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YBaxaembie ABTOPHBI!

Kypuan «O61mas peaHuMaToa0TusA» 00BABIIET KOHKYPC HA JyUIIyio paboTy, mpej-
CTaBJEHHYIO HA PYCCKOM U aHTJIMIICKOM s3bIKaX B hopMaTax:

— OpPUTHHAJbHAs Hay4yHas cTaThs (MIPeCTaBJeHNe PE3yJIbTATOB JOTUYECKHU 3aBEPIIEH-
HOTO HCCIefoBaHus, 0Koyo 40 Thic. 3HaKOB, 5—8 uianocTpanuii (pUCYHKOB U /uau TabIuI),
25-40 cchlIokK;

— 0630p (kpuTHYecKoe 06061IeHNEe UCCACOBATENBCKON TeMbl, 0T 10 cTpaHuI Maru-
HomucHoro Tekcta mpudrom Times New Roman 12, ¢ marepsasom 1,5, ot 5 uimocTpanuii
(pucyHkoB u/unu tabaui), ot 80 CCHLIOK;

— KIMHUYEeCKoe Habmoaenue (Ipe/CTaBIeHNue PE3yJbTaTOB JOTHYECKHU 3aBEPIICHHOTO
KJAMHUYIECKOT0 HaOII0eH s, He Gosee 5 CTPaHUI] MAITMHOTMCHOTO TekeTa mprdTom Times
New Roman 12, ¢ unrepsasom 1,5, He 6osee 3-x uimocTpanuil (PUCYHKOB /WU TabaNIL),
15-20 cchinok.

Cpoxu nogauu pykonucu: 01 uionsg — 25 gexabps 2018 1.

KpHTeme BKJIIOYEHHUA B KOHKYPC: IIPpE/ICTAaBJIEHNE HOBbBIX CBeHeHI/Iﬁ, KOHIEIMIn, opn-
IMHAJbHOM TPAaKTOBKHN M3BECTHDBIX /ITaHHBIX] BBICOKH T YpOBE€HDb apryMeHTalun, METO/IMYECKO-
ro, 6I/I6JII/IOFp3.(bI/I‘{8CKOFO CONIPOBOKAEHNWA, ICHOCTDb N3JIOKCHUA; BBAaUMOCBA3b C pEHIEHUEM
AKTYaJIbHbIX, KPYIIHBIX 3a/[la4; a/lCKBATHOE IIPEJICTaBJIEHNE MaTepunaJja Ha AHTJIUMCKOM SI3BIKE.

Kpurepuu uckiaoyeHusa U3 KOHKypca: HECOOTBETCTBUE KPUTEPUAM BKJIIOYECHU S, HAPY-
IEeHWE aBTOPCKON 9TUKHU (Taruat, Ay6aupoBaHue mogadn pyKonucu, Ghaabcupuraiis
pe3yJabTaTOB, MAHUNYIANMA JAaHHBIMU, KOHPJIUKT UHTEPECOB, JIOKHOE aBTOPCTBO, IPUIHUCHI-
BaHUe IIUTUPOBAHUS U JIP.).

JTanpl O EHKU My OIUKaIU:

1. Omenka He MeHee 3-X BHENTHUX PEI[EH3€HTOB 110 OPUTHHAIBHOCTH, AKTYaJbHOCTH,
Macimtaby ¥ yPOBHIO UCTIOMHEHUS UCCIEOBAHYSA; COMEPIKATETBHOCTH U Ka4eCTBY U3JI0KEHWA.

2. JKcnepTHAs OlleHKA YJIEHOB PEAKOJIIETUN 10 COOTBETCTBUIO MOJUTUKE KypHAJIa.

3. 2-roguunoe nurtuposanue nybaukanuun (PUHIL, SCOPUS, WoS).

Oo0pbsaBaenue nodeauteneil koukypcea no I u Il sTanam onmenku nyGauKkanmii, a Takxe
0 MOpsKe BHIILJIATH IpeMuil — B sKypHasne «O06mas peanumaronorus» Nel, 2019

IIpemuposanue nodeauteneit koukypca no I u Il sTanam onenku nyoaukanuii
35 Teic. py6. — B hopMaTe «OpUTHHAIbHASA HAYYHAS CTAThSI»

25 teic. py6. — B popmare «0630p»

15 teic. py6. — B hopMaTe «KIAMHUIECKOE HAOIIOCHIE

Oo0pbsaBaenue nobdeaureneit kKonkypcea no Il stany oneHky nyOAUKaui — B TEKyIeM
HOMEPE JKypHAa Mo UCTEYECHU N 2-X JIeT ¢ MOMEHTa MyOJIMKaIuu BeeX paboT, MPUHATHIX Ha
KoHKypc. Bonyc mobeaurensm — npuriamenue K nyoaukanun B kypHaige «O61as peannma-
TOJIOTUsT» ¢ GECTIIATHBIM TIEPEBOJOM PYKOTIMCH HA AHTTUHCKUN SI3BIK.

Bonpocsl no nposeaennio Koukypca: journal or@mail.ru
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Effectiveness of Endoscopic Application of Type I Human Collagen Solution
in Treatment of Inhalation Injury

Irina E. Galankina, Alexey V. Makarov, Andrey V. Mironov, Sergey V. Smirnov,
Natalia V. Borovkova, Ivan N. Ponomarev, Ali M. Gasanov

N.V. Sklifosovsky Research Institute of Emergency Medicine,
3 Bolshaya Sukharevskaya Square, 129090 Moscow, Russia

Iesbio uccrenoBanust — onpeziesierne MOPMOJOTHIECKUX 0COOEHHOCTEH TEUEHUsT IPOIecca perapaiii Ciu-
3uUCTOiT 060JI0YKM TPaxen 1 GPOHXOB MTPHU MPUMEHEHIH CAaHAIIMOHHON GPOHXOCKOTINH € allIINKAIEel pacTBOPA KOJI-
sarena I tTuna yenoBeka y nanuenTos ¢ nnrassiuontoit rpasmoit (UT).

Marepuaibt ¥ MeTo/ibl. B OTKPBITOE PAaHIOMU3HPOBAHHOE IIPOCTIEKTHBHOE UCCIE0BAHIE BKIIOUIIIN 59 MaIIeHTOB
¢ T 2—3-ii crenienn Tsxectu 1o kinaccndukarmn 0. B. Cunesa n A. 10. Cxpunasnsa. OcnoBHyIo TpyIiy cOCTaBUINn
29 yesoBek. VM BBITIOJHSAIN CAHAIMOHHYIO GPOHXOCKOIHUIO € ANTJIMKAIMEN pacTBOpa KoJuiareHa I THia desoBeka Ha
HPO3UBHO-I3BEHHbBIE TIOBPEKACHUS CJNU3UCTOI 060m0uKH. B rpyminy cpaBrenst Bonum 30 ManenToB, KOTOPBIM CaHa-
[UOHHYIO GPOHXOCKOIHIO BBITIOJIHSJI B COOTBETCTBUH CO CTAHIAPTAME OKa3aHUs MeAUITMHCKOIT riomoriu. C 1ies1pio
orteHKH MOP(hOIOrNYeCcKOl IMHAMUKI TEYEHHsT TPOIIECCa PEeNapaIiiit CIU3UCTON 000T0UKH BBITOIHSIH MOPHOIOTH-
Y4ecKoe MCCIIeIoBaHre OUOTICHITHOTO MaTepraa, MOJYYeHHOTO B X0/l SHAOCKOIMYECKUX HCCe0BaHmil. PacTBOp [uist
[PUMEHEHHUs TOTOBUJIU B COOTBETCTBHH € paHee pa3paborantbiM criocoboMm (1tatent PMD Ha nzobperenne Ne RU 2591544
C1) u3 kosarena I Tuma yesioBeka, MOJTy4eHHOTO U3 CBA30K M CYXOXKUJIMI METOJIOM KUCJIOTHO 9KCTPaKIUH.

Pesyabratel. Y nanuentos ¢ T 2-it crenenn npu ucnosb3oBanuy aliJInKaluy Kosuiarena 1 Tuia yesoseka
OJTHAS SMUTETN3AIUS CIU3UCTON 060T0UYKN TpaXen 1 GPOHXOB MPOUCXO/UIIA TOCTOBEPHO panbiiie (4 (3; 7) cyTku),
uem Ges ero Hanecenust (7 (4; 9) cyrkun) (n=15 u n=21 coorsercreenno; U=49,5; p=0,0004). IIpu T 3-ii crenenn
HOKPBITHE 3B CJAM3UCTOI 060JOUKI TPaxeOOPOHXUATBHOTO JIEPeBa PACTBOPOM KOJLIAT€HA TAKIKE JOCTOBEPHO CO-
KpaIaio CpoKy anuTen3auu B cpeaeM 710 8 (7; 10) cyTok, B To BpeMsI Kak TTPY BBITIOJTHEHWH CTaH/IaPTHON caHa-
[IMOHHOI OPOHXOCKOMUK JaHHBIN TTeproj coctasisin 17 (12; 22) cyrok (n=14 u n=9 coorsercrsenno; U=1;
p=0,0001). Annamnka MopdoIOrmueckoil KapTUHBI y TTAITNeHTOB OCHOBHOH T'PYIIIBI XapaKTepu30Balach OTCYT-
CTBHEM TIPU3HAKOB FHOMHOTO BOCTIAJIEHNST, PAHHNM HOSIBJIEHNEM MaKpoharos 1 TNMQOIIUTOB, HATIOJI3aHUEM OJTHO-
PSIZTHOTO BINTEJINS 110 KoJITareHy I Trma yesoBeka, B TO BpeMsI KaK y IPYIIIBI CPaBHEHUST OTMEYaIoCh BEIPAKEHHOE
THOITHOE BOCTIaJIeHue, TIPOSIBIISTIONIeecsT MHMUIBTPAINS TOTUMOPQHOSIAEPHBIMH JTEHKOIUTAMH.

3axmouenne. CaHarmoHHast OPOHXOCKOIHUS ¢ OJHOMOMEHTHBIM 3aKPHITHEM TIOBPEKIEHHBIX YYaCTKOB CJMU3HU-
cToil 060JI0YKN PACTBOPOM KoJLTarena I THITa 4esloBeKa COMPOBOK/IAETCS KYIIMPOBAHUEM BOCIIAIUTETBHOTO PO~
Iiecca, YTo MOATBEPIKIAETCS HA OCHOBAHUHT MOP(MOTIOTHYECKIX MCCIe0BAHHI.

Knioueewte cnosa: UHZATAUYUOHKASA mpasma, 6p0onc1conuﬂ; penapauust; Koaiazen 1 muna yenosexa

The purpose of the study was to determine the morphological characteristics of the repair process of the tracheal
and bronchial mucosa after sanitation bronchoscopy using type I human collagen solution in patients with an in-
halation injury (II).

Materials and methods. An open-label, randomized, prospective study included 59 patients with inhalation
injury (2—3 severity degree according to the classification of Yu. V. Sinev and A. Yu. Skripal'. The main group
consisted of 29 patients. They underwent a sanitation bronchoscopy using type I human collagen solution applied
onto erosive and ulcerative lesions of the mucous membrane. The reference group consisted of 30 patients who
underwent sanitation bronchoscopy in accordance with the standards of medical care. In order to assess the mor-
phological dynamics of the repair process of the mucous membrane, a morphological study of the bioptate ob-
tained during endoscopic studies was carried out. The solution for the application was prepared by acid extraction
of type I human collagen from ligaments and tendons as described earlier (Russian Federation invention patent
No. RU 2591544 C1).

Azpece 1St KOpPeCHOHIeHIUH: Correspondence to:
Anekceit Makapos Alexey V. Makarov
E-mail: AVMakarov21021@mail.ru E-mail: AVMakarov21021@mail.ru
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Results. Complete epithelization of the tracheal and bronchial mucosa occurred significantly earlier (4 (3; 7)
days) in patients with the 2" degree inhalation injury when using type 1 collagen application, than in those without
the application (7 (4;9) days) (n=15 and n=21 respectively; U=49.5; P=0.0004). In the case of the 3" degree inhala-
tion injury, coating of ulcers of the tracheobronchial tree mucosa with the collagen solution also significantly reduced
the epithelialization period on average to 8 (7; 10) days, while after the standard sanitation bronchoscopy, this period
was 17 (12; 22) days (n=14 and n=9 respectively; U=1; P=0.0001). The morphological changes in patients of the
main group were characterized by the absence of signs of a purulent inflammation, early appearance of macrophages
and lymphocytes, and covering of type I collagen by simple cuboidal epithelium, while in the reference group, there
was a severe purulent inflammation manifested by polymorphonuclear leukocyte infiltration.

Conclusion. The sanitation bronchoscopy with simultaneous closure of the damaged areas of the mucous mem-
brane with the type I human collagen solution results in relief of the inflammatory process which is confirmed by

morphological studies.

Keywords: inhalation injury; bronchoscopy; repair; type I human collagen
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BBenenue

Wuransauunonnas tpasma (UT) nepenko comnpo-
BOXKJIAET M YaCTO YTSKENAeT TedyeHue OKOTOBOM
6ostesun [1—4]. HecMoTpst Ha pasBuTHE COBPEMEH-
HBIX METOJ0OB WHTEHCUBHOI Tepanuu, mpodiieMa
seuenus UT ocraercst akryanbmotii [, 6]. Ilo zamibsiv
HUMU CII um. H. B. CkaudocoBckoro oJist ©301u-
poBannoit U'T B mocyiennue Tobl 0OCTaeTCS BHICOKOM
u coctasisteT 14,3—17,5%, 1pu 3TOM JIeTaTBHOCTD
nocrturaet 21,4%.

Teuenne UT ompenensieTcsa cTemeHblo BbIpa-
JKEHHOCTHU 0KOTOBOTO TPaXeoOPOHXUTA, KOTOPBIii, B
CBOIO OYepejib, XapaKTepuayercst riyOuHoil u pac-
MPOCTPAHEHHOCTHIO MOBPEKAEHUS CIAUUCTON 000-
JIOUKHU JIBIXaTeJbHBIX MyTeH. 30J0TBIM CTAaHAPTOM
mnaruoctuku UT sBisiercst 6pouxockomnust [7—9]. B
HUN CII um. H. B. Cximdocosckoro 0. B. Cune-
BoiM 1 A. TO. Ckpurniasiem Gbiiia pazpaboTaHa u BHEJI-
pena aupockornuyeckas kiaaccudukanus WUT na
OCHOBaHMU IJIyOMHBI IIOBPEKIEHUS CAU3UCTON 060-
JIOYKM Tpaxeu U OPOHXOB COTJIACHO KOTOPOU IIEPBOI
creriedu VI'T cooTBeTCTBYeT KaTapaabHOE MMOBPEXKIe-
HUE CJIM3UCTON 000JI0YKKM TPaxeoOPOHXUAJbHOTO
nepesa (TB/l), BTopoii — 2po3uBHOE, TPETbell —
A3BEHHOE, YeTBEPTON — HEKPOTUYECKUE U3MEHEHMS
CIU3UCTOM 060I0uKY Tpaxen u 6porxos [10].

MopdoJioruueckoe ucciegoBanue OUOICUITHOTO
Marepuasa, moJyIeHHOrO BO BpeMsi GPOHXOCKOIIHH,
03BOJIsIeT OOBEKTUBHO OLEHUTH IIyOUHY U PacIpo-
CTPAHEHHOCTH MOBPEKAEHUS CAUZUCTON 0OOJOUKU
TB/, a Takske cTerienb BLIPA)KEHHOCTU PeTTapaTUBHBIX
MPOIIECCOB B CJAUBUCTON 0OOJIOUKE U JUHAMUKY UX
teuenud [ 11, 12]. [To pesyasratam Mopdosornueckux
HCCJIEIOBAHUN IMHAMUKA 0KOTOBOTO TPaxeoOPOHXU-
Ta XapaKTePU3YEeTCs 3aTSKHBIM TeYEHUEM ¢ ITpeobJia-
JIAaHMEM BBIPA)KEHHOTO THOMHOTO BOCTIAJICHHUS, A TaKKe
JUTATEIHHON perapaiueil moBpPeXIeHHON CAU3UCTON
obomouku |13, 14].

HauboJiee pacripocTpaHEHHBIM 1 XOPOIIIO 3ape-
KOMEH/[OBAaBIIUM CeOsI METOJOM SHIOCKOIIUIECKOTO
siedenust 6oubHbIX ¢ YT siBisieTcst canalmonast OpoH-
XOCKOIUS, KOTOPasi MO3BOJISAET YAAIUTD U3 TPOCBETA
TB/l ruoiiHo-HEKPOTHYECKUI dKccynar, (hubpuH,

Introduction

An inhalation trauma (II) often accompanies and
aggravates the course of the burn disease [1—4]. De-
spite the development of modern methods of the inten-
sive therapy, the problem of its treatment is still urgent
[5, 6]. According to data obtained in the N. V. Sklifos-
ovsky Institute, the percentage of an isolated inhalation
injury has been high over recent years and is equal to
14.3—17.5%; at that, the mortality rate reaches 21.4%.

The course of the inhalation injury depends on
the severity of burn tracheobronchitis, which, in turn,
is characterized by the depth and the extent of damage
to the mucous membrane of the respiratory tract. A
bronchoscopy is the gold standard of II diagnostics
[7—9]. In the N. B. Sklifosovsky Institute, Yu. V. Sinev
and A. Yu. Skripal’ developed and implemented the
endoscopic classification of the inhalation injury based
on the depth of damage of the mucous membrane of
the trachea and bronchi according to which the first
degree II corresponds to the catarrhal damage of the
mucous membrane of the tracheobronchial tree
(TBT), the second degree corresponds to erosive, the
third degree to ulcerative, and the fourth degree to
necrotic changes in the mucous membrane of the tra-
chea and bronchi [10].

A morphological study of the bioptate obtained
during bronchoscopy allows to objectively assess the
depth and the extent of damage of the TBT mucous
membrane, as well as the degree of repair processes in
the mucosa and the dynamics of their course [11, 12].
According to the results of morphological studies, the
dynamics of burn tracheobronchitis is characterized
by a prolonged course of the disease with a predomi-
nance of pronounced purulent inflammation, as well
as long-term repair of the damaged mucosa [13, 14].

A sanitation bronchoscopy is the most common
and well-proven method of endoscopic treatment of
patients with inhalation injury, which allows to re-
move purulent necrotic exudate, fibrin, soot, and com-
bustion products from the TBT Ilumen while
compensating the impaired drainage function of the
bronchi [15—18]. At the same time, special attention
in the treatment of burn tracheobronchitis should be
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TaGmmia 1. Pacnpeeienye NAIHEHTOR 10 CTENEHH TS/KECTH HHIAISIIMOHHOI TPABMBI.
Table 1. Distribution of patients according to the severity of the inhalation injury.

Severity of the inhalation injury Groups Total
Main Reference

2nd 15 21 36

3 14 9 23

Total 29 30 59

IIpumeuanue. Severity of the inhalation injury — crenenp TskecTn nHransauuonuoi TpasMbl; Groups — rpymisl; Main — ocHnoBHas;

Reference — cpasuenust; Total — Bcero.

KOTIOTB U TIPO/TYKThI TOPEHMUST, KOMIIEHCUPYST HAPYITIE€H-
HYIO ZpeHakHy1o GyHKnuio 6ponxos [15—18]. Ilpu
9TOM Ba)KHOE 3HAYEHUE B JIEYEHUH 0KOTOBOTO TPaXeo-
GPOHXKTA HEOOXOMMO Y/ICTUTh METOIAM CTUMYJISITIU
TIPOTIECCOB PEaparuy MOBPEKACHHON CIM3UCTON 060-
s0uky. [lepcrieKTHBHBIM HANTPABJIEHUEM B YCKOPEHUHT
32KUBJIEHUST OJKOTOB KOXKU SIBJISIETCSI TIPUMEHEHUe
koJinarena 1 turma venosexka [19, 20].

[lenb vccenoBanust — onpenenenue MopgoJro-
THYECKIX 0COOEHHOCTE TEUECHIS TPOTIecca penapa-
UV CIU3UCTON 060JOYKH Tpaxew U GPOHXOB MPH
MPUMEHEHU T CAHATIMOHHOT OPOHXOCKOTIUH C aIlTIn-
Kamueil pacTBopa KojareHa | Tuma desmoBeka y
nmarenTos ¢ UT.

Marepuaa u MeTo/ibl

HeenenoBarenbekyio paboTy Tposes Ha 6ase orjiedie-
HUI OCTPBIX TEPMIUECKUX TTOPAKEHUIT, HEOTIOKHBIX DHIO-
CKOIMYECKUX UCCIII0BAHIH, TaGOPATOPUI TPAHCIUIAHTAIIH
KJIETOK ¥ IMMYHOTHTINPOBAHUS, OT/IeJIa TTATOJIOTNYEeCKOI aHa-
TOMUH, OT/IETIEHNST KOHCEPBUPOBAHMS TKAHEH 1 IIPOU3BOZICTBA
tpancmmantatoB HVU ckopoit momor nm. H. B. Cxmado-
COBCKOTO Ha OCHOBAHUH O[0OPEHHsT HTHYECKOr0 KOMUTETA 1
YYEHOTO COBETA.

B oTKpbITOE PAaHIOMU3NPOBAHHOE IPOCTIEKTHBHOE HIC-
cieoBanue BKiouriin 59 manuentos ¢ T 2—3-ii ctenenn
Tskectn 1o kaaccudukanyn 0. B. Curesa n A. 10. Cxpn-
nastst. Pacripeziesrenyie nareHToB no crernenn Tsprectd UT
npezcraBuiy B Tabsuite. OCHOBHYIO IPYIITY COCTABHIN 29
yenoBek (12 myzxuna n 17 sxenmmun). VX Bo3pacT Bappupo-
Bast ot 20 1o 89 met. B rpymimy cpaBHenus Bomn 30 marm-
enToB (20 my>kunn n 10 sxenma). VIX Bo3pacT BapbupoBa
ot 26 mo 90 met. MccmenoBantble TPYITBI He MMEJH JOCTO-
BEPHBIX Pa3JINuMil [0 YHCIY HAIlMEeHTOB, WX BO3PACTy
(p=0,163, U-xpurepuit Manna- YuTHM ), TeHIepPHO TIPUHA/I-
aesknoctu (p=0,0692, Tounsriii kputepuiit Ouinepa), TsKe-
CTH TOPAsKEHUsSI CJAUBUCTON 000T0UYKK Tpaxen U OPOHXOB
(p=0,187; Tounsrii kputepuii Ouinepa).

BceM mammeHTaM ¢ IepBBIX [THEH [TOCTe TPABMBI exke-
JIHEBHO MPOBO/IMIIN CAHAIIMOHHYIO GPOHXOCKOIIHIO B COOT-
BETCTBUM CO CTAHIAPTOM OKa3aHUS MeIUIIHCKOM
TTOMOIIN: Yepe3 eCTeCTBEHHBIE JbIXaTelbHble MyTH (IO
MeCTHOI aHecTe3nell PacTBOPa JUIOKAMHA) MY Yepe3 NH-
TybannonHyio TpyOKy (110 BHYTPUBEHHOII cenaiueii) ¢
nomonipio rubkux 6ponxockonos Gupmsl Olympus BF
1T60, P180 n Q180. Canmaruio mpocseta TB/] Bermonnsan
0,01% pacTBOpPOM JMOKCHINHA WJIN MUPAMUCTHHA. Y Ta-
[HEHTOB OCHOBHOW TPYIIBI KOTOTh CO CJAM3UCTON 060-
JOUKK  yjaassau  Gojiee  TIIATEABHO, B TOM YHCJE
MeXaHUYECKUM BO3/IeHiCTBHEM IUCTAIBHOTO KOHIIA 9HO0-
CKOTIA W DHIOCKOIMUYECKUX IUIIIOB, YTOOB B MaKCH-
MaJBHO KOPOTKHE CPOKH MTOJATOTOBUTD JAHO eeKTOB IS

paid to methods of stimulation of repair processes of
the damaged mucosa. The use of type 1 human colla-
gen is a promising method in boosting the healing of
skin burns [19, 20].

The purpose of the study was to determine the
morphological characteristics of the repair process of
the tracheal and bronchial mucosa after sanitation
bronchoscopy using type I human collagen solution in
patients with an inhalation injury.

Materials and Methods

The research was carried out on the basis of the of acute
thermal injury units, departments of emergency endoscopic
studies, the laboratory of cell transplantation and immuno-
typing, the department of pathological anatomy, the depart-
ment of tissue preservation and production of transplants of
the N.V. Sklifosovsky First Aid Scientific Research Institute,
after approval by the Ethics Committee and the Academic
Council.

An open-label, randomized, prospective study in-
cluded 59 patients with inhalation injury (2—3 severity de-
gree according to the classification of Yu. V. Sinev and A. Yu.
Skripal'. The distribution of patients according to the sever-
ity of the inhalation injury is presented in Table 1 below. The
main group consisted of 29 patients (12 men and 17 women).
Their age ranged from 20 to 89 years. The reference group
included 30 patients (20 men and 10 women). Their age
ranged from 26 to 90 years. The study groups did not have
significant differences in the number of patients, their age
(P=0.163, Mann-Whitney U-test), gender (P=0.0692,
Fisher's exact test), and the severity of tracheal and
bronchial mucosal lesions (P=0.187; Fisher's exact test).

All patients underwent daily sanitation bron-
choscopy in accordance with the standards of medical care
starting with the first days after the injury: through the
respiratory tract (under local anesthesia with lidocaine so-
lution) or through an intubation tube (under intravenous
sedation) using flexible bronchoscopes BF 1T60, P180,
and Q180 manufactured by Olympus. The sanitation of
the TBT lumen was performed using 0.01% dioxidine or
miramistin solution. In patients of the main group, the
soot was removed more carefully from the mucosa, includ-
ing the mechanical effect of the distal end of the endoscope
and endoscopic forceps, in order to prepare the bottom of
the lesions for the application of the prepared type 1
human collagen solution as soon as possible. The prepared
solution of type I human collagen was applied by means of
a catheter onto the damaged areas of the mucous mem-
brane purified from soot, fibrin and purulent-necrotic de-
tritus. The volume of the collagen solution applied
depended on the severity and area of the damage and was
equal to 2—4 ml. On the 2" and 3" day after the applica-
tion of collagen in the absence of visual endoscopic signs
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HaHeCeH:sI TOATOTOBJIEHHOTO PACTBOPA KoJulareHa I tuma
yenoBeka. Ha moBpesk/eHHbIE YYaCTKU CAU3UCTON 060-
JIOUKH, OYHIIIEHHBIE OT KOMOTH, (PUOPUHA 1 THOWHO-HEKPO-
TUYEeCKOTO [EeTPUTA, C IMOMOIIBIO KaTeTepa HAHOCHJIH
MTOJITOTOBJIEHHBIN PacTBOp KoJjulareHa | Tuma desoBexa.
O6beM HCIOTB3YEMOTo PACTBOPA KOJIJIATeHA 3aBHCEN OT
TSPKECTH M PACTIPOCTPAHEHHOCTH MOBPEKIEHUI M COCTaB-
a1 2—4 mu. Ha 2—3-e cyTku ocsie mpruMeHeHUsT KOoJLia-
TeHa B cJIydae OTCYTCTBUSI BU3YAIbHBIX 9HIOCKONIECKIX
MIPU3HAKOB MUTETU3AIIH TOBPEKICHNI BBITTOIHSIN T10-
BTOPHOE HaHeCeHIe PAacTBOPA KOoJITareHa.

PactBop /7151 mpUMeHEHNUS TOTOBIJIN 13 KOJIJIareHa
I Tuna yesoBeka, MOJYYEHHOTO U3 CBS30K U CYXOKUJIIHIT
METO/IOM KUCJIOTHOI aKkcTpakimu. Bech Grnomarepual co-
OTBETCTBOBAJ KPUTEPHSIM MH(GEKIIMOHHONH U TOKCHKOJIO-
rudeckoit GesomacHocTH. IIpuroroBienue pacTBopa
OCYIIECTBIISLIN B COOTBETCTBUM € paHee pazpaboTaHHbIM
criocobom (matent PD na uzobperenne Ne RU 2591544
C1). [lns obecrieyeHnst IPOXOKAEHIS Yepe3 KaTeTep KOJI-
JareH pasBoauian BogubM 0,01% pacTBOpPOM XJIOpreKcH-
mnaa. C 1espio obecrieyeHnsi BOSMOKHOCTH KOHTPOJS
pacrpesieleHns U (pIKCAIIH perapara ero OKPaIiBaIH
0,2% BOAHBIM PaCTBOPOM OPHILITHAHTOBOTO 3esieroro. [1o-
Jy4eHHYI0 KOMIIO3UINIO cTepuin3oBann YPD-ayuamu B
Teuenne 60 MIUHYT.

Teuenne paneBoro nporecca oIeHNBaIl Ha OCHOBA-
HUHM MOPMOJOTHYECKUX HCCAEIOBAHUIT ceprn GHONTATOB
13 KpaeB 1e(eKTOB, BBITOJHEHHBIX B pa3Hble CPOKH Teue-
Hus UT. Y Bcex nauueHnTos 3a60p OGUONCUITHOTO MaTe-
pHaJa OCYIIEeCTBIIAIN B TIEPBBIE CYTKH MTOCJIE TPABMBI /LIS
MO/ TBEPSKAEHNS IaHHBIX 9H/IOCKOIINIECKOTO MCCIe10Ba-
HUs. Y TAlMeHTOB OCHOBHOW TPYMIbBI MOCIeTYTOTIHI
3a60p OUOTICHITHOTO MaTepraia IPOU3BOUIICS HETIOCPE/I-
CTBEHHO Ilepe]] HaHeCeHneM pacTBopa KoJjuiareHa I tuma
YeJI0BeKa, 3aTeM yepes Kaskible 2—3 JIHS 10 9HAOCKOIYe-
CKU MOATBEP:KICHHOI TTOTHOM 9IINTENN3AINH CIU3NCTON
000J104KH. Y TAIMEeHTOB TPYIIIBl CPAaBHEHUsT OUOMCHUIO
CJAUBUCTON 0GOJIOYKN TIPOU3BOAUIIN MOCJIE CAaHATIMOHHOT
GPOHXOCKOIUY U yIaJeHUH KOTIOTH U 3aTeM TaKyKe dyepes
Kaxble 2—3 H4 10 TOJHON 9MUTENN3AINN CAUUCTON
060J109KH.

Buomatepuan dukcupoBanu 70% 3THIOBBIM CIHP-
TOM, TIOCJIE YeTO MOBEPTAJIH CTAHAAPTHOII TPOIIelype N3Tro-
TOBJIEHHST TTapaUHOBBIX TUCTOJOTHUECKUX IPENapaToB.
OxkparmBaHye TOTOBBIX MUKPOCPE30B TPOBOIMIIN TEMOTOK-
cuinHOM ¥ 903uHOM, [ITNDD-peaktuBom, o Ban [1zony.

Craructudeckyio 00paboTKy JAAHHBIX MTPOBOJAUIN C
olpesieJieHneM MeIuaHbl 1 ee KBapTuieil. loctoBepHOCTD
pa3IIuuil OIHOVMEHHBIX ITOKa3aTeseil MeXXIy HeCBsI3aH-
HBIMU BBIGOPKAME OMPEAESIN TIPH oMot U-Kpurepust
Manna—YutHy, TouHoro kpurepust Ouiepa.

Pe3yibrarsl 1 00CyKA€eHHE

IJH/IOCKOTTMYECKasl KapTUHA TI0CJe TepBUYHOMN
CaHAIIMOHHOU GPOHXOCKOIMHU y HaiuenTos ¢ UT 2-i
CTENeHN XapaKTepru30Balach HAJIMYNEM YMEPEHHOTO
KOJINYECTBA CJAU3UCTOTO CEKPETA C TPUMECHIO KOTIOTU
B IIPOCBETE TPaxen 1 OPOHXOB, MHOKECTBEHHBIX OYa-
roB kotiotu 710 0,2—0,4 cM B iameTpe Ha CITUBUCTON
000J10uKe Tpaxen U OPOHXOB, MECTAMU CJIMBHBIMUI.
Ouaru xonoTu 6b111 (PUKCHUPOBAHbI K CJIM3UCTOR 060-
JIOUKEe ¥ YaCTUIHO y/IAJISLJIUCh TIPU caHaIuu. B pe3yiib-
Tare Ha CJAM3UCTON 000J0YKe BU3YATU3UPOBAJIM OCT-

of lesion epithelialization, the application of collagen so-
lution was repeated.

The solution for the application was prepared from
type I human collagen obtained from ligaments and tendons
by acid extraction. All biological material met the criteria of
infectious and toxicological safety. The solution was pre-
pared in accordance with the method developed earlier
(Russian Federation invention patent No. RU 2591544 C1).
To ensure the passage through the catheter, collagen was di-
luted with a 0.01% aqueous solution of chlorhexidine. In
order to ensure the monitoring of the distribution and fixa-
tion of the drug, it was stained with 0.2% aqueous solution
of diamond green. The resulting composition was sterilized
by UV rays for 60 minutes.

The course of the wound process was evaluated on the
basis of morphological studies of a series of bioptates taken
from the edges of the lesions at different time points of the
inhalation injury. In all patients, the bioptate was sampled on
the first day after the injury to confirm the endoscopic data.
In patients of the main group, the subsequent sampling of the
bioptate was performed immediately before the application
of the type I human collagen solution, then every 2—3 days
until the complete epithelialization of the mucous membrane
was confirmed by endoscopy. In patients of the reference
group, mucosal biopsy was performed after sanitation bron-
choscopy and removal of soot and then also every 2—3 days
till the complete epithelialization of the mucosa.

The biological material was fixed with 70% ethyl al-
cohol and then was exposed to the standard procedure of
production of paraffin histological preparations. Finished
microscopic sections were stained with hematoxylin and
eosin, SCHIFF reagent, and Van Gieson's stain.

Statistical data processing was performed with calcu-
lations of the median and its quartiles. The significance of
differences of the homonymous parameters between unre-
lated samples was determined using the Mann—Whitney U-
test and Fisher's exact test.

Results and Discussion

The endoscopic pattern after the primary sanita-
tion bronchoscopy in patients with the 2! degree in-
halation injury was characterized by the presence of a
moderate amount of mucosal secretions with an ad-
mixture of soot in the lumen of the trachea and
bronchi, multiple foci of soot up to 0.2—0.4 ¢cm in di-
ameter on the mucous membrane of the trachea and
bronchi, sometimes confluent ones. Foci of soot were
fixed to the mucous membrane and partially removed
during the sanitation. As a result, acute erosion with
a clean bottom was visualized on the mucous mem-
brane. The morphological study demonstrated the
similar changes in the form of focal exfoliation of the
surface epithelium with covering of lesions with fibrin.
The obtained data correspond to the 2" degree inhala-
tion injury.

In patients of the main group with the 2" degree
inhalation injury, it was possible to completely remove
soot from the mucous membrane of the trachea and
bronchi using the distal end of the endoscope and en-
doscopic forceps as early as during the primary sanita-
tion bronchoscopy. Immediately after removal of the
soot, the type I collagen solution was applied onto the
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pble 3pO3UU € YUCTBIM JAHOM. Mopdosorndyeckoe
uccaeloBaiye I03BOJIMIIO BBISIBUTH OIHOTHUIIHBIE
M3MEHEeHMS B BUJIe 04aroBOTO CJYIIUBAHUS IOBEPX-
HOCTHOTO SIIUTEINSA C IPUKPHITHEM JeheKTOB hubpu-
HoM. Ilosydennble JaHHbIE COOTBETCTBYIOT KJIACCH-
ukaruu T 2-i1 crenenu.

¥ naruentoB ocuoBHo# rpynmbl npu UT 2-it
CTEIeHH YAaBaJI0Ch IOJHOCTBIO YIAJNUTh KOIOTH CO
CJUBUCTON 060I0UKK TPaxen U GPOHXOB ¢ MOMOIIBIO
JUCTAIBHOIO KOHIA 9HOCKOIA U 9HJOCKOINYECKUX
IUIIOB YKe [IPU TEPBUYHOI CAaHAIIMOHHON OPOHXO-
cxoru. Cpagy e 1ociie yajaeHnsd KOIoTH HaHOCUIIN
pactBop KoJiarena I Tuiia Ha yucToe [HO 9pO3uii CIu-
3UCTOM 06OJIOUKH. 3a CUET KPACUTEJIsI, BKIIOYEHHOTO
B COCTaB pacTBOPA, HAHECEHHBIN KOJIJIAT€H 4YeTKO
BU3YAJIM3UPOBAIM Ha MoBepxHocTH AedexToB. Kakux-
7160 OCTIOKHEHUH TIPH ITPOBEICHUM HTON TIPOTIELY PhI
HE OTMETHJIN.

¥ naruentoB ocuoBHo# rpynmbl npu UT 2-it
cTereHu Ha 3-4-e CyTKU 110CJIe TPABMbI 9H/IOCKOIINYe-
CKasl KapTHHA XapaKTepu30Bajach CYLIECTBEHHBIM
CHUZKEHMEM KOJIMYECTBA HPO3HIA, CIU3UCTAs 000I0UKA
OblJIa IPKO UM YMEPEHHO MIIEPEMUPOBAHOMN, OTEK
YMEHbIIAJICS.

Y nmainueHToB rpyIiibl CPaBHEHNS KOIIOTD y/1aBa-
JIOCH YAQJIUTH TOJBKO Ha 3-4 CYTKHU I0CJIe TPABMBb.
Cumsuicrast 060J104Ka Tpaxeu 1 OPOHXOB OblIa IPKO
ruriepeMrpoBaHa, yMEPEeHHO OTe4YHasd, C MHOKECTBEH-
HBIMM OCTPBIMU 3PO3USAMU OBAJBHON WU OKPYTJION
(opmni pazmepom 110 0,2—0,3 cm B imameTpe, MOKPHI-
TBIMH CBETJIBIM (hUOPUHOM, KOTOPBIN K 5—6 cyTKam
CTAHOBUJICS HOJIee MACCUBHBIM.

[Tpu Mmopdosornyeckom uccieioBaHIM Ha 3—4-€
CYTKH 110CJIe TPAaBMbI B OCHOBHOM T'PYTIIIe BBISIBUJIN, 4TO
JIHO BPO3UIL MOKPHITO (PUOPUHOM U AJLIIOTEHHBIM KOJI-
JIaTeHOM, BOKPYT KOTOPOTO OIIpe/IeJININ Makpodarasib-
HYI0 1 JIUMQOLIUTAPHYIO NHOUIBTPAIIMIO TIPU OTCYT-
CTBMH ITPU3HAKOB THOMHOTO BOcIasieHus. B otsmuue ot
ATOTO B IPYIIIe CPABHEHUST [THO 3PO3HIA OBLIO MOKPHITO
MAaCCUBHBIMM ~ HAJIOKeHUAMU  (ubpuHa, HEpPenKo
BBISABJISLIN YaCTUIIbI KOTIOTH, a CJAM3KUCTast 060JI0YKa
Tpaxen ¥ OPOHXOB Oblia I'yCTO MHOUIBTPHUPOBAHA
HOJMMOPMHO-/1ePHBIMU JICHKOIIUTAMU.

Y nanueHToB OCHOBHOM TPYIIILI OTEK U TUIIepe-
MUsI CIUBUCTOI 060JIOUKN CYIECTBEHHO CHUYKAJIUC,
a 9PO3UU MOJHOCTBIO INMUTEIUIUPOBAINCH HA 3—7-¢
CYTKU IIOCJIe TPaBMbl, B TO BpeMsl Kak B TpyIIle
CpaBHEHWS TPOSABJIEHUS THOHOTO TPaxeoOPOHXUTA
COXPAHAJINCDH B TeUeHNe 2-X HeJlesIb, a IPU3HAKU 11U -
TeJM3alNU 9PO3UI OTMEYaIu K 9-M CyTKaM.

Taxum 06pa3oM y MarueHToB OCHOBHO IPYIIIIbI
c UT 2-ii crennernn Ha 3—4-e CyTKM OTMeYaJud BbIpa-
JKeHHOe M3MeHeHue MOPQOJIOrMYecKoil KapTHHBI,
XapakTepu3oBaslieecss MakpodaranabHoii 1 sumMdoru-
TapHOU MHUIBTPaLyeil CIM3UCTOI 0060J0UYKH, B TO
BpeMs KaK y NalMeHTOB IPYIIIbI CPAaBHEHNS OTMeYaIn
HapacTaHue U IPorpeccupoBaHne NPU3HAKOB THOWHO-
ro Bocrasenus. Cpoku anuTen3aus 9po3nii CJanu3n-
CTO 000JIOUKHM Yy TAIMEHTOB OCHOBHOW TPYIIIIbI

clean bottom of erosion of the mucous membrane. Due
to the stain included in the solution, the applied colla-
gen was clearly visualized on the surface of the lesions.
No complications were observed during this procedure.

In patients of the main group with the 2" degree
inhalation injury, on the 3" and 4" day after the injury,
the endoscopic pattern was characterized by a signif-
icant decrease in the number of erosions, the mucous
membrane was bright or moderately hyperemic, and
the swelling decreased.

In patients of the reference group, soot was re-
moved only by days 3 and 4 after the injury. The mu-
cous membrane of the trachea and bronchi was brightly
hyperemic, moderately edematous, with multiple acute
erosions of oval or round shape up to 0.2—0.3 cm in di-
ameter, covered with light fibrin, which became more
massive by days 5 and 6.

A morphological study performed on the 3 and
4™ day after the injury in the main group demon-
strated that the bottom of erosion is covered with fib-
rin and allogeneic collagen, around which macrophage
and lymphocytic infiltration was determined in the
absence of signs of purulent inflammation. In contrast,
in the reference group, the bottom of erosion was cov-
ered with massive fibrin overlays, soot particles were
often detected, and the mucous membrane of the tra-
chea and bronchi was densely infiltrated with poly-
morphonuclear leukocytes.

In the patients of the main group, edema and hy-
peremia of the mucous membrane were significantly
reduced, and erosion was completely epithelized on
days 3—7 after the injury, while in the reference group,
the manifestations of purulent tracheobronchitis per-
sisted for 2 weeks, and signs of epithelialization of ero-
sions were noted by the 9t day.

Therefore, in patients of the main group with the
2 degree inhalation injury, a marked change in the
morphological pattern was observed on the 3@ and 4
day, characterized by macrophage and lymphocytic in-
filtration of the mucous membrane, while in patients
of the reference group there was a progression and
worsening of signs of purulent inflammation. The pe-
riod of the epithelization of mucosal erosions in pa-
tients of the main group decreased from 9 to 3—7 days
as compared to the comparison group.

In the primary endoscopic study of all patients
with 3 degree inhalation injury, there was no secre-
tion in the lumen of the trachea and bronchi. The mu-
cosa of the trachea and bronchi were dry, pale,
moderately swollen and covered with circular conflu-
ent deposits of tightly fixed soot, which virtually could
not be removed during the sanitation bronchoscopy
(Fig. 1). The morphological study demonstrated that
the layers of fibrin and soot covered the bottom of ul-
cers. In the bottom of the lesions, mucus-producing
glands were detected, which indicated a large depth
of damage to the bronchial wall.

In patients of the main group with the 3 degree
inhalation injury, soot was mechanically removed as
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Puc. 1. Iupockonnyeckasi KAPTUHA I3BEHHOTO TPAXE0OPOHXHUTA
npu UT 3-ii crenenu (1-e cytkn)

Fig. 1. Endoscopic pattern of ulcerative tracheobronchitis in the
34 degree inhalation injury (1 day)

Note. Confluent deposits of tightly fixed soot on the mucous mem-
brane of the trachea.

HpnMeqal-me. CJ/IMBHbIE HAJIOKEHUST TIJIOTHO CIJI/IKCI/I])OBaHHOf/'I KO-
IIOTH Ha CJIMBUCTOI 060/104Ke Tpaxeun.

COKpaTUJIach ¢ 9-u 10 3—7-1 CyTOK 110 CPABHEHUIO C
IPYIIION CpaBHEHUS.

[Tpu nepBUYHOM 9HIOCKOIIMYECKOM UCCJIE[0BA-
Hun y Beex nanuentoB ¢ T 3-ii crenienn B mpocseTte
Tpaxen u 6POHXOB cekpera He ObL10. CorsucTas Tpa-
xen u GPOHXOB OblIa «cyXxas», GjeHast, yMEPEHHO
OTEeYHAs, TOKPHITA CJAUBHBIMU ITUPKYJISIPHBIMUA HAJIO-
JKEHUSAMY TIOTHO (DUKCHUPOBAHHOI KOIOTH, KOTOPAst
[PAKTUYECKU He TOJJABATACh yIAJeHUI0 BO BPEMsI
caHaronHoii 6porxockoruu (puc. 1) Ipu mopdosio-
TUYECKOM UCCIIEA0BAHUY TIACThl (ubPHUHA U KOTIOTH
MPUKPBIBAJIN JTHO sI3BeHHbBIX JiechekToB. B nHe nedek-
TOB BBISIBJISJIN CJIU3€00PA3YIONIIE JKele3bl, YTO CBU-
JETEJIBCTBOBAJIO O BOJIBIIOH rIyOUHE TTOBPEKACHUS
cTeHku GpoHxa.

Y nanuentoB ocHoBHOM rpymibsl npu UT 3-ii
CTEIeHH KOTIOTh MEXaHUYECKHN yIAJIAIN YKe Ha 2—3-1
CYTKH TI0CJIE TPABMBI: CJIUBUCTasA 060I04YKa ObLIa APKO
TUIEPEMUPOBAHHOM, BBIPAKEHHO OTEYHOI, CO CIUB-
HBIMU TIOBEPXHOCTHBIMU A3BEHHBIMU jlepekTaMu 6e3
YEeTKUX KOHTYPOB, C BBIPAKEHHOM KOHTAKTHOI KPOBO-
TOYMBOCTBIO (puc. 2, a) OIHOMOMEHTHO MOCJIe yaae-
HUST KOTIOTU BBITIOJIHSIN HAHECEHUEe PACTBOPA KOJLIa-
rena | Tuma desoBeka HAa YMCTOE THO SI3BEHHBIX
nedexros (puc. 2, b). Ha 4—5 cyTku mocse TpaBMbl
cusucTast 060JI0UYKA OCTABAIACH SIPKO THIIEPEMIPO-
BaHHOI U BBIPAKEHHO OTEUHOI, HasOKeHust hubpuHa
HA TIOBEPXHOCTU I3B 9HIOCKOIINYECKU He BU3YATU3H-
POBaJIM, 2 UX KOHTYPBI CTAHOBUJIUCH HOJIee YUETKUMHU

early as on the 2—3 day after the injury: the mucous
membrane was significantly hyperythematous,
markedly swollen, with confluent superficial ulcera-
tive lesions without distinct contours, with severe
contact bleeding. (Fig. 2, a) At the same time with the
removal of soot, the type I human collagen solution
was applied onto the clean bottom of ulcerative lesions
(Fig. 2, b). On days 4—5 after the injury, the mucous
membrane remained brightly hyperemic and severely
edematous, fibrin deposits on the surface of ulcers was
not endoscopically visualized, and their contours be-
came more distinct (Fig. 2, ¢). In patients of the refer-
ence group, on the 47—5% day, the mucous membrane
was brightly hyperemic, severely edematous, with
massive deposits of dense fibrin imbibed with soot
(Fig. 2, d).

Morphologically significant differences between
the groups were demonstrated on the 4h—5% day after
the injury: it should be noted that in patients of the
main group, there was no severe purulent inflamma-
tion and no further damage of the deep layers of the
mucous membrane. The applied collagen remained on
the surface of ulcers, had a cellular structure and, as a
rule, was surrounded by multirowed immature epithe-
lium (Fig. 3, @). In contrast, in patients of the reference
group, the morphological pattern was characterized by
the absence of epithelial lining in large areas, severe
damage to the wall of the trachea and bronchi, includ-
ing the muscle membrane, with fibrinoid necrosis and
diffuse infiltration by polymorphonuclear leukocytes
(Fig. 3, d). Soot particles were found both on the sur-
face of ulcerative lesions and intracellularly (Fig. 3, ¢).

Then, endoscopic and morphological character-
istics of the inhalation injury in the patient groups
were more distinct. According to endoscopic findings,
in main group patients with the 3rd degree inhalation
injury, hyperemia and swelling of the mucous mem-
brane decreased, ulcerative lesions were fragmented
and decreased in size on days 6—7 after the injury.
There was a little fibrin covering the applied collagen.
The edges of ulcerative lesions acquired a distinct con-
tour due to the sites of thickening of the epithelium.
In contrast, in patients of the reference group, the mu-
cous membrane of the trachea and bronchi was
markedly hyperemic with severe edema and multiple
confluent ulcerative lesions covered with massive de-
posits of dense fibrin on days 6—7 after the injury; se-
vere contact bleeding of the mucous membrane was
observed. Such endoscopic pattern persisted for 7—9
days more, and then the regression of inflammatory
changes of the mucous membrane was observed and
the initial signs of epithelialization of ulcerative le-
sions of the mucous membrane were visualized, which
were characterized by a decrease in hyperemia and
edema of the mucous membrane, fragmentation and
reduction of the lesions, purification of ulcerative le-
sions from fibrin with the development of granulation.

Morphologically, on days 6—7 after the injury, in
patients of the main group, the distinctive features in-
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Puc. 2. CpaBHuUTEIbHbIE 9HAOCKONMYECKHE 0COOEHHOCTH Penapaiyu a3BeHHoro tpaxeoopouxura npu UT 3-ii crenenu.

Fig. 2. Comparative endoscopic features of ulcerative tracheobronchitis repair in the case of the 3¢ degree inhalation injury.

Note. a, b, c — main group; d — reference group. a — the mucous membrane of the trachea and bronchi is markedly hyperemic, edematous,
with multiple confluent acute ulcerative lesions without distinct contours immediately after the removal of soot (days 2—3); b — tracheal
and bronchial mucosa, covered with type I human collagen (days 2—3); ¢ — decrease of hyperemia and edema of the mucous membrane
of the trachea and bronchi; ulcers are with distinct contours (arrows) (days 4—>5); d — fibrin foci with soot (arrows) on the bronchial mu-
cosa (days 4—5).

IIpumevanwue. a, b, ¢ — OCHOBHASI TPYIIIA; d — TPYIITA CPABHEHUSL. @ — CJIM3UCTast 000I09Ka Tpaxen n GPOHXOB SIPKO THITepeMUpPOBaHas,
OTEUHast, ¢ MHOJKECTBEHHBIMU CJMBHBIME OCTPBIMU SI3BEHHBIME JeeKTamu Ge3 YeTKIX KOHTYPOB Cpasy 1ocJe yaanenust konotu (2—3-¢
cyTKM); b — camsucrast 060J0YKa Tpaxen u GPOHXOB, MOKPBITAS KOJIJTATeHOM desioBeka | Tima (2—3-1 CyTKN); ¢ — CHIKEHWE THIIEPEMITN
1 OTeKa CJM3UCTOIN 000JIOUKH Tpaxer U GPOHXOB, sI3BEHHBIE 1e(EKTHI ¢ YeTKUME KOHTYpamu (cTpesiki) (4—>5-¢ cyTtkn); d — ouarn ¢pubprna
€ KOMOTHIO (CTPEJIKK) Ha CIUBUCTON 060109Ke GPOHXOB (4—5-€ CYTKN).

(puc. 2, ¢). Y maIfeHToB rpyIibl CpaBHEHUsT HA 4—5-¢
CYTKM CJM3UCTast 060J0UKa OblIa APKO THIIEPEMIPO-
BaHa, BRIPAKEHHO OTEYHAsA, C MACCUBHBIMU HAJIOKE-
HUSMM IJIOTHOTO (ubpria, MMOMOMPOBAHHOTO KOIIO-
ThiO (pHC. 2, d).

Mopdosornuecku CyIecTBEHHbIE PA3JIUUNS B
IpyInax BBIABJIAIN yKe Ha 4—5-e CYTKU MocJe

cluded the absence of signs of purulent inflammation,
early appearance of lymphocytes and macrophages in
the bottom of ulcers, especially around the deposits of
applied collagen, without the formation of granulation
tissue; the activation of fibroblastic and macrophage
reactions took place (Fig. 3, b). At that, layers of mul-
tirowed epithelium intensely «crawled» from the

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 3



DOI:10.15360/1813-9779-2018-3-4-14

Tpasma, KpoBomoTeps, KPOBOTEUEHME

Puc. 3. CpaBuureinbubie MOp]oIornueckue 0coO0eHHOCTH A3BeHHoro 6ponxura npu UT 3-ii crenenn (4—5-€ cyTkn).
Fig. 3 Comparative morphological characteristics of ulcerative bronchitis in the 3 degree inhalation injury (days 4—5).

Note. a, b — main group; ¢, d — reference group. a — the bottom of the ulcer is covered with human collagen (K4), mucus-producing
glands (CXX); b — expressed macrophage (M®) and fibroblast (DB ) reaction around the human collagen (K9) in the bottom of the ulcer.
Hematoxylin and eosin staining, X200. ¢ — the bottom of the ulcer is covered with soot and fibrin (arrows), mucus-producing glands
(CJK), Van Gieson stain, X200. d — the bottom of the ulcer is covered with purulent necrotic detritus: fibrin layers infiltrated by polymor-
phnuclear leukocytes (arrows), stained with hematoxylin and eosin, X100.

ITpumeuanue. a, b — OCHOBHAsI I'PYIIIA; ¢, d — IPyIIIIAa CPABHEHUSL. @ — JIHO SI3BbI IIOKPBITO KoJutareHoM desoseka (KI), cimseobpasyorye
skestesnl (CIK); b — soipaskennast makpodaraibias (MD) u pudpodmactudeckas (DB) peakimn Bokpyr kosrarena yesoseka (KU) B aue
s138b1. OKpacKa reMaTOKCUIIMHOM 1 903UHOM, X200; ¢ — JIHO I3BBI TOKPHITO KOHOTHIO ¥ GUOPUHOM (CTPEIIKH), CIIM3e00pasyIOIIUE JKEIe3bl
(CIK), okpacka o Ban Tusony, X200; d — 1HO sI3BbI HOKPBITO THOIHO-HEKPOTUYECKUM AETPUTOM: IIACTbI (GUOPHHA, NHDIIBTPUPOBAHHbIE

[TM4 neiikonmramu (CTPETKN ), OKPACKa TeMATOKCHIINHOM 1 9031HOM, X 100.

TPaBMbL: ¥ TIAIIUEHTOB OCHOBHO IPYIIbI 00PaIiaio
Ha cebGs1 BHUMaHUE OTCYTCTBHE TSKEJIOTO THOWHOTO
BOCIIAJIEHUsI ¥ I[IPOTPECCUPOBAHUS  IIPOIecca
MOBPEsKACHUS TIYOOKUX CJI0EB CIU3UCTON 000JI0U-
ku. Hanecenublii KosiareH coxpaHsijics Ha IOBEpX-
HOCTU $I3B, UMEJI STYEUCTYIO CTPYKTYPY U, KaK IPaBuU-
0, ObLI  OKPYKE€H MHOTOPSIZIHBIM — HE3PEJIbIM
anutesneM (puc. 3, a). B otauvue ot aTOr0 y naimu-
€HTOB I'PYIIIIbI CpaBHEHUs MOPHOIOTHYECKAsT KAPTHU-
Ha XapaKTepu30BaIach OTCYTCTBUEM DIUTETUAID-
HOMW BBICTUJIKU Ha OOIIMPHBIX YYACTKAX, TAKEIBIMU
MOBPEKACHUAMU CTEHKU TPaxeu U GPOHXOB, BKJIIO-
Yast MBIIIEYHYIO 060JI0UKY, ¢ (GPUOPUHOUTHBIM HEK-
posom u auddy3Hoii nuduabTpauen moauMopd-
HosiiepubiMu Jielikoiuramu (puc. 3, d). Jactuipt
KOIIOTH OTIPeIesIsIN KaK HA TIOBEPXHOCTHU SI3BEHHBIX
nedeKToB, Tak 1 BHYTPUKJIETOUHO (puc. 3, ¢).

edges of defects over the allogeneic collagen (Fig. 4, a).
In contrast, in the patients of the reference group, the
phase of purulent inflammation was replaced by the
formation of the granulation tissue, which was a
«layer» for the creeping epithelium from the edges of
the lesions (Fig. 4, ¢).

In patients of the main group with the 1—3 de-
gree inhalation injuries complete epithelialization of
ulcers occurred on the 7—10 day after the injury
(Fig. 4, b), while in patients of the reference group it
occurred on the 12—22 day.

With the application of type I human collagen in
the 2m degree inhalation injury, complete epithelization
of the mucous membrane of the trachea and bronchi oc-
curred significantly earlier than without the applica-
tion: the 4" (3; 7) and 7* (4; 9) day (n,=15; n,=21;
U=49.5; P=0.0004), respectively. In the case of the 3
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B nanbueitiem anockonnyeckue u MopdoJo-
rudeckue ocobennoctu rtedenus VT B rpymmax
GOJIBHBIX GbLIN GOJIee OTYETIUBBI. JHAOCKOTUYECKH
y maruerToB ¢ IT 3-i1 crenieHn OCHOBHOWM TPYIIITbI
Ha 6—7-e CyTKU I10CJIe TPABMBbI TUTIEPEMUS U OTEK
CIUBUCTON  O0BOJIOYKU YMEHBIIANNUCH, S3BEHHbBIE
nedekThl (HparMeHTUPOBAINUCH U YMEHBIIATNCH B
pasmepax. OubpuH ObLI B HEOOIHIIOM KOJUIECTBE,
MMOKPBIBAsI HAHECEHHBIN KoJiiareH. Kpas s3BeHHBIX
nedeKToB MpuobpeTaIu YeTKU KOHTYP 3a cYeT yJa-
CTKOB YTOJIIEHNST dnuTeNus. B oTamdme ot aToro y
MalnMeHTOB TIPYIIbl CpaBHEHUs HA 6—7-e CyTKH
MOCJIe TPABMBI CIM3UCTasA 060J0UKA Tpaxeu u OPOH-
XOB ObljIa SIPKO TUIIEPEMUPOBAHA C BbIPAKECHHBIM
OTEKOM U MHOKECTBEHHBIMU CJIUBHBIMU SI3BEHHbIMU
nedeKTaMu, MOKPBITBIMI MACCUBHBIMU HATOKEHMSI -
MU TJIOTHOTO (UOPUHA, OTMEYaTH BbIPAKEHHYIO
KOHTaKTHYO KPOBOTOYUBOCTH CJAMZUCTON 0OOJOUKH.
[MomobHast sHAOCKOMNYECKAs KapTUHA COXPAHSLIACH
B TeueHUe ele 7—9 [Hel, 1mocje 4yero orMevyaan
perpecc BOCHATUTEIbHBIX U3MEHEHUU CAU3UCTON
060JI0YKHN ¥ BU3YAIU3UPOBAJIN HAYAIbHbBIEC TTPU3HA-
KU 2IUTENU3ANUU SI3BEHHBIX Ne(DeKTOB CAU3UCTON
060JI0YKH, KOTOPbIE XapaKTEPU30BATINCh YMEHbIIIe-
HUEM TUIIEPEMUN U OTeKa CJUBUCTOI 06O0J0UKH,
cdparmeHTalueii W  yMeHbIIEHUEM  pPa3MePOB
MTOBPEKIEHII, OUNIIIeHIeM SI3BEHHBIX Ne(EeKTOB OT
dbubpUHa ¢ PasBUTHEM TPAHY LA

Mopdosiorndeckn y narueHToB OCHOBHOM TPYII-
bl HA 6—7-€ CYTKU TI0CJIe TPaBMbI KaueCTBEHHBIM
oTaYreM ObLIO OTCYTCTBUE MPU3HAKOB FHOMHOTO BOC-
TaJIeHust, paHHee TTosIBJIeHIe TUMGOIIUTOB 1 Makpoda-
OB B JIHE 513B, 0COOEHHO BOKPYT CKOIJICHUS HAHECEH-
HOTO KoJLIarena, 6e3 (hopMupOBaHUs FPAHYJIAIIMOHHOI
TKaHW, TIPOUCXO/IUIIA aKTUBAIKsT (PrOPOOIACTHYECKOIT
n MakpodaraabHoil peakiuii (puc. 3, b). Ilpu atom 1uia-
CThI MHOTOPSIZIHOTO IMUTEINS MHTEHCUBHO «HAIOJI3a-
Juy> ¢ KpaeB Je(eKTOB 10 aJIOTeHHOMY KOJLJIareHy
(puc. 4, @). B oramdre oT 9TOTO y TIAIIMEHTOB IPYIIITHI
cpaBHeHMs ($aza THOWHOTO BOCHAJEHUS] CMEHSLIACH
copMupoBaHUEeM TPAHYJISIIMOHHON TKAaHU, KOTOPAs
SIBJISITIACH «IIOJICJIOUKOIY JIJIsT HATIOJI3AIOIIETO HIIUTe-
Jing u3 kpaes siechekToB (puc. 4, ¢).

¥ naruentoB ocuoBHol rpytibl mpu UT 1—3-it
CTereH! 110JTHAd AINTeN3alMA 3B HacTynaia Ha 7—10-e
CYTKH 10CJIe TpaBMbI (PHC. 4, b), B TO BpeMsi KaK y Halfi-
€HTOB TPYIIIbI cpaBHeHus — Ha 12—22-e cyTKu.

[Ipu 3akppiTun annumkanueil kojnareta I Tuma
yesioBeka 11pu W'T 2-ii cTerenu nosHas snuTeansaus
CJIMBKUCTON 060IOUKHU TPaxen 1 OPOHXOB IIPOUCXO/IHIIA
JIOCTOBEPHO paHbliie, 4YeM 6e3 HAaHECEHUs: COOTBET-
cTBeHHO 4-¢ (3;7) u 7-e (4;9) cyrku (n,=15; n,=21;
U=49,5; p=0,0004). ITpu 1T 3-ii crenenn nokpeiTre
SI3B CJIMBUCTOH 0BOJIOUKU TPaXeoOPOHXUATBHOTO
JiepeBa pacTBOPOM KoJuiareHa | Takske J0CTOBEPHO
COKPAIIIAJIO CPOKU UX SIMUTETU3ALUHU B CPEIHEM JI0 8-1
(7;10) cyToK, B TO BpeMsI KaK TP BBITTOJTHEHUU CTaH-
NapTHOI CaHALMOHHOW OPOHXOCKOIMKM JAaHHBIN
niepuoy; coctasysian 17 (12; 22) aueir (n,=14; n,=9;

Puc. 4. Cpasuutenbnbie MOP(DOJOTHIECKHE OCOOEHHOCTH Pena-
pauyu sisBennoro 6pouxura npu UT 3-ii crenenu.

Fig. 4. Comparative morphological features of ulcerative bron-
chitis repair in the case of the 3 degree inhalation injury.
Note. a, b — the main group (days 6—7); ¢ — the reference group
(days 12—22). a — cords of multirowed epithelium (MP3) crawl
over the allogeneic collagen; b — complete epithelialization of the
ulcerative lesion of bronchus; ¢ — granulation tissue (arrows) in
the bottom of epithelializing (MP3) bronchial ulcerative lesion.
Hematoxylin and eosin stain, X200.

IIpumeuanue. a, b — ocnoBnas rpymmna (6—7-e CyTKH); ¢ — rpynmna
cpaBHenus (12—22-e cyTKM). @ — TSAKU MHOTOPS/ITHOTO 3ITUTEIINS
(MPD) Haros13a10T 110 aJJIOTeHHOMY KOJITareHy; b — moJiHast a1m-
Ten3alysl SI3BEHHOTO jieekta GPOHXa; ¢ — IpaHyJISIIMOHHAS
TKaHb (CTPEJIKM) B JHe anuresnnaupyomerocs (MPI) s3sennoro
nedexra 6porxa. Okpacka reMaTOKCHIMHOM U 9031HOM, X200.

degree inhalation injury, coating of ulcers of the tra-
cheobronchial tree mucosa with the collagen solution
also significantly reduced the epithelialization period
on average to 8 (7; 10) days, while after the standard
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Tpasma, kposomoTep:, KpoBOTEYEHNUE

U=1; p=0,0001). [Tosyuennbie januble MoATBEPK/IE-
HBI pe3yJibraTaMu MOP(MOTIOrHIeCKUX UCCIeI0BAHUI.

3akiaoyeHue

Taxum 06pasoM, paHHsIs ¥ MOJHOICHHAST DHIIO-
CKOTIMYECKAst CAHAITHSI TIPOCBETA TPAXeOOPOHXUATBHO-
T JiepeBa ¢ MEXaHUYECKUM YIaJIeHUEM KOIIOTH 1 OJIHO-
MOMEHTHBIM 3aKPBbITHEM TTOBPEKICHHBIX YYaCTKOB
CJMBUCTON 000104KK KoJTareHoM | Tuia uesoBeka
COITPOBOK/IAETCS KYNMPOBAHUEM BOCIAIUTEIBHOTO
mporiecca. Perapaiiys mpoTekaeT ¢ paHHUM aKTHBHBIM
ydactreM Makpodaros u (pubpobIacTOB 13 OKPYIKAIO-
X HETIOBPEKIECHHBIX TKAHEH CTEHKI OPOHXOB, a ITPO-
1eCC AMUTETM3AINH 9PO3HUH U 3B yCKOpsieTcs B 2 pasa
3a CYET <«HANOJ3AHUSI» MHOTOPSIHOTO DMUTEUS IO
AJJIOTEHHOMY KoJIareHy I Tura yesioBeka, 3aKpbIBaro-
1niero Ho feekToB. B oTsmyme ot 3TOTO IPU CTAH-
JaPTHON CaHAIMOHHOW GPOHXOCKOIIMH MPOIECC pera-
palum apo3MBHO-I3BEHHBIX /1e(DEKTOB MPOTEKAET IO
MPUHITUITY «BTOPUYHOTO HATIKEHUS», /I KOTOPOTO
cBOlicTBeHHA (pasa THONHO-BOCIATIUTEIBHBIX U3MEHE-
HUI ¢ TIIYOOKUM TTOBPEKIEHIEM MOJITIEKAIIX TKAHEH,
COITPOBOZKIAIONINM (hOPMHUPOBAHUE TPAHYJIIAIUOHHON
TKaHU U 33/IEP’KKOI AITUTEIN3AINHN TTOBPEKICHNN.
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sanitation bronchoscopy, this period was 17(12; 22)
days (n,=14; n,=9; U=1; P=0.0001). The obtained data
were confirmed by the results of morphological studies.

Conclusion

Therefore, early and complete endoscopic sani-
tation of the tracheobronchial tree lumen with me-
chanical removal of soot and simultaneous closure of
the damaged areas of the mucous membrane with type
I human collagen is accompanied by relief of the in-
flammatory process. The repair process takes place
with early active participation of macrophages and fi-
broblasts from the surrounding intact tissues of the
bronchial wall, and the process of epithelialization of
erosion and ulcers is accelerated by 2-fold due to the
«creeping» of the multirowed epithelium over allo-
geneic type I human collagen covering the bottom of
the defects. In contrast, during a standard sanitation
bronchoscopy, the repair process of erosive and ulcer-
ative defects takes place by means of granulation
which is characterized by a phase of purulent-inflam-
matory changes with deep damage to the underlying
tissues, accompanying the formation of granulation
tissue and delayed epithelialization of the lesions.
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ObIMAAd PEAHUMATOJAO0I'UA

Hayuno-npaxrudeckuii skypHaix «O01as peaHuMaToNOT s,
Bxozstuuii B nepeueb BAK PD, B Scopus u gpyrue 6asbl JaHHBIX,
IpeiHa3HAvYeH JIJIsT Bpaueil aHecTe3n0I0TOB-PEAHNMATOIOTOB 1 HAYYHBIX COTPYTHUKOB.

TemaTuka sKypHaJa: natoreHes, KINHIKA, IHArHOCTHKA, JiedeHNe, ITIPOMUIAKTIKA 1 TATOJOTMYeCKasl aHaTOMUS
KPUTUIECKNX, TEPMUHATBHBIX W MTOCTPEAHNMAIMOHHBIX COCTOSTHUI; OKa3aHWe JOTOCTIMTATBHON MOMOIIN TP
KPUTUYECKUX COCTOSIHUSX; OOyUeHUE HACEIEHUS U MEAUIMHCKOTO IIePCOHAA IIPUeMaM OKa3aHUsl HEOTJIOKHOI
HOMOIIY TIPU KPUTUYECKUX COCTOSHUSX; onTuMusaius paborst OPUT; opuanueckuie u sTudecKue BOIPOCH B
006J1aCTU AHECTE3NOIOTUH-PEAHUMATOJIOT UL

Aypuropust: siedeOHble YIPEKACHNsT; BbICIIe YueOHble 3aBeleH sl MEMIIMHCKOTO MPOMIIIST; MEAUIUHCKUE
VUIPEKIEHUSI OCTEANTIIIOMHOTO 00pasoBamust, DeziepaibHble U PerOHATbHBIE OPTAHBI YIIPABJIEHHS 3/[PABOOXPAHEHIEM,
MEIUIIMHCKUE HAYYHO-UCCIIEA0BATEIbCKIUE HHCTUTYThI; MEAUIIUHCKIE OUOINOTEKH.

MOJNMNUCKA

B 11060M nouToBOM OT/I€JIEHUH CBA3U 110 KaTaJaory «KHHra-Ceanc»

* nHAeKC 46338 — /U1 MHINBUIYATbHBIX TOATTMCYUKOB

Jluccepranyy Ha COMCKaHKE YY€HOH CTeNeH! TOKTOPa HayK 0e3 Oy 0IMKOBaHNsI OCHOBHBIX HAYYHBIX Pe3YJlb-
TaTOB B BeJYHIMX >KypPHAJIaX U U3JJAHHUSAX, IepeYeHb KOTOPBIX YTBep KAeH Bpicieii arTecTaliuoHHON KoMuccuei,
OyAyT OTKJIOHEHSBI B cBsi3H ¢ HapymenueM 1. 10 Ilosioskenus o nopsiike MPUCY3KAEHNS] yYEHBIX CTENEHEIH.

[Tepeuens sxypuanos BAK, uznasaembix B Poccuiickoit Denepanun 1o crenranbroctn 14.01.20 «Anecresno-
JIOTHSI U PEAHMMATOJIOTHsI», B KOTOPBIX PEKOMEHIYETCsT IyOJIUKAIUs OCHOBHBIX PE3YJIbTaTOB JUCCepTaluii Ha
CONCKAHNe YYEeHOH CTeIeHN JTOKTOPA N KAHANWIATa MEANIITHCKUX HAYK:

e Anecmesuonozus u peanumamonozus;
*  Obwas peanumamonozusi.
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Ocno:kHeHNs CO CTOPOHBI 3KeTy/I0YHO-KUIIIeYHOTO TPaKTa
NpH AHTUTPOMOOTHYECKOM Tepanuu

E. B. Mopos, 3. H. Apremkumn, E. B. Kpiokos, B. A. Uepnerios

I'maBublit Boennstil kinandyecknii roctmtans M. H. H. Bypaenko,
Pocensa, 105229, . Mocksa, [ocnimranbnas [Tnomazns, 1. 3

Gastro-Intestinal Tract Complications During Antithrombotic Therapy
Elena V. Moroz, Eduard N. Artemkin, Evgenii V. Kryukov, Vladimir A. Chernetsov

N. N. Burdenko Central Military Clinical Hospital,
3 Gospitalnaya Square, 105229 Moscow, Russia

Vcnonbzosatue anturpombordeckux cpeacts (ATC) urpaer BakHYIO POJib B IIPELYPEKACHUN YTPOKAIOIINX
SKUBHU KapAnOBAacCKyJIsipHbIX ocyoxHennit. K coxxanennio, npumenenne ATC accoruupyercst ¢ NMIUPOKOM CIIEKTPOM
He’KeJIaTeIbHbIX PEaKIIUii CO CTOPOHBI ITUIIEeBAPUTEbHON cucTeMbl. [ToBceMecTHOE, HEYKIIOHHO PACTYIIEE UCTIOTTh-
soBatue ATC nenaer aty npobseMy oHON U3 HarboIee aKTYaIbHBIX [/ COBPEMEHHON MEANIMHBIL.

Iesb vcceOBaHUs — U3YUKMTh XapaKTep IMOBPEKIEHHs UIIEBAPUTENbHON CUCTEMbI Y GOJIbHBIX, IIPHHUMAB-
mux ATC.

