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Background: Adequate evaluation of degrees of liver cirrhosis is essential in surgical treatment of 
hepatocellular carcinoma (HCC) patients. The impact of the degrees of cirrhosis on prediction of post-
hepatectomy liver failure (PHLF) remains poorly defined. This study aimed to construct and validate a 
combined pre- and intra-operative nomogram based on the degrees of cirrhosis in predicting PHLF in HCC 
patients using prospective multi-center’s data.
Methods: Consecutive HCC patients who underwent hepatectomy between May 18, 2019 and Dec 19, 
2020 were enrolled at five tertiary hospitals. Preoperative cirrhotic severity scoring (CSS) and intra-operative 
direct liver stiffness measurement (DSM) were performed to correlate with the Laennec histopathological 
grading system. The performances of the pre-operative nomogram and combined pre- and intra-operative 
nomogram in predicting PHLF were compared with conventional predictive models of PHLF.
Results: For 327 patients in this study, histopathological studies showed the rates of HCC patients with no, 
mild, moderate, and severe cirrhosis were 41.9%, 29.1%, 22.9%, and 6.1%, respectively. Either CSS or DSM 
was closely correlated with histopathological stages of cirrhosis. Thirty-three (10.1%) patients developed 
PHLF. The 30- and 90-day mortality rates were 0.9%. Multivariate regression analysis showed four pre-
operative variables [HBV-DNA level, ICG-R15, prothrombin time (PT), and CSS], and one intra-operative 
variable (DSM) to be independent risk factors of PHLF. The pre-operative nomogram was constructed based 
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
malignancy and the fourth leading cause of cancer-related 
death globally (1). Hepatectomy remains the mainstay of 
curative treatment for HCC patients. However, a significant 
proportion of patients develop HCC in a background 
of liver cirrhosis which significantly contributes to an 
increase in postoperative complications and mortalities (2).  
Cirrhosis is a consequence of various etiologies causing 

liver injury, which is often followed by diffuse hepatic 
fibrosis wherein the normal hepatic architecture is 
gradually replaced by regenerative nodules (3). There exists 
significant histopathological heterogeneity in the degrees of 
cirrhosis in patients with HCC (4). This histopathological 
scoring system, which is based on semiquantitative 
evaluation of nodular size and septal width, has widely 
been adopted. Several studies have shown this system to 
be a useful predictor of short- and long-term outcomes of 
hepatectomy for patients with HCC (5,6). Pre-operative 
liver biopsy to determine the histopathological degrees of 
cirrhosis is invasive, and it can occasionally lead to severe  
complications (7). Liver biopsy has, therefore, not been 
recommended as a routine in pre-operative assessment of 
cirrhosis. An accurate and non-invasive staging system for 
cirrhosis is needed. A non-invasive cirrhotic severity scoring 
(CSS) has previously been reported by us in predicting the 
degrees of cirrhosis in HCC patients. This scoring relies 
on four variables which are routinely measured to assess 
patients with HCC for hepatectomy. These variables are 
portal vein diameter, splenic thickness, platelet count and 
endoscopic degree of esophageal varices. This is a simple 
system with high predictive accuracy (8). Recently, an 
industrial device (the LX-C Shore hardness tester, Laizhou, 
China) was adopted in our center to directly measure 
liver stiffness (DSM) during open hepatectomy. The 
preliminary study suggested that DSM could be used as an 
objective indicator in staging the degrees of cirrhosis (9). 
However, correlations between either CSS or DSM, with 
histopathological stages of cirrhosis need to be determined 
in a large prospective multi-institutional study.

In recent decades, despite great improvements in 
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perioperative assessments, surgical techniques, and peri-
operative management, post-hepatectomy liver failure 
(PHLF) remains as the most severe and life-threatening 
complication after hepatectomy. Its incidence can reach up 
to 32% in some reports, with PHLF being the direct cause 
of death in more than half of patients (10,11). Inadequate 
quality of residual liver function, such as those livers with 
a background of cirrhosis, is an important factor that 
commonly leads to PHLF (12,13). A recent study indicated 
that the severity of liver fibrosis as measured by two-
dimensional shear wave elastography is an independent risk 
factor for PHLF (14). However, the impact of the degrees of 
cirrhosis on prediction of PHLF needs to be further studied. 
Several predictive models of PHLF have been reported on 
cirrhotic patients with HCC, including the model for end-
stage liver disease (MELD) score, hepatic venous pressure 
gradient (HVPG), indocyanine green (ICG) clearance, and 
liver stiffness (LS) (15-17). However, all these predictive 
models are not effective enough in preventing deaths from 
PHLF in HCC patients who undergo hepatectomy with a 
background of cirrhosis. Furthermore, the histopathological 
substages of cirrhotic severity in correlation to pre- or intra-
operative scoring systems, and the impact of these scoring 
systems on PHLF deserve further studies.

In the current study, the effectiveness of either CSS 
or DSM in correlating the degrees of cirrhosis with the 
histopathological staging of the Laennec system, and the 
construction of the pre-operative and combined pre- and 
intra-operative nomograms based on the data obtained 
in this study in predicting PHLF in HCC patients after 
hepatectomy were studied. This article was presented in 
accordance with the STROBE reporting checklist (available 
at https://hbsn.amegroups.com/article/view/10.21037/
hbsn-22-410/rc).

