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Ilens uccnenoBanus. OrnpenesnTh 3HAUECHHE FTEHETUYECKUX BAPUAHTOB CaliTa OIHOHYKJIEOTU/IHOTO MOJUMOP-
dbusma rs3736309 unrpona 3 rena akpanopuna-5 (AQP5) B Te4eHUN KPUTUUECKUX COCTOSIHUE Y GOJIbHBIX € IOKY-
MEHTHPOBAHHON MH(EKINEH JICTKUX.

Marepuaist u MeTozbl. O6ciieoBana rpyna G0JIbHBIX PeaHUMAIOHHbBIX OTACTCHUIT TPU PAa3BUTUI KPUTIYE-
ckux cocrosinuii (n=86, Bozpact — ot 27 1o 82 ser, cpeanuii Bospact — 53,20+14,34 roga). B Beibopke npeobiia-
naau OOJIbHBIE CO 3JI0KAUeCTBEHHBIME HOBOOOpasoBanusivu (15%), neputonutom (16%) U MaHKpPEOHEKPO30M
(37%). Y 55% 6oJibHBIX pa3BUJIACh HO30KOMUAJIbHASI ITHEBMOHUS, OCTPbIA PECIMPATOPHbIIL UCTPECC-CUHPOM
(OPIIC) — y 54% GoubHbIX, cenrtruyeckuii oK — y 48% 6osbHbix u'y 33% OPIIC coueTascs ¢ CeNTHYECKUM 1110~
KOM. B JmaBakHOIT JKUIKOCTH Beex GOJMBHBIX OBLIN BbIsIBIEHDBI OakTepuu Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Acinetobacter baumannii W30JUPOBAHHO WJIN B aCCONMAINH, B T.4. ¢ Proteus mirabilis. TenotunupoBamme
JTHK mpoBoan/In ¢ NCTIOIB30BAHUEM TETpa-TpaiMepHOiT MoJMMepasHoi MermHoi peaktun. CTaTHCTHYECKYTO 00-
pabotky ocyuiectsisiu npu nomotiu nporpammbl GraphPad InStat (GraphPad, USA).

Pesyabrarsl. Pactipeziesenie yactor renotunos AA, GA u GG AQP5 rs3736309) cpean Bceil BHIOOPKH TIOIYH-
HsT0Ch 3aK0oHY Xapau-BaiinGepra (p=0,923) 1 coOTBETCTBOBAJIO JAHHBIM UCCJIEI0BAHNI YCJIOBHO-30POBBIX UHIN-
BUJLYYMOB B eBponeouiHoii nomysistiuu (p>0,05). [TokasaHo, 4To B HOArpyIiiie GOJIbHBIX ¢ CENITUYECKUM IIIOKOM Te-
Horuma AQP5 AA (rs3736309), Hauwnast yke ¢ 1-ro st o6csie1oBanus, ObUIM BBISIBJIEHD! O0Jiee HU3KNe 3HAYEHNsT

Anpec u1s1 KOPPECTIOHAEHIUN: Correspondence to:
Bragumup Iucapes Mr. Vladimir Pisarev
E-mail: vpisarev@gmail.com E-mail: vpisarev@gmail.com
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OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

MBCBJI 1o cpasrenmio ¢ 60mbHbiME TeHoTHITOB GG 11 GA ¢ cenTnyecknM MIOKOM, HECMOTPST Ha OJIHAKOBDIE MO~
XOIbI K JIECYEHNIO KPUTHYECKOTO COCTOSTHUSL. Passimanst MesKiry reHeTUYeCKU PAa3HBIMI MOATPYIIITAMU GOJIBHBIX C CETI-
TUYECKUM [IOKOM COXPaHSJINCh Ha TIPOTSIKEHUU BCero cpoka obcseposanus (p<0,05, nuu 1, 3, 5 u 7). Tenerunuec-
kuii Bapuant G+ AQP5 (rs3736309), takum 06pa3oM, sIBJIsICS HEGIATONPUSTHBIM (DAKTOPOM, CIIOCOOCTBYIOIIUM
Pa3BUTHUIO OTEKA JIETKIX, YCTONYMBOTO K JieueHuio (cooTHotenue mancoB, OR=6,75; p=0,032). Toibko B moarpyt-
1ie OOJIBHBIX € CENTUYECKUM MIOKOM reHoTUIa G+ (HO He BO BCeil rpyIiie OOJIbHBIX WK B MOATPYIie O0IbHbIX 6e3
CENTHYECKOTO MOKA € TEM K€ TeHOTUTIOM) GbIIO OTMEYEH 3HAYUTENBHO GoJiee BHICOKUH YPOBEHD CYyPhaKTaHTHOrO
6enka SP-D B mrasme 110 cpaBHeHuIo ¢ 6osbHbIME TeHoTUia AQPS AA ananornusoii moarpymisl (p<0,05).

3akmouenue. [Ipu cenTrueckom 1oke HajgMune roMoO3UroTHOro Bapuanta ajuiesst A (AA) caiita noaumopdus-
ma rera AQP) 13736309 siBiisiercst GaronpusiTHbIM (haKTOPOM TIPU pa3BUTHU OoTeka Jerkux. Hammune amuienst G
AQP5 rs3736309 siBistercsi hakTopoM prcka GOJIbIIEN BBIPAKEHHOCTH OTEKA JIETKUX M €0 YCTOYNBOCTH K JIEYEHHIO.

Kntoueswie cnosa: SNP; norumoppuzm AQPS; axeanopuiivl; nOIUMOPPUIM 2HO8; OMEK JE2KUX; CENMUUECKULL ULOK

Purpose of the study. Determine the value of genetic variants of a single nucleotide polymorphic site
rs3736309 of intron 3 of aquaporin-5 (AQP5) gene in the course of critical illness in patients with documented pul-
monary infection. Materials and methods. Patients with critical illness admitted to the intensive care units were
examined during the course of treatment (n=86, age 27 to 82 years, mean age 53.20+14.34 years). Main diagnosis
included malignancies (15%), peritonitis (16%) and necrotizing pancreatitis (37%). Patients developed nosocomi-
al pneumonia (55%), acute respiratory distress syndrome (ARDS) (54%), septic shock (48%), ARDS combined
with septic shock (33%). Bacterial species of Pseudomonas aeruginosa , Klebsiella pneumoniae, Acinetobacter bau-
mannii, and /or Proteus mirabilis alone or in association were revealed in lavage fluid. DNA genotyping DNA was
carried out using tetra-primer polymerase chain reaction (PCR). Statistical processing was performed using
GraphPad InStat program (GraphPad, USA).

Results. The distribution of frequencies of genotypes AA, GA and GG (AQP5, rs3736309) in cohort of patients
corresponded to Hardy-Weinberg equilibrium (P=0.923) and was similar to frequencies of same alleles determined
in a conditionally healthy Caucasian individuals (literature data) (P>0.05). In a subgroup of patients with septic
shock and AQP5 AA (1s3736309) genotype the lower EVIWI values were found compared to patients with geno-
types GG and GA with septic shock in spite of the same approach to treatment. The differences between geneti-
cally different subgroups of patients with septic shock were maintained throughout the life of the survey (P<0.05,
days 1, 3, 5 and 7). Genetic variant AQP5 G+ (1s3736309) contributed to the development of pulmonary edema
resistant to treatment (odds ratio, OR = 6,75; P=0.032). Only the subgroup of patients with septic shock and geno-
type G + (but not all patients or the subgroup of patients without septic shock of the same genotype) were char-
acterized by significantly elevated levels of surfactant protein SP-D in plasma compared to patients of genotype
AQP5 AA with septic shock (P<0.05).

Conclusion. In septic shock, the presence of homozygous variant allele A (AA) of AQP5 rs3736309 is a favor-
able factor for patients developing the pulmonary edema. The presence of allele AQP5 G (rs3736309) is a risk fac-
tor for developing severe pulmonary edema and unfavorable prognosis in spite of treatment.

Key words: SNP polymorphism; AQP5; aquaporins; gene polymorphism; pulmonary edema; septic shock
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BBenenne

Tenetnyeckuii mommMophu3M SABJIIETCH OJHUM
BaKHBIX U3 MICTOYHUKOB ITOUCKA TIOTEHIIUATBHBIX O1-
OMapKepoB IPOTHO3UPOBAHUM TEUECHUS U HCXO/a
kputndeckux cocrogauit (KC). [lns caiitoB onHo-
HYKJICOTUIHBIX 3aMen (single nucleotide polymor-
phism, SNP) HekoTOpbIX reHOB (TEHBI IIUTOXPOMOB,
BPOKJICHHOTO MIMMYHUTETA U JIP.) TIOKa3aHa acCOIH-
arug ¢ pazputueM n tedeHuem KC [1—4]. Omnaxo
JIAJIEKO HE BCE M3 MCCJEIOBAHHBIX MOTEHIIUATBHBIX
MapKepOB UMEIOT OUEBU/THOE MTATOTEHETUYECKOE 3HA-
yenne g pazputus KC, 4To orpaHnymBaeT ux uc-
MOJIb30BAHUE JIJI TTO3HAHUS MEXAaHU3MOB Pa3BUTHUSA
KC. OnnuM 13 1epCcrieKTUBHbBIX aJIJIEIbHbIX T10JIU-
MOPGhU3MOB, KOTOPbIE MOTYT UMeTh OTHOIIEHHUE K I1a-
Torenedy pasubix KC, sgBigercd MaTon3ydeHHbIH re-

Introduction

Genetic polymorphism is a valuable source of
potential biomarkers predicting the course and out-
comes of critical illness (CI). Sites of single
nucleotide substitutions (single nucleotide polymor-
phism, SNP) of various genes (genes of cytochrome
P450s, innate immunity, and others) have been
shown to be associated with the development and
course of the CI [1—4]. However, not all potential
biomarkers studied so far evidently relate to CI
pathogenesis that limit their use for clarifying the
genetic base of heterogeneity of CI development. One
of promising allelic polymorphisms, which potential-
ly pathogenetically contribute to various CI develop-
ment, is understudied polymorphism of AQP5. The
product(s) of AQP5 gene has been demonstrated to
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Hetnyeckuii osmmopduam AQPS. Tlokazano, uTo
npoayKT(bl) AQP5 mMeeT MaToreHeTUYecKoe 3Have-
HUeE JIJIsE PA/Ia TAKebIX 3a00J1eBaHUi 1 COCTOSTHU.

IIponyxr rena AQP5 NpUHAJICKUT K CEMENCT-
By akBanoputoB (AQPs) — MeMOpaHHBIX OEJIKOB,
OTBETCTBEHHbBIX 32 M30UPATEJbHbII TpaHCMEMOpaH-
HBII TPAaHCIOPT BOJIBL. JKCIIEPUMEHTHI Ha Jabopa-
TOPHBIX KMUBOTHBIX U KJIETKAX 7 0ilr0 BBISIBUIN
(OYHKIIMOHATIBHYIO 3HAYUMOCTh aKBAIIOPHHOB B pe-
TyJISIUU 00beMa KJIETOK U KJIETOYHOU MUTPAIUN |5,
6]. Camskenue axcrpeccut AQPS y MblIItieli acconum-
POBAJIOCH C BOCHAJIUTENbHBIMU PEAKITUSIMU B JIETKUX
[7]. TlokazaHo 4TO aKBAOPUHBI UTPAIOT 3HAYUTEJIb-
HYIO POJIb B Pa3BUTHH OTEKA JIETKUX Y IKCIIEPUMEH-
TaJbHBIX JKUBOTHBIX U OTEKA MO3Ta y uesoBeka |8, 9].
Kimmnunyeckue ucciie/joBaHns B KUTAUCKOM MTOIYJIsi-
LUU BBIABWJIM, YTO HOCUTEJW reHoruna +2254 A
AQP5 (1s3736309) obmaaiu GOJBIIUM PUCKOM He-
GJIATONPUSTHOTO TEYEHUS] XPOHUUYECKON 00CTPYK-
tuBHOI Gosesnu Jyerkux (XOBJI) 1o cpaBHEHUIO ¢
GOJIHBIMU JIPYTUX BApUAHTHBIX TeHOTUTIOB AQPH
(GG u AG) [10]. Hag npyroro SNP, 1364A/C (caiit
npoMoTtopHoil obsactu AQPY), mokazaHa accorua-
1ug reHotTuna AA ¢ TIOBBINIEHNEM BBIKUBAEMOCTU
npu TsresoM cericuce [11]. Ogaako 3HaYeHue 1MoJm-
MophHbIX BapuanTtoB AQP) B pa3BUTUM U T€UEHUU
OTeKa JIETKUX NPHU JOKYMEHTHUPOBAHHON TsKesaon
uH(bEKIUN JIETKUX He MCCIe0BATIOCH.

[Toatomy 1esbio HAIIETO0 WUCCIEIOBAHUS SIBU-
JIOCH OIIpejieJieHre TPOTHOCTUYECKON 3HAYUMOCTH
BapuanTHbIX renotutioB SNP +2254 A>G rena aksa-
nopuna-d (uarpon 3 AQPS, rs3736309) B orHoIe-
HUW Pa3BUTHUS OTEKA JIETKUX Y OOJBHBIX C CEIICHCOM.

Marepuan u MeTobI

Kiunuko-1aGoparopusie uccienopanus. Vccieno-
BaHue ObLIO 0J06PEHO JTOKANTBHBIM ITHICCKUM KOMUTETOM
1 TIPOBE/ICHO B COOTBETCTBHUU C IMIPUHIIMIIAMU XeJIbCHHCKOM
[lexkmapaiun 1 peryasatopHbiMu pekoMengaruayvu HUN
obmieii peannmarosiorun uM. B. V. Herosckoro. Bobiibie
GBLIN BKJIIOYEHBI B UCCIIEIOBAHUE B COOTBETCTBUM C KPUTE-
PHAMH BKITIOUEHNS M NCKITIOUCHUSI.

Kputepun BkiioueHus: Bospact ot 23 mo 82 ier;
GOJIbHBIE, TIEPEHECIIne XUPYPrHYecKOe BMEIIATelIbCTBO,
HAXOAUBINNECS HA UCKYCCTBEHHOW BEHTHUJISIINU JIETKUX
(1BJI) 6oJee ABYX CYyTOK M C TpU3HaKaMu WHMEKIUU B
JIETKUX, JIOKA3aHHON GAKTePUOJOTHYECKIM HUCCIe0BAHN-
eM GPOHXAJIbBEOJISIPHOTO COAEPIKUMOTO.

Kpurepun uCKIIOUEHUS: TSIKECTb COCTOSTHUS 110
APACHE 1I>26 6Ganios; TpaBMa; Haamune GepeMeHHOCTH;
TSKEJIBIT IMMYHOZIe(DUIIT; TPOTUBOTIOKA3AHUS K KATETEPH-
3anuu GeIPeHHON aprepun (TSIKEIOe aTePOCKIEPOTUYECKOE
HOopakKeHre MaruCTPATbHBIX aPTEPHIi, THITOKOATYJISIHS (3HA-
yenuss AYTB 1 MHO, npesbrmatorie HopMaIbHbIe 3HAYE-
Hust B 2 pasa), rpombonuronenust meree 50X 10°/01); HeocTa-
TOYHOCTD JIEBOTO KeJTy0uKa (110 KINHIMYECKUM JIaHHBIM 1
OlIEHKEe TOKazaTesiell 0ObEMHON TIPEeAHArPy3Kn); OIHOBpE-
MEeHHOE YYacThe B IPYTUX KINHUYECKUX UCCIIEI0BAHIISIX.

DBouta ob6eseoBana rpyiina OONBHBIX (MysKYUHBI U
sKeHTHBL, 7=86) B Bo3pacTe oT 27 10 82 et (cpemHuii Bo3-

pathogenetically contribute to development of a
number of serious diseases and conditions.

Product of AQP5 gene belongs to a family of
aquaporins (AQPs), membrane proteins, responsible
for the selective transmembrane transport of water.
Experiments in laboratory animals and cells have
identified the in vitro functional significance of
aquaporin regulation of cell volume and cell migra-
tion [5, 6]. Reduced AQP5 expression in mice was
associated with inflammatory reactions in the lungs
[7]. Tt was shown that aquaporins significantly con-
tributed to the development of pulmonary edema in
experimental animals and human brain edema [8, 9].
Clinical studies in Chinese population revealed that
carriers of genotype +2254 A AQP5 (1s3736309) had
a greater risk of unfavorable course of chronic
obstructive pulmonary disease (COPD) compared
to patients of other genotype variants of AQP5, GG
and AG [10]. For another SNP, 1364A/C (promoter
region within the AQP5 locus), the AA genotype was
associated with improved survival in severe sepsis
[11]. However, the value of polymorphic variants
AQP5 in the development and progression of pul-
monary edema in severe lung infection has not been
studied so far.

Therefore, the aim of our study was to deter-
mine the prognostic significance of variant geno-
types SNP +2254 A> G of aquaporin-5 gene (intron
3 AQP)5, rs3736309) in patients with documented
bacterial infection of the lungs, with a focus on pul-
monary edema development in sepsis patients.

Materials and Methods

Clinical and laboratory studies. The study was
approved by the local Ethics Committee and conducted in
accordance with the principles of the Helsinki Declaration
and regulatory recommendations of V. A. Negovsky
Institute of General Reanimatology. Patients were includ-
ed in the study according to the inclusion and exclusion
criteria.

Inclusion criteria were: age between 23 and 82 years;
patients who undergone surgery, patients on mechanical
ventilation (MV) for more than two days, with symptoms
of infection in the lungs proven by bacteriological exami-
nation of broncho-alveolar lavage content.

Exclusion criteria: severity of the condition by
APACHE II> 26 points; trauma; pregnancy; severe
immunodeficiency; contraindication to the femoral artery
catheterization (severe atherosclerotic lesion of major
arteries, hypocoagulation (APTT values and INR greater
than normal values in 2 times), thrombocytopenia less
than 50x10°/L; failure of the left ventricle according to the
clinical data and evaluation of a volumetric preload; simul-
taneous participation in other clinical trials.

Patients included male and female, =86, aged 27 to
82 years (mean age 53.20+14.34 years) who underwent
surgery, with bacteriologically proven infection in the
lungs (Table 1). Patients were investigated for the devel-
opment of septic shock, acute respiratory distress syn-
drome (ARDS), nosocomial pneumonia, pulmonary
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pact 53,20%14,34 roma), nepeHecinx Xupypruaeckoe BMe-
IIATETBCTBO, € GAKTEPHOJIOTNYECKHU JIOKA3aHHBIM HH(DEKII-
OHHBIM [POIECCOM B JierkKuX (Tabur. 1). Y 60IbHBIX BBISBIIS-
JIY Pa3BUTHeE CEIITHYEeCKOro 1I0Ka, OCTPOrO PECIIMPATOPHOTO
mcrpecc-cungpoma (OP/IC) n HO30KOMUAILHOM ITHEBMO-
HUM, OTEKA JIETKUX. DOJIbHBIX TTO/Pa3/esisiii Ha TPYIIIbI B
3aBUCHMOCTH OT KaTerOPHU KPUTHYECKOTO COCTOSTHIS. BHy-
TPH KaK/[0# TPYIITBI MM BeeX GOJIBHBIX TTOAPA3ICISIN Ha
HOATPYIIIBI B COOTBETCTBUM ¢ reHoTHamu AA nian GA +
GG AQP5 1s33736309. [/lnarHocTHKa CENTUYECKOTO INOKA
OCYIIECTBIISITIACH PETPOCIIEKTUBHO B COOTBETCTBHUU C KPHTE-
pusivu the Surviving Sepsis Campaign 2012 [12]. PasButue
n tskectb OPJIC oriennBay B COOTBETCTBUN € METO/[TYEC-
KHUMU peKoMeHIalusivMu, paspaboranabivu 8 HUW O6mieii
peannmarosiorin M. B.A. Herosckoro [13—15]. ITapamer-
PBI LIEHTPATIBHOI TeMOJAMHAMUKY, UH/IEKC BHYTPUTPYIHOTO
o6bema kpoBu (MBT'OK) u uHjeke BHECOCYMCTON BOIbI
serkux (MUBCBJI) uamepstiiich 110 METOIMKe TPAHCITYJIbMO-
HAJIBHON TEPMOJIMJIIOIIN C HCTIOJIb30BAHNEM MOJLYJISI MHBA-
suBHoro Monuropudra M1012A#C10 <«Pulsion PiCCO
Plus» (Pulsion Medical Systems, [epmanust), uHTErpupo-
BanHoro B Mouutop Philips IntelliVue cepuu CMS2001
(Philips Medizin Systeme, Tepmanust). PenrreHorpadust
OPraHoOB TPYAHON KJIETKH BBIIOJIHSIIACH MOPTATUBHBIM
peHTreHoBCcKUM — armapartoM  Siemens Polymobil 10
(Siemens, lepmanmsa), KT — ma ammapate Somatom
Sensation 16 (Siemens, [epmanmust).

BousbHbIX, yCTONYUBBIX K JIEYEHUIO OTEKA JIETKUX, Xa-
pakrepusoBasu 1o aunamuke UBCBJI B reuenune nenesu:

1. OtpumnarenbHas IUHAMHUKA: yBeJUUeHUE 3HAUE-
uus UBCBJI 6ostee, ueM Ha 2 MJI/KT 3a CEMb CYyTOK, HECMO-
TPs Ha IIPOBOINMOE JICUEHIIE;

2. DBes cymiecTBeHHOI IMHAMUKI: OTCYTCTBUE CHHU-
sxkerust IBCBJI o yposus Mernee 10 MJI/KT B TeueHuUe ce-
MU CYTOK, HECMOTPST Ha TIPOBOJIMOE JIEYEHUH;

3. DBes cymuiecTBeHHOI ANHAMUKU: B IpyIine 60Jb-
HBIX ¢ HarboJiee BBIPAKEHHBIM OTEKOM JIETKUX (HAYasb-
Hblid ypoerb 10 Mu/Kr 1 Gosiee) OTCyTCTBOBAIO CHUKE-
Hue sHaueHnit UIBCBJI Ha 2 mui/kr u GoJiee Ha 7-€ CyTKH
sedenus [16, 17].

YeroitunBbiMU K JiedeHnio (HeGIaronpusiTHBINA T1po-
rHO3 Pa3BUTHUS OTEKA JIETKUX) [PU3HABAIN OOJIBHBIX, OT-
HOCSIIIIUXCST K OJTHOI 13 TPeX MepeyrcIeHHbIX KaTeTOPHIA.

TskecTb COCTOSIHUST OOJIBHBIX, CTEIEeHb TTOBPEKICHUS
JIETKUX, Pa3BUTHE HO30KOMUAJTIBHON TTHEBMOHUH, BOCITAJIH-
TEJIbHBIX MIPOIECCOB OIEHUBAJIN 110 COOTBETCTBYIONTM KA~
sam (APACHE 11, Murray, CPIS) corsiacHo pekomMeH/10BaH-
HeIM KputepusiM |14—16]. JImarnoctika HO30KOMUATBHOM
[THEBMOHWHM ITPOBOJINJIACH € WCIHOJIb30BanneM Poccuiickux
HAIMOHAJIBHBIX peKoMeHaimnii « HozokomuasbHast mHeBMo-
HIIS Y B3POCJIBIX» [17].

¥ Bcex GOJIbHBIX, BKIOUEHHDBIX B MCC/IEIOBAHKE, B ICHD
BKJTIOUEHS B UCCJIEZI0BAHIE, & TAK JKe HA 5 1 7 CYTKHU JIEYeHUsT
HPOU3BOIIIICS 32a00p OPOHXOATBBEOJSIPHOTO COIEPIKIMOTO
(71aBaska) ¥ BEHO3HOI KPOBH JIJIsI MUKPOOHOJIOTMYECKOTO HC-
cJlesioBaHus. BasTie MaTepraa ocyecTBIISIIN B COOTBETCT-
BUU C IPABIJIaMU 3a00Da, XPAHEHMsT, TPAHCTIOPTUPOBKU U Pa-
60tbI ¢ Mukpobuosorndecknmu obpasiamu (Ipukas Ne535
M3 CCCP, 1985 r.) /luist foCTaBKU MOTEHITUATLHO HH(EKIU-
OHHOTO Marepriajia B JIAOOPATOPUIO HCIIOJIB30BAIM TPAHC-
noprusie cpeapl «<MEUS Srl» (Piove di Sacco, Uramus).
Baxreprosioriaeckoe HCCIeoBaHIe BKITIOYATO B ceOsT MUK-
POCKOINIO IIperiapaTa, OKpalleHHoro o Ipamy, oneHKy pocta
KYJIBTYD ¥ MAEHTU(DUKALIIO BO30Y IUTEIS.

edema, and divided into groups depending on the category
of the critical illness. All patients and groups were subdi-
vided into subgroups according to genotype AA or
GA+GG AQP5 1s3736309. Diagnosis of septic shock was
performed retrospectively in accordance with the criteria
of the Surviving Sepsis Campaign 2012 [12]. The develop-
ment and severity of ARDS were evaluated in accordance
with the methodological recommendations developed in
the V.A. Negovsky Institute of General Reanimatology
[13-15]. The parameters of central hemodynamics,
intrathoracic blood volume index (ITBVI) and pulmonary
extravascular water index (EVLWI) were measured by
transpulmonary thermodilution using module invasive
monitoring M1012A # C10 <«Pulsion PiCCO Plus»
(Pulsion Medical Systems DMC GmbH, Germany), inte-
grated into Philips IntelliVue monitor series CMS2001
(Philips Medicine Systems DMC GmbH, Germany).
Chest X-ray was performed by a portable X-ray machine
Siemens Polymobil 10 (Siemens, Germany), computer
tomography (CT) was performed with the aid of Somatom
Sensation 16 (Siemens, Germany).

Patients with no or limited efficacy (resistant to
treaqtment) of the treatment of pulmonary edema were
characterized by the dynamics of EVLWI during the week:

1. Negative dynamics: increasing the value of
EVLWI more than 2 mL / kg after seven days of treatment;

2. No significant dynamics: EVLWI showed no
reduction less than 10 mL / kg following seven days of
treatment;

3. No significant dynamics in a group of patients
with the most severe pulmonary edema (initial level of 10
ml/kg and more): no reduction in EVIWI values for 2
ml/kg or more on day 7 of treatment [16, 17].

Patients belonged to one of three above categories
were considered as those resistant to treatment (with poor
prognosis of lung edema dynamics) .

The severity of the disease, degree of lung injury,
development of nosocomial pneumonia, inflammation were
assessed by the relevant scales (APACHE II, Murray,
CPIS) according to the recommended criteria [14-16].
Diagnosis of nosocomial pneumonia was conducted using
the Russian National Guidelines «Nosocomial pneumonia
in adults» [17].

All patients included in the study, on the day of entry
into the study, as well as on day 5 and 7 of treatment were
investigated for infection using bacterial investigation of
broncho-alveolar lavage (BAL) and venous blood.
Harvesting the material was carried out in accordance to
the rules of sampling, storage, transportation and working
with microbiological samples (Order Ne535 of the USSR
Ministry of Health, 1985). For the delivery of potentially
infectious material in the laboratory the transport media
«MEUS S.rl» (Piove di Sacco, Italy) was used.
Bacteriological examination included evaluation of
microscopy preparations stained by Gram, estimating
growth of bacteria in specific media followed by the
pathogen identification.

Treatment of patients in each group was carried out
using standardized methods of complex causal, patho-
genetic and symptomatic intensive treatment accompa-
nied by dynamic monitoring. Complex methods include
antibiotics, infusion of inotropic and vasopressor drugs
(noradrenaline), as well as methods of infusion (crystalloid
solutions), transfusion (packed red blood cells, fresh frozen
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Jleuerne GOJIBHBIX KAsKIOU TPYIIIIBI OCYIIECTBIISIIN C
TIOMOIIIBIO CTAHIAPTH3MPOBAHHBIX METOOB KOMILJIEKCHOMN
ATUOTPOITHOM, MATOTeHETUYECKOH M CUMITOMATHYECKOM
MHTEHCUBHOI TePaIiK € COMYTCTBYONIMM JANHAMITYECKUM
MOHUTOPUHTOM. KOMILIEKC METOIOB BKJIIOYAI aHTUOUOTHU -
KOTepanuio, WHGY3UI0 MHOTPONHBIX M Ba3ONPECCOPHBIX
npernaparoB (HOPAJIPEHAIIH ), & TAK)Ke METO/IbI HH(Y3HOH-
HOW (KPUCTAIOUIHBIE PACTBOPBI), TPAHCHY3MOHHON
(9pUTPOLUTHAS Macca, CBEKE3aMOPOKEHHAS T1JIa3Ma, ajlb-
OGyMUH), aHTHCEKPETOPHOU (6I0KATOPBI IPOTOHHOU TTOM-
T1bI, CAH/IOCTATHH ), CEJaTUBHON 1 aHATBIeTUYECKON
(TUITHOTUKY, OIMOU/IBI, HECTEPOUIHbIE MPOTUBOCHAIN-
TeJIbHbIE TIPENapathl, MapareTaMoll, SupypaibHoe 00es3-
GoJMBaHue), aHTHKOATYJISIHTHOI Tepariu. BoJbHble 1mo-
JiydaJii TIapeHTepajbHOEe W HHTEPAJIbHOE IHTaHUE C
100aBJIEHIEM KOMILIEKCOB BUTAMUHOB M MUKDPO3JIEMEH-
TOB. BceM GOJIbHBIM OCYIIECTBIISIIN PECIUPATOPHYIO MOJI-
JIEP/KKY B COOTBETCTBUU ¢ KOHIen e 6ezonactoil MBJIL.
Pecrimparopnast mojepskka IPOBOIIJIACH HA amliapaTax
Engstrom Carestation (GE Healthcare, CIITIA) B pexnme
SIMV (Synchronized Intermittent Mandatory Ventilation
€ KOHTPOJIEM 10 JIaBJIEHUIO ), CHHXPOHU3UPOBAHHON Tiepe-
MesKaloleicsl IPUHY/IUTeIbHON BeHTUIIAIINEeH.

Jluist viccsieioBaHst cojiepskanust cypdakraTHoro oe-
ka SP-D mpousBommics 3a60p 8 MJI BEHO3HON KPOBH B
npobupku ¢ IITA Ha 1, 3, 5 u 7 cyrku. Kposb nenrpudy-
ruposanu B tedenne 10 mun. co crkopoctbio 2000 06,/ Mum.
[I1asMy KpoBU B KOIUYeCTBE 3-4 MJI OTAEIANN U 3aMOpa-
SKUBAJIW B OTAENbHBIX TPOOUPKax (Ge3 KOHCepBaHTa MPU
temmeparype -200C. V3mepenne comepskanust B 06pasiax
IJTA3MBl TIPOBOJIMJIOCH COTPYAHUKOM, He BJIAJICIONIIM ITH-
dbopmarmeil 0 GOJBHBIX, BKJIIOYEHHBIX B HCCJACIOBAHUE.
Copepskanue Gesika ONpeesIsiiiv ¢ TOMOIIBI0 UMMYHO(bEpP-
MEHTHOIO METOA C UCIOJIb30BaHueM Habopa crernuduy-
Horo st SP-D (BioVendor, CIITA) [18].

lenotunuposanue. JITHK s renotunmpoBanus Bbl-
JIEJISUTN U3 1IeJIbHON BEHO3HOI KPOBH € MOMOIIBIO HaGOPOB
Diatom DNA Prep 200, cornacHo mpuiaraeMoii HHCTPYK-
u (OO0 «JIaboparopust Usorens ). Mudopmaiust o no-
suMopdu3Me 1 pacipeieJIeHuii 4acTOT TEHOTUTIOB B €BPO-
neiickoii nomysstiiuu SNP +2254 A>G B3sita us my6andHo
nocTynmHol 6aspr gannbix caiita NCBI [19]. Ha ocHoBanun
9TOi MH(MOPMAINU ObLIM CHHTE3UPOBAHBI M HCIIOJIb30Ba-
JIUCH JIJIsT aMITU(UKAINT CJIe/LYIOIINe TIpaiiMepbl:

1. Ilpswmoii Baentamii (Fy) —

5'-ATTCATTCAGCCTTCACTCAGA-3',

2. Ob6parubiii BHemHuil (Ry) —

5'-ATGTCTCTGCTCCCATGTCA-3',

3. Ilpawmoii Baytpennwnii (Fy) —

5'-GCAGATAAAAGATCACTGCCCTC-3',

4. Ob6parnbiii BuyTpennnii (Ry) —

5'-CTGCTGGAATGTCAGCTTCTTA-3'.

lenorunuposanne [HK ocymectsisiocs MeTonom
terpa-npaiimepnoii ITI[P ¢ ucronrpzoBanuem mporpamMmmu-
pyemoro tepmoctata C1000 Touch™ (BioRad, CIIIA)
[20—22]. IIporpamma ammin@uKami cocTosna u3 32
muksoB: T — 95°C, 30 cek, Tmy — 64,5°C, 30 cex (16 muk-
J0B), Tm, — 64,2°C (16 nukion), Te — 72°C ¢ nocsenyio-
mieit postonranueit npu 72°C, 7 mus. IIpoayKTsl amIim-
dbukanuum  pasgensuiuch  9JeKTPohOpeTHYECKH €
nocJsieyioniell BU3yasnsalieil pe3yibraToB B MPOXOJs-
mem YO-cgete (puc. 1).

Cratuctuyeckass o6paGoTKa JaHHbIX. Pacmpesene-
HHe 4acTOT ajulesieil IIPOBEPSIN HA COOTBETCTBUE 3aKOHY

plasma, albumin), and antisecretory (blockers, proton
pump, Sandostatin) drugs, sedative and analgesic drugs
(hypnotics, opioids , non-steroidal anti-inflammatory
drugs, paracetamol, epidural anesthesia), anticoagulants.
The patients received parenteral and enteral nutrition sup-
plemented with a complex of vitamins and microelements.
All patients were receiving the respiratory support in
accordance with the concept of safe ventilation.
Respiratory support was carried out on devices Engstrom
Carestation (GE Healthcare, USA) in the SIMV mode,
the control pressure (Synchronized Intermittent
Mandatory Ventilation), synchronized intermittent
mandatory ventilation.

To determine the surfactant protein SP-D in blood,
the eight-milliliter specimens of venous blood were har-
vested into tubes with EDTA on days 1, 3, 5 and 7 follow-
ing admittance to the ICU. The blood was centrifuged for
10 min at 2000 rpm and blood plasma in an amount of 3.4
ml was separated and frozen in separate tubes without
preservative at -20 oC. Measurement of plasma samples
was conducted by an indepenent technician with no
knowledge on the particular patients. Concentration of
SP-D was determined by enzyme-linked immunosorbent
assay using a kit specific for SP-D (BioVendor, USA) [18].

Genotyping. DNA for genotyping was isolated from
venous whole blood using Diatom DNA Prep 200 kit
(Isogene,Moscow, Russia) according to manufacturer's
protocol. Control data on polymorphism and genotype fre-
quency distributions in European population (SNP +2254
A> G) were taken from publicly available NSBI database
[19]. Following primers were synthesized to run
tetraprimer set:

1. Forward external (F,) —

5'-ATTCATTCAGCCTTCACTCAGA-3'

2. Reverse external (Ry) —

5'-ATGTCTCTGCTCCCATGTCA-3'

3. Forward internal (F,) —

5'-GCAGATAAAAGATCACTGCCCTC-3'

4. Reverse internal (R,) —

5'-CTGCTGGAATGTCAGCTTCTTA-3'.

Tetra-primer PCR was run using C1000 Touch™
cycler (BioRad, USA) [20—22]. Amplification program
consisted of 32 cycles Td — 95°S, 30 seconds, Tm; — 64,5°S,
30 seconds (16 cycles), Tm, — 64,2°S (16 cycles), Ts —
72°C with subsequent prolongation at 72°C, 7 min. The
products of amplification were separated by electrophore-
sis followed by visualization of the results in transmitted
UV light (Fig. 1).

Statistical data processing. Allele frequency distrib-
ution was tested for compliance with the Hardy-Weinberg
equilibrium using the y* test. The study was based on a
comparison of the frequency of homozygotes with other
genotypes in groups of patients. Statistical processing was
performed using the program GraphPad InStat (GraphPad
Software Inc., La Jolla, CA, USA). The degree of associa-
tion of genotypes and critical conditions were character-
ized by the indicator odds ratio (OR, odds ratio), sensitiv-
ity and specificity of the method. Kolmogorov-Smirnov
method was employed to determine the character of distri-
bution of variables to select adequate statistics. For binary
indicators, the Fisher's exact test was employed, whereas
for quantitative indicators Mann-Whitney test was used.
Differences between groups or subgroups were considered
significant at P<0.05.
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Xapau-Baiin6epra ¢ momoripio Tecta y°. Vccmemoparme
CTPOMJIOCH HA CPABHEHUM YACTOT FOMO3UTOT C OCTAJIbHBIMHI
reHOTUIIAMU B rpynnax 6osbHbIX. CTaTucTHuecKyo obpa-
GOTKY OCYIIEeCTBIIsLIN IpU oMoty mporpammbl GraphPad
InStat (GraphPad Software Inc., La Jolla, CA, USA). Cre-
[IeHb ACCOIUAIIMU FEHOTUIIOB M KPUTHYECKUX COCTOSHUI
XapaKTepr30BaIl C MOMOIIBIO 1TOKA3aTes COOTHOIICHUS
mancoB (OR, odds ratio), uyBcTBUTEIBHOCTH M ClIELU-
dbuuHocTH MeToz1a. [yt GMHAPHBIX OKasaTesieli MpuMeHsi-
Jin TouHbIi Kputepuit Duriepa, 7T KOTMIECTBEHHBIX TT0-
kasartesneil — xputepuit ManHa-YurtHu. /locToBepHBIMU
cunranuck pasanaus npu p<0,05.

Pe3yabraThl 1 00CyK/I€HHE

I'enotunupoBanue. Bouin 1poaHasn3npoBaHbl
ob6pasir [IHK or 86 GosbhbIx. Pacipeenenne yac-
TOT B TPYIIIie TEHOTUITUPOBAHHBIX OOJIbHBIX (TabJ1. 1)
coctaBmiio (B CKOOKax — 4rcyio 60bHBIX): AA — 71%
(61), AG — 27% (23) u GG — 2% (2), 4uTO COOTBETCT-
BoBajio 3akoHy Xapau-BaiitaGepra (x’=0,009,
p=0,923) nug Beeit rpynnb; g noarpymr ¢ OPAC
— x*=0,984, p=0,321; ¢ cenTuvyeckum 1moxom — y*=1,
065, p=0,302; ¢ OP/IC u cenTUyecKUM ITOKOM —
x°=1,589, p=0,208. Pacmpezesnenne reHOTUNIOB st
Beeit rpymisl (1=86, P=0,923) u noarpyIin 60JbHBIX
¢ cenrtrudeckuM mokom (n=45, P=0,876) u 6e3 ¢ cer-
tuyeckoro moka (n=41, P=0,974), coorBeTcTBOBAJIO
pe3yJibrataM MOy ISIIIHOHHBIX UCCIEI0BAHUN YacTOT
BCTPEYAEMOCTHU TEHOTUTIOB 17151 lanHoro SNP [19].

Hoszomornueckast xapakTepucTuka rpymibl. B
ob1eii BeIGopke mpeodiiaganu 6oJbHble ¢ THPEKIIMOH-
HBIMU OCJIOKHEHUSIMU OHKOJIOTUYECKUX 3200 IeBaHIII,
MAHKPEOHEKPO30M U TIEPUTOHUTOM. Y 55 % OOJIBHBIX
ObLITa IMArHOCTUPOBAHA HO30KOMHUAIbHAST TTHEBMOHUS,
OPIIC — y 54% OGOJNbHBIX ¥ CENTHYECKUIT MIOK — Y 48
%. OTan4uii B HO30JI0TMIECKOI CTPYKTYype KOTOPThI
GOJIbHBIX, Pa3/Ie/IEHHBIX HA TPYIIILI [0 TeHOTHIaM AA
u GG+GA AQP) ue o6HapyskeHO (Tad. 2).

B ob6pasiiax OpOHX0AIBBEOJISIPHOM JKUAKOCTH
GOJIbHBIX OBLIM OOGHAPYKEHBI TPAMOTPHIIATETHHBIE
GakTepuy — IOTEHI[UaIbHbIe BO3OYIUTEIN HO30KO-
MUAJTBbHON ITHEBMOHUU U IPYTUX MH(DEKITNH, CBA3aH-
HBIX C OKazaHueM MeauinHCcKO romotnu [23]. B
tabmuie 3 MPeJCTaBJIeH BUIOBOI COCTAB BbBIIEJICH-
HBIX GAaKTEpHUil 1 pacrpeesieHue uX cpeiu GONbHBIX
Pa3JIMYHBIX FeHOTUITOB. /[oCTOBEPHBIX PA3INYuil 110
COCTaBY BBIJIEIEHHDBIX BO30YAUTEIEH MEKITY TPYIIIa-

M A/A A/G G/G

i s

K
S e R - S

Puc. 1. diaexrpodoperpaMma npoayKTOB aMIUIM(UKALNY, BbI-
sIBJISIONIAsI Bce BapuanTbl renoruna AQPS5.

Fig. 1. Electropherogram of amplification products to deter-
mine genetic variants of the AQP5.

Note: K — amplification control, 370 bp.; G — G allele, 232 bp;
A — allele A, 178 bp; M — DNA ladder.

IIpumeuanue: K — xonrposs ammmdukaiuu, 370 mu.; G — an-
aenb G, 232 mu., A — amnens A, 178 m.n., M — mMapkep JUIMHbI
¢parmentos JTHK.

Results and Discussion

Genotyping. 86 patients were genotyped for
AQP5 polymorphism. Allocation of frequencies in a
cohort of genotyped patients (Table 1) was as follows
(n — number of patients): AA — 71% (n=61), AG —
27% (n=23) and the GG — 2% (n=2), which corre-
sponded to Hardy-Weinberg equilibrium (%*=0.009,
P=0.923); for subgroups with ARDS: x°=0.984,
P=0.321; with septic shock: y*=1, 065, P=0.302; with
ARDS and septic shock: y*=1.589, P=0.208. The dis-
tribution of genotypes were as follows: for the entire
group (n=86, P=0.923) and sub-groups of patients
with septic shock (n=45, P=0.876); with no septic
shock (n=41, P=0.974) that consistent with the
results of population studies in which the genotype
frequencies for the SNP were estimated [19].

Nosological  characteristics of  groups.
Infectious complications of cancer, pancreatic necro-
sis and peritonitis were dominated in the whole
group of patients. In 55% of patients nosocomial
pneumonia was diagnosed, acute respiratory distress
syndrome was found in 54% of patients, septic shock
was diagnosed in 48% of patients. Differences diag-
nosis or complication in group of patients subdivided
into groups depending on genotypes AA and GG +
GA of AQP5 were not detected (Table 2).

Gram-negative bacteria, potential pathogens of
nosocomial pneumonia [23] and other infections
associated with healthcare, were detected in all BAL

Ta6umua 1. Pacnpenenenune renorunos AQP5 rs3736309 B 06cie10BaHHOli BHIGOPKE GOJIBHbIX.
Table 1. Distribution of AQP5 rs3736309 genotypes in critically ill patients.

Genotypes AQP5 rs3736309

The number of patients of different genotypes AQPS rs3736309, n (%)

Whole group No septic shock Septic shock
+2254 AA 61 (70.93) 31 (68.89) 30 (73.17)
72254 GG 2(2.33) 2 (4.4%) 0(0)
12254 AG 23 (26.74) 12 (26.67) 11 (26.83%)

Ipumeyanue. 3yiech 1 B Tabs1. 2—5: number of patients (n) — uncso Gosbubix; different — pasmuunbie; genotype(s)— renorun(s); whole
group — Best rpyma; no septic shock — cenruueckoro moxka e 66110; septic shock — centuueckuii mox.
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Ta6imua 2. XapakTepuCTHKA TSKEAbIX COCTOSIHUI (MarHo3 u/WiM OCJI0KHeHHe) GOJbHBIX Pa3HbIX reHoTunos AQP5
€ KPUTHYECKUMHU COCTOSTHUSIMU.

Table 2. Characteristics of severe conditions (diagnosis and/or severe complication) in critically ill patients with dif-
ferent AQP5 genotypes.

Diagnosis and/or complication

The number of patients of different genotypes AQP5 rs3736309, n (%)
Genotype +2254 AA Genotypes +2254 AG and +2254 GG

Pancreatonecrosis 10 (16) 3 (12)
Common purulent fibrinous peritonitis
(post-surgery complication) 11 (18) 3 (12)
Empyema of pleura (parapneumonic) 3(5) 1 (4)
Community-acquired pneumonia 4 (7) 2 (8)
Malignancies: 20 (33) 12 (48)
Colon Cancer 4 (6) 4 (16)
Stomach cancer 1(2) 3(12)
Cancer of the bile duct 3(5) 1(4)
Esophageal carcinoma 5(8) 1(4)
Bladder Cancer 5(8) —
Prostate cancer — 2(8)
Lung cancer 2(3) 1(4)
Suppuration of postoperative wound 2 (3) —
Acute appendicitis 2 (3) 1(4)
Hepatophyma 2 (3) 2 (8)
Abscess of soft tissues 2(3) —
Mediastinitis (after cardiac surgery) 2(3) —
Acute pyelonephritis 2 (3) 1(4)
Acute adhesive obstruction of small bowel 2 (3) 2 (8)
Phlegmona of soft tissue 2(3) —
Post-surgery bleeding 2 (3) —

IIpumeuyanue. Diagnosis and/or complication — auarnos m/wmm ocioxuenue; Pancreatonecrosis — mankpeorekpos; Common purulent
fibrinous peritonitis (post-surgery complication) — pacripocrpanentbiii rHOIHHO-GUOPUHO3HBII TEPUTOHUT (KAK OCTOKHEHUE B TIOCTIE0TIe-
panmonHoM tieprozie); Empyema of pleura (parapneumonic) — amnuema iespsl (apanHesmMonundeckast); Community-acquired pneumo-
nia — BHeboMbHIYHAS TTHeBMOHMsT; Malignancies — amokavectsennsie HoBooGpasosanus, Colon Cancer — pak knmnrednnka; Stomach can-
cer — pak xexyaka; Cancer of the bile duct — Pak semanpix mpotokos; Esophageal carcinoma — pax numesona; Bladder Cancer — pax
MOUYEBOTO I1y3bIpst; Prostate cancer — pak mpecTaTebHON xee3bl; Lung cancer — pak Jierkoro; Suppuration of postoperative wound —
rHoltHOE ocsokHeHue parbl; Acute appendicitis — octpbrii anmenauit; Hepatophyma — aberece meuenu; Abscess of soft tissues — a6-
crece msrknx tkaneii; Mediastinitis (after cardiac surgery) — meanactunut (rmocsie Kanoxupyprudeckoii onepaipn); Acute pyelonephri-
tis — ocrpsiii menonedput; Acute adhesive obstruction of small bowel — ocrpas ciaeunast ronkokunieunas Herpoxoaumocts; Phlegmona
of soft tissue — ¢rermona mMsirkux Tkameii; Post-surgery bleeding — kpoBoteuenue (B mocjeonepanuoHHOM TIEPHOJIE).

Ta6iuua 3. CocraB Bo30Oyaureneii BHyTPHOOJbHUYHONW MHEBMOHHH CPeAd OOJbHBIX Pa3JM4HBIX reHoTunos AQP5
rs3736309 (+2254A>G).

Table 3. Composition of nosocomial pneumonia pathogens in patients of different genotypes AQP5 rs3736309
(+2254A> G).

Bacteria All group, n The number of patients of different genotypes AQP5 rs3736309, n
Genotype +2254 AA Genotypes +2254 AG and +2254 GG
Septic shock No septic shock Septic shock No septic shock
Proteus mirabilis 33 12 14 2 5
Pseudomonas aeruginosa 57 23 17 6 9
Klebsiela spp. 37 15 12 2 8
Acinetobacter spp. 55 15 23 6 9
All patients 86 30 31 11 14

IIpumeuanue. Bacteria — Gakrepun.

MH GOJIBHBIX Pa3HbIX reHOTHIIOB AQP5 He oOHapyKe-
HO (Tabu. 3).

Kinnuko-nabopatopHbie nokasareau. B ta6-
Jiiie 4 TIpeJICTaB/IeHbl KJIMHUYeCKHe 1 j1abopatop-
HBIE TIOKA3aTe I TPy OOJBHBIX (BCS TPyTIia, O0JIb-
HBIE C CENTUYECKUM IIOKOM U 0Oe3 Hero) reHOTHIIa
AQP5 AA 110 cpaBHEHUIO ¢ GOJIBHBIMU JIPYTHX T€HO-
tunoB (GG u AG). B usyueHHoii BIOOPKE HaMU He
OBLIO OOHAPYKEHO PA3IUYUN B JIETAIBHOCTH MEKILY
rpynmaMu GOJIHBIX € PA3JUYHBIMU TEHOTHITAMUL.

fluid samples of patients. Table 3 shows the species
composition of the isolated bacteria and their distri-
bution among patients with different genotypes. No
significant differences in isolated pathogens between
groups were found when compared patients of differ-
ent AQP5 genotypes (Table 3).

Clinical and laboratory parameters. Table 4
shows data on clinical and laboratory parameters of
patients in groups of interest (whole group, patients
with septic shock and without it): genotype AA

www.reanimatology.com
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Ta6imua 4. Kiunnueckue nokasaresu 60JbHBIX Pa3/IMUHbIX reHoTHIOB AQP5.
Table 4. Clinical scores of patients with different genotypes AQP5.

Indicators Days Quantitative values of the indicators of patients with different genotypes AQP5
+2254 AA +2254 AG and +2254 GG
All group  No septic shock Septic shock All group  No septic shock Septic shock
Number of patients, n — 61 30 31 25 14 11
Average age, =SD, years =~ — 51.80£14.37  52.26+14.62 51.33+14.34 56.64+13.13 56.29+14.10 57.09+12.44
Mortality, 7 (%) - 24 (39) 8 (13) 16 (26) 9 (36) 4(16) 5 (20)
ARDS, n (%) . 31 (51) 13 (21) 18 (30) 15 (60) 5(20) 10 (40)
Nosocomial pneumonia, n  — 33 (54) 14 (23) 19 (31) 14 (50) 7 (28) 7 (28)
APACHE II — 14.39+4.60 14.71£5.41 14.46+3.53 13.27+3.82 14.41+3.82 13.40+4.00
SOFA 1 5.89£3.16 4.76+2.40 5.00£2.89 7.20%£1.69 6.58+1.93 7.11+1.76
3 5.93£2.61 5.04%2.16 5.17%£2.33 7.00£1.70 6.08+1.51 6.89+£1.77
5 6.80£2.70 5.95%£2.58 6.17£2.62 7.20+1.93 7.07£2.02 7.11£2.02
7 7.60£2.52 6.50£2.79 7.17£2.62 7.20£1.93 6.67£1.97 7.11+2.02
Murray 1 1.65£1.10 2.24%0.77 2.40£0.71 2.59%0.84 2.31£0.94 2.56x0.88
3 1.73£0.95 2.12+0.84 2.26=0.80 2.55%0.87 2.11£0.83 2.60=0.80
5 1.91+0.84 2.22+0.82 2.31+0.75 2.65+0.86 2.22+0.82 2.65+0.86
7 2.03£0.95 2.07£0.79 2.47%0.81 2.84%0.70 2.40£0.93 2.83%0.74
CPIS 1 7.20£3.53 7.10£3.61 7.17£3.95 8.36+2.77 7.09£3.80 8.80+2.49
3 7.03£2.91 7.03+3.34 6.78+3.41 8.27+3.10 8.80+2.57 8.70+2.91
5 6.80=3.03 6.53%3.40 6.44%3.40 8.18+3.46 8.44%3.56 8.70+3.16
7 6.60+3.23 6.30£3.56 6.22+3.48 8.18+3.16 8.36+2.85 8.80+2.53
ITBWT, ma/m 1 770 771.5 737 903.5 780 1027
(25-75 IQR) (737-787)  (750—1027)  (702—7775)  (750—1185) (736.5—1235.25) (750—1131)
3 776 775.5 799.5 960 823 960
(689—823) (689—-960) (689—823) (775—1326)  (746.5—-1326) (775—1275.5)
5 810 799 788 788 812 1100
(767—1351)  (760—1100)  (720—799)  (720—882)  (775—1404) (783—1357.25)
7 772.5 789 759 899 899 998
(734—840)*  (759—998)**  (734—782.5) (783—1119)* (783—1119)** (789—1177.5)

Note. Presents the average values and standard deviation (M+S8D) or medianal indicating persenteley + 25—75 (25—75 IQR) — for
ITBWI values. For clinical assessment scales presented averages in points. When comparing the groups of patients, marked (*) and (**)
were found significant differences (* — P=0.024; ** — P=0.013, respectively, Mann-Whitney test).

IIpumevanue. Quantitative values of the indicators — kosmuecTBenHble 3HaYeHKs MOKazareseil. Average age+SD, years — Bo3pacTHOI
JIMaIa3oH + cTaHjapTHOE OTKJIOHeHue, rojbl; Mortality — cmeprrocts; ARDS — OPIIC; Nosocomial pneumonia — HozokoMuabHast
naesMonust. [Ipe/icTaBieHbl cpeiHne 3HaYeHust oKasaresaeil 1 craugapraoe otkaonenre (M+SD) nim meauanbl' ¢ ykazanuem 25—75
nepcenteneii (25—75 IQR) — aus snavenuiit UBTOK. [lyist mikasr KIMHUYECKUX ONEHOK MPEACTABICHbI CPeiHNe 3HaueHus B Gasiax. [pu

CpPaBHEHUH TPYMI OOJBHBIX, OTMEYEHHBIX (*) 1
COOTBETCTBEHHO, KpuTepuii Manua-YutHm).

ITpu cpaBHEHUM JIETATTBHOCTU CPEU OOJIBHBIX T€HO-
o AA 1 GA+GG ¢ centuueckuM mokoM u 6e3
CENTUYECKOTO MOKa, PA3INUuii TakkKe He OOHapyKe-
1o (p>0,05). [Ipu cpaBHeHUU rPyII PA3HBIX T€HOTH-
moB AQP5 110 BO3PaCTHOMY COCTaBY, MOKa3aTeJsiM
urkas Murray, APACHE II, CPIS u SOFA nocrosep-
HBIX OTJINYUI He OOHAPY KU,

Hauunast ¢ niepBoro [Hs HaOJIIOEHNUST, 3HAUe-
Hust UBTOK y Beex GOJIbHBIX B TEUEHHUE TIEPBBIX I151-
TU [Hell He IpeBbiiany (HUUOIOTUIeCKUe 3HAUeE-
uust (800—1000 mu/m? [24]). Tonbko Ha 7-it menb
HCCJIEJIOBAHUST BO BCEW rpyiine OONbHBIX 3HAUEHIIST
NBTOK nocroBepHO CHUZKAIUCH; TIPU ITOM 3TO CHU-
JKeHre OB 00YCIOBIEHO BKIaJ0M OOJBHBIX C CeTl-
TUYECKUM MOKOM TeHoTuta AA AQP5, HO He TeHOTH-
noB G+ (tabu. 4).

N3syuyenune uamenenus yposHein UBCBJI B
rpyriax 60sbHbIX reHoTHIIOB AA 1 GA+GG, moka-
3as10, uto 3uadenuss UBCBJI, nauunas yxe co maHs
MOCTYILJIEHUST B OTJIEJIeHUEe PeaHuMATOJIOTHH U Ha
HMPOTSKEHUH 7 CYTOK JieueHust, y GOJbHBIX TeHOTHIIA
AA ObLTH TOCTOBEPHO HITKE, 9€M Y OOJILHBIX TPYIIIIHI

(**) O6bun obHApyKeHbl pocToBepHbIe oTanumst (¥ — p=0,024 u ** — p=0,013,

AQP5 versus other genotypes (GG and AG). First, no
difference in mortality between the groups of
patients (with septic shock and without septic
shock) of different genotypes were not observed
(P>0.05). Second, groups of different genotypes
AQP5 were not differed at age composition, perfor-
mance scales Murray, APACHE II, CPIS and SOFA.

Beginning from the first day of observation,
ITBWT values in all patients during the first five
days did not exceed the physiological value (800—
1000 ml/m? [24]). Only on the 7th day of the study
in all patients ITBWT values significantly decreased;
interestingly, that this decrease was due to contribu-
tion of septic shock patients of genotype AA AQP5,
but not G +genotypes (Table 4).

Evaluation of changes in EVLWT in patients of
genotypes AA and GA + GG, showed that the
EVIWT values, starting from the date of admission
to the ICU and during 7 days of treatment, in
patients with genotype AA was significantly lower
than that of patients in a combined group of patients
with GA or GG genotypes (Figure 2). Based on
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GA+GG (puc. 2). Ha ocHOBaHUYM aHa/Iu3a IUHAMU-
ku sHavenuil VIBCBJI B Teuenue 7 nHeill JledyeHUs
OBLIN BBIIEJICHBI TPYIIIBI GOJBHBIX, OTIHYAIOIIAECS
110 XapaKTepy Pa3BUTHUS OTEKA JIETKUX B XOJIe TIPOBO-
muMoro JiedeHus. Kpurepuu ornenku ahgexkTuBHOC-
TH JiedeHUsT ObLIN 0DO3HAYEHBI KaK UYBCTBUTEJb-
HOCTD K Jiedennio (cM. MaTtepuaspl 1 MeTospl). [pu
CpaBHEHUU TPYIIT OOJBHBIX PA3JIUYHBIX TEHOTHUIIOB,
0Ka3aJIoCh, uTO cpeu 6obHbIX TeHoTua AA AQPS ¢
CENTUYECKMM IOKOM OBLIO J0CTOBEPHO OO0JIbliIe
GOJILHBIX, Y KOTOPBIX B TeUeHHe 7 [HE JIeYeH s CHU-
JKATUCh WA OCTABAJIUCH MI0-IIPEKHEMY OTHOCUTEJIb-
HO Huskumu (Menee 10 MuI/Kr) mokasaTesum OTeKa
JIETKUX, YTO XapaKTePU3YeT TAKUX OOIbHBIX KAK 4yB-
CTBUTEJILHBIX K JIEYEHUIO, T.€. JIJIST KOTOPBIX OHO ObI-
Jo Gosiee 3(DPEKTUBHBIM B OTHOIIEHUU JUHAMUKU
pasBUTHs OTeKa JierKux (Tabir. 5).

Cienyer oTMeTuTh, 9T0 y 53% GOJILHBIX B Ha-
meM uccaegoBanun 6pwn quarsocruposad OPIC, a
y 33% passusanuch u OP/]C, n centuueckuii mox.
ITpu 5TOM B TpyTITie OOJBHBIX € CENTHYECKUM ITOKOM,
Hecymux amens G (renorunst GG u GA, Hebaro-
NPUSTHBIE JIJIST Pa3BUTUSI OTEKa JIETKUX) HabJII0/1a-
JIACH TEHJIEHIINS K YBEJMUEHUIO YMCTa OOJIBHBIX U €
OPIC, u ¢ centuueckuM 1mokoM — 10 90%, Ttorma
Kak B rpymie ¢ reHotunoM AA 6osbHbIX ¢ OP/IC Gbi-
Ji0 B oaTopa pasa Menbiiie — 60% (p>0,05). Hecmo-
TPsl HA OTCYTCTBUE TOCTOBEPHOCTH ITUX PABJIUUUIA,
HMEIOTIASICS TEH/IEHIINST HAKOTIIIEHUST OOJIBIIIETO YHC-
ga 6ospHbiX ¢ OPIC reHotuna G+ npu cenrtudec-
KOM IIIOKE MOKET OODBSICHUTD MOBBINIEHHbIE 3HAYE-
Hust UBCBJI uMeHHO y GOJIbHBIX JaHHOT'O TeHOTHIIA.

B mos1p3y 3TOr0 IpeonoKe sl CBUIETENbCT-
ByeT OOHapysKeHue pasanduii 1mo yposHioo SP-D B
iazme y GOJIbHBIX ¢ pasHbiMu TeHoTunamu AQPS ¢
CENTUYECKUM IIOKOM. TaK, TanHble PUC. 3 CBUETENb-
CTBYIOT O TOM, 4TO y O0sibHbIX ¢ reHotunoM GG u cer-
THUYECKHUM IIOKOM COJIepKaHue CyphaKTaHTHOTO Oei-
ka SP-D 0ObUIO JOCTOBEPHO BbIIlE, YeM Yy GOJHLHBIX
reroruiia AA. VI3BecTHO, uTo G0JIee BHICOKUIT YPOBEHD
colepKaHust cypdakTaHTa sIBJSIETCST HeOJIArompusiT-
HBIM ITPOTHOCTUYECKUM (DAaKTOPOM B OTHOIIEHUU HC-
XOJIa CENTUUECKUX COCTOSIHUI, a cosiep:kanue SP-D B
muarazone 115,8—253,0 Hr/mMJ1 B 11€pBbIe CyTKU UCCJTE-
JIOBaHM:A cooTBeTCTBYET 1epBoii craznn OPIC [18].
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Puc. 2. /luHaMuka HHAEKCAa BHECOCYAMCTOH BOJBI JIETKUX Y
60abHBIX TeHOTHIIOB AA 1 GA+GG B Teuenue 7 CyTOK JeueHusl.
Fig. 2. Dynamics pulmonary extravascular water index patients
of genotypes AA and GA + GG during 7 days of treatment
Note: a — All group; b — no septic shock; ¢ — patients with
septic shock. The average values of EVLWI, ml/kg, are present-
ed. * — P>0.05 (Mann-Whitney test).

IIpumeuanue: a — All group — Bes rpymia; b — no septic shock —
6e3 cenTuueckoro 1oka; ¢ — patients with septic shock — 60sb-
Hble ¢ centuueckum mokom. EVIWI, ml/kg — upencrasienst
cpennue 3navenust UBCBJI, mui/kr. ¥ — p>0,05 (Mauua-YurHu).
Days — num.

analysis of the dynamics of EVIWI values during 7
days of treatment, the differences in lung edema
dynamics in a course of the treatment were revealed.

TaGauna 5. I dexTUBHOCTD JIeYeHHsT OTeKa JETKNX Y GONBHBIX PAa3JIMYHbIX FeHOTHIOB +2254 A>G AQP5.
Table 5. Efficiency of treatment of pulmonary edema in patients with different genotypes +2254 A> G AQP5.

Genotypes Number of patients, n (%)
All group No septic shock Septic shock
Sensitive Resistant Sensitive Resistant Sensitive Resistant
to treatment to treatment to treatment to treatment to treatment to treatment

+2254 AA 36 (59) 25 (41) 18 (58) 13 (42) 18 (59) 12 (41)
+2254 AG u +2254 GG 12 (48) 13 (52) 10 (71) 4(29) 2 (18) 9 (82)

P (EMF) >0,05 >0,05 0,032

OR — — 6,75

IIpumeuanue. Sensitive to treatment — 4yBcTBUTETbHBIC K JIeYeHHTO; resistant to treatment — pe3ucTeHTHBIE K JIEUEHNIO.
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SP-D concentration
60.31 P>0.05
84.125

No septick
shock

Septick
shock

a

group

[l GA+GG
[ AA

Criteria for evaluating the efficacy
of treatment was designated as
sensitivity/resistance to the treat-
ment (Materials and Methods).
When comparing the groups of
patients with different genotypes,
it was found that the proportion of
patients with decreased edema was
significantly increased in patients
with septic shock and genotype
AA AQP5 during 7 days of treat-
ment but not in G+ genotypes
(Table 5). Table 5 shows that no
differences exist in patients’

171.93
P=0.01

ng/ml

200 groups with same genetic differ-

ences and no septic shock.

Puc. 3. Conep:kanue cypdaxrantaoro 6enxa SP-D B nasve GOJbHBIX, OTIHYAIOMIAX-

¢4 o reHotunry AQPS.

Fig. 3. Concentration of SP-D surfactant protein in plasma of patients differed in

AQP5 allelic variants.

Note. Averages for SP-D in plasma are presented, ng/ml. P was evaluated by Mann-

Whitney test.

IIpumeyanne. [Ipencrasnenst cpeanne sHadenuss SP-D B mmaszme, nr/mi. 3nadenue p

OlLleHUBAJN 110 KpuTepuio ManHa-YuTHu.

[TosryueHHbIE TaHHBIE YKA3BIBAIOT HA TO, UTO Te-
norunt AA AQP5 (1s3736309) acconmmpyercd ¢ 3a-
MIUTON OT OTeKa JIETKUX TPHU CEITHYECKOM IIMOKE,
Torga kak amieiab G spisercs HeGJIaronpusaTHHIM
(hakTOpOM B OTHOTIIEHUH PA3BUTHSI OTEKA JIETKUX, yC-
TONYUBOTO K JICUEHUTO B TEUECHUE TIePBOU He/le I Ha-
xoxkaenns 6osabaoro B OPUT.

