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Abstract. The present study aimed to analyze the prog-
nostic factors of acute-on-chronic liver failure (ACLF), 
with the perspective of an improved selection of optimal 
therapeutic schemes. A retrospective analysis was used to 
study 164 patients with ACLF hospitalized between 2010 
and 2014 in a single center. Patients were divided into favor-
able and unfavorable groups, according to the treatment 
outcomes. General characteristics and clinical manifestations 
were analyzed to determine whether they would affect the 
prognosis of the patients with ACLF, with a particular focus 
on the scoring systems Child-Pugh, model for end-stage 
liver disease (MELD), MELD with incorporation of sodium 
(MELD-Na), MELD and serum sodium ratio (MESO) and 
integrated MELD (iMELD). Hepatitis B virus infection was 
the predominant cause of ACLF, accounting for 88 cases 
(53.7%). Age, prothrombin time, thrombin time, international 
normalized ratio (INR), prothrombin activity, serum sodium, 
albumin, total bilirubin, serum creatinine, platelets, fasting 
blood sugar, infections, hepatic encephalopathy, hepatorenal 
syndrome (HRS), and electrolyte disorder were revealed 
to be associated with prognosis. Age, serum sodium, INR, 
HRS, and infection were independent prognostic risk factors, 
as determined by multivariate analysis. Child-Pugh, MELD, 
MELD-Na, MESO and iMELD scoring systems all demon-
strated adequate predictive values, with MELD-Na as the most 
effective scoring system. In conclusion, age, hyponatremia, 
INR, HRS and bacterial or fungal infections were reported 
to be independent prognostic risk factors for ACLF. Among 
the various liver function scoring systems, MELD-Na was the 
most accurate in predicting the prognosis of ACLF. 

Introduction

Acute-on-chronic liver failure (ACLF) is characterized by an 
acute deterioration of liver function in patients with chronic 
liver disease, which is usually induced by a precipitating 
factor such as sepsis, alcohol or the rupture and bleeding 
of upper gastrointestinal varicose veins (1,2). Occasionally, 
however, no specific precipitating event can be identified. 
Although the exact pathophysiology of ACLF development 
is unclear, unregulated inflammation is considered to be a 
major contributing factor (2). Furthermore, clinical mani-
festations are often characterized by severe gastrointestinal 
tract symptoms, rapidly increased jaundice, massive ascites, 
hepatic encephalopathy, hepatorenal syndrome (HRS), 
coagulopathy with severe bleeding tendency and rapidly 
progressing multi-organ failure, which may require liver 
transplantation (3).

Occurring in addition to pre-existing chronic liver 
diseases, ACLF is a deterioration syndrome characterized by 
the emergence of massive liver cell necrosis, accompanied by 
severe hepatic dysfunction with an associated mortality rate of 
up to 60-80% (4).

Due to severe functional liver impairment, patients with 
ACLF lack bioactive substances for life-sustaining activities 
and are affected by an accumulation of toxins (5), which causes 
multiple organ failure. Therefore, defining early and accurate 
prognostic factors for patients with ACLF is critically impor-
tant when selecting an optimal treatment schedule. Scoring 
systems addressing the severity of liver disease, such as the 
Child-Pugh score (6) or the model for end-stage liver disease 
(MELD) (7), have been investigated. Indeed, Xun et al (8) 
reported that the integrated MELD (iMELD) and MELD 
with incorporation of sodium (MELD-Na) models predicted 
3-month mortality rates more accurately than traditional 
MELD. Furthermore, Shi et al (9) demonstrated that iMELD 
predicted hepatic-ACLF more accurately when compared with 
various other scoring systems (9). However, the prognostic 
assessment of ACLF in patients with multiple organ failure 
remains to be examined. The present study aimed to charac-
terize patients with ACLF to facilitate the early recognition 
of the syndrome and to refine the prognostic assessment of 
ACLF.
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Patients and methods

