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OCTPOE NOBPEXAEHME NOYEK Y NAUMEHTOB B
HPUTMHECKOM COCTOAHNN KAK OBLLEMWPOBAA NMPOBJIEMA*

M. OCTEPMAHH
HoponeBcKkuit Konnepg JloHgoHa, BonbHuua MNaa u Ce. Tomaca, OTaeneHne peaHumauum, JIoHAOH, Bennko6putaHmus

Jlekiust ocBstieHa npobieme octporo nospexaetus nodek (OTIIT) y maiueHToB B KPUTHIECKOM COCTOsTHUM, Ha ceropHsinHuii IeHb KIMHIYECKOoe

onpezenerne OIIII 6asupyercst Ha OlleHKe MOBBIIIEHHsT YPOBHSI CBIBOPOTOYHOTO KPEATHHUHA, OHAKO 3TOT METOJI 00JIA/IAET PSIIIOM CYIIECTBEHHBIX
HeZOCTaTKOB. BO3MOIKHO, NCITO/IB30BaHNE GHOMAPKEPOB [JIST PAHHETO 0OHAPYKEHNUS TTOBPEIKIEHNS TI03BOJINT YTy UIIUTh PE3YIIBTAThl ANATHOCTHUKHL.
ITo cux nop KoHKpeTHast iekapctsennast reparust OTITT He paspabotana. B HacTostiee BpeMsi TepareBTuIecKast TAKTUKA 6asUpPyeTCsl Ha OTIEHKE PHCKa
€ro pa3BUTHS Y MAUEHTa, ONTUMU3AINT FeMOIMHAMIKH, PEBU3UH JIEKAPCTBEHHOI TEPAIINH C 11€JIbI0 UCKITIOUeHUsT He(POTOKCUYHBIX TIPENAapaToB U

MCTIOJIb30BAHIHN 3aMeCTUTebHOI oyeuroii Tepamiu (3I1T). HecMOTpst Ha TPOIO/EKUTEIBHOCTD M3y YeHHUsT IAHHON TTPOOJIEMbI M HAJIMYHE OTPOMHOTO
YICJIa NCCIIe/IOBAaHNI, OCTAETCSI MHOKECTBO HESICHBIX BOIIPOCOB, CBSI3aHHBIX, HAIIPUMED, C OIIPe/ieIeHIeM TaKTHKN HH(Y3HMOHHO TepaIini, NCII0JIb-
30BaHUEM Ba30IPECCOPHOI MONEPKKN ¥ TANMEHTOB, BpeMeHeM Havyasa 1 BeioopoM pexkuma 11T, 11emecoo6pasHOCTbIO COUETAHUS HECKOTIBKIX
TEXHOJIOTHH 9KCTPAKOPIIOPAIBbHO FeMOKOPPEKIMU. BaxkHO OIPesIesInThCs ¢ TeM, KaK € HOMOIIBIO TEPATTHH YJIYUIINTD U KPATKOCPOYHBIH IIPOTHO3,
U OTZIAJICHHBIE ITOCJ/IE/ICTBUA IIOYEYHOMI [[I/IC(byHKLII/II/I.

Kmoueswvie crosa: OCTpO€ ITOYEYHOE IMTOBPEKIEHIE, OCTPOE ITOBPEK/IEHNE TIOYEK, OCTPasd [[I/IC(I)yIIKHI/ISI TI0YEK, IToYeYHasdaA HeJOCTAaTOYHOCTDb
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ACUTE KIDNEY INJURY DURING CRITICAL ILLNESS - A GLOBAL CHALLENGE

M. OSTERMANN
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The report is devoted to the problem of acute kidney injury (AKI) in critically ill patients. Currently, the clinical definition of AKI is based
on the assessment of increasing serum creatinine, but this method has a number of significant drawbacks. Perhaps the use of biomarkers for early
detection of renal injury will improve diagnostic results. Up to date, no specific drug therapy for AKI has no available. The therapeutic tactics are
based on the assessment of the risk of development AKI in critically ill patient, hemodynamic optimization, revision of drug therapy to exclude
nephrotoxic drugs and the use of renal replacement therapy (RRT). Despite the numerous studies and the presence of multiple researches of AKI,
there are many unclear issues related, for example, how to choose tactics of infusion therapy, the use of vasopressor support in patients with AKI,
the time of the beginning and the choice of the mode of RRT, the feasibility of combining several technologies of extracorporeal hemocorrection.

It is important to define how to improve the short-term prognosis and the long-term consequences of renal dysfunction.
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Octpoe noBpexaenue mouek (OIIIl) — mepenkoe
OCJIOXKHEHUE Y TTAIIMEHTOB B KPUTHYECKOM COCTOSTHUH.
Ono saBasgercsa MyJabTU(AKTOPUATBHBIM, OTHAKO HAW-
60JIee YACTHIMU TIPUINHAMH SIBJISTIOTCST CETICUC, TUTIOBO-
JIEMUST, TeMOJIMHAMUYECKAsT HeCTaOUIbHOCTD U BO3/IEH -
cTBHEe HePOTOKCUYHBIX TTperapaToB. [losBisieTcs Bce
GOJIbIIIE HOBBIX IAHHBIX, YKA3bIBAIOIIMX HA ACCOIUAIIUIO
OIIII ¢ TsKeabIMU OCJIOKHEHUSIME, BO3SHUKAIOIUMU
KaK B KDAaTKOCPOYHOM, TaK ¥ B OTAAJEHHOM NIeproJiax
nocJie BBIITMCKY U3 cTanmonapa. OHM yBeJIMYUBAOT
MEeJUIINHCKIE TPATHI U PUCK JIeTaIbHOTO ncxoxaa [9, 10,
14, 20, 24, 30, 34, 42, 43]. Y marmeHTOB, TIepeHeCITUX
OIIII, ocnoxHeHWsI, HECMOTPSI Ha BOCCTaHOBJIEHHE
(byHKIIY TTOYEK, perucTpupyiores yacto [34, 44, 45].

Huarnoctuka OIIIIL. /Tepurumug OIII mperepmena
pan namenenuit: oT kiraccupukanuu RIFLE 2004 .
(Risk — puck, Injury — nospesxaenue, Failure — ne-
nocrarounoctb, Loss — morepst dbymnkimm, End stage —
tepMuHanbHad craausg nin XBIT) no knaccndukarmm
AKIN (Acute Kidney Injury Network — «Ipymma mo
M3Y4eHHUIO OCTPOTO TOBpeXAeHNS modeks ) 2007 1.

B 2012 r. 6bita mpuHsSTA AEHCTBYIONAS 10 HACTOSI-
mee Bpems Kiaaccudukaims KDIGO (Kidney Disease
Improving Global Outcomes — «Muunuarusa 1mo
YJIYUIIEHUIO TJI00aJIbHBIX UCXOA0B 3a601€BaHUN 110-
yek» ) [17]. Takum ob6pasom, cormacio KDIGO, OIIIT
OTIpe/iesiSIeTCsT TP MOBBIIIEHUH YPOBHST CBIBOPOTOY-
Horo kpeatuHuHa Ha 0,3 Mr/a7 (26,5 MKMOJTH/7T) WIH
6osiee B TeueHre 48 4 WM €ro TIOBBIIEHNH KaK MUHU-
MyM B 1,5 pasa 1o cpaBHEHHIO ¢ UCXOAHBIM YPOBHEM
B Teuenue 7 nueinr. Ctaguu OIIII ompenensiorcs mo
MaKCUMAJTbHOMY U3MEHEHUIO KaK YPOBHS CBIBOPOTOY-
HOTO KPeaTUHWHA, TaK U TEMTIA INype3a.

B no60oM caydae HeOOXOAUMO MOMHHUTb, YTO Chi-
BOPDOTOYHBIM KPEATUHWH U Uype3 SBJSAIOTCS Map-
KepaMmH JIUITh BBIIEJTUTETbHON (DYHKIINN MTOYEK U He
JIATOT HUKAKOW WH(OPMAITUU O COCTOSTHUY JIPYTHX ee
byHKIUN — MeTabOTNYECKOI, SHAOKPUHHON WIIH M-
MyHHOI. BoJiee TOro, Tak Kak OHU He SIBJISIOTCS CYTY-
60 «MOYeYHBIMU» (DYHKITUSAMHE, UX OI[EHKA UMEET PSI/T
orpanndernii (Tabu. 1). B koHeunom urore Bce 6aszupy-
fonuecst Ha Kpeatunute onpenenaenus OIITI tpebyior

* lleCBOﬂ BBIIIOJIHEH }Ll]xI}ITpPICIvl BacunbeBuuem COKOJIOBBIM — HAy4YHBIM COTPYAHUKOM Hay‘{HO-KJII/IHI/I‘ICCKOI‘O IIEHTPAa aHECTE3UOJIOTUU U peaHuMa-

rostoruu Ilepsoro Cankr-IlerepGyprexoro rocy/1apcTBEHHOr0 MENIMHCKOTO yHUBepeuTeTa uM. akaz. 1. I1. ITaBrosa
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Ta6auua 1. IloTeHUUAIbHBIE OIMOKH IPH TAATHOCTHKE

OIIII, ocHOBaHHOIi Ha ONpe/ieIeHNH YPOBHA KPeaTHHHHA

U TeMIla nype3a

Hnnnnyeckune ycnoBsua

OLWNBKN ANarHOCTUKM

Mpenapartbl, M3meHsALWMe
TYGYNAPHYIO CEKPeLIo
KpeaTWHWHa (TaKue KaK
LUMMETUANH, TPUMETONPUM)

OwmnboyHas grMarHoCcTUKa

OIM (noBblweHWe ypoBHA
CbIBOPOTOYHOIO KpeaTuHUHA
6e3 HapyLueHna QYHKLMKW NOYEK)

CHU1KeHWe BbIpaboTKKU
KpeaTuHWHa (NPY CHUKEHUN
MbILLEYHOW Macchl,
3a60n1eBaHMAX NeYeHu, cencuce)

