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Abstract
BACKGROUND
Acute exacerbation in patients with chronic hepatitis B virus (HBV) infection
results in different severities of liver injury. The risk factors related to progression
to hepatic decompensation (HD) and acute-on-chronic liver failure (ACLF) in
patients with severe acute exacerbation (SAE) of chronic HBV infection remain
unknown.

AIM
To identify risk factors related to progression to HD and ACLF in compensated
patients with SAE of chronic HBV infection.

METHODS
The baseline characteristics of 164 patients with SAE of chronic HBV infection
were retrospectively reviewed. Independent risk factors associated with
progression to HD and ACLF were identified. The predictive values of our
previously established prediction model in patients with acute exacerbation (AE
model) and the model for end-stage liver disease (MELD) score in predicting the
development of ACLF were evaluated.

RESULTS
Among 164 patients with SAE, 83 (50.6%) had compensated liver cirrhosis (LC),
43 had progression to HD without ACLF, and 29 had progression to ACLF within
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28 d after admission. Independent risk factors associated with progression to HD
were LC and low alanine aminotransferase. Independent risk factors for
progression to ACLF were LC, high MELD score, high aspartate
aminotransferase (AST) levels, and low prothrombin activity (PTA). The area
under the receiver operating characteristic of the AE model [0.844, 95%
confidence interval (CI): 0.779-0.896] was significantly higher than that of MELD
score (0.690, 95%CI: 0.613-0.760, P < 0.05) in predicting the development of ACLF.

CONCLUSION
In patients with SAE of chronic HBV infection, LC is an independent risk factor
for progression to both HD and ACLF. High MELD score, high AST, and low
PTA are associated with progression to ACLF. The AE model is a better predictor
of ACLF development in patients with SAE than MELD score.

Key words: Acute-on-chronic liver failure; Chronic hepatitis B; Hepatic decompensation;
Liver cirrhosis; Risk factors; Severe acute exacerbation

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The risk factors related to progression in patients with severe acute exacerbation
(SAE) of chronic hepatitis B virus (HBV) infection remain unknown. This is the largest
study to identify the risk factors related to progression to hepatic decompensation (HD)
and acute-on-chronic liver failure (ACLF) in compensated patients with SAE of chronic
HBV infection. We found that liver cirrhosis is an independent risk factor for
progression to both HD and ACLF. High model for end-stage liver disease score, high
aspartate aminotransferase, and low prothrombin activity are associated with progression
to ACLF.

Citation: Yuan L, Zeng BM, Liu LL, Ren Y, Yang YQ, Chu J, Li Y, Yang FW, He YH, Lin
SD. Risk factors for progression to acute-on-chronic liver failure during severe acute
exacerbation of chronic hepatitis B virus infection. World J Gastroenterol 2019; 25(19):
2327-2337
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2327.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2327

INTRODUCTION
In China, the majority of patients with end-stage liver diseases and liver disease-
related death are caused by chronic hepatitis B virus (HBV) infection[1]. There are five
phases in the natural history of chronic HBV infection, including hepatitis B e-antigen
(HBeAg)-positive chronic HBV infection, HBeAg-positive chronic hepatitis B (CHB),
HBeAg-negative  chronic  HBV  infection,  HBeAg-negative  CHB,  and  hepatitis  B
surface antigen (HBsAg)-negative phase[2]. Hepatitis flares with different degrees of
liver injury mostly occur in the HBeAg-positive CHB and HBeAg-negative CHB
phases[3-5].  Acute exacerbation (AE) and severe AE (SAE) refer to the severe liver
injury occurring in patients with chronic HBV infection during hepatitis flare[6,7]. AE of
chronic HBV infection occurs in 40%-50% of HBeAg–positive patients and in 15%-30%
of HBeAg-negative CHB patients[8-10]. Patients with AE or SAE eventually progress to
hepatic decompensation (HD) and acute-on-chronic liver failure (ACLF) if their liver
injury deteriorates further.