Marepuan u merozabl. O6cienosaiu 672 6osbhbiX, 91,0% MysKun, 46,7+17,4 jieT ¢ UBMEHEHHUSIMK CO CTOPOHbI TTH-
IEBAPUTEIBHOI cCTeMbl, BO3HUKIMMU Ha one npuema paziandibix ATC. M3 nux: 71 noctynus 1714 jgedenus noce
skenyouHo-KunredHoro (JKK)-kpoBoredenust, octajbHbie — B CBSI3U ¢ HAIMYMEM 5Kai00 CO CTOPOHBI MTHIEBAPUTETIHON
CHCTEMbI WJIN BBISIBJICHUSI 9PO3UBHO-SI3BEHHBIX UBMEHEHU TTUIIEBAPUTETIBHON CUCTEMbI B PE3yJIbTaTe 9HIOCKOINYe-
ckoro nccnenosatust. Ouenusani: ncrounnky YKK-kposoreuerus, xapakrep a0, 9HA0CKOINUYECKYI0 KapTHHY B 3a-
BUCHMOCTH OT niprema pasiinutbix ATC (HusKue 03bl aclmpuHa, BapdaprH, KJIOnuaarpest, fadurarpat, pusapokcabat,
HU3KOMOJIEKYJISTPHBIN Termapu, KOMOMHUPOBAHHAST TEParTis ), a Takke Haamane aktopos pricka JKK-ocmokmemmii.

Pesyabrarsl. crounukamu JKK-kposoreuenust (n=71) Obliu s3Bbl 1/111 9po3un xKeayaka — 39,4%, s3Bbl
u/mn aposnn asenaaatunepetaoit ki (JJTTK) — 21,1%, sS13BbI nimi 9po3un TOICTOH KUk — 28,2%, UCTOYHUK
ocrajicst HeusBecteH B 11,3% ciyuaes. BosbiuncTBo 13 672 06¢/1e10BaHHbIX OOJIbHBIX UMEJH KaJl00bl Ha TyBCTBO
TsiKecTH B anuracTpun — 62,8%, racrpanrun — 46,7%, usxory — 34,3%. IIpu 9HI0CKOITIECKOM 00C/IEI0BAHUI 9PO-
3UBHbII 930(arut Oblu BbisiBaieH y 13,2%, sa3Bbl skenyaka u/umu 1K y 11,6%, muosxkectsennbie (=>10) aposuu sxe-
aynka wim JITIK y 17,1%, equnnansie aposun skenyaka wian JJIIK y 24,4%, oTcyTcTBrUE 9PO3UBHO-SI3BEHHBIX
uamenennii b y 32,3%. H.pylori 611 BoisiBien y 57,9% Gonbrbix. CyIecTBEHHBIX OTINYHN B CTPYKTYpE M3Me-
HEHUIi BEPXHKX OT/IE/I0B [TUIIEBAPUTENbHON CUCTEMBI Y TIAIIMEHTOB, NosyJaBinux pasindnbie ATC, He ObLI0, 32 HC-
KJIOYeHneM GoJiee BBICOKOW 4acTOThI 9pO3UBHOTO a30(darnuTa y npuauMasiinx gaburatpan (16,8%). Tosxkuoii
Bo3pact (=65 seT), sI3BeHHbIN anamues, comyterByiomuii mpuem HIIBII, H.pylori n Kyperue acCOMUPOBATIVICH C
JIOCTOBEPHO OOJIbIIIEN YACTOTON MATOJIOTMYECKMX U3MEHEHU I nuIeBapuTeIbHOl cucrembl. Hasmuune racrpasiruii
He KOPPEJNPOBAJIO C PA3BUTHEM 9PO3UBHO-SI3BEHHbBIX U3MEHEHHII.

3axmouenue. Y OO/bIIMHCTBA NAIMEHTOB, noaydasumx ATC, oTMevaercst osiBJieHe 9PO3UBHO-I3BEHHBIX U3~
MEHEHUI MTUIIEBAPUTETHHOI CUCTEMbBI, KOTOPbIE MOTYT CTaTh HCTOYHIKOM KPOBOTEUEHHMSI.

Kntouesvie cno6a: 0cioicHenus; NUwe6apumenvias CUCMeMa; KposomeueHus; 3pO3UsHbLll 330 azum; spo3uu;
asevt; H.pylori; haxmopot pucka; anmumpombomuueckas mepanusi; acnupu; eapgapui; kionuoazpei; daduzampa;
pusapoxcadbar; HU3KOMOIEKYISPHLL 2enapun

Use of antithrombotic aids (ATA) significantly impact the prevention of life-threatening cardiovascular com-
plications. ATA applications, however, are associated with a wide range of adverse digestive system responses. Due
to, continuously growing clinical use of ATA this problem has become a current challenge of contemporary medicine.

Purpose of the study was to evaluate the patterns of digestive system damage in patients receiving ATA.

Materials and Methods. 672 patients were examined, 91.0% males, 46.7+17.4 years of age, who had digestive
system changes that occurred due to ATA intake. 71 patients were admitted for treatment after gastrointestinal
(GI) bleeding; other patients were hospitalized because of disorders of the digestive system or erosive and ul-
cerous changes of the digestive system detected by endoscopy. The following parameters were evaluated: GI
bleeding sources, character of complaints, the endoscopic patterns due to intake of different ATAs (low doses of
aspirin, warfarin, clopidogrel, dabigatran, rivaroxaban, low-molecular heparin, combined therapy), and of risk
factors for GI complications.

Aznpecce 111 KOppeCnoH/IeHIUH: Correspondence to:
Enena Mopos Elena V. Moroz
E-mail: evmoroz777@rambler.ru E-mail: evmoroz777@rambler.ru
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Results. The sources of GI bleeding (n=71) included gastric ulcers and/or erosions (39.4%), duodenum ulcers
and/or erosions (21.1%), colon ulcers and /or erosions (28.2%), unknown (11.3%). The majority of 672 patients no-
ticed various complaints: sensation of heaviness in epigastrium (62.8%), gastralgia (46.7%), burning sensation
(34.3%). Endoscopy found erosive esophagitis (13.2%), ulcers in stomach and /or duodenum (11.6%), multiple (>10)
erosions of stomach or duodenum (17.1%), sporadic erosions of stomach or duodenum (24.4%). In 32.3% cases no
erosive or ulcerous alterations were found. H. pylori was identified in 57.9% of patients. There was no significant dif-
ference in character of alterations in the upper digestive system between patients who received different ATA treat-
ment, except of frequent erosive esophagitis in those patients who received dabigatran (16.8%). The elderly age (=65
years), ulcer history, concomitant intake of NSAIDS, H. pylori presence, and smoking habit were associated with a
higher occurrence of pathological alterations of digestive system. Presence of gastralgia did not correlate with the

development of erosive and ulcerous alterations.

Conclusion. In majority of patients who received ATA, the commonly observed erosive and ulcerous alterations
in the digestive system might become a source of bleeding.

Keywords: complications; digestive system; bleeding; erosive esophagitis; erosions; ulcers; H.pylori; risk factors; an-
tithrombotic therapy; aspirin; warfarin; clopidogrel; dabigatran; rivaroxaban; low-molecular heparin
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BBenenne

[TpenynpeskaeHne COCYAUCTBIX TPOMOO30OB —
BaKHEHIITHIT 2JIEMEHT JICUCHUS TAIUEHTOB ¢ 3a60J1e-
BaHUSMU ceplieaHo-cocyanctoii cucrembl (CCC), a
TaKyKe TpaBMaMU 1 OOJIE3HSIMU CYCTaBOB U TI03BOHOY-
HUKA, TIePEHECITUX XUPYPTHIECKOE BMETTATEThCTBO.
B kauectBe anTHTpoMbOTHUeCKHUX cpencTB (ATC)
WCIIOTb3YETCS MUPOKUH CIIEKTP MPenapaToB ¢ pas-
JIMUHBIM MEXaHU3MOM JICHCTBUSI: HHTUOUTOP CHHTE3a
TpomboKcana A2 (HU3KUe T03bI acTIMPUHA), aHTaro-
nuct Butamuna K (Bapdaput), ”HTHOUTOD aleHO3H-
HOBBIX pelentopoB P2Y 12 (kjomugorpen), aHTaro-
HUCT TpoMOWHaA (aburaTpaH), UHTHOUTOPBI (haKkTOpa
X (puBapokcabat 1 anukcabaH ), a TakKe HI3KOMOJIe-
kyssipabie Temaputbl (HMT). ATC obecnieunBaror
3HAYNTETHHOE CHIKEHNE PUCKA YTPOKAIONIIX KU3HU
Kap/IMOBACKYJISIPHBIX KaTacTpod. OHAKO X TIpUMe-
HEHUE MOKET COMTPOBOKIATHCS PA3BUTHEM CEPhE3HBIX
HEXXeJTaTeTbHBIX PeakIlnii, cpeil KOTOPhIX BakKHEH -
1ee MeCTO 3aHUMAIOT OCJIOKHEHUS CO CTOPOHBI MTHUTIIE-
BapuTeIbHON cuctembl [ 1—3].

He meHee Tpet GOJIBHBIX, PETYJISIPHO MOJTyUato-
mmx ATC, npeabsaBasior Kano0bl Ha Pa3BUTHE JUC-
TETICUECKUX SIBIEHUT; TIPW MPOBEAECHNUN 9HIOCKOITH-
yeckoro uccuaenosanusi y  40%  BbISIBISIOTCS
TeMOpParuy u/Wjin 3pO3UH CIAU3UCTON BEPXHUX OT/Ie-
JIOB THIIEBAPUTENbHON cucteMbl, v 5—10% s3BbI
JKeyaKa u/mim aseHaanatunepceraoit kumrkn (ITK).
Hawnb6onee onacusiv JKK-ocmoxuennemM, CBA3aHHBIM ¢
npuemoMm ATC, sBisercs KpoBOTeueHHUE, KOTOPOe
MozkeT BosHuKaTh y 0,5—1,0% 6oJbHbIX [4, 5].

3HAUNTETHHYIO YaCTOTY OTIACHBIX HEXEIaTesh-
HBIX peaknuii mpu ncnosb3oBanun ATC mokasbIBaer,
B YaCTHOCTH, MAacIITaGHOE PAHIOMU3UPOBAHHOE KOHT-
pomupyemoe wuccienoBanue (PKIM) RE-LY, rae
cpaBHUBAIACH 9P (HEKTUBHOCTD 1 6E30IIAaCHOCTD Bap-
dapuna (n=6022), paburatpana 220 Mr/cyTKu
(n=6015) u gaburatpana 300 mr/cyrku (n=6076) y
6onbHBIX ¢ Gubpumasaimeil npeacepanii. Yucio
«6ompmmx»  JKK-kpoBoTeueHuit  (TIpU KOTOPBIX
OTMEUATOCh CHUIKEHWME YPOBHS TeMOTJIOOMHA Kak

Introduction

Prevention of vascular thrombosis is a most im-
portant element of treatment of patients with cardio-
vascular (CV) diseases, and with joints and spine
traumas and diseases who suffered an operative inter-
vention. As antithrombotic aids (ATA), a wide range of
drugs having different mechanisms of action are used:
A2 thromboxane synthesis inhibitor (low doses of as-
pirin), anraronuct vitamin K antagonist K (warfarin),
MHTHOUTOP a/IeHO3MHOBBIX perientopos P2Y 12 adeno-
sine receptor inhibitor (clopidogrel), thrombin antag-
onist (dabigatran), X factor inhibitors (rivaroxaban and
apixaban), and low-molecular heparins (LMH) as well.
ATA provide a considerable reduction of the risk of life-
threatening cardiovascular disasters. However, their
usage may be accompanied with development of serious
adverse responses, among which the most important are
digestive system complications [1—3].

Not less than a third of patients who regularly
received ATA complain about development of dyspep-
tic disorders; endoscopy reveal hemorrhages and /or
erosions of the upper digestive system’s mucous mem-
branes in 40%, stomach and /or duodenum ulcers — in
5—10%. The most dangerous GI complication related
to ATA intake is bleeding, which might take place in
0.5—1.0% of patients [4, 5].

Considerable prevalence of dangerous adverse
responses during ATA use has been shown, in particu-
lar, a large-scale randomized controlled study (RCS)
RE-LY, where the efficacy and safety of warfarin
(n=6022), dabigatran 220 mg/day (n=6015), and
dabigatran 300 mg/day (n=6076) were compared in
atrial fibrillation patients. The number of ‘major’ GI
bleeding (when hemoglobin decrease by at least 2 g/dl
was observed or transfusion of at least standard doses
of erythrocyte mass was required) at the background
of intake of those drugs amounted to 1.25%, 1.36%,
and 1.85% [6].

ATA usage is continuously growing in Russia. In
2016, in Russia 7.6 million of ischemic heart disease pa-
tients were registered, acute myocardial infarction being
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MUHUMYM Ha 2 /71T 1/ 1iu Tpe6oBaIoCh MepeuBaHmie
KaK MUHUMYM [IBYX CTaHAAPTHBIX /103 9PUTPOLIATAP-
HOI1 Macchl) Ha (hoHe IIpruemMa ITUX IIPerapaToB cocTa-
Buiio 1,25%, 1,36% u 1,85% [6].

UcnonvzoBanne ATC B Poccun HeykI0HHO pac-
tet. Ha 2016 r. B Poccuu 3apeructpuposano 7,6 My
GOJIBHBIX C UIIEMUYECKON GOJIE3HBIO CeP/IIIa, U3 KOTO-
poix y 159 Thic. 6bLI AUATHOCTUPOBAH OCTPbIiL
undapkr Muokapaa. 3a 2015 1. 297,5 Thic. kureseit
Poccun mnepenecan 1mepesioMbl MO3BOHOYHMKA U
KocTeil TysioBuiia, 6osee 1.5 MJIH. — KocTeil BepXHUX
KOHEYHOCTEH, 60stee 1 MITH. — KOCTeil HUKHUX KOHEeY-
Hocreit [7]. Exerogno nposogutcsa okosio 140 Thic.
ollepaliii 9HOIPOTE3UPOBAHUS KOJEHHOTO WJIU
tazobeapentoro cycrasa [8]. OueBumHO, 4TO Cyle-
CTBEHHA4 YaCTb 9TUX ITAIIMEHTOB PETYJISPHO [10JIyYaeT
ATC. lTIupokoe npumenennie ATC u peanbHast yrposa
JKU3HU W 3/I0POBBIO GOJIBHBIX, CBSI3aHHASA C PUCKOM
passurust JKK-ocimokuenuii, genaer npobiaeMy ux
acdexTUBHOTO JieueHsT U TPOMPUIAKTUKY CEPbE3HON
1 aKTyaJbHOM.

[esb nccrnenoBaHus — U3yYUTD XapaKTep MOBPEK-
JIEHUST TUIIEBAPUTENBHON CUCTEMBI Y GOJIBHBIX, TIPUHH-
masimx ATC.

MaTepI/IaJI N METO/1bl

WccenemyeMyio TpyImy cocTaBuii 672 60JbHBIX, HaX0-
muBImxcs Ha crarmoHapaoMm jiedenn B [ BKT mv. H. H. Byp-
nerko ¢ 2013 no 2017 rr. (nsarb Jer). Kpurepusmu orGopa
HAIMEHTOB JIJIsT aHAJIN3a ObLIIO HAIMYKE TPU3HAKOB U3MEHEHHsT
MHIIEBAPUTEIBHOI CHCTEMBI 1 3aMKCHPOBAHHBII B METINH-
CKOIT TokyMeHTarmn dakt npruema tex mim nasix ATC Ha Mo-
MEHT PasBUTHSI 9THX OCJOXKHEHUI. XapaKTeprCcTHhKa
HccselyeMoli rpy bl pejicrasiena B tabumtie 1. Kak BujHo,
peobIIajiasIi Ui MyKCKOTO M0JIa CPEIHEr0 BO3PACTa, HC-
XOJTHO CTPA/IaBIIINe CePIETHO-COCY/ICTBIMU MJIF OPTOTIe/Ie-
CKUMHU  3a00JICBAHUSIMM, ~ KOTOPbIE — CTAIM  [PUYUHOL
HaznadeHnst ATC. Bosbirast yactp marmenTtos (43,8%) mpu-
HIMaJIa HU3KHe JI03bI acmprHa. JacTo MCIoIb30BaINCh J1a-
Gurarpan uu pusapokcaban (31,4% ), KOTOpbIe IPUMEHSTIOTCST
IS TPOGUITAKTHKI TPOMOOTHYECKIX OCIIOJKHEHMUI TT0CJIe Op-
TOTE/INYECKIX OIePAINii 110 TIOBOLY OCTE0APTPO3a KPYITHBIX
cycraBoB. Peske BeTpedasiich GosibHbIE, KOTOPHIM ObLT HA3HA-
ver Bapdaput (7,1%), knormmarpen (3,9%), HMI (4,8%) v
komGrHupoBantast teparmst ATC (9,1%).

KpurepusiMut HCKJIIOUEHUST M3 UCCITEN0BAHUSA OBLIO
HAJIMYKE TSKEIOTO COCTOSHUS FenaToOMIMapPHON CHCTEMBI,
COTIPOBOK/IAIONIENCS PA3BUTHEM BAPHKO3HOTO PACIITPEHUS
BEH ITUIIEBO/IA, A TAKIKE OHKOJIOTHYeCKUX 3200 e BaHmil 111~
IEeBAPUTETHHON CHCTEMBL.

BaskHO OTMETHTB, 4TO MHOTHE GOJIBHBIE, TIOJIYYaBIITHE
ATC, nmenn cepbesnbie daxTopbl prucka pazsutus KK-
OCJIOJKHEHUIT: sI3BeHHbII anaMmHe3 (Gosee 12%), npuem He-
CTEPOU/IHBIX  TIPOTMBOBOCIAJIUTEIBHBIX  IPENapaToB
(HIIBIT), koTopble mMpoKo HazHAYAIOTCS TIOCTIE OPTOe/IN-
YecKHX orepaiuil (Kaxkaplii TpeTrii 60JIbHOIT), a TAKKe Ky-
petne. Bosee 2% naienToB B aHaMHe3€e UMeNH «GOTbIIIoes
JKK-kpoBoredenue, morpeGoBaBiiiee TOCMUTATU3AIIHN, DH-
JOCKOTIMYECKOH MM XUPYPTUUECKOI OCTAHOBKH, ¥,/ HUJIH T1e-
PEJIMBAHUST KPOBH.

Y Bcex GOJIbHBIX ONEHUBAIN HAJIMYHE CUMITOMOB,
CBU/IETEJIBCTBYIOMINX O TOPAKEHUH MHUIIEBAPUTENBHOI CH-

diagnosed in 159 thousand of them. During 2015, 297.5
thousand of Russian residents suffered fractures of spine
and body bones, more than 1.5 million — bones of upper
extremities, more than 1 million — bones of lower ex-
tremities [7]. Every year, about 140 thousand knee and
hip replacement operations are performed [8]. A consid-
erable part of those patients receives obviously ATA on
a regular basis. Wide usage of ATA and a real threat to
the patient life and health related to the risk of develop-
ing GI complications makes the problem of their effi-
cient treatment and prophylaxis serious and relevant.

Purpose to study the nature of digestive system
damage in patients who used ATA.

Materials and Methods

The study group included 672 patients who were in-
patients in N.N. Burdenko Central Military Clinical Hospi-
tal during the period of 2013 to 2017 (five years). The
criteria for selection of patients for analysis were presence
of signs of digestive system changes and the fact of intake of
some ATA or other at the time of development of these com-
plications, which was recoded in medical documents. The
study group characterization is given in table 1. As one can
see, the vast majority were middle-aged males who initially
suffered from cardiovascular or orthopedic diseases that be-
came the reason for ATA prescription. Most such patients
(43.8%) took low doses of aspirin. Dabigatran or rivaroxa-
ban (31.4%), which are used for prophylaxis of thrombotic
complications after orthopedic surgeries for osteoarthrosis
of large joints, were frequently taken. Patients to whom war-
farin (7.1%), clopidogrel (3.9%), LMH (4.8%), or combined
ATA therapy (9.1%) were prescribed were encountered less
frequently.

The criteria for exclusion from the study included a
severe condition of the hepatobiliary system accompanied
with development of varicose veins of esophagus and onco-
logical disease of the digestive system.

It is important to note that many patients who re-
ceived ATA had serious risk factors for the development of
GI complications: ulcer history (more than 12%), intake of
non-steroid anti-inflammatory drugs (NSAIDS), which are
widely prescribed after orthopedic surgeries (every third pa-
tient), and smoking. Over 2% of patients experienced a
‘major’ GI breeding in their anamnesis, which required hos-
pitalization, endoscopic or surgical hemostasis, and /or blood
transfusion.

In all patients, presence of symptoms evidencing di-
gestive system damage was evaluated: epigastric pain, dys-
peptic events, signs of gastroesophageal reflux disease
(GERD), burning sensation, belching, and bowel functional
disorders. All patients were subjected to an endoscopic ex-
amination of the upper digestive system (esophagogastro-
duodenoscopy, EGD) to evaluate the nature of esophagus,
stomach, and duodenum damage. Presence of signs of bleed-
ing (Forrest 2 and 3), ulcers (wall defect to the visible depth
>5 mm), and erosions (superficial defect of the mucous
membrane) was also taken into account. Based on indica-
tions, patients underwent endoscopic examination of colon
(colonoscopy, CS).

All patients were tested for Helicobacter pylori (H. py-
lori) infection with the help of a histological analysis of the
gastric mucous membrane or assay of DNA in stool by the
polymerase chain reaction. Development of anemia (hemo-
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Ta6imua 1. [lemorpaduueckue 1 KJIMHAYECKUE TIOKA3aTe H IAMEHTOB UCcaeLyeMoi rpymmbl (n=672).
Table 1. Demographic and Clinical Parameters of the Study Group Patients (n=672).

Indices Values of indices
Absolute %
Sex (F: M) 61611 9.0:91.0
Age, years 46.7 +17.4
Subjects >65 years of age 40 5.9
Diseases for which ATA were prescribed
IHD, angina pectoris 215 32.0
Heart beat disorders 156 23.2
Osteoarthritis of large joints 166 24.7
Traumas 81 12.0
Other 54 8.0
Ulcer history 81 12.1
GIT bleeding in anamnesis 14 2.1
Smoking 458 68.2
ATA
LDA 294 43.8
Warfarin 48 7.1
Clopidogrel 26 39
Dabigatran 92 13.7
Rivaroxaban 119 17.7
LMH 32 4.8
Combined* 61 9.1
NSAIDS intake 224 33.3
PPI intake 182 27.0

Note. For Fig. 1, 4: LDA — low doses of aspirin; LMH — low-molecular heparin; * — combined therapy: LDA + clopidogrel, LDA +

dabigatran, rivaroxaban or LMH.

IIpumeyanue. Indices — nokasaresu; Values of — snauenue; Absolute — abcosmorhoe; Sex (F : M) — nosn (0K : M); Age, years — cpeammuii
Bo3pacr, Jiet; Subjects — smia; Diseases for which ATA were prescribed — 3aboseBanust, mo ooy kotopbix Hasuadanucs ATC; THD,
angina pectoris — IBC, crenokapaust; Heart beat disorders — napymienus cepaearoro putma; Osteoarthritis of large joints — octeoaprpur
KpynHbIX cycraBoB; Traumas — Tpasmbl; Other — apyrue; Ulcer history — sizennbiii anamues; GI bleeding in anamnesis — JKK-kxposo-
Tevyenne B anamuese; Smoking — kypenue; [lyst puc. 1, 4: LDA — unskue 10361 actimpuia; Warfarin — Bapdapun; Clopidogrel — xrorna-
rpes; Dabigatran — gaburarpas; Rivaroxaban — pusapokcaban; LMH — HuskomodtekyasipHbiil renaput; Combined* — koMOuHMpOBaHHasK
tepanust: LDA + knonmparpes, LDA + gaburarpan, pusapokcaban win LMH. NSAIDS intake — npuem HITBIT; PPI — MIIII.

cTeMbl: GOJIU B AIUTACTPUH, AUCIIETICUYECKIE SIBJICHUS, TIPU-
3HaKM ractpoasodareabHON  pedIIOKCHOI  6osie3Hn
(TOPB), usskora, OTPbIKKA, & TAKKE HaPyIIEHHsT pabOThI K1-
meYHuKa. Bee manueHTsl TpOXONIN 9HI0CKOIYecKoe 00-
CcJle/IoBaHVe BEPXHUX OT/IEJIOB MTUIIEBAPUTETBbHOI CHCTEMBI
(a3ocaroractpomayonenockonust, II/[C) s orenkn nsyde-
HUST XapakTepa MOBPesKAeHHs uieBoa, sxeayaka u JJITK.
[Tpy 5TOM yUYHUTBHIBAIH HATWIHE TPU3HAKOB KPOBOTEUEHHS
(Doppect 2 u 3), 438 (1edeKT CTEHKU ¢ BUAMMOM T1yOUHOI
>5 MM) 1 9po3wuit (TOBEPXHOCTHBIN feeKT cauanctoit). ITo
MOKA3aHMsIM OOJIBHBIM ITPOBOJIIIIH SHIOCKOIIMYECKOE HCCIIe-
JoBaHMe ToJcTON Kulkn (kosoHockomnus, KC).

Bcee 6oJibHbBIE TTPOXOININ TECTUPOBAHKE HAa HAJMYHE
undekiyn Helicobacter pylori (H. pylori) ¢ 11oMOIIbIO THCTO-
JIOTHYECKOTO aHAJIN3A CINBNCTON JKeTy KA NN FCCIIe/[oBa-
aus JIHK B kasre MeToom nosmmMepas3Hoil 1IeTTHO PeaKITiiL.
OrneHuBasN TaKiKe pa3BuTHE aHeMuH (YPOBEHb reMOrIoGHHa
<110 r/m), koTopast HocuJIa JKeJe30/1eUTIUTHEII XapaKTep
v MorJia GbITh CBsI3aHa € 3a00JIEBAHUSIMU ITHITEBAPUTETBHOI
cucteMbl (;kee3oneduintHas anemns, JK/IA).

[TpoBesnt anam3 BANSTHUS (PAKTOPOB PUCKA — TTOXKHU-
JIOTO BO3PACTa, HAJTMYHSI I3BEHHOTO AaHAMHE3a, COITYTCTBYIO-
mtero npuema HIIBII, kypenust u undexuun H. pylori na
passutne JKK-kpoBoTeuenunii u s13B/MHOKECTBEHHBIX 9PO-
31 CM3UCTON MUIIEBAPUTEIBHON CHCTEMBI.

[Mosyuennbie B Xojte 00CIe[0BaHNst GOJIbHBIX TAHHBIE
BHOCHWJIY B CIIEIMATBHYIO aHOHUMHYIO FCCJIE/0BATENBCKYIO
KapTy, a 3aTeM B KOMITBIOTEPHYIO 6a3y JaHHBIX (IIporpaMMa
Microsoft Excel 2011). Crarucruueckyio o6paboTKy pe-
3yJIBTATOB TIPOBOUIIN TIPU 1ToMoIru mporpamMmer SPSS 17.0.
CpeHye 3HAUEHNST KOJTMYECTBEHHBIX 3HAYEHUIT B HACTOSI-

globin <110 g/1), which was iron deficiency anemia and
could be related to digestive system diseases (iron deficiency
anemia, IDA), was evaluated too.

The influence of risk factors — elderly age, ulcer his-
tory, concomitant intake of NSAIDS, smoking, and H. pylori
infection — on the development of GI bleeding and
ulcers/multiple erosions of the digestive system’s mucous
membranes was analyzed.

The data obtained in the course of patients’ examina-
tion, were recorded in a special anonymous research chart
and later entered into a computer database (Microsoft Excel
2011). The results were statistically processed with the help
of SPSS 17.0 software. The means of quantitative values in
this paper are shown as M+d. Reliability of the quantitative
parameters’ difference was determined using the Student’s
t-test, distribution of rank variables using the Fischer’s
Exact Test.

Results and Discussion

Out of the patients examined, 71 (10.6%) were
admitted for treatment after an occurred GI bleeding
supported by endoscopic examination, after an appro-
priate endoscopic and medicinal hemostasis. At that,
in 43 cases the sources of bleeding were ulcers or ero-
sions of stomach or duodenum, in 20 cases —colon ero-
sions and ulcers, and in 8 cases the source of bleeding
remained unclear. Most frequently, the source of
bleeding from an ulcer and /or or multiple erosions was
located in stomach (fig. 1). Duodenum mucous mem-
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1ieit craThbe rnpejcraBiensl B Buae MEd. JloctoBepHOCTD OT-
JINYUS KOJIMYECTBEHHBIX TTAPaMEeTPOB OIPeIeJIsIn ¢ TTIOMO-
mpio  T-tecta CrblofieHTa, pacHpejesieHnus PaHTOBBIX
MepeMEeHHBIX € UCI0JIb30BaHeM TouHOro Tecta Durnepa.

Pe3ybrarhl 1 00Cy:KAeHHE

N3 obcnenoBannbix Gosbhbix, 71 (10,6%) —
MOCTYTWJI JIJIsA JiedeHust mociie cocrosBierocst KK-
KPOBOTEUEHNSI, TOITBEPKIACHHOTO 9HIOCKOTTUIECKIM
00cIeIoBaHNEM, TIOCJIE COOTBETCTBYIOIIErO SHI0CKO-
MIYECKOTO W MEINKAaMEHTO3HOTO TemMocTasa. llpm
3TOM B 43-X CIy4asx MCTOUHHKOM KDPOBOTEUYEHUS
ObLIH 13BBI WK po3u skenyaka win K, B 20-u —
9PO3UH U SI3BLI TOJICTOW KWIMKW, a B 8-U CIydasx
NCTOYHUK KPOBOTEYEHUA OCTAJICA HEBBIACHEHHDBIM.
Hanbosiee 4yacTo MCTOYHUK KPOBOTEUEHUS U3 SA3BbI
U/WIM MHOKECTBEHHBIX 9PO3UH JTOKATU30BAICSI B
xenynke (puc. 1). Iospexxaenus causuctoit JIITK
6bIJII/I NCTOYHNKOM KPOBOTEUYCHHUA ITOUTHU B 2 pasa
pesxe. [To kmaccuduranuu Doppect, U3 53-X ciryyaesn
KPOBOTEUECHUA M3 BEPXHUX OTAEJTOB MUIIEBAPUTEIIb-
Hoii cucrembl, 9 (17,0%) ornocusucs k Doppecr 1, 13
(24,5%) x Doppecr 11, 31 (58,5%) — x Doppecr 111.

[IpakTudeckn Bce Cay4anm KPOBOTEYEHWIT W3
HUXHUX OT/IEJIOB HI/IH_[eBapI/ITeJIbHOﬁ CUCTEMbI 6bUII/I
CBSI3aHbI C HAJIMYUEM KOJIUTa — JUOO HE JAUATHOCTH-
POBaHHOTO paHee I3BEHHOTO KOJINTA, JTNOO0 CBSI3aHHO-
TO C IePeHEeCEHHON KUTIeYHON MH(eKIne.

B 8-u ciyuasx, Korma HCTOYHUK KPOBOTEUEHIUSI
OCTAJICST HEBBISICHEHHDBIM, Yy MAIMEHTOB OTMEYAJICS
OIIMH WJIN HECKOJHKO JMU30/I0B MEJEHBI W CTYJIa
YEepPHOTO I[BETA, C MOCJIEAYIOINM CHUKEHUEM YPOBHS
remorsiobOuHa. IIpu 9TOM 9HIOCKOTIHYECKOe 06CIe10-
Banne — II/1C u KC, He 103BOJNIO0 BEIIBUTD NCTOY-
HUK KPOBOTIOTEPH.

BobmmHCTBO GOJIBHBIX NPEAbIBIISIN Kan00bl,
CBsI3aHHbIE ¢ 3200JI€BAHUAMY IUIIEBAPUTEILHOM CUCTe-
MbI: Ha tiposiBiienyst [OPDB (u3skora, OTpbIKKa), Ha racT-
paiTUi ¥ JUCTIETICHYECKUe
AaBjieHus (TOLIHOTa, YyBCTBO

11.3%

39.4%

28.2%

21.1%

B Stomach ulcers and/or erosions
Duodenum ulcers and/or erosions

M Colon ulcers and/or erosions

B Not determined

Puc. 1. Ucrounukn JKK-kpoBoreuennii, Bo3HUKINX Ha (one
npuema ATC (n=71).

Fig. 1. Sources of GI Bleeding Developed at the Background of
ATA (n=71).

IIpumeuanue. Stomach — skesyzka; ulcers and /or erosions — s13BbI
u/umu apozun; Duodenum — {IIK; Colon — toscroit kuiku; Not
determined — me ycranossen.

brane damages were the source of bleeding almost
twice less often. According to the Forrest classifica-
tion, out of 53 cases of bleeding from the upper diges-
tive system, 9 (17.0%) were Forrest I, 13 (24.5%) were
Forrest 11, and 31 (58.5%) were Forrest I11.

Almost all cases of bleeding from the lower di-
gestive system were related to colitis — either ulcerous
colitis not diagnosed earlier, or colitis due to an intes-
tinal infection experienced.

In the 8 cases when the source of bleeding re-
mained unclear, one or more episodes of melena or
black stool followed by decreased hemoglobin were
observed in patients, though an endoscopic examina-
tion — EGD and CS — failed to establish the source
of blood loss.

TSUKECTH B 3MUTACTPUN), HA

HapyeHyst Gy HKIIU Kiled- Burning sensation ] 34.3

HUKa (MeTeopu3M, auapes, Belching 29.9

3amopbl). XapakTep 1 4acToTy Gas tralgia- 46.7

OCHOBHBIX aJ100 MalKeHTOB ]

IIPEJICTABIIIN Ha PUC. 2. Sensation of heaviness 62.8
Hambonee  4acTBIMH Nausea | 18.6

CUMIITOMaMMn 6bI]II/I ‘—IyBCTBO Meteorism_ 30-1

TSOKECTU B OIUTACTPUM ]

(62,8%), racrpanrun (46,7%) Diarrhea 8.6

n usxora (34,3%). Kpome Constipations | 24.4

ITUX CUMIITOMOB, HaCTb 60]Ib‘ T T T T T T 1

HBIX NUMEJIN TAKHIE CUMIITOMBI, 0 10 20 30 40 50 60 70 %

cesa3annbie ¢ [OPDB, kak amc-
darus (6,4%) u 6o 3a rpy-
muHou (5,2%). B mociennem
ciydae TpeboBajach TIa-
TepHAs T depeHuaTbHas
JIMATHOCTUKA ¢ OOJIAMU Kap-

Puc. 2. OcHogubie :kano0bi co croponbt JKKT nanuentos, noxyyasummx ATC.

Fig. 2. Main GIT Complaints of Patients Who Took ATA.

IIpumeuanue. Burning sensation — usskora; Belching — orpoikka; Gastralgia — racrpanrus;
Sensation of heaviness — uyBcTBO TsiKecTH; Nausea — TormHoTa; Meteorism — mereopuam; Di-
arrhea — quapes; Constipations — samop.
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11.6%

32.3%

17.1%

13.2%

24.4%

M Stomach/duodenum ulcers
Multiple erosions

[ Sporadic erosions

B Erosive esophagitis

B No changes

Puc. 3. Yacrora 2po3uBHO-3BE€HHBIX H3MEHEHHUIT MUIIEBO/IA, JKe-
aynka u/umm JIIIK na ¢poune npuema ATC.

Fig. 3. Prevalence of Erosive and Ulcerous Changes of Esopha-
gus, Stomach and/or Duodenum at the Background of ATA.
ITpumeuanue. Stomach/duodenum ulcers — s13Bb1 sxemynra//IITK;
Jlns puc. 3, 4: Multiple erosions — MHozKecTBeHHbIE 9PO31HU; SPO-
radic — exunnynbie; Erosive esophagitis — apos3uBHblii s30¢harur.
No changes — 6e3 nuamenenmii.

INaTbHOTO TPONCXOKaeHns: mpoBeaerne JKI, xom-
TEPOBCKOTO MOHUTOPUPOBAHUS, OIEHKU 3hdheKTa
POGHOTO JIeYeHNsT HHTHOUTOPAMU IPOTOHHOM TIOMITBI
(UIIIT) u np.

Ha puc. 3 mpezictaBuim pe3yJibraThbl IHIOCKOTIH-
4eCKOro 00CIeI0BaHIS BEPXHUX OT/IEJIOB MTUIIEBAPH-
TesbHOW cuctembl. IlopaBisttoriee OGOJBIIMHCTBO
GOJIbHBIX UMEJIN Te WJIM WHbIE 9PO3UBHO-SI3BEHHBIE
usMeHeHus. JInumb y MeHee Tpetu 60bHbBIX (32,3%)
HE BBISBUJIM TIOBPEXKJCHUE CIU3UCTON THUIIEBO/IA,
xernyaka wian JITTK. M3 obmiero uncaa 538 (n=78),
GOJIBIITIMHCTBO JIOKATM30BATNCH B XKeayake (44 ciy-
vas, 56,4%). Y 23-x marmentos BbisaBuin si3bl JI1TK
(29,5%), ay 11-u (14,1%) coueranue sI3BbI JKeTyIKA
u JITIK. H. pylori seisiBuin y 389-u 6osbHbIX (57,9%).

VY GoabHbIx, nepereciiux JKK-kpoBoreueHue,
CPEHUI KOHIIEHTPAIUsST TeMOTJI00uHa ObLTa 0CTO-
BEPHO HUKE, B CDABHEHWH C TTAIIMEHTAMMU, HE MMEBIITH-
MU JJaHHOTO ocjokHeHus: 112,4+21.6 u 123,6+16,1
r/n (p=0.027). AHaJOrnYHO, yPOBEHb TeMOTJIOONHA
OBLI IOCTOBEPHO HUKE Yy TTAI[EHTOB, Y KOTOPHIX HMe-
JIUCH SI3BBI MU MHOKECTBEHHBIE HPO3UU KETYIKA U
JIIK, B cpaBHEHNH ¢ MAIlEHTaMH, Y KOTOPBIX ObLIN
JIUITh €IMHUYHBIE 9PO3UU WM OTCYTCTBOBAJIU 3PO-
3UBHO-SI3B€HHbIe n3MeHeHus cansuctoii: 118,4+18,7
n 127.3+14.8 /71 (p=0.018).

ConocTaBuin 4acTOTy MU3MEHEHUN CIAU3UCTON
BEPXHUX OT/IEJIOB MUTIIEBAPUTETHHON CCTEMbI B 3aBH-
CHMOCTH OT XapaKTepa aHTUTPOMOOTHUYECKON Tepa-
nun. Ha puc. 4 mpesictaBuim 4acToTy 3pO3UBHOTO 930-
(harura, a3B xemyaka n/man 11K, MHOXECTBEHHBIX
WIH eIMHUYHBIX 9po3uii skeryaka//IITK y 60abpHbIX,
nosrygasiux pasnnaibie ATC. Hanbosrbiimast wactoTa

Most patients had complaints related to diges-
tive system diseases: GERD manifestations (burning
sensation, belching), gastralgia, and dyspeptic events
(nausea, sensation of heaviness in epigastrium), bowel
functional disorders (meteorism, diarrhea, constipa-
tions). The nature and frequency of the main com-
plaints of patients are presented on fig. 2.

The most frequent symptoms were sensation of
heaviness in epigastrium (62.8%), gastralgia (46.7%),
and burning sensation (34.3%). In addition to these
symptoms, some patients had such GERD-related
symptoms as auccarus (6.4%) and retrosternal pain
(5.2%). In the latter case, a thorough differential di-
agnostics with pain of cardiac origin was necessary:
ECG, Holter monitoring, assessment of the effect of
presumptive treatment with proton pump inhibitors
(PPI), etc.

Fig. 3 shows results of the endoscopic examina-
tion of the upper digestive system. The vast majority
of patients had some erosive and ulcerous changes or
other. No damage of the mucous membrane of esoph-
agus, stomach, or duodenum was established in less
than one third of patients (32.3%) only. Out of the
total number of ulcers (7=78), most were located in
stomach (44 cases, 56.4%). In 23 patients (29.5%),
duodenum ulcers were found and in 11 (14.1%) — a
combination of a stomach ulcer and duodenum ulcer.
H. pylori was identified in 389 patients (57.9%).

In patients who experienced a GI bleeding,
mean hemoglobin was reliably lower compared to pa-
tients who did not have that complication:
112.4+21.6 and 123.6216.1 g/1 (P=0.027). Similarly,
hemoglobin was reliably lower in patients who had
ulcers and multiple erosions of stomach and duode-
num compared to patients who had only sporadic
erosions or had no erosive and ulcerous changes of
mucous membranes: 118.4+18.7 and 127.3£14.8 g/1
(P=0.018). The prevalence of changes in mucous
membranes of the upper digestive system depending
on the nature of antithrombotic therapy was com-
pared. Fig. 4 shows prevalence of erosive esophagitis,
stomach and/or duodenum ulcers, multiple or spo-
radic erosions of stomach /duodenum in patients who
received different ATA. The greatest prevalence of
erosive esophagitis was noted in persons who re-
ceived dabigatran (in particular, more versus those
who received rivaroxaban and LMH, P<0.05). No
significant difference in the frequency of ulcer devel-
opment during use of different ATA was found except
for a low prevalence of such pathological changes at
the background of clopidogrel. However, a small
amount of observations does not allow assessing the
significance of this fact.

The influence of a number of risk factors on the
development of GI bleeding, ulcers and multiple ero-
sions of stomach and/or duodenum was analyzed.
Comparison of the incidence of digestive system dam-
age depending on presence or absence of such factors
is given in table 2.
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APO3UBHOTO 330(haruta OblIa OTMEUEHA
y JIMI, TPUHUMABIIUX Aaburarpan (B
YaCTHOCTH, OOJIbIIE B CPaBHEHUU C
HoJIyyaBIIUMU puBapokcaban 1 HMI,
p<0.05). CyliecTBeHHOr0 OTJUYMS B
4acTOTe PA3BUTUS 3B IIPU UCIIOJIbH30-
Banuu pasubix ATC He BbIsIBUIIH, 32
UCKJIIOUEHNEM HU3KOIl 4acTOThI 3TUX
HATOJIOIMYECKUX U3MeHeHU T Ha domHe
npuemMa  kiommzarpena.  OpHako
HeGOoJIbIIIoe YMCJA0 HAOJIIOAeHul He
MO3BOJIIET OIIEHUTb 3HAYUMOCTD JIaH-
HOTO (hakTa.

AHaIM3NPOBATIY BJUSHUE Psia
akTopoB pucka Ha passutne KK-
KPOBOTEUEHUsI, I13B U MHOKECTBEHHBIX
apoauii xkemyzaka u/mim JJITK. Cpasne-
HU€e YaCTOTbI TIOBPEKIEHIS TTUIIEBAPH-
TeJTbHON CHCTEMBI B 3aBUCUMOCTHU OT
HAJTMYUS WJIM OTCYTCTBUS JIAHHBIX
(haKTOpOB IpeACTaBUIN B TabauIe 2.

[Toxxunsioit  Bo3pacT, sI3BEHHbBIH
aHaMHe3, COIYTCTBYIOIIUI IIpUEM
HIIBII u undexunst H. pylori accounn-
pPOBAIUCH C JIOCTOBEPHO OoJIbIeit
yactoroii JKK-kpoBoreuenusi. Myxk-
CKOM T10JI, TTOKUJION BO3PACT, SI3BEH-
Hblll anamHes, kypeaue, HIIBIT u H.
pylori TOBBIITATIM PUCK PA3BUTHUS 3B 1

LDA

Warfarin

Clopidogrel

Dabigatran

Rivaroxaban

LMH

Combined

29.2

T T

0 10 20 30 %

B Erosive esophagitis
B Ulcer

Multiple erosions
[ Sporadic erosions

MHOJKECTBEHHBIX IPO3HIl JKEIyIKa U
JIIK. Hasunuwne ractpanruii He acco-

[IUUPOBATIOCH ¢ puckoM pasutust KK-
KPOBOTEUEHUsT 1 9PO3UBHO-SI3BEHHBIX

Puc. 4. Dpo3uBHO-s13BeHHbIe n3MeHeHus ;keayaka u/wm [[IIK na ¢pone npuema
pasmnunbix ATC.
Fig. 4. Erosive and Ulcerous Changes of Stomach and/or Duodenum at the Back-

namenenuii y autl, nomxyvatomumx ATC.

[Tosryuenuble paHHble MOATBEP-
JKIAIOT MPEJICTaBJIEeHIEe O CYIIeCTBEH-
HOW KJMHUYECKOW W COIMAJIbHON
3HAYUMOCTHU TPOBIEMBI OCTOKHEHUH, CBI3AHHBIX C
ucnoabzosaneM ATC. Boiiee uerBeptu 00c/ien0Ban-
HBIX GOJIBHBIX UMEJIN JKU3HEYTPOKAIOIIIE OCTOMKHE-
Hust — JKK-kpoBoTeuenue, sSi3Bbl I MHOKECTBEHHbIE
aposuu kemyaka u/mau [IIK. Y mui, nepenecnmx
JKK-kpoBoTeueHne UK MMEBITNX 9PO3UBHO-5I3BEH-
HbIE U3MEHEHUs 6e3 IBHBIX TIPU3HAKOB KPOBOTEYEHUS,
pasBUBAIACh JKeJsie30/leDUINTHAS aHEMUST, KOTOPAast
HeGIATONPUATHO BJIUsIeT HA (YHKIUIO OPraHOB U
CHCTEM YeJIOBEUeCKOro opranuama. CUTyaius 0cox-
HSIETCSI T€M, YTO Y MHOTHX TTallNE€HTOB, IPMHUMABIINX
ATC, umelorca Takxke cepbe3nble (haKTOPbI PUCKA,
TaKue KaK IOKUJI0N BO3PACT, sSI3BEHHbII aHAMHE3 (B T.
Y. OCJIO)KHEHHbIE $I3BbI), COIIYTCTBYIOIIUI IIPUEM
HIIBII u undexuus H. pylori. Cpenu 06cie10BaHHbIX
GOJBHBIX JUIIb 27,1% Ha MOMEHT Pa3sBUTHSI OCIOKHE-
Hust nostydanu ahdextuBnyio npoduaaktury KK-
KPOBOTEUEHMUI.

BombmuncrBo ciayyaeB JKK-kpoBoreuenuii B
HACTOATIEM UCCIIEIOBAHUY ObLIN CBS3AHbI C TATOJIOTU-
YeCKUMU U3MEHEHMSIMU BEPXHUX OT/IEJIOB ITUIIIEBAPU-
TeJIbHOM cucTeMbl. Y yactu 6osbHbIX — 11,3%, ncrou-

ground of Different ATA.

An elderly age, ulcer history, concomitant in-
take of NSAIDS, and H. pylori infection were asso-
ciated with a reliably higher incidence of GI
bleeding. The male sex, elderly age, ulcer history,
smoking, NSAIDS, and H. pylori increased the risk
of development of ulcers and multiple erosions of
stomach and duodenum. Gastralgia was not associ-
ated with the risk of development of a GI bleeding
or erosive and ulcerous changes in subjects who re-
ceived ATA.

The data obtained support the idea of a consid-
erable clinical and social problem of complications re-
lated to use of ATA. More than a fourth of patients
examined had life-threatening complications: GI
bleeding, ulcers and multiple erosions of stomach
and/or duodenum. Subjects who had experienced a
GI bleeding or had serious erosive and ulcerous
changes without obvious bleeding signs developed
iron deficiency anemia that affects adversely the func-
tion of human organs and systems. The situation is
aggravated by the fact that many patients who took
ATA had also such serious risk factors as elderly age,
ulcer history (including complicated ulcers), con-
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Ta6iuua 2. Bausinue ¢pakTopos pucka Ha passurue JKK-kposoreuennii us sxenyaka u/wm JIIK u cepbesnoii anmo-
CKOINUYECKOi NaToJoruu (3Bl WM MHOKECTBeHHbIe 3po3uu kexyaka//II1K).

Table 2. Influence of risk factor on the development of GI bleeding from stomach and/or duodenum and serious endo-
scopic pathology (ulcers or multiple erosions of stomach/duodenum).

Risk Factor GI Bleeding (n=43) Ulcers and Multiple Erosions (n=193)
Prevalence, % P Prevalence, % P
Sex Female 6.6 0.875 19.7 <0.001
Male 6.3 29.6
Age >65 years 12.5 0.012 37.5 <0.001
<65 years 6.0 28.7
Ulcer history Yes 9.9 0.0045 35.8 <0.001
No 5.9 277
Smoking Yes 6.9 0.078 30.8 0.038
No 5.1 24.3
NSAIDS Took 8.5 0.041 34.8 <0.001
Did not take 5.4 25.7
H. pylori Present 7.9 0.027 34.4 <0.001
Absent 4.2 20.8
Gastralgia Present 6.1 0.873 27.4 0.104
Absent 6.7 29.3

IIpumeuanue. Risk Factor — ¢pakrop pucka; GI Bleeding — )KK-kpoBoreuenue; Ulcers and Multiple Erosions — s13BbI 1 MHOKeCTBEH-
Hble 9po3un; Prevalence — wacrora; Sex — nour; Female — skenckuil; Male — myskcekoii; Age — Bospacr; years — siet; Ulcer history —
A3BEHHBIN anamues; Yes — z1a; No — Her; Smoking — kypenue; NSAIDS — HIIBII; Took — npunumanu; Did not take — ne npunumasu;

Present — ectp; Absent — orcyrcrByer; Gastralgia — racrpasrum.

HUK KPOBOTEYEHMUS He GBI YCTAHOBJIEH. DTH JIAHHBIE B
I[eJIOM COOTBETCTBYIOT JINTEPATYPHBIM. TaK, B IIUTHPO-
BanHoM Beiie PKU RE-LY, cpenn Bcex KK-xpoBo-
TeYeHuH, pa3BuBIIMXCs HAa hoHe prueMa BapdapuHa,
75% vMenu MCTOYHUKOM IOBPEKIEHUE BEPXHUX, U
JUIh 25% — HWKHUX OT/IEJIOB TUIIEBAPUTETHHON
cucrembl. Ha dore raburarpana coOTHOIIEHUE HCTOU-
HUKOB KPOBOTEUEHVsT GBIIIO HECKOIBKO MHBIM: 53% pac-
MOJIATAINCh B BEPXHUX, M 47% B HIKHUX OT/EJax
MUIIeBaApUTETHHON crcTeMbl [6].

B pa6ore K. Thomopoulos u coasr., npeacras-
JgBien perpocekTuBHbIH aHanu3 111 ciyuaes KK-
KpoBoTeueHuii Ha ¢oHe preMa Bapdapuna, Harbo-
Jlee 4acThIM HMCTOYHUKOM KPOBOTIOTEPU OKAa3aJUCh
s3BbI 1 apo3nn keayzaka u JIITK — coorBercTBenHo,
47,0% n 10,8%, a B 29,7% ciyuyaeB UCTOYHUK KPOBO-
TeyeHus He ObLI ycTaHoBIeH [9].

Amnasornunble annble ObLH Tokazansl T. Rubin
U COABT., KOTOPBIE UccaenoBaa necrouHuku KK-xpo-
BoredeHus y 98-1 GOJIbHBIX, OJIYYABIINX BaphapuH.
Nmu okazasuch si3B8b skemyaka u/van 1K — 17,0%,
aposun xemyaka — 18,2%, aposun JITTK — 9,1%, 330-
darut — 11,4%, anrnoaucinasus — 10,2%, cunapom
Mennopu-Beiica — 9,4% u BapiKo3HO paciivpeHHbIe
BeHbI nuieBosia — y 2,3%. Y 21,6% manuenToB UcTod-
nuk JKK-kposoreuenus He 61 onpezener [10].

B oTHOIIEHNN «HEN3BECTHBIX> UCTOYHIKOB KPO-
BoTeuenus (B Hactosieil pabore ux 6uu1o 11,3%),
MOKHO BBICKa3aTh cJeyionue coobpaxkenus. Bo-
MEPBBIX, 9TO MOXKET OBITh MOBPEKICHUE TOHKOI
KUITKH, KOTOpoe Hesrb3st BeisiBuTh mpu II/[C n KC.
Jl71s1 muarHoCTUKY MOPasKeHUsT TOMIEN 1 TIOAB3/I0NTHON
KUIITKK CJeIyeT MCII0Ib30BaTh CHEIMATIbHbIE 9H/IO0-
CKOTIMYECKHE METO/[bI — B YACTHOCTHU, BU/IEOKATICYJTh-
Hy10 aH0cKoTI0. Ho 9Ta MeToinKa, K coKaJIeHuio, B
CUJIY PsiJia TPUYUH He OBIIa JIOCTYTIHA B HACTOSIIEM

comitant NSAIDS, and H. pylori infection. Among
the patients examined, only 27.1% received an effec-
tive prophylaxis for GI bleeding at the time of com-
plication development.

In this study, most cases of GI bleeding were re-
lated to pathological changes in the upper digestive
system. In a fraction of patients — 11.3%, the source
of bleeding was not identified. In general, these data
correspond to literature. In the afore-mentioned RE-
LY RCS, among all GI bleedings that developed at
the background of warfarin, in 75% the source was
the damage of the upper digestive system and only in
25% — the lower digestive system damage. At the
background of dabigatran, the correlation between
bleeding sources was somewhat different: 53%
sources were located in the upper and 47% — in the
lower digestive system [6].

In the paper of K. Thomopoulos et al., which is
a retrospective analysis of 111 cases of GI bleeding
at the background of warfarin, the most frequent
source of blood loss was ulcers and erosions of stom-
ach and duodenum — 47.0% and 10.8%, respectively,
and in 29.7% of cases the source of bleeding was not
identified [9].

Similar data were shown by T. Rubin et al., who
studied sources of GI bleeding in 98 patients who re-
ceived warfarin. They were ulcers of stomach and/or
duodenum — 17.0%, stomach erosions — 18.2%, duo-
denum erosions — 9.1%, esophagitis — 11.4%, an-
giodysplasia — 10.2%, Mallory—Weiss syndrome —
9.4%, and varicose veins of esophagus — 2.3%. In
21.6% of patients, the source of GI bleeding was not
determined [10].

As regards ‘unknown’ sources of bleeding (there
were 11.3% of them in this paper), the following con-
siderations can be said. Firstly, it might be a small
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uccienoannu. C ApPyroil CTOPOHBI, KPOBOIOTEPSI
MOZKET OBITH CBSI3aHA C YJIBTPACTPYKTYPHBIM TIOBPEIK-
JeHNeM CJU3KUCTON ITHIEBAPUTENbHOU CUCTEMBI C
hopMHUpOBaHIEM <«MHKPOIPO3Uil> ¥ [IUATIE€3HBIM
KPOBOUBJIMSIHUEM HU3KOI MHTEHCUBHOCTH. B aTom
cJlyyae KOHKPETHbII NCTOYHUK KPOBOTEUEHUST [10CJIe
€r0 OCTAHOBKU C TIOMOIIIBIO TEPANIEBTHYECKIX CPENICTB
Gy/IeT HEAOCTYTIEH JIJIst BBISIBIICHUSL.

[TpoBenu aHaIN3 CyGBEKTUBHBIX 5Kaji00, KOTOPbhIE
UCIBITBIBAIOT HaleHTsl, nojrydaionue ATC. Kak 6b110
OTMEYEHO BBIIIE, MTPUMEPHO MOJOBUHA OOJNBHBIX C
JIEKAPCTBEHHBIM TIOBPEKIEHNUEM ITUIIEBAPUTETBHOI
CHCTEMBI UCIIBITBIBAET TACTPAJITUH U JAUCIIENICUYECKUE
stBierust. OJ[HAKO YETKO CBSI3aTh aTH JKaI00bI C IpHre-
MoM ATC He nipe/icTaBIISIeTCST BO3SMOYKHBIM, TIOCKOJIBKY
YETKON KOPPETAIMU MEXKTY CyOBEKTUBHBIMU JKano0a-
M, Pa3BUTHEM IPO3UBHO-sI3BeHHbIX n3MeHenuii u YKK-
KpoBoTeuenust HeT. Kpome 31oro, GoJIbIIHHCTBO Talu-
€HTOB VIMEJIH JIONOJTHUTEIbHbIE (DAKTOPBI, HETATUBHO
BJIMSIONINE HA COCTOSTHIE ITUIEBAPUTEBHOM CUCTEMBI
U CIIOCOOHbIE BBI3BIBATD HETPUSITHDIE OMIyIeHust. Tax,
Tpeth 6oubHbIX npuHuMas HITBII, a 6osiee nonoBuHbI
Obmn uHbunuposansl H. pylori. Tlpuxoaures npu-
3HATh, YTO TIPH JTUATHOCTUKE CEPhE3HBIX HEKETATe b-
HBIX peakiuii, cBss3anHbix ¢ ATC, Heb3sd oprueHTupo-
BAThCSI TOJIBKO HA CYGBEKTUBHBIE Oy IEHHUsT HOJIBHOTO.
Jlumb sHg0CKOIIMYECKOe obcaenoBanne 1 Jaboparop-
HbIE TECThI (TaKWe, KaK CHYIKEHHME TeMOTrJIOOMHA VLIIH
AHAJIM3 KaJIa Ha CKPBITYIO KPOBb) IMO3BOJISIIOT BOBPEMSI
JIMArHOCTUPOBATH MOBPEK/IECHNE CIU3UCTON OOONOUKH.

AHAJIM3 4aCTOThI M XapaKTepa IHAO0CKOIIIMYECKUX
namenenuii Bepxuux otzaesoB JKKT, koropbie
BhIgBIIsIOTCS HA oHe ipuma ATC, mokasas, uro B
MOJIaBJISTIONIEM OOJIBIIMHCTBE CJydaeB Y OOJIBHBIX
BBISIBJISIJIMCH €JIMHUYHBIE UM MHOKECTBEHHBIE 9PO-
3UH, WU SI3BBI Kesyaka. [1o cytu, sunockomnmnyeckas
kapruHa Ha done npuema ATC 6sm3ka TeM nsMene-
HUSM, KOTOpble Habiogaiorcss Ha (oHe mpuema
HIIBII («HIIBII-racrponatuss ) njiu aHTHOCTEOTIO-
pernueckux npenaparos (6ucdocdanarsr) [11, 12].

JloctaTouHo YacTo HAGJI0A SPO3UBHBIN 930-
darut (13,2%), 4TO CBUIETENBLCTBYET O CIIOCOOHOCTH
ATC oxkasbiBaTh HeraTUBHOE BJINSAHUE U HA CJIU3U-
CTYIO MHIIEBOIA. XOPOIIIO U3BecTHO, uTo psig ATC —
trakue xak HJ/IA u maburarpad, MOTYT BBI3bIBATb
MOBPE’KIEHUE CAUBUCTON U CYIIECTBEHHO MOBBIIIAT
puck pazButus ocnoxxueHHbIx hopm [IPB. TIpu atom
6oJiee TpeTH GOJNBHBIX UCTIBITBIBAIN TUITMYHBIE JIIsT
ATOI TATOJOTUY KaM0Obl — M3KOTY U OTPLIKKY. C
JPYIOi CTOPOHBI, Ha BEICOKYIO yactory TOPB y ob6cne-
JOBAaHHBIX TTAIIMEHTOB MOTJIU BJIHMATH TaKue (pakTopbl
pucka, kak ipuem HIIBII u kypenue.

He BbIstBUIIM CyTIIECTBEHHOTO OTJINYUS B YACTOTE U
XapakTepe 9HIOCKOIIMYECKUX U3MEeHEeHUIT [IPU HCII0JIb-
soBarmnu pasnyHbix ATC, 3a uckimoueHnem GoJiee BbIco-
KOI1 4aCTOTBI 9PO3UBHOTO 330(DAruTa IIPH UCIIOIH30BA-
Hun gaburarpata. CriocoOHOCTh BbI3bIBATH CEPHE3HOE
HOpasKeHue MIIIEBO/IA XaPAKTePHA /JIsT 9TOTO ITperapara.
JlaburaTpan STEKCHJIAT SIBJSIETCS <«IIPOJIEKAPCTBOMS,

bowel damage that cannot be detected by EGD and
CS. For diagnostics of jejunum and ileum damage, spe-
cial endoscopic methods should be used, in particular,
video capsule endoscopy. Unfortunately, for a number
of reasons, that method was not available in the pres-
ent study. On the other hand, blood loss could be re-
lated to an ultrastructural damage of the digestive
system’s mucous membrane involving formation of
‘micro-erosions’ and diapedetic hemorrhage of low in-
tensity. In such case, the specific source of bleeding,
after its therapeutic hemostasis, will be inaccessible
for finding.

Analysis of subjective complaints experienced
by patients who receive ATA has been undertaken.
As mentioned above, approximately half of patients
with drug-induced damage of their digestive system
suffer from gastralgia and dyspeptic events. How-
ever, it does not seem possible to establish clearly a
link between such complaints and ATA administra-
tion because there is no clear-cut correlation be-
tween subjective complaints, development of erosive
and ulcerous changes and GI bleeding. Besides, most
patients had additional factors that adversely affect
the digestive system condition and can cause un-
pleasant sensations. For instance, a third of patients
received NSAIDS, while more than a half were in-
fected with H. pylori. One has to admit that in diag-
nosing serious adverse responses related to ATA, one
should not be guided only by patient’s subjective
sensations. Only endoscopic examination and labo-
ratory tests (such as hemoglobin decrease or stool
test for hidden blood) allow diagnosing mucous
membrane damage timely.

Analysis of prevalence and nature of endoscopic
changes in the upper GIT, which are found at the
background of ATA administration, has shown that in
the vast majority of cases, patients were found to have
sporadic or multiple erosions or ulcers of stomach. Es-
sentially, the endoscopic pattern at the background of
ATA administration is close to the changes observed
at the background of administration of NSAIDS
(‘NSAIDS gastropathy) or anti-osteoporetic drugs
(bisphosphonates) [11, 12].

Erosive esophagitis was observed quite fre-
quently (13.2%), which evidences ATA ability to ren-
der an adverse influence on esophagus mucous
membrane. It is well known that a number of ATA,
such as LDA and dabigatran, can cause mucous mem-
brane damage and significantly increase the risk of de-
velopment of complicated types of GERD. More than
a third of patients experienced complaints typical for
this pathology: burning sensation and belching. On
the other hand, such risk factors as NSAIDS intake
and smoking could affect high incidence of GERD in
the patients examined.

No significant difference was found in the
prevalence or nature of endoscopic changes during
use of different ATA, except for a higher prevalent
of erosive esophagitis when dabigatran was used.
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AKTHUBAIMST KOTOPOTO MMPOUCXOAUT MO/ BIUSHUEM ITPO-
TEOJIMTUYECKNX (DePMEHTOB KUIIEYHOTO CONEPSKUMOTO.
Y mero Huskas 6uomoctymHocTh (6,5%), 4To cozmaer
TIPENOCHUTKH [I7IsT TIOJIEPKAHMST BBICOKOI KOHITEHTPA-
MU faburaTpana B KUIIEYHOM CoflepKuMoM. B cirydae
ZyO/IEHO-TAaCTPATIbHOTO U TacTP0a30dareasbHoro ped-
JIIOKCA, 4TO yacTo Habsmogaercs npu TOPB, naburarpan
MOJKET OKa3bIBaTh KOHTAKTHOE TTOBPEXK/IAIONIee IefiCTBIE
Ha CJIM3UCTYIO TiHIeBoa. VIMeloTes onvcanust cryJyaen
Pa3BUTHST MHOKECTBEHHBIX DPO3NUH, sI3B MJIH J€CKBAMAa-
VY CJIM3UCTON TTUTIEBOJIA, BO3HUKININX HA (POHE TprueMa
narroro ATC [13—17]. Cratucrtuyeckne naHHbIE TO
9TON martoJjioruu nposeznensl B padore Y. Toya u coasr.,
KoTopbie onennn pesyssraTbl ITC y 91-10 6osbHOTO,
HOJIyYaBInero aburaTpat, 1 BbISBUIN 930(arut y 19-u
u3 Hux (20,9%). D30¢arut G TIPE/ICTABIIEH JTHHEHHBI-
MM Y9aCTKAMHU IECKBAMAITIN STTUTEJTNST, 3aXBAThIBAIOIIH-
MU HIDKHIOIO M CPEIHIO TpeTh mumieBona. Y 68,4%
MAIIIEHTOB APO3UBHBII 930(DarUT COITPOBOKIAJICS BBIPA-
JKEHHOM m3xoroit u ucdarueii [18].

Heo6X0mMo OTMETHTD, YTO YacTOTA SI3B ¥ MHO-
JKEeCTBEHHBIX 9po3wnii xemyaka u/umn [[ITK y nanuen-
ToB, noJtyyasimx H/IA u gaburarpat, KOTOpbIE MOIYT
OKa3bIBaTh TIPSIMOE MTOBPEIK/IATOIIEee TeHCTBUE HA CIIH-
3HCTYIO, TPAKTUYECKH HE OTIIMYAIACH OT YaCTOThI aHA-
JIOTHYHON MATOJIOTUU Y JINII, MTOJTYYaBIIUX KIOMH/IA-
rpes, Bapdaput, puBapokcaban u HMI, koTopsie
IPSIMOTO TOBPESKAAIONIETO AEHCTBHS HE OKa3bIBAIOT.
BeposTHo, 3TO CBUIETENBCTBYET O TOM, YTO Pa3BUTHE
JIEKAPCTBEHHBIX OCJIOKHEHHIT JKesTy/IKa Ha (poHe mpue-
Ma ATC 00ycI0B/IEHO X CUCTEMHBIM AeHCTBUEM Ha
KOAryJIsIIIUIO, ¥ OTIPEIENIIeTCsT HapyieHneM (hopMUpo-
BaHUs TPOMOA TIPY TIOBPEKACHUY CJIU3UCTOH, CBsI3aH-
HoM ¢ apyrumu (akropamu — HITBIT uim H. pylori.

Brina mokasana posrb (pakTOpoOB PUCKA B Pa3BU-
tuu JKK-KpoBoTeueHnst 1 5pO3NBHO-I3BEHHBIX N3Me-
HeHuii y nannenTos, noayuasmux ATC. Tak, nexena-
TeJIbHBIE PEAKITMY IOCTOBEPHO Yalle BO3HIKAIN Yy JIUI]
>65 s1eT, y IMEBIITNX SI3BEHHBIN aHAMHE3, TPUHIMAB-
mux HITBIT u undunuposanusix H. pylori. 910 moa-
TBEPIK/ACT IAHHbIE, TOTyYeHHbIE B paboTax 3apy6esk-
Heix koJuter. Hampumep, B PKM RE-LY O6buia
NoKa3aHa JUHENHAsT 3aBUCIMOCTb Pa3BUTUS OCIIOXK-
HEHUE OT BO3pacTa: TP MCIOIb30BAHUH JabUTaTpana
yacrora JKK-kpoBoreuenuii y smir <65 JieT coctaBuia
0,89%, >65—74 net — 2,6%, >75 ner — 5,1% [6].

Hannbie PKU 1 HabmonaTebHbIX KOTOPTHBIX
UCCJICTIOBAHUT TTOATBEPIKIAIOT OOMBIITYIO POJTIH KOMOP-
6unnbix sabonesanuii JKKT (B yacTHOCTH, I3BEHHOTO
aHaMHe3a) B PA3BUTUU OCJIOKHEHUI, CBSI3AaHHBIX C
npuemoM ATC. IToT hakT He BHI3BIBAET COMHEHWH,
MOCKOJIBKY UMEHHO 9PO3UBHO-SI3BEHHbBIE 3MEHEHUST
BepxHUX U HIKHUX oTaeaoB JKKT nanGosee yacto
CTAHOBSITCS UCTOYHUKAMU KpoBoTedeHus [19—21].

Wndexist H. pylori, kak ocHOBHAasI IPUYMHA Pa3-
BuTHA 513BbI JKemyka/ /I 11K u xpormueckoro ractpura,
Ha (oHEe KOTOPOTO MOTYT TIOSIBJISITHCS 9PO3UHU, TAKIKe
CcUMTaeTCs OYeHb BakHBIM (pakTopoM pucka ;KKT-
ocsioxkaennii ipu ucnonabzoBanun ATC. Itor dakr

This drug is characterized by its ability to cause a se-
rious damage of esophagus. Dabigatran etexilate is a
‘pro-drug’ that is activated under the influence of
proteolytic enzymes of the bowel content. It has low
bio-availability (6.5%), which predetermines high
concentration of dabigatran maintained in the bowel
content. In case of duodenogastric and gastroe-
sophageal reflux that is often observed during
GERD, dabigatran may render a contact damaging
effect on the esophagus mucous membrane. There
are descriptions of cases when multiple erosions, ul-
cers, or desquamation of esophagus mucous mem-
branes developed at the background of this ATA
[13—17]. Statistical data on this pathology are given
in the paper of Y. Toya et al. who evaluated EGD re-
sults in 91 patients who received dabigatran, and
found esophagitis in 19 of them (20.9%). Esophagitis
was represented by linear fragments of epithelium
desquamation that involved the lower and middle
third of esophagus. In 68.4% of patients, erosive
esophagitis was accompanied with prominent burn-
ing sensation and dysphagia [18].

It should be noted that prevalence of ulcers and
multiple erosions of stomach and/or duodenum in
patients who received LDA and dabigatran that can
render a direct damaging effect on a mucous mem-
brane almost did not differ from prevalence of a sim-
ilar pathology in subjects who received clopidogrel,
warfarin, rivaroxaban, and LM H that do not render
a direct damaging effect. This probably indicates
that development of drug-induced gastric complica-
tions at the background of ATA is due to their sys-
temic action on coagulation and determined by
thrombus formation disturbance during mucous
membrane damage related to other factors —
NSAIDS or H. pylori.

The role of risk factors in the development of GI
bleeding and erosive and ulcerous changes in patients
who received ATA has been shown. Adverse responses
occurred reliably more frequent in subject of >65
years of age, who had ulcer history, received NSAIDS,
and had H. pyloriinfection. This supports the data ob-
tained by foreign colleagues. For instance, RE-LY
RCS showed linear dependency of development of
complications on age: during dabigatran use, the inci-
dence of GI bleeding in subjects of <65 years of age
amounted to 0.89%, >65—74 years of age — 2.6%, >75
years of age — 5.1% [6].

The data of RCS and observational cohort stud-
ies prove an important role of comorbid GIT diseases
(in particular, ulcer history) in the development of
complications related to ATA administration. This
fact is beyond question because these are erosive and
ulcerous changes of upper and lower GIT that become
sources of bleeding most frequently [19—21].

H. pylori infection as the main reason for devel-
opment of stomach/duodenum ulcer and chronic
gastritis, at the background of which erosions might
occur, is also considered a very important risk factor
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noATBepKaacT uccenosanue J. Lauffenburger u coasr.,
KOTOpbIe Habmoa/1u Koropty 13 21033 60JIbHBIX, MOJTy-
uasmmx gaburarpan. JKK-kpoBoreyernne passuiaocs y
446 (2,1%) 6ombHbIX, ipy aTOM Hasmuvie H. pylori yse-
JIMYUBAJIO PUCK HTOTO OCJIOKHEHUsT HoJtee ueM B 4,5 pasa
(orHomenue mancos 4,75, 95% A1 1,93—11,68) [22].
Cepust paboT, B T. 4. Hallie UCCIIEIOBAHNE, TOTBEPIKIACT
CYIIECTBEHHYIO poJib H. pylori B pa3sBUTHN OCJIOKHEHHIA,
cBa3anubix ¢ mpuemoM H/TA u HIIBII [23, 24].

Kypenne Takxke acconnupoBaioch ¢ I0CTOBED-
HBIM TIOBBITIIEHUEM PUCKA PA3BUTHS 9PO3UBHO-I3BEH-
HBIX M3MeHeHn . HUKOTHH 1 KOMITOHEHTHI TaGavHOTO
JIbIMa CTIOCOGHBI CTUMYJINPOBATD JKEYIOYHYIO CEKpe-
W10, BBI3BIBATH BOCHAIEHUE CIU3MCTOI U OKA3bIBATh
Ha Hee NpsIMOe TOBpesKaioliee zeiicteue. Bee ato
MIOBBIIIAET BEPOSITHOCTh PA3BUTUS HEXKETATeTbHBIX
peaxnwmii ipu ucnoabzoBannn ATC [25—27].

