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Abstract

Objective: To evaluate the predictive value of non-invasive indices for acute kidney injury (AKI) af-
ter liver transplantation and to develop and validate a prediction model. Methods: This was a ret-
rospective study that reviewed the clinical data of donors and recipients who underwent allogeneic
liver transplantation at the Organ Transplantation Center of the Affiliated Hospital of Qingdao Uni-
versity between January 2022 and June 2025. Donors and recipients from January 2022 to Decem-
ber 2024 were included as the training cohort, while those from January 2025 to June 2025 consti-
tuted the validation cohort. Patients were divided into groups according to the occurrence of AKI
within 7 days after liver transplantation. Clinical variables were collected, and non-invasive index
scores were calculated using standard formulas. Between-group differences were assessed using
the independent-samples t test, Mann-Whitney U test, chi-square test, or Fisher’s exact test, as ap-
propriate. Logistic regression analysis was performed to identify risk factors and construct a pre-
diction model. Model performance was evaluated using a nomogram, calibration curve, decision
curve analysis, and clinical impact curve, and the model was subsequently validated. Results: Mul-
tivariate analysis revealed that the Agile3+ score (OR = 3.37, p < 0.01), FIB-4 (OR = 4.12, p < 0.01),
recipient age (OR = 1.07, p < 0.01), and recipient serum albumin level (OR = 0.94, p = 0.02), were
independent predictors of postoperative AKI. The prediction model constructed using these risk
factors demonstrated an area under the ROC curve of 0.74, and the time-based external validation
yielded an AUC of 0.64. Decision curve analysis and the clinical impact curve suggested that the
model has potential clinical predictive value. Conclusion: A prediction model for AKI after liver
transplantation based on non-invasive indicators provides meaningful risk stratification and may
assist clinical decision-making; however, further optimization and validation are required before
clinical application.
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1. 518

1963 4 Starzl #4256 B B [F) b 5 R AR AR LUK [1], Bl AR RFHF AR B ik 20 A G 2 3 77 1 K e
JH RS & AR TT AR B A T B S B Dhaedi i (Acute kidney injury, AKI) 9 FEHEA J5 H W
HRAE, REZFKRLAE 50%, HPHEPWEZENG, 0 8EiRAEE SR EEREE &R0
7, 5N ERBE R FREYIMR[2]. THAREY] AKI KIRAESHEYE. ZFERITAEA. &
KPR A PE4 (Model for end-stage liver disease, MELD). & A EIEH. RPLAF. Rbif&E.
S E DR ARG S BEIRIT 77 R R R A K [2] [3]. MR — e AR N AG I At I A8 B2 AE (liver
stiffness measurement, LSM). Agile3+. FIB-4 ¥F7r 5545 br) 72 F T FFIEAH G 12 W S 10 0 P, &R f
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R PR RE[4] [5] X EET BITEHRAE A2 FL AP (K N2 AL 6], AHIE FU 2R U TE QIR AR A A AR S5
A R B D RE B ) T A A

2. ZINEH*E
2.1 IRMRESE

WEET B KM m R B a8 B B 0 2022 4 1 H 2 2025 4 6 AT R AR B F AR L5238 I IR
TRl IAKRAE: (1) (ES2F R I>18 & (2) B ARATATHE A BRI v AR A A, (3) b isE T 2%
BARIR. HEERARAE: (1) SURDBERIRKTE R (2) RiTZEEDRAY: Q) A FHBHENZHERE
MZH . L2022 4F 1 F % 2024 4F 12 A A2 3 E NI 24 (n = 220), DL 2025 4F 1 H % 2025 4F 6
AN A2 F NIEEN =92). AR E (F/REEET) KAHRER, REH S RZMEE e
PR RIS B S . QYFYWZLL30694), H#s o i st F . B Ry #ya 1 Rt
AT ARG, S ERIRITIEARmRE KRR, HFHPEANGEEE RS EZT BV RS ST

22. GREHSERAE

AT T2 R AT S T DhRe 40493 (AKI), AR I 22 00 2403 A 3R 1915 (Kidney Disease: Improving
Global Outcomes, KDIGO) & A FIFR#HE[7], 4 AKI & LA: (1) 7E 48 /N Y I WLEF T+ > 26.5 umol/L;
(2) 757 KN IMILEF T+ s ik FEaE 1 1.5 5 &% BA s (3) JRE > (<0.5 ml-kg™h2) HFFSEN [RI7E 6 /N
PLEs AL AR —%, B2l AKI. DLSZ238 RETIVLEF-FEE N VLB EaE, AR
J 2 2 LA AR 2/ 10 K.

