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Abstract
Liver resection is an effective therapeutic option for patients with hepatocellular 
carcinoma. However, posthepatectomy liver failure (PHLF) remains a major cause of 
hepatectomy-related mortality, and the accurate prediction of PHLF based on preop-
erative assessment of liver functional reserve is a critical issue. The definition of PHLF 
proposed by the International Study Group for Liver Surgery has gained acceptance 
as a standard grading criterion. Liver function can be estimated using a variety of pa-
rameters, including routine blood biochemical examinations, clinical scoring systems, 
dynamic liver function tests, liver stiffness and fibrosis markers, and imaging studies. 
The Child–Pugh score and model for end-stage liver disease scores are convention-
ally used for estimating liver decompensation, although the alternatively developed 
albumin-bilirubin score shows superior performance for predicting hepatic dysfunc-
tion. Indocyanine green clearance, a dynamic liver function test mostly used in Japan 
and other Asian countries, serves as a quantitative estimation of liver function reserve 
and helps determine indications for surgical procedures according to the estimated 
risk of PHLF. In an attempt to improve predictive accuracy, specific evaluation of 
liver fibrosis and portal hypertension has gained popularity, including liver stiffness 
measurements using ultrasonography or magnetic resonance elastography, as well as 
noninvasive fibrosis markers. Imaging modalities, including Tc-99m-labeled galactosyl 
serum albumin scintigraphy and gadolinium-enhanced magnetic resonance imaging, 
are used for preoperative evaluation in combination with liver volume. This review 
aims to provide an overview of the usefulness of current options for the preoperative 
assessment of liver function in predicting PHLF.
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1  |  INTRODUC TION

Hepatocellular carcinoma (HCC) is the most common primary liver 
cancer and commonly arises in patients with chronic liver disease.1 
There are many therapeutic options for HCC, including transplan-
tation, ablation, transarterial chemoembolization, and systemic 
therapy. Liver resection is widely accepted as an effective curative 
treatment for HCC,2 and the capacity of the liver to regenerate and 
restore its function allows the removal of the part of the hepatic pa-
renchyma with lesions. However, resection of an excessive volume 
of a diseased liver could result in insufficient functional reserve of 
the remnant liver, leading to posthepatectomy liver failure (PHLF).3 
The mortality rate after liver resection in patients with HCC is re-
ported to be up to 5.0%.4–6 Furthermore, PHLF significantly affects 
the long-term survival of HCC patients.7,8 Therefore, PHLF remains a 
major cause of hepatectomy-related mortality and has been a barrier 
to expanding the surgical indications for HCC, despite advances in 
surgical techniques and perioperative management.4,9–12 Preventing 
the occurrence of PHLF by accurately estimating the liver functional 
reserve and determining the permissive future remnant volume 
during preoperative planning is essential.

Much effort has been made to develop selection criteria to iden-
tify patients at high risk of PHLF; however, accurate predictors of 
PHLF based on preoperative evaluation of liver function remain con-
troversial. The aim of this narrative review is to provide an overview 
of the utility of current options for preoperative assessment of liver 
function and the performance of each parameter in predicting PHLF.

2  |  LITER ATURE SE ARCH

The predictors of PHLF are heterogeneous, and the criteria for surgi-
cal indications for patients with HCC differ greatly across institutions 
and countries. In addition, advances in surgical techniques and diag-
nostic tools, including imaging modalities and detection of novel bio-
markers, have impacted perioperative management and postoperative 

outcomes in patients with HCC, further complicating the preoperative 
prediction of PHLF.

This article aims to review the current status and trends of preop-
erative risk assessment for liver resection and comprehend this het-
erogeneity. Because of a broad variety of liver function tests and the 
substantial heterogeneity of studies, a formal systematic review was 
not conducted. Rather, a pragmatic electronic literature search in the 
PubMed and Medline databases was performed using the keywords 
“liver failure OR liver insufficiency OR liver dysfunction OR liver de-
compensation” AND “posthepatectomy OR postoperative OR hepa-
tectomy OR liver resection.” We particularly focused on literature 
published within the last 15 years. Only studies in humans published 
in English were considered. Studies were excluded if they fulfilled any 
of the following criteria: (1) a focus on liver resection for non-HCC tu-
mors, such as cholangiocarcinoma and metastatic cancer; (2) inclusion 
of only long-term outcomes; (3) examination of correlation among the 
parameters or grading systems but not with outcomes; (4) lack of pre-
cise description of the definition of postoperative outcomes; and (5) 
no report on the detailed methodology.

3  |  DEFINITION OF PHLF

The incidence of PHLF has been reported to range from 1.2% to 32%, 
which potentially reflects the differences in patient demographics, pa-
thology of underlying diseases, procedures performed, and the defi-
nition of PHLF.13 Various definitions of PHLF have been proposed, 
some of which have gained wide acceptance (Table 1).

Balzan et al. in 2005 showed that a combination of prothrombin 
time <50% and bilirubin >50 μmol/L on postoperative day 5 was 
an accurate predictor of the risk of hepatectomy-related mortal-
ity.14 These are termed the 50-50 criteria, and their usefulness for 
the early diagnosis of PHLF has been validated.15 Mullen et al.16 
proposed that a peak serum bilirubin concentration >7 mg/dL is 
a powerful predictor of 90-day mortality and complications after 
major hepatectomy. Although the peak bilirubin criterion showed 

TA B L E  1  Representative definitions for PHLF.

Criterion Study Year Definition

50-50 criteria Balzan et al.14 2005 Prothrombin time index <50% and serum bilirubin >50 mmol/L (ie, 2.9 mg/dL) on 
postoperative day 5

Peak bilirubin 
criterion

Mullen et al.16 2007 Postoperative peak bilirubin >7.0 mg/dL

ISGLS Rahbari et al.13 2011 An increased PT-INR and concomitant hyperbilirubinemia on or after postoperative 
day 5

Grade A PHLF resulting in abnormal laboratory parameters but requiring no 
change in the clinical management

Grade B PHLF resulting in a deviation from the regular clinical management 
but manageable without invasive treatment

Grade C PHLF resulting in a deviation from the regular clinical management 
and requiring invasive treatment

Abbreviations: ISGLS, International Study Group of Liver Surgery; PHLF, posthepatectomy liver failure; PT-INR, prothrombin time-international 
normalized ratio.
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better predictive performance (area under the curve, 0.982; sen-
sitivity, 93.3%; and specificity, 94.3%) than the 50-50 criteria, the 
exclusion of patients with cirrhosis in this analysis has raised ques-
tions about its validity.

The International Study Group of Liver Surgery (ISGLS) proposed a 
standardized definition for PHLF in 2011.13 They defined PHLF as an 
increased prothrombin time-international normalized ratio (PT-INR) 
and concomitant hyperbilirubinemia on or after postoperative day 
5. The severity is categorized into three grades, as follows: Grade A, 
resulting in abnormal laboratory parameters but requiring no devia-
tion from standard care; Grade B, resulting in a deviation from reg-
ular clinical management and requiring noninvasive treatment; and 
Grade C, resulting in a deviation from the regular clinical management 
and requiring invasive treatment. The perioperative mortality rates 
of patients with grades A, B, and C PHLF are 0%, 12%, and 54%, 
respectively.13

The ISGLS definition has a higher sensitivity for predicting 
hepatectomy-related mortality than the 50-50 criteria and the peak 
bilirubin >7 mg/L criterion.17 Therefore, the ISGLS definition has 
gained acceptance as a standard grading criterion for PHLF and has 
been universally used in studies involving liver resection.5,18–22

4  |  PREOPER ATIVE A SSESSMENT FOR 
LIVER FUNC TIONAL RESERVE

The risk assessment for PHLF is mainly based on the optimization of 
preoperative liver function reserve.3 Liver function can be estimated 
using various preoperative parameters, including blood biochemical 
examinations, clinical scoring systems, dynamic liver function tests, 
fibrosis markers, including liver stiffness (LS), imaging studies, and pa-
rameters of portal hypertension, including the hepatic venous pres-
sure gradient (HVPG)5,22 (Table 2, Figure 1).

Blood biochemical tests, which are routinely performed prior to 
surgery, allow screening for general hepatic conditions, including bile 
synthesis and secretion (bilirubin), protein synthesis (albumin and 
prothrombin time), detoxification (ammonia), and hepatocyte damage 
(aspartate aminotransferase and alanine aminotransferase).3

The Child–Pugh and model for end-stage liver disease (MELD) 
scores are widely used liver function scoring systems that are use-
ful for prognostication of patients with HCC.20,23–27 However, they 
may have limited accuracy for predicting PHLF.28–30 The albumin-
bilirubin (ALBI) score was developed based on the long-term prog-
nosis of patients with HCC.31 The usefulness of the ALBI score, its 
modifications for the assessment of postoperative liver dysfunction, 
and its superiority to the Child–Pugh and MELD scores have been 
described; however, its predictive accuracy for PHLF still needs to be 
investigated.29,30,32–38

The indocyanine green (ICG) clearance test enables quantitative 
estimation of liver function reserve. The ICG test has been mostly 
used in Japan and other Asian countries, where it has been effective 
in determining the indications for surgical procedures according to the 
estimated risk of PHLF.39–42

More recently, specific evaluation of cirrhosis and portal hyper-
tension have gained popularity as tools for liver functional assessment, 
including LS measurement (LSM) using ultrasonography or magnetic 

TA B L E  2  Categories of liver function tests.

Liver function tests Items/components

Routine blood tests

(syntheticm excretory, detoxifying) Albumin, PT, bilirubin, bile 
acid, ammonia

(liver enzymes) AST, ALT, GGT, LDH

(portal hypertension) Platelet count

Clinical scores

Child–Pugh score Serum bilirubin and 
albumin, PT, ascites, 
encephalopathy

MELD score Serum bilirubin and 
creatinine, INR

ALBI score Serum albumin and bilirubin

Dynamic liver function tests

Indocyanine green test ICG-R15, KICG

LiMAx test 13CO2:12CO2 ratio in the 
expired breath

Serum liver fibrosis markers

APRI AST, platelet count

FIB-4 index Age, AST, ALT, platelet count

Hyaluronic acid

Type IV collagen 7S

M2BPGi

Liver stiffness

Ultrasound elastography VCTE, pSWE, 2D-SWE

Magnetic resonance elastography 
(MRE)

Functional liver imaging

Tc-99m-GSA scintigraphy HH15, LHL15

Gd-EOB-DTPA-enhanced MRI RLE, HUI

Portal hypertension

Hepatic venous pressure gradient

Liver stiffness

Spleen volume

Spleen stiffness

Liver surface nodularity

Abbreviations: 2D-SWE, two-dimensional shear wave elastography; 
ALBI, albumin-bilirubin; ALT, alanine aminotransferase; APRI, 
aspartate aminotransferase to platelet ratio index; AST, aspartate 
aminotransferase; FIB-4, fibrosis-4; Gd-EOB-DTPA, gadolinium 
ethoxybenzyl diethylenetriamine pentaacetic acid; GGT, gamma-
glutamyl transferase; HH15, blood clearance ratio of Tc-99m GSA; ICG-
R15, indocyanine green retention rate at 15 minutes; INR, international 
normalized ratio; LDH, lactate dehydrogenase; LHL15, hepatic uptake 
ratio of Tc-99m GSA; LiMAx, liver maximum capacity; M2BPGi, mac-2 
binding protein glycosylation isomer; MELD, model of end-stage 
liver disease; MRI, magnetic resonance imaging; pSWE, point shear 
wave elastography; PT, prothrombin time; Tc-99m-GSA, Technetium-
99m galactosyl serum albumin; VCTE, vibration-controlled transient 
elastography.
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resonance elastography (MRE),43–45 noninvasive fibrosis markers such as 
the aspartate aminotransferase-to-platelet ratio index (APRI)46,47 and the 
fibrosis-4 (FIB-4) index,48,49 and the mac-2 binding protein glycosylation 
isomer (M2BPGi).50,51 These noninvasive biomarkers can potentially be 
used as substitutes for liver biopsy and HVPG, which are invasive methods 
with acknowledged limitations.22,52–55 Imaging modalities have also been 
proposed for the estimation of liver function. Tc-99m-labeled galactosyl 
serum albumin (Tc-99m-GSA) liver scintigraphy56–58 and gadolinium-
enhanced magnetic resonance imaging (MRI) using gadolinium ethoxy-
benzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)59–61 are 
used for preoperative evaluation in combination with liver volume. In 
addition, liver surface nodularity (LSN) has recently been reported to be 
an independent predictor of PHLF in patients with HCC,62,63 although 
this novel method requires validation in further studies.

