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Abstract
Objective: The natural history of acute-on-chronic hepatitis B liver failure (ACHBLF) is complex
and highly variable. However, the global clinical characteristics of this entity remain ill-defined. We
aimed to investigate the dynamic patterns of the natural progression as well as their impact on the
outcomes of ACHBLF. Methods: The clinical features and disease states were retrospectively
investigated in 54 patients with ACHBLF at the China South Hepatology Center. The clinical and
laboratory profiles including hepatic encephalopathy (HE), hepatorenal syndrome (HRS), and
spontaneous bacterial peritonitis (SBP) were evaluated. The disease state estimated by the model
for end-stage liver disease (MELD) score and the dynamic patterns during the clinical course of
ACHBLF were extrapolated. Results: Twenty-two patients died during the 3-month follow-up
period (40.74%). The patients were predominantly male (88.89%). Baseline characteristics showed
that there were significant differences in only hepatitis B virus (HBV) DNA levels and platelet count
between the deceased and surviving patients (P=0.014 and P=0.012, respectively). Other baseline
characteristics were similar in both groups. The dynamic state of the MELD score gradually increased from an initial hepatic flare until week 4 of ACHBLF progression. There were notable
changes of the dynamic state of the MELD score at two time points (week 2 and week 4) during
ACHBLF progression. The MELD scores were significantly greater in the death group (24.80±2.99)
than in the survival group (19.49±1.96, P<0.05) during the clinical course of ACHBLF; the MELD
scores of the survival group began to decrease from week 4, while they continued to rise and
eventually decreased as more patients died. The gradients of the ascent and descent stages could
predict exactly the severity and prognosis of ACHBLF. Conclusions: The natural progression of
ACHBLF could be divided approximately into four stages including ascent, plateau, descent, and
convalescence stages according to different trends of liver failure progression, respectively. Thus,
the special patterns of the natural progression of ACHBLF may be regarded as a significant predictor of the 3-month mortality of ACHBLF.
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Introduction
An estimated 400 million people are infected
with the hepatitis B virus (HBV), which is a major

cause of acute as well as chronic liver disease worldwide[1]. The clinical outcomes of HBV infection are
http://www.medsci.org
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extremely variable, including transient self-resolving
acute hepatitis, acute-on-chronic hepatitis B liver
failure (ACHBLF), cirrhosis, or even hepatocellular
carcinoma (HCC)[2]. ACHBLF is characterized in a
more advanced stage by liver failure associated with
multiple other end-organ failure[3]. The therapy for
ACHBLF includes all available medical treatments
such as nucleoside analog therapy[4-7] and bioartificial liver devices[7-8]. However, the mortality due to
hepatic failure remains high[9-10]. Liver transplantation is the most effective treatment for patients with
ACHBLF. However, due to the lack of liver donors
and other socioeconomic issues, fewer than 10% of
ACHBLF patients receive transplantation in time
worldwide[11]. Moreover, some recipients die prematurely owing to complications of liver transplantation. Therefore, early and accurate prognostic assessment of patients with ACHBLF is critically important for selecting the optimal treatment pathway.
Precise prediction of the natural course of ACHBLF
and comparison of the risks and benefits of liver
transplantation with those of the natural disease
course are important. In particular, for those patients
who have the option of a living donor liver transplantation, the timing of the procedure should be
given prudent consideration because it can be controlled as described by Ishigami et al[12]. Therefore,
accurate determination of the prognosis and prioritization of patients for liver transplantation is urgently
needed. Because the natural history of ACHBLF is
complex and highly variable[13] and the global clinical characteristics of this entity remain ill-defined[14],
we aimed to investigate the dynamic patterns of the
natural progression of ACHBLF and their impact on
the outcomes of ACHBLF.
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ated Hospital, Sun Yat-Sen University, China, during
the period from June 2009 to February 2011. The start
date of the follow-up period was the date of diagnosis
of ACHBLF. All patients were followed up for at least
3 months. The research was performed according to
the Standards of the Reporting of Diagnostic Accuracy Studies[15].

