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Ilo3apasiieHue OT UMEHHU
®HRII PP u pepakuum skypHaja
«0O01Iass peaHuMaTONOTH SI»

[TosgpaBisiem c¢ 90-smetueM mpodeccopa
Anarosus [TerpoBuya 3uyib0epa — OTHOIO U3 OC-
HOBOTIOJIOKHUKOB COBETCKOU U POCCHUMCKOU aHe-
CT€3UO0JIOTUM-PEaHUMaTOJIOTUH, 3aBeayIOIero
KypCOM KPUTHYECKON U peciupaTOpHON Meau-
nuHbl MenunuHckoro uHcruryra Ilerposason-
CKOTO roCygapCTBEHHOTIO YHUBEPCUTETA,
3acjryskeHHoro aearessa Hayka PCOCP (1989), mo-
YeTHOTO pabOTHUKA BBICIIETO TPOodeCcCuoHa b-
HoTrO OOpasoBaHusi Poccuiickoir Penepanuu,
HapogHoro Bpada Pecnybsinkm Kapesns, kaBa-
Jepa opaeHoB JIpy>k0b! u [TodeTa.

JKesaeM 310pOBbA ¥ TBOPUYECKOTO AOJITOJIE-
TUA!

Ilo3apasiaenue Ilpeangenra
O06mIepoccuiicKoi 00IIeCTBEHHON OpraHu3aIuyu
«Denepanysa aHECTE3UOJOTOB U PEAHNMATOJIOTOB»

IIpodeccop Anarosmii [lerpoBru
3uasoep

(x 90-J1eTHIO CO JHA POXKAEHU )

B deBpasie 2021 roga MCnoOJHSAETCS AEBSIHO-
CTO JIET OTHOMY M3 TTaTPMUAPXOB COBETCKOM M POC-
CUIICKOU  aHeCTe3WOJIOTUH-PeaHnMaTOJIOTHH,
OTHOMY M3 CaMbIX aKTUBHBIX U Pa3HOCTOPOHHUX
HCciIeIoBaresiel, mpenoaBareseil 1 TpOCBETH-
TeJel B OTeYeCTBEHHON MeJUuIlHE.

Anaronuii [lerpoBud poguics 13 ¢geBpans
1931 roma Ha AHENIPOBCKOM OCTpPOBe XOpPTHIA.
JleTcTBO ero npouuIo 4acThlo Ha YKpauHe, B 3a-
MOPO’KKE, a TTOCJIe 9BAKyaIlMU — B CTOJIHIlEe Y3be-
kucrana TammkenTe, e B 1948 romy oH ¢ 30/10TO#M
MeJIablo OKOHYUJI IeCATUIIETKY. [IprexaB nocry-
naTh B JIEHUHTPaJACKUHI MOJUTEXHUYECKUHN WH-
CTUTYT Ha CIENUAJTBHOCTE «SInepHass pusmkar,
aburypuenTt 3mabbep moTepres Heygady — II0
HE3aBUCAIIUM OT HETO 00CTOSATETHCTBOM MOJIH -
TUYeCKOU KOHBIOHKTYPHI TOTO BpeMeHu. U Torma
ero BbIOOpoM cTast [IepBhIii JIEHUHTPAJCKUAHN Me-
IUITMHCKUY nHCTUTYT M. . I1. [TaBsioBa. 31ech
Ha V Kypce mpou30IIlia MOUCTUHE CYyThOOHOCHAsT

BCTpeYa ¢ MOJIOJIBIM aCCUCTEHTOM KadeaphI roc-
nuTaabHOU xupypruu Biiagumupom JIbBoBUYEM
BaneBckumM (1920-2005), KOTOPBIN HEHAIOJTO Ti€e-
pemten Torga ot H. H. Ilerposa k @. I. YTi10BYy 110
TeM ’Ke IPUYUHAM, YTO HE NO3BOJINIU AHATOIUIO
[lerpoBuuy ctath pu3UKOM-sinepmukoM. Cry-
neHT 3uab0ep O4YeHb 3aMHTEpecoBaJiCA Hap-
K030M, Binagumup JIbBOBUY faJj eMy IOABIIIATh
3aKHChI0 a30Ta M, KaK OH PacCKa3bIBaJ MHOTO
JieT CIIyCT, yCIlesI BOBpeMs NOAXBAaTUTh. bhLIo Jin
3TO OTHpPaBHOHN TOYKO¥W 3UJIbOepa—aHecTe3no-
Jiora, cefiuac cka3aTb TPYJHO — HO CUMIATHUS U
Ipy:k06a Meskay HUMU HaBCerjga OCTaIUuCh JJIs
000UX B YHCJIE CAMBIX CTOMKUX B3AUMHBIX TTIPUBSI-
3aHHOCTEMH. ...

K. M. JlebeduHckuil, 0. m. H., npogheccop, 3a8. kaged-
Ppoil anecme3uonouu-peanumamono2uul um. B. JI. Banes-
ckoeo C3IMY um. H. H. Meunuxkosa, 2. H. c. PHKIL] PR
Ipesudenm Obuepocculickoil 0bujecmeeHHOLL Op2aHu3a-
yuu «dedepayus anecmesuos0208 U peaHuMamosio208»

[TponomxeHne MOJTHOW aBTOPCKOM BepCUu — Ha
www.reanimatology.com B paszeJe «O sKypHaJse», mep-
coHanuu, Ouorpacdunu. KoHTEeHT [gocTynmeH [0
31.12.2021.
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IIpumeuanne. Highlights — ocHoBHbIE Te-

Elderly and children are not the only Victims  sucur o gopue miorpagm; deaths
of forelgn body alrway Obstructlon in Italy caused by the accidental inhalation of a for-

eign body or food between january 1t 2018

and december 31 2019 — cmepTesIbHBIE UC-

76 13% a7% XOJIbI BCJIEICTBYE OOCTPYKIIUH AbIXaTeTbHBIX
died after ambulance arrival athome .

IyTeil THOPOIHBIM TeJIOM MesKIy 1 ssHBaps
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by the accidental i Ty SKIUIBIX JEoielt; in children — mereit; died after
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aforeign body ambulance arrival — ymepiue mocse npu-
orf % ObITUsT Opuraabl ckopoii momory; died in
between January 1% ££7/0 hospital — ymepine B 6osbuuIle; died before
2015 and Decerber inrestaurants Pl h YIF i - -
312019 : or without first aid maneuvers being per-
| 46% for{ned — YMepJII 10 W/ Ge3 OKasaHus ep-
3 40/ g died before or without first aid i BOM momomy; were witnessed — IIpOU30IILIN
; o i MaATIAVES being performed places B NIPUCYTCTBMM CBHjeTesiel; at home —
in elderly \© J0Ma; at restaurants — B pecTopaHax; in pub-
(o) o 13% lic places — B o0O1IeCcTBEeHHBIX MecTax; in hos-
28 /0 N 80% in hosgital or ; P : H—l . ’
e / nursing home pital or nursing home B OOJILHUIIE WJIN
in children == | were witnessed JIOMe IIPECTapeIbIX.
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Pe3rome

Acdurcus (yayuibe) sABJasieTCsI cepbe3HOl NpoOJieMoii 00IIIeCTBEHHOT0 3[paBOOXpaHeHusl. [laHHbIe
MEIUIIMHCKOU JTUTEPATYPHI IO 9TON MpoOJieMe CKYJHBI, a COOOIMIEHHUsI O CMEPTENbHBIX UCX0aX PEe3KO
3aHUKEHBI.

Ilesb MyGJIUKAIUH — OLEHUTH PEaIbHYIO YaCTOTY aC(OMKCUU U ITIOBBICUTH OCBEJOMJIEHHOCTD O HEU.

Marepuansl 1 MeToabl. CoOpaJsiu Bce CIydau CMepTU OT aC(PUKCUHU, O KOTOPBIX UTanbgHcKHe CMU co-
00111a/11 B TeUeHue IByX JieT. KputeprueM UCKJII0OYeHUs ObLIO TOJ03peHNe Ha CHHIPOM BHE3aMHOM! JeTCKOH
CMEpTH.

Peayabrarhl. BeiABUIN 76 cMepTel BCIeACTBHE OOCTPYKIUU AbIXaTeJIbHBIX IIyTed MHOPOIHBIM
TesoM — 51% B 2018 roxy 1 49% B 2019 rofy 0TO BCex ciaydaeB acpukrcuu, 6e3 KaKux-a1ubo ompegesseH-
HBIX BpEMEHHBIX IPEANOUYTeHUI IT0 HaKOIJeHUIO caydyaeB B TeueHUe roga. AchuKcuio HabIogamu
cpenu JINI] BCeX BO3PACTOB, BRJIOYAS IeTel NOUIKOJIbHOro Bo3dpacTa (25%), merei ot 6 1o 18 jet (3%),
B3pOCTbIX (38%) U MOKUJBIX MAaleHTOB (34%). B mpucyTcTBUH cBUAeTes el mpousolrena 61 cayuait
(80%), mpu 9TOM IOYTHU B IIOJIOBUHE CMEPTEJbHBIX Caydaes (26, 4TO cocTaBUJIO 42%) CMEPThb HACTYIIUJIA
JI0 MU 6e3 MPOBeJeHUsI MEPOTIPUSTHI 110 OKA3aHUIO TEPBOU TOMOIIIH.

3akJinouenne. Ha Tepputopun VTauu B TedeHUe IBYX JeT esKeMeCSIYHO MPOUCXOJUIIO II0 TPHU CJTydast
CMepTebHON ac(UKCUU BCJEICTBUE OOCTPYKIIMU AbIXaTeIbHBIX IyTEH MOCTOPOHHUMH IIPeIMETAMU,
MHOTO CJIy4yaeB 00HapysKeHO B KOropTe IaIllieHTOB 3peJioro Bodpacra (38%). Takue nanasie CMU cBujge-
TeJBCTBYIOT O TOM, YTO HaceJsieHUe MTaanu He 00y4eHO OKa3bIBATh MEePBYIO IIOMOIIL, HEOOXOIUMYIO B
TaKUX CIydasx.

Karoueebvte cnosa: dvixamenvbHble NyMu; ACUKECUSL; HEOMILOHCHbLe COCIMOSIHUSL, UHOPOOHOe MeJlo; PeaHU-
mayust

KonduukTt naTepeco. KOHGIINKT HTHTEPECOB OTCYTCTBYET.

Summary

Choking is a relevant public health problem. Data in medical literature are scarce and fatal events are dra-
matically under-reported.

The aim of this manuscript is to give a real estimation of this problem and to raise awareness about this
topic.

Materials and methods. All deaths caused by choking reported by Italian Mass Media over a two years pe-
riod were collected. Suspected sudden infant death syndrome was an exclusion criteria.

Results. 76 deaths due to foreign body airway obstruction were identified, 51% during 2018 and 49%
in 2019, without identifiable time clusters. Choking affected every age, including pre-scholar children
(25%), children 6 to 18 years old (3%), adults (38%), and elderly patients (34%). Witnessed cases were 61
(80%) but in almost half 26 cases (42%) the fatal event occurred before or without first aid maneuvers
being performed.

Conclusion. On the Italian territory, during a 2 years period, three cases per month of fatal choking due to
foreign-body airway obstruction occurred, many of them in adult patients (38%). Italian people seem not to

be educated to provide first aid in these settings.

Keywords: airway; choking; emergency; foreign-body; resuscitation
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BBenenne

OO6CTpyKIUA ObIXaTeJbHBIX ITyTel MHOPOI-
HBIM TeJIOM (Mau achUKCUs) IPeACTaBJIsIET
€000 Ype3BBIYANHYIO CUTYAIIHNIO, YTPOSKAIOIIYIO
SKU3HU. VIMeIoTCsl JaHHBIE O TOM, YTO 9TO COCTOSI-
HUE SIBJISIETCSI OJHON W3 OCHOBHBIX NPUYUH
cMepTH y JleTelf, ocobeHHO B Bo3pacTe oT 1 /10 3
JIeT, 1 HepeJKO BCTpedaeTcs Cpelu IMOKUJIBIX
gioneit [1]. Acukcus B pe3dysbrare NolajgaHus
IIOCTOPOHHEIO MpeaMeTa B JbIXaTE€/JIbHbIE IIYTU
OTHOCHUTCS K 4-01 IO 4acTOTe IPUUNHE TUOe U
neteil: mo manHbIM u3 CIIA, B 2000 rogy ot Hee
ymepJo 160 nmeteit, a B 2001 rony HeOTIOKHAsA

Introduction

Foreign body airway obstruction (or choking)
is a life-threatening emergency. It is reported to be
one of the principal causes of death in babies, par-
ticularly between 1 and 3 years of age, but it is also
a frequent event in the elderly population [1]. It is
the 4™ cause of death in children: analyzing the
USA data, in the year 2000 160 children died and in
2001 more than 17.000 children underwent emer-
gency treatments for foreign body airways obstruc-
tion [2]. As elderly people, children have anatomic
and physiologic conditions that could predispose
to choking [3].
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TIOMOIIIH 110 TTOBOMTY OOCTPYKIIMY IBbIXaTeTbHBIX
IyTeil MHOPOIHBIM TeJIOM OblIa OKa3aHa OoJiee
yeMm 17 000 mereit [2]. VI meTH, ¥ OKUJIBIE JIIOTU
UMEIOT 00II1e aHAaTOMUYeCKUe U (PU3U0JI0THYE-
CcKre 0COOEHHOCTH, KOTOPbIe MOTYT IIpeapacmo-
JaraThb K acurcuu [3].

B MeAUITUHCKOM JTUTEPATYPE PEIKO CO0O0IIa-
eTCs1 O BHE3AIHBIX CMepTeJIbHBIX Mcxonax. Kak
CJIeJICTBHE, TIpEeICTABJIEHHbBIE IU(PHI PE3KO 3aHU-
SKEHBI: €CJIM YYUTBIBATh IOCTPAJABIINX, YMEPIIAX
OT OOCTPYKITNH JABIXaTeTbHBIX IyTEN NHOPOIHBIM
TEJIOM JIO TOTO, KaK OHU MTONAJIX B CTAlIOHAP, TO
ofI1ee Y1 CI0 TaKUX O0JIbHBIX OKa3bIBAeTCsI B 50—
80 pa3 6oJibIIle, YeM YHCJIO MAllEeHTOB, 3aperu-
CTPUPOBAHHBIX O0JIBHUIIAMU [4].

HayuHble maHHBIE OTPAHITYEHBI O0JIHFHUYHBI-
MU peecTpaMy, B KOTOPbIX YYUTBIBAIOTCA TOJIBKO
TIpOoIeypbl OPOHXOCKOIINY Y TAIIEHTOB, BEIKUB-
VX WUJIA YMEPIIHX MOCJe TTOCTYIJIeHUs B 00JIb-
Huiy. OmyOJIMKOBaHHBIX C/y4aeB HEMHOTO:
HarmpuMep, B 6osrbHUIIE JPKoHCca XonmKkuHca B baut-
TEMOpE OBIJIO 3apETUCTPHUPOBAHO BCETo 5,9 Ciy-
4yaeB OOCTPYKIIUY JbIXaTeJIbHBIX IyTeH WHOPO/I-
HBIM TeJIOM Y JieTeld B rof 3a epuof ¢ 1939 mo 1991
rof [5]. B Utanmuu coobmasiock o 500 ciaydasx
OOCTPYKIIMU JbIXaTeJIbHBIX MyTeH WHOPOTHBIM
TEJIOM B T'OJl HAa IPOTSAKEeHUU 13-J1eTHEro nepuo-
na [6]. [IocroJIbRY 3a IIEPUO UCCIESOBAHUA MBI
BBIABUJIN JIMIIb 22 JIETAJbHBIX CJydasl, MOKHO
MIPEnNoJIOKUT, YTO APYTrUe MeTOAbI UCCIe0Ba-
HUsA, TaKWe Kak aHaaua3 CJay4aeB CMepTU OT
VAyIIbsi Ha OCHOBe MaHHbIXx CMU, Moru 661 JaTh
60JIbITIE MH(OPMAITIH.

YToOBI MOHATH MAacIITad TpobJeMbl Ha
HalMOHAJbHOM YPOBHE W IIPOAHAJINA3UPOBATH
YCJIOBHUSI CMEPTH B Pe3y/IbTrare 00CTPYKIIUH IbIXa-
TeJIbHBIX ITyTeH MHOPOAHBIM TEJIOM, MbI 0OHOBHUJTN
Halll NpeAbIayIui oT4YeT [7] ¢ esblo IpuBJeye-
HUSI BHUMaHUSA MeIUIIMHCKOTO COO00IIecTBa K
3TOU HEJOCTATOYHO OCBEIeHHOU TeMe U IIOITyJIs-
pu3aluy NMpueMoB OKa3aHUs MEePBOUM MOMOIIU
cpenu HaceJaeHusl.

MarepuaJ 1 MeTObI

B oTcyTCTBHME HAIlMOHAJIBHOTO peecTpa 1 myoJIu-
Kanui, nponHaexkcupoBanubeix PubMed/ Medline, npo-
BOAMJIM NOUCK B cucremax Google, Yahoo u Bing, a
Tak)Ke Ha caiiTax OOIIeHAIMOHAJBHBIX M MECTHBIX
raser (Corriere della Sera, il Messaggero, la Stampa, la
Repubblica, Il Resto del Carlino, Quotidiano Nazionale,
il Giornale, il sole 24 ore, Libero, il Fatto Quotidiano, Il
Secolo XIX, Il Tirreno, Il Mattino, La Gazzetta del Mez-
zogiorno, 'Adige, il Giorno, Leggo, la Sicilia, la Nazione)
U OHJIAIH JIeHT HoBocTel (ANSA, tgcom24, gonews, tis-
cali news, Napolitoday, Torinotoday, Palermotoday,
Veneziatoday) [8-84].

JlJ1s1 IorcKa Marepuasia UCI0JIb30BaH CJIEyIO-
II17e CJI0Ba ¥ CJI0BOCOYETAHUS:

«muore soffocato/a; morte ab ingestis; morto/a
mentre mangia; muore rigurgito; muore corpo estraneo;

Sudden fatal events are seldom reported in
medical literature. As a consequence, numbers re-
ported are dramatically underestimated: when in-
cluding people who died of foreign body airways
obstruction before reaching the emergency depart-
ment, the number is 50-80 times higher than the
hospital declared ones [4].

Scientific data are limited to hospital registry
that collected only bronchoscopy procedures in
survivors or patients who died after hospital ad-
mission. Published cases are few: Johns Hopkins
Hospital, Baltimore for example, reported only 5.9
cases of children foreign body airways obstruc-
tion per year from 1939 to 1991 [5]. In Italy, 500
foreign body airways obstructions per year were
reported over a 13 years period [6] but only 22
deaths were identified during the study period
and the authors hypothesized that different re-
search methods, such as the analysis of death
cases due to choking reported from mass media
could have been more useful.

To understand the size of the problem at a Na-
tional level and to analyze the conditions of death
for foreign body airways obstruction, we updated
our previous report [7] with the aim to sensitize the
medical community about this underreported
topic and to facilitate the dissemination of first aid
maneuvers among the general public.

Materials and Methods

In absence of a national registry and of
PubMed/Medline indexed publications, the authors
searched on Google, Yahoo, and Bing search engines to-
gether with online national and local newspapers (Cor-
riere della Sera, il Messaggero, la Stampa, la Repubblica,
Il Resto del Carlino, Quotidiano Nazionale, il Giornale, il
sole 24 ore, Libero, il Fatto Quotidiano, Il Secolo XIX, 11
Tirreno, Il Mattino, La Gazzetta del Mezzogiorno, I'Adige,
il Giorno, Leggo, la Sicilia, la Nazione) and online news
feed (ANSA, tgcom24, gonews, tiscali news, Napolitoday,
Torinotoday, Palermotoday, Veneziatoday) [8-84].

The following words/sentences were used to identify
the case reports: «muore soffocato/a; morte ab ingestis;
morto/a mentre mangia; muore rigurgito; muore corpo es-
traneo; soffoca or soffocato/a; cibo di traverso; soffocato/a
da un boccone». The searches were then repeated adding
the following: «bambino/a; anziano/a; all’asilo; a scuola;
casa di riposo; ospedale; turista; 2018; 2019».

The searches were then repeated adding the name
of each of the 120 Italian provinces.

At the end of the process the searches were re-
peated again adding the name of each already identified
food/tools that caused the death.

The search for suitable articles was performed in-
dependently by three investigators (last search was per-
formed on January 10%, 2020). All deaths due to choking
or foreign body airway obstruction which occurred in
Italy from January 1%, 2018 up to December 31+, 2019 and
reported by Italian Mass Media before January 10th, 2020
were included. Cases were selected if they described
choking that caused the complete obstruction of the air-

ways and the patient death. The investigators assessed
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soffoca or soffocato/a; cibo di traverso; soffocato/a da un
boccone» (ymupaer oT yay1ibsi; cMepTh ab ingestis (ipu
IJIOTaHUH); YMEP BO BpEMsA eJbl; YMUPAET IIPA PBOTE;
yMUpAeT OT HUHOPOAHOTO TeJla; 33bIXaeTCsl UJIN 3a10X-
HYJICSI; 3aJJOXHYJICSI/ IIOIIePXHYJICS; 3aJ0XHYJICs/ TIofa-
BUJICS C TIOJTHBIM PTOM). JIOTIO/THUTEIBHBIN ITIOUCK IIPO-
BeJIM II0 CJIeAYIOIUM CJIOBAM U CJIOBOCOYETAHUSIM:
«bambino/a; anziano/a; all’asilo; a scuola; casa di riposo;
ospedale; turista; 2018; 2019» (pebeHOK/ IeTH; TOKUTION
4eJI0OBEK/IOKUJIbIe JIIOAH; B JeTCKOM Caly; B LIKOJIE;
JIOM IIpeCcTapeJIblX; 00JTBHUIA; TYPUCT).

ITouck Marepuwasna MpoBeSM B KaskaAou u3 120
UTaIbSIHCKUX IPOBUHIMI. B KOHIIE mporecca MOUCK
TIOBTOPMJIH, N0OABUB Ka)KJ0e Ha3BaHMeE yKe UIeHTH-
¢unupoBaHHON e[bl/ MHOPOAHBIX TeJl, KOTOPbIe CTAIN
NPUYUHON CMEPTH.

ITorck OAXONANIMX CTaTel MPOBOAUIN HE3aBU-
CHUMO TpHU uccienoBaressd (IOCAeJHUN IIOUCK IIPOBO-
nunn 10 aaBapsa 2020 1.). BRIo4niam Bce cMepTeJIbHbIe
CJIy4au BCJIe[ICTBHE aC(PUKCUY B pe3ysbrare 00CTPYK-
IITUHU ObIXaTeJIbHBIX HyTefI WHOPOOHBIM T€JIOM, KOTOPbIE
npousounu B Mtanuu ¢ 1 auBapsa 2018 roga no 31 ne-
kabps 2019 roga, o KOTOpPhIX UTaTbsHCKUE CMU co-
obmuan no 10 ssaBaps 2020 roxa. Ciydan oTonpady,
€CJIM OHY ONTMCBIBAIN aC(PUKCUIO, BbI3BABIIYIO I1I0JIHYIO
3aKYIOPKY JbIXaTeJbHBIX MYTEN U CMEPTH MAIMEHTA.
OteHMBAIN COOTBETCTBHE CJIydasi KPUTEPHUAM 0TOOpa
u otoupasu coodbiennss CMU 1js OKOHYATETHHOTO
aHajau3a.

ITapameTphI 0TOOpa M KPUTEPHH BKJIIOYEHHUA.
ITapameTpsbl, BKJIIOYEHHbIE B BLIOOPKY U OXapaKTepu30-
BaHHbIE HE3aBWICHMO, BRJIIOYAIH ATy ITyOJIUKAINH,
JIaTy COOBITHS, MaTepraJs (MHOPOJHOE TEJIO UJTH ITHUIIA),
BBI3BABIINI OOCTPYKIIAIO AbIXaTeIbHBIX ITyTeH, ICXOI-
Hble XapaKTepUCTUKU II0CTPaAaBIero(-eif), MecTo po-
nucmecTBud, HaJdnu4due U OTCYyTCTBUE CBI/I,HeTeJIeﬁ,
NIPUCYTCTBUE poAuTesieid iU CeMbU Ha MECTe, MeCTO U
BpeMs CMepTH, a TaKKe IIpOBeJjleHre UJIU OTCyTCTBUE
MEpOIpUATUN 10 CIACEHUIO KU3HU. JleTaJbHYIO ac-
¢ukcHIo onpenensaan Kak cOOBITHE, BEI3BAHHOE CJIY-
YalHBIM BABIXaHWEM MHOPOIHOTO TeJia UJIN IMTUIIH, KO-
TOpOoe IIpUBeJO0 K IOJHON 3aKylopKe BepXHUX
JbIXaTeJbHBIX MYTEeHN U IMOCJenyIOIel CMEPTH MOTeP-
rieBIIIero. JII06YIO IPYTyI0 MPUYNHY 0OCTPYKIINN BepX-
HUX JbIXaTeJIbHbIX IIyTell NCK/IYaIn (CM. HIDKeE).

I'pynna fereid NOMIKOJIBHOIO BO3pacTa BKIOYaIa
JeTel MJyIaIe 6 Jiet, o0Ias rpyIa IeTei — BCcex neTei
U IOAPOCTKOB MJIafIIe 18 JieT, B IpyIny HOMKUIIBIX BXO-
IWJIV JUlla B Bo3pacTe 65 jieT u crapire [8]. Kpure-
PUSAMU UCKJIIOUYEeHUsT OBIJTH HOBOPOJKIEHHBI BO3PACT,
Haan4Yve KPOBOTEYEHUA, YMBIIIIJIEHHOE yOyHIeHWe 1
oTpaBJjieHue, aHapUIAKTUYeCKU IIOK U IMPUCTYI
6p0HXI/IaJIbH0ﬁ aCTMBbI, BAbIXaHVWEe NbIMad, CMEPTh, CBA-
3aHHas C 3aCTOEM B CHICTEMe KPOBOOOPAIIleHnsI, CMepPTh
BO CHe, CHH/IPOM BHe3aIIHOH JeTCKOU CMepTH, Hapyllle-
HIe pabOoThI IMEIOIIECs TPaXeOCTOMBI y TOCITATAIN3H -
POBaHHBIX WJIX aMOYJIaTOPHBIX TAIIMEHTOB, a TAKKe 00-
CTPYKIIUMsl  JAbIXaTeJIbHbIX IIyTell B  peayJsrare
3JI0KQ4eCTBEHHOTO 3a00JIeBaHNS.

Jly1s1 BaHHOTO PeTPOCIEKTUBHOIO IIOUCKA IIOCPei-
CTBOM aHa/In3a MaTepraiOB HAIlTMOHAJIbHBIX 1 MECTHBIX
CMMU on06peHyst aTHYEeCKOT0 KOMUTETa He TpeboBaIoCh.

CraTucTH4YecKHil aHaJIU3 JaHHBIX. HerpepsIB-
HbIE ITIEpEeMEHHbIE IIPUBEJIN B BUJI€ CPETHETO 3HAYECHUA
+ CTaHJApTHOEe OTKJIOHEHUe, a KaTeropuasbHble Iepe-

compliance to selection criteria and selected the news-
paper articles for the final analysis.

Data Abstraction and Definition. Date of publica-
tion, date of event, material (foreign body or food) that
caused airways obstruction, baseline characteristic of the
victim, place and setting of accident, witnessed event or
not, parents or family’s presence on place, location of
death and death timing, and rescue chain were inde-
pendently extracted. Fatal choking was defined as the
death of the patient caused by the accidental inhalation
of a foreign body or food that caused the complete ob-
struction of the upper airway and the consecutive death
of the victim. Any other cause of obstruction of the upper
airway was excluded as detailed above. Pre-scholar chil-
dren were defined as less than 6 years old, children as 18
or less years old and elderly people were defined as age
65 years or older [8]. Exclusion criteria were neonates,
bleeding, deliberate strangling and poisoning, anaphy-
lactic shock and asthma attack, smoke inhalation, deaths
for congestion or other illness, sleeping deaths, sudden
infant death syndrome, malfunction of existing tra-
cheostomy stoma in hospitalized or non-hospitalized pa-
tients or airway cancer obstruction. No ethical commit-
tee approval was required for this retrospective search
through national and local media.

Data analysis and synthesis. Continuous variables
are expressed as mean + standard deviation, and categor-
ical variable are expressed as number and percentages.
Chi-square tests were used in intergroup comparisons of
categorical variables. Independent two samples #-test was
used in comparisons between continuous variables. A 95%
confidence interval was used and a Pvalue lower than 0.05
was considered as statistically significant. Statistical analy-
sis was performed using dedicated software (STATA v14,
Lakeway Drive, College Station, TX 77845 USA).

Results and Discussion

We identified 76 deaths (51% during 2018 and
49% in 2019) caused by the accidental inhalation of
a foreign body or food that caused the complete ob-
struction of the upper airway and the consecutive
death of the victim which fulfilled all the inclusion
criteria and none of the exclusion criteria.

The majority of events occurred in males
(49/76, 64%). Choking affected all ages: pre-scholar
children (n=19, 25%), children 6 to 18 years old
(n=2, 3%), people in the 18-64 years range (n=29,
38% including three with disabilities), and elderly
patients (n=26, 34% including eight patients who
were already hospitalized)

Except of one case of foreign body airways ob-
struction caused by a perfume cap in a 7 months
baby, we didn’t include infants (less than one years)
in our data collection. In particular, we excluded
seven further deaths which occurred in infants due
to difficult differential diagnosis with sudden infant
death syndrome.

Food was the cause of choking in all but 4
cases (3 males). Amongst food, meat (7 patients,
9%), pizza cheese (6 patients, 8%), and sandwich (5
patients 7%) were the most frequently represented.
Non-food objects caused airway obstruction only
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MeHHBIE BbIpajkaJIli B BHJI€ YMCJIA U IPOLEHTOB. [Ipu
MEKT'PYNIIOBBIX CPABHEHMUAX KaTerOpHUaJIbHBIX Iepe-
MEHHBIX UCII0JIb30BaJId KpuTepui 2. Ilpu cpaBHeHUU
HEIPEePbIBHBIX II€PEMEHHBIX IBYX HE3aBUCUMbBIX KOTOPT
ncnoab30Bas Kpurepuii t CreionenTa. [Ipumensiau 95-
NIPOLIEHTHBIN JOBEepUTeIbHbIA NUHTEPBAJI, & PA3/INUUs
MeXay IpylnamMu Ipu 3HadeHuu p Huxe 0,05 cuuranu
3HaYuMbIMU. CTAaTUCTUYECKUN aHAINU3 IIPOBOJUIIM C
HCII0JIb30BaHMEM CIEIMAIHHOTO IIPOrPaMMHOTO0 obec-
neuenus (STATA v14, Lakeway Drive, College Station, TX
77845 USA).

Pe3ynbTaThl ¥ 00CYK/IEHHE

[TocJie npuMeHeHNs1 KpUTepreB BKIIOUEHUS U
WCKJIIOYEHMsI BBIABUJIN 76 cMepTeit (51% B 2018 1. 1
49% B 2019 T.), BBI3BAHHBIX CJIyYAHBIM BIIbIXaHUEM
WHOPOIHOTO TeJIa WJIN UL, KOTOPOe MPUBEJIO K
IIOJTHOM 3aKYIIOPKe BEPXHUX JbIXaTe/IbHbIX ITyTel 1
BIIOCJIE[ICTBUH K JICTAJIbHOMY HUCXOLY.

BoabmuHCTBO HEOGIATONIPUATHBIX UCXOI0B
MPOU3OIILIIO Y MY>KYHUH (49/76, 64%). OT achurcun
CTpajanu MalueHThl JII0OOTO0 BO3pacTa: [IeTU
JIOIIKOJIBHOTO BodpacTa (n=19, 25%), netu ot 6 1o
18 siet (n=2, 3%), 11004 B Bo3pacre oT 18 1o 64 Jjiet
(n=29, 38%, B TOM 4ucJIe Tpoe C OrPAaHUYECHHBbIMU
BO3MOSKHOCTSIMHM), HOKUJIbIe MalleHThl (1n=26,
34%, BKJIIOYasA BOCEMb IMMAllIEHTOB, KOTOPbIE YiKe
OBLJIN TOCTTUTATU3UPOBAHBI).

3a MCKJII0YEeHeM OTHOTO CJIy4dasi OOCTPYyKIIMHU
JbIXaTeJIbHBIX IyTell MHOPOIHBIM TeJIOM, BbI3BAH-
HOU nap(IOMepHbIM KOJIAYKOM Y 7-MeCSIYHOTO
pebeHKa, B BBIOOPKY He BKJIIOUHJIN MJIaJeHIlEB
(metu muiaamIe ogHoro romga). Ma-3a caokHOCTER
nuddepeHnalsbHON AUArHOCTUKU C CUHAPO-
MOM BHEe3aIHON JeTCKOW cMepTU B BBIOOPKY
TaKsKe He BKJIIOUYNJIN 7 MJIaJIEHIIEB C JIETaJIbHBIM
UCXOOOM.

IMpuem mumu OB TPUYNHON acPUKCAU
MOYTHU BO BCEX CJIy4asx, 3a UCKJAKYEHUeM 4-x
(Tpoe — JyimIa My>KCKOTO I10J1a). Cpeau NpoaykK-
TOB NUTAHUsI HanboJiee YacTo ObLIU MPeICTaB-
JIEHBI: MACHBIE IIPOAYKTHI (7 manueHTos, 9%),
CBIp AJ1s1 TUIIBI (6 manueHToB, 8%) 1 6yTepOpo-
bl (5 manueHTOB, 7%). HenuieBbie mpeaMeThl
BBI3BIBAJM 3AKYIOPKY JbIXaTeJbHBIX NyTeH
TOJIBKO Y JIeTel (KpbIIIKa mapoMepHOro uame-
JIVsI, KaMeHb, Pe3WHOBBIA MAY U MaJieHbKas
Urpyuika). Bce npuunHbe! acukcuu npegcTaBu-
Jgu B Tabsa. 1 (cymecTBeHHO M3MEHEHHOW U
0OHOBJIEHHOH 110 CPAaBHEHUIO C HAIIIEN TPebIay-
el myoJaukanuen [7]).

Yame Bcero acuKCHUs OPOUCXOOMJIA B
JIOMAIITHUX YCJAOBUSAX (36 ciy4daes, 47%), 3aTeM
cjenoBaJy pecropausl (17 ciay4aes, 22%) U npy-
rue oOmiecTBeHHBbIe MecTa (12 ciaydaes, 16%).
[IpumeyaresnbHO, 4TO B 10 ciryuasnx (13%) cmepTs
npou3oIIa TaM, IJe 10 uaee TOJIKHBI IPOBO-
JHUTHCS TTOCTOSTHHOE HabJII0/IeHre U OKa3bhIBaTh-
CAd HEOTJIOKHAs IOMOIIb (IICUXHUAaTpUYecKoe

in children (a parfum cap, a stone, a rubber ball and
a little toy). All causes of choking are summary in
Table 1 (modified and update from our previous
publication [7]).

Home was the most frequent location of chok-
ing (36 cases, 47%), followed by restaurants (17
cases, 22%) and other public place (12 cases 16%).
Notably, 10 cases (13%) happened where a constant
surveillance or prompt first aid should be present
(psychiatric department, hospital or nursing
home), unfortunately in that circumstance seven
people were found dead without witness, and in
two witness cases the media reported a significant
delay in emergency team support. One event oc-
curred in a prison.

A total of sixty-one (80%) cases were wit-
nessed and only in 9/61 (15%) cases there was a
first aid attempt by witness. In witnessed cases
the fatal event occurred before or without first aid
maneuvers being performed in 28/61 (46%), after
ambulance arrival in 8/61 (13%) and in hospital
in 25/61 (41%).

Nine people (12%) were found dead and the
event was not witnessed while in six cases (8%) the
presence or not of witnesses was not specified.

As last chance, tracheostomy was performed
in two cases after hospital arrival, one 2 years old
baby and one young man (26 years old).

Notably, in a total (witnessed and not) of 28
patients who died after hospital arrival, only 4
(14%) were elderly patients (excluding patient al-
ready recover before chocking), the majority were
pre-scholar children (13 patients, 46%). Geograph-
ical distributions of fatal events over the country
and dependence of the event on the time of the day
are shown on Tables 2 and 3, respectively.

Death due to foreign body airway obstruc-
tion was common in this Italian national report.
We identified almost one case per week in a coun-
try with 60 million inhabitants. Interestingly,
choking events were not limited to children or
elderly people in our report; adults were suscep-
tible and represented 38% of cases. More than half
of cases were witnessed, but half of them died
without specific maneuvers, suggesting poor pub-
lic education about this catastrophic but prevent-
able event.

Several previously published hospital case se-
ries [84-89] identified children as the most suscep-
tible subjects for foreign body airways obstruction.
These findings are not in agreement with our data
since 72% of our identified cases were aged more
than 18 years. This discrepancy should be attrib-
uted to the different settings. While with our origi-
nal search strategy we were able to identify both
hospital and pre-hospital deaths, previous reports
focused on hospital records which identified deaths
collected only post-admission deaths. Most of pre-

scholar children (13/18 equal to 72% in our experi-
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Ta6smna 1. IIpogyKThI, HanOoJ/Iee YacTO MPHUBOUBIINE K 00CTPYKIIMH JbIXaTeJbHBIX IIyTei U CMEPTH.

Table 1. Most frequent killer food.

No Source Children, n=21 Adults, n=29 Elderly, n=26 Total, n=76
1nd Meat; n (%) 1 (5%) 2 (7%) 4 (15%) 7 (9%)
28t Pizza; n (%) 0 2 (7%) 4 (15%) 6 (8%)
3th Sandwich; n (%) 0 4 (14%) 1 (4%) 5 (7%)
4th Panettone cake; n (%) 0 2 (7%) 2 (8%) 4 (5%)
5 Grapes; n (%) 3 (14%) 1 (3%) 0 4 (5%)
Other kind of food* 11 (52%) 7 (24%) 4 (15%) 22 (29%)
Unspecified food 2 (10%) 11 (38%) 10 (38%) 24 (32%)
No food*; n (%) 4 (19%) 0 0 4 (5%)

Note. # — others: bread, fish, chicken bone, apple, bacon, boiled vegetables, pastry, pasta, candy, soup, cereals and popcorn.

* — parfum cap, stone, rubber ball and a little toy.

IIpumeuanwue. /{5 Tad.1. 1-3: children — nertu; adults — B3pocible; elderly — noskuiible; total — Bcero; source — npu4yuHa 06-
CTPYKLIMH; meat — MsICHBIE IPOAYKTHI; pizza — nunna; sandwich — coHABUY; panettone cake — KeKc; grapes — BHHOTpAT;
other kind of food — gpyrue Buap! numesbIx mpoaykTos; unspecified food — numesoii npoxykT He onpenesnen; no food — He-
MUIIEBO MPOJYKT. *— Mpyroe: Xyied, ppida, KyprHasi KOCTh, SI0JI0K0, 0EKOH, BapeHbIE OBOIIH, BHIITEYKA, MAKaPOHHbIE U3IeJIUs,
KOH(ETBI, CyIl, KPyIbl ¥ IIOIKOPH. ¥ — KOJINAaYOK OT KOCMETHYECKOr0 U3Je/nsi, KaMeHb, PE3WHOBBII MY U MaJIeHbKas

UTpyLIKa.

oTneseHre, OOJBHUIIA UJIN JOM IIPecTapesbix).
K coskasieHuio, B JaHHBIX 00CTOSATETbCTBAX CEMb
YeJI0BeK ObLIM 0OHApPY’KEeHBI CKOHYABIINMUCS
0e3 IpUCYTCTBUSA CBUJIETEJIEN, A B IBYX JPYTHUX
ciaydasix, KOrjga CBHJeTeJ U IPUCYTCTBOBAJIH,
CMMU oTMeTHnIM 3HAYUTEJIBHYIO 3aJePIKKY B OKa-
3aHuU CKopoii momorIu. Coobimranoch 06 omHOM
cJiygae IO00OHOH ac(pUKCHY, TPOU3OIIIEIITEM B
TIOPbME.

B obmieii caoskHOCTH 61 coay4yait achurcnu
(80%) mpou3o1ies B IPUCYTCTBUU CBUIETEJIEH, U
TOJBKO B 9-u U3 61 (15%) ciy4uaeB cBUOETENb
IIBITAJICS 0OKA3aTh IIepBYIO IIOMOIIb. B cirydasx c
Ha/JIMYMEM CBHUjIETeJIEN JIeTaJbHBIM UCXOJ MIPO-
M30111eJT 10 UIU 6€e3 OKa3aHUsI TepBOA MeTUIINH-
CKko# oMot (28/61, miau 46%), mocje TpuobI-
Tus ckopo momoru (8/61, 13%) u B 60JbHUTIE
(25/61, 41%).

lleBAaTh yestoBek (12%) ObLIN HAKUIEHBI MEPT-
BBIMHU B OTCYTCTBUE CBHJIGTEJ'IGfI IpouCIIEeCTBUA,
a B IIecTH cayvasx (8%) Hanuuue cBUAeTeel He
YKa3bIBAJIOCh.

B kauecTBe 3KCTPEHHOU MepHI B ABYX CJIY-
Yasix 1ocJie MOCTYIJIEHUs B 00JIbHUIY TTPOBOM-
JIACh TPAXeOCTOMHUSA — pebeHKy 2 JIET ¥ MOJIOJIOMY
4eJIOBEKY 26 JIET.

[IpuMmeuaresibHO, YTO U3 28 NOALMEHTOB,
yMepImux Tocjae MPUOBITASA B OOJBHUIYY (BHE
3aBUCUMOCTH OT HAJIMYIUA UJIU OTCYTCTBUA CBUE-
TeJsel), TOJAbKO 4 (14%) OBLIN HOKUJIBIMHU, a 00JIb-
IIMHCTBO COCTABJISJIN JIETU JOIIKOJHHOTO BO3-
pacra (13 manuenTtoB, 46%). leorpaduyeckoe
pacripejiesieHrie CMepTebHbIX MCXO/I0B 110 CTPaHe
Y 3aBUCUMOCTH COOBITHS OT BpEMEHU CyTOK TIPE/I-
CcTaBUJIU B TA0JI. 2 ¥ 3 COOTBETCTBEHHO.

Harte wucciaenoBaHue TIOKa3bIBAeT, UTO
JIeTaJTbHbIE WCXONIbI BCJEJCTBHE OOCTPYKIINHU
AbIXaTeJIbHBIX HYTefI WHOPOAHBIM TE€JIOM IIPO-
UcxoaAT B Ta/imu I0CTAaTOYHO YacTo. B cTpaHe ¢
60-MUJIJTMOHHBIM HaceJIeHreM OHU IIPOUCXOIAT C
YaCTOTOU OKOJIO OFHOIO cJIy4asi B HeJesto. MHTe-

ence) died after hospital admission while elderly
usually die out-of-hospital (22/26 equal to 84% in
our experience). In other words, we found that chil-
dren have a higher probability than adults to reach
the hospital alive, and this could have influenced
previous reports.

As in our previous letter [7], males remain
more susceptible to choking than females, this data
confirmed others reports [90-96].

The SUSY SAFE registry [97] and web sites
suggested the «killer food» characteristics as fol-
lows: «dangerous» foods are those with particular
shapes, dimensions and consistency, those that are
too small (e. g., peanuts) or too large; soft or slip-
pery foods, with a round (grape) or cylindrical
(frankfurters) shape; the hard or dry foods (carrots,
fennel, celery), and nuts also deserve attention.
One last note concerns food with a sticky consis-
tency (such as peanut butter). All these products,
with different mechanisms, can raise the risk of
choking.

The vast majority of the cases we identified
was witnessed and some happened where a con-
stant surveillance should be present (hospital fa-
cilities). The witnessed condition should facilitate
immediate treatment and should change the vic-
tim’s destiny. We acknowledge that in Italy there is
advertisement about which food should be
avoided, while few interventions are focused on
the importance of quickly alert and first aid ma-
neuvers. The poor people education about this
topic is also represented by the elevated cases hap-
pened in public place (restaurant, street, etc.) or
sanitary structure, where nobody was able to prac-
tice the famous Heimlich maneuver or basic life
support and the death happened without reanima-
tion. Smartphone apps used to alert citizens as first
responders in case of nearby out-of-hospital car-
diac arrest could be implemented also in case of
foreign body airway obstruction to reduce time to
first intervention [97, 98].
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Ta6amuiia 2. leorpaguyeckoe pacipocrpaHeHue aTaJabHbIX COOBITHIL (CMepTeIbHbIE CIydan achUKCHH).
Table 2. Geographical distribution of fatal events.

Area Children, n=21 Adults, n=29 Elderly, n=26 Total, n=76
Northern Italy 9 (42%) 10 (34%) 9 (34%) 28 (37%)
Central Italy 0 9 (31%) 14 (54%) 23 (30%)
Southern Italy and Islands 12 (57%) 10 (34%) 3(12%) 25 (33%)

Note. Northern Italy included Val d’Aosta, Piemonte, Lombardia, Trentino Alto Adige, Friuli Venezia Giulia and Veneto; Central
Italy included Liguria, Emilia Romagna, Toscana, Umbria, Marche and Lazio; Southern Italy included Abruzzo, Molise, Cam-
pania, Puglia, Calabria, Basilicata, Sicilia and Sardegna.

IIpumeuanue. Area — o6Jiactb; Northern/Central/Southern Italy — CeBepuasi/Llenrpanbuasi/Oxuas Uranus; Islands —
ocrpoBa. CesepHas Mranus Bkioudana Baab g’Aocta, [Ibemonte, Jlombapauio, TpenTuHo-Anbro-Anumsxe, @puynu-Bene-
nuio-/xynua u Benero; llenTpanbHas Mranusa Brioudasna Jiurypuio, dmunuio-Pomansio, Tockany, YmMOpuio, Mapke u
Jlanmo; I0skuas Utanus Briovyana Aopynno, Mosnmuse, Kamnanwuio, Anynuio, Kanabpwuio, Basunukary, Cununuio u Capau-

Tabauiia 3. BpemeHHoe pacnpeesieHue paraJabHbIX COOBITHI (CMepTeIbHbIE CJIydan ac)UKCHH).
Table 3. Temporal distribution of fatal events.

Time Children, n=21 Adults, n=29 Elderly, n=26 Total, n=76
Morning 3 (14%) 2 (6.9%) 2 (7.7%) 7 (9.2%)
Lunch 2 (10%) 6 (21%) 10 (38%) 18 (24%)
Afternoon 2 (10%) 6 (21%) 4 (15%) 12 (16%)
Dinner and night-time 7 (33%) 10 (34%) 7 (27%) 24 (31%)
Not reported 7 (33%) 5 (17%) 3 (12%) 15 (20%)

Note. Morning is considered from 6am to 11 am; lunch time is considered from 12 pm to 14 pm (or whenever specified
«lunch»); afternoon is considered between 14 pm to 18 pm and dinner is considered after 19 pm (or whenever dinner is re-
ported in the article).

IIpumeuanue. Morning — yrpo; lunch — jany; afternoon — Bropas noJsiopuna gus; dinner — o6e; night-time — HouHOe
BpeMs; not reported — He coobmaercsa.YTpo — Mesxay 6 u 11 yacaMu yTpa, BpeMs JaHda — Me)Ray 12-10 u 14-10 vacamu
(1JI1 Korha I10-uHOMY OIIpeieJIsA/Iu BpeMs JlaH4a), BTOpasi [I0JIOBUHA IHA — MesxAy 14 u 18 yacamy, y»KuH — 1nocJie 19 yacos

(nsi1 MHOE BpeMsI, Korja coobmianu 06 y)KUHe B CTaTbe).

pecHo, UTo cjiy4au ac(puKCUU He OTpPAaHUYMBA-
JUCh NeThbMU WM MHOMXKHUJIBIMU JIIOAbMU: 38%
(paranbHBIX COOBITUN PAa3BUBAINCH Y B3POCJIBIX
JIAIL MJIafnie 65 JjieT. boJiee IOJIOBUHBI CIy4YaeB
MIPOU30LIJI0 B IPUCYTCTBUU CBUAeTesel, Ipu
9TOM B IIOJIOBUHE 13 HUX KAKUX-JINOO0 JeiCTBUM
110 CIIaCEeHUI0 KU3HU He MPeIIPUHUMAI0Ch, YTO
TOBOPHUT O HU3KOU MH(POPMUPOBAHHOCTHU HACeEJIEe-
HUS 06 9TOM KaTacTpo(pUIecKoM, HO IIpegoTBpa-
THMOM COOBITHUH.

Heckosbko paHee oITyOJIMKOBAaHHBIX KJIMHU-
4yeCKUX ciaydaeB [84-89] mokasajiu, 4TO [eTHU
OTHOCSATCS K HanbOoJIee ysI3BUMOH B IIJTaHE Pa3BU-
THs OOCTPYKIIUU NbIXaTEJbHBIX ITyTeH MHOPOJI-
HBIM T€JIOM KaTeropuu HacesjeHus. JTU JaHHbIE
IpoTUBOpEeYaT HaIluM, IIOCKOJBKY B 72%
BBISIBJIEHHBIX HaMH CJIy4YaeB IAlUEHTHI ObLIU
crapuie 18 jier. Takoe HECOOTBETCTBHE MOSKET
OBITH O0OYyCJIOBJIEHO PpPa3HBIMH CTPATETHUSIMH
moucKa. B To BpeMst kak MbI BBISIBJISLIIA KaK 00JIb-
HUYHBIE, TAaK W JIOTOCIHUTAJbHBIE JieTaJbHbIE
HUCXOABI, MPEeAbIAYIIe TyOJUKAIUN OBLITN OCHO-
BaHbI HA TAHHBIX U3 UCTOPUI 00JI€3HU, B KOTOPHIX
3aperucTprupoBaHbl JeTajIbHbIe UCXO/IbI, TPOU30-
MIeIIe TOJIbKO MOCJe TOCIUTAIN3aInu. boJh-
IIIMHCTBO JeTel JOIIKOJILHOTO BO3pacTa ¢ ac(puk-
cuerr (13/18, uro cocraBjisier 72%, COIJIACHO
HaIlIUM JTaHHBIM) YMEpPJIU 110CJIe TIOCTYIJIEHUS B
OOJTBLHMUITY, B TO BpeMs KaK MOKUJIbIE JTIOIN OObIY-
HO 1Toru0aJ/m BHe 00JBHUILEI (22/26, YTO COOTBET-
CTBYET, I10 HAIlIUM JaHHBIM, 84%). [Ipyrumu cio-

According to current European guide-
lines [99], when aspiration is suspected or wit-
nessed, witnesses should call the ambulance serv-
ice asking for help (Fig.).

Meanwhile, basic life support maneuvers
should be started. Then, hospital emergency
bronchoscopy (rigid instrument is usually pre-
ferred to enable oxygen administration) should
be performed. Hospital invasive interventions
such as tracheostomy and thoracotomy are the
options for the remaining 0.3-4% of cases [100,
101]. In our data more than half of victims of wit-
nessed foreign body airway obstructions died
before receiving basic life support maneuvers,
probably due to delay in recognition and/or little
knowledge about the life saving maneuvers.
Among the 76 identified cases we found only one
physician charged because didn't approach the
airway with cricothyroidotomy. In Italian pre-
hospital airway management guidelines, the
cricothyroidotomy has to be considered only as
arescue strategy to oxygenate (not ventilate) the
patient when both mask ventilation and tracheal
intubation failed [102]. International guidelines
suggest that the surgical approach is preferred to
emergency cricothyroidotomy, because of the
high risk of complications and the high proba-
bility to convert cricothyroidotomy to a surgical
tracheostomy [103].

An important strength of the present work is
related to the method used to identified deaths,
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BaMU, MbI OOHAPYIKUJIN, YTO BEPOSITHOCTH FOCIIH-
TaJU3AlNA JJI1 IPOBEIEHN 9KCTPEHHOTO Jieye-
HUs y JeTel ¢ acukcuedl ObLIa BHINIE, YEM Y
B3POCJIBIX, YTO MOIVIO IIOBJIUATH Ha pe3yJbTaThl
NpeAbIaYIINX UCCIIeJOBAHUM.

Ms1 yke myOImKOBaId KpaTKoe MICHMO B
pelfakumio [7], B KOTOPOM IIOKa3aJid, YTO y MyoXK-
4YUH ac(uKcus pasBUBaeTCA 4Yallle, YeM Y SKeH-
IIWH, YTO COIJIACYeTCs C JaHHBIMU APYTHUX UCCIIe-
noBareJieit [90-96].

ITo nanabiM Peectpa SUSY SAFE [97] u crie-
[IMATN3UPOBAHHBIX BEO-CANUTOB, IS «ITPOYKTOB-
youiiny» xapakTepHBbI ocobas (opma, pasMmepsl
WM KOHCHUCTEHIHS, CHOCOOCTByIoIue OoJiee
4acTOMY pa3BUTHUIO achukcuu. Cpeu TaKUX Ipo-
IYKTOB MOTYT OBITh CJTUIITKOM MaJIeHbKYeE (Halpu-
Mep, apaxuc) UK CJIUIITKOM OO0JIBITTHAE ITPEeIMETHI,
MATKHE WU CKOJIb3KHE IPOAYKThI KpYIJIOH
(BUHOTpAM) HUJAU IUJIUHAPUYECKOU (COCHUCKU)
¢opmbl. Ocob0r0 BHUMaHUSA 3aCTy>KUBAIOT TBEP-
Jble WU CyXue NMPONYKThl (MOPKOBB, (heHXeJb,
cenbnepei) u opexu. Hesb3s1 3a0bIBATh U O TIPO-
JYKTax C JIMIKONH KOHCHUCTeHLMeH (Halpumep,
apaxmcoBoe MacJjo). Bce BollenepeyncaeHHbIe
IIPOJIYKTHI MOT'YT BBI3bIBaTh AC(PUKCHUIO C IOMO-
IIBIO PA3JIMYHBIX MEXaHU3MOB.

ITomaBJisioiiee OOJBIINHCTBO BbISABJIEH-
HBIX HaMM CJy4YaeB IIPOUCXOOUJIO B IIPUCYT-
CTBUU CBHUjIeTeJIEN, a HEKOTOPbIe TMPOU3OIIIN
TaMm, IIe JOJIKHO OCYIIEeCTBJIATHCA IOCTOSITHHOE
Habsonenve (boTbHUYHBIE YUpesRaeHus1). [Ipu
HAaJU4YUM CBUJleTeJell TIOBBIIIIAETCS Bepo-
ATHOCTh HEMEIJIEHHOTO HayaJia JIJedeHHsI U Cra-
CeHUs KM3HU NoTepreBilero. Kak Mbl 3HaeMm, B
WTanum MHOTO TOBOPAT O TOM, Kakas IUIIa
OMacHa ¢ TOYKU 3peHUsi aCPUKCUHU, HO B TO 5Ke
BpeMs MaJjl0 BHUMAaHUA yAeEJAETCA BaKHOCTHU
OBICTPOTO OIMOBEIIEHUS O PA3BUTUU aCPUKCUU
1 cnocobaM okasaHus mepBoi moMorru. O mpo-
Oesax B 00pa3soBaHUM HACeJIEHUsI 10 9TON TeMe
CBHUJIETEJbCTBYET IIOBBIMICEHHOE YHUCJIO CIyYaeB
acpUKCUM, MPOUCXOASANINX B OOIECTBEHHBIX
MecTax (pecTopaH, YIULa U T. I.) ¥ YIPesKIeHUAX
3]paBOOXpAaHEHU s, IPU KOTOPHIX HE IPUMEHS -
JUCh HU 3HAMEHUTHIA npueM leiimsivixa, HU
0a30Bble peaHUMAIMOHHBIE MEPOIIPUSATHS, UTO
3aKOHOMEPHO 3aBepIlIajoCch CMEPTHIO MOTEP-
neBmux. Ilpuaoskenuss s cMapTHOHOB,
HACIOJb3yeMble IJIs ONOBEILIeHUs IpPakgaH C
1leJIbI0 OBICTPOTO pearnpoBaHUs B CJIy4Yae ocTa-
HOBKHU Cep/iIia BHe 60JLHUIBI, MOTJIA OBI TIPU-
MEHATHCS W MPU OOCTPYKIIUHM JbIXaTeJIbHBIX
yTeil UTHOPOJHBIM TeJIOM IJISI YCKOPEHUsI OKa-
3aHUs 9KCTpeHHOU oMoty [97, 98].

CorytacHO JeMCTBYIOIIUM  €BpPOIEHCKUM
pexoMeHmanyaMm [99], ipu mogo3peHnu Ha aclu-
panyio Uad IpHU ee OOHapYKEHUM CBUJETETU
JOJIPKHBI BbI3BIBAaTh CKOPYIO IIOMOIIb [JIA CIiace-
HUA YKU3HU (pHUC.).

that allowed to include unpublished deaths re-
lated to foreign body airways obstruction re-
ported by Italian Mass Media, while none of them
where published in medical literature. Although
the use of media reports as outcomes source has
already been reported [104], our results might be
biased by mass media selective reporting form.
The main limitation of the present work is that we
had no access to medical records or autopsy data.
Moreover, many newspaper articles reported few
information about patient comorbidities, features
of the event and exact mechanism of death. Fur-
thermore, our search was limited to patient
deaths. Finally, newspapers may influence how
lay people intervene in case of foreign body air-
way obstruction by conveying useful messages
and spreading awareness.

Accordingly, we propose a press kit dedicated
to journalists where it is possible to find useful re-
sources to be included in newspaper articles when
reporting cases of airway obstruction. Press kit for
journalists included the following explanations for
two main questions:

(1) What is foreign body airway obstruction?

A foreign body airway obstruction commonly
known as choking is a partial or complete blockage
of the respiratory tract. Complete obstruction is im-
mediately life-threatening while partial obstruc-
tions can impair gas exchange and lead to dyspnea
and pneumonia.

(2) How to intervene?

In case of partial obstruction, after
promptly alerting the emergency services, the
victim must be assisted and encouraged to
cough. In case of complete obstruction, the pa-
tient is unable to cough, cry or speak. In this case
the rescuer must call emergency services and de-
liver 5 sharp back blows with the heel of one
hand between the shoulder blades. If unsuccess-
ful, give 5 abdominal thrusts (Heimlich maneu-
ver). These maneuvers should be continued until
the complete obstruction is resolved or until the
patient becomes unconscious. If the patient be-
come unconscious, lower the patient to the floor,
call an ambulance, and start immediately car-
diopulmonary resuscitation (Fig.).

Conclusion

Fatal foreign body airways obstruction is a
common and underestimated event in Italy not
limited to children or elderly people. Bystanders
seem to have poor training in life-saving maneu-
vers for a choking event. This report can help to
raise the awareness of physicians and bystanders to
this unreported fatal event.
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Assess severity of the patient:
is the cough effective?
Encourage cough

Is patient younger and continue to check

than 18 years old? the patient until relieve
no Adult FBAO

Is the patient conscious?

Proceed:

5 back blows
5 abdominal
thrust
and repeat

Call ambulance
Get AED
Start CPR 30:2

HeT
FBAO,
B3pocCJible

HaxoauTcs ji malueHT
B CO3HAHUU?

BbITIOJTHUTE:
5 ynapos
B 00J1aCTH
CIIUHBI,
5 MpueMoB
lerimiinxa,
IIOBTOPUTh

BEI3BaTh CKOPYIO IIOMOLIL,
JIOCTaBUTh aBTOMATHUY€ECKUIl
Hapy>KHbIN 1e(puOPUILIIATOP,

HayaTh CEPEYHO-JIETOYHYIO
peanumanuio 30:2

OLIEHUTh TSAKECTb COCTOSTHUS
ManueHTa: ecTh Jiv apdexr
OT KallLIa?

[TameHT MoJ10KE 18 J1eT?

ObGecneyuTs MPOXOAUMOCTh
IIbIXaTeJIbHBIX Ty TEW,
BBI3BATh CKOPYIO TOMOIIIb,
JIOCTaBUTh aBTOMATUYECKUU
Hapy>KHbIN 1eudpuIsATOp,
caesath 5 UCKYCCTBEHHBIX

CepJeyHO-JIerOYHYI0
peanumanuio 15:2

yes Pediatric FBAO

Is the patient conscious?

Proceed:
5 back blows
5 thrust
(<1yo chest;
>1yo abdominal)
and repeat.

Open airways
Call ambulance
Get AED 5 rescue
breaths
Start CPR 15:2

CTUMYJIMPOBATh KallleJib
Y TIPOIOJIKATh
HabJTI0IeHKe 32 MTalUEHTOM,
ITIOKA eMy He CTaHET Jierye

FBAO,

HaxomguTcs Jii maiueHT
B CO3HAHUM?

BBIOTHUTB:

5 ynapoB B 00J1aCTH CIIUHBI,
5 npuemoB leitminxa
(Bo3pacT myajlie
1 roga — TOJTYOK
B 00J1aCTU TPYIHOI
KJIETKH, CTaplie
1 rojia — TOJTYOK
B 00J1aCTH ?KUBOTA),
TOBTOPUThH

BJIOXOB, HA4YaTh

OOCTPYKIUS ABIXaTeNbHbIX IIyTei HHOPOIHBIM IIPEIMETOM: KaK el CTBOBATh.

Foreign body airways obstruction: how to act.

Note. FBAO — foreign body airways obstruction; AED — automated external defibrillator; CPR cardiopulmonary resuscitation.
Modified from: Perkins, Gavin D. et al. European Resuscitation Council Guidelines for Resuscitation: 2017 update. Resuscitation,
Volume 123, 43-50.