Patients and primary endpoint. Patients with ACLF admitted 
to the First Hospital of Jilin University (Changchun, China) 
between June 2010 and June 2014 were retrospectively 
recruited. The definition of ACLF was based on the following 
Asia Pacific Association for Study of Liver criteria (10): Acute 
hepatic insult manifesting as jaundice and coagulopathy, 
complicated within 4 weeks by ascites and/or encephalopathy 
in a patient with previously diagnosed or undiagnosed chronic 
liver disease. Jaundice [≥5 mg/dl serum bilirubin (85 µmol/l)] 
and coagulopathy [international normalized ratio (INR) 
>1.5 or prothrombin activity (PTA) <40%] are mandatory 
for defining ACLF. Patients with hepatocellular carcinoma, 
arterial hypertension, coronary heart disease, diabetes and 
infectious diseases (with the exception of viral hepatitis) were 
excluded from the study.

In addition, the diagnosis of hepatic encephalopathy was 
based on the West Haven criteria (11). All medical treat-
ments were recorded, including absolute bed rest, etiological 
(especially antiviral, lamivudine or entecavir) treatment, 
symptomatic treatment of complications, liver cell membrane 
protective agents, biliary stimulators, artificial liver support 
system, corticosteroid treatment and general supportive 
measures such as intravenous albumin and plasma.

Patients were divided into two groups according to their 
prognosis, namely favorable and unfavorable groups. These two 
subgroups were defined with reference to the primary endpoint 
of this study, which was hospital discharge or mortality. This 
investigation was approved by the Regional Ethics Committee 
of the First Hospital of Jilin University and all patients signed 
written informed consent forms.

Laboratory and clinical analysis. All patients with ACLF 
had fasting blood samples drawn within 24 h of admission for 
assessment of liver function. Blood samples were analyzed 
for levels of the following: Total bile acid; γ‑globulins; preal-
bumin; thrombin time (TT); hemoglobin; serum sodium; 
alanine aminotransferase; aspartate aminotransferase; alka-
line phosphatase; γ‑glutamyltranspeptidase; albumin (ALB); 
total bilirubin (TBIL); cholinesterase; blood urea nitrogen; 
serum creatinine (SCr); prothrombin time (PT); interna-
tional normalized ratio (INR); plasma prothrombin activity 
(PTA); white blood cell count; platelet count (PLT); fasting 
blood glucose (FBS); and α‑fetoprotein. Incidence of hepatic 
encephalopathy, bacterial or fungal infection, gastrointestinal 
bleeding, hepatorenal syndrome and electrolyte disturbance 
were also recorded. Hepatic encephalopathy is a clinical condi-
tion, characterized by the presence of cerebral dysfunction in 
patients with liver disease (11). To determine the presence of 
bacterial or fungal infections, laboratory examination of swab 
cultures was conducted. Infections included spontaneous peri-
tonitis, pneumonia and intestinal, oral cavity and urinary tract 
infections. Gastrointestinal bleeding was determined by the 
presence of the symptoms of hematemesis or hematochezia. 
Hepatorenal syndrome was diagnosed as renal insufficiency 
(a plasma creatinine level >1.5 mg/dl) that progressed over 
days or weeks in the presence of severe liver disease, and in 
the absence of recognized nephrotoxic agents. Finally, elec-
trolyte disturbance was assessed as two or more electrolyte 

disorders, such as hyperkalemia and hyponatremia, occurring 
simultaneously. 

Statistical analysis. All data are presented as mean 
values ± standard deviation for continuous variables, and 
qualitative variables as proportions with percentages. The 
association between ACLF prognosis and biochemical indices 
or clinical complications was determined by univariate 
analyses, and the forward Wald approach was used for multi-
variate logistic regression models. Univariate analyses were as 
follows: A t-test, for normal distributions; a rank sum test, for 
non-normal distributions; and a chi-squared test, for compar-
ison of complications between the groups. Furthermore, a 
comparative study of various liver function scoring systems, 
including Child-Pugh, MELD, MELD-Na, serum sodium ratio 
(MESO), and iMELD was performed (6-8,12). To compare the 
predictive values of the various prognostic scoring systems, 
areas under the receiver operating curve (ROC) were calcu-
lated. Statistical analyses were performed using SPSS software 
version 18.0 (SPSS, Inc., Chicago, IL, USA). A P-value <0.05 
was considered to indicate a statistically significant difference.

