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[Abstract] Acute kidney injury (AKI) is a clinical syndrome characterized by a rapid decline in renal function
over a short period. It is associated with high incidence and mortality rates and is closely linked to the development of
chronic kidney disease (CKD) and end-stage renal disease (ESRD), rendering it a major global public health challenge.
Conventional diagnostic markers [such as serum creatinine (SCr) and urine output] have an inherently delayed in
reflecting true renal function changes, often resulting in delayed clinical intervention. Consequently, early recognition
of AKI has become pivotal for improving patient outcomes. In recent years, novel biomarkers [including tissue inhibitor
of metalloproteinases-2 (TIMP-2), insulin-like growth factor-binding protein 7 (IGFBP-7), and cystatin C (Cys C)] have
demonstrated superior sensitivity and specificity compared with traditional indicators by capturing early tubular stress,
injury, and functional alterations. Meanwhile, advanced imaging modalities [such as ultrasound and magnetic resonance
imaging (MRI)] offer noninvasive insights into renal hemodynamics and structural-functional changes, thereby expanding
the toolbox for early diagnosis. Furthermore, machine learning models [including decision trees, random forest, extreme
gradient boosting (XGBoost), and recurrent neural networks (RNN)] enhance risk stratification and dynamic prediction
capabilities by integrating multimodal clinical data and biomarker data. Collectively, these emerging technologies not
only enable earlier diagnosis of AKI but also facilitate precise subtyping and longitudinal prognostic assessment, thereby
providing objective, evidence-based foundations for individualized therapeutic interventions. This review systematically
synthesizes recent advances in the field of early AKI detection, aiming to elucidate the theoretical underpinnings, clinical
translational value, and current limitations of biomarkers, imaging techniques, and predictive modeling approaches
ultimately offering practical guidance for clinicians.
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ICU) H# &M 3 ik 50% 2, AKT 51 & (195 45
H BRI, v] 5| & RGENEIF KAE (W2 4%
B IIRERRAS), 75 IR | i e 1 B e
(chronic kidney disease, CKD ) (14 £ AL T XU i 2
st ST, SRR YR Rk
20 9 BH it A DGR i 2 2826 1 (neutrophil gelatinase-
associated lipocalin, NGAL), "B i 17 43 F 1 (kidney
injury molecule-1, KIM-1) ] 2} 2 Wa il K 1% 2 42 nf
REAN JE DA BRI PR 45 ) , 75 E— 20 5 W) JIAG £ |
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WAL ) Z B SRR AR LA & 5 US98 %
MR YT AR B DS 2R 59 0, HAa B R S+
JETRME LU R RS W oK . LA SCr o), Hok B
AR A3 H i e T /N BRE I & (glomerular filtration
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PR I B 1 1
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binding protein, L-FABP) L M 4> J& £ 1 B2 U |
5l 2 (tissue inhibitor of metalloproteinase-2, TIMP-2)