Methods

Patients

This prospective multi-institutional study was conducted 
at five tertiary hospitals in China. These hospitals included 
Tongji Hospital of Tongji Medical College, Huazhong 
University of Science and Technology (Wuhan), Zhongnan 
Hospital of Wuhan University (Wuhan), Hubei Cancer 
Hospital (Wuhan), Xiangyang Center Hospital (Xiangyang) 
and Taihe Hospital of Hubei Medical College (Shiyan). 
Consecutive patients with single HCC and without 
macrovascular invasion who underwent open hepatectomy 

between May 18, 2019 and Dec 19, 2020 were included in 
this study. The ethics committee of each hospital (Tongji 
Hospital, Zhongnan Hospital, Hubei Cancer Hospital, 
Xiangyang Center Hospital, and Taihe Hospital) approved 
this study (No. S1022), which was conducted in accordance 
with the guidelines of the Declaration of Helsinki (as 
revised in 2013). Informed consent from all patients was 
obtained before recruitment. Clinical data, including 
patient age, gender, and etiology of liver disease, were 
recorded. Pre-operative evaluation, including serological 
examinations, chest X-ray, abdominal ultrasonography, 
upper gastrointestinal endoscopy, computed tomography 
(CT), and/or magnetic resonance imaging (MRI) was 
performed within 2 weeks before surgery. Liver function 
was assessed by a combination of liver biochemistry, Child-
Pugh classification, and indocyanine green retention rate 
at 15 min (ICG-R15). Three-dimensional CT volumetry 
was used to estimate remnant liver volumes for patients 
with huge tumors or large tumors adjacent to the main 
vessels which needed major resection. The indications for 
hepatectomy were (I) liver function of Child-Pugh grade A, 
or some patients with grade B who were planned to undergo 
a minor liver resection; (II) adequate residual liver volume; 
(III) tumor technically resectable based on evaluation by 
experienced liver surgeons; (IV) extent of hepatectomy 
was in accordance with the Makuuchi criteria based on 
ICG-R15 (18). Anatomical hepatectomy was performed for 
tumors located within a segment/section/hemiliver provided 
that the volume of the future liver remnant was sufficient. 
A parenchyma-preserving hepatectomy was performed 
for tumors situated peripherally, or for tumors located in 
unfavorable sites for anatomical resection, or patients with 
severely gross cirrhosis as judged by operating surgeons. A 
major resection was defined as resection of three or more 
Couinaud liver segments. Postoperative complications were 
defined by the Dindo-Clavien classification, with major 
complications being defined as grade 3 and above (19). 
PHLF was defined by an increased international normalized 
ratio with concomitant hyperbilirubinemia on or after 
postoperative day 5 as proposed by the International Study 
Group of Liver Surgery (ISGLS) (20). Bile leak is defined by 
ISGLS and stratified as Grade A—causing no change in the 
patient’s management, Grade B—resulting in intervention, 
but not requiring re-laparotomy or Grade C—requiring 
re-laparotomy (21). Postoperative mortality was defined as 
death within 90 days of hepatectomy. All hepatitis B surface 
antigen (HBsAg) positive patients received antiviral therapy 
before and after surgery. This multicenter prospective study 
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was registered at Clinicaltrials.gov (https://clinicaltrials.gov/; 
Clinical trial number: NCT04076631). 

Operative technique

The details of the operations performed have been reported 
previously (22). In brief, a right subcostal incision with 
an upward midline or a left subcostal extension was used. 
Operative ultrasonography was routinely done to locate the 
tumor and to mark the transection plane. Liver transection 
was carried out using a Cavitron ultrasonic surgical aspirator 
(CUSA), Biclamp, Harmonic Scalpel, or TissueLink, in 
addition to finger fracturing and clamp crushing. The 
Pringle’s maneuver was established for potential use 
before hepatectomy and only used to occlude hepatic 
inflows whenever it is necessary. Parenchyma-preserving 
hepatectomy was carried out with resection margins ≥1 cm.

Pre-operative CSS

Pre-operative CSS was based on four clinical parameters 
(degree of severity of esophageal varices, portal vein 
diameter, splenic thickness, and platelet count) for staging 
the severity of cirrhosis as previously reported (8). The 
details of CSS are shown in Table S1. 

Intra-operative direct liver stiffness measurement (DSM)

Liver stiffness was measured intra-operatively using the 
LX-C Shore hardness tester (Laizhou, China). The device 
for DSM is 11.5 cm in height, and 6 cm in width. The 
probe is a disc with a diameter of 2.5 cm (Figure S1). The 
ribs do not interfere with the measuring operation and 
readings from the device in open surgery. The procedure 
involved the following steps: (I) the device was set to zero, 
sterilized, and then wrapped up using an aseptic transparent 
optical cable sleeve and ensuring that the dial reading 
was clearly visible and the probe could be conveniently 
operated; (II) the probe of the device was directly and 
vertically pressed onto the non-tumorous liver surface 
which should be away from the thin-edge parts of liver; and 
(III) after 3 seconds when the probe was entirely in contact 
with the surface of the liver, the readings were shown on 
the gauge. The readings were expressed in HC units. Five 
measurements at different parts of liver were made for each 
patient. The mean and standard deviation (SD) of the five 
measured values were calculated, and the average value was 
used as the final measurement for statistical analysis (9).

Histopathological assessment of degrees of cirrhosis

The histopathological degrees of cirrhosis in the non-
tumorous parts of the resected liver specimens were 
evaluated by two experienced pathologists who were 
blinded to the clinical information by using the Laennec 
staging system (23). The degrees of cirrhosis were staged 
as: no cirrhosis (F0 to F3); mild cirrhosis (F4A with marked 
septation and rounded contours); moderate cirrhosis 
(F4B with at least two broad septa); and severe cirrhosis 
(F4C with at least one very broad septum or many minute 
nodules).