Results

Etiologies of ACLF. A total of 164 patients with ACLF were 
recruited into the study. Hepatitis B virus (HBV) infection 
was the leading etiology of ACLF, followed by alcoholism, 
as shown in Table I. Overlapping causes accounted for the 
occurrence of ACLF in numerous patients, including 7 cases 

Table I. Etiological factors for acute-on-chronic liver failure.

Etiology Cases (%)

Hepatitis B infection 88 (53.7)
Hepatitis C infection 3 (1.8)
Alcoholic liver damage 38 (23.2)
Drug-induced liver damage 5 (3.0)
Auto-immune liver damage 4 (2.4)
Cryptogenic liver damage 5 (3.0)
Overlapping causes 21 (12.8)
 

Figure 1. Association between age and prognosis. Data are presented as 
mean ± standard deviation.
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of HBV infection associated with alcoholism, 6 cases of HBV 
associated with drug-induced liver damage, 4 cases of alco-
holic liver damage associated with drug-induced liver damage, 
2 cases of hepatitis C (HCV) infection associated with alcohol 
liver damage, 1 case of alcoholic liver damage associated with 
hepatitis E infection and 1 case of HCV infection associated 
with drug-induced liver damage.

Favorable and unfavorable group inclusion. A total of 
45 individuals were included in the favorable group and 119 in 
the unfavorable group. 

Associations of gender and age with prognosis. No statisti-
cally significant differences in prognosis were revealed to be 
associated with gender. Conversely, the results demonstrated 
that an older age was significantly (P<0.05) associated with a 
poorer prognosis. Logistic regression analysis demonstrated 
that age was an independent prognostic factor for ACLF 
(P<0.05; Fig. 1).

Comparison of biochemical parameters between the two 
subgroups. Statistically significant differences between the 

favorable and unfavorable subgroups were observed in a 
number of biochemical parameters. Higher TT, TBIL, SCr, PT 
and INR values and lower serum sodium, ALB, PTA, PLT and 
FBS values were associated with a poor prognosis (P<0.05; 
Table II). The other measured parameters revealed no signifi-
cant change.

Comparison of complications between the two subgroups. 
The incidence of bacterial or fungal infection (including 
spontaneous peritonitis, pneumonia, intestinal infection, oral 
cavity fungal infection, and urinary tract infections), hepatic 
encephalopathy, HRS and electrolyte disturbance were signifi-
cantly associated with the prognosis of patients with ACLF 
(P<0.05; Table III).

Comparative data based on multivariate analysis. Logistic 
regression analysis identified that age, hyponatremia, INR 
HRS and bacterial or fungal infection were independent prog-
nostic factors for ACLF (Table IV).

Comparison of liver function scoring systems between the 
two subgroups. The five scoring systems (Child‑Pugh, MELD, 

Table II. Comparison of serum biochemical parameters between the favorable and unfavorable subgroups.

