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Abstract
BACKGROUND 
Post-hepatectomy liver failure (PHLF) is a serious complication and a leading 
cause of death after hepatectomy, an accurate prediction of PHLF is important for 
improvement of prognosis after hepatectomy.

AIM 
To retrospectively analyze the risk factors for postoperative liver failure in 
patients undergoing hepatectomy for liver tumors.

METHODS 
The clinical data of 80 patients undergoing hepatectomy in our hospital from June 
2018 to January 2020 were collected. With laboratory examination as well as pre- 
and post-operative abdominal three-dimensional reconstructive computed 
tomography, the demographic data, surgical data, biochemical indicators, 
coagulation index, routine blood tests, spleen and liver volumes, relative remnant 
liver volume, and other related indicators were obtained and compared between 
patients with PHLF and those without PHLF.

RESULTS 
PHLF occurred in 19 (23.75%) patients. Univariate logistic regression analysis 
showed that gender, history of hepatitis/cirrhosis, and preoperative bilirubin, 
albumin, coagulation function, albumin-bilirubin ratio, aspartate amino-
transferase-to-platelet ratio index (APRI), Model for End-Stage Liver Disease 
score, spleen volume (SV), spleen volume/liver volume ratio (SV/LV), and 
relative remnant liver volume were statistically associated with the occurrence of 
PHLF (all P < 0.05). Multivariate regression analysis showed that preoperative 
total bilirubin, platelets (PLT), APRI, and SV/LV were independent risk factors 
for PHLF (all P < 0.05). The area under the curve and cut-off values were 0.787 
and 18.6 mmol/L for total bilirubin, 0.893 and 146 × 1012/L for PLT, 0.907 and 
0.416 for APRI, and 0.752 and 20.84% for SV/LV, respectively.

CONCLUSION 
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For patients undergoing liver resection, preoperative total bilirubin, PLT, APRI, 
and SV/LV are independent risk factors for PHLF. These findings may provide 
guidance to safely perform liver surgery in such patients.

Key Words: Hepatectomy; Liver failure; Liver tumors; Risk factors
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Core Tip: The etiology of post-hepatectomy liver failure (PHLF) is unclear. The volume 
of liver resection and the liver functional reserve are mainly used to evaluate the risk of 
PHLF. In this study we explored the risk factors for PHLF in patients with liver 
tumors. We found that preoperative total bilirubin, platelets, aspartate amino-
transferase-to-platelet ratio index, and spleen volume/liver volume ratio are 
independent risk factors for PHLF. Both biochemical results and spleen volume on 
imaging should be considered before establishing a surgical plan to minimize the risk 
of PHLF. These findings may provide guidance to safely perform liver surgery in such 
patients.

Citation: Xing Y, Liu ZR, Yu W, Zhang HY, Song MM. Risk factors for post-hepatectomy liver 
failure in 80 patients. World J Clin Cases 2021; 9(8): 1793-1802
URL: https://www.wjgnet.com/2307-8960/full/v9/i8/1793.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i8.1793

INTRODUCTION
Cancer is the leading cause of death worldwide in the 21st century, and its incidence is 
increasing annually. Liver cancer is the 7th most common malignancy worldwide, there 
were 841080 new cases and 781685 deaths in 2018[1]. Nearly one-half of new liver 
cancer cases occur in China, and approximately 70% of patients are complicated with 
hepatitis B[2].

So far, surgery remains the mainstay treatment for patients with liver cancer. In 
recent years, the prognosis of liver cancer patients has been markedly improved[3]. The 
surgical approaches vary with tumor location and involvement. For patients requiring 
extensive liver resection, post-hepatectomy liver failure (PHLF) is the leading cause of 
postoperative death[4]. The incidence of PHLF has ranged from 1.2% to 32%[5-8]. 
However, the perioperative mortality rate due to PHLF has been as high as 40%-60% 
in the past 15 years[9-11]. As the etiology of PHLF is still unclear, there is no recognized 
method for predicting the occurrence of PHLF before surgery. The risk of PHLF is 
mainly evaluated in terms of the volume of liver resection and the liver functional 
reserve. Recent studies have shown that spleen stiffness, spleen and liver volume[12] 
and biochemical indicators such as albumin-bilirubin (ALBI) ratio and aspartate 
aminotransferase-to-platelet ratio index (APRI)[13] have certain values for predicting 
PHLF. However, no uniform standard for PHLF prediction is available. In this study 
we examined the risk factors for PHLF in a Chinese population with liver cancer.

