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ITenv — npoBecTn aHAIN3 COBMECTHOTO IPUMEHEHHUST IKCTPAKOPIIOPATHHON MEMOPAHHON OKCHT€HAIIMH M IOCTOSTHHOM 3ame-
CTUTEJILHOM TIOYeYHOH Tepanuu ¢ KommyTtanuei B koutyp IKMO y kapauoxupyprayeckux Gonbubix crapuie 18 et u Bbi-
SIBUTH IPEJUKTOPSI JIETATHHOIO UCXO0/IA NIPH JAHHOI KOMOHHAIIMA METO/IOB BCIIOMOTATEIbHOI MO/IeP:KKU opranos. Mame-
puan u memoost. B KOTOPTHOM PETPOCIEKTUBHOM HCCIeA0Banuu (7n=27) y KapJMOXHPYPIUYECKUX GOMbHBIX cTapme 18 ser
¢ KoMOMHAMEH TSKeII0li Cep/IeYHO-IerOYHOi HEJOCTATOYHOCTH H OCTPOTO MOYEYHOrO NOBPEXKIAEHUS B IIOCIEONEPALNOH-
HOM [IEPHO/IE UCTIOIH30BATOCH COYETAHHE IKCTPAKOPIIOPATBHON MEMOPAHHON OKCUTEHAIIMH U IIOCTOSIHHOI 3aMeCTUTEIHHOM
1noyeyHoii repanuu. Bo Bcex ciayyasix KOMMYyTaIys KOHTYpa NOCTOSIHHON 3aMeCTHTEJIbHOM OYeYHO! Tepanuy POBOIUIACH
B JIMHHIO TI0CJIE HACOCA YKCTPAKOPIOPAIbHON MEMOPaHHON okcureHanui. KoHeuHbIME TOYKaMH HCCIe10BAHUS ABISUIUCD
NPO/IOJKUTENBHOCTD JHATH3-3aBUCHMOTO OCTPOTO MOYEYHOTO MOBPEK/IEHHsS], YACTOTa OCJOKHEHHIl M TOCIUTAJbHAS Jie-
TaabHOCTh. Pe3yavmamot. Bo Beex ciyyasix ¢ 61aronpusiTHHIM HCXO/IO0M IPOAOJIKATENLHOCTD OCTOSIHHOM 3aMeCTUTENbHOM
NOYEYHOH Tepanuu npesbimiaia BpeMs (YHKIHOHUPOBAHHS IKCTPAKOPIOPAIBHOH MeMOPAHHONH OKCUreHAIMH HA 3 JIHS.
CiryyaeB BbI3/IOPOBJIEHHS HE OTMEYEHO, €CIIH JUIMTEIbHOCTh MOCTOSIHHON 3aMeCTHTEbHOI 0YeYHOil Tepanu ObUIa MEeHb-
e, YeM 9KCTPAKOPIOPaIbHOR MEMOPaHHOI OKCUIeHAIMH, A TAKKe IPO/OJKUTENbHOCTD IKCTPAKOPIIOPATILHON MeMOpaH-
Hoii oxcurenauuu 6s11a Goiee 10 cyrok. ITokazaHo, YTO NPOJOIKUTENBHOCTH CUMIIATOMUMETHYECKUIT O epKKH (23,5 cy-
TOK) sIBJISIETCS] HE3aBUCHMBIM M 3HAYUMBIM npeaukropoM JeraipHoctu (AUC 0,99; U 99,9% 0,96—1,0) nanuentos npu
MOCTOSIHHOM 3aMeCTUTEIBHOI II0YEYHOM TEPATMHU H SKCTPAKOPIOPAIbHON MEMOPAHHOI OKCHTeHAIMHA. YCTAHOBJIEHO, YTO KO-
JINYECTBO MHOTPOIIHBIX NpenapaToB (>2) U MaKCHMaJIbHbIH ypoBeHb jJakTtata (>1,99 MMoJb/1) MOTYT HCHOJIb30BATHCS B
NPOTHO3UPOBAHUH TOCIHUTAIBHOI JIETAJIBPHOCTH MAMEHTOB C OCTPHIM MOYEYHBIM MOBPEKIEHUEM U TSKEJIOi cepaeyHo-Je-
rouHoil Hegocrarounocteio (AUC 0,85 u 0,86; yyscrBuTeapnocts/cuemuduynocts 0,83/0,67 u 0,86/0,67, coorsercrBen-
HO). 3axntouenue. CoBMeCTHOE IPHMEHEHNE DKCTPAKOPIOPAIHHON MEMOPAHHOI OKCHUI€HALMH H IOCTOSIHHOI 3aMeCTUTEIb-
HOIl TOYEYHO! Tepamnu y TSDKENbIX KapAHOXHPYPIHYECKUX OGOJBHBIX C IMOTEHIHATIHFHO O0PATHMOIl CepaevyHO-JIEeroYyHoM
HEJOCTATOUYHOCTBIO M OCTPBIM MOYEYHBIM NOBPEK/AEHUEM SIBISIETCS] 00OCHOBAHHON W B3aMMO/IONOJHSIONEH KOMOMHAaIMeElH
METOZI0B BCIIOMOTATEJIbHOM IOAEeP:KKU OpraHoB. Kiouegvie ci06a: NOCTOSHHAS MOYEUHO-3aMECTUTEIbHAS TEPAIHs, DKC-
TPaKopHopajibHasi MEMOPAaHHASI OKCHI€HAIMSI, OCTPOE MOYEYHOE TOBPEK/IEHNE, IOCTEONEPANUOHHDII IEPHO/, PEAUKTO-
PBI, KapIMOXUPYPTHSL.

Objective: to analyze the combined use of extracorporeal membrane oxygenation (ECMO) and continuous renal replace-
ment therapy with switching into the ECMO circuit in cardiac surgical patients over 18 years of age and to reveal predic-
tors of a fatal outcome in this combination of auxiliary organ support techniques. Materials and methods. The retrospec-
tive cohort study postoperatively used a combination of ECMO and continuous renal replacement therapy in 27 cardiac
surgical patients aged over 18 years with severe cardiopulmonary insufficiency concurrent with acute kidney lesion. In all
cases, the continuous renal replacement therapy circuit was switched into the line after an ECMO pump. The end points
of the study were the duration of dialysis-dependent acute renal failure, the frequency of complications, and hospital mor-
tality. Results. In all cases with a favorable outcome, the duration of continuous renal replacement therapy was 3 days
longer than that of ECMO. There were no cases of recovery if the duration of continuous renal replacement therapy was
shorter than that of ECMO and the duration of the latter was more than 10 days. The duration of sympathomimetic sup-
port (3.5 days) was shown to be an independent and significant predictor of death (AUC 0.99; CI 99.9%, 0.96—1.0) in
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the patients receiving continuous renal replacement therapy and ECMO. It was established that the number of inotroph-
ic drugs (>2) and the highest lactate level (1. 99 mmol/1) could be used to predict hospital mortality in patients with
acute kidney injury and severe cardiopulmonary insufficiency (AUC 0.85 and 0.86; sensitivity/specificity 0.83/0.67 and
0.86,/0.67, respectively). Conclusion. The concurrent use of ECMO and continuous renal replacement therapy in severe
cardiac surgical patients with potentially reversible cardiopulmonary insufficiency and acute kidney injury is a sound and
complementary combination of auxiliary organ support techniques. Key words: continuous renal replacement therapy,
extracorporeal membrane oxygenation, acute kidney injury, postoperative period, predictors, cardiac surgery.
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BBenenne

IKCTpakopropaibHass MeMOpaHHasi OKCHUTE€HAIIUs
(9KMO, Extracorporeal Membrane
ECMO) asasercs mporenypoil cmaceHns KU3HU, TPIMe-