ITpumeuanue. Adult/ Pediatric FBAO — 0OGCTpPYKIIHsI AbIXaTeIbHBIX IyTel HHOPOIHBIM IIPEIMETOM Y B3POCJIBIX/Y ETei; auto-
mated external defibrillator — aBTomarn4eckuii nepudpuiasarop; cardiopulmonary resuscitation — cepegHo-eroqysast peaHu-
marus. Io: Perkins, Gavin D. et al. European Resuscitation Council Guidelines for Resuscitation: 2017 update. Resuscitation, Volume

123, 43-50, c u3M.

o ee mpuUOBITHA CJIeAyeT HEMeIJIEHHO HayaTh
0a3oBble peaHMMAIMOHHBIE MEPONPUATHA. Brio-
CJIEICTBHH B YCJIOBHUSIX OOJIBHUIIBI CJIEYET ITPOBe-
CTH 9KCTPEHHYIO0 OPOHXOCKOIHIO (ITPENITOYTUTETh-
HO SKEeCTKHM 9HJIOCKOIIOM HJjis oOecrnedeHust
BO3MOYKHOCTH IToia4u Kucjiopona). B 0,3-0,4% coy-
YyaeB MOSKET ITOHAI0OUTHCS TPOBEIEHNe NMHBA3UB-
HBIX BMEIIATe/bCTB, TAKUX KAK TPaXeoCTOMUs U
TopakoTomus [100, 101]. TTo HarmmM TaHHBIM, O0Jiee
TTOJIOBUHBI 3KEPTB OOCTPYKIMH JbIXaTe/TbHBIX Iy TEH
WHOPOIHBIM TeJIOM, IIPOUCXOAAIIEH ITpU CBHUIETE-

JISIX, yMEPJIH, He TTOTy4INB 6a30BhIX peaHNMaIfoH-
HBIX MEpOIPHUATHN, BEPOSTHO, M3-3a IO3THETO
BBISABJIEHUSA W/WJIN OTCYTCTBHSI HABBIKOB ITPOBEIE-
HUsA Takux Meponpusatiii. Cpenu 76 BBISIBJIEHHBIX
CIy4aeB MbI OOHAPY)KUJIM TOJIBKO OMH CJTy4aH,
KOTJIa Bpady OBIJIO ITPeIbIBIEHO OOBUHEHNE B TOM,
YTO OH HE IPUMEHUJT TP HeOOXOAMMOCTH KPUKO-
TUPEOTOMHUIO JIJIsI 00ecriedeHusi JOCTyna K JIbIxa-
TEJILHBIM Iy TAM.

ComracHO UTATbTHCKIM PEKOMEHIAIHSIM 110
obecIieuyeHHnIo MPOXOIUMOCTH AbIXaTeTbHbIX Iy TeH
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BO BHEOOJIbHUYHBIX YCJI0BUAX, KPUKOTUPEOTOMUIO
CUUTAIOT «CTpareruey mocjaegHel HaaeskIbh» s
OKCHUTI'€HalluM1 (He BeHTI/IJIHI_II/II/I) ImanueHnTa B CJIy-
dasx, KOraa 1 BEHTUJIANUA 9epe3 MacCky, 1 I/IHTY6a-
[IUA Tpaxeu He Jaiau peayisrara [102].

CoryiacHo MEXOYHAPOAHBIM pPEKOMEHA-
ouAaM, XI/IpprI/I‘IeCKI/Iﬁ noaxon Mmpeamnmo4YTuTeIb-
HEee SKCTPEHHOﬁ KPHUKOTUPEOTOMUHU 13-3d BBICO-
KOro pHuCKa OCJOKHEHUH U BEPOATHOCTHU
TpaHCc(opManuyu KPUKOTUPEOTOMUHU B XUPYPIU-
4eCKyIo TpaxeocToMuro [103].

K mnpemmymecTBaM HacTosimied paboThl
MOKHO OTHECTH METOAO0JIOTUIO BbIABJIEHUA
JIETAJIBHBIX UCXOO0B, KOTOPAasi II03BOJIAET YYUTbI-
BaThb HE OHY6J'II/IKOBaHHI)Ie B Me,I[PIIII/IHCKOﬁ JINTE-
parype cjiay4dau CMEPTU, CBA3dHHbIE C O6CTPYKI_[I/I-
en JAbIXaTeJbHBbIX HYTeﬁ WHOPOOHBIM TE€JIOM, O
KOTOPBIX coo0Iamu uraabssackre CMU. XoTst naH-
HbIe 00 UCII0JIb30BaHuU cood1enuii CMI B kaue-
CTB€ UICTOYHMKA MEIUIIMHCKH 3HAYNMbIX COOBITHI
yoKe TyOJauKoBaiauch [104], Hamm pe3yJsIBTaThl
MOTYyT OBITH IIOABEPKEHbI UCKAYKEHUAM BCJIEN -
CTBUE n36upaTeIbHOCTU cooOIerHuit CMI.

OCHOBHBIM HEeJOCTAaTKOM HaCTOHIlIeI'/JI pa60-
ThI ABJIAETCA TO, YTO Y HAC HE OBILJIO AOCTyIIa K
MENJUITNHCKHUM SaHI/ICHM/I/ICTOpI/IHM 00JIe3HU UJIU
JaHHBIM BCKPbITHUA. BoJiee TOTO, BO MHOTHUX I'a3€T-
HBIX CTATbAX COOEPHUTCA MaAJIO I/IH(l)OpMaI_H/II/I (0]
COIIYTCTBYIOIITUX 3aboJieBaHUAX IIaogueHToB, OCO-
OEHHOCTSX COOBITHS M TOYHBIX IpUYrHax CMEPTH.
KpOMe TOr'0, Halll IIOMCK OIr'paHNYINBaJICA CJIydasa-
MU CMEPTHU IMAIIMEHTOB. Tem He MeHee, ra3eThbl
MOTYT IIOJIOKUTEJIbHO IMOBJIMATH HA CUTyalluIO
ITyTEM IIPUBJIEYEHUA BHUMAHUA O6HleCTBEHHOCTI/I
U pacrnpocTpaHeHus UHEPOpPMAIIUU O MPaBUJIAX
OKa3aHWs TMEePBOH MOMOIIY IPH OOCTPYKIIUHN
ObIXaTEeJIbHBIX HYTefI WHOPOJHBIM TE€JIOM.

B cBs13u ¢ aTUM MBI npenJjiaraeMm rnmpeaHa3Ha-
YeHHbBIA JKypHaJ/simcTaM Ha60p IIOJI€3HbIX MaTe-
pHruaJjioB («l’IpECC-KI/IT») JJIA BRJIIIOYEHHA B I'a3€T-
HbI€ CTaThH, coo6u1arou_u/1e 0 dJIydasx O6CTPYKHI/II/I
ObIXaTEeJIbHBIX HYTeﬁ. HpeCC-KI/IT BRJIIOYAET OTBE-
ThI HA IBA OCHOBHBIX BOIIpOCa:

(1) Yro Takoe OOCTPYKIIUS IbIXaTeTbHBIX
HYTefI WHOPOJHBIM TeJIOM?
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O6ctpyknusa  (acuKcus) [IbIXaTeJIbHBIX
IIyTell THOPOJHBIM TeJIOM — 3TO YaCTUYHAsI UJIN
TIOJTHAsI 3aKyIIOPKa AbIXaTeJIbHbIX ITyTell. [losHasa
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(2) Yto menarb?
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Clinical Studies and Practice
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Pe3rome

Iless. O6G0CHOBaHUE BO3MOKHOCTH IPUMEHEHNSI MOHUTOPUHTA BaprabeIbHOCTHA PUTMa Cep/lia pu
NIpUMeHEeHNH JeKCMeleTOMUIUHA Y TalleHTOB C IOBPesKAeHueM r'0JI0BHOI'O MO3Ta Pa3IMYHOM 9TUOJIOTHH.

MarepuaJs 1 MeTOAbI HcciaedoBaHHs. B rcciiefoBaHNe BKIIOYNAIN 25 MAIUEHTOB (My>KUYnH — 14, sKeH-
muH — 11, cpeaHuii Bo3dpact — 58,2+1,81 Jiet), B mepuoj 60Jiee 20-TH THEH C OCTEACTBUAMU: YePEITHO-
M03roBoi TpaBMbl (UMT) (1n=9; 36%); ocTporo HapyleHus: MO3roBoro kposoobpatenus (OHMK) (n=4; 16%);
AQHOKCUYECKOT0 ITOBPEYKIeHNsI TOJIOBHOTO Mo3ra (n=6; 24%); cybapaxHougaabHoro kpopousnusnus (CAK)
(n=6; 24%). JlekcMeIeTOMUIMH IIPUMEHSITU IPY CUMIIaTUYeCKOH TUTIEPaKTUBHOCTH, UCXO/ISI U3 TTIOKa3aresiei
BapuabesibHOCTH putMa cepana (BPC). PeructprpoBanu ciaenyioniye nokasaresu: SI — crpecc-ungekc ba-
€BCKOTO (MHJEKC HallpssKeHUs peryJIATOPHBIX CUCTEM — WHAEKC HaNPSAYKEeHNs1) B HOPMa/JIU30BaHHBIX €/11-
HUIax (H. e.); SDNN — cpenHekBaapaTudHoe oTkJI0HeHUe R-R kapauonnTepBasnos B Mc; TMSSD — cpenHek-
BaJIpaTUYHOE OTKJIOHEHNE Pa3HOCTHU JABYX CMEXHBIX 0TC4eTOB R-R kapauonntepsanos B MC; pNN50% —
o0 R-R KapIMOMHTEPBAJIOB B MIPOIEHTAX, OTJIMYAIOIIIXCS OT IpeAbIayIero 6osee yem Ha 50 mc; TP —
0OIIIyI0 MOIITHOCTD CIIEKTPa 4acToT B Mcek?. [TapameTpsl BPC perucrpupoBanu 10 HHPY3UU JEKCMEAETO-
MHAMHA (UCXOHO), Ha 1-3-1; 4-5-¢; 9-10-€; 15-20-e CyTKM IPUMeHEeHUs JeKapCTBeHHOTo npenapara. CuMm-
MaTUYECKYIO FUIepaKTUBHOCT IPUHUMAIIH B ITpeniesiax 3HadeHui 11s1 SDNN < 13,31 mc; 1151 RMSSD < 5,78 Mc;
111 pPNN50% < 0,110%; 111 SI > 900 H. e. (HopMaIn30BaHHBIX €11.); 415 TP < 200 mc?; HopMy napameTpos BPC
MIPUHUMAJIU B TIpejesiax 3HaueHui st SDNN [13,31-41,4mc]; gass RMSSD [5,78-42,3 mcl; miist pNN50%
(0,110-8,1%); s SI (80-900 H. e.); guiss TP (200-2000 mc?).

Pe3yabrarhbl. CTapToBas 103a JeKCMeJeTOMUIYHA IPU CUMITIATUYeCKOY THIIepaKTUBHOCTH COCTaBUJIA
y naiueHToB ot 0,12 10 0,24 MKr/Kr/4ac (cpeasss 1o3a 0,16+0,01; cymmapHo 200 MKr/cyTkH). 1o 11 poBbIM
nanubeIM BPC addexTrBHas no3a gexcmeneromuauna 31, cocrasuia 0,26+0,03 MKr/Kr/4ac (cyMMapHO 3a
cyTku 353,8 + 35,1MKr) 1 O6bly1a JOCTUTHYTA HA 9-10-i1 JeHb IpUMeHeHUs JeKCMeleTOMUINHA.

3arirodenue. Jy1eKTpodU3N0J0TMIeCKUI HePOMOHUTOPUHT BBISABJIEHUs (PYHKIIMOHAIBLHOIO COCTOSI-
HUS1 aBTOHOMHOM HEPBHOU cuCTeMBI ITOBBIIIAET 3P (PeKTUBHOCTD IPUMEHEHU IeKCMeIeTOMUIHA Y ITali-
€HTOB C [TI0BPeYKJeHUeM I'0JI0BHOI'O MO3Ta PAa3JIMYHON 9THOJIOTUH.

Kntoueesvle cno6a: cumnamuyeckas cunepakmueHoCcmy; AsMOHOMHAS HepeHAas CUCeMa; 8apuades-
HOCMb pumma cepoya; 0excme0emomudun

KoHQINKT HHTEpeCcOB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUY KOH(JINKTA UHTEPECOB.
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Knuuudyeckue nccjaeqoBaHud U IIPpaKTUKaA

Summary

Aim: to validate the use of heart rate variability monitoring during dexmedetomidine administration in
patients with brain injury of various etiologies.

Material and methods. The study included 25 patients (14 male, 11 female, mean age 58.2+1.81 years) 20
and more days after traumatic brain injury (TBI) (n=9; 36%), acute stroke (n=4; 16%), anoxic brain injury (n=6;
24%), subarachnoid hemorrhage (SAH) (n=6; 24%). Dexmedetomidine was prescribed because of sympathetic
hyperactivity as diagnosed by heart rate variability (HRV). The following indices were measured: SI (stress
index, in normalized units [nu]), SDNN (standard deviation of all normal sinus RR intervals over 24 h, in ms),
RMSSD (root-mean-square of successive normal sinus RR interval difference, in ms), pNN 50% (the percentage
of successive normal sinus RR intervals >50 ms), TP (total power of the frequency spectrum, in ms?). HRV pa-
rameters were determined prior to dexmedetomidine infusion (baseline), on days 1-3, 4-5, 9-10, 15-20 of drug
administration. Sympathetic hyperactivity was diagnosed by determining following values: SDNN < 13.31 ms,
RMSSD < 5.78 ms, pNN 50% < 0.110%, SI > 900 nu, and TP < 200 ms?. Normal reference ranges for HRV param-
eters were as follows: SDNN (13.31-41.4 ms), RMSSD (5.78-42.3 ms), pNN5 0% (0.110-8.1%), SI (80-900 nu),
and TP (200-2000 ms?).

Results. The starting dose of dexmedetomidine for sympathetic hyperactivity was 0.12-0.24 ng/kg/hr (mean
dose 0.16+0.01; total 200 pg/day). According to digital HRV data, the effective dose EDs, of dexmedetomidine
was 0.26+0.03 pg/kg/hour (353.8+35.1 pg total per day) that was achieved on day 9-10 of drug administration.

Conclusion. Electrophysiological neuromonitoring of the autonomic nervous system function increases
the efficacy of dexmedetomidine administration in patients with brain injury of various etiologies.

Keywords: sympathetic hyperactivity; autonomic nervous system; heart rate variability; dexmedetomidine
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BBenenue

B HacTosAIIee BpemMsa cTaHIapTHBIE IOKa3a-
HUA K IPUMEHEHUI0 JeKCMedeTOMUIHA [IpUBe-
nensbl B Peructpe JlekapctBenubix Cpeacts Poc-
cuy: cemanysa Yy  B3pOCJABIX [AIMEHTOB,
HaxoJAIIUXCA B OTIEJIEHUM aHeCTe3WO0JIOTHH,
peaHuMaIuy U UHTEHCUBHON Tepanuu, Heo0Xo-
JIuMasi yOrHa KOTOPOU He MPEBBIIIaeT IPOoOy:K-
JleHHe B OTBET Ha F'0JIOCOBYIO CTUMYJIALIUAIO (COOT-
BeTCTBYyeT nuamasoHy or 0 mo —3 6ajajoB IO
mrkasie RASS (mkasna Bo30yskIoeHUsI-cenaluu
Puumonpa, Richmond Agitation-Sedation Scale)
[IpuMmeHeHue npemnapara TpebyeT TIIATEJIbHOTO
nogdbopa ¥ TUTPOBAHUS A03bI, TAK KaK 3a4aCTyIO
COIIPOBOYKAAETCS PSINOM ITOOOUYHBIX peaKIIUil —
1o 10% u GoJiee B BUjle TUIIOTEH3UU, OpaguKap-
auu, OpagunHo? U T. 1. [1-4]. CiiegyeT OTMETUTb,
4YTO IIpUMeHeHue mKkaJibl RASS Bo MHOTOM CyO'b-
€KTHUBHO, Uy psJla ITIallUeHTOB C HU3KUM YPOBHEM
CO3HaHUs (BereTaTUBHBIN CTATyC, MUHUMAJbHOE
CO3HaHWe) He II03BOJIsAeT BOCII0JIb30BaThC IIPU-
BeJIeHHBIMU B Hell KIMHUYECKUMU KPUTEePUSIMU
pu 1ob0pe A03bI JeKCMEIETOMUINHA. ITU U
Ipyrue (akTopbl MOOYKIAIOT K IMOUCKY 00b-
€KTUBHBIX KpUTEpUEB, OCHOBAHHBIX Ha OLlEHKe
MHOTOKPaTHO BOCIIPOU3BOIUMBIX (PU3UOJIOTHYE-
CKUX IlapaMeTpoOB JJi1 NPUMEHEHUA IaHHOIO
JIeKapCTBEHHOI'0 Inpemnapara [5, 6]. IIpexcras-
JISIETCsI Ba’KHBIM ITIOUCK MeTOa 00beKTUBU3AIUN
MOKa3aHWUH 1 Toa00pa 1036l IEKCMEeIETOMUTUHA
B aHECTe3UO0JIOTUM-PeaHuMaTOJIOTUH.

Llesnp uccaenoBanuss — 000CHOBAHUE BO3-
MOYKHOCTH IIpUMEHEHHs MOHMUTOpPWHIA Bapua-

Introduction

The current indications for the use of
dexmedetomidine are given in the Russian Reg-
istry of Medicines and include sedation in adult
patients in the intensive care unit with the required
depth, which does not exceed awakening in re-
sponse to vocal stimulation (corresponding to a
range from 0 to -3 points on the RASS [Richmond
Agitation-Sedation Scale]). The use of the drug re-
quires careful selection and titration of the dose
because it is commonly (in 10% of cases and more)
accompanied by adverse reactions such as hy-
potension, bradycardia, bradypnoea, etc. [1-4]. It
should be noted that the use of the RASS scale is
largely subjective and in some patients with a low
level of consciousness (vegetative state, minimal
consciousness state) the approved clinical criteria
cannot be used to select the optimal dose of
dexmedetomidine. These and other factors
prompt the search for objective criteria for drug
dosing based on the evaluation of reproducible
physiological parameters [5, 6]. It is currently im-
portant to select clear indications for dexmedeto-
midine dose selection in intensive care.

The aim of the study was to validate the use of
heart rate variability monitoring during
dexmedetomidine administration in patients with
brain injury of various etiologies.

Materials and Methods

The study included 25 patients (14 male, 11 female,
mean age 58.2+1.81 years) 20 and more days after trau-
matic brain injury (TBI) (n=9; 36%), acute stroke (n=4;
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0eTbHOCTH pUTMa CEpATIA TPU TPUMEHEHNH JTEKC-
MeJIEeTOMUINHA Y MalNeHTOB C MOBPEKIEHUEM
TOJIOBHOTO MO3Ta PA3JIMYHON 3TUOJIOTHH.

MarepuaJ 1 MeTObI

B nccitenoBanme BRIIOYNAIN 25 MAAEHTOB (My/K-
4uH — 14, skeHIuH — 11, cp. Bo3pact — 58,2+1,81 jeT),
B mepwuoj 6oJsiee 20-TU JHEH C TMOCJIEJACTBUAMU: Ue-
penHo-Mo03roBoii TpaBMel (UMT) (n=9; 36%); ocTporo
HapyIIeHusi MO3roBoro kKpopoob6pamernus (OHMK),
(n=4; 16%); aHOKCUYECKOTO NOBPEKIEHNUS T'OJIOBHOTO
Moara (n=6; 24%); cybapaxHONIATLHOTO KPOBOU3JIHSI-
HuA (CAK) (n=6; 24%).

HccnenoBanyre BBIMOJTHUINA COVIACHO XeTbCUHK-
ckoil Jlexknapanuu; Koucrurynuu PO, ct. 21; OcHoBam
3aKoHOIAaTeIbCTBa Poccuiickoit deneparuu 06 oxpaHe
3[0pOBbs I'PaKAaH, IpUKa3aM U MHCTPYKIUAM MUH3 -
paBa P®. [IpoTokos mccaenoBaHus OB pacCCMOTPEH
9THMYECKUM KOMUTETOM, KOTOPBIH yOEIHJICSA B TOM, 9TO
YBEPEHHOCTh B 0KU1aeMOH 110JIb3€e OIIpaBiaHa, pUCKU
MUHUMM3UPOBAHbI U Pa3yMHBbI, & UCIBITyeMble WU UX
ouIMaJbHO YTBEPSKIEHHbIE IIPEJICTaBUTENN obec-
Te4YeHbl JOCTAaTOYHOU U aJIeKBaTHON nH(pOpMaIien.

BospacTHO# cocTaB ManueHTOB, BKAIOUYEHHBIX B
WCCJieIOBaHNe, MPeCTaBUIN Ha puc. 1.

Kpurepuu nposejeHus B/B NH(PY3UU IIpernapara
nexkcmeneromuaraa (pupma Orion Pharma,®unmnsan-
QIWsI) OCHOBAHBI HA IOKa3aTessIX BapuabeIbHOCTU
putMma cepgna (BPC), xapakTepHBIX I CHMIIaTA4e-
CKOM runeppeakTuBHOCTU. l{es1eBoii 3aaueit THTpoBa-
HUA J103 JEeKCMeJeTOMUINHA SBJSAI0CH JTOCTUKEHUE
HOpPMBEI 110 nToka3daresiiM BPC. TlossBienne napacumna-
TUYECKON TUNEPAKTUBHOCTHU SBJISJIOCh OCHOBAaHUEM
YMeHbIIIeHUs1 [O3UPOBKHU IIperapara Uiu Ipekpailie-
HUs ero IpUMeHeHus1 (UCI0JIb30BaJId 5-TH MUHYTHBIE
3aIKMCH KapIMOUHTEPBaJIOB, mpubop [NosmcnekTp-8 EX,
¢upma Heiipocodt, Poccus).

[TammeATsI ¢ 3JIEKTPOPU3UOTOTUIECKON HAaBUTA-
en JekcMeneToMuInHA 110 faHHbIM BPC cocTaBmn
1-10 rpynmy (n=17, mysk4uH — 11, )KeHIIUH — 6; C 110-
caeactBusamMu UMT — 7; CAK — 5; OHMK — 3; aHokcust
TOJIOBHOTO MO3Ta — 2; CpeJTHUM BO3pacT 45,7+3,46 JieT).
Bo 2-10 rpynny BOLLIX NAl[MeHTh], KOTOPBIM IIpUMeHe-
HUE JeKCMeJeTOMUINHA ITPOBOIUIUIA 10 CTAHIAPT-
HBIM KJIMHUYECKUM KPUTePUAM (IIpolieypHas ceJanus
npu MBJI), (n=8, My»X4nH — 3, )KE€HIIIUH — 5; C IIOCJe]-
crBusmMu UMT — 2; CAK — 1; OHMK — 1; aHoKcHA ro-
JIOBHOTO M0o3ra — 4; cpeaHuii Bo3pact 38,5+5,72 jer).

PerucrpupoBanu ciaenyomue nokasareau BPC:
SI — cTpecc-unAekc baeBCcKOro (MHIEKC HANIPSAKEeHU S
PperyJasiTOPHBIX CUCTeM — UHJIeKC HalIpsIPKeHuUs1) B HOp-
MaJM30BaHHBIX efuHUNAxX (H. e.); SDNN — cpennHek-
Ba/IpaTUyHOE OTKJIOHeHne R-R kapauomnHTEpBaOB B
mc; TMSSD — cpemHekBagpaTUYHOE OTKJIOHEHHE pas-
HOCTH JByX CMEKHBIX 0TC4eTOB R-R kapauouHnTepBa-
J10B B MC; pNN50% — nosto R-R kapauonHTepBaioB B
MIPOIIeHTAaX, ONIMYAIOIIAXCS OT MPeAbIIyIIero osee
yeM Ha 50 Mc; TP — 06111y10 MOIITHOCTE CIIEKTPA 9acTOT
B Mcek?. [lTapamerpsr BPC perucrpupoBaniu HCXOTHO 10
nHQY3UH TeKCMeIeTOMUINHA, Ha 1-3-1; 4-5-¢; 9-10-¢;
15-25-e cyTKM IpUMEHEeHUs JIeKapCTBEHHOro Mpera-
para. CuMIaTU4yecKyo TuIepakTUBHOCTb IPUHUMAJIN
B mpepesiax 3HadeHuil s SDNN < 13,31 mc; mas
RMSSD < 5,78 mc; gyisa pNN 50% < 0,110%; g1 SI> 900 1. e.;

Puc 1. BospacTHoii cocTaB naMeHTOB, BKIIOYEHHBIX B HC-
cJiefiloBaHue.

Fig. 1. Age distribution of patients included in the study.
Note. Above the bars, the total number of patients by age group
is given. The age groups: 1 — 20-29 years; 2 — 30-39 years; 3 —
40-49 years; 4 — 50-59 years; 5 — 60-69 years.

ITpumeuanume. Haz cToi6uKkaMu IpUBeieHO o01ee KoIuye-
CTBO IAIIMEHTOB II0 BO3PACTHBIM IpynmnaM. BospacTHble
rpynnsl: 1. 20-29 jiet; 2. 30-39 Jiet; 3. 40-49 Jiet; 4. 50-59 J1eT;
5. 60-69 ser.

16%), anoxic brain injury (n=6; 24%), subarachnoid hem-
orrhage (SAH) (n=6; 24%).

The study was performed in accordance with the
Declaration of Helsinki, the Constitution of the Russian
Federation (Article 21), the Basic Law on the Health Pro-
tection of the Citizens of the Russian Federation, orders
and instructions of the Russian Ministry of Health. The
study protocol was reviewed by the ethical committee,
which determined that the research risks were minimized
and reasonable in relation to the anticipated benefits, and
complete adequate information was provided to the sub-
jects or their officially approved representatives.

The age distribution of patients enrolled in the
study is shown in Fig. 1.

The indication for intravenous infusion of
dexmedetomidine (Orion Pharma, Finland) included
heart rate variability (HRV) values typical for the sympa-
thetic hyperactivity. The aim of dexmedetomidine dose
titration was to achieve normal HRV values. The
parasympathetic hyperactivity detection served as a ra-
tionale for a drug dose reduction or withdrawal (5-
minute cardiac intervals recording on Polispectr-8 EX
device, Neurosoft company, Russia, was used).

Group 1 consisted of patients with electrophysio-
logical guidance of dexmedetomidine administration ac-
cording to HRV data (n=17, 11 males and 6 females), of
them 7 had prior TBI, 5 had SAH, 3 suffered from stroke,
and 2 patients experienced consequences of brain anoxic
injury. The mean age of patients was 45.7+3.46 years.
Group 2 included patients administered with
dexmedetomidine according to the standard clinical cri-
teria (procedural sedation during ventilation) (n=8, 3
males and 5 females), of them 2 had prior TBI, 1 had SAH,
1 suffered from stroke, and 4 had brain anoxic injury. The
mean age of patients in this group was 38.5+5.72 years.

The following HRV indices were determined: SI
(stress index, in normalized units [nu]), SDNN (standard
deviation of all normal sinus RR intervals over 24 h, in
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11 TP < 200 mc?. Hopmy napamerpos BPC npuanmasnu
B ripefesiax 3HadeHuit nysg SDNN (13,31-41,4 mc); ams
RMSSD (5,78-42,3 mc); niss pNN 50% (0,110-8,1%); niisa
SI (80-900 u. e.); nyia TP (200-2000 mc?). [Tapacumnaru-
YeCKyI0 T'HMIIepaKTUBHOCTh NPUHUMAJIU B IIpeleJsax
sHavedu#t myist SDNN > 41,4mc; nyiss RMSSD > 42,3 Mc;
111 pNN 50% > 8,1%; ny1s1 SI < 80 H.e.; gy TP > 2000 mc2.
Ins BepudUKaum CUMIIATUYECKON THIIEPAKTUBHO-
CTH, HOPMBI UJIY IapACUMIIATUYeCKOH rUllepaKTUBHO-
CTU IIpUHUMAaJIY 3HaYeHUA 3-X U3 5-U YKa3aHHBIX 1apa-
metpoB BPC [7]. PernctprupoBasnu Takke cieqyloliye
napametrpbl BPC: HF — crieKTp BBICOKHX 4aCTOT B MC?
" %; LF — cnekTp HU3KHX 4acToT B Mc? 1 %; LF/HF —
COOTHOIIIEHUE CIIeKTPa HU3KUX U BBICOKUX YacCTOT B H.
e. (HopMann3oBaHHBIX e]1.); VLF — crieKkTp o4eHb HU3-
KHUX 4acToT B Mc?> U %. Pacuer ap(pexkTuBHON 03Bl
(350, ED5y) mpoBomuiy myTeM OmIpefeseHUus 03Bl
JleKCMeIeTOMHINHA, KoTopasi obecriednBaa KOppek-
LIUI0 CUMIIaTUYeCKOU TMIIePaKTUBHOCTHU y II0JIOBUHBI
(50%) mmanueHTOB.

[ cpaBHUTeJBbHON OLleHKH 3(pdeKTuBHOCTU
NIpUMeHEeHU s [eKCMedeTOMUINHA U3YUNJIA YaCTOTY I10-
SIBJIEHUS TOOOYHBIX 3 PEeKTOB (apTepraabHAsA TUTIO-
TeH3us1, OpajuKapausi, OpPagUuITHOd, OTCYTCTBHUE 3(]-
dexra, ormeHa mnpenapara) B rpynmnax. OneHKy
JUHAMHUKU COCTOSIHUS IIAIMEHTOB IIPU IIPUMeHeHUU
JEeKCMeIeTOMUINHA Ha OCHOBaHUHU napaMmeTrpos BPC
NIPOBeJIU 110 CJIeSyIOIIUM [TapaMeTpaM: YpOBeHb CO3Ha-
Hus no mkanaaMm FOUR; CRS-R — Coma Recovery Scale-
Revised; vacTora BbIX01a ITAIIMEHTOB 13 BETeTaTUBHOTO
COCTOSIHUSA; 3aBUCUMOCTD IIAlIUEHTOB OT UCKYCCTBEH-
HOU BeHTUIATNH JieTkux (MBJI);

CrarucTudeckyio 06paboTKy JaHHBIX ITIPOBEJIH C
nucnoJb3oBaHueM nporpamMmmsel MedCalc Software, Bep-
cua 18.10.2. JJocTOBEpHBIMM IPU3HABAIN PA3JININAA
npu p<0,05. «HyneByoo» runoresdy olieHUBaJIM C IIpUMe-
HeHneM Kpurepus [Iupcona (x> — «xu-KBagpar»), aHa-
JIM3a JUcIiepcuii BEIOOPOK (Anova-analysis of variance).

Pe3ynbTaThl U 00CY:K/IEHHE

Bce manueHTs!I 1-1 Tpymie, 10 JAHHBIM 3JIeK-
TpodusnoI0rIIeckoro MouuTopuara BPC, umesnu
ToKa3aTeJiv, XapaKTepHbIe /IS CUMIIAaTUYEeCKOU
runepakTuBHOCTHA (SDNN < 13,31 mc; mgst RMSSD
< 5,78 mc; st pNN50% < 0,110%; ggisa SI > 900 H. e.;
1uts1 TP < 200 mc?). CpeniHre 3Ha4YeHU s IOKa3aTesien
BPEMEHHOTO U CIIEKTpajgbHOTr0 aHanmusa BPC mo
HavaJjia ¥ BO BpeMsl IPUMEeHEHUs TeKCMeIeTOMU-
IWHA MPUBeJIH B Ta0JT. 1.

[Ipu cuMnaTu4eckol IUIEPaKTUBHOCTHU Y
MaIMeHToB 1-i Ipymibl cTapToBasi 403a IeKCMeie-
ToMHUANHA cocTaBuia ot 0,12 no 0,24 MKr/kr/4ac
(cpenuas nosa 0,16+0,01; cymmapso 3a cyTku 200
MKr/cyTkn). Ha 1-3-u cyTku nocsie Hadasna nHQy-
3UM JEKCMeleTOMUIVHA Yy IIalUueHTOB IIPOBesd
KOHTPOJIb MoKasareJsieit BPC (TabJ1. 1). 3HaUUTETh-
HOe N3MEeHeHNe NapaMeTPOB BPEMEHHOTO TNanas30-
Ha BPC (yBennuenne SDNN u RMSSD; cHuskeHue
SI) u yBesm4eHue CrieKTpa MOLIHOCTH YacToT BPC
(TP; VLF; LF; HF) Ha 1-3-u cyTKU NOCTOSTHHOU UH(DY-
3UH JeKCMeNeTOMUIMHA XapaKTepu3yeT HadaJjlo
CHU’KEHMSI aKTUBHOCTHU CUMITaTUYECKON HEPBHOM

ms), RMSSD (root-mean-square of successive normal
sinus RR interval difference, in ms), pNN50% (the per-
centage of successive normal sinus RR intervals >50 ms),
TP (total power of the frequency spectrum, in ms?). The
HRV parameters were recorded prior to the dexmedeto-
midine infusions (baseline), on days 1-3, 4-5, 9-10, 15-25
after the start of drug administration. Sympathetic hy-
peractivity was considered if the following HRV values
were revealed: SDNN < 13.31 ms, RMSSD < 5.78 ms,
PNN50% < 0.110%; SI>900 nu, TP < 200 ms?. Normal ref-
erence ranges for the HRV parameters were as follows:
SDNN 13.31-41.4 ms, RMSSD 5.78-42.3 ms, pNN50%
0.110-8.1%, SI 80-900 nu, TP 200-2000 ms?. Parasympa-
thetic hyperactivity was diagnosed using the following
values: SDNN > 41.4 ms, RMSSD > 42.3 ms, pNN50% >
8.1%, SI < 80 nu; TP > 2000 ms?. To confirm sympathetic
hyperactivity, normal HRV or parasympathetic hyperac-
tivity, 3 out of 5 HRV parameters meeting the above cri-
teria were required [7]. Additional HRV parameters
recorded were HF (high frequency power, in ms? and %),
LF (low frequency power, in ms? and %), LF/HF (ratio of
low and high frequency power, in nu), VLF (very low fre-
quency power, in ms? and %). Calculation of the effective
dose (ED50) was performed by determining the dose of
dexmedetomidine ensuring correction of sympathetic
hyperactivity in 50% of patients.

To compare the efficacy of dexmedetomidine ad-
ministration, the frequency rate of side effects (hypoten-
sion, bradycardia, bradypnea, no effect, drug withdrawal)
in the groups was assessed. We evaluated patients’ con-
dition changes with dexmedetomidine administration
guided by HRV parameters based on the following vari-
ables: level of consciousness according to FOUR and
CRS-R (Coma Recovery Scale-Revised) scales, frequency
rate of patients' recovery from vegetative state, patients'
dependence on ventilation.

Statistical data analysis was performed using Med-
Calc Software, version 18.10.2. Differences were consid-
ered statistically significant if P<0.05. The «null» hypoth-
esis was tested using Pearson’s y? test and Anova analysis
of variance.

Results and Discussion

All the patients from group 1 had electrophys-
iological HRV parameters typical for sympathetic
hyperactivity (SDNN < 13.31 ms, RMSSD <5.78 ms,
PNN50% < 0.110%, SI > 900 nu, TP <200 ms?). The
mean values for the time domain and spectral HRV
analysis prior to and during dexmedetomidine ad-
ministration are given in Table 1.

In patients with sympathetic hyperactivity
(group 1), the starting dose of dexmedetomidine
was 0.12-0.24 ng/kg/h (mean dose 0.16+0.01, total
200 pg/day). On days 1-3 after the start of
dexmedetomidine infusions the HRV parameters
were measured (Table 1). A significant change in
time domain parameters (increased SDNN and
RMSSD, reduced SI) and increased spectral HRV
parameters (higher TP, VLE LE HF) on days 1-3 of
continuous dexmedetomidine infusion indicate
early decrease in activity of sympathetic nervous
system. However, the values of parameters assessed
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Tabsnuna 1. JluHaMHuKa IOKa3aTejied BpeMEeHHOTI'0 H CIIEKTPAJIbHOT0 aHAJIH3a BapuadeIbHOCTH PUTMa cepana
U 103a AekcMmeaeroMuauHa (Mtm).

Table 1. Changes in relationship between time domain and spectral analysis of heart rate variability parameters
and the dose of dexmedetomidine (M+m).

Parameters Timing of intravenous administration of dexmedetomidine
Baseline Days 1-3 Days 4-5 Days 9-10 Day 20-30
SDNN, ms 7.25+0.7 18.5+5.1* 21.6+4.2%* 19.4+2 2% 28.0+10.6**
RMSSD,ms 5.58+0.8 7.9+1.9 8.81+1.1* 10.8+3.5* 12.5+4.4**
PNN 50, % 0.19+0.1 0.21+0.1 0.16+0.09 0.43+0.2 1.22+1.1
SI (stress index), nu 1980+350 1440+637 732+£144* 614+167.3%** 523+183%**
TP, ms? 74.6+15.8 790.8+490*  823+343.2** 504.7+114.2%* 521+177.1%
LE/HE nu 3.06+0.9 3.28+0.7 2.82+0.9 5.27+1.96 2.9+0.7
VLE % 60.6+4.4 70.5+6.35 77.9+4.22 68.5+7.5 71.1£5.12
LE % 20.8+3.5 19.7+3.8 11.75+2.2 17.1+3.9 15.1+3.9
HE % 18.1+3.9 8.9£2.2 9.39+3.0 13.8+5.6 7.16+2.03
VLE ms? 45.7+10.6 689.6+474.6 774.6+323* 376.3+109.4** 1300.7+992*
LE ms? 18.5+6.9 309.3+26.5* 72.4+23.3* 111.3+35.2** 270.1+175.5**
HE ms? 9.8+£1.8 27.3+10.1 32.3+6.9* 68.3+40.4 147.4+£121.2
Dose of dexmedetomidine, pg/kg/hour — 0.16+0.01 0.23+0.02 0.26+0.03 0.27+0.04

Note. SDNN — standard deviation of R-R intervals; RMSSD — the square root of the mean squared differences of successive
NN intervals; pNN50 — the number of interval differences of successive NN intervals greater than 50 ms; SI — stress index in
nu (normalized units); VLF — the very low frequency power in % and ms?; LF — the low frequency power in % and ms? HF —
the high frequency power in % and ms? LF/HF — ratio of low and high powers in nu (normalized units); TP — total power of
variance of all NN intervals, ms?. * — P<0.05; **— P<0.01; the difference between the parameter from the baseline. * — P<0.05;
** — P<0.01; *** — P<0.001, calculated using ¢-test or Anova analysis of variance.

IIpumeuanue. Timing of intravenous administration of — cpoxu BHyTpuBeHHOrO0 BBegeHUs; SDNN — cpegHeKkBagpaTHdHOE
oTkJIoOHeHHe R-R kapaunHTepBanoB B Mc; IMSSD — cpeflHeKBaJpaTUYHOE OTKJIOHEHNEe PAa3HOCTH IBYX CMesKHBIX OTCYETOB
R-R rapauonnTtepsBasoB B Mc; pPNN50% — mosisa R-R kapauonHTEpBasoB B IPOLEHTAaX, OTIMYAIOIIUXCA OT MPeIbIAYIIEro
6ostee ueM Ha 50 Mc; SI — cTpeccoBblil mHAEKC BaeBckoro B HopM. eguHUIAX. HF — CIIeKTp BBICOKUX 9acTOT B % U Mc? LF —
CIIEKTPp HU3KUX 4acTOT B % u Mc?; LF/HF — cooTHoIIeHne clieKTpa HU3KUX U BBICOKHUX YaCTOT B H. €.; VLF — cnekTp oueHb
HU3KUX 4acTOT B % U Mc? TP — o0111as8 MOIITHOCTD CIIEKTpa yacToT, (total power spectrum — TP), mc?. * — p<0,05; ** — p<0,01;
OTJINYMe IMapamMeTpa OT UCXOJHOr0 YPOBHS (10 Hava/ia MIPpUMeHeHUs JeKCMeJeTOMIINHA) 110 [-TeCTy U JUCIepCUOHHOMY

aHa/uay.

CHUCTEeMBbl. 3HAaYCHUA PEruCTPUPyEeMBbIX ITapaMeT-
POB y OOJIBIITMHCTBA MMAIEHTOB TAHHOU TPYIIIHI (Y
15-t; nanueHToB U3 17; 88,2%) B 1-3-1 CyTKU OT
HayaJia IOCTOSIHHOM UH(Y3UH TeKCMeqeTOMU N -
Ha eIlle 0CTaBaJIMCh B JUana30He CUMIIAaTUYeCKON
TUTIEPaKTUBHOCTHU. Vcxos 13 MudpoBbIX napa-
MmeTpoB BPC 103y nexkcmeneroMuauHa 1ocje 3-x
CYTOK OT HaydaJia ero MpruMeHEeHUsI YBeJIMUYUIIN 10
cpenanux 3Havenui 0,23+0,02 mkr/kr/4ac (ot 0,12
1o 0,36 MKr/Kr/4ac, cymMapHo 3a cyTku 337,5+38,3
MKT). Ha 4-5-e cyTku mo napameTrpam BPC (Tabsu-
na 1) JUKBUOAMPOBATH CUMIIATUYECKYIO aKTUB-
HOCTb yOaJIOCh ysKe y 8-M ITalMeHTOB u3 17-m.
Hcxonst u3 coxpaHeHUsI CUMIIaTUYeCKOM TUrep-
AKTUBHOCTH y 7-U ManueHToB (41,1%) no3y gekc-
MeJIeTOMHUIWHA IIOCJIe 5-X CYTOK OT Hadajla ero
NIpYMeEHEHUs YBeJUYUJIN 10 CPeJHUX 3HAaUYeHUN
0,26+0,03 mkr/kr/4ac (ot 0,14 no 0,42 Mkr/xr/4ac,
cyMMapHo 3a cyTku 353,8+35,1 mkr). Ha 9-10-i
JleHb OT Havaja UHQPY3UU JIeKCMeJeTOMUINHA
CHUMIIAaTUYECKYI0 TMIIEPAKTUBHOCTD JIMKBUIUPO-
Basn y 6ostee 50% manueHToB (y 12-TH ManueHToB
n3 17 — 70,6%). Ha 5-10-e cyTkm Habsromamn
3HauUMble 2—-8 — KpaTHble U3MEHEHUA IlapaMeT-
poB BpeMeHHOro guanadona BPC (yBenuueHue
SDNN n RMSSD; cHuskenue SI) n yBesuueHue
cnekrpa moimHocty yactotr BPC (TP; VLF; LF; HF)
(tabs. 1), 4TO XapaKTepU30BAJIO JIMKBUIAIUIO
CUMIIaTUYeCKOU runepakTUBHOCTH. CKOpPOCThb

in most patients of the group (15 out of 17, 88.2%)
were still within the sympathetic hyperactivity
range on days 1-3 of continuous dexmedetomidine
infusion. Based on HRV, the mean dexmedetomi-
dine dose was increased up to 0.23+0.02 pg/kg/h
(0.12-0.36 pg/kg/h, total 337.5+38.3 pg/day) on day
3 of daily infusions. On days 4-5, the HRV parame-
ters (Table 1) showed that sympathetic overactivity
was suppressed in 8 out of 17 patients. Because
sympathetic hyperactivity was still present in 7 pa-
tients (41.1%), after the day 5 of dexmedetomidine
administration, its dose was increased to the mean
values  0.26+0.03  pg/kg/hour  (0.14-0.42
pg/kg/hour, total 353.8+35.1 pug/day). On days 9-10
from the beginning of dexmedetomidine infusion,
sympathetic hyperactivity was suppressed in more
than 50% of patients (12 patients out of 17, 70.6%).
On days 5-10 we observed significant 2-8-fold
changes in time domain HRV parameters (increase
of SDNN and RMSSD, decrease of SI) and increased
spectral HRV parameters (TP, VLE LE HF) (Table 1)
demonstrating the suppression of sympathetic hy-
peractivity. The infusion rate after 10 days from the
start of the drug did not alter compared with the
doses after 5 days of its administration and aver-
aged 0.27+0.02 pg/kg/hr (0.14 to 0.42 pg/kg/hr, to-
taling 353.8+35.1 pg/day). On days 20-30 of
dexmedetomidine infusion, sympathetic hyperac-
tivity was suppressed in 15 patients out of 17
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Puc. 2. Ilunamuka SDNN u rMSSD 1o u nmocje BBeaeHUs
JIeKCMeTeTOMH/IHHA.

Fig. 2. Changes in SDNN and rMSSD before and after the
dexmedetomidine administration.

Note. The changes in SDNN in ms (dark coloured columns ) and
rMSSD in ms (light coloured columns) are presented. 1. Baseline
(prior to the dexmedetomidine administration); 2. Days 1-3;
3. Days 4-5; 4. Days 9-10; 5. Days 20-30 of dexmedetomidine ad-
ministration. ¥ — P<0.05; ** — P<0.01; *** — P<0.001 vs the base-
line values (before dexmedetomidine administration).
IIpumeuyanue. Junamuka SDNN B msec (4epHbIE CTOJIOIbI) 1
rMSSD ms (cepblie cTo61161). 1. VicxomHO (J1o Hayasia BBEJeHUsT
JIeKcMeneToMuauna); 2. 1-3-u cyTky; 3. 4-5-e cytky; 4. 9-10-e
cyTKY; 5. 20-30-€ cyTKU (BpeMs BBeJeHUA IeKCMeNeTOMUIHA
7 pEeTUCTPalnM napaMmeTpos). * — p<0,05; ** — p<0,01; *** —
p<0,001 OT UCXOIHOTO, UCIIOIB30BAHUEM [-TECTa UJIN JUCIIep-
CHMOHHOTO0 aHaJ/im3a (Annova).

12.5%

SDNN and rMSSD in ms
—
(51

—
=]
1

nH(y3nu rocsie 10 CyTOK OT Hayasa MPUMeHeHU s
JIEKapCTBEHHOI'0 IIpernapara He W3MeHsJIach B
CpaBHEHMH C [03aMHU IIOCJI€ 5-TU CYTOK €ro
HUCIO0JIb30BAaHUA U cocTaBuJia B cpenueM 0,27+0,02
MKr/Kr/4ac (ot 0,14 1o 0,42 MKT/Kr/4ac, CcyMMapHO
353,8+35,1 Mkr/cyTkm). Ha 20-30-11 1eHb OT Havaia
VHPY3UN JEeKCMeTeTOMUINHA CUMIATHYECKYIO
TAIIEePAKTUBHOCTD JIMKBUAUPOBA/IN Y 15-TH mmanu-
eHToB u3 17 (88,2%) Takum oO6pasom, o udpo-
BBIM maHHBIM BPC adperTrBHAsA M03a geKCcMee-
tomuguHa J]l;, cocrtasmaa 0,26+0,03 MKr/Kr/4ac
(cymmapHo 3a cyTku 353,8+35,1MKr) m Oblia
JocturHyTa Ha 9-10-# JeHb ero MpUMeHEHHUS.

Juaamuky 3aadveaniit SDNN u rMSSD, kak
OCHOBHBIX MapPKEPOB BPEMEHHOI0 aHa/m3a BPCu
YKa3bIBAIOIIUX HA IPUCYTCTBUE UJIN JTUKBUIALIAIO
CHMIIaTUYeCKON T'MIIEPaKTUBHOCTH IPX BHYTPH-
BEHHOH ITPOJIOHTMPOBAaHHOU MH(DY3UU TeKcMme/e-
TOMMAMHA, IpeICTaBUJIN Ha PUC. 2.

Poct 3rauenuit SDNN u rMSSD HocmJI cTa-
THUCTAYECKN 3HAYMMBIA XapakTep, Ha4MHAsA C

(88,2%). Therefore, according to HRV data, the ef-
fective dose of dexmedetomidine (ED,,) was
0.26+0.03 pg/kg/hour (353.8+35.1 ug/day in total)
and was reached on day 9-10 after beginning of
drug administration.

The changes in SDNN and RMSSD values,
being the main markers of time domain HRV analy-
sis and indicating the presence or suppression of
sympathetic hyperactivity during intravenous con-
tinuous infusion of dexmedetomidine, are pre-
sented in Fig. 2.

The rise in SDNN and rMSSD values was sta-
tistically significant starting from day 9-10 of
dexmedetomidine administration. These trends
persisted up to 20-30 days from the start of
dexmedetomidine intravenous infusion, indicating
the achievement of sustained sympathetic block.

The changes in SDNN, an essential electro-
physiological HRV parameter, in relation to the rate
and duration of the continuous dexmedetomidine
infusion, are shown in Fig. 3.

The rise in SDNN was related to the dose and
duration (days) of dexmedetomidine administra-
tion. Analysis of gradual dose-effect relationship
curves showed that the most dramatic rise in SDNN
was seen in the first 3 days of dexmedetomidine in-
fusion. Later on, the SDNN increase persisted and
associated with an increase in the dose of the drug
and elimination of sympathetic hyperactivity.

When analyzing the incidence of side effects
in the groups 1 and 2, we obtained the results sum-
marized in Table 2.

The mean duration of continuous dexmedeto-
midine infusion in Group 1 patients was 26.07+7.63
days (ranging from 4 to 42 days), in Group 2 —
5.8+1.55 days (ranging from 1 to 9 days). This differ-
ence is due to the frequent development of side ef-
fects and lack of clinical efficacy of dexmedetomi-
dine in Group 2 patients compared to Group 1.
Thus, hypotension (systolic BP less than 90 mm Hg)
in Group 1 was observed in only 2 patients (11.7%)
compared to Group 2, where arterial hypotension
developed in 6 patients (75%), (P<0.001). Sinus
bradycardia (heart rate less than 60 min-') in Group
1 was observed in 1 patient (5.8%) compared to
Group 2, where sinus bradycardia developed in 6
patients (75%) (P<0.001). Decrease in respiratory
rate to 10 min-! or less in Group 1 was observed in
1 patient (5.8%) compared to Group 2, where
bradypnea developed in 3 patients (37.5%)
(P<0.05). Failure to achieve the clinical endpoint
(elimination of sympathetic hyperactivity signs
such as agitation, hypertension, tachycardia,
tachypnea, desynchronization with ventilator) was
observed in 1 patient (5.8%) in the group 1 and in 4
patients (50%) from group 2.

The following parameters showed significant
differences in Group 1 patients prior to and on days
30-60t" day of dexmedetomidine administration:
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Poct SDNN cooTHOCHJICS C

JI0301 ¥ BpeMeHeM (CyTKH) IIpU-
MeHeHHUsI JeKCMeIeTOMUINHA.
ABnanus rpagyanbHBIX KPUBBIX
3aBUCUMOCTH  «II03a-3(pderT»
oKasaJi, YTo HauboJiee 3HaYH-
TeJIbHBIN IpUPOCT SDNN
HaOJTI0Ia/TN B TIepBbIe 3 THS OT
HavaJjia BBeJeHUsI JeKCMeOdeTO-
MuIVMHA. B nmanbHeiinmeMm yBe-
aundyenre SDNN npoposnkanochk
U OBLJIO B3aMMOCBS3aHO C
pocTtoMm 03bI BBOOUMOTO
JIEKapCTBEHHOI'0 IIpemapara u
JUKBUIANEN CHUMIOAaTHYeCKON
TUIIEPAKTABHOCTH.

[Ipu aHa/IM3€e YaCTOTHI Pa3BUTHS TOOOYHBIX
adpdexToB B 1-ii U 2-1 rpynmax naueHToB HOJy-
YWJIA Pe3yJIbTaThl, CYMMHUpPOBaHHbIE B Ta0JI1. 2.

CpenHsisi IIMTEIbHOCTh IOCTOSTHHON NHQY-
3UM JIEKCMeeTOMUVHA B 1-11 rpyIine nanueHToB
cocTaBuJia 26,07+7,63 mHs (mrana3oH 4—-42 THs), BO
2-11 rpynnie — 5,8+1,55 nHsa (nuanas3oH 1-9 nHei).
JlanHas pasHUIA CBSA3aHa C YaCThIM pa3BUTHEM
psina mo609HBIX 3P (PEKTOB U OTCYTCTBUEM KJIMHU-
4ecKou a(pheKTUBHOCTU IEKCMEIETOMUIMHA BO 2-
1 rpyIiie nanyeHToB B CpaBHEHUU C 1-1 rpynmnoi.
Tak, pa3BuTHe apTepUAIHLHOU TUTIOTEH3UHU (CUCTO-
audeckoe AJl MeHee 90 MM PT. CT.) B 1-Ii rpymme
HabJTIOMaIM TOJIBKO y 2-X manueHToB (11,7%) B
CpaBHEHUU CO 2-Ii TPYIIOH, ITle apTepuaabHasi
TUIIOTEH3UsA pa3BUJIACh Y 6-TU NaneHTos (75%),
(p<0,001). Pa3BuTHE CHHYCOBOW OpamuKapaAvu
(4acToTa cep/ieYHbIX COKpallleHui MeHee 60 MUH™!)
B 1-#1 rpynme HaOsomann y 1-ro maruenta (5,8%) B
CpaBHEHUU CO 2-1 TPYIIIOH, TIie CHHYCOBas Opau-
Kapausa pasBujach y 6-Tu mauueHTtoB (75%),
(p<0,001). YMeHbIlIeHNEe YaCTOThI AbIxaHuA 40 10
MUH' 1 MeHee B 1-¥i rpymnme HaOmgomanu y 1-ro
nanyenTa (5,8%) B CpaBHEHUHM CO 2-1 TPyIIIOH, Iie
OpaguITHO? pa3BMJIach y 3-X manueHToB (37,5%),
(p<0,05). OTCcyTCTBHE KIMHUYECKOI'O pe3ysbrara
(HeTOCTUKEeHNE [eJIM IPUMEeHEeHUsT IEKCMeIeTO-
MHUIWMHA B BHUIE JIMKBUIAIIUN CHUMIIaTHYECKON

Puc. 3. I'pagyajbHble KpUBbIe 3aBHCUMOCTH «H03a-adpderT». U3aMeHeHUusA
SDNN B ms OT J03bI IeKCMeAeTOMHINHA.

Fig. 3. Gradual dose-effect relation curves. Relationship between SDNN and the
dose of dexmedetomidine.

Note. Changes in SDNN in ms (solid line with squares) with the dose of dexmedeto-
midine (dashed line with diamonds) are presented. 1. Baseline (prior to the
dexmedetomidine administration); 2. Days 1-3; 3. Days 4-5; 4. Days 9-10; 5. Days
20-30 of dexmedetomidine administration.

IIpumeuanue. Viamenenne SDNN ms (cryionHasi JUHUA € KBaJpaTaMu) B 3aBU-
CHMOCTH OT J03bI JeKCMEeAETOMIANHA (IIPEPBIBUCTAsI JIMHUS ¢ poMbamu). 1. Vc-
XOJHO (0 Ha4aJia BBEIeHUSA IeKCMeleTOMUINHA); 2. 1-3-1 CYyTKY; 3. 4-5-€ CyTKY;
4.9-10-e cyTKY; 5. 20-30-e CyTKU (BpeMs BBEJEeHUs JeKCMeIeTOMUANHA U PETUCT-
paiuu napamMeTpoB).

increased level of consciousness according to
FOUR and CRS-R scales, reduced number of pa-
tients in vegetative state, decreased dependence on
ventilator with restoration of spontaneous breath-
ing (P<0.05, Table 3).

Autonomic nervous system dysfunction with
increased sympathetic drive is the leading factor
underlying both acute and chronic critical illness in
brain injury and many other conditions [8]. Persist-
ent sympathetic overactivity in patients post trau-
matic brain injury, cerebral circulation disorders of
vascular and other origins provokes increased blood
flow abnormalities, secondary brain inflammation
and prevents restoration of nutritional status and
respiratory function along with increasing the risk
of tachyarrhythmias and heart failure [9, 10]. Hence,
the use of drugs eliminating autonomic dysfunction
constitutes a new direction in intensive care medi-
cine. Dexmedetomidine as a central alpha-2 recep-
tor agonist has both experimentally and clinically
proven effect on the correction of autonomic nerv-
ous system imbalance [11-20].

The use of dexmedetomidine guided by elec-
trophysiological HRV assessment being a sensitive
indicator of autonomic function has high prospects
for accurate personalized adjustment of
dexmedetomidine administration and dosing in in-
tensive care. Several studies on the use of
dexmedetomidine under HRV control have been
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Tabsuna 2. YacToTa MOOOYHBIX peaKUi U JJINTEeTbHOCTh HH(Y3UH JeKCMeIeTOMUIUHA Y TAIlHEeHTOB HCCIe-

JyeMBbIX I'PYIIIIL.
Table 2. The frequency of adverse reactions and the duration of dexmedetomidine infusion in studied groups of

patients.

Type of adverse reaction Groups x2-dispersion Pvalue
1, n=17 2, n=8

Hypotension (systolic BP below 90 mm Hg) 2 (11.7%) 6 (75.0%) 9.99 0.0015%**

requiring intervention with vasopressors

Sinus bradycardia (heart rate less than 60 min-!) 1 (5.8%) 6 (75.0%) 12.89 0.0003***

Bradypnea (respiratory rate less than 10 min-!) 1 (5.8%) 3 (37.5%) 4.04 0.044*

The frequency of drug withdrawal due to undesirable effects 1 (5.8%) 6 (75.0%) 12.89 0.0003***

(hypotension, bradypnea, bradycardia)

Lack of clinical effect (1) 1 (5.8%) 4 (50.0%) 6.61 0.01%*

Duration of dexmedetomidine administration, days 26.07+7.63 [4-42]  5.8+1.55 [1-9] — —

Note. Group 1 included patients with a continuous and prolonged infusion of dexmedetomidine with the efficacy assessed by
heart rate variability parameters; Group 2 included patients with continuous infusion of dexmedetomidine, administered on
clinical indications without monitoring of HRV parameters. (1) — lack of clinical effect was considered as one of the following:
failure to achieve the target level of sedation on Richmond Agitation-Sedation Scale 0 to -3; persistent sympathetic drive
(tachycardia above 100 min‘!, systolic BP above 140 mmHg, tachypnea more than 18 min!) [Godo S. et al., 2017]. * — P<0.05;
** — P<0.01; *** — P<0.001 vs. Group 2 by y?-test.

IIpumevaHue. 1-5 rpynna — nanueHTsl ¢ IPOBeJeHUeM IIOCTOAHHON AINTeIbHON HHPY3UHN JeKCMeleTOMUANHA C HaBUTa-
nueit 3¢ GeKTUBHOCTH 10 MapaMeTpaM BapruabeIbHOCTHA PUTMA CEeP/Ila; 2-s1 TPYINa — MalueHThl C IPOBeIeHNeM OCTO-
SIHHO¥ MH(Y3UHU TeKCMeIeTOMUINHA 110 KIMHUYECKUM [I0Ka3aHusM 6e3 HaBUTalMU 10 IlapaMeTpaM BapuabeabHOCTH
putMma cepana. Type of adverse reaction — no6ounas peakiusi; hypotension requiring intervention with vasopressors — cau-
JKeHUe apTepuaabHOro AaBjeHus, Tpebyloliee BBeJeHNs Ba3onpeccopos; sinus bradycardia (heart rate less than...) — cuny-
coBasi Opasukapus (4acToTa CepJeYHbIX COKpallleHUi MeHee 4eM...); bradypnea (respiratory rate...) — 6pagumHoa (4acTora
nbixanus...); the frequency of drug withdrawal due to undesirable effects (hypotension, bradypnea, bradycardia) — gwactora
OTMEHBI IIperapara BCJIeICTBYE HeKelaTe bHbIX 9(p(erToB (runorensus, 6panumnuoa, bpagukapaus...); lack of clinical effect
(1) — orcyTCcTBHE KIMHIUYECKOro ahexTa (OTCYyTCTBHE JOCTHIKEHUS 11eJ1eBOT0 YpoBHs cenanuu Richmond Agitation-Sedation
Scale 0 10 -3; cOXpaHeHHe CUMIIATUKOTOHUY — TaXUKapauA Boime 100 MuH'!, runepreHaus — cuct. A/ [l Beime 140 mmHg, Ta-
XHUITHO9 — 4YacToTa AblxaHus 6osiee 18 mun'), [Godo S. et al. 2017]; duration of dexmedetomidine administration, days —
NPOAOJIKUTEIBHOCTD IIpUeMa JieKCMeJeTOMUIUHA, JHel. * — p<0,05; ** — p<0,01; *** — p<0,001 OTHOCUTEJIBHO 2-} IPYyIIbI
C ACIIOJIb30BAHUEM )2,

TaGuiuia 3. JIlaHHBI€ 10 IIIKAJIaM YPOBHSI CO3HAHH 1, 3aBHCUMOCTH OT armapara BJI 1-ii rpynnsl maijueHToB.
Table 3. Level of consciousness and ventilator dependence in Group 1 patients.

Parameters M=+m / Number of cases (%) Pvalue
Baseline Days 30-60 of intensive care and rehabilitation

FOUR, points 12+0.51 13.8+0.51 0.0014

CRS-R, points 7.13+0.69 9.83+1.04 0.0349

Vegetative state 17 (45.9%) 9 (24.3%) 0.05

On mechanical ventilation 15 (40.5%) 7 (18.9%) 0.0434

Note. Group 1 included patients receiving continuous and prolonged infusion of dexmedetomidine with the efficacy assessed
by heart rate variability parameters. FOUR — Full Outline of UnResponsiveness, CRS-R — Coma Recovery Scale — Revised
(2004).

IIpumeuaHnue. 1-4 rpynna — MalyueHThl ¢ IPOBeJeHHueM IIOCTOSTHHOM JJINTe/IbHON HH(Y3UH JeKCMeleTOMUIMHA C HaBUTa-
nuelt 3¢ HEeKTUBHOCTH 110 ITapaMeTpaM BapuabeabHocTu purMa cepana. FOUR, points — mikaJjia mogpoOHON OLlEHKHU CO-
CTOSIHUA apeaKTUBHBIX ITAIIMEHTOB (JOCIOBHO: «IIOJTHBIA KOHTYP HEOTBE4aeMOCTH»), 6aibl; CRS-R — mIkasga BOCCTaHOB-
JIEHUs TI0CJIe KOMBI (mepecMoTpeHHas1, 2004); vegetative state — BereraTuBHOe cocTossHHe; on mechanical ventilation — Ha
HCKYCCTBBHHOﬁ BEHTUJIAIINU JIETKHUX.

TUNIEPAKTUBHOCTHU ycTpa"HeHue akuranuy, | published [21-23]. However, in these studies the

apTepUaibHOU TUTIEPTEH3UH, TAXUKAPINHU, TAXUTI-
HO9, IECUHXPOHU3AIHH ¢ arraparoM VIBJI) Habuto-
Janu B 1-ii rpynne y 1 naruenTa (5,8%), Torna Kak
BO 2-1i rpy1e — y 4-x nanueHToB (50%).

B 1-ii rpynme manueHTOB CTaTUCTUYECKU
3Ha4YUMble pa3anyud 40 U Ha 30-60-e CyTKuU jede-
HUA MOJIYYWJIM IIO0 CJEOYIOIIMM I[OKa3aTeJIsaM:
NOBBIIICHYE YPOBHA CO3HAHUA 110 IKasaam Four n
CRS-R; yMmeHbUIeHHE KOJMYECTBA ITAlUCHTOB,
HaxXOAAIIUXCSA B BereTaTUBHOM COCTOSIHUU;
YMEHBbIIICHNE 3aBUCUMOCTH MAlleHTOB OT alla-

ranges of normal and dysfunctional autonomic pa-
rameters based on HRV variables (LF/HE LF) were
not elaborated. The ranges of sympathetic or
parasympathetic hyperactivity parameters devel-
oped using HRV measurement and applied in our
study proved to be reliable electrophysiological cri-
teria useful for prescribing and subsequent titration
of dexmedetomidine dose for prolonged use in in-
tensive therapy. Despite sympatholytic effect and
neuroprotection that comprise the key pharmaco-
logical properties of dexmedetomidine, the latter is
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para VIBJI ¢ BoccTaHOBJIEHHEM CAMOCTOATEIbHOTO
Ibixanus (Taba. 3).

