢ couetanHoit YMT npumenenue
OMITIC B Bune undysuit B noze 12,5-100 mr/aac
HPUBOJIUT K OJIarONPUATHBIM U3MEHEHUSIM [I0Ka3aTe-
seit JICK u merabosiama B BUjie HOpMaJIU3alUU UX
3HAYEHMI TP JII0OOM IIaTTEPHE MO3rOBOIO KPOBOTOKA.
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Critical Status in Newborns

Onenka 3¢ peKTUBHOCTH JIeYeHHSI HOBOPO:K/IEHHBIX
¢ Ipexo/sulei nueMuein MUOKap/ia

IO. H. [loHap', A. A. Tapacosa?,
N. @. Ocrpeiikos!?, B. H. Iloakomaes!
! [lerckas Topozackas Kimnuveckas Bosbauna um. 3. A. BanuisieBoii,
Orpiesierrie peaHMAINN 1 MTHTEHCUBHOI TEPAITNH /I HOBOPOK/IEHHBIX JleTelt
Poccust, 125480, r. Mocksa, yoi. Iepoes Ianduiosies, 1. 28

2 PoceuiicKast MEAMIIMHCKAS AKaIeMUsl HEIIPEPBIBHOTO MOCIEANILIOMHOro obpazosanus Munsapasa Poccun,
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Evaluation of the Efficacy of Treatment of Newborns
with Transient Myocardial Ischemia

Yulia N. Dovnar!, Alla A. Tarasova?,
Ivan F. Ostreykov!?, Vladimir N. Podkopaev!

! Neonatal Intensive Care Unit, Z. A. Bashlyaeve Municipal Children's Clinical Hospital,
28 Heroes Panfilovtsev Str., 125480 Moscow, Russia
2 Russian Medical Academy of Continuous Post-Graduate Education, Ministry of Health of Russia,
2/1 Barricadnaiay Str., Build. 1, 125993 Moscow, Russia

Iesb nccaefoBanmst: KOMILICKCHAS OlleHKA 3 (DEKTUBHOCTH JIEYEHNST HOBOPOIK/ICHHBIX C TPEXOIAIIEH MieMueii
MHUOKAap/ia B OTACJCHUH PeaHMAaIlNH.

Marepuan u Mmetoabl. 102 HOBOPOKIEHHBIM € IIPEXO/ISAIICH UIleMUuell MUOKap/a, ePeHeCnX auTe- u/1iu
UHTPAHATAJIbHYIO TUIIOKCHIO, B Bo3pacte oT 1 10 7-u CyTOK JKU3HU cO CPOKOM recramnuu ot 29 10 42 Hesesb ObLIO
MIPOBE/ICHO KJIMHUKO-MHCTPYMEHTAIBHOE MCCIICIOBAHME CEP/IIa /10 ¥ B IIpolecce Teparuu. 1-10 TpyIiny cocTaBuin
30 mereii ¢ 1-i cTeneHbio HEAOCTATOYHOCTU KPOBOoOpalenus, 2-10 rpyriry — 39 gereii ¢ 2 A u 3-1o rpynny — 33 ¢
2 b crenenbio. Bee netn nosmyvyanyn kapanoTpodudecKue mperaparsl, AeTu 2-i u 3-i rpyIin — KapAnOTOHUYECKIe
mpernaparsl.

PesyanbraTel. YeTaHOBUIN yBeJIMUYeHE OMOXUMIYECKIX MTOKasaTesieil KpoBy (MUOKapAMAIbHON KpeaTrHbOC-
(hOKMHABDI, JAKTATACTUAPOrMHASDI, acllapTaTaMuHoTpancdepasnl, Koadduiuenta ae Putuca), npossienuii cy6-
SHAOKAPANATIBHON UIIEMHUH Ha dJeKTpokapanorpamme (menpeccus cermenta ST B ogHOM 1 60JIee OTBEICHUSX B
coueranuu ¢ HapyiienueM 3y6ia T), usMeHeHuil oKazareseii CUCTOMMYeCKON (BYHKIMU Cep/Iia PU 3XOKapAuo-
rpaduu (yaapHoro oobeMa, hpaxiiuii usrHanus u ykopouenus, utaexkca TEI ieBoro kemyiouka, MUHYTHOTO 00beMa
cepiilla, CePAeYHOro MH/EKCa ) [0 MepPe HAPACTaHUsl CTEIIEHH UIIEMUK MIOKAP/Ia U HEAOCTATOYHOCTU KPOBOOOpalie-
HUA 1N UX O6paTHOC pa3BuTHE B IIPOIECCE JICHCHUA. Brigsuim Pa3yingHble KOPPEIATUBHDIE CBA3N MEK/Y ITOKa3aTe-
JISIMH CHCTOJINYECKO (DYHKIIUU JIEBOTO JKEJMYA0UKA U OUOXUMUU KPOBHU JIO U B IIPOIIECCE JICUEHUS], OTPAKAOIIIE
AuchYHKIUIO MUOKAP/Ia, UMEIOLILY0 OCTENEHHOEe 00paTHOE Pa3BUTHE.

3akimoyeHnue. Y HOBOPOKICHHBIX € TIPEXOIAIICH HIlIeMUeil MMOKap/a OTMEYAIOTCST HapyIeHNUs KIMHUKO-(YHK-
[MOHAJIBHOTO COCTOSIHUS CEP/ILIA, 3ABUCSIIIE OT CTENEHU UIIEMIU 1 HEJIOCTATOYHOCTH KPOBOOOPAIIIEHYS! 1 UMEIOIIIEe
nocrerneHHoe 0OpaTHOe PasBUTHE B MPOLECCE KOMILIEKCHOI MHTEHCUBHOI Teparum.

Kantouesvte cosa: Hosoposcoenvle; nPpexoosuyas ueMus MUOKApOa; UHMpaHAmMaibHas 2UNOKCUs; GUoxumude-
CKUe MAPKepbl UeMuy MUOKapod; 3xXoKkapouozpadust

The purpose of the study: a comprehensive assessment of the effectiveness of the treatment of newborns with
transient myocardial ischemia in the intensive care unit.

Materials and methods. 102 newborns with transient myocardial ischemia, with a history of ante- and /or intra-
natal hypoxia, at the age of 1 to 7 days, with a gestational age from 29 to 42 weeks, underwent a clinical and instru-
mental examination of the heart before and during the treatment. The Group 1 consisted of 30 infants with 1 degree
circulatory failure (CF); the Group 2 was comprised of 39 infants with 2A degree of CF, and the Group 3 included
33 infants with the 2B degree of CF. All children received cardiotropic drugs; infants from Groups 2 and 3 received
cardiotonic drugs.

Results. The study demonstrated an increase in biochemical parameters of blood (myocardial CPK, lactate de-
hydrogenase, aspartate aminotransferase, de Ritis ratio), manifestations of subendocardial ischemia in the electro-
cardiogram (depression of ST segment in one or more leads in combination with a T-wave defect), changes in systolic
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Kpurngeckme cOCTOSIHMSI HOBOPOSKAECHHBIX

cardiac function during echocardiography (stroke volume, ejection and shortening factions, left ventricular TEI
index, cardiac output, and cardiac index) that correlated with the severity of myocardial ischemia and circulatory
failure and their reverse development during the treatment. Various correlative links between parameters of left
ventricular systolic function and blood biochemistry before and during the treatment reflecting the myocardial dys-
function with a gradual reverse development have been found.

Conclusion. Infants with transient myocardial ischemia suffered from disorders of the clinical and functional
state of the heart depending on the degree of ischemia and circulatory failure. Most infants exebited gradual reverse

development during a complex intensive therapy.

Keywords: newborns; transient myocardial ischemia; intranatal hypoxia; biochemical markers of myocardial isc-

hemia; echocardiography
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BBeneunne

[Ipexonsimas uiemMusi MUOKap/ia HOBOPOK/EH-
HBIX HA CETOHSAIIHUI JIEHb OCTAETCs OIHOW U3 aKTYy-
ANBHBIX TPOOJIEM HEOHATATBHON PEaHUMATONOTHY 1
MPEJICTABIISET coYeTanne (HyHKIIMOHATBHBIX, MeTab0-
JINYECKUX U TEMOMHAMUYECKUX HAPYIIeHUI, BO3HU-
KaIOIIMX BCJIE/ICTBYE TEPUHATATBHON TUIIOKCHU U TIPH-
BOJISIIIAST K CHUKEHUIO COKPATUTETBHON CIIOCOOHOCTH
MUOKap/Ia, HeJIOCTATOYHOCTH KpoBooGpanienust. [Tpu-
YUHAMU TIEPUHATATLHONW THITIOKCHI MOJKET ObITh MaTo-
JIOTHSI TITIATIEHTHI, COCY/IOB MATKH U ITynoBUHBI [ 1-3].

B Hacrosiee BpeMsi OTCYTCTBYET €MHBII TIOJI-
X0l B JMATHOCTUKE [AHHOTO ITOPaKeHUs CepIIia
BCJIE/ICTBUE HecTen(MUIHOCTU KINHUYECKUX MPH-
3HAKOB Y HOBOPOSKJICHHBIX 1 OCOOEHHO Y HEJIOHOIIEH-
HBIX JIeTell, a TAKKe CUCTEMATH3AIH B OIIEHKE CTelle-
HU TsokecTH 3aboseBanus. B cBA3u ¢ aTtuM
HEO0OXOIMMO TPUMEHEHYE KOMILIeKca Tab0paTOPHbIX
U MHCTPYMEHTAJIBHBIX METOJIOB, TAKUX KaK: GHOXUMU-
YeCcKOe HCCJIeIOBAHNE KPOBU C OIEHKOI MapKepoB
UIIEMUN MUOKAap/Ia, 9JIeKTpoKapauorpadus, mo3so-
JISTIONIAST BBISIBIIATH HAPYIIEHUST PUTMA U IIPOBOIUMO-
cTi, MeTaboINYECKIe W MIIEMUYCCKUE U3MCHEHUST
MHUOKap/1a, TePErpy3Ku OT/EJIOB CEPIIA, a TAKKE IXO0-
kapauorpacdusa c omnpeneneHueM MoppodyHKINO-
HaJIbHOTO cocTOosTHUS cepana [4—16].

Enunelit cTangapT JedeHust JaHHOTO MTOBPEKIe-
HUS OTCYTCTBYET. [lo MHEHUIO Psia aBTOPOB, CIIeLyeT
NPUMEHSITD CepieyHble TINKO3U/IbI, MOYETOHHBIE, Kap-
IOTPO(UYECKUE ITPEMAPAThI, HO TOIBKO IIPU OCTPOI
Cep/IeYHOI HEeOCTATOUHOCTH U YIPOSKATIONIIX SKU3HH
COCTOSTHUSIX. B JIeTKuX ciryyasix, Korja UIeMusl MHO-
Kap/ia IpoTeKaeT CyOKIMHUIECKH UM C MUHIMAJIb-
HBIMU TIPOSIBJIEHUSIMU, UCIIOJB3YIOTCS IIperapaTsl,
yJYYIIaone 0OMEHHBbIE TPOIECChl B CEpAeYHO
mbrie [9, 17, 18].

Tepanuto TszKeTBIX POPM TIPEXOISIIEH UITEMUN
MUOKap/la Ba)KHO TTPOBOAUTH B /iBa repuopa: 1-it (7
JIHEI) — TepUOoJ] HeTIOCPE/ICTBEHHOTO (POPMUPOBAHUS
usMeHeHuil B Muokapie; 2-ii (3 Hezenu u Gosee) —
nepuo, Korjaa IPOUCXOT IIPOIIECCH BOCCTAHOBJIE-
HUSI IOBPEXKIEHHBIX CTPYKTYP cepaia. JleueHre B ocT-
POM TIeprojie IOIKHO OBITH HATPABJICHO HAa YMEHBIITe-
HUE  HEAOCTATOYHOCTH  KPOBOOOpAICHUSA U
IBIXaTeTbHON HEJIOCTATOYHOCTH, BOCCTAHOBJIEHUE

Introduction

Transient myocardial ischemia of newborn re-
mains one of the urgent problems of neonatal intensive
care and represents a combination of functional, meta-
bolic and hemodynamic disorders resulting from peri-
natal hypoxia and leading to a decrease in myocardial
contractility and circulatory failure. Causes of perina-
tal hypoxia may include pathology of placenta, uterine
and umbilical cord vessels [1-3].

There is currently no uniform approach to the di-
agnosis of the heart disease due to the non-specificity
of clinical signs in newborns and especially in prema-
ture infants; there is also no systematization in the as-
sessment of the severity of the disease. Therefore, it is
necessary to employ a complex of laboratory and in-
strumental testing methods including blood chemistry
tests to assess markers of myocardial ischemia; elec-
trocardiography to identify the rhythm and conduc-
tivity, metabolic and ischemic changes in the
myocardium; heart overload estimation and echocar-
diography to determine the cardiac morphofunctional
state [4—16].

There is no common standard of treatment for
this injury. According to several authors, cardiac gly-
cosides, diuretics, and cardiotropic drugs should be
used, but only in acute heart failure and life-threaten-
ing conditions. In mild cases, when myocardial is-
chemia manifests itself through subclinical or minimal
manifestations, drugs enhancing metabolic processes
in the myocardium are needed [9, 17, 18].

Treatment of severe transient myocardial is-
chemia is carried out by a two—step procedure: 1% step
(7 days) — period of direct formation of changes in the
myocardium; 2" step (3 weeks) — period when the re-
covery of damaged structures of the heart occurs. In
the acute period, the treatment should be intended to
relief the circulatory failure and respiratory failure, re-
covery of water-electrolyte balance and rheological
properties of blood, and improvement of functions of
kidneys and intestines. Drugs with a positive inotropic
effect, such as dopamine and dobutamine are the major
drugs in the treatment of circulatory failure in the
acute period, but they sharply increase the myocardial
oxygen consumption. The most effective therapy
aimed at improving metabolic processes in the my-
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BOJIHO-9JIEKTPOJIUTHOTO ~ GajiaHca, PeoJOrnuecKux
CBOIICTB KPOBH, yJIyullieHre (hyHKIUU TIOYeK 1 KUIIed-
HuKa. OCHOBHBIMHU TIPEIIapaTaMy B JIEUeHUN HEJI0CTa-
TOYHOCTH KPOBOOOPAIIEHKUST B OCTPOM IEPHOJIE
SIBJISIIOTCST CPENICTBA C MOJIOXKUTETbHBIM HHOTPOITHBIM
adderTom, Takue Kak J0TaMUH 1 100y TaMUH, OJIHAKO
OHU PE3KO IMOBBIIIAIOT MOTPeIeHe MUOKAPIOM KHC-
nopoga. Haunbosee apdexTuBHoll Tepanueii, Hapas-
JIEHHOH Ha yJrydiienne MeTaboJInYecKX TPOIIECCOB B
MHUOKap/ie U BHYTPUCEPIEYHOI reMOIMHAMIKY TI0CIe
HepeHeceHHON TUIIOKCUY, SIBJISIETCS TIPUMEHEHMEe KaK
KapIMOTOHUYECKUX, TAK U KaPAHOTPOPUUECKIX TIpe-
napatoB (abKapHUTHH, 1UTOXpoM C, aKTOBETUH,
pubokcun u 1p.) [9, 17, 18]. B cBsi3u ¢ coxpansionmeii-
Cs1 aKTYaJIbHOCTBIO TIPOOIEMBI TpeGyeTest abHen mast
pas3paboTKa METOJIOB JICYEHUSI TPEXOASAIIEH UITIEeMUK
MHUOKap/a y HOBOPOKIEHHBIX.

ITebio paboThI — KOMILTEKCHAS OlleHKa 3 deK-
TUBHOCTH JIeYeHUs] HOBOPOXKIEHHBIX C TIPEXO/ISIei
uIIeMiell MUOKap/a B OT/eJIEHIH PeaHMMAI[UH.

MaTepI/IaJI U METO/1bl

Ha 6ase or/ieieHust peaHUMAIMK 1 MHTEHCUBHOI Te-
panuu 17151 HoBopoxkAeHHbIX feTeit [BY 3 «/ITKb um. 3. A.
Bauuisiesoii JI3M» GbLJIO NPOBEJEHO KOMILJIEKCHOE KJIU-
HUKO-HHCTpyMeHTabHoe oOcieoBanue 102 HOBOPOXKIeH-
HbIX (58 ManmbuMKOB W 44 J[EeBOUYKH) C MNPeXOjsiineit
nnreMueil MIOKap/Ia, ITepeHecIiX aHTe- 1/WiIn NHTPaHa-
TAIBHYIO THITOKCHIO.

B 3aBHCHMOCTH OT TSKECTH HEJIOCTATOYHOCTH KPOBOOO-
pauenust (HK) Gbuiu Bbigesierbl Tpu rpyminbt: 1-g rpyria —
30 nereit ¢ HK 1 crenenw; 2-a rpynma — 39 nereit ¢ HK 2A
crenern u 3-s rpymma — 33 ¢ HK 2B crenenn. /letn 6bu1n B
Bo3zpacte oT 1 10 7 CyTOK JKM3HMU, CO CPOKOM TeCTAIUH — OT
29 no 42 wenenp (taba. 1.). Cpean HUX ormeyasnoch 47
(46,1%) nonomennsix 1 55 (53,9%) HoBOpOKIEHHBIX ¢ 1—3-it
CTErNeHbIO HeJIOHOMIEHHOCTH. J[eTh GBLIN COMOCTABUMBI TI0
AHTPOIIOMETPUYECKNUM TTapaMeTpaM: Macce Tesa, pocTy M
TIONIAJIN TIOBEPXHOCTH TeJia 6e3 CTaTUCTUYECK 3HAYMMbBIX
passmumii Meskay rpyimnamu (tabu. 1).

KpurepusiMu BKIIIOUEHNS JieTell B FICCJIeI0OBAHNE SIBJISI-
JIUCK: CPOK rectarnu GoJiee 28 HeJlesib; HeOCTATOYHOCTh KPO-
BOOGPAIIEHNS; HEOOXOAUMOCTh BHYTPUBEHHOTO BBEJICHUST
KapMOTOHWYECKUX MpenaparoB (771 maruenToB 2-if u 3-i
rpymin); Macca tesra ipu poxkaernn =>1000 1; orcyTcTBHE Te-
HETUYECKOM MAaTOJIOTHN 1 BPOSKAEHHBIX TOPOKOB PA3BUTHSI.

TskecTb COCTOSTHUS JleTell, OTleHeHHAsT B POJUJIbHBIX
JIoOMax 1o mikazie Anrap, Ha 1-it MUHyTE JKU3HU KOJIe6anach
B npeseax ot 1 10 8 6asios, Ha 5-i MutyTe — ot 2 10 9 Gas-
Ji0B (Tabu. 1).

82-Mm (80,39%) HOBOPOKEHHBIM BCEX IPYIII IIPOBO-
IJIA MCKYCCTBEHHYIO BeHTHsms Jerkux: 10 (33,3%)
netsaM 1-1i rpymisl 1 BeeM et 2-it u 3-i rpynm. [lmnTens-
HOCTb UCKYCCTBEHHOI BEHTUJISIIUN JIETKUX KOJIe6amach ot
1 10 22 cyTok 1 GblIa JOCTOBEPHO OoJiblle B 3-ii rpyIiie 1o
cpaBHeHuio ¢ 1-it u 2-if rpynnamu, Bo 2-if Tpymnie — 10
cpasHenuto ¢ 1-ii (Tabur. 2).

MeikaMeHTO3HbIE CPEICTBA JIEUEHNST HEJIOCTATOUHO-
CTW KPOBOOOpAIEHUsS y feTeil ¢ TPeXosieil niemuei
MHUOKap/ia BKJIIOYaIN KapUOTOHNYECKHe MpenapaTsl (j10-
TTAMUH, T0OYTaMIH ), KOTOPBIE TIOJIYYaIH TTAINEHThI 2-1 1 3-i
TPYII, U KapAuoTpoduuecKue mpenapaTsl (3IbKapHUTHH,

ocardium and the intracardiac hemodynamics after
hypoxia is the use of both cardiotonic and cardiotropic
drugs (L-carnitine, cytochrome C, actovegin, riboxin,
etc.) [9, 17, 18]. In view of the continuing relevance of
the problem, further development of methods for the
treatment of transient myocardial ischemia in new-
born infants is required.

The purpose of this study was a comprehensive
assessment of the effectiveness of the treatment of
newborns with transient myocardial ischemia in the
intensive care unit.

Materials and Methods

A comprehensive clinical and instrumental examina-
tion of 102 newborns (58 boys and 44 girls) with transient
myocardial ischemia with a history of ante- and /or intrana-
tal hypoxia was carried out in the neonatal intensive care
unit of Z.A.Bashlyaeva Children's Clinical Hospital,
Moscow Healthcare Administration.

Depending on the severity of the circulatory failure
(CF) the patients were divided into three groups: Group 1
- 30 infants with degree 1 of CF; Group 2 — 39 infants with
CF of 2A degree and Group 3 — 33 infants with degree 2B
of CF. The age of infants varied from 1 to 7 days, with the
gestational age from 29 to 42 weeks (table 1). 47 (46.1%) of
them were full-term infants and 55 (53.9%) infants were
with 1-3 degree of prematurity. The infants were matched
by anthropometric parameters: body weight, height and
body surface area without statistically significant differences
between the groups (table 1).

There were the following inclusion criteria: more than
28 weeks gestation; circulatory failure; the need for intra-
venous cardiotonic drugs (for patients of Groups 2 and 3);
birth weight >1000 g; the lack of genetic pathology and con-
genital malformations.

The severity of infant's state in maternity hospitals
was evaluated using the Apgar score ranged from 1 to 8
points at the 1st minute of life, and from 2 to 9 at the 5
minute (table 2).

82 (80.39%) newborns of all groups underwent me-
chanical ventilation: 10 (33.3%) infants from Group 1 and
all children of Groups 2 and 3. The duration of the mechan-
ical ventilation ranged from 1 to 22 days and was signifi-
cantly longer in Group 3 as compared to the Groups 1 and
2, and in Group 2 as compared to Group 1 (table 3).

The drug treatment of circulatory failure in infants with
transient myocardial ischemia included cardiotonic agents
(dopamine, dobutamine) prescribed to patients of Groups 2
and 3 and cardiotropic drugs (L-carnitine, cocarboxylase,
cytoflavin C) prescribed to all patients. Intravenous admin-
istration of dopamine (Dopamine-Ferein, Ferein-Bryntsalov
Russia; dopamine, Biochemist, Russia) at doses of 2 to 10
ug/kg/min (Group 2: M+0=3.8+1.5 pg/kg/min; Group 3:
M=*0=4.06+1.5 pg/kg/min), dobutamine (dobutamine hexal,
Salutas Pharma, Germany) at doses of 1 to 5 ug/kg/min
(Group 20 M=*0=2.8+12 pg/kg/min; Group 3:
M+0=3.6£1.35 pug/kg/min).

Cardiotropic drugs were administered within 24 hours
after birth or immediately upon admission to the intensive
care unit. The drugs were injected intravenously: cytoflavin
2 ml/kg (cytoflavin, Polysan, Russia); cocarboxylase 0.025
per body weight of 2000 g and 0.05 g per body weight of
3000 g (cocarboxylase hydrochloride, Scientific Production
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Ta6imua 1. Kiunuyeckas xapakrepucruka uceaeayempix rpynn (Min-Max, M+0).
Table 1. Clinical characteristic of study groups (Min-Max, M+0).

Indexes Values of indexes in groups
Group 1, n=30 Group 2, n=39 Group 3, n=33
Gestational age, weeks 31-40 29-42 30-40
36.36+2.59 36.38+3.3 35.69+3.38
Age, days 3.06£1.5 2.87+1.8 4.08+2.7
Body weight, g 2589+886.58 2708.48+680.18 2709.42+927.64
Height, cm 47+5.2 47.8+4.5 46.84+6.13
Body surface area, mI 0.16+0.04 0.165%0.03 0.164%0.038
The duration of mechanical ventilation, days 2,822 6,35+2,4* 13,415 4%#
Apgar score 1** minute 4-8 1-8 1-8
7+3,04 6x1,87 6x1,4
Apgar score 5" minute 6-9 3-9 2-8
7+0.83 7117 7+1.19

Note. P=0.0001, significance of differences as compared to: * — Group 1; * — Group 2.

Ipumeuanue. /Jis tabu. 1-5: Indexes — nokasaresnu; Values of ... in groups — snauenus B rpynnax. Gestational age, weeks — cpok re-
crarnu, nexenn; Age, days — Bospacr, cytki; Body weight — macca temna; Height — pocr; Body surface area — miromans moBepxnoctu
tena; The duration of mechanical ventilation — aMTeIBHOCTD MCKYCCTBEHHON BEHTUJIATINY JIETKUX; — OIIEHKA IO mKajte Anrap, 6asuibl,
munyTa. /locroBepuocts pazanuwnii npu p=0,0001: * — o cpaBuenuio ¢ 1-ii rpyIoit; * — 110 CpaBHEHUIO CO 2-if IPYIIIIONL.

TaGmmia 2. KiuHuueckue NpU3HAKH HEZIOCTATOUYHOCTH KPOBOOOPANEHHUST B HCCIEyEMbIX TPyIINax.
Table 2. Clinical signs of circulatory failure in study groups.

Indexes, n (%)

Values of indexes in groups

Group 1, n=30 Group 2, n=39 Group 3, n=33
Perioral cyanosis 20 (66.7) 28 (71.8) 28 (84.8)
Acrocyanosis 15 (50) 25 (64.1) 22 (66.7)
Skin pallor and mottled skin 9 (30) 20 (51.3) 30 (90.9)**
Muffled heart sounds 7(233) 10 (25.6) 11 (33.3)
Enlargement of heart 1(3.3) 2(5.1) 5(15.2)
Moist rales in the lungs 5(16.7) 10 (25.6) 15 (45.5)*
Swelling of the extremities 5(16.7) 11 (28.2) 13 (39.4)
Enlargement of parenchymatous organs 4(13.3) 10 (25.6) 12 (36.4)

Note. P<0.05, significance of differences as compared to: * — Group 1;  — Group 2.

IIpumeuanmue. Perioral cyanosis — nepropasibhbiii inanos; Acrocyanosis — akporuanos; Skin pallor and mottled skin — 6easocTs 1 Mpa-
mMopHocTb kosku; Muffled heart sounds — riyxocts cepeunbix Tornos; Enlargement of heart — pacimpenue rpanui cepaia; Moist rales
in the lungs — Braskubie xpursr B jerknx; Swelling of the extremities — orekn koreunocreii; Enlargement of parenchymatous organs —
yBeJMYeHIe MapeHXUMATO3HbIX 0praHoB. JloctoBepHocTs pasnunii mpu p<0,05 o cpaBuenuio: * — ¢ 1-it rpymmoii; * — co 2-it rpymnmoii.

KokapOokcuiasa, urodrasun C), KOTOPbIE TTOIYYaIn BCE
nanuenTsl. BHyTpuBeHHOe BBesieHe ronaMuHa (1ohamit-
epeiin, «bpprananos-As, nonamun, « buoxnmuks, Poccust)
poBOANIN B 103aX OT 2 710 10 MKT/KT/MUH (BO 2-1i Tpymie
- M=*0=3,8+15 w™kr/kr/mMuH;, B 3-ii Tpymme —
M=*0=4,06+1,5 Mkr/xr/mun), pobyramuta (po0yTaMuH
rekcai, «Camorac Mapmas, lepmanust) — B 1o3ax ot 1 110
SMKr/Kr/mMuH (Bo 2-it rpytie — M*0=2,8+1,2 MKT/Kr/M1H;
B 3-if rpyme — M+0=3,6=1,35 MKT/Kr/MUH).
Kapanorpoduieckue npernapaTbl BBOJIMJIN B TEUEHNE
CYTOK OT POKIIEHVSI WJIM CPa3y IIPH NOCTYIIEHUN B OT/IeJie-
HUe peaHnMaruu. [IpernapaTsl BBOANIM BHYTPUBEHHO: TIH-
todmaBun 2 mia/kr (murodaasuH, «[lommcans, Poccus);
kokapbokcmrasa 0,025 r mpu Bece 2000 T 1 0,05 T ipu Bece
3000 r (kokap6okcmmrassl tuapoxaopu, « HITO Mukporems,
Poccust); u nepopanbio: asnbkapuutu 0,075 r X 3 pasa B
cytku (asbkap, «[Tuk-Dapmas, Poccust). [pu nepesojie B
orzenenne marosorun 2 (5,1%) mersim 15-x u 20-x cyTok
SKU3HM 2-i1 rpyTisl v 7 (21,2%) netsim 15—24-X CyTOK JKU3HH
3-i1 TPYIIIb HA3HAYAJIN JTUTOKCUH B JI03€ 5 MKT/KT/CyTKH
(muroxcun, «Gedeon Richters, Benrpust; aurokcu, «bum-
nogapm», Poccust) B kauecTBe MHOTPOITHOH TOIEPIKKU TTPH
COXPAHSIONIEHCsT HEJIOCTATOUHOCTH KPOBOOOPAIICHUSL.
Komrutekctoe ob6crieoBanme JeTeil 0CyIecTBIsLIn
[PU TIOCTYIUIEHUH B OT/leJIEHe PEAHUMAIIH 1 B TIPOIecce

Association Mikrogen, Russia) and administered orally; L-
carnitine 0.075 g, 3 times a day (Elcar, Peak Pharma, Rus-
sia). When infants were transferred to the neonatal
pathology unit, 2 (5.1%) infants aged 15 and 20 days from
Group 2 and 7 (21.2%) infants aged 15-24 days from Group
3 were prescribed with digoxin at a dose of 5 ug/kg/day
(digoxin, «Gedeon Richter», Hungary; digoxin, Binnofarm,
Russia) as an inotropic support in the case of persistent cir-
culatory failure.

A comprehensive examination of infants was carried
out at admission to the intensive care unit and during treat-
ment: in Group 1 — 10.62+3.05 day; in Group 2 — 12.52+3.12
day; in Group 3 — 17.22+6.9 day. It included the assessment
of maternal obstetrical, gynecological and somatic history,
analysis of the intranatal period, clinical examination, labora-
tory (CBC and blood chemistry tests, acid-base state of blood,
coagulogram, urinalysis), functional (external respiration
function, circadian heart rate monitoring, blood saturation,
blood pressure, body temperature, ECG), radiographic and
sonographic test methods. Infants were consulted by the fol-
lowing specialists, if necessary: cardiologist, neurologist, oph-
thalmologist, endocrinologist, nephrologist.

The following markers of ischemia were taken into ac-
count during assessment of the blood chemistry test: lactate
dehydrogenase (LDH, normal limits up to 576 U/L), crea-
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sevenwst: B 1-i rpymme — 10,62+3,05 cyTku; Bo 2-i1 rpytime —
12,52£3,12 cyTku; B 3-if rpynme — 17,22+6,9 cytkun. Ono
BKJTIOYAJIO OIIEHKY aKyIIePCKOTO, THHEKOJIOTNIECKOTO 1 CO-
MaTHYeCcKOTO aHaMHe3a Martepeii, aHaIi3 HHTPAHATATBHOTO
nepuoia, KIMHUYECKUH 0cMOTp, JaGopartoptbie (06wl 1
GUOXMMIYECKUI aHATU3bI KPOBH, KHCIOTHO-OCHOBHOE CO-
CTOSIHUE KPOBH, KOATyJOTpaMMa, OOIIUIl aHaIi3 MOYN),
dbyHKIIOHATbHBIE ((DYHKINA BHEITHETO ABIXaHUs, CYyTOU-
HBIIT MOHUTOPHHT YaCTOTHI CEP/IEUHBIX COKPAIIEHMI, caTy-
PaIN KPOBH, ApTEPHATBHOTO JIABJIE€HNSI, TEMIIEPATYPBI Tea,
2JIEKTPOKAPANOTPAdUS ), PEHTTEHOJOTHIECKHUE, YIBTPa3BY-
KOBBIE METOJIbI NcceoBaHusI. 1o mokazanusM geTeil KOH-
CYJBTHPOBATH  CHEIHATHCTBL  Kap/nOoJIOT, HEBPOJIOT,
OKYJIUCT, 9HIOKPUHOJIOT, He(hPOJIOT.

[Ipwu oreHKe GHOXUMIIECKOTO aHATN3a KPOBU YUK THI-
BaJIM TaK¥e MapKepbl HIIIEMUU MHOKAP/a, KaK: JTAKTaTAeT /-
porenaza (JI/II, wopma mo 576 EJ/m), KpeaTuu-
dbochorunaza-MB (KOK-MB, nopma 24 EJI /1), koTopbie
OIIPE/IENISIINCH 110 ONTHUMHU3NpoBaHHOMY YD TecTy B COOT-
BercTBUM ¢ pekomerganusamu DGKC, ¢ unrnbuposatnuem
K®OK-MB MOHOKJIOHAIbHBIMU aHTUTEJIAMH; acliapTaTaMu-
notparacdepasa (ACT, nopma n0 40 E/1 /), anannHaMIHOTpaH-
cdepaza (AJIT, Hopma mo 40 E/1 /) — o onTMusnpoBaHHOMY
YO Ttecty B cootBercTBIE ¢ pekoMenparsiMit IFCC 6e3 -
punokcanbdocdara n koadduiment ne Putica (ACT/AJIT,
nopma ot 0,91 0 1,75) [19-21], riccmenoBanmst MPOBOIIIIICH
Ha armapate Furuno /lnaxon CA-90 (Amonust).

DJeKTpoKaparoTrpaduIecKoe UCCIe0BaHue BBITTOJI-
HSUTH B CTAaHIaPTHBIX OTBe/IeHusX Ha armapare Fukuda Den-
shi Cardimax FX326U (SInoHust) B MOMEHT MOCTYILIEHHNS],
3areM Ha 3-1 1 Ha 5—7-e CyTKHU 1 gasee 1 pa3 B 5 mHeit 10 me-
peBozia B oTzesenne marojgorun. ONpenessiiin NCTOYHUK
PHUTMa, YACTOTY CEPJETHBIX COKPAIIEHHUI, HOTIOKEHNE DJIeK-
TPUYECKOI OCH Cep/IIIa, TPOOIKUTETbHOCTh OCHOBHBIX NH-
tepBasioB (PQ, QRS, QRST, S-T), coctossHme 0OCHOBHBIX
syouos (P, R, S, T) [10, 11].

Ixokapanorpadio TPOBO/IIIH 110 CTAHAAPTHOI MeTO-
IMKe Ha yabTpasBykoBoM mpubope Logic-400 («ProSaries»,
Kopest) cextopubiM gatarkoM ¢ yactoroit 5 MIr. Onenky
CHCTOJIMYECKOH (DYHKIIUH TIPOBOIIIIN C YIETOM CJIEYIOMINX
nokasarejieii: yaapsbiii 00beM (YO), hpakius yKopoueHust
(DY), bpaknus nzrnanust (OU) u uugexe TEI neBoro xe-
aymouka [12, 13], munyTHbI 066eM ceparia (MOC), cepred-
werii nazgexc (CU) [14-16].

CraTHCTHYeCKN aHAIN3 TTOTYYEeHHBIX PE3YJIbTaTOB
BeimoHsH 110 iporpamme STATISTICA 6.0, Biostat 4 ¢
oTipeziesieHNeM cpeIHuX apudmeTndecknx Beanana (M) n
WX CTaH/IAPTHOTO OTKJIOHEHUS (). CTeneHb I0CTOBEPHOCTH
KayeCTBEHHDIX MOKa3aTesell OIeHnBaIN 10 KPUTEPHUIO 2,
KOJIMYECTBEHHBIX 1T0Ka3aresieil — 1o kputeprio CThIOIEHTA,
KOJIMYECTBEHHBIX [TOKa3aTesieil B OHOI IPYyIITIe [I0 U TT0cIe
JiedeHus — 110 TapHOMY KpuTepuio CThIOJIeHTa, Ka4eCTBEH-
HBIX [T0Ka3areJieil B O{HOII TPYTIIIe /10 U TT0CIe JIeYeHUsT — 110
xputepnio Mak-Humana. Cratnctnaecky 3HaUNMBIMU CUH-
tasn passars pu p<0,05. KoppensinoHHbli aHaIi3 cBsi-
3eil MeK/Iy KOJIMYECTBEHHBIMI MTOKA3aTeSIMU TIPOBO/TUITH
o kputepuio IInpcona (r) ¢ onpeieseHreM CHITBI CBSI3U 110
Yennoky [22].

Pe3yibrarhl 1 00CyKAeHHE

Kinnuuyeckue mpusHaky MopakeHUs: MUOKap/a
IIPOSIBJISIIINCDH B CUMIITOMAX Hel0CTaTOYHOCTH KPOBO-
obpalleHusl, Cpe/ii KOTOPBIX Y JIeTell BCeX IPYIIIL Yalie
OTMeYasi IepUopabHbIil IIMaHO3 U aKPOIMAHO3,

tine phosphokinase-MB (CPK-MB, normal limits up to 24
U/L) tested using an optimized UV test in accordance with
DGKC recommendations, with inhibition of CPK-MB with
monoclonal antibodies; aspartate aminotransferase (AST,
normal limits up to 40 U/L), alanine aminotransferase (ALT,
normal limits up to 40 U/L) tested using an optimized UV
test in accordance with IFCC recommendations without
pyridoxal phosphate, and de Ritis ratio (AST/ALT, normal
limits from 0.91 to 1.75), [19—21], which were determined
using a Furuno Deacon CA-90 device (Japan).

ECG was performed in standard leads using a Fukuda
Denshi Cardimax FX326U apparatus (Japan) at the time of
admission, then on Days 3 and 5-7, and then once every 5
days prior to the transfer to the neonatal pathology unit. The
source of the rthythm, heart rate, the heart's electrical axis
position, the duration of the main intervals (PQ, QRS,
QRST, S-T), the state of the main waves (p, R, S, T) were
determined [10, 11].

Echocardiography was performed in accordance with
a standard technique using an ultrasonic unit Logic-400
(«ProSaries», Korea) by means of a sector sensor with a fre-
quency of 5 MHz. Assessment of the systolic function was
carried out taking into account the following parameters:
stroke volume (SV), shortening fraction (SF), ejection frac-
tion (EF) and left ventricular TEI index [12, 13], cardiac
output (CO), and cardiac index (CI) [14—16].

The statistical analysis of the findings was carried out
using the STATISTICA 6.0, Biostat 4 software with the de-
termination of the arithmetic means (M) and standard devia-
tion (o). The confidence degree of qualitative parameters were
assessed using the chi-square test and quantitative parameters
using the t-test; quantitative parameters in one group before
and after treatment were assessed using a paired t-test, and
qualitative parameters in one group before and after treatment
were evaluated using the McNieman test. Differences were
statistically significant with P<0.05. The correlation analysis
of relationships between quantitative indicators was carried
out using the Pearson correlation (7) determining the corre-
lation strength by the Chaddock scale [22].

Results and Discussion

Clinical signs of myocardial lesions manifested
through symptoms of circulatory failure, among which
infants of all groups more frequently presented oral
cyanosis and acrocyanosis, mottled skin and skin pal-
lor; less frequently they presented quiet hart sounds,
moist rales in lungs, swelling and sponginess of ex-
tremities, dilation of heart borders, enlargement of the
liver and spleen. In Group 3, a statistically significant
increase in pallor and molted skin (P=0.0001) as com-
pared to Groups 1 and 2; and moist rales in the lungs
(P=0.029) as compared to Group 1 (table 4).

The duration of clinical manifestations after hy-
poxia in intensive care units before the transfer to a
neonatal pathology unit was as follows: in Group 1 —
5.75%£1.69 days; in Group 2 — 7.8£2.15; and Group 3 —
10.05+3.03. In 2 (5.1%) infants of Group 2 and 7
(21.2%) infants in Group 3, symptoms persisted in the
late neonatal period.

Among comorbidities in infants of all groups, le-
sions of the respiratory system (pneumonia, respiratory
distress syndrome) and central nervous system (hy-
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GJIEIHOCTD U MPAMOPHOCTD KOXKH, PEsKe — TIYXOCTh
Cep/IeYHBbIX TOHOB, BJIAKHbIE XPUIIBI B JIETKUX, OTEKU
U TACTO3HOCTb KOHEYHOCTEH, pacHIMpeHue IPaHull
cep/ilia, yBesueHue rneyeHu u cesieenku. B 3-ii rpyi-
1e 110 cpaBHeHuo ¢ 1-it u 2-ii rpynmnaMmu 0TMe4anoch
CTATUCTUYECKU 3HAYMMOE yBeJuueHue 6Ie[HOCTH 1
MpaMopHocTH KoxHoro mokposa (p=0,0001), B
cpaBHeHu# ¢ 1-ii TpymIoil — BIAKHBIX XPUIIOB B JI€r-
kux (p=0,029) (tab. 2).

[Tpono/KUTENBHOCTD KIMHUYECKUX ITIPOSIBIIE-
HUI1 TIocJIe IeiCTBUI THITIOKCUM B OT/IeJIEHNN PeaHu-
Malliu JI0 IlepeBojia B OT/eJieHre TTaTOJOTUU HOBO-
POKIEHHBIX cocTaBisiia: B 1-if rpyme — 5,75%1,69
nHeir; Bo 2-it rpynne — 7,8£2,15; u 3-it rpynne —
10,05+3,03. Y 2 (5,1%) nereii 2-it rpymmsi u 7 (21,2%)
JeTeil 3-ii rpyIibl CUMITOMBI COXPAHSJINCH B MO3/]-
HUI HeOHATATbHBIN IEPUOIL.

Cpezu comyTeTBYIONUX 3a00I€BaHUN Y feTeil
BCEX TPYII IPEeBATUPOBAJIN IOPAKEHUS OPraHoB
JbIxaHus (IIHeBMOHUS, CUH/IPOM JIbIXaTeJIbHbIX pac-
CTPONCTB, PeCHUPATOPHBIN UCCTPEC-CUHIPOM) U
IEHTPAJIbHOW HEPBHON cHUCTeMbl (TUIIOKCUYECKU-
UIIeMUYecKoe IOopaskeHue, BHYTPHIKENYJI0YKOBbIE
KPOBOUBJIMSAHMSA), 3aTeM CJIEIOBAIM IOPaKeHUs
MUIIEBAPUTETBHON crcTeMbl (IMCHYHKIMA KUITEYHH-
Ka, I3BeHHO-HEKPOTUYECKUI 9HTEPOKOJIUT, TeraTola-
THS), 33/IePJKKA BHYTPUYTPOOHOTO PA3BUTHUS, OCTPast
royeyHast HeJIOCTaTOYHOCTb, HapyllleHHe CBEPTLIBAIO-
nieii cucteMbl KpoBu. B 3-i1 rpynne orMevanu cTaTh-
CTHUYECKU 3HAYMMOE yBenueHne 3a60JeBaHuil opra-
HOB JIBIXaHUs 10 cpaBHeHuIo ¢ 1-it rpynmoit (93,9% u
70%, COOTBETCTBEHHO) ¥ TIOPAKEHUSI TTHIIEBAPUTEb-
HOU CUCTEMBI 110 cpaBHeHuio ¢ 1-it u 2-i rpynmnamu
(87,8, 36,6 u 41,02%, coorBerctBenno). [lopaskenne
GoJiee 3-X CHCTEM OPraHOB JMArHOCTUPOBAJIU BO 2-ii
(28,8%) u 3-ii (48,5%) rpyiimax.

[Ipn ananmse OUOXUMHYECKUX IMOKas3aTeIeil
kpoBu ormeuasu ypesandenne ACT, JI/IT, KOK-MB u
koadduimenTa e Putrca Bo Beex rpytiax. 3HaueHust
ACT craructuyecky 3HaYMMO OTJINYAJNUCD B 3-1 TPYTI-
1e 1o cpaBHenuio ¢ 1-it rpymmnoit, KOK-MB — Bo 2-i
u 3-1 Tpy1nnax 1o cpaBHeHuIo ¢ 1-if rpymnmoi u B 3-i
rpyIIIIe 110 CPaBHEHUIO CO 2-# TpyIoi, Koadduiiren-
ta e Putnca — Bo 2-ii u 3-1 rpynmax 1mo cpaBHEHUIO C
1-ii rpyIIoN, YTO CBUETETBCTBOBAIO O GoJiee BhIpa-
JKEHHBIX U3MEHEHUSIX MUOKapja y jgereil 2-ii u 3-i
rpy1it. B mporiecce sieueHus IPOMCXOUIIO TTOCTEIIeH-
HOE CHUKEHVE OGHOXUMUYECKIX MaPKEPOB CO CTaTH-
ctuyecku 3HaunMbIM oTimareM ACT, JI/IT, koacddu-
ruenTa jie Putuca u KOK-MB Bo Becex rpynmax. [Tpu
9TOM HabJIONAIM COXPAHSIONIEECs CTATUCTUYECKH
snaunmoe yesnuenne KMOK-MB B 3-ii rpymie 1o
cpaBHeHuIo ¢ 1-it u 2-ii rpynmamu (tabir. 3).

[To mannbIM 371K TPOKApANOTrpahUYECKUX U3Me-
HEHUI y JeTeil BO Bcex Tpymmax Hambojee 4acTo
BCTPEYAJIU MPOSIBJIEHUsT CYyOIHIOKAPAUATLHON HIIIe-
muH B Buje genpeccun cermenta ST B ofiHOM 1 O0Jtee
OTBeJIEHUSIX B coueTanuu ¢ Hapyieruem 3y6ia T. TTo
TAKUM IIPU3HAKAM, KaK YACTOTA CHU)KEHUS CerMeHTa

poxic-ischemic lesion, intraventricular hemorrhage)
prevailed followed by disorders of the digestive system
(bowel dysfunction, ulcerative necrotizing enterocoli-
tis, hepatopathy), intrauterine growth retardation,
acute renal failure, and disorders of blood coagulation.
In Group 3, a statistically significant increase in the
morbidity of respiratory diseases was observed as com-
pared to Group 1 (93.9% and 70%, respectively) and
disorders of the digestive system compared to Groups
1 and 2 (87.8%, 36.6%, and 41.02%, respectively). The
impairment of more than 3 organ systems was diag-
nosed in Groups 2 (28.8%) and 3 (48.5%).

The analysis of the biochemical parameters of
blood demonstrated increased AST, LDH, CPK-MB
levels and de Ritis ratio in all groups. AST values sig-
nificantly differed in Group 3 as compared to Group
1; CPK-MB values differed in Groups 2 and 3 as com-
pared to Group 1 and in Group 3 as compared to
Group 2; the de Ritis ratio differed in Groups 2 and 3
as compared to Group 1 thus indicating more severe
changes the myocardium in infants in Groups 2 and 3.
During the treatment, there was a gradual decline in
biochemical markers with a statistically significant
difference in AST, LDH, and CPK-MB levels and de
Ritis ratio in all groups. At that, there was a persistent
significant increase in CPK-MB levels in Group 3 as
compared to Groups 1 and 2 (table 5).

According to electrocardiographic changes, man-
ifestations of subendocardial ischemia were most com-
mon in infants of all groups in the form of ST segment
depression in one or more leads in combination with the
T-wave disorder. According to such factors as the fre-
quency of the ST segment depression in V1-V3, a sta-
tistically significant difference in Group 3 was observed
as compared to Group 1; as well as depression of the T-
wave in leads I-111I, T-wave inversion in the III lead in
Groups 2 and 3 as compared to Group 1 that reflects
the predominance of transient myocardial ischemia in
infants with a more circulatory failure (table 6).

During the therapy, positive changes in the signs
of subendocardial ischemia were found in all groups:
reduction of the ST-segment in V1-V3, T-wave in the
II lead, T-wave inversion in the III lead. Such signs as
reduction of the T-wave in the I lead and T-wave in-
version in the II lead were not detected; the T-wave
inversion in the III lead decreased significantly in
Group 1. Changes in the T-wave in the II lead signif-
icantly differed during the treatment in Groups 1 and
2, and the T-wave inversion in the II lead differed in
groups 2 and 3. Such manifestations of ischemia as ST
segment depression in leads V1-V3, T-wave depres-
sion in lead IT and T-wave inversion in lead I1T demon-
strated a significant difference in Group 3 as compared
to the Group 1 during the treatment and the T-wave
inversion in the I1I lead in Group 2 and 3 as compared
to Group 1 (table 6).

Overload of the right heart was also a common
change in patients of all groups. Its significant de-
crease occurred in Group 1 during the treatment,
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Ta6imua 3. BuoxuMuueckue MapKepbl HIIEMHY MUOKap/Ia B uccienyembix rpymmax (Min-Max, M+o).
Table 3. Biochemical markers of myocardial ischemia in study groups (Min-Max, M+0).

Indexes Values of indexes in groups on the stages of the treatment
Group 1, n=30 Group 2, n=39 Group 3, n=33

Before During Before During Before During
AST 15-96 12-54 12-168 5-57 6—-194 3-224
U/L 44.3+18.9% 33.1+13.9 59.6+14.3* 19.29+11.7 79.5+26.1%% 34.3+19.8
ALT 4-60 5-48 7-92 5—44 2-328 6—-149
U/L 21.4+15.2 18.8+12.9 20.8+15.8%* 12.9+£10.9 31.3£22.7 22.7+14.4
LDH 563-1575 445-1278 609-2300 447-1603 411-300 388-2188
U/L 913.4+262.9%*  717+204.2 1123.84446.1%%  786.1+271.5 1309.3+445.9*  776.7£363.3
CPK-MB 25.8-79 16.8-51 40-140 13-57 79-144 27-96
U 45.1+18.07 32.2+12.13 96+35.3%## 30.25+13.05 115.07£37.9%#  73.6+21.2%*
De Ritis ratio 2.04+1.21% 1.48+0.4 3.54£2.04%%% 2.1+1.8 3.65+£1.01*%* 1.66+1.4

Note. P<0.05, significant difference as compared to: * — Group 1; # — Group 2; #* — difference during the treatment.