Statistical analysis

R Project for Statistical Computing (version 4.1.2, https://
www.r-project.org/) and GraphPad Prism (version 7.00) 
were used for statistical analyses. Continuous variables 
with normal distributions were presented as mean ± 
standard deviation (SD). Variables which were not normally 
distributed were presented as median and interquartile range 
(IQR). Appropriate statistical tests of the Student’s t-test 
or Mann-Whitney U test were used. Categorical variables 
were expressed as frequencies or percentages, and compared 
with the Chi-square test or Fisher exact test. The degrees of 
correlation between rank variables and continuous variables 
were assessed by Spearman’s correlation coefficient. The 
diagnostic performance of CSS and DSM in assessing the 
severity of liver cirrhosis was determined using the receiver 
operating characteristic (ROC) curves. The areas under 
the ROC curves (AUCs) were compared using the Delong  
test (24). A two-tailed P value <0.05 was considered statistically 
significant.

In this study, the univariate and multivariate logistic 
regression analyses with forward stepwise were used to 
construct the prediction models for PHLF, using “rms” 
package in R. For the overall cohort, univariate logistic 
regression analyses were used to determine the pre-
operative and intra-operative risk factors which were closely 
related to PHLF. Variables with a P<0.05 on univariate 
analysis were further included in the multivariate logistic 
regression analysis. 

The performance ability and robustness of the models 
were assessed by discrimination, calibration ability, and 
clinical practicability for the derivation cohort (whole 
cohort) and validation cohort (Tongji cohort and external 
cohort), respectively. The Tongji cohort included patients 
from Tongji Hospital and the external cohort included 

https://clinicaltrials.gov/; Clinical trial number: NCT04076631
https://clinicaltrials.gov/; Clinical trial number: NCT04076631
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patients from Zhongnan Hospital, Hubei Cancer Hospital, 
Xiangyang Center Hospital, and Taihe Hospital. The AUC 
or concordance index (C-index) was used to estimate the 
model discrimination. The Brier score was commonly used 
to evaluate the overall performance of a predictive model. 
If the predicted and actual observations of the model are 
relatively close, the closer the Brier score is to 0, the more 
perfect the overall performance of the model is (25,26). 
Calibration and decision curve analysis (DCA) curves were 
used to demonstrate the calibration capability and clinical 
usefulness of the models, respectively.

Results

Patient characteristics

The patient characteristics of the 327 patients who were 
enrolled in this study are shown in Table 1. Based on our 
previously reported preoperative CSS, 157 (48.0%), 70 
(21.4%), 45 (13.8%), 26 (7.9%), and 29 (8.9%) patients 

Table 1 Patient characteristics

Variables Patients (n=327)

Medical center

Tongji Hospital 178 (54.4)

Zhongnan Hospital 18 (5.5)

Hubei Cancer Hospital 41 (12.6)

Xiangyang Center Hospital 48 (14.7)

Taihe Hospital 42 (12.8)

Age* (years) 55.4±10.6

Gender

Male 277 (84.7)

Female 50 (15.3)

Etiology

Hepatitis B 270 (82.6)

Hepatitis C 9 (2.8)

Chronic alcoholism 7 (2.1)

Schistosomiasis 4 (1.2)

Unknown 37 (11.3)

HBV-DNA (copies/mL)  

≤500 198 (60.6)

>500 129 (39.4)

ICG-R15* (%) 5.0 (2.8–7.7)

ALT* (U/L) 27.0 (19.0–42.2)

AST* (U/L) 30.0 (23.0–43.5)

ALB* (g/L) 40.9 (38.4–44.0)

TBIL* (μmol/L) 13.2 (9.95–17.6)

PT* (sec) 13.6 (12.9–14.5)

PTA* (%) 90.0 (72.0–98.0)

INR* 1.05 (1.00–1.12)

WBC* (×109/L) 5.2 (4.1–6.3)

RBC* (×1012/L) 4.4 (4.1–4.8)

PLT* (×109/L) 160 (113–206)

Tumor size* (cm) 5.4 (3.5–7.9)

Child-Pugh grade

A 303 (92.7)

B 24 (7.3)

Table 1 (continued)

Table 1 (continued)

Variables Patients (n=327)

CSS

0 157 (48.0) 

1 70 (21.4)

2 45 (13.8)

3 26 (7.9)

≥4 29 (8.9)

DSM value* (HC) 5.7 (3.0–8.0)

Histopathological degree of liver cirrhosis (Laennec grade)

No (F0-3) 141 (43.1)

Mild (F4A) 91 (27.8)

Moderate (F4B) 71 (21.7)

Severe (F4C) 24 (7.4)

Values are in n (%) or mean ± standard deviation or median 
(IQR). *, continuous variables. HBV, hepatitis B virus; ICG-R15, 
the retention rate of indocyanine green at 15 min; ALT, alanine 
transaminase; AST, aspartate aminotransferase; ALB, serum 
albumin; TBIL, total serum bilirubin; PT, prothrombin time; PTA, 
prothrombin activity; INR, international normalized ratio; WBC, 
white blood cell; RBC, red blood cell; PLT, platelet count; CSS, 
cirrhosis severity score; DSM, direct liver stiffness measurement; 
HC, the unit of measurement of the Shore hardness tester; IQR, 
interquartile range.
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had CSS of 0, 1, 2, 3, and ≥4, respectively. The median 
(IQR) intra-operative DSM was 5.7 (3.0–8.0) HC. Based on 
histopathological assessment, the number of patients who 
had no (F0-3), mild (F4A), moderate (F4B) or severe (F4C) 
cirrhosis were 141 (43.1%), 91 (27.8%), 71 (21.7%) and 24 
(7.4%), respectively. 