W3yueHre reHeTHUECKNX TTOTMMOP(MU3MOB TIPU
MHOEKITMOHHBIX OCTOKHEHUSIX KPUTHIECKIX COCTOSI-
HUIl IPUBJEKAeT B IOCJIEAHUE TOAbl Bce OoJibliee
yrcsio uccaenosaresein. Ilo nanubiM 6as3bl Scopus,
TOJIBKO 32 MOCJIETHUE 5 JIET B 9TON 0b1acTu ormy6Jiu-
koBaHO Gosiee 300 pador. Pacryiast momyJsipHOCTD
9TOM 061acTH OOBACHSIETCSI, C OAHOI CTOPOHBL, HE0O-
XOAMMOCTBIO TTO3HAHWST MEXaHU3MOB Pa3BUTHUS CEll-
crica — 0COOEHHO B CJIydae UCCIIeI0BaHMst (DYHKITHO-
HAJHbHO 3HAYMMBIX TEHETHUYECKNX MAPKEPOB, KOTOPbIE
MOTYT UMETh TTaTOTEHETHYECKOe 3HAUEHUe JIJIST Pas-
BUTHUS OTTACHBIX JIJIST JKU3HU KPUTHUECKUX COCTOSTHUH
(OP/IC, centuueckuii mok). Takue wucciemoBanust
MOTYT TTOMOYb BBISIBUTH HOBBIE MOJIEKYJISIPHBIE M-
MIEHN IJIST JIEIeHUsT /WU TIPeyTIPEKICHIST Pa3By-
TUSA TaKuX cocTosiHNi. C IpYToit CTOPOHBI, OHU HECYT
HOTEHINA Pa3pabOTKH IIPOTHOCTUYECKUX MAPKEPOB
C TeJTPIO TTEPCOHM(UKAIINN JIEYEHUSI C YIETOM JIOTIOJ -
HUTENbHDIX, TEHETHYECKUX TI0 CBOEH MPHUPOJIE, PUC-
KOB HEOJIArOIPUSATHOIO TeYeHUsE 3200/ 1€ BaHMSL.

WccnepoBanust B 06J1aCTH FE€HETUYECKOTO TOJIH-
Mopduzma AQPH 1pu CeNnTUYECKOU JIETOUHOUM WH-
dexiuu BakHbI ¢ 006€UX OTMEUEHHBIX ITO3UIHUIL.
[Ipexze Bcero, motomy, uTo Mosiekybl AQPS yuact-
BYIOT B TPAHCIIOPTE BOJABI B KJIETKY W YYacCTBYIOT B
opmupoBanuu otekoB B TKaHsx |25, 26]. [Ipu aTom

It should be noted that 53%
of patients in this study were diag-
nosed with ARDS, and 33%
patients developed both ARDS
and septic shock. In group of
patients with septic shock carrying
allele G (genotypes GG and GA,
unfavorable genotypes for the
development of pulmonary edema)
there was a trend of accumulation of more patients
with both ARDS and septic shock — 90%, while in
the group of patients of AA genotype accumulation
of patients with ARDS was less — 60% (P>0.05).
Despite the lack of significance of these differences,
current tendency of accumulation of a increased
number of more severely ill patients (ARDS+septic
shock) among patients of G+ genotype may partly
explain the increased values of EVLWT in patients of
a given genotype.

This assumption is supported by the detection
of differences in the level of SP-D in plasma of
patients with AQP5 different genotypes and septic
shock. Figure 3 demonstrates that in patients of G+
genotype and septic shock the concentration of circu-
lating SP-D is significantly higher than in similar
group of patients of AA genotype. Higher levels of
surfactant have been shown to be a poor prognostic
factor for outcome of sepsis, and SP-D within the
range of 115.8—253.0 ng ml on day 1 at admittance to
the ICU corresponds to the first stage of ARDS [18].

These data indicate that the AQP5 AA geno-
type (rs3736309) is associated with protection
against pulmonary edema in septic shock, whereas
the G allele is an unfavorable factor that positively
contributes to development of pulmonary edema in
septic shock patients and to relative resistance
(decreased efficacy) to treatment during the first
week of admittance to the ICU.

Recent years, the studies of genetic polymor-
phisms in infectious complications of critical illness
have attracted an increasing number of researchers.
According to the Scopus database, only in the last 5
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Gakrepuasbhbiil Junomnosmcaxapuy (JIIIC) sHauwm-
TEJBHO CHIZKAET aKcIpeccuio nMeHHo AQP), HO He
AKBAIIOPUHOB-3 U -4 B KJIETKAX SIUTEJIUST OPOHXOB
yesioBeka [27], u moatoMy MH(MEKITMOHHBIN 1TPOIece B
JIETKUX MOJKET IPUBECTH K CHIKeHUI0 AQPS-otocpe-
JOBAHHOTO TPAHCIIOPTA BOZIbI U3 BHEKJIETOYHOTO I1PO-
CTPAHCTBA B COCYIUCTOE PYCJIO Yepe3 KJIETKU DIIITe-
JIUST JIETKUX, TIPUJIETAIolie K CTEHKAM KalUJLIsSIPHO
ceTu. JTU JAHHbIE SIBJISTIOTCSI OCHOBOU [IJIsT TIPEIIIO-
JIOJKEHUS 0 TTaToreHeTndeckoin posmmt AQPS B ¢popmu-
POBaHUM U PA3BUTUU OTEKA JIETKUX IIPU JIETOYHOM
uH(pEKIUY, B X0/e KOTOPOI BHICBOOOIKIaeMble OaKTe-
pHAJIbHbIE YHIOTOKCUHBI M, BO3MOXKHO, Jpyrue Jiu-
TaHjibl PEIeNnTOPOB BPOKIEHHOTO UMMYHUTETA —
ToJI-110100HbIX perienitopoB (toll-like receptors,
TLRs) — mapymrator akcrpeccnio AQPS Ha moBepx-
HOCTH JIETOYHOTO 3MUTENUS U CIIOCOOCTBYIOT HAKOTI-
JIEHUIO BOJIbI B uHTepcTuiinu jerkux. C xapyroii cro-
pDOHBI,  WMMEIOTCS  [JaHHbIE O  TOM,  4TO
HeOJIATOTPUSITHBIE UCXOJIbI CETICUCA ACCOIUUPYIOTCST
C QJIIEJIbHBIMY BapHaHTaMK TIPOMOTOPHOI 00JacTh
AQP5. Tax, nast mpomotoproro SNP-1364 A/C noka-
3aHa accoluanys renoTuna AA u CHUKeHHOU cMepT-
HOCTBIO TIpU TskesioM cericuce [11]. Harme uccaeno-
BaHue, BIIEPBble YCTAHOBUBIIEE ACCOIMAIIMIO
MHTPOHHOTO ToIMMopdHOTro Bapuanta AQP5 ¢ pas-
BUTHEM OTEKA JIETKUX MTPU Harboree TsLKeol (hopme
Cercrca — CelnTUYECKOM IIOKe, MOATBEPKAAET WH-
(hopMATUBHYIO TIEHHOCTDb UCHOJIb30BAHUS TeHETHIEC-
Kkoro nosumopdusma AQP) 1171 IPOTHO3a PA3BUTHS
9TOTO OIMACHOTO [IJIsI JKU3HU COCTOSIHUSI U, BO3MOKHO,
JUIST TTOCJIE/YIOTIeN epCOHn(pUKAIINN KI3He0OecTe-
YeHUs GOJIBHBIX C CEIITUYECKUM TITOKOM.

Boiee uem y 50% 60JIbHBIX CEIICUCOM Pa3BHBa-
etca otek Jierkux [13]. OTek JieTKuX TPOSIBJISETCS
U30BITOYHBIM HAKOILJIEHHEM BHECOCY/IMCTOI BOJBI B
UHTEPCTUIINATBHOM ¥/UJIH AJbBEOJISIPHOM IIPOCT-
paHCTBaX JIETKUX U OOBEKTUBHO BLIPAKAETCSI B BUJIE
yBesmmuenns 3Haueanit UBCBJIL. B 310poBbIX erkux
GajlaHC MesKy IOCTYILJIEHUEM U yAaleHreM cBoOO/I-
HOI BOZIBI TTOJI/IEP;KUBAETCS ajibBeoiorutaMu [ Tuma.
[Tpu cenTuveckoM IIOKe MOBPEKAEHUS IITUTETHAIb-
HBIX KJIETOK JIETOYHOW TKaHW HanboJiee BBIPAsKEHBI
BCJIE/ICTBUE U TOKCUUECKUX OAKTEPUATBHBIX MTPOIYK-
TOB, U MOBBIIIEHHOW MUTPAIIMU KJIETOK BPOKIEHHOTO
MMMYHUTETa, B IEPBYIO ouepe/ib — JielKonnuTos. 11o-
BPEX/IEHHBI B pe3yJibTaTe IPOOKCUIAHTHON Jiesi-
TEJbHOCTH MOCTEAHUX KOJLIATEH-MYKOTIOJINCAXAPII-
HBIII MATPUKC MEXKKJIETOUYHOTO MPOCTPAHCTBA
stByisteTcst (haKTOPOM, CIIOCOOCTBYIOIIUM 3aJ[epPIKKe
BO/IbI, & BBICOKAsI TIPOHUIIAEMOCTDb COCY/IOB B PE3YJIb-
tare WH(HEKIMOHHOTO BOCIAJIEHHUS CITOCOOCTBYET Tie-
pexo/ty OEJIKOB U3 KAITUJLJISIPOB B UHTEPCTUITHATIBHY IO
TKaHb. JTO MOXET MPUBOAUTH K YBEJIMIEHUIO OCMO-
TUYECKOrO JIaBJieHns B mHTepcTuiinu. V3secrho, 4to
AKBAIOPUHBI CITOCOOHBI OOECIIEUMBAOT pPa3HOHA-
[PABJIEHHBIN TPAHCIIOPT BO/bI — KAK BHYTPb KJIETKH,
Tak u u3 Hee. Tax, mosiekysist AQP1 MmeMOpaHbI 5puT-

years more than 300 papers directly related to this
field were published. The growing popularity of this
area of research is due, on the one hand, to still
understudied mechanisms of sepsis, especially those
that reflect the genetic base of sepsis heterogeneity
and pathogenetically contribute to development of
life-threatening critical illness (acute respiratory dis-
tress syndrome, septic shock). These studies may
help to identify new molecular targets for treatment
and/or prevention of such dangerous conditions. On
the other hand, these studies might result in devel-
opment of potential prognostic markers to personal-
ize the treatment with the aid of knowledge of
extended list of risk factors for unfavorable course of
the illness.

Studies in the area of intersection of a genetic
polymorphism of AQP5 and septic lung infection are
important because of both above mentioned posi-
tions. This is primarily due to AQPS5 water molecules
are involved in transport into the cell and signifi-
cantly contribute to the edema formation in tissues
[25, 26]. Interestingly, that bacterial lipopolysaccha-
ride (LPS) significantly reduces AQP5 expression,
but not aquaporin-3 and -4 in human bronchial
epithelial cells [27]. Therefore, the infection process
in the lungs may lead to decreased AQP5-mediated
water transport from the extracellular space into the
vascular direction through the lung epithelial cells
adjacent to the walls of the capillary network. This
data seem to provide a rationale for the assumption
on the pathogenetic role of AQP5 in the formation
and development of pulmonary edema in lung infec-
tion, during which bacterial endotoxins and other
ligands of innate immunity receptors (Toll-like
receptors, TLRs) might alter AQP5 expression on the
surface of the lung epithelium and contribute to the
accumulation of extracellular water in the interstitial
area of the lungs. On the other hand, there is an evi-
dence that the adverse outcomes of sepsis associated
with the allelic variants of the promoter region
AQP5. Thus, for the promoter SNP -1364 A/C, the
association of genotype AA and reduced mortality in
severe sepsis has been demonstrated [11].

Our study is the first in establishing an associa-
tion of intronic polymorphic variant AQP5 with pul-
monary edema development in patients affected by
the most severe form of sepsis — septic shock. This
study also provided new data to support the infor-
mative value of the use of genetic polymorphism
AQP5 for predicting the development of this life-
threatening condition, with a potential for further
personalization of a life support in patients with sep-
tic shock.

More than 50% of septic patients develop pul-
monary edema [13]. Pulmonary edema is manifested
by an excessive accumulation of water in the
extravascular interstitial and/or alveolar spaces of
the lungs and objectively expressed as increased
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POIIUTOB MbIlliell aKTUBU3UPYIOT BBIBOJ BOIbI U3
KJIETKH B TUIIEPOCMOJISIPHBIX PACTBOPAX, TOT/IA KAK B
YCJIOBUSIX CHUYKEHHOIN OCMOJISIPHOCTH ITH Ke MOJIe-
KyJIbI 0OECTIEYMBAIOT TPAHCIIOPT BOJIBI B KJIETKY [28].
MozkHo onaratb, 4to u 17151 AQP) XapakTepHbI 10-
JIOOHbBIE 3aKOHOMEPHOCTH., JKCIIEPUMEHTBHI Ha KPBICAX
MOKA3aJv, YTO TIPU TOBBIIEHNN aKcrpeccun AQPH
101 BO3/IEICTBUEM 9MO/IITHA OTEK JIETKUX TIPH CETCH-
ce yMmenbiajucst 6eictpee [29]. B akcrepumeHTab-
HBIX MOJIEJISIX Celcuca ObLIO MOKA3aHO, YTO CHELKE-
HUe ypoBHA aKciipeccun AQP) B KJeTKaX JIETOUHOM
TKaHU crocoOCTBOBaIO pasButuio oreka [30], a ero
MOBBINIIEHNE — CHUKAET BBIPAKEHHOCTh oTeka [31].
BosmozkHo, uto renotun AA rs3736309 AQP5 acco-
[UMPOBAH C OTHOCUTEJBHO 0O0JIee BBICOKUM YPOBHEM
HKCIPECCUU ITOTO OGENTKA B KJIETKAX SITUTEHS JIETKUX,
09TOMY GOJIbHBIE JJAHHOTO FeHOTHUIIA B GOJIbINEl cTe-
[eHU KOMIIEHCUPOBAHDI B OTHOIEHUU PA3BUTUS OTe-
Ka JIETKUX, 4eM OOJIbHbIE [PYTHX TeHOTUIIOB.
MHTepecHo, 4To 9Ta 3aKOHOMEPHOCTH ObLJIA BbI-
sIBJIEHA B JIAHHOU paboTe TOJBKO Y OONBHBIX C CENTH-
YeCKUM IIOKOM, T.e. IPU KPUTUIECKOM COCTOSIHWH,
COTIPOBOXKAIONTNMCS MOITHOM BOCHAJIUTENbHON aK-
THBHOCTBIO HEIIOCPE/ICTBEHHO B JieroyHoii Tkanu. He
HCKJIIOYEHO, YTO TAaKOMY OrpaHudeHuIo addekra re-
HeTrueckoro nosumopdusma AQP) nipu otexe Jer-
KUX MOTJIO CIIOCOOCTBOBATh BOBJIEYEHUE B TIPOIIECC
00pa3oBaHUsT OTeKa TPOAYKTOB KJIETOK UMMYHHOI
CHCTEMbI, MUTPUPYIOIIUX 13 KPOBOTOKA B JIETOYHYIO
TKaHb. VI3BeCTHO, UTO pa3jnyHble KJIeTKH UMMYHHON
cUCTeMBI aKcTipeccupyioT AQP) Ha cBOeii TOBEPXHOC-
T [32]. Bosnee Toro, AQP5 umeeT HermocpecTBEHHOE
oTHOIIeHe K (DYyHKIIMOHATIBHOM AKTUBHOCTH KJIETOK
UMMYHHOI CHCTEMBI, YYaCTBYsl B BOCIIAJTHTETbHBIX
peakiusax, parorutapHoi (GyHKITUU U MUTPAIUN UM-
MYHOKOMITETEHTHBIX KJeToK [33, 34]. Tunorernuec-
KW, TeHeTHYecKn mnosuMopgHbie BapuanTol AQPH
MOTJI ObI OBITH ACCOIUUPOBAHBI ¢ PA3HBIM YPOBHEM
JIOKQJILHOTO HAKOILJIEHUST MTPOBOCIIATUTETbHBIX WU
[POTUBOBOCIIATTUTEIBHBIX KJIETOK UMMYHHOI CUCTe-
MBI TIPU UHOEKITNOHHOM TIPOIIECCE B JIETKUX.
Wnrepecuo, uto 3uauenusi IBIOK, kocBenno
OTPasKAOIIIe BOJEMUUYECKHUIT cTaTyc GOJBHBIX, OBLIN
JIOCTOBEPHO HITKE B IPyTIiie OONbHBIX reHoTUIa AA 1o
cpaBHEHMIO ¢ Tpynmoil renotunos G+. Takoil xapak-
TEp pacipe/esieHus 3HAYEHUIT TTOKA3ATeNsT CPEIn
rpy1it GOJIBHBIX PA3HBIX TEHOTHUIOB ObLI 0OYCIOBIIEH
UCKJIIOUUTENBHO OJIarofiapst MOArpyIine OOJbHBIX
centuaeckuM mokoM (Tabu. 4). Hebosbimoe, XoTst 1
JIOCTOBEPHOE CHUKeHNe 3HAYEHU T JAHHOTO TIOKa3aTe-
JISL TOJIBKO B TPYIIITE OOBHBIX ¢ CENTHYECKUM [TOKOM
rerotuiia AA MOTJIO OBITh OTPAKEHUEM TEHETHUECKOI
FeTEPOreHHOCTH AJIANTAIIMOHHBIX MEXAHU3MOB IPU
Ppa3BUTUM OTeKa JieTKuX. /[eficTBUTEIbHO, aHAIN3 aH-
HBIX BBISIBUJI CPEJIHUI XapaKTep CBSA3U OOOUX MOKa3a-
TeJiel — JI0OCTOBEPHbIE YPOBHU OOPATHON KOPPEJISIIIUT
meskay mokazatensimu UBCBJI u UBI'OK (7=-0,594
u r=-0,610 mus qHeit 3 u 5 uccaenosanust, p=0,039 u

EVIWT values. In healthy lungs balance between
supply and removal of free water is maintained by I
type alveolocytes. In septic shock damage to the
epithelial cells of the lung tissue is due to toxic bac-
terial products, migrated inflammatory cells, primar-
ily, leukocytes. Damaged collagen-mucopolysaccha-
ride matrix of extracellular space is a factor
contributing to water retention, and high vascular
permeability (as a result of infectious inflammation)
promotes the protein transfer from the capillaries
into the interstitial tissue. This may result in an
increase of osmotic pressure in the interstitium. It is
known that aquaporins can provide multidirectional
transport of water, inside the cells and from the cells.
Membrane molecule AQP1 in mice erythrocytes was
shown to activate withdrawal of water from the cells
into hyperosmolar solution, whereas under the
reduced osmolality AQP molecules mediate trans-
port of water molecules into the cell [28]. Tt is
believed that AQP5 follows similar rules.
Experiments in rats have shown that an emodin-
stimulated increase in the expression of AQP5 led to
decreasing pulmonary edema in experimental sepsis
[29]. In experimental models of sepsis it has been
shown that reducing the expression level of AQP5 in
lung tissue cells contribute to the development of
edema [30], whereas increased expression reduced
edema intensity [31]. Tt is possible that AA genotype
of rs3736309 AQP5 is associated with relatively
higher levels of protein expression in lung epithelial
cells, and patients of given genotype are largely com-
pensated in respect of lung edema compared to
patients of other genotypes.

Interestingly, this pattern has been identified in
our study only in patients with septic shock and lung
infection, i.e. in critical illness accompanied by a
strong inflammatory activity in the lung tissue. It is
possible that such a limitation of the effect of genet-
ic polymorphism AQP5 with pulmonary edema was
due to the involvement of products of immune cells
migrating from the bloodstream into the lung tissue.
It is known that various cells of the immune system
express AQP5 on cell surface [32]. Moreover, AQP? is
directly related to the functional activity of immune
system cells, participating in inflammatory respons-
es, phagocytic function, and migration of immune
cells [33, 34]. Hypothetically, genetically polymor-
phic variants of AQP5 could be associated with dif-
ferent levels of proinflammatory or local accumula-
tion of inflammatory cells in the immune system
during lung infection.

Interestingly, the values of ITTBWT that indi-
rectly reflect volemic status of patients were signifi-
cantly lower in the group of patients with genotype
AA in comparison with genotype group G+. This
pattern of distribution of index values among the
groups of patients with different genotypes was sole-
ly due to the subgroup of patients with septic shock

OBINAA PEAHMUMATOAOTI' WM, 2016, 12; 3

www.reanimatology.com

19



20

. Original Observation

DOI:10.15360,/1813-9779-2016-3-8-23

p=0,039, coOTBETCTBEHHO) OIPENEIIAIUCH TOTBKO B
rpyiitie GOJBHBIX C CENTHYECKUM ITOKOM TeHOTHA AA
AQP5, Torjia kKak B rpyiie 60JbHBIX reHOTUoB GA u
GG 3nauenus koaddunmentoB koppessain (Crup-
MeH) BapbupoBasu B ripegenax 0,1—0,3 u 6buiu Hezo-
CTOBEPHBI B J1000i1 U3 JIHEI nccaejoBaHKs. ITH JaH-
Hble TPEOYIOT MOATBEPKIIEHNSI B OOJIBIIEN 110 pasMepy
BBIGOPKE GOJIBHBIX.

CormocraBiienue OOHAPY/KEHHBIX HAMU OTJIU-
quil GOJHLHBIX Pa3HbIX TeHOTUoB (AA mpoTuB
AG+GG) 153736309 AQP5 (yposuu MBCBJI u
YYBCTBUTEJIbHOCTh K JIEYEHUIO) TO3BOJISIET II0JIa-
rath, yTo renotun AA rs3736309 zamuinaer ot pas-
BUTHS OTeKa JieTKuX. MexaHuaMom Takoro addex-
Ta MOMKET SIBJSIThCS 0OoJiee BBICOKUI yPOBEHD
skcipeccunt AQP5 y GOJBHBIX JAHHOTO TEHOTHUIIA.
[Mocaepyiomue uccaes0BaHusE HeOOXOAUMBIL, YTOObI
MIPOBEPUTD ITY TUIIOTESY.

IIporextuBnbril apdexr renornna AA AQPS B
OTHOIIICHUM Pa3BUTHS OTEKA JIETKMX Ha (hOHE CeTH-
YeCKOTO0 MIOKA U [IPU COOTBETCTBYIOIIEM JIEY€HUH MO-
JKeT ObITh 0OYCJIOBJIEH BHYTPUJIOKYCHBIM HEPABHO-
BECHBIM CIEIUIEHUEM JaHHOTO MHTPOHHOTO caiTa
JIPYTUMU TOJTUMOP(MHBIMY caliTaMu TeHa (HapUMep,
B TIPOMOTOPHOIT obsactu AQP5), HermocpencTBEHHO
KOHTPOJUPYIOIMINMI JKCIIPECCUIO AKBAIIOPUHA-5.
BuyTtpuniokycnoe HepaBHOBECHOE CIIETLIEHHS OITH-
CBIBAETCST KAaK HECJAydailHOe pacipezieieHue 4acToT
anenredl moJIMMOpP(GHBIX CaliTOB BHYTPHU JIOKYCa,
BCTpevalolieecs Jaiie, 4eM IPU CAyIallHOM pacipe-
nenenun. Bo3aMOXKHO, YTO TIOBBIIIEHIE YACTOTHI Ta-
KOl KOMOWHAIMU B TIOMYJISIIIUKA MMEET aallTHBHOE
suavenue |35]. [ rs3736309 AQP) nokazaHo BHYT-
PHJIOKYCHOE HEPABHOBECHOE CIIEIJIeHne C CaiTaMu
rs2878771 u 15296763, dbyHKIIMOHAIbHAS 3HAYU-
MOCTb KOTOPBIX He sicHa. M bl He OOHAPY KIJIH B JIUTe-
parype JaHHBIX O HAJTMYUYM HEPABHOBECHOTO CIIEILIIe-
HUA caiiToB nosmMopdusama uHTpoHa rs3736309 n
npomoropa AQPS rs3759129. Oxnako, B uteparype
UMEIOTCs IAHHbIE O HAJIMYUU HEPABHOBECHOTO CIIEI-
JieHUs HeCMHOHUMUYHOTO SNP, pacnosioskeHHOro B
ak30He 4 reHa AQP) 1 accolmmupoBaHHOTO € YCTOWYH-
BOCTHIO MOJIEKYJIbI AKBAIIOPUHA-D, € HECKOJIbKIMU
npyrumu SNP, B Tom umciie n ¢ rs3736309. Ananus
ramiotunnoB SNP AQP5 mokasas, 4TO TamoTHIl
CGCT pa SNP 152878771 (annenb A), rs3736309
(anmens G), 15296763 (aswtenn C) u 152849266 (as-
Jsiesib T) ObLT accoIUUPOBaH ¢ HanboJiee BhIPAsKEHHON
CKOPOCTBIO cHUKeHUs dyHKImn jJerkux (p=0,0007)
y 60sibHBIX XOBJT [36]. MOKHO MPEATIONIONKUTD, 4TO
BHYTPUJIOKYCHOE HEPABHOBECHOE CIETLJIEHUE aJlJIesist
G AQP5 153736309 1 annens SNP ax30Ha, KOHTPOJIU-
PYIOIIETO CTPYKTYPHbBIE OCOOEHHOCTU MOJIEKYJIBI
AQP5, BHOCUT BKJIaJ ¥ B OOHAPY/KEHHbIII HAMM HeTra-
TUBHBIN ahdekT amnesns G npu cenTUUecKoM IIOKe.

Ilpyroit MexaHusM, OOBSICHSAIONINI BJIUSHIE
resorunia AQP5 Ha pa3BUTHE OTeKa JETKUX IpU
JIerouHOU MHMEKIUK, MOKET ObITh CBSA3AH € ydac-

(Table 4). A small, but statistically significant
decrease of the values of this parameter only in
patients with septic shock of AA genotype presum-
ably might result from genetic heterogeneity of
adaptive mechanisms contributing to the develop-
ment of pulmonary edema. Indeed, the analysis of
the data revealed the negative relationship of both
indicators: there was a significant inverse Spearman
correlation between the levels EVIWT and ITBWI
(r=-0.594 and r=-0.610 for days 3 and 5 of the study,
P=0.039) in patients with septic shock of AA geno-
type, whereas in patients of GA and GG genotypes
the correlation coefficients varied between 0.1—0.3
and were not significant at any of the days of the
study. These findings need to be confirmed in a larg-
er cohort of patients.

Comparison of the differences that werefound
in patients with different rs3736309 AQP5 genotypes
(AA vs. AG + GG) (in EVLWI levels and sensitivity
to treatment) suggests that rs3736309 AA genotype
protects against the development of pulmonary
edema. The mechanism of this effect may be a higher
level of AQP5 expression in patients with this geno-
type; further studies should explore this hypothesis.

The protective effect of AA AQP5 against
development of pulmonary edema in septic shock
and under the appropriate treatment may be due to
intralocus linkage disequilibrium of the intronic
polymorphic site and other sites of this gene (e.g.,
promoter region of AQP5), directly controlling the
expression of aquaporin-5. Intragenic linkage dise-
quilibrium has been described as a non-random dis-
tribution of the frequencies of alleles of polymorphic
sites within one locus, occurring more frequently
than in a random distribution. It is possible that such
combinations with increased frequency in a popula-
tion has an adaptive value [35]. For rs3736309 AQP5
intralocus linkage disequilibrium was shown for
rs2878771 and 1rs296763 SNP sites, however, the
functional significance of data is unclear. We did not
find any data demonstrating a linkage disequilibrium
of intronic site of rs3736309 SNP and AQP5 promot-
er rs3759129 site. However, there are available data
on the linkage disequilibrium of a nonsynonymous
SNP, located in exon 4 of AQP5 gene, which was asso-
ciated with increased resistance of an aquaporin-5
molecule to degradation, and several other AQP5
SNPs including intronic rs3736309. Haplotype
analysis of SNP AQP5 showed that haplotype CGCT
(includes SNP rs2878771 — A allele, rs3736309 —
allele G, 15296763 — allele C, and rs2849266 — T
allele) was associated with an incerased rate of
decline in lung function (P = 0.0007) in patients
with COPD [36]. We can assume that intralocus
linkage disequilibrium of intronic allele G (AQP5
rs3736309) and exon encoding structural features of
AQP5 molecule contributing to resistance to degra-
dation of the protein, contributes to a negative effect
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THEM BapUAHTHOU WHTPOHHOU 00JIACTU B PETyJIsi-
UM AKCIIpeccuu TeHoB. VI3BeCTHO, YTO MHTPOHHBIE
obJractu MOTYT y4acTBOBaTh B ciuiaiicmare MPHK
n B (opMUPOBAaHUM BTOPUYHBIX CTPYKTYp IIpe-
MPHK, Biausgsg TeM caMbIM Ha 3KCIPECCUIO TEHOB
[37]. Ilpeamomaraercs, 4TO TaKoil MeXaHU3M CY-
NIECTBYET U B OTHOIICHUU PETYJISAINU dKCIPECCUU
akBamopuna-5 [10].

HesaBucumo ot MexaHU3Ma, JIeKAIero B OCHO-
BE YCTAaHOBJIEHHBIX (DAKTOB, TIPEACTABJSCTCS IIeJie-
coOOpa3HbIM M3YyYEHUE 3aBUCHMOCTH YPOBHEN 9KC-
npeccuut AQP5 ot renoruna rs3736309. GosbHBIX
IIPU CETITUYECKOM TIOKe. Pe3yJbTaThl TAaKOTO HCcJie-
JIOBAaHUS [IO3BOJIAT Jiydiile TOHATh BKjian AQPS B
Pa3BUTUU OTEKA JIETKUX U IPUOJUZUTHCS K TIEPCOHA-
JIN3AIUN JiedeHnst OOJIbHBIX C JIErOYHON MH(peKInei
U CENITUYECKUM TIIOKOM.

BoiBobI

[MosyuyeHHDIE JAHHBIE CBUAETENBCTBYIOT, UTO
nosmmopdubie BapuanTsl 1s3736309 AQP5 oxasbi-
BAIOT BJIUSIHIE HA TEYEHUE U UCXOJ[ OTEKA JIETKUX
OpU CENTUYECKOM MIOKe. Y OGOJbHBIX TEHOTHUIIA
AQP5 AA (1s3736309) ¢ cennTmuecKuM MIOKOM 3Ha-
yenug UBCBJI, a takxke comepskanue cypdakTan-
toro Gesika SP-D B riazame ObLIN HUKE, 4eM Y GOJIb-
HBIX J[pyrux reHoTurnoB (tabu. 4, puc. 2 u 3).
Boubabie reHotuna AA Obuti 60JIee YyBCTBUTEID-
HbBI K JIEYEHUIO OTEKA JIETKUX TIPU PA3BUTHH CEIITH-
gyeckoro moka (tabu. 5). Amrens G rs3736309 siB-
jasercst  HebmaronpusiTHeIM — (aKTOPOM  TIpu
Pa3BUTHUU OTEKA JIETKUX B 00CIeI0BAHHON BBIOOPKE
GOJIBHBIX C CENTUYECKUM MIOKOM. [Ipesmoaraercs,
YTO TEHOTUIUPOBAHUE OOJIBHBIX 10 CAUTY TOJIH-
Mopdusma rs3736309 rena AQP) 1M03BOJIUT CTPATH-
(unMpoBaTh PUCKK PA3BUTUSI OTEKA JIETKUX Y OOJIb-
HBIX C CENTUYECKUM IMOKOM C IeJbI0 HauGobIIei
MEPCOHATUBAIUY JIEYEHUSL.

Bbaarogaproctu. KosisiekTrB aBTOPOB BbIpasKa-
et mpusHaTesbHOCTh Mamaxosoii C.B. 3a mpose/e-
HUe JTabOPATOPHBIX UCCJIEIOBAHIN,
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of the G allele in edema development in patients
diagnosed with septic shock.

Another mechanism to explain the effect of
AQP5 genotype on the development of pulmonary
edema in pulmonary infections may be associated
with a role of variant intron region in the regulation
of gene expression. It is known that the intron
regions are involved in splicing of mRNAs and sec-
ondary structures formation of pre-mRNA, thereby
affecting gene expression [37]. It has been proposed
that a similar mechanism might regulate expression
of AQP5 molecules [10].

Regardless of the mechanism underlying the
established facts, it seems appropriate to study the
expression levels of AQP5 depending on the geno-
type of rs3736309 in patients with septic shock. The
results of this study will enable a better understand-
ing of the contribution of AQP5 in the development
of pulmonary edema in critical illness and personal-
ize the treatment of patients with lung infection and
septic shock.

Conclusion

The findings suggest that polymorphic variants
rs3736309 AQP5 affect the course and outcome of
lung edema in septic shock. Patients with genotype
AA AQP5 (rs3736309) with septic shock exhibit
lower EVLWI values and decreased concentration of
surfactant SP-D protein in plasma compared to
patients of other genotypes (Table 4, Figs. 2 and 3).
Treatment of pulmonary edema in patients with sep-
tic shock was more effective in patients of AA geno-
type of AQP5 (rs3736309) (Table 5). Allele G
rs3736309 is an unfavorable factor for the develop-
ment of pulmonary edema in patients with septic
shock. Tt is suggested that genotyping of patients for
rs3736309 AQP5 genotype might contribute to risk
stratification for patients with septic shock and lung
edema to personalize the treatment.

Acknowledgements. Authors are grateful to
Mss. Svetlana V. Malakhova for the conduct of labo-
ratory tests.

References

1. Smelaya T.V., Kuzovlev A.N., Moroz V.V., Golubev A.M., Belopolskaya
0.B., Salnikova L.E. Molekulyarno-geneticheskie markery nozokomial-
noi pnevmonii ostrogo respiratornogo distress-sindroma. Obshchaya
Reanimatologiya. [Search for common molecular genetic markers of
nosocomial pneumonia and acute respiratory distress syndrome.
General Reanimatology]. 2015; 11 (3): 24—38. http://dx.doi.org/
10.15360,/1813-9779-2015-3-24-38. [In Russ.]

2. Cardoso C.P, Oliveira A,J., Botoni F.A., Rezende 1.C., Alves-Filho J.C.,
Cunha F.Q., Estanislau J.A., Magno L.A., Rios-Santos F. Interleukin-10
12227307 and CXCR2 rs1126579 polymorphismsmodulate the predis-
position to septic shock. Mem. Inst. Oswaldo Cruz. 2015; 110 (4): 453—
460. http://dx.doi.org/10.1590,/0074-02760150003. PMID: 26038959

3. Sotos-Prieto M., Pefialvo J.L. Genetic variation of apolipoproteins, diet
and other environmental interactions; an updated review. Nutr. Hosp.
2013; 28 (4): 999—1009. http://dx.doi.org/10.3305/nh.2013.
28.4.6475. PMID: 23889614

4. Perez-Martinez P, Garcia-Rios A., Delgado-Lista J., Perez-Jimenez F.,
Lopez-Miranda J. Nutrigenetics of the postprandial lipoprotein metab-
olism: evidences from human intervention studies. Curr. Vasc.

OBIUAA PEAHMMATOAOTI WS, 2016, 12;

www.reanimatology.com

21



22

Original Observation

DOI:10.15360,/1813-9779-2016-3-8-23

13.

16.

20.

21.

22.

23.

24.

Day R.E., Kitchen P., Owen D.S., Bland C., Marshall L., Conner A.C., Bill
R.M., Conner M.T. Human aquaporins: regulators of transcellular water
flow. Biochim. Biophys. Acta. 2014; 1840 (5): 1492—1506.
http://dx.doi.org/10.1016 /j.bbagen.2013.09.033. PMID: 24090884

Verkman A.S. More than just water channels: unexpected cellular roles
of aquaporins. J. Cell Sci. 2005; 118 (Pt 15): 3225-3232.
http://dx.doi.org/10.1242 /jcs.02519. PMID: 16079275

Mezzasoma L., Cagini L., Antognelli C., Puma F., Pacifico E., Talesa V.N.
TNF-a regulates natriuretic peptides and aquaporins in human
bronchial epithelial cells BEAS-2B. Mediators Inflamm. 2013; 2013:
159349, http://dx.doi.org/10.1155/2013 /159349, PMID: 24369440

Bloch O., Manley G.T. The role of aquaporin-4 in cerebral water trans-
port and edema. Neurosurg. Focus. 2007; 22 (5): E3. http://dx.doi.org/
10.3171/f0c.2007.22.5.4. PMID: 17613234

LiJ., Xu M., Fan Q., Xie X., Zhang Y., Mu D., Zhao P., Zhang B., Cao F.,
Wang Y., Jin F, Li Z. Tanshinone ITA ameliorates seawater exposure-
induced lung injury by inhibiting aquaporins (AQP) 1 and AQP5
expression in lung. Respir. Physiol. Neurobiol. 2011; 176 (1—2): 39—49.
http://dx.doi.org/10.1016/j.resp.2011.01.005. PMID: 21244858

Ning Y., Ying B., Han S., Wang B., Wang X., Wen F. Polymorphisms of
aquaporin5 gene in chronic obstructive pulmonary disease in a Chinese
population. Swiss Med. Wkly. 2008; 138 (39—40): 573—578.
http://dx.doi.org/10.2008 /39 /smw-12240. PMID: 18853286

Adamzik M., Frey U.H., Mohlenkamp S., Scherag A., Waydhas C.,
Marggraf G., Dammann M., Steinmann J., Siffert W., Peters J. Aquaporin
5 gene promoter -1364A/C polymorphism associated with 30-day sur-
vival in severe sepsis. Anesthesiology. 2011; 114 (4): 912—917.
http://dx.doi.org/10.1097 /ALN.0b013e31820ca911. PMID: 21427539

Dellinger R.P., Levy M.M., Rhodes A., Annane D., Gerlach H., Opal S.M.,
Sevransky J.E., Sprung C.L., Douglas LS., Jaeschke R., Osborn T.M.,
Nunnally M.E., Townsend S.R., Reinhart K., Kleinpell R.M., Angus D.C.,
Deutschman C.S., Machado F.R., Rubenfeld G.D., Webb S.A., Beale R,].,
Vincent J.L., Moreno R.; Surviving Sepsis Campaign Guidelines
Committee including the Pediatric Subgroup. Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012. Crit. Care Med. 2013; 41 (2): 580—637. http://dx.doi.org/
10.1007/s00134-012-2769-8. PMID: 23353941

Mopos B.B., Iony6es A.M., Kysoenes A.H. Orex serkux: Kiaaccuguxa-
1M1, MEXaHU3MbI PasBUTHUS, AMArHOCTUKA. OOwas peanumamonozus.
2009; 5 (1): 83—88. http://dx.doi.org/10.15360,/1813-9779-2009-1-83

Tablan O.C., Anderson L,J., Besser R., Bridges C., Hajjeh R.; CDC;
Healthcare Infection Control Practices Advisory Committee. Guidelines
for preventing health-care—associated pneumonia, 2003: recommenda-
tions of CDC and the Healthcare Infection Control Practices Advisory
Committee. MMWR Recomm Rep. 2004; 53 (RR-3): 1—36. PMID:
15048056

Temvpand b.P., Axosnes C.B., [Ipoyenxo /[.H., beroueprosckuii b.3. Ho-
30KOMHAJIbHAST THEBMOHIISI, CBSI3AHHAS C MCKYCCTBEHHON BEHTHJISIIN-
eil JIerkux: BO3MOJKHA JIM cTangaptusanus tepamuu? Consilium
Medicum. 2004; 6 (4): 245—248.

Pugin J., Auckenthaler R., Mili N., Janssens J.P., Lew P.D., Suter P.M.
Diagnosis of ventilator associated pneumonia by bacteriological analy-
sis of bronchoscopic and non bronchoscopic «blind» bronchoalveolar
lavage fiuid. Am. Rev. Respir. Dis. 1991; 143 (5Pt 1): 1121—1129.
http://dx.doi.org/10.1164/ajrccm/143.5_Pt_1.1121. PMID: 2024824

Yyuanun AL, Tenvgpand B.P. (ped.). HozokoMuaibHasi THEBMOHMS Y
B3pocJbIx. Poccuiickie HanmonanbHble pekomenanui. M.; 2009: 92.

Mopos B.B., lobay6es A.M., Kysosenes A.H., Ilucapes B.M. Hosble nuna-
THOCTHYECKUE KaH/[H/aTHbIe MOJIEKYJISIPHBIE GHOMApKepbl OCTPOTO pe-
crnmparopHoro ucrpecc-cunapoma. Obwas peanumamonozus. 2014;
10 (4): 6-10. http://dx.doi.org/10.15360,/1813-9779-2014-4-6-10
http://www.ncbi.nlm.nih.gov/projects/SNP

Newton C.R., Heptinstall L.E., Summers C., Super M., Schwarz M., Anwar
R., Graham A., Smith ].C., Markham A.F. Amplification refractory muta-
tion system for prenatal diagnosis and carrier assessment in cystic
fibrosis. Lancet. 1989; 2 (8678—8679): 1481—1483. http://dx.doi.org/
10.1016,/S0140-6736(89)92931-0. PMID: 2574768

Hamajima N., Katsuda N., Matsuo K., Saito T, Ito L.S., Ando M., Inoue
M., Takezaki T., Tajima K. Smoking habit and interleukin 1B C-31T
polymorphism. J. Epidemiol. 2001; 11 (3): 120—125. PMID: 11434423

Canvnuxosa JL.E., Yymauenxo A.I., Becnuna U.H., lanmesa H.III., Ky3-
neyosa I'1., Abunes C.K., Py6anosuu A.B. TlorumophuaM reHos pera-
parmu u proreernyeckue adexrsr o6ayuenus. Paduavuonnas 6u-
onozusi. Paduoaxonozus. 2010; 50 (6): 656—662. PMID: 21434392

Ezoposa U.H., Baacenxo A.B., Mopos B.B., fIxosnes B.H., Anexcees B.I.
BeHTVlJlHTOp‘aCCOIll/ll/lpOBaHHaﬂ ITHEBMOHU: INAarHOCTHUKA, llpO(bl/lJIaK'
THKa, JiedeHre (COBpeMEeHHOe cocTosiHue Borpoca). Obwas peanuma-
moaozus, 2010; 6 (1): 79—88. http://dx.doi.org/10.15360,/1813-9779-
2010-1-79

Pretto E.A. (ed.). Oxford textbook of transplant anaesthesia and criti-
cal care. USA: Oxford University Press; 450.

10.

11.

12.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Pharmacol. 2011; 9 (3): 287—291. http://dx.doi.org/10.2174/
157016111795495495. PMID: 21314629

Day R.E., Kitchen P, Owen D.S., Bland C., Marshall L., Conner A.C., Bill
R.M., Conner M.T. Human aquaporins: regulators of transcellular water
flow. Biochim. Biophys. Acta. 2014; 1840 (5): 1492—1506.
http://dx.doi.org/10.1016/j.bbagen.2013.09.033. PMID: 24090884

Verkman A.S. More than just water channels: unexpected cellular roles
of aquaporins. J. Cell Sci. 2005; 118 (Pt 15): 3225—3232. http://dx.doi.
org/10.1242 /jcs.02519. PMID: 16079275

Mezzasoma L., Cagini L., Antognelli C., Puma F., Pacifico E., Talesa V.N.
TNF-¢ regulates natriuretic peptides and aquaporins in human
bronchial epithelial cells BEAS-2B. Mediators Inflamm. 2013; 2013:
159349, http://dx.doi.org/10.1155/2013/159349. PMID: 24369440

Bloch O., Manley G.T. The role of aquaporin-4 in cerebral water trans-
port and edema. Neurosurg. Focus. 2007; 22 (5): E3. http://dx.doi.org/
10.3171/f0c.2007.22.5.4. PMID: 17613234

LiJ., Xu M., Fan Q., Xie X., Zhang Y., Mu D., Zhao P., Zhang B., Cao F,,
Wang Y., Jin F.,, Li Z. Tanshinone IIA ameliorates seawater exposure-
induced lung injury by inhibiting aquaporins (AQP) 1 and AQP5
expression in lung. Respir. Physiol. Neurobiol. 2011; 176 (1—2): 39—49.
http://dx.doi.org/10.1016/j.resp.2011.01.005. PMID: 21244858

Ning Y., Ying B., Han S., Wang B., Wang X., Wen F. Polymorphisms of
aquaporin5 gene in chronic obstructive pulmonary disease in a Chinese
population. Swiss Med. Wkly. 2008; 138 (39—40): 573—578.
http://dx.doi.org/10.2008/39 /smw-12240. PMID: 18853286

Adamzik M., Frey U.H., Mohlenkamp S., Scherag A., Waydhas C.,
Marggraf G., Dammann M., Steinmann J., Siffert W., Peters J. Aquaporin
5 gene promoter -1364A/C polymorphism associated with 30-day sur-
vival in severe sepsis. Anesthesiology. 2011; 114 (4): 912—917.
http://dx.doi.org/10.1097/ALN.0b013e31820ca911. PMID: 21427539

Dellinger R.P., Levy M.M., Rhodes A., Annane D., Gerlach H., Opal S.M.,
Sevransky J.E., Sprung C.L., Douglas 1.S., Jaeschke R., Osborn T.M.,
Nunnally M.E., Townsend S.R., Reinhart K., Kleinpell R.M., Angus D.C.,
Deutschman C.S., Machado F.R., Rubenfeld G.D., Webb S.A., Beale R.].,
Vincent J.L., Moreno R.; Surviving Sepsis Campaign Guidelines
Committee including the Pediatric Subgroup. Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012. Crit. Care Med. 2013; 41 (2): 580—637. http://dx.doi.org/
10.1007/s00134-012-2769-8. PMID: 23353941

Moroz V.V., Golubev A.M., Kuzovlev A.N. Otek legkikh: klassifikatsiya,
mekhanizmy razvitiya, diagnostika. Obshchaya Reanimatologiya.
[Pulmonary edema: classification, mechanisms of development, diag-
nosis. General Reanimatology). 2009; 5 (1): 83—88. http://dx.doi.org/
10.15360,/1813-9779-2009-1-83. [In Russ.]

Tablan O.C., Anderson L,J., Besser R., Bridges C., Hajjeh R.; CDC;
Healthcare Infection Control Practices Advisory Committee. Guidelines
for preventing health-care—associated pneumonia, 2003: recommenda-
tions of CDC and the Healthcare Infection Control Practices Advisory
Committee. MMWR Recomm Rep. 2004; 53 (RR-3): 1—36. PMID:
15048056

Gelfand B.R., Yakovlev S.V., Protsenko D.N., Belotserkousky B.Z.
Nozokomialnaya pnevmoniya, svyazannaya s iskusstvennoi ventilyat-
siei legkikh: vozmozhna li standartizatsiya terapii? [Ventilator-associ-
ated nosocomial pneumonia: is there a possibility to standartoze treat-
ment?] Consilium Medicum. 2004; 6 (4): 245—248. [In Russ.]

Pugin ., Auckenthaler R., Mili N., Janssens J.P., Lew P.D., Suter P.M.
Diagnosis of ventilator associated pneumonia by bacteriological analy-
sis of bronchoscopic and non bronchoscopic «blind» bronchoalveolar
lavage fiuid. Am. Rev. Respir. Dis. 1991; 143 (5Pt 1): 1121—1129.
http://dx.doi.org/10.1164 /ajrcem/143.5_Pt_1.1121. PMID: 2024824

Chuchalin A.G., Gelfand B.R. (red.). Nozokomialnaya pnevmoniya u
vzroslykh. Rossiiskie natsionalnye rekomendatsii. [Nosocomial pneumo-
nia in adults. Russian national guidelines]. Moscow; 2009: 92. [In Russ.]
Moroz V.V, Golubev A.M., Kuzovlev A.N., Pisarev V.M. Novye diagnos-
ticheskie kandidatnye molekulyarnye biomarkery ostrogo respiratornogo
distress-sindroma. Obshchaya Reanimatologiya. [New diagnostic candi-
date molecular biomarkers of acute respiratory distress syndrome.
General Reanimatology]. 2014; 10 (4): 6—10. http://dx.doi.org/
10.15360,/1813-9779-2014-4-6-10. [In Russ.]
http://www.ncbi.nlm.nih.gov/projects/SNP

Newton C.R., Heptinstall L.E., Summers C., Super M., Schwarz M., Anwar
R., Graham A., Smith ].C., Markham A.F. Amplification refractory muta-
tion system for prenatal diagnosis and carrier assessment in cystic
fibrosis.  Lancet. 1989; 2 (8678—8679): 1481—1483.
http://dx.doi.org/10.1016/S0140-6736(89)92931-0. PMID: 2574768

Hamajima N., Katsuda N., Matsuo K., Saito T., Ito L.S., Ando M., Inoue
M., Takezaki T., Tajima K. Smoking habit and interleukin 1B C-31T
polymorphism. J. Epidemiol. 2001; 11 (3): 120—125. PMID: 11434423
Salnikova L.E., Chumachenko A.G., Vesnina I.N., Lapteva N.Sh.,
Kuznetsova G.1., Abilev S.K., Rubanovich A.V. Polimorfizm genov
reparatsii i tsitogeneticheskie effekty oblucheniya. [Polymorphism of
repair genes and cytogenetic radiation effects]. Radiatsionnaya

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 3



DOI:10.15360,/1813-9779-2016-3-8-23

OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Agre P, King L.S., Yasui M., Guggino W.B., Ottersen O.P., Fujiyoshi Y.,
Engel A., Nielsen S. Aquaporin water channels—from atomic structure
to clinical medicine. J. Physiol. 2002; 542 (Pt 1): 3—16.
http://dx.doi.org/10.1113/jphysiol.2002.020818. PMID: 12096044

Agre P, Kozono D. Aquaporin water channels: molecular mechanisms for
human diseases. FEBS Lett. 2003; 555 (1): 72—78. http://dx.
doi.org/10.1016,/S0014-5793(03)01083-4. PMID: 14630322

Shen Y., Wang X., Wang Y., Wang X., Chen Z., Jin M., Bai C.
Lipopolysaccharide decreases aquaporin 5, but not aquaporin 3 or
aquaporin 4, expression in human primary bronchial epithelial cells.
Respirology. 2012; 17 (7): 1144—1149. http://dx.doi.org/10.1111/j.
1440-1843.2012.02228.x. PMID: 22809117

Yang B., Verkman A.S. Analysis of double knockout mice lacking aqua-
porin-1 and urea transporter UT-B. Evidence for UT-B-facilitated
water transport in erythrocytes. J. Biol. Chem. 2002; 277 (39): 36782—
36786. http://dx.doi.org/10.1074 /jbc.M206948200. PMID: 12133842

Sun Y., Sun L., Liu S., Song J., Cheng J., Liu J. Effect of emodin on
Aquaporin 5 expression in rats with sepsis-induced acute lung injury. /.
Tradit. Chin. Med. 2015; 35 (6): 679—684. PMID: 26742314

Jin Y, Yu G., Peng P, Zhang Y., Xin X. Down-regulated expression of AQP5
on lung in rat DIC model induced by LPS and itseffect on the develop-
ment of pulmonary edema. Pulm. Pharmacol. Ther. 2013; 26 (6): 661—665.
http://dx.doi.org/10.1016/j.pupt.2013.03.013. PMID: 23538169

Jiang Y.X., Dai Z.L., Zhang X.P., Zhao W., Huang Q., Gao L.K.
Dexmedetomidine alleviates pulmonary edema by upregulating AQP1
and AQP5expression in rats with acute lung injury induced by
lipopolysaccharide. J. Huazhong Univ. Sci. Technolog. Med. Sci. 2015; 35
(5): 684—688. http://dx.doi.org/10.1007 /s11596-015-1490-6. PMID:
26489622

Moon C., Rousseau R., Soria J.C., Hoque M.O., Lee J., Jang S.J., Trink B.,
Sidransky D., Mao L. Aquaporin expression in human lymphocytes and
dendritic cells. Am. J. Hematol. 2004; 75 (3): 128—133. http://dx.
doi.org/10.1002/ajh.10476. PMID: 14978691

Shen Y., Wang Y., Chen Z., Wang D., Wang X., Jin M., Bai C. Role of aqua-
porin 5 in antigen-induced airway inflammation and mucous hyperpro-
duction in mice. J. Cell Mol. Med. 2011; 15 (6): 1355—1363.
http://dx.doi.org/10.1111/j.1582-4934.2010.01103.x. PMID: 20550619

Wang G.F.,, Dong C.L., Tang G.S., Shen Q., Bai C.X. Membrane water per-
meability related to antigen-presenting function of dendritic cells. Clin.
Exp. Immunol. 2008; 153 (3): 410—419. http://dx.doi.org/
10.1111/.1365-2249.2008.03702.x. PMID: 18647319

Mueller J.C. Linkage disequilibrium for different scales and applica-
tions. Brief  Bioinform. 2004; 5 (4): 355—364.
http://dx.doi.org/10.1093 /bib,/5.4.355. PMID: 15606972

Hansel N.N., Sidhaye V., Rafaels N.M., Gao L., Gao P, Williams R.,
Connett J.E., Beaty T.H., Mathias R.A., Wise R.A., King L.S., Barnes K.C.
Aquaporin 5 polymorphisms and rate of lung function decline in chron-
ic obstructive pulmonary disease. PLoS One. 2010; 5 (12): e14226.
http://dx.doi.org/10.1371 /journal.pone.0014226. PMID: 21151978
Llopart A., Comeron J.M., Brunet F.G., Lachaise D., Long M. Intron pres-
ence-absence polymorphism in Drosophila driven by positive Darwinian
selection. Proc. Natl. Acad. Sci. U S A. 2002; 99 (12): 8121—8126.
http://dx.doi.org/10.1073 /pnas.122570299. PMID: 12060758

Hocrynuna 22.01.16

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Biologiya. Radioekologiya. 2010; 50 (6): 656—662. PMID: 21434392.
[In Russ.]

Egorova LN., Vlasenko A.V., Moroz V.V., Yakovlev V.N., Alekseyev V.G.
Ventilyator-assotsiirovannaya pnevmoniya: diagnostika, profilaktika,
lechenie  (sovremennoe  sostoyanie  voprosa).  Obshchaya
Reanimatologiya. [ Ventilator-associated pneumonia: diagnosis, preven-
tion, treatment (state-of-the-art of the problem). General
Reanimatology]. 2010; 6 (1): 79—88. http://dx.doi.org/10.15360/
1813-9779-2010-1-79. [In Russ.]

Pretto E.A. (ed.). Oxford textbook of transplant anaesthesia and criti-
cal care. USA: Oxford University Press; 450.

Agre P, King L.S., Yasui M., Guggino W.B., Ottersen O.P., Fujiyoshi Y.,
Engel A., Nielsen S. Aquaporin water channels—from atomic structure
to clinical medicine. J. Physiol. 2002; 542 (Pt 1): 3—16.
http://dx.doi.org/10.1113/jphysiol.2002.020818. PMID: 12096044

Agre P, Kozono D. Aquaporin water channels: molecular mechanisms for
human  diseases. FEBS Lett. 2003; 555 (1): 72-78.
http://dx.doi.org/10.1016/S0014-5793(03)01083-4. PMID: 14630322

Shen Y., Wang X., Wang Y., Wang X., Chen Z., Jin M., Bai C.
Lipopolysaccharide decreases aquaporin 5, but not aquaporin 3 or
aquaporin 4, expression in human primary bronchial epithelial cells.
Respirology. 2012; 17 (7): 1144—1149. http://dx.doi.org/10.1111/
j-1440-1843.2012.02228.x. PMID: 22809117

Yang B., Verkman A.S. Analysis of double knockout mice lacking aqua-
porin-1 and urea transporter UT-B. Evidence for UT-B-facilitated
water transport in erythrocytes. J. Biol. Chem. 2002; 277 (39): 36782—
36786. http://dx.doi.org/10.1074 /jbc.M206948200. PMID: 12133842
Sun Y., Sun L., Liu S., Song J., Cheng J., Liu J. Effect of emodin on
Aquaporin 5 expression in rats with sepsis-induced acute lung injury. J.
Tradit. Chin. Med. 2015; 35 (6): 679—684. PMID: 26742314

Jin Y, Yu G., Peng P, Zhang Y., Xin X. Down-regulated expression of AQP5
on lung in rat DIC model induced by LPS and itseffect on the develop-
ment of pulmonary edema. Pulm. Pharmacol. Ther. 2013; 26 (6): 661—665.
http://dx.doi.org/10.1016//j.pupt.2013.03.013. PMID: 23538169

. Jiang Y.X.,, Dai Z.L., Zhang X.P, Zhao W., Huang Q., Gao L.K.

Dexmedetomidine alleviates pulmonary edema by upregulating AQP1
and AQP5expression in rats with acute lung injury induced by
lipopolysaccharide. J. Huazhong Univ. Sci. Technolog. Med. Sci. 2015; 35
(5): 684—688. http://dx.doi.org/10.1007 /s11596-015-1490-6. PMID:
26489622

Moon C., Rousseau R., Soria J.C., Hoque M.O., Lee J., Jang S.J., Trink B.,
Sidransky D., Mao L. Aquaporin expression in human lymphocytes and
dendritic cells. Am. J. Hematol. 2004; 75 (3): 128—133. http://dx.
doi.org/10.1002/ajh.10476. PMID: 14978691

Shen Y., Wang Y., Chen Z., Wang D., Wang X., Jin M., Bai C. Role of aqua-
porin 5 in antigen-induced airway inflammation and mucous hyperpro-
duction in mice. J. Cell Mol. Med. 2011; 15 (6): 1355—1363.
http://dx.doi.org/10.1111/j.1582-4934.2010.01103.x. PMID: 20550619

Wang G.F., Dong C.L., Tang G.S., Shen Q., Bai C.X. Membrane water
permeability related to antigen-presenting function of dendritic cells.
Clin. Exp. Immunol. 2008; 153 (3): 410—419. http://dx.doi.
org/10.1111/j.1365-2249.2008.03702.x. PMID: 18647319

Mueller J.C. Linkage disequilibrium for different scales and applica-
tions. Brief Bioinform. 2004; 5 (4): 355—364. http://dx.doi.org/
10.1093/bib/5.4.355. PMID: 15606972

Hansel N.N., Sidhaye V., Rafaels N.M., Gao L., Gao P, Williams R.,
Connett J.E., Beaty T.H., Mathias R.A., Wise R.A., King L.S., Barnes K.C.
Aquaporin 5 polymorphisms and rate of lung function decline in chron-
ic obstructive pulmonary disease. PLoS One. 2010; 5 (12): e14226.
http://dx.doi.org/10.1371 /journal.pone.0014226. PMID: 21151978

Llopart A., Comeron J.M., Brunet F.G., Lachaise D., Long M. Intron pres-
ence-absence polymorphism in Drosophila driven by positive Darwinian
selection. Proc. Natl. Acad. Sci. U S A. 2002; 99 (12): 8121—8126.
http://dx.doi.org/10.1073 /pnas.122570299. PMID: 12060758

Submited 22.01.16

OBINAA PEAHMUMATOAOTI' WM, 2016, 12; 3

www.reanimatology.com

23



24

DOT:10.15360,/1813-9779-2016-3-24-33
Original Observation

BUOMAPRKEP NT-proBNP ¥ BOJIbHbIX TSI?’KEJIOI?'I
BHEBOJIbHNYHOMW ITHEBMOHHUEN

N. A. Koznos", U. H. Tiopun'?’, C. H. ABzneiikun'?,
. 10. Ypumnena®, A. B. Canukos?, H. A. Kapryn'

' HUU ob6uieii peanumarosoruu umM. B. A. Herosckoro,
Poccust, 107031 Mocksa, ya. [letpoBka, . 25, cTp.2
? Topozckast kauHnueckas bosnpauna uM. B. M. BysiHosa
JenapramenTa 31paBooxXpaneHus . MOCKBBI
Poccus, 115516, Mocksa, yir. Bakusckasi, . 26
* MOCKOBCKHI 00J1aCTHOl HAay4YHO-UCC/IeA0BATENbCKIN KanHnYeckuil nuaetutyT um. M. M. Biragumupcekoro
Poccust, 129110, . Mocksa, yi. Hlenkuna, x. 61,/2

Biomarker NT-proBNP in Patients
with Severe Community-Acquired Pneumonia

I. A. Kozlov'’, I. N. Tyurin'?, S. N. Avdeykin'? I. Y. Ufimtseva®, A. V. Salikov?, N. A. Karpun'

' V.A. Negovsky Research Institute of General Reanimatology,
25, Petrovka St., Build. 2, Moscow 107031, Russia
2 V. M. Buyanov State clinical hospital, Moscow Department of Health
26, Bakinskya Str., Moscow 115516, Russia
* ML.E Vladimirsky Moscow Regional Research Clinical Institute
61,2, Shchepkin Str., Moscow 129110, Russia

ITes» uccienoBaHus — BbISABJICHIE KOPPEIAINN MEXK/LY cojiepKaireM B KpoBU N-TepMUHAIbHON YacTH HEeaK-
TUBHOTO TIpeAIllIeCTBeHHNKA HaTpuitypetndeckoro nentuga B-tuma (NT-proBNP) n remogmnammaecknmu, Kiam-
HUKO-1a00PaTOPHBIMU [IOKA3aTE/SIMI B IIPOIECCE MHTEHCUBHOTO JIEUeHUsT GOJIBHBIX TSKEION BHEOOIbHUYHOI
nuesmonwueii (BIT).

Marepuainsi u MeToabl. B nccnenosanme Brmounan 12 6oxpnbix (10 MY>KYUH U 2 JKeHIMHbI) Tsokenon BII B
Bozpacrte ot 25 110 88 (51,5 (41,25; 69)) Jser. Tszkectsb cocrostamst cocraBuia: 1mo mkaie CURB-65 — 3—5 (4; 4,5)
6asios, APACHE 11 — 16—33 (23 (18,75; 25)) 6asna, SOFA — 6—16 (10 (9; 12,75)) 6amnos. OueHuBajiu cojep-
skaHue B BeHo3HOH KpoBu NT-proBNP uepes 24—36 u nociie nocrymiaenust (NT-proBNP1) u Ha 5-e cyTku Jieve-
must (NT-proBNP2). Kosuectsennoe onpeaenernrie NT-proBNP Bormosisim Ha ananusatope Dimension Xpand
Plus (Siemens).

Pesyabratel. Yepes 24—36 4 nocse noctyrienus koutentpaiuss NT-proBNP cocrasisima 783,5 (460,75;
4150,25) nr/mit. Cogepskanne 6GuomMapkepa HpeBbiiiano HopMy y 66,7,% GosbHbix. K 5-M cyTkaM KOHIIeHTpaIist
Guomaprepa cocrassisiia 537 (376,25; 1334) nr/mut. Y sbokusimx 6osbHbix (66,7%) konnenrtpaiust NT-proBNP
3a 5 cyToK Jeuerus cHukanack (p=0,008) ¢ 918 (560; 8501) mo 391 (341; 1010) ur/ma. Y ymepiiux ot BIT Gosb-
HbIX (32,3%) 3HaUEHUsT KOHIIEHTpaIK GUOMapKepa He CHUKaIUCh, OTMETUIIM KOPPEJISIIIUOHHbBIE CBSA3U MEKILY CO-
nepsxxanuem NT-proBNP, sapernctpupoBaHHbBIM 1TOCIE TTOCTYIVIEHUS B OT/le/IeHIe PeaHNMaTOJIOTHH, ¥ MTH/IEKCOM
06111ero repudepruyecKoro CoCyIICTOrO COMPOTUBIEHNUS HA 2-€ CYTKU UHTeHCUBHOTO Jieuerust (r=-0,63; p<0,05) u
5-e (=-0,58; p<0,05). OrnipesesieHHoe 3X0OKapAnOrpahUIeCK CUCTOJNIECKOE JIaBJIEHNE B JIEFTOUHON apTepuu KOp-
pemmpoBado ¢ conepsxxanueM NT-proBNP uepes 24—36 1 mocsie mocTymieHus B OT/ieJieHue PeaHNMaTOJIOTHH 1 Ha
5-e CyTKH JIeUeHUSI.

3akmoyenne. C/es1aHo IPEAIOJIOKeHIe, YTO TPUYUHOI pupocta cojepxkanus NT-proBNP asisiercs nepe-
rpy3Ka MHOKap/ia IIPaBoro sKeJIy0uka Ha (hoHe JIerOuHOM rUIepTeH3nH, XapaKTePHOI /1711 OCTPOTO PECIIUPaTOPHO-
O JIUCTPECC-CUH/IPOMA.

Kantouesvte cnosa: nampuitypemuyeckuti nenmud B-muna; NT-proBNP; ene6oivHuunas nieeMoHust; 1e204Has.
2UNePMEN3UsL; OCMPbLLL PECNUPAMOPHBLL OUCTPECC-CUHOPOM
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OprlI‘IleaAI)HI)Ie MCCACAOBaAHMUI

The aim of the study was to determine the correlation between blood levels of N-terminal portion of the inac-
tive precursor of natriuretic peptide of B-type (NT-proBNP) and hemodynamic, clinical and laboratory parame-
ters in the course of intensive treatment of patients with severe community-acquired pneumonia (CAP).

Materials and methods. The study included 12 patients (10 men and 2 women) with severe CAP, age 25—88
(51.5 (41.25; 69)) years. The severity of the condition was as follows (averages and percentiles): on a scale of
CURB-65 — 3—5 (4; 4,5) scores, APACHE IT — 16—33 (23 (18.75; 25)) scores, SOFA — 6—16 (10 (9; 12.75))
points. Concentartions of NT-proBNP in venous blood 24—36 h post admission and on day 5 of treatment were
determined by analyzer Dimension Xpand Plus (Siemens).

Results. Within 24—36 hours after the admission concentration of NT-proBNP was 783.5 (460.75; 4150.25)
pg/ml. The content of the biomarker remained higher than in norm in 66.7% of patients. By the 5th day the con-
centration of the biomarker was 537 (376.25, 1334) pg/ml. In surviving patients (66.7%), the concentration of NT-
proBNP was decreasing (P=0.008) to day 5 of treatment from 918 (560, 8501) to 391 (341, 1010) pg/ml. CAP
patients who did not survived later (32.3%) exhibited no decrease of the biomarker concentration. Significant cor-
relation between NT-proBNP on admission to ISU and index of total peripheral vascular resistance on day 2 of
intensive treatment (7=-0.63; p<0.05) and day 5 (=-0.58, P<0.05) was revealed. Echocardiography systolic pul-
monary artery pressure correlated with the content of NT-proBNP 24—36 hours after admission to the Intensive
Care Unit and on the 5th day of treatment.

Conclusion. We suggested that the reason for increased concentration of NT-proBNP is an overload of the
right ventricle myocardium due to pulmonary hypertension as a characteristic of acute respiratory distress syn-
drome.