Ipumeuanue. /[us tabir. 3—5: on the stages of the treatment — na aranax sevenus; Before/ During — no/B nporecce nevenus; AST —
ACT; ALT *AJIT, LDH — JIIT; CPK-MB —K®K-MB; De Ritis ratio — koapunument e Puruca. JloctoBepHocts paznnunii npu p<0,05
1o cpaBHenuio: * — ¢ 1-it rpynmnoii; * — co 2-ii Tpyoii; ** — BHyTPH IPYIIIIBI B IPOIIECCE JICUCHUS.

Ta6imua 4. Jnexrpokapauorpaduyeckrie U3BMEHEHHS, BbISIBJIEHHBIE B HCCJIEyEMbBIX IPYIIIaXx.

Table 4. Changes in the ECG findings in study groups.

Indexes, n (%)

Values of indexes in groups on the stages of the treatment

Group 1, n=30 Group 2, n=39 Group 3, n=33

Before During Before During Before During
ST reduction in VI-V3 16 (533)"* 5(16.7) 29 (744~ 11(28.2) 27 (81.8)* 17 (51.5)"**
ST reduction in V4-V6 15 (50)** 3 (10) 24 (61.5)**  4(10.3) 19 (57.6) 10 (30.3)
Reduction of T-wave (1) 2(6.7) 17(436)*  10(256) 14 (424)*  10(303)
Reduction of T-wave (11) A(133) 2(6.7) 20 (51.3)  8(205) 15 (455)* 14 (42.4)"
Reduction of T-wave (I1T) 7(23.3)**  2(6.7) 17 (43.6)** 6 (15.4) 16 (48.5) 7(21.2)
Tnverted TT wave 5(16.7)™  2(67) 9B~ 3307 7@l 1(30)
Tnverted TII wave 3(10) 0 7179 3(717) _ 5(15.2) 2(6.1)
Inverted TIIT wave 5(16.7)**  1(3.3) 19 (48.7)* 15(38.5)** 19(57.6)*  11(33.3)**
Right heart overload 13 (433)** 3(10) 24 (615)  10(25.6)  23(69.7)  13(39.4)"
QRST prolongation 12(308)* 1(26)  9(27.27) _ 2(6.06)
Right ventricular myocardial hypertrophy 4(10.3) 5(12.8) 5(15.2) 4(12.1)
Left ventricular myocardial hypertrophy 1(2.6) 1(2.6) 2(6.1) 1(3.0)
Sinus tachycardia 8(26.7)  8(26.7) 12(30.8) 15(385)  13(394) 13 (39.4)
Sinus bradycardia 6 (20)"  4(13.3) 4(10.3) 5(12.8) 11 (33.3)%** 7(21.2)
Sinus arrhythmia 7(233)  5(16.7) 6154~ 1(26) 8(24.2) 6(18.2)
Incomplete right bundle-branch block 2(6.1) 2(6.1)
Pacemaker migration 2(5.1)
Supraventricular premature beats 1(2.6) 1(3.0)
Atrioventricular block 2(6.1) 1(3.0)

Note. P<0.05, significant difference as compared to: * — Group 1 before the treatment; * — Group 2 before the treatment; ** — Group 1
during the treatment; ** — intra-group difference during the treatment.

IIpumeuanue. reduction — cHskenne; wave — 3yberr; Inverted — orpunaresnsubiii; Right heart overload — neperpyska npaBbix oT/1e/108;
prolongation — ynimHenue untepsana; Right/Left ventricular myocardial hypertrophy — runeprpodus Mmuokapaa npaBoro/JieBoro xe-
aynouka; Sinus tachycardia/bradycardia/arrhythmia — cunycosas raxukapaus/Gpagukapansi/aputmus; Incomplete right bundle-
branch block — renosmas 6rokana npasoii Hoxku myuka I'mca; Pacemaker migration — Murparst BoauTesst purMma; Supraventricular
premature beats — cynpaseHTpUKyIsipHas akcTpacuctoust; Atrioventricular block — arpuosenTpukynspuas 610kana. JJocToBepHOCTD
pasauunii ipu p<0,05 1o cpaBHenuio: * — ¢ 1-it rpymmnoi o Jgevenus; * — co 2-if rpymroii g0 gedenust; ** — ¢ 1-it rpymmnoit B nporecce

JledeHus; ** — BHYTPH IPYIIIBI B IPOIIECCe JTCUCHH.

ST 8 V1-V3 ormeuanu noctoBepHoe oTIune B 3-i
TpyIIie 1o cpaBHeHWIO ¢ 1-if rpymmol, CHUKEHUS
sy6ua T B I-1II oTBeieHUsIX, OTPUIIATENBHOTO 3ybena
T B III oTBerery — Bo 2-i1 1 3-i1 TPyTITIIaX 1O CPaBHe-
HUIo ¢ 1-i Tpymmoii, 4To oTpakajo Ipeobaaganne
CTETIEHU TPEXO/ISIeN UIeMU MUOKap/ia y JeTeil ¢
6oJiee BBIPaKEHHON HEJOCTaTOYHOCThIO KPOBOOOpa-
menus (tabir. 4).

B mporiecce Tepanuu oTMedasnu MOJOKUTEb-
HYI0 JUHAMMKY IPU3HAKOB Cy0?HIOKapANATbHON
UIIEMUH BO BCeX IpyTiax: cHmkenue cermenta ST B
V1-V3, sy6ua T Bo Il oTBeennu, OTpULIATEIHHOTO
sy6ena T B III orBesennn. Takux IPU3HAKOB, KakK

which differed from Group 3. Sinus tachycardia,
bradycardia and arrhythmia were most common
among rhythm disorders. The sinus bradycardia was
significantly more frequent in Group 3 as compared
to Group 2; it significantly decreased in Groups 1
and 3 during the treatment; the sinus arrhythmia
incidence decreased in Group 2. The QRST interval
prolongation was registered in Groups 2 and 3 prior
to the treatment with its significant shortening dur-
ing the treatment. Rare disorders observed in in-
fants of Groups 2 and 3 included incomplete right
bundle-branch block, atrioventricular block,
supraventricular premature beats, migrating pace-
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cumkenvie 3y6ia T B 1 oTBesieHnN 1 OTpUIATENbHBII
sy6en T Bo II oTBegeHy He ONpeeNsid, OTPUIia-
tesbublil 3yber T B 111 orBemennn 10cToOBEPHO CHU-
skascsa B 1-i rpyme. Vismenenue 3y6ua T so I oTse-
JeHUU JIOCTOBEPHO OTJINYAJIOCH B TIPOIIECCE JIeUeHUs]
B 1-if 1 Bo 2-ii rpynmax, orpuiarenbHoro 3youa T Bo
IT orBeenuu — BO 2-ii m 3-i rpynmnax. [To Takum nipo-
SIBJIEHUSIM UIIEMUHM, KaK CHuKeHue cermenta ST B
oreegennax B V1-V3, sy6ua T Bo II u orpunares-
weiii T B IIl orBesmeHusix oTrMevanu JIOCTOBEPHOE
OTJINYME B IPOIECCE NMPOBOAMMON Tepanuu B 3-ii
rpYIIIe 110 CPABHEHUIO ¢ 1-if IPYIIIOi, OTpUIlaTeh-
ubiii 3y6er T B 11T orBesennu — Bo 2-if u 3-ii rpyiIime
1o cpaBHenuio ¢ 1-it rpymmoii (Tabi. 4).

[leperpyska IIpaBbIX OTIEJNOB CepAlla TaKiKe
OTHOCHUJIACH K YACTO BCTPEUYAEMBIM U3MEHEHUSM Y
HaIMeHTOB BCcex rpynn. B mpoiecce jieuenus mpo-
UCXO/IUJIO €€ JIOCTOBEPHOE CHIKeHUe B 1-i Tpymie,
uMelollee OTJANYNe 110 CPABHEHUIO ¢ 3-i TPYIIIOILL.
Cpenu HapyiieHuil puT™Ma U IPOBOAUMOCTH Hanbo-
Jiee PacIpoCTPAaHEHHBIMU SIBJISLIUCH CHTHYCOBAST TaXU-
Kapaus, 6pagukapaust u apurmus. Cunycosast 6pa-
IUKap/ysl JIOCTOBEPHO dYalle BCTpevyanach B 3-i
rPYIIIIe 10 CPABHEHUIO CO 2- IPYIINOii, B X0/Ie Jieue-
HUSI JOCTOBEPHO CHuKaziach B 1-it u B 3-it rpynnax,
CUHYCOBast apUTMUS — BO 2-i TpyIile. YIJTHHEHe
nurepsaia QRST ormeuanu Bo 2-i u 3-i rpymnmax /10
HAyasa JeyeH!s ¢ JOCTOBEPHBIM ero YKOPOUEeHUEM B
xozie jiedenus. K peikuM HapylIeHHsSM, KOTOPbIE
HabJofaIiCh Y AeTel 2-if u 3-i TPyIII, OTHOCUINCH
HerosiHast OJI0Kajia TpaBoil HOXKM mydyka [uca,
ATPUOBEHTPUKYJIAPHAs OJIOKaAA, CYIPABEHTPUKY-
JISIPHAsI 9KCTPACUCTOJIHS], MUTPALIUST BOAUTESI PUTMA,
rurnepTpodus MUOKap/a JIEBOTO U IIPABOTO JKeJly104-
KoB cepaua (tabir. 4).

[Ipu axokapauorpaduyeckoM WCCJIeJ0BAHUN
BBISIBIJIU CTATUCTUYECKU 3HAYMMOE YBETIUIEHe YIap-
HOTO 06beMa JIEBOTO JKeJTy/I04Ka, MUHYTHOTO 00beMa
CepIIIa, CepIeYHOro MHIEKCA Y TAIUEeHTOB 1-if rpyIibl
0 CPABHEHUIO €O 2-ii U 3-i TPyIIIaMu JI0 U B Ipoliecce
neuenns. Kpome Toro, oTMedasu J0CTOBEPHOE yBe-
JINYeHNe TAHHBIX TI0KA3aTeNell B IPOoLecce JIeYeHUsT BO
2-it u 3-it rpymie. Opakuy U3THAHUS 1 YKOPOUEHUST
JIEBOTO JKEJIYI0UKa 10 JIeUeHUsl JJOCTOBEPHO OTJINYa-
Jiick B 1-11 TpyTirie 1o cpaBHEHUIO €O 2-1 1 3-ii rpynma-
MU U BO 2-H TPYIIIIe 110 CpaBHEHUIO ¢ 3-1 rpynmnoii. B
nportecce JedeHust Hab oAl TakKe CTaTUCTUYECKH
3HAYMMOE YBeJIMYeHUe TAHHBIX [T0Ka3aTesieil BO 2-if 1
3-11 rpyImax u ux JI0CTOBEPHOE OTJInYre B 1-if rpyrime
10 cpaBHEHUIO ¢ 3-1i rpymnmoii (Tabir. 5).

Cuukenue dpakuuy n3rHanus Hipke 65% u
(pakuuu yKopoueHust J1eBoTo JKerynouka Hike 30%
no sedyenuss ormedanu y 21 (53,8%) pebenka 2-ii
rpymmnsl 1 'y Beex feteit (100%) 3-ii rpymisl, B Ipo-
1ecce JieueHus — COXPaHsIoch y 3-x nereit (9,1%) 3-ii
TPYIIIIBL

Wnnexc TEI seBoro skemymouka ObL1 CTaTUCTH-
YeCKU 3HAYMMO YBeJUYeH /10 U B IIPOIleCCe TePAITI
BO 2-i1 1 3-11 TpyMIIax Mo cpaBHEHUIO ¢ 1-if rpynmoii.

maker, and myocardial hypertrophy of left and right
ventricles (table 6).

Echocardiographic examination demonstrated a
statistically significant increase in the stroke volume
of the left ventricle, cardiac output, cardiac index in
patients of Group 1 as compared to Groups 2 and 3 be-
fore and during the treatment. In addition, a signifi-
cant increase in these parameters was found in Groups
2 and 3 during the treatment. Ejection and shortening
fractions of the left ventricle before the treatment sig-
nificantly differed in Group 1 as compared to Groups
2 and 3 and in Group 2 as compared to Group 3. Dur-
ing the treatment, a statistically significant increase
in these parameters was observed in Groups 2 and 3
and their significant difference in Group 1 as com-
pared to Group 3 (table 7).

Reduced ejection fraction below 65% and left
ventricle shortening fraction below 30% before the
treatment was registered in 21 (53.8%) infants of
Group 2 and all children (100%) of Group 3; they per-
sisted during the treatment in 3 infants (9.1%) of
Group 3.

Left ventricular TEI index was significantly in-
creased before and during the therapy in Groups 2 and
3 as compared to the Group 1. A gradual significant
reduction of the TEI index was observed in Groups 2
and 3 during the treatment (table 7).

The correlation analysis in Group 3 demon-
strated a strong negative correlation of the TEI index
with ejection faction (r=—0.77) and shortening frac-
tion of the left ventricle (r=—0.76) before treatment
and moderate negative correlation (=-0.67 and
=—0.59) during the treatment. In Group 2, moderate
negative correlation between these parameters both
before the treatment (r=—0.61; =-0.6), and after it
(r=-0.66; =—0.63). In Group 1, a weak negative cor-
relation was found before (r=-0.18; =—0.3) and after
the treatment (r=—0.29; =-0.3).

The comparison of blood biochemical parameters
and parameters of the left ventricular systolic function
in Group 3 before treatment demonstrated strong neg-
ative correlation of CPK-MB with ejection factions
(r=-0.72) and shortening fractions (=—0.73), strong
and moderate positive correlation with the TEI index
(r=0.76 and 7=0.6). In addition, moderate negative
correlation between LDH, ALT, AST and ejection fac-
tion (=-0.69, =—0.34 and r=—0.5) and shortening
fraction (=-0.7, =—0.45, and =-0.43) were found.
During the treatment, the closeness of correlations be-
tween the studied parameters decreased to the weak
degree (=—0.1-0.3), except for moderate positive cor-
relation between CPK-MB, LDH and TEI index
(=0.43 and =0.38).

In Group 2, before treatment, a strong negative
correlation of CPK-MB with the left ventricular ejec-
tion fraction (r=—0.71) and moderate positive corre-
lation with the TEI index were found (+=0.7).
Moderate negative correlations between CPK-MB
and the left ventricular shortening fraction (=0.67),
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Ta6imua 5. IlokasaTeny CHCTONIMYECKOH (PYHKIMH cepALa Y HOBOPOsKAEHHbIX uccaeayembix rpymm (Min-Max, M+0).
Table 5. Indexes of the systolic function of heart in newborn infants in study group (Min-Max, M+0).

Indexes Values of indexes in groups on the stages of the treatment
Group 1, n=30 Group 2, n=39 Group 3, n=33
Before During Before During Before During
LV stroke volume (ml) 1.9-4.7 2.3-4.9 1.1-4.5 1.1-5.4 0.6-3.1 1.5-3.8
3.33+£0.63%**  3.54%0.7%** 2.06+0.9 2.97+1.3% 2.03=0.79 2.57+1.01%
LV ejection fraction, % 68.5-79.6 66.4-81.66 52.95-69.6 58.5-81.5 44.5-64,0 55,0-71.7
73.58+3.43%**  7553+4.41**  62.91+4.6**  71.86+4.59 57.35£6.36  68.09+£10.28**
LV shortening fraction, % 30.86-45.9 31.5-42 22.22-32.7 29.5-39 17.8-31 27.5-38.3
36.11£5.14%**  37.61+3.64** 28.38+3.04 34.5+£3.18%* 24.24+3.41 31.47+3.57%
Cardiac output (1/min) 0.2-0.64 0.3-0.69 0.14-0.65 0.15-0.71 0.1-0.53 0.24-0.7
0.42+0.15%**  0.49+0.11%** 0.27%0.08 0.39+0.12%* 0.26=0.14 0.38+0.19%#
Stroke volume index (I/minXm?) 1.1-4.3 2.2-4.6 0.9-3.4 1.4 -3.55 0.5-2.3 1.6-3.33
2.68£1.14%**  3.08+0.8%** 1.7£0.55 2.42+0.69** 1.53+0.57 2.29+0.75%*
LV TEI index 0.28-0.53 0.26 -0.5 0.45-0.8 0.3-0.75 0.57 -0.91 0.48-0.7
0.41%0.08 0.39£0.05 0.64+0.14*# 0.51+0.12* 0.68+0.14*## 0.58+0.08*

Note. P<0.05, significance of difference as compared to: * — Group 1; * — Group 2; ** — Group 3; ** — intra-group difference during the
treatment.

IIpumeuanue. LV — jeBoro xeynouka; stroke volume — ynapHbiii o6bem; ejection/shortening fraction — usruanus/ykopouerust hpak-
nug; Cardiac output — MunyTHBIH 00beM cepaiia; Stroke volume index — cepaeunniii nngexce; TEI index — unzgexe TEL /locroBepHocthb
pasauunit npu p<0,05 o cpaBuenuio: * — ¢ 1-it rpymmoit; * — co 2-it rpymnmoit; ** — ¢ 3-it rpynmoii; ** — BHyTpu rpyIis B mporecce

JieueHunA.

B niportecce sevenust Bo 2-it u 3-ii rpyrmax oTMeva-
JIN TIOCTENEHHOE [OCTOBEPHOE CHIKEHIEe UHIEKCa
TEI (tab.. 5).

B nportecce KoppensImoHHOro aHajnsa B 3-i
rpyIIe YCTAHOBUJIM CUJIBHYIO OTPHUIIATENbHYIO CBSI3b
nugnekca TEI ¢ dpaknusvu nsrnanus (r=-0,77) u
YKOpOYeHwUst JIeBOTo kesryiouka (r=-0,76) no jseyenus
U CPEHIO0 OTPUIIATENBHYIO CBsI3b (COOTBETCTBEHHO,
r=-0,67 u r=-0,59) — B nporecce jederus. Bo 2-it
rpyIire MeXIy NaHHBIMU IOKA3aTeJSIMU BbISBUIIN
CPEeTHION0 OTPUIIATENTBHYIO CBSA3b Kak /10 Jieverust (r=-0,61;
r=-0,6), Tak u nocye nevenus (r=-0,66; r=-0,63). B
1-ii rpyIiiie BBISIBUJIH CJIA0YIO OTPUIATETIHHYIO KOPpe-
agTuBHag cBa3b J10 (1=-0,18; 7=-0,3) u noce sevenus
(r=-0,29; =-0,3).

[Ipu cpaBHEHUN GUOXUMUYECKUX TIOKA3ATEIEH
KPOBH U ITAPAMETPOB CUCTOJIIYECKOI DYHKITUH JIeBO-
ro JKeJylno4yka B 3-il TpyIie A0 Jie4eHUs! BbISBUIN
cuiblble otpuniatesnbibie cBsiau KOK-MB ¢ dpak-
nusamu usraanus (r=-0,72) u ykopouenus (r=-0,73),
CUJIBHYIO U CPEHIO IOJIOKUTETbHBIE CBSI3U — C
nugexkcom TEI (r=0,76 u=0,6). Kpome Toro, ormeua-
JI CPeJHUE OTPUIIATeJIbHble KOPPEJISITUBHBIE CBSI3U
mesxy JIIT AJIT, ACT u ppaxrmsivn nsraanus (r=-0,69,
r=-0,34 u r=-0,5) u ykopouenus (r=-0,7, r=-0,45 u
r=-0,43). B niportiecce yieueHust MPOUCXONIO YMEHbD-
II€HE TECHOTHI CBA3€I MKy UCCJIelyeMbIMU MTOKa-
saressmMu 1o caaboii crenenn (r=-0,1-0,3), 3a uckiio-
YeHHeM Cpe/lHENl IOJIOKUTENbHOM CBSI3U MEXKIY
KOK-MB, JI/IT u ungekcom TEI (#=0,43 u =0,38).

Bo 2-ii rpyiiiie 10 jiedeHnst HabIIOAAIN CUIBHYIO
orpuraresnbuyio csisb KOK-MB ¢ ¢pakitueit usrua-
Hust JieBoro xenynodka (r=-0,71), cpeHioo moaoxu-
tesibHyI0 cB3b — ¢ uHgekcom TEI (7=0,7). Cpennue
orpuIaTesbublie cBsi3u BbistBUIN Mexay KOK-MB u
(paxiumeir yrkopouenwust eBoro xkemynouka (r=-0,67),
JIJIT u dpakimsimu usrnanust u ykopoueuust (r=-0,65

LDH and ejection and shortening factions (=0.65 and
r=—0.63), moderate negative correlations between
ALT, AST and ejection faction (=—0.45 and r=—0.34)
and shortening fraction(r=—0.41 and r=—0.34) were
found. During the therapy, moderate negative corre-
lation between ALT, AST and ejection fraction
(r=—0.32 and r=-0.35), CPK-MB and shortening
fraction (r=—0.34), and a moderate positive correla-
tion between CPK-MB and TEI index (7=0.34) were
found.

In Group 1, both before and during treatment,
only weak correlation (7=0.1-0.3) was found between
the studied parameters.

The obtained changes in parameters of the left
ventricular systolic function and their correlation
with biochemical markers of myocardial ischemia re-
flected myocardial dysfunction and its reverse devel-
opment during the treatment, depending on the
degree of transient ischemia and circulatory failure.
The results of the study demonstrated an overall ef-
fectiveness of the therapy newborns with various de-
grees of transient myocardial ischemia and circulatory
failure, including the use of cardiotropic and car-
diotonic drugs.

Conclusion

The most important ECG criteria of subendocar-
dial ischemia of examined newborns were as follows:
ST segment depression in one or more leads in combi-
nation with the T-wave disorder. In the hypoxic my-
ocardial lesion, a decrease in the left ventricular
systolic function (ejection and shortening fractions),
an increase in the TEI index, as well as an increase in
biochemical markers of ischemia (CPK-MB being the
most important of them) were observed.

Changes in the heart functional state in examined
newborns depended on the degree of myocardial is-
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n r=-0,63), cpenrue orpunareibubie cBsi3n — AJIT,
ACT u dpaxiusamu usrHanus (r=-0,45 u r=-0,34) u
ykopouenus (r=-0,41 u r=-0,34). B xone Tepanuu
OTMEYAJIN CPEeJIHUE OTPUIIATEhHBIE CBI3M MEXKIY
AJIT, ACT u dpaximeii usrnanus (r=-0,32 n r=-0,35),
K®K-MB u ¢pakuueit ykopouenust (=-0,34), cpe-
HIOIO TOJIOKUTENbHYIO ¢Bsidb Mexay KOK-MB u
nnjexkcom TEI (=0,34).

B 1-ii rpymiie Kax 710, TaK U B TIPOLIECCE JICUEHUS
MEXKIY UCCJIeIyeMbIMU II0KA3aTeNIsIMU OTMedasn
TOJIBKO cJ1abble KoppensaTusHbie cBsasu (r=0,1-0,3).

[Tonyuennble u3MeHeHUs [TOKA3aTeN€el CUCTOH-
YecKoi (OYHKINUU JIEBOTO JKeJYI0UYKA U UX KOPPeJIs-
TUBHBIE CBS3M C OMOXUMUYECKUMU MapKepaMU HIIe-
MU MHOKap/a OTPakajn AUCHYHKIUIO MUOKApIA 1
ee 06paTHOE Pa3BUTUE B MIPOIECCE JICUEHUST, 3aBUCS -
IIYe OT CTeleHU TIPEXO/ISIIeil UIIIeMUU U HeI0CTaTOY-
HOCTH KpoBooOpaiienust. PeaysbraTsl poBeeHHoi
paboThI B IIEJIOM CBUJIETEBCTBOBAIH 00 3(h(heKTHBHO-
CTHU TePAINK HOBOPOKAEHHBIX C PA3JIITYHOI CTEIIEHbIO
IPEXOJIAIIEN UIIEMUN MUOKAP/A 1 HEJAOCTATOUHOCTH
KPOBOOOaIleHUs, BKJIIOYAIONIECH MTPUMEHEHUE Kap-
IOTPODITYECKUX U KAPIUOTOHUYECKHUX ITPENAPATOB.

3akaoyeHue

Haunbosiee 3HaunMbIMU KPUTEPUAMU Cy0IHIO-
KapAMaJIbHON uieMun 00¢/1eJ0BaHHbIX HOBOPOKIEH-
HBIX HA 3JIEKTPOKAPMOTPAMME SIBJISLIVCh: JIETTPECCHST
cermenTa ST B ogHOM 1 60Jiee OTBEIECHUAX B COYETA-
Huu ¢ HapyumenneM 3yoma T. Ilpu runoxkcuyeckom
Mopa)keHnu MUOKapa TPOUCXOIUIO CHIKEHUe
MoKa3aTeseil CUCTOJINYECKON (DYHKITUY JIEBOTO JKeTy-
JlouKa — (OpaKIny U3THAHUS U YKOPOUEHUsI, yBeJInJe-
nue ungekca TEIL a takske yBenmdyeHue nokasaresei
OMOXMMUYECKUX MAPKEPOB UIIEMUU CPEI KOTOPHIX
Hanbosee uyscrBuTenbHoi asisgercs KOK-MB.
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chemia and circulatory failure and had a gradual reverse
development during the intensive therapy, as indicated
by the correlation between the TEI index, biochemical
markers of ischemia (CPK-MB, LDH) and parameters
of the cardiac systolic function (EF, SF).

In order to diagnose transient myocardial is-
chemia and evaluate the effectiveness of the treat-
ment, a comprehensive examination should be carried
out including electrocardiography, echocardiography,
and tests for biochemical markers of myocardial is-
chemia. In the treatment of transient myocardial is-
chemia, a combined wuse of cardiotonic and
cardiotropic drugs is required under the supervision
of a comprehensive examination.

W3smenenus GYHKIMOHATIBHOTO COCTOSTHUS
cepzira 06CIeI0BAHHBIX HOBOPOIK/ICHHBIX 3aBUCEIN OT
CTETEeH! UIITeMUU MUOKap/la U HEeOCTATOYHOCTH KPO-
BOOOPAIIEHUS ¥ UMEJIH MOCTENEeHHoe 0OpaTHoe pas-
BUTHE B TIPOIlECCe NHTEHCUBHOI TEPANNH, O YeM CBH-
NEeTEeTbCTBYIOT ~KOPPEJISIIIMOHHBIE CBSI3U  MEXKIY
ungexcoM TEI, GuoxuMudeckuMu MapKepamy Hile-
mun (KOK-MB, JI/IT') u mokasaTesstMu cCHCTOIAYE-
ckoit pynkiun cepaia (OU, DY).

[l7151 TOCTaHOBKY AMaTHO3a MPeXOIsIeil ulie-
MUU MUOKap/a U OIeHKU 3(PhEKTHBHOCTHU JIeUeHUST
HEOOXOIMMO UCTIOIB30BATD TIOJMHbIH KOMIIJIEKC HCCTIe-
JOBAHMIT, BKJIIOYAIOIIUX 3JIeKTPOKapauorpaduio, 9Xo-
Kaparorpaduio, GHOXUMUIECKIE MAPKEPBI UITEMUH
MHUOKapaa. B nedenun npexosieit ueMun MUOKap-
na TpebyeTcst coueTaHHOE MPUMEHEHUE TIPENapaTon
KapIIMOTOHNYECKOTO U KapAroTpoduueckoro addex-
Ta TOJI KOHTPOJIEM KOMILJIEKCHOTO OOCJICIOBAHYIS.
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OBbIIAA PEAHUMATOJOI'NA

Hayuno-npaktuueckuii ;xyptai «O0IIast peaHMaTOJIOT >,
Bxogamuii B mepederib BAK PD, B Scopus u apyrue 6asbl JaHHBIX,
IIpe/iHa3HAYeH JIJIsT Bpaueil aHecTe3n0I0TOB-PEAHNMATOJIOTOB M HAYYHBIX COTPYIHUKOB.

Tematuka JKypHaJia: 1aToretes, KIIMHuKa, InarHoCTuka, jedeHue, HpO(bI/IJIaKTI/IKa 1 IIaTOJIOTHYECKAad aHAaTOMU A
KPUTUYECKUX, TEPMUHAJIbHBIX W TMOCTPpEaHUMaIlMOHHDBIX COCTOHHHﬁ; OKazaHue JOrociuTaJbHON ITOMOIIMN Ipu
KPUTUYECKUX COCTOAHUAX] O6y‘-IeIII/Ie HacejqieHuA U MEJUIIMHCKOTIO IepcoHaJla IIpueMaM OKa3aHuA HEOTJIOKHOMI
oMoy 1mpu KpUTHYECKUX COCTOAHUAX; OIITUMU3allNA pa6OTbI OPI/IT, IOpuandeCcKrue n 3TH4YECKnue BOIIPOCHI B

obmacTu AHCCTE3NOJIOTUN-PCAHNMATOJIOTHN.

Aynuropust: siedeOHble yIPEKIeHNsT; BbICITe yaeOHble 3aBefleH s MEUIIMHCKOTO MTPOMIIIST; MEANIIHHCKNE
VUPEKIEHUS IOCIIEANTIIIOMHOTO 0OpazoBatust, DejiepasibHbe U PErOHAIbHBIE OPTaHbl YIIPABJIEHVS 3/[PABOOXPAHEHIEM,
MEIUIIMHCKUE HAYIHO-UCCIIEI0BATEbCKIE MHCTUTYThI; MEAUIIUHCKIE OUGINOTEKH.

IOAIINCKA

B m06omM nouToBoM oTzesieHnn cBs3u o karanory «Kuura-Cepsuc»

e wHeke 46338 — Ui UHANBUYATBHBIX MTOAMTUCYTKOB
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Acute Intoxications Involving Synthetic Psychoactive Substances

Sergey A. Vasil'ev!, Viktor V. Shilov!, Pavel A. Barabanov',
Valentin G. Sentsov?, Boris B. Yatsinyuk?
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Ilesb HacTOsIErO MCCIe0BaHUs — OlleHKa 9(PEKTUBHOCTH TIPUMEHEHKs CyOCTPATHOrO METabOIMIECKOTo
mperiapara Ha OCHOBe SHTapHOH kucsoThl (IlnrodraBuna) y manmeHToB ¢ OCTPBIMU OTPABIEHNUSIMHI CHHTETHUECKUMU
HapKOTMYECKUMU BEIECTBAMU.

Marepuasbi 1 MeTobl. [IpoBe/i peTpoCIIeKTUBHYIO OLIeHKY 9(h(PEKTMBHOCTH KOMOMHUPOBAHHBIX CXEM MHTEH-
CUBHOI Tepamyu 622 MannenToB ¢ OCTPHIMU OTPABIEHUSIMI HAPKOTUYECKUMU TIperapataMu (MeTaJloHOM U CHHTe-
TUYECKUMK KaHHaOuHOMIaMK). Beex malmeHToB pasae/nin Ha ase rpyiibl. B ocHosHyto rpytiny (112 yenosek,
cpeaauii Bo3pact 38,2+12,0 seT) BKIIOYMIN MAIMEHTOB, KOTOPBIM, TOMUMO OCHOBHOTO JIeUeHNsI, BBOAWIN ITUTOMh-
JIABWH: BHYTPUBEHHO Karerbio 20-40 mur B pazsesernn Ha 400—500 Mot 10% rmiok0361 B Tedennn 5 aieit. ITarmenTst
rpytbt cpaBrenust (510 emoBek, cpennnit Bospact 37,6+14,1 eT) morydanu Teparmio mo «KJIacCuIecKON cXeMes.
Beem naimeHTam, moMuMOo OOIIENTPUHATOrO 00C/IeA0BAHNMST, TPOBOMIIM Y IJIEKCHOE CKaHMPOBAHKE COCYIOB I'0JIOB-
HOTO MO3TI'a, OLEHUBAJIM U3MEHEHHUsI 11epeOpabHOr0 KPOBOTOKA U 3JIeKTpodHIIe(anorpaMmy. BoIpaskeHHOCTb coMa-
THUYECKUX PACCTPOICTB OIIEHWBAJIH TI0 TITKaJe KoM [71a3ro. BeipaskeHHOCTh acTEHNYeCKOTO CHIPOMA OTIEHUBAJIH IO
mkane MFI-20.

Pesyasratel. B ocHOBHOI rpyTimie o cpaBHEHWIO C TTAITMEHTaMH, TTOJTYYUBITUMI CTAHAPTHYIO T€PATTHIO BbI-
SIBUJTH JIOCTOBEPHO MEHBIINE CPOKU KyTupoBanus koMbl (B 1,5 pasa: 15,1£3,0 ameit mpotus 23,5+3,1 ameit cooTset-
crBenno, p<0,05 ), mcuxornueckux paccrpoiicts (B 1,8 pasa: 8,3+2,5 waca mpotus 15,5%4,2 9acoB COOTBETCTBEHHO,
»<0,05) 1 MEHBITYIO BHIPAKEHHOCTH aCTEHNYECKoTo cuiapoma (B 2,8 pasa: 23,0+4,9 otn. ex. mpotus 64,1+3,3 oTH.
eJl. cooTBeTCTBEHHO, p<0,05).

3akmouenue. Brirouenne utodraBnia B CXeMy KOMIIJIEKCHOH TeParyy MaIieHTOB ¢ OTPaBJIeHNEM CHHTETH-
YeCKMMU HAPKOTUKAMU TTOBBICHJIO 9(h(HEKTUBHOCTD TEPATTUH, UTO TIO3BOJISIET PEKOMEH/I0BATh BKJIIOUEHHE TTperapara
B CXEeMBI TEPAITMHU OCTPBIX OTPABJIEHUI CUHTETHYECKUMI HAPKOTUUECKIMU BEIIECTBAMU.

Kntouegote crosa: ocmpuie ompagienus CUHMEMuuecKuMU HapKomuKamil; Memaoom; KanHadunouovl; mepanusi;
HAJOKCOH; UUMOPLasun

The purpose of this study was to evaluate the effectiveness of a succinic acid derivate, a substrate metabolic
agent cytoflavin in patients with acute poisoning with synthetic psychoactive drugs.

Materials and methods. A retrospective evaluation of effectiveness of a combined intensive care treatment
protocol for 622 patients with acute narcotic poisoning (methadone and synthetic cannabinoids) was carried out.
All patients were divided into two groups. The main group (112 patients, median age 38.2%12.0 years) included
patients who, in addition to the basic treatment, received cytoflavin by intravenous drop infusion, 20—40 ml diluted
in 400-500 ml of 10% glucose, for 5 days. Patients of the reference group (510 subjects, median age 37.6=14.1 years)
received treatment according to the «classical scheme». In addition to conventional examination, all patients un-
derwent duplex scanning of cerebral vessels, examination of changes in the cerebral blood circulation and elect-
roencephalogram findings. The severity of somatic disorders was assessed using criteria of the Glasgow coma scale.
The severity of the asthenic syndrome was assessed according to the MFI-20 scale.
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Results. Compared to patients who received a standard therapy, patients of the main group had a significantly
more rapid recovery from coma (by 1.5-fold: 23.5%3.1 days, versus 15.1+3.0 days, respectively, P<0.05); the duration
of psychotic disorders was shorter (by 1.8-fold: 15.5+4.2 hours vs 8.3+2.5 hours., respectively, P<0.05), and the in-
tensity of asthenic syndrome (by 2.8-fold: 64.1£3.3 rel. units vs 23.0£4,9 rel. units, respectively, P<0.05) was also

lower.

Conclusion. Inclusion of cytoflavin in a protocol of a complex treatment of patients with synthetic drugs poiso-
ning increased the effectiveness of the therapy. Data demonstrate that inclusion of the drug can be recommended

for treatment of acute synthetic narcotic poisoning.

Keywords: acute poisoning; synthetic narcotics; methadone; cannabinoids; therapy; naloxone; cytoflavin
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BBenenne

[TpobsiemMa HAPKO3aBUCUMOCTH COXPaHSIET CBOIO
AKTYaJbHOCTH HE TOJBKO B CBSI3U C POCTOM KOJINJe-
CTBa JIO/IEi, MOTPebJIsTtoIne HAPKOTUKHU, HO U B CBSI3U
C M3MEHEHMEM CIIEKTPa MOTPeOISIEMbIX TIPETapaTosB.
Kak mokaspiBaeT CTaTUCTUKA, C KAK/IBIM TOIOM PacTeT
KOJIMIECTBO CJIYYAEB OCTPHIX OTPABJICHUI METAIOHOM
U CHHTETHYECKMMU KaHHaOWHOWpaMu. B omHuX
pernonax Poccun (Mocksa, Cankr-ITetepOypr) Bemy-
el mpobJIeMoii KIMHUK OCTPBIX OTPABJIEHUIT U pea-
HUMATOJIOTUN SBJSIETCS MeTa/loH; Apyrux (Ypad,
Cubupb) cuHTETHYECKUE KaHHAOUHOUIB (KaHHAOU-
MuMeTuKn). Kimundyeckast KapTHa TaKWMX WHTOKCH-
KaIuii pa3BuBaeTcst ObICTPO, TPYAHO MOAAACTCS Jieue-
HUTO, YacTO OCJOXHSETCS W B Psjie CJIydaes
3aKaHYMBAETCS JIETATBHBIM NCX010M. OCTpbIe OTpaB-
JICHUSI CUHTETHYECKUMM KaHHAOWHOUIAMU IMPOTe-
KalOT C Pa3BUTHEM BBIPAKEHHOTO MCUXOMOTOPHOTO
BO30yKIcHUsI. JleTaabHbIe MCXO/bI CBSI3aHBI OO €
OIMACHBIME PACCTPONUCTBAMHE ITCHXOBOCTIPUATHS, THOO
C TMPSMBIM WJIW OTOCPEIOBAaHHBIM KapAUOTOKCHYE-
cknm addextom kanmabunonnos [1-3]. Ilpu atom
AHTUJIOTHAS Tepanus SIBJISETCS HECOBEPIIEHHOM:
JiedeHue IbIXaTeJbHOM HeJJOCTATOYHOCTH TIPU OCTPHIX
OTPaBJIEHUSIX OMUOUAAMU (METAZTOHOM) TIpelycMaT-
puBaet aymTespHOE TTpoBesierne VIBJI, ncmonb3oBa-
HUE HAJIOKCOHA TPeOyeT MCKIIUNTETbHON TOUHOCTH
W BO3MOKHO TOJBKO TIPU OTCYTCTBUH TIPU3HAKOB
TSDKeJIOH ThoKenn [4].

[TosTOMYy TIpe/icTaBIsIeT MHTEPEC UCTIOTh30BAHUE
y TIAITUEHTOB C OCTPBIM OTPABJICHUEM HAPKOTHUECKIMU
BetectBamu ripernapata Llurodrasun (OO0 «HTOO
«I[TOJIMCAH>, . Cankr-ITetepbypr), B cocTaB KOTO-
poro BxozsaT (Ha 1 Mur) siutaphas kucjora (100 mr),
nukoruHamuz (10 mr), nrosus (20 Mr) u pubodiaBiHa
MOHOHYKJIEOTHJT (2 MT), OKa3bIBAOIIIE KOMILTIEKCHOE
KOppUTHpYTOTee BO3/IENHCTBIE HA BHYTPUKIETOTHBIN
SHEPreTHYeCKUil OOMEH KakK B YCJOBHUSX TKaHEBOW
TUTIOKCUU-UTIIEMUH, TaK ¥ B MEPUOJ MOCT-UIEeMITIe-
CKOH pertepdy3nn, XapakTepu3ytoTniencst akTuBanen
MTPOIECCOB CBOOOTHOPAINKATBHOTO OKUCIICHNST.

B cBsi31 ¢ 9THM, T1e/TbI0 HACTOSIIIETO HCCIeI0BA-
HUST CTajIa OlleHKa 3(h(HEeKTUBHOCTH IPUMEHEHUST Cy0-
CTPaTHOTO MeTabOIMIECKOTO MpenapaTa Ha OCHOBE
auTapHoii kucaotel (IlutodaaBuna) y mammeHToB ¢
OCTPBIMU OTPABJICHUSMU CUHTETHUECKUMU HAPKOTH-
YeCKUMU BEIeCTBAMU.

Introduction

The problem of drug addiction is still an urgent
one not only because of a growing number of people
using drugs, but also because of changes in the con-
sumed drugs spectrum. Statistics demonstrates that the
number of acute methadone and synthetic cannabi-
noids poisoning cases keeps growing each year. In some
regions of Russia (Moscow, St. Petersburg), methadone
is the leading problem in clinics dealing with acute poi-
soning and resuscitation; in others (Ural, Siberia), syn-
thetic cannabinoids (cannabimimetics) are more
common. Clinical presentation of such intoxication de-
velops rapidly. Tt is difficult to treat and in some cases
it ends with a fatal outcome. Acute poisoning with syn-
thetic cannabinoids is commonly associated with sig-
nificant psychomotor agitation. Lethal outcomes are
associated with either dangerous disorders of percep-
tion, or with a direct or indirect cardiotoxic effect of
cannabinoids [1-3]. At that, the antidote therapy is im-
perfect: the treatment of respiratory failure during
acute opioid (methadone) poisoning involves a pro-
longed mechanical ventilation; the use of naloxone re-
quires exceptional accuracy and is possible only in the
absence of severe hypoxia [4].

Drug cytoflavin (POLYSAN, St. Petersburg,
Russia), which contains in a one-ml flask succinic acid
(100 mg), nicotin amide (10 mg), inosine (20 mg) and
riboflavin mononucleotide (2 mg) has been shown to
correct the intracellular energy metabolism during tis-
sue hypoxia-ischemia and post-ischemic reperfusion
due to modifying the free radical oxidation processes.
These data raised interest to the drug because omn its
potential for treatment of patients with acute narcotic
intoxication.

The purpose of this study was to evaluate the ef-
fectiveness of a succinic acid derivate, a substrate
metabolic agent cytoflavin, in patients with acute poi-
soning with synthetic psychoactive drugs.

Materials and Methods

A retrospective evaluation of effectiveness of a com-
bined intensive care regimen for 622 patients with acute nar-
cotic poisoning was carried out. All patients were divided
into two groups. The main group (112 patients, median age
38.2%12.0 years) included patients, who, in addition to basic
treatment, received cytoflavin by intravenous drop infu-
sions, 20—40 ml diluted in 400—500 ml of 10% glucose, for 5
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Marepuan u MeTo/ bl

IIpoBesin peTpocieKTUBHYIO O1IeHKY addeKkTUuBHOCTH
KOMOUHUPOBAHHBIX CXeM MHTEHCUBHOI Tepariu 622 maru-
€HTOB C OCTPbIMU OTPABJICHUAMU HAPDKOTUYECKUMMU IIpETia-
patamu. Bcex maimeHTOB pasjiesinyid Ha /iBe Ipynnel. B
ocHOBHyI0 rpymiy (112 yesnoBek, cpesnHuii BO3pacT
38,2+12,0 sieT) BKIIOYNIN MAIMEHTOB, KOTOPHIM, IIOMUMO
OCHOBHOTO JIe4€HM A, BBOAWNJIN III/ITO(bJIaBI/IH: BHYTPUBEHHO
karesbro 20—40 mu B pazsemennn Ha 400—500 vt 10% rurio-
KO3bI B Teuennu 5 iueil. [larmentst rpymst cpaBuenust (510
4eJIoBeK, cpeiHuil Bo3pact 37,6+14,1 jer) nosayvanu tepa-
IO TT0 <KJIACCHYECKOi cxeme». BeeM marnmenTam, ToMuMo
06LIENPUHATOTO 00CIEN0BAHNS, TPOBOIUIN IYIIIEKCHOE
CKaHMWPOBAHUE COCY/IOB TOJOBHOTO MO3Ta, OTIEHUBAJIN U3Me-
HeHus1 1epeOpPasbHOr0 KPOBOTOKA U 3JIEKTPOsHIedhaIo-
rpaMMy. BBIpaKEHHOCTh COMATHYECKUX PACCTPOICTB
OIEHUBAJIN TIO TIKasie KoM [71a3ro. BerpakeHHOCTD acTeH M-
YeCKOTO CMHAPOMA orfeHuBasn 1o mkase MFI-20 [5].

CraTuCcTUIecKUil aHAIN3 BBITTOJHILIN ¢ UCTTOJIH30Ba-
HUEM T1aKeTa NpUKIaAHbIX mporpamm SPSS-17.0. /lanubie
06paboTajii MeToaMu JIeCKPUIITUBHON CTATUCTUKI U TIPE/I-
CTaBWJIN B BUJIE CPEIHEN apudMeTHuecKoii u ee cTaHIapT-
Hoit ombKku (M+m). O iuHaMuKe TI0Ka3aTesiell B mporecce
JIeYeHUs CY/INIIN TI0 CPETHIM BETMINHAM C/IBUTA HCCTIEye-
MBIX TAPAMETPOB OT UCXOAHOTO yPOBHs. CTATUCTIIECKYIO
3HAYMMOCTb paS]’II/I‘lI/Iﬁ MEXAY CBA3aHHBIMHU BbI60pKaMI/I
OIEHUBAJIN C MCTIOIb30BAHNEM TAPHOTO KPUTEPHUST BUIKOK-
coHa. Bimsinue nurodraBrHa Ha IMHAMUKY H3Yy4aeMbIX 110-
Kazaresiell B TPOIecce JIeUeHMsT OIEHUBAIIN 10 3HATMMbIM
MEKTPYIIIOBBIM Pa3JNuusIM ¢ ToMolblo U-Kpurepus
Manna-Yuruu. Msydenue B3auMOCBA3€H MEKAY OT/AE/Ib-
HBIMU IOKA3aTeJISIMU [IPOBOJIUJIN ITyTeM pacdeTa Koadhu-
nueHToB Koppessunu 1o Crupmeny (rs). IIposepky
CTAaTUCTUYECKUX THUIIOTE3 BBIIMOJIHAJIN IIPU KPUTUYECKOM
yposte 3nagumoctu p=0,05.

PesyubraTsl 1 00Cy K1€HIE

BorsiBuIH, 9TO HA MOMEHT TIOCTYTIIEHUST CPETHSIST
HKCTIO3UITHS 51/1a/HAPKOTHUKA B OPTaHU3Me Y TTAIUEHTOB
OCHOBHOI TPYMIIBI COCTaBMJIA K MOMEHTY Hadaja
WHTEHCUBHOM JIETOKCUKAITMOHHO T€PAITUU B CPETHEM
7,5%4,1 gaca, B rpytie cpaBuenust — 9,9+4,3 gaca, 4ro
OBLJIO COTIOCTABMMO C BBIPAsKEHHOCTBIO MATOJIOTHYE-
ckux naMmenennit co croponsl [THC: mo mkane xom
[masro ypoBeHb CO3HAHUSI HA MOMEHT TOCTYIIJICHUS
cocTaBiI B cperaeM 3,2+2,1 Gajiia y malieHTOB OCHOB-
HO¥T Tpymet, U 4,0+2,2 6ayma — y MalienToB TPy
CpaBHEHUsI, a BhIpaskeHHOCTh AT -paccTpoiicTs Oblia
Ha ypoBHe 4,2+1,5 6ajia B ocHOBHOM rpyTime u 4,7+1,2
Gajsia — B rpyiie cpasHeHust. IIoTpeGHOCTD B HCKYC-
crBeHHOM BenTusiuu jerkux (MBJI) Oblia BoisiBIeHA
y 85 (75,8%) manneHToB OCHOBHON TPyl 1 Y 364
(71,4%) — rpy1IIIbl CPAaBHEHUSI.

Ha ¢done mpoBemeHHOW Tepamuu OTMeJaId
MOJIOXKUTEIbHYI0 JAWHAMUKY I[OKaszareseil, Oojee
BBIPDAKEHHYIO Y TAIUEHTOB, MOJTYYUBIIUX B CXEMe
Tepanuu npenapar nurodiasuH (tabimna).

AHaJIN3 TTOTyYEHHBIX TAHHBIX BBISBUJI MOJIOKH-
TEJIBHYIO TUHAMUKY BCeX MOKasaTeJieid, 6ojiee BbIpa-
JKEHHYTO B IPYIITIE MAIMeHToB, noyayunBnmx [utodaa-
BUH: B 1,5 paza MeHbIIIe BpeMEHH HAXOKIEHUST B KOME

days. Patients of the reference group (510 subjects, median
age 37.6+14.1 years) received treatment according to the
«classical scheme». In addition to conventional examination,
all patients underwent duplex scanning of cerebral vessels,
examination of changes in the cerebral blood circulation and
electroencephalogram. The severity of somatic disorders was
assessed using criteria of the Glasgow coma scale. The sever-
ity of the asthenic syndrome was assessed according to the
MFI-20 scale [5].

The statistical analysis was performed using the SPSS
17.0 software (IBM, USA) Data were processed using de-
scriptive statistics and presented as arithmetic means and
standard errors (M£m). The dynamics of parameters during
the treatment was assessed by the average shift of the tested
parameters from the baseline level. The statistical signifi-
cance of differences between related samples was assessed
using the Wilcoxon pair test. The effect of cytoflavin on the
dynamics of studied parameters during the treatment was
assessed by determining the significance of intergroup dif-
ferences by Mann-Whitney U-test. The relationship be-
tween individual parameters was studied by calculation of
Spearman's rank correlation coefficients (7s). The verifica-
tion of statistical hypotheses was carried out at a critical sig-
nificance level of P=0.05 and less.

Results and Discussion

It was shown that the average exposure of poi-
son/drug in patients of the main group by the time of
the initiation of the intensive detoxification therapy
was 7.5%4.1 hours, in the reference group it was
9.9£4.3 hours, which was comparable with the sever-
ity of pathological changes in the central nervous sys-
tem: the level of consciousness measured by the
Glasgow coma scale at the time of admission was
3.2+2.1 points in patients of the main group and
4.0%2.2 points in the reference group patients and the
severity of EEG disorders was 4.2+1.5 points in the
main group and 4.7+1.2 points in the reference group.
The need in mechanical ventilation (MV') was found
in 85 (75.8%) patients in the main group and 364
(71.4%) in the reference group.

The positive dynamics of the studied parameters
was observed due to the therapy performed, it was
more pronounced in patients receiving cytoflavin
(table 1).