Benymum naroreHeTndeckuM (hakTOpPOM pas-
BUTHUA KaK OCTPOrO, TAK U XPOHUYECKOTO KPUTHYe-
CKOTO COCTOSIHUS MPHU MTOBPEKIEHUN TOJOBHOTO
MO3Ta ¥ MHOTHIX IPYTUX KJIMHUYECKUX COCTOSTHUAAX
ABJISIETCST TUC(HYHKIMSA aBTOHOMHOM HepBHOU
CHUCTEMbI, OCHOBHBIM 3JIEMEHTOM KOTOPOM SIBJIsSIET-
Ccl TOHWYECKOe HampsihKeHWe CUMIIaTUYeCKOrO
3BeHa [8]. [locTroAaHHas cuMnaroaapeHaoBasd akTh-
BanysA (CHMIIaTUYECKAasA THIEPAKTUBHOCTD) y ITaly-
eHToB ¢ mocjieactsusamMu UMT, paccrpoiictBamu
MO3TOBOT'0 KPOBOOOpAIIIEHUsT COCYAVCTOTO ¥ HECO-
CYMCTOTO reHe3a IPOBOLMPYET JajibHelIIee pac-
CTPOIICTBO MO3TOBOTO KPOBOOOPAIIEHNSI, BTOPUY-
Hble BocHaauTeJdbHble wuaMeHenuss I[HC, He
TT03BOJISIET TOOUTHCST HOPMAJIU3AIUH HyTPUTUBHO-
ro cTraryca, (PyHKIUM AbIXaHUs, YCUIUBAET PUCK
Ppa3BUTHUSA TaXUAPUTMUIN U CEPIIEYHOUN HEJTOCTATOY-
HocTH [9, 10]. B aTOM CBSI3W MpUMeHeHHe JIEKapCT-
BEHHBIX IIPeIaparoB, YCTPAHAIOIINUX AUCHYHKIINIO
AHC, (popmupyeT HOBOe HallpaBJ/ieHNE B peaHuMa-
TOJIOTUH. JleKCMeNETOMUINH KaK [EeHTPaJIbHbIN
AroHUCT atb(da-2 perenTopoB, UMEET KaK IKCIIEPH-
MEHTA/JbHO, TaK W KJUHHUYECKH JOKa3aHHbBINA
apderT MUKBHMmanuU AucOasaHca aBTOHOMHOM
HepBHOM cucteMsl [11-20].

[IprumeHeHne nekcMeIeTOMUAWHA IO KOHT-
poJieM YyBCTBUTEJIBbHOI'O MHIUKATOPA (PYHKIIUO-
HaJIbHOTO cocTosinusi AHC B BUjie 3JIEKTpOdU3U0-
Jorudyeckod orneHku BPC wumeer BEICOKHE
MepCHeKTUBbI TOUHOU HaBUTAITUYN U IPUMEHEeHU I
CcTpaTeruu mogdopa 03kl JAHHOTO JIEKapCTBEH-
HOTO IIperapara B peaHuMaroJIoTun. MiMeercs psf
paboT, TOCBAIIEHHBIX TPUMEHEHUIO TeKCMeIeTO-
mMuarHa 1o Koutposaem BPC [21-23]. OpgHako B
MaHHBIX paboTax Ha OCHOBaHUU ImapaMeTpoB BPC
(LF/HE LF) He ObLIH pa3dpaboTaHbI AUAINa30HbBI
nokasareJsieit Hopmbl 1 guchynkuuu AHC. Paspa-
OoTaHHBIE ¥ IPUMEHEHHbIE B HAIIIEM HCCJIeI0OBa-
HUU IMaNa30Hbl I0Ka3aTresiell HOpMbI CUMITaTHYe-
CKOM WJIM TTapacUMITaTU4YeCKOU TUIePaKTUBHOCTHU
o mapameTpaM BPC mokasasu ceOs1 Kak HaIexK-
HbIE 9JIeKTPOoPU3N0JIOTNIeCKre HABUTAIIMOHHBIE
KpUTEpUY Ha3HAYEHU U IIOCJIEAYIONero TUTpo-
BaHMSA 1036l IEKCMeIeTOMUANHA IPU TPOJIOHT -
POBaHHOM IIPUMEHEHUH B MTHTEHCUBHOU TEpaMUH.
HecmoTps Ha HaIW4YMe CUMIATOJIM3KUCa U HeUpo-
MPOTEKIIMU — OCHOBHBIX (DAapPMaKOJIOTHUYECKUX
CBOMCTB JIeKCMEeIEeTOMU/IMHA, €ro NpUMeHeHne
MMPOBOAUTCS 6€3 KOHTPOJISI ITeJIEBBIX ITOKa3aTesIeil
CHUKEHUSI aKTUBHOCTU CUMIATHYEeCKOTO 3BeHa
ABTOHOMHOM HEpBHOM cucTeMbl. Kak MbI mOKasa-
JIX B TAaHHOM MCCJIeJOBAHWUY, NHIUBUYyaJIbHOE,
TapreTUpPOBaHHOE HCIIOJIb30BAHUE TEKCMEIETO-
MUJIWHA T03BOJISIET N36eKaTh pa3BUTUS TOO0Y-
HBIX 9 (PeKTOB IIpernapara U CylecCTBEHHO yBe-
JUUnBaTh 9(PHEKTUBHOCTD JieYeHU s TAI[MEHTOB B
KPUTUYECKUX COCTOSTHUSAX.

used without monitoring the target indicators of re-
duction of autonomous sympathetic activity. As we
have shown in this study, the personalized targeted
administration of dexmedetomidine allows avoid-
ing the development of side effects and signifi-
cantly increases the efficacy of treatment of criti-
cally ill patients.

Conclusion

Electrophysiological digital parameters of
heart rate variability reflecting sympathetic hyper-
activity are the guiding parameters to start the in-
travenous dexmedetomidine therapy.

Electrophysiological assessment of autonomic
function using heart rate variability parameters is
an informative way of selecting and titrating the
dose of dexmedetomidine.

The level of sympathetic hyperactivity serves
as an indication for starting dexmedetomidine
therapy. Reaching the normal values of autonomic
function parameters is the target, while parasym-
pathetic hyperactivity serves as a rationale for dis-
continuing the drug or reducing the dose of
dexmedetomidine.

Electrophysiological neuromonitoring of au-
tonomous nervous system as the main regulator of
the body homeostasis increases the efficacy of
dexmedetomidine in patients with brain injury of
different etiologies.

Author contribution. Yuri Yu. Kiryachkov,
DM, developed the aims, suggested the methodol-
ogy of the study and was responsible for the statis-
tical data analysis. Marina V. Petrova, DM, profes-
sor, refined the presentation of material and
authored the «Discussion» section of the paper.
Bagautdin G. Muslimov performed the literature
search and contributed to categorization of mate-
rials. Oleg V. Gridnev, DM, professor, selected the
patients for the study participation.

3akJrouenue

HaBuranioHHbIMY TapaMeTpaMu JIJIsT Havasia
BHYTPHUBEHHOTO IPUMEHEHUST JEKCMEIETOMUIHA
SIBJISTFOTCSI 3JIEKTPO(UINOJIOTUYECKUE TTU(PPOBBIE
rapaMmeTpbl BaprabesIbHOCTU PUTMA CEP/ILIA, OTpa-
SKaIOIMe CUMIIATUYECKYI0 TUIIEPAKTUBHOCTb.

dneKTpopu3noJoruvecKasi oneHka GpyHkK-
I aBTOHOMHO¥ HEPBHOU CUCTEMBI 110 TTapaMeT-
pam BapuabeJbHOCTH PUTMa CepIa sSIBJSIETCS
nH(OpPMaTUBHBIM crI0cO60M No60pa U TUTPOBA-
HUA J03bI JeKCMeIeTOMUIINHA.

YpoBeHb CUMIIaTHYeCKOH TNIIePaKTUBHOCTHU
CJTY>KUT TIOKa3aHUEM K HayaJly IPUMeHEHUsI JIEKC-
MeJeToMuInHa. JIOCTHIKEHNE JTUarasoHa HOPMbI
(pYHKIIMOHAJIBHOTO  COCTOSIHWSI ~aBTOHOMHOM
HEPBHOU CHUCTEMBI SIBJISIETCSI 1IeJIEBOM 3a7avei, a
IOKa3aTeJsIy MapacuMIIaTUIeCKOU TUITEPAKTUBHO-
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CTHU CJIy?KaT OCHOBAHMEM JJIs1 OTMEHBI UJIU CHIDKE-
HUS 03Bl IeKCMeIeTOMUANHA.

DJeKTPpOoPU3INO0JIOTUUECKUN HEHPOMOHHUTO-
PUHT BBIsSIBJIeHUS (PYHKIIMOHAJIBHOTO COCTOSHUS
ABTOHOMHOU HEpPBHOH CHCTeMBbI, KaK IJIaBHOTO
pery/asTopa roMeocTa3a OpraHuaMma, IOoBbIIIaeT
3(p(PEeKTUBHOCTb NPUMEHEHUS JEKCMeIeTOMU I -
Ha y MaleHTOB C IOBpEsKJAEHHEeM TO0JIOBHOTO
MO3ra pa3JInyHOUN 3TUOJIOTUH.
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Pe3rome

[Touck IpOCTOTO TECTA, BOCIPOU3BOJUMOI0 B II0BCEAHEBHON KJINHUYECKOH IIPAKTUKeE, aKTyaJleH [JIs
oIpeie/IeH!s IepeHOCUMOCTH ITOCTIMIOPUYECKOTO MUTAHUA.

Iesb. OIeHUTH B MIUJIOTHOM MCCJIEIOBAaHIHN NH(POPMATHBHOCTH TeCTa abCOPOIIY arleTaMUHO(eHa Tpu
IIOCTIIUJIOPUYECKOM BBeJIeHUH IIpenapara y 60JIbHbBIX C PaCIIPOCTPAHEHHbIM BTOPUYHBIM IEPUTOHUTOM.

Marepuassl 1 MeTobl. TecT abcopbunm areTaMuHOMEHA BBITOJTHUIN TAIMEHTaM C PacCIpOCTpaHeH-
HBIM BTOPUYHBIM IIEPUTOHUTOM. B HaszoeoHa bHBIN 30H7 BBoAuIM 0,5 I IIpenapara B IIPOCBET TOHKOMN
KUIIIKY U cycTd 5, 10, 15, 20, 30, 40, 50 1 90 MuH oIlpeesas/in ero KOHIEHTPAlIo B KpoBU. [lepByio rpymmy
(n=14) cocTaBUJIM NaIMEeHTHI, TECT KOTOPBIM BBIIIOJIHUJIM CPa3y II0C/Ie OIIEPaTUBHOTO BMelIaTeIbCTBa. Bro-
pylo rpy1iy (n=10) cocTaBUJIU Te 5Ke NalleHTh], TeCT KOTOPBIM BBIIIOJITHUJIN B IIEPUOJ, KOTIa OHU ObLJIM CIIO-
COOHBI YCBOUTH >1 JI/CyT. 9HTepaIbHOIO IUTAHUsI 0€3 IPHU3HAKOB €r0 HellepeHOCUMOCTH.

Pe3ynbraThl. [Ipu cpaBHEHNY KOHIIEHTpAIUHY alleTaMUHO(eHa B KPOBU I10CJIe er0 BBEe/IeHUsI B TOHKYIO
KHIIKY IallMeHTaM C IEPUTOHUTOM Cpasy I10CJIe ONePaliy U B [IEPUO]] BO3SMOKHOCTH yCBOCHU S 9HTEPAIb-
HOTO MUTAHUA OOHAPYKUJIU, YTO HanuboJiee BbIpa’kKeHHble CTATUCTHUYECKU 3HAUKUMble PA3JIUYUSA BbI-
ABJIAIOTCA BO BDEMEHHOM MHTepBaJjie 5-20 MuHyT (P<0,001). 3TOT MHTEpBaJI BPEMEHU ABJIAETCA ONTUMAJIb-
HBIM /17151 3a00pa KpOBU IIPU [IPOBeAeHNHU alleTaMUHO(pEHOBOI'0 TeCTa.

3akJirouenue. Tect abcop61uy aneTaMrHO(EHA B TOHKUI KUIIIEYHHK Y ITAIlIEHTOB C PACIPOCTPaHEH-
HbIM BTOPUYHBIM IIEPUTOHUTOM MOSKET OBITh NH(OPMaTUBEH [JIsI IPOrHO3a IIPOBe/IeH s II0JIHOLIEHHOI'O
MIOCTIHAJIOPUYECKOT0 9HTEPATBHOTO TUTAHUA.

Kanaroueswte croea: nocmnujopuvecrkoe numarnue; MOoHkrAsl KUUWKA,; 1mecni a6cop6lguu auemmunogﬁer-m;
IHMepdajlbHoe numdarue; HA30elIHAJIbHOoe NUMaHue;, HeneperHocumMocnib numariusl;, kpunuiecroe CoOCmaositHue,
nepumoxnum

Konduukt nHTEpecoB. KOH(PINKT NHTEPECOB OTCYTCTBYET.

Summary

Finding a simple reproducible routine test is relevant for the determination of post-pyloric feeding
tolerance.

Aim. To evaluate in a pilot study the usefulness of acetaminophen absorption test with post-pyloric drug
administration in patients with generalized secondary peritonitis.

Anpec 114 KOpPeCIIOHJeHIIHH: Correspondence to:
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Materials and methods. Acetaminophen absorption test was performed in patients with generalized sec-
ondary peritonitis. 0.5 g of drug was administered into the lumen of the small intestine through the nasojejunal
tube and after 5, 10, 15, 20, 30, 40, 50 and 90 min its blood level was determined. The first group (n=14) of vari-
ables was taken from patients whose test was performed immediately after the surgery. The second group re-
sults (n=10) were obtained from the same patients who were tested when they were able to absorb >1 1/day of
enteral nutrition without signs of intolerance.

Results. When comparing the concentration of acetaminophen in the blood after the drug administration
into the bowel of patients with peritonitis immediately after surgery and at the time when the assimilation of
bowel feeding had become possible, it was found that the most significant differences were detected within
the time interval of 5-20 minutes after the drug administration (P<0.001). This time interval is optimal for har-
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vesting blood samples during the acetaminophen test procedure.
Conclusion. Bowel absorption of acetaminophen may be informative for predicting the feasibility of ade-
quate post-pyloric enteral feeding of patients with generalized secondary peritonitis.

Keywords: post-pyloric feeding; small intestine, acetaminophen absorption test, enteral feeding, nasojejunal

feeding; feeding intolerance; critical illness; peritonitis
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BBenenue

W3BecTHO, 4TO y 62% IAalIeHTOB B KpUTHAYE-
CKOM COCTOSTHUY Pa3BUBAETCS TUCHYHKRITHS HKeJTy-
nouHo-kuievHoro tpakra (ZKKT) [1], a npu niep-
BUYHOM TIOBPEKJIEHWN KUIIEYHWKA, Kak Y
MaIleHTOB C PacCIpOCTPAaHEHHBIM BTOPUYHBIM
MIEPUTOHUTOM, 3TH HapYIIEeHH S IIPUCYTCTBYIOT BCe-
rga [2]. ViaMeHeHUsT MOTOPHOH, CEKPETOPHOH,
MUIIeBapUTeTbHON, bapbepHOH (PYyHKINI KUTITeY-
HUKa 00beJMHEHBI B IIOHATHE OCTPOE ITOBPEXKIE-
uue JKKT (acute gastrointestinal injury (AGI)) [3].
[IpakTnuecku Bcerga AGI conpoBoskIaeTcsa CUH-
IPpOMOM HemepeHOcuMocTU TuTanuss — feeding
intolerance syndrome (FI), koria HEBOSMOKHO ITPO-
BECTH AaJieKBaTHOE IJHTepaJbHOE INHUTAHHE TIO0
KaKOW-/TN00 KJIMHIYECKOU TpUYrHe (PBOTA, BHICO-
KUe OCTaTOYHBIEe JKeJIyJJOYHble 00 beMBI, Auapes,
SKeJTYIOYHO-KUIIIeYHOe KPOBOTEUEHNe, HaInIne
KHUIIIEYHO-KOYKHBIX CBUIIEH U T. 1.). Ha JaHHbBII
MOMEHT HET eJJTHOTO, YeTKO C(hOpMyTMPOBAHHOTO
CHMIITOMOKOMIIJIEKCA, a TAKKe KOJIMIECTBEHHBIX
XapaKTEPUCTHUK, CIIOCOOHBIX BepU(UIINPOBATh U
pamxkuposars FI [3]. CuuTaercs, yro FI ects, ecan
He JOCTUTHYTHI IleJieBble 3afadyu: 9HTepabHOe
nuTaHue MeHee 20 KKaJI/ KT MacChl TeJia B CyTKH 3a
TepBbIe 72 9 WJIM ero HeoOX0 MO MTPEKPATUTD 110
KakuM-1mu00 npuunHaMm [3]. [Ipu sHTEpasbHOM
MMATaHUH B TOHKYIO KUIIKY (small bowel feeding —
SBF) FI onpepesnisieTcst aHAJIOTUYHBIM 06pa3oM. B
HacTosIIee BpeMsi UMeeTCsI TOCTaTOYHO METO/OB,
CIIOCOOHBIX OIIEHUTH 9BAKYATOPHYIO CIIOCOOHOCTH
SKeJIyIIKa Y TsKeJT000abHBIX [4]. OMHUM W3 HUX
SIBJISIETCSI TeCT abcopOimm maparieramoJia. Ero
Ppe3y/IBTaT 3aBUCHT OT CKOPOCTH 9BaKyaIly MapKe-
pa U3 jKeJIyJKa M CIIOCOOHOCTH KUIIIEYHUKA €T0
abcopbuposarh [5]. M3BecTHO, YTO Jaske mpuU
MUHHUMAaJIbHBIX MOP(OQYHKIIMOHATHHBIX H3MEHEe-
HUSIX KUIIEeYHWKA CHUIKAETCS ero CIOCOOHOCTH
abcopbupoBaTk MUTATEIHFHEIE BEIECTBA, JIEKAPCT-
BEHHBIE IIpenaparsl U, B YaCTHOCTH, alleTaMHHO-

Introduction

It is known that 62% of critically ill patients
develop gastrointestinal (GI) dysfunction [1], and
in primary bowel injury, as in patients with gener-
alized secondary peritonitis, such disturbances are
always present [2]. Abnormal motility, secretory,
digestive, and barrier functions of the gut have
been grouped under the term «acute gastrointesti-
nal injury (AGI)» [3]. Virtually always AGI is accom-
panied by feeding intolerance (FI), when adequate
enteral nutrition cannot be provided for a clinical
reason (vomiting, high residual gastric volume, di-
arrhea, gastrointestinal bleeding, intestinal fistu-
las, etc.). Currently, there are no clearly defined
clinical criteria, nor quantitative characteristics to
verify the diagnosis of FI and classify its severity
[3]. FI should be suspected if the adequate enteral
nutrition (more than 20 kcal/kg body weight per
day in the first 72 h) is not achieved or discontin-
ued due to some reason [3]. In small bowel feeding
(SBF), FI is defined similarly. Currently, there are
quite a few methods to assess the gastric emptying
function in critically ill patients [4]. One of them is
the paracetamol absorption test. Its result depends
on the marker evacuation rate from the stomach
and the ability of the intestine to absorb it [5]. Even
minimal abnormalities in intestinal morphology or
function are known to reduce its ability to absorb
nutrients and medications (particularly, acetamin-
ophen [paracetamol]) [6]. Failed gastric feeding is
a criterion for the initiation of post-pyloric feeding
(PF) [7]. Introducing a nasojejunal tube 30-50 cm
distally to the Treitz ligament and filling the small
intestinal lumen with food is not technically diffi-
cult. However, there is no method to assess the ab-
sorption of the food introduced into the intestinal
lumen. Our study is aimed at finding a simple test
reproducible in everyday clinical practice and ca-
pable of assessing the tolerability of post-pyloric

feeding.
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den (mapameramos) [6]. Kpureprem Havassa mocT-
NUJIOPUYECKOTO nMuTaHuss — postpyloric feeding
(PF) — aBJ1g€TCA HEBO3MOYKHOCTD €0 IIPOBEeHUA
B JKeJIYIOK [7]. TeXHMYeCKU HeCI0KHO YCTAHOBUTD
Ha30€eI0HAJbHBIN 30H/I JUCTaIbHee CBSA3KM Tpeiira
Ha 30-50 cM U 3aIOJTHUTD MMPOCBET TOHKOU KUIITKU
numeii. OgHako HeT MeToja, CIIOCOOHOI0 OIIEHUTh,
YCBOUTCA JIM BBEJEHHOE B IIPOCBET KUIIIEYHUKA
nuraHue. [lonck mpocToro, BOCOPOU3BOIUMOTO B
MOBCEJHEBHON KJIUHUYECKOU TpaKTUKEe TeCTa,
CITOCOOHOTO OTIPEIeTUTh IEPEHOCUMOCTE ITOCTITH-
JIOPUYECKOTI'0 IUTaHU, ONIpefeisieT aKTyaJIbHOCTb
HaIllero nuccjaegoBaHusl.

LeJb ncciieToBaHUs — OIEHUTh MH(OPMATHB-
HOCTB TecTa abcopOrum arieTaMuHO(eHa ITPH ITOCT-
MAJIOPUIECKOM BBEEHUH IIperapara y 00JIbHBIX C
pacrpocTpaHeHHbIM BTOPUYHBIM ITIEPUTOHUTOM.

MarepuaJ u MeTObI

ITpoBeJi OTHOIIEHTPOBOE, TPOCIEKTHBHOE, 00Cep-
BallOHHOE HUCCJIeJOBaHue. B ncciieoBanye BRIIOYUIIN
14 manueHTOB: CO CerMeHTAPHBIM Me3eHTepUuaJbHbIM
TpoM6030M (71=5), C CTPAHTYIAINOHHON TOHKOKHUIIIEY-
HOY HEIIPOXOAMMOCTBIO U TAaHIPEHOU KullleyHuKa (1n=3),
C FaHI'PeH3HO-N1ep(OpPaTUBHBIM aAlNEeHAUIIUTOM (1n=2),
CO CTPAHTYJIALMOHHON TOJICTOKUIIIEYHOH HeIpoXoau-
MOCTBIO ¥ TAaHTPEHOM KUIIIeYHNKa (n=2), c nepgopanueit
KHIIeYHUKa (n=2). KpuTepnu BKIIIOYEHUA: TAIUEHTHI C
pacnpocTpaHeHHOH (pOpMOIi BTOPUYHOTO IIEPUTOHUTA U
MOJIMOPTaHHOM HejocTaTo4HOCThIO, SOFA (sequential
organ failure assessment) (8] >2 u/umu APACHE II (Acute
Physiology and Chronic Health Evaluation) [9] >15. Kpu-
Tepuu UCKJIIYEHUs: Bo3pacT >80 JjieT, KOHLeHTpalus
6mrpyomHa >20 MKMOJIB/ JI FIJTH TIOBBIIIIEHE CofepsKa-
HUSA TPaHCAaMUHA3 B [IBa pa3a 1 0oJiee OT HOPMBI, aJljIep-
rus Ha alleTaMuHOMeH. B KoHIle onieparuy, Npy nepBud-
HOM XMPYPIMYeCKOM BMeIIaTeJbCTBE C IIOMOIIBIO
¢ubporacTpoayomeHOCKOIa YCTaHABINBAIA HA30€I0-
HaJbHBIN 30H7 guaMerpoMm 7 CH Ha rmyouny 30-50 cM
JucrasnbHee cBaA3ku Tpelina. B nepBelii yac nocse omne-
paLuy B yCJIOBUSIX [TaJIaThl MHTEHCUBHOU Tepaluy B HEro
BBOAMJIM anieTamMmuHodeH 0,5 T u yepes 5, 10, 15, 20, 30, 40,
50 1 90 MUHYT, OIIpeesAInd KOHIIEHTPpAalUIOo [Ipenapara
B KpOBU Ha UMMyHOMdepMeHTHOM aHasnuaarope (AxSYM
«ABBOT Laboratories» USA). [TosryueHHbBIE pe3yJIbTaThl
cocraBuu 1-10 rpynmy (n=14). 3HaueHus Tecra 2-U
TPYIIBI TOJIYYUJIN Y TEX K€ ITanueHToB (n=10), Ho B ne-
pyof, Kora ObTA KYIIMPOBaHKI Bee TpusHaku FI. Uncsio
TaIUeHTOoB 2-1 I'PyNIbl YMEHbIINUJIOCH A0 10, Tak Kak 1
ManyeHT CaMOCTOATEeJbHO YAAaIuJl Ha30eloHAJbHbIN
30HJ, y 1 nanueHTa 30H] YIaJIUJIN B CBSI3U C €r0 OOCTPYK-
nuei, 2 nanueHTa yMepJu 10 MOMEHTa COOTBETCTBUSA
KPpUTEpUsIM BKJIIOYEHHA.

KuHMYecKyo XapakTepuCTUKY I'PyIII IIpejicTa-
BWJIH B TA0OJI. 1.

CratucTu4eckyo o0pabOTKy TaHHBIX IPOBETH
C uCIoJb30BaHMeM ITakeTa nmporpamm SPSS. Ilpo-
BEePKYy HOPMaJbHOCTU paclpee/leHusl IPpOoBeJu C
npuMeHeHneM Kputepus [llanupo-Yuika. Pesyssrar
NpencTaBUIM B BUJe CpeJHero 3HadeHus ¢ 95% no-
BepuUTeJbHBIM HHTepBanom M, [CI] niu meguansl ¢
kBaptuaamMu Me, (Q25; Q75). HyneByto runoresy oT-
Bepranau npu p<0,05.

Aim of the study is to evaluate the usefulness
of acetaminophen absorption test in post-pyloric
administration of the drug in patients with gener-
alized secondary peritonitis.

Materials and Methods

We conducted a single-center, prospective, obser-
vational study. Fourteen patients with the following di-
agnoses were included: segmental mesenteric thrombo-
sis (n=5), strangulated small bowel obstruction with
intestinal gangrene (n=3), gangrenous/perforated ap-
pendicitis (n=2), strangulated colonic obstruction with
colonic gangrene (n=2), intestinal perforation (n=2). In-
clusion criteria were as follows: generalized secondary
peritonitis and multiple organ failure, SOFA (sequential
organ failure assessment) [8] >2 and/or APACHE II
(Acute Physiology and Chronic Health Evaluation) (9]
>15. Non-inclusion criteria: age >80 years, bilirubin >20
umol/L or transaminase elevation 2 times and more
above the upper normal limit, acetaminophen allergy. At
the end of the primary surgical intervention, a nasojeju-
nal tube CH/Fr 7 was placed 30-50 cm distal to the Treitz
ligament using a gastroscope. Acetaminophen 0.5 g was
administered during the first hour after the operation in
the intensive care unit, and after 5, 10, 15, 20, 30, 40, 50
and 90 minutes the drug concentration in the blood was
determined using immunoassay analyzer (AxSYM,
ABBOT Laboratories, USA). The results of patients who
underwent these interventions were included into Group
1 (n=14). Group 2 values were obtained in the same pa-
tients (n=10), but after complete resolution of all signs of
FI. The number of Group 2 patients decreased to n=10,
because 1 patient removed the nasojejunal tube on his
own, 1 patient had the tube removed due to blockage,
and 2 patients died.

Clinical characteristics of study groups are pre-
sented in Table 1.

Statistical analysis was performed using the SPSS
software package. Normality of variable distribution was
assessed using the Shapiro-Wilk test. The result was pre-
sented as mean with 95% confidence interval M, [CI] or
median with quartiles Me (Q25; Q75). The null hypothe-
sis was rejected at P<0.05.

Results and Discussion

The acetaminophen absorption test in group 1
(n=14) was performed in the first hour after surgery
in patients with multiple organ failure [8] and sep-
sis [10] (Table 2). Repeated acetaminophen test
(group 2) was performed if the absorption of en-
teral nutrition administered through nasogastric
tube or orally in a volume >1 L/day was normal and
no signs of FI were present (Table 2). The mean
time to this point was 5.4 [4.7-6.1] days.

Before starting small bowel feeding, it is nec-
essary to provide a rationale for this route of nutri-
tion delivery. The use of gastric tube is considered
preferable due to the simplicity and rapid initiation
of enteral feeding, as well as reduced ICU stay in
comparison with parenteral feeding [11, 12] and
low frequency of infectious complications [13]. In
contrast, a post-pyloric tube is arguably not associ-
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TaGuuia 1. XapakTepuCTHKA IPYII HAHEHTOB C PACIPOCTPAHEHHBIM BTOPHYHBIM EPUTOHHUTOM.
Table 1. Groups of variables in patients with generalized secondary peritonitis.

Parameters Groups Pvalue
1,n=14 2,n=10
Sex Male 9 6 —
Female 5 4

Age Years 58.9 [51.9-65.9] 56.9 [47.4-66.3] 0.292*
Pvalue according to Shapiro-Wilk test 0.66 0.548

APACHE I Points 19.4 [17.1-21.7] 4 (0; 5) <0.001**
Pvalue according to Shapiro-Wilk test 0.322 0.041

SOFA Points 9.5 [8.3-10.6] 0(0; 1) <0.001**
Pvalue according to Shapiro-Wilk test 0.357 <0.001

CRP mg/l 219 [194.7-243.8] 52.0 [36.1-67.8] <0.001*
Pvalue according to Shapiro-Wilk test 0.739 0.241

Lactate mmol/1 6.23 (4.71;7.1) 0.86 [0.65-1.06] <0.001**
Pvalue according to Shapiro-Wilk test 0.04 0.37

Note. * — paired samples ¢-test (comparison between group 1 and group 2); ** — Mann-Whitney U-test (comparison between

group 1 and group 2).

IIpumevanue. Male — My>xuuHbL; female — jKeHIIWHEL; age — Bo3pact, years — jieT, CRP — CPB. * — f-kpuTepuii IapHbBIX BbI-
0opok (cpaBHeHue Mesky 1 u 2 rpynnamu); ** — U-kputepuii MaHHa-YUTHU (CpaBHEHHE MesRay 1 1 2 rpymnnaMu).

Tabauiia 2. KoHieHTpalus aneraMiuHogeHa B KPOBH IIOCJIE €0 BBEIEHHUA B TOHKYIO KHIIKY, MKT/MJL.
Table 2. Blood level of acetaminophen after intestinal administration, pg/ml.

Time, min Parameters Groups P value
1,n=14 2,n=10

5 Acetaminophen, pg/ml 3.27 [2.4-4.14] 18.73 [17.38-20.07] <0.001*
P value according to Shapiro-Wilk test 0.704 0.456

10 Acetaminophen, pg/ml 5.74 [4.62-6.86] 21.55[18.98-24.11] <0.001*
P value according to Shapiro-Wilk test 0.799 0.111

15 Acetaminophen, pg/ml 6.7 [5.96-7.44] 15.74 [14.19-17.27] <0.001*
P value according to Shapiro-Wilk test 0.744 0.290

20 Acetaminophen, pg/ml 5.87 [5.15-6.59] 11.07 [9.35-12.79] <0.001*
P value according to Shapiro-Wilk test 0.425 0.260

30 Acetaminophen, pg/ml 6.21 [5.47-6.95] 7.93 [7.04-8.82] <0.018*
P value according to Shapiro-Wilk test 0.195 0.595

40 Acetaminophen, pg/ml 5.88 [5.16-6.6] 6.35 [5.54-7.17] <0.564*
P value according to Shapiro-Wilk test 0.474 0.156

50 Acetaminophen, pg/ml 5.65 [4.99-6.31] 5.9 [5.21-6.59] <0.558*
P value according to Shapiro-Wilk test 0.489 0.580

90 Acetaminophen, pg/ml 6.23(4.71;7.13) 5.15 [4.51-4.85] 0.212**
P value according to Shapiro-Wilk test 0.03 0.217

Pvalue <0.001*** <0.001**** —

Note. * — paired samples ¢-test (comparison between group 1 and group 2); ** — Mann-Whitney U-test (comparison between

group 1 and group 2); *** — Friedman test; **** — ANOVA.

IIpumeyanue. * — (-KpUTEpPUI MAPHBIX BEIOOPOK (cpaBHeHue 1 u 2 rpymnm); ** — U-kpurepuit MaHHa—-YUTHU (CpaBHeHUeE 1-i 1

2-# rpynn); *** — kpurepuit @puamana; **** — ANOVA.

Pe3ysbTaThI M 00CY:K/I€HUE

Tect Ha abcopbumio aneramMmuHodeHa B 1-i
rpymmne (n=14) BBINOJHUJN B IIEPBBIN Yac mocje
onepanuu y rnmalfieHToB C HOJIHOpF&HHOfI HeOg0-
CTaToYHOCThIO (8] m cemcucom [10] (Tadu. 2).
[ToBTOpHBIH anteTaMrHadEHOBBIH TeCT (rpymnmna 2)
IpOBOANJIN IIPU YCJIOBUH, UTO MMTAIUEHT YCBAUBAJ
9HTEepaJbHOE NUTAHUE, BBOAUMOE B YKEJIYJOK C
IIOMOIIBI0 HAa30TaCTPaJIbHOTO 30HAa WUJIM CaMO-
CTOAATeJIbHO B 00beMe >1 Jj1/cyT 6e3 mpuaHakoB FI
(traba. 2). CpegHee BpeMsi OO 9TOTO MOMEHTa
cocrasuio 5,4 [4,7-6,1] CyTOK.

[Ipesxne, uem Havyars SBE ciienyer aprymes-
TUPOBATh BBIOOP 3TOTO NYTU IOCTABKYU MUTAHUS.
M3BeCTHO, 4TO UCIOJIb30BAHUE 30H/A B YKEIYI0K
IPeAIOYTUTETbHEN BCJIEICTBHUE IPOCTOTHI U CKO-
poCT HHUIMAIUUN OHTEPAJBHOI'O IINTAHUA,

ated with a greater number of complications during
insertion or maintenance, compared with its place-
ment in the stomach [14]. Besides, PF in compari-
son with gastric feeding reduces the risk of pneu-
monia by 30%, increases the volume of delivered
nutrition, does not affect the duration of mechani-
cal lung ventilation, mortality, and duration of
treatment [15, 16], but can increase the risk of
minor gastric bleeding [14]. Nevertheless, accord-
ing to some guidelines, switching to post-pyloric
feeding is recommended in patients with clinical
signs of FI despite prokinetic drugs administration,
or in patients with high risk of aspiration [17]. Rou-
tine use of SBF is not supported [1, 7], as in rare
cases it can cause severe dilatation and perforation
of the small intestine [3]. If SBF is considered, it is
necessary to decide on the time of initiation and
the volume of enteral nutrition provided. Currently,
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KpOMe 3TOT0, B cpaBHeHnH ¢ PE nipu aToM cHM Ka-
eTCsI IPOAOJIKUTEIFHOCTD TpedbbiBanuss B OUT
[11, 12] 1 yacToTa UH(PEKIIMOHHBIX OCITOKHEHUHN
[13]. B mpoTuBOBEC 3TOMY MOKHO IIPUBECTU
JOBOII, YTO YCTAaHOBKA IIOCTIIMJIOPAYECKOIO 30HIa
He CBsI3aHa C OOJIBIINM KOJUYECTBOM OCJIOMKHE-
HUH BO BpeMsI BBEJIEHUs WJIA O0CTy;KUBAHUS 110
CpaBHEHHUIO C YCTAHOBKOU ero B JKeJyJIoK [14].
Kpome toro PF B cpaBHeHnH C IUTaHUEM B YKeJy-
IOK Ha 30% CHM)KaeT 4acTOTy Pa3BUTHUS ITHEBMO-
HUY, YBEJIUUYUBAET 00bEM TOCTABJISIEMOTO TTATA-
HUsI, He BJIMAET HA MNPOJOJKUTEIBHOCTD
HWCKYCCTBEHHON BEHTUJIAIMM JIETKUX, JIeTaJlb-
HOCTB Y IPOJOJIKUTEJIBHOCTD JieueHus [15, 16], Ho
MOJKET YBEJIMYUTDb PUCK HETAKEJIbIX KeyI0YHbIX
KpoBoTeueHu [14]. Tem He MeHee, eCTh pEKOMEH-
Jlall¥, COIACHO KOTOPBIM MepPeXof K MOCTIUJIIO-
pUYEeCKOMY IUTAaHUIO PEKOMEH0BaH NanyeHTaM
C RIMHNYeCKUMU npu3dHakamu FI, HecmoTpst Ha
IIpreM IIPOKMHETHUYEeCKHUX IpelaparoB, WA Y
MalMeHTOB C BBICOKUM PUCKOM acnupanuu [17].
Pyrunnoe npumenenue SBF He nonnepsxusaercs
[1, 7], Tak KaKk B pegKUX CIy4asaAX MOKET BbI3BATh
TSOHKEJIYIO JUJIaTaliio TOHKOU KUIIIKY U ee Itepo-
pamuio [3]. B cayuae Bbeibopa SBF Heobxommmo
OIpeNIeTUTHCSI C BpeMeHeM Hadaja U 00beMoM
BBOOUMOI'O 9HTepaJbHOro nuTtaHus. Ha cero-
IHSAITHUUA JIeHb JJI pelleHusI 9TUX BOMPOCOB
HCIIOJIB3YIOTCA METOIbI, OLlCHUBAIOIe HapyIle-
HUE NEepUCTAJIbTUKUA KUIIeYHUKa. K 30J10ThIM
CTaHJapTaM cjaegyeT OTHECTH CIIUHTUTIpPApUIO U
BOJIOPOJHBIN JbIxaTeabHbIN TecT [18, 19]. B nByx
MIPOCTIEKTUBHBIX UCCJIETOBAHUSIX OBbLIa JOKa3aHa
nH(POPMATUBHOCTh IPUMeHeHUsT 6eCITPOBOTHOM
KaICyJ/Ibl y IalJAEHTOB B KPUTHUYECKOM COCTOSIHUN
[20]. KpoMme aTOrO, yJIBTpa3ByKOBOE UCCJIeJOBaHue
KUIIIEeYHUKA ABJISIETCS COBpeMeHHbIM 3D (PeKTUB-
HBIM METO/I0OM OILIeHKU MePUCTAJIBTUKA U MOYKET
OBITH UCTIIOJIB30BAHO JJI51 IPOTHO3UPOBAHUS Pa3-
Butua FI [21]. HegocrarkaMu nepedyrc/ieHHBIX
METOOB SIBJISETCS HeOOX0IUMOCTh HaJIUMYU CIIe-
[IMaJFHOTO0 00O0pPYIOBaHMs, TPAHCIOPTHPOBKA
nanueHrta 3a teppuropuio OPUT, nautenbHbIN
BpeMEeHHOU MHTepBaJl JJIs1 IOJIy4eHUsI pe3yJibra-
TOB, HeOOXOOWMOCTh BJIQJIEHUsI IIePCOHAJIOM
oIpe e IeHHbIMYA HABbIKAMU U OTCYTCTBHE JOCTO-
BepHOU wuH(popMaTuBHOCTU. [lepBBIA TecT B
HaIlleM KMCCJIeJ0BaHNM ObLJI BBIIIOJHEH ITalieH-
TaM ¢ HaubOoJee TsokesabiMu 111 u IV kaaccamu
nospesxkaenus JKKT [22] B pesysbsraTe NepuTOHU-
Ta. [Ipu aTOM HapylleHrWe MOTOPHOU (PyHKIUU
KUIlIeYHNKa BOSHUKAET BCeraa, 4YTo 3HaYUTeJIbHO
n3MeHsIeT abCcopOIHMIO MTUTATEeTbHBIX BEIECTB U
IpenaparoB U3 ee nmpocsera [23]. ITo Mepe Kynu-
pOBaHUs NEPUTOHUTA U BBIX0J]a OOJTLHOTO M3 KPH-
TUYECKOTO COCTOSTHUS BOCCTAaHABJIMBAETCS ITEPU-
CTaJbTUKA KHUIIEeYHUKA, U €ero CIO0COOHOCTH
yCcBauBarb BBOOMMBbIE B HEro HYTPHUEHTbl U
JIleKapCTBeHHbIe Mpemnaparsl. Bce aTo npeamnoJia-

methods assessing intestinal peristalsis impair-
ment are used to address these issues. Gold stan-
dards include scintigraphy and hydrogen breath
test [18, 19]. In two prospective studies, the useful-
ness of the wireless capsule in critically ill patients
has been proven [20]. In addition, intestinal ultra-
sound is a contemporary effective technique for
peristalsis assessment which can be used to predict
the development of FI [21]. The disadvantages of
the above methods are the need for special equip-
ment, transportation of the patient outside the ICU,
along time interval to obtain the results, the need
for specific skills of the staff, and the lack of reliable
usability. The first test in our study was performed
in patients with gastrointestinal injury of the most
severe classes (IIl and IV) [22] caused by peritonitis.
In such cases, intestinal motor function is always
impaired, which significantly alters the absorption
of nutrients and drugs [23]. As peritonitis is relieved
and the patient recovers from the critical illness, in-
testinal peristalsis and proper nutrient and drug
absorption are restored. All this suggests that the
rate of acetaminophen absorption from the lumen
of the small intestine will be different at different
periods of illness in patients with generalized sec-
ondary peritonitis [6]. According to our findings, if
the values obtained 5 minutes after the acetamin-
ophen administration (3.27 [2.4-4.14] ng/ml, which
is minimal in the measurement series) in group 1
are discarded, further changes in blood acetamin-
ophen concentration would be insignificant (Fried-
man test, P=0.128). The maximum values in this
group, 6.21 [5.47-6.95] ng/mkL, was seen at 30 min.
In the second group, the maximum concentration
of acetaminophen, 21.55 [18.98-24.11] pug/ml, was
recorded at 10 min, and the minimum, 5.15
[4.51-4.85] ng/ml, at 90 min. In a paired intergroup
comparison of the results, significant differences
(P<0.001) were obtained only from 5 to 20 min
(Table 2), which warranted the selection of this
time interval as most informative. Subsequently, in
each group we combined the values obtained dur-
ing this time interval. The calculated means of 5.4
[4.87-5.92] pg/ml in the first group and 16.77
[15.28-18.26] pg/ml in the second group were sig-
nificantly different from each other (P<0.001).
Thus, when performing the acetaminophen test
after intestinal administration of the drug, the op-
timal time for blood sampling would be between 5
and 20 min.

There is a U-shaped relationship between sur-
vival of a critically ill patient and energy delivered
with nutrition. Achieving 70% of the predicted rest-
ing energy requirements with nutrition associates
with increased survival, exceeding this level results
in reduced survival [24]. Small bowel feeding in-
creases survival in patients with high nutritional
risk and gastric FI (<30% of predicted) within a
week, provided that in the first 3 days its volume
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raeT, YTO CKOPOCTh abcopbmum arneTaMuHOdpeHa
W3 TPOCBETAa TOHKOTO KHUIIEYHWKA B pa3HbIe
mepuoab! 3aboJsieBaHusI OOJIBHBIX C pacIpocTpa-
HEHHBIM BTOPUYHBIM IEPUTOHUTOM OyJIeT pasHast
[6]. IIo pe3ysabTaraM Halllero UCCJIeqOBaHUs, €CJIU
y HalMEeHTOB ITepPBOM IPYIITHI yOpaTh U3MEPEHUS,
BBINOJIHEHHBIE Ha 5-ui MuH — 3,27 [2,4-4,14]
MKT/MJI, KOTOpbIe OBbITM MUHUMAJIbHBIMU B 9TOM
JIUHAMUYECKOM DSy, AaJbHEUIe U3MeHeHUs
KOHIIEHTpAIUN aleTaMUHOoMeHa B KPOBH OYAyT
CTaTuCTUYeCKU He 3HaUnMbIMU (Kpurtepuii ®puji-
MaHa, p=0,128). MakcruMaJ/ibHble 3HAaUEHUS B 9TOU
rpymnne — 6,21 [5,47-6,95] MKr/MJI IpUXOAUJINACH
Ha 30 MuH. Bo BTOpO1i rpymie MakCUMyM KOHIIEHT-
panumn aneramuHodena — 21,55 [18,98-24,11]
MKT/MJT OBIJT 3aperucTpUpoBaH Ha 10-0¥ MUH, a
MUHUMYM — 5,15 [4,51-4,85] MKr/mJu1 Ha 90 MuH.
[Ipu mapHOM CpaBHEHUH PE3YJIBraTOB MKy IPyII-
TTaMH TOJTBKO C 5-1 110 20-10 MUHYTHI OBLJIH TIOJTy4e-
HbI CTATUCTUYECKU 3HaUMMble oinvus (p< 0,001)
(TabJ1. 2), 9TO MOCTYKUI0 OCHOBAHUEM /1715 BBIJE-
JIEHUSI 9TOI'0 BPEMEHHOI'0 IIPOME)KYTKa B Kaye-
cTBe MH(OPMATUBHOTO MHTepBaJia. B nmajibHeu-
meM, B KaKIOW Trpynme Mbl 00beImHUIN
TOJTy4YeHHble 3HaUueHUsI B 9TOT BpEMEHHOU UHTep-
BaJ. Paccuntanuble cpeiHue — B mepBod — 5,4
[4,87-5,92] MKr/MJ 1 BO BTOpOU rpynne 16,77
[15,28-18,26] MKI'/MJI CTaTUCTUYECKHN 3IHAYNMO
OTJIMYAJIICH MesK Ty co00# (p<0,001). Takum oOpa-
30M, IIPY TPOBeIeHNH alleTaMUHO(EHOBOTO TeCTA
nocje BBEeJeHWsA Mpenapara B IIPOCBET KUIIKU
ONITUMAJIFHBIM BpeMeHeM 3abopa KpoBH OymeT
TIPOMESKYTOK C 5-11 110 20-10 MUH.

H3BecTHO, 4YTO HA BBI)KMBAeEMOCTD ITalleHTa
B KPUTUYECKOM COCTOSTHUU BJIUSIET KOJIUYECTBO
9Hepruy, IoJaydaeMoe UM C IUTaHueM. JTa 3aBU-
cumocTh nmeet U-o06pasHyio (popmy. [locTikeHme
nutanueM 70% OT JOJ/PKHOU 39HEepreTU4YecKou
MOTPeOHOCTHU MMOKOSI COTIPOBOKIAETCS TTOBBIIIIE-
HHEM BBI’)KMBAeMOCTH, IIPEBBINIIEHNE 3TOTO 00be-
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was at least 65% of the predicted [25]. Accordingly,
estimation of absorbable nutritional volume is cru-
cial when initiating SBE Further studies of deter-
mining the concentration of acetaminophen in the
blood using an expanded group of patients will re-
sult in developing a rational model for predicting
the transfer of patients to enteral nutrition to main-
tain the optimal amount of delivered energy and
protein.

Conclusion

Bowel absorption of acetaminophen may be
informative for predicting the feasibility of ade-
quate post-pyloric enteral feeding of patients with
generalized secondary peritonitis.

Ma IIPUBOJIUT K €€ CHUKEHUIO [24]. I3BeCTHO, 4To
SBF moBBINIIaeT BBIPKMBAEMOCTH y OOJIBHBIX C
BBICOKMM HYTPUTUBHBIM PUCKOM U FI B sKeTyIOK
(<30% OT IOJIHKHOTO0), HA HPOTSYKEHUU HeleJIN IPU
YCJIOBUH, YTO B IEPBBIE 3 THA €ro 00beM OBLT He
MeHee 65% OT JOJIKHOro [25]. YduThiBass 3To,
O4YeHb Ba)KHO Npu nHUNManum SBF oneHwnTs,
Kakoi 00'beM IMUTAHMS CMOKET YCBOUTD OOJTBHOM.
HManpHeNIe UCCeT0BAHNUSA ONpeleIeHNsT KOH-
[eHTpaIH arleTaMruHOeHa B KPOBHU C UCITOJIb30-
BaHWEM pacCIIMpPeHHON TPYNIIbl MTAMEeHTOB M03-
BOJIAT pa3paboTarh pPAUOHAILHYIO MOIENb
MMPOTHO3a IepeBoa OOJBHBIX HA IHTEPATHLHOE
MMUTaHNE JJIsT COXPAHEHUSI ONTUMAJIBHOTO 00 beMa
JIOCTABJIIEMOU 9HEPTUHU U OesTKa.

3akJrouenue

KosnmuecTBeHHas1 orjeHKa abcopOIny arera-
MHUHO(EeHa B TOHKYIO KUIIIKY Y IMaIllieHTOB C pac-
IIpOCTpaHeHHbIM BTOpI/I‘{HbIM HepI/ITOHI/ITOM
MOJKeT OBITh NEepCIeKTUBHA [JsI MPOBEIEHUs
noJiHolieHHoro SBE
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Pe3rome

Hexpotusupyoiias nHdekiusa Markux Tkameii (HMUMT) — Tsskesiast xupypruueckast UH(eKIus, npu
reHepaJm3aIii KOTOPOU YacTo Pa3BUBAETCS CETICHUC U CEITUYECKUN TTTOK.

Ilens uccaeg0BaHUA — OIPENEIUTh YACTOTY TPOMOOIIUTOIIEHUH Y OOJIBHBIX C TeHEPaIN30BaHHBIMU
¢dopmamu HUMT, hakTOphl, CHOCOOCTBYIOIIME €€ PA3BUTHIO U CBSI3b C Pa3BUTHUEM CENTUYECKOTO II0KA.

Marepuas u metoabl. O6cienoBanu 129 60sbHbIX ¢ HUMT, ieunBinuxcs ¢ 09.2015 mo 12.2019 IT. B 60J1b-
Hutle CB. Besiukomyuennka ['eoprust Cankr-IlerepOypra. Bcem namuenTam rnposesid Xupyprudeckoe jiede-
HUe, TabopaToOpHOE reMaToJI0TUYeCKOe ¥ OMOXUMUYECKoe 00C/IeTOBaHNE U 0AKTEPUOJIOTUTIECKOE UCCIEN0-
BaHME KPOBU U OTJEJISIEMOTO U3 PaHbI. Bcero 60/IbHBIX C CHHIPOMOM CUCTEMHOM BOCTAJTUTE/IHHON PEAKITNU
OBLJIO 22, C CEIICUCOM — 63, CEIITUYECKUM IIIOKOM — 44 YeJI0BeKa.

Pe3ybraThl. BEISIBUIIN CHIDKEHUE KOJIMYECTBA TPOMOOITUTOB ¥ 6016HBIX HVIMT € cenTuYecKM MIOKOM
y’Ke B IlepBble CyTKU 3aboJieBaHUs U ajbHellllee ero CHUKeHre B TedeHue 3-X JHel, IpuueM cpegHuil
06beM TpoMboIUTOB (MPV) B 9TH K€ CPOKU BO3PaCTaJs U CYIIECTBEHHO IPEBOCXOIUJI TAKOBOH Y OOJIBHBIX
C CEeTICHUCOM U CUHJIPOMOM CHUCTEMHOU BOCHAIUTETbHOU peakiuu. Y 60abpHbIXx HUMT, nMeBIINX MPU T0-
CTYIIJIEHUU TPOMOOIIUTOIIEHUIO, BBIIBU/IN CTATUCTUYECKN 3HAUMMYIO KOPPEeJIAINI0 KOJIMYecTBa TpoMbo-
LIUTOB C J0JIeH CerMeHTOosIIepHbIX HelTpoduios (r=0,349; p<0,001; n=40). MakcUMaJIbHYIO YaCTOTy CEIITH-
YeCKOro III0Ka OTMeTHJIN Y 00JbHBIX, HH(punupoBanubix Klebsiella pneumoniae (13 u3 19, 65%). Y artux
60JTbHBIX TPOMOOITUTHI UMEJTH HanO o IbITNI MPV, OTHaKO TPOMOOITUTOTIEHUS He pa3BUBaIaCh. MaKCHUMaJIb-
HYIO 4YaCTOTy TpOMOOITOIeHUH, yBesnueHnre MPV 1 aHM3011uTO3 (OTHOCUTEJIBHYIO HIINPUHY pacupeseJie-
HUSI TPOMOOITUTOB 110 00beMy — PDW) BBISIBHIHN Y O0JIBHBIX ¢ pa3ButreM HVIMT Ha (hoHEe XpOHHYECKOTO
BupycHoro remarura C. OfHAKO, CpaBHUTEIbHAS YaCTOTa PA3BUTHS CENITUYECKOTO IIIOKA Y 9TUX OOJIBHBIX
He ObljIa IIOBLIIIIEHA.

3akarouyeHue. Pa3sutue centudeckoro moka npu HYMT o0yc/ioBieHo onpeeieHHbIM TUIIOM aKTUBA-
MU TPOMOOITUTOB.
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Knroueevle croea: Hekpomusupyoujas UHperyus Msaekux mraneil; Cenmu4eckuii Uok; Cencuc; mpom-
boyumonenus, xponuueckuil supychulii 2enamum C; Klebsiella pneumoniae

KoH(INKT HHTEPeCOB. ABTOPHI 3asIBJISAIOT 00 OTCYTCTBUM KOH(MJINKTA HHTEPECOB.

Summary

Necrotizing soft tissue infection (NSTI) is a severe surgical infection which can result in sepsis and septic
shock when generalized.

The aim of the study was to determine the frequency of thrombocytopenia in patients with generalized
NSTI, the factors promoting its development, and its association with septic shock.

Materials and Methods. We examined 129 patients with NSTI treated between 09.2015 and 12.2019 at St.
George Hospital in St. Petersburg, Russia. Surgical treatment, hematological and biochemical examinations,
and bacteriological analysis of blood and wound discharge were performed in each patient. The studied group
included 22 patients with systemic inflammatory reaction syndrome, 63 patients with sepsis, and 44 patients
with septic shock.

Results. We found a decrease in platelet count in NSTI patients with septic shock as early as on the first
day of the disease and its further decrease within the next 3 days, with the mean platelet volume (MPV) in-
creasing during the same period and significantly exceeding that in patients with sepsis and systemic inflam-
matory response syndrome. In NSTI patients with thrombocytopenia on admission, we found a significant
correlation between the platelet count and the percentage of segmented neutrophils (r=0.349; P<0.001; n=40).
The maximum incidence of septic shock was observed in patients infected with Klebsiella pneumoniae (13
out of 19, 65%). These patients had the highest MPV but did not develop thrombocytopenia. Maximum fre-
quency of thrombocytopenia and elevation of MPV and platelet distribution width (PDW) was found in pa-
tients with NSTI and underlying chronic viral hepatitis C. However, the relative frequency of septic shock in
these patients was not increased.

Conclusion. The development of septic shock in NSTI is associated with a specific platelet activation pattern.

Keywords: necrotizing soft tissue infection; septic shock; sepsis; thrombocytopenia; chronic viral hepatitis C;

Klebsiella pneumoniae
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BBenenue

Hexporusupymomas nH(PEKIMs MATKAX TKa-
Heii (HUMT) — onHa U3 caMbIX TSKeJabIX (hopMm
XUPYyPruvecKux NHQEKIUN, KOTOpasi XapaKkTepu-
3yeTcsi OBICTPO TPOTPECCHUPYIOIINM HEKPO30M
dacnuy, TOAKOXKHOHN KJIeTYaTKU U Ml [1]. B
TIOCJIeTHYE TOABI B Pa3BUTBIX CTPaHaX HAOJIOAA-
eTcsl CYIIeCTBEHHBIH pPOCT YacTOTHI ee pPa3BH-
Tus [2]. Hambosiee 4YacThIMU BO30OyIHTESIMU
MOHOMHUKPOOHOW WH(MEKITUN SIBJISTIOTCS 3-TeMO-
JINTUYECKYIE CTPETITOKOKKY Y METUITU/IINH-PE3U-
CTeHTHbIE 30JI0TUCThIe CTapUIOKOKKH [3]. [Ipu
MTOJTMMUKPOOHBIX (hOPMaX BBISBJISAETCS KOKKOBAs
¢stopa u rpamoTrpuIiaTe/IbHbIE 9HTEPOOAKTEPHH,
B TOM yucJie agaorenHsle [4]. HUMT gacTo nipote-
KaeT Ha (pOHE TAKEJIbIX COMaTHYeCKUX 3a00sieBa-
HUH, YTO CYIIECTBEHHO BJMsIET Ha NCXO[ 3aboJe-
BaHuA. [lokasareny JIeTAJIbHOCTH M YaCTOTHI
pasButus cerncuca npu HIMT kosebsrorcst ot 20
1o 80-100%, cocTaBiiAss B HEKOTOPBIX IPyIIIax
60sbHBIX 62,5-77,6% ciy4aes [2, 5, 6].

OI[HI/IMI/I N3 BA’KHBIX KOMIIOHEHTOB ITaTOT'€He-
3a Cercuca sIBJsIeTCsI TUCHYHKITAS TPOMOOITUTOB,
MIPOSIBJISIONIASACA HApYIIEHUAMU T€MOKOaryJs-
MY ¥ 9aCTO Pa3BUBAIONIENCsI TPOMOOIINTOIIEH! -
eii. [TocsrenHsst ycyryOJIsseTcst I0 Mepe pPa3BUTHUSA
HOJIHOpFaHHOﬁ HEeIO0CTaTOYHOCTU U YUYUTBIBAETCA
IIpU OoIpenesieHny CTEeII€eHU €€ BBIPa*KeHHOCTU 110
mikasie SOFA (Sepsis-related Organ Failure). Oco-

Introduction

Necrotizing soft tissue infection (NSTI) is one
of the most severe surgical infections characterized
by rapidly progressing necrosis of fasciae, subcuta-
neous tissue and muscles [1]. Recently, there has
been a significant increase of its incidence in devel-
oped countries [2]. The most common causative
agents of single-pathogen infection are S-hemolytic
streptococcus and methicillin-resistant Staphylo-
coccus aureus [3]. In polymicrobial infections, cocci
and Gram-negative Enterobacteriaceae, including
endogenous ones, can be isolated [4]. NSTI often
occurs with severe underlying systemic diseases,
which significantly affects the disease outcome.
Mortality and sepsis rate in NSTI range from 20%
to 80% to 100%, comprising 62.5-77.6% of cases in
some patient groups [2, 5, 6].

Platelet dysfunction is an essential compo-
nent of sepsis pathogenesis, which includes abnor-
mal coagulation and thrombocytopenia. The latter
progresses with multiple organ failure development
and is included into the SOFA (Sepsis-related Organ
Failure) scale. The involvement of platelets in the
development of septic shock (SS), which is charac-
terized by severe circulatory disorders, is particu-
larly interesting [7]. An important role of platelets
in the development of SS is confirmed by many ex-
perimental and clinical studies [8]. The mecha-
nisms of thrombocytopenia in sepsis and systemic

GENERAL REANIMATOLOGY, 2021, 17; 1

www.reanimatology.com



36

https://doi.org/10.15360/1813-9779-2021-1-34-45

Clinical Studies and Practice

OBII MHTEpEC MPEeJICTaBIISIET yUYaACTHE TPOMOOITUTOB
B pa3BuUTUM centudeckoro 1oka (CII), koTopbIi
XapaKTepu3yeTCs BhIPasKeHHbIMU HapyLICHUSAMU
KpoBooOparenus [7]. BaykHyI0 posb TPOMOOIIUTOB
B pa3puTud ClI noaTBepskAal0T MHOTOYKCJIEHHBIE
3KCIepUMEHTATbHbIE U KIMHUYECKUEe NUCCIIe0Ba-
HusA [8]. MexaHn3MBbl pa3BUTHS TPOMOOITUTOTIEHUH
TIPH CETICUCE U CUCTEMHOM BOCITAJIUTEIbHON peak-
[V, TI0-BUAMMOMY, O9eHb PAa3HOOOPAa3HBI U HE
MIOJIHOCTBIO M3y4eHsl. IIpennosaraercs, 4To npe-
00J1aJaI0IIMU SIBJISTIOTCS TTepudepruIecKre Ipo-
IIECCBI, TAaK Ha3bIBaeMOe «ITOTpebJIeHe TPOMOOIIH-
TOB», ornpeneJisseMoe ux aKTUBaIUEH,
XEMOTAKCUCOM U HU30JISIMEeN B OIpeJ e IeHHbIX
OTHeJIax MUKPOLUPKYIATOPHOrO pycJia [9, 10].

