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Abstract

Hepatocellular carcinoma (HCC) is the most common primary liver cancer and ranks among the most
prevalent and highly lethal cancers worldwide. Radical hepatectomy remains one of the most effective
treatment methods for early and some intermediate to advanced stages of HCC. Complications during the
perioperative period of liver resection are critical factors affecting the long-term and short-term
prognosis of HCC patients, with post-hepatectomy liver failure (PHLF) being a common complication
after liver resection. PHLF is a major cause of perioperative death in liver resection patients, and the
timely identification of patients with high-risk PHLF before surgery is a pressing clinical issue and
research focus. Traditional methods of liver function assessment are widely used and can distinguish

high-risk PHLF patients, but their predictive accuracy is relatively low. In recent years, with the
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development of artificial intelligence technology, an increasing number of advanced algorithms and

models incorporating more comprehensive risk factors have been applied in the field of PHLF

prediction. Scholars both in China and abroad have constructed new PHLF-related prediction models

through various statistical methods, confirming a significant improvement in the accuracy of these

models. After an extensive literature review, the authors summarize the relevant literature on PHLF risk

prediction models, providing a comprehensive overview of the research progress, so as to facilitate

clinicians and researchers in gaining a more comprehensive understanding of various types of PHLF

prediction models.
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hepatectomy liver failure, PHLF ) MY AR G & ™
HAIFRIEZ —, WRREBHEARGIETH FEFHN,
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7% /N4 (International Study Group of Liver Surgery,
ISGLS) #§ PHLF & S0 JIF R 4 355 e 45 080, ik it A
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1.1 Child-Turcotte-Pugh iE4

Child-Turcotte-Pugh (CTP) 343 & V¥ Al 1T 2 fig
(% G5V 43 bRk, 5e) iR Child A1 Turcotte J* 1964 4F
$Eih, BHJS h Pugh SFME S, GLEIEK L FIE G
. B E . AHE A (albumin, ALB) FIEE 0L
JE B [H] (prothrombin time, PT) B INR £ H 3%
bro BHES TIHAE, BB XM ARY
B, HEHA—ENRRE: 5%, CTPIFrk
A% IEE RER RN s o, CTP P2 & iy R K
AT i i ™ oA 20 0 T R M s R, A
J& CTP V3 A 9011 28 35 1T D) RE At 45 473 SR AF7E 22 57
IeJa, CTP P Y JT & H T im R & 5, HAL & 1)
5 TUHE bR A E AR A5, TRLIGTE EAR I 2 AR i i £ T
BT A T3 T R B A ik,
1.2 % 7 HA BT 9% #% B (model of end-stage liver

disease,MELD) 4y

2000 4F Malinchoe 25U WF 98 T £ EH 4 N E T
O 1 231 151 28 300 KO TR 23 R (transjugular
intrahepatic portosystemic shunts , TIPS) & 5 % |
PE— B IF T R F I WUSFRARZCSR | INR B
I A MELD P53 2488 5 8 5 T 3 A TIPS A s i
HWAAEA, IR N TR AR L R
HLFODBR R SF BUSR KU . 2001 47, Kamath
SEUESSIE T MELD P53 75 2 B PR AR & v i A &L
Yo MELD PEor % 18 T W I RERE W N K, BE H T
GO ALy B, (BRI TR s R
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1.3 M|BEEF £% 15 min i B 2 (indocyanine green

retention rate at 15 min,ICG-R15)

ICG-R15 J W JIF 200 Jfo 48 B 55 R g g, v LA
T 20 A5 W W R i A T BE AR T I AR Ak dE AR
APV E R, R B ICG H A RS AR 0 AE S e
ARG R A P HE (9 D AE . Wang 2521 &8 T 1CG-R15 |
CTP I MELD 3 43 %t PHLF f9 000 4 {8 , & B 1CG-
RI5H 4 T w2 (area under the curve, AUC) 1H
o BRI ICG-R15 &) Z R A2 Z g™, tan
IR 470 %k 24 ) s AR AT T B0 IR 451G ICG-R15, JH
T HE M B AR O i O ek D Al vT 52 ) ICG-R15Y,
PRI LA TCG-R15 2y FE it 4 S 453 R0 AT — 5 1) Jmy PR 12
1.4 ALB-HB 4T 2 (ALB-bilirubin, ALBI) 3 43 . I 7]s

R - A & 8 - BB 4 & (platelet-ALB-bilirubin,

PALBI) S

2015 4F Johnson ™1 & | ALBI P43 B 7Y | It
RN AN A 5 1L %5 ALB A H 2T 2% 75 A fif 20 % 0 A 45
B HF RS A #2322 I VI B F R I HCC & 1 IF
BESY YA CTP A/B %%, ZIFf k2K e it — 2