23. MRAR

TENGAE ARG AT 7 RNE S RAETSEE DhRE 70 )y AKI ALRIEE AKI 2 . S8R A2 il R
TORE, QFEERY . PR R EIEE(body mass index, BMI). #lFRIpE G 5 s (ARG AL gk AL, B0 HE A R A
(liver stiffness measurement, LSM). %245 %93 % £i(controlled attenuation parameter, CAP). Ifi./Mi 41 (Plate-
let Count, PLT). H#H(Albumin, ALB). KA ZIR¥: Z M (Aspartate aminotransferase, AST). NZRZE &
B (Alanine aminotransferase, ALT); Z# IGR TR, BFEFE . 0. BMIL BRI SE. lE; %2
FTRAELR, OFAEH. MELD 1F70; ZHFFARTR, QL. KiLE. THEMHER, JHRE
FHISCHR A A 7 AS B [8]-[15], BMI 4325 4>24 kg/m?, <24 kg/m?; LSM 4326 y>7 kPa, <7kPa; CAP
732K N>238 (dB/m), <238 (dB/m); Agile3+/32%4>0.451, <0.451; FIB-4 732 M>1.3, <1.3. itHE AR
—FZ

MELD =3.78xIn S HZL 3K +11.2x In [ bR AR L (E + 9.57 x In L AILEF +6.43 5

FIB-4 = (44 x AST) /(150 VALT )

—3.92368+2.29714xIn(LSM )—0.00902xPLT—0.98633xAAR 14108636 5 —0.3858 1x 1 1]+0.03018x 4F

Agile3+ =

°
1+ e—3.92368+2.29714><|n(LSM)—0.00902><PLT—0.98633><AAR71+1.08636><‘}EJ;K%—OBSSSIX'H—‘/ij+O.03018><*rH§’;>

R A R IR A E — 44 i PR AR L S 4 A58 75 BRI, 436 A9 [ FibroScan {3, 47280 & 12 1%,
L3k LSM M1 CAP YR ALT-0ME ;R E BRI A Rime 2 5 5 A & s

24. GtEAE
SKF SPSS25.0 #1 R 4.5.1 #AF#E4T 480 #r . N Shapiro-Wilk #5365 B 31T IES MR, Fé

DOI: 10.12677/acm.2026.1631191 3828 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631191

BHE 5

IERS RIS BTRILL X +s FoR, IR ELBER MO AR RS A& IES S0 E B 7R L M(Qy, Qs)
FoR, K Mann-Whitney U £ 56 HEAT 4 IRT FL L 58 1 BB UGBS (%) K, AT LR o2 K96 58 Fisher
FERRLG . XN NS B BEAT B AN £ (R Logistic [B105 7047, #0048 & F 2257 Logistic [5] )57
DAY . 2] 1) 22 P e v TOUMIASE A PR 1 PR P 48R A 1 5 2 520 AR 4RRIE (receiver operating characteristic,
ROC)HIZE. Meikizl. vzl Rl PR Rz 28 FR R B FF R A AR 5 2 B Th R4 493 1 o0 4148
FERAFEIATIRAE. P p<0.05 %R AE G L.

3. R
3.1. MZREFIEIESRE #5Z E — MG ZTR EL R

ARSI 312 B i Rk, (s 53tk 258 141(82.69%), itk 54 191(17.31%), L 4R rh A% 54
(VG 18 £~78 %); Sz JE 242 51(77.56%), L1 70 11(22.44%), 32 FwRe A%k 53 & (Vi 22
2~80 %), HAHFBEARG 2K NS B R 143 11(45.83%). HTFRHE 3% #1252 FTF RS 4 T A0 R Rl
AR R 144 151(46.15%) B 98 5 FAEAL 63 41(20.19%) . XTI ZRERIUE S AT Bt 4
Mridon, PIAmAbEER, pEEvER, 28Rz 56 S %= L (p < 0.05) (% 1).