The analysis of the obtained data demonstrated
the positive dynamics of all parameters; the most sig-
nificant differences were noticed in patients who re-
ceived Cytoflavin: they demonstrated a more rapid
recovery from coma (by 1.5-fold: 23.5£3.1 days, versus
15.1+3.0 days in the reference group, P<0.05); the du-
ration of psychotic disorders was shorter (by 1.8-fold:
15.5+4.2 hours vs 8.3+2.5 hours in the reference
group, P<0.05). The severity of the asthenic syndrome
in patients of the main group after treatment was es-
timated as 23.0£4.9 rel.units, while in the reference
group it was more severe (by 2.8-fold) and was
64.1£3.3 rel. units (P<0.05). The incidence of psy-
choorganic disorders was 6.25% (7 patients) in the
main group and 10.6% (54 patients) in the reference

group.
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JluHaMuKa uccieryeMbIX apaMeTpoB.
The dynamics of the studied parameters.

Parameters

Values of parameters in groups

Main, n=112 Reference, n=510
Coma duration, hours 15.1£3.0* 23.5+3.1
Duration of psychotic disorders, hours 8.3£2.5* 15.5£4.2
Severity of asthenia, rel. units 23.0£4.9* 64.1£3.3
Psychoorganic syndrome, abs. (%) 7(6.25%) 54 (10.6%)

Note: * - the difference between the groups is significant, P<0.05.

Ipumeuanue: Parameters — mapamerpsr; Values of ... in groups — 3nauenus B rpyiax; Main — ocnosHast; Reference — cpasuenus; Coma
duration, hours — npogosKuTENLHOCTH KOMBI, yachl; Duration of psychotic disorders — mpogo/KUTEIBHOCTD TICUXOTHYECKUX PaC-
crpoiicts; Severity of asthenia, rel. units — BbipaskenHocTb acrenuu, otH. eJ.; Psychoorganic syndrome, abs. — ncuxo-opranuueckuii

CHHAPOM, abc. * — pasJimdie MeXIy TPYIIaMn 10cToBepHo, p<0,05.

(15,1+3,0 xust nporus 23,5+3,1 aHs B rpyIiie cpaBHe-
uus, p<0,05) u B 1,8 pasa MeHbBINAS TPOJTOTKATETH-
HOCTH TICUXOTUYECKUX PACCTpoiicTB (8,3+2,5 mHs y
MAI[MEeHTOB OCHOBHON TPYyTIIBI TPOTUB 15,5+4,2 nwsa —
B rpyire cpaBuenust, p<0,05). AcreHu4ecKuii CHHIPOM
rocJie TIPOBEIEHHOTO JIeYeHUs Y MallueHTOB OCHOBHOM
rpytibt oreHuBaiu B 23,0£4,9 oTH. ej1., a y nalueHToB
IPYIIIIBI CpaBHEHMsE OH ObLI B 2,8 pasza OoJiee BbIpasKeH
u coctaBut 64,1+3,3 otH. exn. (p<0,05). Yacrora perucr-
paiuu 1CUX0-OpraHnyecKnX HapylleHuil cocTaBuia
6,25% (7 nauuenToB) B ocHoBHoi rpymie u 10,6% (54
TalrreHTa) — B IPYTITe CPABHEHUSI.

Bce nanueHTsl mosiyunsiv mperapar B MoJHOM
obbeMe, HesKeaTeNbHbIX Peakiuil Ha ero BBejeHue
BBISIBUJIN.

Takum 06pasoM, BKJIOYeHUE HUTO(IaBUHA B
cXeMy MHTEHCHUBHOU Teparuu MmaiueHToB ¢ OCTPbIM
OTpaBJieHUEM HAPKOTUYECKUMU TIPerapaTamMu 1mo3B0-
JINJIO COKPATUTD TTPOJOJIKUTENBHOCTD KOMBbI, TICUXO-
TUYECKMX U aCTEHUYECKHMX PacCTPOICTB, 4TO 00Db-
SCHSETCS ero MeTabOIMUECKUM, [IUTOIPOTEKTUBHBIM
JEVCTBUEM.

OCHOBHBIMU HAIPABJIEHUSIMU TEPATTUU OCTPBIX
OTpaBJIEHUI CUHTETUYECKUMU XUMUIECKUMU Bellle-
CTBAMU SBJISIIOTCS YCTPAHEHUE OCTPOH IBIXaTeTbHO,
CEepIEeYHO-COCYAUCTOMN U 11epedpaibHON HeJoCTaTou-
noctu. Ocrpas fbIxaresibHasi HeJJOCTATOUHOCTD SIBJISI-
JIach CJIE/ICTBUEM KaK IIPSIMOTO YITHETEHUSI JIbIXaTeJIb-
HOTO T[EHTPa B CTBOJIE TOJIOBHOTO MO3Ta (JchCcTBUE
MeTaJIOHA), TAK 1 HAPYIIEHUI BOJIHO-3JIEKTPOJIUTHOTO
U/WJIA KUCJIOTHO-OCHOBHOTO GastaHca. BosHuKatoIas
[PU 3TOM OCTPasi TUIIOKCHS CMEITAHHOTO TeHe3a CJIy-
JKUT OCHOBHBIM YHUBEPCAJIBHBIM TATOTEHETUYECKUM
hakTOpoM U JIMUPYIOIIUM MEXAHU3MOM B PA3BUTUU
KJIMHUYECKOU KaPTUHbI MHTOKCUKAIIMOHHOTO CUHIPO-
Ma U Pa3BUTHUS CEPACYHO-COCYAUCTON U 1epedpaib-
HOU HezlocTaTouHOCTH [6].

B MeaukaMeHTO3HOI Tepanny OTpaBICHUN Hap-
KOTUYECKUMHU JIEKADCTBEHHBIMKM  BeIlleCTBAMU B
HacTosiIee BpeMs IOMUHUPYIOIIEe TT0JI0KEeHe 3aH1-
MaeT Iperapat HaJIOKCOH, OJ[HAKO ero IpUMeHeHue
OTrpaHUYEHO B CBS3H C OIPeIeJIEeHHBIMU PUCKAMU Pa3-
BUTHST TOOOUHBIX 3(h(HEKTOB: OTEKA JIETKUX U TOJOB-
HOT'O MO3Ta C Cy/JOPOTaMU, TAXUKAPAUHU U OCTAHOBKH
cepana. /letampbHbIN TaTOTEHE3 Pa3BUTUS OTEKa JieT-

All patients received the drug in a full dose. No
adverse drug reactions were evident.

Therefore, inclusion of cytoflavin in intensive
care regimen for patients with acute drug poisoning
has reduced the duration of coma, psychotic and as-
thenic disorders, which can be explained by its meta-
bolic and cytoprotective effect.

The main goals of management of acute syn-
thetic chemicals poisoning are elimination of acute
respiratory, cardiovascular and cerebral failure. Acute
respiratory failure was a consequence of both direct
inhibition of the respiratory center in the brain stem
(methadone effect) and impairment of the water-elec-
trolyte and/or acid-base balance. The resulting acute
hypoxia of a combined genesis serves as the main uni-
versal pathogenetic factor and leading mechanism in
development of clinical presentation of the intoxica-
tion syndrome and the development of cardiovascular
and cerebral failure [6].

In a current drug therapy of narcotic poisoning,
naloxone is the most widely used drug. Its use is lim-
ited due to a certain risk of adverse effectsthat include
pulmonary and brain edema with convulsions, tachy-
cardia, and cardiac arrest. Detailed pathogenesis of
pulmonary and brain edema development is not fully
understood yet. It could be associated with excessive
rapid elimination of a depressive effect of the opioid
on CNS after administration of naloxone followed by
a sharp activation of sympathetic centers and release
of catecholamines, redistribution of blood to the small
circulation, increased wedge pressure in lung capillar-
ies and an increase in their permeability [7]. The above
factors limit the potential of the use of the drug in pa-
tients with acute synthetic drug poisoning.

By producing a complex effect due to its ingre-
dients, cytoflavin has demonstrated a good therapeu-
tic effect: sodium succinate in its formulation activates
the circulation in the tricarboxylic acids cycle increas-
ing the amount of energy necessary for ATP and y-
aminobutyric acid synthesis, improves tissue
respiration, and increases the antioxidant function of
the glutathione system. Being an agonist of purinergic
receptors, Riboxin/Inosine leads to production of ad-
ditional amounts of energy, regardless of its glycolytic
formation. Due to adenosine metabolites, activation
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OcTpole oTpaBAeHM

KUX U TOJIOBHOTO MO3Ta Ha JJAHHBII MOMEHT /10 KOHIIA
He U3BECTEH, OJIHAKO IPEIION0KATEIBHO MOKET ObITh
ACCOLMUPOBAH C YPE3MEPHO OBICTPHIM YCTPAHEHIEM
nenpumupyionero Bausiaus onuouna Ha [THC nox
JlelicTBUEeM HAJIOKCOHA ¢ TIocyieIyIoliell pe3koil akTu-
Baleil CUMITaTHYeCKUX IIEHTPOB U BHIOPOCOM Kate-
XOJIAMUHOB, Iepepaciipe/ieJieHneM KPOBU B MaJIblii
KPYr KpPOBOOOpAIIEHUs, IIOBBIIIEHINEM [aBJIEHMI
3aKJIMHUBAHUS B KAITUJJISIPAX JIETKUX U [TOBbBITIIEHUEM
ux npouuiiaemoctu [7]. Bce nepeuncierntoe Bbilire
Cy’KaeT BO3MOKHOCTM TIPUMEHEHWs IIperapaTta y
MAIMEHTOB C OCTPHIMU OTPABJIEHUSIMU CHHTETHUECKH-
MU HAPKOTUKAMMU.

[TutodrasuH, ob6magaOMMi KOMILIEKCHBIM
BO3/IEHICTBHEM 32 CUET CBOMX COCTABJISIONINX, TTOKA-
3aJ1 XOPOIINii TepaneBTuYecKuii 3 GeKT: CyKImHaT
HATPUsI, BXO/AIINN B COCTaB IIPenapara, MmoBbIlaer
000pOT B 1IMKJIe TPUKAPOOHOBBIX KHUCJIOT, YBEJINYN-
Basg 00bEeM DSHEpPruu, HeoOXOAUMOU s CHUHTe3a
AT® u y-aMUHOMACJISTHOM KMCJIOTDI, YJIydIaeT TKa-
HEBOE JIbIXaHue, YCUIUBAS OTaqy KHCJIOPO/ia TKa-
HSM, YBEJWYMBAET AHTHOKCHAAHTHYIO (DYHKIIUTO
CUCTEMBI IJIyTaTHOHA. PUOOKCHH/MHO3WH, SIBJISISICh
ATOHUCTOM TyPUHEPTUUECKUX PEIENTOPOB, MPUBO-
JIUT K BbIPabOTKE JOMOJHUTENIBHOIO KOJIMYECTBA
DHEPIUK HE3aBUCUMO OT €€ IJIMKOJIUTHYECKOro 00pa-
30BaHus. 3a cyeT MeTabOJUTOB afleHO3UHA MOKET
TaksKe TMPOUCXOANUTH aKTUBAIIMS TJIMKOJIN3a, YTO HA
OTIpeIesIEHHOE BPEMSI CIIYKUT 3(h(PEeKTUBHBIM UCTOY-
HUKOM SHEPTUU TTPU JOTMOJHUTEIbHBIX UHPY3USIX
9K30IeHHOM TI0K03bl. Pubodiasun obragaer Kak
AHTHUOKCHUIAHTHBIM, TAK U aHTUTUITIOKCUYECKUM JIeii-
crBueM. HukoTunamu — mpejiecTBEHHUK Kodep-
menToB geruaporenas HAJl m HAL®D asasercs
CEJIEKTUBHBIM MUHTUOUTOPOM 0OPasyoIierocst npu
TKaHeBo uneMuu pepmenTa mosm-AJlD-pubosu-
CUHTETAa3bl, yIaCTBYIONIETO B MHUITUMTPOBAHUHN KJIe-
TOYHOTO amoITo3a.

Takum o6pazoM, cymmapHbie 3(h(HEKThI KOMITO-
HEHTOB Ipenapara 00yCJOBIUBAIOT ero (hapMaKoJIo-
TUYECKYI0 aKTHUBHOCTD MPH TIepeOpasbHON HIIEMIH,
CTUMYJIUPYIOT TJIMKOJU3, OTOCPEIOBAHHO aKTUBH-
PYIOT CHCTEMbI 3alTUTHI OT CBOOOIHOPAINKATHBHOTO
MOBpEXK/JAeHUsT U armorTo3a. lIpenapar mokasaH K
Ha3HAYEHUIO B COCTaBe KOMILJIEKCHOM TEPAITIH OCTPO-
TO HapyIIEHNSI MO3TOBOTO KPOBOOGPAIIIECHNUST; TUCIIU-
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of glycolysis may also occur, which serves as an effec-
tive source of energy with additional infusions of ex-
ogenous glucose. Riboflavin has both antioxidant and
antihypoxic effects. Nicotinamide, a precursor of coen-
zymes dehydrogenases NAD and NADP, is a selective
inhibitor of the poly-ADP-ribosyl synthetase formed
in tissue ischemia, which is involved in cellular apop-
tosis initiation.

To conclude, the total effect of drug components
explains its pharmacological activity in cerebral is-
chemia, they stimulate glycolysis, indirectly activate
the free radical defense system and apoptosis. The
drug can be recommended for patients who require
complex therapy for acute cerebrovascular circulation
disorders, 1-2 stage discirculatory encephalopathy,
consequences of cerebral circulatory disorders
(chronic cerebral ischemia) and for patients with toxic
and hypoxic encephalopathy, acute and chronic poi-
soning, endotoxicosis, and consciousness depression
after anesthesia [8].

Conclusion

Inclusion of cytoflavin into a complex therapy
scheme for treatment of patients with synthetic drugs
poisoning increased the effectiveness of the therapy. It
indicates that inclusion of the drug can be recom-
mended for the treatment of acute synthetic narcotic
poisoning.

KyJIaTOpHON aHItedanonatnu 1-2 ctagum u mocues-
CTBUIT HAPYIIIEHUST MO3TOBOTO KPOBOOOPATICHS (XPO-
HUYEeCKast UIIIeMUsT MO3Ta); TIPU TOKCUYECKO U THIIO-
KCUYecKoil  aHIledalonaTuu, MpPH  OCTPBIX |
XPOHUYECKUX OTPABJIEHUSIX, 9HIOTOKCHKO3aX, yIHEeTe-
HUW CO3HAHUS TI0CIe HapKo3a [8].

3akjaoyeHue

Bxaouenue HHTO(bHaBHHa B CXEMY KOMILJIEKC-
HOM Tepalru MMalnueHToB ¢ OTPaBJIEHUEM CUHTETHUYE-
CKMMH HapKOTHUKaMHU I1IOBbICHUJIO 3(1)(13€KTI/IBHOCTI)
Tepallru, 4TO 11O3BOJISAET PEKOMEH0BATh BKJIIOYEHNE
IpernapaTta B CXE€Mbl Tepallunu OCTPbIX OTpaBJIeHI/Iﬁ
CUHTETUYECKUMU HADKOTUYECKUMU BENIECTBAMMU.
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Nonlinear Local Deformations of Red Blood Cell Membranes:
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MomudukaTopsl MeMOpaH MOPOKIAIOT JIOKAJIbHBIE e(DeKThI HA TIOBEPXHOCTH KJIE€TOK. V3MepeHIe JKeCTKOCTU B
30HaX JIOKAJIBHBIX 71e(heKTOB MOKET JaTh JOMOJHUTEIbHYIO HHMOPMAIIIIO O CTPYKTYpe Ae(eKTOB 1 MeXaHn4eCKUX
cBoO¥icTBaX MEMODAH B IIEJIOM.

ITean paBGoOTHI: MONIATOBOE UCCJIEA0BAHIE IPOIecca HeTMHe Ol edopMaliiu MeMGPaH dpUTPOIIUTOB TIPU JIei-
CTBUH Ha HUX MON(DHUKATOPOB PasinyHON (HU3NKO-XUMUYECKOH IPUPOJIDI.

Martepuassl 1 MeTO/Ibl. MeT0/10M aTOMHO-CUJIOBOI CIIEKTPOCKOIINY IIPOBEJIN HccieoBanue 1ehopMalni Mem-
6paH BHYTPb KJIETKU BSI3KO-YIIPYTOil KOMITIO3UTHOU KOHCTPYKIMU SpuTpornuTa. Mccrenosanu nennueiitbie gedop-
Malluy Ipu JeCTBUN reMIHa, HOHOB Zn?', hapMIpenapaTa BeparnaMuia.

Pesyabrarst. [Tokazanu mnpoiecc yrpyro-aiactudHoil redopMaiuu MeMOPaHbl 110 Mepe WHJIEHTAIIMN 30H/a B
006J1aCTSIX JIOKATbHBIX /Ie(heKTOB, BBI3BAHHBIX MojuuKkaropamu. Ha oiH 1 ToT ke mar cmeniennst Az be30CKaHepa
30H]I TIOTPYKAJICS HA PAa3HbIe UCKPETHBIE BEMYMHBI AR, KOTOPbIE SIBJSIOTCS (DYHKIUSIMUA CTPYKTYPbI MEMOPAHbI.
B obsacTsix TOMEHOB TP [eHCTBIM FeMUHA BO3HUKAJIM 30HBI HATSDKEHUS! M 30HBI TIaCTUYHOCTH. [IprBesnn Mate-
MaTH4YecKast MOJIeJIb MHIEHTAIIY 30H/a B 001acTH Ie)eKTOB MeMOpaH.

3axmouenne. OOCyUIN MOJIEKYJISIPHBIE MEXaHU3MbI PA3JIMYHBIX BUIOB HEJMHEWHBIX [ehopMaliiii, BO3HUKAIO-
IUX [IPU JeHCTBUH TOKCUHOB. Pe3ysibraTsl paboThl MOTYT MPENCTABISITD MHTEPEC KaK st (DyHAAMEHTaIbHBIX HC-
CcJIe[IOBaHMiT CBOMCTB KJIETOK KPOBH, TaK ¥ JIJIsI IPAKTUYECKON PEAHUMATOIOTUH 1 PEAOUITATOTIOT N,

Kntouegote crnosa: membparvL spumpouumos; neaunetinie 0eghopMayuu; amomHo-Cui08ast CNeKmpoCKOnus.

Modifiers of membranes cause local defects on the cell surface. Measurement of the rigidity at the sites of
local defects can provide further information about the structure of defects and mechanical properties of altered
membranes.

The purpose of the study: a step-by-step study of the process of a nonlinear deformation of red blood cells mem-
branes under the effect of modifiers of different physico-chemical nature.

Materials and methods. The membrane deformation of a viscoelastic composite erythrocyte construction inside
a cell was studied by the atomic force spectroscopy. Nonlinear deformations formed under the effect of hemin, Zn?*
ions, and verapamil were studied.

Results. The process of elastic deformation of the membrane with the indentation of a probe at the sites of local
defects caused by modifiers was demonstrated. The probe was inserted during the same step of the piezo scanner Az
displacement; the probe indentation occured at the different discrete values of Ak, which are the functions of the
membrane structure. At the sites of domains, under the effect of the hemin, tension areas and plasticity areas appea-
red. A mathematical model of probe indentation at the site of membrane defects is presented.
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Experimental Studies

Conclusion. The molecular mechanisms of various types of nonlinear deformations occurring under the effect
of toxins are discussed. The results of the study may be of interest both for fundamental researchers of the blood cell
properties and for practical reanimatology and rehabilitology.
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BBeneunne

Croco6HOCTD APUTPOITUTOB 1eHOPMUPOBATHCS
oTpesiesIsieT BO3MOKHOCTh UX TIPOXOKIEHUs depes
KaNMJIJIIPHYIO CETh U PEOJIOTHIO KPOBU B 11esioM [1].
Oco6eHHO 0CTPO CTOUT 9Ta TIPOOIEMA B IPAKTIHYCCKOM
PEAHNMATOJIOTHN U PEabMIUTONOTHN. DTO OTIpeie-
JISIETCST TEM, YTO TIPU KPUTUYECKUX COCTOSHUIX, TIPU
KPOBOIIOTEPE, COUETAHHOI TPaBMe COOCTBEHHBIE Mapa-
METPBI MEMOPaH 3PUTPOITUTOB MEHSIOTCS B MIMPOKIX
npezgenax [2—5].

Aromuas cunosas cnekrpockonust (ACC) mos-
BOJISIET TIOJIyYaTh U300PAKEHMST HAHOMOBEPXHOCTH
MeMOpaH W UCCIIEN0BATh UX CIIOCOOHOCTD JehopMu-
poBarbcst oz AelictBueM uHjeHTopa [6, 7]. Ilo
nedopmarui OHOJOTUIECKOH CTPYKTYPBI JleJIaeTcst
3aKJIOYEHUE O JKECTKOCTH MaTepuasa U ero MeXaHu-
yeckux cBoiictBax [8, 9]. [lepopmupyemocts u
JKECTKOCTh MeMOpaH 9PUTPOIMTOB MEHSETCS TIPH
3ab0JIeBaHUAX — TIPU CaxapHOM JuabeTe, WIIEMUH
Muokapa, runepronuu [10, 11], mpu BOsHUKHOBEHUU
omyxouJieit [12, 13].

[To cnI0BBIM KPUBBIM, HI3MEPEHHBIM B ITOBEPX-
HOCTHOM CJIO€, pacuuThIBaeTcs Moayib lOura, koro-
pBIil TpPUIHCHIBAETCSA BceMy 00beMy Marephaia
[14—16]. B Takom KOHTEKCTe U3MepeHUe KeCTKOCTH
MeMOPaHbI KJIETKH MOKHO TIPOBOJIUTEL Ha MEeMOpaHax,
3aKpeTIeHHbIX Ha TBepoit ozioxkke [17]. Ho, B aTom
cJTyyae HET BOSMOYKHOCTH MOJIYYUTh IaHHbIE O 1edhop-
MUPYEMOCTH ~ OTJEJHBHBIX KOMIIOHEHT ~MeMOpaH.
Mo:kHO uTIIb OIIEHUTh MOYJTb KOHTa MOBEpXHOCTHO-
ro cJyiosl. 3aziaya U3ydyeHus] MeXaHUIeCKIX CBOWCTB
MeMOpaH apuTpoiuToB ¢ noMouibio ACC noJkHa
OBITH MOCTaBJICHA WHAYE. A MMEHHO, UCCIeOBAHUE
criocobHOCTH  1eOPMUPOBATHCS BHYTPh  KJIETKH
BSI3KO-YTIPYTOil KOMIO3UTHON MeMOPaHbI Ha 1[EJI0CT-
HOU KOHCTpYKIMH aputpormTa |18, 19].

MosuhukaTopsl MeMOpaH MOTYT TTOPOJKAATH
JIOKaJIbHbIE Ie(heKTH HAa TOBEPXHOCTH KJIeTOK. V3me-
peH¥e JKeCTKOCTH B 30HAX JIOKAJTBHBIX JIE(DEKTOB MOXKET
JaTh JONOJHUTEIBHYI0O WH(GOPMAIUIO O CTPYKType
neheKTOB ¥ MeXaHHYECKUX CBOMCTBaX MeMOpaH B
iesioM. TToaTomy, /utst omicanust GUOMEXaHUKU MeM-
6GpaH, HeOOXOMMO HCCIEIOBATh HE MPOCTO MOJYJIb
FOHTa MOBEPXHOCTHOTO CJI051, HO 1 I3MEHEHUS JKECTKO-
cTH MeMOPaH B UX Pa3/IMYHBIX 30HAX U Ha PA3HOI IIIy-
Gune mporuba. [lyist aTOro MccIeI0BANN ICHCTBIE Ha
KJIETKH MOJII(PUKATOPOB PA3IMYHOI IIPUPOJIbL: TOKCH-
YECKUI areHT TeMIH, HOHbI TSIKEJIBIX METAIIIOB — Zn?',
JIEKAPCTBEHHBIIT (hapMIIpenapaT — BepanaMul.

[lesb paboThl — MOIMIATOBOE MCCJACOBAHIE MTPO-
Hecca HeJIMHeiiHOM gedopMaliy MeMOPaH 9pUTPOLIU-

Introduction

The ability of red blood cells (RBC) to deform
determines the possibility of their passage through
capillary network and rheology of a blood [1]. This
problem is especially urgent in practical reanima-
tology and rehabilitology since in critical states due
to a blood loss and multitrauma the intrinsic pa-
rameters of erythrocyte membranes vary in a wide
range [2-5].

The atomic force spectroscopy (AFS) makes
it possible to obtain images of the nanosurface of mem-
branes and to study their ability to deform under the
influence of the indenter [6, 7]. A conclusion about
the firmness of the material and its mechanical prop-
erties [8, 9] is made by the deformation of the biolog-
ical structure. The deformability and rigidity of the
erythrocyte membranes varies depends on the disease
studied and inclludes diabetes mellitus, myocardial is-
chemia, hypertension [10, 11], and tumors [12, 13].

According to the force curves measured in the
superficial layer, the Young's modulus is calculated,
which is attributed to the entire volume of the ma-
terial [14—16]. In this context, the measurement of
the hardness of the cell membrane can be carried out
on membranes fixed on the solid substrate [17]. But
in this case, it is not possible to obtain data about
the deformability of individual membrane compo-
nents. One can only estimate the Young's modulus
of the surface layer. The task of studying the me-
chanical properties of erythrocyte membranes with
the help of AFS should be set differently. Namely, a
study of the ability of the viscoelastic composite
membrane to deform inside a cell on an integral ery-
throcyte construction [18, 19].

Modifiers of membranes may produce local de-
fects on the cell surface. The measurement of the hard-
ness at sites of local defects can give additional
information about the structure of defects and the me-
chanical properties of membranes, in general. There-
fore, to describe the biomechanics of membranes, it is
necessary to investigate not only the Young's modulus
of the superficial layer, but also changes in the rigidity
of membranes in their various zones and at different
depths of deflection. For this purpose, the effect of
modifiers of different nature on the cells was studied:
a toxic agent hemin, ions of heavy metals (Zn?"), and
a pharmaceutical verapamil.

The purpose of the study was a step-by-step
study of the process of a nonlinear deformation of red
blood cells membranes under the effect of modifiers of
different physico-chemical nature.
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GENERAL REANIMATOLOGY, 2018, 14; 1



DOI:10.15360,/1813-9779-2018-1-29-39

SCHCPTAMQHTHAI)HI)IC MCCACAOBAHMA

TOB IIPU JIEMCTBUYU HA HUX MOAM(MDUKATOPOB pasJjiny-
HOU (hU3UKO-XUMUYECKON TTPUPOJIBI.

MaTepI/IaJI N METO/1bl

Crioco6 usmepenust gedopmalinii, 00bEKT, a Tak ke
METOJMKA TOCTPOEHWS] M aHAJIM3a CHJOBBIX KPHUBBIX B
ATOMHO-CHJIOBOII CIIEKTPOCKOTNY ObLIA MOAPOGHO OTHcaHa
B yacty 1 aToit cTaTbu.

KpoBb 3abupasi y 0HOPOB Ha T06POBOJIBHOI OCHOBE
pu TPOMUIAKTUIECKIX OCMOTPAX, U BCe JaJbHEIIIe uc-
CJIe/IOBAaH TIPOBOJINIIN in itro. B ncciiefoBaHNN MCIOTb-
30BaJI KPOBH 6 JOHOPOB MY;KCKOTO 11071 OT 23 10 34 JieT.
Bce nceseoBanust IPOBOJIMIN ¢ yueToM TpeboBanmii Xesb-
CUHCKOI JlekIapaiinu BeemnpHoii acconpaiinm «tundyeckne
HPUHITAIIBI TPOBEICHNST HAYYHBIX MEINIITHCKUX HCCIIe/10-
BaHMUIi ¢ yuacTreM yesoBekay ¢ monpaskamu 2000 1, a Takske
¢ Hopmamu atudeckoro komurera OHKIL PP.

[TpoBomun McCaeIOBAHUS JIOKAJIBHON $KECTKOCTH
MeMOpaH 3PUTPOIIUTOB MOCTIE BO3IENUCTBHSI HA KPOBD i1 Vitro
MOM(UKATOPOB: TEMIHA, HOHOB TSIKEJTBIX METAILIOB (Zn2"),
JIEKAPCTBEHHOTO ITpenapara BepanaMuia. ITu Moaudka-
TOPBI UMEJIH PA3JINYHYIO IIPUPOLY ¥ PA3INIHBIE MEXAaHI3MBI
JEiiCTBUS HA HAHOCTPYKTYPY MeMOpaH. Baskno, 4To aTu Mo-
JnbUKATOPBI MOPOKIAIN Ha MeMOpPaHaxX APUTPOIIUTOB Clie-
muduyeckre TOMOJOTHYECKUE JIOKAJIbHBIE —J1edeKTsl,
XapaKTepHbIe TOJIBKO JIIsI IAHHOTO MomdukaTopa. Berbop
MO/I(DUKATOPOB MPOAUKTOBAH HEOOXOMMOCTBIO MOJTyYe-
HUS ITUPOKOTO CTIeKTpa 9 (dEKTOB NX BO3/ENCTBHS HA Ha-
HOCTPYKTYPY U MEXaHUYECKHE CBOMCTBA MEMOPAH.

TeMuH — MPOIYKT OKHUCIEHHsI reMoriobouHa. Masst-
pust (CepHOBUHBIE KJIETKH), UIIEMHs, KPOBOIIOTEPSI, KPO-
BOTE€UEHNE W3 9PO3MIl JKeTyAKa MOTYyT TPUBECTH K
dbopmuposanio remuna [2, 18, 20]. Monsr Zn?* BBI3BIBAIOT
KJTACTEPU3AIMIO GETKOBBIX CTPYKTYP U OPOIK/IAIOT JOKATb-
Hble nedextsl MemOpan [21, 22]. Bepanamuui, ucionbsye-
MBIl ~ TpU  JIeYeHWW  THIEPTOHWUU,  CTEHOKAp/IUH,
TAXUAPUTMUHM ¥ KapAMOMHONATHH, SIBJSETCS OJHUM U3
YacTO Ha3HAYaeMbIX OJIOKATOPOB KaTbIIMEBHIX KaHATOB [23].

B pa6ore ucrob3oBanu cyxoit remud (Sigma, USA).
50 mr cyxoro remuna pactBopsiin B 0,1 M pactBopa NaOH
B IMCTUJJINPOBAHHOM Bojie. KoHeyHast KOHIleHTpaIus re-
MUHA B KPOBU in vitro coctanisiia 1,5 MM. PactBop cosu
ZnSO, (Sigma, USA) no6aBisiiv B 1ebHYI0 KpoBb. KoH-
TIEHTPAIHs HOHOB ZNn%" B KPOBH in vitro coctaBisiia 2 MM.
Konmentpanus Bepanamuia rugapoxiopuga (Nycomed,
Austria) B kpoBu in vitro coctasisiia 0,6 MM.

Craructnyeckyio 06pabOTKy TaHHBIX TPOBOINIIH C 110~
MOITITBIO cTaHAapTHOM mporpammer Origin 9, (Origin Lab Cor-
poration, USA). CTponsm riucTorpaMmbl, OIIPe/IesIsiIv CpejiHee
3HAUYEHME, BEIMUIHY CPETHEKBAIPATHYECKOTO OTKJIOHEHUS 1
THOJIYYaJIF HHTEPBAIBHYIO OIIEHKY, OIIEHKY I0OCTOBEPHOCTH T10-
JIy9eHHBIX Pe3YJIBTATOB, OIEHKY JOCTOBEPHOCTH PA3JIIIHIA.
JloCTOBEPHOCTD PA3JIMINIT OIIEHUBAJIH C TIOMOIIBIO OTHO(AK-
TOpHOTO /IHcTiepcrorHoro aHammsa (One-way, ANOVA).

Pe3yibrarhl 1 00CyKA€eHHE

[Tportecc nHAEHTAIIUN 30H/1a B MEMOPAHbI 9PHT-
pOILUTA IIPU [IeIiCTBUU FreMUHA

Temun o6pasyeT JOMEHbI Ha TOBEPXHOCTH MEM-
Opan [24]. IIpuMep HaHOIOBEPXHOCTH MeMOpaHbI
9PUTPOIINTA [IOCJIE IeMCTBUS TeMUHA IIPEICTABIEH HA
puc. 1, a. Tlokasanbl obsactu GOJNBIIUX JTOMEHOB
(350-1000) um — «Ld», obact MaJbiX JZOMEHOB

Materials and Methods

The method of deformations measuring, the object, as
well as the procedure of plotting and analyzing of force
curves in the atomic force spectroscopy has been described
in details in Part 1 of this article.

Blood was collected from donors on a voluntary basis
during preventive examinations, and all further studies were
performed in vitro. Blood from 6 male donors aged from 23
to 34 years old was used in the study. All studies were carried
out in accordance with the requirements of the Declaration
of Helsinki by the World Medical Association «Ethical Prin-
ciples for Medical Research Involving Human Subjects», as
amended in 2000, as well as with the requirements of the
Ethics Committee of the Federal Research and Clinical Cen-
ter of Intensive Care Medicine and Rehabilitology.

Studies of local hardness of erythrocyte membranes
after in vitro exposure of blood to modifiers: hemin, heavy
metal ions (Zn?"), verapamil. These modifiers had different
nature and different mechanisms of action on the nanostruc-
ture of the membranes. It is important that these modifiers
generated specific topological local defects on the erythro-
cyte membranes, which are characteristic only to this mod-
ifier. The choice of modifiers is substantiated by the need to
obtain a wide range of effects of their influence on the nanos-
tructure and mechanical properties of membranes.

Hemin is a product of hemoglobin oxidation. Malaria,
sickle cells, ischemia, blood loss, bleeding from gastric ero-
sions can lead to the formation of hemin [2, 18, 20]. Zn?" ions
cause clustering of protein structures and generate local
membrane defects [21, 22]. Verapamil is one of the most
commonly prescribed calcium channel blockers, used in the
treatment of hypertension, angina pectoris, tachyarrhythmia
and cardiomyopathy [23].

Dry hemin was used in the study (Sigma, USA). 50 mg
of dry hemin was dissolved in a 0.1 M solution of NaOH in dis-
tilled water. The final in vitro concentration of hemin in the
blood was 1.5 mM. A ZnSOj solution (Sigma, USA) was added
to the whole blood. The in vitro concentration of Zn?" ions in
the blood was 2 mM. The in vitro concentration of verapamil
hydrochloride (Nycomed, Austria) in blood was 0.6 mM.

The statistical processing of data was carried out using
the standard Origin 9 software, (Origin Lab Corporation,
USA). The histograms were constructed, the mean value,
the standard deviation value were determined and an inter-
val estimate, an estimate of the reliability of the obtained
results, and an estimate of the reliability of the differences
were obtained. The reliability of the differences was assessed
using single-factor analysis of variance (One-way, ANOVA).

Results and Discussion

Process of probe indentation into RBC mem-
brane under the effect of hemin

Hemin forms domains on the membrane surface
[24]. An example of the nanosurface of the red blood
cell membrane after the action of hemin is shown in
fig. 1, a. Zones of large domains (350—1000 nm), <L.d»,
zones of small domains (200-300) nm, «Sd», and
zones of flat membranes surface, «Fl», are shown. The
characteristic size of granular structures in domains is
100—120 nm, which is close to the characteristic cell
size of the spectrin matrix. The sizes of domains are de-
termined by the number of grains in it [25].

GENERAL REANIMATOLOGY, 2018, 14; 1
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Puc. 1. HanonosepxuocTs MeMGpaH 9pUTPOIUTOB IPU I€HCTBUM TEMUHA.

Fig. 1. Nanosurface of red blood cell membranes under the effect of hemin.

Note. a — functions Ah/Az (h) for the flat surface FI, zone of the large domain Ld, zone of the small domain Sd; b — function u (k) for the
same zones; ¢ — Hg, and H; , are the zones of tension in the areas Ld and Sd, Ts;and T}, are the zones of plasticity in the same ares. £, is

the depth of the indenter stop.

IIpumeuanue. a — pyuximu Ah/Az (h) piist wiockoit nosepxuoctu Fl, obmactu Goubinoro gomena Ld, obractu Masoro gjomena Sd; b —
Gbyukiun g (h) nist tex xe obiacreit; ¢ — Hgy u Hy, — 3onbl Hatsikenus B obnactsax Ld u Sd, Tgyu Tjy — 30HBI IVIACTUYHOCTH B TEX XKe

06macTsIX. hyy,, — TIyOUHA OCTAHOBKY WHIEHTOPA.

(200-300) M — «Sd» 1 061aCTH IJIOCKOMN IIOBEPXHO-
cru membpan — «Fl». Xapakrepusiii pasmep 3epHu-
CTBIX CTPYKTYP B loMeHax coctasiger 100—120 um,
4TO BJIM3KO K XapaKTEPHBIM Pa3MEPOM STYEHKH CIIeK-
TPUHOBOTO MaTpukca. Pazmepsl IOMEHOB olpeje-
JISTIOTCST KOJIMYECTBOM 3€peH B HeM [25].

ITpusenu sapucumoctu Ah/Az (h) (puc. 1, b) u
u (h) (puc. 1, ¢) n1s Tpex BbIIEIEHHbIX 001acTel KiIeT-
KM, [I0Ka3aHHbIX HA puc. 1, a. Ilpouecc morpy:kenust
30H/1a B 0OJacTu 1iockoii nosepxuocru (puc. 1, Fl)
GBI IOXO3K Ha TAKOM JKe MIPOTIECC Ha TUIAHOTIUTE (4acTh
1, puc. 4, Pl). ®yuxuusa Ah/Az (h) nagana or 0,8 (h=6
HM) 710 0 Ha riay6ure 32 nm. ITporiece nmorpyskeHust 30H-
0B B 0OsiacTu oMeHoB Sd u Ld otnmyaeTcs ot Tako-
BOT'O JIJISI IIJIOCKO¥T TIOBEPXHOCTH 9TOI Ke KIETKH (PIC.
1, b). B 061acTaAX 1OMEHOB PETHCTPUPOBAJII XapaKTep-
Hble 30Hb! HATs>KeHust H, u H ; v 30HBI IIACTUYHOCTH
KOMIIO3UTHOTO MaTtepuaia MmemOpan Ty, u T, 1u1st Maio-
10 1 GOJIBIIIOTO JIOMEHOB COOTBETCTBEHHO. B 30Hax H
KO3 PUIEHT JIOKATBLHON KECTKOCTH 4 MEMOPaH BO3-
pacras 1o Mepe pocra h, a 3oHax T KoahPUIEHT 1
noutu He MeHsiics. Hanbosee BoIpaskeHHBIMU ObLIH
9TH 30HBI 1151 O0JibInoro qomena. B sone H,,; (26—36
M) Ah/Az nagana or 0,94 no 0,41. 3arem BosHuKaIA
3oHa mactuanoctn — T, (36—90 um). B artoii 30ne
Ah/Az nipaktudecku He ymenbinaiach (0,41-0,38).
Ha riy6une /=94 1M 30H IIPEKpPaTIII IIOTPYKEHKE B
Mem6paty. B o6racTyt Masioro joMeHa mporece morpy-

Dependences Ah/Az (h) (fig. 1, b) and p (h)
(Fig. 1¢) are presented for the three selected cell zones,
shown in Figure 1a. The process of probe introduction
into the zones of flat surface (fig. 1, FI) was similar to
the same process on the planocyte (part 1, fig. 4, PI).
The function Ah/Az (h) fell from 0.8 (A=6 nm) to 0 at
the depth 32 nm. The process of probes indentation
into the Sd and Ld domain zones differ from that for a
flat surface of the same cell (fig.1, b). In the domain
zones, characteristic Hg, and H;, tension zones and the
zones of plasticity of the membrane composite material
T,, and T}, for small and large domains, respectively,
were registered. In zones H, the local membranes hard-
ness coefficient 4 increased with increase of h; and in
zones T the coefficient u almost did not change. These
zones were more expressed for the large domain. In the
zone H,;, (26—36 nm), Ah/Az fell from 0.94 to 0.41.
Then a zone of plasticity T;, (36—90 nm) appeared.
In this zone, Ah/Az practically did not decrease
(0.41-0.38). At a depth of #=94 nm, the probe stopped
its indentation into the membrane. In the zone of a
small domain, the indentation process was similar. The
tension zone Hy, was wider (28—58 nm), and the drop
of Ah/Azwas from 0.83 to 0.3. The plasticity zone T,
was from 58 to 64 nm, and the maximum value of the
probe indentation was A=74 nm. The function u (h)
(fig. 1, ¢) for a flat zone of the membrane F/ was an in-
creasing one, similar to this function for the planocyte
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Puc. 2. Jlokanbubie AedeKTbl MeMOpPaH 3PUTPOIMTOB NPH AeiicTBUU HOHOB Zn** (a) u Bepanamuia (b).
Fig. 2 Local defects of erythrocyte membranes under the effect of Zn>* ions (a) and verapamil (b).
Note. ¢ — functions Ah/Az (h) for normal discocyte (control), under the effect of Zn?" ions and verapamil; d — the function u (k) for the

same cells. 4,,,, is a depth of the indenter stop.

Ipumeyvanue. ¢ — pynkimn Ah/Az (h) 101 HOPMAIBHOTO AUCKOTUTA (KOHTPOJIb), IPU JIEHCTBIM HOHOB Zn** 1 BepanaMuia; d — pyHKIn

4 (h) 1tst Tex sKe KIETOK. Ay, — TIIyOMHA OCTAHOBKI HHAEHTOPA.

sKeHMs ObL1 MoA00HBIM. 3oHa Hatskenus Hg; Oblaa
mupe: (28—58 1m), a nagerne Ah//Az cocTaBUIo OT
0,83 110 0,3. 3ona miactuunoctu T, Oblia yxke: oT 58 10
64 HM, a MAKCHMaJIbHOE 3HAUEHIE TIOTPY>KEHUST 30H/a
h=74 um. Oynkuus u (h) (puc. 1, ¢) s WIO0CKOro
yuacTka MmeMOpanbl FI Obliia HapacTalomieii, nogo0Hom
aToit (pyHKIMY uist TiaHonuta (Jacto 1, puc. 4, ¢). [l
6oubiIoro gomena Ld dyHkims u (h) umesa xapakTep-
HBIH TIOCKUIT yuacToK T ; BHYTPU KOTOPOTO, BEJIMYNHA
Koa(buIIMeHTa JOKaIbHOU JKECTKOCTH (& MeMOpPaHb
MPAKTUYECKH HE U3MEHSIACh. TOT YUACTOK BBIE/IECH
Ha pHC. 1, ¢ IIBETHBIM ITPSIMOYTOJIBHUKOM. [1pH tokasb-
HOH medopmaiu MeMOpaHbl Ha Tryouny A=90 HM
K02(DUIMEHT 44 PE3KO BO3PACTAI U 9TO MPUBOIIIO K
OCTAHOBKE MOTPY KEeHUST 30H/A.

[Iporiecc MHIECHTAIIMY 30HAa B MEMOPAHBI TIPU
JeiicTBUU NOHOB Zn?" 1 Beparamuia.

Ha puc. 2 npexcraBuim spuTponuTsl ¢ gedex-
TaMi MeMOpaH, BBI3BAaHHBIMHU JIEHCTBUEM HOHOB
IMHKA U 6JI0KATOPa KaJIbI[MEBbIX KAHAJIOB BeparnaMi-
sia. VIoHBI TSKEJIBIX METAJIOB U, B 4acTHOCTH Zn2",
IIPU BBICOKUX KOHIleHTpaluax (2 MM u 6oJiee) Beerza
BBI3BIBAIOT JIOKaJIbHBIE JedeKThl MeMOpaH (puc. 2, a)
[26, 27]. BeparmraMusi B KIMHUYECKUX KOHIIEHTPAITUSIX
He BBI3BIBACT JIeCTPYKIMU MeMOpan. B ranHom ucce-
JOBAaHUH MCIIOJIb30BAJIH IECITUKPATHYIO 103y ITperna-
para in vitro, KOTOpasi BBI3bIBATA TOKCUYECKUU
acdexr, u, kak ciencTBue, criennUUecKue JOKAIb-
Hble gedexTbl MeMmOpaH (puc. 2, b).

(part 1, fig. 4, ¢). For a large domain Ld, the function u
(h) had a characteristic flat zone T;,; within which the
value of the local hardness coefficient x4 of the mem-
brane remained practically unchanged. This zone is
highlighted in fig. 1, ¢ as a colored rectangle. At local
deformation of the membrane to the depth £2=90 nm,
the coefficient u sharply increased resulting in the stop
of the probe indentation.

The process of probe indentation into mem-
branes under the effect of Zn** ions and verapamil.

Red blood cells with membrane defects, caused
by the effect of zinc ions and the calcium channel
blocker verapamil are shown in fig. 2. Tons of heavy
metals and, in particular, Zn?**, at high concentrations
(2 mM and more) always cause local membrane de-
fects (fig. 2, a) [26, 27]. Verapamil in clinical concen-
trations does not cause destruction of membranes.
This study used a tenfold dose of the drug in vitro,
which caused a toxic effect, and as a result, specific
local membrane defects (fig. 2, b).

The function Ah/Az (h) for membranes dam-
aged by zinc ions had the character of a tension zone,
it decreased almost linearly. The probe stopped its in-
dentation at the depth of =18 nm, thus indicating a
3.6-fold increase in hardness as compared to the nor-
mal limits. The same function for verapamil practically
repeated the normal curve, and the probe was inden-
tated at 65 nm, as under normal conditions (64 nm)
(fig. 2, ¢). The hardness coefficient u (k) for verapamil
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Puc. 3. TucTOorpaMMpl ILIOTHOCTH OTHOCUTEIBHBIX YACTOT [/Is MEMOPAH 3PUTPOLMTOB IPH JeicTBUM HOHOB Zn?* (a) u Bepanammia (b).
Fig. 3. Histograms of the density of relative frequencies for erythrocyte membranes under the effect of Zn?* ions (a) and verapamil (b).
Note. The coefficient of hardness p is plotted along the abscissa axis, and density of relative frequencies is plotted along the ordinate axis.
IIpumeuanue. 1o ocu aberuce — KOADOUIMEHT JKECTKOCTH [, IO OPAUHATE — OTHOCUTEJIbHAS TIJIOTHOCTD YaCTOT.

Oynkima Ah/Az (h) 1t MeMOpaH, IOBPEKAEH-
HBIX NOHAMU I[IHKA, UMeJIa XapaKTeP 30HbI HATS)KEHUST
— MOYTH JIMHEITHO yObIBAIIA. SOH/L TIPEKPATUIT TIOTPYKe-
Hue ysKe Ha rry6uHe A=18 HM, 4TO yKa3biBaeT Ha yBe-
JITYeHVe JKECTKOCTH B 3,6 pasa 1o CpaBHEHUIO C HOPMOIL.
Ira ke OYHKIVS [71sT BeparlaMUJia TIPAKTIHYECKH TOBTO-
psiyia HOPMAJIbHYIO KPUBYIO, & 30H][ TOrPy3uJicst Ha 65
HM, KaK 1 B HopMe (64 um) (puc. 2, ¢). Koaddurment
skecTKOCTH 4 (h) UIsT BepamamMuia TPaKTUIeCKH He
MEHSIJICS Ha ITPOTSDKEHUH BCETO MPOIECCA MOTPYKEHNUsT
30H/Ia ¥ OCTaBaJICs Ha ypOBHE HOPMBI (puc. 2, d).

Ecnu craBuTes 3amava orienku cpeHeii JKecTKo-
cTH MeMOPaH aPUTPOIUTOB TI0 aHCAMOJTIO KJIETOK, TO
HOZAXOJ K ee pelIeHuio JoJKeH ObiTh unbiM [28]. 3a
OIIEHKY CPeHEl JKECTKOCTH B 30HE MHAEHTAIINN MOYKHO
BBIOPATH mapamerp A,,,,. B 9ToM ciydae B pasubix o6J1a-
CTSX TOPA JUCKOIINTA HAJIO M Pa3 U3MEPUTD BEJTHUIHY
Popge WIS N KJTETOK U YCPEAHUTD €€ 1O HEKOTOPOMY
arcam6110. JIJ1st WuLTIOCTpaIuy Ha pyc. 3 TPUBEICHbI
TUCTOTPAMMBI  PACIIPEIeTIEHUil Cpefiteil KeCTKOCTH
MeMOPaH SPUTPOITUTOB TIPU JEHCTBUN Ha KPOBb MOJIU-
(buKaTOpOB MeMOPaAH: MOHOB TSKeJIbIX MeTAJLIOB (Zn")
1 610KaTOpa KaJIbIIUEBBIX KAHAJIOB — BeparaMuIa.

B namnoMm mpumepe Obl U3MEPEHbI BETMYHHBI
hmax na 6 Toukax TOpOB 34 3PUTPOIMTOB /ST KOHT-
POJIBHOI TPYIIIBI ¥ MO CTOJIBKO JKe JIJIsT TPYIII Jeki-
CTBUSI Ka)XIOro Moaudukaropa. YcpenHenue wu
HOCTPOEHUE TUCTOTPAMM TIPOBOJIMIIN 10 aHCAMOJIIO
204 Touex a1 kaskaon rpyribl. Monsr nuaka (2 MM
in vitro) BbBI3BIBATH BO3HUKHOBEHUE JIOKAJIbHBIX
nedexToB Ha MemOpane [26, 27] u yBequunBaan ee
CPEeJIHIONn JKECTKOCTh B 3,6 pasa.

CpenHsist  JIOKaJbHAsA SKECTKOCTh MeMOPaHbI
MOCJIe BO3/IENCTBIS HA KPOBb MOHAMHU IIMHKA U Bepa-
namuia (M=+m) (tabiuia).

did not change practically during the entire process of
the probe indentation and remained at the normal
level (fig. 2, d).

If there is a task to assess the average hardness
of erythrocyte membranes over the ensemble of cells,
then the approach to its solution should be different
[28]. The parameter £, is taken as the average hard-
ness in the indentation zone. In this case, in different
zones of the discocyte torus we should measure the
value A,,,, m times for z cells and average it over a cer-
tain ensemble. For illustration, the histograms of dis-
tributions of the average hardness of erythrocyte
membranes are shown in fig. 3 under the effect of the
modifiers of membranes on blood: ions of heavy metals
(Zn*") and a calcium channel blocker verapamil.

