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Abstract 

Background:  Posthepatectomy liver failure (PHLF) is a life-threatening complication following hepatic resection. 
The aspartate aminotransferase-to-platelet ratio index (APRI) is a non-invasive model for assessing the liver functional 
reserve in patients with hepatocellular carcinoma (HCC). This study aimed to establish a scoring model to stratify 
patients with HCC at risk for PHLF.

Methods:  This single-center retrospective study included 451 patients who underwent hepatic resection for HCC 
between 2004 and 2017. Preoperative factors, including non-invasive liver fibrosis markers and intraoperative factors, 
were evaluated. The predictive impact for PHLF was evaluated using receiver operating characteristic (ROC) curves of 
these factors.

Results:  Of 451 patients, 30 (6.7%) developed severe PHLF (grade B/C). Multivariate logistic analysis indicated that 
APRI, model for end-stage liver disease (MELD) score, operating time, and intraoperative blood loss were significantly 
associated with severe PHLF. A scoring model (over 0–4 points) was calculated using these optimal cutoff values. The 
area under the ROC curve of the established score for severe PHLF was 0.88, which greatly improved the predictive 
accuracy compared with these factors alone (p < 0.05 for all).

Conclusions:  The scoring model-based APRI, MELD score, operating time, and intraoperative blood loss can predict 
severe PHLF in patients with HCC.

Keywords:  Aspartate aminotransferase-to-platelet ratio index, Posthepatectomy liver failure, Hepatocellular 
carcinoma
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Introduction
Hepatocellular carcinoma (HCC) is the most com-
mon primary liver neoplasm, the sixth most common 
neoplasm overall, and the third leading cause of death 
from cancer [1]. Although surgical techniques and 

perioperative management are safe and effective for 
patients with HCC, posthepatectomy liver failure (PHLF) 
remains a fatal postoperative complication [2, 3]. Thus, 
predictive assessments are important steps in the post-
operative management of HCC because severe compli-
cations, such as PHLF, depend on the liver functional 
reserve and degree of fibrosis in individual patients. 
Therefore, accurate prediction of PHLF is essential in the 
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selection of appropriate and prompt postoperative thera-
peutic strategies.

Several studies indicated that preoperative and intra-
operative factors could help predict surgical outcomes in 
patients with HCC [4]. In particular, conventional param-
eters or scores, such as Child–Pugh (C–P) score [5], 
model for end-stage liver disease (MELD) score [6], albu-
min–bilirubin (ALBI) grade [6], indocyanine green dye 
retention rate at 15 min (ICG-R15) [7], operating time, 
intraoperative blood loss, transfusion, or inflow occlu-
sion time [8], are used widely to assess the risk of post-
operative complications. However, it is difficult to predict 
PHLF with these factors alone.

The liver functional reserve correlates strongly with 
liver fibrosis or cirrhosis, especially in patients with 
chronic liver disease. Recently, there has been growing 
evidence for the utility of non-invasive liver fibrosis-
related markers. There are several models for diagnosing 
liver fibrosis status, such as the platelet-albumin-biliru-
bin (PALBI) grade [9], fibrosis-4 (FIB-4) index [10], and 
aspartate aminotransferase (AST)-to-platelet ratio index 
(APRI) [11, 12]. However, the best predictors of PHLF 
remain unclear despite accumulating evidence that many 
of these models correlate to surgical outcomes in patients 
with HCC.

Previous studies have elucidated a pivotal association 
of PHLF with each predictive factor and with combina-
tions of these factors in patients with HCC. However, the 
specific combinations of factors that include non-inva-
sive liver fibrosis are more suitable PHLF predictors than 
those alone are undetermined in the literature. Our goal 
was to reveal the predictive utility of a new scoring model 
of these factors in patients who underwent hepatic resec-
tion for HCC.

Materials and methods
Patients and ethics
This study included all patients who underwent hepatic 
resection for primary HCC at Hiroshima Red Cross 
Hospital and Atomic-bomb Survivors Hospital in Japan 
between March 2004 and December 2017. Patients 
received no preoperative chemotherapy or radiation and 
were selected retrospectively. Anonymized perioperative 
clinical data of all patients were obtained from electronic 
and paper records. The ethics committee of our hospital 
approved this study under the ethical guidelines of the 
Japanese government (approval number: 2021-029), and 
all patients provided consent for the use of their clinical 
data in this research.