5  |  ROUTINE BLOOD BIOCHEMIC AL 
TESTS AND CLINIC AL SCORES

The Child–Pugh score is an essential tool for stratifying the prognosis 
of patients with HCC and as a general guide for indication for sur-
gical resection23,24 and is the gold standard grading system for liver 

function. This score is based on five simple parameters: encephalopa-
thy, ascites, serum total bilirubin level, serum albumin level, and pro-
thrombin time.64 The MELD score, which incorporates renal function 
and general liver functional indicators, was originally designed to pre-
dict survival in patients with cirrhosis after insertion of a transjugular 
intrahepatic portosystemic shunt65 and has been used to prioritize 
candidates for liver transplantation. The MELD score has also been 
applied for the early prediction of postoperative morbidity and mor-
tality in patients undergoing liver resection,27 but its predictive per-
formance in patients without advanced cirrhosis is controversial.12,66

Although the Child–Pugh score has conventionally been used for 
risk assessment of surgical treatment for patients with HCC, it has 
limitations, such as subjective parameters and arbitrary cutoff points. 
The ALBI score has emerged as an evidence-based scoring system to 
assess liver function in patients with HCC. This score includes only the 
albumin and bilirubin values and is therefore more objective.31 The 
ALBI score has been widely accepted as a prognostic tool and has a 
good correlation with survival, time to recurrence, and tolerability of 
surgical, locoregional, and systemic therapies for HCC.67,68 In addition, 
the ALBI score is more capable of predicting postoperative outcomes 
and major complications, including PHLF, than the Child–Pugh and 
MELD scores.29,30,33–35,69 However, the utility of the preoperative 

F I G U R E  1  Schema of categories of liver function tests (related to Table 2). Preoperative tests to estimate liver functional reserve can 
be categorized into blood biochemical examinations, clinical scoring systems, dynamic liver function tests, fibrosis markers, including 
liver stiffness, imaging studies, and parameters of portal hypertension. Some items overlap across the categories, which are listed in 
gray text. 2D-SWE, two-dimensional shear wave elastography; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; APRI, aspartate 
aminotransferase to platelet ratio index; AST, aspartate aminotransferase; FIB-4, fibrosis-4; Gd-EOB-DTPA, gadolinium ethoxybenzyl 
diethylenetriamine pentaacetic acid; GGT, gamma-glutamyl transferase; HVPG, hepatic venous pressure gradient; ICG, indocyanine green; 
LDH, lactate dehydrogenase; LiMAx, liver maximum capacity; M2BPGi, mac-2 binding protein glycosylation isomer; MELD, model of end-
stage liver disease; MRE, magnetic resonance elastography; MRI, magnetic resonance imaging; pSWE, point shear wave elastography; PT, 
prothrombin time; Tc-99m-GSA, Technetium-99m galactosyl serum albumin; VCTE, vibration-controlled transient elastography.
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ALBI grade for estimating the risk for PHLF has been demonstrated 
mainly in retrospective studies, and further investigations with high-
quality designs to evaluate its predictive accuracy are needed.38

Although the ALBI score has gained popularity because of its 
simple and objective parameters for predicting prognosis in HCC pa-
tients, there have been attempts to determine more accurate predic-
tive models for PHLF using routine blood tests, including prothrombin 
time, aminotransferase, and platelet count, as well as specific indica-
tors, such as the ICG test, LSM, and imaging modalities.6 Importantly, 
the platelet count, which is a conventional item not included in the 
ALBI score, is known to have an impact on the postoperative out-
come for HCC, as it reflects clinically significant portal hypertension 
(CSPH).70 In addition, the platelet count is an essential component 
of noninvasive diagnostic tools for liver fibrosis, including the APRI 
and FIB-4 index. Multiple studies have identified the platelet count 
as a significant predictor of PHLF,6,71 and models that incorporate the 
platelet count combined with albumin,72 the ALBI score,73 ICG test,74 
and other predictive factors5,75 have shown a better predictive perfor-
mance than the ALBI score. Of note, these models include resection 
volume or future liver remnant (FLR) as a parameter, which allows sur-
geons to plan surgical procedures based on liver functional evaluation 
using simple and conventional factors. Recently, nomograms have 
been developed based on multiple independent preoperative predic-
tors, which enable multidisciplinary risk assessment to determine the 
indications for hepatectomy in patients with HCC20,76,77 (Table 3).

6  |  DYNAMIC LIVER FUNC TION TESTS

6.1  |  ICG test

The clearance of intravenously administered exogenous substances 
that are metabolized or excreted via liver perfusion has been used to 
quantitatively examine liver function.40 The ICG retention test is as a 
well-accepted method for preoperatively assessing liver functional re-
serve and is routinely performed in Japan and other Asian countries.41 
It is a dynamic method that measures the hepatic clearance of ICG 
15 min after its intravenous injection (ICG-R15). ICG clearance is usu-
ally delayed in patients with liver damage, and an increase in the ICG-
R15 reflects the degree of liver dysfunction. The Makuuchi criteria, a 
decisional algorithm for the extent of hepatectomy according to the 
ICG-R15, have reduced hepatectomy-related morbidity and mortality, 
especially during the developmental stage of liver surgery in Japan.39

The ICG test has gained popularity as a preoperative liver func-
tional test, and it has superior predictive performance compared to the 
Child–Pugh and MELD scores.28 Although the ICG-R15 is not a linear 
parameter, the plasma disappearance rate of ICG (KICG) is useful for the 
quantification of liver function when combined with the estimated-FLR 
as the KICG of the remnant liver (remKICG),78 which is correlated with 
the occurrence of PHLF not only in HCC patients79,80 but also in those 
with biliary cancer81 and individuals who have undergone portal vein em-
bolization.82 Some studies have used predictive models incorporating the 
ICG-R15,74,83–85 including the Albumin-Indocyanine Green Evaluation 

model,86,87 which has better performance than the Child–Pugh score but 
is comparable with the ALBI grade for predicting PHLF (Table 3). The 
potential limitation of the ICG clearance test is that its result is affected 
by biliary obstruction and hemodynamic alterations, such as intrahepatic 
shunt, portal hypertension, and thrombosis.

6.2  |  Liver maximum capacity

The liver maximum capacity (LiMAx) test evaluates hepatic metabo-
lism by measuring the 13CO2:12CO2 ratio in the exhaled breath, which 
is derived from the rate of metabolism of intravenously injected 13C-
methacetin. The LiMAx test result strongly correlates with liver func-
tion reserve, and a preoperative volume/function analysis combining 
FLR and LiMAx enables an accurate estimation of remnant liver function 
prior to surgery.88,89 The LiMAx test has gained acceptance mostly in 
Western countries, and the LiMAx decision tree algorithm has improved 
preoperative assessments for PHLF and postoperative outcomes.90,91

7  |  SERUM MARKERS FOR LIVER 
FIBROSIS

7.1  |  APRI and FIB-4 index

Liver fibrosis is a common consequence of chronic liver injury, and 
the extent of fibrosis is highly correlated with liver functional reserve 
and prognosis in patients with HCC. Liver biopsy is the standard op-
tion for evaluating liver fibrosis, but it is an invasive procedure and 
has several limitations, such as complications, sampling errors, in-
tra- and interobserver variability, and expense.92 To address these 
limitations, noninvasive liver fibrosis markers suitable for routine 
use have been developed. The APRI (aspartate transaminase/[upper 
limit of normal] × 100/platelet count [109/L])46 and the FIB-4 index 
([age (in years) × aspartate aminotransferase (U/L)]/[platelet count 
(109/L) × alanine aminotransferase (U/L)1/2])48 can be commonly as-
sessed using simple and conventional parameters. These liver fibrosis 
indices show excellent accuracy in predicting significant fibrosis and 
cirrhosis, and they have recently gained attention as noninvasive tools 
for the diagnosis and prognostication of nonalcoholic steatohepatitis 
(NASH). This is important as the incidence of NASH is rapidly increas-
ing worldwide, and it is becoming a major etiology of chronic liver 
disease.93–96 The APRI and FIB-4 index are also useful for estimating 
liver functional reserve, as they correlate with the risk of periopera-
tive mortality97 and have better predictive accuracy for PHLF than the 
MELD and Child–Pugh scores34,98–102 (Table 4).

7.2  |  Specific liver fibrosis markers

Other specific markers for liver fibrosis examined by blood 
tests include hyaluronic acid, type IV collagen 7S, and M2BPGi. 
Serum hyaluronic acid, which reflects sinusoidal endothelial cell 
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TA B L E  4  Predictors and prediction models for PHLF based on liver fibrosis markers.

Study Year Country
Study 
type

No. of 
participants Outcome

No. of 
outcome Parameters

AUROC (95% 
confidence 
interval)

Serum fibrosis marker

Mai et al.98 2021 China R 637 ISGLS Grade B,C 101 (15.9%) APRI, FLR 0.82

Dong et al.100 2015 China R 338 ISGLS Grade B,C 14 (4.1%) FIB-4, FLR 0.85 (0.76–0.94)

Feng et al.101 2019 China R 205 ISGLS Grade B,C 24 (11.7%) FIB-4 0.74 (0.59–0.88)

Zhou et al.102 2020 China R 495 ISGLS Grade A,B,C 46 (9.3%) FIB-4 0.74 (0.66–0.84)

Ueno et al.104 2009 Japan R 52 Clinical, CD≥3 17 (32.7%) HA, FLR 0.92 (0.84–1.00)

Yachida et al.106 2009 Japan R 131 Clinical 27 (20.6%) HA 0.80 (0.70–0.89)

Kubo et al.108 2004 Japan R 251 Clinical 25 (10.0%) Type IV collagen 7S -

Ishii et al.109 2020 Japan R 215 ISGLS Grade A,B,C 18 (8.3%) Type IV collagen 7S -

Okuda et al.111 2017 Japan R 138 ISGLS Grade B,C 19 (13.8%) Plt, M2BPGi, Res 0.81 (0.69–0.89)

Liver stiffness measurement

VCTE

Cescon et al.128 2012 Italy P 92 Clinical 26 (28.9%) VCTE 0.87 (0.78–0.93)

Wong et al.129 2013 China P 105 Clinical 15 (14.3%) VCTE 0.79 (0.65–0.93)

Rajakannu et al.131 2017 France P 106 Clinical 9 (8.5%) VCTE 0.81 (0.51–0.91)

Lei et al.132 2017 China P 247 Clinical 37 (15.0%) VCTE, INR 0.87 (0.80–0.91)

Chong et al.133 2017 China P 255 ISGLS Grade B,C 46 (18%) VCTE 0.65 (0.55–0.74)

Serenari et al.134 2020 Itaky, 
Korea

P 471 CCI≥26.2 50 (10.6%) Alb, VCTE, Age, MELD 0.75 (0.72–0.78)

pSWE

Harada et al.136 2012 Japan P 50 Ascites CD≥3 10 (20%) pSWE 0.90

Nishio et al.130 2016 Japan P 177 ISGLS Grade B,C 21 (11.9%) pSWE (ARFI), FLR 0.80 (0.70–0.87)

Han et al.137 2017 China P 77 ISGLS Grade A,B,C 27 (35.1%) pSWE 0.84

Hu et al.138 2018 China P 216 ISGLS Grade A,B,C 64 (29.6%) pSWE, Plt, Bil, CSPH, 
GGT

0.82 (0.73–0.92)

Shimada et al.139 2021 Japan R 95 Ascites CD≥3 9 (9%) pSWE, Res 0.71

Toriguchi et al.140 2022 Japan P 267 Ascites CD≥3 35 (13.1%) pSWE 0.79 (0.72–0.87)

2D-SWE

Lee et al.141 2021 Korea P 125 CCI≥26.2 18 (14.4%) 2D-SWE 0.85 (0.78–0.91)