Perioperative outcomes

Details on the peri-operative data are summarized in Table 2.  
PHLF developed in 33 patients (10.1%), with 20 (6.1%) 
patients in Grade A, 10 (3.1%) patients in Grade B, and 
3 (0.9%) patients in Grade C. Three (0.9%) patients died 
from PHLF (Table 3). The overall 30- and 90-day mortality 
rates were 0.9% and 0.9%, respectively.

Correlation of CSS and DSM with histopathological 
staging on degrees of cirrhosis

The correlation of CSS and DSM with histopathological 
staging on degrees of cirrhosis was showed in Figure 1. 
There was a significant positive correlation of CSS with 
histopathological staging of cirrhosis (r=0.347, P<0.001) 
(Figure 1A). The mean CSSs in the no (F0-3), mild 
(F4A), moderate (F4B), and severe (F4C) cirrhosis groups 
were 0.65±1.01, 1.03±1.53, 1.65±1.42, and 2.88±1.99, 
respectively, with an increase in CSS as the histopathological 
gradings increased (Figure 1B). However, there was no 
significant difference between the no (F0-3) and mild (F4A) 
cirrhosis groups. The DSM value was also significantly and 
positively correlated with the histopathological staging of 
cirrhosis (r=0.445, P<0.001) (Figure 1C). The DSM values 
increased significantly as the Laennec scoring system 
staging increased, with mean values in the no (F0-3), mild 
(F4A), moderate (F4B) and severe (F4C) cirrhosis groups of 
4.41±2.88, 5.71±2.66, 6.96±2.83, and 9.44±2.63 HC units, 
respectively (Figure 1D). 

Pre-operative and intra-operative prediction models  
for PHLF

The CSS and DSM values in relation to PHLF are shown in 
Figure 2. The mean values of either the CSS or the DSM in 
the PHLF group were significantly higher than those in the 
group without PHLF (all P<0.001). On univariate logistic 
regression analysis, six pre-operative variables [HBV-DNA 

Table 2 Perioperative outcomes

Variables Patients (n=327)

Extent of hepatectomy

Minor 229 (70.0)

Major 98 (30.0)

Pringle’s maneuver 230 (70.3)

Time of Pringle’s maneuver (min) 11.0 [0–22.5]

Blood loss (mL) 200 [100–400]

Blood transfusion 39 (12.0)

Volume of transfused blood* (Unit) 4.0 [2.0–4.0]

Patients with complications

Chest infection 10 (3.1)

Pleural effusion 39 (11.9)

Subphrenic abscess 5 (1.5)

Intra-abdominal bleeding 5 (1.5)

Ascites 59 (18.0)

Bile leak 12 (3.7)

Severity grading of bile leak

Grade A 9 (2.8)

Grade B 3 (0.9)

Grade C 0

Severity of complication  
(Clavien-Dindo)

42 (12.8)

IIIa 35 (10.7)

IIIb 1 (0.3)

IVa 2 (0.6)

IVb 1 (0.3)

V 3 (0.9)

Post-hepatectomy liver failure 33 (10.1)

Grade A 20 (6.1)

Grade B 10 (3.1)

Grade C 3 (0.9)

Hospital stay (days) 12 [10–15]

30-day mortality 3 (0.9)

90-day mortality 3 (0.9)

Values are in n (%) or median [IQR]. *, only included the 39 patients 
who underwent blood transfusion. IQR, interquartile range.



Liang et al. A nomogram in evaluation of cirrhosis predicts PHLF204

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2024;13(2):198-213 | https://dx.doi.org/10.21037/hbsn-22-410

Table 3 Patient’s information of hospital death

Patients Gender
Age  

(years)
ICG-R15 

(%)
Tumor size 

(cm)
Child-Pugh 

grade
Extent of hepatectomy 

(segment)
Laennec 

grade
CSS  
score

DSM  
(HC)

Cause of 
death

No. 1 Male 68 9.8 17.2 A I, II, III, IV, V, VIII F4A 3 7 PHLF

No. 2 Male 59 3.5 9.3 A IV, V F4B 3 14 PHLF

No. 3 Male 43 7.7 9.3 B IV, V F4C 4 11 PHLF

ICG-R15, the retention rate of indocyanine green at 15 min; CSS, cirrhosis severity score; DSM, direct liver stiffness measurement; HC, 
the unit of measurement of the Shore hardness tester; PHLF, post-hepatectomy liver failure.

Figure 1 The CSS and DSM values were positively correlated with the histopathological cirrhosis stages. (A) The correlation between CSS 
and histopathological cirrhosis stages; (B) the values of CSS in the F0-3, F4A, F4B, and F4C groups; (C) the correlation between DSM and 
histopathological cirrhosis stages; (D) the values of DSM in the F0-3, F4A, F4B, and F4C groups. CSS, cirrhosis severity score; DSM, direct 
liver stiffness measurement.
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level, ICG-R15, total bilirubin (TBIL), prothrombin time 
(PT), platelet count (PLT), Child-Pugh grade, and CSS], 
and five intra-operative variables (DSM, major resection, 
non-parenchyma-preserving hepatectomy, blood loss, and 
blood transfusion) were risk factors of PHLF (Table 4). On 
multivariate regression analysis, four preoperative variables 
(HBV-DNA level, ICG-R15, PT, and CSS) and one intra-
operative variable (DSM) were significantly associated with 
PHLF (all P<0.05) (Table 4).