A S ZREA KA F456 8 1 7 (insulin-like growth
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ALP A PEBEIRRE , CCL14 2 CC LIy L FCH 14, 1L-18 A1
N2 -18, 1L-9 M HANHIAN R 9
L1 R ObR AR - S U 20 X 458 0 Y
RN CAnZn i R B0 4t L B R - A R R R
4t (renin—angiotensin system, RAS) % 15 ). 145 .
@ TIMP-2 FI IGFBP-7, J& G1 4 Jifd J& 1 BEL %5 25 11,
A BHL L A0 43 2408 DNA #5145, S e /g T 1
GRIRE . PRI TIMP-2 X IGFBP-7 Hilil] 12 h 74
PR 2~ 3 G AKI I Z 0 TARRHIE LT 1 AR
(area under the receiver operator characteristic curve,
AUC) 35 0.800, fI T HAAR Y, 75 6 B b 24
W BHE R (Food and Drug Administration, FDA ) 4t
HEFITFIG IR, 24 h BUALRESCHE (AUC=0.818) """,
@ 145 %7K KR (angiotensinogen, AGT), RAS | Jjif
Py o, B ol i I T /NE AGT Rk B . 7E
S EZEA1E (acute cardiorenal syndrome, ACRS)
H, JRIBCAGT H SCr 5 T 2 ~ 4 d, FUI AUC 34
0.780 5 4 37 T 1 4 AL T HI-FHAE BE KU 1Y AUC=
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1.2 bRy - BRSNS S A B
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SRRMiR A, B NSRRI AR T, Atk
AR F1 50 (acute decompensated heart failure,
ADHF) & A B 5 48 h Bl AUC ik 0.911 (U
FE 94% ¥y 5 89%) . HAHEME T AKT L)
LW, 0 NEAR JE BT AUC=0.720"*', @ KIM-1,
AT/ INE AR T AT, 30 5 A I O 1 A L A
( WEARTE AU -3- 3 ( phosphatidyl inositol-3-kinase,
PI3K) S IR ) 5 5T, KIM-1 YRS GFR
TREA G, TSRS, KIM-1 A 7E PRI &
B, IR I ] A DR AR E o KIM-1 2AT I PR AT
S, BB ] s i R AR AR DT A L /N P
P FEGRIME2PEE NERIES , BRI
FMGE 17, FDA S HL#E KIM-1 T Ifi R 5 25 90 97
K. 3 N RNA (microRNA , miRNA ), 3 2 i
SRATEHE P (40 miRNA-22 41 i 12 B8 % 5 46 14 B/
Toll # 52 {& 4/ #% % 5% F - -xB (high mobility group
protein B1/Toll-like receptors 4/ nuclear factor-kB,
HMGBI1/TLR4/NF-xB) i # ] 2 55 AKI '™/, miRNA
5 AKIL R R A 2R AT, A0 miRNA-21 7 JRICRI L
W B E TR, IS AKI BRI I
A, R e K BE E 46 15 RNA (long non-coding RNA ,
IncRNA) 7E Bl AR NS AE 25 17 T 855 3838, I FE
g B
1.3 DIREFRAEY) - S Nk g Dy BRSO T
e Bk, 4% : © B ZE C(cystatin C, Cys C), H
JIT A A A AR B D 3 A, — R e IR
bl 22 P A 1 I A 75 , A5 P ORI B L AN sz ] | AT
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A, W] BN RESL M AKL, (HEB A BFFEREAR BN,
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B A8 h 17 d N AKT (EH L (odds ratio, OR) 53
B 3.3 F1 2.1 ), 5 AKI "™ H AR B R P B A
5 7T 43 (quick sequential organ failure assessment,
qSOFA) S IEARE, 12T AUC=0.830, 5 NGALAH>4,
{H32 S E AN
SRR W bR SE WA IE ST T s R AR
W) BRI RS2 B i 2z AT T I Pk . A
R RIS T 1 — 20 Bk LEBR A R S B R
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RUE AR S W AE AKT LR b R B
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B BRI 52T, I8 2 A AKT Fi
HP A IO B Gl PR SCHEA T G
2.1 RS O HORTE AKT YRR
A B RN, PR AN S 3 25 I g
T3 R R 55 BIVESE ] F P 45 4R i, e G R DA i
Vish ep A TR i s ZHs A S
0 (e BH 4148 %% (renal resistance index, RRI). &
it Ik #9550 48 %X (renal venous pulsatility index, RVPI)
8 ), ALRE AR AT AKT 5 21 A AL, 4 7T 52 B
JRUIRS: 43 J22 , AEL K G PR N7 FH 5 ASC A8 AR R 5
SRE.

