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Abstract

Background: Acute Kidney Injury (AKI) is a clinical syndrome characterized by a sharp decline in
renal function caused by multiple causes. It has a high incidence in hospitalized patients, especially
critically ill patients, and is associated with other organ failure, prolonged hospitalization, and in-
creased mortality. So far, no effective therapeutic drug has been found for AKI. Early and accurate
identification of patients at high risk of AKI or AKI in the subclinical stage is crucial for timely inter-
vention and improving patient prognosis. Traditional diagnosis of AKI mainly relies on changes in
serum creatinine (Scr) and urine output, but these indicators have limitations such as insufficient
sensitivity, insufficient specificity and hysteresis. Therefore, exploring or verifying new biomarkers
or new methods that can predict the occurrence of AKI earlier and more accurately has become one
of the core hot spots in the current field of kidney disease research. Objective: This review aims to
systematically review the recent research progress on new biomarkers or imaging examinations
for predicting the occurrence of AKI, focusing on their predictive performance and joint application
value in different high-risk patients (such as sepsis, cardiac surgery, liver and kidney transplanta-
tion, etc.). Methods: An in-depth search was conducted on multiple databases, including CNKI, Wan-
fang, VIP, Pubmed and Medline. Articles published in the past five years were searched through key-
words such as “acute kidney injury”, “prediction”, “biomarker”, “early diagnosis” and “early warn-
ing”, and original studies, clinical trials, systematic reviews and meta-analyses involving human
subjects were included. Special attention was paid to new indicators that are meaningful for the
early diagnosis of acute kidney injury (AKI). The exclusion criteria included animal studies or in
vitro studies, case reports, letters, editorials and conference records. Studies that lacked detailed
descriptions of new indicators were also excluded. Results: New protein markers, inflammation and
immune indicators, imaging and functional evaluation indicators, and multi-index joint prediction
models provide new clinical ideas for the early prediction of AKI.
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2.1. FEEIRICH

WP A I H A 286 19 ICU BRERE B FH R I, R AKI ARG & iE R KEES 1 (HMGBL), Af
VMR I P R A KR 3241 (SFI-1) S A IMZ B % 82 miR-21-3p /K P& 35 7, 1 miR-578 7K T 44K,
DY 5 Bk A0 F 42 W 1. (AUC = 0.892) 4,  HAR TAE— B —4BHhR[1]

PR AT A A KRR IA SN 2 B 1A(sST2), RILHAE SA-AKIA BFEHH KT &,
sST2 > 85 ng/ml J& SA-AKI [T GG K2, 8 sST2 R 2 W AUC Ny 0.839, T At sei = fabn
[2].

TCARIBT IR, B AR S0 R (MIF) AR e 25 L FR & 31 AKIL BT SRR 5=
(OR =3.240), FLAETM AKI &A1 AUC {HIEE] T 0.85 [3].

2.2. SKIEIEHR

B 7 ERE B EbREMSL, — LRI IR b 5 TR R EOHT L S R A i BN AR A
WAFEN T T IZ 500

BRAN AR I, i PR ER(SUA)FT B2 THERER 11(2-MG) /KT T 2 Bk # i £ R AKI K TiE A R &
WAz, PIEECS R T — B —fah5, {H AUC {EAKT 0.85 [4].

VTR EA R FENT, RIUIREEIE B IS R 7 B2 MG 2 (NRF2)FIILZL R A A -1
(HO-1)/K P H e otk AKI SR R 25, T F T TN SA-AKI FR A, (H T GE /1 —M[5].

23 RBERE

PR BEAE B AT R AR R TN 5 T SO [V ) B e A I, 51 AR O 0 3 v 5 R A A
TAEFRRE R HE— B Rb, #6747 8 75 (venous excess ultrasound, VEXUS) 73 2% 2 4t e 6 61 S fiti 5 Bk VR L A%
JiE o X OH 45 25 3 HAORIF FTAIE S BBk 97107 68 75 (VEXUS) 73 8 R G BB A PPy i i IR 2, FLX kS f o R
A AKI B A RIFHANME (AUC = 0.878) [6].