Key words: natriuretic peptide B-type; NT-proBNP; community-acquired pneumonia; pulmonary hypertension;
acute respiratory distress syndrome
DOI:10.15360/1813-9779-2016-3-24-33

BBenenne

[Mouck u BHeAPEHIE HOBBIX OHOMAPKEPOB TIPH
KPUTHYECKUX COCTOSTHUSAX SIBJISCTCS aKTYaJIbHOH 3a-
Jayeil  coBpeMeHHON peanumarosorun [1—3].
Ony6JIMKOBaHbI PE3YJIBTATBI Psifia UCCJIeOBAHMIA,
MOCBSIIEHHBIX MPOTHOCTUYECKON 3HAYMMOCTH Ha-
tpuityperndeckux nentuzpo (HYID) B-tuna mpu
KapInOXUpyprudeckux ormepanusax [4—6]. B mo-
cjelHue TOAbI Hadaau oOCYyKIaTh Ilejecoobpas-
HocTh MoruTOprHra HYTI B-THia npu 3ab6osieBanu-
SIX JIETKUX, B YACTHOCTU TNPU BHEOOJbHUUHOU
nHesMonun (BID) [7—11]. ABTopbl oT™MeEYaIOT, YTO
HOBBIIIEHHOE CO/IEPKAHNE B KPOBU COOCTBEHHO Ha-
Tpuityperndeckoro nentuga B-tuna (BNP) i N-
TEPMUHAIBHON YACTW €r0 HEAKTUBHOTO TIPEIIECT-
BernHrka (NT-proBNP) mosker ObITh XapakTepHO
1ist 6osibHbIX BIT [12] 1 KOppeTupyeT ¢ TSKeCThIO
3aboneBanud, oneHennoir mo mrare CURB-65
[8,13]. Yka3bIBaioT, 4TO B pacCMaTpUBAEMOI KITMHU-
yeckoii cutyanuu peskoe nosbiienne HYII B-tuma
ACCOIMUPOBAHO ¢ JieTaldbHOCThIO [7—9, 11]. M3yya-
IOT MPOTHOCTUYECKYIO U 3THONATOTEHETUYECKYTO
posb NT-proBNP 1nipu octpom pecninpaTopHoM juc-
tpecc-cunzipome (OP/IC), ocnoXHUBIIEM TeYeHHE
nHeBMOHUY [14]. OTMeEYaoT BO3MOKHOCTD B3aUMO-
JefcTBUA MHMEKITMOHHBIX areHTOB C PelenTOPHbI-
mu crpykrypamu cuctembl HYII [15]. YkasbiBaior,
41O cpean 0oJbHBIX Oe3 3a00JeBaHmil cepAedHO-CO-
CYIUCTOM CUCTEMBI, TOCTYTIAIONIUX B OTAEJIEHNE pe-
anunmarosiorun (OP) ¢ pe3kum TOBBIIEHUEM KOH-
nerrpain BNP B kpoBu, npeobiagaior GOJIbHbIE
tsikesiont BIT [16]. Tem He MeHee, mybOiuKaiuu octa-
I0TCS HEMHOTOUYHMCJIEHHBIMY, TIPUYEM, B OTJIUYHE OT

Introduction

Search and introduction of new biomarkers in
critical illness is an urgent problem of contempo-
rary reanimatology [1—3]. The results of several
studies on the prognostic value of B-type natriuret-
ic peptides (NUP) for cardiac surgery have been
published [4—6]. In recent years, the discussions
were initiated on the feasibility of monitoring B-type
NUP in diseases of the lungs, particularly in com-
munity-acquired pneumonia (CAP) [7—11]. The
authors reported that high concentration of natri-
uretic peptide B-type (BNP) or N-terminal part of
inactive precursor (NT-proBNP) had been a fea-
ture of CAP patients [12] and correlated with dis-
ease severity as assessed by a CURB- 65 scale [8,
13]. In this clinical situation a sharp increase in the
NUP concentration was associated with mortality
[7—9, 11]. Pathogenetic and prognostic role of NT-
proBNP in acute respiratory distress syndrome
(ARDS complicating pneumonia has been inten-
sively studied [14]. Tt was found that infectious
agents interact with receptor structures [15]. Tt was
point out that patients with no disease of cardio-
vascular system when entering the Intensive Care
Unit (ICU) with a sharp increase in BNP concen-
tration in blood more severe forms of CAP are dom-
inated [16]. However, publications in this area are
rather limited, and, in contrast to the practice of
cardiology [10, 17], the importance and the feasibil-
ity of monitoring of a B-type NUP are not thor-
oughly clarified for CAP patients. The limitations
of data on severe CAP and NUP resulted in identi-
fication of the goal of current study.
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Kapauosiorndeckoii mpaktuku [10, 17], sHauumoctsb
u 1esecoobpazHocts Moruropuara HYTI B-tuma
npu BII ocTatoTcst He BrioJiHe sicHBIMU. V3/105keHHOE
OTIPEICJIAIIO 11E€Tb HACTOSIIETO UCCICIOBAHNUS.

Iesb nccnemoBanys — BBIABUTH KOPPEISAIUOH-
HBbIE CBSI3W MEXKJY CO/lepXKaHueM B KpPOBW N-TepMu-
HAJIbHOW YacTW HEAKTUBHOTO TIPE/IICCTBEHHUKA Ha-
Tpuitypetudeckoro nentuia B-tuna (NT-proBNP) u
reMOJINHAMUYECKUMU, KJIMHUKO-JIA00PATOPHBIMU T10-
KasaTeJISIMU B [TPOIECCE MHTEHCUBHOTO JIEYeHUsT HOJIb-
HBIX TSDKEJIOH BHEOOIbHIYHON rHeBMoHMek (BIT).

Marepuan u MeTobI

B npocniektrBHOE Hccae0Banme BKIOUHan 12 60Jb-
HbIX (10 MyskunH 1 2 sxenunb) Tskesnoit BIT B Bozpacre
ot 25 10 88 (51,5 (41,25; 69)) ser. BII Gbina noarsepxie-
HA PEHTTEHOJOTMIECKUM UCCJIEIOBAHIEM U/MJIH KOMITHIO-
tepuoii tomorpacdueii. [Ipu nocryninenun B OP y Bcex
GOJILHBIX OBLIO MOIYYEHO HHHDOPMUPOBAHHOE COTJIACKE HA
WCTIOTb30BAHNE NHBA3UBHOTO MOHUTOPHHTA I[CHTPATBHOMN
remonnnamuku (I1I'/1), B3sTHe aHanm30B 1 Mepbl NHTEH-
CUBHOTO JICUCHMSI.

Kpurepun BKIIOYEHUS:

. MOJITBEPKIeHHbIN rarno3 BIT;

*  rakectb BII o mkanme CURB-65 3 6asia u 60-
nee;

*  mnavyaso VBJI B 1-e cyTkM MHTEHCUBHOTO Jiede-
HUSL

Kputepuu UCKIIOUEHUST: KINHIYECKUE TPOSBICHUS
XPOHUYECKOU HEIOCTATOYHOCTH KPOBOOOPAIIEHUST, JKU3-
HeyTpOosKaoIne apUTMUN IPU MOCTYTJIEHUHN, OCTPbIH MH-
(apkT MHOKap/a, MOPOKH KJIATIAHHOTO alliapara Cepla,
BBIP@KEHHAS JUJIATAlllsl IOJOCTU JIEBOTO JKeIyT0dKa
(JIK) co camskenneM ¢pakimu uarHanust (D) JIK no
yposist MeHee 40%, TsoKesnas COMyTCTBYIONIAs XPOHUYEC-
Kasl TATOJIOTHI JIETKKX, MOYeK, TeYeHU, OHKOJIOTHYECKITe
3a60JIeBaHUsT, CHHPOM MIPUOOPETEHHOTO UMMy HOehUIH-
Ta, 6GEPEMEHHOCTb.

TaxecTb COCTOSIHUS OGOJBHBIX [P MOCTYIJIEHUN
cocrasuaa: mo mkage CURB-65 — 3—5 (4; 4,5)) 6an-
aoB, APACHE II — 16—33 (23 (18,75; 25)) Gaua,
SOFA — 6—16 (10 (9; 12,75)) 6asnos. [Ipu nocrymie-
i B OP 60IbHBIM BBITIOJTHSIIN KATETEPU3AIINIO MATUC-
TpaJbHON BeHBI (MOAKIIOUMYHAS W/WUJAN BHYTPEHHSS
apemHasi) u GeapeHHol aprepun karerepom Pulsiocath
PV2015L204F (dupma <«Pulsion Medical Systems»),
KOTOPBIN coeinusiyii ¢ MOHUTOPHOI cuctemoit PiCCO-
plus (¢pupma «Pulsion Medical Systems»). Tpancmyib-
monambuyio Tepmonumornuio (TIIT/]) ocymecTBrsinam
10 CTaH/IAPTHON METO/IUKE.

Bce 6GosibHbIE T10JyYaIu WIECHTUUHOE JIeUeHHUE: CTap-
TOBYIO JIByXKOMIIOHEHTHY0 aHTUGHOTUKOTEPAITIIO (aMOK-
CHUIIMJUINH C KJTABYJIOHOBOU KUCIOTO M KIAPUTPOMUIIHH ),
uHdy3U0 c6ANTAHCHPOBAHHBIX KPUCTAJUIOMIHBIX PACTBO-
poB, remoTtpatchysuii He 6110, MHbysun u HazHaveHme
CUMITATOMUMETUYECKUX MPENapaTOB BBIMOJHSJIN B COOT-
BETCTBUU C IPOTOKOJOM KOPPEKIMU KPOBOOOPAIleHNUsI
[P PaHHEH IleJIeHaNpaBAeHHOM Tepanuu cencuca [18] u
pesyasratamu TTIT/T [19, 20].

Y Bcex GOJIbHBIX ONEHUBAIN COJIEPIKAHNE B BEHO3HOM
kpoBu NT-proBNP uepes 24—36 4 mocjie mocTyTienus B
OP (NT-proBNP,) u Ha 5-¢ CyTKM WHTEHCHUBHOTO JICUCHUST

Objective: to identify the correlation between
blood levels of N-terminal portion of the inactive
precursor natriuretic peptide B-type (NT-proBNP)
and hemodynamic, clinical and laboratory parame-
ters in the course of intensive treatment of patients
with severe community-acquired pneumonia (CAP).

Materials and Methods

The prospective study included 12 patients (10 men
and 2 women) with severe CAP, at an age from 25 to 88
(51.5 (41.25; 69)) years. CAP was confirmed by X-rays
and/or CT scan. On admission to the ICU all patients pro-
vided written informed consent for the participation in the
study that employing the invasive monitoring of central
hemodynamics (CHD), and performing tests during inten-
sive treatment.

Inclusion criteria were:

*  confirmed diagnosis of CAP;

*  severity of a CAP on a scale of CURB-65 (score
3 or more);

e mechanical ventilation starting from the 15t day
of intensive treatment.

Exclusion criteria included: clinical manifestations of
chronic circulatory failure, life-threatening arrhythmias at
admission, acute myocardial infarction, the vices of valvu-
lar, marked dilatation of the cavity of the left ventricle
(LV) with reduced ejection fraction (FI) LV to less than
40%, severe concomitant chronic pathology of the lung,
kidney, liver, cancer, acquired immunodeficiency syn-
drome, and pregnancy.

The severity of the patients at admission were as fol-
lows: on a scale of CURB-65 — 3—5 (4; 4.5)) score,
APACHE 11 — 16—33 [23 (18.75; 25)] score, SOFA —
6—16 [10 (99, 12.75)] points. On admission to the ICU
patients underwent catheterization of the main veins
(subclavian and / or internal jugular) and femoral artery
catheter Pulsiocath PV2015L204F (Pulsion Medical
Systems, Germany), which was connected to a monitor
PiCCO-plus system (Pulsion Medical Systems).
Transpulmonary thermodilution (TPTD) was performed
by standard methods.

All patients received identical treatment: two-antibiot-
ic starter (amoxicillin clavulanic acid and clarithromycin),
balanced crystalloid infusion solutions. No blood transfu-
sion were performed. Infusions and prescription of sympath-
omimetic drugs were performed in accordance with the pro-
tocol of correction of circulation in early targeted therapy of
sepsis [18] and results TPTD [19, 20].

All patients were screened for the concentration of
NT-proBNP in venous blood 24—36 hours after admission
to the ICU (specimens NT-proBNP,) and on the 5th day of
intensive  treatment  (specimens  NT-proBNP,).
Quantitative determination of NT-proBNP was performed
by a photometric method using an automatic analyzer
Dimension Xpand Plus (Siemens).

Mean arterial pressure (MAP), central venous pres-
sure (CVP), heart rate (HR), cardiac index (CI), stroke
volume index (SVI), an index of global end-diastolic vol-
ume (GEDI), index of total peripheral vascular resistance
(SVRI), the global ejection fraction of the heart (GEF),
index of cardiac function (CFT), extravascular lung water
index (EVLWI) and the index of the power of the heart
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(NT-proBNP,). KonuuectBennoe omnpenenenne NT-
proBNP Bemonnsanu ¢poromerpnieckuM METOZOM Ha aB-
TomaTuueckom aHasmzatope Dimension Xpand Plus
(Siemens).

PeructpupoBaiu cpejiiee apTepuaibHOE AABJIEHUE
(Alcp), nentpanbioe Benosnoe pasyenue (ILB/1), vacto-
Ty cepaeunbix cokparienuit (HCC), cepmeunbrii mHaEKC
(CI), ungexc yaapuoro oobema (MYO), nngekc raobaib-
HOTO KOHewHO-fnacromaeckoro oosema (UTK/O) u un-
JeKce 0011ero neprudepuIeckoro CoCyAnCToro COpOTHBIIE-
Hust (MOTICC), rnobaibhyio (hpakiinio U3THAHUS CepPla
(TOUC), unpexc pyuknun cepamna (MDC), unpeke BHe-
cocyauctoit Bogsl Jerkux (MUBCBJI) n unmexc MormuocTn
cepaiia (MMC), xoTopsiii paccyuThiBasn M0 opMmye:
CUXAlcp/451 [21]. C nomomnipio aBTOMAaTHIECKOTO aHa-
JIM3aToOpa OIpeeIAIN NapluaJbHOe HAPsKeHUe KUCTIO-
pona B aprepuasnbHoii kposu (Pa0,), caryparuio remorJio-
6una (SvO,) W ypoBEeHb JIaKTaTa B BEHO3HOW KDPOBH.
PaccunreBamm otaomrenne PaO,/FiO,.

Ixoxapanorpadmdeckoe (IxoKI') nccrenoBanme BoI-
noJiHsM ¢ nomomibio anmnapara Vivid i3 (¢pupma «General
Electric») Ha 2-e cytku npebbiBatus 6osbHbix B OP. CraH-
JIAPTHOE TPAHCTOPAKATIBHOE MCCIEOBAHNE BKJIIOUATIO W3-
MepeHUe U PacyeT CJIeYIONHX ToKa3aTesieil: KOHeqHO-/[ua-
cronnueckuii oobem JIXK (KAOJIK), OUJIXK mno
dbopmyse Cumicona, oobem seoro npencepaust (OJIIT),
mtomtae mpasoro npeacepans (1IITI), xoneuno-muacro-
smaeckuit pazmep (K/IP) npasoro skemynouka (IT5K). Cuc-
TOJINYECKOE JlaBieHue B jierounoii aprepun ([IJIAc) nsme-
PSJTM TIPH TIOJIO’KEHUH JIATYMKA B AITUKAJIBHOM TIPOEKITUN.

AnamsupoBanu pannble uccerenoanus (LT, kmm-
HUKO-TA00PATOPHBIE MOKA3aTEJN), 3aPETUCTPUPOBAHHBIE
B 1, 2 1 5-e cyTku HaxoxaeHus 6osbHbIX B OP, a takxke pe-
sysbrarel IXoKI-uccaenosanust. O6paboTKy BITOIHSIN
METOJIAMU HeTTapaMETPUUECKON CTATUCTUKU C TTOMOIIBIO
nporpaMMHubIx TaketoB Microsoft Office Excel u
Statistica 7. PaccuurniBamu meauany (Me), 25- u 75-1po-
IEHTHBIH nepceHTnIH. /loCTOBEPHOCTD OTINYNI OTIeHIBA-
JIM TI0 KpUTEPUI0 BUIIKOKCOHA, HATTMUME B3ANMOCBS3€el — ¢
ITOMOTI[BIO PaHTOBOI Koppesstiuu CrmpMeHa.

PesyabraThl 1 00CyK/IEHHE

Yepes 24—36 4 tiocsie ocryiuierust B OP y 06-
ciieloBaHHbIX 00JIbHBIX KoHIleHTpalust NT-proBNP
(nopma no 450 1ir/mut) BapeupoBasia ot 359 1o 26400
rr/mit. TIpeBbIIaio HOpMY cofiepskaHiie OoMapKe-
pa B kpoBu y 8 uz 12 (66,7,%) 6GosbHbIX. 3HAYEHUS
conepxkanuss NT-proBNP,; ne koppenuposanu c
onenkoit Tskectu BII mo mkare CURB-65 (7=0,06;
p>0,05) u 001IIEl TSKECTHIO COCTOSTHUS GOJIBHBIX 10
APACHE II (=0,102; p>0,05). K 5-m cyTkam unren-
CHBHOTO JIEUEHUsI COJlepskaHre GuoMapKepa 1o Beeit
rpyiie 00CJAeIOBAHHBIX TPOSIBJISIO TEHIEHIHIO K
camwkennio (tabr. 1). Tlokazaresp Kosebasics B [ua-
nazone 238—5490 nr/mMJ U IIpeBbIIaa HOPMaJIbHbIE
sHauenust y 7 (58,3%) 6osbHBIX. JIOCTOBEPHOIT KOP-
pessaiun Mexxay conepskanueM NT-proBNP, u otien-
koit o mkaste CURB-65 mpu mocryiieHun 60Jib-
HuIx He BostBuam (7=0,49; p>0,05).

MMokasatesau 1T/l u KINHUKO-TabOPATOPHBIE
nokaszaresu (cM. Tabi. 1) B mpoiiecce MHTEHCHBHOTO

(CPI) were determined in all patients [21]. With the aid of
an automatic analyzer the oxygen partial pressure in arter-
ial blood (PaO,), hemoglobin oxygen saturation (SvO,)
and lactate levels in the venous blood were determined.
Pa0O,/FiO, ratio was calculated for each patient.

Echocardiography was performed using Vivid i3 unit
(GE) on the 2nd day of admittance to ICU. Standard
transthoracic study included the measurement and calcu-
lation of the following parameters: end-diastolic volume of
the left ventricle (LVEDd), LVEF by Simpson's formula,
the volume of the left atrium (iLA), the area of the right
atrium (RV), end-diastolic dimension (RVd) of the right
ventricle (RV). Systolic pulmonary artery pressure (PP)
was evaluated at the apical position of sensor.

CHD echocardiography data and clinical and labora-
tory parameters were registered on the 15t, 20d and 5th day
of admittance to ICU.

Non-parametric statistics was used to determine sig-
nificance of intergroup differences by using Microsoft
Office Excel and Statistica 7 software packages. Median
(Me), 25- and 75-percent percentile were calculated. The
reliability of differences was assessed by the Wilcoxon test,
correlation was evaluated by a Spearman rank correlation.

Results and Discussion

Within 24—36 hours after admission to the
ICU patients were examined for NT-proBNP con-
centration and compared to norm (<450 pg ml). The
established concentrations were within range from
359 to 26,400 pg / ml. Blood levels of the biomarker
exceeded norm in 8 of 12 (66.7%) patients. The val-
ues of NT-proBNP, did not correlate with the assess-
ment of CURB-65 severity scale (=0.06; P>0.05),
and APACHE II (r=0.102; P>0.05). There was a
trend to decreased concentration of NT-proBNP as
determined on the 5th day of intensive treatment
(Table. 1). Level of NT-proBNP was variable (range
238—5490 pg / ml) exceeding the normal values 7
patients (58.3%). No significant correlation between
the NT-proBNP, and CURB-65 parameter was iden-
tified (=0.49; P>0.05).

Indicators of CHD and clinical and laboratory
parameters (see Table 1) during the course of inten-
sive treatment were significantly improved: on the
ond day MAP, ST, TUO, HFIP, FIS, IC, Pa0,/FiO,,
were increasing, whereas lactate level and SOFA
scores were decreasing. on day 5 of observation the
values of MAP, SI, IUO, HFIP and lactate level did
not change compared to the values determined on
day 2 of admittance. CFI, PaO,/FiO, and SvO, were
increasing, whereas EVIWI and SOFA values were
decreasing compared with the days 1 and 2 of admit-
tance to ICU. HR, CVP, SVRI, GEDI values during
the observation period were relatively stable.

Table 2 demonstrates established correlations
between concentrations of NT-proBNP1, SVRI on
days 2 and 5 of intensive treatment. No relationships
between the levels of NT-proBNP, parameters of
CHD and clinical laboratory parameters revealed.
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Ta6iuua 1. NT-proBNP, nenTpajibnasi reMOAMHAMUKA U KJIMHUKO-Ja00paTOPHbIE II0KA3aTeH y 00C/Ie[0BaHHbIX 6O0JIb-

HBbIX.

Table 1. NT-proBNP, central hemodinamics, clinical and laboratory parameters in examined patients.

Parameters

Values of parameters on the days of intensive treatment of CAP

{st

9nd 5th

NT-proBNP, pg/ml

783.5 (460.75; 4150.25) 537 (376.25; 1334)

515 (44; 66.5)

MAP, mmlig 75 (71 79.5)* 79 (74; 84)**
HR, per min 105 (87; 122) 905 (78; 113) 92 (79.5; 103)
CVP, mmilg 9 (4.75; 11.25) 95 (6, 11.25) 8 (7.75: 10.25)
CI, I/min/m’ 1.42 (1.19; 1.78) 2.87 (2.46; 3.15)* 291 (2.31; 3.53)**
SVI, ml/m’ 185 (16.25; 21.53) 3515 (29.75; 43.25)* 344 (26.75; 39.25)*
SVRI, dyn*secm’m’ 1623.5 (993.8; 2499.8) 1814.5 (1552.7; 2272.5) 1871 (1478.2; 2509.7)
GEDI, ml/m’ 743 (620.25; 845.5) 816 (656.25; 876) 787 (722; 824.5)
GEF, % 145 (9.75; 19) 21 (19.5; 23.5)* 22 (16.5; 30.25)**
CFI, min" 1.65 (1.4; 2.295) 3.03 (2.75; 3.40)* 3.65 (2.99; 4.65)"*%
CPI, wt/m’ 0.17 (0.14; 0.27) 0.47 (0.43; 0.55)* 0.58 (0.38; 0.61)**

EVIWI, ml/kg 10 (8.75; 11)

10.5 (8.75; 11) 75 (7,9.25)%*%

Pa0,/FiO,, mmlilg 190 (150; 236)

250 (200; 282.5)* 300 (300; 362.5)**%

SVO,, % 69.5 (63.25; 73.5) 705 (69.5; 72.75) 775 (74.75, 80)**F
Lactate, mmol /1 28 (2.1, 4.5) 175 (1.275; 2.25)* 135 (1; 2.4)"
SOFA, score 10 (9; 12.75) 9 (8; 12.25)* 7.5 (6; 10.5)**#

ITpumeyanne. 3xech 1 st TabuL. 2, 3: pacumbpoBky abOpeBHaTyp CM. B MaTepHaIax 1 MeTojax; Parameters — mokasatesi. 371eCh U ISt
tabu. 2: MAP, mmHg — A/lcp, mm pr. c1.; HR, per min — YCC, mun'; CVP, mmHg — IIB/I, mm pr. c1.; CI, 1/min/m* — CU, ;1/mun,/m% SVI,
ml/m* — UYO, mu/m% SVRI, dynesecm em? — MOIICC, gunececvm® M’ GEDI, ml/m* — UTK/1O, mi/m* GEF — TOUC; CFI, min' —
NOC, mun; CPI, wt/m* — UMC, Br/m% EVIWI, ml/kg — MUBCBJI, mi/kr; PaO,/FiOy, MM pt. c1; SvO,; Lactate, mmol/l — Jlakrar,
MMOJIb/J1; score — Gaub; on the days of intensive treatment of CAP — no ansam unrencusioro jedernsi BIL Values of parameters —
3HAUEHUsT mapaMerpoB. * — orsmuns 3uadnmMbl (p<0,05) 1o kpuTepnio BIikokcoHa mpu cpaBHEHNHN JAHHBIX 1-X 11 2-X CYyTOK; ** — oTsmdust
snaunmbl (p<0,05) 1o kpuTepnio BHJIKOKCOHA MPH CPaBHEHWUH JAHHBIX 5-X U 1-X cyTOK; # — ommuns 3Hadnmbl (p<0,05) 1mo Kpurepnio

Buuikokcona 1ipu cpaBHEHUH JAHHDBIX 5-X U 2-X CYTOK.

Note. For Tables 1—3: for the meanings of abbreviations refer to materials and methods. * — P<0.05 by Wilcoxon test, day 1 versus day 2;
#* — P<0.05, Wilcoxon test, day 5 versus day 1; # — P<0.05, Wilcoxon test, day 5 versus day 2.

JieueHus CyIeCTBEHHO YJIyUIIauCh: Ha 2-€ CyTKU I10-
sormanucs Allep, CU, UYO, TOUC, UDC, UMC,
Pa0O,/FiO,, a ypoBeHb JlaKTaTEMHU U OIlEHKA IO
SOFA — ymenbinanuch. K 5-M cyrkam HabJroneHus
snauenust Allcp, CU, UYO, TOUC u ypoBeHD J1aKTa-
TEMUUN HE U3MEHSJIUCH 10 CPABHEHUIO CO 3HAYEHUSMU,
3apervuCTPUPOBAHHBIMU Ha 2-€ CYTKHU IIpeObIBaHUs
6osbbix B OP. Tosbimanucs MDC, PaO,/FiO, u
SvO,, a UBCBJI u onenka no SOFA cHmXaIuCh 110
CpaBHEHMIO cO 1-u U 2-u cyTKaMu MHTEHCUBHOTO Jie-
yennsa. YCC, 1IB/l, MOIICC u UTK/1O B Teuenue
neproa HabJOAEHS He U3MEHSINCD.

OtMmeTnin  KOppessiMonHbie cBstan (Tabs. 2)
mesxxy copepskanieM NT-proBNP, u MOTICC na 2-e
1 5-€ CyTKM WHTEHCUBHOTO JieueHust. J|pyrux B3anmmo-
cBsa3eit mexky conepskanrieM NT-proBNP, mapamerpa-
vy /] 1 KAMHUKO-1a60PaTOPHBIMK [T0KA3aTE ISIMU
HEBBISIBUJIN.

Conepxanrie NT-proBNP; umesio BbIipaken-
Hble KOPPEJISIMOHHbIE CBI3U C IMOKa3aTessiMu
Ix0KI, xapakTepusyomumMu 0codenHocTu GyHKIU-
OHMPOBaAHMS IPaBbIX OTHEN0B cepauna (tabju. 3):
[IIIT u /TIJTAc. Conep:xanmne NT-proBNP, Takxke co-
xpanayio xkoppeadiuio ¢ JIJIAc. 3HaYMMBIX 3aBUCH-
Mocteil Mexay cojepskanneM NT-proBNP u 3naue-
nuamu KOJIK u @MLK ne 6bL10.

[anbHelmnuii aHaan3 moKas3asl, YTO Y BBIKUB-
mux GosbHbIX (66,7%) xourenTparuss NT-proBNP
3a 5 CYTOK MHTEHCUBHOTO JIeUeHUsT CHIKAIach ¢ 918
(560; 8501) m0 391 (341; 1010) rir/mar (p=0,008). ¥

Concentrations of NT-proBNP, correlated
with echocardiographic parameters that character-
ized features of the functioning of the right regions of
the heart, RVd and PP (Table 3). NT-proBNP, and
PP were also correlated. No significant relationship
between the content and NT-proBNP values and
LVEDd, LVEF was found.

Further analysis revealed that in survivors
(66,7%) the NT-proBNP concentrations were signif-
icantly reduced from 918 (560; 8501) pg/ml to 391
(341; 1010) pg/ml (P=0.008). In deceased patients
with CAP patients (32.3%) concentration of the bio-
marker did not change: 430 (394.5; 1565) pg/ml and
631 (600; 2715.5) pg/ml (P=0.248).

Importantly, in majority of patients with severe
CAP who required both mechanical ventilation and
sympathomimetic therapy, at admittance to ICU
sharp NT-proBNP concentration was elevatedIn
some cases, the level of the biomarker significantly
exceeded high concentrations in NT-proBNP con-
centrations found in patients with coronary heart
disease with decreased contractility of IV function
[6]. Other authors have described that NT-proBNP
concentration may exceed 20.000 pg / ml [22, 23],
and BNP — 1000 pg / mL in patients with CAP [16].
However, more evidence has been published on a
much smaller increases of NUP B-type in CAP
patients [9, 12].

Most studies demonstrated that the highest pos-
sible values of NT-proBNP and/or the BNP are pre-
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Ta6mua 2. Koppensiuuonnsie csizu Mexkay NT-proBNP, napamerpamu 1ieHTPaJIbHO reMOAMHAMHUKH ¥ KIMHUKO-JIa-

60paTOPHBIMH II0OKA3ATEIAMH Y 00CIEOBAHHBIX OOJIBHbIX.

Table 2. Correlation of concentrations of NT-proBNP and parameters of central hemodinamics, and clinical and lab-

oratory parameters in examined patients.

Correlation with NT-proBNP on the days of intensive treatment of CAP

{st

9nd

5th

r=-0.02 (P>0.05)

r=0.42 (P>0.05)

r=0.34 (P>0.05)
r=-0.00 (P>0.05)

1=-0.53 (P>0.05)

1=-0.23 (P>0.05)

1=-0.10 (P>0.05)
1=0.39 (P>0.05)

1=0.35 (P>0.05)

1=-0.15 (P>0.05)

1=-0.26 (P>0.05)
1=0.42 (P>0.05)

=053 (P>0.05)

1=0.56 (P>0.05)

1=0.22 (P>0.05)
1=-0.42 (P>0.05)

1=0.45 (P>0.05)

=054 (P>0.05)

1=0.18 (P>0.05)
r=-0.31 (P>0.05)

1=-0.41 (P>0.05)

1=-0.63 (P<0.05)

1=-0.58 (P<0.05)
1=-0.25 (P>0.05)

1=-0.14(P>0.05)

1=0.11 (P>0.05)

1=-0.16 (P>0.05)
r=0.29 (P>0.05)

1=0.37 (P>0.05)

1=0.10 (P>0.05)

1=0.22 (P>0.05)
r=-0.29 (P>0.05)

=051 (P>0.05)

1=0.34 (P>0.05)

1=0.43 (P>0.05)
1=0.02 (P>0.05)

1=0.29 (P>0.05)

=052 (P>0.05)

1=0.23 (P>0.05)
1=-0.35 (P>0.05)

1=-0.003 (P>0.05)

1=0.21 (P>0.05)

1=-0.03 (P>0.05)
1=0.20 (P>0.05)

1=-0.16 (P>0.05)

1=0.17 (P>0.05)

1=0.15 (P>0.05)
r=-0.06 (P>0.05)

1=0.04 (P>0.05)

1=0.12 (P>0.05)

1=0.41 (P>0.05)
r=0.24 (P>0.05)

1=0.27 (P>0.05)

1=-0.23 (P>0.05)

1=-0.08 (P>0.05)
r=0.50 (P>0.05)

Parameters
MAP, mmHg NT-proBNP;
NT-proBNP,
HR, per min NT-proBNP;
NT-proBNP,
CVP, mmHg NT-proBNP;
NT-proBNP,
CI, I/min/m’ NT-proBNP;
NT-proBNP,
SVT, ml/m? NT-proBNP;
NT-proBNP,
SVRI, dynesecm”em’ NT-proBNP;
NT-proBNP,
GEDI, ml/m’ NT-proBNP;
NT-proBNP,
GEFE % NT-proBNP;
NT-proBNP,
CFI, min” NT-proBNP
NT-proBNP,
CPI, wt/m’ NT-proBNP,
NT-proBNP,
EVIWT, ml/kg NT-proBNP;
NT-proBNP,
Pa0O,/FiOy, mmHg NT-proBNP,
NT-proBNP,
SvO,y, % NT-proBNP,
NT-proBNP,
Lactate, mmol /T NT-proBNP;
NT-proBNP,
SOFA, score NT-proBNP,
NT-proBNP,

1=0.09 (P>0.05)

1=-0.09 (P>0.05)

1=0.22 (P>0.05)
1=0.34 (P>0.05)

IIpumeuanue. Correlation with — koppeJistius c.

Ta6muua 3. [Mokazarenu IxoKT u ux koppeisuuu ¢ yposuem NT-proBNP.

Table 3. Parameters of echocardiography and their correlations with NT-proBNP levels.

Parameters The median Correlation with NT-proBNP
(25—75 percentiles) NT-proBNP, NT-proBNP,

LVEDd, ml 100.5 (895; 151.75) =0.52 (P>0.05) 7=0.26 (P>0.05)
LVEE % 49.5 (43.75; 52.75) r=-0.11 (P>0.05) r=-0.37 (P>0.05)
iLA, ml 55 (51; 88) r=0.46 (P>0.05) r=0.43 (P>0.05)
RV, cm’ 21.5 (18.25; 25) =0.89 (P>0.05) r=0.56 (P>0.05)
RVd, cm 4.15 (4.025; 4.65) =0.06 (P>0.05) r=0.49 (P>0.05)
PP, mmHg. 50.5 (41.5; 56.5) r=0.64 (P>0.05) r=0.68 (P>0.05)

Ipumeyanue. [VEDd, ml — K/TOJUK, mu; LIVEF — OUJIXK; iLA — OJIIT; RV, em? — TITIII, em®; RVd, cm — KJIPTDK, cm; PP, mmHg —

JIJTAc, mm pr. cr. The median (percentiles) — meanana (nepcenrumnm).

ymepiux ot BIT Gonbabix (32,3%) sHauenust Guo-
Mapkepa He cHmxkamnuch: 430 (394,5; 1565) u 631
(600; 2715,5) ur/mu (p=0,248).

MOKHO OTMETHTD, 4TO y OOJIBITUHCTBA OOJIb-
HbIx Tskesoi BII, tpebytomeit UBJI u cummaTo-
MUMETHYECKOH Tepamuu, npu noctymiennu B OP
BBISIBUJIM PE3KO MOBbINIEHHbIe KOHIleHTparun NT-
proBNP. IIpudyem B OT/€IbHBIX HAOTIOAECHUAX CO-
Jepkanre OGMOMapKepa CYIMeCTBEHHO MPEBBIIIAIO0
crereHb noBbinieHns1 KoHIleHTpanun NT-proBNP,
OIMCAHHYIO Y OOJIbHBIX MIIEMUYECKOH O0JIe3HbIO

dictors of a lethal outcome of patients admitted to ICU
[7,9, 11, 22]. The results of our study suggest that not
the increased level of NT-proBNP as determined at
admission to ICU, but the dynamics of concentration
of the biomarker in response to the start of intensive
treatment might serve as informative prognostic mark-
er of outcome. The maximum value of NT-proBNP was
26.400 pg / mL, however, following 5 days of intensive
treatment the biomarker concentration decreased to
1010 pg / ml, the patient's condition had improved,
and the outcome was quite favorable. At the same time,

OBIUAA PEAHMMATOAOTI WS, 2016, 12;

www.reanimatology.com

29



30

. Original Observation

DOI:10.15360,/1813-9779-2016-3-24-33

cep/illa CO CHUKEHUEM COKPATUTENIbHOU (hyHKIUU
JIJK [6]. Psan aBTopoB ykaspiBaioT, uto npu BII
koHIleHTpanusa NT-proBNP moxer npesbinarh
20000 r/ma [22, 23], a BNP — 1000 nr/ma [16].
Opnnako yaie MPUBOJAT JaHHBIE O MEHee BbIpa-
JKEHHOM TIOBBIINIEHUN cojiepskaHus B Kposu HYII
B-tuma [9, 12].

BoapmunacTBO MccaenoBareseil CUMTAIOT, YTO
MaKCUMaJIbHO BBICOKHE 3HAYCHUS KOHI[CHTpAIUu
NT-proBNP u/unu BNP ssasgiorcs npeaukropa-
mu JetaibHoro ucxona BIT[7,9, 11, 22]. Pesyabra-
ThI HAIIEro UCCJEOBAHUS JaI0T OCHOBAHUS IOJA-
raTh, 4YTO B OTHOIIEeHWHU PorHO3a BIT GoJibinyio
pOJIb UTPAeT He CTeNeHb TMOBBINIECHNS KOHIIEHTpa-
nuuu NT-proBNP, saperucrpupoBanHas 1npu I1o-
crymienun B OP, a auHaMuka cojep:kanust OHO-
Mapkepa B OTBET Ha HAYaJ0 WHTEHCUBHOTO
Jgeyernd. MakcuMaibHOE 3HaYeHUE KOHI[EHTPAIlUN
NT-proBNP cpeaun obGcieoBaHHBIX COCTaBUIIO
26400 rr/mit, oHaKO Yepe3 5 CyTOK HHTEHCUBHOTO
JIEUEHUST KOHI[EHTpaIust OGMoMapkepa B 3TOM Ha-
omonennu cHusuiach 10 1010 nr/mi, cocrosinue
GOJIBHOTO YJIYUIINJIOCH U MCXOJ OKA3aJICST BIIOJIHE
GuiaronpusTHBIM. BMmecte ¢ TeM, 0OpaTiiio Ha cebst
BHUMAaHKeE, 4TO Yy YMEPIINX BIOCJIEACTBUU GOJIb-
HpiX koHieHTpanuss NT-proBNP kosebanach B
npenenax 359—2700 nr/mi, a yepe3 5 CyTOK cO-
crasisiina 631—4800 nr/mi. CXoaHyio TOUYKY 3pe-
HUS BbICKa3au aBTopsbl [12], moguepkHyBIIIHE, 4YTO
MMEHHO TIPUPOCT, & He MCXOHAS CTEIEeHD MOBbIIIIE-
Hust KoHueHTpanun NT-proBNP, asasiercs mnpe-
JMKTOPOM paHHel jieTasbHOCTH O0JbHBIX ¢ BII.

Mpbr He oTMeTHIIM OTTMCAaHHBIX [8, 9] Koppess-
IIMOHHBIX CBA3el Mexxay TsokecThio BII, omleneHHOM
no mkanre CURB-65, u conepxxanuem NT-proBNP.
BeposiTHO, 9T0 06YCIIOBIEHO TEM, UTO B HAIIlE UCCIE-
JIOBaHUEe He BKJIOYAIM OOJBHBIX C OIEHKOU IO
CURB-65 1—2 6ajuia, T. €. KOppeJupyemble TOKa3a-
TeJTM He BAPHUPOBATIHCH B IOCTATOYHOM JIJISI BBISABJIC-
HUA 3aBUCUMOCTH JIHAIIa30He.

He BoigBunm B3anmocBg3ell MEXIY cofiepsKa-
HueM NT-proBNP u GoJIBIIHHCTBOM TTapaMeTpoB
HT A, sxmouas CU u apyrue XapaKTepUCTUKHU Ha-
cocHoli hyHKIMU cepjra. Takoe ke OTCYyTCTBUE KOP-
PEJISIIIIT MEK/Ly COCTOSTHUEM KPOBOOOPAIEHUST U
koutenTpanueit HYTI B-tuma y 60JIbHbIX B KPUTHUE-
CKUX COCTOSIHUSIX, 00YCJIOBJIEHHBIX 3a00JI€eBaHUSIMU
gerknx, orMetusin Komapos C. A. u Kupos M. O.
[14]. BmecTe ¢ TeM, y Kap/IMOJIOTHYECKUX U Kap/IHO-
XUPYPrUIeCKUX OOJBHBIX 3aBUCHMOCTU MEXKIY 10-
KasaTeJqgIMU HACOCHON (DyHKIIMM cep/iIla U KOHIIeH-
tpanueir NT-proBNP wuam BNP wusyuyensr B
JIOCTaTOYHON CTETeH  TOJHO [4, 5, 10, 11, 24—26].

[Tosaraem, 4To NpUYMHAMHU OTMEUYCHHBIX
PasJIUYUil SIBJSIIOTCS OCOOEHHOCTH MTaTOTEHE3a Ha-
pyuienuii kpoBoobpamienust npu BII. Hampuwmep,
npu unemudeckoit 6osesnu cepaina (MBC) Bmo-
He 3aKOHOMEDHBI KOPPEJSIUOHHBIE CBA3U

it has been noticed that in patients who died later, the
NT-proBNP concentrations ranged from 359—2700
pg/ml, and after 5 days the concentration of the mark-
er was 631—4800 pg / ml. A similar view was stressed
by the authors [12], suggesting that it was an increase
rather than the original amount of NT-proBNP con-
centration that might be considered as a predictor of
early mortality in patients with CAP.

We did not notice described earlier [8, 9] corre-
lation between the severity of CAP, estimated
CURB-65, and concentration of NT-proBNP. This
was probably due to the fact that in our study there
were no patients with a score of 1—2 on CURB-65
scoring system, ie, correlated indices did not vary in
a range sufficient to detect dependencies.

We did not reveal the relationship between con-
centration of NT-proBNP and the majority of CHD
parameters, including CI and other characteristics of
the pumping function of the heart. The same lack of
correlation between the circulatory condition and
concentration NUP B-type in patients in critical ill-
ness due to lung diseases were described by Komarov
and Kirov [14]. However, in cardiac and cardiac
surgery patients the relationship between the perfor-
mance of the pumping function of the heart and the
concentration of NT-proBNP and BNP were studied
sufficiently completely [4—5, 10—11, 24—26)].

We believe that specific features of pathogene-
sis of disorders of blood circulation in the CAP
caused significant differences revealed in this study.
For example, in a coronary heart disease (CHD)
quite logical correlations of LVEF and CI with NUP
B-type are evident. Increases in NT-proBNP and
BNP concentrations might reflect volume overload
of the left ventricle due to the damage of systolic
function [24, 25]. Similar patterns are discerned in
cardiopulmonary bypass surgeries in patients with
coronary heart disease [4, 5, 27].

CAP features the essentially another version of
CHD disorders, in which the leading role belongs to a
pulmonary hypertension (PH), progressing with the
development of ARDS [20, 28]. In our study, the ele-
vated levels EVIWT and very low PaO,/FiO,, regis-
tered on days 1 or 2 of intensive treatment, were con-
sistent with the criteria of ARDS [29]. Tt is known that
patients with different variants of the PH are charac-
terized by typical increase in concentration of NUP-
type [10, 30]. Revealed correlations of NT-proBNP
confirm this pattern. Presumably that PH is associated
with altered RV and the development of tricuspid
regurgitation is becoming evident [13]. The latter can
be explained by the close correlation of NT-proBNP
concentrations at admission and RVd, as measured by
echocardiography. We could propose that the charac-
teristics of a left ventricle echocardiography in exam-
ined patients were not correlated with concentration
of NT-proBNP since patients with concomitant heart
disease were not included into the study.
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OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

OUJIK u CU ¢ HYII B-tuna. IIpupoct NT-co-
nepsxanuss proBNP uan BNP orpaskaer oObeM-
nyio neperpysky JIJK na pone mapymenus ero cu-
cronnueckoit byuxiuu [24, 25]. AnasorudyHbie
3aKOHOMEPHOCTHU MPOCTEKUBAIOTCS U TIPU oTiepa-
[USIX ¢ MCKYCCTBEHHBIM KPOBOOOGpAIIEHUEM TI0
nosoxny UBC [4, 5, 27].

g BII xapaktepeH IpUHIMIINAJIBHO IPYTroi
BapuaHT pacctpoiictBa [{I'/], Bexymias posib B KOTO-
pOM TpUHAIJIEKUAT Jerounol rumneprersun (JII),
nporpeccupytotieii npu pazsutun OPIC [20, 28].
B nacrosmiem ucciieoBaHUM TIOBBIIIEHHBINT yPO-
Beub IBCBJI u kpaitne nuskuit PaO,/FiO,, 3ape-
TUCTpUpPOBaHHbIe B 1 —2-€ CyTKM WHTEHCUBHOTO Jie-
yeHUsT  OOJBHBIX,  BIIOJHE  COOTBETCTBYIOT
kputepusim OPJIC [29]. 1sBecTHO, uTO st GOJIB-
HBIX C PA3JUIHBIMU 3TUOTIATOTCHETUYECKIMU BapHy-
antamu JII' xapakTepeH HPUPOCT COepPKaAHUS
HVYII B-tumna [10, 30]. BeisiBaeHHBIE KOPPETSAIMOH-
Hble cBsi3u ¢ cojepxkanueM NT-proBNP Bnosine
MOJTBEPIKAAIOT 3Ty 3aKOHOMEPHOCTH. B03MOKHO,
Ha ¢done JII' B ocHoBHOM Hapymaercd (GyHKIIUA
I[IK m craHoBUTCS BEPOATHBIM PAa3BUTHE TPUKYC-
nujanbHoi peryprutarun [13]. Iocaeanss Mmoxer
OOBSICHUTD TECHYIO KOPPEJISAIIUOHHYTO CBSI3h MEKILY
copepxkanneM NT-proBNP npu nocrynienunun u
[TIITI, uamepennoit ¢ nomoibio IxoKI. Moxno
MPeANnoNaoKuTh, 4T0 IXxoKI-xapakrepuctuxu JIK y
00cJeIoBaHHBIX GOJIbHBIX HE KOPPEJUPOBAIIH C CO-
nepxxanuem NT-proBNP, Tak xak B uccienoBanune
He BKJIIOUYAU OOJIBHBIX C COIYTCTBYIONMMHE 3a00-
JIEBAaHUSIMU CEP/IIA.

He BrosiHe sicHBI PUYUHBI OOPATHBIX KOpPpe-
JIAIMOHHBIX CBsA3ell Mexay cozjepskanumem NT-
proBNP mpu nocrymienun 6obabix B OP u 3Haue-
uusimu MOIICC na 2-e u 5-e CyTKU UHTEHCUBHOTO
JgedeHns. MOKHO TIPEIVIOKNTD JIUITh THIOTETHYE-
CKMI MeXaHU3M, OObICHSIONUI TaKyIO B3auMO3a-
BUCUMOCTb. Hesrb3si MCKIOYUTD, YTO Teperpyska
ITK, oupenensiomas soiopoc HYII B-ruma, 6buia
HauboJjiee BbIpaskeHa y OOJBHBIX ¢ Tsikesoit BII,
conpoBoaasieiics JII' u cucteMHON coCyauCTON
HEJI0CTAaTOYHOCTBIO [31] U, COOTBETCTBEHHO, CHU-
sxenuem MOIICC. Opnako moJiaraeM, 4To 3TO
MPEJIIONOKEHNE HYKAACTCS B IAbHENIITNX UCCIe-
JIOBAHUSIX, BHITIOJTHEHHDBIX HA OOJIBIEM KIUHUYEC-
KOM MaTepuale.
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It is not entirely clear, why the inverse correla-
tions between concentrations of NT-proBNP at admis-
sion of patients in the ICU and SVRI values were iden-
tified on days 2 and 3 of intensive treatment. A
hypothetical mechanism explaining this interdepen-
dence may be offered. Tt cannot be excluded that over-
loading of the RV, which determines the emission of
NUP B-type, has been most pronounced in patients
with severe CAP accompanied by PH, systemic vascu-
lar insufficiency [31] and, accordingly, reduced SVRI.
However, we believe that this hypothesis requires fur-
ther investigations using an extended clinical material.

Conclusion

Therefore, we found that the featured charca-
teristic of patients with severe CAP include signifi-
cant increase in the blood concentration of NT-
proBNP, which correlates with PP (direct
connection) and SVRI (feedback), and does not
depend on the parameters of overall pumping func-
tion of the heart and left ventricular systolic func-
tion, . There is reason to believe that the cause of
growth in NT-proBNP level is the overload of the
RV myocardium on the background of PH that is
typical for ARDS. In a favorable course of CAP the
concentration of cardiac biomarker is reducing. The
absence of such dynamics may indicate poor progno-
sis of the disease.

3akaoueHue

Takum 06pa3oM, yCTAHOBUIIU, UTO JIJist OOJIbHBIX
Tskesioit BII xapakTepHOo 3HauMMoOe IOBBIIIEHNE B
kpoBu KoHIleHTpanu NT-proBNP, kotopoe koppe-
supyet ¢ [IJTAc (npsimast ¢Bs3b) u MOTICC (obpat-
Hasl CBSI3b) U HE 3aBHCHUT OT XapPaKTEPUCTUK OOIIeit
HACOCHOM (DYHKIIMH Cep/ia U CUCTOJNYECKOM (DYHK-
nuu JIZK. EcTh ocHOBanus mojarath, 4TO NPUYUHON
npupocta yposHst NT-proBNP sBisiercs neperpyska
muokapzaa 11K wa done JII, xapakTepHoil mms
OP/IC. TIpu Gaaronpusitiom teuernu BIT Ha dhone
MHTEHCUBHOTO JICYCHWS KOHICHTPAIUS Kap/uasb-
HOro Owomapkepa cHmzkaercs. OTCyTCTBHE TaKoi
JIMHAMHUKH MOJKET CBH/IETEJLCTBOBATh O HeOJIaro-
HPUSTHOM [IPOTHO3€E 3a00JI€BAHUSL.
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Critical States in Newborns
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Relations of Nosological Factors and Energy Expenditure in Newborns
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Ilens. Ha ocHoBe HenpsiMoii KaJIOPUMETPUH YCTAHOBUTD HAJIMYKE, XapaKTep U 3HAYMMOCTD BJIUSTHUSI HO30J10-
ruyeckux hakTopoB Ha OOMEH SHEPTHU Y TSAKET000IbHBIX HOBOPOKIECHHBIX.

Marepuassl 4 MeTOAbI. MeTOI0M HENPSIMOIT KaJTOPUMETPUH TIPOBEJIN OITPe/iesIeHIe UCTUHHOTO PACX0/Ia dHEP-
MU Y HOBOPOXKJIEHHBIX, TTOJYYaBIINX UCKYCCTBEHHYIO BEHTUJISIMIO JIETKUX TI0 TIOBOY MHTPAHATAJIBHOI TTOCTa-
HOKCHUeckoit antedamonarnu (19 genosek), Tskenaoro cerncuca (15 9eI0BeK), OMEPUPOBAHHBIX 1O IKCTPEHHBIM
nokaszanuam (19 gesosek). Ilorpebienne sHEprun B IIOKOE ONMPEAEISIN Ha dTAlle Hadala MHTCHCUBHON Tepanuu u
B MHaMuKe depes 48 uacos. Biusinue dakropa cepaiyu B rpynnax Oblio OJUHAKOBbIM.

Pesyabrarpl. OGMeH 9HEPrUuH Ha TIEPBOM JTalle Y BCEX HOBOPOJKAEHHBIX XapaKTEPU30BAJICI THIOMETab0 13-
MoM. [Ipu 1opaskeHun HEeHTPaIbHONW HEPBHON CHCTEMBbI TTOBBIIIEH aHAIPOOHBII METab0JIM3M, OCHOBHOI HCIIOJ/Ib3Y-
eMblil cybcTpaT — TJII0K03a; MIPH CENCUCEe CAMBIil UITEIbHBINA THITOMETA00IN3M, CHIDKEHA yTHIIM3AINST JIAKTATa,
OCHOBHOU 3HepreTHyeckuii cyGCTpar — JIMIU/ABL B PAHHEM I[OCJIEONEPAIUOHHOM IIEPUOJIE CHUJKEHUE PAacXoja
HEPrUU MCYE3aJI0 110 MePe 3JTMMHUHAIMN AaHECTETUKOB M HE CBSA3aHO € TPENMYIIECTBEHHBIM OKHCJICHUEM TJIIOKO3bI
WJIN JINITUJIOB.

3axmoueHue. JHePreTUUecKii runoMeTaboM3M MOKET PACCMAaTPUBATHCS KAK TUIIMYHbBIA OTBET OPraHu3Ma
HOBOPOJK/JICHHOTO Ha TlepeHeceHny1o arpeccuio. OcTpble ITOCTTUIIOKCUYECKUE TTOPAKEHUS TOJIOBHOTO MO3Ta Y HOBO-
POSK/IEHHBIX XapaKTePHU30BAIUCH BBICOKOII aKTHBHOCTBIO MEPEKMCHOTO OKUCJEeHMs Ha (hoHe rumoMeTabos3Ma.
JLJ1st TSIKETIOTO Cercrca HOBOPOKIEHHBIX OBLIO XapAaKTEPHO 3aMeIJIEHHOE BOCCTAHOBJIEHNE a9POOHOTr0 MeTabom3-
Ma U MHTEHCUBHOCTHU Pacxo/ia SHepruu. PaHHUIT MOCIe0TepalinOHHbII TTEPUOJl Y HOBOPOK/IEHHBIX XapaKTeph30-
BAJICST TIIyOOKUM SITPOTEHHBIM THITOMETab0TN3MOM € GBICTPOIT HOpMaIM3aIneil pacxojia SHEPTH.

Kntouegwie crosa: pacxoo snepeuu 6 noxoe; 6asaivioiii Memaboiusm; HOBOPONCOeHHble

Purpose. With the aid of indirect calorimetry, to evaluate whether the nosological factors affect energy
exchange in severely ill newborns.

Materials and methods. Indirect calorimetry was employed to determine the true energy expenditure in new-
borns under the mechanical ventilation because of intranatal post-anoxia encephalopathy (n=19), severe sepsis
(n=18), and urgent surgery (n=19). Energy expenditure at rest was estimated at the beginning of intensive thera-
py and in in 48 hours. Sedation in groups was similar.
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Kpurndyeckue coCTOAHUSA HOBOPOSKAEHHBIX

Results. At the first stage, the energy exchange in all newborns was characterized by hypometabolism. In
cases of damage of the central nervous system the anaerobic metabolism was increased, and the principal used sub-
strate was glucose; the most prolonged hypometabolism was revealed in newborns with sepsis, in which the uti-
lization of lactate was decreased, and the main energetic substrate were lipids; in early postoperative period, the
decrease in energy expenditure was not associated with preferential oxidation of glucose or lipids, and disappeared

due to elimination of anesthetics.

Conclusion. Energetic hypometabolism can be considered as a main reaction of the newborn organism to pre-
vious invasion. Acute post-hypoxic brain damage in newborns is characterized by high activity of peroxidation
associated with hypometabolism. For newborns with severe sepsis a slow recovery of aerobic metabolism and
intensity of energy expenditure were evident. Early post-operative period in newborns was characterized by pro-
found iatrogenic hypometabolism with fast normalization of energy expenditure.

Key words: resting energy expenditure; basal metabolism; newborns
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BBenenne

B pesyuisrare ObIcTPOro pocta OTpeGHOCTD HO-
BOPO’KIEHHBIX B ITUTATEIbHBIX BEIIECTBAX U dHEPTUU
BBITIIEC, YeM B JIPyTHE MEPUO/Ibl JKU3HU yesioBeka. [lo
kiaccuueckuM jganabiM Sinclair J.C. [1] B nepuoze
HOBOPOJKJIEHHOCTH OCHOBHOU (6a30BbIil) 0OMeH
(O0) cocrasisier 49—60 kxan/krecytku. J{jst 00b-
€KTUBHOI OIIEHKU SHEPTETHYECKOr0 0OMEHA MPEIIIo-
YTUTEJBHO MCIIOJIb30BATh PACUETHI UCTUHHBIX 3aTpaT
aHepruu B MoKoe 110 hopmy.ie Beiipa [2], ocHoBanHoOI
HA U3MepeHU OTPebIEHHSI KUCIOPO/IA U POy KITUN
VTJIEKUCJIOTDI (HerpsiMasi KaJIOPUMETPH: ), MK ypaB-
Henno (Duka, orpaxkaroiiemMy cepIedHbiil BBIOPOC U
APTEPUOBEHO3HYIO PA3HUILY HACBIMIEHUST TEMOTIIOON-
Ha KucjaopojioM. Pacxoj sHeprum B II0Koe, resting
energy expenditure (REE), npsiMo mpomoprinoHaieH
MbIIIEYHON Macce [3—5], B ujiease cTpeMsich K YPOB-
Hio OO. JIOTHYHO TIPE/INOJIOKUTD, YTO TIKEIO TEKY-
mue 3a00J€BaHUST TIOBBINIAIT PACXO]] SHEPIUU HA
YPOBEHD, HEOOXOMUMBIN JIJIsT aJIEKBATHOTO MPOTHBO-
nerictBus akTopaM maroreHesa. JleficTBUTENIBHO,
OBLIIO TOKA3aHO, YTO TIOTPEOHOCTH B 9HEPrUU 1 GeJike
y B3POCJBIX ¢ OAKTEPUAIBHBIM CEICUCOM YBEJIUUM-
such Ha 150% oT HOPMAJIBHOM CKOPOCTU OCHOBHOTO
metabosinama [6]. Bruder N. et al [7] usmepwin REE
KOCBEHHOI KaJIOpUMETpHEN Y 24 MAIMeHTOB € Yepert-
HO-MO3TOBOI TPaBMOU U TTOKAa3aJId, UTO CeaIisd CHU-
susa REE nponopiionanbHO CHUXKEHNIO TeMIiepary-
pBl  Texa, KOTOpast OCTaeTcd  TJIABHBIM
pesyasrupyionm ¢dakropom REE. Mudeknus, co-
IJIacHO TeM ke aBTopawm, nosbiinaeTr REE nHesaBucumo
OT TeMIepaTypbl Tesia. TUITUYHBIM OTBETOM Ha Tiepe-
HECEeHHBI 31M30/1 XUPYPrUUECcKOi arpeccuul y B3poc-
JIBIX CUMTAETCS MOBBIIIICHIE PACX0/Ia SHEPTUH B TIOKOE
BBIIIE YPOBHSI OCHOBHOTO OOMEHa, a y JieTeil KOHCTa-
TUPYeTCst oTCyTcTBHe 3Haunmbix u3menenuii REE [5,
8]. Powis u apyrue, [9] B TUIOTHOM UCCIEIOBAHUHN 3a-
Metuin, yto REE 1 6ekoBblil 0OMeH ObLIN OJJMHAKO-
BbI BO BPEMS OCTPOI CTa/IMU U B CTAJIMUA BOCCTAHOBJIE-
HUS npu HEKPOTUYECKOM HTEPOKOJINTE
HoBopoxaeHHbIX. Chwals WJ. [10], mpu usmeperun
REE B nocJsieonepaiiioOHHOM TIepHo/ie Y HOBOPOXK/IeH-
HBIX C HEKPOTU3UPYIONIMM 3HTEPOKOJIMTOM, TIOKA3aJI,

Introduction

As a result of a quick growth the need of new-
borns in nutrients and energy is higher than in other
periods of human life. According to classical data by
Sinclair J.C. [1], in the neonatal period the main
(basic) exchange (BE) is 49—60 kcal /kg per 24-hours.
For objective evaluation of an energetic exchange it
seems most preferable to use indexes of true energy
expenditure at rest according to Veyra formula [2]
that is based on the measurement of oxygen consump-
tion and carbon dioxide production (indirect
calorimetry), or Fick's equation reflecting the cardiac
output and arterial and venous difference of hemoglo-
bin oxygen saturation. Resting energy expenditure
(REE) is in direct proportion to muscle mass [3—5]
tending to BE level as an ideal. Tt is logical to suppose
that severe diseases increase energy expenditure at a
level, which is necessary for adequate reaction to path-
ogenic factors. Indeed, it was shown that energy and
protein requirements in adults with bacterial sepsis
increased to 150% from the normal speed of basic
metabolism[6]. Bruder N. et al [7] measured REE of
indirect calorimetry in 24 patients with cranio-cere-
bral injury and estimated that sedation decreased
REE proportionally to the decrease of a body temper-
ature that is the main resulting factor of REE.
Infection according to the same authors increases
REE independently on body temperature. A typical
response to a withstand episode of surgical assault in
adults is an increase of resting energy expenditure
more than level of essential exchange, but in children
the absence of significant changes of REE has been
observed [5, 8]. Powis and others [9] found in a pilot
study that REE and protein exchange were similar
during acute stage and at the stage of relief in case of
necrotic enterocolitis in newborns. Chwals W.J. [10],
measuring REE in postoperative period of newborns
with necrotizing enterocolitis, showed that REE was
significantly lower than measures predicted with
equations taking into account the theoretical increas-
ing of energetic metabolism following a stress and crit-
ical condition. Kinetics of protein and energetic
metabolism were like those in full-term infants experi-
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yro REE bl 3HaYNTE/IbHO HUZKE BEJIMUNH, [IPEICKa-
3aHHBIX YPABHEHUSIMU, TPUHUMAIONIMMHA BO BHUMA-
HUE TEOPETUIECKOE YBEJINIEHUE SHEPTETUUECKOTO Me-
tTabosin3Ma,  CJEAYIONEro 3a  CTPECCOM WU
KPUTHUYECKUM CcOCTOsiHMEM. KuHeTnka OeKOBOrO U
HHEPreTHYECKOro Metabo aMa ObLIN OZ0OHBI TEM, O
KOTOPBIX COOOIIAIOT ¥ IOHOIIIEHHBIX JIETEM, TI0JIyIar0-
MUX JUIATeNbHOE HapeHTepaibHoe muranue [5]. B
JIPYTOM HCCJICIOBAHUN METOJIOM HEMPSIMON KaJlOpH-
MeTpur ObLIO MoKazaHo, uTo0 REE y HOBOPOK/IEHHBIX
1ocJie OCTPON MHTPAHATAIbHON THIIOKCUH TOJIOBHOTO
Mo3ra ObLJI CHUKEH TIPSIMO MIPOMOPIIHOHAIEHO Macce
npu poxaeHur. [Ipr aTOM MHEPITS BOCCTAHOBIECHUS
OTpaskajia TEMII CMEHBI TJIMKOJIUTHIECKOTO TUTA 00-
MeHa SHepruu Ha aspoOHbIil, OTMETHIIN BHICOKIE 3HA-
yeHus pecruparopHoro xoadduimenta (RQ), cpa-
3bIBas MX C YCWJIEHHON yTHUJM3aledl TOJIOBHBIM
MO3TOM TIJIIOKO3bl B 1epuone pernepdysum [11].
Briassoulis G. [12] npemrosoxku, 4to cHUuKeHne Oa-
3aJIBHOU CKOPOCTH MeTab0JIM3Ma MOKET OBITh TIPO-
THOCTUYECKUM (PaKTOPOM cMepTHOCTU. [lpyrue uc-
CJIEJIOBAHUST TIOKA3aJIM CHUJKEHUE OCHOBHOTO OOMEHA
y OOJIbHBIX JieTeil, He ACCOIMUPOBAHHOE C PUCKOM
cmeptu [13]. Takum 06pa3oM, HECMOTPST Ha UCCIIEN0-
BaHUSI HApYIIeHWiT 0OMeHa y HOBOPOKIEHHBIX |14,
15], mpuxoaUTCS NPU3HATH, YTO €MHOTO MHEHUS O
KOJIMYECTBEHHBIX M3MEHEHUSX, TUATHOCTUYECKOH U
nporHoctryeckoil reHHoct REE npn Tsokesbix 3a-
GOJIEBAaHUSIX Y HOBOPOSKIEHHDBIX HET.

Ilenmp uccremoBannsg — Ha OCHOBE HEIPSIMOM
KQJIOPUMETPUN YCTAHOBUTH HAJIMUYME, XapakTep U
3HAYMMOCTD BIUSHUS HO30JI0THYECKUX (haKTOPOB Ha
0OMEH 9HEPTUH Y TSIKETOOO0IbHBIX HOBOPOIKIEHHDIX.

Marepuan u MeTobI

B 06cepBalinoHHOM MCCACAOBAHUN U3 YHUCJIQ HOBO-
POKIEHHBIX, noJydaBiiux jedenne B 2011—2012 ropax,
BbIJIeJIeHO 3 rpynibl: rpymma 1 — 19 gesoBek ¢ ocTpoi mo-
CTUIIEMUYECKON dHIledaonaTueil BejegcTBue NHTPaHA-
TaJIbHOI TUIIOKCHK 0e3 COIYTCTBYIONIEH M COYeTaHHOIL
[aTOJIOTHH; TPyNIA 2 — 15 YeJIOBEK C TSIKEIBIM CETICUCOM,
MO/ITBEPIKACHHBIM MPOKAJIBIINTOHMHOBBIM TecToM (GoJee
5 umousn/mi); tpyrma 3 — 19 yemoBek, MpoomepupoBaH-
HBIX 110 TIOBOJLy MTOPOKOB Pa3BUTHS IHIEBAPUTEIHHOTO
Tpakta. Kputepuu HMCKIIOUEHUS: Macca MPU POKIEHUN
meriee 1000 1; oTcyTcTBHE HEOOXOAMMOCTH PECIIUPATOP-
HOU Tepanuu WM CPOK MCKYCCTBEHHOM BEHTHJISIIINN JIeT-
KUX MeHee 48 yacoB; cMepTh B Tipeziesiax 48 4acoB ¢ Mo-
MEHTa MOCTYIJIEHWS; CONYTCTBYIONIAs ITATOJIOTHS,
CPaBHIMAs 10 TSPKECTH € OCHOBHBIM 3a00J1€BAHIEM; HEOO-
xomumoctsb FiO, 6osee 0,5 Bo Bpemst otGopa 1mpob sKciu-
paropHoro rasza. Ipymmbl CONMOCTAaBUMBI 110 TEHIEPHOMY
pacipezieJIeHUIo U YNCITy HeJIOHOIIEHHBIX JIeTell ¢ MacCoi
Mmenee 1500 r npu poxaenun (taba. 1). Cepanust y Bcex
YUYACTHUKOB obecrieunBaiach nHQpysueii heHTaHUIA C 11e-
JieBoit orieHKoii 1o mkase «N-PASS» B untepsase ot -1 10
-3 6ainoB. Bce y4acTHUKY MOJydasiu IJHOKO3Y ITapeHTe-
pasiibo 2,5—3,0 T/KT B CyTKH, T10JIy3JIEMEHTHbBIE CMECH B
HA30TaCTPAIbHBIN MM HA30€IOHATBHBIN 30H/ B KOJIMYECT-
Be He Gosiee 15 MJI/KT B CYTKU M He TOJYYalIi JUITHIHBIE

encing prolonged parenteral feeding [5]. In other
study with the aid of indirect calorimetry it was found
that REE in newborns after the acute intranatal cere-
bral hypoxia decreased in direct proportion to the
body mass at birth. In this case the inertness of recov-
ery process reflected the time of change from glycolitic
type of energy exchange to aerobic typeHigh indices
of respiratory coefficient were noticed that were pre-
sumably linked to intensive utilization of glucose by
the brain during a reperfusion[11]. Briassoulis G. [12]
suggested that the decrease of basal speed of metabo-
lism can be a predictive factor of death rate. Other
researches demonstrated that the decrease of principal
exchange in sick children did not associate with a
death risk [13]. There are a lot of studies of metabolic
disorders in newborn |14, 15], but it should be stated
that in case of severe diseases in newborns there is no
the only opinion about quantitative alterations, diag-
nostic and prognostic value of REE.