In patients with chronic HBV infection, HD manifesting as ascites, esophagogastric
variceal  bleeding (EVB),  or  hepatic  encephalopathy is  a  significant  stage during
progression from AE to liver failure[11,12]. Once progressed to HD, the liver function of
patients  with  AE  or  SAE  becomes  more  unstable  and  undergoes  more  rapid
deterioration to ACLF following intrahepatic or extrahepatic insults[13,14].  Despite
improved clinical management, the mortality of patients with ACLF ranges from 50%-
80% without liver transplantation[15]. It has been recognized that early diagnosis and
treatment play an important role in survival of patients with ACLF; in earlier stages,
intensive treatment may be effective in impeding disease progression[15,16]. Therefore, it
is  imperative to find the risk factors related to deterioration of HD and ACLF in
patients with AE and SAE.
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Several studies have been conducted to determine these risk factors. However,
most of these studies have included patients with diverse etiologies and degrees of
liver injury, with understandably inconsistent results[8,17-18]. It is therefore challenging
to  identify  common factors  related to  disease  progression in  patients  with  high
heterogeneity in terms of severity and cause. In a previous study, we assessed risk
factors in patients with AE of chronic HBV infection, wherein AE was defined as
alanine transaminase (ALT) > 5 × upper limits of normal (ULN), total bilirubin (TBil)
≥ 5 × ULN, and prothrombin time activity (PTA) of 40%-60%. We found that baseline
age, HBV DNA, and international normalized ratio (INR) levels were independent
factors related to the development of ACLF[19]. Based on this study, we established an
AE model to predict the progression to ACLF in patients with AE. Although patients
with AE or SAE of chronic HBV infection show different degrees of liver injury, it
remains to be elucidated whether the risk factors in progression to ACLF are similar
among these patients. Therefore, in this study, we included patients with SAE as ALT
> 10 × ULN, TBil ≥ 3 × ULN, and PTA of 40%-60% and aimed to identify the baseline
risk factors associated with post-admission progression to HD or ACLF.

MATERIALS AND METHODS

Study cohort
The study subjects were patients with SAE admitted to the Department of Infectious
Diseases, Affiliated Hospital of Zunyi Medical University between January 2011 and
August 2018. Figure 1 shows the flow chart for the patient selection process. In all, 164
patients with SAE of chronic HBV infection were included. The remaining 42 patients
were excluded from the study by the exclusion criteria, which included coexistence
with drug-induced hepatitis, alcoholic liver disease, hyperthyroidism, pregnancy,
hepatocellular  carcinoma,  or  acute  hepatitis  A,  C,  or  E.  Patients  who  had  de-
compensated liver cirrhosis (LC) or were previously diagnosed with decompensated
LC were also excluded.

Diagnostic criteria for SAE and ACLF
SAE of chronic HBV infection was diagnosed on the basis of the criteria proposed by
Tsubota et al[20] and Wong et al[21]. The criteria for SAE of chronic HBV infection were
as follows: (1) Presence of HBsAg and HBV DNA for > 6 mo before hospitalization; (2)
ALT > 10 × ULN (400 IU/L) and TBil ≥ 3 × ULN (51 μmol/L); and (3) PTA of 40%-
60%. Further, ACLF was diagnosed as the recent development of jaundice (TBil ≥ 5 ×
ULN) and coagulopathy (PTA < 40% or INR ≥ 1.5), complicated within four weeks by
ascites  and/or  encephalopathy  in  a  patient  with  previously  diagnosed  or
undiagnosed chronic liver disease[12]. Cirrhosis was diagnosed based on previous liver
biopsy findings  or  a  composite  of  clinical  signs  and laboratory  test,  endoscopy,
radiology, and FibroScan (Echosens, Paris, France) results. HD was defined as the
presence of  one of  the following:  new onset  of  hepatic  encephalopathy,  EVB,  or
ascites[22].

