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PE3HOME

Octpoe nospexzaeHue noyek (OMMM) — Xn3HeyrpoxaroLLee COCTOSHIE, 3aHUMAIOLLEE 0JHO U3 NUANPYIOLLX NO3ULUIA B CTPYKTYpE NeTanbHo-
CTW B OTAENEHUAX peaHumaL . PacnpocTpaHeHHbIe B KNUHUYECKON npakTuke Mapkepbl OMMT xapakTepnuaytoTcs LefibIM pALOM He0CTaTKOB:
KpPeaTWHWH CbIBOPOTKM KPOBM — MO3/AHEE pearpoBaHWe Ha NOBPEX[EHWE KaHambLeB NoYek, NoBbilleHUe Npu nospexaeHun 6onee 50%
HehpOHOB; 06bEM MOYU — OrPaHIYeHNEe AMArHOCTUYECKOIA LIBHHOCTY 1 runepanarHocTika OMM npu gernaparaumm, HeBO3MOXHOCTb OLIEHKM
Ha 0CHOBAHWN OJJHOKPATHOrO U3MEPEHUS, a TakXKe HE0OX0AMMOCTb B PEryNAPHOM 11 4aCTOM SUHAMMYECKOM KOHTpOne. B 0630pe paccmoTpe-
Hbl AMArHOCTUYECKNE U NPOTHOCTUYECKIUE BO3MOXHOCTM LmucTatHa G (aHrn. cystatin C, CysC) npu OIM. MpoaHanu3mpoBaHbl pe3ynbrats
55 uccnepoBarenbCKux padoT. MokaszaHo BAMSHME psafa PU3N0NOTNHECKUX COCTORHNIA 1 HenoYeyHbIX 3a60neBaHnii Ha ypoBHU CysC B Cbl-
BOPOTKE KPOBU 1 MOYe. ITW NOKasaTesin 3apeKOMeHA0BaNN Ce6s Kak BbICOKOYYBCTBUTESIbHbIE U CreLMdUYHbIE 6MOMAPKEPb! AUArHOCTUKN
1 nporHo3a Of, no3sonstoLwme BepuduLMpoBaTh NOYEYHYI AMCHYHKLMIO HA PaHHEl CTanu Pa3BUTUS, OMepexas CTPYKTYPHbIE N3MeHe-
HWS 1 TeM CaMbIM NO3BOJISAA CBOEBPEMEHHO KOPPEKTUPOBATH JIEYEHME, B T.4. OTMEHATb HEe(hPOTOKCUYHbIE Mpenaparbl U MHULMMPOBATb
HedPONPOTEKTUBHYIO Tepanuo.
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SUMMARY

Acute kidney injury (AKI) is a life-threatening condition that occupies one of the leading places in the structure of mortality in intensive care
units. AKI markers common in clinical practice are characterized by a number of disadvantages: serum creatinine — late response to damage
to the kidney tubules, an increase in damage to more than 50% of nephrons; urine volume — limited diagnostic value and overdiagnosis of
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AKl in dehydration, the impossibility of assessing on the basis of a single measurement, as well as the need for regular and frequent dynamic
monitoring. The review considers the diagnostic and prognostic possibilities of cystatin C (CysC) in AKI. The results of 55 researches were
analyzed. The influence of a number of physiological conditions and non-renal diseases on blood serum and urinary CysC levels were shown.
These indicators proved to be highly sensitive and specific biomarkers for AKI diagnosis and prognosis, allowing the specialists to verify renal
dysfunction at an early stage of development, ahead of structural changes, and thereby to timely correct treatment, including withdrawal of

nephrotoxic drugs and initiation of nephroprotection therapy.
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OcHoBHble MOWeHTb! highights

Y10 yXxe n3BecTHo 06 3Toii Teme?

» OcTtpoe nospexaeHue noyek (OMM) — xu3HeyrpoXxatoLLee CoCTosHE, KO-
Topoe BcTpeyaetcs y 10-15% 60MbHbIX, MOCTYNAKLNX B CTaLMOHap,
1y <50% NauMeHTOB, HAXOASALLMXCSA B OTAENEHUAX PEaHUMALNN U UHTEH-
CWUBHOW Tepanuu

» [onyynBlUME PacnpoCTPaHEHME B KINHWYECKOW MNpPaKTUKE MapKepbl
OMM (KpeaTWHWH CbIBOPOTKN KPOBM 1 06bEM MOYM) UMEIOT PsA HeAo-
CTaTKOB

Y10 HOBOrO faeT cTaTbhA?

» [0 AaHHbIM 55 nccnefoBaTenbeckinx paboT NpoaHanM3npoBaHbl AMarHo-
CTUYECKME M MPOrHOCTUYECKNE BO3MOXHOCTM HOBOFO MEPCMEKTUBHOMO
6uomapkepa — uuctatuHa C (CysC) u mogenei Ha ero ocHose npu O

Kak 310 MOXeT NoBNMATbL HAa KNMHUYECKYH) NPaKTMKY B 0603pumom Gynywem?

» Vccneposanne ypoBHs CysC B KpOBU 11 MOYe NO3BOAUT BEPUDULMPOBATH
OMM ¢ BbICOKOI YYBCTBUTENbHOCTLIO W CMELMEUYHOCTLIO HA PaHHEM
aTane, Onepexasl pa3BuUTHE CTPYKTYPHBIX U3MEHEHMI B MOYKAX U TEM Ca-
MbIM [aBas BO3MOXHOCTb CBOEBPEMEHHO KOPPEKTMPOBATb JeYeHue,
B T.4. OTMEHSATb HEDPOTOKCMYHbIE MpenapaTbl U MHULMMPOBATL Hedhpo-
NPOTEKTUBHYIO TEpPaNuto

BBEJEHWE / INTRODUCTION

Octpoe nospexpeHue noyek (OMNMM) — xm3HeyrpoxatoLLee cocTos-
HUe, 3aHMMatoLLee OAHY U3 NUANPYIOLLMX NO3ULNIA B CTPYKTYpE fe-
TIbHOCTW NALMEHTOB B OTAEGNEHUAX peaHnmauun. B knuHuyeckoi
NPaKTHKe 0 (OYHKLIMOHAMBHBIX BOSMOXHOCTAX NOYEK NPUHSATO CYAUTb
Mo CbIBOPOTOYHOW KOHLEHTPALNK KpeaTuHHa (aHr. serum creatinine,
SCr) n fuypeay, 4T0 UHOTAA NPEnsTCTBYET TOYHON 1 CBOEBPEMEHHOM
nmnardoctuke OM.

Hepoctatkom SGr kak mapkepa OIl saBnsetcs no3agHee pearu-
POBaHNE Ha CHIKEHWE CKOPOCTW KNy604KoBOM chunbTpaumn (CKD)
nnu KaHanbuesoe nospexaeHue [1], nosbiwenune SCr Tonbko Npu
nospexaexun 6onee 50% HepoHOB [2]. narHocTu4ecKas 4yBCTBU-
TenbHOCTb SCr NoBbILLIAETCS NPU OHOBPEMEHHOM Y4eTe Nokasatens
o06bema mMoum (OM), Tem cambiM yBENNYMBAETCH BEPOSTHOCTb Bbl-

What is already known about the subject?

» Acute kidney injury (AKI) is a life-threatening condition that occurs in
10-15% of hospital admissions and <50% of critically ill patients
in intensive care units

» The AKI markers, common in clinical practice (serum creatinine and
urine volume) have a number of disadvantages

What are the new findings?

» The diagnostic and prognostic capabilities of a new promising bio-
marker cystatin C (CysC) and models based on it in AKI were analysed
using data from the 55 researches

How might it impact the clinical practice in the foreseeable future?

» Examination of blood and urinal CysC levels makes it possible to verify
AKI with high sensitivity and specificity at an early stage, ahead of
structural changes in kidneys, and thereby timely adjust treatment,
including withdrawal of nephrotoxic drugs and initiation of nephro-
protective therapy

asnenusa OMMN. OgHako n npumeHeHne OM kak mapkepa OMMM umeet
OnNpeAeNieHHble OrpaHnyeHns n cnoXxHocTn. GHkeHne OM Ha dhoHe
dhuamnonornyecknx 3HadeHnit SCr u CK® MoXeT NnpuBoAUTb K runep-
anarHoctuke ONM. Onurypusa B psae Cny4aeB HOCMT NMPEXOAALLMiA
XapakTep 1 NpoTekaeT 6e3 NOBPEXAEHWS NOYEYHOU NapeHXUMbI, Ha-
npumep Npu 06e3B0OXNBAHUM, MHTPA- 11 NOCNE0NepaLnoHHOM CTpecce
(kK npumepy, onepauun Ha GPIOLLIHON NOIOCTA U MANIOM Ta3y Wiu
pOAOpa3peLLIeHne BbI3bIBAIOT MNEpCeKpeL o Ba3onpeccmHa u ak-
TUBALMIO CUMMNATUYECKOW HepBHOM cuctemsl) [3]. V psaga nauneHTos
MOYencnyckaHue camocToATeNbHOe, YTO LeNaeT 3aTpyaHUTENIbHbIM
no4acoBoil KOHTPONb Anypesa. Kpome T0ro, oueHka OM B fuHamuke
TpebyeT ONpeaeneHHOro BPEMEHN, YTO AN 60NbHbIX B KDUTUHECKOM
COCTOSIHUN ABNIAETCA KpaiiHe HeXXenaTeNibHbIM.

WccnepoBanus, NpoBefeHHbIE B NOCNEAHNE AECATUNETUS, NOA-
TBEPANAN, 4TO 6UOMAPKEPbI HOBOTO NMOKOJIEHUS, B YaCTHOCTH 3HA0-
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TEHHbIA MHANKATOP (PYHKLNOHANBHOTO COCTOAHNSA NOYeK uuctatuH G
(aHrn. cystatin C, CysC), aBnatTCca HafeXHbIMU ANArHOCTUKO-NPO-
rHocTnyeckumm mapkepamm OIM, ¢ BbICOKOW YyBCTBUTENBHOCTbIO
11 CNeUNUYHOCTBIO NO3BONAIOLLMMI BEPUDULMPOBATL ANCHYHKLNIO
no4eK Ha CyOKNMHNYECKOM YPOBHE pa3BuTus. OAHAKO B MOBCEHEBHOI
KNUHNYecKoil npakTuke nokasatens CysC ncnonb3yetcs peako [4].

B naHHOM 0630pe NpoaHann3MpoBaHbl NMTEPATYPHbIE UCTOYHUKM
No NPOrHOCTUYECKOI LieHHOCTI Buomapkepa CysC ans AnarHocTukm
OMNM. W3y4yeHbl 55 opuruHanbHbIX HayyHbIX paboT, MOCBALEHHbIX
LVArHOCTUYECKUM W NPOrHOCTUYECKUM BO3MOXHOCTAM CysC npu OMM
pasnu4Hom atnonorum (Mpunoxenuwe 1 — cM. 3NEKTPOHHYIO BEPCUIO
XypHana: https://www.pharmacoeconomics.ru/) [5-62].

OCTPOE NOBPEXXAEHWE NMOYEK / ACUTE KIDNEY INJURY

OMMM - natonornyeckoe COCTOsSHME, pPa3BUBAIOLLEECS B pe3ynbTaTte
HEeNoCPeACTBEHHOMO OCTPOro BO3AEACTBUSA PeHAbHbIX U/ 3KCTpa-
peHanbHbIX NOBPEXAALNX (haKTOPOB, NPOAOKAOLLIEECs [0 7 CyT
11 XapaKTepuayroLLeecs 6bICTPbIM (4achl, AHW) pa3BUTUEM NPU3HAKOB
MOBPEXAEHNUS UM ANCHYHKLNAYM NOYEK Pa3NMYHOI CTeneHN Bbipa-
)KEHHOCTW, NPOrpeccuBHbIM yBenuyeHnem SCr n ymeHblueHnem OM.

[To pesynbTatam pasnuyHbiX MccrefoBaHWin, 3a601eBaeMoCTb
ONM cpeawn rocnUTanM3nPOBaHHbIX NALMEHTOB COCTABNAET 0T 4% A0
78,4%), 3aBUCUT OT OCHOBHOIO 3a00J1IeBAHNSA U TSHKECTN €ro Te4eHus
(cm. MpunoxeHue 1).

K atuonornyeckum cpakropam, 3a60sieBaHUAM U COCTOAHUAM,
NPUBOAALLM K BO3HUKHOBEHMO OMMT, 0THOCATCA: Cencuc, noyeyHas
runonepysns (Basogunarauns, runoBosieMus, NoBbILLEHHOE COMpo-
TUBNEHNE COCYAOB M Ip.), KAPANOTEHHbIA LLIOK U KapanopeHanbHbIi
CUHAPOM, TsKenas co4eTaHHasn TpaBMa, 06beMHbIe OMepaTuBHbIE
BMeLUATeNbCTBA, 0XKOrW, BO3LeACTBME HE)POTOKCUYECKMX BELLECTB,
KOMMNapTMEHT-CUHAPOM, OCTPbIA HedpuT [63], NHEBMOHMS, B T.4. Npu
HOBOW KopoHasupycHoi uHgekyun (COVID-19) [64], u ap.

OTmeyaroT cnefyolne hakTopbl pucka Bo3HKHoBeHNs OIIT: 06e3-
BOXMBaHWe, CTAp4eCKNil BO3PACT, NPUHALNIEKHOCTb K XKEHCKOMY Nnosty
1 HErPOMZHOW pace, XpoHu4eckas 6051e3Hb noyek (XbI1), oHKonoru-
yeckue 3a60neBaHna, caxapHolii juacbet, aHemus [63].

B knuHu4eckoi npaktuke y 2/3 naumentos OMNM pa3peluaetcs
B TeyeHne 1 Hed. bonbHble co 2-i n 3-it ctaguamn OIM, a Takxe Te,
Y KOTOPbIX (DYHKLMA NMOYeK BOCCTAHABNNBAGTCA B Te4YeHUe 7 JHeil,
VIMEIT rofI0BYH0 BbDKNBaeMoCTb 90%. Y Tex nauneHToB, y KOTOPbIX He
y[aeTcs BOCCTAHOBUTL (DYHKLIMIO MOYEK, rOCMnUTanbHas NeTanbHOCTb
cocTasnseT 47%, a FOANYHAsA BbDKUBAEMOCTb MOCHE BbIMUCKN U3
cTaumoHapa — 77% [65].

Mpwn OMM LOCTOBEPHO YAMMHAKOTCA CPOKM JIeHeHUs B OTAENeHUM
peaHumaunn u nHteHcnsHoi Tepanuu (OPUT) [66] n yBenuynsaroTcs
PUCKU CepAe4HO-COCYANCTbIX COObITUIA, pacTeT KOSMYeCTBO Heba-
rONpUSATHbIX MCXOLO0B, TAKUX Kak BHYTPUOOMbHNYHASA W OTAANeHHas
neTanbHOCTb, pa3suTie XbI. HemanoBaxHy posb UrpaioT 1 9KOHO-
MUKO-COLMANbHbIE aCMeKTbl — TPYA03aTpaThl, YBEANYEHE CTOUMOCTI
NeYeHns n nHBanuam3saums [67].