MATERIALS AND METHODS
Subjects
This study retrospectively analyzed patients who underwent partial hepatectomy for 
liver tumors in our hospital from June 2018 to January 2020. All patients received 
partial liver resection alone. The exclusion criteria were: (1) Patients who had received 
liver radiofrequency ablation and/or transarterial chemoembolization before surgery; 
(2) Patients with severe liver and kidney dysfunction (Child-Pugh class B or higher) 
before surgery; and/or (3) Patients who had developed distant metastasis before 
surgery.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i8/1793.htm
https://dx.doi.org/10.12998/wjcc.v9.i8.1793
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Surgical procedure
All patients underwent open or laparoscopic precision liver resection. According to the 
different surgical approaches, hepatic portal occlusion was performed (or not) using 
the Pringle maneuver. The occlusion and reperfusion time was 15 min and 5 min, 
respectively. After the operation, a drainage tube was placed in the abdominal cavity, 
and the operating time, intraoperative blood loss, and hepatic hilum occlusion (or not) 
were recorded. All patients underwent abdominal thin-slice computed tomography 
(CT) or magnetic resonance imaging (MRI) examination within 1 mo before surgery 
and within 1 wk after surgery.

Main measures
PHLF is defined as an increased international normalized ratio (INR) and concomitant 
hyperbilirubinemia on or after postoperative day 5[5]. The demographic data, past 
histories, as well as biochemical indicators, routine blood tests, and coagulation index 
within one week before surgery and on postoperative day 5 were recorded, and the 
Model for End-Stage Liver Disease (MELD) score, ALBI, APRI, and other indicators 
were calculated. After the pre- and post-operative CT or MRI images were converted 
into DICOM format, the IQQA-Liver three-dimensional simulation system was used to 
calculate the spleen volume (SV), remnant liver volume (RLV), standard remnant liver 
volume ratio, and volume ratio of liver to spleen (LV/SV ratio). The formulas and 
definitions involved are as follows: MELD: 3.8 × ln [bilirubin (mg/dL)] + 11.2 × ln 
(INR) + 9.6 × ln [creatinine (mg/dL)] + 6.4 × ln (etiology, cholestatic/alcoholic 0, 
others 1); ALBI: 0.66 × log10 [bilirubin (μmol/L) – 0.085 × albumin (g/L)]; APRI: 
Aspartate aminotransferase/upper limit of normal/platelet count (expressed as 
platelets × 109/L) × 100; %RLV-: remnant liver volume/total liver volume; RLV-BWR: 
Remnant liver volume to donor body weight ratio; SRLVR: RLV/SLV (standard liver 
volume); SLV: 706.2 × body surface area + 2.4; Body surface area: 0.0061 × body height 
(cm) + 0.0128 × body weight (kg) - 0.1529.

Statistical analysis
Normally distributed quantitative data are presented as mean ± SD, and P values were 
calculated using independent samples t test; non-normally distributed quantitative 
data are presented as median, and P values were calculated using Mann-Whitney U 
test. Qualitative data are presented as n (%) and compared using the Chi-square test or 
Fisher's exact test. Univariate and multivariate logistic regression analyses (variables 
with a P value < 0.05 were included in the multivariate analysis, and forward logistic 
regression was applied) were performed, and the cut-off values were predicted using 
the receiver operating characteristic (ROC) curves. Two-sided tests were used for all 
analyses and a P value less than 0.05 was considered statistically significant. The SPSS 
software package (version 22.0) was used.

RESULTS
Postoperative complications
The surgery was uneventful in all patients, and no perioperative deaths were 
recorded. There were 2 cases of biliary fistula and abdominal hemorrhage, which 
improved after conservative treatment, and 5 cases of biliary fistula, which improved 
with retained drainage. No re-operations were required.

Occurrence of PHLF
PHLF occurred in 19 (23.75%) of 80 patients and improved after symptomatic medical 
treatment. No patient suffered liver failure. The comparisons between the PHLF group 
and the non-PHLF group are shown in Table 1.

