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Foreword

Acute-on-chronic liver failure (ACLF) secondary to hepatitis B virus infection is 
now recognized as an important worldwide life-threatening disease with a high 
mortality. The work described in this book by experts in the field provides important 
information to the reader on its pathogenesis, clinical manifestations and current 
and future management strategies.

The work provides important new advances in the science of HBV replication 
and the host response. With major advances in our understanding of the virology 
and immunology of HBV infection, this book gives reason for cautious optimism 
that we will soon be able to provide exciting new therapies for this disorder.

To date, with the exception of liver replacement therapy (transplantation), there 
are few therapeutic options for patients who develop ACLF secondary to 
HBV. However, advances in diagnosis as well as management strategies including 
introduction of antiviral agents and inhibitors of pro-inflammatory cytokines offer 
the hope of better short- and long-term outcomes.

The advances in the basic science of ACLF and the development of small animal 
models outlined in this book give hope that new therapeutic approaches will lead to 
the control or eradication of HBV and amelioration of inflammatory disease lessen-
ing the need for liver transplantation.

The work described in this book strongly supports that clinical research in ACLF 
should build on the findings of basic science research and be directed to carefully 
controlled studies with well-characterized cohorts of patients so that we can evalu-
ate the potential of new therapeutic approaches. The use of exciting new approaches 
detailed here will not only provide important new therapeutics but also insights into 
the mechanism of disease. The findings described in this book strongly support that 
we are approaching an exciting new era for therapy for patients with ACLF.

Toronto, ON� Gary Levy
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Preface

It is now recognized that as a consequence of chronic HBV infection, many patients 
with or without established cirrhosis will develop acute decompensation and multi-
organ failure, a syndrome known as acute-on-chronic liver failure (ACLF). Once 
patients develop ACLF, they are at high risk of death. A number of triggers includ-
ing reactivation of HBV, coinfection of hepatitis A or E virus, onset of bacterial 
infection, gastrointestinal bleeding and development of renal dysfunction can pre-
cipitate the development of ACLF in patients who have been previously stable. 
ACLF is prevalent in Asia where many patients have incubative chronic hepatitis B 
virus (HBV) infection.

For the past decade, with an increasing understanding of the disease mechanisms 
and improved general internal medications, the overall mortality has significantly 
decreased due to HBV infection-related ACLF (HBV-ACLF) in Chinese patients. 
Here we have assembled a group of hepatologists and scientists from academic 
hospitals and universities to explore the current understanding of the clinical, 
genetic, virologic and immunologic factors that contribute to ACLF. In this book of 
12 chapters, we have explored the current state of knowledge of HBV infection with 
a specific focus on the natural history and the clinical course to define important 
host and viral factors to the development of ACLF, sharing our profound experience 
and clinical procedures in early diagnosis and treatment of HBV-ACLF patients and 
its complications. All together about 2649 references have been cited, of which 754 
were since 2012. At the beginning of the book, there is a complete table of contents, 
which together with the general index makes it possible for the reader to find spe-
cific topics easily. In each chapter, there is an abstract for the reader to gain a quick 
information of the chapter. We have also used 55 coloured figures to make the illus-
trations even more visual.

We enlisted the helpful advice of friends, colleagues and senior experts to sup-
plement or confirm our own interpretations. The contacts arising from these discus-
sions have been immensely benignant to me. Here my special thanks to Prof. Gary 
Levy, Prof. Didier Samuel, Prof. Gyongyi Szabo, Prof. Lanjuan Li, Prof. Zhimeng 
Lu, Prof. Shiv Kumar Sarin, Prof. Stephen Locarnini, Prof. Xinhua Weng, Prof. 
Yuquan Wei and Prof. Hui Zhuang.
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tor manager, who gave their kind support at all times.

