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BACKGROUND: Plasma exchange (PE)-centered artificial 
liver support system reduced the high mortality rate of hepa-
titis B virus (HBV)-related acute-on-chronic liver failure 
(ACLF). But the data were diverse in different medical centers. 
The present prospective nationwide study was to evaluate the 
effects of PE on patients with HBV-ACLF at different stages. 

METHODS: From December 2009 to December 2011, we eval-
uated 250 patients at different stages of HBV-ACLF from 10 
major medical centers in China. All the laboratory parameters 
were collected at admission, before and after PE.

RESULTS: Among the 250 patients who underwent 661 
rounds of PE, one-month survival rate was 61.6%; 141 (56.4%) 
showed improvement after PE. Variables such as age (P=0.000), 
levels of total bilirubin (TB, P=0.000), direct bilirubin 
(P=0.000), total triglycerides (P=0.000), low-density lipoprotein 
(P=0.022), Na+ (P=0.014), Cl– (P=0.038), creatinine (Cr, P=0.007), 
fibrinogen (P=0.000), prothrombin time (PT, P=0.000), white 
blood cell (P=0.000), platelet (P=0.003) and MELD (P=0.000) 
were significantly related to prognosis. Multivariate logistic 
regression analysis showed that age, disease stage, TB, Cr and 
PT levels were independent risk factors of mortality among 
HBV-ACLF patients.

CONCLUSIONS: PE can improve the clinical outcome of pa-
tients with HBV-ACLF. Levels of TB, Cr and PT, age and disease 
stage help to predict prognosis.

(Hepatobiliary Pancreat Dis Int 2016;15:275-281)
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Introduction

Hepatitis B virus (HBV) has a high prevalence 
rate worldwide; an estimated more than two 
billion people were infected and approximately 

400 million individuals had chronic HBV infection. In 
China, acute exacerbation of chronic HBV is the most 
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common cause of acute-on-chronic liver failure (ACLF); 
the main etiologies in Western countries are drugs, alco-
hol, and hepatitis C.[1] Although the liver is scarred and 
distorted in compensated stage, it still performs many 
important functions such as synthesis, detoxification, ex-
cretion, biotransformation, etc. When insulted, the hepa-
tocytes show necrosis underlying the original pathologic 
damage and that liver failure occurs. Patients with liver 
failure manifest as coagulopathy, jaundice, hepatic en-
cephalopathy (HE), and ascites. Despite recent progress 
in antiviral therapy, liver failure remains a therapeutic 
challenge with a high mortality rate.[2, 3] Liver transplan-
tation, the only effective treatment, is hampered by the 
shortage of organs[4, 5] and the high frequency of con-
comitant conditions that contraindicate the procedure. 
Artificial liver support system (ALSS), which originated 
from concept of hepatocyte regeneration, is an effective 
alternative treatment for liver failure. ALSS temporarily 
eliminates toxic substances and replaces the failed liver 
with an environment for the regeneration of hepatocytes 
or an environment that enables the patients to wait for 
liver transplantation.[6]

Many types of extracorporeal blood purification 
systems, including plasma exchange (PE), continuous 
hemodiafiltration, and molecular adsorbent recirculat-
ing system (MARS), have been used in the treatment of 
liver failure.[7-9] In China, PE has been used as the main 
technique in patients suffering from liver failure for ap-
proximately 20 years.[10] In liver failure, a wide range of 
potentially toxic substances, including bilirubin, bile 
acid, short chain fatty acids, aromatic amino acids, cy-
tokines, and ammonia, accumulate in the systemic cir-
culation and are involved in multi-organ complications. 
Most of these toxins are bound to protein, especially 
to albumin (ALB).[11, 12]  The most direct method to 
remove toxic substances is PE, where the toxic plasma 
is replaced with fresh normal plasma. PE also removes 
stimulatory factors released because of liver injury that 
are responsible for the increase of complications. Many 
studies have shown that PE reduces mortality,[1, 13] and 
recently the open, prospective, randomized, controlled 
study carried out by Larsen et al found that exchange of 
plasma in acute liver failure (ALF) patients with fresh 
frozen plasma increases transplant-free survival after 
3 months.[14] However, no multicenter study in China 
with a large sample size has been carried out. The pres-
ent prospective multicenter study was to evaluate the 
effect of PE on patients with HBV-ACLF.