Patients
This study was based on a large, retrospective
cohort that included 54 hospitalized patients (48 men,
6 women; mean age, 44.1±9.8 years) with ACHBLF
who were recruited from the Department of Infectious
Diseases, the Third Affiliated Hospital, Sun Yat-Sen
University, China. They were divided into two
groups: a survival group including 32 patients, and a
deceased group including 22 patients. The inclusion
criteria were as follows: ACHBLF was defined as an
acute hepatic insult manifesting as jaundice and coagulopathy, which was complicated within 4 weeks
by ascites and/or encephalopathy in a patient with
chronic HBV infection according to consensus recommendations of the Asian Pacific Association for the
Study of the Liver in 2009[16]. The exclusion criteria
were as follows: Patients with evidence of co-infection
with other viruses (hepatitis E, A, D, or C, or HIV),
other causes of chronic liver failure, co-existing HCC,
portal vein thrombosis, renal impairment, pregnancy,
or serious diseases in other organ systems were excluded. Because of the lack of liver donors, liver
transplantation was not used regularly in this study.
Therefore, patients who underwent liver transplantation also were excluded (Figure 1).

Methods and Patients
Ethics Statement
Since 2008, a database of hospitalized patients
with liver diseases had been built up for clinical research at the Third Affiliated Hospital. Patients who
were entered the database were asked to sign a written informed consent for future clinical research. All
data were entered into a computerized database and
were analyzed anonymously. The patients enrolled in
the present study were from this database. The research protocol was approved by the Human Ethics
Committee of the Third Affiliated Hospital, Sun
Yat-Sen University.

Study Design
A retrospective observational study of the dynamic changes of clinical features associated with the
outcomes of patients with ACHBLF was conducted.
Eligible patients were hospitalized at the Third Affili-

Fig 1. A flow diagram of study participants.
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General Management of Patients
The 54 patients were given standard medical
treatment[3] in accordance with the Asia–Pacific consensus recommendations including absolute bed rest,
intravenous antibiotics, high calorie diet (35–40
cal/kg/day), lactulose, bowel enemas, maintenance
water, electrolyte and acid-base equilibrium, prevention and treatment of complications, and intensive
care monitoring. Patients in the Intensive Care Unit
were strictly monitored and treated according to the
management of acute liver failure recommended by
the US Acute Liver Failure Study Group[17]. Patients
also received albumin, terlipressin, anti-viral therapies (antiviral treatment including Lamivudine,
Adefovir Dipivoxil, Telbivudine, and Entecavir were
ordered to the patients in whom hepatitis B virus activated replication. The start date of the antiviral
treatment was the date of diagnosis of ACHBLF
among 47 patients of our study, and 7 patients of our
study received anti-viral therapy 1 year before the
diagnosis of ACHBLF. There were six patients with
viral breakthrough who were treated with anti-viral
drugs owing to unauthorized withdrawal before
hospitalization, and proton pump inhibitors were
administered or plasma exchange was performed if
required. Orthotopic liver transplantation was not
adopted mainly due to the cost and lack of available
donors. All patients had obvious clinical end-results,
i.e. survival or death in three months.

Baseline Definition of Patients
ACHBLF was defined according to the consensus recommendations of the Asian Pacific Association
for the Study of the Liver in 2009[16]. Descriptive statistics on the patients’ features were recorded within
24 h of the diagnosis date. In addition, the severity of
the liver disease was assessed by model for end-stage
liver disease (MELD) scoring as a baseline at the first
diagnosis. Retrospectively collected data included
patient demographics, clinical and laboratory variables including aspartate transaminase (AST) levels,
alanine aminotransferase (ALT) levels, total bilirubin
(TBil), albumin (ALB) levels, globulin levels, prothrombin time (PT), prothrombin activity (PTA),
α-fetoprotein (AFP) level, platelet count, hemoglobin
level, serum creatinine level, blood urea nitrogen
(BUN) level, triglyceride level, total cholesterol level,
international normalized ratio (INR), upper gastrointestinal (GI) endoscopy, and abdominal ultrasound.
The severity of the liver disease was assessed by
MELD scoring. For the diagnosis of HBV, HBV serological markers were collected for each patient
(Axsym; Abbott, Abbott Park, IL, USA). Serum HBV
DNA was measured by a quantitative polymerase
chain reaction assay (DaAn Diagnostics assay and
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Roche Amplicor, limit of detectability of 100 IU/mL;
Roche Diagnostics, Basel, Switzerland) after admission.