Mo3aHAA nnm oTcyTCTBUE
aunarHocTurkum ONMNn

YnotpebneHue BELLECTB,
CNOCOGCTBYIOLMX POCTY
BbIPabOTHU KpeaTMHUHA

6€e3 n3MeHeHNs PyHKLMM NoYeK
(TaK, Hanpumep, ynotpebieHne
KpeaTuHa, MACHbIX NPOAYKTOB)

Owmnbo4yHana guarHocTuka ONMM

OupeHune

OwmnboYyHoe onpeaeneHue
OIM npu nepecyeTe guypesa
Ha (baKTUYeCKyo maccy Tena

Dr3nonornyeckoe noBbILLEHUE
CH® (Hanpumep, BO BpemsA
6epemMeHHOCTH)

Mo3eT oToaBUraTb POCT YPOBHSA
CbIBOPOTOYHOIO KpeaTuHUHa
n gnarHocTury ONMMn

OwmnbKKM B N"abopaTtopHOM
onpefeneHn ypoBHsA
KpeaTuHUHA (NpY HaIMYmK

B CbIBOPOTKE 5-(/TlyOpOLMTO3MHA,

OwwuboyHas amarHocTuka OMM/
oTcpoyeHHana aunarHocTmka OrMn

LeOKCUTMHA, BbICOKOO YPOBHS
6unnpy6mHa)

OTcpoyeHHasn guarHocTuka OMM
(pasBegeHWe KOHLEHTpaLum
KpeaTuHWHa B CbIBOPOTKE)

Mnepsonemua

MocTynnenve KpeaTMHUHA
M3BHE MNP UCMO/Ib30BaHUK
ero B KayecTBe bydepa

B pas/IMyHbIX Npenaparax
(LeKcameTasoH, a3aceTpoH)

Mcesgo-OMnM

Onurypus Ha hoHe ocTporo
BPEMEHHOro Bbibpoca
aHTUAMYPETUYECKOrO roOpMOHa
(B paHHeM nocneonepaLYoHHOM
nepuoge, Npu TOLWHOTE, 6071€BOM
CUHApOME)

Owmnbo4Hana anarHocTmka ONMM

Hamnuusd pepepeHCHBIX 3HAYeHWH WU JOKYMEHTAIIUN,
KOTOpast ObI yKa3biBaJla Ha YPOBEHb CHIBOPOTOYHOTO
KpeaTwHUHA 10 3MU30/Ia OCTPOU ANCGhHYHKIIUU TTOYEK,
a 9TO He BCeT/ia SABJEeTCS BO3MOXKHBIM. [loaToMy He-
00XOIMMO UMETh MapKePbl, KOTOPbHIE TIO3BOJISIIIN ObI
nuarnoctupoBaTh OIIIT kak MOKHO paHbllle U TOYHEE.
B uneane moyeunas GyHKIINA 10TKHA MOHUTOPUPO-
BaThCS B PEeXKUMeE PealbHOTO BpeMeHu. B aToMm ciydae,
COTJIACHO JJAHHBIM TAaKOTO JUHAMUIECKOTO MOHUTOPIH-
ra, Teparust MOKeT ObITh U3MEHEHA, YTO MO3BOJIMIIO Obl
npexotspatuth OIIII.

IAnunemuosorusa. CorjacHO OTYETHOCTU 3a TIO-
caenaue 20 net, Bctpedaemocth OIIII moBwIcHIace.
ITO CBSI3aHO KaK ¢ U3MEHEHWSIMY TIOTYJISIIUN TaIlheH-
TOB (CcTapeHue,/KoMOPOU/IHAS TATOJIOTHS ), PA3BUTHEM
MeauIHbl (6oJiee 4acToe UCIOJIb30BaHKe TTOTEHIN-
QIBHO HEPPOTOKCUIHBIX JIEKAPCTBEHHBIX CPENCTB,
KOHTPACTHBIX TIPENapaToB, yBeJUUYEeHNE KOTNIECTBA
CJIOKHBIX XUPYPTUIECKUX BMEMIATEIbCTB), TaK U Ca-
MUM TIOBBITIEHWEM PACTIO3HABAHUS OCTPOH AMCHYHK-

84

rn mouek. OTIIT ocobeHHO YacTo BCTpeyaercs y Tia-
IIMEHTOB B KPUTUYECKOM COCTOSHUH U OTIPE/IEIIAETCS
6o0siee ueM y 50% MAIMEHTOB PEAHUMAITMOHHOTO TIPO-
¢unsa. YeTBepTh U3 HUX HYKIAETCS B 3aMECTUTEJb-
Hoit movyeunoit repanuu (3IIT) [14]. locniuransras
CMEPTHOCTD TIOBBITIAETCS B TOH K€ MPOTPeCcCHy, YTO 1
TSKECTDb TIOYEYHOTO TIOBPEKAEHUS U ACCOIUUPOBAHHON
C HUM MYJIBTUOPTaHHOM ANCHYHKIINN.

Anamus Poccniickoro pernctpa 31IT 2008—-2012 rr.
MoKa3bIBaeT, 4To ocHoBHOH prunHoi OIIII asasnmcs
OCJIOKHEHUS OT MCIOJIb30BaHUS HE(DPOTOKCHIHBIX
MIPeTapaToB, CETICHC, PA3JINIHBIE BUIBI TIMTOKA, OCTPBIN
WHTEPCTUITNATBHBIN HeDPUT U CUHIPOM TIO3UINOH-
Horo caasienus [4]. Okosno 10—20% naiueHToB yxKe
MMEJIU PA3JIMYHbIE CTAN XPOHUYECKO GOJIEe3HH TTO-
uek (XBII). CorsacHo oTyeTam JIe4eOHBIX YUpexKe-
HU, ocHOBHasg YacTh nanueHtoB ¢ OIIIl momxygama
naTtepMuTTUpyonmi remoaunanus (UI/1), mpu atom
CMEePTHOCTb cocTaBisiia 27,3%.

IMatodpusuonorus. [louku siBrsiorcss HanboJiee
BACKYJIIPU3NPOBAHHBIM OPTAHOM B TeJe YeJ0BeKa.
B nopme onu nosrydaiot okosio 20—25% Bcero cep-
JeYHOTO BBIOPOCA (9KBUBAJIEHTHO TOTOKY KPOBU
1-1,2 1/mun). BeTBu oYedHBIX apTeprii OKAaHINBA-
I0TCS TJIOMepYIApHBIMU adbepeHTHBIMA apTeproIa-
MU 1 TTOTOM (POPMUPYIOT KaMJIISIPHBII KITyOOUeK, B
KOTOPOM ITPONCXoAnT pusrpainsd. Kposb TedeT uepes
acdepeHTHBIE APTEPHOJIBI B TIJIOTHYIO KAMJISPHYIO
CETh, COCTOSATIYIO U3 MEPUTYOYIAPHBIX COCYIOB, Y-
IUX B/IOJTh KaHaublleB. OHA OCTABISIET KUCIOPO 1
HeoOXO/IMMbIe BEIeCTBa, BO3BPAIast B KPOBOTOK pe-
abCcopOUPOBAHHDIE HIEKTPOJIUTHI U BOLY.

B 6osbumurcTBe cydaes npupoga OIITT muorogax-
TopHas. [[pr MonbITKe BHIIBUTH IPUYUHY MTOBPEX/IE-
HUS 324aCTYIO OTIPEIEITIOTCS MUKPOITMPKY IS TOPHAS
1 3HZIOTeTNAbHAS AUCHYHKITNS, HATNIe BHYTPUCO-
CYIUCTBIX MUKPOTPOMOOB, BOCTIATUTENbHAS PEAKIINS,
HOBpesKIeHne TyOYISAPHBIX KJIETOK, TyOy/sipHas 06-
CTPYKIUS ¥ BEHO3HBIIT 3acToii [ 28] (Tabu. 2). B nenom
OIIII paccmaTpuBaeTcs Kak BOCTIATUTEILHBIN TTPOIECC
C BOBJIEUEHUEM JIPYTUX OPTAHOB M CUCTEM.

Tepanus. Tepanua OIIII 3akmfouaeTcst B OAAEPK-
ke dynkiun novek. /o cux mop HeT mpemapara s
MPSIMOTO JIeUeHUsI OCTPON peHaJTbHON ANCHYHKITNH,
MO3TOMY B HACTOSAIIEe BPeMs TeparmeBTUYecKas Tak-
TUKa ocHoBaHa Ha jJukBuaanuu npuunna OIIIL: ontu-
MU3AIUN TeMOAMHAMUKHN, KOPPEKIIUY TUTIOBOJIEMUN
U TIpeAynpekAeHNN IPYyTUX He(PPOTOKCUYHBIX BO3-
neiicteuii [17]. Haubosee yacTbiM (haKTOPOM pHCKa
OIIII gaBngeTcs HeCcTaOUIBHOCTb CUCTEMHON TeMO/IH-
Hamuku [22, 38, 43]. B G0OJIbIIMX PETPOCTIEKTUBHBIX
nccsenoBanusax bosee yeMm Ha 30 000 manueHToB 00-
IEXUPYPrUYecKoro mpodust GbIO0 MOKA3aHO, YTO
TUTIOTEH3WS B X0/l XUPYPIUUECKOTO BMENIATEIbCTBA
(ompeniesienHast Kak YPOBEHb CpPEHETO apTepuasb-
Horo masjeHust (CAJl) < 55 MM PT. CT.) acCOUUUPO-
BaJach € MOBBIMIEHHBIM puckoM passutus OIIIIl B
paHHeM IocIeornepainoHHoM repuoze [43]. Puck mo-
BBIIAJICS 110 MEPE YBEJUUEHUS JATUTETbHOCTU 3THU-
30/1a TUTIOTEH3UH. 3HAYMMBIMU OBLITN [IasKe IMU30/IbI
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Ta6auya 2. IlaTopu3N0IOTHIECKHE TPOLECCHI, CBI3aHHBIE
¢ OIIII