Risk factors for PHLF
Nineteen (23.75%) patients developed PHLF after surgery. Univariate logistic 
regression analysis showed that gender, history of hepatitis/cirrhosis, and 
preoperative bilirubin, albumin, coagulation function, ALBI, APRI, MELD score, SV, 
SV/LV, and RLV were significantly associated with the occurrence of PHLF (all P < 
0.05). Multivariate regression analysis showed that preoperative total bilirubin, 
platelets (PLT), APRI, and SV/LV were independent risk factors for PHLF (all P < 
0.05) (Table 2).
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Table 1 Comparisons of general data between the two groups

PHLF group (n = 19) Non-PHLF group (n = 61)

Gender

Male 16 (84.21%) 22 (36.07%)

Female 3 (15.79%) 39 (63.93%)

Age (yr) 60 (50,68) 57 (51,62)

History of hepatitis 9 (47.37%) 7 (11.48%)

History of diabetes 4 (21.05%) 5 (8.2%)

Liver cirrhosis 9 (47.37%) 4 (6.56%)

Operating time (h) 6.13-2.3 5.3-1.78

Bleeding (mL) 400 (200, 500) 300 (200, 500)

Hepatic hilum occlusion 9 (47.37%) 27 (44.26%)

ALT 28 (14.5, 40.1) 17.2 (10.4, 26.4)

AST 37.6 (25.2, 43.1) 20.1 (15.4, 25.7)

TBIL 21.4 (17.5, 36.2) 13.9 (10.6, 18.2)

DBIL 7 (5.8, 10.3) 5.1 (3.34, 7.7)

Creatinine 53 (41.4, 64.9) 50.3 (43.8, 61.1)

eGFR 120.66 (99.73, 129.65) 113.59 (105.84, 120.44)

ALB 35.67-6 39.45-3.66

WBC 4.8 (3.19, 6.73) 6.14 (4.98, 7.35)

LY 1.29 (0.86, 1.6) 1.39 (1.12, 1.85)

PLT 119.11-43.9 214.11-67.27

PT 11.5 (10.8, 13.3) 11.1 (10.6, 11.9)

INR 1.07 (1.03, 1.21) 1.02 (0.98, 1.1)

MELD 10 (8, 11) 7 (7, 8)

ALBI -2.1-0.62 -2.59-0.33

APRI 0.78 (0.64, 1.04) 0.24 (0.17, 0.4)

Total liver volume 1385.26 (1239.85, 1487.93) 1294.16 (1174.19, 1385.63)

Remnant liver volume 854.12 (767.42, 1085.13) 984.13 (874.59, 1095.52)

Spleen volume 206.19 (176.83, 439.16) 162.79 (153.86, 175.23)

SV/LV 0.15 (0.13, 0.34) 0.12 (0.11, 0.14)

%RLV 0.65-0.14 0.76-0.08

BMI 23.11-2.4 23.6-2.48

Body surface area 1.73-0.14 1.68-0.12

SLV 1223.28-97.52 1188.79-86.27

SRLVR 0.7 (0.58, 0.85) 0.83 (0.75, 0.94)

PHLF: Post-hepatectomy liver failure; APRI: Aspartate aminotransferase-to-platelet ratio index; SV/LV: Spleen volume/Liver volume ratio; RLV: Remnant 
liver volume; BMI: Body Mass Index; SLV: Standard liver volume; AST: Aspartate aminotransferase.

Value of total bilirubin, PLT, APRI and SV/LV in predicting the occurrence of PHLF
Analysis of the ROC curves showed that the area under the curve (AUC) for total 
bilirubin (TBIL) in predicting PHLF was 0.787 (95%CI: 0.653-0.920, P < 0.001); the cut-
off value of 18.6 mmol/L was associated with a sensitivity of 0.737 and a specificity of 
0.803 (Figure 1). The AUC for PLT in predicting PHLF was 0.893 (95%CI: 0.806-0.981, P 
< 0.001); the cut-off value of 146 × 1012/L was associated with a sensitivity of 0.902 and 
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Table 2 Univariate and multivariate analyses of the risk factors for post-hepatectomy liver failure

