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Abstract

Background: A precise evaluation of liver reserve function in patients with hepatic alveolar echinococcosis (HAE)
prior to hepatectomy could substantially increase the success rate of the operation and reduce the incidence of post-
operative complications. The present study aimed to investigate the significance of the indocyanine green retention
test at 15 min (ICG-R15) and the Albumin-Indocyanine Green Evaluation (ALICE) grading system in predicting severe
posthepatectomy liver failure (PHLF) and postoperative mortality in HAE patients undergoing liver resection.

Methods: A total of 105 HAE patients undergoing hepatectomy were enrolled in this study. The value of each vari-
able in predicting severe PHLF was evaluated by univariate and multivariate logistic regression analyses. The area
under the receiver operating characteristic (ROC) curves (AUC) were calculated to evaluate the predictive ability of the
Child-Pugh grade, ICG-R15, and ALICE grading system. Also, patients were classified using the optimal cutoff value for
ICG-R15 and different ALICE grades, and the incidence of severe PHLF and postoperative mortality were compared
with the predicted values.

Results: Out of the 105 HAE patients enrolled in this study, 34 patients (32.4%) developed severe PHLF. The ALICE
grade and operative time were identified as independent predictors of severe PHLF. According to ROC analysis,
the AUCs of the Child-Pugh grade, ICG-R15, and ALICE grade for predicting severe PHLF were 0.733 (95% confi-
dence interval (Cl), 0.637-0.814), 0.823 (95% Cl, 0.737-0.891), 0.834 (95% Cl, 0.749-0.900). The incidence of severe
PHLF and postoperative 90-day mortality in patients with ICG-R15 > 7.2% were significantly higher than those with
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P=0.083).

making for HAE patients.

ICG-R15<7.2% (P<0.001; P=0.008). Likewise, the incidence of severe PHLF and postoperative 90-day mortality in
patients with ALICE grade 2 were higher than those with ALICE grade 1 within the Child-Pugh grade A (P<0.001;

Conclusion: ICG-R15 and ALICE grading system are powerful predictors of severe PHLF and postoperative mortality
among HAE patients undergoing hepatectomy. Furthermore, a combination of the preoperative Child-Pugh grade
and ALICE grading system may provide an even more precise and objective guidance and facilitate surgical decision-

Keywords: Hepatic alveolar echinococcosis (HAE), Indocyanine green (ICG)-R15, Albumin-Indocyanine Green
Evaluation (ALICE) grading system, Posthepatectomy liver failure (PHLF), Postoperative mortality

Introduction

Hepatic alveolar echinococcosis (HAE) is a potentially
lethal infectious disease or zoonosis caused by larvae of
the tapeworm Echinococcus multilocularis. Although
alveolar echinococcosis can parasitize in various visceral
organs of the human body, the liver is the most common
organ affected [1-4]. Among the 18,235 estimated new
cases of human HAE recorded each year globally, 91%
occur in China alone, mainly on the Tibetan plateau (in
Qinghai, Sichuan, and Tibet) [5]. In cases of HAE, thera-
peutic decisions are based on the possibility of complete
resection of the liver lesions, whereas curative hepatec-
tomy is considered to be a safe treatment to eradicate the
parasites and provide a permanent cure [6—8]. Moreover,
for advanced cases affecting the major bile ducts and ves-
sels (portal veins, hepatic veins, and vena cava), aggres-
sive hepatic surgery is still recommended, though there
is a higher risk of morbidity and mortality resulting from
uncontrolled bleeding or liver failure [9]. Therefore, the
surgical treatment of HAE patients requires a more sen-
sitive and precise preoperative assessment than Child-
Pugh grade, MELD (model for end-stage liver disease)
score, and analysis of liver reserve function based on
ICG-R15 alone to improve the probability of successful
surgery, reduce postoperative complications.

The two most common methods to assess liver func-
tional reserve are the Child—Pugh score and MELD
score [10-12]. However, these static assessments are
sometimes not sensitive enough to predict the postop-
erative liver function accurately. Therefore, another test
called the indocyanine green retention test at 15 min
(ICG-R15), a continuous and quantitative test for evalu-
ating the liver blood flow and functional hepatocytes, is
increasingly being used to evaluate hepatic functional
reserve and operability in HAE patients with underlying
liver disease [13—-15].