MauneHtsl OPUT, umetoline 3aboneBaHms NoYeK UAn BbICOKYHO
BEPOSTHOCTb WX MOBPEXAEHUS, HY)XAAIOTCA B ObICTPOI M LOCTOBEP-
HO BepuUUKaLMN NOYEYHOT0 NOBPEXAEHNSA, 4TO MOXET NO3BONNUTb
NpeaoTBPaTUTL MOYEYHYHO HEJOCTATOYHOCTb NPU CBOEBPEMEHHOIA
NPOPUNAKTIKE W NIEYEHNU, A TAKXKE KOHTPONIMPOBaTh 3P MEKTUBHOCTb
NeYeHNs B UHAMUKe.

HadanbHble knuHmnyeckune nposisneHns ONMM mano3ameTHbl, B CBA3U
C YeMm peLuatoLLiee 3Ha4eHIe MMetoT NabopaTopHble MapKepbl MOYEYHON
ancgyHkumn. Cymmupys BeCb COBPEMEHHbI NabopaTOPHbIN AnarHo-
CTUYECKUIA apceHan 6uomapkepos ana sepucpukauuu OT, MOXHO

MOJY4NTb BHYLUWUTESbHbIV NepeYeHb, COCTOALLMIA U3 6onee yem 40 no-
3nLNiA. B KNNHNYECKOI NPAKTKE OCHOBHBIMM INArHOCTUYECKNMI KPU-
Tepusmun OMMN cnyxat CK®, SCr n OM. OTcyTCTBIE B pEKOMEHAALMAX
6uomapkepoB OMNIM HOBOro MOKONEHUS, MOMOrakLmMX BepuduLnpo-
BaTb 3a00/1EBaHNE ELLE HA CYOKMUHNYECKOM YPOBHE pPa3BuUTUs, 06b-
ACHSAETCA X OrPaHNYEHHOI PacnPOCTPAHEHHOCTbIO B NPaKTUYECKON
MeANLMUHE N0 Pas3HbIM NPUYMHAM, B YACTHOCTU CTOMMOCTbHO.

Bromapkepsl HOBOro NOKONEHMS NO3BONSAIOT AnarHocTpoBathb O
Ha paHHeM 3Tane, MoKa CyL|eCTBYKOT BO3MOXHOCTW AN BOCCTAHOB-
NeHNs PYHKLMM NOYeK, a TaKKe CTpaTuuLmMpoBatb He06X0AMMOCTb
3aMecTUTeNbHOM noyeyHoir Tepanun (3MT) [68], nporHo3mpoBaTth
neTanbHOCTL [69] M BOCCTAHOBNEHNE NOYEYHON (DYHKLNN Y BOSTbHbIX
¢ OMM, nonyyatowwx 3MT [70]. MpogomkeHue U3y4eHus 61MoMapKepoB
1 BHEIPEHUE MX B KMNHUMYECKYH NPakTUKy 6yayT cnoco6CTBOBATH
ynyyLieHunto peaynsratos Tepanun OMMN.

OpHMM 13 Hanbonee NepCNeKTUBHLIX HOBbIX GOMAPKEpPOB Ans
AanarHocTtuku OMM y KpuTnyeckux naumeHTos aensetcs CysC.

LMCTATUH C: BUOMAPKEP NS OLIEHKU NOYEYHON
®YHKLIUKN / CYSTATIN C: BIOMARKER FOR ASSESSING
RENAL FUNCTION

LlucTatuHbl — 6enku, Brepsble MAEHTUMULUPOBAHHbIE B KYPUHOM
siue B8 1960 r. B HacTosilee Bpems 13BECTHO 12 npefcTaBuTenei
CEMENCTBA, K KOTOPbIM OTHOCATCA: BHYTPUKNETO4HbIe Tuna 1 (A n B),
BHeknetouHble TMna 2 (G, D, E/ M, F, G, S, SN, SA), BHyTpucocy-
anctole Tuna 3 (L- n H-KnHuHoreHbl). PacnpocTpaHeHbl LMCTaTUHb
WMPOKO: Y pbi6, NTUL, HEKOTOPbIX NPOCTEALLNX, MIEKOMUTAOLLMX,
BT.M. My mogen [71].

CysC — HM3KOMONEKYNAPHBIA 610K C MONEKYNSPHOA Maccoi
13,4 k[la, 4neH BTOPOro CynepceMencTsa LUCTaTUHOBbIX 6enKoB. OH
COCTOUT U3 122 aMUHOKUCIIOTHBIX OCTATKOB, B OPraHU3Me BbIMOJTHSAET
(hyHKUMIO CUNBHOZEACTBYIOLLEr0 BHEKNIETOYHOMO MHIMGUTOpA LncTen-
HOBbIX npoTeas [72]. Bnepsble 06HapyxeH B 1979 r. B CNIMHHOMO3-
FOBOW XWUAKOCTI 11 MOYE Y 6ONTbHbIX C MOYEYHON HEJOCTAaTOYHOCTBHO,
0AHAKO COAEPXNUTCA 1 B APYTUX XKUAKOCTAX OPraHu3ma: KpoBu, crep-
Me, MOMNOKe, CntoHe [73].

Monunentng CysC cMHTE3MPYeTCS ¢ 0ANHAKOBON CKOPOCTLI BCEMM
sapocogepxawumu kKnetkamu, 99% metabonnanpyeTcs noYkamm,
a 0CTaBLLUEECS KONNYECTBO BbIAENSAETCS C MOYOIi B HEU3MEHHOM BUAE.
O6napas manoii monekynspHoi maccoii, CysC 6ecnpensTCTBEHHO
punbTpyeTCs Yepe3 NoYeyHbI KIy604KOBbIA unbsTp [74-76] ¢ no-
cnenyrouleit peabcopbumeit n Kataboam3mom B NPOKCMManbHOM W3-
BUTOM KaHarbLle Hed)poHa 6e3 nonajaHus B CUCTEMHbIA KPOBOTOK.
BbilweykasaHHas KuHeTMka no3ponsieT cuyutatb CysC npakTuyecku
NAeanbHbIM HENHBA3NBHbLIM 6MOMAPKEPOM, MOMOraKOLLM OLEHNBATb
NoYeYHyt0 yHKLMIo [2].

MepBoe NPeAnonoXeHne 0 BO3MOXHON OLeHKe ypoBHS CK® ¢ nomo-
wbto CysC ony6nukosaHo B 1979 r. B Scandinavian Journal of Clinical
and Laboratory Investigation. Coo6wanocb 0 13-kpaTHoM yBenuye-
HWUn KoHueHTpaumum CysC B CbIBOPOTKE KPOBU (aHrm. serum cystatin C,
sCysC) y 60bHbIX Ha 3M1T N0 CpaBHEHMIO CO 3[L0POBLIMU uLaMu [77].

MpuHATO cHmTath, 410 CK®D — Hamny4wmit nokasatenb, NO3BONSAI-
LWKMIA CYanTb 0 (OYHKLIMOHANIbHOM COCTOSIHIM NOYEK, XOTS MOYKA Bbl-
NONHAET eLLe 1 Apyrue YHKLNN, TaKne KaK BblAeNUTeNbHAs (KaHanb-
LeBas peabcopobLns 1 CeKpeuns), MeTabonm4yeckas 1 3HA0KPUHHAS
[78]. «3onoTbiM cTangapTom» uamepenus CK® cyutaetcsa onpege-
NIEHME YPOBHS 3K30reHHbIX MapKepOoB: PafMOHYKNNLOB, AOTEKCONa,
WHYNUHA, MoTanamara. Ho JaHHble METOAbI AOCTYMHbI B €AMHUYHbIX
NCCNEA0BaAHNAX, @ He B PYTUHHON NPaKTUKE B CUAY UX TPYAOEMKOCTY
1 BbICOKOW CTOMMOCTW. B KNMHN4YeCKoi npakTuke uamepenune CK®,
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Kak NpaBumo, BbINOMHAT N0 (hOPMynam, 0CHOBaHHbIM Ha SCr, X0Ts
Ha CeroAHsLIHMIA eHb CYLLECTBYET A0CTAaTOMHO A0Ka3aTenbCTB npe-
umyuiectsa chopmyn Ha ocHose SCysC.

B 2003 r. B LBeunn npoBefieHa opurnHanbHas paboTa no OLeHKe
CK® no koHueHTpauusam sCysGC u SCr. Mony4eHHble AaHHble CPaBHUBA-
nm ¢ CK®, onpefeneHHoi no inorekcony («3010T0i cTaHaapT»). CK®
6bina npoananuanposana y 451 nauueHta (226 My>xunH, 225 XEeHLLMH)
cTaplue 18 neT, NOCTYNMBLUNX HA NIEYEHME B KNIMHUKY CO CeayoLLMmMi
3a6oneBaHuaMM: anabetnyeckas Hedhponartus, rnoMepynoHedpuT,
HeHPOTUYHECKNA CUHAPOM, TYOYNOMHTEPCTULMANbHBIA HEPPUT, Npo-
TEMHYpUs, rematypus, pednokc-Hedponatis, MUenoma, BacKynuT
UMY 3annaHupoBaHHas TPaHCMaHTaLus noYku. PeaynbTaThl cBUAE-
TeNbCTBOBANM O My4LLUel YyBCTBUTENbLHOCTI (hOPMYNbl ANS pacyeTa
CK® Ha ocHoBe KoHUeHTpaumn SCysC 6e3 y4eTa aHTPONOMETPUHECKNX
napameTpos (noJsi, Bo3pact, macca Tena) [79].

AHanornyHble AaHHble NONy4eHbl B MeTaaHanuse 55 uccrneposa-
TenbCKux pabot ¢ BKNo4eHnem okono 4500 naymeHTos [80], B KO-
TOPOM CpaBHUBanM TO4HOCTb onpegeneHns CK®D ¢ nomouwibio sCysC
1 SCr no OTHOLLEHMIO K KNMPEHCY OAHOTO U3 CeAYHOLIMX 3K30TEHHbIX
3TaNIOHHbIX CTaHAAPTOB CK®: HepafnoaKTUBHbIE — MHYMWH, nOTanamar,
ilorekcon; paguoaktusHble — 51Cr-EDTA, 99mTc DTPA'. Pacyet CK®
¢ nomoubto sCysC 6bi 6onee TOYeH, pe3ynbTaT okasancs 6onee
NpuBAKEH K peansHOoMy nokasatento CK®, 4em pacyeT ¢ NoOMOLLbH
SCr. KoachchnumeHT koppenaunm koHueHTpauum sCysC ¢ CK® - 0,92,
a SCr ¢ CK® - 0,74 (nnowagps nox ROC-kpuBoii (aHrn. area under
a receiver operating characteristic curve, AUC ROC) ans sCysC - 0,93,
ang SCr - 0,84).

[pyroii meTaaHann3, 06beNHNBLUMIA Pe3ynbTaThl 24 NCCNef0BaHNIA,
BKNIIOYMBLLUKMX 2007 feTeid, aHanornyHbiM 06pasomM NpoLeMOHCTPU-
poBan sBHoe npeumyLecTBo sCysC Hap SCr ans pacueta CK® [81].

PedepeHcHble 3HaveHns sCysC npu 5-m n 99-m nepueHTUNE:
MYX4uHbl — 0,56-0,98 mr/n (cpenHas senuduHa 0,77 Mr/n), XeH-
WuHbl — 0,52-0,90 mr/n (cpenHas senuyuHa 0,71 mr/n) [82]. Mpu
1-m 1 99-m nepueHTune: Myx4mHbl — 0,60-1,11 mr/n, XeHWnHbI —
0,57-1,12 mr/n [83].

LINCTATWH C NPX OCTPOM NOBPEXXAEHWW NOYEK /
CYSTATIN C IN ACUTE KIDNEY INJURY

CysC — HafiexHblil anarHoctuyecknii mapkep OMMM, KoHUEHTpauus
KOTOPOro NPsiMO KOPPENUPYeT C THXKECTbI0 ANCAYHKLMM NoYeK. Hem
XyXe (OYHKUMOHUPYIOT HePPOHBI 1 60SbLLIE NPOrpeccupyeT natosno-
rus novek, Tem 6onblue KoHueHTpaums sCysC. B HacTosLwee Bpems
HAKOMMEH 3HAYUTENbHbIA OMbIT, CBUAETENLCTBYIOLLNA O NOBbILIEHNN
ypoBHs sCysC npu natonoruu noyek. K.A. Gharaibeh et al. B 2017 r.
nokasanu, 4to npu OMNM sCysC He TONbKO NOBbLILWAETCS, HO U HOP-
manuayetcs pavblue SCr (p<0,001) [84]. MexayHapoaHas uccnego-
BaTeNbcKas rpynna no uaydexmto O B 2018 r. npuwna K BbIBOAY
0 Heo6X0ANMOCTN UCMONb30BAHNS HOBbLIX 6IOMAPKEPOB B KNNHNYE-
CKOIA NpakTuke Ans amarHoctuky OMI. bbino 0TMe4eHo, 4To Hanbonee
4acTo ucnonb3yemsiM (B 19% BCex UCCNeA0BaHMA) Npu pyTUHHOM
nabopaToOpHOM CKPUHWMHIE AnarHocTuyeckum 6uomapkepom OMM
HoBOro nokonexus aensetcsa CysGC [85].

K HacTosilieMy BpeMeHN MMeeTcs A0CTaTOMHO MHOMO McCneaoBa-
TeNbCKNX paboT, AEMOHCTPUPYIOLLNX BbICOKYH YYBCTBUTENIbHOCTb
1 cneumdmnyHocTb CysC Kak AMarHoCTMYECKOro N NPOrHOCTUYECKOro
6nomapkepa OMM (cm. MpunoxeHue 1) [5-59]. AHanua nuTepatypbl
nokasbiaeT, 410 CysC cnocobeH Bepuchmumposats OMM pasnuyHoil
3TNONOMNN B KNMHUYECKOI NPAKTUKe eLLe Ha CYyOKNMHUYECKOM aTane,

4TO NO3BONSAET NPUHIUMATL CBOEBPEMEHHbIE JENCTBEHHbIE MEpbl N0
NPeA0TBPALLEHMIO AaNbHEliLLIero NporpeccupoBaHns 1 CBOEBPEMEHHO-
My afieKBaTHOMY f1e4eHut0 3a60/1eBaHNS: ONTUMIU3NPOBATL UHMY3NOH-
HYI0 NpOrpammy, KOppUriMpoBaTh PacCTPORCTBA KUCNOTHO-OCHOBHOIO
COCTOSIHUS, KOPPEKTNPOBATh (hapMaKoOr4eckoe fieyeHue, B YaCcTHO-
CTW aHTMONOTMKOTEPANWNIO, CBOEBPEMEHHO NCKK4aTb HEPPOTOKCHY-
Hble Npenapartbl, a TaKXXe Ha4uHaTb HePPONPOTEKTUBHYO TEpanuto
B 60/1e€ paHHMe CpoKK, Npeaynpexaas nporpeccupoarue OMM.