Follow-up, and Data Collection
The clinical features that predicted survival after
comprehensive medical treatment were studied in the
patients with ACHBLF. In addition, the severity of the
liver disease was assessed by MELD scoring. All patients had an obvious clinical end-result of either survival or death. The start date of the follow-up period
was the date of diagnosis of ACHBLF. All patients
were followed up for at least 3 months.
We examined the medical records of the 54 patients who fulfilled the Chinese criteria[18] for
ACHBLF. In addition, descriptive statistics on the
patients’ features were recorded within 24 h of the
diagnosis date and at each follow-up time point during the follow-up period.

Definition of the four stages of progression of
liver failure
Fifty-four patients with ACHBLF were studied
and classified into different stages including progression stage and remission stage according to their
immune response and MELD score for their severity
of liver failure progression[19-20].

MELD score
MELD scores were calculated as follows, according to the United Network for Organ Sharing
(UNOS) database: MELD score (UNOS current version) = 9.57 × log10(creatinine) (mg/dl) + 3.78 ×
log10(TBil) (mg/dl) + 11.20 × log10(PT-INR) + 6.43.
Creatinine levels >4 mg/dl were automatically calculated as 4, and values <1 mg/dl were automatically
calculated as 1. Patients’ data were obtained weekly,
including MELD scores.

Statistical methods
Data entry and analysis were carried out using
SPSS16.0 (SPSS, Chicago, IL, USA). Inter-group comparisons for categorical variables were done using the
chi-squared test with Fisher’s exact test and those for
quantitative variables were compared by the independent t-test. The prognostic factors for outcome
were determined with logistic regression analysis,
and a P value less than 0.05 was considered significant.

Results
General characteristics
A total of 54 cases of ACHBLF were enrolled in
our study. There were 22 patients who died in the
3-month follow-up period (40.74%). The mean patient
http://www.medsci.org
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age was 45.0±11.8 years old in the death group and
43.5±9.3 years old in the survival group. The patients
were predominantly male (88.89%). Baseline characteristics showed that the most common complication
of ACHBLF was ascites (40 patients; 74.07%), followed by hepatorenal syndrome (HRS) (4 patients;
7.41%), spontaneous bacterial peritonitis (SBP) (31
patients; 57.41%), and hepatic encephalopathy (HE)
(19 patients; 35.19%). There were significant differences in HBV DNA levels and platelet count between
deceased and surviving patients (P=0.014, P=0.012,
respectively). Other baseline characteristics were similar in both groups (Table 1).

The dynamic state of HE, HRS, and SBP rates
during the course of ACHBLF progression
The dynamic state of HE, HRS, and SBP rates
gradually increased from an initial hepatic flare until
week 4 of ACHBLF progression. Obvious increases of
HE, HRS, and SBP rates were found in the death
group. However, above normal complication rates
began to decrease after week 4 of ACHBLF progression in the survival group. Our study showed that the
survival group had lower rates of HE and HRS than
those in the death group at week 4 of ACHBLF progression (13 patients: 68.18% vs. 13 patients: 40.63%, 8
patients: 36.36% vs. 4 patients: 12.50%, P=0.0464,
P=0.0382, respectively) (Figure 2A and B); however,
there were no differences on SBP rate between the

death and survival groups (18 patients: 81.82% vs. 24
patients: 75%, P=0.5537) (Figure 2C), which was the
same as that of week 6. In addition, before week 4 of
disease progression, there were no differences in the
common complication rates between the deceased
and surviving patients, although the rates of HE, HRS,
and SBP slightly increased in the death group (Figure
2A-C).

The dynamic state of the thickness of the right
lobe of the liver by ultrasound scanning during
the course of ACHBLF progression
The dynamic state of the thickness of the right
lobe of the liver as determined by ultrasound scanning gradually decreased from an initial hepatic flare
until week 4 of ACHBLF progression. The thickness of
the right lobe of the liver was significantly less in the
death group than in the survival group at week 4 and
week 6 (94.5±8.4 vs. 99.7±9.2, P=0.039; 94.6±7.8 vs.
100±8, P=0.0172, respectively) during the clinical
course of ACHBLF. The thickness of the right lobe of
the liver was obviously reduced in the death group.
Furthermore, the thickness of the right lobe of the
liver as determined by ultrasound scanning only
slightly decreased before week 4 and tended to stabilize after week 4 of ACHBLF progression in the survival group (Figure 2D).