Univariate analysis Multivariate analysis

OR 95%CI P value OR 95%CI P value

Gender (reference = 
female)

9.455 (2.477-36.081) 0.001

Age 1.047 (0.987-1.111) 0.13

History of hepatitis 6.943 (2.099-22.963) 0.001

History of diabetes 2.987 (0.713-12.517) 0.135

Liver cirrhosis 12.825 (3.305-49.769) < 0.001

Operating time 1.250 (0.953-1.639) 0.107

Bleeding 1.000 (0.999-1.001) 0.521

Hepatic hilum occlusion 1.133 (0.404-3.183) 0.812

ALT 1.007 (0.997-1.017) 0.188

AST 1.019 (0.995-1.043) 0.119

TBIL 1.031 (1.005-1.058) 0.018 1.177 (1.017, 1.362) 0.029

DBIL 1.026 (1.001-1.051) 0.038

Creatinine 1.006 (0.992-1.021) 0.398

eGFR 0.995 (0.971-1.019) 0.661

ALB 0.832 (0.733-0.944) 0.004

WBC 0.820 (0.624-1.078) 0.155

LY 0.927 (0.425-2.018) 0.848

PLT 0.968 (0.952-0.983) < 0.001 0.949 (0.908, 0.992) 0.021

PT 1.512 (1.028-2.223) 0.036

INR 97.870 (1.336-7169.878) 0.036

MELD 1.375 (1.111-1.703) 0.003

ALBI 11.662 (2.96-45.95) < 0.001

APRI 62.012 (8.376-459.096) < 0.001 2.954 (1.021, 8.544) 0.046

Total liver volume 1.001 (1-1.002) 0.205

Remnant liver volume 0.998 (0.996-1.001) 0.222

Spleen volume 1.006 (1.002-1.009) 0.005

SV/LV 123.308 (2.076-7324.329) 0.021 < 0.001 (0,0.043) 0.036

%RLV 0.000 (0-0.008) < 0.001

BMI 0.922 (0.749-1.136) 0.446

Body surface area 25.376 (0.325-1984.13) 0.146

SLV 1.005 (0.998-1.011) 0.146

SRLVR 0.068 (0.002-1.906) 0.114

PHLF: Post-hepatectomy liver failure; APRI: Aspartate aminotransferase-to-platelet ratio index; SV/LV: Spleen volume/Liver volume ratio; RLV: Remnant 
liver volume; BMI: Body Mass Index; SLV: Standard liver volume; SRLVR: Remnant liver volume/Standard liver volume (standard liver volume); AST: 
Aspartate aminotransferase.

a specificity of 0.789 (Figure 2). The AUC for APRI in predicting PHLF was 0.907 
(95%CI: 0.836-0.977, P < 0.001); the cut-off value of 0.416 was associated with a 
sensitivity of 0.947 and a specificity of 0.787 (Figure 1). The AUC for SV/LV in 
predicting PHLF was 0.752 (95%CI: 0.623-0.880, P < 0.001); the cut-off value of 20.84% 
was associated with a sensitivity of 0.474 and a specificity of 0.934 (Figure 1).
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Figure 1 Receiver operating characteristic curves of total bilirubin, aspartate aminotransferase-to-platelet ratio index and spleen 
volume/liver volume ratio in predicting the occurrence of post-hepatectomy liver failure. ROC: Receiver operating characteristic.

Figure 2 Receiver operating characteristic curve of platelets in predicting the occurrence of post-hepatectomy liver failure. ROC: Receiver 
operating characteristic.