B gocTynHoit nutepatype NMeeTCs YeTbipe CUCTEMHBIX MeTaaHanmsa
CCNeAoBaTenbCKNX padot no uayyeruto CysC npu OMM.

Metaananus 2007 r. [78], BbINOMHEHHbIN HA OCHOBE WUCCEf0Ba-
TeNbCKNX paboT B 6a3ax faHHbIX PubMed/MEDLINE n Embase (sHBapb
1984 r. — dhespanb 2006 r.), nokasan 6051ee BbICOKYHO Y4yBCTBUTEMb-
HOCTb (81%) 1 cneumdnyHocTb (88%) sCysC ans nporHo3npoBaHus
MOYEYHOI ANCHYHKLMM N0 cpaBHeHMKO ¢ SCr (4yBCTBUTENLHOCTb 69%,
cneunuyHocTb 88%).

B meTaaHanuse kutaiickux uccnegosatenein 2017 r. [86] oueHu-
Banacb ponb CysC ans sBepudmkaumm Oy B3pOCNOro HaceneHus.
MpoaHanuanpoBaHbl 30 NPOCNEKTUBHbIX KOFOPTHbIX UCCNEA0BaHNIA
C y4actuem 4247 yenosek 13 15 ctpaH mupa, u3 Kotopblx y 982 na-
umeHtoB passunock OMM. CysC npoaeMOHCTPMPOBAN BbICOKYH NPO-
FHOCTNYeCKYH0 LeHHocTb ans OMn (AUC ROC 0,89).

Wccnegosatenu yHnBepcuTeTCKOM KnuHnkn ropoga dcced (lep-
maHus) B 2004 r. npocnekTMBHO oueHunn copepxanue sCysC u SCr
y 85 nauyueHToB ¢ BbICOKUM puckom passutus OMM. Kputepusamu
BKNIOYeHMs ansnuck SCr 6onee 115 MKMONb/n 1 Hannyue akTopa,
npeapacnonaratowero K OTI: npeknoxHbIi Bo3pacT (cTapiue 70 ner),
KapAWOTeHHbIA NN UMPKYNATOPHBIA LUOK, 6KOMMNEHCUPOBAHHbIIA
LMPPO3 NMeYeHN, XpOHNYecKas CepaeyvHas HeoCTaTOYHOCTb Knacca
IV no knacencmkaumm Hoto-opkekoii kapamonornyeckoii accouma-
umnn (anrn. New York Heart Association, NYHA), 3noka4yectBeHHas
numgoma, oCTpbIN NIENKO3, 0CTPas AblxaTeSibHas HeJ0CTaTO4HOCTb
C NOTPeBGHOCTbIO B NPOTE3NPOBAHUN (PYHKLNIA NETKNX, CaXxapHbli
AnabeT, onepauni Ha KnanaHax cepaua i aQ0pTOKOPOHAPHOE LUYHTU-
poBaHue, cencuc. Kpurepum NCKNoYeHns: aHeBprU3ma aopThbl, rMnep-
UKW TUNOTUPE03, Tepanns rMOKOKOPTUKOCTEPOUAAMM, LUMETULUHOM,
TPUMETONPUMOM, 3aMeCTUTENbHAs Tepanus rOPMOHAMN LUMTOBUAHO
xenesbl, 3MT. Okasanock, 410 SCysC sBnseTca 60ee 4yBCTBUTENb-
HbIM 1 40CTOBEPHbIM Mapkepom O1MT, yem SCr, no3Bonss Ha 2-3 oHA
paHblUe anarHocTupoBarb 3abonesauue [5].

Pe3ynbrathl 3HA4NTENLHOMO YMCNa NPOBEAEHHbIX MCCNef0BaHNIA YKa-
3bIBAKOT HA HANNYME NONOXKUTENbHO KOPPENALMOHHON CBA3N MeXOY
yBennyeHnem KoHueHtpauun CysC B moye (aHrn. urinary cystatin C,
uCysC) n pazsutnem OIM. 310 06bACHAETCH CBOOOAHOI PUAbTPaLMeit
CysC B noye4HbIX Kny6oyKax ¢ nocneayroLLen peabcopbumeii n karabo-
NN3MOM B MPOKCUMANbHOM N3BUTOM KaHanbLie HeCDPOHOB. B ycnoBmsx
HapyLleHns yHKLMIA NPOKCMMaNbHbIX OTAENO0B KaHabLIEBOW CUCTEMbI
noyek KoHueHTpaums uCysC yBenuymnBaeTcs MHOroKpaTHo.

Mbl npoaHanuanpoBanu MccnefoBaTensckme paboTsl, N3yyaBLune
ANHaMUKY KoHueHTpaumn uCysC npu OIM y 60nbHbIX B OPUT, OH-
KOMOrMYeCKUX 1 KapANoXMPYpPrivyecknx naLueHToB, NoABEPrInxcs
MaHOBbIM M HEOTNIOXHbBIM KapAMOXUPYPriN4ECKMM BMELLIATeNbCTBAM.
Mony4eHHble pe3ynbTaThl JOCTOBEPHO CBMAETENbCTBYIOT O BbICOKNX
QNarHOCTUYECKMX N NPOrHOCTUYECKMX BO3MOXHOCTAX UCysC ans OIM
(AUC ROC ctpemutcs k 1) (cm. Mpunoxerue 1).

B Yukarckom yHusepcutete (CLUA) ¢ 2005 r. no 2007 r. 6b1s10
npoBeeHO NPOCMNEKTUBHOE MCCNef0BaHNe C Lenbto oueHkn sCysC,
uCysC, SCr, KpeaTHMHa B MOYe M NMNOKaNKHA, acCOLMMPOBAHHO-
ro C XKenaTtuHas3oi HemTpounos, B Moye (aHrm. urinary neutrophil

"EDTA (anrn. ethylenediaminetetraacetic acid) — aTunenauamunteTpaykcycHas kucnota; DTPA (aHrn. diethylenetriaminepentaacetic acid) — auatunentpua-

MWHNEHTAYKCyCHada KMUcnoTa.
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gelatinase-associated lipocalin, uNGAL) nocne nnaHoBbIX Kapauo-
XWPYPrUYeCKIMX 0MepaTMBHbIX BMELLATENbCTB Y 72 60MbHbIX, U3 KO-
TOpbIX B nocneonepaynoHHom nepuoge ONM, AnarHoCTUPOBAHHOE
no yeenuyeHnto SCr Ha 25% 0T ncxofHoro, passunock y 34 (47,2%).
[uHamuky 61MoMapkepoB OLeHBanN B Te4eHne 72 4. Okasanock, 470
KoHueHTpauus sCysC u uCysC yBenn4naeTcs, OAHAKO B PaHHEM
nocneonepayyoHHOM Nepuoae 0TMeYanoch X CHIDKeHMe, kak u SCr.
B Te4eHne nepsbix 6 4 B rpynne 605bHbIX 63 OfM KOHUeHTpauus
uCysC nosblwanacs 8 pas, a B rpynne ¢ OMNMM — B 147 pa3. B aT0T xe
nepuog ypoBeHb sCysC yenu4nsancs B rpynne 6e3 OMNM Ha 1,47 mr/n,
a B rpynne ¢ OMM —+a 1,76 mr/n. iccneposartenu NpuLwIny K BbIBOAY,
470 uCysC u uNGAL sBnsTCa Nyywmmy 6nomapkepami nporHosa
pa3suTus OMM nocne KapAMOXMpYpPrvveckinx onepaunii [8].

Mcnonb3oBaHne nabopaTopHO-AUArHOCTNYECKNX MOJENel Tuna
«CysC nnoc» NO3BONAET YNY4LUNTb ANArHOCTUKO-NPOrHOCTUYECKIE
BO3MOXHOCTU. Hanpumep, cooTHowweHne sCysC/SCr nyyiue nporHo-
3npyet pa3sutie OIM y peaHUMALMOHHbIX 60MbHBIX, YeM KXAbIA U3
HWX N0 0TAeNbHOCTU. 0CO6YH0 LEHHOCTb Take MOLENM NPeLCTaBNAOT
npy yMEPEeHHOM HapyLLEeHW NOYeYHO dyHKuum [57]. 310 cornacy-
ercs ¢ pesynbratamu uccnegosanus W. Zhang et al. (2017 r.) [87],
NpOAEMOHCTPUPOBaBLLEro, 4To coyetaHne sCysC u SCr nossonser
3HAYMTENbHO NOBbLICUTH UArHOCTUYECKNIA MOTEHLMAN 3TUX MApKepPOB
ANs KOHTpacT-uHayunposaHHoro OIM. Bo3MOXHO NpuMeHeHne pas-
NNYHbIX coyveTaHuin apyrux mapkepos OMM, Hanpumep SCysC u cbIBO-
potouHbIii NGAL, monekyna nospexzaeHns novek 1 (aHrn. kidney injury
molecule 1, KIM-1) B moue u SCr [44, 46].

Pe3ynbrathl BbilLEYKa3aHHbIX HAYYHbIX UCCEJ0BAHNIA CBUAETENb-
CTBYIOT 0 BbICOKOI Y4yBCTBUTENLHOCTN 1 cneundmyHocTn sCysC ans
OMM, 410 menaeT ero LeHHbIM M NepcrnekTUBHLIM BIOMAPKEPOM Mo-
YEYHOO MOBPEXAEHUS.

NMPOrHOCTUYECKAS LLEHHOCTb YPOBHA LINCTATUHA C
I UICX0Z10B OCTPOI0 NOBPEXAEHUA NMOYEK /

THE PROGNOSTIC VALUE OF CYSTATIN C LEVELS FOR
THE OUTCOMES OF ACUTE KIDNEY INJURY

Passutue OMM yxyawaeT UCXOAbl NeYeHUs N06Oro KPUTNHECKOro
COCTOSIHUA KaK Ha rocrnuTanbHOM aTane, Tak 1 Nocne BbIMACKN U3
cTauuoHapa.

T. Mandelbaum et al. (2011 r.) udy4unu 19 677 ucropuit 601e3HM
B3POCNbIX MaLNEHTOB, U3 KOTOPbIX y 14 524 pazsunock OMM, 13 HuX
y 57% — Ha atane cTaynoHapHoro neveHus B OPUT. BHyTpu6onbHMY-
Has neTanbHOCTb coctaBuna 13,9%, 16,4% u 33,8% npw OIIM 1-i, 2-i
1 3-i cTafuin COOTBETCTBEHHO, a NIETANIbHOCTb CPeaN NaLuneHToB 6e3
OMM okasanacb AOCTOBEPHO HUXKe — 6,2% (p<0,0001) [88].

N3yyas Tsxectb OMNM ¢ npumeHeHrem Kputepues Ipynnbl 3KC-
MepToB MO U3Y4EHUK OCTPOro NOBpexaeHus noyek (aHrn. Acute
Kidney Injury Network, AKIN) n 2-neTHue ucxogpl y 60nbHbix B OPUT,
L. Fuchs et al. (2013 r.) o6Hapyxunu, 4o nepeHecexHas OMM yse-
NNYUBAET PUCK B TEYEHME 2 NET Nocne BbIMUCKN U3 CTauuoHapa.
[IByXneTHsAS BbDKMBAEMOCTb NMOCE BbINMUCKN M3 CTaLMOHapa CocTa-
Buna 42,5% y naunentos ¢ OMNMM 3-i cTagum, puck CMepTn y aTon
KaTeropuu 60MnbHbIX 6bIn Ha 61% Bblille, 4eM y nauneHToB 6e3 OMMN.
OTHowweHwne waxcos (OLL) pucka cmepTn Yepes 2 rofa nocne Bbinn-
ckn n3 OPUT y 6onbHbix ¢ OMM 3-it ctagun coctasnsano 1,61 (95%
nosepuTenbHbln uHTepsan (4W) 1,30-1,99; p=0,001), a nauneHTsI
¢ ONM 1-7 1 2-i cTagnin Menn NPakTU4eCcK 0ANHAKOBbIE LwaHekl: OLL
1,26 (95% W 1,14-1,40; p=0,001) n OLL 1,28 (95% N 1,11-1,47;
p=0,001) cooTBeTCTBEHHO [89].

C yBenuyenuem Tshxectu OIM pacteT n rocnutanbHas netasb-
HocTb. Mpwn 1-i ctagum OLL cocTasnset 1,679 (95% A1 0,890-3,169;

p=0,109), npu 2-in — 2,945 (95% [N 1,382-6,276; p=0,005), npu
3-1n-6,884 (95% W 3,876-12,228; p<0,001) [90].

9T0 cornacyetcs ¢ LaHHbIMU KPYMHOrO PEeTPOCNeKTUBHOIO Uccre-
JoBaHus, oxeatusLuero 864 933 naumeHta. okasaHo, 4T0 6OJbHbIE,
nepexectune OMNM 6e3 notpebHocTM B 3M1T, UMENN CKOPPEKTUPOBAH-
HOe OTHOLeHne puckos 1,41 ang fonrocpoyHoit cmepTHOCTM (95%
0 1,39-1,43): 1,36, 1,46 1 1,59 ans 1-i, 2-it n 3-i cTaguii COOTBET-
CTBEHHO (p<0,001) [91].

B HacTosiLLee BpeMs akTyanbHOM SBNIAETCA pa3paboTka 1 UCMomb-
30BaHNe TOYHOr0 NMPOrHOCTUYECKOr0 MapKepa paHHeil n no3aHen
NeTNIbHOCTK, A TAKXKE XPOHU3ALMN HAPYLLEHNS (DYHKLAN NOYeK nocne
nepeHeceHHoro OMM. M3BecTHO Takxe, 4T0 SCysC npeacTaBnser co-
601 He3aBMCUMbI NPEAMKTOP BOCCTAHOBIIEHUS MOYEYHON (DYHKLNK
npw paspetueHnn OMM n, COOTBETCTBEHHO, BO3MOXXHOCTY 3aBEPLUEHNS
3MNT y Kputndecknx 6onbHbIX ¢ OMM [92].

CooTHoweHune SCr/sCysC no3sonseT NpOrHO3NpoBaTb BbDKU-
BaeMOoCTb y 60MbHbIX, nepeHectunx OMM ¢ 3MT [93]. B. Ravn et al.
B 2017 r. nokasanu, 4to nosbllueHne ypoBHs sCysC, B otnuune ot SCr,
TECHO CBSA3aHO C yBennyeHuem 90-AHEBHON M rOA0BOIA NETANIbHOCTH
y 607bHbIX, BbINCaHHbIX 13 OPUT, He3aBucumo 0T chakTa yCTaHOBMe-
Hua guardosa OMMM no o6LLenpUHATLIM KpUTepUAM. ABTOPbI OTMETISIN
NONOXMUTENbHYIO KOppenauni KoHueHTpaunu sCysC ¢ passutnem
XBIM [94].

