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Abstract

Objective: To explore the risk factors of acute kidney injury (AKI) after liver transplantation (LT)
and establish a nomogram to predict the incidence of AKI after LT individually. Methods: The clin-
ical data of 244 patients who underwent LT in the Affiliated Hospital of Qingdao University be-
tween January 2017 and August 2019 were retrospectively analyzed. Logistic regression methods
were used to screen the risk factors of AKI after LT, and then to establish the nomogram to indivi-
dually predict the incidence of AKI after LT. Results: According to the episode of AKI (yes/no), pa-
tients were divided into the AKI group (n = 163) and the non-AKI group (n = 81). Compared with
patients without AKI, patients with AKI had higher proportion of female gender, higher body mass
index, higher MELD score, higher intraoperative blood loss, higher intraoperative RBC transfusion
and lower preoperative serum creatinine (P < 0.05). Multivariate Logistic regression analysis
showed that gender, body mass index, MELD score, preoperative glomerular filtration rate, preo-
perative serum creatinine, intraoperative RBC transfusion, anhepatic time were independent risk
factors for AKI after LT. Hosmer-Lemeshow test showed that the goodness of fit of the prediction
model was good (X? = 3.62, P = 0.89). Receiver operating characteristic curve showed that the area
under the curve predicted by prediction model for AKI after LT was 0.77 (95% CI: 0.71~0.83).
Conclusion: Based on the perioperative risk factors for AKI after LT, a nomogram model for pre-
dicting the incidence of AKI after LT is established, which has a good calibration and discrimina-
tion, and can help clinicians with risk stratification and early recognition, thus enabling effective
intervention to improve outcomes.
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L BB (AK) AT (LT) ARG % WIERAE, KRN 40.8% [1]. AKI AL E] #2285 #8514 |
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B [ — 250 F & ST A TS . 2B ARG RAME SR + BEEEMmEE + BE =iy £.
AT EL P R A TR B S s L (IE B L 5. QYFY WZLL 25725), £Fé& (A EE WS R 3%
) N REAHFEEREN . HiERbrE: 1) BFFER < 18 $(12 N): 2) THEBRa®HE1L
N)s ARG B ThRe RS 75 ZAT BB REIT (3 N); 3) BB TFRL@G AN); 4) FHIXRLT (7 N);5) &
TEHAR K (60 N).
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1) REGHERl: BEFHE MR AETEIREBMI) BESE . TR 5 R (SR & 5
PERFAE« FEBAERR R AT R . WS PERTAE AL . Joth( B B S BEVERT 2 . MEIRTERTAELL « AT Inga &1k
ORI ZIVERT 2 BRIEMERTR) . AIRE(RIMLE . MEROW . milRIAE . @B IE . C BRI
Ry HARURREVERF 28 . RO . B2K) B /hERDEIE 2. MELD P4, Child-Pugh $F7r . K36 HE AR (WLAT
FEA. SIHZE, . FLER. HEE).

AR/ NG 7o PR B N i L I3RS TN 9 3 1 L AN NS Sl = N N S 7L N NG R F e A2 )
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3) RJETRE: IMIEAUEHE. My s mMZGIREE . ARJG 24 /NS A 555 B VAR (1F 9 FRBEE 1 4
RED) [2] AR ERERT . RREREH . 2 EERRLT.

2.3. AKI B9iS R

Wb B A BRI 75 41 23 (KDIGO) AR #E[4], AKI 5E A 48 h A SCr T+ > 26.5 umol/L 5% 7 d
W SCr Tl it FERBAE 1K) 1.5 55 M2 LA . FEXFi2 I AKI B HE T 030 134 SCr T 48 h T+ >26.5
umol/L B SCr Ft =ik FEAME i 1.5~1.9 1%; 2 WA SCr FF=iAdERIME ) 2~2.9 fi%5; 3 Wik SCr Fhimba it £
Tl 4 3 f5 8% SCr> 353.6 umol/L B¢ 75 B3 I B 677 .

2.4. GHEFE S

KHI SPSS 23.0 Geil“# M AT 70 M. RS AT A TH R BRI DA B £ 22 (X 5 )RR, 4LIA LR
SRR 56 i A5 20 (T B TR A A B (VY 70 A2 30 [M(Q)1EE AR, AHLIA] EE SR A RRAIAGL 6 - Ht
BHUSE (E 80 FoR, A EBCR A X2 K0 El Fisher #iVIME% . RAZF K logistic [ Hr, LA
T Wald Gtit-&Ef1A 51220 BHEIE LT ARJa AKLRERFER, 512 K s .