MaToduanonoruyeckumi
Onucanue
npouecc
* [loBpereHne noyevyHoro
MWKPOLMPKYIATOPHOMO pycna
MUKpOLMpPKYNATOpHas POUMPHY. P Py
13-3a NOABNEHNA 04aroB runonepdysum
ANCPHYHKUMA
¢ PasBuTWE BHYTPUNOYEYHbIX LYHTOB
MeXay apTepUAMM U BEHAMM
OHpaoTennansHas AMCOYHKLMA
BHYTPUMOYEYHBIX COCYA0B
OHpoTenvanbHas TP YA .
COMPOBOXAAOLLAACA NOBbILLEHHOM
ANCPHYHKUMA o
NPOHULLAEMOCTbBIO COCYAUCTOM CTEHKM
W MUrpaumen N1emKoLuuToB
BHyTpucocyancTtas @dopmrpoBaHne BHYTPUCOCYANCTbIX
Koarynonartus TpOMGOB
* AKTMBAUMA BHYTPUNOYEYHbIX
BOCMa/IMTENbHbIX KNIETOK
¢ Murpaumsa neMKounToB B 30H
Bocnanenve pau u Y
BOCMa/IeHUsA
¢ BbICBOGOMAEHME NPOBOCNA/IUTENBbHBIX
LIUTOKMHOB
MoBpexgeHne TyGYNApHbIX
KNIETOK NPW HapyLUEHWW NOYEYHOM
MosperaeHre <
MUKPOLMPKYNALMK, NPAMOM BO3AENCTBUN
TYGyNApHOro anuTenua
He(dPOTOKCMHOB UM NPOBOCMNANNTENbHbIX
LIUTOKMHOB
BHyTp1noyeyHbIn CpaasnuBaHue KaHanbleB
BEHO3HbIl 3aCTOM 1 MUKPOLIMPKY/IATOPHbIX COCYA0B
O6CTpyKUMA KpUcTaniiamu,
WHTpaTybynapHas hopMUPYIOLLMMMCA U3 TIEKAPCTBEHHbIX
06CTPYKUMA npenaparoB, Uu 3aKyrnopKa CyLEeHHbIM
Ty6ynApHbLIM anUTENnEM
MnepyyBCTBUTENBHAA UMMYHHASA
o peaKuus Ha BO3AeNCTBME TOKCUHOB
MHTepcTuumanbHbI
HebPHT WM NEKapPCTBEHHbIX NpenapaTos
(Hanpumep, aHTUBUOTUKKN, HECTEPOUIHbIE
NPOTUBOBOCNA/IUTE/IbHBIE NMPenapaTbl)

npoxoJKuTeabHOCThI0 1—5 MuH. Iloxoxue qaHHbBIE
npezcTasiaenbl V. Salmasi et al. B xoze uccrenoBanust
57 000 marreHTOB: Jake KOPOTKIE SIIU30/bl NHTPA-
omeparinouuoro cumkennoro CAJl (< 65 MM pT. cT.) B
T€4E€HNE HECKOJIbKO MUHYT UMEJIN CBA3b C PASBUTUEM
OIIII [36]. CBoeBpemenHoe BoccTtanoBaeHue CAJl y
HAIUEHTOB C CENTUYECKUM IIIOKOM aCCOIMUPOBAHO C
BOCCTAHOBJIEHUEM JINyPe3a U YJIydllIeHheM KJIUPEHCa
KpeaTtnHnHa [32].

Ungpysuonnas mepanus. Nubysuonnas repanus
SIBJISIETCST HEOOXOAUMOTH JIJIsI KOPPEKI[UU THUIIOBOJIE-
MWW U ONTUMHU3ANUU TpenHarpys3ku. CoBpeMeH-
Hble PEKOMEH/IAINY OTIPEEeIUIN OPUEHTAIINIO Ha
KCII0JIb30BAHNE KPUCTAJJIOUIOB DU KPUTUUECKOM
COCTOSTHUH, BKJIIOYAS MAIIMEHTOB KaK ¢ BBICOKUM PH-
ckom pasButug OIIII, Tak u auIr ¢ y:Ke UMeToIIercs
ocTpoil muchynkiueit moyek [16, 17]. bomsimoe ko-
JINYECTBO MCCJIE0OBAHUI YKa3bIBAET HA NIPEUMYIIle-
CTBA UCIOJIb30BAHMS COATAHCUPOBAHHBIX PACTBOPOB
y marueHToB ¢ BicokuM puckom OIIII, He mmetonux
runoxsiopemun. OIHAKO TTOKa HEeT OMyOJIMKOBaHHBIX
JQHHBIX O CPaBHEHUN MEKLY COOOM AeHCTBYS Pa3iny-
HBIX KPUCTAJIJIOUIHBIX PACTBOPOB Y MAIIMEHTOB C YK€
uMeloIIelica ocTpoit aucdyHKIrel movyek. Brenenne
(pusmosOrNUECKOro pacTBOPA MPEANOYTUTENBHO T1a-
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IMEeHTaM C TUTIOBOJIEMHEH 1 TUTIOXJIOpeMUel, Hallpu-
Mep TocJie TPOA0JIKUTENbHON pBOTEL. OHAKO TTOCTe
uH(bYy3Un Bce paBHO HEOOXOAUMO KOHTPOJIUPOBATH
KOHITeHTparuio xaopunos [16]. [uapokcustnakpax-
MaJIBI JTOJKHBI OBITH UCKJIIOUEHBI U3 WHPY3HOHHON
MPOTPAMMBI Y MAIIMEHTOB € BBICOKMM PHCKOM pa3-
sutust OIIII, a gpyrue KOJITOUIBI MOTYT OBITH TIPH-
MEHEHBI Yy MaIlMEeHTOB ¢ pedPaKkTepPHBIM IOKOM B
orpannueHHOM oObeMe [16]. B mocientee BpeMst Bce
OYeBU/IHEN, UTO TIepeTpy3Ka JKIIKOCTHIO TOXKE OMACHA,
B TOM 4wcJIe [ TTovek [5, 13, 31, 41].

Takum 06pa3om, nH(Y3NOHHAST TePaTnst OJKHA BbI-
MOJTHATHCS JIUTITH 10 BOCCTAHOBJIEHHS 9YBOJIEMITYECKO-
ro cTaryca mamnuenTa [29]. Beeaenme skuakocTu mocse
NOCTUKEHUS 9YBOJIEMHUH HE TOJBKO He YBEJTUINBAET
IIAHCOB, HO B GOJIBIIIEH CTETIEHN TIPETSTCTBYET BOCCTA-
HOBJIEHUIO (DYHKIIUU TTOYEK W YXYAITAeT BO3MOKHbIE
MTOCJIE/ICTBYS.

Hcnoavzoeanue easonpeccopos. Bazompecco-
PBI YACTO UCTIOJB3YIOT [T KOPPEKITNHU TUTIOTEH3UU
y HMAlMEeHTOB B KPUTUYECKOM COCTOSTHUM. B HacTos-
1mee BpeMs TIOKa HesICHO, KaKo# TUIT Ba30IIPECCOPOB
SIBJISIETCSI ONITUMAJIbHBIM U KaKOH 11eJ1eBOi yPOBEHb
apTepUaIbHOTO IaBJIEHUS HEOOXOAMMO MOAIep-
XKuBath. boJjiee TOTO, HET TOYHBIX METOJIUK MPSIMON
OIIEHKW WHTPAPEHATHHOTO KPOBOTOKA M PEHAJIBHOTO
apTepuaibHOro faBieHus. Cieayer OTMETHTH, YTO
PeTySATNS MUKPOIUPKYJIAINHN SBJISETCS KOMILJIEKC-
HBIM TPOIIECCOM, U TTOTOMY C ITOMOIIIO TIOJIIepKa-
HUSI CUCTEMHOTO apTEPUATBHOTO JABJIEHUS HETh3s
obecrieynTh a[eKBaTHYIO MOYedHyo Tepdysuio. Pa-
mee noaaepkanne CAJl He MerHee 65 MM PT. CT. CUH-
TAJIOCh PEHOTIPOTEKTUBHBIM MPU CEMTHYECKOM IITOKE.
D. LeDoux et al. [ 19] oteHwin a ekt MoBBIIIEHHOTO
CA/I 1a cucteMHbII KUCTOPOI3aBUCUMBIN METAO0T3M
1 pernoHapHyio nepdysuio Tkaneir y 10 marmenTon
C CENTUYECKUM TIIOKOM U MMOKA3aJIU, YTO YBEJIUMYeHHe
CA/l ¢ 65 10 85 MM PT. CT. C TOMOIIIBIO HOPAIpeHATNHA
He OKAa3bIBAJIO 3HAYNTENBHOTO BO3IENUCTBUST HA TEMIT
muypesa. Taxxke A. Bourgoin et al. [6], cpaBHuBas n18e
TPYTITIBI TAITUEHTOB C CENTUYECKUM ToKoM (1 = 28) ¢
nopep:xkuBaeMbiM CA/l Ha ypoBHe 65 11 85 MM PT. CT.,
BBIIBIIIH, UTO TIoBBIIeHre CA/] He acconmmpoBaHo ¢
U3MeHeHUsIMU TIoKa3aTesell (hyHKITH OYeK, BKII0Uast
TEMIT IUyPe3a, YPOBEHb CHIBOPOTOUHOIO KPEATMHUHA
niy Kiaupenca kpearununa. C Ipyroil CTOPOHBI, €CTh
JIAaHHbBIE, MTO/[TBEPKIAIONINE PEHOTIPOTEKTUBHBIN (-
dexT Boicokoro CA/l y TalleHTOB C CENTHYECKUM IITO-
KOM C ITPe/IIIECTBYIONIEH XPOHUYECKOUN apTepuabHOM
runepTensued [1].