Oxygenation,

HSIEMOH Y TIAIIMEHTOB € TSLKEJIOH, HO OTEeHIMAIbHO 06pa-
TUMOW CEeP/IeTHO-JIETOYHON HEAOCTaTOYHOCTBIO, pedpakx-
TEpHOI K MakcUMaIbHON obObranoi Tepamm. IKMO Bce
yare UCIoJIb3yeTcsl B MHTEHCUBHON TepaIuu 1mocje Kap-
JIUOXUPYPTUUECKUX BMEIIATEIBCTB C EJIbIO YJIYUIICHUS
razoo0MeHa, a TaKKe /10 U [OCJIe TPAHCILIAHTAIIMN CEePla
n serkux [1, 2]. Ilpu onepaTnBHBIX BMENIATEIbCTBAX Kpaii-
HE BBICOKOTO PHCKA OCTPOE TOYEUYHOE TOBPEKICHUE
(OIIIT), mo aHHBIM PA3HBIX KAPAMOXUPYPrIUUECKUX IIEHT-
poB, Habmomaercst y 60—85% 6osbHbIX B TeyerHne 48 yacos
mocsie nadama DKMO [3—5]. HecMoTpst Ha COBEpIIIEHCT-
BOBaHME TEXHOJIOTUI, OTCPOYEHHBIE PE3YJIBTAThI MCIIOJIb-
3oBarnsg DKMO ocTaioTcst MaIo yIoBIeTBOPUTEIbHBIMY,
a JIETAJIbHOCTDb — BBICOKOI, ocobenno B coyetanuu ¢ OIIII.
B nenaBuem uccienoBannu, BriaovaoiieM 200 B3pocabx
rmannenTos, 90-1HeBHAsA BBLKUBAEMOCTD cocTaBuia 31%. Y
6oubHBIX, TToaydanimx IKMO 6e3 samecTuTebHON 10~
vyeynoil Tepanuu (3IIT), rocmuranbHass BBIKUBAEMOCTD
ObLma Gosee yeM B 3 pasa BbIe, 4eM npu codetannm JK-
MO ¢ gunanms-3asucumoii OTIIT (53 u 17%, cooTBeTCTBEH-
HO). 3HaunTesnbHas npoposkutesapHocts 3IIT Ha done
IKMO acconmmposana ¢ 60J1ee BBICOKOI JIETATbHOCTDIO, a
pumreabHoctb DKMO cBbiiie 12 fineilt y Kapanoxupypru-
4ecKUX OOJIbHBIX CBSI3aHA C €AUHUYHBIMU CJYYasiMU BbI-
3p0poBJieHns [6]. Y manmMeHToB € AMANN3-3aBUCHUMON
OIIII u norpe6HOCTHIO B DIKMO PUCK JIeTalbHOTO NCX0/1a
3HAYUTEJILHO BBIIIE, HE3ABUCHUMO OT COIYTCTBYIONUX (haK-
TopoB. OT/Ie/IbHbIE MEXaHU3Mbl MOBPEKIAIOINIETO JIeHCT-
Bust IKMO Ha GyHKIMIO 1TOYEK U3yUeHbBI U Pean3yoTcst
¢ TIOMOIIIBIO HEKOHTposimpyemoro SIRS-uHynpoBaHHO-
TO TIOBPEXK/ICHUS, JIMHEMHO 3aBUCSIIETO OT TPOOJIKU-
TEJIBHOCTU TPOTIEAYPbl U BBIPAKEHHOCTH CHHPOMA <«Ka-
musipaoit yreukns [7]. Iocrosinnas 3IIT (TI3I1T)
HIMPOKO KUCIOJIb3YETCsl B KAYeCTBE OCHOBHOTO METOJIA Jie-
yenust OIIIT [8—10]. IIpenmyiiecTBaMy TOCTOSTHHON Me-
TOMKY SIBJISIIOTCS GOJIbIIAS TeMOJAUHAMUYECKast CTaOUIIb-
HOCTb,  KOHTPOJIb ~ a30TEMHH,  3JJEKTPOJIUTOB U
BOJIHO-COJIEBOTO (asiafca, a TakKe KJIMPEHC MEeIHaTOpPOB
BOCIIAJIEHNs] Ha NOCTOsIHHOI ocHoBe [11, 12]. CoBmMecTHOE
ucnosbzopanrie IKMO u II3IIT crioco6HO orpaHUYUThH
BBIPA)KEHHOCTH MIPO- U MPOTHUBOBOCHATUTEIBHOTO KACKa-
JIOB U B 11eJIOM — HO/JIEPKAHNE UMMYHHOTO 9KBUIUOPUY-
ma [13]. KomGunaimsa 9KMO u II3IIT ciocobHa cHU3UTH
crerienb IKMO — unaynuposanHoro SIRS, numutupyst
crenenb Tszkect OTIIL. Tleperpyska sKMIKOCTBIO 4acTo

Introduction

Extracorporeal membrane oxygenation (ECMO,
Extracorporeal Membrane Oxygenation, ECMO) is a life-
saving procedure employed in patients with severe and
potentially reversible cardiopulmonary failure refractory
to maximal conventional therapy. ECMO is increasingly
used in intensive care after cardiac surgery to improve gas
exchange, as well as before and after heart and lung trans-
plantation [1, 2]. As demonstrated in different cardiac cen-
ters, in high risk surgery the acute kidney injury (AKI)
observed in 60—85% of patients within 48 hours after the
start of ECMO [3—5]. Despite improvements in technolo-
gy, the delayed results of using ECMO remained lame
because of high mortality, especially in combination with
the AKI. In a recent study involving 200 adult patients,
90-day survival was 31%. In patients receiving ECMO
without renal replacement therapy (RRT) in-hospital sur-
vival rate was more than 3-fold higher than in conjunction
with ECMO dialysis-dependent AKI (53 and 17% respec-
tively). Considerable duration of RRT on ECMO back-
ground was associated with higher mortality in cardiac
surgery patients; moreover, standing ECMO for more than
12 days is associated with solitary cases of recovery [6].
Patients with dialysis-dependent AKI and the need for
ECMO risk of mortality is significantly higher, regardless
of co-factors. Separate mechanisms ECMO damaging
effect on renal function were studied and implemented
using uncontrolled SIRS-induced damage, depends linear-
ly on the length of the procedure and the degree of a «cap-
illary leak» [7]. Continuous RRT (CRRT) is widely used
as a primary treatment AKI [8—10]. Benefits of continu-
ous methods included improved hemodynamic stability,
controlled azotemia, electrolytes, water and salt balance, as
well as increased clearance of inflammatory mediators on
an ongoing basis [11, 12]. Sharing ECMO and CRRT was
capable to limit the fluctuations of pro-and anti-inflamma-
tory cascades, and in general maintained the immune sys-
tem equilibrium [13]. The combination of ECMO and
CRRT was capable to reduce the degree of ECMO-
induced SIRS limiting the severity of AKI. Fluid overload
is common in patients receiving ECMO representing one
of the main indications for CRRT, which can provide con-
tinuous monitoring of hydrobalance and metabolic disor-
ders in AKL

Perioperative predictors of AKI in cardiac surgery
have been studied in the last decade [14, 15]. These
include: age over 60 years, female gender, baseline
LVEF<35%, the Use of Intra-aortic Balloon
Pump(IABP), insulin-dependent diabetes mellitus, emer-
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BcTpeuaeTcs y naruerToB ¢ D KMO, aBrissce oqganm us oc-
HOBHBIX Mokazauuii k TI3IIT, koTopas MoxkeT 06eCIeunTh
HEIPEePBIBHBIA KOHTPOJIb TuapobaiaHca U Meraboiuuec-
xux Hapymennit mpu OIIIT.

[Tepnoneparmonnsie mpemukroper OIIIl B kapamo-
XUPYPTUH IOCTATOYHO XOPOIIO U3YUYEHBI B TIOCJIE/IHEE JeCs-
tisterre [14, 15]. K aum orrocsiT: Bospact crapie 60 e,
skenckuil o, ucxoanyto OB JIPK<35%, nprMenenne BHY-
TPUAOPTAIBHOTO OAJIOHHOTO KOHTPITYJIbCATOPA, MHCYJIMH-
3aBUCHMBIN CcaxapHblii auaGeT, 9KCTPEHHOE M IIOBTOPHOE
Kap/INOXUPYPTrUUECKOe BMEIATETIbCTBO, I00TEPAITHOHHBII
kpeatnauE>185 MKMOJb/71, onurypuio<0,5 M/Kr/dac,
MHTPAOIIEPAIIMOHHOE HCIIOJb30Banue (ypocemMu/a, mnepu-
olepalMoHHbIN uHpAPKT Muokapaa. IIpeaukropsr Heba-
ronpuaTHoro ncxoga komOunanmn IKMO u [I3IIT npn
JIEUEHUHN TSPKEJION CepedyHO-JIeTOYHON HeIOCTaTOUHOCTH
1 OCTPOTO TIOYEYHOTO TTIOBPEKACHUS Y B3POCIIBIX Kapro-
XUPYPruuyecKuX NAIMEeHTOB /10 HACTOSIIEr0 BPEMEHU He
YCTaHOBJICHBI.

CraniapTU3MPOBAHHBIX TIOKA3aHUI [IJIs TIPOBe/e-
nus 3IT npu SKMO, kak n 1IPOTOKOJIOB KOMMYTAI[UH
KOHTYPOB, HE CYIIECTBYyeT. B HEMHOTOUMCJIEHHBIX HCCIIe-
JIOBaHUSAX 00CYKIAI0TCST HEKOTOPbIE TEXHIYECKKE BOIIPO-
Cbl MCIOJIH30BAHUS 3aMECTUTEIBHON TOUEUHOI Tepanuu
mpu IKMO [3, 16]. HccaenoBanus, Kacawoumecss KOM-
IIJIEKCHOTO U3y4ueHus coBMecTHOTO ipuMenenuss IKMO u
II3IIT, ocobeHHOCTEN (GE30MACHON KOMMYTAIlMi KOHTY-
poB, exunnYHbl [4]. OcTaercst HEsICHBIM BOTIPOC BBIOOpa
10361 TISIIT npu IKMO, aHHOMY BOIIPOCY TTOCBSIIEHBI
eHIYHBIE paboThl [17].

[lesib vicceoBaHMs — TPOBECTH aHAJIU3 COBMECT-
HOTO MPUMEHEHHS 9KCTPAKOPIIOPANTbHON MeMOPaHHON OK-
CUTEHAIINU 1 TIOCTOSIHHOM 1MOYeYHO-3aMeCTUTEIbHON Tepa-
U1 ¢ KOMMYTalMeil B KOHTYP 9KCTPaKOPIOPaJIbHOI
MeMOpaHHOI OKCUTEHAIMU Yy KapAMOXUPYPrUYeCKUX
6oJbHBIX cTapiue 18 JieT U BbIABUTH NPEAUKTOPbI JIeTallb-
HOIO MCXO/A TIPK JAHHON KOMOMHAIIUU METO/0B BCIIOMO-
raTesIbHOI MOJJIEPAKKN OPTaHOB.