Ju et al.142 2021 China R 236 ISGLS Grade A,B,C 33 (14.0%) 2D-SWE, Alb, HBsAg 0.79

Fu et al.143 2021 China R 215 ISGLS Grade B,C 23 (10.7%) 2D-SWE 0.80

Shi et al.144 2022 China P 130 ISGLS Grade B,C 40 (30.8%) 2D-SWE 0.72 (0.62–0.82)

Long et al.145 2022 China P 119 ISGLS Grade B,C 38 (31.9%) 2D-SWE 0.72 (0.61–0.82)

MRE

Abe et al.146 2017 Japan P 175 CD≥3 28 (16.0%) MRE 0.81

Lee et al.147 2017 Korea R 144 ISGLS Grade A,B,C 43 (29.9%) MRE 0.74 (0.64–0.82)

Sato et al.148 2018 Japan P 96 CD≥3 15 (16%) MRE, Alb 0.84

Bae et al.149 2020 Korea R 208 CCI≥26.2 28 (13.5%) MRE, Open/mini-
invasive, Major/
minor resection

0.91 (0.86 0.96)

Shibutani et al.150 2021 Japan R 108 CD≥3 22 (20.4%) MRE, FLR 0.82 (0.73–0.90)

Cho et al.151 2022 Korea R 160 ISGLS Grade B,C 19 (11.9%) MRE, ALBI, Alb, AFP, 
Major/minor 
resection

0.92 (0.87–0.97)

Abbreviations: 2D-SWE, two-dimensional shear wave elastography; Alb, albumin; APRI, aspartate aminotransferase to platelet ratio index; AUROC, 
area under the receiver operating characteristic curve; Bil, bilirubin; CCI, comprehensive complication index; CD, Clavien-Dindo classification; FIB-4, 
fibrosis-4; FLR, future liver remnant; GGT, gamma-glutamyl transferase; HA, hyaluronic acid; HBsAg, hepatitis B surface antigen; INR, international 
normalized ratio; ISGLS, International Study Group of Liver Surgery; M2BPGi, Mac-2 binding protein glycosylation isomer; MELD, model of end-stage 
liver disease; MRE, magnetic resonance elastography; P, prospective; PHLF, posthepatectomy liver failure; Plt, platelet count; pSWE, point shear 
wave elastography; R, retrospective; Res, resection volume; Res, resection volume rate; VCTE, vibration-controlled transient elastography.

(Continues)
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function correlated with hepatic fibrosis, is a reliable indicator 
of liver functional reserve and a useful predictor of postoperative 
complications.103–107 Type IV collagen 7S is a biomarker of liver fibro-
genesis, and its serum concentration correlates with hepatic dysfunc-
tion following liver resection.108,109 More recently, M2BPGi, which is 
a unique fibrosis-related glyco-alteration detected by a glycan sugar 
chain-based immunoassay, has been proposed as a novel marker for 
liver fibrosis.110 Serum M2BPGi levels have a predictive accuracy for 
the diagnosis of liver fibrosis progression comparable to that of LSM 
and superior to that of APRI, hyaluronic acid, and type IV collagen 
7S.50,51 Further, M2BPGi can predict PHLF better than other preop-
erative parameters, including KICG, especially in patients with HCV-
related HCC.111 Taken together, the results of these studies indicate 
that serum markers for liver fibrosis are useful for the preoperative 
assessment of liver functional reserve. However, these results are 
mostly based on retrospective analysis in a limited number of cent-
ers, and further well-designed prospective studies are required to 
determine the markers with the best accuracy.

8  |  L SM

Liver stiffness measurement has been widely accepted as a noninva-
sive assessment procedure for liver fibrosis and is an alternative to liver 
biopsy. The high diagnostic accuracy of LSM is based on the pathogen-
esis of liver fibrosis, in which the deposition of excessive amounts of 
extracellular matrix due to chronic injury increases tissue elasticity, en-
abling quantification of the extent of liver damage. LS is also affected 
by inflammation, passive venous congestion, portal hypertension, and 
biliary obstruction, which are potential confounders. Recently, LSM has 
gained popularity as a noninvasive assessment of liver fibrosis in pa-
tients with NAFLD and NASH because of the rapid increase in NAFLD/
NASH-related end-stage liver diseases worldwide.112–114

8.1  |  Ultrasonographic elastography

Liver stiffness measurement is performed using ultrasonography- 
or MRI-based techniques. Ultrasonographic elastography includes 
vibration-controlled transient elastography (VCTE), point shear wave 
elastography (pSWE), acoustic radiation force impulse (ARFI), and two-
dimensional shear wave elastography (2D-SWE).45,115 VCTE has been 
validated in a large number of studies with good reproducibility, but 
it has the limitation of a lack of imaging. pSWE and 2D-SWE can be 
performed in combination with real-time standard B-mode imaging in 
which the region of interest can be adjusted by the operator; the for-
mer technique acquires point measurements, and the latter yields a 2D 
elastographic tissue map. There is good to excellent agreement across 
different ultrasonographic systems for LSM.116,117 The diagnostic per-
formances of each ultrasonographic technique have been described in 
several meta-analyses, showing good to excellent accuracy for diag-
nosing liver fibrosis stage.118–120 The potential limitations of ultrasono-
graphic elastography include the need for training, limited availability, 

high cost, and failure due to artifacts, operator inexperience, ascites, 
obesity, narrow intercostal space, and confounders, such as inflamma-
tion, venous congestion, cholestasis, non-fasting, and exercise.121

8.2  |  MRE

Magnetic resonance elastography was developed as a noninvasive 
imaging method for quantifying liver fibrosis with high accuracy.122 It 
can be easily incorporated into current abdominal MRI protocols and 
is capable of providing a stiffness map of the entire liver as well as a 
comprehensive evaluation in conjunction with MRI across the abdo-
men. MRE is reliable and repeatable with high intra- and interobserver 
agreement and without significant variability across vendors.123–126 
However, there are limitations, including cost, availability, and patient-
dependent factors such as the presence of magnetically susceptible 
implants, compliance with breath-hold, and claustrophobia.121

8.3  |  Usefulness of LSM for prediction of PHLF

Liver stiffness measurement techniques have the potential to be ap-
plied to risk assessment for PHLF based on the significant correlation 
between the progression of liver fibrosis and extent of liver dysfunc-
tion.127 The utility of VCTE for predicting postoperative complications 
has been described.128,129 A prospective study demonstrated that 
ARFI-based LSM is useful for predicting PHLF based on the ISGLS 
definition, with higher accuracy than conventional preoperative tests, 
including KICG, and other fibrosis markers, such as hyaluronic acid, 
type IV collagen, the APRI, and the FIB-4 index.130 The PHLF pre-
diction model of the ARFI value incorporating FLR allows surgeons 
to make decisions regarding surgical procedures based on the esti-
mation of permissive resection volume and has superior predictive 
performance to remKICG. Similarly, several studies have validated 
the usefulness of ultrasonographic elastography as a preoperative as-
sessment modality for predicting postoperative complications across 
ultrasonographic systems, including VTCE,131–135 pSWE,136–140 and 
2D-SWE.141–145 LSM by MRE can also be used as a risk assessment 
modality for major complications after liver resection, including PHLF, 
and has good predictive performance compared to the ICG test, 
MELD score, APRI, FIB-4 index, and VCTE value146–151 (Table 5). LSM 
is a promising technique for evaluating preoperative liver functional 
reserve, and further investigations are required to develop LSM-based 
criteria for determining surgical indications.

9  |  FUNC TIONAL LIVER IMAGING

9.1  |  Hepatobiliary scintigraphy

Tc-99m-GSA scintigraphy is a well-accepted imaging modality for as-
sessing liver function.152 Tc-99m-GSA is a liver scintigraphy agent that 
binds to the asialoglycoprotein receptor on hepatocytes.153 Hepatic 
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    |  879NISHIO et al.

dysfunction as detected by the abnormal distribution of functioning 
hepatocytes with Tc-99m-GSA is correlated with hepatic disorders, 
including steatosis, fibrosis, and necrosis due to chronic liver injury. 
The HH15 (blood clearance ratio), representing retention of the tracer 
in the blood, and LHL15 (hepatic uptake ratio), representing uptake 
of the tracer in the liver, are commonly used as parameters. One of 
the benefits of Tc-99m-GSA scintigraphy is its ability to quantify the 
function of specific parts of the liver as well as the function of the 
entire liver,154 which is useful for estimating the function of the FLR 
during preoperative risk assessment and decision-making in surgical 
procedures. Tc-99m-GSA is also applicable for patients undergoing 
portal vein embolization or two-stage procedures, as liver function in 
such patients is not uniform across liver segments.155 Tc-99m-GSA 
scintigraphy-derived parameters show good correlation with post-
operative outcomes, including PHLF.56,83,156–161 The fusion images 
of SPECT and computed tomography (CT) scans can provide a si-
multaneous assessment of anatomical details and the corresponding 
functions.58,162–165 Tc-99m-mebrofenin scintigraphy is also used to 
obtain functional liver imaging to estimate FLR function and the risk 
of PHLF after major hepatectomy and two-stage procedures.83,166,167 

Tc-99m-mebrofenin scintigraphy correlates with ICG retention be-
cause its absorption, excretion, and lack of hepatic biotransformation 
are similar to those of ICG.168

9.2  |  Gd-EOB-DTPA-enhanced MRI

Gd-EOB-DTPA-enhanced MRI (EOB-MRI) has been proposed for 
the evaluation of liver functional reserve, as the specific uptake 
of Gd-EOB-DTPA by hepatocytes reflects their function. Signal 
intensity-based parameters, including the relative liver enhance-
ment, hepatic uptake index,169 and liver imaging score,170 are 
commonly used to evaluate liver function, and these EOB-MRI-
derived parameters are effective for the preoperative prediction 
of PHLF.61,171–175 The advantages of EOB-MRI include high spatial 
resolution and combined anatomical and functional assessment, 
which enable the evaluation of regional liver function and diagnosis 
of hepatic lesions prior to liver resection. Moreover, it is reasonable 
to incorporate the FLR volume for precise estimation of postopera-
tive residual function.61,172–174 EOB-MRI is better at evaluating the 

TA B L E  5  Predictors and prediction models for PHLF based on imaging and CSPH parameters.

Study Year Country
Study 
type

No. of 
participants Outcome

No. of 
outcome Parameters

AUROC (95% confidence 
interval)

Liver functional imaging

Tc-99m-GSA

Kaibori et al.156 2008 Japan R 191 Clinical 16 (8.3%) GSA-Rmax, HA –

Hayashi et al.159 2015 Japan R 133 CD≥3 10 (7.5%) LHL15, FLR –

Nakamura et al.161 2018 Japan R 218 ISGLS Grade B,C 38 (17.4%) LHL15, FLR –

Kato et al.56 2018 Japan R 100 ISGLS Grade A,B,C 33 (33%) LHL15, FLR; 
Rmax, FLR

0.79 (0.67–0.87) LHL15-
FLR 0.78 (0.67–0.86) 
Rmax-FLR

Okabayashi et al.163 2017 Japan P 185 ISGLS Grade A,B,C 14 (8%) LHL15, FLR –

Tomita et al.165 2021 Japan R 102 ISGLS Grade B,C 15 (14.7%) LU15, FLR 0.82 (0.70–0.93)

EOB-MRI

Araki et al.61 2020 Japan R 129 ISGLS Grade B,C 5 (3.9%) LMR, FLR 0.94 (0.89–0.99)

Orimo et al.172 2020 Japan R 140 ISGLS Grade B,C 13 (9.3%) HUI, FLR 0.87

Tsujita et al.173 2020 Japan R 41 ISGLS Grade B,C 9 (21.9%) HUI, FLR 0.89 (0.73–0.96)

Wang et al.174 2021 China R 116 ISGLS Grade A,B,C 28 (24.1) RE, FLR 0.88 (0.81–0.93)

Luo et al.175 2022 China R 502 ISGLS Grade A,B,C 90 (17.9%) FLIS 0.75 (0.71–0.79)

CSPH parameter

Bae et al.183 2021 Korea R 317 ISGLS Grade A,B,C 72 (22.7%) SV 0.66 (0.61–0.71)