Hecmotps Ha To 4TO onTtuManbHbIil ypoBeHb CA/J]
1011 ipoduiaktuky uin causkenus crerenn OINII ne
orpejieJieH, /IS KOPPEKIIUY TUIIOTEeH3UH Y IIallUeHTOB
C CENTUYECKUM IIIOKOM HCIIOJb3YIOT KaTeXOJaMUHBL,
Basonpeccud u anruorensun 11 (taba. 3). VIx BBeze-
HUeE [I0//IePKUBACT UJIN BOCCTAHABJINBACT a/leKBATHBIH
[OYEeYHBIN KPOBOTOK, KOT/a 1epdy3noHHOE JIaBIeHUE
[ajlaeT HUKe IIpe/iesIoB ayTOPeryJIsaiun.

MHorouucaeHHble NCCIeJOBAHUS BBISIBUJIN YJIy4-
nreHue QyHKINY [104eK Ha (hoHe UCII0JIb30BaHUS Pa3-
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Ta6uua 3. Bazonpeccops! i NOAAEPKKA TeMouHaMuku npu OIIIT

Mpenaparb! XapaKTtepucTuka O6ocHoBaHWe nprMeHeHUs npy OMM
* O6ecneyeHune nyyllein peHanbHoM nepdysmm
HopappeHanvH e AroHucTbl a1, a2, B1 1 33 peuentopos Npy CENTUYECKOM LLIOKE B CPaBHEHUM
C APYrMMU KaTexonammHamm
* YBenunyeHue Kny604KoBON hunsTpaumm
3a CYET NPEUMYLLECTBEHHOMN
* OHAOreHHbIM ropMOoH Ba30KOHCTPUKLMKU 3 depeHTHON apTepuobl
BasonpeccuH
* AroHuct V1 1 V2 peuentopos * Ycunenuwe anypesa
¢ Perynsaums OCMONSPHOCTM MOYM
C yBe/IMYeHneM auypesa
e OGnagaeT Nyylern CeNEeKTUBHOCTBIO
. ana V1-peuenTtopoB 1 6osee AIUTEbHbIM
TepavnpeccuH * CMHTETMYECKMIM aHaor Ba3onpeccuHa
nep1oAoM nostiypacnaga no CpaBHEHMIo
C Ba30NpeccHMHOM
* BO3MOMHO Ha/IM4ME MONOKUTENIBHOTO
DeHnnabpuH e CefleKTMBHbIN aroHUCT al -peuenTopoB B/IMAHMA Ha Nepdy3unio BHYTPEHHUX OpraHoB
Y NaLMEHTOB C CENTUYECKUM LLIOKOM
* OHAOreHHbIN FOPMOH * Cu/bHbIN BA3OKOHCTPUKTOPHbIN 3D deKT
AHIrMOTEH3MH I ¢ YacTb peHWH-aHrMOTEH3MH-a/IbA0CTEPOHOBON | Ha IIOMEPYNAPHYI0 3 hEPEHTHYIO apTepuio
CUCTEeMbl M MEHbLUMIM Ha addepeHTHYIo
Cenenpeccun * Ce/IeKTUBHbIN aroHUCT Ba30NPeCCUHOBbIX * MeHblue HeBacKyNAPHbIX MOBOYHbIX
P V1-peuentopos 3 deKToB, YeM y Ba3onpeccuHa

JUYHBIX KaTexojJaMuHoB. HopazpenanuH, corimacHo
MOJIYYeHHBIM JAHHBIM, yJaydnran mep@ysuro moyex
y HAI[MEeHTOB C CENTHYECKUM IOKOM B CPDAaBHEHUU C
IpyTuMu KaTexosamuHamu [18, 23, 33]. Ynyumenne
KJIMpEeHCa KPeaTMHWHA Y MAIlMeHTOB 3TOH KaTeropuu
OTMeYeHO TIpu M00aBJIECHUN HOPAJpEHATHA K Tepa-
K onaMuHOM 1 106y tamMuaoM [33]. lonaMus Takske
NIMPOKO U3YYAJICSd y NAIMEHTOB C BBICOKMM PUCKOM
OIIII. Xorst Huskue 03wl gonamuna (0,5—0,3 MKr/Kr
B | MUH) BBI3BIBAIOT WHTPAPEHATHHYIO Ba30AMIATA-
110, PE3YJIbTAaThl METAaHAIN3a, OMYOJINKOBAHHBIE B
2005 1., ToKa3aJIi, 9TO AUYPe3 MPH UX UCITOTb30BAHNUN
YIIYYIAJICS JIUITh TPAH3UTOPHO B TedeHue 1 cyT U HU-
KaKWUX Pas3jinyuil MeXKIYy YPOBHSIMU CBIBOPOTOUYHOTO
KkpeaturuHa, orpedHocThIo B 31T 1 1eTaabHOCThIO
He Habmonanock [11]. TloaroMmy HuU3KME 103bI H0(a-
MuHa GOJIbIIIE He PEKOMEHIOBAHBI K UCIIOIB30BAHIIO
g npobwmaktuku OIITL.

IdbdexT al-aronncra hernnadprra Ha GYHKITUIO
MOYEK TaKKe OMTMCAH BO MHOTUX HcCIeoBanusaX. OmHn
U3 HUX COOOIIAIN O HETATUBHOM BJIMSTHUY HA MOY€Y-
Hyo GyHKINO (CHIKEHNe KAUpeHca KpeaTuHHA B
CPaBHEHUU C UCTIOJH30BAHUEM HOPAJPEHAINHA), B TO
BpeMs KaK JIPYTHe YKA3bIBAIN HA OTCYTCTBUE PA3HUIIBI
B TeMIIe JINype3a U KINpeHce KPeaTUHWHA TI0 CpaBHe-
HUIO ¢ HopaapeHannHoM [25, 26]. B HacTosee Bpems
al-aroHUCTHI He PACCMATPUBAIOTCST B KAYECTBE Mpera-
para epBoi JIMHUH U1 KOPPEKITY TUIIOTEH3UH U JIJIST
curkenus pucka OIIII mpu cemcuice ¢ yaeToM JaHHBIX
00 UX HEraTUBHOM BJIMSIHUHN Ha TIep(Y3UI0 BHY TPEHHIX
OPraHOB U JIOCTaBKY KICJIOPOIA.

Anruvorensun I mproGpes ompeneseHHyIo MOTy-
JISIPHOCTD B TIocIeiHee BpeMst. OH He u3y4eH Ha 60J1b-
ubeix ¢ OIIII, Ho KOTOPTHBIN aHANMN3 B MCCIEOBAHNUN
«Angiotensin IT in the Treatment of High Output Shock
(ATHOS-3)» nokasay 6ojiee HU3KYIO OTPEOHOCTD B
SIIT cpenm marmeHTOB, KOTOPBIM Ha3HAYAIU ITOT TIPe-
[apar, Mo CPAaBHEHUIO € MAITMEHTAMU, TTOJTYIaBITUMU
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maie6o [40]. PesysbraThl gaibHENRIINX UCCIEI0BAHIIA
MOTYT JINOO MOATBEPAKTS, JIOO OIPOBEPIHY Th JaHHOE
3aKJIIOYCHTIC.

Hcxmouenue neppomoxcuunvix npenapamos.
byner moruuwo, ecn mpuMeHeHre He(pPOTOKCMIHBIX
npemnapaToB uckmoudat y maruentoB ¢ OIIII macTomb-
KO, HACKOJIBKO 3TO ABJsgeTcd BO3MOXHBIM [17]. Ho B
JI0OOM CcJIyyae MbI He BCerja MOKeM MOJHOCTBIO OT-
Kas3aTbCsl OT UX MPUMEHEHUs, YTOOBI IPEJOTBPATUTh
passutue OIIIIL. Jleuenne marerro ¢ OTITI TpebGyer
PETYJISIPHOI OTIEHKU TIOJIh3bl M PUCKA, KOTOPBIE CBSI-
3aHbI ¢ HEOOXOAMMOCTHIO BBEAECHIS HEPPOTOKCUIHBIX
TIpernapaToB.

Hoodoepocusarowan mepanus. HenoctaToaHOCTD
MUTaHUS — YacToe sgBieHue y naiuentos ¢ OIIII, Tpe-
Gyiotiee HasHAYEHUsI TOTMOJTHUTETBHOM TTMTATETbHOM
TOAZIEP;KKH. B mTocenieM pyKOBOICTBE €BPOIENCKUX
CIIEIMAICTOB B 001aCTH MeTaboIM3Ma 1 KINHIYECKO-
ro uranust (European Society for Clinical Nutrition
and Metabolism) pexomenmoBaHo BBeJeHMe TaKUM
namnuenTam 10 1,3 r/kr Gesnka B cytku [37]. Oxnako
YeTKHE PEKOMEHIAIIH 0 06eCIIeYeHNIO SHEPreTHye-
CKUX TOTpeOHOCTeN marueHTos, moaydaomux 11T,
JI0 CUX TTOP He 0003HAYEHBI.