Surgical procedures
Details of the surgical technique and patient selection 
criteria were described previously [13]. According to 

the Evidence-based Clinical Practice Guidelines for 
HCC [14], indications of hepatectomies were good 
health status with Eastern Cooperative Oncology Group 
Performance Status of 0–2 and good liver function 
reserve with Child–Pugh grade A or B and ICG-R15. 
The underlying liver and tumor status were assessed 
by abdominal ultrasonography, contrast-enhanced 
computed tomography (CT), or magnetic resonance 
imaging. In consideration of the tumor status (such as 
number, size, location), the decision is made based on 
whether it was anatomical or non-anatomical hepatec-
tomy. CT volumetry was performed for the assessment 
of the remnant liver volume. Preoperative liver CT volu-
metry was mostly performed for patients who received 
anatomical or major hepatectomy. In addition, patients 
with severe liver fibrosis or other organ dysfunction 
were allowed to have a future liver remnant volume at 
least 40%, and patients with normal liver function were 
allowed to have a remnant liver volume of > 30%. In 
nearly all hepatic resections, the intermittent Pringle 
maneuver was applied, consisting of clamping the portal 
triad for 15 min and then releasing the clamp for 5-min 
intervals for hemivascular occlusion.

Definitions
Major hepatectomy is the removal of 3 or more hepatic 
segments [15]. On the basis of the International Study 
Group of Liver Surgery definition [2], patients with 
increased total bilirubin and international normal-
ized ratio (INR) on day 5 after surgery were considered 
to have PHLF. In this study, the cutoff values of total 
bilirubin and INR were defined as 2.9 mg/dL and 1.5, 
respectively. Patients with PHLF grade A do not require 
specific therapy, those with grade B require some non-
invasive therapies, such as fresh albumin and frozen 
plasma infusion, and those with grade C require inva-
sive therapies, such as hemodialysis and mechanical 
ventilation [2]. This study defined PHLF grade B and C 
patients as severe patients with PHLF.

Data collection
Preoperative serum samples were collected within 1 
week before hepatic resection for HCC. Tumor markers 
(AFP and DCP) and levels of total bilirubin, albumin, 
AST, alanine aminotransferase (ALT), creatinine, INR, 
and platelets were measured before surgery. The C–P 
score includes total serum bilirubin, prothrombin time, 
albumin level, and the presence of ascites and hepatic 
encephalopathy. The MELD score and non-invasive 
liver fibrosis scores based on these laboratory tests 
were calculated as previous reports [12].
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Statistical analysis
Data were calculated as means, medians, frequencies, 
and percentages. We used the Mann–Whitney U test and 
the Kruskal–Wallis test to compare continuous variables. 
We used the χ2 test or Fisher’s exact test to compare cat-
egorical variables. The receiver operating characteristic 
(ROC) curves with the Youden’s index correction were 
estimated to determine the optimal cutoff values for ana-
lyzing the risk of PHLF [16]. Comparison of ROC curve 
analysis was performed by calculating the Standard Error 
of the area under the curve (AUC), and the differences 
between two AUCs [17]. Logistic regression analysis was 
used to perform univariate and multivariate analyses. 
Variables significant in univariate analyses were selected 
in the overall multivariate logistic regression model to 
identify PHLF predictive factors. All statistical tests were 
two-sided, and a p value of < 0.05 indicated significance. 
All analyses were performed with JMP14pro software 
(SAS Institute, Cary, NC, USA).

Results
Patient characteristics
Table  1 summarizes the baseline characteristics of the 
451 patients with HCC who underwent liver resection. 
The patient population comprised of 146 (32.4%) females 
and 305 (67.6%) males with a median age of 71 years 
(range 35–91 years). The causes of HCC included hepati-
tis B virus infection in 65 (14.4%), hepatitis C virus infec-
tion in 280 (62.1%), and liver cirrhosis (F4) in 206 (45.7%) 
HCC patients. According to the Barcelona Clinical Liver 
Cancer (BLCL) grading, 109 (24.1%) patients were classi-
fied as grade 0, 261 (57.9%) as grade A, and 81 (18.0%) as 
grade B.

Based on the C–P grade, 438 (97.1%) patients were clas-
sified as grade A and 13 (2.9%) as grade B. The median 
MELD score was 7.3 (range 6.4–15.5). Regarding liver 
fibrosis-related models, the median FIB-4 index was 3.3 
(range 0.5–100.6), the median PALBI was − 2.66 (range 
3.43 − 1.31), and the median APRI was 0.96 (range 0.09–
12.7). Recently, Yamamoto et al. reported that the ALPlat 
index is useful to predict PHLF [18]. In our cohort, the 
median ALPlat index was 500 (range 322–975). Regard-
ing operative factors, 45 (10.0%) patients underwent 
major hepatectomy. The median amount of blood loss 
was 270 ml (range 0–3330 ml). The median operating 
time was 214 min (range 60–633 min).