Y53 R AN RS fg or 9%, B A B PE AN D) RE .
2020 4%, Fagenson 55" i 3 M 13 783 il £8 34 K4
%% B8 ALBI 343 ¥ il PHLF 4 68 J7 & T MELD 43
(AUC: 0.67 vs. 0.60) . F+F % EHE T CTP i
5% . MELD P43 Fl ALBL ¥ 43, 75t ALBI ¥ 43 Fil
24 BE e A A 4538 o Zou S5 4811 T 473 B e B B
P, #E— AT ALBLIFr 5 CTP #F4r . MELD 3
43 FICG-R15 /9 W 68 7, UESE T ALBI F 43 13
fie 1 Bl

PALBI 3 43 7 ALBL - 43 1 JE filt | 40 A il /Nl
40 (platelet count, PLT), HAE#% 5 4F i o Bk i 35
ZEAMEDL . Lu ZEPY I 3 2 038 i) H o BOUEE L T
PALBI 3 43 AT DL 100 42 32 JF 1) B AR 09 JH D) 68 43 9
CTP A %% HCC % & 4L PHLF (UHESR, AUCTH M 0.69.

1 GE I D) B VT Al 7 VA A I R AR, AT T
T PHLF (9 % 4=, (HIZ Wik e AR A =7 (£ 1),
SRR AW. I & S S AR - A NI ]
FUA il PR 25034 % PHLF & 4 . el ) T
Baer ik, KEMEDiae (& . AR RHE) . R
Fe B AR (future liver remnant, FLR) . f7AF T
AT Ik s . TR RH G R 3R 45 i R 2 8 48 %%
Sy M, FEE 4 I Y PHLF TN AR Y WA T $2 vy A
RUSFIN RE 1 BCAWIE 5854171 U0 DG T 14 1) it
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Table 1 Traditional evaluation methods

BRI NG AN

s y
Dieras B W BiE

ANABBL Y FES R 3%

TEE ]

CTP PS> 2017 275 &
IGG-R15

ICG-R15 MELD ¥4 2018 185 &
ALBIES3 2020 13783 & JHZIZE ALB
PALBI 53 2019 2038 & JHZLZE ALB.PLT

JHLTZE ALB PT 6 S B R s

AUC=0.83
IGG-R15:AUC=0.72

MELD #¥-43: IHZT 2 JILEF INR P MELD: AUC=0.64; CTP: AUC=0.55

ALBI:AUC=0.67;MELD: AUC=0.60
PALBI: AUC=0.69; ALBI: AUC=0.68; CTP: AUC=0.53

2  Logistic [E])31&HY

21 FAREXRE

Wang S5 T BMAHLZT 2 | ALB., y-8 A W%
KB (y-glutamyl transpeptidase, GGT) . PT. I JK
ST NI =T
hypertension, CSPH) Hl KX 3 Bl JiF 47 Br R #4 2
Logistic [Fl AR, 288 C 45508 0.88, il illl 14 fig
T &40 CTP . MELD . ALBI P4, Xu %1025 &
SAREAE R (BHLZERE | INR, PLT) AP AR
s (DIBRIEH . &) # 57 Logistic [ 98

(clinically significant portal
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B ZRE Y AUC N 0.84, [ REDL T4 45 i MELD
FUALBLVE 43 o 35 1 55 — J [ o 4 1 PR BA 371 4F 5 1)
Ft 7 AT CSPH . JFPIBRYEH . ALT. SHZE
F1PLT 11 Logistic [n] 9 & &1 | i Ji] PHLF ) AUC
$90.86.

2.2 GHEXEDR

2.2.1 ALPlat ##/  Yamamoto %P2 [a] i ¥4 73 M T 3k
F 8 A~ Hrat 1Y 876 15 4252 32 i D) Bk 1) HCC iR 35 19 4
W, A PLT. PT. ALB FIIF# 4 (liver remnant,
Rem) 37 T Logistic [n] 9 4% A ——ALPlat #5 #fE . It
Fr i T PHLF 9 AUC 4 0.75 .