Methods
Ethics statement

The research protocol was approved by the Human Eth-

ics Committee of the First Affiliated Hospital, Zhejiang 
University School of Medicine, and all enrolled partici-
pants signed a written informed consent to participate in 
the study. Data were entered in duplicate a computerized 
database and analyzed anonymously.

Patients

Data of all the patients were recorded using case re-
port forms, and medical monitors with source documen-
tation were used for verifying the accuracy of the data 
collected. Consecutive patients diagnosed with HBV-
ACLF were included. Eligible patients were from 10 hos-
pitals from December 1, 2009 to December 31, 2011. The 
follow-up period for enrolled patients was one month 
after diagnosis of ACLF. All patients received antiviral 
treatment and complication treatment in the intensive 
care unit (ICU). Other conventional treatments included 
energy supplements, electrolyte maintenance and acid 
base equilibrium.

Inclusion and exclusion criteria

HBV-ACLF was diagnosed according to the Guide-
lines for Diagnosis and Treatment of Liver Failure in 
China (2006).[15] The inclusion criteria are: (1) age rang-
ing from 18 to 65 years; (2) acute deterioration of preex-
isting chronic hepatitis B; (3) extreme fatigue with severe 
digestive symptoms such as obvious anorexia, abdominal 
distension, or nausea and vomiting; (4) progressively 
worsening jaundice within a short period of time [serum 
total bilirubin (TB) level ≥171 µmol/L or a daily eleva-
tion of ≥17.1 µmol/L]; (5) an obvious hemorrhagic ten-
dency with prothrombin activity (PTA) ≤40%.

The exclusion criteria are: co-existed hepatitis with 
other causes, alcohol abuse, uncontrolled diabetes and 
heart diseases, malignancy and previous liver transplan-
tation.

Definition and staging of ACLF

According to the Guidelines for Diagnosis and Treat-
ment of Liver Failure in China (2006),[15] ACLF can be 
classified into early, middle, and end stages based on the 
severity of clinical manifestations. Early stage is defined 
as a progressively deepening jaundice (TB level ≥171 
µmol/L or a daily increase of ≥17.1 µmol/L),  PTA >30% 
but ≤40%, and no HE or other complications. Middle-
stage disease represents progression of the symptoms of 
the early stage, including one of the following symptoms: 
grades I/II HE, ascites, or a PTA of >20% but ≤30%. In 
the end-stage disease, the condition deteriorates further 
with a PTA of ≤20% and includes one of the following 
symptoms: hepatic-renal syndrome, severe upper gastro-
intestinal bleeding, serious infection, and grades III/IV HE.
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Unified PE treatment

Circulatory access was established through a double 
lumen catheter via the patient’s femoral vein. The total 
exchanged plasma volume was 2500-3500 mL, and the 
PE rate was 20-25 mL/min. Fresh-frozen plasma (FFP) 
was supplied by the Blood Center. Dexamethasone (5 mg) 
and heparin (2500 U) were injected routinely before PE. 
Heparin was neutralized at the end of PE by an injection 
of 20-50 mg protamine sulfate. PE was repeated every 
2-4 days. The criteria for discontinuing PE were as follows: 
(1) the overall improvement in the patient’s status and 
TB level <200 µmol/L or (2) conditions such as bleed-
ing and circulatory abnormalities that did not allow PE 
implementation.

Data collection

All the laboratory data were collected at hospital 
admission, before and after PE. Data included patient 
demographics, stage of liver failure, number of rounds 
of PE, and laboratory parameters, including HBV DNA 
viral load, levels of total protein (TP), ALB, TB, direct 
bilirubin (DB), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP), 
total triglyceride (TG), total cholesterol (TC), low-den-
sity lipoprotein (LDL), high-density lipoprotein (HDL), 
potassium (K+), sodium (Na+), chlorine (Cl–), glucose 
(Glu), fibrinogen (Fib), prothrombin time (PT), PTA, 
creatinine (Cr), hemoglobin (Hb), red blood cell count 
(RBC), white blood cell count (WBC), and platelet count 
(PLT).