Fernández-Placencia 
et al.184

2020 France R 107 Clinical PHD 9 (8.8%) SV, LS 0.96 (0.93–0.98)

Peng et al.185 2019 China P 158 ISGLS Grade A,B,C 23 (14.6%) SV, FLR; SS 0.86 (0.76–0.95) SV/FLR 
0.87 (0.79–0.94) SS

Hobeika et al.62 2020 France R 187 ISGLS Grade B,C 12 (6.4%) LSN 0.72

Abbreviations: AUROC, area under the receiver operating characteristic curve; CSPH, clinically significant portal hypertension; EOB-MRI, gadolinium 
ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; FLIS, functional liver imaging score; FLR, future liver 
remnant; HUI, hepatocellular uptake index; ISGLS, International Study Group of Liver Surgery; LHL15, hepatic uptake ratio of Tc-99m-GSA; LMR, 
liver to muscle ratio; LS, liver stiffness; LSN, liver surface nodularity; LU15, liver uptake Tc-99m-GSA; P, prospective; PHLF, posthepatectomy liver 
failure; R, retrospective; RE, relative enhancement; Rmax, maximal removal rate of Tc-99m-GSA; SS, spleen stiffness; SV, spleen volume; Tc-99m-
GSA, Technetium-99m galactosyl serum albumin scintigraphy.
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regional liver function reserve than other modalities, such as Tc-
99m-GSA scintigraphy, because of its superior spatial resolution.176 
EOB-MRI-based parameters have good to excellent accuracy (AUC 
0.75–0.96) in predicting PHLF, and they have better accuracy than 
the ICG test, MELD score, and ALBI score.173–175 However, the 
heterogeneity in the variance of EOB-MRI-derived parameters and 
limited sample size in the existing studies highlight the necessity for 
well-designed, prospective, multicenter studies with large sample 
sizes. Further, liver functional imaging, including hepatobiliary scin-
tigraphy and MRI, are more costly than non-imaging tests. Further 
investigations are necessary to determine whether the potential 
benefits of these imaging tests can overcome this disadvantage 
because of the overall cost reduction due to the improvement of 
patient outcomes.

10  |  A SSESSMENT FOR PORTAL 
HYPERTENSION

10.1  |  HVPG

Clinically significant portal hypertension is strongly correlated 
with hepatic decompensation and mortality in HCC patients. 
CSPH is not necessarily a contraindication for liver resection10 
because minor resection in patients with moderate CSPH yields 
competitive survival outcomes.23 The extent of hepatectomy 
should be determined based on preoperative risk assessment of 
the severity of portal hypertension as well as other liver func-
tional indicators to prevent the occurrence of PHLF, especially in 
patients with cirrhosis. HPVG is the gold-standard direct assess-
ment of portal hypertension and a significant predictor of hepatic 
decompensation and patient survival. Preoperative HVPG is as-
sociated with postoperative liver dysfunction and mortality after 
liver resection in patients with HCC and liver cirrhosis.53 CSPH is 
defined as an HVPG >10 mg, and its relevance to a higher risk of 
PHLF has been proposed.177 Nevertheless, HVPG is not routinely 
measured in clinical practice, as it is a potentially invasive tech-
nique with complex procedures and limited reproducibility due to 
inter-operator variability.

10.2  |  Noninvasive assessment for CSPH

Alternative noninvasive parameters have been used to assess 
CSPH. The standard surrogate criteria include the presence of 
gastroesophageal varices or thrombocytopenia (platelet count 
<100 000/mL) and splenomegaly (diameter >12 cm).70 LS can also 
estimate portal hypertension, allowing highly accurate noninvasive 
identification of CSPH,54 particularly when combined with spleen 
diameter and platelet count.178 Spleen stiffness measured by elas-
tography, as well as spleen volume,179–182 better reflect CSPH, and 
these splenomegaly-related parameters are useful for predicting 
PHLF.183–185 More recently, CT-based LSN has been proposed as 

a diagnostic tool for detecting CSPH.186 The LSN score is associ-
ated with severe complications and PHLF after liver resection.22,62 
Quantification of LSN can be performed using routine CT images, 
and it may be a promising method for assessing liver functional 
reserve in the preoperative setting; however, further large cohort 
studies are needed to confirm its accuracy.

11  |  CONCLUSION

Accurate prediction of PHLF baswed on preoperative assessment 
of liver functional reserve remains challenging, and much effort has 
been made to develop criteria to ensure the safety of liver resection 
in patients with HCC. Multiple studies have evaluated the predictive 
performance of various preoperative parameters, which are broadly 
categorized as clinical scores based on routine blood tests, dynamic 
liver function tests, LS and noninvasive fibrosis markers, liver func-
tion imaging, and biomarkers for CSPH. These categories are not com-
pletely independent, and some parameters overlap across groups. For 
example, platelet count, generally included in routine blood tests, is a 
composition of fibrosis markers, including the APRI and FIB-4 index, 
and it is also useful for estimating the presence of CSPH, and LSM, 
which is mostly based on imaging analysis, accurately evaluates CSPH 
and liver fibrosis. Additionally, imaging modalities, including EOB-MRI 
and hepatobiliary scintigraphy, are also categorized as dynamic liver 
function tests. Of note, imaging techniques can simultaneously evalu-
ate function and anatomy and preoperatively provide useful informa-
tion for estimating safe and feasible FLR.

Although the superiority of single predictors is controversial, a 
combination of parameters with consideration of their role in each 
category should enable comprehensive risk assessment for PHLF, 
leading to the proposal of predictive models based on the clinical 
background of individual patients. This review helps organize the cur-
rent status of the preoperative prediction of PHLF, highlighting the 
necessity for further well-designed, large investigations to identify the 
best combination of parameters for the establishment of novel criteria 
for liver resection.

AUTHOR CONTRIBUTIONS
TN and KT conceived the idea of the study. TN, KT, YK, and TI 
significantly contributed to literature search and review. TN and KT 
substantially contributed to the manuscript drafting. EH supervised 
the conduct of this study. All authors critically reviewed and revised 
the manuscript draft and approved the final version for submission.

FUNDING INFORMATION
Supported by the Grant-in-Aid for Scientific Research from the 
Japan Society for the Promotion of Science, KAKENHI No. 21K16444 
(TN) and 22K08733 (YK); and by the Takeda Science Foundation 
(TN).

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflicts of interest for this article.

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  881NISHIO et al.

E THIC S S TATEMENTS
Approval of the research protocol: N/A.
Informed Consent: N/A.
Registry and the Registration No. of the study/trial: N/A.
Animal Studies: N/A.

ORCID
Takahiro Nishio   https://orcid.org/0000-0002-9676-7235 

R E FE R E N C E S
	 1.	 McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepatocellu-

lar carcinoma. Hepatology. 2021;73(S1):4–13.
	 2.	 Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 

2018;391(10127):1301–14.
	 3.	 Van Mierlo KMC, Schaap FG, Dejong CHC, Olde Damink SWM. 

Liver resection for cancer: new developments in prediction, pre-
vention and management of postresectional liver failure. J Hepatol. 
2016;65(6):1217–31.

	 4.	 Vibert E, Schwartz M, Olthoff KM. Advances in resection 
and transplantation for hepatocellular carcinoma. J Hepatol. 
2020;72(2):262–76.

	 5.	 Prodeau M, Drumez E, Duhamel A, Vibert E, Farges O, Lassailly G, 
et al. An ordinal model to predict the risk of symptomatic liver fail-
ure in patients with cirrhosis undergoing hepatectomy. J Hepatol. 
2019;71(5):920–9.

	 6.	 Yoshino K, Yoh T, Taura K, Seo S, Ciria R, Briceño-Delgado J. A 
systematic review of prediction models for post-hepatectomy 
liver failure in patients undergoing liver surgery. HPB (Oxford). 
2021;23(9):1311–20.

	 7.	 Iguchi K, Hatano E, Yamanaka K, Tanaka S, Taura K, Uemoto S. The 
impact of Posthepatectomy liver failure on the recurrence of hepa-
tocellular carcinoma. World J Surg. 2014;38(1):150–8.

	 8.	 Fukushima K, Fukumoto T, Kuramitsu K, Kido M, Takebe A, Tanaka 
M, et al. Assessment of ISGLS definition of Posthepatectomy liver 
failure and its effect on outcome in patients with hepatocellular car-
cinoma. J Gastrointest Surg. 2014;18(4):729–36.

	 9.	 Allaire M, Goumard C, Lim C, Le Cleach A, Wagner M, Scatton O. 
New frontiers in liver resection for hepatocellular carcinoma. JHEP 
Rep. 2020;2(4):100134.

	 10.	 Ishizawa T, Hasegawa K, Aoki T, Takahashi M, Inoue Y, Sano K, 
et al. Neither multiple tumors nor portal hypertension are surgical 
contraindications for hepatocellular carcinoma. Gastroenterology. 
2008;134(7):1908–16.

	 11.	 Poon RT, Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, et al. Improving 
perioperative outcome expands the role of hepatectomy in man-
agement of benign and malignant hepatobiliary diseases: analysis of 
1222 consecutive patients from a prospective database. Ann Surg. 
2004;240(4):698–708; discussion 708–10.

	 12.	 Schroeder RA, Marroquin CE, Bute BP, Khuri S, Henderson WG, Kuo 
PC. Predictive indices of morbidity and mortality after liver resec-
tion. Ann Surg. 2006;243(3):373–9.

	 13.	 Rahbari NN, Garden OJ, Padbury R, Brooke-Smith M, Crawford M, 
Adam R, et al. Posthepatectomy liver failure: a definition and grading 
by the international study Group of Liver Surgery (ISGLS). Surgery. 
2011;149(5):713–24.

	 14.	 Balzan S, Belghiti J, Farges O, Ogata S, Sauvanet A, Delefosse D, 
et al. The "50-50 criteria" on postoperative day 5: an accurate 
predictor of liver failure and death after hepatectomy. Ann Surg. 
2005;242(6):824–8; discussion 828–9.

	 15.	 Paugam-Burtz C, Janny S, Delefosse D, Dahmani S, Dondero F, 
Mantz J, et al. Prospective validation of the "fifty-fifty" criteria as an 
early and accurate predictor of death after liver resection in inten-
sive care unit patients. Ann Surg. 2009;249(1):124–8.

	 16.	 Mullen JT, Ribero D, Reddy SK, Donadon M, Zorzi D, Gautam S, et al. 
Hepatic insufficiency and mortality in 1,059 noncirrhotic patients 
undergoing major hepatectomy. J Am Coll Surg. 2007;204(5):854–
62; discussion 862–4.

	 17.	 Sultana A, Brooke-Smith M, Ullah S, Figueras J, Rees M, Vauthey 
J-N, et al. Prospective evaluation of the international study Group 
for Liver Surgery definition of post hepatectomy liver failure after 
liver resection: an international multicentre study. HPB (Oxford). 
2018;20(5):462–9.

	 18.	 Calthorpe L, Rashidian N, Benedetti Cacciaguerra A, Conroy PC, 
Hibi T, Hilal MA, et al. Using the comprehensive complication 
index to rethink the ISGLS criteria for post-hepatectomy liver fail-
ure in an international cohort of major Hepatectomies. Ann Surg. 
2021;277:e592–6.

	 19.	 Søreide JA, Deshpande R. Post hepatectomy liver failure (PHLF) – 
recent advances in prevention and clinical management. Eur J Surg 
Oncol. 2021;47(2):216–24.

	 20.	 Wang Y-Y, Xiang B-D, Ma L, Zhong J-H, Ye J-Z, Wang K, et al. 
Development and validation of a nomogram to preoperatively es-
timate post-hepatectomy liver dysfunction risk and Long-term 
survival in patients with hepatocellular carcinoma. Ann Surg. 
2021;274(6):e1209–17.

	 21.	 Liu JY, Ellis RJ, Hu QL, Cohen ME, Hoyt DB, Yang AD, et al. Post 
hepatectomy liver failure risk calculator for preoperative and early 
postoperative period following major hepatectomy. Ann Surg Oncol. 
2020;27(8):2868–76.

	 22.	 Hobeika C, Guyard C, Sartoris R, Maino C, Rautou P-E, Dokmak S, 
et al. Performance of non-invasive biomarkers compared with inva-
sive methods for risk prediction of posthepatectomy liver failure in 
hepatocellular carcinoma. Br J Surg. 2022;109:455–63.