Treatment schedule
After admission, all patients received standard conservative therapy. None of them
received liver transplantation. The standard conservative therapy included bed rest,
liver-protective treatment (glutathione, adenosylmethionine, and branched-chain
amino acids), nutritional and energy supplements, intravenous plasma and albumin
(ALB)  infusions,  water-electrolyte  and  acid-base  equilibrium maintenance,  and
prevention and treatment of complications. All patients received antiviral therapy
including lamivudine, entecavir, or telbivudine within 3 days of admission according
to  their  HBV  replication  levels  and  patient  willingness.  Plasma  exchange  was
administered to patients who had progression to ACLF.

Candidate predictor variables
Patient demographics, clinical and laboratory parameters, and imaging findings were
retrospectively collected from computerized and paper medical records. Laboratory
variables  including  aspartate  transaminase  (AST),  ALT,  TBil,  ALB,  prealbumin,
cholinesterase (CHE), gamma-glutamyl transpeptidase, PTA, INR, white blood cell
count, platelet (PLT), serum sodium (Na+), blood urea nitrogen (BUN), creatinine
(Cr),  and  HBV DNA levels  were  obtained  within  24  h  of  the  first  diagnosis.  In
addition,  the  model  for  end-stage  liver  disease  (MELD)  score  was  calculated
according to the following formula: MELD score = 3.78 × ln[TBil (mg/dL)] + 11.2 ×
ln(INR) + 9.57 × ln[Cr (mg/dL)] + 6.43 × (constant for liver disease etiology = 0, if
cholestatic or alcoholic, otherwise = 1). The AE model was calculated as R = -13.323 +
0.553 × log HBV DNA (copies/mL) + 3.631 × INR + 0.053 × age (years)[19].
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Figure 1

Figure 1  Outline of the screening and case selection protocol. ACLF: Acute-on-chronic liver failure; ALT: Alanine
aminotransferase; CHB: Chronic hepatitis B; HAV: Hepatitis A virus; HBsAg: Hepatitis B surface antigen; HCV:
Hepatitis C virus; HD: Hepatic decompensation; HEV: Hepatitis E virus; LC: Liver cirrhosis; PTA: Prothrombin activity;
SAE: Severe acute exacerbation; TBil: Total bilirubin; ULN: Upper limit of normal.

Ethics statement
The protocol conformed to the provisions of the Declaration of Helsinki and was
approved by  the  Human Ethical  Committee  of  the  Affiliated  Hospital  of  Zunyi
Medical University. All patients were informed of the use of their data in writing for
clinical research purposes and accepted.

Statistical analysis
Statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY,
United  States)  and MedCalc®  15.8  (MedCalc  Software  BVBA,  Ostend,  Belgium).
Patient characteristics were compared between patients with and without HD or
ACLF. χ2 tests, t-tests, and Mann–Whitney U tests were used for categorical variables,
variables with normal distribution, and variables with a non-normal distribution,
respectively. Univariate and multivariate analyses were performed using logistic
regression analysis. The predictive values of our previously established AE model in
patients with SAE and the MELD score were evaluated by the receiver operating
characteristic (ROC) curve and the area under the ROC curve (AUROC). To identify
the optimal cut-off point for each model, the Youden index was used. The cut-off
sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were calculated. P < 0.05 was considered statistically significant.

RESULTS

Patient characteristics
A total of 164 patients (mean age: 39.8 ± 11.1 years, 143 men and 21 women) were
enrolled in the study. In all, 101 (61.6%) patients were HBeAg-positive and 83 (50.6%)
had LC. Further,  43 (26.2%) patients had progression to HD without developing
ACLF, and 29 (17.7%) patients had progression to ACLF within 28 d of admission.
After admission of patients with SAE, the mean duration for development of HD and
ACLF was 9.6 d (1-18 d) and 10.5 d (2-21 d), respectively. Thirteen (44.8%) patients
with ACLF died during the 3 mo of follow-up. The other 92 patients (mean age: 36.6 ±
9.4 years, 82 men and 10 women) did not progress to HD or ACLF.