 Favorable  Unfavorable
Parameters group (n=45) group (n=119) P-value

GLO, g/l 29.9±5.8 33.7±7.9   0.132
TBA, µmol/l 200.8±115.3 253.2±82.5   0.063
PA, g/l 0.12±0.04 0.14±0.11   0.564
TT, sec 21.8±2.6a 26.6±4.4 <0.001
HB, g/l 115.6±26.8 111.2±29.5   0.490
Na+, mmol/l 134.3±4.5a 125.5±5.5 <0.001
ALT, IU/l 143.0 (31.0-325.0) 103.0 (44.3-195.3)   0.603
AST, IU/l 139.0 (63.5-217.5) 136.5 (66.5-242.0)   0.734
ALP, IU/l 117.0 (93.0-168.5) 122.5 (94.5-169.7)   0.938
GGT, IU/l 79.3 (28.0-148.0) 66.0 (36.5-133.8)   0.820
ALB, g/l 28.1 (27.0-32.1)a 25.3 (21.2-26.9) <0.001
TBIL, µmol/l 416.1 (230.1-512.3a 501.3 (352.8-656.1) <0.001
CHE, IU/l 2463.3 (1835.5-3933.5) 2202.5 (1635.3-2660.5)   0.080
BUN, mmol/l 4.8 (3.7-5.6) 6.5 (3.6-11.8)   0.071
SCr, µmol/l 60.2 (48.0-76.2)a 98.0 (78.3-151.6) <0.001
PT, sec 23.1 (21.6-24.9)a 28.8 (23.1-35.6) <0.001
INR 1.7 (1.6-2.0)a 2.6 (2.1-3.1) <0.001
PTA, % 37.0 (32.4-38.3)a 31.0 (22.9-37.0)   0.026
WBC, x109/l 7.4 (4.7-9.9) 6.7 (4.8-11.9)   0.605
PLT, x109/l 90.5 (59.0-127.5)a 68.5 (52.3-79.8)   0.025
FBS, mmol/l 4.9 (4.2-5.6)a 4.3 (3.4-4.9)   0.019
AFP, ng/ml 15.1 (3.5-152.2) 16.7 (3.87-59.3)   0.922

Comparison was conducted by a t-test method (means ± standard deviation) for normal distribution conditions and a rank sum test (median and 
range) for non-normal distributions. aP<0.05 vs. the unfavorable group. GLO, γ-globulins; TBA, total bile acid; PA, prealbumin; TT, thrombin 
time; HB, hemoglobin; Na+, serum sodium; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, 
γ-glutamyltranspeptidase; ALB, albumin; TBIL, total bilirubin; CHE, cholinesterase; BUN, blood urea nitrogen; SCr, serum creatinine; PT, 
prothrombin time; INR, international normalized ratio; PTA, plasma prothrombin activity; WBC, white blood cell count; PLT, platelet count; 
FBS, fasting blood glucose; and AFP, α-fetoprotein. 
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MELD-Na, MESO and iMELD) produced results that were 
significantly different between the favorable and unfavor-
able groups (P<0.001; Table V). ROC curves were created to 
evaluate the predictive value of the five scoring systems. All 
scores provided good predictive values, with areas under the 
curves (AUCs) for the Child-Pugh, MELD, MELD-Na, MESO 
and iMELD scoring systems of 0.760, 0.890, 0.940, 0.907 
and 0.860, respectively. However, the MELD-Na score had a 
significantly higher predictive value compared with the other 
scoring systems (Table VI; Fig. 2).

Discussion

ACLF is a severe condition associated with various etiological 
factors (13), including viral infection, chronic alcohol abuse, 
use of illicit drugs and autoimmune liver disease. In the inves-
tigated cohort, the predominant causes of ACLF were HBV 
infection, chronic alcohol abuse, and various combinations of 
other etiologies. The prevailing role of HBV in the occurrence 
of ACLF was expected due to the high prevalence of HBV 
in China (14). Alcoholism and alternative combined etiologies 

Table V. Comparison of liver function scoring systems between favorable and unfavorable subgroups (mean ± standard deviation).

 Favorable group Unfavorable group
Prediction models (n=45) (n=119) P-value

Child-Pugh 11.3±1.2 12.9±1.4 <0.001
MELD 19.8±4.4 29.5±6.9 <0.001
MELD-Na 20.2±7.1 43.5±13.9 <0.001
MESO 14.6±3.3 23.2±5.9 <0.001
iMELD 40.4±6.3 55.7±12.8 <0.001

MELD, model for end-stage liver disease; MELD-Na, MELD with incorporation of sodium; MESO, MELD and serum sodium ratio; iMELD, 
integrated MELD.
 

Table IV. Logistic regression analysis of 164 patients with ACLF.

      95% CI of OR
       --------------------------------------------------------
Factors  B SE χ2 value P-value OR Lower limit Upper limit

INR  4.794 1.804 7.074 0.008 120.591 3.525 4.125
Age  0.225 0.088 6.769 0.007 1.253 1.057 1.486
Hyponatremia -0.389 0.128 9.348 0.002 0.679 0.527 0.871
HRS  1.096 0.002 4.621 0.031 2.511 1.533 4.702
Infection  2.934 1.289 5.196 0.024 18.827 1.507 234.838

CI, confidence interval; B, regression coefficient; SE, standard error; OR, odds ratio; ACLF, acute‑on‑chronic liver failure; INR, international 
normalized ratio; HRS, hepatorenal syndrome.
 