HccnenoBanue y9acTusi TPOMOOIINTOB B pas-
BATHUN CEITHYECKOr0 IIpollecca aKTyaJbHO B
nocJeqHue TOAbl B CBAA3W C USMEHEHWEeM Mpe/I-
CTaBJIeHUH 0 (PYHKIIUAX U BO3MOKHOCTSIX TPDOM-
6ormToB. JloJirOe BpeMsi TPOMOOITUTHI paccMar-
pHuBaJIi B OCHOBHOM KaK KJIETKW, MTHULIUHAPYIOIIe
remokoaryAnuio. OgHako B IIOCJIegHHE TOfbl
JIOKa3aHO, YTO TPOMOOIINTaM TPUHAIJIESKUT BETY-
I1asi poJib B Pa3BUTHUU TPOMO03a, BOCIIAJIeHUST 1
MMMYHHBIX peaKIuii. AKTUBAIMs TPOMOOIIUTOB
OPUBOAUT K MHUITUAIIAY TEMOCTA3a, UX AATE3UN K
9HA0TEeJINIO0, KOMIIOHEHTAaM BHEKJIETOYHOT'O MaT-
pUKca, KJIeTKaM WMMYHHOHW CHCTEMBI, CIIO0CO0-
CTBYET BBICBOOOSKIEHUIO ITPOBOCIATUTETHHBIX
nuTokuHOB (IL-8, IL-15,TNF«), pa3u4HbIX XeMO-
KUHOB, JIUOUJHBIX, aMUHOKHUCJOTHBIX MeINaTO-
pOB 1 6eJTKOB POCTOBBIX (haKTOPOB [11]. AKTHBa-
TOpaMu TPOMOOIIMUTOB MOTYT OBITH HE TOJBKO
9HJIOTeHHbIEe MOJIEKYJIBI C (PYHKIMSIMU ajJlapMu-
HOB (HanpuMmep — AJI®), CTPpYKTypHI CyOIHIOTE-
Jaus (B T. 4. — KOJIJIareH), HO © MUKPOOPTaHU3MBbl.
[Tpu pacriosHaBaHUY MUKPOOPTaHU3MOB TPOMOO-
[IUTHI aKTUBUPYIOTCSI, U3MEHSIOT TUCKOOOPA3HYIO
¢opmy, yBesrmuuBaioTcsi B 00bemMe 1 (QOpMHUPYIOT
MHOTOYHUCJEHHBIE IIceBronoauu [12]. bakrepun,
TIOTIaBIIINE B KPOBOTOK, AKTUBUPYIOT TPOMOOITUTHI
KaK OpU IPSAMOM KOHTAKTE, TAK Y IPU BhIJIeJIEeHUN
TOKCUHOB. [IprueM ofHa U Ta ke 6AKTePUsT MOKET
MHUONHpPOBaTh 06a mytu aktuBaiuu [13]. [Tocae
AKTUBAIIUN OAaKTEPUSIMHU TPOMOOIMTHI arperu-
pyIOT He BCerna, BBIIYCKAasg B TAKWAX Ciydasx
CoflepsKUMOe O-TpaHyJl ¥ CTUMYJIUPYsI BOCHAIHU-
TeJIbHYIO PeaKI1Io 3a CYeT IPUBJIeYeHNsI HeUTPo-
¢pusioB K (popMHUPOBAHUIO BHEKJIETOYHBIX JIOBY-
mek (neutrophil extracellular trap — NET) [14]. B
psife cay4yaeB IpU OaKTEPUEMHUH MOSKET ITPOMCXO-
IUTHh TUCCEMUHUPOBAHHAs aKTUBAIMs TPOMOO-
LIUTOB, KOTOPas IPUBOAUT K HAPYIIEHUAM MUKPO-
OUPKYIAIAN U BBICBOOOKIEHUIO MEIUaTOPOB
BOCHIAJIEHUSI, CITOCOOCTBYS pa3BUTHIO CHHIPOMA
nosnuoprasHou gucyukuuu (CII0) [15].

lesap nccaenoBaHus — OOpeeSIUTh YaCTO-
Ty TPOMOOIIMTOTIEHUY Y O0JIBHBIX C TEHEPATN30-
BanHBIMU popmamu HUMT, ¢pakTopsl, criocob-

inflammation appear to be very diverse and not
fully understood. The prevailing processes are sup-
posed to be peripheral, particularly «platelet con-
sumption», encompassing activation, chemotaxis
and isolation of platelets in certain areas of micro-
circulation [9, 10].

The study of platelet involvement in sepsis has
become relevant in recent years due to paradigm
shift in understanding of platelet functions and ca-
pabilities. For a long time, platelets had been con-
sidered mainly as cells initiating blood coagulation.
However, in recent years platelets have been shown
to play aleading role in thrombosis, inflammation,
and immune reactions. Platelet activation causes
initiation of hemostasis, promotes platelet adhe-
sion to endothelium, components of extracellular
matrix, and immune system cells, triggers release
of proinflammatory cytokines (IL-8, IL-13,TNFa),
various chemokines, lipid and amino acid media-
tors, and growth factors [11]. Platelet activation can
be triggered not only by endogenous molecules
with alarmin functions (e. g., ADP) and suben-
dothelial structures (including collagen), but also
by microorganisms. When microorganisms are rec-
ognized, platelets become activated, change their
discoid shape, increase in volume and form numer-
ous pseudopodia [12]. Bacteria entering the blood-
stream activate platelets through direct contact or
through toxin release. Moreover, the same bacteria
can initiate both activation pathways [13]. After ac-
tivation by bacteria, platelets do not always aggre-
gate, releasing the contents of d-granules and stim-
ulating the inflammatory reaction by recruiting
neutrophils to form neutrophil extracellular traps
(NET) [14]. In some cases of bacteremia, dissemi-
nated platelet activation may occur, which leads to
microcirculatory disorders and release of inflam-
matory mediators, contributing to multiple organ
failure syndrome (MOES) [15].

Purpose of the study: to determine the rate of
thrombocytopenia in patients with generalized
NSTI, the factors contributing to its development
and relationship to septic shock.

Materials and Methods

The study was conducted from 09.2015 to 12.2019
in the soft tissue infections and sepsis surgical depart-
ment of the St. George Hospital, Saint Petersburg, Russia.
A simple single-center retrospective study included 129
patients with generalized NSTI. The diagnosis was based
on typical presentation and specific tissue alterations de-
tected during surgery [16].

All patients were admitted to the hospital urgently
and after a short-term examination in the intensive care
unit underwent surgical treatment consisting of an exten-
sive dissection of purulent focus and debridement. Later,
if necrosis persisted or progressed, repeated (staged) de-
bridement was performed. All patients were evaluated for
MOFEFS severity using the SOFA (Sequential Organ Failure

Assessment) scale. The terms «sepsis» and «septic shock»
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CTBYIOIIIME €€ PAa3BUTHUIO U CBA3b C PA3BUTUEM
CEeIITUYECKOro InoKa.

MarepuaJ 1 MeTObI

Hccnenoanme nposoguu ¢ 09.2015mo 12.2019 rr.
Ha 6a3e OT/ieJIeHNsI THONHOM XUPYPTUN MATKUX TKaHEeH
u cencuca CIIb I'bY3 bonpaune: CB. BenmukoMmydeHnnka
Teoprus. B npocToe 0fHOLIEHTPOBOE PETPOCIEKTUBHOE
HccieoBaHNe BKIIOYUIN 129 60JIBHBIX C TeHepaJii3o-
Ba"HHbIMU popmamu HVIMT. [luarsos ycraHaB/IuBaIu
Ha OCHOBAHUM TUIIUYHON KJINMHUYECKON KapPTUHBI C Xa-
PpakTepHBIMU U3MEHEHUSIMU TKaHEW, BbISIBJIEHHBIMU BO
BpeMsA OIIEPAaTUBHOTO JiedeHus [16].

Bce nanueHTsI IOCTyNa/Id B CTAllIOHAP B 9KCTPEH-
HOM TOpPSJIKe U IT0C/Ie KPaTKOCPOYHOTo 00CIeJOBaHUA B
YCJIOBUSIX OT/IeJIEHU S MHTEHCHUBHOM Teparu, UM BbITIOJ-
HSIJIN XUPYpPIUYecKoe JiedeHre B OObeMe IITHPOKOIO
BCKPBITHH 'HOITHOTO OYara 1 HeKpIKTOMHUH He)KU3HECTIO-
COOHBIX TKaHe. B maspHeIeM, mpy cCoXpaHeHnH 60JTb-
III0T'0 KOJIMYEeCTBA HEKPO30B WJIM UX IIPOrPEeCCUPOBAaHNY,
BBIIIOJIHAJINA IIOBTOPHBIE (3TAlHBbIE) HEKPIKTOMUU. Y BCEX
narueHToB oneHnBan kpurepuu CI10/], BIpaskeHHOCTh
KOTOPOr0 XapaKTepu3oBaay KOJWYECTBOM Oa/lIoB IIO
mkase SOFA (Sepsis Related sequential organ failure as-
sessment). TEPMHUHBI «CETICHC» U «CENTHYECKUH IIIOK» HC-
I10JIb30BAJIA B COOTBETCTBUU C TPETHUM MEKIyHAPOIHbIM
KOHCEHCYCOM I10 OIIPee/IEHUIO CEIICHCa U CeIITUYECKOrO
moka (Cenicuc 3) [7]. Hanmume cuHapoMa cucTeMHOM BOC-
nasuresibHOM peakiuu (CCBP) nmoarBepskaaay npu 2-x
nm 0oJsiee IPU3HAKOB: TeMmeparypa > 38°C wm < 36°C;
YCC > 90/munyTy, YJ1 > 20/ MAHYTY WJIU TUTIEPBEHTHU-
JIALMA C COgepsKaHueM JUOKCHUa yIjepoga B KpOBU
< 32 MM PT. CT., YUCJIO JIEUKOIIUTOB B KPOBHU > 12X10° /71
nm <4X10°/1, mu He3peJsibix hopm HerTpoduios >10%)
[17]. Bcero 00JIbHBIX B TPyIIIIe CUCTEMHOM BOCIIA/IUTEIb-
HoH peaknyu «CCBP» 651710 22, B rpyIIIe «cercuc» — 63, B
rpymie centudeckuid mok «CI» — 44 yejioBek.

HVMT y manmeHTOB pa3BHBajach Ha (poHe pas-
JIMYHOU MATOJIOTUH, IpeodJIafaiu cepaedHO-COCYI1-
cThle 3aboJieBaHus (MIeMuyeckasi 60J1e3Hb cepla u
runepToHndeckas 6osesns II-111 crenenn) (48 60J1b-
HBIX, 32,7%), oHKOMaroJorus (15 60/bHBIX, 11,6%), ca-
xapHbIi 1uadet II Tuna (15 60yabHBIX, 11,6%), XpoHUYe-
ckue BupycHble renarutsl B u C (14 60abHBIX, 10,8%),
okupenue 2-3-1 crereHu (9 60JbHBIX, 7%).

BceM 60JIBHBIM TPOBOIUIIN OAKTEPHUOJIOTUIECKOe
Hcc/leJoBaHue KPOBU U OTe/I1eEMOI0 U3 PaHbl (IIPU XU-
pypruueckoi o0paboTke oyara UH(MEKIIUN), FeMaToJI0-
rUyecKre ¥ OMOXMMUYECKe UCCIeI0BaHUs, oIpee-
JISLJIA TIOKA3aTeJsIN CBePThIBAIOIIEel CHCTEMBI KDOBH.

CraTucTuyeckyio 00paboTKy MMOJTyYeHHBIX JaH-
HBIX MPOBOAUJIU C HCIIOJIb30BAaHUEM IIPOTPaMMHON
cpenbl craTucTudeckoro ananuada VBA (XLSTAT), van-
crpoiiku MS Excel u nporpammuoro nakera IBM SPSS
Statistics 20.0. HopMa/IbHOCTB pacipeesieHus1 KoJaude-
CTBEHHBIX IIPU3HAKOB B BHIOOPKE OIEHHBAJIH IIO Be-
JUYMHAM acCUMETPUM paclpeleseHUs U 9KCIecca
(Kurtosis excess), 3aTeM JOIOJJHUTEJIbHO MPOBEPSIN
npu nomoinu W-kpurepus lllanupo-Yuiika. B ciyuyae
HOPMaJIbHOTO paclpefe/ieHusl CpaBHEHUe KoJjude-
CTBEHHBIX ITI0Ka3aTesiel Meskay IpylamMuy IPOBOAUIN C
oMOIIBIO -KpuTepus CThIOEHTa, B IPOTUBHOM CJIy-
4Jae UCIO0Jb30BAJIN HellapaMeTpUuiYecKuil U-Kputepuii
ManHna-YurHu. IIpu ucnonb3osanuu -recrta u U-Tecra
JIaHHBIE IIpefCcTaBUIn Kak M+mu Me [Min—-Max], cooT-
BeTCTBEHHO. KareropuasbHble llepeMeHHble IIpeJCTa-

were used according to the third international consensus
definition of sepsis and septic shock (Sepsis 3) [7]. Sys-
temic inflammatory response syndrome (SIRS) was diag-
nosed when 2 and more of the following were seen: body
temperature >38°C or <36°C, heart rate >90 beats per
minute, respiratory rate >20/min or hyperventilation with
blood CO, <32 mm Hg, WBC count >12X10°/1 or <4X10%/1
or immature neutrophil percentage >10% [17]. In total,
there were 22 patients in the systemic inflammatory re-
sponse syndrome (SIRS) group, 63 patients in the sepsis
group, and 44 patients in the septic shock group.

The patients developed NSTI with diverse underly-
ing conditions, predominantly cardiovascular diseases
(coronary heart disease and stage 2-3 hypertension) (48
patients, 32.7%), cancer (15 patients, 11.6%), type 2 dia-
betes mellitus (15 patients, 11.6%), chronic viral hepatitis
B and C (14 patients, 10.8%), and 2-3 degree obesity (9
patients, 7%).

Bacteriological analysis of blood and wound dis-
charge (during surgical treatment of the infection focus),
hematological and biochemical examinations, blood co-
agulation tests were performed in all patients.

Statistical analysis was performed using VBA (XL-
STAT), MS Excel add-on and IBM SPSS Statistics 20.0
software package. Normality of distribution of quantita-
tive parameters in the sample was assessed by Kurtosis
excess, and then additionally tested using Shapiro-Wilk
W-criterion. In case of normal distribution, intergroup
comparison of quantitative parameters was done using
Student's f-test, otherwise, nonparametric Mann-Whit-
ney U-test was used. When using the #-test and U-test,
data were presented as M+m and Me [Min—-Max], respec-
tively. Categorical variables were presented in absolute
values and frequencies (%) and compared using the y?
test with Yates’ correction. To assess the correlation be-
tween variables with non-normal distribution, Spearman
rank correlation was calculated. Differences were consid-
ered significant at P<0.05.

Results and Discussion

Patients who developed sepsis or SS as a result
of NSTI differed significantly in a number of clinical
and laboratory parameters on the day of admission
(Table 1).

Our findings indicate that patients who devel-
oped SS were on average older, sought specialized
surgical care earlier due to a more acute onset, had
alarger wound area and more severe multiple organ
failure than patients with sepsis. Blood count analy-
sis showed that in SS patients the platelet count was
significantly lower, and their average volume was
higher than in sepsis patients. At the same time, SS
patients had a more pronounced left shift in the dif-
ferential, while the monocyte count was lower than
in the group of comparison.

To investigate the involvement of platelets in
septic shock development, we studied changes in
their blood count. Thrombocytopenia (platelet
count <150%X10°/1) was found in 23 of 44 (52%) pa-
tients with SS, and in 17 of 85 (20%) patients with
sepsis and SIRS on admission (y?=12.547; P<0.001).
On day 3 of hospitalization, thrombocytopenia was
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Tabsauna 1. [Tapamerpsl 60abHBIX HUMT ¢ cencrucoM U cenTHYeCKUM mokoM (M+m uiau Me [Min-Max)).
Table 1. Parameters of NSTI patients with sepsis and septic shock (M+m or Me [Min-Max]).

Parameters Normal values Sepsis, n=63 Septic shock, n=41 Pvalue
Age, years 56.3+1.9 62.3+2.8 0.040 (t)
Mortality 21 (33%) 36 (87%) 0.001 (x?)
Time from the onset of the disease (hours) 37 [2-168] 14 [3-96] 0.012 (U)
Lesion area (% of body surface) 6[1-18] 10.5 [3-72] 0.001 (U)
SOFA Index (day 0) 3 [0-10] 8.5 [1-17] 0.0001 (U)
Hematological parameters (day 0)
Platelets (xX10°/1) 150-400 231 [34-824] 182 [25-649] 0.001 (U)
MPV (fl) 7-10 9.1 [6.3-13] 9.7 [5.8-11.9] 0.005 (U)
Myelocytes (%) 0 0 [0-1] 0 [0-6] 0.027 (U)
Metamyelocytes (%) 0 0 [0-5] 0 [0-10] 0.013 (U)
Band cells (%) 1-5 229114 27.6+2.2 0.039 (t)
Monocytes (%) 3-12 4[0-13] 3 [0-10] 0.007 (U)
Biochemical parameters (day 0)
Procalcitonin (ng/ml) 0-0.064 2 [0-3] 3 [0-3] 0.00001 (U)
Creatinine (umol/l) 44-106 124 [48-574] 185 [48-629] 0.007 (U)
Urea (mmol/]) 3-9.2 12.7 [1.8-45.9] 16.4 [2.3-70.9] 0.002 (U)
Total protein (g/1) 64-83 56.6+1.1 48.8+1.7 <0.000 (t)
Total bilirubin (umol/l) 3.4-17.1 22.0£3.2 31.4+4.0 0.023 (1)
Potassium* (mmol/I) 3.5-5.1 3[2-1]0 4.6 [3.3-6.4] 0.01 (U)
Coagulation parameters (day 0)

INR 0.8-1.2 1.2 [0.8-10.2] 1.5[0.8-11.3] <0.00001 (U)
PTI (%) 70-120 68.3 [16.8-209.3] 59.6 [10.6-122.8]  0.002 (U)

Note. Day 0 — on admission to the hospital.

IIpumeuanue. Day 0 — Ipu NOCTyIVIEHUH B OOIBHUILY; age, years — BO3pacT, JieT; Mortality — cMepTHOCTS; time from the onset
of the disease (hours) — BpeMs oT Hauasa 3abosieBanus (dacol); lesion area (% of body surface) — nomans nopaxenus (%
IIOBEPXHOCTH Tesia); normal values — HopMasbHbIE 3HaYeHUs]; hematological parameters — remaroJsiornieckue napaMmeTphl;
platelets — TpombouuThI; myelocytes — MuesoIUTH; metamyelocytes — meTamueonuThl; band cells — nanoykosigepHbie
HeUTpoduUIb; monocytes — MOHOIIUTHIL; biochemical parameters — GuoxumMuyeckue mokasaresiy; procalcitonin — npokaJsib-
IIUTOHHH; creatinine — KpeaTHMHUH; urea — MOY€BHHA; total protein — obuiuii 6es10K, total bilirubin — o6muit 6unupyouH,
potassium — kaJiuii, coagulation parameters — nmokasaresu remokoaryssiuu; INR — MHO; PTI — I1TH.

BUJIN B a0COJIIOTHBIX 3HAYEHHUAX U B BUIe yacToT (%),
CpaBHHUBAJIM C TTIOMOIIBIO KPUTEPUS x> C TOMPABKOKA
Merca. JlJ1 OLlEHKHM KOppeJAInU MEXIy IepeMeH-
HBIMH, HE IMEBIIMMY HOPMAJILHOI'O pacupeeseHus,
MIPOBOJWJIN PacueT paHToBOH Koppessinuy CimpMeHa.
CTaTUCTUYECKY 3HAYMMBbIMU CUUTAJU PA3JTUIUA [IPU
3HaueHusx p<0,05.

Pe3ysbTaThl ¥ 00CYK/IEHHE

[TanyeHTE], Yy KOTOPBIX B peadynasrate HUMT
pasBuiics cerncuc unu CII, B feHb NOCTYIJIEHUS
3HAYUMO PA3JINYAIUCH 10 PSAAY KINHUYECKUX U
JIaboPaTOPHBIX TapaMeTPoB (TabdJ1. 1).

[IpencraBseHHble JaHHbIE CBUIETEIbCTBYIOT,
YTO MAaIMEHTHI, Y KOTOPbIX pa3Buscs CIII, 6611 B
CpeHeM CTaplile, paHbIlle 06paIaInuch 3a cre-
IUAJN3UPOBAHHON XUPYPTUUECKOU MOMOIIBIO B
CBsA3U C 0OoJiee OCTPBHIM HayasaoM 3aboJieBaHUs,
“MeJsid 60JIBIIYIO IIOMAAh PAHEBOI0 OPasKEeHU s
U BBIPQYKEHHOCTbh MOJMOPTaHHON HEJ0CTaTOYHO-
cTy, yeM 00JIbHBIE C CeTICCOM. AHA/IN3 FreMorpaM-
MBI ITOKa3aJ, 4To y 60sbHbIX ¢ CIII kosmyecTBO
TPOOOIIUTOB OBLJIO CYIIECTBEHHO HUYKE, A UX CPEJI-
HUH 00beM ObLI OOJIbINIE, YeM Y CENTHYECKHUX
6oabHBIX. [Tpu aToM y 60sibHBIX CIII OBLT G0JIEe
BBIPQKEHHBIN CIBUT BJIEBO B JIEHKOIIUTApPHON
¢opmyste, a KOJIMYECTBO MOHOLIUTOB OBLIIO HUKE,
4yeM B IpyIIle CDaBHEHUS.

Jyist ucciieoBaHusI y4acTHsT TPDOMOOITUTOB B
Pa3BUTUHU CENTUYECKOTO II0KA U3YUUJIN U3MeHe-

detected in 16 of 25 (64%) patients in the SS group
and in 11 of 19 (58%) patients on day 7. By day 30
of follow-up, thrombocytopenia persisted in only 1
of 9 (11%) patients. Mortality was 62.5% (24 of 40)
among patients with thrombocytopenia and 40.0%
(34 of 89) in patients without thrombocytopenia
(x*=4.455, P=0.035).

Figure 1 shows changes in the mean platelet
count and their mean volume in the groups of pa-
tients with SIRS, sepsis, and SS.

Our results demonstrate that the platelet
count decreased significantly only in SIRS patients.
The changes in the platelet count in patients with
SIRS and sepsis were almost identical. The mini-
mum platelet count was observed in all groups of
patients on day 3, and in the SIRS group this pa-
rameter was at the lower limit of the reference
range. Later, an increase in platelet count was
found in all groups, the smallest one seen in SS pa-
tients. Several clinical studies have reported re-
duced platelet counts in patients with SS with un-
derlying multiple trauma, pneumonia, or other
infections [18-20]. In a multicenter study of ICU pa-
tients, the maximum decrease in platelet count was
recorded on the 4" day of the disease [8]. Experi-
mental data indicate that the change in platelet pa-
rameters is a very early event and develops as early
as 2 hours after induction of experimental lethal
sepsis, while the increase in lactate level was only

recorded after 4 hours from the start of the experi-
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HUS UX KOJIMYECTBA B KPOBH. Y 00JIb-
HbIX ¢ CIII TpOMOOIIUTOIIEHUIO (YHCITO
TpoMboruToB  <150X10°/1)  mpu;
IIOCTYIJIEHUX BBIABUIMN Y 23 U3 44
(52%) maruenTa, ay O0JBHBIX CETICH-
coM u CCBP — y 17 us 85 (20%)
(¢x*=12,547; p<0,001). Ha 3-i1 nenb roc-
MMATAJIU3AITAA TPOMOOIIUTOTIEHUIO B
rpynme 6osbHbIX CIII BeIABUIN Y 16 M3
25 (64%) narueHToB, Ha 7-U eHb — Y
111319 (58%). K 30-my qaro HabmIone- 0
HUSI TPOMOOITUTOITEHHST COXPAHSIIACh
TOJIbKO Y 1-r0 13 9-1 (11%) GOJBHBIX.
JleTaIpbHOCTH Cpegy MalueHTOB C
TpoMOoImTOIIeHnel cocraBuiia 62,5%
(24 u3 40), a 6e3 TPOMOOITUTOTIEHNH —
40,0% (34 3 89) (y>=4,455, p=0,035).
Ha puc. 1 npeacraBuiu usme-
HEHUsI CPeJHero KOJInYeCcTBa TPOM-
00OIMTOB U UX CpegHero oobemMa B
rpymmax 60abHBIX ¢ CCBP, cencrcom
u CIII. 0
IIpencraBiieHHBIE pe3yJIbTATHI
CBHUAETEJIbCTBYIOT O TOM, YTO YHCJIO
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TpOM6OI_[I/ITOB CylnieCTBEHHO CHUKa-

JIOCh TOJIBKO Y 00/1bHBIX ¢ CII. [TnHa-
MHKa KOJIMYECTBA TPOMOOIHUTOB Y
6ospHBIX ¢ CCBP 1 cerncrcom mpak-
TUYECKH coBIagasta. MUHUMaIbHOE
YHCJIO TPOMOOIIUTOB PETHCTPHUPOBA-
JIV BO BCEX Tpynnax 60/IbHBIX HA 3-1
JleHb, IPUYeM B Tpymmne OOJTbHBIX
CIII aToT nOKa3aresb HAXOQUJICS Ha
HU)KHeNl TrpaHulile pedepeHCHbIX
3HaYeHU!U. B 6ojee mo3gHIE CPOKA

Puc. 1. luHamMuka 4ucia (a) ¥ cpegHero oosema (b) TpoMOOLIMTOB Y O0JIBHBIX
cericucom, cenTuueckum moxkom u CCBP.

Fig. 1. Changes in platelet count (a) and the mean platelet volume (b) in pa-
tients with septic shock, sepsis and SIRS.

Note. For fig. 1 b, 2, table 1, 2: MPV — mean platelet volume. For a, b: the differ-
ences between the septic shock group and sepsis group are significant at * —
P<0.05; ** — P<0.01. The differences between the septic shock group and SIRS
groups are significant at * — P<0.05; ** — P<0.01. U-test.

ITpumeuanwue. Septic shock — cenTrueckuii 110K; sepsis — cencuc; SIRS — CCBP;
platelets — Tpomb6oruTel; days — guu. s puc. 1 b, 2 u tabu. 1, 2: MPV — cpepn-
HUi 06'beM TpoMOOIUTOB. [lIs g, b: pa3iumdns MesKIy TPYIIIaMy «CeTHYeCKUN
IIIOK» U «CEIICUC» CTaTUCTUYECKU 3HAaYUMBI ITpu * — p<0,05; ** — p<0,01. Pa3u-
YWsI MKy TPYIIIIaMH «CeNTUYeCKU OK» 1 «CCBP» CTaTUCTUYeCKU 3HAYMUMBbI

BO BCeX TpyIax HabJiomaaIn pocT
4Yyrucjaa TPOMOOIMTOB, HaWMeHee
BBIpa)KeHHbIN y nanueHToB ¢ CIII. B
pAfe KJIMHUYECKUX HCCIeIOBAaHUU OTMedau
CHI)KEHVE KOJTMYEeCTBA TPOMOOITUTOB Y OOJTBHBIX
¢ CIII Ha ¢doHe NMOJMUTPABMBI, THEBMOHUU WUJIU
Ipyrux uHgeknuii [18-20]. B MHOTOIIeHTPOBOM
nucciegoBanuu y nmaneHTos B OPUT makcuMmalib-
HO€e CHU’KEeHUE KOJIMYeCcTBAa TPOMOOIIMTOB peru-
CTpUpOBaJIA Ha 4-1 neHb 3aboJieBaHusA [8]. IKC-
IIepUMEeHTaIbHbIE JaHHbIE CBAIETEJIbCTBYIOT, UYTO
W3MeHeHHe TPOMOOIUTAPHBIX IapaMeTpPOB
SIBJISIETCS OY€Hb PAHHUM COOBITHEM U pa3BHUBAET-
CA ysKe 4epea 2 yaca [ocje MHAYKIUY 9KCIIepU-
MEHTAJbHOI'0 JIeTaJbHOI'0 CEIICHCa, TOoIna Kak
IOBBINIEHVE KOHIICHTPAllUU JIaKTaTa PEeTruCTpu-
pOBaJIX TOJIBKO Yepes 4 yaca OT HadaJjla 9KCIIepu-
MeHTa [21]. KpoMe TOoro, 0TME4YarT CBI3b CPOKOB
CHIPKEHUSI KOJIUYECTBA TPOMOOIIUTOB C THUIIOM
WHOEKIINY, TaK CHUKEHNE KOJTNYeCcTBa TpoMOo-
[IUTOB OBLIIO CTAaTUCTUYECKU 3HAYMMBIM B Tede-
HHe IepBbIX 3-X AHel cemcuca y MalMeHTOB C
rPaMIIOJIOKUTEJIBHBIM CEIICHCOM, B TeYeHUe 4-X
JHEeU — ¢ IrpaMOTpHUIlaTeJIbHBIM CEeIICUCOM U B

pu  — p<0,05; # — p<0,01. U-TecrT.

ment [21]. In addition, the relationship between the
time of platelet count reduction and the type of in-
fection was observed. Thus, the decrease in platelet
count was significant within the first 3 days of sep-
sis in patients with Gram-positive sepsis, within 4
days in Gram-negative sepsis and within 5 days in
fungal sepsis [22]. Hence, the recorded reduction of
platelet count in NSTI patients with SS as early as
on the first day of the disease and its further de-
crease during the next 3 days agrees with the data
obtained by other authors in the clinical and exper-
imental studies.

The mean platelet volume during the first
week of follow-up was significantly higher in SS pa-
tients, and starting from the second week of the dis-
ease (days 10 and 15) the minimal MPV values were
noted in SIRS patients. During the same period,
MPV values in sepsis patients and SS patients did
not differ significantly. The increase in platelet vol-
ume is generally attributed to their activation and
the formation of pseudopodia. Large platelets have
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TaGsmma 2. YacToTa TPOMOOIUTONIEHUH H TPOMOOIIUTApHBIE MH/EKCHI Y 00ibHBIX HUMT ¢ pa3iuyHbIMH (o-
HOBBIMH 3a00JIeBaHUAMH (3-# g1eHb, M+m uiu Me [Min-Max]).
Table 2. Frequency of thrombocytopenia and platelet indices in patients with NSTI and various underlying diseases

(day 3) (M+m or Me[Min-Max]).

Ne Underlying diseases Thrombocytopenia frequency MPV PDW PCT

1 CVD (n=33) 5 (15.1%) 9.4+0.2 15.6 [7.0-18.1] 0.23+0.02
CVH C (n=18) 10 (55.5%) 10.0+0.3 16.5 [11.7-26.5] 0.16+0.02
IR 0.007
P, ., 0.047 0.012
P, ,(U) 0.023

Note. For table 2, fig. 3: CVD — cardiac vascular diseases; CVH — chronic viral hepatitis.
IIpumeuanwue. /{5 TabJ1. 2 u puc. 3: CVD — cepaeuno-cocyauctbie 3aboseBanust; CVHC — XpOHUYECKUN BUPYCHBIN I'ellaTuT
C. PDW — pacnpejesieHue TPOMOOIIUTOB 10 IIUPHHE, aHU301UT03; PCT — TPOMOOLIIUTOKPHUT.

TedeHre 5-U THEN — C TPUOKOBBIM CETcrucoM [22].
TakuMm o00pa3oM, 3aperUCTPUPOBAHHOE HAMU
yMeHbIIIeHHe KOJINYeCTBa TPOMOOLIUTOB y 00JIb-
Hb1x HYUMT c CIII y:xe B nepBble CyTKHU 3a00J/1eBa-
HUs U €T0 JajbHelIIee CHIKeHYEe B TeYeHne 3-X
IHe# cOBMajaeT C JAaHHBIMU, TOJIYIEHHBIMU JIPY-
TMMU aBTOPaMU B KJIWHUKE U B 9KCIIEPUMEHTE.

Cpenuuii 00beM TPOMOOIIMTOB B TeUYeHHE
TepBOU Hele/Th HaOJTIoieHNsI OBIJT 3HAYMMO 00JTh-
M y 6ospHBIX CIII, a co Bropoii Hefenu 3aboJe-
BaHuA (10-1 1 15-1 1eHb) MUHUMAaJIbHBIE TTOKa3a-
tesin MPV ormernnu y 60sibHBIX CCBP. B artu sxe
cpoku nokasaTteau MPV y 60JIBHBIX CETICHCOM 1
CIII 3HaYMMO He pas3andaInchk. F13BecTHO, 4TO yBe-
JmyeHre 06'beMa TPOMOOITMTOB CBSI3aHO C X aKTH-
BaIyeil 1 o0pa3oBaHmeEM TceBAoIoani. KpymHbie
TPOMOOITUTHI MMEIOT OOJIbIIE TpaHys, ObICTpee
arpervupyior, TPOAYIHUPYIOT OOJbIIE JIATTHIHBIX
MOJYJISATOPOB U 9KCIIPECCHUPYIOT OOJIBIIIE PETIenTO-
posB [23, 24]. [IpeacraBjieHHBIE HA PUCYHKE 1 n3Me-
HEHWSI CPeHEr0 KOJIMYecTBa M 00beMa TpoMOoITH-
TOB HAIJIAJTHO CBUJETEIHbCTBYIOT, YTO CHIKEHUE
YyrcJia TPOMOOITMTOB COBIIAAAET 110 BpEMEHH C yBe-
JITYEHVIEM FX CpeJTHET0 00'beMa, UYTO YKa3bIBaeT Ha
CBSI3b TPOMOOITUTONIEHNH C aKTUBALMEN TPOMOO-
OUTOB. BRIABM/IN 3HAYMMYIO CBS3b KOJMYECTBA
TpoMOonuTOoB 1 MPV 11pu nocrymieHuu 60JIbHbBIX
c cenncucom B OPUT (puc. 2), uTo, HapsAIy C JaHHBI-
MU IPYIUX aBTOPOB [22], 1aeT OCHOBAHUA CUNTATh,
YTO aKTHBAIMs TPOMOOIHMTOB W CHU’KEHHE WX
KOJIMYECTBA B OTIPEJIeJIEHHBIX CYYasIX MOTYT OBITh
B3aMMOCBsI3aHHBIMH ITPOIIECCAMM.

VY 6osmpHBIX HUMT, nMeBIIMX TPOMOOIIATO-
TIEHUIO B JIeHb MTOCTYIJIEHNS BBISIBUJIN CTAaTUCTH-
YEeCKH 3HAYMMYI0 KOPPEJAIUI0 KOJWYecTBa
TPOMOOIIMTOB C JJ0JIe CEeTMEHTOSIEPHBIX HEUTPO-
¢unos (r=0,342; n=40; p<0,003). B rpynme 60Jb-
HbIX CIII mepevyrcieHHbIe TapaMeTPhI HE UMETH
3HAYMMON B3aMMOCBSI3H, HO IIPU 9TOM BBISIBUJIA
KOPPEJIANUIO0 KOJTNYeCTBA TPOMOOIINTOB C TIOKa-
3aTeJIAMU IPOKAIBIIMTOHUHOBOIO TecTa (r=-0,605,
n=41, p<0,002), KoTopass OKasaJjiachb BBIIIE, YeM
CBsI3b IIOKa3aTeJsiel TPOKaIbIIMTOHMHOBOTO TECTA
c uagexkcom SOFA (r=0,311, p<0,02).

AHanu3 mapaMeTpoB, KOTOpPbIE OKA3bIBAJIA
CYIIIECTBEHHOE BJIMSTHHE Ha KOJIMYECTBO TPOMOO-

y=-0.0029x+9.8335
R2=0.1832

MPV, fl

0 200

400 600
Platelets x<10°/1

800 1000

Puc. 2. KoppeaAanusa Me;kay YHCJIOM U CPeTHUM 00beMOM
TPOMOOIHUTOR y OOJIBHBIX CEIICHCOM IPHU NOCTYIVIEHUH B
ooasHHuLIy (n=63; r=—0,333; p<0,008).

Fig. 2. Correlation between the platelet count and mean
platelet volume in patients with sepsis on admission to the
hospital (n=63; r=—0.333; P<0.008).

more granules, aggregate faster, produce more lipid
modulators, and express more receptors [23, 24].
The changes in mean platelet count and volume
presented in Fig. 1 clearly show that the decrease in
platelet count coincides in time with an increase in
mean platelet volume, indicating a connection be-
tween thrombocytopenia and platelet activation.
We found a significant relationship between
platelet count and MPV in patients with sepsis on
admission to ICU (Fig. 2) [22], which, along with the
data of other authors, suggests that platelet activa-
tion and decreased platelet count in certain cases
may be interrelated.

Patients with NSTI who had thrombocytope-
nia on the day of admission showed a significant
correlation between the platelet count and the per-
centage of segmented neutrophils (r=0.342; n=40;
P<0.003). In the SS group the above parameters had
no significant correlation, but a correlation be-
tween platelet count and procalcitonin values was
revealed (r=—0.605, n=41, P<0.002), which was
stronger than that of procalcitonin test and SOFA
index (r=0.311, P<0.02).

Analysis of the parameters significantly affect-
ing the platelet count in NSTI patients revealed a
relationship between thrombocytopenia and un-
derlying diseases. Thus, on day 3 after admission,
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nuTOB y 00sbHBIX HVIMT, mMO3BOJINI BBISIBUTH
CBSI3b TPOMOOIIMTOTIEHUY C HaIU4YreM (POHOBOH
nmarojoruu. Tak, Ha 3-U JeHb IOCIUTAJIU3AIUN
4acToTa TPOMOOIUTONIEHNY 3HAYUMO pasJimya-
JIach B rpynmax 60JILHBIX C CEPIIeTHO-COCYIUCTHI-
mu 3abosieBaausaMu (CC3) 1 XpOHUYECKUM BUPYC-
HbIM renatutoM C (XBI'C) (tadJi. 2).

OnHako, 4acToTa Pa3BUTHUSA CENTHUUYECKOTO
IIIOKa cpeaud OOJBHBIX C Pa3JIMYHON (DOHOBOM
raToJIoTHuell 3HaYnNMO He pasdJjaunyaiachk (7 us 18
(38,8%) cpemu manMEHTOB C CONYTCTBYIOIIAM
XBI'C n y 20 u3 48 (41,6%) nanmuenTosB ¢ CC3).
JleTa/qIbHBIN MCXOJ, 3aperucTpUpoBaH y 6 us 18
(30%) 60JbHBIX XBI'C, 4TO 3HAYUMO HEe OTJINYa-
JIOCh OT YaCTOTHI JIETAJIbHBIX UCXO40B B IpyIle
0oabpHBIX ¢ CC3 (24 n3 48 manuenTos, 50%).

VaMeHeHnss KOJW4YeCcTBA TPOMOOIIMTOB B
CpaBHUBAEMbIX I'pyIIiax (pyc. 3) CBUIETebCTBYIOT,
yTo y 60s16HBIX HUMT Ha ¢one XBI'C Komn4uecTBO
TPOMOOITMTOB Ha BCeX aTarnax Hab/IIogeHusT ObLIO0
HIKe, yeM y 60abHbIXx HUMT ¢ CC3, npuuem y
6ouibHBIX XBI'C Ha 3-i1 feHb 3a00JieBaHUA HAa0JII0-
JlaJI MUTHUMAaJIbHOE CPeTHEE YU CII0 TPOMOOITUTOB.

B atm ske cpokn y 6016HBIX XBI'C oTMeTHIIN 1
0oJiee BEICOKYIO YaCTOTY TPOMOOITUTOTIEHNH, MaK-
cUMaJIbHbIe 3HAYeHUs CpeaHero oo bemMa TpoM00-
[IUTOB, BBIPA)KEHHYIO aHU30TPOMIHIO TPOMOOIIUTOB
U MUHUMaJbHble 3HAYEHUsI TPOMOOIIUTOKPUTA
(tabJr. 2). To ecTh, y 60bHBIX XBI'C BRIABUIN HAU-
0oJiee BhIpAYKEHHBIE U3MEHEHUST TPOMOOIIUTOB,
OHAKO 9T HAPYLICHMs He IPUBOAWJIN K IIOBbIIIE-
HUIO0 4acTtoThl pa3dButusi CIII u Gosiee BHICOKOU
JieTaabHOCTH. [10-BUIMMOMY, TPOMOOIIUTOTIEHU ST
He Bcerga naroreHerudecku csidana c CIII.

Yacrora passurusa ClII npu BbIABJIEHUU B
pareBom otnesisieMoM Klebsiella pneumoniae cocta-
BwJIa 65% (13 u3 19 00JIBHBIX), TPU aHAIPOOHOM
nHpexmu — 33,3% (4 1312 60JIbHBIX), TPU UHPU-
uupoBanuu E. coli— 31% (6 u3 20 60/IbHBIX), IPU
UH(PUITTPOBAHUU CTPENITOKOKKAMHU U CTA(PUTIOKOK-
KamMu — 26,5% (17 u3 64 00J1bHBIX), T. €. CIII 3Haun-
MO Jallle pa3BUBAJICS ¥ OOJTbHBIX IIPU BHISIBJIEHUN
K. pneumoniae (y*=4,142, p=0,042; x*>=4,322, p=0,038
n x?=9,313, p=0,003, COOTBETCTBEHHO).

I[lo koJsamyecTBY TPOMOOIIUTOB B J€Hb
nocrynsienusa B OPUT 6osbHble, MHOUIMPOBAH-
HbIE IEPEeYNCIEHHBIMY BUIaMU OaKTepUii, He pas-
JIMYAJIACh, OTHAKO Y O0JIBHBIX, Y KOTOPBIX U3 PaHe-
BOI'0O CONEpP;KUMOTO BbIceBanu K. pneumoniae,
OTMeYaJiu caMbIi BbICOKUI MPV 110 cpaBHEHUIO C
0OJIBHBIMU, Y KOTOPBIX M3 PAHEBOTO COJIEPKUMOTO
BBICEBAJ/IM JIpyrye TUIBI OakTepuii (9,78+0,1 npo-
TuB 9,27+0,2, p=0,025). To ecTb, B cimyuae HVIMT,
CBsI3aHHOU ¢ nH(pekrnmen K. pneumoniae, OTMETHU-
JIV CHUSKEHUE KOJIMYECTBA, POCT CpeHero oobeMa
TPOMOOIMTOB (ITOKA3aTe/Ib X AKTHUBAIINH).

[Ipu skcneprMeHTaJILHOM CETICUCe, BI3BAH-
HOM BBejeHueM K. pneumoniae B JblxaTeJsbHbIe
MyTH, OBLJIO ITOKA3aHO, YTO TPOMOOIIUTHI UTPAIOT
Ba)KHYIO POJIb B Pa3BUTHUHU CEIICUCa U Jaske IIpU
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Puc. 3 /luHaMuKa yncjaa TpoMoouToB y 6oiasHbIx HUMT ¢
XPOHHYECKHM BHPYCHBIM renatutom C (n=18) u cepaeuHo-
cocyaucTbiMu 3adosneBanusavu (I'b u UBC, n=48).

Fig. 3. Changes in platelet count in NSTI patients with chronic
viral hepatitis C (n=18) and cardiac diseases (hypertension
and coronary heart disease, n= 48).

Note. Differences are significant: * — P<0.05; ** — P<0.01. U-test.
IIpumeyaHue. pa3au4Msi CTaTUCTUYECKU 3HAYUMBL * —
p<0,05; ** — p<0,01. U-TecrT.

the frequency of thrombocytopenia differed signifi-
cantly in the groups of patients with cardiovascular
disease (CVD) and chronic viral hepatitis C (CVHC)
(Table 2).

However, the frequency of septic shock
among patients with different underlying diseases
did not differ significantly (7 of 18 [38.8%] among
patients with comorbid CVHC and in 20 of 48
[41.6%] patients with CVD). Lethal outcome was
recorded in 6 of 18 (30%) patients with CVHC,
which did not differ significantly from the fre-
quency of death in the group of patients with CVD
(24 of 48 patients, 50%).

Our data (Fig. 3) indicate that NSTI patients
with CVHC had lower platelet counts at all stages of
follow-up than NSTI patients with CVD, with min-
imal mean platelet counts observed in CVHC pa-
tients on day 3 of the disease.

During the same period, the patients with CVCH
also demonstrated a higher frequency of thrombocy-
topenia, maximum MPV values, severe platelet aniso-
cytosis, and minimal plateletcrit values (Table 2). That
is, the most marked changes in platelets were de-
tected in patients with CVHC, but these disorders did
not associate with an increased incidence of SS and
higher mortality. Apparently, thrombocytopenia is not
always pathogenetically related to SS.

The frequencies of SS development were as
follows: 65% (13 out of 19 patients) when Klebsiella
pneumoniaewas detected in the wound discharge,
33.3% (4 out of 12 patients) in anaerobic infection,
31% (6 of 20 patients) when infected with E. coli,
26.5% (17 of 64 patients) in infection with strepto-
cocci and staphylococci, i.e., SS was significantly
more common in patients with cultured K. pneu-
moniae (y*=4.142, P=0.042; y?=4.322, P=0.038, and
x%=9.313, P=0.003, respectively).
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HU3KOM CO/IEp’KaHUM TPOMOOIMTOB B KPOBU
MOBBIIAETCA MPOAYKILHS IIPOBOCIANIUATEIBHBIX
OUTOKWHOB, YTO YXyAIIaeT TeuyeHue 3aboJseBa-
Hus [25]. CBSA3b TPOMOOITUTOIIEHUY C PA3BUTHUEM
CII u runepuponyKIvei BOCIAIUTeTbHBIX IIUTO-
KHHOB 0OBSICHSIIOT CITIOCOOHOCTHIO TPOMOOITUTOB
OJIOKUPOBATH MPOAYKIIUIO JTUMUIHBIX BOCIAJIH-
TeJIbHBIX MENATOPOB MaKpodaramMu 1yTeM UHTU-
OMPOBAHUS ITUKJIOOKCUTEHA3HI-1 [26].
HccnenoBanue — IyTeil,  OIpeNeJISIONTAX
TIOsIBJIEHVIE TPOMOOIIUTOIIEHNH B XOJI€ MH(DEKITNOH-
HOT'0 BOCHAJIUTEIBbHOI0 IIpOoliecca, HOKa3allo, 4To K
pasButuio tpomboruronenuu u CII mpuBomgut
aKTUBaIUs TPOMOOIMTOB, TpPU KOTOPOH OHH
TepsIIOT O-rpaHydbl [27]. [Ipu aToM npolecchl arpe-
ranyuy M aare3suyd TPOMOOITUTOB He OKa3bIBAJIA
3HAYNUTEJIBHOTO BJIUAHNA Ha passurne CIII. B akc-
nepuMeHTe ObLTa TOKa3aHa CBsI3b MEsKIY Pa3BUTHU-
eM ClII, akTuBaIyeil TpOMOOIIMTOB, UX CEKBECTPA-
1yeil B MUKPOCOCYJaX JIETKUX, MO3Ta U CUHYCOUIax
TeYeHd C BBICBOOOMKIEHWEM HMH CEpPOTOHUWHA,
HaKOMJIEHHOT0 B 0-rpaHyJiax. [locsie nerpanynisamnuu
TPOMOOIIUTHI BO3BPAIAIOTCS B ITUPKYISITOPHOE
PYyCJIO, HPOMCXOOUT BOCCTAHOBJIEHUE UX YU CIEHHO-
CTU, HO OHU TepSIIOT aKTUBALIMOHHBINA (hpeHOTHII,
3aMeTHO CHUIKAETCS coflepskaHue 0-rpaHyq, a ~30%
OUPKYIUPYIONTAX TPOMOOITUTOB IMPAKTUYECKU He
uMerT ceporoHuHa [27]. IIocKoabKYy ogHUM uU3
a(pderTOB CEpOTOHMHA SBJISIETCS CHIYKEHUE apTe-
pUaJIbHOTO 1aBJIEHUA U YaCTOThI CEPAEYHBIX COKPa-
1ieHuH [28], CTAaHOBUTCS MOHSTHOU CBSI3b MEXKIY
akTUBaIMell TPOMOOIIMTOB, BBICBOOOKIEHHEM
CepoTOHMHA U3 0-TpaHyJ1 1 pazsutreM ClII, B ocHO-
B€ KOTOPOTO JIesKaT TeMOITUPKYIATOPHBIE, META00-
JUYeCKMe ¥ MMUTOXOHJpHAabHble HapyIIEeHUs.
MullleHbIO CEpOTOHMHA B JAHHOM CJTy4ae sIBJIAI0TCA
€ro pelenTopbl Ha 9HI0TeINaIbHBIX KIEeTKaX.
Hdpyro#i Ba’kKHOU MUIIEHBIO CEPOTOHUHA,
BBIJIEISIEMOT0 TPOMOONMTAMU TIPU CETICHUCE,
SIBJISTIOTCST HeUTpoduibl. HedTpoduab! mpusJie-
KaloTC XeMOKWHAaMH, BBICBOOOYKTaeMbIMH W3
AKTUBUPOBAHHBIX TPOMOOIIMTOB, MHIYIIHPYIOTCS
CEepOTOHUHOM U IPOAYIUPYIOT (pochoIUIUIHBIN
MeguaTop (akTop aKTUBALUMU TPOMOOIIMTOB
(Platelet Activating Factor — PAF), koTopslii crio-
cooOctyet pasputnio CIII. B skcniepumenTe OBLIO
TI0KA3aHo, YTO B OTCYTCTBUM HelTpodusos CIII He
pas3BUBAJICA, HECMOTPS Ha IIPOLYKIIAI0 CEPOTOHU-
Ha TpoMbOoruTamu [29]. ITpu 3TOM Ba3oauIATAINA
COXpaHsIach. ITO MO3BOJIMJIO aBTOPaM 3aKJIIO-
YUTH, YTO TPOMOOIUTHI, BBIIEJsIsI CEPOTOHUH,
VOpaBJISAIOT W aKTUBamued HeHTpoduios, u
(pyHKIIMEN 9HA0TeNNATbHBIX KJIETOK.
BrIAB/IeHHAA HaMU KOPPEJIALNA MesKIy KOJIN-
YeCTBOM TPOMOOITUTOB U JOJIEH CErMEHTOSIIEPHBIX
HerTpoduaoB y 6ompHEIX HUMT c TpomMboruTorte-
HUEU COOTBETCTBYeT ONMCAHHOM BBIIIIE ITOC/IEeI0Ba-
TeJIbHOCTH COOBITUH MaToreHe3a U yKa3bIBaeT Ha
KOOPAMHAIIIO aKTUBAIIH/ CEKBECTPAI! TPOMOO-

There was no difference in the platelet count
on the day of admission to the ICU among pa-
tients infected with the above-mentioned types of
bacteria, but patients with K. pneumoniae iso-
lated from the wound discharge had the highest
MPV, compared to patients with other cultured
bacteria (9.78+0.1 vs 9.27+0.2, P=0.025). This
means that in NSTI associated with K. pneumo-
niae there were a reduced platelet count and in-
creased mean platelet volume (indicating throm-
bocyte activation).

In experimental sepsis induced by airway in-
oculation with K. pneumoniae, platelets have been
shown to play an important role in the develop-
ment of sepsis, while the production of proinflam-
matory cytokines was increased even at low blood
platelet levels, further deteriorating the disease
[25]. The association of thrombocytopenia with SS
development and overproduction of inflammatory
cytokines could be explained by the ability of
platelets to block the production of lipid inflamma-
tory mediators by macrophages through cyclooxy-
genase-1 inhibition [26].

Analysis of thrombocytopenia development
pathways during infection-associated inflamma-
tion has shown that thrombocytopenia and SS are
caused by platelet activation associated with a loss
of 0-granules [27]. At the same time, platelet aggre-
gation and adhesion had no significant effect on
the development of SS. An association between the
development of SS, platelet activation and seques-
tration in pulmonary and cerebral microcircula-
tion as well as in liver sinusoids with the release of
serotonin accumulated in 6-granules was shown in
the experiment. After degranulation, platelets re-
turn to the bloodstream, their number is restored,
but they lose their activation phenotype, the con-
tent of 0-granules is markedly reduced, and ~30%
of circulating platelets have virtually no serotonin
[27]. Since one of the serotonin effects is the reduc-
tion of blood pressure and heart rate [28], the con-
nection between platelet activation, serotonin re-
lease from o-granules and development of SS
based on circulatory, metabolic, and mitochondr-
ial disorders, becomes clear. Serotonin targets its
endothelial cell receptors in this case.

Neutrophils are another important target of
serotonin released by platelets in sepsis. They are
recruited by chemokines released from activated
platelets, induced by serotonin, and produce the
platelet activating factor (PAF), a phospholipid
mediator which promotes the development of SS.
Experimental studies failed to show SS develop-
ment in absence of neutrophils despite the pro-
duction of serotonin by platelets [29]. Meanwhile,
vasodilation persisted which allowed the authors
to conclude that platelets, by secreting serotonin,
control both neutrophil activation and endothelial

cell function.
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Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

IIMTOB ¥l HEUTPO(HUIIOB, TPUBOISAIIYIO K TPOMOOITH-
tonieHuu. B rpynme 6osbHbIX CIII (HE3aBUCUMO OT
HaJTIY¥sI TPOMOOITUTOTIEHUH) TIOMOOHYIO KOPPEJIsi-
OUIO He BBIABWJIM, OJHAKO BBIABUJINA 3HAYUMYIO
OTpHULIATEJIbHYIO KOPPEJIALUI0 KOJIUYeCTBA TPOM-
0OIUTOB C KOHIIEHTpANHeN MPOKATBIIMTOHNHA B
KPOBH, YTO YKa3bIBAET Ha CBSI3b TPOMOOIINTOTIEHUH
C aKTUBHOCTBHIO BOCIIAJIUTEJILHOIO IIpoliecca. ITO
II03BOJIAET MIPEAIIOJI0MKUTD, YTO CEKBECTPAUA 1
JETPaHYJISANNSA TPOMOOIIUTOB SIBJISIETCST OMHUM U3
HEeCKOJIBKUX ITyTel, BeAYIINX K AUCPETYIISIIIUU COCY-
JIMCTOI0 TOHYCAa I[IPU CETICHUCE.

WNnmocTpanueil TOro, YTo CHUMKEHHUE YHUCTIa
TPOMOOITUTOB U X aKTUBAIVsI HE BCET/IA SIBJISTIOT-
CA JOCTAaTOYHBIM ycjioBueM st passutus CIII,
CJIy>KaT MaHHbIe O COCTOSTHUU TPOMOOIIMTOB W
yactote CIII y 6osapHbIx HUMT, ipoTekaroieii Ha
¢one XBI'C. VY aTux 60/IbHBIX OTMEYasIH BhIPAsKEH-
HYI0 TPOMOOITUTOIIEHHIO, YBEJTMYEHNE CPETHETO
o0beMa M aHM30TPONUU TPOMOOUUTOB (puc. 3,
TabJI. 2), OJHAKO 9TO HE COIPOBOSKAAIOCH ITOBBI-
meHueM yacTtorel pa3surusa ClI u setanbHOCTH.
V3BeCcTHO, UTO IedYeHb SBJsIETCS BasKHEHIINM
OpraHoM, BJIUSIIONINM Ha 00pa3oBaHre TPOMOOITH-
TOB (32 CYET IPOAYKIIFH TPOMOOTIOITHHA) U yase-
HHUe CTapbIX/MOBPEXKIEHHBIX TPOMOOIIUTOB U3
kpoBH [30]. YacToTa pasBuTHs cericruca y 60JIbHBIX
Cc 3a00JieBaHUAMMU IIedeHU moBbIleHa [31, 32].
BeposATHOWI TIPUYMHON TPOMOOIIUTOTIEHUU TIPU
XBI'C cumraioT MHOUUIUPOBaHNE TPOMOOIUTOB
BupycoMm remnarura C, YTo IPUBOJUT K UX aKTUBa-
[IUUA ¥ YCKOPEHHOMY KJynpeHcy [33]. [lo-Bunumomy,
Y TPOMOOITUTOB, HAXOSIIINXCS B COCTOSTHUM XPO-
HUYeckoy aktuBauuu npu XBI'C, ymeHblaercs
CIIOCOOHOCTh JEerpaHyJUPOBaTh U B3aUMOJIEH-
CTBOBATh C HEUTpoUIaMH, YTO HEOOXOAUMO I
passutus CIII.

3akJrouenue

AxTUBaIusa TpoOMOOIIMTOB ¥ TPOMOOIIUTOTIE-
HUs OpU TeHepan3oBaHHBIX ¢opmax HUMT
SIBJISIIOTCSI OMHUMMU 13 Ba)KHBIX (PaKTOPOB pa3BU-
A ClI, TOBBIIAIOINX BEPOATHOCTD JIETAaIbLHOTO
ncxona. CyllieCTBEHHYIO POJIb UTPaeT IIpUYnHa U
TUN aKTUBAIIUU TPOMOOIUTOB: Tak npu HUMT,
BBI3BAaHHOU nHeKIen K. pneumoniae, akTuBa-
IIUsI TPOMOOIINTOB HE IPUBOJIUT K TPOMOOLIATOTIE-
HUU, HO aCCOITMUPOBAHA C BLICOKOM YaCTOTOH pas-
ButuA CII. Hanporus, XpoHUYeCKas akTUBaLUsA
TpoMOOIMTOB BUpycoM renarura C 4acTo mpuBo-
OIUT K TPOMOOIIUTONEHUHU, MOBBIIIAET YACTOTY
pasBuTuA cemncuca, HO y 6ombHBIX HUMT He
nosbimaeT yacrory passurusa ClI. [Toanmanue
poJix TpomM601ITOB B padBuTuu CIII MOKET MOBbI-
CUTh 3(p(PEeKTUBHOCTH JieueHNs OOTbHBIX TeHepa-
Jau3oBaHHbIMU (popmamu HUMT u npyrux Kpurtu-
YeCKUX COCTOSTHUH, CBSI3aHHBIX ¢ padButuem CIII.
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The correlation we found between the platelet
count and the percentage of segmented neu-
trophils in NSTI patients with thrombocytopenia is
consistent with the pathogenetic pathways de-
scribed above and suggests the coordination of
platelet and neutrophil activation/sequestration,
leading to thrombocytopenia. In the SS group (re-
gardless of thrombocytopenia), no such correlation
was found, but a significant negative correlation of
platelet count with blood procalcitonin level was
revealed, indicating that thrombocytopenia is re-
lated to the inflammation intensity. This suggests
that platelet sequestration and degranulation is one
of several pathways leading to dysregulation of vas-
cular tone in sepsis.

The data on platelet status and SS frequency
in NSTI patients with CVHC are illustrative of the
fact that platelet number reduction and activa-
tion do not always suffice for the development of
SS. These patients had severe thrombocytopenia,
increased mean platelet volume and anisocytosis
of platelets (Fig. 3, Table 2), but it did not associ-
ate with increased frequency of SS and death.
Liver is crucial for platelet production (due to
thrombopoietin synthesis) and removal of
old/damaged platelets from the bloodstream
[30]. The frequency of sepsis development in pa-
tients with liver diseases is increased [31, 32].
Thrombocytopenia in patients with CVHC could
probably be due to infection of platelets with
hepatitis C virus causing their activation and ac-
celerated clearance [33]. Apparently, platelets in
a state of persistent activation in chronic CVHC
have a decreased ability to degranulate and inter-
act with neutrophils which is essential for SS de-
velopment.

Conclusion

Platelet activation and thrombocytopenia in
generalized NSTI are important factors of septic
shock development, which increases the risk of
death. The cause and type of platelet activation
play a significant role: in NSTI caused by K. pneu-
moniae infection, platelet activation does not
lead to thrombocytopenia, but is associated with
a high frequency of SS. In contrast, persistent
platelet activation by hepatitis C virus commonly
leads to thrombocytopenia and increases the risk
of sepsis, whereas in NSTI patients it does not in-
crease the risk of SS. Understanding the role of
platelets in the development of SS may improve
the effectiveness of treatment of patients with
generalized NSTI and other critical conditions
leading to SS.
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Pe3rome

Ilesb. Ha ocHOBe aHa/IM3a MHAMBUyaTbHBIX HCXO/I0B 3a00JI€BAHIS BBISIBUTH KPUTEPUH BKIIIOUEHNsI/ He-
BRJIIOYEHHUA MAIIMEHTOB [JIA ITOCJEeAYIOEero IpoBeIeH!s PAHAOMU3UPOBAHHOTO KJIMHAYECKOTO UCCIIEeI0-
BaHUA 3P (PEeKTUBHOCTH MEIIOMIHA HATPUs CYKI[MHATA Y OOTBHBIX C OCTPBIM ITAaHKPEATUTOM.

Marepuan u meroasbl. [Iposesin ananus apderTuBHOCTH JeueHns1 100 mammeHToB B Bo3pacTe 23-65 JjieT
C OCTPBIM IAHKPEATUTOM CPEIHETKEJIOT0 U TAYKEJIOT0 TeUYEeHU s, I0/Iy4aBIINX MEIVIIOMUHA HATPUS CYKIU-
Har B cocTaBe MH(Y3Uil BHYTPUBEHHO KalleJbHO B CpelHel CyTOYHOH f03e 10 MJI/KI IPOJ0/KUTETbHOCTHIO
10 11 nHeit. COOp TaHHBIX IPOBOIUIH AECATH METUIIMTHCKUX IIEHTPOB B paMKax HaOJII01aTe IbHOM IIpo-
TpaMMBI IT0 IIPOTOKOJTY, 0100peHHOMYy KOMUTeTOM 10 peKOMeHTallisIM ¥ OpraHN3anuy ucciaeroBanmit O6-
IIIePOCCHUMCKO 001IIeCTBeHHOM opranusanuy «Pereparyisi aHeCTE3N0JIOT0B U PeaHNMaTOJIOTOB» 1 JIOKAJIh-
HBIMH 3TUYECKMMHU KOMUTETaMU yUpesKIeHn. JleueHrne MpOBOIUIN B COOTBETCTBUY C HAIIMOHAJTbHBIMUA U
MeKIYHApOAHBIMU cTaHgapTamMu. C yaeToM ncxona 3aboJieBaHNA O0JBHBIX Pa3eInyn Ha JBe TPYIIIbL:
rpynna 1 (n=81) — BbIkUIY, Tpynna 2 (n=19) — jeTaabHbIi Ucxol. I[IpoanannsupoBau feMorpapuiecKkyio
XapaKTePUCTHKY TPYIII, aHaMHe3 ;KU3HU, 00J1€3HH, TaHHbIe 00'bEKTIBHOI0 OCMOTPA, CTaHAAPTHBIX J1a00-
PpaTOPHBIX ¥ MHCTPYMEHTAIbHBIX HCCIenoBaHu. [To/TyyeHHbIe pe3y/IbTraThl CTAaTUCTHYECKH 00paboTasIu.

Pe3ynbTarsl 1 00Cy:KAeHUE. Beien psi hakTopoB ITPY FOCIUTAMN3AINH U/ AN TP ITEPEBOJIE B OT-
JleJIeHVe peaHnuMaluy U THTeHCuBHOU Tepanuu (OPUT), KOTOpble MOTYT OBITh TPEIUKTOPAMH HEOJIarOMPH -
SITHOTO FICXOJIa M1 B PA3HOM CTEIeHN BJIMATH Ha PUCK CMEPTH IAIEHTOB, MOJIYYaBIINX IIPY JaHHOM 3a60-
JleBaHUM MHQY3UIO U n3ydaeMblil npenapar. K ¢akTopaM BbICOKOTO PUCKA OTHEC/IN HajJIudue COIopa,
conepskanme TpoMOOIUTOB HIKe 248,5X10°/51, Base Excess MeHee -2,9 MMOJIB/JI, COfiepKaHe MOYEBUHBI
Bblre 11,85 mmoutn/i1. K hakTopam prucka oTHeC U TeMIieparypy Tesia Hrke 37,1°C, cofepskanue B IJ1a3Me
KpeaTWHWHA BbIIIe 237 MKMOJIb/JI ¥ NIIOKO3bI — BbIIIe 9,45 MMoJIb/J1. K BeposAITHBIM (haKTOpaM pHCKa OT-
HECJIX MPAaMOPHOCTb KOKHBIX IOKPOBOB U COiePsKaHNe NOHN3UPOBAHHOIO KAJIbIIMA B I1J1a3Me KPOBU HUKE
1,13 MMoOJIB/ 1.

3axkirodeHue. [losyuniiu npeiBapyUTe/IbHbIE JaHHbIE U151 HOPMUPOBAHUSI KPUTEpUEB BKJIIOUEHN I/ He-
BKJIIOYEHUS] pPaHJAOMU3UPOBAHHOIO KOHTPOJIbHO-CPAaBHUTEIBHOI0 KIMHUYECKOI0 UccieoBaHus addek-
THUBHOCTH MEIIOMUHA HATPUSI CYKITUHATA Y OOJBHBIX OCTPBIM ITAHKPEATUTOM.