Difference in baseline characteristics between patients with and without post-
admission progression to HD or ACLF
By comparing the baseline clinical characteristics and laboratory findings in patients
with  and  without  post-admission  progression  to  HD,  we  found  that  among  43
patients who had progression to HD, 42 (97.7%) had LC on admission. However,
among  the  92  patients  without  progression  to  HD,  only  20  (21.7%)  had  LC  on
admission. Further details on comparisons between baseline characteristics of patients
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with and without post-admission progression to HD and ACLF can be found in
Tables 1 and 2, respectively.

Risk factors related to the progression of HD in patients with SAE
Among 135 patients without progression to ACLF, 43 had progression to HD. Forty-
two patients developed ascites and one patient developed EVB. As shown in Table 3,
older age of patients; LC; lower serum levels of ALB, ALT, AST, CHE, PLT; and a
higher  serum level  of  BUN were  found as  the  risk  factors  associated with  post-
admission HD in univariate logistic regression analysis. The independent risk factors
associated with progressing to HD were LC and lower ALT level.

Risk factors related to the development of ACLF in patients with SAE
In the 29 patients who had progression to ACLF within 28 d after admission, 21 had
LC on admission. As shown in Table 4, the risk factors associated with post-admission
progression to ACLF were being complicated with LC, higher MELD score, higher
serum levels of HBV DNA and AST, and lower serum level of PTA. The independent
risk factors associated with progression to ACLF included higher MELD score, higher
AST level, and lower PTA level.

Prediction of progression to ACLF in patients with SAE
To test the predictive value of the AE model in patients with SAE, we compared the
ROC curve and AUROC of the AE model with those of the MELD score. As shown in
Figure 2, the performance of the AE model [AUROC = 0.844, 95% confidence interval
(CI): 0.779-0.896] was significantly better than that of the MELD score (AUROC =
0.690, 95%CI: 0.613-0.760, P < 0.05) in predicting the post-admission progression to
ACLF. With a cut-off of -2.085, the AE model had a higher sensitivity (89.6%) and
NPV (99.6%) than the MELD score at the cut-off value of 19.92 (55.2% and 89.3%,
respectively). However, the specificity (62.2%) and PPV (33.8%) of the AE model were
lower than those of the MELD score (80.2% and 38.1%, respectively).

DISCUSSION
The precipitating factors and pathogenesis of AE or SAE are different in patients with
compensated liver diseases and decompensated LC[23,24].  Worsening of underlying
chronic  liver  disease  is  the  most  common precipitating  factor  for  AE or  SAE in
patients with compensated liver diseases[13].  However, in decompensated LC, the
occurrence of AE or SAE and progression to liver failure are mostly triggered by
complications  including  bacterial  infection,  renal  function  impairment,  and
gastrointestinal bleeding[25,26]. In this study, we excluded patients with SAE induced by
other hepadnavirus infection and bacterial infection. We also excluded patients with
decompensated LC; therefore, SAE in patients of this study mostly resulted from HBV
reactivation.  This  group of  patients  exhibited similar  clinical  characteristics  and
pathogenesis  of  SAE[3],  thus  enabling  the  identification  of  common  risk  factors
associated with progression to HD and ACLF. As far as we know, this is the largest
study cohort in an investigation of this condition.

We included patients with SAE of chronic HBV infection with ALT > 10 × ULN,
TBil ≥ 3 × ULN, and PTA of 40%-60%%. Forty-three (26.2%) patients had progression
to HD and 29 (17.7%) patients had progression to ACLF within 28 d of admission.
Therefore, the patients in this study had more serious liver injury than patients with
AE as previously reported (only 7.59% of patients had progression to ACLF)[19]. We
found that LC was an independent risk factor associated with progression to both HD
and ACLF, while high MELD score, high AST, and low PTA were independent risk
factors associated with progression to ACLF.