B nonb3y aT0ro NpeanonoXeHus CBUAETENbCTBYIOT U JaHHbIe, N0-
Ny4YeHHble B NpocnekTuBHOM uccnegosanum NOMAS, npoBeaeHHOM
B CesepHom ManxatTeHe (CLLIA), B KoTopoe 6binu BKNtOYeHbl 2988
ambynaTopHbIX NauneHToB. CpeaHuUin CPOK HABMOAEHUA COCTABMA
18 net. CpasHusanuck nokazarenu sCysC un SCr kak nporHocTuyeckue
Mapkepbl neTanbHoro nexofa. Okasanocs, 4To0 CK®, paccyutaHHas Ha
ocHoBe sCysC, aBnanacb ny4wum npefukKTopoM CMEPTHOCTH Y Mo-
Xunbix ntogen, 4em CK®, paccyutannas no SCr: AUC ROC ans CK®
n sCysC - 0,73, nna CK® n SCr - 0,67 (p<0,0001) [95]. 3710 corna-
CYeTcs C pe3ynbratamu pyroro UCCcneaoBanHus, B KOTOPOM nokKasaHa
cnocobHocTb SCysC HaaexHo NMporHo3mpoBaTth 60-AHEBHYHO BbDKIN-
BaeMOCTb M BOCCTAHOBNEHNE (DYHKLMM NOYeK Y 60MbHbIX ¢ OTI [96].

Mogenu coyetaHns 6MOMapkepoB HOBOro mokosieHns ¢ SCr
YCMELIHO MPOrHO3NPYKT HE6NAronpusTHbIE UCXOAb!, Takne Kak He-
06X0ANMOCTb B iManu3e 1 NeTanbHOCTb Y KapanoXupyprivyeckux
naumexTos [97].

BJIATOAAPHOCTb / ACKNOWLEDGEMENT

ABTOpbI BbipaxatT 6narogapHocTb C.E. Xopowunosy, A.M.H.,
3acNyXXeHHoMY Bpadvy Poccuiickoin ®efepauum, 3aBefytoLiemy oT-
neneHnem remopnann3a OrbY «ImaBHbIA BOEHHbIA KNUHUYECKNI
rocnutans uM. akagemuka H.H. bypaeHnko» MuHo60poHbl Poccum
(r. Mocksa), 3a nosieaHble 3aMe4aHus U NpuBJieYeHne NHTepeca co-
o6LLecTBa Bpayeii-Heponoros n Bpayeit aHecTe3non0roB-peaHnma-
TONOrOB K TEMATUKe HacTosALero 063opa npu ero NOAroTOBKE.

3AKNHYEHMWE / CONCLUSION

[nsa ynyyweHnuns anarHocTukn n Tepanumn OMNMM Heobxoauma Ha-
CTOPOXXEHHOCTb Bpayeil, 3HaHWe TOHKUX MEXaHW3MOB NaToreHesa
OMM, a Takxe 6onee WMPOKOe AMGdEPEHLNPOBAHHOE NPUMEHEHNE
JNarHocTu4ecknx 6uomapkepoBs. K HacTOALLEMY BPEMEHU OJHOI n3
npo6nem, nexatleit B 0CHOBE OrPaHUYEHHOr0 NOHUMAHNS naTogm-
3uonorun n natomopconorun OMNM, ABNSAETCS HELOCTATOYHOE YUCNO
NPWKU3HEHHbIX GUONCUIAHBIX UCCIEA0BAHUIA NOYEK.

[narHoctuyeckne kputepun OMNM HOMKHbI 6bITb AOMNOMHEHbI
HaZleXXHbIMU 6UOMapKepamMu NOYEYHOro NOBPEXIEHUS C BbICOKOI
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YYBCTBUTESIbHOCTBIO U CNeunMdnUYHOCTbI0. BO3MOXHO 06HapyXeHue
61MOMapKepoB, NO3BONAKLNX ONPeaensaTb 06beM U rny6uHy nopa-
XKEHUS MOYeYHON napeHxumbl. NMoHuMaHne 60nee TOHKUX MeXaHU3-
moB natoreHe3a OlM n noseneHne HOBbIX 6uomapkepos OIM 6yayT
CMNOCOBCTBOBATb 3HAYNUTENBHOMY YNYYLIEHUIO Pe3YyNbTaToB Tepanui.
PaspaboTka n Ucnonb30BaHMe HOBbLIX 6IOMApPKEPOB MO3BOSIUT BEPY-
duumposatb O 40 KNMHWYECKOA MaHUECTALMI NOYEYHOR Heao-
CTaTOMHOCTU, AN EPEHLNPOBATL Pa3HbIe CTPYKTYPHbIE NOBPEX[e-
HWA NOYeEK, YCTaHaBNNUBATb OCHOBHOE 3a60seBaHue — atnonoruto OfM
(ecnmn pa3paboTaTtb ANA KaXAoro 3abosieBaHMs CBOI Buomapkep),
CBOEBPEMEHHO LMarH0CTMpoBaTh yCyrybneHue noBpexxaeHus B no-
CNeAO0BaTeNbHOCTL: (DYHKLMOHANbHbIE 3MEHEHUS — MOBPEX/EHME,
Tshxenas runonepdyans — yHKunoHanbHoe O — nwemmnyeckoe
OMNM — noBpexaeHue noYex.

JINTEPATYPA:

1. Waikar S.S., Bonventre J.V. Creatinine kinetics and the definition of
acute kidney injury. J Am Soc Nephrol. 2009; 20 (3): 672-9. https:/doi.
org/10.1681/ASN.2008070669.

2. Kopa6enbHukos [.11., Maromeaanues M.0. CoBpeMeHHble 61omap-
Kepbl 0CTpOro nospexaenus novek. PAPMAKOSKOHOMUKA. Cospe-
MeHHas thapmako3koHomuka n ghapmakoanvgemmonorns. 2023; 16 (1):
87-104. https://doi.org/10.17749/2070-4909/farmakoekonomika.
2023.171.

3. Klein S.J., Lehner G.F., Forni L.G., Joannidis M. Oliguria in critically
ill patients: a narrative review. J Nephrol. 2018; 31 (6): 855-62. https://
doi.org/10.1007/s40620-018-0539-6.

4. Ahuja S.S., Castillo B. (Eds.) Kidney biomarkers. Clinical aspects and
laboratory determination. Academic Press; 2020: 342 pp. https:/doi.
org/10.1016/B978-0-12-815923-1.09997-1.

5. Herget-Rosenthal S., Marggraf G., Hising J., et al. Early detection of
acute renal failure by serum cystatin C. Kidney Int. 2004; 66 (3): 1115-
22. https://doi.org/10.1111/j.1523-1755.2004.00861 ..

6. Ling Q., Xu X,, Li J.J., et al. Alternative definition of acute kidney
injury following liver transplantation: based on serum creatinine and
cystatin C levels. Transplant Proc. 2007; 39 (10): 3257-60. https://doi.
org/10.1016/j.transproceed.2007.03.107.

7. Kato K., Sato N., Yamamoto T., et al. Valuable markers for contrast-
induced nephropathy in patients undergoing cardiac catheterization.
Circ J. 2008; 72 (9): 1499-505. https://doi.org/10.1253/circj.CJ-07-
1006.

8. Koyner J.L., Bennett M.R., Worcester E.M., et al. Urinary cystatin C
as an early biomarker of acute kidney injury following adult
cardiothoracic surgery. Kidney Int. 2008; 74 (8): 1059-69. https:/doi.
org/10.1038/ki.2008.341.

9. Haase M., Bellomo R., Devarajan P., et al. Novel biomarkers early
predict the severity of acute kidney injury after cardiac surgery in adults.
Ann Thorac Surg. 2009; 88 (1): 124-30. https://doi.org/10.1016/j.
athoracsur.2009.04.023.

10. Haase-Fielitz A., Bellomo R., Devarajan P., et al. Novel and
conventional serum biomarkers predicting acute kidney injury in adult
cardiac surgery — a prospective cohort study. Crit Care Med. 2009; 37
(2): 553-60. https://doi.org/10.1097/CCM.0b013e318195346e.

11. Soto K., Coelho S., Rodrigues B., et al. Cystatin C as a marker of
acute kidney injury in the emergency department. Clin J Am Soc
Nephrol. 2010; 5 (10): 1745-54. https://doi.org/10.2215/CJN.00690110.
12. Nejat M., Pickering J.W., Walker R.J., Endre Z.H. Rapid detection of
acute kidney injury by plasma cystatin C in the intensive care unit.
Nephrol Dial Transplant. 2010; 25 (10): 3283-9. https://doi.org/10.1093/
ndt/gfq176.

13. Briguori C., Visconti G., Rivera N.V., et al. Cystatin C and contrast-
induced acute kidney injury. Circulation. 2010; 121 (19): 2117-22.
https://doi.org/10.1161/CIRCULATIONAHA.109.919639.

Bnarogaps npumeermto SCysC (4yBCTBUTENBHOMO W CNELMAUYHOT0
mapkepa OMM, BbIABNAEMOr0 B KPOBYM WU MOYE NOCNE Ha4anbHOro
NOBPEXAEHU ANUTENNANBHBIX KNETOK) MOXHO CBOEBPEMEHHO Auna-
rHOCTUPOBATL M nporHo3uposatb OMM, KoppekTUpoBaTh hapmako-
Tepanuio, 0CO6EHHO MPUMEHEHNE HePPOTOKCUYHBIX IEKAPCTBEHHbIX
CPeacTB, a Takxke nHnummposath 3T, oueHnBas ee 9 HeKTUBHOCTD,
11 NPOTrHO3MUPOBATL HEONArONPUATHBIE UCXOAbI.

NONONHUTENbHAA NHOOPMALNSA / ADDITIONAL
INFORMATION

MpunoxeHne K JaHHON CTaTbe Pa3MELLEHO OHNalH Ha MHTEPHET-CaiiTe
xypHana «®APMAKOIKOHOMUKA. CoBpemeHHas thapMako3KOHOMIKA
1 chapmakoanuaemnonorus»: https://www.pharmacoeconomics.ru/.

14. Chen T., Chang C.H., Lin C.Y., et al. Acute kidney injury biomarkers
for patients in a coronary care unit: a prospective cohort study. PLoS
One. 2012; 7 (2): €32328. https://doi.org/10.1371/journal.pone.0032328.
15. Hsiao P., Hsieh C.A., Yeh C.F., et al. Early prediction of acute kidney
injury in patients with acute myocardial injury. J Crit Care. 2012; 27 (5):
525.e1-7. https://doi.org/10.1016/j.jcrc.2012.05.003.

16. Liu X., Wang Z.J., Yang Q., et al. Plasma neutrophil-gelatinase-
associated lipocalin and cystatin C could early diagnose contrast-
induced acute kidney injury in patients with renal insufficiency
undergoing an elective percutaneous coronary intervention. Chin Med J.
2012; 125 (6): 1051-6.

17. Kokkoris S., Parisi M., loannidou S., et al. Combination of renal
biomarkers predicts acute kidney injury in critically ill adults. Ren Fail.
2012; 34 (9): 1100-8. https://doi.org/10.3109/0886022X.2012.713279.
18. Aydogdu M., Gursel G., Sancak B., et al. The use of plasma and urine
neutrophil gelatinase associated lipocalin (NGAL) and cystatin C in early
diagnosis of septic acute kidney injury in critically ill patients. Dis
Markers. 2013; 34 (4): 237-46. https://doi.org/10.3233/DMA-130966.
19. Villa P., Jiménez M., Soriano M.C., et al. Serum cystatin C
concentration as a marker of acute renal dysfunction in critically ill
patients. Crit Care. 2005; 9 (2): 139-43. https://doi.org/10.1186/
cc3044.

20. Martensson J., Martling C.R., Oldner A., Bell M. Impact of sepsis on
levels of plasma cystatin C in AKI and non-AKI patients. Nephrol Dial
Transplant. 2012; 27 (2): 576-81. https://doi.org/10.1093/ndt/gfr358.
21. Wan Z.H., Wang J.J., You S.L. Cystatin C is a biomarker for
predicting acute kidney injury in patients with acute-on-chronic liver
failure. World J Gastroenterol. 2013; 19 (48): 9432-8. https://doi.
0rg/10.3748/wjg.v19.i48.9432.

22. Ghonemy T., Amro G. Plasma neutrophil gelatinase-associated
lipocalin (NGAL) and plasma cystatin C (CysC) as biomarker of acute
kidney injury after cardiac surgery. Saudi J Kidney Dis Transplant. 2014;
25 (3): 582-8. https://doi.org/10.4103/1319-2442.132194.

23. Alharazy S.M., Kong N., Saidin R., et al. Serum neutrophil
gelatinase-associated lipocalin and cystatin C are early biomarkers of
contrast-induced nephropathy after coronary angiography in patients
with chronic kidney disease. Angiology. 2014; 65 (5): 436-42. https://
doi.org/10.1177/0003319713483918.

24.Yang H., Yim H., Cho Y.S., et al. Assessment of biochemical markers
in the early post-burn period for predicting acute kidney injury and
mortality in patients with major burn injury: comparison of serum
creatinine, serum cystatin-C, plasma and urine neutrophil gelatinase-
associated lipocain. Crit Care. 2014; 18 (4): R151. https:/doi.
org/10.1186/cc13989.

25. Ortufio-Andériz F., Cabello-Clotet N., Vidart-Simén N., et al. Cysta-
tin C as an early marker of acute kidney injury in septic shock. Rev Clin
Esp. 2015; 215 (2): 83-90. https://doi.org/10.1016/j.rce.2014.09.010.

DGAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuKa 1 hapmakoanupemuonorus. 2024; Tom 17, No 2

225

https://pharmacoeconomics.ru


https://www.pharmacoeconomics.ru/
https://doi.org/10.1681/ASN.2008070669
https://doi.org/10.1681/ASN.2008070669
https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.171
https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.171
https://doi.org/10.1007/s40620-018-0539-6
https://doi.org/10.1007/s40620-018-0539-6
https://doi.org/10.1016/B978-0-12-815923-1.09997-1
https://doi.org/10.1016/B978-0-12-815923-1.09997-1
https://doi.org/10.1016/j.transproceed.2007.03.107
https://doi.org/10.1016/j.transproceed.2007.03.107
https://doi.org/10.1253/circj.CJ-07-1006
https://doi.org/10.1253/circj.CJ-07-1006
https://doi.org/10.1038/ki.2008.341
https://doi.org/10.1038/ki.2008.341
https://doi.org/10.1016/j.athoracsur.2009.04.023
https://doi.org/10.1016/j.athoracsur.2009.04.023
https://doi.org/10.1093/ndt/gfq176
https://doi.org/10.1093/ndt/gfq176
https://doi.org/10.1186/cc3044
https://doi.org/10.1186/cc3044
https://doi.org/10.3748/wjg.v19.i48.9432
https://doi.org/10.3748/wjg.v19.i48.9432
https://doi.org/10.1177/0003319713483918
https://doi.org/10.1177/0003319713483918
https://doi.org/10.1186/cc13989
https://doi.org/10.1186/cc13989

Review articles

frmakoekononika

26. Prowle J.R., Calzavacca P., Licari E., et al. Combination of
biomarkers for diagnosis of acute kidney injury after cardiopulmonary
bypass. Renal Fail. 2015; 37 (3): 408-16. https://doi.org/10.3109/088
6022X.2014.1001303.