Comparison of characteristics between patients 
with and without severe PHLF
Of a total of 451 patients, 74 (16.4%) developed PHLF 
with 44 (9.8%) classified as grade A, 24 (5.3%) as grade B, 
and 6 (1.3%) as grade C, while a total of 30 (6.7%) patients 

were classified to have developed severe PHLF. Clinico-
pathological characteristics were compared between 
patients with and without severe PHLF. The values of 
ICG-R15 (p = 0.0068) and MELD score (p = 0.0005) 
were significantly higher in patients with severe PHLF 
than those without severe PHLF. Regarding non-invasive 
liver fibrosis markers, all models, such as FIB-4 index (p < 
0.0001), PALBI (p = 0.0055), and APRI (p < 0.0001), were 
significantly higher in the severe PHLF group than the 
non-severe PHLF group. The ALPlat index was signifi-
cantly lower in patients with severe PHLF than in those 
without severe PHLF (p = 0.0016). In addition, patients 
with severe PHLF had a higher incidence of prolonged 
operating time (p = 0.0014) and a higher amount of 
blood loss (p = 0.0003) than those without severe PHLF. 
Furthermore, in those who underwent major hepatec-
tomy (p = 0.0016), the tumor size and number were 
greater (p = 0.0069 and p = 0.0479, respectively) than 
those without severe PHLF (Table 1).

Independent predictors of severe PHLF
According to the univariate analysis, the significant pre-
dictive factors of severe PHLF were higher ICG-R15, 
MELD score, PALBI, and APRI and lower ALPlat index. 
Regarding intraoperative factors, prolonged operating 
time and increased intraoperative blood loss were sig-
nificant predictive factors for severe PHLF. In the multi-
variate analysis, higher APRI (odds ratio [OR] 1.32, 95% 
confidence interval [CI] 1.05–1.65, p = 0.0230), higher 
MELD score (OR 1.44, 95% CI 1.15–1.80, p = 0.0020), 
prolonged operating time (OR 1.01, 95% CI 1.00–1.01, 
p = 0.0019), and remarkable amount of blood loss (OR 
1.00, 95% CI 1.00–1.00, p = 0.0278) were significant 
predictive factors of severe PHLF in patients with HCC 
(Table  2). All predictive factors were set as continuous 
variables changed by 1 point.

Predictive performance of the models for severe PHLF
Table  3 summarizes the ROC curve analysis of each 
model in patients with HCC. Of the preoperative fac-
tors, the AUC of APRI was 0.77 (cutoff value 1.56, sen-
sitivity 73.3%, specificity 73.4%, p = 0.0009) and that 
of MELD score was 0.71 (cutoff value 8.3, sensitiv-
ity 66.7%, specificity 75.8%, p < 0.0001). Of the intra-
operative factors, the AUC of the operating time was 
0.67 (cutoff value 407 min, sensitivity 33.3%, specific-
ity 95.7%, p < 0.0001) and that of the blood loss was 
0.70 (cutoff value 847 mL, sensitivity 50.0%, specific-
ity 89.1%, p < 0.0001). These values established a new 
scoring model for each patient as follows: APRI, ≥ 1.56; 
MELD score, ≥ 8.3; operating time, ≥ 407 min; blood 
loss, ≥ 847 mL were scored as 1 point each (Table 4). 
The established score predicted severe PHLF with the 
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highest degree of accuracy compared with the other 
models (AUC 0.88, sensitivity 83.3%, specificity 84.1%, 
p < 0.0001; Fig.  1). The statistical differences in AUC 
values between the score and the other models were 
evaluated. The AUC was significantly higher for the 
score than for other models in patients with HCC 
(Table 5).

Performance of risk stratification based on the PHLF risk score
The cutoff values were determined by ranking patients based 
on total points and then dividing the patients into three cat-
egories (0 point as low risk, 1 to 2 points as medium risk, 3 to 
4 points as high risk). The relative risk of severe PHLF in the 
high-risk group was higher than in the medium- and low-
risk groups. Estimated risk rates of the high-risk group were 

Table 1  Baseline characteristics of included 451 patients with HCC and comparison of factors between patients with and without 
severe PHLF

Data are presented as N or median (range). AFP alpha-fetoprotein, ALPlat index platelet count + 90 × albumin, ALT alanine aminotransferase, APRI AST-to-platelet 
ratio index, AST asparate aminotransferase, BCLC Barcelona Clinic Liver Cancer, BMI body mass index, CRP C-reactive protein, DCP des-γ-carboxyprothrombin, FIB-4 
fibrosis-4, HBV hepatitis B virus, HCV hepatitis C virus, ICG-R15 indocyanine green dye retention rate at 15 min, MELD model for end-stage liver disease, PALBI platelet-
albumin-bilirubin, PHLF posthepatectomy liver failure, PT prothrombin time, TNM tumor, node, metastasis *P < 0.05 and **P < 0.001

Variables All patients (n = 451) Severe PHLF P value

No (n = 421) Yes (n = 30)