Marepuajibl 1 METOIbI

PerpocriekTBHOE KOTOPTHOE HICCJIeI0OBaHIE TTPOBEEHO Y 27
nanmueHToB B Bogpacte 28—74 set, onepupoBanubix 8 HMU mato-
Jiorun KposooGpatienns uM. akaz. E. H. Memankuna B 2011—2013
rogax. Mennana Bo3gpacta coctaBuia 53,2 jer (1 kBantuiab 47,3,
kBanTuib 64). VI3 uux 33,3% cocraBuim sxexmuust u 67,7% —
MY’KUUHBL KpuTepusiMu BKJIIOYEHUS] B UCCIIEOBAHUE SIBJISIIUCE:
1) Bospacr crapie 18 e, 2) kapAnOXUPYprdecKast orneparus B
YCIOBUAX UCKYCCTBEHHOTO Kposoobpamenus (1K), 3) coueranne
npumenenuss DKMO u [I3I1T nocse onepaitiut 1o COOTBETCTBY-
I01MM nokasanusm. KpurepueM uckimodenus: Oblia MpoaoJiKu-
teprocTs [I3IIT u IKMO menee 24 gacos. [Ipotoxosst cepaed-
HO-COCYICTBIX BMEIIATEIbCTB, aHECTE3NOJIOTHYECKOr0 ocobusl,
MK, 9KMO u II3IIT cooTBeTcTBOBAMN MPUHATHIM B KJINHUKE
cTangapramM. PeructpupoBainch JgabopaTopHbe, KIMHUYECKUE
[I0Ka3aTesIi Ha MOMEHT MHUIIUALINY, YepPe3 48 4acoB U Ha MOMEHT
sasepienns 31T, Ouenka crenenu TsKecTH GOTLHBIX TPOBOJIU-
sach ¢ omorpio mkaa APACHE II u SOFA npu navase [1311T.
Bepudukaruio auarnoza OIIIL poBoamin coriacHo kiaccudu-
karn RIFLE (2004). Ckopoctb KiybouKoBOH (husibrpariuu or-
peaessiin 1o onepanuu 1o dopmyse MDRD B mu/mun/1,73 %
AHaJIM3UPOBAIIN MPOIOJIKUTENBHOCTD nanus-zasucumoro OIIIT,

gency and re- cardiac surgery, preoperative creatinine>185
mmol/l, oliguria<0.5 ml/kg /h, the intraoperative use of
furosemide, perioperative myocardial infarction.
Standardized indications for beginning RRT with ECMO
and switching circuit's protocols did not exist. In few stud-
ies several technical issues on the use of renal replacement
therapy during ECMO have been discussing [3, 16]. The
choice of CRRT dose in ECMO remains unclear, the stud-
ies devoted to this issue are very limited [17]. Predictors of
in-hospital mortality after use this combination in the
treatment of severe cardiopulmonary failure and AKI after
cardiac surgery has not yet been established.

This study was focused on the analysis of the com-
bined application of extracorporeal membrane oxygena-
tion and continuous renal replacement therapy in the cir-
cuit-switched ECMO in cardiac patients older than 18
years and determining the predictors of in-hospital mortal-
ity in cases, when the accessory organ-support methods
were employed in combination.

Marepuasbl 1 METOIbI

A retrospective cohort study was performed in 27 patients
aged 28-74 years, operated by surgery in Meshalkin State
Research Institute of Circulation Pathology in 2011—2013
(Russia, Novosibirsk). The median age was 55.2 years (1 quartile
47; 3 quartile 64). 67.7% of these were men and 33.3% women.
Inclusion criteria included:: age over 18 years, cardiac surgery
operation with cardiopulmonary bypass (CPB) and combination
use of ECMO and CRRT for appropriate indications. Exclusion
criterion included duration of CRRT and ECMO less than 24
hours. Protocols of cardiovascular interventions, anesthetic man-
agement, CBP, ECMO and CRRT were conformed to the clinic
standards. Tests provided by the licensed registered laboratory
and clinical parameters were performed and evaluated at the time
of initiation, after 48 hours and at the time of completion of the
ECMO and CRRT. Severity assessing of the patients was per-
formed using APACHE II and SOFA scales at the start of CRRT.
Verification of AKI was performed according to the RIFLE classi-
fication (2004) [10]. Glomerular filtration rate was determined
preoperatively using the MDRD formula (ml/min/1 73 m?). We
analyzed the duration of dialysis-dependent AKI, the incidence of
complications and in-hospital mortality. ECMO was performed
using the system Stockert S3 (Sorin Group GmbH, Germany)
with the corresponding lines. Beginning ECMO criteria included:
cardiac index (CI)<1.8 litre/m? the need for high doses of adren-
aline>0.15 mcg / kg / min. Blood volume perfusion rate at the
start ECMO was 2.4 ml/cm” body surface area /min (1 quartile
2.09, 3 quartile 2.5); the pressure in the arterial line 271+73,4 mm
Hg (from 138 to 346), in the venous line -132+-19,7 mm Hg (from
-92 to -157). CRRT was performed using the apparatus
Multifiltrat (Fresenius Gmbh, Germany), hemofilters AV 600 and
AV 1000 with standard lines. Hemodiafiltration was the principal
(96.3%) method of CRRT (n=26), in one case (3.7%) we used
hemodialysis. Switching circuits CRRT and ECMO was carried
out through ports in ECMO line after centrifugal pump to elimi-
nate the possibility of aeroembolism. Tt was possible (through this
hanging) to ensure a positive pressure in the CRRT circuit and
absence of alarms when it has been working. Under the accepted
clinic protocol, unfractionated heparin anticoagulation were
infused along with target ACT during 160-180 seconds, and
decreased to 140 seconds if bleeding. ACT ranged from 126 to 310
(averaged at 179£32.9) seconds. The main portion (2/3) of
heparin was infused i.v. in a single vascular access (from 0 to 9
1U/kg/hr, 4.48+2.97 TU on average). About a third dose of
heparin was injected into the line CRRT (varied from 0 to 8.9
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YACTOTY OCJIOKHEHWI W TOCHUTATBHYIO JeTaabHocTh. DKMO
MpOBOAMIIACh ¢ ToMoIbio cucrteMbl Stockert S3 (Sorin Group
GmbH) ¢ coorBercTBYIOIIME JUHUAMU. KPUTEPUAMU Havaia
IKMO apismucn: cepaeunnsiii ungexe (CMU)<1,8 /Mm% norpebd-
HOCTB B BBICOKMX J103ax aapeHammaa>0,15 Mxr/kr/mun. O0bem-
Hast ckopocTh mepdysuu mnpu crapre IKMO cocrasisia 2,4
mi/cem? S teta/munyty (1 kBapruis 2,09, 3 kBapTuiib 2,5), nasie-
HHUe B apTepuanbHoil Maructpann — 271+73,4 mm pr. ct. (o1 138
110 346), B Beno3uoi yactu -132+-19,7 mm pt. c1. (01 -92 110 -157).
II3IIT ocyuiectisiioch ¢ npumenenuem ammapata Multifiltrat
(Fresenius Gmbh), remodpuisrpos AV 600 u AV 1000 co cran-
mpaptabiMu MaructpasisiMu. OctoBabiM (96,3%) merogom [I3TIT
sBiistiach remoraduisrpanus (n=26), B 1 caydae (3,7%) nposo-
quics remopuann3. Kommytanmsa kontypos [I3IIT m 9KMO
poBo/miIach yepesd noptel B a0 DKMO nocie neHTpudyx-
HOT'O HACOCA 10 OKCUTeHATOPA [IJIsI MCKITIOYEeH s BO3MOKHOCTH a3-
pPoaMOOITHI, a TaKKe 00eCIIeUeH s TOTOKUTENBHOTO [ABIECHIUS B
koutype II3IIT u orcyTeTBUs TPEBOT IIPpU paboTe almapara mo-
YeUHO-3aMeCTUTEIbHOI Teparni. AHTUKOATYJISIINS TIPOBO/IIIACH
10 IPUHATOMY B KJIMHUKE TIPOTOKOJIY € UCHOJIb30BaHNEM HH)Y-
3uK HedpakIMoHNPoBaHHOTO renapuna c 1enxessiM ACT B mpesie-
snax 160—180 cexynm u cumxkenuem 10 140 cexynj mpu KpoBoTe-
yeann. ACT cocrasuzno ot 126 no 310, B cpemnem — 179£32,9
cexyH/l. OcnoBHas (2/3) 103a renapruHa BBOANJIACH HOCTOSTHHOI
BHYTPUBEHHOI uHdy3ueil B OTAETbHBII COCYUCTDII focTyT (ot 0
10 9 E/l/xr/qac, B cpeneMm — 4,48+2,97). Okosto TpeTn 1035 Te-
napusa Beojusiock B koHTyp II3IIT (ot 0 no 8,9 E/l/kr/uac, B
cpenteM 1,54+2,13) mas npoduaakTuku ero Tpombosa. loza
IM3TT no addimosury cocraBasia 35,5+10,88 (18—67)
mut/kr/mun. poposskurensuocts II3IIT cocraumia ot 1 1o 35
cyToK, B cpexiem 12,31+9,21 nueii. 3amerniaioniye 1 [uajin3ubie
PAcTBOPBI BHIONPAJIIICH FICXO/ISI U3 TTOKA3ATeNIeH KUCIOTHO-OCHOB-
Horo coctostnust: y 23 (85,2%) manuenToB UCIOIb30BAJICS TOJIBLKO
6ukapbonarusiii 6ydep, y 4 (14,8%) npumMeHsiiach KOMOUHAIIIS
6uKrapbOHATHOTO 1 JTAKTATHOTO Oydepa B cootHonternu 1:1. B mo-
creonepannonsoMm nepuoje OINII B erpykrype CIIOH auarnoc-
THPOBAHO Takke y Beex marmentoB. Crenenb «Risk» BbisiBieHa y
10 (37%), «Injury» y 7 (26%) n «Failure» y 10 (37%) 601bHBIX cO-
orBeTcTBEeHHO. VcxomHo xpornyeckast 6osesub modex (XBIT) 2—3
crajuu BoisiBiena y 23 (85,2%) naipentoB. XBII 1 crajuu Boisisie-
Ha'y 3 (11,1%) onepupoBannsix 6ombHbIX. Beero 1(3,7%) manment
He MMeJI UCXO/IHOW MaTOJIOTHH 1oveK. TocnnTanbHast JeTajbHOCTb
coctaBuia 88,9%; cpean BbUKUBHINX (7=3) HPOJOJLKUTENBHOCTD
I9KMO cocraBuna makcumym 10 cyTok. Beno-senosnas 9KMO
IPOBO/IMJIACH TTOCJIE OKOHYAHUS BEHO-APTEPHATbHON METOIUKH Y
4 (14,8%) naiienToB, B OCTAIBHBIX ciyyasx (85,2%) nsoinpoBan-
HO HCII0JIB30BAIach BeHo-apTepuaibas IKMO.