Taxum obpaszom, JKKT-ocioxkHeHNs, BOSHUKAIO-
mue Ha ¢one npuemMa ATC — cepbesnas npobiema,
TpebyIoIas N3y4eHus, CBOEBPEMEHHOTO KOHTPOJIS 1
aleKBaTHOM NPOMUIAKTUKI. Y OOJIBIIMHCTBA AIUEeH-
TOB, osryuaBinux pazanunbie ATC, pazsuBarorcs apo-
3uM U 43Bbl Bepxuux otrzenos JKKT, yto MmokeT craThb
NPUYNHON BOSHUKHOBEHUS JKI3HEYTPOXKAIOIIETO KPO-
BOTeUeHUs. B MosiB/ieHUY TaHHOW MaTOJIOTUN MMEIOT
3HaYeHue Takue (haKTOPbl PUCKA, KaK MOXKUIOH BO3-
pact, sI3BEHHBIII aHAMHE3, COMYTCTBYIOIIUN MPUEM
HIIBII u undunuposannocts H. pylori. Ix ciexyer
yUUTHIBaTh TIpH HazHaueHnuu ATC: BBITTOJNHATD CBOE-
BpeMeHHyio apaaukaiuio H. pylori, orpannamBarth
ncnosbzoBanue HIIBII, nponarannposars oTkas ot
KypeHHs, TIPOBOJIUTD a/IEKBATHYIO MEIMKAMEHTO3HYTO
npodunaktuky ;KK-kpoBoreuenmii.
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for GIT complications during ATA administration.
This fact is supported by the study of J. Lauffen-
burger et al. who observed a cohort of 21033 patients
who received dabigatran. GI bleeding developed in
446 (2.1%) patients, wherein presence of H. pylori
increased the risk of this complication more than
4.5-fold (odds ratio 4.75, 95% CI 1.93—11.68) [22].
A number of papers including our study support an
important role of H. pylori in the development of
complications related to LDA and NSAIDS admin-
istration [23, 24].

Smoking was also associated with a reliable in-
crease of the risks of developing erosive and ulcer-
ous changes. Nicotine and tobacco smoke
components are able to stimulate gastric secretion,
cause mucous membrane inflammation and render
a direct damaging effect on it. All of it raise the
probability of developing adverse response during
ATA administration [25—27].

So, GIT complications occurring at the back-
ground of ATA are a serious problem that requires
investigation, prompt control, and adequate pro-
phylaxis. Most patients who received various ATA
develop upper GIT erosions and ulcers that might
give rise to a life-threatening bleeding. Such risk
factors as elderly age, ulcer history, concomitant
NSAIDS, and H. pylori infection are significant in
the development of this pathology. They must be
taken into consideration when ATA are prescribed:
it is necessary to perform timely eradication of H.
pylori, limit use of NSAIDS, advocate smoking ces-
sation, carry out adequate medicinal preventive
care for GI bleeding.
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Mop¢dooruyeckux u3MeHeH’ii MUOKap/ia IpU KPpoBoIoTepe
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The Role of Ozonized Erythrocytic Mass Transfusion in the Restoration
of Myocardial Morphological Changes during Blood Loss (Experimental Study)
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Iess uccneroBaHus — OLEHUTH POJIb TPAHC(hY3UH O30HUPOBAHHON HPUTPOIUTHON MACChl B BOCCTAHOBJIEHUH T10-
BPEK/IEHUI aDXUTEKTOHUKM MUKPOIIMPKYJISITOPHOTO PyCJia MUOKAP/Ia U KapZIMOMHUOIMTOB MIPH TSKEIOM KPOBOIIOTEPE.

Marepuain u Mmerozpl. [IpoBeieHo ABe cepur 9KCIIEPUMEHTOB 110 17 Gesbix 6ecropoHbIX KPbIC B Kax10ii. Ku-
BOTHBIX HAPKOTU3UPOBAJIU THOTIEHTaIOM HaTpus (25 Mr/Kr). KpoBoroTepio BbI3biBasiu myTeM 3a60pa y KpbIiC 3 MJI
KPOBH U3 XBOCTOBOII apTepuH, 4To cocTaBsieT 35% oT oObeMa IupKyaupyomieii kposu. Yepes yac 1mocie KpoBomo-
TepU B KOHTPOJIbHOI CEPUHU BBITIOJIHSIIN TPAHC(hY3UTO Ay TOIPUTPOLUTOB ¢ (PU3NOJOTUIECKUM PACTBOPOM 1 UH(DY3UIO
pactBopa Punrepa B cootHomenuu 1:1. B onbITHO# cepru KpbicaM BBOANIIN AyTOIPUTPOLMTHL, 00paboTaHHbIE 030-
HUPOBAaHHBIM (PU3NOJOTUYECKUM PACTBOPOM C KOHIIEHTpaImell o3oHa 2 Mr/a B o6beMe 3 M1 1 3 M1 pacTBopa Pun-
repa (cootHomienue 1:1). 3aroToBKa apUTPOIUTHON MACCHI OCYIIECTBIIATIACH U3 3 MJT Ay TOKPOBH, B3STOH Y JKHBOTHBIX
3a 3-€ CyTOK /10 aKcTepuMenTa. Ha 5-e cy Tk mocTTpancdy3noHHOTO Mepro/ia B 06EMX CEPUsX Uy 5 MHTAKTHBIX JKI-
BOTHBIX Ha (hoHE BHYTPUOPIONIMHHOTO BBeAeHUs THotieHTana Hatpust (100 mr/kr) ussiaexanu cepaue. Ha uccieno-
BaHue 3a0UPai CTEHKY JIEBOTO JKely0uKa. [MCTOMOrnuecKne cpesbl OKPaInBaIU FeMaTOKCHUIMHOM ¥ 903UHOM.
[TpocmoTp nipenapatoB u MOpGOMETPUUYECKIE UCCIEIOBAHUS OCYIIECTBIISIN Ha MUKpoBu3ope Vizo-103.

PesyabraTbl. YCTaHOBJIEHO, UTO IIPUMEHEHUE 9PUTPOIIUTOB, 0O0PabOTAHHBIX 030HOM, JJIsl KOPPEKIMU TSKeJI0i
KPOBOIIOTEPH OTPAaHMUYMBAET B TOCTTPaHChHY3NMOHHOM TIEpHOJIe YMEHbIIeHre Yrcia Tpoduieil KanuisipoB U ux
mrameTpa, GopMUpoBaHIe CMEMTAHHDIX W THAJTMHOBBIX TPOMOOB, YACTUIHO U TTOTHOCTHIO TIEPEKPHIBAIOTIIX TIPOCBET
MHUKPOCOCY/IOB, MACCUBHbIE KPOBOUBJIUSTHIS, CHUKEHNE Ynca npoduieil sijep, nepuBacKyIspHbIi, TepUIesIio-
JISSPHBII, IEPUHYKJI€APHBII 1 BHYTPUSIJIEPHBIN OTEK MUOKAPAMAIBbHON TKaHH, 30HBI TIePECOKPAIIEHUI KapOMIO-
IUTOB, C UX Pa3pbIBAMU.

3akuouenne. [losoxuTebHAS HATIPABIEHHOCTD IOKA3aTe/ei MUKPOIIMPKYJISIIIH, TVIOTHOCTU BACKYJISIPU3AINN
U OTEYHOCTH MUOKAaP/Ia, KaK IIPOTHOCTUYECKUX MAPKEPOB B OIIEHKE IIOTEHIMAIA TIOCTITUIIOKCUYECKON peabuinTaium
HOBPESKAEHHO! TKAHU, TIPU BOCIIOJHEHUU KPOBOIIOTEPU 030HUPOBAHHON 9PUTPOIMTHOI Maccoil o6ycIoB/eHa aH-
TUTUITOKCHYECKUM, AaHTHOKCUIAHTHBIM U JIETOKCUIIMPYIONIUM JIEHCTBUEM 030HA HA 9PUTPOIIUTEL M TIPOLYKTAMU €TI0
peakInii — 030HU/IAMU Ha OPTAaHU3M KPBIC B IOCTTPAHC(HY3MOHHOM MEPUO/IE.

Kntouegwie cnosa: kposonomepsi; 030H; 030HUPOBAHHASL IPUMPOUUMHAS MACCA; MOPPON02USL MUOKAPIA

Purpose. To evaluate the role of ozonized erythrocytic mass transfusion in the restoration of damages in the ar-
chitectonics of myocardium microvasculature and cardiomyocytes in case of a severe blood loss.

Materials and Methods. Two batches of experiments were conducted, 17 white outbred rats in each. The animals
were anesthetized with thiopental sodium (25 mg/kg). Blood loss was caused by taking 3ml of blood from the tail artery
of rats, which is 35% of the circulating blood volume. One hour after the blood loss, transfusion of autoerythrocytes with
normal saline solution and Ringer’s solution infusion in 1:1 ratio was performed in the control batch. In the experimental
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batch, 3 ml of autoerythrocytes treated with ozonized saline solution with ozone concentration of 2 mg/l and 3 ml of
Ringer’s solution (1:1 ratio) were administered to rats. Erythrocyte mass was prepared from 3 ml of the autoblood har-
vested from the animals 3 days before the experiment. On a post-transfusion day 5, in both batches and in five intact an-
imals, hearts were removed following the intraperitoneal thiopental sodium injection (100 mg/kg). The left ventricle
wall specimen from each heart was removed for examination. Histologic sections were stained with hematoxylin and
eosin. The preparations were visually examined and morphometric studies were performed using microvisor Vizo-103.

Results. It has been established that administration of ozonized erythrocyte for severe blood loss correction lim-
ited the decrease in numbers of capillary profiles and their diameters, formation of mixed and hyaline thrombi fully
or partially occluding microvascular lumens, major hemorrhages and reduction of variation of nuclear profiles, de-
creased perivascular, pericellular, perinuclear, and endonuclear edema of myocardial tissue, cardiomyocyte overcon-
truction zone, and their ruptures.

Conclusion. The positive trends for microcirculation indices, vascularization density and myocardial edemati-
zation as prognostic markers in assessing potential posthypoxic rehabilitation of damaged tissues upon blood loss
correction with ozonized erythrocyte mass might be explained by the antihypoxic, antioxidant, and detoxifying ac-

tions of ozone on erythrocytes and/or its metabolites (ozonides) in the body post-transfusion.

Keywords: blood loss; ozone; ozonized erythrocyte mass; myocardium morphology
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BBenenue

Tsrenast KpoBonoTepst — npobJema, He yTpauu-
BaIOINAs CBOEI aKTyaJbHOCTU HA (DOHE TOCTHKEHU I
coBpeMeHHOU peanumarosnoruu [1, 2]. ITo cBg3ano,
MIPEsKIe BCETO, C BBICOKOH JIETAIbHOCTBIO, BCIEACTBHE
3aKOHOMEPHO pa3BUBalolleiics Ha (oHe TKaHeBOU
TUITOKCUU TTOJIMOPTanHoi HeocTarounoctu [ 1]. Baxk-
HEUIUMU MaToreHeTnyeckuMu pakropamu ee Gop-
MUPOBAHUA SABJIAIOTCS TUIIOBOJIEMUS U PeEoJioTHYe-
CKMe  W3MEHEHUs  KpPOBHW,  TPUBOJANIME K
MUKPOIUPKYJIATOPHOMY OJIOKY, a TAKKe 3HAUMTEb-
HOe MOP(HOJIOTHYECKOe Pa3o0IeHne CTPYKTYP TKAHEI],
00y CJIOBJIEHHOE BBIPAKEHHBIM UHTEPCTUINATIBHBIM U
BHYTPHUKJIETOUHBIM oTekoM |1, 3]. Dopmupyioiuecst
B 9TUX YCJOBUSAX THNIONEPDY3Ud U HUIIeMUIECKOE
MOBPEKICHIE MIOKAP/la BMECTE C aHEMUEl SABJISIOTCS
MPUYNHAMU PA3BUTUS CEPACTHON HEJOCTATOUHOCTH B
MOCTTEMOPPArnYeCcKOM TIepro/ie, YTO B CBOIO 0YePe/ib
yeyryOJIser TKaHeBYIO THIIOKCUIO M CHIKaeT adex-
TUBHOCTb MHTEHCUBHOU Tepanuu [1, 3]. YuurbiBas
MHOTOKOMIIOHEHTHOCTD JICUeHUST MUOKapANATHHON
IUCHYHKITNA TTOCTE TSKEI0H KPOBOTOTEPH, PAIlio-
HaJIBHBIM OblTa OBl MopMMUKAIUA OOJTUTaTHBIX €e
KOMIIOHEHTOB, TAKNX KaK TpaHchy3nsd spUTPOIUTHOM
Macchl. B nceeioBanusx, BHITOTHEHHBIX HAMU paHee,
ObLIa MoKa3aHa BhICOKast 9(PPEKTUBHOCTD O30HNPOBA-
HUA KOHCEPBUPOBAHHBIX 3PUTPOIUTOB i1 vitro [4—6].
B cBsA3M ¢ 9TUM 11€JTh UCCTEIOBAHUA — OIEHUTH POJIb
TpaHcdy3un 030HUPOBAHHOM HPUTPOITUTHOM MACCHI B
BOCCTAHOBJICHUY TIOBPEK/ICHUI aDXUTEKTOHUKN MUK-
POIMPKYIATOPHOTO Pyca MUOKap/ia U KapAMOMUO-
IUTOB ITPU KPOBOTIOTEPH.

MaTepnaJI N METO/1bl

IKCrepuMeHTaIbHOE UCCJIeA0BAHIE OBLIO BBIMOJIHEHO
Ha GeJTbIX HeJIMHEHHbIX Kpbicax Maccoit 180—220 r. Comep-
JKaHUe SKUBOTHBIX M TIPOBOJUMbIE C HUMU MaHUITYJISIH
OCYIIECTBJISIIU B COOTBETCTBUU C HODMATHBHBIMU JIOKYMEH-
TaMmH, pejicTaBaeHHbIMU B pyKoBozicTBe «Guide for care and
use of laboratory animals. ILAR publication, 1996, National

Introduction

Severe blood loss is a problem still relevant at the
background of contemporary resuscitation advances
[1, 2]. This is related, firstly, to high mortality due to
multiple organ failure expectedly developing at the
background of tissue hypoxia [1]. Most important
pathogenic factors of its formation are hypovolemia
and rheological blood changes resulting in microcir-
culatory occlusion, also significant morphological sep-
aration of tissue structures due to prominent
interstitial and intracellular edema [ 1, 3]. Hypoperfu-
sion and ischemic myocardial damage combined with
anemia, which form in this situation, are the reasons
for cardiac failure during the posthemorrhagic period,
which, in turn, aggravates tissue hypoxia and dimin-
ishes intensive care efficacy [1, 3]. Taking into account
the multicomponent nature of myocardial dysfunction
after a severe blood loss, modification of its obligatory
components such as erythrocytic mass transfusion
would be rational. Our earlier studies have demon-
strated high efficacy of preserved erythrocyte ozoniza-
tion in vitro [4—6]. In this connection, the purpose of
this study is to assess the role of ozonized erythrocytic
mass transfusion in the restoration of damages in the
architectonics of myocardium microvasculature and
cardiomyocytes in case of a blood loss.

Materials and Methods

The experimental study was performed on white out-
bred rats weighting 180—220g. The animals care and manip-
ulations with them were carried out following the regulatory
documents presented in guidelines «Guide for Care and Use
of Laboratory Animals. ILAR publication, 1996, National
Academy Press» and requirements of Russian Health Min-
istry Order No. 267 dated 19.06.03 «On Approval of Good
Laboratory Practice in the Russian Federation».

Blood loss was created by taking 3 ml of blood from
the tail artery of rats, which is 35% of the circulating blood
volume. The animals were split into 2 batches, 17 animals in
each. One hour after the blood loss, transfusion of autoery-
throcytes with normal saline solution and Ringer’s solution
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Academy Press» u tpeGosanusimu IIpukaza Munsapasa
Poccun Ne 267 ot 19.06.03 «O6 yrBepkaeHnn mpaBuI 1abo-
paropHoii npakTuku B Poccuiickoii Depepariuis.

Kposornorepio cospaBasu mmyreM 3a6opa y Kpbic 3 MJt
KPOBH M3 XBOCTOBOII apTepHH, UYTO COCTaBJSET 35% OT
obbeMa UpKyaupyiomeil Kposu. JKuBoTHBIE GbLITN pas/ie-
JieHbl Ha 2 cepun 1o 17 ocobeii B Kaxmoil. Yepes yac mocire
KPOBOTIOTEPH B KOHTPOJIBHOI CEPHUN BBITIONHSIN TPaHCDY-
30 AyTOIPUTPOIUTOB C (PU3NOJOTHIECKUM PACTBOPOM H
pactBopa Punrepa B cootnomennu 1:1. B onbiTHOI cepun
KPBICAM BBOJIMJIN ayTOIPUTPOIIUTEI, 00pabOoTaHHbIE 030HM-
posantbiM 0,9% pacropom NaCl ¢ konteHTpanueii 03ona
2 M1/ B 06beMe 3 MaT 1 3 MJT pacTBopa Purrepa (cooTHO-
menwne 1:1). ndysnonno-rpancdysnonnyio Tepamuio mpo-
BOJIWJIN B TEUEHHE 2-X YACOB.

3aroToBKY 9pUTPOIMTHOI MAaCChI OCYIIECTBIISIIN 13 3
MJT Ay TOKPOBH, B3SITOH Y KBOTHBIX 32 3-€ CYTOK /IO 9KCIIe-
PHUMEHTA, ¥ BKIIOYAIN 2-X KPaTHOE OTMbIBAHUE dPUTPOIH-
TOB (UBNOJOTHUYECKUM PACTBOPOM C MOCITEAYIONTIM
nobasiernuem 0,5 M koncepsanTa [IOTA 1 (MHH:Harpus
nutpat + Jlmmonnas kucsora + Hatpusa gurnapodocdar +
[lexctposa + Amennn). YKa3zaHHYIO 3PUTPOIUTHYIO Maccy
XpaHWIN B X0JoauabHuKe ipu Temmeparype 4°C. B nenn
Tparcdysun x 1,5 M1 ayToapuTponnToB 106aBsIIn 1,5 Mot
(bU3NOIOTNYECKOTO PAacTBOPa B KOHTPOJIBbHOI cepunt u 1,5
mit ozormposantoro 0,9% pactsopa NaCl — B ombITHOTL.
Osonnposanue HU3NOJOTHIECKOTO PACTBOPA TPONU3BOIIIN
HETIOCPE/ICTBEHHO Tepe] CMEINBAHIEM €TO € 9PUTPOIUT-
HOI Maccoi Ha yCTaHOBKE 030HATOPHOI TepareBTHYeCKON
asromaTtnieckoit YOTA-60-01-»Memnozon» (Poccus). Ilo-
caenHsas uarorossiena B coorBerctBun ¢ TV 9444-001-
11441871-97 u MokeT GBITH HCIIOJIb30BAHA B MEANTINHCKIX
VUPEKIECHIIX.

Ha 5-e cytku noctrpancdy3noHHOTO TIEPHO/A B KOHT-
POJIBHOIT ¥ OTIBITHOW CEPHUU Uy 5 MHTAKTHBIX JKUBOTHBIX Ha
(dhone BHYyTPUGPIONIMHHOTO BBEJCHHST THOTIEHTAIA HATPHSI
(100 MT/KT) OCYIIECTBISANN NE€KATUTAIINIO KPBIC, TTPOBO-
JIVJTY CPEAIHHYIO TOPAKOTOMUIO, M3BJIeKa cepie. Ha nc-
cJie/loBaHie 3a0MPa CTEHKY JIEBOTO KeTyI0YKa Ha BCIO
TOJIITY C TIPUJIesKATel Mann/aspHON MBITITIei. [rcTtomorn-
YeCcKHe MPerapaThl 71T CBETOONTHYECKON MIKPOCKOIIIH T'0-
TOBWJIN TIyTeM (UKCAIMN TKaHW MHOKap/a B TeUeHHe
72—96 4 B 10% pactBope HeiiTpaabHoro hopmasnia, 06e3-
BOJKUBAHUS B CIIMPTAX BOCXOJSAIIEH KOHIIEHTPAIINN 1 3a-
auBKY B mapaduH. Cpessl TOMMUHON 7 MKM B KOJUIECTBE
5 M3 PAsJIMYHBIX MECT KasK/[0TO Tperapara n3roTaBInBasIi
na Mmukporome SAKURA ACCU-CUT SRM 200, Model:
CRM 200 CW (Kwurait)  okpammBaam reMaTOKCUINHOM 1
9031HOM. [IpOCMOTP IMCTOIOTNYECKUX ITPETIAPAaTOB, PETHCT-
paruio n3o6paskeHnii u MoOpHoMeTpIIECKIE HCCICAOBAHIIS
ocymiecTBIsAN Ha Mukposuaope Vizo-103. Ha kakmom
cpese, B kosndectse 10, BIGUPaJIH MOJIst 3PEHEST [0 METOALY
CIyJalHBIX umces [7].

WccnenoBanm ciepyomue CTPYKTYPBl B HHTPaMy-
paJbHOM CJI0€e MUOKap/Ia: Yucyo mpodusei kannaaspos (N
Ha 1 Mm? nuormaau cpesa Muokapaa) ux auamerp (d, Mrm)
v mIomazh (S, MKM?) MOMEPEYHOTO CeYeHUs], YU CII0 TPOhu-
qieit sinep (N Ha 1 MM?) 1 uX 10mmazab S (MKM?), 9UCJIo TIpo-
dbuneit mepunykiaeaproro orexa (N Ha 1 MM?) 1 UX IO b
(S, mxm?). [Tnomanp sKkpana, Ha KOTOPOM M3y4aJin BhIllerne-
peumcJeHHble TokazaTend, coctaBiasima 500 MkMm?, yB.
63x/0,85.

Cratucrideckyio o6pabOTKY Pe3yJIbraToB MPOBEJIHU ¢
TIOMOTITHIO TTAKETOB TIPUKJIAAHBIX TTporpamMM Biostat m Mi-
crosoft Excel ¢ ncmonbzoBarneM METOI0B OJIHOMEPHOI cTa-

infusion in 1:1 ratio was performed in the control batch. In
the experimental batch, 3 ml of autoerythrocytes treated
with ozonized 0.9% NaCl solution with ozone concentration
of 2 mg/l and 3 ml of Ringer’s solution (1:1 ratio) were ad-
ministered to rats. The infusion-transfusion therapy was
conducted during 2 hours.

Erythrocytic mass was prepared from 3 ml of the au-
toblood taken from animals 3 days before the experiment;
preparation included double washing of erythrocytes with
natural saline solution followed by addition of 0.5 ml of pre-
servative CPDA 1 (INN: Sodium Citrate + Citric Acid +
Sodium Dihydrogen Phosphate + Dextrose + Adenine). The
said erythrocytic mass was kept in a refrigerator at 4°C. On
the transfusion day, to 1.5 ml of autoerythrocytes, 1.5 ml of
natural saline solution in the control batch and 1.5 ml of
ozonized 0.9% NaCl in the experimental batch was added.
Saline solution was ozonized immediately before it was
mixed with erythrocytic mass using automatic ozonization
therapeutic unit UOTA-60-01-Medozon (Russia). The lat-
ter was made according to TU 9444-001-11441871-97 and
is allowed for use in medical institutions.

On post-transfusion day 5, in the control and experi-
mental batches and in 5 intact animals, the rats were decap-
itated at the background of thiopental sodium (100 mg/kg),
median thoracotomy was performed and the heart was re-
moved. For examination, the left ventricle wall to the whole
thickness together with adjacent papillary muscle was taken.
Histologic preparations for light-optical microscopy were
prepared by myocardial tissue fixation during 72—96 hrs. in
10% neutral formalin solution, dehydration in alcohols of as-
cending concentrations, and paraffin embedding. 7um-thick
sections, 5 from different parts of each preparation, were
made using microtome SAKURA ACCU-CUT SRM 200,
Model: CRM 200 CW (China) and stained with hema-
toxylin and eosin. Histologic preparations were visually ex-
amined, images were recorded, and morphometric studies
were carried out with the help of microvisor Vizo-103. On
each section, numbering 10, fields of vision were chosen by
the random number technique [7].

The following structures in the intramural layer of
myocardium were examined: the number of capillary profiles
(N per 1 mm? of the myocardium section area), their diam-
eter (d, um), and cross-section area (S, um?); the number of
nucleus profiles (N anda 1 mm?) and their area S (um?), the
number of perinuclear edema profiles (N per 1 mm?) and
their area (S, um?). The area of the screen on which the
above indices were studied was equal to 500 um?, magnifi-
cation was 63x,/0.85.

The results were statistically processed with the help
of Biostat and Microsoft Excel applied software packages
using univariate statistic methods. The results were pre-
sented as M+m, where M is the arithmetic mean and m is the
standard error of the mean. To check the hypothesis about
the type of distribution, Shapiro—Wilk test was used. Since
distribution of signs corresponded to normal, statistic regu-
larities were studied using the Student’s ¢-test. The value of
statistical significance of differences was adopted equal to
P<0.05.

Results and Discussion

On day 5 of the infusion-transfusion therapy for
acute blood loss, in the control batch rats, light mi-
croscopy found foci of diapedetic and major hemor-
rhages in myocardium, and prominent pericellular
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THCTUKU. Pe3yssraTer npeacTaBuiu B Buae M+m, toe M —
cpejree apudMeTHIecKoe, m — CTaHAApTHAs OIIOKa Cpeji-
Hero. /IJist IPOBEPKNU TUIIOTE3bI O BU/IE PACTIPE/IEIEHST TIPU-
Metsuti Metoft [lanmpo—Yuuika. [TockosbKy pactipesesemie
MIPU3HAKOB COOTBETCTBOBAJIO HOPMAJIBHOMY, M3ydeHHE CTa-
THCTUYECKUX 3aKOHOMEPHOCTEH OCYIIECTBIISIIIN C TIPUMeHe-
HHeM Tapamerpudeckoro kpurepusi Crbiosenta.  3a
BEJINYMHY YPOBHSI CTATUCTUYECKON 3HAYMMOCTH PA3IHINI
npuanMaiu p<0,05.

Pe3yibrarhl 1 00CyKA€EHHE

Ha 5-e cyrtku undysunonno-rpancysnoHHoi
Teparuy OCTPOIl KPOBOIIOTEPH Y KPbIC KOHTPOJIbHOM
cepuu B MUOKap/ie TP CBETOBON MUKPOCKOITUH OTIpe-
JIeJISATT 0Yaru JIuane/ie3HbIX 1 MaCCUBHBIX KPOBOU3-
JIUSHUN, CUJIBHO BBIPAKEHHDBIN TEPUIIEIIIONSIPHBII
otek (puc. 1, a,), 30HbI IEPECOKPAIIEHUN U JIaKe pa3-
pbiBOB Kapauomuonutos (puc. 1, b,). B mpocsere
apTEPUOJT ONPEJIETISIIN CMEIIaHHbIe TPOMObI, YacTHY-
HO TIepeKpbIBaolre ux mpocser (puc. 1, d;), B HeKo-
TOPBIX aPTEPHOJIaX BBISABIISIIN THATMHOBBIE TPOMOBI,
MOJTHOCTBIO TIepeKpbIBatolre uxX npocser (puc. 1, ¢,),
BO BCEX COCY/IaX OMPEIEIsiib 0TeK SHIOTENUS U CUITb-
HO BBIPAKEHHBIN TIEPUBACKYJISPHBIN OTEK.

Y JKUBOTHBIX OIBITHOH Cepuu Ha S-€ CYTKU
nocTTpanchy3nOHHOTO TIepro/ia B MUOKap/Ie He oTipe-
JIeJISIJIA MACCUBHBIX KPOBOMBJIUSHUN; UMEJIU MECTO
JIMIIb JIUalie/ie3Hble KPOBOU3JIMSAHMS, BbIPAKCHHDBIN
MEePUIIEJLTIONSAPHBIH oTeK (puc. 1, a,), oTMeuanu 30HbI
1epecoKpanieHni KapAAOMUOIIUTOB, O/IHAKO, Pa3pbl-
BbI UX ObLu eguHnyHbIMU (puc. 1, b,). B wactu apre-
PHOJI OTIPENeisliii CMEeIIaHHbIle TPOMOBI, YaCTUYHO
nepekpbiBaoIiue ux mpocser (puc. 1, ¢,), B HeHGOIb-
IIOH YacTH apTepPHOoJI BCTPEYav THATMHOBBIE TPOMObI
HETIOJIHOCTBIO 3aKpbIBatolye ux mpocset (puc. 1, d,),
BO BCEX COCY/IaX BbISBJILJIN BbIPAsKEHHDBI IIEPUBACKY -
JIAPHBIN OTEK U OTEK SH/IOTEJIU.

CpaBHUTENBbHBIN aHAIN3 MOPHOMETPUUYECKUX
nokasareJseil MUOKap/ia y *KMBOTHBIX KOHTPOJILHOH 1
OTIBITHOI CepHil Ha 5-€ CYTKH MOCTTPAHC(HY3MOHHOTO
MepUOo/ia MO3BOJIMII OTIEHUTD 3(D(hEeKTUBHOCTD TIpeiBa-
puTeNbHON 06paGOTKU SPUTPOIMTOB O030HOM. ITO
MPOSABJIANIOCH B OIpeeieHu uuciaa 1poduieit
KaIWJIJISIPOB M UX MPOCBETa HA YPOBHE MHTAKTHBIX
SKUBOTHBIX M CHUKEHUU OTEYHOCTH MUOKAPAUAJIbHOM
TKaHU OTHOCHUTEJIBHO KPBIC, KOTOPBIM BOCIIOJIHEHUE
KPOBOTIOTEPH OBLIO MTPOBEAEHO OOBIYHOI IPUTPOITHT-
HOI Maccoil. [Ipu aToM B KOHTPOJILHOI Cepum YUCIo
npodusIeil KarmuisipoB 1 UX MPOCBET ObLIN CTATHCTU-
YeCKU 3HAYMMO YMEHBIIEHHBIMU 110 CPABHEHUIO C UX
BEJIMYNHAMU Y MHTAKTHBIX U OIBITHBIX KMBOTHBIX
(tabsua). Yucsao npoduiei saep 1 UX IIOLALb B
Cepuu ¢ 030HUPOBAHHON 3PUTPOIMTHON MacCOii oTpe-
JIeJISIJIA OJIMHAKOBBIMU ¢ MHTAKTHBIMU SKMBOTHBIMU,
HO BEJWYMHBI ITUX I[I0KAa3aTeJu CTATUCTUYECKU
3HAYMMO OTJIMYAJUCH OT TAKOBBIX B KOHTPOJBHOM
cepun. Yucsio ipoduieii siziep 6b1I0 CHIKEHO Ha 42%,
a IJIoMazIb sapa yeeandena va 12,5%. Uepes 5 cyTok
nocTTpaHc(y3MOHHHOTO TIepUOJia TIePUHYKJIeAPHBIi

edema (fig. 1, a,), a zone of over-contraction and even
ruptures of cardiomyocytes (fig. 1, b,). In the lumen of
arterioles, mixed thrombuses partially occluding their
lumen were detected (fig. 1, d,); in some arterioles, hya-
line thrombuses fully occulting their lumen were iden-
tified (fig. 1, ¢,); in all vessels, endothelium edema and
severe perivascular edema were determined.

In the experimental batch animals, on post-
transfusion day 5, not major hemorrhages were found
in myocardium; there were only diapedetic hemor-
rhages and prominent pericellular edema (fig. 1, a,);
zones of cardiomyocyte over-contraction were noted,
however, their ruptures were sporadic (fig. 1, b,). In
some arterioles, mixed thrombuses partially occluding
their lumen were found (fig. 1, ¢,); in a small fraction
of arterioles, hyaline thrombuses partially occluding
their lumen were encountered (fig. 1, d,); in all vessels,
prominent perivascular edema and endothelium
edema were observed.

A comparative analysis of myocardium morpho-
metric indices in control and experimental animals on
post-transfusion day 5 has allowed assessing the effi-
cacy of erythrocyte pre-treatment with ozone. This
manifested in the number of capillary profiles and
their lumens at the level of intact animals and reduced
edema of myocardial tissue versus the rats to which
the blood loss was made up with conventional ery-
throcytic mass. In the control batch, the number of
capillary profiles and their lumen were statistically
significantly lower compared to those values in intact
and experimental animals (table 1). The number of nu-
clei profiles and their areas in the ozonized erythro-
cytic mass batch were found to be equal to those of
intact animals, but the values of these indices were sta-
tistically different from those in the control batch. The
number of nuclei profiles was decreased by 42% while
the nucleus area was increased by 12.5%. On the post-
transfusion day 5, perinuclear edema was observed in
79.3% of cases in the control batch and in 38.8% in an-
imals after blood loss make up with ozonized erythro-
cytic mass. The perinuclear edema area in the
experimental batch was established to be 37.6% less
versus control. A more prominent pericellular, en-
donuclear, and perinuclear edema of myocardial tissue
in control animals versus experimental was one of the
reasons for reduced number of capillary profiles per 1
mm? of the tissue under study and compression of mi-
crovessel lumem.

So, the vascularization density and myocardium
edema indices, as prognostic markers in the evaluation
of the potential of post-hypoxic rehabilitation of dam-
aged tissue, evidence faster restoration of ischemically
damaged cardiomyocyte structures both thanks to im-
proved membrane elasticity of transfused erythrocytes
under the effect of azone and, probably, due to reduced
expression of NO-caused reactions. As it is known that
ozonides produced through ozone interaction with
membranes of formed elements of blood (fig. 1), stim-
ulate expression by endotheliocytes of nitrogen oxide,
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d, d,

Puc. 1. Crpykrypa MHOKap/ia JIeBOro >KeJIy104YKa KOHTPOJIbHOM (1) U onbITHOI (2) cepuii SKUBOTHBIX Ha 3-€ CYTKH NOCTTpaHC(y3HOH-
HOTO NePHOJIa.

Fig. 1. The structure of left ventricle myocardium of control (1) and experimental (2) animals on post-transfusion day 5.

Note. a; — Focuses of diapedetic and massive hemorrhages, severe pericellular edema; b; — cardiomyocyte over-contraction and rupture
zones; ¢, — arterioles with hyaline thrombuses fully occluding their lumen; d; — mixed thrombuses in arteriole lumen, which partially oc-
clude the lumen; ay — Severe pericellular edema; b, — zones of cardiomyocyte over-contraction with their sporadic ruptures; ¢, — arterioles
with mixed thrombuses partially occluding their lumen; d, — arterioles with hyaline thrombuses partially occluding their lumen. Mag. X7
approximately, lens X20.

IIpumeyanue. @, — OYary AUAIIECAE3HBIX I MACCHBHBIX KPOBOUBJIMUSHUI, CHIIBHO BBIPAKCHHBIN IIEPHIC/UIIONSIPHBII OTEK; b, — 30HBI 11epe-
COKPAIIEHUH 1 Pa3PbIBOB KAPAMOMUOIUTOB; C; — APTEPUOJIbI ¢ THATMHOBLIMU TPOMGAMMU, OJHOCTBIO EPEKPBIBAIOIIUME UX POCBET; d
— cMemianHble TPOMOBI B TIPOCBETE aPTEPHOJ, YaCTHIHO MEPEKPBIBAIOIINE UX TPOCBET; dy — BBIPAKEHHDIH MEePUIEIITIONSIPHBIN 0TeK, by —
30HbI IEPECOKPAIIECHUI KaPAHOMHIOLNTOB, € X €IMHUYHBIME PA3PBIBAMH; €y — aPTEPHOJIBL CO CMEIIAHHBIMU TPOMOAMH, YACTHYHO T1epe-
KPBIBAIOIHE UX IIPOCBET; dy — aPTEPUOJIBI ¢ THATMHOBLIMU TPOMOGAMH HEIIOIHOCTBIO 3aKpbIBaloline ux mpocset. Y B. Ok. X7, 06. X20.
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MopdomMeTpuuecKre NoKa3aTe M MHOKAP/a KPbIC Ha 5-€ CYyTKH MOCTTPAaHC()Y3UOHHOTO EPHO/A.
Morphometric Indices of Rat Myocardium on Post-Transfusion Day 5.

Index Values of indexes in groups

Intact Animals Control Batch Experimental Batch
Number of capillary profiles, u/mm? 2113.1+208.9 1448.3+186.9* 2499.9+243.4%
Capillary diameter, pm 6.2+1.1 5.0+0.8 6.7£0.7*
Number of nuclear profiles, u/mm? 2324.4+111.0 1593.1+94.2* 2749.9+101.7%%
Capillary cross-section area, pm? 30.1+1.6 19.6+0.8* 35.2+1.9%2
Nucleus area, pm? 40.5+2.9 44.1+3.7 39.2+1.5%
Number of profiles of perinuclear edemas, u/mm? None 1264+36.0 1067+72.0*
Perinuclear edema area, pm? None 37.0+0.83 23.1+0.6*
Perinuclear edema prevalence, % None 79.3£3.43 38.8+6.1%

Note. * — P<0.05 of intact animals; * — P<0.05 of the control batch.

IIpumeuanue. Index — mokaszaresp; Values of ... in groups — nokasatresb ... B rpymiax; Intact Animals — unrakrisie skusorhbie; Control
Batch — konTposbras cepus; Experimental Batch — onbitnas cepust; Number of capillary profiles, u/mmI — uucio npodueii kamm-
ns1poB, en/mm%; Capillary diameter, pm — auamerp kanussipos, MkM; Number of nuclear profiles — uncao npodueii siaep; Capillary
cross-section area, pm? — IJIOMIA/Ib TOTIEPEYHOTO CeYeHNsT Kammisipa, Mkm?; Nucleus area — mromazs sizep; Number of profiles of per-
inuclear edemas — uuncsio npoduiieii nepunykaeapHbix otekos; Perinuclear edema area — nutomazap nepuHykieapHoro oreka; Perinuclear
edema prevalence — pacrnpocTpaHeHHOCTD IIepUHYKAeapHbIX 0TeKoB; None — Het. * — p<0,05 0T MHTaKTHBIX KUBOTHBIX; * — p<0,05 oT

KOHTPOJILHOI cepuin.

orek Bcrpedasn B 79,3% ciydaeB B KOHTPOJLHOM
cepun u B 38,8% — y JKUBOTHBIX MIOCJI€ BOCIIOJTHEHUST
KPOBOITOTEPY O30HUPOBAHHOM SPUTPOITUTHON MaCcCOT.
[Tpu aTOM MITOMIA/Ib TIEPUHYKIEAPHOTO OTEKA B OIBIT-
HOHM cepum omnpepensiach MeHbiie Ha 37,6% 10
CpaBHEHWIO C KOHTPOJbHOU. DBojiee BBIpasKeHHBIN
MEPUTIEJTIONISIPHBIHN, BHYTPUSI/ICPHBIN 1 TEPUHYKJIE-
ApHBIIT OTEK MUOKAp/UAJbHON TKAHU Y JKMUBOTHBIX
KOHTPOJILHOM Cepuu, 10 CPABHEHUIO C ONIBITHOM, SIBUJI-
CsI OJTHOM M3 IPUYMH YMEHbBINIeHNsT yncia nmpoduiei
KanmisipoB B 1 MM? mcciieyeMoil TKaHU U CllaBJie-
HUSI TPOCBETA MUKPOCOCY/IOB.

Nrak, mokazaTesn II0THOCTH BaCKYJISIPU3aIlnN
M OTEYHOCTH MHUOKApP/a, KaK MPOrHOCTUIECKUE Map-
KepbI B OIEHKE MMOTEHIIMAJIa TOCTTUIIOKCUIECKO pea-
OUITTAIIN TOBPEKACHHON TKaHK, CBUETEIbCTBYIOT
0 GoJiee OBICTPOM BOCCTAHOBJICHUN TTOBPEKIECHHBIX
UIeMuei CTPYKTYp KapJMOMUOIIUTOB, KaK 32 CUeT
YIIYUIIEHUST 3JIACTUIHOCTH MeMOpaHbl TpaHcdysu-
PYEMBIX 3PUTPOIUTOB TIOJ JIEHCTBUEM O30HA, TaK,
BEPOSITHO, W BCJIEACTBUE CHUKEHUS BBIPAKECHHOCTH
NO-o006ycioBaeHHbIX peakiinii. V160 M3BECTHO, UTO
O30HU/IBI, 0Opa3yoIIecs B pe3yJibrarte B3anMoJIei-
CTBHSI 030HA ¢ MeMOpaHaMi (hOPMEHHBIX 9JIEMEHTOB
KkpoBu (puc. 1), CTUMYJIUPYIOT SKCIIPECCHIO IHIOTE-
JINOTIMTAMU OKCH/IA a30Ta, MTOCJIETHUI KPOMe Ba30/1-
Jsrupyioiero addexra, 06agaeT MOIHBIM aHTH-
arperaHTHbBIM W aHTUA/Te3VBHBIM JI€MCTBHEM Ha
TPOMOOIUTHI U APYTHe KJIETKA KPOBU U, BCIEACTBIE
ATOTO, OKasbIBaeT OJIArONPUSITHOE BO3JeiCTBHE Ha
MUKpoTHpKyasuio [8—12]. B aToii cBsA31 Ha cHUXKe-
HUEe YPOBHS TIOCTOSTHHO CUHTE3UPYEMOTO KJIeTKaMU
aunortennsi NO yKka3plBaloT 1 BBISBIEHHBIE HaMU
M3MEHEHUsST B MUKPOCOCYIaX MUOKap/ia KPbIC, repe-
HECHIMX TSKENYI0 KPOBOMOTEPI0, KOTOPbIE ObLIN
6oJiee BBIPAsKEHbBI B KOHTPOJIBHON CEPUN 1 TTPOSIBJIS-
JIUCh B YMEHBIIEHUN AMAMeTPa U TII0IA/IN TIoTlepey-
HOTO CeYeHUsT KalUIJISIPOB, OTEKE IHIOTEJTUOIUTOB,
arperaiyy apUTPOIUTOB, 00PAa30BAHUN CMEIIAHHBIX
U TMAIMHOBBIX TPOMOOB.

the latter, in addition to its vasodilatory effect, pos-
sessing a powerful antiaggregant and antiadhesive ef-
fect on thrombocytes and other blood cells and,
therefore, rendering a favorable influence on microcir-
culation [8—12]. In this connection, the reduced level
of NO continuously synthesized by endothelial cells is
also indicated by the changes we found in the my-
ocardium microvessels of rats exposed to a severe
blood loss, which were more prominent in the control
batch and manifested as a smaller diameter and cross-
section area of capillaries, edema of endotheliocytes,
aggregation of erythrocytes, and formation of mixed
and hyaline thrombuses.

Ozone’s favorable effect on erythrocytes was
shown in our previous papers and by other researchers
as well and is explained by that their membranes con-
tain a large quantity of phospholipids with unsatu-
rated fatty acid chains, which double links C=C form
a reactive center. In the process of ozonolysis, fatty
acid chains break to produce peroxides and other com-
pounds (ozonides), erythrocyte membrane becoming
loose and elastic and deformable (fig. 2) [13, 14].

Ozonides produced penetrate into formed ele-
ments of blood and activate metabolism therein. In
erythrocytes, glycolysis and pentose phosphate cycle
are intensified. Because of that, synthesis of high-en-
ergy phosphates increases. ATP is generated in en-
ergy-dependent processes of erythrocytes, including
by contractile proteins, which improves deformability
of red cells. Activated mutase shunt of glycolysis re-
sults in increased synthesis of 2,3-BPG in erythro-
cytes, which improves delivery of oxygen to tissues
and HbO,/Hb equilibrium shifts towards hemoglobin
peroxides [15—18].

It is known that in critical conditions, a large
amount of toxic substances accumulate erythrocyte
membrane, which make cell membranes rigid. Ozone
oxidizes these substances, promoting improved de-
formability of erythrocytes. Double links C=C of li-
posoluble toxic substances are the reactive center. In
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Puc. 2. CxeMa npouecca 030HOIM3a J{BONHBIX CBA3eil IeTeil SKUPHBIX KUCIIOT.
Fig. 2. Schematic diagram of ozonolysis of double links of fatty acid chains.
IIpumevanue. Molecular ozonide — mosexyssiprbiii ozonuz. [ist puc. 2, 3: Hydrogen peroxide — mepokcui Bogopoa.
baaronpusitHoe  neii- H

CTBHE O030HA Ha 3PUTPOIUTHI / / 03
GBLIO TI0KAa3aHO HAMU B IIpe- H,0,+—C=0+ 0=C \—" —C N 0O+C N O
AULYIIIX PaGOTaX, & TAIGKE | Hydrogen Aldehydes and ketones OH OH
APYIruMun uccaeaoBaTe/is MU 1 peroxide Acids

06yCJIOBJIEHO TEM, YTO WX
MeMOpaHbl cofiepxKat 60JIb-
moe KojmuecTBO hocdon-
NUJ0B C HEHACHIIIEHHBIMU
HEeTsIMA  JKUPHBIX  KICJIOT,
nsounbie cBa3u C=C koro-
pPBIX 06pa3yIoT peaKTUBHBII
1eHTp. B mporiecce 030H0M3a 1IN JKUPHBIX KUCTIOT
Pa3phIBAIOTCS ¢ 0OPA3OBAHUEM TIEPEKHCEH, TEPOKCH-
JIOB U IPYTUX coequHeHuil (030HUAOB), a MeMOpaHa
SPUTPOIIMTOB MPH ATOM PA3PBIXJISETCS U CTAHOBUTCS
smacTudHOM 1 nedopmabenbroii (puc. 2) [13, 14].

O6pasoBaBiiecss O30HU/ABI MTPOHUKAIOT BO
BHYTPH (DOPMEHHBIX 3JIEMEHTOB KPOBU U aKTUBUPYIOT
B HuX MetabosusM. B spurponurax nnrencuduim-
pyIOTCS TJIWKOJAU3 U TeHTO30(ochaTHBIN ITUKJI.
BcnenicTBre aTOTO, BO3pacTaeT CHHTE3 BHICOKOIHEPTE-
tyeckux docdaros. Obpasosasiascs AT ucmnosb-
3yeTcs B 9HEPTO3aBUCHMBIX IIPOIIECCAX IPUTPOIINTOB,
B TOM YHCJIE COKPATUTEILHBIMU GETKAMU, 4TO YIIyd-
maeT 1ehopMabesbHOCTh KPACHBIX KJIETOK. B pesyirb-
TaTe aKTUBAIMH MyTa3HOTO MIYHTA TJIUKOJIN3A B 9PUT-
pormrax Bospacraer cunres 2,3- DT, uto obierdaer
oTauy KUCJAopoza TKaHam u pasHosecue HbO,/Hb
CMeIIaeTCs B HATIPABJIEHUN BOCCTAHOBJIEHHOTO TEMO-
rio6una [15—18].

V3BecTHO, 4TO MPU KPUTHIECKUX COCTOSTHUSIX Ha
MeMOpaHe 3PUTPOIMTOB HAKATJIMBAETCS OOJBINOE
KOJIITYECTBO TOKCUYECKUX BEIECTB, KOTOPbIE W
06y CIaBIMBAIOT JKECTKOCTh MeMOpaH Kiaetok. O30H
OKUCJISIET HTU BEIIECTBA, YTO CIIOCOOCTBYET yIIydIiie-
HUIO AehopMabebHOCTH 9PUTPOIMTOB. JIBOliHbIe
cBsi3u C=C ;KUPOPaCTBOPUMBIX TOKCUYECKITX BEIIIECTB
SIBJISTIOTCST PEAKTUBHBIM 1IeHTPOM. B mporiecce 030HO-
JI3a JIBOMHBIE CBSI3K Pa3phIBAIOTCS C 0OPA30BAHIEM
MepEeKUCeii, TIEPOKCUIOB 1 TIPUCOETTHEHNEM TPYTITThI
OH (puc. 3). B pesymibrate aTuX peakiuii ;Kupopa-
CTBOPHMBIE TOKCHYECKHE BeIeCTBA TPAHCHOPMIU-
PYIOTCSI B BOZIOPACTBOPUMBIE U BBIIEJISIOTCST C MOYOIA,
T.e. OKHUCJICHUE KCEHOOMOTUKOB 030HOM TIPUBOJINUT K
06pa3oBaHNI0 KOHEYHBIX TPOYKTOB, aHAJIOTHYHBIX

Puc. 3. Cxema tpancdopManuu ;KUPOPACTBOPUMBIX TOKCHYECKUX BENIECTB MO/ AefCTBHEM
030HA B BOZIOPACTBOPUMBIE.

Fig. 3. Schematic diagram of transformation of liposoluble toxic substances into water-sol-
uble substances under the action of ozone.

ITpumeuanue. Aldehydes and ketones — anbaernast u keTonsr; acids — KUCTOTHL

the process of ozonolysis, double links break with gen-
eration of peroxides and addition of OH group (fig. 3).
As a result of these reactions, liposoluble toxic sub-
stances transform into water-soluble substances and
are eliminated with urine, i.e. oxidation of xenobiotics
by ozone leads to production of end products similar
to those that are produced through cytochrome P-
450-mediated metabolism in endoplasmic reticulum
of liver [16—21].

It is important to note that an excessive amount
of reactive oxygen intermediates appearing due to a
major blood loss renders an adverse effect on cellular
membranes and capillary walls. At present, an inten-
sive discussion is ongoing in literature concerning the
three mechanisms of antioxidant protection prevailing
over the action of peroxides in case of parenteral use
of ozone in hemic and tissue hypoxia conditions: glu-
tathione activation through direct and mediated in-
fluence of ozone on the expression of nrf2 factor [20,
21], liquidation of lactate acidosis accompanied with
normalization of intracellular enzymatic activity in-
cluding reduction of MDA in erythrocytes [11, 13,
15], intensification of glycolysis and pentose phos-
phate cycle accompanied with a faster correction of
hypoxia-caused disergosis [14—16].

Hence, as a result of improved microcirculation,
rheological properties of blood, intensified activity of
erythrocytes’” antioxidant system, decreased amount
of toxic products on their membranes, and facilitated
delivery of oxygen from oxygenated hemoglobin to
cells during makeup of acute blood loss by ozonized
erythrocytic mass, oxygenation of rats’ organs and tis-
sues during the post-transfusion period increases. A
consequence thereof is an earlier and fuller restoration
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[OJIy4aeMbIM ¢ ydacTreM HuToxpoma P-450 B smj10-
IJIA3MAaTUYECKOM PETUKYIyMe Tteuenu [16—21].

Baxxno ormMeTuTh, 4TO U3OBITOUHOE KOJMIECTBO
AKTUBHBIX (hOPM KUCJIOPO/IA, BOSHUKAIOIIETO B pe3yJIbTa-
Te MACCUBHOM KPOBOIIOTEPH, OKA3bIBAET OTPULIATEIbHOE
neiictBue Ha MeMOPaHBI KJIETOK M CTEHKU KarJUISIPOB.
B HacTosiiiee BpeMst B JINTEPATYPE aKTHBHO OOCYKIAETCS
TPU MeXaHu3Ma IPEBAJIUPOBAHUSA AHTHUOKCUIAHTHOM
3aIUTBI HAJl IEHCTBUEM [I€PEKUCElt 1 TePOKCH/IOB 1TPU
HapeHTepaIbHOM IPUMEHEHNH 030HA B YCJIOBUSX FeMU-
YeCKOI 1 TKAHEeBOM M'MIIOKCUN: aKTUBAIIMA IJIyTaTHOHA
yepes IPsIMOe 1 OII0CPEI0BAHHOE BJIMSTHIE 030HA Ha 9KC-
npeccuio nrf2 dakropa [20, 21], MUKBUAALNS JaKTAT-
alK103a ¢ HOpMAJIU3aIlKel BHY TPUKIETOYHO (hepMeHT-
HOI aKTMBHOCTH, B TOM YHCJIe KaTasla3bl, CO CHIKEHUEM
conepskanvie M/IA B apurporutax [11, 13, 15], unrencu-
ukanusa rimkosmza m nento3odocdarHoro UK,
COIPOBOJK/AAIONIETOCS  OoJsiee  GBICTPOIT  KOppeKIueit
00y CJIOBJIEHHOTO I'UIIOKCHel ucaprosa [ 14—16].

Taxum 06pasoM, B pe3yJIbraTe yaydIeHnuss MUK-
POLUPKYJISAIUU, PEOJIOTMYECKNX CBOMCTB KPOBH, yBe-
JIUYeHUs: aKTUBHOCTU AHTUOKCUIAAHTHOW CHCTEMBI
PUTPOIUTOB, YMEHBIIEHUS TOKCUYECKUX TIPOYKTOB
Ha UX MeMOpaHe 1 06JIeTYeHUs OTAAYN KUCJIOPOJIA U3
OKCHUTe€MOTJIOOMHA KJIETKAM [P BOCIIOJHEHUH OCTPOii
KPOBOIIOTEPU 030HUPOBAHHO 3PUTPOIIUTHON Maccoii
BO3PACTaeT OKCUTeHAIMsI OPraHOB M TKaHel KpbIC B
nocrrpancdysnonnom nepuoge. CiencrsueM aToro
sIBJIsIETCsT OoJiee paHHee U TIOJIHOE BOCCTAHOBJIECHIE
naToMOpdOJOrHYecKnX U3MEHEHUI MUOKap/a, pas-
BUBIIUXCS TIPH TSKEJION KPOBOIIOTEPE, 110 CPABHEHUIO
C JKUBOTHBIMU KOHTPOJIbHOM cepun. [Tososkurenpnas
HAIIPABJIEHHOCTDb YKA3aHHBIX U3MEHEHUI OTI0CPe/1oBa-
Ha aHTUTUIIOKCUYECKUM, AaHTUOKCUIAHTHBIM U JIETOK-
CUILIUPYIOIIUM JIEUCTBUSAMM 030HA U IIPOJIYKTOB €To
peaxiuii — o30HK1I0B. VIcX0/15 13 9TOro, MO3KHO TOBO-
PUTH O KapAXOIPOTEKTOPHOM JeHCTBUU 030HA 1IPU
BOCIIOJIHEHUHM TSKeJIONH KPOBOIIOTEPU O30HUPOBAHHOM
SPUTPOLIUTHOHN MaCCOiA.

3akjaoyeHue

[Tocsie KOppeKNIUM TSKEJIO KPOBOTIOTEPH Y
KpBbIC TpaHchy3uelt CTaHAapTHBIX KOHCEPBUPOBAHHBIX
SPUTPOIUTOB Ha 5-€ CYTKH IOCTTPaHC()Y3MOHHOIO
Meprojia MUKPOIUPKYJISTOPHOE PYCJI0 MHUOKapa
XapaKTepu3yeTcsl CHIDKEHHEM dncjaa  poduieit
KanmuusipoB Ha 31,5% U yMeHbIIIeHUeM MX IIPOCBeTa
(mmametpa Ha 19,4%, TJI0IIA/IU TTOTIEPEYHOTO CEUEHMST
Ha 35%), U3MeHEeHNeM CTEHKH MUKPOCOCY/IOB, KOTO-
pbi€ TIPOSIBJISTIOTCST B HAPYIIIEHNUH €€ TIPOHUTIAEMOCTH U
oTeKe AHIO0TENNATbHBIX KJIeTOK. Hapyienus 3a mpe-
JIeJIaMU COCYIMCTON CTEHKHU BBISIBJISTIOTCST B (hOPMUPO-
BaHUM JIHAIEIE3HBIX U MACCUBHBIX KPOBOM3JIUSHUI,
Pa3BUTUHU CUJIBHO BBIPAKEHHOTO TTEPUBACKYJISIPHOTO
oreka. BHyTprcoCyinCTbie U3MEHEHUST TIPOSIBJISTIOTCST
B 00pa3oBaHKMK CMEIIAHHBIX U THAJTUHOBBIX TPOMOOB
YACTUYHO WJIN TTOJTHOCTHIO TIEPEKPHIBAIOIINX B HEKOTO-
PBIX MUKpOcocyiax ux mpocseT. DopMupyonmecst

of myocardial pathomorphological changes developed
due to a severe blood loss compared to control animals.
The positive trend of the said changes is mediated by
the anti-hypoxic, antioxidant, and detoxicating effects
of ozone and products of its reactions — ozonides.
Based on the above, one can speak about cardio-pro-
tective action of ozone when a severe blood loss is
compensated with ozonized erythrocytic mass.

Conclusion

After correction of a severe blood loss in rats by
transfusion of standard preserved erythrocytes, on
post-transfusion day 5 the myocardial microvascula-
ture is characterized by decrease of the number of cap-
illary profiles by 31.5% and reduction of their lumen
npocseta (diameter — by 19.4%, cross-section area —
by 35%), microvascular wall change manifesting in its
impaired permeability and endothelial cell edema.
Disturbances beyond the vascular wall are formation
of diapedetic and massive hemorrhages, development
of a severe perivascular edema. Intravascular changes
manifest in formation of mixed and hyaline throm-
buses fully or partially occluding lumen in some mi-
crovessels. The pathomorphological disturbances of
microcirculation forming in myocardium are accom-
panied with cardiomyocyte damage. A prominent
pericellular edema, a zone of cardiomyocyte over-con-
traction and even rupture is noted; the number of nu-
clear profiles decreases by 42%, the nuclear area
increases by 12.5%; in 79.3% of cases, a perinuclear
edema having an area of 37.0+£0.83 pm? are found. All
above might be one of the reasons for development of
cardiac failure during the post-transfusion period.

Use of erythrocytes treated with ozone to correct
a severe blood loss restricts, during the post-transfu-
sion period, damages of myocardial architectonics and
microvasculature and disturbances in cardiomyocytes,
and assists their earlier and fuller restoration.

naToMopdoJiornuecKre HapyImeHusT MUKPOITUPKYJIsi-
UK B MUOKAP/IE COMTPOBOKIAIOTCST TOBPEKICHUSIMU
KapAMOMUOIUTOB. ONPeNessioTCs] CHIIbHO BhIPAsKEH-
HBIHT TIEPUTIEILTIONSIPHBIN OTEK, 30HBI TIePecOKPaIieHnii
W JIa’Ke Pa3pbIBOB KapAMOMHUOIMUTOB, YMEHBIIAETCS
qrcJio mpoduieit sizep Ha 42%, yBeTMIUBAETCS 10~
maas sapa Ha 12,5%, B 79,3% cirydaeB BBISBISIETCS
MEPUHYKJIEAPHBIN OTEK, IJIOIAIh KOTOPOTO COCTaB-
sget 37,0£0,83 MxM2. Bee 910 MOKET ABIIATHCA OLHON
13 TIPUYUH Pa3BUTHSI CEPAECYHON HEOCTATOUHOCTH B
MOCTTPAaHCHY3MOHHOM TTEPHOJIE.

[TpuMeHeHUe SPUTPOIUTOB, 0GPabOTAHHBIX 030-
HOM, /IJIT KOPPEKIUU TSUKEJTOH KPOBOIIOTEPH
OTPaHUYMBAET B MOCTTPAHCHY3UOHHOM TIEPUOIE
MTOBPEKICHUST ADXUTEKTOHUKU MUKPOIIUPKYJISITOPHO-
TO pycJyia B MUOKap/ie ¥ HApYIIeHUs B KapIUOMUOITHU-
Tax, crocoOCTBYeET GoJiee PaHHEMY U TIOJTHOMY MX BOC-
CTaHOBJICHUIO.
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OneHka KayecTBa OKa3aHHSI MeUIIMHCKOM TOMOIIH NalfieHTaM
C PUCKOM Pa3BHUTHSI OCTPOTO MOYEYHOTO MOBPEKIEHUS

A. B. [lam, JI. C. Jlarg

VIpKyTCKas rocyIapCTBEHHAsT MEUIIUHCKAS aKaIeMUS [OCIEUILIOMHOTO 00Pa30BaHst —
usman Poccuiickoil MeANTIMHCKOI aKaleMIH HeTIPEPhIBHOTO MpodecconanbHoro obpazosanns Munsapasa PO,
Poccus, 664049, r. Upkytck, mukp. I06umneitusiii, a. 100, . 4

Evaluation of Quality of Medical Care to Patients
with the Risk of Developing Acute Kidney Injury

Andrei V. Dats, Ludmila S. Dats

Trkutsk State Medical Academy of Postgraduate education, Russian Medical Academy
of Continuing professional education, Ministry of Health of Russia,
4,100 Yubileyny microdistrict, 664049 Irkutsk, Russia

Iesb paGoTHI — 1IPOBE/IEHNE aHAIN3A KAYECTBA OKA3aHUsI MEAMIIUHCKO MOMOIIM MAIMEHTaM ¢ PUCKOM Pa3BUTHS
OCTPOTO TIOUEYHOTO TOBPEK/ICHMSI.

Marepuaisl 1 MeToabl. PaboTa 0CHOBaHa Ha peTpocreKTUBHOM aHajmse 140 ucropuii 60/e3HN TAIMEHTOB, Y
KOTOPBIX OCTPOE TI0YEYHOE MOBPEK/ICHNE PA3BUIOCH 32 BPeMs IPeObIBaHNs B OT/JEACHUSX peaHuMaIi 1 WHTEH-
CHMBHOII Teparnuu, XMPyPrudecKux 1 TepareBTHIecKIX OTAeNeHUAX paiioHHbIX 6ostbHII VIpKyTCKO# obmactu ¢ 2012
r. 1o 2017 r. Mictopuu 6oJ1e30M peiocTaBaenbl TeppuTopranbHbiM (DOHIOM 0043aTETBHOTO MEUIIMHCKOTO CTpa-
XOBaHUsI rpakiad VIpKyTcKoi obmacti. B nccsieoBatme BKIIOYEHbI TOJBKO T€ MCTOPHU OOJIE3HM, C Pe3yJIbraTaMu
9KCIIEPTU3BI KOTOPBIX COTJIACUINCH MPEACTaBUTEIN aIMIUHUCTPAIUHN OOJTHHUILDI.

Pesyabratel. HeajiekBaTHast olieHKa pUcKa pa3BUTHSI OCTPOTO TIOUEUHOTO TIOBPEsK/IEHNUs BbisiBIeHa y 61% na-
menToB. Hanbosee pacipocTpaneHHbIMU HEaIeKBAaTHO ONEHEHHBIMI TTOBPEKAAIONMME (pakTOpaMu ObLIN KPUTH-
geckne coctosamst — 36% (50/140), cencuc — 27% (38/140) u nedpoTtokcudeckne mpemapatsr — 19% (26/140).
Cpeay HeaJleKBaTHO OIIEHEHHBIX MPeAPacoaraonx (pakropos, Ha KOTOPbIe MOKHO BJKMATh, HanboJiee pacipo-
CTpaHeHbl XpoHIdYecKne 3aboreBanns cepana — 42% (59/140), neruaparartust /tunoBosemust — 34% (47,/140), xpo-
Huueckas 6osestb nouek — 29% (41/140) u anemus 25% (35/140). Y nalueHTOB ¢ PUCKOM PasBUTHs OCTPOTO
[OYEYHOTO MOBPEKACHUsT HealleKBaTHOe 00C/IeloBaHNe U HeaJeKBaTHOe [IPOBEIeH e T10/IeP/KUBAIONIEN Teparnun
BBISIBIIEHO B 66 11 56%, cooTBeTcTBeHHO. [IpH anaimse MpoBeIeHNUs MOIEP/KUBATOIIEH TEPAITHI TIPH PUCKE OCTPOTO
[OYEUHOTO TIOBPEKIEHNUSI BbIIEJIeHbI OCHOBHBIE HEJIOCTATKI: He 0OecIiedeHbl BOJeMIUIeCKUN 00beM U 11ephy3noHHOe
nasyienue B 45% (63/140) cayyaes 1 He IIpeKpalieHo JaeiictBrue He(hpOTOKCHUYECKUX U He TTOKa3aHHbIX MPENnapaTos
B 31% (44,/140) cnyuaes.

3akmoyenne. MeUIMHCKYIO TTOMOIIb XOPOIIETro KauecTBa MoJydusn 24% MaluenToB ¢ PUCKOM OCTPOTO T10-
YeyHOTO MOBPEsKAeHM:, KoTopoe pa3Buioch B OPUT, xupypruieckux n TeparneBTUYECKUX OT/IEJTeHUSIX PAaHOHHBIX
6oubuui pkyTckoii obnact. B 14% ciydaes pasBuTre 0CTPOro IIOYEYHOTO MOBPEsKAEHUS [IPU BO3eiicTBUN Hed-
POTOKCHYECKUX TIPETapaToB, AETUAPATAIINN,/TUTIOBOJIEMUHT OBLIO TIPECKAa3yeMO 1 TIPEIOTBPATIMO.

Kntouegote cnoga: ocmpoe noueunoe nospescoenue; nospexcoaioujue paxmopvl; npedpacnoiazaiouue pakmopl;
OUEHKA Kauecmea oKa3anus MeOUUHCKOL NOMOULU

The purpose of the research: to analyze the quality of medical care of patients who are at risk of developing
acute kidney injury.

Materials and methods. The work is based on a retrospective analysis of medical records of 140 patients with
an acute kidney injury developed during their stay the intensive care units, surgical and medical units of district
hospitals the Irkutsk Oblast over the period from 2012 to 2017.

Results. Inadequate assessment of the risk of an acute kidney injury was identified in 61% of patients.
The most common inadequately assessed damaging factors were critical conditions (in 36% (50/140), sepsis
(27% (38/140), and nephrotoxic drugs (19% (26/140). Among inadequately evaluated predisposing factors
that could be managed, the following ones were most common: chronic heart disease (in 42% (59/140), de-
hydration/hypovolaemia (34% (47,/140), chronic kidney disease (29% (41,/140), and anemia (25% (35/140).
In patients at risk of an acute kidney injury, an inadequate examination and inadequate maintenance therapy
were found in 66% and 56% cases, respectively. Analysis of implementation of supporting therapy in patients
at risk of an acute kidney injury the following misconducting events were revealed: (i) no optimal volumic
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and perfusion support (59% (82/140) and (ii) no cancellation of nephrotoxic and improperly prescribed

drugs (31% (44,/140).

Conclusions. A good quality medical care restricted only by 24% of patients at risk of an acute kidney injury
developed in the ICU, surgical and medical departments of district hospitals of the Irkutsk Oblast. The development
of an acute kidney injury when exposed to nephrotoxic drugs and dehydration/ hypovolemia in 14% of cases was

predictable and preventable.

Keywords: acute kidney injury; damaging factors; predisposing factors; assessment of the quality of medical care
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BBenenne

OIIII (ocTpoe moYeuHOE TTOBPEKACHUE) — ATO
COCTOSTHVE, BOBHWKAIOIIEe BCIECTBUE BO3IEHCTBUS
XOpOTITO M3BECTHBIX (AKTOPOB, TTOBPEKAAONTUX
moukn (HepOTOKCHYECKUE TpenapaThbl, peHTreHO-
KOHTPACTHBIE CPEJICTBA, CETICUC, KPUTUIECKUE COCTOSI-
HU, 10K, TPaBMa, OTlepalluy Ha Cep/lle, KPyMHbIe
HEKAPUOXUPYPTUIECKUE OTIEPAITUH, SIOBUTDIE pacTe-
HUS ¥ JKUBOTHBIE) Y TIAIIMEHTOB C HAJIMIHEM TIPe/ipac-
noJjraraiomux (hakTopoB (JeTUapaTarys/ TUIIOBOIe-
MU, TTO’KUJION BO3PACT, KEHCKUH TTOJI, XDOHUIECKAS
60JIe3Hb MOYEK, CAXapHBbIil AnabeT, 3JI0KaueCTBEHHbIE
HOBOOOpasoBaHus, aHeMus ) uian 6e3 nux. Heobxou-
MO YYUTBIBaTh, uT0 K OIIIl MOTyT IpUBeCTH criernmu-
(dbuueckue 3a60seBaHKa M04YeK (HAIIPUMED, OCTPBIi
WHTEPCTUIHATLHBIN He(PUT, OCTPBIE TJIOMEPYJISIPHbIE
U COCYAMCTBIE TIOPAKEHUS TOYEK) W/UJTU OCTpas
HOCTpeHaNbHas 00CTPYKTUBHAsT HePOTIaTHST CaMO-
CTOSITETHHO WJIA COBMECTHO C BBITIIE TTEPEUNCICHHBIMU
(baxropamu vHecnermpuyeckoro OTIIT [1].

DakTopbI PUCKA, ACCOIIMUPOBAHHbIE C BO3HUKHO-
BeHueMm u nporpeccuposanuem OIIII, mpoposmkaioT
neiicrBoBaTh 1pu Bozuukiiem OIIII u nocie ero paspe-
nreHust. BeposTHOCTh BOBHUKHOBEHMUS, CTETICHD TSIKe-
ctu u iporHo3 ipu OIIIT onpesiesisieTcst KOMUECTBOM,
TUTIOM, TIPOZIOJKUTETHHOCTBIO BO3IEHCTBUS MTOBPEXK-
JIATOIIUX W MPEIPACIOJATAIONINX (PaKTOPOB, a TaKKe
KauecTBOM OKa3aHMsI MEANITITHCKOI oMot [ 1, 2].

OIITI siBasteTcsl MPEAMKTOPOM OJIMKAUIINX U
OT/IAJICHHBIX HEGJATONMPUITHBIX MCXOA0B U MOJKET
BO3HMKATh Kak BHEOOJbHUYHO, TaK U BO BPEMsI Ipe-
ObiBaHMs B cTarnoHape. [IoTpeGHOCTD B 3aMECTUTETb-
HOI TIOYETHON Teparuy ¥ PUCK CMEPTH YBEJTUIUBACT-
cst mpu yBesimdeHun crenenu tsokectu OITIT [3—6].
Taxe obparumoe OIII u/umm HeGOMbIIOE OCTPOE
CHIIKEHNE (QYHKIMHU TOYEK MPUBOAUT K BHICOKOM
BEPOSITHOCTH PA3BUTHSI CEPIAETHO-COCYANUCTHIX 3a00-
JleBaHUl 1 xpoHudeckoii 6osnesnn nodex (XBII), a
TaK’Ke K TIOBBIIIEHNIO prcka cMmeptu |3, 5, 7, 8.

HarmmonanbHoe KoH(U/IeHITHaTbHOE PaccieoBa-
HUE Pe3yJIbTaTOB UCXO/IOB M MPUYUH CMEPTH MaIlieH-
TOB, TIPOBEJICHHOE B BeIMKOOPUTAHIH, TOKA3a710, YTO
nmoJsioBuHa ymepiux maruenToB ot OIII moxyawmim
HEIOCTATOYHYIO METUITUHCKYTO TIOMOIIb W TPUMEPHO
12000 sxm3Heit MOXKHO OBLTO cTIacTH Kb To [9]. B
GOJIBIIIMHCTBE CIYYaeB HU3KOE KAYECTBO MEIUITHHCKON
MOMOTITH 00YCJIOBJICHO HEIOCTATOYHON KIMHUIECKON

Introduction

An acute kidney injury (AKT) is a condition that
occurs due to well-known factors damaging the kid-
neys (nephrotoxic drugs, radiocontrast agents, sepsis,
critical conditions, shock, trauma, cardiac surgery,
major noncardiac surgery, poisonous plants and ani-
mals) in patients with predisposing factors (dehydra-
tion/hypovolemia, advanced age, female gender,
chronic kidney disease, chronic diseases (heart, lung,
liver), diabetes mellitus, malignant neoplasms, ane-
mia) or without them. It must be kept in mind that the
AKIT can cause specific kidney diseases (for example
acute interstitial nephritis, acute glomerular and vas-
cular damage of the kidneys) and /or acute postrenal
obstructive nephropathy independently or together
with the above factors of the nonspecific AKT [1].

Risk factors associated with the development
and progression of the AKI persist even after its reso-
lution. The probability of AKI, its severity and prog-
nosis are determined by the number, type, and
duration of exposure to damaging and predisposing
factors, as well as the quality of the medical care [1, 2].

The AKI is a predictor of early and distant ad-
verse outcomes and may occur both out of hospital
and during the hospital stay. The need for the renal re-
placement therapy and the risk of death increases with
increasing severity of the AKI [3—6]. Even reversible
AKT and/or mild acute kidney impairment lead to a
high probability of a cardiovascular disease and a
chronic kidney disease, as well as to an increased risk
of death [3, 5,7, 8].

The National Confidential Enquiry into Patient
Outcome and Death (NCEPOD) in the UK found
that a half of patients died from the AKI received in-
adequate medical assistance and approximately 12,000
lives could be saved each year [9]. In most cases, a poor
quality of medical care was due to lack of clinical as-
sessment, poor understanding of the pathophysiology,
inability to use the knowledge in practice and lack of
awareness about the risks of development AKI be-
cause of poor training of the medical staff [9]. Studies
conducted over the past two decades evaluating the
AKI revealed the avoidable risk factors, whose assess-
ment and modification allowed to prevent or detect
AKIT at early and potentially reversible stages [5, 7].

These studies are not enough known among clini-
cians thus leading to late diagnosis of the AKI, deterio-
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OLIEHKOIf, TIJIOXUM MOHUMAHUEM MATOMDU3NOIOTNH,
HEyMEHUEM WCII0JIh30BATh 3HAHMS HA IIPAKTUKE U
OTCYTCTBHEM OCBEIOMJIEHHOCTH B OTHOIIEHUH PUCKOB
pazsutus OIIIT 3a cuer HeOCTATOUHON TTOATOTOBKU
MeMIIMHCKUX KaapoB [9]. UccaenoBanus, mpoBesieH-
HbIE B TeUeHNUe MOCJeHIX [IBYX A€CITUIETHUH, TI0OCBS-
mernble nzyyennio OIIII, ycranosuiaum ycrpanumbie
(akToOphI pUCKa, OlleHKa U MOAMQPUKAIUS KOTOPBIX
1o3BoJIgeT npenoTBpaiiaTh uiau BoisiBasaTh OIII Ha
PaHHMX U IOTEHIMAIBHO 00PaTUMbIX cTaguax [5, 7].