Wuhan, China� Qin Ning
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Introduction

This book assembles recent achievements in both basic research and clinical man-
agement in the field of hepatology, virology, and immunology. It provides up-to-
date information for clinicians who can apply the relevant knowledge to their daily 
clinical practice and for researchers who are interested in clinically orientated stud-
ies. The updated and detailed technology and state-of-the-art treatment strategies 
provided in this book serve as references for clinicians and resident physicians in 
the daily management of ACLF. The rationality and strategies for basic research as 
well as patient management in this book can also be a valuable reference for other 
fatal and end-stage liver diseases than HBV-induced ACLF.

This Volume 2 has six chapters and focuses on its diagnosis and management.
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1Clinical Manifestations and Laboratory 
Tests of AECHB and Severe Hepatitis 
(Liver Failure)

Liang Peng, Zhi-Liang Gao, Yu-Ming Wang, Deng-Ming He, 
Jin-Ming Zhao, Xue-Fan Bai, and Xiao-Jing Wang

Abstract
This chapter describes the clinical symptoms and signs of AECHB and HBV 
ACLF, classification, grading of HBV ACLF and their features, diagnostic prin-
ciples and standards in liver pathology, biochemistry, and virology of HBV 
ACLF.

	1.	 Liver failure is defined as serious damage to the liver cause by a variety of etiolo-
gies, leading to liver function disorder or even decompensation, and clinical syn-
dromes with coagulopathy, jaundice, hepatic encephalopathy, and ascites.

	2.	 Severe hepatitis B can be indicated pathologically by apparent hepatocellular 
necrosis, including extensive multifocal, confluent, bridging, sub-massive or 
massive necrosis.

	3.	 Laboratory tests during the course of severe exacerbation of chronic hepatitis B 
can reflect pathological changes and liver function in a timely manner, providing 
objective and informative reference data for evaluation of disease severity and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-94-024-1603-9_1&domain=pdf
mailto:pliang@mail.sysu.edu.cn
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treatment efficacy. Among the most important laboratory tests are those for 
prothrombin activity, international normalized ratio, and increases in total biliru-
bin concentration.

	4.	 Severe hepatitis B is associated with interactions between the virus and host fac-
tors. Detection of HBV DNA, HBV genotype, quasispecies and HBV mutation 
can provide important theoretical bases for the prevention, control or mitigation 
of the progress of severe hepatitis B.

	5.	 Noninvasive imaging modalities can be used to visualize the entire liver and 
parts of it. Measuring liver volume to evaluate liver size and liver reserve capac-
ity is regarded as important in diagnosis, surgical approach and prognostic evalu-
ation of patients with severe exacerbation of chronic hepatitis B and liver 
failure.

	6.	 Model for End-Stage Liver Disease (MELD) is the first quantitative method 
developed to assess whether a patient with liver failure requires a liver trans-
plant. The predictive value of the MELD model has been improved by the 
MELD-Na, iMELD, and MESO models. Several other valuable prognostic 
models have been developed. For example, for patients with HBV-ACLF, the 
established TPPM scoring system was found to be more predictive than MELD 
score.

1.1	 �Clinical Manifestations of Hepatitis B Aggravation 
and Severe Hepatitis (Liver Failure)

Liang Peng, ZL Huang, YY Mei and Zhi-Liang Gao

1.1.1	 �Definitions and Clinical Classifications of Severe Hepatitis 
and Liver Failure

Currently, both clinical and pathophysiological diagnoses are made of severe hepa-
titis (liver failure) in China. According to the Guideline for the Prevention and 
Treatment of Viral Hepatitis (2000), severe hepatitis is classified as acute severe 
hepatitis, subacute severe hepatitis, and chronic severe hepatitis.