Construction, evaluation, and validation of prediction 
models for PHLF 

According to the forward selection based on minimizing 
Akaike information criterion (AIC), when the minimum 
AIC was 130.68, a total of six variables were selected to 
participate in the model construction (Figure 3). These 
variables were HBV-DNA level,  ICG-R15, TBIL, 
PT, CSS, and DSM. These variables were included 
in the conventional model by using the pre-operative 
conventionally used predictors (HBV-DNA, ICG-R15, 
TBIL, and PT); the preoperative model by using the 
conventionally used preoperative predictors together with 
CSS (HBV-DNA, ICG-R15, TBIL, PT, and CSS), and 
the combined pre- and intra-operative model by using 
combined pre-operative predictors with intra-operative 

DSM (HBV-DNA, ICG-R15, TBIL, PT, CSS, and DSM). 
The pre-operative nomogram and the combined pre- and 
intra-operative nomogram are shown in Figure 3A,3B, 
respectively.

The performance ability and robustness of the three 
models were assessed in the whole cohort (n=327), Tongji 
cohort (n=178), and external validation cohort (n=149), 
respectively (Figure 4). The characteristics and perioperative 
outcomes of Tongji cohort and external cohort were shown 
in Table S2. The AUC curves of the models are shown in 
Figure 4A-4C, respectively. The AUCs of the conventional 
model, pre-operative model and combined pre- and intra-
operative model for the whole cohort were 0.804 (95% 
CI: 0.729–0.879), 0.931 (95% CI: 0.897–0.965), and 0.944 
(95% CI: 0.912–0.975), respectively (Figure 4A). The 
corresponding figures for the Tongji cohort were 0.839 
(95% CI: 0.729–0.950), 0.954 (95% CI: 0.922–0.986), and 
0.976 (95% CI: 0.953–0.999), respectively (Figure 4B), 
and for the external validation cohort were 0.800 (95% 
CI: 0.703–0.897), 0.914 (95% CI: 0.847–0.981), and 0.922 
(95% CI: 0.861–0.984), respectively (Figure 4C). The 
calibration curves of the models are shown in Figure 4D-4F,  
respectively. For the above three cohorts, the Brier score 
of the combined pre- and intra-operative model was the 
smallest, followed by the pre-operative model and the 
conventional model, thus demonstrating that the accuracy 

Figure 2 The CSS and DSM values in relation to PHLF. (A) The CSS values between the groups of HCC patients with or without PHLF;  
(B) the DSM values between the groups of HCC patients with or without PHLF. CSS, cirrhosis severity score; PHLF, post-hepatectomy 
liver failure; DSM, direct liver stiffness measurement; HCC, hepatocellular carcinoma.
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Table 4 Univariate and multivariate logistic regression analysis for risk factors associated with PHLF in whole cohort (n=327)

Variables
Univariate Multivariate#

OR (95% CI) P value OR (95% CI) P value

Preoperative factors

Age* (years) 1.03 (0.99–1.06) 0.16

Gender 0.30

Female Reference

Male 1.9 (0.56–6.49)

Etiology 0.05

Others Reference 

Hepatitis B 7.53 (1.01–56.27)

HBV-DNA 0.03 0.04

≤500 copies/mL Reference Reference

>500 copies/mL 2.27 (1.09–4.71) 3.23 (1.09–10.64)

ICG-R15 <0.001 0.02

≤10% Reference Reference

>10%  4.64 (1.92–11.19) 5.04 (1.33–18.90)

ALT* (U/L) 1.00 (0.99–1.01) 0.98

AST* (U/L) 1.00 (1.00–1.01) 0.55

ALB* (g/L) 0.96 (0.89–1.04) 0.32

TBIL* (μmol/L) 1.09 (1.04–1.14) <0.001 1.06 (0.99–1.14) 0.08

PT* (s) 1.42 (1.19–1.68) <0.001 1.46 (1.13–1.93) 0.005

PTA* (%) 1.00 (0.98–1.01) 0.48

INR* 4.24 (0.60–29.96) 0.15

WBC* (×109/L) 0.82 (0.66–1.02) 0.08

RBC* (×1012/L) 0.91 (0.52–1.61) 0.75

PLT* (×109/L) 0.99 (0.99–1.00) 0.04 1.00 (1.00–1.01) 0.31

Tumor size* (cm) 1.08 (0.98–1.18) 0.10

Child-Pugh 0.02 0.24

A Reference

B 3.41 (1.25–9.31) 2.41 (0.54–1.04)

CSS* 2.69 (2.02–3.58) <0.001 2.05 (1.47–3.01) <0.001

Intraoperative factors

DSM value* (HC) 1.59 (1.34–1.85) <0.001 1.42 (1.17–1.75) <0.001

Extent of hepatectomy 0.04 0.71

Minor Reference Reference

Major 2.12 (1.02–4.4) 1.24 (0.39–3.86)

Table 4 (continued)
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of the former two models was better than the latter model. 
In addition, DCA showed the pre-operative model to have 
a stronger predictive performance than the conventional 
model in all the cohorts, and the combined pre- and intra-
operative model had even better performance than the pre-
operative model (Figure 4G-4I).