Purpose of study — with the aid of indirect
calorimetry to estimate a presence, nature and signif-
icance of nosological factors that might affect an
energy exchange in seriously ill newborns.

Materials and Methods

In an observational study that uses available data on
newborns treated in 2011—2012 yrs three groups of new-
borns were selected: T group — 19 persons with acute
postishemic encephalopathy due to intranatal hypoxia
without co-morbidity and concomitant pathology; II
group — 15 persons with severe sepsis confirmed by a pro-
calcitonin test (more than 5 nM/ml); III group — 19 per-
sons that undergone surgery because of defects of develop-
ment of the digestive tract. Exclusion criteria: birth weight
less than 1000 g; absence of a need in respiratory therapy
or the period of mechanical lung ventilation was less than
48 hours; the death within 48 hours after admission; coex-
isting damage comparable in its severity with a primary
disease; a need in FiO, more than 0.5 during harvesting of
expiratory gas samples. Groups were comparative by gen-
der and numbers of preterm infants with a body mass less
than 1500 g at birth (Table 1).

Sedation of participants was performed by fentanyl
infusion with objective value according to scale «<N-PASS»
in intervals from -1 to -3 points. All participants received
glucose parenterally at a dose of 2,5—3,0 g/kg during 24-
hour period, half-element mixtures in nasogastric and naso-
jejunal tube in amount not exceeding 15 ml/kg during 24
hours. No lipid emulsions were administered during the
study. Non-compliance of any of these conditions was also a
criterion for exclusion. Analyzed indices: production of car-
bon dioxide (VCO,), 1/kg, during 24 hours; oxygen con-
sumption (VO,), I/kg, during 24-hour period; resting ener-
gy expenditure (REE), kcal/ kg, per 24 hours; respiratory
coefficient (RQ); concentration of lactate in plasma,
mmol/L. Generally accepted value of basal metabolism for
newborns 48—52 kcal /kg per 24 hours was considered as a
conditional normal level of REE value.

True resting energy expenditure was estimated by
instrumental complex including following blocks:
oxymeter, capnometer, mixing chamber with vapor extrac-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 3



DOI:10.15360/1813-9779-2016-3-34-40

KPT/lTT/l‘ICCKI/le COCTOAHMS HOBOPOIKACHHDIX

TaGmmia 1. Pacnpenenenne y4aCTHUKOB HCCIIEIOBAHNS B BbIIEJIEHHDBIE TPYTIIBI.
Table 1. Distribution of participants of the study in branching-off groups.

Body mass (g) Distribution of patients to groups

1 (n=19) 2 (n=15) 3 (n=19)
boys girls boys girls boys girls
1000—1499 2 2 2 3 5 3
1500—2000 4 4 2 2 2 3
>2000 5 2 2 4 5 1
Total 11 8 6 9 12 7

IIpumevanue. 3xech u st tabu. 2: Groups — rpymisi; Body mass (g) — macca tena (tp); boys — manbuuky; girls — nesouku; Total —
Bcero. p>0,05 — cTaTHCTHYECKU 3HAYMMBIX MEKTPYIITOBBIX pa3indnii Het (Tounbiii kputepuit Duiepa).
Note. P>0.05 between any group (by Fisher's exact test).

Ta6amua 2. /luHaMHEKa PerucTpUPyeMbIX IIOKa3aTesell y HOBOPOKIEHHBIX B BbIIEJEHHbIX IPYINaX HA dTANaX HCCIE0-
Banus (M=*o)

Table 2. Dynamics of registered indixes in newborns in branching-off groups depending on the stage of a study
(M+0).

Indexes Values of indexes on the stages of study in groups
Stage 1 Stage 2

1 (n=19) 2 (n=15) 3(n=19) 1 (n=19) 2 (n=15) 3 (n=19)
VCO, (I/kg*24-h.) 4.45+1.634 3.16+1.245  1.97+0.367***  597+3.128* 3.63%£1.023# 6.47%2.69*
VO, (1/kg=24-h.) 5.65%2.798 44241915 2.42+0.486%**  6.25+2.483 4.58+1.648% 8.05+3.372*
REE (kcal/kg®24-h.) 26.0£9.954 20.59+£8.73  11.6£2.303***  30.7£12.56 21.85+7.453%  38.5+16.14*
ROQ 0.84+0.121 0.74+0.128** 0.82%0.037 0.97+0.311 0.82+0.111 0.81+0.051
Lactate (mmol/1) 3.96+2.792 6.21+3.288**  7.11+2.444** 3.1+2.377 4.99+3.967 2.5£0.762%##

ITpumeuanne. Indexes — noxasaresn; Values of indexes in groups on the stages of study — 3HaueHns moxkasareseil B rpymnax Ha aTamax
uccnenosanust; REE — pacxon sueprun B okoe; RQ — pecruparophbiii koadduiment; Lactate — makrat; kg — kr; h — vac; keal — kxar;
mmol/l — Mmosb /1. * — mOCcTOBEpHbIe N3MEHEHUsT MOKA3aTe sl B IAHHO TPYIITE MO CPaBHEHWIO C MPEABIAYINM 9TarmoM (KpUTepuit
Ywikokcona, p<0,05); ** — 3naunMble OTIMYMST OT OKazaTess B rpyie 1 na 1-m ararme; *** — ormmunst ot nokazaresist B rpymmax 1 u
2 Ha 1-M arare; ¥ — 3HaUNUMbIE OTJIMYUSA OT MMOKa3aTess B rpymie 1 Ha 2-M arane; ## — oriuuuns ot nmokasaresis B rpytnax 1 u 2 Ha 2-m
arare (kpurepuii Kpyckara — Yousuca; kpurepuii [lanna; p<0.05).

Note: REE — resting energy expenditure; RQ — respiratory quotient. * — P<0.05 compared to with the previous stage (Wilcoxon).
** — significant differences of indixes from the 1 group at the stage 1; *** — differences of indixes from the 1and 2 groups on the stage 1; #
— significant differences of indices from the 1 group at a stage 2; ## — differences of the indices from the 1 and 2 groups on the stage

2 (Kruskal-Wallis test; Dunn's test; P<0.05).

AMYJIbCUH B ME€PHUOJ UCCefioBaHus. HeBbimnosnenue Jio-
6Oro U3 HTUX YCIOBUN TaKKe OBbLIO KPUTEPUEM HCKIHOUe-
HUS. AHATU3UpPyeMble [T0KAa3aTeN: IPOAYKIHS YIJIeKHIC-
soro raza (VCO,) n1/Kre cyTky; moTpebiienie KUcaopojia
(VO,) n/xrecyrtkm; pacxon aueprun B mokoe (REE)
KKaJI/KT® CyTKW; pecnupaTopubiii koadduiment (RQ);
KOHIIEHTpAIMs JakTaTa B miasdme (MMOJb/J). YCIOBHOM
HopMmoii REE cuntanu o0uienpusHaHHyo BeinunuHy Oa-
3aJIbHOTO MeTaboIu3Ma JIJisi HOBOPOXKAEHHBIX 48—52
KKaJI/KI'® CyTKHU.

WcTrHHBII PACXO/ 9HEPIHHU B [TOKOE ONIPEIEIIN MPHU-
GOPHBIM KOMIIJIEKCOM, BKJIOYAIONUM OJIOKH: OKCUMETD,
KalHOMETP, KaMepa CMellleHus ¢ CUCTEMON yiaJleHus Ta-
POB BOZBI, KOMIIBIOTEP. J{JIs1 pacyeToB HCI0Ib30BaIN GHOp-
Myay Betfipa:

REE = 3,9V0, + 1,1VCO,.

Pesynbrarel mamepenuii puKcUpoBaIM Ha 3ITamax:
aTan 1 — B Teuenue 1 yaca ¢ MOMEHTA TTOCTYIIIEHS TN~
eHTa B OT/leJIeHUe PeaHUMallni ¥ UHTEHCUBHOW Teparnuu;
aTan 2 — 4epe3 48 yacoB ¢ MOMeHTa nocTyrienns. s
CTATHCTUYECKOTO aHAIN3a UCII0Ib30BaM HellapaMeTpHde-
ckue kputepuu. [losydentbie pe3yibTaThl, TIPeACTABIEH-
Hble B BUJIe CPETHIX M CTAHAAPTHBIX OTKJIOHEHUH, TIPUBe-
nenbl B Tabsiumie 2. Kak BuaHO, TPYIIBI CYNIECTBEHHO
OTJINYAJIICD TI0 PETUCTPUPYEMbIM MTApAMETPaM.

tion system, computer. For calculation the Weir formula
was used:
REE = 3,9VO, + 1,1VCO,.

Results of measurements were registered at follow-
ing stages: stage I — during 1 hour from the moment of
patient's admission to the resuscitation and intensive
care unit; stage IT — 48 hours after the admission.
Statistics included the use of non-parametric criteria.
Results were represented as averages and standard
deviations as shown in Table 2. It is seen that groups
were significantly different in relation to registered
parameters.

Results and Discussion

In children who had undergone acute intrana-
tal cerebral hypoxia (I group) oxygen consumption
at the first stage was the highest in all cases, and at
the second stage it was increased further but statis-
tical significance was lacking. Production of CO, in
this group also was the highest at the first stage and
at the second one it was increased significantly
(P<0.05). In both stages carbohydrates were main
substrates of oxidation because the averages for RQ
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Pe3yabraTsl 1 00CYK/IEHHE

Y nereii, epeHecInX OCTPYIO WHTPaHATAb-
HYIO 1epebpaibHyo runokcuto (rpymmna 1) morpe6-
JieHWe KUCJIoposia Ha 1-M sTare GbLIO cCaMbIM BBICO-
KMM BO BCell BBIOOPKe, a Ha 2-M aTaiie elnle 6oJjee
BBIPOCJIO, HO CTAaTUCTUYECKH He3Hauynmo. [Ipoayk-
st CO, B 9T0ii TpyIIiie Takke ObLIA caMOil BBICO-
KOl Ha [ePBOM 3Talle, a Ha BTOPOM — CTaTUCTHYEC-
KU 3HAaYMMO yBeauuujach. Ha oboumx aramax
OCHOBHBIM CyOCTPATOM OKHUCJIEHUST ObLIN YTJIEBO-
Jbl, TockoJibky RQ coctaBui, B cpennem, 0,84
(aram 1) u 0,97 (sramn 2). [Ipu aTOM KOHIIEHTpAIU
JIAKTATa B [LJIa3Me, He3HAYNTETHhHO TOBbIIIEHHAS HA
aTane 1, MOYTH He CHU3MUJIACDH Ha dTare 2, TO €CTh,
3HAYUTENbHAS YaCTh YIJI€BOJOB YTUIN3UPOBAHA /10
JIAKTaTa ¥ MaJI0 y4acTBOBAJA B IPOIECCE OKUCIIH-
teapHoro ¢ochopunupoBanusi. REE na mnepsom
arane He mpesbimana 50—54% HOpMaabHOTO OC-
HOBHOTO 0OMeHa, a Ha BTOpoM artane — 60—65%
3TOI YCJIOBHOU HOPMBI.

J171s1 HOBOPOKIEHHBIX C TSIKEIbIM CEIICUCOM
(rpynma IT) 6bun crenuduueH MeTaboIUIeCKUil
<KOHCEpBaTU3M». /[eficTBUTENbHO, HU3KUE 3HAUYCHUS
HoTpeOJICHUST KUCJIOPOJIA U TTPOAYKIIUH YTIIEKUCTOTHI
B 9TOH TpyIIiie ObLIM XapaKTePHDI JiJisi 0O0UX HTATIOB,
Hwuskuit RQ oTpazkan mpruoputeT JUMUI0B B KAUecT-
BE€ 9HEPreTHYEeCKoro cybcrparta. BhICOKMIT yPOBEHD
JIAKTATa MJIa3Mbl OB XapaKTePeH JJIst 000X TAIOB
C HE3HAYUTEIbHBIM CHUYKEHUEM HA BTOPbIE CYTKU Ha-
omonennda. 3nHauenusa REE na astane 1 B jganHoi
rpyIiiie MUHUMAJIbHBI JIJIst Beell BoIGOpkU (40—44%
OT YCJIOBHOI HOPMbI OCHOBHOTO OOMEHA), a Ha aTare
2 IpaKTUYEeCKH He u3MeHUIuch (42—46% HOpMbI).

HoBoposxaentbie B paHHeM OCTIEOTIEPAIIUOH-
HoM Tiepuo/ie (rpymma I1T) mpoxemoncTpupoBasu ca-
Mble HU3KHE BO Beeil Bbibopke snavenust VO,, VCO,,
REE u camoe BbICcOKOEe 3HaueHUE KOHIICHTPAIUU
JIAKTATA B IJIa3Me Ha sTare 1, Ho 1 camyto ObICTPYIO
HOPMAJIM3AIUIO ITUX TIOKa3aTesiell Ha Jraie 2, Ipu-
yem REE na Bropom arare cocrasssii ne metee 80%
YCJIOBHOW HOPMBI.

OO6MeH sHepruu B TPYIIie HOBOPOKIECHHDIX, Tie-
PEHECIIUX OCTPYIO MHTPAHATAIBHYIO TIePeOPaTIbHYIO
TUIMIOKCHIO, B I[EJIOM MOKHO OXapaKTePU30BaTh, KAK
MPEUMYIIECTBEHHO aHA3POOHBIH € 3aMeIeHHBIM
BOCCTAHOBJIEHHEM a3pOOHOTO OKHCJeHUsT (MelJieH-
HAs YTUJIM3AIN JIAKTATA).

IHepreTHUECKUil TUIIOMeTabo3M, HanboJiee
BBIPAKEHHBIIT 1 cTO¥KMIT B rpy1iie 11, Mor 6bITh 00yC-
JIOBJIEH HU3KUM TOTPeOJIEHIEM KUCJIOPO/A, OJHAKO
HaM KaxKeTcst 60J1ee BasKHBIM, YTO CENICUC Y HOBOPOIK-
JIEHHBIX TIPOTEKAET B YCJOBUSX CHIZKEHHBIX (DYHK-
Uil TIe9eHH, B YaCTHOCTH, YTHETEHUSI PECUHTE3a [J110-
KO3bI U3 Jlaktara. TakuM 00pasoM, sHEPreTHYECKU
0OMEH B TPyIIie HOBOPOKIEHHBIX, CTPA/IAIOIINUX OCT-
PBIM TSIKEJIBIM CEIICUCOM, XapaKTePU30BaJICsT T1y0o-
KUM J[JTUTEJBHBIM THIIOMETA00JM3MOM B COUETAHUN

were 0.84 (stage T) and 0.97 (stage IT). In these
cases concentration of lactate in plasma insignifi-
cantly increased in patients during the first stage
whereas no decrease was determened at the second
stage, it means that the considerable part of carbo-
hydrates was utilized to lactate and contribute lit-
tle to the process of oxidative phosphorylation.
REE at the first stage did not exceed 50—54% of
normal (basi) exchange, at the second stage it com-
prized only 60—65% of this conditioned norm.

For newborns with severe sepsis (IT group),
the metabolic <«conservatism» was specific.
Indeed, low indices of oxygen consumption and
carbon dioxide production in this group became
evident in both stages. Low RQ reflected the pri-
ority of lipids as an energetic substrate. High level
of plasma lactate was typical for both stages, with
insignificant decrease on the second stage during
the 24-hour observation period. Indices for REE
at the T stage in this group were minimal for all
patients (40—44% from conditioned norm of a
basic exchange); however, at the second stage
there was practically no differences between
groups (42—46% of norm).

Newborns in early post-operative period (IIT
group) showed the lowest indices of VO,, VCO,, REE
in all specimens and the highest indices of lactate
concentration in plasma at the first stage; the fastest
normalization of these indices at the second stage was
found. Moreover, the REE at the second stage consti-
tuted not less than 80% of conditioned norm.

Energy exchange in the group of newborns who
had acute intranatal cerebral hypoxia in general can
be characterized as predominantly anaerobic hypox-
ia with delayed recovery of aerobic oxidation (slow
lactate utilization).

Energetic hypometabolism, which is dominat-
ed and persisted in the IT group, could be due to
low oxygen consumption. It Importantly, sepsis in
newborns occurs under conditions of decreased
hepatic functions, specifically, depressed glucose
synthesis from lactate. Therefore, the energetic
exchange in the group of newborns suffering from
acute severe sepsis was characterized with deep
prolonged hypometabolism in connection with
decreasing the periods of glucose utilization and its
synthesis from lactate.

In the TIT group the most significant factors of
decreasing the energy expenditure were factors of
surgical invasion: trauma, necessity of profound
intraoperative analgesia and sedation, unintentional
hypothermia. These factors were identified with the
recovery of resting energy expenditure level normal
for newborns according to the basic exchange. Post-
surgery pain could be an additional factor for
increasing the energy expenditure at the first stage of
post-operative period, however, this aspect has not
been examined during the study.
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CO CHW)KEHUEM TEMIIOB YTUJIN3AIUU TJIIOKO3bI U pe-
CUHTE3a IJIIOKO3bI U3 JIAKTATA.

B rpynme 111 cambiMu cytiiecTBeHHBIME (haKTO-
paMU CHIDKEHUsI Pacxojia dHepruu Obuin (hakTopbI
XUPYPrUYeCKON arpeccuu: TpaBMa, HeOOXOAUMOCTD
riryGOKON MHTPAOTIEPAIIMOHHON aHAIBIE3UN U Cela-
UK, HempeaHaMmepennas rumotepmus. [Ipexparie-
HUe JIeficTBUSA 3TUX (PaKTOPOB COBIA/AJIO C BOCCTA-
HOBJIECHEM HOPMAJIBHOTO JIJIsI HOBOPOXKICHHBIX
YPOBHS PacXojia 9HEPTUU B TIOKOE, COOTBETCTBYIOTIE-
ro OCHOBHOMY 0OMeHy. He HCKIIIOU€HO, 4TO JIOMOJ-
HUTEJTBHBIM (DAaKTOPOM TIOBBIINIEHUS PAcXojia dHEP-
MM HA BTOPOM 3Talle OCJAe0NnepalinoHHOro Meproza
MorJia GBITh MOCIE0NePAnOHHAs O0JIb, HO 3TOT ac-
MEKT MBI HE U3YYaJIH.

3akiaoueHue

Tuomera6o/iu3M ObLI OOIIUM [IPU3HAKOM /ISt
BCeX TPYIIIL, 4TO, 6e3 COMHEHMUs, ObLIO CBSA3aHO KaK C
TSKECTBIO TIATOJOIMH, TaK M C IOIePKAaHIEeM cejla-
nuu. OJIHAKO BbISIBJIEHbBI CleIUDUUYeCKrue Pa3aIndus
B TUIyOUHE U TPOAOJIKUTENLHOCTH THIIOMETa00IU3-
Ma B 3aBHCUMOCTH OT XapaKTepa IHaTOJOTUH.

1. DHeprernyeckuil rurnoMeraboJU3M MOKET
paccMaTpuBaTbhCs KakK THIIMYHBIA OTBET OpraHM3Ma
HOBOPO’KIEHHOIO Ha IIEPEHECEHHYI0 arpecCulio.

2. OcTpble MOCTTUIIOKCUYECKUE TOPAKEHUS
rOJIOBHOIO MO3ra Yy HOBOPOJKIEHHbBIX XapaKTepusy-
I0TCSI BBICOKOI aKTMBHOCTBIO IIEPEKHUCHOTO OKHCJIe-
Hus Ha poHe runoMeTabos3Ma.
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Conclusion

Hypometabolism was a general pattern for all
patients. There is no doubt that it stems from both
the severity of pathology and upport of sedation.
However, specific differences in level and duration of
hypometabolism were rebvealed depending on the
pathological features described in the study. The
main conclusions include the following:

1. Energetic hypometabolism can be consid-
ered as a typical reaction of the newborn organism to
previous invasion.

2. Acute post-hypoxic brain damages in new-
borns were characterized by high activity of peroxi-
dation associated with a hypometabolism.

3. In newborns with severe sepsis a slow recov-
ery of aerobic metabolism and intensity of energy
expenditure were represented as main features.

4. Early post-operative period in newborns was
characterized by profound iatrogenic hypometabo-
lism with fast normalization of energy expenditure.

3. [lns TSKeJIoro cerncruca HOBOPOXKICHHBIX
XapaKTePHO 3aMe/[JIEHHOE BOCCTAHOBJIEHUE a9POOHO-
ro MeTaboJIM3Ma ¥ MHTEHCUBHOCTH PACXO0/[a SHEPTUH.

4. PanHUil TOCTIEOTIEPAIMOHHBIN TIEPUO/T Y HO-
BOPOK/IEHHBIX XapaKTEPU3YETCsI TIIYOOKUM SITPOTEH-
HBIM TUIIOMETA00IU3MOM ¢ OBICTPOIl HOPMAJTU3AIIH-
el pacxo/ia sHeprum.
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A. b. Tungkos, b. A. Marpymos, M. /I. YpasmeToBa,
b. P. Kapumos, b. C. Y6aiiay/taes, B. X. Illapumnosa

PecrybGirKaHCKUN HAYYHbII IIEHTP 9KCTPEHHOM MEIUIIUHCKON TIOMOII[H
Pecrniy6uika Yabekucran, 100115, 1. Tamkent, Ynnansapckuii paiion, yia. apxa, i. 2

Regeneration of Cartilaginous Tissue
After Transplantation of Allofibroblasts

A. B. Tilyakov, B. A. Magrupov, M. D. Urazmetova, B. R. Karimov, B. S. Ubaydullaev, V. Kh. Sharipova

Republican Research Centre of Emergency Medicine,
2, Farhad Str., Chilanzar district, Tashkent 100115, Republic of Uzbekistan

Ileab nceaeposanusa. OGocHOBaHMe MPUMEHEHNS SMOPHMOHAIBHBIX ala0(hnOpobIaCcTOB B IIPOIECCce perenepa-
IIH XPSIIEBON TKaHU.

Marepuan u MeTopl. Y 24 10JI0BO3PEJIBIX CaMIIOB KPOJUKOB mopojibl «IIlumiminias Maccoit 2,3—3,5 Kr uc-
10JIb30BaJI HOBYIO 9KCIIEPUMEHTAIbHYIO MOJIe/Ib Pa3pbiBa JIOHHOTO COUJIEHEHNS KOCTeH Tasa ¢ MOCIeyIONNM ero
BOCCTAQHOBJIEHHEM B 3-X CEPUSX SKCIIEPUMEHTOB. B 1-if cepun — mocsie pa3pyIieHnst IOHHOTO COYJICHEHHS PEeKOH-
CTPYKTHUBHO-BOCCTAHOBUTEIBHBIC ONEPAIIH HE BBITTOJHSINCH. Bo 2-ii cepun BocctaHOBJIeHE cM(U3a BBITTOJIHS -
JIM TIPU TTIOMOIIY CEPKJISIKA U3 TAHTAIOBOI 1TPOBOJIOKH fnamerpoM 1,2 mm. B 3-it cepun — BoccTaHoBIIeHUE CHUM-
(busza BBIMOMHAIM TakkKe Kak BO 2-ii cepuy, KpOMe TOTO, B 30HY MOBPEXKIEHUS cuMdu3a BBOAWUJIN PACTBOP C
BbIpAIeHHBIMU 9MOPUOHATBHBIMU ajobubdpobaactamu. Kycouku xpsiiieBoii Tkanu dukcuposanu B 10-mporiert-
HOM HelTpasbHOM GopMainHe 1 3anuBaan B napadun. [nucrosornyeckne cpesbl OKpalmBaal FeMaTOKCHINHOM,
so3uHOM 1 1o Ban-Iusony. [IpogomxutemsrocTs akcnepumentos — 7, 14, 21 u 30 gaeid.

Pesyabratel. [Tocsie pa3pbiBa JJOHHOTO COUJIEHEH M KOCTEN Ta3a XPsIieBast TKAHb MOIBEPraeTCst abTePaTHB-
HBIM M3MEHEHHUSIM C MOCJAELYIONUM 00Pa30BaHUEM PA3HOBEIUKHUX [0JbYATBIX XOHAPOMATO3HBIX Y3EJIKOB U CKJIe-
po3a OKPY’KAIONINX MBITIETHON 1 KOCTHOH TKaHel. Pe3ynsratsl MopdoI0rmieckoro mccaefloBanns BO 2-i cepun
AKCHEPUMEHTOB CBU/ICTEIBCTBYIOT O (DOPMUPOBAHUYN CMEIMIAHHON TEPBUYHOIN MO30JIM, COCTOSIIEH U3 COe/IMHI-
TEeJIbHOTKAHHBIX U XOH/[POMATO3HBIX TKAHEBBIX 9JIEMEHTOB. 3-5 cepusl 9KCIIEPUMEHTa 1I0Ka3aja, 4YTo B 30HE II0-
BPEXIEHUST IOHHOTO COYIEHEHNST B TeueHne 4-X Henesb GOPMUPYETCsT COeTUHUTENbHAST TKAHb, IMETOIIast HHTEH-
cuBHYIO 6a30(UIIbHYIO OKpacKy. B OKpy:KalomuxX MArKOTKaHBIX CTPYKTYPaX TaKKe OTMEYasoch 0OpasoBaHUe
COEITHUTENIBHOM TKAHH C TOCJIeYIONIM (hOPMUPOBAHNEM XPSIIEBBIX KIETOK.

3akmouenue. [Ipoiecc HopMUpOBaHUS XPSIIEBOI TKAHU B 30HE PA3PhIBA JIOHHOTO COUJIEHEHUS CBUIETE/IBCT-
BYET O CTHUMYJIUPYIOIIEM BJIUSHUU aJUIOTeHHbIX (ruOPOOIACTOB HA MIPOIECC PETeHepaIiy XPSIIEBOil TKAHU B 9KC-
MepUMEHTe, YTO CO3/IaeT IIPEeIIOCIIKY /I IPUMEHEHNS JAHHOTO METO/Ia B KIMHUYECKON IIPAKTHKe.

Kntouesvte crosa: smopuonaivivie aiiouépodiacmol; pezeHepayus Xpiuesotl mranu

Aim of investigation. To prove the usefulness of the use of embryonic fibroblasts for the regeneration of carti-
laginous tissue.

Material and methods. New experimental model of symphysis pubis rupture followed by its recovery was
employed in 24 male Shinshilla rabbits (2.3—3.5 kg body mass) in 3 series of experiments. In the first series, recon-
struction was not employed. In the 20d series, the reconstruction of symphisis was performed with the aid of tan-
tal wired cerclage (d=1.2 mm). In the 3d series, the reconstitution was the same as in the previous series of exper-
iments with addition of grown embrional allofibroblast tissue pieces. Duration of experiments was 7, 14, 21and 30
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days. After each experiment, pieces of cartilaginous tissue were fixed with 10% neutral formalin and embedded in
paraffin. Histological sections were stained with hematoxylin, eosin and Van-Gieson.

Results. After the rupture of symphysis pubis of the pelvic bone, the cartilaginous tissue undergone alterations
followed by formation of chondromatous nodules of different sizes and sclerosis of surrounding muscular and
osseous tissues. In the second series of experiment after pelvis symphysis pubis rupture and symphysis recovery
with the help of cerclage, the morphologic investigation revealed the formation of mixed initial callus consisting of
connective and chondromatous tissue elements. In the third series of experiment it has been shown that within 4
weeks of experiment, the connective tissue with intensive basophil stain is formed in the area of symphysis pubis
rupture. Connective tissue formation in surrounding soft tissue structures was associated with the formation of
cartilaginous cells.

Conclusion. Process of formation of cartilaginous tissue in the area of symphysis pubis rupture as evident by
the experimental observation demonstrates the stimulating influence of allogeneic fibroblasts on process of carti-
laginous tissue regeneration that ensures premises for clinical development of suggested method of regeneration.

Key words: embryonic allofibroblasts; cartilaginous tissue regeneration

DOI:10.15360,/1813-9779-2016-3-41-47

BBenenne

Perenepanua — BakHeHIIUil MeXaHU3M BOC-
CTAHOBJIEHUS CTPYKTYPHI U (PYHKIUU OPTaHOB IIPU
KpUTHUYeCKUX coctosnusx [1, 2]. B mocaexnue ro-
bl B KauecTBe crocoba CTUMYJISIIMY TIPOIecca pe-
napanuu TKaHell IIpejijiaraeTcsi HMCHOJIb30BATh
KyJIbTUBUPOBaHHbIE ajutohubpodbmacts [3—8]. He-
KOTOPBIE aBTOPBI COOOMIAIOT O IMOJOKUTENbHBIX
KJIMHUYECKUX pe3yJibTaTax UX NnpuMmeHeHus [4—6,
8—11]. Bosbiioe KOJIMYECTBO MPEATOKEHHBIX Me-
TOJIOB OCTEOCHHTE3a CBUJIETENBCTBYET O HEOOXOIH-
MOCTH TPOJIOJIKEHUST TOUCKA GOJIee COBEPIIEHHBIX,
NOCTYITHBIX, 9KOHOMUYECKU MeHee 3aTPATHBIX CII0-
cOO0B CTUMYJISIIIUU PEMapaTUBHOTO OCTEOTEHE3a,
KOTOPbIE TO3BOJIUIIH ObI COXPAHUTH ITPEUMYIIIECTBA
TPAJAUIMOHHBIX METONOB M MAKCHUMAaJbHO COKpa-
t™iTh uX HegocTatku [13—19]. OnHumM U3 BO3MOK-
HBIX CIIOCOOOB CTUMYJISIIIUST PEMTapaTUBHOTO OCTEO-
U XOHJIPOTE€HEe3a SIBJIEeTCS TMpUMeHeHue 3MOPHO-
HaJIbHBIX asmodubpobdaactos [7, 8, 10—12].

ITesb uccaenoBanust — 0OOCHOBAHUE TIPUMEHE-
HUST 9MOPUOHATBHBIX a/T0(GuOPoOIACTOB B MPOIIEC-
ce pereHepary XpsieBoil TKaHu.

Marepuan u MeTobI

Y 24 mosoBO3pesbIX CaMIIOB KPOJUKOB MOPOJIBI
«IMTunmuma» Maccoit 2,3—3,5 Kr cosaim aKCrepuMeH-
TAJBHYIO MOJIEJIb PAa3PbIBA 1 MOCJIEYIOIET0 BOCCTAHOBIIE-
HUSI JIOHHOTO COYJIEHEHWsI KOCTEl Ta3a ¢ NpUMeHEeHHeM
TpaHcIIanTanum aanogudpobIacToB.

CrTporo B CTEPUJIbHBIX YCJIOBUSIX KUBOTHBIX (DUKCH-
POBAJIM CIIMHOM K CTOJIY C Pa3BeJ€HHBIMU KOHEYHOCTSIMH.
[Tocsie BHYTPUMBIIIIEUHOTO BBEJIEHUS THOMIEHTANIA HATPUS
60 mr/kr, iponepusona 2 mr/kr + dentanuna 0,04 mr/kr
MPOBOJIUJIA TIPOIOJIBHBIN Pa3pes M0 TPOEKIUN JIOHHOTO
cousieHenust. [Tociie pacceyeHust KOKHU U MOJIKOKHON KJIeT-
YaTKM B paHe obHaxKamn cuMdus (HeoOXOANMO OTMETHTD,
YTO BBICOTA CUM(H3a Y KPOJTUKOB T0X0AUT 10 2,5—3,0 cM,
a mupuHa cocrasisier 0,4—0,5 cm). C mOMOIIBIO OCTPOTO
MPSIMOTO paciartopa pa3pyiiajin JOHHOE COUJIeHeHue, Py
TTOMOTITH TIPSIMBIX XUPYPIUYeCKUX HOKHUIL M 3askuMa Mu-

Introduction

Regeneration is important mechanism for the
recovery of the structure and function of organs in crit-
ical states [1, 2]. Methods of cell culture of allofibrob-
lasta was suggested in recent years as an option to
stimulate regeneration process in trauma of skin, carti-
lage and bones [3—8]. Several studies have reported
early encouraging clinical results of successful use of
cell aallotransplants to repare the altered tissues [4—6,
8—11]. Various offered methods of osteosynthesis have
testified the necessity of continuing the efforts to dis-
cover most perfect, available, less cost-based ways of
stimulation of reparative osteogenesis stimulation,
which would allow to keep the advantages of tradi-
tional methods and simultaneously reduce their disad-
vantages [13—19]. Stimulation of reparative osteo-
and chondrogenesis by embryonic alloofibroblasts
seems a promising option of this kind [7, 8, 10—12].

Goal: to prove the usefulness of embryonic
fibroblasts for regeneration of of cartilaginous tissue.

Materials and Methods

A new method of modeling of a pubic joint rupture
and reconstitution by allotranspantation of fibroblasts was
developed. The experiments were performed in 24 male
adult Shinshilla rabbits (2,3—3,5 kg body mass). Each
experimental animal has been immobilized in a sterial con-
ditions by the back to the desk with parted extremities.
After intramuscular administration of thiopental sodium
60 mg/kg, droperidol 2 mg/kg+fentanyl 0,04 mg/kg the
longitudinal incision of pubic joint has been performed.
After dissection of the skin and subcutaneous fat, the sym-
physis became visually available in the wound (it is neces-
sary to mention that symphysis height in rabbits reaches
up to 2,5—3,0 cm and width is 0,4—0,5 cm). With the use
of a sharp straight raspatory, a disruption of pubic joint has
been performed with the aid of straight surgical scissors
and Mikulicz's clamp and pelvis halfs have been pulled
apart to induce instability of anterior semicircle of pelvis.
After treatment of the wound with a betadin solution it
was sutured and closed.
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KyJIN4a MOJIOBUHBI Ta3a PA3BOJIMJIN B CTOPOHBI, Y€M JIOCTH-
raJii HeCTaOMIBHOCTH MEPEIHETO IOy KoJIbIa Taza. [locie
06paboTKU paHbl PACTBOPOM GeTaiHa TIPOBOAUIIN €€ MO~
cJI0iiHOe yluBaHue.

Vxop 1 cojiepKaHue JKUBOTHBIX ObLIN CTAHIAPTHBIME 1
COOTBETCTBOBAIM TPUHIUIIAM EBpOIENcKoil KOHBEHIIUN
(CrpacGypr, 1986), XesbcuHckoi nexnapanuy BeemupHoi
MEJIUIITHCKON acCOIMAIMI O TYMAHHOM OOPAICHUN C K-
BotHbIMU (1996). KposkoB coziep:kaiu B yCJIOBUSX BHBa-
pust ipu 12-9acoBoM Tieprojie OCBeleHnsT, KOMHATHOI TeM-
neparype 20£2°C, Braxknocti Bozmayxa 50—70%. Kopmuere
SKUBOTHBIX OCYIIECTBJISIIA YCTAHOBJIEHHBIM PAIOHOM C
[pUMeHeHIeM KOMOUKOpMa 15T TAO0OPATOPHBIX KIBOTHBIX.

JKusotHbie GbLIu paciipesiesieHbl Ha 3 TPYIIbI 110 8 JKu-
BOTHBIX B Kaskzol rpytme. B 1-i1 (koHTposbHOI) rpyTiTe To-
cJie pa3pyuieHus JOHHOTO COUJICHEHNUST Ta3a PeKOHCTPYKTHB-
HO-BOCCTAHOBUTEJbHbIE OIepaIi He Buimoausan (1-s
cepust aKcriepuMenToB). Bo 2-if rpyiiie 1mocsie paspyiienust
JIOHHOTO COYJIEHEHUSI Ta3a BBITIOJHIN BOCCTAHOBJIEHIE
crMbu3a IIPU MOMOTITH CEPKIISIKA M3 TAHTATIOBO IIPOBOJIOKN
namerpoM 1,2 mm (2-s cepust axcriepuMeHToB). B 3-it rpyri-
Tie TI0cJIe pa3pyIeH s JJOHHOTO COUJIEHEHUS Ta3a TAKKe Bbl-
MOJTHSITA BOCCTAHOBJIEH e CM(bU3a TPU MOMOIIIN CEPKIISIKA
M3 TaHTaJI0BOIl poBosioku auamerpom 1,2 mm. Kpome Toro,
B 30HY MOBPEKIEHUs] CUMGbI3a TIPY TIOMOIIN 5 MJI TIITPHIA
6e3 UTJIbI BBOJIMIIU PACTBOP € BBIPAICHHBIMU SMOPUOHAIb-
HbIME aji1oubpobiactamu B kosmuectse 3,0 Mt (3-s cepust
AKCIEPUMEHTOB). IMOPUOHAIbHbIE aIOPUOPOGIACTBI TO-
ToBWIM 110 MeToiy 1ipod. Ypazmerosoit M. /1. [20]. 3abop
5MOPHOHOB [IPOBOJINIIN Ha 3-ii Hejtesie GepeMEHHOCTH.

J10 326051 JKHBOTHBIX [IPOBOJINIIN PEHTTEHOTIOTHIECKOE
HCCIIeIoBaHue.

Ha 7-¢, 14-¢, 21-e u 30-e cyTku aKciepumenta otou-
pasi Ha 32601 110 2 ocobu. 3ab0ii KUBOTHBIX TPOU3BOIU-
Jd 1yTeM BBejlenus tuonentana Hatpus (90 mr/kr) c mo-
caleyiouM 06eCKPOBIMBAHIEM ITyTEM J[€KAITTAIUI.

[Tocsre mexamuTaIy HKCIIEPUMEHTAIBHBIX JKHBOTHBIX
oCyIIecTBIISIN 3200p HccaeyeMoii yacTu Taza. Matepual
dukcuposanu B 10% pacTBope HelTpasbHOTO (hopMasnHa
(pH 7,2—7,4) u 3asmuBanu B napadus.

Tucrosnornueckue cpes3bl 1ocie aenmapaduHu3aAnm
OKPAIMBAJIN reMaTOKCUJIHOM U 903MHOM, KOJLJIAreHOBbIe
BOJIOKHA BBISIBJISIIM OKPACKOi MUKpodykcuHOM 110 Bamn-
Tuzomny.

PesyabraThl 1 00CyK/I€HHE

B 1iepBoii cepum aKCIepIMEHTOB (KOHTPOJIbHAS
rpymia) MopoJIOTHIeCKOe UCCIIe/IOBAaHNE B IMHAMUKE
TIOCJIe Pa3phiBa XPAIIEBOH YaCTH JIOHHOTO COUIEHEHUS
KOCTeii Ta3a TTOKa3aJio, 4TO B PaHHUE CPOKU 3KCIIEPH-
MeHTa (7-¢ CyTKU) B 30HE TIOBPEK/ICHUS BBISBJISIOTCS
HEKPO3bl 1 KpoBouausaHuA. OKpysKaroliasg XpsireBas
TKaHb [EPBOHAYAIBHO IOJ[BEpraeTcsl AUCTpodudec-
KM uaMeHeHusiM. B mocsienyiommem (30-e cyTkn) B
Hell pa3BUBaeTCs 1POIeCC pereHepaliuy 1 1nepecTpoii-
KM KaK caMOM XpsIeBON TKaHU, TaK W OKPYKarONNX
MSKTOTKAHHBIX CTPYKTYP, KOTOPBIH COTIPOBOKAACTCS
MOSBJIEHUEM B MHTEPCTUIIUU U BOKPYT COCYIOB J10JIb-
YATHIX Y3€JKOB HEOJMHAKOBOTO pasMepa, 0OpasoBaH-
HBIX XPAIIEBBIMU KIETKAMU, ¥ CKIIEPO3a OKPYKAIOIINX
MBIIIIEYHON U KOCTHO# TKaueit (puc. 1 a, b).

Care and keeping of experimental animals were standard
in accordance to requirements and principles of European
Convention (Strasbourg, 1986) and Universal Declaration on
Animal Welfare. Rabbits were acquired from the animal facili-
ty of Tashkent Medical Academy and kept in the vivarium of
the Experimental Department of Republican Research Centre
of Emergency Medicine at conditions that included 12-hour
lighting, 20+2°C room temperature, 50—70% humidity.
Animals were divided into the following groups: (1) no recon-
structive-recovery surgeries after pubic joint rupture (first
control group, 8 animals); (2) animals receiving a symphysis
restoration after pubic joint rupture with the help of cerclage
from tantalum wire, 1,2 mm in diameter in the second group (8
animals); (3) in the third group (8 animals) there was also a
symphysis restoration after pubic joint rupture with the aid of
cerclage from tantalum wire, 1,2 mm in diameter; then in the
area of the injury embryonal allofibroblasts in a volume of 3.0
ml by 5-ml syringe without needle were administrered.
Embryonic cells were harvested and prepared by professor M.
D. Urazmetova's method [20] at the 3rd week of pregnancy.

Animals were examined on days 7, 14, 21 and 30 of the
study. X-ray investigation has been performed prior to
eutanasia of experimental animals by administration of
thiopental sodium (90 mg/kg) prior to decapitation.

After decapitation of experimental animals a portion
of pelvis tissue was harvested. Material has been fixated in
10% solution of neutral formalin (Ph 7.2—7.4).

Histologic sections were performed using sledge
microtome after dewaxing and were stained with hema-
toxylin and eosin. Collagenous fibers revealed by Van
Gison staining with picrofuchsin. Morphologic investiga-
tions were performed at the Department of pathologic
anatomy, Tashkent Medical Academy.

Results and Discussion

In the first series of experiments, a tentative model
of pubic joint rupture has been developed as a control
and the process of cartilaginous tissue regeneration in
the dynamics has been evaluated during four weeks.

Morphological investigations performed after
developing the pubic joint rupture showed that at early
period (15t week) of experiment the cartilage defect was
filling up with necrotic mass and blood elements, the
circumflex cartilaginous tissue underwent disorganiza-
tion, dystrophic and destructive alterations. Staring
from week 4, further inflammatory, reparative /regener-
ative processes with the changes of both cartilaginous
and circumflex soft tissues were observed. These late
changes were accompanied by proliferative infiltration
within the interstitium and around vessels with forma-
tion of lobulose chondromatous nodules of different
sizes and fibromatosis of surrounding muscular, connec-
tive and bone tissues (Fig. 1 a, b).

In the second series of experiments after pubic
joint rupture,the recovery of symphysis occured fol-
lowing the use of cerclage from tantalum wire, 1,2
mm in diameter. Morphologic investigation results
showed that during the 1st and the 2nd weeks of
experiment connective tissue and vascular elements
were formed in the zone of rupture followed by the
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Puc. 1. Perenepaius XpsineBoii TKaH! JIOHHOTO COWIEHEHHs Ta3a B pa3Hble CPOKH 1-if u 2-ii cepuu 9KCIIEPUMEHTOB.
Fig. 1. Cartilaginous tissue of symphysis pubis regeneration at different time points.

Note: a — week 2. Necrosis and necrobiosis of cartilaginous tissue on the rupture border. Stained with hematoxylin and eosin (X10, 20.)
b — week 4. Chaotic order of fibrous structures in cartilage and dense interlayers in fibromatous tissue. Van Gieson's stain (X10, 40). ¢ —
week 1. Local intracellular edema of cartilaginous tissue. Stained with hematoxylin, eosin (X10,40). d — week 3. Adhesion of defect
between cartilaginous tissue stumps with formation of vessels and connective tissue in it. Stained with hematoxylin, eosin (X10,40).

Ipumeuanue: 1-9 cepus sKCepuMenToB: a — 14-ii genb. Hekpos m HekpoOMO3 XpsAIEBOil TKanu Ha Tpanuile paspbiBa. OKpacka
reMaTOKCUIINHOM U 303WHOM. YB: oK. 10, 06. 20. ¢ — 4-s1 Hepesst. XaOTHIHOE PACTONOKEHIE BOJOKHUCTBIX CTPYKTYP B COCTABE XPSIIIa U
TJIOTHBIE TIPOCTIONKN B cocTaBe pnbpomarosHoit Tkann. Okpacka o Bau-Tusony. Ye: ok.10, 06. 40. 2-1 cepust 9KCIIEPUMEHTOB: ¢ — 7-i
neHb. JIOKaTbHbIN HHTPAIEIIIONAPHBINA OTEK XPseBoil Tkan. OKpacka TeMaTOKCHJIMHOM U 903uHOM. YB: oK. 10, 00. 40. d — 21-ii neHb.
Cpamtenne nedekta MeXAY KyJIBTSIMU XPSAIIEBOIl TKaHU ¢ (HOPMUPOBAHHEM B HEM COCYIOB U COEIUHHUTENbHON Tkanum. OKpacka

TeMaTOKCUJIMHOM U 203WMHOM. YB: ok. 10, 06. 40.

Bo 2-ii cepuu aKcriepuMeHTOB T10CJIE pa3pyliie-
HUS JIOHHOTO COYJICHEHUS Ta3a BBITIOJHUIA BOCCTA-
HOBJICHME cuM(uU3a TIPU TOMOIIH CEPKJIKA U3 TaH-
TAJI0BOI MTPOBOJIOKH JiameTpoM 1,2 mm. PesysibraTer
MOP(GOJIOTHYECKOTO UCCICIOBAHNS TIOKA3aIH, YTO B
nepBble 2 HeNeJUd 9KCIEPUMEHTa B 30HE Pa3pbiBa
(hopMupoBauCch COEIMHUTEIBHOTKAHHBIE U COCYIU-
CTBIE JIEMEHTBI C MOCJeAYIONUM (HOPMUPOBAHUEM
XPAIIEBON TKaHu U cpaiienueM cumdusa. Pazsurue,
KaK B XPSAIIEBOU TKaHU, TaK U B OKPY KaIOTIel coein-
HUTEJIbHOU TKAHW aKTUBHBIX IPOIECCOB pereHepa-
UK B BUJIEe TTPOM(hEpaIy IOHBIX KIETOYHBIX dJie-
MEHTOB (DUOPOIUTAPHOTO U  XOHIAPOIUTAPHOTO
MIPOUCXOKICHUS, & TAKKE YBEJIMUCHUE COJCPKAHUS
OCHOBHOTO MEKKJIETOUHOTO BEIIECTBA, CBUICTEBCT-
BYIOT O (DOPMUPOBAHUYU CMEITAHHON MEPBUYHOM MO-
30J11, COCTOHH.[eﬁ N3 COETMHUTEJTDbHOTKAHHDBIX U XPSI-
IIEBBIX TKAHEBBIX 9JIEMEHTOB, Ha 21-1 1eHb
skciepumenra (puc. 1. ¢, d).

B Ttperbeil cepumn skcriepuMeHTOB IIpU BBejle-
HUU B JIeheKT pa3pbiBa XPAIMIEBON YaCTH JIOHHOTO CO-
YleHeHnsI KocTell Tasa amnohubpodaacToB ObLT HC-

adhesion of cartilaginous tissue. Development of
active regenerative processes both in cartilaginous
and surrounding connective tissues as proliferation
of young cellular elements of fibro- and chondrocyte
origin and also an increasing the basic intercellular
substance demonstrate forming of mixed primary
callus consisted of fibrocyte and chondrocyte tissue
elements (week 3) (Fig. 1. ¢, d).

In the third series of experiments, the mass of
embryonic fibroblasts were transferred into the
defect of rupture of cartilaginous portion of a pubic
joint and the process of cartilaginous tissue regenera-
tion has been investigated. Morphologic investiga-
tion results during four weeks showed that at the ini-
tial period (1th week) allofobroblasts in some parts of
the transplant were dying by necrobiosis whereas
another portion of allotransplanted cells were acti-
vated and moving into the depth of cartilaginous tis-
sue. Staring from the second week, the differentiation
of allofibroblasts into fibroblasts and chondroblasts
with formation of neogenic bands of fibro- and chon-
dromatous tissue was observed. Further the lobul
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Puc. 2. PereHepamm prl]]leBOﬁ TKAaHH! JIOHHOTO COYWICHEHHUA Ta3a B pa3HbI€ CPOKH 3-it CEpHUHU IKCIIEPUMEHTOB.

Fig. 2. Cartilaginous tissue of symphysis pubis regeneration during different periods after allotransplantation of fibroblasts (3rd
series of experiment).

Note: a — week 1. Allofibroblasts replanting. Allofibroblasts adoption in cartilaginous tissue depth. Stain with hematoxylin, eosin
(x10,40). b — week 2. Allofibroblasts replanting. Formation of initial granulation callus from allofibroblasts and local tissue elements.
Stain with hematoxylin, eosin (X10,40). ¢ — week 3. Neogenic chondromatous tissue with big quantity of fibrous structures. Van Gieson
staining (X10,40). d — Detection of fibrous structures in neogenic chondromatous tissue surrounding each chondrocyte. Van Gieson
staining (X10,40).

IIpumeuanue: 3-g cepust 9KCIIEPUMEHTOB: a — 7-ii meHb. Ilomcanka amnodubpobmactos. Buenpenne anmodubpodaacToB B ToJIIIE
xXpaueBoil Tkanu. OKpacka reMaTOKCUJIMHOM 1 903uHOM. YB: OK. 10, 06. 40. b — 14-genb sxcnepumenta. [Toacanka amnopubpobaacTos.
@DopmupoBaHie MEPBUYHOI TPAHYISAIMOHHOTKAHHON M030JM U3 amnodudpobiacToB U MECTHBIX TKaHEBBIX ajeMeHTOB. Okpacka
reMaTOKCUIIMHOM U 903UHOM. YB: oK. 10, 006. 40. ¢ — 21-ii nerp. HoBooGpazoBanHast XOHAPOMATO3HasT TKAHb ¢ OOJIBITIM KOJMYECTBOM
BOJIOKHUCTBIX cTpykTyp. Okpacka 1o Ban-Tusony. YB: ok. 10, 06. 40. d — Boisaienue B H0BOOGpa3oBaHHOIl XOHPOMATO3HON TKAHI

BOJIOKHUCTBIX CTPYKTYP, OKPY/KAIOIINX KaK/ylo XOHApouuTapHyio kieTky. Oxpacka o Bau-Tusony. ¥V8: ok. 10, 06. 40.

CJIeJIOBAH TIPOIIECC PEreHepaIuy XPAIIEeBOi TKaHU.
PesysibraTbl MOPGhOTOTHYECKOTO UCCIEIOBAHMS B TE-
yeHne 4-x He/1es b IToOKa3aJiv, YTO B Ha4a/JIbHBIX CPOKAX
(7-i1 ;eHb) OTMeuaeTcs pasBUTHE HEKPOOMO3a YacTh
annoubpobaacTOB, a Apyras UX 4acThb, aKTUBUPY-
SICh, TIPOJIBUTAETCS B TOJIILY XpsitiieBoit Tkanu. Co 2-ii
HeJIeJIM OIIbITa OTMEeYAIN TpaHc(hOpMauio aanodusd-
pobactoB B (pubpobIacTel 1 XOHAPOOIACTHI ¢ hOop-
MUPOBaHUEM HOBOOOPA30BaHHBIX TsKel (uOpo- u
XOH/IPOMATO3HOU TKaHU. B mocsenyionemM oTMedann
(opMUpOBaHUE OIBLYATHIX CTPYKTYP U3 HOBOOOpaA-
30BaHHOI XPSIIEBON TKaHU U, K 4-i1 Henene — Qop-
MupoBaHue 2-x ee cjioeB. [Ipuuem B 30He epexTa ori-
penensan HOBOOOPA30BAHHYIO XPSIIEBYIO TKaHb,
6oJiee MHTEHCUBHO OKPANICHHYIO FeMaTOKCUJIMHOM B
6a30(UIIBHBIN [BET U B OKPY/KHOCTH CJUBAIONLYIOCS
CO CTapo XpSAIIEeBOW TKAHBIO, B KOTOPOU OTMeYasu
rUnepTpouio U TUTOINIA3UI0 KIETOK. B anHaMuke
9KCIIEPUMEHTA CO CTOPOHBI JHAOCTA OKPY:KAIOIIeid
KOCTHON TKaHU OTMETHWJIM TIPOJUMUPAINIO, TUIIEpP-

structures of neogenic cartilaginous tissue were
formed and the two-layer structure of tissue became
visible by the fourth week. There is a neogenic tissue
in the defect zone that was more intensively stained
by hematoxylin as a basophilic color and was embed-
ded by an old cartilaginous tissue portions within
which cells the hypertrophy and hyperplasia have
been observed. It is necessary to mention the fact that
when observing the proliferation, hypertrophy and
hyperchromatism of nuclei of fibroblasts and
osteoblasts with thickening of bone beam have been
observed from endoost side. Regeneration of fibroma-
tous tissue followed by formation of an cartilaginous
tissue was observed within the surrounding soft tis-
sue structures (34 week) (Fig. 2.).

Conclusion

Hereby, the study of forming new cartilaginous
tissue in pubic joint rupture area following trans-
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tpoduo U rutiepxpomasuio sjep hubpodIACTOB U
ocTeob1acToB ¢ yroJieHneM KocTHbix Oanok. Co
CTOPOHBI OKPYZKAMIIUX MATKOTKAHHBIX CTPYKTYP
TaKKe OTMevasi 00pa3oBaHUe COEAUHUTENHOM TKa-
HU ¢ rocJietytoreil TpanchopMalieil B XpAIeByio
TKaHb ysKe Ha 21-ii 7ieHb aKkcrepuMenTa (puc. 2)

3axiaoueHue

IIporecc dhopmMupoBanus HOBOU XPAIIEBO
TKaHU B 30HE Pa3pbiBa JIOHHOTO COWJIEHEHUS O]
BJUsSHUEM aJn0()uOpPo6JacTOB B 9KCHEPUMEHTE,
IIPOUCXOJIUT PaHbIIle, YeM B KOHTPOJILHOI TPYIIIIE, O
YeM CBUJIETEJBCTBYET 00pa30BaHUe XPSIIEBON U Ya-
CTUYHO KOCTHOU Tkanu Ha 21—30-i1 1HU dKCIepu-
menTa. CriefioBaresibHO, ajutoreHHbie (HuOPOOIACTHI
OKa3bIBAIOT CTUMYJIUPYIOIIEE JIeCTBIE HA TeUeHUe
POIECca PETEHEPAIIY XPSIIEBOI TKAHU B SKCIIEPHU-
MEHTe, YTO [AaeT IPEAINOCHUIKH IS [PUMEHEHST
JIAHHOTO METO/IA B KIIMHUYECKOU TTPAKTHKE.

BoiBoab1

1. Tlox BamstHueM annohubPOOIACTOB MPO-
[ecc pereHeparuy XpsIeBOd TKaHU HAYMHAETCS
paHbIiie, TPOXOIUT HoJiee AKTUBHO U 3aBEPIIAETCS K
21—28-My 1HI0 GOPMUPOBAHUEM XPSAIIEBON TKAHU.
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plantation of allofibroblasts has shown that com-
pared to the control group, the cartilaginous tissue
formation occurs earlier mainly due to transplanted
fibroblasts and formation of cartilaginous tissue and
partially — because of formation of bone tissues on
days 21—30 days of the experiment. Data demon-
strated the stimulating activity of allogenic fibrob-
lasts on cartilaginous tissue regeneration process
exhibiting potentials for moving the methodology of
allotransplantation toward employing in clinical
practice.

Resume

1. Regeneration process starts early following
transfer of allofibroblasts, then is actively continues
and resulted in cartilaginous tissue formaqtion by
21—28 days after cell transfer.

2. Transfer of allogenic fibroblasts is recom-
mended for stimulation of chondrogenesis.

2. Asnnorentbie (pubpobmaCcTBl MOTYT OBITH Pe-
KOMEH/IOBAHbI JIJIST UCIIOJb30BAHNS B KaueCTBE CTU-
MYJISITOPOB XOHJIPOTEHE3a.
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3acToiiHas cepiedHast He[oCTATOYHOCTh YCTOWYMBO ACCOIUUPYETCS ¢ HEOIArONPHUATHBIMI UCXOAAMU ¥ JIBY-
KPATHBIM OBBIIIEHUEM JIETAJTbHOCTH B HEKapAUAIbHO XUPypruu. B 910ii ¢BsA31 0c00YI0 aKTyasbHOCTD Ipuodpe-
TAIOT METO/Ibl, HAIIPABJIEHHbIE Ha MPe/yTpesk/leHNe 1 Teparuio Pa3BUTHU OCTPOH Cep/iedHOl He[oCTaTOYHOCTH B
MHTPAOIIEPAIMOHHOM TIePHO/IE.

IMesa» uccaenoBanus: n3yunTthb 9(hHEKTUBHOCTD MIPEONIEPAIIMONHOIO BBEICHUS JIEBOCUMEHIAHA /I YMEHb-
MIEHNUST CMEPTHOCTH U CPOKOB JIEYEHUS MOXKIJIBIX NAIMEHTOB CO CHIKEHHOI (hpaxiueil N3THAHUS JIEBOTO JKeJTy-
JI0YKa B HEKap/INaJbHOM XUPYPTuu.

Marepuanst 1 MeToapl. [[M3aiii: MyJIBTHIIEHTPOBOE PAHIOMU3NPOBAHHOE CJIENOE IIAe00-KOHTPOINPYEMOe
ucciegosanue. [lanuenTsr: 81 malueHT, onepupoBaHHblii Ha opraHax OPOIIHOI 110J0cTH. OCHOBHBIE KOHEYHbIE
TOYKHU MCCJIEI0BAHS: B KAUECTBE TIEPBUYHBIX TOUEK ObLIM BHIOPAHBI CPOKK TOCIIUTAIU3AIMU B MaaTe NHTEHCHB-
HOIi TepaInm U cTaliioHape. BTOpUYHBIMYM TOUKAMU MCCIIe0BaHMS ABJIsINCH 30-1HEBHAS 1 T0/I0BAS JIETAIbHOCTD,
YacToTa Pa3BUTHUSA OCTPOTO MHGMAPKTA MUOKAP/la 1 MHCYJIBTA.

Pesyasratel. ndysus reBocumenana co ckopoctsio 0,05—0,1 MKr/Kr/MUH TMallenTaM ¢ Hu3Koi (pak-
IMeil M3THAHUS JIEBOTO JKEJIY/I0YKA HEIOCPEICTBEHHO T1epe/l BBIIOJTHEHUEM XUPYPTUYECKOTO BMEIIATENbCTBA
CHMIKAeT CPOKHU TpeObIBaHKs B MajlaTe MHTEHCHBHON Tepanuu Ha 2 CyTOK U Ha 3 CyTOK HEOOXOAUMOE BPEMS
npebbIBaHus B cTaloHape. JIydimnuM cOOTHONIEHUEM YyBCTBUTENbHOCTD/CIIEUMDUIHOCTD B TIJIaHe TIPOTHO3M-
posanust 30-AHEBHOI JETATLHOCTH B KYMYJIATHBHOI rpyTime obaiai mokasaTesab cofep/KaHus B KPOBU Heak-
TUBHOTO y4yacTKa MpeAlecTBeHHNKA MO3roBoTo HaTpuitypetndeckoro noaunentujaa (NT-proBNP) ma stane
«ucxomy» — AUC=0,86 (0,77—0,93) p<0,0001. 13 apyrux mokasarteseii mMeloT 3HaueHUe Inotropes score, oT-
CYTCTBME U3MEHEHUI UJIN CHIKeHUE (DPAaKIMM N3THAHUS JIEBOTO JKeJIy/I0UKa U CepPeYHblil MH/ICKC.

Azpec 11l KOPPECIIOH/IEHIMH: Correspondence to:
[Opwii Yoaces Mr.Yuriy Ubasev
E-mail: urrygeler13@gmail.com E-mail: urrygeler13@gmail.com
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Bonmpocsr aHecTesnosrorumn

3akmouenue. /[J19 CHUKEHS TIEPUOTIEPAIIIOHHON CMEPTHOCTHY B KAYeCTBE IIPeI0NePAIIMOHHOI TIOITOTOBKH 32
CYTKH JIO IPEIIIOIAraeMOT0 HEKAPINOXNPYPIUIECKOTO BMEIIATEIbCTBA PEKOMEHIYETCs B/B MHQY3US JT€BOCUMEH-
mana co ckopoctnio 0,05 Mkr/Kr/MuH — 0,1 MKT/KT/MUH MOKUIBIM TTATIMEHTAM ¢ HIU3KOH (hpaKIineil M3THAHUS Jie-
BOTO JKeJIyLOUKa.

Knouesvie cnosa: Cumdaxc; nesocumendarn; cepoeunas nedocmamournocmv, NT-proBNP; nexapouanonas xu-
pypeus

Congestive heart failure is consistently associated with adverse outcomes, and is characterized by a twofold
increase in mortality in non-cardiac surgery. In this regard, developing the methods aimed to prevent and treat
acute heart failure (AHF) in the intraoperative period remain a challenging problem.

Objective. To evaluate the efficacy of preoperative levosimendan infusion in reduction both mortality and
duration of treatment of elderly patients with reduced left ventricular ejection fraction in non-cardiac surgery.

Material and Methods. Design: Multicenter blind randomized placebo-controlled study. Patients: 81 patients
operated on abdominal organs. The main endpoint of the study: The length of stay in the Intensive Care Unit
(ICU) and at the hospital were chosen as the primary endpoints. The secondary endpoints of the study were 30-
day and annual mortality, the rate of acute myocardial infarction and stroke.

Results. Levosimendan infusion at a rate of 0,05 pg/kg/min — 0,1 pg/kg/min to patients with low left ven-
tricular ejection fraction just before the surgery reduced the length of stay in ICU for 2 days and required hospi-
tal stay for 3 days. NT-proBNP showed the best ratio of sensitivity/specificity in predicting 30-day mortality in
cumulative group: AUC=0,86 (90,77 to 0,93), P<0,0001. From other indicators the most informative were the
Inotropes scoring, no change or decrease of a left ventricular ejection fraction, and cardiac index.

Conclusion. To reduce perioperative mortality, the intravenous infusion of levosimendan at a rate of
0,05—0,1 pg/kg/min in elderly patients with low left ventricular ejection fraction is recommened as a preop-

erative preparation the day before the alleged non-cardiac surgery.

Key words: Simdax; levosimendan; heart failure; NT-proBNP; non-cardiac surgery
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BBenenne

3acroifHas cepiieuHasg HEJOCTaTOYHOCTh YC-
TOHYUBO aCCOIUUPYETCST ¢ HEOJIATOTPUSATHBIMU UC-
XOZIAMU U JIBYKPATHBIM MTOBBITIECHIEM JIETATbHOCTH B
HekapauaabHoil xupypruu [1, 2]. B atoii cBsA3u oco-
Oyt aKTyaJbHOCTH TPUOOPETAIOT METOJIbI, HAMIPAB-
JIEHHBIE Ha MpeAyTIpPeKRIeHUE U TEPANUI0 PAa3BUTHUS
OCTPOH cep/ledHON HeJJOCTaTOUHOCTH B MHTpaolepa-
IIMOHHOM TIepuoJie [3, 4].

B nacrosiiee Bpemsi Cumaakc (JleBocumenias,
Orion-Pharma, @uHisHans) — HErJIUMKO3UIHBINA
WHOTPOIHBIN Mpernapar — A0CTATOYHO IMUPOKO MTPH-
MeHsieTcsl B KapauasibHON xupypruu. Ilokasana ero
a(hHEKTUBHOCTD y TTAIIMEHTOB € HU3KOH (hpaKimeii n3-
ruanus JjeBoro xeayaouka (DUmk) mpu aopTo-Ko-
POHAPHOM IIMYHTHPOBAHUU |5—7], KOppeKnuu KJja-
MaHHBIX TOPOKOB [8]; mpaBokesymoukoBoi [9];
JeBoxkesrynoukoBoit [10, 11] u cmemannoii [12] dbop-
Max cepiieuHoi HegpoctaTounoctu. B 2015 1. mostBu-
¢4 IOKYMEHT, o3arJiaBjieHnbiil «IIpemonepaniriontnoe u
MEePUOTIEPAITMOHHOE TIPUMEHEHHUE JIeBOCUMEH/IaHA B
Kap/naJbHON Xupypruu: EBporieiickoe sKcnepTHoOe
MHEHHE», B KOTOPOM 000011aI0TCsl MMEIOIIecs Ha ce-
TOTHSAIITHWIA JICHDb IaHHbIE O TIPUMEHEHUN CUMIAKCA B
KapIMOXUPYPIUM U JAIOTCSA HEKOTOPBIE TPAKTHYeC-
Kue peKoMeHanuu 1o pabore ¢ mpermapatom [ 16].

Nwmetores cBenenus, uto yesocumenjan (JIC)
YMEHbIIAET JIETAILHOCTh M JIPYTue HeOJIaromnpusiT-

Introduction

Relevance. Congestive heart failure is consis-
tently associated with adverse outcomes and a two-
fold increase in mortality in non-cardiac surgery [1,
2]. In this regard, methods aimed at prevention and
treatment of AHF in the intraoperative period are of
particular relevance 3, 4].