Several risk factors for post-admission development of ACLF in patients with SAE
were different from those in patients with AE. In our previous study, LC was not an
independent factor associated with the development of ACLF in patients with AE[19].
In  this  study,  however,  LC  was  an  independent  risk  factor  for  post-admission
progression of both HD and ACLF in patients with SAE. It is generally considered
that in patients with chronic HBV infection, total liver injury consists of acute and
chronic liver injury during AE or SAE[6,15]. Therefore, when the degree of acute liver
injury reaches a certain limit, LC may be the determining factor for the outcomes
during hepatitis flare. However, it is still unclear at what degree of acute liver injury
the compensated LC may have a significant effect on the outcome of patients with
chronic HBV infection. Contradictory results have been reported in previous studies,
likely attributable to high heterogeneity in the degrees of liver injury and etiologies of
study subjects[20,27-29]. Our results are the first to demonstrate that in patients with SAE
of  chronic  HBV  infection,  compensated  LC  plays  a  determining  role  in  the
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Table 1  Baseline characteristics of patients with and without post-admission progression to hepatic decompensation

Variable Total (n = 135)
Patients

P-value
Without progression to HD (n = 92) With progression

to HD (n = 43)

Males 120 (88.9) 82 (88.2) 38 (90.5) 0.7771

Age (yr) 39.1 ± 10.6 36.6 ± 9.4 44.6 ± 11.2 0.0002

LC 62 (45.9) 20 (21.7) 42 (97.7) 0.0001

HBeAg–positive 53 (39.3) 38 (40.9) 15 (35.7) 0.3551

log HBV DNA (copies/mL) 6.7 (5.6, 7.5) 6.9 (5.9, 7.5) 6.3 (4.2, 7.2) 0.0443

Na+ (mmol/L) 137.0 ± 2.9 136.9 ± 3.0 136.9 ± 2.8 0.9272

ALT (IU/L) 680.0 (421.0, 1191.0) 838.0 (495.5, 1333.5) 469.0 (265.5, 725.5) 0.0003

AST (IU/L) 592.0 (313.0, 980.0) 636.0 (369.0, 1212.5) 502.5 (268.5, 760.0) 0.0223

GGT (IU/L) 145.0 (108.0, 223.0) 145.0 (110.5, 221.5) 145.5 (94.5, 225.0) 0.8453

CHE (IU/L) 3.9 ± 1.5 4.3 ± 1.4 3.2 ± 1.4 0.0002

TBil (μmol/L) 174.1 (96.1, 288.7) 153.7 (93.9, 283.5) 160.7 (88.8, 250.5) 0.9323

ALB (g/L) 33.6 ± 4.9 34.4 ± 4.2 31.6 ± 5.2 0.0012

PA (mg/L) 48.0 (35.0, 69.0) 54.4 ± 25.4 49.4 ± 30.5 0.3293

BUN (mmol/L) 3.9 (3.0, 4.6) 3.8 (2.9, 4.4) 4.5(3.3, 4.4) 0.0103

Cr (μmol/L) 74.0 (67.0, 83.0) 74.0 (67.0, 84.0) 73.0 (66.3, 82.0) 0.5573

INR 1.46 ± 0.18 1.45 ± 0.18 1.47 ± 0.16 0.5102

PTA (%) 51.9 ± 5.5 51.6 ± 5.5 52.9 ± 5.5 0.2082

WBC (109/L) 5.2 (3.18, 6.7) 5.4 (3.9, 6.5) 4.7 (3.8, 7.5) 0.6133

PLT (109/L) 120.2 ± 49.1 128.9 ± 49.5 100.9 ± 42.8 0.0022

MELD 17.5 ± 3.8 17.5 ± 3.9 17.3 ± 3.7 0.8302

Data are presented as the mean ± SD, n (%), or median (interquartile range).
1Chi-square test results;
2t-test results;
3U test results. P-value: Patients with post-admission progression to hepatic decompensation vs patients without post-admission progression. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; Cr: Creatinine; GGT: Glutamine transpeptidase; HBeAg:
Hepatitis B e-antigen; HD: Hepatic decompensation; INR: International standardization ratio; LC: Liver cirrhosis; MELD: Model for end-stage liver disease;
Na+: Sodium; PA: Prealbumin; PLT: Platelet; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

development of both HD and ACLF.
Another differing result from our previous study in patients with AE was that HBV