AR5 FH R 75 1 R AT 8 B S LU BCR VR A% I 250 A 1 B EVE I O, Wik IR [RI(TTP) . 2k
R FA(AUC) IR 58 B (P1), & B 546 R FHER P RS TN SA-AKI [ R A [ 7]

3. LIERKMEFARRE AKI BT

OFEFAR, HETFELRIMEF(CPB)KITFA, EZBHNEKLE AKI K —PEfalER, HSRECEEA
[F) R P2 (R S B A 40, 51 SR I TR) P B Dl e Rt , PR E RS AKIL BEAE R AR SE T %
Th 3~8 fi5[8]. H4bh, AJmidk 5 2k B 45147 (contrast induced acute kidney injury, CIAKI)ZE £ % & IR Zh ik
- N¥G7T (percutaneous coronary intervention, PCI)[1)) iz B G I R At 362, FHEFE R CIAKI 2
= e SR A3 B vl ) 5 = KR, K A3 8.8%~20% [9] .

3.1. FTEAE YRR

3.1.1. piERRRRARREE X AR RIEHER(NGAL)

HR AL i B S AR S IR s 3R (NG AL) R — izt i 1 /N 4RI AN AR 158 45 B, 5 R P
JErh RIS A S B U, ARG R, R BT SR 2 RO R AR IR S
PRFLRI 2RE S 25 AR, BT LUK FHREAE R385 1 AR TN (B ALK [10], ELAE HoAth 8 2 v (B R AKIL B
WITEMERE . Sladen 3522 JE XS 81 A4 Lo IE T A B IIATIEVERT 7T, KPR NGAL IRIEAE AKI B A
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Ji L/ ERES T RELE AKI S, HAE AKL BEE ARG 3 /NEF1 18 /N Py RRSEHE I+ (R 5 2 3%
fE[11]. [FIEZ4RSE @0 450 4 ST B m AL O U AE(STEMI) 8 I At R B 2K NGAL 7EARFT &
RJG 24 /NEHRKE TR 5 STEMI B3 B 3% PCI 5 K AE AKI ASZAEC[12].

3.1.2. BiRGETF(KIM-1)

B Rl (KIM-1) 2 — P 4 B 45 45 i (B 1t Bl 83 46 ) i B R A At o, 3 2 el ot /) A 4 i
Ao R KIM-1 SRR T AKI AN R J5 SR 235 68 J1[13]. 1 3 SR S it 7 3 @ 0 3l s M /s J Lot
AR S5 M35 AR (BNP) IR B 45145 43 -1 (KIM-1) R BRI 2 C (CysC)/KF, KIL AKI 4 IR FEFRTE
A5 S R 5 3 A T R, SRR KIM-1 E TGO AE AR G AKI F g RAFE, FE R R B = T08 4 1
M AKI KA1 AUC 3% 0.893, LT A IikG MI[14].

3.2. SKIEIEHR

I I T I R ) S 5% 2 FR AR A AT DAZEAR S AR RTINS 45 B 4 (9 TR0 28 e

B O A A B Bk JZ (ATAAD) &, adid Bl B 20 A R IR HT 8 B 5 3k 8 A EU (B (AGR)
R A B EFBK R ZE(ATAAD) B E ARG &4 AKI AT fE & [ 2 (OR = 22.721), AGR > 1.65 A[{EN
RJa AKI B & &7 2 A B8 iR 15] .

FHRAHANDCEZ A m UE AMI RS, RILEEIIE C AP AMEPUEE ML EFIIIK P2 CIAKI FAk
SER R R, S BCA TG AUC 2 0.818, LT AR TINI[16] . IR AT I BA A R E D R B R
GiVE e RAEFRE RSN S N K B BUANIRIKAT/R(NT-proBNP) 24 STEMI % &2 PCl R k4t
CIAKI AL a2, Wit CIAKI R A B N8, (H =38 B4 1 Tl 58 /) 547 (AUC =
0.801) [17].

3.3. HRERE

A EOCHE FARARE AKL BIRAET RS T R HHSCR . R & & EE0z) B
(transesophageal echocardiography, TEE)E: A& H T O AE T AR A O IhREIPPAL, Tk QUF A & &8
8 75 0Bl B (TEE) EA H I & B 3l Ik BH 77 75 2(RI), &I CPB 45 A 5 30 734 ' ik RI A2 Lo ifi 3% i (CPB)
OIEARJE KA AKI RS ER R Z, HF AUC =ik 0.893, AU IEAR f5 AKI ) FUE SR 1 137 T B [18]

4. Bt AKI BIFGHRFSE

B 7 IREEAE B ALO L TR, AKEIEH T SRR 28 3T L)L L R 1 45 2 Ml RS 2L,
BEXTIX LT 5 AKI T 7E RIS 1A NLERE -

4.1, 2MERRAEX AKI

TEBPERRIR 2 A, T M EFH IR T — W2 O 7, WEEAE 11 ZAEREH O 84 4 2tk
M 58 J 3 BORL R B AR A AR AL S A 2 (TIMP-2) 5B By 3 A A KA 45 & 8 H 7 (IGFBP7) 3R
([TIMP-2]*[IGFBP-7]) kb SCr. NGAL A& 5 L3045 2ot T Sk e i 4 J 3 &2 AKIL, AUC v 0.83, Hi
{H(>2.46)5 F 2 MIGIR S A< [19]. b, FUKESMPFRER, SRR TN ZE St w ik ss A1
(ACS) & KA AKI K 2 4 Y FET R 5 T35 A R4 (9 i = B0 [20] .