CraTucTiiecKuii aHaIM3 MOy YEHHBIX JaHHbBIX ObLI POBE-
nen B nporpammax Excel us makera Microsoft Office 2003, IBM
SPSS Statistics 20.0.0 (IBM Corp.). PesynbsraTel ncciaenoBanbt
HerapaMeTpUYecKUMU METOAME ¥ TIPEJICTABJIECHDI KaK Me/[HaHa 1
KBapTHJIH; @ TAKKE [TApAMETPUYECKUMU METOIAMHU 1 IIPeJICTaBIIe-
HBI KaK CPeiHsist BeimunHa 1 95% OBEPUTETbHBIN HHTEPBA JIJIST
Hee. J[J1s1 OlleHKN XapakTepa pacipe/ieJieHist IepeMeHHbIX [TPUMe-
HAJICS OAHOBBIOOPOUHDIA z-Kputepuil Kosmoroposa-CMupHoBa.
Jluckpumunanuontas (00bsACHSIIOMAsT) CIIOCOOHOCTD MOKa3aTe-
Jieil oneHnBasiach ¢ nomoiibio ROC-ananusa 1o BeJMduHe 1I10-
mau 1o KpuBoil — Area Under the Curve (AUC). Cratuctuye-
CKH 3HAYMMBIMK CUUTAINCh PAsindus Aanubix npu p<0,05 s
om6ok I poia (BEPOSITHOCTD JIOKHOIMOJNOKUTEIBHBIX Pe3yJIbTa-
ToB), ¢<0,1 mus omubok II poga (BEpOSATHOCTD JIOKHOOTPHUILA-
TEJIbHBIX PE3YJIBTATOB).

PesyibraThl U 00CyK/IEHAE

Kax Buaso u3 1abi. 1 cpeau KOroprsl HAIl[MEHTOB,
nosyvasimux [13IT u IKMO, npeobiaganu jui@a MysK-
CKOro 1moJa, ¢ ncxoxnonn 2 craguein XBII mocae Bmerna-
TEJIbCTB HA A0PTE M PEBACKYJISIPa3allnil MUOKap/ia ¢ pa3Bu-

1U/kg/hr; 1.54%2.13 TU) for preventing the thrombosis. Effluent
dose for CRRT was 35.5+10.88 (18-67) ml/kg/hr. CRRT dura-
tion was ranged from 1 to 35 days (in average, 12.31+9.21 days).
Replacement and dialysis solutions were chosen on the basis of
parameters of acid-base status: in 23 (85.2%) patients used only
bicarbonate buffer, rarely — 4 (14.8%) used an equal ratio of bicar-
bonate and lactate solutions. We diagnosed AKI in all operated
patients: «Risk» was detected in 10 (37%), «Injury» in 7 (26%)
and «Failure» in 10 (37%), respectively. Departure 2—3 stages of
chronic kidney disease (CKD) were detected in 23 (85.2%)
patients. Only one (3.7%) patient had no underlying pathology of
the kidneys. In-hospital mortality was 88.9%; among survivors
(n=3) the duration of ECMO was a maximum 10 days. Veno-
venous ECMO was performed after veno-arterial technique in 4
(14.8%) patients, in the remaining cases (85.2%) we used veno-
arterial ECMO in separate mode.

Statistical analysis of the data was performed by Excel statis-
tics (Microsoft Office 2003, USA) and SPSS Statistics 20.0.0
(IBM Corp., USA). To assess the nature of the distribution of
variables Kolmogorov-Smirnov test was employed. The results
treated with the nonparametric methods were presented as medi-
an and quartiles; when normal distribution of variables was deter-
mined, parametric statistics was employed and data were present-
ed as mean and standard deviation of mean with 95% confidence
interval. We performed ROC-analysis to assess discriminatory
ability of data due to calculating the Area Under the Curve
(AUC). Differences were considered statistically significant at
p<0.05 for the type I error (the probability of false positive
results), and «<0.1 for type IT error (the probability of false-nega-
tive results).

PesyibraThl 1 00CyK/IEHHE

As it is demonstated in Table 1, in the r study male
patients were dominatedwith the initial stage 2 of CKD,
mainly after aortic surgery and coronary artery bypass
grafting treated with CRRT and ECMO. Patients with
AKT at stage «Risk» and «Failure» had the similar pattern
of distribution in a cohort. CRRT was associated with
complications, as reported in 4 (14.7%) patients: thrombo-
sis of extracorporeal circuit that required unscheduled
replacement. The average number of complications, relat-
ed to CRRT was 0.15 per one patient. In contrast, compli-
cations in patients receiving ECMO were recorded in all
27 cases. Hemolysis was detected in 2 (7.4%) patients,
bleeding and DIC — in 8 (29.6%), bowel necrosis — in 7
(25.9%), neurological — in 9 (33.3%), positive blood cul-
ture — in 12 (44.4%), hepatic failure (total bilirubin <34
umol/L) and sepsis were diagnosed in all 27 causes
(100%). In 23 (85.2%) cases was observed consumption
related thrombocytopenia (<50000/ml). Average number
of complications related to ECMO for a patient was 3.7,
without thrombocytopenia.

Combined employment of ECMO and CRRT
switched to ECMO circuit was shown in Fig. 1.

High hospital mortality (88.9%) might be explained
by the duration and invasiveness of cardiac surgery, with
CPB time 205 minutes in average (Tab. 2). The immediate
causes of acute heart failure were: myocardial weakness
after cardiac surgery (inconsistent requirements pumping
function after correction requirements) — 22 patients
(81.5%), in 5 cases (18.5%) — perioperative myocardial
infarction.
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Ta6auna 1. Kiauko-gemorpaduueckast XapakTepHCTHKA KapAHOXUPYPIrUYECKHX NAIHEHTOB, NOJYYaBIIUX 9KCTPa-
KOPIOPAJIbHYI0 MEMOPAHHYIO OKCHI€HAIUIO U IIOCTOSIHHYIO 3AMECTUTENbHYIO IOUYEYHYIO TEPAIHIO.

Table 1. Clinical and demographic characteristics of patients undergoing cardiac surgery who received extracorpo-
real membrane oxygenation and continuous renal replacement therapy.