DNA was not an independent risk factor for progression to ACLF in patients with
SAE of chronic HBV infection, although high HBV DNA level was one of the risk
factors for progression to ACLF in the univariate analysis. Numerous studies have
found that the occurrence of HCC and LC is closely correlated with high HBV DNA
levels in patients with chronic HBV infection[30]. However, whether the short-term
outcomes in patients with AE of chronic HBV infection are also influenced by HBV
DNA levels remains unclear[20,21,31]. In patients with AE, it has been suggested that high
HBV  DNA  levels  might  indicate  an  active  immune  attack  of  hepatocytes  and
ineffective inhibition of HBV DNA replication, resulting in prolonged liver injury, and
patients may eventually progress to ACLF[3,32,33]. In a previous study, we found that
HBV DNA was an independent risk factor for post-admission progression to ACLF in
patients with AE[19]. Jeng et al[34] also found that in patients with AE, while TBil, PTA,
and HBV DNA levels were risk factors, HBV DNA level was the only independent
risk factor for HD. A high HBV DNA level of 1.55 × 109 copies/mL was predictive of
HD. However, other studies found no relationship between baseline HBV DNA and
AE severity or mortality of patients with AE[20,32,35,36]. Our results showing that HBV
DNA played differing roles in the outcomes of patients with AE and SAE suggest that
the influence of HBV DNA is dependent on the degree or stage of hepatitis flare.
Patients with more severe liver injury are usually at a later stage during AE or SAE, as
at this stage the deleterious role of HBV DNA may be masked by other risk factors.
Hsu et al also found that in patients with SAE (defined as TBil level > 2 mg/dL and PT
prolongation by more than 3 s, or with ascites/hepatic encephalopathy) of chronic
HBV infection, the mortality of patients was mainly determined by the pronounced
coagulopathy; only in patients with INR ≤ 1.7, HBV DNA level was the risk factor for
mortality[17].
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Table 2  Baseline characteristics of patients with and without post-admission progression to acute-on-chronic liver failure

Variable Total (n = 164)
Patients

P-valueWithout progression to ACLF 
(n = 135)

With progression
to ACLF (n = 29)

Males 143 (87.2) 120 (88.9) 23 (79.3) 0.2161

Age (yr) 39.8 ± 10.1 39.1 ± 10.6 43.1 ± 11.1 0.0662

LC 83 (50.6) 62 (45.9) 21 (72.4) 0.0131

HBeAg–positive 101 (61.6) 82 (60.7) 19 (65.5) 0.6791

log HBV DNA
(copies/mL)

6.7 (5.6, 7.5) 6.7 (5.5, 7.5) 7.1 (6.4, 7.7) 0.0383

Na+ (mmol/L) 137.0 ± 2.9 137.1 ± 2.7 137.7 ± 2.9 0.8282

ALT (IU/L) 724.5 (441.5, 1227.6) 680.0 (421.0, 1191.0) 833.0 (532.0, 1770.0) 0.0563

AST (IU/L) 628.0 (330.3, 1101.0) 592.0 (313.0, 980.0) 779.0 (426.5, 1411.0) 0.0413

GGT (IU/L) 139.5 (99.0, 210.8) 145.0 (108.0, 223.0) 111.0 (84.5, 162.5) 0.0493

CHE (IU/L) 4.0 ± 1.5 3.9 ± 1.5 4.1 ± 1.5 0.5332

TBil (μmol/L) 174.1 (96.1, 288.7) 155.1 (93.6, 272.9) 211.7 (147.3, 340.9) 0.0383