DISCUSSION
As a leading cause of death following major liver resection, PHLF was first defined by 
the International Study Group of Liver Surgery in 2011 as a “postoperative acquired 
deterioration” in the ability of the liver to maintain its synthetic, excretory and 
detoxifying functions, which are characterized by biochemical and clinical changes 
without other causes and an increased INR and concomitant hyperbilirubinemia on or 
after postoperative day 5[5]. The incidence of PHLF is reported to be 1.2%-32%[5-8]. In the 
present study, the incidence of PHLF was 23.75%, which was basically consistent with 
that reported in the literature. The risk factors for PHLF remain controversial, and 
mainly include liver reserve dysfunction and small postoperative RLV. In addition, 
intraoperative and postoperative management may also be associated with the 
development of PHLF[8]. The incidence of liver cancer is high in China, and most 
patients have hepatitis B and cirrhosis before they ultimately develop liver cancer; as a 
result, most patients have different degrees of cirrhosis when they undergo surgery for 
liver cancer, and thus the incidence of PHLF is particularly high due to poor liver 
reserve function. Therefore, accurate liver function evaluation before surgery is 
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essential. Child-Pugh classification is a commonly used tool for assessing liver 
function, but its accuracy has been questioned in recent years[14]. ICG-15R can 
accurately assess hepatic function but has not been widely applied due to limited 
facilities in some hospitals.

In 1993, Makuuchi et al[15] proposed the use of bilirubin as one of the main 
parameters for evaluating liver cancer surgery. For patients with normal serum 
bilirubin, the safe limit of hepatectomy can be determined based on ICG-15R. In the 
present study, patients with elevated TBIL (higher than 18.6 mmol/L) before surgery 
were at significantly higher risk of PHLF (P < 0.001). Also, the upper limit of normal 
for TBIL was set at 19 mmol/L in our study, and a TBIL level of higher than 19 
mmol/L was regarded as hepatic insufficiency; accordingly, the extent of surgical 
resection should be minimized, which is consistent with the standard proposed by 
Makuuchi et al[15].

Most patients with accompanying hepatitis and/or cirrhosis have thrombocyto-
penia, which are significantly associated with the risk and outcome of hepatectomy. In 
a meta-analysis of 5260 patients[16], thrombocytopenia before surgery was considered 
an independent risk factor for PHLF. In our study, PLT was found to be an 
independent risk factor for PHLF, and its cut-off value was set at 146 × 109/L, which 
yielded a sensitivity of 0.902 and a specificity of 0.789. This cut-off value was in line 
with the lower limit (150 × 109/L) of normal PLT in our hospital, suggesting that low 
PLT is an independent risk factor for PHLF.

In addition to a single laboratory index, liver function-related indicators such as 
ALBI, APRI, and MELD score have increasingly been used to assess the risk of PHLF. 
MELD score was initially used for predicting the prognosis of patients after 
transjugular intrahepatic portosystem stent-shunt[17] and was later adopted for organ 
allocation in liver transplantation[18]. It is particularly useful in the prognostic 
evaluation of patients with end-stage liver disease. In recent years, it has been reported 
that MELD score might be an independent risk factor for PHLF[19]. In the present study, 
MELD score was significantly different between the PHLF group and non-PHLF 
group; however, MELD score was not an independent risk factor for PHLF in the 
multivariate analysis.

In 2015, Johnson for the first time proposed the concept of ALBI, which refers to the 
assessment of liver function in liver cancer patients using the albumin-bilirubin 
ratio[20]; however, its role in assessing the severity of liver cirrhosis has been 
controversial[13]. The reasons for this may be that as patients with severe hypoprotei-
nemia are often considered unsuitable for surgery, ALBI has a low assessment value in 
patients undergoing liver surgery. Wai et al[21] in 2003[21], proposed that APRI was 
believed to be able to effectively assess the degree of liver cirrhosis, and its accuracy 
was similar to that of liver biopsy. Ichikawa et al[22] confirmed that APRI could be used 
as an effective independent predictor of PHLF[22]. Similarly, in our study, patients with 
a preoperative APRI > 0.416 had a significantly higher incidence of PHLF than those 
with a preoperative APRI ≤ 0.416; when APRI was 0.416, the sensitivity was 0.947 and 
the specificity was 0.787, indicating that APRI could effectively predict the occurrence 
of PHLF.

Furthermore, with the advances in three-dimensional visualization technology in 
surgery, it is now possible to calculate the LV and SV before surgery and to plan the 
resection range through virtual surgery. A comparison of the liver volume before and 
after surgery makes it possible to determine the impact of resection range on the 
occurrence of PHLF. Both RLV and SV have been proven to be effective in predicting 
the occurrence of PHLF[23]. Generally, a %RLV larger than 25% is safe for a normal 
liver; however, the %RLV should not exceed 40% in patients with liver cirrhosis[24]. 
Therefore, preoperative liver function should be considered when estimating the 
postoperative RLV. Fewer studies have investigated the role of SV. Cirrhotic patients 
often have hypersplenism, and SV can effectively reflect the status of liver cirrhosis 
and portal hypertension. The combination of SV and LV may be more effective in 
predicting the outcomes of liver resection.