Acute severe hepatitis is initially diagnosed due to acute jaundice that rapidly 
progresses to liver failure within 2 weeks. Subacute severe hepatitis can be identi-
fied in patients with acute jaundice hepatitis that progresses to liver failure any-
where from 15  days to 24  weeks. Chronic severe hepatitis often develops with 
pre-existing chronic liver diseases. The clinical manifestations of chronic severe 
hepatitis are similar to those of subacute severe hepatitis in some patients, or, in 
some patients, appear similar to decompensated cirrhosis at disease onset. The diag-
nostic criteria for severe hepatitis in China remain to be fully developed and hence 
have not been introduced internationally.

To meet the clinical requirements and standardize the diagnosis and therapy of 
liver failure, the Branch of Infectious Diseases and the Branch of Hepatology of 

L. Peng et al.
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the Chinese Medical Association invited experts in China to develop the first 
Guidelines for the Diagnosis and Therapy of Liver Failure in 2006. In those 
Guidelines, liver failure refers to severe liver damage caused by multiple factors. 
That damage to the liver results in either the severe impairment or decompensa-
tion of synthesis, detoxication, excretion, and biotransformation in the liver and 
subsequent clinical manifestations characterized by coagulation disorder, jaun-
dice, hepatic encephalopathy, and ascites. On the basis of pathological features 
and disease progression, liver failure is classified as acute liver failure (ALF), 
subacute liver failure (SALF), acute-on-chronic liver failure (ACLF), and chronic 
liver failure (CLF).

ALF is characterized by the rapid appearance of clinical manifestations. Patients 
with ALF usually develop a clinical syndrome of liver failure characterized by high-
grade hepatic encephalopathy (HE, >grade 2) within 2 weeks. Patients with SALF 
typically present with a clinical syndrome of liver failure anywhere from 15 days to 
26 weeks. Finally, ACLF refers to the acute decompensation of the liver function in 
the presence of pre-existing chronic liver diseases, and CLF refers to chronic 
decompensation of the liver function characterized by ascites or portal hyperten-
sion, coagulation disorder, and HE due to progressive liver dysfunction in the pres-
ence of hepatic cirrhosis. The published Guidelines systemically and extensively 
reflect the current status of the diagnosis and therapy of liver failure. In addition, the 
Guidelines, for the first time, focus on liver failure rather than severe hepatitis, 
which broadens our horizons and highlights practicability.

In China, acute severe hepatitis, subacute severe hepatitis, and chronic severe 
hepatitis correspond closely to ALF, SLF, and ACLF, respectively, as illustrated in 
Table  1.1. In some patients, chronic severe hepatitis is similar to CLF in other 

Table 1.1  Description and comparison of liver failure and severe hepatitis

Types of liver 
failure Definition Corresponding severe hepatitis
Acute liver 
failure

Abrupt onset of disease, 
development of liver failure 
characterized by hepatic 
encephalopathy of >grade 2 within 
2 weeks

Chronic severe hepatitis with acute onset 
in patients with acute severe hepatitis, 
HBV carriers, and chronic hepatitis B 
patients with mild liver lesions

Subacute 
liver failure

Abrupt onset of disease and 
development of clinical 
manifestations of liver failure 
between 15 days and 26 weeks

Subacute onset of chronic severe 
hepatitis in subacute severe hepatitis 
patients, HBV carriers, and chronic 
hepatitis B patients with mild liver 
lesions

Acute-on-
chronic liver 
failure

Acute decompensated liver 
function in the presence of chronic 
liver disease

Chronic severe hepatitis in the presence 
of chronic liver disease (characterized by 
chronic hepatitis and compensated 
hepatic cirrhosis)

Chronic liver 
failure

Chronic decompensated liver 
function in the presence of hepatic 
cirrhosis

Decompensated hepatic cirrhosis

HBV hepatitis B virus

1  Clinical Manifestations and Laboratory Tests of AECHB and Severe Hepatitis…
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countries. On the basis of available Guidelines for liver failure, we define severe 
hepatitis B as liver failure due to hepatitis B virus infection. CLF is the most com-
mon, and ALF and SLF are rare. Acute exacerbation of chronic hepatitis B (AECHB) 
is a dynamic process, including mild, moderate, severe chronic hepatitis B and 
chronic ACLF defined in above guidelines. The reference index of abnormality in 
laboratory examination is shown in Table 1.2.