KHI R3.6.3 B 1 rms 2 22l 5112k K. K] Bootstrap i H &2 il 1000 J0x 411 2k IR HEAT
S IE . K] Hosmer-Lemeshow $8L & D8 BER: 36 PP 4 TS AL (R A HE I o SR 5243 RPALE b 2 T T AR VP4
TRMAERX 538 1. P < 0.05 BZFH G Lo

3. R
3.1. AKI fAFn3E AKI LB E IR E R AIEL S

AR RILN B 244 ], RJGERAE AKI [ EE 163 41(66.8%). Fr, 12 #(4.9%)F 4 ICU JH 5]
BB ARG ST . Fod, 1 A 76 151, 2 #1952 45, 3 #ASh 35 M, 43T o e 5 5T 46.6%, 31.9%, 21.5%.
54 AKI AL, AKI 2SS Lotk B3 B o el mr, BMILL MELD W43, RpkifiisE . ARrhfE
UL, ARATMAUEFEAL, 278 G5 (P <0.05), EfANAENE 1-3.
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Table 1. Comparison of preoperative clinical data between the two groups

1 MEBEARAIGRZRIELE

AKI H

4k AKI 41

el N =244 N = 163(66.8%) N = 81 (33.2%) P
ik T2
IS () 54.1 (9.6) 54,6 (9.5) 53.2 (9.7) 0.23
Y, Ze[1(%)] 39 (16.0) 33 (20.2) 6 (7.4) 0.01
BMI [M(Q), kg/m?] 24.4 (21.6, 26.6) 247 (22.5,27.1) 23.0 (20.8, 25.6) <0.01
N
WA s 451 (%)] 88 (36.1) 59 (36.2) 29 (35.8) 0.95
Y S [451)(%)] 94 (38.5) 59 (36.2) 35 (43.2) 0.29
HIE
i L [151(%)] 69 (28.3) 44 (27.0) 25 (30.9) 0.53
B PRI [ (%)] 86 (35.2) 58 (35.6) 28 (34.6) 0.88
e A HUAE [ (%)] 114 (46.7) 69 (42.3) 45 (55.6) 0.05
211 15 S [ (%)] 30 (12.3) 20 (12.3) 10 (12.3) 0.99
IS REVEIT 2 [151(%)] 125 (51.2) 78 (47.9) 47 (58.0) 0.13
PR 2 T 2 [151(%)] 10 (4.1) 6(3.7) 4(4.9) 0.64
JHF 4 i35 [£91] (%) ] 17 (7.0) 11 (6.7) 6 (7.4) 0.85
JE K [451(%6)] 55 (22.5) 37 (22.7) 18 (22.2) 0.93
J5 R I 0.36
JHF ST e 8 5 8 R 1 T 2 [ (%)) 103 (42.2) 65 (39.9) 38 (46.9)
JHF ST A4 88 [ (%)] 48 (19.7) 36 (22.1) 12 (14.8)
95 25 14 T 28 [ (%)] 51 (20.9) 32 (19.6) 19 (23.5)
A LI [51(%)] 18 (7.3) 11 (6.7) 7(8.6)
HA[H1(%)] 24(9.8) 19 (11.7) 5(6.2)

B /NERE R R [M(Q), ml/min-1.73 m?] 141.5 (105.0, 181.0) 145.0 (108.4, 186.3) 129.1 (103.5, 163.3) 0.14
CTP #47 8(7,9) 8(7,9) 8(7,9) 0.27
MELD 4> 9(5,15) 10 (6, 16) 7(2,15) <0.01

JLEFIM(Q), mg/dL] 67 (54, 82) 65 (50, 78) 71 (64, 87) <0.01

HHIM(Q), mEq/L] 140 (138, 142) 140 (138, 142) 140 (137, 142) 0.86

HEAM(Q), g/dL] 35.1(30.7, 39.9) 35.0 (30.6, 39.7) 35.2 (30.9, 40.4) 0.58

HJHZLZE[M(Q), umol/L] 46.9 (24.7,117.2) 49.1 (26.6, 129.3) 43.4(20.9, 108.0) 0.57

MFEIM(Q), mg/dL] 5.1 (4.5, 6.4) 5.0 (4.4, 6.4) 5.2 (4.6,6.2) 0.28

FLEZ[M(Q), mmol/L] 1.3 (1.0, 1.6) 1.2 (1.0, 1.6) 1.3(1.1,1.8) 0.09
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Table 2. Comparison of intraoperative clinical data between two groups of patients
2. MABERPIRRERELE

