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The role of clinical laboratory testing
for the management of acute kidney injury (AKI)

Masaru Kinomura

Summary Acute kidney injury (AKI) is frequently observed in critically ill patients or after
cardiac surgery. It results in short- and long-term renal impairment and increased mortality. The
serum creatinine levels increase in the later periods, but there is no ideal laboratory test for
detecting or diagnosing early renal tubular injury prior to a decline in the glomerular filtration rate.
Furthermore, the diagnosis of AKI should be made promptly and as non-invasively as possible due
to the need for urgent therapeutic intervention. Several candidate biomarkers, such as neutrophil
gelatinase-associated lipocalin (NAGL) and liver-type fatty acid protein (L-FABP), have been
identified for early the detection, diagnosis, and prediction of AKI progression. It is important to
identify biomarkers indicating appropriate treatments and renal replacement therapies in AKI. This
may be achieved by establishing valid criteria including a combination of existing and next-

generation biomarkers to histologically assess the tubular function.
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I. AKI DEEEDE

AKID 5E F i 5E @ 72 8, 20024F |2 The Acute
Dialysis Quality Initiative (ADOQI) = > -z > ¥
AT 77 b ADSEME S AL, 20044F |ZRIFLE
F e (Table 1) A356% & 72V, RIFLE&HE T
\EIyE 27 L7 J =~ (serum Creatinine ; sCr) @
LA ARERMAEUEM R (glomerular filtration rate ;
GFR) OIKF. JREDL T CARFEZEHK L, &
IE B P R PR B9 T £ 12 & V) Risk - Injury - Failure -
Loss * End-Stage Kidney Disease D58 [ 12 47 48
L7zODHHTH 5o

% O 1% American Kidney Injury Network (AKIN)
5. ARFL D) & RO B EEE % &0 725 B
& & L CAKIZHRIE S, Zo3iE L 1L T2007
{EIZRIFLEZH#E DB IEZ T 5 AKINE:E (Table
2) DRI NY, ZOHTAKIE, O AsCr
=0.3 mg/dL (485 LLY) . @sCrod i it 7
515 RS (48EEILUA) . BJRE0.5 mL/
kg/F§ LLF 236/ ] DL EFife, o hr1o%
7= s s L EF SN, £72, K=

Table I RIFLEZEitE
GFREL# REE#E
Risk sCri.5fELLE or 0.5 mL/kg/BF K i
GFRIET>25% GRFME LLE
Injury | sCr2f& Ll E or 0.5 mL/kg/BF K i
GFRIE T>50 % 1285 Ll E
Failure | sCr3f&LlE or 0.3 mL/kg/BE R
GFR{ET>75 % or 2485 LA E or
sCr0.5 = mg/dLO M LR | 1265H L L DR
#¥5sCr = 4 mg/dL
Loss T HARF(BEED T2 R R) 4ER LI £
ESKD | REIBA £ M A ULDOBIKE)
Table 2 AKINZ:iE
TESE | 1. AsCr=0.3 mg/dL (4885 LK)
2. sSCrDEHEHEN D151 £ 7 (48BERILIA)
3. FRE0.5 mL/kg/BF LA T V6 RF 8 LU £ H it
sCrit# REE#
Stage 1 | AsCr=0.3 mg/dL or 0.5 mL/kg/BE
sCr1.5~2.0fE L 5§ 6B LLE
Stage 2 | sCr2.0~3.0f5 L5 0.5 mL/kg/BFR
1285 L E
Stage 3 | sCr3.0f~ E & or 0.3 ml/kg/BE K
sCr= 4.0 mg/dLETHDERF | 2465 LLLE or
or BB AL 12858 LU £ DR

B
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& 51220124 12Kidney Disease Improving
Global Outcome (KDIGO) 7%* 5 RIFLE#: % &
AKINZE# % 4 L 72ZKDIGOZE#  (Table 3) #°
MBI NZY, ZOIMETIE, sCrOFLEEED
15U EIZ A9 2 F TOWMATHLDNICE
Bl 572 LRI T 5. KDIGOKHE T,
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IZBWT, ABREEDOAKBSERIL. W A21.6
%. /NE33.7%. R T232%TH Y . HEiGHE
2% (Intensive Care Unit ; ICU) =2/0ig 4R Tl
BICBWCTEHEEICEET 2 2 L EhT
W 59 20104F 20 H20114F 12 22 1 T HBEICULS
AZE LRI BOBENANBE BT L5128
WTh, AKIFSIERI3258%Tdh - 727 AKIIE
M EA LR OMES I S B D & T AT
WZ En, BB - A O BEPEDSFR
MENTBY., ik OAKIES Wi HE Tl AsCr
=03 mg/dL& ) BT 9 esCrOZ LR IR= |2
£ o TAKIZ #ZWi L CT\wb, —F. sCridGFR
PETFLTHWOTERST 22 &5, GFRIETF
X0 B o RN B 0 By & ot B Y
H5bo