A e A U R T v Vel = IORE 28 R SR R IR 2 (HTG-SAP), A BRI 5 4% 1% #2 85 11 (Z0-1, Oc-
cludin, Claudin-1)7K-FF# A APACHE I 343, XT3 & AKI BA B =y B L A0 i (B & 15242 AUC = 0.998)
[21].
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R RIBET APACHEI 43, [MLiE miR-29a % Z AR 2R % BEH WHE IR S TN E, Sk
Tl AUC Ak 0.934 [22] .

4.2. FrEJLERJLE AKI

TERTA ) LFLE B T, 205 S 8 R (0 2 3 e e e AR AR LR IR A, RIS Bl ik BH 77
FREURRI) BT JE A LUAR RN B S5 [ 75 38 i LB — & KA, BB A RUTINNRFE M AKI 1R 4 (AUC = 0.945)
[23].

4.3. FFBHERE AKI
% T LS S 5 R ILA T NT-proBNP /K V2 BB A G R A4 AKI 13T /6 [ IR £ [24] -
5. AKI BIEX& TN REE S TN ER M & RiEH

AR, AKIL T FE I — AN B a3 N —FR SR AR SRS . WEYIFR SV I R T8 AR
H5RAESHEAW TR, B IEA T R SR A

TR A5 O 5% s gt 4 3 AF B A S SR T U R B . 9, I G A R I R M R - R L i B A
(NLR) Fh- = B A it A 350 7 6 I 375 T8 B[] (APT T) 2B K 7] DA LA T Ak B0 A8 2 AR R A, FLIBE & T 2%
e AUC (0.76) /1 T P # B Tl [25] -

VA SN R 8 22 I e P (CDUS) I &2 (1 15 B Ak B 70 i 5 (R1) 38528048 5 (P1) 55 1f 37 40 i 19 86 B 73 F-1
(ICAM-1). ML 4R 73 -1 (VCAM-1)BX A, RHE e PEAR 7 8 25 28 AR I HS B8 v AR T 4 (L (AUC
=0.889) [26].

AR S5 G 7 RIS FRARAS B2 78 75 KU F8 ZU(GNRI) FH S R 8 5 PR HH 1A L 440 i/ 9k 28 248 i B A
(NLR), BRI 1 24 8 4 B ERa ARG AKL, A AUC 5 0.850 [27].

6. it

3 3 S A S SOk AP R R B, 24RO I AR (A ARC Y T 7T R AT AKI ) S R
o WERRE BRI 28 L O IV TR GE 258 R ILTIN AKI [ 2E bR ic 2 B 9 2 FF , BEFLHE NGAL
KIM-1.[TIMP-2]*[IGFBP-7125 FH X 351 B4 1 B A 3 1 2 1, IR EE T sST2. S &5 98 AE A, LA miRNA.
RFF= 50 Fhrid, EEHE AGR. NLR 55 B MR TA LR G184 T B2 Tt FIESE, Z4RbREk
B TMERL(TE 1R 2 2 FAEMbR RS, EREDREH S IGIR . B S EIN L S) TN 6e
(BL AUC fi i) i E AL T B — 48 H5

FRUE B bR SRR 20 58 HPAlE B R A 28 10, (HEAR i & WLEF SR & —FEFEIR IR B 2 FI e
IREMBREE, RN 1SR 5T AS 2 CAAIE BT — — B AE b B s AR S 48 b i B B B ARME L
FE AR S TR SR B, LT T AR Sl 2 32 2040 AKL R R L] R s e 5
FAnR R sgm, HIERENEETAANTE . 7o, brdERF & Mok = o H S T AKIL 5302
W7 5 i = TR AT IR AIE o BT B AR WA S A BREAR S U BRI AR X R RSN T AR TS
A EA R T SOCTE R ). PRI 22 (0 S R TR AR DI LS PR AP R, ik T HE Y 302
S E I 7 IR R HE NG R S B2 A

%30k
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