Table 1. Comparison of clinical characteristics between the training and validation cohorts

= L ONGESWIER M HRR TR

Bl i UIZREE(n = 220) IS4 (n = 92) GiiHE pfH
fHEE A E A (g/L) 34.06 +5.81 33.52+5.23 t=-0.77 0.44
ZHEBEEH@L) 33.99+6.16 33.24 £5.61 t=-1.01 0.31
BEE TR (D) 53.00 (42.75, 60.00) 56.50 (47.75, 64.25) Z=-2.34 0.02
A2 1L /MR THE (% 10%L) 189.50 (120.75, 249.00) 198.50 (146.25, 270.75) Z=-127 0.20
it NRARALEARU/L)  32.00(20.00, 58.25) 27.00 (17.75, 47.50) Z=-1.74 0.08
PEFE R A RIR L EEF(UIL) 46.00 (24.00, 85.25) 40.00 (23.75, 66.25) Z=-130 0.19
ZHFR (D) 53.00 (46.00, 58.00) 54.00 (49.00, 59.00) Z=-149 0.14
MELD ¥4 13.69 (10.29, 19.41) 14.55 (10.42, 22.49) Z=-0.55 0.58
T AT (min) 39.00 (34.00, 49.25) 36.00 (32.75, 49.25) Z=-0.90 0.37
R A #(mL) 600.00 (500.00, 800.00) 500.00 (500.00, 800.00) Z=-0.56 0.58
P ) =103 <0.01
% 30 (13.64) 24 (26.09)
5 190 (86.36) 68 (73.91)
B4 H 5 2 (kg/m?) =257 0.11
<24 86 (39.09) 45 (48.91)

>24 134 (60.91) 47 (51.09)
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B W R 22=0.07 0.79
I 196 (89.09) 81 (88.04)
H 24 (10.91) 11 (11.96)
LSM (kPa) =080 0.37
<7 159 (72.27) 71 (77.17)
>7 61 (27.73) 21 (22.83)
CAP (dB/m) 2 =0.05 0.83
<238 151 (68.64) 62 (67.39)
>238 69 (31.36) 30 (32.61)
Agile3+ =121 0.27
<0.451 61 (27.73) 20 (21.74)
>0.451 159 (72.27) 72 (78.26)
FIB-4 2 =0.08 0.78
<1.3 73 (33.18) 29 (31.52)
>1.3 147 (66.82) 63 (68.48)
= 22=4.80 0.03
% 42 (19.09) 28 (30.43)
5 178 (80.91) 64 (69.57)
2 HFaE (kg/m?) 7 =166 0.20
<24 106 (48.18) 37 (40.22)
>24 114 (51.82) 55 (59.78)
ZH BRI 72=0.98 0.32
x 184 (83.64) 81 (88.04)
H 36 (16.36) 11 (11.96)
S DRt %2 =0.002 0.97
X 119 (54.09) 50 (54.35)
H 101 (45.91) 42 (45.65)

H: BAFEIESOMIERTEL X+s R, AFEIESHMIERZERLL M(Qu Qa)FR; &Mk LI (%)
FR; MELD ;R AR BAFRA AT 73 LSM /RIFAERERE(E ; CAP /R 25 W IR R4 Agile3+. FIB-4 R & TLAITEFF
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3.2. MEGEBERGREBIERGHERRMNSERSHTER

IS AKI HFFE AKI AR 52 EFER . 25 E . % AST. MELD ¥4, FIB-4 17, 32
W R ZE 5 SR R X (p < 0.05) (% 2). ANk tEEEN R E R, AHAETEEESMANZH
KoM, ZIREDPEE R, Agile3+iF4)r(OR =3.37,95%Cl: 1.62~7.00, p<0.01). FIB-4 i¥/3(OR =4.12,
95%Cl: 2.02~8.40, p < 0.01). ZH4EHH(OR = 1.07, 95%Cl: 1.03~1.10, p < 0.01). ZH& HEMH(OR = 0.94,
95%Cl: 0.89~0.99, p = 0.02)¥ A B A 5 S D Re 16 KM 2 m K 3= (p < 0.05), Hh2HEHEAAN
TR PRI (4 3)5

Table 2. Comparison of clinical characteristics between recipients with and without postoperative acute Kidney injury in the