In this example, the values hmax were measured
at 6 points of the tours of 34 red blood cells for the ref-
erence group and the same amount for the groups of
action of each modifier. The averaging and plotting of
the histograms were carried out using an ensemble of
204 points for each group. Zinc ions (2 mM in vitro)
caused local defects on the membrane [26, 27] and in-
creased its average hardness by 3.6-fold.

Verapamil in a concentration that is 8—10 times
as high as the clinical dose caused damage of the mem-
brane nanostructure [2], but in this case it did not
change their average hardness, that remained similar
to that in the reference group (P<0.05).

Each component of the composite membrane has
its own mechanical properties. Soft, practically trans-
parent for the probe lipid bilayer is located on the ex-
ternal surface. Spectrin matrix is a dynamically
changing structure, consisting of stiff fibers of spec-
trin, forming a continuous net throughout the whole
cell with the average cell size of 80—100 nm [28]. Spec-
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Cpenusist TOKaIbHAS 3KECTKOCTh MEMOPAHDI NIOCIE BO3/EHCTBUS HA KPOBb HOHAMY IIMHKA U Bepanamuia (M+m).
Average local membrane hardness after the effect of zinc ions and verapamil (M=m) on blood.

Parameter

Values of parameter in groups

C, rel. units

Reference 1.0+0.4
Zinc ions 3.6+1.2*

Reference 1.0£0.6
Verapamil 1.1+0.3

Note. * — P<0.05 compared with the reference group.

ITpumeuanue. Parameter — mapamerp; Values of ... in groups — snauenus B rpymnmax; Reference — konTposip; Zine ions — HOHBI IINHKA,
Verapamil — Bepanamu; C, rel. units — K, ota. e, * — p<0,05 110 cpaBHEHUIO ¢ KOHTPOJIEM.

Bepamamunr B konneaTparun, B 8—10 pas mpe-
BBITIAIONIEH KJIWHUYECKYIO JO3UPOBKY, BBI3BIBAJ
MOBPEXKICHNS HAHOCTPYKTYPBI MeMOpaH [2], HO 1pu
3TOM He U3MEHSJI UX CPEIHIOI0 KECTKOCTh, KOTOPast
ocraBasach Ha ypoBHe KoHTpoJist (p<0,05).

Kaskmast cocraBasionast KOMITO3UTHOH MeMOpa-
HBl MMeeT COOCTBEHHBIE MeXaHWUYeCKHe CBOMCTBA.
CBepxy — MATKHUH, TPAKTUUYECKN TTPO3PAYHBIN /IS
30H/1, JUNUAHBI Oucioit. CIIeKTPUHOBbBIIA MaTPUKC
— IMTHAMWYHO U3MEHSTIONIASICS CTPYKTYPa, COCTOSIIAs
U3 JKECTKUX HUTEH CIeKTPUHA, 0OPasyIoNX Helpe-
PBIBHYIO CETKY TI0 BCeMy 00beMy KJIETKH CO CPEIHIM
pasmepoM guelikn — 80—100 nm [28]. CiexTprunoBas
HUTDH — TETPaMep, COCTOSIIAsI U3 CIUPATbHBIX @ U 3
MOHOMEPOB, COCIMHEHHBIX MHUKpPOhUIaMeHTaMu
aKkTUHA. /[JIMHa HUTH MOJKET BapbUPOBATH B NIMPOKOM
nuarmasone: ot 50 u meree 10 260 uMm [29, 30]. CBs13bI-
BasICh C BHYTPEHHEN CTOPOHON MEMOPAHBI ¢ TOMOTI[HIO
6esxos band 4.1, band 3, ankupuHa, akTUHA 1 JPYTHUX,
CIEKTPUH cTabumsupyet HocHOTUITUHBIN CJION 1
OTPAaHUYMBAET JaTepaTbHyI0 UM (PY31I0 NHTETPATH-
HBIX OEJIKOB.

B cuity MHOTOUMCIJIEHHBIX U IOCTATOYHO MPOY-
HBIX CBsidell Mesxay dochomunuanpimM OucioeM u
CHEKTPUHOBBIM MATPUKCOM TIPH JICWCTBUM HA KJIETKY
WHJIEHTOPA 9TU CTPYKTYPBI BELyT ceOsl KaK e[uHast
HEOMHOPOZHASA (B CMBICIE YIPYrO-3J1acTUUHbIX
CBOICTB) KOMIIO3UTHAST MEMOPAHA KIIETKH.

ITpottecc TOTpysKeHMsT 30Ha B MEMOPaHY 9pUT-
potmTa nocJie jefictBus remuHa (puc. 1) mmes uxble
TEH/IEHITUU TI0 CPABHEHUIO C KUHETUKOW MOTpYyKe-
HUSI B HOPMAJIbHBIN 3PUTPOIUT, ITPE/ICTaBICHHON Ha
puc. 4, gactb 1.

Temwn (COMSAHOKMCHBINT TeMaTWH) HapyliaeT
KoHopMaImio crekTpuna, 6eika band 4,1 u ociab-
ager cBg3b Mexkay aumu [31]. On Momudunupyer
KOH(DOPMAIIMIO COETMHUTEIBHOTO KOMILJIEKCA «CIIEK-
Tpun — 6esiku band 4,1, band 3», ungymupyer obpa-
30BaHMeE JOKAJIBHBIX e()EeKTOB HA TIOBEPXHOCTU MEM-
Opan [2, 5, 32]. Ddbderr Moaubukanuu MaTpuKca
MIPOSABJISIETCS HA IPOIIecce TOTPYsKeHNS 30H/1a B MEM-
GpaHy KJIETKH, Ha KOTOPYIO TTOJIEHCTBOBAJIN TEMUHOM.

B 3onax pomenos rpaduku Ah/Az (h) umenu
cneruyecKre, XapaKTepHbIe TOJBKO 71T HUX 0CO-
6ennoctu. Ha s1ux rpadukax IpucyTCTBYIOT 30HbBI
Hatsokennit Hg; w Hp, xorja TpaaveHT (QYHKIAU
Ah/Az (h) MaKCUMAJbHBINA, U 30HBI ILJTACTUYHOCTH
T, u T,y KOTIA BTOT TPagineHT 6sn30K K 0.

3onbl HaTsKeHU H; — 9T0 y4acTku h;, B KOTO-
PBIX KO3 DUITMEHT JIOKATBHON KECTKOCTH 4 BO3PaC-

trin fiber is a tetramer consisting of spiral ¢ and 8
monomers connected by actin microfilaments. The
length of the fiber can vary over a wide range: from 50
to less than 260 nm [29, 30]. Binding to the inner side
of the membrane by means of band 4.1 and band 3 pro-
teins, ankyrin, actin and others, spectrin stabilizes the
phospholipid layer and limits lateral diffusion of inte-
gral proteins.

Due to the numerous and quite strong links be-
tween the phospholipid bilayer and the spectrin ma-
trix under the action of the indenter on the cell, these
structures behave as a single heterogeneous (in the
sense of its elastic properties) composite cell mem-
brane.

The process of the probe indentation into the ery-
throcyte membrane after the action of hemin (fig. 1) had
other tendencies compared to kinetics of indentation in
the normal red blood cell, presented in fig. 4 part 1.

Hemin (hydrochloric acid hematin) disrupts the
conformation of spectrin, band 4.1 protein and weak-
ens the bond between them [31]. It modifies the con-
formation of the «spectrin-protein band 4.1, band 3»
binding complex and induces the formation of local
defects on the membrane surface [2, 5, 32]. The effect
of modifying the matrix is manifested in the immersion
of the probe into the cell membrane, which was af-
fected by the hemin.

In the zones of domains, the graphs Ah/Az (h)
had specific features, typical for them alone. On these
graphs, there are tension zones Hg, and H,, when the
gradient of the function Ah/Az (h) is maximal, and
the plasticity sites Ty, and T}, when this gradient is
close to 0.

The tension zones Hi are the sites hi in which the
local hardness coefficient p increases, and the indenter
immersion slows down sharply. In the zones of plastic-
ity of T, the coefficient of local hardness p remains
practically unchanged (Fig. 1¢), and, consequently, Ak
does not change in this region. The dimensions of the
tension zones and the plasticity zones of H; and T; de-
pend on the size of the domains formed on the surface
of the membranes as a result of the action of hemin.

Before the tension zones Hg,; and H,, the probe
was introduced in the cell membrane almost freely.
The differential Ak; was only 0.1. The probe was in-
troduced up to the indicated depths and reached the
matrix. For these values of £, the matrix was in an un-
stressed state and deformed (deflected) freely, without
tension. This is the plastic deformation membrane
zone. In the zones H,, the hardness of the medium in-
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Puc. 4. 3asucumocru: u (h) monenbusie u sxcnepumenransusie (a), F (z) nas pasauunbix 3Havenuii K (b).
Fig.4. Model and experimental dependences u (h) (a), F (z) for different K values ().

TaeT, U MOTPY KeHNe UH/IEHTOPa Pe3KO 3ameijisieTcs. B
30HaX MacTUIHOCTH T; KOapDuImeHT JT0KaIbHON
JKECTKOCTHU [ OCTAeTCsl MPAKTUYECKN HEM3MEHHBIM
(puc. 1, ¢), a, cinegoBaresibHo, U Ak He MEHSIETCS B
9TOl o6macTu. PasMepbl 30H HATSKEHUA U 30H ILIa-
cruunoctu H; n T, 3aBUCAT OT pa3MepoB JIOMEHOB,
00pa3oBaBLINXCs HA TIOBEPXHOCTH MeMOPAH B Pe3yJib-
TaTe IeNCTBUS TeMUHA.

o 3on natsxenust Hg, v Hy,, 3017 TOTpysKayics
B MeMOpaHy KJIeTKu moutu csoboxano. [lepeman Ah;
coctaBu Bcero 0,1. 3011 MOTPY3MJICS /10 YKa3aHHbBIX
ryOuH 1 gocTur Marpukca. s oTux sHaveHuil A;
MaTPUKC HAXOJIUJICS B HEHATIPSIDKEHHOM COCTOSTHUM U
nedopmuposaics (porubdaicst) cBoboaHo, 6e3 HaTsI-
sKeHust. Jta 00J1acTh IIACTUYHON AedopMauy MeM-
Opanbl. B 3onax H; 5KeCTKOCTD CPEIbI PE3KO BO3PaCTa-
na. Ilepenag Ah/Az cocraBasn 0,5 mig obaactu
MmaJoro gomeHa Sd n 0,53 B o6s1acTi 6OJIBIIOTO TOMEHA
Ld. Marpuikc HaunHas yrpyro gehopmupoBaThbest. Ero
HUTH PACTSATUBAJINCH, CO3/IaBast TPAKTUYECKU MaKCH-
MaJIbHYIO CITUPATbHYIO YIIPYTOCTh cpe/ibl. Koria 3011
norpysaucss B MeMOpaHy Ha BEJIUYUHY, OIUBKYIO K
Py CIEKTPUHOBAST HUTD, Y3K€ MOTEPSIBINAS CIIUPaIb-
HYIO YyIPYrocTh (KOH(MUTYPAIINIO ), pAaCTATUBATIACH /10
MaKCUMaJIbHOU BO3MOKHOU anunbl. llocie aToro
HUTD CTAHOBUJIACH II0YTH aOCOJIIOTHO JKECTKOM, 1 30H/I
npekpaiia apukenne — Ah=0.

B konTekcTe paccMOTpeHHOI 3a/1a4y MTEePCIeK-
TUBHO ObLIO OBl IIOCTABUTD 9KCIIEPUMEHTBI 110 U3yde-
HUIO YIPYTUX CBOWMCTB MaTPUKCA HA BbIEJEHHON
CIEKTPUHOBOI ceTH. XOTs TaKWe OMbIThI TTPOBOJIU-
sch [33], mnreprperainus X pe3yabTaToB HA METYI0
KJIETKY KPOBUW Ha CETo/HS — TPYAHO pas3peninmast
3ajaua.

KpoMe paccMOTpeHHBIX CTPYKTYP MeMOpaHbl
SPUTPONKTA HA BeJTUIUHBI AL 1 K, MOKET BIHUSITH
BHYTPEHHEe CofepKaHue KJIeTKH. DTO TeMOTIOONH U
[UTOILIA3Ma. YUUThIBAsI, YTO MOJIEKYJIa TeMOTI00HA

creased sharply. The difference Ah/Azwas 0.5 for the
small domain Sd and 0.53 for the large domain Ld. Ma-
trix began to be deformed elastically. Its fibers were
stretched, creating almost the maximum spiral elastic-
ity of the medium. When the probe is introduced into
the membrane at a depth close to 4,,,, the spectral
fiber that has already lost its spiral elasticity (config-
uration) is stretched to the maximum possible length.
After that, the thread became almost completely hard,
and the probe stopped its movement (AA=0).

In the context of the considered problem, it
would be perspective to arrange experiments to study
the elastic properties of the matrix on the isolated
spectrin network. Although such experiments are con-
ducted [33], but the extrapolation of their results the
whole blood cell is still a difficult problem.

In addition to the considered structures of the red
blood cell membrane, the internal content of the cell
may influence on the values A% and #,,,,. This is hemo-
globin and cytoplasm. Considering that the molecule
of hemoglobin has a size of about 5 nm and these mol-
ecules are freely immersed in the liquid medium of cy-
toplasm, this may be modeled by a drop of liquid in a
soft coating [18, 34]. The influence of these medium on
the measurement of z membrane is insignificant [35].

Modeling of the process of erythrocyte mem-
brane deformation. We will consider the «<membrane —
probe with cantilever» system as consistently connected
springs with hardness coefficients 1 and K, respectively.
The hardness of the probe is an infinitely large value, so
the coefficient K is entirely determined by the hardness
of the cantilever.

Under the conditions of the presented experi-
ments, when the piezo scanner is raised on the height
of z, the probe enters the membrane to the depth % (de-
formation of the membrane), while the cantilever de-
formation take place (displacement of the end of the
balk) at a level L. The point z=0 is the point of contact
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UMeeT pazMep TTOPSI/IKA 5 HM ¥ 9T MOJIEKYJIbI CBOOO/I-
HO TOTPY’KEHbI B KMIKYIO CPE/y IIMUTOILIAa3Mbl, 9TO
BJIUSIHUE MOKHO MOJIEJTMPOBATH KaILIel KUIKOCTU B
MATKOiT o6omouke [18, 34]. Biusnue Takoil cpeabl Ha
usMepenue u MeMOpambl mpeHedpesxumo Mao [35].

MoaenmupoBanue npoiecca aedopManuu MeM-
Opan spurponutos. Cucremy «MembpaHa — 30HJ C
KaHTUJIEBEPOM»> PACCMATPUBAJIN KK TIOCJIEI0BATETHHO
COe/IITHEHHBbIE TIPYKUHBI C KOah(UIIneHTaMU KeCTKO-
cru u u K coorercrBenno. JKectrocTs 30112 — HECKo-
HeuHO GOJIblIAs BeJIMYKHA, T09TOMY Koadduipent K
I[EJTUKOM OIIPEIEJISIETCS] JKECTKOCThIO KAHTHIIEBEPA.

B ycnoBusAX npencTaBIEHHBIX OIBITOB DU
HOJIbeMe ITbe30CKAHePA HA BeJIMUUHY Z 30H]] BXO/IUT B
MeMOpany Ha riayouny A (zedopmanns MeMOpaHbl),
IpY 9TOM IPOUCXOAUT AedopMalys KaHTHIEeBEPa
(cMelnenue Konna 6ajikn) Ha Beanunny L. Touka z=0
— TOYKa KacaHus 30H/a ¢ MeMOpaHoii, Toraa: z>0, h>0,
L>0. CBst3b h, z u L onpeneisijii COOTHOIIEHHEM:

h=z—L, (1).

B Mopiesu cenanu cienyionue g0y eHs:

Koaddunment xkecrkoctn xantuiesepa K He
U3MEHSIETCS B XOJIe M3MEPEHMs.

Koaddurment xectkoctd MeMOpaHbl | HEJIU-
HEHHO 3aBUCHUT OT . ITO 0OYCIOBIECHO N3MEHEHIEM
MEXaHUYECKUX CBOHCTB MeMOpaHbI 1o Mepe ee edop-
Malli{, B YaCTHOCTH MOAubUKAIUEN KOHPUTYPAIIH
CIEKTPUHOBOTO MaTpukca [36].

[TycTs:

a

H (h)=W+ ¢ (2)

rie a, b, ¢ — mapamerpsol, c=—a,/b’.

Koadduruent a ornpesesser, KpyTusHy (QyHk-
n i (h), To ecTh, Ha CKOJIBKO PE3KO M3MEHSIETC (L 110
Mepe Horpyskenus 30H1a B Memopany. Koaddunnent
b ¥MeeT pasMepHOCTD U (PUBHYECKIIT CMBICI /1,

Ha puc. 4 npencraBuin rpadguk 3aBUCUMOCTH
u ().

ITa 3aBUCUMOCTD COTJIACYETCs C IAHHBIMU U3Me-
HEeHMsI MeXaHUYeCKUX CBOICTB IPU U3MEHEeHUU KOH-
uryparnu criekTpuHOBBIX HUTEH [37].

YcsoBue paBHOBECHUS: CUJIA CO CTOPOHBI KaHTH-
JieBepa paBHa CHJIe CO CTOPOHBI MEMOPaHBI:

F=KeL={!u(h)dh, (3).

C moMoIIpio psjia MaTeMaTHYeCKUX mpeobpaso-
Banuii u ¢ yaerom (1), (2), (3) nmosyuaem rpacduku
saBucumMocteil F (z) u u (h) piist BOauHbl JUCKOLUTA
(puc. 4) .

[Tpu h—h,,,. koadduIKIEHT sKeCTKOCTH MeMOpa-
Hbl CTPeMUTCS K OeckoHedyHOCTH (U—0C0), UTO U
SABAFETCS TPUYMHON OCTaHOBKU HHAeHTopa. [Ipu
aTOM K09 PUITNEHT JKECTKOCTU Bcell cucteMbl K,
(11ocIeroBaTETHHO COEIMHEHHBIX TIPYKUH ¢ KO3 -
rrertaMu K v g GyJIeT CTPeMUTBCS K KECTKOCTH KaH-
tunesepa: K., = K.

Ha npaxrtuxe yxe npu g~5K xoabduinent
JKECTKOCTH Bceli cucteMbl K., CTAHOBUTCS IOCTaTOY-
HO GOJIBIINM, 4TO Obl BHI3BATH OCTAHOBKY WH/IEHTOPA.
B Mozenm — a1o Besmurnaa b=38 HM, a B 9KCIIepUMEHTe

of the probe with the membrane, then z>0, 2>0, L>0.
The relationship between £, z and L is defined by the
relation:

h=z—L,(1).

The following assumptions are made in the
model:

1. The cantilever hardness coefficient K is not
changed during the measurement.

2. The membrane hardness coefficient u de-
pends on h nonlinearly. This is caused by the change
in the mechanical properties of the membrane as it de-
forms, in particular by modification of the configura-
tion of the spectrin matrix [36].

Let us introduce the equation:

a

B =G @)

where a, b, ¢ are the parameters, c=—a/b>.

The coefficient a determines the steepness of the
function g (h), that is, how sharply p varies as the
probe enters the membrane. The coefficient b has di-
mension and a physical meaning of 4,,,,.

The u(h) dependence curve is presented in fig. 4.

This dependence agrees with the data on the
change in the mechanical properties when the config-
uration of spectral fibers is changed [37].

The condition of equilibrium: the cantilever
force is equal to the membrane force:

F=KeL={!u(h)dh, (3).

Using a number of mathematical transformations
and taking into account (1), (2) and (3), we obtain the
graphs of dependencies F (z) and u (k) for the disco-
cyte cavity (fig. 4).

For h—h,,,,, the membrane hardness coefficient
tends to infinity (u—©0°), which is the reason for stop
of the indenter. In this case, the hardness coefficient
of the entire system K, (successively connected
springs with coefficients K and u) will tend to the
hardness of the cantilever: K, —K.

In practice, even at 4=~5K, the hardness coef-
ficient of the entire system K|, grows enough to cause
the stop of indenter. In the model, the value 5=38 nm,
and in the experiment for the discocyte cavity (part 1,
fig. 4, b), the probe stopped at a depth of 4,,,,=35 nm.
Therefore, in the experimental dependences of u (h)
near the point 4,,,, the graphs do not become vertical
(u—0c0), but go at the some angle y<z/4 (part 1, fig.
4, ¢). This is facilitated by the frictional forces (not in-
cluded in the model) between the surfaces of the in-
denter and the membrane.

Asitisseen in the graphs in fig. 4 at a given co-
efficients @ and b, the dependences F (z) and u (h) ob-
tained at the modeling adequately describe these
dependences obtained in the experiment.

Conclusion

The process of elastic deformation of membrane
is shown as the probe is introduced at the sites of local
defects caused by modifiers of various nature. The
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JUIsST BOAAWHBI AucKomTa (dacThb 1, puc. 4, b) 30H]
OCTaHABJIMBAJICS HA MEHBIIEH Ty6use — A, = 35 HM.
[ToaTomy Ha KCIIEPUMEHTATBHBIX 3aBUCUMOCTSIX U
(h) oxoso TouKH h,,,, TpadUKU He CTAHOBSTCS BEPTU-
KQJIBHBIMU (—©0), a YT 0]l HEKOTOPBIM YTJIOM
y<z/4 (puc. 4, ¢, yactb 1). ITOMY CIIOCOOCTBYIOT U
CUJIBI TPEHUST (He YYUTBHIBAIOTCS B MOJEIN) MEKIY
TIOBEPXHOCTSIMU UHJIEHTOPA U MEMOPAHBL.

Kak cnemnyer n3 rpacdhnkoB Ha puc. 4 1pu 3a/1aH-
HbIX Koaddurmentax a u b sasucumoctu F (z) u u (h),
TIOJTyYEeHHBIE TIPU MOJIETTMPOBAHUN, 3JIEKBATHO OITHCHI-
BaIOT 9TU 3aBUCUMOCTH, TIOJTyYeHHBIE B 9KCIIEPUMEHTE.

3akjaoyeHue
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probe is inserted during the same step of the piezo
scanner Az displacement at different discrete values
Ah, that represent the functions of the membrane
structures. In the domain zones, tension and plasticity
zones appeared under the effect of hemin. Molecular
mechanisms of different types of nonlinear deforma-
tions occurring under the effect of different toxins
were discussed. The results of the study may be of in-
terest both for fundamental researchers of the blood
cell properties and for future studies in translational
reanimatology and rehabilitology.

HOB IIpA ﬂeﬁCTBHI/I reMrHa BOSHUMKaJIM 30HbI HATAXKE-
HIA WU 30HBI INTAaCTUYHOCTU. O6cleI/I]II/I MOJIERYJIAAPDHBIE
MEXaHN3MbI Pa3/IMYHbIX BU/I0B HEJIMHEIHBIX z[eq)opMa-
IlI/IfI, BO3HUKAIOMIUX ITPU HeﬁCTBI/II/I Pa3/INYIHBIX TOKCH-
HOB. PeBy.HI)TaTI)I pa6OTI)I MOTYT IIPEACTaABJIATb UHTE-
pec Kaxk JJisd d)YHlIaMeHTa]IbHI)IX I/ICCJIelIOBaHI/Ifl
CBOWICTB KJIETOK KpOBH, TaK 1 JIsA HpaKTI/ILIeCKOf/,I pea-
HUMAaTOJIOTMH 1 pea6I/I]II/ITO]IOI'I/II/I.
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I'N. I. Lobachevsky Nizhny Novgorod National Research State University,
23 Gagarin Av.,, 603950, GSP-20 Nizhny Novgorod, Russia
2 Nizhny Novgorod State Medical Academy, Ministry of Health of Russia,
10/1 Minin and Pozharsky Sq., 603950, GSP-470 Nizhny Novgorod, Russia
3 Nizhny Novgorod Municipal Clinical Hospital No. 40,
71 Hero Yury Smirnov Str., 603083 Nizhny Novgorod, Russia

Ienb uccnenoBanus. Vsyuenne Mopdosiorum apuTpoIToB 1 CONPSKEHHOCTH MOP(hOJIOTMYECKUX TTIOKa3aTesiei ¢
[POLIECCAMM JIUTIOIIEPOKCUAIINI U COEPKAHUEM OPraHIecKX (hochaToB B 9pUTPOIIUTAX TIPU 00PaBOTKE SPUTPOLIUT-
HOI MacChl Pa3HbIX CPOKOB XPAHEHUST 030HMPOBAHHBIM (DU3UOJIOTMYECKIM PACTBOPOM € KOHIICHTPAIIUEH 030Ha 2 MT/J1.

Marepuassi u Merosbl. VccaenoBaan MophOJIOTHIO 3PUTPOIIUTOB KPOBU YETOBEKA, KOHIICHTPAIUIO B HUX Ma-
goHoBoro muambaeruaa (M/IA), aktusnocTs Katanassl, copepxanne ATD u 2,3audochormumepara (2,3/I1DT) no
u nocJie 06paboTKU SPUTPOLIUTHON MACChl CPOKOM XpaHeHus 7, 14, 21 u 30 cyTOK 030HUPOBaHHBIM (PU3UOJIOTITUE-
CKHM PacTBOPOM C KOHIIEHTPAIMel 030Ha 2 MT'/J1.

PesyabraTel uccaenoBanus. /leiictBue o3oHa (2 Mr/ir) in vitro Ha 3pUTPOLIUTHYIO Maccy 7—21 cyTOK XpaHeHUs
CI10cOOCTBOBAIO BOCCTAHOBJIEHUIO (DOPMbI 9PUTPOLUTOB, yBeanunBaio B Hux cunres ATD u 2,3JDT, ontumusu-
POBAJIO TIPOIIECCHI TEPEKUCHOTO OKUCIeHUs JutnioB. [Ipu cpokax XpaHeHus apuTpoinTHON Macebl 30 CyTOK 030H
He OKa3bIBaJI BBIPAKCHHOTO TTOJIOKUTEIBHOTO BIUSHUS HA U3y4YaeMble [TOKa3aTe Iu.

3axmouenue. O6pabOTKa 3PUTPOIMTHOI MACCHI 030HUPOBAHHBIM (PU3UOJIOINUECKUM PACTBOPOM C KOHIIEHTPA-
1ueit 030Ha 2 MT/J1 BbI3bIBAJIA BOCCTAHOBJICHUE COJICPKAHUS IUCKOIUTOB 32 CUET ONTUMU3AINN TIPOIIECCOB JIUIIO-
IEepoKcu/iaum B MeM6paHax KJIETOK 1 YBeJ/IMYMBa/la CUHTE3 OPraHn4YeCKUuX CI)OCCI)aTOB BCJICICTBUE aKTHBU3aIllUN
[JIMKOJIN3A U IEHTO30-(DOChATHOTO IIYHTA, YTO MOKET OBITh UCIIOJIb30BAHO JIJIs YIyUIlieHUs: MOP(OIOTUYECKOro U
MeTabOJIMYEeCKOro CTaTyCca 3PUTPOLIUTHON MACCHI Iiepejt ee TpaHchysueid.

Knrouesvte cnosa: apumpouumsl; 030H, M0p¢0ﬂ02uﬂ,‘ nepexkucHoe oKucjienue Jzunuaoe; memaborusm

The purpose of the study was to assess the morphology of red blood cells (RBC) and the association of morp-
hological parameters with lipid peroxidation processes and the content of organic phosphates in RBC when treating
packed red blood cells with the ozonized saline solution (with an ozone concentration of 2 mg/1) after different sto-
rage periods.

Materials and methods. The morphology of human RBC, the concentration of malonic dialdehyde (MDA) in
RBC, the catalase activity, the concentration of ATP and 2,3-diphosphoglycerate (2,3-DPG) were studied before
and after treatment of RBC with the ozonized saline (with the ozone concentration of 2 mg/1) after 7, 14, 21 and 30
days of storage.

Results. The effect of ozone (2 ng/1) in vitro on the packed red blood cells after 7-21 days of storage contributed
to the recovery of RBC shape, increased the concentration of ATP and 2,3-DPG, and optimized the lipid peroxida-
tion. Ozone did not demonstrate a pronounced positive effect on these parameters when the packed RBCs were sto-
red for 30 days.
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Conclusion. The treatment of the packed RBCs with the ozonized saline solution (with the ozone concentration
of 2 mg/1) contributed to the recovery of the discocyte count due to optimization of lipid peroxidation processes in
cell membranes and enhanced the synthesis of organic phosphates in cells due to the activation of glycolysis and the
pentose phosphate pathway. This can be used to improve the morphological and metabolic status of the packed RBCs

before their transfusion.

Keywords: red blood cells; ozone; morphology; lipid peroxidation; metabolism
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BBenenue

OnnomomenTHas norepst 30—-50% o6bema 1up-
kyaupytorieit kposu (OIIK) cama 110 cebe 06braHO He
SBJISIETCS HETIOCPEICTBEHHON yIPO30ii 7151 KU3HU, HO
[peBeINaeT HAYAI0 TSIKETbIX OCJI0KHEHH, ¢ KOTO-
PBIMU OPraHU3M CAMOCTOSITEJIbHO CIIPABUTHCS He
mosketT. JIump noreps He 6osee 25% OILK mosxker
OBITH KOMIIEHCHPOBAHA OPraHU3MOM CAMOCTOSITEILHO
3a CYET 3AMUTHO-TIPUCIOCOOUTENHHBIX MEXAHI3MOB.
HauboJiee peiicTBEHHBIM CPENCTBOM, €CJIA KPOBOIIO-
Tepsi 3HAYUTEJIbHA, SIBJISIETCS [IPOBejieHnne Tpancdy-
3UH IPUTPOIUTHON MACCHI K BOCCTAHOBJIEHUE OPram-
HOTO KpoBOTOKa (1epdy3un) IyTeM OCTUKEHUS
Heo6xoaumoro OIIK. Oanum us HakTopoB, KOMIIEH-
CUPYIOIINX TIOCJE/ICTBUS AHEMUH, SIBJSIETCST TAKIKE 1
yBeJsindenue K03 uineHTa yTuan3anu Kucaopoia
TKaHSMU.

OpHaKo U3BECTHO, YTO MPU XPAHEHUU IPUTPO-
IUTHOI MACChI IIPOUCXO/UT YMEHbIIEHE KOHIIEHTPA-
un AT®O u 2,3[]@T B apuTporuTax, yBejiudenme B
HUX cojiep:kanus Kanus u jakrata [ 1-4]. Yepes cyTku
XpaHeHusi YXYAILIAeTCsT KUCIOPOATPAHCIOPTHAS
dyukius apurponutos |5]. Ko 2-it nenene xpanemnust
9PUTPOIMTHON MACCHI OTMEYAELTCS CHUKeH e Jie(op-
MUpyeMocTH 3puTporuTos [6]. IIpu aTom coxpansgio-
IUECS] HPUTPOIUUTE 00OPA3YIOT MUKPOBE3UKYJIBL,
KOTOpbIe cogepsKaT hocharuuICeprH, 4To Croco0-
crByet 0bJierdyeHuIo renepaiuu tpombuna | 7]. Kpome
TOT0, KOHCEPBUPOBAHHbIE IPUTPOIIUTHI TEPSIIOT OCMO-
TUYECKYIO PE3UCTEHTHOCTD, YTO MPUBOJUT K UX Pa3-
PYIIEHUIO U PAa3BUTHUIO «CJIAK-CHHIPOMAa», KOTOPbII
enie B 60JIbllel cTerneny yeyryOJiser nIeMIo TKaHei
[8]. IloaToMy aKTyaIbHBIM ABJISETCS U3yUYEeHUE METO-
JIOB HAIIPABJIEHHBIX HA yJIydllleHre CBOUCTB XPaHsi-
eiicsa KpOBU.

VkazaHHbIE HEJOCTATKU MOTYT ObITh HUBEJIUPO-
Balbl IPUMEHEHUEM IIPENAPATOB BOCCTAHABIIMBAIO-
mux MeMOpaHHbBIE CBOIICTBA SPUTPOIUTOB M YJIyd-
MAINMX  MeTaboJInyecKue IPOIecchl B HUX.
W3BecTHO, 4TO 030HOTEPAIINS IPUBOANUT K yJIydlile-
HUIO PEOJIOTUYECKUX CBOUCTB KPOBHU, ITOBBIIIEHIIO
OT/Ia4¥ OKCUTEMOTJIOOMHA KUCJIOPOJIa TKAHU U YBe-
JINYEHUIO0 CKOPOCTU MUKpoLupKy.isiiiuu. Kpome Toro,
B3aMMO/IEICTBYSI C IBOUHBIMU CBSI3SIMU HEHACHIIIEH-
HBIX JKUPHBIX KUCJIOT 3PUTPOIUTAPHON MeMOPAHBI,
030H TMOBBINIAET ee amacTudHocTh [9]. B pesysbrate
030HOTEpANUy HAOJIOMAETCSI CHUKEHUE KOHI[EHTPa-
[IUU TIPOJYKTOB IIEPEKUCHOTO OKUCJIEHIS JUITHU/IOB B
KPOBU C OJTHOBPEMEHHOI aKTUBaIMell (hepMeHTATUB-

Introduction

Aloss of 30—-50% of the circulating blood volume
(CBV) at once is usually not an immediate threat to
life, but signifies the onset of severe complications the
body can’t cope with. The body can compensate inde-
pendently the loss of only not more than 25% of CBV
due to protective and adaptive mechanisms. Transfu-
sion of packed red cells and recovery of organ blood
flow (perfusion) are the most effective measures in the
case of a great blood loss due to achievement of a re-
quired CBV. The coefficient of the tissue oxygen uti-
lization is also one of factors that compensate the
consequences of anemia.

However, it is known that the storage of packed
red blood cells causes a decrease in the concentration
of ATP and 2,3 DPG in red blood cells and an increase
in the content of potassium and lactate in them [1—4].
The oxygen transport function of red blood cells de-
teriorates within 24 hours of storage [5]. The deforma-
bility of red blood cells decreases by the second week
of storage of the packed red cells [6]. At this, the re-
maining red cells form microvesicles which contain
phosphatidylserine thus facilitating the production of
thrombin [7]. In addition, the packed red cells lose os-
motic resistance, thus leading to their destruction and
the development of the «sludge syndrome» which, in
turn, worsen tissue ischemia [8]. Therefore, it is im-
portant to study methods improving the properties of
the stored blood.

These defects may be corrected by medications
that restore the membrane properties of red blood cells
and improve metabolic processes. It is known that
ozone therapy improves the rheological properties of
blood, increases oxygen release to tissues by oxyhemo-
globin and increases the rate of microcirculation. In ad-
dition, ozone increases the elasticity of the membrane
due to interaction with double bonds of unsaturated
fatty acids [9]. The ozone therapy reduces the concen-
tration of lipid peroxidation products in the blood and
activates enzymes of the antioxidant defense [10]. Ear-
lier, we found out that the concentration of ozone of 2
mg/l is most effective in increasing of the ATP and 2,3
DPG concentration in red blood cells after treatment
of packed red cells with ozonized saline (ozone concen-
tration of 0.5-15 mg/L) [11]. In turn, energy processes
mediate the functional activity of cells and the modifi-
cation of their membrane properties [12]. Meanwhile,
the effect of ozone on the structural parameters of ery-
throcyte membranes after different storage periods,
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Experimental Studies

HOTO 3BeHa aHTUOKcHIaHTHOM 3anmuThl [ 10]. Panee mbr
BBISIBUJIM, YTO MIPU 00pabOTKE SPUTPOIIUTHON MACCHI
030HMPOBAHHBIM (PU3NOJIOTUYECKIM PACTBOPOM (KOH-
nenTpauuu o3ona 0,5—15 mMr/in) Hanbobimii ahdexT
na ysesuuenue cogepxkanus AT® u 2,3/1DT B aput-
pOIMTax OKa3bIBAET KOHIIEHTpaIus o3onua 2 mr/i [11].
B cBoio ouepesb, aHEPTETUYECKUE TIPOIIECCHI OTIOCPE-
IyI0T GYHKIIMOHAIBHYIO aKTUBHOCTD KJIETOK M MOJIU-
dbukaiuio ux MeMOpaHHbIX cBoiicTs [12]. Mexmy Tem
CTPYKTYPHBIE MOKaszaTeJau MeMOpaH apUTPOIUTOB,
KOTOPBIE OTPEAESAIOT GUOJOTHYECKYIO MOJHOIEH-
HOCTb KOHCEPBUPOBAHHOI KDPOBHU, HPH IeiCTBUU
030HA HA IPUTPOIUTHYIO MACCY PA3JUUYHBIX CPOKOB
XpaHeHUsI He UCCJIe[OBAIIH.

[lesb paboThl — u3yverue MopgoIOrun apPUTPO-
IIUTOB U CONPS)KEHHOCTH MOP(OJIOrUIeCKUX M0Ka3a-
TeJIell ¢ MPOoIeccaMu JIUTOTIEPOKCHIAIII U COIEPIKa-
HUEeM opraHnveckux (ocdaroB B apUTPOIUTAX IPU
06paboTKe HPUTPOITUTHON MACCHI PA3HBIX CPOKOB Xpa-
HEHUsT 030HUPOBAHHBIM (DU3UOTIOTUIECKUM PACTBO-
POM C KOHIIEHTPAIMel 030Ha 2 MT /L.

MaTepI/IaJI U METO/1bl

OObEKTOM HCCIIEIOBAHNS CITYKIIIA CTAOMIM3UPOBAH-
nast remokoncepantom [LIM/IA (Harpus iurpar + Jlumon-
Hag kuciora + Hatpust aguruapodocdar + [lekcrposa +
Anennn) B cootHomeHNN 1:4 apUTPOIUTHAS Macca KPOBH
JesioBeKa. JJOHOPCKYIO KPOBb MOJIyYaInd Ha CTAHIUH Tiepe-
JIMBAHW KPOBH. 3aroTOBKY KPOBH U MOJTy4YeHIe U3 Hee KOM-
TTOHEHTOB MPOMU3BO/INIIN B COOTBETCTBHHU ¢ «VIHCTpyKIMeit
110 3aTOTOBKE 1 KOHCEPBUPOBAHUIO KPOBU», YTBEPKACHHOI
M3 PO 29.05.99. OpurporuTHas Macca XpaHuiach npu t
4°C 7,14, 21 n 30 cyToxk.

B xone nccnenoBannsa copmuponanu 2 cepun: 1-s
cepysi — 9PUTPOIUTHYIO Maccy (2 MJI) CMEITHBAJIH C 030HH-
POBAHHBIM PacTBOPOM Hatpus xyropuza 0,9% B 9KBUBAJIEHT-
HOM 00beMe, COJePIKANIM KOHI[EHTPAIMIO 030HA 2 MT/JL.
2-51 cepust (KOHTPOJIb) — 9PUTPOIUTHYIO Maccy (2 MJT) cMe-
MIMBAJIH ¢ pacTBOPOM HaTpust xropuza 0,9% B 9KBUBAJIEHT-
HOM oObeme. B kaxoii cepuu 6bL10 1poBeseHo 12 npoo.
OsonnpoBanue HrU3NOJOrHIECKOT0 PACTBOPA TPOU3BOIIIN
Ha YCTaHOBKE 030HATOPHOII TepareBTIHYeCKOi aBToMaTHye-
ckoit YOTA-60-01-»Menozon» (Poccust). Yeranoska naro-
ToBneHa B coorBerctBun ¢ TV 9444-001-11441871-97 u
MOJKET GBITh UCTOIB30BAHA B MEIMITMHCKUX YUPEKACHUSIX.
OsonnpoBaHue HrU3NOJOrHIECKOT0 PACTBOPA TPONU3BOIIIN
HETIOCPE/ICTBEHHO TepeJ CMEINBAHIEM €T0 € 9PUTPOIUT-
HOI Maccoil n dyepe3 60 MUH mccaenoBagIn MOPGHOIOTHIO
HPUTPOILUTOB, KOHIIEHTPAIINIO B HUX MAJIOHOBOTO /IHAJIb/le-
ruga (M/IA), akTuBHOCTD KaTtasiasbl, KoHieHTpaiuio ATO
u 2,3]1OT. YpoBenb GU3HOTOrMYECKO HOPMBI HCCIIELye-
MBIX IIOKa3aTeJsieil oIpeesisiyii B 9PUTPOIMTHON Macce B
JIeHb ee 3aTOTOBJIEHUST, IPOBO/IS1 I3MePEHIe TToKa3aTeeil B
12-u npoGax.

Anasms MophOJIOTHH PUTPOIUTOB TIPOBO/INIIN B Ma3-
KaxX KPOBH MeTOJIOM CBeTOBOI Mukpockomnuu [ 13]. Konrent-
pariio M/IA ompenessiig o peakiiy ¢ THo6apOuTypoBoit
kucaoroit [14]. IlmoTHOCTE OKpacK TPUMETHHOBOTO KOM-
rrekca perucrpuposaiy npu 530 uu. [ist pacyera KOHIIEHT-
partun M/IA wucnomp3oBamy K09G@UIMEHT MOJSPHON
axcTuHIMN E=1,5610°"M-lcm™t. AKTUBHOCTD KaTasla3bl aHA-
JIM3MPOBAJIN 110 CHUKEHUIO Nepokenaa B npobe [15]. Visme-

which determine the biological adequacy of the pooled
blood, has not been studied.

The purpose of the study was to assess the mor-
phology of red blood cells and the association of mor-
phological parameters with lipid peroxidation
processes and the content of organic phosphates in red
blood cells when treating packed red blood cells with
the ozonized saline solution (with an ozone concen-
tration of 2 mg/1) after different storage periods.

Materials and Methods

Packed human red blood cells stabilized with a blood
preservative CPDA (sodium citrate + citric acid + sodium
dihydrogen phosphate + dextrose + adenine) at a ratio of 1:
4 was the study object. The donor blood was taken at the
blood transfusion station. The blood collection and produc-
tion of its derivatives were carried out in accordance with
«The Guidelines for the purveyance and preservation of
blood» approved by the Ministry of Health of the Russian
Federation on 29.05.99. The packed red blood cells were
stored at t 4°C for 7, 14, 21 and 30 days.

During the study, 2 batches were formed: batch 1 —
packed red blood cells (2 ml) was mixed with an equivalent
volume of an ozonized 0.9% sodium chloride solution with
an ozone concentration of 2 mg/l; batch 2 (reference) —
packed red blood cells (2 ml) mixed with an equivalent vol-
ume of an 0.9% sodium chloride solution. In each batch, 12
samples were taken. The saline solution was ozonized using
and ozonizing therapeutic automatic device UOTA-60-01-
Medozon (Russia). The device was manufactured in accor-
dance with TU 9444-001-11441871-97 and could be used in
healthcare institutions. Ozonization of the saline was per-
formed immediately before mixing it with the packed red
blood cells. The morphology of red blood cells, the malonic
dialdehyde concentration (MDA), the catalase activity, and
the concentration of ATP and 2,3 DPG were examined 60
minutes later. The physiological normal limits of the tested
parameters were determined in the packed red blood cells
on the day of the preparation. Measurements were per-
formed in 12 samples.

The analysis of the morphology of red blood cells was
carried out in blood smears using light microscopy [13]. The
MDA concentration was determined by the reaction with
thiobarbituric acid [14]. The color density of the trimethyl-
ene complex was registered at 530 nm. The molar extinction
coefficient E = 1.56+10°M-lem™ was used to calculate the
concentration of MDA. The catalase activity was analyzed
based on a decrease in the peroxide concentration in the
sample [15]. The measurements were carried out spec-
trophotometrically immediately after the H,O, was intro-
duced into the cuvette and 20 seconds after the introduction
at a wavelength of 240 nm. The catalase activity (A) was cal-
culated using the formula: A = (Ig E,/E, X 120000) / Hb
(uM H,0, / mgHb X min), where E,, E, is the extinction of
the test sample immediately and 20 sec after the introduc-
tion of H,O,; Hb is the hemoglobin level. The content of 2,3-
DPG and ATP in a suspension of washed red blood cells was
studied by a non-enzymatic method. The inorganic phos-
phorus level was determined in the RBC hydrolysates by
photoelectric colorimetry. Washed RBCs (1 ml) were he-
molyzed with cold distilled water (2 ml) over 20 min, pro-
teins were precipitated with 12% TCA (2 volumes), and the
precipitate was separated by centrifugation at 3000 rpm for
15 min. The supernatant was filtered through a paper filter.
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PEHNST TIPOBOJUIIN CIIEKTPOGOTOMETPHYECKN CPa3y TOCIe
BHecenns H,O, B kioBeTy 11 gepe3 2() ceKyH/I TTOC/ie BHECEHIS
nipu jutnHe BosHbI 240 HM. AKTHBHOCTD Katanmassl (A) pac-
cunteiBasin 1o Gopmyae: A= (Ig E,;/E, X 120000)/ Hb
(mxmose HyO, / munXmr Hb), rne E, E, — akcTunumsa
OIBITHON TIPOGBI cpasdy u uepe3 20 cek. MocJjie BHECEHUSI
H,0,; Hb — konmuectso remorsiobuna. Coxepkanue 2,3-
JIOT u ATO B cycrieH3un OTMBITBIX PUTPOIIUTOB UCCIIE/I0-
BaJl  HEIH3MMATHUECKUM METOJIOM, oTIpesesis
Heopranndeckuii pocdop (PH) B rumponmsarax sputpoim-
ToB (OTOaTEKTPOKATOPUMETpHYeCK. OTMBITbIE dPUTPO-
TIATHI ¢! MJT) TeMOJIU3TPOBAIN XOJIOTHOM
JMCTUILIMPOBAHHON BoAoIt (2 Mu1) B Teuerne 20 MuH, Gesiku
ocaknanu 12% TXY (2 obbema), a 0caiok OTAEJSIIN 1eH-
tpudyruposarueM npu 3000 06/MuH B Teyerne 15 MuH. ¢
TIOCTIeAYIOMMM (DUIBTPOBAHNEM HAJIOCATOUHON KUAKOCTH
yepes OyMakHbIN ussTp. TXY umbsrpar reMosnsnpoBan-
HBIX 9PUTPOIUTOB MCHOIB30BaH /17T onpenesenus ATO u
2,3-J1DT. ITpu onpenenenun ATD k 1 man TXY dunbrpara
nobasuin 1 ma 2H HCl v nipoBoaniu rtuaposins B Kumsiei
BOZISTHOI GaHe 7 MUH. € MOCTE/YOTINM OXJTasKICHUEM U Heli-
Tpanusanmeil papabiM o6bemMom 2H NaOH. Onpesesisiiu He-
opranndecknii hocdop (Pr), B coctas koToporo Bxoaumn P,
ormenuinuiics or AT® nocse ruaposnsa, u PH 10 tuapo-
smsa [16]. s onpenenenust 2,3 DT uz TXY dunsrpara
TeMOJIM3UPOBAHHBIX APUTPOIUTOB YAAIAIN HYKIEOTU/IBI
(ATO®, AID, AM®D) mytem agcopOIUn Ha aKTUBUPOBAH-
HOM YTJI€ C TIOCTIeAYOINM IeHTprudyrupoBanueM. B cymnep-
naranre (0,5 mu) onpexnensin Pul (pobupka 1). Hactb
TXY ¢uasrpara (0,5 MJT) oABEpPrair 030JeHUI0, 100aBIsIs
0,5 Mt 5% pacTBOpa HUTpATa MAarHUsl, KUMSITUJINA U TOCJIE
OXJIKIIEHNST COIEPIKUMOE TTPOOUPKH pacTBOPsin B 0,5 MII
0,36N H,SO,. B 0,5 mut cynepuaranta namepsiiu Pu2 (mpo-
6upka 2). Oupeaensin PH B Ka10i 1poOKUpKe, PerucTpu-
PYy$I IVIOTHOCTH OKPACKH Ha (hoTOMETPE (DOTOIIEKTPHIECKOM
KOK-3 (A=660 1wm). Kontnenrpanuio Pu ompenesisiyim 1o Ka-
JNGPOBOYHOI KPUBOM, UCIOJIb3Ysl CTAHAAPTHBIA PacTBOP
KH,PO,. Pacuer koumnenrpanun 2,3/JMT npoBomamiu 1mo
dbopmyse (Pu1 X 100 — Pu2 X 10) / 2 [17].

IMTocse mokazaTeqbCTBA MPUHAMIEKHOCTH IKCIIEPHU-
MEHTAJIBHBIX TAHHBIX K HOPMAJIBHOMY DACTIPEIETIEHHIO C UC-
nosab3oBanueM kpurtepus Illanupo-Yuika onpepensnn
3HAYEHWST CPEHUX apUDMETUIECKUX U CTAHAAPTHBIX OTITH-
60k cpenHux. /[yt cpaBHEHUs IBYX MOATPYII UCIIOJIbB30-
Baun t-kpurepuii CTplosieHTa.

Pe3ybrarhl 1 00Cy:KIeHHE

B xoje mpoBemeHHOTO HCCAeOBaHIS Oblia
BBISIBJICHA 3HAUNMAsI CIIOCOGHOCTh 030HA BJIUATH Ha
COOTHOTIIEHHE TATOJIOTUIECKIX (hOPM IPUTPOIIUTOB U
JINCKOTIUTOB ~ KOHCEPBUPOBAHHOW  3PUTPOIUTHON
MAacCChI B ITOJIb3Y MOCJEIHUX Ha BCEX CPOKAX XPAHEHUS
(tabir. 1). Ecom Ha 7-¢ CyTKM B 9PUTPOIUTCOAEPIKAIIIEH
cpeie TIPEBATUPOBAIN JIBOSTKOBOTHYTBIE TUCKOTIUTHI,
10 4epe3 30 CyTOoK XpaHeHns B Hell HabIomamoch 6ob-
Tree KOJIMIeCTBO 9XUHOMUTOB 1 cheportnToB. M cmoms-
30BaHWE O030HA BOCCTAHABJIWBAJIO TATOJIOTHUECKU
HU3MeHeHHbIE (POPMBI HPUTPOIIUTOB, HauboJIee BhIpa-
JKEHO ITO TPOSIBIIATIOCH TpH 06paboTKe 030HUPOBAH-
HBIM (PUBMOJIOTHIECKUM PACTBOPOM 3PUTPOITUTHOM
MAacChI ¢ 7-X TI0 21-€ CyTKU ee XpaHeHus.

