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Background and Aims. Hepatic encephalopathy (HE) is characterized by recurrence and poor quality of life. Acute-on-chronic
liver failure (ACLF) mainly occurs in patients with chronic liver diseases and often presents with HE. Several predictive models
have been proposed to predict the outcomes of these patients. Our study is aimed at identifying associated risk factors and the
prognostic accuracies of predictive models in HE patients with or without ACLF. Methods. Patients with liver cirrhosis were
retrospectively enrolled. Risk factors were evaluated by multivariate regression analyses. The predictive capabilities of models
were calculated using the receiver operating characteristic (ROC) curve analyses and compared by the DeLong tests. Outcomes
were defined as in-hospital mortality, HE severity, and ACLF occurrence. Results. In multivariate regression analyses, serum
biomarkers neutrophil and total bilirubin (TBIL) were independently correlated with in-hospital death. Alanine
aminotransferase (ALT) and blood urea nitrogen (BUN) were independent serum biomarkers associated with HE severity.
Hemoglobin, TBIL, BUN, and international normalized ratio (INR) were significant indicators associated with ACLF incidence.
For prediction of in-hospital mortality, Child-Pugh was superior to the others in the whole patients, while NLR showed the
best capability in the ACLF group. Conclusion. In cirrhotic patients present with HE, BUN is a risk factor associated with HE

severity and ACLF incidence. Child-Pugh and NLR scores may be effective prognosticators in patients with HE.

1. Introduction

Hepatic encephalopathy (HE) is one of the most severe com-
plications of liver cirrhosis, which is also responsible for the
major cause of admissions and high mortality in cirrhotic
patients. HE has been classified into five grades consisting
of progressive stages of mental disorders based on the West
Haven criterion. To avoid subjective prejudice, HE is pres-
ently classified into two types, covert hepatic encephalopathy
(CHE) and overt hepatic encephalopathy (OHE), according
to its severity [1]. It has been reported that HE affects more
than one-third of cirrhotic patients, of which OHE is irre-
versible and accounts for more than 30% to 50% of these
patients [2].

It has been proven that the occurrence of HE is strongly
associated with previous episodic HE in hospitalized cir-
rhotic patients. Patients manifesting with HE will have a
higher risk of progression to acute-on-chronic liver failure
(ACLF) and result in poor prognosis in comparison to those
without [3]. ACLF, characterized by organ failures and high
short-term mortality, will substantially increase the eco-
nomic burden and medical utilization of patients with
chronic liver diseases [4]. To this end, identifying and diag-
nosing HE patients at an early stage and better prognostica-
tion are essential for reducing healthcare burden and
mortality.

Various models for monitoring and predicting outcomes
in patients with liver diseases have been proposed and
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validated. However, there is no consensus on which model
should be chosen when applying to different populations.
Child-Pugh and the model for end-stage liver disease
(MELD) score, the well-known prognostic tools of liver
function, have been widely used for the prediction of
patients with liver diseases. Biggins et al. have conducted a
prospective multicenter study enrolling patients with end-
stage liver diseases. Originated from the MELD algorithm,
they proposed a new score, the model for end-stage liver
disease-sodium (MELD-Na), the predictive ability of which
was more accurate than that of MELD [5]. The albumin-
bilirubin (ALBI) score was initially validated to assess the
outcome of patients with hepatocellular carcinoma (HCC),
and its effectiveness has been confirmed by relevant studies
[6-8]. The neutrophil to lymphocyte ratio (NLR) score, an
indicator representing inflammation, has been widely used
as a predictive tool for various diseases [9-11].

Few studies have compared the predictive capabilities of
the above scores. The previous study explored the prognostic
factors correlated with 180 cirrhotic patients presenting with
HE who were admitted in the medical intensive care unit
(ICU). The researchers found that systolic blood pressure <
90 mmHg, total WBC > 12000 n/mm?, and use of mechani-
cal ventilation were significant risk factors for mortality.
However, SAPS II, Acute Physiology and Chronic Health
Evaluation II (APACHE II), Child-Pugh, and GCS had no
significant difference between survivors and nonsurvivors
[12]. Therefore, we conduct a retrospective study to investi-
gate the accuracies of Child-Pugh, MELD, MELD-Na, ALBI,
and NLR scores in predicting in-hospital mortality of cir-
rhotic patients with HE with or without ACLF. We also
detected the associated risk factors for the severity of HE,
and the occurrence of ACLF and in-hospital death.