Table 1. Baseline characteristics of included patients at admission. All values are expressed as mean ±SD or median and interquartile range, and
categoric values are described by count and proportions. Abbreviations: WBC, white blood cells; Hb, Hemoglobin; ALT, alanine minotransferase;
TB, Total Bilirubin; PT, prothrombin time; PTA, prothrombin activity; INR, international normalized ratio; AFP, α-fetoprotein; HBV, hepatitis B
virus; HRS, hepatorenal syndrome; SBP, spontaneous bacterial peritonitis; RLL, right lobe of the liver.
Parameters
Age (yr)
Males (%)
WBC (×109/L)
Hb (×g/L)
Platelet (×109/L)
ALT (U/L)
Albumin (g/L)
TB (μmol/L)
PT (sec)
PTA (%)
INR
Cholinesterase (U/L)
AFP (μg/L)
HBV DNA (log10 copies/ml)
Encephalopathy (%)
HRS (%)
SBP (%)
Ascites (%)
MELD score
Thickness of RLL (mm)

Death group (n=22)
45.0±11.8
20 (90.90%)
7.6 (3.93–11.6)
131.35±13.6
98.17±41.49
494.58±477.87
35.26±3.08
474.65±221.86
23.62±5.8
32.50±9.7
2.35±0.615
4886.17±3149.50
210.25±328.03
6.78±1.83
7 (31.82)
2 (9.09)
14 (63.63)
17 (77.27)
18.32±1.93
103±8.5

Survival group (n=32)
43.5±9.3
28 (87.50%)
7.78 (4.23–12.85)
126.23±15.16
154.50±69.00
747.33±808.06
35.30±4.04
429.62±226.04
22.15±6.55
30.60±10.20
2.09±0.66
4179.09±1473.38
167.78±262.01
5.66±1.63
12 (37.50%)
2 (6.25)
17 (53.12)
23 (71.87)
17.65±1.82
102±8.7

P-value
0.604
0.690
0.853
0.211
0.012
0.194
0.969
0.472
0.400
0.496
0.149
0.273
0.599
0.014
0.667
0.695
0.443
0.197
0.200
0.677
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Fig 2. (A) Dynamic state of the hepatic encephalopathy rate in the death and survival groups during the course of ACHBLF progression. (B) Dynamic state
of the hepatorenal syndrome rate in the death and survival groups during the course of ACHBLF progression. (C) Dynamic state of the spontaneous
bacterial peritonitis rate in the death and survival groups during the course of ACHBLF progression. (D) Thickness of the right lobe of the liver by
ultrasound scanning in the death and survival groups during the course of ACHBLF progression. The numbers at the top of the chart indicate the p values
for differences between the respective groups. NS, no statistical significance. Data are described as percentages. ACHBLF, acute-on-chronic hepatitis B liver
failure.