[lanHble MccieoBaHusT HEIOCTATOYHO U3BECTHBI
Cpe/iv KIIMHUIIICTOB, YTO MPUBO/IUT K MO3/IHEN [IMarHo-
ctuke OIIII, yxyanienuio kauecTsa JeyeHust, yBeamde-
HUIO TOTPEGHOCTU B 3AMECTUTETBHON MOYEYHON Teparimi
1 YBEJIMYEHHUIO YaCTOThI HEOIArONPUATHBIX UCX07108 [1].

[Tesb paboThl — MPOBEJIEHUE AaHAIN3A KaueCTBa
OKa3aHMsI MEUITITHCKOI TIOMOIIIU MAI[eHTaM C BbICO-
kuM puckom pazsurtus OTIII.

MaTepI/IaJI U METO/1bl

Pabota ocHOBaHa Ha PETPOCIEKTUBHOM aHAJIN3E HC-
TOpUil GOIE3HN U HKCIEPTU3 KauecTBA MEJAUIMHCKOIT 110~
Mo, B uccaenosanne srmounan 140 ucropuii 6ose3nu
naienToB, y koropbix OIIIT pazsuiock 3a Bpemst pebi-
Baaust B OPUT, xupypruuecknx u TepaneBTHUECKUX OT/Ie-
JIeHUIX pailoHHbIX GobHuUIL VIpKyTCKOi obmactu ¢ 2012 1.
o 2017 . Bospacrt manmentoB — ot 25 10 90 siet. Mctopun
GoJtesuu npegocTasaeHbl TeppuropuanbubiM GOHIOM 0051
3aTeJIbHOTO MEIUIIMHCKOTO CTPAaXoBaHus rpaskian UpkyT-
cKOi obiactu. B wmccieoBaHme BKITIOYEHBI TOJBKO Te
ucTopuu GOJIE3HH, ¢ PE3YJIBTATaAMK HKCTIEPTU3bI KOTOPHIX
COMJIACHJIMCD MTPEJACTABUTENN AIMUHUCTPAIIN GOJbHHUIL.

IKCIePTU3y KauecTBa OKA3aHMs MEAUIINHCKON T0-
MOIIIY TTPOBOINJIN Ha OCHOBaHUM cTaThit 64 DesrepanbHOTO
3akona PM® Ne 323-D3 or 21.11.2011 (pen. ot 17.03.18)
«O6 ocHOBax OXpaHbl 3710pOBbs TpaskaaH B Poccuiickoii De-
nepartmu»  [10] wm Ilpmkasa MwunsgpaBa Poccnm ot
07.07.2015 N 422an «O06 yTBEp:KAEHU KPUTEPUEB OIIEHKH
KavecTBa MeUITMHCKO oMoty | 11]. KauecTBo okazanms
MEIUIITHCKON MOMOIIH OIEHMBAJIOCH COTJIACHO IPHUKA3y
Mununcrepcrsa 3ipaBooxpanenus Poccuiickoii Denepariyiu
or 18 ausapst 2012 . N 171 «O06 yTBep:KaeHUM TTOPSIIKA
OKa3aHMsI MeIUIINHCKOIT TOMOIII B3POCTIOMY HACEJIEHUTO 110
npoduiio «Hedposoruss [12], kmnHndeckum pekoMeH 1a-
UM 1o auarsoctuke u aedernto OITIT Hayunoro obuie-
ctBa HedposoroB Poccun 2014 [2] m Kiaunnuecknm
[Tpaktuyecknm Pexkomenmpaimsm mo Octpomy [loueunomy
[Mospesxaenuro (KDIGO) 2012 [1]. Hecobuonerne ocHOB-
HBIX HAIIMOHAJIBHBIX M MEK/YHAPOJHBIX PEKOMEH/IAINIT 110
npexaynpexaenno OTITI, paciieHrBasM Kak HEIOCTATOUHYIO
WJTM HEea/IEKBATHYIO MEJIUIINHCKYIO TOMOTIb.

B rpymmy HeasexkBaTHO# ortenkn prcka pazsutust OIITT
BKJIFOYMITH [TAIIHEHTOB, Y KOTOPBIX He GbLIH IMarHOCTUPOBAHbI
WJIM CBOEBPEMEHHO YCTPAaHEHbI MOBPEsKAatoIiue (HaKkTopsbl, a
TaKoKe He GBLIO TIPOBEICHO JIOMOJHUTETBHOTO 00C/Ie/I0BAHYIST
110 BBISIBJIEHHIO TIPEZIPACTIONIATAIONTIX (haKTOPOB.

OIIIl auarHocTMpOBaJIM HA OCHOBAaHWU KPUTEPHEB
KDIGO [1]. IIpur aTom m3-32 OTCYTCTBUS TaHHBIX TI0YACO-
BOTO inype3a y GOJIBITUHCTBA TTAIUEHTOB /IS IHArHOCTUKH
OIIII ncros1b30BaN TOJBKO KPUTEPUH, CBSI3AHHBIE C ITHA-
MHUUYECKIM U3MeHEeHNeM YPOBHsI KpeaTHHUHA B KpoBH. X BII
JIMArHOCTHPOBAJIN Ha ocHOBaHMK Kitmanuecknx Pekomenia-
it KDIGO no XBII [13]. [lnarHocTuka cercuca cooTBeT-

ration in the quality of treatment, an increased need for

RRT and increased frequency of adverse outcomes [1].
The purpose of this work was to analyze the qual-

ity of medical care of patients at high risk of the AKI.

Materials and Methods

The work is based on a retrospective analysis case
records and examinations of the quality of care. The study in-
cluded 140 case records of patients who developed the AKI
during their stay in the ICU, surgical and medical depart-
ments of district hospitals of the Irkutsk Oblast over the pe-
riod from 2012 to 2017. Patients’ age ranged from 25 to 90
years. Medical records were provided by the Territorial Fund
of Compulsory Medical Insurance of Citizens of Irkutsk
Oblast. The study included only those medical records, whose
expert evaluation was accepted by the hospital management.

Examination of the quality of medical care was carried
out on the basis of article 64 of Federal Law No. 323-FZ of the
Russian Federation as of 21/11,/2011 (amended on 17.03.18)
«On The Fundamentals of Health Protection of Citizens in
the Russian Federation» [10] and Order No. 422an of the Min-
istry of Health of Russia as of 07.07.2015 «On Approval of Cri-
teria for Assessing the Quality of Medical Care» [11]. The
quality of medical care was assessed according to Order No.
17n of the Ministry of Health of Russia as of 18.01.2012 «On
Approval of the Procedure for Rendering Medical Care to the
Adult Population in the Field of Nephrology» [12], clinical
guidelines of the Scientific Society of Nephrologists of Russia
on the diagnosis and treatment of the AKI 2014 [2] and 2012
Kidney Disease: Improving Global Outcomes (KDIGO) [1].
Failure to comply with key national and international recom-
mendations on prevention of the AKI was considered an in-
sufficient or inadequate medical care.

The group of inadequate assessment of the AKI risk
included patients for whom damaging factors had not been
diagnosed or timely eliminated, as well as additional exam-
ination was not conducted to identify predisposing factors.

The AKI was diagnosed according to KDIGO criteria
[1]. Due to the lack of data of hourly urine output in most
patients, only criteria related to dynamic changes in the level
of blood creatinine were used to diagnose the AKI. CKD
was diagnosed according to the KDIGO Clinical Recom-
mendations on CKD [13]. Diagnosis of sepsis complied with
the recommendations of international conferences on sur-
vival in sepsis (2012 and 2016 versions) [14, 15].

Results and Discussion

To prevent the development of AKI and for its
early diagnosis, all patients exposed to damaging fac-
tors should be allocated to risk groups in order to iden-
tify predisposing factors and to carry out intensive
additional support and monitoring activities. An
analysis of the adequacy of the AKI risk assessment
depending on the effects of damaging and predisposing
factors is presented in table 1.

61% (86/140) of the patients did not have an ad-
equate AKI risk assessment.

The most common inadequately assessed damaging
factors included critical conditions (heart failure, acute
myocardial infarction, stroke, acute respiratory failure,
pulmonary edema, PE, coma) (36% (50/140)), sepsis
(27% (38/140)), and nephrotoxic antibiotics (amikacin
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Ta6imua 1. Ouenka gpakropos pucka OIIIL.
Table 1. Assessment of AKI risk factors.

AKI risk factors

Inadequate assessment, n (%)

Damaging factors

Hypovolemic shock, n=21 12 (57)
Cardiogenic shock, n=4 3(75)
Sepsis, n=40 38 (95)
Critical conditions (heart failure, acute myocardial infarction, stroke, 50 (76)
acute respiratory failure, pulmonary edema, PE, coma), n=66
Burns, n=4 1(25)
Nephrotoxic antibiotics (amikacin and gentamicin), 7=30 26 (87)
Trauma (craniocerebral injury, skeletal trauma, abdominal and thoracic trauma) n=12 6 (50)
Major surgery, n=12 8 (67)
Predisposing factors
Dehydration/ hypovolemia, n=74 47 (64)
Advanced age, n=85 45 (53)
Female gender, n=81 44 (54)
Chronic kidney disease, n=57 41(72)
Chronic heart diseases (ischemic heart disease, cardiac arrhythmia, 59 (79)
cardiomyopathy, chronic heart failure, pericarditis), n=75
Chronic lung diseases (bronchial asthma, chronic obstructive pulmonary disease, emphysema), n=21 20 (95)
Chronic liver diseases (chronic hepatitis, cirrhosis, liver failure), n=34 23 (68)
Diabetes mellitus, n=28 17 (61)
Malignant neoplasm (lung cancer, esophageal cancer, gastric cancer, 10 (67)
colorectal cancer, pancreatic cancer, cancer of the uterus), n=15
Anemia, n=57 35(61)

Note. All surgeries were performed for the abdominal sepsis in patients with ulcerative necrotizing enterocolitis, acute gangrenous
cholecystitis, acute pankreatolysis, mesenteric thrombosis and diaphragmatic hernia. An inadequate assessment was identified, if the
factor was not diagnosed or an AKI risk factor was not taken into account.

Ipumeuanue. AKI risk factors — daxropsr pucka OIIIT; Inadequate assessment — HeasileKBaTHas ONEHKa; Autst Taba. 1 u puc. 1: Damag-
ing/ Predisposing factors — nospesxnatomue /npenpacnosaraonie dakropsl; Hypovolemic shock — runososemuuecknii mok; Car-
diogenic shock — xapauorennsiii mok; Sepsis — cerncuc; Critical conditions (heart failure, acute myocardial infarction, stroke, acute
respiratory failure, pulmonary edema, PE, coma) — xpurndeckie cocTostHus (OCTAaHOBKA CEP/IIIA, OCTPBIN HHGAPKT MIOKAP/Ia, HHCYJIBT,
oCTpast IbIXaTe/IbHast HEJIOCTATOYHOCTD, OTEK JieTkiX, TAJIA, koma); Burns — oxxoru; Nephrotoxic antibiotics (amikacin and gentamicin)
— HepoTokcnyeckne anTHOMOTUKY (aMUKalMH 1 redTamuii ); Trauma (craniocerebral injury, skeletal trauma, abdominal and thoracic
trauma) — TpaBMa (Y4eperHOMO3TOBas TPaBMa, CKeJeTHas TpaBMa, aGJlOMUHAIBHASL M TOPaKaibHas TPaBMbl); Major surgery — «KpyIi-
Hble» onepaiuu; Dehydration/hypovolemia — nernapararust/runososiemust; Advanced age — noxuioii Bospact; Female gender —
skenckuii mosr; Chronic kidney disease — xponnueckue 3abosesanus nouex; Chronic heart diseases (ischemic heart disease, cardiac ar-
rhythmia, cardiomyopathy, chronic heart failure, pericarditis) — xponnueckue saboneBannst cepana (nmemmudeckas GOJTE3Hb CEPAIIA,
HAPYIIEHUsI CEPAEYHOr0 PUTMA, KAPMOMUOTIATHsS, XPOHIYECKAst CePeUHas HeJI0CTaTOUHOCTD, tepukapauT); Chronic lung diseases
(bronchial asthma, chronic obstructive pulmonary disease, emphysema) — xponudeckue 3aboseBanus Jerkux, (OpoHxuagbHast acT™Ma,
XpoHmuecKast 00CTpyKTHBHast 60JIe3Hb JIerKHX, aMbusema jerkux); Chronic liver diseases (chronic hepatitis, cirrhosis, liver failure) —
XpoHudeckne 3aboseBanust nedeHn (XpOHUUECKUI TenaTuT, IIMPPo3 MedeHr, leueHoYHas HeJlocTaTouHocTh); Diabetes mellitus — ca-
xapHubiil auaber; Malignant neoplasm (lung cancer, esophageal cancer, gastric cancer, colorectal cancer, pancreatic cancer, cancer of the
uterus) — 3J10KaYeCcTBEHHbIE HOBOOOPa3oBaHus (PaK JErKUX, PaK MUIIEBO/A, PAK JKEIY/KA, PAK KHITCYHUKA, PAK TTOKEYI0YHOIT JKe-
JIe3bl, pak MaTKu ); Anemia — anemust. Bee onepariuu BBIIOJHEHBI [0 TI0BO/TY aGIOMHHAIBLHOTO CENICUCa Y MAIMEHTOB C I3BEHHO-HEKPO-
THYECKUM HHTEPOKOJUTOM, OCTPBIM TaHTPEHO3HBIM XOJEIMCTHTOM, OCTPbIM MTAHKPEOHEKPO30M, ME3EHTEPHAIBHBIM TPOMOO30M U
nnadparMasibHOl rppikeil. HealeKBaTHYI0 OleHKY Onpeessii, ecin GakTop He OblI IUarHOCTUPOBAH WM He YUUTHIBAICS Kak (hakTop
pucka OIIIL.

CTBOBAJIA PEKOMEHIAIISIM MESKLyHAPOIHBIX KOH(epeHInit
0 BEDKUBaHMUIO TIpu cercuce ot 2012 n 2016 rr. [ 14, 15].

and gentamicin) (19% (26,/140)). Among inadequately
evaluated predisposing factors that could be managed,
the following ones were most common: chronic heart dis-

Peayabratet u 06eyxenue ease (in 42% (59/140)), dehydration/hypovolaemia

Jlist mpeioTBpatieHs pa3BUTHSI U PaHHEH Juar-
Hoctukn OIITI Bcex mainueHToB, TOABEPTITUXCS BO3-
INeRCTBUIO TOBPEKAAIOIINX (HAaKTOPOB, HEOOXOAUMO
BBIJIEJISITH B TPYIIIIBI PUCKA C €TI0 BBISIBJIEHUS TIPE/T-
pacnosiaraonux (hakTopoB, MPOBEJIEHUST MHTEHCHB-
HOTO MOHUTOPUHTA U JOMOJHUTETHHBIX MOIEPIKH-
BalONIUX MEPONPUITUNA. AHaIU3 aJeKBATHOCTU
ortenku pucka pazsutust OIIII B 3aBucumoctn ot Bo3-
JIEUCTBUI TTOBPEXKIAIONINX U TIPEPACIIONAraionux
(akTopoB IpeacTaBjieH B TabJL. 1.

He umenu ajieKkBaTHON OIEHKH PUCKA PAa3BUTHSI
OIIII 61% (86/140) nmarmeHTOB.

(34% (47/140)), chronic kidney disease (29% (41,/140)),
and anemia (25% (35/140)). The NCEPOD study found
that 29% of patients had no adequate assessment of the
most important and common AKI risk factors (nephro-
toxic medications, comorbidities and hypovolemia) due
to misunderstanding of the pathogenesis of the prerenal
kidney failure and lack of clinical monitoring of patients
[9]. The frequency of inadequate assessment of the AKI
risk in our study is twice as much as the same parameter
in the NCEPOD study. This discrepancy in the adequacy
of the AKI risk assessment is related to the fact that in
our study we included only patients from regional hos-
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— 19% (26/140). Cpemn
HEea/eKBaTHO  OIlEHEHHBIX
npepacroiaraomux haxkro-
pPOB, Ha KOTOPbIE MOKHO
OBIJIO BIUATH, HanboJIee PacIpoOCTPaHEHbl XPOHUYE-
ckue 3abosesanus cepaia — 42% (59/140), neruapa-
Tars,/runososeMust — 34% (47/140), XBII — 29%
(41/140) u anemust — 25% (35/140). B uccuenosa-
Hun NCEPOD ycranosieno, uto 29% 60JIbHBIX He
UMeJU a/IeKBaTHOW OIleHKN Haubojiee BaKHBIX U
yacTo Bcrpevatonmxcs ¢pakropos pucka OIITI (ned-
POTOKCUYECKUE MEIUIMHCKUE MPenapaTsl, COMyT-
CTByIONHE 3a00J€BaHUA ¥ TMIIOBOJEMU) 32 CUET
HEIIOHUMaHUs aTOreHe3a IIPePeHANbHOI OYeUHOI
HEIOCTATOYHOCTH U HEJIOCTATOUHOTO KIUHUYECKOTO
Habuoxenus 3a 6obHbIMU [9]. YacTroTa HeagekBaT-
Hoii orlenku pucka pazsutus OIIII B namem uccie-
JIOBAHWY IPEBBIIIAET JAHHBII TTOKa3aTesb B MCCIIe-
nosanur NCEPOD B iBa paza. /lannoe passiinuue 1o
ajziekBaTHOCTH olleHku pucka pazsutug OIIII cBsa3sa-
HO C TeM, 4TO B Hallle UCCIe0BaHNe GblIN BKIOYE-
HBI TOJIBKO TAIMEHTHI U3 palloHHBIX GosbHUIL. [0
PacCIpOCTPAHEHHOCTU HEANEKBATHO OIIEHEHHBIX
HOBPEXKAAOMINX (DAKTOPOB MBI HOJYUHIH CXOXKIE
naHHble. JIpyrux mcciegoBaHuil Mo afeKBATHOCTU
ouenku pucka passutuss OIIII Mbl He 0OHAPY K.

CpaBHuUTEIbHAS YacTOTA IOBPEXKIAIONIUX U
npejipacroiaraoinux GakTopoB y MaIUeHTOB C PUC-
koM OIIII npeyicraBiena Ha puc. 1.

Bosiee opnoro mnospexknaiomiero daxkropa
BosiBuaN y 31% (44/140) nanueHTOB ¢ PUCKOM
OIIIl. Omnpenenuan y KaxJAOTO TAIMEHTA OKOJIO
yeThIpeX IMpexpacioaraonux daxkropon. Takke
6bL10 ycraHosaeno, uto B 14% (20/140) cayuaes
passutue OIIII 3a cuer HEeppoTOKCUYECKNX AHTH-
GUOTHKOB, JIETUPATAINY,/ TUITOBOJEMUH OBLIO MTPE/I-
OTBPATHMO IIPU YCJIOBUU CBOEBPEMEHHOI OTMEHBI
HePPOTOKCUYECKUX aHTUOUOTUKOB U CBOEBPEMEH-
HOI KOPPEKIIUU TUITOBOJIEMIH — HA OCHOBAHUU YETO
C/leJIAHbI TaKU€e BBIBOJbI B JAHHOM KCCJIEOBAHIU.
Ony6aukoBannbie paborsl mo OIIIT BeisiBHIM, YTO
no 30% cayuaes OIIIl mMoxkHO TpenOTBPATUTH 3a
CUET TIPOBe/IeHUs IIPOCTBIX MEPOIIPUATHIL: BOCIIO/IHE-
Hue o6beMa, HeHa3HaYeHUe WU OTMEHA TIOTEHI[U-
A7TbHO HEDPOTOKCUYECKUX MPEIapaToB U paHHee

Puc 1. Yacrora noBpe:xkaomux 1 npeapacnoaramounmx ¢paxropos pucka OIIII.
Fig. 1. Incidence of damaging and predisposing risk factors for AKI.
IIpumeuanne. The number of risk factors — anco haxropos pucka.

pitals. As for the prevalence of inadequately evaluated
damaging factors, we got similar data. We have not found
other studies on the adequacy of assessing risks of AKI.

A comparative frequency of damaging and pre-
disposing factors in patients at risk of AKI is presented
in fig. 1.

More than one damaging factor was found in
31% (44,/140) of the patients at risk of AKI. About
four predisposing factors were identified in each pa-
tient. It was also found that in 14% (20/140) of cases,
development of the AKI due to nephrotoxic antibi-
otics and dehydration/ hypovolemia could be pre-
vented due to the timely withdrawal of nephrotoxic
antibiotics and timely correction of hypovolemia.
Published works on AKI pointed out that up to 30%
of cases of the AKI could be prevented using simple
measures: volume replacement, refuse from prescrip-
tion or withdrawal of potentially nephrotoxic drugs
and the early identification of damaging factors, caus-
ing rapid progression of the AKI [7, 8].

Table 2 presents an assessment of the implemen-
tation of the recommendations on the examination of
patients at risk of AKI.

In total, 539 unimplemented examinations were
found in 66% (92,/140) of patients at risk of AKI, at
the average of about 6 examinations for each patient.
The following recommendations have not been imple-
mented: on clinical evaluation, including a thorough
medical history and physical evaluation of the degree
of hydration (in 59% (82/140) of patients), functional
and hemodynamic monitoring (in 44% (61,/140)), lab-
oratory and imaging examinations of kidneys and
retroperitoneal space (46% (64,/140)).

A recent study identified an inadequate exami-
nation of 33% of patients with the AKI (in total, 515
tests that have not been performed), on the average,
nearly three for each patient [10]. The lack of evalua-
tion of the volemic status, diagnosis of sepsis and vital
signs (heart rate, blood pressure and respiratory rate)
are the main problems, and they have prevented the
identification of patients at a high risk of AKI [9].
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Ta6amua 2. YacToTa HEBBIIOJIHEHNUS UCCIEI0BAHMI Y TAMEHTOB ¢ puckom OIIIL.
Table 2. The frequency of failure to carry out tests in patients at risk of AKI.

Tests Number of patients
Case history 59
Physical assessment of the hydration degree 52
Daily measurement of body weight in critically-ill patients 58
Daily fluid balance in critically-ill patients 25
Evaluation of fluid overload in in critically-ill patients 54
Infusion volume tests or the passive leg raising test 45
Placement of an urinary catheter and measurements of hourly urine output in in critically-ill patients 21
Monitoring of blood pressure, heart rate, respiratory rate, saturation 33
Daily monitoring of blood levels creatinine and urea 30
Tests for blood levels potassium, sodium, calcium, phosphorus and chlorides 28
Total protein and protein fractions in blood 24
Complete blood count with the differential 5
Urinalysis with microscopic examination of the sediment and biochemical analysis of urine 8
Laboratory evaluation of hypoperfusion (tests for lactate, bicarbonate and saturation of venous blood)

in critically-ill patients 43
Imaging tests (sonography or computed tomography of the kidneys,

retroperitoneal space, and small pelvis floor organs) 54
Total 539

Ipumeuanue. Tests — uccrenoBanus; st tabu. 2, 3, puc. 1, 2: Number of patients — uncsio manmentos; Case history — c6op anamuesa;
Physical assessment of the hydration degree — dusukanbhas orerka crenenu rugparaiu; Daily measurement of body weight in critically-
ill patients — exxenHeBHOE H3MepeHME Beca TeJia y HalMeHToB B kpurndeckoM coctostinm; Daily fluid balance in critically-ill patients —
OlpeziesIeHIe CyTOYHOTO GaaHca JKIAKOCTH Y IAIMEHTOB B KpuTndeckoM cocrostnnm; Evaluation of fluid overload in in critically-ill patients
— OIIEHKA MIEPETPY3KH KUAKOCTHIO Y TAIIMEHTOB B KPUTHUYECKOM cocTostauu; Infusion volume tests or the passive leg raising test — npose-
nenne nHOY3NOHHBIX 0OBEMHBIX TECTOB 1/MJIH TECTOB € TACCHBHBIM TIOAHITHEM HIDKHIX KoHewHOCTell; Placement of an urinary catheter
and measurements of hourly urine output in in critically-ill patients — mocranoBka MOUEBOTO KaTeTepa 1 M3MEPEHHE TI0Y9ACOBOTO Iy Pe3a
y HalMeHTOB B KpUTHYECKOM cocTosinuy; Monitoring of blood pressure, heart rate, respiratory rate, saturation — MOHUTOPUHT apTEPUATILHOTO
nassenust, YCC, YJI u carypainu; Daily monitoring of blood levels creatinine and urea — exeaHeBHbIii KOHTPOJIb KpeaTHHMHA U a30Ta
MoueBnHbI B Kposu; Tests for blood levels potassium, sodium, calcium, phosphorus and chlorides — onpenenenne kamms, HaTpus, Kambiys,
docdopa u xnopunos kposy; Total protein and protein fractions in blood — onpenenetue o6iero 6emka u 6enkoBbix dpakimii kposu; Com-
plete blood count with the differential — knunnyeckuii anamus Kposu ¢ nogcyeTroM Gopmertbix snemenTos; Urinalysis with microscopic
examination of the sediment and biochemical analysis of urine — ananus Mmoun ¢ MuKpockormeii ocazka 1 GUOXUMUYECCKUIT AHAIIN3 MOYN;
Laboratory evaluation of hypoperfusion (tests for lactate, bicarbonate and saturation of venous blood) in critically-ill patients — na6opa-
TOpHasI olteHKa rumorepdysu (orpe/esieHne JakTara, GUKapboHaTa 1 caTypaIiii BeHO3HOI KpoBi); Imaging tests (sonography or computed
tomography of the kidneys, retroperitoneal space, and small pelvis floor organs) — Busyammsupyromme ncenenosanmst (Y 3U mam KOMITbIO-

TepHast ToMorpadust IoYeK, 3a0PIOIIMHHOTO MPOCTPAHCTBA U OPrAHOB MAJIOTo Tasa); Auist TabiL. 2, 3: Total — Beero.

BBISIBJIEHIE MTOBPEXAAIONINX (DAKTOPOB, BHI3BIBAIO-
mux GeicTpoe porpeccuposanue OIIII [7, 8].

B tab. 2 mpejcTaBieHa ONEHKA BBITOTHEHS
PEKOMEHAIMI TI0 06CIEIOBAHIIO TIAIMEHTOB C PHUC-
koM OIIIIL.

Bcero BorsiBuin 539 He BBITTOJHEHHBIX UCCJIE0-
BaHuil y 66% (92/140) marmentos ¢ puckom OIIII, B
cpenHeM oKoJio 6 st Kaxaoro marnuenta. He Gpimu
BBITTOJTHEHB! PEKOMEH/IAITMH: TI0 KJTMHUYECKOH OIleHKe,
BKJIIOYAIOTIHE TIATEIBHbINA cOop aHaMHe3a U (hU3u-
KQJIbHYIO OIEHKY CTeleHu Tumparanmuu y 59%
(82/140), mo hbyHKIMOHATLHOMY U TeMOITHAMUYe-
ckomy MoHUTOpUHTY — y 44% (61/140), mabopaTop-
HOMY ¥ BU3YaJTH3UPYIONIEMY UCCJIEOBAHUIO TTIOYEK 1
3a0pIONIMHHOrO IIpocTpancTBa — y 46% (64,/140).

B wHemaBHO TpOBEIEHHOM  WCCJEIOBAHUU
BBISIBJICHO HeajleKBaTHOe obcenoBane y 33% maru-
entos ¢ OIIII, Bcero 515 He BBITOJHEHHBIX UCCIE/0-
BaHMI, B CPeJTHEM — MOYTH IO TPU JIJIsT KAXKIOTO TIAIH-
eata [9]. OrTcyrcTBHe  OIEHKHM  COCTOSHUE
BOJIEMUYECKOTO CTaTyca, MUATHOCTUKHU Celcuca |
OCHOBHBIX (DPU3MOJIOTHYECKUX MTOKazareseil (ImyJbc,
apTepuasibHOEe [aBJIeHWE W YacTOTa [IBIXAHU)
SIBJISTIOTCST OCHOBHBIMU HETOCTATKAMI U ITPEMSITCTBYET
BBISIBJIEHMIO OOJIBHBIX ¢ BhicokuM prckom OTIIIT [9].

This study also found that, in most cases, body
weight was not measured daily in 85% (58,/66) of the
critically-ill patients, fluid overload was not assessed
in 82% (54/66) of patients, and the volemic status was
not monitored by using infusion volume tests and/or
the passive leg raising test in 32% (45/66) of cases. Ac-
cording to large multicenter studies, a positive water
balance and fluid overload are associated with an in-
creased 60-day mortality rate [16—18].

In order to prevent the development of the AKI,
in addition to functional and hemodynamic monitor-
ing and laboratory and instrumental examination, it is
important to conduct maintenance activities. The
evaluation of the implementation of recommendations
related to the supportive therapy in patients at risk of
the AKI is shown in table 3.

Recommendations for supportive therapy were
not implemented in 56% (78/140) of patients at risk
of the AKI. The analysis of the maintenance therapy
in patients at risk of an acute kidney injury identified
the following major problems: the fluid volume and
perfusion pressure were not provided in 45% (63/140)
of cases, and nephrotoxic antibiotics and unnecessary
drug products were not withdrawn in 31% (44,/140)
of cases.
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Ta6mma 3. YacTora HEBHIIOHEHHS PEKOMEH/IAIHIA 110 IIPOBEIEHHUIO NIOIIEPKUBAIOIIEH Tepalyy y anuenTos ¢ puckom OITIL.
Table 3. The frequency of failure to implement recommendations for the maintenance therapy in patients at risk of the AKI.

Recommendations Number of patients
In the absence of hemorrhagic shock, use isotonic crystalloid solutions 57
at the beginning of the infusion therapy

In patients with vascular shock, use vasopressors after restoring the intravascular fluid volume 10
Supporting of oxygenation and hemodynamic parameters during septic shock according to the protocol 13
Avoid hypotension and optimize delivery of oxygen in the perioperative period 6
Do not use aminoglycosides, except in situations where less nephrotoxic drugs are not available 24
Do not use diuretics to prevent the AKI 15
Do not use low dose dopamine to prevent the AKI 31
Support normoglycemia 12
Total 168

ITpumevanue. Recommendations — pekomenpanmm; In the absence of hemorrhagic shock, use isotonic crystalloid solutions at the be-
ginning of the infusion therapy — npu oTcyTcTBIM TEMOPPArMYECKOTO MIOKA, B HAYAJIE MCIIOJAb30BATh H30TOHUYECKUE PACTBOPBI KPH-
crasonzios; In patients with vascular shock, use vasopressors after restoring the intravascular fluid volume — nipu cocyancrom moke
HCII0JIb30BATH BA30IIPECCOPBI [TOCJIE BOCCTAHOBJIEHHSI BHY TPUCOCYANCTOr0 00beMa skuakocti; Supporting of oxygenation and hemody-
namic parameters during septic shock according to the protocol — nopuepskanne napameTpoB OKCUIeHAIMK 1 TEMOANHAMUKH [IPU CEIT-
THYECKOM IoKe corsacHo mporokoiy; Avoid hypotension and optimize delivery of oxygen in the perioperative period — B
[EPHOIIEPAIIMOHHOM Ieprojie u36eraTb THIOTEH3MN U ONITUMU3NPOBATD JIOCTaBKY Kuca0poaa; Do not use aminoglycosides, except in
situations where less nephrotoxic drugs are not available — He ucnonbp30BaTh AMHHOTIMKO3K/IBL, KPOME CUTYAIIUH, KOT/Ia HEAOCTYITHDI
Menee HedpoTorcuynble mpemnapartsl; Do not use diuretics to prevent the AKI — we ncmomp30BaTh ANYPETHKH IJIST TIPEAOTBPAIIEHUS
passutus OIIIT; Do not use low dose dopamine to prevent the AKI — He ncrosb30BaTh HU3KHE A03bI IOTITAMUHA TSI TIPEAOTBPAIIECHUS
OIIII; Support normoglycemia — moaaepKMBaTh HOPMOTIUKEMHUIO.

VeTaHoBUIIM TaKsKe, YTO B GOJTBIMTIHCTBE CIYIAEB
MAIeHTaM B KPUTUYECKOM COCTOSTHUN €KeTHEBHO He
u3mepsiiu Bec tesia 83% (58/66), He TPOBOAMIIN OTeH-
Ky MeperpysKu KuaKocToio 82% (54,/66), 1 He KOHT-
POJIMPOBAJIN BOJEMHUYECKUN CTATyC C MOMOIIBIO
uH(Y3MOHHBIX 0OBEMHBIX TECTOB U /VJIH TECTOB C MTac-
CUBHBIM TIO[HATAEM HIKHUX KOHedHOCcTel 32%
(45/66). CormacHo OGOJBIIUM MHOTOIIEHTPOBBIM
UCCIIEIOBAHUAM MOJOKUTETHHBIN BOAHBIN Oamanc u
[eperpysKa XKUIKOCTbIO CBSI3aHbI C OBBITIEHHOH 60-
JTHEBHOI JteTanbHOCThIO [ 16—18].

st npenynpeskaenus pazsutust O mapsaay
¢ (OYHKIIMOHATBHBIM U TeMOJIMHAMUYECKUM MOHUTO-
PUHTOM, JTabOPATOPHBIM U HHCTPYMEHTAJIbHBIM
o0cJieJoBaHIEM, BaXKHO MTPOBE/IEHNE TTO/IJIEP/KUBATO-
mux Mepornpusatuil. OeHKa BbITOJTHEHUS PEKOMEH-
JIAINI, CBSI3aHHBIX C MOJIJIEPKUBAIOIIEH Tepanuei y
nanuenTos ¢ puckom OTITT orpakena B Tab. 3.

He BbimiosHe bl pEKOMEHIAIITH TI0 TPOBEICHUIO
nozepkuBawoei reparnun y 56% (78,/140) naiuen-
ToB ¢ puckom pazsutus OIIII. [Tpu ananmnse mposene-
Hus mofzep)kuBaonieil tepanuu npu pucke OIIII
BbI/I€JIEHbI OCHOBHbIE He BBITIOJTHEHHBIC PEKOMEH/Ia-
uyn: He obecriedeHbl BOJeMUUYecKuit 0o6beM u epdy-
3MOHHOE JlaByienne B 45% (63/140) ciygyaes u He npe-
Kpalieno meiicTBue HePPOTOKCHUECKUX W He
MoKa3aHHbIX npenapatos B 31% (44,/140) cayuaes.

Ha ocHoBariust JaHHBIX aHATI3a PUCKOB Pa3BH-
tus OIIII, orleHKM BBITIOJIHEHUS PEKOMEHIALUI 110
00C/IeIOBAHUIO U TTOJIEPKUBAIONIEN Tepaluy JaHa
o01ast OIeHKa KAayecTBa OKa3aHUsl MEJUIUHCKON
[OMOIIH, puc. 2.

MenuimHcKyio TOMOIIb XOPOIIEeTro KadecTBa
COIJIACHO peKoMeHIaIsam, noayaman 24% (33/140)
nanuentoB ¢ puckom OIIII, koTopoe passuioch B
OPUT, xupyprudeckux 1 TepareBTUYECKUX OTHAeJIe-
HUAX PAiOHHBIX GOILHUIL. B GOJBITIMHCTBE CIyYaeB y

Based on AKI risk analysis data and assessment
of the implementation of the recommendations on ex-
amination and supportive therapy, an overall appraisal
of the quality of medical care was done (fig. 2).

A good quality medical care was rendered to 24%
(33/140) of patients at risk of an acute kidney injury
developed in the ICU, surgical and medical depart-
ments of district hospitals. In most (55%, 77,/140)
cases, the organizational deficiencies were combined
with deficiencies of clinical care. Attention should be
paid to a high incidence of poor clinical observation
that may be due to ignorance of national and interna-
tional recommendations on prevention of AKI or in-
ability to apply the knowledge in practice.

An overall appraisal of the quality of medical as-
sistance was given separately for each uni where pa-
tients at risk of the AKI stayed (fig. 3).

Based on the results of a recent analysis of clinical
practice in the UK, it was concluded that 50% of patients
with the AKI have received a good care. This parameter
was even lower (about 30%) in the AKI developed dur-
ing a hospital stay [11]. The authors also found that
among patients with AKI developed during their hospi-
tal stay, there was an unacceptable delay in the diagnosis
of AKT in 43% of cases; and in 1/5 of cases, the develop-
ment of the AKI was predictable and preventable [11].
A poor understanding of the pathophysiology and lack
knowledge of AKI management, as well as inadequate
clinical observation were the reasons for the above prob-
lems. It likely reflects problems in training of the medical
staff, and the authors recommend to pay particular at-
tention to it taking into account the prevalence and clin-
ical significance of the AKI [11]. The overall assessment
of the quality of medical care for the entire period of ob-
servation is presented in fig. 4. Similar studies to assess
the quality of medical care of patients at risk of the AKI
have not been conducted in the Russian Federation.
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HAINEeHTOB HEIOCTATKU Opra-
HU3AI[MOHHBIE COYETANIUCH C
HeZI0CTATKAMU KJIMHIUIECKOTO
Habmonenust 55% (77,/140).
3aciy:krBaeT BHUMAaHe
BBICOKAsI YaCTOTA BBISIBJIEHUST
HEOCTATKOB KJIMHUYECKOTO
HaGJIONIEHNsT, YTO  MOJKET
OBbITh CBSI3aHO C HE3HAHHWEM
HAIIMOHAJIBHBIX U MEXKIyHa-
POJIHBIX PEKOMEHJAINII 110
npemxynpesxaenuio OTITT wim
HEYMEHUEM  HCII0JIb30BATh
3HAHUSI HA [TPAKTHUKE.

O6mmas oreHka kade-
CTBA OKA3aHUST METUIIMHCKON
MOMOIIK ObLJIA JIaHa OT/Eb-
HO JIJIsI KQXK/[OTO OT/eJIeHUs,
B KOTOPDOM  HAaXOJWJHCh
HAIMEeHThl HA CTa[UU PUCKA
OIIII, puc. 3.

Ilo pesynsratam Hezas-
HO NPOBEJIEHHOrO aHAIN3a
KJIMHUYECKON IPAKTUKH B
Benukobpuranuu, 61 cie-
J1aH BBIBOJL, uTO 50% GOJILHBIX
¢ OIIII nosyunan «IoJHO-
nenHoe» Jiedenve. M ator
MIOKa3aTeJib elle Huke (0KOJIo
30%) mpu OIIII, pazBuBIIIEM-
cst BO BpeMsi 1peObiBaHus B
crarmonape [11]. ABropsr
TaK’Ke BBISICHUJIN, YTO CPe/H
6osbHbIX, y KoTtopbix OIIII
BO3HUKJIO BO BPEMSI TOCITUTA-
qusanuy, B 43% ciaydasx
HaOJII0/IAIACh HEIOTTY CTHMAsT
3a/epKKa B JMATHOCTHKE
OIIIl, aB 1/5 ciyyaes pa3Bu-
te OIIII GbL10 mpeackasye-
MO 1 ipefioTBpaTuMo. [piamn-
HAMU BBIIIEIIEPEUHCIEHHBIX
nedekToB GbLIM HEMOHUMA-
HUe maropusnosIorUU U
OTCYTCTBUE OCBEIOMJIEHHO-
CTHU B OTHOIIIEHHU PUCKOB Pa3-
putusa OIIII, a Takxe Heazek-
BaTHOE KJIMHUYECKOe
Habsozienne. Briosre Bepo-
SITHO, 9TO OTPAKAET HEZIOCTAT-
Ki B 0OOGJACTH MOATOTOBKH
KaJIPOB, HA YTO ABTOPBI PEKO-
MEHIYIOT 06paTuTh 0coboe
BHIMAaHUe, YIUTHIBAST PACIIPO-

CTpaHeHHOCTh U kinHu4eckoe 3Hauenune OIIIT [11].
O6iast oleHKa KauecTBa OKa3aHUs MEIAUIMHCKOM
HOMOIIM B JMHAMHKE 32 BECh TEPUOJ HaOJIOAEHSI
Ipe/CcTaB/IeHa HA PUC. 4. AHATIOTHYHbIE MCCJIEOBAHNST
IO OIIEHKE KAYeCTBA OKA3AHUST MEAUIITHCKON TTOMOIIH
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19
11
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Puc. 2. O6uias oneHKa KauecTBa OKa3aHus MeIUIUHCKON TIOMONIH Y TAIMEHTOB C PUCKOM

OIIII.

Fig. 2. The overall assessment of the quality of medical care in patients at risk of AKI.

Ipumeuanwue. [Ins puc. 2, 3: good care — xopomtee kauectso, deficiencies of clinical and organi-
zation care — HeJIOCTaTKK KJIMHUYECKOro Haboenns u opranusaiuonnbie; Quality of medical
care — KauecTBO OKa3aHUs MEJUITHCKOIT TTOMOIIH.
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B OT/I€JIEHUAX OOJIBHULL.
Fig. 3. The overall assessment of the quality of medical care to patients at risk of AKI in hos-
pital departments.
Ipumevanue. ICU — OPUT: surgical /therapeutic department — xupypruueckoe/reparneBrinde-
CKOE OT/IeJIEHHE.

In the dynamics, the proportion of patients who
have received medical care of inadequate quality keeps
growing as compared to those who received a good
one. This may reflect doctor’s inability to carry out an
adequate analysis of a medical history with detection
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[ |
MalieHTaM C PHUCKOM Pas3BUTUS %
OIIII B Poccwuiickoit Menepariin He 90
IIPOBO/IJINCD. Insufficient quality
B auHamuke  ormeyaercs A0 74
MOCTOSIHHOE TIPEBbIIIEHUE MTallieH- 70 4 " 7 78
TOB, IIOJIYYUBIINX MEIUITHCKYIO 72
ITOMOIIlh HEJ0CTATOYHOIO KauyecTBa 60 -
HaJ TAlMeHTaMH, TTOJYIUBIINX @l
MEIUIIMHCKYIO TIOMOIIb XOPOIIEro
KayecTBa. IJTO MOXKET OTPaKaTh 40
HEBO3MOKHOCTD [TPOBE/ICHMST aJleK-
BATHOI'O aHAIM3a UCTOPUK OOJIE3HN 30 + Good quality
nalreHTa ¢ BbIsIBJIeHIEM HeplocTaT- 30 4 26 28
KOB OKa3aHWd MEAMIIMHCKON ITOMO- 20 21 22
1111, a TAKKe HEBBITIOJIHEHNE 3aMeda- 10
HUI Bpaueii-9KCIepToB, OCHOBAHHBIX 5
Ha nprkase Muicrepersa sipaso- 2013 2014 2015 2016 2017 Years

oxpanenusi Poccuiickoit Meneparinn
[14] no mpoduitio «Hedposoruss n
KJIMHUYECKUX PEKOMEHAIUAX 110
npexynpexaeanto OTIIT [2]. [Toka-
3aHO, UTO UCIOJIb30BAHUE PEKOMEH-
Jlalliii, OCHOBAHHDBIX Ha JI0KA3aTeJb-

namics.

TOJIBL.
CTBax, HpI/IBOHI/IT K CHMXEHHUIO
CTOMMOCTH, yJIy‘{H_[eHI/IIO KadyeCTBa 1
UCXO/I0B MEAUIIMHCKON ITOMOII[H.
3akiaoyeHue

YCTaHOBUIIH, YTO MEAMITMHCKYIO TOMOIIIb XOPO-
IEero KauecTBa COTJIACHO PEKOMEH/IAIINAM, TTOTYYUIIN
24% marnuentos ¢ puckom OIIII, koTopoe pasBusoch
B OPUT, xupypruueckux u repareBTUUECKUX OT/eTIe-
HUSIX PAHOHHBIX GOJIBHUIL,

¥ nanuenTos ¢ puckom pazsutusg OIITI neanex-
BaTHOE OOCJIe/lOBaHNe U HEeaJleKBaTHOE TIPOBE/ICHUE
HOJI/IePKUBATOIIel Tepaliui BbistBieHo B 66% 1 56%
CJIy4aeB, COOTBETCTBEHHO.

HeanexBatnasa orenka pucka pazsurust OTITI
BbIsiBJIeHA Y 617 TaiuenTos.

B 14% caryuaes passurtue OIIII npu Bo3nelictBuun
HePOTOKCUYECKUX MTPETIAPATOB, ICTUPATAIII,/ THITO-
BOJIEMHU OBLIO TTPEJICKA3yeMO U TIPEIOTBPATIMO.

Kouduukr unarepecoB. ABTOPHI 3asgBJIAIOT 06
OTCYTCTBUM KOH(MJIUKTA HHTEPECOB.

IIpo3paunocts ucciaenoBanus. VcciaenoBanme
He UMeJIO CIIOHCOPCKOH Tojiepskku. VceaenoBartenn
HECYT IMOJIHYIO OTBETCTBEHHOCTD 3a TPEJOCTaBICHHE
OKOHYATEJLHOM BEPCUM PYKOITNCH B 11€9aTD.

Jexnapanysa o GUHAHCOBBIX M HHBIX B3aNMO-
JecTBUAX. ABTOPBI OCYIIECTRIISIN Pa3paboTKy KOH-
HENINH, IU3aliHa NCCIe/IOBAHNS U HAallUCaHUe PyKO-
micun. OKoHuaTelbHAss BepcHst PYKOMHMCH Oblia
onobpeHa BceMu aBTOpaMu. ABTOPBI HE TIOJYYasu
rOHOpap 3a 1cceoBaHme.

Puc. 4. O6uiasi olieHKa KauecTBa OKa3aHUs1 MeMIIMHCKOI ITOMONIM NAIMEHTaM C PHCKOM
OIIII B quHamMuKe.
Fig. 4. An overall appraisal of the quality of medical care in patients at risk of AKI in dy-

IIpumeuanue. Insufficient/Good quality — sepocratounoe/xopoiiee Kauectso; Yeas —

of defects in medical care, as well as failure to follow
recommendation of experts based on the Order of the
Ministry of Health of Russia «On Approval of the
Procedure for Rendering Medical Care to the Adult
Population in the Field of Nephrology» [14] and clin-
ical guidelines for prevention of AKT [2]. Tt has been
proven that the application of evidence-based recom-
mendations leads to cost reduction and improvement
of quality and outcomes of the treatment.

Conclusion

The study demonstrated that a good quality
medical care was rendered to 24% of patients at risk
of an acute kidney injury developed in the ICU, sur-
gical and medical departments of district hospitals.

In patients at risk of an acute kidney injury, an
inadequate examination and inadequate maintenance
therapy were found in 66% and 56%, respectively.

61% (86,/140) of the patients did not have an ad-
equate AKI risk assessment.

The development of an acute kidney injury when
exposed to nephrotoxic antibiotics and dehydration/
hypovolemia in 14% of cases was predictable and pre-
ventable.
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Hogbie METO/IbI JIeUEHH ST IPU CETICHCE:
MO/IeJIM Ha JKMBOTHBIX <He paboTaioT> (0030p)*
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New Approaches to Treat Sepsis: Animal Models «<Do Not Work» (Review)*

Jean-Marc Cavaillon

Institut Pasteur, 25-28 Rue du Dr Roux,75015 Paris, France

Cericuc, Kak 1 MHOTHE TIATOJIOTHYECKYE NH(MEKITHOHHDIE TPOTIECCDHI, B OCHOBHOM U3YYAETCsI i1 0iv0 C UCTIOIb30-
BaHUeM Mojiesieil Ha Mblinax. 3a nocsegaue 30 Jiet mog00HbIe UCCIeA0BAHUST TIPUBEIU K 3HAUMMBIM JIOCTUKEHUSIM
B IIOHMMaHuU narodusuonarosoruu cercrca. OIHAKO, K COKAJIEHIIO, HU OHO U3 HUX HE TPUBEJIO K KAKUM-I100
«OTKPBITUSIM» B TEPAITUK HAIMEHTOB. B HacTostieM 0630pe Mbl CTABUM 10/l COMHEHUE AKTYaIbHOCTD UCTIOJIb3YEMbIX
DKCIEPUMEHTAIbHBIX MOJIEJIEH, [IEPEYCIIUM HEKOTOPbIE 13 PEIKO IPUHUMAEMBIX BO BHUMAHUE ACIIEKTOB U 00CY UM

IIyTH BbIXO/la N3 CO3/IaBIIETOCA TyIINKa.

Kmoueeswvte caosa: mooenu na HCUBOMHDBLY, JleueHue cencuca

Like many other pathological infectious processes, sepsis is mainly studied in vivo using mice models. Over the
past 30 years, such studies have led to significant achievements in understanding of the sepsis pathophysiology. How-
ever, unfortunately, none of them led to any «discoveries» in the treatment of patients. In this review, we question
the relevance of the experimental models applied, list some aspects rarely taken into account and discuss ways to re-

solve the deadlock.
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J. M. Nouvelles therapies du sepsis: I'echec des mode-
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59, 230, 58—60. ITepeBos ¢ (hpaHIY3CKOTO BHITIOJTHEH

bupmoii «Akanemnepeson», Mocksa, Poccus.

A KOpOJIBb-TO roJbIii!

3a nocsentue 30 jiet ObLIO0 BEJMKOJIEITHO TPOJIe-
MOHCTPUPOBAHO U JIOKA3aHO, YTO TIPU CETICUCE 3a/Ieli-
CTBOBAHBI KJIETOUHBIE U MOJIEKYJISIPHBIE MEXAHU3MBI,
MHOTOUHMCJIEHHbIEe MeinaTopbl. HeliTpanusaius aTux
ME/INaTOPOB U KJIETOUHBIX /MOJIEKYJISIPHBIX ITPOIIECCOB
MO3BOJIMJIA CIIACTH KM3HU ThICsdaM J1abopaTOPHBIX
Mblieii. [ToMOIJIM J1u 9T ycnenHblie JabopaTopHbie
UCIIBITAHUSA Ha )KUBOTHBIX BBIPAOOTATh XOTS Obl OUH
eIMHCTBEHHBIN MHHOBAIIMOHHBIN 1 1eMCTBEHHbBIN 101~
XOJI JIJIST JIeYeHUS] U YIIYUIIIEHUST COCTOSTHUS MTAllUEHTOB
c cenicucom? Otet — Het! Ho Beyiue criennaaucTbl
B 9TOI 00/1aCTH OTKA3hIBAIOTCI IPU3HABATD, YTO HEyAa-
Y1 B XOJI€ MHOTOYMC/IEHHBIX KJIMHUYECKUX UCCJIeI0BA-
HUI, TTPOBE/IEHHBIX TIOCJI€ UCIBITAHUI HA KUBOTHBIX,
KOTOPBIE BKJIIOYAJIN JIECSTKU THICSTY TIAIIMEHTOB U CTOU-

* The text is a translation of the article: Cavail-
lon J. M. New methods of treating sepsis: failure of ani-
mal models, Bull. Assoc. Anc. El. Inst. Pastor, 2017, 59,
230, 58—60. Translation from French by «Akadem-

perevod», Moscow, Russia.

The Emperor's New Clothes:
But He Hasn't Got Anything On!

Over the past 30 years, it has been perfectly demon-
strated and proven that sepsis involves cellular and mo-
lecular mechanisms, as well as numerous mediators.
Neutralization of these mediators and cellular/molecular
processes saved lives of thousands of laboratory mice.
Have these successful animal laboratory tests helped to
develop at least one innovative and effective approach to
the treatment of septic patients and improvement of their
state? The answer is «no»! But leading experts in the
field refuse to admit that the failure of numerous clinical
studies conducted after animal tests, which included tens
of thousands of patients and cost millions of dollars, is
due to the fact that the animal models «do not work».
We are not going to saw off the branch on which leading
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JIF MUJLTTUOHBI JIOJIJIAPOB, 00YCJIOBJIEHBI TEM, YTO MOJIE-
JIV Ha JKUBOTHBIX «He PaboTaioT». Mbl COBCeM He HaMe-
PEeHBI IIUJIUTh CYK, HA KOTOPOM «CHJIST» BEIyIIUe CIie-
[[MAJIUCTBI, U CTABUTH IOJ COMHEHWE W3JO0IEeHHbIE
MU MOJIEJTH, 6J1aroiapsi KOTOPBIM OHU TIPOAOJIKAIOT
U3/[aBaTh MyOJUKAIMH B JKyPHAJIAX ¢ HEM3MEHHO BBICO-
KuM peiituarom. Kro se moMmuut ucropuio AnznepceHa
«HoBoe 1atbe kopoJisa»? §1 yike He peOeHOK 1 0CcMe-
JIIOCh CKA3aTh: KOPOJIb TOJIBIIA, TO €CTh CYIIECTBYIOIINE
MOZIEJIN HA JKUBOTHBIX He MOAXO/ST!

sKuBoTHblie u moan

Cerozinsg 1O BIOJIHE OYEBUIHBIM MPUUNHAM
MBIIITb OCTAETCS U3JTIOOJIEHHBIM KUBOTHBIM TIPU TIPO-
BeJIeHUU JKCIepUMeHTOB. PasMepbl, CTOMMOCTB,
JOCTYITHOCTH eIITHOKPOBHBIX UAEHTUIHBIX JKIBOTHbBIX
U JKUBOTHBIX C OTKJIIOYEHHBIM T€HOM, CKOPOCTh UX
Pa3MHOKEHUsT SIBJISIIOTCSI APTyMEHTAaMU B TI0JIb3Y
UCIIOJb30BaHUs Mbilieil. Mojenb cemncuca IyTem
HepeBI3KU 1 MyHKIUK cernoii kumku (cecal ligation
and puncture, CLP) 6bl1a paspaboTtana KOMaHION
Wpmaga Yayzapu (Irshad Chaudry) s 1979 roay na
KpbIcax, a 3aTeM 1 Ha Mbimax [ 1, 2]. Ona crana cBoero
POJIa «30JI0THIM CTAHAAPTOM», XOTsI 9KCIIEPUMEHTATO-
PBI U OTMEYAIOT HEKOTOPBIE ee HeJOCTaTKH [3].

Bepnap Tacmap (Bernard Gaspard), @pancya
Maskangu (Francois Magendie), Credan Tapube
(Stéphane Tarnier), Carypuen Apayan (Saturnin
Arloing), Buktop @enbi (Victor Feltz), Jleon Kos
(Leon Coze), Kapa Canomoncen (Carl Salomonsen)
u Hukomnaii Tamanea (Nikolai Gamaleia) noxasanu B
1822-1888 royax, 4To «rHUIOCTHBIE BEIIECTBA» COJIEP-
JKaT THUJIOCTHBIE GaKTePHU, KOTOPBIE BHI3BIBAIOT CETI-
CUC U TPUBOMAT K CMEPTH IKCIEPUMEHTATbHBIX
JKUBOTHBIX. HEKOTOpPBIE M3 HUX MCTIOIB30BAIN COOAK,
oBell, rosy6eii, KpoJIUKOB, CBUHEH, MOPCKUX CBUHOK,
OCJIOB, MHOT/IA ke My (HJIOHOB UJIH JIUC, HO HUKTO He
UCTIOJIb30BAJ MbiIIiieit. 1 aTo K jydiiieMy, HOTOMY 4TO,
6e3 COMHEHUsI, HHaYe, HAIIU TIPEINICCTBEHHUKY, ATH
yUeHbIe JIOKTOPA JIEBSITHA/IIIATOTO BEKa, MOTepIesn Obl
neynauy. Kazumup /lasen (Casimir Davaine) B 1863
TOJy BIIEPBBIE YCIIEINTHO TIPOIEMOHCTPUPOBAT HA KPO-
JIMKAX, 4TO OBEYbsl KPOBb, 3apaskeHHast cCUOUPCKOiL
SI3BOIA, iepeiaeT 60JIe3Hb 1 BBI3bIBACT cMePTh. [IpaBia
OH He TpPHIAJT MUPOKOI orjiacke TOT (GakT, YTO Ha
KpBbICaX TO eMY CJleJIaTh He y1anoch [4]!

bakrepun u moau

JlelicTBUTENIbHO, YCTOMYMBOCTH KUBOTHBIX K
BO3OYAUTENAM UH(PEKIMI CUTBHO PA3IMYaeTCs OT
OIHOrO BuAa K Apyromy [5]. Apyrumu ciaosamu, Gak-
TepHuajibHasl HArpPy3Ka, KOTOPYIO MOKET IePEHOCUTh
MbIIIb 03 PasBUTHS KaKOro-J1100 BOCIAIUTEIHHOIO
polIlecca, Ype3BbIYaiiHO BbICOKA IO CPABHEHUIO C TOH,
OT KOTOPOIl «CBAJUTCSI» KPOJIUK, HE TOBOPSI yKe O
yestoBeke. Hepenko npuxoaurses sBBoauthb 10 100 6ak-
tepuii (Escherichia coli, Staphylococcus aureus) Mpim,
4T0OBI BHI3BATH Yy HEE€ HEKOTOPOE PACCTPOICTBO JKU3-

experts experts are sitting and to question their favorite
models, thanks to which they continue to publish papers
in journals with consistently high impact factors. Who
does not remember Andersen's story «The Emperor's
New Clothes»? I'm not a child anymore and make bold
to say, «But the Emperor hasn't got anything on!» I
mean, current animal models do not work.

Animals and humans

Today, the mouse remains a favorite experimental
animal for obvious reasons. Their size, cost, availability
of consanguineous, identical animals and animals with
ainvalidated gene, and the speed of their reproduction
are arguments in favor of the use of mice. The cecal lig-
ation and puncture sepsis model (CLP) was developed
on rats and later on mice by Irshad Chaudry's team in
1979 [1, 2]. It has become a kind of a «gold standard»
despite certain defects noted by researchers [3].

In 1822—1888, Bernard Gaspard, Francois Ma-
gendie, Stéphane Tarnier, Saturnin Arloing, Victor
Feltz, Leon Coze, Carl Salomonsen, and Nikolai
Gamaleia proved that «putrefactive substances» con-
tain putrefying bacteria that cause sepsis and lead to
the death of experimental animals. Some of them used
dogs, sheep, pigeons, rabbits, pigs, Guinea pigs, don-
keys, sometimes even mouflons or foxes, but no one
used mice. And it's for the better, because otherwise,
and there is no doubt in it, our predecessors, these nine-
teenth-century erudite doctors would have failed. In
1863, for the first time, Casimir Davaine successfully
demonstrated in rabbits that sheep blood infected with
anthrax transmitted the disease and caused death.
However, he did not give wide publicity to the fact that
he could not reach similar observation with rats [4]!

Bacteria and humans

Indeed, the resistance of animals to infectious
agents varies greatly from one species to another [5].
In other words, the bacterial load that a mouse can tol-
erate without developing any inflammatory process is
extremely high as compared to that sufficient to «tum-
ble» a rabbit, not to mention a human. Quite often, we
have to inject up to 10 bacteria (Escherichia coli,
Staphylococcus aureus) to a mouse in order to cause
just a slight indisposition. This dose is equal to about
three trillion bacteria for a human!

A low persistent potential of microorganisms used
for the research (in comparison with clinical situations)
is one of the errors revealed during experiments. What
matters is the use of clinical isolates rather than bacte-
rial strains stored in the laboratory. It has been demon-
strated that endotoxin lipid A (lipopolysaccharide,
LPS) isolated from Pseudomonas aeruginosa differs in
structure and activity depending on what these mi-
crobes are: clinical isolates or laboratory strains [6]. The
presence of virulence genes also affects the severity of
sepsis and the mortality [7]. But these differences in vir-
ulence are rarely taken into account in animal models.
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HezesTeabHOCTU. [[JIs1 yesoBeKa aTO HKBUBAJIEHTHO
PUMEPHO TPEM TPUILTHOHAM GakTepuiil

Huskuii mepcucTeHTHbII TIOTEHITMAT MIKPOOPTa-
HI3MOB, UCITOJIb3YEMBIX JIJIs MICCJIEIOBAHMIA, 110 CPaBHE-
HUIO C KIIMHUYECKUMU CUTYAIIUSIMH, SIBJISIETCST OTHOM 13
HOTPEIIHOCTEN, BBISIBIEMbIX IIPH 9KCIEPHMEHTaX.
NmeeT 3HaU€EHME UCIIOIB30BAHIE KIMHUIECKUX H30JI5I-
TOB WJIM IIITAMMOB GaKTEPHii, XpaHsIecs B 1abopartop-
HBIX YCJIOBUSIX. B0 I0Ka3aHO, 4TO JMIu/ A 9HIOTOK-
cunoB (smmonosucaxapuj, JIIIC), Bbienenusii n3
Pseudomonas aeruginosa, oTimyaeTcs mo cTpykType u
AKTUBHOCTHU B 3aBUCUMOCTH OT TOTO, YeM SIBJISIOTCST 9TH
MUKPOOBI — KJIMHUYECKUMK U30JISITaMU WK JTabopa-
TOpHBbIMU IITaMMam¥ [6]. Hasmave reHoB BUpYJIEHTHO-
CTH TaK’Ke BJIUSIET HA TSIKECTD CETICHCA U CMEPTHOCTD [ 7].
Pezixo xorna aTu pa3inyust B BUPYJIEHTHOCTH YYUThI-
BAIOTCS [IPU MCHBITAHUSAX B MOJENSIX HA SKUBOTHBIX.
Bostee Toro, Hajmune yCTOHYMBBIX K aHTHOMOTUKAM
MUKPOOPraHU3MOB BJIUsIET Ha 3((DEKTUBHOCT JIEUEeHNST
naieHToB. [Ipu ncnpITaHusIX B MOJIEJISIX HA SKUBOTHBIX,
B GOJIBINMHCTBE KOTOPHIX AHTHOUOTHKH He HCTIOMb3YIOT-
cs1, 9TO TakKe peqko Koryia yuuthiBaercs [8]. Caemyer
OTMETHTb, YTO MATO(I3NOIOrHsI OTBETA HA 3apasKeHue
[paM-TI0JIOKUTENBHBIMU GAKTEPUAME OTIUYAETCS OT
TAaKOro OTBeTa P 3apaxkeHun [paM-oTpuriarebHbIMI
GaxrepusimMu. Bblia j0Kkazana uaMeTpaibHO TPOTHBO-
nosoxnag posib CD137 npu 060KX THAX 3apakeHnit
[9]. E1te ostaa norpeniHocTs TPy TaKUX UCCIEI0BAHUSIX
— 3TO HeyMepeHHoe wucnoJb3oBanue mozgean CLP
(Moziesu TIepeBsI3KU ¥ ITyHKIIUU CJIENON KUIIKY), B TO
BPEeM:I, KaK OHA He COOTBETCTBYET OCHOBHBIM BXOJ[HBIE
BOPOTaM MHMEKIIU [TPU CETICHCE Y YeTOBEKA. JKCIIEPH-
MeHTasibHas Moziesib CLP uMuTupyer reputoHuT ¢ uie-
M€l TKaHell; O[HAKO Y HAIMEHTOB C CEIICCOM OCHOB-
HBIMM BXOJIHBIMU BOPOTAMU WHQEKIIUU SIBJISIOTCS
JIETKIE, B TO K€ BPeMs1 y 3HAYUTEIBHOM JI0JIH TTAI[IIETOB
CEIICHUC SIBJIIETCST OCJIOKHEHNEM NH(MEKIINU MOYEBbIBO-
JSIUX TIyTell WM UCIIOJIb30BAHUS BHYTPUBEHHOIO
KateTepa. Mexay TeM, MOJIe I Ha >KUBOTHBIX [TOKA3bI-
BaIOT, YTO MATO(MU3NOJOTNYECKIe MEXaHU3MBI IPU
JIETOUHBIX, KO3KHBIX WK OPIOMIMHHBIX HH(eKusix abco-
moTHO otamyatores [10—12].

ITapameTpbi, KOTOpPbIE OOBIYHO
He MPUHUMAaIOTCA BO BHUMaHuUe

CerosiHst Bce yarie TOBOPST O TMOSIBJEHUW W
HEeOOXOUMOCTH IIePCOHATN3UPOBAHHON MEUIIMHBL,
UMEHHO ITPU CEIICHCe TAKOH II0AX0 0COOEHHO He0OXO-
M. UTto 0611ero Mexay MOJTHUEHOCHBIM MEHUHIH-
TOM y MOJIOJIOTO YesioBeKa U WH(MEKIMeil MOYEBbIBO-
IAMMX  IyTed Yy JKeHIUHBI ¢ AuabeToM, WJIn
BHYTPUOOJbHIYHO THEBMOHUEH Y MOKIIOrO Yesio-
BeKa C COIYTCTBYIONIeH maTtosorueit? MoskHO Jin
HaJIe€ThCS HA MOJIEJTMPOBAHME CETICUCA, UCITOJIb3YS
O/IHY-eIMHCTBEHHYIO JJOKJIMHUYECKYIO MOJIEJb, U YTO
toro xyzxke — Mojiesib CLP? XoTst oTBeT KaxkeTcst oue-
BUJIHBIM, aBTOPBI IPOJIOJIKAIOT UCCIEI0BAHUS CETICH-
ca B 0o0111eM, B rJ100abHOM cMblcae. OHako, He0OX0-

Moreover, the presence of antibiotic-resistant microor-
ganisms affects the effectiveness of treatment. In animal
models, most of which do not use antibiotics, this is also
rarely taken into account [8]. It should be noted that
the pathophysiology of the response to Gram-positive
bacteria infection is different from that of Gram-nega-
tive bacteria. The diametrically opposite role of CD137
has been proved for both types of infections [9]. An ex-
cessive use of the CLP (cecal ligation and puncture)
model is another error in such studies, while it does not
correspond to the entry of infection in human sepsis.
The experimental CLP model simulates peritonitis
with tissue ischemia; however, in patients with sepsis,
the lungs are the most frequent entry of infection, while
sepsis can also be a complication of an urinary tract in-
fection or the use of an intravenous catheter. Mean-
while, animal models show that pathophysiological
mechanisms in lung, skin or peritoneal infections are
completely different [10—12].

Parameters That are Not Normally
Taken Into Account

Today, much is spoken about an emergence of and
a need for personalized medicine; and this approach is
especially required for sepsis. What is in common be-
tween fulminant meningitis in a young man, an urinary
tract infection in a woman with diabetes, or nosocomial
pneumonia with comorbidities in an elderly person?
Can we lay our hopes on sepsis modeling using one sin-
gle pre-clinical model, and, what is even worse, the CLP
model? While the answer seems obvious, the authors
continue to study sepsis in a general, global sense. Fur-
thermore, it is necessary to take into account many dis-
tinctive characteristics of mice, as well.

Genetics. Studies are mostly conducted on mice
of the same stain. However, not all mice are equally sus-
ceptible to pathogens. While most C57BL/6 line mice
survive after an intravenous injection of 107 of Staph. au-
reus, all A/J, DBA2 and BALB/c mice die within just a
week [13]. Similarly, in response to intranasal adminis-
tration of Streptococcus pneumoniae (10 CFU), 100%
of BALB/c mice survive, while 100% of CBA, SJL or
C3H/He mice die [14]. A similar observation is de-
scribed for viral infections [15]. As for the CLP model,
the use of the same experimental protocol leads to the
death of less than 50% of C57BL/6 mice and 100% of
BALB/cmice [16]. The importance of the genetic back-
ground has also been demonstrated with the use of
knockout mice. 129SV knockout 1L.-4 mice are more
sensitive to Staph. aureus infection, whereas a similar in-
validation of C57BL/6 mice reduces mortality [17].
Let's remind that C57BL/6 mice have a mutation of the
Nrampl gene  (natural resistance-associated
macrophages protein 1), which does not occur in mice
of other lines. In vitro transcriptomics studies on bone
marrow macrophages activated by endotoxins show
very different gene expression profiles depending on the
mouse strain (DBA/2, C57BL/6 or BALB/c) [18].
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IUMO TIPUHUMATh BO BHHMAaHHE €Ille U MHOTHE
OTJIMYUTEJIbHBIE TAPAMETPBI CAMIX MBIIIEN.

Tenertuka. Vccnenosanus, 1o 6osblieil yacTu,
BE/IyTCsI HA MbIIIAX OfHON ymHuu. OJHAKO He BCe
MBI OJIMHAKOBO BOCHPUUMYUBBI K BO3OYUTEIAM
Gosesneit. B To BpeMsi Kak GOJIBIIUHCTBO MBbIIIEit
gunnu C57BL/6 BbUKUBAIOT TIPU BHYTPUBEHHOM BBe-
nennn 107 Staph. aureus, Bce mbimn A/J, DBA2 u
BALB/c ymupaiot Bcero 3a neziestio [ 13]. Anamoruyano,
B OTBET Ha MHTPAHA3AJIbHOE BBeleHue Streptococcus
pneumoniae (105 KOE), BouxuBator 100% wmbiieit
BALB/c, B To Bpemst, kak 100% wmbrmieit CBA, SJL win
C3H/He noru6aior [14]. [Togo6Hoe Habmoa€HMe OII-
caHo u st BUpycHbIX nndexiuii [15]. Yro kacaercs
mozesn CLP, ucriosib3oBanue 0J{HOTO U TOTO JKe IKCIIe-
PUMEHTATIBHOTO IIPOTOKOJIA IPUBOIUT K CMEPTH MEHee
50% wobrmeit C57BL/6, u k cmept 100% Mbimeit
BALB/c [16]. Basxkuoctb reermdeckoro ¢pona ObLia
TaK)Ke IIPOJIEMOHCTPUPOBAHA C KCIOJb30BAHUEM
HOKayTHbIX Mbiiiell. HokayTabie mprin [L-4 munnnm
129SV 6Gosee uyBcTBUTENbHBI K nHbeKIur Staph.
aureus, TOr/J[a Kak MoJ00Hast MHBAJIU/IAIUA Y MbIIIIeit
gunnn C57BL/6 cumxaer cmeprrocts [17]. Hammom-
HuM, yro Mbimn C57BL/6 mMeior Mmyraiuio reHa
Nramp1 (natural resistance-associated macrophages
protein 1), KOTOPBII He BCTPEYAETCS Y MBIIIEN JAPYTUX
sunuii. VccnenoBanust TpaHCKPUIITOMUKHY i1 0ILF0 HA
Makpodarax KOCTHOTO MO3Ta, aKTUBUPOBAHHBIX 9HIO-
TOKCHHAMHU, JI€EMOHCTPUPYIOT OYeHb PA3JIUYHbIE [IPO-
uin aKCIpeccuyt TeHOB B 3aBUCUMOCTH OT JIMHUIH
mbiireir (DBA/2, C57BL/6 nau BALB/c) [18].

ITon. [TosioBbIE TOPMOHBI OKA3bIBAIOT CUJIBHOE
BJIMSHUE HAa KauecTBO UMMYHHOTO oTBeTa [ 19]. Camirb
U CAMKU MBbIIIIeil UMEIOT Pa3HyIO YyBCTBUTEIbHOCTD K
nndexnuam. OzHa u Ta JKe nHbeKInd Strep. pyogenes,
MoJtyJieTaabHast JIJ1st caMoK, TpuBouT K 100-1iporient-
HOI CMEPTHOCTH Y caMII0B. V1 HATIPOTHUB, MBIIITN-CAMKH
GoJiee uyBCTBUTENbHBI K Listeria monocytogenes [20].
ITO paziuyre MeXK1y MOJaMH UCUe3aeT Y MBbIIIei,
JquieHHbix reHa naTepseiikuna-10 (I1L-10). Mcmomns-
3oBanue monean CLP B usosmpoBanHoM Buje, Uiu
OCJIe TPABMbI,/KPOBOIIOTEPH, TAK/KE BBISIBJISIET PA3HU-
Iy MeK/Iy caMI[aMU U caMKaMu B ripoacTpyce. Ilocen-
Hite Topaszo 6osee yeroituusbl [21]. VI cHOBa, BO3SMOXK-
HO, CKa3bIBAETCS BJUSIHUE TeHeTrnYeckoro Gona. Tax,
nocste uabeknuu JITIC copep:xkanue KOpTUKOCTEPOHA
B CBIBOPOTKE KPOBH HIEHTHYHO Yy CAMIIOB U CaMOK
mbiireit C57BL/6, Torma kak y mbiiieit BALB/c ono
BBIIIIE Y CAMOK, YeM y caMIloB [22].