3amecmumenvrnan noueunas mepanus. 31T
JOJKHA ObITh MPUMEHEeHa B cJydae, KOrja MOYKU He
CIIOCOOHBI 06ECIIeunTDb a/leKBATHBIN BOAHBIH OajiaHC
u Merabosmueckue norpebHocTu namuenta. Ciemno-
BatenbHO, 3IIT cTaHOBUTCS HEOTHEMIEMOIT YaCTHIO B
COBPEMEHHOH Tepannu MallieHTOB B KPUTUYECKOM CO-
CTOSTHWH, OTHAKO OCTAETCS ellle MHOTO BOITPOCOB OTHO-
CUTETHHO OMITUMATBHOTO Havasia, MOAATbHOCTH U TO3bI
3IIT [2, 35]. Ouenpb BaxkHO nmoHuMath, uro 31T He
MOJKeT 3aMEHUTD Bce PYHKIINH TTOY€EK, & MOKET TOJIBKO
VAQIATH BOMY, MEJIKTE MOJIEKYJIBI 3JIEKTPOJINUTOB, CHU-
JKaTh a30TEMUIO, HO HIKAK He 3aMeHSTh KaHATbIIEBYIO
Pe30POINIO ATIEKTPOIUTOB U TIUTATEILHBIX 3JIEMEHTOB,
SHIOKPUHHYTO ¥ MeTA00TMYECKYIO (DYHKITUH.
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Mooanvrocmu 3IIT. Hanbosiee 4acThIMKU BUIAMU
3IIT ansnortces: UT/, nponomxkutensuas 31T u ru-
OpuIHbIE TEXHOJIOTUHU, TaKWe KaK MPOJJIEHHbIA HIU3-
koaddextuBHb quann3 (SLED) uau mpoanennas
uaTepmurTupyionasg 31T (PIRRT). 3nauurensuo
peske y alMeHTOB B KPUTUYECKOM COCTOSIHUM MCTIOJTh-
3YIOT IIEPUTOHEAJIbHBIN JIUATIU3,

B ocuosnom Bei6op moganbuoctu 11T 3aBucur or
KJIMHUYECKOTO COCTOSTHUS MAITUEHTA, IOCTYITHOCTU TEX
WJIW UHBIX TEXHOJIOTUH, TIOCTaBJIEHHBIX 33/1a4 U TIOJIT0-
TOBJIEHHOCTH JiedeOHOTO nepcoHasa. THTepMuTTHpyIo-
II[He MOIAJIbHOCTH Yallle aCCOIMMPOBAHbI ¢ GOJIBITUMU
KOJIEOAHUSME 9JIEKTPOJUTOB, a30TEMUH 1 BOJIEMUH, B
TO BpPeMS KaK MPOJOKUTETbHAS 3aMEeCTUTENbHAS TTO0-
ueunast teparnust ([I3T1T) ciocobma obectieunts Hosee
IJIABHOE y/IaJIeHne KaK KUAKOCTH, TAK U PACTBOPEHHbIX
B Heil Bemects [17] (Tabu. 4). Takum o6paszom, TI3TIT
PEKOMEH/I0BaHA MAIUEHTAM CO CHUMKEHHOM TOJIEPAHT-
HOCTBIO K KOJIEOAHUSIM BOJIEMUYECKOTO CTaTyca WK
CABUTAM OCMOTUYECKU AaKTUBHBIX BENIECTB. JTO Tia-
[[UEHTHI ¢ HeCTAOUIBHOM TeMOANHAMUKON U OCTPHIM
oBpeskaeHneM rogosHoro moara [17]. Hemoctatkamn
[I3IIT aBasioTcd HeOOXOIUMOCTH B UMMOOMIU3AITNN
MAIUEHTOB, JVINTEIbHOCTD IIUPKYJISIIUN KPOBU B KOH-
type II3TIT, noTpeGHOCTD B AJINTENBHON aHTHKOATY-
JISIITUY Y CJIOXKHOCTD OIIEHKU [TOTEPh MUKPO3JIEMEHTOB
U JIO3UPOBKH MEIMKAMEHTOB,

NT 1 ncriosb3yercs mpenMyTieCTBEHHO Y TAIlMeHTOB
€O cTaOUIBHOI TeMOMHAMUKOI, CIIOCOOHBIX MEPEHO-
CHUTb KOJIeOAHKS BOJEMUYECKOTO ¥ METabOJIMIeCKOTO
cTaryca 1 TOr/ia, Kor/a MaiuenTy Hy;KHa MaKCUMaJIbHO

6oictpast aktuu3anust [ 17]. Tubpuzatsie metozst 3ITT
SIBJISTIOTCST BAPUATIUSIMU 1 OOBIYHO TIPOBOISITCST BO Bpe-
MEHHBIX paMKax oT 6 10 12 4 B cyTku. OHUM 3aKITI0YAI0T
B cebe TIPerMYIIecTBa Kak MHTEPMUTTUPYIOIINX, TaK
Y TIPOZIOJIKUTETBHBIX MPOTIEAYP, NCIOTB3YIOTCS I/
nepexoma ot [I3IIT x UT/L.

OcTpbIii TepUTOHEANBHBIN ANATN3 TEOPETUICCKA
obnasaeT psIOM TIPEUMYIIECTB: MeHee BbhIPAKEHbI
KoJIe6aHusT TeMOIUHAMUKW, OTCYTCTBYET HEOOXOIH-
MOCTh B aHTHKOATYJISHTHON Tepanmuu. Bmecte ¢ TeMm,
o cpaBHenuio ¢ T/l u II3IIT, on He maeT BO3MOXK-
HOCTH Y€TKO KOHTPOJNPOBATH YJIBTPADUIBTPAAIO 1
KJIMPEHC yIaIsieMbIX BellecTB. Bio6aBok mpoBeieHme
MEPUTOHEATHHOTO INAJIN3a YBEJNINBAET PUCK Pa3BU-
THUST BHYTPUOPIOMIMHHON WHMEKIINN U TIeBPATbHBIX
3aTEKOB, UTO JIeJIaeT €T0 MAJOTPUMEHIMBIM Y B3POC-
JIBIX MTAIUEHTOB B KPUTHUYECKOM COCTOSTHIN. OCOOEHHO
TIEPUTOHEATBHBIH I3 TIPOTUBOTIOKA3aH MaIeHTaM
C Pas3JINYHON abJOMUHAIBHOI aTOJOTHEN.

OOGIen3BeCTHO, YTO Y MAIUEHTOB B KPUTHYECKOM
coctoguuu I[I3IIT nmpenmouturenpuee NI/l Bcaen-
ctBue 60JIee HU3KOTO PUCKA FeMOINHAMUYECKO HeCTa-
OUITLHOCTH U MHTPAIHATM3HBIX STTH30/I0B TUIIOTEH3HH.
Hexoropsie mocaennme muccaegoBaHus KakK MOJAEP-
JKUBAIOT JAHHOE YTBEPJKIEHUE, TaK U HE BBISBISAOT
3HAYUTEIHLHON Pa3HUIIBI B pe3yabTarax [46].

[Toxa He ompesieIeHbI M OITUMABHBIE CPOKHU HaYaIa
3IIT. OxHO MOHOTIEHTPOBOE MCCIEOBAHNE TTOKA3AI0
JIy4TITyTO BBIKUBAEMOCTH Tipu panneM Havase 31IT, ra
JIPYTUX MYJIBTUTIEHTPOBBIX UCCJIEIOBAHIS HE BBISBUIN
PA3HMUIIBI B JIETATBHOCTH TIPY PAaHHEM WJIA TTO3/THEM Ha-

Ta6.71u14a 4. HpeI/IMleIeCTBa U HEQOCTATKHU PA3JIMYHbIX METOA0OB 3aMeCTUTEJbHOI MOYeYyHOoi TEepanuun

XapaKTep1cTHKa MopansHocTH
MeToA0B ura SLED SCUF CRRT
e Nyswan * bBonbwasn
¢ CnocobcTByeT 6onee FOMOMHAMIIECHER remoguHaMmyecKas
BbICTPOMY yAaNEHNIO CTabWNbHOCTb Ha hoHe
HU3KOMOIEKYNAPHbIX CTAGMAIBHOCTL, MeZIEHHOTO yaaneHus
BELLIECTE 1 TOKCMHOB Yyem npu U4, * bBonee nnaBHoe ypaneHve HAOHOCTH
Hue noTpebHoCTb HUOKOCTU U KOHTPO/b
* MeHbLue NOTPEBHOCTb B AHTMKOAMYAALMM BOAHOO 6aNaHCa N * HenpepblBHOE yaaneHne
MpenmyuiecTsa B @aHTMKOArynisHTax Mepvons! Mexzay SLED NEperpyaHe OBLEMOM TOKCWHOB U yNyyLLEHWE
¢ bBonee HM3Kas CTOMMOCTb, MOMHO MCIONLB0BATE «  Huie NOTPE6HOCTL MeTab0/IM4eCKoro
uem CRRT [ANA AUarHOCTUYECKMX, B aHTMKOArynsaumm romeocrasa
e Bonblue BpemeHn ¢ [locTosHHOE MeasieHHoe
AN peabunutauum Eng T:pane:;xqecmx yAaNEHNE HUAKOCTH
1 MOBMAN3aLMK Zagwﬂﬁgé p W NYHLWKWIA KOHTPO/b
P H BOAHOro 6anaHca
¢ [UNoTeH3mA Ha hoHe
GbICTPOro yaaneHus
HUAKOCTH
¢ O6bl4yHO HE ¢ Bonee Mea/IeHHbIN
npegocTaBnseTca KIMPEHC TOKCUHOB
KOMaHZoM « MOMET He NepEHOCHTLCH MUWHUManNbHBIV KIMPEHC ¢ [loTpe6HOCTb
peaHrMaLMOHHOro HaLMeHTaMI pacTBOPEHHbIX BELLECTB B aHTUKOarynauum
HepocTaTm oTAeNeHus ¢ BLIPAEHHOM WU TOKCUHOB ¢ PuCK nepeoxnamaeHus
CNOXHOCTb B JO3MPOBaHNU HECTABMNBHOCTBIO MoxeT 6bITb Ucnonb3oBaH |* Bonee Bbicokue 3aTpartbl
JIeKapCTBEHHbIX CPeAcTB FEMOAMHAMMUKM TONbKO Y I'IaL[,MVeHTOB no cpasHeHwuto ¢ UM
¢ BoamorHo, 6onee C neperpy3Kon o6beMom ¢ Ummobunmsauma
BbICOKMIM PUCK B ¢ [loTeps nUTaTE/IbHbIX
[ONTOCPOYHOW AAMasI3HOM MWKPO3/1EMEHTOB
Tepanuu
e [loTeps nuTaTeNbHbIX
MWKPO3/IEMEHTOB
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yase 31IT [3, 12, 46]. B nacrosiee BpemMs 0:XU1a10TCSA
Pe3yJIBTaThl HOJIBIIOTO MHOTOI[EHTPOBOTO MCCJIE0BA-
HUSI, U3yYalollero Aannble cTpaTerny nnuianuy 311T.