OzoHnpoBaHue 3pPUTPOIUTHON MacChl Ha 9Tarle 7-
CYTOYHOTO €€ XPaHEeHUS BBI3BIBAJIO POCT CO/IEPKAHUS

ATP and 2,3 DPG were detected in the filtrate of hemolyzed
RBC. While determining ATP, 1 mL of 2N HCI was added
to 1 mL of TCA filtrate and hydrolysis was carried out in a
boiling water bath for 7 min followed by cooling and neu-
tralization with an equal volume of 2N NaOH. Inorganic
phosphorus (IP) was determined before and after hydrolysis
[16]. To determine 2,3 DPG, nucleotides (ATP, ADP, AMP)
were removed from the TCA filtrate of hemolyzed RBC by
adsorption on the activated charcoal followed by centrifu-
gation. In the supernatant (0.5 ml), IP (tube 1) was deter-
mined. A portion of the TCA filtrate (0.5 mL) was mixed
with 0.5 ml of 5% magnesium nitrate solution, then it was
boiled and cooled, then the contents of the tube were dis-
solved in 0.5 mL of 0.36N H,SO,. In 0.5 ml of the super-
natant, IP concentration was measured (tube 2) in each tube
by measuring the color density with the KFK-3 photometer
(A=660 nm). The concentration of PI was determined by
means of a calibration curve using a standard KH,PO, so-
lution. Calculation of the concentration of 2,3 DPG was car-
ried out according to the formula (P1 X 100 — P2 X 10) / 2,
where P1 is PI concentartion in tube 1 and P2 — concentra-
tion in tube 2 [17].

Mean arithmetic and standard errors of the mean were
determined after proving that the experimental data belong
to the normal distribution using the Shapiro-Wilk test. The
t-test was used to compare the significance of difference be-
tween two subgroups.

Results and Discussion

A significant ability of ozone to influence the
ratio of abnormal forms of RBCs and discocytes of the
packed red blood cells with the increase of the latter at
all storage times was found during the study (table 1).
Biconvex discocytes were prevalent in the RBC-con-
taining medium on the 7" day of the storage, whereas
echinocytes and spherocytes count increased after 30
days of storage. Ozone restored pathologically altered
forms of red blood cells. The restoration was most pro-
nounced when packed red blood cells were treated
with an ozonized saline solution from the 7* to the 21*
day of storage.

Discocyte count increased from 60.5+1.97% to
97.4%2.97%, and the echinocytes and spherocytes
count significantly decreased during ozonation of the
packed red blood cells during the 7-day storage period
(table 1) as compared to RBCs without treatment
with ozone (fig.1).

The discocyte count decreased due to an increase
in the pool of echinocytes of various forms on the 14
day of storage of the packed red blood cells. The num-
ber of echinocytes increased and the number of discs
decreased by 18.9% (P<0.05) and 13.4% (P<0.05) re-
spectively. The data obtained are comparable with re-
sults of other authors who observed a specific change
in the erythrocyte membrane nanostructure by 9—12
days of storage and the formation of structural clusters
that triggered the formation of echinocytes [18].
Ozonization of the packed red blood cells at this stage
significantly changed the pattern of poikilocytosis al-
most completely recovering the RBC pool to the char-
acteristics observed after 7 days of storage (fig. 1, b).
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Ta6mma 1. Mopdoaoruueckas XapakTepuCTUKa NOMKHUIONUTO3a KOHCEPBUPOBAHHBIX 9PUTPOLHUTOB MOCJIE 06paboTKH
030HHPOBAHHBIM U CTAHAAPTHBIM (PU3HOTOTHYECKHUM PACTBOPOM.
Table 1. Morphological characteristics of poikilocytosis of packed RBC after their treatment with ozonized and stan-

dard saline.

Indexes in series, %

Values of indexes on the day of storage

Day 7 Day 14 Day 21 Day 30

Discocytes

Baseline 60.5£1.97 52.4+1.5012 27.9+1.2812 14.3+2.3212

i 97.4+2.9771 90.1+1,7712%4 88.4+1.95%1 49.3%1.261257

2 63.6+0.94 53.1+£2.0712 32.2+1.53'%3 12.0£1.85'2
Echinocytes

Baseline 29.7+2.01 36.6+1.88!2 59.1£1.6512 70.6£2.73

1 2.5+0.66%1 3.9+1.3734 7.6+1.45'234 41.4+1.591234

2 27.3+1.14 35.1+1.55!2 58.2+1.9812 76.5+2.26!23
Spherocytes

Baseline 9.1+1.21 10.7£1.48 11.3£1.42 14.6+£1.33!2

1 0.1+0.01734 5.7+0.89!234 4.3+0.7734 11.6+0.72123

2 8.8+0.54 11.2+1.23 7.6+1.03%° 12.4+1.3612
Note . P<0.05, significant differences: ! — vs 7th days of storage; ? — vs the previous storage period; ® — vs the baseline during the study;

4 — vs the packed RBC with saline during the study.

IIpumeuvanue. /s tabu. 1, 2: Indexes in series — nokasaresu B cepusix; Values of ... on the day of storage — snauenus ... Ha jeHb xpa-
Henus; Baseline — nexoanast apurpomacca; Discocytes — auckormtsl; Echinocytes — axunormrer; Spherocytes — cheporursr. 3naunmbie
pasurrdust ipu p<0,05 oTHOCHTENBHO: | — 7-X CYTOK XPaHEHHsT; > —IIPEBIAYINETO CPOKA XPAHEHNUST; ® — MCXOHOTO [OKA3aTe ST Ha ITare
uccsesoBanus; * — apuTpomMaccst ¢ GU3NOTOTHYECKUM PACTBOPOM Ha dTalle NCCIeTOBAHUS.

auckonutos ¢ 60,5+1,97% 10 97,4+2,97% (tabu. 1) upu
3HAYUTEJLHOM YMEHBIIEHUN KOJIMYeCTBA IXUHOIUTOB
1 ¢epOLUTOB OTHOCUTEIBHO IPUTPOMACCHL 6e3 0Opa-
6orku ozonoM (puc. 1, a).

Ha 14-e cyTku XpaneHnus: 5puUTPOIUTHON MaCCh
KOJINYECTBO IUCKOIITOB CHUYKATIOCH 32 CUET yBeJInye-
HUS [TyJIa 9XUHOIUTOB Pasindnbix hopm. VIx otHoCH-
TeJbHBIN TPUPOCT U CHUKEHUE [[0JIU JUCKOIUTOB
cocraBua B cpennem 189% (p<0,05) u 13,4%
(p<0,05) coorBercTBeHHO. [loyueHHbIE mTaHHBIE
COYeTAIOTCS C Pe3yJIbTaTaMU JIPYTUX aBTOPOB, KOTO-
pbie orMevaioT kK 9—12 cyTkam xpanenus crienuduye-
CKOE U3MEHEHUEe HAHOCTPYKTYPbI MEMOPaHbI 3PUTPO-
UTOB, 00pa3oBaHWe CTPYKTYPHBIX KJACTEPOB,
KOTODbI€e SIBJISIOTCSI TyCKOBBIM MeXaHU3MOM (hOpMHU-
poBauus sxuHoUTOB [18]. O30HUpOBaHUE APUTPO-
MacCChl HA JAHHOM 9Talle 3HAYUTETbHO UBMEHSIIO Kap-
TUHY TOUKUJIOINTO3a, IPAKTUYECKI BOCCTAHABIUBAS
SPUTPOLUTHBIN ITYJI K XapaKTepPUCTUKAM 7 CYyTOYHOTO
cpoka xpanenus (puc. 1, b).

21-e cyTKM XpaHeHUs IPUTPOIUTHON Macchl —
HOrPAHUYHBIN CPOK B BO3MOXKHOCTHU IIpeaTpaHcdy-
3MOHHON peabINTAIl KOHCEPBUPOBAHHBIX 9PUTPO-
uTOoB 030HOM. Ha aToM araiie orMeyeHo 3HAYUTE -
Hoe (¢ 36,6 no 59,1%) (p<0,05) yBenuuenue
KoJiyecTBa sXuHouToB (Tabu. 1, puc. 1, ¢). OxHako,
nocsie 06paboTKM 030HA HPUTPOIMTHON MACChI HTOTO
CpoKa XpaHeHusi MOP(OJOTUYECKUIT COCTAB TPAHC-
bopmuposascs no auckoruTos Ha 67,0%.

K 30-m cyrkam xpaHeHusi SpuUTPOIIMTHON MACChI
HapsIy C TAJbHENIITIM POCTOM 9XUHOITUTAPHOI TPaHC-
(opmaruu, yBesimunBasioch KOJIM4eCcTBa ChepoIuTOB.
Kpowme Toro, Habmoaach arperaiusi 3puTpOIUTOB
(puc. 1, d). VccaenoBanus, IOCBAIIEHHBIE PEOJIOTUN
KPOBU IOYEPKUBAIOT, UTO TIE€PETUBAHNE IPUTPOIIUT-
HOU MacChl MTO3/IHUX CPOKOB XPAHEHUsI COIIPOBOK/IA-

The 21% day of the storage of the packed red
blood cells is a threshold in the ability of ozone to
restore of packed RBC before the transfusion. A sig-
nificant increase in the echinocyte count was regis-
tered (from 36.6% to 59.1%) (P<0.05) at this stage
(table 1, fig. 1, ¢). However, the morphological com-
position was transformed to discocytes (by 67.0%)
after treatment of the packed RBC with ozone dur-
ing this storage period.

By the 30™ day of storage of the packed RBC,
along with a further growth of the echinocyte transfor-
mation, the spherocyte count also increased. In addi-
tion, erythrocyte aggregation was observed (fig. 1, d).
Studies of blood rheology emphasize that transfusion
of packed RBC of late storage periods is associated
with a great number of complications and worse clini-
cal outcomes which may be explained by incapability
of spherocytes to the transcapillary transport, as well
as micro-clots and sludge obstruction of capillaries
[19]. Ozone was ineffective on day 30 as compared to
previous study dates: there was an increase in morpho-
logically transformed RBC to echinocytes and sphero-
cytes in the packed RBC.

It is known that hydrogen peroxide is one of
echinocyte agents [20]. In addition, the formation of
echinocytes and spheroechinocytes is associated with
the emergence of hemin during the oxidative processes
[19], leading to the dissociation of the spectrin-protein
4.1 — protein 3 [22]. Transformation into the sphero-
cyte which is considered a prehemolytic form of a RBC
is possible with an increase in the lysophosphatidyl-
choline level [23]. Therefore, the morphological
changes in RBC during the storage and under the ef-
fect of ozone are most likely determined by a change in
the ratio of pro- and antioxidant processes in red blood
cells. This statement is confirmed by our study. A study
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Mopddoiornyeckas CTpyKTypa 9pUTPOLHTOB Ha Pa3HBIX CPOKAX XPAHEHHS 9PUTPOLMTHOI MaCChI.

Morphological structure of erythrocytes after different storage periods of packed red cells.

Note. A hematoxylin-eosin stained smear of packed red cells diluted at a ratio of 1: 1 with NaCl 0.9% (right) and diluted at a ratio of 1:1
ozonized NaCl 0.9% with the ozone concentration of 2 mg/L (left). Magnification X 1000.

IIpumeyanue. OKpanieHHbId reMaTOKCUINH-903UHOM Ma30K KOHCEPBUPOBAHHON 9pUTPOIUTHOI Macchl, passeaernoi NaCl 0,9% B coot-
Homrennu 1:1 (cripasa) u passeennoil o3onnposantbiM NaCl 0,9% B coorrommenun 1:1 ¢ koHIeHTpaieit 030Ha 2 Mr/Jt (cJieBa). YBesnde-
rue X1000.
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ercst GOJIBIIUM KOJIMYECTBOM OCIIOKHEHUH U XYM
KJIMHIYECKUM PE3YJIBTATOM, YTO OOBSCHSIETCS HECIIO-
COOHOCTBIO  ChEpPOIUTOB K  TPAHCKATMJLISIPHOMY
TPAHCIIOPTY, & TaKKe MUKPOCI'YCTKOBBIM, CJIJI>KEBBIM
6JIOKMpOBaHeM KanujuisspHoro pycaa [19]. Memosib-
30BaHue 030Ha ObLI0 Ma03(h(hEKTUBHO, TI0 CpaBHe-
HUIO C IIPEABILY UMY CPOKAMU MCCIIE0BAHMIL: B 9PUT-
POLIMTHON Macce PperucTpupoBAJIOCH YBeJUYeHHE
Mopdosorudeckn TpancHOPMUPOBAHHBIX PUTPOILIH-
TOB /IO XUHO — U ¢(hepo1nuToB.

W3BecTHO, 4YTO 9XMHOIMTAPHBIM areHTOM
SBJISIETCSI, B YaCTHOCTH, TepeKkuch Bojpopoaa [20].
Kpowme Toro, popmupoBanue aXxuHOIUTOB U chepoa-
XMHOIUTOB CBS3AHO C MOSBJIECHIEM TeMIHA IIPU OKKC-
JIUTEJIbHBIX IIpoleccax [21], mpuBosIux K pasobiie-
HUIO cnekTpuHa — Oenka m.4.1 — Genxa m.3 [22].
Tpancdopmarust B ccheporut, KOTOpbIil paccMaTpuBa-
eTcs Kak IpejareMoauTnyeckasd hopma spuTpoIuTa,
BO3MOXKHA IIPU yBeJMYEeHUU coziepskanus gusodocda-
tupniaxoauna [23]. Takum o6pasom, MopdoJiorude-
CKMe U3MEHEHUS IPUTPOIUTOB IIPU XPAaHEHUH U IIPU
JIeICTBUM 030H3, 110 BCEll BUAMMOCTH, OTIPE/IEISIOTCS
M3MeHeHUeM COOTHONIEHNS IIPO- U aHTUOKCHIAHTHBIX
IIPOIecCcOB B apuTpoluTax. Jlannoe mososxkenue moj-
TBEpIKJaeT U IIPOBeleHHOe HaMU HccieioBanue. Tax,
B XO/I€ U3y4YEHUSI OKMCIUTEIbHBIX ITPOIECCOB B APUT-
POLIUTAX BBISBJIEHO, UTO C yBeJIUYEHHEM CPOKOB Xpa-
HEHVSI 9PUTPOIUTHON MacChl HABJIIOIaIach MHTEHCH-
dukaius npoueccos I1OJI (tabu. 2). KonuenTtpars
M/IA B spuTponuTax Bospacrana 6ojee ueM B 2 pasa
K 21-M cyTKaM XpaHeHUs, TOT/Ia KaK aKTUBHOCTH KaTa-
JIa3bl, HAIIPOTUB, CHUKAJIACH HA JIAHHOM 9Talle KOHT-
poJibHOrO Bpemenu. Vcriosib3oBanne 030Ha U3MEHSIO
GajaHC TPO- U AHTUOKCUIAHTHBIX MPOIECCOB, YTO
IPOSABJIANIOCh B CHUXKeHUM KoHUeHTparun MJIA u
yBeJUYeHUN aKTUBHOCTU KaTasa3bl B Teyenue 21-x
CYTOK XpaHEeHUs 9PUTPOIUTHON MacChl OTHOCUTEJILHO
koHTpoJsibHOM cepuu. K 30-M cyTkam cocrosinue mmpo-
U AaHTUOKCHUJAHTHBIX CUCTEM IIPU JEeHCTBUHU 030HA
pUOINKATOCH K 3HAYEHUSAM KOHTPOJIS.

[Tosryyennble pe3yJibraTbl CBUAETEILCTBYIOT, UTO
110 Mepe YBeJIMYeHHS CPOKa XPaHEHUs SPUTPOIIUTHOM
MacChl B 9PUTPOIMUTAX YCUIUBAIOTCS IIPOIIECCHI JIUII0-
MEPOKUCAALINHU, COIPSAKEHHDIE ¢ TIOABJICHUEM 9XUHO-
1uToB U cheporToB. Mopdosiorudeckue n3MeHEeHMsT
HPUTPOIUTOB MOTYT ObITH 0GYCJIOBIIEHBI MOM(DUKAIN-
eif, KaK JIMIUIAHOM, TaK 1 OEJIKOBOI YacTH dPUTPOLIH-
TapHBIX MeMOPaH, HAPUMED, 32 CYET JAECTPYKITUH yda-
CTKOB GUCJII0sT, 060TAIEHHBIX IBOWHBIME CBSA3AMMU MPH
AKTUBAIMY MEPEKUCHOTO OKUCJIEHUS JUTUA0B [24],
Jm60 crmBKamMu GEJIKOB, 06PasyIONIUXCsT TOCPEACTBOM
M/IA [25]. B pesysbrate usMeHeHHUsI XapaKTepa
JNA-6EJIKOBBIX B3aUMOICHCTBUIT B MEMOpaHe SpuT-
POIMTA IPOUCXOUT HAPYIIIEHNE CIIeIIMPUYECKIX MEM-
GpaHO-acCOIMUPOBAHHBIX MTPOIECCOB, B TOM YKCJIE 1
Tpancropra noHos [26]. Hakorienue B KjleTkax MIOHOB
Ca2+ npuBOANUT K aKTUBAI[MK MEMOPAHOCBA3AHHBIX
ocosmriaz, uto nowwiIaeT TpaHcaoKaIuio dhocdaru-
JIMJICEPUHA Ha BHEIIHIO MOBEPXHOCTH MEMOPAHbI 1

of oxidative processes in RBC demonstrated that lipid
peroxidation intensified with an increase in the time of
storage of the packed RBC (table 2). The MDA con-
centration in red blood cells increased by more than
twice by the 21 day of storage, whereas the catalase
activity decreased at this stage. The use of ozone
changed the balance of pro- and antioxidant processes:
the MDA concentration decreased and the catalase ac-
tivity increased during 21 days of storage of the packed
RBC vs. the reference batch. By the 30™ day, the state
of pro- and antioxidant systems under the effect of
ozone was approaching the reference values.

The obtained results indicate that lipid peroxida-
tion processes and the emergence of echinocytes and
spherocytes increase with the increase of the storage
time of the packed RBC. Morphological changes in
RBC can be caused by modification of both lipid and
protein components of erythrocyte membranes, for ex-
ample, by destruction of bilayer sites enriched by dou-
ble bonds upon activation of lipid peroxidation [24] or
by cross-linking of proteins formed by MDA [25]. The
change in lipid-protein interactions in the erythrocyte
membrane disrupts specific membrane-associated
processes, including ion transport [26]. Upon accumu-
lation of Ca?* ions in the cells, membrane-associated
phospholipases are activated, thus enhancing the phos-
phatidyl serine translocation to the outer surface of the
membrane and formation of echinocytes [27]. Changes
in the shape of cells and oxidative damage to erythro-
cyte membranes adversely affect the viscoelastic prop-
erties of membranes and increases erythrocyte
aggregation, which is a negative factor in transfusion
of the erythrocytic mass [28].

Treatment of the packed red blood cells with
ozone determines the optimization of pro- and antiox-
idant systems of red blood cells, which may be ex-
plained by the direct effect of ozone on the cells. In
response to the introduction of ozone in red blood cells,
ozonide cells are formed in the lipid bilayer membranes
[29]. Ozonolysis of the erythrocyte cell membrane
leads to the formation of hydroxy-hydroperoxides
through the cleavage of chains of unsaturated fatty
acids. Hydroxy-hydroperoxides trigger different com-
ponents of the antioxidant protection system [30]. The
activation of antioxidant systems restores the processes
of peroxidation [31].

It should be noted that the shift of the oxidation-
reduction effect of ozone leads to the accumulation of
oxidized glutathione [32], and, consequently, to the
activation of the glucose-phosphate shunt and changes
in the metabolic state of cells. In our experiments, it
was found that the ozonization of the packed RBC
caused an increase in the concentration of ATP and
2.3 DPG after 21 days of storage, while treatment of
the packed red blood cells storred for 30 days with an
ozonized saline was not accompanied by a statistically
significant change in the concentration of ATP and 2,3
DPG in red blood cells (table 2). The observed effects
of ozone on the content of the above phosphates in
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Taﬁmma 2. MeTaGoanyecKue oKa3aTean KOHCEPBHPOBAHHBIX IPUTPOIUTOB MOCIE 06pa60T}<n O30HUPOBAHHBbIM U CTaH-

JapTHBIM (PU3NOJIOTHYECKHM PACTBOPOM.

Table 2. Metabolic parameters of packed RBC after treatment with ozonized and standard saline.

Indexes in series, %

Values of indexes on the day of storage

Day 7 Day 14 Day 21 Day 30

MDA, nM/ml

Baseline 1.15+0.04 1.33+0.18 2.35+0.07!23 2.57+0.08'23

1 0.96+0.07* 0.89+0.06> 1.18+0.081245 2.13+0.0612345

2 1.13+0.09 1.30£0.13 2.40+0.09'23 2.41+0.08'3
Catalase, pM H,0,/mgHbXmin

Baseline 37.26£3.08° 35.20+1.29%3 30.61£1.81123 24.81+2.85!23

1 93.99+1.81345 44.22+1.8112345 35.59+1.4812345 26.57+1.331235

2 35.80£1.07° 33.06+2.22%3 29.27+1.8513 22.72+2.55123
ATP, uM P/mlXcells

Baseline 0.90+0.11 0.79£0.11° 0.60+0.1213 0.50+0.1213

1 1.12+0.09° 1.07+0.13%° 1.05+0.10%° 0.49+0.11123

2 0.86%0.12 0.75%0.10° 0.54+0.10'23 0.46+0.15'3
2,3 DFG pM P/mlXcells

Baseline 2.15+0.18° 2.20+0.16% 1.80+0.16123 1.760.16'°

1 3.54+0.11%° 2.97+0.13!2345 2.06+0.16'23 1.90+0.2013

2 2.07x0.16° 2.17£0.14° 1.73+0.15'23 1.69+0.18'3

Note. The normal physiological level for: ATP — 1.06+0.10 uM P/ml; 2,3 DPG — 3.98%0.12 uM P/ml; MDA — 1.09£0.08 nM /ml; Ca-
talase activity — 57.41£2.70 uM H,0,/mgHbXmin. P<0.05, significant differences: ! — vs 7 days of storage; ? — vs the previous storage
period; ® — vs the baseline during the study; 4 — vs the packed RBC with saline during the study.

Ipumeuanue. MDA — M/IA; Catalase — Karanasza; ATP, cells — AT®, kierok; DFG — DT, @usuosnoruueckas nopma: ATD —
1,06£0,10 mrmous Pu/mir; 2,3JDT — 3,98+0,12 mxmoss Pu/mm; MIA- 1,09£0,08 amosb/Mir; ak THBHOCTH KaTasiassl — 57,41£2,70
MrMOJtb HyOy / MunXmrHb. 3naunmeie pasiuuns npu p<0,05 0THOCUTENBHO: ! — 7-X CYTOK XPaHEHUsI; > —TIPEABIAYIIEr0 CPOKA XpaHe-
HUST; 3 — JTOJKHBIX BEJIMUYMH; ¢ — MCXOJHOTO [IOKA3aTeJ sl Ha ATalle CCJeJ0BAHUS; ° — 9PUTPOMACCHI ¢ GU3UOTIOTHIECKUM PACTBOPOM HA

JTalle MCCaeJ0BaHmAd.

obpasoBanue axuHouuToB [27]. smenenue (hopmbl
KJIETOK M OKCUIATUBHOE TOBPESKICHIE MEMOPAH OPUT-
POIMTOB HETAaTUBHO BJIMSET HA BSI3KO-3JIACTHYHBIE
CBOIiCTBa MEMOPAH U YBEJIMUYMBACT arperupyeMocThb
9PUTPOIIUTOB, YTO SIBJISIETCS OTPUIATETBHBIM (DAKTO-
pOM Tipu TpaHchy3UM IPUTPOITUTHON Macch [28].
O6paboTka HpUTPOIIUTHON MaCCHI O30HOM OTIpe-
NleJISIeT ONTUMU3AIUIO TIPO- M AHTUOKCHIAHTHBIX
CHCTEM HPUTPOIUTOB, YTO, BEPOATHO, MOKHO 0OB-
SICHUTb TIPSIMBIM JIEFICTBHEM 030HA HA KJIETKHU. B oTBeT
Ha BBeJIEHUE 030HA B dPUTPOIUTAX OCYIIECTBIISIETCS
o6pa3oBaHue B JUMUAHOM OUCTOe MEeMOPaH KJIETOK
030HI0B [29]. O30H0M3 KJIETOYHON MeMOPaHbI 9PUT-
POIIUTOB BeJIET YePE3 PacIeTIeH e TeTnieil HeHACHITIeH-
HBIX JKMPHBIX KUCJIOT K 06PA30BaHUIO THPOKCH-TH/I-
poriepokcuioB. [Tocaentue cnocobCTBYIOT 3aIyCKy
Pa3JINYHBIX 3BEHBEB CHCTEMbI AHTUOKCUIAHTHOI 3aI1-
ThI [30]. AKTHBAIMST aHTHOKCUAHTHBIX CUCTEM BOCCTA-
HaBJIMBAET MTPOIIECCHI TEPEKNCHOTO OKKcaeHus [31].
Crnenmyer OTMETUTB, YTO CABUT OKUCJIUTETbHO-
BOCCTAHOBUTEJIBHOTO [IEMCTBUSI 030HA, MPUBOAUT K
HaKOIIJIEHWIO OKUCJIEHHOTO TayTaTtnona [32], cienona-
TeJIbHO, aKTHBAIIUU TJII0K030-hochaTHoro 1IyHTa, u
U3MEHEHHIO METabOIMUECKOTO COCTOSTHUS KIETOK. B
HAIITIX SKCTIEPUMEHTAX BBISIBJIEHO, YTO 030HUPOBAHNE
SPUTPOIMTHOI MacChl BbI3BIBAJIO YBEJIMUYEHNE KOH-
nerrparuu AT® u 2,3/1DT npu cpokax ee XpaHeHust
1o 21 cyTok, Torya Kak 06paboTKa 030HUPOBAHHBIM
(bM3MOTIOTUYECKUM PACTBOPOM IPUTPOIUTHOI MACCHI
cpokoM xpaHenus 30 CyTOK He COMPOBOXKIATIACH CTa-
TUCTUYECKN 3HAYMMbIM U3MEHEeHUEeM KOHIIEHTDPAI[TN
AT® u 2,3/1DT B aputponurax (Tabu. 2). Habmonae-

RBC probably can be explained by the modifying ef-
fect of ozonides on erythrocyte metabolism. Under the
effect of ozonides, enzymes of glycolysis and pentose-
phosphate shunt are activated and intracellular acido-
sis is reduced [33]. In turn, the implementation of such
activation presumably is due to decreasing the level of
molecular products of lipid peroxidation and the en-
hancing the antioxidant defense system.

Thus, the ozonization of the packed RBC pro-
motes the recovery of the erythrocyte shape by opti-
mizing the processes of lipid peroxidation of
erythrocyte membranes and increasing the synthesis
of ATP. Under the effect of ozonides, a mutagenic
shunt of glycolysis is activated and 2,3 DPG is
formed. 2,3 DPG determines the strength of the he-
moglobin binding to oxygen, facilitates oxygen re-
lease by oxyhemoglobin and, thus, improves the
oxygen supply of tissues. The formed ATP is used in
energy-dependent processes of RBC, including con-
tractile proteins, thus improving the deformability of
RBC. The restoration of these processes during
ozonation of the packed RBC is observed when they
are stored for 7-21 days. In this case, ozonization of
the packed RBC stored for 30 days does not improve
the morphometabolic characteristics of RBC studied.
The obtained results indicate that the developed
technology for treatment of the packed RBC stored
for 7 to 21 days with an ozonized saline solution (with
the ozone concentration of 2 mg/l) improves the mor-
phometabolic status of RBC and can be used to cor-
rect the oxygen transport function of blood in
patients in critical conditions.
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Experimental Studies

Mble 2DeKThI IeICTBIS 030HA HA COZIEPIKAHNE B IPUT-
poluTax BhIlleyKa3aHHbIX (docdaros, BeposITHO,
MOKHO OOBSICHUTH MOAU(DHUIUPYIONM JeHCTBIEM
030HU/IOB Ha MeTabosm3M apuTporuTos. [lof neiicTBu-
€M O30HUJI0B aKTUBUPYIOTC (DEPMEHTHI TIIKOJII3a 1
1eHTo30-(hocdaTHOro MIyHTa, CHUYKAETCST BHYTPUKJIE-
Tounblil anuo3 [33]. B cBoio ouepesn, peanmmsanus
TaKOW aKTUBU3AI[MY MOJKET ObITh OOYCJIOBJIEHA U CHU-
JKEHUEM YPOBHS MOJIeKYJIsipHbIX TpoaykToB [TOJI u
yCUJIeHNeM aHTUOKCUIAHTHOM CUCTEMBI 3aIUTHI.

Taxum 06pa3oM, 030HUPOBAHUE IPUTPOIIUTHON
Macchl CIIOCOOCTBYET BOCCTAHOBJIEHUIO (DOPMBI IPUT-
POLIUTOB 32 CYET ONTUMM3AIUU [IPOIECCOB JIUIIOIE-
POKCHIAII HPUTPOIUTAPHBIX MEMOPaH U TIOBbIIIIe-
uug cunresa ATO. Ilox pmeiicTtBUEM O30HULOB,
06pa3oBaBHINXCs B TIPOIECCE O30HOJIN3A JBOMHBIX
cBsi3eit C=C 1oIMHeHACHIIEHHBIX JKUPHBIX KICJIOT B
IPUTPOIUTAX AKTUBUPYETCS MyTa3HBII IIYHT IJINKO-
JI3a, Ha BXoJje KoToporo obpasyercsa 2,31 DT, koro-
pBIil OTpesiesisieT TPOYHOCTh CBSI3U TEMOTJIIOONHA C
KUCJIOPOZIOM, 00JIETYaeT OT/lauy KUCIOPOjia OKCUTe-
MOTJIOGUHOM U, TAKUM 00pPa3oM, YJAyYIIaeT KUCIo-
poxHoe obecniedenue tkaneil. O6pasosasinasacsa ATD
UCIIOJIB3YeTCsI B 9HEPTO3aBUCUMBIX IIPOIIECCAX IPUT-
POIUTOB, B TOM YKCJIE, COKPATUTEIbHBIMU GElTKaMH,
4o yiyuniaeT AeopMabrIbHOCTh KPACHBIX KJIETOK.
BoccranoBienue ykazaHHBIX IIPOIECCOB TP O30HMU-
POBaHWM IPUTPOIMTHON MACCHI HAOIIOAAETCS TIPU
cpokax ee xpanenust 7—21-e cytku. [Ipu atom o3onu-
poBaHue IPUTPOIUTHON MACCHI CPOKOM XpaHenust 30
CYTOK He BBI3BIBAET YJIYUIIEHUST HCCAEIyEMbIX MOP-
(homeTaboNMIeCKIX XapaKTEPUCTUK HPUTPOIUTOB.
[Tosy4yenmble pe3yIbTaThl CBUAETENBCTBYIOT, YTO Pa3-
paboTraHHas TEXHOJOTUA 00pabOTKU SPUTPOLUTHON
MaccChl CPOKOM XpaHeHust ot 7 710 21 cyToK 030HUPO-
BaHHBIM (DU3UOJIOTUIECKUM PACTBOPOM C KOHIIEHTPA-
uei o3oHa 2 Mr/J yiaydiiaer Mopdomerabosinde-
CKMIT CTATyC COZEP:KANIUXCS B HEN DPUTPOIUTOB U
MOKET OBITH MCIIOIB30BAHA /IS KOPPEKIIMU KUCIIO-
POAHOTPAHCTIOPTHO (PYHKIIUK KPOBY Y OOJBHBIX B
KPUTUYECKUX COCTOSTHUSIX.
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Conclusion

An increase in the count of echinocytes, sphe-
rocytes, MDA concentration and a decrease in the
catalase activity and the content of organic phos-
phates is observed with the increase of the shelf life
of the packed RBC.

Treatment of the packed red blood cells stored
for 7, 14, and 21 days with ozonized saline solution
(with ozone concentration of 2 mg/I) optimizes the
impaired state of pro-antioxidant systems in RBC, in-
creases the concentration of 2,3 DPG and ATP and,
as a result, promotes restoration of the shape of RBC
(from spherocytes and echinocytes to discocytes)
which increases their biological significance.

These processes under the effect of ozone do not
appear on the 30" day of storage of the packed RBC,
which indicates the decompensation of intra-erythro-
cyte morphometabolic processes.

3akiaoueHue

[Ipu Bo3pacTaHuu CPOKOB XpaHEHUsT IPUTPOIIUAT-
HOW Macchl HaGJIOAETCS YBEJIWYCHNE KOJTMUECTBA
OXUHOINTOB, cheponnToB, KoHIeHTparmu M/IA n
CHUIKEHUE aKTUBHOCTU KATaJa3bl, YTO COUETAECTCS C
YMEHBIIEHUEM COJIEP;KAHS OpraHndecKnx (pocharos
B OPUTPOIIATAX.

O6paboTka spUTPOIUTHON Maccel 7-, 14-, 21-x
CYTOK XpaHEHUST 030HUPOBAHHBIM (PU3UOJOTHIECKUM
PacTBOPOM C KOHIIEHTpAITHEH 030HA 2 MT/JT OMTUMHU-
3UPYET B 9PUTPOITUTAX HAPYIIEHHOE COCTOSTHUE TIPO-,
AHTUOKCUIAHTHBIX CUCTEM, YBEJIMIUBAET KOHI[CHTPA-
o 2,3/1DT u ATD u, BeaencTBre 3TOTO, CIIOCOO-
CTBYET BOCCTAHOBJIEHWIO (DOPMBI 9PUTPOITUTOB (M3
cheponuToB M 3XUHOIMTOB [0 AUCKOIUTOB), YTO
MOBBIMIAET UX OGUOJOTUYECKYIO 3HAUNMOCTb.

Ha 30-e cyTku XpaHeHUs 5PUTPOMACCHI JIaHHbIE
MTPOIIECCHI TIPH JAEWCTBUM 030HA HE TIPOSIBIISTIOTCS, UTO
CBUJIETEIBCTBYET O IEKOMIIEHCATTUN BHYTPUIPUTPO-
IUTAPHBIX MOPHOMETAOOTNIECKIX MTPOIIECCOB.
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Infusion Effect on Postoperative Intestinal Failure
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Ilesb uccaenoBanust: yaydlieHne pesyibraToB XUPYPruuecKoro JeueH s TalMeHToB ¢ 9KCTPEHHOH abioMu-
HAJILHOII 1aTOJIOTHEN TyTeM BbIOOpA TAKTUKU TIE€PUOIIEPAIIMOHHON NH(PY3MOHHON Teparuu, ONTUMAIbHON st
MOCJIEOTIEPAIIMOHHOTO BOCCTAHOBJICHNS (DYHKIIMY KUIIEYHUKA.

Marepuasisi u MeToabl. ObceoBamm 52 manuenta (28 My;KInHbI, 24 JKeHIINHbI, CPEAHUH Bo3pacT 57,5+14 jeT)
XUPYPrUYeCcKOro npoduisi, KOTOPbIM ObLIM BBIIOJHEHbI Pa3INUHbIe 9KCTPEHHbIE a0JOMUHAJIbHbIE BMEIIATE/bCTBA.
[ManmenToB paszesnim Ha 2 rpyiibl. VcesenoBanue pociieKTHBHOE, TPUHAJIEKHOCTD K TPYIITE OMPe/Ie/IsiIA METOI0M
pampomusarii. B 1-it rpymime (n=29) a1 mepronepannonHoil HHGY3UOHHON TEPATTNU UCTIOIb30BAIN COATAHCHPO-
BaHHbIE HOHHbIE PACTBOPBL. Bo 2-ii rpyie (7=23) cOHanaHCUpOBaHHbIE HOHHbIE PACTBOPbI COYETAIH C CAHTETHIECKUMU
koJutongamu. O6beM 1HGY3MOHHOIT Teparuy BO BpeMsl Ollepallii coCTaBul B cpeateM 2359 mut. J[jist onpeeneHust
(yHKIIM KUIIIeYHNKA B OCJIE0NEPAIIMOHHOM TIEPUO/IE TPOBOINIIN KOMILJIEKCHYIO IMHAMUYECKYIO OIEHKY COCTOSTHUST
skenypouno-kuiedHoro tpakta (JKKT), Bkimouaroriyio B cebst (pusukasibHoe 00c/1e10BaHKe, n3MepeHne BHY TPHOPIOLIT-
Horo aasienust (BB/1) v yisTrpasByKoByI0 BU3YaTU3alMIO COCTOSTHUS KUIIEYHOM CTEHKH, a TaKyKe IMHAMUKY BCACHI-
Batoleil GyHKIMKM KUIIEYHUKA; Ja00PaTOPHBI MOHUTOPUHI OOMIENPUHATHIX TTapameTpoB. CTeneHb KUIeYHON
HEIOCTATOYHOCTH B TTOCTIEOTIEPAITMOHHOM TIePHOJIe OTIPe/IeIsIT Ha OCHOBAHUN Pe3yJIbTaToB orleHKH coctosams JKKT,
pexkomenzaiuii HarmoHaapHOTo pyKOBOJICTBA 110 TIAPEHTEPATBHOMY 1 MHTEPATIBHOMY MUTAHUIO.

Pesyabrarel. Mesxy 06beMOM IEpHOTIEPAIIMOHHOI NH(DY3MOHHON Tepanuu 1 CTajueil nocjaeonepannoHHol
KHUIIETHON HEeJIOCTATOYHOCTH BBISIBUJIN CUJIbHYIO 3HAUNMYT0 Koppessnuio (r=1,000, p=0,01).

3akmouyenue. [Ipy BHITIONIHEHNN SKCTPEHHBIX XUPYPTHUECKUX BMEIIATETHCTB 00bEM HHTPAOTIEPAIIMOHHON WH-
(bysuroHHOII Tepary OKa3bIBAJ MPSIMOE BIUSIHIE Ha [T0CIe0TepaiMoHHy 0 yHKIUIO KuiledHnKa. OnTUMHU3aIus 1
MpUMeHeHe IeJIeHAPaBIeHHON KOPPUTHPYIOIIEH nHMY3UOHHO Teparuy B IepUOTIEPAIMOHHOM MIEPUO/Ie TIPUBO-
JAT K GoJiee paHHEMY PaspelieHu o TOCIe0IePAllMOHHON KUIIEYHON HEJ0CTATOUHOCTH.

Kntouegvie cnosa: sxcmpennas ab0OMUHAILHAS XUPYP2UsL; UHDYSUOHHAS MePanist; NOCIeONePauUoHblIl nape3
KUWEUHUKA; CUHOPOM KUMLEUHOU HeDOCMAMOUHOCU; HYMPUOPIOwHOe 0a6IeHUe; YIbMPA3BYKOBAS GUYANUIAUUSL CO-
CMOSIHUS KUWLEUHOU CMEHKU

Purpose: improvement of the results of operative treatment in patients with emergency abdominal pathology
by selecting the tactics of perioperative infusion therapy that would be optimum for postoperative bowel function
recovery.

Materials and methods. 52 surgical patients (28 men, 24 women, mean age 57.5+14 years) subjected to various
emergency abdominal surgeries were studied. The patients were split into 2 groups. It was a prospective study; group
affiliation was determined by randomization. In group 1 (n=29), balanced ionic solutions were used for perioperative
infusion therapy. In group 2 (n=23), balanced ionic solutions were combined with synthetic colloids. The infusion
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therapy volume during operation was 2359 ml on average. To determine the bowel function during the postoperative
period, comprehensive dynamic assessment of the gastrointestinal tract (GIT) status was undertaken, which included
physical examination, intra-abdominal pressure (IAP) measurement, and ultrasound visualization of the intestinal
wall condition; the dynamics of intestinal absorptive function and common laboratory tests were monitored. The
level of intestinal failure during the postoperative period was determined based on assessment of the GIT condition
and recommendations of the National Guidelines for Parenteral and Enteral Nutrition.

Results. A strong significant correlation (=1.000, P=0.01) between the volume of perioperative infusion therapy
and the stage of postoperative intestinal failure was established.

Conclusion. During performance of emergency surgeries, the volume of intra-operative infusion therapy rendered
a direct influence on the postoperative bowel function. Optimization and application of a targeted corrective infusion
therapy during the perioperative period promote earlier resolution of postoperative intestinal failure.

Keywords: emergency abdominal surgery; infusion therapy; postoperative intestinal paralysis; intestinal failure
syndrome; intra-abdominal pressure; ultrasound visualization of intestinal wall condition
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BBenenue

OHOI 13 BasKHENITNX TIPOGIIEM PAHHETO TTOCJIe-
OTIEPAIIMOHHOTO MePHOia TPpU abIOMUHATIBHBIX OTle-
panusax gBisiercs npopuaakTuKa CUHAPOMA KUIIIey-
HOUM HEJIOCTATOYHOCTH U BOCCTAHOBJIEHUE (DYHKIINU
skemynouno-kuirednoro Tpakrta (JKKT) [1, 2]. Oco-
OEHHO aKTyaJIbHOI1 IPo6JIeMa CTAHOBUTCS IIPU BBIIIOJI-
HEHUHU 9KCTPEHHBIX a0[OMIUHATIBHBIX BMEIIATEIbCTB,
KOT/[a COCTOSIBIIAsICST KatacTpoda B OPIONIHO# 10JI0-
CTU OTPHUIATEJBbHO CKa3blBAETCI HA COCTOSHUU
KUIIEYHOU CTEHKH, U Pa3BUTHE TTOCTIEOTIEPAIMOHHOTO
napesa pacileHUBaeTCd Kak 3aKOHOMepHas 3alUTHASA
peakiyss CKOMIIPOMETUPOBAHHOTO KHUIIEYHUKA Ha
Oreparuonnyio TpaBmy [3—35].

IlocneonepalinoOHHBI  CUHAPOM  KUIIEUYHOU
nepocratounoct (CKH) MoxkHO onpezsesnnTs Kak
3HAUYMTENbHOE YTHETEHUEe TOJbKO MOTOPHO-IBaKya-
TOPHON (PYHKIMY WU B COUETAHUM C HApyHIeHHEeM
HepeBapuBaloIleil 1 BCachIBaTeJIbHOI CIIOCOOHOCTH
TOHKOM KKK [6—8].

Benymumu 3Benbsamu B nartorenese CKH
SABJISIOTCS] PA3BUBAIONTNECS KPUTHYECKUE HAPYIIEHUS
BOJIHO-2JIEKTPOJIUTHOTO GajlaHca, IUPKYJISATOPHAS
TUTIOKCHSI KUIIEYHON CTEHKH, AUCHOAKTEPHO3 C TIPO-
KCHUMaJIbHOI MUKPOOHOI KOJIOHM3AIMell KUIIeYHUKa,
3HAUUTEJIbHOE HApYIIeHNe aHTUOKCUIAHTHOH 3a1Iu-
ThI, MECTHOTO UIMMYHUTETA 1 OGapbepHOil (hyHKI[HEI
CIM3UCTOM, PeHOMEH IIporpeccupyioiieil «bakrepu-
ampHoi Tpanciaokaiuuy [3—-5]. Takxxke CKH compo-
BOXK/IA€TCA U3MEHEHUSAMH KHCJIOTHO-OCHOBHOTO
COCTOSIHMSI, KOTOPBIE CBSI3aHBI C IEIOHUPOBAHUEM U
Horepeii sJeKTPoanTOB, GUKapOOHATOB, aHADPOOHBIM
[JIMKOJIN30M, HOBBIIIEHHBIM 00PA30BAHUEM OpraHiye-
CKHX U HEOPTAaHUYECKUX KUCJIOT [6, 9].

Onna 13 TJIaBHBIX IPUYUH PA3BUTHSA JTaHHOTO
COCTOIHUS — HeaJleKBaTHAsd MH(Y3UOHHAS Tepanus
B MHTpa- U 1ocJjeoneparnonHom nepuoge [10, 11].
M3BectHO, 4yTO MHY3Ks O0ABIIIX 0OEMOB KUIKO-
CTH MOKET yCYTyOJISITh BUCIIEPATIBHBII OTEK UIEMU-
3UPOBAHHOTO KWIIeyHWKa. HeMoTuBUpOBaHHOE
nepejquBanve WHQY3MOHHBIX Cpejl NPUBOAUT K
MOBPEXKICHUIO dHIOTETUATBHOTO ITTUKOKAJINKCA 32
CYeT BBbIJIeJIEHUS TIPe/ICEPIHOTO HATpUii-ypeTuye-

Introduction

The most important problem of the early post-
operative period of abdominal surgeries is prophylaxis
of intestinal failure syndrome and gastrointestinal
tract (GIT) function recovery [ 1, 2]. The problem be-
comes especially relevant in case of emergency abdom-
inal surgeries when a catastrophe occurred in the
abdominal cavity affects adversely the intestinal wall
condition and postoperative paralysis development is
considered a regular defense reaction of compromised
bowels to an operational injury [3—5].

The postoperative intestinal failure syndrome
(IFS) is defined as considerable suppression of the
motor-evacuation function, alone or combined with
alteration of the small bowel digestive and food intake
capability [6-8].

In TFS pathogenesis, the leading elements are de-
veloping critical water and electrolyte imbalance, cir-
culatory hypoxia of the bowel wall, dysbacteriosis with
proximal microbial colonization of bowels, severe dis-
order of antioxidant defense, tissue immunity and bar-
rier function of mucous membranes, the phenomenon
of progressing «bacterial translocation» [3—5]. Also,
IFS is accompanied by changes in the acid-base balance,
which are connected with deposition and loss of elec-
trolytes, bicarbonates, anaerobic glycolysis, enhanced
production of organic and inorganic acids [6, 9].

One of the main reasons why this condition de-
velops includes an inadequate infusion therapy during
the intra- and postoperative period [10, 11]. Tt is
known that infusion of large volumes of liquid might
aggravate visceral edema of ischemic bowels. Unwar-
ranted transfusion of infusion media entails endothelial
glycocalyx damage due to release of atrial natriuretic
peptide and subsequent organ dysfunction [11].

At the same time, insufficient infusion aggra-
vates splanchnic ischemia. It is known that even mild
intraoperative hypovolemia might promote distur-
bance of capillary perfusion in the walls of bowels and
stomach [13, 14].

Hence, an adequate infusion therapy during the
perioperative period is one of the main aids for the
treatment and prophylaxis of postoperative IFS.
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CKOTO MeNTua U K MOoCJeAyIolleil OPTaHHOMN J¥c-
bynkium [12].

B 10 ke Bpems, HepocTaTouHast UHOY3US yCy-
ry6JisieT CITaHXHUYEeCKyTo uiieMuio. I3BecTHo, 4To
Jajke JIeTKash WHTPAONEPAIMOHHAS TUIOBOJIEMUS
MOKET CocOOCTBOBATH HAPYIIEHUIO KATMIIAPHOI
nepdy3un B CTeHKaX KulleuHnka u xexyaka [13, 14].

Takum o6pasom, ajekBaTHas WHGDY3UOHHASA
Tepanus B MEPUONEPAMOHHOM IE€PHOJe SIBJISETCS
OJTHVIM W3 TJIABHBIX CPEICTB JIEYeHUs 1 TPODUIAKTH-
ku rocaeoreparmonHoro CKH.

B macrosiee Bpemsi HaMeTHJIACh YCTOWYMBAs
MUPOBast TEHJEHIM K MepcoHnbUKaIIY Iiepuorepa-
1roHoi nHdysnonHoit Tepamuu. [losgsiaenue ua poc-
CUICKOM PhIHKE COATAHCUPOBAHHBIX HOHHBIX PACTBO-
POB U I'HIPOKCUITUIIKPAXMAJIOB HECKOJIBKO PACIIIUPUIIO
BO3MOKHOCTH BBIOOPA MH(Y3UOHHBIX CPE/I, OJHAKO HE
PELIIIO CUTyaLio B neioM [ 15]. Beribop onruManbHoi
CTpaTeruy BOJIEMUYECKON OIePAIMOHHOI Teparuu /10
CUX TIOD SIBJIIETCSI TIPEJIMETOM JiucKyccutii [16].

[lenb uccienoBanms — yrydilieHre pe3yJIbTaToB
XUPYPrUYECKOTO JIEUEHUsT TAIIUEHTOB ¢ AKCTPEHHOI
abIOMUHAIBHOMN MATOJIOTHEN TTyTeM BHIOOPA TAKTUKI
HePUOTIePAIIMOHHON UH(Y3NOHHON Tepanuu, ONTH-
MaJIbHOI JIJIs1 TIOCJIE0TIEPAIIMOHHOTO BOCCTAHOBJIEHUST
(YHKIIUN KUITEYHUKA.

MaTepI/IaJI N METO/1bl

C 2014 no 2016 r. Ha kIMHUYECKOI Gase kadenpbl
AHECTe3NOJIOTNHU ¥ PEAHUMATOIOTHH MEIUIINHCKOTO HHCTH-
tyra PY/ITH B TKB Ne 64 o6cnenosanu 52 naiueHTa ¢ KJiu-
aryecknM crtatycom 1o ASA I-111 E B Bospacre ot 31 10 82
Jer (cpeaHuit Bospact 57,5%7,5 jier), KOTOPbIM ObLIN Bbl-
MOJIHEHbI 9KCTPEHHbIE abJOMUHAIBHBIC BMEIIATEIbCTBA 10
noBoy tiepdopatushoii s13861 JKKT, 06cTpyKTHBHOI OT1y-
XOJI CATMOBU/IHOH 1 TOJICTOW KUIIKH, alleHANKYISIPHOTO
abcriecca, TpPaBMBbI JKETIHBIX TIPOTOKOB.

ITpomomkureabiocTs  omeparuu — ot 50 g0 205
MuHYT (cpemHee BpeMs — 126+24 mun).

[lo onepanuu MPU3HAKY THIIOBOJIEMHUH PA3IHMIHOTO
reHesa ormevanan y 14 marmumentos (26,9 %). InTpaonepa-
MOHHas KpoBonoTeps He npesbimana 700 Mo O6beM uH-
(hy3noHHOIT Tepamuy BO BpeMsl OIEpalliil COCTaBHJ B
cpemreM 2359 mur. Tlocsie 3aBepiieHust JIeYeHUsT BCE Talli-
€HTBI M3 OT/EJIEHNs peaHNMaIni ObLIN TI€PEBEIEHDBI B X1~
PYypruvecKkue OT/eJIeHNSI.