ALB (g/L) 33.5 ± 4.8 33.6 ± 4.8 33.3 ± 5.5 0.7852

PA (mg/L) 46.0 (31.3, 67.0) 48.0 (35.0, 69.0) 42.0 (26.5, 51.5) 0.0413

BUN (mmol/) 3.9 (3.0, 4.6) 3.9 (3.0, 4.6) 3.8 (3.2, 4.4) 0.9233

Cr (μmol/L) 73.0 (66.0, 82.0) 74.0 (67.0, 83.0) 71.0 (63.0, 77.5) 0.0773

INR 1.50 ± 0.21 1.46 ± 0.18 1.72 ± 0.24 0.0002

PTA (%) 51.1 (45.8, 55.8) 52.5 (48.1, 57.0) 44.0 (41.0, 47.8) 0.0003

WBC (109/L) 5.4 (3.9, 6.8) 5.2 (3.18, 6.7) 5.7 (4.4, 6.8) 0.2073

PLT (109/L) 118.9 ± 47.8 120.2 ± 49.1 112.5 ± 41.5 0.4332

MELD 17.9 ± 3.8 17.5 ± 3.8 19.8 ± 3.1 0.0032

Data are presented as the mean ± SD, n (%), or median (interquartile range).
1Chi-square test results;
2t-test results;
3U test results. P-value: Patients with post-admission progression to acute-on-chronic liver failure vs patients without post-admission progression. ACLF:
Acute-on-chronic liver failure; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; Cr: Creatinine;
GGT: Glutamine transpeptidase; INR: International standardization ratio; LC: Liver cirrhosis; MELD: Model for end-stage liver disease; Na+: Sodium; PA:
Prealbumin; PLT: Platelet; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

Contrary to a higher HBV DNA level in patients who showed progression to ACLF,
patients with progression of HD had a lower baseline HBV DNA level than those
without progression to HD. Given that almost all patients with progression to HD had
LC at baseline and previous studies have found that patients with LC had a lower
HBV DNA level than those without[22], we considered that the high proportion of LC
in patients with progression to HD resulted in a lower HBV DNA level than in those
without progression to HD. Another interesting finding was that low ALT level was
an independent risk factor for progression to HD. It is difficult to explain this result.
ALT level  reflects  the degree of  hepatocyte necrosis  resulting from acute injury;
further, we defined patients with SAE as having PTA between 40% and 60%, which
reflects the total degree of liver injury. Therefore, low ALT levels in a patient may
indicate a high degree of liver fibrosis. Our results suggest that the degree of liver
fibrosis determines the development of HD in patients with compensated LC.

There  is  currently  no  predictive  model  for  predicting  the  post-admission
progression of ACLF in patients with SAE of chronic HBV infection. The MELD score
is commonly used to assess liver disease severity[37]. It remains unknown whether the
MELD score and AE model can predict the post-admission progression of ACLF in
patients  with  SAE.  In  our  study,  although  MELD  score  was  a  risk  factor  for
progression to ACLF, the AUROC of MELD was < 0.7, indicating that the predictive
value of MELD was low in patients with SAE. On the other hand, the AE model
which  did  not  include  MELD  score  performed  satisfactorily  in  predicting  the
occurrence of ACLF in patients with SAE of CHB. This result is difficult to explain.
Because  the  AE  model  was  established  from  patients  with  AE  of  chronic  HBV
infection,  our  result  suggested  that  patients  with  AE  and  SAE  had  similar
pathogenesis of progression to ACLF.

Our study was a retrospective, single-center study and has several limitations. First,
we  only  studied  patients’  baseline  clinical  characteristics.  We  were  not  able  to
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Table 3  Univariate and multivariate analyses of risk factors associated with post-admission
progression to hepatic decompensation

Variable
Univariate analysis Multivariate analysis

Β OR 95%CI P-value β OR 95%CI P-value

Age 0.077 1.080 1.038-1.123 0.000

HBV DNA -0.276 0.759 0.587-0.981 0.035

ALT -0.002 0.998 0.997-0.999 0.000 -0.003 0.997 0.995-1.000 0.038

AST -0.001 0.999 0.998-1.000 0.015

CHE -0.599 0.549 0.405-0.744 0.000

ALB -0.140 0.869 0.796-0.948 0.002

BUN 0.238 1.268 1.029-1.563 0.026

PLT -0.014 0.986 0.977-0.995 0.003

LC 5.019 151.2 19.6-1167.6 0.000 5.040 154.5 16.2-1469.0 0.000

CI: Confidence interval; OR: Odds ratio; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; HD: Hepatic decompensation; MELD: Model
for end-stage liver disease; PLT: Platelet.