In addition to viral replication, other factors also contribute to the pathogenesis 
of hepatitis B-induced liver failure, such as concomitant infection of other hepatitis 
viruses (especially the hepatitis E virus), immune status, pregnancy, drug and/or 
alcohol consumption, concomitant bacterial infection, mental stress, and concomi-
tant disease processes (e.g., hyperthyroidism).

1.1.2	 �Clinical Manifestations and Complications

The liver is the largest solid organ in humans and has complex functions. Hepatic 
parenchymal cells are responsible for metabolism, secretion, synthesis and biocon-
version. Factors that can cause severe damage to hepatocytes (i.e., parenchymal 
cells, Kupffer cells) may result in disorders of metabolism, secretion, synthesis, 
detoxication and immunity. In turn, that damage can lead to jaundice, liver shrink-
age, coagulation dysfunction, hemorrhage, secondary infection, hepatorenal syn-
drome, HE, and other clinical entities described in detail here.

1.1.2.1	 �Common Clinical Manifestations

General Condition
The physical condition of patients deteriorates, and affected individuals usually 
develop weakness, extreme fatigue, and a severely diminished quality of life. They 
frequently require assistance to perform basic personal needs, such washing their 
face, brushing their teeth, and using the toilet.

Gastrointestinal Manifestations
In the early stage of jaundice, in addition to developing extreme fatigue, gastrointes-
tinal symptoms become evident, including extremely poor appetite, anorexia, intol-
erance of oily foods, nausea, vomiting, abdominal discomfort, and hiccups. In the 
jaundice stage, the gastrointestinal symptoms deteriorate further. Patients can 
develop refractory vomiting, hiccups, evident abdominal distension, and reduced/
lack of borborygmus.

Table 1.2  Laboratory test index of AECHB

Index Mild CHB Moderate CHB Severe CHB ACLF
ALT or AST ≤3 × ULN >3 × ULN >3 × ULN >3 × ULN

TBil ≤2 × ULN (2~5) × ULN >5 × ULN >10 × ULN or increase 
>1 mg/dL daily

PTA (%) >70 70–60 60–40 <40

L. Peng et al.
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Jaundice
Clinically, patients initially note their urine color darkens, becoming a strong-tea 
like color. Next, a yellowish pigmentation of the ski and conjunctival membranes 
develops. That jaundice progressively becomes deeper, characterized by hepatocel-
lular jaundice. In this stage, serum bilirubin increases rapidly. In fact, the daily 
increment in serum bilirubin may be >17 μmol/L (>1 mg/dL).

Hepatic Foetor
The sulfur-containing amino acids in the intestine are degraded into mercaptans that 
have the odor of rotting fruit. Mercaptans cannot be metabolized in the liver and are 
therefore excreted from the respiratory tract. This distinctive odor is specifically 
noted in patients with HE. The severity of hepatic foetor may, in some cases, reflect 
the severity of liver injury.

Coagulation Dysfunction
The occurrence of coagulation dysfunction is primarily ascribed to the reduced syn-
thesis of coagulation factors by the liver. A majority of the both coagulation and 
anticoagulant factors are synthesized in the liver. In addition, some coagulation-
related factors and their inhibitors are also metabolized in the liver. The outcome of 
coagulation dysfunction is dependent on the severity of damage to the hepatocytes. 
Thus, even patients in an early stage of liver failure may present with coagulation 
dysfunction. Prothrombin (PT) activity is often abnormal in the early stages of liver 
failure and may therefore serve as a sensitive indicator for the prognosis of liver 
failure.