Table 3 KDIGOZ:i#

TEE | 1.AsCr= 0.3 mg/dL(48BFRALLA)
2. sCrOEBEEM 515 EF (7ALIA)
3. PRE0.5 ml/kg/F LA T AS6BFRA LL_E Bt
sCrEL#E REEEZ
Stage 1 | AsCr= 0.3 mg/dL or 0.5 mL/kg/BFR i
sCri.5~1.9f% 8§ 6EFRILLE
Stage 2 | sCr2.0~2.9f% L& 0.5 mL/kg/BF K i
1285 Ll E
Stage 3 | sCr3.0f&~ L5 or 0.3 mL/kg/BF R
sCr= 4.0 mg/dLETD LR 2485 LLE or
or 1285 KL £ D IR
EREBEERE
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T/, AKUZZFORENICE Y, OFwit %
ADIMFEDPI TS5 L& B, QB R
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P AR OBAZE 2 S & 0 T B bR
EIZL D, T ENE, 209 bIEEHAC
THRITRE 2 B MEAKT & &V, BRI TEAKT
BYHAKIOE RN, JRZELE. JRILE. - Y
v AHEIST T, RIS TR,
% ETITbNADS, BEEFFREWT LS 5
TldZe\ve 7o, Wpd51C & 2 BHRENEO
FOBPET LR S o5, RO REEE 2 &1
ARG LWES 2 LI LSRR
Bo SOIEGINENANRZ BRI, SIRMEKRE
R0 JRANE T S O MLHRET AT B 19 CB AR % FE
T25ZEIEHEETH L, BRI BWT, G
JEOT 70— F SR i TEAKT & B EAKT
DEHNEFET 5 Z L1EL v,

EH 12, AKIBEZ OBHEREICOWT D, 5
LT LR KB AT LB
BTN 70 DIEFNIINZ . AKI 2 & 18 B
%% (chronic Kidney Disease ; CKD) (B4 T %
JEFISI SN TV %, AKIZFSIET A & CKDIZ
%5 0) A7 DRSS 5 LHMEIN TS
A NSO TENIBIR T L v,

INHDZ EMHAKIOREZH, R, &
TFHRIEGTHRETUNT 55 F~—H =25k
DHENTET,

V. AKIONAFA~v—H—

AKIDIHZE D EFEIIRAE LM & £ 2 5
NTBY ., RMERE D~ — 7 —DAKDN A
Y= =L LTHEERN SR SN TW, T
9 HN-acetyl- B -D-glucosaminidase (NAG) (L%
TR AR AR L B oD JRAR A
FETRANER LRTIREDS LA L, K5 F&
#ZHT&» 5 B2 microglobulin ( f2MG) X al
microglobulin (3 RS e |2 B ) TR 3512
LD IRABEEREAEE T 5 & S TWwb, Lol
N OISR REZT Th REREREETY
FH9 52 LR, JRNAGR IR B2MGIE FRpHIZ
HEEZTRTVIELL, LVBEOE
AKINA F Y= —=HPEINT &, £OPT
WEREME /N A 4 ~—F — & L T Cystatine C
(Cys-C). FRMEEE~ - —L LT
interleukin (IL) -18.kidney injury molecule (KIM)
-1. liver-type fatty acid binding protein (L-FABP) .
neutrophil gelatinase-associated lipocalin (NGAL) .
¥ 72 M R 3 o S #E1Z B -3 A tissue inhibitor
of metalloproteinase-2 (TIMP-2) <°IGF-binding
protein-7 (IGFBP7) 7% &% H & 11C % 72 (Table
4)"c 09 LIEAETIEGFROFEE & LTIl
ECysCAt 20054E 70 5, F 72AKID Bt b 5 B
B ORBIFZ MW & L TIKRL-FABP2S20114E 7> & |
PENGAL%?20174E 70 5 BRI S T %o

L-FABPI3 %5 F & 14 kDa® .53 F % [1 C,

Tabled AKIO/SA 4 —7— (ChoR S5, —HHL)

Bk REEA ’AF=<T—h—IZ
wEE5Z25EF
HRE cys-C | R Eoy i) TILIZURIECys-CD
marker ;& PR ettt 2 18 m,
MepCys-ClEIXGFRIZEE
REEES | 1L-18 R | EGIFRHEE, BBk, HAE, BUIYE, DAET
marker MmiE |BHKHERGE, SRR, BiE
BEE, BIBRE
KIM-1 | FR SEfLPRHE B EAMARRE, CKD,
BHEDEAIR, Sickle-cell
nephropathy T 18
L-FABP | R SERIFRHME, B FFRE, BRISE,
NG, B B, B ZRMEDSE, CKDTLER
NGAL | R B, wFchEk, AT, B2 %) & BRREAE, RIER
ik Re, A, Eim, EUESIC
FEESTD
NAG R ELIRHE REPLCEEETHE
Cellcycle | TIMP-2 | R £ E R, -
Arrest IGFBP7 B RHE £ AR
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b b TR R A F A oM %
CHEL TS, BRI RIS U
TR AL, S O K TR
T HF TV ANIGET HEE O, —H R
HIE R B O BRIl - PRS2 & 729 LG PEER
T, BEEENRTER IR & b o ER L
MR 122540 S U5 A, L-FABPIZ Z 0@ R L IE
B LKA LRAERECHEE S Y, 2o
&5, FRL-FABPIXRMIE 0 IR ML 2 b
LADOR = —EEZ6NTw5AE, F 70
NGALIE 5T #4925 kDaD 4 T & H T, ift
L L7 Bkicm 2. BRAME FREMa I 53
T %o NGALOMERIZ & F I K 5725, Bldics
T AREREE L CIRIR OB LEFE, MifukE
ENZ L A U7 7 k2 JRAE E AN R
THIETHREICE LEZLN TS,