training cohort

=2 NEERBEARBLEMRELE 2B IREIR A 2 F IR FTRHEL IR

B 4k AKI 4H(n = 119) AKI 4 (n =101) it p 1E
& FEE (/L) 34.06 +5.61 34.06 + 6.07 t=-0.00 1.00
ZHHAEE(@/L) 35.21 £ 6.43 32.57 £5.53 t=3.23 <0.01
PEFEFR (D) 54.00 (43.00, 62.00) 52.00 (42.00, 59.00) Z=-091 0.36
HE /MR T H (X 10%/L) 207.00 (121.00, 257.50) 183.00 (120.00, 237.00) Z=-1.11 0.27
HEENRIRE AL Z M (U/L) 28.00 (18.00, 48.50) 34.00 (21.00, 69.00) Z=-191 0.06
BEH R A AR A (UIL) 34.00 (22.00, 76.00) 49.00 (31.00, 101.00) Z=-245 0.01
ZHFR (D) 51.00 (42.00, 56.50) 54.00 (48.00, 60.00) Z=-320 <0.01
MELD 34> 12.68 (9.58, 19.53) 14.91 (11.62, 19.38) Z=-1.99 <0.05
TG HI(min) 39.00 (32.00, 50.00) 39.00 (35.00, 48.00) Z=-0.78 0.43
R A #(mL) 600.00 (500.00, 800.00) 600.00 (500.00, 1000.00) Z=-0.56 0.57
P 22=0.09 0.76
LS 17 (14.29) 13 (12.87)
5 102 (85.71) 88 (87.13)
At 1Ak F 5 % (kg/m?) 22=047 0.49
<24 49 (41.18) 37 (36.63)
>24 70 (58.82) 64 (63.37)
B W R 22=0.20 0.66
7 105 (88.24) 91 (90.10)
H 14 (11.76) 10 (9.90)
LSM (kPa) =036 0.55
<7 88 (73.95) 71 (70.30)
>7 31 (26.05) 30 (29.70)
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CAP (dB/m) =015 0.70
<238 83 (69.75) 68 (67.33)
>238 36 (30.25) 33 (32.67)

Agile3+ #=229 0.13
<0.451 38 (31.93) 23 (22.77)
>0.451 81 (68.07) 78 (77.23)

FIB-4 72=9.13 <0.01
<1.3 50 (42.02) 23 (22.77)
>1.3 69 (57.98) 78 (77.23)

2 1 24=0.35 0.55
gy 21 (17.65) 21 (20.79)
% 98 (82.35) 80 (79.21)

TR E T H (kg/m?) 22=0.98 0.32
<24 61 (51.26) 45 (44.55)
>24 58 (48.74) 56 (55.45)

ZH BRI #=4.01 <0.05
7 105 (88.24) 79 (78.22)
H 14 (11.76) 22 (21.78)

H: BATEIESOMERTELL X +s TR, AFEEIESHMIERZERLL M(Qu Qa)FR; &Mk LLFI (%)
FR; MELD ;R AR BAFRA AT 73 LSM /RIFAERERE (A ; CAP /R 25 I R4 Agile3+. FIB-4 R & TLAITEFF

Table 3. Multivariate analysis of risk factors for acute kidney injury after liver transplantation
3. HRREAREMBEGRRERNSEARSH

Bl B1E SE Z{H OR 95%ClI p
Agile3+ (>0.451 H:<0.451) 1.22 0.37 3.26 3.37 1.62~7.00 <0.01
FIB-4 (>1.3 Lk<1.3) 1.42 0.36 3.89 4.12 2.02~8.40 <0.01
TR (REN 1 %) 0.06 0.02 3.72 1.07 1.03~1.10 <0.01
ZHEEEEEEM 1 /L) -0.06 0.03 -2.38 0.94 0.89~0.99 0.02

7E: Agile3+. FIB-4 mEATLEITE .

3.3. HBERREEEERGTUMRREEMY . TN REIE

ik Z KR Hrd p < 0.05 48 &, ik Agile3+iFsr. FIB-4 {F4r. ZFHER. & AEH. i
iR 4 AR Logistics [FIEAERL, 2512k EI(F 1),
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Figure 1. Nomogram for predicting acute kidney injury after liver transplantation based on
non-invasive indicators

1. BT ROHERBER RS R TUMR B R 512 E

YIZREE TR AL 2241 () ROC Hh £k T AR 0.74 (95%CI: 0.68~0.81) (141 2), 7EHURFHME 0.54 i,
R RSN 59.41%, 557 % v 83.19%; Brier 174> 4 0.20; Hosmer-Lemeshow U418 B A 30 5 /s 145
WA TERYF 2 =9.38 (P >0.05). KAt E/R, HAERRH R HEIERE: Bootstrap & IEJ5 Mk 5
AR BT (] 3). IR PR M ZR 45 IR, MBIMETE 0.2~0.8 Z Al BA 2 2 M R F 3R 25 (4 4) . IR
s 2 4 R RO, AR B RX oy SR B D Re AR A AU, B BRIMEOR T 0.6 5, AR FRGIINRT S bRk AR
VCECFERE &, I AR T A R i (] 5) o FERS [ AR EGAIE s N FHZAS R AR SR 4 v, T AT RS A AR 5 AKI
ff) AUC 18}y 0.64 (95% CI 0.53~0.76), U N 61.90%, 553 N 66.00% (14 6); Brier £ 0.23. il