Over the past few years, many attempts have also been
made to formulate new criteria for the proper assessment
of liver function, thereby ensuring safe liver resection [16,
17]. Recently, the Albumin-Indocyanine Green Evalua-
tion (ALICE) grading system, which is calculated based

on preoperative serum albumin level and ICG-R15 test
results, was developed as an effective tool for evaluating
the hepatic functional reserve and predicting the postop-
erative clinical outcomes in patients with hepatocellular
carcinoma (HCC) [18]. And a high ALICE grade is asso-
ciated with poor hepatic functional reserve, increased
risk of postoperative complications, and high mortality
[18, 19]. As a result, this grading system may also be a
sensitive and precise preoperative assessment for surgical
candidates of HAE.

As per the current literature, there are very few stud-
ies on the preoperative hepatic functional reserve in HAE
patients, and a systematic comparative study of various
predictive methods for their prognosis is needed. There-
fore, the present study aimed to investigate the value of
the ICG-R15 test and ALICE grading system in predict-
ing severe posthepatectomy liver failure (PHLF) and
postoperative mortality of patients with HAE undergoing
radical hepatectomy.

Patients and methods

Patients

In this retrospective study, we reviewed HAE patients
who underwent hepatectomy initially at the Sichuan Pro-
vincial People’s Hospital between August 1, 2019, and
August 1, 2020. A total of 174 patients were evaluated
for the following inclusion criteria: 1) being diagnosed
with metabolically active HAE after a magnetic reso-
nance imaging (MRI), surgery, or pathological exami-
nation at this hospital; 2) never been operated upon for
HAE; 3) having the WHO Informal Working Group on
AE PNM stage of I/II; 4) having undergone a hepatec-
tomy with complete resection of the AE lesion; 5) having
no history of malignancies; 6) having true and complete
case information. Patients were excluded if 1) metastasis
had transferred to the lung, brain, or any other organ; 2)
there were other liver diseases involved, such as portal
hypertension or liver fibrosis; 3) there was no record of
MRI, immunological examination, or routine laboratory
examination before and after operation; 4) they were
lost to follow-up within 90 days after the hepatectomy.
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Finally, a total of 105 patients were enrolled for the analy-
ses (Fig. 1).

The experimental protocol was established, accord-
ing to the ethical guidelines of the Helsinki Declaration
and was approved by the Human Ethics Committee of
Sichuan Academy of Medical Sciences & Sichuan Provin-
cial People’s Hospital (NO2021-456). Written informed
consent was obtained from individual or guardian
participants.

Definitions and follow up
In this study, liver resection of three or more Couinaud
segments was defined as major resection, and the resec-
tion of less than three Couinaud segments was called
minor resection [20]. As suggested by the International
Study Group of Liver Surgery (ISGLS), patients with
an increased international normalized ratio (INR) and
concomitant hyperbilirubinemia on or after the post-
operative day 5 are considered as posthepatectomy liver
failure (PHLF) [21]. PHLF is divided into three grades,
viz. A, B, and C. Patients with PHLF grade A require no
change in their clinical management, those with grade B
require noninvasive treatments such as plasma or albu-
min transfusion, and those with grade C require invasive
treatments such as intubation, mechanical ventilation,
hemodialysis, or extracorporeal liver support [21]. For
the purpose of our study, only grade B and grade C PHLF
were categorized as severe PHLF [22].

All patients were followed up regularly after the opera-
tion. These postoperative follow-ups were performed
at the first month after resection, every 3 to 4 months
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for the first two years, and then every six months sub-
sequently, until death or dropout. Investigations done
during these follow-ups included physical examination,
serum biochemistry evaluation, and at least one abdomi-
nal scan, such as abdomen ultrasonography, abdominal
computed tomography, MR], or fluorodeoxyglucose-pos-
itron emission tomography (FDG-PET).

Calculation of the Child—Pugh score and the ALICE grading
system

The calculation of the Child-Pugh score combined liver
biochemical indices with other clinical indices, such
as serum albumin, serum bilirubin, prothrombin time,
hepatic encephalopathy, and ascites [23]. The Child—
Pugh classifications are divided into 3 grades, viz. grade
A (5-6 points), grade B (7-9 points), and grade C (10-15
points).