B ucciesoBanme He BKIIOYAIH TTAIMEHTOB € KOATYJIO-
TATUSIMU, BBIPAKEHHOM TTOYeYHOI 1 TIeYeHOUHOH NChyHK-
e, a Takke 1ocJe pesaapoTOMUI, BBITTOJHEHHBIX 110
TTOBOJIY HECOCTOSITEIbHOCTH KHUIIIEYHBIX AaHACTOMO30B.

ITockombKy yHIBEPCATBHBIX TPOTOKOJIOB BOJIEMUYECKOIT
VHTPAOIIEPAIIMOHHON Tepaly He CYIIECTBYET, B HACTOSIIIEM
VICCITE/IOBAHUN MCIIOIb30BAIN peKoMeHamu EBporneiickoro
0OIIIECTBA AHECTE3HOJIOTOB 110 IPUMEHEHHIO COATAHCHPOBAH-
HBIX PACTBOPOB KPUCTALTIONIOB U/ VUM KOJIJIOUIOB C TIEJIBIO
CTAOMITM3AIIN TeMOJMHAMUKI JJIs ONITUMU3AI[HN JIOCTaBKH
KHCJIOPO/IA BO BPEMsI OIIEPATHBHOTO BMEIIATETbCTBA.

[TanimenToB pasgesnnan Ha 2 Tpynmsl. Vccrenosanne
MIPOCIIEKTUBHOE, TPUHA/IIEKHOCTD K TPYIIIIE OIPe/IesIIH
METO/IOM paHZoMu3aIuu (MeTo/ Bhi60pa KOHBEPTOR).

B 1-1i rpymime (n=29) nta mepronepaninoHHol nHQY-
3MOHHOI Tepanuy WCHOJb30BaIN  COAIAHCUPOBAHHBIE

Currently, a stable global trend towards personi-
fication of perioperative infusion therapy has emerged.
Appearance of balanced ionic solutions and hydroxi-
ethyl starches in the Russian market has somewhat ex-
panded the opportunities for choosing the infusion
media, but have not addressed the situation in general
[15]. Selection of the optimal strategy of volemic op-
erational therapy is still under discussion [16].

Our study was aimed at improving the results of
surgeries of patients with emergency abdominal
pathologies through selection of the tactics of periop-
erative infusion therapy that would be optimal for
postoperative bowel function recovery.

Materials and Methods

Since 2014 through 2016, 52 patients aged 31 to 82
years (the mean age was 57.5+7.5 years) were studied at the
clinical facilities of the Anesthesiology and Critical Care
Chamber of the Medical Institute of the Peoples’ Friendship
University of Russia — City Clinical Hospital No. 64. By
clinical status, patients possessed I-III by ASA and experi-
enced emergency abdominal surgeries for GIT ruptured
ulcer, obstructive tumor of sigmoid and large bowel, appen-
dicular abscess, and biliary ducts injuries.

The operation lasted for 50 to 205 minutes (the mean
time was 12624 min).

Prior to surgery, signs of hypovolemia of different gen-
esis were noted in 14 patients (26.9%). The intra-operative
blood loss did not exceed 700 ml. The intraoperative infu-
sion therapy volume amounted to 2359 ml on average. At
the end of treatment, all patients were moved from the crit-
ical care unit to departments of surgery.

The study did not include patients with coagu-
lopathies, severe renal and hepatic dysfunction, also after re-
laparotomies performed for intestinal anastomic dehiscence.

Since there are no universal volemic intra-operative
therapy protocols, in this study, the recommendations of the
European Society of Anesthesiology concerning application
of balanced solutions of crystalloids and/or colloids to
achieve stable hemodynamics and optimize oxygen supply
during surgery.

Patients were split into 2 groups. It was a prospective
study; group affiliation was determined by randomization
(the method of choosing envelopes).

In group 1 (n=29), balanced ionic solutions were used
for perioperative infusion therapy. The volume of infusion
therapy during surgery was 2489 ml on average.

In group 2 (n=23), balanced ionic solutions were com-
bined with synthetic colloids (500 ml of 6% hydroxiethyl
starch 130/0.4). The volume of infusion therapy during sur-
gery was 2195 ml on average.

The groups were comparable in terms of diagnoses, co-
morbidity and gender differences (table. 1, fig. 1). There
were no lethal outcomes in the study groups.

Within the study, during the perioperative period,
comprehensive dynamic assessment of the GIT status was
carried out, which included physical examination, ausculta-
tory assessment of vermicular motion, intra-abdominal pres-
sure measurement and ultrasound visualization of bowels
condition, dynamics of the intestinal absorptive function
based on the quantity of indigested enteral formula, labora-
tory monitoring, infusion therapy volume and quality, intra-
operative and bedside monitoring of vital functions.

www.reanimatology.com
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Ta6imua 1. ConyTcTByIomas TepaneBTuuecKas naTo/iorus (KOMOPOUAHOCTb) y 00C/IeI0BaHHbIX NAIMEHTOB.
Table 1. Concomitant therapeutic pathology (comorbidity) of study patients.

Indices, n (%)

Values of indices in groups

Group 1, n=29 Group 2, n=23
Men 16 (55.17) 12 (52.17)
Women 13 (144.83) 11 (47.82)
IHD, PICS 1 1
IHD, CHF 1 1
THD, type IT diabetes mellitus 1 1
IHD, ACVE consequences 1 0
Total 4(13.79) 3 (13.04)

Note. P>0.05 — no reliable difference between the groups was found.
Ipumeuanne. /{na tabu. 1, 3: Indices — mokasarenu; Values of ... in groups — 3Hauenus ... B rpynnax; Men — mykunts; Women —
skenmunnl; IHD, PICS — UBC, IIMKC; CHF — XCH; type IT diabetes mellitus — caxapubiii guaber 2 Tuna; ACVE consequences —

nocaeactsusa OHMK; Total — Bcero.

noHnbie pacTBopbl. O6beM HHDY3HOH-
HOI TepaImu Bo BpeMsI OTIepaIii coCTa-
BUJI B cpejiieM 2489 mut.

Bo 2-ii rpynne (n=23) cbanancu-
POBaHHbIE HOHHBIE PACTBOPBI COUETAIIH C
CHHTETHYeCKUME KostonmaMu (500 Mt
6% ruppoxcustuikpaxmana 130/0,4).
O6bem nH(Y3UOHHOIT TepaIU BO BPeMst
oTiepariuy COCTaBUI B cpeareM 2195 mir.

Ipynmbl GbIIM COMOCTABUMBI 1O
JIMArHO3aM, HAJIMYUI0 KOMOPOUIAHOCTH,
BO3PACTHBIM M T€HEPHBIM Pa3IUIHAM
(tabu. 1, puc. 1). JleraabHbIX HCXOJ0B B
IpyIax HCCJAe0BaHus He ObLIO.

B pamkax mccienoBaHus B Ie-
PHOIEPAINOHHOM HePHOJie TPOBOANIII
KOMIIJIEKCHYIO INHAMUYIECKYIO OIIEHKY
cocrostiust JKKT, Britouaronyio B cebst
(usnkanbHoe 06cseI0BaHNE, AYCKYIb-
TATUBHYIO OIIEHKY MEPUCTATBTHKH, U3-

Group 1, n=29

M GIT perforation
I Peritoneal adhesions
I Neoplasm

Group 2, n=23

. Internal injuries
M Peritonitis

MepeHHe BHYTPUOPIONTHOTO AABJICHUST 1
VJIBTPA3BYKOBYIO BH3YaTH3aIUIO CO-
CTOSTHUST KUIIEYHUKA, TMHAMIKY BCa-
cpiBatoneil GyHKINHM KUIIEYHUKA 110
KOJIMYECTBY HEYCBOCHHOTO 00beMITa-
SHTEpPATbHON cMecH, JabopaTOPHBIN
MOHUTOPUHT, 00beM U Ka4ecTBO MH(Y-
3MOHHOI Tepanuy, NHTPAOIIEPAIIFOH-
HBIIl U IPUKPOBATHBII MOHUTOPUHT *KM3HEHHO-BAKHBIX
GyHKINH.

CrereHb KUIIEYHON HEJJOCTATOYHOCTH B TIOCJIE0TIepa-
IINOHHOM TIePHO/ie OIPEIEATN Ha OCHOBAHUN KJIMHHIYE-
CKMX TIPU3HAKOB mNapes3a kKuiieynuka [17], mokaszaresneit
BHYTpUGPIONIHOTO faietst [ 18], pe3yasratoB yibrpassy-
KOBOTO MeTOJla BH3YAJIU3AIMH COCTOSHHS KUIIEYHOM
crenku 1o metozpuke JI. H. Kakaysimnoii ¢ coast. [19], peko-
Mengaiuii HanmonanipHOTro pyKoBoJICTBA 10 apeHTepasIb-
HOMY U MHTepaJbHOMY nutanuio [20].

Craructudeckyio 06paGoTKy AAHHBIX BBITTOJHSIIN C
romotiiio iporpammbl SPSS Statistics. Onpesessiin cBoii-
CTBa MEPEMEHHBIX W UX KOPPEJSIIHOHHBIE 3aBUCMOCTH,
WCTIOIB3Y S KOPPeINOHHbIN aHanu3 (xoppessnnn [Tup-
cona u Crimpmana).

Pe3ybTaThl 1 00CYKAEHHE

Me:xay 06beMoM nH(GY3UOHHOI Tepaliy U cTe-
MEeHbIO KUIEYHON HeJOCTATOUHOCTH BBISIBUJIA CUJIb-

Puc. 1. Pacnpenenenue namyeHToB HCCIeAyeMbIX TPYII IO THATHO3aM.

Fig. 1. Distribution of groups of patients by diagnoses.

Ipumevanue. Group — rpynmna; GIT perforation —tiepdoparust JKKT, Peritoneal adhe-
sions — craeunast Gose3np Kumeannka; Neoplasm — nopoo6paszosanue; Internal injuries —
MIOBPEJK/IeHIe BHYTPEHHUX opraHoB; Peritonitis — nepuronur.

The level of intestinal failure during the postoperative
period was determined based on clinical signs of bowels
paralysis [17], intra-abdominal pressure measurements [ 18],
findings of ultrasound visualization of the intestinal wall
condition according to L. N. Kakaulina et al. [19], recom-
mendations of the National Guidelines for Parenteral and
Enteral Nutrition [20].

Statistic data processing was performed using SPSS
Statistics. Features of variables and their correlation de-
pendencies were determined through correlation analysis
(Pearson and Spearman correlations).

Results and Discussion

A strong statistically significant correlation
(r=1.000, P=0.01) between the volume of periopera-
tive infusion therapy and the stage of postoperative
intestinal failure was established.

During day 1 (fig. 2) and subsequent two days,
most patients in both groups showed intestinal failure
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Puc. 2. B3anMoces3b 06beMa HHTPaoNepauoHHOi HHPY3HOH-
HOU Tepanuy ¥ CTeNeH! KHIIeYHOI HeIOCTATOYHOCTH B 1-€ CyTKH
MOCJIEONEePANOHHOTO TIEPHO/IA.

Fig. 2. Relationship between the intraoperative infusion therapy
volume and intestinal failure severity on postoperative day 1.
IIpumeyanue. Intestinal failure severity — crenenn kumredHoii re-
JOCTATOYHOCTH.

HYIO CTATUCTUYECKU 3HAYMMYIO KOPPEJSIHOHHYIO
cea3b (=1,000, p=0,01).

VY GoapIMHCTBA MAeHTOB 00eux rpynn B 1-e
(puc. 2) u nocJieryionue JiBoe CyTOK HE3ABUCUMO OT
obbemMa MHTPaoIepalMOHHON NH(Y3UOHHON Tepaliiu
HaOJIIOIaTTH 3-10 CTETEHb KUIIEYHOI HEJIOCTATOYHOCTH
(tabJ1. 2). ToabKo K 4-M CyTKaM OTMeYasii PU3HAKN
BOCCTAHOBJIEHH KMIIeYHON pyukmy (Tadu. 2).

Wssectho, uto CKH — MmHorodakTopHbIil cuH-
npom. Haubosee snaurmblie NporHoctudeckue (hakro-
pot posiBnenus CHK omnpenesnuim ¢ momoIbio Kop-
PEJIAIMOHHOTO AaHAJIH3A.

BoisgBuin cuiibHYI0 3HAUUMYIO KOPPEJISIMOH-
HYIO CBA3b CTEMEHU MOCTICONePAITNOHHON KUIIeYHON
HEIOCTATOYHOCTH C TAKUMU ITOKA3aTeJIIMU, KaK: Ja-
MeTp rpocsera ToHkou kuniku (7=0,931), Tonmnmna
kuieunoii creuku (r=0,940, puc. 3), ypoBeHb BHYT-
pubpromroro gasienus (r=0,998, p=0,01).

Puc. 3. VaprpasBykoBas BU3yaau3alnusl TOJNIMHBI KUIMIEYHOI
CTEHKH, BBINOJHEHHAs] BDAYOM-PEaHUMATOJIOTOM y MOCTEJH Ta-
HHEeHTA.

Fig. 3. Ultrasound visualization of intestinal wall thickness per-
formed by a critical care physician at a bedside.

of level 3 (table. 2). Signs of bowel function recovery
were observed by day 4 only (table 2).

It is known that IFS is a multifactorial syndrome.
Most significant prognostic factors of IFS manifesta-
tion were determined by correlation analysis.

A strong significant correlation was found be-
tween the level of postoperative intestinal failure level
and such parameters as lumen diameter of small bowel
(7=0.931), intestinal wall thickness (7=0.940, fig. 3),
intra-abdominal pressure (=0.998, P=0.01).

The intra-abdominal pressure as the parameter
with the highest 7 compared to other parameters was
considered a prognostic index for the postoperative in-
testinal failure dynamics and used to determine the
tactics of perioperative volemic therapy.

In group 2, a middle statistically significant cor-
relation was found between the intraoperative infu-
sion volume and intra-abdominal pressure (=0.417).

The diagram in fig. 1 shows the effect of infusion
therapy volume on intra-abdominal pressure; data
vividly demonstrates that both excessive and insuffi-
cient infusion load results in increased intra-abdomi-
nal pressure on postoperative day 1 (fig. 4)

Investigation of the influence of infusion therapy
quality on the intestinal failure level discovered that

Ta6auua2. BeipaskeHHOCTh KUIIEYHO HEJOCTATOYHOCTH B PAHHEM IIOCJIEONEPALHOHHOM IEPHOJIE Y 00CTIET0BAHHBIX

ManueHToB.

Table 2. Intestinal failure severity during early postoperative period in patients.

Indices Values of indices on the day of study

Day 1 2 3 4 5 6 7

IFS 2.94+0.21*%  2.73£0.57* 2.35£0.82*%  2.04+0.79 1.67+0.63 1.45%0.64 1.21+0.72
Small bowel diameter, cm 5.23%0.82 4.76+0.63 4.53%0.69 4.42+0.84  4.05+0.72 3.71£0.69 3.63+0.68
Small bowel wall thickness, mm ~ 4.44+0.56  3.92+0.54 3.51£0.63  3.67+0.58  3.44+0.59 3.19+0.64  3.03+0.872
IAP, cm HyO 20.07+£2.38  18.88+2.60 17.01£2.72 1598+2.43 14.63£2.62 12.94+2.52 11.19£2.52

Note. IFS — Intestinal Failure Severity. * — reliability of difference compared to days 5-7 at P<0.05
ITpumeuanue. On the day of study — Ha nenp nccnenosanus. st tabu. 2, 3: Day — cytku; IFS — crenens CKH; Small bowel wall thick-
ness — ToJIIMHA cTeHKU TOHKO# Kuiiku; IAP — BB/I; Small bowel diameter — quamerp TOHKON KMIIKK. * — JOCTOBEPHOCTD Pa3JIYMii

1o cpaBHenunio 5—7 cyrkamu ripu p<0,05.
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YpoBeHb BHYTPUOPIOITHOTO JaBJICHUS, UMEIOIIHIA
HarGOIIbIIIee 3HAUECHHUE 7' TI0 CPABHEHUIO C IPYTUMH MOKa-
3aTeJIIMU, PACCMATPUBAJIN KaK IIPOTHOCTUYECKU TTOKa-
3aTesIb IMHAMUKHU TI0CIe0IePAIlMOHHON KUILIEYHOH HeJl0-
CTaTOYHOCTU U MCIIOJIb30BAJIN €O IS OlIpe/leIeHus
TaKTUKH TI€PUOTIEPAIIMOHHOM BOJIEMUYECKON TePaIii.

Bo 2-i1 rpyiirie BbIABUIIM CTAaTUCTUYECKY 3HAYM-
MYIO KOPPEJISAIMOHHYIO CBSA3b CPEIHEN CHUIIbI MEKILY
06bEMOM MHTPAOTIEPAIIMOHHON HH(PY3UU U YPOBHEM
BHyTpubpomHoro gasienus (r=0,417).

Ipaduk, geMoHCTPUPYIONHIT BiaUsiHUE 00beMa
uH()Y3UOHHON Teparu Ha YPOBEHb BHY TPUOPIOIITHO-
IO JIaBJICHUS, HATJISI/IHO TIOKA3bIBAET, YTO KaK U30bI-
TOYHBIN, TAK U HEJOCTATOUHBIN 00beM UH(DY3MOHHON
Harpysku, npuBoauT K yBenmdenuio BB/ B 1-e
rocJjieonepalonubie CyTKH (puc. 4)

[Tpu uccienoBanum BAUAHUA KadyecTBa UHPY-
3MOHHOI Tepanuu Ha crerienb KH ycranosusu, uyto
BKJIIOYeHNE B NH(DY3UIO pacTBOPa I'MAPOKCUITUIKPAX-
MaJia TPeThero MoKoJeHus (2-s rpyrina nanueHToB)
cHmKaeT obIuil 06beM HeoOOXOAUMON HHTpaoepa-
IIMOHHOM KPOBOIIOTEPU M BBIPAKEHHOCTDH BJIUSHUSA
MHQY3UOHHON Tepanuy Ha COCTOSHUE KUIIEYHMKA
(tab. 3). IIpu 5TOM ypoBeHb aMIIa3bl ChIBOPOTKH
KPOBHU ObLI B mpejesnax peepeHTHbIX 3HaYeHWil B
o6enx rpymnmnax. [Toydwi 10cToBEpHbBIE CTATHCTIYE-
CKMe Pasyinyug 110 YPOBHIO OCMOJIIPHOCTH KPOBU Y
naiueHToB B AByX rpynnax: 281,7+10,1 (1-a rpymma)
n 289,34+6,34 (2-s rpynma), p=0,014.

O/HaKo J0CTOBEPHBIX PA3/IMUUil MEXK/LY TT0Ka3a-
TeJIAMU, XapaKTePU3YIOMIUMU CTelleHb BBIPAsKEHHOCTH
CKH, y maniuenTos 1-ii u 2-it rpymi He BoisiBun. Bos-
MOJKHO, HEOOJIBIIOE KOJMYECTBO TAIMEHTOB B IPYII-
ax BBIGOPKHU HE TI03BOJIIIIO TIOJYYUTh CTATUCTUYECKI
JIOCTOBEPHbBIE PA3JINYUSL.

[Tostyuennbie pe3yabTaTbl HOATBEPAKAAIOT M0JI0-
JKEHWE O BIUAHUY 00beMa 1 KauecTBa MH(Y3MOHHOT
Tepanuy Ha COCTOSIHUE KUIIEYHON CTeHKHU U I103BO-
JIAIOT UCII0JIb30BATh JAHHYIO 3aBUCUMOCTD LIS OTIpe-
JeJIEHUsT ONITUMAIBHOTO 06beMa nH(Yy3uH B iepuorie-
pPaIMOHHOM TIepuojie. 3aBUCUMOCTDb BbIPAKEHHOCTH
[OCJICONIEPAIIMOHHOTO CHH/IPOMA KUIIIEYHO HeJI0CTa-
TOYHOCTH OT 0ObeMa TIEPUOTIEPAITMOHHON MH(DY3HOH-
HOI Tepalny CTaTUCTUYECKU JIOCTOBEPHA.

Crernenb BBIPA)KEHHOCTU KUIIEYHON HepocTa-
TOYHOCTH OIPEJEIISIETCSI IO BEJIMYMHE BHYTPUOPIOLI-

0.80 1

~1
L

g/min

usion ml/k

Z 0.60 1

Inf

0.50 7

14.00 16.00 18.00 20,00 22,00 24.00

Intra-abdominal pressure, cm H,0

Puc. 4. Bausinue o0beMa UHTPAONEPAIMOHHONH HH(PY3HOHHOI
Tepanuy Ha yPOBEHb BHYTPUOPIOIHOTO JaBieHus B 1-€ CyTKH
MOCJIE0NEePANOHHOTO IIEPHO/IA.

Fig. 4. Effect of intra-operative infusion therapy volume on
intra-abdominal pressure on postoperative day 1.

inclusion of a third-generation hydroxiethyl starch
into the infusion solution (patients of group 2) re-
duced the total volume of necessary intra-operative
blood loss and lowered the infusion therapy influence
on the bowels condition (table 3). Serum blood amy-
lases were within the reference range in both groups.
Significant differences in blood osmolarity between
the two groups of patients were received: 281.7£10.1
(group 1) and 289.34+6.34 (group 2), P=0.014.

However, no reliable difference between the pa-
rameters characterizing IFS severity in patients of
groups 1 and 2 was revealed. The small number of pa-
tients in the sample groups might have presumably pre-
vented the obtaining statistically reliable differences.

The results support the assertion concerning the
influence of infusion therapy volume and quality on the
intestinal wall condition and allow to employ this rela-
tion for determining the optimal infusion volume during
the perioperative period. The dependence of postopera-
tive intestinal failure severity on the perioperative infu-
sion therapy volume was statistically significant.

The severity of intestinal failure was determined
based on intra-abdominal pressure, which allowed us
regarding intra-abdominal pressure as a marker of
intra- and postoperative infusion therapy adequacy.

Ta6imua 3. Bausinue kauecTBa neproNepanuoHHoi MH(QY3HOHHOI Tepanuy Ha COCTOSIHME KUIEYHUKa B OcJeonepa-

IIMOHHOM TIepHOJIE.

Table 3. Effect of the quality of perioperative infusion therapy on bowels condition during postoperative period.

Indices Values of indices in groups

Group 1 Group 2
IIT, ml,/kg/min 0.57820.12 0.534+0.11
Day 1 3 1 3
IFS 2.9%0.82 2.8+0.54 2.6+0.12 2.2+0.62
Small bowel wall thickness, mm 4.98+0.84 4.24+0.73 4.01£0.72 3.98+0.69
IAP, cm HyO 21.2+2.82 18.6+2.54 17.4+2.62 14.5+2.13

Note. IIT — intra-operative infusion therapy. P>0.05 — no reliable difference between the groups was found.
IIpumeuanue. [IT — unrpaonepaimonnas nHdysnonnas repanus. p>0,05 — 10CTOBEPHBIX PA3INIUil MEK/LY TPYIIIAMHI He BBISBUIIH.
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HOTO JIaBJIEHUSI, YTO MO3BOJIUJIO HaM PACCMATPUBATD
[I0Ka3aTeb BHYTPUOPIONIHOIO JaBJI€HII B KAaueCTBEe
MapKepa a/IeKBaTHOCTH UHTPA- U TIOCTONEPAITMOHHOM
nHpy3UOHHOI Teparuu.

JlaHHbIe O COCTOSTHUY KUIIEYHON CTEHKH, TTOJIY-
YeHHbIE TIPU €KeTHEBHOM YJIBTPAa3BYKOBOM UCCJIEI0-
BaHUK OPIOIIHON MOJOCTH B IIOCIEONEPALUOHHOM
Hepuo/ie, TOMOTraloT KOHTPOJIUPOBATD CTEIeHb KUIITed-
HOI HEZIOCTATOUHOCTH U OTIPEJIENISATh TAKTUKY ITPODU-
nakTuky u jeuenus CKH.

[Tpu uccienoBanmu BAUSIHUS KauecTBA HHPY-
3UOHHOI Tepaluy Ha BHYTPUOPIOIIHOE AaBJeHue 1
CTereHb MOCTe0NnepanOHHON KUIIIeYHOH HeocTa-
TOYHOCTH CTATUCTUYECKU JTOCTOBEPHBIX OTJIUYHUIA
IIPU MCIIOJTH30BAHUU U HEUCITOJIBb30BAHUN KOJIJIOM-
noB B coctaBe VT He mosyunsim, olHaKO MPOCeIn-
JIM TEHJEHINIO K OoJiee 6JIaroIpuaTHOMY TeYeHHIO
CKH y nanuenTtos 2-it rpynmbsl. COOTBETCTBEHHO,
B HACTOsIIlee BPEMSI MOKHO CUMTATh, YTO CYIIle-
crBeHHoro BiaugHus Ha crerrenb CHK npucyrcrsue
KOJIJTOUZIOB B cOCTaBe MH(MY3MOHHON Tepanuu He
OKa3bIBaer.

3akiaoyeHue

[Tpu BBITIOIHEHNN 9KCTPEHHDBIX XUPYPIUYCCKUX
BMEIIATETHCTB 00bEM HHTPAOIEPAIHOHHON WHDY-
3MOHHOI Teparnuy OKa3biBaJ NPsIMOE BJIUSHUE HA
ocJieornepauonyio (pyHkimio kumeynuka. Omnru-
MU3alKs U IIPpUMeHeHNe TeJIeHalTPaBIeHHON KOPPH-
rupyionieil nHGY3MOHHON Tepanuu B Iepuornepa-
[IMOHHOM TepHrojie TPUBOAAT K Oojiee paHHEMY
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Data about the intestinal wall condition ob-
tained by daily ultrasound examination of abdominal
cavity during the postoperative period help monitor-
ing the level of intestinal failure and determine the
tactics for IFS prophylaxis and treatment.

Analysis of the influence of infusion therapy
quality on intra-abdominal pressure and postoperative
intestinal failure severity did not find significant dif-
ferences between the use and non-use of colloids as a
part of infusion therapy; nevertheless, a trend towards
more favorable course of IFS in patients of group 2
was noted. Hence, currently, the presence of colloids
as a part of infusion therapy can be considered hardly
rendering any significant influence on IFS severity.

Conclusion

In the course of emergency surgeries, the volume
of intra-operative infusion therapy directly affected
the postoperative intestinal function. An optimized
and targeted corrective infusion therapy during the
perioperative period assists earlier resolution of post-
operative intestinal failure.
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Bce aBTOpBI c006MAIOT 06 OTCYTCTBUM KOH-
(bakTa HHTEPECOB.
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I HayyHO-TIpaKTHYECKas KOH(EPEHIHS ACMUPAHTOB U OPJUHATOPOB
<AKTyajibHbI€ BOIPOCHI aHECTE3HOJOTHH-PEAHNMATOIOTHA 1 PEAOUIUTOTIOT >
19 anpesns 2018 r., DexepanbHblil HAYIHO-KINHIYECKUH HIEHTp pearrMaTosorun u peabusmrosorun (DOHKIL
PP), Mockosckas obmnactb, CotHedHOropekuit paiion, ¢/ CokosioBckoe, aepess JIbITkuto, a. 777;. GPS-koopuau-

Hater 56°1'14"N 36°59'38"E
OcHOBHbIE BOIIPOCHI /TSI 00CY5K/A€HHUST:

Tpasma, KpoBOTIOTEPS, HIOK.

Sl W=
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IMoapoo6uas undopmanusg o KondepeHun npeacTaBiena Ha caiire: http://www.fnkerr.ru

Camocrosrensto 10 @HKIL PP moskHO 100paTthbes:
1. U3 MockBbl OT cTaniun MeTpo « Mutuno» Ha aBro6yce Ne 400 o cranimm «KpiokoBo» 1. 3emeHorpaa, a

3areM Ha aBTobOyce Ne 497 10 ocTaHOBKM «JIBITKUHOY;

2. U3 Mocksbl 0T cTaniuu MeTpo < TymuHckas» Ha aBrobyce Ne 479, 460 no craniuu «Kpiokoso» 1. 3eite-
HOrpaja, a 3aTeM Ha aBToOyce Ne 497 10 octaHOBKU «JIBITKHHO>;

3. U3 MockBbl OT cTanimm MeTpo «Peunoii Boksan» na asrodyce Ne 400 zo cranimu «Kpiokoso» 1. 3eseno-
rpajia, a 3aTeM Ha aBToOyce Ne 497 110 octaHoBKU «JIBITKIHO>;

4. U3 Mockssr ¢ Jlenunrpazckoro Bok3asna (craniust MeTpo «Komcomosbekast» ) uan ot miatdopmsl «Ilet-
poBcko-Pa3yMoBcKasi» Ha IPUTOPOHOM JJIEKTPOTIOe3e /10 cTaHiuy «KpiokoBo» I. 3esieHorpasa, a 3ateM Ha aBTo-

6yce Ne 497 110 ocTaHOBKHU «JIBITKMHO»>.

MexaHu3Mbl Pa3BUTUS KPUTHUECKUX COCTOSHUM.

Crpyxkrypuo-dyuknuonamsbubie nuamenenns [[HC npu kpuTrueckux cocTosTHUSIX.
Wndeknmonublie oca0KHEHNS B peannMaTosrorui. Cerncuc.

IKCTPAKOPIOPATbHBIE METO/IBI IETOKCUKAIINHI B PEAHIMATOIOTHL.
AHeCTe3n0I0TusI-peaHMaTOOTHSI B CIIEIMATH3POBAHHBIX 00IACTSIX

(remaTpud, akynepCcTBO-TMHEKOJIOTHS, CEPIeYHOCOCY IMCTAS XUPYPTHst, HEHPOXUPYPIrus u 1p.).
[Ipo6iiema peabUINTAIIMN B AHECTE3UOIOT NN -PEAHUMATOIOT N,

Tenernueckrie n MOJIEKYJISIPHBIE MEXAHU3MBI KDUTUIECKUX COCTOSTHHI

9.  DxcrepnMeHTAJIbHbIE HCCJIEIOBAHNS B AHECTE3MOIOTHN-PEAHNMATOIOTHH.
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Defibrillation and Electrocardiymulation

Oo6memocrymnHas 1ebudpULIAIus
[P BHE3AIHOM OCTaHOBKe cepana (KpaTkuii 0030p)

B. A. Boctpukos, A. H. Kysossies

HUWU o6meit pearnmatonorun um. B. A. Herosckoro @HKIT peanumMatonoruu u peabuamnToN0THH,
Poccust, 107031, r. Mocksa, yor. ITerposka, 1. 25, cTp. 2

Public-Access Defibrillation in Sudden Cardiac Arrest (Short Review)
Vyacheslav A. Vostrikov, Artem N. Kuzovlev
V. A. Negovsky Research Institute of General Reanimatology,

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, 107031 Moscow, Russia

[Ipu BHE3aNHOII OCTAHOBKE Cep/Ila, BbI3BAHHOU (hUOPUILIAIMELT 5KeTyI0UKOB U JKEITYI0UKOBON TaXUKapAuel,
OJIHUM U3 KJIIOUYEBBIX CIOCOOOB YBEIUUEHUS YCIIeXa IOTOCIUTAIBHO U FOCIIUTAIBHON PEAHUMAIIUN 1 BHIKHBAEMO-
CTHU OKMBJICHHBIX OOJIbHBIX stBJIsieTCs 001enocTymHas geubpuisiuus. B kparkom 0630pe IuTepaTypbl pacCMOT-
pesiu CBSI3b MeJK/Ly BH/IOM BHE3aITHOH OCTAaHOBKH cep/iIia ¥ BBIKUBAEMOCTbHIO, KOHIIETIIINIO 1IeTTOYKH BBIKUBAHUS 1
poJib patHeil geudpuIsIUY, (GYHKIUK IPOrPAMM 110 00IIEAOCTYITHOM Ae(bUOPUILISAIIMU U POJIb ABTOMATUYECKUX
HAPY KHBIX Je(UOPUILISITOPOB [IPU TIPOBEAEHU Y OTOCIUTAIBHON 1 FOCIUTAIBHOI peanumaruu. B saxitouennu 06-
CY/IWJIU TIEPCIIEKTUBY BHEAPEHUs OO1Ie0CTYIHON geubprisiiuu B Poccuu.

Kantouesvte crnosa: sresannas ocmanoska cepoya; uopunisyust; 00uwedocmynuas 0euOpuILsuust; asmomamu-
UCCKULL HaPYICHDLUL 0epubpUILSIMOp

A public-access defibrillation is one of key techniques for improvement of the pre-hospital and in-hospital re-
suscitation success and survival rates of resuscitated patients in the case of a sudden cardiac arrest caused by vent-
ricular fibrillation and ventricular tachycardia. The short review discusses the relation between the type of a sudden
cardiac arrest and the survival rate, the 'chain of survival' concept and the role of early defibrillation, as well as the
function of public-access defibrillation programs and the contribution of automated external defibrillators in pre-
hospital and in-hospital resuscitation. In conclusion, the perspectives of introduction of the public-access defibril-
lation in Russia are discussed.

Keywords: sudden cardiac arrest; fibrillation; public-access defibrillation; automated external defibrillator
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«/la, wenosex cuepmen, 1o 3mMo
6vL10 ObL ewe noabedo.
I1noxo mo, umo on unozoa

BHE3ANHO CMEPMEH, 801 6 UEM ¢0Ky(5»
M. A. Byarakos, «Macrep 1 Maprapuras

BBenenue

Bnesarnas ocranoska cepina (BOC) BbizBanHas
KapANAJIbHON U 9KCTPaKapInaIbHOM ITaToJIOTHeN — OfTHA
13 BeyIIMX IPUYMH CMEPTU B 9KOHOMUYECKU PA3BUTHIX
crpanax [1]. Mexanuamamu passutug BOC gsisiores:
a) pubpuams xerynoukos (DIK) u kemymoukosas
taxukapauu 0e3 mysbca (JKT6m), 6) acucrosmst (Ac) u
B) aJjieKTpoMexaHndeckas maucconmarys (IM/) nm
AJIEKTPUYECKAst aKTHBHOCTD Cep/iiia Oe3 MmyJibca.

«Of course man is mortal,
but that's only half the problem.
The trouble is that mortality sometimes

comes to him so suddenly!>
M. A. Bulgakov, The Master and Margarita.
(translated by Michael Glenny)

Introduction

Sudden cardiac arrest (SCA) caused by cardiac
and extracardiac pathology is one of the leading causes
of death in developed countries [1]. Mechanisms of
SCA development are as follows: a) ventricular fibril-
lation (VF) and pulseless ventricular tachycardia
(PVT), b) asystole (As) and ¢) electromechanical dis-
sociation (EMD) or the pulseless electrical activity.
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Horocnuranpuast ocranoBka cepana. B CIITA
norocrutanbiass BOC passuBaercst mpumepHo y 350
000 uesosex B ros1. B Poccuu, 110 pacueTHbIM IaHHBIM,
€KETO/[HO OT CEPIeYHON MATOJOTHI BHE3AITHO YMHIPa-
et 200 000 — 250 000 uestoBek. B GobIIMHCTBE EBPO-
nefickux crpat 710 2010 1. perucTpupoBas B cpejiHeM
oxoJio 87 BOC na 100 000 xureJeit B rox, u ¢ 2011
no 2015 . — 84 2, 3].

3a 1mocyenHe ~25 JeT OTMEYEHO MPOTrPeccu-
pyioniee cHmkenue yactorsl pazsutust OJK, uro B
OTIpe/IeJIEHHO CTeleHN CBSI3aHO C TIEPBUYHOI U BTO-
puUHOH npoduaakTukoii 6onesHeii cepaa u BOC.
Hapszay ¢ aTuM npuHIUIINATBHOE 3HAYEHUE UMEET U
BpeMs perucTpanuu aputMun. Tak, npu JIuTeIbHO
(>5—8 MuH) OroCHUTAIBLHON OCTAHOBKE CEep/Ia Iep-
uunyio MK 1o Havasa peanumanuu perucTpupoBa-
any ~25 (20—40)% nocrpagaBmux. OmxHAKO ecau
IKI yznaBanoch 3aperucTpiupoBath B liePBble MUHYThI
BOC B ny6an4yHbIX MeCTaX, OCHANIEHHBIX aBTOMATH-
yecKUMU Hapy:kHbIMU gedubpusstopamu (AH/T),
nepsuunas OJK cocrasisina 49-76% [4, 5]. lanubie
aHaJM3a cepleyHoro puTma, mposenerHoro ¢ 2006 no
2012 r., nokasanu, yto 0k0J0 25-50% BOC 6bL1u
ciencreuem passutust XK u JKT6m [1, 6, 7]. TTo nan-
HBIM JIBYX MYJIBTHIIEHTPOBBIX UCCJIEOBAHUI, ITPOBE-
nennpix 8 CIITA u Espone ¢ 2011 o 2015 1., @K u
JKT6m 6 3apernctpuposanbt y 15,5 u 12,5-22%
6OJIbHBIX COOTBETCTBEHHO [3, 8].

BBIKHBAEMOCTD  «OKUBJIEHHBIX OOJBHBIX> €
norocruTanbioil MK /KT B pasinuHbIX PErHOHAX
Kanaasr u CHIA o 2010 1. Haxoauiachk B JuamnasoHe
or 7,7 10 40% (mexnana 22%), B To BpeMsi Kak 001ast
BBIKMBAEMOCTD TI0CJIe BCEX BU/IOB OTOCITHTAIBHOIM
BOC (Ac, O9OM/ u @K /KT611) — Tonbko ot 3 10
12,6% (memnmana 8,4%) [9]. B eBpormeiickux mccieno-
BaHUSIX OBLIO YCTAHOBJEHO, YTO BHIKMBAEMOCThH B
Januu ¢ 2005 o 2012 1. yBemMunIach Mpu pa3BUTUN
DK /KTo6m ¢ 16,3 10 35,7% u Ac/IML — ¢ 0,6% 1o
1,8% [10]. B Hunepnangax 3a ykasaHHBIH T1epuo/L
BpPEMEHU BbIKMBAEMOCTb YBEJIMYUJIACH TOJBKO HPU
passutin DK /JKT6m (¢ 29 1o 41,4%), npu pasBuTun
Ac/OM]I ona TpakTHUYeCKM He W3MEH:IJIACH
(3,1-2,7%) |6]. CornacHo mocjieiHUM HCCIEN0BA-
Husm (2011-2015 1.) B 5 mrratax CIITA BbikuBae-
MocTb 1tociie Beex BuzoB BOC (n=65 000) cocraBuiia
B cpennem 11,4% (amanason 1o mratam ot 8,0 1m0
16,1%) u nocue passutuss OIK/KTon — 34% (nna-
MasoH 10 1mraTam ot 26,4 1o 44,7%). B 27 esporeii-
ckux crpanax (2014 r.) BBDKUBAEMOCTB TIOCJIE BCEX
BumoB BOC (n=10 600) cocrasuia 10,7% (110 ctpa-
Ham ot <5 110 31%), ocae nepsuunoit MK — 29,7%
(1o crpanam ot 5,3 10 58%) u 1OCIE BCEX CIIyuaes
nepuuHoii 1 Bropuunoit MK — B cpennem 21% [3,8].

BHe3annasi ocraHoBKa cepila B JOMAaIIHUX
yeaosusx. ITo ganubim M. L. Weisfeldt u coasr. [5],
npu Hamuunu AHJI y nepBoro cBuyeresis «aomari-
Heiit» ocranosku cepaua MK/ KTon Obuia saperu-
cTpupoBana y 36% IOCTpaJaBuInX, u B 25% CJIydaes,
€CJIM PEAHNMAIUIO HAYNHAJ TIPOBOIMTH IIEPCOHAI IKC-

Pre-hospital cardiac arrest. In the United
States, pre-hospital SCA develops approximately in
350.000 people per year. In Russia, 200.000—250.000
patients suddenly die from heart diseases every year.
In most European countries, an average of approxi-
mately 87 cases of the SCA per 100.000 people were
registered every year before 2010; 84 cases were reg-
istered from 2011 to 2015 [2, 3].

Over the past 25 years, a progressive decrease
in the incidence of VF was observed, which to a cer-
tain extent is related to the primary and secondary
prevention of heart diseases and the SCA. At that,
the time of registration of the arrhythmia is crucial.
For example, in the case of a long (> 5—8 min) pre-
hospital cardiac arrest, primary VF before the resus-
citation was registered in 25 (20-40)% of patients.
However, if ECG could be registered within the first
minutes of the SCA at public places equipped with
an automated external defibrillator (AED), the pri-
mary FV was 49-76% [4, 5]. Data of the analysis of
the cardiac rhythm carried out from 2006 to 2012
demonstrated that 25-50% of SCA resulted from FV
and PVT[1, 6, 7]. According to two multicenter stud-
ies carried out in the United States and Europe from
2011 to 2015, VF and PVT were registered in 15.5
and 12.5-22%, respectively [3, 8].

The survival rate of resuscitated patients with
pre-hospital FV/PVT in various regions of Canada
and the United States before 2010 ranged from 7.7 to
40% (median 22%), while the overall survival after all
kinds of pre-hospital SCA (As, EMD, and FV/PVT)
ranged only from 3 to 12.6% (median 8.4%) [9]. In Eu-
ropean studies, it was found that the survival rate in
Denmark increased with the development FV/PVT
from 16.3 to 35.7% and As/EMD from 0.6% to 1.8%
over the period from 2005 to 2012 [10]. In the Nether-
lands, over the specified time period, the survival rate
increased only in the development of FV/PVT (from
29 to 41.4%); in the case of the development of
As/EMD, it almost has not changed (3.1-2.7%) [6].
According to recent studies (2011-2015), in five US
states the survival rate after all kinds of SCA
(n=65,000) averaged 11.4% (the range by states var-
ied from 8.0 to 16.1%) and after development of
FV/PVT it was 34% (varied depending on the state
from 26.4 to 44.7%). In 27 European countries (2014),
the survival rate after all kinds of SCA (#n=10.600)
amounted to 10.7% (by countries: from <5 to 31%),
after the primary FV it was 29.7% (by countries: from
5.3 to 58%) and after all the cases of primary and sec-
ondary it was on average 21% [3.8].

Sudden cardiac arrest at home. According to
M. L. Weisfeldt et al. [5], if the AED was available to
the first witness of a home cardiac, the FV/PVT was
registered in 36% of cases and in 25 of cases, if the re-
suscitation was started by the staff of the emergency
medical service (EMS). At that, the survival rate was
on average 12% (2.8 times less than the number of re-
suscitated patients at public places equipped with the
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TpeHHOI MeauuuHcKol cayxk0b1 (OMC). IIpu atom
BBIKMBAEMOCTh cocTaBuia B cpeziem 12% (B 2,8 pasa
MEHBIIIE, TI0 CPABHEHUIO C KOJIIYECTBOM O’KUBJIEHHBIX
B IyOJIMYHBIX MecTax, ocHameHubx AH/T). ITpuunna-
MU CTOJIb HU3KOI BBIKUBAEMOCTH ITOCJIe O3KUBJIEHUS B
YCJIOBUSIX JIOMA, TI0-BUIIMOMY, SIBJISIIIUCH:

a) yactoe orcyrcrsue ceuzerens BOC;

06) yacroe orcyrcreue AH/I y nepsoro csugere-
JISt OCTAHOBKU CEPJIIIA;

B) Hebosbuag Berpeyaemocts BOC, koropas
ObLIa BbI3BaHa KapauaabHOIL maTosoruei [1, 11].

BuyrpurocnuraipHasi octaHOBKa cepaua. [lo
HaHHBIM ABYX uccaegopannii (1999—2005 r.) B 60J1b-
numax CIIIA u psiga eBporieiickux cTpaH nepBUYHAsT
DK /KT6n OGbna sapeructpuposana y 24—35%
GOJIBHBIX; BBIKUBAEMOCTH COCTABHJIA B UCCIIEIOBAHUY
[12] B cpennem 37% u uccanenosanuu [13] — ot 18 10
67%. B uccaienoBanuu |14 ] 6b110 yCTAaHOBJIEHO, UTO B
CIIIA wyacrtora pa3BuUTHUS BHYTPUTOCIUTATHHON
@K /KTo6n causunacs ¢ 2000 1o 2009 rr. ¢ 23,5 10
18,5%, 11pu TOM BBIKMBAEMOCTD YBETMIHIIACH C 28 /10
39%. Ilpu pazButuu nepsuynoii Ac u IM/I (oxosio
70% ot Bcex BOC) BbIKMBaeMOCTb COCTABUJIA B CPe/I-
Hem 11 u 12% coorBerctBenno (auamnaszon ot 1,2 no
14%) [12, 13]. YcTanoByieHO TaKkKe, YTO BO BPeMsI cep-
neuano-jerounoin peanumarun (CJIP) npumepno y
20% 60JBHBIX ¢ IEPBUYHON acucTosueit win IMJ]
pasBuBaercs BTOpUYHAs (T. H. TEPMUHAJIbHAS)
DK /KTo6m; Takoe coyeraHue acCOUUPOBAIOCH C
YMeHbIIIEHEeM BbIKUBAaeMOCTU. TaK, Ipu mepBUIHOI
Ac ¢ passutuem Bo Bpemsa CJIP Bropuunoii
OJK/KTon ona cocraBuna 8% (6e3 BTOPUUHOI
DK /KT6n — 12%) u nepsuanoit IMJ] — 7% (6es
sropuunoit @K/ KT6m — 14%) [12]. B uccneposa-
Husx, nposeserHbix B Hopseruu ¢ 2009 o 2013 r,,
HyTpuboabHuHag 1epsuunags DK /K To6n Gbuia
saperucrpuposana y 27—32% 6ombHbix, Ac — 19-23%
nu IOMJ - 48%. BbpkusaemMocTb OOJBHBIX C
OIK/FKTo6m cocraBuna 53% 1y OOJIbHBIX ¢ KapHab-
HOIl aToJorneil — 61%; BBKIBAEMOCTD IIPY Pa3BH-
tun Ac — 17%, DML — 13% u 0611as1 BbIKUBAEMOCTb
- 25% [15,16]. B Benmkobpuranuu B 144 GoabHUIIAX
¢ 2011 mo 2013 1. ®IK/7KT6n 6b1ma npuunnoii BOC
y 17% 6onbubix, Ac — 23,6% u IM/ — 49%; BbIAKM-
BaemocTb cocrapuaa: DK /K Ton — 49%, Ac — 8,7%,
IMJI — 11,4%, n obimas BeikuBaeMoctsb — 18,4%. [17].
B Uranuu B 36 6Goapaumax c¢ 2012 no 2014 r.
@K /KTo6n 6buaa sapeructpuposana y 19% 6oub-
HBIX, 00111 BBIKMBAaeMOCTh cocTaBuia 14,8% [18].

TaxkuMm 06pa3zoM, Kak TOrOCTIUTATIbHASL, TAK 1 TOC-
muraabHasg BOC, BeisBannas nepsuunoii MK /7K Tor,
B ortsnune ot BOC, BbI3BaHHOU repBUYHON AcC U
IOM/I, xapakTepusyercss 3HAYUTEIbHO OOJIbILeEil
BBIKUBAEMOCTBIO OJKUBJICHHBIX OOJIbHBIX.

AHasm3 TaHHBIX MEPOBOIL JIUTEPATYPBI, Oy O -
koBarHoit ¢ 1990 mo 2005 r., mokasaj, 4To, ecjiu pea-
HuMaruio pu jaureabnoil BOC HaumHaooT poBo-
IWTH 1oce 5—8 MUH, CyMMapHasi BbIKMBAEMOCTD
GOJIBHBIX, OKMBJIEHHBIX HA JOTOCIUTAIBHOM 3JTarle

AEDs). The causes of such a low survival rate after re-
suscitation at home were, apparently, as follows: a) fre-
quent absence of any witness of the SCA, b) frequent
lack of the AED in the first witness of the cardiac ar-
rest, ¢) small incidence of SCA caused by a cardiac
pathology [1, 11].

In-hospital cardiac arrest. According to two
studies (1999-2005) in hospitals in the United States
and several European countries, the primary FV/PVT
was registered in 24—35% of patients; the survival rate
in study [12] was an average of 37% and study [13] it
ranged from 18 to 67%. In study [14], it was found
that in the United States the incidence of the in-hos-
pital VF/PVT decreased from 23.5 to 18.5% over the
period from 2000 to 2009; while the survival rate in-
creased from 28 to 39%. When the primary As and
EMD develops (about 70% of all SCA cases) the sur-
vival rate was on average 11 and 12%, respectively
(ranged from 1.2 to 14%) [12, 13]. It was also found
that during cardiopulmonary resuscitation (CPR) in
approximately 20% of patients with the primary asys-
tole or EMD, secondary (i.e. terminal) FV/PVT de-
velops; this combination was associated with a
reduced survival rate. For instance, in the case of the
primary As with the development of the secondary
FV/PVT during the CPR, it was 8% (without second-
ary FV/PVT it was 12%), and with the primary EMD
it was 7% (without secondary FV/PVT it was 14%)
[12]. In studies conducted in Norway from 2009 to
2013, the in-hospital primary FV/PVT was registered
in 27-32% of patients, As was found in 19-23% and
EMD in 48% of patients. The survival rate of patients
with FV/PVT amounted to 53% and in patients with
a cardiac pathology it was 61%; the survival rate in the
case of As was 17%, in the case of EMD it was 13% and
the overall survival was 25% [15,16]. In the UK, from
2011 to 2013, in 144 hospitals, the FV/PVT caused
SCA in 17% of patients, As in 23.6% of patients, and
EMD in 49% of patients; the survival rate was: 49%
for FV/PVT, 8.7% for As, and 11.4% for EMD, and the
overall survival was18.4% [17]. In Italy, from 2012 to
2014, in 36 hospitals, VF/PVT was registered in 19%
of patients; the overall survival was 14.8% [18].