Age (years) 71 (35–91) 71 (35–91) 68 (35–82) 0.2788

Sex, female/male/female 146/305 139/282 7/23 0.2734

BMI (kg/m2) 23.2 (13.4–34.1) 23.3 (13.4–34.1) 21.6 (19.2–29.0) 0.0237*

Etiology
HBV/HCV/HBV + HCV/NBNC

65/280/5/101 59/259/5/98 6/21/0/3 0.3103

Albumin (g/dL) 4.0 (2.5–5.1) 4.0 (2.5–5.1) 3.7 (3.0–4.9) 0.0054*

Total bilirubin (mg/dL) 0.7 (0.2–2.0) 0.7 (0.2–2.0) 1.0 (0.4–1.9) 0.0012*

AST (IU/L) 37 (8–252) 36 (8–252) 55 (32–150) < 0.0001**

ALT (IU/L) 34 (6–312) 33 (6–312) 47 (20–245) 0.0004**

Platelet count (× 109/L) 134 (24–660) 139 (24–530) 89 (33–660) 0.0019*

PT (%) 91.5 (46.3–130.3) 91.9 (46.3–130.3) 82.3 (49.2–107.9) 0.0019*

INR 1.06 (0.88–1.67) 1.05 (0.88–1.67) 1.11 (0.97–1.56) 0.0023*

Creatinine (mg/dL) 0.76 (0.20–7.11) 0.76 (0.2–7.11) 0.84 (0.5–6.0) 0.0152*

Urine nitrogen (mg/dL) 14.8 (5.3–48.9) 14.8 (5.3–48.9) 14.7 (9.3–47.5) 0.6681

ICG-R15 (%) 16.8 (0.9–67.0) 16.5 (0.9–67.0) 24.0 (3.9–54.6) 0.0068*

PALBI − 2.66 (− 3.43 to − 1.31) − 2.67 (− 3.43 to − 1.65) (− 2.45 (− 3.14 to (− 1.31) 0.0055*

APRI 0.96 (0.09–12.7) 0.91 (0.09–12.7) 2.16 (0.19–8.99) < 0.0001**

FIB-4 index 3.3 (0.5–100.6) 3.2 (0.5–100.6) 6.5 (0.7–22.2) < 0.0001**

ALPlat index 500 (322–975) 504 (322–932) 466 (331–975) 0.0016*

MELD 7.3 (6.4–15.5) 7.3 (6.4–15.1) 8.9 (6.4–15.5) 0.0005**

Child-Pugh grade A/B 438/13 410/11 28/2 0.1998

Blood loss (mL) 270 (0–3330) 260 (0–2800) 695 (33–3330) 0.0003**

Operating time (min) 214 (60–633) 212 (60–630) 276 (90–633) 0.0014*

Extent of hepatectomy
Minor/major

406/45 384/37 22/8 0.0016*

AFP (ng/mL) 11.7 (1.0–93721) 11.2 (1.0–46262.6) 39.3 (2.1–93721) 0.0014*

DCP (mAU/mL) 24 (0.01–109830) 24 (0.01–43253) 42 (0.03–109830) 0.1851

BCLC grading
0/A/B

109/261/81 105/245/71 4/16/10 0.0522

TNM staging
I–II/III–IV

213/238 206/215 7/23 0.0114*

Tumor size (cm) 2.4 (0.5–13.0) 2.3 (0.5–13.0) 3.0 (1.5–12.0) 0.0069*

Solitary/multiple 326/125 309/112 17/13 0.0479*

Poorly differentiation 114 (25.3%) 105 (24.9%) 9 (30.0%) 0.5379

Microscopic vascular invasion 35 (7.8%) 34 (8.1%) 1 (3.3%) 0.3482

Microscopic intrahepatic metastasis 63 (14.0) 55 (13.1%) 8 (26.7%) 0.0379*

Liver cirrhosis (F4) 206 (45.7%) 187 (44.4%) 19 (63.3%) 0.0445*
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12.0 to 16.0%, those of the medium-risk group were 0.25 to 
4.03, and that of the low-risk group were 0.08 (Table 6).