PTA was calculated according to the formula:[16] 
R=(11.5×0.4)/(PT-11.5×0.6). Model for End-stage Liver 
Disease (MELD) scores were calculated according to the 
Malinchoc formula[16]: R=9.57×ln (Cr [mg/dL])+3.78×
ln (bilirubin [mg/dL])+11.2×ln (INR)+6.43×1.

Therapeutic efficacy evaluation

Improvement at the end of study was defined accord-
ing to guidelines for the non-bioartificial liver support 
system in the treatment of liver failure[17] that included 
a reduction in TB levels to <5 times of the normal level 
(85.5 µmol/L) and PTA >40%.

The patient’s condition was considered to have dete-
riorated at the end of the study if the TB level was equal 
or higher than that at admission, or no improvement in 
PTA was observed or the patient was dead.

Statistical analysis

Continuous variables were compared using the 
Mann-Whitney U test, and categorical data were com-
pared using the Chi-square test. Groups were compared 
using one-way ANOVA. P values <0.05 were considered 

statistically significant. Logistic regression was performed 
to identify risk factors associated with survival rate in 
patients with ACLF. Variables which had significant differ-
ence were included in the multivariate analysis. A software 
program (SPSS16.0) was used for the statistical analysis.

Results
A total of 630 patients received artificial liver support treat-
ment, among which we identified 250 patients qualified 
for further analysis, including 221 males and 29 females. 
There was no difference in the distribution of age and 
gender among three stages. The selected patients under-
went 661 rounds of PE: 52 patients were in the early stage 
and underwent 126 rounds of PE; 99 in the middle stage 
underwent 254 rounds of PE; and 99 in the end stage un-
derwent 281 rounds of PE. Patients with end-stage disease 
had a significantly worse prognosis with PE treatment 
than those in the middle and early stages (P<0.01). 

There was no difference in the serum concentra-
tions of TP, DB, TB, ALP, TC, LDL, HDL, Cr, electrolyte, 
Glu and in blood cell counts at the baseline among the 
patients in different stages. The HBV-DNA viral load 
at the baseline showed significant difference among 
the patients in different stages (P=0.003). ALB levels 
were higher in the early stage than those in the middle 
(P=0.009) and end stages (P=0.002). However, there was 
no significant difference in ALB concentration between 
the patients in the middle and end stages. ALT levels were 
higher in the patients in the end-stage than those in the 
early stage (P=0.021), but there was no significant differ-
ence between the patients in early and middle stages or 
between end and middle stages. AST levels were higher 
in the patients in the end stage than those in the early 
(P=0.02) and middle (P=0.012) stages, but there was no 
significant difference between early and middle stages. 
TG levels were lower in patients in the end-stage disease 
than those in early (P=0.003) and middle (P=0.002) 
stages. However, there were no significant differences in 
TG level between the patients in middle and early stage 
diseases. MELD scores increased significantly with the 
severity of the ACLF stage (P=0.000) while the concen-
tration of Fib decreased (P=0.012).

Therapeutic effect of PE

Forty-two of the 52 (80.8%) patients in the early 
stage, seventy-five of the 99 (75.8%) patients in the 
middle stage and thirty-seven of the 99 (37.4%) patients 
in the end stage survived for one month after diagnosis. 
The overall one-month survival rate was 61.6%. The im-
provement rates of the early, middle and end stages were 
75.0% (39/52), 69.7% (69/99), 33.3% (33/99), respec-
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Table 1. Laboratory parameters before and after PE according to the stage of HBV-ACLF (n=661)

Parameters
Early stage (n=126) Middle stage (n=254) End stage (n=281)

Before PE After PE P value Before PE After PE P value Before PE After PE P value

TP (g/L)   59.9±7.0   59.2±5.6 0.078   62.4±7.7   60.5±6.1 0.027   61.8±7.4   59.8±9.2 0.532