PRONA K< — 71— DAKIF S WiaE % Wit L
RHEBOVATYT A v 7 LY a— XS RIT
128 W T, JENGALX JRL-FABPD A HI 14 257
BENTWD, 2095, ICURLIEMEYEE
Fiith 7z & O BEEIC BT 5 FRL-FABPDAKI
ZWHEIZ DWW TR L7z 2 Z BT Cld, Z DK
JZ£1374.5% (95%CI; 60.4-84.8) . HFELJE1177.6%
(95%CI; 61.5-88.2%) Td -7 F7ZICUR L
TR M SR AT 2. S A BRE O BB 2 L1
BT 5 JRNGALD AKIFZ e & et L 7 £ & fif
WrCid, B 1376.4% (95%CI; 70.4-81.6) . 4§
FE1$85.1% (95%CI; 76.6-90.9) TH > 7=y & 5
VDI VRE AT 72 D AKIZSWHIZ RIS 5 X &
ik BT 12 B v T, % Darea under the receiver
operating curve (AUC) I3 JRNGALC0.72 (95%ClI;
0.66-0.79) . FEL-FABPT0.72 (95%CI : 0.60-
0.85) & . L-FABP& NGALIZ T IZ[[%E D AKIF
WZWiE L RS T b,

B EPEAKIE B PEAKIO 88 B BT A IR
NGAL. JRL-FABPOHHMEIZDOWT, HED
WAL T %0 €D ) LREHFHIABE L 72
BEEZDNRIZLHENICB T, BHAKIES
30N O JRNGALfE (416 =387 ug/eCr) (L. FF
HiTEAKUE 88 A D JRNGALAE (30.1+92.0 u g/
eCr) WL THEILEP 2729, TOHMET
13 B AT MEAKIOD FRNGALME (3 8 4% g 1F % B 5
411N @ JENGALME (15.5%+15.3 ug/gCr) & [d]
BAZAE Td o 7245 B EAKIE & O R
NGALX JRL-FABPIHASIEAKUEZ |2 L C 5

B

T5L0HELH N0, AKIERIOTH TIX/NA
T~ —H—OFHEIIRENTH 5,

AKIOHIN 2B TR EMTHEE THT 5
v —h =& LT, RalMG? RRiLE TR
HIAE bRz R JERL P D BASARTE 3 O AU i
ERATTHNCEHRTH LY LHiESN T,
F2ETH - EETRICET S XS EITICB W
T, I - INGAL®D 712 & » TR
IR L 72 5 0ddstb1312.9 (95%CT ; 4.9-33.9) .
BENFE T DOddsH138.8 (95%CI ; 1.9-40.8) &
JENGALD A AMEIERENTIEH 27 EHTH
LATREMEAS R ENT W 59, JRL-FABPIZ. &
RFRELE DL E & 7 50ddstH 132,24 (95%CI
0.53-9.50) L EEETIRVL OO, BENIETLD
0ddstt 1313.72 (95%CI ; 1.96-95.89) & /R &1L
TV 5B, SEHA TOAKIEF OB T - Ay
FhETFUT LN T =T =122V TIE, #H
EDVRENTH B FHTHEHOEN 7 + 10—
BF O AT Tk, AKIRE (X FEAKIRE I L L TR
L-FABPX JRIL-180° & fH T & o 7225, 28 T
GFR - Il - BHR L OBEEIL 0o 72 L s
ENTWDEY, —F, BRI 48 2 D IR
L-FABPEDS I 4F (2 OHEEGFRAAL L HHBE 3% &
DIHE b, SHROMFAPLELEZ S,

V. AKINNA A7 —h—~DHAF & RE

AKIZIRICB VT4 N A+~ — 5 — 0542
B, B, - AT RTINS0
AUIMEE SN T WD, 72, SHBLFHANA
T = =DEEREN, BRIOHSNL TH A
9o L-FABPR°NGALZ%: & Rk CHA T #E 72
INA F <= =%, BEELRENS VAKIZ R
2BV THARERIL OB B 23 20 W 72 D HITE LR
TOWHEND D, Lo L. BV SRS
DLy~ —7— (CPK. MUK =2T, H-FABP
E) ®XHIZ, HEDAKIZHE - HFEMAIC
BWCTINSDINA F < —F—DFEARA I FI
ENTWENREVHIE, Z2TFTES>THRW
DWEBEDOL A THL, TOERDIDE L
Ty AKNF S F S F WAL D FIE - ERET
LA FOEBIBIRTH [HEERIHT 2
Bl L [BARErHHET 2 TOBEAREHO
FH] THY ., A & ORI
LTWRWwZ EDZEFoNb, £ 70y DlEE
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