27. Arun 0., Celik G., Oc B., et al. Renal effects of coronary artery
bypass graft surgery in diabetic and non-diabetic patients: a study with
urinary neutrophil gelatinase-associated lipocalin and serum cystatin C.
Kidney Blood Press Res. 2015; 40 (2): 141-52. https://doi.
org/10.1159/000368490.

28. Chen S., Shi J.S., Yibulayin X., et al. Cystatin C is a moderate
predictor of acute kidney injury in the early stage of traumatic
hemorrhagic shock. Exp Ther Med. 2015; 10 (1): 237-40. https://doi.
0rg/10.3892/etm.2015.2446.

29. Tung Y.C., Chang C.H., Chen Y.C., Chu P.H. Combined biomarker
analysis for risk of acute kidney injury in patients with ST-segment
elevation myocardial infarction. PLoS One. 2015; 10 (4): e0125282.
https://doi.org/10.1371/journal.pone.0125282.

30. Yim H., Kym D., Seo D.K., et al. Serum cystatin C and micro-
albuminuria in burn patients with acute kidney injury. Eur J Clin Invest.
2015; 45 (6): 594-600. https://doi.org/10.1111/eci.12452.

31. Chen J., Lin J., Lin C. Serum and urinary biomarkers for predicting
acute kidney injury after partial nephrectomy. Clin Invest Med. 2015; 38
(3): E82-9. https://doi.org/10.25011/cim.v38i3.22703.

32. Liu Y.J., Sun H.D., Chen J., et al. Klotho: a novel and early biomarker
of acute kidney injury after cardiac valve replacement surgery in adults.
Int J Clinical Exp Med. 2015; 8 (5): 7351-8.

33. Peng L., Wong K., Chio S., et al. Diagnostic value of cystatin C in
contrast-induced acute kidney injury after percutaneous coronary
intervention. Zhonghua Nei Ke Za Zhi. 2015; 54 (3): 188-92 (in Chinese).
34. Gong M., Yang Y., Zhang S. Value of acute renal injury associated
biomarkers for patients in intensive care unit. Zhong Tan Ba Xue Xue
Bao. Yi Xue Ban. 2015; 40 (10): 1083-8. https://doi.org/10.11817/j.
issn.1672-7347.2015.10.005.

35. Gaygisiz U., Aydogdu M., Badoglu M., et al. Can admission serum
cystatin C level be an early marker subclinical acute kidney injury in
critical care patients? Scand J Clin Lab Invest. 2016; 76 (2): 143-50.
https://doi.org/10.3109/00365513.2015.1126854.

36. Martensson J., Jonsson N., Glassford N.J., et al. Plasma endostatin
may improve acute kidney injury risk prediction in critically ill patients.
Ann Intensive Care. 2016; 6: 6. https://doi.org/10.1186/s13613-016-
0108-x.

37.Wang M., Zhang L., Yue R., et al. Significance of cystatin C for early
diagnosis of contrast-induced nephropathy in patients undergoing
coronary angiography. Med Sci Monit. 2016; 22: 2956-61. https://doi.
0rg/10.12659/MSM.897241.

38. Choudhary A., Basu S., Dey S.K., et al. Association and prognostic
value of serum cystatin C, IL-18 and uric acid in urological patients with
acute kidney injury. Clin Chim Acta. 2018; 482: 144-8. https://doi.
org/10.1016/j.cca.2018.04.005.

39. Abdelsalam M., EImorsy E., Abdelwahab H., et al. Urinary
biomarkers for early detection of platinum based drugs induced
nephrotoxicity. BMC Nephrol. 2018; 19 (1): 219. https://doi.
0rg/10.1186/512882-018-1022-2.

40. Hasslacher J., Barbieri F., Harler U., et al. Acute kidney injury and
mild therapeutic hypothermia in patients after cardiopulmonary
resuscitation — a post hoc analysis of a prospective observational trial.
Crit Care. 2018; 22: 154. https://doi.org/10.1186/s13054-018-2061-6.
41. Maiwall R., Kumar A., Bhardwaj A., et al. Cystatin C predicts acute
kidney injury and mortality in cirrhotics: a prospective cohort study.
Liver Int. 2018; 38 (4): 654-64. https://doi.org/10.1111/liv.13600.

42. Chai X., Huang H.B., Feng G., et al. Baseline serum cystatin C is
a potential predictor for acute kidney injury in patients with acute
pancreatitis. Dis Markers. 2018; 2018: 8431219. https://doi.
org/10.1155/2018/8431219.

43. Lei L., Li L.P., Zeng Z., et al. Value of urinary KIM-1 and NGAL

combined with serum Cys C for predicting acute kidney injury secondary
to decompensated cirrhosis. Sci Rep. 2018; 8 (1): 7962. https://doi.
0rg/10.1038/s41598-018-26226-6.

44. Neyra J.A., Hu M.C., Minhajuddin A., et al. Kidney tubular damage
and functional biomarkers in acute kidney injury following cardiac
surgery. Kidney Int Rep. 2019; 4 (8): 1131-42. https://doi.org/10.1016/j.
ekir.2019.05.005.

45. Che M., Wang X., Xie B., et al. Use of both serum cystatin C and
creatinine as diagnostic criteria for cardiac surgery-associated acute
kidney injury and its correlation with long-term major adverse events.
Kidney Blood Press Res. 2019; 44 (3): 415-25. https://doi.
org/10.1159/000499647.

46. Jaques D.A., Spahr L., Berra G., et al. Biomarkers for acute kidney
injury in decompensated cirrhosis: a prospective study. Nephrology.
2019; 24 (2): 170-80. https://doi.org/10.1111/nep.13226.

47. HacoHoBa C.H., >Xupos W1.B., Neasxosa M.B. n ap. Pannss gnarto-
CTMKa OCTPOro NOYEYHOr0 NOBPEXAEHMS Y NALNEHTOB C OCTPOIA [IEKOM-
MeHcaumneil XpOHYECKOI CepaeyHOl He0CTaTOYHOCTW. TepaneBTnye-
ckmi apxus. 2019; 91 (4): 67-73. https://doi.org/10.26442/00403660.
2019.04.000168.

48. Kim T.H., Lee H.A., Seo Y.S., et al. Assessment and prediction of
acute kidney injury in patients with decompensated cirrhosis with
serum cystatin C and urine N-acetyl-f-D-glucosaminidase.
J Gastroenterol Hepatol. 2019; 34 (1): 234-40. https://doi.org/10.1111/
jgh.14387.

49. Kararmaz A., Arslantas M.K., Aksu U., et al. Evaluation of acute
kidney injury with oxidative stress biomarkers and Renal Resistive Index
after cardiac surgery. Acta Chir Belg. 2021; 121 (3): 189-97. https://
doi.org/10.1080/00015458.2019.1702371.

50. Pei Y., Chen W., Mao X., Zhu J. Serum cystatin C, Klotho, and
neutrophil gelatinase-associated lipocalin in the risk prediction of acute
kidney injury after acute myocardial infarction. Cardiorenal Med. 2020;
10 (6): 374-81. https://doi.org/10.1159/000507387.

51.Zong Q., Ge M., Chen T., et al. Risk factors and long-term outcomes
of acute kidney injury complication after type A acute aortic dissection
surgery in young patients. J Cardiothorac Surg. 2020; 15 (1): 315.
https://doi.org/10.1186/s13019-020-01365-y.

52. Wang X., Lin X., Xie B., et al. Early serum cystatin C-enhanced risk
prediction for acute kidney injury post cardiac surgery: a prospective,
observational, cohort study. Biomarkers. 2020; 25 (1): 20-6. https://
doi.org/10.1080/1354750X.2019.1688865.

53. Chen D., Cao C., Jiang L., et al. Serum cystatin C: a potential
predictor for hospital-acquired acute kidney injury in patients with acute
exacerbation of COPD. Chron Respir Dis. 2020; 17: 147997312094067.
https://doi.org/10.1177/1479973120940677.

54. Wajda J., Dumnicka P., Sporek M., et al. Does beta-trace protein
(BTP) outperform cystatin C as a diagnostic marker of acute kidney
injury complicating the early phase of acute pancreatitis? J Clinical Med.
2020; 9 (1): 205. https://doi.org/10.3390/jcm9010205.

55. Hansson M., Gustafsson R., Jacquet C., et al. Cystatin C and a-1-
microglobulin predict severe acute kidney injury in patients with
hemorrhagic fever with renal syndrome. Pathogens. 2020; 9 (8): 666.
https://doi.org/10.3390/pathogens9080666.

56. Budano C., Andreis A., De Filippo O., et al. A single cystatin C
determination before coronary angiography can predict short and long-
term adverse events. Int J Cardiol. 2020; 300: 73-9. https://doi.
org/10.1016/j.ijcard.2019.09.069.

57. Nei A.M., Kashani K.B., Dierkhising R., Barreto E.F. Predictors of
augmented renal clearance in a heterogeneous ICU population as
defined by creatinine and cystatin C. Nephron. 2020; 144 (7): 313-20.
https://doi.org/10.1159/000507255.

58. Chagan-Yasutan H., Hanan F., Niki T., et al. Plasma osteopontin
levels is associated with biochemical markers of kidney injury in
patients with leptospirosis. Diagnostics. 2020; 10 (7): 439. https:/doi.
org/10.3390/diagnostics10070439.

226

https://pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2024; Vol. 17 (2)


https://doi.org/10.3109/0886022X.2014.1001303
https://doi.org/10.3109/0886022X.2014.1001303
https://doi.org/10.1159/000368490
https://doi.org/10.1159/000368490
https://doi.org/10.3892/etm.2015.2446
https://doi.org/10.3892/etm.2015.2446
https://doi.org/10.11817/j.issn.1672-7347.2015.10.005
https://doi.org/10.11817/j.issn.1672-7347.2015.10.005
https://doi.org/10.1186/s13613-016-0108-x
https://doi.org/10.1186/s13613-016-0108-x
https://doi.org/10.12659/MSM.897241
https://doi.org/10.12659/MSM.897241
https://doi.org/10.1016/j.cca.2018.04.005
https://doi.org/10.1016/j.cca.2018.04.005
https://doi.org/10.1186/s12882-018-1022-2
https://doi.org/10.1186/s12882-018-1022-2
https://doi.org/10.1155/2018/8431219
https://doi.org/10.1155/2018/8431219
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.1016/j.ekir.2019.05.005
https://doi.org/10.1016/j.ekir.2019.05.005
https://doi.org/10.1159/000499647
https://doi.org/10.1159/000499647
https://doi.org/10.26442/00403660.2019.04.000168
https://doi.org/10.26442/00403660.2019.04.000168
https://doi.org/10.1111/jgh.14387
https://doi.org/10.1111/jgh.14387
https://doi.org/10.1080/00015458.2019.1702371
https://doi.org/10.1080/00015458.2019.1702371
https://doi.org/10.1080/1354750X.2019.1688865
https://doi.org/10.1080/1354750X.2019.1688865
https://doi.org/10.1016/j.ijcard.2019.09.069
https://doi.org/10.1016/j.ijcard.2019.09.069
https://doi.org/10.3390/diagnostics10070439
https://doi.org/10.3390/diagnostics10070439

O0630pHbIE MyOIMKALIMU

QApNRO3ROTONIRY

59. Maromepanues M.0., Kopa6enbHukos [.1., Xopowwunos C.E. Mpo-
FHOCTUYECKOE 3Ha4YeHne umcTatHa-GC kak npeankTopa pasBuTis 0CTpo-
ro nospexaeHus noyek npu COVID-19. 06wyas peaHnmaronorus. 2023;
19 (2): 14-22. https://doi.org/10.15360/1813-9779-2023-2-2243.

60. Bellomo R., Ronco C., Kellum J.A., et al. Acute renal failure —
definition, outcome measures, animal models, fluid therapy and
information technology needs: the Second International Consensus
Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit
Care. 2004; 8 (4): R204-12. https://doi.org/10.1186/cc2872.

61. Mehta R.L., Kellum J.A., Shah S.V., et al. Acute Kidney Injury
Network: report of an initiative to improve outcomes in acute kidney
injury. Crit Care. 2007; 11 (2): R31. https://doi.org/10.1186/cc5713.
62. Kidney Disease: Improving Global Outcomes (KDIGO). Acute Kidney
Injury Work Group. KDIGO clinical practice guideline for acute kidney
injury. Kidney Int Suppl. 2012; 2 (1): 1-126. https://doi.org/10.1038/
kisup.2012.2.

63. Maromeganues M.0., Kopa6enbHukos [.1., Xopowumnos C.E. OcTpoe
MOBPEX[EHNE NOYEK NPY MHEBMOHUN. POCCUVICKIIT MEANKO-COLMATTbHBI
xypHan. 2019; 1 (1): 59-73. https://doi.org/10.35571/RMSJ.2019.1.006.
64. Maromepanues M.O., Kopa6enbHukos O.W., Xopowwunos C.E.
OcTpoe NOBPEXAEHNE NOYEK NPU THXKESIOM TEYEHUM NMHEBMOHMIA, acCo-
LMMPOBAHHBIX C HOBOI KOPOHaBUPYCHOM NHekumei (COVID-19). Bect-
HuK Poccuniickoii BoeHHo-meauumHekon akagemmn. 2022; 24 (3): 511-
20. https://doi.org/10.17816/brmma109938.

65. Kellum J.A., Sileanu F.E., Bihorac A., et al. Recovery after acute
kidney injury. Am J Respir Crit Care Med. 2017; 195 (6): 784-91.
https://doi.org/10.1164/rccm.201604-07990C.

66. KopabenbHukos M.0., Konosanos M.M1., Maromeganues M.0., Xo-
powwunos C.E. KnuHuko-anuaemmonornyeckas xapakTepucTuka 0cTpo-
ro MOBPEX[EHNA MOYEK NpU THHKEN0N BHEOONbHNYHOA MHEBMOHMM
y L, MONOAOr0 BO3pacTa. BoeHHO-MeANUMHCKNIA xypHai. 2022; 343
(12): 38—45. https://doi.org/10.52424/00269050_2022_343_12_38.
67. Chertow G.M., Burdick E., Honour M., et al. Acute kidney injury,
mortality, length of stay, and costs in hospitalized patients. J Am Soc
Nephrol. 2005; 16 (11): 3365-70. https://doi.org/10.1681/
ASN.2004090740.

68. Parikh C.R., Abraham E., Ancukiewicz M., Edelstein C.L. Urine IL-18
is an early diagnostic marker for acute kidney injury and predicts
mortality in the intensive care unit. J Am Soc Nephrol. 2005; 16 (10):
3046-52. https://doi.org/10.1681/ASN.2005030236.

69. Nejat M., Pickering J.W., Walker R.J., et al. Urinary cystatin C is
diagnostic of acute kidney injury and sepsis, and predicts mortality in
the intensive care unit. Crit Care. 2010; 14 (3): R85. https://doi.
org/10.1186/cc9014.