Table III. Comparison of complications between the favorable and unfavorable subgroups [n (%)].

 Total Favorable Unfavorable
Complications cases (n=164) group (n=45) group (n=119) χ² P-value

Infection 108 (65.9) 16 (35.6) 92 (77.3) 10.221 0.001
HE 63 (38.4) 8 (17.8) 55 (46.2) 6.023 0.012
HRS 42 (25.6) 5 (11.1) 37 (31.1) 10.829 0.001
UGIB 26 (15.9) 6 (13.3) 20 (16.8) 0.509 0.474
Electrolyte disturbance 122 (74.3) 20 (44.4) 102 (85.7) 14.969 <0.001

Infection, bacterial or fungal infection; HE, hepatic encephalopathy; HRS, hepatorenal syndrome; UGIB, upper gastrointestinal bleeding. 
Statistical analysis was conducted using a χ² test.
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are the two other main types of etiological factors contributing 
to the disease occurrence.

In the present study, patients with ACLF of older age 
groups, with higher PT, TT, INR, TBIL and SCr and lower 
serum sodium, PTA, ALB, PLT and FBS were more likely 
to have a poor prognosis. Complications such as bacterial or 
fungal infection, hepatic encephalopathy, HRS and electrolyte 
disturbance were also associated with poor prognosis. The 
results of the present investigation are concordant with those 
of Lal et al (15), who reported that high INR was an indepen-
dent ACLF prognostic factor.

Cellular immunity is impaired in patients with ACLF, 
increasing the risk of infection and the infection-associated 
mortality rate (16). Accordingly, the results of this study illus-
trate a high frequency of infections (observed in 108 cases) 
and demonstrate that bacterial or fungal infections are an 
independent prognostic factor for ACLF.

Encephalopathy is another severe ACLF complica-
tion (17-19), and was observed in 63 of the cases analyzed 
(38.4%). A number of the identified complications, including 

infection and electrolyte abnormalities, arise relatively 
suddenly, and may exacerbate the disturbances attributable to 
liver failure or exert a direct effect on the brain (20).

Upper gastrointestinal hemorrhage is a critical complica-
tion associated with ACLF; it is predominantly associated with 
high intravascular pressure, blood coagulation dysfunction 
and esophageal gastric varices, which exist prior to the occur-
rence of the bleeding (21). Through blood volume reduction, 
organ ischemia and hypoxia, multiple organ function failure 
may occur (22). Upper gastrointestinal bleeding was observed 
in 15.9% of the patients in the present study, and was not a 
prognostic factor.

HRS was identified as a strong prognostic risk factor within 
the present cohort. HRS corresponds to functional renal failure. 
In ACLF, renal vascular resistance increases progressively 
causing renal hypoperfusion. Furthermore, self-regulation 
of the renal perfusion function is also affected, and a small 
decrease in blood volume may lead to marked reduced renal 
perfusion, a further factor associated with kidney damage (23).

A total of 122 cases (74.3%) of electrolyte disturbances, 
such as hyperkalemia and/or hyponatremia, were observed. 
These were predominantly associated with insufficient 
intake of food nutrients, vomiting, diarrhea, digestive disor-
ders, long-term use of diuretics or a large amount of ascites 
drainage, long-term application of hypertonic glucose liquid 
and secondary aldosteronism. The present study demonstrated 
that the incidence of electrolyte disorder was significantly 
higher in the unfavorable group, as compared with the favor-
able group.

The most common type of electrolyte disturbances 
associated with patients with ACLF in the present study was 
hyponatremia, which was found to be an independent prog-
nostic factor. Hyponatremia is primarily the result of solute-free 
water retention in liver cirrhosis. The proposed mechanism 
underlying this process is an association between the release 
of antidiuretic hormones and splanchnic arterial vasodilata-
tion leading to reduced systemic vascular resistance (24-26).