Boaspact. HecmoTpst Ha TO, YTO B Pa3BUTHIX CTPa-
HAaX BO3PacT OOJIBIIMHCTBA MAIMEHTOB C CEIICUCOM
npesbimaer 65 Jer, nopaBisgioniee GOJIBIIMHCTBO
UCCJIeOBAHUI TIPOBOIUTCST HA «MBIIIAX-IOAPOCTKAX >
(7—8 nenennp). OnHaKO, MOJIOJIBIE MbILIK OOJIEE YCTOM -
YUBbl K JieTaJbHbIM fo3aM uHbexkunuii JIIIC, uem
<TIOKHJIBIE» MBIIITH, U BBIPAGATBIBAIOT MEHBIIIEE KOJIH-
YeCTBO IUPKYJAUPYONUX ITUTOKWHOB [23]. PeakTus-
HOCTb <ITOKUJIBIX»> MBIILIEH TPY UCIIOIb30BAHUN MOJIe-
JI IEPUTOHUTA BbIIIIE, YeM MOJo/bIX [24]. Kak nipu

Sex. Sex hormones have a strong effect on the
quality of the immune response [19]. Male and female
mice have different sensitivity to infections. The same
injection of Strep. pyogenes which is semilethal for fe-
males leads to a 100 percent mortality in males. In
contrast, female mice are more sensitive to Listeria
monocytogenes [20]. This difference between sexes dis-
appears in mice geneticaly rendered deficient for the
interleukin-10 gene (IL-10). The use of a CLP model,
an isolated one or the one after injury/hemorrhage,
also demonstrates the difference between males and
females in the proestrus. The latter are much more re-
sistant [21]. And again, perhaps, it is the effect of a ge-
netic background. For example, after an LPS injection,
the corticosterone serum concentration was identical
in male and female C57BL/6 mice, while in BALB/c
mice it was higher in females than in males [22].

Age. Although in developed countries the age of
most patients with sepsis is more than 65 years, the
vast majority of studies are conducted on «teenage
mice» (7—8 weeks). However, young mice are more
resistant to lethal doses of LPS than the «elderly»
mice and produce less circulating cytokines [23]. The
reactivity of the «elderly» in the peritonitis model is
higher than that of young mice [24]. Both in endotox-
inemia model [25] and in the cytokine storm model
[26], adipose tissue and its leukocyte infiltrates cause
formation of an excessive inflammatory response and
a lethal outcome. When comparing experimental
young mice with young human patients in clinical sit-
uations, there were still differences. For instance, a
transcriptome analysis revealed 131 genes modulated
by sepsis which were identified as common ones for
mice and children versus 486 genes specific for chil-
dren and 593 genes specific for mice [27].

Circadian rhythm. The circadian rhythm is very
rarely taken into account, and the time of the research
is rarely mentioned in the experiments. However, the
same dose of LPS administered in the daytime or at
night leads to different mortality rates [28]. The cir-
cadian rhythm disorders make mice more sensitive to
the endotoxin with the subsequent development of
shock [29]. Meanwhile, in some intensive care units,
the light is kept on all the time.

Housing of mice. Experimental mice are kept in
a nursery; they are provided with food ad libitum and
with the absence of any exercice. As a result, the mice
used for the experiment develop metabolic disorders
[30]. What is worse, the thermal neutral ility in mice
is about 32°C [31, 32 ]. When animals are kept at a
temperature of 20 to 22°C, their body temperature
does not increase, but, on the contrary, decreases,
which is not suitable to simulate a response to infec-
tion in humans. On the contrary, when mice are kept
at elevated temperatures, their body temperature rises,
and the infection is controled more easily [33].

Characteristics that are unique to mice. Nu-
merous immunological parameters differ in mice and
humans [34]. Let us mention some of the differences:
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MOJIEJIN AHIOTOKCUHEMHU [25], Tak U MpU MOjen
IIUTOKUHOBOTO MITOpMA [ 26], 5KMpOBasi TKaHb U ee Jieii-
KotuTapubie HHGUIBTPAThl 00ycaaBauBaoT hopMu-
poBaHue YPe3MepPHOIl BOCIAIUTEIBHYIO PEAKITNU U
JieTasbHbli ncxo. Ilpu cpaBHeHUN SKCIIepUMEHTAb-
HBIX MOJIO/IBIX MBIIIEN C MOJIOJIBIMY MAI[UEHTAMU B
KJIMHUYECKUX CUTYAIUSIX, PA3JIUIHsI BCE PABHO OY/IyT
OPUCYTCTBOBATh. TakK, TPAHCKPHUIITOMHBIN aHAJIU3
BbIgBUI 131 TeH, MOy IMPOBAHHBIN CETICUCOM, KOTO-
pble ObLIN WACHTU(DUIMPOBAHDI, Kak O6IIne st
MBIIIEN U fieTeit, IpoTuB 486 crielnuIHbIX JI715 IeTei
n 593 crieruduunbIX 1715 MbIiei [27].

Hupkagueiit purm. [{upkagHblii pUTM OYEHb
PeIKOo MPUHUMAETCs] BO BHUMAHIE, B 9KCIIEPUMEHTAX
PEZIKO YIIOMIHAETCST BPEM:I IIPOBEIEHNUST UCCIIEIOBAHUIL.
Opnaxo, oiHa 1 Ta ke 1o3a JIIIC, BBoanmas rHem 6o
HOYBIO, TPUBOJIUT K pas3Hoii cmeprHoctu [28]. Hapyiie-
HUSI [UPKA/THOTO PUTMA JIEIAET MbITIieli oJiee 4yBCTBY-
TEJIbHBIMU K 9HIOTOKCUHY C IOCJIEYIONIM PA3BUTHEM
moka [29]. Mexx/y Tem, B HEKOTOPBIX OT/IEJIEHUSIX pea-
HUMAIIMU CBET [TOCTOSTHHO JIEPSKUTCST BKITIOUEHHBIM.

Copnep:xanue Mpiieii. l13yyaembie MbIlm conep-
JKaTcst B yCIOBUAX MUTOMHUKA, UX BBOJIO obecredn-
BAIOT IHIIEl U He «IIPEJIaraloTs UM HUKAKUX HArpy-
30K. B pesysisrare aTOr0 y MbIIlleii, UCIO0Ib3YEeMBbIX JIJIst
IKCIIEPUMEHTA, PA3BUBAIOTCST METAOOIMYECKUE HAPY-
menus [30]. Uro emne Xyske, TepMOHENTpaIbHAS 30HA
y Mbitiel cocrasssiet okosio 32°C [31, 32]. Ilpu cozep-
JKAaHWM [P TeMIIepaType oKpysKaioleil cpest ot 20
110 22°C y MblIIIel He MOBbIIIAeTCs], a HA06OPOT MOHU-
JKAeTCsT TeEMIIepaTypa TeJja, YTO COBCEM He MOIXOIUT
I UMUTAIMK Peakiny Ha uHdexiwio y mogeil. U
HAIIPOTUB, IIPU COJIEPKAHUU MBIIIIEil TIPU TOBbIIIEH-
HBIX TEMIIEPATYPAX Y HUX [OBBIIIAETCST TEMIIEPATYPA
Tesa, M nHGEKIMS TojaBsiercs jerde [33].

XapaKTepHCTHKY, CBOWCTBEHHbIE HMCKJIOYH-
TeJbHO MbIIIaM. Y MbIIell U Jo[eil Pa3iIndaioTcs
MHOTOYKCJIEHHBIE UMMYHOJIOTUYECKUE TapaMeTphl
[34]. Lt mpumMepa yrioMstHEM HEKOTOPbBIE PA3TUUMSI:

* Y Mblllleif, B OTJINYKE OT JIOJEN, TIOJTUHYKIIe-
apHble HETPODUIIBI IPECTABAAIOT COOON MEHBIIYIO
HOITYJISIINIO KJIETOK HUPKYyaupyioeit kposu (15%).
Bosee Toro, pepMeHTaTHBHASA CIIOCOOHOCTD MBIIITH-
HBIX HENTPOMUIOB TOPA3IHO HIKE, YEM YEM Y YEIO-
BeYeCKNX HEUTPODUIOB, OHU HE BBICBOOOKIAIOT
anbda-nedeH3nHbL.

*  AKTHBHOCTb CUCTEMbBI KOMIIJIEMEHTA YPE3BbI-
YaifHO HU3KA B I1JIa3Me KPOBH MBIIIIEl 110 CPABHEHUIO
C IPYIMMHU BUIAMH KUBOTHBIX 1 4eJI0BeKoM |35, 36].

* Passmunbie Gesiku 0CTPON (has3bl BOCTIATEHIISI
YUYACTBYIOT IIPU BOCIAJIUTETBHOM ¥ MHGEKIIMOHHOM
npoiiecce. B orsmune ot Jiozieit, Ipu BOCIIaleHUN Yy
MBIIIIeil He YBeJTMYNBAIOTCS KoHlleHTpanuu C-peak-
TUBHOTO GeJika 1 anbha-1 aHTH-TPUTICHHA.

*  MblIiIu 4pe3BBIYANHO YCTOUYMBBI K TOKCU-
Ham. Eciiit emepresibHas n1o3a 1udTepuitHoro TOKCHHa
cocrasisieT MmeHee 100 Hr/KT 111 Yesl0BEKa WM KPO-
JIKa, TO 4T0OBI YOUTH MbIIIb HoTpedyercsa 1,6 Mr/Kr
TokcuHa. Takke cunrtaercs, uro mbinu B 10° pas 6osee

¢ Unlike humans, in mice, polynuclear neu-
trophils represent a smaller population of circulating
blood cells (15%). Moreover, the enzymatic capacity
of mouse neutrophils is much lower than that of human
neutrophils, and they do not release alpha-defensins.

¢ The complement system activity is extremely
low in the plasma of mice as compared to other animal
species and humans [35, 36].

¢ Various acute-phase proteins are involved in the
inflammatory and infectious process. Unlike humans, in-
flammation in mice does not increase the concentrations
of C-reactive protein and alpha-1 anti-trypsin.

e Mice are extremely resistant to toxins.
Whereas the lethal dose of diphtheria toxin is less than
100 ng/kg for a human or a rabbit, 1.6 mg/kg of toxin
will be required to kill the mouse. It is also believed
that mice are 10° times more resistant to endotoxins
of Gram-negative bacteria than humans.

¢ Unlike humans, mice do not have genes re-
sponsible for interleukin-8, interleukin-32, inter-
leukin-37 and TLR10 production.

Comorbidities. In humans, reactivation of some
viral infections, for example, caused by cy-
tomegalovirus or Herpes simplex, is often observed in
sepsis (in 25—33% of cases) [37, 38]. This is rarely
taken into account in studies with murine models, al-
though such concomitant infections significantly af-
fect the sensitivity of mice to endotoxins and bacterial
infections [39—41].

Possible ways to break the deadlock

It is necessary to ban the «<mouse is our only op-
tion» approach and start using experimental animals
of other species, especially rabbits, which are very sen-
sitive to bacterial infections, and whose inflammatory
response to an infection caused, for example, by Staph.
aureus, is similar to that in humans [42]. Swine genes
are much closer to human genes than those of mice,
which is manifested upon activation of macrophages
and in homeostasis [43, 44]. In experiments, non-
human primates can also be used, although they are
different from humans, even in reactions to LPS ad-
ministration. However, it is complicated by their high
cost and their use raises critical ethical issues [45, 46].
There are humanized mice, the use of which is often
considered the best solution to the problem when cre-
ating remarkable models that simulate certain clinical
situations in humans [47]. However, although today
there is an opportunity to create more «complex» hu-
manized mice [48], at present, their endothelium, ep-
ithelium, and peripheral nervous system remain
murine, and, I think, no one will deny the involvement
of these tissues in the septic reaction. Progress in un-
derstanding the pathophysiology of sepsis can also be
expected from organ-on-a-chip [49] technologies or
the use of organoids [50, 51], but it is also necessary
to review the development of models for animal stud-
ies of human diseases. A step in the opposite direction
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yCTOMYMBA K IHAOTOKCUHAM IPAMOTPHIIATETbHBIX
GakTepUi, YeM JIIO/IH.

* B orsmune ot siozieil, y Mbliiieil HET T€HOB,
OTBEYAIOIINX 32 IPOAYKIUIO MHTEPJIeHKITHA-8, UHTep-
aefikuna-37 u TLR10

ComnyrcrByiomue 3a0oneBanus. Y uel0BEKa
npu cercuce dacto (B 25—33% ciydaen) Habiroaer-
Cs1 PeakTUBAIUSI HEKOTOPBIX BUPYCHBIX MHMEKIUI,
HAIIPUMED, BBI3BIBAEMBIX ITUTOMETATIOBUPYCOM HJIH
Herpes simplex [37, 38]. 910 peaxo npuHUMAaeTCs BO
BHUMAaHUE TIPU UCCIEOBAHUIX HA MOJIEJSIX, XOTS
MO06HBIE COTYTCTBYIONIE WHMDEKIMH 3HAUMTENHHO
BJIUSIIOT HA YYBCTBUTEIBHOCTD MBIIIEN K 9HAOTOKCH-
HaM 1 GakTepuaibHbiM nHbeKam [39—41].

Boamo:xHbie IIyTHU BbIXO/Ia U3 TYIINKaA

Heo6X0/11MO 3apeTHTh MOJIXO/] «MBITIb HAITIE BCE>
Y HAYATb MCIIOJIB30BATh KCIIEPUMEHTAIBHBIX KHBOTHBIX
JPYTUX BUIOB, 0COOEHHO KPOJMKOB, KOTOPbIE OUEHb Yy B-
CTBUTEJIBHBI K GAKTEPUATIBHBIM HHMEKIIUAM, U Y KOTO-
PBIX [IPH 3apaskeHnu, HATpumep, Staph. Aureus, Bocna-
JINTEJIbHAS PEAKITHs TIOXO0Ka Ha PeaKInio yesioBeka [42].
Tenbl cBuHel HAaMHOTO GJIMKE K TEHAM YeJIOBeKa, 4eM
MBIIIIEl, UTO MTPOSIBJISIETCS IPU AKTUBAIIUE MAKPO(haros
u ipu romeoctase [43, 44]. B akcriepumenTax MOXKHO
TaKyKe MCTIOJIb30BaTh HEKOTOPHIX HEYETOBEKOOOPA3HBIX
00€3bsTH, XOTSI OHU U OTJIMYAIOTCS OT JIOZIEH, IaKe B peak-
msix Ha Beezienve JIIIC. Do, oHAKO, OCIOKHEHO UX
BBICOKOII CTOMMOCTBIO U BBI3BIBAET OCTPbIE BOITPOCHI TH-
YecKoro xapakrepa [45, 46]. CyIecTByIOT elile ryMaHu-
3MPOBAHHbIE MBIIIIH, UCTIOJIb30BAHIE KOTOPBIX YaCTO Pac-
CMaTPUBAETCS KAK HAVJTyUIIiee PeliieHne podJieMbl Tpu
CO3/IAaHNU 3aMeYaTebHbIX MOJIENEel, KOTOpble MMUTH-
PYIOT OIpeziesieHHble KJIMHUYEeCKIe CUTYAITIH Y YeIoBe-
ka [47]. Onnako, XOTsT Cero/iHsI €CTh BO3MOKHOCTb CO3-
HnaHusi Bce 0OJiee <«CJOKHBIX» TYMAHH3UPOBAHHBIX
MbIIIei [48], Ha JaHHbIIT MOMEHT UX 9HJIOTEJINT], SITUTe-
Jmii, u nepudepryeckast HepBHAsI CHCTEMA OCTAIOTCS
BCe-JKe MBIITUHBIMY, 4, 51 JIyMalo, HUKTO He OyIeT OTpu-
1aTh y4acTHe 9TUX TKaHell B CENTUYECKOI PeaKIiiuu.
[Tporpecc B monumanuu naTopU3NOJOTUU CETICUCA
MOKHO OKMIATh U OT TEXHOJIOTHI «OpraHa Ha Yuiie»
(organs-on-a-chip) [49], wiu ¢ rcnonb30BaHKEM Opra-
Hounos [50, 51], HO Bce Ke HEOOXOAUMO TaKKe Iepe-
cMOTpeTh (hOPMUPOBAHIE MOJIETIEN JIJIST NCCIIEIOBAHNST
Gosesneil yemoBeka Ha KuBOTHBIX. I1lar B o6paTHOM
HAIPaBJICHUH, C TeM, YTOObI UMUTUPOBATH HA MBIIIAX
oripe/iesleHHbIN crienuduueckuii heHoTut, niaeHTudu-
IIPOBAHHBIIT U CBSI3AHHBIN C PA3BUTUEM CETICHCA, HAUTH
IIPU 9TOM a/IeKBATHbIE METOJIbI JIEUEHNST, & 3aTEM <Bep-
HYThCsT» K MIAIUEHTY, KAJKETCsT MHe HeOGOTBIITNM, HO a0Co-
JIOTHO HeoOxoxuMbIM [52].

MMMyHHas1 HeJIOCTaTOYHOCTh
u cemcuc 3.0
HOC]IG TOT'O, KaK Mbl HOTepHe.HI/I nopayKeHHe, IIbITa-

SICh CIACTHU TALMEHTOB C CEIICHCOM, OOPSICh C Ype3Mep-
HOM BOCIIJIUTEIHOM peakIueii, BeyIue CrieluaauCThl

in order to simulate a specific phenotype on mice,
identified and associated with the development of sep-
sis, in order to find adequate treatment options, and
then «return» to a human patient seems to me a small
one, but absolutely necessary [52].

Immunodeficiency and sepsis 3.0

While we suffered a defeat trying to save patients
with sepsis, struggling with an excessive inflammatory
reaction, leading experts in the field are now proposing
to focus on changes in the immune system after the suc-
cess in rescuing laboratory mice [53]. In fact, in humans,
as in mice, immune cell response is impaired, but the na-
ture of this disorder is completely different and opposite
depending on the studied compartment [54]. Moreover,
stimulation of the immune system can have harmful
consequences [55]. Again, in the case of mindless inter-
polation of approaches that have been successful for
mice to clinical cases with humans, there is a great risk
of new frustration. In addition, a new definition of sep-
sis (sepsis 3.0) states: «Sepsis is a life-threatening organ
dysfunction caused by a dysregulated host response to
infection». Therefore, it will be quite difficult to simu-
late sepsis in an animal, because then it will be necessary
to change its immune system to make the response
«dysregulated». But what are we talking about? In
short, we should fear that years will pass, and scientists
will not agree to make a «freeze-frame» to offer new rel-
evant solutions that will ultimately save the lives of not
only mice but also humans.

B 9TOI 06JIACTH TETEPh TPEJIATaloT COCPEIOTOYNTRCS Ha
M3MeHEeHUN IMMYHHOH CHCTEMBbI YeJIOBEKa MocIe yerie-
XOB, JIOCTYTHYTBIX B CIIACEHUH JTaBOPATOPHBIX MBITIEN
[53]. Dakruyecky, y JTojel, KaK U Y MBIIIEH, PEaKIust
UMMYHHBIX KJIETOK HApYIIAeTCcsl, HO XapaKTep 3TOro
M3MEHEHVsT aGCOITIOTHO OTTHYACTCST K IPOTHBOTIOMNOKEH,
B 3aBHCHMOCTH OT M3y4acMOro KoMIapTMeHTa [54].
Bonee Toro, ctumMyIsIis MMMYHHOI CHCTEMbBI MOKET
uMeTh naryonsie mocsieacTsus [55]. Omsrs xe, mpu 6es-
JIYMHOM KOITMPOBAHUU TOJXO0B, KOTOPBIE OBLIN
VCIIENTHBIMU [IJTsI MBIIIEH, HA KJIMHUYECKIE CAYYau y
JIojieii, ecTb GOJIBIIOI PUCK HOBOTO Pa304apOBAHMUSI.
Kpowme toro, HoBoe onpenesnenne cercuca (sepsis 3.0)
rmacuT: «Cercuc aTo yrposKaromast KIU3HU TIChHYHKITIS,
00y CIIOBJICHHAS Pa3PEryTUPOBAHHBIM OTBETOM OPTaHN3-
Ma X03sa1Ha Ha nHeknuo» (Sepsis is caused by a dys-
regulated host response to infection). Takum oGpasom,
Gy/IeT IOBOJIBHO CJIOKHO UMUTHPOBATH CETICUC Y KUBOT-
HOTO, Be/lb TOT/Ia HEOOXOMMO GYJIET TIPEABAPUTETHLHO
TaK U3MEHUTH €T0 MIMMYHHYIO CUCTEMY, YTOOBI PEaKI[Hst
OpraHM3Ma OKa3aJIach «pasperyauposantoii». Ho o uem
MBI TOBOPHM? CJIOBOM, CIIG/IYET OTACATHCS, UTO OIInsKaii-
TIIHe TOJTBI ITPOIYT, & YUEHbIE TAK U He COTIIACITCS Clie-
JIATh «CTOT-KAJIP», YTOOBI TIPE/IJIOKUTE HOBBIC PEJIEBAHT-
HBIE PelIeH s, KOTOPble, B KOHEUHOM UTOTE, COXPAHST
JKM3HD HE TOJIBKO MBbIIITaM, HO ¥ JTIO/ISIM.
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Etiologic and Pathogenic Perinatal Factors for the Development
of Intrauterine Infections in Newborns (Review)

Svetlana A. Perepelitsa

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
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3aaun MUPOBOTO COOOIIIECTBA B TEUEHE MHOTHUX JIECSITUIIETHIT HAIIPABJIEHbI HA CHIDKEHUE HEOHATAIBHOM 1 MJla-
JIeHYECKOI CMEPTHOCTH OT BHYTPpUYTpoOHbIX mHMeknnit. B 1990 roxy Opranusarus O6beaunennbix Hammii u Bee-
MUPHAsI OPraHu3aIusl 37[PABOOXPAHEHUST ONPEETIIN TPUOPUTET CHUKEHUST IETCKOiT cMepTHOCTH K 2015 Tomy.
HecMoTps Ha 3HAYUTEbHBIE YCIIEXU B JIEU€HUN HOBOPOK/IEHHBIX, CMEPTHOCTD OT CETICHCA CHIKAETCS MeIJIEHHO, B
cjlydyae BBUIKMBAHUS Y JIeTell B MOCTHATAILHOM BO3pacTe (hOPMUPYIOTCST PA3INYHON CTETIEHU TIOBPEKIEHMS TIEHT-
PaJIbHOIT HEPBHOIT CUCTEMBI. 32 TIOCIe/IHee IECSTUIETHE MTOSBIJINCH HOBbIE IAHHBIE O METO/IAX TIPOMUIAKTUKHI, /TN~
ArHOCTHKH, JIe4eHUsT BHY TPy TpoOHBIX mHbekImil. [lesh 0630pa: nmpeicTaBuTh AaHHble 00 0COGEHHOCTSIX TEYEHUST
6epeMeHHOCTH MPU PA3BUTUN MHOEKIMU, METOAX COBPEMEHHON JMArHOCTUKH, BKIIOYAIOIIIX HCCJIe0BAHIE MH-
TepJIEeHKNHOB, MOP(MOJIOTUIO TIJIAIIEHTBI, NCCJIEIOBAHUE AJIIETBbHBIX TEHOB, & TAKKE COBPEMEHHBIN TOIXO]T K JIEUEHNIO
BHYTPHYTPOOHBIX WHGEKINIT Y HOBOPOKIEHHDIX.

Knioueewte cnosa: HOBOpO?ICaeHHble,’ XopuoamHuonum, qbynwcyﬂum; GpO()ICaeHHCZﬂ NHEeBMOHUS, Cencuc

For many decades, the world community’s efforts have been aimed at reducing the neonatal and infant mortality
from intrauterine infections. In 1990, the United Nations and the World Health Organization set out the priority of
decreasing children mortality by 2015 roxy. In spite of impressive success in newborn treatment, mortality due to
sepsis decreases slowly; when survive, postnatal children develop central nervous system impairments of different
level of severity. In the recent decade, new data have emerged concerning the methods of intrauterine infections
prophylaxis, diagnosis, and treatment. The purpose of the review is to present data concerning specifics of pregnancy
course when infections develop, contemporary diagnostic methods including studies of interleukins, placenta mor-
phology, allelic genes, and to reflect the current approach to the treatment of intrauterine infections in newborns.

Keywords: newborns; chorioamnionitis; funiculitis; congenital pneumonia; sepsis

DOI:10.15360/1813-9779-2018-3-54-67

BBenenue

Buyrpuyrpobubie nHGEKIUN U HeOHATAIbHBIN
CEIICHC SBJISIOTCS OCHOBHOI IIPUYMHOMN 3200J1€BaeMO-
CTU U CMEPTHOCTU Y HOBOPOKIEHHBIX, 4TO 00YCJIOB-
JIEHO Hecnenu@PUIHOCTbIO CUMIITOMOB, 3aTPYIHSIO-
mUx ux paHHoo auarnoctuky. B 1990 roxy
Opranusanus O6benunentsix Hanmit (OOH) u Bee-
MUpHasg opranusanus 3apaBooxpanenus (BOJ)

Introduction

Intrauterine infections and neonatal sepsis are
the main reason of newborns morbidity and mortality
due to non-specific nature of symptoms, which inter-
feres with their early diagnosis. In 1990, the United
Nations (UN) and World Health Organization
(WHO) set out the priority of children mortality de-
crease by year 2015. In spite of impressive success in
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OIIpe/Ie/IUIIN TPUOPUTET CHUKEHUS IeTCKOM CMEPTHO-
ctu k 2015 rony. HecMoTpst Ha 3HAUNTETBHBIE YCITEXH
B JIEYUEHUN HOBOPOXK/IEHHBIX, CMEPTHOCTD OT CelcHuca
CHUKAeTCs Me/lJIeHHO. B cirydae BbKMBaHUA Y JleTeid
B [IOCTHATAJILHOM BO3pacTte (hOpMUPYIOTCS MOBPEK/Ie-
HUA HEeHTPAJIbHON HEPBHOM CUCTEMBbI Pa3/IM4HON CTe-
nern. B 2010 romy ot mHGEKIMOHHBIX 3a00J1eBaHNi,
BKJIIOYAs CETICHC, BO BCEM MUpe YMePJIo 7,6 MUJLIMOHA
nereil B Bogpacre /10 5 jieT. CMEepTHOCTh HOBOPOSK/IEH-
HBIX cocTaBisiaa 40% oT 06IIero 4ucia yMepumx
nereii [1—3]. B 2015 rogy B HeoOHAaTaJIbHOM ITEPHOJIE
ymepJio 2,7 MJtH. ieteil. Bepymmumu npuunHaMu cMep-
TH HOBOPOXKJEHHBIX SIBJISAIOTCS HEJOHOLUIEHHOCTD U
nHeBMonus. IIpexieBpeMennble Po/ibl U ITHEBMOHUS
3HAUMMBI B CTPaHAX C BBICOKUM, CPEJAHUM U HU3KUM
YPOBHAMU JIETCKO cMepTHOCTH [4—6]. Yeunus mupo-
BOTO cOO6IECTBA B T€UEHUE MHOTHX JECSTUIIETHIT
HAIPaBJIeHbl HA CHUKEHME HeOHATATBHON U MJIaJIeH-
Y4ECKOU CMEPTHOCTH, B TOM YHCJIE OT BHYTPUYTPOOHBIX
nHGEKITUI.

Pannee nauaso cercuca ocraercs cepbe3HOi
po6IIEMON JIJIst HOBOPOKIIEHHBIX, 0COOEHHO HEIOHO-
HIeHHBIX JleTeil. HeonaTayubHblii cericuc npeacTaBisgeT
co60ii cucteMHuy10 HHPEKIUIO, BOZHUKAOILYIO Y MJa-
JIeHIIeB B TeyeHue 28-u Hel MOCTHATATbHON KU3HU,
U SIBISAETCSA BasKHON MPUYUHOM 3a60J€BaEMOCTU 1
CMEPTHOCTH HOBOPOKIeHHBbIX [3, 7—9]. Beigemnsior
paHHNII HeOHATAIBHBII CEIICUC, BO3HUKAIONNIT y MJIa-
JICHIIEB /10 72-X 4acOB ’KU3HU, U TI03/IHUI HEOHATAJIb-
HBIIi ceTicHC, pa3BUBaloNuiics moce 3-To AHs MoCTHA-
TAJbHOTO BO3PACTA, €0 HAUaJI0 BApbUPYeT B [Ipe/esiax
ot 3-x 10 120-u cyroxk skusnu [3, 8—11]. st muazen-
1[EB C AKCTPEMaTbHO HU3KOI Maccol tesa (IHMT)
KOJIMYECTBO CJlydaeB 3a00JeBasi cocTaBiisieT 26 %o,
y HEIOHOIIEHHDBIX JIeTell ¢ OueHb HU3KOI Maccoii Tesa
(OHMT) uwactora pa3BuTHUs CENCUCA CHUKAETCS U
COCTaBJISIET 8%o, T. €. IPH YBEJINUYEHIH FeCTAIMOHHOTO
BO3PACTa BEPOATHOCTH 3200JIEBAHIS BHY TPHYTPOOHBI-
mu undekiuamu (BY W) 3naunrenbHo cHuzkaercs.
Pannuii HeoHATAIBHBIN CETICHC BHI3BIBACTCS GaKTEPH-
AJbHBIMY MUKPOOPraHU3MaMU, TIepeiaBaeMbIMU reMa-
TOTEHHBIM, BOCXO/ISIIUM ITyTEM OT MaTep K peOeHKY
BO BpeMsi OepeMeHHOCTH WK B pojiax. [lo3nauii Heo-
HATAJIbHBIN CEICHUC MOXKET BO3HUKATH IIPU BOCXO/I-
1eM HHQMUIMPOBAHUY T1JI0/1a 10 POIOB, UHTPAHATAb-
HO WJIM TPH MPSIMOM KOHTaKTe ¢ GaKTepPUabHBIM
Bo30OynuTeeM. 3a00/I€BaHNsT BUPYCHBIMU WU TPUG-
KOBBIMU HEOHATAJIbHBIM MHMEKINIMU MOTYT TaKkxKe
BO3HUKATD /10 7 THEH *KU3HU, HO OHU OTJIMYAIOTCS OT
6akrepuasiphoro cemncuca [12]. DakTopbl pucka 110
Pa3BUTHUIO CeliCUCca Y HOBOPOXK/IEHHBIX: BO3pACT Mare-
peit 710 20-u JjieT; HeZJOHOIIEHHOCTD; OCTHATAIbHBII
BO3pacT HOBOPOXK/IEHHDBIX /10 7-U CYTOK; MY’KCKOI 110J1
pebenka; macca Tea 1500—2500 rpamy; oLeHKa 110
mKasie Anrap Ha 1-if MUHYTe JKU3HI MeHee 7-1 GalljoB;
Ipesk/eBpeMeHHOe UM3JIUTHE OKOJIOIJIOAHBIX BOJL
(ITMOB) u auTebHOCTD 6E3BOAHOIO nepuoaa doJee
18-1 yacoB, Ipu KOTOPOM BEPOATHOCTD PA3BUTUS HEO-
HATAJILHOTO celicuca B 7,4 pasa Bblllle, 10 CPABHEHUIO

newborn treatment, mortality due to sepsis decreases
slowly; when survive, postnatal children develop cen-
tral nervous system impairments of different level of
severity. In 2010, 7.6 million children aged up to 5
years of age died from infectious diseases including
sepsis, all over the world. Newborns mortality
amounted to 40% of the total deceased children [1—
3]. In 2015, 2.7 million children died during the
neonatal period. The predominant reasons for new-
borns mortality are premature birth and pneumonia.
Premature delivery and pneumonia are significant in
countries with high, medium, and low children mor-
tality [4—6]. For many decades, the world community
efforts have been focused on reducing neonatal and in-
fant mortality including due to intrauterine infections.

Early development of sepsis remains a major
issue for newborns especially premature babies.
Neonatal sepsis is a systemic infection infants develop
within 28 days of their postnatal life and constitutes
an important cause of newborns morbidity and mor-
tality [3, 7—9]. A distinction is made between early
neonatal sepsis developing in infants within up to 72
hours of their life and late neonatal sepsis developing
after postnatal day 3, its onset varying within 3 to 120
days of life [3, 8—11]. For infants with an extremely
low body weight (ELBW), the incidence amounts to
26%o; in premature babies with very low body weight
(VLBW), sepsis incidence falls down to 8%, i.e. as
the gestation age increases the probability of in-
trauterine infections (IUI) decreases significantly.
Early neonatal sepsis is caused by bacterial microor-
ganisms carried over through via hematogenic, as-
cending path from the mother to the baby during
pregnancy or delivery. Late neonatal sepsis can de-
velop through ascending infection of fetus before de-
livery, intra-natally, or through direct contact with
bacterial agent. Viral or mycotic neonatal infections
may also develop before postnatal day 7, but they dif-
fer from bacterial sepsis [12]. The risk factors for new-
born sepsis development are: mother’s age being
younger than 20 years of age; premature birth; new-
born’s postnatal age being younger than 7 days; male
sex of the baby; body weight equal to 1500—2500
grams; Apgar score on the 1st minute of life being less
than 7; premature rupture of membranes (PRM) and
rupture to delivery period longer than 18 hours when
the probability of neonatal sepsis development is 7.4
times higher versus a shorter rupture to delivery pe-
riod [13—16]. Premature rupture of membranes
(PRM) and prolonged period without amniotic fluid
increase the probability of ascending infection of par-
turient canal by microorganisms promoting develop-
ment of birth asphyxia that is frequently associated
with sepsis [17]. Mother’s infectious inflammatory ill-
nesses during pregnancy are the main cause of IUI in
newborns. The main target is early diagnosis of an in-
fection process in pregnant women, verification of
disease etiology, prompt commencement of treatment,
and newborn disease forecast.
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¢ MeHee JINTeIbHbIM 6e3BoAHbIM T1epuonoM [13—16].
[IpesxaeBpeMeH bl  PaspbiB  IUIOAHBIX 000J0YEK
(ITPIIO) 1 aymiTeibHbIN GE3BOAHbLIA IEPHOL YBEJIIN-
BalOT BEPOSITHOCTb BOCXOSIIETO MH(PUIIMPOBAHUS
MHUKPOOPraHu3MaMi POJOBOrO KaHaJla, 4TO CIIOCO0-
CTBYET Pa3BUTUIO AaCHUKCUN TIPU POKIECHIH, KOTOPAsT
yacTo accorumnpoBana c cericucom [17]. Mndeximon-
HO-BOCIAJIUTEIbHbIE 3a00JIeBaHUsT MaTEPU BO BPEMSI
GepeMeHHOCTH SIBJISIOTCS OCHOBHBIM UCTOUHMKOM Pas-
sutusi BYW y noBoposkennbix. OcHoBHAsT 3a/1a4a —
pPaHHSIST UATHOCTUKA MHMEKIIMOHHOTO Ipollecca y
GepeMeHHOM, BepudUKaLys 9THOJIOruH 3a00/IeBaHN,
CBOEBPEMEHHOE HAYAJIO JIeYeHUsI, TPOTHO3UPOBAHIE
3a00/1eBaHUA Y HOBOPOKIEHHOTO.

Teuenne 6epeMeHHOCTH
IPU pa3BUTHH WH}EKINN:
METO/Ibl COBPEMEHHOM IMarHOCTUKH

TecTannonubIii Iporece ABseTcs yHUKAIbHBIM,
T.K. IPOMCXO/IUT TepecTpoiika MaTepuHCKOTO opra-
HU3Ma C y4eTOM MOTPeOHOCTEN pPa3BUBAIOIIETOCS
rozia. usnosiornveckast GepeMeHHOCTh COPOBOIK-
JaeTcsi BPEMEHHBIM U3MEHeHHeM OajiaHca MeKIy
BPOJKJICHHBIM M a/JaITUBHBIM UMMYHUTETOM MaTepH,
obecrnieynBaoNMM HOpMaIbHOe pasBuThe Troga [ 18].
C paHHUX CPOKOB recTalliy MPOUCXOANT YBeJINYeHNE
KOJINYeCcTBAa MOHOIIMTOB M TPAHYJIOIMTOB, a TaKXKe
obpasoBanne aktuBHbix (Gopm kucaopoga (ADK)
(barormTamMm KpoBHM, KOTOPBIE ABJILIOTCS OJHUMHU U3
MHO’KeCTBAa UMMYHHBIX (DaKTOPOB 3aITUTHI OT MH(EK-
IUOHHOTO areHTa. YBesmmuenue npoaykinn ADK y
Marepeii, CBUIEeTEIbCTRYIONee 00 aKTUBAIIUK HEHTPO-
(uabHOTO 3BEHA UMMYHUTETA MATEPUHCKOTO Opra-
HU3Ma, aCCOIIMMUPOBAHO C Pa3BUTHEM Y HOBOPOSK/ICH-
ueix BYI. B 1o ke BpeMs, B MyNOBUHHON KPOBU
HOBOPOXK/IEHHBIX OTMEUYAETCs HU3Kas TIPOAYKIIUSA
ADK, obycroBieHHas CHUKEHHONW CHOCOGHOCTBIO
MMMYHHOTO OTBeTa. KoMmIiekcHoe wncciesoBanue
untepaeiikunos (IL) mokasaso, 4to y 6epeMeHHbIX,
ponuBmiux neteii ¢ BY U, B kpoBU 0cTOBEpHO Hapac-
taet coyiep:kanue 1L-8, IL-6 u IL-10, yTo KocBeHHO
CBUETEILCTBYIOET O JJTUTEIBbHOCTH BOCIATUTEILHO-
ro mpoiecca. Kpome Toro, BbISIBIEHBI TeHETUYECKHE
0COBEHHOCTH GEPEMEHHBIX, ¥ KOTOPBIX POAUIUCE JICTH
C TIPU3HAKaMU BPOK/IeHHON nH(eKIu. Y Matepei ¢
regoturioMm TT B 251-ii mo3uuu MpoOMOTOPHOIL 0612~
ctu rena [L-8 gocroBepHo yarie poxaaoTcs 1eTu ¢
peamuzamnueit BYU (OR=2,6 (1,2—5,8), »=0,022).
MoskHo mpearnonaratb IeTePMUHUPOBAHHYIO TIPE/l-
PaCIoJIOKEHHOCTD K yBeJIWYeHHO mpoaykiun [L-8 y
nanHoro KontunrenTa matepeit. C pazsurunem BYU y
HOBOPOXK/IEHHBIX aCCOIMUPOBAH TTOJTMMOPGHU3M TIPO-
MoTOpHOIT oOmactu rena IL-10. MoxHo mpexanoo-
JKUTDb, YTO, HApSALY C JAPYrUMHU (akTopamu, cylie-
CTBYIOT F€HETUYECKH JIETEPMUHUPOBAHHOE CHUKCHHE
MMMYHHOTO OTBETa Y HOBOPOXKIeHHbIX [19, 20].

B npyrom mccienoBaHnu BBISBJICHO, YTO TIPU
MPEKJIEBPEMEHHBIX POJIaX B aMHUOTUYECKON JKUIKO-

Course of Pregnancy during
Infection Development:
Contemporary Diagnostic Methods

The gestation period is unique because of mother
body’s changing to satisfy the developing fetus needs.
Physiological pregnancy is accompanied with a tempo-
rary change of the balance between mother’s congenital
and adaptive immunity providing normal fetus develop-
ment [18]. Since yearly days of gestation, the number of
monocytes and granulocytes increases and reactive oxy-
gen intermediates (ROT) are produced by blood phago-
cytes, which are some of numerous immune factors of
defense against an infection agent. Increased production
of ROT in mothers, evidencing activation of neutrophil
immunity in the mother’s body, is associated with devel-
opment of IUT in newborns. At the same time, in umbil-
ical cord blood of newborns, low production of ROI is
observed due to reduced immune response capability. A
comprehensive study of interleukins (IL) has demon-
strated, that in pregnant women who delivered babies
with IUI, the blood content of IL-8, IL-6, and IL-10 re-
liably increases, which indirectly evidences inflamma-
tory process duration. Besides, genetic peculiarities were
found in pregnant women who delivered babies having
congenitaloii infection signs. Mothers who have geno-
type TG in position 251 of promotor region of IL-8 gene
reliably more frequent deliver babies with TUT realiza-
tion (OR=2.6 (1.2—5.8), /=0.022). Determine predis-
position to increased production of IL-8 in that
population of mothers can be assumed. Development of
IUT in newborns is associated with polymorphism of the
promotor region of IL-10 gene. One can surmise that
along with other factors, there is genetically determined
reduction of immune response in newborns [ 19, 20].

Another study established that in case of prema-
ture birth, increased amniotic fluid content of IL-6
and tumor necrosis factor (TNF-«) is detected, the IL-4
and IL-18 content being normal, which evidences
presence of an intrauterine inflammatory process. In
gastric aspirate of newborns with respiratory distress
syndrome (NRDS), taken immediately after birth, a
high content of IL-6 is found. In the residual umbilical
cord blood of newborns, two differently directed ver-
sions of IL-6 production were discovered: in the 1%
version (38.2% of cases), a high content of IL-6 —
493.3+£182.3 pg/ml — is observed; in the 2" version —
61.8% of cases — low functional activity of IL-6, which
mean concentration amounted to 20.3 pg/ml, is deter-
mined. Investigations have shown that cytokine con-
tent in mothers and premature newborns, on the one
hand, proves presence of an intrauterine inflammatory
process, which was probably the cause of premature
delivery, and, on the other hand, evidences activation
of macrophages and T-cell immunity in the fetus. Pre-
mature NRDS newborns feature a cytokine balance,
sufficiently mature immune system preventing devel-
opment of an intrauterine infection at the background
of severe respiratory insufficiency (RI) [21].
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CTH OllpejiesisieTcs ToBbIeHHoe cojepskanne 1L-6 u
dakropa nekpoza onyxonu (TNF-a) npu nHopmasib-
HoM comepskannn 1L-4 u IL-18, 9To cBUmeTENLCTBYET
0 HUINYMY BHYTPUMATOYHOTO BOCTIAJIUTEIIBHOTO TIPO-
necca. B kenmymounom acnimpaTte HOBOPOMKIEHHBIX C
pectiupaTopHbiM  uctpecc-cunapomom (PACH),
MOJIYYEHHOM C€Pa3dy T0cJe POKACHNS, ONPe/esseTcs
BBICOKOE coziepskanue 1L.-6. B ocrarounoii mynoBu-
HOI KPOBM Y HOBOPOXK/IEHHBIX BBISIBJIEHO /[BA Pa3HO-
HaIlpaBJEHHBIX BapuaHTa npoaykuuu [L-6: B 1-M
BapuanTe (38,2% HabM0eHNI) OTIPEAESETCSA BbICO-
koe cozepxkanme 1L-6 — 493,3+182,3 nir/mu1, BO 2-M
Bapuante — 61,8% ciyuaes, BblsiBJieHA HU3Kas (QYHK-
MOHAJIbHAST aKTUBHOCTD 1L.-6, cpennss koHieHTpa-
s koroporo cocrasJistet 20,3 iir/mit. VicesienoBanus
MOKA3aJI1, YTO COZIepKaHme IIMTOKMHOB Y MaTepeil u
HEIOHONIEHHBIX HOBOPOXKIEHHBIX, C OJTHOM CTOPOHBI,
MOJITBEPIKAAET HATMYNE BHYTPUMATOYHOTO BOCIIAJIH-
TEJILHOTO MPOIecca, YTO, BEPOSATHO, IBUJIOCH TIPUYH-
HOU TpeXeBPEMEHHBIX POJIOB, C IPYyTOil — CBUjE-
TeJbCTBYeT 00 aKTHUBU3AlMU  Makpodaros u
T-kyeTouHOrO0 UMMYHUTETA IJI0A. Y HEJOHOIIEHHBIX
HoBOpOsKaeHHbIX ¢ PIICH cymiectByer GajaHc 1UTO-
KWHOB, IOCTATOYHO 3peJias UMMYHHAs CUCTEMA, Tpe-
MATCTBYIONAS PA3BUTHIO BHYTPUYTPOOHON HHbEK-
i Ha oue TAKEJION JIbIXaTeJIbHOM
Heznocrarounoctu (AH) [21].

Mopdonoruss maanentsl. HanbGosiee yacToit
MIPUYNHON TEPUHATATBHBIX TOTEPH SABJIACTCA TIAICH-
tapuasg Hepocrarounocth (ITH) wmnbexknmnonuoro
reHesa, YacToTa MoTeph cocTasisteT 27,7%, a mepuHa-
TasbHas cMepTHOCTh — 5,99%o0. Panuss I1H nndek-
IIMOHHON MTPUPO/IBI (hOPMUPYETCS TPU PA3BUTHUU OCT-
poii mim obocrTpeHnu XxpoHndeckoii nudexi B 1—I1
TpuMecTpax 6epeMEHHOCTH, UTO BEAET K PaHHEMYy
Pa3BUTHIO BOCIIAJTUTEIHbHBIX NU3MEHEHUH B TIJTAIICHTE.
[Ipu Tsxessom MHOEKITMOHHOM TTOPAKEHUH TI7I0/I1a B
MJIAI[EHTE BBISBISAIOTCA PA3JIUTON TPAaHCMYPATbHBIIA
HapueTasbHbIl MeMOPAHUT, aMHUOHWT, CEPO3HO-
rHOMHBIH (GyHukyauT. IsMenenue cocynos mnpej-
CTaBJICHO PACITPOCTPAHEHHBIM 9H/IOBACKYJIUTOM, TIPU
KOTOPOM TIPOUCXOJUT CYKEHIEe U 00IUTEPALIUST COCY -
noB. VIaMeHeHus B cocyax MJIAIEHTBI COYETAIOTCS C
bubpo30M CTPOMBL, OTIOKeHUAMY HUOPUHONLA U
TPOMGO30M MEKBOPCHHUYATOTO MPOCTpaHCTBa. Boc-
MaJIMTETbHBIN TIPoIlecc HOCUT AU DY3HBIN XapaKkTep
U MIPENATCTBYET CO3PEBAHNIO XOPUOHA W CHHITUTHO-
KalIpHBIX MeMOpan. [Ipu aHTeHaTaibHO THbe-
JIU Y HETOHOTIEHHBIX TIJI0/I0B BBISBJISIOTCS JABYCTO-
POHHSAA ITHEBMOHUS, MEHUHTOAHIIedannT,
0YaroBBINf HEKPOTUYECKUM TenaTuT, MUOKAPAUT Ha
one mopdosornveckoil He3pesOCTH OPraHOB.
Haubosiee 3HaunMble UBMEHEHUS XapaKTePHBI JJIs
THUMycCa IJIOJla: BBIpakeHHas [eauM@oTu3anms
JI0JIeK, KpyIIHbIEe HEKpOTUYecKue Tesbila laccans, B
MEKI0JIbKOBOU COCUHUTEJbHOU TKaHU oOIlpeje-
ssiercs iuM@onHo-MaKkpodaraabHbli UHUIBTPAT
¢ so3unoduaneil. Hauboiee rszkesbie M3MeHEHUs B
MJIAIEHTHI XapaKTepbl LI TePIeTHYeCKOro IareH-

Placenta Morphology. The most frequent rea-
son for perinatal losses is placental insufficiency (PI)
of infection genesis, the incidence of losses being
27.7%, perinatal mortality being 5.99%.. Early PI of
infection nature forms during development of an acute
or exacerbation of a chronic infection in pregnancy
trimester I—II resulting in early development of in-
flammatory changes in placenta. In case of a severe in-
fection damage of fetus, diffuse transmural parietal
membranitis, amnionitis, seropurulent funiculitis are
detected in placenta. Vascular changes represent dis-
seminated endovasculitis characterized by vessel con-
struction and obliteration. Placental vascular changes
are combined with stromal fibrosis, fibrinoid deposi-
tion, and intervillous lacuma thrombosis. The inflam-
matory process has a diffuse nature and prevents
chorion and syncytiocapillary membrane maturing. In
case of antenatal death of premature fetuses, bilateral
pneumonia, meningocephalitis, focal hepatic necrosis,
myocarditis at the background of morphological organ
immaturity are noted. The most significant changes
are typical for fetal thymis: severe lobe delymphatiza-
tion, large necrotic Hassal’s corpuscles, lymphoid-
macrophage infiltrate with eosinophilia in interlobular
connective tissue. The most severe placental changes
are typical for herpetic placentitis combined with res-
piratory viruses and cytomegaloviral infection [22].

PI development at the background of chronic
ENT-organ diseases, pyelonephritis, cystitis and au-
toimmune thyroiditis, also herpetic infection and can-
didal vulvovaginitis is an adverse factor. The gestation
process at the background of PI of infection genesis is
aggravated by isthmic-cervical insufficiency, hydram-
nious. Newborn morbidity analysis has demonstrated
that such mothers give birth to babies suffering from
congenital pneumonia and sepsis [23].

For verification of infection process agents, a
comprehensive examination of placenta is carried out
including bacteriological and bacterioscopy, virology
testing, histochemical methods; for the investigation
of ultrastructural peculiarities of organs, transmission
microscopy is performed [24].

Acute inflammatory changes of placenta are char-
acterized by diffuse neutrophil infiltration in its vari-
ous areas. Such lesions are classified depending on the
infection process location: chorioamnionitis (CA), vil-
lusitis, funiculitis, and chorionic vasculitis (CV). CA
incidence depends on the gestational age. In case of
full-term pregnancy, it is detected in 3-5% of cases;
when premature delivery takes place on pregnancy
week 21—24, its incidence reaches 94%. There is a high
risk of CA development in case of premature delivery,
PRM with a prolonged period without amniotic fluid.

A morphological examination of premature new-
borns’ placentas discovered signs of an infection
process in 65.9% of cases, 5.1% of them were purulent
placentitis. Versatility of morphological changes, as a
rule, combined, is typical. Chronic and acute placental
insufficiency combined with inflammatory placental
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TUTA B COYETAHUU C PECHUPATOPHLIMU BUPYCAMU U
IIUTOMETAJIOBUPYCHOI nHpeKImeit [22].

HebamaronpusathbiM (hakTOPOM SIBJISIETCS Pa3BU-
tue ITH na done xponnyeckux sabosesamuii JIOP-
OpraHoB, nuesoHepUTa, IUCTUTA U Ay TOUMMYHHOTO
TUPEOU/INTA, & TAKIKe IeplieTuyeckoil MH(peKInuu, KaH-
JIIO3HOTO BYJIbBOBArMHUTA. TeueHune recTaliiOHHOTo
niporiecca Ha one [TH nnbeknmonnoro renesa ociox-
HSAETCS UCTMUKO-1I€PBUKAIBHON HEJOCTaTOUHOCTDIO,
MHOTOBO/IEM. AHAJT13 3a00JI€BAEMOCTH HOBOPOJK/IEH-
HBIX TI0Ka3aJl, YTO Y TAKUX MaTepeil poKIaIoTCs IETH C
BPO’K/IEHHON ITHEBMOHUEN U cericucoM [23].

[l Bepudukanuu BosOyauresteil nHOEKINOH-
HOTO ITpoIecca IPOBOUTCS KOMILTIEKCHOE MCCie/oBa-
HUE [JIATIEHTBI, BKIIOYaiolee 6akTepruoJIornieckue 1
GAKTEPUOCKOITMIECKIE, BUPYCOJOTHUECKUE UCCTIE0-
BaHUS, TUCTOXUMMYECKUE METOJUKH, /I U3Y4eHUS
YJIBTPACTPYKTYPHBIX 0COOEHHOCTE OPraHOB MIPOBO-
JIUTCST TPAHCMUCCUOHHAS MUKPOCKOTHS [24].

OcTpble BocHaynTe/IbHble U3MEHEHUS TIAIleHTbI
xapakrepusytorcs anddy3Hoi nnduasTpamein Heii-
Tpo(UIOB HA pa3HBIX ee yyacTKaX. ITU IOPAKeHUs
KJIACCU(PUIMPYIOTCS B 3aBUCUMOCTU OT JIOKAJIU3AIIUN
MH(PEKITMOHHOTO TIpollecca: XopuoaMHUOHUT (XA),
BUJLIIY3UT, DYHUKYJIUT U XOPUOHUYECKUI BACKYJIUT
(XB). Pacnpocrpanennoctb XA 3aBUCUT OT CpPOKa
recraiuu.  [Ipu  JOHOMIEHHONW 6GEPEMEHHOCTH OH
BBISIBJISIETCS B 3—5% CJIyYaeB, P HACTYIUIEHIN TIPEK-
IeBPEMEHHBIX pofoB B 21—24 Henenn GepeMeHHOCTH
YacToTa X oOHapysKeHust cocTaisteT 10 94%. Boico-
KUl pUCK pa3BuTus XA 1Ipu 1IpeskieBpeMeHHbIX PojiaX,
TN OB ¢ miuTebHbIM OE3BOIHBIM IIPOMEKYTKOM.

[Tpu MmopdosiornyeckoM nccie0BaHuy IIAeHT
HE/IOHOILIEHHBIX HOBOPOXKAEHHDIX ITPU3HAKN UH(EK-
IIMOHHOTO Tporiecca obHapyskensl B 65,9% cirydaes, us
HUX B 3,1% — IHOIHBII IIAleHTUT. XapaKTePHO pas-
HOOOpasue MophOJIOrNIeCKUX U3MEHEHHIT, KaK Ipa-
BUJIO, COYETAHHOTO Xapakrepa. Hanbosiee xapaktepHo
coyeTaHue XPOHUYECKOW M OCTPOHl IIaleHTapHON
HEIOCTATOYHOCTHU € BOCTIAJIUTEIbHBIMI U3MEHEHUSMU
B 1iatieHTe. Kpome Toro, BbIsiBjieHa JEKOMIIEHCUPO-
BaHHas IVIAlleHTapHask HeZIOCTaTOYHOCTD B COYETaHUU
C THOMHO-HEKPOTUYECKUM IIJIALEHTUTOM; OCTPBIM
THOMHBIM aMHUOHUTOM; IU(PY3HBIM aMHUOHUTOM,
[EePUBACKYJIUTOM; TUIIEPTPODUYECKUM BUILIY3UTOM,
THONHBIM Ga3aIbHBIM JACIUYUTOM, XOPHOAMHUOHH-
TOM. BbigBiieHHble BOCHAIUTENbHbIE U3MEHEHUS B
IJIAI[eHTe BbI3BIBAIOT HAPYIIEHUS [LJI0/I0BO-TLJIAIlCH-
TapHOTO KPOBOOOPAIIEHUST, UTO SIBJISIETCS] TPUUUHON
PasBUTHS OCTPOI MHTPAHATATIBHON U IIOCTHATAIBHOM
TUTIOKCUU Y HOBOPOsK/IeHHBIX [21].

Ocrperiit XA sBJsieTcs CBUETETHCTBOM UMMYH-
HOTO OTBETAa MATEPUHCKO#T OpPraHu3Ma Ha MUKPOOHYIO
uHBasuio, GyHuKyIuT u XB mpeacraBasior coboit
BOCHAJIMTENbHYIO peakiuio mioza. Pazsurue dynu-
Kkysauta u XB xapakrepusyercs MOBbIIIEHUEM KOH-
LEeHTpaluu B I1a3Me Kposu 1L -6, uto o0ycioBimBaeT
HayaJo npexkaeBpeMeHHbIX posoB. Kak rnpaBusio, npu-
YUHAMM 9TUX COCTOSIHUM ABJISETCA BHYTPUAMHHUOTH-

changes is most typical. Other findings included de-
compensated placental insufficiency combined with
purulent necrotic placentitis; acute purulent amnioni-
tis; diffuse amnionitis, perivasculitis; hypertrophic vil-
lusitis, purulent basal deciduitis, chorioamnionitis.
The inflammatory changes found in placenta cause fe-
toplacental blood circulation disturnaces, which is the
reason for development of acute intra-natal and post-
natal hypoxia in newborns [21].

Acute CA is an evidence of mother’s body im-
mune response to microbial invasion; funiculitis and
CV are the fetus’s inflammatory response. Funiculitis
and CV development is characterized by increased
blood plasma IL-6 resulting in premature delivery. The
reasons for these conditions are usually an intra-am-
niotic infection. However, scientific data have been
obtained that there is also a ‘sterile’ intra-amniotic in-
flammation occurring in the absence of obvious mi-
croorganisms by may be caused by so-called
‘danger-signals’. In a situation like that, chemokines
(IL-8, granulocyte chemotactic protein) create a gra-
dient promoting neutrophil migration from mother’s
or fetus’s blood flow to the placenta or umbilical cord.
Inflammatory ‘danger-signals’ released in the course
of cell stress or cell necrosis can also cause release of
chemokines from neutrophils [25, 26].

Genetic Predisposition to IUI. An intra-amni-
otic infection develops in patients with premature de-
livery and premature discharge of amniotic fluid [27,
28], isthmic-cervical insufficiency [29], placental pres-
entation [30], and clinical chorioamnionitis [31].
There is an opinion that PPROM is not a necessary
condition for bacterial infection of the amniotic cavity
— it has been experimentally proven that bacteria can
penetrate through undamaged membranes as well.
Intra-amniotic infection is difficult to diagnose be-
cause of its subclinical course without characteristic
features of an infection process [32]. However, an in-
dependent analysis of distribution of ESR1 gene alle-
les of polymorphism has revealed an association of
allele-397C and allele-351G with PPROM. For new-
borns, the association of two haplotypes is most sig-
nificant. Haplotype TA is more frequently found in
children with a normal course of delivery; haplotype
CG s associated with PPROM. Haplotype CG is con-
sidered a potential risk factor while haplotype TA is
regarded as a protective factor [33]. In this connec-
tion, it is necessary to have clinical suspicion, espe-
cially in high-risk patients as regards development of
an intra-amniotic infection.

Mother’s and Newborn’s Microbiological Pro-
file. Microorganisms most frequently found in the am-
niotic cavity are genital mycoplasmosis [34], in
particular, Ureaplasma urealyticum and Ureaplasma
paroum [35, 36], Gardnerella vaginalis [31, 33, 36], Fu-
sobacteria species |35, 37, 38|, Candida albicans, espe-
cially in patients who used intrauterine contraceptives
during the pre-conceptional period [39]. Polymicro-
bial invation in the amniotic cavity is present in 30%
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yeckasg nHbekiusa. OIHAKO, 0JTydeHbl HAyYHbIE JaH-
HBIE, YTO €CTh 1 «CTEPUIIbHOE> BHYTPUAMHUOTHYECKOE
BOCIIaJIeHUE, KOTOPOE IIPOMCXOAUT B OTCYTCTBUE
BUIUMBIX MUKPOOPTAHU3MOB, HO MOJKET ObITh BbI3Ba-
HO TaK HA3bIBAEMBIMU, «CUTHAJIAMH OIIACHOCTU». B
nojo6Hoi curyaru xemokunbl (IL-8, rpanysnonm-
TapHbBII XeMOTAKCUYECKII OEJIOK) CO3/IAI0T IPAJIMEHT,
COCOGCTBYIONMI MUTPAIIUU HEWTPODUIOB U3 MaTe-
PHUHCKOTO HJIU IIJI0IOBOTO KPOBOTOKA B TIAIIEHTY UJIU
HYyIOBUHY. BocnamuresbHble «CUTHAJIBI OTIACHOCTHY,
BBICBOOOK/IAEMbIE B XOJIE KJIETOYHOTO CTPecca MUK
HEKPO3a KJIETOK, TAKKe MOTYT BBI3bIBATH BHICBOOOIK-
JIeHIe XeMOKHUHOB 13 HelTpoduios [25, 26].

ITenetnueckas npeapacnosno:xkennoctb kK BYU.
WNurpaamunorndeckas WHOEKIMS Pa3BUBAETCS Y
HAIMEHTOB C TIPEXKIeBPEMEHHBIMI POJIAMU U ITPEK/Ie-
BPEMEHHBIM M3JIUTHEM OKOJIOILJIONHBIX BOJL [27, 28],
MCTMUKO-IIEPBUKAJIBHON HEJOCTAaTOUYHOCThIO [29],
npeaiexanueMm rianieHTel [30] w KIMHUYECKUM
xopuoamanonutom [31]. CyrmiecTByeT MHeHME, YTO
ITPTIO He siBisieTcst HEOOXOAMMBIM YCJIOBUEM [IJIs1
GaKTeprUaIbHOTO UH(MUITMPOBAHKS AMHUOTHYECKOIT
MOJIOCTH, B 9KCIIEPUMEHTE JIOKA3aHO, YTO GAKTepUH
MOTYT IPOHUKATH ¥ Yepe3 HelOBPesKAeHHbIE MeMOpa-
HbI. TPYAHOCTD IMATHOCTUKHU 3aKJTI0YAETCsT B CyOKIIHU-
HUYECKOM TeYeHUU NHTPAAMHUOTIYECKOH nHpeKIuu,
6e3 xapaKTepHbIX PU3HAKOB HWH(PEKITMOHHOTO TIPO-
necca [32]. Opnako, Tpu HE3ABUCUMOM aHAJIM3€e Pac-
npezenenus ajieseit noaumopduama rena ESR1 y
HOBOPOXK/IEHHBIX BBISABJIEHA ACCOIMAIMS AJJIeNs -
397C n ajnenst -351G ¢ [TPITO. /115t HOBOPOKIEHHBIX
HanboJsiee 3HAYMMA ACCOIMAIUA [IBYX TallJIOTUIIOB.
Tannorun TA 4arie o6HApyKUBAIOT y JeTell ¢ HOP-
MaJIbHBIM Te4eHreM po/oB, rariorunt CG acconnuupo-
Ban c¢ [IPITO. Tammorun CG paccmaTpuBaioT Kak
MOTEHIIMATbHBIN (hakTOp pucka, a rarmmorun TA —
nporexTuBHbINA dakTop [33]. B ¢Bssu ¢ uem, HeoOXo0-
MO MIMEeTh KJINHUYECKYIO HACTOPOXKEHHOCTbh, 0CO-
GEHHO y TAIMEHTOK U3 TPYIIIBI BBICOKOTO PUCKA TI0
Pa3BUTHUIO UHTPAAMHUOTUYECKOH NHpEKINN.

MuKpoOHOIOrHYeCKHii CIEKTP MaTePU 1 HOBO-
poskaennoro. HanboJiee yacTbiMu MUKPOOpPTraHU3Ma-
MU, OOGHAPYKEHHBIMU B AMHUOTHYECKOI MOJOCTH,
SIBJISIIOTCS TEHUTAJIbHBIN MUKOILIA3MO3 [34], B yacT-
nocru, Ureaplasma urealyticum v Ureaplasma paroum
[35, 36], Gardnerella vaginalis [31, 32, 36], Bumb
Fusobacteria |35, 37, 38|, Candida albicans, ocoberno
y MaIUeHTOK, KOTOPbIe B MIPEArPABUIAPHOM II€PHO/IE
M0JIb30BAJIIICh BHYTPUMATOYHBIMU KOHTPAIETI THBAMM
[39]. [MToauMukpoOHAsA MHBA3KA B aMHUOTHYECKOIL
MOJIOCTU TIPUCYTCTBYeT npumepho B 30% ciyvaes
[38]. IIpu MUKpPOOHOIOrMYECKOiT MCCIEJOBAHUH T1J1a-
HeHThl oOHapyskusaiorcst Escherichia coli, Prevotella
tannerae, Bacteriodes species, Fusobacterium species n
Neisseria lactamica |30, 40]. ITpu poskaenun U3 ocra-
TOYHOI IIyNMOBUHHOI KPOBU HOBOPOKIEHHOTO BBIJIE-
nsorest Enterococcus, Streptococcus, Staphylococcus n
Propionibacterium, 4To yKa3bIBaeT Ha reMaTOTeHHbBII
myTh uHGUIMPOBaHUs 1aoa [41].

of cases approximately [38]. A microbiological exam-
ination of placenta finds Escherichia coli, Prevotella
tannerae, Bacteriodes species, Fusobacterium species,
and Neisseria lactamica [30, 40]. Upon birth, Entero-
coccus, Streptococcus, Staphylococcus n Propionibac-
terium are isolated from the newborn’s residual
umbilical cord blood, which indicates the hematogenic
path of fetus infection [41].

Of scientific and practical interest is the popula-
tion of preterm infants with negative tracheobronchial
swab test results since high incidence of various in-
flammatory changes in placentas and absence of infant
contamination were found. In treating preterm in-
fants, it is important to perform differential diagnos-
tics for congenital pneumonia and respiratory distress
syndrome (NRDS), a comprehensive examination in-
cluding a bacteriological examination of the tracheo-
bronchial tree, morphological examination of placenta
to detect an infection process early. In spite of prema-
ture birth, the bacteriological examination of swabs
from tracheobronchial trees produced negative results
in 61.8% of cases; in total in 6.4% of infants Enterococ-
cus faecalis was isolated, in 8.3% of cases — Staphylo-
coccus  epidermidis,  Staphylococcus  aureus,
Staphylococcus haemolyticus, Staphylococcus capitis,
A-group hemolytic streptococci, Enterobacter agglom-
erans, Bacillus spp., Escherichia coli, Acinetobacter spp.,
Serratia marcescens. Other microorganisms and micro-
bial association are encountered in 8.9% of cases [30].

Negative bacteriological swabs from the tracheo-
bronchial tree of a premature infant evidence that in
spite of existence of risk factors for IUI realization,
fetus contamination and development of intrauterine
pneumonia did not occur. The study has shown that
regardless the etiological factor, the decidual mem-
brane of placenta is most frequently involved in the
process. When E. faecalis and S. epidermidis were iso-
lated in infants, the incidence of basal deciduitis
reached 60% of observations. In case of negative cul-
tures in newborns, deciduitis is the main morphologi-
cal form. Inflammatory changes in different placental
structures were discovered in a half of subjects. Puru-
lent chorioamnionitis combined with hypertrophic
villusitis is typical for placentas of infants, in whom S.
epidermidis was isolated. Purulent chorioamnionitis,
perivasculitis, funiculitis were found in placentas of
newborns with negative swabs from the tracheo-
bronchial tree, which evidences an acute inflammatory
process in the placenta [30].

Current Specifics of the Course of Congenital
Pneumonias including in Severely Premature New-
borns. Pneumonia is a topical infant disease and has
its classification specifics. In the neonatal period, a dis-
tinction is made between intrauterine and postnatal
including nosocomial pneumonias. According to the
International Classification of Diseases, 10 Edition,
congenital pneumonia is considered in terms of the eti-
ological factor (P23-23.9). According to different
data, the disease incidence varies between 0.35 to
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HayuHno-nipakTuyeckuii MHTEpeC MpeaCTaBIseT
IPyYIINa HeJOHOMIEHHBIX HOBOPOXKIEHHBIX C OTPHUILA-
TEJBHBIMU TOCEBAMU U3 TPaXe0OPOHXUATBHOTO Jiepe-
Ba, T. K. BbISIBJIEHA BBICOKAS YACTOTA PABJIUYHBIX BOC-
HAJTUTENTbHBIX UBMEHEHUN B IIJIAIIEHTAX U OTCYTCTBUE
KOHTAMWHAIIMKM HOBOpOXKAeHHoro. [lpu sevenun
HEJIOHOIIIEHHBIX HOBOPOK/IEHHBIX BA)KHO IIPOBE/IEHNE
mubdepeHuaTbHON  AMATHOCTUKYA — BPOKIEHHOI
MHEBMOHUU U PECIIUPATOPHOIO JUCTPECC-CUHIPOMA
(PACH), KoMILIeKcHOro 00caeq0BaHusl, BKIIOYAI0-
1iee 6aKTEpPUOJIOTNYECKOE UCCIEIOBAHKE TPAXeOOPOH-
XHaJIbHOTO JIepeBa, MpoBejieHre MoOphOIOruIecKoro
UCCJIEIOBAHNS TIJIAIIEHTBI, C T1€JIbI0 PAHHETO BbISIBJIE-
HUsT nHGEKIMOHHOTO TIpoiiecca. HecMoTpst Ha mpex-
JEBPEMEHHbBIE POJIBI, GAKTEPUOTIOTHYECKOE MCCIE0-
BaHUe MOCEBOB TPaxeoOPOHXUATBHOTO Jiepesa B 61,8%
CJIy4aeB /IaJl0 OTPUIIATEJbHbIE PE3YJIBTATHI, BCETO Y
6,4% nereit Boigenen Enterococcus faecalis, B 8,3%
ciygaes — Staphylococcus epidermidis, Staphylococcus
aureus, Staphylococcus haemolyticus, Staphylococcus
capitis, TeMOJIUTUYECKUN CTPENTOKOKK TPYIIIBL A,
Enterobacter agglomerans, Bacillus spp., Escherichia
coli, Acinetobacter spp., Serratia marcescens. J[Ipyrue
MUKPOOPTAHU3MBI 1 MUKPOOHAST aCCOIMAINS BCTPe-
yaiotcs B 8,9% caryyaes [30].

Orpuraresbhbie HaKTEPUOJOTHUECKIE TOCEBHI
U3 TPaxeoOPOHXUAIBLHOTO JI€PEeBA HEIOHONIEHHOTO
pebeHKa CBUIETENBCTBYET O TOM, YTO, HECMOTPS Ha
Hasmure HakTopoB pucka 1o peanusanuu BYU, ne
MPOM3OIILIO0 KOHTAMUHAIIMHY TIJIO/IA U PA3BUTHS BHYT-
puyTpobHOil mHeBMoHUU. VcciemoBanme MOKa3ao,
YTO HE3aBUCUMO OT ATHOJIOTNYeCKOTo (hakTopa, Hau-
GoJiee 4acTo B MPOIIECC BOBJIEKAECTCS JAEIUIyaTbHast
060s104Ka rutanenTsl. [Ipu BbIieJIeHIN Y HOBOPOSK/ICH-
ubix E. faecalis u S. epidermidis yactora BbISIBIEHM
6azanbHOTO JenuayuTa gocturaia 60% Habmo e i,
[Ipu oTpuiaTeNbHBIX TTOCEBAX Yy HOBOPOKIEHHBIX
HNEUIYUT SIBJISIETCSI OCHOBHOI MOP(OJIOTHYecKoit
copmoii. BocrianuTesbible n3MeHEHNs B PA3JIHYHBIX
CTPYKTYPaX IJIAICHTbI BBISIBJICHBI Y MOJOBUHBI 0OCTIE-
JOBaHHbBIX. [HOWMHBIIT XOPUOAMHUOHUT B COYETAHUH C
runepTpopUIecKuM BUJLIY3UTOM XapaKTePeH s
IJTAIEHT HOBOPOXK/IEHHBIX, Y KOTOPBIX BbIZIETIEH S. epi-
dermidis. THOIHBII XOPMOAMHUOHNT, IIEPUBACKYJINT,
(OYHUKYJIUT BBISIBJIEHBI B IJIAI[EHTaX HOBOPOKIEHHBIX
C OTPUIATEJBHBIMY TOCEBAMU U3 TPAXEOOPOHXUAIb-
HOTO JIEPEBA, YTO CBUIETEIBCTBYET 06 OCTPOM BOCTIA-
JINTEJIbHOM TIpotiecce B 1iarente [30].