70. Murray P.T., Mehta R.L., Shaw A., et al. Potential use of biomarkers
in acute kidney injury: report and summary of recommendations from
the 10™ Acute Dialysis Quality Initiative consensus conference. Kidney
Int. 2014; 85 (3): 513-21. https://doi.org/10.1038/ki.2013.374.

71. Kellum J.A., Sileanu F.E., Murugan R., et al. Classifying AKI by urine
output versus serum creatinine level. J Am Soc Nephrol. 2015; 26 (9):
2231-8. https://doi.org/10.1681/ASN.2014070724.

72. Grubb A. Diagnostic value of analysis of cystatin C and protein HC
in biological fluids. Clin Nephrol. 1992; 38 (Suppl. 1): S20-7.

73. Abrahamson M., Alvarez-Fernandez M., Nathanson C.M. Cystatins.
Biochem Soc Symp. 2003; 70: 179-99. https://doi.org/10.1042/
bss0700179.

74. Hall A., Hakansson K., Mason R.W., et al. Structural basis for the
biological specificity of cystatin C. J Biol Chem. 1995; 270 (10): 5115-
21. https://doi.org/10.1074/jbc.270.10.5115.

75. Rawlings N.D., Barrett A.J. Evolution of proteins of the cystatin
superfamily. J Mol Evol. 1990; 30 (1): 60-71. https://doi.org/10.1007/
BF02102453.

76. Brown W.M., Dziegielewska K.M. Friends and relations of the
cystatin superfamily-new members and their evolution. Protein Sci.
1997; 6 (1): 5-12. https://doi.org/10.1002/pro0.5560060102.

77. Lofberg H., Grubb A.O. Quantitation of y-trace in human biological
fluids: Indications for production in the central nervous system. Scand
J Clin Lab Invest. 1979; 39 (7): 619-26. https://doi.org/10.3109/
00365517909108866.

78. Levey A., Inker L. Assessment of glomerular filtration rate in health
and disease: a state of the art review. Clin Pharmacol Ther. 2017; 102
(3): 405-19. https://doi.org/10.1002/cpt.729.

79. Laterza O.F., Price C.P., Scott M.G. Cystatin C: an improved estimator
of glomerular filtration rate? Clin Chem. 2002; 48 (5): 699-707.

80. Dharnidharka V.R., Kwon C., Stevens G. Serum cystatin G is superior
to serum creatinine as a marker of kidney function: a meta-analysis. Am
J Kidney Dis. 2002; 40 (2): 221-6. https://doi.org/10.1053/
ajkd.2002.34487.

81. Roos J.F., Doust J., Tett S.E., Kirkpatrick C.M.J. Diagnostic accuracy
of cystatin C compared to serum creatinine for the estimation of renal
dysfunction in adults and children — a meta-analysis. Clin Biochem.
2007; 40 (5-6): 383-91. https://doi.org/10.1016/j.clinbiochem.
2006.10.026.

82. Croda-Todd M.T., Soto-Montano X.J., Hernandez-Cancino P.A.,
Juarez-Aguilar E. Adult cystatin C reference intervals determined by
nephelometric immunoassay. Clin Biochem. 2007; 40 (13-14): 1084-7.
https://doi.org/10.1016/j.clinbiochem.2007.05.011.

83. Kottgen A., Selvin E., Stevens L.A., et al. Serum cystatin C in the
United States: the Third National Health and Nutrition Examination
Survey (NHANES 1Il). Am J Kidney Dis. 2008; 51 (3): 385-94. https:/
doi.org/10.1053/j.ajkd.2007.11.019.

84. Gharaibeh K.A., Hamadah A.M., El-Zoghby Z.M., et al. Cystatin C
predicts renal recovery earlier than creatinine among patients with acute
kidney injury. Kidney Int Rep. 2018; 3 (2): 337-42. https://doi.
org/10.1016/j.ekir.2017.10.012.

85. Digvijay K., Neri M., Fan W., et al. International survey on the
management of acute kidney injury and continuous renal replacement
therapies: year 2018. Blood Purif. 2019; 47 (1-3): 113-9. https://doi.
org/10.1159/000493724.

86. Yong Z., Pei X., Zhu B., et al. Predictive value of serum cystatin C
for acute kidney injury in adults: a meta-analysis of prospective cohort
trials. Sci Rep. 2017; 7 (1): 41012. https://doi.org/10.1038/srep41012.
87. Zhang W., Zhang T., Ding D., et al. Use of both serum cystatin C
and creatinine as diagnostic criteria for contrast-induced acute kidney
injury and its clinical implications. J Am Heart Assoc. 2017; 6 (1):
€004747. https://doi.org/10.1161/JAHA.116.004747.

88. Mandelbaum T., Scott D.J., Lee J., et al. Qutcome of critically ill
patients with acute kidney injury using the Acute Kidney Injury Network
criteria. Crit Care Med. 2011; 39 (12): 2659-64. https://doi.org/10.1097/
CCM.0b013e3182281f1b.

89. Fuchs L., Lee J., Novack V., et al. Severity of acute kidney injury and
two-year outcomes in critically ill patients. Chest. 2013; 144 (3): 866—
75. https://doi.org/10.1378/chest.12-2967.

90. Hoste E.A.J., Bagshaw S.M., Bellomo R., et al. Epidemiology of
acute kidney injury in critically ill patients: the multinational AKI-EPI
study. Int Care Med. 2015; 41 (8): 1411-23. https://doi.org/10.1007/
$00134-015-3934-7.

91. Fortrie G., de Geus H.R.H., Betjes M.G.H. The aftermath of acute
kidney injury: a narrative review of long-term mortality and renal
function. Crit Care. 2019; 23 (1): 24. https://doi.org/10.1186/s13054-
019-2314-z.

92. Kim C.S., Bae E.H., Ma S.K., Kim S.W. A prospective observational
study on the predictive value of serum cystatin C for successful weaning
from continuous renal replacement therapy. Kidney Blood Pres Res.
2018; 43 (3): 872-81. https://doi.org/10.1159/000490335.

93. Jung C.Y., Joo Y.S., Kim H.W., et al. Creatinine—cystatin C ratio and
mortality in patients receiving intensive care and continuous kidney
replacement therapy: a retrospective cohort study. Am J Kidney Dis.
2020; 77 (4): 509-16e1. https://doi.org/10.1053/j.ajkd.2020.08.014.
94. Ravn B., Prowle J.R., Martensson J., et al. Superiority of serum

DGAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuKa 1 hapmakoanupemuonorus. 2024; Tom 17, No 2

227

https://pharmacoeconomics.ru


https://doi.org/10.1038/kisup.2012.2
https://doi.org/10.1038/kisup.2012.2
https://doi.org/10.1681/ASN.2004090740
https://doi.org/10.1681/ASN.2004090740
https://doi.org/10.1186/cc9014
https://doi.org/10.1186/cc9014
https://doi.org/10.1042/bss0700179
https://doi.org/10.1042/bss0700179
https://doi.org/10.1007/BF02102453
https://doi.org/10.1007/BF02102453
https://doi.org/10.3109/00365517909108866
https://doi.org/10.3109/00365517909108866
https://doi.org/10.1053/ajkd.2002.34487
https://doi.org/10.1053/ajkd.2002.34487
https://doi.org/10.1016/j.clinbiochem.2006.10.026
https://doi.org/10.1016/j.clinbiochem.2006.10.026
https://doi.org/10.1053/j.ajkd.2007.11.019
https://doi.org/10.1053/j.ajkd.2007.11.019
https://doi.org/10.1016/j.ekir.2017.10.012
https://doi.org/10.1016/j.ekir.2017.10.012
https://doi.org/10.1159/000493724
https://doi.org/10.1159/000493724
https://doi.org/10.1097/CCM.0b013e3182281f1b
https://doi.org/10.1097/CCM.0b013e3182281f1b
https://doi.org/10.1007/s00134-015-3934-7
https://doi.org/10.1007/s00134-015-3934-7
https://doi.org/10.1186/s13054-019-2314-z
https://doi.org/10.1186/s13054-019-2314-z

Review articles

frmakoekononika

cystatin C over creatinine in prediction of long-term prognosis at
discharge from ICU. Crit Care Med. 2017; 45 (9): €932-40. https://doi.
org/10.1097/CCM.0000000000002537.

95. Willey J.Z., Moon Y.P., Husain S.A., et al. Creatinine versus cystatin
C for renal function-based mortality prediction in an elderly cohort: the
Northern Manhattan Study. PLoS One. 2020; 15 (1): €0226509. https://
doi.org/10.1371/journal.pone.0226509.

96.Yang T.,Sun S., Zhao Y., et al. Biomarkers upon discontinuation of

REFERENCES:

1. Waikar S.S., Bonventre J.V. Creatinine kinetics and the definition of
acute kidney injury. J Am Soc Nephrol. 2009; 20 (3): 672-9. https://doi.
org/10.1681/ASN.2008070669.

2. Korabelnikov D.I., Magomedaliev M.0. Modern biomarkers of acute
kidney injury. FARMAKOEKONOMIKA. Sovremennaya farmako-
ekonomika i farmakoepidemiologiya / FARMAKOEKONOMIKA. Modern
Pharmacoeconomics and Pharmacoepidemiology. 2023; 16 (1): 87—
104 (in Russ.). https://doi.org/10.17749/2070-4909/farmakoekonomika.
2023.171.

3. Klein S.J., Lehner G.F., Forni L.G., Joannidis M. Oliguria in critically
ill patients: a narrative review. J Nephrol. 2018; 31 (6): 855-62. https://
doi.org/10.1007/s40620-018-0539-6.

4. Ahuja S.S., Castillo B. (Eds.) Kidney biomarkers. Clinical aspects and
laboratory determination. Academic Press; 2020: 342 pp. https://doi.
0rg/10.1016/B978-0-12-815923-1.09997-1.

5. Herget-Rosenthal S., Marggraf G., Hising J., et al. Early detection of
acute renal failure by serum cystatin C. Kidney Int. 2004; 66 (3): 1115
22. https://doi.org/10.1111/j.1523-1755.2004.00861 .x.

6. Ling Q., Xu X., Li J.J., et al. Alternative definition of acute kidney
injury following liver transplantation: based on serum creatinine and
cystatin C levels. Transplant Proc. 2007; 39 (10): 3257-60. https://doi.
org/10.1016/j.transproceed.2007.03.107.

7. Kato K., Sato N., Yamamoto T., et al. Valuable markers for contrast-
induced nephropathy in patients undergoing cardiac catheterization. Circ
J. 2008; 72 (9): 1499-505. https://doi.org/10.1253/circj.CJ-07-1006.
8. Koyner J.L., Bennett M.R., Worcester E.M., et al. Urinary cystatin C
as an early biomarker of acute kidney injury following adult
cardiothoracic surgery. Kidney Int. 2008; 74 (8): 1059-69. https:/doi.
0rg/10.1038/ki.2008.341.

9. Haase M., Bellomo R., Devarajan P., et al. Novel biomarkers early
predict the severity of acute kidney injury after cardiac surgery in adults.
Ann Thorac Surg. 2009; 88 (1): 124-30. https://doi.org/10.1016/j.
athoracsur.2009.04.023.

10. Haase-Fielitz A., Bellomo R., Devarajan P., et al. Novel and
conventional serum biomarkers predicting acute kidney injury in adult
cardiac surgery — a prospective cohort study. Crit Care Med. 2009; 37
(2): 553-60. https://doi.org/10.1097/CCM.0b013e318195846e.

11. Soto K., Coelho S., Rodrigues B., et al. Cystatin C as a marker of
acute kidney injury in the emergency department. Clin J Am Soc
Nephrol. 2010; 5 (10): 1745-54. https://doi.org/10.2215/CJN.00690110.
12. Nejat M., Pickering J.W., Walker R.J., Endre Z.H. Rapid detection of
acute kidney injury by plasma cystatin C in the intensive care unit.
Nephrol Dial Transplant. 2010; 25 (10): 3283-9. https://doi.org/10.1093/
ndt/gfq176.

13. Briguori C., Visconti G., Rivera N.V., et al. Cystatin C and contrast-
induced acute kidney injury. Circulation. 2010; 121 (19): 2117-22.
https://doi.org/10.1161/CIRCULATIONAHA.109.919639.

14. Chen T., Chang C.H., Lin C.Y., et al. Acute kidney injury biomarkers
for patients in a coronary care unit: a prospective cohort study. PLoS
One. 2012; 7 (2): 32328. https://doi.org/10.1371/journal.pone.0032328.
15. Hsiao P., Hsieh C.A., Yeh C.F., et al. Early prediction of acute kidney
injury in patients with acute myocardial injury. J Crit Care. 2012; 27 (5):
525.e1-7. https://doi.org/10.1016/j.jcrc.2012.05.003.

16. Liu X., Wang Z.J., Yang Q., et al. Plasma neutrophil-gelatinase-

renal replacement therapy predict 60-day survival and renal recovery in
critically il patients with acute kidney injury. Hemodial Int. 2018; 22 (1):
56-65. https://doi.org/10.1111/hdi.12532.

97. Mcllroy D.R., Farkas D., Pan K., et al. Combining novel renal injury
markers with delta serum creatinine early after cardiac surgery and risk-
stratification for serious adverse outcomes: an exploratory analysis.
J Cardiothorac Vasc Anesth. 2018; 32 (5): 2190-200. https://doi.
org/10.1053/j.jvca.2017.12.052.

associated lipocalin and cystatin C could early diagnose contrast-
induced acute kidney injury in patients with renal insufficiency
undergoing an elective percutaneous coronary intervention. Chin Med J.
2012; 125 (6): 1051-6.

17. Kokkoris S., Parisi M., loannidou S., et al. Combination of renal
biomarkers predicts acute kidney injury in critically ill adults. Ren Fail.
2012; 34 (9): 1100-8. https://doi.org/10.3109/0886022X.2012.713279.
18. Aydogdu M., Giirsel G., Sancak B., et al. The use of plasma and urine
neutrophil gelatinase associated lipocalin (NGAL) and cystatin C in early
diagnosis of septic acute kidney injury in critically ill patients. Dis
Markers. 2013; 34 (4): 237-46. https://doi.org/10.3233/DMA-130966.
19. Villa P., Jiménez M., Soriano M.C., et al. Serum cystatin C
concentration as a marker of acute renal dysfunction in critically ill
patients. Crit Care. 2005; 9 (2): 139-43. https://doi.org/10.1186/cc3044.
20. Martensson J., Martling C.R., Oldner A., Bell M. Impact of sepsis on
levels of plasma cystatin C in AKI and non-AKI patients. Nephrol Dial
Transplant. 2012; 27 (2): 576-81. https://doi.org/10.1093/ndt/gfr358.
21. Wan Z.H., Wang J.J., You S.L. Cystatin C is a biomarker for
predicting acute kidney injury in patients with acute-on-chronic liver
failure. World J Gastroenterol. 2013; 19 (48): 9432-8. https://doi.
org/10.3748/wjg.v19.i48.9432.