	 23.	 Galle PR, Forner A, Llovet JM, Mazzaferro V, Piscaglia F, Raoul J-L, 
et al. EASL clinical practice guidelines: management of hepatocellu-
lar carcinoma. J Hepatol. 2018;69(1):182–236.

	 24.	 Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, 
et al. Diagnosis, staging, and management of hepatocellular carci-
noma: 2018 practice guidance by the American Association for the 
Study of Liver Diseases. Hepatology. 2018;68(2):723–50.

	 25.	 Omata M, Cheng A-L, Kokudo N, Kudo M, Lee JM, Jia J, et al. Asia–
Pacific clinical practice guidelines on the management of hepatocel-
lular carcinoma: a 2017 update. Hepatol Int. 2017;11(4):317–70.

	 26.	 Kamath P. A model to predict survival in patients with end-stage 
liver disease. Hepatology. 2001;33(2):464–70.

	 27.	 Rahbari NN, Reissfelder C, Koch M, Elbers H, Striebel F, Büchler 
MW, et al. The predictive value of postoperative clinical risk scores 
for outcome after hepatic resection: a validation analysis in 807 pa-
tients. Ann Surg Oncol. 2011;18(13):3640–9.

	 28.	 Wang Y-Y, Zhao X-H, Ma L, Ye J-Z, Wu F-X, Tang J, et al. Comparison 
of the ability of child-Pugh score, MELD score, and ICG-R15 to as-
sess preoperative hepatic functional reserve in patients with hepa-
tocellular carcinoma. J Surg Oncol. 2018;118(3):440–5.

	 29.	 Wang YY, Zhong JH, Su ZY, Huang JF, Lu SD, Xiang BD, et al. 
Albumin–bilirubin versus child–Pugh score as a predictor of out-
come after liver resection for hepatocellular carcinoma. Br J Surg. 
2016;103(6):725–34.

	 30.	 Fagenson AM, Gleeson EM, Pitt HA, Lau KN. Albumin-bilirubin score 
vs model for end-stage liver disease in predicting post-hepatectomy 
outcomes. J Am Coll Surg. 2020;230(4):637–45.

	 31.	 Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves 
HL, et al. Assessment of liver function in patients with hepatocellular 
carcinoma: a new evidence-based approach—the ALBI grade. J Clin 
Oncol. 2015;33(6):550–8.

	 32.	 Zou H, Yang X, Li QL, Zhou QX, Xiong L, Wen Y. A comparative 
study of albumin-bilirubin score with child-Pugh score, model for 
end-stage liver disease score and Indocyanine green R15 in predict-
ing Posthepatectomy liver failure for hepatocellular carcinoma pa-
tients. Dig Dis. 2018;36(3):236–43.

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-9676-7235
https://orcid.org/0000-0002-9676-7235


882  |    NISHIO et al.

	 33.	 Taylor GA, Fagenson AM, Kuo LE, Pitt HA, Lau KN. Predicting oper-
ative outcomes in patients with liver disease: albumin-bilirubin score 
vs model for end-stage liver disease-sodium score. J Am Coll Surg. 
2021;232(4):470–80.e2.

	 34.	 Shi J-Y, Sun L-Y, Quan B, Xing H, Li C, Liang L, et al. A novel online 
calculator based on noninvasive markers (ALBI and APRI) for pre-
dicting post-hepatectomy liver failure in patients with hepatocellu-
lar carcinoma. Clin Res Hepatol Gastroenterol. 2021;45(4):101534.

	 35.	 Takahashi K, Gosho M, Kim J, Shimomura O, Miyazaki Y, Furuya K, 
et al. Prediction of posthepatectomy liver failure with a combination 
of albumin-bilirubin score and liver resection percentage. J Am Coll 
Surg. 2022;234(2):155–65.

	 36.	 Hiraoka A, Michitaka K, Kumada T, Izumi N, Kadoya M, Kokudo N, 
et al. Validation and potential of albumin-bilirubin grade and prog-
nostication in a Nationwide survey of 46,681 hepatocellular carci-
noma patients in Japan: the need for a more detailed evaluation of 
hepatic function. Liver Cancer. 2017;6(4):325–36.

	 37.	 Hiraoka A, Kumada T, Tsuji K, Takaguchi K, Itobayashi E, Kariyama 
K, et al. Validation of modified ALBI grade for more detailed assess-
ment of hepatic function in hepatocellular carcinoma patients: a 
multicenter analysis. Liver Cancer. 2019;8(2):121–9.

	 38.	 Marasco G, Alemanni LV, Colecchia A, Festi D, Bazzoli F, Mazzella 
G, et al. Prognostic value of the albumin-bilirubin grade for the pre-
diction of post-hepatectomy liver failure: a systematic review and 
meta-analysis. J Clin Med. 2021;10(9):2011.

	 39.	 Makuuchi M, Kosuge T, Takayama T, Yamazaki S, Kakazu T, 
Miyagawa S, et al. Surgery for small liver cancers. Semin Surg Oncol. 
1993;9(4):298–304.

	 40.	 Seyama Y, Kokudo N. Assessment of liver function for safe hepatic 
resection. Hepatol Res. 2009;39(2):107–16.

	 41.	 Kokudo T, Hasegawa K, Shirata C, Tanimoto M, Ishizawa T, Kaneko 
J, et al. Assessment of preoperative liver function for surgical deci-
sion making in patients with hepatocellular carcinoma. Liver Cancer. 
2019;8(6):447–56.

	 42.	 Kokudo N, Takemura N, Hasegawa K, Takayama T, Kubo S, Shimada 
M, et al. Clinical practice guidelines for hepatocellular carcinoma: 
the Japan Society of Hepatology 2017 (4th JSH-HCC guidelines) 
2019 update. Hepatol Res. 2019;49(10):1109–13.

	 43.	 Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E, Davidson 
BR, Burroughs AK. Elastography for the diagnosis of severity of fi-
brosis in chronic liver disease: a meta-analysis of diagnostic accu-
racy. J Hepatol. 2011;54(4):650–9.

	 44.	 Loomba R, Wolfson T, Ang B, Booker J, Behling C, Peterson M, 
et al. Magnetic resonance elastography predicts advanced fibrosis 
in patients with nonalcoholic fatty liver disease: a prospective study. 
Hepatology. 2014;60:1920–8.

	 45.	 Ozturk A, Olson MC, Samir AE, Venkatesh SK. Liver fibro-
sis assessment: MR and US elastography. Abdom Radiol (NY). 
2021;47:3037–50.

	 46.	 Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, 
Conjeevaram HS, et al. A simple noninvasive index can predict both 
significant fibrosis and cirrhosis in patients with chronic hepatitis C. 
Hepatology. 2003;38(2):518–26.

	 47.	 Lin Z-H, Xin Y-N, Dong Q-J, Wang Q, Jiang X-J, Zhan S-H, et al. 
Performance of the aspartate aminotransferase-to-platelet ratio 
index for the staging of hepatitis C-related fibrosis: an updated 
meta-analysis. Hepatology. 2011;53(3):726–36.

	 48.	 Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, 
et al. Development of a simple noninvasive index to predict signif-
icant fibrosis in patients with HIV/HCV coinfection. Hepatology. 
2006;43(6):1317–25.

	 49.	 Hagström H, Talbäck M, Andreasson A, Walldius G, Hammar N. 
Repeated FIB-4 measurements can help identify individuals at risk 
of severe liver disease. J Hepatol. 2020;73(5):1023–9.

	 50.	 Toshima T, Shirabe K, Ikegami T, Yoshizumi T, Kuno A, Togayachi 
A, et al. A novel serum marker, glycosylated Wisteria floribunda 

agglutinin-positive mac-2 binding protein (WFA+-M2BP), for as-
sessing liver fibrosis. J Gastroenterol. 2015;50(1):76–84.

	 51.	 Hanai T, Shiraki M, Ohnishi S, Miyazaki T, Ideta T, Kochi T, et al. Impact 
of serum glycosylated Wisteria floribunda agglutinin positive mac-2 
binding protein levels on liver functional reserves and mortality in pa-
tients with liver cirrhosis. Hepatol Res. 2015;45(11):1083–90.

	 52.	 Bosch J, Abraldes JG, Berzigotti A, García-Pagan JC. The clini-
cal use of HVPG measurements in chronic liver disease. Nat Rev 
Gastroenterol Hepatol. 2009;6(10):573–82.

	 53.	 Boleslawski E, Petrovai G, Truant S, Dharancy S, Duhamel A, Salleron 
J, et al. Hepatic venous pressure gradient in the assessment of portal 
hypertension before liver resection in patients with cirrhosis. Br J 
Surg. 2012;99(6):855–63.

	 54.	 Rajakannu M, Coilly A, Cherqui D, Cunha AS, Castaing D, Adam 
R, et al. Liver stiffness-based model predicts hepatic venous 
pressure gradient in patients with liver disease. HPB (Oxford). 
2022;24:1796–803.

	 55.	 Yu Q, Huang Y, Li X, Pavlides M, Liu D, Luo H, et al. An imaging-
based artificial intelligence model for non-invasive grading of he-
patic venous pressure gradient in cirrhotic portal hypertension. Cell 
Rep Med. 2022;3(3):100563.

	 56.	 Kato A, Nakamoto Y, Ishimori T, Seo S, Uemoto S, Togashi K. 
Predictability of 99mTc-Galactosyl human serum albumin scin-
tigraphy for posthepatectomy liver failure. Am J Roentgenol. 
2018;210(1):158–65.

	 57.	 Mizutani Y, Hirai T, Nagamachi S, Nanashima A, Yano K, Kondo K, 
et al. Prediction of posthepatectomy liver failure proposed by the 
International Study Group of Liver Surgery: residual liver function 
estimation with 99mTc-Galactosyl human serum albumin scintigra-
phy. Clin Nucl Med. 2018;43(2):77–81.

	 58.	 Mao Y, Du S, Ba J, Li F, Yang H, Lu X, et al. Using dynamic 99mTc-GSA 
SPECT/CT fusion images for hepatectomy planning and postopera-
tive liver failure prediction. Ann Surg Oncol. 2015;22(4):1301–7.

	 59.	 Verloh N, Haimerl M, Zeman F, Schlabeck M, Barreiros A, Loss M, 
et al. Assessing liver function by liver enhancement during the hepa-
tobiliary phase with Gd-EOB-DTPA-enhanced MRI at 3 tesla. Eur 
Radiol. 2014;24(5):1013–9.

	 60.	 Kukuk GM, Schaefer SG, Fimmers R, Hadizadeh DR, Ezziddin S, 
Spengler U, et al. Hepatobiliary magnetic resonance imaging in pa-
tients with liver disease: correlation of liver enhancement with bio-
chemical liver function tests. Eur Radiol. 2014;24(10):2482–90.

	 61.	 Araki K, Harimoto N, Kubo N, Watanabe A, Igarashi T, Tsukagoshi 
M, et al. Functional remnant liver volumetry using Gd-EOB-
DTPA-enhanced magnetic resonance imaging (MRI) predicts post-
hepatectomy liver failure in resection of more than one segment. 
HPB (Oxford). 2020;22(2):318–27.

	 62.	 Hobeika C, Cauchy F, Sartoris R, Beaufrère A, Yoh T, Vilgrain V, et al. 
Relevance of liver surface nodularity for preoperative risk assess-
ment in patients with resectable hepatocellular carcinoma. Br J Surg. 
2020;107(7):878–88.

	 63.	 Yoh T, Perrot A, Beaufrère A, Hobeika C, Sartoris R, Paradis V, et al. 
Liver surface nodularity: a novel predictor of post-hepatectomy liver 
failure in patients with colorectal liver metastases following chemo-
therapy. Eur Radiol. 2021;31(8):5830–9.

	 64.	 Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. 
Transection of the oesophagus for bleeding oesophageal varices. Br 
J Surg. 1973;60(8):646–9.

	 65.	 Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, Ter 
Borg PCJ. A model to predict poor survival in patients undergo-
ing transjugular intrahepatic portosystemic shunts. Hepatology. 
2000;31(4):864–71.