The ALICE score was calculated using the equation
for linear predictor, viz. linear predictor =(0.663 x log10
ICG R15 [%]) — (0.0718 x albumin [g/L]). And the ALICE
grade was defined as ALICE grade 1 when the linear
predictor value < —2.20, as ALICE grade 2 when the
linear predictor value was between—2.20 and —1.39,
and as ALICE grade 3 when the linear predictor value
was> — 1.39 [18].

Preoperative measurement of the ICG-R15 test

All patients underwent an ICG retention test before the
operation. After fasting for more than 4 h, the patient
was placed in a supine position, and rapid injection of
0.5 mg/kg ICG was administered to the patient through

174 patients with hepatic alveolar echinococcosis underwent
initial hepatectomy from August 1, 2019 to August 1, 2020

Excluded 69 individuals:

(1) Without MRI, immunological examination, and routine
laboratory examination before and after operation (n=22)

(2) With metastasis transferred to the lung, brain, and other organs
(n=16)

(3) With other liver diseases such as portal hypertension or liver
fibrosis and history of malignancies (n=21)

(4) Lost to follow-up within 90 days after hepatectomy (n=10)

105 patients were included

Fig. 1 The flowchart of patients enrolled in this study
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a peripheral vein in the forearm. An optical probe con-
nected to the patient’s nose was used to monitor plasma
ICG concentrations, and the value of ICG-R15 was calcu-
lated using a Pulse Dye Density-Graph Analyzer (DDG-
3300 K, Nihon Kohden, Tokyo, Japan).

Statistical analysis

Categorical data were analyzed using either the x2 test or
the Fisher’s exact test. Continuous data were expressed
as mean=+SD and compared between groups using the
t-test or the Wilcoxon rank-sum test, as appropriate. Fac-
tors predicting severe PHLF were determined using uni-
variate and multivariate logistic regression analysis. The
predictive ability of the Child—Pugh grade, ICG-R15, and
ALICE grading system for PHLF was determined from
the area under the ROC (receiver operating characteris-
tic) curve (AUC) based on the optimal cutoff. Statistical

Page 4 of 10

analyses were carried out using the software AKIBM
SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism version 9.2.0 (GraphPad, CA, USA). A
value of P<0.05 was considered statistically significant.

Results

Baseline characteristics

The details of all the 105 patients enrolled in the study
are summarized in Table 1. The mean age of patients
undergoing hepatectomy for HAE was 39+ 13 years, and
41.9% of them were male. Forty-five patients (42.9%) had
hepatitis B virus infection, and their mean body mass
index (BMI) was 22.2+3.0. Child-Pugh grade A, B, C
accounted for 76 (72.4%), 28 (26.7%), 1 (0.9%), respec-
tively. According to the ALICE grading system, there
were 57 patients (54.3%) in ALICE grade 1, 40 patients
(38.1%) in ALICE grade 2, and 8 patients (7.6%) in ALICE

Table 1 Baseline characteristics of the included 105 patients and comparison of factors between patients with and without severe

PHLF

Severe PHLF

Characteristics All patients (n=105)

Sex, male 44 (41.9%)
Age, year 39+13
BMI, kg/m2 222430
Positive HBsAg 45 (42.9%)
Serum albumin, g/L 357445
Total bilirubin, umol/L 1544139

INR 1.10£0.21

Platelet count, 10%/L 260491
Child-Pugh grade

A 76 (72.4%)
B 28 (26.7%)
C 1 (0.9%)
ICG-R15, % 6.1+54
ALICE grade

Grade 1 57 (54.3%)
Grade 2 40 (38.1%)
Grade 3 8 (7.6%)
lesion size, cm 104+£5.0
operative time, hour 6.7+3.1
Lesion number

Single 40 (38.1%)
Multiple 65 (61.9%)
Extent of hepatectomy

Minor resection 27 (25.7%)
Major resection 78 (74.3%)
Blood loss

<500 mL 41 (39.0%)
>500 mL 64 (61.0%)