22. Ghonemy T., Amro G. Plasma neutrophil gelatinase-associated
lipocalin (NGAL) and plasma cystatin C (CysC) as biomarker of acute
kidney injury after cardiac surgery. Saudi J Kidney Dis Transplant. 2014;
25 (3): 582-8. https://doi.org/10.4103/1319-2442.132194.

23. Alharazy S.M., Kong N., Saidin R., et al. Serum neutrophil
gelatinase-associated lipocalin and cystatin C are early biomarkers of
contrast-induced nephropathy after coronary angiography in patients
with chronic kidney disease. Angiology. 2014; 65 (5): 436-42. https://
doi.org/10.1177/0003319713483918.

24.Yang H., Yim H., Cho Y.S,, et al. Assessment of biochemical markers
in the early post-burn period for predicting acute kidney injury and
mortality in patients with major burn injury: comparison of serum
creatinine, serum cystatin-C, plasma and urine neutrophil gelatinase-
associated lipocain. Crit Care. 2014; 18 (4): R151. https:/doi.
org/10.1186/cc13989.

25. Ortufio-Andériz F., Cabello-Clotet N., Vidart-Simon N, et al. Cysta-
tin C as an early marker of acute kidney injury in septic shock. Rev Clin
Esp. 2015; 215 (2): 83-90. https://doi.org/10.1016/j.rce.2014.09.010.
26. Prowle J.R., Calzavacca P., Licari E., et al. Combination of
biomarkers for diagnosis of acute kidney injury after cardiopulmonary
bypass. Renal Fail. 2015; 37 (3): 408-16. https://doi.org/10.3109/088
6022X.2014.1001303.

27. Arun 0., Celik G., Oc B., et al. Renal effects of coronary artery
bypass graft surgery in diabetic and non-diabetic patients: a study with
urinary neutrophil gelatinase-associated lipocalin and serum cystatin C.
Kidney Blood Press Res. 2015; 40 (2): 141-52. https://doi.
org/10.1159/000368490.

28. Chen S., Shi J.S., Yibulayin X., et al. Cystatin C is a moderate
predictor of acute kidney injury in the early stage of traumatic
hemorrhagic shock. Exp Ther Med. 2015; 10 (1): 237-40. https:/doi.
org/10.3892/etm.2015.2446.

29. Tung Y.C., Chang C.H., Chen Y.C., Chu P.H. Combined biomarker
analysis for risk of acute kidney injury in patients with ST-segment

228

https://pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2024; Vol. 17 (2)


https://doi.org/10.1097/CCM.0000000000002537
https://doi.org/10.1097/CCM.0000000000002537
https://doi.org/10.1371/journal.pone.0226509
https://doi.org/10.1371/journal.pone.0226509
https://doi.org/10.1053/j.jvca.2017.12.052
https://doi.org/10.1053/j.jvca.2017.12.052
https://doi.org/10.1681/ASN.2008070669
https://doi.org/10.1681/ASN.2008070669
https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.171
https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.171
https://doi.org/10.1007/s40620-018-0539-6
https://doi.org/10.1007/s40620-018-0539-6
https://doi.org/10.1016/B978-0-12-815923-1.09997-1
https://doi.org/10.1016/B978-0-12-815923-1.09997-1
https://doi.org/10.1016/j.transproceed.2007.03.107
https://doi.org/10.1016/j.transproceed.2007.03.107
https://doi.org/10.1038/ki.2008.341
https://doi.org/10.1038/ki.2008.341
https://doi.org/10.1016/j.athoracsur.2009.04.023
https://doi.org/10.1016/j.athoracsur.2009.04.023
https://doi.org/10.1093/ndt/gfq176
https://doi.org/10.1093/ndt/gfq176
https://doi.org/10.3748/wjg.v19.i48.9432
https://doi.org/10.3748/wjg.v19.i48.9432
https://doi.org/10.1177/0003319713483918
https://doi.org/10.1177/0003319713483918
https://doi.org/10.1186/cc13989
https://doi.org/10.1186/cc13989
https://doi.org/10.3109/0886022X.2014.1001303
https://doi.org/10.3109/0886022X.2014.1001303
https://doi.org/10.1159/000368490
https://doi.org/10.1159/000368490
https://doi.org/10.3892/etm.2015.2446
https://doi.org/10.3892/etm.2015.2446

O0630pHbIE MyOIMKALIMU

QApNRO3ROTONIRY

elevation myocardial infarction. PLoS One. 2015; 10 (4): e0125282.
https://doi.org/10.1371/journal.pone.0125282.

30. Yim H., Kym D., Seo D.K., et al. Serum cystatin C and micro-
albuminuria in burn patients with acute kidney injury. Eur J Clin Invest.
2015; 45 (6): 594-600. https://doi.org/10.1111/eci.12452.

31. Chen J., Lin J., Lin C. Serum and urinary biomarkers for predicting
acute kidney injury after partial nephrectomy. Clin Invest Med. 2015; 38
(3): E82-9. https://doi.org/10.25011/cim.v38i3.22703.

32. LiuY.J., SunH.D., Chen J., et al. Klotho: a novel and early biomarker
of acute kidney injury after cardiac valve replacement surgery in adults.
Int J Clinical Exp Med. 2015; 8 (5): 7351-8.

33. Peng L., Wong K., Chio S., et al. Diagnostic value of cystatin C in
contrast-induced acute kidney injury after percutaneous coronary
intervention. Zhonghua Nei Ke Za Zhi. 2015; 54 (3): 188-92 (in Chinese).
34. Gong M., Yang Y., Zhang S. Value of acute renal injury associated
biomarkers for patients in intensive care unit. Zhong Tan Ba Xue Xue
Bao. Yi Xue Ban. 2015; 40 (10): 1083-8. https://doi.org/10.11817/j.
issn.1672-7347.2015.10.005.

35. Gaygisiz U., Aydogdu M., Badoglu M., et al. Can admission serum
cystatin C level be an early marker subclinical acute kidney injury in
critical care patients? Scand J Clin Lab Invest. 2016; 76 (2): 143-50.
https://doi.org/10.3109/00365513.2015.1126854.

36. Martensson J., Jonsson N., Glassford N.J., et al. Plasma endostatin
may improve acute kidney injury risk prediction in critically ill patients.
Ann Intensive Care. 2016; 6: 6. https://doi.org/10.1186/513613-016-
0108-x.

37.Wang M., Zhang L., Yue R., et al. Significance of cystatin C for early
diagnosis of contrast-induced nephropathy in patients undergoing
coronary angiography. Med Sci Monit. 2016; 22: 2956-61. https://doi.
org/10.12659/MSM.897241.

38. Choudhary A., Basu S., Dey S.K., et al. Association and prognostic
value of serum cystatin C, IL-18 and uric acid in urological patients with
acute kidney injury. Clin Chim Acta. 2018; 482: 144-8. https://doi.
org/10.1016/j.cca.2018.04.005.

39. Abdelsalam M., EImorsy E., Abdelwahab H., et al. Urinary
biomarkers for early detection of platinum based drugs induced
nephrotoxicity. BMC Nephrol. 2018; 19 (1): 219. https://doi.
org/10.1186/s12882-018-1022-2.

40. Hasslacher J., Barbieri F., Harler U., et al. Acute kidney injury and
mild therapeutic hypothermia in patients after cardiopulmonary
resuscitation — a post hoc analysis of a prospective observational trial.
Crit Care. 2018; 22: 154. https://doi.org/10.1186/s13054-018-2061-6.
41. Maiwall R., Kumar A., Bhardwaj A., et al. Cystatin C predicts acute
kidney injury and mortality in cirrhotics: a prospective cohort study.
Liver Int. 2018; 38 (4): 654-64. https://doi.org/10.1111/liv.13600.

42. Chai X., Huang H.B., Feng G., et al. Baseline serum cystatin C is
a potential predictor for acute kidney injury in patients with acute
pancreatitis. Dis Markers. 2018; 2018: 8431219. https://doi.
org/10.1155/2018/8431219.

43. Lei L., Li L.P., Zeng Z., et al. Value of urinary KIM-1 and NGAL
combined with serum Cys C for predicting acute kidney injury secondary
to decompensated cirrhosis. Sci Rep. 2018; 8 (1): 7962. https://doi.
0rg/10.1038/s41598-018-26226-6.

44 Neyra J.A., Hu M.C., Minhajuddin A., et al. Kidney tubular damage
and functional biomarkers in acute kidney injury following cardiac
surgery. Kidney Int Rep. 2019; 4 (8): 1131-42. https://doi.org/10.1016/j.
ekir.2019.05.005.

45. Che M., Wang X., Xie B., et al. Use of both serum cystatin C and
creatinine as diagnostic criteria for cardiac surgery-associated acute
kidney injury and its correlation with long-term major adverse events.
Kidney Blood Press Res. 2019; 44 (3): 415-25. https://doi.
org/10.1159/000499647.

46. Jaques D.A., Spahr L., Berra G., et al. Biomarkers for acute kidney
injury in decompensated cirrhosis: a prospective study. Nephrology.
2019; 24 (2): 170-80. https://doi.org/10.1111/nep.13226.

47. Nasonova S.N., Zhirov I.V., Ledyakhova M.V., et al. Early diagnosis
of acute renal injury in patients with acute decompensation of chronic
heart failure. Therapeutic Archive. 2019; 91 (4): 67-73 (in Russ.).
https://doi.org/10.26442/00403660.2019.04.000168.

48. Kim T.H., Lee H.A.,, Seo Y.S., et al. Assessment and prediction of
acute kidney injury in patients with decompensated cirrhosis with
serum cystatin C and urine N-acetyl-B-D-glucosaminidase.
J Gastroenterol Hepatol. 2019; 34 (1): 234-40. https://doi.org/10.1111/
jgh.14387.

49. Kararmaz A., Arslantas M.K., Aksu U., et al. Evaluation of acute
kidney injury with oxidative stress biomarkers and Renal Resistive Index
after cardiac surgery. Acta Chir Belg. 2021; 121 (3): 189-97. https:/
doi.org/10.1080/00015458.2019.1702371.

50. Pei Y., Chen W., Mao X., Zhu J. Serum cystatin C, Klotho, and
neutrophil gelatinase-associated lipocalin in the risk prediction of acute
kidney injury after acute myocardial infarction. Cardiorenal Med. 2020;
10 (6): 374-81. https://doi.org/10.1159/000507387.

51.Zong Q., Ge M., Chen T, et al. Risk factors and long-term outcomes
of acute kidney injury complication after type A acute aortic dissection
surgery in young patients. J Cardiothorac Surg. 2020; 15 (1): 315.
https://doi.org/10.1186/513019-020-01365-y.

52. Wang X., Lin X., Xie B., et al. Early serum cystatin C-enhanced risk
prediction for acute kidney injury post cardiac surgery: a prospective,
observational, cohort study. Biomarkers. 2020; 25 (1): 20-6. https:/
doi.org/10.1080/1354750X.2019.1688865.

53. Chen D., Cao C., Jiang L., et al. Serum cystatin C: a potential
predictor for hospital-acquired acute kidney injury in patients with acute
exacerbation of COPD. Chron Respir Dis. 2020; 17: 147997312094067.
https://doi.org/10.1177/1479973120940677.

54. Wajda J., Dumnicka P., Sporek M., et al. Does beta-trace protein
(BTP) outperform cystatin C as a diagnostic marker of acute kidney
injury complicating the early phase of acute pancreatitis? J Clinical Med.
2020; 9 (1): 205. https://doi.org/10.3390/jcm9010205.

55. Hansson M., Gustafsson R., Jacquet C., et al. Cystatin C and a-1-
microglobulin predict severe acute kidney injury in patients with
hemorrhagic fever with renal syndrome. Pathogens. 2020; 9 (8): 666.
https://doi.org/10.3390/pathogens9080666.

56. Budano C., Andreis A., De Filippo O., et al. A single cystatin C
determination before coronary angiography can predict short and long-
term adverse events. Int J Cardiol. 2020; 300: 73-9. https://doi.
org/10.1016/j.ijcard.2019.09.069.

57. Nei A.M., Kashani K.B., Dierkhising R., Barreto E.F. Predictors of
augmented renal clearance in a heterogeneous ICU population as
defined by creatinine and cystatin C. Nephron. 2020; 144 (7): 313-20.
https://doi.org/10.1159/000507255.

58. Chagan-Yasutan H., Hanan F., Niki T., et al. Plasma osteopontin
levels is associated with biochemical markers of kidney injury in
patients with leptospirosis. Diagnostics. 2020; 10 (7): 439. https://doi.
0rg/10.3390/diagnostics10070439.

59. Magomedaliev M.O., Korabelnikov D.l., Khoroshilov S.E. The
predictive value of cystatin C for AKl in patients with COVID-19. General
Reanimatology. 2023; 19 (2): 14-22 (in Russ.). https://doi.
0rg/10.15360/1813-9779-2023-2-2243.

60. Bellomo R., Ronco C., Kellum J.A., et al. Acute renal failure —
definition, outcome measures, animal models, fluid therapy and
information technology needs: the Second International Consensus
Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit
Care. 2004; 8 (4): R204-12. https://doi.org/10.1186/cc2872.

61. Mehta R.L., Kellum J.A., Shah S.V,, et al. Acute Kidney Injury
Network: report of an initiative to improve outcomes in acute kidney
injury. Crit Care. 2007; 11 (2): R31. https://doi.org/10.1186/cc5713.
62. Kidney Disease: Improving Global Outcomes (KDIGO). Acute Kidney
Injury Work Group. KDIGO clinical practice guideline for acute kidney
injury. Kidney Int Suppl. 2012; 2 (1): 1-126. https://doi.org/10.1038/
kisup.2012.2.

DGAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuKa 1 hapmakoanupemuonorus. 2024; Tom 17, No 2

229

https://pharmacoeconomics.ru


https://doi.org/10.11817/j.issn.1672-7347.2015.10.005
https://doi.org/10.11817/j.issn.1672-7347.2015.10.005
https://doi.org/10.1186/s13613-016-0108-x
https://doi.org/10.1186/s13613-016-0108-x
https://doi.org/10.12659/MSM.897241
https://doi.org/10.12659/MSM.897241
https://doi.org/10.1016/j.cca.2018.04.005
https://doi.org/10.1016/j.cca.2018.04.005
https://doi.org/10.1186/s12882-018-1022-2
https://doi.org/10.1186/s12882-018-1022-2
https://doi.org/10.1155/2018/8431219
https://doi.org/10.1155/2018/8431219
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.1038/s41598-018-26226-6
https://doi.org/10.1016/j.ekir.2019.05.005
https://doi.org/10.1016/j.ekir.2019.05.005
https://doi.org/10.1159/000499647
https://doi.org/10.1159/000499647
https://doi.org/10.1111/jgh.14387
https://doi.org/10.1111/jgh.14387
https://doi.org/10.1080/00015458.2019.1702371
https://doi.org/10.1080/00015458.2019.1702371
https://doi.org/10.1080/1354750X.2019.1688865
https://doi.org/10.1080/1354750X.2019.1688865
https://doi.org/10.1016/j.ijcard.2019.09.069
https://doi.org/10.1016/j.ijcard.2019.09.069
https://doi.org/10.3390/diagnostics10070439
https://doi.org/10.3390/diagnostics10070439
https://doi.org/10.15360/1813-9779-2023-2-2243
https://doi.org/10.15360/1813-9779-2023-2-2243
https://doi.org/10.1038/kisup.2012.2
https://doi.org/10.1038/kisup.2012.2

Review articles

frmakoekononika

63. Magomedaliev M.0., Korabelnikov D.l., Khoroshilov S.E. Acute
kidney injury in patients with pneumonia. Russian Medical and Social
Journal. 2019; 1 (1): 59-73 (in Russ.). https://doi.org/10.35571/
RMSJ.2019.1.006.