Karouesvte croesa: 0okazamenvHas MeauuuHa; par—taomusupoeaHHbte KJIUHUYeckUe UCCae008aHusl; OCm-
pblﬂ navkpeamum, UHMeHCUBHAs mepanus, Peamﬁepul-t; MELNIOMUHA HAamMPpUs CYyryuHam

KoH}auKT HHTEpecoB. ABTOPEI 3asIBJISIOT 006 OTCYTCTBUY KOH(MJIMKTA HHTEPECOB U (DMHAHCOBOH 3a-
VHTEpPeCOBAHHOCTH B IPOBEJEeHUU JaHHOIO UCCJIeJOBaHUsL.

BiarogapHocTts. PaboTa BBINTOSTHEHA TPH CIIOHCOPCKo mofepskke OO0 «HTDP D «ITOJIMCAH» (Poccus,
r. CankT-IleTepOypr), 3akmovaromnieiica B 0e3B03Me3IHOM II0’KepTBOBAaHUN Ipernapara PeambepuH niisa
LeJsiei uccaesoBaHusd.

Summary

Objective: to develop criteria of inclusion/noninclusion of patients for further randomized clinical trial of
meglumine sodium succinate in patients with acute pancreatitis based on analysis of individual outcomes.

Material and methods. The efficacy of treatment of patients with moderate-to-severe and severe acute
pancreatitis (n=100, 23-65 years old) with meglumine sodium succinate (intravenous drip infusions, 10 ml/kg
daily, for 11 days) was assessed. Data were collected by 10 medical centers as a part of an observational program
developed in accordance with the requirements of the Guidelines and Clinical Trial Committee of the All-
Russia Public Organization «Federation of Anesthesiologists and Reanimatologists» (FAR) and approved by
local ethical committees of the institutions. Treatment was prescribed in accordance with national and inter-
national standards. The patients were divided into two groups based on the outcome: group 1 (n=81) included
patients who survived, while the patients of group 2 (n=19) died. We analyzed demographic characteristics of
the groups, life and illness history, physical examination, routine laboratory and instrumental investigation
data. The obtained results were statistically analyzed.

Results. We identified several factors occurring during hospitalization and/or transfer to intensive care
unit (ICU), which could be predictors of adverse outcome and had varying impact on the risk of death in pa-
tients treated with the study drug. High-risk factors included stupor, platelet count below 248.5x10%/1, base
excess (BE) less than -2.9 mmol/], and urea above 11.85 mmol/l. Risk factors included body temperature below
37.1°C, plasma creatinine above 237 pmol/l, and glucose above 9.45 mmol/l. Mottled skin and plasma ionized
calcium levels below 1.13 mmol/l were considered probable risk factors.
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Conclusion. Determined prognostically significant predictors of adverse outcome in patients with acute
pancreatitis receiving Reamberin should be considered when selecting inclusion/exclusion criteria for the
randomized controlled comparative clinical study of the efficacy of meglumine sodium succinate in patients

with acute pancreatitis.

Keywords: evidence-based medicine; randomized clinical trials; acute pancreatitis; intensive care; Reamberin;

meglumine sodium succinate
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BBenenue

«30JIOTBIM CTAaHAAPTOM» U3ydeHus apdek-
TUBHOCTU PA3JTUYHBIX JIEYEOHO-TUATHOCTUYECKUX
TAaKTUK CETONHS CUMUTAIOT PAaHJOMU3NPOBAHHbIE
KOHTpoJimpyeMsble uccaenosanusa (PKW). Opaako
3TOT CITOCO0 BBISABJIEHUS IPUYNHHO-CJIEICTBEH-
HBIX CBsI3ell MeKAy TUAarHOCTUKOMH, JiedeHueM U
KCX0IoM 3aboJieBaHUsA He JIUAIIEH HeJOoCTaTKOB.
OcHoBHBIM npoTUBOpeYreM PR MOYKHO CUYUTATH
CeJIEeKITUIO BHIOOPKU MAIlUEHTOB: B CCJIEJOBAHUE
BRJIIOYAIOTCS JaJIeKO He BCe MalleHThI C JaHHbIM
3abosieBaHMEM, A JIUIIb Te, KTO COOTBETCTBYET
sKECTKUM KPUTEPUSM BRJIIOUEHUST U UCKJIIOUEHNS,
pas3paboTaHHBIM, HEPEIKO, B MHTepecax IpoBe-
psemMoil  rumoTe3bl. Koropra  mamydeHTOB
OTpaHUYUBAETCS BO3PACTHLIMU PaMKaMU, CTele-
HBIO TSI’KECTH OCHOBHOTO 3a00J/IeBaHUS U COMYT-
CTBYIOIIEN aTOJIOTUU U MHOTUMHU JPYTUMU (aK-
TopaMu. B utore appekTuBHOCTD IIpernapara uiu
MeTojia JIeYeHUsI TOKAa3bIBAETCsI UJIM ONpPOBEpra-
eTCs Ha [alyeHTaX, COCTaBJ/IAIIINX MaJIYIO TOJII0
reHepajgbHOU COBOKYIHOCTH, YTO, B CBOIO O4Ye-
pellb, CTAaBUT IOl COMHEHHWE TIPAaBOMEPHOCTb IKC-
TpanoJsAanuu pedynsraroB PKI1 Ha muUpoKyro
nomnyssuuio 60JbHBIX [1]. BeposiTHo, 1o aTOM pu-
4YHWHE, CPEJICTBA U METO/IbI, IECTBEHHOCTh KOTO-
PBIX Y KOHKPETHBIX MaleHTOB MHOTI'OKpPAaTHO
WCIIbITAHA JIMYHBIM ONIBITOM Bpayel, HEPEJIKO He
MIOATBEP K IAIOT CBOIO 9(D(PeKTUBHOCTB 10 PE3YIb-
Tatram PKW u mera-aHa/Jau30B, OKa3bIBasiCh BHE
paMoOK Hay4YHO-J0Ka3aTeJbHONH MeIULUHBI [2].
Wuavye roBops, IKCTpAIONANUSA Pe3yabTaros,
IIOJIyYeHHBIX B COOTBETCTBMM C KaHOHaMu
Hay4YHO-J0Ka3aTeJbHON MeIUIIUHBbI, Ha IIOBCe-
JHEBHYIO IIPAKTUKY, HEPEIKO JeMOHCTPUpPYeT UX
HEBBICOKYIO BOCIIPOM3BOIUMOCTh B KJINHUKE — U
Ha000pOT. ITO 3aKOHOMEPHO MPUBOIUT K TOMY,
YTO OJUH U3 JINJEPOB MUPOBOU MEIUITUHBI KPU-
THUYECKUX cocTosAHUU Jean-Louis Vincent (2010)
npuabiBaeT: «Mbl JOJIKHBI OTKAa3aTbcsi oT PKU B
OTJIeJIEHUSIX MHTEHCUBHOU Tepanuul» [3], a Kpu-
3UC IBW)KEHUST HAYYHO-[I0Ka3aTeIbHOU MeuIu-
HbI KOHCTAaTHUPyeT OfHa U3 BUAHEUIIINX ero afer-
toB Patricia M. Greenhalgh (2014) [4].

PasprIB MeKy CTPOTOU TOKA3aTEIbHOCTHIO
U TIOBCEJHEBHOW MEeIUITMHCKON MpPaKTUKOU, Ha

Introduction

The «gold standard» for efficacy assessment of
various treatment and diagnostic tools is now con-
sidered to be randomized controlled trials (RCTs).
However, this way of identifying cause-and-effect
relationships between diagnosis, treatment, and
disease outcome has its limitations. The main con-
tradiction of RCTs is the selection of the patient
sample, i. e. only those patients who meet the strict
inclusion and exclusion criteria, often developed
for the benefit of the tested hypothesis, are in-
cluded in the study. The cohort of patients is lim-
ited by age, the severity of the underlying disease
and comorbidities, and many other factors. As are-
sult, the efficacy of a drug or treatment method is
proved or rejected in patients who make up a small
proportion of the general population, which in turn
casts doubt on the validity of extrapolating RCT re-
sults to a wide patient population [1]. Probably for
this reason, medications and methods that have
been repeatedly tested for effectiveness in specific
cohorts of patients by experienced physicians,
often fail to demonstrate their clinical value in RCTs
and by meta-analyses being outside the framework
of evidence-based medicine [2]. In other words, ex-
trapolating the results obtained in accordance with
the rules of evidence-based medicine to everyday
practice often demonstrates their low reproducibil-
ity in the clinic, and vice versa. This prompted one
of the global critical care medicine leaders, Jean-
Louis Vincent to urge: «We should abandon RCTs
in intensive care units!» (2010) [3], while the crisis
of the evidence-based medicine movement was
stated by one of its most prominent adherents Pa-
tricia M. Greenhalgh (2014) [4].

In our opinion, the gap between rigorous evi-
dence and everyday medical practice can be filled
by means of two-stage studies. The first stage is car-
ried out through observational programs, during
which the researcher records the outcomes and
changes in clinical, laboratory and instrumental
data during the treatment using the method/in-
strument under study, without interfering with rou-
tine diagnostic procedures and treatment [5]. The
data collected in this way allow us to get the most

realistic view of the patient population and disease
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HaIll B3IJIs/], MOYKET OBITh 3alI0OJTHEH C TIOMOIIHIO
JBYX9TaIlHbIX HccaefoBaHu. [lepBrIii aTam ocy-
IIIECTBJISIETCS C IIOMOIIBIO HAOTI0AaTeTbHBIX ITPO-
rpaMMm, B XO/ie KOTOPBIX, 0€3 BMeIIaTe/ bCTBa B
PYTHHHBIE TMAarHOCTUYECKUE IIPOLeAYyPHI U Jieue-
HUe, UCCJIeloBaTe b (PUKCUpPYyeT UCXOIbl U TUHA-
MUKY KJITHUKO-J1a00PaTOPHBIX, THCTPYMEHTAJTh-
HBIX JAHHBIX Ha (pOHE JiedyeHUsl ¢ IpUMeHeHneM
rcceayemMoro Metona/mpermnapara [5]. CobpaHabie
TaKUM CIIOCOOOM JJaHHBIE TTO3BOJISIOT MTOJTYIUTH
MaKCUMaJIbHO peaJuCTUYHYI0 KApTUHY O KOHTUH-
reHTe OOJTLHBIX ¥ BApHaHTaxX TeueHus 3aboseBa-
HusA, ¢GOopMHUpPOBaTh O0OOIEHHBIE TOPTPETHI
MaIeHTOB-PECIIOHIEPOB, KOTOPbIE OTBEYAIOT HA
uccjaenyeMoe JiedeHue (OT awHeq. responders), u
NaleHTOB-HOH-PECIIOHepPOB, Y KOTOPHIX OHO B
CHJTY TSIPKECTH COCTOSTHUSI, TpeMopOuIHoro hoHa
WJIM COIYTCTBYIOIIEN Tepaliy He OKa3aJio KJIMHU-
4YeCKHU 3HAUMMOTO IOJIOKUTEIbHOTO BJIMSHUS Ha
rcxof, b0 BOBCE 0KA3aJI0 OTPUIIATETbHOE BIIHS -
Hue (aHes. non-responders).

Btopotii ararn ucciaegoBaHus OCyIIeCTBIISETCS
cy4eToM c(hOpMUPOBAHHOU IPYNITOBOM TOMYJISIIIAN
MAIMeHTOB-PECIIOHIEPOB U TOJI3KEH COOTBETCTBO-
Barh 1es1sIM 00br9HOr0 PKU: n3y4yenne apderTns-
HOCTH MeToJia JIeueHUs1 WJIU [Tperiapara IIpyu CpaBHe-
HUW c manebo. U, ecam BTopoi atanm B popMmare
PKU, B KOTOPOM KpWUTepHWeM BKJIOYEHUs OyJeT
COOTBETCTBHE 0000IIIEHHOMY TTOPTPETY PECIIOHIEPA
[IepBOrO 3Tala, MOATBepIUT 3(h(HEKTUBHOCTD
JIeueOHOTO BO3AEHCTBUSA M3y4aeMOro Ipemnapara
WJTA METOJIA IIPY CPAaBHEHWH C TI1a1[e00, MBI CMOYKEM
0e3yCJI0BHO PEKOMEH/IOBATH €r0 B MPAKTHKE KaK
CPEeACTBO C JOKA3aHHOU 9(D(PEKTUBHOCTHIO Y ITAIU-
€HTOB, OTBEYAIOIIINX TEM YK€ KPUTEPHSIM.

BTOpOii saTan MOYKHO 3alJIaHUPOBAaTh ¥ UHBIM
crioco6oM, uckaiounB u3 PKU rpynmny marueHToB
C HaJu4ueM IPU3HAKOB U IIPEJUKTOPOB, sIBUB-
muxcs (pakTopaMu pUCKa JieTaJIbHbIX UCXOI0B U
daTaJbHBIX OCJIOKHEHWI B IepBOH, HabOJIOMa-
TeJbHOU hade. Ha Ham B3WIAA, TaKue MOIXOIbI
WJIM X KOMOWHAIWSA JaayT BO3MOKHOCTD ITOJTY-
YUTH PE3YJIBTaThl BBICOKOH yOeIUTeTbHOCTH, TaK
KaK BJIMsSIHME Ha BBDKUBAEMOCTb — 9TO camasi
JloKa3aTeJbHasd W TBepJas KOHEUYHas TOYKA B
Jgro6om PKI.

OmnucanHas MetopoJsorus nposegenus PRI,
XOTSI ¥ OTJINYAeTCsI AJIUTEeJbHOCThIO, IIOBBIIIEH-
HOU ce6eCcTONMOCTHI0, 00bEMHOCTBIO M HETIpe[I-
CKa3yeMOCTBIO Pe3yJIbTaToB, CYyJIUT pas3pelleHue
HaKOMNUBIINXCS IPOTUBOPEYNH MesK Ay Teoprel u
MIPaKTHUKOM, a TaKkKe 00eIIaeT caesaThb JedeHne
JefICTBUTEJIBHO I€pCOHATN3UPOBAHHBIM U KJIU-
HUKO-3KOHOMUYECKHU OIIPABIAHHBIM.

Cienyss W3JI03KEHHBIM IIOCTyJIaTaM, MBI
3alJIaHUPOBAJIU IBYXaTAllHOE u3ydeHue appex-
TUBHOCTH Tpernapara PeambepuH (MerTioMHUHA
HaTpusl CyKIMHAaTa) IPU OCTPOM IaHKpeaTure
(OIN). B nanHOM cTaThe IpeaCTaBUJIN Pe3y/IbTaThbl

variants to form unified portraits of responders,
who respond to the investigational treatment, and
non-responders with no clinically significant posi-
tive impact on the outcome or even with a negative
impact on a medical condition due to its severity,
comorbidity or concomitant therapy.

The second stage of the study is carried out
based on the group of responders and should be
consistent with the aims of a regular RCT, namely,
to study the efficacy of treatment or a drug in com-
parison to placebo. If the second stage in RCT for-
mat, where the compliance with the unified portrait
of the first stage responder remains an inclusion cri-
terion, confirms the studied drug or method effi-
cacy in comparison with placebo, we can certainly
recommend its use in practice as a proven interven-
tion in patients who meet the same criteria.

The second stage of the trial should be de-
signed in another way, by excluding from the RCT
the patients exhibiting predictors of fatal outcome
asrevealed in the first (observational) phase. In our
opinion, such approaches, used alone or in combi-
nation, would yield highly convincing results, be-
cause the impact on survival is the most evidence-
based and solid endpoint in any RCT.

The described RCT methodology, albeit
lengthy, costly, voluminous, and unpredictable, po-
tentially can resolve the long-standing controversies
between theory and practice, and offers the promise
of truly personalized and cost-effective treatment.

Following the above principles, we have
planned a two-stage study of Reamberin (meglu-
mine sodium succinate) efficacy in acute pancre-
atitis (AP). The paper presents the results of an ob-
servational study of Reamberin in 100 patients with
moderate to severe AP. The study represented the
first (observational) phase and included identifica-
tion of clinical efficacy predictors and parameters
that could be used to describe responders and non-
responders in a generalized way.

The choice of AP for the study of Reamberin
effectiveness is due to the fact that this disease re-
mains one of the common surgical conditions with
a high mortality rate among patients with pancre-
onecrosis [6]. At the same time, currently there is
no specific treatment for AP, and the intensive care
of its severe forms is based on well-timed fluid ther-
apy [7-11] with no strict guidelines on specific
agents to be used. Reamberin (POLYSAN Ltd, St.Pe-
tersburg, Russia) is a multi-electrolyte infusion
fluid correcting the water-electrolyte balance, im-
proving intracellular metabolism and acid-base
state. The drug contains succinate, which is metab-
olized to replenish serum bicarbonate, while the
Na* and CI- ions of the solution allow preventing
and correcting electrolyte disturbances caused by
unbalanced fluid therapy [12-14].

Thus, there are pathophysiological reasons for
including Reamberin in the fluid therapy of pa-
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HaOJTI0aTe/IbHOTO UCCIeOBAHUSA 110 TpUMeHe-
Huio Peambepuna y 100 maruenTtos ¢ OI1 cpemne-
TSI3KEJIOT0 U TsisKeJioro TedyeHusi. ComepskaHueM
HCCJIeJOBAaHUS CTaJs ePBbIH, HAOJIIOaTeTbHBIN
aTar: MOUCK NMPEUKTOPOB KINHUYECKOU apdek-
TUBHOCTH IIpernapara 1 IapaMeTpoB, C IOMOIIIBIO
KOTOPBIX MOKHO 0000IIIEHHO OTMCaTh PECIIOH/Ie-
POB U HOH-PECIIOHAEPOB.

Br160p OII g usyuenus apHeKTUBHOCTU
Peambepuna obycoBsen teM, yto OIT ocTaeTcsa
OHUM U3 PACHPOCTPAHEHHBIX XUPYPTUUECKUX
3aboJieBaHUI C BHICOKUM YPOBHEM JIETA/TbHOCTH
Cpey MalyeHTOB C IaHKPEOHEKPo30oM [6]. Bme-
CTe C 3TUM, Ha CerofHs cuenuduyeckoe jede-
"ue OII oTcyTCTBYeT, 1 OCHOBOM MHTEHCUBHOU
Tepamnuu TsKeJIbIX (opM 3a00/1eBaHNS CUUTAET-
Cs1 CBOeBpeMeHHO HauvaTas NH(y3noHHas Tepa-
nusi [7-11], cocTaB KOTOpOU, TEM He MeHee,
HUKaK He perjameHTupoBaH. Peambepun (OO0
«HTDPD JIO0JIMCAH», Poccusa) aBisgeTcd MoOJINA-
9JIEKTPOJIMTHBIM PACTBOPOM [Jisi HUH(DYy3Ui,
MIPpUMEHseMBIM B Ka4eCTBEe CPEJICTBA, BJIUAIO-
II[eTO Ha BOJIHO-3JIEKTPOJIUTHBIN OaJiaHC, YIyd-
[IaI0Iero MeTaboandecKkue IpoIecchl BHYTPHU
KJIETKU ¥ HOPMAJIM3YIOIIEro KMCJI0THO-OCHOB-
Hoe cocTosgHUe. [IpenapaT cogepKUT CyKIIMHAaT,
MeTaboIM3M KOTOPOTO MOMOJHSAET KOJTUIECTBO
CBIBOPOTOYHOTO OMKapOOHaTa, a KOHIIEHTPAI[UU
noHoB Na* u Cl- B pacTBOpe M03BOJIAIOT UCIIOJIb-
30BaTh €ro Kak 1Js NpoPUIAKTUKU, TaK U AJIs
KOPPEKIIUU  JJIEKTPOJUTHBIX HapyIIeHUH,
BBI3BAaHHBIX HECOATAHCUPOBAHHON WH(PY3UOH-
HOU Tepanueii [12-14].

Takmm 0Opa3om, UMeEIOTCs MaTo(U3N0JIOTH-
YyecKHe OCHOBAHMs I0JlaraTh, YTO BKJIIOYEHUE
PeambeprHa B cocTaB MH(Y3MOHHOH Tepanmuu
nareHToB ¢ OIT 103BOJIsIeT CHU3UTB HATPY3KY Ha
KOMIIeHCATOPHBIE CUCTEMBI OPTaHU3Ma, a B CJIy-
yae T)KeJIBIX hopM 3ab0JIeBaHUSA, KOT/Ia UMEeTCs
BBICOKMI PUCK PA3BUTUSI NOJUOPraHHOUN HeO0-
CTaTOYHOCTH, OKA3bIBAET MOJI0KUTETHHOE BJIUS-
HUe Ha TedeHue u ucxop OI1.

Ileab uccienoBaHus — Ha OCHOBE aHAJIU3A
UHIUBUIYAJbHBIX  HCXOJOB 3aboJieBaHUA
BBISIBUTH KPUTEPUU BRJIIOUEHUSI/HEBKJIIOYEHUS
TIAIeHTOB JJIsI TOCJIeTYIOIIETO TPOBEIeHN S paH-
JOMU3UPOBAHHOTO KJIMHUYECKOT0 UCCJIeTJOBAHUS
a(pperTUBHOCTH MeITIOMIHA HaTPHUs CyKIIMHATa
y OOJIBHBIX C OCTPBIM ITAHKPEATUTOM.

MarepuaJ u MmeToabl

IIpoBesin aHaIU3 apeKkTuBHOCTHU JIedeHus 100
[IalMEeHTOB B BO3pacTe 23—65 JIeT C OCTPbIM IaHKPeaTHU-
TOM CPEIHETAKEJIOT0 U TAKEJIOTO TCUEHNA.

Kpurepun BKIIOYEHUs B UCCIIEIOBAHUE:

1. JlmarHos oCTpBI IaHKPEaTUT YCTAaHOBJIEH Ha
OCHOBAaHUM HAJIMYKSA KAK MUHUMYM JIBYyX U3 TPEX HUKe-
CJIENYIOIINX KPUTEPUEB:

e AGmoMHHaIbHAS 00JIb.

tients with AP to reduce the overload of the body
compensatory systems, decrease high risk of mul-
tiple organ failure in critical illness, and improve
the course and outcome of AP,

The aim of the study: based on the analysis of
individual disease outcomes, to identify the inclu-
sion/non-inclusion criteria for subsequent ran-
domized clinical trial of the efficacy of sodium suc-
cinate meglumine administration in patients with
acute pancreatitis.

Materials and Methods

We analyzed treatment efficacy in 100 patients aged
23-65 years with moderate-to-severe and severe acute
pancreatitis.

The inclusion criteria were:

1. Acute pancreatitis diagnosed using at least 2 of
the 3 following criteria:

e Abdominal pain.

e Serum amylase and/or lipase level 3 and more
times above the upper reference value.

e Ultrasound (or computed tomography) signs of
acute pancreatitis.

2. Alimentary (alcoholic) etiology of AP.

3. Disease severity: moderate and severe acute pan-
creatitis according to the Atlanta classification (2012) [15].
4. Abdominal pain duration: 5 days and less.

5. First day of ICU stay.

6. Informed consent of patient for collection and
processing of personal medical data .

The non-inclusion criteria included:

e traumatic or biliary etiology of pancreatitis;

e pancreatic dysfunction prior to the acute pan-
creatitis development;

¢ change of the pancreatitis severity assessment
to «mild acute pancreatitis» or ruling out «acute pan-
creatitis».

Data were collected by 10 medical centers as a part
of an observational program developed in accordance
with the Guidelines and Clinical Trial Committee of the
All-Russia Public Organization «Federation of Anesthesi-
ologists and Reanimatologists» ((http://www.far.org.ru/)
and approved by local ethical committees of the institu-
tions. The patient treatment was prescribed in accor-
dance with the National [16] and international [17] acute
pancreatitis guidelines. All the patients were prescribed
Reamberin intravenous drip infusions in the average
daily dose of 10 ml/kg for up to 11 days.

The patients were divided into two groups based on
the outcome: group 1 (n=81) included patients who sur-
vived, while the patients of group 2 (n=19) died.

We analyzed demographic characteristics of the
groups, life and illness history, physical examination,
routine laboratory and instrumental investigation data
performed on admission and/or transfer to ICU.

Statistical analysis was performed using the Excel
2019, IBM SPSS Statistics 23.0 software and online calcu-
lators (https://medstatistic.ru/calculators/calchi.html).
Shapiro-Wilk test was used to assess the normality of dis-
tribution of variables, Levene test was used to check for
heterogeneity of variance. The assessment showed inap-
plicability of parametric statistical methods for virtually all
the variables, thus the group comparison was performed

by non-parametric Mann-Whitney U-test (with the Uand
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e TunepdepmenTeMus (runepaMuiazeMus
U/uay rullepjunaseMusi), IpeBblllaloas BepXHUN
nipenest pedepeHCHBIX 3HaYEeHUH B TPHU U O6oJTee pas.

¢ Hamnywme npusnakos OIl mo pgamueiM Y3U
(111 KOMIIBIOTEPHOU TOMOTpadum).

2. JTHOJIOTAA OCTPOro IaHKpeaTuTa:
TOJIbHO-QIMMEHTapHbIN.

3. TaskecTb OCTPOro MaHKpeaTUTa: yMepeHHbIH u
TSPKeJIbI OCTPBIN IaHKpeaTUT N0 MeskIyHapogHON
riaccuduramnuuy Atlanta (2012) [15].

4. CpOK OT OsIBJIEHN A a0IOMUHAJIBHON O0JIH: He
boJsiee 5 CYyTOK.

5. IlepBble CyTKY Jle4eHUA B OTIEJIEHUU PeaHu-
Maluy 1 HHTeHCUBHOU Tepanuu (OPUT).

6. Comracue nmanueHTa Ha cO0p U 00paboOTKy ero
IIepCOHAJIbHBIX MEJUIIMHCKUX TaHHbBIX.

Kpurepuu HeBK/IIOYEHHs B UCCJIEIOBAHUE:

1. TpaBmMaTH4ecKas WJIH OMJINapHAsS 3TUOJIOTUS
TaHKPeaTHTa.

2. OpraHHas aucdyHKIUsA, NpeAIecTBYIONIast
passutuio OII.

3. V3MeHeHMe AMarH03a Ha «OCTPBII HaHKPEATUT
JIETKOU CTeTleHW» WJIM UCKITI0UeHNe TUarH03a «OCTPBIH
TIaHKPEaTUT».

CO0p TaHHBIX MTPOBOJUIIN JECATH MEIUITTHCKUX
LIEeHTPOB B paMKax HalJI0[aTe/IbHOU IIPOTpaMMBbl 110
IIPOTOKOJTYy, 0f00peHHOMY KoMuTeTOM 110 peKoMeHaa-
UM U OpraHu3alnny ucciaenoBanuit O01epoccuiickon
o01IecTBeHHOU opranudanuu «Pegepays aHeCcTe310-
JIOTOB ¥ peannmarojioros» (http://www.far.org.ru/) u jo-
KaJbHBIMUA 3TUYECKUMU KOMHUTETAMH YUpPEKIEHUN.
JledeHne Bcex MallMEHTOB OCYIIECTBJISJIN B COOTBET-
CTBUU C HALMOHAJIBHBIMU [16] 1 MesKAyHAPOIHBIMU [17]
CTaHJapTaMu JieueHUsA OCTPOro ITaHKpeaTUTa. ¥ BCeX
TAI[MeHTOB B COCTAaBe JieYeHUsI TPUMeHsIH PeamOepuH
BHYTPHUBEHHO KalleJbHO B CpefHel CyTodHO mo3e 10
MJI/KT IPOJIOJIKATETBHOCTHIO 10 11 qHei.

C yueToM mcxoja 3aboseBaHusi O0JIBHBIX pase-
JIAJIA HA [OBe rpynnsl: rpymnmna 1 (n=81) — BBIKWIIH,
rpymma 2 (n=19) — JieTaabHBIN UCXOM.

ITpoaHaIu3upoBaIN AeMorpadpuIecKyio xapakre-
PHCTHUKY IPYII, aHaMHe3 SKU3HY, O0JIe3HN, a TAK)Ke JJaH-
Hble 00BEKTUBHOTO OCMOTPA, CTAaHAAPTHBIX JJaboparop-
HBIX ¥ THCTPYMEHTAJIbHBIX UCCJIEOBAHUM, IPOBEIEHHBIX
MPY FrOCIIUTAIN3AINHU 1/ 1im ipu niepeojie B OPUT.

Craructuuyeckyio o6paboTKy IPOBOAUIU B Tab-
JuvHOM Tporieccope Excel 2019, nakeTe MPUKJIATHBIX
nporpamm IBM SPSS Statistics 23,0 u oH/IaliH KaJIbKYJIsI-
topax (https://medstatistic.ru/calculators/calchi.html).
J1s yTOUHEeHUs NPUMEHUMOCTH NapaMeTpU4ecKOro
WHCTPyMEHTapHUs IPOBEJIA OLIEeHKY COOTBETCTBHUSA pac-
npejeJieHrs IlepeMeHHbIX HOPMaIbHOMY IIPY IIOMOIIA
kputepus Illanupo-Yusnaka, paBeHCTBO JUCIeEpCUit
IIPOBEPUJIU C HOMOLIbI0 KpuTepus JlusunA. 1o pesyib-
TaraM JAaHHOU OLIeHKU BbISIBUJIY, YTO IPAKTUYECKHU JIJI51
BCex IIOKa3aresieli IapaMeTpuU4yecKue KpUTepUu
CpaBHEHUs] HEIPUMEHUMBI, I09TOMY CPaBHUTEJIbHBIN
aHaan3 00erx IpymnIl IPOBOAUJIU C IOMOIIbIO Herapa-
MeTpudeckoro U-kpurepusa MaHHa-YUTHU (C IpuBee-
HUeM 3Ha4eHUU CTaTUCTUK KpuTepus Uu Z). Onucanue
IAHHBIX U UX qucriepcuu umeso Bug: Me (25%Q;75%Q),
rne Me — menmnana, 25%Q — 25-TIpOIeHTHBINA KBap-
THJIB, 75%Q — 75-TIPOLIEHTHBINA KBAPTUJIb.

CpaBHeHUe IrpymIl 110 JIOTUYECKUM IIepeMEeHHbIM
(ecTb IpU3HAK/HET IpU3HaKa) IPOU3BOJUHU C IIOMO-
mipIo Kputepus x? I[lupcoHa, Ipyu HEOOXOIUMOCTU K

aJIKO-

Zvalues). The data and their dispersion were presented as
median and 25% and 75% quartiles Me (25%Q; 75%Q).

Group comparison for categorical (yes/no) vari-
ables was performed using the Pearson’s y? criterion with
Yates’s correction for continuity and Bonferroni correc-
tion for multiple comparisons. If the y? criterion was not
applicable, the Fischer’s exact test was employed. The
data were presented as p (-95% CI; +95%CI), where p
stands for the parameter frequency rate in the sample, CI
represents confidence interval. The confidence interval
for frequency rates was calculated using the adjusted
Wald (Agresti and Coull) method.

The significance level for rejection of the null hy-
pothesis of no differences between the studied groups
was set to P<0.05. The p value falling within the range
0.05-0.1 was considered to represent a trend toward sig-
nificant difference because of expected reduced statisti-
cal power due to the small size of group 2.

The risk assessment was performed for the vari-
ables with significant intergroup differences (in fre-
quency rates or quantitative values). The relative risk of
unfavorable outcome and NNT (number needed to treat)
were calculated. The informative significance of variables
was assessed using the uncertainty coefficient. The cut-
off levels were calculated (primarily for the quantitative
variables) using the ROC-analysis with acceptable speci-
ficity equal to 80%. Conceptually, the ROC curve implies
reduced sensitivity when increased specificity is selected,
and vice versa. In moderate and severe pancreatitis, the
risk of lethal outcome was recorded in all responders;
therefore, striving to achieve high sensitivity in this study;,
in our opinion, could result in false positive results and
subsequent excessively strict criteria of non-
inclusion/exclusion. Thus, we decided to use specificity
as a priority parameter to determine the cut-off levels
and obtain the ranges of values characteristic for lethal
outcomes (the significance of negative result can be de-
scribed as «no risk factor is associated with low risk of un-
favorable outcome») [18]. The selected variables were
then converted to binary ones (greater than or equal
to/less than the cutoff level) and further analyzed to as-
sess their impact on the risk of developing an adverse
outcome (relative risk — RR), preventive significance
(number needed to treat — NNT, variable being the risk
factor, assessed outcome being death), and their inform-
ative value (calculation of uncertainty coefficient) [19].

Results and Discussion

Baseline intergroup differences in the param-
eters are summarized in Table 1.

In the group of patients with lethal outcomes
(group 2) on admission to the emergency depart-
ment or ICU significantly higher plasma levels of
glucose, urea, creatinine, base deficit were
recorded. Such parameters as platelet count, ion-
ized plasma calcium and body temperature before
the beginning of intensive care in these patients
were, on the contrary, significantly lower. Also in
group 2 there was a trend towards increased fre-
quency of mottled skin and altered consciousness
(stupor) on admission to the ICU.

To assess the contribution of quantitative vari-
ables to the risk of adverse outcome, they were con-

GENERAL REANIMATOLOGY, 2021, 17; 1

www.reanimatology.com



52

https://doi.org/10.15360/1813-9779-2021-1-0-1

Clinical Studies and Practice

HeMy TPUMEeHSAJIU TIOTIPaBKYy Merca Ha HempepbIBHOCTD
U nnonpasKy boHdeppoHU Ha MHOKeCTBEHHbIE CpABHe-
HusA. [Ipy HeBBINIOJIHEHNUN YCI0BUN IPUMEHEHUs KpU-
Tepus x? UCII0JIb30BaJIU TOUHBIN F-kpuTepuii @uiepa.
Onucanue JaHHBIX UMeJI0 BUA: p (-95% [; +95% J1N),
e p— 9acTOTa BCTPEYaeMOCTH ITPU3HAKa B BRIOOPKE,
JW —noBepuTeIbHBIN UHTEepPBaJL. JJOBepUTeIbHBIN UH-
TepBaJl 11 4aCTOT PACCYUTAJIN C IpUMEHEeHeM MeToa
Basnpaa ¢ koppeknueii io Arpectu—Koyity.

YpoBeHb 3HAYUMOCTH, 1P KOTOPOM OTBepraiu
HYJIEBYIO THIIOTe3y 00 OTCYTCTBUM PA3JIUUUN MEXKITY
M3y4aeMbIMH I'pynnamu, BeiOpanu p<0,05. 3HaueHne
0,05<p<0,1, npu ycJI0BUYU HENIPOTUBOPEYUBOCTH, pacC-
LIeHUBAJIN KaK TeHJEeHIUIO K 3HAaYUMBbIM pa3JIM4UsM,
T. K. M3-32 HEOOJIBIIIOTO pasMepa I'PYIIBI 2 05KUJAIHI
CHU’KeHHe MOIIHOCTHA IIPUMEHSeMOI0 CTaTUCThYe-
CKOT'0 MHCTPyMeHTapus.

O1eHKy pUCKa IPOBOJUJIN JJ1 IlepeMeHHBbIX, 110
KOTOPBIM I'PYyIIIbI 3HAYUMO Pa3/INYasIuCh (T. €. pa3/Indus
110 YacTOoTaM, /OO0 MO0 KOJNYECTBEHHBIM ITpH3HAKaM
NIpU3HABAJIA HeC/Ty4allHbIMU): PACCUUTBIBAIN OTHOCHU-
TeJIbHBIHM PHUCK HACTYIIEHNS HeBJIarOIPHUsTHOTO MCXoa
u nokasdaresb NNT (Number Needed to Treat). OuieHKy
MHOOPMAIMOHHON 3HAYUMOCTH IIPU3HAKOB IIPOBOJUIIN
npu oMoy koadduimeHTa HeolpeaejeHHocTy. [Ipu
9TOM, B IIEPBYIO O4epefb [JIs1 KOJIMYeCTBeHHBIX Ilepe-
MEeHHBIX, PaCCUNTHIBAJIN YPOBHU oTceueHus (cut-off lev-
els) mpu nomoim ROC-ananmaa c gomyckom 1o Sp=80%.
HamomaunwM, uto cymuocts ROC-KpUBO# Ipemo/araer
CHI’KEeHVEe YyBCTBHUTEJHLHOCTH IIPH BBIOOpE BBICOKOU
crienuUIHOCTH, ¥ HA000pOT. [Ipu MaHKpeaTuTe Cpe-
Hel U TAXKeJI0H CTelleH! PUCK JIETAIbHOTO UCX0a UMeJI
MECTO Y BCeX PeCIIOHIepOB, II03TOMY UCII0/Ib30BAHUE B
HalleM KCCJIeJOBAaHUU B KauyeCTBe JOIyCKa BBICOKOM
YYBCTBUTEJILHOCTH, I10 HAllleMy MHEHUIO, MOKeT [IpUBe-
CTH K OOJIBIIIOMY YFICJTY JIOSKHOIIOJIOSKUTETbHBIX PE3YITh-
TaTOB, U CO3[AHUIO BIIOCJEICTBUU CJIUIIKOM SKECTKUX
KpUTeplreB HEBKJIIOYeHUs1/ UCKJItoueHus1. Ha ocHoBaHuU
BBIIIENU3JI05KEHHOI0, [JIs1 II0MCKA YPOBHEH OTcedeHusl
BBIOpA/IM MUMEHHO ITOKAa3aTesb CIEeNU(PUIHOCTH, KaK
TIPUOPUTETHBIN C IeJIbI0 IIOJIyYUTh AUalla30Hbl 3HAUe-
HUH ITOKa3aresiel, cCneruUIHbIX JJIs CIy4aeB C JIeTaIb-
HbBIM UCXOZIOM (LIEHHOCTb OTPULIATeIbHOI0 PEllleHUsI: HeT
(arTopa pricka — HUSKHI PUCK HACTYIIJIEHUA HeOaro-
MpUATHOTO ucxopa) [18]. 3areM oTOOpaHHbBIE TEpEMEH-
Hble TTpeo0pa30oBhIBAIM B TUXOTOMHYECKHe (DoJbIe
WJIM PABHO/MEHBIIIE YPOBHSA OTCEYEeHUs) U OoABeprau
JaJIbHeNIeMy aHaIu3y C OL[eHKOU MX BJIMSAHUSA HA PUCK
pasBuTHsA HeOIAaronmpuATHOTO Mcxoa (relative risk— RR),
npoduIakTUYecKoi 3HauuMocTu (number needed to
treat — NNT, nepemennasi — (pakTop pucka, OlleHruBae-
MBI UCXOJ — CMEPTH), a TAKKe UX MH(POPMATUBHOCTH
(pacuer roadpurreHTa HeonpeaeieHHOCTH) [19].

Pe3ynbTaThl ¥ 00CYK/IEHHE

AHann3 MCXOOHOIO CTaryca IIalueHTOB
BBIAABUJI ME)KI'PYIIIIOBBIC Pa3/IN4Us 110 ITapaMeT-
paM, CyMMHUPOBaHHBIM B Ta0JI. 1.

B rpyme nanueHToB ¢ JJeTaJIbHbIMU NCXOOaMU
(rpymmna 2) mpy MOCTYIJIEHUU B IIPUEMHOE OTeJIe-
Hue nau OPUT 3apeructpupoBaivi SHAYUMO H0JTee
BBICOKOE COJlep;KaHye IIIOK03bl, MOYEBUHBI, Kpea-
TUHUHA, AedUIuTa OCHOBAHUN MJIa3Mbl KPOBH.
Takwme okasaresy, Kak Y1CI0 TPOMOOITUTOB, HOHU-

verted to binary variables using ROC analysis, based
on cutoff levels corresponding to 80% specificity. Sta-
tistically significant results are presented in Table 2.

Thus, body temperature below 37.05°C,
platelet count below 248.5X10°/1, blood glucose
above 9.45 mmol/l, urea and creatinine levels
above 11.85 mmol/l and 237 pmol/l, respectively,
and base excess below -2.9 mmol/l were considered
as predictors of unfavorable outcome.

The negative predictors presented in Table 2
were further analyzed for their impact on the risk
of adverse outcome by assessing the relative risk
(RR), the number of patients needed to treat (NNT),
and the informative value of the parameters as such
(Table 3). The methodology of this analysis was de-
scribed in detail by Grzybowski A. M. [19].

The results of comparative analysis of the
groups of survived and deceased patients do not
contradict to available data on non-specific home-
ostasis disorders typical for patients with critical ill-
ness [20, 21]. In the group with lethal outcomes, we
found significantly higher levels of glucose, urea,
creatinine, and base deficit. The platelet count,
serum calcium ion levels and body temperature
were, on the contrary, lower in the deceased group.
The trend towards increased frequency of mottled
skin, altered consciousness (stupor) on admission
also indicates a more severe course of AP in the
group of lethal outcomes. Meanwhile, it is notewor-
thy that despite significant differences in the
platelet count, coagulation parameters (INR, APTT,
fibrinogen, and PTI) are similar between the groups.

The prognostic significance of most of these
indicators, particularly in severe AP, is known and
has been included in the clinical guidelines for the
treatment of this disease [15]. Therefore, the results
of the analysis of treatment outcomes in 100 pa-
tients correspond to real clinical practice and can
be used as a basis for producing the exclusion cri-
teria for further RCTs.

Statistically significant results of the analysis
of adverse prognosis (death) in AP are shown in
Table 3. As shown in the Table, such predictors as
«platelet count», «urea level», «base deficit» and
«stupor on admission» significantly increased the
risk of patient death in pancreatitis.

Platelet count below 248.5X10°/1 was the most
informative and reliable for a risk assessment: ac-
cording to statistical analysis of the data, it was as-
sociated with almost 6-fold increase in the risk of
lethal outcome. This is quite interesting, since the
platelet count of 248.5X10%/1 falls within the normal
reference interval. We can suggest that with this
predictor, the prediction error of the outcome can
be reduced by 13.7%. The high specificity of this pa-
rameter is confirmed by the fact that 6.25% (2
cases) of patients whose platelet count was above
the cut-off died, both had high urea level (>9.45

mmol/]) and one of them had stupor on admission.
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Ta6smna 1. CraTryc HanieHToB IIPH MOCTYIJIEHHH B CTaIlHOHAP.

Table 1. Patient parameters on admission.

Parameter Groups Statistical criteria values
1, n=81 2,n=19
Quantitative data, Me (25%Q; 75%Q)
BMI, kg/m? 27.12 (24.46; 31.31) 29.00 (26.77; 34.05) U=558.5; Z=-1.55; P=0.12
Body weight, kg 80 (72; 93) 92.5 (78.5; 101.75) U=519; Z=1.91; P=0.056
Plasma ionized Ca?*, mmol/l 1.4(1.17;1.6) 1.04 (0.86; 1.65) U=35.5; Z=1.68; P=0.094

Body temperature, °C 36.8 (36.65; 37.03)

36.5 (36.15; 37.45) U=465.5; Z=-2.34; P=0.018

Platelets, X10°/1 259.0 (205.5; 344.3)

204.0 (140.5; 247) U=233; Z=-2.14; P=0.032

Blood glucose, mmol/l 6.7 (5.05; 8.95)

8.1(6.7;17) U=311.5; Z=-2.44; P=0.014

Serum urea, mmol/l 6.35 (3.88; 11.25)

9.4 (6; 28.15) U=144.5; Z=-2.51; P=0.011

Serum creatinine, pumol/l 109.5 (75.5; 165)

111.3 (80.5; 399.35) U=285.5; Z=-2.2; P=0.027

BE, mmol/l -0.85 (-7.58; 2.65) -3.1 (-5.25;-0.1) U=247.5; Z=-2.22; P=0.026
Qualitative data, P (-95% CI; +95% CI)
Mottled skin 38.27% (28.21%; 49.44%) 57.89% (34.23%; 78.81%) x?=3.15; P=0.076

Altered consciousness (stupor) 0% (0% 5.65%)

10.53% (0.35%; 34.43%) P=0.035

Note. BMI — body mass index. For tables 1-3: CI — confidence interval; BE — base excess. Parameters were assessed on patient
admission or admission to the ICU. Trends are marked in italics, significant differences are marked in bold. Consciousness
was assessed using the Glasgow Coma Scale (stupor corresponding to 11-9 points).

IIpumeuanue. [lokasarean oLeHUBAJIX DY TOCTYIJIEHUH NTAllMeHTa B IpueMHoe oTaenenne niau OPUT. Pasimuusa Ha ypoBHe
TEeHJJEHIIMY OTMETUJIA KyPCUBOM, 3HAYMMbIe Pa3JIUYUsI OTMETHUIIH YKUPHBIM mIprudToM. Co3HAHUE OIEHUBAJIU I10 IITKaJIe KOMBI
Inmasro (comop 11-9 6amtoB). Quantitative/qualitative data — kosinuecTBeHHbIE/KauecTBeHHbIE NaHHble; BMI — MIMT; body
weight — macca TeJa; ionized — nonusupoBanubii; blood — kpoBuy; mottled skin — MpaMOpHOCTB KOYKHBIX TOKPOBOB; altered
consciousness (stupor) — cocTosinre co3dHaHus (corop). st Tabi. 1-3: CI — moBeputesibHBIN UHTEpPBAJT; platelets — Tpombo-

muthl; BE (Base Excess) — M30BITOK OCHOBAaHUM.

3UPOBaHHBIN KAJIbIMH IIJIA3MbI KPOBU U TeMITepa-
Typa TeJsia 0 Hayajla UHTEHCUBHOU TepaInuy y 9TUX
MaIreHToB ObLIHM, HA00OPOT, TOCTOBEPHO HUKE.
Taxske B rpynne 2 orMedaJd TeHIEHINIO K yJalle-
HUIO BCTPEYAEeMOCTH CHUMITOMAa MPaMOPHOCTH
KOYKHBIX IIOKPOBOB 1 HApPYILLICHU CO3HAHWA B BUJIE
conopa npu nnocrynsennu B OPUT.

11 oLeHKH BKJIaga B PUCK HACTYILJICHUS
HeOJIaTOMPUATHOTO HCXO0Ja KOJIMYeCTBEHHBIX
IepeMeHHbIX nocnegaue npu nomomu ROC-ana-
Jin3a mpeoOpa3oBbIBATIA B TUXOTOMUYECKHUE, HA
OCHOBAaHUY yPOBHEH OTCEYeHUsI, COOTBETCTBYIO-
mux 80% cnenuduuHocTd. CTaTUCTAYECKU
3HAYMMbIE PEe3YJIBTAThI IPEICTaBUIN B TA0JI. 2.

Takum oOpasom, TemIeparypa Teja HUKe
37,05°C, TpoMOOTIATEI HIKE 248,5X10°/71, TTHKe-
Mus BbIlIe 9,45 MMOJIBL/JI, HOBBINIEHNE KOHIIEHT-
panuii Mo4YeBUHBI M KpeaTWHWHa BbIiiie 11,85
MMOJIb/JI U 237 MKMOJIbL/JI COOTBETCTBEHHO, a
Takske Base Excess MeHee -2,9 MMOJIB/JI pacLeHu-
BaJIM KaK TIPOTHOCTUYECKH HeOJIaronmpHUsTHBIE
3HaueHUA JAHHBIX ITOKa3aTeJsel.

OTrpunaresbHble TPEIUKTOPHI, MPEICTaAB-
JIEHHBIE B Ta0J1. 2, TOTIOJTHUTETLHO aHATN3UPOBA-
JU HA TpegMeT BJWAHUAS Ha PUCK Pa3BUTHUSA
He6JIaroOPUATHOTO UCXOa TPU ITOMOIIH OIeHKU
oTHOCUTeJabHOTO prucka (RR), ynciia nanueHTos,
KOTOPBIX Heo6xomumo Jeunthb (NNT), u uagopma-
TUBHOCTHU CaMUX ITOKa3arejei (TadJ. 3). [logpo6-
HO MeTOAWKAa TaHHOT'0 aHaju3a onucaHa ['psru-
o6oBckum A. M. [19].

Kak BuaHO U3 IpeCcTaBJIeHHBIX Pe3yJIBraToB
CPaBHUTEJBHOTO aHAIW3a TPy BBIKUBIINX U
YMepIINX IalleHTOB, He I10JIy4eHO IPOTUBOPeUnil
C COBpEMEHHBIMU 3HAHUSIMH O HECTIeM(PUIeCKUX

According to the literature, in critically ill patients
the reduced platelet count is a common laboratory-
defined pattern, which is most likely due to dissem-
inated intravascular platelet activation caused by a
systemic inflammatory response [22, 23]. Low
platelet count was found to be a strong and inde-
pendent predictor of adverse outcome in critically
ill patients and one of the criteria for severity as-
sessment in multiple organ failure in sepsis [24].

Altered consciousness indicates central nerv-
ous system involvement in the generalized disease
and is a harbinger of impending multiple organ
failure [16, 25], which apparently determines the
significance of «stupor on admission», which also
was associated with almost 6-fold increase of the
death risk. NNT value close to 1 suggests that each
case of stupor should be immediately corrected in
order to prevent deterioration and death of the pa-
tient. The relatively high mortality of patients who
did not have stupor on admission is due to a com-
bination of several predictors of mortality.

Thus, we obtained preliminary data for inclu-
sion/exclusion criteria for the second phase of the
study of Reamberin effectiveness in patients with
severe and moderate-to-severe acute pancreatitis.
The preliminary results, despite their statistical va-
lidity, are likely to undergo some changes after the
end of the observational phase of the study. Never-
theless, it is already possible to speculate on the risk
level which is appropriate for patient inclusion in
the follow-up RCT. The results are valuable for
defining the inclusion, non-inclusion or exclusion
criteria for the subsequent randomized controlled
comparative clinical trial of Reamberin efficacy in
patients with acute pancreatitis.
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TaGuuia 2. Pe3yJbTarsl pacyeTa ypoOBHEH 0TCEUEHH JJIs1 HEKOTOPBIX KOJTHYEeCTBEHHbIX IIOKAa3aTe e,
Table 2. Cut-off levels for selected quantitative parameters.

Parameter AUC (-95% CI; +95% CI) Se. Sp Pvalue Cut-off level
Body temperature 0.677 (0.547; 0.807) Sp=83.9%; Se=37.5% P=0.020 37.05°C
Platelets 0.691 (0.533; 0.849) Sp=84.6%; Se=60.3% P=0.032 248.5X109/1
Blood glucose 0.695 (0.556; 0.834) Sp=80.0%; Se=35.3% P=0.015 9.45 mmol/l
Serum urea 0.742 (0.593; 0.892) Sp=80.4%; Se=54.5% P=0.012 11.85 mmol/I
Serum creatinine 0.681 (0.54; 0.823) Sp=80.4%; Se=37.5% P=0.028 237 umol/1
BE 0.689 (0.541; 0.836) Sp=80.0%; Se=56.6% P=0.027 -2.9 mmol/]
Ca* 0.737 (0.431; 1.000) Sp=80.0%; Se=77.8% P=0.097 1.13 mmol/l

Note. AUC — area under curve characterizing the quality of classification; CI — confidence interval; BE — base excess; Se —

sensitivity; Sp — specificity.

IIpumeuanne. AUC (area under curve) — IJI0IIa b 0K KPUBOI, XapaKTEPU3YeT Ka4yeCTBO KJIaCCU(pUKAINN; Se — YYBCTBU-

TeJIbHOCTB; Sp — cnerududHocTh; Cut-off level — ypoBeHb orceuenus.

TaGuuia 3. [IpeAMKTOPHI HEOIATONMPUATHOIO MPOTrHO3a JieTaabHoro ucxoxaa OIL.
Table 3. Predictors of unfavorable outcome (death) in acute pancreatitis.

Predictors RR NNT Uncertainty Actual mortality among
(-95% CI; +95% CI) coefficient responders without predictor, %

Platelets<248.5Xx10°/1 5.99 (1.43; 25.08) 3.71 13.7 %, P<0.01 6.25

Serum urea>9.45 mmol/l 3.18 (1.11; 9.06) 4.14 — 11.43

BE<-2.9 mmol/l 3.77 (1.17; 12.18) 3.97 9.3 %, P=0.018 9.09

Stupor on admission 5.77 (3.74; 8.88) 1.21 7 %, P=0.035 17.70

Ca?'<1.13 mmol/l 8.80 (1.122; 69.038) 2.82 22.1%, P=0.013 4.5

Note. RR — relative risk; NNT — Number Needed to Treat.

IIpumeuanue. RR — oTHOCHUTEIBHBII pUCK; NNT — 4HCJIO TAIFIeHTOB, KOTOPBIX HEOOXOAUMO JIeYnTh; uncertainty coefficient —
k0add. HeonpegeneHHOCTH; actual mortality among responders without predictor — dakTrueckas j1eTajabHOCTb CpeI PEeCIOH-

IeHTOB 0e3 mpeJuKTopa; on admission — Ipu NOCTYIIEHUH.

paccTpoycTBax roMeocTas3a, XapaKTEPHBIX s
MIaIMEHTOB, HAXOIAIIUXCA B )KU3HEYTPOYKAIOIIEM
cocrogHuu (20, 21]. B rpymiie jgeTajJbHBIX KCXOI0B
0OHAPYKUIM 3HAYNMO OGJIbITIEE COlEPIKAHIE TUTIO-
KO3bl, MOYEBUHLI, KpEaTUHWHA, )qu)I/IIlI/ITa OCHOBa-
Huii. Ko/sm4ecTBO TpPOMOOITUTOB, COMepsKaHue
MOHOB KaJIbIIUA B CBIBOPOTKE KPOBU U TEMIIepary-
pa Tejia B TpyIIe yMEPIIIX ObLIH, HA000POT, HUKE.
TeHneHIUA K y4allleHUI0 BCTPEe4aeMOCTH CUMIITO-
Ma MPaMOPHOCTH KOKHBIX TOKPOBOB, HAPYIIIEHNE
CO3HAHWA B BAJIE COIIOPA IIPU IIOCTYIVICHUU TAKKe
VKa3bIBaIOT Ha OoJiee Tsxesoe Tedenune OI1 B rpyri-
II€ JIeTaJIbHBIX NCXO0O0B. HpI/I 9TOM, IIpuMeYdaresib-
HO, 4YTO, HECMOTpPA Ha 3HAYUMbI€ pa3/JIM4uA I10
KOJIMYECTBY TPOMOOIITOB, IIOKA3aTeJI KOaryJIo-
rpammbl (MHO, AUTB, pubpuHOTreH u [TTU) meskay
TrpylIaMu He pa3J/In4yaiauch.

[IporaocTudeckass 3HAYUMOCTh OOJIBITTIH-
CTBA JJAHHBIX ITOKa3aTeJiel, B TOM YUCJIe TIPU TsKe-
JIOM T€YE€HUN OH, MU3BECTHA U OTPpa’X€Ha B KJINHU-
YEeCKUX PEeKOMEHIAIMAX 10 JIEYEHUIO0 TaHHOTO
3aboseBanus [15]. CeqoBare/ibHO, TOJTYIEHHBIE
pesyJsrarsl aHajan3a ucxonoB jieueHu 100 mamy-
€HTOB COOTBETCTBYIOT peabHON KJIMHUYECKON
IpPpaKTUKe U UX MOYKHO HUCIIOJIb30BATH B )Ia.JII)Hef/JI-
el paboTe — CO3TaHUY Ha UX OCHOBE KPUTEPUEB
HUCKJIIOYeHUs 1A nocsaenytomero PRI.

CrarucTuyecKky 3HaUNMbIe pe3yiprarbl aHaJIN-
3a HEBJIArOIIPUATHOT'O IPOTHO3a JIETATLHOT'O UCXO/IA
OIl pencraBuuv B Ta0J1. 3. OTIpeaesuIu, YTo HaI-
Yle TAKUX MPETUKTOPOB KaK «KOJTMIECTBO TPOMOO-
IIUTOBY, «COAIEPYKaHNE€ MOYEBUHBI», «1e(PHUIIUT OCHO-
BaHUI» U «HAJIU4Me COIopa MpPH IMOCTYIJIEHUN»

Conclusion

When developing inclusion/non-inclusion/ex-
clusion criteria for the subsequent randomized clin-
ical trial, the following prognostically significant pre-
dictors of adverse outcome in patients with acute
pancreatitis receiving Reamberin should be consid-
ered:

¢ platelet count below 248.5X10%/1;

¢ base deficit exceeding -2.9 mmol/l;

e stupor;

e urea level higher than 9.45 mmol/l;

¢ body temperature below 37.05°C;

¢ creatinine level above 237 pmol/l;

¢ blood glucose above 9.45 mmol/l;

e mottled skin;

¢ jonized calcium level below 1.13 mmol/L

Meanwhile, platelet count reduction below
the cut-off level and stupor on admission most
strongly associated with the risk of adverse out-
come than the other predictors.

Author contribution. Professor K. M. Lebe-
dinsky developed the idea of the two-stage study,
wrote and edited the manuscript. A. L. Kovalenko,
DSci in biology, PhD (Chemistry), D. M. Riza-
khanov, PhD (Medicine), participated in writing
and editing of the manuscript. S. A. Parfenov, PhD
(Medicine), was responsible for statistical analysis
of data. A. Y. Yakovlev, PhD (Medicine), E. P. Sorokin,
PhD (Medicine), A. 1. Plekhov, PhD (Medicine),
V.S. Afonchikov, PhD (Medicine), I. S. Simutis, PhD
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Knunudeckue uccjaeqoBaHud U IIpaKTUKaA

3HAYMMO YBEIUYUBAIOT PUCK CMEPTU ITAlleHTa [IPU
na"kpearure (95% 10BepUTETLHbBIN UHTEPBAJI OTHO-
CUTEJILHOTO PUCKA He BKJIIOYAET eIUHUILY).
HawuboJiee 11eHHBIM B ILJIaHe MH(POPMATUBHO-
CTU U OLIEHKM PUCKa OKa3aJI0Ch CHUKEHUE COoflep-
SKaHUsI TPOMOOITUTOB MeHee 248,5X10°/1, 4To O
pesyJbsraraM CTaTUCTUYEeCKOTO aHaIM3a [IOYTH B 6
pas yBeJIMYMUBAET PUCK JIETAJbHOI'0 UCXO0/a. JTO
JIOBOJILHO MHTEPECHBIN (peHOMEH, TaK KaK cofep-
skaHKe TPOMOOITUTOB 248,5X10°/J1 JIEKUT B IIpejie-
Jax pedepeHCHOTO WHTepBasa. Ha maHHBIN
MOMEHT MOYKHO CKa3aTh, 4YTO IIPU HAJIUUYUU TAKOTO
MpeJUKTOPA OMMOKA TPOTHO3UPOBAHUSI UCXOa
MOSKET COKpaTuThecs Ha 13,7%. Beicokasa cnenu-
(pUYHOCTH MTOKa3aTeJ s TOATBEPSKIAETCS TEM, UTO
CpeJy MalueHTOoB, Y KOro coJepsKaHue TpoMOOI-
TOB OBLJIO BBIIIE IIOPOTOBOrO, yMepJio 6,25% (2
cJIydasi), Ipy 9TOM Y 060X OBLJIO BBICOKOE COTepP-
sKaHNe MOYEBUHBI (>9,45 MMOJIB/J1), @ Y OGHOTO UX
HUX — COIIOP IIpY nocTyrieHnr. COracHo JInuTe-
paTypHBIM JAHHBIM, Y ITAIIMEHTOB, HAXOAAIINXCA B
KPUTHUYECKOM COCTOSAHUU, CHUYKEHUE ColepsKa-
HUSI TPOMOOITUTOB SIBJISIETCS YaCThIM JJabopaTop-
HBIM OTKJIOHEHHEM, 4YTO, HamboJiee BEPOSITHO,
CBsI3aHO C WX JUCCEMUHUPOBAHHON BHYTPHUCOCY-
IHUCTOM aKTUBaIMen, 00yCIOBJIEHHON CUCTEMHOMN
BOCIIAJIUTEJIBHOU peakuuei [22, 23]. Kak yxe
YCTAHOBJIEHO, HU3KOE CoflepsKaHne TPOMOOIIUTOB
ABJISAETCA CUJIbHBIM U HE3aBUCUMBIM IIPEIUKTO-
PpOM HEOJIATOIIPUSATHOTO UCX0/1a Y O0TBHBIX B KPU-
TUYECKOM COCTOSIHUU U SBJISIETCS ONHUM U3 KPU-
TepueB [JisI OIEHKU TSYKECTH MOJUOPTaHHOU
HEeIO0CTAaTOYHOCTH IIPU Celricuce [24].
YrHeTeHHOE CO3HaHUEe ABJAECTCA IIPU3HAKOM
BOBJIEUEHHOCTH IIEHTPAIbHON HEPBHOU CUCTEMBI B
reHepaJIN30BAHHBIN MATOJIOTUYECKUN Tpoliecc U
CJTY?KUT TPO3HBIM MPEIBECTHUKOM HAIBUTAIOIIIENCST
TIOJTMOPTaHHON HEJ0CTAaTOYHOCTH [16, 25], 4TO, To-
BHUIMMOMY, 1 00yCJIaBIMBaeT 3HAYNMOCTD TIOKa3a-
TeJIsl «COTIOp IIPU MOCTYIVIEHNW», KOTOPBIN TaKKe
TI0YTH B 6 pa3 yBeJIMYMBAET PUCK CMEPTH ITalleHTa.
Ywncsio NNT, 6;1m3koe Kk equHUIE, TOBOPUT O TOM, UTO
KaKIBIM CTy4all comopa MOAJIeKUT HeEMeIJIeHHON
KOPPEKITNHU C IeJIbI0 He JIOMYCTUTh YCYTYOJIEeHUS
HapylleHu! 1 cMepTy nanreHTa. OTHOCUTEIBHO
BBICOKasi CMEPTHOCTh IAllUEHTOB, Y KOTOPBIX He
OBLIO COTIOPA ITPH ITOCTYTIEHNH, 00YCJIOBJIEHA COYe-
TaHWEM HECKOJIbKUX IIPEUKTOPOB JIETAIbHOCTH.
Takum 00pas3oM, MOJTYIUIU TPEIBAPUTEIIH-
Hble [aHHBIEe OJs (POPMUPOBAHUs KPUTEPHEB
BKJIIOUEHW 1/ HEBKJIIOUEHU I BTOPOTo aTana uccjie-
noBaHuA apdeKTUBHOCTH Ipernapara Peambepun
y OOJIBHBIX C OCTPBIM ITAHKPEATUTOM TSSKEJIOTO U
cpenHeTsIKeJIoro TeueHus1. Heo6XoguMo yUuThI-
Jluteparypa
1. Starzl TE., Donner A., Eliasziw M., Stitt L., Meier P, Fung J.J.,
McMichael J.P, Todo S. Randomised trialomania? The multicentre
liver transplant trials of tacrolimus. Lancet. 1995; 346 (8986): 1346—
1350. DOLI: 10.1016/50140-6736 (95)92349-7

2. Albertson TE., Sutter M.E., Chan A.L. The acute management of

asthma. Clin Rev Allergy Immunol. 2015; 48 (1): 114-125. DOI:
10.1007/s12016-014-8448-5.