Characteristics N %
Male/female 18/9 67.7/33.3
Acute kidney injury (RIFLE): 27 100

1. Risk 10 37

2. Injury 7 26

3. Failure 10 37
GFR on admission (mL/min/1.73 m?):

0. >90* 1 3.7

1. 290 11.1

2.60—89 16 39.3

3.30—-59 7 25.9
Categories of operation:

1. Coronary artery bypass grafting 7 25.9

2. Valve surgery 6 222

3. Aortic surgery 8 29.6

4. Combined interventions (valve + aortic) 5 18.5

5. Heart transplantation 1 3.7
Use of Intra-aortic balloon pump 9 33.3
In-hospital mortality 24 88.9
IIpumeuanne. ECMO, extracorporeal membrane oxygenation — sxcrpakopriopasibias Membpannas okcurenanus; CRRT, continuous
renal replacement therapy — mocrosinnas samecturenbhasi modeunast Tepamis; CKD — ckopocTb KIy6OYKOBON (hUIIbTpaIuii;

Characteristics — xapakrepucruku; Male/female — myskexoii/skenckuii nos; Acute Kidney Injury — octpoe 1mouednoe noBpexaeHue
corsacuo knaccudukamun RIFLE; Risk — puck; Injury — nospexzenue; Failure — nepocrarounocts; Loss of kidney function — yrpa-
ta moyeunoii pynkimm; End-stage kidney disease — repmunanbnas craaust 6osestn noyek; GFR (Glomerular filtration rate) on admis-
sion — ckopocTb K1yGouKoBOH (usbrpanun paccuutannast 1o popmyne MDRD npu mocTynieHun B CTallMOHAP U COOTBETCTBYIONIAS
crapgusim XBIT; Categories of operation — xareropuu onepauuii; Coronary artery bypass grafting — peBackyJsipusaiiist MUHOKapAa;
Valve surgery — kianannast Koppekist; Aortic surgery — nporesuposanue aopthl; Combined interventions (valve + aortic) — kom6u-
HUPOBaHHbIE BMelaTesbeTBa; Heart transplantation — tpancranramust cepana; Use of Intra-aortic balloon pump — ucnosnb3osanue
BABK; In-hospital mortality — rocruranbuas jeTajabHOCTb. * — B OTCYTCTBHE IIOBPEXAEHMs 104eK. N — 4nCyI0 G0JIbHbIX.

Note. GFR — glomerular filtration rate. * — without kidney damage. N — number of patients.

tiem OIIII B pasHoii crenenu «Risk» u «Failure». Acco-
nuupoBanubie ¢ [I311T ociokHeHMs 3aperncTpupoBaHbl y
4 (14,7%) nanmeHToB — TpoMGO3 KOHTYpa, MOTPeGOBaB-
[T BHEIJIAHOBOW 3aMeHbl. CpeiHee KOJTMYECTBO OCTIOXK-
nerwit IT3IIT Ha 1 manuenTa cocrasuio 0,15. Mopdoso-
TUYIECKU TOATBEP/KICHHBIC OCTOKHEHUS y TMOJTYYaBIITHX
IKMO sadurcrpoBanbl Bo Beex 27 caydasx. [eMosn3 BbI-
ssren y 2 (7,4%) 6ompibix, kpoBotedernne n [[BC — y 8
(29,6%), nekpos kumrednnka — y 7 (25,9%), mopaskenue
IEHTPaJIbHOI HepBHOU cucteMbl — Y 9 (33,3%), Mopdoio-
TUYecKue MPU3HaKK cercrca BuistBreHbl y 27 (100%). Kpo-
Me TOTO, TledeHOYHasI HeAI0CTATOUHOCTD (001wl Gunupy-
6un Gosiee 34 MKMOJIb/JT) ycTaHOBJeHA — Yy Bcex 27
MAIMEHTOB, IOJOKUTETbHASI TEeMOKYJIbTypa — y 12
(44,4%). B 23 (85,2%) ciyuasix oT™Medasach TpPOMOOIUTO-
nenus norpedienust (<50 toic./mur). CpeiHee KOIuuecTBo

ocaoxuennii Ha pone IKMO ma 1 manmenra 6e3 ydera
TPOMOOIUTOIIEHUU COCTABUIIO 3,7.

Cosmectroe npumenenne DKMO u TI3IIT ¢ kowm-
MyTarueii nocaearero B KoHtyp 9KMO mnpesncrasieno Ha
pucynke. Bbicokas rocmutaibHas JeTarbHocTh (88,9%)
00ODBACHSACTCA MCXOAHON KpallHEH TSKECTbIO MAIMEHTOB
Mocsie KapHOXUPYPTUUECKUX BMEITATETbCTB 3HAUNTEIh-
HOW TPaBMATHYHOCTH U JTUTEIHLHOCTH, co Bpemernem VK B
cpenteM 3 yaca 25 munyT (Tabu. 2). HenocpencrBeHHbIME
TMPUYMHAMK OCTPO CepevyHON He0CTAaTOYHOCTH SIBJIS-

CoBMecTHOE NPUMEHEHHE KCTPAKOPNOPAIbHOIl MeMOPAaHHOM
OKCHTEHAIlM! M MOCTOSHHOI 3aMecTHTeJbHO! MOoYeYyHoil Tepa-
MY ¢ KOMMYTAIMeld B KOHTYD 9KCTPAKOPIOPATIHHON MeMOpaH-
HOI1 OKCUTeHanuH.

CrpesouHbIMI yKazatessiMi 3esieoro 1seta (1)) mpomemoHcT-

PUPOBAHA JIOKAIU3AI[Ms] MECT KOMMY TAIINH 9KCTPAKOPIOPAIbHBIX
KOHTYPOB 9KCTPaKOPIOPAIbHOH MeMOPAHHON OKCUTeHAIUY U T10-
CTOSIHHOM 3aMECTUTENbHON [IOYEUHON Teparmm.

Combined use of extracorporeal membrane oxygenation and con-
tinuous renal replacement therapy circuit-switched to ECMO line.
Arrow pointer green (1)) demonstrated localization of the extra-
corporeal circuit switching ECMO and CRRT.
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Ta6auna 2. JleCKpUNTHBHBIN aHAIN3 KIMHUKO-Ja00PaTOPHBIX OKa3aTeeil TaKeCTH NAIMEHTOB P NPOBEICHUH
NOCTOSIHHOI 3aMeCTUTEILHON MOYEYHOI TEPAIUH U IKCTPAKOPNOPAIbHOI MEMOPAHHOI OKCUTeHAIUH.

Table 2. Demographic features and postoperative clinical/laboratory parameters of patients receiving continuous
renal replacement therapy and extracorporeal membrane oxygenation.

Indicators Value of indicators
M=+SD Confidence Interval  z-Kolmogorov-Smirnov test

Age, years 55.22+11.91 28—74 0.52
Duration of operation, min 432.22+113.36 170—710 0.75
Duration of CPB, min 205.26£98.02 82467 0.35
APACHE II score 32.22+7.22 16—44 0.6
SOFA score 13.96+1.95 9—18 0.71
Maximum level of lactatemia, mmol /L 11.87+7.44 2.13-26.3 0.67
Minimum platelet count, thousands/mL 27.44+23.95 4—85 1.27
MODS, number of involved organs 5.7+0.67 5—7 1.37
Maximum level of total bilirubin, pmol /L 201.85+206.1 35.7—1004 1.19
Minimal respiratory index 211.9+140.1 54.7—700 2.6

IIpumeuanne. Age, years — Bospacr, siet; Duration of operation, min — npogo/sKuTebHOCTD onepanuu, MuH; Duration of CPB, car-
diopulmonary bypass, min — IpoAOJZKUTENLHOCTH HCKYCCTBEHHOTO KpoBoobpatenus, mui; Maximum level of lactatemia, mmol /L —
MaKCHMaJbHBIH YPOBEHb JakTaTeMiu, MMoJIb/J; Minimum platelet count, thousands/mL — mMuHMMaNbHBI YpOBEHD TPOMOOIMTOB,
thic./Ma; MODS, number of involved organs — nosopranHas HEOCTATOUHOCTD U YUCJIO TIOPAKEHHBIX opranos; Maximum level of
total bilirubin, umol /L — MakcuMasbHbIil ypoBeHb 0061iero 6uaupyouna, MKMoJib,/i1; Minimal respiratory index — MuHuMaIbHbINA pec-
mpaTopHBIi nHAekc. Vcmomp3oBascs ognoctopornuii kpurepuii Komvoroposa-CmMupHoBa 115t 0HOI BBIOOPKH, HOPMATBHOE Pacipe-
nesenue ipu n-1 (26) creneneii co6ozbl u yposHe 3Haunmoctu a<0,05 kputnueckoe sHauenue z=0,233.

Note. CPB — cardiopulmonary bypass; MODS — multiple organ dysfunction syndrome. The analysis used the two-sided Kolmogorov-
Smirnov test for one sample, a normal distribution with n-1 (26) degrees of freedom, and a significance level of @<0.05, critical value of

7=0.233; M — average; SD — Standard deviation.

JIICh: MUOKAapAUaIbHast c/1a00CTh TIOCTIE BBIOJTHEHMS Kap-
JIMOXUPYPTUYECKOTO BMENIATEIbCTBA (HECOOTBETCTBHE Ha-
COCHOM (DYHKITHH MTPEbSIBISIEMbBIM MOCTIE KOPPEKIMH Tpe-
6oBarusiM) — y 22 GosibHbIX (81,5%), B 5 cayuasx (18,5%)
— TIepUOIIEPAIMOHHBIN MH(MAPKT MUOKaP/IA.

OCHOBHBIMU TIOKa3aHUAMA 1 maummarmmn DOKMO
SIBJISLTTUCH HEBO3MOKHOCTD OTKJIIOUeHust anmapara UK win
pasBUTHE TSKEJIOH OCTPON Cep/leuHO-JIETOYHON He0CTa-
TOYHOCTH B TeYeHNe TEPBBIX 72 9acoB ocJe orepanny. Ta-
KUM 00pa3oM, PUCK JIETAJIBHOTO MCX0/1a 0€3 UCIIOIb30BAHMS
BCIIOMOTATEeJIbHBIX Oprano-3amerniaomux merogos (I13I1T
u IKMO) y manmbix narmentos npubmamkancs k 100%. O6
3TOM CBHJIETEIBCTBOBAJIA KaK BBICOKAS CPEIHSIS OIEHKA 110
APACHE 1I (32,22) u SOFA (13,96), Tak u cyiiecTBeHHbIe
CHBUTH JTaOOPATOPHBIX JAAHHBIX (THIIEPJIAKTATEMUS, TUTIED-
OuMpyOUHEMUS ), HU3KUI PECIIMPATOPHBII MHIEKC.