Common clinical manifestations of coagulation dysfunction are mucocutaneous 
bleeding (i.e., spontaneous bruising, gingival bleeding, subconjunctival hemor-
rhage), ecchymosis at the site of injection/puncture, and purpura in more severe 
cases. Gastrointestinal bleeding is also common in affected individuals, whereas 
bleeding into/from the genitourinary tract, lung, kidney, and retroperitoneum is rare 
but occasionally observed in some patients. If intracranial hemorrhage develops, it 
is frequently life threatening. In AHF, the incidence of bleeding and severe bleeding 
is as high as 73 and >30%, respectively. Another cause of coagulation dysfunction 
is thrombocytopenia and platelet dysfunction. Of the two, thrombocytopenia is 
more common. Because platelets are derived from megakaryocytes in bone marrow, 
bone marrow fibrosis and either reduced bone marrow regeneration or invasion of 
lymphoma cells in the bone marrow can reduce the number of platelets. Platelets 
perform multiple activities, including adhesion, aggregation, release, and shrinking 
blood clots. Additionally, they play an important role in coagulation. Platelet dys-
function may also increase capillary permeability and fragility, which may cause 
either spontaneous bleeding of the skin and mucous membranes or difficult hemo-
stasis following vascular injury.

In patients with SLF, thrombocytopenia is mainly diagnosed in the latter stage 
of disease in which massive hepatocyte necrosis leads to posthepatic cirrhosis, 
portal hypertension, and hypersplenism. In CLF patients, thrombocytopenia might 
be present, and hepatocyte necrosis may aggravate portal hypertension and 
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hypersplenism, resulting in worsening thrombocytopenia. Splenomegaly and 
splenic sinus hyperplasia increase the phagocytosis and destruction of platelets. 
Further, splenomegaly can cause enlargement of the platelet pool within the spleen. 
As a result, the platelets in the spleen may account for >90% of platelets in the 
body. The above pathological changes may finally cause a reduction in the circulat-
ing platelets. The reason for thrombocytopenia in liver disease patients without 
hypersplenism is still poorly understood and might be ascribed to following factors 
(1) the hepatitis B virus may significantly inhibit the megakaryocyte system of the 
bone marrow, resulting in reduced production of platelets; (2) the thrombopoietin 
(TPO) level is reduced. The division of megakaryocytes into platelets in the bone 
marrow is controlled by both megakaryocyte colony stimulating factor (Meg-CSF) 
and TPO. Meg-CSF primarily regulates the proliferation of megakaryocyte pro-
genitor cells, whereas TPO stimulates the maturation of megakaryocytes and pro-
duction of platelets. TPO is almost exclusively produced by hepatocytes, and only 
a minority of TPO is produced in the kidney and other organs. TPO is a key factor 
affecting the production of platelets, and the synthesis of TPO is reduced signifi-
cantly in patients with either severe hepatitis or hepatic cirrhosis, which affects the 
production of platelets. In patients with parenchymal liver diseases, abnormalities 
of platelets are present in both quality and quantity. For example, when the platelet 
membrane glycoprotein GPI6-IX is reduced, the aggregation of platelets following 
ristocetin treatment and the shrinkage of blood clots are markedly compromised; 
and (3) patients with liver diseases usually develop immune dysfunction and are 
therefore susceptible to infection. Bacterial toxins and systemic inflammatory 
response syndrome may also cause thrombocytopenia. One published study of ICU 
patients found that infection was an independent risk factor of thrombocytopenia.