23

51 VFIRIR , 3 T YT IR R G AT 30 f 3208 KU B AR AL B 70 3t R 103
222 RIMARBRALSS RS o MO 23 BRAEE
I8 & — A% A R 55T 4R A (aspartate aminotransferase to BT F5 B Sk L) 55 52 R PHLF B9 BF A A 58

platelet ratio index-standardized future liver remnant,
APRISFLR ) B2 A 2021 4F, Mai S5 7E — T 44 A
637 i f & W B L RS R, il i 2 A K Logisite [1]
Hortr k|, siH&Ee . A . APRIIF 53 |
sFLR ARG BT VTR R 55 PHLF S35 AHOC . B 5E
Xf T CTP $F4) . MELD 353 . APRIF 73 sFLR
I APRI B¢ & sFLR (APRI-sFLR) T il PHLF (¥ it
J1, K3 APRI-sFLR Y U € J1 fe b (AUC=0.82) .
BRI T 5T R BUARSC R A2 5, R15 T 4
4 F50I0 24 R o A — 3mSR A S, Orimo SR
PR A 55 A% T 40 A 55 A B0 PHLF (90 57 7 6
K%, H i PHLF ) AUC & 0.87. APRI-sFLR 5
T INR RE 45 5 SrHUT 5 H At 8 0% 10 32 5% AT ot 4 (9 45
B, BOVTRE B e A5 A A S i

Xf A S BT M T s 1 SR R UG, HL A IR T AR
Y JFE 28 B O AN = X 50 o A i, CT I & 9 FLR A
AE Y B0 DFAil 5 A T D BB i A A AR T I
JEWEAR 68, W -9om L FLBE N & A B %
(technetium-99m galactosyl human albumin scintigraphy ,
PMTC GSA) PO, R T A b YAk T ek AR T IR
Mo AWFFEE DI T 5T "TC GSA /Y Tl B Y,
FU PHLF /Y AUC 29 0.78. Aid 5 CTAHEE, *"TC GSA
T I ) DK 2E i T BT U) B A #5 #9 PHLF J7
T AN o A A

WE., B, —EERHE 2 MERRER, b
A i R A% T & A9 B A RS (liver stiffness, LS) W]
DL W £T 2 A 7™ R, © BliiE 5502 PHLF i 2k
SETRIN PR R Y LS AR U 3 5 T LG CTP VE 43
BRI, K LS 5 A48 AR 45 &, W LALXE CTP
VE43 AH A 09 N RESEAT 3E— 20 Al 43, K 2 00K i Y
O AR M9 A FLR 4R bR A LS 4 g
Logistic [ #2#, FAL ) AUC 2 0.76 .

W B AR B B i 5 TR A G I R B G 5
1) R L A, AR T N 1 T A5 2R . Morino 2819140 A
Rem-ALPlat & FCF1 A v A8 5 (JFF 74 BEL T 0450 AN
eI ) A4 Logistic [B] SR o 3% A5 7Y 1) PHLF
(1 AUC 2k 0.88, Tl fig J1 = F {3 f# H] Rem-ALPlat &
BRIRL . AN, AT 2E E VBRI A 2 R
ALBI #4531 ICG-R15 #2455, AUC 4 0.84

KA 22 J7 T 48 b 78 4 w5 A5 L T 68 7 19 ) i
2315 R A 7 8 0 FH Y ety o A BRI B T
£, 11 A8 B Y Logistic [ T #5 41, AUC H 0.83
AR LA R ARG, AUC FRER0.74, 48
2T, A5 &SP A 20 AR, AUC K
0.80, fHJ2 H 45 i AR W48 7 B AUC [T B h 0.78.
ZMLH AR TR B g o B, [HEie
T ARRE ARG R IR E ftkee (2).

F2 ETF Logistic BlVF 7 X E I FUNEE
Table 2 Prediction models based on Logistic regression
i At o 4 AU PHLF fa A A
WangZ21 2021 JFABAF 1 0365 HEREGIE: 1 035; 4MBIGIE:590 A MAHZLZE ALB.GGT .PT .CSPH  KIIRA CHa%1=0.88
Xu & 2021 FFABASN 344 NEREGUE: 148; FMMEHIE: 167 A ARHT: SUHZLE INRPLT; Rep VIBRVERI IR i AUC=0.84
WangZE0P0 2022 I 416 50715 179 & TIERKE H DIBRAE ] ALT LB LRI PLT AUC=0.86
ALPlatbrifE 2020 JIIZ5H4E : 876 KiELE : 250 4 PT-INR.Rem.PLT .ALB AUC=0.75
APRI-sFLR 2021 637 Ji  APRI.sFLR AUC=0.82
PG GSA 2023 102 To EHFECRPTC GSA R P H AUC=0.78
Huang Z5# 2023 YILRLE : 97 ; KriF4E : 49 T LSH/ME FLRAGHPIE S AR AUC=0.76
Morino 2541 2023 597 J&  Rem-ALPlat f8% .PM ${ik 2K IfiL i AUC=0.88
AR 55 KL S PR I R 4y L BIHAZLER |
Liu 25471 2020 15 636 JC ASTVZHZUE OFBNIGYT s R DIBRAREE LA . AUC=0.83
JFFHIE f bt AR B
ARA AR S A TS R A (BMID) | 56 ) JpR e 1= i
P43 Charlson & I AEF8 80 BRAE AL  BEAE I AR
Wang 241 2023 2192 T TR AR FARIEME JhAs 4t JRAE K AUC=0.80