BeiireykazaHHble TOKa3aTen MIMPOKO BAPbUPOBAIIN
B MICCJIEIyeMOI KOTOPTE TTAIMEHTOB, O YeM CBU/IETEJILCTBY -
10T 3HaueHus z-kpurepust Kosmoroposa-CMupHoBa, mpe-
BBIIIAMIIIE KPUTHUECKOE 3HaUeHue st BbiOOpku. Hau-
MEHbIITNE OTKJOHEHHUS OT HOPMAJIBHOTO PACIHpPEIeIeHUs]
JEMOHCTPUPOBAIK JAyuTenbHOCTh VK 1 Gasuibl 110 1mKase
APACHETI, ¢ z=0,35 u 0,6, cootBeTcTBenHO. Hanbombnras
BaprabeIbHOCTh 3HAYECHUN OTMEUaNach B YPOBHE MUHU-
MaJBHOTO pecrupatopuoro wnmekca (54,7—700), mMurm-
MaJIbHOM KOJINYeCTBE TPOMOOIUTOB (4—85) 1 uncie nopa-
JKEHHBIX OpranoB (5—7). ITO CBUAETENBCTBOBATO 00
OTHOCHTEJIbHOW OJIHOPOJTHOCTH B CTEINIEHU TSIKECTH Kap-
JIMOXUPYPTUYECKUX MAIIMEHTOB B HAYaJIe JIeUeHUS] 1 MEHb-
i€l — TPy ee TPOJ0JKEHUH 1 OKOHYAHUH. BhiieykazaH-
HOe MOXKeT 00bsicHAThes TeM, uto B 11,1% ciyuaes y
BBIKUBIIUX OOJIbHBIX BOCCTAHOBUJIMCH CEPAEYHO-JIETOU-
Hble u moveynbie Gyuxinun 6e3 npumenerus IKMO u
[I3IIT, a cpeau ymepuiux MporpeccupoBaia MoJHOPTaH-
Hast HeoCTaTOUHOCTh. Clle/lyeT yTOUHUTD, 4TO OIl€HKA pe-

The main indications for the initiation of ECMO
include the inability to CPB disconnection or the develop-
ment of severe acute cardiopulmonary failure within the
first 72 hours after removal to the ICU. Therefore, the risk
of death without the use of organ-supporting techniques
(CRRT and ECMO) in these patients approached all of
them. High scoring by APACHE 11 (32.22) and SOFA
(13.96) as well a significant changes in laboratory data
(hyperlactatemia, hyperbilirubinemia).were considered as
parameters to evaluate the patients as critically ill.

Variability of all these indices was high in the cohort,
because the dimension of Kolmogorov-Smirnov test
exceeded the critical value for the sample. Most minute
deviations from the normal distribution have been demon-
strated in CPB duration and APACHE 1II scores, with
z=0.35 and 0.6, respectively. The most significant variabil-
ity was observed in the values of the minimum respiratory
index (54.7—700), the minimum count of platelets (4—85)
and the MODS involved organs (5—7). These features
demonstrate the relative homogeneity in the severity of
patients at the beginning of treatment, and less — at its
continuation/completion. The explanation is that the sur-
vivors restored cardiopulmonary or renal function, with
the lack of a need in ECMO and CRRT (11.1%). In con-
trast, among the deceased patients the progression of mul-
tiple organ failure was evidenced prior to death. It should
be clarified that the assessment of respiratory index may be
irrelevant in the ECMO application. At the same time, res-
piratory support conducted to all patients also can influ-
enced to aforecited indicator. Notably, that in all cases with
a favorable outcome, duration of CRRT exceeded ECMO
time for 3 days (median). No cases of recovery were
observed, if the duration of CRRT was less than ECMO
(n=14, 51.8%). Amongst the survivors (7=3) was predom-
inated AKI stage «Injury» (n=2, 66.6%), whilst «Risk»
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Ta6auua 3. CpaBHUTEIbHASI OL[EHKA IPEUKTOPOB JIETAIBHOCTU Y KapAUOXUPYPruYeCKUX MalEeHTOB, MOy YaBIINX
MOCTOSIHHYIO 3aMECTUTEJIBHYIO OUEUHYIO TEPANHUIO M YKCTPAKOPIIOPAIbHYIO MEMOPAHHYIO OKCHI€HAIIMIO.

Table 3. Comparative assessment of mortality predictors in cardiac surgery patients receiving continuous renal
replacement therapy and extracorporeal membrane oxygenation.

Indicators AUC  Confidence Interval 4 Cutoff point Sensitivity/Specificity
Age, years 0.81 0.54—1.0 0.09 46.5 0.79/0.67
LVEDV, mL* 0.61 0.29—0.92 0.54 65 0.78/0.67
Duration of sympathomimetic use, days 0.99 0.96—1.0 0.006* 3.5 0.96,/0.67
Duration of oligoanuria, days 0.92 0.82—1.0 0.02* 5 0.92/0.33
MODS, number of involved organs 0.83 0.67—1.0 0.08 5.5 0.67/1.0
CRRT dose, mL/kg/h 0.67 0.44—0.89 0.3 26.65 0.83/0.67
Hemotransfusion volume after operation, mL  0.97 0.89—-1.0 0.01* 490 0.95/0.33
The maximum lactatemia, mmol /L 0.85 0.67—1.0 0.05* 1.99 0.86,/0.67
Number of inotropes 0.86 0.7—1.0 0.04* 2 0.83/0.67
IABP duration, days 0.69 0.43—0.93 0.29 2.5 0.37/1.0

IIpumeuanue. Significance — 3Haummoctb; Sensitivity/Specificity — uyBcrBuTEIBHOCTD/CricHUdUUHOCTE; Age, years — BO3PACT, JIET;
Duration of sympathomimetic use, days — o61ast mpooKUTEIBHOCTD HCHOIB30BAHIS CUMITATOMUMETHKOB, AHeit; Duration of oligoanuria,
days- npomosskuTesnbHOCTh Ostrroany puw, axeit; MODS, number of involved organs — mosimopraitast HEOCTATOYHOCTD, YUCIIO TOPAKECHHBIX
opranos; Hemotransfusion volume after operation, mL — o6bem remoTpancdysuii mocse oneparuu, Mit; The maximum lactatemia, mmol /L
— MaKCHMaJIbHBII YpoBeHb Jakratemut, MMoub/i1; LVEDV, left ventricular end-diastolic volume — koreuno-anacroimyecknii 06beM JIeBO-
TO JKesyouKa cepiia, mur’; Number of inotropes — kosmiectBo nHOTpOnHBIX Tpenapatos; IABP (intra-aortic balloon pump), days — npuwe-
Herne BABK (BHYTpHaopTaibHOI 6alioHHON KOHTpITy Ibcatn ), aHeil. Vcnosbsoaicss ROC-aHanus. * — cTaTuCTHYecKU 3HAYUMBIMI SIB-
ssices pesyssrarel mpu p<0,05 n @<0,1. AUC — area under curve (1wioma/p Mo/ Xapakrepuctudeckoii kpusoii). Cutoff point — «rouka
OTCEYEHNsT» — 3HAYEHNE TIEPEMEHHOIT TPH KOTOPO HaO/IIOAETCS MAKCUMATBHOE 3HAUEHNE CYMMBbI 1y BCTBUTETLHOCTU U CTIEIM(DITIHOCTH.

Note. Receiver operating characteristic (ROC) analysis was used. * — statistically significant results at p<0.05 and @< 0.1. AUC — area
under the curve; Cut-off point — the value of the variable at which the maximum value of the sum of sensitivity and specificity was

observed; LVEDV — left ventricular end-diastolic volume; TABP — intra-aortic balloon pump.