1.1.2.2	 �Complications of Liver Failure

HE
HE is both a neuropsychiatric syndrome, a type of central nervous system dysfunc-
tion, and metabolic disturbance due to hepatocellular dysfunction and portosys-
temic shunting. HE is clinically characterized by mental and neurological 
abnormalities, such as abnormal personality and behaviors, irritability, sleep perver-
sion, drowsiness, and complete loss of consciousness or coma. HE is one of the 
major causes of severe complications and death in patients with liver failure and is 
typically classified into one of the four following stages:

Stage 1: the prodromal stage. This stage usually manifests with mild abnormal 
personality changes and behaviors, such as euphoric excitement, indifference, taci-
turnity, being sloppily dressed, and inappropriate defecation/urination. The affected 
individual can usually provide correct responses to questions but they are inarticu-
late and have slow speech. Flapping tremor/hepatic tremor might also be present. To 
test for flapping tremor, patients are asked to close their eyes with their arms stretch-
ing straight, elbows flexed, palms in dorsal extension, with separated fingers. A 
positive response is determined when the metacarpophalangeal joint, wrist, elbow, 
and shoulder show irregular movements (jitter) when held in that position within 
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30 s. Physicians may also ask the patients to hold the their hand for 1 min. If the 
physician feels the hand tremor, the test suggests a positive diagnosis of flapping 
tremor. The condition is caused by afferent dysfunction of joint-reticular formation 
of the brainstem and a characteristic neurological manifestation. That said, flapping 
tremor has no specificity fro HE and can also be found in patients with either uremia 
or hypoxemia due to chronic respiratory disease/heart failure. The presence of flap-
ping tremor in a patient with severe liver disease, however, is helpful for early diag-
nosis of HE. Patients with HE usually have a normal electroencephalogram. Stage 
1 of HE lasts anywhere from several days to several weeks. Several patients with 
HE in the prodromal stage may have no evidence of clinical symptoms; therefore, 
misdiagnosis is possible.

Stage 2: the precoma stage. Patients with HE in this stage usually presents with 
confusion, sleep and behavioral disorders, and symptoms as described in the pro-
dromal stage further deteriorate. Patients suffer from disorientation and understand-
ing disorders as well as conceptual confusion over time, place, and person. Patients 
are unable to perform simple intellectual composition (e.g., building blocks, arrang-
ing matchstick into pentagon), and have decreased computing capacity (e.g., 100–7 
and continuing). Slurred speech, writing disorders, and abnormal behaviors are also 
common. Sleep perversion and daytime sleep and night awaking may be present. 
Further, hallucinations, fear, and mania are also observed, and some patients can be 
misdiagnosed with mental diseases. Patients with liver failure in this stage usually 
have evident neurological signs such as tendon hyperreflexia, increased muscle 
tone, ankle clonus, and presence of the Babinski sign. Flapping tremor and an 
abnormal electroencephalogram can also be observed. Patients may also suffer from 
uncontrolled muscular activities and ataxia.

Stage 3: the lethargic stage. Patients with HE in the lethargic stage mainly mani-
fest lethargy and insanity, and neurological signs continue and deteriorate. In the 
majority of time, patients are in a lethargic state, but can be waken up. Patients respond 
to questioning, but may present confusion and hallucination. Flapping tremor is also 
present. Muscular tension increases, and there is resistance in the passive limb move-
ments. Pyramidal signs and abnormal waves in EEG can also be noted.

Stage 4: the coma stage. Patients have complete loss of consciousness and are 
unable to be awakened. In a light coma, patients are responsive to painful stimuli 
and uncomfortable postures, have tendon hyperreflexia, and increased muscular 
tension. Patients in this stage are usually unable to co-operate during an examina-
tion, and a flapping tremor may not be inducible. In a deep coma, various reflexes 
disappear; muscular tension reduces; pupils become dilated; and there are paroxys-
mal convulsions, ankle clonus, hyperventilation, and abnormalities on an 
electroencephalogram.

Stage of HE is an important indicator of severity of disease. It may reflect not 
only the severity of brain damage but also the severity of liver disease. It is impor-
tant to recognize that there is no clear boundary between two neighboring stages 
and that there might be some overlap between two neighboring stages (therefore 
missing the middle stage of HE). When the disease condition either deteriorates or 
improves after therapy, the severity of HE may be reduced by one or two stages.

1  Clinical Manifestations and Laboratory Tests of AECHB and Severe Hepatitis…
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