	 66.	 Cholongitas E, Papatheodoridis GV, Vangeli M, Terreni N, 
Patch D, Burroughs AK. Systematic review: the model for end-
stage liver disease – should it replace child-Pugh's classification 
for assessing prognosis in cirrhosis? Aliment Pharmacol Ther. 
2005;22(11–12):1079–89.

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  883NISHIO et al.

	 67.	 Demirtas CO, D'Alessio A, Rimassa L, Sharma R, Pinato DJ. ALBI 
grade: evidence for an improved model for liver functional es-
timation in patients with hepatocellular carcinoma. JHEP Rep. 
2021;3(5):100347.

	 68.	 Pinato DJ, Sharma R, Allara E, Yen C, Arizumi T, Kubota K, 
et al. The ALBI grade provides objective hepatic reserve estimation 
across each BCLC stage of hepatocellular carcinoma. J Hepatol. 
2017;66(2):338–46.

	 69.	 Zou H, Wen Y, Yuan K, Miao X-Y, Xiong L, Liu K-J. Combining 
albumin-bilirubin score with future liver remnant predicts post-
hepatectomy liver failure in HBV-associated HCC patients. Liver Int. 
2018;38(3):494–502.

	 70.	 Berzigotti A, Reig M, Abraldes JG, Bosch J, Bruix J. Portal hyper-
tension and the outcome of surgery for hepatocellular carcinoma 
in compensated cirrhosis: a systematic review and meta-analysis. 
Hepatology. 2015;61(2):526–36.

	 71.	 Longchamp G, Labgaa I, Demartines N, Joliat GR. Predictors of com-
plications after liver surgery: a systematic review of the literature. 
HPB (Oxford). 2021;23(5):645–55.

	 72.	 Yamamoto G, Taura K, Ikai I, Fujikawa T, Nishitai R, Kaihara S, et al. 
ALPlat criterion for the resection of hepatocellular carcinoma based 
on a predictive model of posthepatectomy liver failure. Surgery. 
2020;167(2):410–6.

	 73.	 Lu L-H, Zhang Y-F, Mu-Yan C, Kan A, Zhong X-P, Mei J, et al. 
Platelet-albumin-bilirubin grade: risk stratification of liver failure, 
prognosis after resection for hepatocellular carcinoma. Dig Liver 
Dis. 2019;51(10):1430–7.

	 74.	 Honmyo N, Kobayashi T, Kuroda S, Oshita A, Onoe T, Kohashi T, 
et al. A novel model for predicting posthepatectomy liver failure 
based on liver function and degree of liver resection in patients 
with hepatocellular carcinoma. HPB (Oxford). 2021;23(1):134–43.

	 75.	 Mai RY, Lu HZ, Bai T, Liang R, Lin Y, Ma L, et al. Artificial neural 
network model for preoperative prediction of severe liver failure 
after hemihepatectomy in patients with hepatocellular carcinoma. 
Surgery. 2020;168(4):643–52.

	 76.	 Berardi G, Morise Z, Sposito C, Igarashi K, Panetta V, Simonelli I, 
et al. Development of a nomogram to predict outcome after liver 
resection for hepatocellular carcinoma in child-Pugh B cirrhosis. J 
Hepatol. 2020;72(1):75–84.

	 77.	 Dhir M, Samson KK, Yepuri N, Yanala UR, Smith LM, Are C. 
Preoperative nomogram to predict posthepatectomy liver failure. J 
Surg Oncol. 2021;123(8):1750–6.

	 78.	 Nagino M, Kamiya J, Nishio H, Ebata T, Arai T, Nimura Y. Two hun-
dred forty consecutive portal vein embolizations before extended 
hepatectomy for biliary cancer: surgical outcome and long-term fol-
low-up. Ann Surg. 2006;243(3):364–72.

	 79.	 Iguchi K, Hatano E, Yamanaka K, Tanaka S, Taura K, Uemoto S. 
Validation of the conventional resection criteria in patients with he-
patocellular carcinoma in terms of the incidence of Posthepatectomy 
liver failure and Long-term prognosis. Dig Surg. 2015;32(5):344–51.

	 80.	 Hwang S, Ha T-Y, Song G-W, Jung D-H, Ahn C-S, Moon D-B, 
et al. Quantified risk assessment for major hepatectomy via the 
Indocyanine green clearance rate and liver Volumetry combined with 
standard liver volume. J Gastrointest Surg. 2015;19(7):1305–14.

	 81.	 Yokoyama Y, Nishio H, Ebata T, Igami T, Sugawara G, Nagino M. 
Value of indocyanine green clearance of the future liver remnant 
in predicting outcome after resection for biliary cancer. Br J Surg. 
2010;97(8):1260–8.

	 82.	 Maruyama M, Yoshizako T, Araki H, Yoshida R, Ando S, Nakamura 
M, et al. Future liver remnant indocyanine green plasma clearance 
rate as a predictor of post-hepatectomy liver failure after portal vein 
embolization. Cardiovasc Intervent Radiol. 2018;41(12):1877–84.

	 83.	 Tomassini F, Giglio MC, De Simone G, Montalti R, Troisi RI. 
Hepatic function assessment to predict post-hepatectomy liver 
failure: what can we trust? A systematic review. Updates Surg. 
2020;72(4):925–38.

	 84.	 Li J, Lei B, Nie X, Lin L, Tahir SA, Shi W, et al. A comprehensive 
method for predicting fatal liver failure of patients with liver cancer 
resection. Medicine (Baltimore). 2015;94(17):e784.

	 85.	 Kim HJ, Kim CY, Park EK, Hur YH, Koh YS, Kim HJ, et al. Volumetric 
analysis and indocyanine green retention rate at 15 min as predictors 
of post-hepatectomy liver failure. HPB (Oxford). 2015;17(2):159–67.

	 86.	 Kokudo T, Hasegawa K, Amikura K, Uldry E, Shirata C, Yamaguchi T, 
et al. Assessment of preoperative liver function in patients with he-
patocellular carcinoma – the albumin-Indocyanine green evaluation 
(ALICE) grade. PLoS One. 2016;11(7):e0159530.

	 87.	 Russolillo N, Forchino F, Conci S, Mele C, Langella S, Ruzzenente A, 
et al. Validation of the albumin-indocyanine green evaluation model 
in patients with resected hepatocellular carcinoma and compari-
son with the albumin–bilirubin score. J Hepatobiliary Pancreat Sci. 
2018;26(1):51–7.

	 88.	 Stockmann M, Lock JF, Riecke B, Heyne K, Martus P, Fricke M, 
et al. Prediction of postoperative outcome after hepatectomy with 
a new bedside test for maximal liver function capacity. Ann Surg. 
2009;250(1):119–25.

	 89.	 Blüthner E, Jara M, Shrestha R, Faber W, Pratschke J, Stockmann 
M, et al. The predictive value of future liver remnant function after 
liver resection for HCC in noncirrhotic and cirrhotic patients. HPB 
(Oxford). 2019;21(7):912–22.

	 90.	 Stockmann M, Lock JF, Malinowski M, Niehues SM, Seehofer 
D, Neuhaus P. The LiMAx test: a new liver function test for pre-
dicting postoperative outcome in liver surgery. HPB (Oxford). 
2010;12(2):139–46.

	 91.	 Jara M, Reese T, Malinowski M, Valle E, Seehofer D, Puhl G, et al. 
Reductions in post-hepatectomy liver failure and related mortal-
ity after implementation of the LiMAx algorithm in preoperative 
work-up: a single-Centre analysis of 1170 hepatectomies of one or 
more segments. HPB (Oxford). 2015;17(7):651–8.

	 92.	 Bedossa P, Dargère D, Paradis V. Sampling variability of liver fibrosis 
in chronic hepatitis C. Hepatology. 2003;38(6):1449–57.

	 93.	 Nielsen MJ, Leeming DJ, Goodman Z, Friedman S, Frederiksen P, 
Rasmussen DGK, et al. Comparison of ADAPT, FIB-4 and APRI 
as non-invasive predictors of liver fibrosis and NASH within the 
CENTAUR screening population. J Hepatol. 2021;75(6):1292–300.

	 94.	 Younossi ZM, Loomba R, Anstee QM, Rinella ME, Bugianesi E, 
Marchesini G, et al. Diagnostic modalities for nonalcoholic fatty 
liver disease, nonalcoholic steatohepatitis, and associated fibrosis. 
Hepatology. 2018;68(1):349–60.

	 95.	 Younossi ZM, Anstee QM, Wai-Sun Wong V, Trauner M, Lawitz EJ, 
Harrison SA, et al. The Association of Histologic and Noninvasive 
Tests with Adverse Clinical and patient-reported outcomes in pa-
tients with advanced fibrosis due to nonalcoholic Steatohepatitis. 
Gastroenterology. 2021;160(5):1608–19.e13.

	 96.	 Younes R, Caviglia GP, Govaere O, Rosso C, Armandi A, Sanavia T, 
et al. Long-term outcomes and predictive ability of non-invasive 
scoring systems in patients with non-alcoholic fatty liver disease. J 
Hepatol. 2021;75(4):786–94.

	 97.	 Maegawa FB, Shehorn L, Aziz H, Kettelle J, Jie T, Riall TS. Association 
between noninvasive fibrosis markers and postoperative mortality 
after hepatectomy for hepatocellular carcinoma. JAMA Netw Open. 
2019;2(1):e187142.

	 98.	 Mai R-Y, Zeng J, Lu H-Z, Liang R, Lin Y, Piao X-M, et al. Combining 
aspartate aminotransferase-to-platelet ratio index with future 
liver remnant to assess preoperative hepatic functional reserve 
in patients with hepatocellular carcinoma. J Gastrointest Surg. 
2021;25(3):688–97.

	 99.	 Ashouri Y, Hsu C-H, Riall TS, Konstantinidis IT, Maegawa FB. 
Aspartate aminotransferase-to-platelet ratio index predicts liver 
failure after resection of colorectal liver metastases. Dig Dis Sci. 
2022;67:4950–8.

	100.	 Dong J, Zhang X-F, Zhu Y, Ma F, Liu C, Wang W-L, et al. The value 
of the combination of fibrosis index based on the four factors and 

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



884  |    NISHIO et al.

future liver remnant volume ratios as a predictor on posthepatec-
tomy outcomes. J Gastrointest Surg. 2015;19(4):682–91.

	101.	 Feng J-W, Qu Z, Wu B-Q, Sun D-L, Jiang Y. The preoperative fibro-
sis score 4 predicts posthepatectomy liver failure in patients with 
hepatocellular carcinoma. Ann Hepatol. 2019;18(5):701–7.

	102.	 Zhou P, Chen B, Miao X-Y, Zhou J-J, Xiong L, Wen Y, et al. Comparison 
of FIB-4 index and child-Pugh score in predicting the outcome of 
hepatic resection for hepatocellular carcinoma. J Gastrointest Surg. 
2020;24(4):823–31.

	103.	 Nanashima A, Yamaguchi H, Tanaka K, Shibasaki S, Tsuji T, Ide N, 
et al. Preoperative serum hyaluronic acid level as a good predictor of 
posthepatectomy complications. Surg Today. 2004;34(11):913–9.

	104.	 Ueno M, Uchiyama K, Ozawa S, Hayami S, Kiriyama S, Yamaue 
H. A new prediction model of postoperative complications after 
major hepatectomy for hepatocellular carcinoma. Dig Surg. 
2009;26(5):392–9.

	105.	 Mizuguchi T, Katsuramaki T, Nobuoka T, Kawamoto M, Oshima 
H, Kawasaki H, et al. Serum hyaluronate level for predicting 
subclinical liver dysfunction after hepatectomy. World J Surg. 
2004;28(10):971–6.

	106.	 Yachida S, Wakabayashi H, Okano K, Suzuki Y. Prediction of pos-
thepatectomy hepatic functional reserve by serum hyaluronate. Br J 
Surg. 2009;96(5):501–8.

	107.	 Murtha-Lemekhova A, Fuchs J, Ghamarnejad O, Nikdad M, Probst P, 
Hoffmann K. Influence of cytokines, circulating markers and growth 
factors on liver regeneration and post-hepatectomy liver failure: a 
systematic review and meta-analysis. Sci Rep. 2021;11(1):13739.