ALB (g/L)   32.8±5.4   34.3±6.3 0.427   31.8±7.3   32.8±3.6 0.028   31.6±5.4   32.7±4.0 0.000
TB (µmol/L) 420.2±148.9 244.0±103.4 0.002 418.7±226.0 237.7±110.0 0.000 407.9±151.3 241.6±115.1 0.000
DB (µmol/L) 249.5±104.6 146.8±71.6 0.024 218.7±87.1 132.9±60.5 0.000 210.9±87.9 123.8±66.3 0.000
ALT (U/L) 166.2±314.1   73.4±74.1 0.000 178.9±243.5   94.4±138.8 0.000 235.1±351.1 107.5±148.5 0.000
AST (U/L) 152.5±194.9   69.3±44.0 0.000 159.9±130.9   97.3±74.1 0.000 196.0±300.0   91.2±99.5 0.000
ALP (U/L) 131.0±41.3 117.4±109.8 0.742 132.1±43.1 110.4±29.6 0.000 125.3±41.4 101.7±27.0 0.000
TG (mmol/L)     1.3±0.7     1.3±0.6 0.862     1.3±0.6     1.4±1.4 0.184     1.0±0.8     0.8±0.6 0.092

TC (mmol/L)     3.1±1.3     7.8±5.5 0.172     3.4±3.0     4.3±1.4 0.252     3.0±1.2     4.1±1.3 0.999

LDL (mmol/L)     1.6±0.8     2.3±0.9 0.849     1.7±0.8     2.4±0.9 0.841     1.4±0.7     2.1±0.7 0.29

HDL (mmol/L)     0.7±0.5     1.0±0.6 0.796     0.8±0.5     1.1±0.5 0.454     0.7±0.4     1.0±0.4 0.147

Cr (µmol/L)   78.3±55.7   80.3±52.3 0.886   75.0±36.8   71.9±30.1 0.081   73.0±31.0   72.0±23.3 0.02
K+ (mmol/L)     4.1±0.6     4.1±0.5 0.372     4.0±0.7     4.0±0.9 0.836     4.1±0.6     4.0±0.7 0.181

Na+ (mmol/L) 132.5±12.6 136.0±4.4 0.207 132.4±9.5 134.0±4.5 0.204 132.8±4.4 134.0±4.9 0.441

Cl- (mmol/L)   97.0±8.4   97.6±5.9 0.843   96.7±7.9   96.5±5.4 0.748   98.7±5.6   98.4±6.0 0.54

Glu (mmol/L)     7.1±3.6     8.3±3.1 0.928     7.1±2.9     8.3±2.9 0.484     7.0±3.0     8.9±5.2 0.024
Hb (g/L) 114.8±22.3 101.5±20.9 0.645 113.9±20.2 102.5±20.9 0.417 116.0±19.2 102.4±18.5 0.603

RBC (×1012/L)     3.6±0.7     3.2±0.7 0.982     3.7±0.7     3.5±1.5 0.278     3.7±0.6     3.4±1.9 0.103

WBC (×109/L)     8.9±4.4     7.7±4.2 0.877     7.5±3.7     6.7±3.6 0.268     8.4±4.0     7.3±4.0 0.392

PLT (×109/L) 109.5±53.5 100.6±49.6 0.421 115.3±65.5 107.3±63.9 0.603   95.0±48.4   95.3±41.5 0.084

PT (s)   20.3±4.0   17.2±2.4 0.678   24.7±7.8   19.9±6.4 0.218   36.0±17.1   22.4±5.0 0.000
Fib (mg/L)     2.7±3.7     2.8±1.2 0.221     2.6±2.1     2.9±1.1 0.227     1.7±0.9     2.2±0.9 0.974

MELD     21±6      18±5 0.581      24±7      18±5 0.063      27±7      20±5 0.002 

TP: total protein; ALB: albumin; TB: total bilirubin; DB: direct bilirubin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: 
alkaline phosphatase; TG: total triglyceride; TC: total cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; Cr: creatinine; K+: 
potassium; Na+: sodium; Cl–: chlorine; Glu: glucose; Hb: hemoglobin; RBC: red blood cell; WBC: white blood cell; PLT: platelet count; PT: pro-
thrombin time; Fib: fibrinogen; MELD: Model for End-stage Liver Disease.