Discussion
This study performed logistic regression analysis to 
evaluate which variables were independent risk factors 
of severe PHLF in patients with HCC who underwent 

curative hepatic resection. First, we confirmed the 
accuracy of APRI, MELD score, operating time, and 
intraoperative blood loss in predicting severe PHLF 
using ROC analyses. Second, the developed risk score—
the combination of APRI, MELD score, operating time, 
and intraoperative blood loss—was a more reliable pre-
dictor of severe PHLF than other models alone. Finally, 

Table 2  Univariate and multivariate analyses to identified factors predicting severe PHLF

ALPlat index platelet count + 90 × albumin, APRI AST-to-platelet ratio index, AST asparate aminotransferase, CI confidence interval, FIB-4 fibrosis-4, ICG-R15 
indocyanine green dye retention rate at 15 min, MELD model for end-stage liver disease, PALBI platelet-albumin-bilirubin, PHLF posthepatectomy liver failure *P < 0.05 
and **P < 0.001

Variables Odds ratio 95% CI P value Odds ratio 95% CI P value

PALBI 6.98 2.07–23.6 0.0021* 3.81 0.65–22.3 0.1385

FIB-4 index 1.03 0.99–1.06 0.1674

APRI 1.36 1.15–1.62 0.0009** 1.32 1.05–1.65 0.0230*

ALPlat index 0.99 0.98–0.99 0.0106* 0.99 0.99–1.00 0.9852

ICG-R15 (%) 1.05 1.01–1.08 0.0070* 1.02 0.97–1.06 0.4890

MELD score 1.43 1.221.68 < 0.0001** 1.44 1.15–1.80 0.0020*

Operating time (min) 1.01 1.00–1.01 < 0.0001** 1.01 1.00–1.01 0.0019*

Intraoperative blood loss (mL) 1.00 1.00–1.00 < 0.0001** 1.00 1.00–1.00 0.0278*

Table 3  Receiver operating characteristic (ROC) curve analysis to evaluate the predictive value of APRI, MELD score, operation time, 
and blood loss for severe PHLF in HCC patients

APRI AST-to-platelet ratio index, AST asparate aminotransferase, AUC​ area under the ROC curve, MELD model for end-stage liver disease; PHLF, posthepatectomy liver 
failure *P < 0.05 and **P < 0.001

Variables Cut-off AUC​ Sensitivity Specificity P value

APRI 1.56 0.76932 73.3 73.4 0.0009**

MELD score 8.3 0.71469 66.7 75.8 < .0001**

Operating time (min) 407 0.67407 33.3 95.7 < .0001**

Intraoperative blood loss (mL) 847 0.69759 50.0 89.1 < .0001**

Table 4  Selected predictor valiables for multivariable model of severe PHLF in patients with HCC

APRI AST-to-platelet ratio index, AST asparate aminotransferase, CI confidence interval, MELD model for end-stage liver disease, PHLF posthepatectomy liver failure  
*P < 0.05 and **P < 0.001

Variables No. of risk point for severe PHLF Odds ratio (95% CI) P value

APRI 0.0070*

  < 1.56 0 1 [Reference]

  ≥ 1.56 1 5.17 (2.00–13.4)

MELD score 0.0001**

  < 8.3 0 1 [Reference]

  ≥ 8.3 1 9.11 (2.94–28.2)

Operating time (min) < 0.0001**

  < 407 0 1 [Reference]

  ≥ 407 1 16.8 (4.20–67.3)

Intraoperative blood loss (mL) 0.0056*

  < 847 0 1 [Reference]

  ≥ 847 1 3.92 (1.49–10.3)
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we verified that severe PHLF increased along with the 
risk stratification based on the established risk scoring 
model.

The non-invasive evaluations of PALBI grade [9], 
FIB-4 index [19], and APRI [20] were each reportedly 

associated with the degree of liver fibrosis. However, 
there is debate on which model is the best predictive fac-
tor for PHLF. Our results indicated that APRI—the ratio 
of platelet count to AST level—was the best independent 
predictor of severe PHLF in patients with HCC out of all 
the liver fibrosis models. The platelet count is an impor-
tant factor in representing liver fibrosis. A low platelet 
level is associated with advanced liver fibrosis and cirrho-
sis, as previously reported [21]. In addition, one possible 
explanation for this observation might be related to the 
degree of liver damage reflected in the increase of AST, 
components of the APRI. The serum AST sensitively 
reflects the presence of liver fibrosis or cirrhosis, the 
mechanism of which is proposed to be the interruption 
of clearance of AST and impairment of the mitochondria 
[22]. It is thus plausible that the APRI can predict severe 
PHLF more accurately than other models besides PALBI 
and the FIB-4 index.