CIMPATOPHOTO MHAEKCA MOKET OBITh HEPeJeBAHTHON mpn
npumerernn IKMO. [IpumeuaTensHO, 9TO BO Beex cryda-
IX ¢ OJArONPUSITHBIM HCXOIOM IPOAOJIKUTETBHOCTD
TI3IIT mpessbimamna Bpems dyHkimonnposanust JKMO Ha
3 musa (meamana). Hu ogHOTO Ccotyuast BRI3IOPOBIICHUS He
OTMEYEHO, ecn mpomosknTenbHocTh 1I3IIT 6buma MeHb-
mre, wem DKMO (n=14, 51,8%). Cpenu BoukuBimmx (n=3)
npeobmaganu namuenTsr co cremenbio OIIIT «Injury»
(n=2, 66,6%) HECMOTPSI HA TO, YTO B KOropTe peobaaaaim
«Risk» n «Failure». Broppim sTanom mcciaenoBanns sSBu-
JIOCH BBISIBJICHUE BO3MOKHBIX MPEANKTOPOB HEOIArompu-
SITHOTO UCXO0/Ia Y KapAMOXUPYPrudecKux GOMbHBIX, HYK/Ia-
IOLIKUXCS B OpraHo-3amernamonieil repamuu (1adu. 3).
PesysbraThl aHaimM3a MPUTOAHOCTH PA3INIHBIX TTe-
PHOIEPAIIMOHHBIX MTOKa3aTe/ieil B IPOrHO3UPOBAHUH JIe-
TAJBHBIX MCXOMOB Y KapAMOXUPYPTUUECKUX TTAIHEHTOB,
nomydaBmux OKMO wu II3IIT, BBIABUIN <«OTINYHYIO»
O0BSACHSIIONLYI0 CHOCOGHOCTh MPOIOJIKUTETBHOCTH UC-
nosib3oBarus cumiaromumerrkos (AUC 0,99; /111 99,99%
0,96—1,0) (taba. 3). O6bem TemoTpaHchysuii SBISICS
BTOPBIM 110 3HAYMMOCTH TIPEJUKTOPOM JIETATTBHOTO HCXO/Ia
(AUC 0,97; 11 99,8% 0,89—1,0). O6bem remoTpancdy-
3uii cBbinre 490 MJT TIoCsIe OTIepaIuu CBUIETETbCTBOBA O
HeOJIAroNPUSTHOM MCXO/IE JICYEHUS ¢ UYBCTBUTEIbHOCTBIO
95%, oaHako cnenn@uIHOCTh JAHHOTO MapKepa ObLia He-
BBICOKOTT (33%), KaK ¥ TPOAOIKUTENLHOCTD OTUTOAHY PUN
ceoime 5 areit (92 n 33%, cootBetcTBenHO). KosmuecTBo
MHOTPOITHBIX TIPETApPaTOB M MAKCUMATbHBIH YPOBEHD JIaK-
TaTEeMUM TIPOJIEMOHCTPUPOBAIH «OUEHb XOPOIILYH0» 00bsIC-
HSAIONIYIO CIIOCOOHOCTD B IPOTHO3UPOBAHUY JIETAIBHOTO
ncxona (AUC 0,85 u 0,86, coorBercTBeHHO). Kpome Toro0,
YYBCTBUTEJNHHOCTh W CTIETM(PUIHOCTD TAHHBIX TPEIITKTO-
poB 1ipu cutoff point 6osee 2 u 1,99 Mmosib/s1 Gblia OnTH-

and «Failure» prevailed in this cohort. The second phase of
the study was to identify possible predictors of adverse
outcome in cardiac surgery patients requiring organ-
replacement therapy (Tab. 3).

Duration of sympatho-mimetic administration
demonstrated «excellent» ability to explain the predicting
perioperative death in cardiac patients treated with
ECMO and CRRT (AUC 0.99, CI 99.99% 0.96-1.0).
Either, it was found that the volume of hemotransfusion is
the second most important predictor of postoperative
death (AUC 0.97, CI 99.8% 0.89-1.0).Volume of hemo-
transfusion over 490 ml was testified poor postoperatively
outcome with a sensitivity of 95%, but the specificity of
this marker was low (33%), as well as the duration of
oligoanuria over 5 days (92 and 33%, respectively).

Number of inotropes and maximum levels of lac-
tatemia can showed «very good» explanatory power in pre-
dicting death (AUC 0.85 and 0.86, respectively).
Furthermore, the sensitivity and specificity of these pre-
dictors for cut-of-point over 1.99 and 2 mmol/l were with-
in the suboptimal values (0.86,/0.67 and 0.83/0.67, respec-
tively). Age and number of organs involved in MODS did
not show any significant association with unfavorable out-
come (p>0.05). CRRT dose was also weakly associated
with a fatal outcome in these patients (AUC 0.67; p>0.05).

Development of extracorporeal membrane oxygena-
tion technology in recent years has improved the progno-
sis in patients with severe cardio-respiratory failure, which
were previously completely incurable. However,
reversibility of cardio-pulmonary failure only can be
detected in the course of this procedure itself.

Cardiac surgery patients are a special category of risk
AKI, due to the long stress following operation and perfu-
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masprON (0,86/0,67 1 0,83/0,67, coorBeTcTBEHHO). B03-
pact GOJIBHBIX U YKCJIO MOPaKEHHBIX OPraHOB HE MMEJIH
CTATUCTUYECKU 3HAYUMOIL CBSI3U ¢ HEGIarONPUSATHBIM KC-
xonoMm (p>0,05). Toza II3IIT raxske Oblia cabo accormm-
POBaHa C JIETAJIbHBIM UCXOJIOM Y JIAHHOI KaTeropuu Taiu-
entos (AUC 0,67; p>0,05).

PaszButne texnomornn IKMO B mocieiHme ToIbI TT03-
BOJIUJIO YJTyUIIUTD ITPOTHO3 Y MAIIUEHTOB C TSKETIOH cepied-
HO-JIETOYHOI HEZI0CTATOYHOCTBIO, PAaHee SIBJISBIIUXCS TI0JI-
HOCTBIO MHKypabeibHbIMU. TeM He MeHee 00OpPaTHMOCTb
CEP/EYHO-JIETOYHOI HEJIOCTATOYHOCTH MOKET ObITh BbISIBJIC-
Ha TOJIBKO B ITPOTIECCE TIPOBE/ICHUST CAMOI TIPOIIELYPBI.

Kapaunoxupypruueckue 60JbHbIE TIPEACTABIISIOT CO-
60ii ocoby1o kateroputo pucka passurus OIIII BesencTsue
JUTUTEIBHOTO OIEPAIMOHHO-TIeP(Y3UOHHOTO CTpecca, YTo
MOJITBEPK/IAIOT PaHee TPOBeZeHHbIe HccaenoBanus |18,
19]. Tospesxknatomiee neiicreue IKMO, mnaymnmpyoriee
CUCTEMHbBIE BOCCTAHOBUTEJIbHBIE PEAKITMI U CUHPOM TI0-
JINOPTAaHHON HEJOCTATOYHOCTH, MOKET PEan30BbIBATHCS
B Bujie OIIII y B3pocbIX, 4acTo pazBuBalonierocst Ha poxe
ucxoxnoit XBII 2—3 craguu. B namem nccieqoBanuu aTo
mpoucxoanyio B 85,2%. TI3IIT ucmoab3yeTcs B KadecTBe
MaJio ajisTepHatuBHoro meroza gedenust OIIII, corpoBox-
JIATONIErocst HeCTabUIBbHON reMoiHaMiKkol. Kommyrarust
II3IIT n 9KMO MOKeT BBIIOMHATHCS OO0 ¢ TTOMOMIBIO
nojik/ouenns remouibrpa B anamio IKMO («muunran-
CKUii» MeTo), MO0 ¢ OMOIIBI0 KOMMEPYECKOTO alliiapa-
ta st [I3TIT B kontyp 9KMO, kak B Haliem mcceaoBa-
remoduabTpa/quanusatopa ¢
nogikouenrieM B KouTyp MK st npodusmaktuku u ieve-

.  Ilpumenenne
Hust OTIIT 6bu10 uceaenoBano paunee [20].

[Tosnas kommyTanus koutypa ammnapara [I3IIT B
surnio IKMO 1o3Bosunia usbeskarb HeOOXOAUMOCTH Ka-
TeTepU3aAlUK EHTPAJIbHOI BEHbI JJIst 00ECIIeUeHUsT COCY-
JICTOTO ZIOCTYTIa. ITO MUHUMHU3NPOBAJIO HE TOJHKO TPaB-
MATU3ANMNIO TAIMEHTOB, HO W PHUCKW OCJIOKHEHUN
KaTeTePU3AINN TIPU aEKBATHOM [IJIsT KITUHUYECKOTO TTPH-
MEHEHUST COCYANCTOM aocTyIme. IIpuMedaTenbio, 9To BO
BCEX C/yyasix ¢ OJIArONPUSATHBIM HMCXOJOM IIPOAOJIKHU-
tesbrocTh TI3IIT mpesbimana Bpemsi (hyHKIIMOHUPOBA-
Husg IKMO B cpeiieM Ha 3 JiHsI. DTO MOXKET CBU/IETEJIb-
cTBOBaTh 0  Gosiee  GJATONPHUATHOM  TEUEHUH
MOJUOPTAHHON HEOCTATOYHOCTA U JIy4IlieM TPOTHO3€e
npu npojposkennu [I3TIT y nanmenTos, panee noJsydyas-
mux OKMO. Cpean BBDKHBIIUX TIPOAOJIKUTEILHOCTH
IKMO cocraBuma maxcumyMm 10 cyTok, aHasormyHas
TEHIEHINST OTMEYEHa M B IPYTUX KaPAMOXUPYPTUIECKUX
1eHTpax [6]. YcTaHOBIIEHO, UTO CpejiHee KOJIMYECTBO OC-
noxkHeHuN, acconuuposanibix ¢ 113IIT, 6b10 MeHbIIe,
yem ¢ IKMO. Brepsbie 1mokazaHo, 4To MPOIOJEKUATEb-
HOCTh CUMITATOMUMETUYECKUI TTOIePKKN Gosee 3,5 1Hei
SIBJISIETCST HE3aBUCHMBIM 1M 3HAYMMBIM TTPEMKTOPOM Jie-
tasbHOro rexoxa (AUC 0,99; 11 99,9% 0,96—1,0), ¢ co-
OTHOIIEHNEM YYBCTBUTEJIHHOCTH W CHEMUGUIHOCTH
0,96/0,67. KosimyecTBO MHOTPOIHBIX TIPENapaToOB U Mak-
CUMaJIBHBII YPOBEHD JAKTATEMUN MTPOIEMOHCTPUPOBAIN
BBICOKY10 OOBSICHSIIONIYHO CIIOCOOHOCTh B TIPOTHO3UPOBA-