No (n=71) Yes (n=34) Pvalue
34 (47.9%) 10 (29.4%) 0.073
39413 41£12 0.485
225430 216£30 0.156
30 (42.3%) 15 (44.1%) 0.857
369439 332447 <0.001
11.6+9.0 2321184 <0.001
1.07£022 1.15+£0.18 <0.001
262+92 254£90 0.706
<0.001
62 (81.6%) 14 (18.4%)
9(32.1%) 19 (67.9%)
0 (0%) 1 (100%)
41+36 103+63 <0.001
<0.001
53 (93.0%) 4 (7.0%)
17 (42.5%) 23 (57.5%)
1(12.5%) 7 (87.5%)
89+38 135+59 <0.001
56424 9.0+30 <0.001
0.003
34 (85.0%) 6 (15.0%)
37 (56.9%) 28 (43.1%)
0.001
25 (92.6%) 2 (7.4%)
46 (59.0%) 32 (41.0%)
<0.001
37 (90.2%) 4 (9.8%)
34 (53.1%) 30 (46.9%)

BMI Body Mass Index; INR international normalized ratio; ICG indocyanine green; ICG-R15 ICG retention test at 15 min; ACLICE score Albumin-Indocyanine Green

Evaluation score



Liang et al. BMC Gastroenterology =~ (2022) 22:297

grade 3. The mean value of the ICG-R15 was 6.1% %+ 5.4%,
and the mean operative time was 6.7+3.1 h. Most
patients (61.9%) had more than one AE lesion, while 40
(38.1%) of them had only one lesion. Surgical resections
included 78 (74.3%) major resections and 27 (25.7%)
minor resections.

Outcomes

After hepatectomy, a total of 34 (32.4%) patients devel-
oped severe PHLF, including 4 (11.8%) patients with
ALICE grade 1, 23 (67.6%) patients with ALICE grade 2,
and 7 (20.6%) patients with ALICE grade 3, respectively.
In addition, 88.2% of them were in the Child—Pugh grade
B and the remaining 11.8% were in the Child—Pugh grade
C. There was a considerable difference in the incidence of
severe PHLF between the groups.

Of the 105 patients, a total of 5 (4.8%) patients died
after 90 days of follow-up, including 4 (80.0%) patients
with ALICE grade 2, and one (20.0%) patient with ALICE
grade 3. The cause of death was severe PHLF in 5 cases.
The difference between the two groups was not statisti-
cally significant (P=0.834).

Univariate and multivariate analyses to determine factors
predicting severe PHLF
The patients with severe PHLF had higher levels of serum
total bilirubin and INR, lower levels of serum albu-
min, higher Child—Pugh scores, higher ICG-R15 scores,
higher ALICE grades, a larger extent of hepatectomy,
higher amount of blood loss, bigger lesions, and higher
operative time (Table 1). All differences were statistically
significant (P<0.05).

Univariate analysis showed that serum albumin, total
bilirubin, Child-Pugh score, ICG-R15, lesion size,
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operation time, multiple lesions, major resection, and
ALICE grades were all associated with severe PHLF.
Multivariate analysis included significantly different
factors between patients with and without severe PHLF
and further revealed that the ALICE grade (odds ratio
(OR), 16.076; 95% confidence interval (CI), 2.055—
125.746; P=0.008) and operative time (OR, 1.330; 95%
CI, 1.027-1.723; P=0.031) were independent factors
for predicting severe PHLF (Table 2).

ROC analysis of the Child-Pugh grade, ICG-R15, and ALICE
grade for severe PHLF

The ROC and AUCs (95% ClIs) of the indicators were
analyzed to compare the predictive performance of
ALICE grade along with Child—Pugh grade and ICG-
R15 for predicting severe PHLF. Results showed that
the ALICE grade had a greater predictive ability than
Child—Pugh grade and ICG-R15. The AUC of ALICE
grade for predicting severe PHLF was 0.834 (95% CI,
0.749-0.900). This value was significantly higher than
that of the Child-Pugh grade (AUC, 0.733; 95% ClI,
0.637-0.814; Fig. 2B, P=0.0144). Further, the sensi-
tivity and specificity of the ALICE grade in predicting
severe PHLF were 88.2% and 74.6%, respectively. The
AUC of ALICE grade for predicting severe PHLF was
also higher than that of ICG-R15 (AUC, 0.823; 95% CI,
0.737-0.891; Fig. 2C), and the AUC of ICG-R15 for
predicting severe PHLF was higher than that of Child—
Pugh grade (Fig. 2A), although the differences were not
statistically significant (P=0.7964; P=0.1063).