CoBpeMeHHbIe 0COOEHHOCTH TEUEHHS BPOK/IEH-
HbIX THEBMOHHIA, B TOM YHCJIE Y ITyOOKOHEIOHOIIEH-
HBIX HOBOPO:K/I€HHBIX. [ [HEBMOHIIS SIBJISIETCST AKTyaIb-
HBIM 3200JIEBAHUEM Y HOBOPOJKIEHHBIX 1 UMEET CBOU
ocobeHHocTH  Kiaaccudpukanu. B HeoHaTambHOM
[EPUOJIE BBIJIEAIOT BHYTPUYTPOOHBIE U TIOCTHATAIb-
Hble, B TOM 4YHCJie, 1 HO30KOMUAJIbHbIE THEBMOHUU.
CorsacHo MeskayHapoaHoi Kiaccudukamy 6oJe3Heit
X — ro 1IepecMoTpa, BPOKIeHHAsT THEBMOHIS PACCMAT-
PHUBAEeTCs B TOYKU 3PEHUST ATHOJIOTIYECKOTO (haKTopa
(P23-23.9). Yacrora passurtus 3a00/1eBaHUA KOJI€0IET-

50%o [42, 43]. The etiology of intrauterine pneumo-
nias differs from other age periods. The most frequent
reason for intrauterine pneumonia is E. coli, Strepto-
coccus agalactiae, Listeria monocytogenes, Candida
spp. [44]. Recently, in connection with use of new
technologies including different respiratory therapies,
early use of antibacterial drugs, the clinical picture of
the disease has changed necessitating finding new
early diagnostic criteria [45, 46]. The initial signs of
pneumonia and sepsis in newborns are similar. At the
foreground, there are respiratory insufficiency signs
that can be accompanied with unstable temperature.
Chest x-ray is not always insightful especially during
the first hours of illness. Either it fails to identify dis-
ease signs or such signs are non-specific: heterogeneity
of lungs combined with air bronchogram [47]. Such
inflammation signs as C-reactive protein (CRP) and
leukocyte count are non-reliable in diagnosing an in-
fection in newborns and their normal figures should
be interpreted according to the clinical picture espe-
cially in preterm babies [14, 47]. A typical manifesta-
tion of congenital infection inflammations in ELBW
and VLBW babies during the first 72 postnatal hours
is fast forming multiple organ failure accompanied
with severe metabolic disorders. Inflammatory
changes in the clinical blood count are not sufficiently
sensitive and specific in such babies to verify the con-
genital infection diagnosis. The neutrophil index
measured during the first 24 hours of life has moderate
specificity but low sensitivity. Increase in one of bio-
chemical markers for inflammation (CRP or procalci-
tonin (PCT)) in the absence of other clinical
laboratory signs of IUI cannot be used as a reliable
sign of a congenital infection in ELBW and VLBW
babies during the first 72 hours of life [48]. Additional
mother’s anamnesis data, a morphological examina-
tion of the placenta, thrombocytopenia, he-
patosplenomegaly may serve as additional criteria for
the initial stage of an infection process [49—55].
Severely preterm newborns often require differ-
ential diagnostics of NRDS and congenital pneumo-
nia. To this end, one can use a diagnostic test with
endogenous microbial peptide cathelicidin CC LL37,
which is contained in neutrophil granules and is iso-
lated from epithelial cells of lungs [56]. Differential di-
agnostics is based on CC assay of B pharyngeal
aspirates and peripheral venous blood of newborns.
Analysis has shown that CC LL37 level is significantly
higher in congenital pneumonia babies than in NRDS
babies. It is related to local immunity activation in re-
sponse to infection and intensified production of en-
dogenous microbial peptide. A dependence has been
established between CC content in pharyngeal aspi-
rate and disease outcome. Newborns who died from
congenital pneumonia had a reliably lower content of
the subject peptide than survived babies [56].
Increased S1008 protein in blood serum of new-
borns is a marker of central nervous system (CNS)
damage of different etiology including that of an in-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 3



DOI:10.15360,/1813-9779-2018-3-54-67

O630pn
|

cano pasubiM ganibiM ot 0,35 10 50%e. [42, 43]. d1ro-
JIOTHSI BHYTPUYTPOOHBIX MHEBMOHUHA OTJIUYAETCS OT
APYTHX BO3PACTHBIX TieproioB. Hanbosee yacto mnpu-
YUHON BHYTPUYTPOOHOI THeBMOHNY siBJistioTest E. coll,
Streptococcus agalactiae, Listeria monocytogenes, rpu0bl
pona Candida spp. [44]. B mociensue ropl, B CBI3U C
pUMeHeHNeM HOBBIX TEXHOJIOTHIL, B TOM YUCJIe U Pa3-
JINYHBIX METOJIOB PECIIMPATOPHON Teparuu, PAHHero
[PUMEHEH VST aHTHOAKTEPUAIBHBIX PENAPATOB, KIINHHU-
yecKast KapThHa 3a00JIEBAHNS M3MEHNIIACH, 4TO TPEOyeT
MOMCKA HOBbIX PAHHUX KPUTEPHEB IUATHOCTUKU |45,
46]. HauanbHble npusHaky MHEBMOHUU U CEIICUCA Y
HOBOPOXK/IEHHBIX cXO/HbI. Ha 1iepBoM 11ane mpucyT-
CTBYIOT IPU3HAKK [IBIXaTEJbHOI HEIO0CTATOYHOCTH,
KOTOPbIE MOTYT COIPOBOXKIATHCSA HECTAGUIBHOCTBHIO
TemIepaTypbl. PeHTreHorpaMMa OpraHoB T'DYIHOI
KJIETKU He Beera nHhopMaTiBHa, 0COOEHHO BIIEPBbIE
vacel 3aboseBanusi. Ha Hell Wi He BBISBJISIIOTCS TIPH-
3HAKK 3a00JI€BAHNST, WU OHU He CTIeNU(BITIHBL: HEO[HO-
POIHOCTD JIETKUX B COYETAHUM BO3JYITHOW GPOHXO-
rpamMmMoil [47]. Mapkepbl BocnajieHusi, Takue Kak
C-peaxrusnbiii 6esok (CPB) u komuecTBo Jeiikonu-
TOB, HEHA/IEKHBI B INArHOCTUKE MHMEKIIH Y HOBOPOK-
JIEHHBIX, 2 UX HOPMaJIbHbIe TIOKA3aTeJIH JJOJIKHbI MHTEP-
IPETHPOBATBCS B COOTBETCTBUU C KJIMHUYECKOI
KapTHHOI, 0COGEHHO Y HeJOHOLIEHHBIX feTeli [14, 47].
XapakTepHbIM TIPOSIBIEHIEM BPOXKIEHHBIX WH(DEK-
[IMOHHO-BOCTIAJINTEJILHBIX  3a00JeBaHUIl Y JeTell ¢
OHMT u OHMT B nepBble 72 uaca 1mocTHaTaJIbHON
JKUSHU SIBJISIETCST GBICTPO (hOPMUPYIOTIASICS TTIOTHOPTaH-
Hasl HEJIOCTATOYHOCTb, COITPOBOKAIONIASICST BBIPAKEH-
HBIMHU paccTpoiicTBaMu Metabosnama. Bocnanurenn-
Hble U3MEHEHUs] B KJIMHUYECKOM aHAJK3e KPOBU He
UMEIOT Y HUX JI0CTATOYHON YYBCTBUTEIBHOCTH U CIIEI[H-
cuyrOCTH 17151 BepudUKAIMY AUArHO3a BPOXKIEHHOI
nndeknun. HeitrpodnibHblil MHIEKC, I3BMEPEHHBIN B
nepBbie 24 yaca jKU3HU, 0OJIalaeT YMEPEHHOI crielu-
(OUYHOCTBIO, HO MMEET HU3KYIO YyBCTBUTEJHHOCTb.
[ToBbIIeHME OHOTO U3 GHOXUMITIECKIX MAPKEPOB BOC-
nanenusi (CPB wimm npokasnbiuronun (IIKT)) npu
OTCYTCTBUY JPYTUX KIUHUKO-TaGOPATOPHBIX MPU3HA-
koB BY U, He MOTYT OBITh MCIIOJIB30BAHBI B KAUeCTBE
JOCTOBEPHOTO IPU3HAKA BPOXKAECHHON MHQEKINHN y
nereit ¢ OHMT u OHMT B nepBbie 72 yaca sku3Hu
[48]. HomonnuresnpHble aHAMHECTUYECKHUE JIAHHbBIE
Marepu, MOP(OJIOrHUeCKOe UCCIeIOBAHIE TLTAIIEHTHI,
TPOMOOIUTOTIEHHST, TEMATOCIIEHOMET kst MOTYT ObITh
NOTOTHAIONIMMU  KPUTEPIAME HAYaJIbHOIN CTagun
nHGEKIIMOHHOTO rpotecca [49—55].

Y riybOKOHEOHOMIEHHBIX  HOBOPOKIEHHBIX
Y4aCTO BOSHUKAET HEOOXOANMOCTb A hepeHIManbHO
muarnoctukn P[ICH u Bpoxznennoit mHeBMoHun. C
9TOI1 1eJIbI0 BO3MOKHO UCIIOJIB30BAHIE IUATHOCTUYE-
CKOTO TeCTa C SHAOTEHHBIM MHUKPOOHBIM TIETTHIOM
katesmruanHom KIT LL37, koTopsrit conep:kutcs B
rpaHyJIax HelTPOhUIIOB U BbIIEIEH U3 U TETNATBHBIX
KJIeTOK Jierkux [56]. /Iuddepentmanbhas tuarnoctu-
Ka ocHOBaHa Ha aHaynu3 cojepskannie KII B papunre-
AJBHBIX ACIHpATax U Mepu(epudecKoil BEHO3HOI

fection nature. Dynamic S1008 protein and PCT
counts are useful since in newborns having a severe in-
fection process their change reflects the efficacy of un-
dertaken antibacterial therapy and where there is a
perinatal damage of CNS, S1008 is informative to fore-
cast the disease prognosis earlier than the instrumen-
tal examination findings [57].

Congenital Infections and Sepsis. Early devel-
opment of sepsis remains a common and serious prob-
lem for newborns, especially preterm babies. The main
agents for sepsis in newborns are: group B Streptococci
(GBS), E. coli, including ampicillin-resistant, Viridans
group streptococci, S. aureus, Haemophilus influenza,
etc. GBS is the most common etiological factor caus-
ing development of sepsis in newborns while an infec-
tion caused by E. coli is the most often cause of fatality.
The neonatal sepsis diagnosis is based on the combi-
nation of clinical pattern of the disease and laboratory
criteria: CRP and PCT; isolation of the agent from
newborn’s blood; molecular methods including poly-
merase chain reaction [14].

Sepsis results from infection generalization; it
stimulates the inflammatory response of the newborn’s
body that releases a wide range of inflammatory me-
diators. Cytokines are powerful inflammatory media-
tors, their serum levels rise during an infection disease.
Though pro-inflammatory and counter-inflammatory
cytokines were identified as probable markers of a
neonatal infection, characterization of an inflamma-
tory response during sepsis requires a comprehensive
assessment of their production. Cytokines including
IL-6, IL-8, TNF-a gamma-interferon (IFN-y), and
CD64, are more and more often studied for the pur-
pose of their use as tests for neonatal sepsis diagnos-
tics. Assay of inflammatory mediators offers new
opportunities for neonatal sepsis diagnosis allowing
early treatment and, consequently, increasing new-
born survivability [58, 59].

Early diagnosis of a congenital infection in in-
fants requires immediate therapy. The American Col-
lege of Obstetricians and Gynecologists, American
Academy of Pediatrics, American College of Nurse-
Midwives, American Academy of Family Physicians,
and the American Society for Microbiology have re-
vise the principles of managing infants with suspected
IUT and, according to the revised guidelines of 2010,
any child developing disease symptoms requires full
diagnostic appraisal including blood and liquor bacte-
riological cultures, commencement of an antibacterial
therapy [60, 61]. If the mother has a suspected
chorioamnionitis while the baby has no signs or symp-
toms of the disease, an antibacterial therapy must be
prescribed within 48 hours [60, 61]. Newborns from
the infection risk group, who have no clinical manifes-
tations of the disease, must be clinically evaluated and
monitored during 48 hours. If there are no manifesta-
tions of the disease, antibiotics are not required. Fol-
lowing these recommendations will decrease
pneumonia morbidity of newborns, allow early diag-
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KPOBU HOBOPOJK/IEHHBIX. AHAJIN3 TIOKA3aJI, YTO YPOBEHb
KIT L1L37 3#aunMo BblIliIe MPU BPOKIEHHON THEBMO-
Huu, ueM y nereii ¢ PJICH. 9to cBsa3ano ¢ aktuBaimeii
MECTHOTO UMMYHUTETA B OTBET HA MHQEKIINIO U YCU-
JIEHHOU TIPOAYKIIMEl SHAOTeHHOTO MUKPOOHOTO IIeIITH-
Ja. YcranosiieHa 3aBUCUMOCTh cojepskanust KII B
(bapuHTeasbHOM acIypare U KCX0A0M 3aboJieBatust. Y
HOBOPO>K/IEHHBIX, YMEPIINX OT BPOKIEHHOM TTHEBMO-
HIIU, COZEePKaHIe UCCIeLyeMOro IenTuaa ObLIo 10CTO-
BEPHO HUJKE, UeM Y BBIKHUBINUX JleTeil [56].

[TosbimenHbiil yposenb 6eika S1008 B cbiBOpPOT-
Ke KPOBU HOBOPOIKIEHHBIX JIETE SIBJISIETCSI MAPKEPOM
TOBPEXKIECHUS TICHTPATbHOW HEPBHOW CHUCTEMBI
(ITHC) pasanvHO# 9TUOJIOTHH, B TOM YUCTE 1 TH(pEK-
IUOHHO# Tpuposl. [lerecoobpasHo 0HOBPEMEHHOE
onpenenerne 6eaka S1008 u PCT B guHaMuKe, Tak
KaK Y HOBOPOJK/IEHHBIX C TSKEJIbIM MHMEKITMOHHBIM
MIPOIIECCOM UX M3MeHeHue oTpaxkaeT 3(PHeKTUBHOCTD
IPOBOAMMOI aHTHOAKTEPUANbHON Tepaluu, a IIpu
Hasuyuu nepunaraabHoro nopakenus [THC S10043
saBJsieTcst UHGOPMATUBHBIM JIJIsT OTIEHKW TTPOTHO3a
TeyeHwst 3a00J1eBaHs, OllePeKas Pe3yJITaThl HHCTPY-
MEHTAJIbHBIX UCC/Ie0BaHU. [57].

Bpo:xkaennbie undexnun u cencuc. Panbee
HAYaJo Cercuca OCTaeTcsl pPaclpoCTPaHEHHON U cepb-
e3HOU 1PObJIEMOI JIJIsI HOBOPOJKIEHHBIX, 0COOEHHO
HeJOHOIIEeHHBIX JeTeil. OCHOBHBIE BO3OYAUTENN Cell-
cuca y HOBOPOsK/JIeHHBIX: group B Streptococci (GBS),
E. coli, B ToM unciie amnuiuinaycroiiunsas, Viridans
group streptococci, S. aureus, Haemophilus influenzae
u apyrue. GBS asisgercsa Hanboiee pacipocTpaHeH-
HBIM 3THOJIOTUYECKUM (DAaKTOPOM, BBI3BIBAIOIIIUM pPa3-
BUTHE CETICUCA Y HOBOPOSK/IEHHBIX, TOT/IA KaK MH(]EK-
nus, BbisBaHHasa E. coli, aBiserca Hanbosee
pacnpocTpaHeHHON TPUYUHOI JieTaibHOCTH. /[naranos
HEOHATAIBHOTO CETICca OCHOBAH HA COYETAHWH KJIU-
HUYECKOU KapTHHbI 3a60JeBaHus U J1ab0PaTOPHBIX
kpurepues: CPB u ITKT, BoizesieHre Bo3OyaAUTe s U3
KPOBU HOBOPOXKIEHHOTO; MOJIEKYJISIDHBIX METOJIOB,
BKJIIOYAST TIOJIMMEPA3HYIO MeMHyT0 peakiuio [14].

Cericuc siBJIsIeTCS Pe3yIbTaTOM TeHePaTN3alni
MHGEKINN, CTUMYJIUPYET BOCHAJUTETbHBI OTBET
OpraHuaMa HOBOPOJKAEHHOIO C BbICBOOOMKIEHIEM
ITMPOKOTO CIIEKTPA BOCIATUTEIbHBIX MEINATOPOB.
U TOKMHBI SABISIOTCS MOIIHBIMU BOCIAINTEIbHBIMU
MeIMaTopaMu, U UX YPOBHU B CHIBOPOTKE yBEJIUUN-
BAIOTCSI BO BpeMsl TeueHUs NHBEKIMOHHOTo 3a001e-
BaHMsA. XOTSI ITPOBOCIIATUTEbHBIE U TTPOTUBOBOCIIA-
JIUTEJIbHBIE IIUTOKUHBI OBLIM MAECHTU(MUIIMPOBAHBI
KaK BepOsITHbIE MapKePbl HEOHATAJIbHON MH(MEKIINH,
JUISE TOTO YTOOBI 0XapPaKTEPU30BATh BOCHAIUTEIbHbIN
OTBET BO BpPEMs Cellckca, HeOOXOAUMO IIPOBOANUTH
KOMIIJIEKCHYTO OTIeHKY WX TPOAYyKIuu. [[uToKuHbI,
Bkmiovas IL-6, IL-8, TNF-a ramma-wunTepdepon
(IFN-y), u CD64, Bce yaiiie u3yvyaioTcs [t UCIIOJb-
30BaHUS B KAYECTBE TECTOB JIJIS IMATHOCTUKYA HEOHa-
TaJIbHOTO cericuca. KosnmyecTBeHHOE OIpejiesieHre
BOCTIAJINTEJbHBIX MEINATOPOB JIa€T HOBbIE BO3MOKHO-
CTU JIJIST IMATHOCTUKU HEOHATAJbHOTO CeTcuca, 4To

nosis and treatment that might prevent such life-
threatening complications as per persistent pulmonary
hypertension or death [62, 63].

Intrauterine Infection Management. For a
newborn suffering from early pneumonia or sepsis, an-
tibacterial therapy, usually of a combined nature, re-
mains the main method of treatment. For many
decades, the starting method is a combination of ampi-
cillin and aminoglycoside (gentamicin) [2, 8, 9, 59]. In
case of neonatal sepsis and pneumonia caused by K.
pneumoniae and L. monocytogenes, prescribing ampi-
cillin plus gentamicin is most rational and leads to pa-
tients’ recovery. In case of infection caused by S.
agalactiae, the most effective management is to pre-
scribe 3 antibiotics: ampicillin, gentamicin, and ce-
fepime. An infection process caused by S. aureus
including coagulase-negative staphylococci also re-
quires prescription of ampicillin combined with gen-
tamicin, cefepime, or ceftriaxone [64]. Infants
hospitalized to a neonatal intensive care unit after
postnatal day 4 vancomycin therapy because the dis-
ease might have been caused by methicillin-resistant
S. aureus and S. epidermidis.

Infants with a ‘home’ pneumonia develop infec-
tions caused by respiratory viruses, gram-positive bac-
teria (streptococcal species and S. aureus) and
gram-positive microorganisms (Klebsiella, Proteus,
Pseudomonas aeruginosa, Serratia marcescens, and E.
coli). Pneumonia caused by Chlamydia trachomatis
happens, as a rule, during the postnatal period, at the
age of 4—12 weeks. Chlamydia pneumonia manage-
ment requires first-line macrolide therapy [44].

Intravenous administration of immunoglobulins
might be an attractive strategy for neonatal sepsis, es-
pecially in preterm and newborn babies. Administra-
tion of immunoglobulins may improve opsonization,
complement activity, antibody-dependent cytotoxic-
ity and chemoluminescence of neutrophils [65]. In
2010, Cochrane meta-analysis demonstrated that ad-
ministration of immunoglobulins significantly re-
duced mortality of newborns with a suspected or
proven infection [66].

Regardless of the etiological factor of pneumonia
or sepsis, newborns require a comprehensive treat-
ment in addition to an antibacterial therapy. Many pa-
tients need not only prescription of oxygen, but
non-invasive ventilation of lungs too, including that
with positive end-expiratory pressure (PEEP),
through nasal cannulas, or artificial lung ventilation.
The choice of its mode and parameters is based on the
disease clinical pattern and hypoxia severity [67, 68].
Other assisted measures include an infusion therapy,
parenteral nutrition, vasopressor support.

Chorioamnionitis and funiculitis are triggering
factors of IUI development in preterm newborns;
however, in this instance, the incidence of NRDS de-
velopment diminishes considerably. Presence of an in-
flammation in the placenta, sepsis of mycotic etiology
render a protective effect for the development of bron-
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M03BOJIIET PaHHEee JiedYeHue U, KaK CJe/ICTBUE, yBe-
JINYMBAET BbIKMBAEMOCTb HOBOPOKIEHHBIX 98, 59].

Panusia fuarnoctrka BpoKIeHHOM nHMeKIN y
HOBOPOXKIEHHOTO TPeOYET He3aMe/ITTUTEIHHOTO Jiede-
HUsL. AMEPUKAHCKIM KOJIJIE[[)KEM aKyIlIePOB U THHE-
KOJIOTOB, AMEPHUKAHCKOIl aKajeMueil IeanaTpuu,
AMEPUKAHCKUM KOJUIEIKEM Me/ICEeCTEP-aKYIIepPOK,
AmepukaHcKoil akajieMueli ceMeliHbIX Bpaueil 1 Ame-
PUKAHCKIM 00LIECTBOM MUKPOOMOIOruU ObLIN Iepe-
CMOTPEHbI MPUHITUIIBI JIeYeHUs] HOBOPOKIEHHBIX C
nozospenneM Ha BY MU, 1, corsacHo 0OHOBJIEHHBIM
pexomenganusam 2010 roza, 11060ii peGeHOK, Y KOTO-
POTO Pa3BUBAIOTCSA CUMIITOMBI H0JIE3HH, TpeByeT MmoJi-
HOI1 INArHOCTUYECKOTT OI[EHKH, BKJII0Yas GaKTePHOJIO-
ruyecKkue TI0CeBbl KPOBU U JIMKBOPA, Havyasa
anTubakTepuanbHoii tepamuu [60, 61]. Ecau y marepu
[0/I03PEBAETCS] XOPUOAMHUOHUT, HO Y HOBOPOK/IEH-
HOTO HET MPU3HAKOB MJIM CUMIITOMOB 3a60JIeBaHus,
HEO0OXOIMMO HazHavYeHKe aHTHOAKTEPUATbHON Tepa-
nuu B Teuenue 48-u yacos [60, 61]. HoBoposxknenunie
U3 TPy MHMDEKITMOHHOTO PUCKA, 63 KINHIIECKIX
pOSIBJIEHUN OOJIE3HU, HYKAAIOTCS KJIMHUYECKON
olleHKe 1 HabmoaeHun B Teyenue 48-u yacos. Eciu
HET MPOSBJICHUI O0JIe3HN, HasHAYEHNE AHTHOUOTUKOB
He tpebyercs. CobiiojeHne aTUX PEKOMEHIAIHiT
YMEHbIIUT 3a601€BaEMOCTH HOBOPOIKIECHHBIX THEBMO-
HUel, TT03BOJIUT IIPOBECTU PAHHIOID IMATHOCTUKY U
JleueHne, KOTOPble MOTYT IIPEAOTBPATUTH OIMACHBIE
IS SKU3HU OCJIO’KHEHUST, TAKUE KaK epCUCTUPYIONIast
JIETOUHAs TUTIEPTEH3US NJIu cMepTh [62, 63].

Jleuenne BHYTPUYTPOGHDBIX MHGMEKIMIA. Y HOBO-
POKIEHHOTO € PaHHEell ITHEBMOHUEN WM CENCHCOM
OCHOBHBIM METOJIOM JIEUEHUS OCTAETCS AaHTUOAKTEPHU-
AJTbHAS TEPAINS, KaK [IPABUJIO, COUETAHHOTO XapaKTe-
pa. B Teyenne MHOTHX IeCTUIIETUIT CTAPTOBBIM METO-
JIOM  SIBJISIETCST  KOMOMHAIMST  aMITUIUUINHA U
amuHoraukosuaa (renramuimua) [2, 8,9, 59]. Ilpu
HEOHATAJIbHOM CeICuce U THEBMOHWH, BbI3BAHHOI K.
pneumoniae u L. monocytogenes, nanbosee pamnno-
HAJIbHO Ha3HAYEHME AMITUIUJINHA C TeHTAMUIITHOM,
YTO IPUBOAUT K BBI3JOPOBJIEHUIO manueHTos. [1pu
undeknun, BbI3BaHHON S. agalactiae, nauboiee
s deKTUBHO HazHayeHne 3-X aHTUOUOTUKOB: aMIIU-
UJJIMHA, TeHTaMulinHa 1 1edenuma. Mudexnmnon-
HBII [TPOIIECC, BBI3BAHHBII . aureus, B TOM 4KCJIe KOa-
ryJa30-HETATUBHBIME  CTADUIOKOKKAMM,  TaKiKe
TpebyeT Ha3HAYEHUS AMIUIUJUINHA B COUETAHUU C
TeHTAMUIITHOM, [eUITUMOM WU 1eTPUAKCOHOM
[64]. MitageHIbl, KOTOPbIE OBLIN TOCIUTAIU3NPOBA-
HBI B OT/IeJIEHVE€ MHTEHCUBHOI Teparnuu HOBOPOKIEH-
HBIX TT0CJI€ 4-X THEH TTOCTHATATIBHOTO BO3PACTa, HYXK-
[IAI0TCs B T€PAITNU BAHKOMUIIMHOM, T. K. IPUYUHOI
3a60JIeBaHs MOTYT GBITH METUIMJIIIUH-YCTONYUBBIIT
S. aureus n S. epidermidis.

Y MJaZieHIeB ¢ «IOMalTHEell» ITHEBMOHUET, Pa3-
BUBAIOTCS MHGMEKIINHU, BBI3BAHHBIE PECITIPATOPHBIMU
BUPYCAMH, TPAMIOJIOKUTEIBHBIMI  GAKTEPUAMIU
(CTPENTOKOKKOBBIE BUJIBI U . aureus) 1 TpaMOTPUIIA-
TebHBIMU MUuKpoopraunusMmamu (Klebsiella, Proteus,

chopulmonary dysplasia (BPD). The difficulty of es-
tablishing a regularity in the development of infec-
tions in newborns is due to multiple factors
determining the antenatal pathology, postnatal ac-
tions, and newborn care strategy. They all contribute
to the diagnosis and treatment of NRDS, pneumonia
or sepsis, and affect BPD development and course [69,
70]. One of promising directions of BPD prophylaxis
regardless of what caused its development is aerosol
surfactant therapy with a BP surfactant that helps re-
ducing the duration of artificial lung ventilation in
newborns [71].

Pending Issues of Congenital Infection Diagnos-
tics. In spite of relevance of the issue of congenital in-
fections in newborns, there is also hyper-diagnosis of
such conditions. A clinical audit of TUT in newborns has
shown that diagnosis hits did not exceed 66% in new-
borns group 'Congenital Pneumonia'; in group ‘Neona-
tal Pneumonia’, the disease hyper-diagnosis amounted
to 70%; in newborns group ‘Infection Specific for the
Perinatal Period, Unspecified’, hyper-diagnosis was
equal to 91.3%. This is due to the fact that disturbed
postnatal adaptation of newborns was taken as IUI re-
alization. In all cases, faults in completion of medical
documents were found. The infection diagnosis requires
prescription of an antibacterial therapy; in all such
cases, its unjustified prescription was noted [72].

Conclusion

Neonatal sepsis and pneumonia remain the pre-
dominant cause of newborn mortality, which makes
specialists look for new methods of diagnostics, treat-
ment, and prophylaxis of complications.

Pseudomonas aeruginosa, Serratia marcescens u E.
coli). TInesmonus, BeisBannbie Chlamydia trachomatis,
BO3HUKAET, KAK [IPABUJIO, B IOCTHATAIbHOM IIEPHUOJIE,
B Bo3pacte 4—12 uenenn. Jledenne XsiaMUJIUHHON
[THEBMOHUK TPeOYeT IIEPBOOYEPEHOTO JICUEHUST MAK-
pommamu [44].

BuyTpuBeHHoe BBeJeHUE UMMYHOTJIOOYJIUHOB
MOJKET MPECTABIATH COOON MPUBIEKATENBHYIO CTPa-
Teruio 60pbObI ¢ HEOHATATLHBIM CEIICUCOM, 0COOEHHO
y HeJIOHOIIIEHHbIX U HOBOPOKIEHHBIX JieTeil. Brene-
HIE UMMYHOTJIOOYJIMHOB MOSKET YJIYUIIUTh ONCOHU-
3aIi0, AKTUBHOCTh KOMILJIEMEHTA, 3aBUCUMYIO OT
AHTUTEJNIA IUTOTOKCUIHOCTD U XEMOJIIOMUHECIIEHITUIO
neiitpoduiios [65]. B 2010 roxy KokpaHOBCKUIT MeTa-
AHAJIN3 IPOJIEMOHCTPUPOBAJ, YTO BBE/IEHIE UMMYHOT -
JOGYJIUHOB 3HAYUTEILHO CHUXKAET CMEPTHOCTH Y
HOBOPOJKIEHHBIX C [10J[03PEBAEMOIT MU JIOKA3aAHHOI
nudekiuei [66].

HesaBucumo ot atmosoruyeckoro Gakropa
ITHEBMOHUU UJIH CETICUCA, HOBOPOXKIEHHBIE HYKIAI0T-
Cs1 B TIPOBEJIEHU Y KOMILJIEKCHOTO JIEYE€HUST B IONOJIHE-
HEe K aHTHGAKTepUaIbHON Tepanuu. MHoTHe naiu-
€HTBl HYXKIAIOTCS He TOJbKO B HA3HAYEHUU
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KHCJIOPO/Ia, HO ¥ B TIPOBEJIEHNN HEMBA3UBHOI BEHTH-
JISIIUY JIETKUX, B TOM YUCJIE C TIOJOKUTEIbHBIM [[aB-
senneM B kKoHIle Bbijioxa (CPAP) uepes nazasnbHbie
KaHIOJIM, MJIU B MICKYCCTBEHHO! BEHTUJISIINU JIETKUX.
Bri6op ee pexrMa 1 apaMeTpoB OCHOBBIBAETCS Ha
KJIMHIYECKO# KapTiHe 3a60JeBaHUSA U TSKECTH THITO-
kcuu [67, 68]. [lpyrue BcrioMorareibHble MePbI BKJTIO-
YaioT IpoBe/eHre NHMY3MOHHOI Tepalruu, IapeHTe-
PaJIbHOTO MTUTAHUS, BA30IIPECCOPHOIT TIOIEPIKKY.
X0oproaMHUOHUT Y GYHUKYJIUT SBJISIOTCS TIyC-
koBbIMU (hakTopamu pazsutusd BYU y nemonorten-
HBIX HOBOPOK/IEHHBIX, OTHAKO TP 9TOM YaCcTOTa Pas-
putug PICH 3snauurenpHo cuumskaercs. Hannuue
BOCTIAJICHUS B TJIATIEHTE, CENICHCa IPUOKOBOI 9THOJIO-
T'UY, OKa3bIBAIOT IIPOTEKTUBHBII 3(hdeKT i pa3Bu-
tust 6porxosterounoit auciiasun (BJI/). Tpyatnoctsb
BbISIBJIEHUSI 3AKOHOMEPHOCTU Pa3BUTHSI NHMEKIU Y
HOBOPOJKIEHHBIX 00YCJIOBJIEHA MHOKECTBEHHOCTHIO
(hakTOPOB, OIPEAETAIONINX AHTEHATATIBHYIO T1ATOJIO-
TUI0, TOCTHATAJIbHBIE JIEHCTBUS U CTPATErUIO YXOIa 32
HOBOPOJKIEHHBIM. Bce oHM BHOCST BKJIA/I B IMATHOCTH-
ky u Jsiedenue P/ICH, mueBMOHUMM wnim cercuca, a
Takyke BAUAIOT Ha pazButue u teuenue BJI/] [69, 70].
OHUM U3 MEePCIeKTUBHBIX HAIPABIEHMIT TPOPUIAK-
tuku BJI/I, He3aBuCMMO OT NIPUYMHBI, BbI3BABIIE ee
pasBUTHUE, SIBJISIETCS WHTAJAIUOHHAS CYpPhaKTaHT-
tepanus cypdaxranTom-BJI, criocobeTByIomast Cokpa-
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HIEHUIO TIPOJIOJIKUTEIbHOCTH UCKYCCTBEHHOI BEHTH-
JIAIUU JIETKUX Y HOBOPOXK/IeHHbIX [71].

Heperennsie BOpochl IHAaTHOCTUKU BPOSKIEH-
HbIx uHdexnmit. HecMoTps Ha akryambHOCTb T1po6JIe-
MBI BPOK/IEHHBIX MH(EKIINI Y HOBOPOKIEHHBIX, CYIIle-
CTBYET WM THINEPAUArHOCTHKA TOMOOHBIX COCTOSHUIA.
[IpoBenenue kimnnyeckoro ayauta BY U y nHoBopox-
JIEHHBIX [I0KA3AJI0, YTO COBIA/IEHUE INATHO30B HE IIpe-
BbIIIATO 66% B rpyIIiiie HOBOPOKIEHHBIX «BposkaeHHast
ITHEBMOHUsT», B TpyIine « HeonataspHas mHeBMOHIS»
rurepanarnoctuka 3abosesanust cocrasisiia 70%, B
rpytie HoBopoxkaeHHbIX «Hpexus, crienudnyanas
IS TIEPUHATAILHOTO [IepHo/a, HeyTOUHEHHAsT» THIIep-
auarnocTrka cocrasisia 91,3%. 91to 06yc/I0BIEHO TeM,
YTO HapyIIeHUe MPOLecca MMOCTHATAIBHON aanTaiun
HOBOPOK/IEHHBIX PACIIeHNBAIN Kak peasu3saruio BY .
Bo Bcex carydasix Obiin BbIsIBIEHbI e(hEKThI 3aI10JIHe-
HUST MEIMITMHCKON oKymeHTarmu. [loctanoBka quar-
HO3a MH(EKIUY TpeOyeT Ha3HAYEH ST aHTHOAKTEPUATb-
HOIT Tepartiim, BO BCeX MOJ00HBIX CITyYasix OTMEYIH ee
HeolpaB/laHHOe Ha3HavyeHue [72].

3akiaoyeHue

HeonaranbHblil cernicuc ¥ THEBMOHUS OCTAIOTCS
OCHOBHOH HpI/I‘{I/IHOfI JIETAJIbHOCTHU HOBOPOJK/I€HHDBIX,
4qTo Tpe6yeT OT CIIEIINaJIMCTOB ITIOMCKa HOBbIX METO/I0B
JNAaTrHOCTHUKH, JIeHECHUA 1 HpO(l)I/IJIaKTI/IKI/I OCJIO;KHEHUI.
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Ilesnb 0630pa 81-if myGarkanuu siBJsieTcst 06CyKIeHe COBPEMEHHOI 0TEUeCTBEHHOI 1 3apyOeKHOI T0Ka3a-
TeJBHON Gaszbl MO TPOTHOZUPOBAHUIO HEBPOJOTHYECKUX MCX010B rociae BOK ¢ ncmnoap3oBanueM MOJIEKYIAPHBIX
Guomapkepos. B 0630pe paccMOTpes COBPEMEHHOE COCTOSTHUE MTPOGIEMbI HEBPOJOTHIECKUX HCXO0B MOCJIE BHE-
3aHHOI>JI OCTAaHOBKHN KPOBOO6paH_[eHI/Iﬂ, IIPpUHIUIINAJIbHBIC JIe‘{e6HI)Ie MEPONPUATUA, ITO3BOJIAIONINEC YIYUIINUTD JIaH-
HbI€ UCXOAbI U CYHIECTBYIOIME B HACTOAIIEE BPEMA METO/Ibl AMATHOCTUKU U ITPOTHO3UPOBAHNA HEBPOJOTUYECCKUX
UCXOJIOB TTOCJIC BHE3ATHON OCTAHOBKHM KPOBOOOPAIICHUS: KINHIMIECCKHIE, JaOOPATOPHBIE U HHCTPYMEHTAIbHBIE,
[Toxpo6HO 06cysKAeHa ToKa3aTe bHass Ha3a BO3SMOKHOCTU UCIIOJIb30BAHUST MOJIEKYJISIPHBIX OUOMAPKEPOB B 110~
CTPEAHUMATIMOHHOM MIEPUOJIE.

Kantouesvte cnosa: gnesannasi 0CmanoKa KposooopaueHust; peaHUMAayust; NOCMpPeaHUMAuUOHHIIL Nepuod; Hes-
POLOZUUECKUTL UCXOO

The purpose of this review of the 81 publications is to discuss the current national and international data
on the prediction of neurological outcomes after sudden circulatory arrest (SCA) using molecular biomarkers.
The review discusses the current state of the problem of neurological outcomes after a sudden circulatory
arrest, the principal therapeutic measures to improve these outcomes and currently available clinical, labo-
ratory, and instrumental methods of diagnosis and prediction of neurological outcomes after a sudden circu-
latory arrest.

Keywords: sudden circulatory arrest; resuscitation; post-resuscitation period; neurological outcome

DOI:10.15360/1813-9779-2018-3-68-81

68
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BoeokmBaeMoCTh TOCTIE BHE3AMHOW OCTaHOBKH
kposoobpaenus (BOK) cocrasisier 10—20%. I1o
manabiM 2011—2015 rr. 8 CIITA BbIKMBAEMOCTB ITOCJIE
Beex BuoB BOK cocrasuma B cpemrem 11,4%, a B 27
eBporeiickux crpanax (2014 r.) — B cpexrem 10,7%

Introduction

The survival rate after a sudden circulatory arrest
(SCA) is 10—20%. According to data over the period
2011—2015, in the USA, the survival rate after all types
of SCA was on average 11.4%, and in 27 European
countries (2014), it was on average 10.7% [1—2]. About
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[1—2]. Oxoso 90% manueHnToB, OKUBJIEHHBIX [TOCJIE
BOK, nmeiot nHeBpoJiornueckuii iepuiiut pasnoii cre-
HEeHU BBIPAKEHHOCTH, KOTOPBII B T€UEHIE TO/IA [10CJIe
BOK cranoBuTcg npuunHOii JIeTaTbHOTO UCXO0/A Y
68% nanuenTos nocie suebopnnunoit BOK u 23%
HaLUeHToB 1ocje BHyTpubobandnoil BOK [3—10].
[Ipu ycremnrHoM OKMBJIEHWM YEJIOBEKA IIOCJIE
BOK pasBuBaercsi mocTpeaHuMalMOHHas 00JIe3Hb,
KOTOPAsI SIBJISIETCS CJIEICTBIEM MATOJIOTHYECKIX ITPO-
11eCCOB, pasBuBIINXCcs Kak Bo Bpemsi BOK (ro6asb-
Hast UTIIEMUS ), TaK 1 TI0CJIe OskuBIeHus (penepdysus).
[Mocrpeannmarimornas GoJie3Hb BKJIOYaeT B cebs
MOBPEXK/IEHNE TOJIOBHOTO MO3Ta (KOMA, CYJIOPOTH, KOT-
HUTUBHBIE HAPYIIEHUs, CMEPTb MO3Ta), MUOKap/a
(cokparurenpHast AUCHYHKIIUSA), CUCTEMHBI OTBET
opraHu3dMa Ha wuineMuto/penepdysuio (aKTUBAIMS
UMMYHHOU M CBEPTHIBAIONIEHl CHUCTEM, Da3BUTHE
MOJIMOPTaHHOK HEJIOCTATOUHOCTH ), 06OCTPEHIE COITYT-
CTBYIOIMX XpoHWYecKuX 3aboseBannii. TsokecTsb
HapyIeHuii (GyHKITMIT OPTaHOB 3aBUCUT OT ITPOJIOJIKH-
tesbHocT BOK 1 peannMaIimoHHbIX MEPOIIPUSTUI.
Ecin BOK 6bu1a KpaTKOBpEMEHHOM, TOCTpeaHMa-
OHHaA 00JIE3Hb MOKeT U He passuTbesa [11—13].
[TareHTsl B 1MOCIEPEAHUMAIIMOHHOM TIEPUO/IE
HY3K/IAI0TCS B IMArHOCTUKE U JIEYEHIH OCTPOTO KOPO-
HapHoro cungpoma (ecin oH 6bu1 npuunnoii BOK),
BBITIOJTHEHWH, [TPY HAJINYUU TTOKA3aHUI, KOMITBIOTEP-
HOI TOMOrpaduy 1 MArHUTHO-PE30HAHCHOI TOMOTpa-
(U ro;TOBHOTO MO3Ta, KOMILIEKCHOM 0OCIe/I0BaHIH,
pacIupeHHOM TeMOIUHAMUYECKOM U PECITUPATOPHOM
MOHUTOPUHTE U IPOTE3UPOBAHUY KU3HEHHO-BASKHBIX
(yHKIUIT Opranu3Ma B OT/IeJIEHUN PEAHUMATOJIOTUN:
KODPEKIIHsI BCEX BHU/IOB TUTIOKCUU, MEUKAMEHTO3HAS
ceJIalust, KOHTPOJIb TEMIIEPATYPbI TesIa (Mo IepsKaHue
TeMItepaTyphbl Tesa B iuamnazone 32—36°C), KOHTPOJIb
(1o He mpochuIaKTHKa!) Cy10pOT, UCKYCCTBEHHAST BEH-
TUJISIMS JIETKUX (TIO/IIEPKaHe HOPMOKCUU 1 HOPMO-
Kap6uu, usberanue runepokcuu, SpO, — 94—98%),
HoiiepsKaHie reMOANHAMUKIY (BEPOSITHO, MOJKHO 9KC-
TPaIoJNpoOBaTh JaHHbIE TI0 I[eI€HAIPABIEHHON Tepa-
MU CENCHCA, HO KOHKPETHbIE IeJIeBble TTOKA3aTeNN
reMOJIMHAMUKY B MIOCTPEAHNMAI[MOHHOM TIepHOJie He
olpe/ieieHbl), HUCIIOJb30BAHUE KapAHMOBEPTEPOB-
nebubpUIIATOPOB, TOIepKaHKe TIePdY3UH FOJ0B-
HOTO MO3Ta, KOHTPOJIb rinkeMun (Menee 10 MMoJh /11,
uzberarhb TunoraukeMun). Het gokasare bHbIX JaH-
HBIX B OTHOIIEHUU PYTUHHOTO MPODUIAKTHIECKOTO
UCIIOJIb30BAHUST AHTUAPUTMHUYECKUX IIPEIapaToB B
rocJjiepeaHnMaluoHHOM riepuojie [14—26].
[IporuosupoBanrie HEBPOJIOTUUECKIX UCXOI0B
MOCJIe OCTAHOBKY KPOBOOOPAIIEHUS ABJISAETCS aKTy-
anbHON 1pobsiemoii peanumarosoruu. Ilatorenes
noBpeskienus neliponos npu BOK u B noctpeanuma-
[IMOHHOM TIEPUOJIEe TIPECTaBIsIeT COOOM CIOKHbBI
Kackaji 06IIenaToJ0rHYeCKUX MPOIEeCCOB, TPUTTEPOM
KOTODBIX sIBJIsIeTCs uiemusi-periepdysust. Kiunmnue-
CKU MOBPE’KIeHNE TOJOBHOTO MO3Ta B IIOCTPeaHnMa-
I[UOHHOM ITE€PUO/IE MTPOSIBJISIETCS] YTHETEHUEM YPOBHSI
CO3HAHUSI BILIOTH JI0 KOMBI, Cy/IOPOraMy, MUOKJIOHY-

90% of patients who were resuscitated after SCA had
neurological deficit of different degrees of severity,
which resulted in the lethal outcomes in 68% of patients
after out-of-hospital SCA and 23% of patients after in-
hospital SCA within a year after the SCA [3—10].

In the case of a successful resuscitation after the
SCA, a post-resuscitation disease develops, which is a
consequence of pathological processes that developed
both during the SCA (global ischemia) and after the
resuscitation (reperfusion). The post-resuscitation
disease includes brain damage (coma, convulsions,
cognitive impairment, brain death), myocardium
(contractile dysfunction), body's systemic response to
ischemia/reperfusion (activation of the immune and
coagulation systems, development of the multiple
organ failure), and exacerbation of chronic comorbidi-
ties. The severity of organ dysfunction depends on the
duration of the SCA and resuscitation measures. If the
SCA was a short-term one, the post-resuscitation dis-
ease may not develop [11—13].

Patients in the post-resuscitation period need the
diagnosis and treatment of acute coronary syndrome (if
it was the cause of the SCA); computed tomography and
magnetic resonance imaging of the brain, if indicated; a
comprehensive examination, enhanced hemodynamic
and respiratory monitoring and substitution of vital body
functions in the ICU: correction of all types of hypoxia,
drug sedation, body temperature control (maintaining
body temperature within the range of 32—36°C), control
(but not prevention!) of seizures, mechanical ventilation
(maintenance of normoxia and normocarbia, avoidance
of hyperoxia, SpO, — 94—98%), maintenance of hemo-
dynamics (it is probably possible to extrapolate data on
targeted therapy of sepsis, but specific targets of hemo-
dynamics in the post-resuscitation period are not de-
fined), the use of cardioverter defibrillators, maintenance
of brain perfusion, and control of glycemia (less than 10
mmol/l, avoid hypoglycemia). There is no evidence for
routine prophylactic use of antiarrhythmic drugs in the
post-resuscitation period [14—26].

Prediction of neurological outcomes after the cir-
culatory arrest is an urgent problem of the intensive care
medicine. The pathogenesis of neuronal damage in the
SCA and in the post-resuscitation period is a complex
cascade of general pathological processes, which are trig-
gered by ischemia-reperfusion. Clinically, a brain dam-
age in the post-resuscitation period is manifested by
suppression of consciousness up to coma, convulsions,
myoclonus, and neurocognitive disorders. A clinical
evaluation of the neurological status in this category of
patients is usually difficult due to the use of sedatives,
anticonvulsants and muscle relaxants [16—19].

The European Resuscitation Council Guidelines
for Resuscitation 2015 [16] provide an algorithm for
predicting neurological outcomes after the SCA. In
patients who did not undergo targeted temperature
management (hypothermia), it is not recommended to
predict neurological outcome using a comprehensive
clinical approach earlier than 72 hours after the SCA.
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COM, HEIIPOKOTHUTUBHBIM Jepuiiutom. Kiunnueckas
OLIEHKA HEBPOJIOTUYECKOTO CTATyCa B IAHHON KaTero-
PUH TTAIIMEHTOB OOBIYHO 3aTPY/IHEHA BCIECTBYE TIPU-
MeHEHUsI CeJIATUBHBIX, IPOTUBOCYIOPOKHBIX IIperna-
paToB 1 MuopesakcantoB [16—19].

B pexomennanusix EBporeiickoro coBera 1o pea-
Humarun 2015 r. [16] chopmysmpoBal anropuTm
[POTHO3MPOBAHUST HEBPOJIOTUYECKUX UCXO/IOB M10CJIe
BOK. ¥ nanuenToB, KOTOPbIM He TIPOBOIUIIOCH TieJie-
BO€ yIIPaBJIeHNEe TEMIIEPATYPOii Tea (TUIOTEPMUST ),
He 11e71eCO06PA3HO BBITOIHATE TIPOTHO3UPOBAHUE HEB-
POJIOTUYECKOTO MCXO0/Ia C UCIIOJIb30BAaHUEM KOMILIEKC-
HOTrO KJIMHUYECKOTO MOJX0/1a PaHee 72 4acoB IOCJe
BOK. B ciyuae ¢ Muopesiakcarueii M oCTaTOuHON
cezlatueil aTOT Mepro/| BpeMeH! MOKeT ObITh O0JIbIIIe.
[Tpu npoBesieHNN UCKYCCTBEHHON IMIIOTEPMUN WU
1[eJIEBOTO YIIPABJIEHUST TEMIIEPATYPOU TeJia HeOOXO -
MO BBIKZIATh 72 4aca I0cJjie BOCCTAHOBJIEHISI HOPMO-
TEPMUH [Te€PeJ] TPOTHO3UPOBAHNEM HEBPOJIOTHYECKOTO
ucxopa. [Ipu ucronp3oBanuu ceaTUBHBIX TIperapa-
TOB M MUOPEJIAKCAHTOB OIIEHKY JIAHHBIX KINHIYECKITX
NPU3HAKOB CJIEYeT TIPOBOJAUTL U B HoJsiee TO3IHUE
CPOKH BO M30esKaHKe MOTyYeHUs JOKHOOTPHUIATE b=
HBIX pe3yJsbsraToB [16].

17151 KOMILTIEKCHOTO TIPOTHO3MPOBAHMST HEBPOJIO-
TMYECKOro MCXOo[a Y IAlMeHTOB, HAXOISIINXCS B
KOMe, CJIe/[yeT UCTIOJb30BaTh (hU3UKAbHbIE, Tabopa-
TOpHBIE (MOJIEKYJISIPHBIE OMOMAPKEPDI ) 1 MHCTPYMEH-
TasbHbIe (9JIEKTPODU3NOTIOTHYECKUE, JTyYEBbIE) METO-
Ibl rarHoctuky. Crieyer IIOMHUTD, YTO Pe3YJIbTaThl
BCEX METOJIOB UCCJEOBAHUSI MOTYT OBITH UCKAKEHBI
BJIMSTHUEM OCTATOYHOU Cealuu U,/UIin MUOpeJaKca-
nun. Koma, cocrosinue nocie BOK u runorepmus
MOTYT OKa3bIBaTh CYI[ECTBEHHOE BJAMSIHIE Ha MeTabo-
JIU3M MPENnapaToB, 3HAYUTENbHO YIJUHSSA UX Jeil-
crBue. Hu oiuH 13 MpuBeZIEHHBIX TECTOB HE MOKET CO
100% TOYHOCTBIO TIPEICKA3aTh BEPOSITHOCTb BOCCTA-
Hossienud dyukinuii [ITHC, B cBsA3u ¢ yem 11 TIOBBI-
HIEHUsT TOYHOCTH HPOTHO3a CJIeNyeT OIUPAThCS Ha
KOMILIEKCHOe obcenoBanue [16, 27—29].

C HebIaronpusiTHBIM HEBPOJOTUIECKUM HUCXO-
JIOM aCCOIUUPOBAHBI CJIE/IYIONINE BAXKHbIE CUMIITOMbI
U IPU3HAKU: KIMHIYECKUE 1 2JIEKTPODU3N0JIOTIYe-
ckue kpurtepun (OusarepaibHoe orcyrcrBre N20
COMATOCEHCOPHBIX BBI3BAHHBIX [TOTEHIHAIOB TOJIOB-
Horo Moara [30]), oTcyTcTBUE 3IEKTPUYECKOM aKTUB-
HOCTH 110 ajieKTpoantiedasorpamme [31], anurentu-
4yecKuii ctaTyc [32], marTepH «BCIIbIIKA-TI0/I[aBIeHEe
[16, 33]), amnamMuKka cojiep;KaHust B KPOBU MOJIEKY-
JIIPHBIX GUOMAPKEPOB; IAHHBIE MHCTPYMEHTAIBHbIX
METO/IOB MCCIe0BaHuUs (COOTHOIIEHUE CepoTo,/Hesio-
O BEIeCTBA FOJOBHOTO MO3Ta 10 JJAHHBIM KOMIIBIO-
TepHOU TomMorpadun [34], uamepsiemblii Koahduiru-
eHT nuddysun o TaHHBIM MArHUTHO-PE30HAHCHOI
tomorpadun [35]). K nndopmaruBHbIM KJANHUYE-
CKHMM TIporHoctuyeckuM kputepusm rocsie BOK (kak
IPU UCIIOJIb30BAHII KOHTPOJISI TEMIIEPATYPBI TeJa B
MOCTPEAHUMAIIMOHHOM Teproje, Tak u 6e3 Hero)
OTHOCSITCSI OTCYTCTBUE 3PAYKOBOTO peduiekca K 72-y

In the case of muscle relaxation or residual sedation,
this period of time may be longer. When performing
artificial hypothermia or target temperature manage-
ment, it is necessary to wait for 72 hours after nor-
mothermia restoration before predicting the
neurological outcome. When using sedative drugs and
muscle relaxants, the evaluation of these clinical signs
should also be carried out at a later date in order to
avoid false negative results [16].

For a complex prediction of the neurological
outcome in patients in coma, it is necessary to use
physical, laboratory (molecular biomarkers) and in-
strumental (electrophysiological, radiation) diag-
nostic methods. It should be remembered that the
results of all test methods can be affected by the
residual sedation and/or muscle relaxation. Coma,
the state after SCA and hypothermia can have a sig-
nificant effect on the metabolism of drugs, signifi-
cantly extending their effect. None of the above
tests can predict the probability of restoration of
CNS functions with 100% accuracy; and therefore,
in order to improve the accuracy of the prediction,
the conclusion should be based on a comprehensive
examination [16, 27—29].

The following important symptoms and signs
are associated with an adverse neurological outcome:
clinical and electrophysiological criteria (bilateral ab-
sence of N20 somatosensory evoked potentials of the
brain [30]), the absence of any electrical activity in
the electroencephalogram [31], epileptic status [32],
«flash-suppression» pattern [16, 33]), the dynamics
of the blood concentrations content of molecular bio-
markers; findings of instrumental tests (the gray-to-
white matter ratio according to computed
tomography [34], the measured diffusion coefficient
according to magnetic resonance imaging [35]). In-
formative clinical prognostic criteria after the SCA
(both with temperature management in the post-re-
suscitation period, and without it) include the ab-
sence of the pupillary reflex by the 72t hour after
resuscitation (sensitivity: 19%, specificity:18%) and
the corneal reflex [36—37]; the absence of a the ex-
tensor posturing to pain by 72 hour after resuscita-
tion (specificity: 74%) [16, 36—37]; myoclonic status
(sensitivity: 8%) [30, 38].

While predicting the neurological outcome, an
independent interpretation of quadriplegia, decere-
brate rigidity or myoclonus is unacceptable. Special
attention should be paid to the signs of shock, central
body temperature, metabolic disorders, the use of
sedatives and muscle relaxants, as well as other factors
affecting the interpretation of the results of the exam-
ination [16, 36—37].

Molecular biomarkers are the most promising in
this regard, because they allow to perform a quantita-
tive assessment, and the dynamics of their blood con-
centration does not depend on the use of sedatives.
The main limitations of the clinical use of molecular
biomarkers are their moderately low sensitivity and
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Fig. 1. The flowchart of publications inclusion in the review.

Yacy MocJe OXKUBJIEHH (TyBCTBUTENBHOCTD 19%, cire-
nudmanocts 18%) m KopHeanspHOTO pediekca [36-
37]; orcyTcTBHEe pa3rubaTeabHOr0 MOTOPHOTO OTBETA
Ha 60J1b K 72-y Yacy nocie oxupaenns (cruernuduy-
HOCTBb 74%) [16, 36—37]; MUOKJIIOHMYECKUIT CTATyC
(uyBcTBUTENBHOCTD 8%) [ 30, 38].

[Ipy  TpPOrHO3MPOBAHUU HEBPOJIOTUIECKOTO
MCXO0/la HEJOMYyCTUMA M30JIUPOBAHHAS MHTEPIIPETa-
WS TeTPAILIErH, JIelepeOPAiMOHHON PUTHAHOCTH
win muoksonuu. Crenyer o6paTuTh 0coboe BHIMA-
HUe Ha IPU3HAKU II0KA, IEHTPATBHYIO TEMIIEPATYPY
Tesqa, MeTaboNMYecKe HapYIICHUsT, MTPUMEHEHUS
CeJIATUBHBIX NIPETIAPATOB U MUOPEJIAKCAHTOB, a TAKIKE
npourie (GaKTOPbI, BIMIIONINE HA WHTEPIIPETAIIHIO
pesyJbraTos obciaenosanus [ 16, 36—37].

Moutexynspubie GuomMapkepsl Hanbosiee mep-
CIIEKTUBHBI B IAHHOM OTHOIIIEHNH, TIOCKOJIBKY TT03BO-
JISTIOT BBITIOJTHUTD KOJTMYECTBEHHYIO OIIEHKY, a ANHAa-
MHUKAa WX COJepXKaHWsl B KPOBW HE 3aBUCUT OT
NPUMEHEHWs CeaTUBHBIX TperapaToB. OCHOBHBIMU
OTPAHUYEHUSIMI KJITMHUYECKOTO TPUMEHEHUST MOJIEKY -
JIIPHBIX GUOMAPKEPOB SIBJISIETCS UX YMEPEHHO-HU3KAsT
YYBCTBUTEIBHOCTD U CIIEII(UIHOCTBD, & TAKIKE CJIOK-
HOCTh OTIpEe/IeJIeHUs] MPOTHOCTUYECKH 3HAYUMBIX
oporoBbIX 3Hauennii [1, 11, 16, 39].

[Tesb 0630pa mTeparypbl — 006CYKACHUE COBPE-
MEHHOI 0TeuecTBEHHON 1 3apyOesKHO T0Ka3aTelb-
HOU 6a3bl 110 MPOTHOZUPOBAHUIO HEBPOJOTUUECKUX
ncxo0B nocsie BOK ¢ ucnosnbzoBanmeM MoJeKyJIsip-
HBIX GHOMaPKEPOB.

[Towrck OTeYeCTBEHHBIX MyOIMKAINI TIPOBOIN-
s B 6ase manubix elibrary.ru, sapyGexnbix — B 6ase
nanubix PubMed u Scopus. Biiok-cxemy BK/IIOUeHUS
B 0630p MUTEPATYPBI MYOIUKAIHIT TPEACTABUIN Ha
puc. 1. B mouck Bkmounan ciepyionie GoOpMaTh

specificity, as well as the complexity of determining
prognostically significant thresholds [1, 11, 16, 39].

The purpose of this literature review is to discuss
the current national and international data on the pre-
diction of neurological outcomes after SCA using mo-
lecular biomarkers.

The search for national publications was carried
out in the elibrary.ru database, and for international ones
in the PubMed and Scopus databases. The flowchart of
inclusion of publications in the literature review is pre-
sented in fig. 1. The search included the following pub-
lication types over the period 1994—2018: literature
reviews, observational studies, double-blind randomized
studies. The following search requests were used: «sud-
den circulatory arrest», «cardiac arrest», «<sudden car-
diac death», «prediction of outcomes», «CPR»,
«biomarker», «post-resuscitation period», «prognostifi-
cation». 81 publications were included in the analysis.

Mechanisms of emergence
of molecular biomarkers in the blood
in the post-resuscitation period

The ways of penetration of such substances as
S100 protein and neuron-specific enolase into the cir-
culation after a brain damage in the post-resuscitation
period have not been fully studied to date. The first
mechanism: damage of the blood-brain barrier struc-
tures (a so-called neurovascular unit), consisting of
neurons, astrocytes, endothelial cells, and pericytes.
Damage of cells of the neurovascular unit develops
both in the primary ischemia / reperfusion (damage
tof tight contacts between endothelial cells, impair-
ment of the architectonics of the cell cytoskeleton)
and in the delayed period (astrogliosis, increased in-
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nyOsmkanuii 3a nepuo 1994—2018 rr.: 0630psl Jimre-
parypbl, 06cepBaIlOHHbIE UCCIEAOBAHNUS, [BOWHBIE
cjierible  PaHIOMH3MPOBAHHBIE  WCCJIEIOBAHUS.
Wcnonp3oBanu ciemyiolire MOMCKOBBIE 3aMPOCHL:
«BHE3alHasi OCTAHOBKA KPOBOOOPAIIEHUSA», «OCTa-
HOBKa Cep/lla», «BHE3aIHas CepledyHasi CMEePTbh»,
«IIPOTHO3UPOBAHIE UCXO/I0BY, «CEPIEUHO-IETOYHAS
peaHumMalusa», «6uoMapkep», <biomarker», «cardiac
arrest», «postresuscitation period», «prognostifica-
tion». B anaims Bxaouniu 81 myGmKaimio.

MexaHu3Mbl NOSABJIEHUS] MOJEKYJISIPHBIX
OMOMapKepoB B KPOBH
B MOCTPEaHUMAIIHOHHOM NepUo/ie

[Tyt TpOHMKHOBEHUS B KPOBD IIPU TIOBPESK/IC-
HUM TOJOBHOTO MO3Ta B TIOCTPECAHUMAIMOHHOM
Heproe TaKUX BEIecTs, Kak Oenok S100 u meiipon-
crniennduyeckas eHosasa, 10 KoHila He uaydensl. [lep-
BbIIl MEXaHU3M: TOBPEKICHNE CTPYKTYP reMaToaHIe-
danmuueckoro 6Gapbepa (T.H. HEHPOBACKYJIspHAs
e/INHUIA), COCTOSIIETO U3 HEHPOHOB, aCTPOIIUTOB,
JH/IOTEJINOIMTOB U T1IepUIUTOB. IloBpeskaenne KieTok
HEHPOBACKYJISPHON eIMIIMHBI Pa3BUBACTCS KaK 1IPU
MEPBUYHOM HIEMUYECKOM/perepdy3noHHOM BO3-
neiicTBUM (MOBPEKICHUE TIIIOTHBIX KOHTAKTOB MEXKLY
HIOTEJINOIUTAMY, HapylleHue apXUTEKTOHUKU
IUTOCKeJIeTa KIETOK ), TaK U B OTCPOYCHHOM I1E€PHOJIE
(acTporimos, MoBblllleHHe BHYTPUYEPEITHOTO /IaBJie-
HU4, aKTUBAIIMA KJIETOK UMMYHHOM CHUCTEMBI U JIp.).
Bropoit Mexanusm: yepes riamaibHyio JuMdaTryie-
ckylo cucremy. M3BecTHO, 4TO 11epebpocnHaIbHasT
JKUJIKOCTD MOKET NMPOHUKATh B MHTEPCTUIMAIBHOE
ITPOCTPAHCTBO, OKPYKAtolee KJIETKU TOJOBHOTO MO3Ta
yepes y3KHe MPOMEKYTKU MEKIY dHIOTeJeM apTe-
puoJs 1 GazanbHON miaacTuHOi. ITo Mepe TOro Kak
1epebpOCTIMHAIBHAS KUIKOCTH TIPOTEKAET 110 TAHHO-
MY TIPOCTPAHCTBY, OHA CMEIINBAETCA C MHTEPCTUIIN-
ATBHON KUAKOCTBI0. COOTBETCTBEHHO, BBIICJIAIONE-
Cs1 TIPY TTOBPEXKACHNT HEHPOHOB U TJIMATBHBIX KJICTOK
B MHTEPCTUIUAIBHYIO KMIKOCTb MOJIEKYJIbI TPaHC-
MOPTUPYIOTCA B NapaapTeprasbHble TPOCTPAHCTBA C
MTOMOTI[BIO AKBAITOPUHOB 4 TUTIA ¥ TI0 MEXaHU3MY ud-
¢dysuu. [lanee st MOJIEKyIbl peabcopOUpyIOTCs B
11epeOPOCTIMHANBHYIO JKUAKOCTh WU MOMAAaioT B
KPOBbB Uepe3 apaxHouAaIbHbie BOpCUHKN [40—45].

B oTHoIIeHny MporHo3upoBaHus HEBPOJIOTUYe-
ckoro ucxoja nociae BOK usyyasnmn pasianynbie Bene-
cTBa (MO3roBas KpeaTMHKUHA3a, aJJaHMHAMUHOTPaH-
cepasa, JaKTaTACTUAPOreHa3a, JaKTaT, IUPyBar), Kak
B KPOBH, TaK U B JIMKBope. bplio fokaszano, 4To atu
BelecTBa HU3KOMHMOPMATUBHBI KaK ITPOrHOCTUYE-
cKkre GUOMapKepbl, MOATOMY PaBOTHI TIOCJEHUX JIET
COCpeIOTOYEHBI Ha M3y4YeHUU HelpoH-crernunduye-
ckoii enonasbl (HCE) u Gesika S100 [46—47].

Heiipon-cnenuduueckas enonaza (HCE) —
BHYTPUKJIETOUHBIN (hDePMEHT TIeHTPATbHON HEPBHOM
CUCTEMBI, TIPUCYTCTBYIONINI B KIETKAX HEHPOIKTO-
JIePMAJTbHOTO TPOUCXOsKICHIS (HEHPOHAX FOJIOBHOTO

tracranial pressure, activation of the immune system
cells, etc.). The second mechanism: through the glial
lymphatic system. It is known that the cerebrospinal
fluid can penetrate into the interstitial space sur-
rounding brain cells through the narrow intervals be-
tween the endothelium of arterioles and the basal
plate. As the cerebrospinal fluid flows through this
space, it mixes with the interstitial fluid. Therefore,
molecules released at the damage neurons and glial
cells into the interstitial fluid are transported to the
periarterial space with by aquaporin-4 in accordance
with the diffusion mechanism. Then these molecules
are reabsorbed into the cerebrospinal fluid or enter the
blood through arachnoid villi [40—45].

Various substances (brain creatine kinase, alanine
aminotransferase, lactate dehydrogenase, lactate, pyru-
vate) both in blood and in liquor were studied for the
prediction of neurological outcome after the SCA. It
has been confirmed that these substances are low-in-
formative as prognostic biomarkers, so recent studies
have focused on the assessment of the neuron-specific
enolase (NSE) and S100 protein [46-47].

The neuron-specific enolase (NSE) is an intra-
cellular enzyme of the central nervous system present
in cells of neuroectodermal origin (brain neurons and
peripheral nervous tissue). It is a glycolytic enzyme,
one of the most frequently measured molecular bio-
markers in the post-resuscitation period. The neuron-
specific enolase is the only currently known common
marker of all differentiated neurons [47—48].

The neuron-specific enolase is present in all cells
of neuroectodermal origin and is released into the
blood when they are damaged. The NSE is present in
erythrocytes, platelets (therefore hemolysis also leads
to an increase in the NSE level ), cells of small cell lung
carcinoma and neuroendocrine tumors (this marker is
widely used in the clinical practice for the diagnosis of
tumors of lungs and brain). The NSE half-life time in
the blood is 30 hours, the reference values of the NSE
are 0—16.3 ng / ml. The NSE informative value has
been proved in ischemic stroke, subarachnoid hemor-
rhage, and diffuse axonal damage [46—48]. In diseases
accompanied by the involvement of nervous tissue in
the pathological process, qualitative and quantitative
evaluation of the NSE in the cerebrospinal fluid or
blood provide valuable information about the severity
of neuronal damage and the integrity of the blood-
brain barrier [11, 16, 47—48].

The threshold values of the NSE blood concen-
trations for predicting a neurological outcome after
the SCA range from 33 ng/ml to 90.9 ng/ml over 24—
72 hours after resuscitation, according to various stud-
ies (the spread of data on the concentrations is
associated with various measurement methods, as well
as with the lack of a full understanding of the kinetics
of this substance in the post-resuscitation period)
[48—50]. In the group of patients who were exposed
to the temperature management in the post-resuscita-
tion period after the out-of-hospital SCA, the inform-
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Mo3ra 1 niepudepudeckKoil HepBHOU TKaHM ). JTO TJIN-
KOJIUTUYECKUI (hepMeHT, oMl 13 HanboJjee 4acTo
U3MEpSAEMbIX  MOJIEKYJSAPHBIX — OHOMapKepoB B
nocrpeaHuManonHom nepuose. Heiipon-crenudu-
Yyeckasl €HOJia3a — eJUHCTBEHHBI W3BECTHBIN B
HacTostIee BpeMs obIuii Mapkep Beex auddepeniu-
POBaHHBIX HEHPOHOB [47—48].

Heiipon-crienudirueckast enosasza mpucyTcTByeT
BO BCEX KJIETKAX HEHPOIKTONEPMAIBHOTO TPOUCXOK-
JIEHUsT M BBICBOOOKIAETCS B KPOBb ITPU UX MOBPEIK/Ie-
nun. Taxxxe HCE npucyrcTByeT B 3puUTpOIUTAX, TPOM-
GoruTax (MOATOMY TE€MOJIU3 TaKyKe TPUBOAUT K
nosbitiernio yposusi HCE), kineTkax MeskokieTou-
HOU KapIIMHOMBI JIETKOTO M HEPOdHIOKPHUHHBIX OILY-
XoJteil (aHHbII MApKep IUPOKO UCIIOIb3YETCs B KJIU-
HUKE [JI TUATHOCTUKHU OIYXOJIeit JIETKUX U TOJIOBHOTO
Mmo3zra). Bpems noayxkusun HCE B kpoBu cocrasiisier
30 u., pedpepencusnie 3navenuss HCE 0—16,3 ur/muir).
Nudopmarusnocts HCE nokazana npu uiemuye-
CKOM MHCYJIBTE, CyOapaXHOUATbHOM KPOBOMBJIMSIHUM,
nuddysHoM akcoHasbHOM TOBpeskaeHun [46—48].
ITpu 3a6071€BaHUSIX, COTTPOBOK/IAIOIINXCSI BOBJIEUEHNU-
€M HepBHOI TKaHU B MATOJIOTMYECKUII TIPOIECC, Kaye-
cTBeHHBbIe U KosudecTBennble onpenesnennda HCE B
1epebPOCTTMHANLHON JKUIKOCTH UJIM KPOBH JIAIOT [[CH-
HYIO MH(OPMAIUIO O CTENIEHU BhIPAKEHHOCTH ITOBPEK-
JIeHUil HEeIIPOHOB U I[eJIOCTHOCTU reMaToaHIedaninye-
ckoro Gapbepa [11, 16, 47—48].

[Toporosbie 3nauyenus copepskanus HCE B
KPOBU IS [POTHO3WPOBAHUSI HEBPOJOTHYECKOTO
ucxoza rocye BOK 110 1anubIM pa3jindHbIX UCCIe/10-
BaHuii cocrasysaior ot 33 ur/miu no 90,9 ur/mia B
nepuos 24—72 4. mocJie oxuBaenus (pazdpoc JaHHBIX
0 KOHILIEHTPAIUY CBSI3aH C PA3JINYHBIMI METOUKAMM
U3MepEHVs], a TAKKe C OTCYTCTBUEM IOJHOIIEHHOTO
NOHUMAaHWS KTHETUKU JAHHOTO BEIeCTBA B IIOCTPea-
HUMAIMOHHOM Tiepuojie) [48—50]. B rpyrine naruen-
TOB, Y KOTOPBIX HCIIOJb30BAIN KOHTPOJIb TEMIIEPATY-
pBl Tejla B IIOCTPEAHUMAIIMOHHOM IIEPUOJE IOCJIEe
sHebopHnuHOi BOK, ObL1a 1okasana nH(opMaTus-
Hoctb conepskannst HCE na 48 1 ocsie ocxuBJienus u
npupocra cogep:xannss HCE ¢ 24 k 48 4 [50]. Heii-
poH-crenuduyeckas eHosiaza uHGOpPMATHBHA s
IPOrHO3UPOBAHMS MCXO/A KAK y TAIIMEHTOB TOCJe
BOK, ymupatonux B Teuenue 72 4 OT OXUBJIEHUS
(mwromanp mog ROC-kpusoit 0,87), Tak 1 y nanueH-
TOB, Y KOTOPBIX BOCCTAHABIUBAETCS CO3HAHUE TI0CJIE
72 u ot oxkussenus (mromiagb noa ROC-kpuBoii
0,62), a Tak:ke y TeX, y KOro CO3HaHNME He BOCCTAHAB-
JsmBaetcs B 9TOT nepuo/ (1roniazs mojx ROC-kpuoii
0,92). Hau6Gonee nHGOPMATUBHO TPEXKPATHOE M3Me-
penue HCE B noctpeanmmaiinonnom nepuoje (24—
48—72 1) [51]. Mcnonb3oBanye KOMOMHIPOBAHHON
ounerikn HCE (6oJiee 38 Hr/mu1) 1 reHepaii30BaHHOTO
OTeKa TOJIOBHOTO MO3Ta 110 JAHHBIM KOMITBIOTEPHOI
TOoMOrpad Uy SIBJISETCS MPEAMKTOPOM ILIIOXOT0 HCXO0/Ia
nocsie BOK (uyBctBuTeabHocTh 46%) [52].

benok S100 orHOCHTCS K cEMENCTBY KaJbIlUii-
CBSI3BIBAIONIMX GETKOB, KOTOPbIE IPUHUMAIOT YYaCTHE

ative value of the NSE concentration 48 h after resus-
citation and an increase in the NSE concentration
from 24 to 48 h was confirmed [50]. The neuron-spe-
cific enolase is informative for predicting the outcome
of both patients after SCA dying within 72 hours after
resuscitation (the area under the ROC curve is 0.87)
and patients who recover consciousness 72 hours after
resuscitation (the area under the ROC curve is 0.62),
as well as those who do not recover consciousness dur-
ing this period (the area under the ROC curve is 0.92).
Three measurements of the NSE in the post-resusci-
tation period have the most informative value (24—
48—72 h) [51]. The use of a combined assessment of
the NSE (more than 38 ng/ml) and generalized brain
edema according to computed tomography is a predic-
tor of a poor outcome after the SCA (the sensitivity is
46%) [52].

S100 protein belongs to a family of calcium-
binding proteins that are involved in the regulation of
cell growth and differentiation, transcription, phos-
phorylation of proteins, secretion, and muscle fiber
contraction. They regulate the cell cycle and apoptosis
and can participate in the process of carcinogenesis.
The family of these proteins (more than 20 proteins)
was discovered in 1965. The name «S100» is associ-
ated with the ability of the protein to dissolve in 100%
ammonium sulfate solution at pH 7.2. The cere-
brospinal fluid contains proteins S100A1 (S100«) and
S100B (S1008). Intracellular protein S100 exists as a
homodimer. About 85—90% of the total S100 protein
is contained in astrocytes, 10—15% is found in neu-
rons, and the minimum amount is in oligodendrocytes.
S100 protein synthesis takes place in glial cells [53].

The S100 protein concentration is used to diag-
nose many malignant tumors; it is a standard diagnos-
tic test for melanoma. S100 protein is involved in
differentiation, proliferation, and apoptosis of neurons;
and, unlike NSE, it is a marker of activated astroglia
in response to neuronal damage during hypoxia and
hypoclycemia. The half-life time of this substance is 2
h, which causes its early peak concentration after the
SCA (within 24 h).