evaluate  the predictive role  of  dynamic changes in HBV DNA as the short  term
changes in HBV DNA were not routinely measured in clinical practice. Although a
few studies found that viral kinetics can predict the severity of AE in patients with
CHB[32], a recent study showed that in patients with spontaneous SAE of CHB, either
lamivudine or entecavir could induce a rapid decline of HBV viral load[38]. Second, the
patients in this study were admitted from January 2011 to August 2018; although all
patients  received standard conservative  therapy upon admission,  the  treatment
methods may be different among the patients with SAE before admission. In addition,
we  did  not  detect  HBV  genotypes  and  HBV  DNA  mutation  in  most  patients;
therefore, we did not include these indicators in our study. To further elucidate the
risk factors related to the development of ACLF in patients with SAE of chronic HBV
infection, a prospective study involving more patients is needed.
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Table 4  Univariate and multivariate analyses of risk factors associated with post-admission progression to acute-on-chronic liver failure

Variable
Univariate analysis Multivariate analysis

Β OR 95%CI P-value β OR 95%CI P-value

MELD 0.161 1.175 1.049-1.315 0.005 0.184 1.202 1.033-1.398 0.017

HBV DNA 0.380 1.463 1.018-2.101 0.040

AST 0.001 1.001 1.000-1.002 0.013 0.001 1.001 1.000-1.002 0.021

PTA -0.252 0.777 0.704-0.858 0.000 -0.257 0.758 0.672-855 0.000

LC 1.128 3.091 1.280-7.465 0.012 2.125 8.369 2.389-29.322 0.001

ACLF: Acute-on-chronic liver failure; CI: Confidence interval; OR: Odds ratio; AST: Aspartate aminotransferase; LC: Liver cirrhosis; MELD: Model for end-
stage liver disease; PTA: Prothrombin activity.

Figure 2

Figure 2  The area under the receiver operating characteristic curves of the AE model and model for end-stage liver disease for patients with severe acute
exacerbation. AE model: The predictive model in the patients with acute exacerbation; MELD: Model for end-stage liver disease.

ARTICLE HIGHLIGHTS
Research background
The prognosis of patients with acute-on-chronic liver failure (ACLF) largely depends on early
diagnosis and treatment. Patients with acute exacerbation (AE) or severe AE (SAE) of chronic
hepatitis  B  virus  (HBV)  infection  have  a  high  tendency  to  further  progress  to  hepatic
decompensation (HD) and ACLF.  Therefore,  it  is  important  to  identify the risk factors  for
progression to HD and ACLF in patients with SAE of chronic HBV infection.

Research motivation
In a previous study, we have found that baseline age, HBV DNA, and international normalized
ratio levels were independent factors associated with the development of ACLF in patients with
AE of chronic HBV infection. Patients with AE or SAE have different degrees of liver injury, and
it remains to be elucidated whether the risk factors for progression to ACLF are similar among
these patients.

Research objectives
To identify risk factors related to progression to HD and ACLF in compensated patients with
SAE of chronic HBV infection.

Research methods
The  baseline  characteristics  of  164  patients  with  SAE  of  chronic  HBV  infection  were
retrospectively reviewed. Independent risk factors associated with progression to HD and ACLF
were identified.

Research results
Independent risk factors associated with progression to HD were liver cirrhosis (LC) and low
alanine aminotransferase (ALT). Independent risk factors for progression to ACLF were LC, high
MELD score, high aspartate aminotransferase (AST) levels, and low prothrombin activity (PTA).
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Research conclusions
Our results are the first to demonstrate that in patients with SAE of chronic HBV infection,
compensated LC plays a determining role in the development of both HD and ACLF. High
MELD score, high AST, and low PTA are associated with progression to ACLF.

Research perspectives
We found that liver cirrhosis is an independent risk factor for progression to both HD and ACLF.
High  model  for  end-stage  liver  disease  score,  high  aspartate  aminotransferase,  and  low
prothrombin activity are associated with progression to ACLF.
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