BaTh, YTO IIPeABAPUTE/IbHBIE PE3YJIETaThl, HECMOT-
pA Ha CTaTUCTUYECKYIO OCTOBEPHOCTD, BO3MOK-
HO IIPETePIAT HEKOTOPbIe U3MEHEHUA 110 OKOHYa-
HUIO HA0JIIOIaTe IbHOTO Tala uccyiefoBanus. Tem
He MeHee, y3Ke celiuac MO>KHO 00Cy;KIaTh BOIIPOC:
MALMEeHTOB C KAaKNM yPOBHEM PHICKa Iesiecoo0pas-
HO BRJIIOYaTh B nnocjenyomee PRI. [Tosryyennsle
pe3yabprarbl II03BOJISIIOT 00BEKTUBU3UPOBATH
KPUTEPUU BKJIOYEHHUs, HEBKJ/IIOYEHUA WA
HUCKJIIOYEHUSA U1 IOCAeAYIOIEro paHi0MU3UPO-
BaHHOTI'O KOHTPOJIbHO-CPAaBHUTEJIbHOIO KJIMHAYE-
CKOT0 HCCJIeloBaHuA 3 (hEeKTUBHOCTH IIpernapara
PeambepuH y IAIeHTOB C OCTPHIM IIAHKPEATUTOM.

3akJrouenue

[Ipu bopmMuUpoBaHUU KPUTEPUEB BKJIIOUE-
HUs1/HEBKJIIOYECHU A/ MCKIIOYECHU 1715 IT0CJIey10-
ero  pPaHAOMU3WUPOBAHHOTO KJIWUHUYECKOTO
HICCJIeIOBAaHMS HEOOXOAMMO YIUTHIBATh CJIETYIO-
e TPOTHOCTUYECKN 3HAUYMMble NPEIUKTOPHI
HeOJIaroNpUsATHOTO MCXOJA Y MalueHTOB C OCT-
pBIM ITAaHKPEATUTOM Ha (POHE TPUMEHEHUsI TIpera-
para PeambepwuH:

* KOJIMYECTBO TPOMOOITUTOB HUKE

248,5X10%/ 1;
e nedUIUT OCHOBAHUH, TPEBBIIAIOIINN —
2,9 MMOJIB/ J1;

* HaJW4YUE COIIOP3;

* YpOBEHb MOYEBMHBI BbIlIE 9,45 MMOJIB/JI;

e TeMneparypa reja Huxe 37,05 °C;

* YpOBEHb KpeaTuHMHA BbIIIe

237 MKMOJIB/ JI;

* TUIMKEeMUH BbIIIe 9,45 MMOJIB/ JI;

* MPaMOPHOCTH KOKHBIX IOKPOBOB;

* YpOBEHb HOHOB KaJIbLIWs HUKE

1,13 MMOJIB/ JI.

[Ipu 3TOM CHUKEHHE COepsKaHusA TPOMOO-
[IUTOB HUYKE MMOPOTOBOT0 U HAJIMUME COMopa Mpu
MOCTYIJIEHUX B OOJIBIIIEN CTETIEHH, YeM OCTaJIb-
HbI€ MPEINUKTOPbI, CBA3aHbI C PUCKOM HebJ1aro-
MIPUATHOTO UCXO/IA.

ABtopckwuii Braag. I[Ipodeccop K. M. Jlebe-
JTUHCKUH unes IIPOBENEHUA ABYXITAITHOIO
WCCJIEIOBAHUsI, HAIMCaHWe U peJaKTUPOBAHUE
TekcTa. JIOKTOp OMOJIOTMYECKUX HAYK, KaHIAIaT
XuMHuYecKkux Hayk A. JI. KoBajieHKO, KaHgumar
MeauIHCKUX Hayk JI. M. PusaxaHoB — HamucaHue
U pelaKTUPOBaHUE TeKCcTa. Kanaupgar menummH-
ckux Hayk C. A. [TapdeHOB — cTaTuCcTUYeCKUi aHa-
JIN3 JaHHBIX. JJOKTOp MeguinHCKUX HayK A. 10. fIkoB-
JIeB, KaHAUAAaThl MegUIIMHCKNUX HayK J. 1. Copokus,
A. W. I1nexos, B. C. Aponuukos, U. C. Cumytuc,
C. B. BoboBHUK — y4acTue B cOOpe JaHHbIX.
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Pe3rome

Ieas ucciaesoBaHusA — U3YYUTh BJIUSAHNE 3TUIMETU/ITHIPOKCUIUPUAMHA Ha YJIBTPACTPYKTYpHbBIE U3-
MeHEeHWUS 9HJOTETNOIUTOB CHHYCOUTHBIX Kanu/IsIpoB (CK) meyeHu 1 cCoCyJMCTO-TPOMOOIIMTAPHOE 3BEHO
CHUCTEMBI TEMOCTa3a B OCTPOM IIEPHOJIe YEPETTHO-MO3TOBOM TpaBMbI (UMT).

MarepuaJsl H MeTobI. B moctTpaBmarudyeckoMm nepuofe (ITTTI) UYMT Ha 36 ayTOpeaHbIX KpbIcaX-CaMKax
HCCTIeI0BaIN JTUHAMIKY M3MEeHEHHs YIBTPACTPYKTYPhI aHA0TesmnonuToB CK neyeHn MeTooM 3J1eKTPOHHOMN
MHKPOCKOIINY U OIIpeJiesIslIA KOJIMYeCTBO TPOMOOIIUTOB HAa TeMOaHa/Iu3arope. B Teuenne 12 CyT. B OIIBITHON
rpymrne (7=18) 3KMBOTHBIM BHYTPUOPIOIIMHHO BBOJUIN STUIMETUITUAPOKCUIINPUIIH B J03e 8,0 MT/KI MacChl
TeJsIa B CyTKY, a B KOHTPOJILHOMU rpymie (7=18) — hu3nosIornaecKuii pacTBOp HATPHsI XJIOPH/IA B TOM JKe OO beMe.

Pesynbrarel. BBeeHne sTuaMeTuaruaporcunupuauaa B I1TII ymMenbI1ano mospeskieHue MUKpOBOP-
CHHOK 9HJ0TeJIMOLUTOB, rellaTOUUTOB U 3Be34aThIX PETUKYJI09HI0TeJIMOLUTOB B IPOCTpaHcTBe Jlucce,
TOT/Ia KaK B KOHTPOJIBHOU IPYIITIE B 9TOT ITEpUOJ 0OHAPYKUBAJIH FX BEIPAKEHHYIO PEeYKITHIO. B oTmdme ot
KOHTPOJIBHOY I'PYTIIIBI, Y SKUBOTHBIX OIIBITHOM T'PYIIIBI He BBIABUJINA TPOMOOIUTOIEHHIO B 1-, 3- ¥ 7-€ CyTKHA
IoCJIe TPaBMbl, OTMETUJIM CTATUCTHYECKU 3HAaYMMOe YBeJIMUeHHe Y1cjia TPOMOOIIUTOB, OTHOCUTEJIHHO HC-
XOJIHBIX JaHHBIX, TOCTHUTTIIee HANOOJIbIIIeH BeJIMYNHBI K 12-M CyTKaM IIOC/Ie TPaBMEI.

3akJroueHne. BHyTpuOpIONIMHHOE BBejeHNe ITUIMETH/ITHAPOKCUTINPUANHA KpbIcaM B paHHeM [1TI1
cepsKuBaso MoBpeskaloliee aeiictsue popmupyoomuxcs nocjie YMT BTOpudIHBIX aKTOPOB Ha 9HAOTe-
JINOIIATHI CHHYCOMIOB [TeYeHH U IIoTpedIeHe TPOMOOIIUTOB.

Katouesbwle crnoea: uepento-mo3208as mpasma; IH00menuti; CUHYCOUOHbLe KanuiLlspbl neyeHu; mpomoo-
YUMbl; IMUAMEMUNLUOPOKCURUPUOUH; MEKCUKOD

KoHdIuKT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUY KOH(JIMKTA NHTEPECOB U (DMTHAHCOBOH 3a-
MHTEPeCOBAHHOCTH B IPOBEAEHUH JAHHOTO NCCIeIOBaHuUs.

Summary

The aim of the study was to investigate the effect of ethylmethylhydroxypyridine on the ultrastructural al-
terations in endothelial cells of liver sinusoidal capillaries (SC) and primary hemostasis in the acute phase of
traumatic brain injury (TBI).

Materials and methods. Ultrastructural endothelial cell changes were studied in 36 female outbred rats in
the acute phase of TBI using electron microscopy, and the platelet count was determined using a blood ana-
lyzer. The experimental group (n=18) animals received intraperitoneal injections of ethylmethylhydroxypyri-
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Experimental studies

dine at the dose of 8.0 mg/kg per day for 12 days, and the control group (7=18) rats were administered with

normal saline solution at the same dose.

Results. Administration of ethylmethylhydroxypyridine in the early post TBI period reduced microvilli
damage in endothelial, hepatic and stellate cells in the Disse space, whereas in the control group a significant
decrease of these cells counts was detected. In contrast to the control group, the experimental group animals
did not demonstrate thrombocytopenia on the days 1, 3, and 7 after injury. There was a significant increase in
the platelet count compared with the baseline values, which was highest on day 12 after injury.

Conclusion. Intraperitoneal administration of ethylmethylhydroxypyridine in rats in early post TBI period
inhibited the TBI-associated damaging effect of secondary factors on liver sinusoid endothelial cells and

platelet consumption.

Keywords: traumatic brain injury; endothelium; hepatic sinusoidal capillaries; platelets; ethylmethylhydrox-

ypyridine; mexicor
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BBenenue

K nHacrosiieMy BpeMeHHU IIOKasaHa Cylle-
CTBEHHasl POJIb 9HJOTEJHUOLIUTOB B IaToreHese
pas3/nYHbIX 3a00J€BaHUN TepaneBTUYeCcKOIro U
Xupyprudeckoro rnpocuiis [1-5]. MoHoc10# 9H/10-
TeJINAJbHBIX KJIETOK sIBJIAETCA TMTaHTCKUM ITapa-
KPUHHBIM OpTaHOM Maccoli 1,5-1,8 Kr, BeIpabarbl-
BaIOIIMM OTPOMHOE KOJIUYEeCTBO OMOJOTUYEeCKU
AKTUBHBIX BellecTB. OTIebHbIE HUCCIIeI0BaTe N
YTBEP>KJAIOT, YTO 3HIOTEJIUN COCYAOB CUMTAETCS
OJTHUM M3 OpraHOB-MMUIIIeHel IPU Pa3BUTUU KPU-
TUYECKUX COCTOSITHUU. J[UCPYHKIIUSA 9HIOTETUS
BBISIBJISIETCSI YoKe Ha paHHUX CTAUsIX 00JIe3HU [6].
ITO CBS3AHO C TeM, YTO IHAOTe/INATbHbIE KJIETKU
OJ1aroiapsi CBoeMy pacIioJIosKeHNIO MesKIY IIUPKY-
JINPYIOIIel KPOBBIO U TKAHAMMU IIePBBIMU ITOABEP-
sKeHBI BO3/IeHCTBHUIO M3 COCy/ja TaTOreHHbIX (pak-
TOPOB, MIPUBOIAIINX K JUCPEeryJIanun
rOMeOoCTaTU4ecKoro 6ajaHca, Jeykaliero B OCHOBe
0OJIBIINHCTBA BUTATIBHBIX (DYHKITUN COCYAUCTOTO
sumoresind. PaHee HamMu OBLIM BBISABJIEHBI
MIOBPEsKAEHNA IH/I0TeJINs IPU YeperHO-MO3I0-
Boit TpaBMe (UMT) B Muokape (7, 8], 4To mo3Bo-
JISIeT MPEeIOJ0KUTh HeCcIlelTuPUIecKuil Xxapak-
Tep 9TUX M3MEHEeHUU TIpPU KPUTHUYECKUX
COCTOAAHUAX B IPYIrux opraHax. KinnHudyecknumum
Hccae0BaHUSAMHU YCTAHOBJIEHO, YTO COIIPOBOSK-
naromue coueranHyio UMT BropuuHbie pakTOphI
MOBpesKAeHNA Mo3ra (apTepualjibHasg TUIIOTEH-
3, TUIIOKCHUS, alli103, TOBbIIIEHHOEe 00pa3oBa-
HUe CBOOOJHBIX PaIUKAJIOB, 9HAOTOKCEMUSI U 1Ip.)
AIBJIAIOTCA B TO SKe BpeMs HeclenupuyecCKUMHU
darTopamMu naMeHeHUsI PYHKIMOHATBHO-CTPYK-
TYPHOTO COCTOSIHUS TPOMOOIIUTOB U 9HIOTEJINO-
OHTOB U BCJIEACTBHE 3TOI'O BBI3bIBAIOT aKTHUBAIINIO
COCYAUCTO-TPOMOOIIMTAPHOTO 3BE€HA CHCTEMBI
remocrasa [9, 10].

B 3TO¥i CBsI3M HE BBLI3bIBAET COMHEHHuA, 4TO
ycTpaHeHUe NUCPYHKIUU IHJIOTEJUA CIYKUT
HaWJIy4IINM CII0COOOM CAepsKMUBaHUA Pa3BUTUA
TUIMXYHBIX [OJId TOI'O WUJIM MHOTO KPUTUYECKOI'O
COCTOSIHUA NaToreHeTU4YeCcKUX (pakTopoB, KOTO-
Ppble IPOBOLMPYIOT MOBPEXKIeHNE IHI0TeNHA. ITO
o3Hauaert, uTo npu UMT npezcraBiseTcsa KpaliHe

Introduction

Currently, an essential role of endothelial cells
in the pathogenesis of various internal and surgical
diseases has been widely recognized [1-5]. En-
dothelial cell monolayer is a huge paracrine organ
weighing 1.5-1.8 kg and producing a large quantity
of biologically active substances. Some researchers
consider vascular endothelium one of the target or-
gans in critical illness. Endothelial dysfunction can
be detected in the early stages of the illness [6]. En-
dothelial cells located between the circulating blood
and tissues are the first to be exposed to pathogenic
factors causing disturbance of homeostatic balance
regulating most vital functions of the vascular en-
dothelium. We have previously identified myocar-
dial endothelial damage in TBI [7, 8], which suggests
the nonspecific nature of such changes in other or-
gans during critical illness. Clinical studies have
shown that the TBI-associated secondary factors of
brain damage such as hypotension, hypoxia, acido-
sis, elevated free radicals, endotoxemia, etc. are also
capable of altering function and structure of
platelets and endothelial cells which results in acti-
vation of primary hemostasis [9, 10].

In this regard, correction of endothelial dys-
function is undoubtedly the best way to inhibit the
specific pathogenetic factors, which provoke en-
dothelial damage. Thus, correction of free-radical
processes, hypoxia, endotoxemia, arterial hypoten-
sion and other secondary factors of brain damage
might contribute to survival post-TBI. So far, there
have been no specific agents for the correction of en-
dothelial dysfunction, although many of the drugs
used in cardiovascular and surgical diseases can im-
prove endothelial dysfunction [1, 2, 11, 12]. One of
such medications is ethylmethylhydroxypyridine
(marketed under the trade name Mexicor) [13],
which has antioxidant and antihypoxic effects.

Based on the literature data on factors of en-
dothelial damage developing in critical illness, the
aim of the study was to examine the effect of ethyl-
methylhydroxypyridine on ultrastructural changes
in endothelial cells of liver sinusoidal capillaries and

primary hemostasis during the acute phase of TBI.
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JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUS

BaYKHOUW KOPPEKIHsI CBOOOTHOPAANKATBHBIX ITPO-
1IeCCOB, TUIIOKCHH, 9HIOTOKCEMUNH, apTepUaJIb-
HOU T'MIIOTeH3UH U IPyTUX BTOPUYHBIX (PaKTOPOB
MOBPEsKIAI0IINX T'0JIOBHOM MO3T. /lo cux 1op cue-
nU(pUIecKux CpeaCcTB JJIs1 KOPPEKLIUU 9HI0Te -
aJabHOM TUCHYHKIIMUA HET, HO MHOTHE U3 CYyIIle-
CTBYIOLIMX IIpernaparoB, IPUMEHSIOIIUXCS MIpU
CepJeYHO-COCYIUCTHIX U XUPYPTUYECKHX 3a0oe-
BaHMUAX, y>Ke CerolHs [I03BOJISIIOT KOPPUTMPOBATh
3HJOTe naJbHyI0 nucyHknuo [1, 2, 11, 12].
CoBpeMeHHBIM ITpenaparoM, 00J1a1afoIuM aHTH -
OKCHUJJAHTHBIM M IIPOTHUBOTUIIOKCUYECKUM Jel-
CTBUEM, SIBJISIETCS 3TUJIMETUITUIPOKCUTTUPUANH
(Me)xkIyHapoiHOe HellaTeHTOBAHHOE Ha3BaHUE
Ipenapara, Toproboe Ha3BaHue — MeKCUKop) [13].

C yueTOM JIuTepaTypHBIX JaHHBIX 0 (popMuU-
PYIOIIUXCA B IIpoliecce PasBUTUSA KPUTHUUECKUX
COCTOSIHUH (haKTOpaX, MOBPEKAAIOIINX IHIOTE-
JINY, 11eJIbI0 MCCJIeJOBAHUS SBUJIOCh HU3yUueHUe
BJIMSTHUSA 9TUJIMETUITUIPOKCUIIUPUANHA Ha YIIBT-
pacTpyKTypHble H3MEHEHMsI 9HJIO0TeJMOLUTOB
CUHYCOHWIHBIX KaIIWJIJISIPOB IIeY€HU U COCYIUCTO-
TpoMbomMTapHOE 3BEHO CHUCTEMBI T€MOCTa3a B
octpom nnepuone UMT.

MarepuaJ 1 MeTObI

HccnenoBanue BBINOJHWINM HA [OBYX IpyHIax
OesbIX ayTOPeTHBIX KphIcax-caMKax, maccoir 180-200 r,
1o 18 KpbIC B Kayka0u rpymiie. CopepskaHue SKUBOTHBIX
Y IIPOBOANMEBIE C HUMHW MaHUITYJIAIVN OCYIIECTBJIAIN B
COOTBETCTBHUU C HOPpMAaTUBHBIMU JJOKYMEHTaMU, IIpeJI-
CTaBJIEHHBIMH B pyKOBOJCTBe «Guide for care and use of
laboratory animals. ILAR publication, 1996, National
Academy Press» u TpeboBanussMu [Iprkasa Muna3TpaBa
Poccuu Ne 267 ot 19.06.03 «O0 yTBep KI€HUN ITPABUJI JIa-
OGopaTopHOU MpaKkTUKH B Poccuiickoit demeparium».
JKuBoTHBIX (prukcupoBaiu Ha nianiere, YMT mopenu-
poBaJIy IyTeM IaZeHus rpyaa ¢ BbICOTHI 80 cM Maccoi
100 r Ha TEMEHHO-3aThIJIOYHYIO 00JIACTh TOJIOBEI. Bo3-
JleficTBUe MeXaHNYeCKOU 9HEPTUHU BbI3bIBAJIO COTPsICE-
HYe U Y06 roJIOBHOTO M03ra, (OpMHpPOBaHUE IMHTY-
panbHBIX U CyOAypasIbHBIX reMaroM [14]. B ombITHOMI
rpynie kpbicaM rnocjie UMT B TeueHue 12 nHeil BHyTpU-
OPIOIIMHHO 2 pa3a B IeHb BBOAUIN dTUIMETHUITHAPOK-
cunupuaul (Mexkcukop, OO0 «IkoPapmlHBeCT», T.
MockBsa) B fo3e 8,0 MI'/KI' B CyTKH, & B KOHTPOJIbHOM —
¢usuosiornueckuii pacTBop Harpusa XJOpUza — B
TaKoOM ke 00'beMe. BBesieHre ITpenapara OCyIeCTBIIAIN
yepes 1 yac nocse HaHeceHUA KUBOTHBIM UMT. 3a60p
KPOBH Y SKMBOTHBIX OIBITHON X KOHTPOJIBHON I'PYILII
OCYIECTBJISVIN U3 IOAbSI3bIYHON BEHbI I1Iepei Ha4ayIoM
9KCIIepUMeHTa (MCXOAHbIe JaHHbIe), Ha 1-¢, 3-1, 7-e n 12-e
CYTKHU I10CJIe TPABMBI U OIIpeJieJIsijid KOJIUYeCTBO TPOM-
OOIMTOB Ha reMaToJIOTUYEeCKOM aHaau3arope Abacus
(ABcTpus). Ha 3-1, 7-e u 12-e CyTKH C MOMEHTA HaHece-
Hus1 UMT Ha (poHe BHYTPpHOPIOMIMHHOIO HApKO3a THO-
neHTanaoM HarpusA (100 Mr/Kr) OCylIeCTBJIAIN AeKallu-
TallMI0 KpbIC U 4Yepe3 CPeJUHHBIA JIallapOTOMHBIN
JOCTYIl KUCCeKaJd Ied4eHb y 6 SKUBOTHBIX KaKIOH
TPYyIIIbl B OTME€YE€HHbIE BPEMEHHbIE MHTEPBAJIbl Bpe-
MeHU. AHAJIOTUYHbIE aHECTE3N0JIOTUYECKUE U XAPYypru-
4yeCKre MaHUIYJIAIUY BBIIIOJTHUIIN Y 5 JIOSKHOOIIEpUPO-

Materials and Methods

The study was performed on two groups of white
outbred female rats weighing 180-200 g, 18 rats in each
group. Animal handling and maintenance were per-
formed in accordance with the regulatory documents
presented in the «Guide for care and use of laboratory an-
imals», ILAR publication, 1996, National Academy Press,
and requirements outlined in the Order of Ministry of
Health of Russia Ne 267 from 19.06.2003 «On approval of
rules of laboratory practice in the Russian Federation».
Animals were immobilized on a board, the injury was
modeled by dropping a weight of 100 g from a height of
80 cm onto parieto-occipital region of the head. The im-
pact of mechanical energy caused brain concussion and
contusion associated with formation of epidural and
subdural hematomas [14]. In the experimental group,
rats were injected intraperitoneally with ethylmethylhy-
droxypyridine (Mexicor, LLC «EcoPharmInvest»,
Moscow), two times daily at a dose of 8.0 mg/kg for 12
days after TBI, whereas rats from the control group were
administered with the same volume of the normal saline.
The drug was administered one hour after the traumatic
injury. Blood samples were taken from the sublingual
vein of experimental and control animals before the ex-
periment (baseline data), on 1, 3, 7, and 12 days after in-
jury, and platelet count was determined using blood an-
alyzer (Abacus, Austria). Decapitation and liver removal
from 6 animals of each group were done on days 3, 7, and
12 days after trauma using intraperitoneal anesthesia
with sodium thiopental (100 mg/kg). Similar anesthetic
and surgical manipulations were performed in 5 sham-
operated rats. Liver biopsy specimens were placed in
2.5% glutaraldehyde solution followed by post-fixation
with 1% osmic acid solution, dehydration in alcohols of
increasing strength, and embedded in epoxy resin mix-
ture (Araldite and Epon 812). The ultrathin sections were
prepared on ultramicrotome by Leica Microsystems
(Austria), examined on electron microscope Morgagni
268D (FEI USA), photographed using video camera
MegaView III and studied for structural changes of liver
sinusoidal capillaries (SC). Sinusoidal microcirculation
was analyzed in 10 randomly selected vision fields in
each animal, the area of a single vision field was 78 pmz2.
All SCs were counted and taken as 100%. The percentage
of SCs containing fine amorphous osmiophilic material
and free-floating erythrocytes, or aggregates of erythro-
cytes, platelets and membrane fragments, or reduced
content of amorphous osmiophilic material, as well as si-
nusoids containing no amorphous osmiophilic material
and blood cells was determined.

Statistical analysis was performed using Microsoft
Excel and Statistica 6.0 software. The data were presented
as M+m, where M is the arithmetic mean, m is the stan-
dard error of the mean. The Shapiro-Wilk’s method was
used to test the parameter distribution. The significance
of differences in the samples was assessed using Stu-
dent's test. Differences of mean values were considered
significant at P<0.05.

Results and Discussion

Three days after the TBI, endothelial layer al-
teration in liver SCs was detected in the control
group: endothelial cell cytoplasm was electron-

GENERAL REANIMATOLOGY, 2021, 17; 1

www.reanimatology.com



60

https://doi.org/10.15360/1813-9779-2021-1-57-68

Experimental studies

BaHHBIX KPbIC. bronrarsl neyenu nomermasni B 2,5% pac-
TBOP IIIOTAPOBOTO aJbJIeTH/Ia C MOCaeAyIomen 10(pUK-
camueit 1% pacTBOPOM OCMHEBOM KUCJIOTHI, leTuipara-
1yel B ciupTax Bo3pacTaloleil KperoCTU U 3aKJII04asiy
B CMECB 9IIOKCUAHBIX CMOJI (apaJIInT U 9110H 812). YIbT-
paToHKHe Ccpe3bl TOTOBMJIM Ha YJIBTPaMUKPOTOME
¢upmel LeicaMicrosystems (ABCTpus1), IpocMaTpUBaIu
Ha 3JIEKTPOHHOM MHUKpOcKoIlle Morgagni 268D (pupMsbl
FEI, CIIIA), ¢oTtorpaduponaiu c IOMOIIbI0 BUAEOKA-
mepsl MegaView I u n3ydanu CTpyKTypHbIE U3MEHEHUA
CAHYCOUJHBIX KanuyuiApoB (CK) meuyenu. AHaIM3 MUK-
POLMPRYIALVYA B CHHYCOUJaX IPOBOAUINA B 10-U cJIy-
YaliHO BBIOPAHHBIX MOJIAX 3PEHUS Y KasKA0r0 SKUBOT-
HOI'0; IUIOLIAAL OJHOIO II0JIA 3pEeHUdA cocTaBJisdnia 78
MxM2. [logcuuteiBanu Bce CK, mprnanmMast nx 3a 100%. 113
9TOT'0 KOJIMYECTBA MUKPOCOCYIOB OIIPEIEJIAIN IIPOLIEHT
CK, B mpoCBeTe KOTOPBIX BBISIBJISAINA TOHKOAMCIIEPCHBIA
aMOp(HBIH 0CMUO(UIBLHBINA MaTepras U CBOOOITHO Je-
sKaBIlIMe 9PUTPOLUTHI; arperarbl 9pUTPOILUTOB, TPOM-
6onuTOB 1 MeMOpaHHbIe (hparMeHThl; CHUSKEHHOE CO-
nepsrkanue amop¢pHOTro ocMUO(pUIJIBHOTO MarepyaJsia u
CUHYCOU/IBI, HE COjlepsKaBIIre aMopP(HBINH 0CMODUIIb-
HBII Marepuas 1 GOpMeHHbIe 3J1eMEeHTbl KDOBHU.
Craructryeckyro 00paboTKy JaHHBIX BHITTOTHUIN
¢ momotisio mporpamm Microsoft Excel u Statistica 6.0.
PesynberaTel npencrasuian B Buae M+m, rne M — cpen-
Hee apu(dMeTHIecKoe, m— cTaHAapTHas OIITNOKA Cpel-
Hero. [IJ1g IPOBEPKU I'MIIOTE3BI O XapaKTepe pacnpee-
JIEHUs1 UCCJleyeMbIX ITapaMeTPOB IIPUMEHSIN MeTO[
[MManupo-Yuika. Mdydenne CTaTUCTUYECKUX 3aKOHO-
MepHOCTeH B BEIOOPKaX OCYIIIECTBJISIH C IPUMeHEHNEM
kputepusi CrblofieHTa. Pasiuuusa cpegHUX BeJMYUH
pU3HaBaJ/JIy CTaTUCTUYECKU 3HAaYUMBbIMU I1pu p<0,05.

Pe3ynbTaThl ¥ 00CYK/IEHHE

Uepes 3-e cyTok nocsie YMT B KOHTPOIBHON
I'pyIIIe KUBOTHBIX BBIABUJIM aJIETE€PaLUIO dHI0Te-
JuasnbHOro cjios CK redyenu: nuronsasma sHagore-
JINOITUTOB ObIJIa 3JIEKTPOHHO-TIPO3PAYHOM, HAOJTIO-
Jamd  y4acTKM ee HabyxaHWsi © oOTeka. B
9HJOTEJIMOLIUTAX BbIABAJIM MHOYKECTBO IIMHOLIUTO3-
HBIX ITy3bIPHKOB, OTJEJIbHbIC BAKY0J/I1, 3HAYNUTE/Ib-
HOe cojiepskanue Jau30coM (puc. 1, a, b). fdapa anmo-
TEJIMOLIUTOB conepyKann reTepoxpoMaruH,
oTMevaau HeOOoIbIIoe HabyXaHre HyKJIeOIIa3Mbl,
MHBarvHAIWIO KapruoJeMMbl. MUTOXOHAPUY OBLIA
B OCHOBHOM Ha0yXIITHE WJIA BAKYOJIM3UPOBaHHbBIE. B
3Be3T4aThIX MAKpo(arax BbISABAJIN KJIETOUHbBIN JeT-
puT. B HEKOTOPBIX y4acTKax NPOCTPaHCTBO [lucce
OBIJIO pacIIMpeHo, MUKPOBOPCHUHKY YaCThIO pemy-
1poBanbl. B mpocBete 32% CK HaxoquImch CBOOO-
HO JIesKaBIINE SPUTPOLUTHI U TOHKOAUCHEPCHBIN
ocMUOUIIBLHBIN amopdHbIlT Marepuasd, a B 36%
MHKPOCOCYIOB — MaKpO- 1 MUKpOarperarbl 9puT-
poruTOoB; B oTfebHbIX CK — MeMOpaHHbIE CTPYK-
Typbl, MUKpOArperarbl 3puTPOLIUTOB C HEUTpodu-
JlaMu 1 apuTporuTamu (puc. 1, b, puc. 2). B 24% CK
HAMeJId MECTO KOary/aAalys U YMEHbIIeHHue OCMHUO-
¢usbHOrO aMopHOro Marepuasa, a B 8% cirydaeB —
IIPOCBEThl MUKPOCOCYIOB HE COLEpsKaju OCMHO-
(puIbHBIN MaTepyas, 4TO YKAa3bIBAJIO HA OTCYTCTBHE
B HUX [IUPKYJ/IsAIMH ((eHoMeH no-reflow).

transparent, areas of swelling and edema were ob-
served. Numerous pinocytic vesicles, scattered vac-
uoles, significant number of lysosomes were de-
tected in endothelial cells (Fig. 1, a, b). The nuclei
of endothelial cells contained heterochromatin,
there were a slight swelling of the nucleoplasm and
nuclear membrane invaginations. Mitochondria
were mostly swollen or vacuolated. Stellate
macrophages showed cellular detritus. In some
areas the space of Disse was enlarged, microvilli
were partially reduced. The lumen of 32% of SCs
contained free red blood cells and finely dispersed
osmiophilic amorphous material, while 36% of mi-
crovessels contained macro- and microaggregates
of red blood cells; some SCs contained membrane
structures, microaggregates of erythrocytes with
neutrophils (Fig. 1, b, Fig. 2). Coagulation and re-
duction of osmiophilic amorphous material oc-
curred in 24% of SCs, and in 8% of cases the lumen
of microvessels did not contain osmiophilic mate-
rial, indicating the no-reflow phenomenon.

On day 3 after the TBI, the SC endothelium in
experimental group animals exhibited normal ap-
pearance and contained numerous pinocytic vesi-
cles, mitochondria, scattered vacuoles and lyso-
somes (Fig. 1, ¢). Areas of swelling were also
observed. The space of Disse was dilated in some
places. Enlargement of microvilli was noted. Nu-
merous primary and secondary lysosomes were
found in stellate macrophages. Free-floating red
blood cells and finely dispersed amorphous osmio-
philic material were found in the lumen of 58% SC
(Fig. 1, d), red blood cell microaggregates, neu-
trophils, and monocytes were found in 14% of cap-
illaries. Coagulation and reduction of osmiophilic
amorphous material were detected in the lumen of
28% SCs (Fig. 2).

On day 7 post TBI, the alterations of the SC en-
dothelial cells in the control group animals were
more significant compared to day 3: along with en-
dothelial cells with clear cytoplasm, the cells with
dark cytoplasm were found more commonly (Fig.
3, a, b); the number of pinocytic vesicles increased,
lipid droplets appeared. In some cases, edema, de-
pletion, loosening and disintegration of the en-
dothelial layer were detected. Mitochondrial
swelling and destruction were observed. Nuclei had
slight invaginations and contained heterochro-
matin. The cytoplasm of stellate macrophages was
filled with cellular detritus. The space of Disse was
dilated, and microvilli were reduced. Red blood cell
aggregation, erythrocyte, neutrophils, and platelet
aggregates (Fig. 3, a), and membrane structures
were detected in the lumen of 36% of sinusoids.
Only 24% of capillaries contained free-floating red
blood cells and finely dispersed osmiophilic amor-
phous material. Lymphocytes, monocytes, platelets
along with erythrocytes were detected in sinusoids.

Reduced content of osmiophilic amorphous mate-
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Puc. 1. YIBTpacTpyKTypa CHHYCOUAHBIX KAIMJIJISIPOB ITIEYE€HH KPBIC Ha 3-U CYyTKH IIOCTTPAaBMAaTHYECKOT0 IEPHOa.

Fig. 1. The ultrastructure of liver sinusoidal capillaries of rats on day 3 post TBI.

Note. Control group — a, b; experimental group — c, d. Large-scale segment: a— 1 micron; b, ¢, d— 2 microns. Magnification: a—
X14000; b, d — %X5600; c— X11000. C — lumen of sinusoidal capillaries; Er — erythrocyte; En — endothelium; N — nucleus; V—
vacuole; Ls — lysosome; Mc — mitochondria; D — Disse space; Ne — neutrophil; H — hepatocyte.

ITIpumeuanue. KoHTpoJIbHASA Ipymia — a, b; onbITHAA Ipynna — ¢, d. MacmTabHbIH 0Tpe3ok: a — 1 MKM; b, ¢, d — 2 MKM. YBe-
au4denue: a— x14000; b— x5600; c— X11000; d— X5600. C — IpocBeT CUHYCOMIHBIX KaNnU/IApoB; Er — apurpouut; En — an-
nporenwnit; N — saapo; V— BakyoJib; Ls — sin3ocoma; Mc — muroxonapusi; D — npocrpancrso [ucce; Ne — Helitpodut; H—re-

IIaTOIIUT.

B OTIBITHOM TpyIIie 5KUBOTHBIX HA 3-U CYTKU
nocjae UMT saporesnuii CK ObLI 0O0BIYHOTO BHUA,
cofiepskaJjl O0JIBIII0E KOJMYECTBO TMHOIMTO3HBIX
BE3UKYJ, MUTOXOHJADHUH, eIUHUYHBbIe BaKYyOJIH,
JIM30COMBI (pHC. 1, ¢). BcTpeuanu 30HBI ero Habyxa-
Hus. [IpoctpancTBo [luicce MecTamMu OBITIO PACIIIN-
peHo. OTMevany yBeJn4eHrne MUKPOBOPCUHOK. B
3Be3/IUaThIX Makpodarax HaXoAUJIUCh MHOTOYHC-
JIEHHbIe [IepBHUYHbIEe U BTOPUYHbBIE JIU30COMBI. B
npocsete 58% CK ob6HaApY:KMJIM CBOOOTHO JIEXKaB-
e 9PUTPOIUTHI M TOHKOIUCIIEPCHBIA OCMUO-
duabHBIN aMopdHBIH MaTtepuaJ (puc. 1, d), B 14%
MHMKPOCOCYI0B — MUKpOarperarbl 3puTpOIUTOB,
HeUTpomIbl, MOHOIIUTHI. B mpocBete 28% CK
BBISIBUJIM KOAryJlIsAUI0 U YMeHbIIIEHHe OCMUO-
¢uabpHOTO aMopgHOTo Marepuaa (puc. 2).

Ha 7-e cyrkm IITII B KOHTPOJIBHOU Tpymie
TOBPEsKIEHUS 9HI0TETNATbHBIX KJ1eTOK CK ObLIHI
OoJtee BEIpasKEHHBIMU 110 OTHOIIIEHHIO K 3-UM CYT-

rial was found in 28% of SCs (Fig. 3, b). Dark blood
plasma was detected in some sinusoids. The num-
ber of SCs that did not contain osmiophilic material
and blood cells increased by 4% and amounted to
12% in comparison with the day 3 post TBI.

In experimental animals on day 7 post TBI, he-
patic SC endothelium had normal appearance, with
clear cytoplasm in some areas. Focal endothelial
swelling was detected. The cytoplasm contained a
significant number of coated vesicles, pinocytic vesi-
cles, as well as lysosomes, cisterns of granular endo-
plasmic reticulum, and scattered vacuoles (Fig. 3, c,
d). The nuclei of many endothelial cells had mem-
brane invaginations, contained nucleoli, which in
some cases were displaced peripherally; mitochon-
dria were mostly swollen. Stellate macrophages con-
tained primary and secondary lysosomes (Fig. 3, d).
Numerous microvilli were noted in the space of
Disse (Fig. 3, ¢). Free-floating red blood cells and
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KaM: Hapsay € 9HIOTeJHOLUTAMU CO CBETJION
IIUTOIJIA3MOM YaIlle BBIABJISAIN KJIETKU C TEMHOM
OUTOILIa3MOH (puC. 3, 4, b); yBETUUUIOCH COED-
’KaHMe MUHOLMTO3HBIX ITy3bIPHKOB, NIOSIBUJINCH
JIMIIUHBIE KallJIi. B HEKOTOPBIX CJIy4asix BbISIBU-
JIM OTEK, UCTOIIeHNe, pa3pbIXJIeHUe U HapylIeHue
1IeJIOCTHOCTH  9HJIOTeJINaJbHOU  BBICTUJIKH.
Otmeuanu HabyxaHnue u gectpykiuio MX. fnpa
OBbLIIN C HeOOJTBIITUMY WHBAaTMHAITASIMY, COJlepsKa-
JIU reTepoxpoMaTuH. lluTomyiasma 3Be3q4aThIX
MaKpodaros ObLJIa HATlO/JTHEHA KJIE€TOYHBIM JeT-
putom. ITpoctpancTBo [lrcce pacmupeHo, 00Ha-
PY’KUJIN PeNyKIINI0 MUKPOBOPCUHOK. B mpocBeTe
36% CHUHYCOMJOB OIIpeeJIsAu arperanuio 9puT-
POIIMTOB, MUKpOArperarbl 3puTPOLUTOB C HEM-
Tpoduaamu, TpoMbonmTaMu (puc. 3, a), MeMOpaH-
HbIe CTPYKTYpbl. Toabko 24% KanuW/LIsIpOB
cofiepskaii CBOOOIHO JIesKaBIIINE 9PUTPOLIUTHI 1
TOHKOJUCIIEPCHBIN OCMUODUIBHBIA aMOPHBIN
MarepuaJl. Hapsiay c apuTpouuTaMu B CHHYCOUIaX
BBIABUIN TUM(OIUTHI, MOHOITUTEI, TDOMOOITUTHL.
CHI)KeHME  COmep)KaHusI  OCMHO(MUIHHOTO
amopdHoOro Marepuasna obHapykuau B 28% CK
(puc. 3, b). B HeKOTOPBIX CHHYCOUAX OIIpeAeIsIIN
TeMHYIO II1a3My KpoBu. Yuciso CK, He copep:xas-
X 0CMUOMDUIBHBIA MaTepuaa U (popMeHHbIe
3JIeMEHTBI KPOBH, YBEJIMYMUJIOCH Ha 4% U 110 OTHO-
meHuo K 3-M cytkam IITII cocrasasamno 12%.

VY OIBITHBIX KUBOTHBIX Ha 7-e cyTKu IITII
sggoresuii CK medenu ObLI OOBIYHOIO BHJA,
MecTaM¥ UMeJI CBETIYIo nuToriasmy. OGHapysku-
JIV JIOKYCBI ero HabyxaHus. B nuronasme Haxoau-
JINCh 3HAYUTEJIbHOE KOJUYECTBO OKaWMJIEHHBIX
BE3UKYJI, IMHOIIUTO3HBIX IIy3bIPHKOB, a TaKsKe
JIN30COMBI, IIUCTEPHBI I'PAHYJIAPHOrO 9HI0IIA3-
MaTHUYeCKOTO PeTUKYIyMa, eJUHUYHbIEe BAaKYOJIHN
(puc. 3, ¢, d). igpa MHOTUX 9HJOTETNOIIUTOB UMEJIN
WHBaruHaIyu KapyuoJieMMBbl, COlepyKasIu sIPbIIII-
KW, B YaCTU HAOJTIONEeHUI SITPBINTKO OBIJIO 9KTaIIH-
pOBaHO K KapHuoJIeMMe; MUTOXOHIPUY OOJbIIEN
yacTeio Habyxmme. 3Be3muarble Makpodaru
collepsKajy epBUYHble U BTOPUYHBIE JIU30COMBI
(puc. 3, d). B mpocrpancTse /lucce oTMedaar MHO-
TOYMCJIEHHbIEe MUKPOBOPCUHKU (puUc. 3, ¢). B ipo-
cBere 52% CK meuyeHU oOmpemesisiii CBOOOIHO
JesKalliye JSPUTPOLUTHI U TOHKOAUCIIEPCHBIN
ocMuoGUIBHBINA aMOp(HBINA Marepuas. Hapsmy
CO CBOOOTHBIMM IPUTPOIHUTAMH 23% CHUHYCOU-
HBIX TeMOKAWJIJIIPOB COJlepsKaIu MUKpoarpera-
TBI 9PUTPOIUTOB C HEUTPODUIaMU U TPOMOOITH-
Tamu. CHIPKeHUe cofepsKaHusl 0CMUO(PUIBHOIO
amop¢dHoro Marepuasna oOHapy:xkuau B 25% CK.

Uepes 12 cytok niocsie YMT B KOHTPOJIbHON
rpynne augoTesnnii CK rmeyeHu 66171 Kak 00BIYHOTO
BHUJIA, TaK U C y9acTKaMu HabyxaHus. flmpo conep-
JKaJIo rerepoxpoMarus (puc. 4, a). llurtomnasma
9HJIOTEJIUOLIUTOB CBeTIasi, B Hell BBISIBUIN MUTO-
XOHJIpUY, JTU30COMBI, OKaliMJIeHHbIe MUKPOBE3U-
KYJIBL, OTJeJIbHbIE Bakyosu. B 79% CK umeso mecrto
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Puc. 2. IIpouentHoe cooTHomeHHe CK neyeHu B KOHTPOJIb-
HO¥ (a) ¥ onbITHOH (b) rpynax B 3aBUCHMOCTH OT UX BHYT-
PHCOCYAHCTOrO COAEPKUMOro Ha 3-H, 7-e M 12-e CyTKHM I10CT-
TpaBMaTH4YeCKOro Iepruo/ja.

Fig. 2. The percentage of sinusoidal capillaries in the liver of
the control group (a) and experimental group (b) animals in
relation to their intravascular content on days 3, 7, and 12 of
the post-traumatic period.

Note. The percentage of capillaries, the lumen of which con-
tained: 1 — finely dispersed amorphous osmiophilic material
and free red blood cells; 2 — aggregates of blood cells and
membrane structures; 3 — reduced amorphous osmiophilic
material; 4 — no amorphous osmiophilic material and blood
cells. * — significant differences vs day 3 at different stages of
the study in the control and experimental groups, P<0.05; ** —
significant differences vs control group, P<0.05.
ITpumeuanue. [IporieHTHOE cofep KaHKe KallU/ISAPOB, B IIPO-
CBeTe KOTOPBIX OBIJI0 BBIABJIEHO Cjlefylolee: 1 — TOHKOAUC-
nepcHoe aMopdHOoe 0cCMUODUIbHOE BellleCTBO U CBOOOIHbIE
9PUTPOLUTHI; 2 — arperarbl POPMEHHBIX 3JIEMEHTOB KPOBU U
MeMOpPaHHBIX CTPYKTYP; 3 — HeDOJIbIIIOe KOJTUIECTBO aMOpd-
HOT'0 0CMHO(MUIIBHOTO MaTepuala; 4 — OTCYTCTBHE aMOP(hHOTr0
0CMHO(UIBLHOr0 MaTepuaJsa U KJIeTOK KPOBH. * — 3Ha4UMbIe
Ppas3In4Xsi OTHOCHUTEIBHO 3 CYTOK Ha 3TAIlaX UCC/IEOBAHUS B
KOHTPOJILHOM U OIIBITHOH TpymIax, p<0,05; ** — 3HaunMbIe pas-
JINYUSI OTHOCUTEIbHO KOHTPOJIBHOU rpynibl, p<0,05.

finely dispersed osmiophilic amorphous material
were detected in the lumen of 52% of hepatic SCs.
Microaggregates of red blood cells with neutrophils
and platelets were revealed in 23% of sinusoid cap-
illaries. Decreased content of osmiophilic amor-
phous material was found in 25% of SCs.

Twelve days after the TBI, the hepatic SC en-
dothelium in the control group had areas of normal
appearance and areas of swelling. The nuclei con-
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Puc. 3. YIbTpacTpyKTypa CHHYCOMIHBIX KallHJIJIAAPOB IIeYeHH KPBIC HA 7-€ CYTKH NOCTTPaBMaTHYECKOro Iepuoja.

Fig. 3. The ultrastructure of sinusoidal liver capillaries of white outbred rats on day 7 post TBI.

Note. Control group — a, b; experimental group — ¢, d. Large-scale segment: 2 microns. Magnification: a, b, ¢, d — %X11000. C —
lumen of sinusoidal capillaries; Er — erythrocyte; En — endothelium; D — the space of Disse; N — nucleus; V — vacuole; P1 —
platelet; CV — coated vesicle; M — monocyte; Mc — mitochondria; SM — stellate macrophage.

ITpumeuanue. KOHTpo/IbHAA IPYIIA — a, b; ONBITHAsA IpyIna — ¢, d. MaciuTabHbIN OTPe3oK: 2 MKM. YBeJInueHue: 4, b, ¢, d— x11000.
C — NpoCBeT CUHYCOUTHBIX KaluJIAPoB; Er — apurpornut; En — angoresnit; D — npocrpancTso [ucce; N — sapo; V— Bakyoiib;
Pl — tpombouuT; CV — okaiiM/IeHHas1 Be3UKYJIa; M — MOHOIUT; Mc — MUTOXOHIpHsT; SM — 3Be3I4arblii Makpodar.

BOCCTAHOBJIEHHE KPOBOTOKA, B 21% 0OHapy>KeHbI
MaKpo- U MUKpOAarperarbl 3pUTPOLUTOB, ITy3bIPH,
KJIETOYHBIN IETPUT U TPOMOOIIUTEI (pHC. 4, b).

VY SKMBOTHBIX OTIBITHOM I'PyNIIbI Ha 12-€ CyTKU
[ITT1 sunorenwii CK reyeHy orpenessiicsi CBETIbIM,
cofiepsKaJI MUTOXOH/IPYHY, OKalMJIEHHBIE BE3UKYJIBI,
NIMTHONNTO3HbIE MY3bIPbKY, BAKYOJIH; sApa 00Jb-
el 4acTbio ObLIM C AApBITIKaMu (puc. 4, o).
HeGoutbIvie yaacTky 9HI0TE VA ObLTA HAOYXIIIIM.
B npocrpancTse /lycce oTMeYa i MHOTOUHUCTIEHHBIE
MUKPOBOPCUHKU. B 90% CK BbIABMJIN BOCCTAHOB-
JIeHHe KPOBOTOKA (pHc. 4, d), B 10% oOHapyKkuIN
MUKpOarperarbl 3pUTPOLUTOB, a TAKKE eJMHUYHbIE
HEUTPODUIIBI, 1 903UHODUJIBI.

HccnenoBanme comepsRaHus TPOMOOIIUTOB y
KPBIC KOHTPOJbHOH TPYIIITBI YePE3 CYyTKU IMOCTe
UMT, no cpaBHEHHWIO C WUCXONHBIMU JTaHHBIMU,
1I0Ka3aJl0 CTAaTUCTUYECKU 3HAUYUMOe CHUKeHUe
X KOJIMYECTBA, C MAKCUMaJIbHbIM YMEeHbIIIeHUEeM
TOKa3areJisi Ha 7-€ CYTKU U BOCCTAHOBJIEHUEM [0

tained heterochromatin (Fig. 4, a). Cytoplasm of
endothelial cells was clear and contained mito-
chondria, lysosomes, coated microvesicles, and
scattered vacuoles. Blood flow was restored in 79%
of SCs, whereas macro- and microaggregates of ery-
throcytes, vesicles, cellular detritus and platelets
were found in 21% of SC (Fig. 4, b).

On day 12 post TBI, the hepatic SC endothe-
lium was clear, contained mitochondria, coated
vesicles, pinocytic vesicles, vacuoles; most nuclei
had nucleoli (Fig. 4, ¢) in the experimental group.
Small areas of the endothelium were swollen. Nu-
merous microvilli were found in the space of Disse.
Blood flow recovery was detected in 90% of the SCs
(Fig. 4, d); in 10%, erythrocyte microaggregates, as
well as single neutrophils and eosinophils, were de-
tected.

One day after the TBI, the platelet count sig-
nificantly decreased compared with the baseline,
with the maximum reduction seen on the day 7,
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Puc. 4. YIBTpacTpyKTypa CHHYCOUAHBIX KAITHJIJISIPOB IIeYeHH OeJIbIX ayTOPEAHBIX KPbIC Ha 12-e CyTKU MOCTTPaBMaTHYECKOT0

nepuoja.

Fig. 4. The ultrastructure of sinusoidal liver capillaries of rats on day 12 of the post TBI.
Note. Control group — a, b; experimental group — ¢, d. Large-scale segment: 2 microns. Magnification: a, b, ¢, d — X11000. C —
lumen of sinusoidal capillaries; Er — erythrocyte; En — endothelium; D — the space of Disse; N — nucleus; NI — nucleolus; Ls —

lysosome; V— vacuole; Pl — platelet.

IepBOHAYAIbHBIX 3HAYEHUH TOJIBKO Ha 12-e CyTKHI
(puc. 5). CompoBoskaaroriias ocTpelit nepuog YMT
TPOMOOIIUTOIIEHNSI OTPAYKAET OTPeDIEHNE TPOM-
OOIMTOB B AKTHMBHO MPOTEKAMIIUX MPOIleccax
COCYyIUCTO-TPOMOOIIMTAPHOTO 3BeHA CHUCTEMBI
remocrasa [15]. CiiegyeT OTMETUTD, UTO y KUBOT-
HBIX, KOTOpble B TeyeHue Bcero [ITII nmosyyanu
3TUJIMETUITUAPOKCUNIUPUANH, HE BBIABJIAIU
TPOMOOLHTOIIEHHIO B 1-€, 3-1 U 7-€ CYyTKH IOCJIe
TpaBMBbI, B OTJIMYKE OT KOHTPOJIbHOU rpynnbl. Ha
BCeX 9Tamax MCCJAeJOBAaHUS B ONBITHOHN TpyIIie
OTMeYaJM CTaTUCTUYEeCKH 3HAUYMMOE ITOCTEIleH-
HOEe yBeJIMYeHUEe YHUCJIa TPOMOOIUTOB, OTHOCH-
TeJbHO MCXOOHBIX TaHHBIX, JOCTUTAIOIIee Hau-
OosbIllell BeJMYMHBI K 12-M CYTKaMm I[OCJe
TPaBMBI.

[ToBrIllIeHNE cofepsKaHUsI TPOMOOIIUTOB B
COCYAMICTOM pycJie B ocTpoM nnepuoge UMT cBupe-
TeJIbCTBYET O TOM, YTO 3TUIMETUJITUIPOKCUIIUPHU-
JIVH CIIOCOOCTBYET BOBJIEYEHUIO B OOIIHIT KPOBO-
TOK JOTIOJTHUTEJIbHBIX TPOMOOIIUTOB.

and recovered to the baseline values only on day 12
(Fig. 5). The thrombocytopenia accompanying the
acute phase of TBI reflects platelet consumption in
activated primary hemostasis [15]. Notably, in ani-
mals that received ethylmethylhydroxypyridine
throughout the post TBI period, no thrombocy-
topenia was detected on days 1, 3 and 7 after injury,
in contrast to the control group. At all stages of the
study, there was a significant gradual increase in the
platelet count, compared to the baseline, reaching
the highest value by day 12 after injury, in the ex-
perimental group.

Increased platelets in the bloodstream during
the acute phase of TBI demonstrate that ethyl-
methylhydroxypyridine promotes recruiting more
platelets into the circulation.

Electron microscopy of hepatic SC and intrasi-
nusoidal changes in the control group showed sig-
nificant microcirculatory disturbances on day 3
after a focal brain injury, which worsened on day 7.
The increasing level of secondary brain injury fac-
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OneHKa pe3ysbTaTOB 3JIEKTPOHHO-MUKPO-
CKonm4eckoro ucciaenosannsa CK neyeHu u BHyT-
PUCHHYCOUATBHBIX U3MEHEHU B KOHTPOJIbHOU
TpyIIIe 03BOJIAeT 3aKII0UNATh, YTO IIPH JIOKAJIb-
HOU TpaBMe Mo3ra Ha 3-u cytku IITII onpene-
JISTIOTCSI BBIpQ)KeHHble HapyllIeHUsI MUKPOLIUPKY-
JIATIAA, KOTOPBIEe YCYIyOJISIOTCST Ha 7-€ CyTKHU.
BeposiTHO, Hapacrarolye 1o UHTEHCUBHOCTH JIeH-
CTBUsI BTOPHUYHBIE (DaKTOPBI HOBPESKIEHNU MO3Ta,
LUPKYJIUPYS B COCYIUCTOM PyCJie, IOCTOSTHHO BO3-
JEWICTBYIOT Ha 9PUTPOIATHI, TPOMOOIINTHI ¥ 9HO-
TesuasbHble KJIeTKU CUHYCOUIHBIX KallUJIJISIPOB
IMe4YeHU U MPUBOJAT K UX MOBPEMXKIACHUIO U JIVC-
¢dynknuu [10, 16]. BeisiBjieHHOe B 9HIOTEJHNU
CHHYCOUHBIX KaIU/IJISIPOB 00JIBIIIOE KOJIMYECTBO
IMMHOIIUTO3HBIX ITY3BIPbKOB 1 MHOTOYUCJI€HHBIX
BKJIOUEHUN CBHUAETEJIbCTBYET O HaIPSIKEHHON
paboTe 3aIUTHO-PETYIATOPHON (PYHKITUN 9H]IO-
IMUTAapHBIX MEXaHNU3MOB B IIOJAEepPKaHUU IIOCTO-
SIHCTBA COCTaBa KPOBU W BHYTPHUKJIETOYHON
cpenbl rernaTonuToB [17]. Onpenesissemas reTepo-
FeHHOCTh KJIETOK 9HJIOTEJINs, OUYEBHUIHO, U3Me-
HAET IPOCBET CUHYCOUOOB I1€Y€HU, 11 BCJIEACTBUE
3TOT0 HapyllaeTCsl TPAaHCCUHYCOUIHBINA KPOBOTOK
Y MTHTEHCUBHOCTh TeMaTOTKaHeBOro oOMeHa [18].
B aHi0Te/ MY TTOABJIAIOTCA BAKYOJIU U JIMITUIHBIE
kanau. HakomnsieHre JUIIUHBIX KaleJb B IIUTO-
IJ1a3Me CBUETEeJIbCTBYET O IIepexo/ie 9HI0TeIN0-
IUTOB C YIVIEBOOHOI'O Ha IMIPEMMyIIEeCTBEHHO
SKUPOBOY oOMeH [17]. MopdoJsioruueckre mpo-
SIBJIEHUS B BUJIE OTEKA, CIJIAYKUBAHUS 9H]IOTE -
aJIbHOU BBICTUJIKH, UICTOHYEHH A, PA3PBIXJICHUA U
HapylLIeHUs [[eJIOCTHOCTH 9HJ0TEJIMOIIUTOB CBU-
JeTeJILCTBYIOT 00 MCTOIIEeHUN KOMIIEHCATOPHO-
MIPUCTIOCOOUTEIHFHBIX ITPOIECCOB B KJIETKax [19,
20]. HartostHeHHM e KJI€TOYHOI'O 1eTpUTa 3Be3ada-
TBHIMHM MaKpodaraMy CBUIETETHCTBYET 00 aKTHUB-
HOM OCYIIeCTBJIEHUU UMU (hparouTapHOu (PyHK-
nuu. Pacmmpenue  npocrtpaHcTBa  Jlucce
CONPOBOSKIAETC pelyKIIMed MUKPOBOPCHUHOK.
]_II/ITOH.JIaSMaTI/I‘-IECKI/Ie BBIPDOCTHLI TelaToIHrTOB,
9HJIOTEJIUOIMTOB U 3BE3/TUaThIX PETUKYI0IHI0TE-
JIMOLIUTOB CJIy’KaT IJIs1 BbIBEJEHUsI NPOIYKTOB
MeTaboJIn3Ma, PEryIUpPyIoT KPOBOTOK, YYaCTBYIOT
B oOecmedyeHnn romeoctasa. [Ipu JOKaJIbHOU
TpaBMe MO3ra MHUKPOBOPCHUHKH, paspylIasch,
MOTaIal0T B CHHYCOUTHOE TPOCTPAHCTBO U TIOJI-
BepraroTcs IpoTeoansy [21]. BbIABJIEHHBIE BBIIIIE-
Iepevrc/IeHHbIe YIBTPaCTPYyKTYPHbIE H3MEHEeHU s
9HOTEeJIMSI CHHYCOWJIOB TIeYeHU B KOHTPOJILHOH
r'pyIlIle KPbIC ABJISIOTCS MOP(OJIOTUYEeCKON OCHO-
BOU CHUKEHUS ero aHTI/ITpOM6OFEHHOI‘O IIOTEH-
nyana ¥ BHYTPUCHUHYCOUAAJBHBIX HapylLIeHUN
MUKPOIUPKYJIAIAN.

dopmMupylomascs 3JHAOoTeIdabHasE JHUC-
(PYHKIIUA COMPOBOKAAETCS IKCIIPECCUel UHIAYK-
TOPOB arperamuy TPOMOOITUTOB: TPOMOOKCaHA A,,
dakTopa akTuBamuu TpoMbonmToB 1 AJIP [22]. K
JIpyruM pakTopaMm, IOBBIIIAIOIINM arperanuoH-

Control group
—a— Experimental group
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200 T T

Time after TBI, day

Puc. 5. /luHaMHKa KOJIHU4YECTBA TPOMOOLIMTOB Y KPBIC
CpaBHHBAEMBIX I'PYIIII ITOCJIe YePeITHO-MO3T0BOH TPaBMBI.
Fig. 5. Changes in the platelet count of animals in the com-
pared groups after traumatic brain injury.

Note. * — significant differences vs control group, P<0.05; ** —
significant differences vs baseline values (before exposure),
P<0.05; *— significant differences vs day 1 at different stages of
the study in the control and experimental groups, P<0.05.
Platelet count in rats before the drug exposure was
374.00+9.81X10%/1.

IIpumeyanme. * — 3HAYMMBbIE PA3JIMYUA OTHOCUTEIHHO KOHT-
POJIbHOM rpymibl, p<0,05. ** — 3HAYMMbIe Pa3JIUYHUs OTHOCH-
TeJIbHO 3HAYEHUH, II0JIYYeHHBIX 10 BoelcTus, p<0,05; * —
3HAYMMBble Pa3/IMYUs OTHOCUTEIBHO 3HAUeHUH, TI0JTyIeHHBIX
Ha pas3J/IMYHBIX CTaAUsAX UCC/IeIoBaHuA B AeHb 1, p<0,05. Co-
JlepskaHyie TpPOMOOIIUTOB y KPbIC 10 BO3JeHCTBUSA IIpernapara
cocTaBJIAI0 374,00+9,81X10%/ 1.

tors in the bloodstream could persistently affect red
blood cells, platelets and endothelial cells of the
liver sinusoid capillaries and cause their damage
and dysfunction [10, 16]. The large number of
pinocytic vesicles and numerous inclusions de-
tected in the endothelium of sinusoid capillaries
prove the intense protective and regulatory activity
of endocytic mechanisms which maintain blood
homeostasis and stability of intracellular content of
hepatocytes [17]. The heterogeneity of endothelial
cells evidently modifies the diameter of liver sinu-
soids, causing impaired transsinusoidal blood flow
and inhibiting the blood-tissue metabolism [18].
Vacuoles and lipid droplets appear in the endothe-
lium. Accumulation of lipid droplets in cytoplasm
indicates the transition of endothelial cells from
carbohydrate to predominantly fat metabo-
lism [17]. Morphological changes such as edema,
endothelial flattening, thinning, loosening and dis-
turbance of endothelial cell integrity demonstrate
loss of cellular compensation and adaptation [19,
20]. Appearance of cellular detritus in stellate
macrophages evidences their active involvement
into phagocytosis. Dilation of the space of Disse is
accompanied by reduction of microvilli. Cytoplas-
mic protrusions of hepatocytes, endothelial and
stellate cells serve to eliminate metabolic waste
products, regulate blood flow, and participate in
homeostasis maintenance. In focal brain injury, the
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Experimental studies

HYI0 aKTUBHOCTBH TpoMboruToB mpu UMT, oTHO-
CAT YBeJTWYEHNE B KPOBH COfIEPIKAHMS TPOMOMHA,
aJgpeHajnHa, HOpaJlpeHa/IMHd, CepPOTOHUHA,
MMMYHHBIX KOMIJIEKCOB ¥ MeJUaTOPOB BOCHase-
Hus [10, 11, 23]. Bce atu hakTOpbI, pa3BUBAIOIIME-
ca B IITII, BbI3BIBAIOT B KOHTPOJIBHOU rpymiie
SKUBOTHBIX TIPOT'PECCHUPYIONIYI0 TPOMOOIIATOIIE-
HMUIO B [IepBbIe 7 CYyTOK II0CJI€ TPaBMbI MO3Ta. AHa-
JIN3UPYS NIPpeACTaBICHHbIE BBIIIE JaHHbIE MOYKHO
3AKJIIOYUTH, YTO OCTPhIN nepuos UMT xapakrepu-
3yeTcsi aKTUBANMEN COCYANCTO-TPOMOOIIUTAPHO-
I'0 3B€Ha CUCTEMBbI 'eMOCTa3a 1 HapylIeHneM MUK-
POLUPKYJIAINAYN B CHHYCOUJAX IICYEHHU.