Fig. Some laboratory parameters are statistically significant between before and after PE according to the stage of HBV-ACLF. *: P<0.05, 
compared with before PE.

tively. The overall improvement rate was 56.4% (141/250). 
The levels of ALT, AST, TB and DB were reduced after PE 
therapy in the early-stage patients, and these parameters 

as well as the levels of TP, ALB and ALP were significant-
ly reduced after PE in the middle stage patients. Patients 
with end-stage disease showed significant differences be-
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tween the levels of ALB, TB, DB, ALT, AST, ALP, Glu, PT, 
and MELD scores before and after PE. Electrolyte, blood 
adipoprotein, and serum Cr levels remained the same 
after PE in the early- and middle-stages patients. PT and 
Cr levels were reduced after PE in the end-stage patients. 
Routine blood tests showed no difference in WBC or PLT 
count before and after PE at each stage (Table 1 and Fig.).

Factors affecting prognosis of HBV-ACLF patients 
with PE 

The Mann-Whitney U test of admission parameters 
showed that age (P=0.000), TB (P=0.000), DB (P=0.000), 
TG (P=0.000), LDL (P=0.022), Na+ (P=0.014), Cl– 
(P=0.038), Cr (P=0.007), Fib (P=0.000), PT (P=0.000), 
WBC (P=0.000), PLT (P=0.003) and MELD score 
(P=0.000) had a significant relationship with prognosis. 
There was no difference of HBV-DNA viral load between 
improvement and deterioration groups (P=0.087). Lo-
gistical regression results showed that the decreases of 
TB (P=0.013), Cr levels (P=0.004), and PT (P=0.000) 
after PE were significant prognostic factors for improve-
ment of patients with HBV-ACLF. Longer PT and higher 
TB levels indicated a significantly worse prognosis. When 
disease stage was taken into consideration, logical regres-
sion analysis identified stage (P=0.000), age (P=0.002), 
TB levels (P=0.012), and Cr levels (P=0.021) as indepen-
dent prognostic factors (Table 2).

Discussion
In 2006, the study group of liver failure and artificial 
liver of the Society of Infectious Diseases, Chinese Medi-
cal Association published the Guidelines for Diagnosis 
and Treatment of Liver Failure in China.[15] ACLF was 
defined as a syndrome with acute or sub-acute deterio-
ration of liver function underlying chronic liver disease 
including cirrhosis. It included the clinical manifestation 
of liver function deterioration with deepening jaundice 
and hemorrhagic tendency.[15] The median mortality rate 
associated with ACLF was high and ranged from 50% to 

90%.[18] In part of patients, the traditional comprehen-
sive internal medical treatment remains ineffective.[5] 
Liver transplantation is the only effective approach in 
these patients.[19] However, the shortage of donor liver, 
the complications of immune rejection after transplan-
tation, and the high cost of treatment restrict the clini-
cal application of liver transplantation. PE, which is an 
extracorporeal procedure for plasma separation and re-
placement of equivalent amounts of substitute fluids, is 
an attractive approach for the treatment of ACLF, espe-
cially in China. Patients with ACLF treated with PE can 
avoid liver transplantation and experience a lower mor-
tality rate. The study of Larsen et al[14] also showed that 
in the patients who fulfilled criteria of ALF with poor 
prognosis but were not listed for transplantation because 
of contraindications, the survival rate demonstrated a 
significant increase after PE. In addition, PE combined 
with liver transplantation can increase the survival rate 
of patients with end-stage ACLF.[19] 

PE involves the separation of plasma from blood and 
replacement with FFP. The common pore size of a plas-
ma separator is 0.2-0.6 µm. This pore size allows passage 
of all plasma constituents, including electrolytes, ALB, 
Fib, and immunoglobulins.[20] In our study, PE helped to 
reduce serum bilirubin and liver enzyme levels at the dif-
ferent stages of the disease, but did not influence serum 
lipid and electrolyte levels. Renal dysfunction was also 
corrected in patients with end-stage ACLF. PE treatment 
also improved serum blood Glu and ALB levels, which 
function as carrier proteins and aid in maintaining bio-
logical metabolism, stabling hemodynamics, and provid-
ing energy supply. Studies on ACLF have shown that the 
mortality rate declined after PE treatment.[3, 6] Therefore, 
we found significant differences in one-month survival 
rates depending on the stage of the disease. In Chinese 
guideline of ACLF, more advanced and severe liver in-
jury and organ dysfunction predict worse prognosis. 
Although there was controversy over the definition of 
ACLF between the European and Chinese version,[21] the 
predictive factors of prognosis are similar between the 
Chinese and European guidelines. Our study showed that 