Currently, Simdax (Levosimendan, Orion-
Pharma, Finland) is a non-glycoside inotropic drug,
which is widely used in cardiac surgery. Its effective-
ness has been shown in patients with low left ventric-
ular ejection fraction (IVEF) in coronary artery
bypass grafting [5—7], correction of valvular [8]; right
ventricular [9]; left ventricular [10, 11] and mixed
[12] forms of heart failure. In 2015, there appeared a
document entitled «Preoperative and perioperative
use of levosimendan in cardiac surgery: European
expert opinion», summarizing currently available data
on the use of Simdax in cardiac surgery and providing
some practical advice on working with the drug [13].

There is evidence that levosimendan (LS)
reduces mortality and other adverse events in car-
diac surgery, and the severity of the effect is greater
than lower is the initial IVEF [14, 15].

Ricardo L. Levin et al. argue that in cardiac
surgery the treatment of AHF with levosimendan is
more effective than dobutamine, norepinephrine and
the TABP [16].
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HbIE COOBITHSI B KapJAMaIbHOU XUPYPIUH, 2 BHIPAKEH-
HOCTh ahderTa TeM OOIIbIIE, YeM HIKE HUCXOIHAS
OUmk. [14, 15].

Ricardo L. Levin ¢ coaBT., yTBEPKIAIOT, YTO B
kapauoxupypruu 1npu teparnuu OCH seBocumenian
adpdexruBree goOyTamMuHa, HOpaNUHeDpPUHA U
BABK [16].

OIBIT UCMOIB30BAHMS JIEBOCUMEH/IAHA B TIPO-
1jecce MOJTOTOBKU U TIPOBENEHNUsT 00Ieil aHecTe3nn
B HEKap/MAJTbHON XUPYPTrUU TrOpas3iio CKPOMHee, a
JlaHHble poTuBopeunsee [17, 18].

Tem HEe MeHEe, MOJKHO BCIIOMHHTb, UTO IIperia-
par cosaBajicst 1 ObLT BIIEPBbIe allPOOMPOBAH Y Ia-
IIUEHTOB C XPOHUYECKOU Cep/IeTHON He0CTaTOUHOC-
Tbi0 [19]. 1 MMeHHO y TaHHO# KaTeropuu MalneHToB
B MyJisTHIeHTpOBBbIX PKU Gbliia BIepBbIe MOKa3aHa
Boicokast acdexrusrocts JIC [20, 21]. Takum o6pa-
30M, €CTb OCHOBAHMS I0JIAraTh, YTO, KOJIb CKOPO Y
MarueHToB co cHKeHHoW MU, 0OCHOBHOM Mpuyn-
HOI JIETATTHHOCTH SBJISAIOTCS KapAUalbHbIE OCTOKHE-
Hust [22, 23], To uHby3us reBocuMenana Moxet ad
minimum yMeHbIIUTb CPOKU FOCHUTAINZANNN B T1a-
sare naTeHcuBHol Tepanuu (ITVT) u cranmonape, a
ad maximum CHM3UTD W MEPUONEPAIUOHHYIO Jie-
TaJbHOCTD.

Tunoresa. Hama rumnoresa cocrosijia B TOM, UTO
npejonepanontHas nH(pY3usd JeBOCUMEH/IAHA 10-
BBICUT COKPATUMOCTb MUOKAp/ia TTAIIMEHTOB CO CHMU-
sxennoit U ., COKpaTUT KOJTMYECTBO 11/0 OCTIOKHE-
HUW 1 yMeHbIIUT cpoku rocuurtanusaiun B [IUT ¢
3-X cyTOK 710 1-X CYTOK, a CPOKH TIOCTICONePAINOH-
HOU peabusmmraruu ¢ 11-Tu cyToK 710 8 CyTOK.

Marepuan u MeTobI

VImMeHHO 911 oKa3aTesn 1 GbLIN BRIOPAHBI B KAYeCTBE
KOHEUYHBIX TOUEK MCCJIEJOBAHUS, TIPOMEKYTOUHBIMU TOY-
kamu sBisinch DUk, cepreunsiit nngeke (CIN); ypo-
Beb N'T -proBNP kax HeszaBucUMOro npejpukTopa Iepu-
OTlepallMOHHbBIX Kap/UaJbHbIX OCJOXHeHUuU [24, 25],
Inotropes Score.

[Ipu npoBejieHIN pacyeTa BeTUYUHBI BBIOOPKH (sample
size) ObLia puHATa BO BHMMaHue pabora B. B. Jlomusopoto-
Ba ¢ COaBT. [26] u cOOCTBEHHBIE IPe/IBAPUTEIILHBIE JAHHBIE O
mmarenbHoct pebbiBanus B [IMT BoiGpantoi kareropun
HAIMEHTOB TIPY OTCYTCTBUU TPOMUIAKTUYECKOTO TIPUMEHE-
nust JIC. PacueTHplii pasmep BHIOOPKH cocTaBiI 36 nmarmeH-
ToB. BbL10 TIpHIATO perenye MPOBOIUTD UCCIIE0BANIE /10
BKJIOUEHUS B KayK/LYIO U3 TPy 110 40 GObHBIX.

B Boenno-MeuinHCKOM opranuzaiuu (r. [oauibHO)
u I'KB Ne81 Mocksot B 2013—2015 rT. 110 €iU11OMY TTPOTO-
KOJIy ObLJIO IPOBEJEHO MYJIBTUIEHTPOBOE PAHAOMU3HPO-
BaHHOE, CJIENOe, MIared0 KOHTPOJIMPYEMOe UCCTIeI0OBAHNE
adexTUBHOCTH PUMEHEHHS JeBOCUMEH/IAHA ISl YIIyd-
HIEHUST PE3YJIBTATOB XUPYPriUUeCKOro JeYeHUs Y TIOKUIIBIX
nanuenTos co cHkennon (meree 50%) MUk pu BHE-
Kap/IMaJbHBIX OIEPAIUSIX.

Kputepun BKIIOYEHNs/MCKIIOYEHUS TIPE/ICTABIECHDI B
Tabur. 1.

B ykasanusrii iepro Bpemenu 6b11o o6eseosano 157
GOJIbHBIX, COOTBETCTBOBABIIMX KPUTEPUsM BKJtoueHust. Oz

Experience in the use of levosimendan in the
preparation and holding of general anesthesia in non-
cardiac surgery is more modest, and data are rather
contradictory [17, 18].

However, we can remember that the drug was
created and tested firstly in patients with chronic
heart failure [19]. Precisely in this category of
patients a multicentre RCT has demonstrated a high
efficacy of levosimendan [20, 21]. Thus, there is rea-
son to believe that as long as the main causes of mor-
tality in patients with reduced IVEF are cardiac
complications [22, 23], the levosimendan infusion
may, ad minimum, reduce the length of stay in ICU
and hospital, and, ad maximum, maydecrease the
perioperative mortality.

Hypothesis. Our hypothesis was that preopera-
tive levosimendan infusion would increase myocardial
contractility of patients with reduced LVEF, reduce
the number of postoperative complications, and
decrease the length of stay in the ICU from 3 days to
one day and recovery time from 11 days to 8 days.

Materials and Methods

The above mentioned markers were chosen as study
endpoints.lintermediate points included LVEF, cardiac
index (CI), Inotropes Score and NT-proBNP level as an
independent predictor of perioperative cardiac complica-
tions [24, 25].

When determining the sample size, a study by V.V.
Lomivorotov et al. [26] and our own preliminary data on
the length of stay in the ICU of a selected group of patients
with no prophylactic use of drugs were considered.
Estimated sample size was 36 patients. This is why it has
been decided to include 40 patients in each group of
patients.

In a military medical organization (Golitsyno) and
Municipal clinical hospital Ne81, Moscow, a single-proto-
col, multicenter, randomized, blinded, placebo-controlled
study of the efficacy of levosimendan was organized with
the aim to improve the results of surgical treatment in
elderly patients with reduced (<50%) LVEF values during
extracardiac surgery.

Inclusion/exclusion criteria are presented in Table 1.

157 patients who met the inclusion criteria were
examined in the given period of time. The study was ran-
domized with inclusion of 81 patients who signed informed
consent (Fig. 1).

Patients were divided into two groups by a shuffle
(the envelope method).

1. Control (comparison group): a standard prepara-
tion of patients for surgery was supplemented by intravenous
(IV) infusion of placebo («Soluvit» , the yellow multivitamin
solution indistinguishable from levosimendan). The rate of
placebo infusion was consistent with levosimendan infusion
at a dose of 0.05 mcg/kg/min — 0.1 mcg/kg/min. One day
before, the operation patients were admitted to the ICU,
where, under the control of non-invasive monitoring, they
were receiving an intravenous infusion similarly to patients
prescribed with levosimendan.

2. The main (study group) — a standard prepara-
tion for surgery had been supplemented by IV infusion of
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TaGmmia 1. Kpurepun BKIOYEHNS /HCKIIOUEHHS] GOJBHBIX B HCCIIE0BAHUSI.
Table 1. Criteria for inclusion/exclusion of patients to study.

Criteria

Inclusion

Exclusion

Age: > 60 years and <75 years;
Left ventricular ejection fraction less than or equal to 50%;

Intended operation: laparoscopic hernia repair and laparoscopic cholecystectomy;

The lack of heart attack or stroke in the previous 6 months;
The absence of hypovolemia is not corrected;
Systolic Blood Pressure > 120 mm Hg

Reoperation during hospital stay;
Refusal to sign informed consent
about participation in the study

IIpumeuanue. Criteria — kpurepun; Inclusion — srinouenue; Exclusion — uckimouenne; Age: > 60 years and <75 years — Bospact: >60
aet n <75 ner; Left ventricular ejection fraction less than or equal to 50% — dpaxuns usrnanus nesoro xeayaouka <50%; Intended
operation: laparoscopic hernia repair and laparoscopic cholecystectomy — npezmosiaraemast orepanist: J1anapocKonmdecKas FepHUOILIA-
cTHKa ¥ Janapockonudyeckas xoserpcrakromust; The lack of heart attack or stroke in the previous 6 months — orcyrersue nndapkra
WIn nHCyIbTa B ipefurectyontie 6 mecsines; The absence of hypovolemia is not corrected — orcyrcTBIe HEKOPPUTUPOBAHHOI THITO-
sosiemut; Systolic Blood Pressure >120 mm Hg — cucronnueckoe apreprajibHoe AaBieHue B ucxose > 120 mm pr. cr.; Reoperation dur-
ing hospital stay — nmosropHast onepaius Bo Bpemst ipeObiBarst B craronape; Refusal to sign informed consent about participation in
the study — orkas noamucars nudopMupOBaHHOE coracus 00 yIacTUl B UCCICOBAHUM.

HaKO B UTOTE B MCC/IEI0OBaHIe OBLT paHIoMI3UpoBan 81 ma-
[IUEHT, MOATUCcABINi nHhopMupoBanHoe coryacue (puc. 1).

B cayuaitrom nopsizke (MeTO/ KOHBEPTOB) MAIIMEHTHI
ObLIIM Pa3/leJIEHbl Ha JIBE PYIIIIBL:

1. Koutposbnasg (Tpymnmna cpaBHeHMsS) — CTaHIApPT-
Hast TOJITOTOBKA K XUPYPrUYECKOMY BMEIIATEIBCTRY Oblia
JonosiHeHa B/B uHdysueil maanebo «Soluvit> (pactBop
MOJIMBUTAMMHOB JKEJITOTO 1[BETA, HEOTJIUYNMBIN OT JIEBO-
cuMmenziana). CKOpoCTb BBeleHUs 11aebo COOTBETCTBO-
Basia nH(pysuu jesocumenana B 1o3e 0,05 MKr/Kr/MuH —
0,1 MKT/KT/MUH. 32 CyTKH JI0 OTIepaliy MaIeHToB TToMe-
masmu B [IUT, te moa xoHTposieM HEMHBA3UBHOTO MOHU-
TOPUHTA TIPOBO/IMIN B/B MH(Y3UIO, AaHAJTIOTUYHO TPYIITe
GOJIBHBIX € JIEBOCUMEHIAHOM.

levosimendan solution («Simdaks», Orion-Pharma,
Finland). The drug was administered without loading
dose. The day before surgery, patients were admitted to the
ICU, where, under the control of non-invasive monitoring,
the levosimendan infusion was performed at a dose of 0.05
mcg/kg/min — 0.1 mcg/kg/min.

Table 2 shows the comparative characteristics of
patients in both groups.

As can be seen from the table, patients of compared
groups did not differ by the basic demographic character-
istics, gender and age. The important parametrs as LVEF,
baseline NT-proBNP; the number of patients constantly
receiving beta-blockers and aspirin in the perioperative
period were also similar in both groups. The only differ-

CooTBeTcTBOBaNO
KPHTEPHSIM
BKIOueHusi n=157

Hckmoyensl
110 KPUTEPHUAM
HCKJIIOYEHUs1 n=33

He noanucamn
undopmupoBanHoe
cornacue n=16

Hckmoyenst
H3-3a BOSHUKIIHUX
XHPYPTrHYECKHX
0CJIOKHEHHH n=3

Ioanucamm
undopmMupoBanHoe
cornacue n=83

PangoMu3upoBaHbl PaHnoMu3HpoOBaHbI
B rpynmy B rpymmy
<«JIEBOCUMEHIaH» n=42 cpaBHeHus n=41
HckmoueHo

13-32 HEBOBMOKHOCTH Hcxmoyeno
moawam e { | e

710 OKOHYAHHS "

uccaenosanus n=1 IOBTOpHOM

onepauuu n=1

Brmoueno
B aHanu3 n=41

Brxioueno
B aHanua n=40

Met
inclusion criteria
n=157
Excluded in accordance
with exclusion
criteria n=55
Not signed
informed consent
n=16 Excluded due
to surgical
complications
n=3
Signed
informed consent
n=83
Randomized Randomized
«Levosi dan» comparison group
group n=42 n=41
Excluded due
to inability . EXCI“de‘_i

to trace to < | in conl'lectlon

the end of the study > with .
n=1 re-operation

n=1
Included in the
analyses n=41
Included in the

analyses n=40

Puc. 1. Consort auarpamMma npoBOANMOrO UCCIEOBAHMUS.
Fig. 1. Consort chart of the study conducted.
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Ta6mana 2. OGuast XapaKkTepUCTHKa GONbHBIX CPABHUBAEMbIX TPYIIIL.
Table 2. General characteristics of the patients compared groups.

Indicators Values of indicators in patients groups P
Control Levosimendan

Number of patients 40 41

Average age, years 71+3 70+4 0.5
Gender, m/f, (%) 22740 (55%) 24741 (58.5%) 0.75
Ejection fraction, % 31 (29; 33) 32 (30; 33) 0.28
NT-proBNP, pg/ml 799 (768; 860) 775 (743; 845) 0.26
CI, I/min*m’ 29 (2.7, 3.0) 30(29;3.1) 0.01
Perioperative beta-blockers, yes/% 33/40 (82.5%) 34/41 (82.9%) 0.96
Perioperative aspirin, person/% 36,40 (90%) 37/41 (90.2%) 0.49
Laparoscopic hernia repair, operation/% 17/40 (42.5%) 22/41 (53.7%) 0.92
Laparoscopic cholecystectomy, operation/% 23/40 (57.5%) 19/41 (46.3%) 0.89

IIpumeyanue. 31ech 1 B Tab. 3, 4: Indicators — mokasaresn; Values of indicators in patients groups — 3HaueHust mokasareseii B rpyrnmax
Gosbubix; Control — kontposs; Levosimendan — sieocumenan; Number of patients — uncsio 6osbnbIx; Average age, years — cpejHuil
Bospact, rozsl; Gender, m/f, (%) — noa, Mm/x, (%); Ejection fraction — dpaxuus usrnanus jesoro xkemyaouka ; NT-proBNP, pg/ml —
HEeaKTHBHBII YYacTOK IMpe/iiie-CTBeHHIKAa MO3TOBOr0 HaTpuiilypeTndeckoro moJwumnentuaa, nr/mir; CI, I/minem? — cepiednslii unmexc,
a/muH ¢ M% Perioperative beta-blockers, yes/% — nepuonepannonusiii mpuem 6eta-610katopos, na/%; Periopera-tive aspirin, person/% —
MepUoTIePAIMOHHBIN TIpueM acrpuHa (uesoBek/%); Laparoscopic hernia repair, operation/% — JlanapocKonnyeckast TePHUOILIACTHKA,
omepartn,/%; Laparoscopic cholecystectomy, operation/% — amapocKomirdecKast XOTeMNCTIKTOMUSL. OTteparu/%. 31ech u B Tabu. 3: p —
Tounblit Kpurepuit Ouinepa. /lanHbie peICTaBIeHbI KAK CPEIHIE CO CTAHAAPTHBIM OTKJIOHEHUEM, ME/IMaHbI C MEKKBAPTHIbHBIM HHTEPBA-

JIOM M 10JI1 OT O6J_Llel‘0 KoJin4decTBa.

Note: NT-proBNP — inactive portion of the precursor of brain natriuretic polypeptide; CI — cardiac index. Here and in Table 3: P — sig-
nificance level by Fisher's exact test. Data are presented as means and standard deviations, or medians and interquartile intervals; per-

centage of the total is in brackets.

2. OcnoBrag (ucciemyemast TpyIia) — CTaHAAPT-
Hasl MOJATOTOBKA K OIEPATUBHOMY BMEIIATEIbCTBY ObLiIa
JorosHeHa B/B uH(pY3Uel pacTBopa JIEBOCUMEH/IaHA
(«Cumpaxc», Orion-Pharma, @uunasnaua). ITpenapar
BBOZMJICST 6€3 HArpy304HON /[03bl. 3a CYTKHU JI0 ONepaIiii
narnuenTtos nmomemtaau B [TWT, rae nox xonrposem nenn-
Ba3MBHOTO MOHWTOPUHTA MPOBOAMIN UHDY3HUIO JIEBOCH-
Mmenana B fo3e 0,05 Mxr/kr/mun — 0,1 MKT/KT/MIH.

B Tabuauie 2 npejcraBieHa CpaBHUTENbHAS XapaKTe-
PUCTUKA [AIUEHTOB 0OEUX TPYIILL

Kak BumHOo 13 mpencraBieHHON TabJIUIbI, TTAIIUEHTHI
CPaBHMBAEMBIX I'PYIIT He OTJINYAIIHCH 110 OCHOBHBIM JIEMO-
rpaduvecKuM TOKazaTessiM — IOy U BO3PACTy. DbLin
GIM3KI MekTy co00ii 1 TaKkhe BasKHble MCXO/HBIE OKa3a-
TeJsu, Kak (PpakIfis N3THAHU JIEBOTO JKeJIyJOUKa, UCXO/-
Hbiii ypoBeHb NT-proBNP; koJsinuecTBO mNaiuneHToB, I0-
CTOSIHHO TPUHUMAIONMNX OeTa-0I0KaTOphl U ACHUPHH B
[eproIepaImoOnHOM nepro/ie. EquHcTBenHoe otmane 00-
HapyskeHo B 3HaueHun moxazarenss CU (2,9 (2,7; 3,0)
Ji/MuH *M* B KouTpoasHoit u 3,0 (2,9; 3,1) i1/Mum M’ B nc-
caemyemoii rpymie; p=0,01).

Pacnipeniesienne 60JIbHBIX B 3aBHCUMOCTH OT 0ObeMa
OIIePaTUBHOTO BMENIATENbCTBA MIPEJICTABIEHO HA PUC. 2.

Bce Goubhbie, mostyuasiime BB B nipenonepannonnom
nepuo/ie, MPOJIOJIKAIN IIPUEM TIPenapaToB 0 JHS olepa-
MU ¥ BO30OHOBJISLIA €T0 CPa3y MOc/e CHSTHSI OTpaHide-
HUI HA IPUEM JKUAKOCTU per 0s. TakuM ke 06pasoM 110CTy-
nagu U ¢ acnupunoM. Ilpuem acrnupuna crapajanuch
BO300HOBUTD B IIEPBbIe 24 yaca MoCJie Olepariu.

BceM GoIbHBIM TPOBOANIII CTAHAPTHYIO IPEMeInKa-
o B masrate 3a 0,5 gaca 710 TPaHCTIOPTHPOBKH B OTIEPaIii-
OHHYIO: BBOAWIN TOPMUKYM B 03¢ 0,1 Mrexr' B/M.

WMHayKIio aHecTe3ny IMPOBONIN TOCTEIOBATEIb-
HbIM BBejleHueM (entanumia (2 MKrekr') u rmporodosa
(1,7£0,4 mrexr"). MaTy6anmio Tpaxeun BBIMOJHIAINA Ha (o-
He ToTajbHOIi Muoriernn (HumGexe — 0,5 Mrexr') mox

«Placebo» Levosimendan
OLH
H LC

Puc. 2. Pacnpezienienue GOJbHbIX B IPyNNax B 3aBUCHMOCTH OT
BbIIOJIHEHHOM ONepalum.

Fig. 2. The distribution of patients in groups depending on the
operation.

Ipumeuanue. «Placebo» — mnane6o; Levosimendan — seBocu-
menzan; LH — namapockonmyeckas repauonactika; LC — ymama-
POCKOTHYECcKast XOJIEIHCTEKTOMUSI.

Note. LH — laparoscopic hernia repair; LC — laparoscopic chole-
cystectomy.

ence found was the values of the CI: 2.9 (2.7; 3.0) | /min  m*
in the control group versus 3.0 (2.9; 3.1) I/min*m? in the
study group; P=0,01.

The distribution of patients depending on the type of
a surgery is presented in Figure 2.

All patients treated with S-blockers (BB) in the pre-
operative period continued drug treatment until the day of
surgery and resumed receiving BB immediately after the
lifting of restrictions on peroral fluid intake. Likewise
aspirin was received. Attempts to receiving Aspirin were
made during the first 24 hours after surgery.

All patients underwent a standard premedication in
the ward 0.5 hours before transportation to the operating
room; dormicum was administered intramuscularly at a
dose of 0,1 mg/kg.

Induction of anesthesia was performed by sequential
administration of fentanyl (2 pgekg') and propofol
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koutposiem TOF (TOF-Watch, Organon, Hugepaanzbr) u
moruTopuHTa BIS (40—60 oTH. en.). Ilognepskanne anec-
Te3uu npoBoansu cesodaypanom (1,0—1,2 06%) u denra-
uausioM (1,8+0,4 Mxrexr'emun') Ha hoHe TOTAILHON M-
omnernu (Humbexc — 0,04+0,01 mrexr' euac™).

Bcem narmentam nposomguiin UBJI B peskumve CMV
anmapatom Fabius GS+ ¢ uHTErprpoBaHHBIM MOHUTOPOM
Infinity M (Dréger, Tepmanms).

Bcem GosibHBIM B peskuMe online mpoBOAMIM MOHUTO-
punr: KT ¢ noacuerom YCC; A/l HeMHBAa3UBHBIM METOJIOM;
SpO, ¢ 1myIbCOKCUMETPUYECKOIT KPUBOIT; 00beMa BjioXa,/ Bbl-
noxa; FiOy; EtCOy; 4acToThl JbIXaHMs; TePMETUYHOCTH JIbI-
XaTeJIbHOTO KOHTYPA; COZlepsKaHusl ceBodrypaHa B CBEXKel
ra30BO-HAPKOTUYECKON CMECH U KOHIIE BBIZIOXA.

Mg YII-9xoKI wucnonb3oBanu ammapar Sonos
Agilent 5500 w wmysbrumanoBeiii gatyuk  Omni-2
(Philips). B 4-xamepHoii MpOEKIUU «METOAOM [HCKOB»
(Simpson) omnpenensin UK, KIOJIK u KCOJIK.
s onpenenenus GUJDKTT BusyanuszupoBaiu 1ore-
peunoe ceuenre JI7K Ha ypoBHE TANMIIIISIPHBIX MBIIIIT IPU
TpaHcracTpasbHoM mnostokennn paranka. OUJIK - BbI-
yucssin 1o hopmyre: OUIIK = 100%* (KATIIK p —
KCIVIK ) / KATLJIK pp, tie KATTJIZK — xoneuno-aua-
crosmueckas mionans JIK, KCIIJIJK — koneyno-cucro-
myeckas mnomans JIXK. MOK (MuHyTHBINH 00beM KpoBO-
00GpAIIeHNsT) OTIPE/IETISIIN 110 CTAHIAPTHON METONKE.

Astroput™ yrpasJjieHust TayOUHON aHeCTe3Un 1 reMo-
JIMHAMUKOI

[leneBbivMu rokaszaTesisiMu GbLIN BHIOPAHBI CIIEYIOIIHE:

1. BIS — 40—60 ex. Peryauposasu 60J10caMu mpo-
nodoma (20 mr, mpu mpeBwiienny mopora B 60 ex1.) u yBe-
JyeHneM i ymenpiierneM ETanesth.

2. YCC — 50—90 yu/mumn. [Tpu mpeBbITIEHNN yKa-
3aHHBIX 3HaUeHWH U HeahheKkTnBHOCTH MH(Y3UOHHON Te-
parnuu, MoAKIIOYAIN TO3UPOBAHHYIO HHQYZUIO ICMOTIOIA;
Ecin YCC cuuskanach 10 50 yji/MUH 1 MeHee, TO UCTIO b=
30BaJIU OBTOPSIONIHECS GOJIOCH ATPOTIHHA, U (UJIN) TIPO-
BOIMJIN BpeMeHHYyIo upecniutiieBoHyo DKC.

3. Al cpearee — 65—90 mm pr. c1. TIpu mipeBbiiie-
HUU YKa3aHHBIX 3HAUEHUIL, IPesKie Bcero, obpariaiu BHU-
manue Ha BIS (em. mynkr 1), u ucnosnb3oBasu GoJOCH
denranmna (50—100 mkr). Ecim Allcp cumkanoch o
YPOBHSI MeHee 65 MM PT. CT., TO TIPOBOMIIN NHDY3HOHHYIO
npoly ¢ Harpyskoii (6osoc crepodyHAMHA 4 MJI/KT), TIPH
orcyTteTBun adderra mogrodan nHbysnio 1o6yTaMmuHa
€ HAYATHLHON CKOPOCTDHIO 5 MKT/KT ® MUH.

4. Ilpm pa3BuTHM CTOWKOI 'MIIOTEH3UU IIPU BBEJIE-
HUM JIeBOCUMeHaHa (TUIoTeH3usi co 3HadenueMm AJlcp
<60 MM pPT. CT. B TedeHne bosree 15 MUH TIPH [103€ JIEBOCH-
Mmenmana Mernee 0,05 MKT/KTeMUH, TpeOyIonas BBEACHUS
JH00yTaMKUHA CO CKOPOCTBIO OoJjiee 7 MKI/KI'® MUH UJIM HO-
panpenanmnaa (>0,2 MKr/kremMuH) wHQY3UIO Iperapara
npeKkpamaiu. boJbHbIX, TeM He MeHee, aHATM3UPOBATIN B
COCTaBe UCCJIeyeMON IPYIIIIbL.

[To oxoHYAHWY OTIepaIuy BCeX TTAIEHTOB TOMETIAIN
B [IUT. conmp3oBanu naeHTHYHYTO TAKTUKY TIPOBEIEHUST
uH(Y3UOHHOHU Tepanuu B 00eux rpyImnax: crepodyHIuH ¢
HAYAIHLHOI CKOPOCTBIO 2—5 MJI/KT ® 4ac.

O6e36omBanKe B TIOCJAEOTIEPAITMOHHOM (11/0) Mepuo-
Jle TIPOBOJIMJIN C MCIOJIb30BaHreM JopHokcrkama (Keedo-
kaM, Nycomed (ABCTpusi), KOTOPbIiT BBOAUIN <10 Tpeho-
Banuio» B 03¢ 0,1 mr/kr B/m. Ornenka 1o BU3yaibHo —
anasoroBoil mkane «BAIIl> Bo Bpemsi 1peObiBaHUs B
ITNT ne posmkHa Oblia MPEBbIIATh 3-X 6a/lIoB.

(1.7£0.4 mgekg"). Tracheal intubation was performed on
the background of a total muscle relaxation (Nimbex — 0.5
mgekg") under the control of TOF (TOF-Watch,
Organon, Netherlands) and BIS monitoring (40—60 rel.
units). Maintenance of anesthesia was performed with
sevoflurane (1.0—1.2 vol%) and fentanyl (1.8+0.4 pgekg
'emin™) over the total periodic paralysis (Nimbex —
0.040.01 mgekg'+h").

All patients underwent mechanical lung ventilation in
a CMV mode with the aid of a Fabius GS+ machine
equipped with an integrated Infinity M monitor (Dréager,
Germany).

All patients were on-line monitored for the following
parameters: ECG heart rate by counting; non-invasive
blood pressure; SpO, with pulse oxymeter curve; inspira-
tory/expiratory volume; FiO,; EtCO,; respiratory rate;
tightness of the breathing circuit; sevoflurane content in
fresh gas-drug mixture and at the end of expiration.

Device Sonos Agilent 5500 and a multi-sensor Omni-
2 (Philips) were used for transesophageal echocardiogra-
phy. The 4-chamber projection <«method drives»
(Simpson) determined LV EFS, LV end-diastolic volume
and LV end-systolic volume. To determine the Transgastral
(TG) LVEEF cross-section of the LV at the level of papillary
muscles during transgastral position sensor was visualized.
The Transgastral LV EF calculated by the formula:

LV EFTG = 100%*(EDLVATG — ESLVATG) / EDL-
VATG, where EDLVA was the end-diastolic left ventricular
area and ESLVA was end-systolic left ventricular area. The
minute volume of blood circulation was determined by the
standard method.

The control algorithm of the depth of anesthesia and
hemodynamics.

Targets were chosen as follows:

1. BIS — 40—60 units. Adjusted boluses propofol
(20 mg, exceeding the threshold of 60 units) and increas-
ing or decreasing ETanesth.

2. HR — 50—90 beats/min. If these values were
exceeded and infusion therapy was inefficient, the infusion
of esmolol dosage was initiated. If the heart rate decreased
to 50 beats/min or less, the repetitive use of atropine
boluses, and (or) a temporary transesophageal pacing were
performed.

3. Mean arterial pressure (MAP): 65—90 mm Hg.
When exceeding these values, the attention was drew to
BIS (see item 1), and boluses of fentanyl were employed
(50 — 100 mcg). If MAP decreased to less than 65 mm Hg,
the infusion test was performed t with a load (stero-
fundin bolus of 4 ml/kg); if there was no effect, the
infusion of dobutamine was initiated at an initial rate of
5 meg/kgemin.

4. With the development of persistent hypoten-
sion when injecting (at a hypotension with MAP value
<60 mmHg over 15 min at a dose of levosimendan less
than 0.05 ug/ kgemin that required infusion of dobuta-
mine at a rate of over 7 pug/kgemin or norepinephrine
>0.2 pg/kgemin), infusion of the drug was stopped.
Patients, however, were tested within the studied group.

After surgery all patients were transferred to the ICU.
We used identical tactics of infusion therapy in both
groups: Sterofundin an initial rate of 2—5 ml/kgeh.

Analgesia in the postoperative (p/o) period was per-
formed with lornoxicam (Xefocam, Nycomed,Austria),
which was administered intramuscularly (i/m)»on
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Onenka roroBHOCTH nanuenTa /st nepeoa us IIAT
B HaJiaTy OGIEXHPYPrHYeCcKoro oraenenust. /st onpese-
JIEHUsI BpEMEHU TOTOBHOCTH TIalleHTa K iepesojy u3 [TUT
B majgary OOLIEeXUuPYPrudeckoro OT/AeJEeHUsT UCII0JIb30Ba-
Jack MomuurmpoBantas mkana Aldrete J.A. (1970) [27],
OCHOBHbBIE TIPUHITUITBI KOTOPOI U3JI0JKEHBI HUKE:

1. 6OJBHOIT MOJIHOCTHIO OPUEHTUPOBAH, TPABUILHO
HazpiBaeT (haMUJIHIIO, a[pec, HOMep OMAIIHero TesedoHa;

2. OOJIbHOII MOAHMMAET TOJIOBY, PYKH, CaAMOCTOSI-
TEJIBHO TIOBOPAYMBACTCS B TIOCTEH (MOXKET CAMOCTOSI T b-
HO TIEPENTH € KPOBATH HA KATAJKY);

3. orcyrcrByeT 60seBoOi cuHApoM (MeHee 3-X Gai-
JIOB TIO BU3YaJIbHO — aHAJIOTOBOIA IITKaIe);

4. HeT HapyIIEHWIT IbIXaHUs1, KPOBOOOPAIIIEHUS;

5.  OTCYTCTBYIOT TIPU3HAKH TTOCIEOMEPATTHOHHOTO
JeJIUPUS ¥ aKUTAIUH.

Kpurepuu BpINCKY U3 cTalMOHapa. Perrenie o BO3-
MOJKHOCTH BBIIUCKU U3 CTAIMOHAPA TPUHIUMATIOCH XUPYP-
ramu 6e3 yuacTusi Bpaueil — aHecTe3n0I0r0B-peaHMaTo-
JI0TOB. MUHUMaJIBHBIN CPOK HPEeOBIBAHMSI B CTAIHOHAPE
COOTBETCTBOBAJI BHYTPEHHUM HOPMATHBAM TOCITUTAJIS;
MIPEBBIIIEHUE ATOTO CPOKA CBUETEIBCTBOBAJIO O BO3HUK-
HoBeHNN OCJHOKHEHUN, OCHOBHBIMU KPUTEPUSIMH CUUTA-
JI: CTaOUIIbHOCTh TEMOJIMHAMUKU U CEPIAEYHOTO PUTMA,
OTCYTCTBHE PaHeBON WH(MEKINH, OBBIIIEHI TEMIIEPATY-
PbI, HOPMATU3AIHSI IEPUCTAIBTUKI KUIIEYHUKA, CIOCO0-
HOCTb K CaMOOOC/IyKUBAHUIO,

HccaenoBanue. oy BblieseHbl 3 aTamna nccae0Ba-
HUST:

1. Wcxom: 3a 24 vaca 10 Havasia ornepamuu repen
undy3uei JeBocuMeHIaHa uiu mianeto;

2. Vugyxius: mocse NHAYKIMY aHECTe3WN 10 Hava-
Jia oriepaiuu;

3. 24 ugaca 1/o: dyepe3 24 yaca 1OcCjie OKOHYAHUS
oriepanuu;

Ha KoTopbix (hukcuposasnn snavenus CU, ®Uik. Ha
Tex ke aranax 6pajn mpody KPOBU st ONPEIENICHUsI CO-
nepokanns NT -proBNP.

@ukcupoBai HeOOXOAUMOE BpeMsi TpeObIBaHUS B
I[TUT u cranmonape, 4acToTy pa3BUTHA MH(MAPKTOB M MH-
cysibToB B pannue (710 30 cyTOK) CpOKHU TOCJI€e TepeHeceH-
HOI ortepari, 30-TH THEBHYIO U TOIOBYIO JIETAIBHOCTb.

Inotropes score onpeessyin Kak MaKCUMaJIbHOE 3HA-
yeHue CKopocTH nHQysuu 100yTaMuHa B TeueHre aHecTe-
3UU U NEPBIX 24 YaCOB TOCJIEONEPAIMOHHOTO TTEPHO/IA.

CrarucTuueckuil aHaIN3.

KousiuecTBetbie TapaMeTpbl IPeIBAPUTETLHO AaHAIN-
3MPOBAJIN HA HOPMAJIBHOCTD pacipe/iesienus tectamu JIn-
smuecdopca u [lanmupo-Yunka. [l cpaBHeHnss HOpMaIbHO
pacIpeie/IeHHbIX KOJTMYECTBEHHBIX BEJUUUH MCIIOJIH30Ba-
s t-xputepuit Ctbiofenta. /151 cpaBHeHUs] KOJTMYECTBEH-
HBIX BEJIMYNH C HCHOPMAJIbHBIM pacIpe/ieJICHUeM MprMe-
usn U-kpurepuit Yuruu—Manna.

[T cpaBHEHUST KaUeCTBEHHBIX [TPU3HAKOB UCITOJIb30-
BaJI KpUTEpUii y* (XM-KBapatT) U TOUHbIH Kputepuii Du-
nrepa.

[l aHaM3a MHAMMKY TOKa3aTesieil ¢ HEHOPMaJib-
HBIM paclipe/ieJIeHueM PUMEHSJIN PaHTOBbII JHCIIePCH-
onubIit ananmu3 o OpuaMeHy ¢ aoCTePUOPHBIM AHATUZOM
C MCITOJIb30BAHMEM TAPHOTO TecTa Buikokcona u mnompas-
ku Bondepponn.

Cpeznnne 3HaueHNST HOPMAJIBHO PACTIpe/e/IeHHBIX KO-
JINYECTBEHHBIX T1aPAMETPOB TPEACTABICHBI CPEIHUM
apuMETUYECKIM CO CTAHIAPTHBIM OTKJIOHCHHUEM, a He-

demand» at a dose of 0.1 mg/kg. Assessment according to
visual analog scale during the stay in the ICU should not
exceed 3 points.

The assessment of readiness of the patient for trans-
ferring from ICU to the general surgery department
ward. To determine the readiness of the patient to transfer
from ICU to the ward of general surgical department, a
modified scale Aldrete J. A. (1970) [27] was employed;, the
basic principles of the scale are shown below:

1. The patient is fully oriented, correctly calls the
name, address, home phone number;

2. The patient raises his head, hands, independently
rotates himself in the bed (can move from the bed to
a wheelchair);

3. There is no pain (less than 3 points on visual —
analogue scale);

4.  Nor respiratory disorders, nor alterations of
blood circulation are evident;

5.  There are no signs of postoperative delirium
and/or agitation.

Criteria for discharge from the hospital. The deci-
sion on the discharge from hospital was taken by surgeons
without the involvement of anesthesiologists-reanimatolo-
gists. The minimum stay in the hospital met internal regu-
lations of the hospital; exceeding of this term indicated the
occurrence of complications. The main criteria are: stabili-
ty of hemodynamics and cardiac rhythm, no wound infec-
tion, no fever, normalization of intestinal motility, the abil-
ity to self-service.

Study. There were three stages of the study:

1. Initiation: 24 hours before the operation prior to
the infusion of levosimendan or placebo;

2. Induction: after induction of anesthesia before
the surgery;

3. 24 hour p/o: 24 hours after the operation;

At each stage the values of CI and LVEF were evalu-
ated, and a blood sample was harvested to determine the
NT-proBNP.

The required time of staying at ICU and ward, fre-
quencies of myocard infarction and insults in early (up to
30 days) period after the surgery, and 30-day and 1 year
lethality were registered.

Inotropes score was defined as the maximum rate of
infusion of dobutamine during anesthesia and the first 24
hours post-surgery.

Statistical analysis. Quantitative parameters were
analyzed for normal distribution by Lilliefors and
Shapiro-Wilk tests. For comparison of normally distrib-
uted quantitative variables t- Student test was used.
When the distribution of quantitative differed from nor-
mal one, Mann-Whitney criterion was used.

To compare qualitative attributes criterion y* (chi-
square) and Fisher's exact test were employed.

To analyse the dynamics of parameters that did not
follow the normal distribution, rank analysis of variance
according to Friedman with a posterior analysis using the
paired Wilcoxon test and the Bonferroni correction were
employed.

Mean values of normally distributed quantitative
parameters were presented by arithmetic means and stan-
dard deviation; for variables the distribution of which was
differed from the normal one, the median and interquartile
range were calculated.Differences were accepted as statis-
tically significant at the level of P<0.05.
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TaGauna 3. IlokasaTenau NocaeoNePANOHHOI JI€TATLHOCTH U YACTOTHI PA3BUTUS OCIOKHEHHUIT (MHpapKT MHOKapIa U

HHCYJBT) B CPAaBHHBAaEeMBbIX IPyNIax.

Table 3. Postoperative mortality and the incidence of complications (myocardial infarction and stroke) in compared

groups.

Indicators Values of indicators in patients groups P
Control Levosimendan

30-day mortality 2/40 (5%) 1/41 (2.4%) 1.0

Annual mortality 4/40 (10%) 2/41 (4.9%) 0.36

Myocardial infarction within 30 days p/o 4/40 (10%) 1/41 (2.4%) 0.36

Stroke within 30 days p/o 2/40 (5%) 1/41 (2.4%) 1.0

IIpumevanue. 30-day mortality — 30-aHeBHas neranbrocTs; Annual mortality — rogosas setanbHocTb; Myocardial infarction within 30
days p/o — ungapkr muokap/a B tedenne 30 aueii mocse oneparn; Stroke within 30 days p/o — uncyssr B redenue 30-Tu gHel moce

orepariu.

Ta6imua 4. HekoTopble NoKa3aTeau Te4eHHs IIePHONePAIMOHHOTO IEPUO/IA B CPABHUBAEMbIX IPYNIaX.
Table 4. Some indicators of current perioperative period in compared groups.

Indicators Values of indicators in patients groups P Method of statistical analysis
Control Levosimendan

Inotropes 33/40 (82,5%) 18/41 (43,9%) 0,001 «* (chi-square)

Inotropes score 7(5;8) 0 (0;5) 0,00001 Mann-Whitney U-Test

ICU, days 3(2;4) 1(1;2) 0,00001 Mann-Whitney U-Test

Days inpatient 10 (9; 11) 7(7;8) 0,00000 Mann-Whitney U-Test

IIpumeuanue. Inotropes — unorpornsl. 3xech u B Tabi. 5: [notropes score — 103a 1o6yTamuna, HeoOXoaUMas st nojepxanus sddek-
TuBHOro KpoBoobGpaienus; ICU, days — cpesnee Bpems nipeObiBaius B iajiaTe MHTEHCHBHON Tepaniuy; Days inpatient — cpeiee Bpemst
npebGbiBanus B craimonape. Method of statistical analysis — Metox cratncTuyeckoro ananusa.

Note. Here and in Table. 5: Inotropes score — dobutamine dose required to maintain effective blood circulation; ICU, days — average

stay in intensive care unit.

HOPMAJIBHO PACIIPE/IeIEHHBIX — MEANAHOM € MEXKKBap-
TUJTBHBIM UHTEPBAJIOM.

Paznuuust TMPUHUMAIN CTATUCTHYECKW 3HAYUMBIMU
pu yposte p<0,05.

[l pacueToB mMcnosb30BaIH MporpaMMer Statistica 8.0
(StatSoft, Inc.) u MedCalc 12.5.0.0 (MedCalc Software
bvba).

PesyabraThl 1 00CyK/IEHHE

Bimaunue ungysun JeBocuMeHIaHa Ha MOKa-
3aTeJy JIeTAIbHOCTH U BpeMsI TOCIHTAIU3alUH.

CraTucTuiecky 3HAYUMbIX MEKTPYITIOBBIX OT-
JU4unil B nokasaressax 30-Tu JHEBHOU U T'O0BOI Jie-
TAJILHOCTH OOHAPY:KeHO He ObLo (Tadu. 3).

Yucio 60JbHBIX, HYKIABITIXCSI B HHOTPOITHOM
HOJJIEPKKE B UHTPA- U OJIMZKAMIIIEM TTOCIE0TIEpaTy-
OHHOM TIEPUO/IE, OBLIO 3AMETHO HUKE B UCCIIENYEMOI
rpyrire (tabJr. 4).

Jlosa nobyramuna, HeoOXoauMast I IIO/Iep-
sKaHust 3GhOEKTUBHOTO KPOBOOOPAIIEHUS, OTJIYa-
JIACh CYIIECTBEHHO: B KOHTPOJBHON TPYIINIEe OHA CO-
crasiisiia 7 (5; 8) MKr/Kr e MuH, a B uccJenyemoin — ()
(0; 5) mxr/xremun (p<0,001). 1o BaskHOE 06CTOS-
TEJILCTBO: IJist 0OECIIEYEHNUST aJIeKBATHOTO CEPIETHO-
ro BbIOpOCca W TKaHeBOW mepdysur B KOHTPOJbHON
rpyrtie 33 60sbHbIM U3 40 OTpeboBaNACh HHGDY3HS
no0yTaMuHa CO CPeIHEN CKOPOCThIO 7 MKT/KI*MUH.
B rpynne ¢ mpeaBaputenbHON MHGY3UEH JeBOCH-
MEH/IaHA U KOJIMYECTBO TAKUX MAIUEHTOB OBLIO MOY-
THU B /IBa pa3a MEHbIIe, 1 IS 3HAUNTEIbHO HITKE.

The calculations were performed with the aid of the
program Statistica 8.0 (StatSoft, Inc.) and MedCalc
12.5.0.0 (MedCalc Software bvba, Ostend, Belgium).

Results and Discussion

Effect of levosimendan infusion on mortality
rates and hospitalization time. Analysis showed no
statistically significant intergroup differences in 30-
day and annual mortality (Table 3).

Table 4 demonstrates that the number of
patients required an inotropic support during the
intra- and immediate postoperative period was sig-
nificantly lower in the study group compared to the
control group.

It was shown that the dobutamine dose
required to maintain an effective blood circulation
differed significantly: in the control group it was 7
(5; 8) pg/kgemin, whereas in the study group no
dobutamin required, 0 (0; 5) pg/kgemin (P<0.001).
Importantly, to ensure adequate cardiac output and
tissue perfusion in the control group, 33 of 40
patients required infusion of dobutamine at an aver-
age rate of 7 ug/kgemin. In the group with pre-infu-
sion of levosimendan the number of such patients
was almost twice smaller and IS values were signifi-
cantly lower.

Development or decompensation of a heart fail-
ure (according to previous study on the dynamics of
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TaGauna 5. IIpeMKTOPbI YIMHEHUS CPOKOB FOCIHUTAIU3AIMA B KOHTPOJIBbHOH rpynme (K03} GuIenTs! Koppesiuy ¢

p<0,05).

Table 5. Predictors of prolongation of hospitalization in the control group (correlation coefficients with P<0.05).
EF EF EF24 BNP BNP BNP CI CI CI Inotropes ICU Days

induc induc 24 source induc 24 score days inpatient

EFori 1.00 082 0.69 -0.55 -040 -042 083 078 072 -0.49

EF induct 082 1.00 074 -0.59 -042 -044 077 073 0.69 -0.41 -0.37  -0.35

EF 24 0.69 0.71 1.00 -0.58 -0.46 -048 0.67 0.65 0.62 -0.45

BNPori -0.55 -0.59 -0.58 1.00 073 081 -041 -046 -0.54 0.54

BNP induct -0.40 -042 -046 0.73 1.00  0.90 -0.46 0.41

BNP 24 -0.42  -0.44 -048 081 090 1.00 -0.50 0.46

Cl ori 083 077 0.67 -0.41 1.00 087 0.72 -0.48 -0.37  -0.48

CI induct 0.78 073 0.65 -0.46 087 1.00 0.70 -0.39 -0.34

CI 24 072 0.69 0.62 -0.54 -046 -0.50 0.72 0.70 1.00 -0.65 -0.46  -0.50

Inotropes score -0.49 -041 -045 0.54 041 046 -048 -0.39 -0.65 1.00 0.59 080

ICU days -0.37 -0.37 -0.46 0.59 1.00  0.89

Days inpatient -0.35 -048 -0.34  -0.50 0.80 089  1.00

IIpumeyanue. JTanbl: OTi — <UCXOAHO»; induct — «uHAYKIUA»; 24 — «24 waca nocse onepain»; EF — dpakius usrnanus Ha Bbilie-
ykazannbix atamnax; BNP — conepsxanne NT-proBNP na Borneykasannbix atanax; CI — cepieunpiii MH/IEKC HA BBIIEYKA3aHHBIX HTAIaX.
Ipudt: Cpenuss ymepennas koppessius; CpenHss 3aMmeTHast Koppesiust; CUabHas KOPPETIAINL.

Note: Stages: ori — originally; induct — «Induction»; 24 — «24 hours after surgery»; EF — ejection fraction on the above stages; BNP —
NT-proBNP level in the above-mentioned stages; CI — cardiac index in the above-mentioned stages. Type style: Average moderate cor-

relation; Noticeable average correlation; The strong correlation.

PaszBuTne nin mekoMIeHcanus cepacuHon He-
noctatoarocTH (1o gauubiM auHamMukn DUk, CU
u cozpepxkanusi NT-proBNP [em. ¢. 54]) nocaysxumiu
OCHOBHOI TIPUUYUHOI MPOJIEHHOTO MPeObIBaHUS B
[TUT u cranmonape 1maiueHToB KOHTPOJbLHON IpyII-
nbl. Tak Bpemst npeGoiBanust B [INT cocraBmio B
KOHTPOJIbHOM Tpytiiie 3 (2; 4) cyTOK, a B OCHOBHOII 1
(1; 2) cytku; B cranimonape — 10 (9; 11) cyroxk, mpo-
tuB 7 (7; 8) CyTOK, COOTBETCTBEHHO.

BrisiBiieHNe PEUKTOPOB YAJIMHEHUS CPOKOB
rocnuraau3anuu. B KOHTPOJIbHOU TpyIiie cpeHsis
(3ameTHas1) KOppessiiMOHHAs CBSI3b BpeMEHHU Iipe-
6oiBanust B ITUT ycranoBiieHa ¢ 1030# HHOTPOITHBIX
[pernapaToB, MCIOJIb3yEMbIX B IIEPUONIEPAITMOHHOM
nepuoze (IS) (=0,59; p<0,05); cpenusiss (ymepeH-
Has) oTpUllaTesJbHas — C:

s O, (=-0,37; p<0,05);

o CU, 00 (r=-0,37; p<0,05) n

o Cly acanso (r=-0,46; p<0,05).

ITU Ke TIOKA3aTEeNN CIYKUJIN MPEIUKTOPAMU
MPOJVIEHHOW TOCITUTAIM3AINN [AIIUEHTOB 00CYK/Ia-
emoii Tpytis (Tabu. 5).

3aciykKuBaeT BHUMAHUS CPEAHSAS OTPUIA-
TesbHas KoppeJsnuoHHast cBsisb NT-proBNP n
DUk (taba. 5), 4TO MOATBEPKIAET U3BECTHOE
MHEHUE O B3aHMO3aMEHSIEMOCTH O00CYIKIAEeMbIX
nokasartesieil mpu BbIPaOOTKe CYXKAEHUN O HaJIu-
YU U CTENEHW BBIPAKEHHOCTH CEPACYHON HEJ0-
CTATOYHOCTH.

B ocHOBHOIT rpyiiiie Oblia OGHAPYKEHA OYEHD
CHJIbHAsT KOPPEJISIIIMOHHAS CBSI3b BPEMEHU 1peObIBa-
Huss B IIMT ¢ mnokasarenem <«inotropes score»
(r=0,97; p<0,05).

CuibHag KOPPEJISAIMOHHAS CBA3b BPEMEHU TOC-
nutasmsannn B [T ormeuena ¢ ypoBHem NT-
proBNP wna srtane unpykiuuu anecresun (r=0,73;

LVEF, CI and content of NT-proBNP) were the main
reasons for a prolonged stay in ICU and hospital for
patients from the control group (Table 4). Threfore,
patients staying in ICU was 3 (2; 4) days for the con-
trol group, and 1 (1; 2) day for the study group, where-
as the hospital staying was10 (9; 11) days (for control
group) and 7 (7; 8) days (study group).

Identifying predictors of prolongation of hos-
pitalization. In control group, a moderate positive
correlation between the length of stay in the ICU
and a dose of inotropic drugs used in the periopera-
tive period (IS) was established: r=0,59; P<0.05).
Moderate negative correlation coefficients were
determined for length of ICU stay and following
parameters:

*  EF, quction (=-0.37; P<0.05);

o Clyyee (r=-0.37; P<0.05);

¢ Clyshours po (1=-0.46; P<0.05).

These parameters might serve as predictors of
prolonged hospitalization of patients from the con-
trol group (Table 5).

Moderate negative correlation between NT-
proBNP and IVEF (Table 5) deserves attention since
it confirms the well-known opinion on the inter-
changeability of parameters when making judgments
about the presence and severity of heart failure.

In the study group a very strong correlation
between the duration of staying in the ICU and the
index «inotropes score» was revealed: r=0.97; P<0.05.

A strong correlation coefficient between the
longevity of hospitalization at the ICU and NT-
proBNP level at the stage of induction of anesthesia
(r=0.73; P<0.05), whereas the correlation coeffi-
cients of longevity of ICU stay and LVEF during the
«induction» or «24 hours p/o» and Cly, ,,, were of
moderate values.
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Puc. 3. ROC — xpussie s 30-1HeBHOI IeTaTbHOCTH B KyMYJIsI-
THBHOI1 rpynme (n=81).

Fig. 3. ROC curves of 30-day mortality in the cumulative group
(n=81).

Ilpumeuanue: 3xech n st puc. 4: Sensitivity — 4yBCTBUTENb-
HocTh; Specificity — creruduuIHOCTD; DTAIbL: Ori — <UCXOLHOY;
24 — «24 yaca nocie onepaiuuy; induct — <«uHayKiws»; NT-
proBNP — conepskanie Ha BoieykazaHHbix aranax; EF — ¢dpak-
1151 M3THAHUSI HA BBIIIEYKA3aHHbIX 9Tallax.

Note: For Fig 3. 4: Stages: ori — originally; induct — «Induction»;
24 — «24 hours after surgery»; NT-proBNP level in the above-
mentioned stages; EF — ejection fraction on the above stages.

p<0,05); cpenneii crenenn ¢ Uk Ha 9Tamax «uH-
aykuusa» n «24 gaca 11/0» 1 Clyy ey v /0-

Te ke TPEAMKTOPDI OTIPEAETSIN U TIPOIOJIKU-
TEJIBHOCTH TOCTTUTAIU3AIIH.

IIpenuxtopsr 30-TH AHEBHOIT U rOA0BOII Je-
taabHOCTH. OJHWM U3 JYYIIUX COOTHOIIECHUI
YyBCTBUTEJIBHOCTb/CcIeIU(UIHOCTD B IJIaHE
nporuosupoBanusd 30-Tu THEBHON JIETATbHOCTH B
KYMYJSITUBHOI rpyime o06Jagal MOKa3aTelb
«NT-proBNP» na arane «ucxon» — AUC=0,86
[0,77 to 0,93] p<0,0001 (puc. 3).

Hecxkombko MeHbIIel TPOrHOCTUYECKON 3HAYH-
MOCTBIO ObJlaziany Takue nokasareau, Kak NT-
proBNP,,... (AUC=0,82 [0,71; 0,89]; p=0,0004) u
NT-proBNP,,,. s (AUC=0,77[0,67; 0,86]; p=0,02).

Opnaxo HambOJIbIIEH IIPOrHOCTUYECKON IeH-
HOCTBIO O0Jiazias Tokazatesnb <«Inotropes Scores
(AUC=0,89 0,80; 0,95]; p<0,0001).

Te »xe moKa3aTe M COXPAHAIN CBOE 3HAUECHUE 1
IIPY aHAJIN3€E TOMOBOM JIeTAILHOCTHU (pHC. 4).

OpHako B JIAHHOM cJiydae HauOOJIbIIed Tpo-
THOCTUYECKON MEHHOCTHIO 00Jtazas kpurepuii «NT-
proBNP ucxony»: AUC=0,88 [0,79; 0,94]; p<<0,0001.

Paspiesierine GOJBHBIX HA TPYIIIBI <JIEBOCUMEH-
JIaH» W «KOHTPOJIb» OCTABJIAJIO B CHJIE TIPOTHOCTHYE-
CKOe 3HAYCHME OMUCAHHBIX TApaMeTPOB IS KyMy-
JISTUBHOMN TPYIIIIBL.

Puc. 4. ROC — kpuBbIe ro/10BOii JIeTAIbHOCTH B KYMYJISITHBHOM
rpynmne (n=81).

Fig. 4. ROC curves of annual mortality in the cumulative group
(n=81).

ITpumeuanue: Intropes score — 103a g00yTaMumHa, HEOOXOANMAs
ISt OTepKanist 9 HEKTNBHOTO KPOBOOOPATIEHNST.

The same predictors determined the duration
of hospitalization.

Predictors of 30-day and annual mortality.
The best sensitivity/specificity ratio in predicting
30-day mortality in the cumulative group had an
indicator of «NT-proBNP» at an «initial stage»:
AUC=0.86 (range 0.77—0.93, P<0.0001.

Alesser prognostic value had such indicators as
NT-proBNP,, s (AUC=0.82 [0.71; 0.89];
P=0.0004) and NT-proBNP,, juciion (AUC=0.77 [0.67;
0.86]; P=0.02).

The most predictive value, however, had the
indicator <«Inotropes Score» (AUC=0.89 [0.80;
0.95]; P<0.0001).

The same indicators retained their values when
the annual mortality was analyzed.

However, in this case the highest predictive
value had the criterion «NT-proBNP at initial»:
AUC=0,88 [0,79; 0,94]; P<0,0001.

Dividing the patients into groups «levosimen-
dan» and «control> upholds the prognostic signifi-
cance of the described parameters for the cumulative
group.

Further analysis in <«levosimendan» group
identified two subgroups:

(a) with a reduced left ventricular ejection frac-
tion (0.3 <LVEF<0.5), 28 patients;

(b) with a low left ventricular ejection fraction
(LVEF<0.3), 13 patients.

Post-hoc analysis showed that the levosimen-
dan infusion in patients with EF<30% reduced NT-
proBNP by 76.9% (10/13), whereas the same proce-

OBIUAA PEAHMMATOAOTI WS, 2016, 12;

www.reanimatology.com

57



58

Problems of Anesthesiology

DOI:10.15360,/1813-9779-2016-3-48-61

IIpu panbHeiiem aHannse B TpyIiie «JeBOCHU-
MeH/IaH» OBLIN BBIJIEJIEHBI [[BE TIO/TPYIIIIbL:

* CO CHW)KEHHOU (hpakiineil M3rHAHWS JIEBOTO
sxenynouka (0,3<DU ,<0,5) — 28 nmanueHToB u

* ¢ HU3KOU (hpaximeil U3THAHUSA JIEBOTO JKe-
aynouxa (OU,,<0,3) — 13 naruenTos.

Post-hoc ananus mokasaj, 4to BBejleHNE JIEBO-
cumenzana npu OUL30 cumxano NT-proBNP ma
76,9% (10/13), a mpu DOU>30 Tosbko Ha 53,6%
(15/28). Pazuuia neznaunma (p=0,29). Xors ten-
JICHIIMST TIPOCJIEKUBAECTCS: JIEBOCUMEHIAH TeM (-
(bexTuBHEE, YeM HUKe MCXOAHAs (paKIUs JIeBOTO
JKEJTYI0UKA.

U elite 0IHO MHTEPECHOE HAOIIOIEHIE:

* ecau JieBocuMeH IaH ObL1 a((heKTUBEH, T.€.
npu cHukennu NT-proBNP, rogosasi cmepTHOCTD
cocrasusia 0% (0/23), Torga xak B moArpyiie 6e3
cumxennss NT-proBNP rogosass cmeptHOCT —
11,7% (2/17) (p=0.06). OnsTh TeHAEHIINS, He TOI-
TBEP)KIICHHAS CTATUCTUYECKU, CKOPee BCEro, M3-3a
HEJ0CTaTOYHON BBIOOPKH.

WTax, B IaHHOM HCCIEIOBAHUM 1TOKA3aHO, YTO
Ipe/IoNepaioOHHas MOTOTOBKA C MCIIOJIb30BAHUEM
JIEBOCUMEHJIAHA Y TIOKUJIBIX TTAITMEHTOB CO CHUIKEH-
HOIT (ppakImeil M3rHaHuS JIEBOTO JKETy0UKa YMEHb-
aeT HeoOXOAUMbIE CPOKU IIpeObIBaHMs MAIIEHTOB
B IINT u ykopaunBaeT CpPOKU TOCITUTATIU3AIIIH.

Ham He ymanoch mokasaThb CHUKEHHME TOCITH-
TAJbHOU U TOJI0BOU JIETAJIBHOCTH B TPYIITIE OOJBHBIX
C TIPEZIONEPAIMOHHBIM BBEJICHUEM JIEBOCUMEH/IAHA.
OpHako, ckopee BCETO, 3TO JIOKHOOTPUIIATEIbHBII
Pe3yJIBTaT, MOCKOJbKY MPOCTEKUBACTCS IBHAS TEH-
JIEHIMsI, YKa3bIBAOIIAsT HA BO3MOKHOCTD MO0OHOTO
ciieHapus. BeposiTHO, maabHeUe nccjae/J0BaHus 1
paciupenre BoIGOPKHU TTO3BOJIST MTOJIOKUTETHHO OT-
BETUTD HA ATOT BOIIPOC.

Hawm takke He yJanoch I0Ka3aThb yBeJUYCHUE
adekTUBHOCTH JIeBOCUMEH/IaHA TI0 Mepe YMeHbIIIe-
uust ucxomauoit MU, 4To, OIHAKO, CKOPEE SIBIISIETCS
Pe3yJIbTaTOM Majioil BBIOOPKM, YeM HCTHHHBIM OT-
CYTCTBHEM OKHIaeMOro coObITHsL. TaK UTO pe3yJibra-
TBI HAIIETO MCCICIOBAHMS XOTS M HE TIO/ITBEPIKIAIOT,
HO U He OIPOBEPraioT BhickazanHoe |14, 15] muenue
o0 6osbIreil ah(HEKTUBHOCTH TECTHPYEMOTO IIPerapa-
Ta B IPyIax ¢ nporpeccuBro yoniBatotieir MU, B
nucxoje.

Orpanuyenus. ViccienoBanue IpoBeieHO B He-
GOJIBIION BBIGOPKE, YTO OOYCIOBIEHO PSIOM IPHU-
YUH, CPelld KOTOPBIX OTPAHUYEHHOE KOJUYCCTBO
GOJILHBIX CO CHUKEHHOM (hpakiineil U3THAHS JIEBO-
TO JKeJIyIouKa B TOCIUTANE U Y9aCcTHE B TIPOBOJIUMOM
MCCJIEZIOBAHUU BCETO JIBYX TIEHTPOB.

JlatHbIe 0OCTOSITEHCTBA HAKJIA[BIBAIOT PSIJL OT-
PaHWYEHUI: pe3yJbraTaM, UMEIOIUM CTaTUCTHYEeC-
KyI0 3HAYUMOCTD, TO-BUAMMOMY, CTOUT JIOBEPSTH,
TOT/Ia KaK, BUUMAs «Ha TJia3» TCHICHIUS, HE TO/I-
TBEpK/EHHAS CTATUCTUYECKUM aHAJIU30M, CKOpee
BCETO, HE TOBOPUT 00 OTCYTCTBUU 3aKOHOMEPHOCTH.

dure performed in patients with EF>30 resulted in
decrease of values only by 53.6% (15/28). The differ-
ence was not significant (P=0.29). Therefore, levosi-
mendan has a trend to be more effective when the
initial fraction of the left ventricle is lower.

Another interesting observation was revealed
by the study:

* if levosimendan was effective (at lowered
NT-proBNP levels), the annual mortality was 0%
(0/23), whereas in the subgroup without decrease of
NT-proBNP the annual mortality was 11,7% (2/17)
(P=0.06). Again, the data revealed a trend, although
not statistically confirmed that most likely stem
from an insufficient sampling.

Therefore, this study shows that preoperative
preparation using levosimendan in elderly patients
with reduced left ventricular ejection fraction
decreases the required length of stay of patients in
the ICU, and shortens the period of hospitalization.

We failed to show a reduction in in-hospital and
annual mortality in patients with preoperative injec-
tion of levosimendan. However, it is most likely false
negative, since there is a clear tendency indicating
the possibility of such a scenario. Probably, further
studies and expansion of number of patients will
allow to answer positively to this question.

We also failed to show an increase in the effi-
ciency of levosimendan with decreasing the initial
LVEF, which, however, was rather a result of insuffi-
cient number of patients than a true lack of an
expected event. Therefore, the results of our study,
although not confirm but also not deny, the
expressed views [ 14, 15] that the drug is more effec-
tive in those patients that possess progressively
decreasing initial IVEF values.

Limitations. The study was performed with a
relatively small sample, which is due to several rea-
sons including the limited number of patients with
reduced left ventricular ejection fraction in the hos-
pital and participation in the ongoing study of only
two centers.

These circumstances impose a number of limi-
tations: the statistically significant results, apparent-
ly, worth bof a trust, whereas visible «by eye» trend,
which has not been confirmed by statistics, most
likely, does not provide evidence for the absence of
regularity. Further research is needed, perhaps, in a
much expanded format to confirm the clinical signif-
icance of detected trends.

Conclusion

The results suggest:

1. Levosimendan infusion at a rate of 0,05 mcg/
kg/min — 0,1 mcg/kg/min to patients with low left
ventricular ejection fraction immediately prior to
surgery reduces the length of stay in the ICU for 2 days
and the required staying at the hospital for 3 days.
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BOHPOCI)I AHECTEC3MOAOTUN

Tpebyiorcst pajbHelIINe UCCae0BaHNsl, BO3MOKHO,
B 3HAYUTEJIBHO PACIIMPEHHOM COCTaBe [JIs TIOJ-
TBEPKIECHNS KINHITIECKON 3HAUNMOCTU O0HAPY/KEH-
HBIX TEHICHI[NH.

3akiaoueHue

Takum 00pa3oM, MOJTyUeHHBIE PE3YJIBTAThI 03~
BOJISAIOT C/IEJIATD CJEAYIONINE BBIBOIBI:

1. Nudysus jieBocuMeH/IaHa CO CKOPOCTHIO
0,05—0,1 MKr/Kr/MuH maryeHTaM ¢ HU3KOU (pak-
el M3THAHUS JIEBOTO KEJTy/I0uKa HEMOCPE/ICTBEH-
HO Tiepe]l BBITTOJTHEHUEM XUPYPrHYecKOTO BMeIa-
TeJIbCTBA CHUZKAeT cpoku 1pedbiBanus B TTUT Ha 2
CYTOK M Ha 3 CYTOK HEOOXOIMMOe BpeMsi TIpeObIBa-
HUA B CTAIlOHApE.