Therefore, both pre-hospital and in-hospital
SCA caused by the primary VF/PVT, unlike the SCA
caused by the primary As and EMD, is characterized
by a significantly higher survival rate of resuscitated
patients.

Analysis of data from international literature
published from 1990 to 2005 showed that if resuscita-
tion during a long SCA is initiated 5-8 min after the
onset, the total survival rate of patients resuscitated
at the pre-hospital stage due to development of FV,
PVT, asystole, and EMD is on average about 6.4%.
However, if at the pre-hospital stage resuscitation and
defibrillation are conducted within the first 3—5 min
after the SCA onset by trained personnel of institu-
tions other than healthcare ones, the survival rate can
reach 74—49%. These data were obtained when AEDs
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seaencreue passutus DK, KTOm, acucronmuu u
IM/JI cocraBisier B cpepHeM 0KoJo 6,4%. OmHako,
ecJIu Ha JiorocnutaibHoM atare y bosbibix ¢ DK pea-
HUMAaIUs U 1ebuOPUILISAIUS TPOBOASITCS B TeUeHUEe
nepsbix 3—5 MuH BOC o0y4yeHHBIM IIepCOHATIOM HE
MEIUIMHCKUX YUPEXKIEHUIT, BBKUBAEMOCTh MOKET
nocTurath 74—49%. i qaHubie ObLIN IOIYYeHbI IPU
pasmenienun AH/I B asporioprax, camosietax u Ka3u-
HO. CTOJIb BBICOKASI BBIKIBAEMOCTb IIOCJIE YCIIEIHOM
peaHuManuu obecrednBaIach BHEAPEHUEM B TPAKTU-
Ky KOHIIETII[IH <I[eTT0YKH BbiKUBaH s> («chain of sur-
vival») u mporpamMMbl HeMeIJIeHHOTO Hadasia 6a3oBoil
CJIP u 6bictporo npumenenust AH/I. Cienyer orme-
TUTb, 4TO B caydasx passutust DK wmm JKT6m, kak-
Jast MuHyTa ipomejiennd ¢ nadaiaom CJIP ymenbina-
€T BeposITHOCTh BbUkMBaHusa nHa 7-10%, u c
nposenerrem gehubpuiuianun — Ha 10—15%. K coxa-
JIEHWIO, /la’ke B BEAYIIUX eBPOIEHCKUX CTpPaHax
GBICTPOE HAYAIIO OXKUBJIEHUST CTyYaHBIM CBU/IETEIEM
BOC ocy1iecTBIisisioch TOJIBKO B TPETH CIIYYAEB, U €111e
pesxe rposoauan 6azoByio CJIP Ha BBICOKOM ypoBHE
¢ ucniosnb3oBanuem AH/I. B cBg3u ¢ atum riaBHas
1esb MeskayHapoaHbix pekomeraruii 2005 1. mo CJIP,
a TaK)Ke U3MEHEHW, BHECEHHbBIX B y4eGHbIe MaTepra-
JIbl, COCTOSIJIA B YBEJIMYEHUN BBIKITBAEMOCTHU 32 CUET
GoJiee paHHETO ¥ BBICOKOKAYECTBEHHOTO MPOBE/ICHMST
6a30B0ii peaHUMAIMU C IUPOKUM UCIIOJIb30BAHIEM
AHJI [4,19-21].

CuielyeT OTMETUTb, YTO TPUYUHBI HUIKOI
BBIKMBAEeMOCTH 110cJie rorocruTanbHoit BOC TpyaHo
MOJIAIOTCS U3YUYEHUTO, 0OCOOEHHO € ydeToM TpehoBa-
HUI JI0Ka3aTelbHON Meaunuubl. HeomHOpOmHOCTD
TAKTUKU U CTPATETUU IIPOBEJEHUST PEAHIMAIIUN, U ee
UCXOJIOB YCJIOKHSIIOT OIIEHKY PE3yJIBTaTOB UCCJIE/0-
BaHW /171 GOJIBHBIX BCEX KATErOPUH M BCexX CIIyKO
HEOTJIOXKHOW TIoMoly. BceiefcTBue sTOoro MHorue
nccenoBanust 6bM chOKYCUPOBAHBI HA KPATKOCPOU-
HBIX ¥ PAHHUX Pe3yJIbTaTaxX PeaHMMaIllu, 3 UMEHHO:
BOCCTAHOBJIEHUH CAMOCTOSATELHOTO KPOBOOGpaiiie-
Hust (COOCTBEHHO YCIIeX peaHUMAIUK) U KOJUYECTBE
GOJIbHBIX, JOKUBIINX JI0 TOCTUTaMu3aImu (short-term
survival). Bmecre ¢ Tem, TIaBHBIM KPUTEPUEM YCIIEII-
HOTO OJKUBJIEHUS HA IOTOCIIUTATIBHOM 9Talle SIBJISIOT-
Cs1 ee OTCPOYEHHbIe UM OT/AJEHHbIE PE3YJIbTaThl, a
MMEHHO, BBKIBAEMOCTH OKMBJIEHHBIX C OTCYTCTBUEM
Cepbe3HBIX TIOCTPEAHNMAIIMOHHBIX HEBPOJIOTUIECKUX
HApYIIEHUN K MOMEHTY BBIIIUCKHM M3 CTAI[MOHAPA
(oTcpouyeHHAas BBIKUBAEMOCTD) U BBIKMBAEMOCTb U
Ka4yeCcTBO JKU3HU B TeueHue 1—5 jieT moce peannma-
1uu (OTHATEHHAS BBIXKUBAEMOCTb ).

Konuenmus «ienoyxky BbKUBaHusI> . B Hauase
90-X rojI0B MPOIILJIOTO CTOJIETHS IKCIIepTaMu AMepu-
kaHckoll Acconnaru Cepaia O6bi1a chopMyInpoBa-
HAa KOHIIEIIUsI <IIeTIOYKU BbIKUBaHUsS». CoriacHo
9TON KOHIEIINU YBEJUYUTh YCIEX PEAHUMALUU U
BBIKUBAEMOCTH OOJIbHBIX, IEPEHECITNX JOTOCITUTANb-
nyio BOC, MoxHO, ecsiu y1aeTcst:

¢ 6bicTpo pacnosuaTh BOC u ObICTPO BbI3BATh
cary KOy 9KCTPEHHON TOMOIIN

were placed in airports, airplanes and casinos. This
high survival rate after successful resuscitation was
provided by the introduction of the «chain of sur-
vival» concept and the program of immediate com-
mencement of basic CPR and rapid application of the
AED. It should be noted that in cases of development
of FV or PVT, every minute of delay of the CPR com-
mencement reduces the probability of the survival by
7-10% and delay of the defibrillation by 10—15%. Un-
fortunately, even in the leading European countries, a
rapid commencement of the resuscitation by an acci-
dental witness of the SCA was undertaken only in a
third of cases, and the basic CPR at a high level with
the use of the AED was carried out even more rarely. In
this regard, the main objective of the 2005 international
recommendations on the CPR, as well as changes in ed-
ucational materials, was to increase the survival rate
due to earlier and high-quality basic resuscitation with
an extensive use of the AEDs [4, 19-21].

It should be noted that the causes of low survival
rates after pre-hospital SCA are more difficult to
study, especially taking into account requirements of
the evidence-based medicine. The lack of a uniform
tactics and strategy for resuscitation and its outcomes
make the evaluation of study findings of patients of all
categories and all emergency services more difficult.
Therefore, many studies have focused on short-term
and early results of the resuscitation, namely: restora-
tion of spontaneous circulation (actually the success
of resuscitation) and the number of patients surviving
till hospitalization (short-term survival). However,
the main criterion for a successful pre-hospital resus-
citation include its delayed and long-term results,
namely, the survival of resuscitated patients with the
lack of serious neurological disorders at the time of
discharge from hospital (delayed survival rates) and
survival and quality of life within 1-5 years after re-
suscitation (long-term survival).

The «chain of survival> concept. The «chain of
survival» concept was formulated by experts from the
American Heart Association in early 1990s. According
to this concept, the success of resuscitation and the
survival rate of patients with pre-hospital SCA may
be increased, if the following criteria are met:

* rapid diagnosis of SCA and quick call to the
emergency service;

¢ quick commencement of the CPR by sur-
rounding people. In this case, the survival rate can be
increased by more than two-fold [22, 23].

* quick defibrillation;

 quick access to an expanded CPR and ade-
quate post-resuscitation therapy after successful re-
suscitation.

A delay in any step leads to a deterioration of the
resuscitation results and reduction of the survival rates.

Early defibrillation concept. In 1991, the Amer-
ican Heart Association experts formulated the concept
of early defibrillation. According to this concept, early
defibrillation is the most important link in the chain
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* ObicTpo HauaTh Gasosyio CJIP cumamu oKpy-
JKaromux. B aToM ciryuae BBKHBAEMOCTD MOJKET OBbITH
yBeamdena Gosiee ueM B aBa pasa [22, 23].

*  GBICTPO IPOBECTH AeDUOPUIIAIINIO

¢ ObicTpo obGecneunts pacumpernyio CJIP u
IIPU YCIIEITHOM OKUBJIEHUU a/IeKBATHYIO [TOCTPEaH!-
MAIlMOHHYIO TepPaIlnio.

3ame/ieHye POBeIEeH s JII0OOTO 3BEHA ITPUBO-
[T K YXyIIUIEHUIO Pe3yJIbTaTOB OKUBJIEHUS U CHUKE-
HUIO BBIKUBAEMOCTH.

Kouuenuus panneii nepudpuwuisipu. B 1991 1.
akcnepramu Amepukanckoit Acconumarmeit Cepjia
Gbita chopMyIMpoOBaHA KOHIIEIIMsT paHHeil gedud-
pusiiun. CorsiacHo TAaHHOM KOHIIEIIIMY, CAMBIM BaXK-
HBIM 3BEHOM <I[EIIOYKN BbIKUBAHU> SBJISIETCS PAHHSIA
nedubprsams: B 6osbHulle B iepsbie 2—3 mua BOC
1 Ha JIOTOCITUTAILHOM 3Tarle — repsbie 3—5 muH. [1as-
HbBII TPUHIATT paHHel AepUOPUILISIIUT — IEPBOMY
criacaTesto, MpUOBIBAOIIEMY K OCTPAAABIIEMY, CIIE/LY-
et umetb AH/I; 1ipu ero otcyTeTBUN — OOBIMHBIN PyY-
HOIT 1IepUOPIILIATOP.

Kounenuus o61ie10cTynHoi 1ehuspuinisnum.
[MIupokoe wucnosnbzosanue AHJ[ BHe O6OJbHUIIBI
MUHUMAJIBHO 0OYYECHHBIMU JI0bME G€3 METUIIUHCKO-
10 06pPa30BAHU JIETJIO B OCHOBY KOHIIEIIIUU 00I11e/10-
CTYIHOM flepuOPIILIAIINI, KOTOPast Gblaa chopMyin-
posana B 1994 1. akcnepramu AMepUKaHCKON
Accommarnueii Cepana. Ha ocHoBanuu fanioit KoH-
ueniuu 8 CIIIA u Espomne Gpuin paspabotaHbl 1Ipo-
rpaMMBbl JIOTOCITUTAIbHOTO uctiosb3oBanus AH/I nep-
BbiMu cBuzietesisiMu BOC. CoracHo ucciaeoBaHusIM,
onybaukoBantbiM B 2010-2016 1., ucrob3oBamue
AH/I nepsbim cBusieresiem BOC, BpI3BaHHOM TIEPBUY-
Hoit MJK/JKTOm, 3HaYnTEIBHO YBEIMINBAET YHUCIIO
BBIKUBIIUX OOJILHBIX C YIOBJIETBOPUTETHHBIM HEBPO-
JIOTHYECKUM cTarycoM [6, 24—27]. Takum obpazom,
mupokoe ucnosbzoBanue AHJ[ mMoxkeT yaydmurh
ncxobt gorocrutanbioit BOC. Bmecte ¢ Tem B psjie
esporeiickux crpad AH/[ ucnomnssyior maso. Tak, o
nanubiM M. Agerskov u coasr. [25], B Jlanuu 1epsbie
ceugieresin BOC npumensiin AH/L no npuesga O9MC
TOJIBKO JIJIST OXKUBJIEHUST 3,8% MOCTPAIABIIHX.

IIporpammsi 06IeR0CTYIHOI AebUOpUILIATIN
(O4mO). C mnomompio mporpamm OJI/I peraercs
TEJIBII PSIL 32124, CPEIU KOTOPBIX HEOOXOMMO BbIjie-
JIUTD CJIeLyIOIIue:

* KOHTAKT C MECTHOIl cJy:KO0H DKCTPEHHOI
MEIUTUHBI VIV JIPYTUMU CJIYKOaME OICTPOTO pearu-
poBaHus;

* wmecto pacnosiokerust AH/I u kpurepuu ero
BBIOODA;

* TIPUHIUIBI U KauecTBO oOydeHus 6a30BOM
CJIP ¢ ucniosp3osanuem AH/I.

Kouwmaxm ¢ mecmunoii cayac6oii sxcmpennoi
meduyunvl u ee ducnemuepom. B pekoMeHAAIUSX
Esponeiickoro cosera 1o peanumaiun (ECP) 2015 1.
MOJ{YEPKHYTA TPUHIUITUAJIBLHO BaXKHAS POJIb B3AUMO-
netictust Mexy nucrieraepom DMC u okpyKaionu-
M, BeinosHsomumu 6azosyio CJIP. [ucneryep nan-

of survival: in the hospital, within the first 2—3 min of
SCA and within 3-5 min during the pre-hospital
stage. The main principle of early defibrillation is that
the first rescuers arriving to the patient should have
the AED; if it is not available, he should have an ordi-
nary manual defibrillator.

Public-access defibrillation concept. A wide
use of the AED outside the hospital by minimally
trained personnel without medical education formed
the basis of the concept of publicly accessible defibril-
lation, which was formulated by the American Heart
Association experts in 1994. Based on this concept,
programs of the pre-hospital use of the AED by the
first SCA witnesses were developed in the United
States and Europe. According to studies published in
2010-2016, the use the AED by the first SCA witness
caused by the primary FV/PVT significantly in-
creases the number of survivors with a satisfactory
neurological status [6, 24—27]. Therefore, a wide use
of AEDs can improve outcomes in the case of pre-hos-
pital SCA. However, AED is not frequently used in a
number of European countries. For example, accord-
ing to M. Agerskov et al. [25], in Denmark, the first
witnesses of SCA applied the AED before arrival of
the EMS for resuscitation of only 3.8% of patients.

Public-access defibrillation (PAD) programs.
PAD programs solved a number of tasks, among which
the following ones could be named:

* contact with a local emergency medicine
service or other emergency services

* location of the AED and criteria for its selection

* principles and quality of training in basic
CPR using the AED

Contact with a local emergency medicine service
and its dispatcher. The European Resuscitation Coun-
cil Guidelines for Resuscitation 2015 (ERC Guide-
lines 2015) emphasize the essential role of interactions
between an EMS dispatcher and people carrying out
the basic CPR. The service dispatcher plays an impor-
tant role in the early diagnosis of cardiac arrest and
carrying out of a high-quality CPR (the so-called tele-
phone CPR monitoring ), as well as in searching for
the AED and ensuring its delivery to the scene [1, 28].
Organization of cardiac arrest centers and their con-
tacts with regional and local emergency medical serv-
ices should be encouraged, because it is associated
with an increase in the survival rate and improvement
of neurological outcomes in patients with pre-hospital
cardiac arrest [1].

Location of the AED and criteria for its selection.
There are several criteria for selection of the AED lo-
cation. The time factor is one of such criteria. It is eco-
nomically feasible to place the AEDs in those public
places where one cardiac arrest may be expected once
per 5 years [1, 29]. According to ECR experts, the ideal
location for the AED must be at such a distance that a
person rendering the first aid could spend no more than
1.5 min to fetch it and return to the patient. In this case,
an emergency medical care dispatcher can help. For this

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 1



DOI:10.15360,/1813-9779-2018-1-58-67

Aednbpuarsigns n 3AeKTPOKAPAMOCTUMYASIIIUSL

HO#T crysK6bI UTPAET BAsKHYIO POJIb B PAHHEH [HarHo-
CTHKE OCTAHOBKH CeP/Ia U BBIIIOJHEHUN KayeCTBEH-
voit CJIP (1. u. tenedonnsiii koutpoab CJIP), a
TaksKe noucke u obecriedenvu gocrapku AH/T k mecty
npouciiectBud [ 1, 28]. CiremyeT nmoonipsth opranusa-
I[UIO I[EHTPOB OCTAHOBKH CepAlla U UX KOHTAKT C
PETHOHATILHBIMU ¥ MECTHBIMU CJIYKOAMU HKCTPEHHOI
MEUIITHCKOI ITOMOIIIU, TAK KAK 9TO COIMPOBOXKIAETCST
yBeJIMYeHNEM BbIKIBAEMOCTH U YJIy4IlIeHUEM HEBPO-
JIOTHYECKUX MCXO/IOB Y MOCTPAAABIINX IIPH JIOTOCIIU-
TaJIbHON OocTaHOBKe cep/ia [1].

Mecmo pacnonoxcenuss AH/[ u xkpumepuu ezo
gvi6opa. CyliecTByeT HECKOJIbKO KpUTEPUEB BbIGOpa
Mecra g pacrionoxkernus AH/[. Opnum u3 takux
KpUTepUEB sBJIsIeTCs (DAaKTOP BpeMeHU. JKOHOMIYe-
cku 1eecoodpasto pasmemate AH/L B Tex my6any-
HBIX MECTaX, I/ie B TeUeHHe 5 JIeT MOKHO OKUJATh
onny octanoBky cepana [1, 29]. CorsacHo 3akiove-
Huto akcrieproB ECP uneanproe pacronoxenne AH/]
MOJIKHO HAXOAUTHCS HA TAKOM PACCTOSTHUU, YTOObI
OKa3bIBAIOIIUE TOMOIIb MOT B TeueHue He GoJiee 4em
3a 1,5 MUH CXOIUTH 32 AAPATOM U BEPHYTHCSI C HUM
K [TOCTPaiaBiieMy. B 9ToM eMy MOKeT OMOYb JUCIIET-
4ep HKCTPEHHOU CIIyKOBI MEAUTIMHCKON oMo, [[iist
9TOr0 HeoOXO0AUMO IPoBOAUTH peructpanuio AH/I,
PACIOIOKEHHBIX B 001IeCTBEHHBIX MecTax. 1o naH-
ubiM M. Agerskov u coasr. [25], B [latuu Tosibko 15%
ot Bcex BOC 0bL11 3aperucTpupoBatbl B Ipeeaax
100 metpos ot pacrionoxxenuss AH/I.

Obyuenue nasvixam 6asosoti CJIP ¢ ucnonvsoea-
nuem AH/[. Cnesryet OTMETHUTb, UTO TIPH JIOTOCITUTAIb-
HOIT octaHOBKe cepiaua BeizBanHoit DJK, panmsis
BBICOKOKAYeCTBEHHASI KOMIIPECCUsSI TPYIHON KJIEeTKH
(KTK) u pedubpuinanus SBASIOTCA OCHOBHBIMIU
axTopamu, ONpeeNdIONUMU YCIIeX OKUBIEHUS U
BbiKUBaeMocTh. [lo panueim [30, 31] addexTunHoe
obyuenue HenpodeccuoHaNIoB HaBbIKaM (a30BOil
CJIP c ucnonwzoBanuem AH/I yBennuusaeT oTcpo-
YEHHYIO U OT/IJIEHHYIO0 BbIKUBaeMocTh (K 30 mHio u 1
rofy HabJIO/IEHUsI COOTBETCTBEHHO). DBbBLIO Takske
IIOKA3aHO, YTO XOPOLIO 06y4eHHbIe gucnerdepbl DMC
CIIOCOOHBI YIIYUIITUTD TTPOBOAUMYIO OKPYKAIOIIUMU
peanmnManuio u ee ucxozsi [1, 32].

Oo6menocrynnas nepudpuLIALUS B OOJbHU-
nax. B MupoBoii npakTuke, B 3aBUCUMOCTH OT MOJIE/TN
annapara, AH/[ B rociuTanbHbIX YCIOBUAX UCIIOIb-
3YIOT B 3 PEKUMAX: OJTyaBTOMATIYECKOM, TOJHOCTHIO
aBroMarusupoBanHoM u pyunom. /s O/1/] npume-
HSTIOT MI0JIyaBTOMATUYECKIIl, PesKe — PYUHOH PexKi-
Mbl. CiielyeT OTMETHUTb, UTO JI0 HACTOSIIIETO BPEMEHM
OTCYTCTBYIOT P€3YJIbTAThl PAHIOMU3UPOBAHHBIX KJIH-
HUYECKUX UCCJIE0BAHIIL, CPDABHUBAIOIINX [TPHMEHe-
HIE B TOCIIUTATIBHBIX YCJIOBUSX PYUYHBIX epubpuILis-
topoB u AHJI B mosyaBTOMarn4eckoM pekuMe.
Bwmecte ¢ Tem 6b110 TIpoBeeHo 3 06cepBAIMOHHBIX
HCCIIe/IOBAHNS, B KOTOPBIX He GBI YCTAHOBJIEHO YBE-
JIMYEeHUS BbIKMBAEMOCTH 1Ipu uctoib3oBanun AH/|
[33—35], a B 0/1HOM MCCIIEIOBAHIY JIasKe OTMEYEHO ee
YMEHBIIIEHEe TI0 CPABHEHUIO C UCIIOIb30BAHUEM PYyU-

purpose, it is necessary to register AEDs located in pub-
lic areas. According to M. Agerskov et al. [25], in Den-
mark, only 15% of all SCA cases were registered within
100 meters from the location of the AED.

Training in basic CPR using the AED. It should be
noted that in the case of the pre-hospital cardiac arrest
caused by FV early high-quality chest compression
(CC) and defibrillation are key factors to the success
of the resuscitation and survival. According to [30, 31]
effective training of non-professionals in the basic
CPR using the AED increases the delayed and
longterm survival (by the 30 day and 1 year of obser-
vation, respectively). It was also shown that well-
trained EMS managers were able to improve
resuscitation carried out by people surrounding the
patient and its outcomes [1, 32].

Public-access defibrillation at hospitals. In the
world practice, depending on the model of the device,
the AEDs are used in 3 modes at hospitals: semi-auto-
matic, fully automatic and manual. Semi-automatic
and, less frequently, manual modes are used in PAD. It
should be noted that there are still no results from ran-
domized clinical trials comparing the use of the hos-
pital manual defibrillators and the AED in
semi-automatic mode. At the same time, 3 observa-
tional studies were conducted which had not found
increased survival rates using the AED [33-35] and
one study even demonstrated its decrease as compared
with the use of manual defibrillators [36]. The results
of study [37] suggests that the AED may cause delay
in the commencement of the CPR and increase the du-
ration of breaks in the CC associated with the auto-
matic analysis of the thythm and commands that AED
produces during the resuscitation of patients with pri-
mary asystole and primary EMD (it is known, that de-
fibrillation is not applied to eliminate the latter).
Based on the results, the ERC experts (2015) recom-
mend to use the AED in the semi-automatic mode in
those hospitals units where there is a risk of delay in
defibrillation for a few minutes (more than 2—3 min)
and the first people who have witnessed the SCA have
no experience in manual defibrillation. In those hos-
pital units where quick access to defibrillators may be
provided, manual defibrillation conducted either by
trained personnel or the resuscitation team should be
preferred to the use of the AED because it reduces the
time from the onset of the SCA to the first discharge.
However, in such cases, experience in the visual analy-
sis of the electrocardiogram (ECG) is required [1].
The ERC Guidelines 2015 recommendations for the
use of automatic and manual defibrillators for the PAD
are based on studies conducted in the United States
and Australia [33—37]. It should be noted that no sim-
ilar studies were conducted in Russia, therefore, at
present time, this recommendation can be introduced
in the practice of those Russian hospitals which have
special resuscitation teams and/or trained staff expe-
rienced in a fast analysis of ECG and work with man-
ual defibrillators.
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HbIX gebubpuiaropos [36]. Pesyasrars! uccienoba-
Hus [37] naioT ocHoBaHud ronarath, yTo AH/I MmoryT
ObITH IpUYKHON 3azep:kku Havasita CJIP u ysennue-
Hus gutespHocT iepepbiBoB B KI'K, cBsizanHoii ¢
ABTOMATUYECKMM AHAJIM30M DHUTMA M KOMaH/AMHU,
Kortopsie BoiaeT AH/I Bo BpeMst 05kKUBJI€HUS GOTBHBIX
c TIepBUYHON acucrtonuei u nepsudnoit IMJL (ais
yCTpaHEeHUsI TIOCJIeHNX, KaK U3BECTHO, He IIPUMe-
Hsercsa gebubpuinanus). Ha ocHoBanuu mojyden-
HbIX pe3yJisraroB akcieptsl ECP (2015 r.) pexomen-
nyior npumendats AHJ[ B mosyaBTOMaTMyeckom
peXRIME B TeX OTIEJEHUSIX OOJIbHUIIDL, T/IE€ €CTh PUCK
3a7epKKu AehUOPUIIAIINE Ha HECKOJIBKO MUHYT
(6ospure 2—3 MuUH), a IepBblEe CpearpoBaBLIMe Ha
BOC, He umeroT onbita pyuHoii gepubdpuianun. B
TEX OT/EeNEHUAX GOJBHUIIBI, T/I€ UMEETCSA BO3MOJK-
HOCTB 06eCTeunTh OBICTPBIH HOCTYI K AepuOpUILIs-
Topam, pydHas aehubpUILIAINs, TIPOBoAUMAast 6o
06YyYEHHBIM TIEPCOHAIOM, MO0 PeaHUMAIMOHHO
Opuranoii, mpeanouTHTeNbHel neronb3osanus AH/I,
T.K. [T03BOJISIET COKPATUTD BpeMs oT Havasa BOC no
HaHeceHUs TepBoro paspsina. OMHAKO JJis 9TOTO
HEeOOXO/IUM OIIBIT BU3YaJIbHOTO aHAJIN3a 3JIEKTPOKAP-
nuorpammbl (IKT) [1]. Ykazannasi pekoMenaus
skcrepros ECP-2015 110 ucIIo1b30BaHuIo B GOJIbHIM-
nax g OJ[/] kak aBroMaTUYecKuX, Tak U PYYHbIX
neUOPIIIATOPOB OCHOBAHA HA UCC/IEIOBAHKSX, TPO-
Benennubix B CIITA u Acrpanuu [33—-37]. Cuexnyer
OTMETHUTb, 4TO B Poccuy aHAJIOTMYHBIX UCCIIe0BAHIIT
He IIPOBOJINJIN, TI09TOMY B HACTOsIIIlee BPeMs yKa3aH-
HYIO PEKOMEH/IAIINIO MOSKHO BHE/IPSITH B IPAKTUKY TEX
poccuiickux GOJNBHUIL, B KOTOPBIX UMEIOTCS CIIETN-
aJbHbIe peaHUMAIMOHHbIEe GPUTabl 1/ UK 0OyJYeH-
HBII TIepCcoHall, UMEIOIUI OIBIT GBICTPOrO aHAIN3a
IKT u paboTsl ¢ pyuytbiME AePUOPUILIATOPAMHU.
IlepciekTBa BHEAPEHHS OONIEAOCTYIHOM
nedudpuwsnuu B Poccun. /s mmpoKkoro BHepe-
HUS BbICOKOKauecTBeHHbIX 1porpamMm OJ1/1 Heobxo-
JIFIMO KOMILJIEKCHOE PellleHue COIuaibHO-neMorpadu-
YeCKUX, IMUIEMUOJIOTHIECKUX, MEIUKO-TEXHIYECKUX,
I0PUIMYECKITX, 9KOHOMUYECKUX 1 OPraHU3AIMOHHBIX
BOIIPOCOB. YUHTBIBast GOJIBINON OTIBIT, & TAKIKE CIIOK-
Hoctu BHepenus nporpamm O/I/] B ctpanax 3anaj-
Hoil Espombr u CIITIA [11], pemenue gannoii npo6Jie-
Mbl B Poccun  1menecoo6pasHo  OCYIIECTBIATH
noatamio. Ha nepBom arare caenyer Bueaputs OJ[/]
B [IOBCETHEBHYTO PabOTY MHOTOIPOMIIBHBIX OOJIBHUIL
(nanpumep, B Mockse u C-IlerepOypre) ¢ nposee-
HUEM TIIATEJIBHOTO AHAIN3d BJIMSIHUS [POTPAMM
OJ1/1 Ha BBIKUBAEMOCTD, KaK OT/AEJIbHBIX OOJIbHBIX,
Tak U B GOJIBIIUX TPYIIAX B 3aBUCUMOCTH OT BHJA
BOC (DK /K T6m, acucromua u IMJ), anardosa u
pesxiMa pabdorel AH/I (1osryaBroMaTUyecKuii u pyd-
HOiT). B raspreiiniem morydeHHbie Pe3yIbraTbl Oy Iy T
UCIIOJIb30BAHBI [JIs ONTHMU3AIUHT KAK FOCITUTAIbHBIX,
Tak M jgorocrutasbubix mporpamm OJ[J[ (2 aram).
Cpenu T0oCiIeIHUX CJIenyeT OTMETUTBh MPOrPaMMbl
OOl ans noauuuu U HoxapHOH caysxObr [38], a
TaKKe TPOrPaMMy <«IOMAIlHeHd aeubpuIIsmm».

Perspectives of introducing public access de-
fibrillation in Russia. A complex solution of sociode-
mographic, epidemiological, medical, technical, legal,
economic and organizational issues is required for the
wide introduction of high-quality PAD programs. Tak-
ing into account the great experience, as well as the
complexity of implementation of PAD programs in
countries of Western Europe and the United States
[11], the solution to this problem in Russia should be
implemented step-by-step. The first step is to intro-
duce the PAD in the everyday practice of multidisci-
pline hospitals (for example, in Moscow and St.
Petersburg) with a thorough analysis of the impact of
the PAD programs on survival of both individual pa-
tients and large patient groups depending on the type
of the SCA (FV/PVT, asystole and EMD), diagnosis
and the AED mode (semi-automatic and manual). In
the future, the obtained results will be used to opti-
mize both the in-hospital and pre-hospital PAD pro-
grams (stage 2). Among the latter, PAD programs for
the police and fire-fighting services [38], as well as the
<home defibrillation» should be noted. Municipal cen-
ters of cardiac arrest should be organized to increase
the survival rate. According to [39, 40], the delayed
and longterm survival rate of patients resuscitated be-
fore admission to the hospital increased with a high
frequency of their admission to specialized centers
(more than 100 per year).

Conclusion

In conclusion, the main problems whose solution
can improve the success of CPR and survival of patients
after cardiac arrest both in public places and in health-
care institutions should be emphasized once again:

first, the causes of low survival rates after pre-
hospital SCA are more difficult to study, especially
taking into account requirements of the evidence-
based medicine;

second, the heterogeneity of the population (age,
sex, nature of the disease, etc.), as well as the hetero-
geneity of the resuscitation tactics make the assess-
ment of its results and assessment of the effectiveness
of the emergency medical services difficult;

third, to improve the SCA treatment, the adop-
tion of high-quality PAD programs and effective func-
tioning of the chain of survival are required. The
health system, including the Ministry of Health of the
Russian Federation, must monitor the process to en-
sure a higher level of survival.

Jlis yBeInueHtsI BBIKUBAEMOCTH HE0OX0AUMa TaKKe
OpraHu3aIUsT TOPOJICKUX TIEHTPOB OCTAHOBKHU CEP/IIIA.
Tax, mo manubm [39, 40], mpu BbICOKOII YacTOTe
MOCTYTIJIEHUH B CTIETIMAJIN3UPOBAHHbBIE TIEHTPHI O3KUB-
JIEHHBIX Ha JOTOCIHTaabHOM aTare (6omibiie 100 B
TO/l) YBEJTMUUBAETCS UX OTCPOUYEHHAS] U OT/aJIeHHAST
BBIKMBAEMOCTb.
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Aednbpuarsigns n 3AeKTPOKAPAMOCTUMYASIIIUSL

3akiaoueHue

Crenyer etie pa3 mo4epKHYTh OCHOBHBIE TIPO-
6JIeMBI, peleHre KOTOPBIX MOJKET 0OECIeUnuTh yBe-
auuenne ycrexa CJIP u BBIKUBAEMOCTH OOJIbHBIX,
MEPEHECITUX OCTAHOBKY CEP/Ia, KaK B MyOJIUIHBIX
MecTax, Tak U B YCJIOBUSIX JIEUeOHBIX YUPEKICHUIN:

BO-TIEPBBIX, TPUYNHBI HU3KOH BBIKUBAEMOCTHU
nocyie porocnutanbuoit BOC TpymHo mopmaioTcs
U3YUYEHUI0, 0COOEHHO € YyU4eTOM TpeOOBaHMIl 0Ka3a-
TEeJIPHOU MEeTUTTNHEI,

BO-BTOPBIX, HEOJTHOPOJAHOCTH HaceJaeHnsT (BO3-
pact, moJi, Xapakrep 3a00JIeBaHUSA U T.J1.), a TaKKe
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B-TpPeThUX, s yiyuinenus jgedenuss BOC Tpe-
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HanpoHnaibHblii COBET 10 peaHuManuu: uToru padorsr 3a 2004—2017 rr.

A. H. Kysossies

HUU o6meit peanumarosiornu um. B. A. Herosckoro @HKII peannmartosiornu u peabuiuTonorum,
Poccus, 107031, 1. Mocksa, yoi. [TerpoBka, 1. 25, ctp. 2

National Resuscitation Council: Work Results for 2004—2017 (in Rus)

Artem N. Kuzovlev

V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, 107031 Moscow, Russia

Harmmonanpubrii coBet no peannmannu (HCP)
ABJAETCA TOJHOTPABHBIM uyieHoM EBporeiickoro
coseta 110 peannmaiinn (ECP) 1 ero aKCKII03UBHBIM
npezcraButesieM B Poccuiickoit Deneparyn (puc. 1).
HarimoHanbHbIN COBET 110 peaHuMaiuu ObLI CO3aH B
2004 r. aisg oObeAMHEHUS HAYYHO-TIPAKTUYECKOIO
moteHnuasa peruoHoB Poccuiickoit Denepannu B
00JIaCTH aHECTE3NOJIOTHI-PEAHIMATOIOT N, aHAJIN3a
HAKOIJICHHOTO OTIBITA, CO3JAHUS eJAMHBIX TIPOTPAMM
oOydYeHMsT MeToJaM TIePBOM MOMOIIM U CEPAEYHO-
JIETOYHON peaHnMaIuy, yHuuiinpoBaHHbIX METOUK,
COOTBETCTBYIONINX MEK/TYHAPOAHBIM TPEOOBAHMSIM.

[IpesunenTt HanimonaabHOTO cOBETA IO peaHnMa-
1uu — uieH-koppecnouaenT PAH, 3acory:xenusiii fest-
tenb Hayku P@, HayuHbIil pyKoBoauTe b Memepasn-
HOTO HAyYHO-KJIWHUYIECKOTO IIEHTPA PEaHnMaTOJIOTH
u peabusnrosnorur Mopos Bukrop Bacuibesuy.

Hamnpasnenus geareabnoctu HaruronaabHOTO
COBETA T10 peaHrMaInK: pa3paboTKa U BHEJPEHWE YHU-
(hUIMPOBaHHBIX 06PA30BATEILHBIX POTPAMM B COOT-
BeTcTBUM ¢ pekoMenjanusmu ECP s youydinenus
PE3yJIBTATOB JieueHUS BHE3AMHOM OCTAHOBKY CEPIIa;
npoBeieHre 00pa3oBaTENbHBIX KYPCOB 10 HABBIKAM
CEep/IeYHO-JIETOUHON peaHuMaluu (cepTuduIMpoBaH-
upie Kypcol ECP u HCP); moaroroBka MHCTPYKTOPOB
ECP u HCP; ipoBe/ieHrE 5KCIIEPTHON OTIEHKHU yueh-
HBIX ITPOTPAMM 110 TIEPBOI MTOMOIIIH; Pa3BUTHE T[ECHT-
poB nposejienust Kypcos Poccutickoit Meneparti.

HanuonampHbIN cOBET IO peaHUMaIU OPTaHu-
3yer Ha tepputopun Poccuiickoit Meneparnnn cie-
NYIONIE KYyPChL:

* Ccep/leYyHO-JIeTOYHAs peaHuMaIls 1 aBTOMa-
THYecKas HapysKHast 1epuOpUIIsAIs 11 npoBaiie-
pos, Basic life support provider (¢ 2008 t.);

* Ccep/leYyHO-JIeTOYHAs peaHuMaIls 1 aBTOMa-
THUYECKast HApY KHast 1e(UOPUILISINS ST UHCTPYK-
TopoB, Basic life support instructor (¢ 2010 r.);

* KYypC PaCITMPEHHBIX PEAHUMAIMOHHBIX MEPO-
npusituii, Advanced life support provider (¢ 2014 r.);

O\ —

HIICJP

HALUMOHAABHbBIN COBET
no PEAHUMALWAU

Puc. 1. Jlorotun HanuonajisHOTo coBeTa Mo peaHnMaIuu.

* KypC HEOTJIOKHBIX PEaHUMAITMOHHBIX MePO-
npusaruii, Immediate life support provider (¢ 2014 r.);

e o0uuii umHCTPYKTOpCKMiT Kypc, Generic
instructor course (¢ 2014 1. coBMecTHO ¢ TIperiojiaBa-
tensmu ECP).

Jlarmble Kypchl IPOBOJISITCS B COOTBETCTBUM C
Metogukamu u pekomenaaruamu ECP, o exnmHomy
obpasity Ha Beeil Tepputopun Poccuiickoit Denepa-
IIUH, C KOHTPOJIEM KayecTBa co CTOpoHbl Poccuiickoro
HCP. Bce yuebHble MaTepualibl, UCIOJIb3yeMble Ha
kypcax Poccuiickoro HCP, siastiorest ouimanbhbi-
MU TIepeBoiaMu o6pasoBaresbHbix MaTepranos ECP.
Ha xypcax ECP o6si3aTesibHbIM SIBJISIETCS HCIIOJIb30-
BaHME CTAHAAPTHBIX HAGOPOB YUEOHBIX MATEPHATIOB 1
yuebHbIX mporpamm ECP. Ycmeniso sasepluuBiiie
Kypc yuactaukn nosyvaiot ceprucdpukar ECP u HCP.

C 2004 . 3HAUNTETHHO PACIITUPUIICS CIIEKTP MTPO-
BoguMbix HCP KypcoB, KoimuecTBO MHCTPYKTOPOB U
IEHTPOB MPOBeIEHUs KYPCOB B MOCKBe U pernoHax
Poccuu. B nacrogiiee BpeMs IpenojaBaTesybCKUit
cocras HCP Bxiioyaer B cebs1 OJIHOIO JUPEKTOPa KYP-
COB, 76 MHCTPYKTOPOB KYyPCcOB 0a30BOM peaHUMAaLNH,
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Cob6bIiTHUS, UTOTH

I Kypew CJIP/AH/L nposaiinep

B Kypew pacmmpenioii peannyan
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B Kypew CJIP/AHJL uncrpykrop

B O6uwmii uncrpykropekuii Kype

Puc. 2. O6mee uncao kypcos HCP B 2008—2017 rr. B oT1e/1bHOM OKHE OTMEY€HO KOJMYECTBO KyPCOB, IPOBeeHHbIX B 2017 1.

16 UHCTPYKTOPOB-TPEHEPOB KYPCOB MOJTOTOBKH ITpe-
nojiaBaTesieil, 7 MHCTPYKTOPOB Kypca PacIuIupeHHbIX
PEaHNMAIMOHHBIX ~ MeponpusaATuil. BosbmmHCTBO
nactpykropos HCP gaBagiorcs cnenmamucramu c
BBICIIUM MEIMIINHCKIM oOpazosanneM, 90% n3 Hux —
Bpauul aHECTE3WMOJIOTH-PEAHNMATOJIOTH, CPeIu HUX 6
JIOKTOPOB MeIUIIMHCKUX Hayk (3 mpodeccopa) u 17
KaHUIATOB MEIWIIMHCKUX HayK. Tpu MHCTPYKTOpa
HCP - 6e3 MeaMIIUHCKOTro 00pasoBaHus.

Kypcwst ECP u HCP nipoBogisitest B 14-1 1ieHTpax
POBE/IEHNST KYPCOB B CJIEYIONINX ropoxax Poccun:
Mocksa, Canxr-IlerepOypr, ExatepunOypr, Kpacto-
spck, Omck, Camapa, Tomck, Tiomenb, CypryT, TamGoB,
Kamununrpan, Kamyra, CeikreiBkap, HoBokysHerk.
Kpowme Toro, 8 2016 1. OTKPBIT 1IEHTP TTPOBEJEHUST KyP-
coB B Kazaxcrane (r. Actana). B 2016 . ECP zamycTun
HOBYIO MHTEPAKTUBHYIO 00Pa30BATEIBLHYIO CHCTEMY, K
koTtopoit mozakmounsicst HCP. Mndopmarumst o kosye-
CTBE NPOBEJIEHHBIX 32 BECh MEPUO]] CYIIECTBOBAHUS
HCP xypcoB Ha Teppuropun Poccuu npusesiena Ha
puc. 2. Jlonst kypcoB HCP, mpoBeieHHBIX B pernoHax
Poccun, npusesnena Ha puc. 3.

Corpynauuectso HCP ocytectsiisiercs co cie-
IOYIOIUMU OpTraHu3anusMu: AHTOHUYC MeaBU3NOH,
Cxopas I[Tomonis (Kamyra); Apkruk Memukan Tpeii-
nunr (Tomck); bantuiickuit Menepanbubiii YHUBEDP-
curer um. M. Kanra (Kasmuaunrpan); KpacHosipckas
accolanys aHecTe3noI0roB-peannmarosoros (Kpac-
HOSIpCK); MenunmHcKkuil  yHUBepcuTeT <«PeaBuss
(«PEAGumuTanus, Bpau 1 3poposbe») (Camapa);
HoBokysHelkmii rocy 1apcTBEHHBII HHCTUTYT YCOBEP-
mencTBoBanus Bpauelt (HoBokysHerk); OMckuii rocy-
JIAPCTBEHHBIN MeaunnmHcKkuil yHuBepcuter (OMCK);
000 «Meauc» (Mocksa); PecriyOMKaHCKUI 1IEHTP
canurtapaoii apuanuu (Acrana); POCOME/] (Mock-
Ba); Poccuiickuii Kpacusiii Kpect, OO0 «Apubpuc»
(Mockga); Poccutickuit Cotos criacateseii (Mocksa);

B Mocksa
M Pervonnt PO

Puc. 3. Joas kypcos HCP B pernonax Poccun B 2017 1.

Cesepo-3anagubiii  ¢eepasbHblil  MeJIUITUHCKUN
uccaenoBaTeibeKuil 1eHTp uMenun B. A. AsimaszoBa
(Canxr-ITerepbypr); Tam60BCKHI TOCYIAPCTBEHHBII
yausepcuter umenu I. P. [lepxaBuna (TamGoB);
Tromenckuii kapauosiorndecknii 1mentp (Tiomenn);
Ypasbcknii TocyIapCTBEHHBIN MeINIIMHCKNAN YHUBEP-
curer (Exarepunbypr); YaeGHO-TPEHUHTOBBII TIEHTP
«3amura» (Tomck); DegepanbHoe MeAUKO-ONOIOTU-
yeckoe arenTcTBO Poccnn (Mocksa); [kosa [lepBoit
nomortiu (MockBa).

HannonaibHblii coBeT 1o peaHuMaiuu 06Jagaer
9KCKJTTIO3WBHBIMY TIPABAMU HA ME€PEBOJI M U3JIaHUE HA
tepputopun Poccniickoit Mepepariun Pekomenaanmii
ECP u yuebHo-meroanuecknx marepuaios ECP. B
2016 r. ObLIN BBITOJHEHBI IEPEBOA U U3Janne Pexo-
Menganuit ECP 1o mpoBeieHNI0 peaHuMaIinoOHHbIX
Mepornpusitii 2015 1., a TakKe yIeOHO-METOAMYECKIX
nocobwuii mo Bcem kypcam ECP. Crenmanucter HCP
MIPUHUMAIOT y4YacTHe B IMOATOTOBKE METOINYECKUX
MaTEePUAJIOB I aKKPEAUTAIMN CIEeIaIncToB (1ac-
MTOPT 9K3aMEHAIIMOHHOM cTaHINN «ba3oBbii peannma-
IIUOHHBIM KOMIIJIEKC», «IJKCTPEHHAs MEIUIMHCKAs
TTOMOIITb> ).
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B 2011 1. coBmecTHO c TmpernojaBaTessiMu
Kadenpbl aHeCTe3NOJIOrNK U peanuMarosorun Moc-
KOBCKOT'O FOCY/IaPCTBEHHOTO MeIMKO-CTOMATOJIOTH-
yeckoro ynusepcutera uM. A. V. EBgokumoBa GbL10
usaHo yuebHo-Metoueckoe nocobue «CepuedHo-
JierouHas u repebpanbHas peaHuMalusi», 3arJaHu-
poBanHoe k rmepesbinycky B 2017 1. B 2014 r.
cosmecto ¢ POCOME/ (Poccuiickoe 061ecTBo
CUMYJIAIIMOHHOTO 00y YeHMsI B MEAUTIMHE ) OBLIO 10/
rOTOBJIEHO PYKOBOACTBO « CUMYJISAIIMOHHOE 06yue-
HUE 110 aHeCcTe3WOJOTMU U PeaHuMATOJIOTUMY,
coBmecTHO ¢ OObeINHEHNEM JIETCKUX aHECTE3U0II0-
TOB U PEAHNMATOJIOroB — KinHnueckue pekomena-
I[UU TI0 CEPIEeYHO-JIETOYHOI PeaHUMAIUNU Y [eTeil.

B 2017 r. npu corpyanndectBe ¢ Beepoccuiickum
HAYYHBIM OOIIECTBOM apUTMOJIOTOB OBLIN HATIMCAHBI 1
uszanbl Beepoceniickiie KIIMHIYeCKYe PEKOMEH/IAIIH 110
KOHTPOJIIO PUCKA BHE3AITHOI OCTAHOBKY CEP/IIa U BHE-
3aIHON CeplIeuHOI CMepTH, TPOMUIAKTIKE U OKA3AHHIO
nepsoii nomomu (http://www.vestar.ru/imgs/1/ves-
tar_89.pdf). B 2017 r. cnennamcrst HCP noarorosuim
IJIaBy 110 PEAHUMAIMOHHBIM MEPOIIPHUATUSM B HOBOM
usanny HarmmoHabHOro pyKoBO/ICTBA 110 MHTEHCHBHOI
Teparuu.

B nacrosiee Bpems unctpykropst HCP nipoBo-
JSIT HAYYHOE MCCJIeJOBAHIE TI0 OIIEHKE KauecTBa 6a30-
BbIX U PACHIUPEHHBIX PEAHUMAIIMOHHBIX MEPOTIPUs-
TUIl B cTalmoHapaXx MOCKBBI U JPYTUX TOPO/OB
Poccuu. TToAroToBIEHO HECKOJIBKO TyOIuKaiuii B
BbICOKOPEMTUHTOBBIX JKyPHAJIAX.

Nuctpykroper HCP  exerogno mpoBogsdr
6osee 30 MacTep-KJIACCOB HA PA3JUYHBIX POCCHUI-
CKUX HAay4YHbIX Meponpusatusax. B Hanuonambuom
Menuko-Xupypruueckom I[lentpe um. H. 1. [Tupo-
rosa 12.04.2016 craproBaJ nepBbiii B Poccuu npo-
€KT 10 06YUEHUIO BCEX COTPYAHUKOB YUPEKIEHUS
(BKJIIOUAsT HEMEIUIMHCKUI MEPCOHA) HaBBIKAM
6a30BO CepieyHO-IErOUHO peaHuMalun B COOT-
BETCTBUM C COBpeMeHHbIMU PoccuiickuMu u Mex-
JIyHApOIHBIMYU peKoMeHanusaMu. Lleapio ganHoro
[IPOEKTA SBJISIETCS COKPAllleHNe BPeMeHU [UarHo-
CTUKU BHE3AMHON OCTAHOBKU CeP/Ia, IPOBeJIeHNe
MaKCUMaJTbHO 9 (MEKTUBHBIX KOMITPECCUIT TPYIHOT
KJIETKU U paHHei nepubpuasanuu. B pamkax pea-
JIU3ANUY JAHHOTO MPOEKTA IPU COTPYAHUYECTBE C
HUMU o6ieii peanumaTosioruu um. B. A. Heroscko-
ro @HKII peanumaTosoruu u peabuInuTOIOTUU U
HCP 6bl1a npoBeseHa olleHKa YPOBHS BJageHUs
HaBbIKaMu 6a30BO¥l peaHUMAIMK U HaBbIKAMU pac-
IMIMPEHHBIX PEAHUMAIMOHHBIX MEpPONPUATUI Y
COTPYIHUKOB OT/I€JeHUIl aHeCTe3U0JOTUI-PEeaH-
MaTOJIOTUU, KAPAUOJOTUU, ADUTMOJIOTUHU, METUIIUH-
ckoii peabunuranuu. Ilo pesyibraTam aHajan3a
YPOBHS BJAJEHUSI PEAHUMAIMOHHBIMU HABBIKAMU
[JIAHUPYETCST TPOTpaMMa 00yueHust BCero nmepcoHa-
sa [Tuporosckoro Ilentpa.

C 2016 r. paGoraer HoBbii caiitr HCP -
WWW.IUSIIIC.COM, HA KOTOPOM JIOCTYITHA aKTyaIbHAast
undopmarus o mepornpudtuax HCP.

o Anecmesuonozus u peanumMamonozusi;
o Obwas peanumamonozus.