[Toxoskast cuTyanms CJI0KUIACH U BOKPYT ONTHMATTh-
Ho# o361 3IIT y manneHToB B KPUTHYECKOM COCTOSI-
Huu. HecMoTpst Ha TO 4TO sl MCCIEIOBAHUI OTIPO-
Beprym npenmMytecTBa Beicokux 103, SIIT u KDIGO
pexomenayet gocturath 20—25 mi/xr B 1 4, ocTaercs
HESICHBIM TIOJIOKEHHE ¢ KOPPEKIMElN 9TOU /03Bl B CO-
OTBETCTBHHM C TSKECTHIO COCTOSHUS MAIUEHTA U BbI-
PaKEHHOCTHIO Y HETO METABOTMUECKUX PACCTPOUCTB.

B nesiom coBpeMeHHbBIE JJaHHBIE HE YKA3BIBAIOT HA
3HAYMTEJbHBIE TIPEUMYIECTBA KaKOH-1100 OXHON
MOJIATTBHOCTH Tiepen ApyruMu pu mposepennn 31T
y nartmenToB ¢ OIIII B kputudeckom cocrosuun. [lo-
HUMaHWe TPEUMYIIECTB U HEOCTATKOB PA3JTMYHBIX
MOJIaJIBHOCTEIH SIBJISIETCSI OCHOBOM J1J1s1 To00pa BHIa
SIIT. Knunnyeckre XapaKTeprUCTUKH TAITHEHTOB, TPa-
€KTOPHSI TIPOTIecca 3a00IEBAHYISI, OTBIT MEUI[HTHCKOTO
MepPCoHANa U JOCTYITHOCTh TEXHOJOTUHN TaKKe Urpa-
10T BaXkHY10 poJib B mogbope 31T st KOHKPETHOTO
GOJIBHOTO.

Couemanue pasnuuHoLX 6apUAHMOE IKCMPAKOP -
nopaavrou mepanuu ¢ 3MT. [loctuxenus: B obsa-
CTU TEXHOJOTWH MPEeAOCTABUIN BO3MOXKHOCTD TSI
oobeautenuss 3IIT 1 pasnUUHBIX BapUaHTOB JKC-
TpakopropasbpHO#l oprannoi noaaepxkn (ECOS —
Extracorporeal Organ Support) B 3aBUCMOCTH OT
HOTPEOHOCTEN MAIIMEHTA: IKCTPAKOPIIOPATHHOE BbIBE-
nenne CO, (ECCO,R), BeHo-BeHO3HYIO NN BEHO-ap-
TepuadbHyo MeMOpaHHyio okcurenanuio (ECMO),
KOHTPITYJIbCAIINIO, 9KCTPAKOPIIOPATBHYIO TOIEPIKKY
(byHKIIMM TTeUeHN U Pa3INIHBIX KOJOHOK [IJIsT 9KCTPa-
KOPTOpabHOl remMokoppekiuu [ 15]. [l yemernoro
HCTI0TB30BaHUS TaHHBIX MeTOAMK B paMkax ECOS ne-
00XO/INMO 3HATH BCE VX JIOCTONHCTBA M HEIOCTATKH JIJIsT
TIIATETFHON OIIEHKN COOTHOIIEHUS TOb3a,/PucK [27].

Omoanennvie npoeno3vt. Patiee mpeanosaraioch,
YTO BOCCTAHOBJIEHUE Y TAIIMEHTOB (PYHKITMH TOYEK MO-
cie snuzona OIIII osHavaeT GJATOIPUATHBINA UCXOL.
OpHAKO TIOSIBIIINCH YOEAUTETbHBIE TOKA3ATENHCTBA
TOTO, UTO 9TO He Beera Tak. [laruenTsl mocsie anusozna
OIIII BXom4T B TPYIITY BBICOKOTO PHICKA PA3BUTHUSA Pa3-
JIMYHBIX XPOHMYECKHUX 3a00sieBaHuil, Broyass XBIT,
BILIOTH /10 TIOTPEOHOCTH B TIPOTPAMMHOM TEMOJINAIIH-
3e (XBIIT). /Ing uux XapakTepHBI OCTPbIe HapyIie-
HIsI MO3TOBOTO KPOBOOOpaIieHust, nHGApKT MHOKAP/IA,
a TakKe MHOEKIMOHHbIEe 3a00JIeBaHUS U IPEKIEBPE-

MeHHast JetaiabHocTh [8—10, 30, 42, 44, 45]. [lamHbie
06 ncxomax 6e3 BOCCTaHOBIEHUsT (DYHKIIUU TIOYEK TM0-
cne OIIII BapbpupyIOT B pa3HbIX cTpanax. MeTaananus
13 peTpOCTIeKTUBHBIX UCCIEAOBAHUN TTOKA3aJ, 9YTO Y
narmenToB, nepenecmux OIIII, puck passutusa XbII
Bo3pacraet B 9 pas, a XBIIT ¢ moTpe6HOCTHIO TPOBe-
JIEHUS XPOHNYECKOTO TeMOINaIn3a — B 3 pa3a. Y HUX
B 2 pa3sa BBIIIe PUCK TIPEXKAEBPEMEHHON JIETATBHOCTH
B cpaBHenn# ¢ marmentamu 6e3 OTITT [39]. Puck XBIT
n ocobernto X BIIT BHICOK y MAI[MEHTOB C ITUTETHHBIM
AMU30/I0M OCTPO AnchyHKIINY Touek. Kaxue mpeBeH-
THBHBIE MEPBI TPUHUMATD JIJIST CHIKEHUS YaCTOTHI /TaH-
HBIX OCJIOKHEHUH, TTIOKa He BIIOJIHE SICHO.

B xoneunom ntore OIIII BHOCHT ompenesmeHHBIN
BKJIa/l B CTOMMOCTHh MEIUIIMHCKHUX 3aTpaT 3a CYeT
YBEJINYEHUS TTPOIOKUTETPHOCTH TOCTTATAIN3AIINAM,
HEOOXOAUMOCTHU B JIOTIOJTHUTETbHBIX UCCIETOBAHUSIX
MAIMEHTOB, B U3BMEHEHNUN TePATICBTUIECKON TaKTUKHI
¢ moakmouenneM 311T, a Takske MOTPeGHOCTH B TIOCJIE-
AytoreM HaGJTIOIeHUH 32 AI[HEHTAMU TI0CJIE BHITTUCKH
u3 crarrmonapa [9, 30].

Ilepcnexmuenvie nanpasaenus. [loxoxe, 410 HO-
Boie Oromapkepnsr OTITT Bckope 3aiiMyT cBoe MeCTO B
PYTUHHON TIpakTuKe 17151 panHei quarnoctukn OII11
1, BO3MOXKHO, JIJIs1 oTipeziesieHus Bpemern Havara 311T.
Pa3BuTne TeXHOMOTHH TTO3BOJUT B MEPCIIEKTHUBE TTPO-
BO/INTH MHTETPATUBHYIO MYJIBTHOPTAHHYIO TIOAJIEPKKY
COTJTACHO TIOTPEOHOCTSIM MAIUEHTOB B KPUTHYECKOM
coctosHUN [7].

3akmoyenue. OIIIl sBageTca yacThM ocyOXKHe-
HUEM y TTAlleHTOB B KPUTUYECKOM COCTOSTHUHU, aCCO-
[IMUPOBAHHBIM C HEOJIATOTIPUSI THBIMU OCJIEACTBUSIMU
KaK B KPaTKOCPOYHOM, TaK ¥ TOJITOCPOYHOM IIJIaHe, a
Takke ¢ yBeJMUYeHWeM MeAMITMHCKUX 3aTpat. Hamm
npexacraBaenud o natodusuonoruu OIIII cymecTBen-
HO ITPO/IBUHYNCH 3a Tocsenne 10 jiet, orako MHOTHE
ACTEKTHI /10 CUX MOP HYKAAIOTCSA B AOTMOJHUTEIHbHBIX
uccaenoBanusax. Tak, HanmpuMep, TPeOYIOTCS MOUCK
moaxonoB K JjekapctBennoit teparuu OIIII, cosep-
NIeHCTBOBaHNE WHCTPYMEHTOB PaHHEH AUATHOCTUKHI
OCTPOH AUCHYHKITNN TTOYEK, TPOBEJICHNS MOHUTOPUHTA
MOYeYHON (DYHKIINH B PEKUME PEATbHOTO BPEMEHU 1
omnpenenenns mapamerpos nposenenns 3I1T. Cosmect-
HbIe YCUJINS KIWHUIMCTOB, YYEHBIX, (hapMalieBTIye-
CKMX KOMITAHUH, a TAaKyKe TEXHIYECKUX CIEIUATICTOB
U3 Pa3HbIX CTPAH [OJUKHBI ObITH PUMEHEHBI JIJIST CKO-
peiitiero npeojosieHus npobdiem, cesasanubix ¢ OTIII
y MaIeHTOB B KPUTUYECKOM COCTOSTHUM.

Introduction. Acute kidney injury (AKI) is a fre-
quent complication of critical illness. It is usually multi-
factorial but the most common causes are sepsis, volume
depletion, haemodynamic instability and nephrotoxic
exposures. There is increasing recognition that AKI is
associated with serious short and long-term complica-
tions, an increased risk of mortality and high health care
costs [9, 10, 14, 20, 24, 30, 34, 42, 43]. AKI survivors
continue to have serious long-term health problems even
if renal function initially recovers [34, 44, 45].
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Diagnosis of AKI. The definition of AKT has evolved
from the Risk, Injury, Failure, Loss, End-stage (RIFLE)
criteria in 2004 to the AKI Network (AKIN) classifica-
tion in 2007. In 2012, both were merged resulting in the
Kidney Disease Improving Global Outcomes (KDIGO)
classification [17]. Accordingly, AKI is diagnosed if se-
rum creatinine increases by 0.3mg/dl (26.5 pmol/1) or
more in 48 hours or rises to at least 1.5-fold from baseline
within 7 days. AKI stages are defined by the maximum
change of either serum creatinine or urine output.
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However, it needs to be remembered, that serum cre-
atinine and urine output are markers of excretory func-
tion only and cannot provide any information about
other roles of the kidney, i.e. metabolic, endocrine or
immunological functions. Furthermore, they are not
kidney specific and have important limitations (tabl. 1).
Finally, all creatinine-based definitions of AKI require
a reference value. Ideally, this value should reflect the
patient’s steady-state baseline kidney function just be-
fore the episode of AKI. However, this information is
not always available.