2. OCHOBHBIMU TPEAUKTOPAMU YIJTUHEHUSA
CPOKOB TOCITUTAIM3AIUHN Y TTAIHEHTOB 00€UX TPyIII
ABUJINCH S, OTCyTCTBME M3MEHEHWI WU CHUKCHUE
®dU,,; CU u yeennuenne yposus NT-proBNP.

3. [l CHUZKEHUS TIepuoTIepaIiioHHOM cMepT-
HOCTU B KayeCTBE TPEAONEPAMOHHON TTOATOTOBKU
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ObIMIAA PEAHUMATOJOTIUA

Hayuno-mpakrudecknii xyprai «O0mmast peaHnMaToI0THsT»,
Bxomsnuii B mepedens BAK P, npeanaznauet 1711 Bpaueil aHeCTe3N0I0TOB-PEAHNMATOJIOTOB
1 HAYYHBIX COTPY/IHUKOB.

TemaTuka JKypHaJia: ImaToretes, KIIMHNKa, InarioCTukKa, jiedeHue, HpO(bI/IJIaKTI/IKa 1 IIaTOJIOTNYECKasA aHaTO-
MUA KPUTUYECKUX, TEPMUHAJTbHBIX U TIOCTPEAHUMAITUOHHDBIX COCTOSTHUM. BOHPOCI)I OKazaHus J0TOCITUTATIbHON 110-
MO NP KPUTUYECKUX COCTOSHUAX. BOHPOCI)I 06y‘-IeHI/I$[ HaceJieHWA 1 MEAUIIMHCKOI'O IepCoHaJIa IIpueMaM OKa-

3aHUST HEOTIOKHOM TIOMOIIH TIPpU KPUTUYECCKUX COCTOAHUAX.

Aynuropus: jiedeOHble YUPEKIEHNUsT; BhICIIEe yueOHble 3aBeleHrs MeJUIUHCKOr0 NPOMUIIs; MEAUIIUHCKUE
YUpEsKIEHUS OCIeUIITIOMHOTO oOpasoBanus, DegepaibHble U PErHOHAIbHbIE OPraHbl YIIPABJIECHUS 3PABOOXPA-
HEHUEM, MEJUIIMHCKIE HAyUYHO-UCCIeJ0BATENBCKUE HHCTUTYThI; MEAUIIMHCKIE OUGIMOTEK.

MOJMUCKA

B mo6om nouToBOM OTAECJICHUHU CBA3H IO KaTaJjaory «Pocnevatn»

e unjiekc 46338 — it UHIUBU/YJIbHBIX TIO/ITUCUNKOB
e uHjieKc 46339 — i npeAnpusATHL U OpraHu3aIui
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YIIPERIAIOIIAA KOMIIVIEKCHAA TOPMOHOTEPAIINA
ITPU IMTOATOTOBRE ITOTEHIIUAJIBHbBIX TOHOPOB OPTAHOB

T. 1. Konapesa', E. E. Baiikoga', 1O. I1. MaJibiiies®

"HUNU — Kpaepas knuaundeckast 6ospauna Nel um. pod. C. B. Ouanosekoro Munsapasa KpacHogapekoro kpast,
Poccust, 350086 . KpacHopap, yi. 1 Mas, 1. 167
? Kyb6anckuii TocyrapcTBeHHbIil MEAUITMHCKUN yHIBepcuTeT Munsapasa Poccun,
Poccmst, 350063, r. Kpacuonap, yi. Cenna, 1. 4

Proactive Complex Hormone Therapy in the Clinical Guideline for the Managing
the Potential Donor Organs in Brain-Dead Donors

T. I. Konareva', E. E. Baykova', U. P. Malyshev*

'S.V. Ochapovsky Research Institute of Krasnodar Regional Hospital Ne1, Ministry of Health of Krasnodar Region,
167, 1 May Str., Krasnodar 350086, Russia
? Kuban State Medical University,
4, Sedina Str., Krasnodar 350063, Russia

HCJII) HCCJIEeIOBAHUA: YIIYIIIUTH COCTOAHNE TEeMOANHAMUKHN 1 razoobmeHa Yy HOTEHIMAJIbHBIX /IOHOPOB Opra-
HOB COYEeTaHUEM L-TI/IpOKCI/IHa n TpI/II';IOZ[TI/IpOHI/IHa, METUJIIPEAHN30JI0HA, IECMOIIpECCHHA alleTaTa 1 NHCYJINHA.

Marepuasst u Metogpt. ObciieoBanbl 98 MOTEHIIUATBHBIX IOHOPOB C MOATBEPKACHHBIM JUATHO30M «CMEPTh
Mosrax. ITocJie TsKesIoii yeperHo-Mo3roBoi TpaBMbl ObL10 43 yesioBeka (1-s rpymma), nocjie ocTporo HapyueHust
MO3IOBOr0O KpoBooOpalieHus: — 55 uyesioBek (2-s rpymnmna). MeTogoM npocToil paHaoMusanuu 1-10 u 2-10 rpyIIIibL
paszies NI Ha TOArPyY b OcHOBHBIE (7=18 u n=30, cOOTBETCTBEHHO, OAYYMBIINE L-TUPOKCUH, TPUIOATHPOHIH
U JIECMOTIPECCUH BHYTPb ), M KOHTPOJIbHBIE (1=25 1 #=25, COOTBETCTBEHHO, He TTOJIYIHBIIIe 3TU mpernapatsr). [Ipo-
BO/IHJIN: TIPSIMOE U3MepeHue CUCTOINYECKOr0, INACTOMMYECKOTO U CPEIHETO APTEPUATBLHOTO JIABIEHIIS, TIEHTPAb-
HOTO BEHO3HOTO JaBJICHNUS, YaCTOTHI CePACYHbIX COKpalenuii; onpeae/sanyu snaderus Nat u KT, pH, PaCO, u temn
MOYEOT/IEJIEHUS, COJEPIKAHIE B KPOBU CBOOOHOTO TPHHOATHPOHUHA U THPOKCHHA.

Pesyabratel. B x0j1€ HHTEHCUBHOI Tepaiiiu y JOHOPOB 00euX TPYIIT B KOHTPOJIbHBIX TIOATPYIIIAX 032 HOPa-
JIpeHAJINHA U TOTIMITHA 3HAYMMO He M3MEHUJIAch, & B OCHOBHBIX — Ha (pOHEe rOpPMOHOTEPAITY YMEHbITUIACh, YTO
3HAUMMO JIJI1 KPOBOCHAOKEHUS OPraHoB. Y IOTEHIMAIbHBIX JOHOPOB B KOHTPOJIbHBIX IIOArPYIIIAX HEe OTMEYEHO
JIOCTOBEPHBIX M3MEHEHNH apTepuabHOTO JIaBJIeHHs, YTO OKUAaeMO Ge3 KOPPEKIMHU OCHOBHOTO 0OMeHa. B ocHOB-
HBIX TTOATPYTIIaX BBIABJICHO €TO MOBBIIICHNE, HCCMOTPA Ha CHUKCHUE O3Bl Ba30IIPECCOPOB. B ocHOBHBIX noarpym-
1ax, HeCMOTPsI Ha 9K30reHHOe BBezienue, T3 ocTasicst Ha HUXKHEN TpaHuile 3HaYeHUH HOpMbI, a T4 noBbicuiicst. Ha
(ore TopMOHOTEPAIIMY YCTAHOBJIEHO YJIy4IIEHUsI FeMOANHAMUKN U Ta3000MeHa, YTO BayKHO /11 OPTAaHHOTO KPO-
BoToka. OTTOp’KeHNe TPAHCIUIAHTATOB Y PEIIUITUEHTOB U3 KOHTPOJbHBIX MO/TPYIIIT JOHOPOB 3HAYUMO Yallle, YeM OT
JIOHOPOB OCHOBHBIX MTO/ITPYTIIL.

3akmoyenue. /[03bl HOpa/IpEHAIMHA U IONMIHA Ha (hOHE TOPMOHOTEPANINN 3HAYMMO CHUKAIOTCS, TeMOIMHA-
MHKa U Ta3000M€eH yJIy4iialoTest. B MHTEHCUBHOIL IOATOTOBKE JJOHOPOB OPraHOB BO3MOKHO UCIIOJIb30BAHIE FTOPMO-
HOB IIUTOBU/IHON JKeJIe3bl ¥ rUIodn3a, Ha3HAYaeMbIX BHYTPb.

Knroueswte crosa: CMepmsv mMo3ed,; 2opmonomepanust, mpaHcnianmavuusl

Goal of study: to improve hemodynamics, respiratory exchange and metabolism of potential donor organs by
using combination of L-thyroxin, triiodothyronine, methylprednisolone, desmopressin acetate and insulin.

Material and Methods: The clinical study included 98 potential donors (PD) with confirmed diagnosis of
brain death. Brain-dead PD were divided into two groups: the 1st group included 43 PD with traumatic brain
injury; the 2nd group included 55 PD with a stroke. PD from the 1st and 20d groups were divided into two sub-
groups: main sub-group (n=18 and #=30) included those who received L-thyroxine, triiodothyronine and dessom-

Azpec 11l KOPPeCIIOH/IeHIMH: Correspondence to:
Enena BaiikoBa Mrs. Elena Baykova
E-mail: elena_baikova@mail.ru E-mail: elena_baikova@mail.ru
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pressin orally; control sub-group (#=25 and n=25) included those who did not receive these drugs.
Hemodynamics, electrolytes, biochemical parameters, respiratory exchange and free triiodothyronine and thyrox-
ine in blood were determined during the study.

Results and discussion: In the course of the intensive therapy in control subgroups of both groups of PD the
doses of noradrenalin and dopamine were not changed. However, the doses of noradrenalin and dopamine were
decreased significantly in main subgroups of both groups during the course of the hormone therapy. There were no
significant changes in hemodynamics in PD from both control subgroups, whereas in main groups hemodynamics
parameters were decreased due to hormone therapy. Significant changes of blood pressure were observed in the
main subgroups. Despite exogenous administration, in the main subgroups T3 remained at the lower limit of norm,
whereas T4 increased. Improved hemodynamics and gas exchange were revealed in PD following hormone thera-
py that was important for the blood flow in organs. Following transplantation, in recipients of organs from control
subgroup of PD the rejections of the transplants were significantly more frequent than rejections of organs from
PD which comprized the main subgroup receiving hormones.

Conclusion. Hormone administration to brain-dead PD with confirmed brain death led to significantly
reduced doses of noradrenalin and dopamine and improved hemodynamics and gas exchange parameters. Oral

administration of thyroid and hypophisis hormones to PD with confirmed brain death seems feasible.

Key words: transplantation; hormone administration; brain death
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BBenenne

B Hacrosiiee BpeMs TPAHCITTAHTAIMS OPTaHOB
NIMPOKO BHEZIPEHA B KIIMHUUECKYIO MTPAKTUKY [1]. 1O
00yCJ10B/IEHO OOJIBIION YUCAEHHOCTBIO JIIOAEH MOJIO-
JIOTO U CPETHETO BO3PACTA C TEPMUHATHHBIMY CTAIH-
MU 3200JIeBaHUI Pa3HbIX OpraHoB. [lyist obecrieyeH st
GJIATOIIPUSATHOTO UCXO/IA OTIEPAIIUY Y PEIUITHEHTA He-
06XOIMMO ONTHUMHU3UPOBATH YCJIOBUST KaueCTBEHHOM
MOJITOTOBKU TIOTEHITUATIBHBIX [IOHOPOB C IIEJIBIO CO-
XpaHeHus1 HeoOXOMMMON TIep(y3un B mepecasKiBae-
MBIX OpTraHax /10, BO BpeMs U MOCJIe TPAHCIIAHTAITUH.
Kietke Tpebyetcst cobJIrojieHre OIpe/ieJIeHHbIX YCJI0-
BUI JKUBHEAEATETBHOCTH, OCHOBHBIC M3 KOTOPBIX B
[[EJIOCTHOM OpTaHusMe O0eCIeuyMBAIOTCSI TeMOJIMHA-
MUKOW 1 MOCTOSTHCTBOM BHYTPEHHeEH cpejibl OpraHu3-
Ma. [loaTomy remommHAMUKa, KUCJIOTHO-IIEIOYHOE
COCTOSTHHE U BOJTHO-3JIEKTPOJIUTHBIN OAJIAHC SIBJISTIOT-
€Sl OCHOBHBIMM TOYKAMU TIPUJIOKEHUS WHTCHCUBHOM
Tepanyy MOTEHITUATBHBIX IOHOPOB € YCTAHOBJICHHBIM
JINarHO30M «CMEPTb MO3Tas.

OCHOBHBIMU TIPUYUHAMHU PA3BUTHUSA «CMEPTU
MO3ra» SIBJISIOTCS YepPeITHO-MO3TOBas TPaBMa, Hapylie-
HIISI MO3TOBOTO KPOBOOOPAIIIEHUSI, TIOCTTUTIOKCIIECKOE
uu rioctanokcndeckoe nospesxienre [THC. B ocnoe
Pa3BUTUSA «CMEPTU MO3Ta» JICKUT OTEK W HAPYIICHUS
niepdysun cTpyKTyp rosioBHOTO Mo3ara [2]. [loBpesxe-
HUE CTPYKTYP FOJIOBHOTO MO3Ta MOTEHITHAIbHBIX IOHO-
POB BEJIET K HAPYIIEeHUIO (DyHKITMOHUPOBAHUS TUIIOTO-
JIaMO-TUTIO(U3aPHON cUCTeMbl [3], MPU 3TOM MBI
roJry4yaeM UCTUHHBIN IEHTPAIbHbBIN TUITOTHPEOS.

TupeoniHbIE TOPMOHBI JIEHCTBYIOT ITPAKTUYECKN
Ha Bce TKaHU opraHuaMa. VIx ocHoBHBIE a(hheKThl —
HTO PETYJISIIUS SHEPTETUIECKOTO, OETKOBOTO, YTJIEBO/I-
HOTO U JKHPOBOTO 0OMEHR, TIOJIOKUTENHLHOE XPOHO- U
UHOTPOITHOE JIEHCTBUE, CTUMYJISIIUAST PE30POTUBHBIX
HPOIECCOB B KOCTSIX, aKTUBAIUS KaTabOJM3Ma MHCY-
JIMHA, TPUBO/IAIIAS K PA3BUTUIO TUIIEPIJIMKEMUH, YCHU-

Introduction

Currently, organ transplantation is widely
employed in clinical practice [1]. This is due to a
large number of young and middle-aged people with
end-stage diseases of various organs. To ensure a
favorable result of the operation of the recipient
three is a need in optimizing the qualitative prepara-
tion conditions of of potential donors (PD) in order
to maintain the necessary perfusion of transplanted
organs before and after transplantation. Cells are
required to comply with certain conditions of life,
the main of which are provided in the whole body by
hemodynamics and constant internal environment of
the body. Therefore, hemodynamics, acid-base bal-
ance, fluid balance and electrolyte balance represent
the main requirements for intensive therapy of PD
with an established diagnosis of «brain death».

The main causes of «brain deaths» include trau-
matic brain injury, cerebrovascular accidents, or
posthypoxic damage to the central nervous system.
In <«brain deaths» brain structures are swelling and
perfusion is destructed [2]. Damage to the structures
of the brain of PD leads to alterations of the func-
tioning of hypothalamo-pituitary system [3], which
results in true central hypothyroidism.

Thyroid hormones affect almost all body tis-
sues. Their main effects include regulation of the
energy and metabolism of proteins, carbohydrates
and fat, positive chrono- and inotropic effect, stimu-
lation of bone resorption processes, activation of the
catabolism of insulin leading to the development of
hyperglycemia, strengthening the processes of gluco-
neogenesis and glycogenolysis, stimulation of ery-
thropoiesis [4]. However, a need for the thyroid hor-
mone replacement therapy of braindead PD is
controversial because there is no markers of hypo-
thalamus safety in brain death. Clinical studies have
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JICHUE TIPOIECCOB TNIIOKOHEOTeHe3a U TJIMKOTeHOJIN3a,
CTUMYJISIIUST apuTponoasa [4]. Omgrako HeoOXO/M-
MOCTb TEPANUW TUPEOUTHBIMU TOPMOHAMU TIPU [[HA-
THO3€ «CMEPTh MO3Tay SABJISACTCS CIIOPHOMH, TaK KaK HET
MapKepOB COXPAHHOCTU TUIIOTATIAMYCa TIPU 3TOM CO-
crosiHuy. KimHmyeckue necieioBanns MoKas3asiu, 4To
rurotaziaMuueckrie u (yHKIMKA ajieHorumnodusa co-
XPaAHAIOTCS B OTIPE/ICJICHHOI CTETIEHU B TEUEHUE HEKO-
TOPOTO IIEPHO/A TIOCIe CMePTU Mo3ra | ].

Jlist cTabuinsaiul TeMOJIMHAMUKY TTIOTEH-
IUATTBHBIX IOHOPOB OPTAaHOB TOPMOHAJIbHAS TEPATTHS
Obuta npepaoxkena B Havasre 1980-x rogos Kapauo-
xupypramu u3 yausepcurera Keiinrayna. Ouu 6b1in
00€eCTIOKOEHbBI TeM, 4TO mpuMepHo 20% JTOHOPCKIX
cep/iell OKa3aJanch HEMPUTOAHBIMY JIJIS TPAHCIITAH-
Taruu [6]. To IPUBEJIO K CEpUU HKCIIEPUMEHTOB Ha
JKUBOTHBIX [7]. 3aTeM JaHHbBIN BUJL TePAUA HAYAIH
MIPUMEHATD Y MOTEHIIMATbHBIX JOHOPOB. I1o Kpaiineit
Mepe, YeThIpe TPYIIIBI uccie[oBaTesieil BIOCIeICTBUN
MOKa3aJId TIOJIOKUTENbHBIN a(hheKT TOpMOHAIBLHON
Teparuy pu HecTabUIbHOM remoguHaMuke [8—12].
[Tocsie ipoBeieHNsT cTaHAPTHON MHTEHCUBHON Tepa-
nuu (pecnupaTopHasi MoIeP:KKa, UHPY3NOHHAS Te-
paIus U ONITUMU3AITUS BJIEKTPOJIUTHOTO Oastanca) 52
JIOHOPa HE COOTBETCTBOBAJIM KPUTEPUSIM, HEOOXO/TH-
MBIM JIJIST TIePecajiku cep/iia (MMeJin HU3Koe Cpe/iHee
apTepuasibHOE JIaBJIE€HNE, TIOBBINIEHHOE IIEHTPAJIbHOE
BEHO3HOE JIABJIEHUSI, HAPYIIEHUsT paOOTBHI JIEBOTO JKe-
Jynoyka Ha (hoHe BBICOKUX /103 Ba3oripeccopon). [1o-
cJie 3aMeCTUTEbHON TOPMOHAJIBHOW Teparnuu (Me-
TUJITPEAHU30JOH 15 MI/KT BHYTPUBEHHO OOJIFOCHO,
TPUHOJATUPOHUH 4 MT CO CKOPOCTBIO 3 MT/4 BHYTPH-
BeHHO, Bazonpeccut 1 EJl BHyTpUBEHHO GOJIOCHO U
mocyie storo 1,5 EJ] B wac, uucynun 1 EJl B uac) 44
u3 52-X TOTEHIUANbHBIX JOHOPOB ObLIH TOTOBBI
CTaTh JOHOpPaMU cepila. TpuanaTuHeBHAS BbIKU-
BaeMOCTDH PENUIMEHTOB cocTaBuaa 89% M HU OANH
U3 [SATH yMEPIIUX He TTOTHO U3-3a CeplAeYHOil Helo-
crarounoctu [11]. I3 YuuBepcutera Temrur mepBo-
HauyaJIbHO coobIman 06 obciepoBanuu mectu [9], a
3aTeM O 22 MOTEHIMAJIBHBIX JIOHOpaX [8], KoTopbie
UMeJT HapylieHus (YHKIIMU JIEeBOTO JKETYHI0uKa,
HYKJIABIIIUXCS B BBICOKUX [103aX Ba30IPECCOPOB.
Kasxmprit u3 vux noxyuus rpuitonruponus (T3) 0,6
MT BHYTPUBEHHO GOJIIOCHO. Y Bcex 22-X JOHOPOB Ha-
OJI0[aI  yIIyYllleHue CepAeYHOil U COCYAUCTOMN
(byHKITMY OTHOBPEMEHHO CO 3HAYNTEIBHBIM CHUKE-
HUEM J103 Ba3o1peccopoB. B 17-u u3 22-x ciyyaes T-
PaHCIJIAHTAIUS OKa3aJ1ach yCIenHoii [8].

B Jloc-Anmkenece ugyunsau 19 norenimaib-
HBIX JJOHOPOB C YCTAHOBJICHHOH CMEPTHIO MO3Ta, Y
KOTOPBIX HaOJI01a/11 HeCTaOUIbHOCTD FeMOIMHAMU-
Kk (cpenHee aprepuajibHOE jlaBjieHue Huzke 70 MM
PT. CT., HECMOTPS Ha a/IeKBATHYIO MH(MY3MOHHYIO Te-
panuio U MCHOJb30BAHNE MHOTPOITHON MOJIEPIKKH )
[10]. Boura nmpoBe/ieHa TOpMOHAJIbHASA TEpATs Me-
TUJITPETHU30JIOHOM (2 T), JIeBOTUPOKCUHOM (20 MT
BHYTPUBEHHO OOJIIOCHO, € TIOCJIEYIONIM BBEIECHIEM

shown that hypothalamic and anterior pituitary
functions are preserved to a certain level after the
brain death [5].

To stabilize the hemodynamics of PD, a hor-
mone therapy was proposed in the early 1980s by
surgeons from the University of Cape Town. They
concerned that approximately 20% of the hearts
were not suitable for transplantation [6]. This result-
ed in a series of experiments with the animals [7].
Then this kind of therapy began to be applied to
brain-dead PD. At least four groups of researchers
subsequently showed a positive effect of hormone
therapy for unstable hemodynamics in this patients'
group [8—12]. After the standard intensive care (res-
piratory support, infusional therapy and optimiza-
tion of electrolyte balance) 52 donors did not corre-
spond criteria established for a heart transplantation
(PD exhibited too low average arterial pressure, too
high central venous pressure, alterations of a left
ventricle due to high doses of vasopressors). After
hormone replacement therapy (methylprednisolone
15 mg / kg i.v. bolus, triiodothyronine 4 mg, 3 mg /
hr intravenous, vasopressin 1 TU intravenous bolus
and then 1.5 TU per hour, 1 TU insulin per hour), 44
of 52 PD became prepared for donating heart. Thirty
day-survival of recipients was 89%, and none of the
five deceased recipients died because of a heart fail-
ure [11]. Temple University was the first reported a
survey of six [9], and then 22 PD [8], who had left
ventricular dysfunction and received high doses of
vasopressors. Each PD received 0.6 mg intravenous
bolus Triiodothyronine (T3). All 22 donors exhibit-
ed improved cardiac and vascular functions simulta-
neously with significant decreasing of doses of vaso-
pressors. As a result, 17 of 22 transplantations were
successful [8].

In Los Angeles 19 PD with established brain
death experienced instable hemodynamics (mean
arterial pressure below 70 mm Hg. with adequate
fluid infusion and use the inotropic support) [10].
They underwent hormonal therapy with methylpred-
nisolone (2 g), levothyroxine (20 mg intravenous
bolus at a rate of 10 mg/h), and insulin (20 IU,
administered with 50% dextrose). During 2 hours in
11 of 19 PD it became possible to reduce the dose of
inotropic support, and in 4 h all donors underwent
this support at a reduced dose.In 10 donors the vaso-
pressors were abolished [10], and 33 organs were suc-
cessdully transplanted from these prepared PD.

The University of Pennsylvania reported 91
cases of brain death, and all these patients received
bolus levothyroxine (T4) followed by prolonged
intravenous infusion [11]. 57% of these patients
received vasopressin and 40% PD received steroids.
Vasopressor support was significantly reduced in a
group of patients receiving T4.

In the literature there are studies refusing the
necessity of a hormonal therapy of PD. Data from
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co cxopoctbio 10 mr/4), n wacyamHom (20 E/l na
50% nexcrpose). B pesysbrare B Tedenue 24y 11 u3
19-u 10HOPOB yJaNOCh CHU3UTH 03y WHOTPOITHON
MOJI/IEP’KKU, U B TeueHue 4 4 — y Bcex JJoHopoB. Y 10-
U JJOHOPOB Basorpeccopbl Ol otMeHenst [10], or
HUX MlepecakeHbl 33 oprana.

N3 Yuusepcurera IleHcuabBaHUy COOOLIUIN O
91-M ciyuae cMEPTH MO3ra, BCE MOTEHIMAbHBIE JI0-
HOPBI OJTyunsu 6oJ0CHO JieBoTrpokcut (T4) ¢ mo-
CJIEIYIOITNM JIJTNTETHHBIM BHYTPUBCHHBIM BBE/ICHM-
eM [11]. 57% 13 nOTEHIIUATBHBIX JOHOPOB TIOJTYYAJIH
Bagonpeccud u 40% — crepoubl. Y MOJYUAOMINUX
T4 ynanoch 3HaUUTEJNBHO CHU3UTDH Ba30IPECCOPHYIO
MOJIIEPIKKY.

B siurepartype UMeTcst TakiKe COOOIIEHNUSsT, OTl-
pOBepraoIiue 1eeco00PasHOCTh TOPMOHAIBHON Te-
paru. /lannble 13 yHUBepcuTera Keiinrayna o mpe-
MMYIIECTBAX TOPMOHAJIBHON Tepanuu He TOJYIUIN
BCeOoOIIero TPU3HAHUS, B YaCTHOCTHU, U3-3a OIyOJIH-
KOBaHHBIX CCJICIOBAHMIA, B KOTOPBIX HE Y BCEX JIOHO-
POB € YCTaHOBJICHHBIM JIMATHO30M <CMEPTh MO3ras
HAOJIOIAJIN HUBKWIT YPOBEHD THPEOU/THBIX TOPMOHOB,
a 3HAYUT, 0 MHEHUIO aBTOPOB, HE ObLIO OCHOBAHUI
1t ropMoHoTepany. He Beeryia ipy cMepTi Mo3Ta 'y
JIOHOPOB HAOJTIOIAJIOCH TIOJTHOE OTCYTCTBHUE (DYHKIHIA
runousa, 4T0 MOKHO OOBSICHUTH AHATOMUIECKUM U
(byHKIIMOHANBHBIM PAa3TPaHUYCHUEM €TO 30H, U He
BCer/la eCTbh BO3MOYKHOCTbh U3MEPUTD CBsI3aHHbIN T3,
He Bce JI0HOPBI ObLIM TeMOAMHAMUYECKH HeCTaOU/Ib-
uet [8, 10, 11] u moss3a ot Tepamu T3/T4 moxer
0Ka3aThCsl MUHUMaJIbHOHU. IIpu aToM He MCKIOYeH
BAPUAHT HEAJCKBATHOM O3MPOBKHU IpENapaToB.
Henb3sa orpunars 3HaueHne HapyleHu peryJsinm
paboThI SHIOKPUHHON CHUCTEMBI, OJIHAKO MHOTHE aB-
TOPBI JIKOO He PEKOMEHIYIOT PYTUHHOE TIPUMEHEHUE
3aMeCTUTEbHON ropMoHOTepanuu [13—15], aubo
MCIOJIB3YIOT MUHUMAJIbHBIE I03bI TOPMOHOB [ 16].

[TpoTuBOpEYMBbBIC MHEHNS, & TAKIKE OTCYTCTBHE
B JIUTEpaType YeTKUX YKa3aHUii 0 BpeMEHU Havaja u
IyTH BBe/leHus (BHYTpUBeHHBIE (hopmbl L-THpokcu-
Ha HaTpud, TPUHOATUPOHWHA THIPOXJIOPU/IA U JIeC-
MOITIpeccHHa arerata B Poccun He 3aperucTpupona-
HBI) TOPMOHOB TIOOY/IMJIU HAC U3YYUTh BO3MOKHOCTH
yIpesxaaoiieil KOMIJIEKCHOM TOPMOHOTepaIlii C Iie-
JIBIO TIPELYIIPEXKACHNS PA3BUTHS HAPYIIEHUI OpTaH-
HOTO KPOBOOOpAIIEHNUsT, 3aKOHOMEPHO Pa3BUBAIO-
NIUXCS TPU UCXO7I€ KPUTUIECKIX COCTOSHUH.

[lep nccyeloBaHUA: YIYYITUTH COCTOSHIE Te-
MOJIMHAMUKY U ra3000MeHa Y MOTEHIUATBHBIX JJOHO-
POB OpraHoB coueTaHneM L-TUpOKCUHA U TPUIOATH-
POHUHA, METUJIPEIHU30JI0HA, [EeCMOIPECCUHA
areTara u MHCYJIMHA.

Marepuan u MeTObI

B nccaenoBanme BrimoueHs! 98 MOTEHITMATBHBIX JOHO-
POB, JIOCTABJEHHBIX B CTAI[MOHAP B COCTOSHUU KOMBI 11
(o mkase koM Imasro — 3 Gama). Kputepun BKIIOUEHNMS:
Bo3pact ot 18 10 55 seT, OTCyTCTBUE COMYTCTBYIOMNX 3a-

the University of Cape Town describing the benefits
of hormonal therapy did not received general recog-
nition, probably because of published studies, in
which not all donors with diagnosis of «brain death»
exhibited low levels of thyroid hormones, and there-
fore, in authors' view, there was no reason for the
hormone administration. This can be explained by
the anatomically and functionally delimited zones
within the pituitary gland, not always there was an
opportunity to determine the related T3 in PD, not
all PD were hemodynamically unstable [8, 10, 11]
that minimized the benefits of therapy with T3 / T4.
In addition, a variant of inadequate dosages cannot
be excluded. Tt is impossible also to fully reject alter-
ations in regulation of the endocrine system, howev-
er, many authors either do not recommend routine
use of hormone replacement therapy [13—15], or
employ the minimized doses [16].

Conflicting opinions, as well as absence of pub-
lished precise requrements for the beginning of a
therapy and preferable route of administration of
hormones (intravenous forms of L-thyroxine sodi-
um, triiodothyronine hydrochloride and desmo-
pressin acetate had not been registered in Russia)
encouraged authors to study the possibilities of a
proactive comprehensive hormonal therapy to pre-
vent alterations of an organ blood flow that is natu-
rally developing at the outcome of the critical illness.

Goal of study: to improve hemodynamics, respi-
ratory exchange and metabolism for donor organs in
PD by using a combination of L-thyroxine, tri-
iodothyronine, methylprednisolone, desmopressin
acetate and insulin.

Materials and Methods

The study includes 98 donors admitted to the hospital
in a coma III (Glasgow coma scale — 3 points). Inclusion
criteria were: age between 18 and 55 years, the absence of
concomitant diseases of the cardiovascular system and
thyroid gland, confirmed diagnosis of «brain death» [17],
voluntary agreement of relatives to participate in the
study. Depending on the nature of damage PD were divid-
ed into two groups: the 15t group included 43 donors (44%)
with severe traumatic brain injury; the 2nd group included
55 donors (56%) following acute cerebrovascular accident.
Donors of the 15t group were subdivided into two sub-
groups by simple randomization: main subgroup (n=18)
included those PD who received L-thyroxine sodium 200
mg/day, trilodothyronine hydrochloride 50 mg/day orally
and dessompressin acetate 120 mcg/day orally; control
subgroup (n=25) included PD who did not receive these
drugs. Thyroid hormones are well absorbed in the gas-
trointestinal tract [4], so we decided, that the most appro-
priate route of a drug administration is peroral one.
Analogical separation was conducted in the 20d group of
patients (Table 1). Methylprednisolone, 1 g/day, intra-
venously, and insulin administered under the the blood
glucose level control were prescribed to all PD.

After restoration and stabilization of hemodynamics
by vasopressors (noradrenaline and/or dopamin) and on
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Ta6imua 1. Bapuantsl moBpeskaenuii Mo3ra, BbI3BaBIilye coCTOsiHIe KoMbI I11.

Table 1. Variants of brain injury which provoked coma III.

Subgroups Number of patients with different nosology in groups Total
TBI ACA

Main 18 30 48

Control 25 25 50

Total 43 55 98

IIpumeuanue. 3ech u st tabr. 2—5: Subgroups -moarpynmsr; Main — ocxosnast; Control — kortposbhas. Total — Beero; Nosology in
groups — Hozosiorus B rpynmnax; TBI — uepento-mosrosast tpaBma; ACA — octpoe HapyIieHne MO3roBOro KPOBOOOPAIIEHHSL.
Note. TBI — traumatic brain injury; ACA — acute cerebrovascular accident.

GoJieBaHUI CepeYHO-COCYAMCTON CUCTEMbI U IMTOBU/I-
HO JKeJIe3bl, IMarHO3 «CMEPTh MO3Tay, MOATBEPK/ICHHbII
COOTBETCTBEHHO NPUKa3y MUHUCTEPCTBA 37paBOOXpaHe-
nus Poccuiickoii @exepanuu ot 20 aexadbps 2001 . N 460
«O6 yrBepskaennn VIHCTPYKIIMHU 110 KOHCTATAI[MN CMEPTU
YeJI0BeKa Ha OCHOBAHUN JIMATHO3a CMEPTHU MO3Tay (3aperu-
crpupoBand MunucrepcrsoM roctuinu Poceniickoit Dejie-
panuu 17 suBaps 2002 r., peructparonnsiit N 3170) [17].

[ToreHnMaTbHBIX IOHOPOB PA3/IC/INIIH HA TPYIIIIBI B 32-
BUCUMOCTH OT Xapakrepa noBpexjaenus: 1-s — 43 (44%)
YeJI0BeKa B COCTOSTHIM CMEPTU MO3ra Ha (hoHe TsKeJIol ue-
PEITHO-MO3TOBOI TpaBMbL; 2-1 — 55 (56%) — Ha done ocT-
POro HapyIleHNs: MO3TOBOTO KpoBooOpaiienust. JloHopos 1-it
IPYIIIBI PA3/IETUIN METOJIOM IPOCTON paHIOMU3aINN,
MIPEIITOJIATAIONICH PABHOBEPOSITHOE PACIIPEEJCHUE UCITbI-
TyeMbIX, Ha MOJIIPYIIIbL: OCHOBHYIO (n=18) — nosyunsiiue
B IIPOTOKOJIE MHTEHCUBHOW Tepanuy L-TUPOKCUH HATPHS
200 mMr/cyT U TpUHOATHPOHWHA TUAPOXIOPUA 50 MT/CyT
BHYTPb, AecMmoripeccnHa amnetar 120 MKr/cyT BHYTpb, U
KOHTPOJIBHYIO (7=25) — He TOJYIUBIINE ITU MPETapaThl.
TupeoniHbIC TOPMOHBI XOPOIIIO BCACBIBAIOTCS B JKEJIYI0U-
HO-KHIIIEYHOM TPAKTe 4], T03TOMY MbI CYUTAJIN YMECTHBIM
crocob BBeIEHUsI TIPeriapaTa per 0s. AHAJIOTHYHOE pas/eie-
Hue OBITO POBeICHO U BO 2-if rpymme (tabm. 1). Merui-
MpeAIHN30JI0H 1 I'/cyT BHYTPUBEHHO U MHCYJIMH B 3aBUCH-
MOCTH OT YPOBHSI TJTIOKO3bI KDOBU HA3HAYAJIU BCEM.

[Ipu 1nocTyieHuy, a TakKe 1mocjie CTabuIn3aiun re-
MOJMHAMUKHU BazompeccopamMu (HOPaJpeHaJIut u/uin
JOTIMUH) ¥ Ha (hoHEe TOPMOHOTEpAIY (OCHOBHBIE MOTPYII-
Ibl) TIPOBOAMJIN: TIPSIMOE H3MepEeHHe CUCTOJIMYECKOTO
(Alc), mmactommyeckoro (A/lx) u cpennero (Allcp) apre-
PHAJIBHOTO JIABJIEHUS, 1IEHTPATIBHOTO BEHO3HOTO JIABJICHUS
(IIBM), wacrorsl cepaeunnix cokpaniennii (HCC); onpeze-
JIEHVE B IJIa3Me KPOBH COZlepsKaHust 001iero Gesika, reMo-
rinobuna (Hb), mouesunbl, kpearununa, Na® u K, pH,
PaCO,, BE, temma mMoueotmesiennst u hpakiiuy BhIOpoca
JIEBOTO JKEJIYI0UKa. Y JJOHOPOB OIBITHBIX MOJTPYIII UCCTIe-
nosamm cBoboaublii TpuiiogTuponus (T3, Hopma 0,92—2,79
umoutn/) u tupokcun (T4, Hopma 58—161 umMomb/ 1) M-
MYHO-XIUMHUKO-JTIOMUHECIIEHTHBIM METOIOM.

PesyasraThl cTaTrcTrdeckn obpaborans (Statistika 6),
IPeJICTaBIEHBl MEIMAHON U IUATTA30HOM 3HAUEHUIT TIPOIIEH-
tuneit 25—75%.

Pe3yabraThl 1 00CYK/IEHHE

Wcxomuble moKkasaTenn MeXAy TPyHIIaMU 3Ha-
YUMO HEe Pa3IndasuCh.

[Tocnie BBeneHus L-TupokcuHa, TPUHOATHPO-
HUHA U IECMOIIPECCUHA Y TOTEHIIMATbHBIX IOHOPOB C
UMT conepxkanvie T3 mpakTUyecKu JOCTUTJIO 3HA-

the background of hormonal therapy (only in the main
subgroup) the following direct measurements were carried
out: the systolic (SAP), diastolic (DAP) and mean (MAP)
arterial pressure, central venous pressure (CVP), heart
rate (HR); determination of total protein level in the blood
plasma, hemoglobin (Hb), urea, creatinine, Na™ and KT,
pH, PaCO,, BE and urinary flow rate and left ventricular
ejection fraction (EF) were carried out. Patients of the
first group were examined for free triiodothyronine (T3
normal level 0,92—2,79 nmol/L) and thyroxine (T4, nor-
mal level 58—161 nmol/L) by luminescent immunochem-
istry assay.

Results were statistically processed (Statistica 6) and
presented as medians and s 25—75% percentiles.

Results and Discussion

Baseline characteristics between the groups
were not significantly different.

After the administration of L-thyroxine, tri-
iodothyronine and desmopressin to donors with TBI
the level of T3 almost reached the lower limit of
norm (baseline — 0.805 (0.5900—0.9800), after the
hormome administration — 0.905 (0.7600—1.050)
nmol/L) and T4 increased from 62.2 (52.70—86.70)
to 68.15 (52—900—91—300) nmol/L (P<0.05). In
PD with stroke hormonotherapy resulted in
increased T3 values from 0.905 (0.7100—1.0100) to
0.94 (0.680—1.170) nmol /L (P<0.05), whereas T4
levels remained unchanged: day 1 it was 70.9
(49.80—91.30) nmol /L, on day 2 — 70.9 (51.90—91.3)
nmol /L. Tt is known that T3 is mainly synthesized in
the liver and kidneys from T4, and different stress
conditions that cause organ disfunction, alter this
synthetic process [19]. As a result, regulation of ATP
production in mitochondria is altered.

On the first day of observation the donors of
the 1%¢ and the 20d groups required vasopressor sup-
port by noradrenaline and/or dopamine.

In the course of intensive therapy the dose of
noradrenaline and dopamine for TBI donors of the
control subgroup did not change significantly, but in
the main subgroup on the background of hormone ther-
apy the doses of noradrenaline and dopamine decreased:
from 0.175 (0.05—0.25) to 0.075 (0.030—0.100)
mcg/kgemin (P<0.05) and from 6 (5.0—10.0) to 5
(0—7.0) mcg/kgemin (P<0.05). When evaluating
the changes of doses of vasopressors for CVA donors
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Ta6imua 2. [TokazaTesu reMOAMHAMUKH Y GOJIBHBIX C Y€PENHO-MO3rOBOI TPaBMOii.
Table 2. Hemodynamics in group of patients with acute cerebrovascular accident.

Parameters Values of parameters in subgroups on the days of study
Main (n=18) Control (n=25)

st 9nd st 9nd
SAP, mm Hg 118 (104—124) 129* (121—140) 120 (114—135) 128 (112—134)
DAP, mm Hg 66 (58—78) 75% (12—79) 70 (60—76) 75 (66—79)
MAP, mm Hg 82 (73—93) 95* (90—100) 86 (78—95) 93 (85—96)
HR, per min 102 (76—114) 94 (88—100) 102 (92—115) 94 (88—100)
CVP, mm Hg 6 (4—6) 9% (7—11) 7(5-9) 10* (9—12)
ER, % 35 (52—55) 35 (54—55) 55 (50—55) 55 (53—55)
Hb, g/1 105 (81,0—129,0) 99 (91,0—108,0) 102 (93,0—115,0) 101 (91,0—111,0)

ITpumevanue. 3aech u aiis Tabir. 3—5: Parameters — napamerpsr; Values of parameters in subgroups on the days of study — snauenus
napaMeTpoB B TOATPYIIIAX MO AHAM HecaenoBanms [X (min—max)]. 3xech u st Tabur. 4: pactrndpoBKy a66peBHaTyp CM. B MaTepHa-
gax n Metogax; SAP, mm Hg — Allc, mm pT. cT.; DAP — A/l;; MAP — A/lcp; HR, per min — YCC B mun; CVP — [IB/I; ER — ¢dpaxk-
nust Bei6poca; Hb, g/l — remorno6un (r/n). * — p<0,05 npu cpaBHeHun nokasareseii 1-ro u 2-ro aHei.

Note. For Tables 2—5: Values of parameters are represented as [X (min—max)]. For Tables 2, 4: for the meanings of abbreviations refer
to materials and methods. * — P<0.05 comparing the 15t and the 2nd days.

YeHU HIZKHEH rpanuiibl HopMbl (rexoxno — 0,805
(0,5900—0,9800), mocre BBemeHUS 0,905
(0,7600—1,050) umosn/m), a T4 — moBbICHIOCH €
62,2 (52,70—86,70) mo 68,15 (52,900—91,300)
umosb/n (p<0,05). Y mOTeHIuaNbHBIX JTOHOPOB C
OHMK na done ropmoHoTepanuu cojepxanue T3
3HaunMO moBbicuoch ¢ 0,905 (0,7100—1,0100) mo
0,94 (0,680—1,170) rmoub/a (p<0,05), a T4 — ocra-
Joch 6e3 U3MEHEHU, a UMEHHO — B IIEPBbIE CYyTKU
Habmogenus cocrasiasiiio 70,9 (49,80—91,30)
HMOJIb/ 1, BO BTOpbie — 70,9 (51,90—91,3) Hmob /1.
WsBectHO, uTo T3 cuHTE3UPYyETCS B OCHOBHOM B TI€-
YeHU U TMovkax u3 T4, a auccTpecce, BBI3BIBAIONINMN
OpPraHHyI0 IUCHYHKIMIO, HAPYIIAET 3TOT IPOIecc
[19]. B pesysbrare crpajaer peryJisiiiust o6pa3oBa-
uust AT®O B MUTOXOHIPUSIX.

B niepBble cyTKU HAOJIO/IEHUST TTOTEHI[UATBHDIE
JOHOPBI 1-if U 2-if TpymIisl TpehOBAIU Ba3OMPECCOp-
HOU MO/IePKKU HOPAAPEHATMHOM U /WU JIOTIMIUHOM.

B xose WHTEHCHBHOII Tepanuu y JIOHOPOB C
YMT B KOHTPOJIBLHOI IOATPYTIIIE 1032 HOPa/IpeHaIN-
Ha U JIONMWHA 3HAYUMO HEe U3MCHUJIACH, & B OCHOBHOM
— Ha (hoHE TOPMOHOTEPANUU YMEHBITUIACH COOTBET-
crenno ¢ 0,175 (0,05—0,25) mo 0,075 (0,030—0,100)
Mkr/KremuH (p<0,05) u ¢ 6 (5,0—10,0) 10 5 (0—7,0)
Mmir/kremun (p<0,05). ¥ gonopo ¢ OHMK mpu
OIleHKe M3MEHEHUI /103 Ba301PECCOPOB B KOHTPOJIIh-
HOI MOJIrpyIIie He OBLIO BBISIBJICHO 3HAUNMbIX U3Me-
HEHWI, a B OCHOBHOH, Kak U y 1oHOpoB ¢ YMT, no3n1
yMeHbImimch coorserctBernHo ¢ 0,10 (0,070—0,200)
10 0,05 (0,050—0,100) mxr/kremuH (p<0,05) n ¢ 6,5
(5,00-9,00) 1o 5 (0—6,0) mMrr/kremun (p<0,05).
MOJKHO ToJIaraTh, 4TO OOHAPY’KEHHbIE M3MEHEHIIsI
CBA3aHBI ¢ MOJIYJIAIIMEN YTHETEHHOTO Ha (hOHE KOMBI
11 ocHOBHOrO OOMEHA, YTO BO3MOKHO BBI3BAHO KOM-
mieKkcHoi ropmonoTepanueil. MakT cHUKEHUST M03bI
6eTTa-arOHICTOB y MOTEHIUAIBHBIX JOHOPOB BaXKEH
B CBSI3U C TE€M, UTO UX BBICOKUE /I03bl, KaK MPABUJIO,
MIPUBOJIAT K HEXKEJIATEIbHOM BA30OKOHCTPUKIIUU B OP-
raHax ¥ UCTOIIEHUIO COZIEPsKaHus aleHO3MHTPUdOC-
(bara B muokapze [18]. PesysbraTsl, mosyueHHbIE Yy

in the control subgroup, no significant changes
were identified. However, for the main subgroup
of donors, as well as for TBI donors, the doses
decreased from 0.10 (0.070—0.200) to 0.05
(0.050—0.100) mcg/kgemin (P<0.05) and from
6.5 (5.00—9.00) to 5 (0—6.0) mcg/kgemin
(P<0.05). We can assume that the observed
changes are associated with the modulation of
basal metabolism depressed on the background of a
coma ITI. Tt is possible due to the complex hormonal
therapy. Actual beta-agonists dose reduction in PD
is important in view of the fact that their high doses
tend to cause unwanted vasoconstriction in organs
and ATP depletion in the myocardium [18]. The
results obtained in PD are presented in Table 2.

As it is evident from the Table 2, no reliable
changes in blood pressure and HR were observed in
donors with TBI of the control subgroup that was
expected without correction of basal metabolism. 30-
percent CVP increase was only observed possibly
due to the massive infusion therapy.

With the aid of proactive complex hor-
monotherapy, the improving the hemodynamics and
gas exchange was established in PD with TBI that
was important for the PD organs blood flow.
Hypotension is a frequent consequence of the brain
death that can compromise the perfusion of organs
potentially suitable for transplantation. Depending
on the genesis, infusion therapy, vasopressin or series
of inotropic drugs can be used for treatment of
hypotension [20]. Application of the proposed vari-
ant of hormonal therapy increased SAP by 8.5%,
DAP by 12%, MAP — by 13.7%, CVP by 33%. As a
result of intensive treatment it became possible to
prevent a decline in ejection fraction.

Table 3 summarizes the changes in the rest of
the evaluated parameters in the control subgroup
with TBI on day 1 of observation. For example, the
decreases in levels of Nat (to 5.3%), protein (to
15%), urea (to 32%) and creatinine to (8%) were
noticed that may be explained by hemodilution.
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Ta6imua 3. [Tokazareu MeTa6o/u3Ma y GOJbHBIX € YEPEIIHO-MO3TOBOMH TPABMOI.
Table 3. Metabolism in group of patients with traumatic brain injury.

Parameters

Values of parameters in subgroups on the days of study

Main (n=18)

Control (n=25)

{st 9nd

st 9nd

Na*, mmol/I 155 (147.1—167.7)

154 (141.8—156.7)

151 (143.5—166.3) 143* (138.3—159.1)

K+, mmol/1 35 (3.21—4.02)

3.9% (3.74—4.50)

35 (3.31—3.84) 3.8 (3.62—3.90)

Total protein 54.9 (48.82—60.60)

51.3 (44.87—54.40)

55.6 (44.02—59.70) _ 47.3* (42.00—52.60)

Urea, mmol/1 6.1 (4.70—8.35)

49 (3.65—8.41)

6.3 (4.60—7.70) 43* (347—7.10)

Cretinine, mkmol/I 103.6 (88.30—129.20)

90.1 (76.30—99.60)

92.6 (73.00—128.70)  85.1* (68.30—115.90)

PaCO,, mm Hg 36.9 (33.30—41.00)

39.3 (35.30—41.10)

352 (33.60—41.60)  39.2 (35.70—42.00)

Ipumevanue. 3xech u st taba. 5: Total protein, g/l — o6mmii 6enok, r/m; Urea, mmol/l — moueBuna, mmosn/i; Cretinine,

mkmol/l — kpearurun, MKMOJIB /1.

Note. For Tables 2, 4: for the meanings of abbreviations refer to materials and methods. * — P<0,05 comparing the 15t and the

2nd — days.

MAIEHTOB OCHOBHOW U KOHTPOJIBHOU TOATPYIIIIEI,
HpeICTaBIeHbl B TabauIe 2.

Kak Buzsno us tabir. 2, y gonopos ¢ YMT B KoH-
TPOJIBHOM TOATPYIINE JOCTOBEPHBIX U3MEHEeHUN ap-
tepuaibHoro aasjienusi 1 HCC He oTMETWIIU, UTO
ObLIO 0KMaeMo 6e3 KOPPEKIMU OCHOBHOIO 0OMEHa.
Hab6umogamu tonbko nossiuenne 1IB/] na 30%, uto,
BEPOSITHO, OOYCJIOBJIEHO TPOBEIEHHON MACCHUBHOI
nH(}Y3MOHHOH Teparueil.

Tumorensus gBJISLETCS YaCTBIM CJIELCTBHEM
CMEPTH CTBOJIA MO3Ta M KOMIIPOMETUPYET Tepdy-
3UI0 MTOTEHIIMATBHO TPUTOAHBIX IS TPAHCILJIAHTA-
uu opraHoB. OHa MoKeT ObITb CJEJCTBUEM CHU-
SKEHHOTO CUMIIATUYECKOTO TOHYCa, HecaxapHOTOo
auabera, XOJIOZOBOIO AMype3a WM AUCHYHKIMHI
cepana. B 3aBucuMocTit oT reHesa sl JeUeHus TH-
MOTEH3UN HMCIOJIB3YIOT WH(MY3MOHHYIO MOIEPKKY,
Ba30MPECCUH WJIW TpernapaTbl WHOTPOITHOTO Psijia
[20]. IIpn mpuMeHEHWW TPENJIOKEHHOTO BapuaHTa
ropmonotepanun A/lc mossicuaoch Ha 8,5%, Allx
Ha 12%, Allcp — na 13,7%, 1IB/l #Ha 33%. B pe3yb-
TaTe WHTEHCUBHOTO JIEUEHUs yIAJ0Ch TPeIOTBpa-
TUTH CHUKeHMe (hpaKIuu BbIOpoca.

B Tabauue 3 npezpcraBieHbl U3MEHEHUS OC-
TaJbHBIX OIIEHWBAEMBIX ITAPAMETPOB y MOTEHIINATb-
HbIX 10HOPOB ¢ UYMT 110 oTHOIIEHUIO K 1-MY JIHIO Ha-
OJIIO/IEHIS, HAIIPUMED, CHUJKEHHE B KOHTPOJIbHOI
nozarpyiiie cogepxkannsg Nat Ha 5,3%, obuiero 6enka
Ha 15%, MoueBMHDI Ha 32% ¥ KpeaTHHUHA Ha 8%, UTO
MOKHO OODBACHUTD TEMOIUIIIOLHCIH.

IIpu 9TOM, KaK BUAHO U3 TaOJUIbI 3, Y [OTEH-
IIHATHHBIX IOHOPOB OCHOBHOM TTOATPYTITIBI COAEPIKa-
nre Nat u Oesika 3HaYUMO HE U3MEHUJIOCH, a KT —
nosbicuiioch Ha 11%.

Kak BuHO 13 TaGauIbl 4, B KOHTPOJIBHOI MOJI-
rpyiire noteHmanabubix 10H0poB ¢ OHMK otmern-
JIW TIOBBIIIEHNE JTHACTOJTUIECKOTO apTepUasbHOTO
nasiennd Ha 10%, YCC na 9% u 1IB/l na 20%, cuu-
JKeHMe KOHIIeHTpaluu remoriaobuna Ha 11%. Tlpu
HTOM IPOMBOIILIO CHUMKEHME IOoKasaTess 0O0IIero
Geska Ha 11% (Tabu. 5). TloBbicuIach KOHI[EHTPATHS
K* #a 10%. HabJroa/mm Takske 10CTOBEPHOE CHUKE-
HUe COoflep)KaHus KpeaTuHuHa Ha 12%, 4TO0 MOXKHO

Therefore, as it can be seen from the Table 3, the
level of Na' and the protein was not significantly
changed, and levels of K™ cations was increased up to
11%.

Data from Table 4 demonstrate that PD with
stroke from the control subgroup exhibited increased
diastolic blood pressure to 10%, HR to 9% CVP to
20% and decreased levels of hemoglobin (to 11%)
and K* (to 10%). There was a reduction in common
protein to 11% (Table 5). The decreasing creatinine
level to 12% was observed, probably, because of
hemodilutionsimilarly to the effect described for
post-TBI group of PD.

Donors of the main subgroup with a stroke
experienced increasing in CVP (+37.5%). The level
of Na™ decreased to 5.8%, and K* — increased to
12.5%. The level of common protein was decreased to
5.8%. Ejection fraction was not significantly
changed.

It should be noted that the number of trans-
planted kidneys from PDs of main subgroup (n=48)
was 37, of which only one recipient was transferred
to dialysis because of transplant rejection. Nine
recipients, to whom kidneys were transplanted from
donors of a control subgroup (n=50), were trans-
ferred to dialysis because of the transplant rejection.
The differences between groups were significant-
when compared to the main subgroup (P<0.05,
Fischer Exact Test)

Conclusion

On the background of proactive comprehensive
hormonal therapy designated to prevent the expect-
ed metabolic and hormonal disturbances in PD prior
to transplantation, in the group of donors with TBI
the level of T3 approached to the lower limit of norm,
and in the group of donors with a stroke it was nor-
mal. T4 in both groups remained within the normal
range. Doses of norepinephrine and dopamine were
significantly reduced (in TBI PD group,by 47% and
17%, respectively, and in stroke PD group — by 50%
and 23%, respectively); hemodynamics and gas

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 3



DOI:10.15360,/1813-9779-2016-3-62-70

B momomp mpakTUKYIOIJEeMy Bpauy
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Table 4. Hemodynamics in group of patients with acute cerebrovascular accident.

Parameters Values of parameters in subgroups on the days of study
Main (7n=30) Control (n=25)

qst 9nd st 9nd
SAP (mm Hg) 121 (113—136) 128 (121—135) 118 (110—130) 125 (121—135)
DAP (mm Hg) 74 (67—78) 76 (70—81) 68 (61-80) 75* (13—85)
MAP (mm Hg) 90 (83—96) 93 (88—97) 85 (78—97) 92 (89—102)
HR (in min) 89 (80—110) 95 (84—105) 100 (92—115) 92* (81—98)
CVP (mm Hg) 5(5-7) 7 (1—10) 8(5-10) 10% (9—11)
ER (%) 55 (50—55) 55 (53—55) 55 (54—55) 55 (54—55)
Tib (g/1) 125 (104,0—140,0) 120 (102,0—126,0) 129 (108,0—137,0) 115 (97,0—124,0)

IIpumeuanue. * — p<0,05 npu cpaBHeHNM Mokaszareseil 1-ro 1 2-ro gHE.

Note. * — P<0.05 comparing the 15t and the 2nd days.

Ta6umua 5. [Tokazarenu MeTa00/M3Ma y GOJIbHBIX € HAPYUIEHHUSIMUA MO3TOBOTO KPOBOOOpAIlleHuUs.
Table 5. Metabolism in group of patients with acute cerebrovascular accident.

Parameters Values of parameters in subgroups on the days of study
Main (2=30) Control (n=25)
{st 9nd st 9nd
Na*, mmol /1 156 (146.0—164.4)  149* (1424—151.0) 156 (141.6—170.6) 151 (144.9—161.0)
K+, mmol,/I 3.6 (297 3.71) 40 (3.69—4.30) 3.6 (3.333.86) 3.9% (3.50—4.10)

Total protein, g/1 60.7 (56.40—65.64)

57.2% (54.50—61.27)

61.2 (53.60—72.80) 54.2* (50.09—60.20)

Urea, mmol /1 6.0 (4.50—9.21)

5.8 (3.94—7.47)

6.1 (4.70—9.13) 5.1 (4.10—7.04)

Cretinine, umol /1 89.3 (77.80—152.80)

96.7 (75.20—122.70)

107.9 (79.30—139.00)  94.7* (79.10—120.60)

PaCO,, mm Hg 37.6 (32.90—40.40)

38.8 (36.60—43.00)

36.2 (32.80—41.30) 38.1 (36.40—41.40)

IIpumeuanue. * — p<0,05 npu cpaBHeHNH MoKazareseil 1-ro 1 2-ro jHeil.

Note. * — P<0.05 comparing the 15t and the 2nd days.

OODBSCHUTD TEMOJIMJIIONNEH, KaK U B MOATPYIIIE Ha-
nuentos ¢ YMT.

Y 1noreHIMaNTbHBIX JOHOPOB OCHOBHOM TOJ-
rpynmel ¢ OHMK HaGmoanu TOJIbKO yBendeHre
1IB/] Ha 37,5%. I1pu atom KoHtieHTparms Nat cHusn-
nach Ha 5,8%, a K — noseicunace Ha 12,5%. Obnapy-
JKEHO CHMDKEHUe IokasaTests oo1ero Oesaka Ha 5,8%.
Dpakiust BBIOPOCA JOCTOBEPHO HE U3MEHUIIAC.

CiietyeT OTMETUTD, YTO YKCJIO MEPECAKEHHDBIX
MOYEK OT JIOHOPOB OCHOBHBLIX TMOATpyHn (n=48) co-
cTaBUJIO 37, U3 HUX TOJIBKO 1 PelunueHT BCJe/ICTBIE
OTTOPJKEHUST TPAHCIIAHTATa OBLIT MEPEBEIEH Ha Te-
Mozinau3. 9-1 peruImenTaM, KOTOPbIM ObLIN Hepe-
Ca’KEeHBI TIOYKU OT IOHOPOB KOHTPOJIBHBIX MTOATPYTITT
(n=50), 13-32 OTTOPKEHMS TPAHCIIJIAHTATA TTOTPE6O-
BAJICS TEMOJIMANINS, T. €. 3HAYUMO Yallle, YeM OT JIOHO-
POB OCHOBHOH MHOJATPYHIIBI (3HAUMMOCTDb Pasnynii
nosieii (MPOIEHTOB) 1O KPUTEPUIO YTJIOBOTO MPend-
pasosanust Quiepa, p<0,05).

3akiaoueHue

Ha done ympexaonieil KOMIJIEKCHON TOP-
MOHOTepaIu, HallpaBJIeHHON Ha Ipe/ypexieHne
OKnagaeMbIX MeTa6OJII/I‘{eCKI/IX 1 TOPMOHAJIbHBIX

JlurepaTtypa

1. Xybymus M.IIL., Pux A.A., Kucenes B.B., Anexcandposa U.B., Ipuwun
A.B., Iodxos M.A., Knorunuxosa E.B., Illaspuna H.B., Cozpewiun C.C.,
Tumosa I.Il., boposkosa H.b. DurtepaibHoe MUTaHIE B COCTABE KOM-
IJIEKCHOTO JICYEHUS TIAIIMEHTA MOCJIe TPAHCIIAHTAIIMY TOHKON KUIITKH.

exchange was improved; Na* level became closer to
normal, and levels of K* and PaCO, were normal-
ized; the rate of reduction of the level of the serum
protein was decreased (in the group of TBI PD
group 2.3-fold and in the stroke PD group — 2-fold).
Therefore, the intensive therapy of PD might include
perorally prescribed thyroid hormones.

HapyIlleHnil, B TPOTOKOJIE TOATOTOBKU TOHOPOB
opranoB: yposeub T3 npu UMT npubamskaercs K
HUZKHEH Tpanutie HopMbl, a Tpu OHMK — HopMma-
auzyetcst; T4 xkak mpu YMT, tak 1 OHMK octaert-
¢ B IIpeiesiax HOPMaJIbHbBIX 3HAUCHUH; 103 HOPa-
JIpeHATMHA ¥ TONIMUHA 3HAYMMO CHUZKatoTcs (1pu
YMT coorBercrBenno na 47 u 17%, npu OHMK —
Ha 50 u 23%); reMoMHAMIKA 1 ra3000MeH yJryd-
marTcest; cogepskanue Nat mpubauskaercss K HOP-
MasbHbiM 3HavenusM, a K u PaCO, — nopmasu-
3yIOTCS; CKOPOCTh CHWKEHWS KOHIEHTpAIuu
ob6miero 6enka ymenbiiaercs (ipu YMT B 2,3 pasa
n OHMK — B 2 pasa). IIpu noarotoske J10HOPOB
OPraHOB BO3MO’KHO MCITOJIb30BaHUE TOPMOHOB TIH-
TOBUJHOM JKesje3bl W TUnodusa, Ha3HAuYaeMbIX
BHYTPb.
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Treatment of Citrate Accumulation Using Continuous «Calcium-Free»
Hemodiafiltration in a Patient with Acute Kidney Injury
Undergoing Cardiac Surgery

S. V. Kolesnikov, A. S. Borisov, V. V. Lomivorotov

Academician E. N. Meshalkin Novosibirsk Research Institute of Circulation Pathology, Ministry of Health of Russia
15, 1, Rechkunovskaya Str., Novosibirsk 630055, Russia

Pernonanpnas mutparnas antukoaryssaims (PILA) Bce wate mpuMenseTcst pu MPOJIEHHON 3aMeCTUTEeTbHON
noyevynoit reparuu (I13I1T) y namrenTtos ¢ octpsim nospeskaennem nouek (OIIIT). Hecmotpst Ha nosiBienne Ho-
BBIX TIPOTOKOM0B PIIA, HaKomIeHue urpara 0CTaeTCss HEYaCThIM, HO TSKEIBIM OCJAOKHEHUEM ¢ HeOIarompusT-
HBIM TTPOTHO30M. TPa/iUIIUOHHBIM JIeYeHNEM JIAHHOTO OCJIOXKHEHUS SIBJIIeTCs IIPeKpallieriie BBeJleHus [UTParTa, a
TaK’Ke yBeJIMYeHre MOTOKAa KPOBU M INATTN3AaTa.

Ilenp KAMHUYECKOTO HAGIIOAEHHUST: MICCIIEI0BATh Oe301IaCHOCTD U BO3/IEIHCTBIE HA AJIEKTPOJIUTHBII 1 KUCIIOT-
HO-OCHOBHOU CTATyC HOBOI MOJJIbHOCTHU «GeCKalbIeBoli» remopuaduasrpaiu y nanuenta ¢ QI u HakotwLie-
nueM rutpara pu [I3I1T ¢ PIIA. Matepuasnst u metozbl. Llenenanpasientoe cHKeHYe COIePKAHUS KAIbIIU B
HKCTPAKOPIIOPATBHOM KOHTYPE JOCTUTAIH ¢ MOMOIIBI0 6e3kasbiimeBoro pactBopa «Ci-Ca Dialysate K4» nipenu-
JIOIMOHHO U B KauecTBe Auann3ara. s npeporspaiienns rurnodocdareMunt 1 THIIOMArHUeMIN TIOCTAMIIOIMOH-
HO TipuMeHsn pactBop «Multiplus K+» co ckopoctbro 500 mii/4. Heo6xoaumyro KOHIIEHTPAIMI0 MOHU3UPOBAH-
mnoro Kambiust (0,9-1,2 MMOJIB/JT) TOCTUTAIN € TIOMOIIBIO MOCTOSHHON WHGbY3UN 5% KATBIUSI XJIOPUAA CO
CKOPOCTBIO 6-12 MJ1/4 yepe3 OT/Ie/IbHBII JI0CTYII B IIEHTPAJIbHYIO BEHY.

Pesyabratbl. HecMoTps Ha TO, UTO HesieBast KOHIleHTpalus Kajbist (<0,5 MMoJib/ 1) mocsie remoguisrpa Obl-
JIa JIOCTUTHYT TOJIBKO uepe3 16 4acoB, MPOIOJIKUTENBHOCTh PabOThl HKCTPAKOPIOPATIBHOTO KOHTYPa COCTaBUIIA
23,5 uaca. Konuenrpatus obiiero kaubiius cHusuiaach ¢ 3,27 g0 1,98 MMosib /i1, pyrue mokazareiu KUCJIOTHO-0C-
HOBHOTO GasiaHca ObLIM TI0JHOCTBIO HOPMAIU30BaHbI.

3akmouyeHue. «BeBKaJIBIIV]eBaH» FeMO]II/Ia(I)I/UTBTpa]H/]H MOJKET ObITh TIEPCIICKTUBHBIM METO/IOM JICUYCHUSA CUHIPO-
Ma HaKOIIEHUA IIUTPaTa, O/THOBPEMEHHO CHOCO6CTByH €T0 SJIMMUHAIIMKN 1 y[[OB]IeTBOpI/ITe]IbHoﬁ AHTUKOAT'YJIAINN.