Conventional liver functional reserve models, including 
C-P grade, ICG-R15, and MELD score, are well-known to 
reflect the function of the liver in patients with chronic 

Fig. 1  Receiver operating characteristic curves for established scoring model, APRI, MELD score, operating time, and intraoperative blood loss in 
predicting severe PHLF. APRI, aspartate aminotransferase–to–platelet ratio index; MELD, model for end-stage liver disease

Table 5  Comparison of receiver operating characteristic curve 
analysis to evaluate the predictive value of APRI, MELD score, 
operating time and intraoperative blood loss for severe PHLF in 
HCC patients. All statistical tests were two-sided

APRI asparate aminotransferase-to-platelet ratio index, AUC​ area under the ROC 
curve, CI confidence interval, MELD model for end-stage liver disease, PHLF 
posthepatectomy liver failure *P < 0.05 and **P < 0.001

Variable AUC​ 95% CI P value

Scoring model 0.877 0.79–0.93 Reference

APRI 0.769 0.67–0.85 0.0014*

MELD score 0.715 0.59–0.81 0.0112*

Operating time 0.674 0.56–0.77 0.0006**

Intraoperative blood loss 0.698 0.57–0.80 0.0009**
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liver disease [23]. The C–P grade includes subjective and 
non-numerical criteria, such as ascites and encephalopa-
thy. Therefore, the C–P grade is not a useful predictor 
of early postoperative outcomes. The evaluation of ICG-
R15 is common in the Eastern population, and its result 
contributes to minimizing PHLF and mortality follow-
ing liver resection [24]. The stratification according to 
ICG clearance has been useful to determine the extent of 
hepatectomy patients need. Therefore, in patients with 
high ICG-R15, minimally invasive hepatectomies that can 
preserve remnant liver function have been selected. That 
is considered a reason ICG-R15 was not identified as an 
independent risk factor of severe PHLF. The MELD score 
is also recognized as a predictor of prognosis in chronic 
liver disease and is relevant in the early prediction of mor-
bidity and mortality after liver resection [25]. Consistent 
with the previous reports, our results showed that the 
MELD score had relatively high accuracy for predicting 
severe PHLF. However, individual factors such as age and 
gender can affect serum creatinine levels, which limits its 
clinical value.

Intraoperative factors, such as operating time and 
intraoperative blood loss, were included in the logistic 
regression analysis. Previously, it has been reported that 
the vascular occlusive techniques and intraoperative 
blood loss have been known to induce ischemia that can 
cause reversible or irreversible damage to hepatocytes 
[26–28]. Thus, it is plausible that operating time and 
intraoperative blood loss were independent PHLF risk 
factors in our cohort. These may be associated with sys-
temic hypoperfusion, impaired oxygen delivery to vital 
organs, and the subsequent suppressed immune response 
associated with hepatic regeneration [29]. In this study, 
some tumor factors (high level of AFP, large tumor size, 
multiple tumors, and intrahepatic metastasis) showed 
significant differences between patients with severe 
PHLF and without severe PHLF. This can be explained by 
the need to expand the liver resection anatomically to the 
limit of the liver functional reserve as much as possible 
to prevent positive margins and intrahepatic metastasis.

As mentioned previously, APRI and MELD scores (as 
preoperative factors) and operating time and intraopera-
tive blood loss (as intraoperative factors) were superior 
predictors of severe PHLF in patients with HCC. In the 
clinical setting, we often experience some cases where 
predicting PHLF only using preoperative factors is dif-
ficult. The isolated use of APRI and MELD scores had 
low discriminatory ability in evaluating liver function 
accurately because a relatively large number of patients 
had normal liver function even with advanced fibrosis or 
cirrhosis. Therefore, even if the preoperative evaluations, 
including the MELD score, Child–Pugh grade, and ICG-
R15, showed satisfactory liver functional reserve, PHLF 
can occur according to the intraoperative findings, which 
is one of the reasons why we included the intraopera-
tive factors in our analyses. Accordingly, we developed 
the APRI–MELD–operating time–intraoperative blood 
loss scoring model in a simple method by assigning 
points derived from established cutoff values for a more  
effective prediction of PHLF. Our scoring model will 
contribute to the development of appropriate and 
prompt postoperative therapeutic strategies in patients 
with HCC.

This study has some limitations. First, the relationship 
between preoperative liver volume and resected liver weight 
is not evaluated. Second, most patients with HCC enrolled 
in this cohort mainly suffered from HCV; therefore, fur-
ther investigation suitable for each etiological population is 
required. Finally, this is a proposed study of a new scoring 
model for predicting severe PHLF. The utility of such new 
models needs to be demonstrated by internal or external 
validation. Our established new scoring model for assess-
ing risk of PHLF might not have been completely accurate, 
because this study lacks validated analyses for the predic-
tion of PHLF. However, this study is considered to have an 
important message that can be linked to the next study. Fur-
ther studies are required for a larger population including a 
validation cohort using an external independent cohort to 
confirm the validity of the PHLF scoring model in patients 
who underwent curative surgery for HCC.