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

Univariate analysis

Multivariate analysis

Characteristics Odds ratio (95% Cl) P value Odds ratio (95% Cl) P value
Serum albumin, g/L 0.809 (0.722-0.907) <0.0001 1.280 (0.945-1.733) 0.111
Total bilirubin, umol/L 1.075(1.030-1.122) 0.001 1.050 (0.986-1.117) 0.130
INR 6.386 (0.698-58.393) 0.101

Child-Pugh score 2.607 (1.634-4.159) <0.0001 0.985 (0.346-2.801) 0977
ICG-R15, % 32.381 (8.454-124.026) <0.0001 1.095 (0.952-1.259) 0.206
Lesion size, cm 1.218 (1.103-1.346) <0.0001 0.969 (0.823-1.140) 0.704
operation time, hour 1.532(1.278-1.837) <0.0001 1.331(1.028-1.724) 0.030
Multiple lesions 4.288 (1.582-11.623) 0.004 2.032(0.367-11.247) 0417
Major resection 8.696 (1.922-39.335) 0.005 2.548 (0.275-23.582) 0410
Blood loss > 500 mL 8.162 (2.604-25.583) <0.0001 1.875 (0.362-9.706) 0453
ALICE grade 13.936 (4.985-38.957) <0.0001 15.975 (2.054-124.234) 0.008

INR international normalized ratio; /CG indocyanine green; ICG-R15 ICG retention test at 15 min
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Fig. 3 Incidence of severe PHLF and postoperative 90-day mortality
between patients with different ICG-R15 and operative times. ICG
indocyanine green; ICG-R15 ICG retention test at 15 min; PHLF
posthepatectomy liver failure. Note The number on the bar chart is
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Comparison of severe PHLF incidence and mortality
between patients with different ICG-R15 and operative
times

With an optimal cutoff value of 7.2% and 6.4 h for PHLF,
the sensitivity and specificity of ICG-R15 were 67.6% and
91.5%, and those for the operative time were 79.4% and
71.8%, respectively. All patients were divided into dif-
ferent groups based on the optimal cutoff value of ICG-
R15 and operative time. The incidence of severe PHLF
in patients with ICG-R15>7.2% was significantly higher
than that in patients with ICG-R15<7.2% (79.3% vs.
14.5%; P<0.001; Fig. 3). Similar results were observed in
the other two groups as well (operative time > 6.4 h: 90.5%
vs. 30.8%; P<0.001; operative time < 6.4 h: 50.0% vs. 6.0%;
P=0.005; Fig. 3).

In addition, the incidence of mortality within the
postoperative 90 days in patients with ICG-R15>7.2%
was significantly higher than that of patients with
ICG-R15<7.2% (13.8% vs. 1.3%; P=0.008; Fig. 3). For
operative time greater than 6.4 h (>6.4 h), the inci-
dence of mortality in patients with ICG-R15>7.2% was
also higher than that of patients with ICG-R15 <7.2%,

B Severe PHLF

Postoperative
90-day mortality

Extent of hepatectomy minor minor major

major
ALICE grade 1 grade 2 grade 1 grade 2 grade 3

major

Fig. 4 Incidence of severe PHLF and postoperative 90-day mortality
between patients with different ALICE grades and extents of
hepatectomy. ALICE grade Albumin-Indocyanine Green Evaluation
grade; PHLF posthepatectomy liver failure. Note The number on the
bar chart is the number of patients

although the difference was not statistically significant
(19.0% vs. 3.8%; P=0.108; Fig. 3). Moreover, when the
operative time was under 6.4 h (<6.4 h), there was no
patient death after 12 months of follow-up.

Comparison of severe PHLF incidence and mortality
between patients with different ALICE grades and extents
of hepatectomy

As shown in Fig. 4, when minor resection was per-
formed, the incidence of severe PHLF was significantly
higher in patients with ALICE grade 2 than those with
ALICE grade 1 (33.3% vs. 0.0%; P=0.007). Similarly, in
major resection, patients with higher ALICE grades had
higher incidences of severe PHLF (ALICE grade 3 vs.
grade 2 vs. grade 1; 87.5% vs. 61.8% vs. 11.1%).