	108.	 Kubo S, Tsukamoto T, Hirohashi K, Tanaka H, Shuto T, Takemura 
S, et al. Correlation between preoperative serum concentration of 
type IV collagen 7s domain and hepatic failure following resection 
of hepatocellular carcinoma. Ann Surg. 2004;239(2):186–93.

	109.	 Ishii M, Itano O, Shinoda M, Kitago M, Abe Y, Hibi T, et al. Pre-
hepatectomy type IV collagen 7S predicts post-hepatectomy liver 
failure and recovery. World J Gastroenterol. 2020;26(7):725–39.

	110.	 Kuno A, Ikehara Y, Tanaka Y, Ito K, Matsuda A, Sekiya S, et al. A 
serum “sweet-doughnut” protein facilitates fibrosis evaluation 
and therapy assessment in patients with viral hepatitis. Sci Rep. 
2013;3(1):1065.

	111.	 Okuda Y, Taura K, Yoshino K, Ikeno Y, Nishio T, Yamamoto G, et al. 
Usefulness of mac-2 binding protein glycosylation isomer for predic-
tion of posthepatectomy liver failure in patients with hepatocellular 
carcinoma. Ann Surg. 2017;265(6):1201–8.

	112.	 Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment 
of liver disease in patients with nonalcoholic fatty liver disease. 
Gastroenterology. 2019;156(5):1264–81.e4.

	113.	 Selvaraj EA, Mózes FE, Jayaswal ANA, Zafarmand MH, Vali Y, Lee 
JA, et al. Diagnostic accuracy of elastography and magnetic reso-
nance imaging in patients with NAFLD: a systematic review and 
meta-analysis. J Hepatol. 2021;75(4):770–85.

	114.	 Tapper EB, Loomba R. Noninvasive imaging biomarker assessment 
of liver fibrosis by elastography in NAFLD. Nat Rev Gastroenterol 
Hepatol. 2018;15(5):274–82.

	115.	 Barr RG. Shear wave liver elastography. Abdom Radiol (NY). 
2018;43(4):800–7.

	116.	 Ferraioli G, De Silvestri A, Lissandrin R, Maiocchi L, Tinelli C, Filice C, 
et al. Evaluation of inter-system variability in liver stiffness measure-
ments. Ultraschall Med. 2019;40(1):64–75.

	117.	 Gilligan LA, Trout AT, Bennett P, Dillman JR. Repeatability and 
agreement of shear wave speed measurements in phantoms and 
human livers across 6 ultrasound 2-dimensional shear wave elastog-
raphy systems. Invest Radiol. 2020;55(4):191–9.

	118.	 Friedrich-Rust M, Ong MF, Martens S, Sarrazin C, Bojunga J, Zeuzem 
S, et al. Performance of transient elastography for the staging of liver 
fibrosis: a meta-analysis. Gastroenterology. 2008;134(4):960–74.

	119.	 Jiang W, Huang S, Teng H, Wang P, Wu M, Zhou X, et al. Diagnostic ac-
curacy of point shear wave elastography and transient elastography 

for staging hepatic fibrosis in patients with non-alcoholic fatty liver 
disease: a meta-analysis. BMJ Open. 2018;8(8):e021787.

	120.	 Fu J, Wu B, Wu H, Lin F, Deng W. Accuracy of real-time shear wave 
elastography in staging hepatic fibrosis: a meta-analysis. BMC Med 
Imaging. 2020;20(1):16.

	121.	 Patel K, Sebastiani G. Limitations of non-invasive tests for assess-
ment of liver fibrosis. JHEP Rep. 2020;2(2):100067.

	122.	 Singh S, Venkatesh SK, Wang Z, Miller FH, Motosugi U, Low RN, 
et al. Diagnostic performance of magnetic resonance elastog-
raphy in staging liver fibrosis: a systematic review and meta-
analysis of individual participant data. Clin Gastroenterol Hepatol. 
2015;13(3):440–51.e6.

	123.	 Lee YJ, Lee JM, Lee JE, Lee KB, Lee ES, Yoon J-H, et al. MR elas-
tography for noninvasive assessment of hepatic fibrosis: repro-
ducibility of the examination and reproducibility and repeatability 
of the liver stiffness value measurement. J Magn Reson Imaging. 
2014;39(2):326–31.

	124.	 Serai SD, Yin M, Wang H, Ehman RL, Podberesky DJ. Cross-vendor 
validation of liver magnetic resonance elastography. Abdom 
Imaging. 2015;40(4):789–94.

	125.	 Serai SD, Obuchowski NA, Venkatesh SK, Sirlin CB, Miller FH, 
Ashton E, et al. Repeatability of MR Elastography of liver: a meta-
analysis. Radiology. 2017;285(1):92–100.

	126.	 Trout AT, Serai S, Mahley AD, Wang H, Zhang Y, Zhang B, et al. 
Liver stiffness measurements with MR Elastography: agreement and 
repeatability across imaging systems, field strengths, and pulse se-
quences. Radiology. 2016;281(3):793–804.

	127.	 Huang Z, Huang J, Zhou T, Cao H, Tan B. Prognostic value of liver 
stiffness measurement for the liver-related surgical outcomes 
of patients under hepatic resection: a meta-analysis. PLoS One. 
2018;13(1):e0190512.

	128.	 Cescon M, Colecchia A, Cucchetti A, Peri E, Montrone L, Ercolani 
G, et al. Value of transient elastography measured with FibroScan 
in predicting the outcome of hepatic resection for hepatocellular 
carcinoma. Ann Surg. 2012;256(5):706–12; discussion 712–3.

	129.	 Wong JS, Wong GL, Chan AW, Wong VW, Cheung YS, Chong 
CN, et al. Liver stiffness measurement by transient elastogra-
phy as a predictor on posthepatectomy outcomes. Ann Surg. 
2013;257(5):922–8.

	130.	 Nishio T, Taura K, Koyama Y, Tanabe K, Yamamoto G, Okuda Y, et al. 
Prediction of posthepatectomy liver failure based on liver stiffness 
measurement in patients with hepatocellular carcinoma. Surgery. 
2016;159(2):399–408.

	131.	 Rajakannu M, Cherqui D, Ciacio O, Golse N, Pittau G, Allard MA, 
et al. Liver stiffness measurement by transient elastography predicts 
late posthepatectomy outcomes in patients undergoing resection 
for hepatocellular carcinoma. Surgery. 2017;162(4):766–74.

	132.	 Lei J-W, Ji X-Y, Hong J-F, Li W-B, Chen Y, Pan Y, et al. Prediction 
of posthepatectomy liver failure using transient elastography in 
patients with hepatitis B related hepatocellular carcinoma. BMC 
Gastroenterol. 2017;17(1):171.

	133.	 Chong CC-N, Wong GL-H, Chan AW-H, Wong VW-S, Fong AK-
W, Cheung Y-S, et al. Liver stiffness measurement predicts high-
grade post-hepatectomy liver failure: a prospective cohort study. J 
Gastroenterol Hepatol. 2017;32(2):506–14.

	134.	 Serenari M, Han K-H, Ravaioli F, Kim S-U, Cucchetti A, Han D-H, 
et al. A nomogram based on liver stiffness predicts postoperative 
complications in patients with hepatocellular carcinoma. J Hepatol. 
2020;73(4):855–62.

	135.	 Li C, Zhang JY, Zhang XY, Wen TF, Yan LN. FibroScan predicts as-
cites after liver resection for hepatitis B virus-related hepatocellular 
carcinoma: a prospective cohort study. Int J Surg. 2015;20:21–5.

	136.	 Harada N, Shirabe K, Ijichi H, Matono R, Uchiyama H, Yoshizumi T, 
et al. Acoustic radiation force impulse imaging predicts postopera-
tive ascites resulting from curative hepatic resection for hepatocel-
lular carcinoma. Surgery. 2012;151(6):837–43.

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  885NISHIO et al.

	137.	 Han H, Hu H, Xu YD, Wang WP, Ding H, Lu Q. Liver failure after 
hepatectomy: a risk assessment using the pre-hepatectomy shear 
wave elastography technique. Eur J Radiol. 2017;86:234–40.

	138.	 Hu H, Han H, Han XK, Wang WP, Ding H. Nomogram for individual-
ised prediction of liver failure risk after hepatectomy in patients with 
resectable hepatocellular carcinoma: the evidence from ultrasound 
data. Eur Radiol. 2018;28(2):877–85.

	139.	 Shimada S, Kamiyama T, Kakisaka T, Orimo T, Nagatsu A, Asahi Y, 
et al. The impact of elastography with virtual touch quantification of 
future remnant liver before major hepatectomy. Quant Imaging Med 
Surg. 2021;11(6):2572–85.

	140.	 Toriguchi K, Miyashita S, Kawabata Y, Kurimoto A, Okuno M, 
Iwama H, et al. Liver stiffness measured by virtual touch quanti-
fication predicts the occurrence of posthepatectomy refractory 
ascites in patients with hepatocellular carcinoma. Surg Today. 
2022;52(5):822–31.

	141.	 Lee DH, Lee ES, Bae JS, Lee JY, Han JK, Yi N-J, et al. 2D shear 
wave elastography is better than transient elastography in pre-
dicting post-hepatectomy complication after resection. Eur Radiol. 
2021;31(8):5802–11.

	142.	 Ju B-J, Jin M, Tian Y, Zhen X, Kong D-X, Wang W-L, et al. Model 
for liver hardness using two-dimensional shear wave elastography, 
durometer, and preoperative biomarkers. World J Gastrointest Surg. 
2021;13(2):127–40.

	143.	 Fu R, Qiu T, Ling W, Lu Q, Luo Y. Comparison of preoperative two-
dimensional shear wave elastography, indocyanine green clearance 
test and biomarkers for post hepatectomy liver failure prediction 
in patients with hepatocellular carcinoma. BMC Gastroenterol. 
2021;21(1):142.

	144.	 Shi Y, Long H, Zhong X, Peng J, Su L, Duan Y, et al. The value of liver 
stiffness measured by two-dimensional shear wave elastography for 
predicting symptomatic posthepatectomy liver failure in patients 
with hepatocellular carcinoma. Eur J Radiol. 2022;150:110248.

	145.	 Long H, Zhong X, Su L, Huang T, Duan Y, Ke W, et al. Liver stiff-
ness measured by two-dimensional shear wave Elastography 
for predicting symptomatic post-hepatectomy liver failure 
in patients with hepatocellular carcinoma. Ann Surg Oncol. 
2022;29(1):327–36.

	146.	 Abe H, Midorikawa Y, Mitsuka Y, Aramaki O, Higaki T, Matsumoto 
N, et al. Predicting postoperative outcomes of liver resection by 
magnetic resonance elastography. Surgery. 2017;162(2):248–55.

	147.	 Lee DH, Lee JM, Yi N-J, Lee K-W, Suh K-S, Lee J-H, et al. Hepatic 
stiffness measurement by using MR elastography: prognostic val-
ues after hepatic resection for hepatocellular carcinoma. Eur Radiol. 
2017;27(4):1713–21.

	148.	 Sato N, Kenjo A, Kimura T, Okada R, Ishigame T, Kofunato Y, et al. 
Prediction of major complications after hepatectomy using liver 
stiffness values determined by magnetic resonance elastography. Br 
J Surg. 2018;105(9):1192–9.

	149.	 Bae JS, Lee DH, Yi NJ, Lee KW, Suh KS, Kim H, et al. Magnetic res-
onance elastography versus transient elastography in the prediction 
of complications after resection for hepatocellular carcinoma. Ann 
Surg. 2020;276:e466–73.

	150.	 Shibutani K, Okada M, Tsukada J, Ibukuro K, Abe H, Matsumoto N, 
et al. Predictive value of combined computed tomography volum-
etry and magnetic resonance elastography for major complications 
after liver resection. Abdom Radiol (NY). 2021;46(7):3193–204.

	151.	 Cho HJ, Ahn YH, Sim MS, Eun JW, Kim SS, Kim BW, et al. Risk predic-
tion model based on magnetic resonance elastography-assessed liver 
stiffness for predicting posthepatectomy liver failure in patients with 
hepatocellular carcinoma. Gut Liver. 2022;16(2):277–89.