Table 2. Multivariate logistic regression analysis of independent risk factors for the one-month survival rate of patients with HBV-ACLF 
associated with PE

Parameters at admission
 Consideration of stage Without consideration of stage

β HR (95% CI) P value β HR (95% CI) P value

Stage 1.079 2.940 (1.955-4.423) 0.000

PT 0.092 1.096 (1.057-1.137) 0.000

Age 0.042 1.043 (1.016-1.071) 0.002

TB 0.002 1.002 (1.001-1.004) 0.012 0.002 1.002 (1.000-1.004) 0.013

Cr 0.010 1.010 (1.001-1.018) 0.021 0.012 1.012 (1.057-1.137) 0.004

β: partial regression coefficient; HR: hazard ratio; CI: confidence interval; PT: prothrombin; TB: total bilirubin; Cr: creatinine.
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timely artificial liver treatment increased the one-month 
survival rate to 77.4% (117/151) in patients with early 
and middle stages HBV-ACLF. What’s more, in patients 
with the end-stage disease and multiple complications 
such as HE, hepatic-renal syndrome, spontaneous bacte-
rial peritonitis, electrolyte disorders and pulmonary in-
fection, PE could eliminate toxic substances and provide 
blood components essential for life. However, PE could 
not effectively correct electrolyte and acid-base imbal-
ance and disorder. As a result, PE can be used for only 
one-third of the patients with end-stage ACLF, and most 
of these patients require liver transplantation to prevent 
irreversible multiple organ function failure. In these 
cases, PE can only be a temporary life support which 
enables patients to transit successfully to liver transplan-
tation. Following the principles of individualized treat-
ment, we should consider the specific circumstances of 
each patient when choosing the most appropriate thera-
py. Combination with other types of artificial liver tech-
nology such as continuous hemodiafiltration and plasma 
perfusion can further improve treatment efficacy.[22]

Although PE can improve the prognosis, it should 
not be hesitated to consult the liver transplantation team. 
Furthermore, each round of PE requires a large volume 
of FFP, the lack of sufficient FFP will restrict treatment. 
A reasonable method of distributing plasma and adjust-
ing the overall treatment will be required for improving 
prognosis and survival rates in patients with HBV-ACLF. 
Moreover, we performed statistical analysis for obtain-
ing predictors of efficacy with artificial liver treatment 
alone. Results indicated that levels of PT, TB, and Cr at 
admission are independent prognostic factors, which are 
consistent with those reported in the literature.[23-25] In 
China, ACLF are divided into three stages according to 
the number and severity of complications and PTA. The 
advanced stages are associated with the worst coagula-
tion profile and most severe complications. Logistic re-
gression analysis of stage vs prognosis also showed that 
stage of disease is an independent predictive factor, and 
that prognosis is related to the function of liver and other 
organs. The later stage of ACLF has much higher mortal-
ity and requires earlier liver transplantation. Therefore, 
complications of patients at admission to hospital, such 
as infection and HE, may contribute to a poor progno-
sis[26] and thus be related to mortality. 

Our study has several limitations. First, we analyzed 
the one-month survival rate in patients with HBV-ACLF 
who underwent PE, but we did not design a cohort or 
randomized study to compare mortality between pa-
tients with and without PE. Second, although we includ-
ed concept of disease stage into the logistic regression 
analysis as an indicator of ACLF prognosis, complica-

tions that have a greater influence on mortality in liver 
failure require further detailed classification and analysis. 
Third, other potential side effects of PE, such as venous 
thrombosis by cathedral incubation or bleeding, were 
not investigated. To strengthen the overall homogeneity 
of the study, further randomized controlled trials and 
multicenter training standards will be required to vali-
date the data of the present study.

In conclusion, PE may improve the clinical outcome 
of patients with HBV-ACLF, especially in early stage. 
The levels of TB, PT and Cr are independent prognostic 
factors of PE treatment for patients with HBV-ACLF. 
Furthermore, the stage of ACLF per se is an independent 
factor for prognosis. Timely transferring patients to liver 
transplantation unit may further improve the prognosis 
for those with more advanced stage of ACLF.
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