Huu sietanbroro uexoxa (AUC 0,85 u 0,86, cooTBeTcTBEH-

sion, which confirms the previous studies [18, 19]. The
detrimental effect of ECMO, which induces SIRS and
MODS, might result in AKI development. As found in cur-
rent study, this syndrome was developed often on the back-
ground of initial stage 2—3 CKD in adult's patients
(85.2%). Continuous renal replacement therapy is widely
used as a primary method of AKI treatment, accompanied
by hemodynamic instability. Switching the CRRT and
ECMO may be performed either by connecting hemofilter
in the ECMO line («michigan» method) or by a commer-
cial apparatus for CRRT in the ECMO circuit, as in
deminstrated by our study. Application of hemofilter/dia-
lyzer in circuit-switched CPB for the prevention/treat-
ment AKI has been investigated previously [20].

Full switching circuit apparatus CRRT in ECMO
line will avoid the need central vein catheterization for
vascular access. This allowed not only to minimize the
patient's trauma, but also the risks of complications, asso-
ciated with catheterization providing the adequate vascu-
lar access for clinical use.

Notably that in all cases with favorable outcome
expectancy of CRRT was exceeded operating time ECMO
in average for three days. This may indicate a more favor-
able current of multiple organ failure and a better progno-
sis in patients with continuation of CRRT previously
treated with ECMO. Among the survivors, duration
ECMO reached maximum in 10 days, a similar trend was
noted in other cardiac centers [6]. It was found that the
average number of complications associated with CRRT
was less than one with ECMO.

It was shown that the lasting of sympatho-mimet-
ic support for more than 3.5 days is an independent and
significant predictor of death (AUC 0.99, CI 99.9%
0.96—1.0), with a ratio of sensitivity/specificity of
0.96/0.67. Number of inotropes and maximum lac-
tatemia demonstrated a high explanatory power in pre-
dicting death (AUC 0.85 and 0.86, respectively) con-
firming the earlier research data [17].

It was found, that borderline lactatemia (1.99 mmol /1)
indicated the potential benefits of earlier extracorporeal sup-
port prior to the onset of ischemia with irreversible organs
damage. Postoperative bleeding that represents a frequent
complication of cardiac surgery can significantly affect prog-
nosis in patients with severe MODS. Volumes of hemotrans-
fusion over 490 ml after cardiac surgery have been demon-
strated to serve as a sensitive (95%) marker of poor outcome
in patients treated with CRRT and ECMO. Therefore, time-
ly removal of bleeding combined with a balanced approach to
anticoagulation therapy represent the mandatory conditions
for carrying out this combination organ-support method.

CRRT dose is faintly associated with a fatal outcome
in these patients, probably due to limited capacity for elim-
ination of toxins and inflammation triggers during ECMO.
In survivors the patients with stage AKI «Injury» (66.6%)
dominate, despite the fact that in the cohort «Risk» and
«Failure» groups are mainly presented. This trend can
indicate a greater reversibility of stage AKI <«Injury»,
which is contrary to previous studies [21].
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B momomp mpakTuKyomemy spauy .

HO), YTO MOATBEPIK/IAeT JaHHbIe paHee IIPOBECHHBIX HC-
crepoBannii [15]. TosydeHHbe pe3yaIbTaThl MOTPAHNIHO-
ro ypoBH: jakTateMun (1,99 MMOTIB /1) CBUAETENBCTBYIOT
0 MOTEHITHATLHOM [PEnMyIecTBe GoJiee paHHEro Havaia
BCIOMOTATEJIbHOI KCTPAKOPHOPATIBHON MOIJIEPIKKH, 10
HACTYIUIEHUST WIIEMUU ¢ HeOGPATUMBIM TTOBPEKICHUEM
BHyTpeHHUX opraHoB. [locieoneparmorHoe KpoBoTede-
HUe, SBJAIONIeecs] HEPEAKUM OCTOKHEHWEM KapAnOXH-
PYPTrHUECKUX BMEIIATEJIbCTB, CYIIECTBEHHO BIMIET Ha
nporuo3 y mamuentos ¢ Tsokenoit CIIOH. O6bem remo-
tpancdysuii cbite 490 M TocIe onepaun moKasam ce-
651 ayBCTBUTENBHBIM (95% ) MapKepoM HeOIATOTPHUSTHOTO
ncxona sedenns. [loaTomy cBoeBpeMeHHOE yCTpaHEHHE
KPOBOTEUEHH 1 B3BEIIECHHBIH MOIX0 K AaHTUKOATYJISIIH-
OHHOW TEpanuy sIBJSAIOTCS 00sI3aTEIBHBIMU  YCAOBUSIMHE
[IPH TIPOBEJICHIN METO0B KOMOWHMPOBAHHON BCIIOMOTa-
TeabHON noasepxkku opraros. Jloza II3IIT Gbuia ciabo
CBSI3aHA C JICTAJIBHBIM HCXO/IOM Y JAHHOH KaTerOpHH Ia-
I[UEHTOB, BEPOSITHO, BCJIE/ICTBHE OTPAHNYCHHON BO3MOXK-
Hoctu 3IIT 1o saMMUHATINK TOKCHHOB U TPUTTEPOB BOC-
nasenuss npu IKMO. IlpumeuarenbHo, 4TO cpeau
BBUKMBIINX Mpeobsafianu manueHTsr co crenenpio OTITT
«Injury» (66,6%) HecMOTpst Ha TO, YTO B KOrOpTe MPeod-
nanamu «Risk» u «Failure». /lanHbI TPeHI MOKET yKa3bi-
BaTh Ha OOJIBIIYIO TOTEHIHATBHYIO 00PATHMOCTH CTEIEHH
OIIII «Injury», 4To OTIMYaeTCS OT paHee IPOBEACHHBIX
nccsaenoBanuii [21].

3akiaouyeHue

KommyTamnumsa xoutypa anmapara [I13IIT B xontyp
IKMO nossosster nzbexkarb HeOOXOAUMOCTU KaTeTepu-
3aI[UH [IEHTPAJIBHOI BEHBI U151 00ECIIEUEHIS COCYIHCTOTO
JIOCTYTIa M COMYTCTBYIOMMUX eil pucKkoB. lIpogomknTresns-
HOCTH CHUMTTATOMUMETUIECKUN TTOAEPKKH (23,5 CYyTOK)
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Conclusion

Full switching circuit apparatus CRRT in ECMO
line helps avoiding a need in central vein catheterization
for vascular access and its attributed risks. Duration of
sympatho-mimetic support (>3.5 days) is an independent
and significant predictor of death in adult cardiac surgical
patients receiving CRRT and ECMO (AUC 0.99, CI
99.9% 0.96—1.0). Number of inotropes (>2) and maximum
lactatemia level (>1.99 mmol /1) may be used in predicting
in-hospital mortality among patients with AKI and severe
cardio-pulmonary insufficiency (AUC 0.85 and 0.86; sensi-
tivity/specificity 0.83/0.67 and 0.86/0.67, respectively).
The switching circuit CRRT directly to the ECMO
line,therefore, clearly represents an acceptable and com-
plementary option for critically ill patients underwent car-
diac surgery with potentially reversible cardiopulmonary
failure and AKI.

SIBJISIETCST HE3aBUCUMBIM U 3HAUNMBIM TTPEANKTOPOM Jie-
tagpHoro ucxoxa (AUC 0,99; AN 99,9% 0,96—1,0) y
B3POCJIBIX KapAUOXMPYPTUUECKUX OOJBHBIX, MOJYyYato-
mux [I3IIT 1 9KMO. KoandecTBo MHOTPOTTHBIX TIpeTa-
patoB (=2) W MaKCHMaJbHBII YpPOBEHb JaKTaTeMUW
(=1,99 MMOJIB/T) MOTYT HCIIOJIB30BATBCS B IPOTHO3UPO-
BAHUU TOCTIUTATBHON JeTambHOCTH TarueHToB ¢ OIIII n
TSKEJION cepiedHo-Jerounoi negocraTounoctoio (AUC
0,85 wu 0,86; YYBCTBUTENABHOCTD/CMEUPUIHOCTD
0,83/0,67 u 0,86/0,67, coorBercTBeHHO). COBMECTHOE
npumenenne IKMO u II3IIT y Ts:xesnbix KapAnoxXupyp-
rudeckux GOJIBHBIX C MOTEHIMAABHO 06paTUMON cepaed-
HO-JIero4HON HegocTatouHocThio u OIIII sBasiercs: oboc-

HOBaHHON ¥ B3aMMOOIOJHAIONIEH KoMmOuHarueit

METO/I0OB BCIIOMOTATEIbHOM TMOAACPIKKH OPTraHOB.
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