According to the most large-scale study carried
out on the basis of the TTM-trial database in 2017
[53], the S100 protein concentration is significantly
higher by 24 h (cut-off point: 0.12 pg / ml, sensitivity:
68%, specificity: 77%, the area under the ROC curve
for the 36°C group: 0.82, for the 33°C group: 0.78), 48
h (cut-off point: 0.13 pg / ml, sensitivity: 63%, speci-
ficity: 82%, the area under the ROC curve for the 36°C
group: 0.81, for the 33°C group: 0.77) (cut-off point:
0.10 pg / ml, sensitivity: 65%, specificity: 80%, area
under ROC curve for the 36°C group: 0.80, for the
33°C group: 0.74) after resuscitation after out-of-hos-
pital SCA. The S100 protein concentration has the
highest prognostic value at 24 h. The use of artificial
hypothermia makes significant changes in the dynam-
ics of the S100 protein blood concentration: at 24 h
and 72 h, the S100 protein concentration was signifi-
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B PEryJUPOBAHUY POCTA U AU DEPEHIIMPOBKU KJle-
TOK, TPaHCKpUMIUK, (HochopuinpoBanus GEJIKOB,
CEeKpeIlny, COKPAIIEHUU MBIIIEYHBIX BOJIOKOH. OHU
PeryJupyroT KJIeTOYHbII IIUKJI ¥ allONTO3 U MOTYT y4a-
CTBOBATb B TIpoIiecce OHKoreHe3a. CeMeiicTBO TaHHBIX
6enkoB (6osee 20 6enkoB) ObLIO OTKPHITO B 1965 T.
Hassanue «S100» cBst3aHo co crmocobHOCTbHIO Helika
pactBopaThes B 100% pacTBope cysbdaTa aMMOHUS
npu pH 7,2. B nepe6pocinHaabHOl JKUAKOCTH IPU-
cyreryior 6esku S100A1 (S100a) 1 S100B (S1008).
Buyrpukierouto 6esok S100 cyrecTByeT Kak TOMO-
aumep. Oxomo 85—90% ob1iero comepskanmst Gemka
s100 mpuxoanTest Ha actpouuThl, 10—15% pacmoso-
JKEHBI B HEHPOHAX, a MUTHUMAThHOE KOJTUYECTBO — B
oymarozperaporuTax. Cunres 6eska S100 mpoucxoant
B TTHAJIBHBIX KJIETKax [53].

Conepxanne 6emka S100 wcmosbayercss st
JIMaTHOCTUKU MHOTHX 3JI0KAYeCTBEHHBIX HOBOOOPA30-
BaHWI, 3TO CTAHJIAPTHBIN AMATHOCTUIECKIH TECT TIPU
memanome. besok S100 mpuaMMaeT yaactue B iudde-
PEHIIMPOBKE, TpoJindepaIiui 1 aronTo3e HeHPOHOB, a
takxke, B otanane ot HCE, siBsieTcst Mapkepom akTH-
BaIMW ACTPOTJIVH B OTBET HA MOBPEXKIEHNE HEHPOHOB
TIPU TUTTOKCUU ¥ TUTIOKJTUKEMUU. BpeMs moTy:Ku3nu
JTAHHOTO BEIIECTBA COCTABIISIET 2 U, 4TO 0Oy CIaBINBA-
€T PaHHIOI MUKOBYIO0 KOHIleHTparwio ocse BOK (B
TeueHne 24 1).

Mo garHbIM HanboJIee MACIITAOHOTO HCCIIEI0BA-
nust 2017 . [53], mpoBeeHHBIM Ha 0ase JaHHBIX
TTM-trial, conepkanue 6emka S100 3HAUUTETHHO
BhINIe Ha 24 4 (Touka oTceuenus 0,12 MKr/mm, 4yB-
CTBUTEIBHOCTH 68%, criermpuaHocTh 77 %, TIOTIAIb
o ROC-xpusoii aist rpynmer 360C 0.82, st rpymn-
bt 33°C 0,78), 48 u (Touka orcevenus 0,13 MKr/MI,
YyBCTBUTETHHOCTH 63%, criennuanocts 82%, m10-
manb mox ROC-kpusoit s rpymmst 36°C 0.81, mis
rpymmet 33°C 0,77) 72 9. (touka orcedenusi 0,10
MKT/MJI, 9yBCTBUTEIBHOCTh 65%, CHEMUbUIHOCTD
80%, nuronans mox ROC-kpusoii mist rpymiis 36°C
0.80, nast rpymimier 33°C 0,74) mocste 05KUBIIEHUS TTOCTE
paeboabanunoit BOK. Cogepxanue Genka S100
nMeeT HarboJree BHICOKYTO MTPOTHOCTUIECKYIO CUITY Ha
24 4. Vcniosnb3oBaHe MCKYCCTBEHHONW THIIOTEPMUN
BHOCUT 3HAYUTEJNbHBIE KOPPEKTUBBI B JIUHAMUKY
cozpepxkanus 6enka S100 B KpoBu: B cpokn 24un 724
conepskanue 6emka S100 3HAUNTETHHO BBITIE Y MATH-
€HTOB, KOTOPBIX oxyaskaau /10 33°C 1o cpaBHEHUIO ¢
rpymmoit 36°C. TIporHocTiyeckast 3HAUNMOCTD OeJIKa
S100 kax pannero 6moMapkepa KpaiiHe BaxkHa JJist
TMPUHSTHS PEIEHNS O TAKTUKE BEJICHWS TTATIMEHTOB B
MTOCTPEaHNMAIIMOHHOM Tiepuozie. COBMECTHBIN aHAIN3
6enka S100 u HCE He yayuiaeT npeackasaTeIbHY0
criocobnoctb Mogienu. benok S100 nanbonee undop-
MaTuBeH B iepBbie cyTkn 1ociae BOK (24—48 1), a
HCE — x 72 4 [53—56].

MoJiekyIspHbIil  GHOMapKep MOBPEKIACHUS
mouek y manueHToB cerncucom NGAL (neutrophil
gelatinase-associated lipocalin, siumokanus, accorum-
POBaHHBIH € JKeJTaTuHa30i HeiTpoduaos) [57—60]

cantly higher in patients who were cooled to 33°C as
compared to the 36°C group. The prognostic value of
S100 protein as an early biomarker is extremely im-
portant for decision-making on the management of pa-
tients in the post-resuscitation period. A combined
analysis of the S100 protein and NSE does not im-
prove the predictive ability of the model. S100 protein
has the most informative value on the first day after
the SCA (24—48 h), and the NSE by 72 h [53—56].

NGAL  (neutrophil  gelatinase-associated
lipocalin), a molecular biomarker of renal damage in
patients with sepsis [57-60], may also act as a molec-
ular prognostic biomarker after SCA, whose informa-
tive value is not inferior to that of NSE. According to
Kaneko T. et al. [60], NGAL levels were significantly
higher in patients with an unfavorable neurological
outcome (3—5 points according to the Glasgow—
Pittsburgh Cerebral Performance Category (CPC)
scale). The sensitivity and specificity of NGAL on the
second day after resuscitation were 83% and 85%, re-
spectively, with a cut-off point of 304 ng/ml and the
area under the ROC curve of 0.830 (to compare, the
sensitivity and specificity of the NSE in this study
were 84% and 100%, respectively, the cut-off point
was 28.8 ng/ml, and the area under the ROC curve
was 0.918). It should be noted that the studied groups
in this trial did not differ in the glomerular filtration
rate, therefore it was not possible to evaluate the in-
formative value of this biomarker in patients with
acute kidney injury [59-60].

According to Spaich S. et al. [61], fibroblast
growth factor 23 may have a prognostic value in the
post-resuscitation period: the area under the ROC
curve in relation to the prediction of survival 6 months
after the SCA for this biomarker was 0.759 at 24 h and
0.726 at 72 h after resuscitation. The prognostic value
of this molecular biomarker for short-term neurologi-
cal outcomes is moderate.

According to Pekkarinen P. et al. [62] procalci-
tonin levels at 96 h after resuscitation have a prognos-
tic value for a poor neurological outcome within 12
months after out-of-hospital SCA (0.238 ng/ml in sur-
vivors vs. 0.988 ng / ml in the deceased; the area under
the ROC curve: 0.76, 95% confidence interval: 0.68-
0.83). The increase in the procalcitonin blood concen-
tration by 24 h after the admission is also
prognostically informative in relation to an unfavor-
able neurological outcome. The procalcitonin level at
admission was naturally informative in relation to the
prediction of a hemodynamic instability over the next
48 hours of post-resuscitation period.

The use of artificial hypothermia (the tempera-
ture management is currently recommended [16]) in
the post-resuscitation period significantly changes the
dynamics of the concentration and informative value
of molecular biomarkers. In artificial hypothermia,
blood plasma glycoproteins are informative: cerulo-
plasmin and haptoglobin are associated with a good
neurological outcome, which may be due to their neu-
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MOZKeT TaKyKe BBICTYIIATh MOJIEKYJISIPHBIM IIPOTHOCTH-
yeckuM Ouomapkepom 1ociae BOK, He yerynaonmm
no urdopmarusaoctu HCE. ITo ganneiv Kaneko T. u
coasT. [60] yposerib NGAL GblI 3HAYMTENBHO BBIILE Y
MAIUEHTOB ¢ HEGJIATOTPUATHBIM HEBPOJOTHYECKUM
ucxonom (3—5 Gamnos no mkaine Glasgow—Pitts-
burgh Cerebral Performance Category (CPC). Uys-
ctBuTesbHOCTD U cneruduuHoctb NGAL na BTOpOii
JIeHb [10CJIe OKUBJIEHHS] COCTABUJIN COOTBETCTBEHHO
83% 1 85%, ¢ Toukoii orceverust 304 Hr/MJI U TLIOTIA-
nwio 1o ROC-kpusoit 0,830 (17151 cpaBHEHUS — YyB-
crButTenbHOCTh U cnenudununocts HCE B pannom
ucciaenoBannu cocrasuim 84% u 100% coorsercTBeH-
HO, TOYKa orceuenusi 28,8 HI/MJI, IJIONIA/IBIO O/
ROC-kpusoit 0,918). Heo0X0a1MO OTMETHTD, 4TO
HccielyeMble TPYIIb B IAHHON paboTe He pasjimya-
JICB TI0 CKOPOCTH KITyOOUKOBOM (DUJIBTPAIINH, TOITO-
MY He [IPEICTABIISAIOCh BO3MOKHBIM OIIEHUTH MH(POP-
MaTUBHOCTh JIAHHOTO OHOMapkepa y TaIl[MeHTOB C
OCTPBIM TIOBpeXkAeHeM rmodek [59—60].

ITo manabiv Spaich S. u coast. [61] dakrop
pocta hpubpobIacTOB 23 MOKET UMETh IIPOrHOCTHYE-
CKYIO I[EHHOCTh B NOCTPEAHUMAI[MOHHOM MEPUOJIE:
mrotazb moj ROC-kpuBoii B OTHOIIEHUH TPOTHO3U-
poBanwus BbiKMBaeMocTu yepes 6 mecsiiie mocsie BOK
IUIs TaHHOTO GuoMapkepa coctasuia 0,759 Ha 24 4 u
0,726 na 72 4 nocse oxusnenus. [Ipornoctuueckas
IIEHHOCTh JIAHHOTO MOJIEKYJISIPHOTO GHoMapkepa B
OTHOIIEHUH KPATKOCPOYHBIX HEBPOJIOTMYECKUX HCXO0-
JIOB YMepeHHa.

ITo mannbim Pekkarinen P. u coasr. [62] ypoBetb
NPOKAIBIUTOHUHA HA 96 U [10CJIe 03KUBJIEHUS TPOTHO-
CTUYeCKU NHMOOPMATUBEH B OTHOIIEHIH I1JIOXOTO HEB-
POJIOTUYECKOTO UcXo/a B Teuenue 12 Mecsies mmociie
sHebopHnuHOi BOK (0,238 Hr/MJI y BBIKUBILUX VS.
0,988 ur/ma y ymepinux; nsoiiaab nojgq ROC-kpuoii
0,76, 95% nosepurenbupiii waTepBas 0,68—0,83).
[TpupocT comepskanust MPOKANBIIUTOHNHA B KPOBH K
24 4 OT BpeMeHU NOCTYIJIEHUsT TAK)Ke TPOTHOCTHIYE-
ck¥ MH(POPMATUBEH B OTHOIIEHUH HEOIATOTIPUATHOTO
HeBpoJiorndeckoro ncxoza. Conep:ranue MPOKaJIbIH-
TOHUHA IIPU MTOCTYIJIEHUH C CTAIMOHAD 3aKOHOMEPHO
6b1710 UH(GOPMATUBHBIM B OTHOIIEHUH TIPOTHO3UPOBA-
HUST TEMOJIMHAMUYECKOI HeCTaOUIbHOCTH B TeUeHUe
6Kl X 48 4 ocTpeaHMMaluoHHOTO TIEPUO/IA.

Vcnionp3oBaHme UCKYCCTBEHHON TUIIOTEPMIH (B
HACTOsIIIee BPeMsI PEKOMEH/I0OBAH KOHTPOJIb TeMIIepa-
Typbl Tesia [16]) B mocTpeaHMMaIMOHHOM TEPUO/IE B
3HAYNTEJIBHOI CTEIIEHN U3MEHSIET INHAMUKY KOHIIEHT-
paru 1 THHOPMATHBHOCTH MOJIEKYJISIPHBIX GHOMAp-
KepoB. B ycl0BUAX HCKYCCTBEHHON TMIIOTEPMUU
UHGOPMATUBHBIMU SIBJISTIOTCS TJIMKOIIPOTENHBI T11a3-
MbI KPOBH: TIEPYJIOTJIA3MUH ¥ TAITOTTI0OOUH acCOIUH-
POBaHbBI C XOPOIIUM HEBPOJIOTUYECKUM HCXOIO0M, YTO
MOJKET OBITh CBSI3aHO C UX HEHPOIIPOTEKTUBHON POJIHIO
B IIaTOTeHe3e MMOCTPeaHNMAIMOHHOTo 1epuosa [63].

Mouiekysiprbie GHOMAPKEPDI CIEYET UCIIOTb-
30BaTh UCKJIIOUNTENBHO B KOMILJIEKCE C KINHUYECKU-
MU U UHCTPYMEHTAJIbHBIMI IIPU3HAKAMU, & HE U30JIH-

roprotective role in the pathogenesis of the post-re-
suscitation period [63].

Molecular biomarkers should be used only in a
combination with clinical and instrumental findings,
and not asisolated data due to the high risk of false pos-
itive reactions [1—10]. Measurement methods and ref-
erence values of molecular biomarkers differ
significantly between individual clinical centers. Each
clinical laboratory should validate the measurement
method and reference values of a specific molecular bio-
marker. The kinetics of these biomarkers, especially
during temperature management, has been insuffi-
ciently studied [11, 16]. When assessing the NSE blood
concentration in a combination with other tests (scores
of the Glasgow coma scale, somatosensory evoked po-
tentials, etc.) at 48 and 72 h after resuscitation, its prog-
nostic informative value for a poor neurological
outcome increases, especially if the NSE levels increase
in time or remain steadily high [1—5, 11, 16, 46—48].

It is recommended to predict outcomes after
SCA according to the following algorithm (fig. 2) [11,
16]. The evaluation should begin with a thorough clin-
ical examination. This should be done after the com-
pletion of artificial hypothermia or temperature
management, withdrawal of sedatives and muscle re-
laxants, usually not earlier than 72 hours from the mo-
ment of resuscitation after the SCA. If the findings of
prognostic tests lead to conflicting results, further
clinical observation and re-evaluation is recom-
mended. In most patients after the SCA, the recovery
of consciousness is noted within 7 days after resusci-
tation, and in 32% within 72 hours after resuscitation.
However, the recovery of consciousness 25 days after
the SCA is described, i.e. even those patients who
came back to consciousness late still have a chance for
a good neurological outcome [11, 16, 46].

Therefore, molecular biomarkers are an important
element of the algorithm for predicting neurological
outcomes after a sudden circulatory arrest. They should
be evaluated only in combination with clinical and in-
strumental findings. The neuron-specific enolase (blood
tests at 24, 48 and 72 h) and S100 protein (blood test
at 24 h) are the most informative molecular biomarkers.

POBAHHO BCJIEJICTBUE BBICOKOTO PUCKA JIOKHOTIOTIOKHU-
tespHbIX peakiuii [1—10]. Metoabr usmepenus u
pedepeHcHble 3HaYCHUS MOJIEKYIAPHBIX GrOMapKe-
POB 3HAYUTEJNBHO OTJIUYAIOTCS MEXKAY OTHETbHBIMU
KJIMHUYECKUMU IleHTpaMu. B kaxkpoil KInHn4eckoi
JMaboPaTOPUN JOJKEH OBITh BAJIUAUPOBAH METO]I
u3MepeHus u pedepeHCHbIe 3HAYeHNUs] KOHKPETHOTO
MOJIeKyJIIpHOTO GrioMapkepa. Kuretnka nanubix 61uo-
MapKepoB, 0COOEHHO TIPY UCTIOIB30BAHUN KOHTPOJIST
TeMIeparypsl Tena, Masio ndydena [ 11, 16]. IIpu oren-
ke coztepskanus B kposu HCE B komruiekce ¢ apyrnmu
tectamu (6aJLITBI TI0 TITKaJe KoMbI [71a3ro, coMaToceH-
COpHbIE BbI3BAaHHBIE MTOTEHITUAIIBI U /IP.) Ha 48 1 72
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MIOCJIE OKIBJIEHIS ee TPOTHOCTUYeCKas MH(POPMATHB-
HOCTh B OTHOIIEHUU IIJIOXOTO HEBPOJOTHYECKOTO
UCXO0/1a IOBbILIaeTcs, ocobenno ecau yposuu HCE
HAPACTAIOT B INHAMIKE UJIU OCTAIOTCSI CTOIKO MOBbI-
nrennbivu [1—95, 11, 16, 46—48].

PexoMeHI0BaHO BBINIOJIHATH [TPOTHO3MPOBAHUE
ncxozoB rocsie BOK 1o ciieyiotiemy asropurmy (puc.
2) [11, 16]. Ornenka gomKkHAa HAYMHATHCS C THIATENBHO-
r0 KJIUHUYIECKOTO 06CIE0BAHUSA. ITO JTOJIKHO ObITH
ClIEJIAHO TIOCJIe 3ABEPIIEHIS UCKYCCTBEHHOM TUIIOTep-
MUY WA KOHTPOJISI TEMIIEPATYPBbI TeJIA, TIPeKPAIeHUsT
BBEJIEHUsI CEIATUBHBIX IIPENAPATOB 1 MUOPETAKCAHTOB
— KakK [IPaBUJIO, He paHee 72 4. OT MOMEHTA 0)KUBJIEHUST
nociie BOK. Ecim pesysibraThl MPOTHOCTUYECKUX
TECTOB TPUBOIAT K NPOTUBOPEUUBBIM PE3YJIbTATaM,
PEKOMEH/TyeTCsl IasibHeliiee KIMHTIeCKoe HabIoe-
HIE ¥ TIOBTOPHAs Ol[eHKA. Y GOJIBIINHCTBA TAIIUEHTOB
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nocsie BOK BoccranoBiienue co3HaHUsI OTMEYAETCST B
TeyeHue 7 CyT. [OCJIe OKUBJIeHUs, Y 32% — B TeuyeHue
72 4. mocjie oxuBJieHus. TeM He MeHee, OTTMCaHO BOC-
CTAHOBJIEHME YPOBHSI CO3HAHUS Yepe3 25 iHell mocJie
BOK, T0 ectb saxke Te marueHThl, KOTOPbIE TIPUIILIN B
CO3HAHIE TI03/[HO, BCe ellle UMEIOT IAHC Ha XOPOIITHii
HeBpoJiornueckuii ucxon [11, 16, 46].

Taxum 06pasoM, BasKHBIM 3JIEMEHTOM aJITOPUTMA
[POTHO3MPOBAHUST HEBPOJIOTUYECKUX UCXO/IOB 110CJIe
BHE3AMHON OCTAHOBKY KPOBOOOPAIIEHUS SABJISIOTCS
MOJIeKyJIpHBIE GHOMapKepbl. VX He0OX0MMO OlleHN!-
BaTh UCKJIIOUUTENbHO B KOMILIEKCE C KINHIYECKIMU
U MHCTPYMEHTAJbHBIMU Tipu3Hakamu. Hawubosee
UHMGOPMATUBHBI CPE/IM MOJIEKYJISIPHBIX GHOMAPKEPOB
HellpoH-crienudryeckass eHosaza (U3MepeHue B
KpoBu Ha 24, 48 u 72 4) u 6eokx S100 (usmepenue B
KpOBHU Ha 24 4).
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Ventilator-Induced Diaphragm Dysfunction (Review)
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WckyccTBennast BEHTUIISAINS JeTKUX CBsI3aHa € PAa3BUTHEM PsiZia OCIOKHEHWH, YBETNIUBAIONINX 3aTPaThl HA
JieYeHre U TOCIUTalbHY 0 JieTanbHocTh. B 2004 roxy 6wl npeaioken Tepmut VBJI-unHaynupoBaHHON (BEHTHIIS-
TOp-UHAYIIMPoBaHHON ) mucdynkimn anadparmsl (U /1/]) B kauecTBe 01HON 13 TPUYWH HEYAATHOTO TIPEKPATIEeHIST
pecrupaTopHOi MoAepKKU. B HacTosi1iee BpeMst 10/l STUM TEPMUHOM TIOHUMAIOT coueTatnue aTpodun 1 ¢1abocTu
COKPATUTEIBHON (DYHKINY TnadparMbl, BEI3bIBaeMbIe HETIOCPEICTBEHHO JITTUTETbHON NCKYCCTBEHHON BEHTUIISATINEN
serkux. B matoreneze MM /1/] Basknyto posib UTPAIOT OKCUIATUBHBIN CTPeCC, TPOTE0TN3, MUTOXOH/IpUATbHAS JIVC-
(dYHKIM, a TAKKe TTACCUBHOE TIePePaCcTsiKeHUe BOJOKOH AuadparmMbl. YUUTbIBas, 4YTO HeOOXOAUMOCTh B MEXaHIUe-
CKOIi pectipaTopHoii nopuepxke ucibiTbiBatior 30—80% Gosbrbix B OPUT, a saske 6—8-u yacoBas HCKyCCTBEHHAst
BEHTUJISIIIUS JIEFKMX MOKET CIIOCOOCTBOBATH PA3BUTHUIO 3HAYUTEILHOM ¢1abocTu uadparMbl, MOKHO C/I€JIaTh BHIBO/I,
uyro MUI/] siBisiercst kpaiiHe akTyaibHOI 1po0JieMoii y GOJIbIIMHCTBA NAeHToB. Ee TunmyHas KianHuyeckas Kap-
TUHA XapaKTepU3yeTcst HapyIeHUsIMI MEXaHWKH JBIXaHNs ¥ Hey/ITaYHbIMI TOTIBITKAMU TIepPeBo/ia aleHTa Ha ca-
MOCTOSITEJIbHOE JIbIXaHWe IIPK OTCYTCTBUU JAPYTMX BECKUX NPUYMH PECHUpPATOPHbIX HapyuieHnuii. HaubGosee
NHQMOPMATHBHBIM 1 IOCTYITHBIM METO/IOM INAarHOCTUKH siBJisgeTcs ¥Y 3V, a mepcrneKTUBHBIM TTOX0/I0M K ITpoduIak-
THUKe W KOPPEKITNU CYNTAETCS COXpaHeHNe aKTUBHOCTHU CIIOHTAHHOTO JIBIXaHUS 1 MCTI0JIb30BaHNe HOBEUTITUX BCITO-
MOTATeJIbHBIX PEXUMOB BeHTWANNK. [lomck omTmManmbHON cTpaTernn BEHTWJISAIINHM JIETKUX, Pa3BUTHE
JIMATHOCTUYECKUX U (PU3MOTEPAIIEBTHYEKNX METO/IOB, @ TAK/KE KOHCOJMIAIMs Pab0Thl MHOTOIPO(MUILHON KOMaH/IbI
CHeTNaINCTOB (AHECTe3MOJIOTOB U PEAHNMATOJIOTOB, HEBPOJIOTOB, TIYJIBMOHOJIOTOB, XUPYPTOB U J[P.) MOTYT TIOMOYb
B Pelenun Toi cepbesnoit mpobaembl. B 0630pe 122-x ncrounnkos 06 M1/l npeacTaBuim JaHHbIe T0 UCTOPHH
BOIIPOCA, OTIPEIEJIEHUIO TPOOJIEMbI, 9THOJIOIUH U TIATOT€HE3Y, KJIMHIYECKUM MPOSIBJEHMSIM, METO/IaM IMarHOCTHKH,
BJIMSTHUIO JIEKAPCTBEHHBIX CPEJICTB, TTYTSM MPOMDUIAKTUKY U TePalnu.

Kantoueswvte caoea: uckyccmeennas senmunsiyus aeekux; UBJI-undyyuposannas oucymnxuus ouappazmol; oxu-
OaHMHbLIL CMPECC; MUMOXOHOPUATLHAS OUCDYHKUUSL; PENCUMbL BEHTNUTLAYUU JELKUX.

Mechanical ventilation is associated with a number of complications that increase the cost of treatment and the
hospital mortality rate. In 2004, the term «ventilator-induced diaphragm dysfunction» (VIDD) was proposed to
explain one of the reasons for the failure of respiratory support. At present, this term is understood as a combination
of atrophy and weakness of the contractile function of the diaphragm caused directly by a long-term mechanical
lung ventilation. Oxidative stress, proteolysis, mitochondrial dysfunction, as well as passive overdistension of the
diaphragm fibers contribute greatly to the pathogenesis of VIDD. Since 30—80% of patients in the ICU require me-
chanical respiratory support and even 6—8 hours of mechanical lung ventilation can contribute to the development
of a significant weakness of the diaphragm, it can be concluded that the VIDD is an extremely urgent problem in
most patients. Its typical clinical presentation is characterized by impaired breathing mechanics and unsuccessful
attempts to switch the patient to the spontaneous breathing in the absence of other valid reasons for respiratory dis-
orders. The sonography is the most informative and accessible diagnostic method, and preservation of spontaneous
breathing activity and the use of the latest mechanical ventilation modes are considered a promising approach to
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prevention and correction of the disorders. The search for an optimal strategy for lung ventilation, development of
diagnostic and physiotherapeutic methods, as well as the consolidation of the work of a multidisciplinary team of
specialists (anesthesiologists and intensive care specialists, neurologists, pulmonologists, surgeons, etc.) can help in
solving this serious problem. A review of 122 sources about the VIDD presented data on the background of the issue,
the definition of the problem, etiology and pathogenesis, clinical manifestations, methods of diagnosis, the effect of

drugs, prevention and therapy.

Keywords: mechanical ventilation; ventilator-induced diaphragm dysfunction; oxidative stress; mitochondrial dys-

[function; ventilation modes
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BBenenne

C mowmenTa mosienust B Hadasne 1950-x romos,
nckyccTBeHHas BeHTU AN gerkux (MBJI) crama
CaMBIM YaCTBIM METOJIOM KU3HEOOECTICUECHS, TPUMe-
HSIEeMBIM B OT/CJIEHUSX PEAaHUMAIUN U WHTEHCUBHOM
teparuu (OPUT) [1]. [To narabivm mutepatypsr, UBJI
ucnosb3yior y 33—82% nanumentos OPUT [2].

[ToMUMO OCYIIECTBICHUST Ta3000MEHHOM (PYHK-
un, UBJI mpenoTBpaniaet nepeyToMIeHne IbIXaTerb-
HOIT MYCKYJIaTyPbI, IPOTUBOACHCTBYST, TAKMM 0GPa3oM,
pasBUTHIO (PEHOMEHA <«PECIUPATOPHOTO OOKPaJIbIBa-
HIIsT», BBI3BIBAEMOTO HHTEHCUBHOW PaboTOil IbIXaTe h-
HBIX MBI [3]. C TOUKU 3pEHMS PECTTMPATOPHOI MeXa-
Huky, VBJI npexacrasisier coboit ocobyo (opmy
MBIIIEYHOTO OEe3/eHCTBYS, TIPH KOTOPOU OTCYTCTBYET
9IEKTPO(MUBMOTOTUIECKAsT aKTUBHOCTH AHadhparmbl,
YTO CIIOCOOCTBYET €€ ParpysKe, OJIHAKO, OTHOBPEMEHHO,
B pe3yJIbTaTe IMUKIMIHOTO PA3/yBaHUS JIETKUX, OTMeda-
eTCsT TACCHBHOE M3MeHeH Ve [UTHHBI MUOGUOPIILT [4].
HecmoTpst Ha BO3MOKHOCTH COBPEMEHHBIX JIbIXaTEb-
HBIX alllapaToB U COOTIOICHNE IPIHITUTIOB MPOBEACHUS
MmaIel uin «porekTuBHOi» MBJI, mpobiema cBsi-
3aHHBIX C HEHl OCTIOKHEHWH He TepsieT CBOeH aKTyash-
HOCTH, TIOCKOJIBKY COTIPSKEHA € YBEJTMUEHUEM 3aTpaT
Ha JIedeHne 1 TOCTTUTAIBHON JIETATLHOCTH |2, 3].

Hcropusa Bonpoca

VYixe B 1980-x ro1ax mpomioro cToaeTus, Bpaun
OPUT cramm 3amevaTh, YTO Y MHOTUX TAIIMEHTOB C
JIBIXATETHbHOW HEJIOCTATOYHOCTBIO TIPW YBEJIMYEHUN
PabOThI IBIXaHMs 1 HATPY3KK Ha JBIXaTEIbHYIO MYyC-
KyJIaTyPy PasBUBAJIOCH COCTOSTHUE YCTAJIOCTH JiHa-
(dbparmpl. Ty HAGMIOAEHUS IPUBEJIM K BOSHUKHOBE-
HUIO T'UIIOTE3bI, YTO JIJI IPEJOTBPALIEHUS OL0OHbIX
HOCJIEICTBUN TpeOyeTcst eproj «arnadparMaibHOTO
OT/IbIXa», COIIPOBOKAAIOIIMUIICS TTOJTHBIM T10/[aBJI€H-
eM aKTUBHOCTHU JuaparMbl, KOTOPOTO MOXKHO JIOCTHUT -
HYTh C MOMOIIBIO MTPUHYIUTEIbHON MeXaHUYeCKO
BEHTUJISIIAN.

Haunnag ¢ xonma 1980-x nagama 90-x rogoB B
JIUTEpPAType CTAH TIOSIBJISIETCS CBEJICHUS, YTO TTPUHY-
mutenbHas VBJI cama no cebe criocoOHa BHI3BIBATH
CTPYKTYPHbBIE ¥ (DYHKITMOHATbHbIE U3MEHEHUS B JIa-
(bparme uAPYTUX IBIXaTENILHBIX MBIIITIAX. BriepBbie a0
6b10 onmcato A. S. Kinsely et al., korma mpu Mukpo-
CKOITMYECKOM HuccyenoBannn auadparmer y 13 ymep-

Introduction

After its invention in early 1950s, a mechanical
lung ventilation (MV) has been the most frequently
applied method of life support used in the intensive
care units (ICUs) [1]. According to the literature
data, the MV is used in 33—82% of ICU patients [2].

In addition to its gas exchange functions, MV
prevents overstrain of the respiratory muscles, thus
counteracting the development of the «respiratory
steal» phenomenon caused by an intensive work of the
respiratory muscles [3]. From the point of view of res-
piratory mechanics, the MV is a special form of muscle
inactivity without any electrophysiological activity of
the diaphragm which contributes to its unload, how-
ever, at the same time, as a result of cyclic lung bloat,
there is a passive change in the length of myofibrils [4].
Despite the potential of modern ventilator apparatus
and adherence to the principles of sparing or «protec-
tive» ventilation, the problem of associated complica-
tions is still urgent, since it is associated with an
increase in the cost of treatment and the hospital mor-
tality rate [2, 5].

Background

As early as in 1980s, ICU doctors began to notice
that many patients with respiratory failure developed
weakness of the diaphragm with an increase in the res-
piratory activity and the load on the respiratory mus-
cles. These observations led to a hypothesis that a
period of «diaphragm rest», accompanied by a com-
plete suppression of the diaphragm activity, which can
be achieved by mechanical ventilation is required to
prevent such effects.

Since late 1980s and early 1990s, papers have
been published demonstrating that forced ventilation
alone can cause structural and functional changes in
the diaphragm and other respiratory muscles. For the
first time, this phenomenon was described by A. S.
Kinsely et al., when microscopic examination of the
diaphragm in 13 deceased infants who were on venti-
lator for 12 or more days before death demonstrated
muscle fiber atrophy, fatty myocyte dystrophy,
swelling of the extracellular space, and leukocyte in-
filtration. In the reference group, 26 patients who were
on ventilator for less than 7 days, the authors did not
find such changes [6]. Other researchers found atro-
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HIXX HOBOPOSKJIEHHBIX, HaxouBIuxcs Ha VIBJI B Teue-
Hue 12 u Godtee Heit 1o cMepTH, GbliIa BBIABJIEHA aTPO-
(bUsT MBIIIEYUHBIX BOJIOKOH, JKMUPOBAsI TUCTPODUS MHUO-
IUTOB, OTEK BHEKJETOYHOrO IIPOCTPAHCTBA WU
JelikonuTapHas nHbuasTpaims. B KonTposbHOIl rpyII-
e U3 26 naiueHTos, Haxoxusmuxcsa VBJI menee 7
CYTOK, aBTOPbI He OOHAPYIKUIIU TIOJI0OHBIX U3MEHEHU T
[6]. Apyriumu viccneoBaTesIsIMU IIPU TUCTOJIOTUYECKOM
1 GHOXUMUYECKOM HCCJIE/IOBAHUYM OMOTITATOB JHa-
(hparm pasiMuHBIX BUIOB KUBOTHBIX ObLIa OOGHAPYKe-
Ha aTpodIs U PEMOJIETNPOBAHIE MBIIIEYHBIX BOJIOKOH
nipu junrenasroit UBJI, uTo npuBoanio Kk CHU3KeHUIo
COKpaTUTeIbHOI criocobHocTH quadparmsbr [7—11].

B 2004 rozy T. Vassilakopoulos u B. J. Petrof pex-
JIOKUJIF TEDMUH «BEHTUJISITOP-UH/YIIUPOBAHHAST JIUC-
dynxuua pradparmbr> — (VIDD — Ventilator-Induced
Diaphragm Dysfunction), ormcbIBaionuii oy s mpu-
YMH HEYJIAYHOTO MPEKPAIeHus] PECIIUPATOPHON 10/
nepkku ¢ popmysmposkoii «loss of diaphragmatic force-
generating capacity that is specifically related to the use
of mechanical ventilation» («cHuxeHne cokpaTuTeb-
HO#T c11ocoOHOCTH InadparmMbl, HEMOCPEICTBEHHO CBSI-
3aHHOe ¢ ucriosib3oBanueM NBJI») [12].

VccnepoBanusi Ha M30JMPOBAHHBIX 0Opa3ax
TKaHu auadparMbl MO3BOJIHIN MPEIIOJ0KUTh, YTO
OCHOBHbBIE TIATODU3NOJIOTUYECKIE M3MEHEHUs TPU
JTOM CUH/IPOME IIPOUCXO/IST HA KIETOYHOM YPOBHE.
ITO cormacyercst u ¢ TeM (hakToM, 4To y GOJIBITUHCTBA
HAIMEeHTOB, Y KOTOPBIX HE YAaBaloCh MPEKPATHUTh
nposenenrie UBJI, nepuas ummyJsibcarus K quadpar-
Me B IeHCTBUTENLHOCTH GbLIa YCUIIEHa, HO TIPU 9TOM
COKPATUMOCTbH MBIIIIIIBI OCTABAJIACH HU3KOH [4].

Xorts cBuzeTenbeTBa B 110163y MBJI-unmyiupo-
BAHHOTO TIOBPEXKIeHUs AuadparMbl Y >KUBOTHBIX
GbLIM BIIOJIHE YOEIUTENbHBI, HAMHOTO 60J1e€e C0KHOIT
3a/1aueil MpeCTaBIsAIOCh MOATBEPKIEHIE NaHHOIO
tdenomena y mozeii. CI0KHOCTU B MEPBYIO OYEPED
ObLIM CBS3aHBI C OTPOMHBIM KOJMYECTBOM COITYT-
CTBYIOIMUX (AKTOPOB, BJIUSIIONINX HA AuadparMaib-
HyI0 (hyHKIUIO (BO3PACT, XapaKkTep OCHOBHOTO 3a60-
JIEBAHUSI, JIEKAPCTBEHHAs] Tepalus, pas3indHble
pexxumbl IBJT), a Takyke ¢ TEXHUUECKUMU CJIOSKHOCTSI-
MU OIleHKH anadparMaibHoil GyHKIUK Y 6OJTbHBIX B
KPUTHUYECKUX COCTOSAHUSIX. [ToTpeboBanoch HECKOIIb-
KO JIET ¢ MOMEHTa MepPBOro YIOMUHAHUS 00 3TOM
(denomene B JmTepaType A0 TOSBIEHUS paboT,
Pe3yJIbTaThl KOTOPhIX OKOHYATETHHO M OJHO3HAUHO
noTBepauan ero pazsutue y naruentos OPUT.

JIus B 2008 roxy 911 gaHHbIe ObLIN Oy OJIMKO-
BaHbl pabodeil rPyIIoi o PyKoBOACTBOM S. Levine
ABTOpBI M3yYaM GUONTATHI TKAHK AnapPArMbl, TOJIY-
YeHHblEe OT MAIUEHTOB — [OHOPOB OPraHOB CO
CMEePTbHIO FOJIOBHOTO MO3Ta, KOTOPbIE HAXO/MJINUCH HA
W BJI B Teuenue pazinunoro nepuoja Bpemenn (ot 18
1o 69 yacoB) 10 MoMeHTa 3abopa opranos. B komt-
POJIBHYTO TPYTITY GbLIM OTOOGPAHBI MAIIMEHTOB, KOTO-
PBIM [IPOBOJUJIMCH TOPAKAJIBHBIE OTIEPAIIUU TI0 TOBO-
ny n06pOKaYeCTBEHHBIX 0Opa3oOBaHUN WM paka
Jerkoro, mpu Kotopsix BJI ucnonb3oBaiack B Teue-

phy and remodeling of muscle fibers after prolonged
mechanical ventilation using histological and bio-
chemical tests of bioptates of diaphragms of different
species of animals, which led to decreased contractility
of the diaphragm [7—11].

In 2004, T. Vassilakopoulos and B.J. Petrof pro-
posed a term VIDD (Ventilator-Induced Diaphragm
Dysfunction), which described one of causes of the fail-
ure of the respiratory support as follows: «loss of di-
aphragmatic force-generating capacity that is specifically
related to the use of mechanical ventilation» [12].

Tests of isolated samples of diaphragm tissue sug-
gested that the main pathophysiological changes in
this syndrome occured at the cellular level. This is
consistent with the fact that in most patients who
have not been able to stop MV, nerve impulses to the
diaphragm were actually increased, but the muscle
contractility remained low [4].

Although the evidence for ventilator-induced di-
aphragm damage in animals was quite convincing, it
was much more difficult to confirm this phenomenon
in humans. The difficulties were mainly associated
with a huge number of related factors affecting the di-
aphragmatic function (age, the nature of the underly-
ing disease, drug therapy, various modes of MV), as
well as with the technical difficulties in assessing the
diaphragmatic function in critical-state patients. It
took several years from the first mentioning of this
phenomenon in the literature to publication of studies
whose results finally and unambiguously confirmed its
development in ICU patients.

Only in 2008 were these data published by the
task force under the leadership of S. Levine. The au-
thors studied the diaphragm tissue bioptates obtained
from organ donors with brain death who were on ven-
tilator for different periods of time (18 to 69 hours)
prior to organ collection. The reference group in-
cluded patients who underwent thoracic surgery for
benign tumors or lung cancer during which the venti-
lator was used for 2-3 hours. As a result, in the tissues
of the first group of patients, obvious signs of dystro-
phy and atrophy of muscle fibers, a decrease in the
level of glutathione, and increased expression of en-
zymes involved in proteolysis of muscle tissue were
found. In the second group, the changes were related
to the increase in the concentration of oxidative stress
markers alone, without any structural damage [13].
Later, data confirming the possibility of development
of the ventilator-induced diaphragm damage in hu-
mans were published by other authors [14, 15].

In 2011, a group of authors from the Netherlands
published a paper demonstrating that even a short-
term MV was sufficient for the development of the
changes described by S. Levine. Samples of muscle tis-
sue were taken for examination immediately after di-
aphragm exposure (reference group), and then after 2
hours of ventilation [16]. As a result, it turned out that
despite the absence of visible morphological changes
in the diaphragm fibers, the force of their reductions
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Hue 2—3 yacoB. B urtore, B TKaHSAX 1epBOM TPYIIIIbI
MAIMEHTOB ObLIM OOHAPYKEHBI SIBHBIE TIPU3HAKH JIHC-
Tpodun u aTpodun MBIIIETHOI BOJOKOH, CHUKEHUE
YPOBHSI [JIyTaTUOHA, YBeJIUUeHue aKcipeccun dep-
MEHTOB, BOBJIEYEHHBIX B IIPOTEOJU3 MBbIIIEYHOI
TKaHu. Bo BTOpOIl rpyIiie nu3amMeHeHus Kacajuch TOJb-
KO yBeJIMYEHUs] KOHIIEHTPAIMI MAapKepOB OKUCJIH-
TEJBHOTO cTpecca 6e3 CTPYKTYPHBIX MOBPEKICHUN
[13]. B nanbHeiinem, janubie, TOATBEPK/AIONIIE BO3-
MOXHOCTb  pasutus  VBJI-ungayrnupoBanuoro
HOBPesKIeHUs auadparMbl y yenoBeka ObLIu oy -
KOBaHbI U IPyrUMu aBTopamu [ 14, 15].

B 2011 romy rpynma aBropos uz Huzepsanaos
orybanKoBaia paboTy, POJAEMOHCTPUPOBABIIYIO, UTO
nake "HeriponospkuTesnbuas IBJI nocraTtouna s pas-
BUTHUSA U3MEHEeHUi, onucanubix S. Levine. 3a6op o6pas-
I[OB MBIIIIEYHON TKAHU [IJIs1 U3YUEHUs] TTPOU3BOJIHIICS
cpasy 1ocsie obHaxkenust auadparmbl (KOHTPOJIb), a
3ateMm ciryctst 2 yaca VUBJI [16]. B pesysibrare okasa-
JIOCh, UTO, HECMOTPSI HAa OTCYTCTBUE BUIMMBIX MOP]O-
JIOTUYECKUX U3MEHEHWIT BOJIOKOH JinadparMbl, CIIIA UX
COKpAIIIEHIIT CHU3UJIACH TPUMEPHO Ha 35% T10 CpaBHe-
HUIO ¢ KOHTpoJieM. IIpu aToM, HUKAKUX M3MeHEeHMit
JPYTUX CKEJIETHBIX MBI TAKKe He GbII0 0GHAPYIKEHO.
Ha ocHoBanum sTUX JAaHHBIX aBTOPBI IEJIAI0T BBIBO/I,
41O yoKe 2-X yacoBas npunyzaureabias UBJI npusoaur
K Pa3BUTHUIO COKPATUTEIBHON ciabocTu auadparmbl
[16]. [Ipunnmas Bo BHUMaHUE TOT GaKT, YTO PYHKITUS
madparMasibHOTO HepBa U HeliPOMBIIIIeYHAs TTepeiada
HE TIO/IBEPraiach KaKuM-JI0O0 U3MEHEHMSIM, BOSHIKHO-
BEHUE COKPATUTEIBHO CIaB0CTH TIPOUCKOAUT UMEHHO
Ha YPOBHE MBIIIIEYHBIX BOJIOKOH [2].

ITo gannbiv B. Jung et al. quadparmasibaas auc-
ynxrms serpedaercst y 60—80% narentos OPUT [17].
E. C. Goligher et al saduxcupoBasu ymeHbiieHe To1-
HBI inacdparmer 6ostee yeM Ha 10% npu T TesIbHO-
cru UBJI 6ostee 4 cyrok y 50% manuentos [18]. Apyrue
ABTOPBI YKA3bIBAIOT, YTO MPU3HAKK AUadparMaIbHOI
auchyHKIMU obHapykuBaloTcss y 49% NalueHTos,
ckonuasiuxesd B OPUT [19].

Onpenesenue npooIeMbI

B nacrosiiee Bpems nox repmunom MBJI-unmy-
nupoBaHHoe TnoBpexaenne mauadparmsr (M)
MOHUMAIOT CoYeTaHue aTpoun U ciIaboCcTH COKPaTH-
TebHON (dyHKIMK AuadparMbl, B OCHOBE KOTOPBIX
JIeSKaT MEXaHU3MBI, BbI3bIBaeMble iimnTenbroi BJI [4].

Taxum o6pazom, mpecTaBaeHue 06 5ToM GeHO-
MeHe 3HAYNTEJIbHO 9BOIOIMOHUPOBAJIO 3 TIOCTCTHIE
25 JieT U MPOABUHYJIOCH OT OIUCATETHHOTO JTAlA K
pacimndpoBKe MEXaHU3MOB, OTBETCTBEHHBIX 32 €T0
pa3BUTHE, YTO CTATIO BO3MOKHBIM GJIaroaps akTuB-
HOMY POCTY 4MCJIa KCIIEPUMEHTAJIbHBIX U KJIWHUYE-
CKHX UCCIICIOBAHUH.

ITHOJIOTHS U NTATOTeHE3

[Toarsepskaenne Toro, yro MBJI Moxer ObITH
MPUYMHOM BOSHUKHOBEHUS AUCHYHKITUHN uadparmbl

decreased by about 35% as compared to the reference
group. At the same time, no changes in other skeletal
muscles were also found. Based on these data, the au-
thors conclude that a 2-hour mechanical ventilation
leads to the contractile weakness of the diaphragm
[16]. Taking into account the fact that the function of
the phrenic nerve and neuromuscular transmission has
not been subjected to any changes, the contractile
weakness occurs at the level of muscle fibers [2].
According to B. Jung et al., diaphragm dysfunc-
tion occurs in 60—80% of ICU patients [17]. E. C. Go-
ligher et al. registered a reduction in the diaphragm
thickness by more than 10% in 50% of patients during
the MV lasting more than 4 days [18]. Other authors
demonstrate that signs of the diaphragm dysfunction
are found in 49% of patients who died in the ICU [19].

Problem Definition

At present, the term «ventilator-induced damage
to the diaphragm» (VIDD) is defined as a combina-
tion of atrophy and weakness of the contractile func-
tion of the diaphragm, which are based on the
mechanisms caused by prolonged ventilation [4].

Therefore, the concept of this phenomenon has
evolved significantly over the past 25 years and has
moved from the descriptive stage to the decoding of
the mechanisms responsible for its development,
which was made possible by a great increase in the
number of experimental and clinical studies.

Etiology and Pathogenesis

The evidence that the MV may cause the di-
aphragm dysfunction in humans has led to an active
search for the mechanisms responsible for the devel-
opment of this phenomenon in the hope that it will
create the ground for its prevention and therapy.

The triggering mechanisms of activation of intra-
cellular cascades of diaphragm damage and its dysfunc-
tion during a long-term ventilation are explained in
different ways. For example, R. T. Davis et al. in the ex-
periment demonstrated that a 6-hour MV led to a de-
crease in blood flow in the diaphragm by 75%,
increased the extraction of oxygen, as well as impaired
the normal response of the microcirculatory bed to an
increased load, thus possibly inducing the oxidative
stress, according to the authors [20]. Other researchers
focus on the special functioning of the diaphragm mus-
cle fibers during mechanical ventilation, i.e. passive
stretching of fibers in the electrical rest. But, despite
the described hypotheses, the relationship between the
MYV and cellular mechanisms remains unclear [4].

In 2003, it was shown that the MV induced ox-
idative stress, which in turn induced morphofunc-
tional changes in respiratory muscles [21]. Later, the
fact that oxidative damage is an important condition
for formation of the diaphragm damage has been
confirmed by a variety of clinical and experimental
studies.
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y JIOfiel, CIocOOCTBOBAJIO AKTUBHBIM TIOMCKAM MeXa-
HU3MOB, OTBETCTBEHHBIX 32 PA3BUTHE 9TOTO (heHOMEHA
B HAJIEXK/I€ HA TO, YTO ATO CO3/ACT IIOYUBY /IJISI €70 MPO-
(OUIAKTUKY U TEPATUHL.

[IyckoBbie MEXaHM3MBbI AKTUBAI[UU BHYTPHKJIE-
TOYHBIX KACKA/[0B TOBPesKAeHUs nuadparmMbl U Hapy-
meHusa ee GYHKIMKU Ipu guTeabioil IBJI o6bsic-
HaloT mo-pasuHomy. Hampumep, R. T. Davis et al.
nokasasiu, uto 6-u yacoBag MBJI, B akcriepumenre,
NPUBOIUT K YMEHbIIEHIIO KPOBOTOKA B inacdparme Ha
75%, yBeIMIMBAET SKCTPAKIIUIO KUCIOPO/A, & TAKXKe
HapyIIaeT HOPMAJIbHBIN OTBET MUKPOIMPKYJIATOPHO-
ro pycJia Ha yBeJMYeHre HArPy3KH, 4TO, 10 MHEHUIO
ABTOPOB, MOXKET WHIYLIUPOBATb OKUCIUTENbHBII
crpecc [20]. ApyrumMu uccie/JoBaTeNsIMU JIeIaeTcst
aKIeHT Ha 0co60e DYHKIIMOHUPOBAHUE MBITIIEYHbIX
BOJIOKOH uadparmbl B iportecce UBJI — maccushoe
pacTsykeHUe BOJIOKOH, HAXOMSAIIUXCS B dJIEKTPHYeE-
ckoM 1okoe. Ho, HecMOTps1 Ha OMcaHHble TUIIOTE3HI,
cBs3b Mesk Ly iporierypoit UBJI u kierounbiMu Mexa-
HU3MaMU OCTAETCS He /IO KOHIIA SICHOU [4].

B 2003 rozxy 6b110 10Kazano, uto MBJI unmyuu-
PYET pa3BUTHE OKICIUTEIBHOTO CTPECCA, & OH, B CBOIO
ouepeib — MOPGHODYHKIIMOHAIBHBIX H3MEHEHUI
JbIXaTebHbIX Mbli [21]. B panbneiiniem, ToT ¢akr,
YTO OKUCJIUTENbHOE MTOBPEXKIEHUE SIBIISIETCSI OJHUM
U3 BAXKHBIX YCIOBUEM (POPMUPOBAHUS TOBPEKIEHUST
nuadparMbl, ObLI TOATBEPIKIEH MHOKECTBOM KJIMH-
YeCKUX U OKCIIEPUMEHTATIbHbIX UCCJIEIOBAHUI.

OxcumaTuBHBII cTpecc

OnHuM M3 TEPBBLIX /I0KA3aTEJIbCTB B TOJb3Y
AKTUBAIIMU TIPOIECCOB OKUCIEHUS CTaIN JaHHbIe 00
YBEJIMYEHUN aKTUBHOCTU (hepMEHTa CYTIEPOKCHIINC-
MyTasbl B guadparme npu FIBJI, 4To 6BLIO pacieHeHo
aBTOpaMU, KaK 3allliTHAs peakiingd Ha Pa3BUTHE OKHUC-
auTenbHoro crpecca [22]. Jaumsle, 0603HaunBIIIE
POJIb OKHCIUTEBHOTO CTpecca B pa3BUTHH aTpodun
UMMOOUIU3UPOBAHHBIX CKEJIETHBIX MBI  ObIIH
omybaukoBanbl panee [23].

Kak nmokasasnm nccsieoBanus, pa3BuTie OKUCIm-
TEJIBHOTO CTPECCa, B MUPOKOM CMBICTIE, 0OYCIOBICHO
CHUKEHMEM aHTUOKCH/IAHTHBIX PE3ePBOB BOJOKOH
nuadparmel [24] B couetaHuu ¢ TUNEPIPOLYKITUEN
akTUBHBIX (hopMm kuciopoga (ADK) u mpoaykros
MEPEKUCHOTO OKHUCJECHUS, BCJEICTBUE AKTUBAIUU
psana mpookcupanTHbix pepmentoB (NADPH-okcu-
JIa3bl, KCAHTHH-OKCUIa3bl, FeM-OKcurenasbl) [25—27],
a TakKe MUTOXOHAPHUANbHON auchynkinuu [28, 29].
ToT dakt, 4TO MUTOXOH/IPUU SBJSIOTCS OCHOBHBIM
ucrounnkoM AMK, BriepBbie ObLI yCTAHOBJEH B
MCCIeIOBAHUAX HA KUBOTHBIX, O/IHAKO, B JlaJIbHE-
1eM, ToI06HbIe Pe3YIBTAThI GBI MOTYYEeHbI U T/
TBEPIKJIEHbBI B KIIMHUYECKUX nccaenoBanusx [30—33].
ITo manubiv M. Picard et al. giurenpnas UBJI npu-
BOAMUT K CHWKCHUIO YTUIU3AIMU U HAKOIJICHUIO B
MUTOXOH/IPUAX MBIIIEYHBIX BOJOKOH Juadparmpl
OCHOBHBIX 3HEPTETUYECKUX CyOCTpPaToB (JKUPHBIE

Oxidative Stress

Data on the increased activity of the superoxide
dismutase enzyme in the diaphragm during the me-
chanical ventilation considered by the authors as a
protective reaction to the oxidative stress is one of the
first evidence in favor of activation of oxidation
processes [22]. Data demonstrating the contribution
of the oxidative stress to the development of immobi-
lized skeletal muscle atrophy has been published pre-
viously [23].

As studies have shown, the development of ox-
idative stress, in a broad sense, is due to a decrease in
antioxidant reserves of the diaphragm fibers [24] in
combination with overproduction of reactive oxygen
species (ROS) and peroxidation products, due to the
activation of a number of prooxidant enzymes
(NADPH oxidase, xanthine oxidase, heme oxygenase)
[25-27], as well as mitochondrial dysfunction [28, 29].
The fact that mitochondria are the main source of
ROS have been established in animal studies for the
first time; however, later, similar results have been ob-
tained and confirmed in clinical studies [30-33]. Ac-
cording to M. Picard et al., a long-term ventilation
leads to reduction of utilization and accumulation of
the main energy substrates (fatty acids, glucose) in the
mitochondria of the muscle fibers of the diaphragm
with subsequent impairment of the function of the res-
piratory chain [28], disjunction of tissue respiration
and overproduction of ROS [34]. The use of mito-
chondrial antioxidants in animals prevents the activa-
tion of certain proteolytic systems and reduces the
severity of morphological changes in the diaphrag-
matic fibers in a long-term ventilation confirms this
fact greatly [35]. Therefore, at present, it is the mito-
chondrial dysfunction that is considered to make the
leading contribution to the development of oxidative
stress [4, 36, 37]. Taking into account the fact that bio-
markers of oxidative damage of diaphragm fibers in
rats were detected after 6 hours of ventilator, it can be
concluded that the oxidative stress develops very
quickly [32].

The development of oxidative stress leads to the
formation of typical morphofunctional changes due to
inhibition of the activity of the main protein synthesis
cascades [38, 39], as well as activation of the main in-
tracellular proteolytic systems (calpain [40], caspase
[41, 42], ubiquitin-proteasomal [43], autophageal-lyso-
somal [44—46]) as early as after 12 hours of the MV.
The relevance of contribution of each of the proteolytic
systems remains a subject of debate, but their activa-
tion, including the mutual one, leads to a decrease in
the muscle mass of the diaphragm and the development
of its contractile dysfunction [4]. The contribution of
autophagy is the most ambiguous one. Some authors
believe that in the early stages of the development of
VIDD, autophagy may be a protective mechanism
through which damaged mitochondria are utilized
[46]. Some studies demonstrated that in addition to
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KICJIOTBI, IJII0KO3a) € MOCJEeAYIONUM HapyIlleHueM
dbyHKIMN AbIXaTenbHOol temn [28], pasobuieHuIo TKa-
HeBoro apixanus u runieprpoaykimn ADK [34]. Beco-
MBIM /[OKA3aTeJIbCTBOM B I10JIb3Y ATOTO (DAKTA, SIBJISIET-
€ TO, YTO WCIIOJIb30BAHME MUTOXOHPUATBHBIX
AHTHOKCU/IAHTOB Y JKMBOTHBIX IIPEIOTBPAIAET aKTH-
BaI[MI0 HEKOTOPBIX IMPOTEOJUTUIECKUX CHCTEM WU
YMEHBIIAET BBIPAKEHHOCTh MOP(HOJIOTHUECKIX U3Me-
HeHWil [uadparMagbHbIX BOJOKOH MPH IJIUTENbHOI
WBJI [35]. B cBs13u ¢ 3TUM, Ha CETOHSIIITHUN MOMEHT,
BeJLyIasi POJIb B PA3BUTHH OKUCJIUTEIBHOTO CTPecca
OTBOJIMTCSI UMEHHO MUTOXOHIPUATbHOMN AUCHYHKITN
[4, 36, 37]. [IpuHuMas BO BHUMaHME TO, YTO GUOMAp-
Kepbl OKUCIUTENbHOTO MTOBPEXKAEHUST BOJOKOH JIHa-
(bparMpr y Kpbic 0OHAPYKUBAJIUCH yiKe uepes3 6 4acoB
nposesenust UBJI, MoXKHO cjiesiaTh BBIBOJI, UTO OKHC-
JIUTEJIbHBII CTpece pasBuBaercs KpaiiHe Ob1cTpo [32].

Pa3BuTie OKUCTUTETIBHOTO CTPECCA IPUBOIUT K
(opmupoBanuio xapakrepHbix MOp(PohyHKITMOHAIb-
HBIX UBMEHEHUI, BCJIEZICTBUE YTHETEHUST aKTHBHOCTH
OCHOBHBIX KacKaZoB cuHTe3a 6esika [38, 39], a takske
AKTUBAIIUY OCHOBHBIX BHYTPUKJIETOUHBIX TIPOTEOJIH-
TUYECKUX CUCTEM — KasibllauHoBoU [40], kacmazuoii
[41, 42], youkBuTtun-IpoTeacomuoii [43], ayroda-
raJibHO-JTM30COMaJIbHON [44—46] y:xe ocsie 12 yacoB
NBJI. 3nauenue BKJIa[a KaXKI0W U3 TTPOTEOJTUTHYE-
CKUX CHCTEM OCTAETCs [TPEJAMETOM JIJIsI CIIOPOB, O/[HA-
KO MX aKTUBAIIV, B TOM YHCJIe U B3AUMHAsT, IPUBOUT
K CHUZKEHUIO MBIIIEYHOU Macchl fuadparmMbl U Pa3Bu-
THEM ee COKpaTUTeIbHOI Auchynkiun [4]. Hanbonee
Heo/IHO3HAYHA PoJib ayTodaruu. Hexortopsie aBTophI
MoJIaraioT, YTO Ha panHux aramax pazsutus UM/,
ayTodarust MOJKeT SIBJISAThCS 3aIUTHBIM MEXaHU3MOM,
YTUIUBUPYIOIIUM TIOBPEK/IEHHbIE MUTOXOH/IpUH [46].
B nexoropbix paboTax GbIIO TIOKA3aHO, YTO TOMUMO
aKTuBanuu mporeosutndeckux cucrem, AOK cuu-
JKAIOT YyBCTBUTEJIBHOCTD COKPATUTEIBHBIX GENKOB K
MOoHaM Kajblus [4].

Vruerenue cuHTesa 6eaKa MOKET yCyrybJsTh
MOPQOJIOrnYecKre U3MEHEHUST B TeUEHIE HECKOIbKUX
nHel niau Hezgesb VIBJI, HO B ¢BSI3H € TeM, YTO KJIUHUA-
yecKue MposBiaeHus] AUCHYHKIMN auacdparMel, 110
Pa3HbIM JaHHBIM, BO3HUKAIOT YiKe 1ocie 12-24 qacos
ot Havyasia VIBJI, akTuBaIms nporeosunsa, mo-BUAnMo-
MY, UTPaeT B e MaToreHe3e 3HaYuMyIio poJib [2], a Mop-
odyHKIIMOHATBHBIE IPOSBIEHUS PA3BUBAIOTCS,
IJIaBHBIM 0OPA30M, BCJIE/ICTBUE YBEJIMUEHUS] aKTUBHO-
CTH IIPOTE0JIN3A.

Toukoii NpUIOKEHMS AKTHBUPOBAHHBIX IIPOTEO-
JIUTUYECKUX CUCTEM SIBJIIIOTCSI CTPYKTYPHBIE ¥ COKPA-
TUTeJIbHble KOMIIOHEHTBI CAPKOMEPA: aKTUH, MUO3HH,
tuTuH, HeOyauH [48, 49]. B skciepeMeHTaIbHBIX
paborax OblIa MOKA3aHa MMOCJIE0BATENbHOCTD JIeii-
CTBUSI TIPOTEOJIUTUYECKUX CUCTEM — BHAYaJe Ipo-
UCXOJWT Pa3pylleHre aKTHH-MIO3UHOBBIX KOMILTIEK-
coB (COKpATUTENbHBIIl armapar) IoJ IeiicTBUEM
AKTUBHBIX KaClla3 B COYETAHWM C IOBPEXIEHUEM
TUTUHA 1 HeOyIuHA (CTPYKTYPHBIX GEIKOB) aKTHBU-
poBanubiMu Kasibtaunamu [40, 41]. [ToBpexaentbie

activation of proteolytic systems, ROS reduced the
sensitivity of contractile proteins to calcium ions [4].

The inhibition of protein synthesis may exacer-
bate morphological changes within a few days or
weeks of ventilation, but due to the fact that clinical
manifestations of diaphragm dysfunction, according
to various data, occur 12—24 hours after the beginning
of ventilation, the activation of proteolysis, apparently,
significantly contributes to its pathogenesis [2], and
morphofunctional manifestations develop mainly due
to the increased activity of proteolysis.

The structural and contractile components of the
sarcomere are the point of application of activated
proteolytic systems: actin, myosin, titin, and nebulin
[48, 49]. Experimental works demonstrated the se-
quence of action of the proteolytic systems: at first, the
destruction of actin-myosin complexes (contractile
apparatus) under the action of active caspases in com-
bination with damage of titin and nebulin (structural
proteins) by activated calpaines takes place [40, 41].
Damaged sarcomere proteins (including those dam-
aged by ROS) are utilized by the ubiquitin-proteaso-
mal and autophagal-lysosomal systems [45, 46].

According to some data, the sudden resumption
of load on the muscle tissue after a long period of inac-
tivity (so-called «breakthrough diaphragmatic activ-
ity») may be accompanied by damage of muscle fibers
and may increase the severity of changes in the respira-
tory muscles after a fast switching of a patient to spon-
taneous breathing after a long period of ventilation [50].

Ultrastructural damage of the contractile appa-
ratus of sarcomeres leads to impairment of contraction
of the diaphragm muscle fibers, i.e. the development
of contractile dysfunction [51].

Effect of Proinflammatory Cytokines
and Signaling Systems

Several authors demonstrated that the oxidative
stress leads to activation of the Nf-kB [52] and
JAK/STAT [53] signal pathways, but their contribu-
tion to the development of diaphragm damage has not
been studied well to date. A group of researchers
under the leadership of W. J. M. Schellekens described
an increase in the concentrations of interleukin-6 and
-1f3, tumor necrosis factor alpha, and the activation of
type 4 Toll-like receptors (TLR-4) in myocytes of di-
aphragm after a long-term ventilator. The authors be-
lieve that activation of TLR-4 may be a common
mechanism for ventilator-induced and sepsis-induced
diaphragm dysfunction [54]. According to other data,
the NF-kB signal pathway can also be a connecting
link. [55]. In addition, changes in the expression of
VEGF (vascular endothelial growth factor) and HIF-
1a (hypoxia-inducible factor 1a) were detected in the
diaphragm fibers, but their impact on the pathogenesis
of VIDD has not been determined to date [56].

Summing up the discussion of the pathogenesis
of the VIDD, it should be noted that despite the over-
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(B TOM unciie mog geiicreueM ADK) Gesku capkoMepa
YTUIU3UPYIOTCS YOUKBUTHH-TIPOTEACOMHON 1 ayTO-
(baraspHO-TM30COMANTBHON cucTeMamu [45, 46].

ITo HEKOTOPBIM IAHHBIM, BHE3AITHOE BO30OHOBJIE-
HUe HArPY3KU Ha MBIIIEYHYIO TKAHb TIOCJIE [ITNTEIBHO-
ro nepuoza Gesneiicteusa (Tak HasbiBaeMas — «break-
through diaphragmatic activity» — <«mpopbiBHas»
AKTUBHOCTh AMAa(PArMbl) MOXKET COIPOBOKIATHCS
MOBPEXKJIEHUEM MBIIIEYHBIX BOJOKOH M YCUJIUBAThH
BBIPAJKEHHOCTH U3MEHEHUI [[bIXaTeJIbHbBIX MbIIIIL TPH
MOCIIEITHOM TI€PEBOJIE TIAIIEHTA HA CAMOCTOSITE/IbHOE
JbIXaHUe mocie aauresbHoro mepuoga MBJI [50].

YaBTpacTpyKTypHOE IOBPEKIEHUE COKPATUTE -
HOTO arnapaTa capKoMepoB IIPUBOIUT K HAPYIIEHUIO
IPOILIeCcCa COKPAIIEHUST MBIIIEYHBIX BOJIOKOH fuadpar-
MbI — Pa3BUTHIO COKPATUTEJIbHO Anchynkunu [51].

Bmusinue IMPOBOCHAJUTENbHBIX IUTOKHHOB
U CUTHAJbHBIX CUCTEM

B pa6oTax HEKOTOPHIX aBTOPOB MPOJAEMOHCTPHU-
POBAHO, YTO OKHUCJHTEJbHBIN CTPECC MPUBOIUT K
akTuBanuy curHajbHbIXx 1yteil Nf-kB  [52] w
JAK/STAT [53], omHako ¥X poJib B Pa3BUTUU [Ha-
(bparMasbHOrO MOBPEKEEHIST OCTAETCS U3YUEeHHOI
He /1o koH11a. [pynmoii uccienosarenei moa pyKoBoJ-
crBoM W. J. M. Schellekens 6buio onmcano ysesmde-
HUe KOHIIEHTpaInil nHTepJeiiknna-6 n -1, pakropa
Hekposa oryxoJn anbda u akrusaist Toll-like peren-
topoB 4-ro tuna (TLR-4) B Muonmrax auagaprmbl
npu giuteabHoi VUBJI. ABTOpHI osraraior, 4To akTu-
Baryst TLR-4 MoKeT SIBISATHCST OOIMM MEXaHU3MOM
st UBJI-uHaynimpoBaHHON U CeTICUC-UHAYITNPOBAH-
Hot uadparmanbHoit auchynkinu [54]. [lo apyrum
JTAHHBIM, CBSI3YIOTITAM 3BEHOM MOKET TAK)Ke SIBJISThCS
Nf-kB-curnanpusiit myTs. [55]. Takske B BoJOKHAX
madaprMbl ObLIN BBISIBJICHBI H3MEHEHUS B 9KCIIPEC-
cun VEGF (vascular endothelial growth factor) u
HIF-1a (hypoxia-inducible factor 1a), ognako wux
BaugHNe Ha martoreHes VIDD nHa ceromnsmrHunii
MOMEHT He oTpe/esieHo [56].

[ToxBost uror obcyskaeHuto marorenesa M/,
CTOUT OTMETUTH, YTO, HECMOTPSI Ha Ipeobiajfaroiiee
KOJIMYECTBO JIAHHBIX, ONMUCABINUX BJIUSHUE OKHUCJIH-
TEJIBHOTO CTPECCA U MPOTE0JIN3a B BOJIOKHAX uadpar-
MBI, HEJIb3s1 UICKJIOUNTD W JIPYTHE MEXaHU3MbI Pa3BH-
tust guchyHKImn auadparmor |57, 58].

Kmunuuyeckue nposisaenust U/

C ¢dusmonornyeckoit Toukn 3penwus, quadpar-
MaJsbHas TUCHYHKIHS eCTh He YTO NHOe, KaK HeBO3-
MOKHOCTD cO3/laHng auadparMmoii, BeJaeJcTBUE pas-
JUYHBIX TIPUYUH, HEOOXOAUMOTO WHCIHPATOPHOTO
JlaBJIEHNS JIJIS1 aIeKBATHOTO OCYIIECTBIICHUS CIIOHTAH-
Hoit Bertumstiiny [59]. Kimunndeckn cmabocTb aAbrxa-
TEJbHOM MYCKYJaTypbl MOKET IPOABJATLCS Kak
YMEHBIITEHNEM JBIXaTeIbHOT0 00heMa, Tak 1 yBeTnde-
HUEM YaCTOTHI IIXaHWs W BPEMEHU BIOXa, TIPU 9TOM
MOJKET OTMEYAThCST UCKOOPAUHAIS PAGOTHI IbIXa-

whelming amount of data describing the impact of ox-
idative stress and proteolysis in the fibres of the di-
aphragm, we cannot exclude other mechanisms for the
development of diaphragm dysfunction [57, 58].

Clinical Manifestations of VIDD

From the physiological point of view, diaphrag-
matic dysfunction is nothing but the inability of the
diaphragm to create a necessary inspiratory pressure
for adequate spontaneous ventilation due to various
reasons [59]. Clinically, the weakness of respiratory
muscles can be manifested by both a reduction of the
respiratory volume and an increase in respiratory rate
and inhalation time, with discoordination of respira-
tory muscles and /or participation of additional respi-
ratory muscles in the act of breathing [60].

The primary diagnosis of diaphragm dysfunction
is based on the inability to switch the patient to spon-
taneous breathing, provided there is no other reason
explaining the need to prolong the MV. Therefore, only
after the most likely causes of diaphragm dysfunction
have been ruled out, it is necessary to consider whether
it is a consequence of mechanical ventilation.

Differential Diagnosis

From the standpoint of differential diagnosis, the
ventilator-induced diaphragm dysfunction is a diagno-
sis of exclusion. The development of this phenomenon
may be suspected, if after a period of mechanical ven-
tilation, the patient presents weakness of the respira-
tory muscles, while other possible causes of contractile
weakness are excluded. At the same time, it is necessary
to take into account that the VIDD can worsen the ex-
isting diaphragm damage of another etiology.

For example, cardiosurgical interventions are the
most common cause of postoperative paralysis of the
diaphragm due to direct mechanical (with isolation of
the internal thoracic artery) or thermal (cold cardio-
plegia) damage to the phrenic nerve. In most cases,
paresis of the diaphragm after cardiac surgery is uni-
lateral, but bilateral damage is also possible [61].

Any long-term surgical interventions associated
with a long-term mechanical ventilation can lead to
the development of the VIDD in the postoperative pe-
riod [62]. Differential diagnosis between the damage
to the phrenic nerve and VIDD can be carried out
using electroneuromyography (ENG): in the first case,
disorders occur in the muscle fibers, and the conduc-
tivity of the impulse along the phrenic nerve remains
normal [62].

According to the literature, sepsis, including that
at the early stages of development [63], is an independ-
ent factor that has a negative impact on the structural
and functional state of the diaphragm. B. Jung et al. de-
scribed that the development of sepsis in patients on
MYV led to a twofold increase in atrophy and contractile
weakness of the diaphragm [64]. Taking into account the
fact that the contractile weakness of the diaphragm can
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TeJBHBIX MBI U/UJIU y4acTUe B aKTe IbIXaHUs
JIOTIOJIHUTEIbHOM JIbIXaTeTbHOM MycKyJ1aTypbl [60].

[lepBuuHas auarHocTuka aradparMaabHO [¥c-
(DYHKIINY OCHOBBIBAETCSI HA HEBO3MOKHOCTH IIE€PEBe-
CTU TIAI[IEHTA HA CAMOCTOSITE/ILHOE JIBIXAHUE TIPH YCII0-
BUM OTCYTCTBUS KaKOW-JMOO APYroil MPUYMHBI,
o0bscHsIONIel HeobxonuMocTh npoanenus MBJI. B
CBSI3U C 9TUM, TOJIbKO TIOCJIE TOTO, KAK CaMble BEPO-
SITHBIE IPUYUHBI adparMaibHOl aucdyHKIm GyayT
UCKJTIOUEHbI, HEOOXOIUMO 33/[yMAThCsT, HE SABJISIETCS JIH
OHA CJIeICTBUEM MEXAHUYECKOU BEHTUJISIUHL.

JIuddepennuaibHas 1HarHoCcTUKA

C nozunuii guddepeHImansbHON TUArHOCTUKH,
NBJI-unpynupoBantast aAucHyHKIMS gauadparMbl
ABJISETCS IMArHO30M UCKIIOUEHMS. 3aM0/[03PUTD Pas-
BUTHE 3TOTO SIBJIECHUS MOXKHO B cjlydae, eciu 1moce
nepuoja npunyautenabnoit UBJI y nannenTa Bo3nu-
KaeT cJaboCTh ABIXaTETbHON MYCKYJIaTYPbI, TPU 9TOM
JIpyTHie BO3MOKHBIE TIPUYMHBI COKPATUTETHHON CJla-
6ocTn uckIoYeHbl. B To jke BpeMst, Heo6X0anMo yuu-
TeIBaTh, YT0 M /[/] MoXeT yTaXKeadaTh y:Ke uMero-
nieecst TOBpeskieHue AnadparMbl THON 3THOJIOTHH.