Table 6  Estimated risk rates of stratified category according to risk points for severe PHLF

CI confidence interval, PHLF posthepatectomy liver failure

Severe PHLF risk category No. of risk points for severe PHLF Estimated risk of severe PHLF, % (95% CI) No. with severe PHLF/
total no. of patients 
(%)

Low risk 0 0.08 (0.02–0.31) 2/220 (0.9)

Medium risk 1 0.25 (0.08–0.81) 3/139 (2.2)

2 4.03 (2.05–7.92) 13/72 (18.1)

High risk 3 12.0 (6.63–21.8) 10/18 (55.6)

4 16.0 (11.2–23.0) 2/2 (100)
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Conclusions
The scoring model including APRI, MELD score, operating 
time, and intraoperative blood loss can help increase the 
accuracy of predicting severe PHLF and assess risk stratifi-
cation. The risk score was more useful for predicting severe 
PHLF than these models alone, which might help clinicians 
make informed decisions about treatment and postopera-
tive management strategies in patients with HCC.

Abbreviations
AFP: Alpha–fetoprotein; ALBI: Albumin–bilirubin (score); ALT: Alanine ami-
notransferase; APRI: Aspartate aminotransferase–to–platelet ratio index; AST: 
Aspartate aminotransferase; AUC​: Area under the curve; CONUT: Controlling 
nutritional status; CRP: C-reactive protein; CI: Confidence interval; DCP: Des-
gamma-carboxy prothrombin; FIB-4: Fibrosis-4 (index); HCC: Hepatocellular 
carcinoma; ICG-R15: Indocyanine green dye retention rate at 15 min; MELD: 
Model for end-stage liver disease; PALBI: Platelet–albumin–bilirubin (score); 
PHLF: Posthepatectomy liver failure; ROC: Receiver operating characteristic.

Acknowledgements
The authors would like to thank Enago (www.​enago.​jp) for the English 
language review.

Authors’ contributions
Study concepts: K.Y and T.M.; study design: K.Y and T.M.; data acquisition: K.Y, 
J.S, and S.N.; data analysis and interpretation: K.Y, S.N, A.S, S.Y, K.K and K.H.; 
statistical analysis: K.Y and T.M. manuscript preparation: K.Y and T.M.; manu-
script editing: K.Y and T.M. manuscript review: All authors. All authors read and 
approved the final manuscript.

Funding
The authors declare no conflicts of interest. This research did not receive any 
specific grant from funding apencies in the public, commercial, or not-for-
profit sectors.

Availability of data and materials
The raw data of this manuscript are available upon reasonable request from 
the corresponding author.

Declarations

Ethics approval and consent to participate
The ethics committee of our hospital approved this study under the ethical 
guidelines of the Japanese government (approval number: 2021-029), and all 
patients provided consent for the use of their clinical data in this research.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 April 2022   Accepted: 30 June 2022

References
	1.	 Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 

2018;391(10127):1301–14.
	2.	 Rahbari NN, Garden OJ, Padbury R, Brooke-Smith M, Crawford M, 

Adam R, et al. Posthepatectomy liver failure: a definition and grad-
ing by the international study Group of Liver Surgery (ISGLS). Surgery. 
2011;149(5):713–24.

	3.	 Hammond JS, Guha IN, Beckingham IJ, Lobo DN. Prediction, pre-
vention and management of postresection liver failure. Br J Surg. 
2011;98(9):1188–200.

	4.	 Lafaro K, Buettner S, Maqsood H, Wagner D, Bagante F, Spolverato G, et al. 
Defining post hepatectomy liver insufficiency: where do we stand? J 
Gastrointest Surg. 2015;19(11):2079–92.

	5.	 Durand F, Valla D. Assessment of the prognosis of cirrhosis: child-Pugh 
versus MELD. J Hepatol. 2005;42 Suppl(1):S100–7.

	6.	 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.

	7.	 Shirata C, Kokudo T, Arita J, Akamatsu N, Kaneko J, Sakamoto Y, et al. 
Albumin-Indocyanine green evaluation (ALICE) grade combined with 
portal hypertension to predict post-hepatectomy liver failure. Hepatol 
Res. 2019;49(8):942–9.

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

	9.	 Liu PH, Hsu CY, Hsia CY, Lee YH, Chiou YY, Huang YH, et al. ALBI and PALBI 
grade predict survival for HCC across treatment modalities and BCLC 
stages in the MELD era. J Gastroenterol Hepatol. 2017;32(4):879–86.

	10.	 Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier 
V, et al. FIB-4: an inexpensive and accurate marker of fibrosis in HCV 
infection. Comparison with liver biopsy and fibrotest. Hepatology. 
2007;46(1):32–6.

	11.	 Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjee-
varam 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.