2. Patients and Methods

All patients admitted to the First Affiliated Hospital of Army
Medical University from January 2016 to August 2020 were
searched through an electronic medical record database. We
retrospectively selected patients who were diagnosed with
liver cirrhosis and manifested with HE.

The exclusion criteria were as follows: (1) patients with
readmissions, (2) patients with HCC or other malignancies,
(3) patients with primary neurological diseases or mental
disorders, and (4) patients without completed data.

Demographic data, medical history, comorbidities, clini-
cal presentation, laboratory tests, grades of HE, presenting
with or without ACLF, and in-hospital mortality were
reviewed. HE was classified according to the West Haven
criteria. Child-Pugh, MELD, MELD-Na, NLR, and ALBI
scores were calculated in all groups. To explore the factors
associated with the severity of HE, serum laboratory indica-
tors and noninvasive prognostic models were compared
with patients with a low grade (I or II) and high grade (III
or IV). HE often occurs in the setting of ACLF and leads
to short-term survival; thus, we further detected the charac-
teristics in association with ACLF and in-hospital death. The
accuracies of Child-Pugh, MELD, MELD-Na, NLR, and
ALBI scores in the prediction of in-hospital death were com-
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pared in all the populations and the ACLF patients. The clin-
ical research was authorized by the Ethics Committee Board
of Southwest Hospital (KY2020202).

Child-Pugh score calculation consists of total bilirubin,
albumin, INR, ascites, and HE. Child-Pugh is classified into
A (5-6), B (7-9), and C (10-15) grades [13-15].

MELD[14] = 9.57 * loge (creatinine (mg/dl)
+3.78 x loge (bilirubin (mg/dl)) (1)
+11.2 » loge (INR) + 6.43

The creatinine value >4 is set to 4, the minimum values
of the three variables is set to 1. The maximum score is lim-
ited to 40.

MELD - Na5] = MELD + 1.59 % (135 - Na (mmol/L)) (2)
The value of serum Na ranges from 120 to 135.

ALBI[7] = —0.085 * (albumin (g/L)

3
+0.66 * log 10(bilirubin (ymol/L)) G)
ALBI score is divided into three grades: <—2.6 (grade 1);
>—2.6and < —1.39 (grade 2); >—1.39 (grade 3).

neutrophil count

NLR [15] = (4)

lymphocyte count

2.1. Statistical Analysis. Continuous data were shown as
mean + standard deviation (SD) or median (interquartile
range). Categorical data were shown as frequency (percent-
age). Comparisons between normally distributed continuous
data were used by Student’s independent ¢-test, while non-
normal distributed data were used by the Mann-Whitney
U test. Categorical data were compared using the chi-
square test or Fisher’s exact test. Logistic regression models
were used to identify risk factors for HE severity, ACLF inci-
dence, and hospitalized death. Analyses were performed on
SPSS version 23.0. The predictive capabilities of scores were
calculated using the receiver operating characteristic (ROC)
curve analyses. The areas under the ROC curves (AUCs)
with 95% confidence intervals (Cls) were compared by the
DeLong tests. The cut-off value, sensitivity, specificity, posi-
tive likelihood ratio (LR), and negative LR, positive predic-
tive value (PV), and negative PV were also presented. ROC
analyses were performed by using MedCalc version
11.4.2.0. A two-sided p value < 0.05 was considered signifi-
cantly different.

3. Results

3.1. Baseline Characteristics of the Whole Patients. A total of
304 patients were eligible for this study after exclusion.
Among the whole patients, 242 patients were male (79.6%).
The predominant etiology of liver cirrhosis was HBV infec-
tion (65.5%), and the second was alcohol abuse (14.5%).
Regrettably, ammonia was only collected in 198 patients.
The number of patients presenting with HE grade I/II and
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FiGure 1: Comparisons of scores in the prediction of in-hospital mortality in the whole patients.

grade III/IV was 231 and 73, respectively. The mean Child-
Pugh, ALBI, MELD, MELD-Na, and NLR scores were 11.0
+2.0, -1.1+0.5, 21.8+8.4, 23.2+8.5, and 6.4+8.0,
respectively. In-hospital deaths occurred in 64 patients
(21.1%).