AHaJ/n3 pes3y/sETaToB B CPAaBHUBAEMBIX IPYII-
I1ax II0Ka3aJl, 4TO BBeJECHUE 3TUJIMETUITAIPOKCH-
nupuarHa KpoeicaM B panHeM IITII cnep:xuBaer
MoBpesxIawlIee JeucTBrue (OopMUPYIOIUXCS
nocsie UMT BropUYHBIX TaTOTEHHBIX (paKTOPOB Ha
9HOTETNOIUTHI CHHYCOW/IOB IIeYeHH 1 ToTpedJie-
HHE TPOMOOIMTOB. PaHee B 9KCIIepUMEHTE HAMH
OBIJI0 TOKA3aHO, YTO BHYTPUOPIOIITMHHOE BBEE-
HHUE OTUJIMETUITHAPOKCUNIMPHUAVHA KpbICaM,
nepeeciiuM YMT, cHUIKAJIO KOHIEHTPALUIO
MaJIOHOBOTO JHAJNbIETUA U arperamnuio 3puUTpo-
OUTOB, YBEJWYHUBAJO HUX IJIEKTPOOTPHULATEJIb-
HOCTb U TOBBIIIAJIO B HUX cofiepskanue 2,3 nudoc-
¢ornunepara (2,31PI') [24, 25]; BoccTaHABINUBAJIO
MHUKPOLUPKYISALMUI0O U CTPYKTYPHO-(YHKINO-
HaJILHYIO 11€JIOCTHOCTD 9HI0TEIUA MUKPOCOCYI0B
MUOKap/a [8]. B KJIIMHUKe yCTaHOBJIEHO, YTO BHYT-
PUBEHHOE BBEJICHUE 9TUJIMETUITAIPOKCUIIUPH-
JUHA B IIOCTTPaBMAaTU4YE€CKOM IepUOJe MaleH-
TaMm c TsisKes10i couetanHoit UMT npepynpesknaso
¢dopMuUpoBaHUe BTOPUUHBIX (PAKTOPOB IIOBPEK-
JeHU TOJIOBHOT'O MO3TIa: TUIIOKCHUIO, OKUCJIUATEJIb-
HBIIl CTpecc, 3HAOTOKCEMHIO, apTepHasbHYIO
TUIIOTEH3UIO U 1p. [13, 26].

Boeiasiiennbie B IITII MeHee BbIpaskeHHBIE
HapyIIeHUs CTPYKTYPHO-(hYHKIMOHAIBHOH 11eJI0CT-
HOCTHU 9HJOTEJIAS CUHYCOHUJIOB IICUYCHU, a TAKKe
YMEHBIIICHAE B HX IIPOCBETE arperaroB KJIETOK
KPOBHU Y KPBIC, IIOJTyYaBIINX 9TUJIMETUJITUIPOKCH-
NUPUINH, II0 CPABHEHUIO C KOHTPOJIBHOM I'PYyHITON
CBUJETESIHCTBYET O COXpPAHEHNH Y HUX 00JIee BBICO-
KOT'0 @aHTUTPOMOOTEHHOT0 TIOTEHIIAAIIa IHIOTEJHO-
IIUTOB. JTO MOATBEPSKIAETCS OTCYTCTBHEM TPOMOO-
OUTONIEHUN Y SKABOTHBIX, IIOJYy4YaBIIUX 3TOT
Iperiapar IocJjie TpaBMbl. BBeieHre aTUIMeTHIIT A -
porcunvpuarna B ITTTI ymMeHbIIanao oBpesKIeHne
MHUKPOBOPCHUHOK 9HAOTEJIMOLUTOB, IeIaTOLIUTOB 1
3BE3/IYaThIX PETUKYJI0IH0TEINOLATOB B IIPOCTPaH-
cTBe Jlrcce, Toraa Kak B KOHTPOJIBHOM I'PyIIIIE B 3TOT
reprof; 0OHAPY)KHUBAJIACh MX BRIPASKEHHAs PeyK-
1usl. biaaronpusiTHoOe JelicTBUe ITperapara Ha 9H]10-
TEJINOIUTEI, TPOMOOIIUTEI ¥ MUKPOIMPKY/IAIIIO
CHUHYCOWIHBIX KAHUJIAPOB Ie4eHn 0OYCIOBIEHO
TEM, YTO OH B CBOEM COCTaBe CONEPKUT IMOKCUIINH
1 CYKIMHAT, BJISIOIINE HA OKACINUTEIbHBIN U 9Hep-
reTUYeCKUI MeTaboI3M KIIEeTOK [13, 27-29]. IMOK-

destructed microvilli get into the sinusoidal space
and undergo proteolysis [21]. The above-men-
tioned ultrastructural changes in hepatic sinusoid
endothelium in the control group underlie reduced
antithrombotic potential and intrasinusoidal mi-
crocirculatory disorders.

The developing endothelial dysfunction is ac-
companied by increased expression of platelet ag-
gregation inducers such as thromboxane A,,
platelet activation factor and ADP [22]. Other fac-
tors inducing platelet aggregation in TBI include in-
creased blood levels of thrombin, adrenaline, nora-
drenaline, serotonin, immune complexes and
inflammatory mediators [10, 11, 23]. All these fac-
tors caused progressive thrombocytopenia in the
control group of animals during the first 7 days
after TBI. Analyzing the data presented above, we
concluded that activation of primary hemostasis
and impaired microcirculation in the liver sinu-
soids develops during the acute phase of TBI.

Analysis of the study groups showed that ad-
ministration of ethylmethylhydroxypyridine to rats
in early post TBI period inhibited the damaging ef-
fect of secondary abnormal factors on liver sinu-
soidal endothelial cells and platelet consumption.
Earlier in a series of experiments we showed that
intraperitoneal injection of ethylmethylhydrox-
ypyridine in rats after TBI reduced malondialde-
hyde concentration and erythrocyte aggregation,
increased RBC electrical negativity and 2,3 diphos-
phoglycerate (2,3-DPG) concentration [24, 25], re-
stored microcirculation and structural and func-
tional integrity of myocardial microvascular
endothelium [8]. Clinical investigations demon-
strated that intravenous injection of ethylmethyl-
hydroxypyridine in patients post severe combined
TBI prevented the development of secondary brain
damage factors such as hypoxia, oxidative stress,
endotoxemia, arterial hypotension, etc. [13, 26].

Less severe disturbances of hepatic sinusoid
endothelium structure and function, as well as re-
duced blood cell aggregates in the capillary lumen
in rats treated with ethylmethylhydroxypyridine,
compared with the control group, indicate main-
tained higher antithrombotic potential of endothe-
lial cells. This is confirmed by lack of thrombocy-
topenia in animals receiving this drug after injury.
Administration of ethylmethylhydroxypyridine in
post TBI period reduced damage to microvilli of en-
dothelial, hepatic and stellate cells in the space of
Disse, whereas the control group showed their
marked decrease during this period. Emoxipine
and succinate, the ingredients of ethylmethylhy-
droxypyridine affecting the oxidative and energy
metabolism of cells, are responsible for the benefi-
cial effect of the drug on endothelial cells, platelets
and microcirculation in the liver sinusoid capillar-
ies [13, 27-29]. Emoxipine stabilizes membranes of

endothelial cells, platelets, and red blood cells and
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CUNVH CTaOMTN3UPYET MEMOPaHbBI 9HJOTETNOIIUTOB,
TPOMOOIIUTOB, 3PUTPOITUTOB M BOCCTAHABJIMBAET FX
(PYHKIMOHATIBHYIO AaKTUBHOCTD 3a CYET AaHTHOKCHU-
JAHTHOTO JeUCTBUs (8, 24]. CyKIIMHAT NOBBIIIAET
9HepreTUYECKUi MOTEHIMAJ B KJIeTKaX, aKTUBUPYsI
JbIXaTeJbHYI0 IIellb MUTOXOHIPHUU peausaiyeit
¢eHOMEHA OBLICTPOTO OKUCIEHUST STHTAPHON KHCJIO-
Tl CYKIUHATJIeruAporeHaso [27], yiydiiaeT
JOCTaBKYy KMCJIOPOJA TKAHAM BCJIEICTBUE IIOJI0KHU-
TeJIbHOTO AEeHCTBUsS HAa reMOJUHAMUKY [26] U yBe-
JuyeHus1 cuHTesda 2,3/1PI" B apurponurax [24].

3akJrouenue

[MpumeHenre Mekcukopa y Kpsic B [TTII 6i1a-
rogapsi ero aHTUOKCUIAHTHBIM U IIPOTUBOTUIIOK-
CUYECKHM CBOMCTBaM yMeHbIIIaeT 00pa3oBaHUe
BTOPUYHBIX (PAKTOPOB, BbI3BaHHBIX UMT, 1 Bcyie-
CTBHE 9TOr0 OIPaHUYMBAECT UX IIOBpesKIaloliee
JleICTBUE Ha 9HJOTEJINOIUTHI CHHYCOUIOB ITleYeHU
¥ TPOMOOIIMTHI, a TaKKe OKa3bIBaeT OJIaronpu-
SITHOe MeTaboIm4YecKoe NercTBre (BOCCTaHABJIM-
BaeT IPO- ¥ aHTHOKCOAAHTHBIHN OQTaHC, TOBBIIIIAET
9HepreTU4YeCKUH MoTeHI[haJl KIeTOK) Helmocpe/-
CTBEHHO Ha 9H/IOTEJINOIUTHI, TPOMOOIIUTHI, 9PUT-
POLUTHL U B pe3yJIbrare 3TOr0 CAEePsKUBAET aKTHU-
BaIUI0  COCYJUCTO-TPOMOOIIMTAPHOTO  3BEHA
CHCTEMBI I'eMOoCTa3a U HapylIeHUus1 MUKPOLUPKY-
JAOUMKA B MHUKpoOcocynax IedeHu. IlosiyuenHble
pe3yJIbraThl II03BOJIAI0T pacCMaTpUBaTh ITUIIMeE-
TWITUIPOKCUNINPUAVH KaK IaTOr€HEeTU4YeCKU
000CHOBaHHBIN ITpenapar NpopUIaKTUKU U KOP-
peKIMN HapylIeHU yJIBTPACTPYKTYpbl 9HAOTe-
JIMOLIATOB U MUKPOLUPKYJIALNAN CAHYCOUIHBIX
KaluIspOB MeYeHU U COCYANCTO-TPOMOOIUTAp-
HOT'0 3B€Ha CUCTEMBbI I'eMOCTa3a B OCTPOM IIepuoje
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restores their function due to antioxidant effect of
the drug [8, 24]. Succinate increases the energy po-
tential in cells by activating the mitochondrial res-
piratory chain via the rapid oxidation of succinic
acid by succinate dehydrogenase [27], improves
oxygen delivery to tissues by stimulating the hemo-
dynamics [26] and increases 2,3-DPG production
in red blood cells [24].

Conclusion

The use of ethylmethylhydroxypyridine, pos-
sessing antiradical and anti-hypoxic properties, in
post-TBI rats reduces the secondary TBI-associated
factors and limits their damaging effect on liver si-
nusoidal endothelial cells and platelets. The drug ex-
erts a favorable direct metabolic effect on endothe-
lial cells, platelets, red blood cells by restoring pro-
and antioxidant balance and increasing cell energy
potential, which results in inhibition of primary he-
mostasis activation and improved hepatic microcir-
culation. These findings suggest that ethylmethylhy-
droxypyridine could be used for the prevention and
correction of disorders of endothelial cell ultrastruc-
ture and hepatic sinusoidal capillary microcircula-
tion, as well as the primary hemostasis disturbances
in the acute phase of TBI. There is a need for further
investigation of pharmacological agents with anti-
hypoxic and antiradical properties for the correction
of endothelial dysfunction in critical illness.

UMT, a Takke onpenesisiioT HeOOXOIUMOCTD TaJIb-
Heiimero nay4eHus papMaKoOJIOTUIECKUX CPEACTB
C MPOTUBOTUIIOKCUYECKNMHU W AHTUOKCUTAHTHBI-
MM CBOMCTBAMU JIjIsI KOPPEKIIUU 9HI0TETUATbHON
IUC(HYHKIUYU IPU KPUTUUECKUX COCTOSTHUSIX.
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Pe3rome

OPUTPOLUTHI ABJAIOTCA HauboJjiee BOCTpeOOBAaHHBIM IIPOLYKTOM [JIsI IEpeIMBAaHUs KPOBU BO BCEM
Mmupe. ITpu 9TOM Bomipoc 6e3omacHoCTU U 9(h(HEKRTUBHOCTU reMOTPAHC(HY3UH OCTAETCS AKTyaIbHBIM. HesicHa
NpUYMHA U [TaToreHe3 BO3HUKHOBEHNUA MOCTTPAHC(HY3UOHHBIX OCT0KHEHHI.

Ilesis 0630pa — 0000OIINUTE JaHHBIE KINHUYECKUX M HAYYHBIX UCCIeJOBAaHNN 110 9()(HeKTUBHOCTH IeMO-
TpaHcdy3uu s5pUTPOLUTAPHON B3BECHU PA3JIMYHBIX CDOKOB XpAHEHU .

MarepwuaJ. B 6a3ax manubix Web of Science, Scopus u PUHII oTo6paJiz 76 HCTOYHUKOB, COIEP>KaBIITUX
aKTyasIbHble TaHHbIe KINHUYECKUX 1 HayYHBIX NCC/IeJOBAaHU 110 TeMe TaHHOT0 0630pa, a TaK:Ke peKOMeH-
JaIMy 110 IepeIuBaHNI0 KPOBU.

Pe3yneraThl. PaccMOTpesi OCHOBHBIE 3TAIlbl 3aTOTOBKU U YCJIOBUSA XpaHeHUs (PUIBTPOBAHHBIX 9PUTPO-
I[MTOB; OIIMICAIN OMOXUMUYECKHE U CTPYKTYPHBIe N3MeHEeH!sI, KOTOPhIe IIPOMCXOIAT BO BpEMs ee XpaHeH!s;
NIpUBeJU KJINHUYECKHe TaHHble, Kacalollyecs I0CTTPAHC(Y3NOHHBIX 0CJI0KHEHNH; IPOaHaIu3UpOBaId
KJIMHUYEeCKUe IOCIeCTBUS U HapyLUIeHUsI MOJIEKYJISIPHON CTPYKTYPbl 9PUTPOLIUTOB B 3aBUCUMOCTHU OT
CpOKa UX XpaHEeHHU.

3akirouenue. Bo BpeMs AIUTEIbHOTO XpaHEHU s 3pUTPOLUTHI IOIBEPraloTCs 3HAYUTEJIbHBIM CTPYK-
TYPHBIM U MeTa00/IM4YeCKUM U3MeHeHUsAM. VIcro/Ib30BaHNe B KIIMHUKE OTHOCUTEIBHO «CTapbIX» IPUTPO-
IIUTOB YBEJTMYNBAET PHCK BOSHUKHOBEHHUS TOCTTPAHC(HY3NOHHBIX 0C/IOKHEHNH. OTHAKO OCTAETCS HEsICHO,
B Y€M COCTOSAT ITaTo(hU3NOJIOTHTIECKIE OTIMINS «MOJIOABIX» M «CTaphIX» 9PUTPOIUTOB. [IpoBeneHme 601b-
LINX KIMHAYECKUX U HAyYHBIX UCCIeJOBAHUN HAa MOJIEKY/IIPHOM YPOBHE B COBOKYIIHOCTU MOTYT HAaWTH OT-
BeThI HA 9TH BOIIPOCHI.

Kntoueevle crosa: xparenue IpumpoyumapHoli 636ecu; 2eMompanc@y3us; nocmmpanc@hy3uoHHbsle
OCOAHCHEHUS.

KOH(I)JII/IKT HHTEpPECOB. ABTOpLI 3asABJIAIOT 00 OTCYTCTBUU KOHqJJII/IKTa HHTEPECOB.

Summary

Red blood cells are the most required blood transfusion products worldwide. Safety and efficacy of blood
transfusion are still relevant issues. Clarification of the causes and mechanisms of post-transfusion complica-
tions requires additional research.

Aim of the review is to summarize the data of clinical and research studies on transfusion of red blood cell
suspension with various storage times.
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Reviews

Material. We selected 76 sources from Web of Science, Scopus, and RSCI databases containing pertinent
clinical and scientific research data, as well as blood transfusion guidelines.

Results. We reviewed the main stages of preparation and storage of filtered red blood cells, described bio-
chemical and structural alterations occurring during blood storage, summarized clinical data on post-trans-
fusion complications, and analyzed clinical consequences and molecular structure abnormalities of red blood

cells in relation to their storage time.

Conclusion. During long-term storage, red blood cells undergo significant structural and metabolic changes.
The clinical use of relatively «old» red blood cells increases the risk of post-transfusion complications. However,
the pathophysiological differences between «young» and «old» erythrocytes remain unclear. Large clinical and
molecular research studies may add to our understanding of the complex issues related to blood transfusion.

Keywords: storage of packed red blood cell; blood transfusion; post-transfusion complications
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BBenenue

Vske Ha mpoTsiKeHUn 6oJ1ee 200 JIeT MeTUITr-
Ha KPUTUYECKUX COCTOSIHUM HeMmbIcamMma 0e3
TpaHcdy3uu KpoBH. EskeroqHo MUIIUOHBI MaIlN-
€HTOB HY’KJIAIOTCsI B IlepeJIMBAaHUN KPOBU U ee
KOMIIOHEHTOB. O}IHI/IM 13 CaMbIX BOCTpe6OBaHHBIX
KOMIIOHEHTOB KPOBH /17151 Iepe/IMBAaHUA ABJIAIOTCA
9PUTPOIUTEI, OCYIIECTBJISIONINE JOCTABKY KUCJIO-
pona B Tkauu. Tpancdysuss 9puUTPOIUTOB HEOOXO-
JIMa TP MacCCUBHOU KPOBOTIOTEPE, TPAaBMaX, aHe-
MUY, OHKoTepamnuu, cerncuce [1-5]. OpHako,
TpaHcdy3noJIory Bee yallle CTaJIKUBAIOTCA C TeM
¢akToM, 4TO IEepeTUBAHUE IPUTPOIIUTOB MOKET
OKa3aThb Kak I10JIe3HOe BO3/[eliCTBIEe Ha OPTaHU3M
IIalfleHTa, Tak 1 HeraTuBHOE. IlornMaHME COOTHO-
IIIeHNs 03Bl M PUCKA reMOTpaHC(hy3UU IpuUT-
POLIUTOB SIBJISIETCSI BAYKHBIM BOIIPOCOM TpaHC(y-
3WOHHOU MeIUIUHBI.

IToMrMO UHIUBUAYATBHBIX PA3IUYNN MESKITY
JoHOpaMu, Ha 9P(PEeKTUBHOCTb U 0€30MACHOCTD
TiepeIMBaHus KPOBU BJIHsIET KAY€CTBO JINTETHLHO
XpaHAIIUXCA 9PUTPOUUTOB. IlepBoHAYATBHO
3¢ PeKTUBHOCTH TeEMOTpaHC(Y3UU OIlEeHNBAIACH
yBeJIMYeHHeM IIoKa3aTeJsisi reMaToKpuTa, a 6es-
OIIACHOCTH OMpeJesiiach TUITMPOBAHUEM IPUT-
ponutos [6]. CoBpeMeHHbIe pEKOMEHALNN YCTa-
HABJIMBAIOT, YTO B KOHIle IEpPUOJA XpaHEHUs
apuTpoIuTapHoi B3Becu (3B) ypoBeHb remMosinaa
He NoJiKeH Ipesblmarsb 0,8% U BBDKUBAEMOCTb
KJIETOK JIOJDKHA OBITH OoJibIlie 75% depes 24 gaca
IocJie nepeymuBanus 7, 8].

OpnHako BBINIOJIHEHUE BceX TpeboBaHUI 110
Iepe/IMBaHMIO He UCKJII0YaeT prcKa BOSHUKHOBE-
HUs Y TAIMEHTOB MOCTTPAHC()Y3UOHHBIX OCT0MK-
HeHU!. B TpaHC(y3mos0run 006CysKaAal0TCA Ipo-
0JIEMBI MCII0JIb30BAHUA «MOJIOTON» («freshy»; mo 21
IHSI XpaHeHUs1) U «cTapoi» («old»; 6osee 21 mHsA
xpaHeHus) IB. B kIuHUYeCcKol IpakTHUKe ITOKa3a-
HO, 4YTO IIPpU IepeJIMBAHUU 3PDUTPOIUTOB, XpPaHUB-
muxcsi 0oJiee Tpex HellesTb, TO €CTh «CTaPhIX» 9PUT-
POIIUTOB, TOCTTPAHC(PY3NOHHBIE OCJIOKHEHUS
BO3HHUKAIOT C OOJBIIIEH BEPOSTHOCTHIO [9-12].
Bompoc o ToMm, HackoJbKO 3 derTuBHA U 6e3-
oIacHa mpoIeaypa reMoTpanc@y3un Ipu rnepesm-

Introduction

For more than 200 years, blood transfusion has
been an essential part of critical care medicine. Every
year millions of patients require transfusions of blood
and its components. One of the most needed blood
components for transfusion are red blood cells (RBC),
which deliver oxygen to the tissues. Transfusion of ery-
throcytes is necessary in massive blood loss, trauma,
anemia, cancer therapy, sepsis [1-5]. However, trans-
fusion medicine specialists commonly come up
against the fact that red blood cell transfusion can
have both beneficial and adverse effects. Understand-
ing the benefit-risk ratio of erythrocyte transfusion is
an important challenge of transfusion medicine.

In addition to individual differences between
donors, the efficiency and safety of blood transfu-
sions are influenced by the quality of long-stored
red blood cells. Originally, the efficacy of blood
transfusion was assessed by an increase in hemat-
ocrit, and safety was determined by erythrocyte
typing [6]. According to the current guidelines, the
hemolysis rate should not exceed 0.8% at the end
of the erythrocyte suspension (ES) storage period,
and the cell survival rate should be more than 75%
24 hours after transfusion [7, 8].

However, meeting all transfusion require-
ments does not eliminate the risk of post-transfu-
sion complications. In transfusion medicine, the
issue of using «fresh» (up to 21 days of storage) and
«old» (more than 21 days of storage) RBC suspen-
sion has been debated. In clinical practice, post-
transfusion complications were shown to be more
likely in transfusions of red blood cells stored for
more than three weeks (i. e., «old» ones) [9-12]. Effi-
cacy and safety of blood transfusion with RBC sus-
pension of specific shelf life are still unclear.

The aim is to summarize the clinical and re-
search data on efficacy of transfusion of RBC sus-
pension with various storage times.

Preparation and Storage
of Filtered Red Blood Cells

Guidelines on blood preparation and transfu-

sion have been evolving for years. According to cur-
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BaHUU JB olpeeIeHHBIX CPOKOB XpaHEHUsI OCTa-
€TCsI OTKPBITHIM.

[Testb paboOTBI — 0OOOITUTE TaHHBIE KIUHU-
YeCKHUX U Hay4YHBIX HCCJIeloBaHUH 110 a(ppeKTuB-
HOCTY TeMOTPAHC(PY3UN 9PUTPOIUTAPHON B3BECH
Pa3IMYHBIX CPOKOB XpaHEHUS.

3aroroBka 1 XxpaHeHHue
(puIBTPOBAaHHBIX 3PUTPOIIMTOB

PexoMeHiau 1o 3aroTroBKe U TpaHChy3uu
KpoBU (hOPMUPOBAIUCE rofaMu. COIIaCHO COBpe-
MEHHBIM IIPOTOKOJIAM, 9PATPOLIUTHI 1A IIepesiiBa-
HUSA [10JIy4aloT ITyTeM LIeHTPU(pYTrupoBaHUSA LIeJIb-
HOH KPOBH C ITOCJIEYIOIINM yaJleHUEM [1JIa3Mbl U
JIETKOTPOMOOITUTAPHOTO CJI0s1 [5, 8]. COOp 1 XpaHe-
HHE 3PUTPOLUTOB OCYLIECTBJIACTCA B CTEPUJIbHBIX
repMeTUYHO YIIaKOBAHHBIX KOHTEHHEpax C aHTU-
koarysssHToM. Ilociie pasnesieHus 1ebHOM KPOBU
Ha KOMIIOHEHTHI JT00aBJ/ISIOTCS B3BEIIUBAIOIINE
pacTBOpEI, 06ecrievyrBaloIye MOAIePKAHIE SKU3-
HECIIOCOOHOCTH 3PUTPOIIUTOB B YCIOBUSX, OTIIH-
YAIOMIMXCSA OT (PU3NOJIOTUUECKUX.

[Ipomo/mKUTEeIbHOCTD XpaHEeHNUA 3pUTPOLU-
TapHOU B3BECU 3aBHUCUT OT THUIIA UCIIOJIb3YEMOIO
AHTHKOATYJISHTA U [0O6aBOYHOTO pacTBopa [5]. B
1917 rony BriepBbI€e YIAJIOCh COXPAHUTD JOHOPCKUE
3PUTPOILUTHI CPOKOM [0 IISATU JAHEU, UCI0JIb3Ys
pacTBop uuTpara 1 iroko3sl [13]. ITo3ke B Havaste
40-X TOJIOB TIPOIIIJIOTO BeKa ObLJI pa3paboTaH nep-
BBII 3(p(PeKTUBHBIN AHTUKOATYJISIHT-KOHCEPBAHT
ACD, B cocTaB KOTOPOI'O BXOJWUJ/IX JIMMOHHAsA KUC-
JIOTa, ITATPAT HATPUS U JekcTpoaa [14]. Takoi pac-
TBOP IIO3BOJIAJI COXPAHATb JPUTPOLUTHI AJIA
TpaHCc(y3uu A0 Tpex Hedesb. B mocienyooiiue
rofbl pa3pabaThIBaINCh U MPUMEHSJINCH HOBBIE
pacTBOpPBI, KOTOPbIE I03BOJIUJINA YBEJIUMIUTH CPOK
XpaHeHUs 10 IIATU HeseJib [15, 16]. Mcrioab3oBanue
pactBopa CPD (mutpart, pocdar, gekcrposa) qamno
BO3MOSKHOCTb XPaHUTh 9PUTPOLUTEI B Te4eHUe 28
IHew, a ucroJsibdoBanue CPDA-1 (rutpar, docdar,
JIEKCTPO3a, aJIEHNH) — B TeueHue 35 THel.

B coBpeMeHHBIX IEHTPax 3aroOTOBKU KPOBU
HCTIO0Jb3yeMble J0OABOYHBIE PACTBOPHI COCTOST
13 pa3/IMIHbIX KOMOMHAINN (DU3UOJTOTTIECKOTO
pacTBopa XJI0pua HaTpUs, aJfeHnHa, INIIOKO3bI,
IekcTpo3bl, pocdara u manuuTa [5]. Haubosee
IMIAPOKO TTPUMEHSEMBIM 100aBOYHBIM PaCTBO-
poM saBJigeTcsa SAGM, B cocTaB KOTOPOTO BXOAAT
¢pu3mo0ornYecKuil pacTBOp XJopujaa HaTpus,
aleHuH, [VIIOK03a U MAaHHUTOJI. TaKk apATPOLUATHI
B pacTtBope SAGM MOTryT XpaHUThCA A0 42 qHel
npu temneparype or +2 no +6°C [5, 8]. IlpomoJ-
sKaeTcs pa3pabOoTKa HOBBIX PACTBOPOB, OTHUM U3
koTophIx sABJsAeTcad PAGGSM. B ero cocras Bxo-
JIAT (pU3NOJIOTUUECKUN PAacTBOP XJI0pHUJa HAT-
pus, ajeHuH, [JIIOK03a, TYyaHO3WH U MaHHUTOJI,
IMO3BOJIAIOIIAE COXPAaHUTh IPUTPOLUTHI 10 49
nHel. OTMeuaeTcs, YTO XpaHeHUEe B TAKOM pac-

rent protocols, RBCs for transfusion are obtained
by centrifugation of whole blood, followed by re-
moval of plasma and the layer of leucocytes and
thrombocytes [5, 8]. Erythrocytes are collected and
stored in sterile tightly closed containers with
added anticoagulant. After separating whole blood
into components, additive solutions are added to
ensure the RBC viability under conditions different
from physiological ones.

The storage time of the red blood cell suspen-
sion depends on the type of anticoagulant and ad-
ditive solution used [5]. In 1917, the first successful
attempt to preserve donor red blood cells for up to
five days using a solution of citrate and glucose was
made [13]. Later, in the early 1940s the first effective
anticoagulant preservative ACD was developed,
which included citric acid, sodium citrate and dex-
trose [14]. Such solution allowed preserving red
blood cells intended for transfusion for up to three
weeks. In subsequent years, new solutions were de-
veloped and used, which extended the storage pe-
riod up to five weeks [15, 16]. The use of CPD solu-
tion (citrate, phosphate, dextrose) allowed to store
red blood cells for 28 days, and the use of CPDA-1
(citrate, phosphate, dextrose, adenine) for 35 days.

In contemporary blood collection centers, the
additive solutions include various combinations of
normal saline solution, adenine, glucose, dextrose,
phosphate, and mannitol [5]. The most commonly
used additive solution is SAGM composed of nor-
mal saline solution, adenine, glucose, and manni-
tol. Thus, red blood cells in SAGM solution can be
stored for up to 42 days at a temperature from +2 to
+6°C [5, 8]. One of the novel solutions is PAGGSM
containing normal saline solution, adenine, glu-
cose, guanosine, and mannitol, which allows to
save red blood cells for up to 49 days. Storing in this
solution has been found to improve the metabolic
performance of RBCs [16, 17].

Abnormal Changes
in Red Blood Cells During Storage

As RBCs are stored in an airtight container,
they inevitably undergo abnormal changes at the
molecular level. Rapid development of oxidative re-
actions and changes in cell metabolism are the
main factors of erythrocyte dysfunction. Significant
biochemical and biophysical alterations occurring
during storage lead to damage of erythrocyte mem-
branes [18]. This, in turn, significantly affects the
viability of stored red blood cells.

The energy supply of all processes in RBCs is
known to occur as a result of anaerobic glycolysis
with production of adenosine triphosphate (ATP)
and 2,3-diphosphoglycerate (2,3-DPG) [19]. ATP is
a powerful source of energy for many processes in
erythrocytes, it actively supports the functioning of
Na*/K*-ATPase, which maintains the RBC mem-
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TBOpE yJIyd4IllaeT MeTaboInvYecKre TT0Ka3aTe n
apuTponuTos [16, 17].

ITaTosiornueckue H3aMeHEeHHU ST
B 3PUTPOIMTAX BO BpeMsA XpaHeHUs

ITo mepe xpaHeHUsI B repMETUYHOM KOHTEH-
Hepe J9PUTPONUTHI HEeN30EeKHO INOJBEPTaOTCsA
[IaTOJIOTUYECKUM U3MEHEHUAM Ha MOJICKYJIIDHOM
ypoBHe. CTpeMUTeJIbHOE pa3BUTHE OKUCJIUTEIb-
HBIX PEaKINI 1 N3MeHeHVe MeTaboJIn3Ma KJIETOK
SIBJISIIOTCSI OCHOBHBIMM (paKTOpaM HapylLIeHUs
(PYHKIIMOHAIBHOM COCTABJISIONIEN 9PUTPOIUTOB.
[Tpoucxopsiye Tpy 9TOM 3HAYUTETbHbIE OMOXH-
MUYeCcKHe U Onou3nyecKkre n3MeHeHre TPUBO-
IIAT K TTIOBPEKIEHUI0 MeMOPaH 9PUTPOIUTOB [18].
JTO, B CBOIO 04Yepelb, CylleCTBEHHO BJIMsAET Ha
SKM3HECIIOCOOHOCTH XPaHSAIUXCS 9PUTPOIIUTOB.

M3BeCTHO, YTO IHEpreTHYEeCKOe o0ecrieyeHne
BCeX IIPOLECCOB B 3PUTPOLUTAX NPOUCXONUT B
pesyJsibrare aHadpoOHOTO WIMKou3a. [Ipu arom
obpasyworcs aneHosuHTpudochar (ATD), 2,3-
nugocdornurnepar (2,3-APT) [19]. ATD saBasercs
MOIIIHBIM UCTOYHUKOM 9HEPIUHU JJI1 MHOTUX IPO-
[IECCOB B 9PUTPOLUTAX, aKTUBHO IO EePKUBAECT
¢ynkumnonuposanue Nat/K*-ATd-a3pl, koTopas
To/IIepKIBaeT MeMOpPaHHBIHN ITOTEHITNAJ IPUTPO-
OUTOB. B pesysbrare IMKOJINW3a 3PUTPOLUTOB
obpasyercs 2,3-mudochormuiepar, peryaupyo-
IITAH CPOACTBO reMOTIO0MHA K Kucopony [19].

Insa  mondepskaHus  SKU3HECIIOCOOHOCTHU
9PUTPOLUTOB B YCJIOBUAX IJIATEJIbHOIO XPAHECHUA
B PacTBOP reMOKOHCEPBaHTA 100aBJISIIOT ITTIOKO3Y.
B HOpMe KOHIIeHTpalysA JIIOKO3bI He NIPeBhIIIaeT
100 mr/mJ1, 0fHAKO BO B3BEIIMBAIOIINX PACTBOPAX
ee KOHIIEHTpanws cocraBjaseTr Oosee 500
mr/ 11 [20]. C OmHOM CTOPOHBI, INTIOK03a HEOOXOT! -
Ma Jij14 ITOiie pyKaHu A ININKOJIN 34, 4, CJIeJ0BaTeIIb-
HO, JJIs1 BBIPAOOTKH JOCTATOYHOTO KOJIMYECTBA
AT® u 2,3-JIPI’ BO BpeMs XpaHEHU I 3PUTPOLIUTOB.
Ho, ¢ npyroii cTopoHsbl, B Ipoliecce XpaHeHUsI B
pacTBope TI'€MOKOHCEpBaHTa HaKallJIMBAETCA
MoJiouHasi kucsaora. OO 9TOM CBUETEJIHCTBYET
yBeJIMYEeHNE YPOBHA JlakTara 10 20 MM K KOHIY
cpoka xpaHeHus [20, 21] u cHuskenus pH (MeHblie
6,5). B mepByo HepeJro XxpaHeHus1 OB KoHLleHTpa-
ums 2,3-gudocdornuiepara CHUKaeTcsi oT 4 MM
1o 0,5 MM, a ko BTOpoil Hefesie — 10 HyA [21]. B
TO ’Ke BpeMs KOHUeHTpanusa AT® ocraerca Ha
ypoBHe 5,5 MKM0oJIb/THD B TeueHUe epBbIX TPeX
HeJlleJIb XpaHeHus [16, 22].

CHmwxenue ypoBHs AT® (1o 2 mkmoJib/THD)
K L1IeCTOH Hezesie XxpaHeHus1 IB MoskeT KOCHYThCs
BCeX MeTab0JIMIECKUX MTPOIECCOB, B TOM YHCJIE
IIOHU3UTh aHTUOKCUIAHTHYIO 3allIUTy 9PUTPOLI-
TOB W HAPYIIHUTH [IeJIOCTHOCTH MeMOpaH [16, 22].
CHmKeHMe KOHIleHTpauuu 2,3-1udochomuiepa-
Ta MOSKET YMEHBIIUTh 3((PEeKTUBHOCTb Tra3o-
TPAHCHOPTHOU (PyHKLIUHU SPUTPOLUTOB [18, 23].

brane potential. As a result of erythrocyte glycolysis,
2,3-diphosphoglycerate is produced, which regu-
lates hemoglobin affinity to oxygen [19].

Glucose is added to the blood preservation so-
lution to maintain the viability of erythrocytes under
long-term storage conditions. Normally, the concen-
tration of glucose does not exceed 100 mg/dL, butin
suspending solutions it exceeds 500 mg/dL [20]. On
the one hand, glucose is necessary to maintain gly-
colysis and, therefore, to produce a sufficient
amount of ATP and 2,3-DPH during erythrocyte
storage. But, on the other hand, lactic acid accu-
mulates in the blood preservation solution during
storage. This is indicated by an increase in lactate
level up to 20 mM by the end of storage [20, 21] and
adecrease in pH (less than 6.5). The concentration
of 2,3-diphosphoglycerate decreases from 4 mM to
0.5 mM during the first week of the RBC suspen-
sion storage, and to zero by the second week [21].
At the same time, ATP concentration remains at
the level of 5.5 nymol/g Hb during the first three
weeks of storage [16, 22].

A decrease in ATP level (down to 2 ymol/g Hb)
by the sixth week of RBC suspension storage can af-
fect all metabolic processes, i.e. reduce the antiox-
idant protection of erythrocytes and compromise
membrane integrity [16, 22]. A decrease in 2,3-
diphosphoglycerate concentration can reduce the
efficiency of erythrocyte gas-transport function [18,
23]. In transfusion, 2,3-DPH levels in transfused
erythrocytes return to 50% of normal after 7 hours
and to almost 95% after 72 hours. ATP levels also re-
cover reversibly to normal levels within three days
after transfusion [23, 24].

Low temperature storage of RBCs and reduced
metabolic processes in cells impair the functioning
of the Na*-K* pump. Normally, the extracellular
concentration of potassium is 3.8-5.4 mM, while
that of sodium is 132-150 mM [19, 23]. During stor-
age, the concentration of extracellular potassium
increases 5-fold, and the one of sodium decreases
by 10 mM [25]. Increased potassium in the blood
preservation solution may cause hyperkalemia
after a massive blood transfusion [26].

Activation of oxidation, particularly that of iron
in hemoglobin, is another pathological effect.
Under normal conditions, iron in the hemoglobin
molecule exists in the Fe?* form. During oxidation,
Fe?* converts into Fe®*, and methemoglobin is
formed, which is unable to carry oxygen [27]. Glu-
tathione peroxidase protects erythrocytes from ox-
idative damage, with the reduction of methemoglo-
bin into oxyhemoglobin. NADPH+H* supplies H* to
regenerate reduced glutathione from glutathione
disulfide via glutathione reductase [19]. However, in
prolonged storage there is depletion of NADH and,
consequently, decreased production of reduced glu-
tathione [23]. This leads to increased formation of
methemoglobin and superoxide anion. Methemo-
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[Tpu Tpancdysuu yposeHs 2,3-/1PI" B nepeauTbix
apuTpoumTax Bo3Bpaiaerca K 50% OT HOPMBI
Jepes 7 4acoB U Mo4uTHU K 95% 4depes 72 daca. Ypo-
BeHb AT® Takske B TeueHHe TPeX IHeN rocJie rnepe-
JIMBaHUsI 00PAaTUMO BOCCTAHABJIUBAETCS IO HOP-
MaJIbBHOTO 3HadyeHud (23, 24].

I'mnorepMuyeckoe XxpaHeHNe 3PUTPOIIUTOB, a
TaKKe CHIDKEHHE MeTaboJIMIeCKUX IIPOIEeCCOB B
KJIeTKaxX HapyulaeT (pyHKIIMOHUPOBAHNE HATPUIi-
KaJIMeBOro Hacoca. B HopMe KOHIIeHTpanys BHe-
KJIETOYHOI'O KaJjusd cocrasJaser 3,8-5,4 MM, a HaT-
pusa 132-150 MM [19, 23]. Bo BpeMsa XpaHeHUA
KOHIIEHTPAlKA BHEKJIETOYHOI'O KaJIus BO3pacTaeT
B 5 pas, a KOHIIeHTpallusl HaTPpUs YMEHbIIIAaeTCs Ha
10 MM [25]. VBesin4yeHue KaJluAa B pacTBOpe reMo-
KOHCEpPBAHTA MOKET OBITh MPUYMHOUN THIIepKa-
JINEMUU TI0CJIE MAaCCUBHOU reMoTpaHcdysuu [26].

JpyruM narosorudeckuM s((HeKToM sIBJISET-
Cs1 aKTUBAIIUS OKUCJINTEJIBHBIX IIPOIIECCOB, B 4aCT-
HOCTH, OKHCJIEHHE $KeJsie3a B reMoryioonHe. B HOp-
MaJbHBIX YCJIOBUAX JKeJIe30 B  MOJIEKYJIe
reMomioOmHa HaxoguTcsi B popme Fe*. B mporiecce
okucseHus Fe*" tpancgopmupyercs B popmy Fe¥,
IIPY 9TOM 00pa3yeTcsi METTeMOIIIOONH, KOTOPBIH He
croco0eH MepeHoCHThb KUCI0po, [27]. DnyTraTroHtie-
pOKCHAa3a 3alUINaeT 3PUTPOLUTBEI OT OKUC/IU-
TeJIbHOTO MOBPEKIIEHUsI, IPA 3TOM HPOUCXOIUT
BOCCTAHOBJIEHIE METTEMOTVIOOMHA B OKCUTEMOTJIO-
ouH. HAII®H+H* mocTtasssier H* 1711 pereHepariu
BOCCTAHOBJIEHHOTO IJIyTaTMOHA M3 IJIyTaTUOH-
JUCYJIb(UIA C TOMOIIBIO Iy TaTUOHPETyKTa3blI [19].
Ho B yCJ1I0BUAX VIMTESTBHOTO XPAHEHM ST IIPOUCXOIUT
ucroinenne HAJIH, a, ciemoBaresibHO, CHUKAETCSA
BBIPabOTKAa BOCCTAHOBJIEHHOTO WIIyTaTHoHa [23]. 3T0
MIPUBOJIUT K YBEJIMYEHNI0 00pa30BaHUsI METTEMOT-
JIOOWHA ¥ CYTIepOKCH-aHNOHA. 13BECTHO, 4TO MeT-
reMOrJIo0MH HeCcTabWJIeH U IeHaTypUpyeT B TVIOOMH
¥ reMUH (OKHCJIEeHHBIN reM) [28, 29].

HeMmaJstoBayKHBIM AABJIIETCA TO, YTO B IIPOIIEC-
ce OKUCJIeHUsI KUCJIOPOI, TOKUJAIOIINN MOJIEKYITY
reMor7I00mHa, HeceT ¢ c000# aJeKTPOH, 00pasys
aKTUBHBIE (hOPMBI KMCJIOPOJIa U OTIACHBIE THUIPO-
KCUJbHBIE paJUKaIbl, KOTOpPbIE CIOCOOHBI
BBI3BATh TNEPEKNWCHOE OKHCJIeHWe JIMNUIAO0B U
TOBpesKIeHre 6eTKOB MEMOPaHbI 3pUTPOIIHTA [27,
30]. B HOpMe CKOpOCTh OKUCJ/ICeHU S HU3KasA, U cpa-
barbIiBaeT cOOCTBEHHAsI aHTUOKCUIAHTHAsI CHCTe-
Ma 3pPUTPOLIMTOB, 3aluinarmonasa Kierku [30].
OnHaKo BO BpeMs XpaHEHUsI B TepMEeTUYHOM KOH-
TeiiHepe 3alIUTHbIE MEXaHU3MbI HAPYIIAIOTCS. ITO
MIPUBOJUT K YBJIEYEHUIO CHOHTAHHOTO OKUCJIEHU S
MOJIEKYJIBI TeEMOTVIOOMHA 10 METTeMOIIO0WHA, a
TaK’Ke YBEJIMYCHUIO CKOPOCTHU peaKIun OKUCJIe-
HUS BO BpeMsA XpaHeHU .

MexaHWYeCKHE CBOMCTBA MeMOpaH M HUX
CTPYKTypHasl OpraHusaiusi onpenesisiioT QyHK-
[IMOHAJILHOE COCTOSTHHE KJIETOK. MeTabonueckue
N3MEHEHUA 1 Pa3BUTUE OKNC/IUTEJIbHBIX ITPOIIEeC-
COB B YCJIOBUSX JIJINTEJBHOTO XPAaHEHU 9PUTPO-

globin is known to be unstable and denature into
globin and hemin (oxidized heme) [28, 29].

Importantly, during oxidation, oxygen leaving
the hemoglobin molecule carries an electron, form-
ing reactive oxygen species and dangerous hydroxyl
radicals, which can cause lipid peroxidation and
damage to the red blood cell membrane pro-
teins [27, 30]. Normally, the oxidation rate is low,
and the erythrocytes' own antioxidant system,
which protects the cells, is triggered [30]. However,
during storage in an airtight container, the protec-
tive mechanisms are disrupted. This leads to the in-
creased spontaneous oxidation of the hemoglobin
molecule to methemoglobin, as well as an acceler-
ated oxidation rate during storage.

Mechanical properties of membranes and
their structural organization determine the func-
tional state of cells. Metabolic changes and oxidative
processes during prolonged storage of erythrocytes
in an airtight container at 4+2°C have a damaging
effect on erythrocyte membranes [16, 23].

The RBC membrane is a complex structure
based on a lipid bilayer, peripheral and integral
proteins, and carbohydrates. Lipids play an impor-
tant role in ensuring the integrity of erythrocyte
membranes and their selective permeability to var-
ious particles and ions. One of the important com-
ponents of the lipid bilayer is phosphatidylserine,
which appears on the external side of the mem-
brane during erythrocyte aging [23]. Phos-
phatidylserine on the cell surface represents a bio-
marker of cell aging that triggers dying cell
clearance by macrophages [31, 32]. A large part of
the RBC membrane surface consists of proteins,
which play a key role in various cellular processes.
Spectrin and actin proteins form the basis of the
inner layer of the membrane, the membrane cy-
toskeleton. Spectrin binds to actin microfilaments
and lipids of the inner membrane surface to form
the erythrocyte skeleton, the spectrin matrix. The
spectrin matrix is a pseudohexagonal network
formed by two «- and fS-helices linked into
tetramers [33]. Binding of the spectrin cytoskeleton
to the membrane is mediated by ankyrin and pro-
tein 4.1R via band 3 protein [33, 34]. The spectrin
matrix is important for the mobility of proteins and
the integrity of RBC membranes.

Lipid peroxidation processes could underlie
the reorganization of protein structures, pore forma-
tion in the lipid bilayer, increased concentration of
malondialdehyde, and increased vesiculation during
storage [23, 24, 35]. The spectrin matrix is also sus-
ceptible to the damaging effect of radicals. As a re-
sult, the spectrin-actin-4.1R complex and the bond
between the spectrin and the band 3 protein can be
disrupted. The weakened bond between the lipid bi-
layer and the spectrin matrix reduces the stability of
the membrane cytoskeleton, alters the shape of cells
and the nanostructure of their membranes [34, 36].

GENERAL REANIMATOLOGY, 2021, 17; 1

www.reanimatology.com



74

https://doi.org/10.15360/1813-9779-2021-1-69-82

Reviews

IIMTOB B TepPMETUYHOM KOHTEWHEpPe TP TeMIlepa-
Type 4+2°C oKa3bIBAIOT ITOBPEsKIAOIIEE eICTBIE
Ha MeMOpaHbI 9PUTPOIUTOB [16, 23].

MeMOpaHa apuTpOIUTA ITPECTaBIIsIET COOOH
CJIOYKHYIO CTPYKTYPY, OCHOBY KOTOPOU COCTaBJISIIOT
JIMTIATHBIN OMCJION, TTepudepuvyecKre U MHTET-
panbHBIE OETKW U yIIeBOABI. JIMMHUALI UrPaloT
Ba)KHYIO POJIb B 00€CIIeYeHNH IIOCTOSTHCTBA CTPYK-
TYpbI MeMOpaH 9pUTPONHUTOB, & TAKKE B M30Mpa-
TeJbHOU IMIPOHUIIAEMOCTH IJIA PA3JIMYHBIX YaCTHI]
1 MOHOB. OI[HI/IM N3 BAKHBIX KOMITIOHEHTOB JINIIN I -
HOT0 6UCJTIOs SABJIsieTCs (hochaTuaNIICEPUH, KOTO-
PBI TIPY CTapEeHUN 9PUTPOIUTOB MOSABJISIETCS Ha
Hapy»KHOU CTOpOHEe MeMOpaHbI [23]. ITO MOKET
SIBJIATHCA WHAMKATOPOM CTapeHWs W yHoaJIeHUs
KJIeTKU Makpodaramu [31, 32]. BoJsbliyio 4acTs
TTOBEPXHOCTH MeMOpaHbI IPUTPOIUTOB COCTAB-
JISTIOT O€JIKY, UTPAIoIIye KII0YEeBYIO POJIb BO MHO-
TUX IIpoIlecca sKU3HeIesITeIbHOCTH K1eTKU. OCHO-
By BHYTPEHHEro Ccjos MeMOpaHBI, Tak
Ha3bIBaeMbIll MEMOPAHHBIHN ITUTOCKEJIET, COCTAB-
JISTIOT O€JTKY CTIeKTprHA ¥ akTrHA. CIIEKTPYH, CBSI-
3bIBasICh C MUKpPO(IIaMeHTaMy aKTHUHA U JINTTH-
JaMl BHYTPEHHEH IIOBEPXHOCTH MeMOpaHHI,
(popmUpyeT CKesIeT IpUTPOIIUTA — CHEKTPHUHOBBIN
Marpukc. CIIeKTPUHOBBIN MAaTPUKC ITPEICTABISAET
c0o060# TICEeBIOTeKCOTOHATBHYIO CETh, KOTOPYIO
00pasyIoT IBe ¢ U f CIUpaJIi, CBSI3aHHbBIE B TETPA-
Mepsl [33]. CBA3bIBaHNE CTEKTPUHOBOTO IIATOCKE-
JieTa c MeMOpaHOM OCYIIIECTBJISIETCS C IIOMOIIBIO
aHkvpuHa 1 6esika 4.1R gyepes 6es10k mostock! 3 [33,
34]. CocTossHME CIEKTPUHOBOI'O MAaTPUKCA UTPAET
Ba)KHYIO POJIb B TOJIBMYKHOCTH O€JIKOB U I€JIOCT-
HOCTH CTPYKTYpPbI MEMOpaH 3PUTPOIIUTOB.

ITporecchl TEPEKUCHOTO OKHMCTIEHUS JINIIHU-
AOB MOT'yT OBITH OCHOBHBIM MEXaHU3MOM peopra-
HU3aI1 OEJTKOBBIX CTPYKTYP, 00pa30BaHMA MOP B
JIUITUIHOM 6I/IC.J'IO€, IMMOBBIIIEHWA KOHIEHTPAIun
MaJIOHOBOTI'O JUAIbJer1/1a, yBeJInUeHHs IIpoliecca
BE3UKVJIAIMM BO BpeMs xpaHeHus [23, 24, 35].
CHeKTpMHOBBIM MAaTPUKC TakK)Ke IOJBEepsKeH
MIOBpEKIA0IIEMY BO3JEHCTBUIO paJuKajaoB. B
pes3yJsTaTe MOKeT IIPOM30UTH HapyIIeHne KOM-
IIJIEKCa CIeKTPUH — aKTUH — 4.1R ¥ cBA3U Mex Iy
CIIEKTPUHOM ¥ 0OesikoM moJiockl 3. Ocnabienne
CBA3U MEX Y JIUITUTHBIM ouca0eM 1 CIIEKTPHUHO-
BBIM MaTPUKCOM BJIASIET HA YMEHBIIEHNE CTaONTh-
HOCTA MeMOpaHHOTO IIUTOCKEJeTa, W3MeHEeHHe
(popMBI KIIETOK ¥ HAHOCTPYKTYPHI NX MeMOpaH [34,
36]. Kpome Toro, BcaencTBrE AeHAaTypalluy reMo-
IOOMHA MO>KET IMTPOU30UTH KJIaCTepU3aIus 0eJ-
KOB MOJIOCHI 3. PaKTUUECKH, KIacTePhl OETKOB
MIOJIOCHI 3 TIOSIBJISIIOTCA HAa MeMOpaHe BO Bpems
CTapeHus Kak In vivo, TaK U in Vilro n sIBJASIOTCA
CUTHAJIOM [JIA «yIaJI€eHUSA» KJIETKU IIOCPEICTBOM
nputoka IgG Ha kitetku [38-40]. CiioskHBIE HEOOpa-
TUMBbIE M€M6paHHI)Ie U3MEHEHUA IIPUBOIAT K
TpaHcopManuu JUCKOIIUTOB B TIJIOXO e opmu-
pyemble chepPOaXUHOIUTHI C TOBBIIIIEHHON aJIre3u-

In addition, the denaturation of hemoglobin results
in clustering of band 3 proteins. In fact, clusters of
band 3 proteins appear on the membrane during
aging both in vivo and in vitro and can trigger cell
«elimination» through influx of IgG on cells [38-40].
Complex irreversible membrane changes lead to the
transformation of normally shaped RBCs into poorly
deformable spherocytes and burr cells with in-
creased adhesion to the endothelium [41] and sus-
ceptibility to phagocytosis [42].

Clinical Research

In clinical practice, blood transfusion is
performed to restore the gas-transport function
of red blood cells. Storage time and quality of
the donor RBC suspension can significantly af-
fect the frequency of post-transfusion complica-
tions. It is clear that «young» RBCs function bet-
ter than «old» RBCs, since the storage is
associated with severe damage to red blood cells
due to oxidative processes.

Various animal models (e.g., mice, guinea
pigs, dogs, sheep) have been used to study the mo-
lecular disorders of red blood cells and the causes
of complications in relation to storage
times [42-49]. Studies in rats have shown that trans-
fusion of red blood cells stored for more than 21
days («old») impaired tissue oxygenation, while
transfusion of RBCs stored for only 3 days increased
oxygen delivery to tissues [46, 47]. In a study of
stored murine erythrocytes, a decrease in the pro-
portion of surviving cells depending on storage
time was found [48]. Thus, the mean 24-hour sur-
vival rates of transfused erythrocytes were 99%,
91%, 64%, 54%, 30%, and 18% after 0, 7, 14, 21, 28,
and 35 days of storage, respectively. Dong Wang et
al. demonstrated that transfusion of «old» RBCs to
dogs increased lung damage and mortality [49].
The authors suggest that this was due to increased
hemolysis in vivo and elevated free hemoglobin
levels. Nevertheless, observations on animal mod-
els provide more insight into abnormalities devel-
oping during storage of erythrocytes but cannot be
fully extrapolated to humans.

Diverse complications and reactions after
blood transfusion of «old» RBCs have been reported
in clinical studies. The first thing that can be af-
fected by the transfusion of «old» RBCs is tissue
oxygenation. In a study of blood transfusion of
RBCs stored for more than 15 days, Marik et al. ob-
served a reduction in gastric pH in 23 patients with
sepsis [50]. The authors suggested that transfusion
of «old» RBCs with reduced deformability can cause
severe adverse consequences associated with mi-
crocirculatory disorders and subsequent tissue is-
chemia. A study by Kiraly et al. showed that patients
transfused with RBCs stored for more than 21 days

had reduced tissue oxygenation [51].
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el K 9H/10Te IO [41] ¥ TOBBIIIIEHHON BOCHPUUMYH-
BOCTBIO K (paroruram [42].

KanHuueckue HCCJIEIOBaAHUA

B kIMHMYECKOH NTpaKTHKe reMOoTpaHcdy3us
MIPOBOJIUTCSI C I1€JIbI0 BOCCTAHOBJIEHU I FA30TPAHC-
NOPTHOH (PyHKIMU spuTpouuTOB. [Ipy aTom cie-
JIyeT OTMETUTh, YTO CPOK XpPaHEHUA U Ka4eCTBO
JIOHOPCKOM 9PUTPOIUTAPHON B3BECU OKA3bIBAIOT
CyLIeCTBEHHOE BJIMHUE HAa BO3HUKHOBEHUE
noCcTTpaHCc(y3UOHHBIX OCJ0KHeHUU. [IoHATHO,
YTO «MOJIOJIbIe» 9PUTPOIUTHI MOTYT (DYHKIIMOHU-
poBaTh JIydille, YeM «CTapble» IPUTPOIUTHI,
IIOCKOJIBKY IIPOLIECC XPaHEHUsI CBSAA3aH CO Cepbea-
HBIMU HapyILIEHUAMHU 9PUTPOLUTOB U3-3a OKUACIIU-
TeJIbHBIX ITPOIECCOB.

OpgHUM U3 METONOB U3Y4YCHUSA MOJICKYJIAP-
HBIX HapyIIeHUH 9pUTPOIUTOB U IPUYUH BO3HUK-
HOBEHUS OCJI0YKHEHUU B 3aBUCUMOCTH OT CPOKOB
XpaHEHUus SABJAITCA pa3JUYHbIE MOJEJU Ha
SKUBOTHBIX (HalIpUMeDP, MBIIIIHA, MOPCKHE CBUHKY,
cobaku, oBITbI) [42-49]. MccemoBaHus Ha KPbIcax
MMOKa3aJi, uYTo IepejIMBaHue 9PUTPOIIUTOB, Xpa-
HUBIIUXCA OoJsiee 21 MHs («CTapbIX»), YXyIIIAeT
OKCHUTeHAIMI0 TKaHel, ToTrJa Kak IeperuBaHue
9PUTPOLMUTOB, XPAaHUBIIMUXCA TOJBKO 3 IHA, yBe-
JIAYUBAJIO JOCTABKY KUCJI0pPOJa B TKaHU [46, 47].
[Ipn wccaeqoOBaHUU XPAHUBIIUXCSA MBIITAHBIX
9PUTPOIUTOB OBLIO YCTAHOBJIEHO CHIKEHNE JIOJTH
BBDKUBIIIHUX KJIETOK B 3aBUCUMOCTHU OT BpEMEHU
xpaHeHud [48]. Tak, cpenHada 24-4yacoBasi BBIYKU-
BAEMOCTb ITePeJIUTHIX 3PUTPOIIUTOB coCcTaBrIa 99,
91, 64, 54,30 1 18% nocse 0, 7, 14, 21, 28 u 35 nHel
XpaHeHus, COOTBeTcTBeHHO. Dong Wang 1 coasT.
MIPOJIEMOHCTPUPOBAJIH, UTO IepeTUBaHIEe Oojee
CTapbIX IJPUTPOIUTOB cobakaM YBEJTUYHUJIIO
IIOBPEKACHUE JIETKUX U JIETAJIbHOCTD [49]. ABTOPBI
MIPEJIIIOJIAraloT, YTO 3TO OBLJIO CBSA3aHO C yBeIude-
HMe reMOJIv3a i1 Vivo U yBeJIMYEeHUEeM YPOBHSA CBO-
6oxgHOro remoryioouna. Tem He MeHee, HaOJIIOIE-
HM Ha KABOTHBIX MOJIEJISIX He MOT'YyT IIOJTHOCTBIO
OBITH 9KCTPATIOTMPOBAHBI HA Y€JIOBEKA U CJTy>KaT
JIJIs1 yCTAHOBJIEHNUSI HOBBIX 3HAHWH O IMaToJioruye-
CKHUX MOpolleccax, BOSHUKAWIINX ITPU XpaHEHUHU
3PUTPOLIUTOB.

OnuckiBaeMble B KJIMHAYECKHX HCCJIEI0Ba-
HUSIX OCJIOYKHEHMS U peaKIUy 110cjie reMoTpaHcgy-
3UH «CTAPBIX» IPUTPOITUTOB pasHOOOpasHEI. [lep-
BO€, HAa YTO MO>KeT OKAa3aTh BJWSHNE IIepeJIiBaHNe
«CTapbIX» 9PUTPOIUTOB — OKCHUTEHAITMIO TKaHel. B
HCCJIeIOBAaHUM TeMOTpaHC(y3nu SPUTPOIUTOB,
XpaHUBIIUXCS OoJtee 15 THeH, y 23 maIeHToB C Cell-
crucoM Marik 1 coaBT. HaOTIOMATN CHUKeHMEe pH B
sxestyake [50]. ABTOPBI IIPEAIIOI0MKNIIM, UTO IIepesI-
BaHME «CTapbIX» IPUTPOIUTOB CO CHUIKEHHOU UX
e OpMHUPYEMOCTBIO MOSKET BBI3BATh TSYKeJIbIe
I1aTOJIOrNYeCKYe II0CIeACTBYSA, CBsI3aHHbIE C Hapy-
LICHUAMUA MUKPOLUPKY/IALNUYU, YTO, B CBOIO O4Ye-

Several studies have found an association be-
tween transfusion of relatively «old» RBCs and clin-
ical outcomes in trauma patients. Zallen et al. stud-
ied 63 trauma patients, 23 of whom developed
multiple organ failure [52]. These patients were
transfused from 6 to 20 RBC units older than 14 and
21 days of storage in the first 12 hours after the
trauma. The authors concluded that the storage
time of transfused RBCs is an independent risk fac-
tor for the development of multiple organ failure.
Weinberg et al. noted that trauma patients who re-
ceived transfusions of «old» RBCs (more than 14
days of storage) had acute renal dysfunction within
24 hours of admission [53]. In another retrospective
analysis of 202 patients, transfusion of RBCs stored
for more than 28 days resulted in deep vein throm-
bosis and death from multiple organ failure [54]. A
study of 678 patients with severe trauma requiring
massive blood transfusions showed that transfusion
of RBCs (older than 22 days of storage) resulted in
death within 24 hours [12]. It was noted that the
number of transfused red blood cell units was more
than 10, therefore not only the age of transfused ery-
throcyte suspension, but also its volume should be
considered. Other authors suggest to take into ac-
count the age of each RBC unit and the number of
transfused units [55], as they also noted mortality
rates after massive blood transfusion using «old» red
blood cells. Some studies have reported in-hospital
mortality, impaired lung, heart and kidney function
after transfusion of RBCs in patients with cardiovas-
cular disease or post cardiac surgery [56-59].

Another randomized study evaluated pul-
monary artery pressure and pulmonary vascular re-
sistance index in relation to the age of RBCs used
for transfusion [60]. As a result, both pulmonary ar-
tery pressure and pulmonary vascular resistance
index were higher when transfusing erythrocytes
stored for 21 days than when using «young» ery-
throcytes (less than 14 days). The researchers also
reported that damage to the glycocalyx may con-
tribute to pulmonary vasoconstriction associated
with transfusion of stored red blood cells.

In patients with such diseases as sickle cell
anemia, thalassemia, myelodysplasia or aplastic
anemia, blood transfusion is the mainstay of treat-
ment, aiming not only to increase the oxygen-car-
rying capacity of the blood but also to reduce the
complications of vasoconstriction. However, RBC
transfusion itself can cause acute and chronic com-
plications, including iron overload, hypercoagula-
tion or delayed alloimmunization [61, 62]. Transfu-
sion of «young» RBCs has been shown to be more
effective in patients with sickle cell anemia [63, 64].