	12.	 Yugawa K, Maeda T, Nagata S, et al. A novel combined prognostic nutri-
tional index and aspartate aminotransferase-to-platelet ratio index-based 
score can predict the survival of patients with hepatocellular carcinoma 
who undergo hepatic resection. Surg Today. 2022;52(7):1096–1108. 
https://​doi.​org/​10.​1007/​s00595-​021-​02440-0

	13.	 Yugawa K, Maeda T, Kinjo N, et al. Prognostic Impact of Lymphocyte-C-
Reactive Protein Ratio in Patients Who Underwent Surgical Resection for 
Hepatocellular Carcinoma. J Gastrointest Surg. 2022;26(1):104–12. https://​
doi.​org/​10.​1007/​s11605-​021-​05085-z

	14.	 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. Hepa-
tol Res. 2019;49(10):1109–13.

	15.	 Pol B, Campan P, Hardwigsen J, Botti G, Pons J, Le Treut Y. Morbidity 
of major hepatic resections: a 100-case prospective study. Eur J Surg. 
1999;165(5):446–53.

	16.	 Ruopp M, Perkins N, Whitcomb B, Schisterman E. Youden index and 
optimal cut-point estimated from observations affected by a lower limit 
of detection. Biom J. 2008;50(3):419–30.

	17.	 Hanley J, McNeil B. A method of comparing the areas under receiver 
operating characteristic curves derived from the same cases. Radiology. 
1983;148(3):839–43.

	18.	 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 predic-
tive model of posthepatectomy liver failure. Surgery. 2020;167(2):410–6.

	19.	 Okamura Y, Ashida R, Yamamoto Y, Ito T, Sugiura T, Uesaka K. FIB-4 index 
is a predictor of background liver fibrosis and long-term outcomes 
after curative resection of hepatocellular carcinoma. Ann Surg Oncol. 
2016;23(Suppl 4):467–74.

	20.	 Sonohara F, Yamada S, Tanaka N, Tashiro M, Sunagawa Y, Morimoto D, 
et al. Comparison of non-invasive liver reserve and fibrosis models: impli-
cations for surgery and prognosis for hepatocellular carcinoma. Hepatol 
Res. 2019;49(11):1305–15.

	21.	 Kawasaki T, Takeshita A, Souda K, Kobayashi Y, Kikuyama M, Suzuki F, et al. 
Serum thrombopoietin levels in patients with chronic hepatitis and liver 
cirrhosis. Am J Gastroenterol. 1999;94(7):1918–22.

	22.	 Schiavon LL, Schiavon JL, Filho RJ, Sampaio JP, Lanzoni VP, Silva AE, et al. 
Simple blood tests as noninvasive markers of liver fibrosis in hemo-
dialysis patients with chronic hepatitis C virus infection. Hepatology. 
2007;46(2):307–14.

http://www.enago.jp
https://doi.org/10.1007/s00595-021-02440-0
https://doi.org/10.1007/s11605-021-05085-z
https://doi.org/10.1007/s11605-021-05085-z


Page 9 of 9Yugawa et al. World Journal of Surgical Oncology          (2022) 20:248 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	23.	 Wang YY, Zhao XH, Ma L, Ye JZ, Wu FX, Tang J, et al. Comparison of the 
ability of child-Pugh score, MELD score, and ICG-R15 to assess preopera-
tive hepatic functional reserve in patients with hepatocellular carcinoma. 
J Surg Oncol. 2018;118(3):440–5.

	24.	 Imamura H, Sano K, Sugawara Y, Kokudo N, Makuuchi M. Assessment 
of hepatic reserve for indication of hepatic resection: decision tree 
incorporating indocyanine green test. J Hepato-Biliary-Pancreat Surg. 
2005;12(1):16–22.

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

	26.	 Brooks AJ, Hammond JS, Girling K, Beckingham IJ. The effect of hepatic 
vascular inflow occlusion on liver tissue pH, carbon dioxide, and oxygen 
partial pressures: defining the optimal clamp/release regime for intermit-
tent portal clamping. J Surg Res. 2007;141(2):247–51.

	27.	 Imamura H, Seyama Y, Kokudo N, Maema A, Sugawara Y, Sano K, et al. 
One thousand fifty-six hepatectomies without mortality in 8 years. Arch 
Surg. 2003;138(11):1198–206.

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

	29.	 Katz SC, Shia J, Liau KH, Gonen M, Ruo L, Jarnagin WR, et al. Operative 
blood loss independently predicts recurrence and survival after resection 
of hepatocellular carcinoma. Ann Surg. 2009;249(4):617–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Impact of aspartate aminotransferase–to–platelet ratio index based score to assess posthepatectomy liver failure in patients with hepatocellular carcninoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patients and ethics
	Surgical procedures
	Definitions
	Data collection
	Statistical analysis

	Results
	Patient characteristics
	Comparison of characteristics between patients with and without severe PHLF
	Independent predictors of severe PHLF
	Predictive performance of the models for severe PHLF
	Performance of risk stratification based on the PHLF risk score

	Discussion
	Conclusions
	Acknowledgements
	References