Kmouesvte cnosa: ocmpoe nospesxcoenue nouex; npooieHHast 3aMeCmUmenvHas Noueuras mepanust; 6e3xaivyu-
e6vle Pacmeopuvl; KYMYAsyust yumpama; Kapouoxupypeust

Regional citrate anticoagulation (RCA) is an increasingly common technique at continuous renal replacement
therapy in critically ill patients with acute kidney injury (AKI). Regardless of the new anticoagulation protocols
of RCA, citrate accumulation is remaining infrequent but unfavorable complication with poor outcome.
Traditional treatment of this complication includes interruption of citrate administration, as well as increasing the
flow of blood and dialysate.

Objective: to evaluate safety and effects of a new modality, the continuous «calcium-free> hemodiafiltration, on
electrolyte and acid-base status in a patient undergoing cardiac surgery with citrate accumulation after RCA-CRRT.

Materials and metods. Reduced level of calcium in the extracorporeal circuit has been achieved by applying cal-
cium-free Ci-Ca Dialysate K4 solution for predilution and dialysate. To prevent hypophosphatemia and hypomagne-

Anpec 17151 KOPpPeCIOHAEHINI: Correspondence to:
Cepreii Kosrecnukon Mr. Sergei Kolesnikov
E-mail: igdrasil03@mail.ru E-mail: igdrasil03@mail.ru

OBINAA PEAHMUMATOAOTI' WM, 2016, 12; 3 www.reanimatology.com



72

Clinical Observation

DOI:10.15360,/1813-9779-2016-3-71-77

semia 500 ml/h Multiplus K+ solution was administered in a postdilution mode. Desired level (0.9-1.2 mmol /L) of ion-
ized calcium was achieved by continuous infusion of 5% calcium chloride 6-12 ml/h into a separate central vein line.

Results. Although the target level (<0.5mmol/1) of calcium after hemofilter was achieved only after 16 hours,
the lifespan of the extracorporeal circuit was 23.5 hours. Total serum calcium decreased from 3.27 to 1.98 mmol/L.
Other markers of acid-base balance had been fully normalized.

Conclusion. «Calcium-free» hemodiafiltration might be a promising treatment option for a citrate accumula-
tion syndrome that ensures citrate removal and establishes satisfactory anticoagulation.

Key words: acute kidney injury, CVVHDEF; calcium-free solutions; citrate accumulation; cardiac surgery
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BBenenne

Heobxoaumocts obecrieyeHus OCTOSHHOW aH-
TUKOATYJISIIIUHN JIJIs COXPaHeHust 3(h(HEeKTUBHON PabOThI
HKCTPAKOPIOPATILHOTO KOHTYPa OCTaeTcst Hambosiee
«ySI3BUMBIM MECTOM» IIPOJIJIEHHON 3aMeCTUTeIbHON
noueuHoit teparu (I13I11T) [4]. Pernonaspbuag mut-
parnas antuxoaryssiius (PIIA) asnsercs Bce uare
npumensiercst npu [I3IIT y nanwmentos ¢ OILIIL [5, 6].
[okazanus k II3IIT ¢ PILA y kapanoxupypruaeckux
GOJIBHBIX BO3HUKAIOT OYEHD YACTO, B YACTHOCTH, M3-3a
PHCKa [TOCTIEOTEPAIIMOHHOTO KPOBOTEUCHHS U MH/TYITU-
POBaHHOI HCKYCCTBEHHBIM KPOBOOOPAIIEHUEM TPOM-
Gorrorenn |7].

TToctynuBinmii B cCUCTEMHYTO ITUPKYISAIUIO 1TH-
TpaT 00BIYHO OBICTPO MeTaboIU3UpyeTcst B GUKapOHO-
HAT, TJTABHBIM 00PA30M B CKeJIETHBIX MBIIIIIAX, [eve-
HU ¥ KOPKOBOM BeliectBe 1ouek [8]. MeraGosnam
murpara B 1ukiae Kpebca siBisieTcst aspoOHBIM, U Y
GOJILHBIX, TIEPEHECIITUX OIIEPAIUIO0 HA CEPJIIIE, MOKET
ObITH OrpaHMYeH M3-3a AbIXaTEJbHOH M CepiedHOil
HEJIOCTATOYHOCTH ¢ HUBKUM BhIOpocoM [1].

Kak coobrmanioch panee, HaKoILIeHIe (KyMyJisi-
1ust) nuTpaTa Habsomxaercs BioTh 10 11% mpore-
nyp H3IIT ¢ PILA, sBagsch TPyAHO MpeIOTBPATH-
MOU U TOTEHIHMAJbHO (artajbHOU HTPo6JIEMON B
cydae IMosjHero BbigBicHUs. Panee npeHTUhUIIM-
POBaHHBIMU TIPEAMKTOPAMU HAKOILUIEHUS IUTpaTa
ycraHoBjieHbl: onenka 1o SOFA Gosee 14 Ganios,
npeamucannas go3a 3T 6onee 26 mii/Kr/4ac, u
BBICOKMH YPOBEHD IMEYCHOUYHBIX (DEPMEHTOB B I1JIa3-
Me KpoBu. Kpome TOro, BBIPA)KEHHOCTD MOJHUOPTaH-
HOU MCchYHKIINA U HU3Kas Macca TMalleHTa TakxKe
MOTYT CJIYKUTb KIMHUYECKUMU MPEIUKTOPAMU KYy-
myJsiaiun utpata B Hadase [I3I1T ¢ PITA [9].

TpaAuIMOHHBIME CIIOCOOAMY  TIPEOJI0JIEHUST
CUH/IDOMA HAKOIJICHUS IIUTPATa SABJISIOTCA: TPEKpa-
HIeHWE [UTPATHOM AHTUKOATYJAINH, yBEJIUYCHUE
MOTOKA /[MATN3aTa, OlleJauuBaHue KPOBU U UHQY-
3WsI IPEMapaToB KaIbIust. TAKUM 00pa3oM, BO3HIKA-
€T HEOOXOMMOCTD B MTOJHOM MTPEKPAIIEHIH TaHHO
MOJIATTBHOCTH aHTUKOAryJsiiun. VI3BeCTHO, 4TO Tpe-
NUWJIONMOHHASA ~METOAMKA TeMoauaduiIbTpaum
(TAD) cuukaer puck TpoMb03a KOHTypa B CpaBHe-
HUM ¢ aHajorn4dHOM noctausmonuonnoi [10]. Kom-
Mepueckue OeskasibiimeBbie  pactBopbl  «Ci-Ca
Dialysate» (Fresenius), pu UCIIOJb30BaHUK B IIpe-

Introduction

Requirement for continuous anticoagulation
to maintain efficient work of the extracorporeal cir-
cuit remains the most vulnerable point of continu-
ous renal replacement therapy (CRRT) [4].
Regional citrate anticoagulation (RCA) is an
increasingly common technique at CRRT in criti-
cally ill patients with acute kidney injury (AKI) [5,
6]. Indications for RCA-CRRT in cardiac surgery
patients arise very often due to the risk of postoper-
ative bleeding and cardiopulmonary bypass induced
thrombocytopenia [7].

When entering the blood, citrate is rapidly
metabolized to bicarbonate, mainly in the liver,
skeletal muscle and renal cortex [8]. Citrate metabo-
lism in the Krebs cycle is aerobic, and in patients
undergoing cardiac surgery this process may be lim-
ited due to respiratory and cardiac failure associated
with a low cardiac output [1]. As previously dis-
closed, the citrate accumulation occurring up to 11%
of patients underwent CRRT is hardly to avoid and
it could represent potentially fatal problem when
detected late. Previously identified predictors of cit-
rate accumulation included SOFA score >14, pre-
scribed CRRT dose >26 ml/kg/h, and high plasma
levels of hepatic enzymes [9]. Moreover, increased
severity of organ dysfunction and low weight of a
patient may serve as clinical predictors of citrate
accumulation at the start of RCA-CRRT. The tradi-
tional ways to overcome the citrate accumulation
includes stopping the citrate anticoagulation,
increasing the flow of dialysate, blood alkalinization
and infusion of calcium. Therefore, there is a need for
the complete cessation for this modality of anticoag-
ulation. It is known that predilution technique of
HDF reduces the risk of thrombosis compared to
similar postdilution mode [10]. Commercial calcium-
free solutions Ci-Ca (Fresenius, Germany) used in
predilution HDF modality capable to reduce level of
calcium in the extracorporeal circuit to values that
cause anticoagulation effect. Calcium-free dialysate
was also capable to reduce the level of calcium in the
blood. In the latter cases it is totally unnecessary to
administerof the anticoagulants including citrate
with correspondent risk of its accumulation. When
contraindications to heparin are present, this strate-
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Kamunuueckoe HabaopreHUE

MUTIONIMOHHONW MozaiabHocTH [/l MOTyT CHUBHUTDH
KOHI[EHTPAIMIO KaJIbIIUs B HKCTPAKOPIIOPAJbHOM
KOHTYpe JI0 3HaUYeHUH, BbI3bIBAIONINX 3(hheKT Triio-
KoaryadIuu. beckanblineBbIl 1Uan3aT TakKe CIo-
coOeH CHUBUTD COJlepKaHue Kajiblius B KpoBu. [Ipu
9TOM IIOJIHOCTBIO OTCYTCTBYET He0OXOAMMOCTh BBe-
JIeHUsI aHTUKOATYJISTHTOB, BKJIIOYAsl IIUTPAT C COOT-
BETCTBYIOIUM PUCKOM ero HakorieHus. [Ipu nporu-
BOIOKA3aHUAX K IMPUMEHEHUI0 TerapuHa JaHHas
METO/IUKA MOKET UMETh CYIIIeCTBEHHbIE TIPEUMYIIe-
CTBa, IIOCKOJIbKY II03BOJIsIET 0OECIIeYNTh KaK BbIBe-
JleHue [UTpata u3 KPOBH, TAK U TIPUEMJIEMbII aHTH-
KOAryJIanoHHbIN ahdeKrT. MbI MPeAnonoKIIn, 4To
LIS TOTO, 4TOOBI 06eCIeYnTh HeOOXOAMMYI0 AaHTUKO-
aryJisiiifio, HeoOXO0AUMO TOALEPKUBATh COOTHOIIIE-
HUE CKOPOCTH IOTOKAa KPOBH/CKOPOCTb IPEIMJIIO-
nuu+ ckopocth auanusara okoso 1:1. Tlpu stom
oJi/Iep’KaHe  HOPMAJIbHOTO CO/IEPKAHUST MOHU3U-
POBaHHOI'O KaJ/lbI[Usl B KPOBU HalleHTa MOKeT obec-
[eYNBATHCS MOCTIUIIOIUOHHBIM PACTBOPOM, BKJIIO-
YAOIUM KaJIbI[uil, a Takxe ero uHdysueil B
OT/IEJIbHBIN COCYZIUCTBIH JIOCTYII Yepe3 HeHTPaTbHYIO
BeHy. B mpezicraBieHHOM KJIMHUYECKOM HabJIIoje-
HAM MBI OLICHUIN 0€30IIaCHOCTb U BO3ZACHCTBUE HA
3JIEKTPOJIMTHBINT U KUCJIOTHO-OCHOBHOU CTaTyC HO-
BOI1 MOAAIBHOCTH <«OECKaJIbIIMeBOI» MPOJIOHTUPO-
BAHHOI BEHO-BEHO3HOU remMouaduibrpalu ¢ 1c-
noJsib3oBanueM pactBopo «Ci-Ca Dialysate» B
COUYETAHUU C 3aMeIleHNeM KaJIbIUs B OT/EIbHbIN Be-
HO3HBIN COCYIUCTBIN TOCTYTI.

Marepuan u MeTObI

B asrycre 2013 roma, 67-eTHuiT MysKurHA Maccoi 85
KI' ¢ XPOHUYECKON HIEMUYECKOi OOJIE3HBIO CepIia Moce
KOPOHAPHOTO IIYHTUPOBAHUS ObLI TOCHUTAIU3UPOBAH B
OPUT c ouenkoii no SOFA 14 6amwios u APACHE 11 28
6aJLIIOB, TOCJIEe YCIIENTHON CEepAeYHO-JIETOYHON U MO3TOBOI
pearmmarin (11 6ammoB 0 1TKaste kKoM [masro). Tlarment
MOJTyYaJ MEXaHUYECKYI0 BEHTHJLAIWIO JIETKUX B PEKNIME
SIMYV, ¢ FiO, 0,55. TTocre 13 cyrtok neuernust 8 OPUT, o
[PUYMHE BO3HUKHOBEHUS OCTPOTO MOBPEKAECHUS IOYEK
(«Failure» 1o kmaccubukanuu RIFLE), 6buia nauata
[3IIT. CA/l coctaBiisiiio 64 MM. PT. CT., TPOBOAUIACH UHO-
TPOITHAS TTO/IIEP’KKA OTTAMUHOM B /103e 4 MKT/KT/4ac. [Ipn
urnmanun 31T mabmoxanu oGbeMHYIO 1eperpysKy (110
PEHTTEHOJIOTMYECKUM JIAHHBIM — BBIPaKEHHbIE OuJiaTe-
paJsIbHbIE CMEIIaHHbIC 3aCTOIHbIC U3MEHEHUS B JIETKUX) U
COCTOSIHME THIOKOAry/saiuu (yposenb anTutpomOuna 111
63 ME/ mu). Wnmekc okcureHanmuu Ha MOMEHT Hayasa
[I3IIT cocraBun 124 mm pt. ct. [lo nmprunHe moBTOPHOTO
JKEITYIOYHO-KUIIIEYHOTO KPOBOTECYEHHUS ¢ TPOMOOIIUTOTICHH-
eit (58 Toic./mir) Obina Hauara [I3IIT ¢ anTHKOATYIIsIIMEl
murpatoM. [Tpomentyio BeHo-Berosuyio [JID ¢ PITA ocy-
MIECTBJASIN ¢ TIpUMeHeHueM amnmapaTta PrismaFlex
(Gambro, Lundia AB) u remoduibrpa 13 noJMapuisTep-
cymnpona HF 1000 (1,15 m?, Gambro). [lurpaTHyio aHTH-
koaryJsiiio ipu [/ npoBojmiu ¢ npeanionueii pacTBo-
pom 1rpara 12 mmoab/o1 («Prismocitrate 10/2», Gambro)
1 MIOCTAMTIONMOHHBIM 3aMenieHreM pactBopoM «MultiPlus
K+» (Fresenius Medical Care), comepskaiyM Mariuii,

gy provides significant benefits since it allows both
citrate removal and acceptable anticoagulant effect.
We hypothesized that in order to maintain required
level of anticoagulation, it is necessary to maintain a
blood flow rate/predilution+ dialysate flow ratio
close to 1:1. Maintaining the level of ionized calcium
can be supported by calcium-containing postdiluting
solution and by its infusion into a separate port via a
central vein. In presented case report, we evaluated
safety and effects on electrolyte and acid-base status
of a new modality that includes «calcium-frees»
CVVHDF using Ci-Ca solution combined with a
calcium replacement in a separate port for intra-
venous administration.

Materials and Methods

In August 2013, a 67-year-old Caucasian man (body
mass 85 kg, Sequential Organ Failure Assessment (SOFA)
score 14, Acute Physiology and Chronic Health
Evaluation (APACHE) 1II score 28) following coronary
artery bypass grafting due to chronic coronary heart dis-
ease was admitted to cardiac surgery intensive care unit
(ICU) after cardiopulmonary resuscitation with Glasgow
Coma Scale 11. The patient has received mechanical venti-
lation support (SIMV), with FiO, 0.55 and oxygen satura-
tion 96%. After 13 days of ICU admission, due to appa-
rance of AKI («Failure» by RIFLE) the CRRT was
started. Patient was hemodynamically unstable (MAP 64
mm Hg) and required inotropic support with dopamine 4
ug/kg/h. At the time of CRRT start, we observed volume
overload by X-ray examination (bilateral pulmonary con-
gestion) and hypocoagulation status (level of antithrom-
bin IIT was 631U/mL). Respiratory index at the start of
CRRT was 124.

Because of recurrent gastrointestinal bleeding and
thrombocytopenia (PLT 58000/mL), the CRRT was
started with citrate anticoagulation. RCA-CVVHDF was
fulfilled using the Prismaflex system (Gambro, Lundia
AB, Sweden) and PAES hemofilters (HF 1000, 1.15 m?
Gambro, Meyzieu, France). RCA was performed by con-
tinuous veno-venous hemodiafiltration modality (RCA-
CVVHDF) with a 12 mmol /L predilution citrate solution
(Prismocitrate 10/2, Gambro) and postdilution replace-
ment solution (MultiPlus K+, Gambro) with bicarbonate
and phosphate. We used PrismOcal (Gambro) as a
dialysate fluid. The blood flow, dialysate/ substituate
rates were matched according to a proprietary protocol
(Prismocitrate 10/2, Gambro) to achieve the target val-
ues of plasma calcium (0.9—1.25 mmol/L) and calcium
after the hemofilter (0.25—0.4 mmol/L). In the case of
metabolic acidosis not related to citrate accumulation an
additional bicarbonate solution was added to the dialysate
to reach the base excess (=0 mmol/L). Targeted level of
calcium in plasma was achieved due to its continuous
infusion at 11—22 ml/h into separate central vein
(Prismaflex 6 firmware version). Venous blood samples for
monitoring of ionized calcium concentrations were har-
vested from the dialysis tubing at sampling ports distal to
hemofilter at start of CRRT and every 4 hours. Prescribed
CRRT dose was nearly 40 ml/kg/hour, with considering a
lower dose delivered because of self-testing and 5-minute
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KasrpIni u pocdart. B kauecTBe Aranm3npyiomnero pacTBopa
ucnosbzoBaiu «PrismOcal»> (Gambro). Ckopoctb motoka
KpOBH, Anajiusara u cybcturyara Oblia 11000paHa B COOT-
BETCTBUM € MOANDUIIMPOBAHHBIM BapUAHTOM IIPOTOKOJIA
Prismocitrate 10/2 11 10CTHKEHMS 11EJIEBBIX YPOBHEH HO-
HU3HPOBAHHOTO Kauibliust 11a3mbl (0,9—1,25 MmMouib/o1) 1 B
KoHType 11ocie remoduiisrpa (0,25—0,4 mmou/ir). B coy-
yae MeTaboJIMYeCKOro alu/I03a, He CBA3aHHOTO ¢ HaKOILIe-
HMEM [UTPATA, B IUAIU3AT JOTIOJHUTEIBHO A00ABJISIIN Pac-
TBOp OMKapOOHATa ISt JOCTHKEHUS M30bITKA OCHOBAHUI
(BE>0 mmoub/m). 1leseBble 3HaueHUS KaJbIUs I171a3MbI
HOJIEPKUBAIA € TOMOIIBIO MOCTOSIHHON undysun 5%
Kaurpiust xaopuza 11—22 My /9 B oT/1eTbHBIN BEHO3HBIN CO-
cymuctbiii nocryn (PrismaFlex, 6 Bepcust npoumskn). O6-
pasiibl BEHO3HOI KPOBU JIJISi MOHUTOPUHTA KOHIIEHTPAIIUT
HOHU3UPOBAHHOTO KaJlbllUsl 3a0Mpaiv U3 CIEIUAIbHbIX
MOPTOB I Habopa npob auctasibiee (1ocse) reMouIbTpa
B nauazne [I3IIT u xaxmpie 4 yaca. Ilpeanucannas mosa
PITA-TI3IIT cocraisiia okosio 40 Mit/Kr/9ac ¢ yaetom 60-
Jiee HU3KOH JIOCTABJIEHHON JI03BI, BCTIEACTBHE CAMOTECTHPO-
BaHus pubOpa u 5-MuHyTHBIX 1epepbiBoB [I3IIT st cbo-
pa aHasm30B KpoBH. IIpn CHMIKEHUM CKOPOCTH LUTpaTa u
muanmsata n03y II3IIT koppurupoBanyu yseandyeHuem
HOCTAUITIONUH. EoKeTHEBHO TIPOBOIUIIN OIIEHKY JIEKTPOJIH-
toB kposu (CaZ*, Mg2+), docdopa, nokasareseii Koarys-
un (ACT) u passepHyTOro o6Iero aHaamusa Kposu. Turo-
MarHUeMUIO TIPEJAOTBPAIANU [OCPEACTBOM A00aBJICHMSI
Maraus cyiboara (2,5—4 T/cyTKi) B HOCTAUIIONHOHHBINT
pacTBop.

ITocse 13 cyrox II3IIT Boccranosienus QyHKIUN
[OYEK OTMEUEHO He ObLI0, HAGMIOAAMN IEPCUCTUPYIONTYIO
aHypuio. Kpome ToT0, HECMOTPS HA OTHOCHUTEIBHO HU3KYIO
no3y nutpata (2,8 MMOJIb/J1 KDOBM) Yy TIalMEHTA MOSIBU-
JIUCH TIPU3HAKY €T0 HAKOIJIeHUs. B KauecTBe CypporaTHbBIX
MapKepOB IUTPATHON KyMYJISIIUT UCTIOIB30BAIIN: KATbI[H-
eBbIll mngeke (=2,6), merabosnueckuii anupos (BE<-6
MMOJTb,/JT), aHHOHHBIH TTpo6est (=3 MMOJIb/J1).

Ha ¢domne npopnennoit BBT/I® ¢ nutpatHoil aHTHKO-
aryJisiiyeil KajiblmeBblil nHaeKe coctasisa 3,27; BE —
13,2 MMOJIb/J1 U aHUOHHBIH 11poGest — 15,7 MMosib /ot [lur-
paTHasi aHTUKOATYJISIIIUs ObLIA HEMEJJIEHHO [TPEKPAIleHa;
JOTIOJTHUTEIBHO YBeJTMYeHbl CKOPOCTh TTOTOKA [[HAJIN3aTa
2-X KpaTHO, CKOPOCTH IMOTOKa KpoBu — B 1,7 paza. Havamm
MH(OY3UIO COIBI B OTAETBHYIO BEHO3HYIO JIIHUIO IS KYIIH-
poBanus MeTabosmueckoro anuaosa. Yepes 3 waca I1311T
6e3 aHTUKOATYJISLIUKN 3aPErUCTPUPOBAIM TIPUSHAKK T1PO-
rpeccupyioniero TpoMbo3a KOHTypa, KPOBb U3 Hero Oblia
BO3BPpAIlleHA MAIIEHTY.

C ydYeToM rumnepKoaryJsiiiny 1 HeoOXOIMMOCTH KY-
MUPOBAHUST HAKOIUICHWsI IUTpaTa, Oblia Havata <«bec-
KaJblineBas» reMoauaduabrpaiusa. C nomoripo go6as-
jaeHust 4% Oukapbonara Hatpus 100 MJ B pacTBOpBI
«Ci-Ca Dialysate K4» (Fresenius) koHuenTparust Ou-
kap6onara B pacTBope yBeandena ¢ 20 1o 30 MMoJib/J1, a
Hatpus — ¢ 133 no 143 mmonb/s1. Hauanbnas ckopocTh
MMOTOKA KPOBU cocTaBisna 70 MJI/MUH; CKOPOCTH TIPe/iN-
JIOIIMOHHOTO pacTBOpa/ Auasin3arta cocrasisiia mo 1800
Mi/4 (GeskasiblueBbie pacTBOpbI). Jlas mpemoTBpaiie-
Hust runodochaTeMun ¥ THIOMATHUEMIH TTOCTIUITIONN-
OHHO HazHayaJ¥M AuaTu3upyiomuii pactsop «Multiplus
K+ 4» 500 mu/gac. IlesieByio KOHIIEHTPAIIUIO HOHU3UPO-
BaHHOTO Kaibius mrasmsl (0,9—1,2 mmoss/m) noctura-
JIU C TIOMOIIBIO HETPEPHIBHON WHOMY3UN 5% KaabIus
xaopuna (6—11 mii/uac) yepes OTHeNbHBIN KaTteTep B

interruptions to collectsamples for analyses. If lower cit-
rate and dialysate flow required, CRRT doses were cor-
rected by increasing the post-dilution. Serum electrolytes
(CaZ*, Mg2*), phosphorus, coagulation parameters (ACT)
and complete blood count were assessed on a daily basis.
Hypomagnesemia has been prevented by magnesium sul-
fate supplementation (2.5—4 g/daily) of a post-dilutio
solution. After 2 weeks of CRRT, there was no recovery of
renal function (anuria persisted).

Despite the relatively low dose of citrate (2.8 mmol/1
blood), the patient showed signs of citrate accumulation.
Possible causes of citrate accumulation could be respirato-
ry failure and concomitant hepatic dysfunction. As a surro-
gate marker of citrate accumulation, we used calcium index
(>2.6), progressive metabolic acidosis (BE<-6 mmol/L),
and increased anion gap (=3 mmol/1).

On the background of RCA-CVVHDE, the value of
calcium index was 3.27, BE — 13.2 mmol /L and anion gap
15.7 mmol/L. Citrate anticoagulation was discontinued
immediately; in addition dialysate flow was 2-fold
incerased, blood flow rate was increased 1.7-fold. To relief
from the metabolic acidosis bicarbonate infusion was
launched in separate venous line. After 3 hours of antico-
agulation-free CRRT the signs of progressive circuit
thrombosis appeared, and the blood was returned to the
patient. Taking into account the hypercoagulation state
and the need to relief from citrate accumulation, «calcium-
free> hemodiafiltration was launched. By adding 100 ml of
4% sodium bicarbonate solution in Ci-Ca Dialysate K4
(Fresenius Medical Care) the bicarbonate normalization
from 20 to 30mmol/L was performed, and sodium concen-
tartion was increased from 133 to 143 mmol/L. Initial
blood flow rate was 80 ml/min and the pre-
dilution/dialysate flow rate was set up at 1800 ml/h (both
solution were calcium-free). To prevent hypophos-
phatemia and hypomagnesemia, 500 ml/h Multiplus K+ 4
(Fresenius Medical Care) dialysate was administered in
the post-dilution mode. Desired level (0.9—1.2 mmol /L) of
ionized calcium was achieved by continuous infusion of 5%
calcium chloride at 6—11 ml/h into a separate central vein
line (table 1). Flow rate of calcium-free solutions were not
changed although technically it was possible.

To achieve anticoagulation, calcium level at hemofilter
was empirically set up to the level approximately twice
lower than one in plasma (<0.5 mmol/L). Changes of cal-
cium concentrations (total, plasma (ionized) and after the
filter) are presented in the Fig. 1.

Although the targeted level of calcium after the
hemofilter could be achieved only after 16 hours, the lifes-
pan of the extracorporeal circuit was 23.5 hours. Total
serum calcium decreased from 3.27 to 1.98 mmol/L, other
markers of acid-base balance were normalized. During
«calcium-free» hemodiafiltration the ionized calcium level
was remained within the reference values. No episodes of
hypotension and cardiac arrhythmias have been reported.

Results and Discussion

Due to some circumstances, cardiac surgery
patients with AKI experience contraindications to
heparin and citrate anticoagulation. Clinical protocols
on RCA-CVVHDF, RCA-CVVHF (PrismaFlex),
and RCA-CVVHD (multiFiltrate) clinical use in high
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TlapameTpb! IPO/JIEHHON BEHO-BEHO3HOM reMoiuauIbTpanuy ¢ PETHOHAIBHON IUTPATHON aHTUKOAryasiuuei u «6ec-
KaJIbIIUEBON»> Y GOIBHOTO C OCTPHIM MOBPESKIEHHEM NOUEK MOCIIE KAPIUOXUPYPIAYECKOr0 BMEMATENbCTBA.
RCA-CVVHDF and <«calcium-free»-CVVHDF settings in patient with AKI scheduled cardiac surgery.

Settings of CRRT RCA-CVVHDF CF-CVVHDF
Blood flow rate (Qb) (ml/min) 100 70
Citrate flow rate (12 mmol/I, predilution mode ) (ml/h) 1400 —
Predilution flow rate (Ca-free solution) (ml/h) — 1800
Dialysate flow rate (ml/h)’ 1400 1800

Postdilution flow rate (Ca-containing solution) (ml/h) 250 500

Ratio of Predilution + Dialysate/Blood volume (ml/min) 0.46 0.85
Calcium flow rate, average (ml/h) 12.7 8.5
Prescribed dialysis dose (ml/kg/h) 35.9 48.2
Fluid removal rate (ml/h)* 100 100

ITpumeuanne: Settings of CRRT — mapamerps! mpo/yieHHON 3aMecTUTeIbHON odednoil Tepanni; RCA — pernonanpHast TUTPaTHAS
antukoaryssius; CF- «6eckanbuuesasi»; CVVHDF — npoasiennas BeHo-BeHO3Hast remopuaduisrpanus; Blood flow rate(Qb)
(ml/min) — ckopocts moroka kposu (Mi/mMun); Citrate flow rate (mmol/l, predilution mode) (ml/h) — ckopoctb moToka uTpara
(vmoat/a1, npemuimonus ) (ma/ 9); Predilution flow rate (Ca-free solution) — ckopocTh npeanTONMOHHOTO pacTBopa (GecKamTbIneBbIit
pactiop); Dialysate flow rate — ckopoctsb notoka auanusara; Postdilution flow rate (Ca-containing solution) — ckopocTsb mocTaNIIO-
monHoro pacrsopa (Ca-conepskamuii pactBop); Ratio of Predilution + Dialysate/Blood volume (ml/min) — coorHomurenue cymmb
CKOPOCTH TIPEIMIIONNY + INAMN3aTa U CKOPOCTH ToToKa Kposu (Ma/mun); Calcium flow rate, average (ml/h) — cpeansis ckopocTs mo-
Toka Kanbius (mii/a); Prescribed dialysis dose (ml/kg/h) — nasnauennas no3a samectuTenbHON noueynoli repanuu (mia/kr/4); Fluid
removal rate (ml/h) — ckopoctb yasrpaduisrparuu (Mii/4). ' — He comepxanuii Ca2*; * — V3MeHsieMasi B COOTBETCTBUY ¢ KJIMHUYEC-
KUMH [OTPEGHOCTSMIL.

Note: CRRT — continuous renal replacement therapy; RCA-CVVHDF — «Regional Citrate Anticoagulation» — Continuous Veno-
Venous Hemodiafiltration; CF-CVVHDF — «Calcium-Free»-Continuous Veno-Venous Hemodiafiltration; AKI — acute kidney injury;

! — In CF-CVVHDF modality not containing Ca?+; > — Modified according to clinical needs.

HeHTpaibHOl BeHe (Tabimna). CkopocTh moToka Gec-
KaJIbIMEBBIX PACTBOPOB HE M3MEHSJIN, HO TEXHUYECKH
3TO OBLIO BO3MOKHO.

JlJIst TOCTVKEHUsT aHTUKOATYJISIIINNA KOHIIEHTPATIHsT
KaJbIMSA B KOHTYPE Tocjie TeMouIbTpa Oblja aMIupu-
YeCcKW yCTaHOBJIEHA NMPUMEPHO B 2 pasa HUXKeE, 4YeM B
mrasme (<0,5 MMomb/1). VI3MeHeHUsT KOHIIEHTPAIUN
00111eT0, TJI1a3MEHHOr0 (MOHU3UPOBAHHOTO) KaJlbLUs U
KOHIICHTPAIIMU KaJbIUsd mocje (GuibTpa OTPaKEHbI Ha
PUCYHKE.

HecmoTpst Ha TO, 4TO 1iejieBast KOHIIEHTPAIUS Kajlb-
s nocJie reModuabrpa OblIa JOCTUTHYTA TOJIBKO Yepes
16 4acoB, IPOAOJFKUTENBHOCTh PabOThI HKCTPAKOPIIOPATIb-
HOTO KOHTYpa cocTaBuia 23,5 yaca. Konnenrparust o6ie-
rO KaJIbIls cHu3miaach ¢ 3,27 o 1,98 mmosts /71, apyrue 1o-
KaszaTesu KUCJIOTHO-OCHOBHOTO GajiaHca ObLIH OJHOCTHIO
HOpMaJIM30BaHbl. Bo BpeMsi MpoBemeHUs «OecKasbIne-
BO¥I» remMonauIbTPAINN co/lepKaHie MOHU3UPOBAHHO-
TO KaJIBIUSI OCTaBAJOCh B NPEJEIaX 1eJE€BbIX 3HAYEHUI.
Hukaxkux amm30/0B apTeprajbHON TUIIOTEH3UU U apHT-
MUK OTMeYeHO He ObL10. [Tocsie KynmupoBaHus HAKOILJICHUS
uTpara ObLI IPOAOJKEH MPOMJEHHBIH TI'eMOIUAIN3
(multiFiltrate, Fresenius) ¢ anTHKOATyJISAIMENR IIHTPATOM,
sakonunBIniics paspemenreM OIIII n BoccTanoBiennem
bynkinn nouex.

PesyabraThl 1 00CyK/I€HHE

BesenerBue psiia 06CTOSATENBCTB Y KapIUOXU-
pyprudecknx naruenToB ¢ OIIII MoryT Bo3HUKATDH
MPOTUBOTIOKA3aHMsT K 060UM HamboJiee 4acTo HUC-
MOJIb3yEMbIM aHTUKOATYJISTHTAM — TellapUHy ¥ IUT-
party. BHeapeHnHble B Halell KJIWHHUKE ITPOTOKOJIbI
IIBBIA® u [IBBI'D ¢ PIIA (PrismaFlex), a Taxxe
IIBBT/T ¢ PITA (multiFiltrate) y maiueHToB ¢ BbI-

bleeding risk patients allowed to adapt CRRT to the
needs of critically ill patients with AKI. However, con-
tinuing bleeding and thrombocytopenia restrict
patients from prescription of anticoagulants, as well
concomitant hepatic and cardiopulmonary failure can
limit the citrate infusion. Citrate accumulation is
uncommon but severe complication of RCA-CRRT,
and according to several studies, incerased citrate may
serve as a predictor of in-hospital death [9, 11].
Difficulties with the correct assessment of volemia and
volume overloading are common in cardiac surgery
patients |2, 3]. Thence, the respiratory index may be an
early indirect predictor of citrate accumulation.

In our study, an alternative method for elimi-
nation of citrate accumulation leading to increased
functionality of a contur compared to no-anticoag-
ulation CRRT was proposed. Calcium is consid-
ered as an important element of blood coagulation,
and controlled hypocalciemia in exctracorporeal
contur might be suppoorted by citrate or solutions
with no calcium. Technically, the application of cal-
cium-free solutions in pre-dilution and dialysate
mode and keeping the normal levels of other ions
resulted in achievement of the desired level of anti-
coagulation. Furthermore, the focus on a calcium
index contributed to reduce the level of calcium-
citrate complexes and abrogate citrate intoxica-
tion. By our observation, both theoretical and
practical possibilities to develop anticoagulation
for CRRT based on the principle of reducing the
calcium level in the extracorporeal circuit using
calcium-free solutions were successfully tested.
Method demonstrated capability to control
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COKUM PHUCKOM KPOBOTEUYEHUST 03~
Bosimin agantuposath [I3IIT
norpebHocTsIM GosbHBIX ¢ OTITI.

3.5

3.0

/\\ ---4--- Post-filter calcium

—+— Total calcium —sa— Circuit calcium

Tem He MeHee, TPOAOJLKAMOIIEECS
KpPOBOTeUeHIEe U TPOMOOIUTOIIE-

2.5
HUA OTpaHUYUBAIOT TIPpUMEHEHUE

HEIPAMbBIX aHTHUKOAryJIAHTOB, a

COIIYTCTBYIOIIAasA TIledeHOYHasd U
Cep/iedHO-JIeroyHasa HeJ0CTaTo4-

mmol/1

HOCTb MOTYT JINMUTHPOBATDH IPHU-

MeHenue rutpara. Kymyssamus - .0

Tpara SBJSIETCST HEYacThIM, HO
TaskeabIM ocioxkuenreM II3IIT ¢ 0.5

PIIA, u coryiacHO HEKOTOPBIM HUC- -
CJIEIOBAHUSM MOKET CJYKUTh

—A

MPEANKTOPOM TOCTTUTAIBHON Jie-
tampHocTu [9, 11]. CaoxHOCTD
KOPPEKTHOW OIleHKU BOJIEeMUH, U

Before 1 4 8 12 16 20 2
start CF-HDF

Stage of study, hours

«00beMHasT TIEePErpysKa» HepeaKo
BCTPEUAIOTCS Y KapIMOXUpypruye-
ckux marueHToB [2, 3]. Iloatomy
WHJIEKC OKCUTCHAITMU MOYKET CJIy-
JKUTb PAHHUM HETIPSIMBIM TTPEITK-
TOPOM HAKOTIJIEHUS ITUTPATA.

B Hameii pabote mpesioKeH
AJbTEPHATUBHBII METOJI yCTpaHe-
HUS HAKOTJICHUS IMTpaTa, Bemry-
MUH K YBEJIUYCHUIO MPOAOJIKUTEIBHOCTH (DYHK-
IMUOHUPOBAHUS KOHTYpa, B cpaBHeHun ¢ II3IIT
6e3 NMpUMEHEHUsI aHTUKOATYJISTHTOB. KasbIuii siB-
JISeTCA OJTHUM U3 BaKHEHINNX 3JIEMEHTOB CBEPTHI-
BaIOIEil CUCTEMbl KPOBH, MO3TOMY YIIpaBisieMast
TUIOKAJIBIIUEMUST B 9KCTPAKOPIOPAIHHOM KOHTY-
pe MoxkeT 06eCHedyuBaThCs MUTPATOM WU Oec-
KaJblUeBbIMEU pacTBopamu. I[lpumenenue Oec-
KaJbIMEBBIX PACTBOPOB B MPEAUNIONUU U
Uajn3are TIPU HOPMAJIbHBIM COJEPKAHUEM OC-
TaJbHBIX MOHOB CIIOCOOCTBOBAJO HEOOXOIUMOM
TUIOKOATYJISAIMU W TT03BOJIMJIO CHU3UTH YPOBEHD
[UTPATHO-KAJbIIMEBBIX KOMILJIEKCOB, KyIHUPOBATDH
MUTPATHYI0 HHTOKCUKaWIo. [lokasana Teopernye-
CKasi U MPaKTUYECKash BO3MOYKHOCTL pas3paboTKu
Metojuku antukoaryasiuu aisa [1311T, ocnoBan-
HOUW Ha TPUHIIUIIE CHWKEHUS YPOBHS KaJbllUs B
3KCTPAKOPIIOPATBbHOM KOHTYPE C MCIOJTb30BaHUEM
GeCcKaJbIUEBBIX PACTBOPOB. [IpuMeHEHE YKa3aH-
HOTO MeTO/Ia 00ECTIEYNIIO KOHTPOJIUPYEMYO THIIO-
KaJbIIMEMUIO B 3KCTPAKOPIOPAJbHOM KOHTYpPE Ha
ypoBHE reMOMUIbTPA, KAIbIUH MJIa3Mbl [IPU 9TOM
ocTaBaJicsl HOPMaJIbHBIM. Kpome TOTO, MeToanKa
NpeayIpexR/iaeT HeraTUBHBIC TTOCHENCTBUS WC-
MOJTb30BAHUS TellapuHa U IUTpaTa.

Meton «beckanbiineBoii» remoauaduiIbTpa-
1uu, pa3paboTaHHbII IJIs1 JIeYeHUs] CHHPOMa Ha-
KOIJICHUSA IUTPaTa, M03BoJigeT 3(hPEKTUBHO KYy-
MUPOBATDH 3TO cepbe3Hoe OCJIOKHEHHE,
obecrieurBasi yJOBJIETBOPUTEIHHYIO <ITPOIOJIKU-
TEJBHOCTH KU3HU» KOHTYpa. Bosee Toro, braroaa-

JIuHAMHKa KOHIEHTPAIMA KaJblUs NPH «GecKaablyeBoii> reMoanaduibTpayy Ha
¢oHe HAKOIIEHHS IIUTPaTa.

Dynamics of calcium levels during «calcium-free» hemodiafiltration against the
background citrate accumulation.

IIpumeyanue. before start CF-HDF — 110 nauana «6eckasibiineBoii» reMoanaduibrpa-
uu; hour — yac; Total calcium — o6umii kaspumit; Circuit calcium — wonnsuposan-
Hblit kaabiuii; Post-filter calcium — kaspimii nocae remoduasrpa; mmol /1 — mmoun /i,
Stage of study, hours — aranbl vccenoBaHus, Yachl.

hypocalcaemia at hemofilter, while blood levels of
calcium remained within the normal values.
Furthermore, the use of the method might be help-
ful to avoid the potential negative effects of
heparin and citrate.

Methodology of «calcium-free> hemodiafiltra-
tion adopted in our center to treat citrate accumu-
lation, allows to abrogate this serious complication
by providing a satisfactory lifespan of circuit.
Moreover, due to normalization of ion content, this
method allowed to maintain an appropriate buffer
and electrolyte balances in the absence of distur-
bances of acid-base equilibrium. Finally, the advan-
tages related to the optimal acid-base correction
and prevention of disorders caused by RCA, can
potentially improve the safety of CRRT in critical-
ly ill patients with the organs lesions involved in
citrate metabolism.

Conclusion

«Calcium-free» HDF is a promising treatment
of patients with citrate accumulation syndrome,
while simultaneously ensuring both the citrate
removal and satisfactory anticoagulation.

Psi HOpMaJIU3alui MOHHOTO KOHTEHTA, 3TOT METO/]
c10coOCTBOBAJ MOAJEPIKAHII0 HEOOX0LUMOTO Oy-
(hepHOro M 2JEeKTPOJUTHOTO Oajianca, MpegoTBpa-
mas pacCTPOICTBAa KUCIOTHO-OCHOBHOIO 9KBILIU-
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G6puyma. B mesom, mpeummyinecrsa, cBs3aHHBIE C
ONTUMHU3AIMEN KHCIOTHO-OCHOBHOTO COCTOSIHUST U
npejgoTBpalleHue o0yCa0BAEHHBIX IUTPATHON aH-
TUKOATyJIAIUell OCH0KHEHUI, CIHOCOOHBI MOBBI-
cuth GezonacuocTh nposepenust [I3TIT ¢ PIIA y
HAIMEHTOB € MTOPAKEHUEM OPraHOB, BOBJIEYEHHBIX
B MeTaboJIM3M UTpaTa.
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JEYEHUE TMITEPBOJIEMHUN MAJIOTO KPYTA
ITOCJIE ONEPATIUU PACTEJIJIN ¥ bOJIbHOU
C TETPAZIOU DAJLJIO 1 ATPESUEU JIETOYHOU APTEPUU

P. A. Mbanos, X. K. A6pasos, JI. A. Hassiposa, A. I11. Apud:kanos,
H. A. Crpmxkos, /l. 1. JKynamanosa, C. X. M6parnmoB

PecnybanKkaHCKUi ClielMain3upOBaHHBIN 1IeHTp Xupypruu uMm. B. Baxuiosa,
Pecry6iuka Ysbekucran, 100115, r. Tamkent, Yunauzapckuii paiton, yi. Mapxaz, 1.10

Intensive Care of Hypervolemia of Lesser Circulation after Rastelli Procedure
Carried out for the Patient with a Pulmonary Atresia

R. A. Tbadov, H. K. Abrolov, L. A. Nazirova, D. I. Julamanova,
A. Sh. Arifjanov, N. A. Strijkov, S. Kh. Ibragimov

V. Vakhidov Republican Specialized Center of Surgery,
10, Farhad Str., Chilanzar district, Tashkent 100115, Republic of Uzbekistan

[MarnmenTka, 17 set, 61 onepupoBana 1mo moBoAy terpajbl Dao ¢ atpesneii Jerounoil aprepu. B parnnem
[OCJIEOTIEPAIIMOHHOM Tleproie HabJIoaIach KIMHUKA TUIIEPBOJIEMIN MaJloro Kpyra KpoBooGparienus. [locie
IIPOBE/ICHUST MHTEHCUBHON Tepanuy ¢ IpUMEHEeHNeM MeTO/[0B HeMHBA3WBHON BEHTUJISIIUU JIETKUX IallMeHTKa B
Y/IOBJIETBOPUTENBHOM cocTostHuu niepeeiera us OPUT na 5-e cyTku.

Kmouesvie cnosa: mempaaa @LZJZJIO,' ampesus JE20UHOU apmepuu, onepavusi Pacmeﬂ]lu; unepeoiemust maiozo
Kpyea Kp06006pameuuﬂ; HeUNBAa3uenasl UCKYCCmeennasid 6EHMUIAUUS TeZKUX

17-year-old patient with hypervolemia of lesser (pulmonary) circulation was operated for tetralogy of Fallout
with pulmonary atresia. She was successfully treated by intensive therapy using techniques of noninvasive venti-
lation with regard to clinical status of hypovolemia of the lesser (pulmonary) circulatory system in the early post-

operative period.

Key words: tetralogy of Fallot; pulmonary atresia; Rastelli procedure; hyperoolemia of pulmonary circulation; non-

invasive ventilation
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BBenenne

Pecriuparophas ojyiep;kka — BaKHEHIINH aJ1e-
MenT unteHcuBHoro jedenus |1, 2]. Terpaga Dasio
(T®) — BposkmEHHBINT MOPOK CEPlA BKIIOYAIOIUIA:
BBICOKHI (Cy0aopTasibHBIN) IeEKT MEKIKETYI0UKO-
Boii meperopoziku (JIMJKIT); cTreHo3 BBIXOIHOTO OT/Ie-
ga mipaBoro sxesynouka (BTIIZK) (kmanansbiii, mos-
KJIAITAHHBIN, CTEHO3 JIETOYHOTO CTBOJIA 1 (MJIM ) BETBEM
JIETOYHOI apTepuy WM KOMOMHUPOBAHHBIN); JEKCT-
PArio3uIs A0PTHI; TUIIEPTPOMUS TIPABOTO KEJTY0OUKa
(IDK), xak ciencTBUe 3aTPy[HEHHOTO OTTOKA KPOBU
U3 JKeJy/I0uKa. Pa3indaioT HecKoJIbKo (HOpM IaHHOTO
MOPOKA: C OTCYTCTBUEM KJAllaHa JIETOYHOH apTepun

Introduction

One of the main elements of intensive care is
respiratory support [1, 2]. Tetralogy of Fallot (TOF)
is a congenital heart defect that includes four com-
ponents: pulmonary infundibular stenosis, overrid-
ing aorta, ventricular septal defect (VSD), and right
ventricular hypertrophy. Several forms of this defect
include the one with a lack of a pulmonary valve,
another one associated with stenosis and pulmonary
atresia (PA) and the forms with or without major
aorto-pulmonary collateral arteries (MAPCA) |3, 4].
There are two types of PA: with Intact Ventricular
Septum (PA-IVS) and PA with VSD (PA-VSD).
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Knaccuduxamus arpe3un JeroyHoii aprepun ¢ e eKToM MeKKeTyA04K0Boi meperopoaku mo Sommervile J., 1970.
The classification of pulmonary atresia with ventricular septal defect by Sommervile J., 1970.

Type Characteristic and pathology features

1 Atresia at the level of pulmonary valve. The pulmonary trunk, right and left pulmonary arteries are fully formed and passable
2 Atresia of pulmonary valve and truct. Both pulmonary arteries exist and could be in a joint or separated

3 Atresia of valve, tract and one of the two pulmonary artery branches. Other pulmonary artery is formed and passable

4 Atresia of valve, tract and both of pulmonary artery branches. Blood flow in the lungs employs a collateral vessels system

IIpumeuanue. Type — tum; Characteristic and pathology features — xapakrepucruka u onucanue naroyoruu; Atresia at the level of pul-
monary valve. The pulmonary trunk, right and left pulmonary arteries are fully formed and passable — Arpesus na yposue kianana JIA.
Jleroumnblii CTBOJ, NpaBast U JieBas JIETOYHbIE APTEPUH MOJHOCTHIO ¢hOPMUPOBaHbI 1 PoXoAuMbL; Atresia of pulmonary valve and truct.
Both pulmonary arteries exist and could be in a joint or separated — Arpesust knamana u crsosia JIA. O6e Jierounbie apTepur COXpaHeHbI
1 MOTYT OBITh CJIMTHI UK pasbeauHenbr; Atresia of valve, tract and one of the two pulmonary artery branches. Other pulmonary artery
is formed and passable — Arpesus kianana, ctBosia u ofHoil us serseil JIA. [[pyrag jerounast aprepus ¢(hopMUPOBaHA U POXOANUME;
Atresia of valve, tract and both of pulmonary artery branches. Blood flow in the lungs employs a collateral vessels system — Arpesus,
KJIallana, cTBoJIa, obenx serseii JIA. KpoBOTOK B JIETKUX OCYIIECTBIISIETCS 32 CUET CETH KOJIJIATEPATIbHBIX COCY/I0B.

(JIA), co creHo3oM u aTpe3uell JIETOUHON apTepuu
(AJTA) ¢ wu 6e3 GOJIBIITNX A0PTO-JIETOUHBIX KOJLIaTe-
pasbHbIX aptepuit (BAJIK) [3, 4].

ATpesus JIeTOYHOU apTepun ¢ e(HEeKTOM MeX-
JKEJTYZIOUKOBOI TIePErOPOJIKU — XapaKTepPU3YeTCst
BPOJKJIEHHBIM OTCYTCTBHEM MPSIMOTO COOOIIEHMSI
mexxay 11K u JTA Ha ypoBHe uHGYHAUOYISIPHOTO OT-
nena [17K, rerounoro KaamnaHHoOTO KOJIbIIA, JIETOYHOTO
CTBOJIA, TPABOU u/min JieBoit BetBu (tabir. 1) [5, 6].

Tl AJTA ¢ JIMIKIT Haubosree XapaKTepHO Ha-
Juarie GOJIBIIUX AOPTO-JETOYHBIX KOJLIaTepasiei
(BAJIK), koTopble SABJALIOTCS OCHOBHBIM THUIIOM
KOMITEHCATOPHOTO JIETOYHOTO KPOBOOOpatienus [7].

[Tpu AJIA mosaan aTpe3npoOBAaHHOTO KJalaHa
MOKeT OBITh XOPOIIO PA3BUTAs JIETOUHAS apTePUs,
4T0 TpeOyeT OMEepPaTHBHOTO BMEIIATEIHCTBA C HC-
[0JIb30BAHUEM TEeTEPOTPAHCIIAHTATA KJaraHa Jie-
rouHoit aprepun — metos Pacresuiu (Rastelli).

OCHOBHBIMU OCJIO}KHEHUSIMH PAHHETO IOCTIe-
OTIEPAIMOHHOTO [TE€PUO/IA SIBIISIOTCST: THIIEPBOJIEMUST
MaJIOT0 KpyTa KpOBOOOPAIIeH sI, KDOBOTEUEHUE, OCT-
past cepiedHas He[oOCTaTOUYHOCTh. Hapyienust remo-
JMUHAMUKY, CBSI3aHHBbIE C THIIEPBOJIEMUEIl Majioro
Kpyra KpoBOOOpAIIleHNsI, Y MAIIUEHTOB MOCJIe Oepa-
1un Pacresuin MOTYT IPUBECTH K TSIKEJBIM OCJIOXK-
HEHUSM U CTaTh IPUYUHOM JieTasbHOTO ncxona [8].

Onucanne KIMHHYECKOTO ciaydada

ITarmenTtka B. 17 ner. [Auarnos: BIIC, TO, cunaa
dbopma. Arpesus JIA 1T tun no Somerville J. BAJIK. CIIO
nanoxenust MAA cnesa (2012 1.).

JlanHble MYJIBTUCIANCHON KOMITBIOTEPHON TOMOTpa-
duu (MCKT) npencrasnens na puc. 1. /[o orepariuu B ra-
30BOM COCTaBe apTePUAJIbHOI KPOBH HACHIIIEHNE KHCIIO-
pozrom SaO, — 80%.

[TpousBenena ornepainus: BHYTPUKETYI0YKOBOE, Jie-
BOKEJIY/IOUKOBO-20PTaJbHOE TYHHEJINPOBAHUE KCEHOoIIe-
PUKapAMAJIbHON 3aIJIATON ¢ OJJHOMOMEHTHON TJIaCTUKON
JIMJKII, cdopmuposanne BTIIK 6Guoknamancomaepska-
MM CHHTETUYECKUM KOHIYUTOM 1o MeToxy Pacrerim
noa obuieii KOMOMHUPOBAHHOI aHecTe3neil, B yCI0BUSIX
UCKYCCTBEHHOTO KpoBooOpaiienus (166 MuH) u kapauo-
miernn (135 Mum).

Pulmonary atresia with ventricular septal
defect is characterized by congenital absence of
direct communication between the RV and pul-
monary artery at the level of infundibular depart-
ment of RV, pulmonary valve ring, or pulmonary
trunk (Table 1) [5, 6].

The presence of MAPCA is most typical for the
PA-VSD. It comprises the main type of compensato-
ry pulmonary circulation [7].

Pulmonary artery located behind the inperfo-
rate valve in PA could be satisfactory developed that
requires surgical intervention using a xenograft of a
pulmonary artery valve — the Rastelli procedure.

The major postoperative complications after
Rastelli procedure are hypervolemia of pulmonary
circulation, bleeding and acute heart failure.
Hemodynamic disturbances associated with heperv-
olemia of pulmonary circulation in patients after
Rastelli procedure can lead to serious complications
and even cause death [8].

Case Presentation

A 17-year-old girl with a documented history of TOF,
PA-VSD type IT on Somerville ] was operated in our clinic.

The data of CT scan (Fig. 1). Saturation of arterial
blood oxygen (SO,) was 80%.

Surgery: intraventricular, left ventriculo-aortic tun-
neling with xenopericardial patch and simultaneous VSD
surgery, forming of right ventricle output tract with syn-
thetic conduit containing biological valve (Rastelli's
method) under combined general anesthesia, cardiopul-
monary bypass (166 min) and cardioplegia (135 min).

After surgery the patient was addmitted to the inten-
sive care unit (ICU) in a state of sleep medication on the
ventilator. Hemodynamics (following dopamine adminis-
tration at a dose of 5 mg/kg/min): blood pressure 105/55
mm Hg, pulse 90 beats/min, central venous pressure
(CVP) 100 mm I1,0.

General and biochemical blood test parameters were
within the normal ranges. The gas composition of arterial
blood: pO, — 211 mm Hg,; pCO, — 39,6 mm Hg., SaO, —
99,7%; FiO, — 50%. Echocardiography data: end-diastolic
volume — 59 ml, end-systolic volume — 26 ml, ejection
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Puc. 1. MyabTucaaiicHasi KoMnbloTepHasi Tomorpadus 60bHOiI B. 10 onepanumu.

Fig. 1. Patient' CT scan before surgery.

[Tocne omepanum nanuentka aocraBiera B OPUT B
COCTOSTHNN MeMKaMeHTO3HOro cHa, noxydas VIBJI. Temo-
MHAMUKA Ha (hoHe TOTTaMUHA B 103€ 5 MKT/KT/MUH, MTPU
atom AJl — 105/55 mm. pt. ct., iysabec — 90 /MUH., IIeHT-
pambHoe Benosuoe pasiaenue (L[B/]) — 100 mm BogH.CT.

[Tokasatenu o6mero u OGUOXUMHUYECKOTO AHAIU30B
KPOBM B TIpeJiesiax HOPMaJIbHbIX 3HAueHuil. [a30BblIii co-
cTaB aprepuanbHoit Kposu: pO, — 211 mm pr. ct.; pCO,y —
39,6 mm prt. ct., SaO, — 99,7% npu FiO, — 50%. IIpu mpo-
Begenun DxoKI: KO — 59 mu, KCO — 26 mu, @B —
56%, rpagment cucronmyeckoro masienus (I'C/l) na
BTIIK — 9,8 mm pr. cT. Ha peHTreHoBCKOM CHUMKE TPYI-
HOW KJIETKH JIETOYHbIE TIOJISI PAcTIpaBJI€Hbl, CAHYChI 1 KY-
nosa guadparmpl cBoboaHbIe (prC. 2).

[TocsieonepaniionHas MCKYCCTBEHHAS BEHTHJISAIIUAS
JIETKUX [IPOBO/IMIIACH JI0 MOJIHOTO MPOOYIKAEHUS € TOCIe-
Aytolell akcTybalueil Tpaxer COrJIiaCHO aJrOPUTMY BBICO-
KOTO pHCKa 1Mo mpoTokosy bpurarnckoro ObmiectBa DAS,
2012 r. [9].

Yepes 4 gaca nocsie otaydenns ot UBJI u axcrybanm
Tpaxer COCTOSHUE TTAIMEHTKH YXY/IINIOCh, TPOIPECCUPYIOT
SABJIEHUS JIBIXaTEJIbHOI HEJIOCTATOYHOCTH (4acTOTA JIbIXaHU T
30 B Munyty, cumkenne Sa0, 10 90%, cuiskenie paO, 1o 90
MM PT. CT., oBbienne paCO, 10 50 MM pt. ct.). Ha pentre-
Horpadu TPYyAHON KIeTKN — KapTHHA OTeKa JIETKNX, yCHie-
HUE COCYINCTOTO PUCYHKA, TPU3HAKH YBEJINYEHHS KPOBOTO-
Ka B MaJIOM Kpyre, KOPHH JIETKUX 3aCTOiHbIe (puc. 3).

Ha 5 cytku jedenuss B8 OPUT mocse KynupoBaHust
OTeKa JIETKUX, YMEHbBIIEHWS NPU3HAKOB THIIEPBOJIEMUN
MaJIOTO Kpyra, CTaOMIM3aI[Mi TeMOANHAMUKI U OOIIero
cocrosiaust (puc. 5) 60JsIbHAsT TIepeBe/IeHa B TTAJIATy OT/Iee-
HUSI XUPYPTUHM BPOXKIEHHBIX TTOPOKOB Cep/la sl JaJib-
HEHNIIero JIeYeHUs! U TOC/Ie0TePAUOHHON peabuInTaIuu.

Oo6cy:xkaenne

VceneloBaHnIo  COCTOSHUSA TeMOANHAMUKH
[PU Pa3BUTUHU TUIIEPBOJIEMUU MAJIOTO KPyra KPOBO-
obpartieHus y GOJIbHBIX € HOPOKAMU Cepjilia U Jiede-
HUIO 9TUX COCTOSTHUI MOCBSIIEHO MHOTO PaboT.

Puc. 2. PenrreHorpamMma rpyJHON KJIETKH IPU MOCTYIUIEHHH B
OPUT.
Fig. 2. Chest X-ray at admission to ICU.

fraction — 56%, systolic pressure gradient on RVOT — 9,8
mm Hg. Chest X-ray showed straightened lung fields and
free sinuses and the cupula of diaphragm (Fig. 2).

Postoperative mechanical lung ventilation (MLV)
was performed until full awakening, followed by tracheal
extubation according to the high-risk algorithm of the
DAS-protocol, 2012 [9].

After 4 hours the patient condition worsened, features
of respiratory failure were progressing (respiratory rate — 30
per minute, SaO, values reduced to 90%, reduced values of
pa0, to 90 mm Hg, increased paCO, vakues to 50 mm Hg).
Chest X-rays revealed a picture of pulmonary edema, signs
of increased blood flow and congested lung roots (Fig. 3).

There were progressing of hypovolemia, events of
small cardiac output, metabolic acidosis (pH — 7,33;
paCO, — 52 mm Hg; BE — -7,2; paO, — 84 mm Hg; Sa0,
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Puc. 3. PenrreHorpamMmMa rpy/iHoii KJIeTKH C TUIIEpBOJieMUeil Ma-
JIOTO KpyTa.

Fig. 3. Chest X-ray: data of hypervolemia of pulmonary circula-
tion.

B npuBeieHHOM KJIMHUYECKOM HaOJIIO/IEHUN Pac-
CMaTPUBAETCS BO3MOKHOCTb MOJLYJISAIINU MaJIOTO KpyTa
KPOBOOOPAIIEHVSI TIOCJIE KAPIMOXUPYPrITIECKON KOPPEK-
X C TIOMOITIBIO HEMHBA3WBHOMN BEHTUJIAIINN JIETKHX.

OHUM M3 YacTBIX OCTOXKHEHWI paHHETo I10-
CcJIeonepalinoHHOTo neproja y 60sbHbX T ¢ AJTA
SABJIAETCS TUIIEPBOJIEMUS MaJioro Kpyra. Pe3ko yBe-
JIMYEHHBIN TPUTOK KPOBU TMOCJE PATUKAIBHON KOP-
PEKIIUU MOXKET SABUTHCS MPUUMHON PA3BUTHUS TaKUX

—90%). It was decided to carry out of non-invasive respi-
ratory support with the help of an oxygen mask-PEEP and
a subsequent transfer to a non-invasive CPAP (NiCPAP)
in SIMV mode. To improve alveolar ventilation, therapy
was supplemented by stimulation of diuresis and adminis-
tration of glucocorticosteroids (60 mg prednisolone
administered intravenously as a bolus).

Respiratory support in a NiCPAP mode was per-
formed with the aid of the VELLA respirator (Viasys
Healthcare Inc.) and a sealed oxygen-mask and standard
sterile breathing circuit: f — 12 per minute, pressure sup-
port — 20 cm H,O, PEEP — 7 cm H,O, Flow — 12 1/min,
FiO, — 50%. FiO, values were reduced to 30% during an
hour, whereas a pressure support and PEEP values were
reduced to 5 cm H,O during 4 hours.

As a result of the use of noninvasive methods of respi-
ratory support, there was clinical improvement in the
patient's condition in 5 hours, which was reflected in the
reduction of tachycardia and dyspnea, improving the
peripheral blood flow (the color, temperature and moisture
of the skin were changed in a positive sense), while the wet
stagnant wheezing in lungs was significantly decreased.
Positive clinical dynamics was accompanied by a decrease
in preload and afterload of the left ventricle on the back-
ground of reduced heart rate and increased pumping func-
tion of the left ventricle (echocardiography). The positive
dynamics of arterial blood gas and acid-base balance
(Figure 4) were as follows: pH — 7,47; pCO, — 38 mm Hg.
Art, BE — +3,6.; pO, — 176 mm Hg. Art, SaO, — 99,5%.
On the control chest X-ray, the lung fields were straight,
with no signs of infiltration, sinuses looked empty (Fig. 5).

On the 5t day on admission to the ICU, after the
relief of pulmonary edema, reduced signs of hypervolemia
of pulmonart circulation and stabilization of hemodynam-
ics, the patient was transferred to the Congenital Heart
Surgery Department for further treatment and postopera-
tive rehabilitation.

Discussion

99.8 Various studies were

dedicated to clarification of

— P02
[oe) 90

hemodynamic dysfunctions in
patients with a hypervolemia

94 95

13 176

196 of pulmonary circulation asso-

ciated with heart defects, as
soon as treatment of these con-

95

ditions and complications.

Nasal Nasal Nasal PEEP PEEP PEEP
catheter  catheter catheter mask mask mask

SO, 88 94 90 95 95 97 99.1
pO, 90 84 82 90 93 95 132

NiCPAP

Reported clinical case
dealt with the possibility of
adaptation of the pulmonary
circulation after cardiac
surgery corrected by a non-
invasive ventilation.

Hypervolemia of pul-

NiCPAP

99.5  99.8
176 196

NiCPAP

Puc. 4. VIameneHue nokasaresieii ra30BOro COCTaBa KpOBH B IMHAMHKE PeCIHPATOPHOI Te-
panuu Kpu3a runepBoJeMUM MaJIOro Kpyra KpoBooGpauienus nocie onepauuu Pacresm.
Fig. 4. Changes of blood gases in the dynamics of respiratory care for the hypervolemia of

pulmonary circulation after the Rastelli procedure.

IIpumeyanue: Nasal catheter — Hocosbie kaniosm; PEEP mask — macka IT/IKB.

monary circulation is one of
the most frequent complica-
tions of early postoperative
period in patients with TF
and PA. The sharp increase in
blood flow after TOF repair
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Puc. 5. PentrenorpamMma rpy/iHoii KJI€TKH Ha 5 CyTKH, TIPH Niepe-
Boze us OPUT.
Fig. 5. Chest X-ray on the 5th day.

BUTAJIBHBIX OCJIOKHEHUH, KaK OTEK JIETKUX U OCTPast
JIEBOKENIYIOUKOBAsI HEZIOCTATOYHOCTD.

OnHako, TeMIT pa3BUTHS AJIbBEOJISIPHON CTaIUKT
OTEKa JIETKUX OBIBAET TIOPOU HACTOJIHKO GYPHBIM, 4TO
YacTo He OCTaBJISIeT BpEMEHU Ha Pean3aluio jeded-
HBIX MEPOIPUATUH, 0COOEHHO €CJIU 3TO PAHHUN 110-
creonepalmonnbiii epuoz. Hapacratromas achuk-
CUsl  CTPEMUTEJNBHO TMPUBOAUT K (haTanibHOI
runiokcemuu (30—50%), a mpoBeieHie NCKYCCTBEH-
HOII MHBA3MBHOI BEHTUJISIIINH JIETKUX SIBJISIETCS J[0-
MOJTHUTETbHBIM cTpeccoM [10].

IIpeaukTopaMu pa3BUTUS TUIIEPBOJIEMUM Ma-
JIOTO KPYyTa SIBJSIIOTCS TeMO/IMHAMUYECKHEe TToKa3aTe-
s, niosbiiienvie AJl, YCC u [IB/l, u pectiuparop-
HBIH cTaryc.

IIpy BOSHUKHOBEHMHU OTEKA JIETKUX Y OOJIbHBIX
rocse onepanuu Pactesin, OCJI0KHEHHON TUTIEPBO-
JIeMUEN MaJioro Kpyra, CTaHJapTU3alus W Paluo-
HaJibHasT (hapMaKo- M PEeCIMpPaTOPHAs TePAIUs 1M03-
BOJISIET KBAIM(DUITMPOBAHHO OTIEHUTH CJIOKUBIIYIOCS
CUTYaIMIO, 'PAMOTHO U TIOCJIe/IOBATEIbHO PEINTh
LeJbI Psifi JiedeOHO-TaKTHYEeCKUX 3a4ad. B mocie-
OlepaIiOHHOM ITIepHo/e HoepKaHie CTabUIbHOM
reMOJMHAMUKK ¥ OTPULIATEIbHOTO BOAHOIO GajiaHca
SABJIIOTCS HEOOXOAMMBIMU YCJIOBUSMU TIPEIOTBPA-
HIEHWS TUTIEPBOJIEMUH MaJIOTO KPyTa.