Blood transfusion in patients with sepsis was
accompanied by the nosocomial infections, acute
lung and kidney injury [65, 66]. Studies [67, 68] have
shown that increased concentrations of non-trans-
ferrin bound iron after blood transfusion increased
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pelb, MOKET IIPUBECTH K UIlIeMUU TKaHel. Mcciie-
noBaHue Kiraly 1 coaBT. mokasaso, 4To y nanueH-
TOB, KOTOPBIM IIepeJInBAINA IPUTPOLIUTHI, XPAaHUB-
muecss 6osiee 21 1HA, CHUMKAIOCH HACBIIEHHUE
TKaHeu kucaopoaom [51].

B psame paboT ycTaHOBJEHA CBS3b MEXKIY
repesuBaHEM OTHOCHUTEJIHHO 0OJIee «CTapbhIX»
9PUTPOLUTOB U KJIIMHUYECKUMU UCXOaMU y ITary-
eHTOB ¢ TpaBMamu. Zallen u coasT. ucciienoBaiu
63 manueHTa ¢ TpaBMaMy, y 23 U3 KOTOPbIX BO3-
HUKJIAa II0OJIMOpPraHHas HENOCTAaTOYHOCTBH [52].
ITHUM MaIeHTaM IepesImBaIu oT 6 1o 20 e TUHAILL
9PUTPOIIMTOB BO3pacToM cTrapiie 14 u 21 gHel
XpaHeHus B IlepBble 12 4acoB IIOCJIE€ TPaBMBI.
ABTOpPBI KOHCTAaTUPOBAJIY, YTO CPOK XpaHEHUS
IepeuBaeMbIX 9PUTPOLIUTOB ABJIACTCSA HE3aBU-
CUMBIM (PAaKTOPOM PUCKA pa3BUTHS NIOJIUOPTaH-
HOU HemocrtaTroyHOCTH. B pabore Weinberg n
COAaBT. OTMEUYEHO, YTO y HAI[UeHTOB C TPaBMOH,
TepeHecCIInX NepejIMBaHue «CTaAPbIX» 3PUTPOIH-
TOB (Oojiee 14 mHel XpaHeHWs), B TeueHUe 24
YacoB IOCJIe MPUOBITHSA B 00JBHUITY TOSABJISLIIACH
ocTpas noueuHasa nucyHknus [53]. B gpyrom
peTpoCIeKTUBHOM aHanause 202 nanyueHToB Ipu
TpaHCy3UU IPUTPOIIUTOB OOJIbIIIE 28 THSA XpaHe-
HUS HabJ/TI0a/Icst TPOMO03 TTTYOOKHX BEH U HACTY-
rajia cMepTh OT MOJUOPraHHOU HeI0CTAaTOYHO-
ctu [54]. HcciaegoBanue 678 mnDamuMeHTOB C
TSYKEJION TPaBMOM, KOTOPBIM TpeboBaI0Ch Mac-
CHBHOeE IIepeJIMBaHue KPOBY, [10Ka3aJIo, 4To Iepe-
JIMBaHME 9PUTPOLUTOB (CTapiie 22 nHeu xpaHe-
HUs) MPUBOAUJIO K CMEepTU B TedyeHue 24
qacos [12]. IIpu 9TOM 0TMEYaJI0Ch, 4YTO KOJINYe-
CTBO TIEPEJSIUTBHIX EJUHUI] IPUTPOIUTOB OBLIO
OosbIrre 10, TO3TOMY CJIEIyeT YIUTHIBATH HE TOJTh-
KO BO3pacT IlepesuBaeMoil OB, HO Takke ee
06beM. JIpyrue aBTOPHI IpU TpaHCy3UH TpeJa-
raloT YYUTBIBATh BO3PACT KasKI0U eIUHUIIBI 9PUT-
POLIUTOB M KOJIMYECTBO IIEPEINUTHIX efuHuUL] [55],
IIOCKOJIBKY OHU TaKsKe 0TMeYaloT BBICOKUU ypo-
BeHb CMEPTHU IAIMEeHTOB I10CJIe MACCUBHOH reMo-
TpaHC(PY3UH C NCIOJb30BAaHUEM «CTAPBIX» 9PUT-
pouuToB. B psme uicciemoBaHuil cO0OIIAIOCH O
BHYTPUOOJbHUYHON JI€TATLHOCTH, HAPYIIEHUHN
(PYHKIIUM JIETKUX, CEPALIA U II0YEK II0CJIe IIepesu-
BaHWA JIPUTPOLUTOB NAUHUEHTAM C CEpAEYHO-
COCYIHCTBIMU 3a00/IeBaHUSAMU WJIH TIEPEHECIIINX
onepanuu Ha cepaiie [56-59].

[pyroe pangoMu3upOBaHHOE UCCJIEAOBaHNE
OBI7I0 HAaITpaBJIEHO HA OLIEHKY JaBJIEHUS B JIETOY-
HOU apTepUU U UHIEKC COIIPOTHBJIEHUS JIETOYHbBIX
COCyJIOB B 3aBUCHUMOCTH OT CPOKA MCII0JIb3yEeMBbIX
apUTPOLUTOB AJ1s1 TpaHcdysuu [60]. B pesymsrare
KaK JlaBJIeHe B JIETOUHOU apTepuy, TaKk U UHEKC
COIIPOTUBJICHUS JIETOYHBIX COCYI0B CTAHOBUJINCH
OoJIBIIIE TPY IIEPEeTMBAHIH 9PUTPOIIUTOB, XPAHUB-
IIUXCA B TedeHue 21 THA, 4eM [IPX UCII0JIb30BaHUN
«MOJIOJIBIX» IPUTPOIUTOB (MeHee 14 nHeil). [Ipu
9TOM OLEHHWBAJIOCh COCTOsIHME INIMKOKAJIHUKCA.

proliferation of certain bacterial species in vitro.
Consequently, circulating non-transferrin bound
iron from the transfusion of «old» RBCs may in-
crease the risk of infections. Another study pointed
out vascular constriction in patients with sepsis
suggesting that poorly deformable RBCs entering
the microcirculation could cause tissue hypoxia
and patient’s deterioration [69, 70].

During open-heart blood transfusion in chil-
dren, the incidence of postoperative infection was
significantly higher in those who received «old»
blood (25-38 days) compared with children who re-
ceived «young» RBCs (7-15 days) [71, 72]. Transfu-
sion of RBCs stored for more than four weeks sig-
nificantly increased the concentration of free
hemoglobin, serum iron, and non-transferrin
bound iron [73].

Clinical Consequences
of RBC Molecular Structure Disorders

Most molecular changes that occur in erythro-
cytes during their storage are well known and include
metabolic alterations accompanied by reduced ATP
and 2,3-diphosphoglycerate concentrations, de-
creased pH, impaired membrane ion permeability,
formation of pores in the lipid bilayer, vesiculation,
and abnormal erythrocyte morphology [18, 24].

Earlier we have shown [74, 75] that the nanosur-
face parameters of erythrocyte membranes can be
used as a criterion for evaluating the quality of donor
blood for transfusion. Local defects in erythrocyte
membranes resulting from storage were found to alter
cell morphology. Particularly severe membrane
nanosurface changes were observed after 19 days of
storage. The detected nanosurface abnormalities pro-
vided the basis for the idea [74] to study the spectrin
matrix alterations during RBC suspension storage.

During the storage of the erythrocyte suspen-
sion for 42 days, the conformation of the spectrin
matrix changes [76]. By the end of the storage pe-
riod the pore size of the spectrin matrix increased
more than twofold. At the same time the pore size
of the spectrin matrix was observed to sharply in-
crease after 19-21 days.

A study [76] has already noted a transition pe-
riod (20-26 days), in which the authors observed a
1.6-2-fold increase in the Young's modulus of mem-
branes and irreversible morphological changes. Ex-
actly in this period, the separation of red blood cells
into «young» and «old» ones has been shown in
clinical studies.

Figure shows the storage period when the
structural changes in spectrin and Young's modu-
lus were observed, highlights the timing of post-
transfusion complications in the clinic and lists the
complications that occurred in patients.

The duration of blood storage period, after

which post-transfusion complications in the clini-
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Acconuanysa CTpyKTypHbIX H3MeHeHH# pa3Mepa (L) CIeKTpMHOBOI0 MaTPHUKCA U MeXaHUYeCKHX cBoiicTB (E) MemOpaH apuT-
POIIUTOB, TOABHUBIINXCA NOcJe 19-21-ro JHS XpaHeHHs], € IOCTTPaHC(Y3HOHHBIMH OCJIO;KHEHUsIMH, BO3SHHKAIOIIUMH B 3TOT
nepuoj.

Association of structural changes in size (L) of spectrin matrix and mechanical properties (E) of RBC membranes which devel-
oped after 19-21 days of storage, and post-transfusion complications during this period.

IIpumeuanue. nm — uHM; kPa — kI1a; days of storage — quu xpaneHnust; post-transfusion complications — nocrrpancgy3noHHbIE
ocJioskHeHus; multiorgan failure — nosimopranHas He[JOCTaTOYHOCTh; increased frequency of pneumonia — yBesiueHue 4acTOThI
nHeBMOHUY; increased susceptibility to infections — noBbIIIeHHAss BOCIPUUMYUBOCTE K HH(pekuam; reduced gastric pH — cau-
skeHue skestygouHoro pH; ischemia — umemust; acute lung injury — octpoe noBpeskaenue jerkux; acute hemolysis — ocTpbrit

remoJin3; acute heart failure — octpasi cepednast He1OCTaTOYHOCTb.

[ToBpesxeHe IMMKOKAIINKCA MOKET CITIOCOOCTBO-
BaTh JIETOYHON Ba3OKOHCTPUKINU, CBSI3AHHOM C
reMoTpaHc]y3uelnt XpaHAIIUKCA 9PUTPOIITOB.

VY mamueHTOB C TaKMMU 3a00JIeBaHUSIMU
KaK CEpIOBUTHOKJETOYHAsI aHEMUs, Tajgacce-
MU, MHUEJOUCIIIA3us WX aljacTudecKas
aHeMus IepeanBaHe KPOBU SBJISETCS OCHO-
BOW JIe4YeHUs, HAalPpABJEHHOT0 He TOJHKO Ha
yBeJIM4eHNEe CIIOCOOHOCTH KPOBY NMEPEHOCUTH
KHCJIOPOJ, HO ¥ HA YMEHbIIIEeHNEe OCIOKHEHUHN
Bas3ooOKKI03WU. OMHAKO caMoO IepeanBaHUE
9PUTPOIMTOB MOKET BHI3BATh OCTPHIE K XPOHHU-
YecKHe OCJIOKHEHHWsI, BKJIOYas Ieperpysky
OpraHu3Ma JKeJie30M, TUIePROATYIAIAI0 UIN
pa3BUTHE AJITOUMMYHHU3AINHU C TEYEHNEM Bpe-
MeHH [61, 62]. OTMeuaeTcs, 4YTO NepeJuBaHue
«MOJIOZIBIX» IPUTPOIUTOB MOKET OBITH OoJjee
9 EeKTUBHBIM JIJIs MAIIUEHTOB C CEPIOBUIHO-
KJIETOYHOU aHemuen [63, 64].

cal setting and changes in biomechanical proper-
ties of erythrocyte membranes increase, can be
used as a biomarker of intensive pathological
processes in donor blood during its storage.

Conclusion

Blood transfusion is one of the most common
procedures in critically ill patients. However, avail-
able scientific evidence shows that during long-
term storage RBCs undergo significant structural
and metabolic alterations, which can eventually
lead to their functional impairment. The use of rel-
atively «old» RBCs in the clinic increases the risk of
post-transfusion complications. Although there are
obvious differences between the «young» and «old»
blood, the pathophysiological distinctions remain
unclear. Large clinical and scientific molecular re-
search may throw light on these issues.
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lemorpaHcdy3uss namueHTaM C CEelncrucoM
COTIPOBOK/IAIaCh BOSHUKHOBEHWEM BHYTPUOOJTh-
HUYHOH MH(EKINH, OCTPOTO ITOBPEKAEHUSI JIETKUX
U IoYek [65, 66]. B uccaeqoBauusax [67, 68] ObLIO
TI0KA3aHOo, YTO TOBBIIIEHHbIE KOHIIEHTPAIIUN He
CBSI3aHHOTO C TpaHC(HEeppHUHOM 3Kejie3a Iocye
reMoTpaHcy3un YCUJIUBAJIO TpoJudepanunio
HEKOTOPBIX BUIOB OakTepuii in vitro. CemoBareb-
HO, IUPKYJIMpPYIOlllee He CBsI3aHHOe ¢ TpaHc(eppu-
HOM >KeJjie30, I0JIy4eHHOE B pe3yJIsraTe IlepesinBa-
HUSI «CTapbIX» 3PUTPOIUTOB, MOKET YCHUJINBATH
PUCK BOSHUKHOBeHUs UH(eKIU. B npyrom uccie-
JIOBAaHWM OTMEYEHO, YTO y IMAIUeHTOB C CETICCOM
CY’KeHBI COCY/IbI, a 3HAYUT IIJIOX0 J1e(hOPMHUPYIO-
IIIAECsI 9PUTPOIUTHI, TOTIABIIIIE B MUKPOITUPKYJIS-
TOPHOE PYCJIO, NPUBEAYT K TUIOKCUU TKaHEW U
YXyAILIaT COCTOAHNE NalueHTos [69, 70].

ITpu mpoBeaeHny TpaHCPy3UH Ha OTKPHITOM
cepale y JeTell 4acToTa IOCJIeoleparioHHON
VHMEKNN OblIa 3HAYUTEJHHO BBIIIE Y TEX, KTO
MOJIyYUJT «CTapylo» KpOBb (25-38 nHeln), 1o
CpaBHEHUIO C JIETbMU, IOJYYAIOIINMU «MOJIOJIbIE»
aputpoumTsl (7-15 nHeit) [71, 72]. [leperuBaHue
9PUTPOIUTOB, XPAHUBIINXCS B TedueHHe OoJjee
YeThIpeX HeJeJb, 3HAYNTETHHO YBEJIMINIO KOH-
IIeHTPAaInIo CBOOOTHOIO0 reMOTJI00MHA, ChIBOPO-
TOYHOTO sKeJjie3a U He CBSI3aHHOTO C TpaHcdeppu-
HOM sKeJjie3a [73].

KummHn4Yeckue nocjaeacTBUsA
HapylIeHUH MOJIeKYISPHOHI
CTPYKTYPHI 9pUTPOLIUTOB

C MOJIEKYJISIPHOM TOYKU 3peHUsSA OOJTbIIIH-
CTBO U3MEHEHUH, IIPOUCXOASAIINX B 9PUTPOLIUTAX
IIPY UX XPaHEHUH, XOPOIIIO U3BECTHBI ¥ BKJIIOYAIOT
M3MeHEeHUSI MeTabOoIMIECKIX MPOIIECCOB, COMPO-
BOYKJAIOINIMUXCA yMEHBIICHWEM KOHIEHTpaluuu
AT®D u 2,3-qudocdornunepara, CHUKEHIEM YPOB-
HA pH, HapylleHreM HMOHHON IPOHUIIAEMOCTHU
MeMOpaH, 00pas3oBaHWEM IIOp B JHUIHIHOM
Oucii0e, BOSHUKHOBHUEM BE3UKYJIAINY, N3MEHE-
HHEeM Mop(doJIoruu IpUTPOIUTOB [18, 24].

Panee B Hammux paborax [74, 75] ObLI0 TTOKa-
3aHO, YTO ITapaMeTPhI HAHOITOBEPXHOCTH MEMOpaH
9PUTPOIUTOB MOTYT OBITH HMCIIOJH30BAHBI KaK
KpUTEpUIl OIeHKN KauecTBa JTOHOPCKOW KpPOBU
JUIs1 TpaHcy3un. BeLiu oTMedeHo, YTO BO3HUKAaB-
1IMe B Npolecce XpaHeHUs JIOKaJIbHbIe 1e(eKThI
MeMOpaH 3pUTPOIUTOB IPUBOTUIIH K U3MEHEHUIO
Mopdosiornn KJeTok. OcobeHHO WHTEHCUBHOE
pa3BuUTHE U3MEHEHUU HAHOIOBEPXHOCTU MeM-
OpaH HabJOMaT0CH Tocae 19 mHel XpaHeHUs.

Jlureparypa

1. Jiao C., Zheng L. Blood transfusion-related immunomodulation in
patients with major obstetric haemorrhage. Vox Sang. 2019; 114 (8):
861-868. PMID: 31587289. DOI: 10.1111/vox.12845.

2. Culp-Hill R, Srinivasan A.J., Gehrke S., Kamyszek R., Ansari A., Shah
N., Welsby I., DAlessandro A. Effects of red blood cell (RBC) transfu-
sion on sickle cell disease recipient plasma and RBC metabolism.

3apuKcupoBaHHblEe U3MEHEeHUs1 HAHOIIOBEPXHO-
CTH OBLIIN TIOJIOKEHBI B OCHOBY Ujieu [74] uayde-
HUA IMHAMUKH U3MEHEHUs CIIEKTPUHOBOIO MarT-
pHKca IIpu XxpaHeHnu IJB.

Bo BpeMs1 xpaHeHUsI apUTPOLUTAPHOU B3Be-
CU Ha IPOTSHKeHUHU 42 Hel IPOUCXOAUT U3MeHe-
HUe KOH(MOpMaluu CIEKTPUHOBOIO MaTpHUK-
ca [76]. K KOHIly CpOKa XpaHeHUus pa3Mepbl IOp
CIIEKTPUHOBOTO MaTpPUKCa BO3pacTaIn OoJIee 4emMm
B 2 pasa. B To ke Bpems ObLIO 3aMedeHO, YTO
nocJje 19-21-ro nHA pa3mep nop CHEKTPUHOBOTIO
MaTpHUKCa HAYMHAJ PEe3KO YBeJIMIUBaThCS.

B pabore [76] y>ke oTMedasioch, YTO CYyIIe-
CTBYyeT IlepexoHbIi nnepuoy (20-26 1Hu), B KOTO-
poOM aBTOPBI HAOJIONATN yBEJTUYEHWE MOMIYJIS
IOura mem6pan B 1,6-2 pasa u mepexo KJIETOK B
HeoOparumble (opMbl. FIMEHHO B 9T CPOKH B
KJIMHUYECKUX UCCIIeNOBAHUAX [I0KAa3aHo pasjeJie-
HUE 9PUTPOIIMTOB Ha «MOJIOJbIE» U «CTapbIe».

Ha pucyHke IIOKasaH Iepuoj XpaHeHusd, B
KOTOPBIN HAOJTIOAAINCh CTPYKTYPHbBIE U3MEHEHU S
criexkrpuHa u monynada IOHra, a Takyke OoTMedeH
IepUo]; BOSHUKHOBEHUS MOCTTPAHCPY3NMOHHBIX
OCJIO’KHEHUH B KJIMHUKe U IepeunCIeHbl BO3HU-
Kalolllye OCJIOKHEHUA y TAlleHTOB.

YuncaenHOe COBIIAieHUE IIEPUOia XPAHCHUS
KPOBY, IIOCJIE KOTOPOT'0 YCUJIUBAIOTCA IIOCTTPAHC-
(y3uOHHBIE OCTI0KHEHUsI B KJIMHUKE U U3MeHe-
HUs1 GMOMeXaHUYeCKIX CBOMCTB MeEMOpaH 3puUTpPO-
[INTOB, MOKET MICIIOJb30BAThCA KaK OMOMapKep
WHTEHCUBHOI'O Pa3BUTHUA IIaTOJIOTMYECKUX IIPO-
1IECCOB B JOHOPCKOM KPOBU IIPU ee XpaHEeHUU.

3akJiroueHue

Iemorpancdysus aBasgeTcs OGHON U3 caMbIX
pacnpoCcTpaHeHHBIX IPOLeyp Y AIIUeHTOB, HAX0-
IAMAXCA B KPUTHYECKOM COCTOsSHMHU. OgHAKO
HMeIoIrecs HayYHble JaHHble I0KA3bIBAIOT, YTO
BO BpeMs JJIATEJIbHOr0 XPAHEHUsI 3PUTPOLUTHI
II0JBEPralOTCs 3HAYUTEJbHbIM CTPYKTYPHBIM U
MeTaboJIMYeCKUM U3MEHEHHSIM, KOTOPbIe B UTOre
MOTYT IIPUBECTH K HAPYIIEHUIO UX (PYHKIIMOHAIb-
HBIX CBOICTB. Vcrosib30BaHUe B KIIMHUKE OTHOCH-
TEJIbHO «CTApbIX» SPUTPOIUTOB YBEJIUUYUBAET PUCK
BO3HMKHOBEHUS IIOCTTPAHC(Y3UOHHBIX OCJIOKHE-
Huii. OTBeT Ha BOIIPOC O TOM, €CThb JI pa3HUIla
MESKY «MOJIOIOW» U «CTapPO» KPOBBIO, KAYKETCST
OJHO3HAYHBIM «JIa», OMHAKO OCTAETCs HEACHO, B
YyeM COCTOAT NaTOo(U3UOJIOTUYECKHEe OTINYUS.
[TpoBenenue 60IBIMNX KINHUYECKUX U HAyYHBIX
HCCIIeloBaHUN Ha MOJIEKY/IIPHOM YPOBHE B COBO-
KYITHOCTY MOTYT HAalTH OTBETHI Ha 3TH BOIIPOCHI.
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C. Yunoea, b. /Jpoona Canuoea, JI. Tynetiosa, /1. Ipsioka
PagyinyHbIe UCX0AbI 9HIIe(aINTa, BEI3BaHHOTO Her-
pes Simplex Virus (kmHugeckue 1 931 HaboneHYs1)
A. A. BupkyH, B. P Jlanmanapasra OTKPBITBIH OH-
JIAFH KypcC 110 6a30BOH CepeYHO-JIerOYHOM pea-
HHUMAIUU: UCCIIeIOBAHKE ayIUTOPUH U 9(D(HEKTOB
JIVCTAHIIMOHHOM MTOATOTOBKH CJIyIIIaTesen

B. H. Akoenes, II. H. Casunos KuciaopomHbIi
pe’kuM 1 00MeH aMMHuaKa B CEHCOMOTOPHOU KOpe
TOJIOBHOTO MO3Ta KOIIIEK IIPU KPOBOIIOTEPE U T'U-
nepOapruyeCcKOil OKCUTeHAIUHA

2 (77-93)

3 (4-13)

3 (14-15)

3 (16-33)

3 (34-45)

3 (46-53)

3 (54-75)

3 (76-84)

3 (85-93)

3 (94-105)

3 (106-125)

4 (4-13)

4 (14-20)

A. A. Koukun, A. I’ Asoposckuii, JI. B. Bepukawieuu,
B. B. Jluxeanues CoBpeMeHHasi Ba3oIpeccopHas
Tepanusi CENITUYECKOro 1oKa (0030p)

B. B. Mopos, A. M. Yepnuiw, E. K. Kosnoea Kopona-
Bupyc SARS-CoV-2: runoressl BJIUAHUA Ha KpOBe-
HOCHYIO CUCTeMY, IepPCIeKTHUBBI UCI0/Ib30BaHUA
11epTOPYIVIEPOJHON IMYIBCHUH, BO3MOKHOCTHU
0M0(U3NIECKUX METOJJOB UCCIET0BAHUS

I1. Hapoeanu, /]c. Jlandonu COVID-19-accoruu-
pPOBaHHBINA TPOMOOBOCHAIUTENBHBIA CTATYC: TU-
nore3a MicroCLOTS u ee nepcreKTUBbI

B. M. Iucapes, A. I Yymauenro, . H. Tiopun, PA. Yep-
naxos, E. B. Enucuna, E. K. I'puzopves, H. A. Anekcamn-
0pos, A. B. Tymenbsin IIporHOCTUYECKOE 3HAYEHHE
FeHEeTUYECKOT0 IOoJauMOop(du3Ma IPOMOTOPHOM
obJstactu AQP5 ipu cericuce ¢ pa3jiMyHbIMU O4araMu
A. M.Tonybes, A. B. I'peuro, M. A. Ioseopyxuna, B. E. 3a-
xapuenko, A. H. Kysoenes, M. B. [lemposea MoJiexy-
JISIpHBIE MapKepbl FeMOPPAarun4ecKoro HHCY/IbTa
A. A. Heuenypenko, B. M. ITokposckul, /I. I Tapacos,
H. 3. Kumuawsuau, B. I Abywrkesuy YcBoeHne
cepjIeM puTMa OJIyKIA0Iero Hepsa IIpyU Imapo-
KCU3MaIbHOW (pUOJIHIISIIIAY TTPeICepAMA
H.II.Jleonos, B. B. Illykun, I"A. Hosuukoea, M. A. Mac-
uan, . U. Amaynnaxanos, C. C. Awun, A. M. 3eiina-
2108, E. A. Cnupudoroea Oco6eHHOCTH Pa3BUTUS U
TedeHUs CHHAPOMA JeCCEMUHUPOBAHHOIO BHYTPU-
COCYJHCTOTO CBEpTBIBAHUS IIPU XUPYPIHUYECKUX
BMellIaTe/IbCTBAX Y IeTel C OHKOJIOTMYEeCKUMHU 3a00-
JIEBAaHUSIMU

A. B. Mameees, A. E. KpaweHurnHnuros, A. B. beno-
cmouyxkulti, /I. M. Andpeesa, C. /. Mapuenko, E. A. Eco-
posa JlekapCTBeHHbII aHA(DUITAKTHYECKUN IIIOK
A. I Cunenuenko, A. H. JloOsieun, B. B. Batoupipe-
HOB ONTHUMM3anNs HHTEHCUBHOU Tepaluu Jesu-
PHO3HOI0 CUHJPOMA IIPH OTpaBJIeHUsXx 1,4-0yTa-
JIUOHOM

O. A. T'pebenuuros, B. T. Jloneux, M. /1. IIpokogoes,
H. C. KacamkuHa, A. B. Epuio6 [TpOTeKTUBHBIH 3¢-
ekt suTHA XJTOpUAA HA 9HAOTENHOLUTHI IPHU
CENTUYECKOM IIOKe

JI. B. Ilonoea, T. B. Kondpamvesa, M. 3. Kanesckasi,
T. JI. Anetinukosa, E. C. 3viko8a, A. B. Kpusosa,
A. M. Kysneyos IIpocdunakTuKka BEHOSHOIO TPOM-
609M00JIM3MAa B OT/I€JIEHUSIX peaHnManuu (0030p)

H. B. Ioponuaposckasi, A. K. Egcees, A. K. Illabaros,
B. B. Kynabyxos, A. H. Kysosezes, K. A. Ilonyzaes,
C. C. Ilempuroe BiusiHue lepe/IMBaHUs CBeKe3a-
MOPOJKEHHOH IJIa3Mbl Ha 3JIEKTPOXUMUYECKHE
napaMeTphl IIJIa3Mbl KPOBU IIAIIMEHTOB C TAKEJI0H
COYETaHHOH TPABMOK

H. JT. Vwarosa, C. H. TuxoHosa, /]. A. Po3ernroT'emo-
cOpOIHA C UCIOJIb30BAHNEM KOJIOHKHM Ha OCHOBE
CBEPXCIIUTOTO CTUPOJI-IUBUHIOEH30IbHOTO CO-
oJInMepa c UMMOOUIN3UPOBaHHBIM JITIC-cestek-
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4(21-31)

4 (32-39)

4 (40-59)

4 (60-71)

4 (72-89)

5(4-7)

5(8-12)

5 (13-21)

5 (22-29)

5 (30-36)

5 (37-47)

THUBHBIM JIMTAHJOM B KOMIIJIEKCE NMHTEHCUBHOTI'O
JIe4eHUsI OCTPOTO MOBPEYKIEeHUS JIeTKUX IIPU XU -
PpypPru4yecKoM JIeueHUH pakKa JIerkoro (KiIuHu4e-
CKOe HabJTIoIeHIE)

A.E. Xpynes, /I. /. Toabysoea, E. A. ILnoxenxo, I1. A. Ezo-
posa, C. H. Coporoymosa, O. B. Cysopoea, /1. C. Anke-
6u1 KOTHUTUBHBIN CTATyC U (PaKTOPBI PUCKA KOTHU-
THUBHBIX HApyLIeHUH y 1AaJIU3HBIX AI[IeHTOB

O. I Cuekos TouHOCTh pacyeTHBIX ypaBHEHUH,
TIPOTHO3UPYIOIIUX 9HEPTETHYECKYIO IOTPEOHOCTh
MIOKROA IIPU PA3JIMTOM BTOPUYIHOM IIEPUTOHUTE

H. H. llaceunux HyTpUTHBHAS MOAJEPIKKA OOJIB-
HBIX B KPUTHYECKHAX COCTOSTHUAX (0030p)

O. JI. Pomanosa, M. JI. baazonpasos, M. A. Kucaos
Bakoden: MexaHN3MbI TeparieBTUYeCKOI0 U TOK-
CHUYECKOTO0 JefcTBUsI (0030D)

A. JI. llapgheros, M. B. Ilemposa, H. M. Iluuyzuna,
E. B. JIysununa ®opMUpOBaHTE KOMOPOUIHOCTH Y
MaluEeHTOB C TAMKEJIbIM IIOBPEXIEHNEM MO3Tra U
HMCXOJOM B XPOHUUECKOe KPUTUYECKOe COCTOSTHIE
(0630p)

A. A. BupkyH «AGCOTIOTHAsT 0€CTIEPCIIEKTUBHOCTb»
He abCOJIIOTHA: O I1eJ1eCO00Pa3HOCTH IIepecMoTpa
CYIIECTBYIOILEro KPUTepHUsl IpeKpallleHUs peaHu-
MAaIMOHHBIX MEPOIIPUATHUI 110 BDeMEHH!

Hadun Pomm, 9noprio Jloku, @edepuro Cemepapo,
Bepnd Bemmuczep OOIIeCTBEHHbIE IIPOTPAMMB],
KIDS SAVE (Jletu cnacarot ;xku3au) LIVES, World
Restart a Heart (Ilepesamycru cepaue) u
Apyrrue KaMIaHUuU 110 YBEeJINUYEHUIO BBIYKUBAeMO-
CTH 1I0CJIe BHEOOJBHUYHON OCTAaHOBKH ceplia

P E Jlaxuwu, M. B. Hukumum, E. 0. Cmpykos,
A. A. Emenvanos, A. I” Knumos, b. H. bozomonos,
A. H. Jleswankos, A. B. II]ezonieé OnieHKa HYTpH-
IUOHHOrO cTaryca nanueHToB OPUT ¢ momombio
VJIBTPAa3ByKOBOI'0 MCCJIEJOBAHUs MBIIII] U IIOA-
KOKHO—KUPOBOH KJI€TYATKU

B. X. lllapunosa, H. B. Dokun, ©. K. Cammaposa,
@. O. [lapnubaes PaciyanbHast 0JI0Ka A MBIIIIIBI
BBIIPAMJIAIONIEN CIUHY IIPU MHOKECTBEHHBIX I1e-
peJsiomax pedep (KIMHUYECKOoe HabJIIoIeHne

B. B. Jlasapes, JK. /. Cynatimanosa, JI. E. [[binuH,
I I1. Bpiocos, T. B. Epsiuiesa Bb16op npenapaTa uH-
¢y3nOHHOM Tepanyy B paHHEM II0CJIe0TePalOH-
HOM Ilepuojie y nereit (0030p)

O. A. I'pebenyuros, 1. C. Kacamrkuna, K. K. Kadan-
uesa, M. A. Mewros, A. A. baesa Biiisinue JInTus

5 (48-56)

6 (4-18)

6 (19-30)

6 (31-53)

6 (54-64)

6 (65-90)

6 (91-104)

6 (105-128)

XJIOpUJa Ha aKTUBAIUIO HEUTPODUJIOB IO Jei-
CTBUEM CBIBOPOTKHU ITAIIMEHTOB C CENTUYECCKUM
LIOKOM

U. A. Pvuickos, A. C. Babkuna, 3. H. I{okonaesa,
C. H. Kanabyuwies, B. B. Aumonosa, M. B. Cepzeesa,
A. B. Epuwioé Mopdomnoruyeckue u yHKIIOHAJIb-
Hble XapaKTepPUCTUKU MUOKapa U MUKPOIUPKY-
JIATOPHOIO pycJjia KOXKHM 4Yepes 24 daca Iocje
OTpaBJIEHUS KJI03aIIUHOM

C. C. Ilempukos, A. K. Eecees, O. A. Jlesuna, A. K. I1la-
banos, B. B. Kynabyxos, H. FO. Kympoeckasi, H. B. Fo-
poskosa, E. B. Kavtunurkoea, . B. [oponuaposckas,
E. B. Tasuna, K. A. Ilonyzae, /I. A. Kocoaanos,
/. C. Crnobodentok Tunepbapuieckast OKCUT€HAIIHS
B TEpaIuy MafeHTOB C KOPOHABUPYCHOH NH(EK-
mueit COVID-19

A. P Bawuposa, /I. B. Cyndykos, A. C. BabkuHna,
M. A. Tony6es, H. H. Teaunos Mopdomerpuueckue
M3MEeHEeHUA KJIeTOK KOPhI TOJIOBHOTO MO3ra Ipu
OCTPBIX OTPaBJIEHUSX KJIO3AIITHOM B COYETAHUH C
9TUJIOBBIM CITUPTOM

M. A. Mazomedos, T. I Kum, C. B. Macorumun,
A. B. Apansn, E. I0. Kanunun, B. M. Ilucapes Vic-
M0JIb30BaHKE COPOEHTA Ha OCHOBE CBEPXCIIUTOTO
CTHPOJI-TUBUHUIOEH30IbHOTO COIIOJIMMEPA C UM-
MoOun3oBaHHbIM JITIC-CeIeKTUBHBIM JIMTAHIOM
npu remornepdysun 1 JedeHnsd NaueHToB C
CENTUYECKUM IIIOKOM

K. B. Zlep2unes, 3. H. IJokonaesa, H. b. benozaa-
308a, /I. O. Tpaxmyes, A. B. [openosa, A. B. 3yoxo,
E. B. lapgperosa, b. H. Kyavouyruii Tutpamuo-
KapauaJbHOE BBeJeHUe MJIa3MHUIbl, KOJUPYIO-
et (pakTop pocTa TPOMOOIIUTOB, CIOCOOCTBYET
YBEJIMUEHUIO 3NIMKAP/I-0II0CPeIOBAHHON BaCKy-
JIApU3aNUU MOCTUH(MAPKTHOTO cepaa

H. B. Beao6opodosa, E. B. 3yes, M. H. 3amamuH,
B. I’ T'ycapos dtnorponnas Tepanusa COVID-19:
KPUTHUYECKUH aHAJIN3 U [IePCIIeKTUBHI

B. B. Jluxsanyes, M. A. Adzapos, /Ju ITeayya M.,
K. K. Kadanyesa VHTanAIIMOHHAS VS TOTaJbHasI
BHYTPUBEHHAsI aHECTe3UsI: IJle MasgTHUK ceifdac?
HU. C. Kpwicaros, B. C. Kpuvicanosa, B. IO. Epmakosa
[TpuMeHeHHe areTar-CcofepsKaux cOaTaHCHPO-
BaHHBIX KPDUCTAJJIOUIHBIX PACTBOPOB B Ka4Y€CTBE
MH(PY3MOHHOH Tepanuy Ipu NpoBeleHNH onepa-
THUBHBIX BMeEIIATeJbCTB HAa OpraHax OpIOIIHOM
II0JIOCTHU
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ITpaBuJIa 1151 pyCCKOSI3BIYHBIX AaBTOPOB
sKypHaJia «0011ass peaHUMaToJIOTHs»

C y4eTOM peKOMEeHalfii POCCUICKO ACCOL[Halli HAYYHBIX PeIaKTOpoB U usaaresaeii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) pegakmus 21.04.2020

IIpaBOBBI€ U 3THYECKHUE ACTIEKTHI ITyOJIMKA-
LIIUM PYKOIIUCH

YcnoBust ny0/IMKAIUY PYKOITHCH

— Pyrkomnuicu mybJIMKYIOTCs TP 00513aTe/TbHOM
COOJTFOZIEHNH aBTOPOM 3TUKH Y TIPABUJT ITyOJTUKATIN
(mompoOHee Ha caiiTe skypHaJsa: www.reanimatol-
ogy.com).

— Pykonvcu myOJIMKYIOTCS C COOJTIOIeHUEM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEHINAIbHOIO
OTHOIIIeHUsI K IePCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvcu ny0JIMKYOTCS OecIiaTHO.

— Pykonucu, OpuHsATHIE B 5KYpHAJ, IPOXO-
JST pelieH3upoBaHue Ha OPUTUHAIBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJeKBAaTHOCThb CTAaTUCTHYe-
CkOWl 00pabOTKM JAaHHBIX HA  YCJIOBHAX
KOH(UIEHINAIbHOCTH 32 MCKJIOYEeHUEM BbI-
sABJIeHUs (paTbcuUKaIUM TaHHBIX.

— PenkoJuterusi octaBJisieT 3a co00# IpaBo
COKpAaIlaTh ¥ peJJaKTUPOBATh PYKOIIUCH.

IIpuYMHBI CHATUSA C NeYaTH U 3aJepP5KKHU
MyO/JTUKAIUH PYKOIIMCH

— Pykonucu, He COOTBETCTBYIOIINE IIPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykonucu, paHee oOmyOJMKOBaHHBIE, a
TaKk’Ke HalpaBJeHHble B APYroi >KypHaJ WJIN
COOpHUK, He TPUHUMAIOTCS. VICKTI0YeHre COCTaB-
JISTIOT IIepeBOJIbl Ha PYCCKUM/aHITIMHUCKUN SI3BIK
OT/AEJIbHBIX CTaTell, UMEIOIINX OOJbII0E TPAKTHU-
YyecKoe 3HaueHue U/WUJju NpeCcTaBJIsIONIUX 0CO-
OBII HAYYHBIN UHTEPEC, OTIPE/IeJISIEMbII aKTyaJIh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
IUTHUPOBAHUS, 3AIIPOCOM II0 KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe o(popMJeHUe U HeJO-
CTOBEPHOCTH IPEe/ICTABJIsIEMBIX OUbIHOrpadmuye-
CKMX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTH J0 CHATHSI PyKOIIUCH C IeYaTH.

— Hapymenue npasua opopMIeHus: pyKo-
MICH, HECBOEBPEMEHHBIH, a TaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUsI pelieH3eHTOB U HAayYHbIX pe-
JAKTOPOB IIPUBOJAT K 3aepsKKe MyOIuKau 10
HCIIpaBJIeHUs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUY 3aMevYaHU pelleH3eHTOB 1 HayYHbIX
PEelaKkTOpPOB PYKOIIMCh CHUMAETCS C AaabHENIIero
paccMoTpeHus.

— Pykomnucy OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHTepecsl cropoH: ABTOp/Pegakuus

Penakiusi octaBJisieT 3a COO0# IMPaBo CUUTATh,
YTO:

— aBTOPBHI, IPEJOCTABUBIINE PYKOIIUCH 115
nyOuKaIuu B sKypHasn «O011as peaHuMaroso-
TUsl», COIVIACHBI C YCIOBUAMU MTyOTUKAIINN U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IpaBUJIaMU €€
o opmIieHHS.

— aBTOpP, OTBETCTBEHHBIN 3a IMEPEMUCKY C
pelakIrel, BhIpaskaeT MO3UIIHI0 BCETO aBTOP-
CKOTO KOJLJIEKTUBA.

Pefaknus v M3aTeIbCTBO HEe HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJIHKA-
[UAX, a TAaKKe 3a CollepIKaHue peKJIaMbI.

lFapanTum pegakuuu

JIroObIe pyKOIHCH, TIOJTyYEHHbBIE pelaKIreit
IUIST pelleH3UpPOBaHusl, OyAyT BOCHPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMeHTbl. OHU He
MOTYT OBITH TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 32 NCKJIIOUEHNEM JIUI], YIIOJTHOMO-
YEeHHBIX peJaKIue.

Heomny6yimkoBaHHBIE MaTepUaJsbl, HaXO[s-
Iuecsi B IpeI0CTaBJIeHHON cTarbe, He OymyT uc-
[10JIb30BAHbI B COOCTBEHHOM HCCJIeJOBAHUY Ha-
YYHOTO pefakTopa M  peleH3eHTOB 0e3
MMICbMEHHOTO pa3pereHust aBTopa.

PerieH3eHT He OyIET IOMyIIeH K pacCMOTpe-
HUIO PYKOIIMCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEpPECOB B €r0 KOHKYPEHTHBIX, [TAPTHEPCKUX JINOO
JIPYTHX OTHOIIIEHUSIX C KEM-JTN00 13 aBTOPOB, KOM-
MMaHWH WU OpTaHU3aIHi, CBSI3aHHBIX C MaTepua-
JIOM TIYOJTUKAIIV Y.

ABTOpBI IMEOT MPABO TOJIYYUTH TI0 3APOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMUChMa O IO~
TOTOBKe, 0(pOPMJIEHUH U TIPOJBUKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 32 IEPENHCKY C PEIAKIINET, TTOTy-
YaeT 110 3JIEKTPOHHOI TIOYTE TEKCThI PEIleH3U; pe-
IIIEHNE PETKOJIIETUH O TIyOJTUKAIIHN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BApUAHTA PYKOIIUCH [IJISI T10-
JIy4€eHMsI aBTOPCKOT'0 COTTIACHsT Ha ITyOJIMKAITHUIO.

l'apanTuu ABTOpa
IIpemocraBieHHass B pelaKIUI0 PYKOIHUCH
IIOJIHOCTBIO OpUIrMHajbHA. lcnosab3oBaHue

JTIOOBIX MaTepPUAJIOB, 3AIUITIEHHBIX JTUIIEH3UEN OT
HECAaHKITMOHUPOBAHHOTO BOCIIPOU3BENEHMUsI, 10-
ITyCKAEeTCs TOJBKO C TMChbMEHHOT'0 pPa3perieHust
npaBpoobOJiagaresisi(eir) W TpU 00s3aTeTbHOM
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIUII,
KOTOpbIE BHECJ/IW OIIYTUMBINA BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U UHTEPIIPETAINIO
3asIBJIEHHOU pabOThI, TO €CTh TEX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PYKOIIICH HE COIEPIKUT MaTePUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOH IT€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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KoH@uuKkT nHTEpecoB cTopoH: ABTOp/Penak-
nys

KongukT naTepecoB cTopoH ABTOp/Penak-
M1 pelIaeTcs IyTeM IIeperoBopoB CTOPOH, B CIIy-
4Jae HeyperyJupOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOINIACUHl — B COOTBETCTBUU C HEUCTBYIOIIUM
3aKOHOJATEeJIbCTBOM P® 1 MeyKlyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMM aKTaMU, PeryJupylolMy
MyOJIMKANAIO PYKOIIMCEH B HAYYHO-TTPAKTUYECKUX
MEeIUIMHCKUX YKypHaJIax.

Comracue Ha IyOJIMKAIAIO OTPEJAKTUPOBaH-
HOT'O MaTepuaJjia BbIpa)KaeT aBTOp, OTBETCTBEH-
HBIH 3a IIepenucKy ¢ pegaknueil. [locsie o3HakoM-
JIEHUsI C BEPCTKON OH HAIlpaBJIsIET B peJaKINIO0
3JIEKTPOHHOE ITHCHMO I10 OJHOM U3 IIpe/iCTaBJIeH-
HBIX POpM:

1) ABTOpPBI* cOWTaCHBI HA ITyOJIUKAITIIO PYKO-
MUCU** B TIPeICTaBJIEHHOM BHUJE.

2) ABTOpBI* COIVIACHBI HA MYOJIUKALIIIO PYKO-
nuCcu™* Mmocjie BHECEHUsI B BEPCTKY CJICAYIOIINX
IIPaBOK:... (IaJjee caenyeT epedeHb C YyKadaHueM
HOMepa CTpaHUIIbI TPAHOK BEPCTKY, HOMepa a0-
3arra, HoMepa CTPOKH B ab3alie M caMoil IIPaBKH).

*YKkasbpIBaeTcsd BeChb aBTOPCKHUU cocTaB. **
‘YKa3pIBaeTCs1 Ha3BaHUeE PYKOIIMCH.

Cpoxk omnoselieHus pelakyuu O IPUHATOM
aBTOpaMu pelnreHnn — He 0oJjiee 3-X THEHN C Mo-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a [IepeluCKYy C peJaKiuei.

Buumanme! Ha cTaguy BepCTKY TOIyCKACTCS
MIpaBKa OTIE€YaTOK, OMMOO0YHBIX ITU(p U cJIoB. Pe-
JaKTApOBaHue MarepuraJia (3aMeHa, UCKJII0YeHNe,
nmobaBsieHre TpeJIoKeHNH, ab3arieB 1 UJLTIOCTPa-
THUBHBIX O/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOIAT K €€ YA0po-
SKAQHUI0O W 3aJepyKKe BBIIyCKAa B CBA3U C
nepedopMarupoBaHreM U OOHOBJIEHUEM Ilepe-
BOJIa TEKCTA HAa aHIVIMMCKUU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepradl C le4aTy U IIepeHo-
CHUT ero NyOJIMKAINIO B IPYTroil HOMEP B OTpeaak-
TUPOBAHHOM aBTOPaMU BHUE.

CpokH IPOABHIKEHU S PyKOIIUCH

— JKCIepTU3a Ha COOTBETCTBHE MPOQUIIIO
’KypHaJsa v nmpaBuiaM odopMmieHus — He DoJjee
3-x pabouux JHEN C MOMEHTa MTOCTYIJIEHUST PYKO-
IIMCH B PEJAKIHAIO.

— PeniensupoBanme — He O6oJee 20-u pado-
4YUX JHEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKU pe-
[ICH3EHTY PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOM OTIIPABKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIETUY B OYHO-3a0YHOU
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
nioJie, ceHTsIOpe 1 HosIO0pe) He TTO3/IHEe, YeM 3a
1 MecAI Jo BBIIIYCKA TUPaska KypHaJa.

OTnpaBKa MaTepuaJIOB AJIs MyOTHKAAT

MarepwuaJibl 1151 TyOJUKAIMA Ha PyCCKOM U
AHIVIMICKOM SI3BIKAX CJIelyeT HAllPaBJIsATh B BUJIE

N 155H08
TEKCT
110029018

TEKCT
OIM022018

OT02S01E

3JIEKTPOHHBIX (PaiijIOB HA CaliT sKypHaJIa: Www.re-
animatology.com, niu o agpecy peJakiiuu: jour-
nal_or@mail.ru. @opmar nognucu daitaos: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAYeHWe MaTepuasia
(TEKCT, WIJIIOCTPALNU U Ip.), 1aTa (4MUCJI0, MecsL],
ron). ITpu oOHOBJIEHUM BEpPCHUI PYKOIUCH U ee
MIPUJIOKEHUH (TabJIUITbI, UJLTIOCTpaum) B (op-
MaTe noAnucH GaiijioB MeHsIeTCS TOTBKO JaTa.

IIpumep:

Buumanme! [I01HOCTBIO aBTOMaTU3MPOBAH-
HBIU IIEPEBOJ] C PYCCKOTO sI3bIKA HAa aHIVIMUCKUU
WMeeT HU3KOe KadyeCTBO M He NPUHUMAETCS.
HKO donn «MengunuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVCTBHE B TIEPEBO/e MaTe-
pHUAIOB 715 MyOJWKAIIAK C PYCCKOTO S3bIKa Ha
AHIVIMMCKUHM (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIO4aeT: 1) TUTYIbHBIN
JIUCT 2) pe3ioMe U KJI0YeBble CJI0BA; 3) MOJHBIN
TEKCT PYKOIIACH C IIOJIIUCSIMHY BCeX aBTOPOB Ha I10-
cJieiHel CTpaHuIle, TONTBEP K IAIOIIIUMHU UX aBTOP-
CTBO U COIJIacue C COonepsKaHheM PyKONHUCH (II10-
CJeNHsIA CTpPaHWIA NPEJOCTABJSAETCA B BHUIE
CKaHa); 4) TabJUIbI U WITIOCTPanuu (rpaduky,
JIuarpaMmel, poTorpaduu, puCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHWEM U NIpUMedaHueM; 5) 6ubarorpa-
(¢uveckuii cimcok; 6) COMPOBOAUTETBHOE MHUCHMO.

(I’OpMd COﬂpOGO@umEﬂbHOZO nucoema:

[naBHOMY pefgaxkTopy )KypHaJ/a

«Ob11as peaHuMaToJIOTHSI»
3acyy;KeHHOMY AeAaTeqro Hayku Poccun,
yjeH-KoppecnoHgeHTy PAH, npodeccopy
B. B. Mopoay

IIpocum Bac paccMmoTpeTb BO3MOYKHOCTH
myOJIMKauu (Bun pykonucuy; Pamuiuy,
Hmena, OT4yecTBa BCeX aBTOPOB; Ha3BaHUeE PYKO-
nvcy) B sKkypHase «O011ast peaHnMaToJIOTHsI».

ABTODPBI PYKOIIMCH O3HAKOMJIEHEI ¢ TH(pOP-
MaIluen AJs aBTOpPOoB KypHaJa «O01ass peaHnu-
MAaroJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKY, MIOJJa9¥ U MMyOJTUKAIINU PYKOIIHACH.

JlaHHas1 pyKONHCH He TyOJIMpyeT mpebIIy-
mue my0/IMKaIye, B Hell He 3aTparuBaloTCs MH-
Tepechbl TPETbUX CTOPOH U He HAPyLIAIOTCs 9THU-
YeCKHe HOPMBI TyOJTUKAI[AH.

OTBEeTCTBEHHBIN 3a IEPEeNUCKY C pelak-
nueit: imsa, OtyectBo, PamMuIns OgJHOTO U3 aB-
TOpPOB pyKONucH, e-mail, TesedoH.

[Tognuce pyKOBOZUTES YIPEIKACHUA.
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CompoBonuTeIbHOE MMIUCHMO JTOJISKHO OBITH
HalleyaTaHo Ha OJIaHKe YIpesRIeHMsI, B KOTOPOM
BBITIOJTHEHA pabora.

TpeboBaHUA K mMeYaTH

Buo: opueHnTanys KHUKHas1, BbBIpaBHUBaHUE
o mupuHe, popmat A4.

IIpugm: Times New Roman 12-ro paamepa
YepHOTro IIBETa.

Hnmepsanvt u omcmynsvl: MeKCTPOUHBIN
UHTepBaJ B TeKCTe — 1,5; MEXKCTPOYHBIN UHTEP-
BaJ B MOJNMMUCAX K TaOJIMIIaM U HJLTIOCTPAIIUSIM,
B MpUMeYaHUSAX — 1; MHTepBaJI A0 U IocJie ab-
3ala — HeT; OTCTyH IepBO¥ CTpOKU — 1,25 cMm;
noJsi — 2,5 CM CO BCeX CTOPOH.

Hymepayus cmpanuy: B IpaBOM HUYKHEM
YIUIy.

Dopmam aiinos: TEKCT, TAOINIIBI, TONIIICH
K TabJuIam u uioctpanusam — Word; rpadukmy,
nuarpaMmmbl — Exel, Power Point; pucyaku — jpeg;
cxembl — TOJIBKO B PEJAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadum — BbI-
COKOTr0 pasperieHusi, COXpaHeHHbIe B JIIOOOM
¢dopmare.

Pexomennyemoe paspelnienye Npyu CKaHApOBa-
HUU: N300paskeHusI C UCTIOIb30BAHUEM JIMHUHN U
pucynku — 1200 dpi; ¢pororpacduu, paguorpa-
¢uu — e menee 300 dpi; pororpaduu, paguorpa-
¢uu c rekctom — He MeHee 600 dpi.

EqnHnnel maMepeHUs TOJIKHBI COOTBET-
CTBOBAaTh MesKAYHAPOAHON CHUCTEME eIUHUI]
(CH), remneparypa — mxkaJe Lleascus.

Dopmynbl [OJKHBI UMEThb YETKYIO Pa3METKY
BCeX 3JIEMEHTOB: CTPOYHBIX U IPOMHUCHBIX, a
TaK)Ke JIATUHCKUX U TPEeYECKUX OYKB; IOJCTPOY-
HBIX U HaJCTPOYHBIX UHIIEKCOB. B ciaydae nudp u
OyKB, CXOmHBIX 10 Hanmcanuo (0 — mudpa, O —
OyKBa), JOJKHBI OBITH ClleJTaHbI COOTBETCTBYIO-
e IOMEeTKHU.

HassaHnus

ITpu onrcaHWY anmaparypbl B CKOOKax yKa-
3bIBAIOTCA (PUpPMa U CTpaHa MIPOU3BOJUTEb.

Ipumep: CBeTOBOU 30H OJHOKAHAJBLHOTO
anmmapara JIAKK-02 (HIIIT «JTASMA», Poccus).

[Ipn ynoMrHaHUM JIEKAPCTB U IIPeraparoB UC-
MOJIB3YIOTCA MEKOYHApOIHbIe HellaTeHTOBaHHBIE
HazBanusa (INN). Toprosele (r1aTeHTOBaHHbBIE)
Ha3BaHUs, IO KOTOPBbIMH IIperaparbl BBIITyC-
KaIOTCS pa3/IMYHbIMU (PUpMaMH, IIPUBOSITCA C YKa-
3aHueEM (PUPMBI-U3TOTOBUTENIA U UX MEsKIYHAPOI-
HOTO HeIlaTeHTOBAHHOI'O (reHEpUYECKOTO)
Ha3BaHMS.

Ilpumep: tapusuj (odJiokcanuH, «XexcT
MbspuoH Pyccenb»).

JlaTuHCKVe Ha3BaHUS MUKPOOPTAHMU3MOB
MPUBOJAATCS B COOTBETCTBUU C COBPEMEHHOU
kiaccudukanueii, kypcupoM. [Ipu nepom ymo-
MWHAHUM HAa3BaHWE MHUKPOOPraHWU3Ma TaeTCs
IIOJIHOCTBIO — POJ ¥ BUJ, IIPA IIOBTOPHOM YIIO-
MWHAHWUYU POAOBOE HAa3BaHME COKpAIAeTCs 0
OJTHO# OYKBBI.

Ipumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S.
lividans.

HasBanus reHeTUYeCKNX  9JEMEHTOB
JTaIoTCs B TPeXOYKBEHHOM 0003HAaYeHUM JIATHH-
CKOT0 ajiaBUTa CTPOYHBIMU OYKBaMU, KypCH-
BOM (tet); KOgUpPyeMbIMU COOTBETCTBYIOIIMMMU I'e-
HETUYECKUMH 3JIEMEHTaMU I POAYKTBI
MIPONUCHBIMA TPsAMbIMU OykBamu (TET).

Buabpl U1 pekoMeHAyeMbBIH 00BEM PYKO-
UCcH

O0630pHas cTaThs, MeTa-aHaaN3: He OoJiee
25-¥ CTpaHUII BKJIIOYast He OoJiee 10-u TabJuIl
UJUTIOCTPANUi B 0OIIEM KOJTUYECTBE; CITUCOK ITH-
THUPyeMOU TuTeparypbl — He MeHee 80-u HauMe-
HOBaHUMH.

3akaszanHas ulu nepesooHas cCMambvs: no
002080peHHOCMU.

OpuzunanvHas cmamoes: He O6ojee 15-u
CTpaHWII, BKJIOUYass He OoJiee 6-u TabaUIl U
UJUTIOCTPANUi B 0OIIEM KOJTUYECTBE; CITUCOK ITH-
THUPYyEMOU JIUTEpaTypbl — He MeHee 25-1 HauMe-
HOBaHUMN.

Kpamrkas cmamos: He 60Jee 10-u cTaHUIL,
BKJIIOUasi He OoJiee 4-X TAOJIUI] U WIITIOCTPAITUI
B 00meM KOJIMYeCTBE; CIHUCOK ITUTUPYEeMOH
JIUTEepaTypbl — He MeHeel5-1 HauMeHOBaHUM.

Auckyccuonnas cmamovs (BRJIOYaeT 1—2
BOTIIpOca AJIsl 00CyKIeHus): He DoJiee 5-U cTpa-
HWUII, BKJTIOYasi He 6oJiee 2-X TaOJIUI] U UIIJTIOCTPa-
Wi B 00IIIeM KOJTMYECTBE; CIIMCOK IUTHPYEMOH
JuTepaTypbl — He 6osiee 20-1 HAMMEHOBAHUH.

IMucvmo 8 pedaryuio: He 60ee 600-a CJIOB.
IIuceMma, agpecoBaHHBIE COTPYOHHUKAM pelak-
MY, He TyOJIMKYIOTCA.

Buumanme! B 6ubsmorpadun pekoMeHy-
eTcs IPpUBOAUTH He MeHee 30% NCTOYHUKOB 5-J1eT-
Hell TaBHOCTH, BKJIIOYAs TeKYIIUH rof.

CTpyKTypHBIE pa3jesabl CTaTed U pPeKo-
MEHAaIluM 10 UX HAaITMCAHUIO

Bce cTpyKTypHBIE pa3aesbl HAYUHAIOTCA C
HOBOTO ab3ara. Mix Ha3BaHUs BBIIESIIOTCS SKUP-
HBIM HIPUPTOM.

www.reanimatology.com
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CBETJIOM TAMATH KOJIJIET

7 auBaps 2021 rona yies U3 JKU3HU BbIIA0-
muiicsa marogusunosor BsiuecsaB BukropoBuu
HoBunkuii.

HoBunxkuii BsiueciaB Bukrtoposuu (23 aBry-
cra 1946 1. — 7 auBaps 2021 r.) — JOKTOp Meau-
LIUHCKUX HayK, IIpodeccop, npodeccop kadeapsl
naroguanonaorun CHOMPCKOTO TOCYIapCTBEH-
HOI'0O MEJUIMHCKOIO0 YHUBEPCUTETa, aKaleMUK
PAH (2013), akagemuk PAMH (2005), 4jieH-KOp-
pecriougenT PAMH (1999), pexktop Cu6I'MVY
(1997-2014), 3aBenylonuii kadeapoil narodu-
auojoruu CubI'MVY (2000-2017). 3aciryKeHHBII
nesiTesb Hayku Poccuiickoit @eneparuu (2000).
3ac/yKeHHbIN pabOTHUK KYJIBETYPbI POCCUIICKOM
Denepauuu (1996).

UjieH npaBjeHus Poccuiickoro Hay4HoOTro
obmrecTBa maTo¢pU3UOJIOTOB, TJIABHBIN pelakK-
TOp KypHana «biossieTeHb CUOMPCKON Memu-
UHBI», TpeJcenarejb JUCCEPTALUOHHOTO
coBera /[ 208.096.01 mpu Cu6I'MYV 110 cieruaabHO-
ctu 14.03.03 — maTosiornvyeckasi pu3noI0rus.

B. B. HoBu1ikuii BHeC OTPOMHBIN BRKJIA] B pas-
BUTHE aKaJeMUUueCcKOl 1 By3OBCKOU Hayku. Pyko-
BOIUJI TOMCKOM IIIKOJIOM TaTo(M3u0JIOTOB,
pa3BHUBaJ COOCTBEHHOE HAIPABJIEHHE 10 N3yYEHUIO
PEaKTUBHOCTU CUCTEMBI KDOBU MMPU TICUXUYECKUX

paccrpoiicTBax U coMarudeckou narosioruu. Iloa-
roToBuJ 60Jiee 150 KaHAUIATOB U JIOKTOPOB HayK.

B. B. HoBunikuii siasiercss aBropom 800 Ha-
YYHBIX PabOT B 06J1aCTH TEOPETUYECKOM reMaTo-
JIOTUH, TAaTO(PU3NOJIOTHH, KIETOUYHON OUOJIOTUH,
B TOM yHucJjie 38 MoHOTpaduii, 2 aBTOPCKUX CBHU]IE-
TeJbCTB U 17 nmarenToB PO Ha nsobperenusi. Cos-
JlaTesIb, PETAKTOP U COaBTOP 18 y4eOHBIX TOCOOUIA.
OcobeHHast ero TopI0CTb — IISITh U3JAHUH 2-TOM-
HOT0 yueOHMKA I10 TaTO/I0TUYeCKON (PH3UO0JI0Tr NN
JJI1 CTYOEeHTOB MEeIUIIMHCKUX BY30B C rpudamMu
(henepasbHBIX BEIOMCTB (4-€ U3aHue OTTYOJIUKO-
BaHO Ha PYCCKOM U Ka3aXCKOM f3BIKaX).

B 2010 rogy KoJIJIEKTUB HayYHOM HIKOJIbI
B. B. HoBuIIKOTO OBLI YIOCTOEH OHOM M3 HAaubo-
Jlee IPeCTUKHBIX Harpaj akageMuu HayK — IIpe-
muu uM. Y. B. JIaBbIIOBCKOTO I10 00IIEH TaTOJI0T I
3a IIUKJI paboT «MoJIeRyJIsIpHbIE OCHOBBI ITaTOJIO-
MM KJIETOK KPOBU [IPU COLMAIBHO 3HAYMMBIX 3a-
60JIeBaHUSIX?.

Pedaryus scypHana «Obuas peanumamoJo-
eus», Koanekmue HayuHo-uccne0o8amenvbckozo
uHcmumyma odujeil peaHumamonozuu um. B. A.
Hezoeckozo PHKI] PP evipasicarom uckpeHHue co-
60se3H08aHUSL pOOHBIM U bAU3KUM Bsiueciasa Buk-
moposuua u ckopbsim emecme ¢ HUMU.

GENERAL REANIMATOLOGY, 2021, 17; 1

www.reanimatology.com



[PeamMbepuH’
HABCTPEYY KU3SHW/

CbanaHcMpoBaHHbIM OkasbiBaeT
CyKLMHaTCcoaepXaLlnm AE3NHTOKCUKALIMOHHOE, PeamGeput’
KpUCTanIongHbIn aHTUOKCUOAHTHOE U
pacTBop' aHTUIUMOKCUYECKOE
nencreus’

HopManusyeT kucnotHo Q [na B3pocnbix U aetemn ¢

- OCHOBHOE cocTosiHMe! 1ropa XusHu'

®opma BbINycKa:

Pactsop ans uHdysuii 1,5%, B byTbinkax cteknsHHbIx 400 Mn, B KOHTelHepax u3
MHOrOCN0iHON NonvoneduHosoi NneHkn no 250 unu 500 mMn

Peknama. P N 001048/01 ot 06.09.2007

Ccbinkum:

1MHCTPYKLUA no npuMeHeHuio nekapcTeeHHoro npenapata PEAMBEPUH® pacteop ana ungysun 1,5% M3 PO

HayuHble uccnefoBaHua u cTatek no PeambepuHy aoctynHel Ha pecypce PubMed no cebinke:

https://www.ncbi.nlm.nih.gov/pubmed/?term=reamberin e
J

Polysan