The dynamic state of the MELD score during
the course of ACHBLF progression
The dynamic state of the MELD score gradually
increased from an initial hepatic flare until week 4 of
ACHBLF progression. There were notable changes of
the dynamic state of the MELD score at two time
points (week 2 and week 4) during ACHBLF progression. The MELD scores were significantly greater in
the death group (24.80±2.99) than in the survival
group (19.49±1.96, P<0.05) at week 2 during the clinical course of ACHBLF, which was similar with that at
week 4; the MELD scores of the survival group began
to decrease from week 4, continued to rise, and
eventually decreased as more patients died. Our results showed that the gradients of the ascent (at week
2) and descent (at week 4) stages could predict exactly
the severity and prognosis of ACHBLF (Figure 3).
Fig 3. (A) Dynamic state of MELD scores of patients with ACHBLF during
disease progression. Data are the mean ± standard deviation,*P < 0.01
compared with the MELD score at week 1, ∆P < 0.05 compared with the
MELD score of survival patients at week 2. §P > 0.05 compared with the
MELD score at week 4, #P < 0.05 compared with the MELD score at week
4. (B) Dynamic patterns of the natural progression of ACHBLF. The
natural progression of ACHBLF may be divided approximately into four
stages including ascent, plateau, descent, and convalescence stages, respectively. The gradients of ascent and descent stages can influence exactly
the severity and prognosis of ACHBLF.
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Discussion
Early and accurate prognostic assessment of patients with ACHBLF is critically important for selecting the optimal treatment pathway. For those patients
who have the option of a living donor liver transplantation, the timing of the procedure should be
given prudent consideration. Moreover, it is important to be able to predict precisely the natural
course of ACHBLF and to compare the risks and
benefits of liver transplantation with those of the
natural disease course. Therefore, accurate determination of the prognosis and prioritization of patients
for liver transplantation are becoming increasingly
important. The natural history of ACHBLF is complex
and highly variable[13]. A recent study has shown
that the natural course of chronic HBV infection can
be divided into four phases based on the virus-host
interaction: immune tolerance, immune clearance,
low or non-replication, and reactivation[6, 21]. Our
study found that the course of ACHBLF was in a regular dynamic state including multiple severe complications of liver failure and MELD score.
Our study showed that HBV DNA levels in the
death group were greater than those in the survival
group and that HBV DNA loads were associated with
more severe forms of liver disease. HBV becomes a
target antigen that induces the participation of humoral and cell immunity in liver injury. We deduced
that strong immune clearance of HBV with HBeAg as
the target antigen might lead to liver failure. Thus,
HBV DNA loads might be a risk factor in ACHBLF,
which was consistent with a previous report described by Sun et al.[22]. At the same time, in our
study, the HRS rate was also obviously greater in the
death group than in the survival group at the week 4
and week 6 time points of the disease course. HRS
was an important predictive factor for the prognosis
and clinical outcome of ACHBLF among various
kinds of complications. Hepatorenal syndrome is a
serious life-threatening complication in end-stage
liver disease[23]. Meanwhile, changes of HE rate also
showed a similar trend as HRS. Our results showed
that there were greater rates of HE in the death group
than in the survival group. However, there was no
difference of SBP rate between the death and survival
groups with ACHBLF. Our previous study showed
the TBil and PT levels in patients with ACHBLF in the
death group were significantly greater than those of
the survival group at every week. Within the first two
weeks, TBil and PT levels increased in both groups.
However, from the third week, the TBil and PT levels
gradually decreased to the peak in the survival group,
but increased in the death group over time. On the
whole, in patients with ACHBLF, the dynamic
changes of serum ALT, AST, TBil, and PT levels in the
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early stage after admission may predict the clinical
outcomes, which could be useful in short term prognostic evaluation[24]. Our study also showed that
obvious increases of HE, HRS, and SBP rates were
found in the death group. Therefore, HE, HRS, and
SBP rates were likely one of the most significant predictive factors in ACHBLF. Ultrasound parameters of
the liver were also an important factor in assessing
liver function[25]. We found that the thickness of the
right lobe of the liver was significantly less in the
death group than in the survival group at week 4 and
week 6 of ACHBLF, which provided evidence that
liver atrophy could be assessed as an important issue
for ACHBLF.
However, the liver is an organ with many complicated physiological functions. Therefore, a single
index of liver function could not estimate exactly the
severity and prognosis of ACHBLF. Comprehensive
clinical indices have been used to evaluate the prognosis of liver failure worldwide[26]. A recent study
showed that the MELD was based on only three indices: creatinine, bilirubin, and INR[27]. The MELD
was regarded as a prognostic scoring system to determine the priority of patients with end-stage liver
disease on the transplant waiting list[4]. In addition,
the dynamic changes of severity of liver disease were
assessed by MELD scoring. However, the range of
MELD scores was too wide to predict patient death
risk due to end-stage liver disease[7]. The natural
course of ACHBLF is variable, although elevations in
PT and INR, often in a fluctuating pattern, are its most
characteristic feature[28]. Our study showed the natural course of ACHBLF with an emphasis on the rates
of disease progression including various complications and factors influencing the clinical outcome of
liver disease.
The natural progression of ACHBLF could be
divided approximately into four stages including ascent, plateau, descent, and convalescence stages according to different changing trends of liver failure
progression, respectively (Figure 2B). The dynamic
trend of progression of ACHBLF was based on the
virus-host interaction. Therefore, the dynamic patterns of the natural progression of ACHBLF might be
regarded as an objective, pertinent, and sensitive system, which was applicable for the prognostic evaluation of ACHBLF. The dynamic patterns of the natural
progression of ACHBLF could help determine appropriate medical interventions and/or liver transplantation as well as the best timing for liver transplantation.
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