In terms of the incidence of postoperative 90-day
mortality, no patient died after minor resection during
the follow-up. Interestingly, when major resection was
performed, the incidence of postoperative 90-day mor-
tality was about the same in both ALICE grades 2 and 3
(11.8% vs. 12.5%).
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Comparison of severe PHLF incidence and mortality
between patients with different ALICE grades and Child-
Pugh grades

The incidence of severe PHLF was significantly higher
in patients with ALICE grade 2 than those with ALICE
grade 1 within Child—Pugh grade A (52.6% vs. 7.0%;
P<0.001; Fig. 5). In Child-Pugh grade B, patients
with ALICE grade 3 had a higher incidence of severe
PHLF than those with ALICE grade 2 (87.5% vs. 60.0%;
P=0.167; Fig. 5). In Child-Pugh grade C, only one
patient had severe PHLF, who was in ALICE grade 2.

The incidence of postoperative 90-day mortality was
higher in patients with ALICE grade 2 than in those with
ALICE grade 1 within Child—Pugh grade A, although the
difference was not statistically significant (5.3% vs. 0.0%;
P=0.083; Fig. 5). However, within Child-Pugh grade
B, the incidence of postoperative 90-day mortality was
about the same in both ALICE grades 2 and 3 (12.5% vs.
10.0%; Fig. 5). In Child-Pugh grade C, the only patient
who died was in ALICE grade 2.

Discussion
In order to find the most suitable method for assessing
the hepatic functional reserve in HAE patients before
hepatectomy, this study was the first to compare the pre-
dictive value of Child—Pugh grade, ICG-R15, and ALICE
grading system for clinical outcomes. As observed in this
study, preoperative ICG-R15 and ALICE grading system
were reliable predictors of severe PHLF and postopera-
tive mortality in HAE patients. And patients with high
ICG-R15 and ALICE grades had significantly higher
severe PHLF incidence and postoperative mortality com-
pared with those with low ICG-R15 and ALICE grades.
Many studies have shown that HAE is a disease char-
acterized by infinite infiltrating growth and is therefore
often considered to be a tumor-like disease [24]. In most

%

100— Hm Severe PHLF

7 - Postoperative
90-day mortality

Child-Pugh grade A grade A gradeB gradeB
ALICE grade 1
Fig. 5 Incidence of severe PHLF and postoperative 90-day mortality
between patients with different ALICE grades and Child-Pugh grades.
ALICE grade Albumin-Indocyanine Green Evaluation grade; PHLF
posthepatectomy liver failure. Note The number on the bar chart is
the number of patients

grade2 grade2 grade3
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cases, radical surgical resection of the entire parasitic
mass is necessarily required [8, 25—27]. For multiple large
lesions, radical hepatectomy, palliative hepatectomy, and
liver transplantation are the three main surgical proce-
dures [28]. Therefore, a precise evaluation of the liver
function before the hepatectomy procedure can simply
help surgeons choose the effective surgical treatment [14,
29].

The Child—Pugh grade, MELD score, and ICG-R15
are the three most widely used tools to assess liver func-
tion prior to hepatectomy [14, 15, 23, 29]. And in most
Eastern countries, ICG-R15 was also the most common
methods to select suitable HCC patients for liver resec-
tion [30, 31]. However, because some studies have rec-
ommended MELD score as the most suitable method
for patients with severe cirrhosis, and the factors used to
calculate MELD score, such as preoperative serum bili-
rubin, creatinine and INR, could also be easily affected
by other non-hepatic factors, MELD score was not con-
sidered in the present study [32]. Moreover, it has been
demonstrated that serum albumin is a strong predic-
tor of the liver function and is also considered to be the
most important variable influencing the Child—Pugh
grade or the ALBI grade in HCC patients undergoing
surgical resection [33, 34]. Considering the similarities
between the two diseases, this result may also occur in
HAE patients. Therefore, ALICE grading system, a com-
bination of serum albumin and the ICG-R15, could be a
simple and precise method for predicting postoperative
outcomes in HAE hepatectomy.

As observed in univariate analysis, serum albumin,
total bilirubin, Child—Pugh score, ICG-R15, lesion size,
operation time, multiple lesions, major resection, and
ALICE grade were all associated with severe PHLF. Mul-
tivariate analyses further validated that the ALICE grade
was an independent factor in predicting severe PHLF,
while the predictive values of Child—Pugh score and ICG-
R15 were not statistically significant. These results pre-
liminarily showed that preoperative ALICE grade had a
better predictive value than Child—Pugh score and ICG-
R15. In addition, ROC analysis revealed that the AUC of
ALICE grade for predicting severe PHLF was higher than
that of Child-Pugh grade and ICG-R15, which further
demonstrated that the ALICE grade had a better predic-
tive value than Child—Pugh grade and ICG-R15.