Tax, HanrpuMmep, KapAMOXUPYrUyecKre BMela-
TEJNBCTBA SABJAIOTCSA HawboJiee 4YacTON TPUUUHOI
MOCJICOTIEPAIIMOHHOTO TTapanya [uadparMbl B CBI3U
C IPSIMBIM MeXaHW4YecKUM (TIPU BbIJICJIEHUN BHYTpe-
Hell TPyHON apTepun) WK TEPMUYECKUM (X0JI0/10-
Bagd KapIMOTLJIETH ) TIOBPEsKIeHUEM AnadparMaibHO-
ro HepBa. B 6osbIIMHCTBE cryyaes napes auadparmbl
mocjie  KapAuOXWPYPTrUYECKOTO  BMeEIIATeJbCTBA
ABJIAETCS OJHOCTOPOHHUM, HO TaKKe BO3MOKHO U
JIByCTOpOHHEee noBpeskaenne [61].

[TpopomskuTebHBIE XUYPIrUYECKUE BMEIIATEb-
cTBa JI000r0 MPOGhUIIs, CBSI3aHHDBIE C TIPOBEIECHIEM
JUIATENbHOM puHyanTe bHoi UBJI, MoryT ObITh upe-
BaTel pasButuem WI/[/[ B mocieonepalilnoHHOM
nepuoje. Inddepenmanbiyio AnarnocTUKY TOBPEXK-
nenust muacdparmanbioro nepsa u MW/ moskuo Tipo-
BECTH C MCIOJIb30BAHUEM dJIeKTPOHEeHpoMuorpabun
(9HMT): B nepBoM cirydae HapyIlIeHUs BOSHUKAIOT B
MBIIIIEYHBIX BOJIOKHAX, & TIPOBOAMMOCTb UMITYJIbCA O
JnmadparManibHOMY HEPBY OCTaeTcsl B HOpMe [62].

[To ganHBIM JIUTEPATYPBI, CETICUC, B TOM YHCJIE U
Ha HaYaJIbHbIX ATarax pazsutus [63], ssBisieTcst Hesa-
BUCUMBIM (DaKTOPOM, OKa3bIBAIONUM HETaTUBHOE
BJIMSIHUE HA CTPYKTYPHO-(YHKIIMOHAIBHOE COCTOSTHIE
muadparmbr. B. Jung et al. onicasm, aro pasBuTue cer-
cucay naiuenToB Ha VIBJI mpuBOAUT K IBYXKPATHOMY
YCHJIEHUIO aTPOGUHU 1 COKPATUTENBHOIT c1abocT ina-
parmel [64]. Yautsiast v TOT (hakT, 4TO COKPATUTETH-
Hast c1abocTh nadparMbl MOXKET Pa3BUBATHCS BCIIE/I-
CTBHE KapJAMOreHHOro 1oka [65], HeKoTOpbIMM
MCCIIEI0OBATENIAMHY TIPe/IJIaTacTCs PacIieHUBaTh ee Kak
MIPOsIBJICHIE CHHIPOMA TIOJTMOPTaHHOM HEZIOCTATOYHO-
CTH TIOCJIe KPUTUIECKUX COCTOSTHMI [63].

VY 6onbHBIX, Haxoaammxcs Ha Jedyenun 8 OPUT,
HaOJTIO/IAETCST BBICOKUIT PUCK Pa3BUTHSI TIOJHHEHPOTIa-

develop due to cardiogenic shock [65], some researchers
suggest to consider it a manifestation of multi-organ fail-
ure syndrome after critical conditions [63].

Patients the ICU are at a high risk of developing
critical illness polyneuropathy and myopathy, which are
united in a concept of ICUAW (Intensive Care Unit
Acquired Weakness) in the Western literature [66, 67].
Muscular dysfunction developed at the same time af-
fects not only peripheral skeletal muscles but also the
diaphragm, increasing its contractile weakness [67].

The above factors may affect the duration of the
MYV and reduce the likelihood of a successful weaning
of the patient from respiratory support.

Effect of Drugs

Some of the drugs widely used in the ICU can
have a negative impact on the structural and func-
tional state of the diaphragm.

Inhalation Anesthetics/Hypnotics

Sevoflurane is widely used in anesthesiology as
an inhalation anesthetic with an organ protective ef-
fect, which is achieved during pre-ischemic and post-
ischemic preconditioning [68]. However, its effect on
the structure and function of the diaphragm remained
unclear. Results of a study carried out by T. Breuer et
al. demonstrated that the use of sevoflurane (at a dose
of 1 MAC) led to the development of contractile weak-
ness of the diaphragm in rats, as well as the activation
of signal pathways of atrophy in the absence of signs of
oxidative stress during both MV and spontaneous ven-
tilation [69]. Similar data were obtained by X. J. Zhang
et al. when using propofol in patients during the anes-
thetic support [70]. T. Breuer et al. demonstrated that
dexmedetomidine does not affect the severity of oxida-
tive stress, proteolysis and diaphragm atrophy, but sig-
nificantly reduces its contractile strength [71]. For a
deeper understanding of the effect of the described
drugs on the function of the diaphragm, as well as the
development of protocols for their use in the ICU, fur-
ther research is necessary, but the available results can
already have a practical application.

Muscle Relaxants

An experimental study carried out by D. Testel-
mans et al. demonstrated that the use of rocuronium
increased the severity of the VIDD after a 24-hour
ventilation, while cisatracurium had no significant ef-
fect on the function of the diaphragm [72, 73].

Glucocorticosteroids (GCS)

According to some data, GCS (regardless of the
dose) can worsen the function of the diaphragm in an-
imals with prolonged ventilation in various modes [ 74,
75]. However, a group led by K. Maes described that
the use of im methylprednisolone (30 and 80
mg/kg/day) in rats prevented the development of the
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TUU U MUOTIATUU KPUTUYECKUX COCTOSIHUI, 00bet-
HgeMbIX B 3ara/jiHol aurteparype B nousatue [CUAW
(Intensive Care Unit Acquired Weakness — crabocTs,
npuobpeTeHHast B OT/eJieHUI HHTEHCUBHON TEPAITIH )
[66, 67]. PazBuBatomascst npu 3TOM MbIIIIEYHAS JTUC-
yHKIUS TOMIMO TiepudepruecKoil CKeJeTHOI Myc-
KyJIaTypbl 3aTparuBaet u auadparmy, yCUIuBas ee
COKpaTUTEIbHYIO c1abocTh [67].

Omnucanubie Bbilie (aKTOPBI MOTYT OKA3bIBATh
BJMsAHUE Ha asiuTesabHocTs VBJI, a Takike cHUKATD
BEPOSITHOCTb YCIIENTHOTO OTTYYEHUS TIAI[eHTA OT Pec-
MUPATOPHOI MOJIEPKKU.

Bmsnue JIEKAPCTBEHHBIX IIpE€NMapaToB

Hexotopsie u3 mmpoko ucnosbdyembix B OPUT
MPEnapaToB CIOCOOHBI OKA3bIBaTh HETATHBHOE BO3-
JeficTBUE HA CTPYKTYPHO-(DYHKIMOHAIBHOE COCTOS -
Hue quadparmbl.

I/IHI‘aJI}II.[I/IOHHI)Ie AHECTETHUKHU / THITHOTUKH

CeBoiopaH sIBJISIETCS MTMPOKO IPUMEHSIEMbIM B
AHECTENOJIOTUN UHTASAIIMOHHBIM aHECTETUKOM C Opra-
HOITPOTEKTUBHBIM 3(h(HEKTOM, KOTOPBIii JIOCTUTAETCST BO
BpeMsI TIpe- U TIOCT-UIIEMUYECKOTO TIPEKOHTUITMOHUPO-
Banust [68]. OHako ero BiusiHne Ha CTPYKTYPY U (PyHK-
U0 MadparMbl OCTaBAJIOCH SICHBIM He /10 KOHIIA.
Pesyusrare nccnenosanust T. Breuer et al. iokasasm, uro
npumMenenne cesodurypana (8 103e 1 MAK) npuBoauT k
Pa3BUTUIO COKPATHTEJIBHON ciabocTu auadparmbl y
KPBIC, a TAK)Ke aKTUBAIINU CUTHAJIBHBIX IyTel atpodun
Ha (hoHe OTCYTCTBUA IPU3HAKOB OKUCIUTEIBHOTO CTPEC-
ca kak ipu UBJI, Tak 1 Ipu CrIOHTaHHOW BEeHTUJISAIINN
[69]. [Tono6uble nanmbie GbLu moaydenst X. J. Zhang et
al. pu ucrnosb3oBaHuu TPoTIodhosIa y MAIUEHTOB BO
BpeMst aHecTesroorimdeckoro nocobus [70]. T. Breuer et
al. poJIeMOHCTPUPOBAIH, YTO JEKCMEIETOMU/INH He
BJIMSIET HA BBIPAKEHHOCTb OKUCIMTEIBHOTO CTPECca,
poteosm3a u arpodun uadparmbl, HO TIPU 3TOM 3HAYU-
TEJIbHO CHUIKAET ee COKpaTutenbHyio cuiy [71]. s
Gosiee rryGOKOTO TIOHUMAHST BIVSTHYST OTTUCAHHBIX TPe-
HapaToB Ha (QYHKIHIO AuadparMbl, a TakKe pa3paboTKu
nporokosioB ux npumenenuss B OPUT HeoOGXoauMbl
JaJIbHelIe  MCCIe0OBaHNs, OJIHAKO MMEIONecs
pe3yJbTaThl yKe ceiiyac MOTYT MMETh MPAKTUYECKU
CMBICJL.

MHOpeJIaKcaHTbI

B skcniepemenTanbHoM uccaegoBanun D. Testel-
mans et al. 6b1JT0 TTOKAa3aHO, YTO IPUMEHEHNE POKYPO-
Hus yeusinBaeT Beipakennoctb /] npu 24-yaco-
Boii MBJI, B TOo BpeMs Kak IHcaTpakypuil He
OKa3bIBaeT 3HAYMMOTO BIUSHUSA HA (DYHKIUIO JHa-
bparmbr [72, 73].

I'moxokopruxkocrepount (I'KC)

ITo opnum pannbiv, KC (11€3aBUCUMO OT 7103bI)
CIIOCOOHBI yXYAIIATH (PYHKIMIO AuadparmMbl y KUBOT-

VIDD after a long-term ventilation [76]. It is inter-
esting that the use of low doses (5 mg/kg) only wors-
ened the structural and functional state of the
diaphragm, even more than mechanical ventilation
alone [77]. The published data do not allow to make
an unambiguous conclusion about the influence of
GCS on the structural and functional state of the di-
aphragm, which requires further scientific research.

Diagnostic Methods

To assess the state of the respiratory muscles dur-
ing patient's spontaneous breathing through the en-
dotracheal or tracheostomy tube, one can use the
RSBI index (Rapid Shallow Breathing Index), calcu-
lated as a ratio of the respiratory rate to the respira-
tory volume in liters. According to the literature,
values of RSBI <100 indicate the patient's readiness
to stop the respiratory support [78].

In some modern respirators, there are built-in in-
struments for assessing the status of respiratory muscles
during the mechanical ventilation using MIP indicators
(Maximal Inspiratory Pressure) and P0.1 (occlusion
pressure at 0.1 second) [78]. It should be understood
that these parameters allow to evaluate the function of
all respiratory muscles, but not the diaphragm alone.

At the same time, the possibility of monitoring of
the transdiaphragmatic pressure both during sponta-
neous breathing (Pdi) and during electric or magne-
tostimulation of n.phrenicus (TwPdi) is described [78,
79]. At present, according to the recommendations of
the American Thoracic Society, the diaphragm dysfunc-
tion is determined at alwPdi drop of <11 mm Hg [62].
However, the measurement of these parameters requires
specialized balloon probes, which are not always avail-
able in routine practice. According to A. C. Watson et
al., pressure measured at stimulation of n.phrenicus di-
rectly in tracheostomy or endotracheal tube (TwPtr —
twitch tracheal airway pressure) in the absence of
expressed restrictive disorders may be used for an indi-
rect assessment of the diaphragm function [80].

In addition, the diaphragm excursion can be
evaluated using such techniques as radioscopy, radi-
ography, and MR imaging [78, 81]. It should be added
that radiation imaging techniques have significant
technical limitations for routine use in clinical prac-
tice, as well as low specificity [79], for example, in
cases when a high position of the cupula of diaphragm
is due to pneumonia and/or lung atelectasis [78].

Special attention in the literature is paid to the
monitoring of the electric activity of the diaphragm
(EAdi) using intraesophageal sensors in accordance
with a «<NAVA» technique (neurally-adjusted ventila-
tory assist) («MAQUET Holding B. V. & Co. KG»,
Germany). Among the effects of this mode, the litera-
ture described the improvement of patient's synchro-
nization with the respirator [82], the possibility of
evaluating the contractile function of the diaphragm at
the level of the EAdi, which according to researchers
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HbIX TIpu junTesnbHOM VIBJI B pa3ziumyHbix peskxumax
[74, 75]. Oxnaxo, rpymioii moa pykoBoacTtsom K.
Maes 6bIJI0 OTIHCAHO, YTO TPUMEHEHNE METHIITIPEIHI-
3osi0Ha (30 1 80 MT/Kr//1€Hb B/M) Y KPBIC ITPELYTTPEXK-
naet pazsutue UNJIJL npu poaurensuoit UBJI [76].
WNurepecHo, 4To IpuMeHeHne HU3KUX 7103 (5 MI/KT)
TOJIBKO YXY[ALIAJIO CTPYKTYPHO-(DYHKIIMOHATBHOE
cocrostuue auadparmbl, gaske B 60JbIneil cTenenu,
yeM IPOCTO TPUHYIUTENIbHAS BeHTuadusa [77].
Ony6MKOBaHHBIE JIaHHbBIE HE MO3BOJISIIOT CEIATh
O/lHO3HAYHbIN BbIBOJ KacaresabHo Baugnud [KC na
CTPYKTYPHO-(DYHKIINOHAIBHOE COCTOsTHIE Auadpar-
MBI, 4TO TPpeOyeT AaIbHENIIero HayYHOTO MOUCKa.

MeToabl AMATHOCTUKHU

[l5151 O11eHKN COCTOSTHUSA JIbIXATEJIbHBIX MBIIII] B
mpoliiecce CaMOCTOSATEJBHOTO [IbIXaHUS MallleHTa
yepe3 9HA0TPAXCANbHYI0 WU TPAXeOCTOMUYECKYTO
TpyOKy MOKHO uctoib3oBaTh nigexe RSBI (Rapid
Shallow Breathing Index — unzmekc yactoro nosepx-
HOCTHOTO JIBIXaHUA ), PACYUTBIBAEMbIH KaK OTHOIIEHUE
YACTOTHI JIBIXaHUSI K J[BIXaTeIbHOMY OOBEMY B JINTPaX.
3unauenus RSBI <100, mo fanubiM iutepatypsbl, TOBO-
PAT 0 TOTOBHOCTH TIAIIMEHTA K TPEKPAIIEeHUIO PEeCIT-
paTopHoit mojiepxkku [78].

B HEKoTOpPbIX COBPEMEHHBIX PecIupaTopax
BCTPOEHBI MHCTPYMEHTBI OIIEHKU COCTOSHUS JIbIXaTe b=
HBIX MBI B TIPOIlecce BCIIOMOTATEIbHOM BEHTHIIAIINN
JIETKKX € TIOMOIIbIO TIoKazaresieit MIP (Maximal Inspi-
ratory Pressure — MakcuMasibHOe JIaBJicHUE BIOXA) U
P0.1 (okksosunonnoe nasienne 0,1 cexyHpl Bioxa)
[78]. Heob6xoammMo MOHUMATh, YTO JaHHbIE II0KA3aTe I
MO3BOJIAIOT OIIEHUBATD (DYHKIIMIO BCEX JIBIXaTEIbHBIX
MBIIIIIL, HO HE U30JIMPOBAHHO Jina(parMbl.

Bwmecre ¢ Tem, onucbiBaeTCs BO3MOKHOCTD MOHM-
TOpUHTA TpaHcAnadParMajbHOTO JABJACHUS KaK TIPU
crionTanioM apixanuy (Pdi) [78], Tak 1 Bo Bpems aJiek-
TPO- WJIM MarHUTOCTUMYJIAIK n.phrenicus (TwPdi)
[78, 79]. B nactogmuii MOMEHT, 110 PEKOMEHIATUSIM
Amepukanckoro Topakaibhoro obiiectsa, anadpar-
MaJbHasd AUCHYHKIM onpeesisieTcs Py CHUKEHUN
TwPdi <11 MM pr. cT. [62]. OnHako, A5 U3MEPEHIT
MaHHBIX TIOKa3aTesell Tpedyercst HamuKe Crelram-
3MPOBAHHBIX OAJIOHHBIX 30H/IOB, YTO HE BCET/A IOCTYTI-
Ho B pyrunno# npakrtuke. [To rannbim A. C. Watson et
al. mast xkocBeHHOU oreHKu (GyHKIUN guadparmbi
MOZKHO UCTIOJIb30BaTh JIaBJieHIe, UI3MEPEHHOE TIPU CTH-
myJssiiry n.phrenicus HampsiMyio B TpaxeocToMude-
CKOi1 mym sugopaxeanbHoil Tpyoke (TwPtr —twitch tra-
cheal airway pressure), pu OTCYTCTBUM y MalMeHTa
BBIPAKEHHBIX PECTPUKTUBHBIX Hapytienuii [80].

Kpome Toro, akckypcusi auadparmMbl MOXKeET
OBITH OIEHEHA € TOMOIIBIO TAKMX METOJMK KaK PEHT-
retockomnus, pentrenorpacdus, MP-pusyanusamus
[78, 81]. Hesbsa e 106aBUTh, YTO IyYEBbIE METOAUKI
BU3yaIU3aIlMU UMEIOT 3HAUYUTEJbHbIE TeXHUYECKHE
OTpaHUYEHUS /LI PYTUHHOTO UCTIOJIb30BAHNS B KJIH-
HUYECKON TpPaKTHKe, a Takke HU3KYIO creruduy-

allows to increase the success of patient's weaning from
the respirator [83, 84]. M. Dres and A. Demoule de-
scribe the possibility of calculating the Vt / EAdi index
to assess the ability of the diaphragm to «convert» the
respiratory drive into the respiratory volume. Its high
values indicate that the patient achieved the target Vt
at a relatively low EAdi, while its low values indicate
the impossibility of providing adequate alveolar venti-
lation due to the diaphragm dysfunction [59].

According to R. Di Mussi et al., application of
NAVA after a long-term MV is able to improve the
function of the diaphragm in comparison with PSV
(pressure support ventilation) [85].

Ultrasound Diagnosis of VIDD

At present, only sonography combining the us-
ability, low cost and the possibility of a daily bedside
use is the method of choice for evaluating the function
of the diaphragm in the ICU.

For the first time, data showing the potential of
sonography in diagnosis of the VIDD were published
by H. B. Grosso et al. [86]. The authors described a 6%
reduction in the thickness of the diaphragm muscle
layer for each day on ventilator. T. Schepens et al.
demonstrated that the diaphragm thickness begins to
decrease after 24 hours of ventilation, reaching a max-
imum on the 3rd day [87]. The linear relationship be-
tween the duration of respiratory support and the
decrease in the thickness of the diaphragm was
demonstrated by M. Zamboon et al. [88].

The diaphragm can be assessed the respiratory
excursion can be evaluated using the standard M-mode
through the acoustic windows of the lower intercostal
spaces and under the xiphoid process. At the same
time, it is proposed to consider the reduction of the di-
aphragm excursion by less than 25 mm a manifestation
of the contractile weakness [89]; but according to M.
Umbrella et al. this parameter should be considered in
patients during attempts of spontaneous breathing
only and not during mechanical ventilation [90]. S.
Spadaro et al. s proposed to use the D-RSBI index (di-
aphragmatic-RSBI), calculated as a ratio of the respi-
ration rate to the absolute value of the diaphragm
excursion measured by sonography. According to the
authors, the value of D-RSBI <1.3 may be a predictor
of a successful weaning from the respirator [91].

A group of researchers under the leadership of
G. Ferrari developed the DTF index (Diaphragm thick-
ness fraction) to assess its functional state and readiness
of the patient for weaning from the ventilator [93]. The
index is calculated using the following formula:

DTF=((Thickness at the end of inhalation—Thick-
ness at the end of exhalation))/(Thickness at the
end of exhalation) X100%

The data obtained by the authors demonstrated
that in patients successfully weaned from the respira-

GENERAL REANIMATOLOGY, 2018, 14; 3

www.reanimatology.com



92

DOI:10.15360,/1813-9779-2018-3-82-103

Reviews

HOoCcTb. Hanipumep, B ciryyasix, Korja BBICOKOE CTOSTHUE
Kymosa auadparMbl  0OYCJIOBJIEHO TTHEBMOHUEH
1/WJTN aTesIeKTa3oM Jierkoro [78].

OtnesnbHOE BHUMAHUE B JINTEPATYPE YAEJISIeTCs
MOHUTOPUHTY 9JIEKTPUUECKOI AKTUBHOCTHU AnA(PParMbl
(EAdi) ¢ ucnosib3oBanueM BHY TPUIIMAILEBOAHBIX T4~
KoB 110 MeToauke «NAVA» (neurally-ajusted ventilatory
assist) («MAQUET Holding B.V. & Co. KG», Iepma-
Hust). Cpeant adhheKToB JAHHOTO pEsKUMA B JIUTEPATYPE
OITMCBIBAIOTCS YTy UIlleHIe CHHXPOHU3AIINY TTAI[IIEHTA C
pectipatopoM [82], BOBMOKHOCTh OIIEHKH COKpaTH-
TesIbHOM (hyHKIK gradparMbl 1o yposrio EAdI, 4to mo
MHEHUIO UCCJIEZIOBATEIEl TI03BOJISIET YBEJIIIUTD YCIIell-
HOCTb OTJIy4eHus narrenTa ot pectiuparopa [83, 84]. B
pa6ore M. Dres u A. Demoule ommceiBaeTcst BO3MOX-
HOCTB pacuera ungexca Vt / EAdi ais onenku crioco6-
HOCTH IaparMbl «<KOHBEPTUPOBATH» PECIIUPATOPHBDIIT
JIPaiiB B [IbIXaTe/IbHbIH 00beM. BbicoKue 3HaueH st 1oKa-
3aTeJisi TOBOPSIT O IOCTUKEHUH TTAI[IEHTOM IIeIeBOTO Vit
npu otHOCHTEbHO HU3KoH EAdi, B TO Bpemst Kak ero
HU3KHE 3HAUCHUST YKA3bIBAIOT HAa HEBO3MOKHOCTH 06ec-
HeyeHusl aeKBATHON aJbBEOJISIPHOI BEHTUJISIIIN
BeJtesicTBYE aradparMasbioi aucdyHkimm [59].

ITo panubiM R. Di Mussi et al., npumenenne
NAVA mnocne pinutenbHoil npunyaurtenbuoin VBJI,
COCOBHO yrydIaTh (hyHKIHIO AuadparMbl B CpaBHe-
nuu ¢ PSV (pressure support ventilation —BenTuis-
ST C TIOIEPIKKON HaBieHnem) [85].

YasrpazBykoBas nuarnoctuka M/ /]

B nacrosammit Moment, autiib ¥ 3, coueraloniee
B cebe TIPOCTOTY UCIIOIb30BAHUS, HEBBICOKYIO CTOM-
MOCTDb ¥ BO3MOKHOCTD €Ke/[HEBHOTO TPUKPOBATHOTO
WCIIOJNB30BAHYS, SIBJISIETCS METOJIOM BbIOOpa st
orterku pynximu auadparme B OPUT.

BriepBpie ganuble, MOKa3aBIIMe BO3MOXKHOCTU
V3U B aquarnoctuke U/ 6buin onyOaMKoBaHbl B
uccieposannu H. B. Grosu et al. [86]. ABropsbr onuca-
JIN YMEHBIIIEHUE TOJIUHBI MBITIIEYHOTO €081 inadpar-
MBI Ha 6% 3a KaXK/[ble CyTKU MPOBEEHHHbIE TTAllNeH-
tom na MIBJI. T.Schepens et al. mokaszasm, 4ro Tommuna
nuadgparMbl HAUMHAET YMEHBIIATHCS YKe Tocie 24
yacoB VBJI, nocturas makcumyma Ha 3-u cytku [87].
JInHeliHy10 3aBUCUMOCTb MEXK/LY IJTUTEIbHOCTBIO pec-
MUPATOPHON MOAJEPKKN U YMEHBIIEHUEM TOJIIUHBI
madparmbl mokasann M. Zamboon et al. [88].

Ucnonb3ys  crangaprobiii - M-pexxum Y 3U,
MOJKHO 00CJIe0BaTh inadparMy u OIEeHUTh JIbIXaTe b-
HYIO 9KCKYPCHIO Yepe3 aKyCTUYecKue OKHA HUKHUX
MeKPeOEPHBIX TPOMEIKYTKOB U TI0Jl MEYEBHUIHBIM OTPO-
ctroM. [Ipu aTOM, yMeHbIlIeHNe BeTMYMHBI 9KCKYPCUN
madparmMbl MeHee 25 MM TIPeJIJIAraeTcs PACIeHNBATh
Kak [posiBJICHUE COKPaTUTEIbHOM caabocT [89], omHa-
ko 1o arueiM M. Umbrello et al. mannbrit mokazarennb
CJIe/lyeT pacCMaTpUBaTh Y MAIIMEHTOB UCKJIIOUNTEILHO
BO BPEMsI TOIBITOK CAMOCTOSITEJIHOTO JIBIXaHUs, a He
npu BeroMoraTenbHoii Bentuamn [90]. S. Spadaro et
al. mpemnmoxuau ucnonb3oBath uHgeke D-RSBI

tor DTF values were significantly higher than those
in patients requiring the prolongation of ventilation.
The authors believe that DTF>36% may be a critical
point that determines the success of withdrawal of the
respiratory support [92]. In a study of E. Di Nina et
al., 88% of 49 patients successfully weaned from the
respirator had DTF >30% [93].
A widespread introduction of sonography in the
ICU allowed to develop not only new parameters for
assessing the function of the diaphragm, but also to
modify the existing ones. For example, in the work
published by P. Pirompanich and S.Romsaiyut, a com-
bined use of RSBI and DTF indices has greatly in-
creased the sensitivity of these parameters to predict
successful weaning of patients from the respirator [94].
The possibility of a daily bedside ultrasound
monitoring of the structural and functional state of
the diaphragm was described by E. C. Goligher et al.
[95]. The authors showed that both the decrease and
increase in the thickness of the diaphragm was associ-
ated with low DTF values, i.e. with the development
of contractile dysfunction. Among the potential causes
of the increased thickness of the diaphragm, the au-
thors describe its inflammatory or hydrostatic edema.
At that, the reduction of the diaphragm contractile ac-
tivity while using forced modes of ventilation or pres-
sure support ventilation in the PSV mode have been
described [96]. To answer the question how the in-
crease in the thickness of the diaphragm is related to
its contractile dysfunction, sonography should be
combined with a morphological examination of the di-
aphragm, according to T. Vassilakopoulos [97].
Therefore, sonography capable of assessing the
mobility of the diaphragm is the most accessible and
informative method of diagnosis of the VIDD for cli-
nicians, which allows to obtain indirect, but available
parameter, which in the absence of other possible
causes of the diaphragm weakness confirms the VIDD.
The cause for its development should be determined
based on the data from patient's medical history, clin-
ical presentation, and findings of additional tests.
Unsuccessful attempts of weaning from the ven-
tilator are observed in 20% of patients, and the time
spent on weaning procedure may take up to 40% of the
total time spent by the patient on ventilator [98, 99].
In this regard, the issue of prevention and correction
of the VIDD is extremely urgent.

Possible Ways of Prevention
and Treatment

Although over recent years our knowledge about
the pathogenesis of the VIDD has been significantly
expanded, there is still no single approach to preven-
tion and treatment of patients with this syndrome.
Therefore, methods which although are not a gener-
ally accepted standard but have a reasonable patho-
physiological base confirmed by experimental studies
will be discussed below.
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(diaphragmatic-RSBI), pacunTbiBaeMblii KaK OTHOLIE-
HIE YaCTOThI JIbIXaHUS K aGCOMOTHOMY 3HAUYEHHIO IKC-
Kypcuu guadparMbl, U3MepeHHo# ¢ romoribio Y 31.
[To muenuto aBropos, 3nauenue D-RSBI < 1,3 mosker
SIBJISITBCSI IPEANKTOPOM YCIIEITHOTO OTJIy4eHUsI OT pec-
nupatopa [91].

[pynma wucciemosareseii moj pPyKOBOACTBOM
G.Ferrari paspa6orana ungexc DTF (Diaphragm
thickness fraction — (bpakius yMeHbLUIEHMsI TOJIIHbI
nuacdparmMel) st OIleHKU ee  (PyHKIIMOHAJIBHOTO
COCTOSIHUSI ¥ TOTOBHOCTH TIAIIMEHTA K OTJIYYEHUIO OT
anmapata UBJI [93]. Pacuer unexca npousBoauTcst
1o hopmyie:

DTF=((Tommuna B koH1e Broxa—TosmuHa
B KoHIle Bbi10xa))/(TommuHa B KoHIe BbIIOXA)
xX100%.

[Tony4enuble aBTOPaMU JIAHHBIE TIPOAEMOHCTPH-
POBaJIH, 4TO, Y NAIIMEHTOB, YCIIEIIHO OTJIYYEHHBIX OT
pecriuparopa snaderust DTF 6bLiu J0cTOBEPHO BHIIIIE,
HEXKeJIN Y MAI[MEeHTOB, MOTPEOOBABIIUX TIPOIOJIKEHIST
NBJI. Asropsr nonaraioT, uto 3uavenre DTF>36%
MOJKET SBJISITbCSI KPUTUYECKOI TOUKOIL, OTIpeesisiio-
M1l YCIEeNIHOCTD IIPEKPAIIEHUST PECITUPATOPHOI 1TO/I-
nepxku [92]. B uccnenosanuu E. DiNino et al. uz 49
VCIIENTHO OTJIyYE€HHBIX NAIMeHTOB 88% IalneHToB
umesnn DTF> 30% [93].

[MTupoxoe Buenpenne Y 3 8 OPUT, nozsosmio
pa3paboTaTh He TOJHKO HOBBIE MOKA3ATEJNM OINEHKH
dyuxiun auadparmbl, HO 1 MOAUMUITMPOBATH NMEIO-
muecs. Tax, B pabore, omy6koBanHoii P. Pirompanich
u S. Romsaiyut, coBMecTHOe UCII0/Ib30BAHIE HHIEKCOB
RSBI u DTF 3nauntebHO yBETUUUBAJIO YYCTBUTEIb-
HOCTB 9THUX TI0Ka3aTeJieil IPOrH03a YCIENIHOro OTIyYe-
HUS TIAIIMEHTOB OT pecripaTtopa [94].

Bo3MOKHOCTD  €KeIHEBHOIO IIPUKPOBATHOTIO
¥Y3U moHutopuHra CTpYKTYpPHO-(QDYHKITMOHAIBHOTO
cocrosinus auadparmbl Obita onmcana E. C. Goligher
et al. [95]. ABTODBI II0Ka3a/IH, YTO KK YMEHbIIEHHE, TAK
U YBeJINY€eHUe TOJIIUHBI [ra(parMbl aCCOIMIPOBAHHO
¢ nuskumu 3Havennsamu DTE 1. e. ¢ pazButnem cokpa-
tuTesbHON mucdyHkimn. Cpey MoTeHIIMATbHbIX IPU-
YMH YBEJUYEHUS TOJIIMHBI AuadparMbl aBTOPaMU
OITUCBIBAIOTCS €€ BOCTIATIUTEIBHBIIN UK THIPOCTATHYE-
ckuii orek. IIpu 3TOM OBLIO ONMKUCAHO YMEHBIIEHUE
COKPATUTEIBHON aKTUBHOCTH IaPArMbl IIPH UCTIOJb-
30BAHUU IIPUHYTUTETbHBIX PEKUMOB BEHTHIISIIIUY LI
YBeJIMYEHUN JIaBJIeHUST TOAJEPKKU B pexxume PSV
[96]. dus oTBeTa Ha BOIPOC, KAKUM 00Pa3oM MOMKET
GBITh CBSI3aHO YBEJIMYECHNE TOJIIUHDL UapparMbl 1 ee
COKpaTuTesbHast TUChYHKIUST HeOOXOAUMO COYETATh
Y 3U ¢ mopdosioruyeckum uccienopanveM auadpar-
mbl, cunrtaer T. Vassilakopoulos [97].

Takum 06pasoM, st KIMHUIMCTOB Hanbosiee
JIOCTYITHOUM 1 WHMOPMATUBHOW METOJUKOUN UarHo-
cruku WU/ asisiercd BO3MOMKHOCTH OLEHKU
HOJBUKHOCTU AMAPParMbl € MOMOIIBIO ITPOCTOTO
YJBTPA3BYKOBOTO UCCJEAOBAHUs, GJaaroaps uemy

Ventilation Modes and Training
of the Respiratory Muscles

According to modern concepts, the use of ven-
tilation modes that allow own contractile activity of
the diaphragm can reduce the severity of the VIDD.
C. S. Sassoon et al. demonstrated the advantages of
such modes for maintaining the contractile strength
of the diaphragm in comparison with forced ventila-
tion [100]; at that, it was noted that the use of PEEP
did not affect the development of VIDD regardless of
the selected mode of ventilation [101].

A number authors described the advantages of
the PSV mode (pressure support) in the impact on the
diaphragm during a prolonged mechanical ventilation
[102, 103], but it should be kept in mind that a high
inhalation pressure can have a negative impact on the
respiratory muscles [96].

When comparing the effectiveness of PSV and
NAVA modes after a period of controlled ventilation, it
was demonstrated that the latter contributed to the im-
provement of the parameters of the diaphragm function,
while in a group of patients with PSV these parameters
did not changed [85]. The use of the NAVA mode in-
creases the chances of successful weaning from the MV,
but its ability to inhibit oxidative stress, remodeling and
muscle fiber atrophy requires further study.

In 2010, a study was conducted to assess the ef-
fect of the adaptive support ventilation (ASV) on the
development of VIDD in piglets [104]. After 72 hours
of forced ventilation, transdiaphragmal pressure de-
creased by 30%, and atrophy was observed in the di-
aphragm tissue, while ventilation in the ASV mode
did not lead to such changes. However, no clinical
studies describing the effect of this regimen on the
function of the diaphragm have been conducted.

According to B.Jung et al., MV in a mode of
moderate hypercapnia and respiratory acidosis may
prevent the development of VIDD in animals, in com-
parison with MV maintaining normal values of
PaCO, and pH. [105]. Similar results were also pub-
lished by W. J. M. Schellekens et al. [106]. However,
the applied value of these data should be evaluated in
further clinical studies.

The understanding of the fact that MV can cause
the diaphragm dysfunction has led to a concept of di-
aphragm-protective ventilation. The key point of this
technique formulated by L. M. Heunks and C. Otten-
hejm, is the fact that both insufficient and excessive
inspiratory load on the respiratory muscles can have
a negative impact on their function increasing pa-
tient's stay in the ICU due to irrational respiratory
support [107].

According to some researchers, high-frequency
oscillation of the chest with a special waistcoat may
be a promising method of the respiratory therapy that
has a positive effect on the function of the diaphragm
in the case of a long-term ventilation which previously
showed its effectiveness in the treatment of various
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MOKHO TIOJTYYUTh XOTSI U KOCBEHHBIH, HO JIOCTYITHBII
napameTp, KOTOPbII IIPU OTCYTCTBUU JIPYTUX BO3MOXK-
HBIX TIPUYUH pa3BuTUsT ciabocTu guadparMbl CBU/IE-
tesabcTBeT B 1osib3yy UUJI/I. Ilpuumnna ee pasButus
JIOJKHA OIIPEIENIATHCS UCXO/Is U3 TAHHBIX aHAMHE3a,
KJIMHUYECKOU KAPTUHBI U PE3YJIBTATOB IOMOJTHUTE ] b-
HBIX MICCJIE/IOBAHUI.

Heynaunbie nonbitku otayuyenus ot WBJI
Habmonaores y 20% maIMenToB, a BpeMs, 3aTpayun-
BaeMOe Ha TIPOIIeYPY OTJIYUEHUs, MOXKET 3aHUMATh
110 40% ot 0611ero BpeMeHH, TPOBEIEHHOTO MallueH-
tom Ha VIBJI [98, 99]. B cBsi3u ¢ aTuMm kpaiiHe octpo
CTOUT BOTIPOC 0 ipocuaktuke u koppekiuu U1

Bo3amozkHbIe myTH NPpoHIaKTHKH
U Tepanuu

Hecmotps Ha TO, YTO B TIOCJIETHIE TO/IBI CBEJICHUS
o natorerese MM /I/] cymiecTBeHHO pacHIMPUINCD, /10
CHX TIOD He CYIIECTBYET €AIMHOTO TTOIX0/a K TPO(UIIAK-
THUKE U PEKOMEH/IAINI 10 JICYCHHIO TTAI[MeHTOB ¢ Pas-
BUTHEM [[aHHOTO CHHJpOMa. B cBfA3M ¢ aTUM HUXKe
OyayT 06CY&KIaThCs METO/bI, KOTOPbIE, XOTsI, He
SIBJIAIOTCS OOIIETTPUHATBIM CTAHAAPTOM, HO MMEIOT
060CHOBAHHYIO TATO(DUZHONOTIIECKYIO (Gasy, TOATBEp-
JKIEHHYIO AKCIIepeMEHTaIbHBIMU MCCIIE0OBAHUSMMU.

Pe:xumbi BEHTHUJIAIINHN
1 TPEHHUPOBKA AbIXaTEJbHbIX MBbIIIII]

CorysiacHO COBPEMEHHBIM TIPEJCTABICHUSAM,
IpUMeHEeHNe PEKMMOB BEHTUJILINH, J0MYCKAIONINX
COOCTBEHHYIO COKPATUTEILHYIO aKTUBHOCTD inagpar-
MBI CIIOCOOHO yMeHbINATh BbIpaxkeHHocTb MW/,
C.S. Sassoon et al. mokasauu npenmyiecTBa momao6-
HBIX PEXKUMOB [IJII COXPAHEHHUS COKPATUTEIbHOMN
cuiipl inacparMbl B CPAaBHEHUH € TIPUHYIUTEIHHON
perTasnueil [100], npu aToM OBLIO OTMEYEHO, YTO
ucnoab3oBanue PEEP ne Bauget na pazsutue MNJ1/1
HE3aBUCKMO OT BbIOpaHHoTO peskuma MBJI [101].

Psiiom aBTOPOB OIMCaHbI IIPEUMYIIECTBA PEKU-
Ma PSV (nopep:xku jaBjienriemM) B KOHTEKCTE BO3-
neticTBus Ha auadparmy 1pu piurensaoit UBJI[102,
103], oxHako HEOOXOAUMO UMETD B BUJLY, YTO BHICOKHE
3HAYCHMS JTABJIEHUS BI0Xa MOTYT OKa3bIBaTh HETATHB-
HOe BJIMSIHME HA JIbIXaTeJTbHYI0 MycKyaaTypy [96].

[Ipu cpaBuenuu adpdexruBrocTu pesxkrmon PSV
u NAVA nocite nepuoga kourpoaupyemoii VIBJI 6110
MOKa3aHO, YTO MOCJIEHUIT CTIOCOOCTBOBAJ YIIYUIIEHUIO
napamerpoB (hyHKIMY uadparmMel, B TO BpeMsl, KaK B
rpyiie naiuenToB ¢ PSV atu nmokasartesy He M3MeHU-
suck [85]. UcnonbzoBanne pesknma NAVA yBesndu-
BaeT MIAHCHI Ha ycrelHoe oTaydenue oT VIBJI, Ho ero
CIIOCOOHOCTD TOPMO3UTH PA3BUTUE OKUCIUTETHHOTO
cTpecca, peMOJIeIMPOBAaHUSA U aTPoGUU MbITIIEYHBIX
BOJIOKOH TPeOYeT JaJIbHEIIIero n3yYeHusl.

B 2010 rozy 661710 IPOBEEHO UCCIE[OBAHUE 110
MU3YyYEHUIO aIallTUBHON MOIep:KUBAIONIE BEHTUIS-
nuu (ASV) na pazsutue MUU//] y nopocsar [104].
[Tocse 72 vacosoii npunyaureabnoit UBJI Tpancana-

lung diseases. To confirm this hypothesis, further re-
search is needed [108].

Non-Ventilation Therapy.
Drug Therapy: Antioxidants
and Proteolysis Inhibitors,
«Inotropic» Support

Taking into account the fact that oxidative stress
is an extremely important and initial link in the patho-
genesis of the VIDD and the activation of proteolysis
supports the process of impairment of the diaphragm
function, the use of antioxidants and proteolytic system
inhibitors as a drug therapy seems justified [109]. At
the same time, there are data from a study carried out
by the group of K. P. Howe et al. that show the effec-
tiveness of the clinical use of antioxidants to reduce the
duration of MV [110]. It should be remembered that at
present there is no reliable evidence confirming the fact
that the positive effects achieved by such therapy are
the results of a specific action of these drugs groups.

A direct influence on the contractility of the res-
piratory muscles may be another possible strategy to
increase the muscular strength of the diaphragm. W-
Y. Kim et al. described improvement of diaphragm
contractile activity in patients with diagnosed VIDD
using theophylline; but data from large studies con-
firming the clinical efficacy of theophylline have not
been published to date [111].

In order to influence the contractile function of the
respiratory muscles, calcium sensitizers can be used, in
particular, levosimendan, capable of having a positive in-
otropic effect on the diaphragm in animals [112, 113]. In
2012, ]. Doorduin et al. published a clinical study assess-
ing the effect of levosimendan on the diaphragm contrac-
tility [114]. At that, it was found that the contractile
function of the diaphragm in patients who underwent
the drug infusion was higher than that in the reference
group. Therefore, the use of levosimendan is a promising
approach in the fight against contractile dysfunction of
the diaphragm, but further clinical trials are needed, in
particular, a study of its effects during weaning from MV.

Non-Drug Therapy:
Electrical Stimulation of the Diaphragm

Information about the positive effect of electrical
stimulation on the structure and function of the di-
aphragm during a long-term ventilation appeared as
early as in 1999. The authors described the use of an
implanted bilateral stimulator of the phrenic nerve in
a 49-year-old man with a spinal cord injury at the C2
level. Tt was concluded that the lack of contractile ac-
tivity of the diaphragm led to its atrophy, which could
be corrected by half-hour sessions of daily electrical
stimulation of the phrenic nerve [115].

A number of experimental studies have shown a
positive effect of stimulation of the phrenic nerve on the
structural and functional state of the diaphragm of an-
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(bparmanbHOe faBJieHye CHIKaIOCh Ha 30%, a B TKAHH
nauacdparMbl HaBGMIONAIUCH ABJIEHUST aTPODUH, B TO
BpeMsI KaK BEHTUJISIIINS B peskuMe ASV He mpuBoiniia
K 10M06HBIM u3MeHeHusaM. OIHAKO, KIMHUYECKUX
UCCJIeJIOBAHNI, OIMCHIBAIOIIUX BJIUSHUE IAHHOTO
pexxuma Ha YHKIUIO Auadparmbl, He TIPOBOANIIOCH.

ITo ganubiM B. Jung et al., nposenenne 1BJI B
peKuMe yMePeHHO! IMIIePKAHUU U PECITMPATOPHOTO
aIn103a, BEPOSITHO, CIIOCOOHO TIPEIYIIPEKIATH PA3BU-
te UNJI/] y xxuBoTHbIX, B cpaBaenun ¢ MBJI, oz-
JepskuBaionieit Hopmanbubie 3Havenust PaCO, u pH.
[105]. Ilogo6HbIe pe3yIbraThl OIYOJUKOBAIN TAKKE
W.J. M. Schellekens et al. [106]. Ognako, npukaaaHas
[[EHHOCTD THX JAHHBIX [IOJKHA OLIEHUBATHCS B 1aJIb-
HENINX KIMHUIeCKUX UCCJIeIOBAHUSX.

[Tonumanue Ttoro daxra, yro MBJI moxer
SIBJIATBCS IPUYIHOM Pa3BUTH AnadparMaIbHO 1c-
dbyHKIMY, TpUBEIO0 K HOPMUPOBAHUIO KOHIIETIIIHN
nuadparMa-mpoTeKTUBHONW — BEHTHUJIAIUU  JIETKUX.
KirioueBbIM MOMEHTOM JIAHHOI METOIUKU, CHOPMYJIH-
posannoii L. M. Heunks u C. Ottenhejm, siBisiercs
TOT (haKT, YTO KaK HEJJOCTATOYHAs, TAK U Upe3MepHast
MHCIIMPATOPHAST HATPY3Ka HA JBIXaTeJbHbIE MBIIIIIbI,
BCJIE/ICTBUE HEPAIMOHATIBHON PECIIPATOPHON O/ -
JePKKU, MOKET OKA3bIBATh HETATUBHOE BJIMSHUE HA
uX (HYHKIHMIO, yBEJUUUBAst BPeMsI 1TpeObIBAHUS MAlU-
entoB B OPUT [107].

[To MHEHUIO HEKOTOPBIX HCCJIe0BATE e, Iep-
CIIEKTUBHBIM METOJIOM pECIIMPATOPHON Tepamnumu,
MOJIOXKUTETBHO BIUSIONIM HA (DYHKIUIO [ruadparMbl
npu jaautenbuoint UBJI moxkeT sABUTbCS BbICOKOYA-
CTOTHASI OCIMJLJIAIINS TPYIHOM KJIETKU C TIOMIIIBIO CIie-
[[MAJIBHOTO JKUJIEeTA, paHee MoKa3aBInas cBoio addex-
TUBHOCTH [P JIEYEHUU PA3JIUYHBIX 3a00JeBaAHUN
Jgerkux. /Iy TOATBep:KAEHUsI NAaHHOW TUIIOTE3bI
HeoOX0AMMBI JasibHeliinne nceaegosanus [108].

HeBeHTUIAIIMOHHAS Tepamus.
MeaukamMeHTO3HOE BO31€CiiCTBHE:
aHTHOKCHUIAHTbI 1 HHTHOUTOPBI
MPOTE0JIN3a, <HHOTPOMHAS > MOA/AepPrKKa

[TpunuMas Bo BHUMaHME TOT (DAKT, YTO OKCHUIA-
TUBHBIN CTpecc SABJsAeTcs KpalfHe 3HAYMMbIM U MHUTH-
abHBIM 3BeHOM TatoreHesa MINJI/I, a aktuaius npo-
TeoJIM3a TOJYIEPKUBAET TIPoIece HapylieHus OyHKITN
madparmbl, UCIIOIb30BAHNE AHTUOKCU/IAHTOB U WHTH-
GUTOPOB MTPOTEONUTHIECKIX CHCTEM B KAUECTBE MEIU-
KaMeHTO3HOU Tepanuu KaxeTcs onpasgaHibiM [109].
[Ipu aTOM MMEIOTCS JTaHHBIE MCCIIE0BAaHUS TPYIIITBI
K. P. Howe et al., nokazasiuue s heKTUBHOCTD KINHU-
YeCKOTO ITPUMEHEHHS aHTUOKCH/IAHTOB JIJIs1 COKpallle-
Hust gymrespHocty VIBJT [110]. Heo6xoaumo HOMHUTS,
YTO Ha ]AHHBI MOMEHT HET IOCTOBEPHBIX aPI'YMEHTOB B
OJIb3Y TOTO, YTO TTOJIOKUTEbHBIE 3h(DEKTDI, J0cTHUTaC-
MbI€ TIOZIOGHOM Teparueii, ABJIAIOTCSA PE3YIBTATOM CIie-
1(UYECKOro JIeHCTBUA TIPENapaToB JaHHBIX MPYIIIL.

Jlpyroii BO3MOKHOM cTpaTerueil, HalrpaBIeHHON
Ha yBeJIMYEHUE MBIIIEYHON CUJIbI inadyparmMbl, MOKET

imals [116, 117]. In particular, a study carried out by
T. Breuer et al. demonstrated that bilateral stimulation
of the phrenic nerve simulating spontaneous breathing
during deep sedation made it possible to achieve ade-
quate ventilation in the PSV mode, while improving
the metabolic parameters of the diaphragm fibers [118].

In 2014, B. Ahn et al. published study results
demonstrating that intraoperative electric stimulation
can increase the contractile strength of the diaphragm
in patients in the postoperative period [119]. Other
authors described the positive effects of intraoperative
diaphragm stimulation (including that using a regular
pacemaker [120]) on the development of oxidative
stress and contractile strength of the diaphragm [121].

The possibility of intraoperative placement of
temporary electrodes for diaphragm stimulation and
electromyography in postoperative patients during ab-
dominal or thoracic interventions was described in the
study of R. P. Onders et al. The authors believe that
the installation of temporary electrodes in patients at
high risk of a long-term ventilation may be a valuable
tool to prevent the development of postoperative di-
aphragm dysfunction, as well as reduce the cost of
treatment of «difficult-to-wean» patients [122].

According to a number of experts, the leading
areas of future research include determining indica-
tions and contraindications for this procedure.

Conclusion

The VIDD is a specific complication of MV
which has been confirmed in both clinical and experi-
mental studies.

Since 30—80% of patients in the ICU require
mechanical respiratory support and even 6—8 hours
of mechanical lung ventilation can contribute to the
development of a significant weakness of the di-
aphragm, it can be concluded that the VIDD is an ex-
tremely urgent problem in most patients.

Oxidative stress, proteolysis, mitochondrial dys-
function, as well as passive overdistension of the di-
aphragm fibers contribute greatly to the pathogenesis
of VIDD.

A typical clinical presentation allowing to sus-
pect the development of the VIDD is a situation when
an attempt to switch a patient to spontaneous breath-
ing has failed and other possible causes are ruled out.

Sonography is the most informative and accessi-
ble method of diagnosis of the VIDD, which allows a
bedside, non-invasive and repeated examination of the
structural and functional state of the diaphragm (con-
tractility and thickness).

Although there have been no standards for the
management of patients with confirmed VIDD devel-
oped to date, an attempt to preserve spontaneous
breathing or the use of the latest auxiliary ventilation
modes seems to be the most promising approach.
However, these approaches do not fully solve the
problem and require further clinical trials.
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OBITh BO3/IEHCTBUE HEMOCPEJACTBEHHO Ha COKPATH-
MOCTb JbIXaTeabHOI Myckyaarypsl. W-Y. Kim et al.
OTIMCAJIN YJIydIlIeHNEe COKPATUTENIbHON aKTUBHOCTH
muadparMbel y MAUEHTOB C IUATHOCTUPOBAHHOI
NI/ npu npumeHennn TeoduIMHA, OTHAKO JIaH-
HBIX KPYITHBIX UCCJIEJ0BAHMIL, TIOATBEPAUBIIUX KIIH-
HUYecKyio 9 GEKTUBHOCTb TeO(DUITNHA HA TAHHBIN
MOMeHT He oirybmkosano [111].

C 1esbio BAMSHUS HA COKPATUTENBHYIO (DYHK-
I[UIO JIBIXAaTeJbHOI MYCKYJIATYPbl MOXKHO HCIIOTh30-
BaTh U KaJbI[MEBble CEHCUTAIT3€pPbl, B YACTHOCTH,
JIEBOCUMEH/IAH, CITOCOOHBIN, OKAa3bIBATH IMOJIOKH-
TEJbHBII WHOTPONHBIN P derT Ha auadparmy y
suBoTHBIX [112, 113]. B 2012 roay J. Doorduin et
al. omy6JIMKOBAIM KIMHIUYECKOE UCCIE0BAHKE 110
otienke aexTa JeBOCUMEHIAHA HA COKPATUMOCTb
muadparmer [114]. IIpu 9T0M OBLIO yCTAHOBJIEHO,
YTO COKpaTuTeIbHask MYHKIMS ArnadparMpl y maiu-
€HTOB, KOTOPBIM IIPOBOAMINCH MH(PY3UU TIpenapara,
Gbla BBINIE, YEM B KOHTPOJIbHOI rpyrie. Takum
06pa3oM, UCTIOJIb30BAHKE JIEBOCUMEH/IaHA ABJSAETCS
MHOTOOOEMIAIONTIM MOAX0A0M B 60pbbe ¢ coKkpaTu-
TeapHON nuchyHkumeil aumadparMel, OIXHAKO
HEOOXOUMBI JlabHene KINHUYECKNEe UCIITa-
HUsI, B YaCTHOCTHU M3ydeHue ero aPeKToB BO BpeMs
nporeypsl nepesojia ¢ UBJL.

HemeukaMeHTO3HOE BO3/IeliCTBUE:
3JIEKTPOCTUMYJISIIUS THadparMbl

Csenenus o moJoxKUTENbHOM 3 deKTe IIeK-
TPOCTUMYJISAIMU Ha CTPYKTYPY U (YHKIMIO AHa-
¢parmsr ipu ipoBeienun anureabuoit IBJI nossu-
auck emne B 1999 r. ABTopamu oncano npuMeHeHue
MMILIAHTUPOBAHHOTO JIBYCTOPOHHETO CTUMYJIATOPA
nuadparManbHOTO HepBa y 49-j1eTHETO MYKUYNHBI C
TPaBMOIi cliMHHOTO Mo3ra Ha yposHe C2. Boui cre-
JIAH BBIBO/I, YTO OTCYTCTBHE COKPATUTEIHHON aKTUB-
HOCTH inadhparMbl TPUBOUT K ee aTpoduu, KoTopas
MOKET OBITh HUBEJUPOBAHA TTOJY4ACOBBIMU TIEPUO-
JaMU eKeJTHEBHOM 3JIeKTPOCTUMYIAUM quadpar-
MaJibHOTO HepBa [115].

Py sxcniepuMeHTaNIbHBIX UCCIEIOBAHUH TTOKA-
3aJ1 TIOJIOKUTEIbHOE BIUSHNAE CTUMYJIAINY anadpar-
MaJIbHOTO HEpBa Ha CTPYKTYPHO-(PYHKIIMOHAJIbHOE
cocrostnue quadparmot skuBoTHBIX [ 116, 117]. B yact-
HocTH, B uccieposannu T. Breuer et al. aBycroponnsis
CTUMYJIAINA 1rnadparMaIbHbIX HEPBOB, UMUTUPYIO-
1ast CIOHTaHHOE JIbIXaHue BO BPeMst IIyOOKoil ceza-
IHH, TTO3BOJIAJIA JIOOUTHCST AIEKBATHON BEHTHUIISIIIUY B
peskume PSV, yydiiuB mpu 3ToM MeTaboIMIecKie
MoKa3aTesu BoJIOKOH fuadparmbl [118]

B 2014 r B. Ahn et al. ony6mkoBamu pe3y/ibraThl
MCCIIe/IOBaHN, TIOKA3aBINEro YTO MHTPAOTIEPAITMOHHAS
AIIEKTPOCTUMYJISIIHST CIIOCOOHA YBEJIMYNBATH COKPATH-
TEJILHYTO CUJTY ZiMadparMbl y MaIMeHToB B TIOcJIeorepa-
rmonHoM niepuozie [ 119]. [lpyriumu aBropamu omrcbiBa-
JIOCh TIOJIOKUTETbHOE BO3/ICHCTBHE MHTPAOTIEPAIIMOHHOM
CTUMYJIAINN radparMbl (B TOM YUCJIE U C TIOMOIIBIO

No convincing data on the clinical efficacy of a
drug therapy of the VIDD have been obtained to date.
The most promising methods of drug therapy de-
scribed at present may include the use of calcium sen-
sitizers and antioxidants.

Several publications demonstrated a positive ef-
fect of electric stimulation on the state of the di-
aphragm, and therefore it is necessary to develop
clinical protocols of application of various variants of
this technique.

Further search and substantiation of risk factors
associated with the development of the VIDD, the de-
velopment of optimal ventilation strategies, the devel-
opment of physiotherapeutic and diagnostic methods,
as well as the consolidation of the work of a multi-field
team (neurologists, pulmonologists, anesthesiologists,
resuscitation specialists, surgeons and others) can help
in solving this problem.

HITATHOTO AJIeKTpoKapanocTumy sitopa [ 120]) Ha pa3su-
THe OKUCJIUTETBHOTO CTPECCA M COKPATUTEIBHON CUJTBI
madparmer [121].

Bo3MokHOCTH MHTPAOIIEPAIIMOHHOM YCTAHOBKHI
BPEMEHHBIX AJIEKTPOIOB JIJIs CTUMYJIAIMN AnadpParMbl
U IIPOBEIEHIIS DJIEKTPOMUOTrPAGUN B TIOCTOINEPAITIOH-
HOM IIepPUOJIE Y MAIMEHTOB BO BPEMst aG/IOMUHATbHBIX
WJIM TOPAKATbHBIX BMEIIATEJNbCTB OBLIO OIUCAHO B
ucciaenosanuu R.P. Onders et al. ABropsl nonaraior,
YTO YCTAHOBKA BPEMEHHBIX 9JIEKTPOJIOB, Y TAIIUEHTOB
BBICOKOTO PUCKA [ITUTEJTBHON BEHTUIISAIIUMY MOYKET OKa-
3aThCsI IEHHBIM UHCTPYMEHTOM JIJISI IPE0TBPAILEHUS
Pa3BUTHUS [IOCJIEO0TEPAIIIOHHON AnadparMaIbHOI rc-
yHKINUM, a TaKKe CHIDKATh CTOUMOCTH JI€UEeHUSI
«TPY/THO OTJIy4aeMbIX» MaIueHToB [122].

Beymumu HarrpaBaeHusAME Oy Iy X UCCIIEN0-
BaHUIi, IO MHEHUIO Psila CHEIMAJUCTOB, SBJSIETCS
orpe/ieJieHre TOKA3AHMIT ¥ ITPOTUBOIIOKA3AHII JIJIsT
[POBE/IEHYST TIOJ0OHOIT TIPOTIE/LY PHL.

3akiaoyeHue

NNJJI sinsiercs crienuuyecKuM OCJI0KHEHH -
eM VBJI, nokaszaresbcTBa CylecTBOBAHUS KOTOPOM
OBbLIN IIOJyYeHBl KaK B KIMHUYECKUX, TAK 1 B DKCIIe-
PEMEHTATTbHBIX UCCJIE/JOBAHUSX.

VyuTbiBas, 4TO HEOOXOAUMOCTD B MEXaHUYECKOM
noazuepxke ucnbitbiBaior 30—80% Gonbubix B OPIUT,
a naxxe 6—8-u yacoBast UCKYCCTBEHHAST BEH TUJISIINS
MOJKET CII0COOCTBOBATH PA3BUTUIO 3HAUNTEIBHOI CJ1a-
6octun puadparmMbl, MOKHO CAE€JIaTh BBIBOA, YTO
VUL ssisieTcst KpaliHe akTyaJbHON 1IpobieMoil y
6OJIbIINHCTBA [ALUEeHTOB.

B marorenese MU/I/I BaxkHyio poJb UTpalOT
OKCUJIATUBHBIN CTPECC, TPOTEOJTU3, MUTOXOHIPUAITb-
Has AUChYHKINS, a TAKKe TAaCCUBHOE TIepepacTsiKe-
HUe BOJIOKOH inachparmabl.

Tunuynast KIMHUYECKass KAPTUHA, TIPU KOTOPOI
caenyet 3anono3puth pazsutue MNJI/] — ato cutya-
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IMsI, IPU KOTOPOII TOTBITKA TIEPEBECTH TAIlMeHTa Ha
CaMOCTOSITEJIBHOE JIbIXaHWe 3aKOHUNJIACh Heyiadel,
[P UCKJIIOYEHUH JAPYTUX BO3MOKHBIX TPUYNH.
HauGonee uHbOPMATUBHBIM M JOCTYIIHBIM
MmeronoM auarnoctuku MM/ asiagerca Y 3U, mos-
BOJISTIONIEE TIPUKPOBATHO, HEMHBA3UBHO U MHOTOKPAT-
HO OIIEHUBATh CTPYKTYPHO-(YHKIIMOHATLHOE COCTOSI-
Hue quadparmbl (COKPATUMOCTH U TOJIIUHY ).
Hecmotpst Ha TO, 4TO HA JAHHBIA MOMEHT, HE pas-
paboTaHbl CTaHAAPTHI 110 BEAEHUIO ALUEHTOB C yCTa-
HosjienHoil MM/, nauGosiee mepereKTUBHBIM MO/
XOJZIOM, TIO-BUIMOMY, SIBJISIETCST ITOTIBITKA COXPAHEHUST
CITOHTaHHOTI'O JIbIXaHUs WJIM MCII0JIb30BaHe HOBEi-
HIUX BCIIOMOTATEIBHBIX PEKUMOB BEHTUJISIINN. TeM He
MeHee, U 9TH [IOAXO0/bI 10 KOHI[A HE PeIIaioT IPobIeMy
U TpeOYIOT JaabHEHIINX KINHIYECKUX UCIIBITAHUIA.
V6eauTepbHbIX JaHHBIX O KINHIYECKOI ahPek-
TUBHOCTU MeauKameHTo3Hon teparu WU/ na
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CETOHATIHII MOMEHT He Toayueno. Haunbosee mep-
CITEKTUBHBIMH METO/IAMI MeTUKAMEeHTO3HOI Teparuu,
OMHUCHIBAEMBIM Ha JAaHHBIII MOMEHT, MOXET OBITH
UCTIOJIb30BAHNE KAJBITIEBBIX CEHCUTAN3ePOB 1 aHTH-
OKCH/IAaHTOB.

B psine my6aukanuii 66110 OTMEUEHO MOJTOKN-
TeJIbHOE BIMSHUE 2JIEKTPOCTUMYJISIIIH Ha COCTOSTHUE
nuacdparMel, B CBsI3U ¢ 4eM Tpebyercss paspaboTia
KJIMHUYECKUX MTPOTOKOJIOB UCTIOIb30BAHUS PA3JINY-
HBIX BADUAHTOB JJAHHOI METOIUKU.

JanbHelinmii mouck u obocHoBanue GakTopPoB
pHCKa, cBA3aHHBIX ¢ pasButueM MY/, paspaboTka
ONITUMAJIBHBIX CTPATErwil BEHTHUJISAIUU, Pa3BUTHE
(usmoTepaneBTUYEKNX U TUATHOCTHYECKIX METOIOB,
a TakyKe KOHCOJUAIust paboThl pa3HONPOGUIHHBIX
CITEI[TATUCTOB (HEBPOJIOTOB, Ty IbMOHOJIOTOB, AHECTe-
3UOJIOTOB, PEAHUMATOJIOTOB, XUPYPrOB U JAPYTHUX)
MOTYT TIOMOYb B PEIIEHUH 9TON MPOOIEMBL.
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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 ACTIEKTHI Iy OIUKAIMH PYKOTUCH

Yenosus nybruxavwuu pyxonucu

— Pykonucu my6aukyioTest mpu 00s3aTesb-
HOM COGJIO/IEHUN aBTOPOM STUKHU ¥ MTPABUJI MyOIu-
karuu  (mojgpoGHee  Ha  calfite  sKypHasa:
www.reanimatology.com).

— Pykonucu my6auKyioTcst ¢ cobmogeHueM
HOPM aBTOPCKOTO IIPaBa 1 KOH(MUIEHIINATBHOTO OTHO-
IIEHWST K TIEPCOHATTBHBIM IAHHBIM aBTOPOB.

— Pyxkonucu my6aukyorcs GeciiiaTHo.

— Pyxkomucu, puHATHIE B JKyPHAJ, TPOXOIST
pelleH3pOBaHIie Ha OPUTUHAIBHOCTh, STUYHOCTD, 3HA-
YUMOCTb, aJleKBATHOCTb CTATUCTUYECKOI 00paboTKI
JNAHHBIX HA yCJOBUIX KOH(MUIEHIIUAIBHOCTH 32 KC-
KJTIOUEHWEM BBISBIEHUS (QanrbCUUKAIIH JaHHBIX.

— Peaxosuterns ocrasisieT 3a cob0ii IPaBo Co-
KpaIlaTh U PeaKTUPOBATh PYKOIUCH.

IIpuvuno: cuamus ¢ newamu u 3a0epicku nyoau-
Kauuu pyxonucu

— Pyxkonmcu, He cOOTBETCTBYIONINE TPOMIITIO
JKypHaJa, He TPUHUMAIOTCS.

— Pykoricu, panee oryOJIMKOBAHHbIE, 2 TAKKE
HallpaBJIEHHbIE B JPYTOH JKypHAJI Win COOPHUK, HE
MPUHUMAIOTCSI.

— 3a HekoppeKTHOoe opopMiieHrEe U HEOCTO-
BEPHOCTbD IIPeCTaB/IsIeMbIX OUOIMOrpadUIecKuX AaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTh BILJIOTH [0
CHSATUS PYKOIIVCH C TIeYaTH.

— Hapymienue npasui opopmiieHust pyKOIHCH,
HECBOEBPEMEHHDI, a TAaK/Ke HeaJeKBATHDIN OTBET Ha
3aMeyYaHus PEleH3eHTOB U HAYYHbIX PEJAKTOPOB MIPU-
BOJISAT K 3a/IePykKKe TyOIUKAIINH /10 UCTIPABJIEHUS YKa-
3aHHBIX  HeAOCTaTKoB. Ilpu  urHOpupoBaHUU
3aMeYaHUll PEIleH3eHTOB U HAYYHBIX PEIAKTOPOB Py-
KOITUCh CHUMAETCS € JIAJTbHEHTIero pacCMOTPEHUSI.

— Pykonucu oTKJIOHEHHBIX paboT penakiueii
He BO3BPAIIAIOTCS.

Humepecor cmopon: Asmop,/Pedaxuust

Pemakuus octasiisier 3a coO0OH TIPaBO CUUTATH,
YTO aBTOPBI, IPEAOCTABUBIINE PYKOMIUCH JJIsT IyOJIH-
Karuu B sKypHas «O011ast peaHuMaTOJIOTHS», COTJIac-
Hbl C YCJHOBUSMU TyOJUKAI[Md W OTKJIOHEHWS
PYKOIIHCH, a TaKKe C TIPaBUIaMu ee o(hopMIIeHus.

Pepaxnust ocraBsisier 3a co60il TIPaBO CYUTATD,
YTO aBTOP, OTBETCTBEHHBIN 32 TIEPEITUCKY C PeaKIIUeE,
BBbIPA’KAeT MO3UIUIO BCETO AaBTOPCKOTO KOJJIEKTHBA.

ABTOp TOTy4aeT WHGOPMAIMOHHbBIE JICKTPOH-
HbIE TTHChMa 000 BCEX ATariaX MPOBUKEHIS PYKOIICH,
BKJTIOYAsT YBEJOMJIEHUE O HECOOTBETCTBUM PYKOTIHCH
poduIIio KypHasia u rmpaBusiaM 0(hOPMJIEHUST; TEKCTbI
DEIEH3UIT; peleH e PEAKOIIETHI O MYOIUKATINI UITH
OTKJIOHEHUU PYKOIIUCH; BEPCTKY OTPEAAKTUPOBAHHOTO
BapUaHTa PYKOIIUCH JIJIsI [TOJIyY€HUST ABTOPCKOTO JI0ITY-
cka K redatu. JlomosHnTebHy 0 HHGOPMAIINIO O TPo-
JIBUJKEHUU PYKOIUCH aBTOD MOJKET IOJYYUTh II0
azapecy: journal _or@mail.ru; www.reanimatology.com.

lapanmuu Aemopa

[IpenocraBierHas B peIakIMIo PYKOIHCH MOJTHOC-
ThIO OPUTHHAIBHA. VICII0/Ib30BaHIE TIOOBIX MaTEPHATIOB
JIPYTUX aBTOPOB JIOITYCKAETCS TOJIBKO C UX PA3PEIeHusT
U TIpu 00513aTEJTbHOI CCIJTKE HA 9THX aBTOPOB.

Crucok aBTOPOB COJIEPIKUT TOJIBKO TeX JIMII, KO-
TOPBIE BHECJIU ONIYTUMBIH BKJIAJ B KOHIIEMIHIO, ITPO-
€KT, UCIIOJTHEHUE WJIM WHTEPIPETAINIO 3adBACHHOM
paboThI, TO €CTh TEX JIUI, KOTOPbIE COOTBETCTBYIOT
KPUTEPHSIM aBTOPCTBA.

Pyxkoriuch He cOeP:KUT MATEPUATIOB, 3AIPEIEH-
HBIX B OTKPBITOH TT€YaTH AeiCTBYIONNM 3aKOHO/A-
TesibcTBOM Poccuu.

Tapanmuu pedaxyuu

JIro0bIe PYKOTIHCH, IOJTyYeHHbIE PeAAKITHe st
peleH3upoBanusi, OyAyT BOCIIPUHIMATHCST KaK KOH-
dbuneHnmanbHpie foKyMeHTbl. OHI He MOTYT GBITh 110-
Ka3aHbl JPYTUM JIUIAM U OOCYKIEHBI ¢ HUMH, 32
VICKJIIOUEHWEM JIUTI, YIIOJTHOMOUYEHHBIX PelaKIue.

HeornybimKkoBaHHbIE MATEPHAJIBI, HAXOSIIHECS
B [IPEJIOCTABJIEHHON CTaThe, He Yy T UCIIOIb30BAHbI B
COOCTBEHHOM HCCJICIOBAHIK HAYYHOTO PEIAKTOPa U
peleH3eHToB 6e3 MUCHMEHHOTO Pa3pelieHust aBTopa.

Perensent ne GymeT MOMYIIEH K PACCMOTpeE-
HUTO PYKOTIUCH, €CJIU UMEET MeCTO KOH(JINKT WHTe-
pPecoB B €ro KOHKYPEHTHBIX, MAapTHEPCKUX JHOO
JIPYTUX OTHOIIEHUSAX ¢ KeM-JI100 U3 aBTOPOB, KOM-
MaHUN WM OPTAaHU3AIINIA, CBI3AHHBIX C MATEPUAIOM
myOIMKAIIH,

Iasee cMm. Ha caiite www.reanimatology.com.

www.reanimatology.com
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Dear Authors,

The Obshchaya Reanimatologiya (General Reanimatology) journal announces a con-
test for the best paper presented in Russian/English in the following nominations:

— original scientific paper (a report on the results of a logically completed studys;
about 40 thousand characters; 5-8 illustrations (figures and/or tables), 25—40 references;

— review (critical discussion of the research topic; 10 and more pages; font: Times
New Roman, 12; interval 1.5; at least five (or more) illustrations (figures and/or tables); 80
or more references;

— clinical observation (a report on the results of a logically completed clinical obser-
vation; no more than 5 pages; font: Times New Roman, 12; interval 1.5; no more than 3
illustrations (figures and/or tables), 15—-20 references.

Deadline for submission: July 1 — December 2018.

Contest eligibility criteria: presentation of new data, concepts; original interpreta-
tion of known data; strong evidence, clearly described methodology, prompt bibliographic
support and citations; clarity of presentation; relationship with the solution of relevant,
major problems; adequate presentation of the material in English/Russian.

Exclusion criteria: incompliance with the eligibility criteria; violation of the
author's ethics (plagiarism, duplicate submission of the manuscript, falsification of results,
data manipulation, conflicts of interest, false authorship, falsely-attributed citation, etc.).

Stages of the paper assessment:

1. Assessment of the originality, relevance, scope and level of execution of the study,
as well as the significance and quality of presentation at least by three external reviewers.

2. Evaluation of the compliance with the journal policy by the Editorial Board members.

3. 2-year paper citation (Russian Science Citation Index, SCOPUS, WoS).

Names of the winners based on stages I and II of the paper evaluation, as well as the
procedure of payment of awards will be published in Obshchaya Reanimatologiya No.1, 2019

Awards for the winners based on stages I and II of the paper evaluation
35 000 roubles in the «Original Scientific Paper» nomination

25000 roubles in the «Review» nomination

15 000 roubles in the «Clinical Observation» nomination

The winners of the contest based on stage III of the paper evaluation will be
announced in an issue published 2 years after the date of publication of all papers accepted
during the contest. Bonus for the winners: an invitation to publish papers in the Obshchaya
Reanimatologiya (General Reanimatology) journal with a free translation of the manuscript
into English/Russian.

For more details, please, write: journal or@mail.ru
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