SFEA R AKI 4

4F AKI 4

e N =244 N = 163 (66.8%) N = 81 (33.2%) PE
A4 1 E[M(Q), L] 1.6 (1.0, 2.6) 2.0(1.0,2.8) 1.5 (1.0, 2.0) 0.04
AR HEL A EIM(Q), U] 10.0 (6.0, 15.0) 12.0 (6.0, 17.5) 8.5 (4.0,12.0) <0.01
AR5 ik R S ARAE[M(Q), mmHg] 65 (62, 69) 65 (62, 69) 65 (63, 70) 0.92
R FTHEZ, E[1(%)] 87 (35.6) 56 (34.4) 31(38.3) 0.82
FABE[M(Q), min] 530 (470, 570) 531 (465, 575) 530 (470, 570) 0.81
AERLE I [M(Q), min] 382 (325, 382) 382 (326, 384) 383 (325, 387) 0.63
AT FI[M(Q), min] 60 (53, 60) 60 (52, 60) 60 (56, 64) 0.13

Table 3. Comparison of postoperative clinical data between the two groups

2 3. MABERBIGRERELE

R ?fr /;;% N= 1A6§|(§%8%) N fs?élsﬁm) P
ARJG AST IE{E[M(Q), U/L] 510.5 (75.0, 792.8) 526.0 (72.0, 796.0) 289.5 (80.5, 743.5) 0.80
b 3 5] 1L 2459 FE M(Q), ng/mL] 8.8 (6.4,11.8) 9.0 (6.6, 11.5) 8.2(6.3,12.2) 0.66
RIGHRZ B NEB AR T [H1(%)] 12 (7.4) 12 (7.4) 0 (0.0) 0.01
RJEAERE HIM(Q), d] 27 (21, 29) 27 (21, 30) 25 (20, 28) 0.33
EBEIIRZET:, Z[61(%)] 7(2.9) 5(3.1) 2(25) 0.99

&, 133010 Logistic # M HLAT G512 X, X?=56.18, P <0.0001. FAAMEREITGFEN: P =1
+€%), x = —2.680 + 1.549 x £ %(%) + 0.190 x BMI (kg/m?) — 0.590 x ZEUHAFIERF K + 0.042 x MELD i
4% +0.006 x ARG /NERGER Z (ml/min-1.73m%) — 0.018 x AR ALET(mg/dL) + 0.040 x A A L0 4
B(U) — 0.025 x JCHFHAIS [EI(min). BEEYGYNIY 11 MBS, 5. BMIL ZBRF R 4. MELD ¥
Gy RETE/NEREER 2. RATMALEF . AP BATERFHR A R LT RS AKI BTG R R 2 .

HARNZE W 4,

Table 4. Binary logistic regression analysis

%= 4. Z7t logistic EYIS

A EARE PRtz P {H OR (95% CI)
TE5 (%) 1.594 0.552 0.005 4.707 (1.595~13.888)
PRI R TR A (kg/m?) 0.190 0.049 <0.0001 1.209 (1.098~1.332)
B REVENT 5 -0.590 0.317 0.063 0.554 (0.298~1.031)
MELD 74> 0.042 0.020 0.031 1.043 (1.004~1.084)
ARHTE /NERE T 2 (ml/min-1.73m?) 0.006 0.002 0.012 1.006 (1.001~1.011)
AR ML YLEF (umol/L) -0.018 0.006 0.002 0.982 (0.971~0.994)
ARrepii N4 A(V) 0.040 0.020 0.043 1.040 (1.001~1.081)
T (8] (min) —0.025 0.010 0.009 0.975 (0.957~0.994)

(i3 —2.680 1.412 0.058 0.069 (-)
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3.3. FMHREY BT K 52k B BY s R B A

Z MBI Ge 8% 1R 7028 75.3% MBI FUxt S o BRI BUBKEE N 91.4%, 4557180 42.5%, BHPETRINIE
N 76.4%, [IPETRIIAE Jy 70.8%. K Hosmer-Lemeshow fML& 4 B AG IR SEAN A RS HE RS, 45 B R X2
=3.62, P =0.89, IAJYUHTEUE TGS CAM R, TR R HE BT . SR 20 Rk
25T AR AN TR AR AL (X 43 68 H7, 45 5 5% AUC (95% CI) = 0.77 (0.71~0.83), I N iZ B A [X 73 fiE S8 .