3.2. Variables Associated with In-Hospital Death. We com-
pared the clinical characteristics between hospitalized survi-
vors and nonsurvivors. Comparative data showed that white
blood count (WBC), neutrophil, total bilirubin (TBIL),
direct bilirubin (DBIL), indirect bilirubin (IBIL), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
blood urea nitrogen (BUN), creatinine, ammonia, pro-
thrombin time (PT), activated partial thromboplastin time
(APTT), international normalized ratio (INR), Child-Pugh,
ALBI, MELD, MELD-Na, and NLR scores were statistically
different between survivors and nonsurvivors (Table 1).
The significantly different characteristics between the two
groups were included in the multivariate logistic regression
models, which were performed to identify independent risk
factors. We precluded DBIL, IBIL, PT, APTT, ammonia
(106 patients lacked data of ammonia), and five prognostic
models to avoid collinearity. Neutrophil and TBIL were
found independently correlated with in-hospital mortality
(Table S1).

3.3. Diagnostic Accuracies of Five Models in the Whole
Patients. The AUCs of Child-Pugh, ALBI, MELD, MELD-
Na, and NLR in the prediction of in-hospital death were
0.681 (95% CI: 0.626-0.733, p <0.0001), 0.615 (95% CI:
0.558-0.670, p=0.003), 0.630 (95% CI: 0.573-0.684, p =
0.0005), 0.640 (95% CI: 0.583-0.694, p = 0.0002), and 0.664
(95% CI: 0.608-0.717, p <0.0001), respectively (Table 2,
Figure 1). The Child-Pugh score showed better predictive
performance than the other four models. When compared
among these five models, statistical difference was only
found between Child-Pugh and ALBI (p=0.031). There
were no differences among other comparisons.

3.4. Variables Associated with HE Severity. Deaths occurred
in 32 of 231 patients in mild (grade I or II) HE and 32 of
76 patients in severe (grade III or IV) HE groups, respec-
tively, which showed significant differences. Gender, age,
vital signs, and etiologies of cirrhosis presented no statisti-
cally significant differences between the two groups. Blood
routine tests including WBC, red blood count (RBC), and
neutrophil were significantly different in comparison. As
for the serum liver function tests, TBIL, IBIL, ALT, and
AST were significantly different. Besides, significant differ-
ences were detected in BUN, ammonia, and patients mani-
festing with ascites between comparisons of the two groups
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FIGURE 2: Comparisons of scores in the prediction of in-hospital mortality in the acute-on-chronic liver failure subgroup.

(Table 3). Statistical differences were observed in the Child-
Pugh class/score (p < 0.001), ALBI grade (p = 0.044), MELD
score (p =0.043), and NLR scores (p =0.015) between the
two groups. In the multivariate logistic regression models,
only ALT and BUN were significantly associated with HE
severity (Table S2).

3.5. Variables Associated with ACLF Incidence. The charac-
teristics of patients with and without ACLF were shown in
Table 4. A total of 133 patients suffered from ACLF, and
171 patients were exempted from ACLF. The mortality was
28.9% and 15.2%, respectively. Higher levels of WBC, RBC,
hemoglobin, neutrophil, and lymphocyte were observed in
patients with ACLF in comparison to those without. The
ACLF group also exhibited more severe liver dysfunction
(higher levels of liver serological indexes and prognostic
scores). Multivariate regression analysis revealed that hemo-
globin, TBIL, BUN, and INR were independent variables
concerning ACLF occurrence (Table S3).

3.6. Diagnostic Accuracies of Five Scores in the ACLF
Subgroup. The AUCs of Child-Pugh, ALBI, MELD, MELD-
Na, and NLR to predict in-hospital death in the ACLF group
were 0.621 (95% CI: 0.533-0.703, p = 0.0165), 0.578 (95% CI:

0.489-0.663, p=0.1487), 0.531 (95% CI: 0.443-0.618, p =
0.5870), 0.500 (95% CI: 0.412-0.588, p =0.9963), and 0.701
(95% CI: 0.616-0.778, p=0.0003), respectively (Table 2,
Figure 2). NLR performed superior discriminative ability to
the other four scores in the ACLF subgroup. When com-
pared among these five scores, statistical difference was
found between NLR and MELD-Na (p = 0.0309). No signif-
icant differences were observed among other comparisons.