According to Peng et al[12], the spleen-RLV ratio could effectively predict the 
occurrence of PHLF. In our study, the preoperative SV/LV ratio was again confirmed 
to be an independent risk factor for PHLF. The AUC was 0.752 and the cut-off value 
was 20.84%. The %RLV showed no significant difference between the PHLF group and 
non-PHLF group. This might be because the %RLV alone cannot reflect the liver 
reserve function and thus has a poor predictive value; in contrast, the combination of 
SV with %RLV reflects both the volume and function of the liver and thus can be more 
accurate in predicting prognosis.

In addition, studies have reported that the age and BMI of patients were also 
independent risk factors for PHLF[10,25]. However, in the present study, age and BMI 
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did not significantly affect the occurrence of PHLF, which may be due to the narrow 
ranges of various indicators in our study.

CONCLUSION
In this retrospective analysis of 80 patients undergoing liver resection, serum total 
bilirubin, PLT, APRI, and SV/LV were independent risk factors for PHLF. In 
particular, serum bilirubin and PLT higher or lower than normal may indicate the 
possibility of PHLF occurrence. These findings were consistent with previous reports, 
which suggest that both biochemical results and SV on imaging should be considered 
before establishing a surgical plan, so as to minimize the risk of PHLF. Our study was 
limited by its small sample size. When a larger sample is obtained, we will further 
validate our findings by establishing prediction models.

ARTICLE HIGHLIGHTS
Research background
Post-hepatectomy liver failure (PHLF) is the main cause of death after hepatectomy, 
which was first defined by the International Study Group of Liver Surgery in 2011. The 
incidence of PHLF ranges between 1.2%-32%.

Research motivation
Earlier studies showed that PHLF is related to many preoperative factors, the analysis 
of these factors can be helpful in the prevention of PHLF.

Research objectives
To analyze possible risk factors for PHLF in Chinese patients undergoing 
hepatectomy.

Research methods
Eighty patients who underwent partial hepatectomy for liver tumors from June 2018 to 
January 2020 were enrolled, they were divided into two groups according to whether 
PHLF occurred. Laboratory examination, Model for End-Stage Liver Disease score, 
albumin-bilirubin ratio, aspartate aminotransferase-to-platelet ratio index (APRI), 
spleen volume (SV), remnant liver volume, standard remnant liver volume ratio, and 
volume ratio of liver to spleen were compared and discussed.

Research results
Of 80 patients, 19 (23.75%) developed PHLF. Gender, history of hepatitis/cirrhosis, 
and preoperative bilirubin, albumin, coagulation function, albumin-bilirubin ratio, 
APRI, Model for End-Stage Liver Disease score, SV, spleen volume/liver volume ratio 
(SV/LV), and % remnant liver volume were statistically associated with the occurrence 
of PHLF according to univariate logistic regression analysis (all P < 0.05). Preoperative 
total bilirubin (TBIL), platelets (PLT), APRI, and SV/LV were independent risk factors 
for PHLF in multivariate regression analysis (all P < 0.05). The area under curve and 
cut-off values were 0.787 and 18.6 mmol/L for TBIL, 0.893 and 146 × 1012/L for PLT, 
the two cut-off values are consistent with the upper and lower limit of TBIL and PLT 
in our hospital; furthermore, area under curve and cut-off values were 0.907 and 0.416 
for APRI, and 0.752 and 20.84% for SV/LV, respectively.

Research conclusions
Elevated preoperative total bilirubin, decreased PLT and APRI higher than 0.416, 
SV/LV higher than 20.85% are independent risk factors for PHLF in patients 
undergoing liver resection.

Research perspectives
The etiology of PHLF is unclear, and there is no standard method for predicting the 
occurrence of PHLF before surgery. More patients should be analyzed to obtain more 
precise data on the prediction of PHLF.
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