Discussion

The extent of hepatectomy is largely determined by the 
severity of cirrhosis, as cirrhosis significantly affects post-
hepatectomy liver functional reserve (27). There are no 
universally accepted clinical staging systems to predict 
histopathological degrees of cirrhosis before hepatectomy. 
Surgeons often have to change the pre-operative planned 
strategy based on intra-operative findings on the degrees 
of cirrhosis (28). However, this evaluation is subjective and 
can differ significantly among surgeons. As a consequence, 
pre-operative assessment of cirrhosis becomes important 
in decision-makings for surgeons on HCC patients who 
are going to undergo hepatectomy (29). Liver biopsy for 

diagnosing cirrhosis has several limitations, including 
invasiveness, sampling error, and inter-observer variability 
in pathologic interpretation (30,31). The Child-Pugh 
classification, ICG-R15, and CT volumetry have been 
widely used to select optimal patients for surgery. However, 
for patients with a Child-Pugh grade A liver function and 
ICG-R15 within a normal range of <10%, the degrees 
of cirrhosis can vary significantly among patients (32). 
Although the assessments on the degrees of fibrosis 
have been reported on using the FibroScan, aspartate 
aminotransferase-to-platelet ratio index (APRI), and 
Fibrosis 4 score (FIB-4) (33-35), the viability of these non-
invasive tests in the prediction of the severity of cirrhosis 
is not conclusive. Our center has focused on the use of 
pre-operative CSS and intra-operative DSM as tools to 
stage the degrees of cirrhosis in HCC patients undergoing 
hepatectomy. Our previously published study demonstrated 
a high degree of predictive accuracy of CSS on the degrees 
of cirrhosis (8). As DSM avoids the abdominal wall to be 
an interference factor as surgeons put the Shore hardness 
tester directly on the liver surface to measure liver stiffness, 

Table 4 (continued)

Variables
Univariate Multivariate#

OR (95% CI) P value OR (95% CI) P value

PPH 0.02 0.57 

No Reference Reference

Yes  0.37 (0.16–0.84) 0.72 (0.22–2.25)

Pringle’s maneuver 0.27

No Reference

Yes 1.64 (0.69–3.91)

Time of Pringle’s maneuver* (min) 1.01 (0.99–1.03) 0.30

Blood loss <0.001 0.16 

≤400 mL Reference Reference

>400 mL 3.16 (1.45–6.88) 2.77 (0.66–1.13)

Blood transfusion 0.03 0.65

No Reference Reference 

Yes 2.71 (1.13–6.54) 0.70 (0.14–3.29)
#, forward stepwise analysis; *, continuous variables. PHLF, post-hepatectomy liver failure; OR, odds ratio; CI, confidence interval; HBV, 
hepatitis B virus; ICG-R15, the retention rate of indocyanine green at 15 min; ALT, alanine transaminase; AST, aspartate aminotransferase; 
ALB, serum albumin; TBIL, total serum bilirubin; PT, prothrombin time; PTA, prothrombin activity; INR, international normalized ratio; WBC, 
white blood cell; RBC, red blood cell; PLT, platelet count; CSS, cirrhosis severity score; DSM, direct stiffness measurement; HC, the unit of 
measurement of the Shore hardness tester; PPH, parenchyma-preserving hepatectomy. 



Liang et al. A nomogram in evaluation of cirrhosis predicts PHLF208

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2024;13(2):198-213 | https://dx.doi.org/10.21037/hbsn-22-410

Figure 3 The nomograms for prediction of PHLF. (A) The pre-operative nomogram for prediction of PHLF; (B) the combined pre- and intra-
operative nomogram for prediction of PHLF. The pre-operative model was developed by using conventional pre-operative predictors combined 
with CSS (HBV-DNA, ICG-R15, TBIL, PT, and CSS); the combined pre- and intra-operative model was generated using preoperative 
predictors combined with intra-operative DSM (HBV-DNA, ICG-R15, TBIL, PT, CSS, and DSM). HBV, hepatitis B virus; ICG-R15, the 
retention rate of indocyanine green at 15 min; TBIL, total serum bilirubin; PT, prothrombin time; CSS, cirrhosis severity score; PHLF, post-
hepatectomy liver failure; DSM, direct liver stiffness measurement; HC, the unit of measurement of the Shore hardness tester.
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Figure 4 The performance ability and robustness of the predictive models for PHLF were assessed in the whole cohort (n=327), Tongji 
cohort (n=178), and external validation cohort (n=149), respectively. The ROC curves (A-C), calibration curves (D-F) and DCA curves 
(G-I) were used to evaluate and verify the predictive models for the overall cohort (A,D,G), Tongji cohort (B,E,H), and external cohort 
(C,F,I), respectively. Con, the conventional model, which was constructed by using the pre-operative conventional predictors (HBV-DNA, 
ICG-R15, TBIL, and PT); Pre, the pre-operative model, which was developed by using the pre-operative conventional predictors combined 
with CSS (HBV-DNA, ICG-R15, TBIL, PT, and CSS); Pre&Intra, the combined pre- and intra-operative model, which was generated 
using the pre-operative predictors combined with intra-operative DSM (HBV-DNA, ICG-R15, TBIL, PT, CSS, and DSM); PHLF, post-
hepatectomy liver failure; ROC, receiver operating characteristic; DCA, decision curve analysis; HBV, hepatitis B virus; ICG-R15, the 
retention rate of indocyanine green at 15 min; TBIL, total serum bilirubin; PT, prothrombin time; CSS, cirrhosis severity score; DSM, 
direct liver stiffness measurement.
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it is not surprising that when compared with the FibroScan, 
DSM had a significantly higher predictive accuracy in 
staging histopathological cirrhosis (9). In the current study, 
ROC analysis showed that either CSS or DSM was superior 
to other parameters (ARPI, ALBI, and FIB-4) in diagnosing 
severe cirrhosis (Figure S2). 