4. Discussion

This retrospective study is aimed at detecting the associated
risk factors and selecting suitable prognostic assessment
tools of cirrhotic patients presenting with HE. Several find-
ings in our present research need to be addressed.

Firstly, of the whole population, the Child-Pugh score
had superior discriminative ability to other scores in asses-
sing in-hospital mortality. It is well known that the Child-
Pugh score is widely used as the criterion for the evaluation
of liver function in patients with underlying liver diseases in
clinical settings. HE grade is one of the indicators that is
composed of Child-Pugh calculation, which may contribute
to the superiority. This finding is consistent with previous
relevant researches. The study conducted by Bhanji et al.
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revealed that the Child-Pugh class of patients with HE was
higher than that of those without [16]. In a prospective
study, Duah et al. found that Child-Pugh score elevation
was independently associated with the incidence of HE in
hospitalized cirrhotic patients [17]. Tas et al. investigated
the predictive performances of noninvasive models in cir-
rhotic patients with HE who were admitted to ICU, followed
by chronic liver failure-sequential organ failure assessment
(CLIF-SOFA), APACHE II, and Child-Pugh score, which
showed a better discriminative value of prognosis than
MELD [18]. Patients admitted to ICU were under severe
conditions, mostly complicated with organ failures or
comorbidities, which might account for the advantages of
models evaluating organ failures or serious conditions. Liu
et al. led a retrospective study that analyzed cirrhotic
patients who suffered from transjugular intrahepatic porto-
systemic shunt (TIPS). Child-Pugh was identified as an inde-
pendent risk indicator of the incidence of OHE after TIPS.
In this study, a newly established scale incorporating
Child-Pugh and spleen volume was proposed as a reliable
predictor [19].

Secondly, in our ACLF subgroup, NLR exhibited better
predictive accuracy than other scores in predicting hospital
death. ACLF is an acute and fatal syndrome that mainly
affects patients with preexisting chronic liver diseases.
Inflammation is considered one of the precipitating factors
and participates in the progression of ACLF, and immune
dysfunction is also observed in ACLF patients, which may
explain the superiority of NLR; the indicator represents
inflammation and immunity. Bernsmeier et al. conducted a
multicenter study enrolling cirrhotic patients who developed
acute decompensation and ACLF. NLR and monocyte-
lymphocyte ratio were independent indicators of in-hospital
death [20]. Miao et al. performed a single-center retrospective
study to propose that elevated NLR was independently corre-
lated with HBV-related ACLF poor outcome, and its combi-
nation with the chronic liver failure-organ failure (CLIF-OF)
score could be applied for better prediction of the prognosis
of patients [21]. Liu et al. suggested that NLR could be used
as a prognostic biomarker in the prediction of 8-week mortal-
ity of HBV-related ACLF [22]. A study by Lin et al. also con-
firmed the effectiveness of NLR for valuing long-term
mortality in ACLF populations [23].

Thirdly, serum indicators including WBC, neutrophil,
TBIL, ALT, AST, and BUN were observed to be significantly
different between comparisons of all groups. In multivariate
analyses, neutrophil and TBIL were the independent risk
factors in association with in-hospital mortality. BUN was
a risk biomarker concerning HE severity and ACLF inci-
dence. The results indicate that regardless of hepatic, renal,
and coagulation deterioration, inflammation may play a vital
role in the development of HE and ACLF in cirrhotic
patients. Recent studies suggest that other than ammonia,
inflammation also involves the pathophysiology and pro-
gression of HE. Our study strengthens this viewpoint. More-
over, BUN may be a reliable predictor of outcome in these
patients.

Fourthly, although the wide application of antiviral med-
ications increased the eradication of hepatitis B virus (HBV)
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and hepatitis C virus (HCV), HBV infection is still prevail-
ing in cirrhotic patients in our study.