Ao AP JRURS: TS R 0] B AR SR AT R, AR VR 3R 1% 60.78%.
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Figure 2. Receiver operating characteristic (ROC) curve of the model predicting acute kid-
ney injury after liver transplantation based on non-invasive indicators
2. BT AR BEARGERE S TR A FUNRE R 20 & TAEFHErZ
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Figure 3. Calibration curve of the model predicting acute kidney injury after
liver transplantation based on non-invasive indicators
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Figure 4. Decision curve analysis (DCA) of the model predicting acute kidney
injury after liver transplantation based on non-invasive indicators

El4. BT RAIRRBERESMES EERGIUNRE R IERR R 2

o
o
o
o
S
[ee]
% g | — U AL
% ©
- Bl L _ AR
2 g R
g
o
S
N
o
I T T T T ]
0.0 0.2 04 0.6 0.8 1.0
e RS [ (R
T T T T T T T 1
1:100 1:5 2:5 34 4:3 5:2 5:1 100:1

JEAE W L

Figure 5. Clinical impact curve of the model predicting acute kidney injury
after liver transplantation based on non-invasive indicators

El5. BETRAFRRIBEAR RS R TUMRE A Im RS20 2

DOI: 10.12677/acm.2026.1631191 3834

[MANFSE St A/


https://doi.org/10.12677/acm.2026.1631191

BHE 5

1.0

RYE
0.6
|

0.4

0.2
|

AUC = 0.64

0.0
|

] T
0 0.5 1

1 - R

Figure 6. Receiver operating characteristic (ROC) curve of the prediction model
for acute kidney injury after liver transplantation in the validation cohort

B 6. WITEBERTEM SR GTUNRENZ R & TS
4. ¥1ig

BEAE ZORIANT 0 B AN, ok E B SRIFBETFARGYT, BAEEATEHE. Z2XKEH
RS ERTENG IR 2 R, AP R AT 2 e R R e R . H BT RS RS K A2 AKI TR 5 Z F A
RV, BFEARA. R, KRG, WAMZE, BFARWGES B AER R & a AR, feiH S ucs T
BB TG . AW RE R LRI AT A G AKI BTN R, BF 7845 51 B84 Fa b e A XLl
SVEFThReI G AR, JLHR FIB-4. Agile3+ P4 4R AR PSR 5 B R A S B T REA5L 1 1 A 5L
fEl R 2 . PEITFR T — AR TSR, HAEE g1l PR o S S A )

S - PR R AR LI AKIE BRI 2 —, B R BRI, BN LR AN R R RO
ETREIGE N, AR, R0 MRER, S/ KRS EBE, R DA — S5
fi[16]. HRAEFARS, FOARAPRREE. Sl ANEAS R G S HEEA L s MR e 7 —id
T2, 840 BELIT B ELIT T i i ik 1) T AR O 5 e Bl O i & 9 /b . SECOHTH 21k, b B EE;
BER I S 23 R P HEVE SR A0 o 45 A BRAE T 7T [17] [18], H i 5 f 386 m K 6 P30 A SiE KB S 384 i 1 AKIL ()
PR, B ASHIT 9T R B B 2 0082 20 Y 1 B % TE AT AKI 86, B KB, ZHEAEA RS R
ARG AKI KAEF K, XA T HEOAERFREBERERN, REEHANRE, ERP D
RSB B IR Fk, AR A HEAA PR SR> 2R RN T RE[19]

K RKINZFH TR EHBEARGE AKI BEHX, X5 NI RS R —5[20]. BEASCHTE H
[21], AFEUE S AE B /N BRIE A0 AT /INBROET 2 Fae, DT 0225 0 583 ' O R A1 8 A R P 0 4% FRD S2 1
TEIF R R AR R R 52 3, PTRE R AR AT BB PR « iy I K DA KO s R G, 5 B0 AR 0 i e 3 77 21
TRESI TR, B0 E TR AR . PR A G e T S T . Wang S8 R IURE IR S
B G KAE AKL ZYIROR[22], 188 RF ARG N IR W 8 B 5 KA SV B DhRetifs . B NE2ShE
PRI R AR IR R B 2 —, e E EE 400 B M P Bz, 3 R R IR BN ) AR | B R
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