64. Magomedaliev M.O., Korabelnikov D.l., Khoroshilov S.E. Acute
kidney injury in severe pneumonia associated with COVID-19. Bulletin
of the Russian Military Medical Academy. 2022; 24 (3): 511-20
(in Russ.). https://doi.org/10.17816/brmma109938.

65. Kellum J.A., Sileanu F.E., Bihorac A., et al. Recovery after acute
kidney injury. Am J Respir Crit Care Med. 2017; 195 (6): 784-91.
https://doi.org/10.1164/rccm.201604-07990C.

66. Korabelnikov D.I., Konovalov P.P., Magomedaliev M.0., Khoroshi-
lov S.E. Clinical and epidemiological characteristics of acute renal
irritation in case of severe community-acquired pneumonia in young
people. Military Medical Journal. 2022; 343 (12): 38-45 (in Russ.).
https://doi.org/10.52424/00269050_2022_343_12_38.

67. Chertow G.M., Burdick E., Honour M., et al. Acute kidney injury,
mortality, length of stay, and costs in hospitalized patients. J Am Soc
Nephrol. 2005; 16 (11): 3365-70. https://doi.org/10.1681/
ASN.2004090740.

68. Parikh C.R., Abraham E., Ancukiewicz M., Edelstein C.L. Urine IL-18
is an early diagnostic marker for acute kidney injury and predicts
mortality in the intensive care unit. J Am Soc Nephrol. 2005; 16 (10):
3046-52. https://doi.org/10.1681/ASN.2005030236.

69. Nejat M., Pickering J.W., Walker R.J., et al. Urinary cystatin C is
diagnostic of acute kidney injury and sepsis, and predicts mortality in
the intensive care unit. Crit Care. 2010; 14 (3): R85. https://doi.
org/10.1186/cc9014.

70. Murray P.T., Mehta R.L., Shaw A., et al. Potential use of biomarkers
in acute kidney injury: report and summary of recommendations from
the 10" Acute Dialysis Quality Initiative consensus conference. Kidney
Int. 2014; 85 (3): 513-21. https://doi.org/10.1038/ki.2013.374.

71. Kellum J.A., Sileanu F.E., Murugan R., et al. Classifying AKI by urine
output versus serum creatinine level. J Am Soc Nephrol. 2015; 26 (9):
2231-8. https://doi.org/10.1681/ASN.2014070724.

72. Grubb A. Diagnostic value of analysis of cystatin C and protein HC
in biological fluids. Clin Nephrol. 1992; 38 (Suppl. 1): S20-7.

73. Abrahamson M., Alvarez-Fernandez M., Nathanson C.M. Cystatins.
Biochem Soc Symp. 2003; 70: 179-99. https://doi.org/10.1042/
bss0700179.

74. Hall A., Hakansson K., Mason R.W., et al. Structural basis for the
biological specificity of cystatin C. J Biol Chem. 1995; 270 (10): 5115-
21. https://doi.org/10.1074/jbc.270.10.5115.

75. Rawlings N.D., Barrett A.J. Evolution of proteins of the cystatin
superfamily. J Mol Evol. 1990; 30 (1): 60-71. https://doi.org/10.1007/
BF02102453.

76. Brown W.M., Dziegielewska K.M. Friends and relations of the
cystatin superfamily-new members and their evolution. Protein Sci.
1997; 6 (1): 5-12. https://doi.org/10.1002/pro.5560060102.

77. Lofberg H., Grubb A.O. Quantitation of y-trace in human biological
fluids: Indications for production in the central nervous system. Scand
J Clin Lab Invest. 1979; 39 (7): 619-26. https://doi.org/10.3109/
00365517909108866.

78. Levey A., Inker L. Assessment of glomerular filtration rate in health
and disease: a state of the art review. Clin Pharmacol Ther. 2017; 102
(3): 405-19. https://doi.org/10.1002/cpt.729.

79. Laterza O.F., Price C.P., Scott M.G. Cystatin C: an improved estimator
of glomerular filtration rate? Clin Chem. 2002; 48 (5): 699-707.

80. Dharnidharka V.R., Kwon C., Stevens G. Serum cystatin C is superior
to serum creatinine as a marker of kidney function: a meta-analysis.
Am J Kidney Dis. 2002; 40 (2): 221-6. https://doi.org/10.1053/
ajkd.2002.34487.

81. Roos J.F., Doust J., Tett S.E., Kirkpatrick C.M.J. Diagnostic accuracy
of cystatin C compared to serum creatinine for the estimation of renal
dysfunction in adults and children — a meta-analysis. Clin Biochem.

2007; 40 (5-6): 383-91. https://doi.org/10.1016/j.clinbiochem.
2006.10.026.

82. Croda-Todd M.T., Soto-Montano X.J., Hernandez-Cancino P.A.,
Juarez-Aguilar E. Adult cystatin C reference intervals determined by
nephelometric immunoassay. Clin Biochem. 2007; 40 (13-14): 1084-7.
https://doi.org/10.1016/j.clinbiochem.2007.05.011.

83. Kottgen A., Selvin E., Stevens L.A., et al. Serum cystatin C in the
United States: the Third National Health and Nutrition Examination
Survey (NHANES Hll). Am J Kidney Dis. 2008; 51 (3): 385-94. https://
doi.org/10.1053/j.ajkd.2007.11.019.

84. Gharaibeh K.A., Hamadah A.M., EI-Zoghby Z.M., et al. Cystatin C
predicts renal recovery earlier than creatinine among patients with acute
kidney injury. Kidney Int Rep. 2018; 3 (2): 337-42. https://doi.
org/10.1016/j.ekir.2017.10.012.

85. Digvijay K., Neri M., Fan W., et al. International survey on the
management of acute kidney injury and continuous renal replacement
therapies: year 2018. Blood Purif. 2019; 47 (1-3): 113-9. https://doi.
org/10.1159/000493724.

86. Yong Z., Pei X., Zhu B., et al. Predictive value of serum cystatin C
for acute kidney injury in adults: a meta-analysis of prospective cohort
trials. Sci Rep. 2017; 7 (1): 41012. https://doi.org/10.1038/srep41012.
87. Zhang W., Zhang T., Ding D., et al. Use of both serum cystatin C
and creatinine as diagnostic criteria for contrast-induced acute kidney
injury and its clinical implications. J Am Heart Assoc. 2017; 6 (1):
€004747. https://doi.org/10.1161/JAHA.116.004747.

88. Mandelbaum T., Scott D.J., Lee J., et al. OQutcome of critically ill
patients with acute kidney injury using the Acute Kidney Injury Network
criteria. Crit Care Med. 2011; 39 (12): 2659-64. https://doi.org/10.1097/
CCM.0b013e3182281f1h.

89. Fuchs L., Lee J., Novack V., et al. Severity of acute kidney injury and
two-year outcomes in critically ill patients. Chest. 2013; 144 (3): 866—
75. https://doi.org/10.1378/chest.12-2967.

90. Hoste E.A.J., Bagshaw S.M., Bellomo R., et al. Epidemiology of
acute kidney injury in critically ill patients: the multinational AKI-EPI
study. Int Care Med. 2015; 41 (8): 1411-23. https://doi.org/10.1007/
500134-015-3934-7.

91. Fortrie G., de Geus H.R.H., Betjes M.G.H. The aftermath of acute
kidney injury: a narrative review of long-term mortality and renal
function. Crit Care. 2019; 23 (1): 24. https://doi.org/10.1186/s13054-
019-2314-z.

92.Kim C.S., Bae E.H., Ma S.K., Kim S.W. A prospective observational
study on the predictive value of serum cystatin C for successful weaning
from continuous renal replacement therapy. Kidney Blood Pres Res.
2018; 43 (3): 872-81. https://doi.org/10.1159/000490335.

93.Jung C.Y., Joo Y.S., Kim H.W., et al. Creatinine—cystatin C ratio and
mortality in patients receiving intensive care and continuous kidney
replacement therapy: a retrospective cohort study. Am J Kidney Dis.
2020; 77 (4): 509-16e1. https://doi.org/10.1053/j.ajkd.2020.08.014.
94. Ravn B., Prowle J.R., Martensson J., et al. Superiority of serum
cystatin C over creatinine in prediction of long-term prognosis at
discharge from ICU. Crit Care Med. 2017; 45 (9): €932-40. https://doi.
org/10.1097/CCM.0000000000002537.

95. Willey J.Z., Moon Y.P., Husain S.A., et al. Creatinine versus cystatin
C for renal function-based mortality prediction in an elderly cohort: the
Northern Manhattan Study. PLoS One. 2020; 15 (1): €0226509. https://
doi.org/10.1371/journal.pone.0226509.

96.Yang T., Sun S., Zhao Y., et al. Biomarkers upon discontinuation of
renal replacement therapy predict 60-day survival and renal recovery in
critically ill patients with acute kidney injury. Hemodial Int. 2018; 22 (1):
56-65. https://doi.org/10.1111/hdi.12532.

97. Mcllroy D.R., Farkas D., Pan K., et al. Combining novel renal injury
markers with delta serum creatinine early after cardiac surgery and risk-
stratification for serious adverse outcomes: an exploratory analysis.
J Cardiothorac Vasc Anesth. 2018; 32 (5): 2190-200. https://doi.
0rg/10.1053/j.jvca.2017.12.052.

230

https://pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2024; Vol. 17 (2)


https://doi.org/10.35571/RMSJ.2019.1.006
https://doi.org/10.35571/RMSJ.2019.1.006
https://doi.org/10.52424/00269050_2022_343_12_38
https://doi.org/10.1681/ASN.2004090740
https://doi.org/10.1681/ASN.2004090740
https://doi.org/10.1186/cc9014
https://doi.org/10.1186/cc9014
https://doi.org/10.1042/bss0700179
https://doi.org/10.1042/bss0700179
https://doi.org/10.1007/BF02102453
https://doi.org/10.1007/BF02102453
https://doi.org/10.3109/00365517909108866
https://doi.org/10.3109/00365517909108866
https://doi.org/10.1053/ajkd.2002.34487
https://doi.org/10.1053/ajkd.2002.34487
https://doi.org/10.1016/j.clinbiochem.2006.10.026
https://doi.org/10.1016/j.clinbiochem.2006.10.026
https://doi.org/10.1053/j.ajkd.2007.11.019
https://doi.org/10.1053/j.ajkd.2007.11.019
https://doi.org/10.1016/j.ekir.2017.10.012
https://doi.org/10.1016/j.ekir.2017.10.012
https://doi.org/10.1159/000493724
https://doi.org/10.1159/000493724
https://doi.org/10.1097/CCM.0b013e3182281f1b
https://doi.org/10.1097/CCM.0b013e3182281f1b
https://doi.org/10.1007/s00134-015-3934-7
https://doi.org/10.1007/s00134-015-3934-7
https://doi.org/10.1186/s13054-019-2314-z
https://doi.org/10.1186/s13054-019-2314-z
https://doi.org/10.1097/CCM.0000000000002537
https://doi.org/10.1097/CCM.0000000000002537
https://doi.org/10.1371/journal.pone.0226509
https://doi.org/10.1371/journal.pone.0226509
https://doi.org/10.1053/j.jvca.2017.12.052
https://doi.org/10.1053/j.jvca.2017.12.052

O630pHbIE MyOJIMKALIMU (Dﬂ[]Mﬂliﬁﬁl{UHUMﬂl{ﬂ

Csepenus 06 asTopax

KopabenbHukos [aHunn ViBaHoBNY — K.M.H., LOLEHT, 3aBefyl0LLnii Kadeapon BHYTPEHHNX 60Ne3Hel ¢ Kypcamn CEMEAHO MeNLNHBI, PYHKUMOHANBHO
JNarHoCTUKU, MHAEKLNOHHBIX 60ne3Heit, pektop AHO LINO «MockoBckuii Meinko-coumanbsHbliid uHCTUTYT uM. @M. Taasa» (Mocksa, Poccus). ORCID ID: https://
orcid.org/0000-0002-0459-0488; Scopus Author ID: 7801382184; PVHL, SPIN-koa: 7380-7790.

Maromegannes Maromegann OmapacxaboBuy — aCCUCTEHT Kadhepbl XMPYPrnyeckux 60ne3Heil ¢ Kypcamm 3HA0CKONUM, aHECTE3MO0N0rMN 1 PeaHNMaTo-
noruu, akywepcTea u rudekonorun AHO LMNO «MockKoBCKWiA MeLuKo-coumnanbHblil MHCTUTYT uM. .. Maaza» (Mocksa, Poccus), Ha4anbHUK 0TAENeHUs
peaHuMaLy 1 UHTEHCWUBHOI Tepanui LEeHTPa aHecTe3nonornu, peaHumauun n nHTeHcuBHon Tepanum OTKY «1586 BOEHHbIA KNMHWUYECKUIA rOCnUTaNb»
Muno60poHsl Poccuu (Mogonsck, Poccus). ORCID ID: https://orcid.org/0000-0002-0483-1050; Scopus Author ID: 58284748000; PUHL| SPIN-kog: 1474-
8905. E-mail: magomedalim@mail.ru.

About the authors

Daniil I. Korabelnikov — MD, PhD, Associate Professor, Chief of Chair of Internal Diseases with Courses in Family Medicine, Functional Diagnostics, Infectious
Diseases, Rector, Moscow Haass Medical Social Institute (Moscow, Russia). ORCID ID: https://orcid.org/0000-0002-0459-0488; Scopus Author ID: 7801382184;
RSCI SPIN-code: 7380-7790.

Magomedali 0. Magomedaliev — Assistant Professor, Chair of Surgical Diseases with Courses in Endoscopy, Anesthesiology and Intensive Care, Obstetrics and
Gynecology, Moscow Haass Medical Social Institute (Moscow, Russia); Head of the Intensive Care Unit, Center of Anesthesiology, Resuscitation and Intensive
Care, 1586 Military Clinical Hospital (Podolsk, Russia). ORCID ID: https://orcid.org/0000-0002-0483-1050; Scopus Author ID: 58284748000; RSCI SPIN-code:
1474-8905. E-mail: magomedalim@mail.ru.

DGAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuKa 1 hapmakoanupemuonorus. 2024; Tom 17, No 2 https://pharmacoeconomics.ru 231