The occurrence and development of HE are highly
associated with impairment of liver function, portal hyper-
tension, skeletal muscle, nutrition, and gut microbe. There-
fore, sarcopenia, myosteatosis, and fried frailty index have
been testified effectively in the prediction of HE [24-26].
The brief antisocial behavior scale (BABS), which consists
of bilirubin, albumin, beta-blocker, and statin use, is also
involved in the development of OHE [27]. CHE has a higher
risk for the progression of OHE; thus, early identification
and diagnosis of CHE are important for reducing recurrence
and mortality related to HE. Tests for CHE are mainly aimed
at evaluating psychology and neurophysiology, which
include the psychometric hepatic encephalopathy score
(PHES), critical flicker frequency (CFF), animal naming test
(ANT), Epworth sleepiness scale (ESS), continuous reaction
time (CRT), inhibitory control test (ICT), and electroen-
cephalography [28]. Combined utilization of risk factors
and the above evaluation tools may prevent the progression
of OHE and improve survival and quality of life for HE
patients.

There are some limitations of our study. Firstly, our data
are retrospectively gathered that the absence of laboratory
indicators may induce bias of certain results. Secondly,
ammonia is a serum biomarker prevalent in HE of cirrhosis,
whereas it is not commonly detected in our study. Thirdly,
none of the patients was diagnosed with nonalcoholic fatty
liver diseases. This phenomenon may be due to the fact that
our eligible patients are with severely decompensated cirrho-
sis. Thus liver biopsy, the golden standard of diagnosis,
carries a high risk. Admissions of patients to the hospital
at an advanced stage may be another reason. Lastly, we could
not explore the predictive abilities of models in the assess-
ment of long-term outcomes.

Noninvasive prognostic tools have been investigated by
quite a few studies for the assessment of the severity and out-
comes of liver diseases and the incidence of liver-related
complications. Simple and accurate biomarkers focus on
liver dysfunction, malnutrition, and inflammation, and neu-
ropsychiatric indexes should be proposed by well-conducted
studies, which might provide long-term information during
follow-up and guide clinicians to make prompt and correct
strategies for HE patients. More investigators should do
some efforts to establish ideally practical prognosticators,
which will better stratify the high-risk patients, therefore
improving the outcome and diminishing the mortality in
clinical practice.

5. Conclusions

This present study provides clinical characteristics and
related risk factors of cirrhotic patients exhibiting HE with
or without ACLF. WBC, neutrophil, BUN, and serum liver
function tests are strongly associated with outcomes of HE
patients. This study also suggests that the Child-Pugh score
could be applied for HE patients in the prediction of in-
hospital death. NLR may be an effective model for the
assessment of outcomes in patients complicated with ACLF.
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Furthermore, prospective studies are aimed at establishing
new models to predict outcomes in HE patients that should
consider BUN a prognostic biomarker.

Abbreviations
HE: Hepatic encephalopathy
CHE: Covert hepatic encephalopathy

OHE: Overt hepatic encephalopathy

ACLF: Acute-on-chronic liver failure

MELD: The model for end-stage liver disease

MELD-Na: The model for end-stage liver disease-sodium

ALBI: Albumin-bilirubin

HCC: Hepatocellular carcinoma

NLR: Neutrophil to lymphocyte ratio

ICU: Intensive care unit

APACHE II: Acute Physiology and Chronic Health Evalu-
ation II

SD: Standard deviation

ROC: The receiver operating characteristic

AUC: The areas under the ROC curve

CL Confidence interval

LR: Likelihood ratio

PV: Predictive value

WBC: White blood count

TBIL: Total bilirubin

DBIL: Direct bilirubin,

IBIL: Indirect bilirubin

ALT: Alanine aminotransferase

AST: Aspartate aminotransferase

BUN: Blood urea nitrogen

PT: Prothrombin time

APTT: Activated partial thromboplastin time

INR: International normalized ratio

CLIF-SOFA: Chronic liver failure-sequential organ failure
assessment

TIPS: Transjugular intrahepatic portosystemic
shunt

CLIF-OF:  The chronic liver failure-organ failure

HBV: Hepatitis B virus

HCV: Hepatitis C virus

BABS: Brief antisocial behavior scale

PHES: Psychometric hepatic encephalopathy score

CFF: Critical flicker frequency
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CRT: Continuous reaction time

ICT: Inhibitory control test.
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