Iuccepranyu Ha COUCKAHNE YYEHOM CTENEHH IOKTOPA HAYK (€3 oIy 0JIMKOBAHUSI OCHOBHbIX HAYYHBIX PE3Y.JIb-
TATOB B BeIyIIUX >KyPHAJaX U U3/IaHUSIX, IepeYyeHb KOTOPbIX YTBEP:K/eH Briciieil aTrecTallioHHOM KOMHUCCcHEeH,
OyayT OTKJIOHEHDI B CBsi3U ¢ HapyienueM 1. 10 [lojokeHus 0 Nopsi/iKe NPUCY>KEHUS YYEHbIX CTEIEeHEH.

[Mepeuens xxypuanos BAK, nuznasaembix B Poccuiickoit Denepanun 1o crenranbroctu 14.01.20 «Anecresno-
JIOTHSI U PEaHMMATOJIOTHsI», B KOTOPBIX PEKOMEHIYeTCsT IyOJIUKAINs OCHOBHBIX PE3yJIbTaToOB AUCCEpPTAlnii Ha
CONCKaHUe YIEHOH CTEIeHN JOKTOPA U KaHANAATA MEANIITHCKUX HAYK:
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IIpodeccopy
Baagumupy TepentbeBuuy loarux
70 et

Professor
Vladimir T. Dolgikh is 70 (in Rus)

Bnagmvnp Tepertsesuy [losrux poawiics 28 auBa-
pst 1948 roma B Omckoii obmactu (Tapekuii paiion). B
1966 1. oxoHuUMI ¢ 30s10TON Menanbio HazpiBaeBeckyto
cpemnioio 1oy Ne 2. B 1972 r. Bnagumup TepenTts-
€BHY C OTJINYNEM OKOHYMIT TIeZINATPIIECKIiT (DaKyIbTeT
OMCKOTO TOCYIapCTBEHHOTO MEMIINHCKOTO HHCTUTYTA
(OTMMN). B 1975 rozy, KaKk aCIUPAHT, IOCPOYHO 3all[H-
TUJ KaHAUJATCKYIO [UCCEPTAIHIO, TOCBSIIIEHHYIO
COCTOSTHUIO COKPATUTEIBHON (DYHKIIMU MUOKapaa M
IEHTPAJIBHON TeMOANHAMUKN B BOCCTAHOBUTEIHHOM
Mepuojie TocJie KIMHUIECKON CMEPTHU OT OCTPOI Kpo-
BOIOTEPH (IKCIIEPUMEHTATIBHOE UCCIIE0BAHNE).

C 1979 1. o 1985 r. B. T. /loarux 3aseoBai
[leHTpaTbHO# HAYYHO-MCCAECTOBATENBCKOI TabOpaTo-
pueii (ILTHWJI) OTMU. B aror nepuox B ITHNJIe
cOPMUPOBAJICS MOIIHbIIL HAYYHBII KOJIEKTUB, ObLIN
pasBepHYTHI HOBBIE JabopaTopuu (MMMYHOJIOTHYE-
CKasl, palNOU30TOIHBIX UCCIIEI0BAHUIT), YKPEIIJIEHbI
OUOXUMIYECKUI 1 TaTOMOP(OTOrMIeCKIil OTHEIbI, a
OTKPBITHE BUBAPH:I TIO3BOJIUIIO MHTEHCUBHO Pa3BUBATh
9KCIIEPIMEHTABHbIE HCCIIEI0OBAHUSI.

B 1986 roxy Baagumup TepenTheBuu ycrenrno
3AIUTHIL  JJOKTOPCKYIO — JIUCCEPTAIMIO Ha  TeMYy
«IloBpeskmenne u 3amura cepzia mpyu oCTPOil cMep-
TeJIbHOI KpoBoroTepes. HayuHbIMI KOHCYIBTaHTAMU
nokTopckoil auccepranuu B. T. Jloarux O akazge-
muk AMH CCCP, Jlaypeat locynapcTBeHHBIX TTpeMuUii
CCCP B. A. Heroscxkuii — gupexrop MHeTuTyTa 00MII€it
peannmatosiorn PAMH; 3amyskenusiii iesatesib HAyKu
Pecny6mkn Kasaxcran, mpodeccop B. I. Kopraues —
pektop llemmHorpajackoil MEUIIMTHCKON akaeMuu 1
Jlaypeat rocynapcrBernoit mpemunt CCCP, 3acysken-
Hblii restenib Hayku PD, mpodeccop M. 3. Meepcon —
3aBe/IYIONMH TaGopaTopueil maTo(U3HONOTHH Cep/Tia
Hayuno-nccienoBarebCKoro MHCTUTYTA TATOMU3NO-
Jioruu u obmieit natonoruu PAMH.

Hapsany ¢ mesrenmpHOCTBIO yueHoro, Bramumup
Tepentbesa GecTsiIe TPOsIBUI cebst Kak TPEeKPacHbIil
ezaror u opranusaTop sapasooxpanenus. C 1985 roma
1 TIO Cell JIeHb, OH 3aBeyeT Kadepoil maTou3noaornm
B OMCKOM TrOCyIapCTBEHHOM MEIUITITHCKOM YHIUBEPCH-
tete. B 1989 . B. T. /lonrux npucBoeHo yueHoe 3BaHue
npodeccopa 1o Kadeape naToIornueckoin HU3noIIo-
run. ITo ero unnimaTuse B 1994 roxy GbLI OTKPHIT KYPC
KJIMHUYECKOIT MaTOU3NOJIOTHH, TOATOTOBJIEHBI TIPETO-
JIaBaTEeIbCKIE KA/IPhI 1 TI0 HACTOSIIIIEE BPEM:I OCYIIIECTB-
JisIeTest 06ydeHue CTy/ICHTOR JIeYeOHOTO U MeinaTpude-
ckoro dakyJsTeTa 1o JaHHOMY HarpasJenuio. [loz ero
PYKOBOJICTBOM GBI YCTIETITHO 3alUINEHb 66 KaHu-

A\

naTckux U 18 MOKTOPCKUX AuccepTaluii, BIepBbIe 3a
ucropuio Kadenpsl Obita gocturiyra 100-mporenTHas
OCTENeHeHHOCTh MTPOEeCcCOPCKO-TIPENOABATETBCKOTO
cocraBa Kadeapol (4 Z0KTOpa U 5 KaHAWIATOB HAyK).
Kadenpa BHenpsieT coBpeMeHHbIe NHGOPMAIIMOHHbIE
TEXHOJIOTHHU B yYeOHBIN ¥ JIe4eGHBII TIPOTIECCHT B ME/IH-
IIUHE KPUTIMYECKUX COCTOSTHUIL.

[MTupoxwnii kpyr Hayunbeix nnrepecos B. T. [loJ-
TUX BKJIIOYAET, B YACTHOCTH, TaKN€ HATIPABJIEHUS, KaK:
CTPYKTYPHO-(bYHKIIMOHATBHbIE NU3BMEHEHUST CeP/IeYHO-
COCYZIUCTOH CUCTEMBI TIPU KPUTUIECKUX U TEPMUHAIIb-
HBIX COCTOSTHUSAX, 0G0CHOBAHWE U ONITUMU3AIHST HOBBIX
c1toco60B IMArHOCTUKHU, JIEYEHUS ¥ TPODUIAKTHKI
OHKOJIOTUYECKO TTaTOJIOTUU, OCTPBIX XUPYPTHUECKITX
COCTOSTHWI{, TPAaBMAaTUYECKUX ¥ OXKOTOBBIX BO3JIEli-
crBuii. Pesysibrater Hayunbsix uccnenoaanii B. T. [log-
IUX OIyOIUKOBAHBI B 5-1 MOHOTpausIX 1 H0Jiee ueM B
880-1 cTaThsIX OTEUECTBEHHBIX 1 3aPYOEKHBIX KypHA-
s0B. [Ipodeccop B. T. [losrux coszan npusHaHHYIO B
Poccum aBTOpUTETHYIO HAYYHYIO MIKOJTY TTaTOPU3N0-
JIOTOB, OCHOBHBIM HAIPaBJI€HUEM KOTOPOI SBJISIETCS
U3yUYeHIe MOJIEKYJISIPHBIX MEXaHU3MOB TIOBPEKIECHIS
CepIeyHO-COCYANCTOI U IeHTPATIBbHOI HEPBHOII cucTe-
MBI TPU KPUTHUYECKUX U IIOCTPEAHMMAIMOHHBIX
COCTOSIHUSX, & TaKIKe Pa3paboTka 3 hEKTHBHBIX METO-
JIOB MX KOPPEKIINU U TTPODUIAKTIKY.

25 oktsa6pst 1995 roga npodeccop B.T. Joarux
ObL1 U30paH yieHoM-KoppecioHaeHToM Cubupekoro
otzenenust MexyHapoIHON aKkaJleMIH HayK BbICITIEi
kol B 1998 roxy oH nsbpaH AeiicTBUTEIbHBIM YJle-
HOoM (akajzieMrkoM) Pocculickoil akajieMun MenKo-
TEeXHIYECKUX HAYK.

B 2006 1. 32 0cOOBIIl BKJIAJ B U3ydeHHe MEINIIH-
HbI KpuTHUecknx coctostauii mpodeccop B. T. [lonrnx
ObL1 HarpaskieH cepeGpsaHoil Meganbio EBponeiickoii
AKajleMU¥ ecTeCTBEHHBIX HAYK U BKJIIOYEH B CIIICOK
BeyIIUX yueHbIx Poccun B 061acTH 3paBOOXPaHEeH ST
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n meautiuibl. B 2010 Baagumupy TepentbeBuuy 110
npaBy GBI MPUCBOEHO MOYETHOE 3BAHKE «3aCITy KEH-
HBIIT lesiTesth HayKu Poccuiickoit Meneparmms.

[To nanmmartuse podeccopa B. T. [lonrux B Teue-
Hue mocjienaux 17-u Jer coTpyaHWKA Kadeapb
cOBMeCTHO ¢ yuenbiM HVN ob1eil peaHuMaTorornu
um. B. A. Herosckoro @HKII PP (r. Mocksa), HUU
o6meit marosornn 1 narodusuosornn (. Mocksa),
HUWWU cxopotit nomonmw um. 1. W. [Ixanemmzze (r. CankT-
ITerepGypr) u Bpayamu KIUHUK Topoga OMCKa BeLyT
HCCTIC/IOBAHIIS TI0 aKTYATbHBIM MPOOIEMaM KPUTHYECKITX
COCTOSTHWIA: CETICHCY, MaHKPEOHEKPO3Y, OITyXOJIEBOMY
POCTY, TeMOPPAriiecKOMY IITOKY, COUETAHHOI TPABME, OCT-
poii kpoBomoTepe, 6o 1 06e360TUBAHITIO, TYGEPKYJIE3Y.

[Tpodeccop B. T. [losnrux narpaxaen [loueTHbim
snakoMm Munsapasa PO «OTimuHuKy 3/[paBooxpane-
uust» u [louernoit rpamoroit Munsapasa PO.

B nacrosgmuit moment B. T. loarux — samecTu-
TEJTb TIPECEAATEST TIPOOIEMHOI KOMUCCUY « DKCTPE-
MaJibHble ¥ TEPMHUHAJIbHBIE COCTOSHUIY, UJIEH TIPO-
GaemuoOit  kKomuccun  «TUMOKCHST  KPUTHYECKUX

cocrostHuil»> Hay4roro coBera 1o o0miei maToIoTHi,
4JIEH PENAKITMOHHBIX COBETOB JKypHAIOB «O01mas pea-
HUMATOJIOTHUsT», «[laTomormyeckas (usnomorus u sxce-
nepuMeHTaIbHas Tepanus» u «Bectank CypryTckoro
yHUBepcuTeTay. Yuenuku mpodeccopa Joarux B. T.
paboTaioT B pa3anyHbIX pernoHax Poccun u Bosrias-
JITIOT HAYYHbIE U BpaueOHbIe KOJIEKTUBB B MocKBe,
Exarepun6ypre, Omcke, Cypryre, Xanrtsi-Mancuiicke,
Hwxnem Hosropoge.

Jopozoit Bradumup Tepenmvesuu! Ynenwvt peo-
Koanezuu u pedcosema ycypnaia «Obwas peanuma-
moaozusi>, KOILeKMus Kagedpvl namopusuoiozuil,
xaunuveckot namoguauonozuu OmI'MY, yuenuxu,
Koslezu, cmyoenmol u Opysvs om 6cez0 cepoua
nosdpasnsiom Bac ¢ wbuneem, acerarom Bam u
Bawum 6auskum xpenkozo 300p06vs, meopuecKozo
dozonemusi, MailaHMIUBHLY YUEHUKOS, YOauu U ycne-
x08 6 npogeccuonanvrol desmenvrocmu. Ocmasaii-
meco maxum yce 000PvIM U HeOe3PAIIUUHBIM K CYOboe
Kancdozo us Bawezo oxpycenus!

poBka 25, ctp. 2

Koopaunarop HayyHOIi IpOrpaMMsi:

XIV Bcepoccuiickas exkeroiHast KOH(pepeHIHs ¢ MeKAYHAPOIHBIM YYacTHEM
«IIpo6iema uHpeKnun npu Kpurnueckux cocrosuusix»> (IIpodaema <UKC»)

6—7 urons 2018 1., HUU O6ueii peanumarosoruu um. B. A. Herosekoro, Poccust 107031, r. MockBa, yir. ITer-

Opranunszarops! koHpepenuun: DeepanbHblil HAYYHO-KIMHUYECKUI EHTP PEAHUMATOJOTUI U PEAOUIIHTO-
goruu (OHKIL PP), HUMOP um. B. A. Herosckoro. MITMCY um. A. U. EpnokumoBa, Poccuiickast Acconmariust
netckux xupypros, PHUMY uwm. H. U. IInuporosa, HUM H/IXuT /I3 . MockBsI.

Yuactue mig Bpaueii Gecruiarioe. Bo Bpemst paboThl KoH(EpeHInH, B paMKax (heepaibHOro MUJIOTHOTO IPOEKTa
[0 HENPEPBIBHOMY MeAuIuHCKOMY o6pasoBanuio (HMO) ¢ HauucienueM 6aiioB, COCTOMTCS KypC JIEKIHIA ¢ yua-
cruem 3apy6exnbix akcnepros T. Sharshar (France), J. Fazakas (Hungary). IIpunsaTseie OprkoMUTETOM TE3KUCHI U
cratbu 6yayT omybsmkosansl BECITJIATHO B odurmansiom Coopruke KoHbeperimn. CO0pHUKY GyIeT MpUcBoeH
ko1 ISBN, oGecnieuena paccbiika B ubsmoreku PD u Poccuiickyio KHUAKHYIO T1aJaTy.

Jlnst yaactust B KoH(epeHIur HeoOX0AUMO HarlpaBuTh B OPrKOMUTET 3asiBKY MJIM 3a11POC O(DUITUATBLHOTO TIPH-
riamenust. B Hux cieayer ykasars: @O, opranusaiuio, moapasaenenue, aapec, reaedon, E-mail aus obparHoii
CBSA3H, a TAKXKe XKeslaeMyto (hopMy ydacThs (II0celieHue 3ace/laHtii, J0KIa/l, IEMOHCTPAINS KIMHUYECKOTO CIIydas,
obyuenue Ha MacTep-KJiacce, mybaukaiys B cbopuuke: teauchl — 1-2 crp. u /uim ctatbsa — 5—10 crp.). TPEBOBA-
HUSA K TESUCAM: popmat A4, mipudt Times New Roman, pasmep 12 i, MeskcTpouHbIil nHTepBas 1,5, oIt o
kpasm 2,5 cm. Konrtent — He GoJiee 2-X cTpaHuIl BHIBEPEHHOIO TeKCTa, BKtovaontero: Hassanune; @amuimio, 1.0.
aBTOpOB; Yupeskaenue; lopon; Crpatny; [lens; Matepuasnst u metoib1; Pesynbrarsr; Bersoss; @O, mouToBsiit agpec
tesiedoH, pakc, e-mail orBercTBeHHOTO aBTOpa. Maiii ¢ Tesucom B popmare Word for Windows HaszbiBaroT hamusiueii
[IePBOr0 ABTOPA U OTIPABJISIOT 110 3JIEKTPOHHOII ouTe problema-x@yandex.ru B Buze npuioxenus. HanpasJisiemble
Martepuasbl JOJKHBI ObITH moaydenbl OprkoMmuTeroM He mosanee 07 anpens 2018 r.

a.M.H, npod. H.B. BenoGoponosa +7 (916) 131-74-54; E-mail: nvbeloborodova@yandex.ru
OPpIrKOMHTET, OTBETCTBEHHBIN 3a Iy OJIMKANUI0 MATEPHAIOB KOH(DEPEHIUH:
k.0.H. E. A. Yepnesckast: +7 (906) 792-70-41; E-mail: nproblema-x@yandex.ru
Hndopmanuonnas noaneps;kka — Pyccknit Meauuunckuii Cepsep: http://rusmedserv.com
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VYkasaTeJib aBTOPOB U CTaTe, OIMyOJIHKOBAHHBIX
B ;KypHajie «O0mas peannmarosorusi» 3a 2017 rox*
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Bamoupipenos b. B. 3(48—63)
baymun A. E. 6 (74-91)
Benobopodosa H. B. 1 (713-74),
5(121-139)

bepeep /1. M. 2 (61-74)
becconos U. B. 5 (109-120),
baazonpasos M. JI. 4 (22-29)
Fobpunckas U. T. 4 (30-37)
Bosipunos I'. A. 2 (24-31)
byneaxosa . B. 1 (6—16)

Banspxuna A. C. 1 (17-23)
Braoumuposa I'. A. 2 (40-51)
Boennos O. B. 2 (24-31)
Bocmpuxoe C. B. 1 (45-56)

Iiywxos C. H. 3 (48—-63)

Iveoposa H. B. 3 (83-93)

Iookos M. A. 2 (40—-51)

Tonosxun A. C. 6 (74-91)

Iony6 U. E. 1 (17-23)

Tonybes A. M. 2 (6-13), 4 (22-29),
6 (60-73)

Tony6es M. A. 2 (6-13), 4 (22-29)
Topoynos b. B. 3 (94-95)

Topenos U. 1. 6 (74-91)
Ipebenuuros O. A. 6 (28-37)
Ipeuro A. B. 5 (44-57), 5 (6-29),
5 (69-84)

Ipuzopves E. B. 1 (45-56)

Iyokosa O. E. 2 (14-23), 4 (30-37),
5 (58-68)

Jlay A. B. 4 (64-72)

Hay JI. C. 4 (64-72)

Jlepbyzoe B. H. 4 (38—45)
Jumumpuaou C. H. 6 (38—47)
Joneux B. T. 1 (34—44), 3(83-93)
Joposckux I'. H. 3(83-93)
Jlpazynos A. B. 3 (35—47)

Epwos A. B. 1 (34—44), 3(83-93)
Epwosa K. U. 2 (61-74)

Sabenuna T. C. 3 (6-12)
Sapaceyxuii 10. B. 2 (32-39), 6 (18-27)

Sapybun A. A. 1 (17-23)
3envman B.JI. 2 (61-74)
Usamnos B. B. 6 (74-91)
Hsanosa A. A. 3 (48-63),
Usanosa O.T.1 (17-23)
Hsmaiinos /1. I0. 2 (40-51)

Kanunun I1. JI. 3 (64—-82)

Kucenes P. B. 1 (24-33)

Kum O. 1.6 (38-47)

Knoma T. B. 1 (57-72), 4 (46—63)
Kosnos A. I1. 4 (30-37), 5 (58—68)
Kosnos M. A. 1 (57-72), 3 (13-24),

4 (46-63)

Kosnosa E. K. 2 (32-39), 4 (30-37),
5 (58-68),

Kosnosa JI. C. 6 (38—47)

Konoxos I1. B. 3 (35-47)

Konuypina M. H. 5 (109-120)
Kopuenrox P. A. 1 (45-56)
Kopnauesa O. B. 1 (34—-44), 3 (83-93)
Kproxosa A. A. 6 (92-97)

Kysoenes A. H. 1 (713-74), 2 (75-76),
5(69-84), 6 (60-73)

Kynab6yxos B. B. 2 (40-51)

Kynuxos A. B. 2 (52—-60)

Kypnocos A. b. 3 (64—-82)

Jlusanos I. A. 3 (48—63)

Jluxsanyes B. B. 3 (6—12), 6 (28—-37)
Jloosizun A. H. 3 (48—63)

Jlonadse A. T. 3 (48—63)

Jy6nun A. I0. 3 (64-82)

Jlyxau B. H. 2 (52—-60)

Jlykawes K. B. 5 (33—43)

Masypox B. A. 6 (74-91)
Manuenxo E. A. 4 (30—37), 5 (58—68)
Mapuues A. 0.6 (74-91)
Mapuenxo /l. H. 3 (6—12)
Menvuyeun 1. H. 6 (74-91)
Muxeesa H. U. 1 (17-23)

Mopos B. B. 2 (32-39), 3 (6—-12),
5(58-68), 5 (6-29), 6 (60-73)
Moposos A. C. 5 (109-120)
Muoiyux A. B. 6 (6-17)

Mioup X. 2 (61-74)

Hasapemvsn B. B. 2 (52—60)
Hetimapx M. 1. 1 (24-33)
Huxugopos B. . 6 (74-91)
Huxonaes H. A. 1 (34—-44)
Huxynun A. B. 5 (85-108)
Hogodepacxuna 1. C. 2 (32-39),
6 (18-27)

Obpasyos U. B. 2 (40-51)
Oge3os A. M. 3 (6—12)

* [Tudpa nepen ckobkoit — Ne sxypHasa; udpsl B CKOOKaX — CTPAHUIIbI CTAThHU.
* The Number before the Bracket is the Number of the Journal; the Numbers in the Brackets are the Pages of the Paper.

Opaoe I0. IT. 3(83-93)
Ocmposa 1. B. 4 (6-21), 5 (121-139),
5 (44-57)

IHanvsnos C. B. 1 (34—44)

Ilepenenuya C. A. 2 (14-23), 3 (25-34)
THucapes B. M. 5 (109—120)
ITnomuuxos I'. I1. 1 (45—-56)

Tozopenos FO. A. 6 (38—47)

Tonacenxo A. B. 6 (48-59)

Ilomanos A. JI. 4 (38—45)

Tlomuesckas B. U. 4 (38—45)
IIpockypnuna E. B. 2 (40-51)

Payméapm C. A. 3 (13-24)

Pesenos H. A. 6 (28—-37)

Pewemunsax B. 1.6 (98—100)
Poszenxo /[. A. 6 (38—47)

Pomanosa O.JI. 2 (6-13), 4 (22-29)
Pycaxos B. B. 1 (34—44)

Puowncros U. A. 2 (32-39), 6 (18-27)

Casunos I1. H. 1 (6-16)

Cepeynosa B. A. 2 (14-23), 4 (30—-37),
5(58-68)

Cunuyruit M. FO. 6 (48-59)

Cxpunkxun IO. B. 3 (6—12), 6 (28-37)
Cnueun 0. A. 6 (74-91)

Coxonog A. A. 4 (713-81)

Cmenanos A. C. 6 (6-17)

Cmenanos C. C. 6 (6-17)

Cynoyros /1. B. 2 (6—13), 4 (22-29)

Tapnoscxasn /. C. 6 (74-91)
Tumepbaes B. X. 3 (35—47)
Tpogumos A. O. 2 (24-31)
Typyxuna T. B. 6 (98—100)
Tiopun 1. H. 3 (13-24)

Ynumxuna O. H. 6 (28—-37)
Ywaxosa H. /. 6 (38—47)

Opanyusny, E. M. 6 (38—47)

Xaec b.JI. 1 (45-56)
Xapumonosa T. B. 3 (48-63)
Xmenescrkuii 5. M. 4 (38—45)
Xmenvnuuxuii U. B. 4 (64-72)
Xopowunos C. E. 5 (85-108)
Xymopnas M. B. 6 (48-59)

Yepnviue A. M. 2 (32-39), 4 (30-37),
5 (58-68)

Yepsipuna H. /[. 6 (38—47)

Yypasies 10. A. 5 (33-43)

Illabanos A. K. 6 (60—-73)
1lesuenxo A. H. 6 (38—47)
Hlyxesuu /1. JI. 1 (45—-56)
1lyxesuu JI. E. 1 (45-56)

Axoenes B. H. 1 (6—-16)
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1 (6-16)

1(17-23)

1(24-33)

1 (34-44)

1 (45-56)

1 (57-72)

1(73-74)

2 (6-13)

2 (14-23)

2 (24-31)

2 (32-39)

2 (40-51)

2 (52-60)

2 (61-74)

2 (75-76)

3(6-12)

3 (13-24)

3(25-34)

B. H. Axosnes, II. H. Casunos, f. B. byneaxosa
Meta60J13M riyTaMara B CTPYKTYPaX FOJOBHOTO
MO3Ta ITPU 9KCIIEPUMEHTATBHOM TeMOPPArHIeCKOM
IOKe

H.E. Iony6, A. A. Bapybun, H. U. Muxeesa, A. C. Ba-
uapkuna, O. I. Heanosa Bmmsanune TsoKeTON
achukcuu B pojlaX Ha CHUCTEMY TeMocTaza y
HOBOPOXK/IEHHDIX

M. U. Heumapx, P. B. Kucenes Bimsnue metona
AHECTE3MOJMOTHIECKOTO OOECIIEUeHUsT 9HAOCKO-
NUYECKOW  Pe3eKIMK JKeJayjlKa Ha HHTpa-
OTEPAIMOHHYI0 TEMOAMHAMUKY Y  OOJBHBIX
MOPOUIHBIM OKUPEHUEM

A. B. Epwos, B. T. /loneux, O. B. Kopnauesa, B. B.
Pycaxos, H. A. Huxonaes, C. B. Ilanvsnos
[Tatorenernyeckne ¢akTOpsl Pa3BUTHS OT/AA-
JIEHHBIX OCJIOKHEHHIT OCTPOrO JeCTPYKTUBHOTO
HaHKpeaTnuTa

P. A. Kopueniox, /I. JI. Illyxesuu, b. JI. Xaec, JI. E.
Hlyxesuu, C. B. Bocmpuxos, E. B. Ipuzopves, I'. I1.
IInomnuxos dKcTpakopHopagbHas MeMOparHas
OKCHUTEHAI[Usl U COBPEMEHHbIE METO/bl [IeTO-
KCUKAI[MU B JIEYEHUN BUPYCHO-GAKTEPUATBHON
MHEBMOHNHN, OOYCJIOBJIEHHONW BHUPYCOM TpHIIIA
A(H1IN1) y porusbHUIIBI

U. A. Kosnos, T. B. Knvina ['iok030-MHCYIMHOBAsT
CMeCh KaK Kap/[HOIPOTEKTOP B KapPAMOJOTUH U
Kapauoxupypruu (0630p)

H. B. Beno6opodosa, A. H. Kysoenes VIII Konrpecce
Mesk Iy HapOAHOTO 06IIECTBA M0 M3YYEHHUIO TOKA
O. JI. Pomanosa, /. B. Cyndyxos, A. M. loay6es,
A. C. Babxuna, M. A. Ibay6es Mopdosornueckne
M3MEHEHUsI B Cep/Ilie ITPH OTPABJIEHUHN KI03aTIMHOM
(9KCIIEPUMEHTAJIBHOE UCCTIe/IOBAaHNUE)

C. A. llepenenuua, B. A. Cepeynosa, O. E. [yoxosa
Bimsinue epnHaTaabHOI THIIOKCHE HAa MOPGOJI0-
THIO 9PUTPOIUTOB Y HOBOPOXKJACHHDBIX

E. A. A6pamosa, O. B. Boennos, I. A. Bosipunos,
A. O. Tpopumos Bimsinne sTHIMETUIATHIPOKCUTIH-
puAMHA CYKIIMHATA Ha IUHAMUKY ITaTTEPHOB MO3-
rOBOTO KPOBOTOKA Yy MOCTPAAABIIUX B OCTPOM
HepUOJie COYETAHHOI YePEITHO-MO3TOBOI TPABMBI
B. B. Mopos, U. C. Hosodepacxuna, A. B. Aja-
nacwes, fO. B. 3apaceuxuii, U. A. Powickos, E. K. Kos-
noea, A. M. Yepnviw Brmsinue mepdropana Ha
HAHOCTPYKTYPY MeMOpaH IMCKOIUTA U CTOMATO-
LT TI0CJIE OCTPOI KPOBOIIOTEPU

H. B. O6pasuos, M. A. Iookos, B. B. Kynabyxos,
I. A. Braoumuposa, /]. FO. Hsmaiinos, E. B. IIpo-
cxypruuna OyHKIMOHATbHAS AKTUBHOCTD Hel-
TPO(UIIOB IIPH OKOTOBOM CETICHCE

B. B. Hasapemwsin, B. H. Jlyxau, A. B. Kynuxos Dd-
(heKTUBHOCTD COYETAHHOTO IIPUMEHEHNS] AHTHOKCH-
JaHTa U TII0TAMIHA TTPU aGIOMUHATBHOM CETICHCe
Jl. M. bepeep, B. JI. 3enoman, X. Miwoup, P. Anaiis,
K. U. Epwosa Knunuveckast 9THKa 3aIIPOCa «He pea-
HIMHPOBATb> ¥ JIPYTUX JUMUTUPYIONINX IUPEKTUB
B paboTe Bpaya aHECTE3UOIOTa-PEAHIMATOJIOT

A. H. Ky3oenes O 18-ii Bcepoccuiickoii kondepen-
AU ¢ MEXKIYHAPOAHBIM yaacTheM « Kusneobecre-
YeHHUeE IMPpU KPUTHUIECKUX COCTOAHUAX»>

B. B. Mopos, /. H. Mapuenxo, IO. B. Cxpunkumn,
T. C. 3abeauna, A. M. Osesos, B. B. Jluxsanyes Tle-
PpeoTepanoHHbIE TPEANKTOPBI HEGIATOTPUATHOTO
MCXO0/Ia COCYIMCTHIX BMEIIATEIbCTB

H. H. Tiopun, C. A. Payméapm, U. A. Kosnos Pannue
0COOEHHOCTU KPOBOOOpAIEHUsT Y GOJBHBIX €
HeGJIAarONPUSTHBIM ~ UCXOIOM  abJOMUHATIBHOTO
cercrica (TpeaBaPHUTETHHOE COOOIIEHTIE)

C. A. Ilepenenuya KomiiekcHasi olleHKa KHCJIO-
POIHOTO CTaTyca U MoKasarejell JUIUIHOTO 00-

3(35-47)

3 (48-63)

3 (64-82)

3(83-93)

3 (94-95)
4(6-21)

4 (22-29)

4(30-37)

4 (38-45)

4 (46-63)

4 (64-72)

4(73-81)

5(6-29)

5(33-43)

5 (44-57)

5(58-68)

5(69-84)

5(85-108)

5 (109-120)

MeHa y HOBOPO’K/IEHHBIX C NI€PUHATAIBHOI THII0-
KCUEil U TUIIOBOJIEMUYECKIM [IIOKOM

B. X. Tumepbaes, A. B. /lpazynos, I1. B. Konoxoe Kuic-
JIOPOZIHBII CTATYC OCTPA/IABIINX C TIOBPEK/IEHISIMI
OpraHoB GPIOIIHOM MOJOCTH BO BPEMsI OTlepariun

I. A. Jlusanos, A. T. Jlonadse, b. B. bamoypiperos,
A. H. Jlodsizun, C. U. Iywikos, T. B. Xapumonosa,
A. A. Usamnoesa, /I. B. bapanos, A. M. Aumonosa Oct-
pbie OTpaBJIeHUsI MeTasioHOM (10J1bhuHOM) (0630D)
A. B. Kypnocos, A. IO. Jlyonun, I1. JI. Karunun Oco-
GEHHOCTH NEPUOTIEPAIIMOHHOTO BEIEHHST TOKUIBIX
GOJIBHBIX MPU IHAOCKOMUYECKOM TpaHCChHEeHOu-
JIAJIBHOM y/JIaJIEHUH OITyX0Jieil Xra3MaabHo &ceJl-
ssipHoit o6sactu (0630p)

B.T. lloneux, H. B. Iosopoesa, IO. I1. Opnos, O. B. Kop-
nauesa, I. H. /loposckux, A. B. Epwog I1atousmosno-
IMYECKHe aCleKTbl TUIEPOKCHH B  PAKTHKe
aHeCTe3noJI0ra-peaHnMarosiora (MUHI-0030D)
Iop6ynos B. b. TIpodeccopy B. A. Boctpukosy 70 et
M. III. Aspywenxo, U. B. Ocmposa [1octpeanuma-
IUOHHbIE I3MEHEHNUST IKCIIPECCUI MO3TOBOTO HEli-
porpocuyeckoro dakropa (BDNF): B3anmocssizb
C IPOIECCOM THOEH HEiPOHOB

0. JI. Pomanosa, /I. B. Cynoyxos, A. M. Ioaybes,
M. JI. Brazonpasos, M. A. Tony6es Xapakrepu-
CTHKa 00IENaTOJOTHYECKHX TTPOIIECCOB B JIETKUX
[PV OTPABJIEHUHN KJIO3AMUHOM

B. A. Cepeynosa, O. E. Iyoxosa, E. A. Manuenxo,
E. K. Kosnosa, 1. I'. Bobpunckasn, A. M Yepnwvuwu,
A. II. Kosnoe Brmsinue TemImepaTypbel pUTPO-
IUTAPHOI B3BECH HA MOP(OJIOTUIO 1 HAHOCTPYK-
TYpPY KJIE€TOYHBIX MeMOpaH

B. H. Jlep6yezos, A. JI. [Tomanos, B. U. [lomuesckas,
A. M. Xmenesckuii Ilpumenenne ak30reHHOTO (oc-
(okpearnHa y MAUEHTOB MOKUJIOTO M CTapye-
CKOTO BO3pAacTa, OIMEPUPYEMBIX IO MOBOIY
KOJIOPEKTAJILHOTO paKa

U. A. Kosnos, T. B. Knoina, M. O. Aumonos Jlexcme-
JIETOMU/IMH KaK KapANOIPOTEKTOP B KAPAMOXUPYP-
ruu (0630p)

A.B. /lau, JI. C. /lay, U. B. Xmenvnuyxuil Jlebextn
OKa3aHUsT MEIUIIMHCKON TIOMOIIHU TTalieHTaM ¢
OCTPOH JIbIXaTeJIbHOM HEIOCTATOYHOCTBIO B OT/Ie-
JIEHUSIX PeaHUMAIlUU U MHTEHCUBHOI TepaTiu

0. IO. Anexcandposa, A. A. Coxo106 BoaMOKHOCTD
JIeYeHUsT JIEKAPCTBEHHBIMU TIperapaTaMu, IpU-
0OpeTeHHbIMK 3a CYET TIAlleHTa, B OTACICHUIX
peaHrMAaIii MeUIITHCKAX OPTaHu3anit

B. B. Mopos, A. B. Ipeuxo HUW o61eii peannmMa-
tosioruu uM. B. A. Herosckoro @HKI] peannma-
Tosioruu u peabusmrosnornu 80 et

10. A. Yypnsies, K. B. Jlyxawes Oumian HU obuieit
peanumarosioruu uM. B. A. Herosckoro r. HoBo-
Ky3HEI[Ka: UCTOPUsI, HAyYHbIE MCCIET0BAHMNS, 0-
CTUKEHUST

M. L. Aspywenxo, U. B. Ocmposa, A. B. Ipeuko
Tereprbie 0COGEHHOCTH MOCTPEAHUMAIIMOHHBIX
M3MEHEHUI 9KCIPECCH MO3TOBOTO HEHPOTpOdhU-
yeckoro dakropa (BDNF)

A. M. Yepnvuu, E. K. Kosnosa, B. B. Mopos, B. A. Cep-
eynosa, O. E. [yokosa, A. I1. Kosnos, E. A. Manuenxo
Hesmneiinpie okaibHbie gedopMaliu MeMopan
IPUTPOIUTOB: HOPMAJIbHBIE IPUTPOTIUTHI (dacTh 1)
A. H. Kysosnes, A. B. Ipeuxo VIHransimoHHble aH-
TUOMOTHKK B PEAHUMATOJIOTMU: COCTOSTHUE MPO-
6JIeMbI U TIEPCTIEKTUBBI pa3BuTHst (0630p)

C. E. Xopowunos, A. B. Huxynun JleTokcukanuns
[PY KPUTHYECKUX COCTOSIHUSIX: TIOHMMAaHUE Ha-
yuroii mpobsembl B XXI Beke (0630p)

M. H. Konuyvina, A. C. Moposos, H. B. Becconos,
B. M. I[Tucapes Metobl onpeziesienust 6akrepralib-
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CobpiTHs, UTOTU

||
HOTO 9HIOTOKCHHA B MEJMIIUHE KPUTUUECKUX cO- 6 (48—-59) A. B. Ilonacenxo, M. 0. Cunuyxuii, M. B. Xymopnas,
crostuii (0630p) 0. JI. Bap6apaw Tenetnyeckue MapKepbl CUCTEMHOI
5(121-139)  H. B. Bexo6opodosa, . B. Ocmposa Cencuc-acco- BOCTIAJIUTEIBHOI PEAKIIH B KApAHOXUPYPriu (0030p)
nuuposanHast sHiedanonatus (0630p) 6 (60-73) A. H. Kysoenes, A. K. Illa6anos, A. M. Toay6es,
6 (6-17) A. C. Cmenanos, B. A. Axyaunun, A. B. Muiyux, B. B. Mopo3 Omnenka 3(pheKTUBHOCTH WHTAJIS-
C. C. Cmenanos, /. b. Asdees Heiipo-rimo-cocy - IIMOHHOTO KOJTMCTUHA TIPH HO30KOMUATBHOI TTHEB-
CThIe KOMIIJIEKCHI TOJIOBHOTO MO3Ta 10CJIe OCTPOi MOHUU
UIIEMUN 6 (74-91) B. A. Masypox, A. C. Ionoskun, U. Y. Iopenos, A. E. bay-
6 (18-27) H. A. Poixcros, O. B. 3apaceyxuii, M. C. Hosodepaic- mun, U. H. Menvuwyeun, O. A. Crusun, /1. C. Tapnos-
xuna CpaBHUTEIbHbIE ACHEKTHI PETyJISIIIUA KOXK- cxast, B. B. Hsanos, B. I. Huxugopos, A. O. Mapuues
HOH ¥ MO3TOBOI MUKPOIMPKYJISIIIAHU TIPH OCTPOI WurectrnanbHasi OKCUTEHOTEPANUST KPUTHUECKUX
KPOBOIIOTEPE COCTOSTHUIL
6 (28-37) H. A. Pesenos, I0. B. Cxpunxun, O. H. Yaumxuna, 6 (92-97) A. A. Kproxosa, O. IO. Anexcandposa TTpasa nauu-
0. A. Ipebenuuxos, B. B. Jluxsanuee IIpequkTopbt €HTa, HeCOCOOHOTO BBIPA3UTh CBOIO BOJIIO B YCJIO-
TSDKECTH TeYeHUsT 1 TIPOJIOJIKUTEIBHOCTH JIeUeHNST BUSIX peaHNMAIMN
CeTICHC-aCCOIIMUPOBAHHOTO JIETNPUS 6 (98-100) B. U. Pewemnsix, T. B. Typyxuna O XIX Bcepoc-
6 (38-47) E. M. Opanyusny, H. /I. Ywaxosa, O. U. Kum, CUIICKOU KOH(MEPEHIINH ¢ MEXIYHAPOAHBIM y4a-

. A. Posenxo, C. H. [Tumumpuadu, A. H. Illesuenxo,
10. A. Hozopenosa, H. /. Yepsipuna, JI. C. Kosznosa
JlnHaMuKa MapKepoB OCTOTO TIOYEYHOTO MTOBPEK-
JIEHUST TIPH PE3EKIIH TIOYKH 110 TIOBO/LY Paka

ctueMm «)Kusneobecreuenue TP KPUTHUIECKUX
COCTOAHUAX»

XIV Annual Conference «The Problems of Infections in Critical State»> [ Problems «ICS»]
6—7 June 2018, 25 Petrovka Str., Build. 2, Moscow 107031, Russia

This meeting is held every year since 2004. As usual by tradition in June 2018 the Conference «Problem of ICS»
will be in V. A, Negovsky Research Institute of General Reanimatology located in the beautiful place of historical
part of Moscow near the Kremlin and the main sightseeing places of the City Center. It has been a leading and unique
scientific organization in Russia dealing with the problems of intensive care /emergency medicine, and since 2017
it has become a part of a newly open the Federal Research and Clinical Center of Intensive Care Medicine and Reha-
bilitology.

The objectives of this two-day conference are to provide participants with an up-to-date review of the most
recent and clinically relevant developments in research studies, therapeutic strategies, and management of the crit-
ically ill patients. The meeting is open to all physicians from Moscow and numerous regions of Russia and other
countries who express an interest in critical care or emergency medicine, including intensivists, surgeons, pediatri-
cians and neonatologists, clinical microbiologists, clinical pharmacologists etc.

At this conference, the first day (June 6) will be dedicated to lectures of Russian and international participants,
interactive symposiums, scientific reports and exhibition. The second day (June 7) the master-class «<New diagnostic
technologies» will be organized with inclusion of scientific reports, analyses of clinical cases, information about new
technologies and equipment, interpretations of the results of novel laboratory diagnostics and exhibition.

The forms of participation in the conference: visiting the meetings; training at the master-class;oral presentation
of a scientific report or demonstration of a clinical case; publication in the conference annual book — abstract and /or
brief article.

The following medical subjects will be discussed within the frame of the Conference: ventilator-associated pneu-
monia, sepsis-associated encephalopathy (SAE), abdominal sepsis, soft-tissue infection, wound fever, infections at
the severe and/or combined injury, MOF. The theoretical questions in the conference will also include antibacterial
therapy: new antibiotics for treatment of grams (+), gram(-) and fungal infections, new antibiotics, treatment algo-
rithms under control of biomarkers (for instance procalcitonin), role of microbiota in participation in mechanisms
of development of critical conditions, microbiota and sepsis, metabolic correction such as conjugation and excretion
of toxic metabolites, extracorporeal detoxification under monitoring of biomarkers.

Ask a Question: nvbeloborodova@yandex.ru; problema-x@yandex.ru
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Events & Results

Hudopmaims s aBTOpPoB skypHasia «OQ0nas peaHuMaToJI0rus»

ITpaBuiia OArOTOBKY, IIOAAYN ¥ IIYyOJUKALUK PYKOIUCH, OIOJHEHHbIE B COOTBETCTBUU
¢ pekomenmanmsiMmu AHPU (Accormariun Hayunsix Pegakropos u Manareneit, PD)
u ICMJE (International Committee of Medical Journal Editors) st HayuHbIx usganuii,
BXOJSIIUX B MEKAyHAPOIHbIe 6as3bl JaHHBIX, B pepakuuu or 17.02.2017 1.

Information for English-Speaking Authors

Requirements for publication in the journal General Reanimatology based
on «International Committee of Medical Journal Editors. Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journals»,
which is available at http://www.ICMJE.org.

IIpaBoBbIE aCHEKTHI Ty OIUKAIMA PYKOTUCH

Yenosus nybruxavuu pyxonucu

— Pykonucu my6auKyioTest mpu 00s3aTeb-
HOM COGJIIOIEHUN aBTOPOM STUKHU ¥ MTPABUJI My6In-
karuu  (mojgpobGHee  Ha  caifiTe  sKypHasa:
www.reanimatology.com).

— Pykonucu my6aukyioTcst ¢ cobmogeHueM
HOPM aBTOPCKOTO IIPaBa 1 KOHMOUAEHIINATBHOTO OTHO-
IIEHUST K TIEPCOHATTBHBIM IAHHBIM aBTOPOB.

— Pyxomcu my6aukyiores GecriiaTHo.

— Pyxommcn, npuHSTBIE B JKYpHAI, TTPOXOAST
pelieH3UPOBaHIie Ha OPUTUHAIBHOCTD, ITUYHOCTb, 3HA-
YUMOCTb, aJleKBATHOCTb CTATUCTUYECKOI 00paboTKI
JAHHBIX HA yCJOBUSIX KOH(MUIEHIIUAIBHOCTH 32 KC-
KJIIOUEHWEM BBIIBIEHUS (QanbCHbUKAIIH JaHHBIX.

— Peaxosuterns ocrasisieT 3a cob0ii IPaBo co-
KpalaTh U PelaKTUPOBATh PYKOIUCH.

IIpuuuno cuamus ¢ newamu u 3a0epicku nyoau-
Kauuu pyxonucu

— Pyxkonmcu, He COOTBETCTBYIOIINE MTPOMIITIO
JKypHaJa, He TPUHUMAIOTCS.

— Pykoricu, panee oryOIMKOBAHHbIE, 2 TAKKE
HalpaBJICHHBIE B JPYTOH KypHAJI Wiu COOPHUK, HE
[MPUHUMAIOTCSL.

— 3a HeKoppeKTHOoe opopMiieHrEe U HEOCTO-
BEPHOCTb [TPEJICTABIISIEMbBIX OMOIHOTpabUUECKUX JlaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTh BILJIOTH [0
CHSTUS PYKOIIVICH C TIeYaTH.

— Hapymienue npasuit opopmiieHust pyKOIIHCH,
HECBOEBDEMEHHBIH, a TaK)Ke HeaJleKBATHBIN OTBET Ha
3aMeyYaHs PeleH3eHTOB U HAYYHbIX PEJAaKTOPOB MPU-
BOJIAT K 3a/IepyKKe TyOIUKAIINH /10 UCTIPaBJIEHUS YKa-
3aHHBIX  HemoctatkoB. Ilpm  wrHOpMpoBaHUM
3aMeYaHUil PEIleH3eHTOB U HAYYHBIX PEJIAKTOPOB Py-
KOITHUCh CHUMAETCS C JIAJTbHEHTIeTr0 pacCMOTPEHHUSI.

— Pyxkonucu oTkI0OHEHHBIX PabOT perakiueit
He BO3BPAIIATOTCS.

Humepecvr cmopon: Aemop,/Pedaxius

Pemakmus octasiisier 3a coO0OH TPaBO CUUTATH,
YTO aBTOPBI, IPEAOCTABUBIINE PYKOIUCH JJIsT Iy OJIH-
Kaluu B sKypHas «O0111ast peaHuMaTOJIOT >, COTJIac-
Hbl C YCHOBUAMU TyOJUKAI[UU W OTKJIOHEHWS
PYKOIIHCH, a TaKKe C TIPaBUIaMu ee o(hopMIeHus.

Pepaxius ocrassisieT 3a co60il TIPaBO CYUTATH,
YTO aBTOP, OTBETCTBEHHBII 32 TIEPEITUCKY C PelaKIieit,
BBIPAKAET MO3UIINIO BCETO aBTOPCKOTO KOJIJIEKTUBA.

ABTOp TMOSTyYaeT MHGOPMAITHOHHBIE 2JIEKTPOH-
HbIE MUCbMa 000 BCEX Tarax MPOABUKEHMS PYKOTIU-
CH, BKJIOYAas YBEIOMJIEHHE O HECOOTBETCTBUH
pyKoImucu mpo@uiiio KypHaia u npaBuiaM ohpopm-
JIEHUS; TEKCTBI PEleH3Ul; pellleHre PeKOJJIErMU O
TyOIUKAINN WM OTKJIOHEHUN PYKOTICH; BEPCTKY
OTPEIAKTUPOBAHHOTO BapHaHTa PYKOIUCH JIJIs TTOJTY -
YeHWsI aBTOPCKOTO JI0MYCKa K mmedaTu. /lomosTHnTe h-
HY10 UH()OPMAINIO O TPOABUKEHUN PYKOITUCH aBTOP
MOJKET IMOJYYUTh 10 agpecy: journal or@mail.ru;
www.reanimatology.com.

lapanmuu Aemopa

ITpenocTaBieHHAsT B PEAKITIIO PYKOINCH MOJI-HO-
CTHIO OpUTHHAIBHA. VIcTosib30Batue JOObIX MaTepUATIOB
JPYTUX aBTOPOB JIOIYCKAETCSI TOIBKO C FIX Pa3penieH st
U TIpU 00513aTEIHHOI CCHITKE HA TUX ABTOPOB.

CIHMCOK aBTOPOB COAEPIKUT TOJBKO TeX JINIL, KO-
TOPBIE BHECJIN OMIYTUMBIH BKJIAJ] B KOHIIEMITHIO, TTPO-
€KT, UCIIOJTHEHUE WJIM UHTEPIPETAINIO 3adBACHHOM
paboThI, TO €CTh TEX JIUI, KOTOPbIE COOTBETCTBYIOT
KPUTEPHSM aBTOPCTBA.

Pykonuco He coiep:KuT MaTepuasios, 3alpelieH-
HBIX B OTKPBITOH IeyaTh JeHCTBYIOIMNM 3aKOHO/IA-
TesbeTBOM Pocenn.

Tapanmuu pedaxuyuu

JI1i06ble pyKOIIMCH, IOJIyYeHHbIE PeAAKIIeN 115
pereH3upoBanmsi, 6YyAyT BOCTPUHAMATHCS KaK KOH-
(bunennuanbabie foKyMeHThI. OHU HE MOTYT OBITH 110-
Ka3aHbl JPYTUM JIMIAM U OOCYXKIECHBI C HUMH, 3a
HCKJIIOUEHNEM JINT], YIIOTHOMOUEHHBIX pe/laKInet.

HeorybukoBaHHbIE MATEPHAIIBI, HAXOISITIIHECST
B TIPEIOCTABIEHHOIT CTaThe, He GYIyT UCTOMb30BAHBI B
COOCTBEHHOM HCCJEIOBAHIY HAYYHOTO PENAKTOPA U
pereH3eHToB 6e3 MICHMEHHOTO Pa3peleH st aBTOpa.

Perterzent we OyzeT AOMYIIEH K PACCMOTPEHIIO
PYKOIIHCH, eCJI UMeeT MeCTO KOH(IMKT MHTEPECOB B
€T0 KOHKYPEHTHBIX, MTAPTHEPCKUX JHOO APYTHX OTHO-
HMIEHUSAX € KeM-JIM00 U3 aBTOPOB, KOMIIAHUN WU Op-
TaHU3AIH, CBS3aHHBIX C MATEPUAIIOM Ty OJIHKATIHTL.

Manee cm. www.reanimatology.com

www.reanimatology.com
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