Table 1. Potential pitfalls of AKI diagnosis based
on creatinine and urine criteria

Clinical scenario

Consequence

Drugs which interfere with tubular
secretion of creatinine
(ie. cimetidine, trimethoprim)

Mis-diagnosis of AKI
(rise in serum creatinine without
change in renal function)

Reduced production of creatinine
(ie. muscle wasting, liver disease,
sepsis)

Delayed or missed diagnosis
of AKI

Ingestion of substances which
lead to increased generation of
creatinine independent of renal
function (i.e. creatin, cooked
meat)

Mis-diagnosis of AKI

Over-diagnosis of AKI if actual
weight is used for urine output
criteria

Obesity

Conditions associated
with physiologically increased
GFR (ie. pregnancy)

Delayed diagnosis of AKI

Interference with analytical

measurement of creatinine Mis-diagnosis / delayed diagnosis

(ie. 5-fluorocytosine, cefoxitin, of AKI
bilirubin)
Delayed diagnosis of AKI
Fluid overload (dilution of serum creatinine
concentration)
Extrinsic creatinine administration
as a buffer in medications Pseudo-AKI

(ie indexamethasone, azasetron)

Oliguria due to acute
temporary release of ADH
(ie. post-operatively, nausea, pain)

Mis-diagnosis of AKI

Abbreviations: AKI = acute kidney injury;
ADH = anti-diuretic hormone; CKD = chronic kidney
disease; GFR = glomerular filtration rate

For all these reasons, better tools are necessary to
diagnose AKI earlier and more accurately. Ideally, re-
nal function should be monitored in real time so that
therapies including drugs can be adjusted accordingly.

Epidemiology. The reported incidence of AKI has
increased in the last 20 years due to changes in pop-
ulation (ageing/co-morbidities) and healthcare (in-
creasing use of potentially nephrotoxic drugs, contrast
media, high risk interventions), but also increased rec-
ognition. AKI is particularly common during critical
illness, affecting >50% of patients in the Intensive Care
Unit (ICU) of whom a quarter receive treatment with
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renal replacement therapy (RRT) [14]. Hospital mor-
tality increases in a stepwise manner with increasing
AKI severity and associated organ failure.

Analysis of the Russian Registry of RRT from
2008-2012, showed that the main causes of AKI were
exposure to nephrotoxic substances, sepsis, shock,
acute interstitial nephritis, and crush-syndrome [4].
Between 10—-20% of patients had pre-existing chronic
kidney disease (CKD). The majority of patients re-
ceived intermittent hemodialysis (HD) and overall
short-term mortality reported by facilities was 27.3%.

Pathophysiology. Kidneys are the most vascular-
ized organs of the body. In health, they receive about
20-25% of the cardiac output (equivalent to blood flow
of 1-1.2 L/min). Branches of the renal artery termi-
nate in glomerular afferent arterioles and then form a
capillary network, which is responsible for glomerular
filtration. The blood flows via the efferent arterioles
into a second dense capillary network consisting of
peritubular vessels that run alongside the tubules and
deliver oxygen and nutrients and return reabsorbed
solutes and water to the systemic circulation.

Most cases of AKI are multifactorial. Following an
inciting event, several different pathophysiological pro-
cesses contribute to the development of AKT, including
microcirculatory and endothelial dysfunction, intra-
vascular microthrombi formation, inflammation, tu-
bular cell injury, tubular obstruction and renal venous
congestion [28] (tabl. 2). In general, AKI is viewed as
a pro-inflammatory condition with systemic effects in
other organs.

Table 2. Pathophysiological processes involved in AKI

Pathophysiological
processes

Details

Alterations of renal microcirculation ranging
from patchy areas of hypoperfusion to areas
of preserved or increased perfusion and
oxygenation

Development of intra-renal shunts between
arteries and veins

Microcirculatory
dysfunction

Endothelial dysfunction of intrarenal vessels
leading to increased vascular permeability
and leukocyte transmigration

Endothelial
dysfunction

Intravascular Formation of intravascular thrombi and capillary

coagulopathy plugging
¢ Activation of intrarenal inflammatory cells
Inflammation ¢ Recruitment of leukocytes

* Release of inflammatory cytokines

Tubular cell injury due to microcirculatory
dysfunction or direct exposure to toxin
and inflammatory cytokines

Tubular cell injury

Intrarenal

- Compression of tubules and glomerular vessels
congestion

Intratubular

obstruction Obstruction due to crystal forming drugs or casts

Hypersensitivity immune reaction to toxins
or drugs (ie. antibiotics, non-steroidal
anti-inflammatory drugs)

Interstitial nephritis

Management. Management of AKI is supportive.
There are no specific drug therapies. The priorities are
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the treatment of the underlying cause of AKI, optimi-
zation of haemodynamics, correction of hypovolaemia
and prevention of further nephrotoxic insults [17].

Systemic hemodynamic instability is a common
risk factor for the development of AKI, especially if
it lasts for a prolonged period [22, 38, 43]. In a large
retrospective analysis of more than 30,000 non-cardi-
ac surgeries, hypotension during surgery (defined as a
MAP < 55 mm Hg) was associated with an increased
risk of AKI postoperatively [43]. The risk increased
with duration of hypotension and was significant for
durations as short as 1-5 minutes. Similarly, using
date of 57,000 patients, V.Salmasi et al. also showed
that short periods of a few minutes of intraoperative
MAP below 65 mmHg were associated with AKI [36].
Adequate restoration of mean arterial pressure (MAP)
in patients with septic shock is associated with resto-
ration of urine output and improvement of creatinine
clearance [32].

Fluid management. Fluid resuscitation is necessary
to correct hypovolaemia and optimize preload. Current
recommendations are to use crystalloids for fluid re-
suscitation in critically ill patients, including those at
risk or with established AKI [17, 16]. Increasing data
support the preferential use of buffered solutions for
fluid resuscitation of patients at risk of AKI, who do not
have hypochloraemia. However, there are no published
clinical trials specifically comparing different crystal-
loid fluids in patients with established AKI. Saline 0.9%
is the preferred solution for patients with hypovolaemia
and hypochloraemia, for instance after prolonged vom-
iting. When used, chloride concentrations should be
monitored [16]. While hydroxyethyl starches (HES)
should be avoided, other colloids may be considered
in limited quantities for early resuscitation in patients
with profound shock who are fluid responsive and not
responding to crystalloids [16]. There is increasing
evidence that fluid overload is harmful, including for
kidney function [5, 13, 31, 41].

Table 3. Vasopressors for haemodynamic support in AKI

Therefore, fluids should only be administered until
intravascular hypovolaemia has been corrected [29].
Fluid resuscitation beyond euvolaemia does not in-
crease the chances of renal recovery and may, in fact,
hinder recovery of renal function and worsen overall
outcomes.

Vasopressor support. Vasopressors are commonly
needed to correct hypotension. However, the optimal
type of vasopressor and the optimal blood pressure
target remain unknown. Furthermore, there are no
established techniques to evaluate intrarenal blood
flow and renal perfusion pressures directly. Due to the
complex regulation of the microcirculation, preserva-
tion of systemic arterial pressure alone is not sufficient
to ensure adequate renal perfusion. Heretofore,a MAP
of at least 65 mmHg has been assumed to be protective
against organ failure in septic shock, including AKI.
D.Ledoux et al. [19] measured the effects of increased
MAP on systemic oxygen metabolism and regional
tissue perfusion in 10 patients with septic shock and
showed that increasing the MAP from 65 to 85 mmHg
using norepinephrine did not significantly affect urine
output. Similarly, A.Bourgoin et al. [6] compared two
different MAP goals (65 mmHg and 85 mmHg) in
28 patients with septic shock and found that an in-
creased MAP was not associated with any changes in
renal function variables, including urine flow, serum
creatinine, or creatinine clearance. In contrast, oth-
ers confirmed renoprotective effects with higher MAP
targets in septic shock in patients with pre-existing
chronic hypertension [1].

While the optimal MAP target to prevent or re-
verse AKI is unknown, catecholamines, vasopressin
and angiotensin IT are the current therapeutic options
available to increase blood pressure in septic shock
(tabl. 3). With regard to kidney function, they act
to maintain or reestablish adequate renal blood flow
when perfusion pressure falls below the kidney’s au-
toregulatory zone.

Drug Characteristics

Rationale for use in AKI

Norepinephrine

* a1, a2, 31 and B3 receptor agonist

better renal perfusion in septic shock
compared to other catecholamines

Vasopressin

* endogenous hormone
* V1 and V2 receptor agonist

possibly preferential constriction of efferent
glomerular arteriole resulting in increased
glomerular filtration

augmentation of diuresis

regulation of urine osmolality resulting

in change in urine volume

greater selectivity for the V1-receptor

Terlipressin * synthetic vasopressin analogue and longer half-life than vasopressin
Phenvieohrine ure ai agonist ¢ possible beneficial effects on

yiep P 9 hepatosplanchnic perfusion in septic shock

. . endogenous hormone * stronger vasoconstrictive effect on glomerular
Angiotensin Il . ) . ) ; .
¢ part of renin-angiotensin-aldosterone-axis efferent arteriolar tone than afferent arteriole
) ) ) ) * less non-vascular adverse effects than

Selepressin * selective vasopressin V1-receptor agonist

vasopressin

Abbreviations: AKI = acute kidney injury; RCT = randomized controlled trial; RRT = renal replacement therapy
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Numerous trials have sought to elucidate an im-
provement of renal outcomes through the use of dif-
ferent catecholamines. Norepinephrine has been report-
ed to improve renal perfusion in patients with septic
shock, compared to other catecholamine agents [18,
23, 33]. Likewise, improved creatinine clearance was
noted when norepinephrine was added to dopamine
and dobutamine in patients with septic shock [33]. Do-
pamine has also been extensively studied in patients
at risk of AKI. Whilst dopamine at low doses (0.5-3.0
mcg/kg/min) induces intrarenal vasodilation, a me-
ta-analysis published in 2005 concluded that “low dose”
dopamine improved urine output transiently for 1 day,
but there was no difference in serum creatinine, need
for RRT and mortality [11]. As such, “low dose” do-
pamine is no longer recommended for renoprotection.