This multicenter study demonstrated the correlations 
between either CSS or DSM with histopathological 
findings of the Laennec system in 327 HCC patients 
who underwent hepatectomy at five different medical 
institutions. An accurate determination of the degrees of 
cirrhosis before hepatectomy is necessary as previous studies 
have shown that patients with moderate/severe cirrhosis 
are at significantly higher risk of developing PHLF (5,36). 
Surgical treatment strategies need to be adjusted both pre- 
and intra-operatively to ensure safety of hepatectomy. 

Hepatectomy for large HCC has become a safe 
operation in the recent few decades with acceptable peri-
operative mortality (37,38). However, the removal of large 
tumors is frequently associated with technical difficulties 
and increased risk of mortality (37). Our study showed that 
the diameter of the tumors of the three deaths was all larger 
than 9 cm. In addition, the preoperative ICG-R15 was 
within 10%, and other parameters [such as liver function, 
future liver remnant (FLR), etc.] suggested that they could 
undergo a major resection. Nevertheless, it is worth noting 
that all these patients were accompanied with different 
degrees of cirrhosis. Although the preoperative assessment 
of FLR is sufficient, the function reserve of the residual 
liver could be significantly compromised due to cirrhosis. 
Therefore, in patients with large tumors and cirrhosis, 
more strict selection criteria for hepatectomy are required, 
especially emphasizing the evaluation of cirrhotic severity.

Some studies suggested that the 90-day mortality was 
usually higher than the 30-day mortality (39,40). The 
Japanese National Clinical Database showed the 30- and 
90-day mortality rates after hepatectomy to be 2% and 4%, 
respectively (40). However, in Japan, most HCC patients 
who underwent hepatectomy had small tumors and were 
at early stages due to the effective screening program (41). 
In most centers outside of Japan, the majority of patients 
still have large HCC (>5 cm). The overall 30- and 90-day  
mortality rates after hepatectomy currently reported in 
centers outside of Japan were significantly higher than 
those reported in Japan (40,42). In our study, the 30- and 
90-day mortality were the same (0.9%), and the 90-day 
mortality was lower than that of most previous studies (40). 
The low 90-day mortality in our study may be attributed 

to the following reasons: First, while many studies used 
ICG-R15 ≤15% as the cut-off of major resection (43), 
our study used ICG-R15 ≤10% as the cut-off. In the 
past, we encountered a number of patients with ICG-R15 
≤15% who developed PHLF after undergoing even one 
segmental resection in severely cirrhotic patients. This is 
the fundamental reason why we initiated this study focusing 
on evaluating the severity of cirrhosis, and multivariate 
analysis indeed showed that ICG-R15 >10% was a risk 
factor for PHLF. Second, special attention was paid to the 
assessment of the severity of cirrhosis both preoperatively 
and intraoperatively. In patients with ICG-R15 >10% and 
significant cirrhosis, major resection should be avoided, and 
parenchyma-preserving hepatectomy would be a choice, 
but in some cases, hepatectomy may be excluded. Effective 
pre-operative and intra-operative methods in assessing the 
degrees of cirrhosis can help surgeons to adjust strategies, 
which can lead to improvements in operative mortality 
rates.

PHLF is a potentially lethal complication after 
hepatectomy. It can largely be influenced by surgeons’ 
decisions on the extent of hepatectomy, which in many 
cases are based on inadequate knowledge on the degrees 
of cirrhosis in the background livers. In this study, 10.1% 
of patients developed PHLF. The 90-day mortality rate in 
patients with PHLF was 9.1% when compared with 0% 
in patients without PHLF. Although previous studies on 
HBV-DNA level, ICG-R15, and PT have been reported to 
predict PHLF (44,45), our results demonstrated the degree 
of cirrhosis as assessed by our reported pre-operative CSS 
was an additional and significant independent predictor for 
PHLF. Among the factors which were found in our study to 
be strongly correlated with PHLF, pre-operative CSS and 
intra-operative DSM were the most significant predictors 
(all P<0.001). The performance ability of the predictive 
models reported by us was much better than all the 
commonly used predictive models. Our pre-operative model 
should be used pre-operatively to identify individuals who 
are at high risks of developing PHLF. Further improvement 
in the predictive performance of the combined pre- and 
intra-operative model over the pre-operative model should 
be used by surgeons to make a final decision on whether to 
continue with hepatectomy or to carry out a lesser extent 
of hepatectomy. In patients with high risks of PHLF (i.e., 
the probability of PHLF in the models is greater than 0.5), 
parenchyma-preserving hepatectomy would be a choice 
and major resection should be avoided. Such decisions can 
improve the safety of surgical treatment of HCC in patients 

https://cdn.amegroups.cn/static/public/HBSN-22-410-Supplementary.pdf
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with cirrhosis.
There are several limitations of this study. First, the 

current intra-operative measurement device was not 
specifically built for this purpose, making it unsuitable for 
laparoscopic hepatectomy. Progress has been made with the 
electronic engineering team to improve the accuracy and 
suitability of new devices for both open and laparoscopic 
use. Second, the CSS and DSM are mainly used to 
differentiate the severity of cirrhosis and are not suitable 
for diagnosing the early stages of liver fibrosis (i.e., F0–F3). 
Third, long-term survival data are still lacking in this study. 
Further studies focusing on device improvements, long-
term follow-up, and large-scale multicenter validation are 
still needed.