JN AR BT K 5K PLT 2T & H INR S HLT 2
A FAR AR DIBRTT BRI T A A il 45 2l
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3 WHFEFEIRE

3.1 A TI#% M %18 (artificial neural network
model, ANN)

Mai 285 & PLT. PT. MHAHZL & . AST M
sFLR & 57 JF 56 UE 7 # U PHLF 9 ANN, 3% 5 54 i1y
AUCE 2} 0.88, %46 Y[Rl i) % 1 T P VIR R 5 5% 4%
JHF 440 Ji 1 1A B RN T BB A L, OF EL BT B9 48 bR
Gy FARWC, AN FIRIR . AR by F il = 508
AT G TCG-R15 Fi R 7[R o oK 3 B 3%
G54 T A R KU DR R R A B, I H
Z A FE A b TR P B Y, ROk TR B A £
o T B MBI 5 i — 2D 0 IR 2R R Y AT A R R S
FH

Lu ZE00al PR BF5E T 871 46 2 289 )14 95 55 4 ¢
HCC B3, R H Bl AL 2R PR 3% A Logistic [71 15 32
FE ORI 48 9% B A0 06 HCC 3 & A PHLF 4 30 57 15
BRI R K. ARATALB, PT. RHZIZE . AST. ICG-R15,
sFLR I CSPH, Jf 3k 3 2 £ 5 [F 25 4 57 ANN o i
D PHLF (4 KUBS , A RO FE I 2R 4 L P93 560 F A1 Ak
TR IEAE B AUC 4351 49 0.85 . 0.86 F10.87., M# T

Mai SRR, B R % T ICG-R15 FU A+,
JF HAESM A S0k 5 v AUC R RE A o
3.2 LightGBM 4%

Wang 5094 A 875 f51] Z rhaty 8 35 B s #E 17 [l
B BF 5, Ak PLT . AR #Y . WLEF (Cr) . INR
FHRE A (AFP) i PHLF Y37 fE G 1 £, 45
A XS Z M T R LightGBM 55 %6 Y AL &5 2% )
AR (ML PHLF) FfiEA7800E . %88 8 78 Y1l 25
BAGI . 563 BA S A3 BA 37 H i AUC 4351k 0.94
0.87 F10.82, M 5% 3 i B % 155 AU 5 1% 48 1) ALBI ¥
4y . FIB-4. APRI. MELD %3 #1 CTP ¥ 23 ¥E 47 Hb
B, 45 R WML PHLF (9 9000 BE 7 fe o %R Y
K FH B I R 2 0K 46 T 08 HL& Uk, 3 R
2RI RE 5t o 3L T HLAN 2% 2T K 4 780 00 452 AU K A
AU AT Z GRS 50, h Ho] DUE B IE T 52
ZAHE B v py LA, DATTIT B i S R Y S fig
IZWF 58 2K F ISGLS AR 2 SC PHLEF ,  H. 94.5% (1) (8 &
CTP Iy A9, AR KA FE TR IE M 2
UL F 5T 5K B 58 ML PHLF A5 B £E CTP 343 B, C 2%
FH A AR G A PHLF H A SN (23)
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Table 3 Prediction model based on machine learning

PEOBAIEE AR AR

AL A PHLF fi i K 25 ok K T fE
PR 14 e AR e R 2% e i T RE
Mai 25141 2020  YIZREE.265; 50488 PLT .PT EJHZT 2 (AST .sFLR ANN,AUC=0.88
Lu 501 2022 871 J& RHTALB.PT EHLTZE (AST.ICG-R15 . sFLR .CSPH ANN,AUC=0.87

ML PHLF 2022 875 ¥

PLT 4E#% .Cr . INR . AFP

LightGBM S 7545, AUC=0.94

4 BREERZ

£ 4 7E PubMed . A K24 AR . Web of Science Fl
CNKI H 4l 2 K & i 16 1 6 7 PHLF il I A58 Y 7y SC
k. A% G TAl O ¥ I AUC 7E 0.64~0.83 Z 7], i fi;
AUC 4 0.69; #F Logistic 7] 5 Ay #L %I AUC 7E 0.75~
0.88 Z[a], {7 AUC K 0.83; T3 T HLAF 2 > )ik
A7 ) W AR L AUC 7F 0.85~0.94 Z [], i {ii AUC
h0.88 . X FEIR HE T AILAF 2 2 J7 I Y T A5
B I4 0 O BE o R, H T AL s e
J7 ik A R AR D . I, Rk AT DL T
B 2 21 J7 ok iy st T 22 5 A 5 10 00 6 7 7 0
BAL L AR, FRATTL 222 IR B L& 2 > B A B AE
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