	152.	 Kaibori M, Ha-Kawa SK, Maehara M, Ishizaki M, Matsui K, Sawada S, 
et al. Usefulness of Tc-99m-GSA scintigraphy for liver surgery. Ann 
Nucl Med. 2011;25(9):593–602.

	153.	 Ha-Kawa SK, Tanaka Y, Hasebe S, Kuniyasu Y, Koizumi K, Ishii 
Y, et al. Compartmental analysis of asialoglycoprotein receptor 

scintigraphy for quantitative measurement of liver function: a multi-
centre study. Eur J Nucl Med. 1997;24(2):130–7.

	154.	 Beppu T, Hayashi H, Okabe H, Masuda T, Mima K, Otao R, 
et al. Liver functional volumetry for portal vein embolization using a 
newly developed 99mTc-galactosyl human serum albumin scintigra-
phy SPECT–computed tomography fusion system. J Gastroenterol. 
2011;46(7):938–43.

	155.	 Yumoto Y, Yagi T, Sato S, Nouso K, Kobayashi Y, Ohmoto M, et al. 
Preoperative estimation of remnant hepatic function using fusion 
images obtained by 99mTc-labelled galactosyl-human serum al-
bumin liver scintigraphy and computed tomography. Br J Surg. 
2010;97(6):934–44.

	156.	 Kaibori M, Ha-Kawa SK, Ishizaki M, Matsui K, Saito T, Kwon AH, 
et al. HA/GSA-Rmax ratio as a predictor of postoperative liver fail-
ure. World J Surg. 2008;32(11):2410–8.

	157.	 Nanashima A, Abo T, Arai J, Matsumoto H, Kudo T, Nagayasu T. 
Functional liver reserve parameters predictive for posthepatectomy 
complications. J Surg Res. 2013;185(1):127–35.

	158.	 Nanashima A, Abo T, Kudo T, Sakamoto I, Hayashi H, Murakami 
G, et al. Usefulness of examining hepatic functional volume using 
technetium-99m galactosyl serum albumin scintigraphy in hepato-
cellular carcinoma. Nucl Med Commun. 2013;34(5):478–88.

	159.	 Hayashi H, Beppu T, Okabe H, Kuroki H, Nakagawa S, Imai K, et al. 
Functional assessment versus conventional volumetric assessment 
in the prediction of operative outcomes after major hepatectomy. 
Surgery. 2015;157(1):20–6.

	160.	 Yano K, Nanashima A, Fujii Y, Hiyoshi M, Imamura N, Hamada T, 
et al. Preoperative regional maximal removal rate of technetium-
99m-galactosyl human serum albumin is correlated with liver func-
tional parameters, but did not predict postoperative morbidity. Nucl 
Med Commun. 2017;38(8):701–7.

	161.	 Nakamura I, Iimuro Y, Hai S, Kondo Y, Hatano E, Fujimoto J. Impaired 
value of 99m Tc-GSA scintigraphy as an independent risk factor for 
posthepatectomy liver failure in patients with hepatocellular carci-
noma. Eur Surg Res. 2018;59(1–2):12–22.

	162.	 Yoshida M, Shiraishi S, Sakamoto F, Beppu T, Utsunomiya D, Okabe 
H, et al. Assessment of hepatic functional regeneration after hepa-
tectomy using 99mTc-GSA SPECT/CT fused imaging. Ann Nucl 
Med. 2014;28(8):780–8.

	163.	 Okabayashi T, Shima Y, Morita S, Shimada Y, Sumiyoshi T, Sui K, 
et al. Liver function assessment using technetium 99m-Galactosyl 
single-photon emission computed tomography/CT fusion imaging: a 
prospective trial. J Am Coll Surg. 2017;225(6):789–97.

	164.	 Sumiyoshi T, Okabayashi T, Negoro Y, Hata Y, Noda Y, Sui K, 
et al. 99mTc-GSA SPECT/CT fusion imaging for hepatectomy 
candidates with extremely deteriorated ICG value. Jpn J Radiol. 
2018;36(9):537–43.

	165.	 Tomita K, Chiba N, Ochiai S, Gunji T, Hikita K, Kobayashi T, et al. 
Prognostic value of future liver remnant LU15 index of 99mTc-
galactosyl serum albumin scintigraphy for predicting posthepatec-
tomy liver failure. PLoS One. 2021;16(2):e0247675.

	166.	 De Graaf W, Van Lienden KP, Van Gulik TM, Bennink RJ. 99mTc-
Mebrofenin hepatobiliary scintigraphy with SPECT for the assess-
ment of hepatic function and liver functional volume before partial 
hepatectomy. J Nucl Med. 2010;51(2):229–36.

	167.	 Chapelle T, Op De Beeck B, Huyghe I, Francque S, Driessen A, Roeyen 
G, et al. Future remnant liver function estimated by combining liver 
volumetry on magnetic resonance imaging with total liver function on 
99m Tc-mebrofenin hepatobiliary scintigraphy: can this tool predict 
post-hepatectomy liver failure? HPB (Oxford). 2016;18(6):494–503.

	168.	 Hoekstra LT, De Graaf W, Nibourg GAA, Heger M, Bennink RJ, 
Stieger B, et al. Physiological and biochemical basis of clinical liver 
function tests. Ann Surg. 2013;257(1):27–36.

	169.	 Yamada A, Hara T, Li F, Fujinaga Y, Ueda K, Kadoya M, et al. 
Quantitative evaluation of liver function with use of gadoxetate 
disodium–enhanced MR imaging. Radiology. 2011;260(3):727–33.

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



886  |    NISHIO et al.

	170.	 Bastati N, Beer L, Mandorfer M, Poetter-Lang S, Tamandl D, Bican 
Y, et al. Does the functional liver imaging score derived from gadox-
etic acid–enhanced MRI predict outcomes in chronic liver disease? 
Radiology. 2020;294(1):98–107.

	171.	 Wang Q, Wang A, Sparrelid E, Zhang J, Zhao Y, Ma K, et al. Predictive 
value of gadoxetic acid–enhanced MRI for posthepatectomy liver 
failure: a systematic review. Eur Radiol. 2022;32(3):1792–803.

	172.	 Orimo T, Kamiyama T, Kamachi H, Shimada S, Nagatsu A, Asahi Y, 
et al. Predictive value of gadoxetic acid enhanced magnetic reso-
nance imaging for posthepatectomy liver failure after a major hepa-
tectomy. J Hepatobiliary Pancreat Sci. 2020;27(8):531–40.

	173.	 Tsujita Y, Sofue K, Komatsu S, Yamaguchi T, Ueshima E, Ueno Y, 
et al. Prediction of post-hepatectomy liver failure using gadoxetic 
acid-enhanced magnetic resonance imaging for hepatocellular car-
cinoma with portal vein invasion. Eur J Radiol. 2020;130:109189.

	174.	 Wang Y, Zhang L, Ning J, Zhang X, Li X, Zhang L, et al. Preoperative 
remnant liver function evaluation using a routine clinical dynamic 
Gd-EOB-DTPA-enhanced MRI protocol in patients with hepatocel-
lular carcinoma. Ann Surg Oncol. 2021;28(7):3672–82.

	175.	 Luo N, Huang X, Ji Y, Jin G, Qin Y, Xiang B, et al. A functional liver 
imaging score for preoperative prediction of liver failure after hepa-
tocellular carcinoma resection. Eur Radiol. 2022;32:5623–32.

	176.	 Utsunomiya T, Shimada M, Hanaoka J, Kanamoto M, Ikemoto T, 
Morine Y, et al. Possible utility of MRI using Gd-EOB-DTPA for esti-
mating liver functional reserve. J Gastroenterol. 2012;47(4):470–6.

	177.	 Cucchetti A, Cescon M, Golfieri R, Piscaglia F, Renzulli M, Neri F, 
et al. Hepatic venous pressure gradient in the preoperative as-
sessment of patients with resectable hepatocellular carcinoma. J 
Hepatol. 2016;64(1):79–86.

	178.	 Berzigotti A, Seijo S, Arena U, Abraldes JG, Vizzutti F, García-
Pagán JC, et al. Elastography, spleen size, and platelet count iden-
tify portal hypertension in patients with compensated cirrhosis. 
Gastroenterology. 2013;144(1):102–11.e1.

	179.	 Colecchia A, Montrone L, Scaioli E, Bacchi-Reggiani ML, Colli A, 
Casazza G, et al. Measurement of spleen stiffness to evaluate por-
tal hypertension and the presence of esophageal varices in patients 
with HCV-related cirrhosis. Gastroenterology. 2012;143(3):646–54.

	180.	 Wong GLH, Kwok R, Hui AJ, Tse Y-K, Ho K-T, Lo AOS, et al. A new 
screening strategy for varices by liver and spleen stiffness mea-
surement (LSSM) in cirrhotic patients: a randomized trial. Liver Int. 
2018;38(4):636–44.

	181.	 Takuma Y, Nouso K, Morimoto Y, Tomokuni J, Sahara A, Toshikuni 
N, et al. Measurement of spleen stiffness by acoustic radiation force 
impulse imaging identifies cirrhotic patients with esophageal vari-
ces. Gastroenterology. 2013;144(1):92–101.e2.

	182.	 Shen Y-N, Zheng M-L, Guo C-X, Bai X-L, Pan Y, Yao W-Y, et al. The 
role of imaging in prediction of post-hepatectomy liver failure. Clin 
Imaging. 2018;52:137–45.

	183.	 Bae JS, Lee DH, Yoo J, Yi N-J, Lee K-W, Suh K-S, et al. Association 
between spleen volume and the post-hepatectomy liver failure and 
overall survival of patients with hepatocellular carcinoma after re-
section. Eur Radiol. 2021;31(4):2461–71.

	184.	 Fernández-Placencia R, Golse N, Cano L, Allard M-A, Pittau G, Ciacio 
O, et al. Spleen volumetry and liver transient elastography: predic-
tors of persistent posthepatectomy decompensation in patients 
with hepatocellular carcinoma. Surgery. 2020;168(1):17–24.

	185.	 Peng W, Zhang XY, Li C, Wen TF, Yan LN, Yang JY. Spleen stiff-
ness and volume help to predict posthepatectomy liver failure 
in patients with hepatocellular carcinoma. Medicine (Baltimore). 
2019;98(18):e15458.

	186.	 Sartoris R, Rautou P-E, Elkrief L, Pollorsi G, Durand F, Valla D, et al. 
Quantification of liver surface nodularity at CT: utility for detection 
of portal hypertension. Radiology. 2018;289(3):698–707.

How to cite this article: Nishio T, Taura K, Koyama Y, Ishii T, 
Hatano E. Current status of preoperative risk assessment for 
posthepatectomy liver failure in patients with hepatocellular 
carcinoma. Ann Gastroenterol Surg. 2023;7:871–886. https://
doi.org/10.1002/ags3.12692

 24750328, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ags3.12692 by C

ochrane Japan, W
iley O

nline L
ibrary on [16/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/ags3.12692
https://doi.org/10.1002/ags3.12692

	Current status of preoperative risk assessment for posthepatectomy liver failure in patients with hepatocellular carcinoma
	Abstract
	1|INTRODUCTION
	2|LITERATURE SEARCH
	3|DEFINITION OF PHLF
	4|PREOPERATIVE ASSESSMENT FOR LIVER FUNCTIONAL RESERVE
	5|ROUTINE BLOOD BIOCHEMICAL TESTS AND CLINICAL SCORES
	6|DYNAMIC LIVER FUNCTION TESTS
	6.1|ICG test
	6.2|Liver maximum capacity

	7|SERUM MARKERS FOR LIVER FIBROSIS
	7.1|APRI and FIB-­4 index
	7.2|Specific liver fibrosis markers

	8|LSM
	8.1|Ultrasonographic elastography
	8.2|MRE
	8.3|Usefulness of LSM for prediction of PHLF

	9|FUNCTIONAL LIVER IMAGING
	9.1|Hepatobiliary scintigraphy
	9.2|Gd-­EOB-­DTPA-­enhanced MRI

	10|ASSESSMENT FOR PORTAL HYPERTENSION
	10.1|HVPG
	10.2|Noninvasive assessment for CSPH

	11|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENTS
	REFERENCES