In this study, the optimal cutoff value of ICG-R15 for
severe PHLF was 7.2%. The incidence of severe PHLF
and postoperative 90-day mortality in patients with ICG-
R15>7.2% were 79.3% and 13.8%, respectively, which
were significantly higher than those of patients with
ICG-R15<7.2% (14.5% and 1.3%). However, when the
operative time was less than 6.4 h (<6.4 h), there was
no patient died after 90 days of follow-up. Therefore, our
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results demonstrated that when the expected operation
time is greater than 6.4 h, patients with ICG-R15>7.2%
need to be carefully selected for hepatectomy.

In addition to liver functional reserve, the extent
of liver resection is also one of the important factors
for predicting postoperative liver function impairment
and mortality. To better reflect the value of liver func-
tion assessment, we further combined the extent of liver
resection with the ALICE grade in the analysis. In the
present study, when minor resection was performed,
the incidence of severe PHLF was relatively low, and
no patient died within 90 days of follow-up. However,
higher ALICE grades were associated with higher inci-
dence of PHLF and postoperative mortality at the time of
major resection. Therefore, we suggested that every HAE
patient undergoing major resection should be graded
first using the ALICE grading system to ensure a safe sur-
gical option, and that major resection should be carefully
selected for patients with high ALICE grades.

In Child—Pugh grade A, patients with ALICE grade 2
had a significantly higher incidence of severe PHLF and
postoperative 90-day mortality than those with ALICE
grade 1 (52.6% vs. 7.0%; 5.3% vs. 0%). And in Child-Pugh
grade B, patients with ALICE grade 3 also had a higher
incidence of severe PHLF than those with ALICE grade
2 (87.5% vs. 60.0%), while the postoperative 90-day mor-
tality was similar (12.5% vs. 10.0%). Considering the high
proportion of patients with Child—Pugh grade A (72.4%),
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ALICE grading system may allow further stratification of
postoperative prognosis among HAE patients to guide
the operation.

Since the 1990s, surgical decision-making algorithms
based on ICG-R15 have been extensively studied and
were first reported by Makuuchi et al. [33, 35]. Recently,
a new surgical decision-making algorithm based on the
ALICE grade was developed [18, 19]. This new system
clearly stratified the postoperative risk in Child-Pugh
A patients into three risk categories. In addition, many
studies have also shown surgical approaches and simpli-
fied flow diagrams for definitive treatment of HAE [25,
26, 36]. Therefore, based on previous research results
and the experience of our team, we developed a surgi-
cal decision-making flow diagram based on the Child—
Pugh grade and ALICE grading system for HAE patients
(Fig. 6). For patients with ALICE grade 1, since the risk
of PHLF and mortality is extremely low, we recom-
mended radical hepatectomy of up to 6 Couinaud’s seg-
ments when future remnant liver volume (FRLV) is
sufficient. For patients with ALICE grade 2, when FRLV
is enough, radical hepatectomy limited to 4 Couinaud’s
segments is recommended, such as a right hepatectomy
or an extended left hepatectomy. In Child—Pugh grade B,
radical liver resection is recommended for up to 3 Couin-
aud’s segments for patients with ALICE grade 2. In addi-
tion, because most patients classified as ALICE grade 3
had severe PHLF, we recommended that they should
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be carefully selected for surgical resection. Palliative
hepatectomy or liver transplantation could be suitable
alternatives where the lesion status is appropriate. HAE
patients with Child—Pugh grade C showed no indications
for hepatectomy, but the application of percutaneous
transhepatic cholangial drainage (PTCD) and palliative
therapy could effectively reduce the liver damage, bacte-
rial infection or life-threatening sepsis caused by biliary
obstruction [37, 38].

However, there are some limitations in the present
study. For example, only one patient with Child—Pugh
grade C was selected for hepatectomy, and this may
affect the reliability of the results. Moreover, this study
included patients only from one center, and the sample
size was relatively small. Therefore, further multicenter,
large-scale prospective studies are needed to validate our
findings.

Conclusion

The ALICE grading system could provide a more precise
and objective evaluation of the liver function for HAE
patients. Although surgical decision-making in patients
with HAE can be very challenging, it can be preliminar-
ily determined using a combination of the preoperative
Child-Pugh grade and ALICE grading system.
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