FE ML 3 J7 2 VEAG v, RRI & 2o 5 2230 )
JRARF ARG () 8 2 Sk i 3 14 240, HOE
SR Bl kA 9T i B (peak systolic velocity,
PSV) 5 &7 3K K it 3 (end-diastolic velocity, EDV)
9 22 {EL B LA Wi 446 30 06 {F 3 382, B RRI= (PSV —
EDV)/PSV.. 1246 b5 S B E 14 R B BEL RS
AJ APPSR T S R PR REL T 2 e
PEAS B IR 3 ) 2 i GBS AR . RRIAY L3 AE
THERAERIME | vl A MR, JFRE S A M G719
Jo BB P AR O (AN Il A TS PR 25 1) M #E J5 RRL
T RE=0.05 27 i 3 8 12 ki) . SR, RRI
FR R S 1 o 2 AR B E DR 3R T 0, 6 5 o A8 I
B Cn Bl Bk Ak 5 E R RRL &) Mo R 75
(>100 ¥ /min B EDV M TR2Z), i 4 13 ORIk
JiE 454 B M 3 30 1R A T 4R A s

SR s TN K RE , 22 A K G RIS B T
I PRS2 #e. BT, RVPLIK A RRI AJ &8 42 T
FFREA S AKT BTN RE (B AUC=0.780, Hj
RRI ) AUC=0.640), FLAIL I AT A -5 i K 4 15 2
F B I S S B AR ARG . Ak, Bk 22 3 80
DI AT 3 G D P K 1D K A /IS TR
S O DK R H AR OC 9 5 B Zh BE R A%, T
A E EPIR AR Th R L WA TE 687 A fi o ok 2 48
Nt B bR AR VR A 7 & P B IE
W R HEDE , S AR IR TR 1 5
AKT RS BRI I RIH R R
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2.2 EHAR RIS (magnetic resonance imaging, MRI) ;
SRR RS B AR, MRI FEASEH & o0 R
Y2280 Bie 1, M AKT [ B AR BEAL ] AT 42
HET B 2 228 MRI Al 40— Fh U Y
“SUBREMAREY)T, vl LIAE AKT R 254
MIRER 55 A B TR W2 WA g . — 3
WEER M, 1 AKL I, 2 250 MRT 7R H T A
JELEHEFIZREAE AL, S TE 1 45 LR AL TR RIS B
MRI U s {EATS s v o SR B R 2 e Hy . X Sk
FM, 3k L R N BEBE A B PR R AR AKT BUE ey
CKD, 5 B — B IN BFFE R IR X — %
3 ETFiaRERER R
TEAEYIBR S SR A R Z I BT I R %L
Tt (0 USSR AT LG ok S 2 AR REAE L 2R
THAKI XU S ZRE ST o A GE NG ARAS Y 32 2L T Il R
RPAE | S50 % A6 A 45 SR A S A5 A5 Bl SE i
T3S AR X SO 445 Logistic 1]
A COX [MIHAAETTHk , RESS PR A Y T 45 2R .
3.1 Logistic [AIJHBLR  Logistic [A]IHFRYIE 5 H 1
I RSB AY Z2 — 3 o 43 A7 24 i RS 1 5 AKI
K Z IS 2 S I 5 AR n—TAAE ST
{1 Logistic [M1ARRL7MHT 18 998 i1 e £ 47 %k
P, I SCr. CysC. JR{ME & 1/ WL (albumin/
creatinine, Alb/Cr) HUAE  BAff FHB IR 2 SIBA
i FHIF M AKL &R EEHE
3.2 COX [RIJARIRL . COX [ml YA A5 Y 5 FH T 43 bt
(] A A8 1) A= A7 B, BE TUI AKT A9 & A2 B[] XL
620 IR FE A COX [l IR T S04 1 53]
RIS FEZR SCr 7K . Charlson & 3FEFE %X (Charlson
comorbidity index, CCI), ICU A B Z& %Y | HEBR 'S E
PE 1) B1 28 B 5 3 BT 49 (sequential organ failure
assessment, SOFA ) I i 2 5 EACIE T (renal
replacement therapy , RRT), PAPEA X 4~FRES 90 d
TEILARZ Tl F Sl
3.3 Hlawie AL . ML I BB RE AL PO Il TR
Bl , SO A ARSI, AT 44 s Fou il )
PERIBSRCPE . B UL A HIL a2 > BB AL HE DS v | it
LMK . SZREEHL (support vector machine, SVM ).,
16 B $2 F+ #L (gradient boosting machine, GBM ) A1
A2 M 2% (recurrent neural network , RNN ) 4 N
TRER AR AL 1 A4 AR Z5 4 L B 530 4 Hitis
& ARFIRAER T AR an— TR sk
B SER F AKT SR 5 9 AUC=0.780""", BhHL 7R

ARSI 38 o 1l 22 DR SRR, 41 v TN A A 1
WA PE L — TS AR TR AKT B, SR 9 AL
#2252 (machine learning algorithm,, ML) #E47BA
FNYIN 2, e I B AL R ARASE B ARG $ fi 8 25, 7 I3 BA
Bl AUC 9 0.674 ~ 0.821 1. SVM AR 1 T4k
SRR , BB 4328 38 ) T 4R 1 43 26 1)
R, fTH SVM BRI 34T 1CU 2 4F 35 I RN 1)
52 7R, SVM BTRITI AKT 1) AUC=0.853""",
117 GBM #5% Y 38 o 728 A0 A0 AR Y, /D F 00 5% 22
i vy T ) A — S P AR i A R 4 T A
# (eXtreme gradient boosting, XGBoost) 73T ICU %
AF FB 3 im PR B9 9 S s, L0 AKT & A 1Y
AUC=0.875 """, RNN A58 i b 30 1) )5 1) K4
TN AKT B & AR . In—TRAFoE R, 7E I R 3R
Birh BT RNN A USSR AT DA SCHRFIG R DS 18570
AT AE— A B BA S v 42 (1 X ROk AKT & 42 F1 AKT
AR IR R 22 A St A 8

3.4 I PRASERY B S0 R AN« G RS fr) B0 i A2
(IR A 5 T S G S IR SR
DA BB TR AN ARG UE W Aeh 73k o PN RS 2 o
I 5 53 YN BE FNIN AR | DA AR AR 1 F0000 14 RE
AP FRIIE I 38 A AR S R A IR TP A
Hz ke,

3.5 PRS2 ESEERRE AP
5 Z2 RSB Rl 1 B3 [R) 13 HT 2R AKT 3 R0 3R
SIFIRSHET B AL AR A . T HE AR R
AV 18 TS A o0 R 5 A W s i ) s S A S AL
w2 2] AR ST LU0 Shapley iNAI#BE(SHapley
Additive exPlanations, SHAP) 3¢ H.[&] )14 34 XU K
PR (Can>f e 28 R K F- 5 AKT 43010 TEAH G ), i
A AR VPG 159 1 e XU A it X 127 L
JRAE Z2 o e PRI 50 18 7 B AR P, {0 i
(electronic health record, EHR) #fE32% F) AL U6
W% AKI SR F BT R BURAE R RORAT IR i
T R T 2RISR S A% O B —— il R AL
EHR | A= A TE IS R8s | 5290 = Rl 48 b | S 184
5 N LR 20 2 55 2 5 S A R A 2 e B SRR
PRZR AT 3 B FHROR A I PRI Ak

PRI TG VEE IS WIRAFAERI 25 vh s
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