LF R A 2 51 2 B AN TRE SRS R v MRAGAE T IR S, BRI L] 1o AR R 66 Rl 25 5k
BRAE N A B AN A, DLZ S A Al B B B E E R R, BRZERIRNENEs. @il
X R R 2RI SRR RS, R RTE AKIE RS ) 55, BDRARXS BRI LT RJE AKI UL .

f?; ﬁj\ 9 1 IO 2‘0 3.0 4'0 5.0 GP 7.0 8.0 9I0 1(.)0
%5
RERSHEH e

&
AT T

T T T T T 1
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U2 Bk 2R -_—
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Figure 1. A nomogram for predicting AKI after LT
1. F LT R AKI H95IZ[E

4. 7ig

AKI 2 —Fh AR MEREAE, I I BE VT T i 20 /R B 505 55— R 5B Dt 2 RISEBAK[5] - AKI
Jo LT RJEH WIERAE, WFFRE R L A 5%~94% 2 [][1], ANFEIFFFIE AKI KA 16 22 5 0] R R
T AKI R Z G —izibriE. LT R AKI EF T, KRAH 8%~17%0 & & F& 12 B I & AUEI7[6].
KEFFRIUFIERE LT A5 AKI 53206 KB LKA RS A G, S22 hmda. ik,
BWFERY, RMERME N AKI 5 ARG O MEF4A RIS E VX7, FEMABERRE LT R
J& AKI Z3 AR 25T s i, (B B arhs Z A 8B E T8 RIL TR LT RJE AKI HSCfE R R 2
g ST KRS TS A T B R S fa ke 4 2, 0T IR TR B E R

RWFFURIN, Lo R L 5 1 R R RS R A S S B 44 0 XU 3 I 3.7 £« Hilmi 25wk L R
BIRLMERFE A LT RJG AKI 7 GRS R 2K [8], 5 AN 9T 45 R — 5. 7EAHF 7T 1 XS Tl A AL, BMI
BRI —AN AL, LT ARJS AKX 0 20.9% . 5 PR AT A2 b = A0 A A 350 /N Bkt 22 388
JREEEERIEM, CARJRMT B S NERREA A S DhRe Ak . X IR AR SC A RE f 45 A R T
ARRFR AR G B NERIIR[9]. BEAh, A HEVONAERE R — PR AR SRR, oS OS5l g I
FEAERRRAR 250, T IESRAR A 3 7T Re A S PR B BRI/ P A 1 PR R AL S SG B I [10] [11]
AL, MELD 1W5riim, LT RJE AKIL &GRS . MELD 173 REAT R F-fits 28 R I s 8
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TH P EARRL[12], KRB LT RATHIIReE L S ARG AKL ZUIMC. A5 KIL, MELD ¥F4rAMY
A RATRIN LT ARG A& 2, R AR5 5 ThREA 4 75 28 B I B AR T AL fE R R 3R [13]« AT ST 45 R o,
AR R AR LT KRG AKI SRR 2R . — 75T, AR K E LA nr s A . (it
PORESIL, A U ST VR T S, 4 de AR PR B PR R L - VR [14]; S — g TH, X AR IR s
HH AR R LIRS0 7 2 AR A MR I I R i B . BRI, 4ERROR TR Sh A2 P RA R e B TR LT
RJG AKI R A .

AT EE RR RN ZEESHE LT RJE AKI BRI Z . 36T B BRI R 78R
AR TR, B RIFHIX 0 SRHER, R RIBSZSHI TN LT ARG AKI 5128 BLK KOS 7
BRI RTRRAY, ARAE 51 26 I RE DU TH R A LT A8 A L) AKI R0 R o A B 11 PR 22 7 L ARtk 7
AT 5 A e B TR 2% AN [ XS B R A J B 22 PR A T ks RS, AT REAT S 23 2 A LR, R
BB 35T TUd it

R FEA R B, AT A s RUBTE A SR 7T, BT A RS TR LA 5 22
O KFEARPIBFFE—PUES; FR, AW FE B AR A DGR 24T 0 #r, 76 T — D It s b R AT
#h7e.

5. &g

ERERNE, LT RJE AKI BUEIRHLE] 52 2 B R 200 31 82 BRI AR BOR 2 6 00 LT AR5
AKI FRIB1 2 Pl A B AR I -5 SR R BT 28T T i
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