The Child-Pugh score is the most commonly used evalu-
ation system to assess hepatic reserve function in cirrhotic 
patients, facilitating evaluation of their prognosis. However, 
the Child-Pugh score, initially designed for patients with 
portosystemic shunt surgery, is associated with certain diffi-
culties and inaccuracies (27,28). The Child‑Pugh classification 

Figure 2. Evaluation of the predictive value of the scoring systems for prog-
nostic evaluation of patients with ACLF. MELD, model for end-stage liver 
disease; MELD-Na, MELD with incorporation of sodium; MESO, MELD 
and serum sodium ratio; iMELD, integrated MELD.

Table VI. Optimal threshold, sensitivity, specificity, areas under the curve, and 95% confidence interval of the five scoring 
systems for prognostic evaluation of patients with ACLF.

Prediction Optimal Sensitivity Specificity Area under  
models  threshold (%) (%) the curve 95% CI 

Child-Pugh 12.6 0.625 0.811 0.760 (0.650, 0.871)
MELD 26.1 0.750 0.952 0.890 (0.819, 0.961)
MELD-Na 27.3 0.875 0.952 0.940 (0.868, 1.000)
MESO 18.2 0.858 0.906 0.907 (0.839, 0.973)
iMELD 48.3 0.750 0.952 0.860 (0.770, 0.949)

ACLF, acute-on-chronic liver failure; MELD, model for end-stage liver disease; MELD-Na, MELD with incorporation of sodium; MESO, 
MELD and serum sodium ratio; iMELD, integrated MELD; CI, confidence interval.
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uses TBIL, ALB, PT, presence of ascites and encephalopathy 
to reach a score. However, ALB, ascites and encephalopathy 
are subject to medical intervention. Furthermore, the 
Child‑Pugh classification does not recognize a TBIL level 
>51 µmol/l. Additionally, ALB levels tend to be low immedi-
ately subsequent to bleeding or transfusions (29). The MELD 
scoring system was developed by the Mayo Clinic team, 
and was originally used to predict the prognosis of portal 
hypertension patients following transjugular intrahepatic 
portosystemic shunt (27). Kumar et al (30) reported that 
a MELD score that did not decrease by week 2 generated 
a 93.8% predictive chance of survival for the following 
60 days. Ruf et al (31) demonstrated that, in ACLF, hypona-
tremia and the MELD score were risk factors that may affect 
the mortality of patients with liver failure, and supported the 
hypothesis that comprehensive serum sodium and a MELD 
score may provide a more accurate predictive approach. The 
MELD-Na model, established by Biggins et al (32), exhibited 
a more optimal predictive capacity than the MELD model. 
Using the MELD-Na model, Huo et al (12) established the 
MESO model, a non-invasive predictor of increased portal 
pressure in cirrhosis, which was superior to the MELD score 
in predicting patient mortality (12). Luca et al (33) proposed 
the addition of age and serum sodium concentrations to the 
MELD score system, resulting in the iMELD system, which 
allowed for enhancement of its predictive capacity. In the 
present study, all five scoring systems were validated as 
prognostic indicators for ACLF patients.

When establishing the accuracy of survival rate prediction 
at three months, the scoring systems with the better diag-
nostic or predictive value were those with the greater AUC 
of the ROC curve. In the present study, when considering that 
AUC>0.7 is the accepted threshold for clinical application; the 
five scoring systems demonstrated accurate predictive values 
for ACLF prognosis. Notably, the MELD-Na score was the 
most effective scoring system. Therefore, incorporating the 
serum sodium level into the MELD score would significantly 
improve the prediction accuracy of the prognosis of patients 
with ACLD.

In conclusion, age, hyponatremia, INR, HRS and bacte-
rial or fungal infection were identified to be independent 
risk factors associated with ACLF prognosis. The MELD-Na 
score was the most efficient liver function evaluation system. 
The results of the present study may facilitate the prognostic 
assessment of patients with ACLF, and lead to improved 
overall management of this severe liver condition.
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