NiCPAP 1ipu ClIOHTaHHOM JIBIXaHUU TAIUEHTA,
HApSAy CO CHUKeHHeM nebura paboThl bIXAHM:,
CII0COOCTBYET MPOIIOTEBAHUIO KIIKON 4acTh KPOBU
13 aJIbBEOJI M UHTEPCTUIIMS JIETOYHOUM TKAHU B KPO-
BEHOCHOE PYCJIO, 9TO CIOCOOCTBYET CKOpeiieil or-
TUMU3AIUKU Ta3000MeHa.

Takum 06pas3oM, peaxiys U3MEHEeHHOU IreMOJIuU-
HAaMUKH B paHHEM I1€PHUOJIE 1T0CJIe KapIUOXUPypruye-
CKUX BMEIIATEJbCTB BO MHOTOM HeIpe/icKadyeMma, a
MOHHUTOPHMHI ¥ CBOEBPEMEHHOE IIPUMeHeHne HeoOX0-
JIUMBIX TEXHOJIOTU, B TOM YHCJIe HEMHBA3UBHOU pec-
MUPATOPHON TOJJIEPIKKU, U SIBJISIETCS TJIABHBIM MC-
CKYCTBOM Kap/IMOPEaHNMAaTOJIOTA.

can cause the development of such vital complica-
tions, such as pulmonary edema and acute left ven-
tricular failure.

However, the pace of development of the alveolar
stage of pulmonary edema is sometimes so increased
that often leaves no time for implementation of remedi-
al measures, especially if it occurs at the early postoper-
ative period. Increasing asphyxia rapidly leads to fatal
hypoxemia (30—50%), and conducting invasive venti-
lation of the lungs results an additional stress [10].

Hemodynamic parameters, increased blood
pressure, heart rate, central venous pressure and res-
piratory status represent predictors of hypervolemia
of pulmonary circulation.

In the event of pulmonary edema in patients
after Rastelli surgery complicated by a hypervolemia
of pulmonary circulation, standardization and ratio-
nal pharmacological and respiratory therapy allow to
professionally manage the condition to correctly and
consistently solve a number of therapeutic and tacti-
cal objectives. Postoperatively, the maintenance of
stable hemodynamics and a negative balance are
main essentials for preventing the hypervolemia of
pulmonary circulation.

NiCPAP during patient's spontaneous breath-
ing, while reducing the work of breathing, con-
tributes to «squeeze out» the liquid portion of blood
from the alveoli and interstitium of lung tissue into
the bloodstream that optimizes gas exchange.

Therefore, the reaction of the altered hemody-
namics in the early period after cardiosurgical inter-
ventions are largely unpredictable, and monitoring
and timely application of necessary technologies and
methods of correction is a sort of a chief art in car-
dioreumatology.

Conclusion

Non-invasive respiratory support in a CPAP
mode (NiCPAP) in complex and intensive adequate
pharmacotherapy is an effective method, which
allows to quickly stabilize the clinical condition asso-
ciated with an altered respiratory status and hemo-
dynamics of patients to relieve crises of hyperv-
olemia of pulmonary circulation occuring after the
Rastelli procedure.

3akiaoueHue

HennBasuHas pecripaTopHas Hoj/Ieps;KKa B pe-
skume CPAP (NiCPAP) asmsercs ahhekTuBHbIM Me-
TO/IOM, KOTOPBINI B KOMILTIEKCE a/IeKBAaTHOW MHTEHCUB-
HOW W (papMakoTepanun TO3BOJIFET B KpaTdaifie
CPOKH CTAOMIM3UPOBATh KIMHUYECKOE COCTOSIHUE, Pe-
CIIUPATOPHBIM CTAaTyC MW TeMOJMHAMUKY MallMeHTOB
IpU KYNMUPOBAHUM KPU30B THIIEPBOJIEMUU MAJIOTO
Kpyra KpOBOOOGpAIIeHHsI TI0CJIe orieparuu Pacresim.
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Y4Y€HbIX CTeleHei.

o Obuyasn peanumamonozus.

JlMccepranuy Ha COMCKaHUE YYEHOH CTeneHu A0KTOpa HAayK 6e3 omyon-
KOBaHHSA OCHOBHBIX HAYYHBIX Pe3yJbTATOB B BeAYIIUX KypHaJIaX M U3JAAHUMIX,
nepeyYeHb KOTOPBIX YTBEPsKIAeH Bbicuieil arTectaiMoHnoii Komuccueit, oyayT
OTKJIOHEHBHI B cB3U ¢ HapymeHueM 1. 10 IlososkeHus o nopsiike npucy>kaeHus

[Tepeuens xypuanos BAK, uznasaembix B Poccuiickoit Dexpepaiiuu 1o ciie-
nuanbHocTh 14.01.20 «AHecTe3mo 0TS 1 PEAHUMATOJIOTHS», B KOTOPBIX PEKOMEH-
Jyercst myOaMKaIust OCHOBHBIX PE3yJIbTaTOB MCCEPTAIMii Ha COMCKAHUE YYeHON
CTETeH! JIOKTOPA U KaHIU/IaTa MEIUITMHCKUX HAYK:

o Anecme3uonozus u peanumMamonozus;
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Anniversary

Yineny-koppecnongenty PAH

npodeccopy
Moresu IllanBouuy Xyoyrtus 70 ser

Professor M. Sh. Hubutiya is 70

Morenu HlanBosuu XyOyrusi, 1946 roma posueHus,
JOKTOp MeMIMHCKIX Hayk ¢ 1992 roza, npodeccop no crie-
[UAIBHOCTU <TPAHCIJIAHTOJIOTUSL U MCKYCCTBEHHbIE OpTa-
ubl» ¢ 1997 roxa, unen-koppecnonzient PAMH mo crnetiu-
ATBHOCTH « TPAHCILIIAHTOJIOTHS U UCKYCCTBEHHbBIE OPraHbl» C
2011 roma. YueHuk Hay4HOi1 mKoJbl akagemuka B. U. ly-
MakoBa, popaboTaBuii Moz ero HauasoM Gosee 20 Jer.
C 2006 roma 1o Hacrosiiee BpeMs SBJSETCH JTUPEKTOPOM
HUMN CIT um. H. B. CruncdocoBckoro, a Takixke 3aBeyio-
M KadezpamMn TPaHCIIAHTOJIOTHH U UCKYCCTBEHHBIX OP-
ranoB MITMCY um. A. . EBnokumoBa n (hu3uKK KUBBIX
cuctem MOTU.

M. III. Xy6yrust — asrop 60see 500 HayuHbIX paboT,
12 monorpacduii, KHUT, PyKOBOJACTB, 6 yueOHbIX OCOOUIi,
8 nzobperenuii, 23 maTeHTOB.

Hayunble mccaenoBanus u BkJaaja npodeccopa
M. [I. XyOyTusi B MEAUIUHCKYIO HAYKY U IIPAKTHYECKOE
3/paBOOXPAHEHUE CBSA3AaHBI CO CTAHOBJICHUEM U PA3BUTHEM
B Halllell CTpaHe TPAHCILUIAHTOJIOTHU U PellieHreM mpobJie-
MBI MCKYCCTBEHHbIX OPraHoB. VIM paspabarbiBatoTcs Hayu-
Hble HAIPABJICHHS 110 TPAHCIJIAHTAIUU Cep/lla, [e4eHH,
MOYEeK, MOJKENTYI0YHOM JKeJe3bl, JIETKUX, MyJIbTUOPTaHHON
TPAHCIUIAHTAIMH, 110 Pa3pabOTKe HAYYHBIX OCHOB TPYIIHO-
rO JIOHOPCTBA, CO3/AHUIO U NPUMEHEHHUIO MCKYCCTBEHHBIX
OpPraHoB, U3yYeHUIO (DU3UOTIOTUIECKUX U TaTODU3NOTIOTU-
YEeCKHX ITPOIECCOB TIPU TPAHCIUIAHTAIIMKM OPTaHOB, XUPYP-
TUYECKOMY JICUEHUIO OCTPON M XPOHUYECKOW Cep/edHOn
HE/IOCTATOYHOCTH, HAYYHBIX M OPraHMU3allMOHHBIX OCHOB
CKOPOH U HEOTJIOKHON MeIUIIMHCKON TOMOIIIU.

M. . XyOyTusi siBJsieTCsl O[HUM U3 [MHOHEPOB IO
TPAHCIUIAHTAIIMY Cep/illa B Halllell cTpaHe, B ero paborax
0060011eH TIePBbIil ONBIT TAKUX OIEpaIlnii, M3ydeHbl (PyHIa-
MEHTAJIbHBIE MEXaHU3MbI OTTOPJKEHUS AJIJIOTPAHCILIAHTA-
Ta, ONMUCAHBI 0OCOOEHHOCTH (HUBMOJOTHN U MATOPUIUOIIO-
MU TPAHCIUIAHTUPOBAHHOTO cepaua. Lluka ero pabor
MOCBSIIIIEH M3YYEHUIO0 MPOOJIEM KCEHOTPAHCIUIAHTALIMU U
CO3/IaHMI0 UCKYCCTBEHHBIX OPraHOB, MEXaHMUYECKUX KJIara-
HOB Cep/illa, HOBBIX BUIOB KapAIMOCTUMYJISATOPOB, UCIIOJIb-
30BaHUIO BCIIOMOTATEIBHOIO KPOBOOOPAILIEHUS TIPH OCTPOI
U XPOHMUECKOH cepiedHOl HeloCTaTOUHOCTH.

IMocaeanue 5 ner uccaegosanus M. 11, Xy6yTus mo-
CBSAIICHBI (DYHIAMEHTAIbHBIM ¥ [IPUKJIAIHBIM HarpasJie-
HUAM TPAHCIUIAHTALMKM OPraHoB M TKaHeil. COBMeCTHO ¢
M®OTU cosmat 1 yCIENTHO MPOIIes KIMHIYECKIE UCITbITa-
HUS MaTepHUa Ha OCHOBE KOKU FeHHOMOIM(DUIITNPOBAHHBIX
CBUHCI, TPUMEHAEMBbIH /17151 JIedeHus 0KOroBbIX paH. Cos-
MmectHo ¢ MI'TY um. H. 9 Baymana paspaborata TexHOJIO-
I'Ust IPOU3BOJICTBA FeMOCOPOEHTOB 13 ITPOMBIIIIEHHBIX K-
TUBUPOBAHHBIX YIJIEH IS CEJIEKTUBHOTO U3BJICUCHUS W3
KPOBU CBOOOIHOTO reMOTJIOOMHA ¢ eJIbI0 MPUBEACHNS 3a-
rOTaBJIMBAEMbIX KOMIIOHEHTOB KPOBHU TPEOOBAHUSIM perJia-

menTa. [Tox pykoogcreom M. I11. XyOyTust conan sjieKT-
POXMMUYECKUIT METOJI U3MEPEHUsS PeIOKC-TIOTEeHIANa B
IJ1a3Me KPOBM /I PaHHEH JIMAarHOCTUKU OCJIOKHEHUI Y
MAIMEHTOB € TPAHCIIAHTUPOBAHHBIMU OPTaHAMH.

M. III. Xy6yTust IpoBeeHbl UCCIEA0BAHUS 10 TATO-
reHesy M NpoGUIAKTUKE TIOCJICONEPAIMOHHBIX OCJIOKHE-
HUI [1PY 1Iepecajike NeYeHu, oYeK, MO/PKETYI0UHOM JKee-
3bl, MYJIBTHOPTAHHBIM TPAHCILIAHTALUSAM, pa3paboTKe
HPUHIUIIOB KPOBOCOEPETaOINX TEXHOJIOTHN [IPU TPaHC-
IJTAHTAIMK [1€YC€HU, U3YYEHUIO BO3MOXKHOCTEN Nepecajiku
[IEYEHU T1PU 3JI0KAYECTBEHHDBIX TOPAKEHUAX U TIPU [IUPPO-
3e 1eyeHr BUPYCHOU sTuosioruu. VM pazpaboTaHbl U BHEI-
PEHbI yCOBEPIIEHCTBOBAHHbBIC CXEMbl MMMYHOCYIIPECCHUB-
HOW Tepanmuu IpU Hepecajke IeYeHH, IOYKH U
OJPKEITYZI0UHO skesie3bl. [IpeioskenHbie UM METO/IbI UM-
MYHOCYIIPECCUBHOI MOHOTEPAIIUU TIPU TPAHCIJIAHTAIMN
OPTraHOB JlaJid XOPOILIUW MEAMIMHCKUM, COIUAIbHBIN U
axoHomuueckuii apdexr or Bueapenus. M. II. XyGyrus
paspaboTaHbl COBPEMEHHbIE BO33PEHUsI HA PaCIMpeHIe
KPUTEPUEB 110 UCIOJIb30BAHUIO JIOHOPOB JIJISE TPAHCIIJIAHTA-
LUU TIeYEHN.

VM moaroToBJIeHbl M CO3/IaHbl HAYYHO-OPTraHU3a-
IIMOHHbIE OCHOBBI, KAK KaJPOBbIE, TAK U MaTepPUAJIbHO-
TeXHUYECKHe, /g YCIEeNHOTO cTapTa W Pa3BUTHUSA
TpaHCIIaHTAllMOHHBIX porpaMM Ha 6asze HMUW CII uwm.
H. B. CxaudocoBckoro. SABissich BBICOKOKIACCHBIM TO-
JINBAJIEHTHBIM TPAHCIJIAHTOJIOTOM, OH II€PBBIM IIPOBEJI B
WucTuryTe TpaHCIJIAHTAIIMKM CeP/IA, TTOYEK, MOJKey-
JIOYHOI KeJie3bl, MPOAOJIKUI Tepecajku nedenu. [lox
€ro PyKOBOJICTBOM BIIEPBbIE B CTpaHe Opurajoii oreue-
CTBEHHBIX XMPYPrOB IIPOBE/IEHbI YCIIEIIHbIE TPAHCILJIAH-
TAIUK JETKUX, B T.4. Y GOJIbHBIX C MyKOBUCI[UZI030M, Ha-
4aThl TAaK)Ke MepPecajiKu KUIIedHuKa. 3a mnocjaeanue 3
roja UM JIMYHO BbInoJiHeHbl okoyio 300 omeparuii mo
TPAHCIJIAHTAIIMY PA3JUYHbIX OPTaHOB, a Takxke OoJjiee

100 omepaiiuii Ha OTKPBITOM Cep/Ille C XOPOIIUMU KJIU-
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IO6mnaen

HUYEeCKUMH pesynbratamu. CpepHss INPOIOJIKUTENb-
HOCTb JKU3HU 3TUX GOJIBHBIX OCJIE TI€PECAIKU OPraHOB
COOTBETCTBYET MUPOBBIM IIOKA3aTeJsIM B 9TOi 06JacTu.
JloctaTouHo GOJIBIIOE KOJTMYECTBO TPAaHCIIaHTAII BbI-
[OJHEHO OOJIbHBIM, HAXOSIIMXCS B COCTOSIHUSAX yTPO-
JKAIOMINX JKU3HU.

ITon ero pykoBOACTBOM BeIyTCS Hay4HbIE HCCJIE/0-
BaHUSI 110 XUPYPrUUECKOIl KOPPEKIIUK IPHOOPETEHHBIX 10~
POKOB Cep/ilia, paccjaanBalolleil aHeBpu3Me aopThl, APYToi
CJIOJKHEHIIell 3KCTPEeHHOM MaTOJOTUU CePAeYHO-COCYTUC-
TOl cuctembl. [Ipn ero akTHBHOM y4acTUH COBMECTHO C CO-
tpyaaukamu Kadeapsr MMDTU npoBeeHbl Hay4YHbIE UC-
CJIEJIOBAHMS 110 CO3/IAHUIO0 OTEYECTBEHHOTO arfapara JJis
BPEMEHHON MOJEPKKI KPOBOOOPAIEHUST U [IJIUTEIbHOM
MOCTOSHHOM MMILIAHTALUN I JIeYeHUs TSKeJAbIX (hopMm
cep/levHoi HesrocTaTOUHOCTH. J{aHHBII anmapatr ¢ Xopoun-
MU KJIMHIYECKIMU Pe3yJIkTaTaMu alpoOUpOBaH U BHEIPEH
kak B HUM CII um. H. B. Cxindocosckoro (8 KoHCTPYK-
1uit), Tak u B Apyrux ropopax P (18 kouctpykunit). On
SABJISIETCS OJJHUM M3 IIPUMEPOB UMIIOPTO3aMEIeHUs JI0PO-
FOCTOSIIIUX MEIUIUHCKUX MPUGOPOB HA OTE€YECTBEHHYIO
MIPOLYKIUIO.

C 2009 roga nctuTyT ckopoit nomorm nm. H. B. Ckim-
(ocoBckoTO OCYIIECTBIISAN (DYHKIIMIO TOJOBHOTO YUPEXK-
JeHUd B CTpaHe 1Mo mpobjeMaM CKOPOH M HEOTIOKHOI
MEZIMIIMHCKOIM TTOMOIIM, MPOBO/SA KOOPAMHAIMIO Hayuy-
HBIX MCCJIEJIOBAHUIT 110 JIAHHOMY HAIPaBJIEHUIO B CTPaHe
cpenu nnpobusnbabix HUY u kadeap Bysos B pamkax Ha-
yunoro coBeta PAMH u 6 ipo6jieMHbBIX KOMUCCHIA.

Bcee rozpi pykosojcra Mucturyrom M. 111 XyGyTus
MHOTO BPEMEHU M CHJI OTZAeT OPraHU3alUU U OKa3aHUIO
CKOPOIl BBICOKOKBATU(DUIIUPOBAHHON MEIUITUHCKON TOMO-
1y HauboJiee TKEJIOMY KOHTUHIEHTY OOJIbHBIX TIPU Mac-
COBBIX IOCTYIIJICHUSX MOCTPAJABIINX B PE3yJbTare 4pes-
BBIYAITHBIX CUTYAIUii He TOJbKO B MOCKBe, HO U B CTPaHe, ¢
[IPOBEIECHIEM KOHCYJIBTaTUBHOM M JiedeOHOM paboThl Ha
Mecte KatacTpod.

3a nocaepnue 5 et M. 111, Xy6OyTust npoBezieHa oii-
TUMHU3aIUs CTPYKTYpsl VIHCTUTYTA CKOPOIl TOMOIIM UM.
H. B. CrumdocoBckoro 3a cuyer peopraHU3al U Co3/a-
HUS HOBBIX CTPYKTYPHBIX ITOJIPA3/ICJICHIH, TAKUX KAK PEru-
OHAJIbHBIN COCYIUCTDBIN IEHTP, SABJSIONIUIICS TOJTOBHDIM 110
r. MockBe, OT/ies HEOTJIOSKHOHM Kap/AuoJIOTUN U CepledHo-
COCYZIUCTOM XUPYPIUU C OTACJICHIEM HeOTIOXKHON KapAro-
XUPYPIUH, BCIIOMOTaTeJbHOTO KPOBOOOPAIEHHS] U TPAHC-
IJTAHTAIMH CEeP/IA, KJIECTOUYHBIX M TKAaHEBBIX TEXHOJIOTUN €
2 1abopaToOpUAMU, OTIAEJIEHUN HEOTNOKHON KapaArMOJIOriK
1UIst GOJIbHBIX UHGMAPKTOM MUOKAPAA, MEPECAAKH TIOUKU U
O/IPKEITY/IOUHON JKeJIe3bl, a TAK)KE CePhe3HON peopraHu3sa-
LMY TIPUHIUIOB PaGOTHI IPUEMHOTO OT/EJIEHUSL.

3HAUYNTEJILHO PACIIUPEHBI HAYYHbIE HCCJIC/IOBAHUS 10
BCEM 3TUM HarpasieHusM. B npaktuky VHcruTyTa 1mocro-
SIHHO BHEJIPSIIOTCSI HOBBIE BbICOKO3((DEKTUBHBIE JieueOHbIE U
JIMArHOCTUYECKUE TEXHOJIOTUH, PsIJl M3 KOTOPHIX pazpaboraH

u cosnan B crenax HUU CII um. H. B. CxiudocoBckoro.
ITO HOBbIE TEXHOJIOTHH 110 UCTIOJIb30BAHUIO KJIETOYHBIX TEX-
HOJIOTHIA, B YACTHOCTH B KOMOYCTHOJIOTHH, B HEOTJIOKHOI
XUPYPIrMU U TPAHCIIAHTOJIOTUH, METOJI 3KCTPAKOPIOPAJIb-
HOI OKCUTECHAIIMU TIPU TSZKEJIBIX (DOPMAax JIETOYHOH 11aToJ10-
ruu. BHEAPSIIOTCST HOBbIE 9HIOBACKYJISIPHbIE ¥ rUOPUHbIE
TEXHOJIOTMU B HEOTJIOKHON KapMOJIOTUU, HEHPOXUPYPrun
1 CepICYHO-COCYIMCTOl Xupypruu. VcrosbzoBanue BbIco-
KOTEXHOJIOTUYHBIX METOJIOB HEHPOBU3YaJIM3AINU, TPAKTO-
rpaduy ¥ HEpPOHABUTAIUK [TO3BOJIMJIO HPOBOIUTD PAJIN-
KaJIbHbIE OIEPalUK 110 YJAJEHUIO TPYIHOAOCTYITHbBIX
3JI0KAYEeCTBEHHBIX OITYXOJICH, a TAKIKE TaTOJIOTUYECKU U3Me-
HEHHBIX YYacTKOB TOJIOBHOTO MO3ra JIJIsl YCTPAHEHUs 1PU-
CTYIIOB TSDKEJION (papMaKOpe3uCTeHTHON SIMUIIETICUN.

M. II1. Xy6yTHs BeeT GOMBIIYIO HaydHO-001eCTBeH-
HyI0 paboTy SIBJISISICh, YIEHOM HPO(MUILHON KOMUCCUU 110
ckopoii omorin M3 PO, nipejiceiaresieM Y4eHOTO U JIHC-
cepranuonnoro coseroB HUU CII um. H. B. Ckindocos-
CKOTO, TJIaBHBIM CIIelHaICTOM-TpaHcIianTosorom /I3M.
W36pan npesupenToM 2 HayuHbix obmiects — «O61ecTBa
TpaHCIIAHTOMOrOB> 1 «OO01iecTBa Bpaueil HEOTIOKHON
ME/IUITHBI>.

3a nocJieiHue 5 JieT M0 STU0N 3TUX 2 HAYYHbIX 00-
1[eCTB TIPOBeJieHbl 2 che3/la Bpavyeil HEOTI0XKHOM MeUIn-
HbI, B KOTOPBIX IPUHSLIN ydacTue 6oJiee 2 ThICSY CIIeIHalIu-
CTOB, U 15 KPYITHBIX HAYYHO-ITPAKTUUECKUX CUMITIO3UYMOB
C MEXK/IyHAPOJAHBIM y4YacTHUEM IS PelleHnus BasKHEeHInX
3a/la4y CKOPOM M HEOTJIOKHOU MEIUIIMHCKONH MOMOIIU U
TPAHCIIAHTOJIOTUH.

[Toz ero pyKoBOJCTBOM YUPEK/IEHbBI 2 HAYYHO-TIPAK-
TUYECKUX PelleH3UPYeMbIX M3jlaHust, BXojsamux B Ilepe-
yeHb BAK PO: Kypuan «Tpauciutantosorusi> u JKypras
uMm. H. B. Cxundocosckoro «Heornoxnas menuimnckas
[IOMOII[b>, TJIABHBIM PEIAKTOPOM KOTOPBIX OH SIBJISIETCS, OH
COCTOUT TAK)Ke UJIEHOM DEIKOJUIETHIT 5 JAPYrUX HAYUHBIX
JKYPHAJIOB.

M. III. Xyb6yTus co3aj CBOIO HAyYHYIO IIKOJIY YYEHMU-
KOB U TIPUBEP;KEHIIEB, TI0/] €0 PYKOBOJICTBOM 1 TIPH KOHCYJIb-
TaIUK 3alUIIEHb! 2 TOKTOPCKUX 1 21 KaHMIATCKas 1uccep-
Ero sexnmum xak 3aBemymomiero kadezppamu,
TIOCBATIEHHbIE NCIIOJIB30BAHUIO BHICOKUX MEMIIMHCKUX TeX-
HOJIOTHI B HEOTJIO;KHOI MEIMTIMHE U TPAHCIIAHTOJIOTUH, BbI-
3bIBatoT 6ouIbioi nHTepec cryaentoB MIMCY um. A. U. Es-
JOKUMOBA M MOCKOBCKOTO (pr3UKO-TEXHITYECKOTO MHCTUTYTA.

3acayru M. III. Xy6yTus Kak KPYNHOTO YY4EHOTO U
OpraHM3aTopa U3BeCTHBbI 3a pybexkoM. OH sIBJISIETCS Jie-
HOM MEK/LYHAPOAHOTO OOIIeCTBA TPAHCILJIAHTOJIOTOB, aKa-
nemMukoM EBporelickoil akazieMun nH(MOPMaTHKU.

B 1998 1. 3a BHenpeHue B KIMHUYECKYIO MPAKTUKY
TPaHCIVIAHTAIIMU cep/iia yzoctoeH [Ipemun npaBuTesnbet-
Ba PO B obsiacTut HAYKU W TEXHUKU, JIAypeaT IIPEMUN M3-
puu r. Mockssr (2008 1.). Harpasknen opienamu «3a 3acy-
ru nepen; OteuectBoM» (4 u 3 ct.), «Ilouyeras, ymocroen
MIOYETHOTO 3BaHUsT «3acayKeHHblii Bpau PM».

Tarus.

OBINAA PEAHMUMATOAOTI' WM, 2016, 12; 3

www.reanimatology.com



86

Hudopmanus s aBTOPOB ;KypHaia <O0Imas peaHuMaToJI0THsT>

IIpaBuia moayu u MyOIMKAIMA PYKOIUCH, IOTOJHEHHbIE B COOTBETCTBHH
c pexomengaiusamu ICMJE (International Committee of Medical Journal Editors)
ISl HAYYHBIX M3AHUH, BXOSIIUX B MEKIYHAPOIHbIE 0a3bl JAHHbIX

HpaBOBI)Ie ACIIEKThbI Hy6JII/lKaIIl/IH PpYKoOImucu

Yenosust nybauxayuu pyxonucu

—  Pykonucu my6aukyiotes mpu o6s3aTeIbHOM coOJTioe-
HIM aBTOPOM 9THKH ¥ TPaBm My mkarun (moapobiee Ha caiite
JKypHaza www.reanimatology.com ).

— Pykomuicu my6iukyoTes ¢ cobI0IeHneM HOpM aBTop-
CKOTO TIPaBa 1 KOHGHUIEHITATBHOTO OTHOIIEHNST K TIEPCOHATBHBIM
JIAHHBIM aBTOPOB.

—  Pykonucu ny6mkyiores 6ecriiaTHo.

— Pykormicu, TpUHSTHIE B 5KypPHAI, TTPOXOSAT PENEH3NPO-
BaHNe Ha OPUTUHAJIBHOCTD, 9THYHOCTDH, 3SHAYNMOCTD, a/ICKBATHOCTH
CTATUCTUYECKOIT 06pAbOTKU [aHHBIX HA YCJIOBHSAX KOH(UIEHIU-
ATPHOCTH 32 UCKITIOYEHNEM BBIsIBJAEHNsT (GaTbCubIKAINIT JAHHBIX.

—  Peaxoserust octapsier 3a coO60U MPABO COKPAIATh 1
PEIAKTHPOBATD PYKOIHCH.

Ipununol chsimusi ¢ newamu u 3a0epircku nyOAUKAUUYU PYKonucu

— Pyxomucu, He COOTBETCTBYIONME MPOGUIIO KypHAIA,
He TIPUHUMAIOTCSL.

— Pykomicr, panee omyGIMKOBaHHBIE, a TaKXKe HAIPaB-
JIEHHBIE B IPYTOIT Ky PHAT 1K COOPHUK, HE IPUHUMAIOTCS.

— 3a HekoppekTHOe 0(OPMIIEHHE U HEIOCTOBEPHOCTD
TIPEICTABIISIEMBIX OGIOIMOTPAhITIECKIX TAHHBIX aBTOPBI HECYT OT-
BETCTBEHHOCTH BILJIOTH /10 CHATUA pyKOHI/ICI/I C I1evyarm.

— Hapymenne npasusn oOpMIIEHHsT PYKOIIUCH, HECBOE-
BPEMEHHBIH, a TakKe HealeKBAaTHbI OTBET HA 3aMEYAHMUS PElleH-
3EHTOB M HAYYHBIX PEAKTOPOB MPUBOJIAT K 3a/IEPIKKe Iy OJIMKaIIm
JI0 UCIHPABJIEHUsS] YKa3aHHBIX HEJOCTATKOB. [IpU MrHOPHPOBAHUM
3aMedYaHuil PEIeH3eHTOB 1 HAYYHBIX PETAKTOPOB PYKOMUCH CHU-
MaeTcsl ¢ IAIbHEHIIEero pacCMOTPEHNUSL.

— Pykomuicu OTKIOHEHHBIX PaboOT peflakiineil He BO3Bpa-
TIATOTCSI.

Humepecvr cmopon: Aemop,/Pedaxiyus

Penakiqust octasJisieT 3a co60ii IIPABO CUUTATH, YTO ABTOPBI,
MIPEIOCTABUBIINE PYKOTUCH ISt MyOIuKamu B skypHan «O6mast
PEaHNMATOJIOTUSI», COTVIACHBI C YCJIOBUSIMY ITyOINKAIMK 1 OTKJIO-
HEHUsI PYKOIIUCH, & TAKKe € TPABIIaMu ee 0pOpPMIIECHUSL.

Penakinist octaisieT 3a co00il TIPaBO CYUTATH, YTO ABTOP,
OTBETCTBEHHBIN 32 MEPENUCKY € PEAAKIINELT, BBIPAKAET MOZHIHIO
BCET0 aBTOPCKOTO KOJLJIEKTUBA.

ABTOp TOTyUYaeT nHMHOPMAIMOHHbBIE HJIEKTPOHHBIE MTHCHMA
0060 Beex ATanax MpOABMKEHIsI PYKOIUCH, BKIIIOYast yBEOMJICHUE
0 HECOOTBETCTBHU PYKOMUCH TPODUII0 JKypHATIA U TPaBHUIaM
0(hOPMITEHTIST; TEKCTBI PETIEH3HIA; PeleH e PEIKOIETHN O my6im-
Kallu¥ WM OTKJIOHEHUY PYKOTINCH; BEPCTKY OTPEAKTHPOBAHHOTO
BapHaHTa PYKOIICH /IS TIOJIYYeHHsT aBTOPCKOTO JIOIyCKa K meva-
Ti. JlomoTHUTENbHYI0 HHGOOPMAIMIO O TPOJABUKEHUN PYKOIICH
aBTOP MOJKET MOJy4uTh 110 ajpecy: journal or@mail.ru;
www.reanimatology.com.

lapantun ABTopa

ABTOpBI JIOJDKHBI TAPAHTUPOBATH, YTO OHU HANMCAJIH T10JI-
HOCTBIO OPUTHHAJIbHYIO paboty. Mcroabp3oBanue JOObIX MaTepHa-
JIOB JIPYTHX aBTOPOB JIOITYCKAETCS TOTBKO C MX Pa3peleHus 1 mpn
00s13aTeJILHON CCHIIIKE HA THX aBTOPOB.

ABTOPBI JIOJDKHBI TapaHTUPOBATD, YTO CIIUCOK aBTOPOB COZIEP-
SKHUT TOJIBKO TeX JINII, KOTOPbIE BHECJIN Oy TUMBII BKJIA/] B KOHIIET-
U0, TPOEKT, UCIIOJHEHNE WM WHTEPIIPETAIHIO 3asBJEHHON pabo-
TBI, TO €CTb TeX JIUI, KOTOPbIE COOTBETCTBYIOT KPUTEPHSIM aBTOPCTBA.

ABTOPBI JIOJDKHBI TAPAHTHPOBATH COOTBETCTBHE KAuecTBa Iie-
PEBOJIA CTAThU HA AHTTIMICKHIT SI3BIK MEAKLYHAPOIHBIM TPEOOBAHISIM.

Tapantun pegakuuu

Penakitist 10/KHA TapaHTHPOBATH, YTO JIOOBIE PYKOINCH,
HOJIyYEHHBIE IS PEleH3upoBaHusi, Oy/yT BOCIPUHUMATLCS KaK
KoHbuIeHIIMaTbHbIE ToOKyMeHThl. OHI He MOTYT GBITh MOKa3aHbI
IPYTHM JIFIAM 1 00CY>KAEHBI ¢ HIMM, 32 HCKIIOYEHNEM JIUII, YIIOJI-
HOMOUCHHBIX PelaKIuei.

Penakiist 0JKHA TapaHTHPOBATD, YTO HEOMYOINKOBAHHBIE
MaTepHabl, HAXOISIINECS B TPEIOCTABIECHHON CTaThe, He OyAyT
UCIOJIb30BAHbI B COOCTBEHHOM HCCIICIOBAHUN HAYYHOTO PEAAKTO-
pa U pereH3enToB 6e3 MMCHMEHHOTO Pa3peleHust aBTOPa.

Penakimst 10JUKHA TapaHTHPOBATE, YTO PEIIEH3EHT He Oy/IeT
JIOIYIICH K PAacCMOTPCHUIO PYKOIMCH, €CJIH HUMEET MEeCTO KOH-
smkT MHTEpecoB B pe3yJbTaTe ero KOHKYPEHTHBIX, TapTHEPCKUX
160 APYTUX OTHOIIEHNH MJIN CBsI3€ll ¢ KeM-TH00 13 aBTOPOB, KOM-
NaHuil WM OPraHu3aIuil, CBA3aHHBIX ¢ MATEPHAIOM MyOINKAIIUHL.

Kongauxm unmepecos cmopon: Aemop,/Pedaxyus

Konduaukr nnrepecos ctopon Astop/Pemaxius perraercs
IIyTEM [IEPErOBOPOB CTOPOH B COOTBETCTBUH C JICHCTBYIOIINM 3aK0-
HozaresberBoM PD 1 MexyHapOAHBIMU HOPMATHBHO-TIPABOBLI-
MM AKTaMH, PETYJIUPYIOMNMI TTyOJINKAINIO PYKOIUCEl B Mean-
IUHCKUX JKypPHaJIaX.

CorJiacie Wi Hecorjiacue Ha MyGIHKAIMIO OTPEIAKTHPO-
BAHHOTO BapMaHTa PYKOINCH BBIPasKaeTCs B 9JIEKTPOHHOM TIHChMe
aBTOPA, OTBETCTBEHHOTO 3a HIEPEIICKY C PelaKIHeit.

Penaknus m u3maTesbcTBO He HECyT OTBETCTBEHHOCTH 32
MHEHVISI, M3JI0KEHHBIE B MyOIMKAIMSX, a TAKXKe 3a CO/epKaHme
PEKJIAMBL.

Cpoxu npo/ABUKEHNS PYKONHCH

— JKcrepTu3a Ha COOTBETCTBHUE MPOMIIIIO JKypHaIa U mpa-
Busiam oopmiieHust — He GoJiee 3-X JiHel ¢ MOMEHTa MOCTYIICHUST
PYKOIIUCH B PEIaKIHIO.

— Penensuposanue — He 6osree 20-u el ¢ MOMEHTa dJIeK-
TPOHHOI OTHPABKHU PEIICH3CHTY PYKOIHCH.

— Orser aBTOpa pereHsenTaM — He GoJjiee 7-u AHel ¢ MO-
MEHTa 9JIEKTPOHHON OTIPABKH aBTOPY PeleH3NN.

— 3acemanne pesikosiernn — 1 pa3 B 2 Mecsiia He T03/Hee,
yeM 3a 1 MecsIl 10 BBIITyCKA THPAXKa JKypHAJIA.

— OrmoBerene aBTopa O PEIMEHUH PEAKOJIETHH W O3Ha-
KOMJIEHUE C BEPCTKOH OTPEAKTHPOBAHHOTO BapHaHTa — HE MO37I-
Hee 3-X JiHeil ¢ MOMEHTa BBIX0/[a COOTBETCTBYOMIEI NH(MOPMAIIHL.

Marepuanbl [ist yOAUKAIMKE PYKOIUCH MOAAIOTCS B pe-
JaKIMIO HA PYCCKOM M aHTJIMICKOM SI3bIKAX B BUZIE OYMasKHBIX JIM-
CTOB UM WJICHTUYHBIX UM IO COAEPKAHUIO JEKTPOHHBIX (hailios.
Martepwuast craTeil BKIIOYA€eT MO-OTAeTbHOCTH:

1) TurynbHbBIH MTHCT;

2) pesiome U KJII0YeBbIe CJI0BA;

3) mHa3BaHWe W TOJTHBII TEKCT PYKOTHCH C TIOITUCSIMHU BCEX
ABTOPOB, KaK B OYMasKHOIi, TaK U B 3JICKTPOHHOIT Bepcun (B BUIC
CKaHa CTPAHMUILBI), MOJATBEPK/IAONINMI y4acTHEe B BBIIIOJHEHUN
NpeCTaB/IsieMOoil paboThl U YI0CTOBEPSIIOIMMHI COTJIACHE C COJEP-
SKaHUEM PYKOIIHCH;

4) TabauIbl ¢ HOMEPOM, Ha3BaHUEM U ITpUMedanueM (ec/im
OHO NMeeTCs );

5) wumocrpanyuu (rpaduxy, auarpammsi, dororpadun,
PUCYHKM) — IS KaX/[0il MJLIIOCTPAllUK OTAEIbHBII 6y1vla>1<ubu71
JIUCT U 9JIEKTPOHHBIN (haii;
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6) moanMCH K NITIOCTPAInsM;

7) 6ubanorpapuIecKuii CIKICOK;

8) compoBogUTEIbHOE IUCHMO HA PYCCKOM S3BIKE Ha MM
IJIABHOTO PEIAKTOPA JKypPHAJIA, TIOAINNCAHHOE PYKOBOJMTENIEM Y4-
PEIK/IEHNS, B KOTOPOM BBIIIOJIHEHA paboTa.

Mdopma conpoBOAUTETHHOTO MUCHMA
K MaTepuay s myOJIuKanum

Tnasromy pegaktopy skyphasia «O01mas peaHnMaTonorus»
3acuyskenHomy zesitenio Hayku Pocenn,
ynen-koppecnonzenty PAH, mpodeccopy B. B. Moposy

TIpocuM paccMOTPETh BOMPOC O TyOIUKAINH ... (BUJ PYKO-
mucy; Gamunnn, Mmena, OtyecTBa Bcex aBTOPOB; Ha3BaHUE PYKO-
TTUCH ).

ABTOpBI pyKom#cn o3HakoMiensl ¢ Vudopmariueii s as-
TOPOB, MPENIOCTaBIEHHOIT JKypHaioM «O01as peaHuMaToNOTHsI»,
T COTJIACHBI € ITPABUJIAMH TIOAITOTOBKH, TTOIAYN 1 TYOINKAIIN PY-
KOITUCH.

[laHHast PYKOICHh He AyOIUpYeT MpebiIyIe myoamKa-
1M, B HEil He 3aTParnBaloTCsl HHTEPEChl TPEThUX CTOPOH U He Ha-
PYIIAIOTCSI ATUYECKUE HOPMBbI Iy OJIMKATINH.

OTBeTCTBEHHDIH 3a Hepenucky ¢ peaakieit: Mms, Otuect-
B0, DaMuIIHsI OIHOTO M3 aBTOPOB PYKOTHCH, e-mail, Teredom, moy-
TOBBII ajipec.

[Moamuch pyKOBOIUTEIS YUPEKIEHUSI.

CompoBOANTENBHOE THCHMO JOJKHO OBITH HATlEYaTaHO Ha
Gr1aHKe yupesK/ieHiisi, B KOTOPOM BbIIOJIHeHa paboTa.

Azipec oTnpaBKM MaTepUaJIOB
IUIS Ty OIMKAIMH PYKONHCH

Jlnst Gymaskroit Bepenu: Pocenst, 107031, Mocksa, yar. Tler-
poBKa, 25, ctp. 2, Pepaxuus sxxypuaia «OBIIASA PEAHVMATO-
JIOTUS».

JLJ1st 51eKTPOHHON BEPCHI: CaliT JKypHaIa: www.reanimatol-
0gy.COM; WJIM pefakius KypHasa: journal _or@mail.ru.

TpeboBanus K neyatu

Ileuamyo

OHOCTOPOHHSIS, OPUEHTAINST KHIIKHASI, BBIDABHUBAHIE 110
HIMPHUHE

bymaza

bBemas, bopmat A4

Lpugpm

Times New Roman 12-ro pazmepa uepHoro msera

Hnmepesanvt u omemynovt

MeskeTpounblil unTepsan 1,5; unrepsas 10 1 nocse abzana —
HET; OTCTYI 1epBoii crpoku 1, 25 cm

Iona

2,5 CM €O BCEX CTOPOH

Hywmepayus cmpanuy,

B npaBom HuKHEM yray

Dopmam paiinos

Tekcr, TabuIbl, TOATHICH K WLTIOCTparusm — Word;

I'paduru, tuarpammsr — Exel;

Pucynku u ororpacdun — jpeg BBICOKOTO pa3peleHust

Paspewenue npu ckanuposanuu

Pucynkn u ipyrie n306paskeHnst ¢ NCTIOIb30BAHNEM JIMHIH
— 1200 dpi;

Dororpadus, paxrorpadus — ne meree 300 dpi;

Dororpadus, pamrorpadust ¢ rekerom — He mMeree 600 dpi.

Edunuupr usmepenust

Besmmunibl n3MepeHuii I0JKHBI COOTBETCTBOBATH Mesy-
napozHoii cucreme exnuutl (CU1), temnepatypa — mkase Lleabcns.

Dopmyot

B dopmysax 10MKHBL GBITH YETKO PA3MEYEHBI BCE dT€MEH-
TBI: CTPOYHBIE 1 TIPOINCHBIE, & TAKIKE JTATHHCKIE I TpedecKie OyK-
BbI; TI0JICTPOYHBIC M HAJICTPOYHBbIC MHJEKCHL. B ciyuyae mudp n
OyKkB, cxoHbIx no Hanucanuio (0 — mudpa, O — GyKBa), JOIKHBI
GBITD C/IETTAHBI COOTBETCTBYIOIINE TIOMETKIL.

Hassanus

Tlpy ynoMuHAHUY ammapaTypbl B CKOOKAX YKa3bIBAIOTCS
bupma 1 crpana npousBOAUTEb.

Hanpumep: CBeToBO#l 30H OJHOKAHATBHOTO ammapara
JIAKK-02 (HIIIT «JIASMA>», Poccust).

B sxypHaie MCHosnb3yioTest MeKyHapO/IHble HellaTeHTOBAH-
nple Ha3Bauusa (INN) mexapers n mpemapartos. Toprosuie (maTen-
TOBAHHbIE) HA3BAHMUS, O] KOTOPHIMHU IPENapaThl BHITYCKAIOTCS
pasinyHbIME (hupMaMu, TIPUBOJATCS € yKazaHueM (UPMbI-U3r0-
TOBUTEJISI I UX MEXK/IYHAPOAHOTO HEMATEHTOBAHHOTO (TeHepmyec-
KOT'0) Ha3BaHUSL.

Hanpumep: tapusuz (odiokcaiui, «Xexct Mapuon Pyc-
cemb»).

JlatuHcKue HAa3BaHUsI MUKPOOPTAaHU3MOB IIPUBOJIATCS B CO-
OTBETCTBUM C COBPEMEHHOI Kiaccudukammeir, kKypcusom. Ilpu
[IEPBOM YIIOMUHAHUN HAa3BAHME MUKPOOPTaHU3Ma JAEeTCs TOJTHO-
CTBIO — POJI ¥ BUJL, IIPU TIOBTOPHOM YIIOMHHAHUK POJIOBOE HA3Ba-
HITE COKPAIIAETCSI JI0 OIHOI OYKBBL.

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

HaspaHusi TEHETHYECKNX 3JIEMEHTOB JIAIOTCS B TPEXOYKBEH-
HOM 0003HAYEHUH JIATHHCKOTO aihaBuTa CTPOYHBIMU GYKBAMM, KypP-
cuBoM (tet), KOAMPYEMBIMU COOTBETCTBYIOIIMMH T€HETUYECKUMU
DJIEMEHTAMMU POLYKTbI — MPOIUCHbIME TIpsiMbiMut OykBamu (TET).

Buzpi 1 06beM pyKonucH

Ob630pnas cmamos

He 6oanee 25 crpanui. ClMcok UTUPYEMOIt JTuTepaTypbl —
ne meree 100 manMeHoBanuii.

3axasannas cmamos

o poroBopeHHOCTH.

Opuzunanvnas cmamos

He Gosee 17 cTpanu, BKI0Yasa TabaMIBI ¥ UJLTIOCTPAIN,
O61ee KommuecTBo TabJnI 1 WimocTparuii — e 6osee 7. Crincok
[UTHPYEMOIT JINTEPATYPHI — He MeHee 25 HanMeHOBAHMIA.

Kpamxas cmamovs

He Gosee 8 cranuil, BKioYast TaGaMIbI U WJLTIOCTPALMH.
O61iee KoMyecTBO TabJIMI] U WILTIOCTpaIii — He Gosiee 2.

Juckyccuonnas cmamos (sxmouaem chopmyauposanivle
0ast 06cyarcdenust 60npocoL)

He 6osee 5 crpanuil, BKIoYass TabJIUIbl U WIIIOCTPAIH.
O61ee KommuecTBo TabJIMI U WLIOCTpaluii — He bosee 2.

CIUCOK IIUTHPYEMOii tuTeparypbl — He 6osiee 16 HanmeHo-
Baruii. KosmuecTBo BOnpocos juist o6cysKiaenust — He Goee 3.

Pesome (wacmv cmamvu)

He 6onee 250 caos.

TTucomo 6 pedaxyuio

He 6omee 600 caos. TTuchma, afgpecoBaHHbIE COTPYIHUKAM
penakiyu, He myOaIuKyoTcs.

Cmpyxmypa cmamei:

1) TUTYJILHBIN JIUCT; 2) PE3IOME U KITIOYEBbIE CJIOBA; 3) TEKCT
CTaTbhU, COCTOSIIIMI U3 pasiesioB: «BBesiennes, «Marepuaibl 1 Me-
TO/BI>, «Pesyibrarer», «O6cyKaeHnes>, «3akmodennes; 4) Tabi-
1Bl U TIOAIUCHU K HUM; 5) WJLIIOCTPALIMU U TIOANUCH K HiM; 6) 616-
smorpadus.

Cucremarnyeckue 0630pbl PEKOMEH/IYeTCst TOTOBUTD 110 CTaH-
napram PRISMA (noapoGuee Ha caiite www.reanimatology.com)

Tpebosanus k cmpykmyprvim pasdeiam cmamei

TumynvnvLi 1ucm CONEPKUT:

1) nostHoe HazBaHue CTaTbhi, KOTOPOE JOJIKHO OBITH HH(POP-
MaTUBHBIM, JI0CTATOYHO KPATKKUM, He BKJII0YaTh abOpeBratyp;

2) nHUTIMAIBI 1 GaMUINN BCeX aBTOPOB;

3) ToIHoe Ha3Balue U TTOYTOBBIN aJIPec YUPEKAEHII, OTKY-
Jla npejcTaBsiercs paboTa;

4) azipec 9I€KTPOHHOI TIOUTHI, HOMEP Tesedona, haMuIInio,
UMsI, OTYECTBO aBTOPA, OTBETCTBEHHOTO 32 TIEPEITICKY € PeIaKIUell.

Pesiome — nanbosiee untaeMast 4acTh pabOTHI, OCHOBBIBATO-
mastcst Ha (hakTax. TEKCT pe3oMe He JIOJKEH cofiepkaTh abopeBn-
aTyp n COKpaLLLeHMl‘/Jl, 3a UCKJIIOYECHUEM eIUHUI] U3MepeHusd, MaTe-
MaTUYECKUX BEJTMYMH U TEPMITHOB.
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Pesrome I0IKHO BKIIOYATh 4 003aTeIbHBIX Pa3/esia, Bble-
JIHHBIX KypcuBoM: 1) 1ie/b nccieloBaHust; 2) MaTepPUAIbl U METO-
1b1; 3) pe3ysbTaThl (M3JI05KeHe OCHOBHBIX MOJTy4YeHHBIX Pe3yJIbTa-
TOB 1 UX CTATUCTHYECKON 3HAUNMOCTH ); 4) 3aKJIoueHe (BBIBOIHI,
OCHOBaHHBIE Ha COOCTBEHHBIX PE3yJIbTATaX MCCICIOBAHNUA ).

Kmiouesvie cnosa (1o 6), npeanasnadeHnble 7151 MHIEKCUPO-
BaHUSI CTAThU B MH(POPMAIIMOHHO-TIONCKOBBIX cucteMax. OHE pas-
MEIIAIOTCS B OT/IENbHOM ab3aile Ha crpanuile ¢ pestome. OT anek-
BaTHOTO MOAGOPa KIIOYEBBIX CJOB 3aBUCIT 3(DDHEKTHBHOCTH
MTONCKA CTAThU U ee MOCJIe/yioliee UTUPOBaHue. B ¢Bsi3u ¢ aTnm
PEKOMEHJIYETCsT UCTIOIb30BaTh B KAUEeCTBE KIIOUEBBIX CJIOB 00IIe-
MIPUHSITHIE B HAYYHOI U IPAKTIHYECKON Cpejie TEPMIHBI 1 H30erath
JIEKCUKH, PEIKO YIOTPEOIIsIeMOil B HAyYHO JInTeparype.

Bsedenue pacKkpbiBaeT akTyalbHOCTh UCCJAEIOBAHIS 1 OCBE-
I[A€T COCTOSIHME BOIIPOCA CO CCHIJIKAMU Ha HamboJiee 3HAYUMBbIE
nybGaukarmu. B KoHIe BBeieHnst (hOpMyTUPYeTCsT 1esTb, OTPakaro-
1mast He0OXOMMOCTD TPOBEICHUSI UCCIEI0BAHNS.

Mamepuano: u memodvt conep:xar 060cHOBaHIEe BHIOOPA Ma-
Tepuasa M METO/IOB MCCJIEIOBAHNS; BKJIIOYAOT WHGOPMAINIO O
daxTopax, orpaHHYMBAIONIIX MccienoBanue. Ecin nccmeoBanme
TIPOBO/INJIM B PAMKAaX OIPe/IeJIeHHOI IIPOrPaMMBI, TO 3/1€Ch YKa3bl-
Baercs ee HazBaHue. Ec/M KIMHUYECKas ¥ HayIHast 4acThH pabOThI
ObLIM BBIIOJHEHBI Ha Ga3e PA3HBIX YUPEKACHUHN, TO B 3TOM pas/ie-
Jie YKa3bIBAIOT Ha3BaHUe yUPeKIeHus, Ha 6aze KOTOPOTO ObLI 1Mo~
JIy4eH MaTepuas JiUisl nccjaeoBanust. B aToM pasjesie OnmmuchBaioT
KOJIMYECTBEHHbIE 1 KAYeCTBEHHBIX XaPaKTEePUCTHKAX BKJIIOYEHHBIX
B HCCIIe0BaHNE GOTBHBIX/00CTEIOBAHHBIX HJIH 9KCIIEPUMEHTAIb-
HBIX JKUBOTHBIX; JAN3aNH MCCII€I0BAHIIS, UCTIOJIb30BAHHbBIE KJIMHI-
uecKue, JabopaToOpHbIE, HHCTPYMEHTAIbHbIE, HKCIIEPUMEHTAbHBIE
U TIPOYME METOJMKH, B TOM YHCJIE METOBI CTATUCTIIECKOIT 06pa-
6OTKM JTAHHBIX.

Pesynvmamvr — ocHoBHas uacTh pykomnucu. Vx ciemyer
MIPE/ICTABIIATH B JIOTHYECKOII TTOCIIeZI0BATEIBHOCTH B BUJIE TEKCTA,
Tabsm n mmoctpanuii. [Ipu sToM xyGImpoBaHne JaHHBIX B TaG-
JIMIIAX 1 WUIIOCTPAIMSX He JlonycKaeTcs. B texcre caeayer yromu-
HATh TOJbKO Hambosiee BasKHbIE [MaHHBIE U3 TAOJIUI U MJLTIOCTPA-
. MecTo, Iie B TeKCTe JOJIKHBI OBITh PAaCcIONOKEHbBI TaOJIHIIbT
WJIM MJLTIOCTPAIMY, OTMEYaeTCsl Ha CTPaHuUIIe IICTOH CTPOKOI, B ce-
pe/litHe KOTOPBIN MOMEIAETCsT HOMEP TAOJIHITBI M UILTIOCTPAIIIHL.

Hanpumep:

Puc. 1.

Obcyncdenue BRITIOUAET B ceOs MHTEPIPETAINIO Pe3yJIbTa-
TOB M MX 3HAYMMOCTH CO CCBIIKOI Ha COOTBETCTBYIONIHE PabOThI
apyrux aBropos. CopepskaHue pasjiesia T0JGKHO ObITh YETKUM U
kpaTkuM. Hazio BbIessITh HOBBIE 1 BasKHbBIE aCIIEKTHI Pe3YJIBTaTOB
CBOETO MCCJIEI0BAHNUS ¥ 110 BOBMOXKHOCTH COMOCTABJISITH UX C JIaH-
HBIMU JIPYTHUX uccaejoBareseil. He cienyer noBropsith cBejieHns,
y’Ke PUBOAUBIINECS B paszieie «Benenne», 1 moapoGHbie faH-
Hble 13 pasziena «Pesynbrarsiy. HeoOX0M1MMO OTMETHTD OTpaHnye-
HUST CCIIEIOBAHUS U €T0 MPAKTHYECKYIO0 3HAUMMOCTD. B 06cyKie-
HITe MOKHO BKJIIOYMTH OOOCHOBAHHBIE PEKOMEH/IAIIIH.

3axnouenue COIEPKUT TE3WCHI U BBIBOJBI NCCJEIOBAHNS,
OCHOBaHHbIE HA COOCTBEHHBIX JIAHHBIX.

Brazodaprnocmu 3a (GUHAHCOBYIO WM JIHYHYIO MOMOIIIH
JIOJIKHBI OBITH OMEIIEHbI B KOHIE TekcTa. JInia, BHecme cyiie-
CTBEHHBII MHTEJIEKTYaMbHbII BKJIa/ B PaOOTY, HO HE OTBEUAOIIIE
KPUTEPHAM aBTOPCTBA M He BOIIE/IIINE B CIIICOK COABTOPOB, MOTYT
OBITH OTMEUYEHBI B 9TOM Pasjielie.

Ta6nurgpL TOTKHBI IOTIONHAT, HO He yOampoBath Teket. Kask-
fast TabJmia JIOJKHA MMETh MOPSIIKOBBI HOMED COOTBETCTBEHHO
TIEPBOMY YITOMUHAHHUIO €€ B TEKCTE M KPATKUIT 3ar0JIOBOK, pa3Meliae-
Mblii Hajt Tabsnneit. Kaskaplii crosiber; B Tabuiie 0JKeH HMETh Kpar-
KM 3ar0/10BOK (MOKHO HCIIOJIb30BaTh abOpeBuarypbl). Bee pasbsic-
HeHus 1 obsi3aTesibHast pacimPOBKa MCIOTb3YeMbIX B TabJIHIax
ab6peBUaTyp [PUBOJATCS B IPHMEUYAHII HA PYCCKOM U AHTJIMIICKOM
A3bIKax. TaM ’ke Ha PyCCKOM M aHIJIMHCKOM SI3bIKaX YKa3bIBAIOTCS
CTATUCTHYECKNE METOJIbI, NCIIOJIB30BAHHBIE /TSI TIPEJCTABJIEHIS Ba-
PUabebHOCTH JIAHHBIX U JI0OCTOBEPHOCTH PA3IMIHiA.

Unmocmpayuu (rpaduku, nuarpammbl, (ortorpaduu, pu-
CYHKI)

B GymakHoil Bepeun Ha 060POTHON CTOPOHE MILTIOCTPAILHI
MSITKMM KapaHAAIoM J0JKHBI ObITh TIOMEIEHbI (haMILIHs EPBO-
rO aBTOPa, TEKCTOBBIN HOMEP WILTIOCTPAI, 0003HAYEHIE BEpXa
uzobpakennst. Mortorpaduut 1 PUCYHKH He AOJKHBI OBITH TIepe-
IPY’KEHBI TEKCTOBBIMU HAJITUCIMU.

TMoanucy K WITIOCTPAITASIM U TaBIUIIAM [IeYaTaloTCsI Ha OT-
JeTbHOI cTpanuiie yepesd 1,5 unrepsana. [Toamuch K Kaxoii ui-
JIOCTpAIu U TabJImIe COCTOUT U3 ee HOMEPa, Ha3BaHUs U [PHMe-
vyarust (0OBSICHEHUST YacTell H300paKeHNsI, CMBOJIOB, CTPEJIOK 1
JIPYTHUX eTo fleTaseil). B moanucsax k mukpodororpadusm ciemayer
YKa3bIBaTh CTeleHb yBeinuenst. /st rpadukoB 06513aTeIbHO OT-
MeyaeTcs, YTO JIaHO 110 OCSIM KOOP/IMHAT.

Hasganue Tab/mI 1 WUTOCTPAIMH, 8 TAKKe IIPUMEYaHus K
HUM 0(DOPMJISIIOTCS B aHIJIO-PYCCKOM BapuanTe. Pycckuii BapnanT
TeKCTa 1MoJIelt TabJIUIIbl U PUCYHKA CJIEYET PA3MEIaTh B IIPUMeya-
HUM.

Hanpumep:
Ta6auna 2. Ilokasarenn HHTPAOIEPAMOHHOTO IEPHOIA
Table 2. Parameters of intraoperative period

Indicators Values of indicators in the groups
Ster Gel Tetr P value
(n=31) (n=29) (n=31)
Number of grafts 2.5+0.5 2+0.5 3+0.6  0.01
Endarterectomy, n (%) 4 (13) 13) 4(13) 0.42
CPB time (min) 60+15,5 52+12 6519  0.007
Aortic cross clamp time (min) 36 28 37 0.004
[28-45] [24-35] [29-48]
Ventilation time (h) 5+2 5.5+2 6+3 0.79
Inotropic support, n (%) 6(19) 4(13) 412 0.74

Ipumeuanue: Indicators — TTokazaresm; Number of grafts —
Kosmuectso mynros; Endarterectomy — Ouuaprepakromusi; CPB
time (min) — Bpemst K (nckyccrBentoe KpoBooOpalieHie, MiuH );
Aortic cross clamp time (min) — Bpemst okko3mn aopTsl (MUH);
Ventilation time (h) — Jlnurensrocts MBJT (MCKyccTBEeHHAs BEH-
TUJISAIMS JIerKuX, 4); Inotropic support — ITorpeGHOCTb B MHOTpPOII-
Hoit moziepskke; Values of indicators in the groups — 3mauenust mo-
Kkasaresieii B rpynax; P value — 3nauenue P.

anee npu neob6x00umMocmu, NoMewamcs KOMMEHMapuy K
mabauye Ha pYccKoM s3viKe, a MAKI e HA AH2ZAUTICKOM 3blKe 8 Pa3-
dexe Note.

35

25 4
20 4

15 A ¢
10 A

Days in ICU + SE

C/IC TIC

ABCB1 genotypes

T

Puc. 1. Tenotunsi rera ABCB1, acconuupoBaHHbI€ € ITTUTEIBHO-
crbio npebbiBanusi B OPUT.
Fig. 1. ABCB1 genotypes associations with the number of days
in ICU.
IIpumeuanue: Days in ISU — guciio aueit B8 OPUT; genotypes —
TE€HOTHIIBL.

lanee npu neobxo0umocmu, NoMewames KOMMEHMAapUu K
DUCYHKY 8 maKotl sce popme, Kax 0is mabauy,

IIpasuia odopmienus Gudanorpaduu (CNUCKa IuTEpaTy-
pbI) CM. Ha caiire www.reanimatology.com.
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W/ onepauuna nepeHOCUTCA nerye.
HEOTOH NMPEAYNPEXXAAET KAPOUAJIbHbIE OCNO>XHEHUA
B MEPUONEPALLMOHHOM I'IEPI/IO.EI,E*

HEOTOH ($pocdokpeatnH). Kpatkaa uHpopmauma Ana MeAMLMHCKUX CNELMaZINCTOB.

PeructpauunonHblit Homep: M N014030/01-2002. Toproeoe HassaHue npenapara: HeotoH. MHH: pochokpeatint. MokasaHns K npumeHeHuio: HeoToH npumeHseTcs B cocTae KOMBMHIPOBAHHON Tepanui 3aGoneBanmii: MHTpaonepaLMoHHoN
VILIEMIN MUOKapAa; OCTPOro MHbapKTa MUOKapAa; XPOHNUECKON CepieuHol HefocTaTouHOCTH. [MpoTnBONOKasaH uA: [oBbilleHHas YyBCTBUTENHOCTb K Mpenapary; XpOoHNYecKan NoveyHan He,oCTaTOUHOCTb (PY NpUMEHEHNN Npenaparta
B A03ax 5-10 r/aeHb); Bo3pacT 40 18 neT (3h:deKkTMBHOCTL 1 e30MacHOCTb He ycTaHoBNeHbI). bepemeHHoCTb n neprog nakTawum: KnuHndeckux AaHHbix o npumeHeHnn HeotoHa npu GepemeHHOCTH HeT. OfHAKO NCCNEROBAHNS Ha KUBOTHBIX
He MoKa3arny TOKCYECKOro AUCTBIA Mperiapata Ha GepTUIbHOCTL KPbIC 1 SMBpHOpeTanbHOE pasBinTUe KPOINKOB. HEOTOH MOXHO MPUMEHSTL NpK 6ePEMEHHOCTH TOMbKO TOTAE, KOTAA NMONb3a A1Sl MaTepit NPeBbILLAET MOTeHLMabHBIA PUCK
ana nnoga. Mpw HeoBXOAMMOCTH MpUMEHEHNA Npenapara B Nepyo NaKkTaLni rpyAHOE BCKapMINBaHHe HeOGXOANMO NpekpatuTb. [lobouroe aeiicTeune: MoBbIWEHHAR YYBCTBATENBHOCT K NPenapary, CHUXeHNe apTepuanbHOro AaBneHus
(npu GbicTpom BHyYTpuBEHHOM BBeAeHMH). Mepenosnposka: B HacTosIee Bpems O cnyyasx NepesosupoBkn npenapara HeoToH He cooblanock. BsanmogeiicTene ¢ Apyrumm nekapcTBeHHbIMKM cpeacTBamm: [pu npumeHeHUN B cocTase
KOMGUHNPOBaHHOW Tepanuu npenapat HeoToH cnocobCTBYeT NOBbILIEHMIO SGGEKTUBHOCTU aHTMAPUTMINYECKINX, AHTNAHTMHANBHBIX CPEACTB 1 CPEACTB C MOMOKUTENbHDIM MHOTPOMHBIM AeiiCTBIEM. HeOTOH CoxpaHseT CTabunbHOCTb B BOAE
ANA NHBEKLNI, pacTBOpe 5% AeKCTPpO3bl (FIoKO3bI) 1 B Kapauonnernyeckinx pacteopax. Ocobble ykasatus: Mpenapar cnesyeT BBOANT B MaKCManbHO KOPOTKIE CPOKY C MOMEHTa NOABNIEHNSA MPU3HAKOB MiLieMit, uTo obecneynsaet Gonee
6GnaronpuATHbIN NporHos sabonesanus. Mpumerenne npenapata HeoToH B BbICOKNX Aosax (5-10 r/cyT) coNpoBOXAACTCA NOBbILICHHDIM 3aXBaTOM $OCHATOB B MOUKAX, UTO BAMSAET Ha OGMEH KalnbLs, CEKPELNIO TOPMOHOB, PTyNNpYIoLLMX
romeocTas, GyHKLMIO Mouek 1 OGMeH NYPUHOB, MOSTOMY He PEKOMEHAYETCS AMNTeNbHOR NpUMeHeH e npenapata HeoToH B BbicoKIX Aosax. Dopma ebimycka: Mopoluok AnA npurotosneHns pacteopa ans uHyanin 1 r.Mo 1 unn 4 dnakoxa
BMeCTe C MHCTPYKLMe Mo MpUMEHEHMIO B KAPTOHHOW Mauke. YCnoBus XpaHeHus: XpaHuTb npu Temneparype He Bbile 30 °C. Cpok rogHoctut: 3 roga. Mpoussogutens: Anbda BaccepmanH C.n.A, Bua E. Oepmn 1, 65020 AnatHo (Meckapa),
Wranua / Alfa Wassermann S.p.A. Via E. Fermi n. 1, 65020 Alanno (Pescara), Italy. Bonee noapoBHyio nHpopmaLmio cMOTpUTE B MHCTPYKLIMU MO MpumeHeHwio uii obpawaitecs B OO0 «Anbda Baccepmatt» no agpecy: 115114, Mocksa,
LlepbeHesckan HabepexHas, 4. 11A, cektop 2, oduc 74. Ten. (495) 913-68-39.

*Bapaes O.B. at al. PesynbTatbl npuimeHeHIA SK30reHHOro GocdokpeaTiHa npK onepaLivAX 20pTOKOPOHAPHOTO LYHTUPOBAHNA Y MALIMEHTOB CO CHINKeHHbIMM pe3epBami mnokapaa. Bectiik HMXL| nw. HU. Muporoa 2012; .7, Ne 4. AW-RU-NEO-01 (05/15) | PEKMTAMA
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