Conclusions

In summary, to our knowledge, this is the first prospective 
study to investigate the use of a combined pre- and intra-
operative model in predicting PHLF after hepatectomy 
for HCC patients. The study demonstrated that the pre-
operative model was effective in predicting PHLF in these 
patients, and the combined pre- and intra-operative model 
further improved the effectiveness. 
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Supplementary

Table S1 Pre-operative cirrhotic severity scoring system for staging liver cirrhosis

Clinical variables
Score

0 1 2

Varicosity none F1 F2

Portal vein diameter (mm) <12 12-14 >14

Spleen thickness (cm) <4.0 4.0-5.0 >5.0

Platelet count (109/L) ≥100 70-100 <70

Cirrhotic severity scoring 0-1 2-3 ≥4

Severity of liver cirrhosis Non/mild cirrhosis Moderate cirrhosis Severe cirrhosis

The grades of esophageal varices were classified as: F1, straight varices not disappearing with insufflations; F2, enlarged tortuous, 
occupying <1/3 of the lumen; and F3, coil-shaped, occupying >1/3 of the lumen.

Figure S1 The picture of the LX-C Shore hardness tester (Laizhou, China) used for DSM during open operation. The device is 11.5 cm in 
height, 6 cm in width. The probe is a disc with a diameter of 2.5 cm.
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Table S2 Patient’s characteristics in Tongji cohort and external cohort

Variables Tongji cohort (N=178) External cohort (N=149)

Age* (years) 54.6±11.4 56.3±9.42 

Gender

Female 28 (15.7) 22 (14.8)

Male 150 (84.3) 127 (85.2)

HBsAg 

Negative 40 (22.5) 17 (11.4)

Positive 138 (77.5) 132 (88.6)

HBV-DNA (copies/mL)

≤500 115 (64.6) 83 (55.7)

>500 63 (35.4) 66 (44.3)

ICG-R15* (%) 4.90 [3.30-7.40] 5.10 [2.50-7.80]

ALT* (U/L) 24.0 [18.0-39.0] 31.0 [21.7-46.0]

AST* (U/L) 27.0 [22.0-39.0] 33.7 [25.7-48.0]

ALB* (g/L) 41.2 [38.9-44.3] 40.3 [37.2-43.6]

TBIL* (μmol/L) 12.5 [9.50-16.3] 14.6 [11.3-19.4]

PT* (sec) 13.6 [13.2-14.2] 13.5 [12.3-15.2]

PTA* (%) 94.0 [86.0-100] 72.1 [35.2-93.0]

INR* 1.03 [1.00-1.10] 1.06 [1.01-1.16]

WBC* (×109/L) 5.36 [4.40-6.49] 5.01 [4.00-6.00]

RBC* (×1012/L) 4.54 [4.12-4.91] 4.36 [4.00-4.73]

PLT* (×109/L) 172 [123-221] 150 [110-192]

Tumor size* (cm) 5.35 [3.70-8.12] 5.50 [3.20-7.80]

Child-Pugh grade

A 175 (98.3) 128 (85.9)

B 3 (1.69) 21 (14.1)

CSS

0 111 (62.4) 46 (30.9)

1 31 (17.4) 39 (26.2)

2 16 (8.99) 29 (19.5)

3 10 (5.62) 16 (10.7)

≥4 10 (3.93) 19 (8.05)

DSM value* (HC) 5.00 [3.00-6.00] 7.20 [4.00-8.80]

Extent of hepatectomy

Minor 131 (73.6) 98 (65.8)

Major 47 (26.4) 51 (34.2)

Table S2 (continued)
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Figure S2 ROC curves and the corresponding AUCs of CSS, DSM, APRI, FIB-4, and ALBI for predicting PHLF in the entire cohort 
(n=327). ROC, receiver operating characteristic; AUCs, areas under the ROC curves; PHLF, post-hepatectomy liver failure.

Table S2 (continued)

Variables Tongji cohort (N=178) External cohort (N=149)

Pringle’s maneuver 130 (73.0) 100 (67.1)

Time of Pringle’s maneuver* (min) 9.00 [0.00-14.5] 20.0 [0.00-40.0]

Blood loss* (mL) 150 [100-200] 300 [120-400]

Blood transfusion* (U) 0.43±1.77 0.55±1.37

PHLF

No 165 (92.7) 129 (86.6)

Yes 13 (7.3) 20 (13.4)

Histopathological degree of liver cirrhosis (Laennec grade)

No (F0-3) 75 (42.1) 66 (44.2)

Mild (F4A) 55 (30.9) 36 (24.2)

Moderate (F4B) 39 (21.9) 32 (21.5)

Severe (F4C) 9 (5.1) 15 (10.1)

*Continuous variables were presented as mean ± SD/median (IQR). Categorical variables were expressed as cases (percentage). HBsAg, 
hepatitis B surface antigen; HBV, hepatitis B virus; ICG-R15, the retention rate of indocyanine green at 15 min; ALT, alanine transaminase; 
AST, aspartate aminotransferase; ALB, serum albumin; TBIL, total serum bilirubin; PT, prothrombin time; PTA, prothrombin activity; INR, 
international normalized ratio; WBC, white blood cell; RBC, red blood cell; PLT, platelet count; CSS, cirrhosis severity score; DSM, direct 
liver stiffness measurement; SD, standard deviation; IQR, interquartile range.