The effects of the pure a-1 agonist phenylephrine
on renal function were elucidated in multiple studies,
some of which reported adverse effects on renal func-
tion (decrease in creatinine clearance compared with
norepinephrine administration) whereas others noted
no difference between norepinephrine and phenyle-
phrine in terms of urine output or creatinine clearance
[25,26]. At present, pure a agonists are not considered
first-line or sole therapy for mitigation of risk of AKI
in sepsis due to concerns over their negative effect on
splanchnic blood flow and oxygen delivery.

Angiotensin IT has gained some recent popularity. It
has not been specifically tested in AKI but a sub-anal-
ysis of the ‘Angiotensin II in the Treatment of High
Output Shock (ATHOS-3) trial’ showed a greater rate
of RRT liberation in the group of patients treated with
angiotensin II compared to placebo [40]. Results of
further studies are awaited.

Avoidance of nephrotoxic exposures. It is logical
that further nephrotoxic insults should be avoided in
patients with AKT if possible [17]. However, it is recog-

nised that nephrotoxic exposure may not be completely
preventable. A regular assessment of the risk benefit
balance of nephrotoxic drugis required when managing
patients with AKI.

Supportive management. Malnutrition is common
in patients with AKI and appropriate nutritional sup-
port should be provided. The most recent guideline by
the recommends to deliver 1.3 g/kg protein equivalents
per day gradually [37]. There is no evidence that caloric
targets should be different in AKI patients on RRT.

Renal replacement therapy. Renal replacement
therapy (RRT) is considered a supportive therapy in
AKI in situations where the metabolic and fluid de-
mands exceed native kidney function. Although RRT
has become an integral component of modern critical
care, numerous questions regarding optimal modality,
timing and dose of RRT remain [2, 35]. It is impor-
tant to acknowledge that RRT only provides solute
clearance and fluid removal but cannot replace any
other functions of the kidneys ie. tubular resorption
of electrolytes and nutrients, endocrine function or
metabolic roles.

Modalities. The most commonly used forms of RRT
include intermittent HD, continuous renal replace-
ment therapy (CRRT) and newer “hybrid” therapies,
such as sustained low-efficiency dialysis (SLED) or
prolonged intermittent renal replacement therapy
(PIRRT). Peritoneal dialysis (PD) is less frequently
used in the ICU setting.

In general, the choice of modality depends on the
characteristics of the patient, availability of machines,
overall goals of treatment and expertise of the clinical
team. Intermittent modalities are generally associated
with greater fluctuations in metabolic and fluid status
whereas CRRT provides more sustained fluid removal
and solute clearance and is associated with less fluctua-
tions [17] (tabl. 4). As such, CRRT is recommended for

Table 4. Advantages and disadvantages of different modalities of renal replacement therapy

Modality

IHD SLED

SCUF CRRT

¢ Allows more rapid removal
of low molecular weight
substances and toxins

¢ Better haemodynamic
stability than with IHD

¢ Haemodynamic stability
as a result of gentler fluid

¢ Gentler fluid removal removal

Advantages

* Reduced anticoagulation
exposure

¢ Lower cost than CRRT

¢ More time for rehabilitation
and mobilisation

¢ Decreased anticoagulation

requirements

¢ Time off RRT may be used

for diagnostic or therapeutic
procedures or rehabilitation

and control of fluid balance .

in volume overload
¢ Decreased anticoagulation
requirements

Continuous removal

of toxins and better
metabolic homeostasis
Gentler fluid removal
and better control of fluid
balance

Disadvantages

¢ Hypotension with rapid fluid
removal

¢ Usually not provided by ICU
team

* More complex drug dosing

¢ Possibly higher risk
of long-term dialysis
dependency

* Loss of micronutrients

¢ May not be tolerated

by extremely unstable
patients

* Minimal clearance

of solutes or toxins

e Can only be used in patient
with fluid overload

Slower clearance of toxins
Need for anticoagulation
Risk of hypothermia
Higher costs compared

to IHD

Immobilization

Loss of micronutrients

Abbreviations: THD = intermittent haemodialysis, SLED = sustained low efficiency dialysis, CRRT = continuous renal
replacement therapy; RRT = renal replacement therapy; ICU = intensive care unit
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patients, who do not tolerate fluctuations in fluid status
or shifts in osmotically active molecules, ie. patients
with haemodynamic instability or acute brain injury
disorders [17]. The potential drawbacks of CRRT in-
clude need for immobilization, continuous exposure
to the extracorporeal circuit, need for anticoagulation
and unrecognised losses of micronutrients and drugs.

Intermittent RRT has a role in situations where
patients are haemodynamically more stable and able
to tolerate fluctuations in fluid and metabolic status
and where the overall goal of treatment has shifted to-
wards active rehabilitation [17]. Hybrid therapies are
variations of RRT that are usually provided daily for
6-12 hours. They offer the advantages of both intermit-
tent and continuous RRT and are often employed during
the transition period from CRRT to intermittent RRT.

Acute PD has theoretical advantages in that hae-
modynamic disturbances are rare and anti-coagulation
is not required but fluid removal and degree of solute
clearance cannot be controlled as tightly as with in-
termittent HD or CRRT. In addition, the risk of pleu-
ral-peritoneal leak and intra-abdominal infection make
it generally unsuitable in the acute setting in adults.
In patients with abdominal pathology, PD is usually
contraindicated.

It is commonly believed that CRRT is superior to in-
termittent HD in critically ill patients but clinical trials
have failed to confirm this. The risk of hemodynamic
instability and intradialytic hypotension during inter-
mittent hemodialysis has also led to the suggestion that
intermittent forms of RRT in ICU may be associated
with an increased risk of dialysis dependence among
survivors compared to initial treatment with CRRT.
However, recent data have been contradictory [46].

The optimal timing for initiation of RRT remains
uncertain. Whilst one single centre trial showing better
survival with earlier initiation, two multi-center trials
found no difference in mortality between early and late
initiation [46,12,3]. The results of larger ongoing trials
are awaited.

Similarly, the optimal dose of RRT during the course
of critical illness is unclear. Although studies showed
no benefit from high dose RRT and the KDIGO recom-
mendation is to aim for 20-25ml/kg/hr, it remains un-
clear whether the dose should be adjusted according to
severity of illness and degree of metabolic derangement.

In summary, current data do not show superiority
of any specific modality of renal support in patients
with AKI. An understanding of the benefits and draw-
backs of the different types of RRT is essential. Clinical
characteristics of patients, trajectory of disease process,
provider expertise, and locally available technology
should be considered when choosing a modality for an
individual patient.

Combination therapies with RRT. Advances in tech-
nologies have provided opportunities to combine RRT
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with different forms of extracorporeal organ support
(ECOS) according to the needs of the patient, includ-
ing extracorporeal CO, removal (ECCO,R), veno-ar-
terial (VA) or VV extracorporeal membrane oxygena-
tion (ECMO), ventricular assist device, liver support
systems and various blood purification devices [15].
Detailed knowledge of the advantages and drawbacks
of combining different types of ECOS and their risks
and benefits is essential [27].

Long-term prognosis. It was previously assumed
that patients who recovered kidney function after an
episode of AKI had a favourable outcome. However,
there is convincing evidence that this is not always
the case. AKI survivors represent a high-risk group
facing significant chronic health problems, including
premature CKD and end-stage renal disease (ESRD),
cardiovascular morbidity including strokes and myo-
cardial infarction, infections and premature mortality
[8,9, 10, 30, 42, 44, 45].

Reported incidences of non-recovery of renal func-
tion after AKI vary worldwide. A meta-analysis of
13 retrospective studies showed that patients with AKI
had an almost 9 times higher risk of developing CKD,
a 3 times greater risk of ESRD needing long-term dial-
ysis and a 2 times higher risk of premature death com-
pared to patients without AKI [39]. The risk of CKD
and ESRD was particularly high in patients with more
severe and more prolonged AKI. The optimal way of
preventing these devastating long-term consequences
is unknown.

Finally, AKT has a major impact on healthcare costs
as a result of a longer stay in hospital, requirement
for diagnostic investigations and therapies, including
RRT, and higher utilisation of healthcare resources
after discharge from hospital [9, 30].

Future directions. It is likely that novel biomarkers
will be integrated into clinical care to facilitat earlier
diagnosis of AKI but also guide the timing of RRT initi-
ation. Further progress in technologies is expected with
the development of integrated advanced multi-organ
support platform allowing the provision of extracor-
poreal support for individual organs according to the
needs of the patient [7].

Conclusions. AKI is a frequent complication dur-
ing critical illness with serious short and long-term
complications and high healthcare costs. Our under-
standing of the pathophysiology and effects of AKI has
improved significantly in the last 10 years but many
questions and challenges remain, including the search
for therapeutic drugs, the need for tools to enable time-
ly diagnosis, the requirement for real-time monitoring
of renal function and better parameters to determine
when and how best to provide RRT. A joint effort be-
tween clinicians around the world, scientists, pharma-
ceutical companies and technicians will be necessary
to overcome these challenges.
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